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Teopusit npUHATUA PelICHUH

Hccneoosanue onepayuit — T€0pusi MATEMAaTUYECKUX MOJIEJIEW U METOJI0B
MPUHATUSA PEILICHUN.

1. Hannume HEKOTOPOTo npoiecca

2. Hanuune ynpaBiasiilomimx BO3AeiCTBUH

3. Hannuue mesim, paayd KOTOPOW IMPOBOJAUTCS OIEPaLIs

4. Bo10op Hanayumiero (ONTUMAJbHOI0) YIIPABJICHM A, IIPU KOTOPOM
IIOCTUTAETCS 1€

Onepayusa — cucteMa JencTBUi, 00bEIMHEHHAs €JUHBIM 3aMbICJIOM U
HampaBJICHHas Ha JIOCTHXKEHUE OIPE/ICIICHHOM 1IEIH.

OcHoBHas 3aZla4a TCOPHUH OIITHUMAJIbHBIX pCHICHI/Iﬁ COCTOMT B IIPCACTABIICHUHA
000CHOBAHHBIX KOJIMYECTBEHHBIX JAaHHBIX U pCKOMCHI[aHI/Iﬁ JUIA IIPUHATHA

OIITUMAJIbHbIX pGHIeHI/Iﬁ.

Jexuusn 1. Uccnedosanue onepavuit. /[lunamuueckoe npozpammuposarue



PeanbHasa 3apava CxeMma ucciieioBaHus

To~—— TTocTtpoeHue
YacHeHue u monenu Marematuveckas
POpMynnUpoBKa moaensb
3aAa4u

OnTumanbHoe
pelweHue

Bernaua
peKkomeHaauum

Jexuusn 1. Uccnedosanue onepavuit. /[lunamuueckoe npozpammuposarue



MaremaTn4ueckas MoJaeJjb

Mamemamuueckana mooesrb — O00BEKTUBHAS CXEMATHU3AIINA OCHOBHBIX
aCIIEKTOB PEIIACMOM 3a/1a4M UM €€ OIMMCAaHUE B MATEMATUYECKUX TEPMUHAX.

MaTteMaTrdeckas MOJIeJIb OMUCHIBAET UCCIICIYEMYIO CUCTEMY M TIO3BOJISET
BBIpa3uTh €€ I(DPEKTUBHOCTH B BUJIC Ue/1€601 (PyHKUUU

W=fX.)7),
rne X=(xy,..., X,) — yIpaBisgeMbI€ IIEPEMEHHBIE,
Y=(1,..., ym) — HEyOpaBJIsieMble IEPEMEHHBIC (MCXO/IHBIE JJAHHBIE).

CBsi3b M€Ky TEPEMEHHBIMU X M HCXOJIHBIMU JAHHBIMHU Y BBIPAXKAETCS C
MOMOIIbI0 OTPAHUYEHUH

@ (X, Y)<0.

Jexuusn 1. Uccnedosanue onepavuit. /[lunamuueckoe npozpammuposarue



Mopaesin NpUHATHSA pelIeHun

1. JloarocpoyHO€ CTPAaTErMYeCKOE MIAHUPOBAHUE:

3aJa41 pa3MeICHUs POU3BOJICTBA, Pa3BUTHE HE(PTSIHOM U ra30BOM

MPOMBIIIJIEHHOCTH
2. CpenHecpo4HOE MIaHUPOBAHUE:

TPAHCIIOPTHBIE 3a/1a4H, 3aJ1a41 MapIIPYyTU3aIMH, 3a/1a4l KaJICHIAPHOTO
IUIAHUPOBAHUS C OTPAHUYEHHBIMU PECYpPCaMU

3. OnepatuBHOE YIIPABIICHUE:

3aJ1a4¥ TEOPUH PACTIUCAHUI, 3a7]Ja4l PACKPOS U YITAKOBKHU

Jexuusn 1. Uccnedosanue onepavuit. /[lunamuueckoe npozpammuposarue



3ajauu pasMmelneHus NPoOU3BOACTBA

L
e

Cucrembl COTOBOM CBSI3H, (Puralibl 0aHKOB, MPOU3BOACTBO MPOAYKIIUU

Jekyua 1. Hccneoosanue onepauuii. /[lunamuueckoe npozpammuposanue



TpancnoprHble 3a1a4u [MoTpe6uresn

_— T
o .
y
£ Y
% | |

OO
[

TpancnioprHbIE
3aTPaThl

0ogo
IpexnpusaTus > 5000

MuHUMHU3UPOBATH 3aTPAThl HA IEPEBO3KY NPOAYKIUU

Jexuusn 1. Uccnedosanue onepavuit. /[lunamuueckoe npozpammuposarue



3agauu MmapmpyTusanuu =

a2 & @ 8

[

Haviti MapuipyT MUHUMAJIBHOM JIJIUHBI /

§—*©

Jexuusn 1. Uccnedosanue onepavuit. /[lunamuueckoe npozpammuposarue



3ajaum Teopuu pacnucaHuu

['paduku ABMKEHMS MOE3/10B, paboure OpUraabl, pPEMOHT COCTaBOB

Jexuusn 1. Uccnedosanue onepavuit. /[lunamuueckoe npozpammuposarue



3ajauu packpos 1 YNaKOBKH
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Packpou nmuiomarepuana, JMCTOBOTO kKejne3a, cTanku ¢ UITY

Jexuusn 1. Uccnedosanue onepavuit. /[lunamuueckoe npozpammuposarue



MaTtpu4uHbie UI'PbI
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*— BEPOATHOCTH TIOPAKEHHS]

Jexuusn 1. Uccnedosanue onepavuit. /[lunamuueckoe npozpammuposarue



CucremMbl NoJJICPKKM pelieHuil
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JIno, mpuHUMAROIIEE PEIICHUE

Jexuusn 1. Uccnedosanue onepavuit. /[lunamuueckoe npozpammuposarue



XapaKTepUCTHKH aJIrOPUTMOB

JI71s1 OLIEHKM KayeCcTBa aJrOpuTMOB OyJ€M MCMOJIL30BaTh JIBa apaMeTpa:
Ty — mpyooemkocmsb (4UCIIO JIEMEHTAPHBIX OIepalui alroput™Ma A);
114 — TpebyeMblii 00vem namamu.

Inemenmapnan onepayus — oaHa U3 apu(PMETUIYECKUX OTEPAIUA:
CJI0KE€HHUE, BBIYUTAHUE, YMHOKEHHE, NCJICHUE WU JIOTHYECKas oneparys
CpaBHEHHE JBYX YMCEIl.

Hac OyaeT nuHTEepecoBaTh 3aBUCUMOCTD IMapaMETPOB AJITOPUTMA OT JIJIMHBI

3allMCHU UCXOJHbIX JaHHBIX 3aZla4i C TOYHOCTBIO A0 ITOPAJAKa BCIIMYUH.

Ipumep: [Tpu 7'=3/2 n”, Oynem nucatb 1 = O(nz) wi T~ n’.

Jexuusn 1. Uccnedosanue onepavuit. /[lunamuueckoe npozpammuposarue



HHoimHOMMAIbLHLIE AJIIroOpuTM>bI

Onpenenenne. Anroput™M A Ha3bIBAIOT HOJAUHOMUANBHBIM, €CIU €0
TPYAOEMKOCTh 14 OrpaHWY€HA MOJMHOMOM OT JUJIMHBI 3aMKMCH HCXOJHBIX
JAHHBIX, TO €CTh CYIIECTBYET KOHCTaHTa ¢ > (0 W HaATypaJbHOE YHUCIIO Kk

Takue, 9yto 14 < ch, rjae L — niamHa 3anyicy UCXOAHBIX JJaHHbIX.

n
IIpumep: Ilycts f;(x;) = a; x;, Torna L = Zlog a; +log?,
i=l1

2
HO T = O(Y"n), 10 ecth anroput™ JII He ABIAETCA MOTMHOMUAIBHBIM.

Jexuusn 1. Uccnedosanue onepavuit. /[lunamuueckoe npozpammuposarue



Pacnpenejure/ibHas 3a1aya

Nmeem
1 — YUCIIO IPEAIPUATHM;
Y — KOJIMYECTBO €IMHUIL] HEKOTOPOTO PECYPCa;

f1(X) — KOJIUYECTBO MPOYKLMH, KOTOpOE OyAET MPOU3BEACHO Ha k-M
OPEANPUSTUH, €CJIM B HET0 OYJIET BJIOKEHO X €IMHUILL pecypca (MOHOTOHHO
HeyObIBaronast QyHKIUA).

TpebdyeTcsa: MakCUMU3UPOBATH OOBEM MPOLYKIIUHU

fi(xy) +...F fu(x,) > max (1)
x1+...+x, <Y (2)
x; >0, uensle, i = 1,...n. 3)

Jexuusn 1. Uccnedosanue onepavuit. /[lunamuueckoe npozpammuposarue



Unes nunamuueckoro nporpammuposanus (111)

Meton AII (P. bernman, B.C. Muxanesuyu, H.3. I1lop ) MOKHO TpakTOBaTh
KaK aJIrOPUTMHUYECKYIO BEPCHUIO PACCYKJICHUM 110 MHIYKIIMH.

Ilyctb si(y), | <k <n, 0 <y <Y, — onTuMajabHOE 3HAYCHUE 1ICIICBOM
dbyukumu 3aga4uu (1) — (3), rae n 3aMeHeHo Ha k, Y 3aMEHEHO Ha Y.

TpeOyercs HaiiTu s,(Y) 1 HaOOp NMEPEMEHHBIX, HA KOTOPOM JOCTUTAETCS 3TO

3HA4YCHUC.

Jexuusn 1. Uccnedosanue onepavuit. /[lunamuueckoe npozpammuposarue



TEOPEMA 1. Ilyctsb fi, ..., f, — MOHOTOHHO HEyObIBaronye (yHKIMH.
Torna cripaBeIJIUBHI CICAYIOIINE PeKYypPPEHmMHbLE COOMHOUECHUS:

i) =A0), 0<y<Y; (4)
si(y) =max {s;1(y —x) +fix) |0<x<y}, 2<k<n, 0<y<Y, (5)

JoxkazareabcTBo: CooTHomeHue (4) oueBuaHo. [lo onpenenenuro
sK(y) 2 max {sp-1(y —x) +filx) [0 <x < y}.
* * o %k %k
ITycte Teneps (xj ,..., X )— TAKOW BEKTOP, YTO X| +...+X; < Y U
* %
SE() = f1(x) +.o + i (xg).
[Tockoneky s;_1(¥ —x}:) > ﬁ(x{k)+...+fk_1(x}§_1), nMeeM

sk() = AGD +et 1O Sspa =30+ f1r(65). m

Jexuusn 1. Uccnedosanue onepavuit. /[lunamuueckoe npozpammuposarue



Anroput™ I Beruucisier MHOkECTBO S; = {sx(y) | 0 <y <Y}, k=1,....n c

MOMOIIBIO COOTHOILICHUU (4) U (5), rlie Ha Ka)KJIOM IIare ONTUMHU3UPYETCS

POBHO OJHA IICPCMCHHA.

IIpouiecc BeIUMCHCHUS S1,...,S, Ha3bIBACTCS

NPAMBIM X000M AJITOPUTMA.

. 2
Yucio onepanuu = ¥ 'n

Ilamate =~ Y 1.

Yy 1510 (S0 - [S:(0)
0
1
2
Y Su(Y)

%k *
IIpu oopamnom xode anroputMa BBIYUCIAIOTCA 3HAYCHUA (X,,...,X] ), C

*
y4e€TOM TOTrO, 4TO YK€ H3BECTHBI Si()). Hampumep, x, omnpenenserca us

ypaBHenus s,(Y)= f, (x;;) + 5,1(Y - x;;) U Tak jgajiee.

Hucno onepaumu = Yn. Ilamares = Y n.

Jexuusn 1. Uccnedosanue onepavuit. /[lunamuueckoe npozpammuposarue



O0006mum 3amauy (1)—(3):

fi(xy) +...+ fu(x,) > max (1")
hi(xp) +oot h(x,) <Y (2)
a;,>x; >0, neasle, i = 1,...n. (39

Ecnu h,(x) — nenouyrciieHHble MOHOTOHHO HeyObIBatonye (hyHKIIMH,
TO BMeCTO (4)—(5) MOKHO HCIIOJIB30BaTh CICAYIOIIUE

PEKYPPEHMHbLE COOMHOWEHUSL:

s1(») Zﬁ(x*), raex = max{x|x<a;|mx)<y},0<y<Y; (4")

si(y) = max L) +spa(y —hi(x)}, 2<k<n, 0<y<Y. 5/
x=ay |y ()<} ()

Ynpaxunenue 1. J/[oka3aTh cripaBeIMBOCTb cooTHOIIeHuM (4")—(5").

Jexuusn 1. Uccnedosanue onepavuit. /[lunamuueckoe npozpammuposarue



Oopamnasn 3a0aua — TIOVUCK HAUMEHBIIINX 3aTPAT HA MOJIYYCHUE 3aJaHHOTO
KOJIMYECTBA MIPOAYKIIHM:

hi(x)) +...+ h,(x,) > min (6)
SiGer) +oot fulxn) 2 D (7)
a;>x; >0, neasle, i = 1,...n. (8)

Ecnu fi(x) — 1eno4ucieHHble MOHOTOHHO HEYOBIBaIOIIMEe (PYHKIIUM, TO IS
k
pelieHus 3aaa4u (6)—(8) MOKHO MCIIOIb30BaTh UIEU JUHAMHUYECKOTO

POrpaMMHUPOBAHUS.

Jexuusn 1. Uccnedosanue onepavuit. /[lunamuueckoe npozpammuposarue



Mycts f; (d)=min{0<x<a;| f;(x)=d}.
Hna 1<k<n, 0<d<D o06038aunm uyepe3 f(d) — ONTUMAIbHOE PEIICHHE
3agauu (6)—(8), B KOTOpOM # 3aMEHEHO Ha k, a D 3aMEHEHO Ha d.
TpeOyercs naiitu ,(D).
Pexyppenmnvie coomnowenus

00, eciit  f1(ap) <d,

t(d)= 1
m(fi (d)), ecim fi(a)=d,

ti(d) = min {t_1(d — fil)) + h(x)| 0 < x < g, x < f57(d)},
k>2, 0<d<D.

0<d<D, 9)

(10)

Yupaxknenue 2. J[okazarh cpaBeIuBOCTh coOOoTHOIIEeHUM (9)—(10).

Jexuusn 1. Uccnedosanue onepavuit. /[lunamuueckoe npozpammuposarue



TEOPEMA 2: [Ipeanonoxum, 4To D — HanOoJIbIIEe YUCIIO0, A1 KOTOPOTO
ONTUMAaJIbHOE 3HAUCHUE 11eJIEBOM (PYyHKIMHU 3a7a4u (6)—(8) HE MPEeBOCXOaUT Y.

Torma onTuManbHOE 3HaYeHUE 1esieBON QpyHKIMH 3a1a4u (1')—(3") paBHo D.
JokazareascTBO: IlycTh D yIOBIETBOPSET YCIOBUIO TEOPEMBI

15| (xf ,...,x;;) — COOTBETCTBYIOIIEE penieHue 3aaauu (6)—(8).

3HAYUT

[OD) + ot f,(x5)=D 7 hy(x))+...+h,(x,)<Y.

CnenoBarenibHO, [ HE TPEBOCXOIUT ONTHUMAJIBHOTO peuieHus D) 3amadyu
(1'-(3"). Eciu 661 D, Obu10 Oojbmie D, To peuieHue 3amadu (6)—(8), B
KoTOopoi D 3ameHeHo Ha Dj, ToXe HE MPEBBIIAIO Obl Y, 4TO MPOTUBOPEUYUT

MaKCUMAJIbHOCTU D. |

Jexuusn 1. Uccnedosanue onepavuit. /[lunamuueckoe npozpammuposarue



