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1. KOHCIEKT JIEKIIUHA
1.1 Jlexkuus Nel,2 (4 gyaca)
Tema: <<MeTOI10.J10FI/ISI CHCTEMHOI'0 aHAJIM3a U UCCJICI0OBAaHUE oTIepanua>

1.1.1 Bonpocsl JieKIIUH:

1. CucreMHBINA a”HAIN3, CUCTEMA, O TUMHU3ALINAA

2. Cxema omepamroHHOT0 MPOeKTa

3. OcoOeHHOCTH MaTEMaTHIECKOTO MOJICITUPOBAHUS

1.1.2 KpaTkoe cojep:kaHue BONPOCOB

1.CucreMHBIii aHAJIN3, CHCTEMAa, ONTHMHU3aIUs

CucremMa- MHOXECTBO DJJIEMEHTOB C OINPEIENIEHHBIMH CHOCO0aMH B3aWMOJAEUCTBUSA
MEXAY HUMH, KOTOPBIE BCE BMECTE BBIMOJHSIOT LIEJIb CUCTEMBI.

[Ipomecc - Bce, 4yTo mpowcxoauT B cucteme. Cucrema paboTaeT, 3HAYUT B HEH
MPOUCXOAUT MPOIECC.

Onepaiusi- yacTh npouecca, KotTopas HaJleJieHa CBOMCTBaMH Bcel cucTteMbl. Onepanus -
3TO YHPABISIEMOE MEPONPUSITUE, BHIMOIHSAIONIEE OMPEIEICHHYIO 1I€)Ib, COMTOCTABUMYIO C IIEJbIO
Bcel cucreMbl. Hampumep, omepanusi COCTaBJICHUS pacCHUCaHUS YYE€OHBIX 3aHATHN JJIA
y4eOHOT0 MPoIlecca B CUCTEME «YHUBEPCUTET.

[Ipu uccnenoBaHUU CIIOKHBIX OPraHU3AIMOHHBIX CUCTEM:

1) HEeBO3MOKEH IKCIIEPUMEHTAIBHBIN METO/T KCCIICIOBAHNUS,

2) HEBO3MOXKHO OIKMCAaHHE [OBEJACHUS CHCTEM TOJbKO HAa OCHOBE KaKOH-1H00
€CTECTBEHHOHAY4YHOU TEOPHH;

3) Ipd  OMHMCAaHWM TaKUX CHCTEM KOJMYECTBO (DAaKTOPOB, KOTOpPHIE HEOOXOIMMO
YUUTHIBATh, BETTUKO.

[loaToMy oOu€BHIHO, YTO TaKHEe CHUCTEMbl HEBO3MOXKHO MOJAEIUPOBATH, H3ydaTh H
COBEpIIICHCTBOBATH 0€3 UCTIOIh30BAHUS KOMITBIOTEPHBIX CPEJICTB U TEXHOJIOTHH.

2. Cxema onepauvoHHOI0 MPOEKTa

Bech KOMIUIEKC pabOT MO HM3YYCHHIO W COBEPIICHCTBOBAHUIO CHCTEMbI (OTEpariiu)
IPOBOAMT OIEpalMOHHAs TpyNIa CHUCTEMHBIX AHAIUTUKOB. OJTOT TMPOEKT MPOBOIAUTCS B
UHTepecax Jmna, npuaumatoniero pemenus (JIIIP). JITIP moxer
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Jlamum KpaTKyr XapaKTEPUCTUKY ATAIOB OMEPAIMOHHOTO UCCIICTOBAHMS.

1. B camom oO0mem ciaydae MOBOIOM [UIss H3YYeHHS W COBEPIICHCTBOBAHHS
CHUCTEMBl  CIy)XaT  3aUKCHPOBAaHHBIE CHMOTOMBI, OOHapyXHUBaroIIue  MPoOIEMHBIC
BOIIPOCHI B paOOTE CUCTEMBI.

2. VYCTaHOBIIEHHBIE CHMIITOMBI MPOOJIEMBI MOTYT OOpa3oBBIBaTh CBSI3aHHYIO
1EnoYKy (pakToB (TEHACHINIO), KOTOpast MOMOTaeT chopMyIupoBaTh MpoodIemMy.

3. BaxHeHmMM 3TanoM WCCICIOBAaHHUS CHUCTEMbI SIBISCTCA 4eTkas (OpPMYIMPOBKA
po0JIeMbl, KOTOpasi MPUCYTCTBYET HA TAHHOM YPOBHE KH3HECATEIbHOCTH CHCTEMBI.

4 KayecTBEHHbIM CUCTEMHBIM aHaJM3- 3TO pAaclICIUICHUE LEJIOCTHOW CHUCTEMBbI
(omepanum) Ha OTACITBHBIC 3JIEMEHTHI (CYIIHOCTH). [IJIsT TOr0 HYKHO:

- BBIJICIIUTH U3y9aeMy0 cucTeMy (Omepaliuio) U3 BhIIICCTOSIIEH CUCTeMBI (OTieparun);

- cOpMYIIHPOBATH LIEJIb, BHIMOIHIEMYIO CHCTEMO# (omeparnueii);

- IEPEUUCIUTD (HAKTOPBI, KOTOPBIC BIUSIOT HA JOCTH)KCHUE LICIIH;

- ONPE/ICIUTh BO3MOYKHBIC OTPaHHUYCHHUS, B PAMKaX KOTOPHIX MOKHO COBEPIICHCTBOBATH
cucremy (Oreparuio).

5 KonnuecTBeHHBI CHCTEMHBIN aHAIW3 TPEAINoiaraeT OomucaTh BCE TEPEUHCIICHHBIE
(bakTOphl, KOTOPHIC YYaCTBYIOT B OIEpPallMd Ha KOJHUYCCTBCHHOM YPOBHE, T. €. Ha OCHOBE
U3MEPHUMBIX mapameTpoB. [is atoro:

- yCTAaHABIUBACTCS KPUTEPUHK - BEIMYMHA, KOJUUYCCTBCHHO HM3MEPSIONIas CTEICHb
JOCTHKEHUS [IeJIM CUCTEMBI (OTIepaIiim);

- BBOJISTCS KOJIMYCCTBCHHBIC BHYTPCHHHUE IaPAMETPhl CHUCTEMbI, KOTOPBIC H3MEPSIOT
(baKTOpHI, yIaCTBYIOIIHE B OMMMCAHUH CUCTEMBI (OTeparun);

- BCE MHOKECTBO ITHUX IMapaMeTPOB HEOOXOIUMO pa3OUTh Ha JIBE YaCTH:

a) HEYIPaBJIsieMbIC MapaMeTpbl (KOHCTAHTBI), KOTOPBIC MBI B JAHHON KOH-

KPETHO# crucTeMe (orepaiuu) MEHITh He MOXeM (IPOM3BOIUTEIILHOCTE, HOPMBI pacxoia
MaTepHasIoB U T.II.), UX 0003HaYaroT Kak Kodhduimentsl 4 = (a, az, a,);

0) yIpaBJsieMble TTapaMeTpsl (IEPEMEHHBIE) - BETMYMHBI, KOTOPBIE MBI MO-
xKeM MeHATh X = (x, X2, X ,).
6. CyTh MaTeMaTHYECKOTO MOJCIMPOBAHUSI - YCTAHOBJICHHUE KOJIWYECTBEHHBIX

CBsA3eH MEXIy BBeJACHHbIMU BenuunHamMu K, A, m X B BHJIE TaK Ha3bIBaeMO orie-
PaLMOHHON MOJIEIIH.

[lepBas wacTh ONEpAIMOHHOW MOJACIH - 3TO MOJENIb I1eJieBOW (YHKIHMH, OHa
yCTaHaBIMBaeT (PYHKIIMOHATHHYIO 3aBUCUMOCTh KpUTepus K OT HEYMpaBIsieMbIX MapaMeTpoB A
u ymnpaBisgeMbix BemuunH X B Buae K = NX, A). / - moxeT ObITh (QYHKIUSA, 3aJaHHAS
AHATUTUYECKH, TAOJTMYHO WIH aNTOPUTMOM. B psizie mpakTHYecKuX 3a7ad B KAa4eCTBE PJICMEHTOB
MHOXecTBa X BBICTyHaroT ¢GyHKuud. B atom cinydae / - ¢yHKmmMoHam. 3agadd Takoro poja
HA3BIBAIOTCS BapHAIlMOHHBIMH W B JaHHOM TmocoOuuM He paccMmarpuBaiorcs. s 1eneBoi
(GYHKIIMM YKa3bIBa€TCSl HAIPaBJIEHUE YIYUIIEHUS KPUTEPUS

K =1(X, A) —r1(Tax). (1.1

DTUM BBIPAKCHUEM U OTPEIEIIACTCS CMbICT ONTUMH3AIUU CUCTEMbI (OTeparum).

Bropas 4dacte onepanMoOHHON MOJEIHM - MAaTeMAaTHYECKOE ONMCAHUE OTPAaHUYCHHUU Ha
BbIOOp mepemeHHbIX X. Bece orpannuenus B o0IIeM BHJIE€ MOKHO 3allucaTh B BUJE HEPAaBEHCTB
(paBeHCTB):

((X,4)<0,1=1m. (1.2)

Kaxnas ¢ynkuus ((X, 4)Ha3biBacTcs GyHKIMeH orpaHuyeHus. B HEKOTOPBIX 3amadax
UMEIOTCS TpeOOBaHUS HAa caM BHJI TepeMEHHBIX X niu K.

Xe D}
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Hanpuwmep, yacto Bo3Hukaet TpeboBanue, utoosl X uinu K Opun 1iensiMu. B HeKOTOpbIX
CIIy4asix OHM JIOJKHBI IPUHAJIEKATh HEKOTOPOMY CTaH/IAPTHOMY MHOYKECTBY 3HAYEHUH.

Mogens B Buge 1.1, 1.2, 1.3 -moaenp omepanyoHHOTO BHJAa MM ONTHMM3AlMOHHAS
MoJienb (HEOITUMHU3AIHOHHAS - 0€3 1eIeBOi YHKITHH).

Mogens 1.1, 1.2, 1.3103B0JIsIET TOCTaBUTh 3aJa4y ONTHMHU3AIMH CUCTEMBI (OTepariim)
KaK MAaTeMAaTHYECKYyH 3a/Jady. HaWTH TakKue YIOpaBisieMble NEpEeMEHHblE X, KOTOpPbIE
yIoBieTBopsuid Obl cucteme orpannyenuit 1.2, 1.3u obecnieunBanu Obl HaWIydlllee 3HAUCHHE
kputepus K.

7 Pemiennie MOCTaBJICHHOW MaTeMaTHUECKOW 3agaud TpeOyeT MpUBICUEHHUS METOJIOB
ONTUMU3ALMK, BKIIOYAOIIMX KPOME KIACCHYECKUX MATEMaTHYECKUX METOJOB Takke U
CIeIMallbHbIe METOJbl HWCCIEOBaHMs omnepanuii. PeanpHble 3aauu TPUBOAST K OONBIION
pasmepHocTd (MO0  JeCATKOB  Thicsiu). [l0ATOMY COBpEMEHHBIE METOIBI  HAXOXICHHS
ONTUMAIBHBIX PEIICHUH OPUEHTUPOBAHBI HA UCIIOJIb30BAHNE KOMITBIOTEPHBIX CPEJICTB.

8.ComocTaBiisisi MOTYYEHHOE PEIICHHUE C COAEP)KATEIbHONW MOCTAaHOBKOM 3a/lauyd MOYKHO
O00HapYXUTh MPOTUBOPEUUS WM KaKHe-HUOYIh HEKOPPEKTHBIE PJIEMEHTHI pemieHus. [I[puanHoi
HEKOPPEKTHOCTH MOTYT OBITh OLIMOKM B MaTeMaTHYECKON MOJENHU WM HeydeT HEKOTOPBIX
CYILIECTBEHHBIX OrpaHuueHuii. Ha 3ToM 3Tane MoxeT npuHUMaTh y4acTue JIMLO, IPUHUMAIOIIIEe
pemenre (JIIIP). Ecnu monydeHHOE pelieHHe MPHEMIIEMO - OHO MPUHUMAETCS, €CIM HET -
HE00XO0IMMO BEpHYTHCS Ha 3TAIl MAaTEMAaTHUYECKOTO MOJICTUPOBAHMS MITH J1aXke Ha 0oJiee paHHHE
3TaIlbl UCCIIEIOBAHUS.

9.HaiinenHoe onTUMangbHOE pemieHHEeX* MO3BOJSET MOJArOTOBUTH  YIPABJISAIOIIEE
pemenue B hopme nokymenta st JITIP.

Takum 00pa3zom, OINEpPAIMOHHOE WCCIICJIOBAHWE - HTEPAI[MOHHBIN MPOIECC, KOTOPHIH
CXOIUTCA K OIpPEACICHHOMY ONTHUMAaJIbHOMY pEIIEHNI0. PaccMOTpeHHass cxema sBISETCS
npuMepHOi. OHa MO3BOJISET JIyUlIe OHATh CMBICI CHCTEMHOTO

3. OcobeHHOCTH MAaTeMaTHYeCKOT0 MOAeJTUPOBAHUSA

Maremaruueckoe MojenupoBaHue - camblid cinoxkubld sTan MCO. Maremaruueckas
MOJIENIb - 3TO TaKO€ OINHCAHHE CUCTEMBI, KOTOPOE MO3BOJISIET CHELUUAIUCTY BBINOJIHUTH LIEIb
UCCJIEIOBAHMSI M ONTHUMHU3ALUU CUCTEMBL. JlJI1 OAHON M TOM K€ CHUCTEMBI MOKHO IIOCTPOUTH
pa3IUYHbIE MOJENH, YTOOBl BBIIBUTH pa3jMYHble CBOWCTBA: HAIlpUMEp a’dpoAMHaAMHUYEcKas
MOJIeJTh, IPOYHOCTHASI MOJIENb U T.1. MOJeNb JOKHA OBITh aJIeKBAaTHOW peanbHOU 3amade, T.e.
pelleHys, TOJy4YyeHHble B paMKax MOCTPOEHHOW MOJENH, AODKHBI 005ajaTh TaKUMH Ke
CBOMCTBAaMHM, YTO U peajbHasi CUCTEMA.

K coxanenuto, He CymIecTBYyeT Kakoro-iubo airoputMa, Mo KOTOpPOMY HE0OXO0JIUMO
co31aTh MO/iesIb. MO>XKHO PYKOBOJICTBOBATHCS JIMIIIb MPUHLIUIIAMHA MOJEITHUPOBAHMUS

1.HeoOxonuMo pemuTth BOMpPOC pa3MepHOCTH Mozenu. Eciau uymcino mapameTrpoB
YBEIUYUTh, TO MbI 0o0jiee TOYHO OTOOpa3sHM peajbHOe COObITHE, HO B MOJAETH OYyIeT TPYIHO
BBISIBUTH OCHOBHBIE CBOICTBa (HarboJsiee 3HaUMMBbIe). 3a/1aua CTAHOBUTCS HEO0O03PUMOM U MOXKET
He uMeTh pemeHus. I1oaToMy 4HMCIIO NEPEMEHHBIX 1O BO3MOXKHOCTH CTApAOTCS YMEHbBILIATH,
OCTaBJISIsl TJIABHBIE, CylleCTBeHHbIE. HO yMeHbIIas 4nciao MepeMEHHBIX, Mbl MOXKEM OITYyCTHUTh
CYILIECTBEHHBIE, U1 MOJIEJIb CTAHOBUTCS HEAJEKBAaTHOM.

2.Mogenb 3aBUCHUT OT TOYHOCTH, C KOTOPOU HY>KHO MOJTYYHUTh PEIICHUE.

3. Mopenb 3aBUCUT OT TOTO, HACKOJIBKO MBI 3HAEM HCXO/IHBIC TaHHBIE.

4. TToaxo K TOCTPOSHUIO MOJIETH MOYKET OBITh IBOSIKHM:

4.1Co3nanue OpUTHMHATIBHOW Mojenu (HE YYUTHIBAs TNPEOBIAYINCH MOIENU B 3TOU
obyiacTu), T.e. pa3pabOTKa «C YHUCTOTO JIUCTa». DTO MOXKET JaTh, @ MOXET HE IaTh XOPOIINH
pesynbrar. [IpenMyIecTBo: «CBEXHI B3I HAa BEUIN», HET 4yKUX ommoOok. Ho 310 MoxeT
OBITH TOPOXKE M OTPEOyeT OOJIBIIIOTO BPEMEHH.

4.2 cionp30BaHUE TUIIOBBIX MOJETEH I MOJEIMPOBAHMS KOHKPETHBIX omeparuii. B
HACTOSAIIEe BPEeMsl CYIIECTBYET OOJBIIOE YMCIO TUIOBBIX MOJENIEH, OMUCHIBAIOIINX Hauboee
pacnpoCTpaHEHHbIE BU/IbI ONIEPALlUi U CUCTEM:




- MOJIeJb JIMHEHHOTO porpammupoBanus (JII1);
- MOJIeINTb TMHAMUYECKOT0 IPOrPaMMHPOBAHNS;
- ITPOBBIC MOJICIIH;

1.2 Jlekuus Ne3,4 (4 gyaca)
Tema: «/InHeiiHOe NPOrpaMMHpPOBaHHE»

1.2.1 Bonpocsl JieKIIUH:

1. O6mast ¥ ocHOBHAs 3a/1a4a JMHEHHOTO TPOTrPAMMHUPOBAHHUS

2. I'eoMeTpuyeckas HHTEpIPETAIMS 3a1a41 JIMHEHHOTO POrpaMMHUPOBAHHUS
3. Unes cuMImieKc-MeTo1a perieH s 3a/1a4u JIMHEHHOTO TIPOTPaMMHUPOBAHHSI

1.2.2 KpaTkoe cojep:kaHue BONPOCOB

1. O6mas v ocCHOBHAs 32/1a4a JIMHEHHOT0 MPOrpaMMHPOBAHUSA

Ilocmanosxka 3adauu.

[Iyctp HekoTOpoe mpeAanpusaTie HMeeT M BUIOB MPOU3BOJICTBEHHBIX PECYPCOB.
[MopsakoBbIit HOMEp pecypcoB —i, T.e. =1, 2,...,m.

Hanuuune kaxoro BiIa pecypcoB H3BECTHO U 0003Ha4YaeTcs b.

[Ipenmonokum, dYTO MPEANPHUATHE MOXKET MPOU3BOAUTE N BUAOB MPOIYKIIHH.
[TopsaKOBBIH HOMEP MPOAYKIIUU — |, T.€. J=1, 2, ...,N.

HeoOxomuMo ompenenuTh Kakoe KOJIHMYECTBO €IUHUI] MPOAYKIMK KaXIOro BUIA HAJO
IPOM3BOJUTH (Xj), YTOOBI MOTYYUTh MAKCHUMyM 3TOH NPOAYKIIMU B CTOUMOCTHOM BBIPAKEHHH,
€CJIM M3BECTHBI 3aTPaThl HA MIPOM3BOJICTBO SIMHUIIBI MPOIYKIMH KaXkI0ro BUAA pecypcea (&) u
1ieHa peanusanud (G).

Paszeepnymas ¢hopma 3anucu mooenu.

|. LeneBas GyHKIUS — OMUCHIBAET BBIXO/ MPOIYKIIMH B CTOMMOCTHOM BBIPa)KEHUU!

Z=C1X1+CoXo+...+CnXn — Max.

[I. CucremMa OCHOBHBIX OTpaHUYCHHH — OMHUCBHIBAET C IIOMOINBI0 MAaTEeMaTHYECKOU
3aBUCHUMOCTH TOT (haKT, YTO pacXoJbl IPOU3BOJCTBEHHBIX PECYPCOB HE JIOJDKHBI TIPEBHIIIATH X
HaJIMYue!

apXgtagXot. .. HanXa<by;

Ap1XytagXot. .. HaxnXn<hy;

A X1 +HampXot. .. FamXn<bm.

[ll. YcnoBue HEOTpULIATENBHOCTH EPEMEHHBIX BEINYNH:

X120, X220, ..., %=0.

3ameuanue: B TOCTAHOBKE C BBIOOPOM APYroro KPHUTEPHUS ONTHUMAIBHOCTH IIeJIeBast
(GYHKIUS MOXET CTpEeMHUThCS K MUHUMYMYy. Kpome Toro cucrema orpaHM4eHH MOXKET OBITh
CMEIIAHHOM, T.€. COAepPkKATh HE TOJILKO HEPABEHCTBA (<,>), HO U PABCHCTBA.

Cmpyxmypnas ¢hopma 3anucu mooenu.

B Ttakoit ¢opme mMomenu maroTCs B CHCIUAIM3MPOBAHHOW JutepaType. B atoit dopme
3aMUCH OTPAKACTCS CTPYKTYpa W THIT OTPAHUYCHHM, CTPYKTYpa (YHKIUH, KaKhe MepeMeHHBIC
BXOJSIT B QYHKIIUIO Z ¥ B OTPAaHUYCHHS.

n
. Z=) C/Xmax.
e
. SNax <b i=1.2,...m.
_h]d- U] ] T
J:
. x20,j=1,2,...n.




3amevaHue. OAHOW (OPMYJIOW MOXHO OIMKCATh OTPAHWYCHUS, WMEIOIINE OJWHAKOBYIO
CTPYKTYPY H THII U BKIIOYAIOIINE B Ce0s OJHU U TE K€ MEPEMEHHBIE.

Cyl1ecTBYIOT TakXe BEKTOpHAs, MAaTpU4Has U Tabau4Has (GOpMbI 3aITUCH MOJIEIIH.

2. 'eomeTpuueckasi HHTepHpeTanus 321241 JUHEHHOT0 NPOrpaMMHUPOBAHUS

I'paduveckuii MeTom OCHOBaAaH Ha TEOMETPUYECKOW HHTEPIpETAUH 3a7ad JMHEHHOTO
NpOorpaMMUpOBaHUsl U TPUMEHSIETCSI B OCHOBHOM TIPH PELICHUU 3a7ad  O08YMEPHO20
npocmpancmed, Tak KakK JTOBOJBHO TPYOHO, a Yalle MPaKTUYECKHM HEBO3MOXHO H300pa3uTh
rpaduueckd MHOTOTPAHHHUK pPEIICHUH, KOTOPBI o00pazyeTcsi B pe3ylibTaTe IepeceueHus
nosynpoctpadcTB. [loaTomMy, cymHOCTh Trpaduyeckoro MeToja peHieHHs 3aaad JUHEIHOro
pOrpaMMHUPOBAHUsl PACCMOTPUM Ha IpUMEpPE 3aJadyM, 3aIaHHON B JIBYMEPHOM IPOCTPAHCTBE,
T.€. €€ OTPAaHUYEHUS COJEPKaT JIBE IIEPEMEHHBIE.

3anaga. HaliTu MakcumanbHOE 3HAYCHHUE TUHEHHON (yHKITNH:

z = 50x + 40%
MIPU OTPAaHUYCHUSIX

2X1+ 5% <20

8X1 + 5% <40

5x1 + 6% <30

X1=20%>0

Pewenue

[TocTpouM MHOTOYrOJNBHUK pemieHui (puc.l), s 3Toro B cucreMe KoopAauHaT XiOXpHa
MJIOCKOCTH M300pa3uM rpaHUYHbIE MPSMBIE:

2X1 + 5% =20 (1)

8%1 + Bx, =40 QZ)

5x; + 6% =30 ()
X1=0X% =0

OTU TpsiIMbIE PEKOMEHYETCSI CTPOUTH IO JIBYM TOUYKAaM MEPECEUYEHUs: C OCSIMU KOOPIUHAT.
Hanpumep, ms |, takumu Toukamu 6yayt touku A(0;4) u E(10;0).

B3siB kakyro-HHOYAb TOUKy (ymoOHee BCEro B3STh HAdalo KOOPIMHAT), YCTaHABJIHMBACM,
KaKyl0 TOJIYIUIOCKOCTh OIpeNessieT KakJl0e M3 HEpaBEHCTB, COOTBETCTBYIOIIEE ypaBHEHUSIM
IPAaHUYHBIX TPAMBIX (3TH TMOJNYIJIOCKOCTH Ha puc.l TOKa3aHbl CTpEIKaMH, HITPUXOBKOM
BBIZICTSICTCSL 00MIasi 4acTh (IepeceveHre) yKa3aHHBIX MOJYIUIOCKOCTEH). MHOroyroisHHKOM
peLIeHU WIN 001acmvlo 0onycmumbvlx peuieHuti JTAHHOM 3ajjaud sBISETCS OrpaHHYCHHBIN
natuyroasauk OABCD

Jlanee cTpouM OJHY W3 JMHUH YpOBHS LEJE€BOM (YHKIMHM Kak NPSIMYIO JIMHUIO,
COOTBETCTBYIOIIYIO ypaBHEHHIO Z=CONSt.B Hamiei 3amaue MOXHO TOCTPOUTH mpsmyto S0x; +
40x, = 200 (4). Yepe3 Touky O mpOBOAUM IMPSAMYIO, MMApaLICIbHYIO |4, €ii COOTBETCTBYET
ypaBHeHnue Z=0 unmu 50x; + 40¢; = 0. Takum 00pa3om, onpeessieM HanpaBJICHUE IBMKEHUS 110
JIMHUSM YPOBHS IEJICBOH (DYHKIIMH, COOTBETCTBYIOIIEE €€ HAaHOBICTpEHIIeMy BO3pacTaHuio (Ha
puc.l 5TO0 HampaBieHHE OTMEYEHO CTPEIKOW Ha psMoil lg). OcyiiecTBisiss mepeMelneHue
npsMol |4 mapayuienbHO camoli ceOe B BBIODAHHOM HAIIPaBJICHUH, MOJydaeM, 4To (QYyHKImsS Z
IPUHUMAET MAaKCHUMallbHOE 3HAu€HUE Ha MHOTIOYroJibHHKe pemieHud B Touke C.OTOT BBIBOJ
CIENyEeT U3 meopembvl. eclu ORMUMAIbHOE peuleHue 3a0auyu Ccyujecmeyem, mo OHO
oocmuzaemcs, no Kpaiineii mepe, 6 00HOI U3 6epuiun 001acmu 0ONYCHUMbBIX PEUIeHU .
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KOOPJHH

AT HY?’KHO PELIUTh CUCTEMY YPaBHEHMIA!
8x1 + 5% =40
B5x1 + 6%, = 30

[ToacTaBuM HaiieHHBIC 3HAUEHUS X3 M X2 B pyHKImio Z (50 - 90/23 + 40 - 40/23).
OTBeT: ONTUMAJIbHOE PelicHUE 3a1aunZmax = 6100/231pu X3 = 90/23;x, = 40/23.
3aMedaHusi:

1)
TOYKOH,

00JIaCTh JIOMYCTUMBIX PELICHUI CHCTEMbl HEPABEHCTB MOXKET OBITh IYCTOW, OJHOM
BBIMYKJIBIM MHOTOYTOJIBHUKOM WJIM HEOTPAaHUYEHHOM BBIIYKIOW MHOTOYTOJIBHOM

00JIaCThIO;

2)

ypaBHEHHE C1X1 + GXp = Z npu GUKCHPOBAHHOM 3HAYCHHH Z OMpEAeIseT MPsMYIo, a

py U3MEHEHHH Z — CeMEHCTBO MapauIeNIbHBIX MPSIMBIX ¢ mapameTpoM Z. Bekrop ¢ =(Cy, c2),
NEPICHIUKYISPHBIA KO BCEM 3THM IPSIMBIM, TTOKA3bIBACT HAMpPaBICHUE BO3PACTAHUS MapaMeTpa

Z
3)

eciy ObI IPH TEX )K€ UCXOHBIX JaHHBIX TPEOOBAIOCH JOCTUYb MUHUMYMa QYHKIUU Z,

TO, OYEBUJIHO, JIMHUIO YPOBHS CJIEAOBAJIO OBl IEpEMENIaTh B HAIIPABICHUH, TIPOTHUBOIIOIOKHOM

BEKTOPY
Zmin = 0;

C. Iomyuynmu Obl ontumanbsHoe pemeHne B Touke O (0, 0),xoTopoii cooTBETCTBYET



4) ecnu SKCIEpUMEHTAIbHOE 3HAYCHHWE Z JOCTHTaeTCs B JBYX BepliMHax (ciydaii
AIbTEPHATUBHOTO ONTUMYyMa), TO TOKE IKCTPEMaIbHOE 3HAUYCHHE JTOCTUTACTCS B JIFOOOH TOUKE,
Jexariel Ha OTpe3Ke, COSTUHSIIONEM 3TH BEPIIUHBI,

5) B ciaydyae HeOrpaHHYEHHOHW oOsacTH MakcUMyMm (MUHHUMYM) (QyHKOUUZ JUO0 HE
cymiectByer (eciauZ HEOrpaHMUYCHHA CBepXy (CHHU3Y)), OO JOCTHraeTcs Mo KpalHed Mepe B
OJIHOM M3 BEPIIUH 00JIaCTH.

3. Unesi cuMIuiekc-MeTo/1a pelieHusl 321241 JTUHEeHOTr0 MPOrpaMMHPOBaHUS

Cpenu yHHMBEpCalIbHBIX METOAOB pELIEHUS 3a7ad JIMHEWHOIO IpOrpaMMHpPOBAaHUS
HanboJlee PAaCHpOCTPaHEH cummniekcHovlli Mmemoo (WU  cumniekc-memoo), pa3paboTaHHBIH
amepukaHckuM ydeHbIM JDk. Jlanuurom. CyTh 3TOro METOJa 3aKI04aeTcs B TOM, YTO BHayale
MOJIyYalOT JOMYCTUMBIA BapUaAHT, YAOBIETBOPSAIOMIMNA BCEM OTPaHUYEHHUSM, HO HEOOS3aTelbHO
ONITUMAJBbHBINA (TaK Ha3bIBAEMOE HaualbHOe onopHoe peuterue).ONTUMATBLHOCTD JOCTHTACTCsI
MIOCJICIOBATENIbHBIM YIIYUIIIEHHEM 3TOrO PEIICHHs 3a OMPEICICHHOE YKCII0 ITAnoB (MTepaiuii).
HaxokaeHne HadaJbHOTO ONOPHOTO PELIEHUs U MEPEXO0] K CIEIYIOIIEMY OIOPHOMY PELLEHUIO
NPOBOMATCS Ha OCHOBe mpuMeHeHusi metona JKopmana-I'aycca (Mbr Oyaem paboTath C €ro
MOAM(UIIMPOBAHHBIM BAPHAHTOM) JJISl CHCTEMBbI JIMHEHHBIX YPaBHEHHI B KAHOHUYECKOU (opme,
B KOTOpPOM JO/KHAa OBITh NpEeIBapUTENbHO 3alucaHa MCXOAHAs 3ajada JIMHEIHOro
nporpamMmmupoBanusd. HampaeneHue mnepexoza OT OAHOIO OINOPHOIO PEHIEHHS K JPYroMy
BBIOMPAETCS] HA OCHOBE KPUTEPHS ONTHUMAILHOCTH (11e1eBOM (HYHKIIUH) HCXOIHOM 3a/1a4H.

Bech myTh pemieHus 3a1a41 CUMILIEKC-METOIOM YCIIOBHO MOXKHO pa30OHTh Ha TPH dTara.

| sman. HaxoxxaeHne MCXOIHOTO BapUaHTa U MCCIEAOBaHUE €ro Ha JIOMYCTUMOCTD, T.€.
[I0JIy4YE€HUE HAYAIbHOI'O OMIOPHOTO PEILIECHUS.

Honycmumvimeapuanmom peIIeHHs 3a1add OyleM CUMTaThb TaKWe 3HAYCHUS Xj, NPH
KOTOPBIX BBINOJHSIOTCS BCE TPEOOBaHMsS CHUCTEMbl OTpaHMYCHUH (Bce HEPAaBEHCTBA BEPHBI U
HETPOTUBOPEYHBHI).

Ecnn ucxonHblii BapUaHT JOIYCTHM, TO OIIOPHOE pELICHUE HAWICHO U NEePEeXOJuUM Ha
BTOpoil sTan. MHaue, ocymiecTBisieM mnepeOOp BapuUaHTOB pEIICHUs 3aJaud 10 IOJIy4eHUs
nonyctuMoro (eciiu Takoe BO3MOXKHO. Ecin Het, To 3a1a4a perieHust He UMEET).

Il oman. UccnenoBanus 10MyCTUMOTO BapuaHTa Ha ONTHUMAaJIbHOCTD.

Onmumanvuwlli 6apuanm — 3TO TAKOE 3HAYECHUE IMEPEMEHHOU XIpH KOTOpPOM OymyT
BBIMOJHATHCS HE TOJBKO TPEOOBAaHUS CHUCTEMbl OTpaHUMYEHUN, HO U TpeOOBaHUS IEIEBOM
GbyHKIIH.

Ecam pomycTuMBIil BapuaHT OKaKeTCs ONTHUMAJIbHBIM, TO 3aJaya pelIeHa, WHaye
[ePEXOUM Ha TPETUM dTall.

Il sman. Tlepebop BapraHTOB pPEUICHHS 3aa4d 70 MOJIYYCHHUS ONTUMAJIBHOTO BapHaHTa
(ecru Takoe Bo3MOkHO. Eciii HeT, TO 3a/1a4a HE UMEET ONTUMAIbHOTO PELICHUS).

CaM cuMmIIeKc-MeTOl BBIOMpAaTh BapUaHTBl HE YMEET, OH TOJbKO TOKa3bIBAET
HanpapJcHUEe TIepedopa BapuaHTOB (B HaIIeM Cly4ae II03BOJISIET OCYIIECTBUTH BBIOOD
paspemaromiero snementa). Jlns pacuéra ke, B KadecTBE BBIYMCIUTEIBHOTO armaparta,
NPUBJICKAIOTCS Jpyrue Meroabl. Mpl OyldeM HCIONb30BaTh METOJ MOAM(DUIMPOBAHHBIX
XKopmanossix uckmodennii (MIXKHM). Tak kak JaHHBIA METOJ — 3TO METOJ PEHICHHS CHCTEM
JUHEWHBIX YpaBHEHHH, a MOZETb MPEACTaBISAECT COOON CHCTEMY JIMHEHHBIX HEPAaBEHCTB, TO
MoJieb MPEABAPUTEIHHO JOKHA OBITH MOITOTOBIICHA.

CyThb TMOATOTOBKM 3aKIIOYAETCS B TOM, YTOOBI MEPEUTH OT CHUCTEMbl HEPAaBEHCTB K
CHCTEME YpaBHEHUU B KaHOHHMUYECKOU ¢opme. /[ 3TOro B Kaxka0e OorpaHMYCHHUE-HEPaBEHCTBO
BBOJIUTCS IOTIOJIHUTENbHAS TIepeMeHHasY;, KaK pa3HOCTb MEXIy OOJbIIel U MEHbIIEH YacTsIMU
HepaBeHCTBa. OYEeBUIHO, YTO 3HAUEHUE Vi HE MOXKET OBITh OTPUIIATEIBLHBIM.

[ToaroToBneHHass MOAETb OCHOBHOW 3aJaydl JHMHEHHOTO MPOTPaMMHUpPOBaHHS OyaeT
BBITJISACTD CIEYIOIIMM 00pa3oM:

|. Z=C1X1+CoXot. .. +CXn —» MaXx.

. y1=-a31X1-812X2-. . .-8anXn+01;



Yo=-821X1-822X0- . . .~BonXnt2;

Y=-8miX1-8mpXo- . . . ~8mn¥ntOm.

I1l. x;:=0, %=0, ...,%:=0.

U3 5T0r0 BUIA JaHHBIE 3aHOCATCS B TAOIHYHYIO (OPMY [UIS OCYIIECTBICHUS PEIICHHSL.

1.3 JIeknus Ne5 (2 yaca)
Tema: «/IBOMICTBEHHOCTb B JIMHEHHOM NPOrPaMMHPOBAHH U

1.3.1 Bonpocsl JieKIIUH:

1. ITocTraHoBKa 1 MOIENb ABOMCTBEHHOM 3aqaun. [loHATHE NBOMCTBEHHOCTH
2. Pertenne qBOMCTBEHHBIX 3a/1a4 CUMILIEKC-METOIOM.

3. OCHOBHBIE TEOPEMBI TEOPUHU TBOHCTBEHHOCTH.

1.3.2 KpaTkoe cojep:kaHue BONPOCOB

1 ITocTaHoBKA M MoaeJ b ABOMCTBEeHHOI 3aaauu. [loHsaTHE IBOHCTBEHHOCTH.

C xaxno# 3amaueil TMHEMHOro MPOrpaMMHUpPOBaHUS TECHO CBs3aHa Apyras JMHEWHas
3ajaya, HasbiBacMmas oOegolicmeennou. IlepBoHauanbHas 3ajada Ha3bIBACTCS HCXOAHON (Mim
npsiMoii). CBsI3p MCXOMHOW M JIBOMCTBEHHOW 3a/lad 3aKJII0YaeTcsi, B YacCTHOCTH, B TOM, 4YTO
peleHre 0OHOM U3 HUX MOXET OBbITh ITOJIy4E€HO HETOCPEACTBEHHO U3 PELICHUs APYTrOH.

HanomHuM, 4TO B OCHOBE 3aJauu JMHEMHOIO MPOrPaMMHPOBAHMS pPacCMaTpHUBAETCA
npennpusTie, uMeroniee pecypeel by, rme i =1,2,...m OHO TpaTHUT MX Ha HM3TOTOBIICHHUE
FOTOBOM MPOAYKLUUU W ATy HPOAYKIMIO peanusyeT. IIpm 3TOM cTaBUTCA LEnb — IMOJIYYHUTH
MaKCHMyM IPOAYKIMH B CTOMMOCTHOM BBIPAKEHUU HE Iepepacxoays pecypcsl. Monens 3agaun
BBITJIATUT CIETYIOIUM 00pa3oM:

) Z=cix1+coxo+ ... +cpxn—max.

) agwe1 +aixe + ... +ain<by,

A1X1 + 22X + ... +amxns<hy,

amix1 + ampxz + ...+ amnn<bm.

) x;>0,j=1, 2, ...,n.

[IpenmonoxkuM, YTO HEKOTOPOE NPEAUPHUATHE PEIIMIO HE TPaTUTh pEeCypchl Ha
M3TOTOBJIEHHE MPOAYKLMH, a IPOAATh 3TU pecypchl. Torna BOZHUKAET BONPOC: MO KAKOW LIEHE
npojaaBaTh pecypcbl? LleHa nomkHa ycTpaMBaTh Kak MpoJaBlia, Tak W mokynarens. MHrepec
MOKYHAOIIEH CTOPOHBI 3aKII0YAETCsl B TOM, YTOOBI 3aIJIATUTh 32 PECYpPChl KaK MOKHO MEHBbIIIE,
a MHTEpeC MPOAAOLIEH CTOPOHBI — B TOM, YTOOBI MOJIyYUTh 3a PECYpPChl HE MEHBIIE TOTO, YTO
OHa TOJTy4MyIa Obl 32 peaTn30BaHHBINA TOTOBBINA TOBAp.

Torma, B Tak Ha3pIBa€MOW JIBOWCTBEHHOW MOJIENH, 1iesieBas (YHKIMS OYJIET OMUCHIBATh
UHTEpEC IOKYMNAIOLEHd CTOPOHBI, CUCTEMa OIPAaHUYEHHUM — HMHTEpEC IPOAAIOIICH CTOPOHBI
(HEOOXOIMMO OIICHUTH PECYPCHI, KOTOPbIE MOULTH Obl HAa M3TOTOBJICHHE EANHUIBI IPOIYKIIHU U
CTOMMOCTBH 3THX PECYpPCOB OTPaHUYUTH IIEHOW PEaTM30BaHHOW €IUHUIBI MPOAYKIHHU). Tperbe
ycioBre (HEOTPHLATENFHOCTh IEPEMEHHBIX BEIIMYMH) OYAET BBINOJHATHCS B CHIIYy TOTO, YTO
[IEHa EIMHHUIBI pecypca He MOXKET ObITh OTpUIATEIbHON. BBens B KauecTBe LEHBI €IMHUIIBI
pecypca Bemmumny U200 (i=1,2,...,m), ec emie Ha3bIBAlOT OLEHKON pecypca (uiau
JIBOMCTBEHHOM OLIEHKOM), OJIYYUM CIIEAYIOIIYIO MOJIEIb!

) F=hu;+bu+ ... + huy— min.

) agus + & + ... +8mUn=C,

appls +agolp + ... +amnpUn2Cy,
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ainUs + applp + ...+ ampUn2Ch.
) u=0,i=1,2,...m
CormocraBuM 00€ 3a1a4u:

- mepBas —3ajada Ha MakcumyM (Z - max),Bropas —Ha MuaumyMm (F - min);
- B IEPBOM CUCTEMA OTPAHUYEHUI THUMA <, BO BTOPOM ;

- B [IEpPBOY 3a/1a4e N HEU3BECTHBIX U M OrpaHUYECHUM, BO BTOPOX M HEU3BECTHBIX U N
OTpaHUYECHUN;

- K03((HUIIUEHTHI B LIETEBBIX (PYHKIIMSIX U BETHYMHBI B IIPABBIX YACTAX HEPABEHCTB MPU
Hepexojie U3 OAHOH 3a/1aull B APYTYI0 MEHSAIOTCS MecTaMH (B IepBoii 3a1aue G —

K03 HUIUEHTHI 1eeBOH (YHKIMHU, BO BTOPOH Cj — CBOOOIHEIE WICHBI; B IIEPBOH 3anade b —
CBOOO/IHBIC WICHBI, BO BTOPOIi by — k03¢ durreHTs! 1eneBoi pyHKIHN);

- MaTpUIbl KO3PGUIIMEHTOB B IEPBON U BTOPOIL 3a/1aue ABJIAIOTCS TPAHCIIOHUPOBAHHBIMU
OTHOCHTEJIBHO JIPYT Apyra (CTPOKH U CTOJIOIbI TOMEHSUIUCH MECTAMH).

Taxum 06pa3om, BUIHO, 9YTO 00€ 3a7a4i TECHO CBS3aHbI MEXTy co00ii. OHM 00pa3yroT napy
3a[a4, Ha3bIBAEMYIO B JINHEHHOM MPOTrPaMMUPOBAHUH 08olicmeenHou napoi. I1epByro n3 HuX
00BIYHO HA3BIBAIOT MPSAMOM (MIIH MCXOHON) 3a1aueii, a BTOPYIO — JIBOMCTBEHHOM 3a1adei (¢
YHCTO MaTEMATHUECKON TOUKU 3PEHUS 32 ICXOIHYIO MOXET OBITh IIPUHSTA JIF00ast U3 3a1a4
JIBOWCTBEHHOM Iaphl).

Aneopumm cocmasieHus 08OUCMEEHHOU 3a0a4U.

1) Tun sKcTpeMyMa 1eNIeBO (DYHKIIMH MEHSICTCS,

2) KaXIOMYy OTpaHMYCHHIO MCXOIHOW 3aJlayd CTAaBUTCS B COOTBETCTBHE IEPEMECHHAs
BOMCTBEHHOH 3aJ1a4H,

3) cBOOOIHBIE YICHBI HCXOMHON 337a4H CTAHOBSTCS KO3 (UIIMEHTaMH TIPH TIEPEMEHHBIX
B 11€JIeBOM ()YHKIIMM TBOMCTBEHHOM 3a/1a4H;

4) kaxpIi cTos0er] KO3 PHUIIMEHTOB B CHCTEME OrpaHUYCHUI (OPMHUPYET OrpaHUUYCHHE
JBOMCTBEHHOM 3aJjau, IIPU 3TOM TUIl HEPABEHCTBAa MEHsIeTCs; KOd(PUIIMEHTHI TPU MEPEMEHHBIX
B LI€JI€BOM (DYHKIIMHM MCXOTHOU 3a/1a4M CTAHOBSTCA CBOOOIHBIMH WJICHAMU B COOTBETCTBYIOIIUX
HEpPaBEHCTBAX JIBOMCTBEHHOM 3a/1a4uu.

PaccMOTpUM KOHKPETHBIN IIPUMED IIOCTPOCHHUSI IBOMCTBEHHOM MOJENIHN !

HUCXOJHas 3aga4a. ,Z[BOI‘/JICTBCHHa}I 3ajgayJa.
1) Z = 6x;+ 4%, - max. 1) F=8u;+ 6u,—min.
)2x,+4x, <8, 1) 2u; + 2u,> 6,

24+X, < 6. A +Uu,> 4.
x>0, %> 0. ) u;>0,u,>0.

Crnenyetr OTMETUTD, YTO:

- MaTeMaTHUYEeCKUE MOJICIIH TTaphl IBOMCTBEHHBIX 3a71a4 MOT'YT OBITh CAMMETPHUYHBIMU U
H€CI/IMM€TpI/I‘-IHBIMI/I. B HCCI/IMMeTpI/I‘IHBIX I[BOﬁCTBGHHBIX 3aJadyax CUCTEMa OFpaHI/I‘-IeHI/Iﬁ
MCXOJHOM 3a/1auu 3aJa€TCA B BUJI€ PABEHCTB, a IBOMCTBEHHOW — B BUJI€ HEPABEHCTB, IIPUYEM
B HOCH@I[Heﬁ nepeMeHHHe MOI‘yT GBITB n OTpI/IHaTGHBHBIMI/I. B CI/IMMeTpI/I‘IHBIX 3aga4dyax
cHUCTeMa OTPAaHMYECHUHN KaK UCXOJHOM, TaK M IBOMCTBEHHOM 3a/1a4d 3aJ]a€TCSl HEPABEHCTBAMH,
anqu Ha HBOﬁCTBeHHble HepeMeHHBIe HaJ1aractrcs yCJIOBI/Ie HGOTpI/II_IaTe.HBHOCTI/I. IIame
paccMaTpUBaIOTCSl CHMMETPUYIHBIC B3aUMOIBONCTBEHHBIE 3a]1a4H;

- KaKJas U3 3a7a9 JBOMCTBEHHOU Maphl (POPMANLHO SIBIISIETCS CAMOCTOSITEIILHOM 3a1aueit
JIMHEMHOTO MPOTPAMMHUPOBAHUS U MOXKET PeIIaThCsa HE3aBUCUMO OT Apyrou. OHako,
UCIIOJIb30BAaHUE CUMILIEKCHOTO METO/Ia PEILICHUs OJJHOM U3 JBONCTBEHHBIX 3a7a4
JIBOMCTBEHHOM Mapbl aBTOMAaTUYECKH PUBOJUT K PEIICHUIO IPYrou 3aaauu. Harmsgaeim
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000CHOBaHHEM JAHHOTO TIOJIOKEHHUSI MOKET CIIY’)KUTh BO3MOKHOCTh MCIIOIh30BaHUS
JIBOMCTBEHHOW CHMILIEKC-TA0IHIIBI JIJIs1 OTHICKAHMS NICKOMBIX 3HAUCHHH 1IEJIeBBIX () YHKIIUM.

2 Permienue ABOMCTBEHHBIX 32124 CUMILIEKC-METO/I0OM.

Kaxnas u3 3a1a4 JBOMCTBEHHOM Mapbl MOXKET pemiaThes OTaeabHO. [Ipy 3TOM Hcnosnb3yeTcs
KaK CUMILICKCHBIA METOJI, TaK U rpaduueckuii (B ciyuae eciu 3a/1aua COACPKHT JBEC
nepemMeHHbie). OTHOBPEMEHHOE PEIICHHE 3a/1au PEAU3yeTCs C UCIOIb30BaHUEM, TaK
Ha3BIBAEMOM, JBOWCTBEHHON CUMILIEKC-TA0IUIIEI.

[ToAroToBICHHBIE IS 3aIIMCH B CUMILICKC TAOIHILy MOACTH OYAYT BBITJISACTh CICAYIOIINM
obpa3zom:

ucxonHas 3agava (Beegem ;2 0): IBOIicTBeHHas 3ana4a (BBeneM V2 0):
I) Z= Cc1X1 +eoxp + ... Fepxn - Max. I) F= blul + b2U2 + ... +mem—> min.
1) y1=-8q1 - @126z - ... - daeXintby, ) vi=ayty +axnly + ... +a8mUn - Cy,
Y2 = 811 - d2aX2 - ... - ApXnthy, Vo =agpUp + Al + ... +amplm - Cp,

VYm = -8mX1 - dnpX2 = ... = AmXntOm. Vi = @gnl + @2nllz + ... +8mldm - Cn.

M x>0,j=1,2, ...n. I u=0,i=1, 2, ...m

O06e MoJenu 3aIKMChIBAIOTCS B JBOWCTBEHHYIO CUMIUIEKC-Ta0HILy CIeIYIOIINUM 00pa3oM
(tabmurma 4):

Ta6mmma 4 — J[BoricTBeHHAs CUMIUICKCHAs Ta0IuIa

V1 Vo .. Vi F
X1 -Xo .. -Xn CBo0OoHbBIE
YJIEHBI
Uy Y1 dil dio .. din by
Up Y2 ar1 ap . aon b,
Umn Ym Am Amp ... Amn bm
CBoOogHbIE Z -C1 -Co e -Cn 0
YJICHBI
3ameuanus.

- KO3 UIMEHTH TOJITOTOBJICHHON JBOWCTBEHHOW MOJENM pACHOJAralmTcs 110
CcTOJIOI[aM, TO €CThb B ONHOI TaOJWIlEe 3amucaHbl 00€ IBOMCTBEHHBIE Mouenu. Pemias mMonuesnnb
MPSMOU 3a/1a4d CUMILJIEKC-METOAOM, NapalIeNIbHO PEIIAETCS U MOJAENb ABOMCTBEHHOM 3aJa4H.
[TonyuynB oNTUMANIBHBIN BapuaHT ISl IPSMOM 3a7a4M, MbI IMOJy4aeM ONTHUMAaJIbHBIA BapUaHT U
JJI1 JBOMCTBEHHOU,

- IPEXE YeM COCTaBJISITh MOJICIIb IBOMCTBEHHOM 3a/1a4d, HEOOXOAMMO Y HCXOTHON MOJICTH
«BBIPOBHSTH» 3HAKH, T.€. €CIIH LIeJieBask PYHKIIUS CTPEMUTCS K Max TO BCE 3HAKH B CHUCTEME
OTpaHUYCHUH TOJKHBI OBITh <, a ek K MiN, To >. CucreMa NPUBOIUTCS B COOTBETCTBHUEC
IyTEM JOMHOKEHHUS 00eHX JacTell «HEemoAXoasIiero» nepasenctsa Ha (-1). Hampumep,
YTOOBI 3aMMKMCaTh MOJIEh, TBOMCTBEHHYIO K IPUBEACHHON MOJIEIH

|) Z = 4x1 + 2% + 3X3 - min.
) -4%; - 3% +X3 < -4,
X + Xot2%3 > 6.
) x1>0,x2>0x3>0,
HEOOXOIMMO UCXOAHYIO TIEPENMCATh B BUJIE!
|) Z =41 + 2% + 3X3 - min.
) 4%+ K -X3>4,
B5X1 + Xo+2%3 > 6.
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) X;>0,%>0x3>0.
Torna gBoiicTBEeHHas 3a1a4a OyIET BBITIIANETH TaK:
|) F = 4u,+6u, —» max.
||) 4u, + 5up < 4,
3u; +up <2,
U + 20, < 3.
) u;>0;u,>0;
- B LIEHTP JBOMCTBEHHON CHUMILIEKC-TaOmMIbl (Tabauipl 4) BCeraa CTaBUTCS 3ajada Ha
Max, BHE 3aBUCIMOCTH OT TOT'O KaKoBa IieyieBasi GyHKIIMS HCXOIHOM 3a1a4u.

3. OcHOBHBIE TeOpeMbl TEOPHH IBOIICTBEHHOCTH.

B kauecTBe ocHosHOU  meopembl  080UCMBEHHOCMU  BBIIENAIOT  CIEAYIOILYIO
(OpMyYIHPOBKY: €CJIM O/IHA U3 B3aUMHO JABOMCTBEHHBIX 33J]ad UMEET ONTHUMAIbHOE PEIICHUE, TO
U JIpyrasi Takke€ MMEET ONTHMAJIbHOE PELICHHUE, IIPA ATOM COOTBETCTBYIOIME UM ONTHMAJIbHBIC
3HaYeHUsI LeNIeBbIX (yHKUUI paBHHI (T.6. MaxZ = min F).

Kpome 3Toro BapuanTa BO3MOKHBI CIEAYIOLIME B3aUMOUCKIIIOYAOIINE CIIyYau:

- B OZIHOM U3 Iapbl ABOMCTBEHHBIX 33[a4 JOIYCTUMOE MHOECTBO HE IIYCTO, a LieJeBas
(yHKLUS Ha 5TOM MHOKECTBE HE OrpaHMu€Ha, TO y IPYroi 3ajauu u3 3TOH mapsl OyJeT mycToe
JONYCTHMOE MHOXKECTBO (T.€. €CIIM B OJIHOW 3ajadye (hYHKIMOHAI HE OrpaHUYEeH, TO 3ajada ed
JIBOMCTBEHHAs] HE IMEET PELICHHS);

- 00e U3 paccMaTpUBAaEMBIX 33Jad UMEIOT MYCThIe JONYCTHMbIE MHOXeCTBa (T.e. 00e He
UMECIOT PEIICHHS).

C 5KOHOMMUECKOH CTOPOHBI PEIIEHNE IPSIMOM 3a7aul AaeT ONTHUMAJIbHBIN IIJ1aH BBIITyCKa
IPOIYKIIMH, a PELICHHE IBONCTBEHHOW 3a]a4l — ONTHMAJIbHYIO CUCTEMY YCIOBHBIX (MITH
0601ICMEEHHbIX) OYeHOK TIPUMEHAEMBIX PECYPCOB.

JInst SKOHOMHYECKMX 3aJad 4YacTo IMpEeACTaBIseT HMHTEpEeC TO, KaK IOBJHAET Ha
ONTUMATFHOE pEUICHHEe HW3MEHEHHE 3alacoB ChIPhS W HM3MEHEHHE MNPHOBUTA OT CIUHUIIBI
NpOAYKIMH. B CBSI3M € 3TUM MOCPEICTBOM [JIBOMCTBEHHBIX OLICHOK MOYKHO BBISICHUTB!
yBEJIMUYEHUE 00HEMOB KaKOT0 BHJIa PECYpCOB HanboJiee BEITOAHO; HA CKOJIBKO MOKHO YBEIHYUTh
3arac ChIpbsl Ui yIYUIICHHS MMOJY4€HHOTO ONTUMAIbHOTO 3HAUYEHUs 11eJIeBOi (DyHKINU; KaKOB
Uana30H W3MEHEHHUs TOTO WM MHOTo KO3(QUIMeHTa IeneBol (QyHKIHH, TPU KOTOPOM HE
MPOUCXOIUT U3MEHEHHE ONTUMAIIBHOTO PELICHHUS; 11eJIeCO00pa3HOCTh BKIIIOUEHUS B IIJIaH HOBBIX
HU3JEIN.

[lenTpasbHBI BONPOC, KOTOPBIA pPacCMAaTpUBAETCS B TEOPUU ABOMCTBEHHOCTH, — 3TO
BOIIPOC O LEHHOCTH pecypca. Ho EHHOCTH €ro HE PhIHOYHOM, 8 UCKIIFOUUTEIBLHO C BHYTPEHHEN
TOYKH 3PEHMsI TaHHOTO MPEINpPUSTHS, C TOUYKH 3peHHs] YPPEKTUBHOTO HCMHOIB30BAHUS ITOrO
pecypca B CIOKHUBLIEHCS CTPYKTYpE IPOU3BOJICTBA, ONPEAEIAEMON TEXHOJIOTUUECKON MaTpULEH
U yAenbHbIMH TpuObUIAMU. [Ipu 3TOM oOlleHKa IEHHOCTH MPOU3BOAUTCS TOJIBKO B IpoIlecce
UCIIOJIb30BAHUS PECYpCca B OJJHOM LIMKJIE MPOU3BOACTBA. DTO SIBIAETCS 3JIEMEHTOM YCIOBHOCTH.
OnHako M3 BCEro 3TOr0 BBITEKAET OCHOBOMOJIArarollas OIIEHKA LIEHHOCTH pecypca — CKOJBKO
npuObUIM MOXET TPHHECTH BOBJICYCHHE B MPOU3ZBOJCTBO €IIE OJHOW EIMHHIBI JaHHOTO
pecypca.

JIBOMCTBEHHBIE OIICHKH OTPAXKAIOT CPABHUTEIBHYIO JACPUIIMTHOCTh PA3TUYHBIX BUJOB
pEecypcoB B OTHOILIEHHWU MPUHATOTO B 3ajade mokazatens 3¢p¢GeKTUBHOCTH. JIBOWCTBEHHBIE
OIICHKM MOTYT CJIYKUTb TOHKMM HMHCTPYMEHTOM aHaliW3a W NPUHATUS [PaBUIbHBIX
YIPABJICHUYECKUX PELICHUH B YCIOBUAX MOCTOSHHO M3MEHSIONIErocs npousBojctsa. [Ipusenem
HEKOTOpBIC OOIIHME TOJIOKEHHUsS, BBITEKAIOIINE U3 IKOHOMHUYECKOTO CMBICTIA JBONCTBEHHOCTH
3a/1a4 JIMHEMHOr0 MPOrpaMMHUPOBAaHUS U CBOMCTB OLIEHOK ONTUMAJIBHOTO IUIaHa!

- HCUUCIECHHbIE B ONTHUMAIbHBIX OIIEHKAaX CyMMapHbIE 3aTpaThl Ha MPOU3BOJICTBA
Ka)KJO0r0 MHTPEIMEHTa HE MOTYT ObITh MEHBIIIE, YEM OIIEHKA JAHHOT'O UHIPEIUEHTa B KOHEYHOM
MPOAYKTE;
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- B ONTUMAJIBHOM IUIaHE, 00ECIEYNBAIONIEM MAaKCHMYM BBIITYCKAa KOHEYHOTO MPOAYKTa
NpyU  HM3MEHSIOIIMXCS pecypcax, CyMMapHbIe 3aTpaThl PECYpCOB Ha E€IMHUIY KOHEYHOM
NPOAYKIIMM MUHUMAJIBbHBI (MHAYE 3a CYeT 00Jiee IKOHOMHYHOTO UX UCIIOJIb30BaHUS MOXKHO OBLIO
Obl YBEIMYUTH BBITYCK W TEM CaMbIM YIYYIIHTh ONTHMAJIbHBIN IUIaH, YTO TPOTHBOPECUUT
MOHSTHUIO ONTHUMAJIBHOTO IJIaHa KaK HAWJIYYIIEero ¢ TOYKH 3PEHUS PHUHSITOTO KPUTEPUS);

- a0COJTIOTHBIC 3HAYCHUS OIEHOK MOKHO TPAKTOBaTh KaK HEKOTOPHIC PACUETHBIC «IICHBI»
pPECYpPCOB U MOTpeOHOCTEH, BRIpAKEHHBIC B TEX K€ CAMHUIIAX, YTO U KPUTEPUH, a 3HAK «+>» WIH
«—» MPU ITHX «ICHAX» MOKa3bIBaCT, BEACT JU YBEIWYCHUE NaHHOTO (haKTopa K BO3pACTaHHUIO
WJIM YMEHBIIEHUIO 3HAYCHUS KPUTEPHS;

- HCTOJB30BaHUE JIBOMCTBEHHBIX OIICHOK II€JIecCO00pa3Ho, KOTJa OrpaHUYMBAIOIINE
YCIIOBUSL HE MEHSIOTCS, HO BO3HHMKAeT HEOOXOJMMOCTh OIPENeIUTh IeIecO00pa3HOCTh
MIPUMEHEHHUS T€X WJIM UHBIX HOBBIX TEXHOJOTUYECKHUX CITOCOOOB.

PaznuuHbie BUABI pecypcoB, XOASIIME B MOAENb ONTUMAIBHOTO IUIAHUPOBAHUS, UMEIOT
CBO€ KOHKpETHOe cojnepkanue U crnenuduky. COOTBETCTBYIOIIUE MM OIEHKH TaKKe
crenuUYHbl U PACCMATPUBAIOTCS B OTACIHHOCTU MO KaXKJI0W KaYECTBEHHO OTIIMYHOW TpYIIe
peCypcCoB.

Takum 00pa3oMm, [BOWCTBEHHBIC OILEHKH SIBISIOTCS BaXHEUIIUM PE3yJIbTAaTOM,
BBITEKAIOIINUM U3 TEOPHUH IBONCTBEHHOCTH, KOTOPAsi IIMPOKO MPUMEHSETCS Ha IPAKTHKE.

1.4 JTexuus Ne6,7,8 (6 uaca)
Tema: «TpancnopTHasi 3aga4ya»

1.4.1 Bonpocsl JIeKINH:
1. Mertoa noTeHuanoB
2. Pemienne TpaHCIIOPTHOM 3a/1a4 ¢ HEMPABUIILHBIM OaaHCOM

1.4.2 KpaTkoe cojep:kaHue BONPOCOB

1.MeToa mOTEeHIIUAJIOB.

Maremarnueckass MOZENIb TPAHCIOPTHOM 3aJadyd OTHOCUTCSA K 3a7adaM JIMHEHHOrO
IPOrPaMMHUPOBAaHUSI U MOXXET OBITh pelleHa CUMIUIEKCHBIM MeTonoM. OnHako BBUIY
UCKJTIOUUTENIHOW TMPAaKTUYECKOW BaXXHOCTH STOW 3aJaud M CHEHU(PHUKH OrpaHHYCHHUH
(orpaHWYeHHMs 3a/1aHBI B BUJIC YPAaBHEHHH; Ka)K1asi HEN3BECTHAsI BXOJWT JIUIIb B JIBA YPaBHCHHS,
KO3 (UIMEHTBl TP HEU3BECTHBIX — CIWHHIBI) JUISI €€ PEIICHHUS CO3JaHbl CICHUATbHBIC
anroputMel. CamMbIM pacIpOCTPAaHEHHBIM METOAOM DPELIECHUS TPAHCIIOPTHOM 3aJaud sBIIACTCS
METOJ IIOTEHLIUAJIOB.

Pemenue TpancnopTHOM 33124 pa30oMBaeTCs Ha JBa dTarna.

1) ompeneneHue HAYaIBHOTO JOIYCTUMOTO 0a3MCHOrO permeHus (IepBOro OMOPHOTO
IJlaHa) — [epBOHAYAJIBHOE paclpejielieHne IMocTaBokK. JlocTHraercs  MOCPENCTBOM
pacIpeaeIuTeNbHbIX METOIOB,;

2) TOCTPOCHHUE MOCIIENOBATEIBHBIX UTEPAIMi (IIAroB), yIy4IIAIOIMX OMOPHBIC TUIAHBI
(kakIpIi HOBBIM TUIAH HE JIOJDKCH YBEJIMUYMBATH CYMMapHbIC 3aTpathl pu Z - MIN 1 yMEHbILIATh
npu Z - max). locturaercst HOCPEICTBOM METO/1a MOTEHIINAJIOB.

ITocne BBIMOIHEHMS MEPBOTO 3TAlla HIard BTOPOTO 3Tala MPOBOAATCS 10 TEX IOp, MOKa
He OyJeT HailIeHO ONTUMAIIBHOE pacpeesieHHe MOCTABOK.

1-v111 5man. [locmpoenue nepeoHayarbHO20 ONOPHO2O NIAHA

[Inan cocrapisieTcs MOCIEIOBATEILHBIM 3aII0JHEHHEM T10 OJTHOH KJIETKE B TaOIHIE TaK,
YTO KXl pa3 JH0O0 TOJHOCTBIO YIOBIETBOPSETCS MOTPEOHOCTH OJHOTO M3 MOTPEOUTENEH,
1100 TOJHOCTHIO BBIBO3HUTCS I'Py3 OT HEKOTOPOTO IOCTAaBUIMKA. B Teopuu NOKa3bIBaeTcs, 4To
0a3ucHOE pelIeHHe CHCTeMbl OrpaHuueHHd (M3 M+N ypaBHEHU ¢ MN TEpeMEHHBIMHU) B
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YCIOBHSX TPAHCIIOPTHOW 33auu ©MeeT M+N—1 6a3ucHBIX MepeMeHHbIX (ee paHr paBeH M+n-1),
M03TOMY, COBEpHIMB M+N—1 yka3zaHHBIX IIaroB, MOJYYUM IMEpBbIi OMOpHbIN miaH. OnopHbIe
MJIaHbl MOJIYYalOT HECKOJIBKUMU METOJAMH, Ha3bIBAEMBIMHU paclpereauTeabHbIMU. Cpen HUX
MO>XHO BBIJCINTBH. METOJ CEBEPO-3allaJHOrO yIia, METOJ HAWIy4YlIUX LIE€H U METOJ]
annpokcuManuu. [locnmemqnue 1Ba  MeTOJa  OTHOCATCS — TakkKe K MPUOTHMKCHHBIM
pacnpenenuTenbHbIM METoIaM U OyIyT pacCMOTPEHBI B TPEThEN 4acTH JAHHOTO pa3jena.

Ipumep. ~

b; =1500 a= 800 13 12 15 16

b, =1000 a=1200 Cc=| 17 15 14 13

b; =2000 @ =1400 15 14 13 16
a2=1100 -

Pemmth Ha MUHUMYM, 3aMIOJTHUB pabovyI0 TaOJIMIly METO/I0M CEBEPO-3aMaJHOro yria.

Tabmmia 6 —3anonHeHne pabodel TaOIHITBI METOJOM CEBEPO-3aIaIHOTO yria

1 2 3 4 b
13 12 15 16
1 800 700 1500
17 15 14 13
2 500 500 1000
15 14 13 16
3 900 1100 2000
3 800 1200 1400 1100 4500

Zmin = 800*13 + 700*12 + 500*15 + 500*14 + 900*13 + 16 = 62600.

[Tpu 5TOM MeTOo/Ie Ha Ka)IOM Iare MOCTPOCHHUS TIEPBOTO OIMMOPHOTO IIaHa 3aOTHICTCS
BEPXHss JieBas KJIETKa («ceBepo-3alaHblii yroi») ocTaBlielcss dacTu Tadnuubl. [Ipu Takom
METOjIe 3aroyiHeHHe TaOauibl HaunHaercs ¢ kietku (1,1) m 3akaHunBaeTcs B kietke (M,N), To
€CTh HJIET KaK ObI 110 IUarOHaIH TaOJIHIIBI IIEPEBO3OK.

MeTopl HAaWIYYIIUX IIEH W anlIpoOKCHMAIlMU TaKKe MOXKHO HCIIOJIh30BaTh HA JaHHOM
JTarne.

2-oii sTamn. Meron noteHuuanoB. ONTUMATBFHOCTh 0A3UCHOTO PEIICHUS.

[TonydeHHBII OJHUM U3 pACHPENCIUTEIIBHBIX METOJOB OINOPHBIM IUIaH CHavaia
HEO0XO/MMO TPOBEPHUTH HA BBIPOXKACHHOCTh. BapuaHT OyneT HEBBIPOXKACHHBIM, €CIIU YHCIIO
3aIMOJIHEHHBIX KJIeTOK N paBHO cymMMe MOCTaBIIMKOB U MOTPeOUTENEH 3a BEIYETOM E€ANHUIIBL:

N=m+n-1.

Ecnu Ha KakOM-TO 3Tare perieHus! MOJIydUTCsl BRIPOXKICHHBIN 11aH (T.€. N<m + n —
1), To ero HeOOXOAMMO MOMOJIHUTH, IPOCTABHMB B HETOCTAIOIIEM YHCIIE KIETOK HOJb. [I0CKOIBKY
STUM JOMOJIHUTEIBHBIM KJIETKaM OYyAYyT OTBEYaTh HYJIEBbIE MEPEBO3KH, TO OOIIUi OanaHc U
CyMMapHasi CTOMMOCTb IE€PEBO30K IUIaHA IpPU 3TOM HE u3MeHuTcs. OJHAKO IPOBOAMTH
MOTOJIHEHHE TJ1aHa, BHIOMpasi KJIETKU MPOU3BOJILHO, Helb3s. Heo0XoauMo yuuThIBaTh YCIOBHE
aIMKIMYHOCTH. [laH Ha3pIBaeTCS alMKIMYECKUM, €CIIM €ro 0a3uCHbBIC KIIETKU (3arOTHEHHBIC
Ipy30M) HE COJep)KaT IHUKIOB. I[MKIOM B TpaHCIOPTHOW TaOJHIle HA3BIBACTCS HECKOIBKO
KJIETOK, COCIMHEHHBIX 3aMKHYTOM JIOMAaHOW JIMHUEH TAaK, YTO JBE COCECIHUE BEPIIMHBI JIOMAHOU
pacIoyioKeHbl JTUOO B OJHOW CTPOKE, TUOO B OJHOM CTOJIOIE. JIomaHass MOXET MUMETh TOYKH
CaMOIIEPECEUEHNs, HO HE B KJIETKaX LUKJIA.

HeBbipok1eHHBII BapuaHT HEOOXOAUMO MPOBEPUTH HA ONITUMAIbHOCTb.

Teopema 06 onmumanvrocmu.Bapuant peuieHus 3agadd OyleT ONTHUMAaJbHBIM, €CIH
HalizieTcd Takas cucTeMa aOCTpPaKTHBIX UHMCeN, Ha3bIlBaeMbIX IMOTEHIMAJaMHU TOCTaBIIMKOB U
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NOTEHIMAJIAMH TTOTPEOUTENICH, MPU KOTOPOH Ui BCEX KJIETOK TaOJMIIBI OyIeT BBITOJHATHCS
yCIIOBHE:
Vj — U<Cj(mpu Z - min) nv; — U>c;j (mpu Z - max),

rae Vj — HOTeHIHaNbl HOTpeOuTeneH,

Uj— MOTEHIHAJIbI TOCTABIIUKOB,

Cjj —IIeHa NIePEBO3KH SMHHIIBI Ipy3a (YCIOBHBIC T/KM).

[MpuueM, V; — U = Cjjis 3aHATBIX KIETOK M Vj — USGj (WM Vj — U>Cjj) U1t CBOOOIHBIX
KJICTOK.

Ha ocHOBaHUM 3TOW TEOPEMBI UCCIIEIOBAHIE HA ONTHMAIBLHOCTh MIPOBOUTCS B 2 dTAra:

1) i KaXITOH 3aHATOH KIETKH COCTaBISIETCS ypaBHEHHE Vi — U = Cjj B pe3yJbTaTe 4ero
MOJIy4aeTcsi cucTemMa u3 M+n—-1 Takux ypaBHeHWid. Pemaercs 3Ta cHCTeMa OTHOCHUTEIBHO
NOTEHIMAIOB. Tak Kak B JJaHHOW CHCTEME YKMCJIO YPaBHCHUW MEHBIIE YHCIa HEM3BECTHBIX (T.c.
crcTeMa UMeeT OECUMCIICHHOS MHOYKECTBO PELICHHUI), a HAM HAJl0 HANTH OJHO JIF000e pelieHue,
TO KaKOMY-JIMOO MOTEHIMATY MOXHO MPUCBOUTH MPOHM3BOJIEHOE YHCIO M OTHOCHTEIHEHO HETO
paccuuTaTh OcTalibHBIE 3HaueHus. st ynoOcTBa pacyeToB yaie Bcero oepyt U;=0;

2) s cBOOOAHBIX KJIETOK TaOJIMIBI MpOBEpseTcs yclaoBHe V; —U<Cj (mma V; — U>G;).
BapuaHT OyneT onTHManbHBIM, €CITH JIJISl BCEX CBOOOIHBIX KJIETOK 3TO YCIOBHE BBITOJHUTCS.

JUis KaskIoi KJIETKH, B KOTOPOH HE BBIMONHSETCS YCIOBHE V; — USCj (unu V; — U>Gj),
paccuuThIBaeTcs oueHka O = |(v; — U) — Gj|-Knerka, comepxamias Ojj, Ha3pIBaeTCs «LIOXOW», a
NIOJTy9YCeHHAs OLIEHKA MCIIONI3YETCsl TIPU TIepepactpeicICHHH TPY30B.

To ecth wccnenoBaHWEe HA ONTUMAIBHOCTH HE TOJBKO OTBEYACT HA BOMPOC, ONTHMAJICH
BapHUaHT WJIM HET, HO €lle M IOJCKA3bIBACT, B KaKOM HANpPaBJICHHH HAJO €ro YIydllaTh MpH
HE00XO0IUMOCTH.

Ilepepacnpedenenue epy308 u noiyueHue HO8020 BapuUAHma.

CMbICT Iepepacipeie/ICHUs 3aKIF0YaeTCs B TOM, YTOOBI B CAMYIO «ILIOXYIO» KIETKY (T.€.
3Ha4YeHHe OjjHanboIIbIIee) epepacpeieNuTh Kakoe-To KoJIndecTBo rpy3a. [lepepacnpenencnue
IPY30B JIOJDKHO OTBEYATh CIEAYIONIMM TPEOOBAHUSIM:

1) [O/KHBI BBIMOHATHCS TPEOOBAHUS CUCTEMbI OTPAHUYCHUN MOJICIIH;

2) BapWaHT peIICHUs 3a7a4d JIOJDKCH OCTaThCs AalMKIMYECKHM, T.. HE JIOJDKHA
TOSIBUTHLCS JIMIIIHSS 3aMI0JTHCHHAS KJICTKA,

3) [IOKHO BBIMOJHATHCS YCIOBUE HEOTPHUIIATEILHOCTH B MOJICIH, T.€. X;= 0.

C yueToM JaHHBIX TPeOOBaHUU, aieopumm nepepacnpedenetus OyneT COCTOSITh U3 IBYX
IIaroB:

1) HaMeTUTh MapIIPYT MEepepacipeaeICHUS TPy3a.

Jlnst aTOoro B TabJiMIle CTPOUTCS IMKII IepepacrpeneieHus: 00beKTOB TepeBO30K. ki
IpeCTaBIsieT cOOOW 3aMKHYTYIO JIOMaHyI0 JHHMIO, KOTOpas HauMHAeTcs B TOM CBOOOIHOM
KJIETKe, TIJle YCJIOBHE ONTHUMAJIbHOCTH Hapymiaercss Haubosiee cuibHO (T.e. TaM, e
OljjHanOOoIIbIIIAs).

HexkoTopble pa3HOBHIHOCTH IHKJIOB.

a) 6) B)

6
A
©

o9
J

6
G
Q
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Ilpu nocmpoenuu yukia MOMCHO NpoXooumb KAk uYepe3 3aHambvle, MAK U 4Yepe3
C80000HbIE KIemKU Madauybl, HO NOBOPOMbL _0eNalmcs MONbKO 8 3aHAMbIX KIemKAX U noo
HPAMBIM Y2ILOM,

2) onpeneNuTh MOPSI0K H3MEHEHUS! 00BEMOB MEPEBO30K B BEPIIMHAX [TUKJIA.

JIsist 3TOTO B BEPIIMHAX IMKJIA PACCTABIISIOT 3HAKH «+» M «—», IPUYEM B Hauaye IHKIIa
(kreTka, rae OjjHanOOoIIBbINAs) CTABUTCS 3HAK «+»,B CICNYIOMEH  «—»,B CICAYIOEH «+» U T.1.
[Tomygaem depemoBanue 3HAKOB. HampaBiieHWe IBIKEHHUS TP PACCTAHOBKE 3HAKOB OT
CBOOOJTHOW KIJIETKM O0€3pa3InYHO, TaK KaK KOJMYECTBO BEPUIMH IIMKJIA SIBISETCS YETHOU
BenMuuMHON. Hanuume 3Haka «+» B BEpIIMHE LHUKIA TOKa3bIBACT, YTO OOBEM MEPEBO30K
HEOOXOMMO YBEJIHYUTH, a «—» — YMCHBIINTh. YBEIUYEHHEC W YMCHBIICHHE O0BEMOB
MEPEBO30K B BEPIIMHAX IMKJIA MTPOU3BOJUTCS HA OJMHAKOBYIO BEIIMYMHY, KOTOpas BBIOMpAeTCs
paBHOM HaMMEHBIIEMY M3 00BEMOB MIEPEBO30K B TEX KIIETKAX, I7le B BEPIINHE IUKJIA CTOUT 3HAK
«—».Takum 00pa3oM, U3 OTpULIATETLHON BEPIIMHBI KOHTYPa HEOOX0AUMO BBIOpaTh HAMEHBIIIEE
3HaueHHe Xjj. B HOBOW pabouell TabnuLe MOTydaeM CIEIyIOUIMHA BapHaHT PEIICHUS 3aJadH:
BBIOpAaHHOE 3HAU€HHE Xj M3 OTPHLATEIbHBIX BEPIIUH KOHTypa Ipeablaylliell TaOIuLbl
OTHUMaeM, a K TOJOXHUTEIbHBIM — TpUOaBIIsieM. 3alOHEHHBIC KJICTOYKH, HE SBIISIOIIUCCS
BEpIIMHAMHU KOHTYpPa, HE MEHSIOT CBOE 3HAUCHUE.

B urtore nonmyyaem HOBBIN BapuaHT. Ciaeayroniye mard moMcka onTUMaibHOIO BapyuaHTa
COBEPIIAIOTCS 110 AaHAJIIOTHH BBIIIICU3JIOKEHHOTO.

3aMeuaHue: arOPUTM TIepepacipeie/ICHUs OAMHAKOB U ripu Z — MiN u 1ipu Z — Max.

2. PemieHue TPAaHCIIOPTHOM 3a1a4M ¢ HeMPABUWJILHBIM 0aJ1aHCOM.

Cpenu mpoOsieM, s HWCCIEAOBAaHUS KOTOPBIX YCIEIIHO TPUMEHSETCS JIMHEHHOe
IpOTpaMMHUPOBaHNE, BAYKHOE 3HAUCHHE UMEET TaK Ha3bIBacMasl TPAHCIIOPTHAS 3a/1a4a.

OOmiasi mMOCTaHOBKA JTOW 3aJadyd TMPUMEHUTEIIbHO K OKOHOMHUYECKOW mpolbiieme
SKOHOMHUH H3JIEPKEK TPOHU3BOJACTBA (HOPMYITUPYETCS TaK: HMMEETCS HECKOJBKO ITYHKTOB
Ha3HaueHUs (IpeAnpusITUd, NoTpeOuTeneil); TpeOyercs MepeBe3TH HEKOTOPOE KOJIUYECTBO
OJTHOPOJTHOTO TOBapa M3 Pa3IMYHBIX MyHKTOB OTIPABJICHUS B HECKOJBKO IMyHKTOB HAa3HAYCHUS,
KK M3 TIOCTABIIMKOB MOYET BBIICTUTH TOJBKO OMPEACICHHOE KOJIMYECTBO SAMHHII TOBapa
U KaXIIOMY TOTPEOHTENI0 TpeOyeTcsl TaKkKe OMpEACIICHHOS KOJMYECTBO EAMHHUI] ATOTO TOBapa,
W3BECTHBI PACCTOSIHUS WJIM CTOMMOCTH MEPEBO3KH €UHUIIBI TOBApa OT KAXJIOTO MOCTABIIMKA K
KaXIOMY IOTpeOUTEN0. 3aja4a COCTOMT B TOM, YTOObI HAalTH Takue MapUIpyThl MEPEBO30K, U3
BCEX BO3MOJKHBIX CBsI3€i MOCTABIIMKOB M MOTPEOUTENEH, TPU KOTOPBIX OOIIHME TPAaHCIOPTHBIC
pacxompl ObUTM OBl MHUHUMAJIbHBIMH  (TPAaHCIIOPTHAs 3ajJada TaKKe MOXKET ObITh
copMyarpoBaHa ¢ 1eIeBOi QYHKIUEH, CTpeMsIIeiicS K MAKCUMYMY).

Takum 0Opa3oM, MyCTh UMeeM M IYHKTOB, B KOTOPBIX HAXOAUTCS H3BECTHOE KOJIMYECTBO
OJTHOPOJHBIX TPY30B (MOCTABUIMKH). [1OPSIIKOBBIN HOMEp MOCTABIIMKAa 0003HAYAETCs I, TO €CTh
i=1,2,...m. Hanuuwe rpy30oB y mocraBumka D. Mmeercs N TyHKTOB HCIBITHIBAOIINX
noTpeOHOCTh B 3THX Tpy3ax (morpedOuteneii). I[lopsiikoBeiii HOMep morpedutens j=1,2,...N.
[ToTpeGHOCTH B Ipy3ax KaXIOro MoTpeduTens §. M3BecTHa «ieHa» NMEPeBO3KU €UHHIBI IPy3a
OT KaXJOro IOCTaBIIMKAa K Kaxaomy norpeburemo (cj). HeoOxomumo cocTaBuTh IUIaH
NIEPEBO3KHU T'PY30B OT IMOCTABIIUKOB K TIOTPEOUTEINIO, T.€. OMPEACTUTh. KaKOe KOJUYECTBO IPpy3a
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HEOOXOIMMO TEpeBEe3TH OT KaXKIOro IIOCTaBIIMKA K KaKAOMY MOTpeOuTenro (Xj), MpuueMm
3HAYEHMs X;j JOJKHBI OTBEYATh CIEIYIOLIMM TPEOOBAHUAM:

1)o61mue 3aTpaTel Ha HEPEBO3KY TPY30B JAOIKHBI ObITh MUHUMAIBHBIMUY;
2)Bce Tpy3bl OT MOCTABIIUKOB JIOJKHBI OBITH BBIBE3EHBI,

3)norpe6HOCTH MOTPEdUTENEH B IPY3aX AOIKHEI ObITH YIOBIETBOPEHBI.

TpeboBanust 2-3 0/HOBPEMEHHO MOTYT OBITH BBIMOJIHEHBI TOJILKO B TOM cilydae, KOraa
CyMMa TPY30B y BCEX IOCTaBIIMKOB pPaBHa CyMMapHOH MOTPEOHOCTH BCeX MOTpeOWTeNe, To
€CTb.

m n
Z b| = Z a, — YCJIOBHUE Pa3pEIIUMOCTH 3a/1a4H.

i=1 j=1
Ecnu ycnmoBue paspenmmMOCTH BBITIOJHSETCS, TO 3ajada OyAeT sIBISAThCSA 3ajadeid, Tak
Ha3bIBAEMOT0 3aKphITOro THMa (cOanmaHcupoBaHHOM). MHaye — 3amaya OTKPBITOTO THIIA

(necOanancupoBanHast). [yt TOro 4To0bl PEMINTh 33724y OTKPHITOTO THIA, HAO €€ <BaKPBITH»
(TOo ecTh MPHUBECTH K 3aKPHITOMY THITY). J[jist 3TOr0 BBOAUTCS MM (DUKTUBHBIN MOCTABIIUK A
(UKTUBHBIN OTPEOUTEID.

B cnyuae, korma cymmapmuvie 3anacel npesviuiarom CymmapHsie HOMpeOHOCmU,
HEOOXOMM JTOTIOJIHUTEIbHBIN (DUKTUBHBIA MYHKT MOTPEeOJIeHUs, KOTOPbI Oyaer ¢GhopMalbHO
NOTPEOIIATH CYHMIECTBYIOIINA U3ITUIIEK 3aM1aCOB, TO €CTh:

m n
3,=2.h-2a.
i=1 i=1
Ecnu cymmapusvie nompebnocmu npesviwiaiom cymmapHvle 3anacvl, TO HEOOXOAUM

JOTIONTHUTENbHBIN  pukmuenviti  TMYHKT  OTIpaBieHHs,  (OPMAJIbHO  BOCIIOJHSIOLIHMA
CYIIECTBYIOIINN HEAOCTATOK MPOAYKIUHU B IIYHKTAX OTIPABIICHHUS:

n m
b, =2.3,-2.h-
i=1 i=1
BBenenvne QukTUBHOrO mOTpeOUTENST WIM OTHPABUTENs IOBJEYET HEOOXOIMMOCTb

¢
dopmanbHOro 3amanus guxmusnsixrapudos Cj (pealbHO HE CYIECTBYIOLINX) ISl PHKTHBHBIX

nepeBo3ok. IloCKONBKY Hac WHTEpecyeT OIpeleliecHHe HauOoliee BBITOAHBIX PeaibHbIX
NIEPEBO30K, TO HEOOXOAUMO TPEIyCMOTPETh, YTOOBI MPH pelIeHHH 3aaaun (IpU HAXO0XKICHUU
OTIOPHBIX IUIAHOB) uKmMusHble TEPEBO3KU HE PaCcCMaTPUBAINCH J0 TeX IOp, MOKa He OymyT
OTIpeNieNIeHbl BCE peajbHble MepeBO3KU. J[Ist 3Toro Hajao (UKTUBHBIE NEPEBO3KU CHAEaTh
HEBBITOTHBIMH, YTOOBI TP TTOMCKE PEIICHHS 33aJa4l WX PacCMaTpPHUBAIN B CAMYIO ITOCIEIHIOIO
oyepens. Takum o0pazom, ecnu meneBas QYHKIUS CTPEMHTCS K MIN, TOo 3aTparkl OepyTcsi BO
BCeX (UKTHBHBIX KIETKaX TaOJMHMIbl INPOM3BOJBHBIC, OIMHAKOBHIE W Ha IMOPSIOK BBHIIIE
HACTOSIIIUX II€H, T.C. BeJIMYMHA (PUKTUBHBIX Tapu(OB MOJDKHA IMPEBBIIATH MAKCUMAIbHBIN U3

peanbHBIX Tapu(]OB, HCIOIB3YEMbIX B MOJICIIU: Cijd' > maxc; I=1m;j=1 n). Ecnu nenesas
GyHKIHS CTpeMUTCS KMax, To fo’ Oepércst paBHAs HYJIIO.

Pazeépuymas ¢popma 3anucu mooenu mpancnopmuou 3a0adu.

Jlnst ynoOcTBa, Mpexiae 4YeM MHucaTh MOJIEIb, 3allUIIeM B BHJE MAaTPHUIBI IIEH BCE
3Ha4YeHHUs Cj. A TaKKe B BUJE MaTPUILBI IPY30IIEPEBO30K IEPEMEHHBIE X;j.

Mampuya yen:
€y Cqp --- Cyy
Cy,y Cypy ... Cyy

Cmi Cmaer C

mn
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Matpuna C = (Cj)mnHa3pIBaeTCs Takke Marpumed TapudoB (M3OEpKeK WM
TPAHCIOPTHBIX PACXOIOB).

Mampuya epy3onepeso3ox:.

X1 Xy -eo Xq4
Xy Xopo oo X

X = 21 22 2n
Xm1 Xm2 --- Xmn

Martpuna X = (xjj)mn eIlie Ha3bIBACTCS INIAHOM TPAHCIIOPTHOM 3a/1auH.

Monens TpaHCIOPTHOM 3a7aui OyeT BBITIISAETh CISAYIOIUM 00pa3oM.

|. IleneBas GyHKIUS OMKUCHIBACT 3aTPAThl HA TICPEBO3KY IPY30B:

Z=C11X11+C1oX12F . .. +CinXintCa1Xa1+CooXoot . .. +ConXont. ..

+CmXm1+HCrpXmet .. . +CmnXmn — MIN.

Il. Cucrema orpaHuueHHi ONMCBHIBAET BTOPOE M TpPETbe TPeOOBaHMA I Xj H3
[IOCTAaHOBKH 3aa4H.

1 rpymnma: yciaoBHe TIOJIHOTO BBIBO3a TIPY30B OT IIOCTaBIIMKOB (CymMMa TIpYy30B,
BBIBC3CHHBIX OT ITOCTABIIMKA JOJIDKHA GBITB paBHa HaJ'II/I‘II/IIO):

X11+X12t+ ... +X1n= Dy,

Xo1+Xoot ... +Xon= Dy,

Xm1tXme .. HXmi= B,

2 rpymnma: yclOBHE YIOBJIETBOPEHHs MOTpeOuTens (CymMMa Tpy30B INPHBE3EHHBIX
HOTPEOUTEIIO TOJDKHA OBITh PaBHA €r0 MOTPEOHOCTH):

XitXort. .. +Xm=ay,

XpotXoot. .. HXmp=2a2,

Xm1tXmpt ... FXmn= an.

[ll. YciaoBue HEOTpUIIATETLHOCTH TIEPEMEHHBIX Beu4rH X11=20, X120, ..., Xn20.

Cmpykmypnas ¢popma 3anucu mooenu mpancnopmmou 3a0aju.

B cnenmaan3npoBaHHON TUTEPAType MOJIEIH JAIOTCA B CTPYKTYPHOH dopme.

:I Z:Zquxj ~ min.

n j=1 j=1

D Y x=h,i=12..m

ml _
2) Z)gj =a,j=12...n
I %20 (= 1,2,..m,] = 1,2,...).

Tabnuunas ¢opma 3anucu mooenu mpaHcCnopmHou 3a0ayu.

OO6menpuHATO B TabnHIe MHPOPMAIIMIO TIO MTOCTABIIUKAM PacIoJiaraTh Mo CTPOKaM, IO
MOTPEOUTEIIO — [0 CTOJIOIAM.

Pa3mep Tabmutpr: Crpok MH2, Croydios N+2.

Matpuiibl TPAaHCTIOPTHBIX PACXOJIOB U MEPEBO30K COBMEIIAIOT OOBIYHO B OJIHY JBOWHYIO
MaTpHILy —Mampuyy niaHUpOBaHUsL.

Ecnu B Tabnuiyy 3anucaHa TOJIbKO MCXOAHAs MH(OpMalnMs U HET 3HAUYEHHH Xj, TO 3TO
paboyas TabaMLa WM Makem 3a1add. Eciiu 3HaueHMs Xj IPOCTaBIIEHBI, TO MOJy4aeM IEpPBBII
BapUaHT peleHus 3a1aun. B Takoit popme 3agaum pemarorcs.

19



Tabnuua 5 —OO0uwmii BUJ TpaHCTIOPTHON MaTPUILIBI

oTpeouTENN
A
1 2 n bi
4 Cu1 C12 Cin
1 by
X11 X12 Xin
C C C
5 2 21 22 2n b
= < X21 X22 Xon
g
g C C C
g m ml m2 mn bm
Xmil Xm2 Xmn
\ n m
g a a a, Z a, = Z bi
=1 i=1

KpoMe OCHOBHBIX YCIOBHif, B TPAHCIOPTHBIX 3aJauyaX MOXET BCTPETUTHCS PS
JIONIOJTHUTEIbHBIX,  OTPAHUYMBAIOIINX  KOJHYCCTBEHHBIC  CBSI3M  MEXKIY  OTACIbHBIMHU
OTPEOUTENSAMH M MMOCTABIIMKAMH. XapakTep 3THX OTPaHUYCHHN W CIOCOOBI pEIIeHHs 3a1aud
IPY HAJMYHUHU JTOTIOJHUTEILHBIX OTPAaHHMUYCHUH 3aKITIOYAIOTCS B CICIYIOMICM.

1. [TorHOE OTCYTCTBHE CBSI3M MEXIY IIOCTABIIUKOM U MOTpeduTeneM, To ectb Xjj= 0. 910
O3HAYaeT, YTO B JIAHHON KJIETKE MATPHUI(l UCKOMBI 00BEM MEepPeBO30K TODKEH OBbITh paBeH
Hym0. B 3TOM ciydae OlleHKa MEPEeMEHHOW 3aBBINIACTCS Ha OONBIIYIO BEIHYUHY, OOBIYHO
o0o03HavaemMyro OyKBoii M, U «qi0majaHnue» rpy3a B 3Ty KICTKY HEXeJIaTelIbHO, TaK KaK IeJieBast
(GYHKIHS CTPEMUTHCS K MUHUMYMY (M 3aHIDKaeTcs, eciii Z — max).

2. Hanuume dacTHOM 3apaHee (PUKCHPOBAHHOW CBS3M MEXIy IOCTaBIIMKAMU U
HOTPEOUTENSAMH, TO €CcTh Xjj= ( (MCKOMBIH 00BEM INEpeBO30K OT i-T0 TOCTaBIIMKA K [-My
HOTPEOUTEITO A0JKEH OBITh CTpOro paseH (). Toraa, 10 Havana PEIICHUs 3a/1a9d OT BETHYHHBI
IPY30B COOTBETCTBYIOIIETO TOCTABIIMKA W TOTPEOUTENS] BBIYMTACTCS BEIMYMHA (], 3aTeM B
COOTBETCTBYIOLIYIO KJIETKY II€PECCYCHHUs] IOCTaBIIMKA W MOTPEOUTENsT  3alUChIBACTCS
3aBblllicHHas omeHka M (mpu Z-MiN u 3aHmKeHHas npu Z—MaxX) ¥ 3aaadya pemaercs
OOBIYHBIM METOIOM.

3. Xj > 0, TO eCTb HCKOMBIH 00BEM MEPEBO30K OT i-TO MOCTABIIHKA K -My ITOTPEOUTEIIIO
JIOJKEH OBITh HE MEHbIIIC BETMUYHMHBI (. B 3TOM ciydae 710 Havasia pelieH st OT BEIUYUHBI TPY30B
COOTBETCTBYIOIIETO IMOCTABINMKA W MMOTPEOMTENs BBIUUTACTCS BEIMYMHA (], 3aTeM 3ajada
perraeTcsi OOBIYHBIM Iy TEM.

Mogenb TpaHCMOPTHON 3ajadyd MO3BOJIAET peiath JH00ble 3aaavd, B KOTOPBIX
napaMeTpbl HMMCIOT OJWHAKOBBIE €AMHHUIBI H3MEpeHus. Takhe MOMAEIH Ha3bIBAIOTCS
OJTHOTIPOYKTOBBIMU. K HUM MOXXHO OTHECTH 3a/lauy ONTHMH3ALUHN UCIOIb30BaHUs MAIIMHHO-
TPAKTOPHOT'O MapKa B OTAEIbHBIC arPOTEXHUYECKHUE CPOKH, 33/1a4y ONTUMATBHOTO Pa3MEIICHUSI
MIOCEBOB CEJIbCKOXO3SHCTBEHHBIX KYJIBTYP MO Y4aCTKaM C Pa3IMYHbIM [UIOIOPOJAUEM MTOYB H T.1I.

1.5 JIexuus Ne9 (2 yaca)

Tema: «Pemienue 3a1a4 Ha OCHOBE TPAHCIIOPTHOM 3a1a4u>»
1.5.1 Bonpocsl JieKIUH:

1. MonenupoBaHue U UCIIOJIb30BaHUE CPEICTB MEXAHU3ALIUY.

2. MopenupoBaHue TIOCEBOB U MCIIOJIb30BAaHUS YI0OPEHUI.

1.5.2 KpaTtkoe coep:kaHie BOIPOCOB
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1.MoneanpoBaHnue U HCIOJIb30BAHHME CPEICTB MeXaHU3 AN

[ToctanoBka u popManu3zanus 3a1auu.

Jlyist 5TOM ayauTOpHUH S TyMAar0 W3JIHIIHE TOBOPUTH O POJIM TEXHHUKHU B Pa3BUTHHU
CEIBCKOTO XO03SMCTBAa. DIMOXa TPAKTOpa W aBTOMOOWIS eme He 3akoHumiack. Cyanba miiaHoB
pa3BUTHS , KaK M DKOHOMHYECKHE IIOKA3aTeNIM IMPOM3BOACTBA BO MHOI'OM IPEACTABISAIOTCA
COCTaBOM M COCTOSIHUEM HCIIOJIb30BaHUS TEXHUKH.

JIrobomMy XO3MHCTBY Ha NpPAKTUKE HPUXOIUTCS ONPEIENATh MOTPEOHOCTh B
TEeXHHMKE. JTa 3ajjaua penraeTcs KaxabIM X031HCTBOM, HE3aBUCUMO OT TOTO XOPOILO WJIH IIJII0XO0
oHO paboTaer. [IpruemM MOTPEeOHOCTh B TEXHHUKE OMpEAEsAeTcs Kak Ha TEKYIIUH MepHoj], TaK U
Ha MEepPCIEeKTUBY.

Omnpenenenre MOTPEOHOCTH B TEXHUKECOCTOUT B BbIOOpe Takoro cocraa MTII u Takoro
IUIaHa €ro MKCIOJb30BaHMs, MPU KOTOPOM OOECIIeYMBACTCS BBIMOJHEHHE BCEX 3aJaHHBIX
00BeMOB paboT B MOJIOKEHHBIE CPOKH ¢ MUHUMAIbHBIMU OOIIIMMU 3aTpaTaMHu.

31ech BbIIEISETCS] TPH MOMEHTA!

- TOTPEOHOCTH X031CTBA B TEXHUKE ISl BHITTOJIHEHUS 3aJaHHOTO 00BhemMa pador;
- TpeOOBaHME BBHIMOJHEHUS PA0OT B CPOK;
- TpeOOBaHME BBIIIOJHEHUS paboT ¢ MiN 3aTpaTaMu.

HerpynHo yOemuTcsi, 4TO WTrHOpPHpPOBAHHME JIOOOTO M3 TpeX TpeOOBaHWM, Kak H
abcomoTu3aIus TI000r0 U3 HUX, MOKET NMPUBECTU K a0CYpAHBIM pe3yIbTaTaM.

Hanpumep. Bcro namiHio g1000ro X035HCTBa MOXKHO BCIIaxaTh OAHUM TPAKTOPOM.

B ycnoBHAX KOHKPETHOTO XO3SHCTBa BCTPEUYAIOTCS TPH BapHaHTa MOCTAHOBKM 3aJadd
ontumuzanuu cocrasa MTII.

1. 3apgaua omnpenenenus ontumanbHoro cocraBa MTII mpu ycioBuu, 4TO B XO3SIHUCTBE
MOJIHOCTHIO OTCYTCTBYIOT MAILUHBI, TO €CTh 3a/ladya KOMIUJICKTOBaHHS IapKa, Wi Hauboiee
11e51eco00pa3HoOro ero MpuoOpPETEeHUSI.

Takas mocTaHOBKa BO3HUKAET y BCEX BHOBb OOPAa30BAHHBIX XO3SICTB.

2. 3amava ompezaeneHus onTuMaiabHoro cocraBa MTII mpu ycnoBum, 4TO HEKOTOPBIH
napK MallliH B XO3SIICTBE yXe MMeeTcs , TO €CTh 3aJaua JOYKOMIUIEKTOBAHMSI MMEIOILErocs
napka.

DTO caMmblil paclpOCTPAHEHHBIM BapUaHT 3aJayd, TaK KaK M TEXHUKA IOCTOSHHO
COBEpPILEHCTBYETCS , MPOMU3BOJACTBO TOXKE HE CTOMT Ha Mecte. Ilapk crapeer u ¢uznyecku
OTCITY>KUBIINE MAIIUHBI TpeOyeT 3aMeHbl HOBBIMU.

3. 3ajmaua ompeneneHUs IUIaHA HAWIYYIIETO MCIIOJIb30BAaHUS MMEIOILETrocsl B X03sHCTBE
napka MalluH, IPU YCJIOBUH, YTO XO3SIMCTBO HE NMEET BO3MOXKHOCTH 3aKYIaTh HOBBIE MAILIUHBI.
OTciyXuBIIIEE CPOK MAITUHBI MOKHO CITHCHIBATH.

[Ipu kaxxymelcs UCKYCCTBEHHOCTH MOCTAHOBKH 3ajlaya BCE )K€ BCTPEYAETCs HE TaK Yk
penko. He Bcerma wuMeroTcss BO3MOXKHOCTH KYMHUTh HYXXHBIC MAITUHBI - WU HYKHBIX MAaIlluH
HET, UJIU KYNIUTh HE 32 4TO.

C >KOHOMHYECKOW TOUYKM 3peHHsI Hambosee 0OOCHOBAHHBIM KPUTEPUEM ONTHMU3ALUHU
cocTaBa MAalIMHHO-TPAKTOPHOIO TMapkKa SBJISETCS MHUHMMYM TIpUBEJIEHHBIX 3aTpar Ha
IPOM3BOJICTBO JIaHHBIX PabOT. MPUBEICHHBIC 3aTPaThl MPEJICTABIAIOT COO0M CyMMy TEKYLIMX
3aTpar Ha cojepkanue u dkcruryatanuio MTII u ero 6amaHCOBOW CTOMMOCTH, YMHOKEHHOW Ha
HOPMATUBHBIA KO3 uuueHT >PPEKTUBHOCTH, KOTOPBIA MpEACTaBIsAET CO00H BETHMUUHY
00paTHYIO CPOKY OKYITaeMOCTH.

WHor/ia B Ka4ecTBE KPUTEPHUS ONTUMATILHOCTH UCIIOIB3YIOT MOKa3aTesb - MIN MaIIKH;
- MiN pacxo/1 roproYero;
- MIN 3KCITyaTallMOHHBIX PACXOJIOB;

PaccmoTpum kaxayro U3 Tpex Ha3BaHHBIX 3a]ad.

DKOHOMHMKO-MAaTEMaTUYECKHE MOAEIN

Mopens onTuMaIbHOro KoMIiniekroBanusa MTII

[Tpenmnonoxum, YTO MapKk KOMIUIEKTYETCSl 3aHOBO M3 BO3MOXKHBIX MAapOK TPAaKTOPOB U
CEJIbCKOXO03SHCTBEHHBIX MAIIIUH.
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IlycTs:

M- KOJIMYECTBO MApOK TPAKTOPOB U CEILCKOXO3SHUCTBEHHBIX MAIIMH U3 KOTOPBIX OyaeT
komruiekroBaTbess MTII.

HamomHI0, 9TO MeXayHapoaHas CUCTeMa MAalIMH Ui KOMIUICKCHOH  MEXaHH3aluu
CENIbCKOT0 | JIECHOTO X03siicTBa B cTpaHax COB Bxitouaer 1035Ha3Banuil MammH. a ¢ yueToMm
Bcex Moaudukanuii - 2446Ha3BaHui.

"IIpaBna" 15 centsa6psa 1986rona.

Homepa mapok mamua 0603naunM uepes i. 3uaunr i-(1,2,3,...1...m)

N- KOJHMYECTBO BCEX CEIbCKOXO3SIMCTBEHHBIX PA0OT BBIMOJIHAEMBIX B TJAHHOM XO3SHCTBE
C TIOMOUIBIO CEITHCKOXO03SICTBEHHBIX MAIIMH M TPAKTOPOB.

|- HOMEep MeXaHU3UPOBAHHON PabOTHI;

t - Homepa, T - KOJTMYECTBO pacUETHHIX MEPHOJOB, HA KOTOPHIE CIEAyeT pa3OUTh BeCh
CpPOK, OTBE/ICHHBIN Ha BBHIMOJIHEHUE BCErO KOMILJIEKCa padoT;

Pi- 06beM paboThI | 3a iepuo t;

k - Homepa, a K- kon4ecTBO BceX BO3MOKHBIX arperaTtoB B X03sIiCTBE;

aK- MPOU3BOAMTEIBHOCTD arperara K Ha paboTte | 3a mepuon t;

Xk- KOJIMUECTBO arperaTtoB ¢ HOMEpOM K, TpeOYIomuXcsi Uil BBITIOJTHEHUST Pa0bOTHI | 3a
nepuon t;

Xj - KOJIMYECTBO MAIIIUH MAPKH | KOTOPOE HEOOXOIUMO KYIIHTH,

bij - KonMYecTBO MalIMH MapKH | BXOSIIMX B arperaT K BHITOTHSIOIINX, BBITOTHSIONIUX
pabory |;

B - HOpMaTUBHBIN KOYPDUITUEHT KA TATBHBIX BIOKEHUH;

- 0ajlaHCOBasi CTOMMOCTD MAIlluH MapKH | |

Pi - CTOMMOCTB COJICPKAHHUS MAIIIMH MapKH | ;

Cyjt - TIPSIMBIE 3aTPaThl Ha OJMH arperar K, BBITOTHAIOIUX paboTy | ;

3anumieM CTpyKTYPHYIO MOI[CJ'IB

n K
Tpebyercs naiitu minC = Z > X C Z (1&3 + P, )X - min (1)
kjt kjt
i=1j=1k =1
[Ipu ycnoBusx:
1. YcnoBue, rapaHTUPYIOIICE BHIMOJIHEHUE BCErO 3aJaHHOT0 00bemMa pador.

K .
3 akjtxkjt = Pjt' rae |=1..nt=1.T (2)

2. VYcioBue, YTO KaKABIM JaHHBIA MOMEHT MOTPeOyeTcs MalldH MapKd | s
BBITIOJTHEHUS pa60T nepuoja He OoJblie, 4eM UX OyAeT KYIJICHO.

zsz

i Xt = X, rnel =1.mt=1...T (3)
j09 k=1

J- MHOXECTBO, KOTOPOMY MPUHAJICKAT PaObOTHI, BRIMOJIHAEMBIE 3a TIepuon 1.
3. YcrnoBue HEOTPUIIATETHHOCTH MIEPEMEHHBIX.

Xi >0 ijt >0 (4)

Mozenp ONTUMAIBHOTO T0YKOMIIEKTOBAHUS MAIIMHHO-TPAKTOPHOI' O MapKa.

[Ipeamnonoxum, YTO XO34MCTBO MMEET HEKOTOPBIM MAapK MAalllMH, pPacloJiaract
BO3MOXHOCTBIO NMPUOOpPETaTh HOBBIE MALIMHBI. TPeOyeTCcsl HAaWTH, CKOJBKO M KAKMX MAIINH
TpeOyeTcst KymuTb, 4YTOOBI BBINOJHUTH BECh 00bEM pabOT B TOJOXKEHHBIE CPOKU C
HalMEHBUIMMHU 3aTpaTaMH.

BBenem nomnonHuTenbsHbIE 0003HAYCHHUS:

Yi - KOJIMYECTBO MAIlUH MapKH i, KOTOPOE CIIEAYEeT CIHCATh,

d; - KOJMYECTBO MAITMH MapKH I, KOTOPOE UMEETCS B XO3SHUCTBE;
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P - OCTaTOYHAsi CTOMMOCTh OHOM MAITMHbBI MApKH | IPU CHATHH €€ ¢ OaiaHca.

Moens J0DKHA PeAyCMaTpUBaTh BO3MOXKHOCTD CITUCAHUSI OTCIY)KHUBIINX CPOK MAIIIHH.
Hcrons3yst NpUHSTHIE 0003HAYEHHS, 3AITUIIIEM CTPYKTYPHYIO MOIEIb:

Ha171TI/I min (bYHKI_[I/II/I'

C= zzzcﬁkt zﬁ(c+p)><—2py-~mln 1)
i=1j=1k=1 i=1
IIpu ycnoBusx:
1. BemosnHeHus 3aaHHoro 00bemMa MeXaHU3UPOBAaHHBIX PadoT.
K
3 akjtxkjt = Pjt , e |=1.nt=1..T (2)
k=1
2. YcnoBue, 4TO B KaXKABIH MEPHOA MOTPEOyeTCs MamiuH MapKd | He Oojblie duem
UMEEeTCs B XO35HCTBE, IUTIOC OyIeT KYIUIEHO, MUHYC Oy/IeT CIIHCaHO.

K
)Y bik. X it sdi X -y roei =1..m,t=1...T (3)
j0Jd k=1 )

1
3. YcnoBue HEOTPUIIATETLHOCTH TIEPEMECHHBIX.

xizo, kjt_o y|>0 (4)

Mozenb ONTUMAILHOTO UcTToab30Banuss MTII

Hanomuto noctanoBKy 3a1ayu.

XO034HCTBO  pacrnojlaraeT  JOCTaTOYHBIM I[MApPKOM MallMH M HE  pacrojaraer
BO3MOKHOCTBIO TIOKYIaTh HOBBIC MAIIMHBI. 3ajlada 3akKJII0YaeTcs B TOM, YTOOBI OMpPEaeIUTh
TaKOH TUTAaH MCIIOJIB30BAHMS MMEIOIIETOCS MapKa, MPU KOTOPOM OOECIIEUUBACTCS BBIMOJTHCHHE
BCETO0 3aJaHHOTO KOMIUJIEKca paboT B  YCTAHOBJCHHBIE CPOKM C MHUHHMAJIbHBIMU
AKCIUTyaTallMOHHBIMU 3aTPaTaMH.

Mogenp noKHa TpeAycMaTpUBaTh BOZMOKHOCTh CIIUCAHUST CTAPbhIX MAIllUH.

CtpykTypHast MOJIeNb 3a1a4u onTuMu3anuy ucnoib3oBanus MTII (uHorna e€ Ha3bIBalOT
3aJla4eil pacrnpenesieHus: UMEIOIIEHCS TEXHUKH, MOApa3yMeBas paclpeleieHUe TEXHUKU I10
BUIAM pa60T) .MOXET GBITB MpeACTaBJICHA TaK:

m .
C= Z 3 Z Cit St~ = Py~ min (1)
i=1j=1k =1 =1
IIpu ycimoBuu:
1. YCJIOBHe BBITIOJIHEHHS 00BeMa paboT:

kz_ ath kit Pjt, rae J=1..nt=1...T (2)
2. 3 Z b X < di-yi, roei =1.mt=1...T (3)
jod k=1 :

YCJIOBI/IC , YTO KOJMYECTBO MAIIMH BBIMONHIIOMMX paboTy B 000U mepuon He Oynmer
NPEBBIIIATh UMEIOMIUXCS B XO3SICTBE MAIIMH C YIETOM UX CITUCAHUS.
3. YCHOBHe HEOTPUIATEILHOCTH MTEPEMEHHBIX

kj'[ 20, ¥ 20. @

[Ipy BHUMATENbHOM pPAaCCMOTPEHUH HE TPYAHO 3aMETUT, YTO BCE TPU MOJENIH
ONHOTHITHBI, W YTO TepBas M TPEThbsl SBISIOTCS YAaCTHBIMH  CIlydasMd 3a7add
JIOYKOMIUIEKTOBAHHUS MapKa.
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2. MoaenupoBaHue MOCEBOB.

3ajaua ONTUMH3AIMNA CTPYKTYPHI IMOCEBHBIX TIIOMIAEH MOXKET pacCMaTPUBATHCA M KaK
COCTaBHAsl 4YacTh IUIAHUPOBAHUS IPOU3BOACTBA MPEANPUATHS, TJ€ OHAa MOJEIUPYETCS BO
B3aMMOCBSI3M C JKMBOTHOBOJACTBOM M KakK CaMOCTOSATEILHAS 3amava. Pazpaborka
CaMOCTOSATCIPHOM 3aJaud  ONTHUMH3AIUU CTPYKTYpPhl TTOCEBHBIX IUIOIIaAc HMeEeT
MPaKTUYECKUH CMBICI, KOT/Ia pacCMaTpPUBAETCs 3a/Jada pa3MEIIeHUs MOCEBOB MO yYacTKaM
3eMJIM PA3TUYHOTO IUIOOPOAMS, Pa3MEIIEHUE 3EPHOBBIX KYJIBTYpP B 3€PHOBOM CEBOOOOPOTE,
KOPMOBBIX KYJIBTYpP B KOPMOBOM CEBOOOOPOTE ..

PaccmoTpuM oTnenbHbIE TOCTAHOBKY 33/1a4U Pa3MEUIECHUsSI U CTPYKTYPHI IOCEBOB.

J1y1st onipeieNieHrsl ONTHUMAIIBHOTO Pa3MENICHHUST TTOCEBOB M0 OTACIBHBIM YYaCTKaM 3E€MITH
PA3TUYHOTO TUIOJIOPOJIUSI MOKET OBITh MPUMEHEH paclpeeIuTeNbHBIA METO. 3aa9y MOXKHO
pa3paboTaTh Ha OCHOBE TPAHCIIOPTHOM 3I1Ia4H.

ChopmynupoBaTh  3ajadyy  MOXHO  Tak:  TpeOyercs  pa3MecTUTh  IOCEBBI
CETBCKOXO03SMCTBEHHBIX KYJIBTYpP MO Y9acTKaM 3€MJIM TaK, YTOOBI TTOCEBHBIC IIOIIAINA 110 BCEM
KYJIbTYpaM PaBHSUIMCH IUIAHOBBIM 0OBEMaM, BCE MAIIHU JOJKHBI OBITH 3aHSATHI MOJ MTOCEB MPHU
3TOM CTOMMOCTb BaJIOBOM MPOIYKITMN ObLJIa ObI MAKCUMATHHOM.

B kadecTBe KpuTepusi ONTUMAIBHOCTH B 3TOM 3a/layd MOXKHO MPHUHATH MaKCUMyM
CTOMMOCTH BaJIOBOM MPOYKIIUH CETHCKOTO XO3SIMCTBA, YACTHIN J0X01, TPHUOBLIb.

BBeneMm ycrnoBHBIE 0003HAYCHUS:

M —YHCII0 YyYaCTKOB 3EMJIH,

| — HOMEp y4acTKOB 3€MJIH;

N —49UCIIO KYJIBTYD;

| —HOMepa KyJIbTyp;
S - TUIOIIAb I-TO Yy4acTKa;

Sj -IUIOIAAb OTBEAEHHAS IO J-I0 KYIbTYPY,
C”- - CTOUMOCTb |-i IPOAYKIIMH C OJJHOTO TeKTapa i-To;

Xjj - nIomaak nocesa j-i KynbTyphl Ha ii-ToM ydacTke.

CtpykTypHast MOJeb 3a]1a4H:
m n

C=2 2.G% - max
i=1 j=1

MIPH YCIIOBUSX!
1. IlepBoe ycnoBue OOeCHEeUMBAET, YTO IUIONMIATL MOCEBA BCEX KYIBTYP HAa KaXKIOM

ydacTke OyJeT paBHa ero Iiona/u.

n
inj =S rgei=l...m.
=1

2. Bropoe ycnoBHe rapaHTUPYET, YTO MO KKAYIO0 KyJIbTypy OyleT OoTBeJeHa IIaHOBas
TUTOMIA/Tb.
m

inj = Sj ,roe j=1...n.
i=1

3. Tpetbe ycnoBue obOecriedyMBaeT PaBEHCTBO MMEIOLIEHCS 3€MJIM U IUIOIIAIU TOCEBOB
BCEX CEIbCKOXO3SMCTBEHHBIX KYJIBTYD.
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1. YCHOBHQ HeOTpI/IHaTeHBHOCTI/I HepeMeHHBIX:
x. =0

Yucnosas mooenb cocmasisaemcs,no muny _mpancnopmuou 3a()auu, mo ___ecmb
3ANOJIHAEMCA NJAAMENCHAA mampuua, no CmpokKam pasmeuiaronicia yd4acmkKku, a no cm0ﬂ6uaM
Kysibmypbl. 3adaua _umeem NPAKMUYECKUU CMbICIL PEeUeHUs. UL mozda, Ko20a d)aKmuquKu
UMEIOMCSL VHACMKIU PA3AUYHO20 NA0O0POOUS.

MonenupoBaHe NCHOIb30BAHUS MUHEPAIbHBIX YI00peHUN

[Iycth B XO3sHiCTBE HMMEETCS HEKOTOPOE KOJMYECTBO MHMHEPAIbHBIX yI0OpEeHUH,
TpeOyeTcst HalTH TaKOW IUIaH MX MCIOJB30BaHMA, KOTOPHIA obecreynBas Obl MaKCUMAaJIbHYIO
puOaBKy yposkasl.

Ilo cytu peub UIeT 0 paclpeneIeHuN MEXKIY KyIbTypaMH.

dopmanuzyem 3agauy:

dij - HOpMa BHECEHMs NEHCTBYIOIEro BELIECTBA I-ro BMAA I HOIYYEHUs €IUHHUIIBI
NpuOaBKU yposKas |-il KyJIbTypbI;

6K - KOJIMYECTBO YI00peHHMI K- T0 BU/a (B HaType), umeroleecs B xo3siicte (k=1...K);
qik - CoJIeprKaHMe I-ro IEHCTBYIOMIETO BEIIECTBA B SMHUIC K-TO yI0OpCHHUS;

Cj -LIeHa IMHHIIBI J-i TPOIYKIIUH;
X

MHUHEpAJIbHBIX YA00pEHHIA;

j - KOIMYECTBO MONYYCHHOHW TPHOABKH |- TNPOAYKIMH 3a CYET BHECCHUS

Qj - MaKCHMaJIbHO-BO3MOKHBIH 00BeM MpPUOAaBKH |-OM MPOAYKIMH 33 CUET BHECCHUS

MHHEPAIBHBIX YIO0OPEHHH — IPY TAaHHOM TUIOMIAIN [TOCEeBa |-il KYJIBTYpBHI.
IeneBast pyHKITHS.

n
C =Y ¢ — max
j=1
Tak MakcuMu3upyercs npubdaBka yposkas B ICHE)KHOM BBIPKCHHH:
IIpu ycnoBusx:
1. Pacxop AeiCTBYIOIIEro BEIIECTBA II-TO BHAA JJIS MMOJIYYEHHUS BCEH MPUOABKU ypoKas

10 j-ﬁ KYJIbTYPC HC JOJI’KHBI MMPCBLINIATL HAJTUYHA HeﬁCTBYIOHIGFO BCIICCTBA I-TO BUJAa B K-TOM
ynoOpeHun

n K
Z Q; Xj < Z Q8
j=1 k=1

ITo cyTu orpaHu4eHusi JaHHOTO BUJA CBOJAT OajlaHC O JEHCTBYIOIIEMY BEIIECTBY. DTO
npexJie Bcero OanaHc a3ora, kanus, hochopa u T.11.
2. HiwxHuii 1 BepXHUA Ipeiesbl U3MEHEHUS IEPEMEHHOM

0< X; st,

D¢ dexkTuBHOCTS yNOOpEHUIl 3aBUCUT HE TOJIBKO OT KYJIbTYPBHI, MOJ KOTOPYIO OHO

BHOCHUTCS, HO T M OT XapakTepa yJoOpsieMOro ydacTka, TO €CThb OT Halu4usl JCHCTBYIOLIETO
BEIL[ECTBA B IMOYKE.

JlokazaHa 3aBUCUMOCTb NMPUOABKHU ypOKasi OT ClIOco0a BHECEHHS YI0OpEHUIA.
PaCCMOTpI/IM MOZACIIbL C OTHUMHU OI'paHUYCHUAMMU.
[Tycts p —HOMEpA, a P — Konmm4ecTBO crocoO00B BHECEHHSI MUHEPAIBHBIX yIOOPEHUH.
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I - HoMmepa, a R — KOIMYEeCTBO YYacTKOB 3€MJIM, OTJIMYAIOIIUXCSA IO COJAEPHKAHUIO
[MUTATEIbHEIX DJIEMEHTOB B IIOYBE.
Mopens uMeeT BU.

C = iZZcx ~ max

j=1 r=1 p=1
[Ipu ycnoBuu:

DR NIHE AN

j=1 r=1 p=1
2.OS Xjrp Serp

HerpymHo 3aMeTuTh, YTO BBEICHHE OTPAHUYCHHUH MO YYETy CHOCOOOB BHECEHUS
MHUHEpaJIbHBIX yIOOpeHUH, XapakTepa yao0pseMoro yJacTka He YCIOXKHHIM Mojesb. J[Ba Tuma
OTPaHUYCHUH OCTAIMCh, BO3POCIIO JIUIIb YUCIO HWHICKCOB. EcTecTBEeHHO, mOTpedyercss HOBas
BXOZHasg HH(pOpMAIMs, HO 3aMETHO BO3pacTaeT M BhIXOJHas WHpopManus, Oyay/] MOydyeHbI
HOBBIE, OoJiee IICHHBIC CBEICHMSA. 37eCh B KauecTBe IpHMEpa I[IOKa3aHO, KakKk y4ecTb
AOMOJIHUTCIIBHBIC YCIIOBUSA B MOJCIIN. I1o TAKOMY K€ MPHUHIOUITY MOXXHO Y4YCCTh CPOKH BHCCCHUA
MUHEPATbHBIX yIOOpECHH.

1.6 JIexuus NelO,11 (4 gaca)
Tema: «/IluHaMu4eckoe NporpaMMHupPoOBaHHE»

1.6.1 Bonpochl JieKIUH:

1.ITpunnun ontumansHocTu bennmana

2. Pemenue rpadoBbIX 3a/1a4 Ha OCHOBE NpuHIUIa bemmvana
3. dyHkoHanbHOE ypaBHeHHE bennmana

4.3anaum pacupeeneHus pecypcoB

1.6.2. KpaTkoe cojep:kaHue BONPOCOB

1. llpunuun onTuMaabHOCTH bessimana

Meton HIl sBnsercs Hambosiee OOIIMM METOJOM pEUICHHS 3a7ad ONTHMAaIbHOTO
ynpasiienus. OH NpyUMEHUM Kak JUis 3aAad ¢ JuHernHou Ld, Tak u ¢ HEIMHEHWHOM , a TaKKe B
cilyyae, KOrja ymnpaBisieMble NMEpeMEeHHBIC Lieible yucha, mpu 3ToM cama L[@ moxer OBITh
3aaHa Talnuieid, 4To HanboJiee paclpoCTPAaHEHO B MPAKTUUECKUX 3a7a4ax.

IIpoueccel Ha3pIBalOT JUHAMHYECKUMHM, €CIM PE3YJIbTaThl HA OJHOM Yy4YacTKe IMpoliecca
BIIMSIOT Ha Ipyrye NIard.

PaccmoTrpuM npuHnMn ontumanbHoro ympasineHus P. bemimana. OH cBszaH ¢
npo0sieMoil ONTUMHU3ALMK  CIOKHOM CHCTEMBI, COCTOSIIIEd W3 MHOTHX B3aWMOCBSI3aHHBIX
3JIEMEHTOB. DIEMEHTAaMH MOTYT OBITh SKOHOMUYECKHE EeIUMHUIIBI, KOTOPBIE BXOJAT B €IUHYIO
(6omee 0OIIYI0) CHUCTEMY; Y3Jbl CJOXKHOW TEXHUYECKOW CHCTEMbI; OT/ACIbHbBIC YYaCTKH
IIPOM3BOJICTBA, CTPOUTEIHCTBA, OOEBBIX ONEpanui 1 T.1.

BozHukaetr Bompoc: Kak HYKHO YIPaBISATh OTACIBHBIMHU 3JIEMEHTAMH CUCTEMbI, YTOOBI
nokasarenb 3(QpPEKTUBHOCTH BCEl CHCTEMBI ObLT MAKCUMAaTbHBIM?

Belme MBI Ha HMHTYUTMBHOM YpPOBHE I[IOKAa3alaM, 4YTO [Js ONTHUMHU3ALMM B LEJIOM
HEJ0CTaTOYHO ONTHUMM3UPOBATh KAXKIbIH 3JEMEHT OTAEIbHO - 3TO MPUBOJUT K HEBEPHOMY
pe3yiabTary.
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bennmvan BnepBble COPMYITMPOBAT MPUHIUI ONTUMAIBHOCTH Ui Takoil 3amauu. To
€CTh, ONTHUMHU3HPYS OTHEIbHBIA IIar, HEOOXOAMMO 3aJyMbIBATbCI O €ro MOCIEACTBHSIX,
NPUBOAALINX K 00meMy pe3ynabTary. s pemeHus mogoOHbIX 3a1ad Obul pa3paboTaH MeETon
HII, ocHoBbIBaromuiicss Ha ypaBHEHMHM beisiMaHa, KOTOpPOE€ MAaTE€MaTHYECKH BBIPAXKAET €ro
OPUHIUII.

HazoBeM cocTtosiHMeM cCHCTeMBl 5* OJWH WJIM HECKOJbKO IapaMEeTPOB CHUCTEMBI.
Hanpumep, neHpru Ha muieBoM cuere npennpustus. O003HaYnM yrpapieHue Ha } -am mare /J1
- 3TO HEKOTOPOE BO3/IEICTBIE, KOTOPOE UCIIBITHIBAET CUCTEMA U U3MEHSIET CBOE COCTOSTHUE 5.

Ecin mepex r-M maroM COCTOSHHUE CHUCTEMBI S M Mbl INPUHUMAEM YIIpaBJICHHE
V, To 3a e-il mar MBI MOXEM IOJYyYUTh HEKOTOPBIA BBIUTPHIII, KOTOPBIM 0003Ha-
yaercs p(5, V), ipu 3ToM cocTosinue Snepexoaut B 5"

Cuwnraetcs, uro GyHKIuu co.(8, V). _u p(5. VAU3BECTHBI..

bensman BBen TMOHSATHE YCIOBHOTO omnTUManbHOro Bbrpeima JK,(5). Dra dyHkums
MIOKa3bIBAET ONTHUMAJbHBIA BBIMTPHINI (HAWIYUIINH Pe3ysbTar), MOJyYSHHBIN 3a BCE IIArd OT o-
ro M 10 KOHIA, €CIOM e2-i IIar HAuMHAeTcsl C cocTosiHMs 5. Torga coriacHO NpPHUHLUITY
ontuManbHOCTH bennmana, mpuHuMas pelieHre Ha 2 I1are, Mbl IOJDKHBI BBIOpaTh V Tak, 4ToObI
BBIUTPBINI ObIT MAKCUMAJIBHBIM OT 2 -IlIara U 10 KOHIIA.

[IpuHnun ontrManeHOCTH bennMaHa cTaBUT BOIPOC O TOM, YTO TaKO€ ONTHUMAJIbHOCTh
OTJIENIBHOIO 3JIEMEHTA CHUCTEMBI C TOYKHM 3PEHHUS ONTUMAIBHOCTH Bcel cucremsl. [IpuHumas
pelIeHre Ha OTJIeIbHOM 3Tarie, Mbl JOJKHBI BBIOUPATh YIpaBICHUE Ha STOM 3Talle C MPUIIETIOM
Ha Oynay1iee, T. K. HAC MHTEpECYeT pe3y IbTaT B IIeJIOM 3a BCe LIary.

JIro6oii mporecc UMeeT Tae-TO OKOHYaHHE, T. €. FOBOPAT, YTO OH HMEET <« CTOPU30HT
IUTAaHUPOBaHUA». Toraa MOCHeNHUN dTanm «HEe MMeeT Oyaymiero». BoT MMEHHO ero MOXKHO
ONTUMHU3HPOBATH TOJIBKO U3 YCIOBUI JaHHOTO ATana. [locie 3Toro mpucTynaroT K ONTUMHU3aLNN
(r-1)-ro srtama. Ilpu 3ToM MBI 3amaéM COCTOSIHHE, C KOTOpOro HauuHaercs (r-1)-if miar
(ycnoBue). TloaToMy (YHKIMIO HA3bIBAIOT YCIOBHBIM ONTHMAIbHBIM BBIUTPBIMIEM. Takum
o0pa3om, mporecc onTuMuzanuu o meroay Il pazBopaunBaercsi cHavajga OT KOHIA K Havaly,
a 3aTeM OT Hayvaja K KOHIy. B pa3nuuHbIX 3amauax MOXeT ObITh M3BECTHO JMOO HaudaibHOE
cocTosHue, Iu00 KoHeuHoe, nubo To u apyroe. [lpunuun bemnmana Hamén npaxTHueckoe
NpPUMEHEHHE B TaK Ha3bIBACMOM METOJIE MPOTPaMMHO-IENICBOIO IJIAaHUPOBaHUs (J1r000e
JICWCTBHE TUIAHUPYETCS KaK JIEMEHT HEKOTOPOTO TPOCKTA).

2. Pemenue rpadoBbIX 3a/1a4 HA OCHOBe MpuHIMna bennimana

3amaua 0 Habope BBICOTHI U CKOPOCTH JIETATEIBHOTO arapara

JleTarenpHBIii anmapar HAXOAUTCS HA BBICOTE Kii U JIETUT CO CKOPOCTHIO Yo. HeoOxomumo
IIEPEBECTH €ro Ha BBICOTY k$_ co ckopocThio y_. [Ipuuém k<> k1,Yp>y”" Pa3o0béM y4acTok OT
k™ 10 k* Ha 1 4acTew:.

JA:

Y .

HA

ol
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m

N3BecTen pacxoj roprodero mpu MepeBojie CUCTeMbl Ha /{4 tipu y.=conSly Ha Aynpu
k=con81l. Takum 00pa3oM, 13 KaKIO0TO COCTOSIHUS €CTh JIUIIIb J1BA YIPABICHHS.

Haunnas ¢ koHIla mome4aeM Bce Y3Ibl (COCTOSHMS) BEIMYMHAMHU YCIOBHBIX (ist
JAHHOTO y3J1a) ONTHMAJbHBIX PACXOJ0B TOPIOYEro OT 3TOTO y3ja W 0 KOHIA, a CTPEIKaMH
YCIIOBHBIE ONTHMAJIbHBIC YIPAaBICHUA. YKa3aHHblE JCHCTBUA B YOPOILIEHHOM BUJE
JIEMOHCTPHUPYIOT PACCMOTPEHHYIO MPOLIEAYPY PELIEHU HA OCHOBE ypaBHEeHUs bemmana. [loias
OT KOHEYHOT'0 COCTOSIHMSI 10 HAYaJIbHOTO U MOJIYYUB 22, MbI TIOJTyYUM MUHUMAJIbHYIO BETUUHHY
noTepb roproyero. Vs mo crpeiskam OT HA4YaIbHOTO COCTOSHUS /10 KOHEYHOTO, MBI MOJy4aeM
0e3yCIIOBHBIC ONTHMAaJIbHBIC YIIpaBicHUs (ITOKa3aHbl IBOMHON JIMHUCH).

Bunno, uyto mrobas 3amada, CBOASIIAsCS K TMOWCKY MHHHMAIbHOTO MyTH B Trpade,
penaeTcss METOI0M JUHAMUYECKOTO MPOTPaMMHUPOBAHUS.

3. DyHKIHOHAIBbHOE YpaBHeHUe besimana

Ha3oBéM cocrosiHueM cuCTeMbl BEKTOp KoopawHatT: 8 = (4,,...,A) . B HexoTopbix
3ajayax COCTOsiHME ” onHA BenWYMHA. Torga paboTy CHCTEMBI MOXHO MPEICTaBHTh Kak
JBIDKEHHE B (a30BOM IMPOCTPAHCTBE - TPOCTPAHCTBE COCTOSIHUNA. Ha3z0BEM 1maroBbIM
yIpaBJieHueM " yrpaBiieHHe Ha 2-M miare. PaccMoTpuM mporiecc yrpaBieHHsS CHCTEMOH 3a m
mraroB. ®yukius a(8,1]) Ha3pIBaeTCs BRIMTPHIIIEM Ha M I1are. 3/1eCh 8-COCTOSHUE MEPEe/] aroMm,
a [[ - ynpasienue Ha / ,-M 1mare.

Bennuuna «a.(8,11.) momkHa OBITHP H3BECTHA JO Havyajla JIMHAMUYECKOTO TPO-
rpammupoBanus. Eciau coctosiHue mepes marom Obuto 8 ¥ MBI MIPHHSUTH KaKOE-TO yIPaBIICHUE
L1, To cuctema nepeiinér B HoBoe coctostaue 8' = (8,11) .

¢byHKIMs 1OoMKHA OBITH Tak ke M3BecTHA. Ecnmu 3TH (yHKUIMU HE 3aJaHbl, TO MX HAJ0
chopmynupoBats. Beeném dynkiuio JK(8)” yc10BHBINM ONTUMAIBHBIA BHIMTPHIII. ITO BHIMTPHIII
Ha BCEX dTamax oT , A0 KOHIIA, €CIH ,-1 I1ar HAYMHAETCsI ¢ COCTOSAHUsA 8.

Paccmotpum T miaros. Ilycts ¢ (,+ 1)T0 1rara Mbl CHCTEMOM YIpPaBisieM ONTHMAIIbHO,
TOTJIa BEIMYMHA BBIUTPHINIA OYAET TaK

4. 3aga4u pacnpejaeieHusi pecypcoB

Knaccuueckan 3a0aua pacnpeoenenusn pecypcoeé PacnpeneneHue pecypcoB - 3TO €1Ba
T HE camas pacrpocTpaH€HHas omnepanus. [log pecypcom B o0meM ciaydae HOHHMAOT
¢buznyecKkyo WiIM abCTPaKTHYIO BEIMYHHY, KOTOPYIO CHUCTEMa HCIOJB3YeT Ui MPOU3BOJCTBA
MOJIE3HOTO TpoayKkTa. Hampumep: roprouee, neHbru, Bpems, o0béM ckmana. Kak mpaswmio -
pecypc orpaHudeH, MO3TOMY BCTa€T 3ajJaya TaK PaCHpPEleNUTh PEecypc MEeXAY OTIeIbHBIMHU
3JIEMEHTaMH CHUCTEMbI, 4YTOOBl CcymMMapHbIH 3(pdekr Obu1 MakcuMalbHbIM. PaccmoTpum
KJIACCHUYECKYIO 3aJlauy paclpeieseHUs] pecypcoB.

TUTh MEXKIYy AByMs oTpacismu. Kaxmas oTpacnb paboraeT B TedeHu:n m JieT. Ecnu B
nepByro oTpacib B 1 -it rox BriaapiBatoTCs cpeactBa X, To 10xoa AX), eciu ke BO BTOPYIO
BKJIaibIBatOTCs, Y, Toraa noxon d(V1). CpencrBa Tpatarcs, MPUHOCS JOXOM, a HOBBIX CPEICTB
HE MOCTYIaeT U MOJyYeHHBIN J0X0/ He BKJIaabIBaeTcs. Hac mHTepecyeT cyMMapHBbIi T0XO0/:

m=E/(x)+e (). "
1=1

CyMMapHbIil BBIUTPBIIT PaBE€H CyMME BBIMTpHIIEH Ha KaxiaoMm Iare. CocTOsSHHEM
CUCTEMbI SBIIIETCS KOJIMWYECTBO cpeAcTB mepen 1 -m marom. Tak Kak HOBBIX CPEICTB HE
MOCTYIAET, TO PECYPCHI «TAIOT».

VYnpasnenue ¥ moxet ObITh 3anucano kak Y=«x-Xj. [locne 1 -ro mara B nepBoii oTpaciu
ocratotcst cpeactsa p(Xi1), a Bo Bropoit (//(y )= (//(xk-X1). DT QyHKUMU Ha3BIBAIOTCS
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¢GyHKUIMAME TpaThl. MBI MOJKEM COCTaBUTH ypaBHeHUe bennmana. B atoii 3agaue Ha 1 -m mare
OJIHO yTIpaBJIeHUE X 1 OJTHO COCTOSTHHE K.

1.7 JIexums Nel2 (2 yaca)
Tema: «ArpoBbie MoaeJ I NPUHATHS PeLIeHUi»

1.7.1 Bonpochl JIeKIUH:
1. OcHOBHBIE TOHATUS TEOPUU UTD
2. IInaTexxHast MaTpULla AHTarOHUCTUYECKUX U

1.7.2 KpaTkoe cojep:kaHue BONPOCOB

1. OcHOBHBIE IOHATHS TEOPUH UTP

OnHuM #3 BaxHBIX pas3zienoB «/ccriegoBaHUs ONepaluii» SBISETCS meopus uep,
IpeJCTaBIsIIoNasl co0oil TeopeTHUeCKHe OCHOBBI MAaTEMaTHYECKUX MOJeNed NPUHATHUS
ONTUMANBHBIX PEHICHUH B KOH(PIUKTHBIX CHUTYallUsX PHIHOYHBIX OTHOIICHUH, HOCSIINX
XapakTep KOHKYPEHTHOM 00pbObI, B KOTOPBIX OJIHA TPOTUBOOOPCTBYIOIAs] CTOPOHA BBIMTPHIBAET
3a cyeT NMpOUTphIa Apyroil. Hapsany ¢ Takod cuTyanueil B TEOPUM NPUHATHS PELICHUN TaKXKe
paccMaTpuBalOT TaK HA3bIBaEMble CUTYAIMIO PUCKA U CUTYAlMIO HEONPEAENEHHOCTH, KOTOphIE
UMEIOT Pa3IMYHBIC MOJETH U TPEOYIOT Pa3HBIX KPUTEPUEB BHIOOPA ONTUMANIBHBIX pelieHuid. B
CUTyallul PHUCKa IMPENINoJaraloTCsl U3BECTHBIMH HE TOJHKO BO3MOXKHBIE YCIIOBHS, B KOTOPBIX
HY>KHO TIPUHUMATh PEIICHUE, HO U BEPOSTHOCTU WX MOSBICHUS. B cuTyaruu HeonpeaeneHHOCTH
BEPOATHOCTH YCJIOBUA HEWU3BECTHbl W HET HUKAKOW BO3MOXHOCTH TMOJYYUTh O HHUX
JIOTIOJTHUTEIbHYIO CTAaTUCTUYEeCKYI0 HH(popmanuio. Okpykaromas pelieHue 3aJadd cpefa,
KOTOpasi MPOSIBISIETCS. B T€X WM MHBIX YCIOBUSX, HA3bIBACTCS NpuUpoOooti, a COOTBETCTBYIOIINE
MaTeMaTUYECKHE MOJeIH Ha3bIBAIOTCS uepamu Ccnpupoootl W meopueti
cmamucmuyecKuxpeuleHul.

Teopuss wurp Obia cucremarndecku wusnoxkena JIDK. ®on Heiitmanom u O.
MomnrepmtepaoMm B 1944 rony. OHu Hanucany KHHUTY, KOTOpasi coaepKaia TJIaBHBIM 00pa3oM
YKOHOMHUYECKHE TTPUMEPHI, TOCKOIBKY YdKOHOMUYECKOMY KOH(IMKTY JIerde MpuaaTh YUCICHHYIO
dbopmy. Teopus wurp wucmonb3yercs B 00JacTH 3KOHOMHKHA W TIPOM3BOJACTBA, OW3Heca u
(MHAHCOB, CEICKOTO XO3s5IiICTBa M BOSHHOT'O Jieja, OMOJIOTUM U COLMOJIOTHH, TICHXOJIOTHH U
nonutosoruu. K HacrosiiieMy BpeMEHU TEOpUs WUTP pa3BHIIaCh B CAMOCTOATEIbHYIO 00JIacTh
MaTEeMATHKU U MOXKET paCCMAaTPUBATHCS HE3aBUCUMO OT €€ MPWIOKECHUN K peaTbHbIM UTPOBBIM
cutyarusaM. [lo muenuro naypeara HobGemeBckoit mpemun 1o skoHomuke 3a 1994 r. Hbomia,
TEOpHs UTP BOOOIIIE ChIrpalia BAXKHYIO POJIb B HHTEIUICKTYAIbHOMN XU3HU XX BEKa.

Ha npakTuke 4acTo NpUXOAUTCS CTAIKUBATHCS C 3a/ladaMH, B KOTOPBIX HEOOXOIMMO
MPUHUMATH PEIICHUS B YCIOBHIX HEOMPEACIEHHOCTH, TO €CTh BOSHHKAIOT CUTYAIlUH, B KOTOPHIX
nBe (1 6osiee) CTOPOHBI MPECIICAYIOT PA3IHUYHbIC [IENH, & Pe3yIbTaThl JIIOOOT0 JCHCTBHS
Ka)KJIOM U3 CTOPOH 3aBUCAT OT MEPONIPUATUH NapTHepa. Takue cuTyanuu, BOZHUKAIOLINE IIPU
Urpe B IIaxMaThl, MAIIKH, JOMUHO, CUTYallMU Ha PhIHKE, KOT/Ia BHIXOJUT HECKOIBKO
MPOU3BOIUTEIICH C OTUHAKOBBIM TOBAPOM (OJIMTOIOJINS), TOKYIIATE b U MIPO/IaBell, TOCTABIIUK U
norpedurens, 0aHK U KIUEHT. To ecTh IPUMEPOM TEOPUU UTP SIBIISIFOTCS TaKHe CUTYalluH, B
KOTOPBIX BaXXHYIO POJIb UTPAIOT KOH(IUKTHI M COBMECTHBIC AeiicTBusl. KoHDIuKT MoxeT
BO3HUKHYTh TaK)K€ U3 pa3Iuuusl LeJeH, KOTOphle OTpa)karoT HE TOJILKO HECOBIAIA0LIHE
MHTEPECHI pa3IMYHBIX CTOPOH, HO © MHOTOCTOPOHHUE UHTEPECH! OJJHOTO M TOTO XK€ JIHIIA,
HaIrpuMep pa3padoTINK IKOHOMUYECKOHN TOJUTUKH OOBIYHO TIPECIIEAYET Pa3HOOOpa3HbIC 1ETH
(poct 0ObemMa MPOU3BOACTBA, MOBHIIICHUE JOXOA0B, CHIYKCHUE SKOJIOTHYECKOM HAarPy3KN).

Takum o00pa3oM, Teopuss Hrp U3y4aeT M PacCMaTPUBAET METOAbI OMNpPEEICHUS
ONTHMANBFHOTO TOBEACHUS TMPHU YIPABICHUH CHCTEMaMH, B KOTOPBIX XapaKTEPHO HaIU4YHe
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KOH(IUKTHOW cuTyaluu (CTOJIKHOBEHHE MHTEepecoB). [Iisi KOH(IMKTOB XapakTEepHO TO, YTO HU
OIMH W3 €ro YYaCTHHKOB 3apaHee HE 3HACT pEUICHWM, NPUHUMACMBIX OCTaJIbHBIMU
y4yaCTHHKaMHd. JIpyrumu cjoBamMH, Yy4YaCTHHKM KOH(IIMKTOB BBIHY)XJEHBI JIeHiCTBOBaTh B
YCIOBUSIX PHCKAa M HEOINpeAelecHHOCTU. HeompeneneHHOCTh MCXOI0B MOXKET INPOSBIATHCS HE
TOJIKO B PE3YyJbTaTe CO3HATENbHBIX JEHCTBUI [PYrMX YYaCTHUKOB, HO U KaK pe3ysbTar
NEUCTBUH TE€X WJIN UHBIX CTUXUUHBIX CHJI.

B cBete «reopuu Urp» MOXKHO PacCMOTPETh SKOHOMHUKY, OOIIECTBEHHBIC HAyKH, OU3HEC
U TIOBCEOHEBHYIO XM3Hb. K mpumepy, B JKOHOMHMKE C TOYKH 3PEHHS «TE€OPUU HIP» MOXKHO
OOBSICHUTH TOPrOBBIE U [IEHOBBIE BOMHBI. KpoMe Toro, HeKoTopble 0003peBaTesy MojIaraoT, 4ro,
UCTIONb3Ys 3Ty TEOPHIO, MOXKHO M0Ka3aTh MPHUUYUHBI TAKOTO (DEHOMEHA, KAK <«MaJIOMOIBUKHBIE»
1eHbI. B cOOTBETCTBUU C 3TOM Teopuel (PUPMBI 3aKIII0YAIOT HEUYTO BPOJE TAHHOTO COTJIAIICHUS O
npeo0sagaroieM 3HAYEHHH IIEHbI (CKaXkeM, €CId pedb HuaeT 00 aBTOMOOWIBHOW WM
CTAJICIUTEHHON NPOMBIIUICHHOCTH). [locie TOro Kak OHM TPHIUIM K COTJIAIICHHIO, (PUPMBI
OTKa3bIBalOTCS IOHMKATh WJIM NIOBBILIATH LIEHBI, TAK KaK B IPOTUBHOM CIIy4ae yYaCTHUKHU PBIHKA
OyayT paccMaTpuBaTh TaKMe M3MEHEHHUs KaK CHUTHAJ OOBSBICHHS 3KOHOMHUYECKOH BoWHBL C
IIOMOIII0 TEOPUU HUIP MOXKHO TaKXKe OOBSCHHUTH, I0YEMY MHOCTPAaHHAsl KOHKYPEHLIMS MOXET
IPUBECTH K 00Jiee 0’KECTOYCHHOM 11IeHOBOH BOHE. UTO CIIyunTCs, €ClM SIMOHCKask upMa BOUIET
Ha aAMEPUKAHCKHMM PBIHOK, HA KOTOPOM YX€ CYHIECTBYIOIIUE KOMIIAHMHM TalHO JOTOBOPHIIHACH
Ha3HAYUTh BBICOKYIO LIeHY? 3apyOeKHble (GUPMBI MOTYT «OTKa3aThCsl UTPATh B Ty Urpy». OHu
npocto OyayT CHMKaTh LIEHBI B ILIEJSAX OBJIAACHUs Oosblield ponel pelHKa. CroBop MOXeT
pa3pyLIUTHCS.

J1sl TpaMOTHOTO pelleHus 3a/1a4 ¢ KOH(DIUKTHBIMU CUTYaIUsIMH HEOOXOAUMBI HAyYHO
000CHOBaHHbIE METOIbI. Takue MEeTOIbl pa3padoTaHbl MATEMaTHYECKON Teopruel KOH(DIUKTHBIX
CUTYali, KOTOPBIE HOCAT HA3BaHUE «IE€OPUS UTD».

Bcesikast mperenayromnas Ha aeKBaTHOCTb MaTeMaTH4eCKasi MOJIENb COLUAIbHO-
SKOHOMMYECKOTO SIBJICHUSI JOJIKHA OTPaXKaTh MPUCYIUE €My YepThl KOH(IUKTA, TO €CTh
OTIMCHIBATE:

a) MHOXKECTBO 3aWHTEPECOBAHHBIX CTOPOH, KOTOPhIC HA3bIBAIOTCS HTPOKAMH;

0) BO3MOXHBIE ACHCTBHS KAXKON U3 CTOPOH, IMEHYEMbIEC CTPATEIUAMH WIIH XOJIAMH;

B) HHTEPECHI CTOPOH, MPEICTaBICHHbIC (DYHKIIMAMU BBIMIPBIIIa (MIaTexXa) I KaKI0To
U3 UTPOKOB.

Cama mMojienh KOH(MIUKTHON CUTYaIlMi Ha3bIBA€TCS UTPOU.
2. TlnaTe:xxHasi MATPUIIA AHTATOHUCTHYECKUX UTP

Crparerueii Urpoka Ha3bIBa€TCsl COBOKYIHOCTh MTPABHII, ONIPEAEISIONIUX BHIOOD
JeMCTBUS TPU KAKIOM XO/1€ B 3aBUCHMOCTH OT CIOXKHBILIEHCS CUTyaru. YToObI PELIUTh UTPY
WJIM HalTH PEUICHUE WP, CIeNYeT ISl KaKI0r0 UTPOKa BBIOPATh CTPATErnio, KOTopas
YAOBJICTBOPACT YCJIOBUIO OIITUMAJIBHOCTH, TO CCTh OJJUH U3 UT'POKOB MMOJTYy4aCT MaKCHUMAaJILHBIN
BBIUTPBIII, KOT/1a BTOPOW MPUJIEPKUBAETCA CBOEH cTpaTeruu. B ToO ke BpeMsi BTOPON UTPOK
JIOJKEH UMETh MUHUMAJIbHBIN ITPOUTPBILL, €CJIH IIEPBbIN IPUACPKUBACTCS CBOCH CTPATETHUH.
Takue cTpaTeruy Ha3bIBAIOTCS ONTUMAIbHBIMHU.

OnTuManbHbIe CTPATETUU JOJIKHBI YAOBIETBOPSATH YCIOBUIO YCTOMYMBOCTH, TO €CTh
JT1000MY M3 UTPOKOB JIOJKHO OBITH HEBBITOJHO OTKA3bIBATHCSA OT CBOEH CTpaTeruu B ATOU UTpe.
Ecnu urpa noBTopsieTcss MHOTO pa3, TO UITPOKOB MOKET UHTEPECOBATh HE BBHIUTPHIII U
HPOUTPBIII B KAK0H KOHKPETHOH MapTHH, & CPEAHUI BHIMTPHINIT (IIPOUTPHII) BO BCEX MAPTHSX.

QCHBIO TCOPHUH UT'P ABJIAACTCS ONIPCACIICHUC ONTUMAJILHOMI CTPATCTUH AJId KaXKIO0TO
UTPOKA.
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Bemrpei— 3to Mepa 3¢ dexra A urpoka. B Teopuu Urp BEIMTPHIII JOJDKEH U3MEPSThCS
00513aTeJIbHO KOJIMYECTBEHHO.

B ciiydae koHeYHO# Urpbl ABYX JUI] (PYHKIIUHN BBIMTPHIIIA KQXKIOTO U3 UTPOKOB yI0OHO
MPEJICTABIISTh B BUJI€ MATPUILIBI BBIUTPBIIICH, T/I€ CTPOKHU IPEICTABISIIOT COO0M CTpaTeruu
OJTHOTO UTPOKA, @ CTOJOLBI — CTPATEruu APYroro. B KieTkax MaTpuLlbl yKa3bIBaOTCS BBIUTPHIIIN
Ka)XJIOTO M3 UTPOKOB B KaXKJ0M M3 oOpasyromuxcst cutyanuii. Jlanaas ¢popma mpeacTaBieHus
KOHCYHBLIX UI'P HA3bIBACTCA <«MATPUYHBIC UTPHI».

[Tpumep pemenus 3agaun. Mrpa B «opiistHKY».

Ecnu 06a BbIOMpatoT onuHakoBbie cTpaTeruu (00a roBopar “opein”), To 1-ii BeIMTpBIBaCT
1 py6b (a BTOpO#i MPOUTPBIBACT); €CIIA BHIOUPAIOT pa3HbIe, TO 2-i BHIUTPHIBACT.

Tabmuna 2.1
Marpuiia BeMrpsbiima mepsoro urpoka (Hs)
Open Pemika
Open 1 -1
Pemka -1 1

Marpuna Beiurpsiiia Broporo urpoka (Hp)

Open Pemika
Open -1 1
Pemka 1 -1

Jns antaronuctrudeckux urp Beerna Hi= —Ho.

Marpuua, 31eMeHTaM1 KOTOPOM SIBJISIIOTCS BBIMUTPBIIIN, COOTBETCTBYIOIIHUE CTPATErUsIM
WUTPOKOB, Ha3bIBAETCS MJIATEKHON MAaTPUIICH WJIM MAaTPULIEH UTPHI.

Hwoknsst nena urpsl (o)) (MaKCHMUHHBIA BBIMTPBIIT — MAKCUMUH) — 3TO TapaHTHPOBAHHBIH
BBIUTPBILI IEPBOTO UTPOKA TIPH JIFOOOH CTpAaTErHy BTOPOTO UTPOKa (TO €CTh U3 KaXKI0W CTPOKH
BBIOMpPaEM MUHUMAJIBHOE YHCIIO, @ 3aTEM U3 BCEX ITHX MUHUMYMOB OepeM HauOOIBILHIA).
Crparerusi, COOTBETCTBYIOIIAs] MAKCHMHIHY Ha3bIBACTCS MAKCHMUHHOU.

Bepxnss 1iena urpsl (B) (MUHMMAKCHBINM BBIMTPHIIT — MUHUMAKC) — 3TO
rapaHTUPOBAHHbII MPOKUTPHIIT BTOporo urpoka. (To ecTh U3 Kaxaoro cToydia BionpaemM
MaKCHUMaJIbHOE YHCIIO, & 3aTEM U3 BCEX MAaKCUMYMOB OepeM HauMeHbIui). CTparerus,
COOTBETCTBYIOIIAass MUHUMAKCY, Ha3bIBACTCS MUHUMAKCHOM.

[TpuHIUN, TUKTYIONIMHA UTPOKAM BBIOOp HanboJee «OCTOPOKHBIX» MUHUMAKCHOHN U
MaKCHMHHHOM CTpaTeTuil, Ha3bIBACTCS MPUHIIMIIOM MUHUMAKCA. DTOT PUHLUI CIEAYET U3
Pa3yMHOTIO MPEAIOI0KEHUS, YTO KAyKbIi UTPOK CTPEMUTCS JOCTUYD LENIH, IPOTUBOIOI0KHON
1eJTM TIPOTHBHKUKA. ECITH BEpXHSISI M HUOXKHSISL IICHBI HTPBI COBIAIAOT 0=Pf=0 , TO 3Ta [[cHa

Ha3bIBACTCS] YUCTON IIEHOW UTPhI WJIM LIEHON UTPBHI.

I[]];I = = = = =0 =
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MuHUMaKCHBIE CTPATEruu, COOTBETCTBYIOLLUE LIEHE UTPBI, ABJISIOTCS ONTUMAIbHBIMU
CTpaTEerusMH WJIM PENIEHUEM UTPBI. TO €CTh B 3TOM Cilydae MEePBbII UTPOK MOTYYaeT
MAaKCHUMAJIbHBIN, HE 3aBUCALLMI OT MOBEAEHUSI BTOPOTO UT'POKA BBIMIPHILI (], @ BTOPO UTPOK
00MBaeTCs MUHUMAJIbHOTO TapaHTUPOBAHHOTO, HE 3aBUCSIIETO OT MOBEAEHUS IIEPBOr0 UTPOKA
npourpeima (. Takoe pernienne 001a1aeT YCTOMUYUBOCTBIO, TO €CTh €CIIU OJMH U3 HTPOKOB
MPUIEPKUBAETCS CBOEH ONTUMAIBHOM CTpaTeruu, TO AJis APYroro He MOXKET OBbITh BBITOJAHBIM
OTKJIOHATBCS OT CBOEH ONTUMAJIbHOM CTPAaTErUu.

ITapa cTpareruii naeT ONTUMaIbHOE PEIIEHUE UIPBI TOTA U TOJIBKO TOTA, KOTaa
COOTBETCTBYIOLIMI 3JIEMEHT MaTPHIIbI (pa3Mep BBIMTPHINIA-IPOUTPHIIIA) SBISETCS
OJTHOBPEMEHHO HauOOJIBLINM B CBOEM CTOJIOLE U HAMMEHBIIMM B CBOeH cTpoke. Takas
CUTYyalUs, €CJIM OHA CYILECTBYET, HAa3bIBACTCS CEIOBOM TOUKOM. To ecTh Urpa paspeminma B
YHUCTBIX CTPATErHsIX, KaKIbI U3 UTPOKOB OyJeT Ha Ka)KJOM IlIare BEIOMPATh OJHY U Ty XKe
CTpPATETHIO ¥ €My HE BBITOJHO OT HEE OTKJIOHUTHCS: €CJIN TIEPBbIi UTPOK BBIOEPET APYTYIO
CTpaTErulo, y HEro OyAeT BBIUIPHILI MEHBIIIE, a €CIM BTOPO UTPOK BBIOEPET APYTYIO
CTpaTeTrHlo, Y HEro MPOUTpPhIII OyaeT Ooblie.

1.8 JIeknms Nel3 (2 uaca)
Tema: «Mrposbie MOAeIH NPUHATHS PeLIeHHT»

1.8.1 Bomnpocs! JeKIuu:
1.'eomeTpuueckoe penieHue urp
2. bumatpuuHnsie Urpa

3. KoomnepaTuBHbIie UTPHI

1.8.2 KpaTkoe coaep:kaHue BONPOCOB

1. 'eomeTpuyeckoe pelieHue Urp
[Tyctp umeercst aBa urpoka A u B. YV kaxoro u3 urpokos 1o e crpaterun (Agu Az y
urpoka A, B1 u By y urpoka B). Urpa ¢ HyneBoit cymMMOii.

I[To ocu abcruce oTia0KuM 0Tpe30K AjAz, TO €CTh TOUKA Aj U300pa)kaeT CTpaTeruio Aj
(x=0), A, —crpareruio A, BCe IPOMEKYTOUHbIE TOYKH — CMEIIaHHbIe cTpaTeruu. Ha ocu
OpIVHAT OTKJIIbIBAEM BBIUTPHIIII IEPBOTO UTPOKA, €CIIU BTOPOU MPUMEHUIT CTpATEruio Bj.
AHaJIOTUYHO CTPOUM BTOPOM rpaduk, eciau BTOpoi rpaduk BeIOpai cTpareruto Bo.

I ; y
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\Ze

A A A A

Puc. 2.1. I'eomempuueckas unmepnpemayus. cmpame2uti nepeo2o uzspoxda

O1=11P1+ 8012

Qe=aPitaP,  (OpamHaTta Touku M1 M My, COOTBETCTBEHHO)
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4,4, =1

B cooTBeTcTBUU C MPUHIIMIIOM MUHUMAKCA ONTHMAJIbHAS CTPATETUsT Sy TaKOBa, UTO
MHHUAMAJIBHBIA BRIMTPHIII UTPOKa A (MpH HAMXY/ALIEM TOBeIeHHH Urpoka B) oOparaercs B
MaKCHMYM.

y
B
B, f
! » B,
P2 1Sy m X
Al A2

(pr'\ P2 )
Puc. 2.2.Pewenue uepol epagpuueckum cnocooom

OTtpe3ok B1N — MUHUMAaNbHBIN BRIMTPHITT UTPOKA A TIPH MCTIOIB30BAHHUH JIFOOOH
CMEIIaHHOH cTpaTeruu, eciau urpok B BeiOpain crpateruto Bi. Ananoruuno, orpe3ok BoN —
BBIUTPHIII UTPOKa A, eciii UTpok B BeIOpan cTpareruto By, CiaemoBarenbHO, ONTUMABHYIO
cTpareruto onpeaenser Touka N, To ecTb MUHUMaIbHBIN BBIMTPBIII JOCTUTAET MAaKCUMYyMA.

Hpumep pewienusa 3a0auu.

Pemmte rpadguuecku urpy, 3aJaHHYIO IIATEKHONW MaTPHUIICH:
15 3
P=
2 1
OmnpenenyM BEpXHIOIO U HWKHIOIO IIEHBI UTpel: @ =15 [ =2. CiaenoBarenbHo,

CE/IIIOBasi TOYKA OTCYTCTBYET, Oy/IeM UCKATh PEIICHUE B CMEIIAaHHBIX cTpaTerusx. OTMeTuM Ha
rpaduke BeIMYMHY BBIMTPHILIA JIJISl KAXK/10H Maphl CTpaTeruil.

3 Ay B:
B, 2

1
1,51 ! ?

1
B: : 1

1

P2 i P | X}

A1 As

Puc. 2.3.I'paguuecxoe peuwenue uepol

3anuiieM ypaBHEHHE MPSIMbBIX, COOTBETCTBYIOIINX BEJIMYMHE BBIUTPHIIIA UTPOKaA A,
eciii urpok B BeIOMpaeT, cooTBeTCTBEHHO, nepByio (B1) y==0,5 x + 1,5u Bropyio (By)y= —2x
+ 3 crparerun. Touka ux nepeceuenust N(0,6; 1,8) CnenoBarensHo, p2=X = 0,6 —
BEPOSTHOCTH BBIOOpa HTPOKOM A BTOpo# cTpareruu; p1= 1 — 0,6 = 0,4— BeposTHOCTH BBIOOpA
UrpoKoM A mepBoii crpateruu. Ilena urpst 0 =y = 1,8 — MakCHMAaJIbHO BO3MOYKHBIH U3
MHHUMAJIbHO FapaHTHPOBAHHBIX BBIMIPHIIICH Urpoka A (100 MUHMMAIIBHO BO3MOJKHBIN 13
MaKCHMAaJIbHO TapaHTHPOBAHHBIX IIPOUTPHIIICH UTpoka B).
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Ba:xno moMHuTBH. ['paduuecky MOYKHO PEIIUTh UTPY, ECIU B UTPE YYaCTBYIOT TOJIBKO
JIBa UTPOKA M y OJHOTO M3 UTPOKOB HMEETCS TOJIBKO JIBE CTpaTeruu (y BTOPOro Urpoka — Jiodoe
KOJIMYECTBO CTPATETHIA).

2. Bumarpuunble urpa

Bo mMHOTrHX cuTyanusx He 00s3aTeabHO, YTOOBI OAWH UTPOK BBIMTPHIBAN, a IPYTOl CTOJIBKO
e mpourpeiBai® Takue Urpbl HA3BIBAKOTCS HEAHTATOHUCTHYECKUMH (C HEHYNIEeBOM cymmoit) Jls
JIBYX WUIPOKOB BBIMIPBINIM B TaKWX Wrpax NPUXOAMUTCS 3alUChIBaTh HE OJHOH, a JBYMs
IUTATeXKHBIMA MaTpPUIIAMH, MMO3TOMY OHHM HMMEIOT Ha3BaHUE OWMATpuU4Hble WUrpbr MHTEpecsh
UTPOKOB 3/I€Ch HE SIBJIAIOTCS MOJIHOCTHIO MPOTHUBOIOJIOKHBIMHU, U MX TOBEJECHHUE MOXET ObITh
Oonee pa3HO-00pa3HBIM” Pazmu4ar0T HEKOONIEPATUBHBIE OMMATPUYHBIE UTPHI M KOOTIEpATUBHBIE,
B 3aBUCHMOCTH OT TOTO, MOTYT JIM JIOrOBapUBaThC UTPOKH, WM COIVIAIIEHHE HEBO3MOXHO IO
npaBujaM UTPhIT

PaccMoTpuM KimacCHYECKy 0 MO/ HEKOOTIEPATUBHOW OMMATPUYHON UTPhI, ©3BECTHON KaK
«/Ilunemma 3akiroueHHOro» JIBa MpecTymHUKa OXUAAIOT MPUTOBOpa CyJda 3a COBEpIICHUE
npectymieHus” AJBOKaT KOHQUACHLUUAIBHO TMpeAsiaraeT KaXJoMy M3 IPECTYIHUKOB
OCBOOOJIUTH €ro, €ClIi OH CO3HAETCSA U JACT MOKa3aHHS MPOTHB COOOIIHUKA, KOTOPOMY T'PO3UT
yroauth B TiopbMy Ha 10 net Ecnii HUKTO He cO3HaeTcs, TO 000UM yrpoXKaeT moryduTh 1 roj 3a
HE3HAYUTeNbHOEe TmpecTyruieHne ¢ Eciam co3HaoTes o0a TMpPecTyrmHWKa, TO C  Yy4ETOM
YUCTOCEPICYHOr0 MPU3HAHUS OHU MOJTy4yaT S JieT

[TocTpoum mnaTexHble MATPULIBI UTPOKOB CO CTPATETUSIMU «CO3HATHCS A -A1», <CO3HATHCA
B - B1», «e co3HaBathcs A - Bo», «e co3HaBatbesi B - Bo» IlepBoe unciio - BeIMIphin A, a
BTOPOE - BBIUTPHIIII

31ech UTPOKH JOTOBOPUTHCS HE MOTYT. MO3TOMY MM HEOOXOJUMO PYKOBOJACTBOBATHCS
MPUHIIAIIOM 37JPaBOT0 IECCUMHU3Ma M BRIOPATh MAKCUMUHHYIO CTPATETHUIO.

Ecmu A BeiGeper Al. To B XyIuIem cirydae OH HONYYHT 5 JIET, €CIIH TO B XY/IIIEM CiIydae OH
IOy  30J1» BHIOEPET MEHbIIEe - Aj.

Urpok B ecnu BbiOeper Bi. To B Xymmem cirydae moiayduT 5 jet. a eciam By to 10 ner.
[TosTOMy. 4TOOBI HE prCKOBaTh. OH BbIOepeT By. [Tomyunnu «cemnoByro Touky» (A1.B1).

Takum oOpazoM. 000MM 3aKJIFOYCHHBIM JIY4YIllEé BMECTE CO3HATHCS M TMOJYYUTH IO S JIET.
31ech HU OJJHOMY M3 UTPOKOB HE BBITOJHO OTKJIOHSTBHCS OT CBOEH ONTHMAIBbHOIN CTpaTeruu B
oIMHOYKY. [IpUBEACHHBIN MOAX0/ K PEHICHUI0 HEKOOMEPATUBHBIX OMMATPHYHBIX MTP MOI00EH
MPUHIIAITY «MUHUMAKCa» ISl MATPUYHBIX UTP U HA3bIBACTCS HAXOXKICHUEM TOUYKH PaBHOBECHS
no Homry. Ham nokasain. 4ro nro0as OMMarpuyHas Urpa MMEET pPelieHHe B YHCTBIX WIIH CMe-
[IAHHBIX CTPATETHUSX.

3. KoonepaTuBHbIe HTPbI

KoonepatuBHOI UTpoil HA3BIBAIOT TAKyI0 MOJENb CUTYallMH. KOTJA BBIMTPHIIIA UTPOKOB HE
UMEIOT HYJIEBOH CyMMBI. U B KOTOPOW HMTPOKAaM paspemraercs oOCYXJaTb CBOU CTpaTeTUU U
JIOTOBAPUBATHCSI O COBMECTHBIX JCHCTBUAX. T. €. 00pa30oBbIBaTh Koanuimu. OCHOBHOM 3amaueit
3/1€Ch SIBIISICTCS 1K OOIIET0 BBIUTPHIIIA MEXKIY YICHAMH KOATUIUH.

B cnyuyae AByX UTPOKOB BBIMTPBII B UTPE - 3TO Mapa BBIUTPHILICH. TPEICTaBISIONINX 0011e
BBIMTPBIIK. Ecau urpoku OyayT mepeOuparth BCEBO3MOXHBIC CTparerud (UUCThIE U
CMEIIIaHHbIC). TO BCE MPOCTPAHCTBO BBIMTPBILICH B UTPE 00pa3yeT HEKOTOPOE MHOMXKECTBO TOYECK.
OTpaHMYCHHBIX HEKOTOpO# imHUel (cM. pucyHok). Ha pucyHke MOXHO yKaszaThb TOYKY C
KOOpJMHATaMU BBIMTPBIIIEH UTPOKOB. KOTOPBIE OHU MOTYT rapaHTHpPOBaTh cede. He mpuberas K
noroBopeHHocTsM (T 1. T'2). Takast Touka Ha3bIBACTCS TOUKON YTPO3BI.

Ha MHOXecTBe BBIUIPBINIEH MOXHO HAWTH MHOXECTBO [lapeTo-onTHManbHbBIX pPEIICHUH.
[Tapero-onTuManbHBIE TOYKH. OE3yCIOBHO. JTYUIIe BCEX APYTUX TOUYEK MHOKECTBA BBIMTPBIIICH.
TaK KaK OHU SBIJISIIOTCS CAMBIMHM IPABBIMM HA FOPU3OHTAIM M CaAMbIMM JIEBBIMM HA BEPTHUKAIH.
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OueBugHo. uto IlapeTo-onTUManIbHbIE TOYKH - 3TO CEBEPHO-BOCTOYHASI IPAHMIIA MHOMXECTBA
BBIUTPBILICH.

Touku [lapeTo-oNTUMaIBLHOTO MHOKECTBA. HAXOJSIIUMECS OJHOBPEMEHHO BBIIIE U IpaBee
TOUkH yrpo3bl T. 00pa3yloT HmeperoBopHOe MHOXECTBO. OYEBHAHO. YTO UTIPOKaM BBHITOJHO
JIOTOBAPUBATHCA. €CIIM UX BBIUTPHIII OyIET JIydIlle. 4eM TOT. KOTOPBIN moirydaeTcs B Touke 7. Ha
MIEPErOBOPHOM MHOKECTBE BbIJIEIISETCS

1.9 Jlexums Nel4, 15 (4 gaca)
Tema: «CeTeBoe NVIAHNPOBAHME U YIIPABJIEHHE»

1.9.1 Bonpocsl JIeKIHH:
1. OcHOBHBIE OHATHUS CETEBOIO IIIAHUPOBAHUS U YIIPABICHUS.
2. [TpyHIMIIBI peNICHHS 3a]1a4.

1.9.2 KpaTkoe coaep:kaHue BONPOCOB

1.0cHoBHBIE MOHATHS CeTEBOr0 MJIAHNPOBAHUSA U YIIPABJICHUS.

CereBoe [lmanupoBanue m YmpaBieHHE — 3TO KOMIUIEKC IpadUMUecKuX M PacyeTHBIX
METOJIOB, OpPTaHM3AI[MOHHBIX MEpPONPHATHH, O00ECHEUMBAIONINX MOJCIUPOBAHUE, AHAIN3 U
JUHAMUYECKYIO TIEpECTPONKY TJIaHa BBHIIIOJIHEHHUS CIIOKHBIX TPOECKTOB U pa3pabOTOK, HAIIpUMED,
TaKUX KaK. CTPOMTEIBCTBO M PEKOHCTPYKIHUS KaKUX-THOO OOBEKTOB; BBIIOJHEHHE HAay4HO-
UCCIIEIOBATEIbCKUX H KOHCTPYKTOPCKUX paboT; MOATOTOBKAa IPOM3BOJCTBA K BBITYCKY
NPOIYKIUH;, TEpPEBOOPY)KEHHE AapMHH{, pa3BEPTHIBAHHE CUCTEMBl MEAMLIMHCKHX WU
npOoPMIAKTUIECKAX MEPOIPUSATHIH.

Xapaxmepnoil ocobeHHoCcmblo TaKUX MPOEKTOB SBISETCA TO, YTO OHU COCTOST M3 psiaa
OTJENBHBIX, JEMEHTApHBIX pabom. OHM 00YCIIaBIMBAIOT JAPYT JApyra Tak, YTO BBIIOJHEHHE
HEKOTOPBIX pabOT HE MOXKET OBITh HAyaTo paHbINE, YEeM 3aBEpIICHBl HEKOTOpHIE ApYTHE.
Hanpumep, yknagka gyHaaMeHTa HE MOXKET ObITh HadaTa paHblie, 4eM OyIyT JOCTaBJICHBI
HEOOXOMMBIE MaTepHajbl, 3TH MaTepHaIbl HE MOTYT OBITH JOCTAaBJICHBI paHbIIE, YeM OyayT
IIOCTPOCHBI TMOABE3HbIE IYTH, 000N 3Tal CTPOMTENbCTBA HE MOXET ObITh HauaT 0e3
COCTaBJICHHUS COOTBETCTBYIOIIEH TEXHUYECKON TOKYMEHTAIUHU H T.JI.

Cemesoe IInanuposanue u Ynpasnenue exniouaem mpu 0CHOGHbIX SMAana.

1.crpykTypHOE nanupoBaHue;
2. KxaJeH1apHOE TJIaHUPOBAHUE;

3. onepaTuBHOE yIIpaBJIEHHME.

Cmpykmypnoe nianuposanHue Ha4MHAeTCs ¢ pa3OMEHMS TMPOEKTa Ha  YETKO
OTIpe/ieIeHHBIE OMEpauy, Il KOTOPhIX OMpPEIeNseTcss MPOAODKUTEILHOCT. 3aT€M CTPOUTCS
ceTeBOM TpaduK, KOTOPBIM TMPEACTABISIET B3aWMOCBS3M PAa0OT MPOEKTa. ITO IMO3BOJISAET
JIeTaJbHO aHATU3UPOBATh BCE pAabOTHl U BHOCUTH YIYYIIEHHS B CTPYKTYpY HpPOEKTa emie 10
Hayaja ero peajan3anuy.

Kanenoapnoe nnanupoeanue mnpenycMaTpuBaeT MOCTPOSHHE KaJeHIapHOro Trpaduka,
OTIPEICTISIIONIET0O MOMEHTHl Hadala W OKOHYAaHUS KaKJOH paboThl W Jpyrue BpEMEHHBIC
XapaKTEPUCTHKN CETEeBOro rpaduka. DTO MO3BOJSAET, B YACTHOCTH, BBIBIATH KPUTHUYECKHUE
olepalyy, KOTOPHIM HEOOXOIUMO YAEISATH 0c000€ BHMMAaHHE, YTOOBI 3aKOHYHTH INPOEKT B
JTUPEKTUBHBIA CpoK. Bo BpeMs KaJeHIapHOTO IJIAHWPOBAHUS ONPEICISIOTCS BpPEMEHHBIC
XapaKTepUCTHKH BceX pabOT ¢ LeNbI0 MPOBENCHHS B JNAIBHEHUIIEM onmumuzayuy CETECBON
MOJIENIN, KOTOpasi MO3BOJIUT YIYUIIUTh 3 PEKTUBHOCTH UCIIOIB30BAHUS KaKOTro-1100 pecypca.

B xone onepamusnoco ynpaenenus NCTionb3ylOTCsl CETEBON 1 KAJIICHIAPHBIN TpaduKu IS
COCTaBJICHUS TIEPUOIUYECKUX OTUYETOB O XOJI€ BBHIIIOJHEHHUs MpoekTa. [Ipu 3ToM cereBast Moaelb
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MOJKET TOJBEPraThCsl ONMEPATUBHOM KOPPEKTUPOBKE, BCICACTBUE Yero OYIET pa3padaThiBaThCs
HOBBIW KaJE€HIAPHBIN IJIaH OCTaJIbHON YacCTH MPOEKTA.

OCHOBHBIMU TIOHSTUSIMH CETEBBIX MOJEJICH SBISIFOTCS TOHSTHS «CoObImus» W
«pabomul».

Paboma —3T10 HEKOTOpBIA TMpoLEcC, MPUBOIAMMN K JOCTHKEHHUIO OIPEIEICHHOTO
pe3ynbTara, TpeOyIomuUi 3aTpaT KakUX-TIMOO PecypcoB W HMEIOLIUN NPOTSKEHHOCTh BO
Bpemenu. [1o cBoeil pusznyeckoit mpupoae paboThl MOXKHO pacCMaTpPUBATh KaK:

* Oeticmsue. pa3paboTKa dYepTeka, H3TOTOBJICHUE JE€Tald, 3aJMBKa (yHIaMEHTA
0ETOHOM, U3YYCHHE KOHBIOHKTYPHI PHIHKA,

* npoyecc: CTapeHue OTINBOK, BbICPKUBAHUE BIHA;

* ooicudaHue’ 0XKUAAHNE TOCTaBKH KOMILIEKTYIOIIHX.

ITo xonu4ecTBy 3aTpauynBaeMoOro BpeMEeHH padoTa MOXKET OBITh:

* OelicmseumenbHol, T.e. TpeOYIOIIEH 3aTpaT BpeMeHH,

* ukmuenou, T.. GOPMATLHO HE TPeOYIOUIeH 3aTpaT BPEMEHH M NPEACTaBIISIOIICH
CBS3b MEXIY KakUMH-THOO paboTamu, HampuMep: Mepenada M3MEHEHHBIX 4YepTekel OoT
KOHCTPYKTOPOB K TE€XHOJIOTaM; Caya OTYeTa O TEXHHUKO-SKOHOMHUYECKHUX IMOKa3aTessax padoThl
11eXa BBILIECTOSIIEMY TOPA3ICIICHUIO.

Cobbimue — 3T0O MOMEHT BPEMEHHM, KOTJa 3aBepIIalOTCsl OJHU paboThl U HAYMHAIOTCS
npyrue. Hanpumep, GyHIaMeHT 3aIUT OETOHOM, KOMIUICKTYIOIIUE MTOCTABICHBI, OTYETHI CaHBI
u 1.1. CoOBITHETIPEACTABISIET COOOM PEe3yJbTaT MPOBEACHHBIX PadOT U, B OTJIMUKE OT paboT, HE
UMEET MPOTSHKEHHOCTH BO BPEMEHHU.

Ha srame cTpykTypHOro MiaHUPOBAaHHS B3aUMOCBSI3h PaOOT M COOBITHI, HEOOXOAUMBIX
JUI JTOCTMDKEHUS KOHEYHOH IIeNM MPOEKTa, M300pakaeTcs ¢ MOMOILBIO cemegozo epaguxa
(cereBoit momenu). Ha cereBom rpaduke pabOThI H300pa)aroTCs cmperkamu, KOTOPBIE
COCIUHSIOT GepuiuHbl, W300paxaromme coObiTus. Hawanmo u okoHwyanuwe 000 paboTHI
OINMCHIBAIOTCS Mapoil COOBITHI, KOTOpbIE HA3BIBAIOTCS HAUAIbHLIM U KOHEYHbIM COOBITHSIMH.

[ToaToMy jutst HACHTU(DUKAIIMN KOHKPETHON pabOThl MCIIOJIB3YIOT KO PaOOTHI (2,4), COCTOSIIUHA

U3 HOMEPOB HayalbHOTO (I-r0) ¥ KoHeuHOrOo (j-r0) coObITHil (M. puc.l.).

pa6ora (i,])
O, (D
Ha4dajJbHOE KOHEYHOE
coObITHE coObpITHE

Pucynox 1-Konupoanue padboThl

JIro60e coObITHE MOXKET CYMTATHCS HACTYMUBIIMM TOJBKO TOTJA, KOTJa 3aKOHYATCS 8ce
BXojsmue B Hero pabotel. [loaTomy, paboThl, BEIXOASIINE M3 HEKOTOPOTO COOBITHS HE MOTYT
HauaThCsl, TOKa He OyIyT 3aBepILEHBI 8ce PadOThI, BXOSIIUE B 3TO COOBITHE.

CoObITHE, HE MMEIOIIee MPEANIECTBYIOINX €My COOBITHIi, T.€. ¢ KOTOPOTO HAYMHAETCS
IPOCKT, HAa3bIBAIOT UCX0OHbIM. COOBITHE, KOTOpOE HE HMMEET MOCIEIYIOIUX COOBITHH H
OTpaXkaeT KOHEYHYIO LIeJIb IPOCKTa, HA3bIBACTCS 3A6EPUIAIOUAUM.

[Tpu mocTpoeHnu ceTeBoro rpauka He0OXOIUMO CIIEAOBATH CIECIYIOIIUM ITPaBUIIaM:

1) mIMHA CTPENKH HE 3aBHCHT OT BPEMEHH BBINTOJIHEHHS pabOTHI;

2) cTpenka MOXET He ObITh IPSMOJIMHEHHBIM OTPE3KOM,;

3) ans neWCTBUTENBHBIX Pa0OT HCIONB3YIOTCS CIUIOIIHBIC, a Uil (UKTUBHBIX -
NYHKTUPHBIE CTPEJKHY,

4) xkaxnas onepanys J0JDKHA OBITH IPEJCTaBICHA TOJIBKO OJHOM CTPEIKOIA;

5) MeXIy OJHUMH U TEMH K€ COOBITUSIMH HE JOJDKHO OBITh MapauleibHBIX padoT, T.c.
paboT ¢ OTMHAKOBBIMH KOJIAMH,;

6) cienyer nzderath nepeceueHMst CTPEIIOK;

7) He DOJDKHO OBITH CTPEJIOK, HAPABJICHHBIX CIIPaBa HAJIEBO;
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8) HOMep HauaIbHOTO COOBITHS JOJDKEH OBITH MEHBIIIC HOMEPa KOHEYHOT'O COOBITHS,

9) He TOKHO OBITh GuUCAUUX COOBITHI (T.€. HE UMEIOIINX MPEAMICCTBYIOIINX COOBITH),
KpPOME MCXOHOTO;

10) He TOKHO OBITH MYyNnuKO6biX COOBITHIA (T.€. HE UMEIOIIUX MOCIEIYIONINX COOBITHIA),
KpOME 3aBEpUIAIOIIETO;

11) He TOJKHO OBITH ITUKJIOB.

Baxnoe 3HaueHuMe Uil aHalnM3a CETEBBIX MOJENEH MMeEeT MmoHsATue mytu. Ilyms — 310
r00ast MoCIIe0BaTeILHOCTL PaboT B ceTeBoM rpaduke (B 4aCTHOM CiIydae 3TO OJHa paboTa), B
KOTOPOH KOHEUHOE COObITHE OAHOM PabOThI COBIAAAET C HAYAJIbHBIM COOBITHEM CIIEIYIOLICH 3a
Hel paboThl. PaznuyaroT cienyronye BUIbI TyTEH.

Ilonnwplii nyms — 3TO MyTh OT MCXOJHOTO COOBITUS 70 3aBepiuaroniero. Kpumuueckui
nymp — MaKCHUMAaJbHBIM 1O MPOJOJDKUTENBHOCTH NOJHBIA MyTh. PaboThl, nexamwue Ha
KPUTHYECKOM IYTH, Ha3blBalOT kpumuyeckumu.loOkpumuueckuit nyms — TOJIHBIA IIyTh,
OnrKalIIui Mo JIUTEIbHOCTH K KPUTHYECKOMY ITYTH.

[TocTpoenue cetu SBISETCS JIUIIE IEPBBIM IIArOM Ha MYTH K MOCTPOSHUIO KaJeHIapHOTO
IiaHa. BTOpeIM I11arom sIBIsieTCSl pacyeT CEeTeBOM MOJENH, KOTOPbIM BBIMOJTHSIOT MPSMO Ha
ceTeBOM Trpaduke, MONb3ysACh MPOCTHIMH MTPABUIAMH.

2. lIpuHIUNBI pelIeHus 3a1a4.
K BpeMeHHBIM mapameTpam cOOBITHH OTHOCSTCS:

. Tp (I) — paHHHI CPOK HACTYIUICHHUS COOBITHS i. ITO BpeMsi, KOTOPOE HEOOXOIMUMO JIJIsI

BBITIOJIHEHUS BCEX paldoT, MPEIIECTBYIONIMX JaHHOMY COOBITHIO i. OHO paBHO HaMOOJIbLICH W3
HPOJIOIDKUTEIBHOCTH ITyTeH, IPEANIECTBYIOMNX JAHHOMY COOBITHIO.

. T,(i) —TO3JHUH CPOK HACTYIUICHUS COOBITHS i. DTO Takoe BpeMsl HACTYIUICHHUS
COOBITHSI |, TIPEBBINICHUE KOTOPOTO BBI30BET AHAJIOTUYHYIO 33JICPXKKY HACTYIUICHUS
3aBepUIAIONICTO COOBITHS ceTh. [103HMI CPOK HACTYILICHUS JIFOOOTO COOBITUS | paBeH Pa3HOCTH
MEX1y HPOJODKUTEIBHOCTHIO KPUTHYECKOTO IyTH W HAaWOOJNBINEH W3 MPOJODKUTEIBHOCTEH
nyTei, CIeIYIONINX 32 COOBITHEM I.

. R(i) — pe3epB BpeMEHH HACTYIUICHUS COOBITHSI I. DTO TaKOW MPOMEKYTOK BPEMEHH, Ha
KOTOPBIA MOXET OBITh OTCPOYCHO HACTYIUICHHE COOBITHS | O3 HapyIICHUs] CPOKOB 3aBEPLICHUS
npoekTa B IenoM. HauanbHble W KOHEYHBIE COOBITHS KPHUTHYECKHX pabOT MMEIOT HYJIEBBHIC
pe3epBBI COOBITHIA.

Paccunrannble YnCIeHHBIE 3HAYEHUS BPEMEHHBIX IapaMeTpPOB 3alHCBHIBAIOTCS MPSIMO B
BEPIIMHBI CETEBOT0 rpaduka (cM. puc.2).

i | Tp()

R(@) [Tn()

Pucynok 2 —OtobpakeHrne BpeMEHHBIX TTapaMeTPOB COOBITUI
B BEPILIMHAX CETEBOrO rpaduka

Pacuer pannux cpoxoB cBepiuieHus coObituit T (I) BeieTcst om ucxoonozo (M)

sasepuiarougemy (3) COOBITHIO.
IIpumeuanue. II0CKONBKY ATUTETHLHOCTH PAOOTHI MOXKET OBITH KaK HOPMAJIbHOHM T, Tak u

yckopennoit T_ (cM. m. 3), TO [uIss OOIIHOCTH HM3JIOKEHHUS OyaeM B JajbHeHmieM 0003HAYaTh
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TEKYIIYIO JUIMTETBHOCTh paboThl OykBoit { ¢ cooTBeTcTByIONIMM KOJOM pabOTHI, HApHUMED,
t,j), tl,j) ura
1. Jlns ucxomHoro cobsrTust U Tp (I/I) =0.

2. Jlns BceX OCTalbHBIX COOBITHIA iTp (I) = ma>{Tp (k) +t(k J)] , TI€ MaKCUMyM

OepeTcs Mo BceM paboTam (k, i) , BXOJISIIITUM B COOBITHE .

WHbIMU cOBaMH, paHHHUN CPOK HACTYIJICHUS COOBITHI — 3TO MaKCUMaJIbHAsl CyMMapHas
JUINHA ITYTH OT UCXOIHOTO COOBITHUS 10 JAHHOTO COOBITHS.

Ilo30nue cpoxu cBepiieHus coObITHi [ (I) PACCUUTBHIBAIOTCS OM 3a8epuianujeco K

UCXOOHOM) COOBITHIO.

3. Jlns 3aBepmaroutero codbrtus 3 T (3) =Ty (3) :

4. JIns BCeX OCTAIBHBIX COOBITHH T (I) = min[TH (j) -t (i J )] , TJIe MUHIMYM Gepercst

o BceM paboTam (I, j) , BBIXOZISIIIIMM M3 COOBITHA .

5. R(i) =Ty (i)~ T, (i)

NHpIMU crioBamMH, TO3IHUKA CPOK HACTYIUICHHSI COOBITUH €CTh Pa3HOCTh MEXIY
IPOIOJDKUTEIBHOCTBIO KPUTUYECKOTO MYTH W MaKCUMAJIbHOW MPOJOIDKUTENBHOCTBIO padoT,
JeKalX Ha MyTU OT JAHHOTO COOBITHS 10 3aBEPIIAIOIIETO

K naunbosee BaKHBIM BpeMEHHBIM apaMeTpaM padoT OTHOCSTCS

. TpH(i ,j) - paHHHMIt CPOK Havama paboThI;
J THH(i ,j) - IO3JHUI CPOK Hayaja paboThI;
. Tpo(i ,j) - paHHUIi CPOK OKOHYAHUS PAGOTEHI;

4 Tno (I ,j) - TIO3/THUM CPOK OKOHYAHMS PaOOTHI;

Jins kputaeckux pabor Ty (I,J) =Tg (i J ) 1 Tpo (i, j) :Tno(i J )
 Ry(i,]) - nommbiit peseps paboTsr mOKa3HIBACT MaKCHMATBHOE BpeMs, Ha KOTOPOE

MOYET OBITh YBEIMUYCHA MPOOKUTEIEHOCTh PabOTHI (i, j) WIN OTCPOYEHO €€ Hayaso, YTOObI

MMPOAOJDKUTCIILHOCTE  MPOXOAANICTO 4YCpC3 HEC MAKCUMAJIBHOI0O NOyTH HC MPCBLICUTIA
MPOJIOJDKUTEIIEHOCTH KPUTHYECKOTO TyTH. BakHeliiee CBOWCTBO IMOJHOTO pe3epBa pabOTHI

(I, j) 3aKITI0YaeTCsl B TOM, YTO €r0 YaCTUYHOE WIIM MOJTHOE UCIIOJIh30BAHUE YMEHBIIAET MOTHBIN
pe3epB y pador, Jexanmx ¢ padboToii (I, j) Ha OHOM MyTH. Takum 00pa3oMm, MOJHBINA pe3epB

NPUHAISKAT HE OJHOM IaHHOW pabore (I,j), a BceM paloTaM, JIeXaluM Ha MyTX,
MIPOXOJISIINM Yepe3 3Ty padoTy.
° RC(I,j) — cBOOOJTHBIN pe3epB padOTHI MOKA3bIBAET MAKCHMAaJIbHOE BpEMs, Ha KOTOPOE

MOKHO YBEJIUYHUTH MPOJOJLKUTEIBHOCTh PaOOThHI (I, j) WIA OTCPOYMUTH €€ Hayallo, He MEHs

paHHUX CPOKOB Hayaia mocienyromux pador. HMcmoms3oBanue cBOOOIHOTO pe3epBa OIHOU U3
paboT He MEHSET BEeTMYMHBI CBOOOIHBIX PE3E€PBOB OCTAIBHBIX pabOT CETH.

Bpemennsie mapameTpsl pabOT CeTH ONPEAETSAIOTCS Ha OCHOBE PAHHUX M IO3IHUX
CPOKOB COOBITHIA.

1) Tou (1) =T (1)
2) Too(i1J) =Tpli) +t( §) wan Too(i0) =Tpulid) +t (i)
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3) Tuolini) =Tuli);

4) Tl'IH(i’j) =Tn(j)_t(i J) nin Tl'IH(i’j) =Tn0(i J) _tG J );
5) Ry(i,) =Tulj) —Tpl) -t J):;

6) Rc(i1j) :Tp(j) _Tp(i)_t(i J)

Bpemennsie mapamerpsl paboT BHOCATCS B Ta0muiy. [Ipu 3ToM Koabl paboT 3aIMCHIBAIOT
B OTIPE/ICIICHHOM IOPSIKE. CHadaia 3aluChIBalOTCS Bce pabOThI, BRIXOASIINE U3 UCXOIHOTO, T.C.

MNepBoOro, CO6BITI/I$I, 34aTCM - BBIXOJAIINUC U3 BTOPOT'O COGBITI/IH, IMOTOM - U3 TPECTHETO U T. ..
PesepBamu BpemeHH, KpomMe pabOT M COOBITHH, OOJAJAIOT TIOJHBIE TYTH CETEBOM

Mozaend. Pa3HOCTB Mexay NPOJOJDKUTEIBHOCTb  KPUTHYECKOIO  IIYTH T(L Kp) u
IPOIOJDKUTEIBHOCTBIO JTI000T0 APYroro MOJHOTO MyTH T(L n) Ha3bIBACTCs IOJIHBIM PE3EPBOM

Bpemenu mytu L, T.e. R(LH) = T(LKp) —T(L H) . DTOT pe3epB MOKA3BIBAET, Ha CKOJIBKO B

CyMMe MOXKET OBITh YBEJIWYEHa MPOJIOJDKUTEIILHOCTh BCEX paboT MaHHOTO MmyTH L, 4To0nI mpu
3TOM HE U3MEHUJICS OOIIUI CPOK OKOHYaHMS BCEX PadoT.

Mertoarka ONTHMH3AIUU 3arpy3Kd CETEBBIX MOJEICH T0 KPUTEPUIO 'MUHUMYM
UCIIOJTHUTEIIEeH" .

[Tpu onTHMH3aMU UCTIONB30BaHUS pecypca paboyei CHIIBI Yalle BCETO CETEBhIE paOOTHI
CTpEMSITCS OPraHU30BaTh TAKUM 00pa3oM, YTOOBI:

* KOJMYECTBO OJTHOBPEMEHHO 3aHSTHIX UCIIOJIHUTENCH ObIII0O MUHUMAIBHBIM;

* BBIPOBHSATH MOTPEOHOCTH B JIIOJCKUX PECypcax Ha MPOTSHKEHHH CPOKA BBITIOJTHEHUS
IPOCKTA.

CyTh ONTUMH3AIMHA 3arpy3KH CETEBBIX MOJENEH 10 KPUTEPUIO 'MUHUMYM
UCTIOJTHUTENCH" 3aKIlo4aeTcss B CIEIyIOLIeM: HE00XOAMMO TakuM O0pa3oM OpraHM30BaTh
BBITTOJIHEHHS CETEBBIX PAa0OT, YTOOBI KOJIMYECTBO OJHOBPEMEHHO PabOTAONINX HCIIOJHUTEICH
ObUI0O MHHUMaIBHBIM. [ TpoBeleHUS MOMOOHBIX BHUIOB ONTUMH3ALUK HEOOXOIHMMO
MOCTPOUTP U TIPOAHATU3UPOBATE 2paPUK NPUBA3KU U 2PAPUK 3a2py3KUL.

I'pagux npuessku 0OTOOpaKkaeT B3aMMOCBS3b BBINOJHAEMBIX pPabOT BO BpPEMEHU U
CTPOMTCSI Ha OCHOBE JaHHBIX JH0OO0 O MPOJOJDKUTEIBHOCTH paboT (B JaHHOH J1aOOpaTOPHOM 3TO
Tu), MO0 0 paHHHX cpoKax Hayajla U OKOH4YaHUs pabot. [Ipu mepBoMm cnocobe moCTpoeHUs
HEOOXOAUMO TIOMHHTD, YTO BBIMOJHEHHE PaOOTHI (i, |) MOXKET HaYaThCs TOJIBKO MOCIE TOTO, KaK
OyayT BBINIOJHEHBI BCe mpeamectBytomue eit padotsl (K, J). Ilo éepmuxanvnoit ocu zpaguxa
NpUBA3KU OTKIANIBIBAIOTCS KOObl pAdom, nO 20PU3OHMANBbHOU OCU - OTUMEIbHOCHL PAdom
(panHee HaYaoO M paHHEe OKOHYAHHE padoT).

Ha epaguxe 3acpyskuno zopuzonmanvnoii ocu omxnaovliéaemcsa epems, HaupuMep B
THSIX, HO 6EPMUKAIbHOU - KOAUYECHE0 Yell06eK, 3aHATHIX paboToil B KaKIBIH KOHKPETHBIH
nenb. Jlns moctpoenus rpaduka 3arpy3ku He0OX0IUMO:

® Ha rpaduke NPUBS3KH HAJl KAKI0M pabOTOM HAMMKCATh KOJIMYECTBO €€ UCTIOJIHUTEIICH;

® [OACYUTATH KOJIMYECTBO PAOOTAIOMINX B KaX/IbIM IEHh UCTIOJIHUTENEH M OTIOXKUTH Ha
rpaduke 3arpy3KH.

I ynoGcTBa MOCTPOEHUs] W aHann3a rpaduku 3arpy3Kd W TPHUBSI3KU _CIEYET
pacrosiarath OJMH HaJI JPYTUM.

OnucanHble BUABI ONTUMHU3ALUKN 3arpy3KH BBIMOJHSAIOTCS 32 CYET CABHra BO BPEMEHHU
HEKPUTHYECKUX padoT, T.e. paboT, UMEIONIMX MOJHBIH W/UiaK CBOOOHBIH PE3epPBHI BPEMCHH.
[Honmublit M cBOOOAHBINA pe3epBbl 1000 pabOTBI MOXKHO ONpEAETUTh 0€3 CHeHaTbHBIX
pacyeToB, aHANM3UPYSA TOJBKO Tpadhuk mpuBs3ku. CaBur pabOTh O3HAYAET, YTO OHA OyAET
BBITIOJIHATHLCS YK€ B Opyeue OHu (T.e. M3MEHUTCS BpeMsI e¢ Havyajla U OKOHYAHHS), YTO B CBOIO
o4epeb IPUBEIET K U3MEHEHHIO KOJIMYECTBA MCIOIHUTENCH, Pa00TAIOIMX OJJHOBPEMEHHO (T.€.
YPOBHSI €KETHEBHOM 3arpy3KH CETH).
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MeTouka ONTUMM3ALUK CETEBBIX MOJIEIEH 110 KPUTEPUIO "BpeMs-3aTpaThl”

[enpro onTUMU3AIMH 110 KPUTEPHIO "Bpems - 3aTpaThl” SBISETCS COKpaIeHUE BPEMEHHU
BBITTOJIHEHHS TIPOCKTA B II€JIOM. DTa ONTHUMH3AIMS UMEET CMBICI TOJBKO B TOM Cllydae, KOrjaa
BpEeMsl BBIITOJHEHHSI PA0OT MOXKET OBITh YMEHBIIEHO 32 CYET TOIKIFOYEHHS JOMOTHUTEIBHBIX
PECYPCOB, UTO MPUBOIUT K MOBBIIICHUIO 3aTPaT Ha BbIMOJHEHHE padboT (cM. puc.3). J[ist oneHKH
BEJIMYMHBI JIOTIOJTHUTEIIBHBIX 3aTpPaT, CBSA3aHHBIX C YCKOPCHHUEM BBIMIOJHEHUS TOW WM HHOW
paboThI, UCTIONB3YIOTCS JINOO HOPMATHUBEI, TUOO TaHHBIC O BBHIMIOJHEHUU AHATIOTUYHBIX PaboT B
npoiwiom. [Tox mapamerpamu pabor Cy (i, ) u Cp (i, |) mOHMMaOTCS Tak Ha3bIBACMBIC npsiyble
3aTparhl, HEMOCPEACTBEHHO CBA3AHHBIC C BBITIOJTHEHUEM KOHKPETHOM PabOTHI.

Cx (i, ]) — mpsimble 3aTpaThl IIPH HOPMATBHOM TEYEHUH COOBITHIA,

Cu (i, J) — mpsimble 3aTpaThl IPU COKPALICHUN BPEMEHH COBEPILEHHS COOBITHIA 10 YPOBHSI
MOJKPUTUYIECKOTO.

Takum 00pa3oM, KocgewHble 3aTpaThl THUMA AJIMUHUCTPATHBHO-YIPABICHYCCKUX B
nporecce COKpAIIeHHs UIMTEIFHOCTH MPOEKTa BO BHUMAaHHWE HE MPHUHUMAIOTCS, OJHAKO WX
BJIMSIHUE YYUTHIBACTCS TPU BHIOOPE OKOHYATEIHBHOTO KaJICHIaPHOTO IJIaHa TIPOCKTA.

3arpaThl

Ch (i, j)

Ca(i)

rae  Ty(i, ]) — yckopeHHOE BpeMsl BBIIIOITHEHUS COOBITH,
Tu(i, j) — HOpMaIbHOE BPEMsI BBIMIOJTHEHUS COOBITHSI.

Pucynok 3 - 3aBucuMOCTb IPSIMBIX 3aTpaT Ha pabOTy OT BpEMEHU €€ BBIMTOJIHEHUS

Baxubimu mapamerpamu pabotsl (i, |) TMpu IMpOBEAEHUH JTaHHOTO BHA ONTHMH3AIMN
SIBJISIFOTCS
*  KoaGhuyuenm Hapacmanus sampam

e )-Cul)
=TT 6

KOTOpBIﬁ IMOKAa3bIBACT 3aTpaThbl ACHCKHBIX CPCACTB, H€O6XOI[I/IMI>I€ IJid COKpallCHUA

JUTUTEIBHOCTH PabOThI (i, j) Ha OJIUH JICHb,

* 3anac epemenu sl COKPAICHUS JTUTEILHOCTH PadOTHI B TEKYIIIUIA MOMEHT BPEMEHH

Zy(ii) =t () =Ty ).
rae tp (i : j) - NIUTETHLHOCTH pabOThI (i, j) Ha TEKyIIUH MOMEHT BPEMEHHU.
MakcumaibHO BO3MOYKHOE 3HaUE€HHE 3araca BpeMEeHH paboThl PaBHO
Zimax{i+]) =Tulld) =Ty i )-

Dta cuTyalusT MMEeT MECTO, KOrja JUIMTeNIbHOCTh paboThl (i, |) emie HU pa3sy He

COKpaIan, T.e. t, (i, j) =Ty (i, j)
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OO0mas cxeMa npoBeieHUs ONTHMHU3ALNH ' BpeMs - 3aTPaThl’
1. Micxons 3 HOPMaNbHEIX JIIMTENBHOCTEH paboT T (i, j) , OIIPEEIIAIOTCS KPUTHUECKHUE

L xp, ¥ MOJKPUTHYECKHE |, MYTH CETEBOU MOJIENH ¥ MX JUTUTEIBHOCTH TKp nu TH .

p
0
2.Ompenensiercss cyMMa NOpSMBIX 3aTpaT Ha BBINOJHEHHE BCETO MPOEKTa Cpp TP

HOPMaJIbHO! MPOJIOIDKUTEIIEHOCTH PadoT.

3. PaccMaTpuBaeTcst BO3SMOXKHOCTb COKPAILCHUS MPOJODKUTEIIEHOCTH IPOEKTa, IS YEero
aHATM3UPYIOTCS apaMeTPhl KPUTHYECKUX PabOT MPOEKTa.

3.1./Ins cokpamieHus BbIOMpaeTcss KpuUTHYeCcKas padora ¢ Min koddduuueHToM

HapacTaHUs 3aTpaT k(l, j) , AIMEIOIIAst HEHYJICBOM 3a11ac BDEMEHH COKPAIEHUs Z (i,j).

3.2.Bpems At(i,j), Ha KOTOpPOE HEOOXOIMMO CKaTh JUIMTENbHOCTh pabotsl (i, j),

OIpeeNseTcs Kak
A, j)=min[z (i, ).AT],
rie AT:TKp -T; — DpasHOCTb MEXAy JUIMTEIBLHOCTBIO ~KPUTHYECKOTO U

MOAKPUTHUYECKOTO MYTEHW B CETEBOU MOJIEIIH.

Heo6xoaumocTs ydera mapamerpa AT BbI3BaHa HelenecooOpasHOCTBIO COKPAIIEHHS
KpuTHdeckoro mytu Oonee yeM Ha AT enunun Bpemenu. B 3ToM cilydae KpHTHYECKHI MyTh
IepecTaHeT ObITh TAKOBBIM, a MOIAKPUTHYECKUN IMyTh HA00OPOT CTAHET KPUTUYECKHUM, T.C.
JUINTENIBHOCTh MPOEKTA B IEJIOM MPUHLUUINAIBLHO HE MOXKET OBbITh COKpalleHa OoJiblle, 4YeM Ha
AT .

4. B pe3ynbpTare C:KaTHsI KPUTHUECKOW pabOThl BpeMEHHbIE TapaMeTphl CETEBOM MOJENN
MU3MEHSAIOTCS, YTO MOXET NPHUBECTH K IOSBICHHUIO IPYIMX KPUTHYECKHX M MOJKPUTHYECKHX
nyteil. BcneactBue ynopoxaHus —YCKOPEHHOM pabOThl  0o0miasi CTOMMOCTb —IIPOEKTa
YBEJIIMYUBAECTCS HA BEJIUYUHY

AC,, = (i, j)at(i.j).

5. Jlnd M3MEHEHHOW CETEeBOW MOJEIM ONPEIEISIIOTCS HOBBIE KPUTHYECKHE U
NOJKPUTUYECKME NYTH M UX JAJIUTEIBHOCTH, IIOCIE€ 4Yero HEoOXOAUMO MPOAOJIKHUTH
ontumuzanuio ¢ mara 3. Ilpyu HanMM4Yuu orpaHuveHus: B ACHEKHBIX CPEICTBAX, UX HCUEpIIaHHE
ABJISICTCSA MPUUYMHON OKOHYaHMsI ONTUMM3alUUU. Eciu He yduThIBaTh MOJ0OHOE OrpaHUYEHHE, TO
ONTUMH3AIMIO MOXHO MPOJNOJKATh JIO TeX MOp, MOoKa y padoT, KOTOpbIE MOIJIU Obl OBbITH
BBIOPAHBI JUIs COKpAILleH!s, He Oy1eT ucueplaH 3arac BpeMEHH COKpaICHNU.

1.10JTexuust Ne16,17,18 (6 uaca)
Tema: «Oneparyy MaccoBOro 0OCTYKMBaHHUS»

1.10.1 Bonpocsl JIEeKIHHA:

1. CtpykTypa u Ki1accuuKaius CHCTEM MaCCOBOTO 00CTYKUBAHUS

2. MapKkoBCKU# CITy4ailHBIN MpoIecc

3. CucteMbl MacCOBOT0 0OCTYKMBAHUS C OTKA30M

4. CucteMbl MacCOBOTO OOCITY>)KMBaHHsI C HEOTPAHMYEHHBIM 0KHIaHUEM
5. 3aMKHYTbIE CUCTEMbI MACCOBOTO OOCTYKUBAHHS

1.10.2 Kparkoe cojgep:kaHue BOIPOCOB
1. CTpykTypa ¥ kjiaccupuKanusi CHCTEM MacCOBOT0 00CTyKUBAHUS
Hepe;[Ko BO3HHKACT HCOGXO,Z[I/IMOCTB B pCHICHUH BCPOATHOCTHBLIX 3aja4d, CBA3AHHLIX C
cucreMamu MaccoBoro oocayxuanus (CMO), mpumepamMu KOTOPBIX MOTYT OBITh:
*  bujeTHbIe KacCHl;

* PeMOHTHBIE MaCTEpPCKHUE;
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* Toproselie, TpaHCTIOPTHBIE, SHEPTETUUECKUE CHCTEMBI;
¢ (CHuCTEMEI CBA3MU,
* WT.
O6H_IHOCTB TAKHUX CUCTEM BBISIBIISICTCSI B €CINMHCTBEC MAaTCMATHUYCCKUX METOJ0B U MOI[GJIGI‘/JI,
MIPUMEHSEMBIX TIPU UCCIEAOBAHUH UX JIEATCITLHOCTH.

|OTpaciH HApO/JHOTO X03sTHCTRA |

IporsBOACTEEH- Brempomseoa- TpaHCIOpTHELE Cease BRI cIHTEMEHE e
Had chepa CTEEHHAL Cdepa TEQEBOSKH CETH
Crafkenne [Taprraaxep crme Tarcn Topopcias
— 1 - — CEAZE
Penont 1 MacTepoiae Mpysoprie Mexmyropon-
— HANAKA — - TIepeB0skH — HAA CEAYE
obopynoBaria
Koutpome ATelne TMaccamupcrae Hoctym k&
— KAYECTEA — — TIEPEBOSKH — I'BC
TP O Iy LTHE
Onroead | Pasneieme CTomaer
' pPO3HMYHAA — IPy30E Ha — 2aAKAI0B
TOPr OB CEIRIAX

Puc. 1. Ocnosnvie chepol npumenenus TMO

Ha Bxon B8 CMO mnocrtymnaeT moTok TpeboBaHUM Ha oOcTyKruBaHue. Hampumep, KIMEHTHI
WIA TAIMEeHTHl, TMOJOMKHA B 000pynOBaHMHM, Tele(OHHBbIC BHI30BBHL. TpeOOBaHMS IOCTYMAIOT
HEpETryJISIpHO, B  Cly4YailHble MOMEHTBbl BpemeHU. CiydailHbIii XapakTep HOCHT H
IPOIOJDKUTEIBHOCTh OOCITYXUBaHHs. DTO CO3/1aeT HeperyaspHocTb B padore CMO, ciayxur
PUYMHON ee Ieperpy30K U HeI0TPy30K.

CucteMbl MaccoBOro oOCTY)XKMBaHUsI O0JIAAAIOT PA3MUYHON CTPYKTYpOil, HO OOBIYHO B
HUX MO>KHO BBIJICJIUTh YEThIPE OCHOBHBIX JEMEHTA!

1. Bxopsimuii noTok TpeOOoBaHHIA.
Haxorurens (ouepens).
[Mpu6Gops! (kaHaIBI 0OCITY)KUBAHUS).
Brixoagimun noTox.

2.
3.
4.

ObCy:KHEAEMAd CHCTEMA ObcmyxHealIad cHCTEMa
(OBOKYIIHOCTE | Brogaumn Harxomirens MexaHuM Brxopaui
HCTOYHHK 0B MOTOK TpeboBaHHA obCMyKHBaHHA | IOTOK
Tp eboBaHui Tp ebopaHuH Tp eboBaHui

\ Tpebopanua, | Odepend oEH- [yl |:| -
NOCTYIAKNIHE | JRHLHE TPe-
\\ﬁ B CIyHaiEE DoEaHMH ,HI-IC-'_., |:| LR UbCoTy R eHHEIE
| MOMEHTH ITHIUIHHEA 04e- Tp e00BaHKA
BpEMEHH pem onpepe- |, I:] "
TAET MOP AN 0K
oBCITyEHEAHHA | Q*
TpebopaHui ) ODCITy K HBAK IIHE
YCTPOHCTEO

Puc. 2. Obwas cxema cucmem maccogoeo 0oCayricu8arns.
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- a
1 2 3 4 5
Ouepem IIpocToii kaHama
— E— —
0 1 , 3 t
> 6
1 2 3 4 5

Puc. 3. Mooenv pabomsi cucmemol
(cmpenxamu noxazanvl momenmol nocmynjieHusi mpebosanuil
cucmemy, npsAmMoy20IbHUKAMU — 8PeMSL OOCIYICUBAHUSL)

2. MapkoBckuii ciry4yaiiHblii mpouecc

CucreMa MaccoOBOr0 OOCIY)KHBAaHHUS TIPEICTABISET COOOM CUCTEMY IMCKPETHOTO THUIIA C
KOHEYHBIM MJIH CUETHBIM MHOKECTBOM COCTOSIHHM, a TIEPEXO]] CUCTEMBI M3 OJHOTO COCTOSIHHS B
JPYTrOE MPOUCXOMUT CKAYKOM, KOT/Ia OCYILECTBIISIETCS KaKOe-HUOY b COOBITHE.

[Ipomecc HA3BIBAECTCA MPOUECCOM € OUCKPEMHBIMU COCHIOAHUAMU, €CIU  €TO0
BO3MOJKHBIEC COCTOSIHUS S}, S,,S;,... MOXKHO 3apaHee IepeHyMepOBaTh, U EPEXOJ CUCTEMBI U3

COCTOSIHUSI B COCTOSIHME MPOUCXOIUT MPAKTUYECKU MTHOBEHHO.

Takue nponeccsl ObIBAIOT JBYX THIIOB: C JUCKPETHBIM UM HEMPEPHIBHBIM BPEMEHEM.

B ciaywae nuckpeTHOro BpEMEHM IEpPEXOAbl M3 COCTOSIHMSL B COCTOSSHME MOTYT
IMPOUCXOIUTh B CTPOrO OMNpPENEICHHbBIE MOMEHTHI BpeMeHH. lIporecchl ¢ HempepbhIBHBIM
BpPEMEHEM OTJIMYAIOTCA TEM, YTO MEePEeXOJ] CUCTEMbl B HOBOE COCTOSHHE BO3MOXEH B JIIOOOH
MOMEHT BPEMEHH.

CnydaiiHBIM MPOLIECCOM HAa3bIBACTCSI COOTBETCTBHE, MPU KOTOPOM KaXKIOMY 3HAUEHHUIO
aprymMeHTa (B JaHHOM Cly4ae — MOMEHTY M3 MPOMEXKYTKa BPEMEHH MPOBOJUMOIO OIIbITA)
CTaBUTCS B COOTBETCTBHME CilydaiiHas Benu4yuHa (B JaHHOM ciydae — cocrosaue CMO).
Cnyyaiinoii éeauuunoll Ha3bIBACTCS BEIUYMHA, KOTOpas B Pe3yJbTaTe OIMbITa MOXKET MPHUHSITH
OJIHO, HO HEM3BECTHOE 3apaHee, KaKO€ MMEHHO, YMCIIOBOE 3HAYEHHME M3 JAHHOTO 4YHCIOBOIO
MHO>KECTBA.

[TosToMy nist perieHusi 3agad TEOPHH MAacCOBOTrO OOCIYKMBaHUS HEOOXOIUMO STOT
CIIy4ailHBIN MpoIlecC H3YYHTh, T.€. MOCTPOUTH W MPOAHAIMU3UPOBATH €0 MaTEMaTHYECKYIO
MOJIENb.

Cnyuaiinwiii npoyecc Ha3bIBACTCS MAPKOBCKUM, €CTIU [ TIOOOTO MOMEHTa BpemeHH g

BEPOATHOCTHBIE XAPAKTEPUCTUKH Tpollecca B OyAyIIeM 3aBUCAT TOJBKO OT €r0 COCTOSIHHS B
JaHHBII MOMEHT {(j ¥ He 3aBHCAT OT TOro, KOI/[a ¥ KaK CHCTEMa IPHIILIA B 3TO COCTOSHUE.

[lepexoapl cuCTEMBI U3 COCTOSHUS B COCTOSIHAE MPOUCXOIUT IMOJ JEHCTBUEM KAKUX-TO
MOTOKOB (ITOTOK 3asBOK, MOTOK OTKa30B). Ecii Bce MOTOKU COOBITHI, MPUBOMASIIUE CUCTEMY B
HOBOE COCTOSIHUE, — IPOCTEUIINE TyaCCOHOBCKHE, TO MPOLECC, MPOTEKAIOUINil B cucteme, Oyner
MapKOBCKUM, TaK KaK IMPOCTEHINHMIA MOTOK HE 00NaJaeT MOCIEeACTBUEM: B HEM Oyayliee He
3aBUCUT OT MPOILIOTO.

[Ipumep MapKOBCKOTO MpoIliecca: cucreMa S — cuerunx B TakcH. COCTOSAHME CHCTEMBI B
momeHT [ XapakrepusyeTcst 4uciIOM KMIOMETPOB (IECATHIX H0JIEH KMIOMETPOB), IPOMIEHHBIX

aBTOMOOHIIEM J0 AJaHHOIro MOMCHTA. HYCTB B MOMCHT to CUCTUHUK IIOKa3bIBaAcCT S)

BepOHTHOCTB TOro, 4YTO B MOMCHT t > to CUCTYHK MOKaKCT TO WM MHOC YHCJIO KUIIOMCTPOB
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(To4uHEe, COOTBETCTBYIOIEE YHCIIO pyOIieii) Sl, 3aBHCUT OT SO' HO HE 3aBUCUT OT TOTO, B

KaKne€ MOMCHTEI BpEMCHU U3MCHSAJIMCH IMOKAa3aHUs CYETYUKa 10 MOMCHTA to .

MHorue npoueccsl MOKHO IMPUOJIMKEHHO cUMTaTh MapkoBckuMH. Hampumep, npomecc
UIpbl B IIAXMAaTbl. CUCTEMaA S - rpynna maxmaTtHeix ¢uryp. CocTosHUE CHCTEMBI

XapakTepu3yeTcss YUCIOM (GUIyp NPOTUBHUKA, COXPAHUBIIMXCS HA JIOCKE B MOMEHT tO'

BeposaTHOCTH TOT0, 4TO B MOMeHT { > tO MaTepuaIbHBIN MepeBec OyAeT Ha CTOPOHE OJHOTO U3
MPOTUBHUKOB, 3aBUCUT B MEPBYIO OYEPEAb OT TOTO, B KAKOM COCTOSIHUM HAaXOJMUTCS CUCTEMA B

JTAHHBI MOMEHT tO’ a HE OT TOro, KOTJla U B KaKOH IMOCIIE0BATEILHOCTH UCYE3TH (UTYPHI C

nocku 10 Momenta L.

3. CucreMbl MacCOBOIo 00CTY:KMBAHUS € 0TKA30M

B cucremax ¢ oTkazamu 3asBKa, MOCTYNUBIIas B MOMEHT, KOIJa BCE€ KaHaJbl
O6CJIy)I(I/IBaHI/I$I 3aHATBI, HCMCIJICHHO ITOJYYacCT OTKa3, MOKHUAACT CUCTCMY U B ,Z[a.HBHel\/'II_HeM B
nporiecce 00CIyKUBaHHsI HE Y4acTBYeET.

HNwmeercs N kaHainoB B OOCIY)KMBAaHUHM, Ha KOTOpPbIE IIOCTYNaeT IOTOK 3asBOK C
VMHTCHCUBHOCTBhIO A. [IOTOK 0OCITy)XKMBaHWS MMeEET WHTEHCHBHOCTh | (BelWuYMHA, oOparHas

cpenHeMy BpeMeHH oOciyxuBanus { ). TpeOyercst HaiiTu BeposiTHOCTH coctostHuid CMO u

obcn
XapakTepUCTUKH €€ 3(HPEKTUBHOCTH.

Tak kak 00a OTOKa — 3asIBOK U OCBOOOXKICHUN — MPOCTEHIIIHE, MPOIIeCC, MPOTEKAFOIIHIA
B CcHUCTeMEe, OyJeT MapKOBCKHM. PaccMOTpUM €€ Kak CHCTEMY C KOHEYHBIM MHOXKECTBOM
COCTOSIHHUIM.

Sy — cBOGOIHBI BCE KaHATBI;

S| — 3aHAT POBHO OJMH KaHAI;
S, — 3ausrsl K kaHaios;
S,, — 3amsTHI BCe N KaHANOB/

Yepes B (t) oGosmaumm BeposATHOCTH TOTO, 4TO B MOMEHT BpeMeHH t cucrema Gyser

HAaXOJIUTBCS B COCTOSIHHUH S .

[Ipocreiimue 3agaun A1 CUCTEM MacCOBOTO OOCTYKUBaHUS C OTKa3aMU OBLIHM BIIEPBbIE
pemrensl A.K. Dpmanrom. MM ke Obu BeIBeI€HBI (OPMYITBI OLIEHKH (DYHKIIMOHUPOBAHUS ITUX
CHUCTEM MPHU YCIOBUHU MOCTYIUIEHUS MPOCTEHIIErO MOTOKA 3asIBOK U JJI TOKA3aTEIbHOIO 3aKOHA
pacripenienieHust BpeMeHH 00CTyKUBaHUS.

Jlisg ycTaHOBMBILIETOCS Mpoliecca OOCITY)KMBAHHS MPHU 3TUX YCIOBHUSAX DpIIaHT MOTYYUII
CJIEYIOINE 3aBUCUMOCTH.

* BeposATHOCTH TOro, uTO 0OCHYXHMBaHHEM 3aHATHI KanmapartoB (MMHUE, TpUOOPOB U

T.IL.):

R=—K_, (0<ks<n), (1)
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rae P = —, K —KomuuecTBo 3aHATHIX allapaTos,

A —HMHTEHCHBHOCTbH ITOTOKA 3asiBOK,

L — MTHTEHCUBHOCTH TIOTOKA OOCITY)KHBAHHUSI.

Yacmuvie cayuau.

* BeposaTHocTh mpocTos (TOro, 4To Bce OOCTYKHMBAIOIIKE ammapaThl CBOOOIHBI, HET
3asIBOK):

Bt

n pk

k=o K!

e BeposATHOCTL OTKa3a (BEPOATHOCTH TOIO, YTO BCE OOCITYKHBAIOLUIKE IPUOOPHI
3aHSATHI):

(2)

P
_p_-n _nRK
Fome =P =" =P - 3
L n
k=0 K!

Otcroia HaXOJUM OMHOCUMEILHYI0 HPORYCKHYI0 CHOCOOHOCHb, T.€. CPEIHIOK OO
NPUINEANINX 3asBOK, OOCIYXHBaEeMbIX CHCTEMOH, — BEPOSATHOCTh TOTO, YTO 3asBKa OyaeT
obcyxeHa:

P.. =1-P_=1- n& 4
obcn omk P nl . (4)

Abcontomuyro nponycKHyl0 cROCOOHOCHb, T.€. CPETHEE YHCIIO 3asIBOK, 00CITYKHBAEMBIX
B ¢AWMHUIY BPCMCHH, IOJYUIUM, YMHOXUB HHTCHCHUBHOCTL ITOTOKa 3a4BOK Ha OTHOCHUTCIIbHYIO
MIPOITYCKHYIO CTIOCOOHOCTb!

A=A\ P06CJZ.

AOcomoTHas TIPOMYCKHAsl CIIOCOOHOCTh — 3TO WHTEHCHBHOCTH TOTOKa OOCITY>KEHHBIX
CHCTEMOM 3asBOK, a KaKIbId 3aHATHI KaHAJI B €IWHUILY BPEMECHU OOCITY)XHBAET B CPEIHEM L
3asBOK. 3HAUUT, CPeOHee YUCI0 3AHAMBIX KAHAI06 PABHO

E = é = pPoécxz. (5)
V]

JloJist KaHAJIOB, 3aHATHIX 00CTYyXUBaHHEM (K03 QUIIMEHT 3arpy3KH):

Q0
I
S| =

4. CucteMbl MAaCCOBOT0 00CTYKUBAHUS C HEOTPAHUYEHHBIM OKHIAHUEM

ITycts nmeercs N-ka"anpHass CMO ¢ ouepeiblo, Ha KOTOPYIO HE HAJIOKEHO OIpPaHUYEHUM
HU IO JUIMHE O4Y€pEeaH, HU 110 BPEMEHH OXKXUAAHMA. B CHily HEOTpaHUYEHHOCTH OYepeIn KaKIas
3as1BKa PaHO WX MO3JHO OyAeT 00cTyKeHa, TOATOMY

P..=1 P, =0

[ OMmK
Jlnst CMO ¢ HeorpaHHYEHHOH 04epeibio HaKJIaabBaeTcs orpanndenne — < 1.
n

Ecnu 510 ycnoBue HapyiieHo, TO 04epeb pacTeT 10 0ECKOHEUHOCTH, HACTYIAeT SIBJICHHE
«B3PBIBA».
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* Bepoamnocms npocmos (TOro, 4To Bce 0OCTY)KMBAIOIIUE anmaparbl CBOOOIHBI, HET
3asBOK):

_ 1
PO T on Ak n+l ’ (7)
S
ko k! nl(n—p)
d Bepo;lmnocmb 3anamocmu oﬁcﬂyofcueauuem k Kananioe.
P
R =p=2, 1<ksn (8)

* Bepoamnocms 3anamocmu 00cayyucusanHuem 6cex KAHAN08 HPU OMCYMCHMEUU
ouepeou.

_nh
IDn =P H ©)

* Bepoamnocms nHanuuusn ouepeou eCtb BEPOSITHOCTh TOTO, YTO YHCIO TPEOOBAHUU B
cucreMme OOoJIbIIE YMCIa KAHAJIOB!

1 R
n(n-p)

* Bepoamnocms 01s 3an6Ku nOnAcmo 6 04epedb SCTh BEPOSITHOCTh 3aHITOCTH BCEX

KaHAJIOB, 3Ta BEPOSATHOCTh PAaBHA CYMME BEPOSITHOCTEM HAJIMYUS OYEpPEAM M 3aHSITOCTH BcexX N
KaHaJIOB MPU OTCYTCTBUU OUEPEIH:

P,=p" (10)

P
P, =P, +P, =p" 0 . (11)
30dH n oy (n _1)!(n _ p)
* Cpeodnee yucno 3aHAMBIX 00CAYIHCUBAHUEM KAHAIO86.
= _A
k=—=p. (12)
91
*  [Mons kananos, 3anameix 06cnysicusanuen.
_k
q=-. (13)
n
*  Cpeonee uucno 3a160kK 6 ouepeou (JyIMHA OUYCPEIN)
P
L=p™ 0 . (14)
(n-D)(n-p)*
*  Cpeonee uucno 3a180K 6 cucmeme
M=L+k=L+p. (15)
*  Cpeonee epemsa oxcuoanus 3aa6Ku 6 ouepeou
L
t=—. (16)
A
*  Cpeonee epemsa npebdvieanus 3aa6Ku 6 cucmeme
1 M
T=t+=, T=-—. (17)
U A

5. 3aMKHYTBIe CHCTEeMbI MACCOBOI0 00CIYKUBAHNS

Nmeercsa N-kananpHas CMO ¢ oxuaaHueM, B KOTOPOM KOJMYECTBO 3as1BOK, CTOSIIUX B
oqepezm, OFpaHI/I‘-IGHO YHUCJIOM M, T.€. 3asi1BKa, 3acTaBliasd BCE KaHAaJbI 3aHATHEIMH, CTAHOBUTCSI B
odepesib, TOJIBKO €CIIM B HEH HaXOUTCS MEHEee M 3asBOK.

ECHI/I YHUCJIO 3as4BOK B oqepe;m paBHO M, TO IMOCJICITHAA HpI/IGBIBI_HaH 3as51BKa B oqepem: HEC
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CTaHOBUTCA U MIOKUJAECT CHCTEMY HEOOCTyKEHHOM.
CucrteMbl ¢ OrpaHHYEHHOM O4YEpelbI0 SABISIOTCA OOOOIIEHHMEM [BYX PACCMOTPEHHBIX
panee CMO: npu m = Ononyyaem CMO c oTkazamu, ipu M = oo moxydaeM CMO ¢ oxunanuem.

*  Beposmuocms npocmos (TOro, 9To BCe 00CTYKUBAIOIIKE araparsl CBOOOIHBI, HET
3a5BOK):

B = L ) (18)

n& n+1 _ Em
Yt am-p) " (n)

*  Bepoamnocmb omkasa 6 06CAyHcUBAHUUPABHA BeposiTHOCTH P, Toro, 4ro B

oYepear YKE CTOSAT M 3asBOK:
n+m I30
nin™

*  OmmuocumenvHas nponycKHAsa CHOCOOHOCMb €CTb BEIUYMHA, JOIOIHSIOIIAS
BEPOSTHOCTH OTKa3a /10 1, T.e. BEpOSATHOCTH 0OCTYKHBAHUS:

Pox = Poam =P (19)

P06CJZ =1- Pomzc
(20)
*  Ab6conromuan npoOnyCcKHas cnOCoOHOCHbOTIPEICIISETCS PABEHCTBOM:
A= /] (1 POWH(’ ) /]P obcn (21)
*  Cpeodnee uucno 3aHAmMbIX 00CIYHCUCAHUEM KAHAIOE.
— A
k=—= obcn (22)
7,

*  Cpeonee uucno 3a:160kK 6 ouepeou (CpeHss ATHHA OUEPETH)

pnP B B (m+1)(pjm+l N n(p}m+2
0 n n n

L= . (23)

o}

*  Cpeodnee spemsa 04#cuOaAHUA 0OCTYHCUBAHUA 8 OUEPEOU

L
t=—. (24)
A
* Cpeodnee uucno 3aA60K 6 cucmeme
=L+k. (25)
*  Cpeonee spems npedvleanus 3a16KuU 6 cucmeme
1 M
T=t+-, T=_. (26)
U A
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2. METOAUYECKHUE YKA3AHUA 110 BBIITOJIHEHUIO JIABOPATOPHbBIX
PABOT

2.1 JladopaTopHas padora Ne JIP-1,2 (4 yaca)
2.1.1 Hean padorsl: U3yunTh HTPOBBIE METOABI NPUHATHSA PelIeHuii
Tema: «ArpoBble MOAeIM NPUHATHS PeLIeHHIT»

2.2.2 3ana4u padoThI:

1. OcHOBHbIE OHATHUS TEOPUH UTP

2. IInaTexxHast MaTpULla AHTaTOHUCTUYECKUX UTP
3. 'eomeTpuyeckoe pelieHue urp

4. bumatpuyHbIe Urpa

5. KoomnepaTuBHbIe UTPBI

2.1.3 Onucanue (x01) padoThI:

1. OcHoOBHBIE IOHATHUS TEOPUH UTP

OpHuM M3 BaxHBIX pasaenoB «lccienoBaHUs oOlepalUil» SBISETCS meopus uep,
IpeJCTaBisIIoNasl co0oil TeopeTHUeCKHe OCHOBBI MAaTEMaTHYECKUX MOJENed NPUHATHUS
ONTUMATBHBIX PEHICHUH B KOH(PIUKTHBIX CHUTYallUsX PHIHOYHBIX OTHOIICHUH, HOCSIINX
XapakTep KOHKYPEHTHOM 00pbObI, B KOTOPBIX OJIHA TPOTUBOOOPCTBYIONIAs] CTOPOHA BBIMTPHIBAET
3a cYeT NMpOMTIphIa Ipyroil. Hapsany ¢ Takod cuTyanuel B TEOpPUM NPUHATHS PELICHUN TaKXKe
paccMaTpuBalOT TaK HA3bIBa€Mble CUTYAIMIO PUCKA U CUTYAlMIO HEONPEAENEHHOCTH, KOTOphIE
UMEIOT Pa3IMYHBIC MOJETH U TPEOYIOT Pa3HBIX KPUTEPUEB BHIOOPA ONTUMANIBHBIX pelieHuid. B
CUTYyalluul PHUCKa IMPENINoJaraloTCsl U3BECTHBIMH HE TOJHKO BO3MOXKHBIE YCIIOBHS, B KOTOPBIX
HY)KHO IIPUHUMATh PELIECHUE, HO U BEPOSATHOCTU UX MOSABIEHUA. B cuTyanum HeonpeaeaeHHOCTH
BEPOATHOCTH YCJIOBUHM HEWU3BECTHbl W HET HUKAKOW BO3MOXHOCTH TMOJNYYUTh O HHUX
JIOTIOJTHUTEIBHYIO CTaTUCTUYEeCKYl0 HH(popmanuio. Okpykaromas pelieHne 3aJadd Ccpefa,
KOTOpasi MPOSIBISIETCS. B T€X WJIM MHBIX YCIOBUSX, HA3bIBACTCS npUpoOoti, a COOTBETCTBYIOIINE
MaTeMaTUYECKHE MOJeIN Ha3bIBAIOTCS uepamu Ccnpupoooti 17R107 1 meopueti
cmamucmuyecKuxpeuleHul.

Teopuss wurp Opima cucremarndecku wusnoxkena JIDK. ®on Heiitmanom u O.
MonrepmtepaoM B 1944 rony. OHu Hanmucany KHHUTY, KOTOpasi coaepKaia TJIaBHBIM 00pa3oM
HKOHOMHYECKHUE MPUMEPHI, ITOCKOJIBKY SKOHOMUYECKOMY KOH(IIUKTY JIerde MpUAaTh YUCICHHYIO
dbopmy. Teopus wurp wucmoib3yercs B 00JacTH 3KOHOMHKHA W TIPOM3BOJACTBA, OW3HEca u
(MHAHCOB, CEIBCKOTO XO3s5IiICTBa M BOCHHOT'O Jieja, OMOJIOTUM U COLMOJIOTHH, TICUXOJIOTHH U
nonutosoruu. K HacrosiieMy BpeMEHU TEOpUs WUTP pa3BHIIaCh B CAMOCTOATEIbHYIO 00JIacTh
MaTEMaTUKU M MOXKET pacCMaTPUBATHCS HE3aBUCHUMO OT €€ MPUIIOKEHUM K peaibHbIM UTPOBBIM
cutyarnusaM. [lo muenuro nmaypeara HobGemeBckoit mpemun 1mo skoHomuke 3a 1994 r. Hbomia,
TEOpHs UTP BOOOIIIE ChIrpalia BAXKHYIO POJIb B HHTEIUICKTYATbHOMN XU3HU XX BEKa.

Ha mpakTuke 4acTo MpHUXOIWUTCS CTaJKUBATHCA C 3ajayaMd, B KOTOPBIX HEOOXOIHUMO
IPUHUMATD PEIICHUS B YCIOBUSAX HEOIPENEIECHHOCTH, TO €CTh BO3HUKAIOT CUTYalllH, B KOTOPBIX
nBe (uau Oosiee) CTOPOHBI MPECIEAYIOT pa3IUYHbIC IETH, a Pe3yIbTaThl JH000r0 IeiCcTBUS
KQXXJIOM U3 CTOPOH 3aBUCAT OT MEPONPUATUN MapTHepa. Takue cUTyaluu, BO3HUKAIOLIUE IIPU
Urpe B [IaXMaThl, IIANIKW, JOMHHO, CUTyallUM Ha pPBIHKE, KOTJa BBIXOAUT HECKOJIBKO
IPOU3BOAUTENCH C OAMHAKOBBIM TOBAPOM (OJIUTOTIONHS), OKYIIATeNb U MPOJIABELl, IIOCTABIINK U
notpedurens, 0aHK U KIUEHT. To ecTh MPUMEpPOM TEOPUU WP SIBISIIOTCS TaKHe CUTYyallud, B
KOTOPBIX BaXXKHYIO POJb HMIPAlOT KOH(IUKTHI M COBMECTHBIC aeiicTBus. KoHpmukr moxer
BO3HUKHYTh TaKXe M3 pa3iuuus LeJei, KOTOpble OTpa)kaloT HE TOJIbKO HECOBMAJAoIne
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HHTCPCChblI Pa3JIMYHbIX CTOPOH, HO W MHOI'OCTOPOHHHUEC HUHTCPCCHI OJHOI'0O M TOro KC JIMIaA,
HarpuMep pa3padO0TIYUK IKOHOMHUYECKOHN MOJMTHKH OOBIYHO TPECIIENyEeT pa3HOOOpa3HbIC IENH
(pocT 0OBeMa MPOU3BOICTBA, MOBBIIICHUE J0XO0I0B, CHUKCHUE KOJIOTMYSCKON HArpy3KH).

Takum o00pa3oM, Teopuss Wrp HU3y4aeT M pPacCMaTPUBAET METOAbI OMNpPEEICHUS
ONTUMAIBHOTO TOBEACHHUS NPHU YIPABICHUU CHUCTEMaMH, B KOTOPBIX XapaKTepHO HalIU4ue
KOH(IMKTHOU cuTyaruu (CTONKHOBEHHE MHTEpecoB). /i KOH(MIMKTOB XapakTEpHO TO, YTO HU
OJIMH U3 €ro YYacTHUKOB 3apaHee HE 3HAeT pEUICHUM, MNPUHUMAEMBIX OCTAJIbHBIMU
ydyacTHUKaMu. J[pyrumu ciioBaMH, YYaCTHUKH KOH(JIUKTOB BBIHY)KJEHBI JE€HCTBOBATH B
YCIIOBHSIX PHUCKa U HeompeaeneHHocTH. HeonpeneneHHOCTh UCXO0/I0B MOXET MPOSIBISATHCS HE
TOJIbKO B pe3yJbTaTe CO3HATENbHBIX JIEHCTBUN JPYrUX YYaCTHUKOB, HO W KaK pe3ysbTar
JIEUCTBUH TeX WU UHBIX CTUXUUHBIX CHIIL.

B cBere «reopuun Urp» MOKHO pacCMOTPETh SKOHOMHKY, OOIIIECTBEHHbIE HAYKH, OU3HEC
U TIOBCEJHEBHYIO XHU3Hb. K mpumepy, B 3KOHOMHUKE C TOYKU 3PEHUS «T€OPUU HIP>» MOXKHO
00BSCHUTH TOPTOBBIE U LIEHOBBIE BOMHBI. KpoMe Toro, HeKOTOphie 0003peBaTENN MMOJIAratoT, UTo,
UCTIONB3YS 3Ty TEOPHUIO0, MOKHO MOKa3aTh MPUUMHBI TAKOTO (PEHOMEHA, KaK <«MaJIOMOIBIKHBIC»
1IeHbl. B COOTBETCTBUY C 3TON TeopHei PUPMBI 3aKITIOYAIOT HEYTO BPOJIE TAHOTO COTJIAICHUS O
npeo0safaroieM 3HAYCHHUU IICHBI (CKaXeM, eClu pedb HuaeT 00 aBTOMOOWIBHOM WM
CTAJCITUTCHHON MPOMBIIUIEHHOCTH). [lociie TOro Kak OHH MPHILIM K COMIAIICHUIO, (UPMBI
OTKa3bIBAIOTCS IOHUKATh WM MOBBILIATH LIEHBI, TAK KaK B IPOTUBHOM Clly4ae YYaCTHUKH PbIHKA
OyIoyT paccMaTpuBaTh TaKU€ M3MEHEHMsI KaK CUTHaJl OOBSIBICHUS SKOHOMHYECKOH BoOMHBI. C
MOMOIIBI0 TEOPHH UTP MOXHO TaKXKe OOBSICHUTH, MOYEMY MHOCTPAHHAS KOHKYPEHIIUS MOKET
MIPUBECTHU K 00JIee 0KECTOUCHHOM 1IEHOBOM BoitHE. UTO ciyunTes, eciu ssmoHCcKas pupma BoleT
Ha aMEPUKAHCKUU PBIHOK, Ha KOTOPOM YK€ CYIIECTBYIOUIME KOMIIAHUM TaHO JOTOBOPUIIUCH
HA3HAYUTh BBICOKYIO LIeHY? 3apyOekHble (PUPMBI MOTYT «OTKa3aThCsl UTPATh B ATY UTpy». OHU
npocTo OyayT CHUXKATh ILIEHBI B IENSAX OBIaJCHUSA Oonbineid noneil peiHKa. CroBOp MOXKET
pa3pyLIUTHCS.

Jljiss TpaMOTHOTO pelIeHUs 3a7ad ¢ KOH(MIMKTHBIMUA CHUTYAI[UsIMU HEOOXOIMMBI HAyYHO
000CHOBaHHbIE MeTOIbl. Takue MeToAbl pa3paboTaHbl MATEMATUYECKON Teopuel KOH(IMKTHBIX
CUTYaIlNi, KOTOPbIE HOCAT HAa3BAaHUE KTEOPUS UTP>.

Besakas mpereHnyromas Ha aJeKBaTHOCTh MAaTe€MaTH4ecKas MOJEIb COLMAIBHO-
HSKOHOMHYECKOTO SIBJICHHUS JOJDKHA OTPaXKaTh MPHUCYIIHME €My YepThl KOH(IMKTA, TO €CTb
OINMCHIBATE!

a) MHOXECTBO 3aMHTCPCCOBAHHBIX CTOPOH, KOTOPBIC HA3BIBAOTCA UTPOKAMH;

0) BO3MOXHBIC JICHCTBUS KaX IO U3 CTOPOH, UMEHYEMBIE CTPATEIMIMHU WIIA XOIaMHU;

B) MHTEPECHI CTOPOH, MPEACTaBICHHbIC (YHKIMSIMU BBIMTphINa (IJIaTexa) s KaXkaoro
U3 UTPOKOB.

Cama Mozenb KOH(IMKTHOM CUTYaIlMH HAa3bIBACTCS] UTPOH.
2. TlnaTrexxHast MATPUIA AHTATOHUCTHYECKHX UTP

Crparerueii Wrpoka Ha3bIBa€TCSI COBOKYIMHOCTh TIPABWJI, OIPEIENAIONMX BHIOOp
JeUCTBUS TPU KaXKJOM XOJI€ B 3aBUCHUMOCTH OT CIIOKUBLIEHCS cUTyalnu. UTOOBI peluTh Urpy
WIA HAlTH pEUIeHWe WIpPbI, clexyeT M KaXIOro WMrpoKa BBIOpaTh CTPATEruio, KOTOpas
YIOBJIETBOPSIET YCIOBHIO ONTUMAIBHOCTH, TO €CTh OJUH M3 UTPOKOB ITOJy4aeT MaKCUMaIbHBIN
BBIUTPBILI, KOTJa BTOPOM IPUACPKUBACTCA CBOCH CTpareruu. B TO ke Bpems BTOPOM HUIPOK
JOJDKEH MMETh MUHHMMAJIBHBIM IIPOUTIPBILI, €CJIM IEPBBbIM IPHUIEPKUBACTCS CBOEH CTPATErHH.
Takue cTpaTeruy Ha3bIBatOTCSI ONTUMAJIBHBIMU.

OnTuManLHBIC CTPaTCerun MOOJIKHBI YAOBJICTBOPATH YCIOBUIO YCTOﬁQHBOCTH, TO €CTb
.HI060My N3 UT'POKOB HOJIKHO OBITh HEBBITOJHO OTKAa3bIBaThCI OT CBOCH CTPAaTCruv B 3TOM urpe.
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Ecnu urpa moBTOpsieTCss MHOTO pa3, TO HMIPOKOB  MOXET HHTEPECOBATh HE BBIUTPHIII U
HPOUTPBINI B KAK0H KOHKPETHO# MapTHH, & CPEAHUI BHIMTPHINI (TIPOUTPHIII) BO BCEX MAPTHSX.

QGHBIO TCOpUU UTP ABIACTCA OIPCACIICHUC ONTHUMAaIbHOHU CTpAaTCrun IJid KaKaA0ro
UTPOKA.

Bemwrpei— 3to Mepa 3¢ dexra s urpoka. B Teopuu Urp BEIMTPHIII JOJDKEH U3MEPSThCS
00513aTeJIbHO KOJIMYECTBEHHO.

B ciiyuae koHe4HOH UTphI ABYX JHIl (PYHKIMU BBIMTPHINIA KAXKI0TO U3 UTPOKOB yIO0OHO
IPEJCTaBISATh B BHJIE€ MaTPUIIbl BBIUTPHINIEH, TJI€ CTPOKHU MPEICTABIAIOT CO0OM cTpaTeruu
OJTHOTO UTPOKA, a CTOJIOIBI — CTPATErHH APYroro. B KieTkax MaTpuIlbl yKa3bIBAIOTCS BBIUTPBIIIH
KaKJIOTO M3 MUTPOKOB B KaKIOW M3 oOpasyromuxcs curyarnuid. Jlanaas dopma npeacTaBieHUs
KOHCYHBLIX UI'P HA3bIBACTCA <«MATPUYHBIC UTPHI».

[Tpumep pemrenus 3agaun. Mrpa B «opiistHKY».

Ecnu 06a BeIOMparoT oguHakoBbie cTparteru (00a roBopst “open”), To 1-if BRIMTpHIBACT
1 py6b (a BTOpO# MPOUTPBIBACT); €CIIA BHIOUPAIOT pa3HbIE, TO 2-i BHIUTPHIBACT.

Tabmuma 2.1
Marpuiia BeMrpsbiima nepsoro urpoka (Hs)
Open Pemka
Open 1 -1
Pemka -1 1

Marpuna Beiurpsinia Broporo urpoka (Hp)

Open

Pemika

Open

-1

1

Pemika

1

-1

Jns antaronuctrudeckux urp Beerna Hi= —Ho.

Marpuua, 31eMeHTaMU KOTOPOH SIBJISIOTCS BBIUTPBIIIM, COOTBETCTBYIOIIUE CTPATErUsIM
WUTPOKOB, Ha3bIBAETCS MJIATEKHON MAaTPUIICH WJIM MAaTPULIEH UTPHI.

Hwoknsst nena urpsl (o)) (MAKCUMHHHBIN BBIMTPBIIT — MAKCUMHH) — 3TO TapaHTHPOBAHHBIN
BBIUTPBILI IEPBOIO UTPOKA TIPH JIFOOOW CTpaTeruy BTOPOro UTPoKa (TO €CTh U3 KaXKIOH CTPOKH
BBIOMpaEM MHHUMAaJbHOEC YHCIIO, a 3aTeM M3 BCEX ITHX MHUHHMYMOB OepeM HauOOJIbIIHiA).
CrpaTterusi, COOTBETCTBYIOIIAs MAKCHMHIHY Ha3bIBACTCS MAKCHMHHHOM.

Bepxnusas 1iena wrpbl  (f) (MUHMMAKCHBIM BBIMTPBIII — MHHHMAakC) — 3TO
rapaHTUPOBaHHbBIN Tpourpsil Broporo urpoka. (To ecTh W3 Kaxaoro crTonbiia BHIOMpaeM
MaKCHMaJbHOE YHCIIO, a 3aTeM H3 BCEX MAaKCMMyMOB OepeMm HauMeHbIwii). Crtparerwus,
COOTBETCTBYIOIIAs MUHUMAKCY, Ha3bIBACTCS MUHUMAKCHOM.

[TpuHIUN, AMKTYIOIIMH WIpOKaM BBIOOp HambOoJiee <«OCTOPOXKHBIX» MUHUMAKCHON W
MaKCUMUHHOM CTpaTeruii, Ha3bIBaeTCs MPUHIUIIOM MUHUMAakKca. JTOT NPUHIUN CIEAyeT M3
Pa3yMHOTO MPEAINOJIOKEHHS], YTO KaXABI UTPOK CTPEMUTCA JOCTUYb LIEIH, IPOTUBONOJIOKHON
HeJM TMPOTUBHHUKA. ECIM BEpXHsISE M HIKHSS [CHBI MIPBI COBMAmar0T o=B=0, TO 3Ta eHa

HAa3bIBACTCS] YUCTON IIEHOW UTPhI WJIM LIEHON UTPBHI.
-1 +1

A= a=- =1 a#
TosAs| LS B
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(2 0% g=1p=1 a=p=d=1
Bz 1) TTHFT SPTTT

MUuHHUMaKCHBIE CTPAaTErHud, COOTBETCTBYIOIIHME IICHE WIPHI, SBISIIOTCS ONTUMAIbHBIMHU
CT[zaTeI‘I/IHMI/I NJINn PCUHICHHUCM MHI'DHI. TO €CTh B JOTOM cnyqae HGpBBIfI I/II‘pOK nonyqaeT
MaKCUMAaJIbHBIM, HE 3aBUCAIIMN OT MOBEICHUS BTOPOTO WTIPOKA BBIUTPHIII (], @ BTOPOH HTPOK
I[OGI/IBaeTCH MHUHHUMAJIBHOT'O FapaHTI/IpOBaHHOFO, HC 3aBUCANICTO OT IIOBCACHUA nepBoro I/II‘pOKa
npourpsima (. Takoe pemeHne 00J1alaeT YCTOWYHMBOCTBIO, TO €CTh €CJIM OAWH M3 UTPOKOB
MPHUIEPKUBACTCS CBOEH ONMTHMAIBLHOW CTpATeTHH, TO IJIS APYroro HE MOKET OBITh BBITOJHBIM
OTKJIOHATBCSL OT CBOEH ONTUMAIbHON CTPATErUU.

[Tapa crpareruii naer ONTUMaJbHOE PELIEHHWE WIPHl TOTJAa U TOJBKO TOrAa, KOraa
COOTBETCTBYIOIIMI  3JEMEHT  MAaTpUIbl  (pa3Mep  BBIMIPBIIIA-TIPOUTPHIIIA)  SBISICTCS
OIHOBPCMCHHO HaI/I6OJIbH_II/IM B CBOEM CTO.H6I_I€ U HaAUMEHBIIMM B CBOEH CTPOKC. Takas
CUTYyallMsi, €CJIM OHA CYIIECTBYET, Ha3bIBACTCS CEIOBOM TOoukoil. To ecTh mrpa paspemnma B
YHUCTBIX CTPATETUSX, KaXIbIM M3 MTPOKOB OyleT Ha KaXKJOM LIare BBIOMpPATh OJHY U Ty XKe
CTpaTeruio U €My HE BBIFOJIHO OT HEEe OTKJIOHUTHCS: €CIU MEpBBIH HTPOK BHIOEPET APYTYIO
CTpATeTuio, y HEro OyJaeT BBIMIPBIINI MEHBIINE, a €CIUM BTOPOM HUIPOK BBIOEPET IpYrylo
CTPATETHIO, Y HEro MPOUTPHIII Oy1eT OOJIbIIIE.

3. 'eomeTpHnueckoe peuieHue Urp
[Tycts umeercs aBa urpoka A u B. V kaxxa0ro u3 UrpokoB 1o a8e cTpaTeru (Ay u Ag 'y
urpoka A, B1 u B, y urpoka B). Urpa ¢ HyneBoii cymmoii.

ITo ocu abGcnuce OTIOXKUM OTPe30K A1Ap, TO €CTh Touka Aj M300paxkaeT cTpaTeruio Aj
(x=0), A, — cTpateruto A, Bce MPOMEXKYTOUYHBIC TOYKHM — CMEIIaHHbIe crparermu. Ha ocu
OpJIMHAT OTKJIAIBIBAEM BBIUTPHIII MEPBOTO HWIPOKA, €CIIM BTOPOM MPHUMEHWJI cTpareruio Bi.
AHaAJIOTUYHO CTPOUM BTOPOIi rpaduk, eciiu BTOpoil rpaduk BeIOpan crpareruio Bo.

A B,

y

1 BZ N|2
By i 7 B

! S i

|G |
a1 ! a2 : a

: I X

P - 3 . . >

A A, A A

Puc. 2.1. I'eomempuueckas unmepnpemayus cmpame2uti nepéo2o uzpoKa
O1=a41P1+801P2
Qo= Pt  (OpamHaTta Touku M1 1 My, COOTBETCTBEHHO)

4] =1

B cooTBeTcTBUU C MPUHIMIIOM MHUHUMAaKCa ONTHMAJbHAs CTPATETHs Sy TakKoBa, 4YTO
MHHUAMAJIBHBIA BBIMTPBII Urpoka A (MpyM HaWXy/AlIeM MOBEICHUU Wrpoka B) oOpainaercs B
MaKCHMYM.
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P2 1 Sp P1 X
A>

(pr's P2 )
Puc. 2.2.Pewenue uepol epaguueckum cnocobom

Otpe3ox BiN — MHHUMaIbHBIA BBIUTPHII HIPOKa A TPH HCIOJIB30BAaHUM JIOOOH
CMEIIaHHOM cTpareruu, eciu Urpok B BeiOpan crtpareruto Bi. Anamormuno, orpe3ok BoN —
BBIMTPBIII UTpoka A, ecnu urpok B BeiOpan crpareruto Bp. CrnemoBarenbHO, ONTHMAIbHYIO
cTpaTeruto onpenenser Touka N, To €CTb MUHUMAJIbHBINA BBIMTPBIII JOCTUTAeT MAKCUMYyMaA.

Ilpumep pewenus 3adauu.

Pemute rpadgudecku urpy, 3aJaHHYIO TUIATEKHOW MaTPHUIICH:
15 3
P=
2 1

OmpenenuM BEPXHIOK M HWKHIOW IIeHbl urpel: a =15 [ =2. CuemosareisHo,

celyIoBasi TOUYKa OTCYTCTBYET, OylieM MCKaTh PElICHHE B CMEIIaHHBIX cTparerusx. OTMEeTuM Ha
rpaduKe BEIMYMHY BBIMTPHIIIA IS KQKIOU aphl CTpaTeruil.

B
3 {\y 1
B, 2

1
1,51 ! ?

1
B; : 1

1

p2 H P | X>

A]_ A2

Puc. 2.3.Tpaghuueckoe pewenue ucpul

3amuineM  ypaBHEHUE MPSMBIX, COOTBETCTBYIOIIUX BEIUYMHE BBIMTPHINIA UTPOKA A,
ecii UTpok B BeIOMpaeT, cooTBeTCTBEHHO, nepByo (B1) y==0,5 x + 1,5u BTopymo (By)y= —2X
+ 3 crparerun. Touka ux mepecedenus N(0,6; 1,8) Caemomarenpno, pr, = X = 0,6 —
BEPOSITHOCTH BBIOOpa UTPOKOM A BTOpo# ctpateruu; p1= 1 — 0,6 = 0,4— BeposTHOCTH BHIOOpPA
urpokoM A mepBoii crparerun. llena urpel 0= Yy = 1,8 — MaKCHManbHO BO3MOMKHBIA U3
MUHHMAJIbHO TapaHTHPOBAHHBIX BBIUTPHINICH Hrpoka A (MO0 MUHUMAIBLHO BO3MOXHBIN U3
MaKCHMaJIbHO TapaHTHPOBAHHBIX IPOMUTPHIIIEH UrpoKa B).

Ba:xxno moMHnTh. ['paduyecku MOXKHO PEIINTH UTPY, €CIH B UIPE YUACTBYIOT TOJIBKO
JIBa UTPOKA U y OJJHOTO U3 UTPOKOB MMEETCsI TOJIBKO JBE CTpaTeruu (y BTOPOrO HIPOKa — JII000¢e
KOJIMYECTBO CTPATETHIA).

4, bumaTpu4Hble Urpa
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Bo MHOrux curyanusix He 00s13aTeNbHO, YTOOBI OJIMH UTPOK BBIUTPHIBAI, a APYTON CTOJIBKO
e mpourpeiBai® Takue UTPhl HA3BIBAIOTCS HEAHTATOHUCTHYCCKUMH (C HEHYNIEBOM cymmoit) Jls
JIBYX UIPOKOB BBIUTPBIINIM B TaKUX Wrpax NPUXOAMUTCS 3alUChiBaTh HE OJHOM, a JByMs
IUTATeKHBIMA MaTpULlaMH, [O3TOMY OHM HMMEIOT Ha3BaHUE OuMaTpuyHble Urpbr MHTepech
UTPOKOB 3/I€Ch HE SIBJISIFOTCS MOJIHOCTHIO MPOTHBOIOJIOKHBIMHU, U MX TIOBEJEHUE MOXKET OBITh
Oosiee pa3zHo-00pasHeIM” Pa3nudaroT HeKoonepaTHBHBIE OMMATPUYHBIC UTPHI K KOOTIEPATHBHBIE,
B 3aBUCUMOCTH OT TOTO, MOTYT JIM JIOTOBapUBAThCS UTPOKH, WM COTJIAIIEHHE HEBO3MOXHO IO
IpaBUjIaM UTPBIT

PaccMoTpuM KITacCHUYECKYIO0 MOJIeNTb HEKOOIIEPAaTUBHOW OMMATPUYHONM UIPbI, H3BECTHOM Kak
«JIlunemma 3akiaroueHHOro» JlBa mpecTynmHuKa OXHUAAIOT MPUTOBOpa Cyla 3a COBEPILICHHUE
npecTyrieHuss AJBOKAaT KOHQUACHIMATBHO TMpeAsiaraeT KaXJoOMy W3 IPECTYIHUKOB
OCBOOOJIUTH €ro, €ClIi OH CO3HAETCA U JACT MOKa3aHHUs MPOTHB COOOIIHUKA, KOTOPOMY I'PO3UT
yroauts B TIopbMy Ha 10 et Eciau HUKTO HE cO3HAETCs, TO 000UM yrpoXKaeT Moay4duTh 1 rof 3a
He3HauuTelnpbHOe TmpecTyruieHne ¢ Eciau co3Haiores o0a mOpecTynmHUKa, TO C  Y4eTOM
YUCTOCEPCYHOTO MPU3HAHUS OHU OJIydaT S JIET

[TocTponM maTeXHbIE MAaTPULBI UTPOKOB CO CTPATETUAMM «CO3HATHCS A -A1», <«CO3HATHCA
B - By1», «e co3naBatbea A - Bo», «e co3HaBarbest B - Bo» [lepBoe umncio - Beidrpsim A, a
BTOPOE - BBIMTPHIII

31ech UTPOKH JOTOBOPUTHCS HE MOTYT. MOSTOMY MM HEOOXOAMMO PYKOBOJCTBOBATHCS
IPUHIUIIOM 37paBOro NECCUMU3Ma U BEIOpaTh MAaKCUMUHHYIO CTPATErHIO.

Ecnu A BeiOeper Al. TO B Xy/IIIeM ciiydae OH MOJYYUT S JIEeT, €CIU TO B XY/IIEM CIIy4ae OH
IOy  30J1» BBIOEPET MEeHbILEe - Aj.

Urpox B ecnu BoiOeper Bi. To B Xynamem ciaydae moixyduT S jeT. a ecnu Bp. To 10 ner.
[TosTOMy. 4TOOBI HE pUCKOBaTh. OH BbIOepeT B1. [Tomyunnn «cemaoByro Touky» (A1.B1).

Takum o6pa3zoM. 000MM 3aKIIFOYEHHBIM JIydIlle BMECTE CO3HATHCS M MOJYYHTH MO S JIeT.
31ech HU OJHOMY U3 MTPOKOB HE BBITOJIHO OTKJIOHSTHCS OT CBOEHM ONTHMAalIbHOW CTpaTeruu B
oMHOYKY. [IpuBeACHHBIN MOAX0/ K PEUICHUI0 HEKOONEPAaTUBHBIX OMMATPHUUYHBIX U MOJ00EH
NPUHILIAITY «MUHUMAKCa» JUJIsl MATPUYHBIX UTP U Ha3bIBA€TCA HAXOXIACHHEM TOYKH PaBHOBECHS
no Homry. Ham nokasain. 4ro mrobas OumaTpuuHas Urpa MMeEeT pelieHHe B YHCTBIX WM CMe-
[IAHHBIX CTPATETHUSX.

5. KoonepaTuBHbie UTpbI

KoonepaTtuBHo#l Urpoii Ha3bIBAIOT TaKyl0 MOJEIb CUTYallMH. KOI/1a BBIMTPBILIN UTPOKOB HE
UMEIOT HYJIEBOM CyMMBI. U B KOTOPOM HIPOKAaM paspeuiaercsi oOCyXkJaTb CBOM CTPATE€rMU U
JIOTOBAapUBATHCS O COBMECTHBIX JIEHCTBUAX. T. €. 00pa3oBbIBaTh koanuuuu. OCHOBHOM 3anaueit
3J1€Ch ABISETCA AEJEK OOIIEro BBIUIPHIIIA MEX/y WIEHAMH KOAIHULIUH.

B ciydae n1ByX UTpOKOB BBIMTPHILI B UTPE - 3TO Mapa BHIUTPHILICH. TPEACTABIISIOMNX 001IIHe
BBIUIphIIA. Ecmu  urpokum Oyayr mnepeOMparh BCEBO3SMOXKHBIE CTparerdd (YUCThIE W
CMEIIIaHHbIE). TO BCE MPOCTPAHCTBO BBIMTPHILICH B UTPE 00pa3yeT HEKOTOPOE MHOMXKECTBO TOYEK.
OTrpaHUYEHHBIX HEKOTOpoil nuHHMel (cM. pucyHOK). Ha prcyHKe MOXXHO yKa3aTh TOYKY C
KOOpJAMHATAMHU BBIUTPHIIIEH UTPOKOB. KOTOPbIE OHM MOTYT TapaHTUpPOBaTh ceOe. He mpuderas K
noroopeHHocTsM (T 1. T'2). Takast Touka Ha3bIBAECTCS TOUYKON YTPO3BI.

Ha MHOXecTBe BBIMIPBIIIEH MOXHO HAaWTH MHOXKECTBO [lapero-onTHMalbHBIX pPEHICHUMN.
[TapeTo-onTUManbHbIE TOUKU. OE3YCIOBHO. JIyYIlle BCEX APYIMX TOUYEK MHOXKECTBA BBIUIPBILICH.
TaK KaK OHU SIBJISIIOTCA CaMbIMHM IIPABbIMU HA FOPU30HTAIM U CAMbIMH JIEBBIMU Ha BEPTUKAJIH.
OueBunHo. uro [lapeTo-onTHManbHBIE TOYKM - 3TO CEBEPHO-BOCTOYHAs TPaHMIA MHOYKECTBA
BBIUTPBILICH.

Toukn IlapeTo-onTUMaNbHOIO MHOXKECTBA. HaXOASIIMECS OJHOBPEMEHHO BBIIIE M IIpaBee
TOYKU yrpo3bl T. 0OpasyroT MeperoBopHoe MHOXeCTBO. OYEBHIHO. YTO HMIPOKAM BBITOIAHO
JIOTOBAapHUBATHCS. €CIIM UX BBIUTPBIII OYAET JTydlle. YeM TOT. KOTOPbIH mosydaercs B Touke 7. Ha
IIEPETOBOPHOM MHO>KECTBE BBIJIEIISIETCS
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3. METOANYECKHUE YKA3AHUA
MO MPOBEJEHUIO MPAKTUYECKUX 3AHATHI

3.1 lMpakTuuyeckoe 3ausitue Nel,2 3 (6 yacos)
Tema: «/InHeiliHOe MpOorpaMMUpoOBaHKe. AJITOPUTM CUMILIEKC-METO1a»

3.1.1 3aganue nJis1 padoTHI:

1. Ilony4yeHne NCXOHOTO BapuaHTa U UCCIIEI0OBAaHUE €T0 HA JOIYCTUMOCTh
2. Ilony4eHune 10MyCTUMOTO BapHaHTa M UCCIIEOBAaHUE €r0 Ha ONTUMAIbHOCTh
3. Ilony4yeHue oNTUMAaIbHOTO BapUaHTA.

3.1.2 KpaTkoe onucanue NpoBOANMOro 3aHATHA:

1. ITosry4eHHe MCXOHOTO BAPHAHTA U MCCJIEOBAHUE €0 HA I0MyCTUMOCTD

Cpenu yHHBepcaJdbHBIX METOAOB pEIIEHUs 3a7ady JIMHEWMHOro MpOorpaMMHpPOBAHUS
HauOoJiee PACHpPOCTPAHEH cumniekcHovlll Memod (WU cumniekc-memoo), pa3pabOTaHHBIH
amepukaHckuM ydeHbIM JIx. Jlanuurom. CyTh 3TOro MeToJa 3akjlo4yaeTcs B TOM, YTO BHayale
MOJTy4alOT JOIYCTHUMBIA BapUaAHT, YAOBIETBOPSIOMINN BCEM OTPAaHUYCHHUSM, HO HEOOS3aTeIhbHO
ONTHUMAJIbHBINA (TaK Ha3bIBAEMOE HauaibHOe onopHoe peuterue).ONTUMATBHOCTD JOCTHIACTCsI
MOCJICIOBATEIBHBIM YIYUIICHUEM 3TOTO PEIICHHUS 3a OMPEICICHHOE YMCIIO TArnoB (MTEepaluii).
HaxoxneHre HauaapHOTO OMOPHOTO PEIICHUS U MEePeXo] K CIEAYIOIIEMY OMOPHOMY PELIECHUIO
NPOBOJATCSI Ha OCHOBe mpuMeHeHus merona JKopmana-I'aycca (Mbl OymeM paboraTh ¢ €ro
MOAM(UIIPOBAHHBIM BAPUAHTOM) JJIs1 CUCTEMbI JIMHEHHBIX YPABHEHHI B KAHOHUYECKOH (opme,
B KOTOpOH JOKHA OBITh TpEIBapUTENBHO 3alucaHa WCXOAHAs 3ajada JUHEHHOTro
nporpaMmupoBanus. HampapneHue mnepexoga OT OAHOTO OINOPHOIO PEUICHHS K JIPYyroMy
BBIOUPACTCSI HA OCHOBE KPUTEPHS ONTUMATbHOCTH (LI€JICBOM (DYHKIIMN) UCXOIHOM 3a/1auu.

Bechb nyTh penienus 3a1au CUMITIIEKC-METOJ0M YCIIOBHO MOKHO pa30OUTh Ha TPU ATara.

| sman. HaxoxeHne UCXOAHOrO BapHaHTa M MCCIIEJOBAHUE €ro Ha JIOMYyCTUMOCTD, T.€.
MOJTy4YeHHE HauyaIbHOIO OMIOPHOTO PEIICHUS.

Honycmumvimeapuanmom peleHUs 3a4add OyleM CUUTAaTh TAaKUe 3HAUCHUS X, IpH
KOTOPBIX BBIMIOIHSAIOTCS BCE TPEOOBaHMS CHUCTEMbl OTpaHMUYCHUH (BCe HEpAaBCHCTBA BEPHBI U
HETPOTUBOPCUHBHI).

Ecnu ucxogHplii BapuaHT AOMYCTUM, TO OMOPHOE PEIICHUE HAWACHO M MEPEXOJIUM Ha
BTOpoil stan. MHade, ocymiecTBisieM mNepeOOp BapUaHTOB PEIICHUs 3afadd 10 IOJy4eHUs
nonycTuMoro (eciiu Takoe BO3MOXKHO. Ecii HeT, To 3a7a4a perieHus He UMEeT).

Il oman. ViccnenoBanusi 1onycTUMOro BapraHTa Ha ONTUMAJIbHOCTb.

Onmumanvuwili 6apuanm — 5TO TaKOE 3HAYEHUE IMEPEMEHHOW XIPH KOTOPOM OymyT
BBITIOJTHATBCS HE TOJBKO TPEOOBAaHUS CHUCTEMBI OTPAaHUYCHUN, HO W TpeOOBaHUS IEIEBOMH
byHKIHH.

Ecnm pomycTuMblil BapuaHT OKaXKETCs ONTHUMAJIbHBIM, TO 3ajadya pelieHa, WHaye
MepexoauM Ha TPETUI 3Tarl.

Il aman. IlepeGop BapuaHTOB pEIICHUS 3a/1a4M /0 MOJYyYSHHUS ONTUMAIBLHOIO BapHaHTa
(ecou Takoe Bo3MOkHO. Eciii HeT, TO 3a/1a4a He UMEET ONTUMAIBHOTO PEIICHUS).

CaM cuMIIEKC-METO BBIOMpATh BapUAHTBl HE YMEET, OH TOJBKO IOKa3bIBAET
HampaBjcHUEe TMepedopa BapuaHTOB (B HaIIeM Clydae II03BOJISIET OCYIIECTBUTH BBIOOP
paspemiaroiiero 3jeMenta). Jims pacuyéra ke, B KauecTBE BBIYMCIUTEILHOIO ariapara,
IPUBIIEKAIOTCS JApyrue MeTojpl. Mbl OyAeM HCIoib30BaTh METOJ MOIU(GULIHMPOBAHHBIX
Kopnanossix uckimodeHnii (MXKU). Tak kak JaHHBIH METOJ — 3TO METOJ PEUICHHS CHUCTEM
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JMHEWHBIX YpaBHEHHH, a MOJETb MPEACTaBISAECT COOON CHCTEMY JIMHEHHBIX HEPAaBEHCTB, TO
MO/JIEJIb IPEABAPUTENBHO AOJKHA OBITh IIOJTOTOBIIEHA.

CyTh MOATOTOBKM 3aKIIOYAETCS B TOM, YTOOBI MEPEUTH OT CHUCTEMbl HEPAaBEHCTB K
CHUCTEME YpaBHEHUU B KaHOHHMYECKOU ¢opme. /[ 3TOro B Kaxa0e orpaHMYeHHUE-HEPaBEHCTBO
BBOJIUTCS JIOTIOJIHUTENbHAS TIepeMEeHHasY;, KaK pa3HOCTb MEXIY OOJbIIel M MEHbIIEH YacTsIMU
HepaBeHCcTBa. OUeBUAHO, YTO 3HAUYEHUE Y; HE MOXKET ObITh OTPHULIATEIIbHBIM.

[TogroToBneHHass MOAETb OCHOBHOW 3aJaydl JHMHEHHOTO MPOTPaMMHUpPOBAHHS OyaeT
BBIIJIAJIETh CIIEIYIOLUM 00pa3oM:

IV. Z=CiX1+CoXot...+ChXn » Max.
V. yi=-aqX-&aoXo-. . . -8anXnthu;
Yo=-8p1X1-822X2-. . . ~BonXn+12;
Y=-8miX1-8meX2- . . . ~8mXn+ O,
VI. X120, %20, ..., X:=0.
W13 sTOro Buza 1aHHBIE 3aHOCSATCS B TAOIMUYHYIO (POPMY Ul OCYILECTBIICHUS PEIICHUS.
Anzopumm cumniexc-memooa

|oman: nomyyeHne Ha4aIbHOTO OMIOPHOTO PEILEHMUS.

Jlnist TOro, 4ToOBI MOMYYUTh UCXOAHBIM BapUaHT JOCTATOYHO 3aIUCATh MOATOTOBICHHYIO
MOJIeJIb B TaOIUYHOU popme.

Tabmuna 1 —Cummuiekc-Tadnmia KCX0IHOTO BapuaHTa

CBOOOTHBIE TIEPEMEHHBIC
A

-X1 -Xo -Xn CB0OOHBIE YJIEHBI
o Y1 a1 a12 an by
% % Y2 a1 a2 agn o))
5 3
8 Q:Qf Ym dm1 anp Amn Bm
Z -C1 -Cp -Cy 0

W3 ka0 TaOIHMIBI MOXHO BBIMMCATh OJUH BapUAHT pelieHus 3aaadu. s sroro Hago
HIOMHHTB, YTO CBOOOIHBIC MTEPEMEHHBIC (BEPXHSS CTPOKA TaOJIUIIbI) IPUPABHUBAIOTCS K HYIIIO, a
0asucHble (KpalHUH JIEBBIN CTOIOCI) K COOTBETCTBYIOIIMM CBOOOIHBIM YJICHAM.

Wcxonnsiii BapuanT (o Tabsmie 1):

1) OCHOBHBIE TIepeMeHHbIe (X)): X1=0, X=0,..., X,=0;
2) nonosHUTeIbHBIC TepeMenHbie (Yi): Y1=b1, Yo=by,..., Yrm=bm;
3) Z=0.

Hcceneayem NoaydeHHBIN BapUaHT Ha JOIIYCTUMOCTb.

Teopema o pomyctuMocTH: B Tabiuie OyaeT HaXOOUThCS JOMYCTUMBIM BapHaHT
pelIeHusT 3aJa4yd, €CIU CpPeld CBOOOJHBIX WICHOB HE OyIET OTpUIATENbHBIX (DJIEMEHT Ha
MepeceueHre CTOJ0IMa CBOOOJHBIX YJICHOB M CTPOKM Z TpU aHaju3e BO BHUMaHUE HE
PUHUMACTCS]).

Jloka3aTenbCTBO: CBOOOJHBIE YJIEHBI SIBISIOTCS 3HAUYEHUSAMU OAa3MCHBIX INEPEMEHHBIX,
ecau cpeiu 0a3sUCHBIX NMEPEMEHHBIX €CTh X, TO OHH HE MOTYT OBITh OTPHLATEIBHBIMH B CHITY
ycnoBust HeorpunatensHocTH (%=0). Ecin B 6asnce Vi, ToO OHO HE JOJKHO OBITH OTPHIIATEIIBHBIM
TaK KakK Y; BBOJMUJIACh KaK pa3HUIA MEXITy OObIIel U MEHbBIIIECH YacThI0O HEPABCHCTBA.

Ecnu BapuaHT pomycTuM, TO TMepeiieM Ha BTOpPOM JTall M HCCIEAYEeM €ro Ha
ONTUMAaNbHOCTh. EciM HeT, TO TONbITaeMCsS TMONYYHTh JONYCTUMBIM BapuUaHT, BHIOpaB
pa3pelanuii 3IeMEeHT 10 CIEeAYIOIIEMY MpaBUily:

- BBIOOp paspemraroniell CTPOKU: CPeld OTPULATEIBHBIX CBOOOIHBIX YICHOB (KpoMme
CTpOKH Z), BBIOpaTh 0OJIbINHIi 110 abCoM0THOMN Benuunte. [1ycts ato by;
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- BBHIOOp pa3pemiaroniero Ccroyidiia: B3ATh CUMIUICKCHBIE OTHOIICHUS, IOCIUB
CBOOOJTHBIN WIECH pa3peniaroiieil CTpOKH Ha Kax bk e€ KodhGuimeHT:

b2 b2 e bz .
a21 a22 a2n

Haunmenbliee nog0KUTEIbHOE U3 CUMIUIEKCHBIX OTHOIICHUH YKa)XeT Ha CTOJOCL.

BriOupast onucaHHBIM CITOCOOOM pa3pelIaoniie JIEMEHTHI, eJIaeM IIIary J0 MOTyYCHUs
JIOMYCTUMOTO BapuaHTa (€CJIU TaKoe BO3ZMOJXKHO).

[IpenmonoxuM, 9YTO Ha KAKOM-TO IIare MbI IOJYYUM TaOJUIy C JOMYCTUMBIM
BapHUaHTOM, T.€. HaliJIeM OIOPHOE PEIICHHUE.

2. Ilony4eHue IOMyCTUMOTO BapHaHTa M UCCIIEOBaHUE €r0 Ha ONTHMAIBHOCTD

Il sman: uccnenoBanue 1OMYCTUMOrO BapHAHTA HA ONITUMAIIBHOCTb.

Teopema 06 onmumanvrHocmu. B Ta0iuIe OyAeT HAXOAWUTHCS ONTHUMAJIbHBIA BapUaHT,
ecnu cpeau Kod(pPHUIMEHTOB CTpoKH Z He OyAeT OTpuUaTeNbHBIX mpu Z-Max u He Oyner
MOJIOKHUTETBHBIX MPUZ — MIN(3JIEMEHT Ha TIEPECCUEHUE CTOIONA CBOOOIHBIX YWICHOB M CTPOKU Z
IIPY aHAJIN3¢ BO BHUMAHUE HE TIPUHUMACTCS]).

Ecnu BapuaHT OKa)XeTcsi ONTUMANIBHBIM, TO 33jlaya PelleHa, eciiu HeT, TO IMepexoauM Ha
TpEeTUii 3Tar.

3. [lomyueHnue onTUMaIbLHOTO BapHaHTA.

[Tpenmonoxum, 9TO HAIll JOMYCTUMBIN BapUAHT HE ONTUMAJICH.

Il sman: HaxoXAEHHE ONTUMAILHOTO BapUAHTA.

[TombITaeMcsl MONMYYUTh ONTHUMAJIbHBIA BapuaHT, BHIOpPAaB pa3pelIalomuil 3JEeMEHT IO
CIIeyIOIIEeMY MpaBuiy:

pu Z —max:

- paspemaromuid CTOJIOCI: CPear OTPHUIATENIbHBIX KO3(P(GUIIMEHTOB CTPOKU Z BBHIOpaTh
HaMOOJIBIININ 10 a0COTIOTHON BeInyrHEe (HarpuMep, MyCTh 3TO Cp);

- pa3zpemiaromiasi CTpOKa: B3ATh CUMILUIEKCHbIE OTHOIIEHUS, MMOAEIUB CBOOOTHBIEC UJICHBI
Ha COOTBETCTBYIOIINE 3JIEMEHTHI Pa3peIIaloIero cToiaona, Kpome CTpoku Z:

b.L b2 bm

! LI )
&n o 8mn

Haumenbiiee moNI0KUTEIbHOE U3 CUMILIEKCHBIX OTHOIICHHH YKa)XKET Ha CTPOKY;

npu Z -»min:

- paspemaromuil cToJa0CI: Cpear MOTOKUTENbHBIX KO3(PPHUINEHTOB CTPOKU Z BBIOpATh
HanOOJbIKi (HalIpUMeED, IMYCTh 3TO Cy);

- pa3periaromasi CTpOKa: B3sITh CUMILUICKCHBIC OTHOLICHUS, IOJCINUB CBOOOIHBIC YJICHBI
Ha COOTBETCTBYIOIIHE 3JIEMEHTHI pa3peIlaromiero croidna, Kpome CTpoku Z:

b b b,
Ay & Ay

Haumenb1iee 1oj10)kKUTEIBHOE U3 CUMIIJIEKCHBIX OTHOILIEHUH YKAa)KET Ha CTPOKY.

Bulbupasa onucanuviv cnocobom paszpewiarowiuii dnemenm, oenaem wazu 00 NoiyYeHus
ONMUMAanbHO20 eapuanma (eciu maxkoe 8603MONACHO).

Jameuanue.Ecnmu TIpU HAxXOXKJIEHWM ONTHMAJIBHOIO BapHaHTa pa3peliaronias CTpoka
Obuta BbIOpaHa HE 1O HAWMEHBILIEMY IOJIOKUTEIILHOMY CHUMIUIEKCHOMY OTHOILICHHIO, TO B
crnenyroen Tabnuie OyAeT mojiyueH HeI0MyCTUMBI BapuaHT.

Ynpaxunenus

3amaua 1
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l. LleneBas pyHKIHA:
Z =3 + 35¢ + 136¢3 —» Mmax

[I.  Cucrema orpaHu4eHHA:
1,01 + 1,0, + 9,453 < 136
0,18: +0,1%<21,4

3,25 < 16,25

X1 2 100

[ll.  YcnoBue HEOTPULIATETHLHOCTH:
X1, X2, X3> 0

Pewenue:
[lepexoauM OT CUCTEMBbI HEPABEHCTB K CUCTEME YPaBHEHUM!

y1 =-1,0% — 1,0, — 9,4%3 + 136
Yy, =-0,18&; - 0,1%, + 21,4
y3 =—-3,2%z + 16,25

Y4 =X1— 100

3anuiemM MaTeMaTHIECKYI0 MOJIENb B TAOIUIHOM opme:

Ta6mwuma 1

%, %o X CBoOogHbIE
YJICHBI

Y1 = 1,01 1,01 9,45 136
Y2 = 0,18 0,19 0 21,4
Y3 = 0 0 3,25 16,25
Y4 = -1 0 0 -100
Z= -30 -35 —-136 0

Jlnst  Toro, YToOBl BECTH MMApAUICIbHO MPOBEPKY BBIYHCICHHH HEOOXOAUMO B
noJay4eHHyro tadmuiy 1 1o6aButh ctosber Y. (Tadi. 2)

BriGepem pa3peraronuii s1eMenT:

Tabnuua 2

CBo6o
Sl R wema | 2
Y1 = 1,01 1,01 9,45 136 146,46
= 0,18 0,19 0 21,4 21,59
Y3 = 0 0 3,25 16,25 19,5
ya= <D 0 0 ~100 -99
Z= -30 -35 -136 0 -171
Crnenaem nepByro UTEpaIUIo
Taonuma 3
l CBoOoHBIE
_y4 2 s YJICHBI Zl 22

Y1 = 1,01 1,01 9,457 35 38,02 46,47
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Yo = 0,18 0,19 0 3,4 3,77 3,77
Y3 = 0 0 3,25 16,25 16,25 19,5
X1= -1 0 0 100 99 99
Z= -30 -35 —-136 3000 2935 2799
[TonydeHn nomycTUMBII, HE BBIPOKICHHBIN, HO HE ONTUMAJIbHBIA BapUaAHT.
Cnenaem BTOPYIO UTEPALIHIO
Tabnuna 4
¥ CB06
v [ e [ [l o | o
X3 = 0,11 0,11 0,11 3,7 3,92 4,03
ENEE 0,18 019> 0 3,4 4,58 3,77
Y3 = -0,35 -0,35 -0,34 4,21 3,52 3,17
X1= -1 0 0 100 99 99
Z= -15,46 -20,46 14,39 3503,7 3502,63 3482,17
ITomy4yeH nONmyCTUMBIM, HE BBIPOKICHHBIN, HO HE ONITUMAJIbHBIN BapUaHT.
CrnemnaeM TpeTblo UTEpALUIO
Tabnuua 5
CBobonHbIC
Y4 2 Ee YJICHBI 21 22
X3 = 0,01 -0,58 0,11 1,73 1,27
Xo = 0,95 5,26 0 17,89 24,1
Y3 = —-0,02 1,84 -0,34 10,47 11,96
X1= -1 0 0 100 99
Z= 3,92 107,68 14,39 3869,83 3995,82
[TonydeH nOMyCTUMBII BApUAHT, SIBISIONIUNACS ONTUMAIbHbBIM.
Z = 3869,83
X1 = 100 Y1 = 0
Xo=17,89 Yo = 0
ya=0
PaccmoTpennas Hamu 3ajaya B MCXOJHOM BHJe Oblia cHOpMyIHpOBaHa CIETYIOIIUM
obpa3om:

[Tponykmueit TOpoACKOTO MOJIOYHOTO 3aBOJIa SIBJISIOTCS MOJIOKO, kKedup U cMmerana. Ha
pou3BoACTBO 1 T MojoKa, Kepupa u cMeTanbl Tpedyercst coorBercTBeHHO 1010, 10101 9450kr
Mostoka. [Tpu 3Tom 3aTparel pabouyero BpeMeHu npu paziuBe 1 T Mosioka u kepupa COCTaBISIOT
0,18wu 0,19mamunHo-4. Ha pacdacoBke 1 T cMeTaHbl 3aHATHI ClieIMAIbHBIC aBTOMAThI B TCUCHHE
3,25 4. Bcero s mpou3BOJICTBA IEIBHOMOJOYHON MPOAYKIIUU 3aBOJ MOXKET HCIIOJIH30BaTh
136000kr monoka. OcHOBHOE 000pYAOBaHHE MOXKET OBITh 3aHATO B TeueHue 21,4 MarmmHo-4, a
aBTOMATHI 10 pacacoBke cMeTaHbl - B TeueHue 16,254. [Ipubbuts oT peanuzanuu 1 T MoIoka,
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keupa U cMmeraHbl cooTBeTcTBeHHO paBHa 30, 22 m 136 py0. 3aBojJ JOKEH €XEeIHEBHO
npou3BoauTh HEe MeHee 100T Mooka.

CocraBbTe MaTEeMaTHYECKYI0 MOJENb 33Ja4yH, MO3BOJIOIIYIO OMNPEAETUTh OOBEMBI
BBIITYCKA MOJIOYHOH NMPOAYKIIMH, TO3BOJISIONIME OTYYUTh HAHOOBIIYIO IPHOBLIb.

B pesymprare mMONMY4EHHOTO pEIICHHS MOXHO CJIENaTh BBIBOZ, YTO MaKCHMaJlbHAs
npuObUTH BO3MOXKHA B pazmepe 3869,83py0. OnTumanbHblil 00beM Bbimycka Monoka — 100T,
kedupa — 17,89, cmeransr — 1,73T.

3.1.3 Pe3yabTaThbl M BHIBO/bI.

CyTb 3TOro MeTo/a 3aKJII0OUaeTCsl B TOM, YTO BHAYaJle MOIY4aroT JOMYCTUMBIA BapHaHT,
YIOBJICTBOPSIIOIIMI BCEM OTPaHHYCHUSIM, HO HEOOS3aTENbHO ONTUMAJBHBIN (Tak Ha3bIBaeMOe
HayanvHoe onopHoe peuterue).ONTUMATBHOCTD JIOCTUTACTCSl TOCIEAOBATEIBHBIM YIyYIICHHEM
9TOTO pEIIeHUs] 3a ONpPEACICHHOE YWCIO JTamoB (urepanmii). HaxoxkneHne HadalbHOTO
OIOPHOI'O PEIIEHUS U MEPEXO] K CIEAYIOIIEMY OINOPHOMY PELICHUIO MPOBOJSATCS HA OCHOBE
npuMeHeHns merona JKopmama-Taycca (Mbr Oymem pabortath ¢ €ro MOIUGHUIIMPOBAHHBIM
BapUAHTOM) JIJIsl CUCTEMBI JIMHEHHBIX ypaBHEHHI B KaHOHWYECKOW (opMme, B KOTOPOH TOJKHA
ObITh IPEIBApUTENILHO 3alMcaHa HCXOAHAs 3ajJada JMHEWHOro MpOrpaMMHUpPOBAHMS.
Hanpasnenue mepexosa OT OJHOTO OMOPHOTO PELICHHsS K APYroMy BBIOMpAaeTCss Ha OCHOBE
KPUTEPHs ONTUMATBHOCTH (1eTIeBOM (DYHKIIUH) HCXOTHOM 3a/1a4H.

Bech myTh pemieHus 3a1a41 CUMILIEKC-METOIOM YCIIOBHO MOXKHO pa30OHTh Ha TPH dTara.

| oman. HaxoxaeHne MCXOJHOIO BapuaHTa U MCCIEIOBAHUE €ro Ha JAOIMYCTHUMOCTb, T.€.
[I0JIy4YE€HUE HAYAIbHOI'O OMIOPHOTO PEILIECHUS.

Honycmumvimeapuanmom pelIeHHs 3a1add OyleM CUMTaThb TaKWe 3HAYCHUS Xj, TPH
KOTOPBIX BBINOJHSIOTCS BCE TPEOOBaHMsS CHUCTEMbl OTpaHMYCHUH (BCe HEPAaBEHCTBA BEPHBI U
HETPOTUBOPEYHBHI).

Ecnn ucxonHelii BapUaHT JOIIYCTHM, TO OIIOPHOE pELICHUE HAWICHO U NEePEeXOJUM Ha
BTOpOi sTan. MHade, ocymiecTBisieM nepeOOp BApHMAHTOB DPELICHMS 3aJa4d 10 MOJy4YEeHHUs
nonycTuMoro (eciiu Takoe BO3MOXKHO. Ecin Het, To 3aa4a perieHust He UMEET).

Il sman. VccnenoBanus 10mycTUMOro BapuaHTa Ha ONTUMAIbHOCTb.

Onmumanvuwlli 6apuanm — 3TO TAKOE 3HAYECHUE IMEPEMEHHOU XIpH KOTOpPOM OymyT
BBINOJIHATECSL HE TOJBKO TPEeOOBAHUS CHCTEMBl OTPAHWYEHHUH, HO M TpeOOBAaHUS LEJIEBOU
GbyHKIIH.

Ecnum nomycTHMBI BapHaHT OKaKeTCs ONTHMANbHBIM, TO 3ajadya pelleHa, HHade
[epEXOUM Ha TPETUM dTall.

Il sman. Tlepebop BapraHTOB pPEUICHHS 3aa4d 10 MOJIYYCHHUS ONTUMAJIBHOTO BapHUaHTa
(ecru Takoe Bo3MOkHO. Eciii HeT, TO 3a/1a4a HE UMEET ONTUMAIBHOTO PELICHUS).

Cam cuMILIEKC-METO BEIOUPATh BapUaHThl HE YMEET, OH TOJIBKO IOKa3bIBAET
HarpaeJeHUE repedopa BapuaHTOB (B HALIEM ClTydae TO3BOJISIET OCYIIECTBUTH BHIOOD
paspenratoiero sneMenTa). /s pacuéra ke, B Ka4yecTBE BBIYUCIUTEILHOTO anapara,
IIPUBJIEKAOTCS IPYTHE€ METO/BI.

3.2 [IpakTuueckoe 3ansrue 4,5 (4 yaca)
Tema: «JInneitHoe nporpammupoBanne. Ocodble cIy4Yau B CHMILIEKC-METOo/1e»

3.2.1 3ananue 111 padoOThI:

1. Ciy4aii BBIpOKIEHHOCTH

2. HeorpannueHHOCTb (DyHKIIMOHAJIA

3. HepaspemmumocTs Moienu

4. PemeHue 3ajauu JMHEHHOTO porpamMmupoBanust B MSEXxcel
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3.2.2 KpaTkoe onucanue NpoBOANMOro 3aHATHA:

1. Cry4aii BBIpOKICHHOCTH

B cummnekc-tabnune OyAeT HAaXOAWUTHCA BBIPOXKACHHBIM BapHaHT, €CIH CpEeAH
CBOOO/IHBIX WICHOB (KpOMe CTPOKH Z), IOSIBUTCS HOJb.

Ecnu BBIpOKIECHHBIM BApUAHT HE JOMYCTUM, TO Pa3pEIIAIONIMNA 3JIEMEHT HaXOJUTCS
00BIYHBIM 00pa3zoM. Eciiu BBIpOX/IeHHBIN BapuaHT OyJeT JOMyCTUMBIM, HO HE ONTUMAIBHBIM, TO
HEOOXOAMMO TOCie BbIOOpa pa3pemiaromero CTojdla MOCMOTPETh Ha KOdhdUIHMEHT,
HaXOJALIMICS HAa TePeceuyeHUH BBIPOXKACHHOW CTPOKHM M paszpemiaromiero croidua. Ecnu stot
K03 DHUIMEHT ¢ TOJOKUTEIBHBIM 3HAKOM, TO MBI OEpEM €ro pa3peniaronM IEMEHTOM (B 3TOM
cillyyae B cIeayromed Tabmuile Mbl IMOJNYYHUM Te K€ 3HAueHHs CBOOOJHBIX UJICHOB IIPH
pasnuyHOM Habope 0a3HCHBIX MEPEMEHHBIX), €CIIH HET, TO BBIPOXKICHHAS CTPOKa He OCpETCs B
KadyecTBe paspemaromieii. Toraa paspermaromnias CTpoka BbIOMpaeTcsl Mo oduieMy MpaBHily, HO
Cpelu APYTUX CTPOK TAOJIUIIBI.

PaccmoTpuM noapoOHO perieHne 3a/1a4, MMEIOIIUX ClTydail BBIPOXKICHHOCTH Ha IpUMeEpe
3amaun 9.

3agaua 9

l. IleneBast pyHKITHSA:

Z=—X; + 10 + 43 max —»

Il. Cucrema orpaHUYeHHN:
X1+x3<1

2%+ Xo +X3< 2

2X1 = X2 + X3

[l. YcnoBue HEOTPUTIATETTLHOCTH:

X1, X2, X3=> 0

Pewenue:

[Tepexoanm OT cCTEMbI HEPABEHCTB K CHCTEME YPaBHECHUI:

Y1==-X—-X3+1
Yo=— X —Xo—Xz+ 2
Y3 = 21— X2 — X3

3anuiieM MareMaTH4yecKylo Mozenb B TaOnuyHOW (opme. Bribepem paspemarormmii
JJIEMEHT.

Tabauua 10
X1 —X> —X3 CBoOoHbBIE 21
YJICHBI
Vi 1 0 1 1 3
Vo 2 1 1 2 5
¥ -2 | (D 1 0 0
z 1 =10 —4 0 -3

Bapuant npomyctumsiii. HccienyeM AaHHBIA BapuaHT Ha BBIPOKICHHOCTh. B maHHOU
CHMHJ’IGKC-T&GHHLIG HaXO0OUTCA BBIpO)K,Z[GHHBIﬁ BapI/IaHT, TaK KakK CpGI[I/I CBO60,Z[HBIX YJICHOB
(kpome cTpoku Z), MOSBUIICSA HOJIb. BbiOMpaeM pa3peraromimii SIeMeHT.

CrenaeM nepByro UTEpaLMIo
Tabmuma 11
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-X1 | Y3 | X3 CBoOoaHbIC p¥] >
YJICHBI
Y1 1 0 1 1 2 3
y2 A | 1 0 2 2 5
X2 =z 1 1 0 2 0
Z -19 10 6 0 16 -3
Cremnaem BTOPYIO UTEPALIUIO
Tab6muma 12
Y2 —VYs3 —X3 CBobOoHbIE > pW)
YJICHBI
Y1 —1/4 1/4 1 1/2 3/2
X1 1/4 | -1/4 0 1/2 1/2
X2 1/2 1/2 1 1 3
Z 19/4 | 21/4 6 19/2 51/2

[TonydeH AOMYyCTUMBII BapUAHT, SIBISIONIUNACS ONTHUMAIbHbBIM.
Z=19/2

X1:1/2 y1:1/2
Xo=1 y2:0
x3=0 y3=0

Jlajiee pacCMOTPUM 3324y UMEIOLIUX CIIy4ald BBIPOKIEHHOCTH.

3agaua 10
l. IeneBast pyHKIHSA:
Z=54+ 1 + 33 + 4X4 —» Max

Il. Cucrema OrpaHUYeHHN:
X+ K+ 2,5+ X <75
0,5¢ + X+ 0,X%3 + 0,1x, < 10
2x1 + 3K = 3 + M

[l. YcnoBue HEOTPUTIATEITLHOCTH:
X1, X2, X3, X4 > 0

3agava 11
l. IeneBast pyHKIHSA:
Z=X1+X% + Kz + 64 —» Mmax

Il. Cucrema orpaHU4YeHHN:
Xp+ X+ 2 +X <15

X1+ X2+ X3+ X< 20

Ay + o> 266+

[l. YcnoBue HEOTPUTIATEITLHOCTH:
X1, X2, X3, X4 > 0

2. HeorpanuyeHHOCTb GyHKIHMOHAJIA
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B sTOoM ciydae B CHMIUIEKC-Ta0NHIIE HAXOOUTCS IOMYCTHMBIA, HO HE ONTHMAIBHBINA
BapMaHT W B paspemaromeM CToJIONe HEeT HU OJHOT0 TOJOXHUTEIbHOro »sjemeHta. C
HYKOHOMHUYECKOW TOUYKU 3PEHHUS pedyb UACe O HEOTPAaHMYCHHOCTH KaKoro-mubo BUIa pecypca.
3agavya HE UMEET ONTUMAJIBHOTO PEIICHUS.

Paccmorpum moapoOHO pemieHHe 3amad, HWMEIIIUX ClOy4dail HeOorpaHHYeHHOCTH
byuknnonana (GyHKIHS HE UMEET SKCTPEMAILHOTO 3HAYCHHS) Ha TpuMepe 3a1adu 15.

3amauya 15
l. LeneBast pyHKUIMA:
Z=-X—X3 —» Min

Il. Cucrema OorpaHHMYCHUN:
—X1—=X2—X3<5

=3+t Xo—4dz< 2

6X2 — &3 < 8

. YcnoBrue HEOTPUIIATEIBHOCTH
X1, X2, X3> 0

Pewenue:.
[Tepexonum OT CUCTEMBI HEPABEHCTB K CUCTEME YPABHEHUM:

YI=X1+X+X3+5
Yo = 3K —Xp+ 4Xz + 2
y3=—06+ 8+ 8

3anuiieM MareMaTH4ecKylo Mozenb B TaOnuyHOW (opme. Bribepem paspemarormmii
JJIEMEHT:

Tabomuua 14
X1 —Xo —X3 CBoOonHBIE 21
YJICHBI
VA -1 -1 -1 5
Yo -3 1 —4 2
Y3 0 6 -8 8
Z 2 0 1 0

Hccnenyem TONyYeHHBI BapuaHT HAa JOMYCTUMOCTh. B Ta0imuile HaXOAUTHCS
JNOMYCTUMBIA BapuUaHT peIleHUs 3aJayd, MOTOMY YTO Cpeld CBOOOJHBIX UJIEHOB HET
OTPULIATEIIbHBIX 3JIEMEHTOB.

Uccnenyem monydeHHBId BapuaHT Ha ONTUMAJIBHOCTh. B  Tabnmuie HaxoauThCs
HEONTUMAIBHBI BapUaHT, TaK Kak KOX(PQHUIMEHTH CTPOKH ZIOJOKHUTENbHbIE (Z—min)
(;1eMeHT Ha mepecedeHre CToNIOIa CBOOOAHBIX YWIEHOB M CTPOKH Z MPH aHAJIH3¢ BO BHUMAaHHE
HE pUHUMaeTcs1). BeiOrpaeM pa3zpenraroniuii dIeMeHT.

[Ipu BBIOOpE pa3pelIalomIero JJIEMEHTa IOJy4YaeTcsi, 4YTO CpPeaud CHUMIUIEKCHBIX
OTHOILLIEHUA HET HAaUMEHBIIET0 MOJoXKuTeabHOro. CrenoBarenbHO B JaHHOM 3aaaue
HEBO3MOYKHO HaWTH ONTHUMalIbHbIA BapuaHT. C SKOHOMHYECKOW TOYKH 3PEHHUS peyb O HIEe
HEOTPAaHMUYEHHOCTH KaKoro-Iu0o BHUa pecypca. 3aava He UMEeT ONTUMAIBHOTO PEIICHHUS.

Jlanee paccMOTpUM 3aJaud HMMEIOMIMX CIy4all HEOTpaHMYEeHHOCTH (PYHKIMOHAIa
(byHKLMS HE IMEET IKCTPEMAILHOTO 3HAUCHHS).
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3agaua 16
l. IleneBast pyHKIHSA:
Z=5X + X + BXx3 Maxy

Il. Cucrema OorpaHUYeHHN:
2X1 + X + X3 > 25

X1+ X% <20

X2 —X3< 10

[l. YcnoBue HEOTPUTIATETTLHOCTH:
X1, X2, X3> 0

3apaua 17
l. IleneBast pyHKIHSA:
Z=8) +tX% + 1k maxy

Il. Cucrema orpaHUYeHHN:
2X1 + 2 — 43 < 15

33X +X% <20

6X; — 1IX3< 7

[l. YcnoBue HEOTPUTIATETTLHOCTH:
X1, X2, X3> 0

3. Hepa3pemmumocTs MojiesIu

B sTOM ciiydae HEBO3MOKHO HAWTH JOMYCTHMBIM BapHaHT (B paspeliarolieil CTpoKe
CHMIUIEKC-Ta0NMHMIBI HET HU OJHOTO OTPHLATEIbHOro 3JeMeHTa). C SKOHOMHYECKOW TOYKHU
3peHHsT O3TO 3HAYMT, YTO OTPAHWYCHUS MOJCIU SBISIOTCS B3aWMOMCKITIOYAIOIIUMH,
IPOTUBOPEYAIIIMMH JPYT APYTY TpeOOBaHHUAMH. 3a7a4a HE UMEET PEIICHHUS.

PaccmoTpuM monpoOHO perieHue 3ajad, UMEIOIUX ClIydaid Hepa3pelrmMOCTH MOJIEIH
(cucTema HEpaBEHCTB HE MMEET PEIICHHsI) Ha IpuMepe 3aaa4yn 12.

3agaua 12
l. IeneBast pyHKIHSA:
Z=X1+ 0,2 +X3 —» Mmin

Il. Cucrema orpaHUYeHHI:
0,1 + 0,2 <2

—X1— 2(2 >5

2+ 3AK<1

[l. YcnoBue HEOTPUTIATEITLHOCTH:
X1, X2, X3> 0

Pewenue:
[lepexoauM OT CUCTEMBI HEPABEHCTB K CUCTEME YPaBHEHUM:

y1=-0, - 0,2 + 2

Yo=—X1—2—5
Y3==22 -3 +1
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3anuiieM MareMaTH4yecKylo Mozeidb B TaOnuyHOW (opme. Bribepem paspemarormmii

DJIEMEHT.
Taomuma 13
—X1 —Xo —X3 CBoOonHBIE 21
YJICHBI

VY 0,1 0,2 0 2

— Yo 1 2 0 -5
Y3 2 0 3 1
Z -1 -0,2 -1 0

Uccnenyem molydeHHbId BapuaHT Ha JOMYCTHUMOCT.

B Tabauite HaxoguUThCA

HGI[OHyCTHMBIﬁ BapI/IaHT peH_IeHI/I}I 3a1a4u, HOTOMy qTo cpezm CBOGOI[HBIX YJICHOB HUMCCTCS
OTpHUIIATENbHBIN 25ieMeHT. [Ipu BeIOOpEe paspemaromero >JeMEHTa MOJIyJaeTcsl, 4TO Cpeau
CUMIIJICKCHBIX OTHOI_HGHI/II\/'I HCT HAMMCHBUICTO ITOJIOXKHUTCIBHOI'O. CHG,Z[OBB.TG.HBHO, B I[aHHOﬁ
3a/1a4€ HEBO3MOXKHO HAUTH JOMYCTUMBIN BapruaHT. C SKOHOMUYECKOW TOUKHU 3pEHUS 3TO 3HAYMT,
YTO OTPAHUYEHUSA MOJEIH SABIAIOTCSA B3aMMOMCKIIOYAIOIIUMHY, IPOTUBOPEYAIUMH IPYT OPYry
TpeOOBaHUAMU. 3a/1a4a HE UMEET PEIICHUS.

Jlanee paccMOTpUM 3aJaud UMCIOIIUX CIy4dail Hepa3pelrMMOCTH MOJeIH (cucrema
HEPABEHCTB HE MMEET PEIICHU).

3amauya 13

l. LeneBast pyHKUIMSA:
Z=12% + 14 + 10 + 84 —» Mmin

Il. Cucrema orpaHHYCHUN:
2X1 + o + Axz + 5% < -10

Xg+ K +0,5%<5
X1 — 22— K< 3

. VYcnoBrue HEOTPUIIATEIBHOCTH

X1, X2, X3, X4=>0

3agauya 14

l. LeneBast pyHKIHUSA:
Z =25 +20% + 303 —» max

Il. Cucrema orpaHUYeHHN:

— 10 — 8 — 15> 100

2X1 + 20+ K3 < 20

0,2¢ + 0,3 +0,25%<5

[l. YcnoBue HEOTPUTIATETTLHOCTH:

X1, X2, X3> 0

4. Pemienue 3a1a4m JuHeiHOro mporpammupoBanusi B M SExcel
s mpousBoacTea npoaykuuu tuna Iy u I npeanpustue Uenonab3yeT ABa BUAA ChIPbS:

C1 u Cy. [lanHbIe 00 YCIOBUSAX MPOU3BOJICTBA MPUBEICHBI B TAOIHIIC.

Coipbe

Pacxo CeIpbst HA IUHHILY
TPOIYKITHH, KI/eI.

I, | I,

KonnuectBo
CBIPBS, KT
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Cy 1 3 300

=

C 1 150

[TpuObLTL HA EAMHUITY
POAYKINH, THIC. pYO.

CocTaBuUTh MJIaH MPOU3BOICTBA MO KPUTEPUIO MAKCUMYM MPUOBLITH.
Pewenue

1. CocraB nepeMeHHbIX

X1 — KOJIMYECTBO (€AMHUIT) MPOAYKIUH [1;

X2 —KOJIMYECTBO (€AUHUIL) MPpOoAyKIuu 1.

2. YwucmaoBas MOIEINb

|. LeneBas ¢pynkuus. Kpurepuii onTUMaaIbHOCTH MOJYyYCHUE MaKCHMyMma MPHUOBLIH OT
MPOU3BOACTBEHHON AesTenbHOCTU. Cl1eq0BaTEIbHO,

Z = 2% +3X, - max

[l. OcHoBHBIE OrpaHUueHUs

B Tabnuue mnpencraBieHbl JaHHBIE TIO pacX0y OCHOBHBIX MPOU3BOJICTBEHHBIX PECYPCOB
(ceipbe C1 1 C) Ha mpousBoacTBO npoaykuuu 15 u Iy, Mcnonb3yst aHHbIE TaOIHIIBI, COCTABUM
OTpaHUYCHUSA:

1x; + 3% <300

1x; + 1% <150

[ll. YcnoBue HEOTPUTIATETLHOCTH TIEPEMEHHBIX
X1>0
X2 20

3. O0uwmii BUI SKOHOMUKO-MaTEMAaTHYECKON MOJEITH
. £ =c X +c,X, - max
[l a11Xq +aiXo<by

ap1X1 +axXo < by
. x;>0, (=1, 2)

4. CtpykTypHas (hopMa S5KOHOMUKO-MaTEeMaTUIeCKON MOJEITH

2
. Z =) C/X; - max
=1

2
L 2aXsh, =12
=

m. X; 20, j=12

J

5. Pewenue 3a0auu ¢ ucnonvzoeanuem madauunozo peoakmopa MSEXcel
YroObl penInTh 3a1a4y, UCIOIB3Ys TabmuuHbIi penakTop MSEXcelneobxoaumo:

®  Otkpoits Tabmuussii penakrop (Ilyck  [TpospamMmsl MSExgel);

®  Samumem YHCIOBYIO MOJENb 3afadyd Ha pabounii juct (pucynok 1.1). Jlms storo

HEOOXOIMMO BBHIOpaTh SUCHKHM B KOTOPBIX OYOyT HaxOAWUTHCS HepeMeHHble. Jlomyctum
x1—C1 x;—C2 (BbIOOp sTYCEK IPOHU3BOJICH).
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B stueiike Al sanumenm nenesyto pyuxmmio Z = 2% +3X, 1 A1:=2*C1+3*C2
[TprmMeuanue:3amuch GOpMyIT BCerja HAUMHACTCS CO 3HAKA «=».

B siaeiiky B1 3anumem seByro yacth 110 orpanundenus (1x; + 3%)
B1:=C1+3*C2

B siaeiiky B2 3anumem seByro yacth 210 orpanndeHus (1x; + 1x)

B2:=C1+C2-*

Makin  MNpaeka BWa BcTaeka ®opWat  Cepeuc  fadHele  OkHO  CNpaeka
DEHoSYn SA% 8B o- &z -4 [@E 2 s
A1 - B =FC1+IC2

A T

il

Pucynok 1.1 —3anuchk unciioBoit Mojenu Ha pabodyem smcre MSEXxcel

[Tocse xak umcIOBast MOJE/b 3alKcaHa, HEOOXOJMMO YCTaHOBHTH Kypcop B sueiiky Al (B
Hell pacronoxeHa 1eneBas ¢(yHkuus). BeiOupaem Briaaky «CepBuc» —  «llouck
PEIIEHUS . .. », IPU 3TOM OTKPOETCSI TUanoroBoe okHO GyHKIuH «llorck pemeHus».

B oTkpbiBIIEMCS OKHE HEOOXOAWMO YCTaHOBUTH IIENIEBYIO SUEHKY, a IOCKOJIBKY y Bac
Kypcop crosn Ha sdeiike Al, To 3HaueHue 1eNneBOi sueiiku OyaeT mpaBUIbHBIM. B
HNPOTHBHOM ClIydae YCTaHOBHTE B PYYHYIO aJpec IIeIeBOM s4YeHKH (B JaHHOM CIydae
porpamMMa HCIOJIb3YeT aOCONIIOTHBIE ajpeca T.e. suyeiika Al mmeer abCOMIOTHBIN agpec

$A$1) (pucynok 1.2).

YcranoBute Mapkep B MOJOXCHHUC, COOTBCTCTBYIOIIHUC KPUTCPHUIO OITHUMAJIBHOCTH.
MaKCUMaJIbHOMY UJIM MUHUMAJIbHOMY 3HAYCHUIO.

B oxne «I3MeHsIsT  A4YEHWKU» HYKHO YyKa3aTh aJpeca S4YeeK COOTBETCTBYIOIIUE

nepeMeHHbIM. J[J1s1 3TOro HeOOXOMMO BBIACTUTH auana3on sueiiku ¢ C1 mo C2 (pucyHok
1.2).

Mouck peweHun E |
WCTAHOEMTE WENEEYHD AYEHAIY tok1 % BEIMONHHTE I

PaEHOR: % MaKCHMANEHOMY SHAYEHHHD " sHaueHHI: ID
= = 3aKpEITE

o MHHHMMANEHOMY ZHIYHEHKHD

—1ZMEHAA AYERKH!

|$C$1 g L ¥ %] NpeancnowmTe |
HOrpaHMUEHMA! [apaHeTpbl |

| HoBaEHTE |
MZHMEHHTE |
lI ¥AanMTE |

BOCCTaHOEMTE |
CMpaeka |

Pucynok 1.2 —Pabota B quanoroBom okHe «llouck pereHus»

B okHe «OrpannyeHus» aKTUBUPOBATh KHOMKY «Jl00aBUTH». OTKpoeTcsi OKHO «/|00aBUTh
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orpannyeHus» (pucynok 1.3). BBoaum nepBoe orpaHnyeHue: B OkHe «CChUIKA Ha STYCHKY»
YKa3bIBAIOT aJIpec SUCHKH, IJIe HaXOMUTCs JieBas yacTh 1-ro orpanmdenus - $B$1, 3atem
BBIOMPAIOT 3HAK OorpaHuyueHus « < » u 3Hadenue — 300.

JNoHagneHHe orpaHHYeHHA E
CrChifka Ha AHekEy ! CIrpaHHHEHHE
fros 53 | E | B 5

O I OTMEHA | AobaEnTE | _npaeka |

Pucynok 1.3 —/IuanoroBoe okHO «/{0OaBneHue OrpaHUYCHUS»

AKTHBUpYEM KIIABHINY «100aBUTH» M AHAJIOTMYHO BBOJMM BTOPOE OIpaHUYEHHE. 3aTEM
BBOJIM YCJIOBHME HEOPHIIATEIBbHOCTHU. [[71s1 3TOr0 B OKHE «CChIIKAa Ha SYEUKY>» YKa3bIBaeM
JMAIa30H s4YeeK, B KOTOphIX Haxoxsrca nepeMennbie ($CHL:$C$2)Ilocne nobapnenus
BCeX orpanuuecHuii BoiOMpaeM «OK». IlporpamMma BO3Bpamaercs B AUAJIOTOBOE OKHO
«[Touck pemenusi». BBo uncioBoii Mojenu 3akondeH (pucyHok 1.4).

Mouck pewenun E |
YCTAHOEMTE WENEEYHY AHERky: % BbIMONHHTE I

PaEHOR: % MaKCHMANEHOMY SHAYEHHHD " sHaueHHI: ID
= = 3aKpEITE

™ MMHMMANEHOMY SHAYEHMHD
—1ZMEHAA AYERKH!

|$C$1 g L ¥ %] NpeancnowmTe |
HOrpaHMUEHMA! [apaHeTpbl |

F e T st |
FCELECHZ »=10 H5MEHHTE |

lI ¥AanMTE

BOCCTaHOEMTE |
CMpaeka |

Pucynox 1.4 —3aBepiieHre BBOJIa YMCIOBOW MOJCIIH B THAIOTOBOM OKHE «[lonck
peuieHus»

Bribupaem komanmy «BeimonHuTh». Ha skpane mosiBUTCA OKHO «Pe3ynbTaThl MOMCKa
pemienus» (pucynok 1.5). Eciim Momenb cocraBieHa MPaBHJIBHO M HUMEET PEUICHUE, B
OTKpBIBLIEMCS OKHE OyJeT coolmienue: «Pemenne HaiizieHo. Bce orpanndenus U ycloBHs
ONTUMAJIBHOCTU BBIMOJNHEHbI». B okHe «Tum oryera»  BblOeputTe «Pe3ynbTarbl» U
HaxMuTe «OK».
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PESHIII:-TEITI:I NOHCKAa pEeleHHA |

PelueHHe HalHAeHD, Boe OrpaHKYeHHAa KM YCNoEMA
ONTHMANEHOCTH BERINONHEHE. Tun oT4eTa

%' CoxpaHHTE HaRAEHHOS peLEHHE

Mpeaent
o BOCCTAHOBMTE MCXOAHEIE SHAYEHHA "l

Ok I OTMEHA | COxpaHHTE CUEHAPKH. . . | CNpaEka |

Pucynok 1.5 —OxHO «Pe3ynbTaThl TOMCKA PEIICHUS»

PesynbTar perenus 3amaud npezicraBieH B «OtueTe 1m0 pesyiabraram» (pucyHok 1.6).
Pemenue 3a1aum OKOHYEHO.

Fd Microzoft Excel - Knural

Main  [paeka Bwa Bcraeka opwat  Cepekc fadHele  OkHO o Cnpaeka

DeEan &Y ¥ - W F - Ll 2] P A
21 - & Microsoft Excel 10.0 Otyer no pezynetatam

B B | C | D e

Microsoft Excel 10.0 OT4eT no pezyneTatau

Paboquit nucr: [Knural]Mucrl
Otyer cosnan: 22.03.05 20:54:36

Lleneean Aavedka (Makcumym)
Hueika Hua HcxopHoe 3Havednuwe Pezynetar
FAR1 a 375

MzaMeHAEMEIE AYNEREM
A4veika Hua HcxopHoe zHadveHue Pezynetar

FCH a 75
FCH2 1] 75
CrpaHK4eHKA
Hyenka Husn JHaveHune Popuyna Cratyc PaszHuua
§E%51 300 $B%1<=300 ceazanHoe 1]
652 160 $B%2<=150 cEAzaHHOE 1]
HCH 76 5CH1==0 He ceAzaH. 7a
FCE2 76 $CE2==0  He ceazaH. 75

ralmamM =] == 2= == ===

Pucynok 1.6 —Otuer o pe3yiabTaram

®  Peuenne 3a1a41 OKOHUYCHO, PE3yIBTATH MOKHO PACIICATATb.

[Ipumeuanue

Ecnu nouck He MOKET HaAlTH ONTUMAJIBHOE PELIEHUE, B JUAIONOBOM OKHE Pe3y/ibTarhl
MOMCKA PelIeHusl BEIBOJUTCS OJTHO U3 CIEAYIOUIUX COOOIICHHIA.

ITouck He MOKeT yIy4IIUTh TeKyllee pemeHue. Bece orpannyeHns BHINOJIHEHBI.

B mporecce moncka pemeHusl Helb3s HAaUTH Takoil HAOOp 3HAUYEHUI BIUSIOUINX SYEEK,
KOTOPBIA ObUT OBI JIydllle TeKymiero pemeHus. [IpubausuTenbHoe penieHne HaiIeHo, HO 00
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JaJbHEWIIEe YTOYHEHUE HEBO3MOXKHO, JTHMOO TOTPEIIHOCTh, 3aJaHHas B JAHAIOTOBOM OKHE
ITapameTpbl MOMCKA pelIeHUs CIUIIKOM BbICOKA. MI3MEeHNTE MOrpemHOCTh Ha MEHBIIEE YUCIIO
Y 3aIyCTUTE MPOLEypy MOUCKA PEIICHUS CHOBA.

IMouck ocTtaHoBJIeH (MCTEKJIO 3aJaHHOE HA MOUCK BpeMsi).

Bpemsi, ornymieHHoe ~— Ha  pelleHMe  3aJadd, ~ MCYEpHaHo, HO  JIOCTUYb
YIIOBJETBOPUTENBHOTO pPEUICHUS HE yAanoch. UTOOBI MpH ClIEAyIOleM 3alycke Mpoueayphl
MOMCKA PEIICHUs] HE MOBTOPATH BBIOJIHEHHBIE BBIYMCICHUS, YCTAHOBHUTE IMEPEKIIOYATEINb
CoxpaHuTthb HaiiieHHOe pemieHue uin COXpaHUTH CIlEeHAPHIA.

IMouck ocTtaHoBJIeH (IOCTUTHYTO MAKCHMAJILHOE YHCJI0 HTEPAIHii).

[Ipou3BeneHO pa3pelIeHHOE YHUCIO HWTepalui, HO JOCTHYb YAOBIETBOPUTEIBLHOTO
peuieHuss He YJaloch. YBEIWYEHUE YHWCIa HUTEpalMil MOXET I[OMOYb, OJHAKO CIIEyeT
paccMOTpeTh pe3yJabTaThl, YTOOBI TMOHSATh MPUYUHBI OCTAHOBKH. UTOOBI MpH CIEAYIOLIEM
3amycKe MPOUEAYphl MOUCKA PEIICHUS HE MOBTOPSTH BBHINOIHEHHBIC BBHIYHMCIICHUS, YCTAHOBUTE
nepexitoyarenb CoOXpaHUTh HalJeHHoOe PpelleHue WM HaxMuTe KHONKY CoXpaHMTh
cLHeHapuil.

3HayeHN 1eJIeBOi AYeii Ky He CXOASATCS.

3HaYCHUE IICJICBON SIUCHKUM HEOTPAHMYCHHO YBEIWYHMBACTCS (WM YMEHBINACTCS), JaXe
€CJIM BCe OrpaHUYeHUs coOoieHbl. BO3aMOXKHO cienyeT B 3a7jaue CHATh OJIHO OTpaHUYEHUE WU
cpa3y HECKOJIbKO. M3yuuTe mpolecc pacxoKIEHUs pEIICHHs, MPOBEPHTE OrPAHUYCHUS U
3aIyCTUTE 3a/1a4y CHOBA.

ITouck He MOKeT HAUTH NMOAXOAALIEr0 PelIeHHs.

B mpouecce moucka pemieHusi Helab3s CAeNIaTh UTEPALMIO, KOTOpas YAOBIETBOpsAia Obl
BCEM OIpPAaHUYEHUSM IMpU 33JlaHHOM TOUYHOCTH. BepoATHO, OrpaHUYEeHHs NPOTUBOPEUUBHI.
Hccnenyiite TucT Ha IpeaMeT BO3MOXKHBIX OHIMOOK B (opMyliax OrpaHMYEHUI Wiu B BbIOOpe
OTpaHUYECHUM.

IHonck ocTaHOBJICH 10 TPEOOBAHHUIO N0JIB30BATEJIS.

Haxara xnonka Crom B AuanoroBoM okHe Tekyllee COCTOsIHHE NMOMCKA pelIeHHs
IIOCJIE MPEPBIBAHUS TTOMCKA PELICHUS B IIPOLIECCE BBIITOJIHEHUS UTEPALII.

YcnoBus AJis1 JIMHEHHON MO/AEIM He YIOBJIETBOPSIOTCH.

YcranosieH ¢aaxok JIuHeliHAsE Mo/IeJIb, OTHAKO UTOTOBBIN MEpecyeT MOPOKIAET TAKUE
3HAUYECHHS, KOTOPbIE HE COIVIACYIOTCS C JIMHEHMHOW MOJENbI0. DTO O3HAYaeT, YTO pEIICHUE
HEJCWCTBUTEIbHO MMl JaHHBIX (opmyn naucta. UToObl MNpOBEpUTH JIMHEHHOCTH 3ajaud,
yCTaHOBUTE (PIIakOK ABTOMATHYECKOE MACIHITAOMPOBAHME U TIOBTOPHO 3alyCTUTE 3a1audy.
Ecnu 3T0 coob1ienne onaTh MOsSBUTCS Ha dKpaHe, cHUMHUTE Giiakok JImHeliHasi MoJesIb 11 CHOBa
3alyCTUTE 3a/1a4y.

IIpu noucke pemieHusi 00HAPYKEHO OLIMOOYHOE 3HAYEHME B 1eJIeBO sAUYeiike WU B
sA4eiiKke OrpaHuYeHH .

[Ipu mepecuere 3HadYeHU s4YeeK oOHapy)keHa omuOka B OJHOW ¢GopMmysne WU B
HECKOJBKUX cpady. Haiinure neneByro S4€Ky WM SYEHKY OIPAaHUYEHUs, IIOPOKIAIOIIHE
omunoOKy, U H3MeHuTe HuX (OpMyNbl TakK, YTOObl OHM BO3BpAllAid TOIXOJSIIEEe YHCIOBOE
3HA4YCHHUE.

HaGpano neBepHoe umsi unu popmyna B okHe Jlo6aBUTH orpaHuveHHe WU B OKHE
N3meHnuTsh orpanuvenue, 6o B noje OrpaHuveHue ObUIO 33JaHO IETIO€ WIH JABOUYHOE
orpanuueHue. YrtoObl OrpaHUYUTH 3HAYEHHS SUYEWKHM MHOKECTBOM IIENIBIX UHCEIBBIOEpUTE
oTepaTop LeJIOr0 OTPAHWYCHUS B CIHCKE YCIOBHBIX OMEepaTopoB. YTOOBI YCTAHOBUTH IBOUYHOE
OrpaHHuYEHUE, BBIOEpUTE ONepaTop sl ABOUYHOIO OTPAHUYCHUS.

Humepnpemayus pezynomamos 3adayu

[TomydyeHHbie 3Ha4YeHHsT B sA4Yeilkax, cojepkammx (OpMyabl 1eleBod (DYHKIMH HIH
OTpaHWYCHUH, SBIAIOTCS pPE3yabTaTOM pacyeTa MeJeBod (YHKIMU H COOTBETCTBYIOIIMX
OTpaHUYECHUU.

Pesynbrar, mnonydeHHblii B suelike Al o3Havaer npUOBUIb, TOIYYEHHYIO OT
IIPOU3BOJCTBA MTPOTYKLIUH.
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Sueiiku C1, C2 yka3pIBaroT HaM Ha KOJIMYECTBO NMPOU3BECHHOMN MPOIYKLIUH.

B sueiike Bl 3anucano l-oe orpanmueHue, XxapakTepusyroliee pacxona ceipbs C; Ha
IIPOM3BOJICTBO BCEX BUAOB npoaykuuu. [Ipu sTom momyumics pesynbrat paBHbiii 300, pasHuia
paBHa 0, 4To yka3bpIBaeT Ha MOJHBIA PAcXo/l ChIPhS JAHHOTO BUA.

B sueiike B2 3ammcano BTOpoe orpaHudeHue, XapakTepusymwouee pacxon chipbs Cp Ha
npou3BoAcTBO npoaykuuu 1y u I, Pesynmbrar paBen 150, pasauna paBra O, 4TO MOJHOCTBIO
COOTBETCTBYET 3aJJaHHOMY OTrpaHuueHHIO (T.€. Chipbe Cp N3pacX0/10BaHO MOJTHOCTHIO).

3nauenne sueek C1l, C2 mpesbimaroT O, T.€. yCI0BHE HEOTPHUIIATEILHOCTH TTEPEMEHHBIX
BBIIOJIHEHO.

Omeem

MaxkcumanbHast IprObLUTHF BO3MOXKHA B pazMepe 375eauHull.

O6nbem Beimycka npoaykuuu: [1; - 75mryk, I, - 75mryk.

Cripre C1 nC2 n3pacxo10BaHoO MOJHOCTBIO, YCIOBUE HEOTPHUIIATEIBHOCTH BBIITOJIHEHO.

3.2.3 Pe3yabTaThbl M BHIBO/IbI.

B cummekc-tabnune OyneT HaXOIUTHhCS BBIPOXKICHHBIM BapHaHT, €CIU Cpeau
CBOOOIHBIX YJIEHOB (KpoMe CTPOKH Z), MOSIBUTCS HOJIb.

HeorpannuenHocts ¢yHkIHoOHana. B aToM cimydae B cHUMIUIEKC-TaONMIIE HAXOIUTCS
JIONYCTUMBIM, HO HE ONTHUMAJbHBIA BapHMaHT U B pa3pellaIONIeM CTOJOLE HET HU OAHOTO
MOJIOKUTENBHOIO A1eMeHTa. C SKOHOMUYECKOM TOYKHU 3pEHMsI pedb UJIe€ O HEOTPaHMUEHHOCTU
Kakoro-imoo Buja pecypca. 3ajaya He MMEeT ONTUMAIIbHOIO PELICHNUS.

HepaspemmmocTs Mozenu. B 3ToM ciiydae HEBO3MOXKHO HAWTH JONMYCTUMBIN BapuaHT (B
pa3penraromeii CTpoke CHMIUICKC-Ta0JIHIbl HET HHU OJHOTO OTPHUIATENbHOro 3ieMeHTa). C
PKOHOMHUYECKOM TOYKM 3pEHUs OTO 3HAUUT, YTO OrPAaHUYEHUS MOJEIH  SBJISIOTCSA
B3aMMOMCKIIIOYAIOIMMH, TPOTUBOPEYALIMMH JAPYr APYry TpeOOBaHMAMM. 3ajaya HE HMEET
pelIeHus.

3.3 [IpakTuueckoe 3ansitue 6,7,8 (6 yacos)
Tema: «TpancnoprHas 3agaya»

3.3.1 3ananue 111 padoTHI:

1. IToaroToBka U MO/IENb TPAHCIIOPTHOM 3a1a4H.

2. Anroput™ MeTO/1a MOTEHITHAIOB.

3. [IpubnmkeHHbIe pacnpeIeTUTETHHBIC METO/IBI.

4. PeieHWe pachpee/IUTENIbHBIX 3ala4 METOJAOM IOTCHIMAIOB (3aKPBITOTO THIIA;
OTKPBITOT'O THUIA; CITy4ail BBIPOXKICHHOCTH; PELICHUE 3a/1a4 MPHOIMKEHHBIMUA METOIAMH).

5. Pemienue 3agaun auHEHHOTO porpammupoBanus B MSEXcel

2.3.2 KpaTrkoe onucaHue NpoBOAMMOI0 3aHATHS:

1. loaroToBKa U MoOJeJb TPAHCOPTHOI 3agauu. Cpeau npoOeM, IS UCCIIeTOBAHUS
KOTOPBIX YCTEIIHO MPUMEHSETCS JTUHEHHOE MPOrpaMMHUPOBaHNE, BAXKHOE 3HAYCHUE MMEET TaK
Ha3bIBaeMasi TPAHCIIOPTHAs 3ajaya.

OOmrast mocTaHOBKA OTOM 3adaud MPUMEHUTEIBPHO K OSKOHOMHUYECKOW TMpolieme
DKOHOMHHU W3JIEPIKEK TMPOU3BOACTBA (DOPMYITHpYeTCsT TaK: HMEETCS HECKOJIbKO IYHKTOB
HasHaueHUs (OpeANpHUSATHH, MOTpeOuTENnei); TpeOyercs MepeBe3TH HEKOTOPOE KOJIUYECTBO
OI[HOpO,Z[HOI‘O TOBapa n3 paBJII/I‘IHBIX HYHKTOB OTHpaB.HeHI/ISI B HECKOJIBKO HYHKTOB Ha3HA4YCHUS,
KKl M3 TIOCTABIIMKOB MOKET BBIJICIIUTH TOJIBKO OIMPEACIICHHOE KOJIMYECTBO €AMHUIL TOBapa
U KOKIOMY MOTpeOuTeno TpeOyeTcs TakKe OMpeeIeHHOe KOJIMYECTBO €UHUI] 3TOTO TOBapa,
W3BECTHBI PACCTOSHUS WM CTOMMOCTH MEPEBO3KH CIMHMIIBI TOBapa OT KaKIOTO TMOCTABIIHUKA K
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Ka)XJOMY MOTpeOUTEN0. 3a1a4a COCTOUT B TOM, YTOOBI HAWTH TaKHe MapLIPYyThl MIEPEBO30K, M3
BCEX BO3MOJKHBIX CBSI3€H MOCTABIIMKOB M MOTPEOUTENCH, MMPH KOTOPBIX OOIIWE TPAHCIIOPTHBIC
pacxompl ObulM OBl MUHMMaIbHBIMH  (TPaHCIIOPTHAs 3ajada TaKKe MOXKET OBbITh
chopMynHpoBaHa C EIeBON PYHKIIUCH, CTPEMSINEHCS K MAKCUMYMY).

Takum 006pa3oM, MycTh KMEEM M ITYHKTOB, B KOTOPBIX HAXOAMUTCS U3BECTHOE KOJIUYECTBO
OJTHOPOJHBIX TPY30B (MOCTaBIIUKHU). [TOpSAKOBBI HOMEp MOCTaBIIMKa 0003HAYALTCS i, TO €CTh
1=1,2,...m. Hanmume rpy30oB y mnocraBumka b Mmeercs N NyHKTOB HCHBITHIBAIOIINX
noTpeOHOCTh B 3THX Tpy3ax (morpebuteneit). IlopsinkoBelii HOMep morpedutens j=1,2,...N.
IToTpeGHOCTE B Tpy3ax KakXJOro HOTpeOHTeNs §;. M3BecTHa «IeHa» MEPEeBO3KH CIMHUIEI IPy3a
OT KaXJOro IIOCTAaBIIWKA K Kaxaomy morpedutemo (cj). HeoOxoammo cocTaBUTh IUIaH
NIEPEBO3KH IPY30B OT MOCTABIIMKOB K MOTPEOUTEINIO, T.€. ONPEACINUTh: KaKOe KOJIMYECTBO Ipy3a
HEOOXOAMMO TEPEeBE3TH OT KaKIOTO IIOCTABIMKA K KAXIOMY HOTpeOuTenio (Xj), mpuaem
3HAUCHUS Xjj IOJDKHBI OTBEYATh CICAYIONIMM TPEOOBAHUSM:

4)o6mue 3aTpaThl Ha MEPEBO3KY IPY30B JAOIKHBI OBITH MUHUMATBHBIMY;
5)Bce rpy3sl OT HOCTABIINKOB JOIKHEI OBITh BHIBE3EHB,

6)norpedHoCTH HOTpebUTENEH B TPY3aX JAOMKHEI OBITH YIOBIETBOPEHBI.

TpeboBanust 2-3 OJHOBPEMEHHO MOTYT OBITh BBITIOJTHEHBI TOJBKO B TOM Ciydae, Korja
CyMMa TIpy30B Yy BCEX IOCTaBUIMKOB paBHa CyMMapHOW MOTpPeOHOCTH Bcex MmorpeduTeneii, To
€CTh:

m n
Z b| = Z aj — YCJIOBHE Pa3peUIUMOCTH 3aJIa4H.

i=1 j=1
Ecnu ycrnoBue pa3pemmmocTy BBITIONHSETCS, TO 3aja4ya OyAeT SBISATHCS 3a/adyeid, Tak
Ha3bIBAEMOTO 3aKphITOro TUMa (cOamaHcupoBaHHO#). MHaye — 3agada OTKPHITOrO THIA

(necOanancupoBanHast). [yt TOro 4To0Obl PEMIUTh 337a4y OTKPHITOTO THIIA, HAIO €€ <BaKpPBITh»
(TO ecTh MpHBECTH K 3aKPBITOMY THITY). st 3TOr0 BBOAUTCS WM (PUKTHBHBIN MOCTABIIVK WA
(UKTUBHBIN TOTPEOUTED.

B cmydae, korma cymmapHvie 3anacvl npesviuiarom CymmapHvle NOmpeoHOCmU,
HEOOXO/UM JIOTIOJTHUTEIbHBIN (UKTUBHBIA MYHKT MOTPeOSICHHs, KOTOPHIA OyneT ¢opMaibHO
HOTPEOIATH CYIIECTBYIOIINI M3JIHIIEK 3a11acoB, TO €CTh!

m n
a, :Zq —Zaj .
i=1 i=1

Ecnu cymmapusvie nompebnocmu npesviwiarom cymmapHvle 3anacvl, TO HEOOXOAUM
JOTIONTHUTENbHBIN  pukmuenviti  TYHKT  OTIpaBieHHs,  (OPMAJIbHO  BOCIIOJHSIOLINMA
CYILIECTBYIOIIMI HETOCTATOK MPOAYKLIMH B MyHKTaX OTIPAaBJICHUS:

n m
b, =23 -2
j=1 i=L
BBenenne (QUKTHBHOTO MOTpEOHUTENs] WM OTHPABUTENS IOBJIEYET HEOOXOAMMOCTD

Z
dbopMalbHOTO 3a7aHus huKkmusHvLIXTapU(HOB Cij (peanbpHO HE CYMIECCTBYIOIMIMX) TS GUKTUBHBIX

nepeBo3ok. [lockonbKy Hac HWHTEpecyeT OIpeneieHne HanOoJIee BBITOJHBIX PeanbHbIX
HIEPEBO30K, TO HEOOXOAUMO MPEIyCMOTPETh, YTOOBI MPH PeIeHHH 3aaaud (IpU HAXO0XKICHUU
OIOPHBIX TUIAHOB) (YuKmMueHble TIEPEBO3KH HE PACCMATPUBAIUCH O TE€X IMOp, MOKa He OyayT
ONpCACICHbI BCC PCAJIBbHBIC IICPCBO3KHU. I[J'DI 9TOro Haao q)HKTHBHBIC MEPCBO3KHU CACIATh
HEBBITOAHBIMH, YTOOBI TIPU TIOMCKE PEIICHUS 3a7audl MX PACCMATPUBAIU B CAMYIO TOCJIETHIOIO
ouepenb. Takum 00pa3oM, eciu IesieBast (GYHKIUSA CTPEMHUTCS K MiN, TO 3aTparhl OepyTcs BO
BCEX (1)I/IKTI/IBHBIX KJIETKax TaGHI/H_H:I IMPOU3BOJIBHBIC, OJWHAKOBBIC W Ha MOPAAOK BBIIIC
HACTOSIIUX IIEH, T.C. BeTMYMHA (PUKTUBHBIX Tapu(OB MOJDKHA NPEBHINIATH MAKCHMAIBHBIA U3
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peanbHBIX Tapu(OB, UCTIONB3YEMBIX B MOICIH: Ci(jf’ > maxc; (I =1m;j=1 n). Ecnu nenesas
' .
¢GyHKLUS CTpEeMHUTCS KMaX, To Ci Oepércst paBHas HYIIO.
Paszeépnymas ¢hopma 3anucu mooenu mpancnopmuoii 3a0avu.
Jns ynoOcTBa, mpekae 4YeM MucaTb MOJelNb, 3alulieM B BHJAE MAaTpHIbI LEH Bce

3HaYeHMs Cj. A TakkKe B BHJE MAaTPHUIIBI IPY30IIEPEBO30K IEPEMEHHBIE Xjj.
Mampuya yen:

€y Cip oo Cyp
Cc Cc ... C
C — 21 22 2n
Cin1 Chao-- Chin
Marpuna C = (Cj)mwnHa3bIBaeTCsA Takke Marpuneil TapudoB (M3ZEpKEK WM

TPaHCIIOPTHBIX PACXOJIOB).
Mampuya epysonepesosox:

X1 Xio oo Xqp

Xop Xoy ven Xy

Xy Xmo oo X

mn

Martpuna X = (xjj)mn eIlie Ha3bIBACTCS INIAHOM TPAHCIIOPTHOI 3a/1auH.

Mogens TpaHCIOPTHOU 3a7auil OyeT BBITJISIETh CISAYIOIUM 00pa3oM.

|. IleneBast GyHKIUS ONMMUCHIBACT 3aTPAThl HA TICPEBO3KY IPY30B:

Z=C11X11+CoX1ot ... FC1nXintCo1Xo1+CooXoot . .. +ConXont ...

+CrXm1+HCrpXmpt - . . FCmXmn— MN.

Il. Cucrema orpaHuYeHHH OINHMCBHIBAET BTOPOE M TpPETbe TPeOOBaHMA I Xj H3
ITOCTAHOBKH 3a/1a4H.

1 rpynma: yciaoBHE TIOJIHOTO BBIBO3a TIPY30B OT IIOCTaBIIMKOB (CymMMa TIpPYy30B,
BBIBC3CHHBIX OT ITOCTAaBIIIMKA JOJIDKHA GBITB paBHa HaJ'II/I‘II/IIO):

X11+Xa2+. .. HXan= by,

Xo1+Xoot ... +Xon= D,

Xm1+Xmz+ . .. +Xm= D,

2 Tpymma: yCIOBHE YIOBICTBOPEHHS TOTpeOHTEAs (CymMMa TIpy30B IPHBE3EHHBIX
HOTPEOUTEIIO TOJDKHA OBITh PaBHA €r0 MOTPEOHOCTH):

X11+Xo1t.. . X =ay,

X12HXoot ... +Xp=a2,

XmtXmet. .. tXm— an.

[ll. YciaoBue HEOTPUIIATETLHOCTH TIEPEMEHHBIX BeTU4rH X11=20, X120, ..., Xn20.

Cmpykmypnas gpopma 3anucu mMooenu mpancnopmmou 3a0aju.
B crnennan3npoBaHHON TUTEPAType MOJIEIH JAIOTCA B CTPYKTYPHOH dopme.

:: Z:Zquxj ~ min.

3 Yx =h.i=12..m
el
4) inj:aj,j:l,Z,...n
I %20 (= 1,2,..m,] = 1,2,...).
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Tabauunas opma 3anucu mooenru mpaHcnOPmMHoOU 3a0a4u.

OOuenpuHATO B Tabauie HHPOPMALIUIO 1O MOCTABLIMKAM PAcCIoarath 1Mo CTPOKaM, 1o
MOTPEOUTEII0 — 10 CTOJIOIAM.

Pazmep Tabauipl: Crpok M+2, crondios N+2.

Marpuiipl TPaHCIIOPTHBIX PACXOJ0B U TIEPEBO30K COBMEIIAIOT OOBIYHO B OJHY JIBOMHYIO
MaTpUILy — Mampuyy niaHupO8aHusl.

Ecnu B Tabnuiyy 3amucaHa TONBKO MCXOIHAs MH(OpPMAIMs U HET 3HAYEHHH Xj, TO 3TO
pabouas TabaMua WiIKM Makem 3ajadd. Eciy 3HaueHMs Xj POCTAaBIEHBI, TO IOIY4aeM HEPBBIH
BapHaHT pelIeHus 3a1aun. B Takoit popme 3a1aun penraroTcs.

Tabmuma 5 —OOmuii BUI TPAHCTIOPTHON MaTPHIIBI

noTpeOuTeITN
A
1 2 . n b
C C C
1 11 12 1n bl
X11 X12 Xin
C C C
E 2 21 22 2N b2
= < X21 X22 X2n
3
g C C C
g m ml m2 mn bm
Xmi1 Xm2 Xmn
n m
ai al a.2 e an Z a] = Z bl
=1 i=1

KpoMe OCHOBHBIX YCIOBHH, B TPaHCHOPTHBIX 3a7adaX MOXET BCTPETUTHCS PSII
JOTIOTHUTEIBHBIX, OTPAHUYUBAIONIUX  KOJWYECTBEHHBIE  CBS3M  MEXKAY  OTHICIbHBIMU
NOTPEOUTENSIMH M TIOCTABIIMKAMHU. XapaKTep 3TUX OTPaHHUYCHHI M CIIOCOOBI PEUICHUS 3a/1a4H
MIPY HAJIMYWU JOTOJIHUTEBHBIX OTPAaHUYCHUH 3aKITI0YAIOTCS B CIICIYIOIIEM.

1. ITotHOE OTCYTCTBHUE CBSI3M MEXy IMOCTaBILUKOM U MOTpeduTeneM, To ecTb Xj= 0. 910
03HAYaeT, YTO B JAHHON KIIETKE MATPHUIBI UCKOMBIM O00BEM MEPEBO30K JOJDKEH OBITH paBEH
HyTI0. B 3TOM ciydae orjeHKa TMEepeMEHHOW 3aBhIMIAeTCS Ha OOJBIIYI0 BEIUYHUHY, OOBIYHO
o0o3Hagaemyro OyKBOl M, u «romaaHue» rpy3a B 3Ty KIETKY HEXKelaTeIbHO, TaK KaK IelieBas
(GYHKIHMS CTPEMUTHCS K MUHUMYMY (M 3aHIDKaeTcs, eciid Z — max).

2. Hamuuue yacTHOW 3apaHee (PUKCHPOBAHHOW CBSI3M MEXKIY TOCTaBIIMKAMH |
HOTPEOUTENSIMH, TO €CTh Xjj= ( (MCKOMBIH 00bEM IMEepeBO30K OT i-TO MOCTAaBIIMKA K J-My
HOTPEOUTEITIO JIOJDKEH OBITh CTpOro paseH (). Toraa, 10 Havana perieHust 3aa4i OT BETHYHHBI
IPYy30B COOTBETCTBYIOIIETO TMOCTABIIMKA W TMOTPEOWTENs] BBIYUTACTCS BEIMYMHA (], 3aT€M B
COOTBETCTBYIOIIYIO KJIIETKY TIEpECCUCHHsI TMOCTaBIIMKA W TOTPEOUTENS 3amChIBAcTCS
3aBbIlICHHas omneHka M (mpu Z-min u 3aHWwkeHHas npu Z-—Max) W 3ajada peraercs
OOBIYHBIM METOIOM.

3. Xj > Q, TO ecThb UCKOMBII 00bEM IEPEBO30K OT i-TO IMOCTABIIUKA K j-My IOTPEOUTEIO
JOJIKEH OBITH HE MEHBIIIE BEJTMYUHEI (. B 3TOM citydae 10 Hagana pemieHust OT BEJIMYUHBI TPY30B
COOTBETCTBYIOIIIETO IMOCTaBIIMKA W IOTPEOUTENsT BBIYMTACTCS BEIWYMHA (], 3aTeM 3ajava
pernraercsi OOBIYHBIM ITYTEM.

Mogens TpaHCHOPTHON 3aaddl TO3BOJISIET pemarh JIIOObIe 3agaud, B KOTOPBIX
nmapaMeTpsl HMMEIOT OJMHAKOBBIC CIWHUIBI HW3MEpeHUs. Takue MOJeNnu Ha3bIBAIOTCS
OJTHOTIPOJAYKTOBBIMU. K HUM MOXXHO OTHECTH 3aJla4y ONTHMH3AIHUU UCIIOJIb30BaHUSI MAITHHHO-
TPAKTOPHOTO TapKa B OTIEIbHBIC arpOTEXHUYECKUE CPOKH, 3a/1a4y ONTUMAIBLHOTO Pa3MEIICHUS
TIOCEBOB CEIHCKOXO3SIMCTBEHHBIX KYJIBTYP 10 YYaCTKaM C Pa3IMYHbIM IUIOJOPOIUEM TTOYB | T.J.
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2. AJITOpUTM M€TO/1a OTEHI[HAJIOB.

MaremaTrnueckass MOJENb TPAHCHOPTHOM 3aJauM OTHOCUTCS K 3ajJadyaM JIMHEWHOTO
OPOrPaMMHUPOBAHUS W MOXET OBITh pelIeHAa CHUMIUIEKCHBIM MeTonoM. OIHAaKo BBUAY
WCKIIFOUMTEIIbHON TPAKTUYECKONM BAXKHOCTH JTOM 3aJa4dl U CHENU(UKHA OTPAHWYCHUN
(orpaHuYeHUs 3aaHbl B BUJIC YPABHEHUIT; KaXK/1ash HCM3BECTHASI BXOJHT JIMIIb B JIBA YPABHEHUS,
KO3(D(DUIMEHTBI TPH HEU3BECTHBIX — CIWHMIBI) JUISI €€ PEIICHHS CO3[aHbl CICHHATbHbBIC
anropuTmbl. CaMbIM pacIpOCTpaHEHHBIM METOJOM pEUICHUs TPAHCIIOPTHOW 3a7aud SIBISETCS
METO/]T TOTEHIAJIOB.

Pemenue TpaHcnopTHOH 3a/1aun pa3OuBaeTCs Ha J1Ba dTara:

3) ompeneneHre HAYaIbHOTO JOMYCTUMOIO OA3WCHOTO perieHus (IIepBOro OMOPHOIO
IlaHa) — T[EepPBOHAYAJIbHOE  paclpelesiecHue TOoCTaBOK. JlocTuraercss  moCpencTBOM
pacnpenenuTeabHbIX METOOB;

4) mocTpoeHHE MOCICIOBATEIbHBIX UTEepalyii (IIAroB), YAyUIIAIOUIMX OMOPHBIC TUIAHBI
(kaX bl HOBBIN TUIAH HE JIOJDKCH YBEJIMYMBATH CYMMAapHbIC 3aTpathl Mpu Z — MIN U yMEHbIIATh
npu Z - max).J[octuraercst mocpeicTBOM METOIa MOTCHITHAIIOB.

[Tocne BhIMOTHEHUS MEPBOIO 3Tala MIAark BTOPOro 3Tara MPOBOAATCS A0 TeX MOop, MOKa
He Oy/eT Hali/IeHO ONTUMAIbHOE pacIipe/ie]IeHHe MOCTaBOK.

1-v11i oman. Ilocmpoenue nepgoHauanbHO20 ONOPHO20 NAAHA

[Inan cocraBinsercs mMociae10BaTeIbHBIM 3all0JHEHHEM M0 OJHOM KJIeTKe B TaOJuIle Tak,
YTO KaXIbIH pa3 JTUOO0 MOJHOCTHIO YIOBJIETBOPSETCS MOTPEOHOCTH OHOTO M3 MOTpeduTenei,
a10O0 TOJHOCTBHIO BBIBO3UTCA TPy3 OT HEKOTOPOro MOCTaBIIMKA. B Teopuu noka3bIBaeTcs, YTO
0a3ucHOE peIIeHHE CHCTeMbl OrpaHWueHHd (M3 M+N ypaBHEHUH ¢ MN TEpeMEHHBIMU) B
YCIOBHSX TPAHCIIOPTHOM 3aJaui ©MeeT M+n—1 0a3ucHBIX mepeMeHHbIX (ee paHr paBeH M+n-1),
MO3TOMY, COBEpIIMB M+N-1 yKa3aHHBIX IIaroB, MOJYYHUM NEPBBIM OMOPHBIM miaH. OmopHbIE
IUTaHBI MOJIY4al0T HECKOJIBKUMH METOJIaMH, Ha3bIBa€MBIMH paclpeaeauTeNbHbIMu. Cpean HUX
MO>XHO BBIJCJIHUTH. METOJ CEBEpO-3alaJHOr0 yria, METOJ HaWIy4dlldX IE€H U METO]
annpokcuManuu. [locnennue 1Ba  MeToJa  OTHOCATCA — Takke K MPUOIMKEHHBIM
pacnpeneuTenbHbIM METOIaM M OyIyT paCCMOTPEHBI B TPEThEH YacTH JAHHOTO pa3jena.

Ilpumep.

b; =1500 @a=800 13 12 15 16
b, =1000 a=1200 C=| 17 15 14 13
b; =2000 @ = 1400 15 14 13 16

a=1100
Pemute Ha MUHHMYM, 3aII0JIHUB pab0UyI0 TaOIUIly METOJIOM CEBEpPO-3alaHOTO yTJa.
Tabmmia 6 —3anonHeHne pabodel TaOIHITBI METOJOM CEBEPO-3aIlaIHOTO yria

1 2 3 4 b
13 12 15 16

1 800 700 1500
17 15 14 13

2 500 500 1000
15 14 13 16

3 900 1100 2000

3 800 1200 1400 1100 4500

Zmin = 800*13 + 700*12 + 500*15 + 500*14 + 900*13 + @6 = 62600.

[Tpu 5TOM MeTO/Ie Ha Ka)JIOM IIare MOCTPOCHHUS TIEPBOTO OIMMOPHOTO IIaHa 3arOTHICTCS
BEPXHss JieBas KJETKa («ceBepo-3alaHblii yroi») ocTaBlielcss dyactu Tadnuubl. [Ipu Takom
METO/Ie 3aroJiHeHHe TaOauIbpl HaunHaercs ¢ kietku (1,1) u 3akaHunBaeTcs B Kietke (M,N), To
€CTh HJIET KaK ObI [0 IUaroHaIH TaOJIHIIBI IIEPEBO3OK.
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MeToapl HaWTYYIIUX IIEH U anlpOKCUMAIlMU TaKK€ MOXKHO HCIOJIh30BaTh HA JaHHOM
JTarne.

2-oii stan. Meron noteHuuanoB. ONTUMaATEHOCTh 0A3UCHOTO PEIICHUS.

[TonydeHHBII OJHUM U3 paACHPENCIUTENIBHBIX METOJOB OINOPHBIM IUIaH CHavaia
HEO0OXOMMO TIPOBEPUTH HA BBIPOKICHHOCTh. BapmaHT OymeT HEBBIPOKICHHBIM, €CIIM YHCIIO
3aMOJIHEHHBIX KJIeTOK N paBHO cymMMe MOCTaBIIMKOB U MOTpeOUTENEH 3a BEIYETOM E€ANHUIIBL:

N=m+n-1.

Ecnu Ha KakOM-TO 3Tare perieHus! MOIydUTCsl BRIPOXKICHHBIN M1aH (T.€. N<m + n —
1), To ero HeOOXOIUMO TIOMOJIHUTh, IPOCTABUB B HEMOCTAIOIIEM YHCIIC KJIIETOK HOJIb. [IOCKONIBKY
STUM JOMOJIHUTEIBHBIM KJIETKaM OYyAYyT OTBEYaTh HYJIEBbIE MEPEBO3KH, TO 0OIIMi OanaHc U
CyMMapHasi CTOMMOCTh TEPEBO30K IUIaHA MPU 3TOM He wu3MeHuTcs. OIHAKO TPOBOAHUTH
MOTIOJIHEHHE TJ1aHa, BHIOMpasi KJIETKU MPOU3BOJIBHO, HeNlb3s. Heo0XoauMo yuuThIBaTh YCIOBHE
AIMKJINYHOCTH. [l7aH Ha3bIBAETCS AlMKIUYECKUM, CCIU €ro O0a3MCHBIC KJICTKU (3alOJHCHHBIC
Ipy30M) HE COJep)KaT IHMKIOB. I[MKIOM B TpaHCIOPTHOW TaOJHIle HA3BIBACTCS HECKOIBKO
KJIETOK, COCIMHEHHBIX 3aMKHYTOM JIOMaHOW JIMHUEH TAaK, YTO JBE COCEIHUE BEPIIMHBI JIOMAHOU
pacIoyioKeHbl JTUOO B OJHOU CTPOKE, JTUOO B OJHOM CTOJIOIE. JIomaHass MOKET UMETh TOYKH
camoriepeceueHus, HO He B KJIETKaX I[UKJIA.

HeBbIpox1eHHBII BapuaHT HEOOXOAUMO MPOBEPUTH HA ONITUMAIbHOCTb.

Teopema 06 onmumanvrocmu.Bapuant pemieHus 3agaud OyneT ONTHUMAalbHBIM, €CIH
HalizieTca Takas cucTeMa aOCTpPaKTHBIX YHMCeN, Ha3bIBaeMbIX IMOTEHIMAJaMHU TOCTaBIIMKOB U
MOTEHIMAIaMHi TIOTPeOUTENel, MPU KOTOPOU JUISI BCEX KIJIETOK TaONMUIbI OyAeT BBIOIHSATHCS
yCIIOBUE!

Vj — U<Cj(mpu Z - min) nv; — U>C;j (mpu Z - max),

rie V; —OTeHUHAabl IOTpeOuTENeH,

Ui— TTOTEHITHAJIBI TOCTABIIUKOB,

Cjj — IIeHa NIePEBO3KH SMHHIIBI IPy3a (YCIOBHBIC T/KM).

[MpuueM, V; — U = Cjis 3aHATBIX KIETOK M Vj — USGj (WM Vj — U>Cjj) U1 CBOOOIHBIX
KJIETOK.

Ha ocHoBaHuu 3T0# T€OpeMbI HCCE0BaHNE HA ONITUMAIBHOCTh IIPOBOIUTCS B 2 HTarna:

3) mmst KaxIoM 3aHATON KJIETKH COCTABIIACTCS ypaBHEHHUE V; — U = Cjj B pe3ysIbTaTe 4ero
nojiyyaercss cucreMa u3 M+n—-1 takux ypaBHeHuil. Pemaercst 3Ta cucreMa OTHOCHUTEIBHO
NOTEHIMAIOB. Tak Kak B JJaHHOW CHCTEME YKMCJIO YPAaBHCHUN MEHBIIE YHCIa HEM3BECTHBIX (T.c.
crcTeMa UMeeT OeCUMCIICHHOS MHOYKECTBO PEIICHHUH), a HAM HAJl0 HAWTH OJHO JIF000e pelieHue,
TO KaKOMY-JIMOO TMOTECHIIMATy MOKHO NMPUCBOWUTH MPOU3BOJIBLHOE YHCIO U OTHOCUTEIHLHO HETrO
paccuuTaTh OcTalibHBIE 3HaueHus. [yt ynoOcTBa pacyeToB yaie Bcero oepyt U;=0;

4) nna cBOOOAHBIX KJIETOK TAOIUIIBI MpOBepsieTcs ycloBHE Vi —USCj (mim V; — U=Gj).
Bapuant Oyner ontuManbHbIM, €CITU AJIsl BCEX CBOOOHBIX KIETOK 3TO YCIOBUE BBHITOJIHUTCA.

JUis KaskIoi KJIETKH, B KOTOPOH HE BBINONHSETCS YCIOBHE V; — USCj (unu V; — U>Gj),
paccuuThIBaeTcs omeHka O = |(v; — U) — Gj|-Knerka, comepxamias Ojj, Ha3pIBaeTCs «LIOXOW», a
MOJTyYeHHAas OlLIEHKA UCIIOJIb3YeTCs IPU MepepacipeieIieHUN IPy30B.

To ecTs nccnemoBaHNe Ha ONTUMAIBHOCTH HE TOJHKO OTBEUAET HA BOMPOC, ONTHUMAJICH
BapHaHT WJIM HET, HO €Ille W IOJICKa3bIBaeT, B KAaKOM HAampaBJIE€HUH HAIO0 €ro yiaydlaTh Mpu
HE00XO0IUMOCTH.

Ilepepacnpedenenue epy306 u nonyyeHue H08020 8apuUarHma.

CMbICIT Iepepacnpeie/ICHUs 3aKII0YaeTCs B TOM, YTOOBI B CAMYIO «ILIOXYIO» KIIETKY (T.€.
3Ha4YeHHe OjjHanboIIbIIee) epepacpeieNuTh Kakoe-To KoJIndecTBo rpy3a. [lepepacnpenenenue
IPy30B JIOJKHO OTBEYATh CIEAYIOIINM TPEOOBaHUSM:

4) [OJDKHBI BBITOJIHATHCS TPEOOBAHUS CHCTEMbI OIPAHUYCHUI MOJICIIH,

5) BapuaHT pelieHUs 3a7a4d JOJDKCH OCTaThCs AalMKIMYeCKHM, T.. HE JIOJDKHA
MOSIBUTHCS JIUIITHSS 3aTIOJTHEHHAS KIIETKA;

6) OJKHO BBIMOJHATHCS YCIOBUE HEOTPHUIIATEIILHOCTH B MOJICIH, T.€. Xj= 0.

75



C yueroM AaHHBIX TpeOOBaHUH, areopumm nepepacnpedenetus OyIeT COCTOSATh U3 ABYX
11aroB:

1) HaMeTHTh MapLIPYT MepepacpeeiICHus rpysa.

s aToro B TabiMile CTPOUTCS LMKII MepepacrpesieleHuss 00beKTOB MepeBo3oK. Luki
IpeCTaBIsieT cOOOW 3aMKHYTYIO JIOMaHyl0 JHHMIO, KOTOpas HauMHAeTcs B TOM CBOOOIHOM
KJIETKe, TIJie YCIOBHE ONTHMAILHOCTH Hapymiaercs HauOosiee CuibHO (T.e. Tam, T
OljjHanOOoIbIIIAs).

HekoTopeie pa3HOBUAHOCTH LIUKJIOB.

a) 6) B)
e =) @ D e )
G——? & D
o D) & é S ©
r) ol o 7) S o
@ o o
o+t+o

© T
G & O——JD

ITpu mocTpoeHnu UKIa MOXKHO NIPOXOAUThH KaK Yepe3 3aHsThle, TaK U 4epe3 CBOOOHBIE
KJIETKH TaOJIUIIBI, HO TOBOPOTHI AETAIOTCSA TOJIBKO B 3aHATHIX KJIETKAX U MO MPSIMBIM YTJIOM;

2) onpenenuTh NOPSIOK H3MEHEHHsI 00bEMOB TIEPEBO30K B BEPIINHAX ITHKJIA.

JUi 3TOro B BEpIIMHAX LMKJIA PACCTABISAIOT 3HAKH «+» U «—», [IPUYEM B Hadaje LUK
(kyeTka, rae OjjHan0OoIIBbINAs) CTABUTCS 3HAK «+»,B CICNYIOMEH  «—»,B CICAYIOWEH «+» U T. 1.
[Tomygyaem uepenoBanue 3HAKOB. HampasieHue IBMKEHHMS IIPH PAcCCTaHOBKE 3HAKOB OT
CBOOOTHOW KIJIETKH O€3pa3IMyHO, TaK KaK KOJMYECTBO BEPUIMH IMKJIA SBISETCS YETHOU
BeNMMYMHON. Hanmnume 3Haka «+» B BEepUIMHE LUKJIA IOKa3bIBAa€T, YTO OOBEM IIEPEBO30OK
HEOO0XO/UMO YBEIHYUTH, a «—» — YMEHBUINTh. YBEJIUUYEHHE U YMEHbILICHHE O00BEMOB
IIEPEeBO30K B BEPUIMHAX LIMKJIA MPOU3BOAUTCS HA OJMHAKOBYIO BEIMUYMHY, KOTOpas BbIOMpaeTcs
paBHO HaMMEHbLIEMY M3 00BEMOB MEPEBO30K B TEX KIETKaX, I7ie B BEPIIMHE IUKIIA CTOUT 3HAK
«—».Takum 00pa3oM, U3 OTpULIATETHLHON BEPIIMHBI KOHTYPa HEOOX0AUMO BbIOpAaTh HaMEHbIIIEE
3HaueHHe xjj. B HOBOIl paboueil Tabmuue moigydaeM CIEAYIOIUH BapHaHT pEIICHHs 3aJauu:
BBIOpAaHHOE 3HAY€HHE Xj M3 OTPHLATEIbHBIX BEPIIMH KOHTYpa MPEIbIAYINEH TaOIHLbI
OTHUMaeM, a K TOJOXHUTEIbHBIM — NpuOaBiisieM. 3aloJHEHHBIE KJIETOYKH, HE SBIISIOIIUECS
BEPILIMHAMU KOHTYPA, HE MEHSIOT CBOE 3HAYCHUE.

B urtore nomyuaem HOBBIM BapuaHT. CleAyrolue naru oucka ONTUMaJIbHOTO BapuaHTa
COBEPUIAOTCS 110 aHAJIOTUH BBILIEH3JI0KEHHOTO.

3aMeuaHue: aNroOpuUTM IepepacipeeieHus OAMHAKOB U 1ipu Z — MiN u ipu Z — Max.

3. [IpubdaukeHHbIE pacnpeaeTuTeIbHbIe METOIbI

K nmpubnuxeHHbIM pacrpeleUTeIbHBIM METOAaM MOXKHO OTHECTH METOJ| HAWITYYIIHX
IEH U MeToJ anmnpokcumauuu. ITpuOimKeHHbIMH OHM Ha3bIBAIOTCSA BCIEACTBUE TOTO, UTO
NOJy4eHHOE NpU TOMOLIM ASTHX METOJOB pacIpelelieHne Ipy3a B Talnuue He Tpedyer
JIONIOJIHUTEIbHOM TPOBEPKM HA ONTHUMAIBHOCTb, TaK Kak JIMOO Cpa3y OKa3blBaeTcs
ONTUMAJIBHBIM, INOO MAaKCUMAaJIbHO K HEMY MPHOIMKEHO.

Memoo naunyuwux yen

Metoa HaMIy4IIUX IIEH MO3BOJIAET MOJMYYUTh OOJiee BBITOJHBIA OMOPHBIN IUIaH, YeM
METOJ| ceBepo-3amanHoro yrna. IIpu pacmpeneneHnu rpysa Ha KaXZOM IIAre 3TOrO0 METOIa
BBIOMpAETCsl KJeTKa C Hauiayuuwietl yewou. Haummydmedl cuMtaeTcs MHHHMMANbHAas LI€HA MPH
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Z—min, u MakcuMaibHas IieHa npu Z—max Ecmu cymectByeT HECKOJIBKO KIETOK C
OJTMHAKOBBIMH JTyYIIUMH Tapu(amu, TO U3 HUX IS ONMPEISIEHHOCTH MOXKHO BBIOpATh KIIETKY,
HAXOJSIIYIOCS JIeBEE M BBIIIE OCTABHBIX.

Aneopumm memooa HAULYUUWUX YeH:

1) paccmatpuBas pabo4yro TabJIHIly, HAUTH KIETKY C HAWTYYIIeH IEHOH;

2) IPOCTAaBUTBH B 3Ty KJIETKY MAaKCHUMAJIBHO JJOIIYCTHMOE 3HaYCHHE Xij;

3) BBIUEPKHYTh CBOOOIHBIC HEPAOOUHNE KIICTKH;

4) OTKOPPEKTUPOBATh KIECTKH b 1 &;.

Ha stom 3akaHumBaeTcsi oJuH mar (UTepaius) MeTo1a.

N3 octaBmmxcsi cBOOOMHBIX pabOYMX KJIETOK CHOBA BBHIOpATh KIETKY C HaWITy4IIeH
IICHOHM M MOBTOPATH JI0 T€X IOP, MOKa MOJIHOCTHIO He OyIeT pacrpeiesieH BeCh Ipys.

Tabnuua 7 —3anonHeHne paboyei TabIUIBI METOIOM HAMTYUIINX 1IEH

1 2 3 4 b
13 12 15 16

1 300 1200 1500
17 15 14 13

2 1000 1000
15 14 13 16

3 500 1400 100 2000

a 800 1200 1400 1100 4500

Zmin= 300*13 + 1200*12 + 1000*13 + 500*15 + 1400*13 80r16 = 58600.

3ameuanue. IpeanaraeMplil AITOPUTM METOAA MOKHO MCIIONB30BATh IS PELICHUS 3a1a4
HeOospioro pasmepa. Ilpu pemeHuu 3amad GoJdbIIOrO pa3Mepa aJIrOPUTM 3TOr0 METoAa
npUMeHsieTcs He Ui Beeil paboueit TabuIbl, a WK JJIs KaXKI0M CTOKH, HITH Ka)KJI0r0 CTONIOIA.

Memoo annpoxkcumayuu

JIaHHBII METOJ, TaK)KE KAaK U IPEABLAYIIUIN, UCIIOJIB3YET MOHATHE «HAWITy4llas HeHa», HO
B OTJIMYUE OT HEro MO3BOJIIET Oosiee OJHO3HAYHO CHeNaTh BBIOOP MEXJy PaBHO3HAYHBIMU
KJIETKaMHU IIPU paclpeaesieHUN Tpy3a.

Aneopumm memooa annpoxcumayuu.

1) B paboueii TabnuIle 3a1a4u OepeM JOTOIHUTEIBHYIO CTPOKY U CTONOCI] «Pa3HOCTEH;

2) 3a1oTHsIeM 3TH CTPOKY M CTOJOEI Pa3sHOCTSIMU MEXKIY ABYMs HAMIYYIIUMH LEHAMU
10 KaX/101 CTPOKE M KaKAOMY CTOJIOIY;

3)u3 BceX pa3HOCTEH CTPOKM M CTOJOIA BHIOpATh HAWOONBIIYIO, YKa3aTh HOMEP
UTepaluy,

4)B COOTBETCTBYIOIICH CTPOKE WJIM CTOJIOIE BHIOMpAEM KJIETKY C HAWIYYIICH IIEHOMH,
IPOCTABIISIEM B 3Ty KJIETKY MAaKCUMalIbHOE 3HAUCHHE Xjj;

5) koppekTupyeM cBOOOIHBIE YICHBI M BEIYEPKHBAEM Hepaboure CBOOOIHBIC KIIETKH;

6) M3 OCTaBIIUXCS HEUCIIOJIL30BAHHBIX PAa3HOCTEH CHOBA BHIOPATh HAMOOJBIIYIO M TaK 10
TeX MOp, MOKa UK He OyyT UCIOJIb30BAHBI BCE PA3HOCTU WM HE OYAET pacupeiesieH BECh TPY3.

Ecnu pa3Hoctu OyayT MCHOIB30BaHbI BCE, a TPy3 pacHpesiesieH He 10 KOHIA, TO B MaJIbIX
3ajjauax JlopaclpesielieHue rpy3a Ipou3BOIUTCS BpyuHY0. B Oonbimx e 3agavax npuxoIuTCs
JI0YepUMBaTh CTPOKY M cToyiOen “pa3HocTedl” W 3amOJHATh MX, HO Temepbh pa3HOCTU OepyTcs
MEXIy ABYMS HAUIYYIIUMH LIEHAMH, HO TOJIBKO IO CBOOOIHBIM Pa0OYMM KIIETKaM.

Tabmuma 8 —3anonHeHne pabodel TaOIHUITBI METOJOM aMMPOKCUMAITTH

Cromnberg

1 2 3 4 bi .
pasHoCTeH
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13 12 15 16

1 300 1200 1500 1
17 15 14 13

2 1000 1000 1
15 14 13 16

3 500 1400 100 2000 1

3 800 1200 1400 1100 4500

Ctpoka
pasHocTei 23 2o 1 31

Zmin= 300*13 + 1200*12 + 1000*13 + 500*15 + 1400*13 80r16 = 58600.

PasHocTs 3; 0O3HawaeT, YTO 3amoJIHEHWE TAOJIHMIBI HAYMHATH CleayeT ¢ KiaeTku (2,4)
(cTonbeny BBIOpaH C ydeTOM HaWOOJbBIICH pPa3HOCTH, KJIETKAa B ITOM CTOJIOIE BBIOpaHa C
HaMMEHBIIIEH IICHOM, Tak Kak Z—min).

[Tpu 3anomHEHUH TaOJIUIIBI CIIEAYET TOMHUTE, UTO:

1) ecnu pa3HOCTH HUCIOJB30BAaHBbI BCE, a TPY3bl paCIpelesieHbl HE J0 KOHIA, TO eCIH
CYIIECTBYET E€AMHCTBCHHBI BapUaHT, IOpACIpeleleHHe MPOUCXOIUT BpydHyro. Eciom ke
JOpacHpeneNaTh TPy3bl MOKHO Pa3HBIMU CIIOCOOAaMH, TO YEPTUTCS €Ile OJHA CTPOKa U CTOJOel]
pa3HOCTE W 3alONHSAIOTCS OHHM PA3HOCTAMH MEXIYy HaWIy4YIIMMH I[[€HAMHU TOJBKO TIO0
CBOOOJTHBIM KJIeTKaM. [lajee anropuT™ qeiCTBUMA MMOBTOPSETCS,

2) ecnmu B CTPOKE M CTOJOIE OKAKETCS HECKOJIbKO OJMHAKOBBIX pa3sHOCTEH, TO
IOpeIrouyTeHue Haao OTAaTh TOM, KoTopas OyleT HMEeTh «ONTHUMAJbHBIM SIEeMEHT».
«OnTUMaTBHBINA JIEMEHT» —3TO 1I€Ha, KOTOpas SBJSIETCS HAWIYYIEeH, KaK 1Mo CTPOKE, TaK U 10
CTOJNIOIY, HA MEpPEeceueHUr KOTOPhIX OHa CTOMT. MccrmenoBaHue Ha HalIWYUE «ONTUMAIBHOTO
AJIEMEHTa» MPOBOJUTH IMOCIIE KAKIOU UTEPALIHH;

3) eciu ONTUMANBHBIN AJIEMEHT MMEETCS Y HECKOJBKHX OJMHAKOBBIX Pa3HOCTEH, TO
MPEIOYTEHUE OTIATh TOMY «ONTUMATIHLHOMY DJIEMEHTY>», KOTOPBIH OyAeT UMeTh HAauOOJIBIIYIO
CYMMY <«pa3HOCTEN» M0 CTPOKE U CTONOIlY, Ha MepeceyeHu KOTOphIX OH cTouT. Ecnu u cymma
OKaXETCS OJIMHAKOBOH, TO 3aMOJIHATH MOKHO KJIETKY C JIFOOBIM «ONTUMATbHBIM JIEMEHTOM;

4) ecnu Mbl UMEEM HECKOJIBKO OJIMHAKOBBIX Pa3HOCTEH W HHM OJHA M3 HUX HE HMMEET
OMTUMAIBHOTO AJIEMEHTa», TO TOTJa B COOTBETCTBYIOIIUX CTPOKAX M CTOJOIAX MCUHUCISIOTCS
HOBBIC Pa3HOCTH, HO MEX 1y 1-0¥f U 3-€1 HAUTYUIITUMHU [IEHAMH.

3ameuanue. B xauecTBe HEOCTaTKa 3TOTO METOJIAa MOKHO OTMETUTH HEOOXOJUMOCTh B
3HAaHUU BCEX €r0 0OCOOEHHOCTEH, a TaK)Ke€ HEKOTOPYIO IPOMO3AKOCTh TaOJIHLI.

4. PemieHue pacnpenejuTeIbHBIX 3a/1a4 MeTOJ0M MOTEHIHAJIOB (3aKPBHITOr0 THIA;
OTKPBITOI0 THIIA; CJIY4ail BHIPOKIEHHOCTH; pellleHne 32124 MPUOJIHKeHHbIMU METOaMH).

Meroa NOTEeHIHAIIOB PELICHUs TPAHCIIOPTHOU 3a1a4 JIMHEHHOTO IIPOrPAMMUPOBAHMUS C
HaXO0XJ/IEHHEM OIOPHOTro I1aHa MeToioM CeBepo-3anagHoro yria.

3amava 1

CocraBuTh Mm1aH EPeBO3KH KapTodesns u3 3 COBX030B 3 Mara3uHaM TakK, 4TOOBI CymMMa
paccTosHMIA Ha MePeBO3KyY ObL1a MUHMMaNIbHOW. Hannuue kaprodens (B TOHHAX), HOTPEOHOCTh
Mara3MHOB M PAaCCTOSIHHUE OT COBX03a JI0 Mara3uHa (B KMJIOMETpax) MpUBEICHbI B TabuIe 1.

Tabmuma 1
Cosxo3 Macasurn 3anacwi
- 1 2 3 -
1 2 8 7 300
2 6 9 3 360
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3 5 2 1 180
Ho;nge@wcm 210 450 310 50 840

Jano: by —Hanmume rpysa y i-ro nocrasmuka (i= 1, 2, 3)
g —oTpeOHOCTS j-To moTpedurens (j= 1, 2, 3, 4)
B03MOXHOCTH MOCTABUIMKOB!

3
3 b =840
i=1
Bo3MmoskHOCTH TOTpeduTenei:
3
Y.a =970
j=l
3 3 3 3
Z;aj szl - |Z;aj_2b, | =130
i= i=1 = i=1

3a7a4ya OTKPBITOTO TUIIA, YTOOBI 3aKPBITH, HYXKHO BBECTH (DUKTHBHOT'O MOTPEOUTENS C
norpebHocThIO by = 130

X11 X12 X13
X= ] X1 X2 X3
X31 X32 X33
X41 X42 X43

Xjj —KOJIMYECTBO IPy3a, IEPEBO3UMOTr0 OT I-T'0 MOCTABIIHKA K j-My ITOTPEOUTEITIO.

4 3
Z:E ECIJXJ —>m|r

i=l j=1

4
Z‘Xﬂ =a; j=1,2 3)

VYcnoBue BBIBO3A!

X11 + X12 + X313 = 300

Xo1 + Xo2 + Xo3 = 360

Xa1 + X3z + X33 = 180

Xa1 + Xa2 + %23 = 130

YcaoBue yoBIETBOPEHUS TOTPEOHOCTEH:
X11 + X1 + Xa1 + X41 = 210

X12 + Xo2 + X32 + Xa2 = 450

X13 + X23 + X33 + X43 = 310

3
inj =B 1,2 3 4
j=1

Z =2+ 8o+ Xzt
+ 6X21 + Moo + oz +
+ SX31 + 3o + Ixzz +
+ 10%4 + 10x5 + 10%4 — mMin
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ITonygaeM ucxoauslii Bapuant Meto oM CeBepo-3anaHoro yria.

Tabnuua 2
Cosxos Macasun 3anacwi
- 1 2 3 -
2 8 7
1 210 90 300
6 = +
2 __9 __ 3 360
1360 L 0
5 2 | 1
3 a= | 1 180 180
5| |
10 * =
10 10
49 a= 130 130
6
Ho;nge@wcm 210 450 310 50 970

ZQ)aKT =2-210+8-90 + 9-360 + 1-180 =
=420 + 720 + 3240 + 180 = 4560

HccnenoBanne Ha BBIPOXKAEHHOCTh. BapuaHT OyaeT HEBBIPOXKICHHBIM, €CIH YHCIO
3aroJIHEeHHBIX KJIeTOK N paBHO cymMMe MOCTaBIIMKOB M MOTpeOuTeneil 3a BeyeToM equHunbl: N
=m+n-1.

N=5

nN+m-1=3+3-1=6,

T.. N<m + N — 1 —BapuaHT BBIPOXKICHHBIH, CII€JOBATEIBHO, €r0 HEOOXO MO
IIOTIOJIHUTh, IPOCTABUB B HEJIOCTAIOIIEM YHUCIIE KIETOK HOJb. [10CKOIBKY ATHM
JIOTIOJTHUTEIBHBIM KJIETKaM OyyT OTBEYaTh HYJIEBBIE MIEPEBO3KH, TO OOIIMIA OanaHc U
CyMMapHasi CTOMMOCTb NI€PEBO30K IJIaHa TP 3TOM He 3MeHUTCs. OIHaKoO MPOBOAUTH
NOTIOJIHEHHE TUIaHa, BEIOMPAst KIETKHU MPOU3BOJIbHO, Hellb3s. HeoOX0mMo yuuThIBaTh yCIoBHE
AlMKJINYHOCTH.

[ToctaBuM HOJIb B KJIETKY (2,3).

HccnenyemM Ha ONTUMAITLHOCTb, ISl 3TOTO:

1) CocTaBuM CHCTEMY YpaBHEHHI OTHOCHTEIBHO MOTEHIIHAIOB [Tl 3aITOJIHEHHBIX
KJIETOK TaOJIMIBL: yCIOBHE: Vj —U = Cjj.

st kiaetka (1,1) v — W =cp3= 2

st kietku (1,2) o — b =¢12= 8

st KiaeTka (2,2) W — W =c2=9

st kietku (2,3) s — p =co3= 3

s kiaetkn (3,3) W — W =c33=1

s kietku (4,3) s — W =cq3= 10

Kak mpaBuno W = 0, Torna noxydaem:

vi=2 w=-1
Vo, =8 =1
V3=2 W= -8.

2) C noMolbI0 HaliJeHHBIX TOTEHIMAIOB IPOBEPUM BBINOJIHEHUE HEPABEHCTBA Vj — U <
Cjj JUI CBOOOHBIX KJIETOK M BBIYHCIUM
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a=|(vi—u)—cj|
JUTS TeX U3 HHX, 7T KOTOPBIX 3TO HEPABEHCTBO HEBBITIOMHSAETCS.

st kiaerku (1,3) V5 — U = C13
2-0<7 BEPHO
s kietku (2,1) Vi—U<cp
2—-(-1x6 BEPHO
s kiretku (3,1) Vi—Uz<ca
2-1<5 BEPHO
s kietku (3,2) Vo —Uz<c3p
8-1<2 HEBEPHO o32=5

s kietku (4,1) Vi—W<cay
2—-(-8)<10 BEPHO
s kietku (4,2) Vo —Us < cap
8 - (-8)<10 HEBEPHO a4 =6

[Tomygaem: 032 = 5; 042 = 6.

CyIiecTBYIOT TUIOXHE KJIETKH, CIeI0OBATEIbHO, BADUAHT MPECTAaBICHHBIN B Tabnuie 1 He
OoNTUMaNbHBIA. g  ydydlnmeHus TUTlaHa TEPeBO30K B TaOJUIlE  CTPOMTCS  IUKI
nepepacnpesiesieHdss 00beKTOB IMepeBo3ok. LMk mpeacraBnseT coOOW 3aMKHYTYIO JIOMaHYIO
JUHUI0, KOTOpash HAaYMHAETCs B TOW CBOOOMHOW KIIETKE, TJE YCIOBHE ONTUMAIbHOCTH
Hapylaercs Hanbojee CHIIbHO. B paccmMaTpuBaeMoM mpumepe Takoi KIETKOH SBISETCS KIEeTKa
(4,2),rae o Hanbombiee (042 = 6).

[Tpu mocTpoeHUH IHUKIa MOXKHO MPOXOIUTH KaK 4epe3 3aHSATHIE, TaK U Yepe3 CBOOOIHBIC
KJIETKH TaOJIMIIBI, HO TIOBOPOTHI MOYKHO JI€aTh TOJBKO B 3aHATHIX KJIETKAX MOJ MPSIMBIM YTJIOM.
[TocTponm 1O yKa3aHHBIM TpaBWJIaM UK B Tabnuie 2. JIaHHBINH UKI MOKAa3bIBA€T, YTO IS
VIY4IICHUS] IUIaHa TEePeBO30K, T.. I YMEHBIIEHUS OOIeld CTOMMOCTH IE€pPEBO30K,
HEOOXOJMMO HM3MEHUTh O0BEM IMEPEBO30K B TEX KIIETKAX, IJIC€ HAXOMAATCS BEPIIMHBI (YIJIbI
MIOBOPOTA) IMKJIA.

[Mopsimox n3MeHeHus: 00BEMOB MEPEBO30K B BEPIIMHAX IMKJIA OMPEIEIISICTCS CIETYIOIIUM
obpazoM. B BepmmHaxX MmUKIa PACCTABISIIOTCA 3HAKM «+» U «—», IPUYEM B Haudaje IUKIA
CTAaBUTCS 3HAaK «+», B CIEAYIOUIEH «—», B CIECAYIOUIEH 3a HEW BepIIMHE «+» U T.4. TO ecTp,
MOJIy4aeM 4YepeaoBaHuE 3HAKOB «+» M «—». HanmpaBieHne ABUKEHUS MPU PACCTAHOBKE 3HAKOB
OT CBOOOJHOW KIETKM Oe3pa3nyHO, TaK KaK KOJIMYECTBO BEPIIMH ILHUKIA SBISETCS YETHOU
BenuunMHOM. Hanmuume 3Haka «+» B BEpIIMHE IMKIA IMOKA3bIBA€T, YTO OOBEM IMEPEBO30K
HEOOXOUMO YBEIHYUTh. YBEIMUYEHUE U YMEHBIICHHE 00bEMOB MEPEBO30K B BEPIIMHAX IIUKIIA
MPOU3BOJUTCS HA OJMHAKOBYIO BEIMYMHY, KOTOpas BBIOMpAETCS pPaBHOW HAaWMEHBIIEMY W3
00BEMOB MEPEBO30K B TEX KIETKAX, I7Ie B BEPIIUHE ITUKIIA CTOUT 3HAK «—>».

B wrore mnonydaem HOBBIM BapuaHT B Tabmune 3. Clemyronige Iard TOHMCKa
ONTUMAIBHOTO BapHaHTa COBEPIIAIOTCS 110 aHAJIOTUU BBILIEU3II0KEHHOTO.

Tabmuma 3
Coexos Mazcasun 3anacul
- 1 2 3 -
2 8 7
6 = +
2 9] 3 360
1230 I 130
5 N L
2 1
3 @z 180 180
5




10 10 10
49 = 130 = 130
Ho;nge@wcm 210 450 310 50 970

Zpacr =2:210+8-90+9-230 + 3-130 + 1-180 =
=420 + 720 + 2070 +390 + 180 = 3780

HccnenoBanue Ha BBIPOXKIEHHOCTb.

N=6

nN+m-1=3+3-1=6,

T.. N =m + n— 1 —BapuaHT HEBBIPOKICHHBIN.

HccnenyemM Ha ONTUMAILHOCTb, ISl 3TOTO:

1) CocTaBuM CHCTEMY YpaBHEHHI OTHOCHTEIBHO MOTEHIIHAIOB ISl 3aITOJIHEHHBIX
KJICTOK TaOJHIBL: yciIoBue: Vi—Ui= ¢jj.

st kaetka (1,1) v — b =c3= 2

s kietku (1,2) o — b =¢12= 8

st KaeTka (2,2) W — W =c2=9

st kietku (2,3) s — p =co3= 3

st kiaetkn (3,3) W — W =c33=1

st kietku (4,2) o — W =cq2 = 10

Kak mpaBuno Uy = 0, Torma moiydaem:

V=2 =-1
Vo =8 k=1
V3=2 Ww=-2.

2) C noMomIbIo HalICHHBIX MOTEHIHAIOB IIPOBEPHM BBINOIHEHHE HEPABEHCTBA Vj — U <
Cij IUTsL CBOOO/IHBIX KJIETOK M BBIYHCIIAM
a=|(vj—u) -
AJIg TEX U3 HUX, TJIS1 KOTOPBIX 3TO HEPABCHCTBO HEBBITIOJIHACTC.

st kaerku (1,3) 5 — U < C13
2-0<7 BEPHO
s kietku (2,1) Vi—U<cp
2-(-1)x6 BEPHO
s kietku (3,1) Vi—Uz<ca
2-1<5 BEPHO
s kietku (3,2) Vo —Uz<c3p
8-1<2 HEBEPHO o32=5

s kietku (4,1) Vi—Us<cm
2—-(-2)<10 BEPHO
s kietku (4,3) V3 —Us < ca3
8- (-2)<10 BEPHO

[Tomyuaem: 032 = 5.

CyIiecTBYIOT TUIOXHE KJIETKH, CIeI0OBAaTEIbHO, BAPUAHT MPECTaBICHHBIN B Tabnuie 1 He
ONTUMaNbHBIA. JJIg  ydydlieHus TUTaHa TEPeBO30K B TaOJMUIE  CTPOMTCS  IUKI
nepepacnpesieNieHdss 00BEKTOB MepeBo30K. LMK mpeacTaBiseT HAYMHACTCS B TOM CBOOOIHOM
KJIETKE, TJIe YCJIOBHE ONTHUMAJIBHOCTH HapyllaeTcss Hambosee cuibHO. B paccmarpuBaeMom
pUMepe TaKoW KJICTKOH siBisieTcst kieTka (3,2),rae o HaunbosbIiee (o032 = 5).

B wrore mnonydaem HOBBIM BapuaHT B TaOmune 4. Cremyronige mIard TOHWCKa
ONTUMAIBHOTO BapHaHTa COBEPIIAIOTCS 110 aHAJIOTUU BBILIEU3II0KEHHOTO.
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Tabmuua 4

Cosxos 1 M%fﬂ 3 3anacul
2 ° @9 31(;3 360
8 > 180 : 180
a I
IL;WM 210 450 310 970 >0

Zpaer =2:210+8-90 +9-50 + 3:310 + 2:130 =
=420 + 720 + 450 +910 + 360 = 2860

HccnenoBanue Ha BEIPOXKICHHOCTD.

N=6

n+m-1=3+3-1=6,

T.. N =m + n— 1 —BapuaHT HEBBIPOKICHHBIN.

Hccnemyem Ha ONTHMAITBHOCTD, JUISL 9TOTO:

1) CocTaBuM CHCTEMY YpaBHEHHI OTHOCHUTEIIBHO MOTCHIIUAIOB JUIS 3aITOJTHEHHBIX
KJIETOK TaOJMIBI: yCIOBHE: Vi—Ui= Cjj.

s kiretkn (1,1) v — W =c¢11 = 2

s kiaetka (1,2) w— W =c¢12=8

st KieTku (2,2) o — p =¢2 =9

s kiaetkn (2,3) s — W =cp3=3

st kietka (3,2) b — Ug =C32 = 2

s kiaetka (4,2) o — W =cg2= 10

Kak mpaBuno  w; = 0, Torna noxydaem:

V=2 w=-1
V2:8 L!3:6
v3=7 =-2.

2) C nmoMoIbIo HalfJeHHBIX TOTEHIMAIOB IPOBEPUM BBINOJIHEHUE HEPABEHCTBA Vj — U <
Cij JIIsL CBO60,Z[HBIX KJIECTOK U BBIYUCIIUM
o= (v—u)—cj
AJIg TEX U3 HUX, JJIS1 KOTOPBIX 3TO HCPABCHCTBO HCBLIITOJIHACTCA.

st kaetku (1,3) V3 —Ui < c13

7-0<7 BEPHO
st kaetku (2,1) Vi—U2<c21

2—-(-1)x6 BEPHO
st kaetka (3,1) Vi—Us<c31

2-6<5 BEPHO
st kiaetku (3,3) V3 —U3<c33

7-6<1 BEPHO
st kaetku (4,1) Vi —Us<cq

2—-(-2)<10 BEPHO
s kiaetku (4,3) V3 —Us<cy43

7-(-2)<10 BEPHO

Bapuant ontumaseH.
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OtBeT: Zmin = 2860

210 90 0
4= 0 50 31
0O 180 O

B pe3syiibraTe MOJy4eHHOTO PELICHUS MOXHO CI€JIaTh BBIBOJ, YTO MUHUMAJbHAs CyMMa
paccTossHUN Ha mepeBo3Ky Oyaer paBHa 2860 kM, ecnmu 1-b1ii coBX03 mepeBe3eT 1-My u 2-My
marazuHam cootBeTcTBeHHO 210 T m 90 1 kaprodens, 2-0if coBxo3 2-My U 3-My Mara3uHam
nepeseszer coorBeTcTBeHHO S50 T m 310 T kapTodens, a 3-uit coBxo3 2-my marazuny — 180T
kaprodens. [Ipuuem u3 2-my marazuny HeponoctaBsaT 130T kaproderns.

I[anee PaCcCMOTpUM 3aJavuu JIA 3aKPCIIJICHUA HABbIKA PCIICHUS TPAaHCIIOPTHBIX 3a/4a4.

3agaua 2
HaiiTn onTuManbHOE pellieHue 3a/1a4un:

b, =100 a; = 140 3 5

bz =150 a =170 4 7 8

bs =130 az =230 C= 6 3 2

b, = 200 8 9 3

bs = 180 4 2 8

Pemmureaa max.

3agaua 3

HaiiTn onTuManbHOE pelieHue 3a/1aun:

b, = 1500 a; = 800 13 12 15 16

b, = 1000 a, = 1200 C= 17 15 14 13

bs = 2000 az = 1400 15 14 13 16
as=1100

PemmntsHa min.

3agaua 4
HaiiTn onTuManbHOE pellIeHHUE 3a/1a4un:

b]_ =6 =4 1 2 4

b, =8 a==6 C= 4 3 8 5

bs =10 az3=8 2 7 6 3
=8

PemmTeHa min.

3amaua 5

Haiitn onTuManbHOE pelieHue 3a/1auu:

b, = 200 a; =150 7 8 1 2

b, = 180 a, =130 C= 4 5 9 8

bs =190 az =150 9 2 3 6
as = 140

PemmTeHa Max.

3agaua 6

Haiitn onTuManbHOE pellieHue 3a/1a4uu:
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b; = 500 a; =150

bz =300 a, =350
b; =100 az = 200
as = 100
as = 100

PemmmteHa Min.
3amaua 7

HaiiTn onTuManbHOE pelIeHHUE 3a/1a4un:

b]_ =150 a; =200
b, = 250 a> =100
bs =50 az =250
b, = 100

PemmTeHa min.

3amaya 8

HaiiTn onTuManbHOE pelIeHHUE 3a/1a4un:

b]_ =130 a; =130
bz =55 =75
bs; =80 az = 65
by, = 65 a, = 60
b5 =135 a=75
as = 60

Pemmmwmts HA Min.

5. Pemenne 3axaun auHeliHOT0 mporpamvupoBanus B M SExcel

5
C= 6
8
5
6
C= 2
3
3
2
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TpeOyercst iepeBe3TH OJTHOMMEHHBIN TPy3 U3 TPEX ITYHKTOB OTHPABICHUS B TPH MyHKTa
HazHayeHus. KonmnuecTBo rpy30B, MOANICKAIINUX OTIPABICHHUIO C KaXKIOTO CKJIa/ia, MOTPeOHOCTH
B HUX KaXJIOTO IMOTPEOUTEIISI U PACCTOSHHUS B KHJIOMETPAX OT KaKIOTO IMyHKTa OTIPABIICHUS B
KK TyHKT Ha3HAUCHUS IPUBEICHBI B Ta0uIe 3.2.

Tabnuna 3.2 —PaccrosiHust IepeBO3KH, KM

S (T T— [TorpeOuTenu Hanuuue rpysos,
1 2 3 T
1 15 17 23 900
2 9 19 8 800
3 24 21 32 550
[TorpeGHOCTE B 2250
rpysax, T 700 800 750 2950

HyxHO ompeaenuTth, U3 KaKOro MYyHKTa OTIPABICHHS CICIYeT YIOBJIETBOPATH CIIPOC
notpebuTeneit, 4To0b 001ast cyMmMa 00beMa MepeBO30K (TKM) Oblila MUHHUMAJIBHOM.

Pewenue:

1. ITpoBepka cOamaHCUPOBAHHOCTH 3a/1a4l

[IpocymmupyeM Hanuuue rpy30B y OCTaBIIUKOB

3
> b = 900+800+550=2250
i=1

[TpocymMmmupyem noTpeOHOCTH OTPEOUTENEH B Tpy3ax
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3
Z -~ 700+800+750=2250
=1

3 3
Z b = z 3, » ClIeNoBaTENbHO, 3a/1a4a cOaancupoBaHHast (3aKpPBITOTO THIIA).
i=1 =1

2. Omnpenienenue nepeMeHHbIX
O6o3HaunM d4epe3 Xj [T] konmuecTBO Tpy30B, KOTOpBIC OymyT IepeBe3eHBI OT i-To
MOCTABIIUKA |-MY TIOTPEOUTEIIIO.

3. |. LleneBas pyHKIMsA
Dopmanvrasn yenesas QyHKYuUs umeem uo:

F(X)=15x, +17x,, +23x, +
+9X,, +19X,, +8X,,+
+24%,, + 21X,, +32X,; - MIN

[I. OcHOBHBIE OrpaHUUEHUS

(X, + X, + X5 =900,
X, + X, + X, = 800,
X3, + X3, + X453 = 550,
Xy t X, + X5 =700,
X, + X, + X5, =800,

X3 + X5 + X3 = 750 .
[ll. YcnoBue HeOTpULIATENHHOCTH
DXU. >0 (i =13 ] :TB)
4. Monenb 3ama4yy B 0OIIEM BUJIE:
. HX)=X,+6 X, +GXs +
TG %, 76K, T6XKst

+Q1X31+%2X32+%3X33 —-min
Xy + Xy, + X3 = by,

Xp + Xy + X5 = by,
X3 + Xg + X453 = by,
Xy Xy + X5 = ay,

X12 + X22 + X32 = aZ’

Xiz3 T Xp3 + X33 = Q5.
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. Ox20 (=13 j=13)

5. Mopenb 3a1a4u B CTPYKTYpHOH (hopme:

l. F(x)=iicj X, — min,

i=1 j=1
3 -
>x =h, i=13

Il = ,
3 —
2% =a;, (=13
i=1

.Uy, =0 (i =13 j :E%).

6. Jlst pemienust nanHo# 3amaun B Excelneodxoaumo:

1) TI0JT 3aIKCh 1EIeBON (DYHKIIUU OTBECTH sSuehky Al

2) 0] 3aIMCh OTPaHUYECHUHN — sTueiku cTosOa B (komn4yecTBO ssueek coBMamacT ¢
KonmuecTBoM orpannyenuii): B1, B2, B3, B4, B5, B6;

3) MOJ1 3aITUCh UCKOMBIX TIEPEMEHHBIX OTBECTH stueiiku cTonoios C, D, E

(xommuecTBO MOTPEOUTENEH COBITAAET C KOJUYECTBOM CTOJIOIIOB,
KOJIMYECTBO MOCTABIIUKOB — C KOJIUYECTBOM CTPOK).
* [Ipumeuanue: ICKOMBIE IEPEMEHHBIE Xjj OyIyT HAXOAUTHCS B CIEAYIONIMX sS4eifkax:
(X11—> Clx,— Dlxsz— E1
X21— C2X22—> D2X23—> E2
X31— C3%1— D2X33— E3)
ITopsiIoK BBITOJHEHUS pabOTHI:
1. Beecrtu B stueiiky Al dpopmyiy neneBoit pyuknuu (pucyrok 3.1):
=15*C1+17*D1+23*E1+
+ 9*C2+19*D2 + 8*E2+
+24*C3+21*D3+32*E3;

| Microsoft Excel - Kuwural
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Pucynok 3.1 —BBox neneBoit pyukiuu B Excel

2. a) Beectu B sueiiky Bl neByro wacts 1-ro orpannucuus: = C1+D1+E1 pucynok 3.2)

€| Microsoft Fxcel - Knwra1
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Pucynok 3.2 —BBon orpanndenuii B Excel

0) Beectu B siueliky B2 neByro yacte 2-ro orpaHHuCHHS:
= C2+D2+E2
B) BBectu B sueiiky B3 neByro 4acTh 3-TO OrpaHUYCHUS
= C3+D3+E3
r) Beectu B sueiiky B4 neByro yactb 4-ro orpaHUYCHHS:
= C1+C2+C3
1) Beectu B sueiiky B5 neByro yactb 5-ro orpaHnueHus:
= D1+D2+D3
¢) Beectu B siueiiky B6 neByto yacTb 6-ro orpaHu4eHMUS:
= E1+E2+ES3

@' Microsoft Excel - Kuural
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Pucynok 3.3 —BBoj orpannucuuii B Excel

3. Ha manenu nactpymeHToB BeiOpaTh oniuio "Cepsuc”, a B Heil Bkiaaky "[lonck
pemenus”

Ipumeuanue

Ecmun "llouck pemeHuss’ OTCYTCTBYET, HYKHO BBITIOJIHUTH KomaHay ' CepBuc'—
"Hancrpoiiku". B okne nuanora "Hanctpoiiku" HY)XHO YCTaHOBUTH (JIaXKOK HAIPOTHUB CTPOKHU
"ITouck pemenus".

4. B oxne muanora "llouck pemienus” B 1ojie BBOAA 'Y CTaHOBUTH LIEIEBYIO SUEHKY"
HY)KHO BBECTH CChUIKY Ha siueiiky Al. HeoOxommmo BBIOpaTh CIOCOO ajpecaluu sueek B
a0bCoNIOTHOM cucTeme KoopauHat (T.e. ykaszarh He Al, a $A$L). Takke HYKHO MOCTYHATH C
JPYTUMH NI€PEMEHHBIMU.

5. B okne guanora "[louck pemeHus" HYXKHO YCTAaHOBHTH NEPEKIIOYATENh (PUCYHOK
3.4).

[MNomce peweHmA

YCTGHOBMTE LENEBYID AYEAKY: SAS1 BLINCAHUTE

Fa : () MAKCMManNEHOMY SHaYeHMo

3Ha4eHmo: | 0
SaKpeITe

() MUHMMENEHOMY SHAYEHHO
VISMEHAR ASTIRIT:

MNpeanonosHTs

OrpaHHHeHHA: [NapaMeTphi
NobaenTe

HzMeHnTE

II I IIa

BoccTaHoBMTE
¥AanuTh
Crnpaexa




Pucynox 3.4 —Pa6ora B nuangoroBom okHe «IIonCK pemeHus»
6. B mone BBoga "M3MeHss sueHKU" HYKHO yKas3aTh CCBUIKM Ha SUCHKH, COAEpIKalliue
MCKOMBIE TIEPEMEHHEIE, T.€. nuana3od syeek $CH1: $E$3 pucynok 3.5).

Momck peweHMa .%
YCTAaHOBWMTE LENESYHD AHeiKy: SAS1
PasHoi: 0

() MBKCMMaNEHOMY SHEYEHMID () sHaqveHmo
(%) MUHMMANBHOMY SHAYEHIKD
scsuses:
Orpari IS
I ¥aanuToe
-

Pucynok 3.5 —Ilone BBoaa stueek, 0003HAYAIONINX UCKOMBIE IEPEMEHHBIE

7. B mone BBoga "OrpanuueHus” npu HakaTHH KHONKH "J[00aBUTH" MOSBISIETCS OKHO
nuaiora "Jlo6aBute orpanndenus’. B mone BBoma "Ccebuika Ha stueiiky” BBoautcs $B$1.B nose
BBOsa "Orpannuenue” BBoautcs = u ynciao 900.IIpu nomouyu kHonku "JloGaBUTH" TakuM xke
00pa3oM BBOIATCA Bee OcTalnbHble orpanndenus (sueiiku $B$2:$B$6) pucynok 3.6).

rs %
JoBaeneHme orpaHMUYeHMA
CChINka Ha gyeliky: CrpaHHJYEHKE:
$B51 - v| 200
[ 0K ] [ OTMEHE ] [,ﬂnﬁasmb ] [ Cnpaeka ]

Pucynok 3.6 —/IuanoroBoe okHO «/{0OaBneHUEe OrpaHUUYCHUS»

8. lns BBOAA OTrpaHHYEHH Ha HEOTPULATEIBHOCTh HCKOMBIX MEPEMEHHBIX B OKHE
nuanora "J[o6aBuTh orpannueHus” B moJie BBoja "CchUIKa Ha SYCHKY" HYKHO BBECTH CCHUIKY Ha
staeiiky $CP1, a B mone BBoma "OrpanuueHus” HyKHO BBecTd >= u ymcino 0. [Ipu momormru
KHOMKH "J[00aBUTH" TakuM ke 00pa3oM BBOMSTCS YCIOBUS HEOTPHUIATEIHHOCTH OCTaBIIUXCS
HCKOMBIX TiepeMeHHbIX. JIin0o Beiaessiercs quanas3on srueek $C$L: $ES3u 3amaercs >= u uncno
0. ITocne BBoga mocneaHero orpannyeHust HaxxMuTe «OK».

Ipumeuanue

Eciu B 3amadue umeercs yClIOBUE LEJIOYUCIEHHOCTH HCKOMBIX MEPEMEHHBIX, TO B
JMAJIOTOBOM OKHEe <«JloOaBieHue orpaHuueHuii» B mosne BBoaa "CchUIka Ha sYCHKY" HYXKHO
BBECTH CChUIKY Ha stueiiky $C$1, a B mosie BBO/Ia 3HAKA OIPAHUUCHUS HY)KHO BBECTH «ie». [Ipu
noMomy KHomkH "J[006aBUTH" TakuM ke 00pa3oM BBOJATCA YCIOBHS IIEJOYHCICHHOCTH
OCTAaBIIUXCA HCKOMBIX IepeMeHHbIX. JInbo Beinensercs auanason sueek $C$1: SES3u 3anaercs
«uen». [Tocne BBoaa nmociieqHero orpaHndeHust HaxMuTe «OK».

9. IMocne naxkatust KHOMKH "BeimonauTs" EXCeEl paccunThiBaeT pe3ysnbTaT U OTKPHIBACT
OKHO auajora "Pe3ynpraTel nmoucka pemieHus . B aToM nuanore B okHe "Tum otuera” HyXHO
BeIOpath "Pesynbrarel” u Haxkate OK. Ilepen nucToM, rjie 3amucaHa MOCTaHOBKA 3a1aduu, Oyaer
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BcTaByieH JucT "OTuer mo pesynprataMm 1", a Ha sKkpaHe OyJeT BBIJAH PE3yNbTaT PELICHHS
3amgauu (pucyHoK 3.7).

(%] Microsoft Excel - Kuural

E_PI ®aiin [paBka Bupn Boraeka Qopmat  Cepeuc  daHHeie  OwkHo  Cnpaska
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Pucynox 3.7 —Pe3ynbTaThl penieHus 3aaaqu
Humepnpemayus pe3yrbmamos 3a0ayu

[TomydyeHHble 3Ha4YeHUs B sYEHKaxX, coJepkamux (OpMyJbl IeNeBOW (GYHKIUH H
OTpaHWYCHUH, SBIAIOTCS pPE3yabTaTOM pacyeTa MeJeBOol (YHKIMU H COOTBETCTBYIOIIMX
OTpaHUYECHUU.

PesynbTar, nomydeHHsli B siueiike Al, o3Hagaet 001y cymMmmy o6beMa Irpy30mepeBo30K
B TKM.

Sueiiku B1l, B2, B3 moka3bpiBalOT BBINOJHEHHWE YCIOBHUS IMOJHOTO BEIBO3a Tpy3a OT
noctaBiuka. Jdeiiku B4, BS, B6 moka3sBatoT BHIMOTHEHUE YCIOBUS TOJHOTO YAOBIECTBOPEHUS
noTpeOHOCTeH moTpeduTeNs.

3unaucHust siaeek B jauamazone $C$L: $E$S3 mokaspiBaroT KommuecTBO rpy3a (B T),
MEPEBE3EHHOT0 OT COOTBETCTBYIOIIETO TIOCTaBIIMKA, COOTBETCTBYIOIIEMY MOTPEOUTEIIO.
3HaueHusl AAHHOTO JAMana3oHa mpesblmaroT O, clieoBaTeIbHO YCIOBHE HEOTPHUIATEIHLHOCTU
MCKOMBIX TIEPEMEHHBIX BBIITOJHEHO.

Omeem

OnTumanbHbIE IEPEBO3KU T'PY30B IIPETyCMAaTPUBAIOT NEPEBO3KY OT 1-ro mocraBuiyka 1-
My niotpedurento 6501, ot 1-ro mocraBmuka 2-my norpedurtento — 2501, oT 2-To MOCTaBIIUKA
1-my notpebutento — 50T, a 3-my norpedutento — 750T. 341 mocTaBIIMK OTBE3ET CBOU Ipy3
TOJNBKO 2-My moTpebutento B kojgudectBe 550 T. MUHMMaNBbHBIA 00BbEM MEPEBO30K COCTABUT
32000t kM.

3.3.3 Pe3yabTaThl U BHIBOJABI:

OOmiast TOCTaHOBKAa STOW 3aJaud TNPUMEHUTETPHO K HSKOHOMHUYECKOW mpolieme
SKOHOMHUM H3JIEpKEK TMPOU3BOJACTBA (HOPMYIUPYETCS TaK. HMMEETCSl HECKOJIBKO ITyHKTOB
Ha3Ha4YeHUs (MpennpusaTuil, moTpeduTesneii); TpeOyeTcss MepeBe3TH HEKOTOPOE KOJIUYECTBO
OJIHOPOJHOTO TOBapa U3 pa3IMYHbIX MYHKTOB OTIPABJIEHUS B HECKOJBKO ITyHKTOB Ha3HAYECHUS,
KQKIBIA U3 MOCTaBLIMKOB MOXKET BBIIEIUTH TOJIBKO ONPEAEIEHHOE KOJIMYECTBO €AMHMIL TOBapa
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U KaXJIOMY MOTpeOUTENI0 TpeOyeTcs: TakKe OMpEeAeTICHHOS KOJMYECTBO €AMHHUI] ATOTO TOBapa,
M3BECTHBI PACCTOSHUSA WIM CTOMMOCTH IEPEBO3KH €JUHMIIBI TOBApa OT KaXKIOTO MOCTaBIIMKA K
KaXJIOMY MOTpeduTento. 3ajaya COCTOMT B TOM, YTOObI HAallTH Takue MapUIpyThl EPEBO30K, U3
BCEX BO3MOJKHBIX CBSI3€H IOCTAaBILMKOB M MOTPEOUTENEH, MPU KOTOPBIX OOIME TPAaHCIOPTHBIE
pacxompl ObulM OBl MHUHMMAJIbHBIMH  (TPaHCIIOPTHAs 3ajJada TaKKe MOXKET OBbITh
chopMynupoBaHa C EIeBON PYHKIIUCH, CTPEMSINEHCS K MAKCUMYMY).

Maremarnueckass MOZENIb TPAHCIOPTHOM 3aJadyd OTHOCUTCSA K 3a7adaM JIMHEHHOrO
IPOrPaMMHUPOBAaHUSI U MOXKET OBITh pelleHa CUMIUIEKCHBIM MeTonoM. OJHako BBUIY
UCKJTIOUUTENIHOW TMPAaKTUYECKOW BaXHOCTH STOW 3aJaud M CHEHU(PHUKH OrpaHHYCHHH
(orpaHWYeHMs 33/IaHBI B BUJIC YPAaBHEHHI; Ka)Kasi HEW3BECTHAsI BXOIWT JIUIIb B JIBA YPaBHCHHS,
KO3 (UIMEHTBl TPH HEU3BECTHBIX — CIWHHIBI) JUISI €€ PEIICHHUS CO3JaHbl CICHUATBHBIC
anroputMel. CamMbIM pPaclpOCTPAaHEHHBIM METOAOM DPEIIECHUS TPAHCIIOPTHOM 3aJaud sBIACTCS
METO/]] IOTEHIMAJIOB.

K nmpuOnuxkeHHbIM paclpeIeUTeNIbHBIM METOAAM MOYKHO OTHECTH METOJ HaWITy4IIMX
IEH UM METOJ| anmnpokcuMauuu. [TpuOIMKEeHHBIMH OHHM Ha3bIBAIOTCS BCIEACTBUE TOTO, YTO
[OJy4eHHOE IpU TOMOLIM 3THX METOJOB paclpelelieHue Ipy3a B Talnuue He Tpedyer
JIOTIOJTHUTETILHONM TPOBEPKM HA ONTHUMAJIBHOCTh, TaK Kak JIMOO Cpa3y OKa3bIBaeTCs
ONTUMAJIBHBIM, JINOO MAKCUMAJIbHO K HEMY NPHOIHIKEHO.

3.4 lIpaktuueckoe 3ansitue 9 (2 yaca)

Tema: «Pemienue 3a1a4 Ha OCHOBE TPAHCIIOPTHOM 3a1a4u>»

3.4.2 KpaTrkoe onucaHue mNpoOBOAMMOI0 3aHATHS:

3agaua 1

HeobxomuMo pa3MecTUTh cOpTa O3MMOM MINEHUIBI 1O TMPEIIIECTBEHHUKAM TaKUM
00pazoM, 9ToOBI COOP 03UMOM PKHU OBLIT MAKCUMAJIbHBIM.

CumBon M yka3plBaeT Ha OTCYTCTBUE J@HHBIX YPOXKaiHOCTH I-rO copTa IIo
COOTBETCTBYIOLIIEMY |—My TPEIIICCTBEHHUKY (KJICTKH C OSTHM CHMBOJIOM  SIBJISIFOTCSI

3alPETHBIMH).
Tabruya 3.7 —=Ypoorcaiinocmo ozumou nuenuysl, ulea
[IpenmecTBeHHUKH
[aa] <
® , = T o =
=~ —
= | E22 | 2z | B | B | &
<
Copra 03uMOii ks é % o &g a % S
MIIECHUIBI 3 - > 2B < 3 8
= < = A ) = )
S = 5 3 o o M
= SR 2 5 5 =
gE5 | 2% | ¢ Z
S = 2] @)
N4 o
Besocras 1 30,7 13,6 18,4 18,9 16,1 9185
Onecckas 16 26,5 M 16,8 19,2 15,2 5583
benonepkosckas 198 M 14,4 14,1 M 16,5 1114
MuuypuHka 16,8 10,8 M M M 65
Bcero, ra 4503 2160 2884 2800 360(
3agaua 2
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HGO6XOI[I/IMO COCTaBUTH OHTHMaHBHBIﬁ IIJIaH HpOBeI[eHI/IH BCCCHHC-IIOJICBbBIX pa60T, JUIA
UMEIONICHCST TEeXHUKH B  Xo3siictBe. OObeM paboT B TeKTapax MATKOW TaxXOTHI,
IPOM3BOAUTEILHOCTh HMEIOILCHCS TEXHUKH 3a TIepHo (TEKTapbl MSATKOM MaxoTkl), 3aTpaThl Ha
€IMHUITY padOTHI IPEICTABIICHBI B TaOmie 3.9.

Ta6mmma 3.9 —3arpatel Ha 1 ra MITKOM MaxoTsl, pyo.

Mapxku TpakTopoB
=
o
o ‘2
Buasr pabot % o - & ; g
1) % < - 23
= ! =~
S¢ = ~ = S E
Pannee 6opoHoBaHuE 3901 5,5 5,7 5,8 5,9 210
[IpeanoceBHast KyIbTHBALIHS 4.8 50 57 6,0 1000
IToceB sIPOBBIX 3€PHOBBIX 5,5 5,7 5,8 5,9 75
bopoHoBaHME 03UMOI MIIIEHUIIBI 51 6,5 6,4 7,0 135
[IpukarpiBanue M 54 5,3 5,6 40
O6beM paboT, ra M. 1. 470 400 270 320

3arpaThl Ha MPOBEICHNUE BECEHHE-TIONEBBIX Pa0OT JOKHBI OBITh MUHUMAIHHBIMHU.
3.4.3 Pe3ynbTarhl ¥ BHIBOJBIL:

Ha ocHoBe TPAHCIIOPTHBIX 3aa4 pCIIAOTCA 3aJdadr pacrnpeaciiCHUd IMOCCBOB II0
ydacCTKaM 3€MJIM € PA3JIMYHBIM INIOJOPOAUCM, OINITUMU3AIUN MAIIUHO-TPKTOPHOI'O I1apKa.

3.5 lIpakruueckoe 3ansitue 10,11 (4 yaca)
Tema: «JluHaMHYecKoe NPOrpaMMHUPOBaHHE»

3.5.1 3ananue 111 padoOTHI:

1. ITpunaun ontumanbHOCTH bennmana

2. Pemenne rpa¢oBbIX 337a4 Ha OCHOBE NpHHIMIA bemmana
3. ®yHKUHMOHANEHOE ypaBHEeHHE bennvana

4.3anaum pacupeeneHns pecypcoB

3.4.2 KpaTrkoe onucaHue mNpoOBOJAMMOI0 3aHATHS:

1. llpununn onTumMaabHoCcTH Besuimana

Meron Il sBasercs Haubosiee OOIMMM METOJOM pPEHICHHS 3alad ONTHMaIbHOTO
ynpasieaus. OH TpuMEHUM Kak Juis 3aj1a4 ¢ JuHeHou LD, Tak ¥ ¢ HENMHEWHOU , a TaKXKe B
ciy4ae, KOTJia yIpaBiisieMble NEPEMEHHBIC Ieible 4Yucia, nmpu 3ToMm cama [[d moxer OBITH
3a/ana TabauIe, 4To Hanboiee pacmpoCTPaHEHO B MPAKTUYECKHX 3aa9ax.

[Iponiecchl HA3BIBAIOT TUHAMUYECKUMU, €CJIM PE3yJbTaThl Ha OJHOM YYacTKe Mmpoliecca
BIIUSIOT HA IpyTUe IIar.

PaccmoTpuM mpuHUMIO onTtumansHOro ymnpaieHuss P. bemimana. OH cBsizaH C
npo0JIeMO ONTUMHU3AIMH CIOKHOM CHCTEMBI, COCTOSIIEH W3 MHOTHX B3aUMOCBSI3aHHBIX
3JIEMEHTOB. DJIEMEHTAMHU MOTYT OBITh SKOHOMHYECKHE €IUHHIIBI, KOTOPHIE BXOIAT B €IUHYIO
(6osnee o0OIIYIO) CHCTEMY; VY3JIbl CJIOXHONH TEXHMYECKOW CHCTEMbI, OT/CIbHBIC YUACTKH
MIPOM3BOJICTBA, CTPOUTEILCTBA, OOCBBIX OMEPALUMA U T.1.

BosHukaeTr BOmpoc: Kak HYKHO YIPAaBISATh OTACIBHBIMH JJIEMEHTAMH CHUCTEMBI, YTOOBI
nokasaTesb 3P PEeKTUBHOCTH BCEH CHCTEMBI ObLIT MAKCUMATbHBIM ?
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Boille MBI Ha HMHTYUTUBHOM YpPOBHE I[IOKa3alM, 4YTO JJs ONTHUMH3AaLUU B LEJIOM
HEJOCTAaTOYHO ONTHUMH3UPOBATH KAXKIBIA 3JEMEHT OTAEIbHO - 3TO MPHUBOJUT K HEBEPHOMY
pe3yiabTary.

bennman BmepBbeie chopMynHpoBan MPUHIMI ONTUMAIBHOCTH JUIs TakoW 3amadu. To
€CTh, ONTHUMH3HPYS OTHEIbHBIA IIar, HEOOXOAMMO 3aJyMBIBATBCS O €ro MOCIEACTBHSIX,
MPUBOAAIIMX K 00meMy pe3ynabrary. s pemeHust mogoOHBIX 3aaad ObLT pa3paboTaH METO.
HII, ocHoOBBIBarOIIMiICS Ha ypaBHEHMM beiniMaHa, KOTOpPOE€ MAaTEMAaTHUYECKH BBIPAXKAET €ro
MPUHIIMII.

Ha3zoBem cocrosiHueM cucTeMbl 5* OIWH WIM HECKOJbKO IapaMEeTPOB CHUCTEMBI.
Hamnpumep, 1eHbIY Ha JUIIEBOM cueTe npeanpustus. O003HaYuM ynpaBieHue Ha } -aM mrare /J1
- 3TO HEKOTOPOE BO3ACHCTBUE, KOTOPOE UCIBITHIBAET CUCTEMA U U3MEHSIET CBOE COCTOSIHUE O.

Ecniu mepex r-M miaromM CcocTosiHME CHUCTEMBI S5 M Mbl MPUHUMAEM yIIpaBJieHHE
V, TOo 3a e-i mar Mbl MOXEM NOJY4YHTb HEKOTOPBIA BBIUTPHIII, KOTOPBIA 0003Ha-
yaercs p(5, V), nmpu aToM cocTosiHue Srepexoaut B 5';

Cuwuraetcs, uro GpyHkuu co.(8, V)._u p(5. VAU3BECTHBI..

bBensiMan BBen TOHSATHE YCJIOBHOTO omTuManbHOro Bbiurpeima JK,(5). Ota dyHkuums
MOKa3bIBACT ONTHUMAJIbHBIA BBIMTPHINI (HAMIYYIIUN Pe3ysIbTaT), MOJIYUYCHHBINH 3a BCE IIArd OT o-
ro W 10 KOHIA, €CIAM e-i IIar HayuHaeTcss ¢ cocTosHus 5. Torma coriacHo NPUHIUIY
onTUManbHOCTU bennmana, mpuHUMas pelieHre Ha 2 I1are, Mbl IOJDKHBI BBIOpaTh V Tak, 94TO0BI
BBIMTPBILI ObUT MAaKCUMaJIbHBIM OT 2 -IIIara ¥ J10 KOHIIA.

[Ipunuun ontumansHOCTH bennMaHna cTaBUT BONPOC O TOM, YTO TaKO€ ONTHUMAJIbHOCTh
OTJIEIbHOTO 3JIEMEHTa CHUCTEMbI C TOYKH 3PEHHUS ONTUMAIBHOCTH Bced cucreMmsbl. [IpuHumas
pelIeHrne Ha OTMIEIHPHOM 3Tare, Mbl JOJKHBI BBIOUPATh YIIPABICHHUE HA ATOM 3Tare ¢ MPHIIETIOM
Ha Oyayuiee, T. K. HAC HHTEPECYeT Pe3yJIbTaT B 1IeJIOM 3a BCE IIarH.

JIro6oii mporecc UMeeT Te-TO OKOHYAaHHE, T. €. TOBOPSAT, YTO OH HMEET <« COPU30HT
IUTaHUpOBaHMs». Toraa mociaenHUd dTanm «He uMeeT Oyayiiero». BoT MMEHHO ero MOXHO
ONTUMHU3HPOBATH TOJBKO U3 YCIOBUH JaHHOTO ATana. [locie 3Toro mpucTynaroT K ONTUMH3ALUN
(r-1)-ro srtama. Ilpu 3TOM MBI 3amaéM COCTOSHHE, C KOTOpOro HauuHaercs (r-1)-if mmar
(ycnmoBue). TloaToMy (YHKIIMIO HA3bIBAIOT YCIOBHBIM ONTHMAJbHBIM BBIMTPBIIICM. TaKkuMm
oOpa3zom, nporecc ontuMuzanuu no metony JI1 pasBopaunBaercs cHayanga OT KOHIA K Hadaily,
a 3aTeM OT Hayvaja K KOHIy. B pa3nuuHbIX 3amadax MOXET ObITh M3BECTHO MO0 HadaabHOE
cocrosiHue, a1Mb0 KoHeuHoe, nub0 To u apyroe. [lpunuun bennMana Hamén mpakTUdyeckoe
NPUMEHCHHE B TaK HAa3bIBAEMOM METO/IC IPOTPAMMHO-IIENIEBOTO IUIAHUPOBaHUS  (j1F000¢
JICWCTBHE TUITAHUPYETCS KaK JIEMEHT HEKOTOPOTO MPOCKTA).

2. Pemienne rpa¢oBbIX 32124 Ha ocHOBe npuHuMna besuimana

3anagya o Habope BBICOTHI U CKOPOCTH JIETATEILHOTO anrmapara

JleraTenpHbIi anmapaT HAXOJUTCS HA BBICOTE Kii M JIETUT CO CKOPOCTHIO Yo. Heobxomumo
IIEPEBECTH €ro Ha BBICOTY k$_ co ckopocThio y_. [Tpuuém k<> k1, Yp>y" Pazo0béM yd4acTok OT
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ol

Puc. 23



k™ 10 k* Ha 1 JacTew.
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M3BecTeH pacxop roprouero Ipu mnepeBoje cucremsl Ha 4 npu y.=condluy Ha Avnpu
k=con81. Takum 00pa3oM, U3 KaXI0TO COCTOSHUS €CTh JIUIIb /[BA YIIPABICHHUS.

Hauunas ¢ koHIla mome4daeM Bce y3ibl (COCTOSHHS) BEIMYMHAMM YCIOBHBIX (IJ1s1
JIAHHOTO y371a) ONTHUMAJBHBIX PACXOJ0B TOPIOYEr0 OT ITOTO y3Jia M JI0 KOHIA, a CTPeIKaMu
YCIIOBHBIE ONTHUMAJIbHBIC YIpaBJIEHUA. YKa3aHHbIE JCHCTBUA B  YIOPOILUEHHOM BUJE
JIEMOHCTPHUPYIOT PACCMOTPEHHYIO MPOLIEAYPY pelIeHUs Ha OCHOBE ypaBHeHUs bemmana. [loias
OT KOHEYHOTO COCTOSIHHSI 10 HAYaTbHOTO ¥ TIOJTYYUB 22, MbI IOTYYUM MUHUMAIBHYIO BETUYHHY
noTepb roproyero. Mg mo crpenkaM OT Ha4YaJIbHOI'O COCTOSIHUSA /10 KOHEYHOT'O, MBI MTOJy4aeM
0e3yCIIOBHBIC ONTHUMAJIbHbBIC YIIpaBicHUs (ITOKa3aHbl IBOWHOW JIMHUEH).

Bunno, uyro mobast 3amaya, cBopsmascs K IMOMCKY MHUHHUMAJIbHOTO MyTH B rpade,
pemaeTcss METOI0M JUHAMUYECKOTO MMPOTPaMMUPOBAHUS.

3. ®yHKIMOHAIbHOE YpaBHeHHe Beivana

Ha3oBéM cocrostHmeM cHCTEMBI BEKTOp KoopawHatr: 8 = (™4,,...,A) . B HekoTopbix
3aJauax cocTtosiHue " onHa BenuuMHa. Torga paboTy cHCTEMBI MOXHO MpPEICTaBUTH Kak
JIBUKCHHE B (a30BOM IPOCTPAHCTBE - MPOCTPAHCTBE COCTOSHUH. Ha30BéM I1aroBbIM
ylpaBiieHueM " yrpaBiieHue Ha 2-M miare. PaccMoTpum mporece ynpaBieHHs CUCTEMOH 3a m
mraroB. ®ynkius a8, 1]) Ha3sIBaeTCsI BHIMTPHIIIEM Ha M I1are. 3/1eCh 8-COCTOSHUE MEPeT arom,
a [{ - ynpasienue Ha / ,-M 1are.

Bennuuna «a.(8,11.) momkHa OBITH H3BECTHA JO Hayala JIMHAMHYECKOTO IIPO-
rpammupoBanus. Eciau coctosiHue nepes marom Obiio 8 U MBI MPHHSIIN KaKOE-TO yIpaBlICHUE
L1, To cucrema nepeinér B HoBoe cocTosiuue 8' = (8,11) .

GbyHKIMA TOJKHA OBITH Tak ke M3BeCTHA. Eciu 3TM QyHKUIMU He 3aJaHbl, TO UX Hal0
copmynupoBath. Beeném ¢ynkuuto JK(8)" ycaoBHBINH ONTHMAIBHBINA BRIMTPHILI. DTO BHIMTPBILI
Ha BCEX 3Tanax oT , A0 KOHLA, €CJH ,-1 I1ar HAYMHAETCsI ¢ COCTOAHUsA 8.

Paccmorpum T miaroB. Ilycts ¢ (,+ 1)+0 mara Mbl CHCTEMOI YIpaBsieM ONTHMAIBHO,
TOT/1a BEJIMYMHA BBIMTPHIIIA Oy1eT TakK

4. 3agaum pacrnpeiesieHHsi pecypcoB

Knaccuueckaa 3a0aua pacnpedenenusn pecypcoeé PacnpeneneHue pecypcoB - 3TO €1Ba
JM HE camasi pacmpocTpaH€HHas oneparus. [log pecypcom B 00meM ciiydae TOHUMAIOT
¢u3nUecKyro MM a0CTPaKTHYIO BEJIMYMHY, KOTOPYIO CHCTEMa HCHOJB3YET AJS MPOU3BOICTBA
MIOJIE3HOTO TIpONyKTa. Hampumep: roprodee, neHbIH, Bpems, o0béM ckiama. Kak mpaBuio -
pecypc orpaHudeH, MO3TOMY BCTa€T 3a/aya TaK PaCHpPEleNUTh PEcypc MEXAY OTICIbHBIMHU
3JIEMEHTAMH CHCTEMBbI, YTOOBI CyMMapHbId 3h(dEeKT OblI MakCHMalbHBIM. PaccMoTpum
KJIACCHYECKYIO 3a/1auy paclpeiesIeHUs] peCcypCcoB.

JUTh MEXIYy IByMs oTtpacisiMu. Kaxmas orpacnp paboraer B TeueHHH m jner. Eciau B
nepByro oTpacib B 1 -if rox BriaapiBatoTcs cpeactBa X, To noxoxa AX), eciau ke BO BTOPYIO
BKJIabIBarOTCs, Y, Toraa aoxoxn d(V1). CpeacrBa TpaTsaTcs, MPUHOCS JOXOJ, a HOBBIX CPEICTB
HE IIOCTYIAeT U MOJIYYEHHBIN 10X0/ He BKJIabIBaeTcsA. Hac mHTEpecyeT cyMMapHBbIi TOXOL!

m=E/(x)+e (). "
1=1

CyMMapHbIil BBIMTPBHIII PAaBEH CYMME BBIMTPHINIEH Ha KaxaoMm mare. CocTosiHuEM
CUCTCMBI ABJISICTCA KOJUYCCTBO CPCACTB IICPCH 1 -mM marom. Tak Kak HOBBIX CpCACTB HC
MOCTYIAET, TO PECYPCHI «TAIOT».
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VYnpasienue ¥ MoxeT ObITh 3anucano kak Y=x-Xj. [Tocne 1 -ro mara B mepBoii oTpacnu
ocratorcst cpeacrea p(Xi1), a Bo Bropoit (//(y )= (//(xk-X1). Dtu QyHKIHMH Ha3BIBAIOTCS
¢GyHKUIMAME TpaThl. MBI MOJKEM COCTaBUTH ypaBHeHUe bennmana. B aToii 3agaye Ha 1 -m mare
OJIHO yTIpaBJIeHUE X 1 OJTHO COCTOSTHHE K.

3.5.3 Pe3yabTaThbl M BHIBO/IbI.

Meron JIT sBasercs Haubosiee OOIIMM METOJOM PEIICHHS 3aJad ONTUMaIbHOTO
ynpasieaus. OH mpuMeHUM Kak Juisl 3aj1a4 ¢ JuHeHou LD, Tak u ¢ HENMHEWHON , a TaKXKe B
ciIy4ae, KOTJia yIpaBiisieMble NEPEMEHHBIC IIeble 4Yucia, nmpu 3Tom cama LD mMoxeTr OBITH
3a/ana TabauIe, 4To Hanboee pacmpoCTPaHEHO B MPAKTUYECKHX 3aa9ax.

3.7lIpakTHyeckoe 3auaTue 12,13 (4 yaca)
Tema: «CeTeBoe NVIAHNPOBAHME U YIIPABJIEHHE»

3.7.1 3aganue 1Jis1 padoTHI:

1. OcHOBHbIE MOHATHUS CETEBOTO IIIAHUPOBAHUS U YIIPABICHUS.
2. [TpuHIUIIBI pelIeHHs 3a/1a4.

3.7.2KpaTkoe onucaHue NPOBOJIMMOIO 3aHATHS .

1.0cHoBHBIE MOHATHS CeTEBOr0 NMJIAHNPOBAHUS U YIIPABJICHUS.

CereBoe [lnanupoBanue m YmpaBieHHE — 3TO KOMIUIEKC IpaUuecKuX M PacyeTHBIX
METOJIOB, OpPTaHM3AIMOHHBIX MEpPONPHATHH, O00ECHEUMBAIONINX MOJCIUPOBAHUE, AHAIN3 U
JUHAMUYECKYIO TIEpECTPONKY TJIaHa BBHITIOJIHEHHUS CIIOKHBIX IIPOEKTOB U pa3pabOTOK, HAIIpUMED,
TaKMX KaK. CTPOMTEIBCTBO M PEKOHCTPYKIHUS KaKUX-THOO OOBEKTOB; BBIIOJHEHHE HAay4HO-
UCCIIEIOBATEIbCKUX U KOHCTPYKTOPCKUX paboT; MOATOTOBKAa IPOM3BOJCTBA K BBITYCKY
NPOIYKIUH;, TEPEBOOPY)KEHHE AapMHH{, pa3BEPTHIBAHWE CHUCTEMBl MEAMIMHCKHX WU
npOoPMIAKTUIECKAX MEPOIPUSATHIH.

Xapaxmepnoil ocobeHHocmblo TaKUX MPOEKTOB SBISETCA TO, YTO OHU COCTOST M3 psaa
OTJENBHBIX, JEMEHTapHBIX pabom. OHM 00YCIIaBIMBAIOT JAPYT JApyra TakK, YTO BBIOJHEHHE
HEKOTOPBIX pabOT HE MOXKET OBITh HAyaTo paHbINE, YE€M 3aBEPIICHBI HEKOTOpHIE ApYTHE.
Hanpumep, yknagka gyHaamMeHTa HE MOXKET ObITh HadaTa paHblle, 4eM OYyIyT JOCTaBJICHBI
HEOOXOMMBIE MaTepHajbl, 3TH MaTepHaIbl HE MOTYT OBITh JOCTaBJICHBI paHbLIE, YeM OyayT
IIOCTPOCHBI TMOJBE3HbIE IYTH, 000N 3Tal CTPOMTENIbCTBA HE MOXET ObITh HauaT 0e3
COCTaBJICHHUS COOTBETCTBYIOIIEH TEXHUYECKON TOKYMEHTAlUH! | T.JI.

Cemesoe IInanuposanue u Ynpasnenue exniouaem mpu 0CHOGHbIX SMAana.

4. CrpyKTypHOE IIIaHUPOBAHME,;
5. kanenapHoe NIAHUPOBAHUE;

6. onepaTuBHOE yIIpaBiIcHHE.

Cmpykmypnoe niaHuposanue HadyMHAeTCI C pa3OMEHUs TPOeKTa Ha  YETKO
OTpe/ICNICHHBIC OIEepaIuy, JUIsl KOTOPBIX ONMPEACIAETCS MPOJIOJDKATEIBHOCTh. 3aTEeM CTPOUTCS
ceTeBol TpaduK, KOTOPHIA MPEACTABISET B3aUMOCBSI3M pabOT MPOEKTa. ITO MO3BOJISAET
JETAIbHO aHAJIM3MPOBATh BCe PAOOTHl MU BHOCUTH YJIYUIICHHS B CTPYKTYPY IMpPOEKTa eIme 0
Hayvaja ero peajan3aiiu.

Kanenoapnoe nnanupoeanue mpeaycMaTpHBaeT IOCTPOCHHE KaJICHIApHOTO Trpaduka,
OTIPEICIISAIONIEr0 MOMEHTHI Hadalla M OKOHYAHHUsS KaxJoW paboThl W JIpyrue BpEeMEHHBIC
XapaKTePUCTUKU CETEeBOro Tpaduka. DTO IMO3BOJSET, B YAaCTHOCTH, BBIIBISATH KPUTHUCCKHE
orepanuyu, KOTOPbIM HEOOXOIUMO YAENaTh oco00oe BHUMAHHUE, YTOOBI 3aKOHYHUTH TPOCKT B
JTUPEKTUBHBIA CpPOK. BO Bpems KaJeHJApHOTO IUIAHUPOBAHUS ONPEACIAIOTCS BpPEMEHHBIC
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XapaKTEPUCTHKN BCeX pabOT C WENbi0 MPOBEACHHUS B JalbHEHIIEM onmumuzayuiu CETEBOU
MOJIEIH, KOTOpasi MO3BOJIUT yAy4YIIUTh 3((HEKTUBHOCTH UCIIOIB30BaHUS KaKoro-1mbo pecypca.

B xozne onepamuenozo ynpaenenus NCTIONB3YIOTCS CETEBON U KaJIeHAAPHBIN rpaduku 1is
COCTaBJICHUS EPUOANYECKUX OTUETOB O XOJI€ BBIMIOJIHEHUS MpoekTa. [Ipu aToM ceTeBas Mozenb
MOJKET TOJBEPraThCsl OMEPATUBHOM KOPPEKTUPOBKE, BCICACTBUE Yero OYIET pa3padaThiBaThCs
HOBBIW KaJ€HJAPHBIN IJIaH OCTAJIbHON YacCTH MPOEKTA.

OCHOBHBIMU TIOHSTUSIMH CETEBBIX MOJEJICH SBISIFOTCS TOHSTHS «CoObimus» W
«pabomul».

Paboma —3T10 HEKOTOpBIA TMpoLECcC, MPUBOIAMMN K JOCTH)KEHHUIO OIPEIEICHHOTO
pe3ynbTara, TpeOyolmui 3aTpaT Kakux-TMOO pPecypcoB W HMEIOLUN NPOTSKEHHOCTh BO
BpeMenu. [1o cBoeil pusznyeckoit mpupoae paboThl MOXKHO pacCMaTPUBATh KaK:

* Oeticmsue. pa3paboTKa dYepTeka, H3TOTOBJICHUE JIE€Tal, 3aJMBKa (yHIaMEHTA
0ETOHOM, U3YYCHHE KOHBIOHKTYPHI PHIHKA,

* npoyecc: CTapeHue OTINBOK, BbICPKUBAHUE BUHA;

* ooicudaHue’ 0XKUAAHNE TOCTaBKH KOMILIEKTYIOIIHX.

ITo xonu4ecTBy 3aTpauynBaeMoOro BpeMEeHH paboTa MOXKET OBITh:

* OelicmseumenbHol, T.e. TpeOYIOIIEH 3aTpaT BpeMeHH,

* ¢ukmuenou, T.. GOPMaATLHO HE TPeOyIOUIeH 3aTpaT BPEMEHH M NPEACTaBIISIONICH
CBSI3b MEXIY KakUMH-THOO paboTamu, HampuMep: Iepenada M3MEHEHHBIX 4YepTeked OoT
KOHCTPYKTOPOB K TE€XHOJIOTaM; caya OT4eTa O TEXHHUKO-KOHOMHUYECKHUX MOKa3aTessax padoThl
11eXa BBILIIECTOSIIEMY TOPA3ICIICHUIO.

Cobbimue — 3T0O MOMEHT BPEMEHHM, KOTJa 3aBEpIIAlOTCs OJHU paboThl U HAYMHAIOTCS
npyrue. Hanpumep, GyHIaMeHT 3a1UT OETOHOM, KOMIUICKTYIOIIUE MTOCTABICHBI, OTYETHI CaHbI
u 1.1. CoOBITHETIPEACTABISIET COOOM Pe3yabTaT MPOBEACHHBIX PadOT U, B OTJIMUKE OT paboT, HE
UMEET MPOTSHKEHHOCTH BO BPEMEHHU.

Ha srame cTpykTypHOro miaHUPOBAaHHS B3aUMOCBSI3h PaOOT M COOBITHI, HEOOXOAUMBIX
JUI JTOCTMDKEHUS KOHEYHOH IIeNM MPOEKTa, M300pa)kaeTcs ¢ MOMOILBIO cemegozo epaguxa
(cereBoii mogmenu). Ha cereBom rpaduke pabOThI H300pa)xaroTCs cmperkamu, KOTOPBIE
COCIUHSIOT GepuiuHbl, W300paxaromme coObiTUs. Hawanmo u okoHwyanuwe 000 paboTHI
OTMCHIBAIOTCS Mapoil COOBITHI, KOTOpbIE HA3BIBAIOTCS HAUAIbHLIM U KOHEUYHbIM COOBITHSIMH.

[ToaTomy jutst mACHTU(DUKAIIMN KOHKPETHON pabOThl MCIIOJIB3YIOT KO PaOOTHI (2,4), COCTOSIIUHA

U3 HOMEPOB HayalbHOTO (I-r0) ¥ KoHeuHOTO (j-r0) coObITHi (M. puc.l.).

pa6ora (i,])
O, (D)
Ha4dajJbHOE KOHEYHOE
coObITHE coObpITHE

Pucynox 1-Konupoanue padboThl

JIro60e coObITHE MOXKET CUYMUTATHCSI HACTYMHBIIMM TOJIBKO TOTJA, KOTJa 3aKOHYATCS 8ce
BXOJISIIME B HEro padotel. [ToaTomy, paGoOThI, BEIXOASAIINE W3 HEKOTOPOTO COOBITHS HE MOTYT
HauaThCsl, TOKa He OyIyT 3aBepILEHBI 8ce PadOTHI, BXOSIIUE B 3TO COOBITHE.

CoObiTHe, HE UMEoIIee NPEAMIECTBYIONIMX €My COOBITHM, T.€. C KOTOPOTO HAYMHAETCS
IPOCKT, HAa3bIBAIOT UCX0OHbIM. COOBITHE, KOTOpPOE HE HMMEET MOCIEIYIOIUX COOBITHH H
OTpaKaeT KOHEUHYIO LIEJIb TPOEKTA, HA3bIBACTCS 3A8EPULAIOUAUM .

[Tpu mocTpoeHnn ceTeBOro rpaguka HE0OXOJUMO CIIEIOBATh CIEAYIONIUM PAaBUIIAM:

12) nirHa CTPENKK HE 3aBHCUT OT BPEMCHH BBITIOJIHEHHUS paOOTHI,

13) cTpenka MOKET He OBITh MPSIMOJTMHEHHBIM OTPE3KOM;

14) s 1eHCTBUTENBHBIX PabOT HMCIOIB3YIOTCS CIUIOMIHBIC, a I (UKTUBHBIX -
MyHKTHPHBIE CTPEIKH;

15) kaxxaast onepanus A0KHA OBITH TPEACTAaBICHA TOIBKO OJTHON CTPEIIKOM;

96



16) Mexx1y OMHUMHU M TEMH K€ COOBITHSIMHU HE JTOJDKHO OBITH MapajuieNbHBIX padoT, T.e.
paboT c OAMHAKOBBIMU KOJAMH;

17)cnenyer u3berath nepeceyeHus CTPEoK;

18) He TOJKHO OBITH CTPEJIOK, HAMTPABICHHBIX CIIPaBa HAJICBO;

19) HoMep HaYaTLHOTO COOBITHUS TOJKEH OBITh MEHBIIIE HOMEPA KOHEYHOT'O COOBITHS;

20) He T0IKHO OBITh GuUCAUUX COOBITHIA (T.€. HE UMEIOIINX MPEAMICCTBYIOIINX COOBITH),
KpPOME MCXOHOTO;

21)He TOIDKHO OBITH MynuKosvlx COOBITHH (T.€. HE UMEIOIINX MOCICAYIOIUX COOBITHIA),
KpOME 3aBEpLIAIOIIETO;

22)He JOKHO OBITH IIUKIIOB.

Baxnoe 3HaueHuMe Uil aHanM3a CETEBBIX MOJENEH MMeEET MmoHsATue nytu. Ilyms — 310
r00ast MOCIIeA0BaTeILHOCTL PaboT B ceTeBoM rpaduke (B 4aCTHOM CiIydae 3TO OJHa paboTa), B
KOTOPOH KOHEUHOE COObITHE OAHOM PabOThI COBIAAAET C HAYAJbHBIM COOBITHEM CIEIYIOLIEH 3a
Hel paboThl. PaznuyaroT cienyronye BUIbI TyTEH.

Ilonnwplii nyms — 3TO MyTh OT MCXOJHOTO COOBITHS 710 3aBepiuaroniero. Kpumuueckui
nymp — MaKCHUMAaJbHBIM 1O MPOJOJDKUTENBHOCTH NOJHBIA MyTh. PaboThl, nexamwue Ha
KPUTHYECKOM IYTH, Ha3blBalOT kpumuyeckumu.loOkpumuueckuit nyms — TOJIHBIA IIYyTh,
OnrKaiIui Mo JIMTEIbHOCTU K KPUTHYECKOMY ITYTH.

[TocTpoeHue ceTH sIBISETCS JUIIb MEPBBIM IIATOM Ha MYTH K MOCTPOSHUIO KaJICHIApHOTO
IiaHa. BTOpeIM 11arom sIBIsieTCSl pacueT CeTeBOM MOJENH, KOTOPbIM BBIMOJTHSIOT MPSMO Ha
ceTeBOM Trpaduke, MOIb3ysACh MPOCTHIMH MTPABUIAMH.

2. lIpuHUIUNBI pelIeHus 3a1a4.
K BpeMeHHBIM mapameTpam cOOBITHH OTHOCSTCS:

. Tp (I) — paHHHI CPOK HACTYIUICHHUS COOBITHS i. ITO BpeMsi, KOTOPOE HEOOXOIUMO JIJIsI

BBITIOJIHEHUS BCEX padoT, MPE/IIECTBYIONIMX TaHHOMY COOBITHIO i. OHO paBHO HaMOOJIBLICH W3
HPOJIOIDKUTEIBHOCTH ITyTeH, IPEANIECTBYIOMNX JAHHOMY COOBITHIO.

e T\i) —mo3guuit cpox HacTyluieHHs COOBITHS I. DTO Takoe BpeMsl HACTYIUICHHS
COOBITHSI |, TPEBBINICHUE KOTOPOTO BBI30BET AHAJIOTUYHYIO 33JICPXKKY HACTYIUICHUS
3aBepUIAIONICTO COOBITHS ceTh. [103HMI CPOK HACTYILICHUS JIFOOOT0 COOBITUS | paBeH Pa3HOCTU
MEXIy HPOJODKUTEIBHOCTBIO KPUTHYECKOTO IyTH W HAaWOOINBINEH U3 MPOJODKHUTEIBHOCTEH
nyTei, CIeIYIONINX 32 COOBITHEM I.

. R(i) — pe3epB BpeMEHH HACTYIUICHUS COOBITHSI I. DTO TaKOW MPOMEKYTOK BPEMEHH, Ha
KOTOPBIA MOXET OBITh OTCPOYCHO HACTYIUICHHE COOBITUS | O3 HapyIICHUsS] CPOKOB 3aBEPLICHUS
npoekTa B IeqoM. HauanbHble W KOHEYHBIE COOBITHS KPHUTHYECKHX pabOT MMEIOT HYJIEBBHIC
pe3epBBI COOBITHIA.

PaccunranHble YnCIeHHBIE 3HaYEHUS BPEMEHHBIX IapaMEeTPOB 3alHCBHIBAIOTCS MPSIMO B
BEPIIMHBI CETEBOT0 rpaduka (cM. puc.2).

i [ Tp(i)

R() |Tn(i)

Pucynok 2 —OtobpakxeHue BpeMEHHbIX TapaMeTPOB COOBITUI
B BEpIIMHAX CETEBOTO Ipadrka

Pacuer pannux cpoxoB cBepiuieHus coObituil T (I) BesieTcst om ucxoonozo (M)

sasepuiarougemy (3) COOBITHIO.
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IIpumeuanue. II0CKOIBKY ATUTEIBHOCTH PAOOTHI MOKET OBITH KaK HOPMAJIBHOU T, Tak
yckopeHHo# T_ (cMm. m. 3), TO [uist OOIIHOCTH HM3JIOKEHUS OyJaeM B JajbHEUIeM 0003HA4YaTh
TEKYILYIO UIUTEIBHOCTh paboThl OykBO# [ € COOTBETCTBYIOMIMM KOIOM pabOTHI, HApUMEp,
t,j), tl,j) ura

3. s ucxonnoro codwrtus U Tp (I/I) =0.

4. Jlns BceX OCTAlbHBIX COOBITHIA iTp (I) = ma>{Tp (k) +'[(k J)] , TI€ MaKCUMyM

OepeTcs Mo BceM paboTam (k, i) , BXOJISIIIIUM B COOBITHE .

WHbIMU cOBaMH, paHHHUNA CPOK HACTYIJICHUS COOBITHI — 3TO MaKCHMaJIbHAsI CyMMapHasi
JUINHA ITYTH OT UCXOIHOTO COOBITHUS 10 JAHHOTO COOBITHS.

Ilo30nue cpoxu cBepiieHus coObITHi [ (I) PACCUUTBHIBAIOTCS OM 3a8epuianujeco K

UCXOOHOM) COOBITHIO.

6. Jlns 3aBepmaroutero codbrtns 3 T (3) =Ty (3) :

7. s BceX OCTANbHBIX COOBITHH (I) = min[TH (j) -t (i J )] , TJIe MUHIUMYM GepeTtcs

o BceM paboTam (I, j) , BBIXOZISIIIIMM M3 COOBITHA .

8. R(i) =Ty (i) - T, (i)

NHpIMU  croBamMH, TO3IHUKA CPOK HACTYIUICHHSI COOBITUH €CTh Pa3HOCTh MEXKIY
IPOIOJDKUTEIBHOCTBIO KPUTUYECKOTO MYTH W MaKCUMAJIbHOW MPOJOIDKUTENBHOCTBIO paboT,
JeKalX Ha MyTU OT JaHHOTO COOBITHS 10 3aBEPIIAIOIIETO

K naunbosee BaKHBIM BpeMEHHBIM apaMeTpaM padoT OTHOCSTCS

TpH(i ,j) - paHHHMit CPOK Havama paboThI;

THH(i ,j) - IO3JHUI CPOK Hayaja paboThI;

Tpo(i ,J) - paHHMI CPOK OKOHYAHUS PabOTHI;

Tno(' ,j) - TIO3/THUM CPOK OKOHYAHUS PaOOTHI;

Jins kputeckux pabor Ty (I,J) =Tg (i J ) 1 Tpo (i,j) =Tho (i J )
 Ry(i,]) - nommbiit peseps paboTsr moKa3sHBACT MaKCHMATBHOE BpeMs, Ha KOTOPOE

MOYET OBITh YBEIMUYCHA MPOIOKUTEIBHOCTh PabOTHI (i, j) WIN OTCPOYEHO €€ Hayaso, YTOObI

MMPOAOJDKUTCIILHOCTE  MPOXOAANICTO 4YCEpC3 HEC MAKCUMAJIBHOI0O NOyTH HC MPCBLICUTIA
MIPOJIOJDKUTEIIEHOCTH KPUTHUECKOTO TyTH. BakHeliee CBOWCTBO IMOJHOTO pe3epBa pabOThHI

(I, j) 3aKITI0YaeTCsl B TOM, YTO €r0 YaCTUYHOE WIIM MOJTHOE UCIIOJIh30BAHUE YMEHBIIAET MOTHBIN
pe3epB y pador, Jexanmx ¢ paboToii (I, j) Ha OJHOM myTH. Takum 00pa3oMm, MOJHBINA pe3epB

NPUHAJISKAT HE OJHOM IaHHOW pabore (I,j), a BceM paloTaM, JIeXalmluM Ha MyTAX,
MIPOXOJISIINM Yepe3 3Ty padoTy.
. RC(I,j) — cBOOOJTHBIN pe3epB padOTHI MOKA3bIBAET MAKCHMAaJIbHOE BpEMs, Ha KOTOPOE

MOKHO YBEJIUYHUTH MPOJOJKUTEIBHOCTh PaOOThHI (I, j) WIA OTCPOYUTH €€ Hayallo, He MEHs

paHHUX CPOKOB Hayaia mocienyromux pador. HMcmoms3oBanue cBOOOIHOTO pe3epBa OIHOU U3
paboT He MEHSET BEeTUYMHBI CBOOOIHBIX PE3E€PBOB OCTAIBHBIX pabOT CETH.

Bpemennbie mapameTpsl pabOT CeTH ONPEAEISIIOTCS Ha OCHOBE PAaHHUX M TO3IHUX
CPOKOB COOBITHIA.
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12) R (i) = Tp (i) —Tpli) ~tli ).

Bpemennbie nmapameTpsl paboT BHOCATCS B Tabnuiy. [Ipu 3ToM Koabl paboT 3amuchIBalOT
B OIIPEJICTICHHOM MOPSIJIKE. CHadajIa 3alrChIBAIOTCS BCE pabOThI, BEIXOISIINE U3 HCXOAHOTO, T.€.
IIEPBOT0, COOBITHS, 3aTEM - BBIXOJISIINE U3 BTOPOTO COOBITHS, TOTOM - M3 TPETHETO H T.1.

PesepBamu BpemeHH, KpomMe pabOT M COOBITHH, OOJAJAOT IOJHBIE TYTH CETEBOM

Monenu. Pa3HOCTP Mexay MpOJOJIKHTENbHOCTh KPUTHUYECKOTO  MYTH T(L Kp) u
MPOJOKUTEIHLHOCTBIO JTIF0O0T0 JIPYroro MoJHOTo MyTH T(L n) Ha3bIBAETCS MOJIHBIM PE3EPBOM

Bpemenu mytu L, T.e. R(LH) = T(L Kp) —T(L n) . DTOT pe3epB MOKA3BIBAET, Ha CKOJILKO B

CyMME MOXKET OBITh YBEJIWYeHa MPOJIOJDKUTEIILHOCTh BCEX padoT MaHHOTO MmyTH L, 4To0BI mpu
3TOM HE U3MEHWICS 00U CPOK OKOHYaHMS BCEX PadoT.

Metoauka ONTUMHU3ALMK 3arpy3Kd CETEBBIX MOJENed MO KPUTEPUI0 'MUHUMYM
UCIIOJTHUTEIIEeH" .

[Ipu onTuMH3aMK UCTIONB30BAHUS pecypca paboueil CUIIbI Yallle BCEro ceTeBble pabOThI
CTpEMSITCS OPraHU30BaTh TAKUM 00pa3oM, YTOOBI:

* KOJHMYECTBO OAHOBPEMEHHO 3aHSATHIX UCIOJHUTENIEH ObLII0O MUHUMAIIBHBIM,

* BBIPOBHATH MOTPEOHOCTHh B JIOACKUX pecypcax Ha MPOTSHKEHUU CPOKa BBIMOJHEHUS
MIPOEKTA.

Cyrb onTUMHU3aLMM 3arpy3KM CETEBbIX MOJAENEH MO KPUTEPUIO "MUHUMYM
WCIIOTHUTENICH" 3aKIIF04aeTcss B CIEAYIOIMIEeM: HEoOXOAMMO TaKhuM 00pa3oM OpraHu30BaTh
BBITIOJIHEHHS CETEBBIX PA0OT, YTOOBI KOJIMYECTBO OJHOBPEMEHHO paOOTAIOUINX HCIIOJHUTEICH
ObLI0O MHUHUMaJIbHBIM. [l TpoBedeHUs MOJOOHBIX BHAOB ONTHUMM3AIUM HEOOXOAMMO
MOCTPOUTD U MPOAHATU3UPOBATE epaPUK NPUSA3KU U epauK 3a2py3Ku.

I'paghux npussazku oToOpakaeT B3aUMOCBS3b BBIMOJIHAEMBIX pPAadOT BO BPEMEHU U
CTPOUTCS Ha OCHOBE JaHHBIX JIMOO O MPOJODKUTEIBHOCTH PadoT (B JaHHOH J1a0OpaTOPHOI ATO
Ty), m10O0 0 paHHUX CpPOKax Havajga W OKOHYaHHUs padoT. [Ipm mepBoMm crocode MOCTpOECHHUs
HEOOXOMMO TIOMHHTD, YTO BBIMOJHEHUE PaOOTHI (i, |) MOXKET HaYaThCs TOJILKO MOCIIE TOTO, KaK
OyayT BBIOJHEHBI BCe mpeamectByromue eit pabotsl (K, |). o éepmuxanvhnoin ocu zpaguka
npUEA3KU OTKIIAJIBIBAIOTCS KOObl padom, no 20pU30OHmMAaiIbHOU OCU - OJIUMETbHOCIb padom
(paHHee HaYaIo U paHHEE OKOHYaHHE PadoT).

Ha epaguxe 3acpyskuno zopuzonmanvnoii ocu omxknaovliéaemcsa epems, HaupuMep B
THSIX, HO 6EPMUKAIbHON - KOJIUYECHE0 4el06€eK, 3aHIThIX pabO0TONW B KaKIbli KOHKPETHBIN
nenb. Jlns moctpoenus rpaduka 3arpy3ku He0OX0IUMO:

® Ha rpaduke NPUBS3KH HAJl KAKI0H pabOTOM HAMKCATh KOJIMYECTBO €€ UCTIOJTHUTEIICH;

® [OACYUTATH KOJIMYECTBO PAOOTAIOMINX B KaX/IbIM IEHh UCTIOJIHUTENECH M OTIOXKUTH Ha
rpaduke 3arpy3KH.

I ynoGcTBa MOCTPOEHUs] W aHann3a rpaduku 3arpy3Kd W TPHUBS3KH _CIEYeT
pacnosiarath OAMH HAJ JPYTHM.

OnucanHble BUABI ONTUMHU3ALUKN 3arpy3KHd BBIMOJHSAIOTCS 32 CYET CABHra BO BPEMEHHU
HEKPUTHYECKUX PaboT, T.e. paboT, UMEIOIIMX ITOJHBIH W/MiIM CBOOOIHBIA pe3epBbl BPEMEHH.
[lonmublit M cBOOOAHBINM pe3epBbl 1000 pabOTBI MOXKHO ONpEAETHTh 0€3 CHelHaTbHBIX
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pacueToB, aHAIM3HPYySd TOJIbKO rpaduk mpuBs3ku. CIOBUT pabOTHl O3HAYAET, YTO OHA OyJeT
BBITIOJIHATHCS YK€ B Opyeue OHu (T.e. M3MEHUTCS BpeMsl ee Havyaja U OKOHYAHHS), YTO B CBOIO
o4epeb NPUBEIET K U3MCHEHHIO KOJIMYECTBA UCIOIHUTENCH, pad0TaIONMX OJJHOBPEMEHHO (T.€.
YPOBHSI ©XKESTHEBHOM 3arpy3KH CETH).

MeTonuka ONTUMH3ALMK CETEBBIX MOJIEIEH 110 KPUTEPUIO "BpeMs-3aTpaThl”

[enpro onTUMU3AIMH 110 KPUTEPHIO "'Bpems - 3aTpaThl” ABIsSETCS COKpaIleHUE BPEMEHHU
BBINIOJTHEHUS TPOEKTa B LIEJIOM. JTa ONTHMHU3AIMs UMEET CMBICT TOJIBKO B TOM CiIydae, Korjaa
BpEeMsl BBIITOJHEHHSI Pa0OT MOXKET OBITh YMEHBIIEHO 32 CYET TOIKIFOUEHUS JOMOTHUTEIBHBIX
pECypCOB, UTO MPUBOJIUT K TIOBBILICHUIO 3aTPaT Ha BHINOJIHEHHE paboT (cM. puc.3). list oneHkn
BEJIMYMHBI JIOTIOJTHUTEIIBHBIX 3aTpPaT, CBSA3aHHBIX C YCKOPEHHWEM BBIMIOJHEHUS TOW WIIM HHOW
paboThI, UCTIONB3YIOTCS JINOO HOPMATUBEI, TUOO TaHHBIE O BBHITIOJHEHUU AHATIOTUYHBIX PaboT B
nporwiom. [Tox mapamerpamu pabot Cy (i, j) u Cp (i, |) mOHMMaOTCS Tak Ha3bIBACMBIC npsiyble
3aTpaThl, HEMOCPEICTBEHHO CBSI3aHHBIC C BHITOJHEHUEM KOHKPETHOU paOOTHI.

Ch (i, ]) — psiMbIe 3aTpaThl IPU HOPMATBLHOM TEUCHHH COOBITHIA;

Cu (i, ]) — npsiMble 3aTpaThl IPH COKPALICHUN BPEMEHU COBEPIICHUS COOBITHI 10 YPOBHS
MOJKPUTUIECKOTO.

Takum 00pa3oMm, KoceenHbie 3aTpaThl THINA AJMUHHCTPATHBHO-YIPABICHYECKUX B
nporecce COKpAIIeHHs JUIMTEIFHOCTH MPOEKTa BO BHUMAaHHWE HE MPHUHUMAIOTCS, OJHAKO HX
BIIMSIHUE YYUTBIBACTCS TIPU BEIOOPE OKOHYATEIHLHOTO KaJICHAAPHOTO TUIaHa POCKTA.

3arpaTsl

Ch (i, j)

Ca(i)

rae  Ty(i, ]) — yckopeHHOE BpeMsl BBIIIOTHEHUS COOBITH,
Tu(i, j) — HOpMaTbHOE BPEMsI BBIMIOJTHEHHUS COOBITHSI.

Pucynok 3 - 3aBucMMOCTb PSIMBIX 3aTpaT Ha pabOTy OT BpEMEHU €€ BBITTOJIHEHUS

Baxupimu mapamerpamu pabotsl (i, ) Tmpu MpOBEIEHUH JTaHHOTO BHA ONTHMH3AIMN
SBJIAIOTCH .

*  Ko9Ghuyuenm Hapacmanus sampam
k (I, J) — Ch (I’ J) —Cy (I’ J)
Ty, 1) -Ty ()

KOTOpBIﬁ IMOKAa3bIBACT 3aTpaThbl ACHCKHBIX CPCACTB, H€O6XOI[I/IMI>I€ IJid  COKpallCHUA

JUIUTENLHOCTH PaOOTHI (i, j) Ha OJIUH JICHB,
* 3anac epemenu 1 COKPALIEHHS JIUTEILHOCTH paboThl B TEKYIIHi MOMEHT BPEMEHH
Zy(i) =t(0) =Ty l).
rae Uy (i , j) - JUIMTENHHOCTH PaboTHI (i, j) Ha TEKyLIUi MOMEHT BPEMEHH.

MaxkcumanbHO BO3MOXHOE 3HAUCHHE 3araca BpEMEHH PadOThI PaBHO
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Zmax(i+1) =Tull vj)‘TyQ i)
Dta cUTyalusi UMEET MECTO, KOrjaa UINTEIbHOCTh paboTel (i, j) emie HU pasy He
coxpamamy, T.e. t.(i,j) =Ty j)-

OO0mas cxeMa npoBeieHUs ONTUMHU3ALNH ' BpeMs - 3aTPaThbl’
1. Micxons u3 HOPMaNbHEIX JJIHMTENBHOCTEH paboT T (i, j) , OIIPEIEIAIOTCS KpUTHUECKHUE

L o ¥ TMOIKPUTHYECKHUE L IIyTH CETEBOM MOJIENHM U UX JJIUTEILHOCTH TKp u TH .

p
0
2.OmpenensieTcss cyMMa TPSMBIX 3aTpaT Ha BBINIOJHEHHE BCEro IMPOEKTa Cpp TpH

HOPMAaJIbHON TPOJIOIDKUTEIIEHOCTH PadoT.

3. PaccmaTpuBaeTcst BO3MOKHOCTb COKPAILCHUS MPOJODKUTEIIEHOCTH IPOEKTa, IS YEero
aHATM3UPYIOTCS apaMeTPhl KPUTHIECKUX PaObOT MPOEKTA.

3.3./Ins cokpamieHus BbIOMpaeTCs KpUTHYECKas padora ¢ Min koddduuueHTom

HapacTaHUs 3aTpaT k(l, j) , IMEIOIIasi HEHYJICBOW 3arac BpEMEHH COKPAIICHUS ZT(i,j).

3.4.Bpems At(i,j), Ha KOTOpPOE HEOOXOIUMO CKaTh JUIMTEIBHOCTH padoTel (i, ]),

OTIpeIeIIsIeTCS Kak
A, j)=min[z (i, ).AT],
rie ATZTKp -T; — DasHOCTb MeEXAy [UIMTENbHOCTBIO KPMTHYECKOTO H

MOAKPUTHUYECKOTO MYTEH B CETEBOU MOJEIIH.

HeobxomumocTs yuera mapamerpa AT Boi3BaHa HelenecooOGpa3sHOCTBIO COKPAILEHHUS
kpuTHUecKoro mytu 6onee yeM Ha AT emunun Bpemenu. B 3ToM ciyyae KpUTHYECKHMH MyTh
nepecTaHeT ObITh TAKOBBIM, a TMOAKPUTHUYECKUN IMyTh HA0OOPOT CTaHET KPUTHYECKHUM, T.€.
JUTUTETFHOCTh MPOEKTa B I[E€JI0M MPHUHIMIIAATIHLHO HE MOXKET OBITh COKpaIlleHa OOIbIIe, YeM Ha
AT .

4. B pe3ynbTaTe CKaTHsI KPUTHYECKOW pabOThI BpEMEHHBIC TTapaMeTPhl CETEBOM MOJEITHN
U3MEHSIOTCS, YTO MOXET MPUBECTH K MOSIBICHHUIO APYIMX KPUTUYECKHX U TOJKPUTHUUECKHUX
nyreil. BcnencTtBue  ymopokaHuMsT YCKOPEHHOW  pabOThl  O0IMass CTOMMOCTh — MPOEKTa
YBEJIUYMBACTCS HA BETUUUHY

AC,, = k(i, j)At(i.j)-

5. Jns W3MEHEHHOW CEeTEeBOM MOJEIN ONPEACSIOTCS HOBBIE KPHUTHUECKHE |
HOI[KpI/ITI/I‘IeCKI/Ie HyTI/I U #UX IJIUTCIIBHOCTH, IIOCJIC YCIo HGO6XOI[I/IMO HpO,Z[OJDKI/ITB
ontuMmu3anuio ¢ mara 3. [Ipn Hamuuum orpaHUYCHUS] B ICHEKHBIX CPEICTBAX, UX MCUYEPIIAHUE
SIBJIACTCA HpH‘-IHHOﬁ OKOHYAaHHUA OIITUMU3AIINUN. ECJII/I HC y‘-II/ITBIBaTb HO,Z[O6HOC OI‘paHI/I‘IeHI/Ie, TO

ONTUMH3AIMIO MOXHO TPOJOJDKATh IO TeX IOp, MOKa y paboT, KOTOphle MOTJU Obl OBITH
BBIOpaHBI JJI COKpAIeHUs, He OyIeT HCUEpPIIaH 3amac BpEMEHU COKPAIICHHUS.

3.7.3 Pe3yabTaThl M BHIBO/IbI.

CereBoe [lnanupoBanue u YmpaBieHHE — ITO KOMIUIEKC TPapUUYECKUX M PACUCTHBIX
MCTOOB, OPraHU3allMOHHBIX MGpOHpHHTHﬁ, O6CCHC‘II/IBaIOH_II/IX MOZACIIMPOBAHUC, aHAJIU3 H
JTUHAMHUYECKYIO MTEPECTPOMKY IJIaHa BBITOJIHEHHUS CIOXKHBIX IPOEKTOB M pa3pabOTOK, HapuMep,
TaKUX KaK. CTPOUTENBCTBO M PEKOHCTPYKIHS KaKUX-THMOO OOBEKTOB; BBINOJHEHHWE HAY4HO-
UCCJIEIOBATEIbCKUX W KOHCTPYKTOPCKMX paboT, MOATOTOBKA IPOM3BOJACTBA K BBIMYCKY
OPOAYKIHMH; TEPEBOOPYKEHHE apMHUH;, pa3BEpThIBAHHUE CHCTEMbl MEIULUHCKUX MU
npOoPMIAKTUIECKAX MEPOIPUSATHIH.

3.8IpakTuyeckoe 3ansaTue 14,15 (4 yacos)
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Tema: «Onepanuu MaccoBoOro 00CIy;KMBaHUSI»

3.8.1 3ananue 111 padoOTHI:

1. CtpykTypa u KiaccuuKamms CHCTEM MacCOBOTO OOCTYKUBaHHS

2. MapKOBCKHi1 c1y4aifHBIN TIpoIiecc

3. CucTeMbl MacCOBOT'O OOCITYKUBAaHUSI C OTKa30M

4. CucTeMbl MacCOBOTO OOCITY)KHBAHHSI C HEOTPAHUYECHHBIM OXKHIaHUEM
5. 3aMKHYTBIE CUCTEMBI MAaCCOBOT'O OOCITYKUBAaHHUS

3.8.2 KpaTkoe onucanue NpoBoANMOro 3aHATHA:

1. CrpykTypa ¥ kjiaccupuKkanusi CHCTEM MacCOBOT0 00CTyKUBAHUS
Hepe):[Ko BO3HUKACT HGOGXOZ[I/IMOCTB B pCHICHUH BCPOATHOCTHBLIX 3a/a4d, CBA3AHHLIX C
cucreMamu MaccoBoro oocayxuanus (CMO), mpumepamMu KOTOPBIX MOTYT OBITh:
* buseTHbIe KacCHl;
* PeMOHTHBIE MacCTEepPCKUE;
* Toprosble, TpPaHCHIOPTHBIE, JHEPTETUYECKUE CUCTEMBI,
e CHCTEMDI CBS3H,
® JT.A.
OOIIHOCTD TAKUX CHUCTEM BBISIBIISIETCS B €IMHCTBE MaTEMaTHUYECKUX METOJIOB U MOJIENEH,
IMPUMCHACMBIX ITPU UCCICAOBAHUUN UX NCATCIIBHOCTH.

|OTpacH HAPOTHOI0 X035FCTRA

IpoHsEOOCTEEH- BrenpousEOO- TpaHCIopTHEL S CEASE BRI CIHTEEHEL E
Ha#t chepa CTEEHHAd chepa TMEpEB0SKH CETH
CrHabxenme [Mapimaaxep crie Tarccu Topopcias
— = = — CEASE
Peront 1 Mactepcrne IMpys0BRIE Mexmyropon-
— HaNAKA = = TIEPEB0SKH — HAA CEAZE
ofbopyooBarma
Kortpome Arenmee Tlaccaxupcrme Hocyn K
— FAHECTER — - TIEf EE OSKH — rec
NP O IR
Omropas | Pasmenemie Cromer
‘4  pO2HEMYHAA — IPy20E HA — 2AKAI0B
TOPr OBIA CEIRAR

Puc. 1. Ocnosuvie cgpepvl npumenenus TMO

Ha Bxon B CMO nocrynaer notok TpeboBanuii Ha oOciyxuBanue. Hanpumep, KIMEHTHI
WIM TAlUeHThl, TMOJOMKH B 0OOpynOBaHUM, TeledOoHHbIE BBI3OBbI. TpeOoBaHUS MOCTYHAIOT
HEPEryJsipHO, B CiydyailHple MOMEHThl BpemeHH. CiydyaliHbli XapakTep HOCUT U
MIPOJIOJDKUTEIHOCTh OOCITYKUBaHMsI. DTO CO3/1a€T HEperyasipHOCTh B pabore CMO, ciayxut
IIPUYMHON €€ EPErpy30K U HENOTPY30K.

CucremMbl MaccoBOTO OOCITY)KMBaHUS 00JIaJIAalOT PA3IMYHON CTPYKTYpOH, HO OOBIYHO B
HUX MOKHO BBIJICJIUTH YEThIPE OCHOBHBIX 3JIEMEHTA!
Bxopgsmuit motok TpeOoBaHMIA.
Hakonurensb (ouepensp).
[TpuGops! (kaHaIbl 0OCTYKHUBAHHUSA).
Brixoadmui noTox.

© NGO
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ObCy:KHEAEMAd CHCTEMA ObcmyxHealIad cHCTEMa

(OBOKYIIHOCTE | Brogaumn Harxomirens MexzaHnim Brxopaui
HCTOYHHK OB NOTOK TpeboBaHui obCyKHEAHHA | IOTOK
Tp eboBaHui Tp ebopaHuH Tp eboBaHui

\ Tpefoparmns, | Odepens 0EH- [ |:|
\\“\ﬂ NOCTYNAKUIHE | FRNLIHE Tpe-
——

E CITYHAHHEIE > DoEaHMH ,IIHE-'_.,

KMOMEHTEI ITHILTHHA 0Y9E-

[]
B EMEHH pem onpene- Lyl [

Tp ef0EaHIA

JUIET MOP AT 0K
oBCITyEHEAHHA |

-
| pUOCTy K eHHELE
S

.

TpebopaHui ) ODCITy K HBAK IIHE
YCTP OHCTBO
Puc. 2. Obwas cxema cucmem macco8oeo 00Cayxicu8anus.
|
o #+ ! h h ] t
ot a
1 2 3 4 5
Ouepesp IIpocToii kaHana
| :I_l
F | h
) ) \ t
0 - 6
1 2 3 4 5

Puc. 3. Mooenv pabomsi cucmemol
(cmpenxamu noxkasanvl Momenmul nocmynieHusi mpeboeaHuil 6
cucmemy, npsAmMoy20IbHUKAMU — 8PeMSL 0OCILYHCUBAHUSL)

2. MapkoBcKkHii ciydaiiHblii poiecc

Cucrema MaccoBOT0O OOCITYKMBaHUS MPEACTABIAET COOOM cHCTEMY JUCKPETHOIO THMA C
KOHEUYHBIM WJIM CUETHBIM MHOXKECTBOM COCTOSIHUM, a MEPEX0]l CUCTEMbI U3 OJIHOIO COCTOSIHUSI B
JIpyroe MpoOUCXOAUT CKaYKOM, KOTJ[a OCYLIECTBIISIETCS KaKoe-HUOYIb COOBITHE.

[Ipouiecc Ha3bIBaeTcs mpoueccom ¢ OUCKPEMHBLIMU COCHIOAHUAMU, €CIH €ro

BO3MOJKHBIE COCTOSIHUS S}, S5, S3,... MOXKHO 3apaHee IIepeHyMepOBaTh, U MEPEXOJ CUCTEMBI U3

COCTOSTHUS B COCTOSIHME MMPOUCXOIUT MPAKTUYECKH MIHOBEHHO.

Takwue mporecchl OBIBAIOT ABYX THIIOB: C TMCKPETHBIM MIJIM HETIPEPHIBHBIM BPEMEHEM.

B caywae nuckpeTHOro BpeMEHHM TMEpexoAbl M3 COCTOSHUS B COCTOSHHE MOTYT
MpOUCXOAUTh B CTPOro ONpCACICHHLIC MOMCHTBI BPCMCHH. Hpoueccm C HCIPCPBIBHBIM
BPEMEHEM OTJIMYAIOTCA TEM, YTO MEePeXO0Jl CUCTEMbl B HOBOE COCTOSIHHE BO3MOXEH B JIFOOOM
MOMCHT BPCMCHH.

CnyyailHBIM TIPOIECCOM HA3bIBAETCSI COOTBETCTBUE, MPU KOTOPOM KaXJAOMY 3HAYEHHUIO
aprymMeHTa (B JaHHOM cCly4ae — MOMEHTY M3 IMPOMEXKYTKa BPEMEHHU IPOBOJUMOIO OIbITA)
CTaBUTCSA B COOTBETCTBHME CilydaiiHas BelnyuHa (B JaHHOM ciydae — coctosaue CMO).
Cnyuaiinoii ¢enuuunol Ha3bIBACTCSl BEIUYMHA, KOTOpas B PE3yJbTaTe OINbITA MOXKET IMPHUHSITH
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OJIHO, HO HEM3BECTHOE 3apaHee, KaKO€ MMEHHO, YHMCIIOBOE 3HAYEHHME M3 JAHHOTO 4YHCIOBOIO
MHO>K€ECTBA.

[TosToMy nist perieHust 3agad TEOPHH MAacCOBOTrO OOCIYKMBAaHUS HEOOXOIUMO STOT
CIIy4alHBI MpPOLECC U3Y4YUTh, T.€. MOCTPOUTH W MPOAHAIU3UPOBATH €r0 MaTEMATUYECKYIO
MOJIENb.

Cnyuaiinwiii npoyecc Ha3bIBACTCS MAPKOBCKUM, €CTTU [ TIOOOTO MOMEHTa BpemeHH g
BEPOSATHOCTHBIE XAPAKTEPUCTHKHU TpoIlecca B OYAyIIeM 3aBUCAT TOJIBKO OT €r0 COCTOSIHHS B
JaHHEII MOMEHT {j ¥ He 3aBHCAT OT TOTO, KOT/Ia M KaK CHCTEMa MPHUIILIA B 3TO COCTOSHUE.

[Tepexoibl cCUCTEMBI U3 COCTOSIHHSI B COCTOSIHHAE MPOUCXOUT IOJ] JECHCTBUEM KaKUX-TO
MOTOKOB (ITOTOK 3asBOK, MOTOK OTKa30B). Eciv Bce MOTOKU COOBITHI, MPUBOMISIINE CUCTEMY B
HOBOE COCTOSIHHE, — IPOCTEHIIIHE TyaCCOHOBCKHUE, TO TIPOIECC, MPOTEKAIOIINNA B cUCTeMe, OyieT
MapKOBCKUM, TaK KaK IMPOCTEHINHIA MOTOK HE 00NaJaeT MOCIEeACTBUEM: B HEM Oyayliee He
3aBUCHUT OT MPOIILIOTO.

[Ipumep MapKOBCKOro Iponecca: cucrema S — cuerunk B Takcn. COCTOSHHE CHCTEMBI B
MoMeHT | XapakTepusyercs 4HCIOM KHIOMETPOB (JIECSTHIX JOJEH KHIOMETPOB), IIPOHICHHBIX

aBTOMOOWJIEM [0 JaHHOro MoMmeHTa. IlycTb B MOMeEHT tO CUETYHK TIOKa3bIBaeT SO
BeposATHOCTh TOTO, 4TO B MOMEHT [ > tO CUYETUMK IMOKAXKET TO WJIM MHOE YUCIIO KUIOMETPOB
(TouHEe, COOTBETCTBYIOIEE YHCIIO pyOIIeii) Sl, 3aBUCUT OT SO' HO HE 3aBUCUT OT TOTO, B

KaKn€ MOMCHTEI BpEMCHU U3MCHSAJIMCH IMTOKAa3aHUs CYETYUKA 10 MOMCHTA to .

MHorue npoueccsl MOKHO IMPUOJIMKEHHO cUMTaTh MapkoBckuMmH. Hampumep, npomecc
UIpbl B IIaXMaThl. CHUCTEMA S - rpynna maxMmatHeix ¢uryp. CoOCTOSHHE CHCTEMBI

XapakTepu3yeTcss YUCIOM (GUTyp MPOTHUBHHUKA, COXPAHHMBIIMXCS HAa JIOCKE B MOMEHT tO'

BeposTHOCTE TOTO, uTO B MOMeHT [ > tO MaTepuaibHbIN MepeBec OyAeT Ha CTOPOHE OJHOTO U3
MPOTUBHUKOB, 3aBUCUT B MEPBYIO OYEPEAb OT TOrO, B KAKOM COCTOSIHUM HAaXOJMUTCS CUCTEMA B

JTAHHBII MOMEHT tO’ a HE OT TOTO, KOTJIa U B KaKOW MOCJIEeIOBATEIILHOCTH MCUE3NU (DUTYPHI C

nocku 10 Momenta L.

3. CucreMbl MacCOBOIr0 00CTY:KMBAHHUSA C 0TKA30M

B cucremax ¢ oTkazamu 3asBKa, MOCTYNUBIIas B MOMEHT, KOIJa BCE€ KaHaJbl
O6CJIy)I(I/IBaHI/I$I 3aHATBI, HCMCIJICHHO ITOJYYacCT OTKa3, MOKHWAACT CUCTCMY U B ,Z[a.HBHel\/'II_HeM B
nporiecce 00CIyKUBaHHsI HE Y4acTBYeET.

HNmeercs N kaHainoB B OOCIY)XKMBAaHUHM, Ha KOTOpPbIE IIOCTYNaeT IOTOK 3asBOK C
MHTCHCUBHOCTBhIO A. [IOTOK 0OCITy)XKMBaHWS MMeEET WHTEHCHBHOCTh | (BelW4YMHA, oOparHas

cpeaHeMy BpeMeHH oOciyxuBaHus { ). TpeOyercs HaiiTu BeposiTHOCTH coctostHuid CMO u

obcn
XapaKTEPUCTHKH €€ d3PPEKTUBHOCTH.

Tak kak 00a MOTOKa — 3asBOK U OCBOOOXKICHUN — MPOCTEHIITNE, MTPOIIECC, TPOTEKAIOITUIH
B CHCTeMe, OylIeT MapKOBCKMM. PaccMOTpHM e€e Kak CHCTeMY C KOHEUYHBIM MHOXECTBOM
COCTOSIHUM.

Sy — cBOOOAHBI BCE KaHAIbL,

S| — 3aHAT POBHO OJMH KaHAI;
S — 3amsrel K kaHaIoB;

S,, — 3amsTHI BCe N KaHAOB/
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Yepes B (t) oGosmaumm BeposATHOCTH TOTO, 4TO B MOMEHT BpeMeHH t cucrema Gyner

HAXOIHUTHCS B COCTOSHUU S .

[Ipocreiitme 3aga4u U1 CUCTEM MAacCOBOTO OOCTYKMBAaHHUS C OTKa3aMU ObUIN BIIEpPBBIC
pemensl A.K. Dpnanrom. VM ke Obuti BeIBEIEHBI ()OPMYITBI OIICHKH (DYHKITMOHUPOBAHMS ITUX
CUCTCM IIPpU YCJIIOBUU IMOCTYIJICHUA HpOCTeI\/'II_HeFO IIOTOKAa 3as4BOK MU JJId IOKAa3aTCJIbHOI'O 3aKOHa
pacnpeneneHus BpeMeH! 00CTyKUBaHUS.

Jlnisi ycTaHOBMBIIETOCS Tpoliecca 0OCTY>KUBAHHS MPU ITHX YCIOBUSAX DpIaHT MOTYYHII
CIIeyIOIINe 3aBUCUMOCTH.

* BeposATHOCTH TOro, 4TO 0OCHY)XMBaHWEM 3aHATHI KanmaparoB (MHWIA, TpuOOpPOB U

T.IL).
k
P
R=—K_  (0<ksn) (1)
k — n k ) - - ]
pr
k=0 K!
rae P = —,K—KonuuecTBO 3aHATHIX aNaparos,

A— HMHTCHCUBHOCTD ITOTOKA 3as4BOK,

L — HHTEHCHBHOCTb TIOTOKA OOCITY)KUBAHUSI.

Yacmmuvie cryuau:

* BeposarHocTs mpocTosi (TOro, YTO BCE OOCITYXKHMBAIOIIME amnmapaThl CBOOOIHBI, HET
3asBOK):

1
P=—, )

n pk
2
k=0 ™
* BeposATHOCTH OTKa3a (BEpOATHOCTH TOTO, YTO BCE OOCITY)KHBAIOUIHE MPUOOPHI
3aHSATHI):

P
_p- n _k
PornK_Pn_ n k _I 3)
L n
k=o K!

OTtcroga HaxOIUM OMHOCUMENbHYI0 HPONYCKHYIO CHOCOOHOCHIb, T.€. CPEIHIOI JOII0
MPUIIEAINNX 3asIBOK, OOCIY)KMBAa€MBIX CHUCTEMOW, — BEPOSTHOCTh TOrO, YTO 3asBKa Oyner
obcyxeHa:

P
—1_ —1_~nTp
F>066‘Jl =1 PomK =1 p W (4)

Abconommuyio nponycKHyl0 CHOCOOHOCHIb, T.€. CPETHEE YHUCTIO 3a5BOK, 00CTYKUBAEMBIX
B CIMHUILY BPEMEHH, IOJYYUM, YMHO)KHB WHTCHCUBHOCThH IOTOKA 3asSBOK Ha OTHOCHTEIBHYIO
MPOIYCKHYIO CIIOCOOHOCTD:

A=A FZ)6C]Z.

AOcoroTHas TIPOITYCKHAsI CIIOCOOHOCTh — 3TO WHTEHCHUBHOCTH IOTOKA OOCTY>KEHHBIX
CUCTEMOH 3asBOK, a KaXKIIbIi 3aHATHI KaHAl B €IWHUILY BPEMEHH OOCTYKUBAET B CPEAHEM L
3aBOK. 3HAUUT, CPeOHee YUCI0 3AHAMBIX KAHAI068 PAaBHO
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E = = pPO6C]l. (5)

JloJist KaHAJIOB, 3aHATHIX 00CTyKHBaHHEM (KO(D(HUITUCHT 3arPy3KH):

q:

S| X

3.4.CucteMbl MacCOBOTO OOCITY)KHBAHHUS C HEOTPAHUUYEHHBIM OKUITaHUEM

[Tyctb nmeercs N-kananbHast CMO ¢ ouepeiplo, Ha KOTOPYIO HE HAJI0KEHO OrpaHUYCHHI
HU 10 JJIMHE OYEpEelIn, HU MO BPEMEHU OKHUJIAHUSA. B CHly HEOrpaHMYEHHOCTU OYepen KaKaast
3as1BKa paHO WJIM MO3/THO OYJET 00CTyKEeHa, TOATOMY

Psy =1 P,.=0.

o OnmkK
Jlns CMO ¢ HeorpaHHYEHHOM 0Yepe b0 HAKJIabIBaeTCs orpanudenue — < 1.

Ecnu 310 ycnoBue HapyImieHo, TO 04epeib pacTeT 10 OECKOHEUHOCTH, HACTYIACT SBJICHHUE
«B3pBIBA».

* Bepoamnocms npocmos (TOro, 4To Bce 0OCTY)KMBAIOIIUE anmaparbl CBOOOIHBI, HET
3asBOK):

B 1
PO - n ~K n+l ! (7)
z& + pi
okl ni(n-p)
° Bepo;zmuocmb 3aHAmocmu oﬁmy.m’ueauue}u k KaHamoe.
P
R =p“-%, 1<ksn 8)

nl
* Bepoamnocmo 3anamocmu o00CAyHcUGAHUEM 6CeX KAHAN08 NPU OMICYHICIMEUU
ouepeou.
_nh
I:)n =P —- ©)
nl

* Bepoamnocmo nHanuuua ouepeou eCTh BEPOSTHOCTh TOTO, YTO YHCIIO TPeOOBaHHUM B

cucreMe OOJIbIIE Yrciia KaHAJIOB!
P = pn+1 I:)0
o4 "

n'(n-p)

* Bepoamnocmov 011 3aA6KU NORACHIL 8 0UePedb €CTh BEPOSATHOCTh 3aHATOCTH BCEX
KaHAJIOB, 9Ta BEPOSTHOCTh PaBHA CYMME BEPOSTHOCTEH HAJIMYUS OYEPEAH M 3aHATOCTH BCeX N
KaHaJIOB IIPX OTCYTCTBUU OYEPEIU.

(10)

P
P, =P +P, =p" 0 : (12)
* Cpeonee yucio 3aHAMBIX 00CAYHCUBAHUEM KAHALOG:
— A
k=—=p. (12)
U
e Jlona kaunanos, 3AHAMBIX obcnycusanuem:
_k
q=-—. (13)
n

*  Cpeonee uucno 3a160kK 6 ouepeou (JyIMHA OYCPEIN)
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P
L=p"* P (14)
~1)l(n-p)
(n p
*  Cpeonee uucno 3AA60K 6 cucmeme
M=L+k=L+p. (15)
*  Cpeodnee spemsa 0)cudanus 3a16Ku ¢ ouepeou
t= E (16)
.
*  Cpeonee spems npedvleanus 3a18KuU 8 cucmeme
1 M
T=t+—, T=—. @an
K A

5. 3aMKHYTBIe CHCTeMbI MACCOBOI0 00CIYKHUBAHUS

Nmeercsa N-kananpHas CMO ¢ oxuaaHueM, B KOTOPOM KOJMYECTBO 3as1BOK, CTOSIIUX B
oucpean, OrpaHUYICHO YUCIIOM m, T.€. 3as1BKa, 3acTaBlllasd BC€ KaHaJbl 3aHATHIMH, CTAHOBUTCS B
ouepelib, TOJIbKO €ClI B HEll HAXOIUTCS MEHee M 3asiBOK.

Ecmu uncio 3a4Bok B o4yepcan paBHO M, TO MOCIECITHASL HpI/IGBIBLHaH 3asBKa B OUCPCIb HC
CTaHOBUTCS U TIOKHIAET CUCTEMY HEOOCTyKEHHOIA.

CucteMbl ¢ OTpaHUYEHHOM OUYEpEnbI0 SABISIOTCS OOOOIIEHHWEM JIBYX PAaCCMOTPEHHBIX
panee CMO: ipu m = Onorygaem CMO ¢ oTkazamu, mpu M = oo noirygaeMm CMO ¢ oxxu1aHueM.

*  Bepoamuocms npocmos (Toro, 4to Bce 00CTYKHUBAIOIINE anapaThl CBOOOIHBI, HET
3asBOK):

R = L , (18)

Zn:pk + pn+1 1_(me
o K ni(n-p) n

*  Bepoammnocmb omkaza 6 06CAyHCUBAHUUPABHA BEPOSTHOCTH P, Toro, 4ro B

oYepeau yKe CTOIT M 3asABOK:
- — ~Nn+m I:)0
POWH(’ ~—I'n+tm — 10 m" (19)
niin
*  Ommunocumenvnas NPONYCKHAA CHOCOOHOCMb €CTb BEIWYUHA, JIOMOJHSIOIIAs
BEPOSATHOCTH OTKa3a 710 1, T.e. BEpOSITHOCTh OOCITYKIBaHUS:

P06CJZ =1- Pomzc '
(20)
*  Ab6conromuan npoOnycKHas cnocoOHOCHbOTIPEICSETCS PABEHCTBOM:
A= /](1_ POWLK) = /]Po6c11' (21)
*  Cpeodnee uucno 3aHAmMbIX 00CIYHCUCAHUEM KAHAIOE.
- A
k=—= obcn * (22)
7,

*  Cpeonee uucno 3a160kK 6 ouepeou (CpeHss ITHHA OUEPEIIH)

pnP E _ (m+l)(pjm+l N rr(me-i-z
0 n n n

L= . (23)

)
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*  Cpeodnee spemsa 0#cudanUusn 00CAYHCUBAHUA 8 OUEPEOU

L
t=—. (24)
A
*  Cpeodnee uucno 3aA60K 6 cucmeme
M =L+Kk. (25)
*  Cpeonee spems npedvleanus 3a18KuU 8 cucmeme
1 M
T=t+—, T=—. (26)
K A

3.8.3 Pe3ybTaThl U BHIBOJABI:

CucreMa MaccoBOro OOCIYKHBAaHHUS TIPEICTABISET COOOM CUCTEMY IMCKPETHOTO THUIIA C
KOHCYHBIM HUJIM CHCTHBIM MHOXCCTBOM COCTOHHHﬁ, a nepexoa CUCTCMbI U3 OJHOI'O0 COCTOSIHUA B
JPyroe MPOUCXOIUT CKa9KOM, KOT/[a OCYILECTBISETCS KaKoe-HUOY b COOBITHE.

[Iporiecc HA3bIBAETCS HMPOUECCOM ¢ OUCKPEMHLIMU COCHMOAHUAMU, €CIH €T
BO3MOJKHBIE COCTOSIHUS S}, S5, S3,... MOXKHO 3apaHee IIepeHyMepOBaTh, U MEPEXO] CUCTEMBI U3
COCTOSIHHUS B COCTOSIHME NPOMCXOUT IPAKTHIECKH MTHOBEHHO.

Takue nporecchl OBIBAIOT ABYX TUIIOB: C JUCKPETHBIM HIIM HETIPEPHIBHBIM BPEMEHEM.
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