JIABOPATOPHAS PABOTA 4

AHaJIUTHYECKOE KOHCTPYMPOBaHUEe ONITUMANBHOIO peryJastopa (AKOP)
IJISE IMHEHHOI0 00beKTAa

1. leas padorbl. M3yueHue mMeroAa CHHTE3a U CBOMCTB ONTHUMAJIBHBIX
CHUCTEM YMpaBICHUS 1O KBAJAPATUYHOMY KPUTEPHUIO KadyecTBa; MPOrPaMMHOE
(YMCNIEHHOE) W aHAJIUTHYECKoe orpejaeseHne Ko3()(PUIMEHTOB ONTUMAIBLHOTO
perymusitopa.

2. KpaTkue TeopeTndeckue cBeeHHUA

2.1. [loka3aresu KayecTBA yNpaBJeHUsI

JU1 OLIEHKM YCIIEUIHOCTH JIBM)KEHUSI OOBEKTa K LEIH YIPaBICHUS BBOJAST
YHCJIOBBIE ITOKA3aTeNU KauyecTBa ynpasieHus. Mcropuyecku nepBeiM ObLT CIIOCO0,
OCHOBAaHHBIM HA 33JaHUU MPEIACIbHBIX 3HAYEHUN OIPEACIICHHBIX BEJINYUH —
IIEPBUYHBIX II0KA3aTeJIe KadeCTBA, XAPAKTEPU3YIOIIMX KPHUBYHK) NEPEXOIHOIO
mpolecca Mo BBIXOJHOM KoopauHaTe (Ui OJAHOMEPHBIX OOBEKTOB): BPEMEHHU
3aTyXaHHs  IIEPEXOJHOr0  IpoLecca,  JOIYCTUMOIO  IEpPEpEryIupOBaHUs,
KOJIeOaTeNIbHOCTH W T.M. JlaHHBIM CIMOCOO OIEHKHM KadecTBa MMEPEeXOIHBIX
IIPOLIECCOB, BO MHOIOM COOTBETCTBYIOUIMM HWHXXEHEPHBIM NPEACTABICHUSIM O
CYIIHOCTH 3aJa4¥ PETYJIMPOBAHMUs, HALIE] NPUMEHEHUE B OCHOBHOM JIMIIb IS
OJIHOMEPHBIX JIMHEWHBIX U HEKOTOPBIX HEIMHEMHBIX OOBEKTOB B ONPEIECIICHHBIX
peXKUMaxX UX JBUKCHUS.

Haubonee yHuBepcalbHbIM, OCOOEHHO B IPUMEHEHHU K HEJIMHEHHBIM
MHOTOMEpPHBbIM 00bekTaM ympasieHus (OVY), ABMKEHHE KOTOPBIX OIMCBHIBAECTCA
BEKTOPHO-MAaTPUYHBIM YPaBHEHHEM

Xt)=9lX®),U(),t]=AX(t)+BU(), (1)
(X(t) — n-mMepHBII BEKTOp cOCTOSIHHS OOBekTa, U(t) — m-MEpHBIM BEKTOP €ro
YIPaBISIOUUX BO3ACHCTBHM, SIBIsIETCS CcOco0 (hopMaan3alii), OCHOBaHHBIA Ha
BBEJICHUU ONTUMHU3HPYEMOTo (pyHKLIMOHANIA (KPUTEpUsl KauecTBa) UHTErPaJIbHOTO
Tumna. Mcnonap30BaHME MHTErPAJbHBIX KPUTEPHUEB, B YAaCTHOCTH KBaJAPATHYHBIX
(YyHKIIMOHAJIOB, MO3BOJISET ONPEAEIUTh TPeOOBaHUS K MEPEXOAHBIM IpolLEeccaM
cuctem ynpasieHus (CY) 3agaHueM 3Hau€HUN HEOOJBIIOIO YMCIa MX BECOBBIX
KOA((PUIIMEHTOB, NPAKTUYECKHU IPOU3BOJBHBIM BBIOOP KOTOpBIX OOecnedyuBacT
(yHIaMEHTaJIbHOE CBOMCTBO CHUHTE3UPYEMOW CHUCTEMBI — €€ ACUMITOTUYECKYIO
yCTOMYMBOCTh. [J1aBHOE JIOCTOMHCTBO JAaHHOrO crnocoba Qopmain3anuu
3aKJII0YAeTCsl B TOM, YTO OH ITO3BOJIAET HCHOJIB30BATh ISl CUHTE3a YCTPOMCTB
YIPABICHUS  CIIOKHBIMH ~ OOBEKTaMH  PE3yJIbTaThl TEOPUU  ONTHUMAJIBHOTO
YOPaBICHUsT W TEOPUHU AHAIUTHYECKOTO KOHCTPYMPOBAHHS  OINTHMAaJbHBIX
perymnstopoB (AKOP).

B Hacrosmee BpeMs B TEOPUHM M IIPAKTHKE ONTHUMAJIBHOIO YIPABICHUSA
HIMPOKOE  PaCIpOCTPaHEHHWE  TOJYYWIM  HMHTETPAIBHBIE  KBAJAPATHUYHbIC
0000111eHHbIE (PYHKIIMOHAJIBI KAUECTBA CUCTEM aBTOMATHUECKOIO YIIPaBJICHHUSL:



Iy Iy
J= j FIX (U t),1]dt = j[XT (H)OX (1) +UT (tH)RU (1)]dt — min,
) ly (2)
rie R, Q — CUMMCTpUYHBIC BEIISCTBCHHBIC ITOJIOKHTEIHLHO-OTPE/ICIICHHBIC
MaTpPHULIbl BECOBBIX KOA(P(UIIUEHTOB KPUTEPHSL.

2.2. llpunuun onTuManbHocTH beliMana

OgHMM W3 METOJIOB PEUIEHUS 3a1a4yd ONTUMAJIBHOIO YIPABICHUS IpU
HAJIMYMM OTPAHUYEHUN Ha YHPABISIIONIME BO3JAEHCTBUA U (Pa30Bble KOOPAMHATHI
00beKTa SBJISETCS METOJ JMHAMHYECKOTO0 MPOTPaMMMPOBAHUS, MPEHAJIOKEHHBIN
aMEpUKaHCKUM ydeHbIM P. bemmanoM. B e€ro OCHOBE JEXKUT CIEAYHOLIUN
IIPOCTOM, HA TMEPBbIM B3[VIAA, [IPUHLUI ONTHUMAJIBHOCTU: "ONTUMAJIBHOE
yhpaBiieHHe 00JIaJaeT TeM CBOMCTBOM, YTO JJisi JIIOOOrO0 HAaYaJbHOTO YCJIOBHS U
WCIOJIb30BAHHOTO  HAYaJbHOIO  YIPABJIECHUS  MOCIECAYIOLIEE  ONTHUMAIBHOE
YIIPABJIICHUE COBIIAJET C UCXOJHBIM ONTUMAIIBHBIM YIIPABICHUEM OTHOCHTEIBHO
COCTOSIHMSL,  NOJYYAIOLIErocs B pe3yJibTaT€  NPUMEHEHHS  HA4aJdbHOIO
ynpasieHus .

Jpyrumu cioBam#, TPUHIMI ONTUMAJIBLHOCTH YTBEPXKIAET, YTO JHOOOM
OTPE30K ONTHMAJIBHOM TPACKTOPUH, INPUMBIKAIOIIMNA K KOHEYHOM TOYKE X (7,),

TaK)Ke SBISETCS ONTHUMAJbHBIM. [loguepkHEM, YTO B MPUHIMIIE TOBOPUTCS 00
ONTUMAIBHOCTH TOJIBKO KOHEYHOTO YYacTKa ONTUMAIIbHOW TpPaeKTOPUH, a HE
KaKOT0-JIM00 MPOMEKYTOYHOTO YIacTKa.

[IpyHIMIT ONTHUMAIBHOCTH OMNPENENSIeT JOCTaTOYHO O0Inee HeoOXO0auMoe
yCIOBHE ONTHUMAIBHOCTH JWHAMUYECKHX CcUCTeM. OJHaKO OH HE SBISETCS
BCEOOIINM — TPUHIIMIT CIIPABEIUB TOJIBKO ISl CUCTEM, Y KOTOPHIX ONTHMAaJIbHAS
TPAaeKTOpUsSl HE 3aBHCHT OT MPEIBICTOPHH CUCTEMBI, a IEIMKOM ONpPEACIIseTCs
UCXOJIHBIM €€ COCTOsIHueM. Hampumep, MpUHIKIT ONITUMAIEHOCTH HE CIPABE]INB
111 OOBEKTOB YIIPABJICHUS TIPH HAIMYMU 3aI1a3/(bIBaHusI B ()a30BBIX KOOPAHHATAX.

MuHUMaNbHOE 3HAYeHUE KPHUTEPHUs, COOTBETCTBYIOIIEE ONTHUMAILHOMY
YIIPaBICHHUIO, 0003HAYUM CHUMBOJIOM

I
S(Xys1,) = min j FIX (1), U(t),t]dt.
f 3)
JNannas Gysakmus S(X,,t,) 3aBUCSINAS TOJIBKO OT HAYAIBHOTO COCTOSTHUS 00BbEKTa
X(t,)=X, HazpiBaercs ¢yHkuue bemnmana. IlomuepkHem, 4dYTO 31€ch
3aBUCUMOCTH ()YHKIIMOHATA OT KOHEYHOTO COCTOSIHHSI 00BEKTa, KOTOPOE B 3a7a4ax
yIOpaBJICHUS 4acTO (PUKCUPOBAHO, MpUUYEM B 3ajadax crabunusamuu X, =0, HE
paccMaTpHuBaeTCs.
Ucnonb3yst  chOpMyIMpOBAHHBIA MPUHIUI  ONTUMAJIBHOCTH, MOKHO
nokas3atb, uTo GyHkIusa bemnmana nis oobekrta (1) ¢ pyHKIIMoHaIoM KadecTBa (2)
YIOBIIETBOPSIET CIEMyIONEMY (PYHKITMOHAIPHOMY ypaBHeHHIO bemmana

_aa_S = min{ F[X (1),U (r),]+ (8_5] AX (1), U(1),1]}. 4)
t UeQ aX



2.3. llocranoBka 3axaun AKOP JleroBa—Kanmana
3agaua AKOP sBnsieTcst HEHTpAIbHOM B COBPEMEHHON TEOPUU U MPAKTUKE
aBTOMATUYECKOT0 yrpaBieHus. Ee pelienue Hayaiock ¢ padboT, OmmyOJIMKOBAaHHBIX
B 1960 r. B Poccum A.M. JleroBeim u B CIHA P. Kammanom. Tepmun
"aHaAIMTUYECKOE KOHCTpyupoBaHue" ObL1 BBeeH mpodeccopom A.M. JIeTOBbIM.
OH onpenenun koHeuHyto 1eib AKOP kak mojgydeHue 3akoHa yIpaBJI€HUS] YUCTO
AHATMTUYECKUM IyTeM, HUCXOJs M3 MPEAbSIBISEMBIX K KauyeCTBY YIpaBJICHUS
TpeOoBaHuil, popMaIn30BaHHBIX B (hopMe MHTErpaibHOro GyHKunoHana. Teopus
AKOP nocturma B HacTosIee BpeMs BBICOKOM CTENEHU TEOPETHYECKOU
3aBEPIICHHOCTH MPUMEHHUTEIIBHO, B TIEPBYIO O4Yepeib, K JUHEHHBIM OOBEKTAM W
KBaJIpaTUUHBIM (pyHKUIHOHANIaM-KpuTepusiM kadectBa. Metoast AKOP npenensHO
(dbopManr30BaHbl, UX OTIUYAET AHATUTUYHOCTD U JIOTUYECKask 3aBEPIICHHOCTh, OHU
MO3BOJISIOT JIJISl TMHEHHBIX, & YACTO | JIUI HEJIMHEWHBIX OOBEKTOB OMPEACIUTh KaK
CTPYKTYPY, TaK U apaMeTpbl 3aKOHA YIIPaBJICHUS, TAPAHTUPYIOIIETO, [0 MEHbILIEH
Mepe, ACUMITOTUYECKYIO0 YCTOMUYMBOCTh 3aMKHYTOM CUCTEMBI. B HacTosIiee BpeMs
B Teopun AKOP mnonyywnn mnpusHaHuE JBa OCHOBHBIX HANpaBIICHUSA,
oTiMyaromuxcs (HopMoil MHHUMHU3MpyeMoro QyHkuuoHama: wmeton Jletoa—
KanMana, B KOTOpOM HCIHOJIb3yeTCSl KBAJAPATUUYHBIA (PYHKIMOHANT KayecTBa
VOPABJICHUS, M METOJl AHATUTUYECKOTO KOHCTPYMPOBAHUSA 10 KPUTEPUIO
000011eHHON paboThl, npeanokeHHbI A.A. KpacoBckum. IlpeameroMm naHHOM
nabopaTopHOit paboThl siBisieTcs MmeTo JleroBa—Kanmmana.
3amaya ontumanbHOro ympasieHus JleroBa-Kanmana ¢opmynupyercs
cienyromuM oOpa3oM: TpeOyercsa HailTu ympasieHue oObekToMm (1) B dopme
00paTHOM CBsI3H
UX)=U(x,,%y,....,X,)
MEPEBOJAILIEE €r0 U3 HAYaJbHOIO COCTOSIHUA X (7, =0)= X, B KOHEYHOE HYJIEBOE
cocrossHue X (f, =00)=0 ¢ MUHMMaIbHBIM 3HAYCHUEM KBaJpPaTUYHOI'O

dbyukimonana (2):

J= T[XT(I)QX (t)+U" (1)RU (t)]dt — min .

2.4. llpouenypa pemenusi 3agaun AKOP JleroBa—Kanmana metogom
AUHAMHMYECKOr0 nporpaMmMuposanus beanimana
Haubonee  npucnocoOaeHHBIM K  pEIICHUI0  c(hOpMyIMpPOBAHHOU
BapUALlMOHHOW  3a/Jayu  YIpaBJIEHUS  SBISAETCA  METOA  JUHAMUYECKOIO
nporpamMmupoBanus P.bemMana, KOTOpBIM MMO3BOMISET ONPENEIATh ONTUMAIBHOE
yIpaBJIeHUE HEMOCPEACTBEHHO B opMe oOpaTHOM cBsizu. PaccMoTpum perenue
MHoromepHoit 3agaun AKOP (1) — (3).
[IpumeHeHne MeTona IMHAMUYECKOrO IPOTPAMMHUPOBAHUS HAYMHACTCA C
3allUCH  OCHOBHOTO  (DyHKUMOHAJIBHOTO YypaBHeHHs bemnmana (4) s
paccMaTpuBaeMOM CTallMOHAPHOM 3aaauu yrpasienus (1) - (3):

O:n}]in{XTQX+UTRU+[§—;j (AX +BU)} . (5)



[Iponuddepennmpyem BoipakeHue B GUTYpHBIX CKOOKax 1o U :

9{...} . (asz
———=U"R) +RU+||— | B . 6
oU ( ) oX ©)
Hcnonb3ya MaTpUUHbI€ BEIYUCIIEHUS, BbIpaXeHUE (6) MOKHO YIIPOCTUTH
of...} . 0S
———=2RU+B" — . 7
U X (7

[IpupaBHSAB 4acTHYX MNPOU3BOAHYIO (7) K HYJI, HAXOAUM ONTHUMAIIbHOE
yIpaBJICHUE
1 . 70S
U __ER B % (8)
[ToncraBuB (8) B ypaBHenue bemnmana (4), NOJydyuM ypaBHEHUE
["ammibToHA-SIk00M-bemmana (I'S1b)
T T
0=X"0 —l(a—sj BR‘IBTa—S+[a—SJ AX . 9)
4\ 0X X \0X
PemB ypaBHEHHE B YACTHBIX MNPOM3BOAHBIX (9), yuUThIBas HAdaJIbHOE
3Hauenue S(0)=0, moxkem HaiTu (QyHkiuioo bemnmana. Ilpoguddepenunponan
HaliieHHyo QyHkuuio benmnmana v mojacraBuB €€ B (8) MONIyYMM HMCKOMOE
ONTUMAJIBHOE YIIPABJICHHUE.
VYkazannas npoueaypa peuenus 3anauu AKOP MeTtogomM AuHaMHYECKOTO
MIPOrPAaMMHPOBAHHS TOJHOCTHIO BBINOJHUMA (OCYLIECTBIEHA) TOJBKO IS
JMHEHHBIX 00BEKTOB YIIPaBICHUS.

2.5. Pemenne 3anaun AKOP niis1 inHeiiHbIX 00bEKTOB
B obmem Buzae ypaBHeHue (9) pernieHo TOIBKO JIsl TUHEHHBIX OOBEKTOB,
korga matpuilel A U B He 3aBucar ot X. U3BecTHO, 4TO 1151 IMHEHHBIX 0OBEKTOB
ypaBHeHue (9) UMeeT pellieHre B KBaApaTUyHO popme
S(X)=X"PX. (10)
C CUMMETPUYHOM, MOJIOKUTEIBHO ONPEAEICHHOM MaTpuLen P, pasmepHocTy nxn.
Torna npousBonHas GpyHkiuu bemimvana mpuHUMAaeT BUT
g—;=PX+PTX=2PX. (11)

[Toncrasus (11) B I'Ab (9), nonyuaem:
0=X"{Q+PA+A"P-PBR'B"P}X.
Tak kak X #0, TO IIOCIEAHEE PABEHCTBO BBINOJIHAECTCS, €CIIU
Q+PA+A"P-PBR'B"P=0. (12)
YpaBaenue (12) HaspiBaeTCs MaTpuyHbIM ypaBHeHHMeM Pukkatu. /lanHOe
YPABHEHUE SIBIACTCS HEIMHEHMHBIM (KBAJPAaTHBIM OTHOCUTEIBHO MaTpuubl P) n
MMEET HECKOJIBKO pemenu. Ho pemeHue, yaoBIETBOPSAIOIIEE KPUTEPUIO
NOJIOKUTENBHON onpesieeHHOCTH CuilbBecTpa, €INHCTBEHHO.
PemmB ypaBuHenne (12), mpl Hampgem Mmarpuny P u, COOTBETCTBEHHO,
¢ynkiuio bennmana (10). Ilpu wu3BecTHOM ¢yHkumu bennmana coriacHo
COOTHOIIEHMUIO (8) JIErKO ONPEAEISIETC ONTUMAIIBHOE YIIPABIICHHE



U=-R'B'PX >U=-K X, K.=R'B'P_ (13)
Kak Bumum, mia 3amaun AKOP Jlerosa-Kanmana ¢ guHENHBIM O0O0OBEKTOM

ONTUMAJbHBIM  PEryJIsTOPOM  SBJISIETCSI MHOTOMEPHBIA  MPONOPUHUOHATBHBIN
pEryIsaTOp ¢ MaTpuuei KoapGueHToB ycuinenus K, .

3. 3agaHus ¥ NOPSAOK NPOBEICHUSI HCCICAOBAHNM

3apanme.  Ucnonwsdys  (Moguduuupys)  OporpaMMHBIA  MOAIYJb
naboparopHoit paboTel B Mathcad (cMm. puc. 2) TpeOyeTcss MpoBECTH ONHUCAHHBIC
HUKE UCCJIEIOBAHMS ONTHUMAJIBHOTO pPEryjsTopa s 3aJaHHOr0 OOBEKTa,
nepeaaroyHas (QyHKUUS M MapaMeTpbl KOTOPOTO OMNPEAESIOTCS  COrjacHO

k
Tabauue 1 B 3aBUCMMOCTM OT HOMepa BapuaHTta, npuueM W(s)=———
s(T s+1)
W(s )= W(s) e W(s)m
s(T,s—1) (T, s+1)T,s+1) (T,s+1)(T,s+1)

Ta6nuna 1. [TapameTpsl nepenaTouHbIX PYHKITUMA

Bapuanm W(s) k T, Ty,
1 W(s) I 0,5 0.1
2 W,(s) 2 0,25 0.5
3 Wi(s) 3 0,1 0,25
4 W(s) I 0,25 0.2
5 W(s) I 0,25 1
6 W(s) 2 0,05 0,25
7 W,(s) 4 0,08 0,24
8 W(s) 4 0,5 0,1
9 W(s) 2 0,5 0,25
10 W,(s) 3 1 0,5
11 W(s) 3 0,5 0,05
12 W(s) 1.5 0,25 0,2
13 W(s) 2 0,75 0,01
14 W(s) 5 0,45 0,1
15 W(s) 3 0,9 0,05
16 W(s) 2.5 0,36 0,67
17 W(s) 1.5 0,34 0,52
18 W(s) 4 0,8 0.2
19 W(s) 4.5 0,7 0,12

20 W(s) 35 0,3 0,95




Bapuanm W(s) k T, Ty,
21 W(s) 5 0,1 0.6
22 W(s) 4 0,8 0.3
23 W(s) I 0,65 0.5
24 W,(s) 2 0,45 0,55
25 W(s) 4 0,72 0,35

Ilopsigok ucc/iefoBaHMii U NpeaCTABIEHUS UX Pe3yJbTATOB

1. Co3math TEeKCTOBBIM OJOK, conepkauuii HasBanue pabdoTsl, DPUO
CTYJEHTa, HOMEpP BapuaHTa, 0T(HOPMATUPOBATH TEKCT B COOTBETCTBUH C 00PA3IIOM,
IIPUBEICHHOM Ha puc. 1.

JlaGopaTopHnasi padora Ned.
AHAJIMTHYECKOE KOHCTPYUPOBaHHUE ONTUMAJILHOTO peryJsaTopa (AKOP)

ISl IMHEHHOT0 00 bEKTA

Brinonun: cryaeat rp. 111111 MBanos 1.MN.
Bapuanr: N
Hara: 01.10.2017 r.

Puc. 1. OGpasen hopmaTupOoBaHHs TEKCTa
2. Yka3arh nepeiaTouHyro (GyHKITUIO UCCIICYEMOT0 O0OBEKTa U €€ TTapaMeTPhl
Wi(p) =

3. CdhopmupoBare matpulibl A u B onucanus o0beKkTa B KaHOHUYECKOM
IPOCTPAHCTBE COCTOSIHUIA:

X(t)=A-X(t)+B-U(1),
A= ooy B= o, .

4. 3anath napameTpsl PyHKMoHaNa kauecTBa CAY
J= j (X" (HQX(t)+ U (HRU(Y) ) dt
0

Q=i , R= i, .

5. Pacuer x03¢hpUHEHTOB ONTUMATTLHOTO PETYIATOPA

5.1. CocraBieHue U pelieHue MaTpUYHOTO ypaBHEHUS! PUKkaTu



PA+A"P-PBR'B'™P+Q=0
OTHOCHUTCIIbHO MaTPHIbI P.

5.2. OnpeneneHre ONTUMAIBHOTO YIIPABICHUS

U= 1 R'BT 98 =-R'B"PX=RX.
2 0X

6. [lepexoanbie pouecchl ontuMaibHol CAY

I/ICCJ'IC,Z[OBaTB BJIMSIHUC ITaPaMETPOB KPUTCPHUA Ka4CCTBA HA IICPCXOAHBIC

IPOLIECCHI CUCTEMBI C HayaabHbIMU ycioBusaAMU X((0) =2 — 3. x,(0) =0.

7. BeiBozibI IO pabore:

Huxe npuBoauTces mpuMep NporpaMMHOTO MOJTYJISL BHITTOJHEHUS paOOTHI.

l1.OnncaHne obvekrTa ORIGIN:= 1

AAAA

T1:=1 T2:=2 k=1

k
(P)

T (Tlp + D-(T2p + 1)

2.0opMupoBaHue MaTpuin A u B onucanus ob6bekTa BOpocTpa
HCTBE COCTOSSHUU (KAHOHUYECKUU BEKTOP COCTOSIHHUSA)

0 1 0
Yl i S R B=|_k
TILT2 TI T2 T1-T2

3.3ag4aHuVe KBagapaTMyHoro pyHKLMOHANA KayecTBa

ql =1 r:=1

21 o[ "
4= = “lo @



4. KoHTponbHoOe peweHne 3agaum AKOP (osuakosa BU)

al = A2,l a2 = A2,2 b = B2 al =-0.5 2 =-15
5o

© 4r

k1:=0.1

B (ql —al-g2)

Alxl\lN.— ’ T k2 :=0.(
k1 =4.899

Given

al-a2-k2 + B-(—kl2 + a1~k22) =ql —al-q2

k1 + a2-k2 + [3~k22 = —q2

1.657
K1,:= Find(k1,k2) K1 = 1.657

dNemMeHTbl MaTpuULbl pelleHNA ypaBHeHUA PUKKATHU

: Kl2 Kl1
P22 .= 7 P12 := 7 P12 =0.828 P22 =0.828
-b b
OnTumanbHoe ynpasneHune: U(X):=2—'K1T'X E__O'ZS
T
-b T
/\II$V\:: Z—'KI K =(-0.414 -0.414)
T

5.PeweHne mMmaTpmMyHOTo ypasHeHNA PUKKaTH

11 pl2 11 pl2 11 p12) 11 pl2
Ppil,pl2,p21,p22) = | 0 P T A AT [P P P P g LT PP
p21 p22 p21 p22 p21 p22 r p21 p22

Given

1_
2 4 2 2 2 4

P(pl1,p12,p21,p22) —
3p2l  p22  p2l.p22

11
P 2 2 4

pll =C pl2 =C p21 =C

P(pl1,pl12,p21,p22) = C

R

p2l  pl2-p21 pl2 3pl2  p22  pl2-p22
= _ == = 5 st nind

22
pl2 = 3-p22 —pT +p21 + 1



1.828
0.828
0.828
0.828

Res := Find(pl1,pl2,p21,p22) =

5.2.PacyeTonTMmanbHOroynpaBnaeHuns

Res, Res, (1.828 0.828)

P = =

A Res3 Res4 0.828 0.828
K= BlP

UX) =K-X

6.MocTpoeHMerpadmKkoB nepexoagHblXx npoueccoBontTMumanbHon CAY

E(,X) == A-X + BUX)

t0:=C tk :== 8 n:=1000C j:=1.n

HayanbHble ycnosua cucrtembl 20
X0 :=
0.0

PeweHune cuctembl aunddpepeHumMansbHbIX YypaBHEHUIW M NOCTP
oeHMerpadmMKoB NEepexoAHbIX TPOLECCOB ONTUMANbHOMW CUC

T€ M bl
Z1 := Rkadapt(XO0,t0,tk,n,F)

715 4

Puc. 2. IlporpaMMHBIif MOAYJb JIsI BHITIOJIHEHUS J1a00paTOPHOM paboThI



Conepsxkanue oT4yera
OTtuer mo sabopaTopHoil pabore (opmupyercs kak TUCTHHT W3 Mathcad

BBINIOJIHEHUS YKa3aHHBIX MYHKTOB B IMOPSAKE HUCCIEIOBaHUS C J0OABICHHEM OT
PYKH BBIBOJOB 1O padoTe, GOpMyIHpPYEMbIX Ha OCHOBE IpadMKOB M YHCIIOBBIX
JAHHBIX MOJYYEHHBIX BXOJI€ UCCIIEAOBAHUIA.

S. KOHTpOJIbHBbIE BONIPOCHI
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