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Pa3gen 1. Ilpenmer kypca, onpeeneHust U KJiaccupuKamus
ONTHMAJILHBIX M AJANITHBHBIX cucTeM. Moesin ynpaBJisieMbIX CHCTEM

IIpakTuyeckoe 3ansTue Ne 1.
MopeJib IPON3BOJACTBA, COLITA M XPAHEHHS
N BU/I0B TOBapOB

PaccmoTpum Moziens Mpou3BOACTBA N BHIOB TOBAPOB B YCIOBHUSIX
poiaka. Bekrop cocrosinus X(K) mpencrasnen koMrnonenTamu:

[7,(K) ]
v, (k)
2,(k)

x(ky=| 21
z,(k)
v, (K)

L w(k) |

rae Z,(k) — xommuectso ToBapos | -ro Buna Ha peike; V;(K) — xonmde-

cTBO TOBapoB | -ro Buaa y notpedutens, i =1,n; wW(k) — npu6suis.

MaremaTnyeckass MoJienb AWHAMHUKH M3MEHEHHsS KOJIWYEeCTBAa TOBa-
pOB y OTpeOuTENel U Ha PHIHKE, a TaKXKe MPUOBLTH MOXKET OBITh 3amucaHa
B CIICJIYIOIIEM BHJIE:

z,(k+1) = (1—-ky)z (k) —s, (k) +u,(k),
v, (K+1) =(@Q—-k,, v, (K)+5s,(k),

z,(k+1) = (1-k,)z,(k) —s,(K) +u,(k),
v, (k+1) = (1—-k,,)v, (k) +5s,(Kk) ,



z,(k+1) = (1-k;,)z, (k) =, (k) +u, (k),
Vo (K+1) = 1=Ky v, (K) + 5, (k)

Wk +1) = W(K) +C,8, (K) +€,8, (K) +... +C, 5, (K) — kg2, (K) —kapZ, (K) —..

- k3n Z, (k) - C01u1(k) — Cooly (k) —.. =Gy, (k) )
rae U (K) — xommdecTBO TOBapoB, BBIMyCKaeMbIX 3a OAMH Takt, | =1,N,
k; — xoapduments noreps; K,, — koadduuuentsr morpeduerns; Ky —

CTOMMOCTb XPaHEHHs CAMHHUII TOBAPOB; C, — cebecronmoctn; S,(K) —

KOJIMYECTBO MPOJAHHBIX TOBAPOB | -r0 BHjAa B ojuH TakT, | =1,N. Oynk-
LM TIPOJIAXK ONPENENSIOTCs 1Mo Gopmynam:
-1
s, (K) = n;exp(—¢)(1-v; (k)Y )z (k)
N, — ko3 ULIMEHTBI IPOJax; ¢; — LeHbl Ha ToBapsl, 1 =1,N; Y, — moren-
HMaNbHBIA crpoc 11 | -ro Buaa ToBapa (00beM phIHKa I | -ro BUJa To-

Bapa).

Mogens MoOXeT OBITh MpPEACTaBICHAa B CIEAYIOIEM BEKTOPHO-
MaTpPUYHOM BHJIE:

x(k+1) = Ap(x(k)) + Bu(k) +a(k) , @
rae Bektop @(X(K)) cremyrormmii:



z,(k)
Vi (k)

z,(k)
Vi (k)
w(k)
Vi (K)z, (k)
v, (K)z, (k)

o(x(k)) =

| Vo (K)Z, (k) |
B (1) BBeaeHs! gononnuTensHo ajmutuBabie BosMmymenus ((K), kotopeie
YYMTBIBAIOT BO3MOKHBIE ONIMOKM MOJENH. XapaKTEPUCTHKH MPOIEcca
q(K) onmcans! Huke. Matpuna quHaMukd A U TaHHOTO OOBEKTAa HMEET

BU/I:
fa, 0 0 -~ 0 0 0 a,, 0 - 0]
a a, 0 - 0 0 0 a,, 0o - 0
Ao : : :
00 0 - ., 0 0 0 0 = aygal
0 0 0 = ayuy d, 0 0 0 = g
_a2n+l,1 0 Qnaz 7 Spaazna 0 1 Bz B azm,sm_

A€ 3JICMCHTBI MATPUIIbI OTIPEACIIAIOTCS 10 (bopMynaM:

a, =1-k, —nexp(-c,),

n, exp(-c,)
A oni2 = %!
1
a,, =N, exp(-c,),
a, = 1- k21’
n exp(—c,)
Ao = : Y : )
1



Qn g0 = 1- k1n —-n, exp(—cn),

_ N, exp(-¢,)
2n-1,3n+1 Yn !

a

8201 =N, EXP(=C,)
a =1-k

2n,2n 2n
a _ r-]n exp(_cn)
2n,3n+1 — Y y

n

Apgy = _k31 +Cn exp(_cl)!
Ang3 = _k32 +Cn, exp(—cZ),

a2n+1,2n—1 = _k3n +C.n, eXp(—Cn),

az_%p(—” j=2n+2,30+1, i=1n.
Marpuna B umeer Bun:
1 0 0 0 - 0|
0 0 0 o - 0
0 1 0 o - 0
0 0 0 o - 0
B=| O 0 1 o - 0
0 0 0 0 1
0 0 0 0 0
“Co1 =Co Co3 —Cos - —Copn

Hauansnoe 3nauenue X(0) u Bexrop Bosmymenuit (K) no npexnonoxe-

HUIO SBJIAIOTCA TI'ayCCOBCKHMMH CHy‘laﬁHHMH BCJIMUMHAMH, JII KOTOPBIX
BBITIOJTHAIOTCA YCIIOBUA!

M {a(k)} =0, M{a(k)a’ (i)}=Q(K)3,.



3meck 8,; cumpon Kponexepa (8; =1 mpu k=] u §,; =0 npu k = ).
ITpeanonaraeTest, 9T0 HAYAIBHOE COCTOSIHAE M BEKTODP BO3MYILEHHIA

B3aMMHO HEKOPPECIIUPOBAHDBI:

M {x(0)q" (k)} =0,

M {x(0)} =%,, M{(X(0)—%,)(x(0)—%;)" } =P, .

Onucanue mooenu npou3so00Ccmed, coObIma U XpaHenus

08yX 61006 M0O6APO8

PaccMoTpuM MoJienb IpOU3BOJICTBA IBYX BUAOB TOBAPOB B YCIOBHAX
poinka. Bekrop cocrosrus X(K) cOCTOMT U3 IATH KOMIIOHEHT:

(k)] [ %K)
Vi(K) || X (k)
x(k) =| z,(k) | = | x5(k)
Vo (K) || X4(k)
Lw(k) | [ %s(K)

rae 7,(k), z,(k) — xommuectBo TOBapoB 1-ro m 2-ro BUZa Ha PHIHKE;
v,(k), v,(k) — xommuecro ToBapos 1-ro u 2-ro BHma y morpebures,

W(K) — npu6suis.
MaremaTiyueckasi MOJIENb JTMHAMUKM M3MEHEHHsS! KOJIMYECTBA TOBA-

POB Yy NOTpPeOUTENEH 1 HA PHIHKE,  TAKIKE TPUOBLIM MOXKET OBITH 3aIMCaHa
B CIIEJIyIOIIEM BHJIE:
z,(k+1) = (1-ky)z (k) —s,(k) +u, (k) ,
v, (K+1) =1k, )v, (K)+5s,(k),



Z,(k+1) = (1-k,)z,(k) —s, (k) +u,(k),
V,(K+1) = (1—Ky)Vv, (K) +5s,(K) ,
w(k +1) =w(k) +¢;s,(K) +C,8,(K) — Ky, 2, (K) —K;,2,(K) —
—Co1Uy (K) —CopU, (K)
rae U (K), u,(K) — xommuectBo TOBAapOB, BBIYCKAEMBIX 3@ OLHMH TaKT;
K, K, — koadduummentsr moreps; K,,, K,, — xoaddurmentsr norpetie-
Hust; Ky, Ky, — CTOMMOCTB XpaHEHHs! AMHMLBI TOBAPOB; Cyy, Cpp — CEOE-
croumocty; S;(K), S,(K) — xommuectBo npoaanHeix ToBapoB 1-ro u 2-ro
Buaa B ouH TakT (Gpynkimn npoaax). Gopmyinst qst S, (K), S,(K) umeror
BHJI
5, (k) =, exp(—c,)(1-v, (K)Y, )z, (k) ,

s, (k) =n, exp(=c,) (1 -V, (K)Y, )z, (K),

n,, N, — koodduuueHTs Ipoaax; ¢;, ¢, — LeHHl Ha ToBapel; Y;, Y, —

HOTCHLII/IaJ'ILHHﬁ CIIPOC HA TOBAp 1-To BUa U 2-T0 Buaa.

B BEeKTOpHO-MaTpUUHOM BHJIE MOJIEIIb CIIEAYIOIIAs:
x(k +1) = Ap(x(K)) + Bu(k) , x(0) = X,

rae Bektop ((X(K)) npencrasnsiercs B Buze:



o(x(k)) =

%, (k)
X, (K)
X3 (K)
X (K)
X5 ()

X, (K)x, (k)

| X3(K)X,(K) |

Martpuna JMHaMHUKHA 4 A7 JTaHHOTO 00BEKTa UMEeeT BUII:

1- ku -n EXp(—Cl) 0

A= 0 0
0 0

-k, +enexp(-c) 0

N exp(—cl) 1- k21

1-k,-nexp(-c,) 0 0

n,exp(=c,)

-k, +c,nexp(-c,) 0

0 0 n eXp(—Cl) 0
Yl
0 0 - Ny eXp(—Cl) 0
Y,
) mesto)
YZ
1-k. 0 0 _ n, eXp(—Cz)
22 Y2
| _Gmexpie) cnexp(-Cy)
Y, Y

Matpuua B W BeKTOp yNpaBJieHHs CIEAyOIIUe:

1
0
0

—Co1

—Cpp |

10

, u(k) {

u, (k)
U, (k)

]




3AJJAHME
1. {nst Mogenu (hUpMBI, POW3BOSAMICH Ba BHIA TOBAPOB BBIMOII-

HUTHh MOJICIIMPOBAHIE IS CIICAYIOIINX 3HAYCHUH TapaMeTpOB:

U, =60, U, =65 — xomu4ecTBO TOBApPOB, BHITYCKaeMbIX QHPMOIL 32 OMHUH
takt; N, =195 n,=18 - xospdummentsr npomax; C, =2,5y.e.,

C, =1,5y.e. — nensr Ha ToBapsr; Cy; =1,0y.e., ¢y, =0,9y.e. — cebecron-

mocty; Y, =Y, =1000 - noreHumansHblii copoc (00beM pPBIHKA);
k,=015 k,=013 - «xosbpumments: morepr; K,, =0,1,
k,, =0,085 - xosdpduumenter  morpebnenms; Ky, =0,002y.e.,

k;, =0,001 y.e. — croumMocTH XpaHEeHHs! AMHHLBI TOBAPA 32 OJIUH JCHb.

MopenupoBaHue BBHIIOJHUTh Ha MHTepBaie BpemeHu ot 0 o 140

(OMH TaKT COOTBETCTBYET 1 AHIO) IS CIEAYIONMX HAYAIBHBIX YCIOBHIA:
z,(0) =150, z,(0)=300, v,(0)=250, v,(0)=170, w(0)=w,y.e.
[Momyuennsle rpadyKu MEPEXOAHBIX MPOIECCOB MPHUBECTH B OTUYET (BEIH-
upHa W, npuBeneHa B Tabmmie 4). OnpenenuTs NMpHOBUI B IOCIEAHUH

neub. CrenaTth BLIBOIBI.
2. WccnenoBarh BIMSHUE Pa3IMYHBIX CTPATErHil yrpaBiieHUs (Gup-

MOH Ha ITOJTy4EeHHYIO IPUOBLIb.

Crparerus 1. YBenuuuts 1ieHy 2-ro BHJa ToBapa C, /10 BETHYUHBI
2,3y.e. IlpuBect B oT4eT rpadmku M3MEHEHUs NpuObUTH. OmpenenuTh
NpUOBLIb B TIOCEHUI JeHb HccieayemMoro neproaa (W, ). OueHuTs BO3-

MOXHOCTb peam,Hoﬁ peajm3annn JTOHU CTpaTeruu. CI[CJ'IaTB BBIBO/IHBI.
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Crparerus 2. YBenuuuTh Ko3(QQUUMEHT NpoJax N, 10 BeIMYUHBI
3,2 (yBenmmdeHne 3TOTO KOA(PHUIMEHTa MOXXHO OCYIICCTBHUTH, PEATH30BaB
peKJIaMHYI0 KOMIIaHHI0). B Mozmenu ydecTp 3aTparhl Ha pexiiamy B 2y.e. B
TedeHuu nepBbix 10 gHeil. 3aTeM 3ToT KOApPUIMEHT NOKEH YMEHbBIIAThCS
0 JINHEHHOMY 3aKoHY B TeueHue 60 JHeH 10 nepBOHAYaIBLHOI BEIUYHHBI
N, =1,8. 3aTeM omATh MPOBECTU PEKIAMHYIO KOMIAHHIO B TeueHue 10
JHEH.
[IpuBectu B oTueT rpauku U3MeHEHNs NpUOBLTH. ONpenenuTs Ipu-
ObLIb B IIOCIEAHMI IeHb HccneayeMoro nepuona ( Wy, ). Caenars BHIBOABL.
Crparerust 3. YBenMuHUTh MOTEHIHMAIBHBIN cHpoc (00bEM PBHIHKOB
1t 1-ro u 2-ro BuzAa TOBapoB). B Moxenu ydecTs 3aTpaThl Ha pacIIMpeHHe
pbiHKa B 8y.e. B TeueHuH nepBbix 60 gHeil. [Io okoHUaHMU HTOrO mepuoaa
sHaueHus Y, u Y, npunste paBHeiME 2000 (yBeIHYEHHE dTUX [HapaMeTPOB
OCYILECTBIIICTCS TIOCPEACTBOM PACIIUPEHHUS PhIHKA B TEYCHUHU MEpPBBIX 60
JHEW, HallpuMep, CO371aB HOBBIE TOPTOBBIE TOUYKH B HOBOM perunose). Ecin
noTrpedyercsi 3auMCTBOBaHHE (OaHKOBCKOE KPEIUTOBAHHE), ONPENEIUTh
00beM M BpeMs 3aMMCTBOBAHMS, a TaK)Ke 00bEM M BpeMsi BO3BpaTa KpeauTa
(pacuets! BBIOTHATE s 20% TOIOBOM CTaBKH).
[MpuBectu B order rpaduku M3MeHEeHUs] NpUObLIH. ONpeneNuTs MpH-

ObLIb B MOCTEAHUI pabounii feHp uccaeayemoro nepuoaa (W, ). Crenars

BBIBO/IBI.
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Pa3gen 2. OnTumanbHOe ynpaBiieHUe

IIpakTuyeckoe 3ansaTHe Ne 2.

YuceHHOe ONITHMAJIbHOE ynpaBieHue. TepMHHATbHOE yHIpaB/ieHHe

3AJIAHUE

1. [IpuMeHNTHh METOJ MOKOOPANHATHOTO CITyCKa JJISi MaKCUMU3ALUN
tepmuHanbHoro kpurepust J(U;, U,) =W,,, (Ipulblin GpEPMBI B HOCIEN-

HUll 1eHb), IPUMEHUB METOJ AeJIeHHUs Iara nomnojam. HauansHoe 3HaueHHe

nrara NpUHATH paBHBIM 10. ONTUMM3ALUIO OCYIIECTBUTH CHaYaja IO mepe-
MEHHOHU U, , 3aTeM 110 epeMeHHon U, .

Mojenp 00beKTa OmucaHa B OpeabiayineM pasaene. [Ipomexyrou-
HBIE pe3yNbTaThl 0QOPMHUTH B BUJAE TAaOMUIbL [IpUBECTH B OTYETE ONTH-
MaJlbHbIC 3HAUYCHHs 00HEMOB MTPOU3BOICTBA U ONTHMAIILHOE 3HAYCHHUE MTPH-
OBLIN.

2. Tloctpouts rpadyKk MOBEPXHOCTH, ONPEAENEMOil KpHUTepUueM

J(u, u,). Iocrpouts rpaduku ceveHnii mosepxHocTH npu U, =40 u

U2 =22. C,I[eJ'IaTB BBIBOJIbI O YYBCTBUTCJIBHOCTH KPUTCPHUA K HU3MCHCHUAM

00BEMOB IMpOnU3BOJICTBA. C}IeHaTB BBIBOJIbI, 1aTh PEKOMCHAAIIUU.
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Paznes 3. AIropuTmMbl J10KaJIbHO-ONTHMAIBHOTO YIIPaBICHUS

IIpakTuyeckoe 3ansaTHe Ne 3.

Mopennb (poHAa IPOU3BOJACTBEHHOI0 HAKOIUICHUSI M OTPebIeHusl

Paccmorpum Mozens ¢oHga NPOW3BOICTBEHHOTO HAKOIUICHHS W I10-
Tpebnenus npeanpusatus (bupmsl, otpacnu). Ilycte X, — donn mpoussos-
CTBEHHOTO HAKOIUIEHH:H, X, — (GOHA MoTpebneHus (BKIIOYAs HEMPOH3BOJ-
CTBEHHOE HakoIUieHue), b, u b, — npupocrHble kanuTanoemkocty (Ganasc-
Hble kodddumentsr). Toraa crnpaBeanuBo cienyollee 6antaHCHOE COOTHO-

IIEHHE:
X, () =%, (£) +b,%, (t).
Iycrs L(t) =Le" — kommuectBo paGoTHHKOB Ha mpenpusTHH ((pHp-
Me, OTPaciu), Y — TEMI POCTa KOJIMIECTBA PAOOTHUKOB (CUMTAETCS TIOCTO-
w0 %0
L(t) L
paboTHuKa (nymeBoe noTpedienne). ONpeeanM BETHIMHY CKOPOCTH POCTa
JTYLIEBOTO TIOTpeOneHus V
_—
X, e’

d
=— (e ™)=(x, — -
v d'[(L )=(%, —71X;) L

stHHBIM). Torma — 00beM (oHIa MOTPEOICHUS HAa OJHOTO

Beenem nepemennyio (ympaenenue) U=X, —y X, — CKOPOCTb pocTa

¢donma motpebneHus. Toraa moryduM CIeAYIOMYI0 cUcTeMy nudepeHIu-
aNbHBIX YpaBHEHHI

. 1 b b
X :E 1_ybl_2X2_E2u ) X1(0)= X0

X, =YX, +U, X2(0)=X2’0. 2

Bsenem 0003HaueHus:

N I R by
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Tornma cucrema (2) B BEeKTOPHO-MaTpUIHOH hopme OymeT UMeTh BH;

%(t) = Ax(t) + Bu(t), x(0)=Xx,.,

rac
1 b
A=/b b | B=| b
0 Y 1
3AJTAHME

1. Jlnst mocrosiHHOro 3HaueHus U = 10,5, BBITONHUB MOIEIUPOBaHHE,
TTOCTPOUTH TPaPUKH MEPEXOTHBIX MPOLECCOB A (POHIOB M MOCTPOUTH (a-
30BBIi MOPTpET (MHTEepBaJ BpeMeHH 3aaath oT 0 10 14, uncio pa3oucHuil —
140). VcxomHble aHHBIC U BAPUAHTHI IPUBEICHBI B Ta0IuUIE 1.

2. [omoOpaTk KpUTHYIECKOE 3HAYCHHE yIpaBieHHs U (Takoe 3Hade-
HHE, IPU KOTOpOM X, (t) ¢ HEKOTOPOro MOMEHTA HAYWHACT CHIKATHCS).

3. UccnenoBath ToOBeleHUE YYBCTBUTEIBHOCTEH 3Ha4deHHU (DOHIOB
npu Bapuaumsx D u D, (HauanbHble 3HAYEHWs YYBCTBHTEIBHOCTEH MPH-
HATH HYJIEBBIMHU). [10CTPOUTH rpadMKH 4yBCTBUTEIBHOCTEH.

4. B or4yere MpPUBECTH PE3yJIbTaThl MOJACIMPOBAHUS B BUE TpadUKOB
MIEPEXOAHBIX MPOIECcCOB, (Pa30BBIe MOPTPETHl W TPAPUKH H3MCHEHUS UYB-
CTBUTENBHOCTEH. OCYIIECTBUTh aHAIHW3 YyBCTBUTEIbHOCTEH. CHenmatb BBHI-
BOJIBL.

15



[pakTuyeckoe 3anaTHe Ne 4.
IHocTpoeHue AUCKPETHONH MoaeIH
3AJAHUE

1. CocraButh mporpammy peuicHus qudQepeHInaTbHOT0 YpaBHEHUS
mo MeToAy Ditniepa, mpeodpa3oBaB MOJICIb K JUCKPETHOH Gopme:
x(k +1) = Ax(K) + Bu(k) ,
nis mara uarerpuposanus At =0,1 (ompemenuts mMarpunsr A u B). Ilo-

CTPOUTH TPaQUKH MEPEXOTHBIX MPOIECCOB A (DOHIOB M MOCTPOUTH (hazo-
BBII TIOPTPET, IOCTPOUTDH rpaUKu NPH KPUTHUECKOM yrpaBieHuu U. Cpas-
HHUTh N0 TOYHOCTH JBa MeTOJa peuieHus Iud(GepeHIHaTbHOIO YpaBHEHUS
npH KpuTrdeckoM U. [TocTpouts rpaduk abCoMOTHON OIIHOKH.

2. BBIMONHUTE MOJAEIMPOBaHUE OOBEKTa CO CIy4allHBIMH BO3MYIIIE-
HUSIMU:

x(k +1) = Ax(K) + Bu(k) +q(k),
rre (K) — rayccoBckas mocienoBaTenbHOCTh C XapaKTEPUCTHKAMU:
M{a(k)}=0, M{q(k)a" (j)}=Q8, ;.

Ot™mernm, 4to anaurueHble Bosmymenus ((K) BBomsTcs nns yuera BO3-
MOJXKHBIX OIKUOOK B Mozeu (MaTpuiia Q mpuseneHa B tadmuie 1).

3. B oryere npuBecTH pe3ybTaThl MOACIMPOBAHUS B BHJE IpaduKoB
MIePEXOJHBIX MPOIECCOB, (pazoBbie mopTpeTsl. CaenaTs BHIBOBI.
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[pakTuyeckoe 3anaTHe Ne 5.
I[HCK[)CTHOG JIOKAJIbHO-ONITUMAJIbBHOC YIIPABJICHUE

Jnst nuckpeTHo# Monenn (oHOa MPOU3BOACTBEHHOIO HAKOIUICHHS U
moTpeOIeHns

x(k +1) = Ax(k) + Bu(k) + q(k), x(0)=x,, )
1 MOJCIIH KCJIaCMOI'0 U3MCHCHU A (i)OHIla l'IOTpe6J'IeHI/IHI
w(k +1) = (1+r)w(k), w(0) = w,,

I — 3amaHHBI TeMn pocta GoHAa moTpebieHus. Bee ncxonHsle JaHHBIE U
BapHaHTHI IPUBEICHBI B TaOnmmax 1, 2. Marpuma BEIX0Aa CHCTEMBI paBHA

F=(0 1.

OnTUMHU3UPYEMBIN JTOKAJIbHBIN KPUTEPUI UMEET BUA:

J (k) = M{(Fx(k +1) —w(k +1))"C(Fx(k +1) —w(k +1)) +
+u" (k)Du(k)},

rne C, D — Becosble koo duuuenTsl KpuTepys (3a1aHbl B TAGIHULE 2).

3AJIAHUE

1. BBIMOJHUTE MOJACIMPOBAHUE CHCTEMBI (3), peai30BaB JIOKAJIbLHO-
ONTHMAJILHOE YIIPaBIICHHUE

u(k) =—(B"F'CFB + D) 'B"FTC[FAx(k) —w(k +1)],

obecreunBatoniee crexxenue 3a tpaekropuein W(K) . Chauana 3amate mar-

puny  Q =0. Unrepsan spemenu: k =0,....,140.
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TMosroputs MomemupoBanue mus Q #0 (cm. Tabnuiy 1). Uccneno-

BaTh BJIMAHHUEC BCCOBOI'O KO3(1)(1)I/IIII/IGHTE[ C Ha Ka4yCCTBO CJIC)KCHUA (Sa,HaTI)

C=0,1; C=1; C=10).

2. BEIIOIHUTE MOJECIMPOBAHUEC C YUCTOM OI’paHI/I‘IeHI/Iﬁ Ha yIhpasBJic-

HHE:
10,5 ecmm u(k)>10,5;

(k) =4qu(k) ecmn 2,1<u(k) <10,5;
2,1 ecmn  u(k)<2,1.

3. BBINOTHUTS MOJAETHPOBAHUE IJIs IEpeMEeHHOro Ko3ddunueHra I
(BenvuMHa I paBHa BeNMYMHE, NPUBEAcHHON B Tabnuue 1, ecmu K <105 u
yeenuuuBaerca Ha 30%, ecou K >105).

4. Inst BceX pacCMOTPEHHBIX CIy4aeB IOCTPOHUTH IPadUKH MEPEXo/i-
HBIX IIPOLIECCOB U rpadMKu yrpaBieHUH. CrenaTb BHIBOIBL.
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[pakTuyeckoe 3anaTHe Ne 6.

JlokaJbHO-ONITHMAJILHOE YIIpaBJIeHHe
€ MCII0JIb30BAHHEM OLICHHBaTeIei

1. Ins nuckpeTHoi MonenH (oHIa MPOU3BOACTBEHHOTO HAKOIUICHHS
U oTpedIeHns

x(k +1) = Ax(K) + Bu(k) + q(k), X(0) =X, @)
1 MOJETIH YKeJIaeMOT 0 H3MEHEeHHs (poH/Ia TOTpeOICHHS:

w(k +1) = (1+r)w(k), w(0) = w,,

rae I' — 3agaHHBIA TeMIT pocTa (GOHIa MOTPeOICHNUS.
BrInomHUTE MOJENMpOBaHUE CHCTEMBI (4), peann3oBaB JIOKAIbHO-
ONTUMAJILHOE YIpaBlIeHUE

u(k) =—(B"F'CFB + D) B F'C(FAX(k) —w(k +1)),

obGecnieunaromiee cnexenne 3a Tpaekropueii W(K) . 3necs X(Kk) — omenxa
dunbTpauuu unm skcrpanonsmn. JlnaroHanbHele neMeHThl MaTpuubl Q

BecoBble Koo huments kputepusi C, D B3sre uz Tabmun 1, 2. Uarepsan

spemenn: K =0,....,140.

HpennonaraeTC;{, YTO MOJCIIb CUCTECMbI KOHTPOJISI UMECT BU/:
y(k) = Hx(k) +n(k).

rae T'l(k) — IrayCCOBCKas cnyqaﬁHaﬂ nocCJIC10BaTCIIbHOCTh, HE3aBUCUMAA OT

g(k), ¢ xapakrepucrukamu:

M{n(k)}=0, M{n(k)n"())}=V3,

Marpuiia cucTeMbl KOHTPOJISE paBHA
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5 1)

PeammsoBats ypaBHeHMs prinpTpa Kanmana:

R(k +1) = AX(k) + Bu(k) + K, (K)[y(k +1) — H(AX(k) + Bu(k))],

%(0)=x(0), (5)
P.(k+1/k) = AP, (k)A" +Q, ©)
K, (k) =P, (k+1/K)HT[HP, (k +1/k)H™ +V]?, @

Pi(k+1) = (E, - K (K)H)P; (k +1/k), P (0)=P,.  (8)

2. TloBTOpPHUTH MOICAMPOBAHHE C HCIONB30BAHHEM IKCTPAMOISITOPA
Kanmana (3T0T ciyyail MO3BONSET yYHTHIBATH BO3MOXHBIE 3aJEPIKKH I10-
CTYIUICHUS] HHPOPMAIIMU B CHUCTEME KOHTpOJIS Ha | TakT, pe3ysibTaT MOKHO
00001MTh HA CITy4yail 3aIep>KeK Ha HECKOJIbKO TAaKTOB):

%(k +1) = AR(K) + Bu(k) + K, (K)[y(K) — HR(K)], %(0)=%(0), (9)
K. (k)= AP,(K)HT (HR,(K)HT +V) ™, (10)

P.(k+1) = (A= K (KH)R.(K)(A- K, (K)H)" +
+Q+K_ (KWK, (K), P.(0)=P,. (11)
Hauanbubie yciosus cieaytomue X(0), auaroHanbHble 3IE€MEHTH MaTPHIL

P.(0) = P, (0) npusenens B Tabnuue 3.

3AJJAHHUE

1. VccnenoBaTh KayecTBO OLEHWBAHMS B 3aBUCHMOCTH OT MaTPHIIBI
P.(0) , ymMeHbIast 1 yBean4uBasl AMArOHaIbHbIE SJICMEHTL.

2. Jlas BceX pacCMOTPEHHBIX CIyYaeB MMOCTPOUTH IpauKu Hepexo/l-
HBIX TIPOIIECCOB MX OIEHOK M rpaduku yrpapieHuid. Crenats BHIBOIBI.
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Pa3gen 4. AlropurmMbl uaeHTHHUKATHA
[pakTuyeckoe 3anaTHe Ne 7.

PexyppenTHasi uaeHTH(UKALMSA TPeX HEU3BECTHBIX
mapamerpos (b, b, u y)

Jns nuckperHoit Monenu (oHIa MPOM3BOACTBEHHOTO HAKOIUICHHS U
moTpeOIeHns

X(k+1) = A(B)x(kK) + B(B)u(k) +q(k), x(0)=x,, (12)
U MOJICIIH JKeJIaeMOI'0 M3MEHEHHsI (POHIA MOTPEOICHHMS
w(k +1) = (1+ r)w(k), w(0) =w,,

B (12) TpexMepHBIi BEKTOP HEM3BECTHBIX TApaMETPOB 331aSTCs B BUIE:

= O|F Tk

Hpez[nonaraeTCﬂ, YTO BCKTOP 9 SBIIIETCS HEU3BECTHOM KOHCTAaHTOM. DTO
03Ha4yacT, 4YTO AMHaAMU4YCCKas MOACIb IJIsI BEKTOpa 0 cJIeayromas:

0(k +1) =0(k), 0(0)=8,, (13)

rae 0, — ciydaiiHblil BEKTOP C XapaKTePHCTUKAMU:

M{6,3=6,, M{(8,—6,)(8,—6,)'}=P, . (14)
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Ompenenuts Matpuiry  G(K) = G(x(k),u(k)) u Bexrop g(k)=
= g(x(k),u(k)) u3 coornomenus

X(k +1) = A(B)x(k) + B(O)u(k) + q(k) =G(k)6+g(k) +q(k) . (15)

B kauectBe anroput™Ma MIACHTH()UKAIMU HMCIOJIB3YETCS AUCKPETHBIH
¢unbTp Kanmana, mocTpoeHHbIH ¢ ucnoib3oBanueM Monenu (13) m mpen-
craBienun oobekta (12) B Buze (15):

O(k +1) = 6(k) + K, (K)[x(k +1) —G(k)O(k) — g(k)], 6(0) =16, (16)
Ko (k) = R, (K)G(K)[G(K)P,(K)G(K)" +Q] ™, 17)
Ry (k+1) = (E; = Ky (K)G(K))R, (k) , P, (0)=F, . (18)

HavanpHbie ycnoBus aiist ypaBHeHus (16) ciuemyromrie:

0
0(0)=|0].
0

Marpuna P,(0) amaromansHas (JieMEHTBI MaTpHIBI IPHBEICHBI B Ta0IH-
e 3).

3AJIAHUE

[TocTpouth rpaMKy OLIEHOK HEU3BECTHBIX IAPaMETPOB MPHU MOCTO-
SIHHBIX 3HA4€HUSX YIpaBieHHH. MccnenoBare BIMSHHME Ha KaueCTBO UICH-
TH(UKAIMK TMATrOHANLHBIX 5JIEMEHTOB Matpuubl Ry (yBenuunsas ux B 10 n

100 pa3), auaroHanpHbIX dnMeMeHTOB Marpulpl Q (ymenpmas u3 B 10 u 100
pas, npu 5ToM P, mpuHMMaeT ucxoaHoe 3HayeHue). CenaTh BIBO/IBL.
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[pakTuyeckoe 3anaTHe Ne 8.

PeKyppeHTHasi HIeHTHPUKALHS ABYX HEH3BECTHBIX
napamerpos (b, u b,)

Jis muckpeTHON Mojenu (OHIa MPOU3BOICTBEHHOIO HAKOIUICHHS U
noTpebieHus

x(k +1) = A(B)x(k) + B(B)u(k) + q(k), x(0)=X,, (19)
1 MOJCJIN KEITAEMOI'0O UBMCHCHUA (i)OHI[a l'IOTpe6J'I€HI/I$[Z
w(k +1) = (1+ r)w(k), w(0) = w,, (20)

B (19) BexTOp HEM3BECTHBIX MAapaMeTPOB ONPEACIUTH CIEAYIOUIMM COOTHO-
IICHUEM:

=R

Ipeanonaraercs, 4To BEKTOp O SBISETCS HEU3BECTHON KOHCTAHTOM.
JlnaroHanbHeIe 3IeMEHTH Matpuibl  Q , BecoBble KOI(PPHUIMEHTEI

kputepust C, D zananw B Tabmuuax. Unrepsan pemenn: kK =0, ....,200.

B kauectBe anroput™a MIACHTH(UKAIMU HMCIOJIB3YETCsl AUCKPETHBI
¢ubTp Kanmana:

O(k +1) = 6(k) + K, (K)[x(k +1) —G(k)6—g(k)]. 6(0)=8,, (21)
Ky (k) = Ry (K)G(K)" (G(K)R, (K)G(K)" +Q) ™, (22)

Ry (k+1) = (E, - Ky (K)G(K)R, (k) , R, (0)=F, . (23)
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HauanpHbIe ycnoBus s ypaBHeHU (4) crieayromue:

0(0) = @ .

Marpuua P,(0) nnaronanshas u 3anasa B tabmuue 3.
Ompenenutes marpuiry  G(X(K),u(k)) wu Bextop g(x(k),u(k)).
VuutsiBas, uto 2-as crpoka Matpuusl G(X(K),u(k)) mynesas, momuduun-

poBath ypaBHeHHs puiabTparyu (21-23). OTa MoaudUKaIusl TTO3BOIUT BMe-
cro nomnHoro Bektopa X(K +1) B (21) ucnons3oBats TONBKO 1-10 KOMIOHEH-

Ty 3TOTO BEKTOpA.
3AJAHUE

1. TToctpouts rpadviky OLEHOK HEM3BECTHBIX ITAPAMETPOB.

2. BBINOJIHUTD MOJIEIMPOBAHUE B MPEATNOIOKEHHH, YTO KOHTPOJIb 3a
COCTOSTHHEM O0BEKTa OCYIIECTBISIETCS ¢ OMMOKaMu. MoJenb CHCTEMbI KOH-
TPOJIsI UMEET BUJ:

y(k) = Hx(k) +n(k),

rne M(K) — rayccosckas nmocnenosarensHocTh HesaBucumas ot ((K) ¢ xa-

PaKTepUCTHKAMHU:
T -
M{n(k)}=0, M{n(k)n ())}=Vs, ;.
Marpuua V 1uaronanbHas, ee 3J1€MEHTHI 3aaubl B Tabnuie 2. MaTpuua
CHCTEMBI KOHTPOJISI CIIEAYIOMIAs

)
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Paspnen 5. AnanTuBHoe ynpasJjieHUe 110 JOKAJIbHOMY KPHUTEPHIO.
[pakTuyeckoe 3anaTue Ne 9.
AllanTHBHOE yIIpaBJieHHE C HCIO0JIb30BAHHEM

JABYX3TAIHOI0 AJTrOPUTMA HIEHTH(PUKAMT

Jis muckpeTHON Mojenu (OHJa MPOU3BOICTBEHHOIO HAKOIUICHHS U
noTpebieHus

X(k +1) = A(B)x(k) + B(O)u(k) +a(k), x(0)=x,, (24)
1 MOJCJIN KEITAEMOI'0O UBMCHCHUA (i)OHLIa l'IOTpe6J'I€HI/I$[Z
w(k +1) = (1+r)w(k), w(0) = w,.

BeKTOp HCU3BECTHBIX MapaMETPOB OMPCACIIACTCA CIACAYIOINM COOTHOICHN-
eM:

= FF T

BrImoaHUTE MOJEMUpOBaHHE CUCTEMBI (24), pealn3oBaB aalTHBHOE
ynpaeienue B npeanonoxennn, urto Bektop X(K) xomtpomupyercs ¢ mo-

MOLIBIO CIENYIOIIEH MOIEH:
y(k) = Hx(k) +n(k),

rae T](k) — rayCCOBCKas cnyqai/iHaﬂ nocCJICA0BaTCIIbHOCTh, HE3aBUCUMAA OT

q(k), c xapakrepuctukamu:

M{n(k)}=0, M{n(k)n'(j)}=V3, ;.
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Marpura cucTeMbl KOHTPOJISI paBHA

)

Z[J'DI BBIYUCJICHUA OLCHOK BEKTOPA HEM3BCCTHBLIX MapaMETPOB UCTIOJIb-
30BaTh aJITOPUTM ,HByXZ)TaHHOﬁ I/IZ[CHTI/I(l)I/IKaIII/II/I.
AI{aHTHBHO@ yIipaBJICHUE 6yz[eT HUMCTb BU:

u(k) = —[B" (O(k))FTCFB(6(k)) + D] “BT (6(k)) x

. (25)
x FTC[FA(O(k))R(k) —w(k +1)],

Hnrepsan spemenu: K =0,....,140.
Ouenku Bexktopos X(K) u é(k) ONPEENAIOTCA ¢ TIOMOILBIO CIIEY-
FOLTUX (POPMYIT:

R(k +1) = AMB(K))R(k) + BBK))U(K) + K, (K)[y(k +1) -

—H(AGK)R(K) + BO(K)u(k))], X(0) =X(0)., (26)
P, (k+1/k) = AB(K))P, (k) A(B(K))" +Q, 7)
K, (k) =P, (kK+1/K)HT[HP, (k +1/K)H" +VT*, (28)

P (k+1) = (E,— K, (K)H)P, (k +1/k), P,(0)=P,,  (29)
O(k +1) = (k) + K, (K)[y(k +1) — HG(k)6 — Hg(k)], 6(0) = 6,, (30)
K, (k) = P,(K)G(K) [G(K)P,(K)G(K)" + HQH +V]*,  (31)

P, (k+1) = (E, — Ky ()G(K)P,(k), P,(0) =P, , (32)

rae

G(k) =G(x(k),u(k)), g(k) = g(x(k),u(k)).
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Hauansasie yenoBus s ypasaenus (30) cinexyromue:

0
6(0)=|0].
0

Marpuua P,(0) anaronanshas (cm. aGmuiy 3).

3AJAHUE
IocTponTs TpaduKy MEPEXOTHBIX MPOLECCOB, TPAMUKH aJaITHBHOTO

yIpaBJeHUs U OLEHOK HEeM3BECTHBIX NapameTpoB. MccienoBaTs BIUsSHUE HA
KauecTBO MICHTU(QUKAIMH TUarOHANbHBIX 2JIEMEHTOB MaTpuubl P, (yBenu-
0

yuBass ux B 10 u 100 pa3), muaroHadbHBIX 3JIEMEHTOB MaTpuibsl Q u V
(ymenbmias u3 B 10 u 100 pa3). CrenaTb BBIBOIBI.

[pakruueckoe 3ansaTue Ne 10.

AnanTuBHOe ynpaBJieHHe N0 HeJIMHeHHOoH Moeu

A) Onmumanvhoe ynpagienue
1. 1y nuckpeTHOM Moienu GUpMBI, TPOU3BOseH 1 BUI TOBapa

X(k +1) = Ap(x(k)) + Bu(k) +q(k), x(0)=x,, (33)
1 MOJECJIN KEJIAEMOI'0O U3BMECHCHUA HpI/I6LIJ'II/I (I)I/IpMLI:
Wk +1) = (L+ P)W(K), W(0) = w,. (34)

Bekrop @(x(k)) ompexmensiercst B maboparopHoii paGote Ne 7.

Kommouenter Bextopa cocrosamsa  X(K) =[z(k) v(k) w(k)]", rme

Z(k) - xommuecto ToBapos Ha peinke; V(K) — xomuuectBo ToBapos y
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notpebutens, W(K) — npu6buts. @yHKIMS NPOJAK B ITOM CIlydae MPUMET
BHIL:

s(k) = n, exp(—c)(L—v(K) /Y)z(K). (35)

Bektop @(x(K)) B (33) ompenensietcsi B maboparopHoii pabote Ne 7. B (33)
marpuisl A u B crenyromue

1-nyexp(-c)—k, 0 0 nyexp(-c)/Y 1
A= n, exp(—c) 1-k, 0 -n,exp(-c)/Y |, B=| 0 |, (36)
cn, exp(—c) —k, 0 1 -cnyexp(-c)/Y —C,

rae C — [eHa eMHALBI IPORYKIHH, C, — cebecronmoctsb, K, — koahdum-
eHT 10Tepb, N, — kodhuuueHT npogax, K, — koadduiment norpeGuennus,

k3 — CTOMMOCTb XPaHEHHs €AMHUIIBI MPOJAYKIMHU B JIeHb, Y —IMOTEHIIUAIb-

HBIH crpoc.
Peanm3oBaTh onTHManbHOE ypasieHne GupMoi:

u(k) =—(B" FTCFB + D) *B"FTC(FAp(R(K)) —W(k +1)) . (37)

rae X(K) BbIUHCIISETCS C MOMOIIBIO THHEeapu30BaHHOTO GrsTpa Kanmmana:

K(k+1) = Ap(x(k)) + Bu(k) + K (k)[y(k +1) — H (Ap(%(k)) + Bu(k))],

%(0) = X(0), (38)
P, (k +1/k) = AP, (K)A" +Q, (39)
K, (k) =P, (k+1/K)H'[HP, (K +1/K)HT +V]™, (40)

P (k+1) = (E, - K, (K)H)P, (k+1/k), P,(0)=P,,, (41)

rie Matpuia A ompesensercs no Gopmysie

ox(K) |>‘((k) . (42)

HpeﬂnonaraeTCﬂ, YTO MOJCIIb CUCTEMBI KOHTPOJISI UMECT BU:
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y(k) = Hx(k) +n(k), (43)

rac T](k) — rayCCOBCKas cnyqaﬁﬂaﬂ nocCJICA0BaTCIIbHOCTh, HE3aBUCUMaAA OT

q(k), ¢ xapakrepucTukamu:

M{n(k)}=0, M{n(k)n"(}=V3, ;.

Hcxonuble naHHbIe, HEOOXOUMBbIC AT PELICHHS 3a1a41 aJallTUBHOTO
YIIPaBJIECHUs CIEAYIOLIHE:

F=(0 01, C=1 D=0,01, r=00062, c=35, c,=1,

n, =0,8,k =0,0001, k, =0,02, k, =0,05,

100 011 0 0O 21 0 0
H=/0 1 0[,Q=/ 0 008 0 [,V=|0 32 0 |,
001 0 0 0,095 0 0 005
200 190
x(0)=|110 |, %(0) =] 100 |.
A W,

JIOTOSTHHUTEIbHBIC TaHHBIC, HEOOXOAMMBIC JIJIsI BBITOJHEHUST pabOTHI, IPUBE-
IeHsl B Tabuuie 4.

3AIAHHUE
HOCTpOI/ITL I‘pa(l)I/IKI/I NEPEXOJHBIX MPOLECCOB, Fpa(l)I/IKI/I OIITUMAJIb-
HOT'O YIIpaBJICHUS U OLCHOK BCEKTOpA. MO,HGJ'II/IPOBEIHI/IC BBIIIOJIHUTH HA WH-

tepBaie BpemeHu oT 0 1o 140. BeINOIHUTE MOJEIMPOBAHUE C UCTIOIb30BA-
HHUEM JIMHEapU30BaHHOTO dKCTpanoisTopa Kanvana.
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CrenaThb BBIBOBI.

B) Aoanmuenoe ynpasnenue

s nuckpeTHOM Moenu GUpMBL, TPOU3BOAIILH | B TOBapa
X(k +1) = A(B)p(x(k)) + Bu(k) +q(k), x(0)=x,, (44)
1 MOJZIETIH JKeJIaeMOT0 M3MEHEHUS IPUOBLUTH (PUPMEIL:

Wk +1) = (L+ r)w(k), W(0) = w,. (45)

Kommouenter Bextopa cocrosamsa  X(K) =[z(k) v(k) w(k)]", rme
Z(k) - xommuectBo ToBapos Ha peinke; V(K) — xomuuectBo ToBapoB y
norpeburens, W(K) — npuGbuis. OyHKIHMS MPOAAK B ITOM CITydae IPUMET

BHU:

s(k) = n, exp(—c)(L—v(K) /Y)z(k). (46)

rae Y — MOTeHIUaNbHBIN crpoc. B (44) BEeKTOp HEM3BECTHBIX MapaMETPOB
OIIpEJIEIIeH CIEIYOMIUM COOTHOILIEHUEM:

rae N, — koodduument npoxax, K, — koodduuuent norpeduenus. [pea-
MoJIaraeTcs, 9To BEKTOp O sBIAETCS HEU3BECTHON KOHCTAHTON. MaTpHIbI
A(0) u B cnenyromue

1-0,exp(-c)-k, 0 0 0, exp(-c)/Y 1
A(0) = 0, exp(—c) 1-6, 0 -0,exp(-c)/Y |, B=| 0 [, (47)
O, exp(—c) -k, 0 1 -—cBexp(-c)/Y —C,
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rae C — [eHa eMHULBI PORYKIHH, C, — cebecronmocts, K, — koahdum-
CHT II0TePb, K, — CTOMMOCTD XpaHCHHS SAMHHIIBI IPOXYKIINA B JICHb.
Omnpenenurs matpuity G(X(k),u(k)) u Bekrop g(X(k),u(k)) Heo6xo-

OUMEBIC U1 pealn3alidd alrOpHTMa IBYXSTamHOH uaeHTH(uKanuu. Peamn-
30BaTh aJalITUBHOE YIIPaBICHUE QUPMOA:

u(k) =—(B"F'CFB + D) *B"F"C(FA(B(k))p(X(k)) —W(k +1)), (48)

rae X(K) BbrYMCIsIieTCS ¢ MOMOIIBIO JIHHEapu30BaHHOTO (uiibTpa Kanmana
(cM. mabopartopHyto padoty Ne 12):

R(k +1) = Ap(R(k)) + Bu(k) + K ; (kK)[y(k +1) — H (Ap(X(k)) + Bu(k))],
%(0) = x(0), (49)

P, (k+1/k) = AP, (K)A" +Q, (50)

K, (k) =P, (k+1/K)HT[HP, (k +1/K)H" +VT*, (51)

P (k+1) =(E, - K, (K)H)P, (k +1/k), P (0)=P,,, (52

rie Matpuia A ompezensercs o Gopmysie

v 59)

B (53) A= AB(K)).

I/ICXO,HHBIe JaHHBIC, H€O6XOI[I/IMI>IG JUIA peIIeHUs 3a1a4u aJalITUBHOT'O
ypaBJieHUSA CICAYIOIINEC:

F=(001), C=1 D=001, r =0,0062, c=35, ¢, =1,
k, =0,0001, k, =0,05,

100 011 O 0 21 0 0
H=/0 1 0/,Q={ 0 008 O |,V={0 32 0 |[.
0 01 0 0 0,095 0 0 0,05
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. 200 190
©(0) = ol x(0)=| 110 |, %(0)=|100 |. (54)
WO WO

HpI/I MOJCIUPOBAHNU UCTUHHBIC 3HAYCHUA no u k2 IMPUHATH CICAYIOIIUC:
n, =0,8, k, =0,02.

JlonoHUTENbHBIE TaHHBIC, HEOOXOIUMBbIC ISl BBIMOIHEHUs paboThl, IpUBE-
IIeHbI B Tabaune 4.

3AJIAHUE

[TocTpouts rpadukn nepexoaHbIX MPOLECCOB, TPadUKH aaanTHBHO-
TO YIpaBJeHUS U OICHOK HEH3BECTHBIX MapaMeTpoB. MojienupoBaHue BbI-
MIOJTHUTH Ha uHTepBasie BpeMeHH oT 0 no 140. MccnenoBats BIUsSHUE qHUa-
TOHAJBHBIX 3JEMEHTOB MAaTpHIBl V Ha KauecTBO OIEHUBAHUS IapaMETPOB
MOJEIH, YBEINYMBas UX cHadana B 5 u 3areM B 10, 3arem B 100 pa3. Cne-
JIaTh BBIBOJIBI.
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CAMOCTOATEJBHAS PABOTA
3aganmue:

1. [IpopaboTka JIEKIIMOHHOTO MaTeprajia o TeMaM JICKITHi (B COOT-
BETCTBUU C pa3ieiiaMu 1-5) v UCIob3ysl HACTOSIIEE IOCOOUE U UH-
TEPHET PECYPCHI:
- Ob6pa3oBaTeIbHBI MATEMAaTUICCKUHA CalT
(www.exponenta.ru).

- Koncynpranuonnslii 1ieHTp Matlab
(www.matlab.ru).

- [Tonckosas cucrema google.ru

2. [MoaroroBka K MpakTHYECKUM paboTaM MO TeMaM U3 pasnesion 1-5.

3. OdopMIiIcHHE OTYETOB IO PE3YJIbTaTaM BBIMOJIHCHUS TPAKTUYEC-
CKMX 3aJaHuM.
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HNPUJIOKEHHUE

BAPUAHTDBI 3AI[AHHI>1
Tao6auna 1
N Y x,(0) | x,(0) b, b, Qu Q.
1 0,0003 300 200 15 22 2,0 0,25
2 0,0004 310 210 14 20 1,0 0,3
3 0,0002 305 195 15 19 1,0 0,2
4 0,0005 310 205 17 22 1,2 0,05
5 0,0004 320 216 19 23 2,0 0,2
6 0,0003 325 198 17 18 1,0 0,12
7 0,0004 300 200 15 22 2,0 0,14
8 0,0004 330 210 14 20 3,0 0,12
9 0,0002 315 195 15 19 2,1 0,22
10 0,0003 310 215 18 24 2,0 0,02
11 0,0004 310 216 19 23 1,1 0,04
12 0,0005 325 198 17 18 1,0 0,1
13 0,0004 300 200 15 22 2,0 0,1
14 0,0004 310 210 14 20 15 0,03
15 0,0003 305 195 15 19 1,0 0,16
16 0,0005 315 205 17 22 2,0 0,07
17 0,0004 320 216 19 23 1,3 0,08
18 0,0005 325 198 17 19 1,2 0,04
19 0,0004 300 205 15 22 2,0 0,06
20 0,0004 320 210 14 20 15 0,07
21 0,0003 315 195 17 18 1,7 0,05
22 0,0005 330 215 18 24 1,9 0,09
23 0,0003 320 216 19 23 1,3 0,07
24 0,0005 325 198 17 18 1,0 0,04
25 0,0003 315 195 15 19 2,0 0,03
26 0,0005 310 215 18 24 2,2 0,08
27 0,0004 310 216 20 23 1,7 0,05
28 0,0005 325 210 17 18 1,7 0,04
29 0,0003 310 200 15 22 1,2 0,03
30 0,0004 315 210 16 20 1,2 0,03
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Taoauna 2

N r w(0) C D Vi, V,,
1 0,0027 215 1 0,06 3,5 3,4
2 0,0025 220 1,2 0,08 5,5 4,5
3 0,002 225 11 0,07 3.9 3,0
4 0,0023 217 1,3 0,05 3,5 3,4
5 0,0024 222 1,2 0,09 4,2 3,5
6 0,0026 220 1,6 0,08 4,9 3,0
7 0,0027 215 1 0,05 3,5 1,4
8 0,0025 220 1,2 0,08 55 4,5
9 0,0022 235 11 0,07 2,9 3,0
10 | 0,0025 227 1,4 0,05 4,5 3.8
11 | 0,0024 228 1,2 0,08 7,5 2,5
12 | 0,0027 210 15 0,07 4,9 3.8
13 | 0,0028 215 1 0,06 7,5 2,4
14 | 0,0026 220 1,2 0,08 55 4,5
15 | 0,0022 225 11 0,07 59 3,6
16 | 0,0024 217 1,3 0,05 3,5 3.2
17 | 0,0023 222 1,2 0,09 3,5 3,5
18 | 0,0026 220 1,6 0,08 4,9 3,0
19 | 0,0027 218 11 0,05 7,5 2,4
20 | 0,0025 226 12 0,09 6,5 4,5
21 | 0,0021 235 11 0,07 6,9 3,0
22 | 0,0025 207 1,0 0,05 3,5 3,8
23 | 0,0024 238 12 0,08 4,5 4,5
24 | 0,0026 220 15 0,07 4,9 3.8
25 | 0,0025 222 12 0,08 3.3 2,3
26 | 0,0022 225 1,6 0,09 4,9 3.9
27 | 0,0028 215 15 0,05 6,5 2,1
28 | 0,0022 225 12 0,08 3,5 4,5
29 | 0,0023 235 13 0,09 6,2 3,0
30 | 0,0025 230 1,4 0,04 2,5 2,9
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Taoauna 3

N )/zl (0) )22 (0) Pf 11 (O) Pf 22 (O) Pen (0) PGZZ (O) P933 (O)
1 270 190 15 15 1,5 2,0 1,0
2 280 180 20 20 1,2 2,5 1,5
3 290 185 21 19 1,4 2,7 2,5
4 275 192 15 16 2,5 2,8 2,3
5 285 184 16 24 1,5 4,9 2,5
6 280 180 22 29 1,7 2,7 2,5
7 275 190 15 15 1,6 2,0 1,0
8 280 180 20 20 1,3 2,5 15
9 295 170 21 18 15 3.7 3,5
10 275 192 15 16 2,5 2,8 2,5
11 295 185 16 25 15 2,3 3,5
12 270 180 22 30 1,6 2,7 2,5
13 270 190 15 15 15 2,0 1,0
14 280 180 20 20 1,2 2,5 3,5
15 290 185 21 19 1,4 2,7 2,7
16 265 192 15 16 2,5 2,8 2,3
17 285 184 16 24 15 4,9 51
18 270 180 22 29 1,7 2,7 2,5
19 275 195 15 15 1,6 3,0 2,0
20 280 180 22 20 1,4 2,5 2,5
21 285 170 21 18 15 3.7 3,5
22 275 190 15 16 2,7 4,8 55
23 285 195 16 25 15 2,3 3,3
24 270 180 25 31 1,6 2,7 2,5
25 280 192 15 16 2,5 2,8 2,3
26 285 180 16 24 19 59 4,5
27 270 185 22 29 1,7 2,7 2,8
28 265 180 16 16 1,8 2,0 3,0
29 285 180 20 20 13 2,5 55
30 275 170 22 19 15 3.7 3,2
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Taoauna 4

N Wo Pf 11 (O) Pf 22 (O) Pf 33 (O) Pell (O) P922 (O)
1 100 1,0 1,0 2,0 1,0 1,0
2 110 2,0 2,0 1,2 2,5 1,5
3 105 21 1,0 1,4 2,1 2,2
4 102 15 15 2,5 2,8 2,3
5 95 1,6 24 1,5 19 2,5
6 88 2,2 2,9 1,7 2,7 2,5
7 125 15 15 1,6 2,0 1,0
8 180 2,0 2,0 1,3 2,5 15
9 130 2,6 1,5 15 1,6 3,5
10 104 1,0 1,0 2,0 1,0 1,0
11 110 2,0 2,0 1,2 2,5 15
12 105 2,7 1,0 14 2,1 2,2
13 100 1,5 18 2,5 2,8 2,3
14 95 1,6 24 15 19 2,5
15 68 2,2 2,6 1,7 2,7 2,5
16 105 1,5 15 1,6 2,0 1,0
17 140 2,2 2,0 13 2,5 15
18 150 2,6 1,7 15 3,5 3,2
19 105 21 1,0 14 2,1 2,2
20 102 1,5 1,5 2,5 2,8 2,3
21 95 1,6 2,4 15 1,9 2,5
22 88 2,6 2,9 1,7 2,7 2,5
23 125 1,5 1,5 1,6 2,0 1,0
24 123 2,0 2,0 13 2,5 15
25 110 2,2 1,5 15 2,7 3,5
26 104 1,5 1,2 1,0 1,3 14
27 115 1,0 2,0 1,2 2,5 15
28 135 2,1 1,0 1,4 2,1 2,2
29 102 1,5 1,5 2,5 2,3 2,3
30 95 1,6 2,4 15 1,9 2,5
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