ABTOPCKA CIIPABKA

Ha [Iseromup Moror Ilaues

Tasu cnpaska ce oTHacst 3a nyGiaukamuuTe, U30POCHH B MPUIIOXKEHUS
CIIHCBK 3a y9acTHEe B KOHKypca 3a mpogecop B 00/1acT Ha Buclie obpa3oBaHue
4. Ilpupojan nayku, maremMaTuka 1 nagopMaTuKa, 1podecHOHATHO HATIPAB-
nenne 4.5 MaremaTuka, vayuna crerpraanoct 01.01.11 uscreasane na onepa-
nuuTe (ONTUMAIHO yNpaBleHHe H HEroBATe MPHJIOKeHus), obgsen B “/Ibp-
»KapeH BecTHHK , Op. 7 / 24.01.2014 r. or UHcTuTyTa Mo MaTeMaTHKa W HH-
dopmaruka npu BAH. B nest Te me 6baaT nmTHpaHn ¢be CHOTBETHHS CH
HOMep OT pasjiena, B KoiiTo ¢purypupar u ¢ HoMepa Ha pasjena OT CIHCbKA.

[Ty6mmkarmuure ¢ momepa 1, 2, 3 u 4 or pasgen I u ¢ HoMepa 1 u 2
or paszgen IT (Ne 1, pasn. I e kparka Bepcust ma Ne 3, pasn. I, a Ne 2,
paza. II e xpatka Bepcnsa Ha Ne 4, pa3a. I) ca cebps3anu ¢ KanguaaTrckara
MU JircepTanud. B Tax ce m3yuaBaT 3a7adM 3a ONTHMAJIHO YIIPABJICHHE HA
JiHeitHo napabonnyno acTHo audepentmantio ypasaenune (1Y) ot BTopn
pes. Bemuku pasrieann 3ajaqi ca ¢ TePMHHAJICH KPUTEPHIl 3a KateCTBO
(nesreBa ynkuus) - MuHEMU3ALUS Ha L) - OTKIOHEHHETO Ha TeMIepaTypaTa
Ha TA10 B Jajen momeHT T > 0 or 3amajeHo (3kejgaHo) TeMmepaTypHO
pasipe/iejienue, U ¢ MHTerpajlHO OrpaHHYeHHe BbpXY ylipasienuero. B 3a-
BHCHMOCT OT IlapaMeTbpa Ha rpaHMYHaTa 3aja4a 3a napabomuanoro TV, ¢
KOUTO ce ynpas/iaBa, pasrileK/JIaHuTe 3a/laqi ce JIeJAT Ha TPH THIA: YIIpaB-
nenne upes HauanHOTO yenosue (B Ne 1 m 3 or pasnen I); ynpasnenue upes
JcHara crpana Ha ypasaenneto (B Ne 4, pasm. [ u Ne 2, pasa. 11); ynpasienue
4pe3 rpaanuHoTo yciaosne (B Ne 2, pasng. I). B Ne 1, pasa. II e ny6nukysan
KOHCTPYKTHUBEH MeTOJI 338 HAMHpaHe Ha MPHOJMYKEHN perenusl Ha [I'bpBUTE
JlBa THMAa 3a/1a41, OCHOBaH Ha KpaftHoMepHH anpokcumarun. [Ipu ynpasienne
¢ nagammoro ycnosue (Ne 3, pazg. I) e nosmydena ekcrnoneHnuasina ckopocr
Ha CXOAUMOCT Ha “TpnbImKeHHTe” MHHHMYMH Ha lejdeBaTa (byHKIUS KbM
TOYHMUSA il MUHIMYM, a IPH YIIpaBJIeHWe C JgCHATA CTpaHa Ha ypaBHEHHeTO
(Ne 4, pazn. I) - crenenna cxoaumocT. 3a ¢bIuTe ABa THIA 33a5H CHOTBETHO
B Ne 3, pazn. I u B N 4, pazn. | e usciensan BbIpochbT 3a yCTOMIHBOCT HA
CIIOMEHATaTa CKOPOCT Ha CXOJMMOCT OTHOCHO KeJaHoTo B momeHTa T > ()
TemmnepaTypHo pasnpefesenue y(.). Jokasano e, ye ako y(.) He e OT MHO-
’KECTBOTO Ha JIOCTHTaHe (C JZOMyCTHMH YIPABIEHUs ), UMa yCTORYMBOCT, U e
ako y(.) ¢ OT MHOXKECTBOTO HA JOCTHraHe - HAMA YCTOIMHBOCT.

B Ne 3, pasa. I m B Nt 4, pasn. I e momydena ckopocTTa Ha CXOJAMMOCT
Ha HAMCPCHUTE MPHOIMKEHN ONTHMAJIHH YIPABICHUS KbM €JIMHCTBECHOTO
ONTHUMAJTHO yIIpaB/leHne MPH HpeJIo/IokKeHue, ye y(.) He e OT MHOMKECTBOTO
Ha jocrurade: ekcrnonennuanaHa B Ne 3, pasn. I u crenenna B Ne 4, pasz. I
Hokaszano e, ye Ta e ycroftunmsa 1o orHomenue Ha y(.). B N* 2 pa3u. I e
IIPEJUIOXKEH KOHCTPYKTHBEH METOJ 3a HaMupaHe Ha NpuOIHKeHU perieHus
Ha TPeTHA THII 3aJa4U - C yIpaB/IeHHe B FPaHUYHOTO yciiosue. ChOTBETHO B
craTuuTe ¢ HoMepa 2, 3 u 4 oT pa3znen I 3a TpuTe THIA pasrie AN 3aad
€ M3CJIe/IRANA 3aBHCHMOCTTA HA MHOMKECTBOTO OT ONTHMAJHU YIIPABIEHUS OT
y(.) (xemanoro B momenta T > () TemnepaTypHo pasnpeaenenue). U B Tpure
CIIydas e JIOKa3afo, ve:



- ako y(.) He e OT MHOZXKECTBOTO Ha JIOCTUTAHE, BbIIPOCHATA 3aBUCUMOCT €
JHUIIIITHIIOBA;

- aKo y(.) MOXKe J1a ce JOCTHUTHE C YIIPABJIEHIE 0T IPAHUIIATA HA MHOMKECTBOTO
OT JIONYCTHMHU YIPABIEHH, 3aBHCAMOCTTA € HelPEKbCHATA;

- ako y(.) MO)Ke jga ce JOCTUTHE C YIPABIEHHE OT BBHTPENIHOCTTA HAa
MHOYKECTBOTO OT JOIYCTHMH YIPABJICHUSA, 3aBHCUMOCTTA, € ITPEKbCHATA.

[IpemioxkennaT B craruure ¢ HOMepa 2, 3 m 4 or pasgen I u B Ne 1,
pazza. 11 meron 3a HamMupane HA TPUOIUMKEHN PEHICHUA € €IHO PA3BUTHE Ha
MeTo/a Ha KBasuobpbianero Ha P. Jlarrec u 2K .-JI. Jluonc, paspaboren ot
TsIX B Kpad Ha 60-Te roJMHM 3a 3aJa4i, B KOUTO HAMAa OrPAHHICHUSA BbPXY
yllpi:l,BJ[C[l[»ICTO,

B Ne 5, pazn. I u Ne 6, pazn. I (Ne 5, pasn. I e kparka sepcus na Ne 6, pas,.
I) e pasrieana 3a/1a49a 3a ONTUMAJHO YIIPABJIEHUE HA JIMHEHHO MapaboIudHO
IV or BTOPH pejL ¢ TepMHHAJIEH KpuTepuil 3a KauecTBo (1eseBa QyHKI)
HNOTOYKOBO O'paHHYeHHe B hbPXY YIIPDABIEHHUETO. Ml'l'[":'-l)(:‘.(f’h"l" K'bM Ta3H 3aJia4a
oe noponen ot cratus Ha Kn. [imacxod u H. Bek. 8 SITAM J. Contr. Optim.
or 1976 r., B KogTO Te JlokazBaT bang — bang cBOMCTBO HA ONTUMAJIOTO
yIpaBJIeHne B 3a]a4a, B KOATO TEPMHHAIHUAT KPHTEPHH 34 KA4eCTBO € paB-
Homepuoro (T.e. B C-Hopmara) OTKJIOHEHHE Ha TeMIeparypara Ha TAIO B
naged MoMenT T' > 0 0T 3a1a1eH0 (JKeIaHo) TeMIepaTypHO pas3lpe/eTeHue.
B Ne 6, pazza. [ e nokazano bang—bang cBoilcTBO Ha ONITUMATHOTO YIIPABJIEHHE
B 3aja4a, obobuiasara pasrienanata oT Ki. nacxod u H. Bek B corennnre
JIBe HANPaBJICHHA:

= KOE@)HTHIEHTHTE Ha eJIHUIITHYHHA OIepaTop 3aBHCAT M OT BpeMeTo (H(_‘.
caMo OT MPOCTPAHCTBEHATA MPOMEHJIMBA), KOETO BOIM 0 HEIPUIOKHUMOCT
Ha MEeTOo/la Ha pasjelisHe Ha IPOMEHIUBHTE;

- OTKJIOHECHHETO B TEPMHUHAJHUS KPUTEPHil 38 KA1eCTBO € OTHOCHO HOPMA,
nmo-cujina o C-HopMmaTa: XboJIepoBa HOpMa I HOPMa Ha MOJIXOAINO0 TPo-
cTpancTBo Ha Becos.

CJI(—?,IIBH. CITpaBKa 3a CTaTHHTE, I'IYG.JTHKyBH.HH cJIe, I'II)H,TI\OGHBZ'LHH Ha Hay4-
noro 3sanue ct. H. ¢. II cr. (momenr).

ITybnukammure ¢ nromepa 7, 9, 11, 12 u 13 ot pasgen 1 u ¢ nomepa 4 u H
ot pazzaexn Il ca or obmacTTa Ha ONTHMAJHOTO YNpaBJIeHHe Ha XeTepOreHHN
JIMHAMUYHU CHCTEMH M HErOBUTE NMPUJIOYKEHUS B MOJAETUPAHETO Ha ITPOIECH
OT MKOHOMHMKATA, enuaeMuoaorusaTa u ekosorusata. Crarnara or paszgen 111 e
0630p BLPXY HAKOM OT TsIX (To3u 0030p He obxBama Ne 13, pazx. [ u Ne 5, paszn.
IT). Exna nunamudna cucTeMa ce Hapuya XeTeporeHHa, aKO BCEKH OTJIeJIeH
HEMH eJIeMeHT UMa coOCTBeHa JAuHaMuKa. ToBa, KOeTo IpaBH OT PA3IMIHUTE
eJIEeMEeHTH CHUCTeMa, e, Y€ JUHAMUKHUTE UM CH BIUAAT ejHa Ha japyra. Ero
3al10 HAJUTHEeTo Ha nHTerpaitia a3osa NPOMEHINBA, CBbpP3Balia gazosute
INIpOMEHJIMBHY Ha OTIEJIHHUTE eJIeMeHTH Ype3 HHTerpHupaHe I10 Ha.pa:\{eTpHTe
Ha XeTepoOreHHOCT, € XﬂpaKT(‘?pHa 0(:060HOL‘T Ha XCTCPOFCHHHTL‘ JUHAMH'IHH
CHCTECMH. B TYK Oﬁc’b)KJLa.HHTe I[y6.-‘lHKa.].LHH ce pa3liezK/ia OIITHMaJIHO yiipab-
JICHHMEe Ha CHCTCMH, YHATO XEeTepOreHHOCT Ce OIMHCBa C edHOMEPEH ILIH IBY-
MeperH lapaMeThp — Ha BCAKa CcTOMHOCT Ha IHapaMeTbhpa OTroBaps CboTBETEeN
eJIeMEeHT Ha CHCTeMaTa.



Tunwasy npeIcTABUTENN HA XeTEPOreHHUTE CUCTEMH Ca CHCTEMUTE, CTPYK-
TYpPUpPaHW 110 Bb3pacT. Tiachk B TAXHOTO M3ydaBaHe OT IJIeJHa TOYKA Ha
ONTUMAJHOTO yIIpaBjieHue Oere JajieH ¢ NpUHINIE 38 MakcuMyMa Ha [lon-
TPATUH 34 TaKHBa CUCTEMH, JOKa3aH B [2] u mogoOpsBail ChbOTBETHHS MO-
panen pesysarar Ha Brokate or [1].

[lle ckunmpame m3BekITaHeTo Ha ocHOBHOTO “IJIV oT mbpBH pex, mos-
BABAIIO CE B ONHCAHUETO Ha Bb3PacTOBO-CTPYKTypupaHuTe cucremu. Heka
t na osnauasa “Bpeme”’, a ga o3HadaBa “Bb3pact’ u S(f,a) ma e GpoAr Ha
MHJMBHJNTE B HAKAKBa I'pylia, KOUTO ca Ha Bb3pacT a B MomenTa t. Heka
At na e JocTaThIHO MAJIbK UHTEPBAJ OT BpeMe ¢ HavaJlo B MOMEHTA t, 1pe3
KOHTO K'bM Ipylarta ce IpUChEeINHABAT HHIAMBUIM ChC cKopocT in(t), a s
HAITYCKAT WHIUBUAN ChC cKOpocT out(t) (cumrame, e At e TOIKOBa MAJIbK,
de in(-) u out(:) ca MOCTOSIHHN B HETO M Ca ChOTBETHO paBHU Ha in(t) n out(t)).
B momenTa t + At 6podT Ha HHIUBUAUTE B cbimaTa rpyma e S(t + At,a + Aa)
(re mexxtyBpemento ca octapein ¢ At = Aa). Taka nonyuasame

S(t+ At,a+ Aa) — S(t,a) = in(t)At — out(t)At.

Karo pasgenum wa At u ocraBum At Ja KJIOHH KbM HyJIa, MOJyvdaBaMe
nupepeHnuanHoTO ypaBHeHe

Si(t,a) + Si(t,a) = in(t) — out(t), (1)
KOeTO 3a/laBa JJHHAMHPKaT:a Hea 6}}05’[ Ha MHIAHUBWJINUTE B pasniiez/ianaTa I'pylla.

B Ne 7, paza. 1 e dbopMmyanpan B WU3y4YeH MOJE]T Ha ONTHUMAJIHO MPO-
TUBOJeicTBMe Ha pasnpocTpanenuero Ha 3abongsanero CIIMH. Morus 3a
TOBa M3C/JIeJ[BaHe € pa3lpocTpaHeHneTo Ha DoecTTa B a)pUKAHCKUTE CTAHM,
pamupamu ce Ha tor ot Caxapa (Borcana e Tummuen mpumep). IIpoTuso-
NefiCTBUETO ce CbCTOM OT IpeBeHnus (Hamp. - 00pa30BaTeJHN IPOTpaMu) M
JleveHne Ha HocuTesuTe Ha Bupyca XVB (Bupyca Ha woBemkaTa MMyHOHE0C-
TaT"b‘IHU(lT) ; PEIBXO,LIHTG 3a Te3H JIBa THIIa l'[l.')(JTHBO,E[(::ﬁCTBHG ca yIIpa.BJICHHHTEL
BbB (popMyIMpaHaTa 3a,/1a14a 3a ONTHMAJIHO yIpaBieHue. B Hes ynpasisiemaTa
JIMHAMUYHA CHCTEMa Ce ChCTOM OT He3apa3eH! XOopa, XapaKTepH3Hpariu ce
C'bC CBOATA Bb3pACT BbB BCEKH €JUH MOMEHT, H oT Hocuresnn Ha XMUB, xa-
paKkTepu3Mpal ce ¢bC CBOATA BbH3PACT BbB BCEKU €JIUH MOMEHT U C IIPO-
JTbIKNTEHOCTTA Ha [Iepuojia, B KOWTO ca BHPYCOHOCUTEIN JO ChINUASA TO3H
MOMEHNT, T.€. XeTepOreHHOCTTa Ha CHCTEMaTa Ce ONHMCBa C JIBa llapaMeTbpa.
Heszapasenure ce pa3nmyaBaT 0 MOMEHTa HA TAXHOTO paXk/JaHe, a 3apa3eHuTe
— 10 MOMEHTA Ha TAXHOTO pa.}KJ.LELIIe M ITO MOMEHTA Ha 3apa3sBaHe. ()(ff]()BI'I(J'J'U
3aKJII0YEeHNe OT HAllpaBeHHTe Ha Oa3aTa Ha MOJE/a MHUCJIEHH eKCIIEPHUMEHTH
€, e pa3xoauTe 3a Jiedyenue 'T'l').‘r[ﬁ[i'rl. JLa 6'b,‘L’cL'J' ChI'BTCTBAHH OT a/IeKBATHH
(nocTaTBLIHO TOJEME) Pa3XOAM 3a NpeBeHIus, B MPOTUBEH cryvail 3arybure
3 (]()H[(—E(‘.’I“HO'I'() e ca Mmo-rojeMmn B JIbJIrocpova nmepcieKTHBRA. 321- HeJinTe Ha
H3caeaBaHeTo 6eIITe JOKa3aH ITPUHIIHIT 3a MaKCHMYMa Ha HOHTpHFHH 3a 06[1{&1
cueTeMa, CTPYKTypHpaHa 110 Bb3pacT 1 1o npoabpkurennoct (Teopema 2 na
crp. 13 8 Ne 7, pa3n. 1), KaTo JoKa3aTeJCTBOTO € CXOJHO ¢ TOBA Ha OCHOBHUA
pesynarar ot [2].



B Ne 11, pasx. 1 e cdhopmynupan u u3ytdeH MoJes Ha onTumajna obpa-
30BaTeJHA MOJUTHKA HA MAaKpo HHMBO, KaTo paboTHara cmia (06eKTHT Ha
obpasoBaTe/HATA IOJUTHUKA) € XeTepOreHHa 110 OTHOIIEHNE Ha CBOATA Bb3PacT
u Ha paboTHUTe cn yMmeHHs (KBammdukanus). Paznnuusra B KBamudukaim-
ATa Ha paboTenuTe ca MPeJICTABEHN B MOJENa Ype3 PaslessTHETO Ha IMOC-
JICJIHUTE HA, JBE TPYIH — HUCKO KBAJTH(PUIHPAHN U BUCOKO KBATHQHUIHPAHH.
BposaT na paboremmure BbB BCAKa 0T JIBETE IPYIH YJIOBJIETBOPSABA ChOTBETHO
ypasHenue or Tuma (1), KaTro ce mpueMa, Ye HOBOIOCTbLIIBAIMTE pabOTeH
(na Bb3pacT okoao 20 r.) ca (OYTH U3LHAI0) HUCKO KBAJIM(DHUIUpPAHH, a
BIIOCJICJICTBUC HAKOM OT TAX CTaBAT BHCOKO KBATM(UIMPAHH B pe3yaTaT Ha
IPABUTEJICTBEHUTE MHBECTHIIMHM B 4HOBEIIKH KanuTtall (obpasosanue). Ilapa-
MCTBHLDPBHT Ha XCTCPOreHHOCT B HACTOANIIMA MOJICI, T.C. TOBa, 10 KOCTO pa3JiHi-
HYaBanMe Ilél.ﬂ(]’l”(—‘.”[ﬂ'l"l—?, € MOMEHTBT Ha 3alloYBaHe Ha l)'(l.()()’l'?l- 3 BCEKH OT THX.
[lesrra HA TPABUTEICTBOTO € Ja MAKCHUMU3UPA Pa3inKaTa MeXKIy MPUXOINTe
OT IIPOU3BOJCTBO U pa3xojuTe 3a obpaszosanne. B pamMkuTe Ha TO3M MOJIEN ce
H3y4aBa ONTHMaJHaTa oOpa3oBaTesHa MOJHTHKA B KOHTEKCTa Ha N3MEHeHH A
B T'hpCeHeTo Ha l)‘rl.(){)'l'ﬂ‘rl. CHJTA (II}JE,L[(:'["(J..BGIIH qpes enacTuaHocTra 1mo 3a-
MeCTBaHe MeATY Pas/IHYHUTEe Bbh3PacTOBH H KBEI.J'II-‘I(bHKaL[‘HOHI'iH I"]')}-'IIH) B
mpejilarageTo na paborHa cnia (IpeacTaBeHl Ype3 pasIndin J1eMorpad ek
cuenapun). [Tokazamno e, ue B ciryuas Ha ujeasina 3amensemoct (perfect sub-
stitutability) mo Bb3pact u kBasmdukanus onTuManHaTa oOpasoBaTesHa 1o-
JUTHKA He 3aBHCH OT poMeHu B jemorpadcekara kapruna (Tebpiaenue 2 na
crp. 167), jokaro B caydas Ha HewfealHa 3aMmensiemocT (nonperfect substi-
tutability) memorpadckure npouecn BaugAT Ha Tasu noautuka (TBbpaenne
4 na ctp. 174). Eaun or pesynrature BbB BTOpus ciaydaii (Ha Hempjeasna
3aMEHIEeMOCT) € MPHCIOCODIBAHETO Ha ONTHMAaTHaTa obpa3oBaTeTHa MOJIN-
THKA OIIE MPeJn HACTBIBAHETO Ha JeMorpadcekarta mpoMsHa, B ciaydail we
Takasa npoMsHa ce odaksa (Tebpaenue 5 na crp. 177). OcHOBHHAT MaTe-
MATHYECKH PEe3YJITaT, H3MOJI3BaH 38 AHAJIN3A B Ta3W CTATHS € HPUHIUIILT 34
Makcumyma Ha TToHTpsAruH, jgokasan B [2).

B cratunte ¢ nomepa 9 m 13 or pazgen I, kakto u B Ne 5, paszm. I,
ce pa3niexkKjiaT 3a/lavi 3a OITHMAaJJIHO YIIpaB/JIeHHe Ha XeTepPOreHHu CHCTeMH,
YHeTo U3MEeHeHne (IMHAMUKA) [IPOTHYA B 00/IACT, 3aBUCELIA OT YIIPABJICHHETO.
B TO3H MOJIET eJITHOMEPHUAT MapaMeThbp ( Ha XeTeporeHHocT UHMa CMHChJT Ha
OTJIeJIHA HAJTMYHA TEXHOJIOTHS, KATO KOJIKOTO MO-TOJISIMO € ¢, TOJKOBa I0-
“nobpa’ e TrexuonorusTa. B madamims moment ¢t = 0 ca HaJIMYHNA TEXHOJIOTHU-
te oT uurepsaa [0, Qo] (Qo > 0 e naneno uncno). 3at > 0 HATUIHATE TEXHO-
sorun obpasysar unrepsan [0, Q(t)] xaro dynkmusita Q(+) (unsiro rpaduka
e JacT OT rpaHHIaTa Ha 00,1acTTa, B KOATO pasriexkjaMme JIMHAMHAKATa Ha
cucTemMaTa) 3aBHCH OT MHBECTHIIMUTE B U3CJIEOBATEICKA JIEfHOCT, KOUTO ca
yIIpaBJIeHNE.

3aBucuMoCTTa Ha 00JIACTTA OT YIPABJEHHETO MOPaXKJa U3BECTHH TPY]I-
HOCTH OT MareMaTH4ecko ecTecTBo. OKasBa ce, 4e 1eleBUAT (DYHKIHOHA
J, ebnocrapsam Ha ynupasiaenue u € Lo wueno J(u), He e gudepennupyem,
JIOPpH caMoO 110 HallpaBJIeHHe. ,H,Ba InpuMepa 3a TOoBa Ca JTa/JIeHH B TOYKa D Ha
Ne 9, paza. . B mbpBug or Tax ueaudepeHupyeMocTTa (110 HapaBJeHAE
v = const) Moxe ga Obje oTcTpaHeHa 4ype3 npejgedunupane Ha u (B KoeTo



aucepennupame) Bbpxy dacTTa oT geduHHIOHHATA MYy 06JACT, HAMUpAITIA
ce uaj rpadukara Ha dpyuxmuara Q(-). Bbs Bropus npumep Tosa He MOXKe
Ja ce nanpasu. [Iprunnara e, ve u (B KoeTo audepennupame) e IpeKbCHATO
oTIsABO 1O ¢ B Q(t) 3a BCAKO ¢ OT pasriex janust BpeMeBu uaTepsas. TakoBa
eBEHTYAJHO CBOMCTBO Ha ONTUMAJHOTO yIpaBJIeHHE € B OCHOBaTa Ha (hakTa,
e NP M3BEXKIAHETO Ha HEOOXOIMMO YCJIOBHE 3a ONTUMAJIHOCT OT THIA Ha
npuHIina 3a Makcumyma Ha [lorTpsarus (Teopema 1 wa crp. 295 8 Ne 9, pasn.
I), exxoro or cupernarute “‘ypaBHeHHs ce okasa BKousaHe ((14) Ha crp.
294 B Ne 9, paza. I), a camoTo yciioBHe 3a MaKCHMyMa - YCJIOBHE OT THIIA
“min-max” ((21) na crp. 296 B Ne 9, pa3zn. I). Ako anpuopu ce npeanonoxu,
4e ONTHMAJIHOTO YIIpaB/leHue e HelPeKbCHATO 0TVIABO 110 ¢ B Q(t) 3a nouru
BCAKO 1 OT pasryIeskIaHus BpeMEBH HHTEpBaJl (TaKuBa yIpasieHns HapudaMe
“perynspuun”), IpUHIAIILT 3a MakcumyMa Ha [lonTpsrun npugobusa obuyaii-
nata cu ¢opma (Teopema 2 ma cTp. 297 B Ne 9, pazx. I).

B craruure Ne 13, pazm. [ u Ne 5, paza,. II ce pasrnexjar Mogesnn, Kouro
ca JacTHH cay4au Ha BbBedeHud B Nt 9, pasn. [ momen, m 3a kouro moxe
Jlaw ce JIOKazKe anpuopil ('P‘ﬂ. caMo B'b3 OCHOBA Ha cBOHCTBATA HA JdaHHHTE B
MOJIeJIa), e ONTUMATHOTO yhpaBieHue e peryiaspHo: Tebpaenne 2 B Touka
4 ma Ne 13, pazg. 1 n Tebpaenne 1 B Touka 3 na Ne 5, pasg. II. B Ne 13,
pas3ii. I ce ToKa3Ba (,"bI_U,('_‘CTByBH.HC Ha OIITHMAJIHO YhpaBJIeHHe: TB'].)}.),IJ,CIIP[C 1
B Touka 3. CrierudpnHOTO B TE3M JIBA MOJIENA, KOETO MMO3BOJISIBA ATPHOPHOTO
U\«'{:TH.-H(')BHB&HC Ha l.')(?l"yJIHpHO(JT Ha OIITHMAaJIHOTO yinpagpJieHoHe, ca BHIABLT Ha
ypaBHEHHETO 3a pasnpenenenarta ¢aszoBa nmpomennusa ((4) B Ne 13, pasm.
I u(4) B Ne 5, pazn. II) u yyactmero Ha ynpasieHuero u(-,:) OTAEIHO OT
hazoBuTE MPOMEHINBY B HHTErpaH1a Ha nejesus byukuuonan. Bbhnpocanre
JIBe 0COOEHOCTH HE Bb3NPENnATCTBAT H3MOI3BAHETO Ha JBATA MOJeIa B MOJIe-
..‘II’IP'{].HCTO Ha IIOpO,U,HJII‘ITC 'l HKOHOMH™CCKH SABJICHHSH.

B craruure Ne 12, pazm. 1 u Ne 4, pasa. Il ce pasriexja mojen Ha
orpaHuvaBaHe Ha 3aMbpPCABAHETO HA OKOJIHATA cpeia oT uHaycrpudra. [Ipo-
HU3BOJICTBOTO Ce U3BbLPIIBa OT MalllMHH, paGOTGLLLH 11O Pa3JIMHHH TEeXHOJIOIMMH,
KaTO BCAKA TEXHOJIOTHS ce MJACHTH(UIMpPa ¢ MOMEHTa T Ha HEHHOTO Ch3ja-
BaHe (7 e mapaMeTbpbT HA XeTepOoreHHOCT TykK). Eana mammna (egumuna
KalluTaja) OT TeXHOJIOTHATa T Npou3Bexaa f(7) KOJIMYecTBO MPOAYKIMS U
eMuTHpa ¢(T) KOJIMYECTBO 3aMbpeHTen B oKolHaTa cpeaa. [Ipeanonara ce,
ve f(-) e pactsma dyukms, a g(-) e HaManABaIa, T.e. MO-HOBUTE TEXHOIOTHH
Ca MO-TTPOU3BOJIHTENTHA 1 MO-MaJIKO 'SFLL{'bI)('JHB'rlLU,H. B'bB BCEKH MOMEHT { BCeKH
Npou3BOAUTEN TpAOBa Ja 3amnartu neHa (Takca) v(t) 3a equHUIA BpeIHU
EeMHCHH. [_['EE.TITH. Hel HpOHBBO}lCTBOTO e 1a ce NI&KCHI\'IHC%HPEL pa3sanKaTa MeXKITy
MPHUXOJAUTE OT IMPOU3BOJACTBO M Pa3XOJMTe 3a HWHBECTHIIMH M 3a TaKCH 3a
3aMbpedaBaHe. yH}')aBHEHHHTﬂ ca ABe: HHBeCTHIIHHTE B MalllMHH H peureHneTo
KaKBa 4acT OT HAJIMYHUTE MAIINHH J[a TPOU3BEXKIAT BbB BCEKH €IHH MOMEHT.
[Tonyuenara 3ama4a (OT IiegHa TOYKA HA HHAYCTPUATA) € 34 ONTUMAJIHO
yIIpaBJIieHMe Ha XeTeporeHHa CHCTeMa, HO Thil KaTo AMHAMHUKHTE Ha KOJIU-
JecTBATA MAIIHHI OT PA3JIMTHUTE TEXHOJOTHH HE Ca CBbP3aHH MOMEXKY CH,
Tel Ce pa3liaJga Ha OTIeTHH 3a/Ja'M 3a BCIAKa ellHa OT TeXHOJOTHHUTE. TH-K?'L
HMaMC 3a BCAKO 7 IO ¢IHa 3a/a'a 3a OITHMAaIHO YVIpaBJI€¢HHUC Ha CHUCTCMa,
omucsana ¢ OJ1Y. Mozensr ce pasmmupssa ¢be 3aaBaneTo Ha “rasan” E(t) na
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emucuure 3a Beako t > 0. [locrasst ce 3amadara qa ce onpegenn v(t) 3a BCAKO
t > 0 raka, ue BpeHUTE eMUCUU Ja ca pasuu Ha E(t) 3a Besko t > 0, KosTo
BOJIM JIO MHTErpainno ypasHenne Ha ®Ppeaxoam oT wbpeu poi 3a v(-). Taka
dopmynupana, Tazu 3a1ada ce HHTEPIPETHPa KaTo Ma3apHo ONpeierdne Ha
nenara v(-) upe3 THpr. Tbit KaTo ypaBHeHnmero Ha PpeaxoaM OT II'bPBH
POJT € HEKOPEKTHO, TIPEJIOZKEH € MeTO 32 HEPOBOTO pPeryJsipu3npane, KoiTo
KOPEeCHOHUPa HA PeasTHO H3MBJIHUMA POIEIypa B MOJeTnpanaTa CHTyalns
— “raBaHnTe’ Ha BPEJHHTE EMUCHH Ce OIPEAEIAT 3a OIPEIe/IeHH NHTEePBaJH
OT BpeMe, Taka, KakTo B [Iporokosa ot Kuoro. U3sbpriennre qucienu exc-
NMepUMEeHTH JIEMOHCTPHPAT cIyvan Ha HedyHKIMOHUpaHe Ha ma3apa (market
failure: v(t) < 0 3a HsaKou croftHocTH Ha t — dur. 3 Ha crp. 157 B N* 4, pazu.
II), kakTO W Ye yBeJqudYaBaHe HA NPOLb/KUTEIHOCTTA HA HHTCPBAJINTE HA
3ajaBane Ha “rapainTe’ Ha BPeJHATE eMHUCHH HaMaJdBaT MaszapHaTa BOJa-
THJITHOCT W OTCTPAHSIBAT MepUojinTe HAa HeYHKIIMOHUPAaHe Ha nazapa — cpur. 2
na crp. 157 B Ne d, pazn. 1T u dur. 4 va crp. 158 B Ne 4, paszg. [1. [pobaembr 3a
pasnpejiesieHueTo Ha ¢cBOOOJIHU KBOTH 3a BPEJIHU eMUCHH MKy PA3IIIHITE
rexuonoruu ¢ 00exkT Ha Tebpaenust 1 u 2 u Crejcrsue 1 ¢bOTBETHO HA CTP.

220, cTp. 221 u cTp. 223 B Ne 12, pazg. L.

B Ne 10, pasa. I e nokazan npuHnun 3a makcnMmyMma Ha [loHTpsrun 3a
3a/lada Ha ONTUMAJHOTO yIpaBiieHHe B Oe3KpaifHoMepHo (Ha30oBO MpocTpaH-
cTBO ¢ TepmuHATHN (paszosu orpanuteHud. Pesynrarsr obobmasa Teopema
1.6 or Inasa 4 na ctp. 135 B [3]. O606ueHEETO Ce cbeTON B oTCiaabBane Ha
eJIHO OT JIBeTEe OCHOBHU IPEIIOIOMXKEHNs B Ta3!u TeopeMa U B OTHNaJ aHeTO Ha
BTOPOTO OCHOBHO IHipejnosioxkenue. [Ipeanosioxkenunero, orciabeno B HaCTOA-
maTa cTaTud, NpHChCTBA B JINTEpAaTypaTa, MOCBeTeHa Ha, ONTHMAJIHO YIIPaB-
Jlenne B Oe3KpaiiHoOMepHH MPOCTPAHCTBA MT0BeYe 0T JBe JjeceTuyierus. 1o ce
C'bCTOM B M3MCKBAHETO 3a KpaifHa KOpa3MepHOCT BbB (ha30BOTO MPOCTPAHCTBO
Ha “resrra’ (MHOXKECTBOTO, 3aJ@BAIl0O TepMUHATIHTE (Ha30BH OrpaHUYeHWs )
WIN HA HAKOE JAPYTo MHOXKECTBO, TICHO CBBLp3aHo ¢ Hero. B |3| bmpocroro
MHOXKECTBO € aJireOpHvHaTa pa3jMKa Ha MHOMXKECTBOTO OT BapHallMuTe Ha
dasosaTa TpaekTOpHs B Kpas Ha BPEMEBHs HHTePBaJI ([IOJy4eHH B PE3yJITaT
Ha Bapupane Ha yrnpapieHuero) u ‘menrta’. ledwmnaurusra 3a xpaitna xo-
pasMepHOCT Ha MHOYKECTBO BKJIIOYBA M3MCKBAHETO HETOBaTa 3aTBOpEHa M3-
rbKHAJIa 0OBUBKA Ja MMa HelpasHa BBTPEITHOCT B apUHHATA MY 3aTBOpPEHA
obBuska. B Ne 10, pazn. I ToBa m3uckBane (3a anrebpmynHara pasiauka Ha
MHOZKECTBOTO OT BapualluuTe Ha ¢a30BaTa TPACKTOPHS B Kpas HA BPEMCBHUS
unTepBal n “nenra’) e 3ama3eHo (ChOTBETHUTE MHOKECTBA Ca HApeYeHH “KBa-
3UCOMMIHN), KaTO ¢ OTHAJIHAJIO0 U3UCKBAHETO 3a KpaltHa KOpasMepHOCT Ha
acdunnaTa 3aTBopeHa 06BUBKa. BTopoTo ocHOBHO npeanonoxkenne B Teopema
1.6 or TnaBa 4 B [3] e cTporaTa M3MBKHAJIOCT Ha CHPErHATOTO Ha (a30BOTO
npocrpancTso. B jpokazanus B N 10, pazn. [ peayntaT Tosa npeiosoxenue
HE MPUCHCTBA.

MoTtusanusita 3a Ta3u paboTa e oJiy4aBaHeTo Ha He0OXOJIMMHU YCIIOBHA 3a
onTuMaHocT OT [ToHTPATMHOB THI 32 3a/a9H 3a ONTHMAJHO YIPaBJIeHUe Ha
BH3PACTOBO-CTPYKTYPUPAHU CHCTEMH, B KOUTO MMa [MOTOYKOBH TEPMHHAJHU
OrpaHMYeHHUsl 3a pelleHnsiTa Ha ypaBHeHndTa or tuna (1) B Tax. Cnenure Ha
Te3u pelenns B Kpas Ha BPEMEBUs WM B Kpas Ha Bb3PacTOBUS HWHTEPBAI

6



ca orpanm4enn u3mepuMu dyukuuu. B npumepa, npenctasen B rmocieHaTa
cexims ua Ne 10, paza. I u wrrocTpupany abcTpakTHUS pe3yTarT, ce oKassa,
ye ajreOpuyHATA pa3/iMKa Ha MHOKECTBOTO OT BapualuuTe Ha ¢asosaTa
TpaeKTOpus B Kpas Ha BpeMeBUs HHTepBaT U “TenTa’ Chbp:Ka OTPULATE-
HuTe usMepuMu GYHKIUK. 3a J1a € U3IIbJIHEHO MPeIIIOI0XKEeHHeTO 3a KBa3H-
CONMUIHOCT, TpAOBa (ha30BOTO MPOCTPAHCTBO Jla € TaKOBa, Y€ MHOMXKECTBOTO
OT OTpUIATETHUTE U3MepPUMH (YHKIMH Ja UMa Helpa3Ha BbTPEIIHOCT B
nero. Mexay L,-mpocTpancrsara, p > 1, camo Lo e TakoBa W HEroBOTO
clperHato He e crporo u3nbkHaxo. [locieanuar pakT Ha0XKKU 0THA aHETO
Ha TPEINOIOKEHHEeTO 3a CTPOra H3IbKHAJIOCT HA CIPErHaTOTO Ha (a3oBoTO
[IPOCTPAaHCTBO.

B Ne 8, pazz. | ce u3yuaBa chilecTByBaHe Ha pellleHne Ha JudepeHIaii
BKJIIOUBAHUS C IIOJY-HEIPEK'bCHATH OTTOPE JIECHU CTPAHU, MOTHBAIATA Ca
n06pe uzsectanTe npumepu Ha Pumunmos. Jledurupano e csoitcTeoTo “cOrbe-
KBaHe BbpXy MHOKecTBO'. Korarto jpomycTumure ckopocTH “ce cOrbeKkBar”
BbpPXY MHOMKECTBO OT TOYKH Ha IPEKbCHATOCT HA JiACHATa CTpaHa, NMpH J10-
I'bJIHUTEIHO YCJIOBHE MOXKE Jla Ce JOKarKe ChbIIeCTByBaHe Ha e—pellleHHe Ha
nndpepeHnuanIHoTo BKIKYBaHe (JACHATa CTpaHa ce 3aMecTBa ¢ HeftHaTa &—
okosHocT). ToBa JOMBIHUTENIHO YCIOBHE € CJIeJIHOTO: aKO CKOPOCTHTE “ce
cOIbeKBAT’ BBPXY MHOMKECTBO S, TO ChIIECTBYBAT JOIUPATE/IHU CKOPOCTH
B I'bCTO HOAMHOMXKeCTBO Ha S (oT TaHreHmmaanusg Kounyc Ha Kiapk xbm S
B TOYKHTEe Ha TOBa IIO,LLMIIO}KGCTBO). Hpﬁ JIONMbJIHUTE/IHH [IPeIIIOJ/I0CHTHA
MazKe Ja CC HallpaBH 'paHHYCH HpCXO,H‘ IpA £ — 0 1 Ja ce IIOJyvIHr p(’!U.I(!HI-IQ
Ha II']‘APBOH&E‘-I&J[I‘[O Pas3riexxjganoTo ,E[,HC]:)EDEHLLH&EHU BRJIIOYBaHe.

B Ne 3, pasa. Il ca npeacraBenn Mojenn Ha eBaKyallMOHHHU JeHHOCTH,
eJIMHUAT OT KOUTO € B JIMCKPETHO BpeMe, a OCTAHAJINTE TPH — B HENIPEK'bCHATO.
JInckpeTHUAT MOJAEN BOIAM J0 3aja4a Ha JIMHEIHOTO ONTHMHpaHe, a Hellpe-
KbCHATHTE — J10 3aJ]a9¥ Ha ONTUMAJHOTO yrpasieHne. MOTHBBT 3a TSXHOTO
c'b3/laBaHe e J1a 0'bJle JUCKYTHPAHO C'hC CHEeNUAMCTH OT ChOTBETHATA 001aCT
JIOKOJIKO JIOCTOBEPHO € Jla ce 09aKBa, ¥e MoKe Jia ce chbepe nHgopmanus 3a
[apaMeTpuTe, NpeJBUIeHN j1a ObJaT JaHHU B TE3W MOIENH .
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