METOZOM JUHAMUYECKOTO IIPOrPaMMHUPOBAHUS
B HETIPEPBIBHOM (DOPME ...cveeeiiiiiiieiieiieie et

Tema 3. CTATUUECKAS OIITUMM3ALIUSA .......oooviiiiiiiiiiiiicis
3.1. BHIBI PYHKITHI ...ttt
3.2. BUIBI 3KCTPEMYMOB ....cviiiiiiiiiie it
3.3. IlocTaHOBKa 3a1a4l CTATUYECKOH ONTUMHUBALUHY .....ovvvvrierninneess
3.4. MeTO/bI CTATHYECKOH ONITHMHBALIMH ... .cvveveenrerrenreseesnenieeneennennens

3.4.1. Knaccuueckuii MeToz ucciaeoBaHus QYHKINH
HA DKCTPEMYM ...vavistiresieicaseeeesesnesre s e snesne st sre e e e ne s

3.4.2. AHanuTUYECKOE pELLIEHUE 3aaun

HA YCIOBHBIH OKCTPEMYM ...ooovvinriiiiriniisiisrienissne s snesieseeaeseesnes
3.4.3. MeToapbl HETUHEHHOTO MPOTPAMMUPOBAHMS ......vvvevverenieennress
3.4.4. lunHaMu4ecKkoe NporpaMMUpPOBAHNE

B JAUCKPETHOM (DOPME ....evvivieiiiiiiiiirisiesicsie s
3.4.5. JINHEHHOE MPOTPAMMHUPOBAHHUE ... ceersrerisieeasreraieesnesasieesnenas
3.4.6. MHOTOKPHUTEPHATBHAS ONTHMHM3ALIIS «..ovvvvieriieeiieeesneenreenens

CIIMCOK PEKOMEH/ITYEMOM JIMTEPATVYPHI .............coc........

YueOHOEe u3ganue
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CUCTEMAMMU

YuyebHoe nocobue
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1.9. Bribop kpuTepreB ONTUMAIBHOCTH JJIS 33724
ONTHMU3AIMN 00BEKTOB, HAXOAAIINXCSA B CTATHIECKOM
U TUHAMHYECKOM COCTOSHHX ..vovvviiviiiiiiiiisinissiissin sttt snas i
1.10. IlocTaHoBKa 3aaul ONTUMAJIBLHOTO YIPABJIEHUS B CTHIIE
Jlarpanxa, IlonTpsiruna, bemnMana (kak 3agauu
JUHAMUYECKON OITUMUBAIINI) ...ovvvviiiiissies s

Tema 2. METO/IbI 3AJJAY IMHAMWYECKOM
OIITUMMUBALNU ..o
2.1. Knaccuueckoe BapualliOHHOE UCUUCIICHHE
2.1.1. YpaBHeHue Dinepa Ut IpocTeHIero pyHKIHOHATA.............
2.1.2. Heobxoxnmoe ycinoBue SKkcTpeMyMma (GyHKIIMOHANA,
3aBUCANIETO OT N-()YHKIUH M OT X MEPBBIX MPOU3BOAHBIX ........
2.1.3. Heobxoxnmoe ycinoBue SKkcTpeMyMma (QyHKIHOHATA,
3aBUCAIIETO OT QYHKIUH U OT €€ N MPOUZBOIHBIX ...ocvvervrvirnrnins
2.1.4. Heobxoxnmoe ycinoBue SKcTpeMyMa (GyHKIIMOHANA,
3aBUCALIErO OT N QyHKUUH U OT ee M MPOU3BOAHBIX
JUTSE KQXKTOM U3 N QYHKIIAZ «..vvevveieeesieesieeie e sieesiee st esie e seeeseeens
2.1.5. Pemenne BapHallMOHHBIX 33134 [IPU HATUMYUN
HMHTErPalbHBIX (M30IEPUMETPUUECKUX), TOTTOHOMHBIX
1 HETOJIOHOMHBIX CBSABEH ..ovvviiiiiiiiii it
2.1.6. Pemenue 3a1a4 ONTUMAJILHOTO YIIPaBJICHUS
KJIACCUYECKUM BAPHALIHOHHBIM HCUHUCIICHHUEM .....c.oorvevervenneennenses
2.2. TIPAHIUI MAKCHMYMA ....veiivieiriesireesireesineessnessineessneessseessnesssnesssneas
2.2.1. CopepxaHUE MPUHLHIA MAKCHMYMA .....oeeruveeirienineennneesneeninens
2.2.2. O0mui anropuT™ peIeHns 3a1a9u ONITUMAIEHOTO
YIIpaBJIEHUS ¢ UCIIOIb30BaHUEM ITPUHINTIA
MAKCHMYMA ...t vetesie st e s et sbe st esee e s b sresnesseeneenneanennesneas
2.2.3. [Tpumep pemieHust 3a1a4u ONITUMAIBHOTO yIIPaBICHHUS
C FICTIOJTE30BAHNEM TIPHUHIIATIA MAKCHMYMA ...ovvenreenreeerenenenneennens
2.2.4. YncneHHOE pelIeHne 3a/1a91 ONTHMAaIHHOTO YIPaBICHUS
C FICTIOJTE30BAHNEM TTPHUHIIATIA MAKCHMYMA ....vvvenrinrieerennnenneenneens
2.2.5. OcobeHHOCTH peleHus 3a7]a9 Ha MaKCUMaTbHOE
OBICTPOMEHCTBHIC ...ttt
2.2.6. IlpyMeHeHNEe NPUHIMIIA MAKCUMyMa JJISL PEIICHUs
337124l MaKCUMM3AIMH HHTETpaia OT QyHKIUH
HOJIE3HOCTH € UCIOIb30BAHUEM MOJAEIH
MaKPOIKOHOMUKH COJIOY ....coviviiviiiiiiieiieieiiesie e
2.2.7. HexoTopble BapyaHThI IOCTAHOBKU U PELICHUS
337129 ONTHMAIBHOTO YIPABICHU. ....vvvveriiiiiisiisiesinssissessnesns s
2.3. JluHaMu4ecKoe porpaMMHUPOBAaHNE B HEMPEPHIBHON
(dopMe. YPaBHEHUE BeIITMAHA.......ccvvieriieiiieniie s
2.3.1. AnroputM™ penieHust 3aAa4u ONTHMAIBHOTO YIIPABICHUS
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AMYpCKOT0 TOCyIapcTBEHHOT0 yHHBepcuTeTa, 2001.

8. Ilantenees, A.B., JleroBa, T.A. MeToabl ONTUMHI3AIUA B IIPAMEpPax
W 3amadax: yaeOHOe mocodue A CTYACHTOB BBICIINX TEXHUYECKHUX YIeOHBIX
3aBenenuii / A.B. Ilantenees, T.A. JleroBa. — M.: Bercur. mik., 2002.

9. Pyban A.. Mertonsl onTuMuzauuu: yded. mocobue. — 3-e¢ H31.,
uctnp. u gon. — Kpacnospck: UIIL KI'TY, 2004.

10. Coopuuk 3a1a4 Mo MaTeMaTHKe JJsl BTy30B. MeToAbl ONTHMH-
3alid. YpaBHEHHS] B YAaCTHBIX NMPOM3BOAHBIX. UHTerpajgbHble ypaBHe-
Hud / nox pen. A.B. E¢pumona. — M.: Hayka, 1990.

11. ®ponbkuc, B.A. Beenenne B TEOPHIO ONTHMU3ALMHU JJISI SKOHOMHU-
cToB: yue0. mocobue s By30B / B.A. @pomskuc. — CII6.: [Turep, 2002.

12, lllumko, II.J. OntuMaabHOe yHpaBjieHHe IKOHOMHYECKHMH
cucremamm: yye0. nocodue / I1.J. llInmko. — CII6.: U3a. Jom «busnec-
npeccay, 2004.

* KHHUTH, OTMEUYEHHBIE KUPHBIM MIPH(TOM, OTHOCATCS K 00s3aTENBHON JIUTEpa-

Type.
OIrMABIEHUE
BBEJIEHUE ........oooiiiiie ettt s e e se e nnaee e e 3
Tema 1. OCHOBHBIE ITOHATHA 1 OIIPEAEJIEHUS ........ccvvvvivevieene, 4
1.1. Dxonomuyeckas cucteMa. CBOMCTBa
) {0)3 () V0 L (10 00 7 00 (o 1= ¥ 1 (P 4
1.2. OnTuMu3anys SKOHOMAYECKUX cucTeM. ONTHMAIbHOE
YIPaBICHUE SKOHOMUUECKUMH CUCTEMAMM.....ccruvvrirrrensriraieennenans 5

1.3. MoaenupoBaHre ONTHMAIBHBIX PEKIMOB (QYHKITHOHUPOBAHHS
3KOHOMMYECKOM CUCTEMBI ITPU NPEAJIATAEMOM XapaKTepe

BHEIIHUX BO3ZAEHCTBUI HA CUCTEMY ....vvvvririiiriesrisiieesnisssinesnenans 6
1.4. ITpuHIWIEI yIpaBISHUS S5KOHOMUYECKIMHU

CHCTEMAMI . .....veeviereeee e aneesne e e es e ns e sseesteesreesneesnesneanneaneeeneenneenns 8
1.5. BUOBI KPATEPUEB ONTHMATIBHOCTH .....vevveenreenrennresieeseeesneesreenneennennns 13
1.6. BHIBI OOBEKTOB YIIPABIICHUS «...vvvevviriiesnieseeseene s sresiessesseessene e 13
1.7. COCTOSIHUSI OOBEKTA YHPABIICHHS ....vevirvevvieneesresaesresiesnesseessenesnens 14
1.8. CBs13b epeMEHHBIX IIPH CTATHYECKOM U THHAMHYECKOM

COCTOSTHHSIX OOBEKTA .vvvvviveeseirestisrisiessisieessesre e sresiessesseessesnesneas 15

BBEOEHUE

[Ipu BBIMONHEHHMHU JIOOBIX AEHCTBUI M NMPU NPUHATHH PELICHUH B pas-
JIUYHBIX 00JIacTAX JEATEIbHOCTH OCHOBOIOJIATaIOIIUM >KEJTaHUEM SIBIISETCS
MOJIy4eHHEe HAWITY4IIero B ONPeIeIEHHOM CMBICIIE pe3yJIbTara.

CMBICT IEHCTBHUH U MIPUHATHE PEIICHAHN OTPENEIAIOTCS 3aMHTePECOBaH-
HOCTBIO B DTHX ACHUCTBHAX M PEIICHUSAX B COOTBETCTBHHM C MUMEIOIUMHCA
BO3MOKHOCTSIMH.

3aMHTEPECOBAaHHOCTh MOXET BBIPAXKATHCA B MONyYCHUH MaKCHMAaJIbHON
pUOBIIM, MUHAMAJIBHOW C€0ECTOMMOCTH TPH 33aJaHHOW MPOHM3BOIUTEIBHO-
CTH, MAKCUMaJIbHOH MPOU3BOAUTENLHOCTH IIPH 3aJAHHBIX 3aTPaTax U T.IL

OnHOM M3 BaKHBIX 3a/1a4 SIBJISIETCS 3a]jaya MepeBoaa 00beKTa WM CHC-
TEMBI U3 OJJHOTO COCTOSIHMA B APYroe 3a MUHUMAaJIbHOE BpeMsl.

B y4e6HOM mocoOuu MOXKHO BBIACIHMTH TPH paszeia. B mepBom pasnerne
n3JaraeTcs MOHATHE SKOHOMHUYECKOW CHCTEMBI, OTMEYalTCs €€ OCHOBHBIE
CBOMCTBA, BOBMOKHBIE COCTOSHUS, BUBI KPUTEPUEB ONTUMAIIBHOCTH, JAIOTCS
MOHATHS ONTUMH3AIMU U ONTUMAIBHOTO YIIPABICHUS SKOHOMUYECKUMH CHC-
TemMamMu. Bo BTOpoMm pasmene cdopMynHpoBaHa 3agada ONTHMAaIbHOTO
yIOpaBlIeHUs Kak 3ajJadya JUHAMHUYECKOM ONTHMHM3aluu B CTHie Jlarpanxa,
IonTpsaruna, bennmmana 1 pacCMOTPEHBI TPH METOJIA €€ PELICHHUs: KilacCHue-
CKO€ BapHallMOHHOE MCYHCIECHNE, IPUHIIAI MaKCUMyMa, TUHAMHUYECKOE Tpo-
rpaMMHpOBaHHEe B HenpepslBHOH (opme (ypaBHeHue bennmana). B tperbem
paszene chopMyIHpoBaHa 3a7ada CTATHUYECKONW ONTHUMH3AIMU M pacCMOTpe-
HBI METOJIBl €€ PEUICHHS: aHAJUTUYECKUH METO] UCCIe0BaHus (QyHKIMHA Ha
9KCTPEMYM, UYHCIEHHBIE METOABI PEIICHUS OJHOMEPHBIX M MHOTOMEPHBIX
3aa4, AMHAMHUYECKOe MPOrpaMMHUpPOBaHHUE B JHCKPETHOH ¢opme i pere-
HUS 33124 OOJIBIION Pa3sMEPHOCTH M CHUMIUIEKC-METO]| PELICHUs 3a1ad Ju-
HEHUHOT0 NPOrpaMMHUpPOBaHUS

Conepxanue yueOHOTr0O 1MocoOHst ONpPEEIeHO CTaHIapTOM CIIEIHAIbHO-
ctu 080116.65 (MaTemaTHyecKHue METOIBI B SKOHOMHKE) 1O JUCIMILIAHE
«Teopust ONTUMAIBHOTO YIPABICHHUA DKOHOMHMYECKMMH cucTeMaMmuy». Ilpu
pa3paboTke JaHHOTO y4eOHOTO IMOCOOUS aBTOP PYKOBOJCTBOBAJICS KEJTaHUEM
HE Ieperpy’kaTrb MocoOue CTPOTUMHM J0Ka3aTebCTBAMH, a M3JI0XKUTh B Hau-
Oosiee mocTymHOW (opMe 0a30BbIe TEOPETHYECKHE OCHOBBI METOJOB OINTH-
MaJBHOTO YNPABJICHUSI W ONTUMH3AIMH M CHAOMUTh W3JIaraeMble METOJIBI
MIpUMEpaMU SKOHOMHYECKOTO COJIEPKaHHUS.



Tema 1. OCHOBHbIE NMOHATUA U ONPEAEJNIEHUA

1.1. 9koHOMUYecKkaa cuctema. CBocTBa 3IKOHOMUYECKON
CUCTEMbI

CymiecTByeT 0OIbIIOE KOIMIECTBO ONPEEICHUI 3KOHOMHYIECKON CHC-
TemMbl. OcoO0ro BHUMaHHUS 3aCITy’KUBAET CIEIYIOIIEE ONPEICICHNE: «IKOHO-
MHUECKas CHCTEMa» — 3TO CHCTeMa OOLIECTBEHHOTO NMPOM3BOCTBA, OOMEHa,
pacrpesneneHus U MoTpeOIeHUs] MaTepHalbHbIX OJiar, OCHOBHOM (yHKIMei
KOTOpOH SBIIETCS MaKCHMaJlbHOE YIOBJIETBOPEHUE NMOTpeOHOCTEll Hacene-
HHUE B TOBapax U yciayrax. DKOHOMHUYECKHE CUCTEMbI OTHOCATCS K TaK Ha3bl-
BaeMbIM OOJIBIIUM CHUCTEMaM, XapaKTEPU3YIOLUIUMCS YIOPSIOUYEHHOH COBO-
KYITHOCTBbIO OOJIBLIOTO 4YHCJIAa B3aUMOCBS3aHHBIX W B3aHMOJIEHCTBYIOIINX
JIEMEHTOB. [IpHHIMINATBHON OCOOCHHOCTHIO OOJBIINX CHCTEM SIBIISIETCS
HaJlM4he y HUX TaKOTO CBOWMCTBA, KOTOPHIM HE O0JaaeT HW ONWH DJIEMEHT
JTAaHHOW CHCTEMBI B OTAEIBHOCTH. JTH CHCTEMBI MPEICTAaBIIIOT TAKOH 00B-
€KT, CBOWCTBAa KOTOPOTO HE CBOAATCS MPOCTO K COBOKYITHOCTH CBOMCTB CO-
CTaBISIIOLIMX €r0 3JIEMEHTOB. [IPHHIMIT MOSBIEHUS Y IEIOTr0 (CHCTEMBI)
CBOHCTB, HE BBIBOJMMBIX W3 HAOJIOJAEMBIX CBOHCTB HacTed (3IIEMEHTOB),
Ha3bIBAETCS MPUHIIUIIOM YMEPKEHTHOCTH.

OKOHOMHYECKasl CHCTEMA B OTIIMYUE OT CUCTEM APYTHX THIIOB COAEPIKUT
B KauecTBE BAXKHEHIIETO 3JIEMEHTa CO3HATENIbHO JIEHCTBYIOILETO YeI0BeKa,
KOTOPBIN BBINOJIHAET (QYHKINU ynpaBiieHHus. B cOOTBETCTBUM € 9THM B Kaye-
CTBE HKOHOMMYECKHX CHUCTEM Pa3IMYHON CTEHEHU CJIO0XHOCTH MOTYT pac-
CMaTpUBaThCSl PA3NMYHbIE TOApA3JeNeHUus] NpeanpusTuid (dpupm), camu
npeanpusaTus (GUPMBI), HAyIHO-HCCIIEAOBATEIBCKIE M MIPOEKTHBIE OpraHU-
3aIiK, 00bEANHEHUS, OTPACH 1, HAKOHEI], BCe HApOJHOE XO3IHCTBO CTPAHBI
B IIEJIOM.

M3 0CHOBHBIX CBOWCTB 3KOHOMHUYECKHUX CUCTEM CIIEAYET OTMETUTD:

1. DMepmKeHTHOCTh Kak MposBICHHE B HanOosee sipkoii Gpopme cBO¥i-
CTBa IEIOCTHON CHCTEMBI. DMEPKEHTHOCTh MOPOKAAETCS BOSHIKHOBEHHUEM
MEX]y 3JIEMEHTaMH CHCTEMBI CHHEPTeTHIECKHX CBs3eH, KOTOpBIe obecneyn-
BalOT yBenm4eHue o0rero 3ddexra 10 BeNUIUHBI OONBIIEH, YeM cymma 3¢-
(hEeKTOB 37IEMEHTOB CHCTEMBI, ACHCTBYIONIMX HezaBHUcuMoO. OTcroza cienyer,
YTO YKOHOMHUUYECKHE CUCTEMBI HEOOXOJMMO HUCCIEOBATh B IIETOM.

2. MaccoBblif XapakTep MHOTHX SKOHOMHYECKUX IPOIIECCOB U SIBJIE-
HUMH, 4TO TpeOyeT aHAIN3UPOBATH 3HAUYUTEIEHOE KOJINYECTBO HAOMIOACHUH 1
UCTONb30BaTh PE3yabTAaThl ITUX AHAIHU30B.

3. HeonpeneneHHOCTs B Pa3BUTHM HKOHOMHUYECKHX MPOLECCOB, AT
N3y4eHUs] KOTOPOH HEOOXOAMMO HCHOJIb30BAHUE TEOPUM HEYETKUX MHO-
HKECTB.

¢1(ug, up) = 0,555, ®2(uy,Uz) = 0,55, @3(ug,Up) =0,555;
3HAYEHHUsI KPUTEPUEB ONTUMAILHOCTH
f; =6-50+ 3-30 =360 TtbIC. pyo.;
fo =5.50+ 30 = 280 THIC. PYO.;
f3 =50+ 2-30 =110 ThIC. pYO6.

KoHnTpoJsbHbIe BONPOCHI

1 B xakmx ciIydasx BO3HHKaeT HEOOXOIMMOCTH B MHOTOKPHUTEPHAIb-
HOM ONTHUMU3ALUN?

2. B 4eM CyIIHOCTh METOZa MAKCHUMHU3AI[HK MUHUMAIILHOW OTHOCHUTEITb-
HOM CTEIICHM JTOCTIKEHHUS?

3. KakoBo cojiepkaHuEe OTHOCHTEIIBHOM CTEIICHHU TOCTH)KCHUS 11eITH?

4. KakoBo yclIOBHE JOCTHKEHHUSI KOMIIPOMHUCCHOTO pelieHus?

CMNUCOK PEKOMEHOYEMOW NUTEPATYPbI

1 Axymny, WU.JI. MatemaTtudeckoe mporpaMMHPOBaHUE B MPUMEPAX H
3agadax / M.JI. Axymuda. — M.: Bercmn. mk., 1973.

2. Bacwmines, O.B., Apryunnnes, A.B. MeToapl onTHMH3aUN B 3a/1a-
yax u ynpaxHenusx / O.B. Bacunbes, A.B. Apryunnues. — M.: ®u3mariwr,
1999.

3. XKnanos, C.A. MeTopl U PHIHOYHBIE TEXHOJIOTHH 3KOHOMHYECKOTO
ynpasienus / C.A. )Kganos. — M.: Jleno u cepsuc, 1999.

4. Wurpuiuratop, M. MareMaTuyecKue MeTOAbl ONTUMM3ALNU U
MaTtemMaTruyeckasi 3koHomuka / M. Wurpuaurarop.— M.: AMPHUC
IIPECC, 2002.

5 Konemaes, B.A. Maremarndeckast 5KOHOMHKA: Y9eOHHK /I BY30B /
B.A. Konemaes. — M.: KOHUTH, 1999.

6. Kpusomees, B.I1. Teopuss onTUManbHOTO YIpaBISHUs] SKOHOMHYE-
ckuMu cucreMmamu: npaktukyMm / B.I1. Kpusomees. — Biagusoctok: 13xa-Bo
BT'Y2C, 2005.

7. Manpimes, b.C. Jlekuuu 1Mo MaTeMaTHYeCKOW SKOHOMHKE — /
b.C. Mansimes, I1.b. Kazakora, M.B. PomanoBa. — bnarosemenck: 13n-Bo
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10 CTOUMOCTH

@1(Ug,up) = (6uy +3u, —480)/240;
10 IPUOBLTH

¢5(uq,Us) = (5uy +u, —170)/200;
1o ce6ecTONMOCTH

¢3(uq,Up) = (-uy —2u, +160) /90 .

3HaYeHHs CTEIEeHU JOCTUIKCHUA LCIU IJId KaXA0Tro U3 paccMaTpuBac-
MBIX KPUTEPUEB B TOYKAX, COOTBETCTBYIOIINX ONTUMAJIBHOMY 3HAYCHUIO O~
HOT'O U3 KPUTCPHUCB, IPUBCICHBI B Ta6J'II/II_IC.

Kputepuit OnrumanbpHble CreneHu JOCTHXKEHUS
ONITHMAJIBHOCTH petreHus
@1(U1,U) | @2(up,Up) | o3(ug,up)
1 2 3 4 5
uPt = 60
fy (U, up) 1 09 0
ugPt =50
1 2 3 4 5
upPt =70
fo(ug,uyp) ; 0,88 1 0,56
us? =20
_ upPt =30
f3(u1,up) " 0 0 1
us? =20

3ajaya MaKCUMU3allMd MUHUMAJIbHON CTEMEHU JIOCTHXKEHUSI ONTHUMYyMa
pemanace u3 ucxomaHoi Touku 1 (puc. 3.23), COOTBETCTBYIOIIECH MHHUMAIb-

HOMY 3HAYCHHIO CTEIIEHU JOCTIXEHHUsI OITUMYMa 110 Kpureputo f3(Ug,Usy).
B pesynpraTe momydeHO KOMIIPOMECCHOE pemieHue (Touka 4 Ha

puc. 3.23):
u]l-(O/M}’l = 50 ’ ulz('OJ/ln = 30 )

IIpu sTom:
CTETICHU JIOCTIKCHUS PaBHBI
136

4. JluHaMWYeCKHUIl XapaKkTep pa3BUTHUS SKOHOMHUYECKHX CHCTEM, IIPE.-
MOJNAralonui ONTUMU3AIMI0 TPACKTOPHM HX PA3BHTHS BO BPEMEHH IOJ
BIIMSTHUEM BHYTPEHHHX U BHEIIHUX BO3ACHCTBHUIL.

5. Ciy4aiiHOCTP B pa3BUTHH IKOHOMHYECKHUX SIBIICHHHA M IPOIECCOB,
uccie0BaHne KOTopoi 3 (eKTHBHO JHIIb C UCHOIB30BAHUEM TEOPHUHU BEPO-
SITHOCTH U MaTeMaTUYECKON CTaTUCTUKH.

6. HeB03MOXXHOCTb HCCIENOBaHMA MHOTHX IKOHOMHMYECKHX CHCTEM
AQHATUTUYECKUMH MeToAaMu. UpesBbluaiiHasi CI0KHOCTh TaKUX CHUCTEM AMK-
TyeT HEOOXOUMOCTb MCIIOJIB30BAHUS JJIsl 3TOW LIENN TaK Ha3bIBAEMBIX allro-
PUTMUYECKUX MOJXOIO0B.

7. MmuoroueneBoil xapaktep (YHKIHOHHPOBAHUS, MpPEIIIONATraroIlnii
MOWCK MpHU YNPaBICHUHM CIOXHBIMH SKOHOMHYCCKHMH CHCTEMaMH OITH-
MaJIbHBIX KOMIIPOMHCCHBIX PEIICHUH.

8. Heo0xomuMOCTh CTPYKTYPH3AIMH CIIOKHBIX YKOHOMHYECKHX CHC-
TE€M Ha MOACHUCTEMBI, AOCTYNHBIE IJISI HETOCPEICTBEHHOrO 3((eKTHBHOTO
YIpaBIeHUs, YTO TpedyeT pa3pabOTKH M HCIIOIb30BAHHS COOTBETCTBYIOIINX
METOZIOB ONTHUMAJIbHON JEKOMIIO3HLIMU CHUCTEM M COTJIACOBaHMSA ONTHMAJIb-
HBIX pEIICHUIl I OTAEIBbHBIX MOJICHCTEM C IIeJbI0 ONTUMH3AIMU TPAaeKTo-
UM Pa3BUTHUS BCEH CUCTEMBI B IIEJIOM.

1.2. OnTMMuU3aLmsa 3KoHOMMUYecKux cuctem. OnTumannHoe
ynpasneHue 3KOHOMU4YEeCKMMU CUCTEMAMMU

OntuMuszanys 1 ONTHMANBHOE yNpaBIIEHNUE SBIISIETCS OCHOBHBIMU 3aj1a-
4aMu KUOEpHETHKU — HayKH 00 ymnpaBiieHMH. B 3aBucuMocTH OT oOiacTtu
NPUMEHEHNs KUOSPHETUKU B IOCJIEIHHUE TOJbl OECCIIOPHBIMU CTAHOBSITCS
TaKye HalpaBIeHUS KHOCPHETHKH, KaK TEXHUUYECKasl, XUMHYECKasi, SJKOHOMHU-
qecKas.

VYnpaBneHue paccMaTpUBAETCs Kak CIEIMAIbHO OPraHU30BAHHOE BO3-
JIeWicTBHE Ha OOBEKT YNPaBJICHUS C IIEJBIO MOJYIEHHs JKEIaeMOTO pe3yibTa-
Ta. [Tox 00bEKTOM yIpaBIeHUs Opa3yMeBaeTcsi 0ObEKT, B KOTOPOM IpoTe-
KaeT ympaBslsieMblil mporecc. Ecnu cnenuanbHO OpraHUu30BaHHOE BO3AEHCT-
BUE Ha OOBEKT YNpPaBJIECHHS NMPUBOJIUT K MOJTYYECHHIO HAWITYUILETO B OINpee-
JICHHOM CMBICIIE Pe3yJIbTaTa, TO TaKO€ BO3ACHCTBHE HA3bIBAECTCS ONTUMAllb-
HBIM YIIPABICHHUEM.

IIponecc Hax0XKACHHUS ONTUMAIBHOTO YIPABICHUS Ha3bIBAETCSI ONTHMHU-
3aIUEN.

Jlis pemieHns 3a1a4u ONTHMAJIBHOTO YIIPABICHHSI HEOOXOIUMO UMETH B
TOW WJIM WHOW (pOopMe MaTeMaTHYECKOE OMUCAHUE ONTHUMHU3UPYEMOTO OOBEK-
Ta ¥ METOJ ONIPECIICHUS ONTUMAIBHBIX yIIPABICHUH (PEIICHUH).

Jnst perieHus 3a1addl ONTHMAJIBHOTO YIIPaBIEHHS OOBEKTAMHU HCIIOIb-
3yeTcs METOJ MaTEMAaTHYECKOTO MOJAEINPOBAHHUS.



Takum oOpaszom, paccMaTpuBas SKOHOMHUYECKYIO CHUCTEMY KaK OOBEKT
YIpaBICHUY, PEIICHNE 3aadl ONTHMAJIbHOTO YIPABICHUS 3KOHOMHIECKON
CHUCTEMOM CBOIMUTCS K:

1) pa3paboTke ee SKOHOMHUIECKO-MaTEMAaTHIECKOH MOIeIH;

2) MOZAEINPOBAHUIO PEKUMOB e¢ (PYHKIMOHUPOBAHUS C MCHOJIb30BaHU-
€M COOTBETCTBYIOLIMX METOJOB ONTUMH3ALUH [UISl ONPEAEICHHUS ONTUMATb-
HBIX YIPaBJICHUN (pPELICHHH).

1.3. MogennpoBaHMe onTUMarnbHbIX PEXMMOB
(pYyHKLMOHMPOBAHMA IKOHOMMUYECKON CUCTEMbI
npu npeanosiaraeMoM XxapakTepe BHeLHNX
BO34EeNCTBUI Ha CUCTEMY

MonenupoBaHue paccMaTpUBaeTCA Kak MPOIECC BOCIPOU3BENEHHS IO-
BEACHHS 00BEKTa yNPABICHNUS HA €r0 MOJEIIH.

ITox mMozmenbio moapasymeBaeTcs TaKOH OOBEKT, KOTOPBIH BOCIIPOHM3BO-
IUT C TIPEAETbHOW TOYHOCTHIO OCHOBHBIC CBOHCTBAa OOBEKTa-OpHUTMHAIA B
MIOCTAaBJICHHON 3amade. B nampHeHmeM mMoa 3KOHOMHKO-MAaTeMaTHYECKOH
MOJENbI0 OyZeM MOHMMaTh COBOKYIHOCTh B3aHMMOCBS3aHHBIX MaTeMaTHYeE-
CKHX 3aBHCHUMOCTEH, ()OPMATBHO OTPAXKAIOMINX yCIOBHS (yHKIIMOHUPOBAHUS
peasbHBIX 3KOHOMHYECKMX O00BEeKTOB. MaremaTHueckue 3aBUCHMOCTH, Kak
MPaBUJIO, MPEICTABISAIOT CO00¥ ypaBHCHHS WM HEPABEHCTBA. DKOHOMHKO-
MaremMaruueckas MOJENb JIOJDKHA OOECHeuuTh BO3MOXKHOCTh H3y4YEHHS
(YHKIIMOHUPOBAHUS U OLIEHKH M3MEHEHUsI ero A3 (PEeKTUBHOCTH MPH BO3MOK-
HBIX U3MECHEHHAX XapaKTEPUCTUK BHEIIHEH CPEJIbI.

[TockonbKy KOJIMYECTBEHHBIE UCCIIEOBAHMS HAa MOJIEIH O3BOJISIIOT TO-
JMy4nuTh HauOoJiee MOJHOE MPEACTAaBICHUE O TOM, KaKk OyayT JNeicTBOBaTh B
Pa3IMYHBIX YCJIOBHSIX pealibHble 3KOHOMHYECKHE CHCTEMBI, 3KOHOMHKO-
MaTeMaTHYecKHe MOJIENIM MOTYT AaTh OoybIIoH 3(¢eKT He TONbKO Ul
CTPYKTYPH3aIlMK LieJIed yIpaBiIeHust, HO U JUIs CaMOro aHajin3a IiyOMHHBIX
MIPOLIECCOB Pa3BUTHS MOAEIMPOBAHUS CUCTEM.

IIpu uccnenoBaHUU MPUHIMIIA SKOHOMHUKO-MATEMaTHUECKOT0 MOJIENH-
POBaHMsI MOTYT OBITh 3HAYMTENILHO YMEHbBIICHBI MaTepUANIbHbIC U TPYIIOBbIC
3aTpaThl, HPUCYIIHE SKCIIEPUMEHTAIbHBIM METOAM.

Oco0yi0 pojb 3KOHOMHKO-MAaTEMaTHYeCKOe MOJCIUPOBAHHE WUTPaeT B
pemeHnH TpoOIeMbl 3(PGEKTHBHOTO HCIOIH30BAHUS BBIYMCIUTEIBHON TEX-
HHUKH B Ipolecce (pyHKIMOHUPOBAaHHS 3KOHOMHYECKHX CHCTEM U yIpaBliie-
Hust umMu. CrieyeT OTMETHUTh, YTO HM3-32 CBOCH YpE3BBIYAHHOM CIIOKHOCTH
HSKOHOMHYECKHE IPOLECChl €1abo (HopMaIM30BaHbl MAaTEMaTHYECKH, a 3TO
CIEPXKMBAET MX MWCIIOJIb30BAHUE HA CPEICTBAX BBIYHUCIUTEIBHOW TEXHUKH,
TpeOyIoIMX, KaK W3BECTHO, CTporoi ¢opmanmsanuu. KadectBo pemeHus
peasybHBIX 3a7a4 OrpaHUYUBAETCSI HMEHHO M3-3a HECOBEPIIEHCTBA SKOHOMHU-
YECKHUX MOJAETIEH.

6

CocraBuM TabJMIly 3HAUYSHUH KPUTEPUEB ONTHMAILHOCTH.
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Puc. 3.23. O0Gnactp AOMYyCTUMBIX pEILICHUI

KpI/ITepI/II/I OnTuManbHbIe 3HaueHust KpUTEPUs ONTUMAJIBHOCTU

OIITUMAJIBHOCTHU pemieHus
filup,up) | falupuz) | f3(ug,up)

fy (U, Up) A

Ug, U 510 350 -160
e Uz =50
(U1, Up) ur =70

Ug, U 480 370 -110
arhne u =20
u™ =30

f3(Uy,uy) ' 240 170 -90
u =20

F, —max no cron6iry 510 370 -70

f, —min no cronGuy 480 170 -160

Ay=F -1, 240 200 90

CreneHu JAOCTUIKCHUS MO KAXKAOMY U3 KPUTCPUCB ONITUMAJIILHOCTU:
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npubbe T (U, Up) =5up + Uy — max ;
Up,Up

ce0eCcTONMOCTh f3(ug,up) = Uy + 2up, —> min .
Ug, Uz

3a1aqyy MUHAMH3ALUK CE0ECTOMMOCTH 3aMEHUM 33j1aueil MaKCHMH3a-
uH QyHKIHH
f3(up,uy) = = f3(Ug,Up) = —Uy — 2uy — Max .
Up, U
OrpaHuveHus:
o ()OHIy BpEMEHH Ha MEXaHOOOPaOOTKy
01(ug,up) =10uq + 40u, < 2600 en. BpemeHH;
o (oHIY BpeMeHH Ha COOpKY
g, (ug,uUy) =30u; +10u, <2300 en. BpemeHH;
1o 00beMy BBINTyCKa H3JeNui Buia A
U; = 20 mTyK;
o o0BeMy BBIITYCKa M3/1eiwii Buaa B
Uy 2 20 mTyk;
1o o0beMy CyMMapHOI'O BbINTycKa u3jenuid Buga A u B B croumocTHOM
BBIPKCHUH
03(uq,Uy) =6uy + 3u, 2 240 THIC. PYO.
Ha puc. 3.23 uzoOpaxena o61acTh JONMyCTUMBIX PEUICHUH M yKa3aHBI

TOYKH ONTHUMAJBHBIX pelIeHui: 1 — Mo cromMocTu oObema BBIMYCKa; 2 — 10
puObLIH; 3 — 10 Ce0ECTOMMOCTH.
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ITo oOmemy 1eneBOMY Ha3HAUYEHHIO SKOHOMHKO-MAaTEMaTHYECKHE MO-
JIETH JIENATCA Ha TEOPETUKO-aHATUTHUYECKHE, MCIOIb3YEMbIE MPU U3YICHUH
00IMX CBOMCTB M 3aKOHOMEPHOCTEH 3KOHOMHIECKUX CHCTEM, U Ha MPUKJIA]-
HBIC, IPUMEHSAEMBIC JUI PELICHUS] KOHKPETHBIX YKOHOMHUYECKHX 3a/ad CHC-
TEMHOI'0 aHAJIH3A.

ITo crenenu arperupoBaHusi 0OBEKTOB MOJCIUPOBAHUS MOAETH JENATCS
Ha MaKpOIKOHOMHYECKHE, ONMHUCHIBAIOIINE (DYHKIIMOHUPOBAHUE BCEH HKOHO-
MHUYECKOM CHCTEMBI B LIEJIOM, U MHUKPO3KOHOMUYECKHE, UCCICAYIOIUE CHUC-
TEMBI YPOBHSI (PMPMBI, IPEANPHUATHS, OTACIBHOTO MO/Apa3aeieHus] GUPMBI U
T.OL

ITo xapakrepy ydera QakTopa BpeMEHH 3KOHOMHKO-MaTEMaTHYECKHE
MOJIETIH TIOAPA3EIAIOTCA Ha CTAaTUYECKHE, B KOTOPHIX BCE 3aBHCHMOCTH OT-
HOCSITCSA K €JMHOMY MOMEHTY BPEMCHM, W AWHAMUYECKHE, ONMCHIBAOIINE
IpoLece Pa3BUTHA SKOHOMHUUYECKOH cucteMsl Bo BpeMmeHH. [o ydery dakTopa
CIly4alHOCTH TaKHE€ MOJIEIH KIACCU(PUIMPYIOTCS, KaK JETePMUHUPOBAHHBIC,
€CII B HHUX PE3yJbTaThl Ha BBIXOJE OJHO3HAYHO OMNPEACIAIOTCS BXOIHBIMH
BO3JCUCTBUSIMH, M BEPOATHOCTHBIE (CTOXACTHUECKHUE), €CIH MPH 3aJaHUU Ha
BXOJIE€ MOJIETTH OIpe/ie]IeHHOH COBOKYITHOCTH 3HaUEHHUI Ha ee BBIXOJIEe MOTYT
MOJy4aThCsl PAa3MUUHBIE PE3yIbTaThl, 3aBUCHMbIC OT JEHCTBHS CIy4alHOIO
(axropa (HenpeackazyeMbIX HEU3MePseMbIX BO3ACHCTBUI).

ITo menu co3maHus M MPUMEHEHHUS BBIICIIIIOT OaJaHCOBBIE, ONTHMM3a-
IIMOHHBIE U aJITOPUTMUYECKHE MOJICTH. baaHcoBble MO/IENN BBIPAXKAIOT Tpe-
OoBaHNS COOTBETCTBUS HAIMYMS (HAKTOPOB MPOM3BOJCTBA M MX HCIIOJIB30Ba-
HUsL. ONTHMU3aIMOHHBIE MOJENHN TIpeHa3HAuYCHbI AJIsI BBIOOPa ONTUMAIbHO-
0, T.€. HAWIYYIIETro 10 KOHKPETHOMY KPHTEPHUIO, peIIeHUs. AJITOpUTMHYE-
CKHE MOJIENM NpeIHa3HA4YEeHBI JJISI HCIIOJIB30BAaHHUS B PEXMME MAIINHHOU
MMHTANNH UCCIIETyEMbIX 3KOHOMHYECKUX MOJIEICH.

OKOHOMHUKO-MaTeMaTHUeCcKue MoAenH 3G GEeKTUBHBI JIHIIb TOTAa, KOTaa
OHHM OTPAKAIOT Ba)KHEHIINE YepThl H3y4aeMOro MpoIiecca, OTBIEKAsACh OT TeX
WA UHBIX CTOPOH PEAJbHOTO SIBICHHS, HMEIOIINX BTOPOCTEIICHHOE 3HAUCHHUE
JITISL pelIeHUs JaHHOW KOHKPETHOM 3aau.

Takum 00pa3om, MpHU MOCTPOSHHUHU JIFO00H SKOHOMHUKO-MaTeMaTHIeCKON
MOJIENH €€ Pa3padOTINKy HEOOXOUMO CTPEMHTLCS K TOMY, YTOOBI BBIJIEIUTH H
BOCIIPOM3BECTH TOJILKO T€ CBOWCTBA M XapaKTEPHCTHUKU pealbHBIX OOBEKTOB,
KOTOpPbIE HEOOXOIMMBI M JOCTATOYHBI JUISl PEIICHHUS TOCTABICHHOH 3a/1a4H.

[Ipn popmanmzannm 1000 SKOHOMHUKO-MAaTEMAaTHYECKOH MOJIENH He-
00XOJIMIMO COOTBETCTBHE MEX/y LIEJIEBOH YCTAaHOBKOH M MEPOH aOCTpaKIuH,
KOTOpast I0JKHA OBITh HEOOXOJMMOW U JOCTATOYHOM /I pean3alii HMeH-
HO 3TOH, a He KakoW-nubo npyroit nemu. ChopMyIMpOBaHHOE IOJIOKEHHE
MOXET OBITh HA3BaHO MPUHIUIIOM HH(POPMAIMOHHO-IIENIEBOIl aI€KBaTHOCTH.

W3 naHHOTO NMpHWHOMIIA CO BCEH OYEBHAHOCTBIO CIEAYET, YTO KOHKpET-
HYI0 3KOHOMHKO-MAaT€MaTHYECKyl0 MOJENb HEOOXOJUMO HCIIOIb30BaTh B
CTPOTO ONpPENEICHHON 00IacTH.



Ba)kHBIM IpakTHYECKUM TPeOOBaHUEM, NPEIBSIBIAEMBIM K 9KOHOMHKO-
MaTeMaTHYECKUM MOJIEIISIM, SBIsIeTCs TpeOoBaHUe MX 3((EeKTUBHON peanu-
3yemocTH. HeoOXoamMocTs COOMIONCHHST JTaHHOTO TpeOOBaHMS 3acCTaBISET
IpY HOCTPOCHHH KOHKPETHOW SKOHOMHKO-MAaTeMaTH4eCKOH MOJeNH cTpe-
MUTBCS K TOMY, YTOOBI MTOJYYUTh MOJIEIb, IPHUHAIEKALIYIO K XOPOLIO H3Y-
YEHHOMY KJIaCCy MaTeMaTH4eCKUX CTPYKTYp, JUIl KOTOPBIX CYIIECTBYET JOC-
TATOYHO YHUBEPCAIBHBIH U 3()(PEKTUBHBII METOI MX PELICHUS.

Oco0eHHO Ba)KHO YYHMTHIBATh 3TO OOCTOSTENHCTBO MPH MOJATOTOBKE KO-
HOMHKO-MaTeMaTHYeCKOW MOJENH Ul ONTHMHU3ALMUA SKOHOMHYECKOH CHuC-
TEMBI C 110 ONITHUMAJIBHOTO YIIPABJICHUS.

1.4. anHLIMan ynpaBneHnsa 3KOHOMU4eCKMMn cncremamm

JIroboe mpenmpusATHE, NPOU3BOISINICE W pPEATU3YIOMIEe NPOLYKIHIO,
MPEJCTaBIsET HEPAPXUYECKYI0 CTPYKTYpy, BKIIOYAIONIYIO, KaK MUHHMYM,
JBa ypoBHA. Ha HIDKHEM ypoOBHE peIIaloTcsi TeXHHUECKHE 3aJadM 10 MOIy-
YEHHUIO U3 BBIJAHHOTO 00beMa CBHIPhs IIPH UMEIOIIUXCSA TEXHUYECKUX U dHEep-
TeTUYEeCKUX BO3MOYKHOCTSX MOJYYHMTh TOTOBYIO Hpoaykiuio. Ha BepxHem
YPOBHE pEILIAlOTCsl OpPraHW3allMOHHO-DKOHOMHYECKHE 3a/laud 1o obecneye-
HUIO TPEAINpUsTHS 000pyJIOBaHHEM, MaTepuallaMH, ChIPbEM, SHEprue, pa-
OOTHMKAaMHU M T.I. I (PyHKIIMOHMPOBAHUS MPOM3BOJCTBA, a TaKKe IO pea-
JIU3alUY TOTOBOW NPOAYKIHH.

B cBs3u ¢ 3TUM 331a4M yIpaBIeHUS HA HIXKHEM YPOBHE JUIS OTIEIbHBIX
CTaauil TEXHOJOTMYECKOro Mpolecca W 3aJada YIpaBICHHS HAa BEPXHEM
YPOBHE PEIAlOTCs M0 PAa3IMYHbIM KpUTepHsaM. Tak, HanmpuMep, B OOJIBIINH-
CTBE CIy4aeB I OTAEIbHBIX CTaJUIl TEXHOJIOTHYECKOTO Mpolecca KpuTe-
PHUSMH MOTYT OBITh IIPOM3BOAUTEIBHOCTD TIO MPOJYKTY 3a/laHHOTO KayecTna,
9Hepro3aTpaThl Ha MONy4eHHe NMPOAYKTa 3aJJaHHOTO KadyecTBa, YUCTOTA pas-
JINICHNs] CMECH Ha OTJelNbHble (pakuuu. s npeanpusiTus B 1€JI0M, Kak
MIPaBUIIO0, KPUTEPUEM SABISETCS MPHUOBLIB.

YpaBisromuMI BO3ACHCTBISIMA Ha HIDKHEM YPOBHE SIBISIOTCS TOTOKH
SHEPIUH WIN BEIIECTBa, a HA BEPXHEM YPOBHE — PEIICHHUS MO IIAHUPOBAHHIO
IIOCTaBOK CBHIPhS, MAaTEPHANIOB, SHEPrOHOCUTENEH, 000pyJOBaHus, IO peau-
3allUU TOTOBOM MPOTYKIMHU U T.II.

B Hacrosiee BpeMsi JOCTaTOYHO XOPOIIO M3Y4YE€HBI BOMPOCH! yIpaBie-
HUSl TEXHOJOTMUYECKUMHM Ipoueccamu. MMess MaTeMaTH4eCKyr0 MOJENb TeX-
HOJIOTMYECKOTO ITIPOIEcca, MOXHO M3BECTHBIMH CIOCO0AMH CHHTE3MPOBATh
CHCTEMY YNpaBJIeHUs], 00ECIIeYNBAIOILYI0 ONTHMAIbHOE e (HYHKIIMOHUPOBa-
HHUE IO 33JaHHOMY KpUTEpHI0 onTHManbHOCTH. Hinke OyayTr paccMOTpeHBI
IMIPUHUUIBI YIIPABICHHU TEXHOJIOTMYECKUMH MPOLECCAMHU U TOKA3aHO, 4TO C
Y4ETOM OCOOEHHOCTEH SKOHOMHYECKOH CHCTEMBI KaK BEPXHETO YPOBHS
IPEINPUATHA 3TH NPUHLHMIBLI U MOAXOABI K CO3JaHUIO CUCTEM YIPaBIEHHS
TEXHOJIOTHYECKAMH MPOLIECCAMHU TPUMEHNMBI TAKXKe K YKOHOMHUYECKHUM CHC-

8

JIOCTIDKEHUS TIeNTA OYJeT He MEHBIIICH.
B »ToM ciydae 3amady MakCHMHU3AIlMH MUHUMAIBHOW CTEIEHH IOCTH-
JKCHHS OTITUMYMa MOKHO 3aIliCcaTh B BUAC

min ¢ j (u) - max , (3.149)
j u
gi(u) <, i=12..,m, (3.150)
eju)2ming;(u), j=12..s. (3.151)
i

PaccmoTpuM mpuMep MOMCKa KOMIIPOMHCCHOTO PEIICHHS CIICAYIOIEH
3a1a4H.

B miaH yci0BHOTO MPEANPHUATHS MOTYT OBITh BKJIFOUEHBI JBA U3CIHS
(A u B), obnanaroiue B MIaHUPYEMOM OTPE3KEe BPEMEHU HEOTPAHHYCHHBIM
CIPOCOM; TIPH ITOM HEOOXOAMMO BBINYCTUTh He MeHee 20 MITYK Kaaoro
n3zaesnus. O0beM BBIMYyCKa B CTOMMOCTHOM BBIPOKCHUU JOJKEH OBITh HE Me-
Hee 240 Teic. py0. HopMaTHBBI 3aTpatr pecypcoB JABYX BUIOB, UCIOIB3yEMbIX
JUISl U3TOTOBJICHUS M3JIEJIUii, pacrojiaraeMble 00bEMBI 3THX PECYpPCOB, a TaK-
ke Ipyras HeoOxoauMmasi HH(GOpMAIUs sl popMaTH3aud MOISIA HHPOP-
MAIIMH PECTABICHBI B HIDKCTIPUBEICHHOM Ta0IuIIe.

HopmatuBbl 3aTpaT pecypcos

TpynoemkocTb
H3TOTOBJICHUS Pacnonaraemsrit o
pymms: MPOYKIIAH BpEMEHH PabOTHI
(en. BpeMeHH) o00opynoBanus (roJ0BO)
(en. BpeMeHn)

A B
Mexanoo6paboTka 10 40 2600
Cb6opka 30 10 2300
OnroBast 1ieHa (Tbic.pyo.) 6 3 e
Cebecroumocts (ThIC.pyO.) 1 2 —
[pu6suTs (THIC.pYO.) 5 1

Haiitu panyoHanbHbIi KOMIIPOMHUCCHBINM IUIAH, PACCMOTPEB B KaueCTBE
nesnei QyHKIMOHMPOBaHMS (KPUTEPHEB ONTHMAIBLHOCTH) MPOCMATPUBaEMON
CHCTEMBI NPUOBLIb, CE0ECTOMMOCTD M CTOMMOCTH 00BEMa BBIITYCKa.

Pewenue 3a0auu

Kpurepuii ontumanbHOCTH:

Croumoctb o6bema Boimycka  fy(Ug,Up) = 6Uy + 3up, —> max ;
Ul,uz
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1 2 3 4 5 6
t t t t
W) | ugp RS | R f g
s | ug B | P fs(ugP)
F j=_ max mo CTOJIOMY = F> | Ry
j=12,.,s
fi= min n fi f) fq
= 0 CcTOJIOIY
] j=12,.,s A A A
Aj = Fj - fl ! 2 s

3 sran. [Ipu pemeHnn 0THOKPUTEPHANILHBIX 3a7a4 ONTUMAIBHOE pellle-
Hye (IUIaH) OTBICKUBACTCS Cpasy KakK JJIEMEHT ajj, COOTBETCTBYHOLINN j-i

cTpoke U j-My ctonbuy kputepus fj(u). B ciyuae MHOrOKpHTEpHATBHOM

ONTUMHU3ALMH ONPEIEISIETCS CTENEHb JOCTHKEHHS a0COMOTHOTO ONTUMYMA.
B a6CcoOTHOM H3MEPEHHH CTENEHb IOCTHKEHHUS LETU M0 j-My TOKAa3aTEIo
MoxeT ObITh paccuntana no dopmyine ( fj(u)— f;j), T.e. kak Benuunna yna-

JICHUSA TCEKYLICTO 3HAYCHHA j-l"O KpUTepHrs OINTUMAJIBHOCTHU fJ(U) OT Hau-

MEHBILETO €ro 3HadeHus. I1oCckoNbKy KaxIplii U3 KPUTEPUEB ONTUMAJIbHOCTH
3a/1aeTCsl B CBOMX €IMHHULIAX U3MEPEHHS U B CBOEM MacliTade, B OOILEM CiTydae
OTIMYHBIX OT EIWHHMI] M3MEPEHHSI U MacIITaboB JPYTUX KPUTEPHEB, TO JUIS CO-
MOCTABJICHUS] CTENEHEW JTOCTKEHHS LIENU M0 KAKIOMY KPUTEPHIO IPH MOHCKE
KOMIIPOMHCCHOTO peliieHns (TUlaHa) NX HE0OXO0IMMO HOPMHPOBATB.

HopMmupoBaHue CTeneHed AOCTHKEHHS ONTUMyMa IO j-MYy KPHUTEPHIO
OCYIIECTBIIAIOT CIEAYIOLHUM 00pa3oM:

oj(U)=(fju)—f))/A}, j=12..5. (3.147)

HpI/I 9TOM NOJYy4YaroT
0<oju)<l, j=12..s. (3.148)

4 sran. dopmanusyercss NpUHATas cxema Kommpomucca. [lockonbky
HEBO3MOXKHO INOJIyYUTh MAaKCUMAIbHYIO CTENEHb JOCTHXKEHUS LIEJIU 110 BCEM
KPUTEPUSIM Cpa3y, 3aJJaf0TCs LIeNIbI0, YTOOBl HanbobIeH Oblila MUHUMaJIbHAs
1o J1000My M3 KPUTEPHEB CTENEHb JOCTIKEHHUS! ONTHMyMa. DTO O3HAYaeT,
YTO €CJIM JOCTUTHYT MaKCUMyM HauXyZIIeH CTETIEHH JOCTHKEHHS ONTUMYyMa
M0 KaKOMY-TTHOO KPHUTEPHIO, TO MO BCEM OCTaJbHBIM KPHUTEPUSM CTCICHb
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TeMaM. DTO 00YCIIOBJIEHO CYIIECTBOBAHWEM HayKW KHMOCPHETHKH KaK HayKH
00 ympaBieHHH BOOOIE MPUMEHUTEIHHO K JIOOBIM OOBEKTaM YIpPaBICHUS.
TakuMu OOBEKTaMH MOTYT OBITH OTHENBHBIE TEXHOJIOTMYECKHE ammaparsl,
YYaCTKH MPOU3BOACTBA, NPEANPUATHS, OTPACIH NPOMBIIUICHHOCTH, rocynap-
CTBO, OOILIECTBO U T.JI.

Ecn 00beKkTOM ynpaBiieHHs SIBISICTCSI TEXHUYECKast CUCTEMa, B KOTOPOit
MPOTEKAOT TEXHOJOTUYECKHUE MPOIECCHl, TO HayKa YNpPaBJIECHHS MUMH HOCHUT
Ha3BaHUE TEXHUYECKOW KHOepHeTHKH. B HacTosiee Bpems B JHTEpaType
MOXXHO BCTPETHTh Ha3BaHWE HKOHOMHYECKOW KMOEPHETHKH, YTO ONPAaBIAaHO
crenuQUKOii 3a1a4 yIpaBiIeHUs U CIOCO0aMH MX PelIeHHs NPUMEHUTEIBHO K
IKOHOMHUYECKAM CHCTEMaM KaK 00BEKTaM YIpaBIICHHS.

KubepHernyeckuil moaxo mpeanoyiaraeT Haludue OOpaTHOW CBA3U B
CHCTEeMe yIpaBieHHs. Pe3ynbTaT (pyHKIMOHUPOBAHUS B BUJIC BHIXOIHBIX II€-
PEMEHHBIX IepelaeTcss Ha BXOJ YIPaBILIOLIEro ycTpoiictBa. B kauectse
YIPABIIAIOMIETO YCTPOICTBAa B TEXHHMYECKHX CHCTEMaX HCIIOJB3YHOTCS pery-
JATOPBL, @ B 9KOHOMHUYECKUX CHCTEMax — JIMLO WK TPYIa JHL, TPUHAMAIO-
KX PEelICHHE.

OCHOBOHOHaFaIOH_[I/IMI/I NMpUHOUTIAMU YHOPaBJICHUA ABJIAIOTCA JBa MPHUH-
nura: MpUHIUIT YIOPaBJICHUA MO OTKJIOHCHHUIO W TMPUHIUIT YIIPpABJICHUA I10
BO3MYILEHHUIO.

Ha puc. 1.1 npuBeneHa cxema peayn3alliy NPUHIMIA YIPABICHUS II0
OTKJIOHCHHUIO.

u(t) T (D)
_’ 1

2 YD
&(f)

Puc. 1.1. CtpykTypHast cxeMa CHCTEMBI YIIPaBICHHS C 0OPaTHOH CBS3BIO:
1 — oObexT ynpaBieHus, 2 — yIpasIsoliee yCTpoicTBO
CraButcs 3aaya — MOJACPXKATh BBIXOAHYIO mepeMeHnHyro Y(t) Ha 3a-
nannom 3Hadenuu Y’ (t). Tlpu NOSBIEHMM BO3MYLIAIOLIETO BO3JEHCTBHUS

Xo () BeIXOgHAs TepemenHas Y(t) OTKIOHSAETCS OT 3aMaHHOTO 3HAYECHHS

y’(t), u Benmumna paccornmacosanus g(t) =y’ (t)—y(t) mnocrymaer B
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YIPaBISIIONIEE YCTPOICTBO, KOTOPOE IO 3aJaHHOMY alIrOpUTMY (HOpMHUpYET
yrpasisitomee Bosaeiictaue U(t) . [IpenmyniecTBo MpUHIHMIIA YIIPABICHHS 110

OTKJIOHEHHUIO COCTOMT B TOM, YTO HE TpeOyeTcsl 3HAaHWH BEIMYHHBI BO3MY-
maronero Bo3aeicTeust. K HegocTaTtky cienyer OTHECTH AJIUTEIbHOCTh JA0C-
TUKEHUS 33/JaHHOTO 3HAYEHUsS BBIXOJHOM MEpeMEHHOI mocie Mmojadyu BO3-
MYILAIOLIET0 BO3ACHCTBUSL.

Ha puc. 1.2 npuBeaeHa cxema peanu3aluy NPUHLUIA YOPABICHUS IO
BO3MYILCHHUIO.

ixs(r)
2 ﬁ,ly_@@_@

Yt

Puc. 1.2. CtpykTypHas cxema HHBApUAHTHOM CUCTEMBI:
1 — 0OBeKT ympaBieHus, 2 — yIpaBJIsoIIee YCTPOUCTBO

Vipassionee yCTpoicTBo 2 3/1eCh HOCHT Ha3BaHHWE KOMIIEHCATOPA.
Ipu Bo3mylieHuH X, (t) KOMIEHCAaTOp J0JKEH BBHIPAOOTATh TAKOE YIpaB-

JSIOoIIee BO3ACHCTBYE, TP KOTOPOM BBIXOJTHAS epeMeHHast Y(t) He OTKIo-
HsIach Obl OT CBOEro 3aaHHoOro 3xadenus Y’ (t), T.e. uroObl oGecneunBa-

nock yenoeue g(t) =y’ (t)— y(t) =0. B stom ciydae roBopsr, uto obecre-
YMBAETCS WHBAPMAHTHOCTH BBIXOAHOM mepeMeHHON Y(t) MO OTHOMIEHHIO K
BO3MYIIAIONIEMY BO3IEHCTBUIO X, (1) . [IperMMyIiecTBO NMpUHIMIIA YIpaBie-

HHSI TI0 BO3MYILEHHIO COCTOHMT B TOM, YTO B HJEAIBLHOM Clly4ae BBIXOHAsS
MepeMeHHasi He pearnpyeT Ha BO3MYINAIOIIee BO3ICHCTBHE BOOOIIE, a B pe-
aJIbHOM CITy4ae BBIXOJHAs IMEPEMEHHAs BHIXOJUT HA YCTAHOBHMBIIEECS 3HAYe-
HHE Ha KOPOTKOM BpPEMEHHOM WHTepBaie. K ero HemocTatky ciemayer oTHe-
CTH OTCYTCTBHE BO3MOKHOCTH HU3MEPHUTH BO3JECHCTBHE C TPeOyeMOH TOYHO-
CTBIO, @ B CIIydyae MHOTOMEPHOTO BEKTOpa BO3MYIIEHUH (OTCYTCTBYET BO3-
MOXHOCTh M3MEPUTH) — HEKOTOPBIX U3 €r0 COCTABISIIOUIMX (ITOTO BEKTOPA).
Taxke He BCerja NPUHIMITHAILHO BO3MOYKHO TEXHUUYECKHM PEeaau30BaTh 3a-
KOH ()OPMHUPOBAHHMS YIPABISIONIETO BO3ACHCTBUS JJisi 00ECIICUCHUsI HHBAPH-
anTtHOCTH. Hampumep, 9TO UMEET MECTO, €CJIH BPEMsI YHCTOTO (TPAHCIIOPTHO-
r0) 3ama3/blBaHus 110 KaHaly mepefayn Bosaeiicteus X(t) na y(t) menbiie
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YPOBHE 3aTpart, T.€. TAKXKE IMPHBOAUT K MOBBIIICHHIO CE0ECTOMMOCTH MOIY-
4aeMOU MPOLYKIUHU.

B ycnoBmsix ecTecTBEHHOH NPOTHBOPEYHBOCTH KPUTEPHUEB ONTHMAIBHOCTH,
KOrja B OOlIeM ciy4ae HEBO3MOXKHO OOECHEUUTh ONTUMAIIbHBIE 3HAUCHUS I10
BCEM KPUTEpUSM OJHOBPEMEHHO, BO3HHKAET >KEJIaHHE HAWTH TAaKoe pelleHHe
(Takoii 1wiaH), /U1 KOTOpPOro Obuta ObI B ONpE/IENICHHOM CMBICIIC HAMITy4IlIei
COBOKYITHOCTh 3THX 3HAUEHMH 1O BCEM KPUTEPUSIM BMeCTe B3AThIM. Takue pe-
11eHys (IUIaHBl) Ha3bIBAIOT ONTUMAJIbHBIMU KOMIIPOMHICCHBIMU.

MHOXeCTBO pelleHHH (IUIaHOB), XapaKTepU3YyHoLIeecsl TaKMM CBOWCT-
BOM, YTO HA HEM HHU OJHO PEIICHHE HE MOXKET OBITh YIYUIICHO HHU I10 OJHOMY
n3 KpuTepueB 0e3 ymepda At APYruX KpUTEpHEB, HOCUT Ha3BaHWE MHOXKeE-
ctBa [Tapero. Ha aToM MHOXecTBe KakIplii 3 QEKTHBHEIN TUTaH MO-CBOEMY
MCUYEPIBIBAET BO3MOXKHOCTh ONTUMH3HPYEMOH SKOHOMUYECKOW CHCTEMBI,
peanusyst OIpeeICHHBI KOMIIPOMUCC MEXIY YacTHBIMH Kputepusmu. Om-
peneneHne Ha 3TOM MHOXKECTBE ONTHUMAIBHOTO KOMIIPOMHCCHOTO PEIICHHS
(rmaHa) TpebyeT 000CHOBAaHHOTO BBHIOOpPA TOW M MHOW CXEMBI KOMIIPOMUC-
ca. Ha npakTrke OOBIYHO MOJIB3YIOTCS HEKOTOPHIM Ha0OpOM CXeM BhIOOpa
KOMITPOMHCCHOTO pelleHHs, HanboJee MpeaouTHTENbHON N3 KOTOPBIX CYU-
TAIOT CXeMy (METOJ) MaKCUMHU3AIlU MUHUMAJIEHOW OTHOCUTEIILHOMN CTeTIEeHU
JocTivkeHus 1enu. CyInHOCTh METOAa COCTOMT B CIEAYIOIIMX IOITAIHBIX
IEUCTBUSIX.

1 3ran. Bce xputepun npuBoAsATCS K BUILY, IO3BOJISIONIEMY JOCTUTaTh
HaWJIydIIero 3HaUY€HHs B OJJHOM HaIIPaBICHWH, HAIIPUMEpP, B CMBICIIC MaKCH-
MyMa (M MUHIMYMa).

[Hony4yaroT Moaens

f(u) ={f(u), fo(u),..., fs(u)} > max (3.145)

npu
gi(u) <, i=12..m. (3.146)
2 sran. OTBICKMBAETCS MaKCUMyM (MHHMMYM) Ka)IOW IeNeBOH (QyHK-

MU B OTJIEIHHOCTH, & PE3YyIbTATHI PEIICHHS CBOJISATCS B TAOJIUILY CIIEAYIOIIe-
ro BHJA

LleneBsie OnruMainbHbIe LeneBrre GpyHKINM
¢yHKumu| perreHus (IJIaHbI)
f(u) fa(u) | fs()
1 2 3 4 5 6
t t t e t
L) | up TGO BN A fo(ui™)
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B pesynpraTe pacdera ONTHMAIBLHOTO TUIAHA TPOM3BOJICTBA MPOAYKIMH IBYX
BHUJIOB TTOJTy4YEHBI 00BEMBI NIPOU3BOJICTB BUIOB /1) M I1, COOTBETCTBEHHO Uy =5

u Uy = 3. IIpu 3ToM onTuMasbHast IPUObLIb COCTaBUT 50 eUHMULI.

KoHTposbHbIE BONIPOCHI

1 KaxoBa maTemarndeckas (opMa MOCTAHOBKH 3a/1a4d ONTHMH3ALUN
B JIMHEHHOM IIPOTpaMMHUPOBAHUN?

2. B 4eM coCTOMT OCOOCHHOCTH 3aJaud JIMHCHHOTO MPOrpaMMHPOBa-
Hus? KakoBa 001acTh NpUMEHCHHS JTMHEHHOTO MPOrPaMMHUPOBaHUS?

3. Kaxk Ha3bIBarOTCS BEPIIMHBI MHOTOTPAHHHUKA OTPAHHMUYCHUNA B JIMHEH-
HOM IPOTpaMMHUPOBaHUN?

4. Kak ompenensieTcs 4YUCIO CTeTeHel cBOOO b (pa3MEepHOCTh 3ajauH)
B JIMHEHHOM MPOrpaMMHPOBAHUU?

5. Kaxume mepeMeHHbIC B BBIOpAaHHOH BepIIMHE MHOTOTPAaHHHKA OTpa-
HUYEHUH Ha3bIBAIOTCS CBOOOIHBIMH, a KaKue 0a3MCHBIMU?

6. Kaxolf BUI mMeeT JWHHUSA YPOBHS B ABYMEPHOW 3ajade JMHEHHOTO
MIPOTPaMMHPOBAHUS?

7. B deMm CymHOCTh CHMIUIEKC-MeToaa?

8. KakoBo cozmepkaHHe aUTOpUTMa peIICHUS 3aJaddl CHMILICKC-
MeTOa0M?

9. KaxoB mpuHIHUI (HOPMHPOBAHUS UCXOTHON TAOJMIBI TPH PEIICHUH
3aJ[a4y C TIOMOILBIO Ta0IuII?

10. KakoBo cozepxaHue ainroputMa (GopMHUpOBaHHsS HOBOW TaOIUIBI
MIpH TIepeXoie OT OAHOro Oa3uca K Ipyromy?

11. Yro sBnsieTCS MPU3HAKOM ITONYYCHHS PEIICHUS B CUMIUIEKC-MeToze?

3.4.6. MHOTrOKpHTEPUATBHAS ONTUMU3ALUS

BeIme 65uM paccMOTPEHBI METO/IBI ONITHMHU3AINH 110 OJJTHOMY KPUTEPHIO
ontumanbHOCTH. OJJHAKO HA MPAKTHUKE MPUXOIUTCS MPUHUMATh YIIPaBICHUE-
CKOE pelIeHHe C YUYeTOM HECKOJIBKMX KPHUTEPHEB OJHOBPEMEHHO. Takas Cu-
Tyanusi BOSHHKAeT B T€X CIyJasx, KOTJa TPYAHO BBIIEINTH Hauboiee cymie-
CTBEHHBIN MOKa3aTelb 3PpPeKTHBHOCTH (YHKIMOHUPOBAHUS CHCTEMBI, a OC-
TanbHBIE TpeOOBaHUS Ha (YHKIHMOHHPOBAHHE CUCTEMBI C(OPMYIHPOBATH B
BHJIC OTPaHWYCHHUN. 3aTpyIHEHHE BBI3BIBAET TAK)Ke BEIOOP BECOBBIX KOA(dU-
IUEHTOB IPH OTIENBHBIX MOKa3aTelIsIX (pyHKIMOHHUPOBAHUSA CHCTEMBI, €CIH
00BEMHUTD 3TH ITOKA3aTEH B €IMHBIA KPUTEPHH.

TpynHocTs BeIOOpa pelIeHHs B YCIOBUSIX MHOTOKPUTEPHAIBHOW OINTH-
MU3aluN 00YCIIOBJIE€Ha NPOTUBOPEUYNBOCTHIO KPUTEPHUEB: HAIPHMED, CTPEM-
JICHWE K MaKCHUMH3allud 00beMa BBIITyCKa NPOIYKLHUH MPUBOJUT K CyMMap-
HOMY pOCTY ee ce0eCTOMMOCTH, a MaKCUMHU3aIMs IT0Ka3aTels KayecTBa Npo-
IYKIUH TIPUBOJNT, KaK MPABUIIO, K YBEJIMUEHHIO 3aTPaT MPH 3aJaHHOM 00be-
M€ NPOM3BOACTBA WM K CHIDKEHHIO 00bEMa MPOW3BOJACTBA MPHU 3aJaHHOM
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BPEMEHM YKMCTOIO 3anasjbIBaHUA [0 KaHaly Iepenaqyu Bosueicreus U(t) Ha
y(t) . B aToMm ciydae TpebyeTcs peaau3aiiisi YUCTOTO ONEPEKEHHS.

YuuTHIBas MPEUMYIIECTBA U HETOCTATKU OOOMX NMPHUHIIUIIOB, B TEX CIY-
gasx, KOTAa WMEEeTCS BO3MOXKHOCTh TOJYYHTh MHPOPMAIUI0 00 OCHOBHOM
COCTaBIISIIOLLEH BEKTOpa BO3MYILAIOLIUX BO3AEHUCTBUM, HCIONB3YIOT OIHO-
BpPEeMEHHO 00a MPHHINIA YIPABICHUS, peann3ys UX ¢ MOMOIIBI0 KOMOWHU-
pPOBaHHOW cUCTeMBI yrpaeieHus. Ha puc. 1.3 mpuBeaeHa cxema KOMOMHUPO-
BaHHOM CUCTEMBbI YIpaBIICHUSI.

a)
x4
2 w(f) on w1 s, 149
e Yo
()
6)
xs(1)
2! . u(t _]___:_‘::: V(I)
2 YD)
&(f)
L[z'(t)

Puc. 1.3. CrpykTypHas cxemMa KOMOMHUPOBAHHOM CHCTEMBI yIIPABICHUS:
a) BBIXOJHOM CHIHAJI KoMIieHcaTopa Uy () anreOpamdeckn CyMMHUPYETCs

C BBIXOJHBIM CHUTHAJIOM YIPABIISIOIIETO YCTPOHCTBA U, (1) ; 6) BBIXOAHOI

CHTHAJ KOMIIeHcaTopa Uy () anreOpamdeckn CyMMHpPYETCS C BBIXOIHOI

peryaupyemoii nepemennoil y(t) u ee 3ananHbIM 3HadeHueM Y (t)
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Bribupaercs TOT BapwaHT a) WM 0) KOMOWHHPOBAHHOW CHCTEMBI
YIpaBICHUS, IPU KOTOPOM TIPOIIIE TEXHUUECKH PEan30BaTh KOMIIEHCATOp 2.

OO6nacTh IPUMEHEHHUS CHCTEM YIpaBICHUS ¢ 00paTHOW CBS3BIO, peaH-
3YIOLIUX TOJIBKO MPHUHIUIIEI YIIPABICHUS [0 OTKJIOHEHHUIO, — 3TO CTabMiIn3a-
LIMsI BBIXO/IHBIX NIEPEMEHHBIX Mpoliecca Ha 3a1aHHOM 3HA4YeHHU.

O0nacTh NIPUMEHEHUS CHCTEM, PEATM3YIONMX NPUHINI YIPaBICHHUS 110
BO3MYILEHHUIO, — 9TO KaK CTAOMIM3alMsl BBIXOJHBIX NEPEMEHHBIX Ha 3aJlaH-
HOM 3HA4YeHUU TPH BO3MOXKHOCTH JOCTHIKEHHS WHBAPHAHTHOCTH, TaK M OI-
TUMM3ALMS IpoLecca.

Bo BTOpoM ciyyae ymnpaBisifoliee yCTPOWCTBO BBINOJHSET (DYHKIUIO
ONTHMHU3ATOPa, KOTOPBIN M0 MAaTEeMaTHYECKOW MOJENIHU MPOolecca BHIYUCISIET
3HAUEHHsl YNPABISIOMIEro Bo3aeicTBus U(t) Ha OOBEKT ympaBiCHUs, MPU

KOTOPOM BBIXOJIHAsl NIEPEMEHHAsI AOCTUIaeT HAWIYYIIEro, B CMbICIIE IPUHS-
TOT'0 KPUTEPUs, ONTUMAIBHOIO 3HAYCHHUS.

O0nacTpi0 MPUMEHEHH KOMOMHUPOBAaHHBIX CUCTEM YIpaBJIECHUS SIBIISIETCA
Kak cTa0uIM3aIist BEIXOAHON mepeMentoi Y (t) , Tak 1 obecredeHrne OnTuMatb-

HOTO (DYHKIIHOHHPOBAHHS OOBEKTa yIIpaBJcHHs. Bo BTOPOM ciiyyae pojb KOM-
TIeHcaTopa CBOIWTCS K BBHIPAOOTKE TAaKOr0 KOPPEKIHOHHOTO CHTHANA, TIOCTY-
MAKOIIEr0 Ha BXOJ] CTAOMIM3HPYIOIIETO YIPABJISAIONIETO YCTPOMCTBA, KOTOPBIA
MPUBOJIUT BEJIMYHHY 3a][aHKs HAa BHIXOAHYIO MIEPEMEHHYIO K ONTUMAIbHOMY 3Ha-
YEHHUIO NIPH YCIIOBHUSIX BO3MYyIIaroniero Bosaeictaus X(t) .

[paxTideckn B 3TOM ciTydae KOMIICHCATOP MIPAET POJIb ONTUMHU3ATOpa IS
TIPUBEJICHHS 33/IAfOLIEr0 BO3JCHCTBHS K ONTHMAJIFHOMY 3HAQUEHHIO B CTATHKE U
JUISL BO3MOYKHOH KOMITEHCAIIMM OCHOBHOTO BO3MYILICHHS B IMHAMHUKE.

B Hacrosimiee BpeMst BOIPOCH! YCTOWYMBOCTH M KauecTBA IMPUBEACHHBIX
BbIIIe cucTeM ympapieHusa (puc. 1.1-1.3) oOCTOATEN HO U3TI0KEHBI B JIHTE-
paType IO TEOpPHHM aBTOMATHYECKOro ympaBineHus. llpudem, uto Kacaercs
crnenu(UKA MPOU3BOACTBEHHBIX CHCTEM, OOYCIOBICHHOW TEM, YTO TEUEHHE
BPEMEHH B HHUX H3MEpAETCS COOBITHSAMH IPOU3BOJICTBEHHOTO ITMKJIA, T.€.
JUCKPETHO, TO B TEOPHUH aBTOMATHYECKOTO YIPAaBIECHHUS PAa3BHTO HalpaBlie-
HUE TEOPHH JUCKPETHBIX U UMITYJIbCHBIX CUCTEM.

B HacTosimeM 1mocoOuu M3II0KeHBI METOJbl ONTHMU3AIMHU, UCIIOJb3Ye-
MBbI€ TIPU PELICHHUH 3a/1a4 ONTUMAJIbHOTO YIPABJIEHUS, U MPOUILIIOCTPUPOBA-
HO UX NPHUMEHEHHE Ha MpUMepax 3ajady ONTUMHU3ALUM IPUMEHHUTENBHO K
SKOHOMHMYECKUM cucTeMaM. CleayeT OTMETUTb, YTO METOMbl CTaTHUECKOU
ONTUMU3AIMK HMMEIT MECTO KaK IpU PEIICHUH 3aJadyd ONTUMAJIbHOTO
YOpaBJICHUS IUHAMUYECKHMH OOBEKTaMH YHCICHHBIMH METOJaMH, TaK |
UMEIOT CaMOCTOSITETIbHOE Ha3HAueHHE NPH PEIICHWH 3a7ad ONTHMAlbHOTO
YIpaBICHUS] CHCTEMaMH, PACCMATPUBACMBIMH B CTATHYECKOM COCTOSHHH,
HalpuMep, MPEICTaBICHHBIMU B BU/IE CETEH, IPH PELICHUH 33aJad ONTHMHU3a-
MM MPOW3BOJICTBA NPOAYKIMH IPH 3aJaHHBIX 3amacax ChIPbs, IPH OINpeEre-
JICHUH ONITHMAJIBHOTO CPOKa CITY>KObI N3AETHA U T.1II.
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CuMiLiekc-Tadauna 5

Basucurlie CBoOoaHbIE [Tepemennsbie
[epeMeHHbIe YJICHEI
Uy U, (VEY Uy Usg Ug

Us 4 0 0 1 -3 0 1.3
u, 0 1 0 1 0 -0.670
Us 12 0 0 0 -3 1 2
Uy 6 1 0 0 0 0 0.23

JInneiinas

(bopma Q a7 0 0 0 5 0 -1

Koopaunatel Tperbero 6asmca Uz = (Up,Up,Us,Uy,Us,Ug) COOTBETCT-
BEHHO paBHBI Uz = (6,1,4,012,0), nuneiinas popma Q = 47. Ona nonydeHa us
47=045uy4 —Ug.

Tak kak k03¢ durmerTs MUHEIHHON (HOPMBI IPH CBOOOIHBIX IEPEMEH-
HBIX Uy, Us HE YIOBJICTBOPSIOT YCIOBHAM MaKCHMyMa JIMHEHHOH (HOpMEI, TO
pacder npopoinkaercs. Ilepexoaum k deTBepToMy Oasucy, BapbHpys Iiepe-
MeHHYI0 Ug. CTpouM iisi 4eTBepTOro 6asuca TabJUIly ¢ pa3peliaroiuM dJie-
MeHTOM agg =1.3.

CuMiiiexkc-Tadaunmna 6

BbazucHsle CBoGosiHbBIE [lepemenHbIE
HiepeMEeHHbIC YJICHBI
Uy Uy Us Uy Us Ug
Us 3 0 0 075 | -2.3 0 1
Uy 3 0 1 0.5 -0.5 0 0
Us 6 0 0 -1.5 1.5 1 0
Up 5 1 0 -0.25 | -0.75 0 0
Jimeirias 50 0 0 | o7 | 28 | o 0
$opma Q

KoopauuaTer geTBepToro 6asmuca Uy = (Ug, Uy, U, Uy, Us,Ug) COOTBETCT-
BeHHO paBusl Uy = (5,3,0,0,6,3) , muneiinas dopma Q = 50. Ona nosydeHa us
50=0+0.75u3 + 2.8uy.

Tak kak KOdQPHUIIUECHTH! JTMHEHHONW (HOPMBI IPH CBOOOHBIX TEPEMEHHBIX
Us, Uy MIMEIOT TOJIOXKUTEIbHBIE 3HAKH, TO IAHHBIN 0a3HUC SIBISETCS ONTHUMAJIbHBIM.
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1 2 3 4 5 6 7 8
Us 15 0 3 0 0 1 0
Us 18 3 0 0 0 0 1
JInHeliHast
bopma Q 0 -7 -5 0 0 0 0

Koopaunater mepBoro 6asuca Up = (Uq,Up,U3,Uys,Us,Ug) COOTBETCT-
BeHHO paBHbI U; = (0,0,19,131518) , nmuneiinas ¢popma MpUHAMAET 3HAUCHUE
Q=0.

B kauecTBe Bappupyemoil mepeMeHHO#l BbiOupaem U;. Pasperarommuii
3MeMeHT agy =3. CornacHo anroputMy (GpOpMHPOBaHHSA CHMILIEKC-TaONuUIl

MOJYYHUM IJIs1 BTOPOTO Oasmca:

Cuminiekc-Tadanna 4

BasucHsle CBo60IHEIE Hepementrte
TepeMeHHBbIE WICHBI
Uy (173 Uz Uy Us Ug
Uz 7 0 3 1 0 0 -0.67
Uy 1 0 1 0 1 0 -0.670
Us 15 0 3 0 0 1 0
up 6 1 0 0 0 0 0.33
Jlikciitian 42 o | 5] 0| o | o] 23
¢opma Q '

KoopaunaTte! Broporo 6asuca Uy = (Ug,Uy,Uz,Uys,Us,Ug) COOTBETCTBEH-
HO paBHBI Uy = (6,0,7,115,0), muneiinas dopma Q = 42.

Tak kxak K03} uIHeHTH THHEHHON (OPMBI IPH CBOOOIHBIX IEPEMEH-
HBIX Uy, Ug HE YAOBIETBOPSIOT YCIOBHSIM MaKCHMyMa JIMHEHHOH (opMBbI, TO
pacder mpojgoibkaercs. Ilepexoaum K TpeTbeMy 0aszucy, BapbUpys MepeMeH-
HYI0 Up. CTpouM it TpeThero 0asuca Tabuily ¢ pa3pemaronuM dJIeMEHTOM
Ay = 1.
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OntuMu3anys €cTh MPONIECC HAXO0XKACHUS TaKHX YIPABICHUH WIH pe-
IIEHUH, TIPH KOTOPBIX TTOKa3aTenb (pyHKINOHUPOBAHHUSA OOBEKTA YIPABICHUS
IMPUHAMACET HawTydmee (MUHIMAJIbHOE WIN MaKCHMaJIbHOE) 3HAUCHHE.

Kpurepuii onTuManbHOCTH €CTh KOJMYECTBCHHBIN ITOKa3aTelb (QYHK-
LIMOHUPOBAHUS 00BEKTA YIPABIICHHUSI.

OOBEKT ynpaBiieHHsI €CTh 00BEKT, B KOTOPOM IIPOTEKAET yIPaBIISIEMBIi
npolecc.

1.5. Bugbl KputepueB oNnTUManbLHOCTHU

K kpuTepHsIM ONTHMaIbHOCTH OTHOCSITCSL:

— neneBas QyHKIHS,

— (pyHKIHMOHAI.

LleneBast ¢yHKUMS ecTh MaTeMaTHyecKuid omepatop F(U), koTopsrid

4yydcilly U Ha BXOJ€ CTaBUT B COOTBCTCTBHEC YHCIIO Q Ha BBIXOJC.
F(u)

SN S

b
DyHKIMOHAII €CTh MAaTEeMaTHYECKUN OIeparop J. F(Y (x),U(x))dx , ko-

topeiii pyHkmusiM Y (X) u U(X) Ha BXOje CTaBHT B COOTBETCTBHE YHCIO J

Ha BBIXO/JIEC.
b
[F(Y(x), u(x))dx
2 J
J(X),
—> —>
Y (X)

1.6. Buabl 06beKTOB ynpaBneHus

PaznmuuaroT 00BEKTHI C COCPEIOTOYCHHBIMU U C PacIpeelICHHBIME I1a-
pamerpamu.

OOBEKT ¢ COCpPEeNOTOYCHHBIMU TIapaMeTPaMH €CTh OOBEKT, B Ka) IO
TOYKE KOTOPOTO B pacCMaTpUBAcMblii MOMEHT BPEMEHH XapaKTEepU3YIOIHE
€ro COCTOSTHHE MEPEMEHHbIE TPUHUMAIOT OJJHH M TE K€ 3HAYCHUSI.
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Hanpumep, emMKoCTb, B KOTOPOH BCE MHIPEIUCHTHI IEPEMEIIAHBI, SBIIS-
eTcs 00BEKTOM C COCPEIOTOUYECHHBIMH ITapameTpamu. B mro0oit Touke 3TOro
00BEKTa TEMIIEpaTypa, AaBJIECHUE, COCTaB CMECH U T.N. B pacCMaTPHBAEMBbIN
MOMEHT BPEMEHH UMEIOT OHH U T€ K€ 3HAUCHHS.

OOBEKT ¢ pacrpeleseHHBIME TapaMeTpaMu eCTb OOBEKT, B HarpasJe-
HUM KOOPAWHATHBIX OCE KOTOPOTO B paccMaTpHBacMblii MOMEHT BpPEMEHH
XapaKTepU3YIOLINE €r0 COCTOSHUE IIEPEMEHHbIE HMEIOT PA3JIMYHbIC 3HAUCHHS
(pactipezneneHbl B HAlPaBJICHUN KOOPIMHATHBIX OCEH).

B kauectBe mpumepa Ui 00BEKTa C pacrpele’eHHBIMH ITapaMeTpaMu
MOXKHO B3SIThb TPyO4aThIil TEINIOOOMEHHUK, B KaXK/I0H TOYKE KOTOPOTO IO €ro
JUIMHE B PAacCMaTpUBAEMbIi MOMEHT BPEMEHH TeMIlepaTypa MMEeT pasiud-
HBIC 3HAYEHMUS, T.€. IMEET MECTO TEMIIEPATyPHBIH IPODHUITb.

1.7. CocTosiHUA 06beKTa ynpaBneHus

OG’I)CKT YIIpaBJICHUA MOXKET HAXOAUTHCA B JABYX COCTOAHHUAX: CTaTUYC-
CKOM U TMHAMHUYCCKOM.

HpI/I?;HaKOM CTAaTHUYECKOIo COCTOsSIHUA O6’I)eKTa YIIpaBJICHUSA SBJISICTCA
MOCTOAHCTBO BO BPEMECHU MECPEMCHHBIX, XaPAKTCPUIYIOIIHUX COCTOAHUEC 06'13-
exkta ynpasnenus, T.e. 0dXj /dt=0, rae X; — mepeMeHHBIC, XapaKTepH3yIO-
IHe COCTOAHKME O0beKTa yrpaBieHus. DU3HUECKH CTATHYECKOE COCTOSHUE
€CTh COCTOSHHE, TIPH KOTOPOM HMEET MECTO YCIIOBHE:

Ipuxon (snepeuu, sewgecmsa) = Pacxon (onepauu, sewecmsa).

[pU3HAKOM JHHAMHYECKOTO COCTOSHHSI OOBEKTa YIPABICHHS SIBISCTCSI
M3MEHCHHE BO BPEMEHH NEPEMEHHBIX, XapaKTePH3YIOIIHX COCTOSHHE 00BEK-
Ta ynpasnenus, T.e. dx; /dt=0.

DuU3NYECKH TUHAMUAYECKOES COCTOSIHHE €CTh COCTOSIHHE, HMPH KOTOPOM
HUMEEeT MECTO YCIIOBHE:

[puxox (snepeuu, sewgecmea) — Pacxon (sHepeuu, seuwjecmea) =
= HakoruieHue WK UCTEUCHUE (9HEpIUl, Beujecmea).

OOBeKT ympaBiIeHHs IpeACTaBlIeH Ha puc. 1.4.

X Xm
Y1
Ug
—> OO0BeKT >
-——- YIpaBICHUS —-_——
L " —
r n

Puc. 1.4. IlepemenHbIe, XapaKTepU3YIONIUE OOBEKT YIIPABICHUS

14

OT Npou3BOACTBA CAMHHIBI NPOAYKIUH BUA [1; TOTydYaroT CeMb €IH-
HHI NPUOBUTH, a OT IPOU3BOJACTBA SIUHUIBI IPOLYKIMU BUza /1, TOMY4aroT
ITh ¢AUHAL IPUOBLIHL.

O603H29MM 00BEM TPOU3BOIACTBA MPOXYKIHHK BHUA /1) u [T, COOTBETCT-
BEHHO uepe3 Uy U Us.

Teneps 3anuinemM NOCTaHOBKY 3aJaqll B MaTeMaTHYeCKOH (opme

Q = 7uy +5uy — max
ueQ

IIPU OTPaHUUEHUIX
2up +3u, <19
2up+ Uup <13
3u, <15,
3uy <18
U0, u, 20
[Nepenuuiem cucteMy orpaHuueHHN B KAHOHHYECKOH (hopme
19 = 2uy 4+ 3uy + ug
13=2u1+ Uy + Uy
15= 3u, + Usg
18 =3u; + Ug
uj20, i=12..6
LeneByro pyHKIMIO (TUHEHHYIO (OpMY) IEPENUIIEM B BUIE
0=Q—"7u; —5u,.

B kauecTtBe mcxomHOro 0Oasuca NMPUHMMAaeM BEPIIMHY MHOTOTPAaHHUKA
orpaHu4eHui npu 3HadeHusix Up =0 u U, = 0. CnenoBatensHO, cCBOOOTHBI-

MU TIEpEMEHHBIMH B HCXOJIHOM 0asuce OyayT U, Uy, a OCTambHBIE TIEPEMEH-
HBIE Uz, Uy, Us, Ug OyIyT Oa3HCHBIMHU.

Cumiuiekc-radauna 3

ba3ucHbie CB0OOIHBIE [Tepemennpie
nepeMeHHbIe YJIEHBI
Uy U, Us Ug Us Ug
1 2 3 4 5 6 7 8
Us 19 2 3 1 0 0 0
Uy 13 2 1 0 1 0 0
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Koopaunate! 6asuca u? =

= (U, Uj—g, U Uiggoe Uno Ung o Ung 10 Ung o Ung e Ungem) =
=(0,...,0,b;,0,...,0,by,...,0j_1,0,0j,1,....,bpy)

Jluneiinas popma B 3ToM Oasuce Q =Cq .

Crpoku cuMIuIeKc-Tabaue! 2 GopMUPYIOTCS CIEAYIOIMM 00pa3oM:
1. Beibupatorcst Bappupyemasi iepeMeHHas, HanpuMep Uj , ¥ OTBICKHBA-

CTCsI Pa3pEILAIOLIHIL SNIEMEHT ajj .
2. Crpoka, coiepxallias paspellaroluii 3JIEMEHT 8py jj, YMHOKACTCS
Ha Benuuuny 1/ap, ji - 3Ha4YeHUs MOJTYYCHHBIX IIPU 3TOM 3JIEMEHTOB 3allu-

CBIBAIOTCS HA MECTE COOTBETCTBYIOIHUX AJIEMEHTOB CTAPOH CTPOKH.

3. K xaxx0#t U3 CTpOK CUMITIIEKC-TabauIb! | moodepenHo npubasiseTcs
MOJyYeHHas! B ITyHKTE 2 CTPOKa, YMHOKEHHAsl HA TaKOW KOA(PQUIKEHT, pH
KOTOPOM CyMMa 3JIEMEHTOB JIBYX CKJIaJbIBa€MBIX CTPOK B cTOJOIE Uj 0Opa-

IIaeTcs B HJIb.
4. AHaIM3UPYIOTCS SIIEMEHTHI CTPOKH JIMHEHHOM (opMmbl. Ecim, 3a mcko-

yenneM Cg, Bce Cy (K — mig xoa¢hdumeHToB npu N cBOOOIHBIX MEpeMEH-
HbIX) yzoBierBopsitor ycnoButo Cyp >0 B 3agade MakCHMU3ALMH JIMHEHHOM

¢dopmer (Cy <0 B 3a7aue MUHUMH3AIUN JTMHEWHON (HOPMBI), TO HAMIEHO ONTH-

MaibHOe perieHre. Ecnu ykazaHHbIe YCIOBHS HE BBIIOIHSIOTCS, TO BEIYHCICHHS
MPOJIOIKAFOTCS] OTHOCHUTEIBHO TOYYEHHOTO Oa3rca mepexoioM K MyHKTY 1.

IMpumep. Makcumu3anus BBIIyCKa IPOAYKLUHH [IPH OTPAHHYCHUSX Ha
pacxomsl ceipbsi. Heo0X0IuMO CILTaHUPOBAaTh pabOTy IPOU3BOIACTBA IO BbI-
paboTKe IBYX BUIOB NPOAYKImH 1) u [T, Takum 06pa3oM, 4TOOBI [ONYYUTh
MaKCUMAIIbHYIO TIPHOBLIb.

[pu 3TOM HCHONB3YIOTCS YeThIpe BHIA ChIpbs Dy, by, b3, u by, Bennunna
3amacos b,=19, b,=13, b;=15, b,=18.

ToTpeGHOCTD B KOTMYECTBE SIUHKIL CHIPBSI ISl TPOU3BOJICTBA CANHUIIbI
MPOYKIINK KaKIOTO BH/IA MIPUBEICHA B TabHIIE.

[TpoxykTsl
I I,
CrIpbe
by 2 3
b, 2 1
bs 0 3
b, 3 0
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U3 mepeMeHHBIX, XapaKTepPU3yIOIIUX 00BEKT YIPABICHUS, BHIICISIOT:
BXOJTHBIC TTEPEMEHHBIC:

a) Bo3Myaroye (BHeMIHKE) Bo3aecTBus X, K =12,...,m;

b) ynpapnstomue Bosaeticteus Uj, j=12,.,1;

BBIXOJHEIC IepeMenHble Vi, i =12,...,n .

Bo3smymaromyMy BO3IEUCTBUAMHU SIBIIIIOTCS BO3ACUCTBHS, IOPOXKACH-
Hble BHEHIHEH cpenoi. Ha HHUX HEBO3MOXKHO BIUSTH C LEIbI IPUBEICHUS
00beKTa B )KenaeMoe COCTOSTHHE.

IIpumepoM Takux BO3ACHCTBUM SBJIAETCSA: CKOPOCTh U3MEHEHUS IOTOKA
(pacxoma) ChIpbS B TEXHOJIOTMYECKUH ammapar, U3MEHEHHE TeMIIepaTypsl
OKpYKaroulel cpeabl, IOTOK TOBAPOB, MOCTYIUBIIKUX HA PBIHOK U T.II.

VYnpasnsronye Bo3IeHCTBUS (GOPMHUPYIOTCS C LENbI0 PUBEICHUS 00b-
€KTa B KEIIAEMOE COCTOSTHHE.

IIpuMepoM TakMX BO3AEHUCTBUH SBIIAIOTCS H3MEHEHHE CKOPOCTH IIOTOKOB
SHEPrOHOCHUTEJICH, N3MEHEHHE 00beMa MHBECTUIINH, BKIIaJbIBAEMBIX B MEPO-
HOPUATHA T.11.

BeIxonHBIE MEpEMEHHBIE OTPAXKAIOT PE3YNbTAT BO3ACHCTBHSA BO3MYILE-
HU ¥ yIIpaBJIeHUH Ha OOBEKT yIPaBICHUS.

[TpumMepoM BBIXOIHBIX MEPEMEHHBIX MOTYT OBITH PACXOJl LEJIEBOTO (MK
TOBApHOT'0) MPOJYKTa, IOIy4aeMOro B OOBEKTE, €ro COCTaB, 00BEM IOIy-
YEHHOM JEHEKHOU MacChl U T.II.

1.8. CBA3b NepeMeHHbIX NPU CTaTUYECKOM
M AMHAMUYECKOM COCTOAHUAX OObeKTa

CBs3b NEPEMCHHBIX NPHU CTATUYCCKOM COCTOSHHU 00BeKTa Y1paBJaCeHUA
C COCPECAOTOUYCHHBIMU IEPEMEHHBIMU MTPEACTABIISACTCA anre6pa1/1quK1/1MI/1 niIn
TPaHCUCHACHTHBIMU BbIPAXKCHUAMUA

Y, =@, (X, Xo Uy, =10, (1.1)
nJIn
y=p(xu), (1.2)

P Y = (Y1 Vo) X= (XqyeeXin)s U= (Upeea i)

CBsi3b IEpEeMEHHBIX IIPU JUHAMHYECKOM COCTOSIHHMM OOBEKTa yIpaBie-
HUSI C COCPEAOTOUYCHHBIMHU TIEPEMEHHBIMH IIPEJCTABISCTCS CHCTEMOH OOBIK-
HOBEHHBIX T depeHInaIbHBIX YpaBHEHNH]:

dy; (O/dt = f; (Y3 (©)revns Yy O, Uy ), Up ©), P =L, (1.3)
1501040
dy(t)/dt = f(y(),u(t)), (1.4)
15



rac
dy@®/dt=(dy O/dt,..dy,0/d0),f =(f,.. f)

yO =0 Oy, @), u=( (©)...u 1)

3IICCI) yi — MCEPEMCHHAas, XapaKTEepuzyrollasi COCTOAHHC 00BEKTA yiipaBJic-
HUA.

1.9. BbI6Gop KpuTEepreB oNTUManbLHOCTU ANA 3aaay
ONTUMU3aLIUN OO BEKTOB, HAXOASALWMXCSH B CTaTUYECKOM
M AMHaMU4YeCKOM COCTOSAAHUAX

Pesynbrar QyHKIMOHHpOBaHNS 00BEKTa YNpPaBICHUS OLICHWBAETCS KO-
JIMYECTBCHHO B BUJE KPUTEPHS ONTHMAIEHOCTH.

Kpurepuii ontumansHOCTH Ui 0OBEKTOB C COCPEAOTOUCHHBIMHU Mapa-
METpaMH, HaXOSIIIUXCS B CTATHYECKOM COCTOSIHUH, €CTh LielieBast GyHKIHS B
BHIC

Q=0Q(Y) wm Q=Q(x,u), (1.5)

a Uil OOBEKTOB C paclpe/elIeHHBIMU MapamMeTpamMu — QyHKIHOHAT B BUJIE
|
Q() = [(@Q()/ahyd, (1.6)
lo

rae | — mpocTpaHCTBeHHAS KOOPIMHATA.
Kputepuit ontiMansHOCTH AT 00BEKTOB € COCPEAOTOYEHHBIMHU TTapaMeT-
pamH, HaXOJISAIMXCS B TMHAMUYECKOM COCTOSTHUH, €CTh (PYHKIMOHAN B BHIE:

Q)= j(dQ(t) /dt)dt, a7
roe dQ(t)/dt = F(x(t),u(t)), t — Bpems.

1.10. NocTaHoBKa 3aga4yvn ONTUManNbLHOro ynpaBneHus
B ctune JlarpaHxa, NoHTpsArvuHa, bennmaHa
(kak 3agaym gMHaMU4ecKon onTUMmusauum)

3amanel:
(YHKIIMOHAJ, KOTOPEIA TPeOyeTCsl YIIyUIINTh,

jF(yl(t),..., y. (©),u,(t),...,u, (t))dt — min(max) ; (1.8)
t

u(t)eQ

16
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HyCTI) paspeuIaromM 3JIEMECHTOM ABJIACTCA aj i Torua oqepez[HOﬁ mar

CHMILIEKC-METOa COCTOMT B IEPEXOole OT Oasuca ut ok Oasucy u? =
= (Ug,s Ui—1, Uj, Ui Un U g Ung =10 Ung o Ung jadoeenr Ungem) =
= (0,...,0,bj /aji,0,...,0,b_|_,...,bj_1,0,bj+l,...,bm)
4epes CUCTEMY
Una1 +8qiUg + .+ jqUj_1 + @ jUny j + 8gipaligr .+ AUy = by
Ungj—r+@jaUp++ajgjqliaa + @5 jUng j +&jgj1ligr + -
Lt aj_lnun = bj—l
Uj + 8jgUy + ...+ 8jj_gUj_1 + & jUny j + 8jjlUigg + o+ jpln = by
N _oom N .(3.143)
Untj+1 T 81Uy + oo+ 8jpgjgli—g + 8jyg jUng j +@j11i4aUipr + o
Lt aj+1nun = bj+1
Unem +8mals + oo+ 8pj—gUj—1 + 8m jUnt j + 8nisalivr + -
“++applp =bpy

[Ipu aTOoM nuHEiHAsS GopMa MPUHUMAET BHUL:

-Gy —.. = CjyUjg — Cjun+j —Ciylis1 = —Crun =Co.  (3.144)

2
Ba3ncy U~ COOTBETCTBYET CI/IMHJ'ICKC'Ta6J'II/ILIa 2.
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TpaHUYHBIC YCIOBHS

yiw) =y, vit)=yf i=L..m (1.9)
MaTeMaTHYeCcKOe OIMHCaHHe Mpollecca
dy; /dt = fj(y,(t),..., yn (©), ug (t),...,u, ), i =1...,n; (1.10)
OTpaHUYCHUS Ha YIIPaBICHUS
ulM<uj @ <u®, j=1..r, (1.12)
rie  Yi(t), i=1..,n,— QyHKOUM COCTOSIHHS CHCTEMBI YIPaBICHHUS,

uj(t), j=1..,r,— dyukuuu ynpasnenus; Q — o6nacTh JOMYCTUMBIX yTPaB-

JICHH.
Tpebyetcst Haiitn Takue Qynkuun ympasinenus Uj(t), j=1..,r, mpu

KOTOPBIX CUCTEMaA NEPEXOAUT U3 COCTOAHUA yO B IpYro€ COCTOAHUC yk , "

TIPH STOM BBHITIONHSIOTCS yKa3aHHbIe BhIIe yciosus (1.10) u (1.11), a xpure-
pHil ONTHMAaJIBHOCTH MPUHAMACT MHHHMAaJIbHOE (MaKCHMAJIbHOE) 3HAYCHHE.

KoHnTposbHbIe BONPOCHI

1. JlaTh ompeneieHne ONTUMH3AIIHIH.

2. Kak Ha3bIBaeTCsl KOJMYECTBCHHAs OICHKA 3(peKTHBHOCTH 00BEKTa
yIpaBiIeHus?

3. B uem omimune ueneBoi GpyHKIMKM OT QpyHKIIMOHANA?

4. B dyeMm omnmuue 00BEKTa C COCPEAOTOUYEHHBIMU MapaMETpaMu OT
00BeKTa ¢ pacmpeieJICHHBIMU apaMmeTpaMu’?

5 B Kakux cOCTOSIHHSX MOXXET HaXOIUThcs 00BeKT ympasieHus? Ka-
KOBBI IPU3HAKH 3TUX COCTOSIHUN?

6. KakuMu mepeMeHHBIMHU XapaKTepHU3yeTcs OOBEKT YIIPaBICHUS?

7. KakuMu MaTeMaTHYECKUMH BBIPAKCHHUSIMHU OIUCHIBAIOTCS COCTOS-
HUS 00BEKTa YIpaBICHUS?

8.  Uro moHMMAaeTcs 1MoJ SKOHOMHYECKON CUCTEMOM?

9. Kakumu cBolicTBaMu 00J1a1aeT YKOHOMHUYECKAs cucTema?

10. Kakoe ompemeneHHe MOXHO [aTh ONTHMAaJbHOMY YITPABICHHIO
SKOHOMHUYECKON CUCTEMOM?

11. KakoBa kiaccupukamus SKOHOMHUKO-MATEeMAaTHYECKUX MOJeIeH,
WCTIOJIb3YEMBIX TIPH MOJETHUPOBAHUU PEXKUMOB (DYHKITMOHUPOBAHUS HKOHO-
MHYECKUX CUCTEM?

12, MogenupoBaHus KakOro BHJa HMEIOT MECTO IMpPH ONTHMHU3AIUH
SKOHOMUYECKHUX CUCTEM?

13. Kakue npWHIMIEI YOPABICHUS MPUMEHUMEI IPU YIPABICHUHA KO-
HOMHYECKHMH CUCTEMaMU?

17



14. B 4em CymIHOCTH MPUHITUTIA YIIPABJICHHS 110 Bo3MyieHuto? Kak Ha-
3BIBAIOTCS CUCTEMBI YIIPABIICHUS, PEATH3YIOMIHE 3TOT IPHHITUIT?

15. B dem cynIHOCTh IpUHIMIIA YIIPaBIICHHU N0 OTKIOHeHHI0? Kak Ha-
3BIBAIOTCS CUCTEMBI YIIPABIICHUS, PEATH3YIOMIHE 3TOT MIPUHITAII?

16. Kak Ha3bIBarOTCS CHCTEMBI YIPABIICHUs, peaU3yromue oda MpuH-
LIUTIa OJJHOBPEMEHHO?

17. T'me MecTO pellieHHUs 3aJadyd ONTHUMH3AIUU B KOMOWHUPOBAHHOM
CUCTEME YIpaBJIeHUsA?

18. Kak cTaBuTCs 3a/1a4a ONTUMANILHOTO YIIpaBlcHUs B cTwie JlarpaH-
xa, [lonTpsruna, bemnmana?

19. B kakoif MaTeMaTHYeCKOH (opMe MPEACTaBIACTCS MaTeMaTHIecKas
MoJIelb 00BEKTa YIPaBJICHHS B TOCTAHOBKE 33Ja49X ONITHMAIIBHOTO YIIPABIICHUS?
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3HaueHne TUHEHHOH (opMsbl B 3ToM Oazuce Q =Cg .

9. IlpoBepsieTcst yCIOBUE ONTUMATBHOCTH Oa3uca u?.
Eciu s Gasnca U2 B 3agaue Q(u) > min nmeer mecto Cij >0, a B

zamade Q(U) »> max wmmeer mecro Cj <0, rme C; — moboit u3 koddpuru-

€HTOB JIMHEHHOM (l)OpMI)I, HCKJII04Yas Co, TO 6asmc U2 SABJACTCA OIITUMAJIb-

HBIM.
10. Ecau ycnoBue ONTHMaibHOCTU HE BBINOJIHAETCS, TO B BBIPAKECHUH
nuHeiHoM hopmbl Q(U) BBIOHpaeTCs MepeMeHHasl, yIydIlaronas JHHEHHYO

(opMy Ipu BO3pacTaHHM 3TOH MEPEMEHHON, W TIOBTOPSIOTCS ITyHKTHI 4-9.
[Ipn npakTHYeCKOW peaM3alliy CHUMIUIEKC-METO/Ia TIEPEX0A OT OJHOTO

6asnca K Apyromy M IpoBepka Oas3rca Ha ONTHMAIbHOCTh (POPMATH3YIOTCS C

HCTIONIb30BAHMEM YIPOIIAIOIINX IIPHEMOB B (hopMe CHMITIIEKC-TA0IHII.

3.4.5.3. Cummiekc-Tadauubl
CI/ICTeMa OrpaHI/I‘IeHI/Iﬁ Hpe,J_ICTaBJ'IHSTCﬂ B BUJEC

Ungt + 811U + .o+ Agj_qUj—g + 3qiU; + AjgqUipg + .+ 8pUp =0y

Ungjrtajag +e a5 gjaqli—g a5l +@j_gjpligr +-

et aj_lnun = bj—l

Un+j +aj1ul+...+ aji_lui_1+ajiui +aji+1ui+1+...+ ajnun =bj
, (3.141)

Ungjer T 8jprahy +oF a5l 850U 854U + -

ot @jiinln =Djyg

Unem +8maly + -+ 8mi—gli—g + 8mili + 8miplipa + -
“++applp = by
a muHelHas popMa IPEeICTABISIETCS B BUIE
Q(U) - Clul - Ci_lui_l - CiUi - Ci+1ui+1 - CnUn = CO (3142)

B npuBeneHHBIX ypaBHEHHSX CBOOOJHBIMU IEPEMEHHBIMH SBIISIOTCS
Uy,..., U, . KoopanHats! ncxonHoro 6asuca

ut = (Ug, Uz, Uny Unag e Ungem) = (0,...,0, b, b))

3TOMy COCTOSAHHUIO COOTBETCTBYCT CI/IMHHCKC'T&GJ’II/IH& 1.
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Tema 2. METOObI PELIEHUA 3A0AY
ANHAMMWYECKOU ONTUMU3ALIUA

K MeTomam pemeHus 3amay JMHAMAYECKON OTITUMHU3AITHMN OTHOCSTCSL:

— KIJIACCHYECKOE BapHAIIMOHHOE MCUHCIICHNE;

— MIPHHITAIT MAKCUMYMa,;

— JMHAMUYECKOE MPOrpaMMHUPOBaHKE B HEMPEPBIBHOM (opme (ypaBHe-
nue bennmana).

2.1. Knaccuyeckoe BapaumMoHHOe UcYUcrieHne

2.1.1. YpaBHeHue Jiiiepa 1Jis1 npocTeiiniero (pyHKIHOHAIA
PaccMaTpuBaeTcs kiacc HempepbIBHBIX (YHKIHEA Y(X) , UMEIOIINX He-

9 1
TpephIBHBIC TIepBEIe Npou3BoaHbIe (knace ¢yHkmmit C™). 3mech x MOXeT
OBITh POCTPAHCTBEHHOI KoopAnHATOH (1ymHa |, paguyc R) win BpemeHeM t.
CraBurcs 3agaqa

3 = [ F(y00, /00, 0% - mex(min, o

rae Y'(x) = dy(x)/dx
TPaHUYHBIC YCIOBHS:
y@=A yb)=B. (2.2)
[TycTh B paccMaTpuBaeMoM Kiacce (YHKIMH, MTPUBEACHHBIX Ha puc. 2.1,
9KCTpEMYM (QyHKIMOHany gocrasiser ¢pyukius Y(X) . Heobxomumeie ycio-
BUSI OKCTpeMyMa (YHKIIMOHAJA MOKHO MOJYYHUTh MPU BapHalH (YHKIUH
Y(X) orHocutenbHo (yHKiUH Y(X) B 06€ CTOPOHBL 3aMETUM, YTO CPABHHU-
BaeMbie PyHKIMU B TOYKax & U b uMeror oHO 1 TO ke 3HadeHune. DyHKIHO-
Hau (2.1), B MOJBIHTErPAIbHOE BBIPAXKEHHUE KOTOPOTO BXOIMT OJHA (DYHKI[HS
U ee MepBast MPOU3BOHAS, HA3BIBAETCS MPOCTEHIINM ()YHKIIHOHAIOM.
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y(x)
y(x)
y(x)
ya(x)
ya(x)
a | b X

Puc. 2.1. Bapuanus ¢pyHkiun

[MpeacTaBum nporueaypy Bapuaiuu GyHKud Y(X) omHOMapaMeTpuue-
ckuM ceMelictBoM GyHkuuit Y(o,X) = oy (X) + (1—a)y(X) . 3xeck nonaraem,
YTO IKCTpeMyM jgocturaercs Ha ¢pyHkimu Y(X) . Ucnosp3ys omHomapaMer-

pudeckoe ceMeicTBo GyHKuUit Y(o,X) , MOKHO 3aIMCaTh

b
J=[F(y(aX), y'(c, x),X) dx. (2.3)
a
Baenem 0003HaYeHNE dy(x)=y(x)—y(x), Tor;a

d(@y(x))/dx=8"y(x) = y'— y'(x) = 8y(X) . 3ameTuM, 4TO M3 OJHOMAPAMET-
pudgeckoro ceMmeicTBa (YHKUMH (YHKIWH, JOCTABISIONIEH 3KCTPEMyM
¢byHKImoHany, coorBerctByeT o =0 .

Heobxoanmoe ycnoBue 3kcTpeMyMma (pyHKIHMOHANIA TIPH OJHONIapaMeT-
PHUYECKOM MPE/ICTABICHUH BapbUPyeMOi (PYHKIIMH MOXHO 3aIiCaTh KaK

dJda =0, (2.4)

nim

,Ti F(y(a, x), y'(a, x), x) dx

“da

=0. (2.5)

a=0
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3ameTnm, UTO KOT/Ia IepeMeHHas Uj TpUHUMAeT 3HaueHue Uj = b;/ajj,

nepemMeHHas Up, j 00palaercs B Hylb.

CrenoBaTebHO, OCYIIIECTBIICH TIEPEX0] B COCSTHUI Oa3uc, Tie IepeMeHHast
Uj OpUHsIa 3Ha4YEHUE, PaBHOE HYIIO, T.€. cTajda cBoOomHOI. Ilpu ykazaHHOM

snaueHuu Ui =D;/ajj ycnosue Upyy =0, K =1,...,m Bbinosmsercs.
6. 13 cTpoky, comepkamieii pa3pearonyii 371eMeHT, Uj BBIpaXxacTcs Kak
up=bi/aji—(aj/aj)u—..—(@jj_1/aji) i1 — @/ aj) g j —
—(@jisa/aji) Uiy —-—(@jn/aji)uy

1 MOACTABJIACTCA B OCTAJIbHBIC CTPOKU CUCTEMBI ypaBHeHI/Iﬁ CBs3MU.
Ilocne TPUBCACHUA HOI[OGHI)IX YWICHOB MOJIy4aeTCsd

Unty =by— 813ty — ... — &3jgUj—g — B1py jUns j —

3j4+1Ui+1 ~ -~ nln

Ung j-1 =Djg — &3ty — .= &jgj-1Ui—1 = Aj1n+ jUn+ j —

= &jailiy1 == 8j_1nUn

Upyj=0 .(3.139)
Unsja1 = bj+l - §j+1lul T aj+1i—1ui—1 - §j+1n+ jUn+j —
_§j+li+1ui+1_---_§j+1nun

Untm =bm —8maly — ..~ 8pi—ali—1 — 8mns jUns j —

= 8mi41li+1 =~ @mnln

7. Belpakenue Uj mojcTaBisercs B uHEHHYy0 Gopmy. Ilocie npuse-
JICHHS TIOJJOOHBIX WICHOB TIOIY4aeTCs:
Q(u)=Co +Cyuiy +...+ Cigli_g + Cppy jUny j +
-~ _ o (3.140)
+Cipaliya+..+ Cryinlmyn
8. 3ammchIBarOTCA KOOPIMHATHI 6a3uca, B KOTOPBIH TPHUIIIIH

U2=

= (ulv---’ui—lvun+j7ui+1v---vUn!ui+lv---vun+j—1vui’Un+j+1v---’un+m)=-
= (0,...,0,0,0,...,0, 51,...,6]_1,& = bi /aji,5j+l,...,5n+m)
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MTOCTPOCHHS JIMHUKM YPOBHS (TIOCTOSITHHOTO 3HAYCHHs JTUHEHHON (opmbr). B
o01ieM cirydae Uit pelieHusl 3aa4 JIMHEHHOTO0 IpOrpaMMHUPOBAHHS UCIIOTb-
3YETCsl CUMITIIEKC-METOI.

CyIIHOCTh CUMIUIEKC-METO[a COCTOUT B TOM, 4TO M3 HCXOAHOTO Oa3wuca me-
PEXOMIAT 32 OJIUH IIar B COCEAHMN ¢ HUM 0a3uc. [IpoBepsroT BBIMOIHEHUE YCIIO-
BUl ONITUMAJIBHOCTU B 3TOM 0Oaswuce. Eciu yclioBHEe ONTUMATBHOCTH HE BBITON-
HSIETCSI, TO U3 3TOTO Oa3mca Nepexo/IsIT B IPYTroi CoceTHNi ¢ HUM Oasuc.

Anzopumm pewteHus 3a0auu CUMNIEKC-MEMOO0OM

1. Bribupaercs HCXOHBIN basuc c KOOpAWHATAMU

ut = (U1, Uz, Uy Uy v Unem) = (0,...,0,by,..., b)) -

2. CucreMy cBs3H, B3STYIO B KAHOHUUYECKOH (popMe, 3aIMCHIBAIOT B BULIE
BBIp@KCHMH  O0a3MCHBIX  TEPEMEHHBIX  uYepe3  CBOOONIHBIE,  T..
Ug = bk — Uy —agoUp —...— dypUp, k=1...,m.

Jluneiinas Qopma Takxke BbIpakaeTcs 4epe3 CBOOOIHBIC NEPEMEHHBIC
Q(u) =Cy +Ciuq +...+ Ci_qUij_1 + Cju; + Cj qUj41 +...+ Crup,

3. B BblpakeHuu nuHEHHOW (opmbl BRIOMpaeTcs Ta IepeMeHHas Uj,
yBEJIMYEHHE KOTOpPOH B obiacty U =0 OTHOCHTENBHO HCXOJHOTO 0Oasuca
BBI3BIBACT YIIyUIICHNE TMHECHHON (POPMBI.

4. PaccMaTpuBarOTCs IOCTPOYHO OTHOILICHMS KOHCTaHTHI Dy K K03 du-
LUEHTY 8yj IPH IMEepeMeHHOH Uj, mpuuem, Ipu KodGHULUEHTE 8y NOKEH
OBbITh OTPHLIATEIHHBIN 3HAK.

5. BeiOupaeTcsi j-as cTpOKa M3 CHCTEMBI CBS3CH, yIOBICTBOPSIOIIAS

yenosno bj/aji = __ min (o /).

k=1...n; a,;>0
Uny1 =by —@qUp — ... — @gjgUj—3 — @Uj — 8gj41Uj41 — -~ Bgnln
Unyj—1=Djg—aj_1U —...— @j_gjgUj_g — @)l —
_aj—li+1ui+1_---_aj—1nun
Unyj =bj—ajup —..—@jjqUj_3 —@jijlj = @jjpqliyg —-.—@jpUn . (3.138)
Uny j+1 =Dje1 —@j4aath — o — BjygiogUig — @j4aili —
—8j41i+1Yi41 — -~ @j41nUn
Uptm = bm —Amily — -~ 8mi-Ui—1 — 8mili — Amilisr =~ 8mnln

B BbiOpanHod cTpoke KOO()(HUUMEHT ajj Ha3bIBACTCS PaspeLIAIOLIMM

2JIEMEHTOM, a caMa CTPOKa Ha3bIBaeTCS CTPOKOH, cojepiKaliel paspemaro-
MM DJIEMEHT.
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Packpoem noasIHTETpaTbHOE BRIpAXKECHHE B ypaBHEHUH (2.5)
d(F(y(a,x),y' (e, x),x)/da =
=0(F(y(a,x), y'(a,x),x) /oy -d(y(a, X))/ der +. (2.6)
+O0(F(y(a, %),y (a,x),x)oy"d (Y (a, X))/ dx

Beentem o6osnauenns: Fy =0F/oy , Fy = 0F foy". Uz (2.6), c yaeTom

BBE/ICHHBIX 0003HAYEHUI M BBIPAKEHUS OJJHOTIAPAMETPHYECKOTO CEeMEHCTBa
(bYHKIMH, TOTyYUM

O(F(y(a,x), ¥y (a,x),x) [ 0cx =

= F, (y(e, ), y* (@, X), )(Y(x) = y(x)) +

+F, (y(e, ), y' (@, %), X)(Y'(x) - y'(x)) = 2.7)
=F,(y(a, %), y'(a, X), X)dy(x) +

+F,(y(a X), ¥ (a, %), X)5Y(X))

[oncraBum (2.7) B pyHKIIHOHAT

[ (R, (y(@, %), y'(@, %), )y(x) +

(2.8)
+F, (y(@, ), Y'(a, %), x)6y(x))dx =0
U3 (2.8) BBLAETNM BTOPYIO COCTABIISAIOMIYIO
[ F (v, Y'(x), )8y (x)dx =
: (2.9)

= [F, (y(9, y'(x), )d (y(x))
1 BO3bMEM HHTETpal (2.9) mo gactsam

f F, (y(x), y'(x), X)d (dy(x)) =

=F, (y(x), Y'(x), X)3¥(x)

L= JHOVARY (00, Y (X)) = (2.10)

- dFy'(y(zz(, Y'CI%) 5 x)dix

a

=F, (y(x), Y'(x), X)3¥(x)

VuuthiBas TOT (aKT, YTO CPaBHUBAEMbIE (DYHKLMH UMEKOT OJUHAKOBBIE
3HAUeHHMss B TrpaHM4HbIXx Toukax, T.e. 0o(y(a))=3(y(b))=0, wumeem

Fyr (Y(X), Y'(X), X)8y(x)|3 = 0.
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OcraBuryrocsi 4acThb Sy(x)dx moxacraBum B QyHKIIHO-

_T dFy’'(y(x), y'(x), X)
’ dx
Hau (2.8) 1 moxyanm

b

[ (R (y00, y' (), %) y(x) -
: (2.11)

d ,
r F, (Y(x), Y'(x),x) dy(x)) dx = 0
[IpuBenem mogoOHbBIe dieHH B (2.11)

b
! d !
[(E G0,y = F (y(9,y (0. 0) F( k=0, (2.12)
B cooTBeTcTBHU C 1EMMOI BAapHalTMOHHOI'O UCHUCICHUA: €CJIN UMCET MECTO
b
[HY ), y'(x),x)h(x)dx=0, (2.13)

rane H(y(x),y'(x),X) — HenpepsiBHas ¢yHkuusa, a h(X) — HenpepbiBHas
(byHKIMS, Ha KOHIIaX HHTEpBasa 00paliarmascs B Hyjb, TO

H(y(x),y'(x),x)=0". (2.14)

ViMeeM aHajIoruio Fy(y(x),y'(x),x) —% Fyv(y(x),y'(x),x) 3 (2.12) ¢
H(y(x),y'(x),x) u3 (2.13) u 8y(x) uz (2.12) ¢ h(x) u3 (2.13). Caenosa-

TCIBbHO, MOXXHO 3aIIuCaThb
r d r
Fy(y(x).y (X):X)_&Fy’(y(x),y (x),x)=0. (2.15)

IlonyueHHoe ypaBHEHUE Ha3bIBAE€TCS ypaBHEHHMEM Oiiepa Uil Mpo-
cTeiiiero GpyHKIMOHANA. YpaBHEHNE Diyiepa sBISETCS Wb HE0OXOJUMBIM
ycloBUeM 3KcTpeMyMa (yHkumoHnana. Pemenue ypaBHeHust Difepa HOCHT
Ha3BaHWE dKCTpeManu. T.e. B 00IeM cCilydae 3KCTpeMalb MOXET HE JIOCTaB-
JSTB 3KcTpeMyM (pyHKumoHamy. OqHaKo, €CIIM OHA JOCTABISIET (PyHKIMOHATY
9KCTPEMYM, TO MOXKHO OIPENeNINTh, KAKOMY 3HaueHHIO (QyHKIMOHama (MU-
HUMAaJIFHOMY FUTH MaKCHMaJIbHOMY) COOTBETCTBYeET 3KcTpemyM. C 3ToH 1e-
JIBIO UCTIONB3YIOT ycioBust Jlexanapa:

Ecaun J — max , to
y(x)

Fyryr (Y(X), y'(x),x) < 0. (2.16)
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B cBsi3u C BBINICU3TI0KEHHBIM ONTHMAILHOMY COCTOSIHAIO CHCTEMBbI B
3ajade JIMHEWHOro MPOTPAMMHPOBAHUS COOTBETCTBYET OJHA W3 BEPIIUH
MHOTOTPaHHUKA OTPAaHWYEHHH WM ONTHMAIbHOE pEIleHHE UMeeT Oecuuc-
JICHHOE MHOXKECTBO TOYEK, MPHHAJICKAIINX OIHOW M3 rpaHeil MHOTOrpaH-
HHKa OTPaHUYCHUIL.

[MocnenHee UMEET MECTO B TOM ciiydae, Koraa KO3 (GUIMEHTHI PH COOT-
BETCTBYIOIMX MEpeMeHHBIX Ui, i=1...,N B meneBoil (yHKIHH HPOIOPIMO-
HaJIbHBI KO3 PUIMEHTAM TIPH TeX K€ MEPEMEHHBIX B OJTHOM U3 YCIIOBHI CBSI3H.

B 3agauax TUHEHHOTO MPOrpaMMUpPOBAHUS LieseBasi pyHKIUS Ha3bIBaCT-
sl TINHEHHOU (hOPMOT.

CucteMy HEpaBEHCTB, CBSI3BIBAIOIIUX MIEPEMEHHBIC, MOXKHO MEPENUCATh
B KaHOHHUYECKO# hopme

d1qUp + @oUp + ...+ Uy +Upq = bl
dpqUp +apoUy +...+aspUy +Upyo = bz (3 136)

AUy + 8mols + ...+ 8qpUn + Unem = by
Upsj 20, j=1..,n. (3.137)

Temeps ypaBHEHHUS TpaHMUII, MMOTy4aeMbIX MPH OOpPAIICHUH HCXOTHBIX
YCIIOBHI CBS3M W3 HEPAaBEHCTB B pPaBEHCTBAa, MOXKHO 3alHCcaTh B BHIC
u,=0k=1..,nn+1..,n+m.

PaccmaTpuBasi obmiee 4mciio mepeMeHHbIX Uy, Usp,...,Upn,Unyqseess Unem s
OTMETHM CIIEIyIOIIee CBOWCTBO 3amad JUHEWHOTO IMPOTPAaMMHPOBAHUS: B
BEpIIMHAX MHOTOTPAHHHMKA OTPAHUYEHHUN POBHO CTOJIBKO TEPEMEHHBIX 00-
paniaercs B Hylb, CKOJIBKO CTeTIeHel CBOOOBI UMEET CUCTEMa, a OCTaJIbHbIE
MIEpEMEHHBIE B HYJIb HE 00paIarTcs.

AHanM3 4ucia cTereHel CBOOOJbI CHCTEMBI MOKAa3bIBACT, YTO MMEETCS
M ypaBHEHHIi, CBs3bIBAOIIMX N+ M mepemennbix Uy, K=1..,n+m. Cue-
JTIOBATEILHO, YHCIIO CTeNeHeld cBoOOMbI poBHO N+ M—m=n. Takum oOpa-
30M, B BEpIIMHE MHOTOTPaHHUKA OrPAaHUYEHHH POBHO N MEPEMEHHBIX W3
U, k=1..,n+m obpamarTcs B HyJIb. DTH IIEPEMEHHbIC Ha3BIBAIOTCSI CBO-
0oxHBIME TTepeMeHHBIME. OCTalnbHBIE M IIEPEeMEHHBIX B HYJIb HE 0OpaIlaroT-
Cs W Ha3bIBAIOTCS Oa3UCHBIMU TEPEMEHHBIMU. BepImHBI MHOTOTpaHHUKA
OTpaHUYCHUHN HA3BIBAIOTCS Oa3ucaMm.

3.4.5.2. CuMnJjieKkc-MeTO/1 peleHust 3a1a4 JIHHEHOro
NPOrpaMMHUpPOBaHUS

JiBymepHas 3ajaya JIMHEHHOIO MPOrPaMMHUPOBAHHSI MOXKET OBITH perie-
Ha F€OMETPUUYECKH IYTEM IIOCTPOCHUS 00JIAaCTH JOIYCTUMBIX YIPaBICHUN U

119



3.4.5.1. OcobGeHHOCTH 32124 JJUHEHHOT0 MPOrpaMMHIPOBAHMS

JluaefiHOCTh 1eneBoi (pYHKIMHM W JIMHEHHOCTH YCJIOBHI CBS3H Bapbu-
PYEMBIX NEPEMEHHBIX SIBIISIIOTCS OCHOBHOW OCOOEHHOCTBIO 3a[ad JIMHEHHOTO
MIPOTrPaMMHUPOBAHUSL.

3ajaya NUHEWHOrO MPOrPaMMHUPOBAHHS (HOPMYIHPYETCSA CIIEIYIOIINM
o0pazom:

Q(u) =Cq + Cyug + ...+ Cpu, = min(max) (3.133)
u

PH YCJIOBHSIX:
apqUp + agols + ...+ a1zUp < bl
doqUy + asols + ...+ aopUp < b2

....................................... ' (3.134)

AUy + amoUs + ...+ 8y pUn < by,
u;20,i=1..,n. (3.135)
B mpocrpancTtee mepeMeHHBIX Ui, i=1...,n reomerpuyeckas ¢urypa

neneBod GyHKIMHU, M300paxaromas ycinosue Q(U) = const, ecTb rumepIuio-
CKOCTb, a 00JacTh JOMYCTHMBIX 3HAUYEHHUIl NMEepPEeMEHHBIX B COOTBETCTBUH C
TIPUBE/ICHHBIMH BBIIIE YCIOBHAMH SIBIISICTCS MHOTOTPAaHHUKOM. ['paHu MHO-

rorpaHHuKa — IJIOCKOCTH, a pe6pa MHOTOI'paHHUKA — MPSAMBIC JIMHUU, IPUYEM
9Ta 00JaCTh BBIITYKJIas.

Jns niByMepHOH 3aiaun 00J1acTh JOIYCTUMBIX YIIPaBJICHHH MpUBEICHA
Ha puc. 3.22.

uf

Us=0

Q(u) = Const

us=0 !
u;=0 \ us=0 4

Puc. 3.22. O6nactb 10MyCTUMBIX YIpaBJICHHH B 3aj1a4e
JIMHEHHOT0 MPOTrpaMMUPOBAHUS
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Ecm J = min |, to
y(x)

F, (Y(x),Y'(x),x) > 0. (2.17)
VYpaBrHeHus Diinepa i mpocrteiimero GpyHKINOHaNa ectb auddepeH-

I[MaJbHOE ypaBHEHUE BTOpOoro mopsaka. [lokaxkem 3To, 3ammcaB ypaBHe-
Hue (2.15) B pa3BepHYTOM BHJIE:

R0y (000 dy

Fy(y(x)’ y (X), X) - ay/ dx

OF, (Y09, y' (), %) dy  9F, (Y(%),y' (). %) _
oy dx OX B

C y4eToM NMpUHATHIX 0003HaUYeHUH ypaBHeHHE (2.18) mpuHIMaeT BHL
R, (y(¥), Y, ) = Fy, y"(X) = By, (Y(X), Y (%), X) Y'(X) +
+F, (Y(%),Y'(),x) =0

[pu pewennn nuddepennuansHoro ypasHenus (2.19) ucnonb3yror
rpaHuyHbie yciaoBus (2.2). O6muil Bua penieHus qudhepeHImaIbHOro ypas-
HEHUs

(2.18)
0

(2.19)

y=Y(x,C,Cy) (2.20)
IMocrostaubie nHTerpupoBanus C; u C)HaXoAAT U3 yCIOBUH
a,C,C)=A
y(a,C,,C,) (2.21)
y(b,Cl,Cz) =B

Ilpumep.  Haiitu skcTpemans GyHKIMOHANA:
1
30y (0, ' (0,01 = [ 1y (09)? +12xy]dx,
0

y(0)=0, y@®)=1.

VYpasuenue Diinepa:
’ d r
Fy(y(x)v y (X)i X) _& Fy' (y(X)l y (X)v X) = 01

d(F,)
dx

Fy =12x, Fyr=2y'(x), =2y".
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Hanee 12x—-2y"(x) =0, y"(X) = 6x
y'(x) = [6xdx+C, =3¢ +C,,
y(x) = [ (3x* +C,) dx =X’ +C,x+C,.

Haiinem nocrosiHHbIE HWHTCTPUPOBAHMS, UCTIOJIb3YS I'PAHUYHBIC YCIIOBUA:

y(0)=0+C;-0+C, =0, C,=0,
y@=12++C;-1+0=1, C,=0.

OKcTpemans: y=x3.
VYcnorus Jlexannpa: F —iF —1(2 1=2>0
Y =gy Y Ty )T

CrenoBarenbHO, Ha QyHKIUU Y = x3 (YHKIMOHAT UMEET MUHUMYM.

2.1.2. Heo0xoaumoe ycJioBHE IKCTpeMyMa (pyHKIMOHAJIa,
3aBUCALLET0 OT N-QYHKUMUIA M OT UX NEePBBIX MPOU3BOIHBIX

PaccmarpuBaetcst pyHKI[HOHAT BUA:
b

j F(y1 (%) Y (), Y1 (%), Y (X), X)dX — max (min) (2.22)
a y(x)

C 'PAaHUYHBIMU YCJIIOBUSAMMU:
yi(@) = A,
Yi (b) = Bi, i =1,..., n

HeoOxonumble yclioBusi 3KCTpeMyMmMa (QYHKIMOHANa B 3TOM Clydae
MIPECTaBISAIOT COOOM CUCTEMY YpaBHEHUN Diinepa:

F, (Y(x),y'(x),x) —% F, Y(x),y'(x),x)=0, i=1..,n, (2.23)
rae
y(X) = (y2(X),-., Yn (X)),
Y () = (y1(X),-es Yn (X)),

" yCJIOBUSL J'IexcaHﬂpa:
ecan J = max, To FYiYi (y(x),y'(x),x) <0,

y(X)
Pyt Fyiys Fyivi ™ Fyiye
. 11 - o P W OO <0: (2.24)
Yayi ' YaY: o, o
271 J2h Fyryi--Fynyn

ITpokOMMEHTHPYEM PE3yIbTaThl ONTUMH3ALIUH.

Ecnu Ha nsTrneTHH# cpoK pabOTHI PEIIPHUSTHS BHAYAJIEC BBEJCHO:

— HOBOE 00OpYyI0BaHHE, TO €TO HY)KHO 3aMEHHTHh Ha HOBOE OJIMH pa3 de-
pe3 Tpu roja dKCITyaTalyy;

— o0opyznoBaHue, HaXOAMBIIEECS B JKCIUTyaTallMHM OJIUH TOX, TO €ro
TaK)Ke HY’KHO 3aMEHHUTh HAa HOBOE OJIMH Pa3 uepe3 TPH ro/ia SKCILTyaTallny;

— o0opynoBaHHMe, HaXOIUBIIEECs B JKCIUIyaTallMd J[Ba roja, TO €ro
HYKHO 3aMEHUTH Ha HOBOE OJIMH pa3 uepe3 /1Ba rojia SKCILTyaTalyy;

— o0opynoBaHMe, HaxOJMBIIEECS B SKCIUTyaTallMM TPU Toja, TO €ro
HYKHO 3aMEHUTH Ha HOBOE OJIMH pa3 yepe3 OJWH I'oJ1 SKCILUTyaTaliH;

— o0OopyznoBaHHe, HaxXxOIUBIIEECS B IKCIUTyaTallMd YETHIPE TOAA, TO
HYKHO ABaXIbI TPOM3BECTH 3aMEHY OOOpYZOBAaHWS Ha HOBOE: Cpasy ke M
yepe3 J1Ba roaa paboThl IPEIIPHUITHS IIOCIIE 3aMEHBI 000py/JOBAHMS.

KoHnTposbHbIe BONPOCHI

1. Kakne tpe©oBaHUs MPEeIbSIBISAIOTCS K II€IEBOM QYHKINHU IS pUMe-
HEHUS AUHAMHUYECKOTO MPOTrPaMMHPOBAHUS B AUCKPETHOH (opMe MpH ONTH-
Mu3auu’?

2. YTO MOHMMAIOT NOJA COCTOSHHEM CUCTeMbI (00bEKTa) B JWHAMHUYeE-
CKOM TpPOrpaMMHUPOBAaHUHK B TUCKpPETHOH (opme?

3. Yto noHMMAeTCs O/ CTaguel B AMHAMHYECKOM IPOTPaMMUpPOBAHUH?

4. YTto moHMMaeTCs IMOJ [IaroM pelIeHus 3a/1a4i B JUHAMHUYECKOM IIPo-
rpaMMHpPOBAaHUN?

5. KakoBo conepkanue (GpyHKIMOHANBHBIX YPAaBHEHUH AMHAMHUYECKOTO
MPOTrpaMMHPOBAHUS B IUCKPETHOH opme?

6. KakoB anropuT™ peuieHus 3aJaddl ONTUMH3ALUH JUIT MHOTOCTa M-
HOTO IpoIIecca NpH MOCIIEA0BaTEIbHBIX TPE0OPa30BaHUIX COCTOSHUN?

7. KakoB anropuT™ perieHus 3a1aud ONTUMM3AINN TIPH MapalIebHBIX
peoOpa30BaHUAX COCTOSIHHM (B 3a/1a4ax pachpeneicHus)?

8. KakoB anroput™ BBIAETICHHS ONTHMAIBHBIX YINPAaBICHUHA B AWHAMU-
9YEeCKOM MPOrpaMMHUPOBAHUH?

3.4.5. JIuHeiiHOe MporpaMMupoBaHune

JluHeiiHOe NPOrpaMMHPOBAHHE — 3TO MAaTeMaTHYeCKas TEOpHs, H3Y-
Yarolas METOJbl PELICHHS JIMHEHHBIX IKCTPEMaNbHBIX 3a/1a4, T.C. 33/1a4 Ha-
XOXKIEHHUsSI IKCTpeMyMa (MakCHMyMa HIH MHHHUMYMa) LeJeBOH (YHKLUH

n
Q(u)=Cy+ DX Cjuj , KOTOpast JMHEHHO 3aBUCHT OT YIIPABJIIOIIMX TIEpe-
i=1

MEHHBIX, IpUYEM ypaBHEHHs CBs3ed Toxe nuHedHsl. 3gecs Cg,....C,, — mo-
CTOSIHHBIE.
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Jns BBIOPaHHOTO UCXOAHOTO COCTOSIHMSI CHCTEMBI IIPOTHO3MPOBAHUS Ha 3a-
JIAHHBIM TOPH30HT IPOTHO3a ONTHUMAJIbHAS CTpaTerust (GOpMyIHpyeTcs Ciemyro-
muM oOpa3oM. 13 TabnuIlel MOCIEAHEro MmIara NPUHATHS PEIICHNH 10 yrpaBie-
HHIO, COOTBETCTBYIOLIEMY MAKCHMAJIbHOHW BEJIMYMHE KPUTEPUS] ONTHMATBHOCTH

Un_1 = Un-1(SN) , OCymIECTBAIOT Nepexo/l B ONTUMAILHOE COCTOSHUE CHCTe-

MBI C YMEHBIICHHBIM TOPH30HTOM MPOTHO32 Ha OOWH mar (OAWH TOX), T.C.

S* =SN_1(Sn,U” ) m panee, moodepeHO UCTIONE3YSI COOTHOITCHHS
N-1 N-1

uj =u;j(Sj),
Sj=SiGjw.uj),

MOJIYYalOT CTPATETHIO ONTUMAIBHOTO Mporuo3a (puc. 3.20).

™ w* lln* lln 1" u* llo”=
s s - | 250

Puc. 3.20. CtpaTerust ONTUMaNbHOTO MIPOTHO3A 10 UCIIOIb30BAHUIO
000pynoBaHUs

=N-2,N-3,..10,

Jlyist mpuBeIeHHOTO NPUMEpPa UMEEM ONTUMAJIBbHBIN MTPOTHO3, MPECTaB-
JICHHBIH Ha puc. 3.21.

[S:0) | 4501|532y | 0 Au;:_o>
[S:D]-2=ps2)] 40 15,2 u=1 _u,
B RENe REN e RN g,
EO.|S4(4)| TR iy = Ay = Ay R
) N =N oy RS oy 577

Puc. 3.21. Crparerust onTuManbHOIO MIPOrHO3a MO UCIIOJIb30BAHUIO
000pyIOBaHUS B pacCMaTPUBACMOM IIPUMEPE
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ecn J — min, to F vivi (Y(x),y'(x),x) =0,

y(x)
Pyt Fyiy: Fyivi - Fyiy,
1 2 L 0 U PSSO >0. (2.25)
Fysyie Fysys ., .,
271 Y202 Fyevi--Fyoyn

2.1.3. HeoGxoaumoe yc/jioBHe IKCTPpeMyMa (PyHKIIMOHAJIA,
3aBHCALIETO OT (PYHKLIMH U OT ee N MPOU3BOAHBIX

PaccmaTpuBaeTcs pyHKIHOHANT

b
3 = [FY, Y () Y (%), X)lx = m(a>)<(min) (2.26)
y(X

a
C FpaHI/I‘IHBIMI/I YCJ'IOBI/IFIMI/II
y@=A, yb)=Bg;
y@=Ay,  Y(b)=By;
y"Va=a, y"Ywp)=8

B 3ToM citydae HE0OX0aMMOE YCIIOBHE SKCTpeMyMa (DyHKIIMOHATIA MPea-
cTaBJsieTcs B BUJIe ypaBHeHuUs Dinepa-Ilyaccona:

Fy (Y00, Y () Y (0.0 +

n o d . (2.27)
+ TED P (009, Y (%), Y (0, %) =0
k=1 dx

u ycnosuii Jlexxanapa:
ecii J = max, To

y(x)
<
Fyoym <0, (2.28)
ecimu J = min, To
y(x)
>
Fyoym 20. (2.29)
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2.1.4. Heo0xoqumoe ycjioBHE IKCTpeMyMa (pYHKIMOHAJIA,
3aBHCALIEro OT N (PyHKUMIA M OT ee M NMPOU3BOJIHBIX
ISl KasKA0i U3 N pyHKumii

PaccmarpuBaercst HyHKIIHOHAT
b , : (m) (m)

J = [F (Y1 (X)seees Yn (X), Y1001y YR () seYy 7 (X)sees Yy 7 (), X)X (2.30)
a

C FpaHI/I'lHLIMI/I yCHOBI/IHMI/I:
y1(@)=Agg, Y1(0)=Big..n Yn(@)=Ano. Yn(b)=Byo,

yi(@=A1, yi(b)=Big,.. Yn(@=Ay1, Yyn(d)=Bp1,
.............................................................................. (2.31)

Y™ (@) = A g, YD 0) = By g Y0 (@) = Ayt YD (0) = By -

B sToM ciyyae HeoOxoauMOe yclioBHE SKCTpeMyMa (QyHKIHMOHATIA Mpe/-
CTaBJISICT COOOM crucTeMy ypaBHeHH Ditnepa-IlyaccoHa ¢ COOTBETCTBYHONIHU-
MH ycioBusaMu Jlexannapa.

Cucrema ypaBHeHu# Diinepa-Ilyaccona nmeer BUI:

Fy (/00.Y (0, ™ (0,00 + i=1..n,

m dk (2.32)
+ 3 D P (0. 00,y ™ (0.0 =0,

k=1 dx* i

e y(X) = (Y103, Yn (X)) -

2.1.5. PemmieHue BapuanMOHHBIX 32124 MPH HAJTHYUH
HHTErPaAJbHbIX (M30MIePUMETPUYECKHUX), F0JIOHOMHBIX
M HEroJJOHOMHLIX CBSI3eH

PaccmarpuBaeTcst QyHKIIOHAT

b
J = [F(y(x),y'(X), X)dx — max (min) (2.33)
a y(x)
C 'paHUYHBIMU YCIIOBUAMU

yi(a)= A,

yi(b)= Bi, i=1,...,n' (234)

26
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P HAJTUYHUHU OJJHOI'O U3 BUIOB CBA3U:
HWHTETPpAJIbHAs CBA3H

b
G ()Y (). 9))dx =1}, j=1..,m; (2.35)
a
TOJIOHOMHAs CBA3b
ejy(x),x)=0, j=1..,m; (2.36)
HETOJIOHOMHAS CBA3b
Pj(y(®),y'(x),x)=0, j=1..m. (2.37)

BaMeTI/IM, YTO T'OJIOHOMHAs CBA3b HC COACPIKUT MPOU3BOAHBIX, @ B HET'O-
JIOHOMHOM CBSI3H Hapany € CI)YHKLII/IFIMI/I BXOOAT TAKXKC HPOU3BOAHBIC ITHUX

GyHKIUH.

2.1.5.1. Pemienue BapMallMOHHBIX 3224 NPH HAJIMYMHA
HHTErpaJibHbIX CBs3el

HpI/I HaJIMYMK HMHTCTPAJIbHBIX CBSI3CH COCTAaBIIICTCS HOBOE IIOABIHTC-
IpaJIbHOC BBIPpA’KCHUC BUAA:

Fy(x),y'(x), % %) = F(y(x),y'(x),x) +

y 2.38
34,6, (y(0.Y (9, %), (2:38)

rae Aj, j=1...,m, ecTs uncma.

HGO6XO,I[I/IMOG YCJIOBHUC 3KCTpEMYyMa q)yHKL[I/IOHaHa

C ’ d C ’ R

Fy, 0/00.Y 00,20 = Fyr(y(0.¥'00,) = 0,i =L..n. (239)
Ot YpaBHCHUA PEHIAOTCA COBMCECTHO C YPaBHCHUSAMHU HHTEIPAJIbHBIX

cBs3eit (2.35) mpu UCIIOJIb30BaHUN TPAHUYHBIX YCIIOBUH (2.34).

2.1.5.2. PemieHue BapMaMOHHBIX 32124 NPH HAJIMYUHU
TOJIOHOMHBIX H HET0JIOHOMHBIX CBsI3eii

HpI/I HAJIWYHWH TOJJOHOMHBIX M HETOJJOHOMHBIX CBSI3€H COCTaBIISICTCS HO-
BO€ NMOJABIHTECTPAJIBHOC BEIPAXKCHUEC BUIA

Fy(x),y" (), 1(x), ) = F(y(x),y'(x), ) +

m , 2.40
+ 300054009 (240)
]=
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nim

Fy(),y'(x),1(x), %) = F(y(x),y'(x), x) +

3 2.41
+ 224,00, (400, (0., (241

rae kj, j=1..,m, ectb QyHKUMUHU.

Heob6xoaumoe ycnoBue 3kcTpeMyMa (PyHKIMOHANA B 3TOM CIydae Ipej-
CTaBIISIET COOOM CUCTEMY ypaBHEHHI BUA

Fy, (y(%),y'(x), A, x) = dlfyi' (Y(X),Y'(x),x)/dx=0,i=1,...,n. (2.42)

OTH ypaBHEHHs PELIAOTCS COBMECTHO C YPaBHEHHSMH COOTBETCTBEHHO
TOJOHOMHBIX (2.36) W HEroJoHOMHBIX (2.37) cBA3el IpU HCIOIB30BAHUU
I'paHUYHBIX yclIOBHH (2.34).

Ipumep. Haiitu skctpemanu st GpyHKIMOHATA:

1
IO (), 2'(0) = [ @+ (' ()% + (2'(x))%)dlx,
0

y(0)=0, 2(0)=0; y@©)=3 z0=1L y=z(x)+2x>.
3amnuieM ypaBHEHHUE CBS3U B BUJIE
(Y(x),2(3), %) = y(x) = 2(x) - 2x° = 0.
Cdopmupyem HOBOE MOABIHTETPATHHOE BBIPAKECHHE
FY00,y'(0),200,2'(x), %) =1+ (' () +
+ (2 (0)? +200(y(0) = 2(x) - 2x%)
VYpaBHenus Diliepa B 9TOM Cly4yae UMEIOT BUJI:
Fy —d(lfyy)/dx=0, Fz-d(F,)/dx=0.
B pa3BepHyTOM BUE UMeeM:
A(X)=d(2y'(x))/dx =0,
—Ax)—-d(2Z'(x))/dx=0"
PerM 3T ypaBHEHHUS] COBMECTHO C YCIIOBUEM CBS3U
y(x)—z(x) — 2x3 =0

2y"(x) = 1(x),
27" (x) = =A(x)

28
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700050
y'(x)=r(x)12,
2"(x)=-A(x)/2

Bos3bsmem BTOPYIO MPOU3BOAHYIO OT YCJIOBUA CBA3U
y'(x)—7"(x)-12x=0
U TI0JICTABUM B TONTy4eHHOE BhIpaxeHue Y''(X) u z2"(X):
MX)12+A(x)/2-12x=0,  A(x)=12x.
Teneps:
y'(x)=6x; y'(x)= J6xdx +C,=3x"+C,
y(x) = I(sz +C)dx+C,=x*+Cx+C,;
"(x)=-6x; Z'(x)= —j6xdx +C,=-3x*+C,,
z(x) = j (-3x*+C,)dx+C, =—x*+C,x+C,
Haiinem C; —C,, ncnons3ys rpaHUYHbBIC YCIOBUSL:
y(0)=0=0+C,-0+C,,C, =0;
y)=3=1+C,-1+C,,C, =2
2(0)=0=0+C,-0+C,,C, =0;
z()=1=-1"+C,-1+C,,C, =2
OKOHYATENIHHO NMEEeM
y(x) = X3 + 2, z(x) = —x3+2x.
2.1.6. Pemienune 3a1a4u ONTUMAJIBHOIO YIIPABJICHAS
KJIACCHYEeCKHM BapHAIIMOHHBIM HCYHCIEHHEM

Pemraercs 3agaua:

J= jt' F(y(x),u(t),t)dt —> m(eg((min) , (2.43)
0 u

yO=y% yt)=y*, (2.44)

dy; /dt = f;(y(x),u(t),t), i=1...,n, (2.45)

te YO = (V1O Va0, U = U0, U ()
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Orta 3a/jaua ABISETCS BAPUAIIMOHHOM 3a/1a4eil C HErOJIOHOMHBIMH CBSI35I-
MH.

CdopmupyeM HOBOE TOABIHTETPAILHOE BBIPAKEHUE, COOTBETCTBYIOIIEE
HETOJIOHOMHOM CBsi3H (2.45)

F(y(®),u(), 2(1) = F(y(®),u(t),t)+

+ __E‘,lki (O)(dy; / dt = fi (y(),u(t),1)) -

(2.46)

Jns ¢pyHKIHOHANA ¢ MOABIHTETPAJIBHBIM BBIpakeHHeM (2.46) HeoOxo-
IUMBIE YCIIOBUS IKCTpEeMyMa 1o GYHKLIHAM Y, K =1,...,N UMeroT BUA:

Fy, (Y(,u(t), M(1)) - dFy, (y(0),u(t),A(t))/dt =0,k =1,...,n. (2.47)

Jus pyHKIHOHAMA ¢ MOABIHTETPATIBHBIM BBIpakeHHEM (2.460) 1o (GyHK-
musM Uj, j=1..,I HEOOXOAMMBIE YCIIOBHS SKCTPEMYMA UMEIOT BHIL:

Ifuj (y(t), u(t), A1) - dlfuj (y(@),u(t),r(t))/dt=0, j=1...,r. (2.48)

3anunieM HeoOXOMMUMBIE yCIOBHS KCTpeMyMa (pyHKIHMOHANIA ¢ HOIBIH-
TETpaJbHBIM BhIpakeHHEM (2.46) B pa3BepHYTOM BHJIE:

OF (y(t),u(t),t)/ oyy — Zn:lM O (y(®),u(t),t)/ dyy —
—d(A (©)/dt=0, k=1..n

(2.49)

OF (y(t), u(t),t)/ 8u; —f;xi(t)afi (y(t),u(t),t)/8u; =0, j=1...,r. (250)
i=1

O6o3Haunm —1= Y, Aj(t) = ¥(t).
Tenepb HEOOXOUMBIE YCIIOBUS SKCTPEMYMa B Pa3BEPHYTOM BHUJIE €CTh:

d(y, ()/dt = -y, 0(F (y(t), u(t). 1))/ oy, —

n 251
NACICAVOIOMIEY (2.51)
W (F(y(t),u().t)/ou; +

(2.52)

* s (O 0).00.0)/u; =0

KonTpoabHbie BONpocsl

1 C kakuM KiaccoM (YHKIHH ONepupyeT BapHaIllMOHHOE HCUHCIICHUE?

30

— pHUOBLIB, TIOTy9aeMasi OT pealn3aliyl MPOAYKIIIH, IIPOU3BOINMOM 3a
OZIMH TOJ Ha JaHHOM 00OpYIOBAaHWH, 3aBHCHUT TOJBKO OT €ro BO3pacTa, T.e.

q; (@) =qa();
— TOJ/IOBBIE DKCILTYaTallHOHHBIC PACXOJIBI TAKIKE 3aBUCST TOJIBKO OT BO3-
pacta o6opynosauus, T.e. Ij(i)=r(i).

3nauenns q;(i), rj(i),u q;(i)—r;(i) ceenenst B Tabmuiy

i
IToka3aTenn
0 1 2 3 4
a;(i)=qa() 20 20 19 18 17
rj(i)=r() 10 12 13 14 15
q;@)-r;()=
. . 10 8 7 4 2
=q(i) —r()

PaccMoTpuM 1OCIEI0BATENIbHO PEIICHUE 3a1a4d C NPUHATBIMU YCIIO-
BUSMH U JOIYLEHUSAMU.
IlepBbIii mar. ®yHKIMOHAIBHOE YPABHEHUE

{(h(i) - n (i), up =0,
(i) — P+ (0)— 1 (0), up =1~

Tabnuua s popmuposanus Benuuunsl F (Sq(i)) .

Fy(S1()) = max

Up

f1(S1(i)) = F (S:(1)=
vl Il HA 0-A- ax{( ff)((;)lq»
0 (0)-r(0) f1(S1(1))
o | S0 0 10 0 10
1] 50 0 i 0 8
2| s@ 0 ¢ 0 6
3| S0 ¢ ! 0 4
4| s 0 2 0 2
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CocrapJsiionue KpuTepus ONTUMATLHOCTH (TIeJIEBON (DYHKITHH) BBIYHC-
JSIFOTCS KaK

qj(Sj.uj-)=0aj@)-r;@), (3.129)
ecnt Uj g = 0, T.e. mpu coxpaHeHNH 000PYIOBaHUS, U
9j(Sj.uja) =)= Pj+0q;(0)—rj (i), (3.130)

eciu Uj_g =1, T.e. npu 3aMeHe 000pyI10BaHHUSL.

QOyHKINOHAIBHBIE YPAaBHEHUS JUHAMUYECKOTO IIPOTPaMMHPOBAHUS MIPU
TMIOIIarOBOM TPHHSTHHU PEHICHHH OT KOHIA IpOoIecca K ero Hayaly HMEIoT
BHI:

JUIA IepBOTO 1ara

L o (i) — r (i), Up =0,
F(S1() = %ix{ll(i) R +qy(0)-1(0), Ug =1 (3.131)
JJIA HOCHCI[yIOIlII/IX maroB
(i) =r: (i (i ’ =0,
Fi(S; (i) = max 900+ Fya ) =" 3132)

uis [1jH=Pj+09;(0)-r;(0) +Fj_1(1),up =1

e j=23..,N;i=012,..,K.
DTaIbl pelIeHus 3aa4u MpeacTaBiaeHsl Ha puc. 3.19.

g gra Gn
S W S IN-11] 8] Sy Se. N
Sl |Sug 1Sy Spn | S S

U1 Uriz U1

Puc. 3.19. Dransl pemenns 3agaqu BEIOOpa ONTHMAIBHOM
CTpaTeruy MCIoJib30BaHKsI 000PYIOBaHUS

st ynpolieHns WUTIIoCTpauyi MOMAaroBoro peleHyst 3a1a4yd METO10M
JIUHAMHYECKOTO IPOrPAaMMHUPOBAHHSI IPUMEM CJIEIYIOIINE JOMYIIEHHS:

— JUTMTEIBHOCTh TOpU30HTa IutaHupoBanus N =5 ner;

— MOXeT OBITh MCIOJIB30BaHO 000pyHoBanue ¢ BospactoM i =0, 1, 2, 3,
4 ner;

— meHa o0OpyIOBaHHsS HE MEHSIETCS BO BPEMEHHM M COCTaBIISIET
PJ- =P =10 emuHum;

— IMKBH/IAIIMOHHAS CTOMMOCTH 060pyoBanus pasHa Hymo (1(i)=0);
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2. Kaxkoe ycioBue peanu3yeT ypaBHEHHME Jilepa s MPOCTCHIIEro
¢yHKunoHana?

3. IlpuBectu ypaBHeHHe Difyiepa Il MIPOCTEHUIIET0 (yHKIIMOHATA.

4. Tlokasatp, 4TO ypaBHEHHe Dijepa Ul mpocTeiimero (GpyHKIHoHAa
sBIseTCsl UG PepeHInaIbHBIM yPaBHEHHEM BTOPOTO MOPSIKA.

5 C xako# nenplo Mcnosb3yloT ycioBus Jlexanapa? KakoBo ux co-
Jiep kaHue I npocTeiiero GyHkuuoHana?

6. UYro mpencraBiser co0OH HEOOXOAMMOE YCIOBHE JKCTpEMyMa
(byHKIHOHANA, 3aBHUCSIIETO OT N GYHKIUN U UX TEPBBIX TPOU3BOJHBIX?

7. KakoBa ¢opma yciosuit Jlexxanapa s GyHKIHOHAIA, 3aBUCSIIETO
0T N QyHKIMI U UX IEPBBIX TPOU3BOAHBIX?

8 Uro mpexncraBiaseT co0OH HEoOXOIMMOE YCIOBHE 3JKCTpeMyMa
(hYHKLIHOHANA, 3aBHCSLICTO OT QYHKIMU H OT €¢ M MPOU3BOIHBIX?

9. KakoBa ¢opma ycnosuii Jlexxannpa s pyHKIMOHANA, 3aBUCSIIETO
OT (DYHKIIMHU 1 ee M MPOU3BOAHBIX?

10. Yro mnpencraBiasieT co0oOi HEOOXOIUMOE YCIOBHE 3KCTPEeMyMa
(GyHKIHOHANA, 3aBHCSNIEro OT N QYHKIMI U M MPOU3BOAHBIX OT KXKAOH H3
THX QyHKIHI?

11 Kak peraercst BapuanoHHAs 3a4a4ya NPY HAIMYHHM MHTETPATBHBIX
cBA3€ei?

12. Kak pemaercs BapHalMOHHAS 3aJava MPHU HAIUYUH TOJOHOMHBIX U
HETOJIOHOMHBIX CBSI3€ii?

13. Kak knaccuduuupyercs 3ajaya ONTHMAIBHOTO YIPABJICHHUS IPH
MIPUMEHEHNN BapHAIIMOHHOTO UCYHUCICHUS?

14. 3amucate ypaBHeHHe Diliepa mo nepeMeHHbIM coctostHus Yj(t) B

3aj1a4e ONTHMAJILHOTO yIPABICHUS.
15. 3amucate ypaBHeHue Ditnepa no GpyHKuusM ynpasienus U(t) B 3a-

Jaadye OIITUMAJIBHOTO praBHeHI/IH.
2.2. MpuHUMN MakcMMyMa

Pemaercs 3aJga4dya

t
J =[F(y(x),u(t),t)dt — min . (2.53)
0 u(t)
MartemMaTuueckoe onucaHue mpounecca
dy; /dt = fj(y(x),u(t),t), i=1..,n. (2.54)
I'panuunbie ycioBus
yO =y’  yt)=y". (2.55)
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OrpaHndeHUs Ha YIIPaBICHUSL

M0 <u; Ul j=1..r. (2.56)

u
IIpu nprMeHeHnu NpUHLUIIA MAaKCUMyMa PELICHUE MOXET HOCTUTraThCs
Kak B KJIacC€ HENPEPHIBHBIX (DYHKIUH, TaK ¥ B KJIacce Pa3phIBHBIX GyHKIMIT ¢
KOHEUHBIMHU Pa3pblBaMU. DTO OTIMYACT MPUHIMI MAaKCUMyMa OT KiaccHue-
CKOTO BapHALIMOHHOTO UCUUCIICHHUS.
[Ipu nokazarenbcTBE HEOOXOJUMBIX YCIOBUH MHUHUMYMa (yHKIMOHAA
B NPUHIOUIIE MaKCHMyMa HCHONB3YeTCSl WrosibuaTas Bapuanus (QYHKIUA
YIpaBIeHUS, MPEACTaBICHHAA Ha pUC. 2.2.

|

u(t)

. |
t t, t

Puc 2.2. Urompuatas GpyHKIHSL

2.2.1. Copeprxanne NPUHIMUIIA MAKCUMYMa

Dopmupyetcs pyHkmsa ['amunpToHa

n 2.57
+ Zﬂ:va ® f,(y(®),u(t),1), (@37)

rae i, i =01,...,N NOAYHMHSIIOTCS YCIOBHUSIM:
dy; /dt =—aH (y(t),u(t),w(t))/dy;, i=0,..,n. (2.58)

MareMaTU4ecKoe ONHMCAHHME MPOIECCa MOKHO BBIPA3UTh 4epe3 (yHKIHIO
H(y(t),u(t), w(t)) BBuze

dy; /dt = OH (y(t), u(t), w(t))/dy;, i=0,..n. (2.59)

Cucrema auddepeHuuanbHeIx ypapaeHui (2.58) u (2.59) nocur HasBa-
HHE CHCTEMBI CONPSDKEHHBIX YPaBHEHUH.
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BaHMS CTPYKTYPBI OCHOBHBIX HPOM3BOJCTBEHHBIX (OHIOB. B camom obmiem
BUJIe MpoOJIeMa ONTUMM3AIMK CTPATETUH 3aMEHBI OOOPYNOBAHUS Ha IIPe.-
HPUSTHN COCTOUT B TOM, YTO AN 3aJaHHOTO TOPU30HTA yNPaBICHUS (IUIaHU-
pOBaHMA) HEOOXOOMMO HAMTH TaKyl0 CTPAaTETHIO 3aMEHBI WM COXPAHCHHMS
TOTO MJIM MHOTO BUJa 000pYHOBaHUS, IPU KOTOPOH 00ecreynBaeTcsi MakCH-
MaJIbHOE 3HaUCHHE CyMMapHOH MPUOBLTH.

I'opu3oHT ympaBieHus: NPeACTaBIsAeTCA B AUCKPETHOM BHJE Yepe3 BbI-
OpaHHBII HHTEpBAJ BPEMEHH, HAIPHUMEP Yepe3 OJUH IO/,

Jnst opmupoBanus 1eneBoil QyHKIMKM BBeJEM clienyronue o0o3Haue-
HUSL:

Sj(i) — cocrosuue paccMaTpuBaeMoii CHCTEMbI MPOTHO3MPOBAHMUS 3a-

MEHbl O00OpYIOBaHWS, TOE J— [UIMTEIPHOCTh TOPH30HTA YIPABICHUSI
(j=212,.,N), i— cpok HCHONB30BaHUs WK BO3PACT PACCMATPUBAEMOIO

Buja odopyaosanus (i =012,...,K);
Uj_1(i) — ynpasnenne otHocutenbHo coctostuust (i), T.e. mpuHATHE

PELIEHHUs OCTABUTH HAXOSIIEECS B IKCILTYaTallul 000pyA0BaHUe (3aKOIUPY-
em ero kak Uj_1(i)=0) nmm ke 3aMeHUTH €ro HOBBIM 00OPYTOBaHHEM (3a-

Kozmpyem ero kak Uj_y(i) =1);
q;(i) — npubbiib, nonyyaemasi OT peanu3alMM MPOAYKLUH, MPOH3BE-

JIEHHOM 3a OJIMH MHTEpBa (I1ar) AUCKpETHU3alliy, HalpuMep, 3a OJIMH TOJI, Ha
JIAHHOM 00OpYJIOBaHHMH, UMEIOIIIEM BO3PACT i JIET;
r (i) — rogoBBIE BKCIUTYyaTAMOHHEBIE PACXO/BI MPEANPUATHS TI0 COAEP-

KaHHUIO 000PY/I0BaHHS BO3PACTa i JIeT OTHOCHTENbHO cocTosHus S (i) ;
I§(1) — nukBHmaMOHHAS CTOMMOCTB 0GOPY/IOBAHHS BO3pAcTa i JIeT OT-
HocHuTenbHO coctosnus S (i) ;

Pj — 1iena HOBOro 060pyI0BaHHUs OTHOCUTENBbHO cocTosHus S j (i) .

B 00miem Buze ctaBuTCs 3ama4da
N
QSn.u)= qu(Sj,uj_l)—>m3x, (3.128)
j=1

rae Sy — BEKTOP MCXOAHBIX COCTOSIHMII B Havalle FOPU30HTA YHPABICHHS,
Sn =(Sn(0), Sy @D,-.., SNy (K)) ; u-— BEKTOP yIIpaBJIeHUIHA,
u=(Ug,U,Up,...,Un_1) , ipudemM Uj_1, j=1..,N MOKET NPUHMMATH JHIIH

OJTHO W3 JIBYX MUCKpPETHHIX 3HaueHU (0 mwin 1) B COOTBETCTBUM C MPUHATON
KOAMPOBKOH.
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BrigenuM onTuMansHyro Tpaekrtopuio. U3 coctosHus S(l, B COOTBETCT-
BUH C TAOJHUIIEI YEeTBEPTOToO IIara UMeeM u%’lz =7, 94TO COOTBETCTBYET y4a-
CTKY ONTHUMAJIBHOW TEPPUTOPUH u(S% - S%). 3areM BBIAENAEM ONTHMAllb-
HOE yNpaBJICHUE MEpPeXoJa U3 COCTOSHUS S% B COCTOSIHHE Sg o tabnuie
12 _ 2
BTOPOTO IlIara ONTUMM3aIUK Uy'5 =5. Jlanee s coctosnus S3 1o Tabuue
HEePBOro Iara ONpeAeNsieM ONTUMANbHOE YIpaBJICHUE ug"‘l1 =3 mepexoga H
2 1
U3 COCTOSIHUA S5 B COCTOSIHHE Sj .
[NTokaxkeM ONTUMAJIBHYIO TPACKTOPHUIO IIEPEX0Ja U3 COCTOSHUSL Sé B CO-

CTOSIHUE S% Ha TpaHc(hOPMHUPOBAHHOM ceTeBoi Moaeinu (puc. 3.17).

Puc. 3.17. OntumansHast TpaeKTOpHS Iepexo/ia Ha TpaHc(HOpPMHUPOBAHHON
CETEBOM MOAETH

OnTumanbHas TPACKTOPHS U1l UCXOTHOM CETEBOM MOAENTH MMEET BUJ
(puc. 3.18).

Puc. 3.18. OntumansHast TpaeKTOpHUs Iepexo1a Ha UCXOTHON
CEeTeBOU MOJIENn

3.4.4.3. Bo10op onTHMAaJILHOII CTPaTernu HCNOJIb30BAHUS
000py10BaHMSs HA MPeTNPUATHH

Ontumuzanust cTparerud OOHOBJIEHUs (3aMeHbl) 00OpyZOBaHUS Ha
NPEANIPUSTHY SIBJISCTCS OJTHUM N3 Ba)KHEHIIMX HANPaBJICHUH COBEPIICHCTBO-
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IIpencraBum KpUTEpHil ONITUMAIBHOCTH B BUJIE
t
Yo(t) = [ F(y(t),u(t),t)dt . (2.60)
0

Samernm, uto Yo(0) =0, a dyo(t)/dt = F(y(t),u(t),t) .

@Dopmynupoexka npunyuna maxcumyma: IIycTb HalifieHBI ONTHMAb-
HBlE YpaBHEHHs, MHHUMH3Upymonue ¢yHkiuoHan (2.53). B stom ciyuae
cucTeMa CONPsDKEHHBIX ypaBHeHUi (2.58) u (2.59) uMeeT HeHyneBoe perie-
HHE, IIPH 3TOM BBITIOJIHSIOTCS CIIEIYIOIINE YCIOBUS:

1 @ysxums H(y(t),u(t),y(t)) npuHEMaeT MakCUMalbHOE 3HAYCHHE,

T.C
H” = TE?)( H (y (), u(t), w(t)) . (2.61)
2. H*(t) =const. (2.62)
3. yg=const<0. (2.63)

2.2.2. O0uuii aIropuT™M penreHus 3a1a4u ONTUMAIbLHOT0
YIpaBJeHHs ¢ HCTOJIb30BaHNEM MPUHIMNIA MAKCUMYMa
1 Maxkcumusupyercs ¢yukums H(y(t),u(t),y(t)) mo ynpasienusm

u(t) . [Tpu aToM mosy4aroT QYHKIMHU yIPABICHUS B BHIC

uj =ui (), w®), j=L..r. (2.64)

2. Oynkiun (2.64) NOACTABISIIOT B CUCTEMY COINPSDKEHHBIX YpaBHEHHI
(2.58) u (2.59).

3aMeTHM, YTO IS TIOJIYYSHHUS UX PELICHUS HYy)KHO UMeTh 2N+ 2 mocTo-
SIHHBIX MHTETPUPOBAHUS, ONpPEJCISIeMBbIX MPH HCIIONb30BaHUKU 2N+ 2 rpa-
HUYHBIX ycJIOBUHA. V3 MOCTAaHOBKM 3aJlaudl ONTHMAJIBHOTO YNpPABJIECHHS Cle-
OYIOT 2N TPaHUYHBIX YCIOBHHA M OJHO TPAHUYHOE YCIOBUE IS (YHKLHH
Yo - Hy’xHO nmeTs eme oHO rpaHUYHOE yCIOBHE.

Mpu makcumuzanuu ¢yakiua H(y(t),u(t), w(t)) mo u(t) B cumy mu-
HeitHoctn Qynkumn H  otHOcmTenmsHO Wi, i=01..,n oxHa u3 QyHKIMII
i (t) Moxer OBITH MpenCTaBlCHA ¢ TOYHOCTBIO J0 MOCTOSHHON HHTEIPHPO-
BaHUS. YUHUTHIBas TPEThE YCJIOBHE NPHHLMUIIA MaKCHMyMa, MOXHO HPHHATH
caMo 3HaueHUe QPYHKIMU Y HEHOIOKHUTEIbHONH KOHCTAHTOH (IPUHUMAETCS

Vo =-1).
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3. Temepp pelicHHE CHCTEMBI CONMPSDKCHHBIX YPABHCHHH MOXET OBITh
HaWAeHO:

yi=Vi(t), (2.69)
yi =vi(t),i=01..,n. (2.66)
4. TloncraBisrores pyHKIHH (2.65) u (2.66) B (2.64), 1 MoITydaroTCs OI-
THMaJIbHbIe (YHKIMM ynpaBieHus B BuaeUj = Uj (t).
OTH QYHKIMH YIPABIEHHUS MOKHO MOJNYYaTh B BHIe (QYHKIHA OT Iepe-
MeHHbIX cocTosnA Yi(t),i=0L..,n, e kak Uj =uj(yy(t)...., Ya(t)).

B 3TOoM cityyae 3aada ONTUMAaIBHOTO YIpaBJIECHUS Ha3bIBaCTCS 3aqaueit
CHHTE3a ONITUMAJILHOTO YIPaBJICHHUS.

3amnuiieM B pa3BepHyTOM BHJIE CHCTeMY ypaBHeHUi (2.58) u HeoOxoau-
Moe yenosue mMakcumyma OH (y(t), u(t), w(t))/ou; =0, j=1..r, dynkuuu

H(y(®),u(®), w(t)) :
dyj /dt =—yod(F(y(1), u(t).t))/ dy; —

) , 2.67

- Lk OO YO UO.0)/ 0¥, =T (2.67)
A(H(Y(®),u(t). )/ duj = wod(F (y(1). u(t). 1) /&u; +

(2.68)

+ I(anlwk(t)a( fi(y@®,u(t),t))/oéu; =0, j=1..r

3aMeTHM, 4YTO BBIpaXXEGHHE AT TNPOU3BOAHBIX (2.67) COOTBETCTBYET
ypaBHeHusM Oitnepa (2.51), 3amucanaeiM s Gyskimit Y (t), k=1..,n, a
ycnosue (2.68) cOOTBETCTBYET ypaBHEHHSIM Diiepa (2.52), 3amucaHHbIM IS
dbynxrmit uj(t), j=1..,r, B KIacCHIECKOM BAPUAIMOHHOM HCUUCIICHUH TIPH

peUICHUH 3aJa4U ONTUMAJIBHOT'O YIIPABJICHUS.

2.2.3. [Ipumep peuieHus 3a1a41 ONTUMAJLHOIO YIIPABJICHUS
€ HCMOJIb30BAHUEM MPHHIIUNA MAKCUMYMa

Ipumep. Haiiti ynpasnenue U(t), npu KOTOpOoM HYHKIHOHAT
t
I(y®).u(t) =1/2f (yt)? + ut)?)et,
0

y(0)=l, y(tk)=2,
MNPUHUMACT MUHHUMAJIbHOC 3HAYCHUC.
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VYpaBuenue quaamuku oobekra dy(t)/dt =ay(t) +u(t).
ITycTh Ha ynpaBieHHE HE HAJIOKEHO OTPaHUYEHHIA.

Beenem dyg /dt = (y2(t) +u?(t))/2, ys(0)=0.
CocrasuM dyHKImo ['aMuasToHa
H(y(t),u(t),w (1)) = wo fo (y(),u(®)) + w(t) f (y(t),u(t)) .
B pasBepHyTOM BHjIE
H(Y®UO.w(0) = woly* ®) +u©)/ 2+ wt)(-ay t) +u(t) -
Ipumem o =—1. ConpskeHHOE ypaBHEHUE
dy /dt =—aH (y(t),u(t), w(t))/8y(t) = —y(t) + ay(t) .

Makcummupyem ¢ynkuuio H(y(t),u(t), y(t)) . HeodbxonumbiM ycnoBu-
eM ee okcrpemyma siBmsercs O H(y(t),u(t),w(t))/ou(t)=0, orkyna
uit)—w()=0, 1. e u(t)=wy().
IMoxcrauMm U(t) B cHCTEMY COTIPSKEHHBIX YPaBHEHHIA:

dy(t)/dt =ay(t) +w(t),
dy(t)/dt =—y(t) +ay(t) .
Peulenne 3TUX JBYX YPaBHEHHIM C MCIOJIB30BAHMEM I'PAHMYHBIX YCIIO-

Buit maet y=y(t), y=wy(t).

2.2.4. YncieHHOe pelieHUe 321244 ONTUMAJIBHOI0 YIIPABJIEHUS
€ MCTOJIb30BAHMEM MPUHIMIA MAKCUMYMa

B Tex ClIy4dasx, Koraa CUCTeMa COIIPSIKCHHBIX ypaBHCHI/Iﬁ HE MOXET
OBITH peuieHa aHAJIUTHUYICCKU HUJIW AHAJIUTUYCCKOC PCHICHUC MNOJYYUTh TPYyA-
HO, OHA peHIacTCd YUCJICHHO. HpI/IHI/IMaCTCﬂ, qTo

dy; (/] _,_, = (y; (k+2)t) — y; (kat)) / At (2.69)

dy; (t)/ dt|t=kAt = (v (K +D At) — y; (kat)) / 4t . (2.70)
Tornaa st cuCTeMbl ypaBHEHUMN:
dy; (t)/ dt|t=kAt = oH (y(t), u(t), w(t))/ ov; |t=kAt’ ilk=01...,n
B COOTBETCTBHU ¢ (2.69) nmeem:
Yi((k+1)Aat) -y (kat) _

At (2.71)
= BH (y(t), u(t), w())/ dwif,_, - 1-k=02L...n
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Otkynma
yi((k +1)At) = y; (kat) +
+ At-oH (y(t),u(t),w(t))/6Wi|t=kAt, i,k=01..n"
st cuctemMbl ypaBHEHUN
d\|1i(t)/dt|t=kAt =—0OH(y(t),u(t),t)/oy;, i,k=1..,n

(2.72)

B cooTBeTCTBUU C (2.70) nmeem
(vi((k+1)at) -y (kat)) _

At (2.73)
—OH(y(t),u(t),t)/&Yil,_, o k=010

Otkyna
vi((k +1)A4t) = y; (kat) -
— At-OH (y(t), u(t), w(t))/ dy; |t=km, i,k=01..,n

AﬂzopumM peuwienusn 3a0auu OnMUMAIbHO20 ynpaejleHuna YUucCjieHHbIm
MEmo0OM C UCHOJIb30GAHUEM npunHyuna mMaxKcumyma

1. IpomsBonsro 3anatotest i(0),i=01,...,n nnomaraercs yg=—1.

(2.74)

2. VI3 rpannuHbIx ycnoBuit Beoupatorest Yi(0),i=01,...,n.

3. HloxcraBmstorest BeIOpanHbie o, Wi (0),yj(0), i=01...,n B ¢pyHKumro
(2.57), t.e. H(y(0),w(0),u(t)), u (2.57) makcumusupyercs. IIpu 3TOM moiy-
gatoT U(0) = (u(0),...,u, (0)) .

4. Beraucmsiior Y (A4t), yi(4t),i=1...,n, t.e. yj(4t) u y;(4t) opu
k =1 no ypasaenusim (2.72) u (2.73).

5. Haiinennble 3Hauenus VYj(kAt) u yi(k4t), i=1...,n noacraBusioT
B ¢yHKIHIO (2.57) M €e MaKCUMU3HPYIOT.

Ipu atom momy4aror U(kAt) = (uy(kAt),...,u, (k4t)) opu k =1. IMynk-
1ol 4 1 5 Bemonusirores 10 K= N, roe N cootBercTByet yenouto NAt =t, .

6. TIpoBePSIOT BHITOJHEHHE YCIIOBHIA:

yi(t) = VP (NAY) < 8;, i =1,...,n, (2.75)

nim

N
> (yit) - yP(NaY)? < 4, (2.76)
i=1

rae yip — paccuMTaHHOE 3HaueHue Yj, a Oj u A — TpedyeMasi TOUHOCTH BbI-

ypcieHuii. Ecnu YyCJI0BUS ITYHKTa 6 He BBITIOJIHAOTCA, TO 3aJal0TCs HOBBIC
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3TAT 4 6 i 7 4-i
1- 2-H i 3-i 3TAll
3TAIl 3Tall 3Tall

Puc. 3.16. TpancdopmupoBaHHas ceTeBas MOICIThb

PaccmoTpum mormaroBoe peueHue 3agadi mepexosia U3 COCTOSHUS S(l) B

COCTOSIHUE Si [0 TPAaeKTOPHH, O0O0ECTIeUunBaloNIell MaKCUMalIbHOE 3HAYECHUE

3¢ EKTUBHOCTH.
IepBsiii mar. @yHKIMOHANBHOE YpaBHEHUE F3’4(S§l) = ug’l.
DddexkTuBHOCTH n
CocTosiHue ITepexon Hepexoza F34(S3)
1 1 1 11 _ 11 _
S3 u(Sz — Sz) Uzy =2 Ugy =2
2 u(ss - S3) udy =3 uiz=3
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snayenns ¥(0) = (y1(0),...,w,(0)) u nmpoucxomur nepexox K MyHKTY 2 AJIA
MOCJIEI0BATENILHOTO BHITOJIHEHHS BCEX MyHKTOB aJlrOPUTMA.

2.2.5. Oco0eHHOCTH pellieHNs 32124 HA MAKCUMAJILHOE
ObIcTpoaeiicTBHE

B 3amade Ha MakcuManbHOE OBICTpOAEHCTBHE (DYHKIIMOHAT HMEET BH:
t
J=[,dt, 2.77)

T.e. MoAbIHTEerpabHoOe Beipakenue F(y(t),u(t),t) =1.

[Tpu stom dynkuus ['amunsToHa (2.57) mpuHUMaeT B

H(y(®),ut),y()=vyo+ kilwk ®) f (y(®,u®),1), (2.78)

nim
H (y (), u(®), w(t) = H(y(t), u(t), w(0)) - o =

’ (2.79)
= Zi® B O.u0.)

Oynukiusa (2.79) Ha3piBaeTCs YKOpOUEHHOH ¢yHKuueil [amummbToHa.
Pemenne 3a1aun BBITONHACTCS 10 BBIMICIPUBEICHHOMY aITOPUTMY IS YKO-
pouenHOH (yHKIHK ["amueToHA (2.79).

IIpumep pemeHusi 3aJa4u HAa MaKcUMaJibHoe ObIcTpoaeiicTBue. Pe-

ImaeTcs 3ajada nepesoja cucteMsl n3 cocrosaus Yy (0) = yf u y,(0)= yg B

cocrosaue Y ()= yf u Yo (ty) = yI2< 3a MUHUMAaJIbHOE BpeMs.
MaremaTnyeckoe olMcaHHe mpolecca:

dy,()/dt=y,(), f(y,@),y,®).u®)=y.@t)=y,),
dy,(t)/dt=u(t), f,(y,(t),y,(),u(t)) =y, (t)=u(),
-1<u(t) <1
CocTaBuM yKOpOUeHHYIO QyHKIMIO ['aMuIbTOHA
H = w1(t) f(ya(t), Y2 (), u®) + v @) f (ya (1), y2 (), u(®)) =
=y (1) Y2 (t) ++y o (Du(t)

MakcummzupyeM  yskuuio [lamunbroHa. YuuThIBas JIMHEHHOCTDH
¢ynkuun H otHOcHTenbHO U(t), mpu orpanmuennn —1<u(t) <1, umeem

u” (1) =Sign( (1)) -
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ComnpspkeHHBIE YpaBHEHUS

dya()/dt =—0H (y(O.u® W) (O =0,
dy (1) dt = —3H (y (), u(t), w() /3y, (1) = iy (V)

Pemenne 3Tux ypaBHEHHH fnaeT Wy = const =Cy,

vo(t) =y (t)dt+Cy =Cit+C; .

VYuuteiBasg JUHEHHOCTH (QYHKIMH o (1), IPH ONTHMaJbHOM YIPaBICHUH

BO3MOXHO JIUIIb OJHO TepekmoueHne U(t) nubo ¢ -1 Ha 1, mubo ¢ 1 Ha -1
(puc. 2.2).

Yol

Ay Ay

T [ N
\

Puc. 2.3. T'padukn dyHkimii yo(t) n U™ (t)

B cootserctBHu ¢ U™ (t) = Sign( y, (t)) onTiManbHOE ympaBIeHHE TOXe

TOJIBKO OJIMH pa3 MEHAET 3HaK U MOXKET MepeKrouaThes co 3HaueHud (-1) Ha
(+1) wmu co 3nauenus (+1) Ha (-1).

Pemienne cucrembl ypaBHEHUN MaTEMaTHYECKOIO OMUCAHUS PaccMOT-
pumpu U=1 mmpu Uu=-1.

Iycre U =1, rorga dy;(t)/dt=y,(t), dy,(t)/dt=1.
IMomemuM mepBoe ypaBHeHHWe Ha Bropoe: dyp(t)/dy,(t) =y, (t), wnm

dy1(t) = yo(t) - dy, (1), Torna
Y,® =[y,(®dy, +C, = y2(®)/2+C,.

Iycts U=-1,Torma yj(t)= —y% ®)/2+C4.
IlycTh KOHEYHOE COCTOSHHME CHCTEMbI OINPENEIEHO  YCIOBUAMH
yitk) =0 m  yo(t)=0. Torma mm t=t u u=1 wumeem
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IIpumep BbIGOPa ONTHMAJIBHOIO MYTH HA CeTeBOI MoaeH
Ha puc. 3.15 npencraBieHa ceTeBast MOJIENb, COCTOSINAS U3 § COOBITHIA
u 13 paboT, IpOIOIDKUTETFHOCTh KOTOPBIX YKa3aHa Hak (TTox) paboTamu.

Puc. 3.15. UcxonHas ceTeBast MOJENb

CoctaBuM TaOIHUIy COOBITHIA

CoObITHs
Drarnsl

1 2 3 4 5 6 7 8
0 s}
1 st s2
2 s s3
3 s3 s?
4 S

Ha puc. 3.16 npencrasiena TpaHcGOpMUPOBaHHAS MO dTalaMm pacuera
ceTeBasi MOJICIb.
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Jns cocTostHus SlN_Z YCIIOBHO ONTHUMAIBHBIA MyTh B SlN TIPOXOJIMT,
HaMpuMep, 4epe3 COCTOSHUE S,r\'f_l pH u}\’,rfz N—1: umfl N H obecnieunBaeT

NpUpAIICHHE KPHUTEPUsl ONTHMAIBHOCTH, pPaBHOE FN—2,N(51N—2) =

1m m
UN—2N-1+ Fn—tN (SN-1) -

Jlist coctosums SJ_» YCIOBHO ONTHMANBHBI MyTh B Sk , HATIPHMED,
IPOXOAHT CPa3y IpH Uﬁ‘fz, N M o0ecrieunBaeT NpUpAICHHEe KPUTEPUs OITH-
ManbHOCTH, paBHoe Fy_1 N (SN_2) = UEEZ,N .

Jlns cocTostHms, HapuMep, Si_y Ha K -OM Iare IpHHSTHS pelIcHHi
YCIIOBHO ONTHMAJIbHBIA IyTh B SlN NPOXOIUT Yepes COCTOAHME Sij_k +2

AUt KOTOpOro BenmuuuHa Fy_k o N (SlN_K +2) BBIUHCIICHA Ha MPEIBITyIIEM
miare NpH YCJIOBHO ONTHMAIBHOM YINPABICHHH, 00ECIICUNBAIONMIEM IIEPEX0.
U3 COCTOSIHUSA SlN_K 4+2 B IOCIENYIOIIEE COCTOAHME II0 YCIOBHO ONTHMAIb-
HOH TPacKTOpHUHU.

Jlnst cocTostHus, HarpuMmep, S\ _k Ha K -OM IIare NpUHATHS pelleHui
YCIIOBHO ONTUMAJIbHBIN ITyTh B COCTOSTHHE SlN IIPOXOJUT CPa3y B COCTOSHUE
S%\] . IIpu 3TOM yCIOBHO ONTHMaNbHas BEIWYMHA MPHUPAILEHHUS KPUTEPHs

m m,1
OnTUMAaIbHOCTH cocTaBUT Fy_k N (SN-Kk)=UNZK N -

J1s1 ICX0IHOTO COCTOSHUS S(l) Ha N -oM mIare IpUHATHA PEIICHUH yc-

JIOBHO ONTHUMAJIbHBIN ITyTh B COCTOSTHUE SlN MPOXOJUT Yepe3 COCTOSHUE S% )

Ayt kotoporo BennunHa Fp (S;‘ ) BBIYHMCIICHA HA MPEIBIIYIIEM IIare mpH

YCIJIOBHO ONTHMAaJIbHOM YIPAaBJICHUH, 00ECIICUNBAIOLIEM IIEPEX0J] U3 COCTOS-

HUS S%‘ B MOCJEYIONIEE COCTOSHUE 10 YCJIIOBHO ONTHMAJIbHOM TPAEKTOPHUHU.
Brlaenenue onTHManbHOM TPAaeKTOPUM OCYILECTBIISETCS U3 COCTOSHUS

* 1,
Sé 4€epe3 ONTHMAJILHOE yNpaBjieHue Uy = uo}} MEPEX0I0M B TOCIEAYIOIIEe
ONTHUMAJILHOE COCTOSIHME, HalpUMep S}% , U3 KOTOPOIo Yepe3 ONTUMaJbHOE
NTRY
yHpaBieHHe UKM j TePEexXOAT B MOCIHEYIOMEe ONTHMAIBHOC COCTOSAHUE S}’

U T.O. 10 JOCTHXKCHHUEC KOHCYHOI'O COCTOSIHUA S]N .
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yi(te) = y% t)/2+Cs, C;=0, a JUTSt u=-1 nMeeM

2
yi(t) =y2(t)/2+Cy, C4 =0.
TpaexTopun IBIKEHUS CHCTEMBI IIPH Pa3IMYHBIX HayalbHBIX YCIOBHAX
TIpUBEJICHEI Ha puc 2.4.

Puc. 2.4. TpaekTopuu 1BUXKEHUS CUCTEMBI

Crie1oBaTeNbHO, Yepe3 KOHEYHYIO TOUKY MMPOXOJISAT TPASKTOPUH JBUKE-
Hust: ipu U =1 Oyner vy (ty) = y%(t)/Z,
anpu U=-1 umeem ()= —y%(t)/Z .

Yro661 3 mpousBoibHOM Toukn Y(t) = (Yq(t), yo(t)) nmomacte B KOHEU-

HYX TOYKY IIO OIITHMAaJIbHOU TPACKTOPUH, HYKHO U3 9TOM TOYKH IOUTH IO
TPACKTOPUHU, BLIBOHHIIICﬁ CUCTEMY Ha JIMHUIO NEPECKIIIOYCHU S

y1(t) = Sign(-y, (1) - y> ©)/2.

IIpu nocTukeHUU 3TOH JIMHUY 3HAK YIPABISIOUIETO BO3ACHCTBUS HYKHO
CMEHUTb Ha IPOTHUBOIIOJIOKHBIMN.
OnruManbHOE YIPaBICHHE COOTBETCTBYET YCIOBHIO

u” (t) = Sign(y1(t) - Sign(y, (1)) - Y§ ()/2).
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2.2.6. [IpuMeHeHHe MPUHIIMIIA MAKCUMYMA /IS pellleHus] 321291
MaKCHUMM3AIMU WHTErpajia oT (PyHKINH M0JIe3HOCTH
¢ MCMOJIb30BaAaHUEM MOJIeTH MaKpodIKkoHoMHuKH Cosioy

PaccmoTpuM Mozens (QyHKIIMOHHPOBAHUS 3KOHOMHYECKOW CHCTEMHBI,
npemioxkeHnyo Coinoy. ®opmupoBaHue (OHIa HENPOU3BOIACTBEHHOTO MO-
TpeOJIeHUs MOKa3aHo Ha puc. 2.5.

I=p(1-a)X

L I

—  » X=FKL |—e
t ax

Puc. 2.5. ®opmupoBanue HoHIa HETPOU3BOICTBCHHOTO MOTPEOICHUS

C=(1-p)(1-a)X

3nech L — uymcio 3aHATBIX, X — BaJOBOW OOLIECTBEHHBIH MPOIYKT
(BOII), | — unBectnuuu, K — ¢onapl, C— GoHA HENPOU3BOJICTBEHHOTO I10-
TpebNeHus, V— TOAOBOM TEMN MPHUPOCTA YUCIA 3aHATHIX, [/ — JIOJIS BBHIOBIB-
LIMX 32 TOJl OCHOBHBIX MPOU3BOJCTBEHHBIX (POHIOB, a — KOIDGULMEHT Tpsi-
MBIX 3aTpaT (J10J1s mpoMexyTouHoro npoaykra B BOII), p— Hopma Hakorie-
HUs (1o BanmoBbIX mHBecTHIHNH B BOIT).

-1<v<l,0<pu<l, 0<ax<l, 0<p<l.

B xax1p1if MOMEHT BPEMEHH T'OJIOBOH BBIITYCK OTpenesieTcs: (QyHKITHeH
X =F(K,L) . DOra dyukuus ssisercs ¢pyukiueir Koo66a-/lyrnaca

F(K,L)=A-K*- ", 0<a<1.
BBGHCM OTHOCHUTCJIbHBIC ITOKAa3aTeJIn (Ha OJHOT'O pa6OTHI/IKa)
k=K/L, x=X/L,i=I1/L, c=C/L,
TOTaa
x=F(K,L)/L=f(K), i=pl-a)x, c=(1-p)l-a)x.
Mogaens Cosioy umMeeT BUa
dk /dt =2k + p(L—a) f (k) (2.80)

roe A=p+v, p#const, p=1-c/((1-a)f(k)).
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Teneps ¢ ydéToM BEIpaKeHHUS p ToidyyaeM Mozens Coloy B BUAC
dk/dt=—-Ak —c+(@1L-a)f (k). (2.81)

OTta MOACb ABJIACTCA MOACIBIO JTUHAMHUKH CUCTCMBI.

Ilocmanoexa 3a0auu onmMumMaibHO20 ynpaejieHus: MaKCI/IMI/ISI/IpOBaTL
JAUCKOHTHUPOBAHHYIO MOJIC3HOCTH OT HOTpeGJ’IeHI/IH 3a JIUTEIbHBIN HUHTCPBAJI
BPEMCHHU

I =[e"u(c(t)dt— max (2.82)
0
C OrpaHI/IquI/IHMH
0< i < c(t) < (k) (2.83)

rae O — mapaMmerp AUCKOHTHpOBaHHMs, U (t) — QyHKIHS MONE3HOCTH, yIOBIIe-

TBOPsIOIIast YCIOBUAM:

u>0, du/dc>0, dzu/dc2<0,

lim du/dc =00, |jm du/dc=0.
c—0 C—®

TurnoBast GpyHKIKS MMOJIE3HOCTH MpeJiCTaBlieHa Ha puc. 2.6.

A u(c)

> .
Puc. 2.6. ®yHKIUS TOIE3HOCTH

Mopens auaamuku cuctemsr dK /dt = —Ak —c(t)+ (L—a) f (K).
PaccmarpuBaeTcst pelieHre 3Toi 3a1aud ¢ UCIONB30BaHUEM MPHHIMIA

MaKCHUMYyMa.
Anzopumm maxcumuszayuu uHmezpana QynKyuu noaezHocmu
OT 3aaun MAKCUMH3AIIUH UCXOTHOTO (YHKITMOHATA TIepeiIEM K 3a1ade

MHWHHUMH3alH:

t
-3 =—[e ®u(c(t))dt > min (2.84)
0 c(t)e
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0<Cpin<c(t) < f(k), (2.85)
dk/dt=—-Ak —c(t)+ (L—a) f (k). (2.86)

dopmupyetcs hysakims ['aMunbpToHA
H = -y (€ 0tu(c(t)) + wy () (—Ak —c(t) + (1—a) f (k))e 0! . (2.87)

Ipunumas yg =—1, nony4um

H =3t u(c()) + wy (0)(~1k —c+ (1—a) f (K)) . (2.88)

Beeném obosnauenue ((t) = wq(t)- e ot

3an141ueM COMPAXKECHHOC YPAaBHCHUC
dq /dt =—H / 8k = —( ™0t (—yy () A+ wy (DA a) df (k) /dk)) . (2.89)

Pa3BepHeM JieByI0 yacTh ypaBHeHus (2.89) ¢ yuérom o6o3Hauenus ((t)

e~ dyy (t)/dt + (-0)e ™y (1) =e O (yr (O - A—a) F'(K).  (2.90)
Ypasuenue (2.90) nmpuBeneM K BULY
dyy ()/dlt = (5 + W)y () — (L—a) ' (K)w (1) (2.91)

HomomanM  ypaBHeHHE (2.91) MaTeMaTHYECKHM OIMCAHWEM CHCTE-
MbI (2.86).

Janee Hy)XHO MaKCHMHU3UPOBaTh QYHKIHUIO (2.88) mo QyHKIMH ynpas-
nenus C(t) u pemmth coBMecTHO ypaBHeHus (2.86) u (2.91). YuureiBas He-

JIMHEHHOCTh BBINICTIPUBEAEHHBIX YPAaBHEHUH, PEIICHHE LeIecO00pa3HO BHI-
MIOJTHATH YHCIICHHO, UCTIONB3YS BHIPAKEHHMS:

Y (idt) = i (i~ At) -
1O sy (A= D 0 gy gy — R+ O} AL

k(iat) = k(i -DAt) +[L-a) (k)]

(2.92)

» ~hat (2.93)

- 7‘k|t=(i—1)At - C|t=(i—1)At
B IIPUBEAEHHON HUKE TIOCIIEN0BATEIbHOCTH:
1. 3anatorcs ucxoansie 3Hadenust pyakuuii K(0) u y(0) mpu i=1.

2. Onu moacTaBisAroTes B QyHKIM0O [aMHIBTOHA M OHAa MAaKCHMU3H-
pyercs o €. IIpu 5ToM GymeT moay4ueHo 3nadenue C(0).

3. TIpu k(0), c(0) u y(0) mo BeimenpuBeaéHubM hopmyam (2.92)
u (2.93) Berancisirores 3Hadenus Y() u K(Q) mpu i=2.
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4.  Tlpomenypsl, BEITIOJHEHHBIE B MyHKTaX 2 W 3, TIOBTOPSIOTCS Jaliee
U1 3HaueHui i =3,4,5,...

Pacuér k(i) u (i) mpekparmaercs Ipu JOCTHKCHHU YCIoBHs At =1
WIHM TPH TOCTHKCHHU YCTAHOBHBILETOCS COCTOSIHHSI CHCTEMBI IO MPU3HAKY
|(ki —ki_1) /K | < 8, ecii BEpXHUil pe/ieN UHTerpasa He 3a/1aH.

5. BrolmonHeHue IpaHUYHOIO YCIIOBUA k(iAt)—kgao(tk) <&, mnpo-
BEPSICTCSL.

Ecnu oHO He BBIMOJHSETCS, TO 331at0T HoBoe 3HaueHue \y(0) , ucxoaHoe

(nauanbHoe) 3HaueHHe K(0) m ocymiecTBiseTcs Mepexon K MyHKTY 2.

2.2.7. HeKOTOpLIe BapUaHTHI NOCTAHOBKHU M PCIICHUSA 3ada1
ONITUMAJIBHOTO YIIPABJICHUSA

Hwuxe npeacraBieHsl paBuiia UCHOAb30BAaHUS MAaTEMATUYECKOTO arIia-
paTa MpUHLMIIA MAaKCUMyMa Ul PELIEHUS 3a1ad ONTUMAIBHOIO YIIPABICHUS
IIPU HEKOTOPBIX YCIOBUIX, OTIMYHBIX OT YCIOBUM pacCMOTPEHHBIX BBIILIE.

PaccmarpuBaercs ynpaBiisieMblil poOLECC, OMUCBIBAEMBIA CHCTEMOM
i depeHInanbHBIX YpaBHEHUI

dy; (t)/dt = f; (Y(t),ut)), i=1...n. (2.94)

3aoaua 1. Tpebyercs HaiiTH onTHMaibHOE ynpasieHue U™ (t), mepeso-
Jsiliee TPOLEecC U3 HaYaJIbHOTO COCTOSHHMS, 3aJaHHOTO HENOJIHBIM HabopoM

3HAYEHUH MEPEMEHHBIX Y (to)

yit9)=y? i=1..n nd<n, (2.95)

B KOHEYHOE COCTOSIHHE, KOTOPOE TaKXKe 3a4aHO HEMOJHBIM HabopoM 3Hade-
Huit nepemerHbIX Y (fy ) , 328 MUHUMaIBHOE BpeMsI

yi(tk)=yik, i=L...,n{‘,n{‘<n. (2.96)
Cxema pemennsi. Cocrasisiercst Gpynkius H
Hw (), Y (1), u(t)]= kZ:,l//k ® £ (Y (©),u(®) (2.97)

U 3alMChIBACTCS CUCTEMa ypaBHEHUM i GpyHkumid i (t)

dy, /dt=0H /0y, =

= Zn:l//k ®yof, (Y(®),u(t)) /oy, i=1..,n (2.98)
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OnruMasibpHOE YIpaBieHHE NP HHTETPUPOBAHHU CHCTEM YpaBHEHHI
(2.94) u (2.98) BrIOMpaeTCs U3 yCIOBUSA

HIw (), Y(©),u" ()] = max Hlw(t), Y(t),u]. (2.99)
(S
Jlns onTUManbHON TPAEKTOPHU MIPH 3TOM BBITIOJIHAETCSI COOTHOILICHHUE
Hw(t), Y(t),u” (t)]=const >0. (2.100)
[Ipu coBMECTHOM MHTETpUPOBAHUH CUCTEM ypaBHeHUi (2.94) u (2.98), B

polLecce KOTOPoro u3 cooTHomeHus (2.99) HaxoAuTCs ONTUMAIILHOE YIPaB-

JeHue U™, HeIOCTAOIINe TPAHUYHBIC YCIOBHS MOJIYYalOTCs 33JaHHeM Ipa-
HUYHBIX 3HAYCHUI [0 CIACAYIONIEMY TIPABUITY.

Ecmm nnst pynkoum Y (t), y xotopoit ycinoBusamu (2.95) u (2.96) Ha-
YaJbHOE MJIM KOHEYHOE 3HaueHHEe WM 00a BMeCTe He (PMKCUPYIOTCS, TO VIS
dyuakimu i (t) HayambHOE MM KOHEYHOE 3HAa4YEHHE WM 06a BMECTe moJja-

raroTcst paBHbIMU Hymt0. [Ipu 3ToM K cucteme nf + n{‘ TPaHUYHBIX YCJIOBUHI

(2.95) u (2.96) must y;(t) nobasmsercs cuctema 2n-nf—n{‘ IPaHUYHBIX

yeoBuit 1ot GyHkumn i (t)
yilt))=0, i=nl+1..n, (2.101)

yilt)=0, i=nf+1..n. (2.102)

B nanpHelmeM mpu HHTETPUPOBAHUM CHCTEM ypaBHEHUiI (2.94) u (2.98)
NOAOHPAIOTCS HaYaJIbHble 3HaYeHus [t GyHKumi Y (t)

yO i=nl+1..n, (2.103)

¥, i=nf 410, (2.104)

9TOOBI 00eCNeunTh BBITIONHEHHE yciaoBul (2.96) u (2.102) nns KoHEYHOTO
COCTOSIHHUS TIpOIIecca.

3aoaua 2. Tpebyercs HaiiTH onTUManbHOE yrpasieHue U”*(t), mepeso-

JiSIIIEe MIPOLIECC U3 3aJJaHHOT0 HEKOTOPEIM 00pa30oM HAyalbHOTO COCTOSIHUS B
KOHEYHOE COCTOSHUE TaK, YTOOB! (yHKIIMOHAI

ty
J=[F(Y(@),u(t)dt (2.105)
to

MPUHUMAJ MUHAMAIIEHOE 3HAYCHUE.
Br16op HavadbHBIX YCIOBHH AJIsI MHTETPHPOBAHUS CHCTEM CONPSIKCH-
HBIX ypaBHEHHH OCYIIECTBIIICTCS TaK K€, KaKk W B 3amade |, mpuyem, eciu
44

JUis BTOpPOro 1Iara 3alUCBIBAIOT BO3MOXKHBIE COCTOSIHUS Sﬁ_z
(n=1,...,m), U3 KOTOPHIX BO3MOXEH IEPEXOJ WK B COCTOSHHE BEKTOpa

SN—l’ WX B KOHCYHOC COCTOSHHC S]N , @ TAKKE 3allMCbIBAIOT YIIPABJICHUS,

00€ecIIeYNBAOIINE COOTBETCTBYIONINN TIEPEXO.
Jlanee 3anuchIBalOT OLECHKY 3()()EeKTUBHOCTH COOTBETCTBYIOLIETO MeEpe-

X0/la U CyMMapHYIO OLIeHKY 3(()eKTHBHOCTH Nepexoaa U3 COCTOSHUS Sﬁ_z
(n=1..,m) B cocrostane Sy_; (v=1..,m) 1 cyMMapHyio OLEHKY ] dek-
TUBHOCTH II€PEXO/A U3 COCTOSHUA S\ _p B COCTOSHHE SlN . B Tom cnyuae,

Koraa U3 COCTOSHHUs S“_ HUMECT MCCTO IIEPEXOJ Cpa3y B COCTOSHHC Sl y
N-2 N

oreHKa AP PEKTUBHOCTH ONpPENEeNAeTCs YIPaBICHHEM uﬁi N

3ateM BBHIOMpPAETCS YCIOBHO ONTHMAJBHBIN MYyTh MEPEX0/a U3 3aJaHHO-
IO COCTOSIHMSI B KOHEUHOC COCTOSIHHE, OOCCIICUMBAIONIMNA MAKCUMAaJIbHYIO
3¢ GEKTUBHOCTb.

Jns mocnenyromux I1aroB 3alyChIBalOT BO3MOKHBIE COCTOSIHHSA Sﬁ_k

(u=1...,m), U3 KOTOPHIX BO3MOXKEH MEPEXO/] B JTH0OO0C MOCIEIYIOIIEe COCTOSI-

HHe Sy_ka14+i (1=01...k=1 v=1..,m), a TaKKe 3aNHCHIBAIOT yIPABIECHHS,
ofecrieunBaroIIe ITOT MePeXol. 3aTeM 3alMCHIBAIOT ONEHKY S(hdeKTHBHOCTH
COOTBETCTBYIONIETO MEPEX0/IA, MAKCUMAIBHYIO BETHUHHY >Q(MEKTHBHOCTH Me-
PEX0JIa M3 TIOCIE/IYIONIETO COCTONHMS SY_j414j B KOHEUHOE COCTOSHHE Sf ,
3aIHMCHIBAIOT CyMMapHOE 3HAYeHHEe YKa3aHHBIX d((eKTUBHOCTEH M BHIGUpAIOT

IIyTh YCIOBHO ONTUMAJILHOTO TIEPEX0AA M3 COCTOSHUS SN _j414j B KOHEUHOE

COCTOSIHHE SlN 10 MaKCUMAaJIbHOW BeJIMYMHE YKa3aHHBIX 3()(EeKTHBHOCTEIL.

Hwxe npuesem TabiuIpl Ui IEPBOTr0, BTOPOTO U MOCIEAYIONUX Ia-
TOB PELICHUs 3a1a4H.

HepBoiii mar. @yaxmuonansHoe ypaBHeHue (3.121). Emy cootBetct-
ByeT Tabnuua.

D¢ hekTHBHOCTD u
CocrosHue Iepexon Hepexoza Fn-in(SN_1)
1 11 11 11
SN-1 UN-1,N UN-1,N UN-1,N
N - SO B e
SN-1 UN-1N UNZ1,N UNZ1,N
. - St I o
SN-1 UNZ1N UNZ1N UNZ1N
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st k-ro mrara (k=3.4,...,N)
Fnok,n (SN_k) =
B nﬁ([umkv’\“kﬂ—ﬁ FN—k=14i,N (SN —k=141)], (3.125)
p=lo,m v=l..m i=0L..k; k=34.,N.

B pPE3yabTATC ONTUMU3ANN HA k-M miare MoJIy4ynm

U —k+1 (SN-k) = EN—k+1(SK i) - (3.126)

Tocnequuit mar ontuMusanuu BeimoaseTcs npu K = N. Ha mocenaem
mrare moryqnM

u; (S3) =&1(S3) - (3.127)

Bripaxenus (3.122), (3.124), (3.126) onuchIBalOT yCIOBHO ONTHUMAJIb-
HBbIE YTPaBJICHUS A KaXJOW U3 COCTABIAIOIIMX BEKTOPAa COCTOSHUH COOT-
BETCTBYIOIIEH CTaJ(H, HAYWHAs CO BTOPOH.

[TonmydeHHoe onTHManbHOE YNpaBIEHHE JUIA MEPBOI CTaIWU OTHOCH-

1
TEJIbHO COCTOSTHUS So (3.127) maet BO3MOKHOCTh BBIIEIUTH ONTHMAIBHYIO Tpa-
6 N
EKTOPHUIO Mepexojia U3 COCTOSHUS B COCTOSIHHE CIIEIYIOIUM 00pa3oM.
[NoyueHHoe 3HaveHne yrpapieHus (3.127) mys mepBoi cTamud MOACTAaBIAIOT B

* *

J+i J+i

(3.118) u moMy4arOT ONTUMATEHOE COCTOSTHHE . 3atem TIOJICTABIISFOT
j+i=N-=-K
B COOTBETCTBYIOIIIEE eMy BhIpakeHue (3.126) mpu U MOJY4aroT
u }+i+1
ONTHMAJIBHOE YIIpaBJICHHE . Takum 06pa3om, U OOUEPETHOM UCTIONb-

30BaHMU BeIpakeHHiH (3.118) u (3.126) Oyner BbIIeNneHa ONTUMANIBHAS TPACKTO-

pus, 06eCTIeYnBaroNIas MAKCHMAITBHOE 3HAYEHHE KPUTEPHUST ONITHMAIBHOCTH TIPH
S3 st
niepexozie u3 cocrosiaust °0 B coctostaue ON |

Pemenne 3agaun Mo onucaHHOMY aJTOPUTMY BO3MOKHO IMPOTPAMMHBIM
IIyTeM, TaK KaK OCHOBHBIE 3Talbl €€ PElICHHs JOCTATOYHO (HhOPMaIU30BaHBI
JUIS COCTaBJICHUS IPOrPaMMBI.

OnHaKo MOXKHO pElICHHE 3a]a4d BBIOJIHNTH TaOJIMYHBIM CIIOCOOOM, pea-
M3ysl (QYHKIMOHAIBHBIC YIPABJICHHS JUHAMHYECKOTO IPOTPaMMHUpOBAHHS B
Buie TaOmui. [TprHIHIT cocTaBIeHNs TaOINIT 3aKITI0YAETCS B CIIEIYIOIIEM.

HaumHas ¢ mepBoro mara, 3amMchIBalOT BO3MOXKHBIC COCTOSHHS Sﬁ_l
(pn=1...,m), U3 KOTOPBIX BO3MOXEH TEPEXO]] B KOHCUHOE COCTOSIHUE SlN ,a

1
TAKKEC 3alIMCBIBAIOT YIIPABJICHUA U",\ll —1N> 06ecneqHBa}omHe OTOT MEPEXOT U

SABJIAONUECS OJHOBPEMEHHO OHCHKOﬁ 3(1)(1)6KTI/IBHOCTI/I nepexoaa.
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KOHEYHOE 3HaueHHE HE3aBHCHMOW mepeMeHHoi { (uKCcHpOBaHO, TO HA OI-
TUMaJIBbHOU TPAEKTOPHUHU COOIIOaeTCS yCIOBHE

H[wo, w(t), Y(t),u™ ()] =const>0. (2.106)

Ecnu xe 3HaueHue ty; He 3a7aHO, TO BMECTO HepaBeHCTBa (2.106) BbIIONHS-
eTcs yCIIOBHE

Hlwo, w(t), Y(©),u" ()]=0. (2.107)

KoHnTpoJsbHbIe BONPOCHI

1 Jlns kakoro knacca GyHKIMN MIPUMEHUM MPUHIMI MakCUMyma?

2. CdopmynupoBath MIPUHIKI MAKCUMyMa.

3. 3amucath MaTeMaTHYeCcKOe OIMCaHHe OOBEKTa YIPABICHUS C UC-
nosb3oBaHueM QyHKIUH ["aMHIIbTOHA.

4. [epeuncnute 3Tanel OOIET0 AITOPUTMA PEIICHUS 3aJa4ydl OITH-
MAaJIBHOT'O YIIPpaBJICHUA C UCIIOJIB30BaAHUCM MIPHUHIIMIIA MAKCUMYMa.

5 B yeM CymHOCTb YHCIEHHOTO aIrOpPUTMa PEIHICHHS 3aJa4H ONTH-
MaJIbHOTO YIIPaBJIEHHS C HCIIOJIb30BAHMEM IPHHIIUIT MaKCUMyMa?

6. B uem 3akmoyaeTcst 0COOEHHOCTH 331241 Ha MaKCUMaJIbHOE OBICT-
poneicTBue?

7. Uem oTnmuaercst aJrOpUTM PELICHHUs 3aJaddl C HCIIOJIb30BAHHEM
MPUHIMIIA MAKCUMYyMa, €CIIM HauyaJIbHbIE ¥ KOHEYHbIE YCJIOBUS 3a/1aHbl HE Ha
BC€ MIEPEMEHHBIE COCTOSIHUA?

8  KakoBo coxepxaHune Mmojenu MakpodskoHoMuku Conoy W Kak
bopMmynHrpyeTcs 3a71a4a ONTUMAaJIBHOTO YIIPABJICHUS C UCIIOJIb30BAaHUEM ITOM
mojenu?

9.  Kakum 00pa3oM OCylIeCTBJIsIETCS Mepexo] K BCIIOMOTaTelbHON
¢ynkmy [aMmibToOHa A1 yUeTa ANCKOHTHPOBAHNUS?

10. KakuMm ycioBHSM MOJDKHA OTBEYAaTh (DYHKIMS IOJIE3HOCTH, HC-
noJjb3yeMasi B 3aj1aye€ ONTHMAJIbHOTO YINPaBJIEHHsS SKOHOMHYECKOH CHCTe-
Moit?

2.3. AnHamunyeckoe nporpaMmmMmmpoBaHue
B HenpepbiBHOM chopme. YpaBHeHue BennmaHa

Pemraercs 3agaua onTuManbHOIO yIPaBICHUS
J =[F(y(®),u(t),tydt - min(max) (2.108)
0

MaremaTudeckoe onmcanmne mpomecca:

dy;/dt = ;(y(x),u(t),t), i=1...n. (2.109)
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I'pannunsie ycinoBus

yO)=y%  y(t)=y*. (2.110)
OrpaHn4cHUS Ha YIIPaBICHUSL
UM <u;)<uM™™, j=1..r. (2.111)

B ocHOBe AMHAMMYECKOrO MPOTPaMMHUPOBAHUS JISKUT MPUHIUN ONTHU-
MaJIbHOCTH: ONTUMAaJbHasi CTpaTerusi o01aaaeT TakuM CBOIMCTBOM, 4TO He3a-
BUCHMO OT TOTO, KAKUM 00pa3oM CHCTEMa NPUIILIA B 3TO COCTOSHHUE, ITOCTIe-
JIyIOIIee PEIICHUE JODKHO OBITh ONTHUMAIbHBIM IO OTHOIICHHIO K 3TOMY
COCTOSTHHIO, B KOTOPOE CHCTeMa IPHIIIIA B pe3yNbTaTe MPEAbLIyIIero pemie-
Hus. Mnmoctpanys K OpUHLKITY ONTUMAaJIBHOCTH MpUBEAeHa Ha puc. 2.7. B
COOTBETCTBHUHM C MPUHINIIOM ONTHMAIbHOCTH HY)KHO ONITUMAJIBbHBIM 00pa3zoM

HEPeBEeCTH CHCTEMY M3 COCTOsIHHS Y(T) B KOHEYHOE COCTOSIHHE y(tk) HE

3aBHCHMO OT TOTO, KAKUM 00pa3oM CHCTeMa IPHUIILIA U3 MCXOAHOTO COCTOS-
Hus Y(0) B cocrosaue Y(t) .

v A

y(0)

>

Puc. 2.7. MmmocTpaliust K IPUHIUIY ONTHMAIBEHOCTH

MaremaTndecku MPUHIUIT ONITUMAJIBHOCTU PCATIU3YCTCS Y€PE3 BbIpAKE-
HHUC

Lr}[[r} J= Lr}[[r)l[g F(y(t),u(t), t)dt +
t (2.112)
+ m(ltr; [Fy@®),u(t),t)dt]
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3ameTrM, 9TO B (GOPMHUPOBAHUN KpUTEpHs onTHMaITbHOCTH (3.117) peanbHo
MPUHUMAIOT Y4aCTHE TOJIbKO T€ COCTABISIIOIINE, KOTOPbIE (POPMUPYIOT TPASKTO-

PHIO TIepexo/ia U3 BEIOPAHHOTO COCTOSTHUS Slil B KOHEUHOE COCTOSIHUE SlN . Io-

CKOJIbKY YTIpaBIIEHHE UEJV mepexoa U3 COCTOSIHUS S B IOCICIOMIEE CO-

CTOSIHHE S}' OTpa)KaeT 3aTpaThl Ha OTOT MEPEXO, TO COCTABIIAIOIINE KPUTEPUS
v - C .

ONTHMATBHOCTH Q7 |4 (j=1..,N; i=0L..,N—-j-1), popmupyrommue

. . . [TRY

COOTBETCTBYIOIIHME (;(S_1,U ) , €CTh HU YTO HHOE KaK U L i

C yderoM 3TOro (yHKIHMOHAIBHBIE YpaBHEHHS IMHAMHYECKOTO IPO-
rpaMMHPOBAHHS IIOIIATOBO, HAYMHASI C BEKTOPA COCTOSHUS Sp_j HOCIEIHEH

cTaauu, 6y):[yT HUMETh BUJI:
Jlnst nepBoro mara:

Froan (Sh_) = max (Ui, v + Fy N (SK)), p=L...m. (3.119)
n

O,I[HaKO, Y4uThIBasdg, 4TO MJII KOHCYHOI'O COCTOSHUA SJN npupamcHusd
KpUTEpHA ONTUMAJIBHOCTH HE CYIIECTBYIOT, UMCEM

Fa.n (SK) =0. (3.120)
OtmereM Takxke TOT (akT, YTO [T BEIOPAHHOTO COCTOSHUS Sﬁ_l BO3-
MOXEH MepeX0] B KOHEUHOE COCTOSIHUE SlN TOJIBKO IIPU OJTHOM YIPABICHUU

UH']' JIs1 3aJaHHOTI'O B BBI6 AHHOM COCTOSIHUH SM CiieqoBaTeabHO
N-LN A al B p N-1° A ’

JUIsl TIEPBOTO LIara peureHus 3aaa4u GyHKIHOHAJIbHOE YpaBHEHNE AUHAMUYE-
CKOI'O IIPOrpPaMMUPOBAHUS IPUHUMAET BUJ|

1
Fn-1,n (SN_1) =UNZLN - (3.121)
YHpaBJ'IeHI/Ie Ha IMCPBOM IIare 0603Han/IM
U (SK_1) = En (SK 1) - (3.122)
st mrara 2:
Fn-2,n(SN_2) = 'Tlﬁx(uﬁ’zz,N+i—1 + Fnon (SK-i)), (3.123)
p=21..m; v=1..m; i=01
B peSyHBTaTe OIITUMH3AIINN HA BTOpOM mare Hoﬂqu/IM
Un_1(SN_2) =&En-1(SN_2) - (3.124)

95



Taéauna cocTosTHUI

Howmepa cocrosiauit
1 2 u m-1 m
1 st | sf st S
1 2 o m-1 m
. 2 S5 S5 S, S, S,
=}
=}
g
2| K| sk | s sk S
=
=
_ 1 2 i m—1 m
N-1 1 Syog | SNw | -+ | SNan | o SN—T | SN-1
1 2 i m-1 m
N Sy S sk S SN

B kauectBe ynpaBieHui NpUHUMAETCS NMEPEBOJ U3 OJHOTO COCTOSHUS B
JIPYroe COCEIHEE COCTOSIHUE.

WV o
HaHpI/IMCp, YIIpaBJICHUTIO Ufjj COOTBETCTBYCT OJHOHAIIPABJICHHBIN IIC-

PEBOI W3 COCTOSHUS SE B S}/ (k=1..,N; j=1.,N; p=1..m;
v=L1..,m).
Kpurepnii onmTUMaIbHOCTH, OTPayKarOMINA 3aTPaTsl Ha TIEPEXO M3 HCXO]I-

HOI'O COCTOSTHUS S(l) B KOHEYHOE COCTOSIHHE S,l\l , MOKHO 3aIlicarh B BUE

N

Q(S5,u) = 2q;(Sj-1.uj), (3.117)
j=1

Si+i =Sj+i(Sj-p,uj), i=1..,N;i=0L..,N-j, (3.118)

rae Sj = (Sl_ v S™) — BekTOp cocTOSHUIL 1s j+1 cTamuy.
] J

11
|

im . 11 1 .21 2,m

— ,M .
uj=(u U_g, o Uisg, jeneo Ugoa jer Uil jenoe Uiy joao -

..ml m,m PR m,m
e UG e U2 s oo U Negoeen U 21 N 21)

BEKTOp ynpasieHui. Bektop ynpasienuii Uj cpopmupoBan B o0uiem ciiydae
COCTABIIIOIIMMH, KaXIasi M3 KOTOPBIX OCYIIECTBIACT MEPEXOA U3 JIo0oro co-

CTOSHHS ST_l (j=2,.,N;u=1..,m) B moGoe cocrosuue Sy

(k=j,j+1...,N;v=1...,m) kaxaoi u3 MOCIeYIONINX CTA/IHii (ITATIOB).
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ITyctp © — manas BenmmunHa. O003HAYHM

&y (1) = m(ltr)l } F(y(t),u(t),t)dt (2.113)
£(0,y*(0)) = m(|8 } F(y(t),u(t),t)dt. (2.114)
ultJo

Torma
EQ.y* (0)) = rrytr;[f F (), u() Odt+ &y (2.115)
ult) o

Paznmoxxim ¢ynkmuro (2.113) B psx Teitmopa OTHOCHUTEIBHO COCTOSHUS
t=0, y(0) = y0 o crenensiM Y(t) u t

. og(t,y(1)

E(ry(1)) =&(0,y(0) + X Ay; - v +
i=1 Yi

y=y0)  (2116)

BE(LY()
ot

+ At

y=y(0)
IMpumem, uyro At=rt. 3amerum, uTo Ay;(t) =dy;(t)dt-At, wumm

A4yi () = fiy@®),u),t)- At.
C y4eTOM MaJIOCTH T MOJKHO 3aIlMCaTh

f F(y(t),u(t),t)dt = F(y(0),u(t),t)- At = F(y(0),u(t),t)t - (2.117)
0

Teneps, ¢ yaetom Beipaxkenuit (2.115), (2.116) u (2.117), MmoxxHO 3anu-
carsb:

e,y (0) = z‘(itn)[':(y(o), u(®), )T +50,y" (0) +

o+ (2.118)

+ E T ((GE(t, y (1)) / 0yj) - fi(y(t), u(t),1))
i=1 y=y(0)

+1- (Gt y() /Ot ]

y=y(0)
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Tak xak &(0,y(0)) ne 3aBucut ot U(t), a T comepKUTCS BO BCEX CO-

CTaBJIAIOLINX NPaBOM YacTH 3alMCAHHOIO BBIIIE ypaBHEHHMS, TO ypaBHEHUE
(2.118) mpuBozUTCS K BUIY

- (BE(t,y (1) / otl=o =T(itf;[F(Y(0),U(t),t)t=o +

=y(0 =y(0
y=y(0) y=y(0) . (2119)

+ i((ai(t.y(t))/ayi)- fily®,u®).O)ft=0 I
i=1 y=y(0)

YureMm TOT (aKT, 4TO PA3IOKEHHE YCIOBHO ONTHMAJILHON BEIHIHHBI
(yHKIMOHANA, 3alCAHHOW AJSI YCIOBHOTO COCTOSIHUSI B KaKOH-TO MOMEHT
BpeMeHH t (B mpHBeaeHHOM ciydae Y(T) ), MOXKHO pa3ioxkuth B psn Teitno-

pa OTHOCHTEIHLHO ONTHMAILHOIO COCTOSHHUS CUCTEMBI B MOMEHT BPEMEHH
t—t mpu y*(t), T.e.
-0t y(t))/ ot = m(ir;[F(y(t), u(t),t) +
u(t

n (2.120)
+ 2 ((BE(t, y(1)/0Y;) - fi(y(), u(t),1))]

i=1
HOJ’Iy‘IeHHOC YPaBHCHUC HA3BIBACTCSA YPABHCHUCM bennmana. OHO sABIIS-
€TCA YPABHCHUEM B YACTHBIX MMPOU3BO/JIHBIX.

Pemienrem 3T0r0 ypaBHeHust ABISIIOTCS GyHKIHE U™ (t), mocraBisirorme
9KCTpeMyM (DYHKIIMOHATY, ¥ (QYHKIMH COCTOSHHS CHCTeMbl Y™ (t), OmuchI-
BAIOIKE ONTHMAILHYIO TPAEKTOPHIO JBMXKEHUS CHUCTEMBI U3 UCXOIHOIO CO-

CTOSAHUA yO B KOHCYHOC COCTOSHHUC yk N

2.3.1. AnropuT™M pemieHust 321a4H ONTHMAJTBHOT0 YIIPaBJIeHUS
METOJ0M IMHAMMYECKOI0 IPOrpaMMMpPOBaHUS
B HellpepbIBHOI (hopme
Jnst pemenus ypaBHeHus bemnmana, kpome ycnosuid Y(0) = y0 "
y(te) = yk , Hy)HO nMeTh 3HaueHne Qpyukmun &(t,y(t)) u 3HaveHus ee mpo-
n3BoaHbix O&(t,y(t))/0y;, i=1...,n, u O&(t,y(t))/0t B omuH W3 TpaHUYHBIX
momentos Bpemernn U =1 wm t=t, .

3amerum, uto E(ty,Y(tc)) =0 mo ompenernenuto.
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INocnenyromue marn BBIMONHSAIOTCA B COOTBETCTBHU C (DYHKIMOHAIb-
HBIM YpaBHEHHEM:

F1+2+...m(S|I1('1—1) = mkaX[Qm(U‘:n )+ F1+2+...m—l(sr|1(1—2)]:
U (3.110)

k=012..,n;, m=34,..,N,

Ska=uk +5K 5. (3.111)
B pesynbrare noayvaror

us” = Em(Smt) - (3.112)

Ha IIOCJIEAHEM IIare HOHy‘Ia}OT OHTI/IMaHBHyI'O BCHI/II‘H/IHy HpI/I6BIHI/I
Frro+ NSn-1) =Fii24 N(A) 1

uy =&n(Sn-1)=ENn(A). (3.113)
Haﬂee BBIACIIAKOT UCTUHHO OINTHUMAJIBHBIC 06'beMI)I I/IHBeCTI/IL[I/Iﬁ, BKJIa-
JAbIBAEMBIC B KaXXKJ10€ U3 MepOHpHﬂTHﬁ, I/ICHOHI)3yH COOTHOIIICHUA .

sk, =uk (S5 ), (3.114)
Ul}_l = &j_l(S'f_z), i=N,N-1..3, (3.115)
uf =Sk —uk". (3.116)

3.4.4.2. Bo10Op onTHMAJILHOTO MIYTH HA ceTEeBOI Moae N

3amady BBIOOpa ONTUMAIILHOTO MYTH HAa CETEBOW MOJIENIU CBEIEM K 3ajade
BBIOOpa ONTHUMATBHOM TPAaeKTOPHHU Iepexosa U3 MCXOTHOTO COOBITHS (COCTOS-
HUS) B KOHEYHOE COOBITHE (cocTostHMe). [t 3TOro Hy>KHO ONpENeNNTh YUCIIO
ATaToOB IEPEX0/ia, COCTOSHHE, TPE/IIIICCTBYIONIEEe OYePeTHOMY JTaIly Iepexoa,
u 1yt (YHpaBleHHs), 0 KOTOPHIM OCYIIECTBIETCS MEPEX0]] M3 BHIOPAHHOTO
COCTOSIHHSL B COCEIHEE COCTOSTHHE 10 HAIPABICHUIO IIEPEXO/IOB.

Hcxomnas cereBast MOJIENb TPaHCHOPMHUPYETCS K BUTY, MTO3BOJISIOIIEMY
MPEICTaBUTh ee Kak ommcanue (mpexacraBneHue) N craamitHOro mporecca
Hepexo/ia ¢ yKa3aHUEM COCTOSHUI, U3 KOTOPBIX OCYIIECTBIIAETCS NEPEXO, U
COCTOSIHUH, B KOTOPBIE OCYILECTBIISIETCS NEPEXO.

[epen nocrpoennem TpaHchOpMUPOBAHHON MOJIEIH LIEJIECO0OpPa3HO CO-
CTaBUTH ITOJIHYIO Ta6nnuy COCTOSTHUH JUIA KaXa0ro sraria, B KOTOpOﬁ BbIJIC-
JIAFOTCSI COCTOSIHUS pacCMaTpUBAEMOM CETEBOM MOJIENH.

Uwucno stamoB N mpuHUMAETCs paBHBIM MaKCHMAJIBHOMY YHCITY TIEpexo-
JIOB U3 MCXOJHOTO COCTOSIHUSI B KOHEUHOe coctostHue. J{ist kaxkmoro stana K,

K =1,...,N BBIIEIAIOT COCTOSHUS Sltl-l' WHaeke | mprHAMAET MEeTOYUCIICH-

HBIE 3HaYeHUs | = 1,...,M B mpenenax M pa3MEepHOCTH BEKTOpa HANOOIBIIIETO
YHCJla COCTOSIHUI U3 BCEX paccMaTpUBAEeMbIX ITaIlOB.
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IIPH yCIOBUHU
N
duj=A, (3.101)
i=1

IPUYEM B Ka)KIO€ U3 MEPONPHATHH MOXKET OBITH BIOKCH BECh 00bEM HHBE-
ctumii A.

Yucno creneHei cBoOo I B TaHHOH 3a1aue papao N —1.

O6uryro 3a1a4y ONITUMHU3AINN ¢ pa3MepHocThIo paBHOH N —1 pa3busa-
em Ha N —1 mom3amad ¢ pa3MepHOCTBIO paBHOM 1.

Ha xax7oM 1mare onTHMU3aINU 33a€TCsl YCIOBHO OOIINI 00beM HHBeE-
CTHILIMH, BKJIAJIBIBAEMBIX B PACCMAaTPHUBAEMOE YHCIIO MEPOIIPHUSATHIA:

k k k k k k

k k k. ok k
St =u"+u"; Sy =u +u"+u-;.;S =UuUp +U" +...+U"
1 1 2 2 1 2 a2 ON=2 1 2 N-1

SK,_1=u'1‘+u'; +...+u'; =A;8)=0; j=12,..,N-1; k=012,...,n.
BennunHbl 00beMa WHBECTULHMIT W3MEHSIOT ¢ mpupanieHneM A= A/n
KaK
sk=kauP =Pa,P=012..,n. (3.102)

332[3‘13 peHracTcda MomaroBo. Ha IIEPBOM HIare peHracTcda 3agada pac-
MpeaAC/ICHUA PIHBGCTI/IL[I/Iﬁ Ha JIBa MEPONPUATHUA:

Fra2(S1) = max[ap (us) + Gy (Sf ~u§)] k=012...n,  (3.103)
u

2

k _ .k, ok
S{ =ul +uy. (3.104)
B pesyinbrare noay4aror
us" =&5(51), (3.105)
uf " =sf—uk". (3.106)

Ha Bropom mrare pemaercst 3aa4a pacupeAe’IcHNns HHBECTUIINN Ha TPU
MEPONPUSITHSL:

Fieo+3(85) = mak1x[q3(u§) +Fuy2(SP)1 k=012,...,10, (3.107)
us
Sk =uK +sf. (3.108)
B pesynbrare nomyyaror
uf " =£5(5%). (3.109)
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B CUITY OTOT'O UMECT MECTO TOKIACCTBO

LM Y(M)/ OYilt=, =0, i=L..n. (2.121)
y=y(t)

Ter[epL 13 CaMOro YypaBHCHUSA bennmana ciaenyer

—OELYM)/0tlsy,  =Max(FY®U®, D)y, - (2122)
y=y(t,) Y y=y(t)

[TonydeHs! Bce ycnoBus Ui pellieHus: ypaBHeHus: bemMana.

Pemenne ypaBHeHue bennmaHa BBITIOTHSETCS M3BECTHBIMU METOJAMU
petieHus cucteM AuddepeHInaTbHBIX YPABHCHUH B YaCTHBIX MPOU3BOIHBIX.
[Moxaxkem, uto ypaBHeHHe bennmana MokeT OBITh IPUBEACHO K YpaBHEHHSIM
Diinepa.

3ammmrem ypaBHeHue bemmmaHa B Buie IBYX BHIOB ypaBHCHHNA

IlepBriii BU

—~0&(t.y(B)/ 2t =F(y(®).u*®.1) +

Bropotii Buz:
OF (y(t),u(t),t)/ouj +
QHBOUOY, o, 2120
auj ’ yrany

VYnpaBieHus, yOOBIETBOpSAONE YypaBHEeHMsIM (2.124), obo3HauuM

(2.123)

+ T2ELY0)13:-

u*(t). B ypaBHenun (2.123) ynpaenenus U”*(t) yIOBIETBOPSIOT yCIOBHAM

paBoif yacTu ypaBHeHuUs bennMaHna, BEIpa)keHHBIM ypaBHeHUsAMH (2.123).
Teneps npomuddeperupyeM ypaBHeHHe (2.123) M0 mepeMEHHBIM CO-
CTOSIHHSL Y| W, BBes 0003HAYCHHUS

v, =05 YO oy, K =1.0m,
L4 =-1
HOJIyIHM:
o-ZE8YD)y oy, — ok v @) 0y, +

+;5(8§(t,y(t))/5yi)/5yk fi(y(@®,u™(),1) + (2.125)

+ 30y W) 07 @ YO.U*O0/0y,),
k=1..n
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Breipaxenue (2.125) nmepenwuiiem B BUe

o YO, o

- Z(aé(t. Y(t))/dy;)- (6fi (Y (1), u™(t),t)/ dyx) =
i=1 (2.126)

= 0F (y(t),u™ (1), 1)/ oy +
n
= 2 0(BE(t, Y (1) 0yi)/ dyx -fi (Y(t),u™ (1), 1)
i=1
3aMeTHM, 4TO JieBas YacTh BhIpaxxeHus (2.126) npu n3MeHeHUH MopsiaKa
muddepeHIpoBaHNS €CTh HOIHAs IPOU3BOIHAS

d.%8eY0),_ 5 LW
Gy )T ZoC YO I T
- O(&( Y() /oy I &

C yuetom Belpaxkenus dy;(t)/dt= f;(Y(t),u(t),t) mpu u(t)=u*(t)B
MOJTHOM mpon3BoaHOM (2.127) ypaBHeHue (2.126) npuHUMAaET BUL

o- Ty 1y, = or (y.u” 0.0 0y, -

(2.128)
- _gl(aé(t, Y(t))/0y;) - (of; (Y (t),u (t),t) / Oy )

Ucnone3ys B (2.128) u (2.124) npuBeneHHbIe BBIIIE 0003HAYCHHUS, ITO-
JIY4IUM

dyy (1) /dt=—yo(@F (y(t),u" (1),1) /@y —

—élwi(t)(a (Y (),U" (0,9 (2129)
k=1..,n,
Vo(@F (y.u().0 /v +
+ Zwi@h YO0 ©.9/2u)) =0 (2.130)
- j=1..r.
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5. BrlpensroTcs ONTHMaNIbHBIC 3HAYCHUS YIIPABIICHHUHA ui* ,i=1.. N

CIIETYIOIIM 00pa3oM.
JU1s 3aIlaHHOTO COCTOSIHUSL S HOCJE BBIMOJIHEHHUs N-ro Imara OonTuMHu-

saumd Tpu U; =yp(Sp)  mepexoisT B ONTUMANbHOE — COCTOSHME

ST =S1(Sp,uy). danee ucnomnb3yercs Belpakenue U, =y, (S;).

OntuManbHBIC 3HAYEHUS OCTAJIbHBIX YIIPaBICHAN ui* ,i=34,..,N, Bbl-

JENAI0TCA MOOYEPETHBIM UCTIOb30BaHNeM BhIpakenuit Sy =Sy (Sy_g,Uy) 1

Ui = Wi41(Sg) k=23, N .

3.4.4.1. Pemienue 3a3a4 ONTHMAJIBHOIO BJIOKEHUS HHBECTULIUIA
MeTOI0M AHHAMUYECKOT0 MPOrpaMMHIPOBAHUS

Tlocmanoska 3a0ayu.

3anan o0beM uHBecTHIMI A. Tpedyercs pacnpenenuts 310T o0beM Ha N
MeponpusTHi. D(PPEKTHBHOCTE KAKIOTO MEPOIPHUATHS OT BJIOKEHHBIX HHBE-
CTHILMI OLICHUBACTCS BEMMMYMHOM npuobu G (U;), i =1,..., N (puc. 3.14).

1-e Meponpusite ‘ Gu(ur)

0(u2)

2-e MeporpusiTue

Qizlzlem(Ul)

(N-1)-e mepomnpusTHe w1(Un-t)

(N)-e mepompusitie An(un)

Puc. 3.14. Pacnipenienenre nHBECTULUI

Pemaercs 3aJa4dya

Q=imwﬂem% (3.100)
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PEMEHHBIX COCTOSIHHUSA, BHIOpaHHBIE B JOIYCTHMOM JHAaIlla30HE W3MCHEHUS
min k max
smin < gk < gmax
2. Ha mepBoMm miare ontumusupyercs N -as COCTaBISIONIAs KPUTEPUS
ONTUMAJIBLHOCTH KaK PEUICHUE 3aJauH.
Q(s LN ) > max . (3.89)

UN
IIpu 5TOM MONTyYaroT
FN-LN Sn-g) =maxfan (S, u )l (3.90)
N

uny =wn(Sno1)- (3.91)

Ha BTOpOM Imare OnTUMH3UPYETCS] COBMECTHOE ()yHKIMOHHPOBAHHE

(N -1)-it u N -ii craguii mporecca ¢ y4eToM pe3ysibTaTa OMTHMH3AIHH, [0~
JIy4€HHOT'0 Ha MEepPBOM Ilare, B BUE

Fn-2,N (Sn-2) = max[an 1 (Sn-2,Un-1) + Fn-in Sn-2)], (3.92)
N—

1

[Ipu 3TOM MOMTy4atOT

Un_1=WnN-1(Sn=2)- (3.93)
3aMeTI/IM, YTO B COCTOAHUC SN_l HpI/IXO,Z[ﬂT B COOTBCTCTBHUHU C
SN-1=SN-1(Sn-2,UN-1) - (3.94)

3. Ha nmocnenyromux marax onTUMHU3UPYETCsl COBMECTHOE ()YHKIIHOHH-
poOBaHNE BHOBb BBOJMMOIl CTaJuu IIpolecca cO CTaAMsAMHU Ipolecca, pac-
CMOTPEHHBIMH Ha MpPEIbLAYIIEM IIare no (QyHKIMOHAILHOMY YPaBHEHHIO
JMHAMUYECKOTO MPOTrpaMMHPOBaHHS

FN-k=1,N (SN—k-1) =

EnaX[QN—k(SN—k—liuN—k)"' Fn-k,N Sn=k)] (3.99)
N-k
k=234,..,N.
IIpu 3TOM nONy4aroT
UN_k =WN-k(Sn-k-1), (3.96)
a B COCTOSAHUEC SN—k HpHXO}lf{T B COOTBCTCTBUMU C
SNk =SN-k (SN-Kk-1.UN=k) - (3.97)
4. Ha mocnegaem (N -om) mare umeem
Fo,n (So) = ”JJaX[%(SO!ul) +Fy N (S (3.98)
1
u = wi1(Sp) - (3.99)
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IMomy4yenHsle ypaBHEHNS WACHTUYHBI YpaBHEHUSAM Diyiepa B 3aJa4e Oll-
TUMAIBFHOTO YIIpaBIIeHUs, T.c. ypaBHeHHA (2.129) ecth ypaBHeHMs Diiepa
(2.51), m ypaBuernns (2.130) ects ypaBHeHUS Ditnepa (2.52).

Takum 00pa3oM, IOKa3aHO, YTO KIACCHYSCKOE BapUALMOHHOE HCUHCIIC-
HHE, NMPHUHIMI MakCUMyMa M ypaBHEHHE beiiMaHa MO3BOJSIIOT BBIPA3UThH
YCIIOBUSI dKCTpeMyMa (pyHKIMOHaja B 3a/adye ONTHUMAJIBHOTO YIpaBICHHS
WJICHTUYHBIMH YPaBHEHUSIMU.

KOHTpOJI])HbIe BOIIPOCHI

1 B ueM cynrHocTs IpHUHILIKIIA ONITUMATBHOCTH?

2. Kakum matemMaTuyeckuM BBIpAKEHHEM Pea3yeTCsl MPUHITUI OTI-
THUMaJbHOCTH?

3. 3ammcatp ypaBHeHHe bemvana. K xakomy Buny nuddepeHnnans-
HBIX YpaBHEHUH OHO OTHOCHUTCS?

4. Kakwe rpaHUYHBIC YCIOBUS HY)KHO MMETH UIS PEIICHUS ypaBHeE-
Hus bennvana?

5. IMouemy ypaBuenue bennmana, nonyueHnoe mpu t=0 wu

Y(t)=Y(0), crnpaBeanuBo i TPOU3BOILHOTO 3HaueHuss t W BekTopa
Y(t)?

6. KakoBa TOCIEIOBATENBHOCTh PpENIEHHS 3aJadll  ONTHMAIbHOTO
VIIPABJICHHUS C MCTIOJIb30BaHMEM ypaBHeHHs bemmvana?

7. Kakumu nedicTBUsIME MOKa3bIBalOT CBSI3b ypaBHeHUHM benmana c
MPUHIUIIOM MaKCUMyMa | ¢ KJIACCUYIECKAM BapUAIIHOHHBIM UCUHCICHUEM?
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Tema 3. CTATUHMECKAA ONTUMUIALINA

CraTnueckas ONTUMMU3ALA UMEET MCCTO KaK IpU PCIICHUHN 3aJa4d AU-
HaAaMMYECKOM ONTUMHU3ALUU C UCIIOJb30BAaHUEM YHCICHHBIX MCTOJOB, a TAKXKC
HUMCCT CaMOCTOATCIIBHOC HA3HAUYCHHUC IIpU PCIICHUU 3aJa4d ONTHUMHU3alUun
00BCKTOB U CHUCTEM, HAXOAAIINXCA B CTATHYCCKOM COCTOSHHMH.

3.1. Buabl dyHKuMN

[lo KOMMYECTBY IKCTPEMYMOB Pa3IHYalOT YHHMOJAIIBHBIC M IIOJIHMO-
JaJbHbIe (HYHKLIUH.

YHuMoJanbHbIe QYHKIMU — 3TO (YHKIMH, UMEIOLINE OANH SKCTPEMYM.

[MonumonanbHble GYHKUUHM — 3TO (YHKIMH, MMeEroIue 0Oojiee OJHOTO
JKCTpEeMyMa.

3.2. Buabl 3KCTPEeMYMOB M HaUNy4lUnX 3Ha4YeHNn pyHKLumn

JlokanpHBIA ~ MHHHUMYM  IOJMMOJANBPHOH  (YHKOIMHM B  TOYKE
i i* i i i -
u =(Up ,.,Ur ) HMeeT MecTo, ecnd Q(u' - Auj)>Q') < Q' +4uj).
wia dQ(u')/dujj| . >0 u dQ(u)/duj| . <0.
u +4u; u —A4u;
JlokanbHbIM MakCUMyM TMOJMMOJAIBHOM (PYHKIHMH B TOYKE u'" umeer

MecTo, ecnu Q' —auj)<Qu')> Q' +4uj) HIIH
dQ')/duj| . <0 mdQu)/duj . >0, j=L..r,
U +4u; u —A4u;

rae i =1,...,K — 9uciI0 JOKaNIbHBIX SKCTPEMYMOB.

Ecmm Qumn)= max (Q(u),Q(umn),Q(um™*)), To npu U™" umeeT
max

MecTo cynpemyM (SUpQ(u) ).
Cympemym  (SupQ(u)) mpu  umn AMEET  MECTO,  eClH

Qumn) = f?{?i(nax(Q(U‘ ),Q(u™),Qumx)).

I,m
Cympemym  (supQ(u)) nopu  um™ HMEET  MECTO,  €CIH

Qum)=_ max_(Qu'),Q(um™),Q(ur))
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MOKET OBITh MPEACTABIEH B BHAE QYHKIUK OT cOCTOSTHUA S =S(U1,...,Ur1),

B KOTOpOE TPUXOJUT TOCIHEAHNI 00beKT B pesyibrare BosaeicTsus (I —1)
VIIpaBJICHHUH, M OT OCTaBIErocs ynpasienus U, , T.e. Q=Q(S,ur).

[Ipeanonaraercs, 4To mpouecc, NPOTEKAIOUIUH B HCCIIEyeMOM 00BEKTE,
MOJKHO paccMaTpuBaTh KaKk MHOTOCTaauitHbIA (Ha puc. 3.13. mokazan N -
CTaJMIHBIN mpo1iece).

@(Swy)  ga(Spug) o1 (Spr.2sW et @S pr.1: W)
Sy S S,
— -

Puc. 3.13. MHorocraauitHbii nporecc

3nech: Sia — cOCTOsIHUE Tiepen | -if cramueit; Ui — ynpasieHue Ha | -i
cramuy; (j(Sia,Uj) — cocTaBisOmas KPUTEPHsT ONTHMAIBHOCTH, HOIYICH-

Has Ha | -i cTaauu.
COCTOSIHHSI COCETHUX CTAIN CBSI3aHbI BEIPaKEHHEM

Si =Si(si_1,Ui),i=1,...N . (387)

PaCCManI/IBaeTCﬂ aZ[,[[HTHBHBIﬁ KpI/ITepI/Iﬁ OIITUMAJIbLHOCTHU B BUJC
N
Q=20i(S.;.uj). (3.88)
i=1

B ocHOBe nTMHAMMYECKOIO NMPOTPaMMUPOBAHUSA JIEKUT HMPUHLUIL ONTH-
MAJIBHOCTU: OIITUMAJIbHAsA CTPATErus o6na)1aeT TaKUM CBOﬁCTBOM, yTO A4
TOOBIX 3HAUEHUIN ynpaBieHuil Ui,..., Uy , IPH KOTOPBIX CHCTEMA MPUIILUIA B
cocrosune Sy =Sk (Sg,U1,...,Ux), ocTaBuiMecs ynpaBieHUs Uiud,..., Uy

JOJIKHBI MIPUHUMATDL TAKUE€ 3HAYCHUS, IIPU KOTOPBIX KpI/ITepI/Iﬁ OIITUMAJIBHO-
CTH SABJISICTCA HAUITYUIIMM OTHOCUTEJIIBHO COCTOSIHUSA Sk .

Anzopumm peuwtenusn 3a0auu ONMUMUZAYUU MEMOOOM OUHAMUYECKO-
20 NPOPAMMUPOBAHU
[IpuHIMT ONTUMATEHOCTH peau3yeTcs 110 IaraM CIeAYIOIM 00pa3oM:

1. 3agarorcs yclOBHO 3HaueHUs Sj = (SI1 peens S?), i=1...,N -1 Bekropa

cocrosiauii. COCTaBISIONINE Sik, i=1..,N-1k=1..,n ecrb 3HaUeHHUs IIe-

89



9. Ecnu YCJIOBHEC ITYHKTa 7 He BBIIIOJIHACTCA, TO JJIMHA MMOCICOHETO IIara

YMEHBIIAETCS, HAPUMED, BABOE, M JJISI TOYKH U= UK BBIMONHAIOTCS MyHK-
TBI 3-9.
MeTo/1 MPUMEHUM JJIs TOUCKA SKCTPEMYMa YHUMOIAIbHbBIX (YHKIIHH.

KOHTpOJII)HI)le BOIIPOCHI

1. Yto 0TOOpaXKaroT JMHUU YPOBHS?

2. Tloka3aTh B IJIOCKOCTH IBYX NEPEMEHHBIX KaueCTBEHHYIO KapTHHY
0TOOpaKeHHsI YHIMOJAIBHON U TIOJIMMOJATEHON (DYHKIIUH.

3. Kakoif Touke B IJIOCKOCTH NPEACTABICHHUA (PYHKIIMH COOTBETCTBYET
HaWTy4IIee 3HaueHUE dTOH QyHKITUN?

4. B gem cymHocTs MeToma ["aycca-3eiinemns? O0macTb ero mpuMeHECHHS.

5. B gem cymHOCTh MeTozia pernakcamnuii? O01acTs MpUMEHEHHS METO/IA.

6. B gem cymHOCTh MeTona rpagueHTa? O0NacTh MPUMEHEHHS METOIa.

7. B 4yem cymHocTh MeTona Hauckopeiimero ciycka? Ob6aacTb mpume-
HEHHS METOAA.

8. Uro obmero B merojax ["aycca-3eiinens u Hauckopeiiniero criycka? B
4eM OTIIMYHE MEX]y HUMU?

9. Uro oOriero B MeToJax rpajiMeHTa 1 Hauckopekiero crycka? B uem
OTIINYHME MEXKIAY HUMU?

10. B yem cymHOCT MeTOAa ABIKEHHS 1O AHY oBpara? OO0macTh mpu-
MEHEHHS METO/Ia.

11. B yeM cymHOCTh MeTOAa MTPadHBIX QYHKIMHA TIPH ONITUMH3AIHHA C
YCIIOBUSIMU B BHZIE PAaBEHCTB?

12. B yeM cymHOCTh MeTOAa MTPadHBIX QYHKIMHA IPH ONITUMH3AIHHA C
YCIIOBHUSIMU B BHJIE HEPABEHCTB?

13. B gem cymHocTh MeToza ciernoro noucka? O6JIacTe MPUMEHEHUS
MeToa.

14. B uem cymHOCTh MeTOJAa CIy4YaHBIX HampasieHuH? OOxacTs npu-
MEHEHHS METO/1a.

15. Kakum ob6pa3zom ¢opmupyercst ciaydaiiHoe Hampasierne? OOmacTb
NIPUMEHEHUST METO/A.

3.4.4. JImHaMu4ecKoe MPOrpaMMHPOBaHHe B TMCKPeTHOH dopme

B nmuckperHOW (hopMe AMHAMHYECKOE MPOrpaMMHUPOBAHHUE SIBIISIETCS Jie-
KOMIIO3UIIHOHHBIM METOIOM DEIICHHS 3a/1ad CTATHIECKON ONTHMHU3AIINH.
OCOOeHHOCTh JAMHAMHYECKOTO0 MIPOTPaMMHpPOBAHMSA B JUCKPETHOH Qopme
MO3BOJISIET CBECTH 3a/1a4y OOIBINOI PasMepHOCTH K PSY 1013384 MEHbIICH
Pa3MEpPHOCTH.

B IuMHaMH4ecKOM MPOrpaMMHUPOBAHMM KPUTEPUH ONTHMAIBHOCTH
Q(u)=Q(u1,...,ur) momxeH ObITh (QyHKOMEH MapKOBCKOrO THIA, T.€. OH
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Uupumym  (infQ(u))  mopm y min UMEeT  MECTO,  €CiH

Qum)=min (Q(u"),Q(u™"),Q(um™*)).
i,min,max

Napumym  (inf Q(u)) mpm  um HMEeT  MecTo,  ecid

Q(um)=min (Q(u'),Q(u™"),Q(um™)).
i,min,max

'moGanbHplii  MMHUMYM B Touke UY  HMMeeT MecTo, eciH

Qu?)= min Q™) Q(um"),Q(um=x)) -

min,max,i,i=12,..k,
T'noGanbHbIM MakCUMyM B  TOYKEC u’ HMEET MECTO, €CIU

Q)= max  (QU™),Qu™),Qumx)) -

min,maxi,i=12,...,k,

3.3. NMNocTtaHOBKa 3ag4a4m cTatTM4eckom onNnTMMU3auum

B maremaTtuyeckoii popme mocTaHOBKa 33/1a4M CTATUUECKON ONTHMU3a-
LUH OPECTABIAETCA CIEAYIOAMU BBIPAKCHHUAMU:

Q(X,U) - min (max) (3.1)
Ue®

Yi=0¢i(X,U), i=1..,n, (3.2)

i 2y, i=1..k,y; <y, i=k+1..p p<n, (3.3)

UMt <u; <ul™ j=1.r, (3.4)

rae X =(X{,...,Xm) — BEKTOp BHENIHUX BO3MYIIAIONMX BO3ACHCTBHH,

U=(uy,...,ur) — Bektop ympasnsiomux Bosjeicteuit, Y =(Yi,...,Yp) —

BEKTOP BBIXOIHBIX ICPEMEHHBIX, yi3a0 — 3aJaHHBIC 3HA4YCHUA BBIXOJHBIX

MepeMEHHBIX, {2 — 00JacTh JOMYCTUMBIX YIPaBJICHHH.
Ona Qopmynupyercsi cieaylomuM o0pa3oM: TpeOyeTcs HalWTH Takue

3HAYCHUS YNPaBILIONMX Bo3aehcTeuin U™ = (Uf yoyUf") , TIPH KOTOPBIX BBI-

MOJHSIOTCS TPUBEACHHBIC BBINIE YCIIOBHSA, a KPUTEPUH omTuManbHOCTH Q

MNPUHUMACT MUHHUMAJIbHOC (MaKCI/IMaHLHOC) 3HA4YCHUC.
3.4. MeToagbl cTaTuyeckon onTuMm3aumm

K MeTomam craTndeckoit ONTHMH3AIIA OTHOCSTCS
1. Knaccuueckuit MeTO Hcclef0BaHUs (YHKIIUU HA SKCTPEMYM.
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2. MeToasl HETHHEHHOTO POTPAMMHUPOBAHHS

— YHUCIICHHBIE METOIBI PEIICHHs] OJHOMEPHOW 3a/aud CTaTHYECKOW OT-
THUMU3ALNH;

— YHCJICHHBIEC METOABI PEIICHU MHOI‘OMepHOﬁ 3aJa4yu CTaTHIECKOM OII-
THUMH3A1UH.

3. JluHeliHOe MpOTrpaMMHUpPOBaHHE.
4. JluHamMHYecKoe MpOorpaMMHUpPOBaHKE B JUCKPETHOH (opme.

3.4.1. Knaccuveckuii MeToa uccjefoBaHus GyHKIMIA
Ha JKCTPeMYyM

3.4.1.1. Knaccuyeckuii MmeToa ucciae10BaHusi GyHKIMA OQHOM
nepeMeHHOi Ha IKCTPpeMyM

Heobxo0umbie u 0ocmamounbvie ycioeus IKCmpemyma QyHKyuu 00-
nout nepemennoii Q=Q(u) (3.5)

Heob6xoaumoe yciioBue: dQ(u)/du|u* =0 (3.6)

JloctaTo4Hoe ycloBue:

Ecau mpu U=U™ BmepBble B IOPsAIKE BO3pacTaHus K uMeeT MecTo

de(u)/duk|u* #£0, rme k — gerHoe, 10 (3.5) umeer sxkctpemym. [puuem,
ecrmdQ(u)/dufy«>0, 10 QU)—>min, a ecim dQ(u)/duly«<0, 7o
Q(u) > max .
Ecnu mpu U=U" BIepBble B MOPS/KE BO3pacTaHus K WMMeeT MecTo
d I(Q(u) / duk| ux#0, rre K — meuernoe, 10 (3.5) He UMeeT IKCTpEMyMa.
TIpumeput uccnedosanus hynrkyuu 00HOU NEPEMEHHOT HA IKCMPEMYM.

Mpumep 1. Q= (1—u)3 .

Heo6xoqumoe yenosue skcrpemyma dQ(u)/duf . =0 maer

.
31-u*)?(-)=0,n u* =1.

JocratoyHOe  yCIOBHE  JKCTpeMyMa de(u)/duk

. #0  naer
u
d?Q(u)/du?| . =6(1-u*)=6(1-1)=0, d3Q)/dud| . =-6%0,

roe k =3 — HeueTHOE.

u*

Oteer: pu U™ =1 uccrnenyemas QyHKIMS HE HMECT SKCTPEMyMa.
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JIPOOHBIMU WJIU TIEJbIMU. [TOMCK METOMOM CIy4JailHBIX HamNpaBICHUH HILTIO-
cTpupyercs Ha puc. 3.12.

u

\.
P
Puc. 3.12. [Torick METOAOM CITy4aliHbIX HAaIPaBJICHUH

AJITOpPUTM NOMCKA
1. 3amatorcs h™n u S HeymayHBIX HANpPABICHUM M3 OJHOW TOYKH.

2. BriOupaeTcs HCXOAHas Touka noucka U u Beraucisercs Q = Q(ul).
3. U3 BbIOpaHHOM TOUKH BHIIONHAETCS miar h¥ B ciyuaiiHoM Hampasiie-

HAn UK =uk +hk -q4,i=1..,r, n Beraucisiercss Q =Q(uk+) (ms nep-

Boro mara K =1).

4. CpasuuBatorcs 3Hauenus Gpynxuuii Q(UX) u Q(uk+).

5. Ecmm s Q(U) &> max mmeer mecto Q(UKH)>Q(uk) wmmu s
u

Q(u) > min umeer mecto Q(U**) < Q(uU*), To s Touku Y “! Boimonus-
u
I0TCS ITYHKTHI 3—4.
6. Eciu nus Q(u) &> max umeer mecto Q(UK1)<Q(uk) wim mis
u
Q(u) » min umeer mecto Q(Uk*)>Q(uX ), To Bo3BpaleHHE B TOUYKY UK |
u

7. TlpoBepsieTcsi BBIMIOJIHEHHE YCJIOBUSI OKOHYAHHs MOMCKa S=S mpu
h<hmn rre s — 4ucno HEyAAUHBIX HATIPABJICHUH U3 TOYKH UK .

8. Ecin YCJIOBUEC ITYHKTA 7 BBIIIOJIHACTCS, TO ONTUMAaJIbHOE U T =uk,
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CyIIHOCTh METOJ/Ia CIICTIOTO IMOMCKA 3aKITI0YaeTCs B TOM, UTO 3aIa&Tcs
BEPOSITHOCTH [}, ¢ KOTOPOH TpeOyeTcs MomacTs B 3aAaHHYI0 00IacTh pacro-
JIOKCHHUS IKCTpemyMa. TpedyeTcs OnpeneNuTh TaAKOEe YHCIO TOYEK, BHIOpaH-
HBIX CJIy4aiiHBIM 00pa30oM B OOJIACTH OMYCTUMBIX YIPaBICHUMA, MPU KOTO-
poM obecrieunBaeTCs MOMaiaHue XOTsI ObI OJTHOW M3 ATHX TOYCK B 3aJaHHYIO
00J1aCTh PacIOIOKEHHS IKCTpeMyMa V. B BBIOpAHHBIX TOUKAX BBIYUCIIACTCS
neseBast yHKIUSA B BEIOMpaeTCs TOUKa ¢ HAMITy4YIINM 3HauYeHHeM (yHKIIHH.

AJITOpUTM MOMCKA

1. BpuuciseTcs 4UCIO TOYCK S B OOJNACTH JONMYCTHMBIX 3HAYCHUI
Uj,i=1..,r, mpu KOTOPOM TapaHTHUPYeTCs MONaIaHHe XOTS OBl OJHOU H3

HUX B 00nacte V. V3 BeIpakeHus

B=1-(1-v)° (3.85)

nMeeM
s=In(l-B)/In(1-v) . (3.86)
2. Bribupatotcss S COBOKYIHOCTEH CiiydailHbIX umcen Uj,i=1,...,r, on-

penensronux Uk, k=1...,s.

3. Beuucisirorest 3Hauenus: pynkimn Q =Q(uk), k =1,...,s, u BbiOupa-

€TCsl HaWITyulllee U3 HUX.

MerTo1 TpUMEHNM IS TIOMCKA 3KCTPEMYMa HOJINMOAATBHBIX (YHKIHH.

Memoo cayuaitnvix nanpaenenui

CyIIHOCTh METOa COCTOMT B TOM, YTO PaOOYMil mIar BBITOJHSAETCS B
CIly4aiHOM HarpaBJeHUH. 3aTeM CPaBHHMBAIOTCS 3HAUYeHHs (yHKIUH B ITIpe-
JBIAYIIEH W mociexyromei Toukax. Ecim 3Hauenne GyHKIMH B ITOCIERYIO-
el TOYKe YIyYIIWIOCh, TO M3 ITOW TOYKH (hopMHpyeTcs cilydyailHOe Ha-
IIpaBJIeHHE U BBIMONIHACTCS pabounii mar. Eciu 3HaueHne ¢pyHKINHU B Mocye-
JTyIoIIel TOUKe He YITy4IIMIOCh, TO BO3BPALIAIOTCA B TOUKY C Jy4IINM 3HaYCHU-
eM (DYHKIMM W M3 3TOW TOYKH BBIIONHSIOT B paHee chOPMHUPOBAHHOM CIydaii-
HOM HarpaBJIeHHH pabounii mar ¢ yMeHbIIeHHOH BenmmauHoU. [Ipu nocTmkeHnn
Harepén 3aJaHHOW MaJylof BEeNIMYMHBI MIara W3 TOYKH C JIYYIIHM 3HAYEHHEM
¢byHKIMM (opMHUpyeTCST HOBOE CIydaliHOE HalpaBJICHWE W OITMCAaHHas BBIIIE
npouenypa nopropsercs.. [IpU3HaKOM OKOHYAHMS MOUCKA SIBISIETCS PABEHCTBO
3alaHHOMY 3HAUEHHUIO YKCNIA HEyJAyHbIX HAMpPaBICHUN U3 OJHON TOUKM IIpU
JIOCTIDKEHNH pabOUrM IIaroM Harepés 3a/laHHON MaJloi BEMYHHBI.

BekTop ciyualiHbIXx HamnpasieHud o= (0t1,...,0tr) (opMupyeTCs €ro

cocrapisiiomumu @, = 3,/ {Z Bi . 3nec Bi, B i~ Clly4aifHble BEIECTBEH-

HbIC 4YHUCJIIa, OHU MOTYT OBITH IOJIOXKUTECIBHBIMH HIIH OTPpULIATCIbHBIMU,
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Mpumep 2. Q=(1—- u)4 .

Heobxoaumoe ycnosue skctpemyma  dQ(u)/du o = 0 Jaet
dQ(u)/dul . =4@-u*)*(-1)=0,n u* =1.

JIlocratounoe  ycioBue — dKctpemyma  d I(Q(u)/ duk o 0  paer
d?Q(u)/du?| . =12(1-u*)*(-1)* =120-1)* =0,
d%Q(u)/du’| . =-24(1-u")=24(1-1)=0, d*Q(u)/du’| . =+24>0,

roe k =4 — yetHoe.
Ortset: mpu U™ =1 uccnenyemas GyHKIMS UMEET MUHUMYM.

3.4.1.2. OnpeneJieHue ONTUMAJIbHOM /10JI0BEYHOCTH H3/1e/Us
AHAJMTHYECKHM METOI0M

ITocTaHnoBKa 3agaun

Pemraercst 3amauya ompesieneHUs ONTUMAIbHOW JONTOBEYHOCTH (CpoKa
CILyK0bl) U3/1eNIUs, YYaCTBYIOLIEr0 B TEXHOJIOIMYECKOM IIpoLecce, IpU KOTO-
pOM 3aTpaThl Ha IJIAHUPYEMOM BPEMEHHOM OTpe3ke 1 MpU UCIOJIb30BAHUU
U3JIeNNA C J0JITOBEYHOCTBI0 15 OyIyT MUHUMAJILHEL

CyMMapHbI€ 3aTpaThl:

T-m
CZ(T1T6)=CHO(T6)+C1H(T6)?+ Ci(Tp)-T-m, (37)

rie C,,(Tp) = $1(Tao) + K10 (T —Tp0) — (3.8)
croumocts HOKP;
Cui1(T5) = S2(T50) + Kupr (T = Tao) + Ko7 (Ta = Ta0)? (3.9)

CTOUMOCTH CepHﬁHOrO MNpoU3BOACTBA OAHOTO H3ACJHA C HAOJTOBCYHOCTLIO
Ta X

Ci5(Te) =S3(Tp0) — Kirn(To —Tpo) — (310)
CTOUMOCTH rOﬂOBOﬁ 3KCHHyaTaHI/II/I OHOI'0O U3aciivs ¢ 10JITOBEYHOCTHHO Ta ,

T5p — BbIOpaHHOE 6a30BOE 3HAYEHME JIOJITOBEYHOCTH;

S1, Sy, S3— crommoctu cootBerctBeHHO HUOKP, cepuitHOro mpon3BOACTBa
OJIHOTO U3JeNIMs, CTOUMOCTH TOJ0BOI 3KCIUTyaTallud OJHOTO U3JENUS MPHU
J0nroBedHOCTH Ty =T, M — YKUCIIO U3ACTHN.
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3amaroTcs:

S1,52,53, Ko K17, Ko7+, K19, To, T, M.

Iocne moncranosku BeipaxkeHuit (3.8-3.10) B (3.7) ¢ 3amaHHBIME KO3(]-

(bunueHTaMy ¥ 3HAUYCHUAME 1 ¥ M BoIpaskeHne (3.7) mpuMeT BUL:
Cx = (81(T50) + Ko (T3 = T0))+
+ (Sz(Tao) +Ky;7(Tyg —To0) + Ko7 (T - Tao)z)' TT'_am +
+ (83(T60) - KTy - Tao))- T-m=

So(Ta0)-T-m
= Sl(T60)+KHO(T6)_KHO(T60)+%4-
P)

. KigTg?T-m  KypTaeT -m . Ky TAT -m
Ty Ty T

_ ZKZHTaTaoT'm + KZHTaonm +
Ty Ty
+Sg(Tao)T'm—KlraTaT'm+K1F3T60T'm

ITocne ero mpeobpazoBaHus OTYIUM
Cys =51(Tpo) + KygT - m+S3(Tpg)T - m+
+T50 (=K, —2KoqT -m+ KyrT -m) +
+ Ty (K, + KonT -m—KysT -m)+
+(Sp(Tp0)T - m— Ky TooT - m+ Koy T20T - m) I Ty

Heo0xomumbie YCIOBUS SKCTPEMyMa:

dCx /dTs =0,
WA
3—%:K~(,+K2HT-m—KmT~m—
-1/T%-(S,(T, )T -m-—
-K,T,,T-m+K,,T:T-m)=0,
T.C.

1T -(Sy(Too)T - m— Ky TaoT - m+
+ Ko ThoT -m) = K,

HO

+K2HT-m—K1p9T-m
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(3.11)

(3.12)

(3.13)

(3.14)

Jluanu ypoeHs ¢yHknmn Q(U) 3a cuer mTpadHOW COCTABIIOICH
m
aY,@+sign ¢ (U))@; (U) TpaHCHOPMHUPYIOTCS B JIMHAH YPOBHS (yHKIIHH
j=1
Q(U), YIUIOTHSACH CO CTOPOHBI 3ampeTHONM OO6JAaCTH BIOIb TPAHHMI
@j(Uy,...,ur)=0, j=1..,m,
Yem Goubliie KOIQOHUIMEHT O ¥ YeM CHIbHEE HapyLIAIOTCS OrpaHude-

HHS, TeM IUIOTHEE JIMHUK YPOBHS QyHKIMK (2(U) NpHOJIIKAIOTCSA K TPaHHLE

CO CTOPOHBI 3aIIPETHOI 00IACTH.
TpanchopMupoBaHIe THHAU YPOBHS H300pakeHo Ha puc. 3.11.

v /\

Q)

Q(u)

OlUs,Uz)=0

v

3.11. TpanchopMupoBaHue JIMHUN YPOBHS TIPH YCIOBHIX
THIIA HEPaBEHCTBA

Memoowvl cnyuaiinozo noucka
Pemaercs 3agaua, copMmynupoBaHHas B BUIE

Q(Ui,..,ur)=Q(u) > muax(min) (3.83)
uM™ <y, Su™ =Lt (3.84)

PaccmoTtpum 11Ba MeTo/1a ciTydaifHOTO TIOMCKa:
1) MeTo[ ciIenoro Moucka;

2) MeTo[| CITyJaiHBIX HaNpaBICHHUH.

Memoo cnenozo noucka

r s
3amanbl: 00beM o0MacTH V= A" , onpeaensomeil TOYHOCTh BHIYHCIICHHS
BEKTOpA ONTHMAJIbHBIX yrpaBieHuidi U* = (Uq,...,Ur) B JOIMYCTUMON 0OJACTH

V m3MeHeHus nepeMeHHbIX Ui, i=1,...,r, o6bemom V =1; BeposTtHOCTs P, €

KOTOpO#1 TpeOyeTcs monacTh B 001aCTh V PacHoNIOKEHHs BEKTopa U™ .
85



3Hak mwioc (+) npuHuMaercs s 3agadn Q(U) — min | 3Hak MuHYyC (-)
u
TpUHAMAeTCst J1st 3amaan Q(U) — max .
u

Jluuuu ypoBus dyHkiuun Q(U) TpaHCHOPMHUPYIOTCS B JIMHHH YPOBHS
¢bynkiuu  2(u) 3a cuer wrpadHO cocraBmsrouieln oH (U), yruioTHsSICH

BJIOJIb TpaHHIbl. YeM Oosbllle BeIWYMHA O M 4eM OOoJIbllle HapyIIaloTCs Or-
paHMYEHMs, TEM JINHUH YPOBHS OJIIDKE K TPaHuULIe.
TpanchopmupoBaHue TMHUK YPOBHS H300paskeHo Ha puc. 3.10.

w

Qu(u)

a(U) N

Puc. 3.10. TpanchopmupoBanre THHANA YPOBHS IIPH YCIOBHUSIX
THUIIa PAaBEHCTBA

Pewenue 3a0au onmumu3ayuu npu ycjioeuu muna Hepaeencmea
Pemaercs 3amaga

Q) = (uy,...,u,) > max(min) , (3.80)
@j(Ug,..,ur)<0, j=1...,m, (3.81)
Dopmupyertcs mrpadras GyHKINA

2(u)=Q(u) £ OLJZ;l(1+ sign ¢ (U)o (u), (3.82)

rae Signoj(u)=-1, ecrmu @ (U)<0; signej(u)=1, ecrm ¢ (u)>0;
o — OONBLIOE TTOJIOKUTEIBHOE YUCITIO.
3Hak 1wroc (+) mpuHEMaeTcs i 3amadn Q(U) — min | 3Hak MunyC (-)
u

npuHEMaeTcs i 3agaun Q(U) — max .
u
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U3 (3.14) umeem

2
pr = [L2m(S2(Ta0) = KirrTo0 + Ko1T50)
0 KH0+K2nT-m—K1r3T-m '

IlycTs 3apassr:

S, =20200,
K, =70700,
S, =3757.2,
K,, =40.6,
K, =203,

S, =1015,
K, =152.25,
Ty =3,

T =10,

m = 50.

[ToncTaBuB 3a7aHHbIe 3HAYEHUS B BhIpaxkeHue (3.11), moryunm
Cy =T4(70700+ 203-10-50-152.25-10-50) +
+(3757.2-10-50—-40.6-3-10-50+ 203-10-50-9) /Ty +
+3(—70700 - 2-203-10-50 +152.25-10-50) +
+ 20200+ 40.6-10-50+1015-10-50 =
=96075- T, + 2731200/ T, + 3(—197575) + 548000,

Cy =96075-T, + 2731200/ T, — 44725.

U3 (3.15) ontumanbHOE 3HAYCHHE JIOJITOBEYHOCTH OYACT paBHO

. \/10-50(3757.2+203-9—40.6-3_ \/ 500 - 5462.4

TS = =
9 ™y 70700 - (152.25— 203)-10-50

2731200
=, |——— =+28.427 =5.33
96075

IToacTraBuM MmosTydeHHOE 3HAUCHWE B BhIpaxenue 3arpat (3.16)
Cs =96075-5.33+2731200/5.33-44725=979775 .
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3.4.1.3. Knaccuueckuii MeToa ucciaenoBaHusi QyHKIIMIA MHOTHX
NepeMeHHBIX Ha IKCTPeMYM

Heobxoaumble M IOCTaTOYHBIE YCIOBUS SKCTpeMyMma (YHKIUH He-
CKOJIBKHX IEPEMEHHBIX

Q=0Q(V) =Q(u,...,.ur). 3.17)

Heobxonumoe ycioBue:
0Q(U)/ou; U =0,j=L..,r,U" =(u;,..,u/). (3.18)

[ocTtaTounoe ycnoBue:

Ecmu mpun U =U" Bce muaronanpabie MUHOPHI MaTpuilsl ['ecce (I')
0’Q(U) . 8%Q(U)
0 u16 Up 0 Ula Ur
........................ (3.19)

9°Q(uU)  8*Q(U)
oudu; Oudu,

SIBJISIFOTCSI CTPOTO TIOJIOKHUTENLHBIMH, TO QyHKIHS (3.7) NMEET MUHUMYM.

Ecmu mpu U=U" HedeTHBIe AMAroHaJbHBICE MHHOPHI MaTpHUIEI (3.9)
CTPOTO OTpHIIATENIbHBIE, @ YETHBIE CTPOTO IOJOXKHUTENbHbIE, TO (yHKIMs (3.7)
UMeeT MakCHMyM. [lOJIOKHMTENbHOCTh WIIM OTpUIATENIBHOCTh MaTpuibl [ecce
COOTBETCTBYET MOJIOKUTEILHOCTH WM OTPULIATENIBHOCTH KBaJPATUIHOH (OpPMBI,
nostydaemoit pasioxenneM ¢yukuun Q(U) B psa Teitnopa, comepikarimii wie-
HBI HE BBIIIE BTOPOTrO HopsiKa. PazioixeHue MpOBOUTCS OTHOCHTEIEHO TOYKH,
B KOTOPOH BBITIOJIHSAETCS HEOOXOANMOE yCIIOBHE SKeTpeMyMma (3.8).

Ilpumepul uccnedosanusn Qynkyuu HeckoabKUX NEPEMEHHbIX HA IKC-
mpemym Kaaccuueckum mMemooom

Mpumep 1. Q=uy + 2u12 +Up + 4u§ +3upUs .
Heobxoxnmoe ycnoBue skcTpeMyMma:

8Q(U) /8y

0l =0 maer 8Q(U)/ouy u =1+4u; +3u; =0 m

8Q(U)/8u,

ur =1+8u, +3u; =0,

I[J'IH peuIcHrs CUCTEMBI ITOJIYYCHHBIX ypaBHeHPIﬁ, MPUBCACHHBIX K BUY
4u; +3u; =-1
3u; +8u, =-1,
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9. Ecm mmr Q(U)—> max (mmm Q(u) > min) wmMeer MecTo

Qu**) )< Q(u?) (coorBerctBenHo Q(UZ*2™™*Y)>Q(U2+2')), To BBI-

MONTHSIETCS BO3BpAT B TOYKy U2 u yMmeHblneHue padoyero mara h, wa-
IpUMep, BABOE.

10. IpoBepsieTcs BIMONHEHHE yeaoBus h < hmin
11. Ecnu ycioBue OKOHYAHHS MMOMCKA BBIIOIHEHO, TO 338 ONTUMAIBHOE

3HaueHHWe U™ mpuHHUMaeTcs U2+,
12. Eciit yciioBrue OKOHYaHHS TIOMCKa HE BBIIIOJIHEHO, TO OCYILECTBISCT-

Cs IBMKCHHEC M3 TOYKU U2*21 ¢ MOJNyYEHHBIM IIArOM IO HAMPaBICHHIO OT

uzD g u2+2 y nepexon B Touky U2 | a M3 Hee CMyCK Ha JHO OBpara B

TOUKY u2+2(i+1) .

13. Tlepexon K MyHKTY 7.

Pewenue 3a0au onmumuzayuu Ha ycaoGHbLEL IKCIMPEMYM MEHOOOM
wmpaguvix gpynxyui

Kak ¥ B aHAIUTHYECKOM METOME, 3[eCh OyIyT PACCMOTPEHBI YCIOBHS
THUIIa PABEHCTBA U YCIOBUS TUIIA HEPABEHCTBA.

Pewenue 3a0au onmumusayuu npu ycio8uu Muna pagencmed

Pemaercs 3anaua

Q(u)=(Ug,...,Ur) > m‘?x(min) : (3.75)
@j(Uy,..,ur)=0,j=1..,m, (3.76)
dopmupyercs mwrpadras GyHKuus
Qu)=Q(u)taH (), (3.77)
rae
H(U) = Y03 ), (3.78)
j=1

o >0 — QoJblIoe YKHCIO, MPU KOTOPOM, 3a WCKIFOUEHHEM MAaJoH € -
OKpeCTHOCTH OKkojIo Tpanui ¢j(U)=0, j=1..,M, NOWKHO BHINOTHATHCSA

ycII0BHE

I6Q(u) /B uj| <<|o-OH (u)/Bu;, i =1,...,1]. (3.79)

83



JKallel Ha JHe oBpara. Ecnu 3HaueHWe QYHKIUU YIYYIIHIOCh, TO OTHCaH-

HYIO BBIIIE MPOLIETYPY TTOBTOPSIOT, BBOAS B PACCMOTPEHHE IIOCIEAHIOI TOUKY

Ha 1HE oBpara. Ecim 3HaueHne GyHKIMH He YIYYIIIOCk, TO TIOBTOPSIOT IIar ¢

YMEHBIIEHHON BeIMYMHOW. [Ipr3HaKOM OKOHYaHMS MOUCKA SBJSIETCS JOCTHXKE-

HUE BEJIMYUHBI pab0Yero Iara Harepé | 3aJaHHOTO MaJIoro 3HAYCHMSI.
AJITOpUTM MoOMCKA

1. 3aganue hmn |

2. Beibop ncxonHo# Touky momcka U! = (ui,...,ul) m cmyck u3 Hee B

Hanpasinenun GradQ(u!) Ha gHO oBpara B TOUKy U2 .

3. CmemeHue U3 TOYKH U! B TOuKy U°® Ha HEOOJBIIOE PAacCTOSIHUE Op-
TOroHaJNbHO HampaBieHuto GradQ(Ul) u cmyck W3 Hee B HalpaBICHUU
GradQ(u®) Ha mHO oBpara B TOUKy U* .

4. CpaBHenue 3HaueHud ¢ynkumit Q(U2) m Q(u“4) B Toukax U? u

u4 , JIS)KAIMX Ha JHC OBpara.

5. Ecmm min Q(U) &> max wumeer mectro Q(U4)>Q(U2) wmm s
u
Q(u) > min mmeer mMecto Q(U*)<Q(U?), TO B HANpPABICHHN OT TOYKH
u

U2 K Touke U* W3 TOYKHM U* BBITIONMHsETCA pabounii mar h u mepexon B
TOUYKY US , Jexalryro Ha CKIIOHe oBpara (xpe0ra).

6. Cryck Ha JHO oBpara M3 TOYkH U® B TOYKy US .
Bce Touku, nexaiiue Ha JHE OBpara, MMEIOT YeTHble MHICKCHI M 000-

3Havarorcs U224 | i=0,12,... Bce Touku, nexariue Ha CKJIOHe oBpara (xpe6-
Ta), IMEIOT HEeYETHBIE MHIEKCH M 0003HayaroTes U3 | i=01.2,...

7. CpaBHeHHe 3HAUCHUH QYHKIMH B COCEIHHMX TOYKax U221 u U2
JeXaIUX Ha JJHE OBpara.

8. Ecm mms Q(u) & max mmeer mMecto Q(UZ2(9) > QU221 wm
u
s Q(u) - muin mmeer Mecto Q(UZA ™)) <« Q(u2+2), To B HampaBIEHHUH

or U2 g u#2) ys rouxn U™ primonusercs pabounii mar h u nepe-

32040

XO0Jl B TOUKY , JIGKAIIYIO HA CKJIIOHE oBpara (xpe0Ta).
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Bocmonib3yemcs popmynoit Kpamepa
Uf =A1/A, UE =A2/A,

4 3 -1
=32-9=23, A= =—8+3=-5,
3 8 -1 8

riae A=
| 1

. 4
U =41/ 4=-5/23 u 45 = _

_i‘=_4+3=_1, u; = A,/ A=-1/23

JocraTo4HOe yCIIOBHE SKCTpEMyMa:

8%Q(U)/oudyy| . . =4, 8°Q(U)/8uwdu,| . . =3,
up U, u ,U,
8%2Q(U)/8un0uy| . . =3, 8°Q(U)/8UdUy| . . =8.
up ,Up U ,Up
Marpuma (T):
8°Q(U) 8°Q(U)
dudu; AUdU, _[4 3J
9°Q(U) 8°Q) | \3 8

6u26u1 6u26u2

[MepBrbiii AuaroHanbHbIH MUHOP paBeH 4> 0, BTOpOW JHArOHATBHBIN
MuHOp paBeH 4:8—-3:3=32-9=23>0

Otser: mpu Uy =-5/23, u, =-1/23 wuccnenyemas QyHKIUs uMeeT
MHHHMYM.

Mpumep 2. Q=u; — 2u12 +Up + 4u§ + 3UyUs

Heob6xoaumoe ycioBue 3KCTpeMyMa:

8Q(U)/du;

. =0 maer dQ(U)/duy
2

. » »=1=4u +3U;, =0 m
u; ,u U ,Up

8Q(U)/du,

« «=1+8u; +3u =0,

U ,U;

]1_]'[}1 pemeHI/m CUCTCMBI l'IOJ'[y‘IeHHBIX ypaBHeHHﬁ, l'IpI/IBe)IeHHBIX K BI/I]ly
—4u +3uy; =-1

3u +8u, =-1

Bocronb3yemcs hopmynoit Kpamepa: U = A1/ A, Uy = A,/ A,
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rae A

-4 3‘

-1
=-32-9=-41, = =-8+3=-5,
3 8 A ‘ 3‘

-1
-4 —
3 —

,Z[OCTaTO‘IHOG YCJIOBUE SKCTPEMYMaA:

Uy = A/ A=5/41 Ay = 1'=4+3=7,u§=A2/A=——7/41.

92QU)/duPu| . . =—4, 8°Q(U)/Buwduy| . . =3,
u; Uy ug U

8%Q(U)/8uyduy| . . =3, 8°Q(U)/dUsdU,| . . =8.
us ,U, up .U,

Martpuma (T):

82Q(V) 8°Q(U)
Ouduy duou, | (-4 3
3 8/

8°Q(U) 8°Q(U)
du,0Uu; OuyouU,y

[lepBbiii quaroHanbHbli MUHOpP paBeH —4 < 0, BTOpO#l AMaroHalbHbII
MuHOp paBeH —4:8—-3-3=-32-9=-41<0

Ortser: mpu U =5/41, u; =—7/41 uccnenyemas GyHKIUA HE UMeeT

JKCTpeMyMa.

3.4.2. AHanuTHYeCKOe pelieHne 3aJa41 HA YCJOBHBII 3IKCTpeMyM

B 3amavax crarndeckoil ONTUMM3AIMM YCIOBUS MOTYT OBITH JBYX BH-
JI0B: B (hopme paBeHCTB 1 B (popMe HEpaBEHCTB.

3.4.2.1. AHajuTHYeCKOE pelleHHe 321a41 HA YCJIOBHBIN JKCTpeMyM
NpH YCI0BUH B (hopMe PaBeHCTB

B stoM cityuae 3anaua pemaeTcst METO0M MHoKuTelel Jlarpanxa.
Memoo munoncumeneii Jlazpanstca
Pemaercs 3agaua Ha yCJIOBHBIN 3KCTPEMYM

Q=Q(U) > min) (3.20)
Ue®

IIPY YCJIOBUSIX:

¢j(U)=0, j=1..,m, U=(up..u) m<r. (3.21)
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[Tonck METOIOM HAMCKOPEHIIIETO CITyCKa OTIMYAeTCs OT METOa Ipaau-

CHTa TCM, YTO JBHXKCHHC U3 BbIGpaHHOﬁ TOYKH UX B HaIpaBJCHUU N Ipagu-
CHTa MPOU3BOAUTCA 0 BBIMIOJTHCHUA YCIIOBUA

l2Qw)| | _|aQu)
| AU uk ~| ou;

<8i,i=1..r. (3.74)

u

3aMeTHM, 4TO OCTAHOBKA JIBMIKCHUSI B BHIOPAHHOM HAIIPaBICHHH [0
JIOCTHKEHUs YKA3aHHOTO YCIIOBHSI OCYIIECTBISIETCSl TaK )K€, KaKk B METOME
laycca-3eiinens.

MeTo/1 MPUMEHUM JTs TIOMCKA IKCTPEMYMa YHUMOAIBHBIX (DYHKIIHA.

Memoo 0suricenus no OHy osepaza

WimrocTpaliyst moucKa METOIOM JIBH)KCHUS [0 JHY OBpara M300pakeHa
Ha puc. 3.9.

u/

U
Puc. 3.9. [Tonck MeTon0M ABMXKEHUS TI0 IHY OBpara

Osparu (Ipy MUHUMH3ALMKA (QYHKIMN) WK XpeOTHl (IIpH MakCHMH3a-
i (QYHKIMHM) UMEIOT MECTO B TeX CiIydasiX, KOTJa CKOPOCTH W3MEHEHHMs
(GYHKIMM 1O Pa3IMYHBIM INEPEMEHHBIM CHIJIBHO OTJIMYAIOTCS, T.. OTJINYNE
YyBCTBUTEIBHOCTH (PYHKIMHU K Pa3IMUHBIM IIEPEMEHHBIM Bennko. CyIHOCTh
METOJla 3aKJI0YaeTcsli B TOM, YTO CIIYCKAIOTCs Ha JIHO OBpara U 4epe3 JBe
Ommxaiimue TOYKH, JieKallue Ha JHE OBpara, NPOBOIAT HAIpPABJICHHE, IO
KOTOPOMY BBITIOJIHACTCSL pabouuii miar. M3 Mory9eHHON TOYKH CITyCKAaroTCs
Ha JHO oBpara. CpaBHHBAIOT 3HaueHHWE (QYHKIMH M3 MPEABIAYLICH TOYKH,
Jexalnei Ha JHe oBpara, co 3HaueHHeM (YHKIUH B IIOCIEIHEH Touke, Je-
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5. Ecm YCJIOBHEC OKOHYAHHUA IIOMCKA HE BBIITOJTHCHO, TO BBIIIOJIHACTCA

mar Uk =uk £he-cosoj B HampaBiaeHHH TPamMeHTa, II¢ 3HAK IUTOC (+)

st 3amaun Q(U) > max , 3Hak muHyc (-) as 3amagn Q(U) — min
u u

cosaui[ = AQ(U)/ Auy/ T AQU)/ AU)? | i=L.,r.  (373)
=

Ecimu hk =hy

GradQ(uk)‘,To Uk = Uk +ho (AQ(U)/ Au;)

uk ?
rac h() — 0a30BO€ 3HAYEHME IIIara.

CpaBnuBarotcs 3HaueHus GyHkmmuid Q(Uk) n Q(uk+).
Ecmu mma Q(u) > max Bemomasercst Q(UkH) > Q(uk) wm must
u
Q(u) > min Bemonusercs Q(UX*) < Q(uk), To myHKTHI 2—6 HOBTOPAIOTCS
u

J0 BBIINIOJHCHUS YCJIOBUA OKOHYAHUA ITOUCKA B ITYHKTC 3.

Ecmu st Q(U) & max mmeer mecro HepaBeHCTBO Q(UKH) < Q(uk)
u
win s Q(u) — muin HMeeT MecTo HepaBeHcTBO QUK ) >Q(uk), To BO3-

BpAIIAIOTCS B TOUKY U= U , ymeHbInator mar Ny u nepexoasT K myHKTY 5.

Metoa npuMEHHM AJIS TTOMCKA SKCTPEMyMa YHUMOIATBHBIX (QYHKIIUH.

Memoo nauckopeiiuiezo cnycka (noovema)

WnmrocTparyst morcka METOA0M HauCKOPEHIIero cirycka n3o0pakeHa Ha
puc. 3.8.

u/\

ul

Puc. 3.8. [Torck MeTO0M HauCKOpeEHIero crycka
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B atom ciyuae cocraBmsiercs Gpynkuus Jlarpamka
m
L(U,A)=Q(U) + ij(pj(U), (3.22)
j=1
rae Aj, j=1..,m — MHoxuTenH Jlarpamka.

3aTeM COBMECTHO pelaeTcsi CUcTeMa ypaBHEHUH

oL(U,A)/0u; =0, i=1..,r, (3.23)
¢j(U)=0j=1..m. (3.24)
IIpumep pewrenus 3a0auu memooom muoncumenei Jlazpansica
2,02
Q= ut+u’,

U +Uy,—1=0.
Oyukuus Jlarpanxa

L =Q(uq,up)+ @ (ug,uy) = ul2 + ui + AU +uy =1,

oL/ou =2u +1=0,
oL/ouy;=2u; +1=0
ITycts A #0,Torma Uy =A/2, uy =A/2,

u; = Uy, —Ul—U2+1=O, Ul* =U2* =05.

IlIpumep ucnonv3oseanus memooa muoxcumenei Jlazpanica ons on-
pedeneHua ONMUMANbHO20 HAGOpa Onaz, odecneyusarOu|ez0 MaKCuMu3a-
UUI0 nPedebHoll Noae3HOCmU.

B ocHOBY Teopuu mpeensHO# MOe3HOCTH TOJI0KEHO BBeACHHE (DYHK-
IIUH TIOJIE3HOCTH B BHZIE 3aBHCHMOCTH €€ OT KOJH4YecTBa OJar

U =U(Xg, X0 ,eeey Xj yeers X)) - (3.25)

KonmdectBo Giara uaMepsiercst B QU3MUSCKUX SAUHUIAX (KHJIOTpaMMaXx,
JUTpax # T.11.).

[one3nocts Onara u3MepsieTcss B CHCIHATBHO BBEICHHBIX CIWHHIIAX —
IOTIIIX. JTa eauHUna ycioBHas. OHa pa3iuyHa A pa3iIHYHBIX JIFOJEH,
[Ipenmonaraercs, 4To 00O YETOBEK B COCTOSHHU IMPHU3HATH IMOJIE3HOCTh
KaKoro-nubo KojaudecTBa Ojara 3a eMuHUILY (FOTHIIb) U B OTHX €IUHUIAX W3-
MEpSTh IMOJIE3HOCTh BCEX IPYTHX OJar.

Bsenem nounsitue npeaenbHON MOJIE3HOCTH.
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ITycTs 1aHO HEKOTOPOE KOJIMYECTBO OJlara Xj M €ro Mmojie3HocTh U; .
[penenbHas mone3HOCTh OJ1ara onpeaenseTcs Kak

Muj= lim (4uj/Ax)=0u;/0%, (3.26)
Ax;—0
T.e. M Ui €CTb YaCTHasd MPOU3BOAHAA OT (byHKLII/II/I MOJIE3HOCTH OJjIara mo ero

KOJIMYECTBY.
OYHKITUS TTOJIE3HOCTH OT KaKJ0ro OJara

uj = U (X)) (3.27)
o0nagaeT CIEAYIONMHMH CBOMCTBAMH: HENpephIBHA, Au(QpepeHmupyeMa,

uj(0)=0, 8u; /8% >0, d%u; /x> <0.

Ilepen morpebuteneM BO3HHKAeT 3ajada — OIPEAEINTh Habop Omar,
o0ecrieunBarONINX HanOOIBIIYIO ITOJIE3HOCTh NP OTPAaHUYEHHH 110 OIOKETY

U =U(Xq, w0y Xjyeees Xy ) —> MAX . (3.28)
pHx yCIOBUU

m

2. Rxi =B, (3.29)

i=1

xp20, i=1..m, (3.30)

rae B, — uena i-ro Gmara, B — 6romxer notpeduresns. CMBICT EPBOTO Orpa-
HUYCHUS] COCTOMT B PACXOJOBAHUHM JICHET 10 00BEMY, CTPOTO PaBHOMY OO~
xeTy. CMBICII BTOPOTO OTPaHUYEHHUS COCTOMUT B TOM, YTO X Oxaro smbo mo-
Kynaercsi, 100 He IMOKyTaeTcst, HO He MPOaaeTCsl.

ChopmynupoBaHHas 3afaya SBISICTCS 3a1a4ell Ha YCIOBHBIH 3KCTPEMYM
IIPH YCJIOBUY TUTIA PABCHCTBO.

CocraBuMm Qynkuuto Jlarpamka

m
L=u(Xg,.... Xm) + A(B= Y RX;). (3.31)
i=1
Bennunna MuOXxuTens Jlarpamka MMeeT SKOHOMHYECKHIH CMBICH Kak IIpe-
m
JeNbHAs MOJIE3HOCTh OCTaBIIKXCs AeHer cymmoit (B — Y Px;)
i=1
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mara MpoNOPIMOHANIFHO MOJYJNIO TpajueHTa. B sTom cimydae BeIOMpaeTcs
6asoBoe 3Hauenue mara ho.Pabounii war, NIPONOPUHOHANBHBIA B BHIOpaH-

2
uk !

pasen h, =hyg |G rad Q(u), | . [Ipoexuus 3Toro 1mara Ha KOOPJUHATHYIO OCh

0Q(u)
6Ui

r
Hoit Touke U MOZYIIO TpajueHTa ‘G rad Q(u)|u k ‘ = Z(
i=

ONPEACIIACTCA BEIPDAXKCHUEM
oQ(u)/ouj ‘

Au; =h,cosa; =h
PR [Gradow)| ! T (3.79)

Grad Q(u)

uk

= ho -8Q(u)/8u |

uk

[Ipn3HakoM OKOHYaHHMS MOWCKA SIBIAETCS JOCTIDKCHNE MOIYJIEM Tpaju-
eHTa Harepén 3agaHHoON Manoil BeawduHBI. MIuTiocTpanus MoMcKa METOI0OM
rpaaneHTa n300pakeHa Ha puc. 3.7.

uf

Uy

Puc. 3.7. [louck MeToa0M rpagueHTa

Ausroputm noucka (3amano A)
1. Beibupaercst ucxonHas Touka moucka Ut = (uf,...,ul).

2. Berancnsercs

™M

an

r [6Q(“) 1J2 . 3.71)

3. HpOBCpHGTCH BBITIOJIHEHUE YCJIOBHS OKOHYAaHUSA IMTOUCKaA

‘G radQ(uk)

<A. (3.72)

4. Ecnun YCJI0BUE€ OKOHYAHHWA TOMCKA BBIMTOJHCHO, TO TIOMCK OKOHYCH.

79



3. IlyHKT 2 MOBTOpSIETCS U3 MOJyYECHHON TOYKHU AL MEPEMEHHOH U .

AHaJIOTHIHO OCYIICCTBJIACTCA ABHXCHHUC 110 BCEM OCTABIIUMCS IEPEMECHHBIM
Usz,Us,...,Ur.

4, HpOBepHeTCH BBITIOJTHCHHUE YCJIOBUA OKOHYAaHUA MMOUCKA

Zr:(AQ/AUi)Z <A. (3.66)

5. B ciaydae HEBBINOJIHEHUS MYHKTa 4 MOBTOPAIOTCS MYHKTH 1-4, mpu-
HUMas 32 UCXOJIHYIO TOUKY MOUCKA Ty, B KOTOPYIO IPUIILIH B MyHKTE 4.

Henocratkom MeTona sBIsSCTCS BO3MOXKHOCTh OCTAHOBHUTHCS BJAJIH OT
9KCTpEMyMa B CIIydac BBITSIHYTHIX JTMHUH YPOBHS HE B HAIIPAaBICHUH KOOPIIH-
HATHBIX OCEHl.

Merton npuMEHNM UIS TIONCKA 3KCTPEMYMa YHUMOIAIbHBIX (QYHKIIHH.
Memoo zpaduenma

I'pamuent dpyakuun Q(U)
Grad Q(u), = Y K; %u(“)h, (3.67)
i=1 i

rae Kj — BekTop, Onpe/ensionuii HapaBiaeHue Mo | -if KOOpAUHATHOM OCH.
Mopynb rpagueHTa

2
r (o
SEONEN %h . (3.68)
1= |
HanpasiieHue rpaauenra
o0Q(u)/du;
COSOLJ'=&|U, j=1..r. (3.69)
|Grad Q(u)|

I'pagueHT 0OMamaeT TeM CBOWCTBOM, YTO B €r0 HAIPABICHUU (PYHKIUSL
Q=0Q(U1,.,U,) M3MeHsAETCA ¢ HAMOONBIIEH CKOPOCTHIO. [ paduueckn 10-

My COOTBETCTBYET HANpaBIECHHUE NEPHEHAUKYISIpa, NPOBEAEHHOIO K Kaca-
TENBHOW AJIS TMHWM YPOBHS B BBIOpaHHOH Touke. CyIIHOCTH METOa 3aKIII0-
94aeTcsl B TOM, YTO M3 BBHIOPAHHOW TOYKH OTIPENeNIeTCs] HalpaBJIeHUE Ipagu-
€HTa M B 3TOM HAIPaBJICHUWHW BBHIMONHACTCS paboumii mar. CpaBHHBAIOTCS
3Ha4eHUs (PYHKINH, BEIYUCICHHBIE B IPEABIAYIIEH U MOCTIeYIONEei TOuKax.
Ecnu 3Hauenne QyHKIMHU yITyqIIMIOCh, TO U3 IOJYYEHHOH TOYKHU OIpe-
JleNIeTCsl HalpaBlIeHHE TpaJueHTa U MOMCK nponoikaercs. Eciau 3HaueHue
(YHKIMY HE YIy4LIMIOCh, TO BO3BPAILAIOTCS B MPEIBIAYILYIO TOUKY U U3 Hed
MOBTOPSAIOT B HANpaBJICHUMM TIPaJMEHTa LIar C YMEHBIIEHHOW BEIMYHUHOIL.
[ar B HarpaBiIeHUH IpajiueHTa MOKET (POPMHUPOBATHCS PA3IMYHBIMH CIIOCO-
6amu. HanbGoisiee pacnpocTpaHeHHBIM crocoOoM siBisiercs: (popMHupoBaHKE
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W3 HeoOxoaumMoro ycinosus 3kcTpeMyMa GyHKINH L o X; 1 A uMeeM

rBL/6X1=6u/6X1—7uP1=O

o ) (3.32)
OL/0Xy=0ul/0Xy—APy,=0

m
oL/oA=B-3 Px =0
| i=1

PemuB cucremy stux (M+1) ypaBHeHHMI, HaiineM Bce MCKOMBIE Iepe-

MEHHbIE X ..., X" .
1 m
[IpuBenenHyto BbINIE cUcTeMy ypaBHeHHH (3.32) mepenuiieM ¢ y4eTom
BBIPAKCHUH MPEAEIBbHON ITOJIE3HOCTH:

(Mu /P =2

Do, . (3.33)

m
2. Fx =B
=

PaccmarpuBast pUj /P kax mpemenbHyo 3(@dEKTHBHOCTE B CMBICIE
NIPE/ICNBHON TIOJIE3HOCTH, TOJydEHHON OT €IMHHMIIBI BIIOJKEHHBIX JICHET Ha
MOKYTIKyY Oyiara X;j , IPUXOJUM K BBIBOJY, YTO IpezesbHas 3 (HEeKTUBHOCTD OT
MOKYNKH T000r0 O1ara X €CTh BEIWYHMHA IIOCTOSHHAs U PaBHAs MpPEIeiib-
HOMW MOJE3HOCTH OCTaBIIMXCS JICHET.

[Mycte ¢yHKIMS TONE3HOCTH HUMEeT BHI U= a,_-,xlal 1 ng , YCIIOBHE
PX +Pox, =B, tme ag=112; & =0,65; a, =047, B=200; P, =50;
P,=22.

Tpebyercs HalTH ONTHMATBHBIN HAOOp OJar M €ro MOJIe3HOCTh.

Pemnm 3amaqy B o0miem Buze, a 3aTeM IO0JICTABUM YHCIEHHBIE 3HAUESHUS
K03()PULNECHTOB.

L= aoxflsz +0(B—Px — PyXp).
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3anwuiemM HeOOXOAUMBIE YCIOBHS dKCTpeMyMa HyHKInuU L:
oL/ ox, = aoalel‘lsz —AP =0,
oL/ dxy = aoazx;"llsz_l —AP, =0,
B—-Px —Pyx, =0.
[IpeoGpazyem 3Ty cucremy
aoalel_lxz‘? =R
aoazxflsz Loap, .

P]_Xl + P2X2 =B

Paspenum nepBoe ypaBHEHHE HA BTOPOE
(/)X /%) =R /P,.
OTtcroga
Xo = (P/Py)(az/a)X; -
JlonoaHuM ero ypaBHeHUEM
Pixi +Poxo =B
U PELIUM COBMECTHYIO CUCTEMY 3THX JIBYX YPABHECHMM:
x; =a;/(ay +a,)B/ P, x’z* =a/(a;+ay)B/P,.

IloncraBuB umciieHHBIE 3HA4YeHUS KO3()(UIMEHTOB, TMONYYHUM ONTH-
MaJbHBIA Habop Ouar:

X" =232; x* =382.
1 2
HOHGSHOCTL OIITUMAJILHOI'O Ha60pa l'IpI/I 3TOM COCTABUT.
u* =112.2,32965.382047 _363 .

3.4.2.2. AHajuTHYeCKOE pelleHHe 321a491 HA YCJIOBHBIN JKCTPeMyM
MPH YCJIOBUSIX THIA HEPABEHCTB

B sToMm ciyuae 3amada pemaercs ¢ HCIHOJIb30BaHMEM ycinoBuii KyHna-
Takkepa.
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W3 ducneHHBIX METOAOB PEIICHHS MHOTOMEPHBIX 3a7ad CTaTHIECKOH
ONTHUMU3AINN HIDKE pacCMaTpHUBatOTCs MeTonbl: ["aycca-3elinens, rpaaienTa,
HAMCKOPEHIIero crycka (morbeMa), CaydaiiHoOro ONCKa.

Memoo I'aycca-3eitdena

CyIIHOCTh METO/Ia 3aKJII0YAETCS B CICAYIOILEM.

W3 BBIOpaHHOW TOUYKHM IOMCKa JABM)KEHHE OCYIIECTBISIETCS B HaIpaBJiie-
HUM BBIOPAHHOHN KOOpAMHATHOW ocu (puc.3.6.) M0 3HAYCHUS BapbUPYCMOU
NEepEeMEHHOM, MPU KOTOPOW CKOPOCTh M3MEHEHUs! (YHKIMU oOpainaercsi B
HOJb (WJIM JIOCTUTAeT OY€Hb MaJloro Hamepén 3aJlaHHOTO 3Ha4yeHHs). 3aTeM
JIBUDKEHHUE OCYIIECTBISETCA 10 APYroil MepeMeHHOH 10 JOCTHXKEHUs yKa3aH-
HOTO BHIIIIE YCIIOBHA. BRIOOp mMepeMeHHOH, 10 KOTOPOH HY>KHO OCYIIECTBIISATh
IIBIDKCHUE, BBITIONHACTCA B paHee YCTAHOBJICHHOW MOCIENOBATEIEHOCTH WITH
o TOH TEepeMEeHHOH, CKOPOCTh M3MEHEHHA (YHKIHUH IO KOTOPOH MakcCH-
ManbHas (B 3TOM cirydae monupukanus metoma ['aycca-3eimens HOCHT Ha-
3BaHHE METOJIA PEIIAKCAIHIA).

u

0

Puc. 3.6. [Touck metonom [Naycca-3elinens

AJITOpPMTM NMOMCKA (3a71aHbl 3HaYeHUs Oj, 4):

1. Bribupaercs ucxoHas TouKka moucka Ul =(ui,..,ul) u BEMUCIACT-
_ 1

c1 Q=Q(u").
2. Y3 Toukn U! ocymiecTBiseTCs ABM)KEHHE TI0 MEepeMEeHHOH Ul ¢ ma-

rom h; .
U7 =u} +h (sign(4Q) /(4us)|,_,1) (3.65)

JI0 BBITIOJIHEHUS YCIIOBHSI ‘AQ / Aul‘ <9d;.

3Hak wioc (+) NpUHUMAETCS B 3a/[aue MAaKCUMU3AIMH, a 3HAK MUHYC (-)
MPUHUMAETCS B 3aj1aue MuHuMu3anuu Gyukuuun Q(u) .
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@OyHknus 1Byx nepemeHnbix Q(Ui1,Uz) mpexicraBieHa Ha puc. 3.4.

.. A
Quyuz) L

u>

Puc. 3.4. JIsymepHas QpyHKIMs

Jns minirocTpalMd METO/IOB MOWCKA PaccMaTpUBalOT (DYHKLIUIO JBYX
nepemenHbix Q=Q(U1,U2) B BHAEC NPOEKINH CedYEHHS €€ MOBEPXHOCTH

IUIOCKOCTSIMH, TapaJUIebHBIMH OCHOBaHHIO. B 3TOM ciydyae GyHKus
Q=Q(u1,Uz) mpencrapiseTcs B BUJAE JIMHUMA ypoBHs. Bo Beex Toukax, Ha-

XOIAIMXCSA HA OAHON JMHMK ypoBHs, QyHkuus Q=Q(U1,U2) uMeeT 0gHO

U TO XK€ 3HaYCHHE.
®opMuUpOBaHUE JIMHUN YPOBHS NPEACTABIEHO Ha puc. 3.5.

Q(ug,u2)

Puc. 3.5. dopmupoBaHue IMHUNA YPOBHSI MHOTOMEPHON (QYHKIINK
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Ycnoeus Kyna-Takkepa

Pemaercst 3amada BBIMYKIOTO IPOrPaMMHPOBAHHS HA YCIOBHBIH HKC-

TpeMyM
Q=0Q(U) —» min)
UeR
IPH YCIOBUSIX:
¢;(U)<0, j=1..m, Us=(ug..,Uy),
rae Q(U) u ¢j(U) — soimykibie nuddepenuupyembie GyHKIUH.
B stom ciyuae cocraBnsercs GpyHkius Jlarpanxa:

LU = Q)+ glx,-cp,-(U) ,
j=

roe A i j=1...m, — muoxurenn Jlarpanxa.
3areM COBMECTHO pelIaeTcsi CHCTEMa YPAaBHEHHUI U HEPABEHCTB:
oL(U,n)/ou; =0,i=1..,r,
kj(pJ(U)=0, j=1,...,m,
kj 20, j=1...m,
(pJ(U) <0, j =1..m.

K onpeodenenuro evinyknocmu gpynkuyuu
Myctp 0<a<1.

[MpousBosibHYI0O TOYKYy Ha JuHHM ab  MoXHO omucath

(3.34)

(3.35)

(3.36)

(3.37)
(3.38)

(3.39)
(3.40)

KaxKk

a+(b-a)l-a)=0a+@—a)b, r.e. mpu o =0 3710 TOuKa b, anmpu a=1

a b

3TO TOYKa a.

B cnyuae HenmHelHOM QyHKINK ee 3HaAYEHHE B ToUke C = oa+ (1— ab)

ectb Qlaa+ (1—a)b].

Q)




3HaueHue JIMHEWHON (yHKIMHU, mpoxojsmiei yepe3 Toukd a u b, B
TOYKE @ PaBHO

Q(e)=Q(@)+(Q(b)-Q(a))(c-a)/(b-a). (3.41)
Q@)+ (Q(M)-Q(a)laa+(1-a)p—al/(b-a)=
=Q(a)+(Q(b) - Q@)(-o) = 0. Q(a) + (1 - c)Q(b)

CpaBHHBas 3HAYCHUS HCXONHOW (YHKIHMU C JHWHEHHON (YyHKIHEH B
TOYKE C, MOXKHO 3aIlicaTh YCJIOBHE BBITYKIOCTH ()YHKIUH BHH3!
€CII UMEET MECTO

Q(aa+ (1-a)b) <aQ(a) + (1—a)Q(b), (3.43)

TO MCXOMHAs (QYHKIHS BBITYKJIa BHHU3 (JIE)KUT HIDKE IMHEHHON QYHKIMU Ha
otpeske [a,b]).

(3.42)

Ipumepul peuwienus 3adauu c ucnonvsosanuem ycnosus Kyna-Taxkepa

Ipumep 1. Q = u12+u§ — min,
Ug,Up

U +Up <1, mm @(U,Up)= U +u, —1<0,

L =Q(Up, Up) + 2 (Ug,Up) = Uf +U3 +A(Up +Up —1).

Venosust Kyna-Takkepa:

X'20,8L(U,2)/8u; =0, Koy, us)= 0, o(uy,up)< 0, j=12.

Pewrenue: OL/Ou; =2u; +A=0, 6L/0uy =2u, +A =0,
Alup+u, =1)=0, u +u, —1<0.
ITycts A =0, Torma u; =0,u, =0.
Orpannuenne U;+Up, —1<0 B Touke U =(uj,up)=(0,0) BoImomms-

eTCsl, TPUYEeM HMeEeT MecTo Uj+U, —1<0, a Touka U= (uy,u,)=(0,0)

JISKUT BHYTPH IOIYCTHUMOM 00JIACTH, T.€. OTpAaHHYCHHUE TACCHBHO.
Iycte A #0, Torma u;+u, —1=0,

2u; =-1;Takkak A >0, 10 U <O0;
2u, =—1; tak kak A >0, 10 Uy <O0.

B sTOM ciryuae He BeIonHSAETCS yenoBue Uy +Up, —1=0.

Ipumep 2. Q = u12+u§ — min
Uy, Uy
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3nak twmoc (+) craBurcs B 3amade Q= Q(u) —» max, 3Hak MuHYyC (-)
craButces B 3agaue Q = Q(U) »> min .
Ha xaxmom mare Beraucisercss Gyukmus Q(u) . IMowuck 3akaHunBaeTCs

mmocye ucnoib3oBaHus uncia @ubonadun Fo, T.e. korma OyayT HCUepIaHbI

Bce uncia @udonayun or F,, mo Fo.

KonuuectBo O6paHICHHﬁ K (byHKHI/II/I A JOCTUIKCHHA BKCTpEMyMa C
3aJJaHHOM TOYHOCTBIO OIPCACIIACTCA U3 YCIIOBUA

M =S, (3.61)

rae S — MHAEKC Omkaiimiero yucna GuboHaY4H, YIOBIETBOPSIOIIEIO YCIIO-
BUIO

(b-a)/e<F,. (3.62)

W3 MeTO/10B MOJOBHHHOTO JIEJIEHHS, «30JI0TOI0» CEUEHHS U C UCIIONIB30-
BaHueM yuces duboHauyyn MociepHU sBiIseTCs Hanboyiee d(PPEKTUBHBIM.
Merto| «30JI0TOTr0» CEYEHUs YCTyNaeT eMy 1o 3QpPeKTHBHOCTH HE3HAYNUTEIb-
HO.

KoHnTposabHble BONPOCHI

1. B 4em cymiHOCTh METO/Ia CKAHMPOBAHMS C IOCTOSIHHBIM IIarom?

2. B uem cymHOCTh MeTOJa CKaHHPOBAHMS C IEPEMEHHBIM MIarom?
Ob6nactb ero npuMeHeHus. O1eHKa 3P PEKTHBHOCTH.

3. B dyeMm cymHOCTh MeTOAa MOJIOBHHHOTO neneHus? OOnacTe ero
npuMmeHeHns. OneHka 3 (eKTHBHOCTH.

4. B d4eM CyIIHOCTh METOJa «30JI0TOTO» ceueHus? O6iacTp ero mpu-
MeHeHus. OneHka 3¢ hekTHBHOCTH.

5. UYro oOmiero B METOAax MOJOBUHHOTO JENCHUS M «30J0TOr0» cede-
Hus? B yem ux paznuuane?

6. B uem cymHOCTh MeTONa C WCHONB30BaHWeM uncenl DuboHau4ymn?
O6nacTsb ero npumenenus. OneHka 3¢ HeKTHBHOCTH.

7. Yto o0miero B METOAAX «30J0TOT0» CEUYEHHS U C UCIIOIb30BaHHEM
yucen OGubonauun? B yem ux paznmune?

3.4.3.2. UncneHHble MeTOABI PellIeHNs] MHOTOMEPHBIX 32124
CTATHYECKOH ONTUMM3ALNHT

Pemraercs 3aJaydya
Q(ui,..,ur)=Q(u) » mslx(min) (3.63)

uT‘“SuiSUTaX, i=1..,r. (3.64)
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Wnroctpamys MeTona ¢ UCTonb30BaHHEM urces PuboHau4n mpen-
cTaBjeHa Ha puc. 3.3.

Q(u) A

Puc. 3.3. TTouck ¢ ucnons3oBanneM yncea OruboHaqym

AJITOPUTM TOMCKA
1. Ompenensiercst uuciio N, N=(b—a)/¢.

2. B psny uucen ®@udonauun Haxomsit Fsi < N<Fs,rme Fo =F1 =1,
Fi=Fa+Fi2,i=23..
3. Briuucnsercs
A=(b-a)/F. (3.57)
4. Bemosmnasercs 1-i mar:

u =a+AF, (3.58)

u Beruucisgercs Q =Q(uy) .
5. Beimonasiercest 2- mar:

u.=a+AF., (3.59)

u Beraucisierca Q = Q(uz).

6. JlanpHEHIIINE Iary:
U, =U, £sign(u; —u.,)-sign(Q(u;) —Q(u..))AF. .., (3.60)

rae Uy — 3HayeHuWe U, MpH KOTOPOM JOCTUIHYTO HAWIIydllee 3HaueHHE
byHKITHY.
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Up+Up 21, mwm @(U,Up)= —U;—Uy, +1<0,

L= Q(uy, Up) + A (U, Up) = UZ +U3 +2(~ty —Uy +1).

Venosus Kyna-Takkepa:
A 20, 0L(U,2)/0uj =0, Mo ,uy)= 0, o(u,up)< 0, j=12.

Pemenue: 6L/6u1=2u1* -A=0, oL/du, =2u2* -A=0,
AM=u—up, +)=0, —u;—u, +1<0.

Iycte A =0, Torma u;+u, —1=0.

Orpanndenue — Uy —Uy +1<0 B Touke Uy =0,U, =0 He BeIMOTHAETCS.
Iycte A#0, Torma Uy =42, u, =42,

Te. U =Upy, —U—Uy +1=0,u =05, u;, =05.

Orpannuenne —U; —Uy +1<0 B Touke U= (u;,u,)=(0.5,0.5) akrueHo,
TaK KaK 3Ta TOYKA JISKUT Ha TPaHHMIIE.

KoHnTpoJsbHbIe BONPOCHI

1 KaxoBa knaccudukanys GyHKIHHA 110 KOJINYECTBY SKCTPEMYMOB?

2. KakoBa kyraccuuKanyst HauiayqlnX 3HaueHni GyHKumu?

3. ChopmynrpoBaTh HOCTAHOBKY 33Ja4ll CTATHYECKOH ONTHMHU3AIHH.

4. Kakumu ycrnoBusiMu popMHUpYeTCst 00J1acTh JOIyCTUMBIX YIIPABICHUNA?

5. IlepeyrcnuTh OCHOBHBIE METO/IbI CTATHYECKOH ONITHMHU3AIIHH.

6. ChopmynupoBaTh HEOOXOAUMOE U JTOCTATOYHOE YCIOBHS MHHHUMYMa
(GYHKINU OIHOM ITepeMeHHO.

7. ChopmymupoBaTh HEOOXOAMMOE M JTIOCTATOYHOE YCIOBUS MAaKCUMyMa
(GYHKINU OIHOM IepeMeHHO.

8. CdhopmynrpoBaTh HEOOXOANMOE M JOCTATOYHOE YCIOBUS MHHUMYMa
(YHKIMH HECKOJBKHX IEPEMEHHBIX.

9. ChopmynrpoBaTh HEOOXOIUMOE U JOCTATOUYHOE YCIOBHS MaKCUMyMa
(YHKIMN HECKOJBKHX IEPEMEHHBIX.

10. Kakoe MaTeMaTH4YecKOe BBIpa)KEHHE NMeeT KBaipaTuuHas ¢popma?

11. Kak ¢dopmynupyercst yCJIOBHE IOJ0XXKUTEIBHOCTH KBaJApPaTUUHOMN
¢bopmbI?

12. Kak ¢opMmynupyercs YClIOBHE OTPHUIATEIbHOCTH KBaJPATHYHOI
¢bopmbI?

13. B yem cymHOCTh MeTOAa MHOXKHTenei Jlarpamka? KakoBa 00macTs
€ro MpUMEHEHHs?

14. B 4yem cymnocth ycnouil Kyna-Takkepa? KakoBa obsacts ux mnpu-
MeHeHus?
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15, Kak MareMaTH4ecKu OIICaTh MMOJOKEHUE TOUKH, IPUHAICIKAIICH
orpesky ab ?
16. 3Bamucath yCIOBHS BBITYKIOCTH QYHKIIMU KBEPXY U KHH3Y.

3.4.3. MeToabI HEJIMHEHHOT0 MPOrPaMMHUPOBAHNSA

K HenuHeliHOMY MPOrpaMMHUPOBAHMIO OTHOCSTCS 3aJayd CTaTUYECKON
ONTHMU3AINH, B KOTOPBIX ILiesieBast (QyHKIUS WM YCJIOBHS CBSI3M WM IIEJe-
Bas (DYHKIUS M yCIIOBHSA CBS3H SIBIISIFOTCS HEMHEHHBIMU. M3 MeTO0B HEmH-
HEWHOT0 MPOrpaMMHUPOBaHUs HHXKE OyIyT pacCMOTPEHBI:

1) uncneHHble METOMABI PEIIeHUsT OAHOMEPHBIX 3a/ad CTaTUYECKOH orl-
THUMH3A1IUH,

2) 4ncieHHbIE METOABI PEIICHUsI MHOTOMEPHBIX 3a7jad CTaTHYECKON OTI-
THUMHU3alIUU

3.4.3.1. UncneHHbIe MeTOABI PellIeHUs] OAHOMEPHBIX 3a1a4
CTATHYECKOH ONTUMM3ALNHU

B sToMm pazgene OymyT pacCMOTPEHBI METO/BI:

1) ckanupoBaHU (C IIOCTOSTHHBIM M IEPEMEHHBIM IIaroM);

2) TMOIOBHHHOTO JIEJICHUS] NCXOIHOTO MHTEpPBaja, COIEPIKAIIEro SKCTpe-
MyM;

3) «30JI0TOT0Y CCUCHHS,

4) ¢ ucnonp3oBanueM uncena Gubonayun.

Bo Bcex MeTomax MOMCK 3KCTpeMyma (YHKIIMU TPOIODKACTCS 0 MPH-
ONMKEHHsSI K SKCTPEMYMY C 3aJJaHHOW TOYHOCTHIO € IO BapbUpPyeMOH mepe-
MeHHOH. D) ()eKTHBHOCTH METO/1a OIICHUBACTCS YHCIIOM OOpalleHHuid K 1ene-
BO# (yHKIMH (ee BBEIYMCIICHHIA) B MpoIlecce MOMCKa SKCTpeMyMa 10 3allaH-
HOW CTETIeH! TOYHOCTH € .

Pemaercs 3amaua

Q(u) > max (min),, a<u<b. (3.44)

Memoo ckanupoeanus ¢ NOCMOAHHBIM ULAZOM
AJTOpUTM NOKCKA

1. 3ajaercst TOYHOCTD € BBIYHCICHUS ONTUMAIBHOTO 3HAYCHUS U~ U™ .
2. Nurepran (b—a) nemutcs va N orpeskos, N > (b—a)/¢.

3. B xaxno#t touke Uj =a+i(b—a)/N,i=01..N Bpruncnsercs GpyHk-

must Q(uj) u BeIOUpaercst Q(U™) U3 ycnoBus:

Q™) =maxQ(uj)  wmwm Q") =min Q(u;)
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AJITOPUTM MOUCKA
1. Bayrpm wuHTepBama (b—a)  BoIOWparoTCcs  BE  TOYKH

W=a+@E-V5)b-2)/2 , 1 __3_ E)p_a)/2.

2. Beraucnstores Q(u%) " Q(U%)

3. OnpenessoTest TpaHuLBl 8, W D; HOBOTO MHTEpBana.

Ecmm Q=Q(u) > max, to mpu Q(ull) > Q(u%) BeIOMpaeM a; =a,
b, =U3; pu Q(u%) < Q(U%) BEIGMpaeM @, = Ui, b, =b.

Ecmn Q=Q(u) > min, To mpu Q(U%) > Q(u%) BpIOUpacM a, = u%,
b, =b; npu Q(u%) < Q(U%) BeIOMpaem a, =a, b, = u%.

4. TIposepsieTcs ycmoBre okoHwanus moucka (b, —a, ) <e.

5. Ecnu ycnoBue OKOHYaHUS TOMCKAa B ITyHKTE 4 HE BBINOJHSIETCS, Ha
unTepBaie () —a) co cTOpoHBL, HE CMEXHOW C MEHBIINM OTPE3KOM, OT
IPaHUYHON TOYKH OTKIIAIBIBACTCS [IMHA MEHBIIIETO OTPE3Ka.

6. ITpoBoauTCS IEPEHyMePAaLHs TOUCK:

— GmKaiIas K IeBO rpaHuile Touka obo3Havaercs U2 ;

— OmoKaiiiast K IpaBoii rpaHuIe TouKa 0003HaYaeTcs U2 .

7. JUtst Kaxmoro HOBoro uHTepBana (bj —@j) MOBTOPAIOTCS IYHKTHI 2—6
1o BeinosHeHus yenosus (0 —aj)<e.

KommuectBo obpamenunii Kk GpyHKINH JUIS JOCTHXKEHHUS] dKCTpeMyMma C
3aJ]aHHOI TOYHOCTBIO OTIPENEIISIETCS U3 YCIOBHS

(b—a)-(3-+5)/2) <¢ (3.54)
KaK
M=j+1, (3.55)

[l | — YMCIIO MPOLEAYP CY)KSHHS HHTEpPBaia METOIOM «30JI0TOT0Y CEUCHHS.

Memoo c ucnonvzosanuem uucen Puoonauuu

MeTox mpUMEHNM JTs IOUCKA IKCTPEMyMa YHUMOJAIBHBIX (DYHKITHIA.

B ocHOBe MeTona 1eKUT PopMUpOBAHKE NIATOB MPOMOPIIHOHAIBFHO YHC-
s1am OuboHayumn.

Psan uncen ®duboHawun mpeACcTaBisSeT COOOM MOCIEA0BATEIHPHOCTh UH-
cel

Fo=1, F=1, Fi=Fa+F.,i=23. (3.56)
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K JJIMHE €ro OOJIBIION YacTH PaBHO OTHOIICHUIO JJIMHBI €T0 OOJIBIION YacTu
K JJIMHE MEHBIICH qacTu, T.C.

ab/ac=ac/cb. (3.50)
B stoMm ciiyuae umeem

ac=(3—5)(b—a)/2~0.62, (3.51)

b= (-1+5)(b—a)/2~0.38. (3.52)

Ipu nenenmu GonbIueH 9acTH, aC, IO CTPATETHH «30JI0TOT0» CEUECHHS
Ha GoybKi 0Tpe30k ad M MeHbIIMH OTPe30K OC HMMEET MECTO PABEHCTBO
ad =cb . Dro cneayer u3 cooTHOmIEHM

ab/ac=ac/cb=ac/ad =ad/cd . (3.53)

B ocHOBe MeTona JEXHUT TOT K€ IMPHHIMI BBIOOpA IBYX TOUYECK BHYTPH
HCCIIEAYEMOI0 MHTEpBaja IS €ro Cy>K€Hus, YTO U B METOJE IMOJOBUHHOIO
JeneHus. B oTamume oT MeToja MOJIOBUHHOTO JAENEHHS JUIS BHIOOpa TOYEK
37I€Ch HCIOJIB3YETCS CTPATETHA «30J0TOT0» CCUCHHUS MPH JICJICHUMH BCEro uc-
ClIelyeMOro OTpe3Ka U IpH JelieHuu ero 6onblueit yactu. I1pu aToMm ot nesoit
a u mpaBoil b rpanui uHTEpBana ab OTKIAABIBAIOT BHYTPHh MHTEPBAIa OT-

pesku BenuuuHON (—1+ \/g)(b —a)/2.
WiutrocTpariust METO/IA «30JI0TOT0Y» CEUESHHs PEJICTaBIeHa Ha puC. 3.2.

Q) A

' lO.62(b—aa'
| 0.38(b-§i' : 0.38(b-2)

L L @ » u

usy Ulz

Puc. 3.2. TIonck METOLOM «30J0TOT0» CEYEHHUS
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Mertox NpUMEHUM AT OMCKA SKCTPEMyMa KaK YHHMOJAJIbHBIX, TaK U
HOJIUMOJAJIBHBIX (BYHKIIMH.
Uwncno obpamieHuii K QyHKITMHE B ’TOM METOJIE PAaBHO

M =(b—a)/e+1. (3.45)

Memoo ckanuposanus ¢ nepemenHbIM Wazom
AJITOPUTM MOHKCKA

1. 3ajaeTcst TOYHOCTD € BBIYMCICHUS] ONTHMAIBHOTO 3HAYCHHUS U=~ U™ .
2. UnrepBan (b—a) nenurcst Ha S otpeskos, S >>(b—a)/e.

3. B xaxnoit Touke Ui =a+i(b—a)/S,i=01,...,S Beumcuierca GyHK-

s Q(ui) m BeIOMpaetca Q(UT) u3 ycnoBws:
QUY) =maxQ(u)  mm  Q(UF) =min Q(u).
Ui u;

4. HazHaualoT rpaHMIIbl HOBOT'O HHTEpBaNa MOUCKa & U by u3 ycnous:
— 1l — 1l 1 1
a =Ug_4, bl =Ugq, e U4 u Ug,q C€CTb 3HAYCHMS, COCENHHE C
ur* =ut.
k

IMpu makcumuzannu pyrknun Q = Q(U) > max u
u

Q(uk_1) < Q(UK) = Q(u¥) > Q(Uk41) -

[pu muanMuzanun Gyakaun Q = Q(u) > min u
u

QUk-1) > Q(Uk) = Q) < QUks)
5. Tlymktel 2-4 moBropstotcs ais  uHTepBanoB (b —a),
(by—az) ..., (B — &) .
6. Pacuer 3akanumnBaercs npu ycnosun (b —aj) < €.
3ameTnM, YTO MPH CKAHWPOBAHUM HMCXogHOro maTepBana (bh—a) Benw-
ypHa mara cocrasisier 4 = (b—a)/S. [lpu ckaHUPOBaHUH CYKEHBIX HHTEP-

BasioB Hanpumep, (b; —@;) , BelMYMHA mara COCTaBIsIeT
A =(b-a)-2'5" =12 ],
a BeJIMYMHA CAaMOT0 WHTEPBasa

bi —a; = 2(bj_1 —ai_1)/S
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1501840
b,—a =(b-a)-2'/s'.

Yucno obpamiennit M K (GyHKIUM IPH JOCTHIKEHHH 3KCTpEMyMa C 3a-
JaHHOM TOYHOCTBIO COCTABUT IPH YETHOM S

M=(E+1)+(5-2)-j, (3.46)
A mpu He4eTHOM S
M=(S+1)+(-1)-j. (3.47)

Metoa MpUMEHUM JIJIsl TIOUCKA DKCTPEMyMa YHUMOJAIBHBIX (BYHKIIUH, a
TaKXKe IS MOMCKA IKCTPEMyMa MOJUMOAATBHBIX (PYHKIUH C COOTBETCTBYIO-
I[MM BBIOOPOM HCXOJHOTO YKCIIa HHTEPBAJIOB S .

Memoo nonoeunnozo oenenusn

MeTton mpuMeHNM TS IOUCKA KCTPEMyMa YHUMOJAIBHBIX (PYHKITHIA.

WnmrocTpanust MeTona TMOJOBHHHOTO JICJICHHS TIPE/ICTaBICHa Ha
puc. 3.1.

AQ(v)

Puc. 3.1. ITonck METOIOM ITOJTOBUHHOTO JICJIEHUS

JeneHnue oTpe3ka momnojamM HOCUT Ha3BaHUE IUXOTOMHH. B ocHOBe Me-
TOJIa JISKHT YCIOBHUE, YTO JJIS YHUMOAAIbHBIX (YHKIIMH HAJIMYUE IBYX TOUYCK
C M3BECTHHIMH 3HAYCHHUSMH B HUX (YHKIIUU B UCCIIEyeMOM WHTEpBaje OIl-
peneneHust QYHKIINHN 1aeT BO3MOKHOCTh CY3UTh HHTEpBaJ Ioucka. [Ipu sTom
OJlHA W3 PTHUX TOYEK, B KOTOPOW (PYHKIMS MMeEeT Xy[Ilee 3HaYeHHe, OyneT
OHOW W3 TPaHHWI[ CYKCHHOTO HMHTepBaja. [[pyras rpaHHIIa COOTBETCTBYET
TOW TPAaHWYIHOM TOYKE MPEIBIAYIIECr0 HHTEpBala, KOTOpas BMECTe C BBIOpaH-
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HOM TpaHULIE! CYy>KEHHOTO MHTEpPBaJIa COCTABJISET OTPE30K, 3aKIIOYAIOIINI B
cebe BTOPYIO TOUKY C JTyYIIUM 3HaueHHeM (yHKIWUH. TakuMm oOpazom, omHA
U3 IByX BBIOPAHHBIX TOYEK BHYTPH MCXOJHOTO MHTEpBajia, 3HaUCHUE (DYHK-
IIMM B KOTOPOI1 TydIle, TOKHA OCTaBaThCS BHYTPH CY>KCHHOTO HHTepBana. B
METO/Ie TIOJIOBUHHOTO JIEJICHUsI 3TH TOYKH BHIOMPAIOTCS Ha MaJIOM paccTosi-
HUM OT CEPEOMHBI UCCIEIYEeMOIr0 MHTEpBaja M COOTBETCTBEHHO Ha MaJlOM
PacCTOSHUY O/iHA OT APYTOM.
AJTOPUTM NOHNCKA

1. lenmtcs narepan (b—a) mononam, ul =a+(b—a)/2.

2. BHyTpm wuHTepBama BBHIOMpAlOTCS JABE TOUKH U] =Ul—03 W
ul} =ut+3,rme 6=(0.01-0.25)¢.

3. PaccuursiBatorest Q(Ui) n Q(u}).
4. OnpeensoTcs TPaHuIlbl HOBOTO HHTEpBana & u by .

Ecmm Q=Q(u)—> max, o mpu Q(uUi)>Q(uil) soidmpaem a =a,
by =u}; opu Q(ui)<Q(ul) Beibmpaem a; =ul, by =b.
Ecmn Q=Q(u) » min, To Q(ui)>Q(u3}) Beibupaem a; =u}, by =b;

npu Q(ui)<Q(u}l) Bbibupaem a; =ui, by =ul.
5. IlpoBepsietcs ycinoBue okoxdyanus noucka (b —ay) <e.
6. Jlist kaxkmoro HOoBoro mHTepBana (b; — ;) moBTOpSstOTCS ITyHKTHI 1-4
1o BeinosHeHus yenosus (0 —a;) <e.
KonmuectBo obpamiennii K GYHKIHAM IS JOCTHKEHHUST SKCTPEMyMa C
3aJIAHHOM TOYHOCTBIO ONPEIENAETCS U3 YCIOBHS
(b—a)-05! <¢ (3.48)
KakK
M=2j, (3.49)
rI€ | — YUCIIO MPOLELYP OJOBUHHOIO JEIEHHUS.
Memoo «3010mo20» ceuenusn
MeTo IpUMEHUM TS TIOMCKA SKCTPEMYMa YHUMOJATBHBIX QyHKimit. K
«30JIOTOMY» CEUYEHHIO MPUBOJIMT JEJIEHHEe MCXOIHOro orpe3ka ab Ha ise
HepaBHbIe YacTH aC W CDh Takwe, 4TO OTHOIIEHWE JUIMHBI BCETO OTpE3Ka

71



