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1. KOHCIEKT JIEKITUHA
1.1 Jlexkuus Nel,2 (4 yaca)
Tema: «MeTOIIO.JIOFI/ISI CHCTEMHOI'0 aHAJIN3a U UCCJICA0OBAHUE OIICpaALlUs»

1.1.1 Bonpocs! Jiekuum:

1. CucTeMHBIN aHAINW3, CUCTEMA, OIITUMM3AIIHS

2. Cxema orepalroHHOTO IPOEKTa

3. OcoOeHHOCTH MAaTEeMaTHIECKOTO MOICITUPOBAHUS

1.1.2 KpaTtkoe cogep:xaHue BOPOCOB

1.CucTeMHBIH aHAIN3, CHCTEMA, ONTHMH3ALHUA

CucremMa- MHOXECTBO JJIEMEHTOB C OINPEIENIEHHBIMH CHOCOO0aMH B3aWMOJAEUCTBUS
MEXAy HUMH, KOTOPBIE BCE BMECTE BBIMOJHSIOT LEJIb CUCTEMBI.

[Ipomecc - Bce, 4yTo mpouwcxoauT B cucTeme. Cucrema paboTaeT, 3HAYUT B HEH
MPOUCXOAUT MPOIIECC.

Onepanusi- 4acTh npolecca, Kotopas HaJleJIieHa CBOMCTBaMM Bcel cucTteMbl. Onepanus -
3TO YIPABISIEMOE MEPONPUSITUE, BHIMOIHSAIONIEE OMPEIEICHHYIO 1I€)Ib, COMTOCTABUMYIO C IIEJIbIO
Bcel cucreMbl. Hampumep, omepanmsi COCTaBJICHUS pacHUCaHUS YYEOHBIX 3aHATHN JJIA
y4eOHOr0 Mpoliecca B CUCTEME «YHUBEPCUTETY.

[Ipu uccnenoBaHUU CIIOKHBIX OPraHU3alMOHHBIX CUCTEM:

1) HEBO3MOXKEH PKCIEPUMEHTAIBHBIN METO/I UCCIIEI0BAHMS;

2) HEBO3MOXHO OIKMCAaHUE TIOBEJCHHUSI CHUCTEM TOJIBKO Ha OCHOBE KaKOW-IH00
€CTECTBEHHOHAY4YHOU TEOPUH;

3) mpu OMHMCaHWUU TAKUX CHCTEM KOJMYECTBO (DaKTOPOB, KOTOpPHIE HEOOXOIUMO
YUUTBIBATb, BEJIUKO.

[loaToMy oOuY€BHIHO, YTO TaKHe CHUCTEMbl HEBO3MOXKHO MOJEIUPOBATH, H3ydaTh H
COBEpIIICHCTBOBATH 0€3 UCTIOIb30BaHUSI KOMIIBIOTEPHBIX CPEICTB U TEXHOJIOTUH.

2. Cxema onepanmoHHOr0 NMpPoeKTa

Bech koMmIuiekc paboT MO M3YYCHHIO W COBEPIICHCTBOBAHHMIO CHCTEMBI (OTEpaIim)
IPOBOAMT OIEpalMOHHAs TpyNa CHUCTEMHBIX AHAJIMTUKOB. OJTOT TMPOEKT MPOBOIAUTCS B
MHTEpecax jauna, npuaumaromiero pemenus (JIIIP). JITIP moxer
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JlanuM KpaTKyro XapaKTEPUCTUKY ATAMOB OMEPAIMOHHOTO UCCIICIOBAHHUS.

1. B camom o0mem ciydae mnOBOAOM Ui HM3YYE€HHUS U COBEPLICHCTBOBAHMS
CHUCTEMBI  CIy)XaT  3aUKCUPOBAaHHbIE CHMOTOMBI, OOHapyXHUBaroIIue  MPoOIEMHBIC
BOIPOCHI B paOOTE CUCTEMBI.

2. YCTaHOBIIEHHBIE CHUMIITOMBI TIPOOJIEMBI MOTYT OOpa30BBIBATH  CBSI3aHHYIO
1EMOYKY (pakToB (TEHACHITNIO), KOTOpast MOMOTaeT chopMyIupoBaTh MpooIemMy.

3. BaxHelmmM >TanoM HCCIEIOBaHUS CHCTEMBI SIBISIETCS 4YeTKas (HOpMyIHpOBKa
npo0JieMbl, KOTOpasi IPUCYTCTBYET Ha TaHHOM YPOBHE )KH3HEACSTEIbHOCTH CUCTEMBI.

4.KauecTBEHHBIM CUCTEMHBIM aHaJIW3- 3TO PpACUICIUIEHUE LEJOCTHON CHUCTEMBI
(omeparun) Ha OTIIETBHBIC SJIEMEHTHI (CYIITHOCTH). IJIsl 3TOT0 HY)KHO:

- BBIJICTIUTH H3y4aeMYI0 CUCTEMY (OTEepaINIO) U3 BBIMIECTOAIIEH CHCTEMBI (OTIepaIlnn );

- chopMyIUPOBATH 11€J1b, BHIMOJTHAEMYIO CHCTEMOH (orepanueii);

- IEPEYUCITUTD (DAKTOPBI, KOTOPHIE BIHSIOT HA JJOCTHKEHUE 1IETIH;

- OTIpEIeNIUTh BO3MOKHbBIE OTPaHUYECHHSI, B paMKaxX KOTOPBIX MOXHO COBEpIIEHCTBOBAThH
cuctemy (OIeparmio).

5.K0oan4ecTBEHHBIN CUCTEMHBIN aHaIu3 MPEANoJaraeT OMUCaTh BCE IEPEUMCIICHHBIC
(dakTopbl, KOTOpPBIE YYacTBYIOT B OIEpalliii Ha KOJMYECTBEHHOM YpPOBHE, T. €. Ha OCHOBE
M3MEPUMBIX MapameTpoB. J{is aToro:

- yCTaHABIUBACTCS KpUTEpHK- BeNWYMHA, KOJUYECTBEHHO W3MEPSIONIasi CTeleHb
JTOCTYDKCHHUS 1€ CUCTEMBI (OTIepaIiin);

- BBOASTCS KOJNMYECTBCHHBIC BHYTPCHHHE IapaMeTPhl CHUCTEMBI, KOTOPBIE H3MEPSIOT
(hakTOphI, YIaCTBYIOIINE B OMMMCAHUU CUCTEMBI (OTIEpaIlim);

- BCE MHOXKECTBO ITUX MMapaMeTPOB HEOOXOAMMO pa3OUTh HA JIBE YACTH:

a) HEyMpaBJIsieMbI€ TTapaMeTphl (KOHCTAHTHI), KOTOPBIE MBI B JAHHOU KOH-

KpETHOM crucTeMe (Oreparyi) MEHATh He MOKeM (ITPOU3BOIUTEIBHOCTh, HOPMBI Pacxo/ia
MaTepHayioB U T.I1.), ©X 0003HAYAIOT Kak KOYPDUIIUEHTBIA = (a, a), ay);

0) ylpasisieMble TapaMeTphl (IEPEMEHHBIE) - BETUYUHBI, KOTOPBIE MBI MO-
KEeM MEHATb X = (X, X5, X ).
6. CyTb MaTeMaTH4YeCKOTO MOJEIMPOBAHUS - YCTAaHOBJIEHUE KOJIMYECTBEHHBIX

CBsI3e MeXkay BBeAeHHbIMH BenuunHamMu K, A, m X B BUIE Tak Ha3bIBa€MOMl ome-
PaLMOHHON MOJENH.

[lepBas wacTh ONEpAIMOHHOW MOJACIM - 3TO MOJEIb IeJeBOW (YHKIHMH, OHa
yCTaHaBIMBAeT (PYHKIMOHATHHYIO 3aBUCUMOCTh KpUTepus K OT HEYyMpaBIsieMbIX MapaMeTpoB A
u ynpaBisgemblx BenuunH X B Buue K = X, A). / - moxeT ObITh (DyHKIMS, 3amaHHAs
AHATUTUYECKH, TAOJTUYHO WM alTOPUTMOM. B psifie mpakTHYeCKUX 3a7ad B KA4eCTBE PJICMEHTOB
MHOkeCTBa X BBICTYMarOT (GyHKIUU. B 3ToM ciiydae / - dyHKIuoHaI. 3amadd TaKoro poja
HA3bIBAIOTCS BapHAIIMOHHBIMA W B JaHHOM TNocoOuM He paccMmarpuBarorcs. s 1eneBoi
(GYHKIIMY YKa3bIBa€TCS HAIPaBJIECHUE YIYUIIEHUS KPUTEPUS

K =/(X, A) — 11(TaxX). (1.1)

OTUM BbIpaKEHHEM U OTPEIEIIAETCS CMBICT ONTUMU3ALMU CUCTEMBI (OIIEpalinn).

Bropas 4dacte onepanMoOHHONM MOJENIH - MAaTeMAaTHYECKOE ONMCAHUE OTPAaHWYCHHUU Ha
BbIOOp mepemeHHbIX X. Bece orpanuuenus B o0IieM BHJIE€ MOKHO 3allucaTh B BUJE HEPAaBEHCTB
(paBeHCTB):

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

Kaxnas pynakuus ((X, A)HaspiBaercs QyHKIMEH orpaHuyeHHs. B HEKOTOpBIX 3amayax
UMEIOTCS TpeOOBaHUS HAa caM BHJI TTepeMeHHbIX X niu K.

Xel)}
KeM '(1_3)



Hanpuwmep, yacto Bo3Hukaet TpeboBanue, utoosl X uinu K Opun miensiMu. B HeKOTOpbIX
CIIy4asix OHM JIOJKHBI IPUHALIEKATh HEKOTOPOMY CTaHJIAPTHOMY MHOKECTBY 3HAUYCHUM.

Mopgens B Buzge 1.1, 1.2, 1.3 - mMonens onepalMOHHOTO BUJIa WM ONTUMHU3AIIMOHHAS
MOJiesib (HEONTUMHU3AIIMOHHAS - 0€3 11eNIeBON (DYHKITNH ).

Mogens 1.1, 1.2, 1.3 no3BosiseT MOCTaBUTh 3a7ady ONTUMU3ALNN CUCTEMBI (OIEparLim)
KaK MAaTeMAaTHMYECKYyH0 3a/Jady: HaWTH TakKue YOpaBiseMble NEpeMEHHble X, KOTOpbIE
yIOBIIETBOPsUIN OBl cucteme orpanuyeHuit 1.2, 1.3 u obecneunBanu Obl HaWTydlllee 3HAUCHHE
kputepus K.

7.Pemienue MOCTaBICHHOM MaTeMaTH4eCKO 3anaud TpeOyeT NPHUBICUEHUS METO/I0B
ONTUMU3AIMK, BKIIOYAOIIMX KPOME KIACCHYECKUX MATEMaTHYECKUX METOJOB Takke U
CHelMallbHbIe METOJbl HWCCIEOBaHMs omnepanuii. PeanpHble 3aauu TPUBOAST K OONBIION
pa3MepHocTH (IO JecATKOB Thicsid). [loaToMy coBpeMeHHBIE METOAbl HAXOXKICHUS
ONTUMAIBHBIX PEIICHUN OPUEHTUPOBAHBI HA UCIIOJIB30BAHUE KOMITBIOTEPHBIX CPENICTB.

8.ConocTaBiisisl MOJYYEHHOE PEIICHHE C COAEPKATEIbHOM MOCTAaHOBKOM 3aJa4M MOKHO
O00HapyXUTh MPOTUBOPEUUS WM KaKUe-HUOYIh HEKOPPEKTHBIE JIEMEHTHI pemieHus. [IpuanHoi
HEKOPPEKTHOCTH MOTYT OBITh OLIMOKM B MaTeMaTHYECKOH MOJENM WM HEey4eT HEKOTOPBIX
CYILIECTBEHHBIX OrpaHnueHuil. Ha 3ToM 3Tane MoxeT npuHUMaTh y4acTue JIMLO, IPUHUMAIOIIIEe
pemenue (JITIP). Ecnu momydeHHOE pelieHWE MPUEMIIEMO - OHO NPUHHMAETCS, €CIIU HET -
HEO0OXOIMMO BEPHYTHCSI HA TAll MAaTEMAaTUYECKOTO MOJICTHPOBAHUS WIIH JIaxke Ha Oojiee paHHUE
3TaIlbl UCCIIETOBAHUS.

9.Haiinennoe ontuManpHOe penieHUeX* TO3BOJIIET MOATOTOBUTH  YIPABJISIOIICE
pemenue B hopme nokymenta st JITIP.

Takum 00pa3zom, OmeparioOHHOE HMCCIEOBAaHHE - WUTEPAL[MOHHBIA MpoIecc, KOTOPBIH
CXOIUTCA K OIpPEACICHHOMY ONTHUMAaJIbHOMY pELIEHNI0. PaccMOTpeHHass cxema sBISeTCS
npuMepHoil. OHa MO3BOJISAET JYyUIIEe MOHITh CMBICI CUCTEMHOTO

3. Oco0eHHOCTH MAaTeMATHYeCKOIr0 MOIeJIMPOBAHUS

Maremaruueckoe MojenupoBaHue - camblid cinoxkuHbld sTan MCO. Maremaruueckas
MOJIENIb - 3TO TAaKO€ OINHCAHHE CUCTEMBI, KOTOPOE MO3BOJISIET CHELUUATUCTY BBINOJIHUTH LIEIb
UCCJIEIOBAHUS U ONTUMHU3AIMU CUCTEMBbI. (711 OJHOM M TOM K€ CHUCTEMBbI MOXHO MOCTPOHUTH
pa3IUYHbIE MOJENH, YTOOBl BBIIBUTH pa3jMYHble CBOWCTBA: HAlpUMEp a’dpoAMHaAMHuYecKas
MOJIeJTh, IPOYHOCTHASI MOJIENb U T.1. MOJelb JOKHA OBITh aJIeKBAaTHOW peanbHOU 3ajade, T.e.
pelieHus, TOJy4YeHHble B paMKax MOCTPOEHHOW MOJENH, AODKHBI 005afjaTh TaKUMH Ke
CBOMCTBAaMM, YTO U peajbHasi CUCTEMA.

K coxanenuto, He CymiecTByeT Kakoro-iubo airoputMa, Mo KOTOpPOMY HEoOXO0IUMO
co37aTh MO/iesIb. MO>XHO PYKOBOJICTBOBATHCS JIMIIIb MPUHLIUIIAMHA MOJIEITHUPOBAHMUS:

1. Heobxogumo pemmuTh BOMpPOC pa3sMepHocTH Mozenu. Eciam uucno mapaMeTpoB
YBEIUYUTh, TO MbI 0o0jiee TOYHO OTOOpa3sHM peajbHOe COObITHE, HO B MOJAETH OYyIeT TPYIHO
BBISIBUTH OCHOBHBIE CBOMCTBA (HanOoJiee 3HaunMbIe). 3ajja4a CTAHOBUTCS HE0003pUMON U MOYKET
HE UMETh peiieHus. [103ToMy 4HCIIO MEepEeMEHHBIX MO BO3MOKHOCTH CTaparoTCs YMEHbIIATh,
OCTaBJISIsl TJIaBHBIE, CyllecTBeHHbIE. HO yMeHbIIas 4nciao MepeMEeHHBIX, Mbl MOXKEM OITYyCTUTh
CYILIECTBEHHBIE, U MOJIEJIb CTAHOBUTCS HEAI€KBATHOM.

2. Mogenb 3aBUCUT OT TOYHOCTH, C KOTOPOH HY>KHO MOJIYYUTh PEUICHUE.

3. Monenb 3aBUCUT OT TOTO, HACKOJIBKO MbI 3HAE€M HUCXOJIHbIE TAHHBIE.

4. I[Togxo K TOCTPOSHUIO MOJIETH MOYKET OBITh TBOSIKHM:

4.1.Co3nanue OpUTMHAIBLHOM MoOJAeNu (HE YYUTHhIBas MPEAbIAyHIe Moaenu B 3TOM
o0yacTu), T.e. pazpaboTKa «C YHUCTOTO JHUCTa». JDTO MOXKET JaTh, a MOXKET HE JIaTh XOPOIIHUH
pe3ynbrar. [IpeuMyIecTBo: «CBEXKHI B3I HAa BEUIW», HET 4yKuUX ommOok. Ho 310 Moxer
OBITH TOPOXKE M OTPEOyeT OOJIBIIIOTO BPEMEHHU.

4.2 Vcnonp30BaHME TUIOBBIX MOJAENEH UId MOJENIMPOBAHUS KOHKPETHBIX omnepanuii. B
HACTOSAIIEE BPEMsl CYIIECTBYET OOJBIIOE YMCIO TUIIOBBIX MOJENEH, OMUCHIBAIOMIMX Haubosee
pacrpocTpaHeHHbIE BU/IbI ONlepalluii U CUCTEM:




- MOJienb JInHeitHoro nporpammupoBanus (JIIT);
- MOJZIeJIb IMHAMUYECKOTO MPOTrPaMMHUPOBaHUS;
- UTPOBbIE MOJIEIIN;

1.2 Jlexkuus Ne3,4 (4 yaca)
Tema: «/InHeiliHOEe MPOrpaMMHPOBaHUE)

1.2.1 Bonpocsl JieKIuM:

1. OOmrast 1 OCHOBHAs 3ajJ1a4a JIMHEHHOTO MPOTPaMMHUPOBAHUS

2. 'eomeTpuueckas HHTEPIIPETALMS 3a/1a4H JIMHEHHOTO TPOrPaMMHUPOBAHMUS
3. Maes cuMIuiekc-MeTo/1a pelieHusl 3a/1a4y JJMHEMHOTO MPOrpaMMHUPOBAHUS

1.2.2 Kparkoe coaep:kaHue BOPOCOB

1. O0masi ¥ OCHOBHAsl 321242 JJUHEIHOT0 NPOrPAMMHMPOBAHUSA

Ilocmanosxka 3adauu.

[Iycte HeEkoTOpOe mNpeanpusTHe HMEEeT m BHUJOB IPOU3BOJCTBEHHBIX PECYPCOB.
[TopsiakoBeIil HOMEp pecypcoB — i, T.€. i=1, 2,..., m.

Hannume xaxxgoro Buja pecypcoB U3BECTHO U 0003HaUaeTcs b;.

[Ipeanonoxum, YTO MPEANPUITHE MOXKET NPOU3BOAUTH M BHUAOB MPOLYKIHUU.
[TopsinkoBBIiT HOMEp TPOAYKIMU — /, T.€. j=1, 2, ..., n.

HeoOxomuMo ompenenuTh Kakoe KOJHMYECTBO €IUHUI] MPOAYKIIMH KaXIOro BUIA HAJO
IPOU3BOAUTH (X;), YTOOBI MOJIYYUTh MAKCUMyM 3TOH HMPOAYKLHMU B CTOMMOCTHOM BBIPa)KEHHH,
€CJIM M3BECTHBI 3aTPaThl HA MIPOM3BOJCTBO €IUHUIIBI IPOIYKIMU KaXI0ro BUAA pecypea (a;) U
LIcHa peanusanuu (c;).

Paszeepnymas ¢hopma 3anucu mooenu.

I. LeneBast pyHKIMSA — OMUCHIBAET BHIXOJ IPOAYKIIMHA B CTOUMOCTHOM BBIPQKECHUU:

Z=cix1text. . tex,—max.

II. Cucrema OCHOBHBIX OrpaHMYEHUMH — OINHUCBHIBAET C MOMOIIBI0 MaTEMaTHYECKOU
3aBUCHUMOCTH TOT (DaKT, YTO pacXoJbl IPOU3BOJICTBEHHBIX PECYPCOB HE JIOJDKHBI TIPEBHIIIATH X
HaJIUYue:

ayxitapxot.. . +ax,<by;

arixitanxyt...+ax,x,<by;

Am1X1FAmoXot. . Xy <bp,.

III. VYcnoBue HEOTPULIATEILHOCTH IEPEMEHHBIX BEJIUYHH:

x120, x>0, ..., x,20.

3ameuanue: B TOCTAHOBKE C BBIOOPOM JPYroro KPHUTEPHUS ONTHUMAIBHOCTH I[EJIeBast
(GYHKIMS MOXET CTpEeMHUThCS K MUHUMYMYy. Kpome Toro cucrema orpaHM4eHHN MOXKET OBITh
CMEIIAaHHOM, T.€. COAepPKATh HE TOJIILKO HEPABEHCTBA (<,>), HO U PABCHCTBA.

Cmpyxmypnas ¢hopma 3anucu mooenu.

B Ttakoit ¢opme mMomenu maroTCs B CHCUAIM3WPOBAHHOW JutepaType. B aroit hopme
3aMiCH OTPAKACTCS CTPYKTYpa M THIT OTPAHUYCHHM, CTPYKTypa (YHKIUH, KaKhe MepeMeHHBIC
BXOJAT B QYHKIUIO Z U B OTPAaHUYCHHUS.

. Z =Zijj—>max.
n =1

N gx. <pb .i=12...m.
d YT 1
j=1

1L x>0, j=1,2,....n.




3amevanue: OAHOW (OPMYJIOW MOXHO OIMKCATh OTPAHWYCHUS, WMEIOIINE OJWHAKOBYIO
CTPYKTYPY H THII ¥ BKIIOYAIOIINE B Ce0sl OHU U TE K€ IEPEMEHHEIE.

Cy1iecTBYIOT TakXe BEKTOpHAs, MATpU4Has U Tabau4Has (GOpMbI 3aITUCH MOJIEIIH.

2. 'eomeTpuyeckasi HHTEPNPeTANNS 321241 JIUHEHHOT0 MPOrpaMMHUPOBAHUS

I'paduueckuii MeTom OCHOBAaH Ha TEOMETPUYECKOM HHTEPIpPETAIUU 3a7ad JTUHEHHOTO
IPOrPaMMHUPOBAHUS U IPUMEHSETCS B OCHOBHOM IIpH pEIIEHUU 331a4  08YMEPHO20
npocmpancmed, Tak KakK JIOBOJBHO TPYOHO, a Yalle MPaKTUYECKHM HEBO3MOXHO H300pa3uTh
rpadu4eckd MHOTOTPAaHHUK pEILICHUH, KOTOpBI oOpasyeTcss B pe3ysbTaTe IepeceucHHs
nosynpoctpadcTB. [loaTomMy, cymHOCTH Tpaduyeckoro MeToja penieHHs 3aaad JUHEHHOro
MpOrpaMMHUpPOBAHUsl PACCMOTPUM Ha MpPHUMEPE 3aJayM, 3alaHHOW B JIBYMEPHOM IPOCTPAHCTBE,
T.€. € OTPaHUYEHUS COJEPKAT JIBE IEPEMEHHBIE.

3anava. Halitu MakcumManbHOE 3HAYCHHUE TUHEHHON (yHKITUH:

z = 50x; +40x,
MPU OTPAaHUYCHUSIX

2x1+ 5%, <20

8x1 + 5%, <40

5x; + 6%, <30

X1 Z O;Xz Z 0

Pewenue

[TocTporM MHOTOYTONBHUK perneHuit (puc.l), mis sToro B cucreMe kKoopauHat x;0x,Ha
IJIOCKOCTH M300pa3uM rpaHUYHbIE MPSMBIE:

2)61 + 5)62 =20 (11)

8x1 + 5x2 =40 (L)

5)C1 + 6)62 =30 (13)
X1 = O;XZ =0

OTu npsiMble PEKOMEHYETCsl CTPOUTH IO ABYM TOYKAM IIEPECEUEHUsSI C OCSIMH KOOpHMHAT.
Hamnpumep, nis /) Takumu Toukamu 0ynyT Touku A(0;4) u E£(10;0).

B3sB kakyro-HuOyAb TOUKy (ynoOHee BCEro B3ATh HAdalo KOOPAMHAT), YCTaHABIMBAEM,
KaKyl0 TOJIYIUIOCKOCTh OIpeNnessieT KakJ0e M3 HEepaBEHCTB, COOTBETCTBYIOIIEE ypaBHEHUSIM
FPAHUYHBIX TPSAMBIX (3T MOJYIJOCKOCTH Ha puc.l NoOKazaHbl CTpPEIKaMU, LITPUXOBKOM
BBIZICNIICTCST 00Iass 4acTh (MepecevyeHre) yKa3aHHBIX IMOJYIIOCKOCTEH). MHOTOyTroabHUKOM
peLIeHU WIN 001acmulo 0onycmumbvlx peuieHuti JAHHOM 3ajjaud sBISETCS OrpaHHYCHHBIN
naTuyronbHuK OABCD.

Jlanee cTpouM OJHY W3 JMHUH YpOBHS LEJEeBOM (YHKIMHM Kak NPSIMYIO JIHHUIO,
COOTBETCTBYIOLIYIO ypaBHEHUIO Z=const. B Hameil 3agaye MOKHO MOCTPOUTH Npsamyro 50x; +
40x, = 200 (l4). Yepe3 ToukyO mHpOBOIUM MPSIMYIO, MapaIeNbHYIO i, €l COOTBETCTBYET
ypaBHenue Z=0 unmu 50x; + 40x; = 0. Takum oOpa3om, onpeesnsieM HaNpaBJICHUE IBMKEHUS 110
JMHUSM YPOBHS IEJIEBOM (DYHKIIMH, COOTBETCTBYIOIIEE €€ HauObICTpellieMy BO3pacTaHuio (Ha
puc.l 3TO HampaBJeHHWE OTMEUEHO CTPEJIKOW Ha TpsAMOHN [4). OCYIIECTBIsAsA TepeMeIeHue
npsSAMOi /4 mapamensHo caMmoil cebe B BEIOpaHHOM HampaBlIeHUH, TOJIy4aeM, 4To (QpyHKIusS Z
IPUHUMAET MAaKCHUMAallbHOE 3HAu€HUE Ha MHOTOYrOJIbHHKE pemieHud B Touke C.OTOT BBIBOJ
CIENyEeT U3 meopembvl: eclu ORMUMANbHOE peuleHue 3a0auyu cyujecmeyem, mo OHO
oocmuzaemcs, no Kpaitneii mepe, 6 00HOI U3 8epUiUH 001acmu OORYCIMUMBbIX PeuleHUIl.



E

0 \\\\ D 6> 1 (v X1
Pucynox\l — MHoroyroiasHuk pemeHuit
Toqka Chexddr Ha nepecequHI/yﬁpﬂMHx [, n I3 1, caenoBaTeNnbHO, IS ONpPECIICHUS e
KOOPAUHAT HY’KHO PEIIUTh CUCTEMY YPABHEHUN:
8)61 + 5)62 =40
S5x1 + 6x, =30

[ToacTaBuM HalIeHHbBIE 3HaYEHUA X1 U X2 B QyHKIHIO Z (50 - 90/23 + 40 - 40/23).
OTBeT: oNTUMANBHOE PEUICHHUE 3a1a9NLm,x = 6100/23 mpu x; = 90/23; x, = 40/23.
3aMeuanus:

1y

TOYKOIA,

00JIaCTh JOMYCTUMBIX PELICHUH CHCTEMbl HEPABEHCTB MOXKET OBITh IYCTOW, OJHOM
BBIMYKJIBIM MHOTOYTOJIBHUKOM WJIM HEOTPAaHUYEHHOM BBIIYKIOW MHOTOYTOJIBHON

00J1aCThI0;

2)

ypaBHEHHE CiX| T+ CXp = Z npu (UKCUPOBAHHOM 3HAYEHHUH Z ONpeAessieT IpsIMylo, a

MpU U3MEHEHUN Z — CEMEHMCTBO MapaUielbHBIX MPSIMBIX ¢ mapameTpoMm Z. Bektop ¢ =(ci, ¢y),
HGpHGHI[HKy.]IHpHBIﬁ KO BCCM 3THUM IIPSAMBIM, ITOKA3BIBACT HAITPABJICHUC BO3PACTAHUA IMapaMCTpa

Z;
3)

ecii Obl IPH TEX )K€ MCXOHBIX JaHHBIX TPEOOBAIOCH JOCTUYh MUHUMYMa (QYHKUIUU Z,

TO, OUCBUAHO, JIMHHUIO YPOBHA CJICA0OBAJIO OBI NnepeMeniaTb B HalipaBJICHUH, IIPOTUBOIIOJIIOKHOM

BCKTOPY
Zmin = 0’

C. Monyunnu 6s1 ontuManpHOoe pemenue B Touke O (0, 0), KOTOPOil COOTBETCTBYET



4) ecmu DJKCHNEPUMEHTAIbHOE 3HAa4YeHHWe 7 JOCTUTaeTcs B JBYX BeplIMHaX (cirydai
aIbTEPHATUBHOTO ONTHMYyMa), TO TOKE IKCTPEMaJbHOE 3HAYEHUE JOCTUTaeTcs B 000N TOUKE,
JeKaIIe Ha OTPe3Ke, COSAMHSIONIEM dTH BEPITUHBL;

5) B cly4ae HEOTpaHWYEHHOH 00JIacTM MakCUMyM (MUHUMYM) GyHKOUUZ 700 HE
CyIIecTBYyeT (ecnuZ HEOrpaHWYCHHA CBEpXYy (CHHU3Y)), MO0 JOCTUTAaeTCs MO KpalHed mepe B
OJIHOM W3 BEPIINH 00JIaCTH.

3. Unest cumMIjieKC-MeTo/1a pelieHusl 3a1a4M JUHEHHOT0 MPOrpaMMHUPOBaHMS

Cpenu yHHMBEpCAJIbHBIX METOJOB pEHICHUs 3ajay JIMHEHHOro MporpaMMHpPOBAHUS
HauboJiee PACTIPOCTPAHCH CUMNIEKCHbIU MemoO (WA CUMNIeKC-Memood), pa3padOTaHHBINA
amepukanckuM yueHbIM J[k. Jlanuurom. CyTh 3TOro METOJa 3aKJII0YaeTCsl B TOM, YTO BHadale
MOJIYYalOT JOMYCTUMBIA BapUAHT, YAOBIETBOPSIOMINNA BCEM OTPaHUYEHHUSM, HO HEOOS3aTelbHO
ONTUMAJILHBIA (TaK HA3bIBAEMOE HayalbHOe onopHoe peuierue).ONTUMAIBLHOCTh AOCTHTaeTCs
MOCIIE0BATEIbHBIM YIYyUIIEHUEM 3TOTO PEIICHUs 33 OMPEEIEHHOE YUCIIO 3TAMOB (UTEpaluii).
HaxoaeHne HadaJbHOTO ONOPHOTO PELIEHUs U MEPEXO0] K CIEIYIOIIEMY OIOPHOMY PELIEHUIO
MPOBOJATCS Ha OCHOBEe NpuMeHeHuss merojna JKopmana-I'aycca (Mbl Oynmem paboTaTth C €ro
MOIU(DUIIMPOBAHHBIM BaPHAHTOM) JIJIsi CUCTEMBI TMHEHHBIX YPaBHEHHUI B KaHOHUYECKOH (hopme,
B KOTOpPOM JO/KHA OBbITh NpEeIBapUTENbHO 3alucaHa MCXOAHAs 3ajada JIMHEIHOro
nporpamMmupoBaHusd. HampaeneHue mnepexoza OT OAHOIO ONOPHOIO PEHIEHHMS K JIPYroMy
BBIOMPAETCSI HA OCHOBE KPUTEPHUS ONTUMATBHOCTH (11€7I€BOM ()YHKIIMH ) UCXOTHOM 3a/1auu.

Bech myTh pemieHus 3a1a4 CUMILIEKC-METOJIOM YCIIOBHO MOKHO pa30HUTh HA TPH dTara.

I sman.HaxoxneHne UCXOIHOTO BapHaHTa M UCCIEIOBAHHUE €r0 Ha JOMYCTHUMOCTb, T.C.
[I0JIyYE€HUE HAYAIbHOI'O OIIOPHOTO PEILIEHUS.

Honycmumvimeapuanmom pelIeHHs 3a1add OyleM CUMTaThb TAaKWE€ 3HAYCHUS Xj, TPH
KOTOPBIX BBIMIONHSIOTCS BCE TPEeOOBaHUS CHUCTEMBl OTpaHWYCHHI (BCE HEPaBEHCTBA BEPHBI U
HEMIPOTHBOPEUYHUBHI).

Ecnn ucxonHelii BapUaHT JOIIYCTHM, TO OIIOPHOE pELICHUE HAWICHO U NEePEeXOJuUM Ha
BTOpoil sTan. MHaue, ocymecTBisieM mnepeOOp BapuUaHTOB pEIICHUs 3adaud 10 IOJIyYeHUs
JOIYCTUMOTO (€C/I Takoe BO3MOXkHO.Ecnu HeT, To 3a7aua pelieHusl He UMEET).

Il sman.ViccnegoBanust OMYCTUMOTO BapHaHTa Ha ONITUMAaIbHOCTb.

OnmumanvHolll 6apuanm — 3TO TAKOE 3HAUYEHHE INEPEMEHHON X;Ipu KOTOPOM OyIyT
BBIMOJIHATHCS HE TOJBKO TPEOOBAaHUS CHUCTEMbl OTpaHMYEHUN, HO U TpeOOBaHUS IEIEBOMN
byHKIMN.

Ecnu nomycTumblii BapuMaHT OKa)KeTCsl ONTHMalbHBIM, TO 3a/ada pelieHa, WHaye
[IEPEXOUM Ha TPETHUI STall.

III sman.Ilepebop BapraHTOB PEIICHUS 3aa4H JI0 MOJIYYCHHUS ONTUMAJIbLHOTO BapHUaHTa
(ecnu Takoe BO3MOXkHO.Ecnu HeT, TO 3a/1aua He UMEET ONTUMAIBHOTO PEILICHHS).

CaM cuMIIIeKC-METOl BBIOMpAaTh BapUaHTBl HE YMEET, OH TOJbKO TOKa3bIBAET
HampaBjieHue mnepebopa BapuaHTOB (B HAlleM Cllydyae TIIO3BOJISIET OCYILECTBHTH BBIOOD
paspemaroniero anementa). Jlng pacuéra ke, B KadecTBE BBIYMCIUTENILHOIO ammapara,
MPUBJICKAIOTCS JApPyrue MeToAbl. Mbl OyleM HCIONb30BaTh METOJ MOIUPHUIIUPOBAHHBIX
Kopnanoseix uckmouennii (MXXH). Tak kak JaHHBIA METOJ — 3TO METOJI PEUICHUS CHCTEM
JUHEWHBIX YpaBHEHHH, a MOJENb MPEACTaBIsAeT COOON CHCTEMY JIMHEHHBIX HEPAaBEHCTB, TO
MoJieJb MPeABAPUTEIHHO JOKHA OBITH MOITOTOBJICHA.

CyTh MOATOTOBKM 3aKIIOYAETCS B TOM, YTOOBI MEPEUTH OT CHUCTEMbl HEPAaBEHCTB K
CHUCTEME YpaBHEHUU B KaHOHHMUYECKOU ¢opme. /[ 3TOro B Kaxkaoe orpaHMYeHHUE-HEPaBEHCTBO
BBOJMTCS JOTIOTHUTEIbHAS MMepEMEHHAas)Y;, KaK Pa3HOCTh MEXKIY OOJBINCH U MEHbBIIECH 4acTIMU
HepaBeHcTBa. OYEeBHUIHO, YTO 3HAUEHUE ); HE MOXKET OBITh OTPUIATEIHHBIM.

[ToaroToBneHHass MOAETb OCHOBHOW 3aJaydl JIMHEHHOTO MPOTPaMMHUpPOBAHHS OyaeT
BBITJISACTD CIEIYIOIIMM 00pa3oM:

1. Z=cix1+coxrt. . . +ex,—>max.

IL y1=-ayx1-a12x2-. . .-a1,.x,+by;



V2a=-A21X1-020X2- . . .-A2nXyTD2;

Y= Am1X1-Am2X2-. . ~'amnxn+bm~

III. x120, x>0, ..., x,=>0.

W3 sToro Buia JaHHBIE 3aHOCATCS B TAOMUYHYIO (POPMY AJIS OCYIIECTBICHUS PEIICHUSI.

1.3 Jleknus NeS (2 yaca)
Tema: «/IBOMICTBEHHOCTH B JIMHEITHOM IPOrPaMMHPOBAHNID)

1.3.1 Bonpocsl JieKnum:

1. IlocTaHOBKA 1 MOJZIeIb ABOMCTBEHHOU 3agaun. IloHATHE NBOMCTBEHHOCTH
2. Pemrenne 1BOMCTBEHHBIX 3a7a4 CUMILIIEKC-METOJIOM.

3. OCHOBHBIE TEOPEMBI TEOPUU JBOMCTBEHHOCTH.

1.3.2 KpaTtkoe cogep:xaHue BONPOCOB

1 ITocTanoBka U MoaeJIb ABOMCTBEeHHOM 3aga4n. IlonaTHE IBOMCTBEHHOCTH.

C xaxno# 3amauyeil TMHEMHOro MPOrpaMMHUpPOBAaHUS TECHO CBs3aHa Jpyras JMHEWHas
3amaua, HaszbIBaemas oOgolicmeenHot. llepBoHauanbHas 3amavya Ha3bIBA€TCA HMCXOTHOW (WM
npsiMoit). CBsA3b MCXOJIHOM M JBOMCTBEHHOM 3aJay 3aKJIIOYaeTcsi, B YaCTHOCTH, B TOM, 4YTO
pelIeHre OTHOM U3 HUX MOKET OBbITh IMOTYYeHO HEMOCPEICTBEHHO U3 PEUICHUS IPYTOM.

HamoMHuM, 4TO B OCHOBE 3aJlayd JUHEWHOIO MPOTPAMMUPOBAHUS PACCMATPUBACTCS
NpeAnpusITHe, UMEIolee pecypeel b, tae i=1,2,...,m. OHO TpaTUT UX Ha HW3TOTOBJICHHE
FOTOBOM MPOAYKIMU W 3Ty OPOAYKIHUIO peanusyer. [Ipu 3ToM cTaBUTCS 1EeNb — MOJYYUTh
MaKCUMYyM IPOAYKLIHH B CTOMMOCTHOM BBIP@XXEHUU HE Mepepacxoys pecypchbl. Monens 3axaun
BBITJISIUT CIISIYIOIIAM 00pa3oM:

I) Z=cx;+cpxp + ... + cpxp,—>max.

D) anx) +apx; + ... +ax,<b,

ayx +anxy + ...+ ayx,<by,

AmX1 + AupXo + ... QX S<by.

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

[Ipeanonoxum, 4YTO HEKOTOPOE NPEANPUATHE PEIIUIO0 HE TpaTUTh PECYpPChl Ha
W3TOTOBJICHHE MPOJYKIUHU, & MPOAATh 3TH pecypchl. Tora BO3HUKAET BOMPOC: MO KaKOH IeHe
npoaaBath pecypcebl? lleHa Ao/KHA ycTpawBaTh Kak MpoJaBlia, Tak M Mokymnarens. MHtepec
MOKYTIAIOIIEH CTOPOHBI 3aKITIOYACTCS B TOM, YTOOBI 3aIUTATUTD 32 PECYPCHl KAK MOXKHO MEHBIIIE,
a UHTepecC MPOJAloIIe CTOPOHBI — B TOM, YTOOBI TOJYYUTh 32 PECYpPChl HE MEHBIIE TOTrO, YTO
OHa TOJTy4MyIa Obl 3a peann30BaHHBINA TOTOBBINA TOBAp.

Torna, B Tak Ha3pIBaeMOW JTBOWCTBEHHOW MOJIENH, IiesieBast GYHKIHS OYJIET OMHCHIBATh
UHTEpEC IOKYMNAIOLEHd CTOPOHBI, CUCTEMa OIPAHMYECHHUM — HMHTEpeC IPOAAIOIICH CTOPOHBI
(HEe0OX0AMMO OLEHUTH PECYPCHI, KOTOPHIE MOLUTH Obl HA U3TOTOBJICHHUE €AMHULIBI TPOIYKIUN U
CTOMMOCTb 3THUX PECYPCOB OTPAHUUYUTH LIEHON pealn30BaHHON €IUHMIBI MPOAyKLuHn). Tperbe
yclioBue (HEOTPHULIATEIbHOCTh MEPEMEHHBIX BEIMYUH) OYAET BBIMOJIHATHCA B CHIY TOTO, YTO
[[eHa eIMHUIIBI pecypca He MOXKET ObITh OTpUIATENIbLHON. BBeas B KauecTBE IICHBI CIUHUIIBI
pecypca BemmumHy U0 (i=1,2,...,m), ee eme Ha3BIBAIOT OICHKONW pecypca (Wiau
JIBOMCTBEHHOMU OIIEHKOM), MOTYYUM CIEAYIOIIYIO MOJIENb:

I) F=bju; +byu, +... + byup— min.

D) anu +anu + ... + amiuy>c,

apur +anuy + ...+ aplin2cy,

10



aipU + azplly +...t amnumzcw
) u>0,i=1,2, ..., m.
CormoctaBuM 00€ 3a0aum:

- mepBas — 3a/1adya Ha MaKCUMyM (Z—max), BTopasi — Ha MUHUMYM (F—min);
- B IIEpBOM CHCTEMa OTpaHUYEHUN TUMA <, BO BTOPOl =>;

- B IIEPBOM 3a71a4€ 71 HEU3BECTHBIX U M OTPAaHUYCHUH, BO BTOPOM 7 HEU3BECTHBIX U 1
OTpaHUYCHUH;

- K03(pPUIHUEHTHI B IeNIEBBIX (YHKIUSAX U BETUYHUHBI B MPABBIX YaCTSIX HEPABEHCTB MPH
Iiepexo/ie U3 OJHOM 3a/1auMl B IPYTyI0 MEHSIOTCS MECTaMU (B IIEPBOH 3aaye ¢; —
K02((GULMEHTHI LiesIeBON (QYHKIMU, BO BTOPOH ¢; — CBOOOHBIE YJIEHBL; B IIEPBOH 3a1aue b; —
CBOOOHBIC YWICHBI, BO BTOPOil b; — K03(h(PUITUEHTHI 11eneBOM PyHKINH);

- MaTpuIlbl KO3 (UIIMEHTOB B IEPBOM U BTOPOH 3a/1a4e SIBISIFOTCS TPAHCIIOHUPOBAHHBIMU
OTHOCHUTEIIBHO JIPYT JIpyra (CTPOKH U CTOJIOIBI TOMEHSITUCH MECTAMU).

Takum 06pa3om, BUIAHO, YTO 00€ 3a7a4i TECHO CBSA3aHbI MEXy co00i. OHM 00pa3yloT napy
3aJa4, Ha3bIBAEMYIO B JINHEHHOM MPOTrPaMMUPOBAHUH 08olicmeenHol napou. I1epByro n3 HuX
0OBIYHO HA3BIBAIOT MPSIMOH (MJIM UCXO/IHOM) 3a71a4eii, a BTOPYIO — JIBOMCTBEHHOMU 3a/1auei (C
YHCTO MAaTeMAaTUYECKON TOUKH 3pEHHS 32 UCXOIHYIO MOKET OBITh IPUHSTA JT00ast U3 3a1a4
JIBOMCTBEHHOU TIAPHI).

Aneopumm cocmasnerus 080UCMEEHHOU 3a0aAYU:

1) Tum sKkcTpeMymMa 1eIeBON (GYHKIIMA MEHSIETCS;

2) KaXJOMYy OTpaHMYCHHUIO HCXOJHOW 3a/layd CTAaBUTCSI B COOTBETCTBHE IMEPEMEHHAs
JIBOMCTBECHHOM 33124,

3) cBOOOIHBIC WICHBI UCXOJHON 3a/1a4l CTAHOBATCSA KOA(DPUIIEHTaMy TPU TIEPEMEHHBIX
B 11eJIeBOM ()YHKIIMH IBOWCTBEHHOM 3a/1a4H;

4) xaxapiii ctonoen Ko3PPUIIMESHTOB B CUCTEME OTpaHHUEHUN (HOPMHUPYET OrpaHUYCHHE
JBOMCTBEHHOM 3aJ]au, IIPU 3TOM TUIl HEPABEHCTBAa MEHsIeTCs; KOd(DPUIIMEHTHI TPU MEPEMEHHBIX
B IIeJIeBOM (DYHKIIMM MCXOIHOM 3a/lauil CTAHOBATCS CBOOOJHBIMH WICHAMHU B COOTBETCTBYIOIIMX
HEpPaBEHCTBAX JIBOMCTBEHHOM 3a/1auHu.

PaccMOTpUM KOHKPETHBIN IIPUMED ITIOCTPOCHHUSI IBOMICTBEHHOW MOJEIIHN:

ncxoaHas 3ajgada: JBOMCTBEHHAs 3aj/1a4a:
) Z = 6x,+ 4x,—>max. I) F=8u; + 6u,—>min.
I1)2x, +4x, <8, 1) 2u; + 2u, > 6,
2)(1+)C2§6. 4u1+u224.
IH))C1 > O, X2 >0. HI) [Z5] > O, Uy >0.

Crnenyer OTMETUTD, YTO:

- MaTeMaTHYECKHE MOJICIIH Maphl IBOUCTBEHHBIX 33/1a4 MOTYT OBITh CHMMETPUYHBIMH H
HGCI/IMMGTpI/I‘-IHBIMI/I. B HeCI/IMMeTpI/I‘IHBIX I[BOﬁCTBGHHBIX 3aJadyax CUCTEMaA OFpaHI/I‘-IeHI/Iﬁ
MCXOJHOM 3a/1auu 3aJ]a€TCA B BUJI€ PABEHCTB, a IBOMCTBEHHOUW — B BUJIE HEPABEHCTB, IIPUYEM
B HOCH@I[Heﬁ nepeMeHHHe MOI‘yT GBITB 158 OTpI/II_[aTG.HBHBIMI/I. B CI/IMMeTpI/I‘IHBIX 3aga4dyax
cHCTeMa OTPAaHMYECHUHN KaK UCXOJHOM, TaK M IBOMCTBEHHOM 3a/1a4d 33J]a€TCSl HEPABEHCTBAMH,
anqu Ha HBOﬁCTBeHHble HepeMeHHBIe HaJ1aracrtcs yCHOBI/Ie HGOTpI/II_IaTe.HBHOCTI/I. IIame
paccMaTpUBAIOTCSl CHMMETPUYHBIC B3aUMOIBOMCTBEHHBIE 3a]1a4H;

- KaKJ1asl U3 3aJ1a4 TBOMCTBEHHON Mapbl (JOPMATBHO SBISETCS CaMOCTOSATEIHHON 3aaueit
JIMHEMHOTO MPOrPAMMHUPOBAHUS U MOXKET PEIIaThCA HE3aBUCUMO OT Apyrou. OHaKo,
MCIIOJIb30BAaHUE CUMILIEKCHOTO METO/Ia PEIICHUs OJJTHOM U3 JBONCTBEHHBIX 3a7a4
JIBOMCTBEHHOM Mapbl aBTOMAaTUYECKH MPUBOJUT K PEIICHUIO IPYyrou 3aaaur. Harmsgaeim
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000CHOBaHHEM JAHHOTO TIOJIOKEHUSI MOKET CIIY’)KUTh BO3MOKHOCTh MCIIOIh30BaAHUS
JIBOMCTBEHHOW CHMILIEKC-TA0IHITBI JIJIs1 OTHICKAHUS UCKOMBIX 3HAUCHHH 1IEJIeBBIX ()YHKIIUM.

2 PenieHue IBOMCTBEHHBIX 3224 CUMILIIEKC-METOI0M.

Kaxnas u3 3a1a4 JBOMCTBEHHOM Mapbl MOXKET pemiaThes OTaeabHO. [Ipy 3TOM Hcnosnb3yeTcs
KaK CUMILIEKCHBIN METO/, TaK U Trpaduveckuii (B cixydae eciu 3a7ada COACPKUT JIBE
nepemMeHHbIe). OTHOBPEMEHHOE PelIeHUE 3a/1a4 PeaT3yeTCs ¢ UCIIOIb30BaHUEM, TaK
Ha3bIBAEMOM, IBOMCTBEHHON CUMILICKC-TA0IHUIIbI.

[ToAroToOBICHHBIE IS 3aMIMCH B CUMILICKC TaOJIHILy MOJACTH OYAYT BBITJISACTh CICAYIOIINM
obpa3zom:

ucxoaHas 3aaaya (BBeaem y;=> 0): JBoCTBEHHAs 3a]a4a (BBeseM v;> 0):
) Z=cx;+ e+ ... + cx,—>max. I) F=bu,+ b+ ...+ b,u,— min.
I y1=-anx - axy - ... - a1,X,+by, ID) vi=anu +ayuy + ... + @ity - €1,
Yo =-ayX;-apx;- ... - arXntby, V) =apuy tapty ..o anuy, - c,

Ym = QX1 = ApX2 = ... - amnxn+bm- Vi = dythy F oty b Al = G
HI)x,ZO,]ZI,z,,n III)M,ZO,IZI,Z,,WZ

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

Ta6nmma 4 — J/[BoricTBEeHHas CUMIUICKCHAs Ta0IuIa

Vi %) ... Vi F
-X1 -Xo ... X, CBoOoHBIE
YJICHBI

U Vi ai an Ain b

Uy 2 a a e aon by

Up Vm Aml Am2 cee Amn bm

CBoOogHbIE Z -C1 -y ... -Cy 0
YJIEHBI
3ameuanus:

- KO3 QUIMEHTH TOJATOTOBJICHHON JBOWCTBEHHOW MOJENM pACHOJAralTcs 110
CTOJIOLIAM, TO €CTh B OJHOM TaOJuWIle 3amHcaHbl 00e IBOMCTBEHHBIE Monenu. Perasg Moneinb
IPSIMOM 3a/laydl CUMILIEKC-METOOM, [apajuIeIbHO PElIacTCsl U MOJECIb JIBOWCTBEHHOM 3a7auH.
[TonyunB onTUMANIBHBIN BapuaHT JJIsl IPSMOW 3a7a4M, MbI IMOJy4aeM ONTHUMAaJIbHBIA BapUAHT U
JUISL TBOMCTBEHHOMM;

- IpeXJIe YeEM COCTAaBIIATh MOJIEJb IBOMCTBEHHOM 3a/1a4u, HEOOXOIMMO Y UCXOIHOM MOJeNnn
«BBIPOBHSITHY 3HAKH, T.C. €CIIH LIeJieBast PYHKIIUS CTPEMUTCS K max, TO BCE 3HAKH B CUCTEME
OTpaHWYEHUH JOJKHBI OBITH <, a €CIU K min, To >. CucremMa MpuBOAUTCS B COOTBETCTBUE
MyTeM JIOMHOKEHUSI 00€MX YacTel «HEeMOaX0IsIIero» HepapeHcTBa Ha (-1). Hanpumep,
YTOOBI 3aMMKMCaTh MOJIEb, TBOMCTBEHHYIO K IPUBEACHHON MOJIEIH

I) Z=4x;+2x; + 3x3—>min.
H) -4x1 - 3X2 +)C3 < -4,
S5x1 + x+t2x3 > 6.
IH) X1 = 0, Xy = 0,)63 > 0,
HEOOXO0AUMO UCXOIHYIO TIEPENNCATh B BUJIE:
I) Z=4x1+2x, + 3X3—)1’1’1i1’1.
H) 4X1 + 3X2 -X32> 4,
S5x1 + x+t2x3 > 6.
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IH) X1 > 0, X2 > 0,)63 > 0.
Torna gBoiicTBEeHHAs 3a7a4a OyIeT BBITIISAIETh TAK:
I) F= 4u1+6u2—>max.
1) 4u; + Suy <4,
3up+upy <2,
-up + 2uy < 3.
IH) u = 0; Uy > 0;
- B IIEHTP JBOMCTBEHHOW CHUMIIJIEKC-TAONHIIBI (TaOIUIBl 4) BCceraa CTaBUTCS 3aj1ada Ha
max, BHE 3aBUCUMOCTH OT TOTO KaKoBa IeieBasi QyHKIHUS UCXOTHOU 3a/1a4H.

3. OcHOBHBIE TeOpeMbI TEOPHUHU JIBOICTBEHHOCTH.

B kaudecTBe ocHosHOU  meopembl  080UCMBEHHOCMU  BBIIENAIOT  CIEAYIOILYIO
(OpMyYIHPOBKY: €CJIM O/IHA U3 B3aUMHO JABOMCTBEHHBIX 33J]ad UMEET ONTHUMAIbHOE PEeIIeHUE, TO
U JIpyras TakKe UMEeT ONTUMAJIbHOE PEIIEHUE, IIPU 3TOM COOTBETCTBYIOLIME UM ONTHUMAJIbHBIE
3HA4YEeHHUS LEJIEBBIX (PYHKUMH paBHBI (T.€. max Z = min F).

Kpome 3Toro Bapranta BO3MOXKHBI CJIEIYIOIUE B3aMMOUCKITIOUYAIOIINE CITydau:

- B OJTHOW U3 maphl JBOWCTBEHHBIX 3aJ]au JOMYCTHMOE MHOXKECTBO HE ITyCTO, a IiefieBast
(yHKLUS HAa 5TOM MHOKECTBE HE OIpaHMuY€Ha, TO y IPYroi 3ajauu U3 3TOH mapsl OyJeT mycToe
JIOIyCTUMOE MHOXECTBO (T.€. €CcIM B OAHOH 3aaaye (PyHKUIMOHAT HE OTPaHMYEH, TO 3ajaya ei
JIBOMCTBEHHAsl HE UMEET PELLCHMS);

- 00e U3 paccMaTpUBaEMBIX 3a/1a4 UMEIOT MyCThIe JOMyCTUMbIE MHOXKECTBA (T.e. 00e He
UMEIOT PEIICHUS).

C 5KOHOMMUECKOH CTOPOHBI pEIIEHUE IPSIMOM 3aJaul AaeT ONTHUMAJIbHBIN IIJ1aH BBIITyCKa
IPOAYKIMH, & peIlIEHUE JBOMCTBEHHOM 3314 — ONTHUMAaJIbHYIO CUCTEMY YCIOBHBIX (MU
0B0UCNEEHHBIX) OYEHOK TIPUMEHSIEMBIX PECYPCOB.

JInst SKOHOMHYECKMX 3aJad 4YacTo IMpEeACTaBIseT HMHTEpEC TO, KaK IOBJIHAET Ha
ONTHMANFHOE pEUICHHEe HW3MEHEHHE 3alacoB ChIPhS W HM3MEHEHHE MNPHOBUIA OT CIUHUIIBI
OpOAYKIMH. B CBSI3M € 3TUM MOCPEACTBOM JIBOMCTBEHHBIX OLIEHOK MOYKHO BBISICHUTB:
yBEJIMUYEHUE 00HEMOB KaKOT0 BHJIa PeCypCOB HanboJiee BEITOHO; Ha CKOJIBKO MOKHO YBEIHYUTh
3arac ChIpbsl Ul yIYUIICHHS MOJIYy4€HHOTO ONTUMAJIbHOTO 3HAUY€HUs 11eJIeBOi (DyHKINU; KaKOB
Uana30H W3MEHEHHUs TOTO WM MHOTo KO3(QUIMeHTa IeneBod (QyHKIHH, TPU KOTOPOM HE
MPOUCXOIUT U3MEHEHHE ONTUMAIIBHOTO PELICHHUS; 11eJIeCO00pa3HOCTh BKIIIOUEHUS B MIJIaH HOBBIX
15631 (117178

[lenTpasibHBI BONPOC, KOTOPBIA PacCMAaTpUBAETCS B TEOPUU ABOMCTBEHHOCTH, — 3TO
BOIIPOC O IIEHHOCTH pecypca. Ho leHHOCTH ero He phIHOYHOM, a UCKITIOUUTEIbHO ¢ BHYTPEHHEH
TOYKH 3PEHMsI TaHHOTO MPEINpPUSTHS, C TOUYKH 3peHHs] YPPEKTUBHOTO HCHOIB30BAHUS ITOTO
pecypca B CIOKHUBLIEHCS CTPYKTYpE IPOU3BOJICTBA, ONPEAEIAEMON TEXHOJIOTUYECKOW MaTpULIEH
U yaenbHbIMH TpuObUIAMU. [Ipu 3TOM oOlleHKa IEHHOCTH MPOM3BOAUTCS TOJIBKO B IpoIlecce
UCIIOJIb30BAaHUS PECYpCca B OJJHOM LIMKJIE MPOU3BOACTBA. DTO SIBJIAETCS 3JIEMEHTOM YCIOBHOCTH.
OnHako M3 BCEro 3TOr0 BBITEKAET OCHOBOMOJIArarollas OIEHKA LIEHHOCTH pecypca — CKOJBKO
npuObUIM MOXET TPHHECTH BOBJICUYCHHE B MPOU3ZBOJCTBO €IIE OJHOW EIMHUIBI JaHHOTO
pecypca.

JIBOWMCTBEHHBIE OIICHKH OTPAXKAIOT CPABHUTEIBHYIO ACPUIIMTHOCTh PA3TUYHBIX BUJOB
pEcCypcoB B OTHOILIEHHWU MPUHATOTO B 3ajgade mokazatens 3¢p¢GeKTUBHOCTH. JIBOWCTBEHHBIE
OIICHKM MOTYT CJIYXUTb TOHKHMM HMHCTPYMEHTOM aHaliW3a W NPUHATUS [PaBUIbHBIX
YIPABJICHUYECKUX PEIICHUH B YCIOBUAX MOCTOSHHO M3MEHSIONIErocs npousBojctsa. [Ipusenem
HEKOTOpBIC OOIIHME TOJIOKEHHUS, BBITEKAIOIINE W3 IKOHOMHUYECKOTO CMBICTA JTBONCTBEHHOCTH
3a/1a4 JIMTHEMHOT0 MPOrpaMMHUPOBAaHUS U CBOMCTB OLIEHOK ONTUMAJIBHOTO IUIaHa:

- HCUUCIICHHbIE B ONTHUMAJIbHBIX OIIEHKAaX CyMMapHbIE 3aTpaThl Ha MPOU3BOJICTBA
Ka)KJ0r0 MHTPEIMEHTa HE MOTYT ObITh MEHBIIIE, YEM OIIEHKA JAHHOT'O UHIPEIUEHTa B KOHEYHOM
MPOAYKTE;
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- B ONTUMAJBHOM IUIaHE, 00ECIEYNBAIONIEM MAaKCHUMYM BBITyCKa KOHEYHOTO MPOAYKTa
IPU U3MEHSIOIIMXCS pPecypcax, CYMMApHBIE 3aTpaTbl pPECYpPCOB Ha E€AUHULY KOHEYHOU
MPOYKIIMA MUHUMAJIbHBI (MHAYE 32 cYeT 0oJiee IKOHOMUYHOTO WX MCIIOIB30BAHMS MOXKHO OBLIIO
Obl YBEJIMYUTH BBIMYCK M TEM CAMbBIM YIYYIIUTh ONTUMAJIbHBINA IJIaH, YTO MPOTHUBOPEUUT
MOHSTUIO ONTUMAJIFHOTO TUIAHA KAK HAWJIYYILIETro ¢ TOYKU 3PEHUS IPUHATOTO KPUTEPHS);

- a0COIIOTHBIE 3HAYEHUS OIICHOK MOKHO TPAaKTOBaTh KaK HEKOTOPHIE PACUETHBIEC «1I€HBI»
pPECYpPCOB U MOTpeOHOCTEH, BRIpPAKEHHBIC B TEX K€ CAMHUIIAX, YTO U KPUTEPUH, a 3HAK «+» WIH
«» TPU ITHX «II€HaX» MOKAa3bIBAET, BEJET JIU YBEIMUEHUE NAHHOrO (hakTopa K BO3PACTAHUIO
WJIM YMEHBIIEHUIO 3HAYECHUSI KPUTEPUSL;

- HCIIOJIb30BaHHE JBOWCTBEHHBIX OLIEHOK II€JIeCO00pa3HoO, KOrja OrpaHMYMBaIOIINE
YCIIOBUSL HE MEHSIOTCS, HO BO3HHMKAeT HEOOXOJMMOCTh OIPENeIUTh IeIecO00pa3HOCTh
IMPUMEHEHHUS TeX WM UHBIX HOBBIX TEXHOJIOTUYECKUX CIIOCOOOB.

PaznuuHble BUABI pecypcoB, XOISIIME B MOAEIb ONTUMAIBHOTO IUIAHUPOBAHUS, UMEIOT
CBOE KOHKpeTHOe cojepxkaHue u cnenuduky. COOTBETCTBYIOIIME MM OLEHKH TakKxke
crenuUYHbl U PAcCMATPUBAIOTCS B OTACIHHOCTU MO KaXKJI0W KaYECTBEHHO OTIMYHOW TpYIIe
pecypcoB.

Takum 00pa3oMm, [ABOWCTBEHHBIC OIEHKH SIBISFOTCS BXHEUIIUM PE3yJIbTATOM,
BBITEKAIOIINM U3 TEOPUH JBOMCTBEHHOCTH, KOTOpPasi IIUPOKO NMPUMEHSIETCS Ha MPAKTHKE.

1.4 Jleknus Ne6,7,8 (6 yaca)
Tema: «TpancnopTHasi 3ana4a»

1.4.1 Bomnpocsl JieKum:
1. Meroa noTeH1MaIoB
2. Pemienrie TpaHCIIOPTHOM 3a/1a4y ¢ HEMPABUILHBIM OajJaHCOM

1.4.2 Kparkoe coaep:kaHue BONPOCOB

1.MeToa MOTEHIMAJIOB.

Maremarnueckass MOZENIb TPAHCIOPTHOM 3aJadyd OTHOCUTCA K 3a7adaM JIMHEHHOro
IPOrpaMMHUPOBAHUS W MOXET OBITh pelleHa CHUMIUIEKCHBIM MeTonoM. OJHako BBUAY
UCKJTIOUUTENIHOW TMPAaKTUYECKOW BaXXHOCTH STOW 3aJaud M CHEHU(PHUKH OrpaHHYCHHUH
(orpanuveHus 3a7aHbl B BUJI€ YPaBHEHUN; KaXk/1asi HEM3BECTHAs BXOJAMT JIMIIb B JBa ypaBHEHMUS;
KOO(QQHUIMEHTHl TpPU HEU3BECTHBIX — EAMHUIBI) A €€ pELICHUs CO3JaHbl CIeHUAIbHBIC
anroputmbl. CaMbIM pacIpOCTPAaHEHHBIM METOAOM PEUICHUs TPAHCIOPTHOW 3a7aud SIBISETCS
METOJ IIOTEHLIUAJIOB.

Pemenue TpancnopTHOM 3a1a4 pa30oMBaeTCs Ha JBa dTara:

1) ompeneneHue Ha4aIbLHOTO IOIMYCTUMOTO 0a3MCHOTO pemieHus (IEpBOrO OMOPHOTO
IlaHa) — TepBOHAYaJbHOE  paclpeaesieHHe MocTaBok. JlocTturaercs  MOCPEACTBOM
pacipeneuTenbHbIX METO/I0B;

2) MOCTpOEHHE MOCIENOBATENbHBIX UTEpAalUi (I1aroB), yay4lIalOIIUX OIMOPHBIE TJIAHBI
(KaXkIIbIii HOBBIH TUTAH HE JIOJDKEH yBEIIMYMBATH CyMMApHBIC 3aTPaThl MPU Z—>Mmin U YMEHbBIIATh
npu Z—max). Jlocturaercst mocpeicTBOM MeTO/a TOTCHIIHAIIOB.

[Tocne BpIMOIHEHUS MEPBOrO dTala Mark BTOPOro 3Tara MpOBOAATCS 10 TeX HOp, MOKa
He OyJeT HailIeHO ONTUMAIIBHOE paclpeesieHIe MOCTABOK.

1-v111 5man. Ilocmpoenue nepeorHauarbHO20 ONOPHO20 NAAHA

[Inan cocraBinsieTcs mociae10BaTeIbHBIM 3all0JHEHHEM M0 OJHOM KJIETKe B TaOJHIle Tak,
YTO KaXIbIH pa3 MO0 MOJHOCTBIO YIOBJIETBOPSETCS MOTPEOHOCTH OHOTO M3 MOTpeduTeNnei,
100 MOJHOCTBHIO BBIBO3UTCA TPy3 OT HEKOTOPOro MOCTaBIIMKA. B Teopuu noKa3bIBaeTcs, 4TO
0a3MCHOE pelleHHe CHUCTEeMbl OrpaHUYEHUHl (W3 m~+n ypaBHEHHH C mn TEPEMEHHBIMH) B
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YCIIOBUSX TPAaHCIOPTHOMU 3a/1auul UMeeT m+n—1 0a3UCHBIX MEPEeMEHHBIX (€€ paHT paBeH m+n—1),
MOATOMY, COBEpPIIMB m+rn—1 yKa3aHHBIX IIaroB, MOJYYUM MEPBbIA OMOpPHBIA MIaH. OnopHbie
MJIaHbl MOJIYYalOT HECKOJIBKUMU METOJAMH, Ha3bIBAEMBIMHU paclpereauTenbHbIMU. Cpeln HUX
MOKHO BBIZICNIUTH: METOJl CEBEpO-3alaJHOr0 YIjia, METOJ HaWIydllMX I€H U METOJ

annpokcumanuu. [locnmemqnue 1Ba  MeToJa  OTHOCATCS — TakkKe K MPUOIHMKCHHBIM
pacnpenenuTeabHbIM MeTo1aM U Oy1yT pacCMOTPEHBI B TPEThEW YacTH JAaHHOTO pa3zena.
Ilpumep. ~
b; =1500 a; =800 13 12 15 16
b, =1000 a, = 1200 C=| 1715 14 13
b3 =2000 a3 = 1400 15 14 13 16
ay = 1100 (.

Pemmnth Ha MUHUMYM, 3aMIOTHUB pab0OYyI0 TaOJIMIly METOI0OM CEBEPO-3aMaJHOro yria.

Tabmmma 6 — 3anonHeHne pabodel TaOIHITI 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

a; 800 1200 1400 1100 4500

Zmin = 800*13 + 700*12 + 500*15 + 500*14 + 900*13 + 1100*16 = 62600.

[Ipu sTOM MeTOJe Ha Ka)X/JI0M IIare MOCTPOEHHUS IEPBOr0 OMOPHOTO IJIaHa 3arOIHIETCS
BEpXHSA JIeBas KIIETKa («CeBepo-3amajgHblii yroj») ocraBiielcs yactu Tabmumbsl. Ilpu Takom
METO/Ie 3allOTHEHUE TaOIuIbl HaunHaeTcsl ¢ kietku (1,1) m 3akaHumBaercs B KJeTke (m1,1), TO
€CTh HJICT KaK ObI [0 TUArOHAIH Ta0JIUIIBI TIEPEBO30K.

MeToapl HaWIyYIIMX [I€H W anlIpoKCHMAallMU TaKK€ MOXKHO HCIOJIb30BaTh HA JaHHOM
JTarne.

2-oi1 atan. Merox noteHnuanoB. ONTUMATBHOCTh OA3UCHOTO PEIICHUSI.

[TonydeHHBII OJHUM U3 pACHPENCIUTEIIBHBIX METOJI0OB OINOPHBIM IUIaH CHavaia
HEOOXOUMO TIPOBEPUTH HA BBIPOKICHHOCTh. BapmaHT OymeT HEBBIPOKICHHBIM, €CIIM YHCIO
3aIOJIHEHHBIX KJIETOK N paBHO CyMMe MOCTaBIIMKOB U MOTPeOUTENEH 3a BEIYETOM EAMHHIIBL:

N=m-+n-1.

Ecnm Ha xakoM-TO 3Tamne pernieHus moaydnuTCs BhIPOXKIACHHBIA TUTaH (T.€. N<m +n —
1), To ero HeoOXOUMO MOTIOTHUTh, POCTABUB B HEJIOCTAIOIIEM YHCIIE KIETOK HOJb. [T0CKONIBKY
STUM JOTMOJIHUTEIBHBIM KJIETKaM OYyAYyT OTBEYaTh HYJEBbIE MEPEBO3KH, TO OOIIUi OanaHc U
CyMMapHasi CTOMMOCTb II€PEBO30K ILJIJaHA MpPU HTOM HE U3MEeHHUTCs. OAHAKO MTPOBOJIUTH
MOTIOJIHEHHE TJ1aHa, BHIOMpasi KJIETKU MPOU3BOJILHO, HeNb3s. Heo0XoauMo yuuThIBaTh YCIOBHE
anUKIMYHOCTH. [lmaH Ha3bpIBaeTCs ANMKIMYECKUM, €CJIH ero 0a3uCHBbIC KJIETKH (3amoJHEHHBIC
rpy30M) HE cojepKaT IUKJIoB. LluKjaoM B TpaHCHOPTHON TaOnMile Ha3bIBa€TCAd HECKOJIBKO
KJIETOK, COCIMHEHHBIX 3aMKHYTOM JIOMaHOW JIMHUEHN TAaK, YTO JBE COCEIHUE BEPIIMHBI JIOMAHOU
pacIoIoKeHbI OO B OJHOW CTPOKE, TUOO B OJHOM CTOJIOIE. JIomaHass MOXKET MUMETh TOYKH
caMOIIEpEeCceUeHUs], HO HE B KJIETKaX LUKIIA.

HeBbipox1eHHBIN BapuaHT HEOOXOAUMO MPOBEPUTH HA ONITUMATIBHOCTb.

Teopema 06 onmumanvrocmu.Bapuant pemieHus 3aaadd OyAeT ONTUMAIIbHBIM, €CITU
HalifieTca Takas cucTeMa aOCTpPaKTHBIX YHMCeN, Ha3bIBaeMbIX IMOTEHIMAJaMHU TOCTaBIIMKOB U
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MOTEHIIMAIaMHi TOTPeOUTENeH, P KOTOPOU JUISI BCEX KIIETOK TaOMUIbI OyAeT BBIMOIHSATHCS
YCIIOBHE:
u;<c;(npu Z—min) uv; — u;>c; (npu Z—>max),

€ V; — IOTEHIHAJbI IOTPeOUTENEH,

U;— TMIOTEHIUAJIbI TOCTABLIUKOB,

¢jj — LleHa NepeBO3KH eIMHHLIBI IPy3a (YCIOBHBIE T/KM).

[Tpudem, v; — u; = Ul 3aHATBIX KIETOK U V; — w;<c; (WIH V; — u;>c;) Ans CBOOOIHBIX
KJIETOK.

Ha ocHoBaHuu 3T0i TEOpEMBI HCCAEAOBAaHUE HA ONITUMAIBHOCTD MPOBOJUTCA B 2 HTana:

1) quid ka0 3aHATON KJIETKU COCTABIIACTCS YPAaBHEHHE V; — U; = C;j B PE3YJIbTaTe 4Ero
nojydaercss cucrema w3 m+n—l Takux ypaBHeHui. Pemraercs 3Ta cucrema OTHOCHTEIBHO
noTeHuuanoB. Tak Kak B JAHHOM CHCTEME YMCJIO YPaBHEHUI MEHbILIE YMCla HEU3BECTHBIX (T.€.
CHUCTEeMa UMeeT OECUMCIIEHHOE MHOXKECTBO PEIIICHHI ), a HaM HaJl0 HATH OJHO JIt000e pelIeHue,
TO KaKOMY-JIMOO TMOTEHIMATY MOXXHO MPHCBOUTH MPOU3BOJILHOE YHCIO U OTHOCHUTEIIBHO HETO
paccuuTaTh ocTaibHble 3HadeHus. [y ynobcTBa pacueroB yaiie Bcero 0epyT u=0;

2) nns cBOOOJHBIX KIJIETOK TaOJMIBl IPOBEPSAETCS YCIOBUE V; —Ui<c; (WIH V; — U>Cj)).
Bapuant Oyner onTuManbHbIM, €CITU AJIs1 BCEX CBOOOHBIX KIETOK 3TO YCIOBUE BBHITOJIHUTCS.

Jns KaXI0M KJIETKH, B KOTOPOH He BBINOJHAETCS YCIOBUE Vi — u;<c; (WIH V; — U>cj)),
paccuMThIBaeTCs OLEHKa oy = |(v; — u;) — ¢ Knetka, cogepxamas oj, Ha3bIBaeTCs «LIOXO0H», a
MOJIy4EeHHAs OLICHKA MCIIOJIb3YETCs IIPH NepepacipeieICHUN IPy30B.

To ectb ucciaenoBaHre HA ONTUMAIBHOCTh HE TOJILKO OTBEYAET HA BOMPOC, ONTUMAJIEH
BAPUAHT WM HET, HO €lI€ M MOJCKA3bIBAET, B KAKOM HANPABJICHUM HAJ0 €ro yJIydllaTh MpH
HE00XO0IUMOCTH.

Ilepepacnpedenenue 2py306 u nomyyeHue H08020 8apuarHma.

CMbICH iepepacnpeielieHus 3aKIII0YaeTCsl B TOM, YTOOBI B CAMYIO «IUIOXYIO» KIIETKY (T.e.
3HaYEHHE O;HauOOJIbIIIEE) IepepaclpeesnTh KaKoe-To KOIN4ecTBo Ipysa. Ilepepacnpenenenue
IPy30B JOJKHO OTBEYATh CIAEAYIOIINM TPEOOBaHUSAM:

1) 1mOMXKHBI BHIMOTHATHCS TPEOOBAHUS CUCTEMBI OTPAHUYEHUI MOJIEIH;

2) BapuaHT peLIeHUs 3aladdl JODKEH OCTaThCsl AalUMKINYeCKHM, T.e. He JOJDKHA
MOSIBUTHCSI JIMIIHSAS 3aTI0JIHEHHASI KJIETKA;

3) IOMKHO BBIMOJIHATHCS YCIOBHUE HEOTPUIATEILHOCTH B MOJIETH, T.€. x;= 0.

C yderoM naHHBIX TpeOOBaHUM, areopumm nepepacnpedenenus OyneT COCTOSATh U3 IBYX
11aroB:

1) HameTuTHh MapIIpyT NEpEpaCcCIPENEIICHUS IPy3a.

Jlnig 3TOro B Tabiuie CTPOUTCS LMKI MepepacrpeneseHus: 00beKTOB nepeBo3oK. Luki
NpeCTaBIsieT cOOOH 3aMKHYTYIO JIOMaHyl0 JHHMIO, KOTOpas HauMHAeTcs B TOM CBOOOIHOM
KJIETKe, TJe YCIOBHE ONTHUMAIbHOCTH Hapyllaercs Haubojee CHIbHO (T.e. TaMm, TJe
o;HauOoIbILIas).

HekoTopslie pa3HOBUAHOCTH LIUKJIOB.

a) 6) B)
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Ilpu nocmpoenuu yukia MONICHO Npoxooumv KAk uepe3 3aHsambvle, Maxk U _uyepes
C80000HbIE KNeMmKU Madauybl, HO NOBOPOMbL 0eNalmcs MONbKO 8 3aHAMbIX KIemKax U noo
NPAMbBIM Y2IOM;

2) onpenenuTh NOPsAI0K U3MEHEHHSI 00bEMOB NIEPEBO30K B BEPIIMHAX IIMKJIA.

Jl7ist 5TOr0 B BEPIIMHAX IHKJIA PACCTABISIOT 3HAKH «+» U «—», IPUYEM B Hadalle IHKIa
(kneTka, Tae o;Hau0obIIast) CTABUTCA 3HAK «1+», B CIEAYIOIIEH  «—», B CIEAYIOILEH «+» U T.1.
[Tomygyaem depemoBanue 3HAKOB. HampaBiieHWe [BIKEHUS TPU PACCTAHOBKE 3HAKOB OT
CBOOOMHON KJIETKM Oe3pa3inyHO, TaK Kak KOJMYECTBO BEPILIMH IMKJIA SBISETCS YETHOU
BeNMUMHON. Hanmnume 3Haka «+» B BepIIMHE IHKIA IOKa3bIBa€T, YTO OOBEM IIEPEBO30OK
HEOOXOIUMO YBEIIUYUTH, a «» — YMEHBIIUTH. YBEIMYEHHE U yMEHbIIEHHE O0HEMOB
MEPEBO30K B BEPIIMHAX IMKJIA TPOU3BOJUTCS HA OJMHAKOBYIO BEIIMYMHY, KOTOpas BBIOMpAeTCs
paBHOI HanMeHbIIEMY U3 00bEMOB MEPEBO30K B TEX KJIETKaX, IJI€ B BEPIIMHE IIUKJIA CTOUT 3HAK
«». Takum 00pa3oM, U3 OTpULIATETHLHON BEPIIMHBI KOHTYPa HEOOX0AUMO BhIOpaTh HAMEHBIIIEE
3HaueHHE X;;. B HOBOW pabouell TabnMLe MOTy4aeM CIEIyIOLUIMHA BapHaHT PEIICHUS 3aJadH:
BBIODAaHHOE 3HAUEHUE X; M3 OTPULATEIbHBIX BEPIIMH KOHTYypa HpEeAbIAYIEH TaOauibl
OTHMMAaeM, a K MOJIOKHUTEIbHBIM — IpuOaBisieM. 3amoJIHEHHBIE KJIETOYKH, HE SBIISIOIIHECS
BEpIIMHAMHU KOHTYpPa, HE MEHSIOT CBOE 3HAUCHUE.

B urtore nonmydaeM HOBBIN BapuaHT. Ciaeayroniye mard momcka onTUMaabHOIO BapyuaHTa
COBEPILIAIOTCS 110 AHAJIOTUHU BBILIEH3JI0KEHHOTO.

3amMevaHue: arOpUTM MepepacinpeieseHus OJUHAKOB U MPU Z—>min U pu Z—>max.

2. PerieHue TPAHCIOPTHOM 3a1a4M ¢ HENMPABWIbHBIM 0aJIaHCOM.

Cpenu mpobiiem, Ui HMCCIEIOBAHUS KOTOPBIX YCIEHIHO TPHUMEHSETCS JHHEHHOe
pOrpaMMUpPOBaHKE, BAXKHOE 3HaYCHHE UMEET TaK Ha3bIBaeMasi TPAaHCIIOPTHAsS 3a/1a4a.

OOmiass TOCTaHOBKAa OSTOW 3aJaud TNPUMEHUTENBHO K HKOHOMHYECKOW mpolieme
SKOHOMHMH HU3JEPKEK MPOU3BOACTBA (POPMYIUPYETCS] TaK: HMEETCS HECKOJIbKO IYHKTOB
Ha3zHaueHUs (MpeAnpusaTuid, norpeOuteneil); TpeOyercs MepeBe3TH HEKOTOPOE KOJIUYECTBO
OJIHOPOJHOTO TOBapa U3 Pa3IUYHbBIX MMYHKTOB OTIPABJICHUS B HECKOJIbKO IMyHKTOB HAa3HAUEHUS;
KOKIBIA M3 TOCTABIIMKOB MOYET BBIICTUTH TOJBKO OMPEACICHHOE KOJIMUYECTBO SAMHHII TOBapa
U KKIOMY MOTpeOuTento TpedyeTcss TakKe ONpeesieHHOEe KOJUYECTBO €AMHHI] 3TOTO TOBApa;
W3BECTHBI PACCTOSIHUS WJIM CTOMMOCTH MEPEBO3KH €UHUIIBI TOBApa OT KAXJIOTO MOCTABIINKA K
KOKIOMY MOTpeOuTeNto. 3aiaya COCTOUT B TOM, YTOOBI HAlTH Takue MapLIPyThl IEPEBO3OK, U3
BCEX BO3MOJKHBIX CBSI3€H MOCTABIIMKOB M MOTPEOUTENEH, MPH KOTOPBIX OOIIME TPAHCIOPTHHIE
pacxonbl ObUTM Obl MHUHUMAJIBHBIMU  (TPAHCIIOpPTHAs 3aJada TaKXKe MOXKET OBITh
chopMyIHpOBaHa C LENEeBON PYHKIUEH, CTpEMSILEHCS K MAKCUMYMY).

Taxum oOpa3om, MycTb UMEEM 71 MTYHKTOB, B KOTOPBIX HAXOJUTCS U3BECTHOE KOJIUYECTBO
OJTHOPOJHBIX TPYy30B (MOCTABUIMKH). I1OpsIIKOBBIA HOMEp MOCTaBIIMKAa 0003HAYAETCS i, TO €CTh
i=1,2,...,m. Hamuume rpy30B y moctaBumka b;, VMeercs n TyHKTOB HCIBITHIBAIOIINX
noTpeOHOCTh B 3THX TIpy3ax (morpeduteneit). IlopsiakoBeiii Homep motpedutens j=1,2,....n.
[ToTpeOHOCTB B Tpy3ax Kaxkgoro norpedburens a;. Mi3BecTHa «1ieHa» MEPEeBO3KK €IUHULBI IPy3a
OT KaXJOro IOCTaBIIMKAa K KaxaoMmy norpeoburemo (c;). Heobxomumo cocraBuTh IUIaH
MEPEBO3KHU I'PY30B OT MMOCTABIIMKOB K MOTPEOUTEINIO, T.€. OMPEIENIUTh: KaKoe KOJIMYECTBO Ipy3a
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HEOOXOIMMO IEPEeBE3TU OT KaXKJOI0 IOCTaBIIMKA K KaKAOMY IMOTPEOUTENIo (X;), HpUYEM
3HAYEHHMS X;; JOJKHBI OTBEYATh CIEIYIOLIMM TPEOOBAHUSM:

1) o6mmue 3aTpaThl Ha MEPEBO3KY rPY30B JOJKHBI OBITH MUHUMAJILHBIMHY;
2)BCe IPy3bl OT MOCTABIIMKOB JTOJIKHBI OBITH BHIBE3EHBI;

3)norpebHOCTH MOTPEOUTENEN B IPY3aX JOJKHBI OBITH YIOBJIETBOPEHEL.

TpeboBanust 2-3 0AHOBPEMEHHO MOTYT OBITh BBIMOJHEHBI TOJIBKO B TOM Cilydae, KOrjaa
CyMMa TPY30B y BCEX IOCTaBIIMKOB pPaBHa CyMMapHOH NMOTPEOHOCTH BCEX MOTpeOWTENeH, TO
€CTb!

m n
Z b, = Z @; — ycnoBue paspelImMOCTH 3a/1a4H.
i=1 j=1

Ecnmu ycnoBue pa3pemmMoCcTH BBITIONHSETCS, TO 3amada OyIeT SIBIATHCS 3adadei, Tak
HA3bIBAEMOTO 3aKpbITOro THUNa (cOamaHcupoBaHHOW). IHaue — 3amgada OTKPBITOTO THIIA
(recOanmancupoBanHas). J[Ji1 TOro 4To0bl permmuTh 3aa4y OTKPHITOrO THIIA, HATO €€ «3aKPBITh)
(TO ecTh MPHUBECTH K 3aKPBITOMY THITY). [[JIst 3TOr0 BBOIUTCS WM (DUKTUBHBIN IMOCTABIIHMK WA
(UKTUBHBIN OTPEOUTEID.

B cnyuae, korma cymmapmuvie 3anacel npesviuiarom CymmapHsie HOMpeOHOCmU,
HEOOXOJMM JTOTIOJIHUTEIBHBIN (DUKTUBHBIA MYHKT MOTPEOJICHUS, KOTOPbI OyaeT ¢GhopMalbHO
NOTPEOIIATH CYHMIECTBYIOIINIA U3ITUIIEK 3aM1aCOB, TO €CTh:

m n
a, :Z:‘bi —z;aj )
i= j=

Ecnu cymmapuvie nompebnocmu npesviwiaiom cymmapHvle 3anacvl, TO HEOOXOAUM
JOTIONTHUTENbHBIN  pukmuenviti  TYHKT  OTIpaBiIeHHUsS,  (OPMAJIbHO  BOCIIOJHSIOLIHIA
CYILIECTBYIOIIMI HETOCTATOK MPOAYKLIMH B MyHKTaX OTHPAaBICHUS:

n m
b, =Zaj—zbf-
=1 i=1
BBesieHre (PUKTUBHOTO TIOTPEOWTENs WM OTIPABUTENs MOBIEYET HEOOXOAUMOCTH

¢
popmanbHOro 3ananus GuxkmuenbixTapupos C;; (peanbHo HE CYIIECTBYIOIMX ) IS GUKTHBHBIX

nepeBo3ok. IloCKONBKY Hac WHTEpecyeT OIpeleliecHHe HauOoliee BBITOAHBIX PeaibHbIX
IIePEeBO30K, TO HEOOXOAUMO MPEAYyCMOTPETh, YTOOBI MPU PEIICHUH 3a1aud (MPU HAXO0XKICHUH
OTIOPHBIX IUIAHOB) uUKMuUEHble TIEPEBO3KH HE PACCMATPUBAINCH O TEX IOp, MOKa HE OymayT
OTIpeNieNIeHbl BCce peajbHble MepeBO3KU. JIst 3Toro Hajao (UKTUBHBIE NEPEBO3KU CHAEIaTh
HEBBITOTHBIMH, YTOOBI TP TOMCKE PEIICHHS 33Ja4ll UX PacCMaTpPHUBAIN B CAMYIO ITOCIEIHIOIO
ouepenb. Takum oOpa3zom, ecnu 1eneBasi PyHKIUS CTPEMHUTCS K min, TO 3aTpaTbl OepyTcsi BO
BCeX (UKTHBHBIX KIETKAaX TaOJMHMIbl INPOM3BOJBHBIC, OIMHAKOBHIE W Ha IMOPSIOK BBIIIE
HACTOSIIIUX II€H, T.€. BeIMYMHA (PUKTUBHBIX Tapu(OB MOJDKHA MPEBBINIATH MAKCUMAIbHBIN U3
@
y

GYHKIHS CTPEMUTCS KMmax, TO C: Oepércst paBHAs HYJIIO.

peanbHbIX Tapu(hoB, UCHIONB3YEMBIX B Moiemu: ¢; > max ¢; i =1,m; j = l,n). Ecnu nenesas

Paszeépuymas popma 3anucu mooenu mpancnopmuotul 3a0ayu.

Jlnst ynoOcTBa, Mpexae 4YeM MHUcaTh MOJIEIhb, 3alUIIeM B BHJIEC MAaTPHUIBI IIEH BCE
3HAYEHMA Cjj. A TaKXKe B BUJIE MATPUIIBI IPY30IIEPEBO30K IIEPEMEHHBIE Xjj.

Mampuya yen:

Ciy Crp v Cyy
C - Cyr Cohy oo Cyhy,
Cut Cona v CLu
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MatpunaC = (cj)m+Ha3plBacTCd Takke MaTpuuedl TapudoB (U3LepKeK WM
TPAHCIIOPTHBIX PACXOJIOB).
Mampuya epy3onepeso3ok:

xn xlz xln
Y = Xo X Xy
xml xmz... xmn

Marpuna X = (x;j)m*, €llle Ha3bIBaeTCA INIAHOM TPAHCIIOPTHOM 3a1auu.

Monens TpaHCTIOPTHOM 3a7a4u OyJET BBITISAIETh CICAYIOIIUM 00pa3oM.

I. lleneBas ¢hyHKIMS ONMUCHIBAET 3aTPAThl HA MEPEBO3KY IPY30B:

Z=criXytepxint. . repXytexateanxont. . et ..

+Cm1Xm1HCmaXma T . . CounXmp—>1in.

II. Cucrema orpaHuuYeHMil OINMUCBHIBAET BTOPOE M TpPETbe TPeOOBaHMA IS X; H3
ITOCTAHOBKH 3aJ]a4H.

1 rpymnma: ycloBHE TIIOJHOTO BBIBO3a TPY30B OT TIOCTaBIIUKOB (CyMMa TpY30B,
BBIBE3EHHBIX OT MTOCTABIIUKA JOJKHA OBITH paBHA HAJTMYHUIO):

Xytxit.. x,= by,

X21+x00+. .. Hx0,= b,

xm1+xm2+- . -+xmn= bm;

2 rpymma: yCIOBHE YAOBIECTBOPEHHUS MOTpeOuTenss (CymMma Tpy30B MPHUBE3EHHBIX
NOTPEOUTENIO JOHKHA OBITH PaBHA €r0 MOTPEOHOCTH):

Xitxot.. . txmi=an,

Xiptxoot. . Axm=an,

X1 T2t o X ™ Q.

III. YcnoBue HEOTPUIATENBHOCTH MEPEMEHHBIX BEUYUH X120, x1,>0, ..., xnn>0.

Cmpyxmypnas ¢oopma 3anucu mooeny mpaHcnopmHou 3a0adu.
B cneunaygmalOBaHHOﬁ JTUTEpaType MOJEIN JAIOTCS B CTPYKTYpHOU hopme.
7

}I Z = chijxii — min.

n_i= j=l

D Y x,=b,i=12,..im

gl

2) le.j =a;,j=12,...n
i=1

L x;20 (i=1,2,...,m,j=1,2,....n).

Tabruynas popma 3anucu mooenu mpaHcnoOpmHoll 3a0a4iu.

OO6menpuHATO B TabnHIe HHPOPMAIIUIO TIO MTOCTABIIUKAM PacIojiaraTh Mo CTPOKaM, IO
HNOTPEOUTENIO — IO CTOJIOIAM.

Pazmep Tabmutibr: cTpok m+2, cTonouos n+2.

Marpuiipl TPaHCIIOPTHBIX PACXOJ0B U MEPEBO30K COBMEIAIOT OOBIYHO B OJHY JIBOMHYIO
MaTpULly — Mampuyy nIaHUPOBAHUSL.

Ecnu B Tabnuiy 3amucaHa TOJNBKO MCXOJIHAs MH(OpPMalsg U HET 3HAYEHHH X;;, TO 3TO
paboyas TabaMua WM Makem 3a1add. Eciiu 3HaueHMs X;; IPOCTABIIEHBI, TO MOJy4aeM IEepBBII
BapUaHT peleHus 3a1aun. B Takoit popme 3agaum perarorcs.
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MOCTABIIUKA
A

Tabnuma 5 — O0mumii BU TPAaHCIOPTHOW MATPHIIBI

oTpeouTENN
A
1 2 n bl‘
Cl1 C12 (6]
1 " b,
X11 X12 Xln
21 (&%) (&)
2 " by
X21 X22 X2n
m Cml Cm2 Cmn bm
Xm1 Xm?2 Xmn
n m
a; a az ay aj = Z bi
j=1 i=1

KpoMe OCHOBHBIX YCIOBUH, B TPaHCHOPTHBIX 3aJadyaX MOXET BCTPETUTHCA Pl
JOTIONTHUTEIbHBIX,  OTPAHUYUBAIONIUX  KOJMWYECTBEHHBIE  CBA3M  MEXKAY  OTJEIbHBIMU
NOTPEOUTENAMH M TIOCTaBIIMKAMHU. XapaKTep 3TUX OrpaHMYCHHMNA M CIIOCOOBI PEUIeHUs 3a/1a4d
IPU HAJMYWHU JOMOJIHUTEIBHBIX OTPAaHNYEHUHN 3aKITI0YAOTCS B CIIECIYIOIIEM.

1. ITomHOE OTCYTCTBUE CBA3U MEX/Y IOCTaBIIMKOM U HOTpeOHUTENEM, TO ecTh X;= 0. D10
03HAYaeT, YTO B JAHHON KJIETKE MATPHUIbl UCKOMBIM O0BEM MEPEBO30K JOKEH OBITh paBeH
HyTI0. B 3ToM ciydyae orjeHka NMEepeMEHHOW 3aBbIIACTCS Ha OOJBIIYIO BEITUYHMHY, OOBIYHO
o0o3HayaeMmyro OykBoil M, U «1omnaganue» rpy3a B 3Ty KJIETKY HeXeJlaTelbHO, TaK Kak IiejieBas
(GYHKLUS CTPEMHUTHCS K MUHUMYMY (M 3aHU)KAETCSI, €Clii Z—>Mmax).

2. Hamnume wyacTHOW 3apaHee (UKCUPOBAHHON CBS3M MEXKIY IIOCTABUIMKAMH U
HOTPEOUTENSAMH, TO €CTh Xj= ( (MCKOMBIH OOBEM IEpPEBO30K OT 1-r0 MOCTABIIMKA K J-My
NOTPEOUTENIO TOJDKEH OBITh CTPOTo paBeH (). Toraa, 1o Hayana peleHus 3a4a4l OT BEITMUYNHBI
IPYy30B COOTBETCTBYIOIIETO MOCTaBIIMKA W IMOTPEOUTENS BBHIUMTAETCS BEIMYMHA (, 3aTEM B
COOTBETCTBYIOLIYIO KJIETKY TIepECeUeHHs] TMOCTaBIIMKA U TOTPEOUTENs 3amHMChIBaeTCs
3aBBINICHHAs OleHKa M (nmpu Z—min W 3aHWKEHHas Tpu Z—max) U 3a7ada peniaeTcs
OOBIYHBIM METOJIOM.

3. Xjj = g, TO €CThb UCKOMBII 00BEM MEPEBO30K OT 1-T0 MOCTABIIMKA K J-My HOTPEOUTEITIO
JIOJKEH OBITh HE MEHBIIIE BEIMYHMHBI . B 3TOM citydae 10 Havyana pemieHus OT BEIMYUHBI TPY30B
COOTBETCTBYIOILIETO IIOCTABIIMKA M TOTPEOUTENss BBIUMTACTCS BEIUYMHA (, 3aTeM 3ajJaya
pemaercs OOBIYHBIM ITYTEM.

Mopnens TpaHCIOPTHON 3aJaud TO3BOJISIET pellaTh JOObIe 3a7aud, B KOTOPBIX
napamMeTpsl HMMEIOT OJMHAKOBbIE €IUHMIBI HM3MepeHus. Takue MOAenu Ha3bIBaIOTCA
OJTHOMPOAYKTOBBIMHU. K HUM MOXHO OTHECTH 3a/lady ONTHUMM3AIUHN HCIOIb30BaHUS MAIIUHHO-
TPAKTOPHOTO MapKa B OTIEJbHBIC arpOTEXHUYECKUE CPOKHU, 3a/1a4y ONTUMAIBHOTO Pa3MELCHHS
MIOCEBOB CEIbCKOXO03AUCTBEHHBIX KYJIbTYP MO Yy4aCTKaM C PA3JIMYHBIM IIJI0JJOPOJIMEM TIOYB U T.[.

1.5 Jexknus Ne9 (2 yaca)

Tema: «Pemienue 3a1a4 Ha OCHOBE TPAHCIIOPTHOM 3a1a4m»
1.5.1 Bonpocsl JieKnum:

1. MonenupoBaHue M UCIOIb30BAHUE CPEICTB MEXaHU3ALINH.

2. MonenupoBaHue MOCEBOB M HCIIOIH30BAHMS YAOOPEHU.

1.5.2 KpaTkoe coaep:kaHue BONPOCOB
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1.MoaesmpoBanue U HCIOJIb30BAHNE CPEACTB MeXaHU3 AN

[TocranoBka u popmManu3zanus 3a1auu.

Jnist 3TO# ayAuTOpPUH ST [yMalo U3JIHIIHE TOBOPUTH O POJIM TEXHUKU B PAa3BUTUU
CEIBCKOTO XO03SAMCTBA. DIMOXa TPAKTOpa W aBTOMOOWIIS eme He 3akoHumiack. Cyanba miiaHoB
pa3BUTHS , KaK U HKOHOMHYECKHE TOKa3aTelIu IMPOM3BOACTBA BO MHOIOM MpPEICTaBISIOTCS
COCTaBOM M COCTOSIHMEM HCIOJIb30BAHUS TEXHUKH.

JIrobomMy XO3MHCTBY Ha NpPAKTUKE HPUXOIUTCSA OINPEIENATh MOTPEOHOCTh B
TEeXHHMKE. JTa 3ajjaua penraeTcs KaxabIM X031HCTBOM, HE3aBUCUMO OT TOTO XOPOILO WJIH IIJI0XO
oHO pabotaer. [IpruemM MOTPEeOHOCTh B TEXHHUKE OMpEAEAeTCs Kak Ha TEKYIIUH MepHo, TaK U
Ha MEepPCIEeKTUBY.

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

31ech BbIIEISAETCS TPH MOMEHTA!

- MOTPEOHOCTH XO35ICTBA B TEXHUKE JIJIsl BBIMIOTHEHUS 33IaHHOTO 00beMa padoT;
- TpeOOBaHWE BHITIOJIHEHHS pabOT B CPOK;
- TpeOOBaHUE BBHIIOTHEHUS PabOT € min 3aTpaTaMH.

HerpynHo yOemuTcsi, 4TO WrHOPHpPOBAHHME JIOOOTO M3 TpeX TpeOOBaHWM, Kak H
abcomoTH3aIus JII000T0 U3 HUX, MOYKET MPUBECTU K a0CYpAHBIM pe3yiIbTaTaM.

Hanpumep.Bcio naimiHio 11000ro X0o3s1icTBa MOKHO BCIIaXaTh OJHUM TPAKTOPOM.

B ycnoBHAX KOHKpPETHOTO XO3SHCTBa BCTPEUYAIOTCS TPH BapUaHTa MOCTAHOBKM 3aJadd
ontumusanuu cocrasa MTII.

1. 3amaua ompenenenus ontumanpHoro cocraa MTII npu ycnoBum, 4To B XO03sHiCTBE
MOJIHOCThIO OTCYTCTBYIOT MAIIMHBI, TO €CTh 3a/ladya KOMIUJIEKTOBaHHS Iapka, Win Hauboiee
11e51eco00pa3HoOro ero MpuoOpeTeHusI.

Takas mocTaHOBKA BOZHUKAET Y BCEX BHOBb OOPa30BAHHBIX XO3SHCTB.

2. 3agava ompeneneHus ontuManbHoro cocraBa MTII mpu ycimoBum, 4TO HEKOTOPHIM
napK MallliH B XO3SIICTBE yXe MMeeTcs , TO e€CTh 3aJadya JOYKOMIUIEKTOBAHMSI MMEIOILErocs
napka.

DTO caMmblii paclpOCTPAHEHHBI BapUaHT 3aJayd, TaK KaK M TEXHUKA IOCTOSHHO
COBEpPILEHCTBYETCS , MPOMU3BOJACTBO TOXKE HE CcTOMT Ha Mecte. Ilapk crapeer u ¢uzndecku
OTCITY>KUBIINE MAIIUHBI TpeOyeT 3aMeHbl HOBBIMHU.

3. 3agaua ompeneseHys IJIaHAa HAaWIydIlero MCIOIb30BaHUS MMEIOLIETOCS B XO34HCTBE
napka MalluH, IPU YCIOBUH, YTO XO3SMCTBO HE UMEET BO3MOKHOCTH 3aKyIaTh HOBbIE MALTUHBIL.
OTcnyXHBIIKE CPOK MAITMHBI MO>KHO CITUCHIBATD.

[Ipu kaxxymelcs UCKYCCTBEHHOCTH MOCTAHOBKH 3ajlaya BCE )K€ BCTPEYAETCS HE TaK YK
penko. He Bcerna uMeroTcss BO3MOKHOCTH KYNHTh HY>KHBIE MAIMHBI - WIM HYKHBIX MallluH
HET, UJIU KYNUTh HE 32 4TO.

C >KOHOMHYECKOW TOUYKM 3peHHsI Hambosee 0OOCHOBAHHBIM KPUTEPUEM ONTHMU3ALUU
cocTaBa MAalIMHHO-TPAKTOPHOI'O TMapkKa SBJISETCS MHMHMMYM TIpUBEIEHHBIX 3aTpar Ha
IPOM3BOJICTBO JaHHBIX Pa0OT.MPUBEACHHBIC 3aTPAThl MPEACTABISAIOT COOOH CyMMY TEKYLIMX
3aTpar Ha cojepkanue u dkcruryatanuio MTII u ero 6amaHCOBOW CTOMMOCTH, YMHOKEHHOW Ha
HOPMATUBHBIA KO3 uumeHT >PPEKTUBHOCTH, KOTOPBIA MpEACTaBIsAEeT CO00H BETHMUUHY
00paTHYIO CPOKY OKYITaeMOCTH.

WHor/a B KauecTBE KPUTEPHUS ONTUMAIILHOCTH UCIIOJIB3YIOT MTOKa3aTelb - min MalluH,
- min pacxo] TOPIYETO;
- Min KCIUTYaTallMOHHBIX PACXOJI0B;

PaccmoTpuM Kaxayio U3 Tpex Ha3BaHHBIX 3a/1ad.

DKOHOMHMKO-MAaTEMaTUYECKHE MOEIN

Mopens onTuMaIbHOro KoMiiekroBanusa MTII

[Tpenmnonoxum, YTo Mapk KOMIUIEKTYETCSl 3aHOBO M3 BO3MOXKHBIX MAapOK TPAaKTOPOB U
CEJIbCKOXO03SUCTBEHHBIX MAIIIUH.
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ITycTs:

m- KOJINYECTBO MAapOK TPAKTOPOB M CEIbCKOXO3SIMCTBEHHBIX MAIIMH U3 KOTOPHIX OyAer
koMIuiekroBarbcst MTILL

HanomHI0, 4TO MeXayHapoJgHas CHUCTeMa MAIIMH Uil KOMIIJIEKCHOM  MeXaHM3alluu
CEJIbCKOTO M JIECHOTO X03siiicTBa B cTpaHax COB Bxmrovaer 1035 Ha3BaHMil MalIMH.a C y4ETOM
Bcex Moaudukammii - 2446 HazBaHUI.

"ITpaBma" 15 cents6ps 1986 rona.

Homepa mapok mammn 0603HayuM uepes 1. 3Hauut i-(1,2,3,...1...m)

N- KOJUYECTBO BCEX CEJIbCKOXO3SHCTBEHHBIX Pa0OT BBHIMOJIHIEMBIX B JAHHOM XO3sCTBE
C MOMOUIBIO CETbCKOXO03SICTBEHHBIX MAIIUH M TPAKTOPOB.

J- HOMep MeXaHU3UPOBAaHHOH paboTHI;

t - Homepa, T - KOJIMYECTBO pacyeTHBIX NEPUOJIOB, Ha KOTOpBIE CIENyeT pa3OUTh BECh
CpPOK, OTBE/ICHHBII Ha BBHIMIOJIHEHUE BCEr0 KOMILJIEKca padoT;

Pi-- 06beM paboThl j 3a epuon t;

k - HOMepa, a K- KoiaruecTBO BCceX BO3MOKHBIX arperaToB B X03sHCTBE;

ag- TPOU3BOAUTEIIBHOCTD arperata k Ha pabore j 3a mepuof t;

XK- KOJIMYECTBO arperatoB ¢ HomepoMm k, TpeOyroumxcsi Ui BBIIOJIHEHUS palboOTHI j 3a
nepuon t;

Xj - KOJTMYECTBO MAIlIMH MAapKH 1 KOTOPOE HEOOXOIMMO KYIHTh;

bikj - KONNYECTBO MAlIMH MAPKH 1 BXOASAIIMX B arperar K BBINOIHSAIOIUX, BBITOIHAIOIINX
padorty j;

B - HOpMaTUBHBIA KOAPDUIIUESHT KaUTAIBHBIX BJIOKECHUM;

ci - 6ajaHcoBasi CTOMMOCTB MAIlIMH MapKH 1 ;

Pi - CTOUMOCTb COZIEP’KaHMsI MAIllMH MapKH 1 ;

Ckjt - TIPSIMBIE 3aTPaThl HA OJJMH arperar k, BBIMOJIHAIOIHUX paboTy j ;

3anuiieM CTpYKTYPHYIO MOJEb.

T n K m
Tpebyerca HaliTu minC = Y Y ¥ Xt Y (ﬂcl +pi)xl, — min (1)
i=lj=tk=1 """ 2y

[Ipu ycnoBusix:
1. YcnoBue, rapaHTHPYIOIIEE BHITIOTHEHUE BCETO 3aIaHHOTO 00hema pabdoT.

K

by
k=1
2. VYcmoBue, 4YTO KaXKIbIM JaHHBIH MOMEHT MOTpeOyeTcs MaIluH MapKd 1 IS

BBITIOJIHEHHS paboT neprojia He OoIblie, YeM UX OyAeT KYIJICHO.

akjtxkjt =Pjt, rae j=1..n,t=1...T (2)

K
> Y b, x, <x, rTnei=l.mt=1.T (3)
] ikj kjt i
jeJ { k=1
J- MHOKECTBO, KOTOPOMY MpHHAJIEKAT PabOThI, BHIMOIHIEMbIE 33 TIEPUO/ t.
3. YcroBue HEOTPHUIATEIBHOCTH IEPEMCHHBIX.

Xl.zo Xlg‘ >0 4)

Mozenp ONTUMAIBHOIO T0YKOMIUIEKTOBAHUS MAlIMHHO-TPAKTOPHOI'O MapKa.

[Ipeamnonoxum, YTO XO3IMCTBO MMEET HEKOTOPBIM MAapK MAallMH, pPacloJiaract
BO3MOXHOCTBIO INPHOOPETaTh HOBbIE MALIMHBL.TPEOYeTCS HAWTH, CKOJbKO M KAaKMX MAalIUH
TpeOyeTcst KymuTb, 4YTOOBI BBINOJHUTH BECh 00BbEM pabOT B TOJOXKEHHBIE CPOKU C
HalMEHBIIMMHU 3aTpaTaMH.

BBenem nononHuTENbHBIE 0003HAYCHUS:

yi - KOJIMYECTBO MAIIMH MAapKH 1, KOTOPOE CIIEAYET CIUCATD;

di - KOJTMYECTBO MAIIMH MApKH 1, KOTOPOE UMEETCS B XO3SIHCTBE;
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p'i - OCTaTOYHAsE CTOMMOCTh OJTHOM MAaIlTMHBI MAPKH IMPU CHSTHUHU €e ¢ OanaHca.

Mopens 10oDKHA TpeycMaTpUBaTh BO3MOKHOCTD CITHCAHUS OTCITY)KUBIIIAX CPOK MAIIIHH.
Hcnonb3yst mpuHSTHIE 0003HAYEHUS, 3aMUIIEM CTPYKTYPHYIO MOJICIb:

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

C= ZZ Z ktkt+2ﬁ(c+]?)x Zpy—>mln (1)
i=1j=1k=1 i=1

[Ipu ycnoBusx:

1. BemmonHeHus 3aJaHHOT0 00beMa MEXaHU3UPOBAHHBIX PabOT.

K
k%Iakjtxkjt =Pjt, rae j=1..n,t=1...T (2)

2. YcioBue, 4TO B KXl TEPHOJ MOTpeOyeTCs MalIuH Mapkh 1 He OOJbIIe 4em
AMEETCA B x03;11‘/'ICTBe TUTEIOC OyIeT KYIUIEHO, MUHYC OyIeT CIHCaHO.

)y Z bzk kt_dl_+xi-yl_, riei=1..m,t=1..T 3)
JeJlkzl
3. YcioBue HEOTPULIATEIIBHOCTH IEPEMEHHBIX.

2 L > .>0.
K20 A =00 ;20 @

Mopaeins ontuManbHOro ucnosb3oBanus MTII

Hanomuto noctanoBKy 3a1ayu.

XO035MCTBO ~ pacmoJjlaraeT JOCTaTOYHBIM IIApKOM MAIIMH M HE  pacroJiaraer
BO3MOXHOCTBIO MOKYIaTh HOBBIE MAaIlMHBL. 3ajladya 3aK/IioyaeTcs B TOM, YTOOBI ONpEAEIUTH
TaKOW IJIaH WCIOJB30BAHUS MMEIOIIETOCS NapKa, IpU KOTOPOM OOECIIEYMBAETCS! BBHIOJIHEHHE
BCEr0 3aJaHHOTO KOMIUIEKca pabOoT B  YCTAHOBJIEHHBIE CPOKM C MHHHMMAaJIbHBIMU
AKCILTYaTal[MOHHBIMH 3aTpaTaMHu.

Monens 1oiKHA IpegycMaTpUBaTh BO3MOXKXHOCTD CIIUCAHMS CTapblX MAIUH.

CrpyKTypHast MOJEINb 3aJauu ONTUMH3aLUK ucnoiab3oBanuss MTII (MHorna eé Ha3pIBalOT
3aJa4eld pacHpelecHus] MMEIOIEHCsl TEXHUKH, MOApa3yMeBas pacHpeleNICHHE TEXHUKH II0
BUJaM pabOT) .MOXET OBITh MPEACTaBICHA TAK:

C T n K m .
—.Z .Z > Clg'txkjt_.g Py, = min (1)
l:l]:lk:l l—l

IIpu ycimoBuu:
1. YcnoBue BbImoHEHHsI 00bemMa padoT:

K
> akjtxlg,t :Pjt, rae j=1.n,t=1...T (2)
k=1
K - '
2. .Z 3 biijlg,t _di—yi, roei=1..m,t=1...T (3)
jeJlkzl

YcnoBue , 4TO KOJMYECTBO MAIIUH BHITIONHSIONIUNX pa0doTy B 000 mepruoa He Oyaer
NPEBBIIIATh UMEIOMIUXCS B XO3SICTBE MAIIMH C YIETOM UX CITUCAHUS.
3. YcioBue HEOTPHUIATETLHOCTH TIEPEMEHHBIX

kt_o y; 20. 4)

[Ipy BHUMATENTbHOM pPAaCCMOTPEHUM HE TPYAHO 3aMETUT, YTO BCE TPHU MOJENIH
ONHOTHITHBI, W YTO TepBas M TPeTbsl SBISIOTCS YACTHBIMH  CIlydasMd  3a7add
JIOYKOMIUIEKTOBAHHUS MapKa.
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2. MoaenupoBaHue I10CEBOB.

3ajava ONTUMH3AIMNA CTPYKTYPHI IMOCEBHBIX TIIOMIATEH MOXKET pacCMaTpPUBATHCA M KaK
COCTaBHas1 4YacTb HJ'IaHI/IpOBaHI/IH HpOI/IBBOI[CTBa HpGI[HpI/IHTI/ISI, ragc oOHa MO,Z[G.HI/IpyeTCH BO
B3aMMOCBSI3M C JKMBOTHOBOJACTBOM H KakK CaMOCTOSATEILHAS 3amava. Pazpabotka
CaMOCTOATENIBHOM  3a7a4d  ONTHUMHU3aLUU CTPYKTYpPBl IOCEBHBIX IJIOIIAAe HMeEeT
MPaKTUYECKUH CMBICI, KOT/Ia pacCMaTpUBAETCs 3ajJada pa3MEIeHUs MOCEBOB MO yYacTKaM
3eMJIM PA3IUYHOTO TUIOMOPOAMS, Pa3MEIIEHUE 3€PHOBBIX KYJIBTYP B 3€PHOBOM CEBOOOOPOTE,
KOPMOBBIX KYJIBTYp B KOPMOBOM CEBOOOOPOTE ..

PaCCMOTpI/IM OTACJIBHBIC ITOCTAHOBKHA 3a1a4Yn paBMGH_IeHI/IH nu CprKTypBI IIOCEBOB.

J1y1st onipeieNieHrsl ONTHMAIIBHOTO Pa3MEIICHHUSI TTOCEBOB IO OTACIBHBIM YYaCTKaM 3E€MITH
Pa3IMYHOTO IUIOOPOUST MOXKET OBITh MPUMEHEH PacHpeeNuTeNbHbI MeTOA. 3a7auy MOKHO
pa3paboTaTh Ha OCHOBE TPAHCIIOPTHOM 3I1Ia4H.

ChopmynupoBaTh  3ajadyy  MOXHO  Tak:  TpeOyercs  pa3MeCcTUTh  IOCEBBI
CETBCKOXO03SHUCTBEHHBIX KYJIBTYP MO YYaCTKaM 3€MJIM TaK, YTOOBI TTOCEBHBIC IIONIA/IA 110 BCEM
Ky.]II:TypaM paBHHJII/ICI: IIJIAaHOBBIM O6’beMaM, BCC IAIIIHU JTOJI?)KHBI 6I>ITB 3aHATHI 1104 ITOCEB HpH
3TOM CTOMMOCTb BJIOBOM ITPOIYKIINU ObliIa OB MAKCUMAJILHOM.

B kadectBe KpuTepus ONTUMAJIBHOCTH B 3TOM 3aJa4d MOXKHO IPHUHATH MaKCUMyM
CTOMMOCTH BAJIOBOM MIPOYKIIUU CEITBLCKOTO XO3SMCTBA, YACTHIN T0X0I, TPUOBLIb.

BBenem ycnoBHble 0003HaUCHUS:

m — YUCJIO YYaCTKOB 3€MJIU;

1 — HOMep y4acTKOB 3eMJIH;

N — YUCJIO0 KYJIBTYD;

j —HOMepa KyJIbTyp;

S i - TUIOIIAb 1-TO Y4acTKa;

\) j -TIJIOUIA]lb OTBEACHHAS MO/ J-10 KYIbTYPY;

C;

jj - CTOMMOCTb -} IIPOJYKIMHU € OJHOTO TeKTapa i-ro;

X}j - IOk I0CEBA j-i KyIbTyphl Ha ii-TOM ydacTKe.

CrpyKTypHast MOZAEb 3aJaUH:

C = izn:cl.jxl.j — max

i=1 j=1
IIPU yCIOBUSX:
1. IlepBoe ycioBHe obOecrneumBaeT, YTO IUIOMIAAb IIOCEBA BCEX KYJIbTYp Ha KaKIOM

ydacTke OyJeT paBHa ero Iionaiu.

n
inj - Si ,raei=1...m.
=1

2. Bropoe ycioBue rapaHTUpyeT, YTO MOJ KaKIyI0 KyIbTypy OyAeT OoTBelieHa MIaHOBast
JI0ILA/Tb.

m
inj :Sj,rz[ej=1...n.
i=1

3. Tpetbe ycnoBue obOecreunBacT PaBEHCTBO MMEIOIICHCS 3eMJIM W TUIOMIAIN TIOCEBOB
BCEX CEJIbCKOXO35HUCTBEHHBIX KYJIBTYP.

a-gs
i= Jj=
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1. YCHOBI/IG HeOTpI/IHaTeHBHOCTI/I HepeMeHHBIX:
x., >0

Yucnosas _mooenv cocmasisaemcs,no muny _mpancnopmuou 30()611{% mo ___ecmb
3ANOJIHAEMCA NJAAMENCHAA mampuud, no CmpokKam pasmeuiaronicia yd4acmkKku, a no cm0ﬂ6uaM
Kylibmypbl. 3adaua _umeem NPAKMUYECKUU CMbICIL PEeUeHUs. UL mozda, Ko20a d)aKmuquKu
UMEIOMCS VHACMKU PA3AUYHO20 NA000POOUS.

MonenupoBaH#e NCHOIb30BAHUS MUHEPAIbHBIX YI00peHUN

[Iycte B XO3sliCTBE HMMEETCS HEKOTOPOE KOJMYECTBO MHMHEPAIbHBIX YyI0OpEHUH,
TpeOyeTcst HalTH TaKOW IUIaH MX MCIOJB30BaHMA, KOTOPHIA obecreynBasl Obl MaKCUMAaJIbHYIO
puOaBKy yposkasi.

Ilo cytu peub uIeT 0 pacnpeneaeHud MEXKIY KylIbTypaMH.

dopmanuzyem 3agauy:

a,-j - HOpMa BHECEHHsI JIEHCTBYIOIIETO BEMIECTBA 1-TO BUIA IS TOTYyYEHUS €IMHUIIBI

npubaBKyu ypokas j-il KyJIbTypBI;
6K - KOJIMYECTBO YAOOpEHHI K- TO BHIA (B HATYype), uMerorieecs B xo3siictae (k=1...K);

qik - COJZIEp’KaHME 1-TO IEHCTBYIOINIETO BEIIECTBA B €IUHUIIC K-TO YAOOpPEHUS;

¢ j -lleHa eIUHUIIBI j-i TPOAYKIUHY;

X j - KOIMYECTBO IIONy4YeHHOHl mpuOaBKM - NPOAYKUUM 3a CUET BHECEHUs

MHUHEpAJIbHBIX Y100pEeHHUIA;

Q j - MaKCHMaJIbHO-BO3MOKHBII 00beM NpUOaBKU j-OM NMPOAYKLIHUH 33 CYET BHECEHHUS

MHUHEpaAJIbHBIX YA00pEHHI — IPH JaHHOM IIJIOIIAIHN ITOCEBA j-i KYIbTYpHI.
IleneBast pyHKITHSA.

n
C = chxj — max
j=1

Tak MakcuMu3upyeTcs nMpudaBka ypokas B ICHS)KHOM BBIPAKCHUH:

IIpu ycmoBusx:

1. Pacxon meiicTByroIIero BemiecTBa ii-ro BUAA JJIs TTOJYYCHHUS] BCEH MPUOABKHU yposKas
10 j-i KyJAbType HE JOJKHBI MPEBBINIATh HATUYHS JEHCTBYIONIETO BEIIECTBA 1-TO BHUIA B K-TOM
ynoOpeHun

n K
Z aijxj < Z Qikel(
j=1 k=1

ITo cyTu orpaHu4eHus: JaHHOTO BUJA CBOJAT OallaHC MO JEHCTBYIOIIEMY BEIIECTBY. DTO
npexJie Bcero OanaHc azora, kanus, pochopa u T.11.
2. HuxHuil 1 BepXHUI ITpeiebl U3BMEHEHUS IEPEMEHHOM

0<x, <0,

D¢ dexkTuBHOCTS yNOOpEHUIl 3aBUCUT HE TOJIBKO OT KYJIbTYPBHI, MOJA KOTOPYIO OHO
BHOCHUTCS, HO T M OT XapakTepa yJoOpsieMOoro y4acTtka, TO €CThb OT HaJIU4usl JeHCTBYIOLIETO
BEIIIECTBA B ITOYKE.

JlokazaHa 3aBUCUMOCTb NMPUOABKHU ypoKas OT ClIOco0a BHECEHHS YI0OpEHUI.

PaccMoTpuM MOZENh € 3TUMHU OTpaHHYCHHUSIMH.

[TycTts p — HOMEpa, a P — konudecTBO crtocoO00B BHECEHHSI MUHEPAIBHBIX yIOOPEHUH.
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r- HOMepa, a R — KOJIMYECTBO YYaCTKOB 3€MJIM, OTJIMYAKOIIMXCSH MO COAEPKAHUIO
MMUTATEIbHBIX JIEMEHTOB B ITIOYBE.
Mopens uMeeT BU;

n R P

C=3 33 ¢x,, > max
j=1 r=1 p=1

[Ipu ycnoBuu:

I aus quk

j=1 r=1 p=1
< x. <0.
2. O—x]rp —Q]rp

HerpymHo 3aMeTuTh, YTO BBEICHHE OTPAHWYCHHUH MO YUYETy CHOCOOOB BHECEHUS
MHUHEpaJIbHBIX yIOOpeHUH, XapakTepa yao0pseMoro yJacTka He YCIOXKHHIN MoAesb. J[Ba Tuma
OTPaHUYCHUH OCTAIIMCh, BO3POCIIO JIUIIb YUCIO HWHICKCOB. EcTecTBeHHO, moTpedyercss HOBas
BXOZHas HH(pOpMAIHs, HO 3aMETHO BO3pacTaeT M BhIXOJHAs WH(popManus, Oyay/] MOIydyeHbI
HOBBIE, OoJiee IICHHBIC CBEJCHMSA. 37eCh B KauecTBe IpUMEpa IIOKa3aHO, KakK y4ecTb
JOMOJIHUTCIIBHBIC YCJIIOBUSA B MOJCIIN. I1o TAKOMY K€ MPHUHIOUITY MOXXHO Y4YCCTh CPOKU BHCCCHUA
MUHEpaIbHBIX YIOOpECHUH.

1.6 Jlexnust Ne10,11 (4 yaca)
Tema: «/luHaMu4eckoe NporpaMMUpPOBaAHHE»

1.6.1 Bonpochl JieKnum:

1.Ilpunnun ontumansHocTH bemnmana

2. Pemienne rpadoBbIX 3a1a4 Ha OCHOBE MpuHIMNa bennvana
3. @yHKIMOHAIbHOE ypaBHEHUE bennmana

4. 3amauu pacnpeiesieHus: PECypcoB

1.6.2. KpaTkoe coaep:xaHue BOIPOCOB

1. lIpunoun onTumaabHocTH besimana

Meton HIl sBnsercs Haumbosiee OOIIMM METOJOM pEUICHHS 3a7ad ONTUMAaIbHOTO
ynpasiienus. OH NpyUMEHUM Kak JUis 3aAad ¢ JuHernHou LD, Tak u ¢ HEIMHEHWHOM , a TaKKe B
cilyyae, KOrJa ympaBisieMble NMEpeMEHHbIC Lieible yucha, npu 3ToM cama L[@ moxer OBITh
3aaHa Ta0nuIeid, 4To HarboJiee paclpoCTPaHEHO B IPAKTHUECKUX 3ajauax.

IIpoueccel Ha3pIBalOT JUHAMMYECKUMHU, €CIM PE3YJIbTaThl HA OJHOM y4YacTKe Ipoliecca
BIIMSIOT Ha Ipyrye HIar.

PaccmoTpuM npuHOMn ontumanbHoro ympasineHus P. bemimana. OH cBszaH ¢
npo0sieMOil ONTUMHU3ALMK CIOKHOM CHCTEMbI, COCTOSIIIEH K3 MHOTHX B3aWMOCBSI3aHHBIX
3JIEMEHTOB. DIEMEHTAaMH MOTYT OBITh SKOHOMHUYECKHE EeIUHUIIBI, KOTOPBIE BXOJAT B €IUHYIO
(Obomee 0OMIyI0) CHCTEMY; Y3JIBI CJIOKHOM TEXHHMYECKOM CHCTEMBI; OTACIBbHBIC YYaCTKH
IIPOM3BOJICTBA, CTPOUTEIHCTBA, OOEBBIX ONEpanui U T.1.

BozHukaetr Bompoc: Kak HYKHO YIPaBISTh OTACIBHBIMH 3JIEMEHTAMH CHUCTEMbI, YTOOBI
nokazarenb 3)PEKTUBHOCTH BCEil CHCTEMBI ObLIT MAaKCUMAaThHBIM?

Belme MBI Ha HMHTYUTMBHOM YpPOBHE I[IOKA3aldM, YTO [Js ONTHUMHU3AaLUM B LEJIOM
HEJ0CTAaTOYHO ONTHUMM3UPOBATh KAXKIbIH 3JEMEHT OTAEIBHO - 3TO MPUBOJUT K HEBEPHOMY
pe3yabTarty.
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bennman BnepBble COPMYITMPOBAT MPUHIUI ONTUMAIBHOCTH Ui Takoil 3amauu. To
€CTb, ONTHUMHU3HPYS OTHEIbHBIA IIar, HEOOXOAMMO 3aJyMbIBATbCI O €ro MOCIEACTBHSIX,
NPUBOAALINX K 00meMy pe3ynabTary. s pemeHus mogoOHBIX 3a1ad Obul pa3paboTaH MeTon
I, ocHoBbIBaromuiicsi Ha ypaBHEHMHM beiniMaHa, KOTOPOE€ MAaTE€MAaTHUYECKH BBIPAXKAET €ro
IPUHLINIIL.

HazoBeM cocrosiHMeM cuctembl 5* OJMH WIM HECKOJIbKO MapaMeTpOB CHCTEMBI.
Hanpumep, aeHbru Ha quieBoM cuere npeanpustus. O003Ha4uM yrnpaBieHue Ha ! -aM mare /J1
- 3TO HEKOTOPOE BO3AECHCTBUE, KOTOPOE UCIBITHIBAET CUCTEMA U U3MEHSET CBOE COCTOSIHUE 5.

Eciu mepex r-M maroM COCTOSHUE CUCTEMBI 5 M Mbl INPUHUMAEM YIIpPaBJICHHE
V, To 3a e-ii mar MBI MOXEM IOJYyYUTh HEKOTOPBIA BBIUTPHII, KOTOPBIM 0003Ha-
yaetcs p(J, V), Ipu 3TOM COCTOSIHUE STIepeXOoIuT B 5"

Cuuraercs, uto GyHKIMHU co.(8, V). u p(5. V" ©3BECTHBHL..

bennmvan BBeNm NOHSATHE YCIOBHOTO ONTHUMAbHOTO BbIMrpbIma/K,(5). Orta QyHKUUA
MOKA3bIBACT ONTUMAJIbHBIM BBIMTPHILI (HAWIYUIIUN pe3ynbTar), MOJYYEeHHBIH 3a Bce IIark oT e-
ro M 10 KOHIA, €CIOM eo-i IIar HauyuHaeTcss ¢ cocTossHus 5. Torga coriacHO NpPHUHLUITY
onTtuManbHOCTU bennmana, mpuHuMas pelieHre Ha 2 I1are, Mbl TOJDKHBI BBIOpaTh V_Tak, 4YTOObI
BBIUTPBINI ObT MAKCUMAJIBHBIM OT 2 -Il1ara U 0 KOHIIA.

[IpuHnun ontuManeHOCTH bennMaHa cTaBUT BOIPOC O TOM, YTO TaKO€ ONTHUMAJIbHOCTh
OTJIENIBHOIO 3JIEMEHTA CHUCTEMBI C TOYKHM 3PEHHUsI ONTUMAIBHOCTH Bcel cucreMmsl. [IpuHumas
pelIeHre Ha OTJIeIbHOM 3Tarie, Mbl JOJIKHBI BBIOMPATh YIpaBICHUE Ha ATOM 3Talle C MPUIIETIOM
Ha Oynymiee, T. K. HAC HHTEpECYeT pe3ysIbTar B IIeJIOM 3a BCe LIary.

JIro6oii mporecc UMeeT Te-TO OKOHYaHHE, T. €. FOBOPAT, YTO OH HMEET «TOPU30HT
IUTaHUPOBaHMs». Torga MOCIeAHUN dTalm «HE HMeeT Oynaymiero». BoT MMeHHO ero MoXHO
ONTUMHU3HPOBATH TOJIBKO U3 YCIOBUI JaHHOTO ATana. [locie 3Toro mpucTynaroT K ONTUMHU3aLUA
(r-1)-ro stana. Ilpu 3TOoM MBI 3amaéM COCTOSIHHME, C KOTOporo HauuHaercs (T-1)-# miar
(ycnoBue). Ilosromy QyHKIHMIO Ha3bIBalOT YCJIOBHBIM ONTHUMAJIBHBIM BBIMTPHIIIEM. Takum
o0pa3om, mporecc onTuMu3anuu mo meroay Il pazBopaunBaercsi cHavajga OT KOHIA K Havaly,
a 3aTeM OT Hayvaja K KOHIy. B pa3nuuHbIX 3amauax MoOXeT ObITh M3BECTHO JMOO HaudaibHOE
cocTosiHue, T100 KOoHeuHoe, nubo To u apyroe. [Ipunuun bemnmana Hamén npaxTHueckoe
IpPUMEHEHHE B TaK Ha3blBAEMOM METOJI€ MPOTrPaMMHO-IENIEBOr0 IUTAHUpOBaHMs (JIr000€
NENCTBHUE IIIAHUPYETCSI KaK AJIEMEHT HEKOTOPOI'O IIPOEKTA).

2. Pemnenue rpagoBbIX 327124 HA OCHOBe npuHuuna besuimana

3amaua 0 Habope BBICOTHI U CKOPOCTH JICTATEIBHOT'O arapara

JleTarenpHBIii anmapar HAXOAUTCS HA BBICOTE Kii U JIETUT CO CKOPOCTHIO Yo. HeoOxomumo
IIEPEBECTH €ro Ha BBICOTY k§_ co ckopocThio y . Ilpuuém x<>k;.Yp>y" Pa3o0béM y4acTok OT
Kk 10 k+ Ha nYacTeu:

JA:

Y :

HA

ale
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m

N3BecTeH pacxoq roproydero mpu MnepeBoje CUCTEMBbI Ha/[4 mpu y.=conSl1,u Ha AYnpu
k=con§ 1. Takum 06pa3om, U3 KKIOTO COCTOSHUS €CTh JIUIIIb JIBA yIIPABJICHHUSI.

Haunnas ¢ xoHIa momeuyaem Bce Yy3ibl (COCTOSIHUS) BEIMYMHAMHU YCIOBHBIX (VIS
JAHHOTO Y3J1a) ONTUMAJbHBIX PACXO0JIOB TOPIOYEr0 OT ATOrO y3jia U 0 KOHLA, a CTPEIKaMu
YCIIOBHBIE ONTHUMAJIbHBIC YIPAaBICHUA. YKa3aHHblE JCHCTBUA B  YOPOILIEHHOM BUJE
JIEMOHCTPHUPYIOT PACCMOTPEHHYIO MPOLIEAYPY PELIEHUS HA OCHOBE ypaBHEeHUs bemmana. loias
OT KOHEYHOI'0 COCTOSIHMS O HAYaJIbHOI'O U MOJYYUB 22, MBI ITOJIyYUM MUHUMAJIBHYIO BEIUYHHY
noTepb roproyero. Vs mo crpeiskaMm OT Ha4YaIbHOTO COCTOSHUSA /10 KOHEYHOTO, MBI MOJTy4aeM
0e3yCIIOBHBIC ONITUMAIBHBIC YIIpaBiIeHUs (TTIOKa3aHbl JBOMHOM JIMHUCH).

Bunno, yto mrobast 3amada, CBOASINAsCS K IMOWCKY MHUHHMAIbHOTO MyTH B Tpade,
penaeTcss METOI0M JUHAMUYECKOTO MPOTPaMMHUPOBAHUS.

3. ®yHkuMoHaJIbHOE YpaBHeHue beasimana

Ha3oBéM cocTosiHHEM cHCTEMBI BEKTOp KoopAMHAT: 8 = (*1,"2,...,") . B HexoTopbix
3aJjayax COCTOSHHME ” oJHa BeiduuMHa. Torma paboTy cHUCTEMBl MOXHO TPEACTaBUTH Kak
NBIDKEHHE B (a30BOM MPOCTPAHCTBE - TPOCTPAHCTBE cocTOSIHUNA. Ha3z0BEM ImaroBbM
yIpaBJieHHEM " ylpaBjieHue Ha 2-M mare. PaccMOTpuM mponecc ynpaBieHUs] CUCTEMOH 3a m
maroB. OyHkuus a(8, 1) Ha3pIBaeTCs BHIMTPHIIIEM HA M 1Iare. 371eCh 8-COCTOSHUE MEPE] 11aroMm,
a [[- ynpaBnenue Ha / ,-M 11are.

Benmuuuna a.(8,11.) nomkHa OBITh W3BECTHA [0 Hayala JIAHAMUYECKOTO IPO-
rpamMmupoBanus. Ecnu coctosHue nepen marom Obulo 8 W MBI MPUHSIIM KaKOE-TO YIIpaBJICHUE
LI, To cucrema nepeitnér B HoBoe cocrostHue 8'= (8, 1) .

¢byHKIMs 1OMKHA OBITH Tak ke M3BecTHA. Ecnmu 3TH (yHKUIMU HE 3aJaHbl, TO MX HAJ0
chopmynupoBaTh. BBeném GyHk1ni0K(8)" yCIOBHBIM ONTUMATBHBIA BBIUTPHIII. DTO BBIMTPHIII
Ha BCEX dTarax OT,J10 KOHI[A, €CIIU ,-i IIar HAauWHAETCS C COCTOSIHUA 8.

Paccmorpum 1 maros. Ilycts ¢ (,+ 1)-ro mara Mbl cUCTEMOM YIpaBisieM ONTHMAJIBHO,
TOTJ]a BEIMYMHA BBIUTPHINIA OYAET TaK

4. 3aga4u pacnpejaesieHusi pecypcoB

Knaccuueckan 3a0aua pacnpeoenenusn pecypcoe PacnpeneneHue pecypcoB - 3TO €1Ba
T HEe camasl pacrpocTpaHéHHas omnepanus. [log pecypcom B o0meM ciaydae NOHHMAOT
buznyecKkyo WiM abCTPaKTHYIO BEIMYHHY, KOTOPYIO CHCTEMa HCIOJB3YeT Ji MPOU3BOJCTBA
MOJIE3HOTO TpoaykTa. Hampumep: roprouee, neHbru, Bpems, o0bEéM ckiana. Kak mpaBmio -
pecypc orpaHuyeH, MO3TOMY BCTa€T 3ajJaya TaK PACHpPEleNUTh PECypc MEXAY OTIeIbHBIMHU
3JIEMEHTaMH CHUCTEMbI, 4YTOOBl CcyMMapHbIH 3(pdekr Obu1 MakcuManbHbIM. PaccmoTpum
KJIACCHUYECKYIO 3aJlauy paclpeieseHHs] peCypCcoB.

TUTh MEXIy IByMs oTpacismu. Kaxknas otpacias pabortaer B TeueHuum yer. Eciu B
MEepPBYIO OTpaciab B / -i Toja BKJIAABIBAIOTCS CpeAcTBa X, TO a0xoxa AX),, ecnu ke BO BTOPYIO
BKJIaJIbIBAIOTCS, Y, Toraa noxon o(V1). CpencrBa TpaTarcs, NPUHOCS JOXOM, a HOBBIX CPEJCTB
HE MOCTYIaeT U MOJyYeHHBIN JOX0/ He BKJIaabIBaeTcs. Hac mHTepecyeT cyMMapHBbIi 10X0/:

w=E/(x)te ). "
1=1

CyMmMapHbIil BBIMIPBIII PaBEH CyMME BBIMTPBIIEH Ha KaxzaoM mare. CocTosHHEM
CUCTEMbI SBIIETCS KOJMYECTBO CpeACTB mepen / -M maroM. Tak Kak HOBBIX CPEICTB HE
MOCTYIAET, TO PECYPCHI «TAIOT».

VYnpasnenueYmoxer ObITh 3anucano kak Y=x-X;. [locne / -ro mara B mepBoil oTpaciu
ocratotrcs cpenactBa p(X;), a Bo Bropou (/(y )= (//(x-X;). O™h QyHKIMH HA3BIBAIOTCS
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¢yHKUIMAMEU TpaThl. MBI MOJKEM COCTaBUTH ypaBHeHHe bernmana. B aToii 3agaue Ha / -M mare
OJIHO ynIpaBJieHHuE X U OTHO COCTOSIHHE K.

1.7 Jdexknus Nel2 (2 yaca)
Tema: «ArpoBbie MoJe/J I NPUHATHUSA PelICHU I

1.7.1 Bonpochl JieKIum:
1. OcHOBHBIE IOHATHS TEOPUU UTP
2. [InaTexHas MaTpulla aHTArOHUCTUYECKUX UTP

1.7.2 KpaTtkoe cogep:xkaHue BOIPOCOB

1. OcHOBHbBIE NOHATHUS TEOPHUH UTP

OpHuM M3 BaxHBIX pasaenoB «lccnenoBaHusi omnepaunuily SBISETCS meopus uep,
IpeJCTaBisIIoNmas co0oil TeopeTHUeCKHe OCHOBBI MAaTEMaTHYEeCKUX MOJeNeld MPUHATHUS
ONTUMATBHBIX PEHICHUH B KOH(PIUKTHBIX CHUTYallUsIX PHIHOYHBIX OTHOIICHUH, HOCSIINX
XapakTep KOHKYPEHTHOM 00pbObI, B KOTOPBIX OJIHA TPOTUBOOOPCTBYIOLIAs] CTOPOHA BBIMTPHIBAET
3a cyeT NMpoMTpsIa aApyroi. Hapsany ¢ Takoi cuTyanueil B TEOPUM NPUHATHS PELICHUN TaKXKe
paccMaTpuBalOT TaK HA3bIBaEMble CUTYAIMIO PUCKA U CUTYAlMIO HEONPEAENEHHOCTH, KOTOphIE
UMEIOT Pa3IMYHBIC MOJETH U TPEOYIOT Pa3HBIX KPUTEPUEB BHIOOpPA ONTUMANIBHBIX pelieHuid. B
CUTyallul PHUCKa IMPENAINoJIaraloTcsi U3BECTHBIMH HE TOJHKO BO3MOXKHBIE YCIIOBHS, B KOTOPBIX
HYKHO IPUHUMATh PELIECHUE, HO U BEPOSATHOCTHU UX MOSABIEHUA. B cuTyanum HeonpeneaeHHOCTH
BEPOATHOCTH YCJIOBUHM HEWU3BECTHbl W HET HUKAKOW BO3MOXHOCTU TMOJYYUTh O HHUX
JIOTIOJTHUTEIPHYIO CTAaTUCTUYEeCKYI0 HH(popmanuio. OkpyKalomas pelieHrue 3aJadd cpefa,
KOTOpasi MPOSIBISIETCS. B T€X WJIM MHBIX YCIOBUSX, HA3bIBACTCS NpUpoOoti, a COOTBETCTBYIOIINE
MaTEeMaTUYECKHE MOJeIn Ha3bIBAIOTCS uepamu Ccnpupoooti W meopueti
cmamucmuyecKuxpeuleHul.

Teopuss wurp Obula cucremarnyeckun wusnoxkeHa JPDK. ®on Heiimanom u O.
MomnrepmtepaoM B 1944 ronmy. OHu Hanmucanw KHHUTY, KOTOpasl coJAepajia TJIaBHBIM 00pa3oM
HKOHOMHUYECKHUE NPUMEPHI, ITOCKOJIBKY SKOHOMUYECKOMY KOH(IIUKTY JIerde MPUAaTh YUCICHHYIO
dbopmy. Teopus wurp wucmoib3yercs B 00JacCTH 3KOHOMHKHA W TIPOM3BOJACTBA, OW3HEca u
(MHAHCOB, CENIBCKOTO XO3S5IiICTBa M BOEHHOT'O Jieja, OMOJIOTUM U COLMOJIOTHH, TICHXOJOTHH U
nonutosoruu. K HacrosiieMy BpeMEHU TEOpUs WUTP pa3BHIIACh B CAMOCTOATEIbHYIO 00JIacTh
MaTEMaTUKU M MOXKET pacCMaTpPUBATHCS HE3aBUCHUMO OT €€ MPUIIOKEHHUM K peanbHbIM UTPOBBIM
cutyarusaM. [lo mHeHuro naypeara HobGemeBckoit mpemun 1o skoHOMHKE 3a 1994 r. Hbomia,
TEOpHs UTP BOOOIIIE ChIrpalia BAXKHYIO POJIb B MHTEIUICKTYaTbHOU ®KU3HU XX BEKa.

Ha npakTuke 4acTo NpUXoAUTCS CTAIKUBATHCS C 3a/lad4aMH, B KOTOPBIX HEOOXOIMMO
IPUHUMATD PELLIEHUS B YCIOBUIX HEONPEAEIEHHOCTH, TO €CTh BOSHUKAIOT CUTYal[MH, B KOTOPBIX
nBe (wam 60s1ee) CTOPOHBI IPECIEAYIOT Pa3IMYHbIE TIENH, a PE3YIbTaThl TI000TO ACHCTBUS
Ka)KJIOM U3 CTOPOH 3aBUCAT OT MEPOIPUATUH napTHepa. Takue cuTyanuu, BOZHUKAIOLINE [IPU
Urpe B IIaxMaThl, MAIIKW, JOMUHO, CUTYallMU Ha PhIHKE, KOT/Ia BHIXOJUT HECKOIBKO
IIPOU3BOJIUTEINIEN C OJJMHAKOBBIM TOBAPOM (OJIUTOIIONHNS ), IOKYIIATENb U IPOAABEL], IOCTABILUK U
noTpedurens, 0aHK U KIUEHT. To eCTh IPUMEPOM TEOPUU UTP SIBIISIFOTCS TaKHe CUTYalluH, B
KOTOPBIX BaXXHYIO POJIb UTPAIOT KOH(IUKTHI M COBMECTHBIC AeiicTBrs. KoHDIukT Moxer
BO3HUKHYTh TaK)K€ U3 pa3Iuuusl LieJei, KOTOpble OTpa)katoT HE TOJILKO HECOBIAIA0LIHE
MHTEPECH] Pa3IMYHbIX CTOPOH, HO U MHOTOCTOPOHHUE UHTEPECHI OJTHOTO U TOTO K€ JINLIA,
HaIrpuMep pa3padoTIHK IKOHOMUYECKOH MOJUTUKH OOBIYHO TIPECIIEAYET Pa3HOOOpa3HbIC 1EH
(pocT 0ObeMa MPOU3BOCTBA, MOBBIICHUE JOXOA0B, CHUKEHUE 3KOJIOIMYECKON Harpy3KHu).

Takum o0pazoMm, Teopusi WUrp H3y4yaeT U paccMaTpuBaeT METONbl OMpeesieHus
ONTHMAIFHOTO TOBEACHUS TMPHU YIPABICHUU CHCTEMaMH, B KOTOPBIX XapaKTEPHO HaIU4YHe
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KOH(IMKTHOW CUTyalluu (CTOJKHOBEHHE MHTEPECOB). Jlisi KOH(MIMKTOB XapaKTEpHO TO, YTO HU
OIMH W3 €ro YYaCTHHKOB 3apaHee HE 3HACT pEUICHWM, NPUHUMACMBIX OCTaJIbHBIMU
y4yaCcTHHKaMHd. JIpyrumu cjoBaMH, Y4YaCTHHKH KOH(IIMKTOB BBIHY)XJEHBI JIefiICTBOBaTh B
YCIOBUSX PHUCKA M HEOINpeAeIeHHOCTU. HeompeneneHHOCTh MCXOM0B MOMKET INPOSIBIATHCA HE
TOJIBKO B PE3YyJbTaTe CO3HATENbHBIX JEHCTBUI JPYrMX YYaCTHUKOB, HO U KaK pe3ysbTar
NEUCTBUH TE€X WJIN UHBIX CTUXUUHBIX CHJI.

B cBete «reopun Urp» MOXKHO PacCMOTPETh SKOHOMHUKY, OOIIECTBEHHBIC HAyKH, OU3HEC
U TIOBCEOHEBHYIO XM3Hb. K mpumepy, B JKOHOMHMKE C TOYKH 3PEHHSA «TE€OPUU WIP» MOXKHO
OOBSICHUTH TOPrOBBIE U LIEHOBBIE BOMHBI. KpoMe Toro, HeKoTopbie 0003peBaTesy MoIaraiT, 4ro,
UCIOJNb3Ys 3Ty TEOPHIO, MOXKHO MOKa3aTh MPUYUHBI TAKOTO (DEHOMEHA, KaK «MaJIONOBUKHBIE
1IeHbI. B cOOTBETCTBUU C 3TOM Teopuel (PUPMBI 3aKIIIOYAIOT HEUYTO BPOJE TAHHOTO COTJIAIICHUS O
npeo0aaroieM 3HAYCHWH IIeHbI (CKa)XeM, €eClIM pedb HAEeT 00 aBTOMOOWJIHHOW WIH
CTaJIENUTEHHON NpoMBIIUIeHHOCTH). [lociie TOro kak OHM MPHUIUIM K COIVIAIICHUIO, (UPMBI
OTKa3bIBalOTCS IOHMKATh WJIM MIOBBILIATH LICHBI, TAK KaK B IPOTUBHOM CIIy4ae yYaCTHUKHU PbIHKA
OyAyT paccMaTpuBaTh TaKMe M3MEHEHHUs KaK CHUTHAJ OOBSBICHHS 3KOHOMHUYECKOH BoOWHBL C
IIOMOIIII0 TEOPUU HUIP MOXKHO TaKkkKe OOBSCHHUTb, I0YEMY MHOCTPAaHHAsI KOHKYPEHLMS MOXET
MPHUBECTH K 00JIee 0)KECTOUCHHOMU 1IEeHOBOU BOIHE. UTO CITyduTCs, €CIH SITOHCKast prpMa BoiieT
Ha AMEPUKAHCKHMM PBIHOK, HA KOTOPOM YX€ CYLIECTBYIOIIME KOMIIAHMHM TaHHO JOTOBOPHIIHACH
Ha3HAYUTh BBICOKYIO LieHYy? 3apyOekHble (GUPMBI MOTYT «OTKa3aThCsl UTPATh B 3Ty Urpy». OHU
npocto OyayT CHMJKaTh LIEHBI B ILIEJSAX OBJIAACHUs Oosblield gonel pelHKa. CroBop MOXeT
pa3pyLIuThCS.

J1sl TpaMOTHOTO pelleHus 3a/1a4 ¢ KOH(DIUKTHBIMU CUTYalUsIMH HEOOXOAUMBI HAyYHO
000CHOBaHHbIE METOIBI. Takue MeTo bl pa3paboTaHbl MATEeMaTHYECKON Teopruel KOH(DINKTHBIX
CUTYallui, KOTOPBIE HOCAT HA3BAHUE «TECOPUS UTD».

Bcesikas nperenayromnias Ha aIeKBaTHOCTh MaTeMaTH4ecKasi MOJIeb COI[MaIbHO-
SKOHOMMYECKOTO SIBJICHUSI JOJIKHA OTPaXKaTh MPUCYIIUE €My YepThl KOH(IUKTA, TO €CTh
OTUCHIBATH:

a) MHOXKECTBO 3aMHTEPECOBAHHBIX CTOPOH, KOTOPbIE HA3bIBAIOTCS] UTPOKAMH;

0) BO3MOXKHBIE JIEHCTBUS KaX 10 U3 CTOPOH, UMEHYEMbI€ CTPATErHsIMH WIIH XOIAMU;

B) HHTEPECHI CTOPOH, MTPEICTABICHHBIC (DYHKIIMSAMU BBIUTPHIIIA (TIIATEXKA) JIJIS KaXKI0TO
U3 UTPOKOB.

Cama mMoJienh KOHMOIUKTHOW CUTYaIlUU HAa3bIBACTCS UTPOM.
2. I[laaTexxHass MATPULA AHTATOHUCTUYECKUX UTP

Crparerueii Urpoka Ha3bIBA€TCSl COBOKYITHOCTD MTPABHII, ONIPEAEIISIONIUX BHIOOD
JeMCTBUS TPU KAXKIOM XO/1€ B 3aBUCUMOCTH OT CJIOXKHBIIEHCS CUTYyaIli. YTOOBI PELIUTh UTPY
WM HalTH PELIeHUE UTPBI, CIAeNYeT sl KaKI0r0 UTPOKa BBIOPATh CTPATEruio, KOTopas
YAOBJICTBOPACT YCJIOBUIO OITUMAJIBHOCTHU, TO CCTh OJJUH U3 UT'POKOB MMOJTYy4aCT MaKCHUMAJILHBIHN
BBIUTPBIIIL, KOT/1a BTOPOW MPUJIEPKUBAETCA CBOCH cTpaTeruu. B To ke BpeMsi BTOPOH UTPOK
JIOJKEH UMETh MUHUMAJIbHBIN IIPOUTPBILLL, €CIIU IEPBLIN IPUIACPKUBACTCS CBOCH CTPATErUH.
Takue cTpaTeruu Ha3bIBAIOTCS ONTUMAIbHBIMU.

OnTuManbHbIe CTPATETUU JOJIKHBI YAOBIETBOPSATH YCIOBUIO YCTOMYMBOCTH, TO €CTh
JT1000MY M3 UTPOKOB JIOJKHO OBITH HEBBITOJIHO OTKA3bIBATHCS OT CBOEH CTpaTeruu B ATOU UTpe.
Ecnu urpa noBTopsieTcss MHOTO pa3, TO HITPOKOB MOKET UHTEPECOBATh HE BBHIUTPHIII U
IIPOUTPHIII B KAXKAOW KOHKPETHON MapTUH, @ CPEIHUN BBIMTPHILI (IPOUTPBHIIIT) BO BCEX MapTHUSX.

QCHBIO TCOPHUH UT'P ABJIAACTCS OIPCACICHUC ONTUMAJILHOUI CTPATCTUH AJId KaXKAO0TO
UTPOKA.
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Bemrpei— 31o Mepa 3¢ dexra s urpoka. B Teopuu Urp BBIMTPBIII TOJDKEH U3MEPSThCS
00513aTeJIbHO KOJIMYECTBEHHO.

B ciiydae KoHeUHO# UrphI ABYX JUI] (PYHKIIUN BBIMTPHIIIA KXKIOTO U3 UTPOKOB yIO0OHO
MPEJICTABIIATh B BUJI€ MATPUILIBI BBIUTPBILICH, T/I€ CTPOKHU IPEICTABISIIOT COO0M CTpaTeruu
OJTHOTO UTPOKA, @ CTOJOLIBI — CTPATEruu APYroro. B KiIeTkax MaTpuLlbl YKa3bIBaIOTCS BBIUTPHIIIT
Ka)XJIOTO U3 UTPOKOB B KaXKJ0M M3 oOpasyromuxcs cutyanuii. Jlanaas ¢popma mpeacTaBieHus
KOHCYHBIX UI'P HA3bIBACTCA «MATPUYHBIC UTPBI».

[Ipumep pemrenns 3amaun. Mrpa B «OpIISTHKY».

Ecnu 06a BbIOMpaoT 0TMHAKOBEIE CTpaTeruu (06a roBopsT “open’), To 1-i BRIMTpHIBAET
1 pyOnb (a BTOpO# IPOUTPHIBAET); €CIIU BEIOMPAIOT pa3HbIC, TO 2-i BEIMTPHIBACT.

Tabmuma 2.1
Marpuriia BerpsIiiia rnepsoro urpoka (Hy)
Open Pemika
Open 1 -1
Pemka -1 1

Martpuna Bemrpsina sToporo urpoka (H»)

Open Pemika
Open -1 1
Pemka 1 -1
Jns antaronuctrudeckux urp Becerga Hi=— Ha.

Marpuua, 3j1eMeHTaMH1 KOTOPOM SIBJISIOTCS BBIMTPBIIIN, COOTBETCTBYIOIIHUE CTPATErUsIM
WUTPOKOB, HA3bIBAETCS IJIATEKHON MAaTPUIICH WIJIM MaTPULIEH UTPHI.

HwxHsas niena urpsl (o) (MAaKCUMHHHBIA BBIMTPHIII — MAKCUMHH) — 3TO TapaHTHPOBAHHBIN
BBIUIPBILI IIEPBOTO UTPOKA IPU JIIOOOH CTpAaTEruu BTOPOro UIPoKa (TO €CTh U3 KaX10M CTPOKU
BBIOMpPAaEM MUHUMAJILHOE YHCJIIO, a 3aTE€M U3 BCEX TUX MUHUMYMOB OepeM HauOOoJIbIINIA).
Crparerus, COOTBETCTBYIOIIAS MAKCUMUHY Ha3bIBACTCS MAKCUMUHHOM.

Bepx#sis niena urpsl () (MUHUMaKCHBIH BRIUTPBIIT — MUHUMAKC) — 3TO
rapaHTHUPOBAHHBINA TPOUTPHIIT BTOPOTo Urpoka. (To ecTh U3 KakI0TO CTOJI0IA BEIOpaeM
MaKCHMaJIbHOE YHCIIO, & 3aT€M M3 BCEX MAaKCUMYMOB OepeM HauMeHbIui). Ctparterus,
COOTBETCTBYIOIIasi MUHUMAKCY, Ha3bIBA€TCS MUHUMAKCHOM.

[TpuHIUN, TUKTYIONIMH UTPOKaM BBIOOp HanOoJee «OCTOPOKHBIX» MUHUMAKCHOHN U
MaKCHMHHHOM CTpaTeTui, Ha3bIBACTCSA MPUHIIMIIOM MUHUMAKCA. DTOT PUHLUII CIEAYET U3
Pa3yMHOTrO MPEAIOI0KEHHS, YTO KAKbIi UTPOK CTPEMUTCS JOCTUYD LENIH, IPOTUBOIIOI0KHON
IIeJIM IPOTUBHUKA. ECii BepXHsS M HUOKHSAS LICHBI UTPhI COBMAIAIOT 0=f=0, TO 3Ta LieHa

Ha3bIBACTCS] YUCTON IIEHOU UTPhI WJIM LIEHON UTPBHI.

-1 +1
Jns A= a=-10=1 a+ [
+1 -1
Jlns B 2 04 1, B=1 B=0=1
= a:, = a: = =
P31 06
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MUHHUMAaKCHBIE CTPAaTEruu, COOTBETCTBYIOIIHE LIEHE UI'PBL, SBIIAIOTCS ONTUMAIbHBIMU
CTPaTErvsIMHU MM PEIICHUEM UIPBI. TO €CTh B TOM ClIy4ae MEPBBIM UIPOK MOJIy4aeT
MaKCUMaJIbHBIN, HE 3aBUCALIUN OT II0BEIECHUS BTOPOTO UI'POKA BBIUTPBILI (, & BTOPOU UTPOK
JO0OMBAETCss MUHUMAJIBHOTO FapaHTUPOBAHHOTO, HE 3aBUCSAIIETO OT IOBEJCHUS IEPBOT0 UTPOKa
npourpsiia q. Takoe pemenue 061a1aeT yCTOMUUBOCTBIO, TO €CTh €CIIU OAMH U3 UTPOKOB
NPUIEPKHUBAETCS CBOCH ONTUMAIbHOM CTPATEruu, TO JUIsl JPYTroro He MOXKET ObITh BBHITOJHBIM
OTKJIOHATBCS OT CBOEH ONTUMAIIBHON CTPATETUN.

ITapa cTpareruii naet ONTUMaIbHOE PEIIEHUE UIPBI TOT/IA U TOJIBKO TOTA, KOT1a
COOTBETCTBYIOIUMI AJIEMEHT MaTPHULbI (pPa3Mep BBIUTPHIILIA-TIPOUTPBIIIA) SABIISAETCS
OJIHOBPEMEHHO HauOOJIBLINM B CBOEM CTOJIOLE U HAMMEHBIINM B CBOeH cTpoke. Takas
CUTYyalUs, €CJIM OHA CYIECTBYET, HAa3bIBACTCS CEUIOBOM TOUKOM. To ecTh Urpa paspemiuma B
YHUCTBIX CTPATErHsIX, KaKIbIA U3 UTPOKOB OyJeT Ha Ka)KJOM IlIare BEIOUPATh OJHY U Ty XKe
CTpPATETHIO U €My HE BBITOJHO OT HEE OTKJIOHUTHCS: €CJIN MIePBbIi UTPOK BBIOEPET APYTYIO
CTpaTETHIo, Y HEro OyAET BBIUIPHILI MEHBIIIE, a €CIM BTOPOH UTPOK BBIOEPET APYTYIO
CTpaTETHIo, Y HETO MPOUTPHIII OyaeT OobIe.

1.8 Jlexnus Nel3 (2 gaca)
Tema: «ArpoBble Moae/ M NPUHATHA PeELLICHUIT»

1.8.1 Bomnpocsl Jekunu:

1. 'eoMeTpuueckoe pelieHue urp
2. bumarpuunble urpa

3. KoonepaTuBHbI€ UTPHI

1.8.2 Kpartkoe coaep:xkaHue BOIPoOCOB

1. 'eomeTpuyeckoe penieHue urp
[Tycts nmeetcst 1Ba urpoka A u B. Y kaxi1oro u3 Urpokos 1o JBe crpareruu (A u Ay y
urpoka A, B; u B, y urpoka B). Urpa ¢ HyneBoit cymmoid.

ITo ocu abcmuce oTI0XKUM 0Tpe30K AjA;, TO €CTh TOUKa A| U300pakaeT CTpaTeruio A
(x=0), A, — cTpareruto A,, Bce MPOMEKYTOYHBIE TOYKH — CMEIIIaHHbIe cTpaTerun. Ha ocu
OpIMHAT OTKJIIbIBAEM BBIUTPHIIII IEPBOTO UTPOKA, €CIIM BTOPOU MPUMEHWUIT CTpaTeruio B;.
AHaJIOTHYHO CTPOUM BTOPOM rpaduk, eciau BTOpoi rpaduk BEIOpal cTpareruto B,.

A B, y
y M
1 Bz M
B : 7 B
— | |
| . 293} :
141 |
aj i a2 | ¢ a»
1 |
X
b2 i pi X . <
A A A A

Puc. 2.1. ['eomempuueckas unmepnpemayus cmpamezuti nep8o2o UspoKa

qi=anpitazipz

go=apppitanp, (opauHara Touku M; u Mj, COOTBETCTBEHHO)
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&
B cooTBeTcTBHM C MIPUHLIMIIOM MUHHUMAKCA ONITUMAJIbHAS CTpAaTerusi S, TaKOBa, YTO
MUHUMAaJbHBIN BBIUTPHIII UTPOKa A (IIpU HAUXYIIIEM MMOBeAeHUH Urpoka B) oOpamaercs B
MaKCHUMYM.

y
B,
B, f
] » B,
B |
—4 1
1
p2 iSA* p1 X
A (P p) Az

Puc. 2.2. Pewenue uepol epaguueckum cnocobom

OTtpe3ok B|N — MUHUMaITbHBIN BBIUTPHITIT UTPOKA A TIPH MCTIOIB30BAHHUH JIFOOOH
CMEIIaHHOH cTpaTeruu, eciau Urpok B BeiOpan ctpateruto B;. Ananornuno, orpe3ok BoN —
BBIUTPHINI UTPOKa A, eciin UTpok B BeIOpan ctpareruto B,. CiemoBarenbHo, ONTUMAIBHYIO
CTpaTeruio onpeaenser Touka N, To €CTb MUHUMAIbHBIN BBIMTPBIII JOCTUTAET MAKCUMYMa.

Hpumep pewtenusa 3adauu.

Pemmte rpaduuecku urpy, 3aJaHHYIO TIATSKHOW MaTPHUIICH:
(15 3
121
OrnpenenumM BEpXHIO U HUKHIOKO LIEHbI Urpbl: @ =1,5, £ =2. CienoBarenbHo,

Ce/IIIOBasi TOYKA OTCYTCTBYET, Oy/IeM UCKATh PEIICHUE B CMEIIAaHHBIX cTpaTerusx. OTMeTuM Ha
rpaduke BeTMYMHY BBIMTPHIIIA JIJIsI KQXKI0H Maphl CTPATErHii.

B, ?2

! B
1,57 : ?

1
B, : 1

1

p2 H pi X}

Al A2

Puc. 2.3. I'paguuecxoe peuwterue uepol

3anuiieM ypaBHEHME MPSIMBIX, COOTBETCTBYIOLIUX BEIMYMHE BBIMTPBILIA UTPOKA A,
eci UTpok B BeIOMpaeT, COOTBETCTBEHHO, NEpBYIO (B;) y==0,5x + 1,5 u BTOpyio (B,)y=—2x
+ 3 crpareruu. Touka ux nepeceuenus N(0,6, 1,8). CnegosarensHo, pr=x = 0,6 —
BEPOSITHOCTh BBIOOpA UTPOKOM A BTOpO# cTpareruu; p; = I — 0,6 = 0,4 — BeposITHOCTh BBIOOpA
UrpokoM A mepBoii crpaterun. Ilena urpsl O =y = 1,8 — MaKCMMaIbHO BO3MOYKHBIH M3
MHUHHMMAaJIbHO TapaHTUPOBAHHBIX BBIUIPHILIECH Urpoka A (MO0 MUHUMAJIBHO BO3MOKHBIN U3
MaKCHMaJbHO FapaHTUPOBAHHBIX IPOUTPHILIEN UTpoka B).
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BaxxHo noMHNTB. ['padmuecku MOXKHO PEIIUTh UTPY, €CIIU B UTPE YUACTBYIOT TOJIBKO
JIBa UTPOKA U y OTHOTO U3 UI'POKOB UMEETCS TOJIBKO JBE CTpaTeruu (y BTOPOTro Urpoka — Jiroboe
KOJIMYECTBO CTpAaTEruil).

2. bumarpuyHblie urpa

Bo MHOTrHX cuTyanusx He 00s3aTeabHO, YTOOBI OAMH UTPOK BBIMTPHIBAI, a IPYTOW CTOJIBKO
e TIpourphiBail® Takue UTphl HA3BIBAIOTCS HEAHTATOHUCTUYCCKUMHU (C HEHYIIeBOM cymmoit) Jlmst
JIBYX WUIPOKOB BBIMIPBIIIM B TaKWX Hrpax HNPUXOAMUTCS 3alUChIBaTh HE OJHOH, a JBYMs
IUTATeXKHBIMA MaTpPUIIAMH, MO3TOMY OHHM HMMEIOT Ha3BaHUE OWMATpuU4Hble WUrPbr MHTEpech
UTPOKOB 3/I€Ch HE SIBJIAIOTCS MOJIHOCTHIO MPOTHUBOIOJIOKHBIMHU, U MX TIOBEJECHHUE MOXET ObITh
Oonee pa3HO-00pa3HbIM” Paznmu4aroT HEKOOIIEPATUBHBIE OMMATPUYIHBIC UTPHI U KOOTIEPATUBHBIE,
B 3aBUCHMOCTH OT TOTO, MOTYT JIM JIOrOBapHUBAaThCS UTPOKH, WM COIVIAIIEHHE HEBO3MOXHO IO
npaBujIaM UTPhIT

PaccMoTpuM Ki1acCMYECKyr0 MO/I€Th HEKOOTIEPATUBHONW OMMAaTPUYHON UTPBI, ©3BECTHON KakK
«unemma 3akitoueHHOro» JIBa MpecTymHUKa OXUAAIOT MPUTOBOpa CyJa 3a COBEpIICHUE
npectymieHus” AJBOKaT KOHQUACHLUUAIBHO TMpeasiaraeT KaXJoMy M3 IPECTYIMHUKOB
OCBOOOJIUTH €ro, €ClIi OH CO3HAETCS U JACT MOKa3aHHS MPOTHB COOOIIHUKA, KOTOPOMY T'PO3UT
yroauth B TEOpbMY Ha 10 et Ecnii HUKTO He cO3HAeTCs, TO 000UM YrpoXKaeT MOTyIuTh 1 Toj 3a
HE3HAaYuTeNbHOEe TmpecTyruieHne ¢ Ecim co3HaoTes o0a MpecTyrmHWKa, TO C  Yy4ETOM
YUCTOCEPACYHOT0 MPU3HAHUS OHU OJIydar S JIeT

[TocTpoum mnaTexHbie MAaTPULIBI UTPOKOB CO CTPATETUSIMU «CO3HATHCS A -A(», «CO3HATHCA
B - B», «ue co3HaBathcs A - By», «He co3HaBatbcsi B - Bo» IlepBoe unciio - BeMrpeim A, a
BTOPOE - BBIUTPHIIII

31ech WrpoKH JOTOBOPUTHCS HE MOTYT.O3TOMY MM HEOOXOIMMO pPYKOBOJACTBOBATHCS
MPUHIIAIIOM 37JPaBOT0 IECCUMHU3Ma M BRIOPATh MAKCUMUHHYIO CTPATETHUIO.

Ecnmu A BeiOeper Al. TO B Xy/IIeM cirydae OH MOJYYIHUT S5 JIET, €CIIM TO B XY/AIIEM CiIydae OH
IOy  30J1» BBIOEPET MEHbILEe - Aj.

Urpok B ecnam Beibeper Bj. To B xymmiem ciaydae monxyduT S5 jer.a ecnd Bp. To 10 ner.
[TosToMy.uTOOBI HE prcKOBaTh. OH BbIOEpeT Bi. [lonyunnu «ceanosyto Touky» (A1.B1).

TakuM 006pa3oM.000MM 3aKIIOYEHHBIM Jy4llle BMECTE CO3HAThCA M MOJYYUTh MO 5 JIeT.
371ech HU OJHOMY U3 UTPOKOB HE BBIFOJHO OTKJIOHSATHCS OT CBOEM ONTHMAalIbHOW CTpATETUU B
onnHOouKy. [IpuBeneHHbI MOaX0A K PEIIEHUI0 HEKOOMEePAaTUBHBIX OMMATPUUHBIX UTP MOJ00EH
IPUHLINAITY «MUHUMAKCa» JUIsl MATPUYHBIX UIP U Ha3bIBA€TCA HAXOXKACHUEM TOUKH PaBHOBECHS
no Hamy. Hoam mokaszan.yro mobas OMmaTrpudHas Urpa UMEET pelIeHHE B YHMCThIX WM CMe-
IIAHHBIX CTPATETUsX.

3. KoonepaTtuBHbIe HTPHI

KoonepatuBHOI WUrpoil HA3BIBAIOT TAKYK) MOJENb CUTYAal[MU.KOT/IA BBIMTPBIIIA UTPOKOB HE
UMEIOT HYJIEBOM CyMMBI. U B KOTOPOW HMTPOKAaM pasperraercs oOCYXJaTh CBOU CTpaTeTdd U
JIOTOBAPUBATHCSI O COBMECTHBIX JCHCTBUAX. T. €. 00pa30BbIBaTh Koanuimu. OCHOBHOM 3amaueit
3/1€Ch SIBIISICTCS JIEJIEK OOIIET0 BBIUTPHIIIIA MEXKITY WICHAMH KOATUIUH.

B cnydae 1ByX UTpOKOB BBIUTPBIII B UTPE - 3TO Mapa BHIMTPHILIECH. MPEACTABISIONINX 001IHe
BIMTPBIIM. Eciu wurpoku OyayT mnepeOuparh BCEBO3MOXKHBIE CTparerudl (YHCTBIE U
CMEIIIaHHBIE).TO BCE MPOCTPAHCTBO BBHIUTPHIIIEH B UTPE 00pazyeT HEKOTOPOE MHOMXKECTBO TOYEK.
OTpaHMUYEHHBIX HEKOTOPOM JIMHUEH (cM. pUCYyHOK). Ha pucyHKe MOXHO yKazaTb TOUYKY C
KOOpJMHATAMH BBIUTPHINIEH UTPOKOB.KOTOPHIE OHM MOTYT rapaHTHUPOBaTh cede. He mpuderas K
noroBopeHHocTsM (T ;. T';). Takast Touka Ha3bIBACTCSI TOUKOU YTPO3BI.

Ha MHOXecTBe BBIMIPHINIEH MOXHO HAWTH MHOXECTBO [lapeTo-onTHMaibHbBIX pPEIICHUH.
[Tapero-onTuManbHbIE TOYKU.0€3yCIOBHO. JIYUIIE BCEX APYTHX TOUYEK MHOKECTBA BBIMTPBHIIICH.
TaK KaK OHU SBJISIIOTCA CAMBIMHM IPABBIMM HA FOPU30HTAIA M CAaMBIMH JIEBBIMU Ha BEPTHKAJIH.

34



OueBugHo.uto [lapeTo-onTUManbHble TOYKH - 3TO CEBEPHO-BOCTOYHAS TpaHUIla MHOXECTBA
BBIUTPBILICH.

Touku [lapeTo-onTUMaNbHOTO MHOKECTBA.HAXOMASIIMECS OJIHOBPEMEHHO BBIIIE U TpaBee
TOYKH yrpo3sl T. 00pa3yioT HeperoBopHoe MHOXkEcTBO. OuUeBHIHO.YTO HIPOKaM BBHITOJHO
JIOTOBAPUBATHCA. €CIIM UX BBIUTPHIII OyIET JIydIlle. 4eM TOT. KOTOPBIN moirydaeTcs B Touke 7. Ha
MEPErOBOPHOM MHOKECTBE BbIJIEISETCS

1.9 Jlexnust Ne14,15 (4 yaca)
Tema: «CeTeBoe NUIaHNPOBaHHE U YIIPABJICHHE»

1.9.1 Bomnpocsl Jekuum:
1. OcHOBHBIE IOHATHSI CETEBOTO INIAHUPOBAHUS U YIIPABIICHUS.
2. [TpuHUMIBI pelIeHHs 3a/1ay.

1.9.2 Kparkoe coaep:xkaHue BOIPOCOB

1.0cHOBHBbIE NOHATHS CETEBOr0 NJIAHNPOBAHNUS U YIPaBJIeHHS.

CereBoe [lnanupoBanue m YmpapieHHE — 3TO KOMIUIEKC IpaUMUecKuX M PacyeTHBIX
METOJIOB, OpPTaHM3AIMOHHBIX MEpPONPHATHH, O00ECHEUMBAIONINX MOJCIUPOBAHUE, AHAIN3 U
JUHAMUYECKYIO TIEpECTPOUKY TJIaHa BBHITIOJHEHHUS CIIOKHBIX IPOEKTOB U pa3pabOTOK, HAIIPUMeED,
TaKUX KaK: CTPOMTEIBCTBO M PEKOHCTPYKIHUS KaKUX-THOO OOBEKTOB; BBINOJHEHHE HAaydHO-
UCCIIEIOBATEIbCKUX U KOHCTPYKTOPCKUX paboT; MOATOTOBKAa IPOM3BOJCTBA K BBITYCKY
NPOIYKIUH; MEPEBOOPY)KEHHE AapMHH; pa3BEPTHIBAHME CUCTEMBl MEAMIMHCKHX WU
npOoPMIAKTHIECKAX MEPOIPUSATHIH.

Xapaxmepmoil ocobeHnocmplo TaKUX MPOEKTOB SIBISETCA TO, YTO OHU COCTOST M3 psijaa
OTJENBHBIX, 3JIEMEHTApHBIX pabdom. OHM 00YCIIaBIMBAIOT JAPYT JApyra TakK, YTO BBIOJHEHHE
HEKOTOPhIX pabOT HE MOXKET OBITh HAayaTo paHbIIE, YEeM 3aBEPLICHB HEKOTOPHIE ApYTHE.
Hanpumep, yknagka gyHaaMeHTa HE MOXKET ObITh HadaTa paHblle, 4eM OYyIyT JOCTaBJICHBI
HEOOXOMMBIE MaTepHajbl; 3TH MaTepPHaIbl HE MOTYT OBITh JOCTAaBJICHBI paHbIIE, YeM OyayT
IIOCTPOCHBI TOABE3HbIE IYTH; 000N 3Tal CTPOMTENbCTBA HE MOXKET ObITh HauaT 0e3
COCTaBJICHHUS COOTBETCTBYIOIIEH TEXHUYECKON TOKYMEHTAIUH | T.JI.

Cemesoe IInanuposanue u Ynpasnenue exniouaem mpu 0CHOGHbIX SMANA:

1. ctpykTypHOE mnanupoBanue;
2. KaJleHJapHOE TUIAHUPOBAHUE;

3. onepaTMBHOE yIpaBIeHHE.

Cmpykmypnoe nianuposanHue HaYMHAeTCs ¢ pa3OMEHMS TMPOEKTa Ha  YeTKO
OTIpe/ieIeHHBIE OMEpaIuy, Il KOTOPhIX OMpPEIeNseTcss MPOAODKUTEILHOCT. 3aT€M CTPOUTCS
ceTeBOM TpaduK, KOTOPBIM TMPEACTABISIET B3aWMOCBS3W PAa0OT MpPOEKTa. ITO IO3BOJISAET
JIeTaJbHO aHATU3UPOBATh BCE pabOTHl M BHOCUTH YIYYIIECHHS B CTPYKTYpY HpPOEKTa emie 10
Hayaja ero peajan3anuy.

Kanenoapnoe nnanupoeanue mnpemycMaTpuBaeT HMOCTPOCHHME KaJeHIapHOrO Tpaduka,
OIIPEICTISIONIETO MOMEHTHl Hadala W OKOHYAaHUS KaXJOH paboThl W Jpyrue BpEMEHHBIC
XapaKTEPUCTHKN CETEeBOro rpaduka. DTO MO3BOJSAET, B YACTHOCTH, BBIIBIATH KPUTHUYECKHUE
Olepaly, KOTOPHIM HEOOXOIUMO YAETSATH 0c000€ BHMMAHHE, YTOOBI 3aKOHYHTH INPOEKT B
TUPEKTUBHBIA CpoK. Bo BpeMs KaJeHIapHOrO IJIAHWPOBAHUS OMNPEICISIOTCS BpPEMEHHBIC
XapaKTepUCTHKH BceX pabOT ¢ MLEeNbI0 MPOBEJICHHS B JAIBHEHUIIEM onmumuzayuy CETEBON
MOJIENIN, KOTOpasi MO3BOJIUT YIYUIIUTh 3PEKTUBHOCTH UCIIOIB30BaHUS KaKOTro-1100 pecypca.

B xone onepamusnoco ynpasnenusa NcTionb3ylOTCsl CETEBOM 1 KAJICHIAPHBIN TpaduKH IS
COCTaBJICHUS TIEPUOIUYECKUX OTUYETOB O XOJI€ BBHINIOJHEHHUs MpoekTa. [Ipu 3ToM cereBas Moaelb
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MOJKET IOJBEPraThCsl OMEPATUBHOM KOPPEKTUPOBKE, BCICACTBUE YEeTro OYIEeT pa3padaThiBaThCs
HOBBIW KaJI€HIAPHBIN TJIaH OCTAJIbHON YacTH MPOEKTA.

OCHOBHBIMU TIOHSTUSIMH CETEBBIX MOJIEJICH SBISIFOTCS TOHSTHS  «coObimusy W
«pabomwly.

Paboma — 310 HEKOTOpBIA TMpoLECC, MPUBOIAMMN K JOCTH)KEHHUIO OIPEIEICHHOTO
pe3ynbTara, TpeOyIoIUH 3aTpaT KakUX-TMOO PEecypcoB W HMEIOLIUN MIPOTSKEHHOCTh BO
Bpemenn. [1o cBoeilt ¢pusnueckoil mpupose paboTel MOKHO pacCMaTPUBATh KaK:

® Ociicmgue: pa3pabOTKa dYepTeka, H3TOTOBJICHUE JI€Tald, 3aJMBKa (yHIaMEHTA
0ETOHOM, N3YYCHHE KOHBIOHKTYPHI PHIHKA,;

® npoyecc: cTapeHUe OTIMBOK, BhICPKIBaHUE BIHA;

® ooicudanue: 0XKH1aHue TTOCTaBKH KOMITJIEKTYIOIIHX.

[To xonu4ecTBy 3aTpauynBaeMoOro BpeMeHH paboTa MOKET OBITh:

® OelicmeumenvbHol, T.¢. TPEOYIOIIeH 3aTpaT BpeMEHH;

o puxmusnoii, 1.e. GopManrHO HEe TpeOyroIIel 3aTpaT BpPEMEHU U MPEACTABISIONICH
CBS3b MEXIY KakUMH-THOO paboTamu, HampuMmep: Iepenada M3MEHEHHBIX 4YepTeked OoT
KOHCTPYKTOPOB K TE€XHOJIOTaM; Caya OTYeTa O TEXHHUKO-YKOHOMHUYECKHUX IMOKa3aTessax padoTh
1[€Xa BBIIIECTOSIIEMY MOAPa3ICICHHIO.

Cobbimue — 3T0O MOMEHT BPEMEHHM, KOTJa 3aBEpIIAlOTCs OJHU paboThl U HAYMHAIOTCS
npyrue. Hanmpumep, GyHIaMeHT 3aIUT OETOHOM, KOMIUICKTYIOIIUE MTOCTABICHBI, OTYETHI CaHBI
u 1.71. CoOBITHETIPEACTABISIET COOOM Pe3yabTaT MPOBEACHHBIX PadOT U, B OTJIMUKE OT PaboT, HE
UMEET MPOTSHKEHHOCTH BO BPEMEHHU.

Ha srame cTpykTypHOro miaHUPOBAaHHS B3aUMOCBSI3h PaOOT M COOBITHI, HEOOXOAUMBIX
JUIL JTOCTMDKEHUS KOHEYHOHM IIeNM MPOEKTa, M300pa)kaeTcs ¢ MOMOILBIO cemegozo epaguxa
(cereBoit Mozenu). Ha cereBom rpaduke padboOThl H300pakaroTCs cmpenkamu, KOTOpPHIS
COCIUHSIOT GepuiuHbl, W300paxaromme coObiTus. Hawanmo u okoHwyanue 000 paboTHI
OIMMCHIBAIOTCS Mapoil COOBITHI, KOTOpbIE HA3bIBAIOTCS HAUANbHLIM U KOHEUHbIM COOBITUSIMHU.

[MosTomy [uist HACHTH(DUKAIMH KOHKPETHOM PabOThl UCIIOIB3YIOT KO pabOThI (2,4), COCTOSIITHIA
U3 HOMEPOB Ha4aIbHOTO (i-r0) ¥ KOHEYHOTO (j-I0) coObITHH (cM. puc.1.).
pab6oTa (i,j)

@ D

Ha4dajJbHOE KOHEYHOE
COOBITHE coObBITHE

Pucynox 1- KonupoBanue paboThl

JIro60e coOBITHE MOXKET CUMUTATHCSI HACTYMHBIIMM TOJIBKO TOTJA, KOTJa 3aKOHYATCS 8ce
BXoJsuIe B Hero pabotel. [loaToMy, paGoThl, BEIXOASIINE U3 HEKOTOPOrO COOBITUS HE MOTYT
HAYaThCs, TIOKa HE OyIyT 3aBEpIICHBI 8ce pabOThI, BXOISIINE B 3TO COOBITHE.

CoObITHE, HE UMEIoLIee MPEIIIECTBYIONUX €My COOBITUM, T.€. C KOTOPOTO HAaYMHAETCS
IPOCKT, HAa3bIBAIOT UCX0OHbIM. COOBITHE, KOTOpPOE HE HMMEET MOCIEIYIOIUX COOBITHH H
OTpakaeT KOHEUHYIO 1eJIb POEKTAa, Ha3bIBACTCS 3A8EPUIAIOULUM.

[Tpu mocTpoeHNn ceTeBOro rpaduka He0OXOUMO CIIEIOBATh CIEAYIONUM PABHIIAM:

1) nnMHA CTPENTKU HEe 3aBUCUT OT BPEMEHH BBITIOJIHEHUS Pa0OTHI;

2) cTpenka MOXET He ObITh MPSIMOJIMHEHHBIM OTPE3KOM;

3) i JAeWCTBUTENBHBIX pPaOOT HMCHONB3YIOTCS CIUIOIIHBIE, a /s (UKTUBHBIX -
MyHKTHPHBIE CTPEIIKH,

4) xaxmas orepanus I0JDKHA OBITh MPECTaBICHA TOJBKO OHOM CTPEITKOM;

5) MeXay OJHUMH U TEMU K€ COOBITHSMH HE JIOJDKHO OBITh MapalljieNIbHBIX padoT, T.e.
paboT c OAMHAKOBBIMU KOJAMU;

6) crexyer n3beraTh MepeceyeHus CTPENOK;

7) He IOJDKHO OBITH CTPENIOK, HAIPaBJICHHBIX CIpaBa HAJIEBO;
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8) HOMep HayaJIbHOTO COOBITHUS IOJKEH OBITh MEHBIIIE HOMEpa KOHEYHOT'O COOBITHS;

9) He AOMKHO OBITh GuUCAUUX COOBITHH (T.€. HE UMEIOIINX MPEIIIECTBYIONUX COOBITHI),
KPOME HCXOTHOTO;

10) HE TOKHO OBITH MYNUKOBbIX COOBITUH (T.€. HE UMEIOIIMX MOCICIYIONINX COOBITHI),
KpOME 3aBEpIIAOLIETO;

11) HE TODKHO OBITH ITUKJIOB.

Baxnoe 3HaueHuMe Uil aHanM3a CETEBBIX MOJENEH MMeEeT MmoHsAThue nytu. Ilyms — 31O
m00as oClIeIOBATEIFHOCTh PA0OT B CETEBOM I'paduke (B 4aCTHOM cllydae 3TO OAHa padbora), B
KOTOPOI KOHEUHOE COObITHE OAHOM PabOThI COBIAAAET C HAYAJbHBIM COOBITHEM CIIEIYIOLICH 3a
Hel paboThl. PaznuyaroT cienyronye BUIbI TyTEH.

Ilonnwlii nyms — 3T0 MyTh OT MCXOJHOTO COOBITHS 70 3aBepiuaroniero. Kpumuueckui
nymp — MaKCUMAaJbHBIM 1O MPOJOJDKUTENBHOCTH NOJHBIA myTh. PaboThl, nexammue Ha
KPUTHYECKOM IYTH, Ha3blBalOT kpumuyeckumu.dloOkpumuueckuit nyms — TOJHBIA IIyTh,
OnrKaiui Mo JIUTEIbHOCTU K KpUTHUYECKOMY ITYTH.

[TocTpoeHue ceTH sIBISETCS UL MEPBBIM IIATOM Ha MYTH K MOCTPOSHUIO KaJIEeHIapHOTO
1aHa. BTOpeIM IIarom sIBIsieTCSl pacueT CEeTeBOM MOJENH, KOTOPbIM BBIMOJTHSIOT MPSMO Ha
CeTeBOM rpaduke, MoJab3ysACh MPOCTHIMU MPABUIAMH.

2. llpyHUMIIBI pelIeHus 3a/1a4.
K BpeMeHHBIM mapameTpam cOOBITHH OTHOCSITCS:

o Tp (1) — PaHHHUI CPOK HACTYIUICHUS COOBITHS 1. DTO BpeMs, KOTOPOE HEOOXOAUMO IS

BBITIOJIHEHHS BceX padoT, MPeANIecTBYIOMUX JaHHOMY cOObITHIO i. OHO paBHO HaMOOIbLICH U3
IPOJOJKUTEIBHOCTH IyTeH, MPEAIIECTBYIOUINX JAHHOMY COOBITHIO.

o T,(z’ ) — MO3THUH CPOK HACTYIUICHUS COOBITHS i. DTO TaKoe BpEeMsS HACTYIUJICHUS
COOBITUSL i, TPEBBIIIEHHE KOTOPOrO BBI30OBET AHAJOTHYHYIO 3aJepXKKy HACTYIJICHUS
3aBepIuaroniero coobiTus cetu. [103aHMI CPOK HACTYIIICHHS JIF0OOOTO COOBITHS 1 PaBEH Pa3HOCTH
MEXIY MPOJOJKUTENBHOCTBIO KPUTUYECKOTO MyTH M HAuOOJbIIEH W3 MPOAOIKUTEIBLHOCTEH
nyTel, CIeyIoNINX 32 COOBITHEM i.

J R(i ) — pe3epB BpEMEHHU HACTYIUICHHs COOBITHS i. DTO TaKOi MPOMEXYTOK BPEMEHH, Ha
KOTOPBIII MOXET ObITh OTCPOUEHO HACTYIUICHHWE COOBITHS i O€3 HapyLICHHsI CPOKOB 3aBEPLICHUS
npoekTa B 1einoM. HauanbHble M KOHEYHbIE COOBITUS KPUTHYECKHX pabOT HMMEIOT HYyJIEBbIE
pe3epBBI COOBITHIA.

PaccunTaHHble 4HCIIEHHBIE 3HAUEHMs] BPEMEHHBIX IIapaMETPOB 3aIMCHIBAIOTCS MPSIMO B
BEPIINHBI CETEBOTO rpaduka (cM. puc.2).

i |Tp(i)

R(i) | Tn()

Pucynox 2 — OtobpakeHre BpeMEHHBIX TTapaMeTPOB COOBITUI
B BEPILIMHAX CETEBOrO rpaduka

Pacuer pannux cpokxoB cBepiieHUs COOBITHIA Tp(z) BeeTCsl om ucxoonoeo (M) «

3asepwarougemy (3) COOBITHIO.
Ipumeyanue. IToCKONBKY JIUTETHHOCTh PAOOTHI MOXKET OBITH KaK HOpMalbHOU T, Tak U

yckopeHHo 7 (cm. 1. 3), TO aJisg OOIIHOCTH HM3JIOKEeHHs OyaeM B JajbHEWIeM 0003HavaTh
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TEKYIIYI0 JUIUTEIBHOCTh PabOThl OYKBOM t C COOTBETCTBYIOIIMM KOJOM pabOThI, HAIPHMED,
t(i,j), t(k,j) U T.1.
1. Jlnst MCXOHOTO COOBITHS I/ITp (I/I) =0.

2. Jlna BceX OCTalbHBIX COOBITHIA iTp(i)=maX[Tp(k)+t(k,i)], I1€ MaKCHUMyM

OepeTcs o BceM paboTam (k,i) , BXOJIAIINUM B COOBITHE 1.

WHbIMU cOBaMH, paHHHUHA CPOK HACTYIJICHUS COOBITHI — 3TO MaKCUMaJIbHAsi CyMMapHas
JUINHA IYTH OT UCXOIHOTO COOBITUS 10 JAHHOTO COOBITHS.

Ilo30nue cpoxu ceepuenus cobbituii T (1) PACCUUTBHIBAIOTCS OM 3a8epuianuje2o K

UCXOOHOMY COOBITHIO.

3. Jlns 3asepiuatoutero coosrrus 3 T (3) =T, (3) :

4. s Bcex ocTanbHbIX coObrtuii T (1) = min[TH( ]) — t(i, J)], I7ie MUHUMYM GepeTcs

10 BceM paboTam (i, ]) , BBIXOJISIIIIMM M3 COOBITHS 1.

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

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

K naunbosiee BaKHBIM BpeMEHHBIM IapaMeTpaM padoT OTHOCATCS:

o pH(i, ]) - paHHHIi CPOK Hayana paboTh;

o THH(i, J) - MO3/IHKIT CPOK Havama paboThI;

o Tpo(i, J) - paHHHIT CPOK OKOHYAHHS PAOOTHI;

° no(ia ]) - TIO3JHUI CPOK OKOHYAHUS PAOOTEL;

JI71st KpUTHUECKHX PaboT TpH(i, ]) =Thu (i, J) " Tpo (i, J) =Tyo (i, J)

o RH(i, _]) - IONHBIA pe3epB paboTHl NMOKAa3bIBAET MAKCHMAJLHOE BpeMs, Ha KOTOPOE

MOYET OBITh YBEIMYCHA MPOOKUTEIBHOCTh PabOTHI (i, J) WIN OTCPOYEHO €€ Hayaso, YTOObI

MPOAOJDKUTCIILHOCTE  MPOXOAAIICTO 4YCEpE3 HEC MAKCUMAJIBHOI0O NOyTH HC MPCBLICUTIA
MPOJIOJDKUTEIIEHOCTH KPUTHYECKOTO TyTH. BakHeliee CBOWCTBO IMOJHOTO pe3epBa pabOThHI

(i, ]) 3aKITI0YaeTCsl B TOM, YTO €r0 YaCTUYHOE MIIM MOJTHOE UCIIOJIh30BAHNE YMEHBIIAET MOTHBIN
pe3epB y pabor, Jexanmx ¢ paboToii (i, ]) Ha OHOM MyTH. Takum 00pa3om, MOJHBINA pe3epB

NPUHAISKAT HE OJHOM IaHHOW pabore (i, J), a BceM paboTaM, JeXalmluM Ha IyTsX,
MIPOXOJISIIIAM Yepe3 ATy padoTy.
° Rc(i, J) — cBOOOHBIN pe3epB pabOTHI MOKa3bIBACT MAKCUMAIILHOE BPEMsi, Ha KOTOPOE

MOKHO YBEJIUYHUTH MPOJOJLKUTEIBHOCTh PaOOThHI (i, J) WIA OTCPOYMUTH €€ Hayaslo, He MEHss

paHHUX CPOKOB Haydaia mocienyomux pador. Mcmoms3oBanue cBOOOIHOTO pe3epBa OIHOU U3
paboT He MEHSIET BEeTUYMHBI CBOOOTHBIX PE3EPBOB OCTAILHBIX pabOT CETH.

Bpemennbie mapameTrpsl pabOT CeTH ONpPEAETSIOTCS Ha OCHOBE PAHHUX M ITO3IHUX
CPOKOB COOBITHIA.

1) Tya(is]) = To ):
2) Toolisj) = Ty (i) + (i, ) wmn Ty (i, j) = Tom(i j) + t(i, j)
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3) Tno(iaj) Tn(j) 5

4) Tl'IH (i, J) Tn (J) - t(i, J) Hln THH(iaj) = Tno(i»j) - t(iaj) ’

5) Rn(iaj) = Tn(j - Tp(i) - t(i’j) 5

6) Re(i,j) = Ty (j) = Tp(i) — (i, ).

Bpemennsie mapametpsl paboT BHOCATCS B Ta0nuily. [Ipu 3ToM Koabl paboT 3aIMCHIBAIOT
B OTIPE/ICIICHHOM IOPSIKE: CHadaa 3aluChIBaIOTCS Bce pPabOThI, BRIXOISIINE U3 UCXOIHOTO, T.C.

MIepBoro, CO6BITI/I}I, 3aTCM - BBIXOJAIINEC U3 BTOPOT'O COGBITI/IH, IMOTOM - U3 TPETHETO U T.I.
PesepBamu BpemeHH, KpomMe pabOT W COOBITHH, OOJAJAIOT IOJHBIE TYTH CETEBOM

Mozenu. Pa3HOCT  MEXIAYNPOAOJKUTENBHOCT  KPUTHUYECKOIO  IIYTH T(LKp) u
IPOIOJDKUTEIBHOCTBIO JTI000T0 APYroro MoJHOTO MyTH T(LH) Ha3bIBACTCS IOJIHBIM PE3EPBOM

Bpemenu mytu L, T.e. R(LH) = T(LKp) — T(LH) . DTOT pe3epB MOKa3bIBAET, HA CKOJILKO B

CyMMe MOXeT OBITh yBEIHYEHa MPOIODKUTEIBHOCTh BCceX padOT MaHHOTO IMyTH L, 9ToOBI MpH
3TOM HE U3MEHHJICS OOIIUIl CPOK OKOHYaHUS BCeX PadoT.

Mertonuka ONTUMH3ALMKM 3arpy3KH CETEBBIX MOJEIECH MO0 KPUTEPHUID "MUHUMYM
UCIIOJIHUTEIIEeH" .

[Tpu onTHMH3aMU UCTIONB30BaHUS pecypca paboyei CHIIbI Yallle BCETO CETEeBhIE paOOTHI
CTPEMSITCS OPraHu30BaTh TAKUM 00pa3oM, YTOOBI:

® KOJHMYECTBO OJJHOBPEMEHHO 3aHATHIX HCIIOIHUTEICH OBLII0O MUHUMAITBHBIM;

® BBIPOBHATH MOTPEOHOCTH B JIIOACKHX peCypcax Ha MPOTSHKCHWH CPOKa BBIMTOJHEHUS
IPOEKTA.

CyTb oONTUMM3aLMKM 3arpy3Kd CETEBBIX MOJEJIEeHd 10 KPUTEPUI0 "MHUHUMYM
UCTIOJIHUTENIEH" 3aKiIodaeTcss B CIEAYIOIIEM: HEOOXOOMMO TakuM 00pa3oM OpraHu3oBaTh
BBITTOJIHEHHS CETEBBIX PAa0OT, YTOOBI KOJIMYECTBO OJHOBPEMEHHO PabOTAONIMX HCIIOJHUTEICH
ObUIO MHMHUMAJIBHBIM. [l mpoBeeHHs MOMOOHBIX BHJIOB ONTHMH3ALKMK HEOOXOIUMO
MIOCTPOUTD U TIPOAHATH3UPOBATE 2PAPDUK NPUBAZKU T 2PAPUK 3a2PY3KU.

I'pagpux npussasku OTOOpaKaeT B3aMMOCBS3b BBIOMHSAEMBIX DPAa0OT BO BpPEMEHH U
CTPOUTCS Ha OCHOBE JJAHHBIX JTUOO O MPOJOKUTEILHOCTH padoT (B JaHHOW J1aOOpaTOPHON 3TO
Tu), 1160 0 paHHUX CpoKax Havajga W OKOHYaHHUs padoT. Ilpu mepBom cmocobe mocTpoeHus
HEO0OXOMMO TTOMHHUTH, YTO BBHITIOJIHEHUE PA0OTHI (1, j) MOKET HaYaThCS TOJIBKO MOCTE TOTO, KakK
OyIyT BBITIOJHEHBI BCE MpeecTBymomue e padotsl (k, j). 1o eepmukanvhoii ocu zpaghuka
NpUBA3KU OTKIANIBIBAIOTCS KOObl padom, no 20pU3OHMAIbHOU OCU - ONUMEbHOCHb Padom
(paHHee HayaJlo U paHHEe OKOHYaHHE PadoT).

Ha epaguxe 3acpyskuno zopuzonmanvnoii ocu omxnaovliéaemcsa epemsa, HapUMep B
TTHSIX, NOBEPMUKAILHOU - KOJIUYECME0 Ue108eK, 3aHSATHIX pabdOTONW B KaKIbli KOHKPETHBIH
nenb. Jlns moctpoenus rpaduka 3arpy3ku He0OX0IUMO:

® Ha rpaduke MPUBI3KH HAJl KAKI0M pabOTOM HAMMCATh KOJIMYECTBO €€ UCTIONHUTEIICH;

® TI0JICYMTATh KOJTUYECTBO PAOOTAIOIINX B KAXK/IbII JI€Hb HCIIOTHUTEICH U OTIOKUThH Ha
rpaduke 3arpy3Ku.

s ynoOcTBa TOCTpOEHUs M aHanmm3a TrpaduKu  3arpy3Kd ¥ TPHUBSA3KH CIEYeT
pacroyiaraTh OJMH HaJI JIPYTUM.

OnucanHble BUABl ONTUMHU3AIMH 3arpy3Kd BBIOIHSIOTCS 3a CUET CABHTa BO BPEMEHU
HEKPUTUUYECKHX paloOT, T.e. pabOT, UMEIOIIMUX IOJTHBIM W/WUIM CBOOOJHBIN pPE3epBBl BPEMECHH.
[lonmublii M cBOOOAHBINM pe3epBbl 000 pabOTBI MOXKHO ONpEeAeTHTh 0€3 CIHeHaTbHBIX
pacyeToB, aHANM3UPYS TOJBKO Tpadhuk mpuBs3ku. CaBur pabOThl O3HAYAET, YTO OHA OyAET
BBITIOJIHATHCS YK€ B Opyeue Onu (T.e. UK3MEHHUTCS BpeMsl €€ Hayajla 1 OKOHYaHUs), YTO B CBOIO
ouepesb MPUBEAET K M3MCHEHUIO KOJIMYECTBA NCIIOJTHHUTENEH, pa0OTAIONIMX OTHOBPEMEHHO (T.€.
YPOBHSI €XKeITHEBHOU 3arpy3KHu CETH).
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MeTtonuka ONTUMM3ALMK CETEBBIX MOJIEIEH 110 KPUTEPUIO ""BpeMs-3aTparhl”

[lenpro onTuMH3aMKU MO KpUTEPHIO "Bpems - 3aTpaThl" SBISIETCA COKpPAIIEHUE BPEMEHHU
BBITIOJTHEHUS TIPOEKTa B IIEJIOM. DTa ONTUMHU3ALUS UMEET CMBICI TOJIBKO B TOM cliydae, Koraa
BpeMsl BBIMIOJIHEHUSI pabOT MOKET ObITh YMEHBILIEHO 3a CYET MOJAKIIIOUEHUS JOMOJHUTEIbHBIX
PECYpCOB, UTO MPUBOJUT K MOBBIIMIEHUIO 3aTPaT HA BBIOTHEHUE PaboT (cM. puc.3). [l oneHKu
BEJIMYMHBI JIOTIOJIHUTEIBHBIX 3aTpaT, CBA3AHHBIX C YCKOPEHHUEM BBIIOJHEHUS TOW I HHOMN
paboThI, UCTIONB3YIOTCS JINOO HOPMATHUBEI, TUOO TaHHBIC O BBHITIOJHEHUU AHATIOTUYHBIX PaboT B
npouwioM. [Tox mapamerpamu padot Cy (1, j) u Cyy (1, j) HOHUMAIOTCS TaK Ha3bIBAEMBIE Npsimble
3aTpaThl, HEMOCPEICTBEHHO CBSI3aHHBIC C BHIMOTHECHUEM KOHKPETHOU paboThI.

Cu (1, J) — mpsiMbIe 3aTpaThl MPU HOPMAITBHOM T€UEHUHU COOBITHI;

Cn (i, j) — mpsIMBIE 3aTpaThl IPU COKPAILICHHUH BPEMEHU COBEPILIECHUS COOBITHI 10 YPOBHS
MOJIKPUTHUYECKOTO.

Takum o0pa3oM, KocgeHwHble 3aTpaThbl THUIA AAMHUHHCTPATUBHO-YIIPABICHYCCKHX B
MPOLIECCe COKpAIleHUs UIMTEIbHOCTH MPOEKTa BO BHUMAaHHME HE NMPUHHUMAIOTCSA, OJIHAKO MX
BIIMSTHUE YYUTHIBAETCS MPU BHIOOPE OKOHUYATEIBHOTO KaJICHIaPHOTO TJIaHa MTPOEKTA.

3arpaThl

Cn(i,j)

Ca(i

Ty(i, J) Ty (i, j) Bpewmst
rae Ty, j) — ycKOpeHHOE BpeMs BBIIOJIHEHHS COOBITHS,
Tx(i, j) — HOpMaTTbHOE BPEMSI BBITIOJIHEHHS COOBITHS.

Pucynox 3 - 3aBUCHUMOCTD NMPSIMBIX 3aTpaT Ha pabOTy OT BPEMEHH €€ BBITTOTHEHUS

BaxxapiMu mapamerpamu paboThl (i, j) IpH IMPOBEICHUHM AAHHOTO BHUJIA ONTHMH3AIUU
SIBJISTFOTCSI:
® K03Ghuyuenm Hapacmarnus sampam

-
RN )

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

JUTMTENLHOCTH PabOTEI (i, J) Ha OJIUH JICHb;

® 3anac épemenu JJi COKPAIICHUS [UTUTEIBHOCTUA paOOThI B TEKYIIIUHA MOMEHT BPEMECHU

Za(1.§) = t2(.3) = Ty (3. )
e tT(i, ]) - UTUTETBHOCTE PabOThI (i, ]) Ha TEKYIMI MOMEHT BPEMEHH.
MakcumaabHO BO3MOXHOE 3HAUCHHE 3araca BpeMEHH PabOThl PaBHO
Zmax (1> ) = Ty (1, ) = Ty (1, j) -

Ora cHTyalusi WMEEeT MECTO, KOrja UIMTEeNhHOCTH paboThl (i, j) eme Hu pa3y He

COKpallajy, T.€. t (i, J) =Ty (i,j).
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OO0mas cxeMa nNpoBeieHUs1 ONTUMHU3ALNHU ""BpeMs - 3aTpaThbl'
1. Mcxons U3 HOpMAJIbHBIX JIUTEILHOCTEH pabor Ty (i, J), OTIPEETSIOTCA KPUTHUECKHE

L, Y NOJKPUTHUYECKUE [ IyTH CETEBOM MOJEIHN U UX JIUTEILHOCTH TKp u TH .

KD
0
2. OmpenensieTcst cymma IpSIMBIX 3aTpaT Ha BBIIOJHEHUE BCErOo IIPOEKTa Cpp TpH

HOPMAaJIbHO! TMPOJIOIDKUTEIIEHOCTH PadoT.

3. PaccMaTpuBaeTcst BO3MOXKHOCTb COKPAILCHUS MPOJODKUTEIIEHOCTH IPOEKTA, IS YETOo
aHATM3UPYIOTCS apaMeTpPhl KPUTUYECKUX PabOT MPOEKTa.

3.1. lna cokpaiieHuss BbIOMpaeTcssi KpuUTHYecKas pabora ¢ min KodQPHUIHEHTOM

HapacTaHUs 3aTpaT k(l, ]), MMEIOIIIasl HeHYJIEBOH 3aIac BpEeMEHH COKpPAIICHUS ZT(i, j).

3.2. Bpems At(i, J), Ha KOTOpO€ HEOOXOIMMO CKaTh JIUTENBHOCTh pabotel (i, j),

OIIPCACIIACTCS KaK
At(i, j)=min[Z (i, j),AT],
rae ATzTKp —T,; — pasHOCTL MEXIY [UIMTEIbHOCTBIO  KPUTHYECKOTO W

MOAKPUTUYECKOTO IIyTE€H B CETEBOU MOJEIIH.

Heobxomumocts yuera mapamerpa AT Bbi3Bana Helenecoo6pasHOCTBIO COKpAIEHHUS
kputudeckoro nytu Gonee yem Ha AT enuuun Bpemenu. B 3Tom ciyuae KpUTHYECKUH I1yTh
HepecTaHeT OBbITh TAKOBBIM, a IMOAKPUTHUYECKUN INyTh HA0OOPOT CTAaHET KPUTHYECKHUM, T.€.
JUINTENIBHOCTh MPOEKTa B LIE€JOM HPUHIUIHMAIBHO HE MOXET ObITh COKpalleHa OoJiblle, YeM
ma AT .

4. B pe3ynbTaTe cKaTHsl KPUTUUECKOH pabOTHI BpEMEHHBIE ITapaMeTpbl CETEBOM MOJENIN
U3MEHSAIOTCS, YTO MOXET NPHUBECTH K IOSBICHHUIO IPYIMX KPUTHYECKHX M MOJKPUTHYECKHX
nyreil. BcnenctBue ynopokaHust yCKOPEeHHOM paboThl  0o0IIass CTOMMOCTh MPOEKTa
YBEJIMUMBAETCS HA BEINYUHY

ACpp = k(i, j)At(i, j).

5. [nd U3MEHEHHOW CETEeBOM MOJCIHM OIPEACISAIOTCS HOBBIE KPUTHYECKUE U
MNOAKPHUTUYCCKUEC NTYTU HW HUX JIUTCIBHOCTH, IIOCJIC 4YCTO HCOGXOI[I/IMO MMpOOOJIKUTD
OIITUMHU3AIIUIO C IIIara 3 HpI/I HaJIN4YUH OFpaHI/I‘-IeHI/IH B JICHCKHBIX CpeI[CTBaX, nux chepHaHHe
ABJISICTCA HpH‘lHHOﬁ OKOHYAaHUA OIITUMH3AIINN. Eciu He YUUTBIBATDH HOILOGHOG OTpaHHUYCHHUEC, TO
ONTUMM3ALMIO MOYKHO NPOAODKATH O TEX IOp, NOKa y paboT, KOTOpble MOIJIu Obl OBITH
BBIGpaHBI IJIs1 COKpaIICHUA, HE 6yz[eT HCUCpIIaH 3alac BpEMCHHU COKpaAllCHUA.

1.10JIexkuus Ne16,17,18 (6 yaca)
Tema: «Onepary MaccoBOTO 0OCTYKHBaHUSDY

1.10.1 Bonpocsl Jeknum:

1. CtpykTypa 1 KiacCupUKaIms CHCTEM MacCOBOTO OOCITYKHBAHHUS

2. MapKoBCKHi1 CiiydyalHbINA MPOLIECC

3. CucreMbl MaccoBOrO 0OCITYKUBAHUS C OTKa30M

4. CucteMbl MacCOBOTO OOCITY)KMBAHHSI C HEOTPAHMYEHHBIM 0KHIaHUEM
5. 3aMKHYTbIE CHCTEMBI MacCOBOTO 0OCITYKUBAHMUS

1.10.2 Kparkoe comepxxanue BOIPOCOB
1. CTpykTypa n Kiaccupuranns CHCTEM MacCOBOIo 00CIyKMBAHUSA
HCpCHKO BO3HHKACT HCO6XOHI/IMOCTB B pCHICHUHN BCPOATHOCTHBIX 3aja4d, CBA3AHHLIX C
cucteMamu MaccoBoro oocnyxkuBanus (CMO), npuMepaMu KOTOPBIX MOTYT OBITh:
* bunernsie kacchl;

* PeMOHTHBIE MaCTEPCKUE;
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* Toproselie, TpaHCTIOPTHBIE, SHEPTETHUECKUE CHCTEMBI,
* CHCTeMBI CBA3H;
* WT.
OOIIHOCTh TAKUX CHCTEM BBIABIAETCS B €AMHCTBE MATEMATHYECKHUX METOLOB M MOJIEIIEH,
MPUMEHSEMBIX TIPU UCCICAOBAHUH UX JIEATCILHOCTH.

|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 Bxox B CMO nocrtynaer notok TpeOoBaHuii Ha oOciyxuBanue. Hanpumep, KIMeHTHI
WIA TAIMEeHTHI, OJOMKHA B 000OpyIOBaHHMH, Tele(OHHBIC BHI30BBHL. TpeOOBaHMS IMOCTYIAIOT
HEeperyJisipHo, B cly4yailHble MOMeHTbl BpeMmeHU. CryuailHbIl XapakTep HOCHUT H
IPOJODKUTEIBHOCTh OOCIYKUBAaHUS. DTO CO3JAET HEPEryIsipHOCTh B padore CMO, cimykut
IPUYMHOM ee meperpy3ok U HeJOrPy30K.

CucteMbl MaccoBOro OOCITY)KMBaHHUS O0JIAAAIOT PA3IUYHON CTPYKTYpOil, HO OOBIYHO B
HUX MOYHO BBIJEJIUTh YEThIPE OCHOBHBIX MIEMEHTA!

1. Bxopsimuit notok TpeboBaHMIA.
Hakomnurens (ouepenp).
[TpuGops! (kaHaIBI OOCTYKUBAHHS).
Beixonsmuii noTok.

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 00Cayricu8anus.
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- a
1 2 3 4 5
Ouepem IIpocToii kaHama
— S —
0 1 h . t
> 6
1 2 3 4 5

Puc. 3. Mooenv pabomsi cucmemol
(cmpenkamu noKasamvl MOMeHmvl NOCMYNJIeHUs MPebo8aHull &
cucmemy, npsamMoy20IbHUKAMU — 8PeMSL OOCIYICUBAHIUSL)

2. MapkoBcKHi cJIy4aiiHbIH npouecc

Cucrema MaccoBOro 00CIIy)KMBaHMs MPEACTABIAET COOOM cUCTEMY JUCKPETHOIO THIA C
KOHEUYHBIM MJIM CUETHBIM MHOXECTBOM COCTOSIHUH, a IEPeXoj] CUCTEMBbI U3 OJJHOI'O COCTOSIHUS B
JIpYroe NpoUCXOAMUT CKauYKOM, KOTJa OCYLIECTBIISIETCA KaKOe-HUOYb COOBITHE.

ITponiecc Ha3bIBaeTCsl npoueccom ¢ OUCKPEMHBLIMU COCHMOAHUAMU, €CIU  €ro
BO3MOXHBIE COCTOSHUS S7,5,,53,... MOKHO 3apaHee epeHyMepOBaTh, H MePEXo/] CHCTEMbI U3

COCTOSIHHS B COCTOSIHME MPOUCXOUT MPAKTUYECKA MTHOBEHHO.

Takue nporeccsl OBIBAIOT JBYX THIIOB: C JUCKPETHBIM MU HETPEPHIBHBIM BPEMEHEM.

B cinydae nOuMCKpETHOro BpEMEHHM TMEpPEeXO/Abl U3 COCTOSIHUS B COCTOSIHUE MOTYT
IPOUCXOIUTh B CTPOrO OMNpEJEJICHHbIE MOMEHTHI BpeMeHH. lIporecchl ¢ HempepbIBHBIM
BpEMEHEM OTJIUYAIOTCA TE€M, YTO MEPEXOJ CUCTEMbl B HOBOE COCTOSIHUE BO3MOXEH B JIIOOOU
MOMEHT BPEMEHH.

CrnydaliHBIM TPOILIECCOM HAa3bIBA€TCS COOTBETCTBHE, MPU KOTOPOM KaXKIOMY 3HAYEHUIO
aprymMeHnTa (B JaHHOM cllydae — MOMEHTY M3 IMPOMEXYTKa BPEMEHHU IMPOBOJUMOTO OIIBITA)
CTAaBUTCSI B COOTBETCTBHE Ciy4yaliHas BeldM4MHa (B JaHHOM ciydyae — coctrosnue CMO).
Cnyyaiinoii éeauuunoll Ha3bIBACTCS BEIMYMHA, KOTOpas B Pe3yJbTaTe OIMbITa MOXET MPHUHSITH
OJIHO, HO HEM3BECTHOE 3apaHee, KaKoe MMEHHO, YMCJIOBOE 3HAUYEHHWE M3 JaHHOT'O YHCIIOBOTO
MHO>KECTBA.

[TosToMy nmsi pemeHusi 3aja4 TEOPUU MacCOBOTO OOCIY)XMBaHUS HEOOXOAUMO 3TOT
CIIy4aiiHBIN MpoIlecC U3YYUTbh, T.€. MOCTPOUTH U TMPOAHAIU3UPOBATH €r0 MaTEeMaTHUYECKYIO
MOJIETTb.

Cnyuaiinslit npoyecc Ha3pIBaCTCA MAPKOECKUM, ECII TS TIOOOTO MOMEHTA BPEMEHH 1
BEPOSATHOCTHBIE XapAaKTEPUCTUKH Tpoliecca B OyAyIIeM 3aBUCAT TOJBKO OT €ro COCTOSIHHS B

I[aHHBIf/i MOMCHT tO " HC 3aBUCAT OT TOT'O, KOI'/Ia U KaK CUCTECMa IpHIjia B 3TO COCTOSAHHUC.

[Tepexobl CUCTEMBI U3 COCTOSIHHUSI B COCTOSIHUE MPOUCXOIUT IMOJ] JECHCTBUEM KaKUX-TO
MOTOKOB (IIOTOK 3asBOK, MOTOK OTKa30B). Eciiu Bce MOTOKM COOBITHI, MPUBOJSIINE CUCTEMY B
HOBOE COCTOSIHHE, — MPOCTEHIIIHE TyacCCOHOBCKHUE, TO MPOIECC, MPOTEKAIOIINNA B CUCTEME, OyieT
MapKOBCKUM, TaK KaK MPOCTEHIIMI MOTOK He 00JiaJaeT MOCIEACTBUEM: B HEM Oyayiiee He
3aBUCHUT OT IPOIILJIOTO.

[Ipumep MapKkOBCKOTO Mpoiiecca: cucTeMa S' — cuerunx B Takcu. COCTOSIHUE CHCTEMBI B
MOMEHT [ XapaKTepU3yeTCs YHCIOM KUJIOMETPOB (ICCATHIX JOJICH KUIOMETPOB), HMPOMICHHBIX

aBTOMOOMJIEM A0 AJaHHOro MOMCHTA. HYCTB B MOMCHT to CUCTUHMK IIOKa3bIBacT SO

BepOHTHOCTB TOr0, 4YTO B MOMCHT > tO CYCTYUK MOKaXKCT TO WM MHOC YHCJIIO KUJIOMCETPOB
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(Tquee, COOTBCTCTBYIOIICC YHUCIIO pY6H€I>’I) Sl , 3aBUCUT OT SO’ HO HC 3aBHUCUT OT TOIO, B

KaKnu€¢ MOMCHTBI BpEMCHH U3MCHAJIMCH IIOKa3aHUs CUCTUMKA 1O MOMCHTA tO .

MHorue npoueccsl MOKHO MPUOIMKEHHO cUMTaTh MapkoBckuMmu. Hampumep, npomecc
UIPbl B INAXMaThl: CHUCTEMA S - rpymnna maxMmaTtHeix ¢uryp. CoOCTOSHHUE CHCTEMBI

XapakTepu3yeTcss YMcIoM (Uryp NPOTMBHMKA, COXPAHMBLIMXCA Ha JOCKe B MOMEHT [j.

BeposTHOCTB TOTO, YTO B MOMEHT [ > [, MaTepuanbHbIii epeBec Oy/eT Ha CTOPOHE OJIHOTO U3
MPOTUBHUKOB, 3aBUCUT B MEPBYIO OYEPEIb OT TOTO, B KAKOM COCTOSHUU HAaXOJMUTCS CHUCTEMA B

JlaHHBIH MOMEHT [, a He OT TOro, KOTJIa M B KaKoW MOCJIEN0BaTEIbHOCTH MCUe3TH QUTYpPBI C

JIOCKH 10 MOMEHTA tO .

3. CucreMbl MaccoBOro 00CIyKMBAaHHUS € 0TKA30M

B cucremax c oTkazamm 3asBKa, IOCTYNMBIIas B MOMEHT, KOTJa BCE KaHAaJIbl
O6CJIY)I(I/IBaHI/IH 3aHATBI, HCMCIJICHHO ITOJYYaCT OTKa3, MOKHUAACT CUCTCMY U B HaHBHef/'IH_ICM B
npouecce 00CTy)KMBaHHS HE y4acTBYET.

Nmeercss n kaHamoB B OOCITY)KMBAaHWHU, Ha KOTOpbIE IIOCTYMAaeT IOTOK 3asBOK C
MHTEHCUBHOCTHIO A. IloTOK OOCTy)XMBaHHMS HMMEET MHTCHCHUBHOCTH [l (BENMYMHA, OOpaTHas

CpelHeMY BpeMEHH OOCTyKUBaHUs [ ). Tpebyercs naiitu BepositTHocTH coctosinnit CMO u

obcn
XapakTepUCTUKH €€ () (PEKTHBHOCTH.

Tak xak 06a MOTOKa — 3asBOK U OCBOOOKJEHUN — MPOCTEHIIINE, TPOLIECC, TPOTEKAIOITUI
B CHCTEME, OyJeT MapKOBCKHM. PaccMOTpUM €€ KakK CHCTEMY C KOHEYHBIM MHOXKECTBOM
COCTOSIHUM:

SO - CBO60)IHI>I BCC KaHAJbI,

S| — 3aHAT POBHO ONHMH KaHAI;
S}, —3aHATHIk KaHAJIOB;

Sn — 3aHATHI BCE 71 KAHAJIOB/

Yepes P, (f) o6o3Ha4MM BEpOSITHOCTH TOTO, YTO B MOMEHT BPEMEHH ! CHCTeMa OymeT

Haxo4UuTbCA B COCTOAHUU Sk .

[Ipocreiimue 3agaun A9 CUCTEM MaccOBOTO OOCTYKUBaHUS C OTKa3aMU OBUIH BIIEPBBIC
pemensl A.K. Opnanrom. VM xe OblIM BbIBeIEHBI (OPMYIBI OIICHKH ()YHKIIMOHHUPOBAHUS 3TUX
CUCTEM MPHU YCIOBUU MOCTYIUIEHUS MPOCTEHIIEr0 MOTOKA 3asIBOK U JJI TTOKA3aTEeIbHOIO 3aKOHA
pacrpezeneHuss BpeMEHH 00CITyKUBaHUS.

Jlnis ycTaHOBMBILIETOCS Mpoliecca OOCIYKMBaHHS MPHU 3TUX YCIOBHUSAX DpIIaHT MOTYYUIT
CJIEIyIOIINE 3aBUCUMOCTH.

e BepoATHOCTb TOro, 4TO OOCIYKMBAaHHEM 3aHSThlkamnmapaToB (JIMHHM, MPHOOPOB U

T.IL):

p=—kK_  (0<k<n), (1)
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rae P = —,k— KOJIMYECTBO 3aHATHIX allaparos,

A — HHTEHCUBHOCTb IIOTOKA 3asBOK,

WL — MHTEHCUBHOCTB IIOTOKA 00CITY>KMUBaHMUS.

Yacmuvie cnyuau:

e BepoATHOCTh IpocTosl (TOro, YTO BCE OOCIY)KMBAIOILIME anmaparbl CBOOOIHBI, HET
3a5BOK):

1
F = (2)

p
S
k=0 k!

e BeposTHOCTE 0TKa3a (BEpOSTHOCTH TOTO, YTO BCE OOCITY)KHBAIOIIME MPUOOPHI
3aHSTHI):

n

P
_»_ n _ kK
e =5y == "5 =p — 3)
s P n
k=0 k!
OTcroia HAXOUM OMHOCUMENIbHYI0 HPORYCKHYI0 CHOCOOHOCMB, T.C. CPEIHIOI OJI0
Y10 NPONYCKHY p
NPHUINEANIMX 3asBOK, OOCIY)XHBaE€MbIX CHCTEMOW, — BEPOSATHOCTh TOTO, YTO 3asBKa OyaeT
obcmyxeHa:
F
— _ n-0
POGCJZ_I_PomK_l_p ; “4)

Abcontomuyo nponycKHyl0 cnocoOHOCmp, T.€. CpeHee YNCIO 3asBOK, 00CTYKHUBAEMBIX
B €UHUILY BPEMEHH, MOJYyYUM, YMHOKUB MHTEHCHUBHOCTH MOTOKA 3as$BOK HAa OTHOCHUTEIbHYIO
MPOMYCKHYIO CIIOCOOHOCTD:

A= 7\'1)066‘/2.

AOcotoTHasE MPOMYCKHAsi CIOCOOHOCTh — ATO MHTEHCHUBHOCTH MOTOKAa OOCIY>KEHHBIX
CUCTEMOH 3asBOK, a KaXJbIi 3aHATHIN KaHaJ B €IMHUILY BPEMEHH OOCITYXHBAeT B CPEAHEM |
3as1BOK. 3HAUUT, CPeOHee YUC/10 3AHAMBIX KAHA06 PABHO

% = é = pP()6C/l. (5)
u

Jlonst KaHAJIOB, 3aHATHIX 00CTyKHUBaHHEM (KO3 (UITUEHT 3arpy3KH):

S |

4. CucreMBbI MaccoOBOro 00CIyKMBAaHHUS ¢ HEOTPAHNYCHHBIM 0KHAaHUEM

ITycts nmeercs n-ka"anpHass CMO ¢ ouepeiblo, Ha KOTOPYIO HE HAJIOKEHO OIpaHUYEHUM
HU [0 JUIMHE 04YepEeaH, HU 110 BPEMEHH OXUAAHUA. B crily HEOrpaHUYEHHOCTH OYepen KaKIas
3as1BKa PaHO WJIX NO3QHO OyAeT 00cIyKeHa, I0ITOMY

P,.=1, P .=0.

obcn omK

Jlnss CMO ¢ HeorpaHMYEHHON 04epeibIo HaKIaJpBacTcs orpanudenne — < 1.
n

Ecau sto YCJIIOBUEC HAPYUICHO, TO OUCPEAb PACTET 10 6€CKOH€‘IHOCTI/I, HACTYIIAaCT ABJICHUC
«B3pPbIBA».
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e Bepoamnocmev npocmosa (TOro, 4ro BCe 00CIIYy>KMBAIOIIME alapaTbl CBOOOIHBI, HET
3as1BOK):

I)O = n k n+l ’ (7)
P, P
k=0 k! nl(n—p)

e Bepoamnocms 3anamocmu oocayryicueanuem k kananos:
P
Pk:pk—(:, 1<k<n. (8)
n!

o Bepoamnocmev 3anamocmu o00cayycusanuem 6cex KaHAi08 NpU OMICYMCHIGUU
ouepeou:

B,
_O. (9)
n!
e Bepoamnocms nanuuus ouepeou €CTb BEPOITHOCTH TOTO, YTO YUCIIO TPeOOBAHUH B

cucrteMe OOJIbIIIE YKCiIa KaHAIOB:
n+1 R)

nl(n—-p)
e Bepoamnocms 014 3aa6Ku nonacmv ¢ ouepedb €CTh BEPOSTHOCTh 3aHATOCTH BCEX

KaHaJIOB, 3Ta BCPOATHOCTL paBHA CyYMMC BCpOSITHOCTef/'I HaJIM4Yud o4epCan U 3aHATOCTH BCCX n
KaHaJIOB ITPpHU OTCYTCTBUH OYCPCIU:

B, =p"

F,,=p (10)

F
P,=P +P, =p" 0 . (11)
3dH n oy (I’l _ 1)'(” _ p)
o Cpeonee uucio 3aHAmMbIX 00CAYHCUBAHUEM KAHAOE:
- A
7
o [ona kananos, 3aHAmMbIX 06CYHCUSANUEM:
k
q=—. (13)
n
o Cpeonee uucno 3aa60K 6 ouepedu (JJIHA OYEPEIN)
F
“DI(n-p)?
(n=Dl(n—p)
e (peonee uucno 3a:160K 6 cucmeme
M=L+k=L+p. (15)
e (peonee epems 0xcudanus 3a16Ku 8 ouepeou
t= £ (16)
2
e (peonee epems npedvleanUs 3aA6KU 8 cUCmeEME
1 M
T=t+-, T=". (17)
v A

5. 3aMKHYyTBIe CHCTEMBbI MACCOBOI0 00CIYKUBAHUS

Nmeercs n-xananpHass CMO ¢ oxuJaHueM, BKOTOPOH KOJMYECTBO 3asBOK, CTOSIIUX B
oucpean, OrpaHNU4CHO YUCIOM m, T.C. 3adBKa, 3aCTaBlllasd BCC KaHaJIbl 3aHATBIMH, CTAHOBUTCA B
ouepesib, TOJIbKO €CJIM B HE HaXOAUTCSI MEHEe 1 3asBOK.

Ecan uncio 3asgBOK B o4yepcaun paBHO n1, TO MOCICIAHAA HpI/I6BIBH_Ia$I 3asBKa B OUCPCIb HC
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CTAHOBUTCS U MOKUJIAET CUCTEMY HEOOCTY>KEHHOH.
CucreMbl ¢ OrpaHHYEHHOH OYepenpI0 SABIAIOTCA 0000IIEHHEM ABYX PAacCMOTPEHHBIX
panee CMO: npu m = 0 nomyuyaem CMO c oTkazamu, ipu m = oo noaydyaeM CMO ¢ oxuaHuEM.
e  Bepoamnocms npocmos (Toro, 4To BCe 0OCITYKHBAIOUIHE anmapaThl CBOOOIHBI, HET
3a51BOK):

1
Fy = 18
0 n pk pn+1 P m\’ (18)
i—o k! nl(n—p) n
e  Beposmnocmy omkaza 6 00CAy)ICUSAHUUDPABHA BEPOSATHOCTH P, . TOro, 410 B
OYEPEIU YIKE CTOAT M 3aBOK:
P,
n+m 0
PomK :Pn+m =P T om (19)
n'n

o OmmuocumenvHas RNPONYCKHAA CHOCOOHOCHIb €CTb BEIMYUHA, ONOJIHAIOLIAS
BEPOSATHOCTb OTKa3a [0 1, T.€. BEpOSITHOCTh OOCITYKUBAHUS:

P06Cﬂ :1_P01’)1K'
(20)
o  Aéconomuas RPORYCKHAAL CROCOOHOCHIBbOTIPEICTISCTCS PABEHCTBOM:
A=A1-P, )=AP,... 21)
o  Cpeonee uucno 3auamuvlx 00CAyHCUBAHUEM KAHAOB:
— A4
k=—= P05Cﬂ. (22)
Y7,

o Cpeodnee uucno 3a160k 6 ouepeou (CpeHss ATUHA OYEPEIH)

m+l m+2
O A
n n n

L= . (23)

n!(n - sz
n

o Cpeonee epems 0)cuOAHUA OOCTIYHCUBAHUA 6 OUEPEOU

t= L (24)
.
o Cpeodnee uucno 3aa60K 6 cucmeme
M=L+k. (25)
o Cpeonee epemsa npedvl6anus 3aA6Ku 6 cucmeme
1 M
Tr=t+—, T=—. (26)
1) A
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2. METOAUYECKUE YKA3AHUA
O NPOBEJEHUIO IPAKTUYECKHUX 3AHATHIA

2.1 lIpakTuyeckoe 3ansaTue Nel,2,3 (6 yacos)
Tema: «/InHeliHOe MpOorpaMMUpoOBaHKe. AJITOPUTM CHMILIIEKC-METOAa)

2.1.1 3apanue qJisa padoThI:

1. IToxy4yeHne NCXOMHOIO BApUAHTA U UCCIEAOBAHUE €T0 HA JOIIYCTUMOCTh
2. IlonydeHne AOMyCTUMOrO BapMaHTa U UCCIIEJOBAHKUE €r0 Ha ONTUMAIbHOCTh
3. IlomyueHue onTUMaIbHOIO BapuaHTa.

2.1.2 KpaTkoe onucanue nNpoBOANMOIO 3aHATHS

1. ITony4yeHue HCXOJHOTO BAPMAHTA M UCCJIEAOBAHME €r0 HA JOIMYCTUMOCTh

Cpenu yHHMBepcaJdbHBIX METOAOB pELICHUS 3a7ad JHMHEWHOro MpOorpaMMHpPOBAHUS
HauboJee pacpoOCTPAHCH CUMNIEKCHbIL Memod (WIH CcuMniekc-memoo), pa3padoTaHHBIN
amepukanckuM ydeHbIM JIx. Jlanuurom. CyTh 3TOro MeToJa 3akilo4yaeTcs B TOM, YTO BHayale
MOJIyYaloT JOIYCTHUMBIN BApUAHT, YAOBIETBOPSAIOIINN BCEM OTPaHUYEHHUSAM, HO HEOOS3aTENbHO
ONTUMAJBHBIA (TaK Ha3bIBaEMOE HaydalbHOe onopHoe peuierue). ONTUMAIBHOCTh AOCTUTAETCS
[OCJIEA0BATENNbHBIM YIYyUIIEHUEM 3TOTO PEIIECHUsS 33 OMPEEIIEHHOE YUCIIO 3TANOB (UTEpaLuil).
HaxoxeHre Ha4aapHOTO OMOPHOTO PEIICHUS U MEePexo] K CIEAYIOIIEMYy OMOPHOMY PELIECHUIO
IPOBOASATCS Ha OCHOBe NpuMeHeHus mertona JKopapana-I'aycca (Mbl Oyaem paboraTh € €ro
MOIU(UIIMPOBAHHBIM BapHAHTOM) JIJIsl CUCTEMbI JIMHEHHBIX YpaBHEHHH B KaHOHMYECKOH (hopme,
B KOTOpPOM JOJDKHA OBITh NPEIBAapUTENBbHO 3alucaHa MCXOAHAs 3ajada JIMHEHHOro
nporpaMMupoBaHusa. HampaBineHue mnepexoia OT OJHOTO ONOPHOTO pEHIeHHs K JPYroMy
BBIOMPAETCS HA OCHOBE KPUTEPHS ONTUMAIBHOCTH (11€7€BOM (PYHKIIMHU) UCXOIHOM 3a1a4u.

Bechb nmyTh penienus 3a1auy CUMITIIEKC-METO0M YCIIOBHO MOXKHO pa3OUTh Ha TPU JTara.

I sman.HaxoxneHne UCX0IHOrO BapHaHTa M UCCIEIOBAHHUE €r0 Ha JOIYCTHUMOCTb, T.€.
MOJTy4YeHUE HauyaIbHOT'O OTIOPHOTO PEIICHUSI.

Honycmumvimeéapuanmom pelIeHUs 3a1add OyleM CUYMTaThb TaKWE 3HAYCHHSA X;, TPH
KOTOPBIX BBIMOJHAIOTCA BCE TPEeOOBaHHUS CHUCTEMBI OIpaHUYECHHH (BCe HEpaBEHCTBA BEPHBI U
HEIIPOTUBOPEUMBHI).

Ecnu ucxomgHslii BapuaHT AOMYCTUM, TO OMOPHOE pELICHHE HaWIEHO W MepexoquM Ha
BTOpoil sTan. MHaue, ocymiecTBisieM nepeOOp BapHaHTOB pPEIIEHUS 3adaud [0 IOJIyYEHUs
JOMYCTUMOTO (eciiu Takoe Bo3MOXxHO.Ecnu HeT, To 3a7aua petieHus: He UMeeT).

Il sman.NccnenoBanus 10nycTUMOrO BapUaHTa HAa ONTUMAJIbHOCTD.

Onmumanvuwili 6apuanm — 3TO TaKOE 3HAYECHUE IMEPEMEHHOU X;IIpH KOTOpPOM OyayT
BBITNIOJIHATHCS HE TOJBKO TPEOOBAaHUSA CHUCTEMBl OrPAaHUYEHHUH, HO M TpeOOBaHUS LEIEBOU
byHKIIHH.

Eciu nomycTuMblii BapuMaHT OKa)KeTCSl ONTHMAlbHBIM, TO 3ajJadya pelleHa, HHaye
NepexoIMM Ha TpeTHil 3Tat.

IIT sman.Ilepebop BapuaHTOB pelIEHUS 33aJa4M 10 MOJTYYEHHs] ONTUMAIBHOIO BapHaHTa
(ecu Takoe BO3MOXkHO.Ecnu HeT, To 3a/1a4a He UMEET ONTUMAIBHOTO PELICHUS).

CaMm cummiekc-MeTol BBIOMpaTh BapUaHTbl HE YMEET, OH TOJbKO I10Ka3bIBAET
HampaBlieHue Tmepedopa BapuUaHTOB (B HalIeM ciy4yae IIO3BOJIIET OCYHIECTBUTH BBHIOOD
paspematoniero snaementa). Jns pacuéra ke, B KadyecTBE BBIYMCIUTEIBHOIO ammapara,
IPUBIIEKAIOTCS JApyrue MeToasl. Mbl OyAeM HCIoNb30BaTh METOJ MOIU(GUIMPOBAHHBIX
Kopnanossix uckmouennit (MXXH). Tak kak HaHHBIA METOJ — 3TO METOJl PEHICHUS CUCTEM
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JUHENHBIX YpPaBHEHMH, a MOJeNb IMPEACTaBIseT cOOOM cHucTeMy JIMHEHHBIX HEPAaBEHCTB, TO
MO/JIeJIb IPEABAPUTENBHO AOKHA OBITh IIOJTOTOBIIEHA.

CyTb NOATOTOBKM 3aKJIIOYaeTcs B TOM, YTOOBI NEPEHTH OT CHCTEMbI HEPABEHCTB K
cUCTeMe ypaBHEHUH B KaHOHMYecKoH (opme. /[ 3TOoro B Kakaoe orpaHUYEeHUE-HEPABEHCTBO
BBOJMTCS JOTIOJIHUTEIbHAS NEpEMEHHAs);, KaK pa3HOCTh MEXIY OOJbIIEH U MEHbIIEH YacTIMU
HepaBeHCTBa. OUeBUAHO, YTO 3HAUYEHUE ); HE MOXKET ObITh OTPHIIATEIIbHBIM.

[lonroroBneHHass MoOAENb OCHOBHOW 3aJauM JIMHEMHOrO IpOrpaMMHUpOBaHus Oyaer
BBITJIAJIETH CIETYIOLUM 00pa3oM:

IV. Z=cix1+coxrt. . .+, x,—>max.
V. yi=-anxi-ainxo-...-ainXytbi;
V2a=-A21X1-020X2-. . .-A2nXyTD2;
Yimn—=am1X1-Am2X2-. .. 'am11x11+bm-
VI. x:20, x>0, ..., x,=0.
W13 3TOro Buza JaHHBIE 3aHOCATCS B TAOIMUHYIO (OpPMY Ul OCYILECTBICHUS PEIICHUS.
Anzopumm cumnnexc-memooa

[sman: nony4eHre Ha4aIbHOTO OITOPHOTO PELICHHUS.

Jliig TOro, 4ToObl MOJIYYUTh UCXOAHBIN BapUaHT AOCTATOYHO 3aIlMCaTh MOATOTOBICHHYIO
MOJIeNIb B TAOJIUYHOU (popme.

Tabmuna 1 — Cummiekc-Tabauna UCXO0IHOTO BapUaHTa

CBOOOTHBIE TIEpEMEHHBIC
A

N
X -X» X, CBOOOTHBIE YICHBI
. Vi ai an Ain by
2 E » az axn A2n by
g 2
© g Vm Aml Am2 Amn bm
Z -C1 -C» -Cp 0

W3 xaxmoi TabauIel MOXKHO BBIIKMCATh OJMH BapUaHT pelieHus 3anaqu. s aToro Hago
IOMHHTb, YTO CBOOOJIHBIE IIEpEMEHHBIE (BEPXHSISI CTPOKA TAOJIMLIbI) IPUPABHUBAIOTCS K HYJIO, a
Oa3ucHbIe (KpaifHUH JICBBIM CTOJIOCI]) K COOTBETCTBYIONIUM CBOOOIHBIM WICHAM.

Wcxonnplii BapuanT (1o Tadmwuie 1):

1) OCHOBHBIE NTepeMeHHbIe (X)): x1=0, x,=0,..., x,=0;
2) JOTIOJTHUTEIIbHBIC TIEpeMeHHBIC (V;): Y1=b1, Y2=b2,..., Vii=bm;
3) Z=0.

HccenenyeM oaydeHHBIN BapUaHT Ha JOIYCTUMOCTb.

Teopema o pomycTuMocTu: B Tabiuie OyaeT HAaXOIUTbCA JONMYCTUMBIH BapHaHT
pelIeHns 3a/Ja4M, €CIM cpeld CBOOOJHBIX WICHOB HE OyJeT OTpULATEIbHBIX (IJIEMEHT Ha
nepeceyeHre CToJi0LA CBOOOAHBIX YICHOB M CTPOKM Z NpU aHaIU3€ BO BHUMAHUE HE
IPUHUMAETCS).

Jloka3aTenbCcTBO: CBOOOIHBIE YJIEHBI SIBIAIOTCA 3HAYCHUSAMU Oa3MCHBIX IMEPEMEHHBIX,
ecau cpeiu 0a3sUCHBIX NMEPEMEHHBIX €CTh Xj, TO OHH HE MOTYT OBITh OTPHLATEIBbHBIMH B CHITY
ycioBus HeoTpuuarenbHocTH (x;20). Ecau B 6a3uce y;, To OHO HE JOIKHO OBITh OTPULIATEIbHBIM
TaK Kak y; BBOJWIACH KaK pa3HUIA MEX 1y OOJIbIIIEH 1 MEHBIIEH YaCThIO HEPABEHCTBA.

Ecnun BapuaHT pomycTMM, TO IepedaeM Ha BTOpOM 3Tam M HCCIEIyeM €ro Ha
ONTUMAIILHOCTh. EcaM HET, TO mombITaeMcs MOJYyYUTh JONMYCTUMBIA BapHaHT, BBHIOpaB
pa3petaomuil 3JIEMEHT 110 CIeAYIOIIEMY IPABUITY:

- BBIOOp paspemaronieil CTPOKH: CPedu OTPULATEIbHBIX CBOOOJHBIX WIEHOB (KpoMe
CTPOKH Z), BBIOpaTh OOJBIIHI M0 a0cooTHOM BennuuHe. [1ycTh 310 b);
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- BBIOOp paspemaromero Croydua: B3ATh CHUMIUIEKCHBIE OTHOILICHMS, TOJCIHB
CBOOOJTHBIN WICH pa3peniaronieil CTpOKH Ha Kaxabli e€ KodhpuimeHT:

by b, b

Haumensb1iee moj10)KUTEIBHOE U3 CUMIUIEKCHBIX OTHOILIEHUH YKa)KeT Ha CToJI0el.

Bei0upas onucaHHBIM CIIOCOOOM pa3pelarolie 3JIEMEHTh, JeJIaeM IIark 10 NOJydeHus
JOITYCTUMOI'O BapHaHTa (€CJIM TaKO€ BO3MOKHO).

ITpenmnonoxumM, 4YTO Ha KAKOM-TO IIare Mbl IOJIYYUM TaOJuUIy C JONYyCTUMBIM
BAPUAHTOM, T.€. HAUJEM ONIOPHOE PELICHHUE.

2. IlosnydeHne AOMyCTUMOrO BapMaHTa U UCCIIEJOBAHKUE €r0 Ha ONTUMAIbHOCTh

II sman: nccnenoBanue 1O0MyCTUMOro BapyuaHTa Ha ONTUMAJIBHOCTb.

Teopema 06 onmumanvHocmu. B Tabnuue OyAeT HAXOAUTHCS ONTHUMAJbHBIA BapUaHT,
ecnu cpeau Kod(QQHUIMEHTOB CTPOKH Z HE OyAeT OTpUUATENbHBIX NMpU Z—>Mmax U He Oyner
HOJIOKHUTEIbHBIX PHUZ—>MmiIn(3J1€MEHT Ha epeceueHue cToyI0na CBOOOAHBIX WIEHOB U CTPOKU Z
[IPY aHaJIM3€ BO BHUMAHUE HE IPUHUMAETCS).

Ecnu BapuaHT OKa)keTCsl ONTHUMAaJbHBIM, TO 33Ja4a pelIeHa, eCIM HET, TO IEPEX0 UM Ha
TPETUH 3Tarl.

3. [lonyyeHue oNnTUMaNIBHOIO BapHaHTAa.

[Ipennonoxum, 4To HAII TOMYCTUMBI BAPUAHT HE ONTHMAJIEH.

III sman: HaxoXAeHNUE ONITUMAJILHOTO BapUaHTa.

[TonbITaeMcsl TOJMYyYUTh ONTHMAJIbHBIM BAapUAHT, BBHIOPAB pa3pellAIONIUN JIEMEHT IO
CIIEYIOLEMY IIPaBUILY:

Ipu Z—>max:

- pazpemarouuii cTonber;: cpeau OTPULATENbHBIX KOA(P(UIIMEHTOB CTPOKU Z BBHIOpATh
HauOOJIBIINHI 110 aOCOMIOTHON BETUYHHE (HAPUMED, MMYCTh 3TO Cy);

- pa3zpemiaromiasi CTpOKa: B3ATh CUMILUIEKCHbIE OTHOILIEHUS, MOAETUB CBOOOTHBIEC UJICHBI
Ha COOTBETCTBYIOILIUE 3JIEMEHTBI PA3peLIAOIIETo cToI01A, KPOME CTPOKH Z:

b, b b
2 9 ...

n mn

aln

Haunmensblee nOJ0XKUTEIHHOE U3 CUMIUIEKCHBIX OTHOIICHUH YKaXXeT Ha CTPOKY;

pu Z—min:

- paspemaromuii cToJa0CI: CPear MOIOKUTEIBHBIX KO3(PPHUINEHTOB CTPOKH Z BBIOPATh
HauOOoJIBIINY (HATIPUMED, ITYCTh ITO C1);

- paspemaromas CTpoKa: B3STh CHMILJICKCHBIE OTHOIICHHS, MOJEIUB CBOOOIHBIC YJICHBI
Ha COOTBETCTBYIOIIUE 3JIEMEHTHI Pa3pelIaroiero cTondia, KpoMe CTPOKu Z:

b b, b
M 9 b

a,, dy a

m

ml

HanmMennmiee moJIOKUTEIIFHOS U3 CUMITJICKCHBIX OTHOIICHUH YKaXCT Ha CTPOKY.

Bbl5up(lﬂ ONUCAHHBLIM_CNOCOOOM pa3pema;0muﬁ aJlemernm, denaem uia2u_00 NOJIY4E€HUA
onmumajlbHoco eapuarma (QCJZM makoe 603MOOfCHO).

3ameyanue.Ecin INpu HAXOXJICHHUH OITHUMAJIbHOI'O BapHWaHTa pa3pflliaromiad CTpOoKa
ObL1a BBI6paHa HC IO HAUMCHBIIECMY IMOJOXHUTCIbHOMY CHMIIJICKCHOMY OTHOMICHUIO, TO B
cnenyromel Tadnuie OyAeT MmoaydeH HeJOMyCTUMBI BapUaHT.

Ynpaxunenus

3agaua 1
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L IleneBas pyHKIMA:
Z=30x; + 35x, + 136x3 —» max
II.  Cucrema orpanu4eHuii:

1,01x; + 1,01x, + 9,45x3 < 136

0,18x; +0,19x, < 21,4

3,25x3 <16,25

x1 =100

III. YcnoBue HEOTPULIATEIBHOCTH:
X1, X2, X320

Pewenue:

IIepexoauM OT CUCTEMBI HEPABEHCTB K CUCTEME YPAaBHCHUM:

y1=-1,01x; — 1,01x; — 9,45x3 + 136

y2=-0,18x1 —0,19x, + 21,4

V3= —3,25)C3 + 16,25

Y4=X1 — 100

3anuiiemM MaTeMaTHIECKYI0 MOJICNIb B TAOJIUYHOM GopMme:

Tabmuma 1

CBoOogHbIe
—X1 —X2 —X3
YJIEHBI

V= 1,01 1,01 9,45 136
V= 0,18 0,19 0 21,4
V3= 0 0 3,25 16,25
V4= -1 0 0 -100
Z= =30 -35 -136 0

Jis  Toro, dYTOOBI BECTH TApaUIeTbHO MPOBEPKY BBIYHCICHUN HEOOXOIMMO B

noJTy4eHHYI0 Tabnumy 1 mo6aBuTh cTonoberr Y. (Tad. 2)
Br16epem pa3peniaronuii 31eMeHT:

Tabmmia 2l
) CBo0o,

Vi = 1,01 1,01 9,45 136 146,46
Vo = 0,18 0,19 0 21,4 21,59
y3= 0 0 3,25 16,25 19,5
V4= Cl D 0 0 ~100 -99
7= -30 35 —-136 0 -171

Crenaem nepByro UTEpaIUIO

Ta6muma 3

l CBoOoHEIE
4 2 3 YJICHBI Z ! 22
»= 1,01 1,01 Q45> 35 38,02 46,47
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V2= 0,18 0,19 0 3.4 3,77 3,77
V3= 0 0 3,25 16,25 16,25 19,5
xX|= -1 0 0 100 99 99
= -30 -35 -136 3000 2935 2799
ITosrydeH nOMyCTUMBIH, HE BBIPOXKICHHBIN, HO HE ONITUMAJIbHBIA BApUAHT.
CrenaeM BTOPYIO UTEPALIUIO
Tabauia 4
g CBoOonHbIE
Ed 0 Ed YJICHBI 2 22
= 0,11 0,11 0,11 3,7 3,92 4,03
y2= 0,18 C0.19 D 0 34 4,58 3,77
V3= 0,35 0,35 —0,34 4,21 3,52 3,17
-1 0 0 100 99 99
= —15.,46 -20,46 14,39 3503,7 3502,63 3482,17
ITonmy4yeH nOMyCTUMBIM, HE BBIPOKICHHBIN, HO HE OIITUMAJIbHBIN BapUAHT.
CnenaeM TpeTbIO UTEPALUIO
Tabnuua 5
CBOOOIHEI
B 2 Ed € YICHBI 2 22
X3 = 0,01 —0,58 0,11 1,73 1,27
Xy = 0,95 5,26 0 17,89 24,1
V3= —0,02 1,84 —0,34 10,47 11,96
xX|= -1 0 0 100 99
= 3,92 107,68 14,39 3869,83 3995,82

HOJ’Iy‘ICH )IO]'Iy'CTI/IMHﬁ BapuaHT, SIBISIIOIIUICS ONTUMAaJIbHBIM.

Z =3869,83
X1 = 100
x,=17,89
X3 = 1,73

V3= 10,47

»n=0
»=0
y4=0

PaCCMOTpeHHaH HaMHM 3aJada B HUCXOAHOM BHJC ObLIa C(i)OpMyanOBaHa CJIeaAyromum

o0OpazoM:

HpOHYKHHCﬁ ropoacKoro MOJIOYHOr'o 3aBoJia ABJIAKOTCS MOJIOKO, Ke(l)l/lp u cMmerana. Ha
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pOou3BOJCTBO | T MoJIOKa, Keupa u cMeTanbl Tpedyercst coorBercTBeHHO 1010, 1010 1 9450 kr
MmoJoka. [Ipu 3Tom 3aTpaThl pabouero BpeMeHHU NpH pasziauBe | T MOJIOKa U Kedupa COCTaBIAIOT
0,18 u 0,19 mamuHo-4. Ha pacdacoBke 1 T cMeTaHBbl 3aHATHI CIIENIMAIbHBIC aBTOMATHI B TCUCHHE
3,25 4. Bcero s mpou3BOACTBA LIETBHOMOJOYHOM MPOAYKIUHM 3aBOJ MOKET HCIOJIb30BaTh
136000 xr mosoka. OcHOBHOE 000PYIOBaHKHE MOXKET OBITh 3aHATO B TeueHue 21,4 mMamuHo-4, a
aBTOMaThI 110 pac(hacoBKe CMETaHbl - B TeueHue 16,25 4. [Ipubsuib ot peanusamuu 1 T MoJoKa,




kKeupa U cMeTaHbl coOTBeTCTBeHHO paBHa 30, 22 m 136 py0. 3aBoj MOKEH €XeIHEBHO
npou3BoAUThH He MeHee 100 T Mosoka.

CocTaBpTe MaTE€MaTHYECKYI0 MOJENb 3aJauM, IO3BOJISIOIIYIO0 OIPEAEIUTh OO0BEMBI
BBINTyCKa MOJIOYHOM MPOAYKIMH, O3BOJISIOIINE TOTYYUTh HAUOOJIBIYIO TPHOBLIb.

B pesynbTare MOSy4yeHHOrO pELIEHHS MOXKHO CJlieNaTh BBIBOJ, UYTO MaKCHMalbHas
npuObLIb BO3MOXKHA B pasmepe 3869,83 py6. OntumanbHbiil 00beM Belmycka Mosioka — 100 T,
keupa — 17,89 1, cmeransr — 1,73 T.

3.1.3 Pe3yabTaThl M BHIBOABI:

CyTb 3TOro MeTo/a 3aKJII0OUaeTcsl B TOM, YTO BHAYaje MOIY4aroT JOMYCTUMBIA BapHaHT,
YJIOBJICTBOPSIIOIINNA BCEM OIpaHMYEHUSIM, HO HE0Os3aTeNbHO ONTHMAJbHBIN (TaKk Ha3blBaEMOE
HauanbHoe onoproe peuiernue). ONTUMAIBHOCTh JOCTUTAETCs MOCIEA0BATEIbHBIM YIYUIIEHUEM
9TOr0 pELIeHHMs 3a OIpelelIeHHOe 4YMCIO0 JTanoB (urepauuit). HaxoxaeHue HayaabHOTO
OIIOPHOTO PELICHUS U IMEepeXo] K CIEAYIOLIEMY OIOPHOMY PELICHUIO IPOBOASTCS HAa OCHOBE
npuMeHeHus wmerona JKoppana-I'aycca (Mbl Oyaem paboTath ¢ ero MOJUGHUIMPOBAHHBIM
BAapUaHTOM) JJIsl CUCTEMBI JIMHEHHBIX YpaBHCHHI B KaHOHHYECKOH (opme, B KOTOPOH TOJKHA
ObITb IPEBapUTENIBHO 3alMcaHa HCXOAHAs 3ajJada JMHEHHOro MpPOrpaMMHUpPOBAHMSL.
Hampasienune mepexoga OT OJHOTO OMOPHOTO PEIIEHUS K APYromMy BBIOMpAeTCsl Ha OCHOBE
KPUTEPHsI ONTUMAIBHOCTH (11€71€BOM (PYHKIIMN) HCXOAHOM 3ajauu.

Bechb nyTh penienns 3a1au CUMIIIIEKC-METO0OM YCIOBHO MOXKHO pa30UTh Ha TPU 3Tara.

I sman.HaxoxxeHue nCcX0QHOrO BapHaHTa U MCCIENOBAaHUE €ro Ha JOIMYCTUMOCTb, T.€.
MIOJIy4CHHE HAYaJIbHOTO OIIOPHOT'O PEILCHMUS.

Honycmumvimeapuanmom pelleHHs 3a1add OyleM CUMTaThb TaKue 3HAYCHUS Xj, TPH
KOTOPBIX BBINOJIHAIOTCA BCE TpPeOOBaHUS CHUCTEMBl OIpaHUYEHHMH (BCE HEPABEHCTBA BEPHBI U
HENPOTHUBOPEUUBBI).

Ecnn ucxonHelii BapHaHT JOIIYCTHM, TO OIIOPHOE pELICHUE HAWICHO U NEepPeXOJuM Ha
BTOpoi sTan. MHade, ocymiecTBisieM mepeOOp BAapHAHTOB pPELICHHS 3aJadyd 10 MOJy4YEeHHUs
JOIYCTUMOTO (€ciiu Takoe BO3MOXHO.Eciu HeT, To 3aaua peluieHus He UMEeET).

II sman.WccnenoBanus 1OMyCTUMOTO BapuaHTa Ha ONTHUMAJIBHOCTD.

Onmumanvuvill 6éapuanm — 5TO TaKOE 3HAYEHUE IEPEMEHHOM X;IpH KOTOPOM OymyT
BBINOJIHATHCSL HE TOJBKO TPeOOBAaHUS CHCTEMbl OTPaHWYEHUH, HO M TpeOOBaHUS IIeNeBOU
GyHKINN.

Ecin pomycTHMBI BapuaHT OKaXKETCS ONTHUMAIbHBIM, TO 3a/Jaya peElIeHa, WHaye
[IEPEXOUM Ha TPETHI JTall.

III sman.Ilepebop BapuaHTOB peIIEHUs 3aJa4d JO MOJYyYEHHs ONTHMAJIBHOIO BapHaHTa
(ecau Takoe BO3MOXKHO.Ecnu HeT, To 3a1a4a HE UMEET ONTUMAIBHOTO PELICHUS).

Cam cuMIUIEKC-METO BEIOUPATh BapUaHThl HE YMEET, OH TOJIBKO ITOKa3bIBAET
HalpaBJlieHUE nepedopa BapuaHTOB (B HAIIEM CJIy4ae IMO3BOJISET OCYLIECTBUTH BBIOOP
pasperniaronero aneMenTa). s pacuéra xe, B KadecTBe BBIYMCIUTEIBHOIO anapara,
IIPUBJIEKAIOTCS APYTHE METOBL.

2.2 llpakTuyeckoe 3ansaTue 4,5 (4 yaca)
Tema: «JInneitHoe mporpammupoBanne. Ocolble CJIy4au B CHMILIEKC-METO/Ae)

2.2.1 3apanue nys padoThbI:

1. Cy4aii BEIpOKIEHHOCTH

2. HeorpannueHHOCTH (pyHKIIHOHAIA

3. Hepa3zpemmmocTs Moienu

4. Pemenue 3a1auu JIMHEHHOro nporpaMmupoBanust B MSExcel
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2.2.2 KpaTkoe onucanue nNpoBOANMOIO 3aHATHS:

1. Cry4yaii BBIPpOKIEHHOCTH

B cummnekc-tabnuie OyAeT HAaXOAWTHCA BBIPOXKACHHBIM BapHaHT, €CIH Cpeau
CBOOOJHBIX YIEHOB (KpOME CTPOKU Z), TOSIBUTCS HOJIb.

Ecnu BBIpOXAECHHBIN BapHaHT HE JOMYCTHM, TO pa3pellalouIdil AJIeMEHT HaXOIUTCS
0OBbIUHBIM 00pa3oM. Eciiu BbIp0oKIeHHBINM BapuaHT OyleT JONMYCTUMbBIM, HO HE ONITUMAJIbHBIM, TO
HEOOXOAMMO TMOCje BBIOOpa pa3pemarIiero CTrojdla MOCMOTPETh Ha KO3h UIHMEHT,
HaXOJAIIMKCA Ha MEpPECEeUeHU BBIPOKICHHON CTPOKM M paspemaroniero crosubdbua. Ecim stor
KOA((GUIIUEHT C MOJOKUTEIBHBIM 3HAKOM, TO MBI O€pEM €ro pa3pearoiiiM 3JIEMEHTOM (B 3TOM
clydyae B cleayrolledl Tabiuie Mbl MOJIYyYMM T€ JK€ 3HAu€HUs CBOOOJHBIX YJIEHOB IIpU
paznuyHOM Habope 0a3uCHBIX MEPEMEHHBIX), €CIIU HET, TO BBIPOXKICHHASI CTPOKa He Oepércs B
KauecTBe paspemaromieii. Torna paspemiaromas CTpoka BbIOMpaeTcs 1Mo 00lieMy MpaBUily, HO
CpeIu APYTUX CTPOK TAOIHIIBI.

PaccmotpuM noznpoOHO pelrieHne 3a1a4, UMEIOIUX CIIy4aid BBIPOXKACHHOCTH Ha IPUMeEpe
3agayu 9.

3amaua 9

L LeneBas GpyHKIMS:

Z=—x1 + 10x; + 4x3 max —»

IIL. Cucrema orpaHUYeHM:
x+x3<1

2)61 + X2 + X3 < 2

2x1 Zx2 T x3

I11. YcinoBre HEOTPULIATENBHOCTH

X1, X2, X3 > 0

Pewenue:

IIepexoauM OT CUCTEMBI HEPABEHCTB K CUCTEME YPABHEHUN:

yi=—-x—x3+1
W==2X1—Xp—x3+2
V3=2X1—X2—X3

3anuiieM MareMaTH4ecKylo Mozenb B TaOnmuuHOi (opme. Bribepem paspemarommii
JJIEMEHT.

Tabnuma 10
—X1 —X> —X3 CBoOoHEBIE 2
YJICHBI
Vi 1 0 1 1 3
W 2 1 1 2 5
V3 -2 | (1) 1 0 0
Z 1 ~10 | 4 0 -3

Bapuant ponmyctumsiil. Mccrmenyem naHHBIA BapuaHT Ha BBIPOXKIAEHHOCTh. B maHHOM
CUMILJIEKC-TA0IHUIIE HAXOAUTCS BBIPOXKICHHBIN BapHUaHT, TaK KaK Cpeau CBOOOJHBIX UJICHOB
(kpome cTpokHu Z), TOSBUICS HOJIb. BeIOMpaeM pa3penraroninii 2JIeMeHT.

CrenaeM nepByro UTEpaLUIo

Tabmuma 11
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—X1 | =3 | —X3 CBoOoniHBIE > Py
YJICHBI
V1 1 0 1 1 2 3
¥ @A | -1 0 2 2 5
X ~ 1 1 0 2 0
Z -19 10 6 0 16 -3
CremaeM BTOPYIO UTEPAITUIO
Tabmuma 12
2 3 —X3 CBoboaHbIE 2 pY)
YJIEHBI
Vi —-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 5172

ITony4yeH HOMYCTUMBII BapUaHT, BIAIOLINUNCI ONTUMAIbHBIM.
Z=19/2

X2:1 y2:0
)C3=0 y3=0

Jlajiee pacCMOTPHM 3324y UMEIOIIUX CIIy4aid BBIPOKICHHOCTH.

3amaua 10

L LeneBas GpyHKIMS:
Z=5x1+10xy + 3x3 + 4x4 —» max
IIL. Cucrema orpaHUYeHU:

2x1+2x+2,5x%3 + x4 <75
0,5X1 + X2 + 0,2)63 + 0,1X4 < 10
2x1+ 3x3 > 3x3 + 4xy

I11. YcinoBre HEOTPULIATENBHOCTH
X1, X2, X3, X4 > 0

3apava 11

L LeneBas GpyHKIMs:
Z=x1txy+3x3+ 6x4 —» max
II. Cucrema orpaHUYeHU:

X1 +x2+2x3+x4<15
X1t x+x3+x4<20
Adx1 +4xy > 2x3 + 3x4

I11. YcinoBre HEOTPULIATENBHOCTH
X1, X2, X3, X4 > 0

2. Heorpann4yeHHOCTb (PyHKIIHOHAJIA
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B stom ciyyae B cumIuiekc-Tabinile HaXOAMTCS TOMYCTHUMBIA, HO HE ONTHUMAJbHBIN
BapHaHT W B pa3pelIalolleM CToJ0Ie HEeT HU OJHOrO IMOJIOKHUTEIbHOro »siemeHnta. C
HKOHOMHUYECKON TOYKU 3pEHUsl peyb HJlee O HEOTPAaHMYCHHOCTH KaKoro-nbo BUIAa pecypca.
3ajaya HEe UMEET ONTUMAIBHOTO PEIIECHHUS.

PaccmoTrpum  monpoOHO pelieHHe 3alad, HMMEIOUUX Cclydaid HeOrpaHUYE€HHOCTH
¢dyHkroHana (QyHKIKS HE UMEeT SKCTPEeMalbHOTO 3HAUCHUs) Ha MpuMepe 3a1aqu 15.

3agaua 15
L LleneBast pyHKIHS:
Z=-2x1—Xx3 —p min

II. CucreMa orpaHUYEHUN:
— X1 —X2—X3 < 5
3x;+xp—4x3<2

6x; —8x3<8

I1I. VYcnoBue HEOTPULATEIBHOCTH
x1, X2, X320

Pewenue:
IIepexoauM OT CUCTEMBI HEPABEHCTB K CUCTEME YPABHEHUI:

Yi=xitxa+tx3+5
Vi =3x1—x2 T 4x3+2
V3 =—6)C2+ 8)63 +8

3anuiieM MareMaTH4ecKylo Mozaeidb B TaOnmuyHOW (opme. Bribepem paspemarommii
JJIEMEHT:

Tabnuna 14
—X1 —)?2 —X3 CBoOoaubIE 2
YJIEHBI
Vi -1 -1 -1 5
W -3 1 -4 2
V3 0 6 -8 8
Z 2 0 1 0

Uccnenyem monyyeHHBIH BapuaHT Ha JOMYCTUMOCTh. B  Tabnmuie HaxoAUThCs
JIONYCTUMBI BapMaHT pELIeHHUs 3aJauyd, IOTOMY 4YTO CpeIu CBOOOJHBIX UJIEHOB HET
OTPULATENBHBIX JIEMEHTOB.

Hccnenyem TmosydyeHHbI BapuHaHT Ha ONTUMAalbHOCTb. B Tabmuue HaxoauTbes
HEONTHUMAJbHBI BapHaHT, TaK KakK KOI(Q(UIMEHTH CTPOKH ZMNOJOXKHUTEIbHBIE (Z—>min)
(371eMeHT Ha mepeceueHue cToja01a CBOOOAHBIX YJIEHOB M CTPOKU Z MPH aHAJIUM3€ BO BHUMaHHE
He NpuHuMaeTtcs). Beibupaem pasperiaromuii 31eMeHT.

ITpu BbIOOpEe paspemaromero 3JIeMEHTa MOJy4daeTcs, YTO Cpeaud CHMIUIEKCHBIX
OTHOLIEHMH HET HaMMEHBLIEro MoJIokHuTenpHOro. (CrenoBaTellbHO B JAHHOM 3ajaue
HEBO3MOJXKHO HAaWTH ONTUMAaJbHBIA BapuaHT. C SKOHOMMYECKON TOYKH 3PEHHs Pedb O HIee
HEOTrpaHMUYEHHOCTHU KaKoro-110o BHUa pecypca. 3ajaua He UMEET ONTUMAJIbHOTO PELIEHMS.

Jlamee paccMOTpUM 3aJjaud  UMEIOIIUX Clydall HEOrpaHMYEHHOCTH (DyHKIMOHAIA
(pyHKIIMS HE UMEeT IKCTPEMATILHOTO 3HAYCHUS ).
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3amaua 16
L LeneBas GpyHKIMS:
Z=5x; +3xy + 6x3 max—p

IL. Cucrema orpaHUYeHU:
2x1 +x+ 3)C3 >25

X1 +x<20

X2 —x3<10

I11. YcioBre HEOTPULIATENBHOCTH
X1, X2, X3 > 0

3amaua 17
L LeneBas GpyHKIUS:
Z=8x; + x5+ 10x3 max—p

IIL. Cucrema orpaHU4YeHM:
2x1+2x —4x3< 15

3)61 + X2 < 20

6x,— 11x3<7

I11. YcnoBre HEOTPULIATENBHOCTH
X1, X2, X3 > 0

3. Hepa3pemmMocTb MoaeIn

B sTOM ciydae HEBO3MOXKHO HailTW MOMYCTHMBIM BapHaHT (B paspellaroliell CTpoke
CUMIUIEKC-Ta0JIMLBI HET HM OJHOTO0 OTpHULATENbHOro 3yieMeHTa). C 3KOHOMUYECKOW TOUYKHU
3peHHs 3TO 3HAYUT, UYTO OrPAHUYECHUS MOJEIU SBIAIOTCA  B3aUMOMCKIIOYAIONIUMH,
IPOTUBOpPEYAILUMHU APYT APYTy TpeOOBaHUAMHU. 3aja4a HE UMEET PEIICHUS.

PaccmoTpuM noapoOHO pelieHue 3ajad, UMEILUX claydaid Hepa3peluMOCTH MOJENH
(cucremMa HEpAaBEHCTB HE UMEET PEIlIeHNs) Ha TpuMepe 3af1aun 12.

3amava 12
L LeneBas GpyHKIMs:
Z=x11t0,2x; + x3 —» min

IIL. Cucrema orpaHUYeHU:
0,Ix; +0,2x, <2

— X1 — 2X2 > 5

2% +3x3< 1

I11. YcioBre HEOTPULIATENBHOCTH
X1, X2, X320

Pewenue:
[TepexoauM OT CHCTEMBI HEPABEHCTB K CUCTEME YPaBHCHUI:

y1=-0,1x; = 0,2x, + 2

y2=—X1—2X2—5
y==2x1—-3x3+1

57



3anuiieM MareMaTH4ecKylo Mozenb B TaOnmuyHOW (opme. Bribepem paspemarommii
JJIEMEHT:

Tabnmma 13
—X1 —X> —X3 CBoOoHEBIE 2
YJICHBI
Vi 0,1 0,2 0 2
» 1 2 0 -5
V3 2 0 3 1
Z -1 -0,2 -1 0

Hccnenyem mOMy4deHHbIM BapuaHT Ha JIOMyCTUMOCTh. B Tabmuue HaxoauTbes
HEJONYCTUMBII BapuUaHT pELICHMs 3a/adyd, MOTOMY YTO CPeOu CBOOOJIHBIX WIEHOB HMMEETCS
OoTpHULIaTeNbHBIA 37eMeHT. [Ipu BbIOOpe paspellaromero 3j1eMeHTa MHOoJy4yaeTcs, 4YTO Cpeau
CHUMIUIEKCHBIX OTHOIIEHUN HET HAUMEHBIIEro MOJO0XKUTeIbHOro. CienoBaTelbHO, B JaHHOU
3aJjaue HEBO3MOXKHO HAalUTH NOIyCTUMBIN BapuaHT. C DKOHOMHUYECKOM TOUYKHU 3pEHUS 3TO 3HAYMT,
YTO OIPAaHUYEHMSI MOJEIM SBISAIOTCS B3aMMOMCKIIIOYAIOIIMMU, IPOTUBOPEUYAIUMHU JIPYT IPYTY
TpeboBaHUAMMU. 3a/1aua HE UMEET PELICHHUS.

Jlanee paccMOTpUM 3aJaud MMEIOIIMX ClIydall Hepa3pemMMOCTH MoOJAenu (cucreMa
HEPaBEHCTB HE UMEET PEIICHUs).

3agaua 13

L LleneBast pyHKIHS:

Z=12x; + 14x, + 10x3 + 8x4 —» min
II. CucreMa orpaHUYEHUN:

2x1 +3xy + 4x3 + 5x4 <10
X1t 3x+0,5x3<5
X1 —2)62—3)6433

I1I. VYcnoBrue HEOTPUIIATEIBHOCTH
X1, X2, X3, X4 2 0

3anaua 14
L LleneBast pyHKIHS:
Z =25x1 +20x5 + 30x;3 —» max

IIL. Cucrema orpaHUYeHU:
—10x; — 8xy — 15x3 > 100

2x1 +2x+3x3<20

0,2x; +0,3x, + 0,25x3 <5

I11. YcinoBre HEOTPULIATENBHOCTH

X1, X2, X3 > 0

4. Peuienue 3a1a4M JuHeiHOro nporpammuposanusi B MSExcel

Jns npousBoacTBa npoaykiuu tuna [1ju I, npennpusitue UCHoib3yeT Ba BUIA CHIPHS:
C; u C,. [lanHbie 00 YyCIOBUSAX POU3BOICTBA IPUBEACHBI B TAOIHIIE.

Pacxox ceIpbs Ha eIUHUILY
Ceipne IPOAYKIIUH, KI/ex Komuuecrso
p : : CBIpbS, KT
11, | 1T,
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C 1 3 300

C, 1 1 150

[TpuObLTs HA eTUHHUITY
OPOAYKIMH, ThIC. PYO.

CocTaBUTh MJIaH MIPOU3BOACTBA IO KPUTEPUIO MAKCUMYM MPUOBLIH.
Pewenue

1. CocraB nepeMeHHbIX

X| — KOIM4ecTBO (eAnHuN) npoaykuuu I1;;

X2 — KOJIM4ecTBO (eauHun) npoaykuuu I,.

2. Ywucnosas MozeInb

I. LeneBas ¢ynkuus. Kputepuii onTUManbHOCTH MOJTY4YeHHE MAaKCHUMyMa HPUOBUIA OT

HpOHSBOI{CTBCHHOﬁ JACATCIBHOCTH. CJ'IC)IOBaTeJ'IBHO,

Z = 2x, +3x, = max
II. OcHOBHBIE OrpaHUYEHUS
B tabnune npeacraBieHbl JaHHBIE M0 PACXOY OCHOBHBIX IPOU3BOJICTBEHHBIX PECYPCOB

(ceipre C; u C;) Ha mpousBoacTBO npoaykiuu I1; u Il,. MUcnions3ys nanHbie TaOJIUIIBI, COCTAaBUM
OTPaHUYCHUS:

1X1 +3X2§300
1x; + 1x, <150

III. YcnoBue HEOTPHUIATEIBHOCTH IEPEMEHHBIX
x1 >0
X2 >0

3. OOwwmii BUI SKOHOMUKO-MaTEMAaTHUYECKON MOIEIIH
L. Z =cx, +c,x, > max
II. a;1x; +apxy <b

axX] +anXx, <b;
Ly, > 0, (=1, 2)

4. CtpykTypHas ¢opMa IKOHOMUKO-MATEMATHYECKON MOJIeIH

2
L Z :zcjxj — max
j=1

2
1 2%, <b, =12
=

m.x; 20, J=12

5. Pewenue 3a0auu ¢ ucnonvzoeanuem maoauunozo peoakmopa MSExcel
YtoOb! petnTh 3a1auy, UCHONB3Ys Ta0auuHbIi perakTop MSExcel Heo6xoaumo:

OtkpeiTh Tabmuunbid pegakrop (Ilyck  Ipoppammer  MSExcal);

3amuiieM YUCIOBYIO MOJENb 3anaud Ha pabouwmit ymct (pucyHok 1.1). Jlnst atoro
HEOOXOJMMO BHIOpATh SUCHKHM B KOTOPBIX OYAYT HaXOAMTHCS IMepeMeHHbIe. JlomycTum
x1—C1 x,—C2 (BpIOOD siU€EK MPOU3BOJICH).
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B stgeiike Al 3anumieM neneByro GyHKIIUIO Z = 2X1 + 3X2 : A1=2*C1+3*C2

[Tpumedanue:3anuch GopMys BCEr/la HAUMHAETCS CO 3HAKA «=).

B sueiiky B1 3anumem neByro yacth 1-ro orpannuenus (1x; + 3x;)
B1:=CI1+3*C2

B sueiiky B2 3anuieM neByro yactb 2-ro orpannyeHus (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 — 3anuce uncinoBoit mozaenu Ha padouyem aucte MSExcel

ITocne xak yncinoBas MOAENb 3aMKcaHa, HEOOXOJMMO YCTaHOBUTH Kypcop B siueiky Al (B
Hell pacnonoxeHa meineBas QyHkuus). BwiOupaem Bkianky «CepBuc» —  «llomck
pELIeHHUS. .. », IPU ITOM OTKPOETCs TUAJIOroBoe OKHO (GpyHKIUH «Ilouck pereHns».

B oTkpbiBIIEMcS OKHE HEOOXOIMMO YCTAaHOBHUTH LENEBYIO SUEHKY, a MOCKOJBKY y Bac
Kypcop cTosan Ha suelike Al, To 3HaueHHe LEeNeBOM sueliku OyaeT NpaBUIbHBIM. B
IIPOTHUBHOM CJy4ae YCTAaHOBHTE B PYUYHYIO aJpec LeJNeBOM sA4Yeku (B JaHHOM cilydae
IIporpaMMa HCHOJb3yeT a0COIIOTHBIE aapeca T.e. siuelika Al mMeeT aOCONIIOTHBIN ajpec
$AS$1) (pucynok 1.2).

VYcranoBute Mapkep B IMOJOXCHUC, COOTBCTCTBYIOUIMC KPUTCPUIO OINTHUMAJIIBHOCTHU!
MaKCUMaJIbHOMY UJIM MUHUMAJIbHOMY 3HA4YCHHUIO.

B oxnme  «l3MeHAs sA4eiliKM» HYXHO YyKa3aThb ajpeca sS4eeK COOTBETCTBYIOIIHE
nepeMeHHbIM. {7151 3Toro HeobxoauMo BbIAENUTH quana3on siueiiku ¢ 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 — PabGota B nuanorosom oxHe «llouck permenus»

B oxne «OrpanuueHus» akTUBHUPOBaTh KHONKY «J{006aBUTHY. OTKpoeTcs okHO «/]00aBUTH
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orpanuueHus» (pucyHok 1.3). BBonum nepBoe orpannyeHue: B okHe «CCblIKa Ha STUEHKY»
YKa3bIBAIOT afipec SYEHKH, TAe HaXOIUTCA JieBas yacTh 1-ro orpanmdenus - $B$1, 3arem
BBIOMPAIOT 3HAK OrpaHuYeHus « < » u 3HaueHue — 300.

JNoHagneHHe orpaHHYeHHA E

CrChifka Ha AHekEy ! CIrpaHHHEHHE

[$E:51 <= =] |300 5
O I OTMEHA | AobaEnTE | _npaeka |

Pucynok 1.3 — Jluanorosoe okHo «/lo0aBineHue orpaHu4eHUsD

AKTHUBHpYEM KIABUIIY «100aBUTHb» M aHAJOTUYHO BBOJAHMM BTOPOE OrpaHHYeHHE. 3aTeM
BBOJIMM YCJIOBHE HEOPHIATENbHOCTU. [l 3TOT0 B OKHE «CChUTKA Ha SYEHUKY» YKa3bIBaeM
JUarna3oH s4eek, B KOTOpbIX Haxoasrcs nepemeHHble ($C$1:$CS$2). Tlocne modapnenus
Bcex orpaHmdeHuil BoiOMpaeM «OK». Ilporpamma Bo3Bpamiaercss B JIMajioroBO€ OKHO
«[Touck pemenusi». BBoa unciaoBoit mMojenu 3akoH4YeH (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 — 3aBepiieHne BBO1a YUCIOBOW MOJICIIH B THAJIOTOBOM OKHE «Ilomck
peIIeHus»

BeiOupaem komanny «Beimonnute». Ha skpane mosBuTcs OkHO «Pe3ynbraThl mnoucka
pemenus» (pucyHok 1.5). Ecau Monens cocTaBieHa NpaBHIIBHO U MMEET pelIeHHe, B
OTKpBbIBIIEMCS OKHE OyAeT coobuienue: «Pemenue HaiineHo. Bece orpaHnueHns U ycioBus
ONTUMAJILHOCTH BBIMOJNHEHbI». B okHe «Tum ordera»  BbelOepure «Pe3ynbTaTel» H
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 — OxkHo «Pe3yabTaThl MOMCKa PEIICHUS

PesynbpTar pemenus 3amaun mpenacraBieH B «OTdere mo pesyibTaTam» (PUCYHOK 1.6).
Pemenne 3amaun 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 no pesynapTaTam

i Pemenue 3amaun OKOHYCHO, PC3YyJIbTaTbl MOXXHO pacClicdyaTaThb.

[Ipumeuanue

Ecnn nouck He MOXKET HAUTH ONTHMAaJIbHOE PELICHHE, B JUAJIOrOBOM OKHE Pe3yJjbTaThl
MOMCKA pelleHus BEIBOIUTCS OJHO U3 CIETYIOUINX COOOIICHUH.

ITourck He MOMKeT yIy4IIMTh TeKyllee pemenue. Bece orpaHnyeHns BBIOJIHEHBI.

B npouecce noucka peuieHus Heab3sd HAWTHU TaKOM HAOOp 3HAYEHMH BIMSAIOIIUX SYEEK,
KOTOPBIM ObUT OBl Jydlle Tekyuiero pemeHus. IIpubausurtensHoe peleHne HaileHo, HO 100
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JanbHEeHIee yTOYHEHHE HEBO3MOXKHO, JIMOO MOTPENIHOCTh, 3aJaHHas B JUAJTIOTOBOM OKHE
ITapameTpbl MOMCKA pelIeHUs CIUIIKOM BbICOKA. MI3MEHHTE MOrpemHOCTh Ha MEHBIIEE YUCIIO
U 3aIyCTUTE MPOLEypy MOUCKA PEIICHHUS CHOBA.

ITouck ocTaHoBJIeH (MCTEKJIO 32JaHHOE HA MONCK BpeMsi).

Bpemsi, ornymenHoe ~Ha  pelieHHe  3aJadd, ~ MCYEpIaHO, HO  JIOCTUYb
yIOBJIETBOPUTENBLHOTO pEUICHUS HEe yAanoch. UTOOBI MpH ClEAYIONEeM 3alycke MpOoLeayphl
MOUCKA perieHus HE MOBTOPATH BBITIOJIHCHHBIE BBIYHCIICHUS, YCTaHOBUTE
nepexinoyaTeabCoXpaHuTh HaliieHHoe pemeHue nii COXpaHUTh ClleHaAPHid.

IHonck ocTaHOBJIEH (IOCTUTHYTO MAKCHUMAJILHOE YMCJI0 UTEPALHil).

[Ipou3BenneHO pa3pelIeHHOE YHUCIO UTepalui, HO JOCTHYb YAOBIETBOPUTEIBLHOTO
pEelIeHUs HE YAAJIOCh. YBEIMYEHHE 4YHUCIAa HTEpalluid MOXKET IOMOYb, OJHAKO CIIEIyeT
paccMOTpeTh pe3yiabTaThl, YTOObI MOHATH MPUYMHBI OCTAHOBKH. UTOOBI MpH CIEAYIOIIEM
3amycKe MPOUEAYyphl MOMCKA PEIICHHUS HE MOBTOPSTH BBHINOTHEHHBIC BBHIYHCIICHUS, YCTAHOBUTE
nepekaouaTelbCoOXpaHuTh HaWJIeHHOE peleHHe WiIn HaxMmuTe KHONKYy CoxpaHUTh
CLleHApHIA.

3HaYeHN 1eJIeBOi AUYeii KU He CXOASITCS.

3HaveHHe 1eJIeBOM SYEHKH HEOTPAHMYEHHO YBEIIMYMBAETCS (WM YMEHBIIAETCs), Jaxe
€CJIM BCE OTpaHUYEHHUs coOo/IeHbl. BO3MOXHO cienyeT B 3ajjaue CHATh OJHO OTPaHHYEHUE WIH
Cpa3y HECKOJIbKO. M3yunTe mpouecc pacxoKIAEHMs pEIICHUs, NPOBEPbTE OrPAHUYCHUS U
3aIyCTUTE 3a/1a4y CHOBA.

ITouck He MOKeT HAWTH NMOAXOAALIEro peleHHs.

B mporecce moucka pemnieHusl HelIb3s CAeNIaTh UTEpalMio, KOTopas YAOBIETBOpsia Obl
BCEM OIpPAaHUYCHUSAM IPU 3aJaHHOM TOYHOCTH. BeposATHO, OrpaHUYEeHHs] NPOTHUBOPEUUBHI.
Hccnenyiite TUCT Ha MpeaMeT BO3MOXKHBIX OHMIMOOK B opMyliax OorpaHMYeHUIl Wiu B BbIOOpe
OTpaHUYECHUU.

IHonck ocTaHOBJICH IO TPEOOBAHHUIO N10JIL30BATEJIS.

Haxarta xnomka Crtom B auanoroBoM okHe Tekyllee COCTOSIHHE NMOMCKA pelieHHs
1IOCJIE MPEPBIBAHMS TTOMCKA PEIICHUS B IPOLIECCE BBITOJIHEHUS UTEPALIUH.

YcaoBus A5 TUHEHHON MOIeIM He YA0BJIETBOPAIOTCH.

YcranosneH ¢axok JIuHeliHasi MogesIb, OJJHAKO UTOTOBBIH MepecueT MOPOKIaeT TaKKe
3HAu€HUs, KOTOpPbIE HE COIJIAacylTCsi C JIMHEHMHONM MOJAENbI0. DTO O3HAYAeT, YTO pEIIECHUE
HEACWCTBUTENBHO AN JaHHBIX (opmyn naucrta. UToObl MHpPOBEpUTH JMHEHHOCTH 3aJayd,
yCTaHOBUTE (JIaKOK ABTOMATHYeCKOe MacIITA0MpPOBAHMEe U IIOBTOPHO 3allyCTUTE 3a4auy.
Ecnu 310 coobiienune onaTh MOsBUTCS Ha dKpaHe, CHUMUTE Giiakok JImHeliHasi MoesIb 1 CHOBa
3alyCTUTE 3a/1a4y.

IIpu noucke pemieHUsi 00HAPYKEeHO OIIMOOYHOE 3HAYEHME B 1eJIeBOH A4eiike WU B
sAiyeiiKke OrpaHuYeHu .

IIpu mepecuere 3Ha4YeHHIl s4yeek OOHapykeHa omMOka B OAHOW Qopmyie WIH B
HECKOJBKMX cpady. Haiinure neneByro S4eiiKy WM SYEHKY OIPAaHUYCHUs, ITOPOKIAIOIIHE
OomnOKy, U H3MeHuTe HuX (OpPMyNbl TaK, YTOOBl OHM BO3BpAIlad TMOIXOJSIIEEe YHCIOBOE
3HauCHUE.

Habpano neBepHoe ums wiu ¢opmyna B okHe/[00aBUTH OrpaHu4YeHHe WM B OKHE
HN3menuts orpanmvenue, 6o B noje OrpaHudeHue ObUIO 33JaHO LIE€JIO€ WIM JABOUYHOE
orpanuueHue. YrToObl OrpaHUYUTH 3HAYCHHS SUYEHKHM MHOKECTBOM IIENIBIX UHCEIBBIOEpUTE
OTEepPaTop LeJ0ro OrpaHUYCHHS B CIIUCKE YCIOBHBIX OnepaTopoB. UTOOBI yCTAHOBUTH JBOUYHOE
OrpaHHuYEHUE, BIOEpUTE ONepaTop IJs ABOUYHOI0 OTPAHUYCHHUS.

Humepnpemayus pezynomamos 3aoayu

[TonyuenHnble 3HaYeHUs B fA4eilkax, cojaepkamux (opMynbl 1HeneBoll (QyHKUMH WK
OTpAaHUYECHUM, SBISIOTCS pe3yJIbTAaTOM pacyeTa IeJeBOM (PYHKIMU U COOTBETCTBYIOIIMX
OTpaHUYECHUM.

Pesynbrar, mnonyueHHbli B suelike Al o3HauyaeT NpuUOBLUIb, TOIYYEHHYIO OT
MIPOU3BOJICTBA IPOTYKLIUH.
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SAueiixu C1, C2 yka3pIBaloT HaM Ha KOJIMYECTBO NIPOU3BEACHHON NPOAYKLIUH.

B sueiike Bl 3ammcano 1-oe orpaHmdeHue, Xxapakrepusymollee pacxol cbipbs C; Ha
IIPOU3BOJICTBO BCEX BUAOB Npoaykuuu. Ilpu aToM nomyuwmicsa pesynastaT paBHblid 300, pazHuna
paBHa 0, 4TO yKa3pIBaeT Ha MOJHBIA PACXOJ CHIPBS JAHHOTO BUIA.

B sueiixke B2 3anucaHo BTOpoe orpaHMyeHHE, XapakTepusymwluiee pacxon celppsi C, Ha
npousBoacTBo npoaykuuu II; u Il,. Pesynerar pasen 150, pasHuna paBHa 0, 4TO MOJTHOCTBIO
COOTBETCTBYET 3aJaHHOMY OI'PaHUYEHHIO (T.€. chIpbe Cr U3PacX00BaHO MOJHOCTHIO).

3nauenue sueexk C1, C2 npepimaroT 0, T.€. yCIOBUE HEOTPHUIATEIBHOCTH MEPEMEHHBIX
BBITOJIHEHO.

Omeem

MaxkcruManbHas NpuObLIbL BO3MOXKHA B pa3Mmepe 375 equHMLI.

O06bem Beimycka npoaykuuu: I1; - 75 mryk, I, - 75 mryk.

Coipbe C1 uC2 u3pacxon0BaHO MOJIHOCTHIO, YCIOBUE HEOTPULIATENBHOCTH BBITIOJIHEHO.

2.2.3 Pe3yabTaThbl U BHIBOJBI:

B cummnekc-tabnune OyAeT HAXOAWTbCA BBIPOXKACHHBIM BapHaHT, €CIM Cpeau
CBOOOJHBIX WIEHOB (KPOME CTPOKHU Z), MOSIBUTCS HOJMb.

HeorpannuenHocts ¢yHKIHMOHama. B 3ToM cimydae B CHUMIUIEKC-TaONHIIE HAXOIUTCS
JIONYCTUMBIH, HO HE ONTHUMAJbHBIH BapHMaHT U B pa3pellalolleM CTOJOLle HET HU OJHOTO
HOJIOKUTEIBHOIO 31eMeHTa. C SKOHOMHUYECKOM TOUKHM 3pEHMs pedb MJIe€ O HEOTPaHMUYEHHOCTH
Kakoro-imoo Buja pecypca. 3agaya He UMEET ONTUMAIIbHOTO PELICHHUS.

Hepaspemmumocts Mogenu. B 3Tom ciaydae HEBO3MOXKHO HaWTH TOMYCTUMBIA BapUaHT (B
paspemiamomeil cTpoke CHUMIIJIEKC-TaOMUIbl HET HM OJHOIO OTPHULATENBbHOro 3neMeHTa). C
DKOHOMHUYECKOM TOYKM 3PEHUS OTO 3HAYUT, YTO OIPAHUYEHUS MOJEIU  SBIIIOTCA
B3aMMOMCKIIIOYAIOIUMY, TMPOTUBOPEYALIMMH JAPYTr APYry TpeOoBaHMAMM. 3ajaya HE HMEeT
peLICHUs.

2.3 lIpakTuyeckoe 3ansaTue 6,7,8 (6 yacos)
Tema: « TpancnopTHas 3axa4a»

2.3.1 3apanue nis padoThbI:

1. IToaroroBka U MOAEIs TPAHCIIOPTHOM 3a4aUH.

2. AIroput™m MeTo/1a HOTEHIUAJIOB.

3. IlpubnuxeHHble pacpeaeIUTEIbHbIE METOIBL.

4. Pemenue pacnpefelnuTeIbHbIX 3aJad METOJAOM IIOTEHLHUANOB (3aKpBITOrO THIIA;
OTKPBITOT'O THUIIA; CTy4ail BBIPOXKAEHHOCTH; pelIeHUEe 3a/1a4 NPUOINKEHHBIMUA METOAAMHU ).

5. Pemenue 3anaun nuHeitHOro nmporpaMMmuposanus B MSExcel

2.3.2 Kparkoe onucaHue npoBoAMMOro 3aHATHS:

1. IloaroroBka U MoaeJb TPAHCIOPTHOM 3aga4yn. Cpeau npodieM, U1 UCCIIET0BaHUS
KOTOPBIX YCIIEHUIHO MPHUMEHSETCS JUHEHHOe MpOorpaMMHUpOBaHME, BaXKHOE 3HAUEHUE UMEET TaK
Ha3bIBacMas TPAaHCIIOpPTHas 3aJaya.

OOmiasi mocTaHOBKAa STOM 3aJaud INPUMEHUTEIBHO K HKOHOMHUYECKOW mpolbieme
SKOHOMHH U3JEPKEK TPOU3BOACTBA (OPMYIHPYETCS TaK: HMEETCS HECKOJIbKO ITYHKTOB
Ha3zHaueHus (MpeanpusaTuil, norpeOuteneil); TpeOyercs NepeBE3TH HEKOTOPOE KOJIUYECTBO
OIHOPOAHOI'0 TOBapa U3 pas3IMYHbIX IMMYHKTOB OTHPABJICHUA B HCCKOJIBKO ITYHKTOB HA3HAYCHUS;
KaX/bli U3 MOCTABIIMKOB MOKET BBIIEIUTh TOJIBKO ONPEEIEHHOE KOJIMUYECTBO €JUHMII TOBApa
U KaKJAOMY NOTpeOuTeNnto TpedyeTcss TakKe ONPEAeIEHHOE KOJUYECTBO EAMHMI] 3TOT0 TOBApa;
U3BECTHBI PACCTOSHUSI WJIM CTOMMOCTH NMEPEBO3KM €AMHUIIBI TOBApa OT KaXKJO0r0 MOCTaBILUKA K
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KaKIOMY NOTpeOuTeNto. 3a1a4a COCTOUT B TOM, YTOOBI HAlTH TaKUe MapLIPyThl IEPEBO3OK, U3
BCEX BO3MOJKHBIX CBsI3€H IOCTaBILMKOB M MOTpEeOHUTENEH, MPU KOTOPBIX OOIME TPAHCIOPTHBIE
pacxoabpl ObulM  Obl MUHUMaNbHBIMU  (TpaHCHOpPTHas 3ajada TakKXKe MOXKET ObITh
chopMynupoBaHa C LeneBol GpyHKIUeH, cTpemsIeiicss K MaKCUMYMY).

Taxum 0Opa3oM, MyCTh UMEEM /71 IMYHKTOB, B KOTOPBIX HAXOAUTCS U3BECTHOE KOJIUYECTBO
OJTHOPOJHBIX I'Py30B (1mocTaBUIMKH). ITopsiiKOBBIH HOMEp MOCTaBIIMKa 0003HAYaeTCs i, TO €CTh
i=1,2,...,m. Hanwume rpy30oB y mnocraBmuka b; HMeercs n IYHKTOB WCIBITHIBAOIINX
NOTPeOHOCTh B ATUX Tpy3ax (morpedutenei). IlopsakoBeiii HOMep moTtpeburtens j=1,2,...,n.
IToTpeGHOCTB B Tpy3ax KaxJ0ro noTpebureins a;. M3BecTHa «1eHa» NEPEeBO3KU €JJMHUIIBI IPy3a
OT KaXJOro IIOCTaBHIMKA K KaxkaoMmy morpeburemo (c;). HeoOxoaumo cocTaBuTh ILIaH
IIEPEBO3KHU I'PY30B OT MOCTABIIUKOB K NOTPEOUTENIO, T.€. ONPEAEINTh: KAaKOe KOJIMYECTBO Ipy3a
HEOOXOAMMO IIEpPEBE3TH OT KaXKAOro IOCTAaBIIMKAa K KaXIOMY IMOTPEOUTENIO (x;), MpUYEM
3HAUEHUS X;; IOJKHBI OTBEYATh CIEAYIOUIMM TPeOOBAHUAM:

4)o06muine 3aTpaThl HA TIEPEBO3KY TPY30B JAOJDKHBI OBITH MUHUMAJILHBIMY,

5)Bce rpy3bl OT MOCTABIINKOB JOJKHBI OBITH BHIBE3EHBI;

6)noTpe6HOCTH MOTPEOUTENEN B IPy3aX JOJKHBI OBITH YIOBJIETBOPEHEL.

TpeboBanus 2-3 0AHOBPEMEHHO MOTYT OBITh BBIMOJHEHBI TOJIBKO B TOM cilydae, Korjaa
CyMMa Tpy30B Yy BCEX INOCTaBUIMKOB pPaBHAa CyMMapHOW MOTPeOHOCTH BcexX morpeduteneii, To
€CTh:

m n

Z b, = Z d; — ycnoBue pa3pemIMMOCTH 3a/1auH.

i=1 j=1

Ecnu ycrnoBue paspemmMocTd BBIOJHSAETCS, TO 3aj1adya OyAeT sBIATHCSA 3aJadyel, Tak
Ha3bIBAEMOTr0 3aKpbITOro Tuma (cOanaHcupoBaHHOHM). JHaye — 3amada OTKPBITOrO THIA
(HecOasancupoBaHHas). [l TOro 4ToObl PEMIUTh 3a7ady OTKPBITOTO THUIA, HAlO €€ «3aKpBITh)
(TO ecTh MPUBECTU K 3aKPbITOMY THUIY). sl 3TOro BBOAUTCSA WM (PUKTUBHBIM MOCTaBIIMK WM
(UKTHUBHBIN TOTPEOUTEID.

B cnyuae, xorma cymmapmuvie 3anacel npesviuwiaiom CcymmapHvie HOMpeOHOCMmU,
HEOOXO/UM JIOTOTHUTEIbHBIN (UKTUBHBIA MYHKT MOTPEOJICHHs, KOTOPHIA OyneT ¢GopMaibHO
HOTPEOIIATh CYIIECTBYIOINI H3JINLIEK 3a11acoB, TO €CTh:

m n
a, :Z:‘bi —z;aj )
i= j=

Ecnu cymmapnvie nompebnocmu npesviwiarom cymmapHvle 3anacbl, TO HEOOXOAUM
JOTIOTHUTENBHBIN  pukmuenviti  TMYHKT  OTIpaBleHUs,  (OPMaIbHO  BOCHOJHSIONIUI
CYILLECTBYIOIIMI HENOCTATOK MPOAYKLIMH B IIYHKTaX OTIPABICHU:

n m
by=2.a,-2.b.
=1 i=1
Benenne (uUKTHBHOTO MOTpeOHUTENsT WM OTHPABUTENS IOBJIEYET HEOOXOAMMOCTD

7z
(opmanbHoro 3ananus guxmusnvixrapudos C;; (peanbHO He CYHMIECTBYIOIMX) i (QUKTUBHBIX

nepeBo3ok. Ilockonbky Hac HHTepecyeT oOlpeaeiaeHrHe Hauboiee BBITOJIHBIX peanbHbLX
NEepeBO30K, TO HEOOXOAMMO MPEeAyCMOTPETh, YTOOBI MPH pPEUICHUU 3aayil (MPU HAXOXKJIECHUU
OTIOPHBIX IJIAHOB) YuKmMueHble TIEPEBO3KM HE pacCMaTPHUBAIUCH A0 TeX IMOp, MOKa He OyayT
OTIpeNieNieHbl BCcE peajbHble MepeBO3KU. J[nst 3Toro Hamo (UKTUBHBIE TEPEBO3KU CHAEIaTh
HEBBITOJIHBIMH, YTOOBI MPU MOKMCKE PEUIeHHs 3a7aud WX paccCMaTpUBAIU B CaMyI0 MOCIEIHIOI0
ouepenb. Takum oOpa3om, ecnu 1eneBas (QYHKIUS CTPEMHUTCS K min, TO 3aTpaTbl OepyTcs BO
BCceX (UKTHUBHBIX KJIETKaX TaOJHIBI TPOU3BOJIbHBIC, OJWHAKOBHIE M Ha TMOPSIOK BHIIIE
HACTOALIUX I€H, T.€. BEIUYMHA (UKTUBHBIX Tapu(OB JOHKHA MPEBHIINIATH MAKCUMAaJbHBIA U3
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peanbHBIX Tapu(OB, HCIOIB3YEMBIX B MOJIEIH: cg’
(GyHKIUSA CTpEeMHTCS KMax, TO cf’f Oepércs paBHas HYJIIO.
ij

Paszeépuymas ¢popma 3anucu mooenu mpancnopmuotl 3a0auu.

> max ¢, (l =l,m;j= l,n). Ecnu nenesas

I[JISI y,HO6CTBa, nmpexac 4eM mnucatb MOACIb, 3allMIIEM B BHJAC MaTpUlbl IIEH BCC

3HAYEHUS c;. A TaKKe B BUJIE MAaTPUILIBI IPY30IIEPEBO30K IICPEMEHHBIE X;;.
Mampuya yen:

Cy Cpp .- Cy,
C - Cy Coy oo Cy,
le cm2"' cmn
MarpunaC = (cj)m+Ha3plBaeTCAd Takke MaTpuued TapudoB (U3IepiKeK

TPAHCIIOPTHBIX PAaCXO/0B).
Mampuya epy3onepego3ox:

x“ xlz xln
Y = X1 X Xon
xml me"' xmn

Martpuna X = (x;7)m+*, ellie Ha3bIBACTCS [UIAHOM TPAHCIIOPTHOH 33/1a4H.
Moenb TpaHCITOPTHOM 3a1a4r OYAET BBIMJISAACTh CIACIYIONIMM 00pa3oM.
I. IleneBast pyHKIIMS OMUCHIBAET 3aTPaThl Ha TICPEBO3KY IPY30B:
Z=cnxXntenxit. . texteaxatenxnt. . Feyxot. ..

FCm1Xm1HCmaXma ™t . CopnXmp—>1in.

nin

II. Cucrema orpaHM4YeHHMH ONHMCHIBAET BTOpPOE U TPETbe TpPeOOBAaHUSA M X; U3

IIOCTAaHOBKH 3ada4yu.

1 rpynma: ycioBHE IIOJHOTO BbIBO3a TIPY30B OT IOCTaBIIMKOB (CymMMa TpY30B,

BBIBE3EHHBIX OT IIOCTABIINKA JOJDKHA OBITh pABHA HAIMYMIO):
Xytxit.. . +x,= by,
Xo1tx00+. . Ax0,= by,

xm1+xm2+- . -+xmn= bma

2 rpynma: YCJIOBHE YAOBJIETBOPEHHS TMOTpeOuTens (CyMMa Tpy30B NPUBE3EHHBIX

HOTPEOUTENIO JOKHA OBITH pPaBHA €r0 NOTPEOHOCTH):
Xyttt A =an,
XXt Axn=as,

X1 X2t o X = Q.
III. YcnoBue HEOTPUIIATETLHOCTH MEPEMEHHBIX BETUYUH X120, x>0, ..., xpnn>0.

Cmpyxmypnas ¢oopma 3anucu mooeny mpaHcnopmHou 3a0adu.
B CHe]_II/IarJVIII/I?»lI/IpOBaHHOﬁ JTUTEpaType MOJEIHN JAIOTCS B CTPYKTYpHOU hopme.
7

ﬁ Z = chijxii — min.

n_j=l j=1

3 Y x;=b,i=12,.im

jiel
4) le.j =a;,j=12,...n
i=1
L x;20 (i = 1,2,...,m,j = 1,2,...,n).
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MOCTABIIMKH
A

Tabauunas popma 3anucu mooeru mpancnOPmMHoOU 3a0adu.

OOmenpunsaTo B Tabauie HHPOPMAIIUIO TI0 ITOCTABIIMKAM PACIIOaraTh 1Mo CTPOKaM, 10
MOTPEOUTETIO — MO CTONIOIAM.

Pa3mep Tabnuiel: cTpok m+2, cronOuos n+2.

MaTtpuiibl TPAaHCTIIOPTHBIX PACXOJI0OB U MEPEBO30K COBMEIIAIOT OOBIYHO B OJIHY JBOMHYIO
MaTpHILy — MaAmMpuyy niaHupO8aHuUsl.

Ecnu B Tabnuiy 3anucaHa TOJIBKO MCXOAHAs MH(OpMalMs M HET 3HAYEHHH Xj, TO ITO
pabouas Tabnuna unu maxem 3anaud. Ecay 3HaueHus x;; MPOCTABIEHBI, TO MOJY4aeM HEpBbIH

BapHaHT pelleHus 3agaun. B takoil popme 3agaum pemarorcs.

Tabmuma 5 — OOmuii BUI TPAHCTIOPTHON MaTPHIIBI

noTpeOuTeIN
A
1 2 n bi
C C C
1 11 12 1n bl
X11 X12 X1n
C C C
2 21 22 2n b2
X21 X22 Xon
m Cml Cm2 Cmn bm
Xml Xm2 Xmn
n m
a; ap ar ay a, = Zb[
j=1 i=1

KpoMe OCHOBHBIX YCIOBUH, B TpPaHCHOPTHBIX 3aJadaX MOXET BCTPETUTbCA PSI
JOTIONIHUTEIbHBIX,  OTPAHUYMBAIOIIUX  KOJMYECTBEHHBIE  CBA3M  MEXAY  OTHAEIbHBIMU
HOTPEOUTENAMH M MOCTaBIIMKAaMU. XapaKTep 3TUX OrpaHMUYCHHMH U CIIOCOOBI PELIeHUs 3aladyu
IIPYU HAJUYUU JOMOJIHUTENIBHBIX OTPaHUYEHUHN 3aKIII0YAI0TCS B CIEAYIOIEM.

1. IlonHOE OTCYTCTBHE CBA3M MEXIY IOCTaBUIMKOM M MOTpedHUTENeM, To ecThb x;= 0. D10
03HAYaeT, YTO B JAHHON KJIETKE MATPHUIbl UCKOMBIM O0BEM NEPEBO30K JOJKEH OBITH paBEeH
Hy10. B 3ToM ciydyae oreHka mepeMEHHOW 3aBbIIaeTcs Ha OOJBIIYIO BEJIUYMHY, OOBIYHO
o0o3HayaeMyro OykBOil M, U «1onaziaHue» rpys3a B 3Ty KIETKY HEXENaTeNbHO, TaK Kak LieJeBas
(GYHKLUS CTPEMUTHCS K MUHUMYMY (M 3aHUXKAETCS, €ClIi Z—>max).

2. Hamnuume dvacTHOHW 3apaHee (GUKCUPOBAHHON CBS3M MEXIy IOCTaBUIMKAMH U
HNOTPEOUTENAMU, TO €CTh Xjj= ( (MCKOMBIH 00bEM IepeBO30K OT i-I0 IMOCTAaBIIMKA K j-My
HOTPEOUTENIO JOJDKEH OBITh CTPOTo paBeH (). Toraa, 1o Havyajga peleHus 3aaul OT BEJTHUUHBI
IPy30B COOTBETCTBYIOIETO IMOCTaBIIMKA M IMOTPEOMTENS BBHIUMTAETCS BEIMYMHA (, 3aTEM B
COOTBETCTBYIOLYIO KJIETKYy II€peceueHMs] IMOCTaBIIMKA U TOTpeOUTeNss 3amHCchIBaeTCs
3aBbIIEHHAs] OLeHKa M (mpu Z—>min M 3aHWKEHHas Ipu Z—>max) U 3aJada pelaercs
OOBIYHBIM METOJIOM.

3. Xjj > q, TO €cThb HCKOMBII 00BbEM IEPEBO30K OT 1-T0 MOCTABLIMKA K j-MY IOTPEOUTENIO
JIOJKEH OBITh HE MEHbIIIE BEJIMYMHBI . B 3TOM citydae 0 Hadyasia peleHus OT BEJIMYHUHBI TPY30B
COOTBETCTBYIOILIETO IOCTABIIMKAa M IOTPEOUTENss BBIYMTACTCA BEJIMYMHA (, 3aTeM 3ajada
peraeTcsi OOBIYHBIM ITYTEM.

Mogens TpaHCHOPTHON 3ajaud MO3BOJISIET pelarh JoOble 3aJaud, B KOTOPBIX
napaMerpsl MMEIT OJMHAKOBBIE €IMHHUIBI H3MepeHus. Takue MOJenHu Ha3bIBAIOTCA
OJTHONIPOAYKTOBBIMU. K HUM MOXHO OTHECTH 3aJjauy ONTHUMM3ALUU UCIIOJIb30BAaHUS MALIMHHO-
TPAKTOPHOIO NapKa B OTHAEIbHBIE arpOTEXHUUECKHUE CPOKH, 3a/1a4y ONTHMAJIbHOTO pa3MeEIleHUs
IIOCEBOB CEIbCKOXO03SIHCTBEHHBIX KYJIBTYp 110 Y4aCTKaM C Pa3IMYHbIM IJIOJOPOJIHEM OYB U T.J.
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2. AITOpUTM MeTO/AAa NOTEHIIHAJIOB.

Maremarnueckass MOZENb TPAaHCIOPTHOW 3aJadyd OTHOCUTCS K 3ajJadyaM JIMHEHHOTO
IPOrPaMMHUPOBAHUS U MOXET OBITh pElIeHAa CHUMIUIEKCHBIM MeTonoM. OJHako BBUAY
UCKJIIOUUTENIbHOW MPAaKTUYECKOM BaXXHOCTH OSTOW 3aJaud M CcHelU(UKM OrpaHUMYCHHUH
(orpaHn4eHus 3a7aHbl B BUJI€ YPAaBHEHUN; Ka)k/1as HEU3BECTHAsA BXOAMT JIMILb B ABA ypaBHEHMUS;
KO3(QUIMEHTH NpPU HEU3BECTHBIX — EAMHUIBI) AN €€ pELICHUs CO3JaHbl CIEeLUaIbHbIE
anroputMel. CamMbIM paclpOCTPAaHEHHBIM METOAOM DELIEHUs TPAHCIOPTHOM 3ajauu sIBIISETCA
METOJ] TOTEHIAJIOB.

Pemenue TpancnopTHOM 3a7aun pa3douBaeTCs Ha JiBa dTana:

3) ompeneneHne Ha4ajabHOIO JOIMYCTHMMOIO Oa3HMCHOIO pelieHus (IepBOro ONOPHOIo
IUIaHa) — [EpBOHAYAJIBHOE  paclpeieseHue IocTaBokK. JlocTturaercs  IHOCPEACTBOM
pacpeeNInTeNbHbIX METOOB;

4) mnocTpoeHHEe MOCIEeI0BaTENbHbIX UTEPALUi (I1aroB), yay4lIarOIIUX OMOPHBIE IJIAHBI
(ka>xJbpIi HOBBIH IUIAaH HE IOJIKEH YBEJIMYMBATH CyMMapHbIE 3aTpaThl IPU Z—>Mmin U yMEHbILIATh
npu Z—max). JlocTuraercst nocpecTBOM METOAA MOTEHINAIIOB.

ITocne BBIMOIHEHMSI IEPBOTO 3Talla IIaru BTOPOTO 3Tara MpOBOAATCS 10 TEX HOp, MOKa
He OyJeT HailieHo ONTUMAJIBHOE paclpeesieHHe TOCTABOK.

1-v11t s5man. Ilocmpoenue nepgoHauarbHO20 ONOPHO20 NIAHA

ITnan cocraBnsieTcs MOCIEOBATENbHBIM 3alI0JHEHUEM 110 OIHOM KJIETKe B TaOJUIE Tak,
YTO KaXABIH pa3 JMOO MOJHOCTHIO YAOBJIETBOPSAETCS MOTPEOHOCTh OAHOIO U3 MOTpEOUTENEH,
A100 MOJHOCTBIO BBIBO3UTCS I'py3 OT HEKOTOPOro MOCTaBIIMKA. B Teopum nokas3biBaeTcs, UTO
0a3ucHOE pelIeHWE CHUCTEMbl OrpaHMYEeHMH (U3 m+n ypaBHEHUN C mn INEpEMEHHBIMU) B
YCIIOBUSAX TPAHCIIOPTHOM 3ajjauu uMeeT m+n—1 0a3uCHBIX EPEMEHHBIX (€€ paHT paBeH m+n—1),
[03TOMY, COBEpHIMB m+n—1 yKa3aHHBIX IIaroB, MOJYYUM IEpPBbIM ONOpHbIN miaH. OnopHbIE
IUTaHBI NTOJIyYal0T HECKOJIBKMMHM METOJIaMH, Ha3bIBAEMBIMH paclpeneauTeNbHbIMU. Cpeau HUX
MOKHO BBIJCJIUTh: METOJl CEBEPO-3alaJHOrO YIJIa, METOJ HaWIydllMX I€H WU METOJ

annpokcuManuu. [locnennue 1Ba  MeToJa  OTHOCATCS — Takke K MPUOIMKECHHBIM
pacipenenuTeIbHbIM METOIaM U OyIyT pacCMOTPEHBI B TPEThEH YacTH JAaHHOTO pa3jela.
Ilpumep.
b; =1500 a; =800 13 12 15 16
b, =1000 a,=1200 C=| 17 15 14 13
b3 =2000 a3 = 1400 15 14 13 16
as=1100

Pemmts Ha MUHUMYM, 3aII0JIHUB pab04yI0 TaOJIMIy METOIOM CEBEPO-3alaqHOIO yIila.
Tabnuna 6 — 3anonHenne padbouei TaGIUIBI METOIOM CEBEPO-3aMaJHOTO yriia

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

a 800 1200 1400 1100 4500

Zmin = 800*13 + 700*12 + 500*15 + 500*14 + 900*13 + 1100*16 = 62600.

ITpu 3TOM MeTOAE Ha KaXJIOM Illare MOCTPOEHUs IEPBOro ONMOPHOTO IJIaHa 3aIlloJHSIeTCs
BEpXHss JieBas KJeTKa («CeBepo-3alagHblii yroia») ocTaBilelcs yacTu Tadmauusl. IIpu Ttakom
METOI€ 3alloJIHeHHEe TaOauIbl HaunHaercs ¢ kietku (1,1) u 3akaHunBaeTcs B KieTke (m,n), TO
€CTb MJIET KaK Obl [10 TUaroHaIu TaOJIULbI TEPEBO3OK.
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Metoabl HaUTY4YIIUX [IEH W aNMpOKCHUMAIMU TaKXe MOKHO HCIIOJIb30BaTh Ha JAaHHOM
JTarne.

2-o#t aTan. Meton noTeHanoB. ONTUMAIBHOCTh Oa3UCHOTO PEIICHHUS.

[lony4yeHHBI1 OOHUM U3 pPaCHpPENEIUTENbHBIX METOJOB OIOPHBIM IIJJaH CHadaja
HEOOXOAMMO TPOBEPUTH Ha BBIPOKIECHHOCTH. BapuaHT OyAeT HEBBIPOXKIEHHBIM, €CIH YHUCIO
3aIlOJIHEHHBIX KJIETOK N paBHO CyMMe IOCTAaBIIMKOB U MOTpeOUTENeH 3a BEIYETOM AHMHHIIBL:

N=m+n-1.

Ecnu Ha KakOoM-TO 3Tamne pemieHus MoIyYuTCs BBIPOKICHHBIN MiaH (T.e. N<m +n -
1), To ero HeoOXOAMMO MOTOIHHUTH, POCTABUB B HEJAOCTAIOIIEM YUCIIE KIETOK HOMb. [I0CKONIBKY
9TUM JOTOJIHUTENBHBIM KJIETKaM OyAyT OTBedaThb HYyJEBBbIE MEPEBO3KH, TO OOLIMI OanaHC U
CyMMapHasi CTOMMOCTb II€PEBO30K IIJJaHA MpPU ATOM He u3MeHHTcs. OJHaKo TPOBOIUTH
MOTIOJIHEHUE TJ1aHa, BHIOMpasi KJIETKU MPOU3BOJIBHO, Helb3s. Heo0XoauMo yuuThIBaTh YCIOBHE
anuKIMYHOCTU. [lmaH Ha3bIBaeTCs AlMKIMYECKUM, €CIIM €ro Oa3HCHBbIC KIIETKH (3aloTHEHHBIC
rpy30M) He cojaepkaT IUKJIOoB. LlUKiaoM B TpaHCHOPTHON TaOnuile Ha3bIBa€TCAd HECKOJIBKO
KJIETOK, COEIMHEHHBIX 3aMKHYTOM JIOMaHOW JTMHUEH TaK, YTO JBE COCEAHUE BEPLIMHBI JIOMAHOMN
pacmosokeHsl 1100 B OIHOI cTpoke, 00 B ogHOM cTojiO1e. JlomaHas MOXXKET MMETh TOUKH
caMOIIepeceueHts], HO HE B KJIETKaX LUKIIA.

HeBbiposx1eHHBIN BapuaHT HEOOXOAUMO MPOBEPUTH HA ONITUMATBHOCTb.

Teopema 06 onmumanvrocmu.BapuaHT pemieHus 3aadd OyAeT ONTUMAIBHBIM, €CIU
HaliieTcs Takas cucTeMa aOCTpPaKTHBIX YHWCeN, Ha3bIBaeéMbIX IMOTEHIMATaMHU TOCTaBIIMKOB U
NOTEHIIMATaMHU TOTpeOuTeNe, Mpu KOTOPOU JJIsi BCEX KIIETOK TaOJUIBI OyNeT BBIMOIHATHCA
YCIIOBHE:

Vi — u;<c;(npu Z—>min) nv; — u;>c; (Ipu Z—>max),

r1I€ V; — IOTeHIHAJbI IOTpeOHUTENEH,

U;— TIOTEHIAJIbI TIOCTABLUINKOB,

¢jj — LleHa NepeBO3KH eIMHHLIBI IPy3a (YCIOBHBIE T/KM).

[Tpuuem, v; — u; = c;Is 3aHATBIX KIETOK M V; — u;<c; (WK V; — u;>C;;) U1 CBOOOIHBIX
KJIETOK.

Ha ocHoBaHuu 3T0i TEOpeMBI HcCaeA0BaHUE HA ONITUMAIBHOCTD IPOBOJUTCA B 2 HTana:

3) 1A KaXJ0M 3aHATOM KJIETKH COCTABIIAETCA YPaBHEHHE V; — U; = C;j B PE3YJITATE YEro
noJly4aeTcsi cucrema M3 m+n—l Takux ypaBHeHuW. Pemaercs 3Ta cucreMa OTHOCHUTENIBHO
NOTeHIMANOB. Tak Kak B JaHHOUN CHCTEME YMCJIO YpaBHEHUN MEHBIIE YKClia HEU3BECTHHIX (T.€.
CHUCTeMa UMeeT OecUHMCIeHHOEe MHOXKECTBO PEIlIeHUi), a HaM Ha/l0 HalTH OJHO JIt000e pelieHue,
TO KaKOMY-JIMOO MOTEHIMAy MOKHO HPHCBOUTH MPOU3BOJILHOE YHCIIO M OTHOCUTEIHHO HETO
paccuuTaTh ocTanbHble 3HaYeHus. [y ynobcTBa pacueroB yarie Bcero 0epyT u=0;

4) i cBOOOJHBIX KIETOK TaOJIMIBI IPOBEPAETCA YCIOBHE Vi —u;<c;j (MIH V; — U;>Cj).
Bapuant OyneTr onTuManbHBIM, €CITU AJISl BCEX CBOOOTHBIX KIETOK 3TO YCIOBUE BBHITOJIHUTCS.

Jns Kak70M KJIETKH, B KOTOPOW HE BBINOJHAETCA YCIOBHE V; — u;<c; (MMM V; — U;>Cjj),
paccuMThIBaeTCs oleHKa oy = |(v; — u;) — ¢l Knetka, conepxkaias o, Ha3pIBaeTCs «II0XO0i», a
MOJIy4eHHAas OLIEHKA MCIIOJIb3YETCs IIPU NepepacipeieICHUN IPy30B.

To ecthb uccienoBanre Ha ONTUMAIBHOCTh HE TOJBKO OTBEYAET HA BOMPOC, ONTUMAJIECH
BApUAHT WM HET, HO €lI€ M IMOJCKA3bIBAET, B KAKOM HAMpPABJICHUHM HAN0 €ro yJIydllaTh MpHU
HEO00XOUMOCTH.

Ilepepacnpedenenue 2py306 u nomyyeHue H08020 8apuarHma.

CwMbIcn nepepacipeeeHNsl 3aKII049aeTcsl B TOM, YTOOBI B CAMYI0 «IJIOXYIO» KIIETKY (T.€.
3HaUEHHE O;HanOOIIbIIIEE) epepaclpelesiuTh KaKoe-To KOIN4ecTBo Ipysa. Ilepepacnpenenenue
IPY30B JOJDKHO OTBEYATh CIAEAYIOIINM TPEOOBaHUSAM:

4) NOMHKHBI BBITIOJIHATHCS TPEOOBAHUS CUCTEMbl OTPAHUYEHUN MOJCIIH;

5) BapWaHT peuieHHs 3aJauyd JOJDKEH OCTaThbCs AalUKINYecKUM, T.e. He JO0JDKHA
MOSIBUTHCS JIUIITHSS 3aTI0JTHEHHAS KJIETKA;

6) IOJHKHO BBIMOJHATHCS YCIOBHE HEOTPUIATEILHOCTH B MOJIETH, T.€. x;= 0.
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C yueroM AaHHBIX TpeOOBaHUH, areopumm nepepacnpedenetus OyaeT COCTOSITh U3 ABYX
I1aroB:

1) HamMeTUTh MapLIpyT NEepepacpeesIeHus Ipy3a.

Jls sToro B TabiMie CTPOUTCA LMKII IepepacrpesieNeHuss 00beKTOB MepeBo3oK. [uki
IpeJCcTaBIsieT co00M 3aMKHYTYIO JIOMAaHYIO JIMHMIO, KOTOpas HadMHAETCs B TOW CBOOOIHOMU
KJIEeTKe, TIJle YCIIOBHE ONTHMAJbHOCTU Hapyllaercs Haubojee CHWIBHO (T.e. TaM, The

oL;Han0oIbIIas).
HexoTopbie pa3HOBUIHOCTH IIUKJIOB.
a) 0) B)
e Iy & D e o)
G——? (& D
o D & Cg S ©
r
) olo J) o ?
@ O \ID
ol o
© T
G <) O——JD

ITpu mocTpoeHuH LUKIa MOXKHO MIPOXOAUTh KaK Yepe3 3aHsThle, TaK U 4epe3 CBOOOIHBIE
KJIETKU TaOJIUIIbl, HO TOBOPOTHI IEIAOTCS TOJIBKO B 3aHATHIX KJIETKAX U MO NMPSAMBIM YIJIOM;

2) omnpenenuTh NOPSIOK U3MEHEHUS! 00bEMOB IIEPEBO30K B BEPIINHAX IIUKIIA.

JUis 3TOro B BEpIIMHAX LMKJIA PACCTABIAIOT 3HAKH «+» U «—», IPUUYEM B Hadaje LUK
(kneTka, Tae o;HauboblIast) CTABUTCA 3HAK «+», B CIEAYIOIIEH  «—», B CIEAYIOIIEH «+» U T.1.
[Tomyuaem uepenoBanue 3HakoB. HampasieHue IBUKEHHMS IIPH PACCTaHOBKE 3HAKOB OT
CBOOOJHON KJIETKM O€3pa3iMyHO, TaK KakK KOJMYECTBO BEPILIMH IIMKJIA SBISETCS YETHOU
BeNMuMHON. Hamuume 3Haka «+» B BepUIMHE LUKJIA IOKa3bIBAaeT, YTO OOBEM IEPEBO30OK
HEOOXOIUMO yBEIUYUTH, a «» — YMEHBIIUTH. YBEIMUYEHHUE U YMEHbIIEHUE OOBEMOB
IIEPEeBO30K B BEPLIMHAX LMKJA MPOU3BOAUTCS HA OJMHAKOBYIO BEJIMUYUHY, KOTOpas BbIOMpaeTcs
paBHOW HaMMEHbILIEMY U3 00BEMOB MIEPEBO30K B TEX KIIETKAX, IJI€ B BEPIIMHE LIUKJIA CTOUT 3HAK
«». Takum 00pa3oM, U3 OTpULIATETBLHON BEPIIMHBI KOHTYPa HEOOX0ANMO BbIOpAaTh HAaMEHbIIIEE
3HaueHue x;. B HOBO# paOoueil Tabiuile MoaydaeM CIEAYIOIIUH BApHAHT DPEIICHHS 3a/ayu:
BBIOpAaHHOE 3HAY€HHE X; M3 OTPHLATEIbHBIX BEPIIMH KOHTYpa MpPEIbIAyINed TaOIuLbI
OTHMMAaeM, a K IOJIOXKUTEIbHBIM — IpuOaBisieM. 3aloJIHEHHBbIE KIIETOYKH, HE SBISAIOIIHECS
BEPILINHAMU KOHTYpa, HE MEHSIOT CBOE 3HAUYCHUE.

B urtore nonyuyaem HOBBIN BapuaHT. CieAyroniye mary noucka ONTUMalbHOTO BapHaHTa
COBEPUIAOTCS 110 aHAJIOTHH BBIIIEH3JI0KEHHOTO.

3ameuaHue: alrOpUTM MepepacipeeeHusl OQUHAKOB U IpU Z—>min U pu Z—>max.

3. llpudauxeHHbIE pacnpeneauTeIbHble MeTO/bI

K npubnnxeHHbIM paclpeneauTeNbHbIM METOAAM MOXKHO OTHECTU METO] HaWIydlINX
IeH U MeToJ anmpokcumauuu. ITpuOnmKeHHbIMH OHM Ha3bIBAIOTCSA BCIEACTBUE TOTO, YTO
IOJIyUeHHOE MpU IOMOILIM 3THUX METOJOB paclpeleieHue Ipy3a B Talnuie He Tpedyer
JIONIOJTHUTEIbHOM TPOBEPKM Ha ONTHUMAJIBHOCTb, TaK Kak JIMOO Cpa3y OKa3blBaeTcs
ONTUMAJIBHBIM, JIM0O0 MAKCUMAJIbHO K HEMY IPUOIMKEHO.

Memoo naunyuwux yen

MeTon HauaydIIMX LIEH MO3BOJSAET IOJIYYUTh OOJiee BBITOJHBIM OMOPHBIN IUIAH, YEM
METOJ| ceBepo-3amanHoro yria. IIpu pacnpeneneHnu rpy3a Ha KaXIOM IIare 3TOr0 METOJa
BbIOMpaeTCs KIeTKa ¢ Haunyuuier yewou. Hanmmyumed cuumraeTcss MMHMMAaJbHAs LIEHA IpU
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Z—min, W MakcUMalbHas IIeHa 0pu Z—max. Eciau CymecTByeT HECKOJIBKO KIETOK C
OJIMHAKOBBIMH JIYUIIUMH Tapu(aMu, TO U3 HUX AJS ONPENSIEHHOCTH MOXKHO BBIOpaTh KIIETKY,

HaXOJAIIYIOCA JI€BEE U BBIIIEC OCTAIbHBIX.
Aneopumm memooa HaUIYUUWUX YeH:

1) paccmaTpuBas pabouyro TabJIMIly, HAUTH KJIETKY C HaWJIydlIel LIeHOoM;

2) IIPOCTAaBUTh B 3Ty KJICTKY MaKCUMAJIbHO AOITYCTHMOC 3HAYCHHUC X;;,

3) BBIUEPKHYTH CBOOOIHBIC HEpaboUue KIETKH;

4) OTKOPPEKTUPOBATh KIETKU b; U a;.
Ha 3ToM 3akaHumBaeTCsl OJUH 1Iar (UTepauus) MeToa.

M3 ocraBmuxcs CBO60)IHI>IX paGO‘II/IX KJIICTOK CHOBa BBIGpaTB KIICTKY C Hannqueﬁ

[IEHOM M MOBTOPSATH O TE€X MOP, ITOKA MOJHOCTHIO HE OYIET pacipeiesieH BECh IPy3.

Tabmuna 7 — 3anonHenue pabodel TabIUIBI METOIOM HAMJTYUIINX LIEH

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 + 100*16 = 58600.

3ameuanue. ITpennaraemMplil anropuT™M METO/1a MO>KHO MCIOJIb30BaTh AJIs PELIEHUS 3a1a4
HeOosbioro pasmepa. Ilpu pemeHun 3anad OGOJBIIOTO pa3Mepa AJIrOPUTM 3TOrO METOAA
IpUMEHsIETCA He AJIs Bcell paboueil Tabnuibl, a WK IS KaXKI0M CTOKH, WK KaXKA0ro CTOJI0MA.

Memoo annpokcumayuu

JlaHHBIN METOJ, TAK)KE KaK U MPEAbIAYIINNA, UCIIOIb3YET OHATHE «HAWITY4Ilas [IEHa», HO
B OTJIMYUE OT HEro IMO3BOJIAeT Ooyiee OJHO3HAYHO CHENaTh BBIOOP MEXIy PaBHO3HAUYHBIMU
KJIETKaMU IIPU paclpeiesIeHuu Tpys3a.

Aneopumm memooa annpoxcumayuu:

1) B paboueii Tabnuue 3anauu 6epeM JOMOIHUTEIBHYIO CTPOKY M CTOJIOEL «Pa3HOCTEN»;

2) 3aMOJIHAEM 3TH CTPOKY M CTOJIOEL pPa3HOCTAMHU MEXIY JBYMs HaWJIy4IIMMHU LIEHAMU
10 Ka)KJI0M CTPOKE U KaKIAOMY CTOJIOLY;

3) U3 Bcex pa3HOCTEH CTPOKM M CTOJIONA BBIOpAaTh HAMOOJNBILIYIO, YKa3aTb HOMEp
UTEpaLnu;

4) B COOTBETCTBYIOIIEH CTPOKE WM CTOJOLE BbIOMpaeM KIETKY C HaWIydlled LeHOMH,
IPOCTABIISIEM B 3Ty KJIETKY MaKCUMaJIbHOE 3HAYEHHE X;j;

5) KoppekTupyeM cBOOOIHbIE YJIEHBI U BbIUEPKHBAeM Hepaboune CBOOOJHBIE KIETKH;

6) U3 OCTABIINXCSI HEUCIIOIb30BAaHHBIX PA3HOCTEN CHOBA BBIOPATh HAMOOJBUIYIO U TaK 10
TeX MOp, MOKa UK He OyIyT UCIOIb30BAHbI BCE PA3HOCTU WM HE OYyAET pacupeiesieH BECh TPY3.

Ecnu pazHocT OyayT MCIIOJIB30BaHbI BCE, a TPy3 paclpeneieH He A0 KOHLA, TO B MaJbIX
3ajjauax JlopaclpesielieHue rpy3a Ipou3BOIUTCS BpyuHY0. B Gonbmnx e 3agavax MNpUXoIUTCs
JI0YepUUBaTh CTPOKY M cronlen "pa3HOCTEM" M 3amOJHATH UX, HO TENEpb Pa3HOCTH Oepyrcs
MEXy ABYMS HAUIYYIIUMH LIEHAMH, HO TOJIBKO MO CBOOOIHBIM Pa0OYNM KIIETKaM.

Tabnuna 8 — 3anonHenue padboyeil TaOIUIBI METOIOM aNMPOKCUMAIIUU

Cromnber

1 2 3 4 b; .
pasHocTel
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13 12 15 16

1 300 1200 1500
17 15 14 13

2 1000 1000
15 14 13 16

3 500 1400 100 2000

aj 800 1200 1400 1100 4500

Crtpoka
pasHocTen 23 25 1 3

Zmin=300%13 + 1200*12 + 1000*13 + 500*15 + 1400*13 + 100*16 = 58600.

PazHocTh 3; 0O3HayaeT, 4YTO 3amoJHEHUE TaOJUIBI HAYMHATH CIelyeT C KiIeTku (2,4)
(cronbeny BbIOpaH C ydeToM HauOoOJbIIEH pPa3HOCTH, KJIETKa B 3TOM cTosOLE BblOpaHa c
HaWMEHBIIICH IIEHOHU, TaKk KaKk Z—min).

ITpu 3anonHEHUM TaOJINLBI CIEAYET IOMHUTB, UTO:

1) ecnu pa3HOCTH HCHONB30BAaHBI BCE, a IPy3bl paclpesieieHbl He A0 KOHIA, TO €Cllu
CYLIECTBYET €AMHCTBEHHBIN BapUaHT, IOpPACHpeleleHHe IPOUCXOAUT BpyuHyro. Eciam ke
JIOpacIpenesaTh IPy3bl MOXKHO pa3HbIMU CIIOCOOAMH, TO YEPTUTCS €Ille OJHA CTPOKa U CTONOel
pa3HOCTEH U 3alOJHAIOTCA OHU PA3HOCTAMU MEXIy HAWIYYIIMMU II€HaMH TOJIBKO IIO
CBOOOJHBIM KiIeTKaM. [lanee anroput™ eiicTBUii HOBTOpsETCS;

2) eciu B CTPOKE M CTOJOIE OKAXETCS HECKOJIbKO OJMHAKOBBIX pa3HOCTEH, TO
OpeAnoYTeHue HaJo OTAAaTh TOH, Koropas OyneT HMeTb «ONTHUMAJbHBIA 3JIEMEHT.
«OnTUMaIbHBIA 3JIEMEHT» — 3TO LI€HA, KOTOpas SBJISIETCS HAaWIydllel, Kak 10 CTPOKeE, TaK U IO
cTonOIly, Ha MEepeceYeHUH KOTOPbIX OHa CTOMUT. MccnenoBaHue Ha HaJM4Me «ONTHUMAIbHOIO
AJIEMEHTa» MPOBOAMTH 11OCIIE KAXKION UTEpaLlnN;

3) ecau ONTHMANbHBIM JIEMEHT HUMEETCS y HECKOJIbKUX OJMHAKOBBIX PA3HOCTEH, TO
IPEIIIOYTEHUE OTJaTh TOMY «ONTHMAJIbHOMY 3JIEMEHTY», KOTOPbII OyAeT UMETh HauOOJIbIIYIO
CYMMY «pa3HOCTEI» M0 CTPOKEe U CTONOIY, Ha MEePEeceYeHnN KOTOPBIX OH CTOUT. Eciau u cymma
OKa)XETCs OJIMHAKOBOM, TO 3aII0JHATh MOYKHO KJIETKY C JIIOOBIM «OINTHUMAJIbHBIM 3JIEMEHTOM;

4) ecin MBI MME€EM HECKOJBKO OJMHAKOBBIX pa3HOCTEHl M HM OJHA U3 HUX HE UMEET
«ONTHUMAJIBHOIO 3JIEMEHTa», TO TOTAA B COOTBETCTBYIOIUX CTPOKAaX M CTOJOLAX MCUUCISAIOTCS
HOBBIE Pa3HOCTH, HO MEXYy 1-0M 1 3-€il HaMITy4lIMMH LICHAMH.

3ameuanue. B xauecTBe HEOCTaTKa 3TOI0 METOJA MOKHO OTMETUTh HEOOXOJUMOCTh B
3HAHUM BCEX €ro 0COOEHHOCTEMH, a TaKKe HEKOTOPYIO TPOMO3/AKOCTh TaOJIuII.

4. Pemienue pacnpeaejJuTeJbHBIX 32424 METOAOM NOTEHIHAJIOB (3aKPbITOr0 THIA;
OTKPBITOI0 THIA; CJIy4ail BBIPOKACHHOCTH; pellleHHe 32124 NPHOJIHKEHHBIMUA METOJaAMH).

Meroa NOTEeHIHANIOB PELICHUs TPAHCIIOPTHON 3a1a4 JIMHEHHOTO IIPOrPAMMUPOBAHMUS C
HaXO0XJIEHNEM OIIOPHOro Iu1aHa MeTo oM CeBepo-3anagHoro yria.

3agaua 1

CocraBuTh IJ1aH NepeBo3Ku KapTodens n3 3 coBxo30B 3 Mara3uHaMm Tak, YTOObI CyMMa
paccTosHUI Ha MepeBO3Ky Obula MUHUMaNbHOW. Hanmnume xaprodens (B TOHHAX), MOTPEOHOCTH
Mara3uHOB U PACCTOSHUE OT COBX03a 10 Mara3uHa (B KMJIOMETpax) NpUBEJeHbI B Tabuie 1.

Tabauma 1
C Macasun 3
06Xx03 1 2 3 anacobl
)i 2 8 7 300
2 6 9 3 360
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3 ] 2 1 180
Ho;nge@wcm 210 450 310 50 840

Jlano: b; — Hamuuume Tpy3a y i-ro nocrasuuka (i= 1, 2, 3)
a; — HOTPEeOHOCTS j-ro norpedburens (j= 1, 2, 3, 4)
B03MOXHOCTH MOCTaBUIMKOB:

3
3 b, =840
i=1
Bosmosknoctu nmotpedureneii:

3

Zaj =970

]3:1 3 3 3

;aj > ;bi N |;aj—;bi | =130

3aaya OTKPBITOrO THIIA, YTOOBI 3aKPBITh, HY’)KHO BBECTH (PMKTHBHOI'O MIOTPEOUTEINS C
noTpeOHOCTRIO by = 130

X11 X12 X13
X= | xn X X23
X31 X32 X33
X41 X42 X43

X;j — KOJINYECTBO IPy3a, IEPEBO3UMOr0 OT {-I'0 MOCTABIIMKA K j-MYy IOTPEOUTENIO.

4 3

Z= C,X; —>mir

il j=

4 3
ZXU =4d; (=1,2,3) inj =b; 21,23, 4
i=l J=1
VYciioBue BbIBO3A:
X11 T x12 + x13 =300
X1 T X0 T X3 = 360
X31 + X33t x33 =180
X41 + x40 +x43 =130
VcnoBre yaoBIETBOPEHHS TIOTPEOHOCTENH:
X11 +x21 +x31 +x41 =210
X12 T X220 + x32 + x40 = 450
X13 + X233 T x33 + x5 =310

zZ = 2)611 + 8)612 + 7)613 +
+ 6x21 + 9x20 + 3x3 +
+ Sx31 + 2x32 + 1x33 +
+ 10x14 + 10xy5 + 10X94 — min
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[TonygyaeM ucxoauslii BapuanT MeTo1oM CeBepo-3aagHoro yria.

Tabmnuua 2
C Macasun 3
06X03 1 2 3 anacol
2 8
1 210 90 300
6 - +
2 9 3 360
360 |1 0
b} L2 ! 1
3 o= | 180 180
5| |
10 x -
10 10
¢ o= 130 130
6
Ho;nge@wcm 210 450 310 50 970

Zpaer =2:210+8-90 +9-360 + 1-180 =
=420+ 720 + 3240 + 180 = 4560

HccnenoBanue Ha BBIPOXKIECHHOCTh. BapuaHT OyneT HEBBIPOXKICHHBIM, €CIH YHCIIO
3aI0JIHEHHBIX KJIETOK N paBHO CyMMeE MOCTaBIIMKOB U MOTPEOUTENEH 3a BIYETOM €IUHUIIBL N
=m-+n-—1.

N=5

nt+m-1=3+3-1=6,

T.e. N<m + n — 1 — BapuaHT BBIPOXKJICHHBIH, CJIEI0BATEIBHO, €T0 HEOOXOAUMO
MOTMOJHUTh, MPOCTABUB B HEJOCTAIOILIEM YHCIIE KIETOK HOJIb. [I0CKOJIBKY 3TUM
JOTIOJTHUTEIBHBIM KJIETKaM OyIyT OTBe4aTh HYJIEBbIE MEPEBO3KU, TO OOIIUI OaaHc U
CyMMapHasi CTOUMOCTb MEPEBO30K IJIaHa IPU ATOM He U3MEHHUTCS. OTHAKO MTPOBOAUTH
MOTIOJIHEHHUE TIJIaHa, BEIOUpasi KJIIETKU MPOU3BOJIbHO, HeNb3s. HeoO0XxoauMo yuuThIBaTh YCIOBUE
AUKIAIHOCTH.

[TocTaBuM HOMB B KIIETKY (2,3).

Hccnemyem Ha OMTUMANBHOCTD, JUISL 9TOTO:

1) CocTaBuM cHCTeMy YpaBHEHHI OTHOCHTEIBHO TOTEHIIHAIOB IS 3aII0JTHCHHBIX
KJIETOK TaOJHMIIBI: YCIIOBHE: V) —U; = Cjj.

utst kiaetku (1,1) vi—u;=cj; =2

11t Kietku (1,2) vo —up =cip =8

TUTST KIETKH (2,2) vo —up =Cpn =9

JUISL KITETKHY (2,3) v3 — Uy = Cp3 =3

utst KieTku (3,3) vs—uz =c33 =1

115 KieTku (4,3) v —ug =c43 = 10

Kak npaBuno  u; =0, Toraa nomydaem:

V1:2 u2=—1
V2=8 uz =
V3:2 Ll4:—8.

2) C noMoIbI0 HaiIEHHBIX OTEHIIMAIOB IPOBEPUM BBIIIOJHEHHE HEPABEHCTBA Vi — U; <
Cij Ul CBOOOJHBIX KIETOK U BBIYUCIIUM
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o= |(Vj—ui)—Cij|
JJIA TEX U3 HUX, IJIA KOTOPBIX 3TO HEPABECHCTBO HEBBITIOJTHACTCA.

11t kietku (1,3) V3—Uu; =Ci3
2-0<57 BEPHO
TU1s KIeTku (2,1) Vi — Uy < 0
2-(-1)<e6 BEPHO
st kietku (3,1) Vi — U3 < ¢31
2-1<5 BEPHO
115 KiteTku (3,2) V2 — U3 < €3
8-1<2 HEBEPHO 03 =15
11 KieTku (4,1) VI —ug < ca1
2-(-8)<10 BEPHO
TU1s1 KIIeTKY (4,2) Vo —us < Cap
8—(-8)<10 HEBEPHO o4 =6

[Tonydaem: as; = 5; 042 = 6.

Cyl1ecTBYIOT IJIOXHE KJIETKH, CIE€I0BAaTEIbHO, BADUAHT NPECTABICHHBIN B Tabnuue 1 He
ONTUMANBHBIA. [l  ynydlleHHMs IUlaHa IEepeBO30K B TaOJIMIe  CTPOMTCA  LIUKI
nepepacnpezeseHus o0bEKTOB nepeBo3ok. L{ukin mpeacraBiseTr coOOl 3aMKHYTYIO JIOMaHYIO
JWHUIO, KOTOpas HadyMHaeTcss B TOH CBOOOJHON KIETKE, IA€ YCIOBHE ONTHUMAIbHOCTH
Hapylaercs Haubosee cCIIbHO. B paccMarpuBacMoM IpUMeEpe TaKOW KJIETKOW SBISETCS KIIETKa
(4,2), rne o HaubombIIee (04, = 6).

IIpu nocTpoeHNnH HMKIA MOYKHO MPOXOJUTh KaK Yepe3 3aHATHIE, TaK U 4epe3 CBOOOIHBIE
KJIETKH TaOJIMIbI, HO IOBOPOTHI MOYHO JI€JIaTh TOJIBKO B 3aHATHIX KJIETKAX MOJ MPSIMBIM YIJIOM.
[TocTpoum 1o yka3zaHHBIM IIpaBwiaM LMKJI B TaOnuie 2. J[aHHBIM LUK MOKa3bIBAET, YTO AJIS
yIAydIlIeHus IUlaHa TIepeBO30K, T.e. JUId YMEHbIIEHHs OOLell CTOMMOCTH MEepeBO30K,
HEO0OXOJUMO HM3MEHUTh OOBEM MEPEBO30OK B TEX KIETKaX, II€ HAXOAATCS BEPUIMHBI (YIJbl
IIOBOPOTA) IUKJIA.

[Topsnox n3MeHeHus: 00BEMOB NIEPEBO30K B BEPILINHAX LIUKJIA ONPEIEIAETCS CIEAYIOINUM
oOpa3oM. B BepmmHax LUKIa pacCTaBISIIOTCA 3HAKM «t» U «—», NPUYEM B Hayaje IUKIA
CTAaBUTCS 3HAK «1T», B CIEAYIOLIEH «—», B CIECAYIOLIEH 3a HEM BeplIMHE «+» U T.X. To ecTs,
II0JIy4aeM 4epelOBAHNUE 3HAKOB «+» U «—». HampaBieHue IBH)KEHUS IIPU PACCTAHOBKE 3HAKOB
OT CBOOOJHOW KIIETKM O€3pa3inyHO, TaK KaK KOJIMYECTBO BEPUIMH LMKJIA SIBISETCS YETHOU
BeNMuMHON. Hamuuume 3Haka «+» B BepUIMHE LUKJIA IOKa3bIBAaeT, YTO OOBEM IEPEBO30OK
HEOOXOJUMO YBEIMUUTh. YBEJIWUYEHUE U YMEHBIIEHHE 00bEMOB IIEPEBO30K B BEPIIMHAX LUKJIA
IPOM3BOJUTCS HAa OJMHAKOBYIO BEJIHWYHMHY, KOTOpas BHIOMpAeTCss paBHOM HaMMEHbLIEMY U3
00BEMOB NTEPEBO30K B TEX KIIETKAX, I'7l€ B BEPIINHE IIUKJIA CTOUT 3HAK «—.

B wrore mnomyuaem HOBBIM BapuaHT B Tabnauue 3. Crexyromue marn IOUCKa
ONTUMAJIBHOI'O BapHaHTa COBEPIIAIOTCA 110 AHAJIOTUU BBIIIEU3II0KEHHOTO.

Tabnumna 3
Coesxo3 Mazasun 3anacnwi
- 1 2 3 -
2 8 7
1 210 90 300
6 = +
2 9l 3 360
I230 L 130
5 I I R
2 1
3 a= 180 180
b)




10 10 10
i 130 130
Ho;nge@wcm 210 450 310 50 970

Zpaer =2°210+8-90+9-230 +3-130+1-180 =
=420+ 720+ 2070 +390 + 180 = 3780

HccnenoBanne Ha BEIPOXKIEHHOCTD.

N=6

ntm-1=3+3-1=6,

T.e. N =m + n— | — BapuaHT HEBBIPOKICHHBIN.

Hccnenmyem Ha OITUMANBHOCTD, JJISI 9TOTO:

1) CoctaBuM CUCTEMY YpaBHEHHH OTHOCUTEIBHO MOTEHITMAIOB JIJISl 3aIIOJTHEHHBIX
KJIETOK TaOJMIIBI: YCIIOBHE: Vi—U;=Cjj.

utst kiaetku (1,1) vi—u;=cj; =2

11t Kietku (1,2) vo —up =cip =8

JUTST KIETKH (2,2) vo —up =Cpn =9

JUIsL KITETKH (2,3) v3 — Uy = ¢33 =3

utst KiaeTku (3,3) vs—uz =c33 =1

TU1s1 KITeTK (4,2) vo —ug =cqp = 10

Kak npaBuno  u; =0, Toraa nomydaem:

V1:2 u2=—1
V2=8 Il3=l
V3:2 Ll4:—2.

2) C noMoIbI0 HaiIEHHBIX OTEHIMAIOB IIPOBEPUM BBIIIOJHEHHE HEPABEHCTBA Vi — U; <
Cij Ul CBOOOJHBIX KIETOK U BBIYUCIIUM
o= |(Vj—ui)—Cij |
JUISL T€X U3 HUX, 111 KOTOPBIX 3TO HEPABEHCTBO HEBBITIOJIHSACTCS.

11t kietku (1,3) V3—Uu; < Ci3

2-0<57 BEPHO
TU1s KIeTku (2,1) Vi — Uy < 0

2-(-1)<e6 BEPHO
11t Kietku (3,1) Vi — U3z < ¢31

2-1<5 BEPHO
115 KiteTku (3,2) V2 — U3 < €3

8-1<2 HEBEPHO 03 =15
115 KieTku (4,1) VI —ug < caq

2-(-2)<10 BEPHO
111 KIeTku (4,3) V3 —Us < Ca3

8—(-2)<10 BEPHO

[Tonyuaem: a3, = 5.

Cy1iecTBYIOT IJI0XKE KIIETKH, ClIeI0OBAaTEIbHO, BAPUAHT MPEACTaBICHHBIN B Tabmuie 1 He
ONTUMAaNbHBIA. Jlng  ynydlleHus T1jjaHa TEpeBO30K B TallHIle CTPOUTCA  LIUKI
nepepacrpeenieHus 00beKTOB MepeBO30K. LMkl mpeacTaBiisieT HaYMHAETCS B TOM CBOOOJHOMU
KJIETKEe, TJleé YCIIOBHME ONTHMAalbHOCTH HapyliaeTcs Haubonee cuibHO. B paccmarpuBaemMom
npuMepe TaKoM KIETKOM siBisieTcs Kietka (3,2), rae o Hauboubiee (o3 = 5).

B wurore mnomydaeM HOBBIM BapuaHT B Tabmune 4. Crheayromye Iard IOUCKa
ONTUMAJIBHOTO BAPUAHTA COBEPLIAIOTCS 10 AHAJIOTUU BBIIEHU3I0KEHHOTO.
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Taonuua 4

Cosxos ; Mazgasun 3 Sanacet
| 2 o 7 300
2 6 5_02 310§ 360
2 ) 15 ! 150
b -’ 150 - 30
Hotilnge@wcm 210 450 310 . 970

Zpacr =2:210+8-90+9-50 +3-310+2-130=

=420+ 720 + 450 +910 + 360 = 2860

HccnenoBanue Ha BBIPOXKICHHOCTD.

N=6

nt+m-1=3+3-1=6,

T.e. N =m + n— | — BapuaHT HEBBIPOKICHHBIN.

Hccnenyem Ha ONTUMAIIBHOCTB, I 3TOTO:
1) CoctaBuM cuUCTEMY YpaBHEHHI OTHOCUTEIBHO MOTEHIIMATIOB JIJIsl 3aMIOTHEHHBIX

KJICTOK Ta6J'II/II_II>IZ YCIIOBHE: V;/—U;=Cj;.

11t kietku (1,1) vi—u;=c¢;1 =2
utst kiaetku (1,2) vo —up =cjp =8
JUISL KITETKU (2,2) Vo — Uy =C»n =9
TUTsT KIeTKH (2,3) vi —up = Cp3 =3
TU1st KIeTKH (3,2) Vo —uzs =c¢3p =2

utst KeTku (4,2) va —ug =cqp = 10
Kak mpaBuno  u; = 0, Toraa moxydaem:

V1:2 U2:—1
V2=8 Il3=6
V3:7 Ll4:—2.

2) C noMoIbI0 HaiIEHHBIX OTEHIMAIOB IPOBEPUM BBIIIOJHEHHE HEPABEHCTBA Vi — U; <
Cij JUI CBOOOJHBIX KJIETOK M BBIYHCIIAM
a=|(vi—u) -
JUTSL T€X U3 HUX, JJISI KOTOPBIX 3TO HEPABEHCTBO HEBBITIOIHSIETCS.

st kinetku (1,3) vi—u <cp3

7-0<7 BEPHO
utst kietku (2,1) vi—uy < 0o

2-(-1)<6 BEPHO
st kinetku (3,1) v —u3z < c31

2-6<5 BEPHO
utst kinetku (3,3) v3—u3<c33

7-6<1 BEPHO
utst knetku (4,1) Vi —Us < ca1

2-(-2)<10 BEPHO
utst ket (4,3) V3 —Us < C43

7-(-2)<10 BEPHO

Bapuant ontumaseH.
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OTBeT: Zmin = 2860

210 90 0
A= 0 50 310
0 180 O

B pesyiibTaTe MOJIy4eHHOTO PEIIEHHs] MOKHO CIEJIaTh BBIBOJ, YTO MUHUMAaJIbHAs CyMMa
paccTosHUN Ha TepeBo3Ky OyaeT paBHa 2860 kM, eciu 1-bIii COBX03 mepeBe3eT 1-My U 2-My
MarazpHam cooTBeTcTBeHHO 210 T m 90 T kaprodens, 2-0if coBX03 2-My U 3-My Mara3uHaMm
nepesezer coorBeTcTBeHHO 50 T m 310 T kaptodens, a 3-uit coBxo3 2-my marazuny — 180 T
kaprodens. [Ipuuem u3 2-my marazuny HenornocTassT 130 T kaprodens.

I[anee pacCMOTpHUM 3aavdu AJId 3aKPCIIJICHUA HABbIKA PCHICHUA TPAHCIIOPTHLIX 3a1a4.

3agaua 2
Haiitu ontuManbHOE pelieHue 3a1a4u:

by =100 a; =140 5 2
b2= 150 ar = 170 4 7 8
b3 =130 az =230 C= 6 3 2
by =200 8 9 3
bs =180 4 2 8

PemuThHa max.

3amaua 3
Haiitu onTuManbHOE pelieHre 3a/1avuu:

by =1500 a; =800 13 12 15 16

b, =1000 ax=1200 C= 17 15 14 13

b3 =2000 a3 = 1400 I5 14 13 16
ag = 1100

PemureHa min.

3agaua 4
Haiitn onTuManbHOE peleHue 3a1a4u:

b1=6 a1=4 1 2 4 3

by=38 a=6 C= 4 3 8 5

b3=10 a3=8 2 7 6 3
a4=8

Pemmursraa min.

3amaua 5
Haiitu onTuManbHOE pelieHne 3a/1avuu:

by =200 a; =150 7 8 1 2

b, =180 a, =130 C= 4 5 8

b3 =190 a3 =150 9 2 3 6
ag = 140

PemmnThHA max.
3amauya 6
HaiiTn onTuManbHOe pelieHue 3a/1auu:
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bl =500
by =300
b3 =100

Pemmursraa min.

3agaua 7

a) = 150
a2=350
a3 =200
ag = 100
as =100

[98)

Haiitn onTuManpHOE peleHue 3a1a4u:

bl =150
b2:250
b3=50

bs =100

Pemmursraa min.

3agaua 8

a; =200
a, =100
asz = 250

A
Il
- N

Haiitn onTuManpHOE peleHue 3a1a4u:

bl =130
b2:55
b3=80
b4:65
b5 =135

Pemurs Ha min.

5. Pemienue 3agauu JuHeiHOro nporpammuposanusi B MSExcel

ay = 130
a2=75
a3=65
a4=60
a5=75
a6=60
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Tpebyercs nmepeBe3TH OJHOMMEHHBIN I'Py3 U3 TPEX MYHKTOB OTIPABJICHUS B TPU IyHKTA
HazHauyeHus. KonnuecTBo rpy30B, MOAIekKaIIKUX OTIPABICHHUIO ¢ KaXJI0TO CKJIaaa, MOTpeOHOCTH
B HMX Ka)XXJIOTO MOTPEOUTENS U PACCTOSHUS B KWJIOMETpax OT KaXJOro IMyHKTa OTHPABICHUS B
KaKIbIM IYHKT Ha3HAUEHUs IpUBEJIEeHBI B Tabuuue 3.2.

Tabnuna 3.2 — PaccTosiHus NEPEBO3KHU, KM

3 (T —— [ToTpeburenu Hanuuue rpysos,
1 2 3 T
1 15 17 23 900
2 9 19 8 800
3 24 21 32 550
[ToTpebHOCTE B 2250
rpysax, T 700 800 750 2750

HyxHo ompenenuth, U3 KakOro IyHKTa OTIPABIICHUS CIIEAYET YIOBIETBOPSTH CIPOC
noTpeduTenel, uToobl 0011as cymMa 00beMa MepeBo30K (TKM) ObUTa MUHUMAIbHOM.

Pewenue:

1. [TpoBepka cOamaHCUPOBAHHOCTHU 33/1a4H

[IpocyMMupyeM HaM4Ke TPy30B y MOCTABUIMKOB
3

> b= 900+800+550=2250

i=1

[Tpocymmupyem noTpedHOCTH OTpedUTENEH B rpy3ax
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.Mw

.= 700+800+750=2250
J

1

~
Il

™

I
—

3
b= z Q> CTIENI0BATEIIBHO, 3a/1a4a cbanmaHcupoBaHHAas (3aKPBHITOTO THUIIA).
Jj=1

1

2. OnpeneneHue NepeMEHHbIX
O0o3HayuM yepe3 X; [T] KOJIMYECTBO TIPY30B, KOTOpbIE OydyT MHEPEBE3CHBI OT i-TO
MOCTABIIUKA j-My IOTPEOUTEIIO.

3. L. LeneBas pyHKImsa
Dopmanvras yenesas GyHKYUs umeem Uo:

F(X)=15x, +17x,, +23x, +
+9x,, +19x,, +8x,; +
+24x,, + 21x,, +32x;; — min

II. OcHOBHBIE OrpaHUYEHUS
'
X, + X, + X, =900,

X, + X, + X, = 800,
Xy + X5 + X4 =550,
X, +x, +x5 =700,
X, + X, +x; =800,

X3 + Xy +x55 =750 .

III. YcnoBre HEOTPULATETBHOCTH

Vx,20 (=13 j=13)

4. Mozienb 3a1a4u B 00IIEM BHIE:
L P(X):c117ﬁ1+c12’ﬁ2 Tax; +
TC X TCXyy TCXs
+C; 6, +C3X5, +C53X;; —min

( b

Xy T X X3 =0y,
Xy Xy Xy =Dy,
Xay + Xap + X2e = b

31 32 33 3
1.
X+ Xy X5 =4y,

Xip + Xy + X5, =4a,,

X3 +x23 +x33 = day .
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ol Vx>0 (=13 j=13)

5. Mopens 3a1a4u B CTpYKTYpHOU (hopme:

303
x):ZZCijxl'j —)min,

i=l j=1

1. A

6. Jlyist pemenus nanHo# 3a1aun B Excel HeoOxoumo:

1) TIOJT 3aIKCh IEJIeBON (DYHKITUU OTBECTH SUEUKy Al;

2) MOJT 3aITUCh OTPAHUYEHUH — sTYeUKHU cToNIONAa B (KOIM4ecTBO s;ueek COBMAIacT ¢
KojudyecTBoM orpannuenuil): Bl, B2, B3, B4, BS, B6;

3) IOJT 3aITUCh UCKOMBIX MIEPEMEHHBIX OTBECTH siuekiku cToiomoB C, D, E

(KonmM4yecTBO MOTPEOUTENCH COBMAAAET C KOJIMYECTBOM CTOJOIIOB,
KOJIMYECTBO MOCTABIIHUKOB — C KOJTMYECTBOM CTPOK).
*[Ipumeuanue.: NCKOMbIE TIEPEMEHHBIE X;; OYyT HAXOAUTHCS B CIAEAYIOIHX AYeHKax:
(x” — CJX12—> DJX13—> El
X21— C2XQ2—> D2x23—> E2
X31— C3X31—> DZX33—> E3)
[TopsimoK BBITOTHEHUS PAOOTHI:
1. Brectu B sueiiky Al dopmyny neneBoit ¢pyHkuu (pucyHok 3.1):
=15*C1+17*D1+23*E1+
+ 9*C2+19*D2 + 8*E2+
+24*C3+21*D3+32*E3;

| Microsoft Excel - Kuwra1

@_] Bain Mpaexa Bun Brrgewa  Gopwar  Cepewc  Jandble Owdo  Crpaewa

RN REVE e R AL AR AR ANTY ()
: | wmf|§§§»|bmuwuia?& AL
PAHT » X A =1 CIHT D2 B C2HT DG EZ+ 24 C+21D3+32°ES
Abl B | ¢ [ 0 | E [ F [ G| H[ T | J ]

S CIHT D2+ C2H1T D28 E L+ U CIH2DI+HIZES

.

|4_-.|m|m|4
3

Pucynox 3.1 — BBog nieneBoii pynkiuu B Excel

2. a) Beectu B siueiiky B1 neByro wacte 1-ro orpannuenus: = C1+DI1+E1 (pucynok 3.2)

ﬂ Microsoft Excel - Knural

@_] Daiin  Mpaeka Bun  Brraka  Qopwat  Cepenc  Oaddee  OkHo  Cpaska

T IR 2 AR oY O AL R IR N | )




Pucynok 3.2 — Bog orpannuenwii B Excel

0) Beectu B sueiiky B2 neByro yacTh 2-ro orpaHuyeHUs:
= C2+D2+E2

B) BBectu B siueliky B3 neByro yacth 3-ro orpaHu4eHHUs:
= C3+D3+E3

r) Beectu B gueiiky B4 neByto yacTp 4-ro orpaHM4eHuUs:
=CI1+C2+C3

n) Beectu B siueliky BS neByro yacTe 5-ro orpaHu4eHuUs:
=DI1+D2+D3

e) Beectu B siueliky B6 neByro yacth 6-ro orpaHU4eHHUs:
=E1+E2+E3

EI Microsoft Excel - Kuural

El)l faiin  [paska Buo  Boraska  dopwar  Cepemc  [Jaddme  Owdo  Cripaska

FRNGA - NEWE AT RRN A AR Wit AL R CRA LN NE TN ) o8
i 0 K & YIS S =)0 g gyt 0] S 8 -
PAHT * X & =C1+C2+C3
A B ¢ | o | E | F | 6 | & | 4 | ¥ ]
Hl 0 0
2 0
S o
4 |:C1+C2+E_:3
3

Pucynox 3.3 — BBog orpanudenuii B Excel

3. Ha manenu nnctpymeHTOB BBIOpaTh ommuio "Cepsuc", a B Hell Bkiaaky "Ilonck
pemeHus"

Ipumeuanue

Ecomu "llouck pemieuss" OTCYTCTBYET, HYKXHO BBINOJHUTHL KomaHay "Cepuc'—
"Hanctpoiiku". B okne nuanora "HaacTpoiiku" HY)KHO YCTaHOBHUTH (PIIaXKOK HAIPOTUB CTPOKHU
"[Touck pemenus".

4. B okue nuanora "Ilouck pemenus" B mose BBoJa "YCTAaHOBUTH LIEJEBYIO SUYEHUKY"
HY>)KHO BBECTH CCBUIKY Ha sueiiky Al. HeoOxomumo BBIOpaTh crmoco0 aapecanuu sS4eek B
a0cooTHOM cucTeMe koopauHat (T.e. ykaszaTh He Al, a $A$1). Takke HYKHO MOCTyHaTh C
JPYTHMMH [T€PEMEHHBIMHU.

5. B oxne guanora "Ilouck pemeHus" HYKHO yCTaHOBUTH IEpEKIIOYaTENb (PUCYHOK
3.4).

MNomcr peweHmA

YCTEHOBMTE LENEBYHD AYEKy: SAS1 BLINCAHUTE

Fa : () MAKCMMaNEHOMY SHaYeHMID

sHa4eHmo: |0
SaKpeITe

(%) MUHMMENEHOMY SHAYEHMHO
VISMEHAR ANSTIRIT

MNpeanonosKTs
OrpaHHHeHHA: MNapaMeTphi
NobaenTe
HzMeHnTE
BoccTaHoBMTE
[ ¥AanuTh

Crnpaexka




Pucynok 3.4 — PaGota B quanoroBoM okHe «IIOMCK pereHus»
6. B nosie BBoja "M3MeHAs S4eWKU" HYXKHO yKa3aTh CCBUIKM Ha SYEHKH, cOAeprKallue
UCKOMBIE ITEPEMEHHBIE, T.€. nuana3oH sueek $CS$1: SE$3 (pucynok 3.5).

MomMckr peweHmMa
YCTAaHOBMTE LENESYHD AHEKy: SAS1
PasHoi: . 0

() MBKCMMaNEHOMY SHEYSHMID () sHaveHmo
(%) MUHMMANBHOMY SHAYEHIK
scsuses:
Orpar IS
I ¥aanuToe
\

Pucynok 3.5 — Ilone BBoja siueek, 0003HAYAIOMIMX UCKOMBIE IEPEMEHHBIE

7. B none BBozxa "OrpanuueHus" npu HakaTUM KHONKU "JloGaBUTH" MOSABISAETCS OKHO
muaiiora "Jlo6aButh orpannyeHus”. B mone Beoaa "Ccblika Ha stueiiky" BBoautcs $B$1. B moie
BBoAa "Orpannuenue" BBoautca = u yucio 900. Ilpu nomouwm kHonku "JloGaBUTH" TakuM ke
00pa3oM BBOJISATCS BCe OcTajbHbIe orpannueHus (siueiiku $B$2:$B$6) (pucynok 3.6).

s 1

JoBaeneHme orpaHMUYeHMA

Cobinka Ha aHeKy: OrpaHM4YeHIe:

A1 - v 200

[ 0K ] [ OTMEHE ] [,D,DﬁaE:MTb] [ Cnpaeka ]

Pucynok 3.6 — Jluanorosoe okHo «/lo0aBieHue orpaHu4eHUs

8. Jlns BBOAa oOrpaHMuYEHUN Ha HEOTPULIATEIBHOCTh HCKOMBIX IEPEMEHHBIX B OKHE
nuanora "J[o6aBuTh orpannueHus" B moiie BBoja "CchUlKa Ha STYCHKY" HY)KHO BBECTH CCBUIKY HA
syeiiky $C$1, a B mone BBoja "OrpannueHus" HyxHO BBecTu >= u umcio 0. [Ipu momormmn
kHonku "J[06aBUTH" TakuM ke 0Opa3oM BBOSTCS YCJIOBHS HEOTPULIATEIBHOCTH OCTABIIMXCS
UCKOMBIX TepeMeHHbIX. JIn0o Boiaensercs auamnazoH sueek $C$1: SES3 u 3anaercst >= u uncino
0. ITocne BBOAA mocneaHero orpaHudeHust HaxMuTe «OK».

Ipumeuanue

Ecnmu B 3amadue uMeercs YCIOBUE LEIOYMCIEHHOCTH HCKOMBIX TEPEMEHHBIX, TO B
IrajgoroBoM okHe «JloOaBneHue orpaHudeHui» B moisie BBoga "CcbUika Ha sSUYEHKy" HYXHO
BBECTH CCHUIKY Ha stueiiky $C$1, a B mosie BBosia 3HaKa OrpaHUYEHHs HY)KHO BBECTH «11ei». [Ipu
noMoumy KHomku "Jl006aBUTB" TakuM k€ 00pa3oM BBOZATCS YCIOBHUS LEIOYMCIEHHOCTH
OCTaBIINXCSI HCKOMBIX TIepeMeHHBIX. JInbo Beinensercs nuana3on siueek $C$1: $SES3 u 3amaercs
«uem». [Tocne BBoma nocneanero orpanndeHust HaxmMuTe «OK».

9. Ilocne Haxatus kHonkH "BrimonmauTs" Excel paccuuThiBaeT pe3ynbTaT U OTKPHIBAET
OKHO auainora "Pe3ynpraTel noucka pemenus". B aTom nuanore B okHe "Tum otuera" HyXHO
BbIOpaTh "Pesynbrarel" u Haxath Ok. [lepen nuctom, e 3amucaHa MOCTaHOBKA 3ajaud, Oyner
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BcTaBieH aucT "Otyer mo pesynapTatam 1", a Ha sKkpaHe OyJeT BbIAAH PeE3yabTaT PELIECHUs
3amauu (pucyHok 3.7).

@ Microsoft Excel - Kumral

Eﬂ haiin Mpaeka Buan Bctaska Qopwat  Cepeuc  [aHHele  OkHO  Cnpaska
QEEHRASRITEI SRR S oo 8- A RS0 -0l

; Arial Cyr -0 ~|K & U|E=

=B m M FEEIE-9-A-0
B7 - A
A e ¢ | b | E | E | e | v | © | 3 |
1 32000 900 650 250 0
2 800 50 0 750
3 550 0 550 0
4 700
5 800
g 750
? :l

Pucynok 3.7 — Pe3ynbTaThl pelieHus 3a1auu
Humepnpemayusa pesynsmamog 3adauu

[TonyuenHble 3HaueHUs B sYeilkax, coaepkamux QopMmysbl IeneBol (QyHKUUH U
OTpaHWYCHUH, SBISIOTCS PE3yabTaTOM pacyeTa MeJdeBOW (YHKIUM H COOTBETCTBYIOIIHX
OTpaHUYECHUM.

Pe3ynbrar, nonyyeHHslil B suelike Al, o3HadaeT o0IIy0 CyMMy 00beMa Irpy30IepeBO30K
B TKM.

Sueitku B1, B2, B3 mnoka3pIBaioT BBHINOJHEHHUE YCJIOBHS IOJHOTO BBIBO3a Ipy3a OT
nocrasiyka. Sueliku B4, B5, B6 noka3plBatoT BBINOJIHEHUE YCIOBUS TTOJTHOTO YOBIECTBOPEHUS
HOTPeOHOCTEN MOTPEeOUTENS.

3nauenus sueexk B jauamazoHe $C$1: $E$3 mokaspiBaror kommuectBo rpy3a (B T),
IIEPEBE3EHHOIO0 OT COOTBETCTBYIOIIETO IIOCTABLIMKA, COOTBETCTBYIOIIEMY IOTPEOUTEIIIO.
3HauyeHMs JAHHOTO JaMana3zoHa mnpesblaroT 0, cleloBaTeIbHO YCIOBUE HEOTPHULATEIBHOCTU
HMCKOMBIX TIEPEMEHHBIX BBIMIOJIHEHO.

Omeem

OnTuMmasbHbIE IEPEBO3KU TPY30B IIPEyCMaTpUBaIOT NEPEBO3KY OT 1-ro mocraBuiuka 1-
My niotpedurento 650 1, oT 1-ro mocraBmmka 2-my norpedutento — 250 T, OT 2-ro MOCTaBIINKA
1-my motpeburemo — 50 1, a 3-my norpeduremo — 750 T. 3-i MOCTAaBIIMK OTBE3ET CBOH Tpy3
TOJIbKO 2-My MoTpeOuTento B konudectBe 550 T. MUHMMaNbHBIM 00beM MEPEBO30OK COCTABUT
32000 T kM.

2.3.3 Pe3yabTaThl U BHIBO/bI:

OOmiass mocTaHOBKAa OTOW 3ajauyd NPUMEHUTENIBHO K HKOHOMHUYECKOM mpobiieMe
9KOHOMHUM H3JIepPKEK TNPOU3BOACTBA (HOPMYIUPYETCS TaK: MMEETCsl HECKOJIBKO ITyHKTOB
HazHaueHus (IpeanpusITHi, MOoTpeOuTenei); TpeOyeTcss MepeBe3TH HEKOTOPOe KOJIUYECTBO
OJTHOPOJHOTO TOBapa U3 pa3IMYHbIX MYHKTOB OTIPABJIEHUS B HECKOJbKO ITYHKTOB HAa3HAYCHUS;
Kbl M3 MOCTaBIIMKOB MOKET BBIIEIUTH TOJIBKO ONPEAEICHHOE KOJIMYECTBO EAMHUIL TOBapa
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U KaKJAOMY NOTpeOuTeNnto Tpedyercss TakKe ONpEAesIEHHOE KOJUYECTBO EAMHMI] 3TOTO TOBApa;
M3BECTHBI PACCTOSHUS WIM CTOMMOCTH IEPEBO3KH €IUHUIIBI TOBapa OT Ka)J0T'0 MOCTaBUIMKA K
KaKIOMY NOTpeOuTeNto. 3aa4a COCTOUT B TOM, YTOOBI HATH TaKUe MapLIPyThl IEPEBO3OK, U3
BCEX BO3MOJKHBIX CBSI3€H IOCTaBILMKOB M MOTpEeOUTENEH, MPU KOTOPBIX OOIME TPAHCIOPTHBIE
pacxonpl ObulM  Obl MUHUMaNbHBIMU  (TpaHCHOpPTHas 3ajada TakXke MOXET ObITh
chopMynupoBaHa c LeneBoi GpyHKIUeH, cTpemsIeiicss K MaKCUMYMY).

Maremarnueckass MOZENIb TPAHCIOPTHOM 3aJadyd OTHOCUTCSA K 3a7adaM JIMHEHHOro
IPOTPaMMHUPOBAaHUsI U MOXXET OBITh pelleHa CUMIUIEKCHBIM MeTogoM. OnHako BBUIY
UCKJTIOUUTENFHOW MPAaKTUYECKOW BaXHOCTH OSTOW 3aJaud U CHeNU(UKH OrpaHHYCHHNA
(orpaHuueHMs 3a/1aHbl B BUJIE YPAaBHEHUH; KaX/1asi HEU3BECTHAs BXOJIUT JIMILb B JIBA yPaBHEHUS;
KOO PHUIMEHTH TpPHU HEU3BECTHBIX — EAMHUIBI) A €€ PELICHHs CO3JaHbl CIeHUAIbHBIC
anroputMel. CamMbIM paclpOCTPAaHEHHBIM METOAOM DPEIIEHUS TPAHCIIOPTHOM 3aJaud sBIAETCS
METO]] IOTEHIMAJIOB.

K nmpuGnuxKeHHbIM paclpenesuTeIbHBIM METOAAM MOYHO OTHECTH METOJ HaWITy4IIMX
LEeH U MeToJ amnpokcumauuu. IIpuOnMkeHHBIMM OHM HA3bIBAIOTCS BCIEJACTBUE TOTO, YTO
IOJYy4eHHOEe IpU TOMOILIM 3THX METOJOB paclpelelieHHe Ipy3a B Tabnuue He Tpedyer
JIOTIONIHUTEIBHOW TPOBEPKM Ha ONTUMAlbHOCTh, TaK Kak JHOO cpa3y OKa3bIBaeTcs
ONTUMAJIBHBIM, JINOO MAKCUMaJIbHO K HEMY IPUOIHKEHO.

2.4 llpakTuyeckoe 3ansATHe 9 (2 yaca)

Tema: «Pemienue 3a1a4 Ha OCHOBE TPAHCIIOPTHOM 3a1a4m»

2.4.2 Kparkoe onucaHue npoBoAMMOro 3aHATHS:

3agaua 1

HeobxomuMo pa3MecTUTh COpTa O3MMOHM MINEHUIBI 1O TPEIINIECTBEHHUKAM TaKUM
00pazoM, 94ToOkI COOP 03UMOM PXKHU OBLIT MAaKCUMAJIbHBIM.

CumBon M yka3plBaeT Ha OTCYTCTBHE JMJAaHHBIX YpOXKaWHOCTH i-TO copTa IO
COOTBETCTBYIOIIIEMY j—MYy TPEIIICCTBCHHUKY (KJIETKH C O3TUM CHMBOJIOM  SIBJISIFOTCS

3aMpeTHBIMN).
Tabnuya 3.7 — Ypoorcatinocms 03umMol nuueHuybl, u/ea
[IpenmecTBeHHUKN
m - s
Z'é L = 2 2
o ZE¢ 2 2 2 3 <
o S o 5 a O 0 o L‘“
Copra o3umoi = oz 2 B2 = = S
’= L 38 o 0 e o =
TIIEHULIBI o = = 3 o 3
5 S = O T 2 g aa)
DK A ) =2 ot
= > X O 2] = [aa) an]
=p (o8 o ¥ = 3] o o
ANERS) © » © o
252 27| & |8
7 o
besocras 1 30,7 13,6 18,4 18,9 16,1 9185
Opnecckas 16 26,5 M 16,8 19,2 15,2 5583
benouepkonckas 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 3600
3amaua 2
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Heo0OxonnMo cocTaBUTh ONTUMAJIBHBIN IJIaH NMPOBEIEHUS BECEHHE-NOJNEBBIX padoT, A
uMeroIeiicss TeXxHUKH B  Xxo3siictBe. OObeM paboT B TeKTapax MITKOH MaxoThl,
IPOU3BOJUTENIBHOCTh UMEIOLIEHCS TEXHUKH 3a NMEepUoJl (TeKTapbl MATKOM MaxoThl), 3aTpaThl HA
eIMHUIY paboThI IpeACTaBIeHbl B Tabuie 3.9.

Tab6mumma 3.9 — 3arpatsl Ha 1 Ta MITKOM MaxoTsl, pyo.

Mapku TpakTOpOB
o
)
©
Buner pabot E o - g ‘; -
o~ L — (] .
\ o < : a s
= & - = © o
= = ~ = o g
Pannee 6opoHoBaHue 35601 5.5 5,7 5.8 5.9 210
[IpennoceBHast KyJbTHBALIMS 4,8 5,0 5,7 6,0 1000
[ToceB ApOBBIX 36pHOBBIX 5.5 5,7 5.8 5.9 75
boponoBanue 03uMON NIICHUITBI 5,1 6,5 6.4 7,0 135
[IpukaTeiBaHne M 5,4 5,3 5,6 40
O6bem padoT, ra M. 1. 470 400 270 320

3aTpathl Ha MPOBEICHUE BECEHHE-TIOJIEBBIX PA0OT JOJKHBI OBITh MUHUMAJIbHBIMHU.
2.4.3Pe3yabTaThl U BHIBO/BI:

Ha ocHose TPAHCIIOPTHBIX 3aJad PpPCIIAOTCA 3aJadrd pacrnpeaciicHud IMOCCBOB II0
ydacTKaM 3€MJIM € PA3JIMYHBIM INIOJOPOAUCM, OIITUMHU3AIUNA MAIIUHO-TPKTOPHOI'O ITapKa.

2.5 llpakTuyeckoe 3ansaTue 10,11 (4 yaca)
Tema: «/luHaMHUYecKoe NPOrpaMMHPOBaHHE»

2.5.1 3apanue nis padoThbI:

1. Ilpunuun ontumansHocTH bennmana

2. Pemenne rpadoBbIxX 3a/1a4 Ha OCHOBE NpHHIHIA bemivana
3. ®yHKUMOHAIBHOE ypaBHeHHE bennmvana

4. 3agaun pacrpeaesieHus pecypcoB

2.4.2 Kparkoe onucaHue nNpoBoAMMOro 3aHATHS:

1. llpununn ontumaabHocTH Besuimana

Meton Il saBnsercs HamOojee OOIIMM METOJIOM peHIeHHs 33aJad ONTUMAaJIbHOTO
ynpasiaeHus. OH NpUMEHUM Kak Juisl 3aaa4 ¢ JuHeiHoi L@, Tak ¥ ¢ HEIMHENHON , a TakKe B
cllydae, KOrJa yIpaBisieMble TMepeMeHHBbIe Leible uucia, mpu 3Tom cama L[Id moxer ObITH
3a/1aHa Ta0auIeH, 4To HauboJiee pacIpoOCTPAHEHO B MPAKTUYECKUX 3aJadax.

[Ipouieccsl Ha3bIBAIOT JUHAMUYECKUMH, €CJIM PE3YJbTaThl HA OJHOM ydacTKe Ipolecca
BIIUSIIOT HA IPYTHE LIATH.

PaccmorpuM npuHnmMn ontumansHoro ymnpasieHuss P. bemnmana. OH  cBsizaH C
npoOJeMOil ONTUMHU3AIMKU CJIOKHONH CHUCTEMBI, COCTOSINEW M3 MHOTHUX B3aWMOCBS3aHHBIX
9JIEMEHTOB. DJIEMEHTaMU MOTYT OBITh SKOHOMHUYECKHE E€IWHHUILIbI, KOTOPhIE BXOMAAT B EAHHYIO
(6onee oOmIyI0) CHCTEMY; Y3Jbl CIOXKHOH TEXHHUYECKOM CHCTEMBI, OTIEIbHBIE YYaCTKU
IIPOU3BOJICTBA, CTPOUTENHCTBA, OOEBBIX OMEepaluii U T.1.

Bo3nukaetr Bonmpoc: Kak HY)XKHO YIPaBIATh OTACIbHBIMU 3JIEMEHTAMH CHUCTEMBI, YTOObI
nokazarenb 3()PeKTUBHOCTH BCeil cCTeMBbI ObLIT MaKCUMaTbHBIM?
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Belme MBI Ha HMHTYUTUBHOM YpPOBHE IIOKA3alM, 4YTO Ui ONTHUMHM3alUH B LEIOM
HEJOCTAaTOYHO ONTHUMHM3UPOBATh KAXKIBIA 3JEMEHT OTAEIBHO - 3TO NMPHUBOIUT K HEBEPHOMY
pe3ynbTary.

bennman BnepBble COpPMYIHpPOBaT HNPUHLUI ONTUMAIBHOCTH Ui Takoil 3amaun. To
€CTb, ONTHMHU3HUPYsSl OTHAEIbHBIM IIAr, HEOOXOAMMO 3aJyMbIBATbCA O €ro IOCIEACTBUSIX,
INPUBOAALINX K 0o0leMy pe3ynabTary. s pemeHus momoOHBIX 3a1ad Obul pa3paboTaH METOX
AII, ocHOBBIBaOIIMIICS HA ypaBHEHHMH beilimMaHa, KOTOpOE MAaTeMaTH4YECKH BBIPAKAET €ro
IIPUHIIHAIIL

HazoBeM cocTosiHMEM cuUCTEMBI 5* OAMH WIM HECKOJIBKO IMapaMEeTpPOB CHCTEMBI.
Hanpumep, neHbru Ha jauueBoM cuete npeanpustus. O603HauuM ynpasieHue Ha } -nm mare /J1
- 9TO HEKOTOPOE BO3ACHCTBUE, KOTOPOE UCIBITHIBAECT CUCTEMA U U3MEHSET CBOE COCTOSIHUE 5.

Ecin mepex r-M maroM COCTOSHHUE CHUCTEMBI 5 M Mbl INPUHUMAcM YIIPaBICHHE
V, 10 3a e-i mar Mbl MOXEM IOJYYUTb HEKOTOPBIA BBIUIPBI, KOTOPBIH 0003Ha-
qaercs p(J, V), Ipu 3TOM COCTOsSIHUE STepexoauT B 5"

Cumnraetcs, uro GyHKIUM co.(8, V). u p(5. V" U3BECTHHI..

bennman BBeNl NOHSATHE YCIOBHOIO ONTHUMAIbHOrO BbIMrpbImalk,(5). Orta QyHKUuA
MOKAa3bIBAET ONTUMAJIBHBIM BBIMTPBILI (HAWJIYYIIUN pe3ysbTar), MOJIYYEHHBIH 3a BCe IIark OT 2-
ro M [0 KOHIA, €CIM 2-i IIar HA4yMHAeTcsl C cocTossHus 5. Torma corlacHO NpHUHLUILY
onTuMaiabHOCTU bennmana, npuHuMas pelieHue Ha 2 I1are, Mbl JOJDKHBI BBIOpaTh V_Tak, 4TOObI
BBIUIPBINI ObIT MAKCUMAJIBHBIM OT 2 -1l1ara U A0 KOHLA.

[IpuHnun ontuManbHOCTH bensiMaHa CTaBUT BOIIPOC O TOM, YTO TaKO€ ONTHUMAJIbHOCTh
OTIIENBHOIO 3JIEMEHTA CHUCTEMBI C TOYKH 3PEHHUS ONTUMAJIBHOCTH Bcel cucremsl. [IpmHumas
pellieHne Ha OTJEJIBHOM 3Tane, Mbl JOJDKHBI BHIOMPATh YIPABIEHUE HA 3TOM 3Tale ¢ MPULIETIOM
Ha Oynyluiee, T. K. HAC HHTEpeCyeT pe3ysbTaT B IIeJIOM 3a BCE LIary.

JIro6oii mporecc MMeeT Tae-T0 OKOHYaHHWE, T. €. FOBOPAT, YTO OH HMMEET «TOPU30HT
IUTaHUpOBaHUs». Torga mocieaHUi 3Tanm «He HMeeT Oynaymero». BoT MMeHHO ero MoXHO
ONTUMU3HMPOBATH TOJIBKO U3 YCIOBUHI AAHHOTO dTana. Ilocie 3Toro npucTynaroT K ONTUMHU3ALUN
(r-1)-ro srama. IIpm >TOM MBI 3amaéM COCTOSIHME, C KOTOpPOro HauumHaercs (T-1)-H mmar
(ycnoBue). Iloaromy QyHKIMIO Ha3bIBalOT YCIOBHBIM ONTHUMAJIbHBIM BBIMIPBILIEM. Takum
o0pa3om, mporecc onTuMuzanuu no meroay Il pazBopaunBaercss cHadajga OT KOHIA K Havaly,
a 3aTeM OT Haydaja K KOHIy. B pa3nuuHbIX 3amadyax MOXeT ObITh M3BECTHO JMOO HayalbHOE
cocTosHue, JIM00 KOoHeuHoe, nubo To u apyroe. [Ipunuun bennMana Hamén npakTuueckoe
IPUMEHEHHE B TaK Ha3blBAEMOM METOJE INPOTrPaMMHO-IEIEBOr0 IUIAHUpOBaHMs (JIr000€
JeicTBUE IIIAaHUPYETCsl KaK 3JIEMEHT HEKOTOPOIO IPOEKTA).

2. Pemmienne rpadoBbIxX 32124 HA 0CHOBe npuHIuna bemivana

3agaua 0 Habope BBICOTHI U CKOPOCTH JIETATENbHOTO allnapara

JleTarenpHBIi anmapaTr HAXOAUTCS HA BBICOTE Kii U JIETUT CO CKOPOCTHIO Yo. HeoOxoaumo
NIEPEBECTH €Tr0 Ha BBICOTY K§_ co ckopocThio y . [Ipuuém x<>k;.Yp>y" Pa3o0béM y4acTok OT

HA

ale

Puc. 23
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M3BecTeH pacxonx roproyero mpu IepeBoAe CUCTeMbl Ha/[4 npu y.=condl,u Ha [Ayrpu
k=con§ 1. Takum oOpa3oM, U3 KaKJJOT0 COCTOSHUS €CTh JIUIIb JBA YIPABICHHUS.

Haunnass ¢ kxoHIa nomeuyaemM BcCe Yy3ibl (COCTOSHUS) BEIMYMHAMHU YCIIOBHBIX (11
JAHHOTO y371a) ONTUMAJbHBIX PACXOJOB TOPIOYEro OT 3TOro y3jla U JO KOHIA, a CTPEIKaMH
YCIOBHBIE ONTUMAJIbHBIE YNpaBICHUS. YKa3aHHble JAEWCTBUA B  YIPOLIEHHOM BHUAE
JEMOHCTPHUPYIOT PACCMOTPEHHYIO MPOLIEAYPY PEIIEHUS HAa OCHOBE ypaBHeHUs bemnmana. Jloiins
OT KOHEYHOI'0 COCTOSIHMSI 10 HA4YaJbHOTO M MOJIY4YUB 22, MBI IOJYyYUM MUHUMAJIbHYIO BETUUYUHY
OTeph roproyero. Mg mo crpeinkaM OT HA4aJIbHOTO COCTOSHUS O KOHEYHOTIO, MBI IOJy4aeM
0e3ycI0BHBIE ONITUMAJIbHBIE YIIPaBICHUS (ITOKA3aHbI IBOMHON JTUHUEN).

Bunno, uyto mo0as 3amada, cBOASAMIASCS K IMOMCKY MMHHUMAJIBHOTO IyTH B rpade,
pelaeTcss METOOM JUHAMHYECKOTO IPOrpaMMHUPOBAHHUS.

3. ®yHknnoHaIbHOE YpaBHeHHe benimana

HazoBéM cocTossHMEM CHCTEMBI BEKTOp KoopawHaT: 8 = ("1,"2,...,",) . B HEKoTOpBIX
3a7la4ax COCTOsSHME 7 OJHa BeNWYMHA. Torga pabdoTy CHCTEMbI MOYKHO HPEICTaBUTh Kak
IBUKEeHHEe B (ha30BOM IMPOCTPAHCTBE - MPOCTPAHCTBE cocTOosHUN. Ha30BéM 1mIaroBbIM
ylnpaBiIeHUEM ” yIpaBleHHE Ha 2-M mmare. PaccMoTpum mpolecc ynpaBieHUs CUCTEMOU 3a m
mraroB. Oynkius a(8,1]) Ha3pIBaeTCs BHIMTPHIIIEM Ha M 1Iare. 3/1eCh 8-COCTOSHUE MEPEe] IIaroM,
a [[- ynpaBnenue Ha / ,-M mIare.

Bennuuna a.(8,11.) pomkHa OBbITh HM3BECTHA JO Hayala JIUHAMUYECKOrO IpO-
rpamMmMmupoBanus. Ecnu coctosHue nepen maroM Obulo 8 W MBI NPUHSIM KaKOE-TO YIIpaBJICHUE
L1, To cucrema nepeiaeT B HOBOE cocTosiHue 8'= (8, 11) .

GbyHKIMSA T0MKHA OBITH Tak ke M3BecTHA. Eciu 3TM GyHKUIMU He 3aJaHbl, TO UX Hal0
chopmymupoBats. Beeném ¢ynkumio K (8)” yCIoBHBIH ONTUMATBHBINA BRIMTPHIIL. DTO BBIMTPHIII
Ha BCEX 3Talax OT, /10 KOHIA, €CJIU -} [Iar HAaYMHAETCS C COCTOSIHUA 8.

Paccmotpum T maros. Ilycts ¢ (,+ 1)-ro mara Mbl CHCTEMOI ynpaBisieM ONTHMAaJBHO,
TOT/1a BeJIMYMHA BBIMTphIIIA Oy1eT TakK

4. 3apaym pacnpeaesieHUs pecypcoB

Knaccuueckan 3a0aua pacnpedenenus pecypcoé PacripenencHue pecypcoB - 3TO €Ba
JM He camas pacnpocTpaH€HHas onepanus. [lox pecypcom B o0mem ciiyyae MOHUMAIOT
¢u3nUecKyr0 MM a0CTPaKTHYIO BEIMYMHY, KOTOPYIO CHCTEMa HCIOJB3YET AJS MPOU3BOICTBA
noje3Horo mponaykra. Hampumep: roprodee, neHbru, Bpems, o0béM ckinaga. Kak mpaBuio -
pecypc OrpaHUYeH, MOJTOMY BCTA€T 3a7ada TaK paCHpENCNIUTh PeCcypc MEKAY OTIACIbHBIMU
JIEMEHTAMU CHUCTEMbI, 4TOObI CyMMapHblii 3(dexkr Obul MakcuManbHbIM. PaccMoTpum
KJIACCUYECKYIO 3a7a4y PACIPEIEICHUS PECYPCOB.

JUTHh MeXIy IByMs oTpacisaMu. Kaxnas orpaciabp pabortaer B TedeHuum ner. Eciu B
NEPBYIO OTpacib B / - ToJ BKJIAAbIBAIOTCS cpeAcTBa X, To goxon AX), eciu ke BO BTOPYIO
BKJIa/ibIBatoTCA, Y, Toraa goxon 0(V1). CpeacrBa TpaTATCs, IPUHOCS JOXOJ, a HOBBIX CPEICTB
HE IIOCTYIAaeT U MOJIY4EHHBIN 10X0/ He BKJIabIBaeTcs. Hac mHTEpecyeT cyMMapHBbIi TOXOL:

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

CyMMapHbIil BBIMTPBIII paBeH CyMME BBIMIpBIIIEH Ha Kaxaom Iare. CocTosHHEM
CHUCTEMBI SIBJISIETCSI KOJIMYECTBO CPEeACTB mepen [ -M maroM. Tak Kak HOBBIX CPEICTB He
MOCTYIAET, TO PECYPCHI «TAIOTH.

88



VYnopasnenue YmMoxer ObITh 3anucaHo kak Y=x-X;. [locne / -ro mara B nepBoil oTpaciu
ocraroTcsi cpernctBa p(X;), a Bo BTopou (/(y )= (//(k-X;). DOTn GyHKIMH Ha3bBIBAIOTCSA
¢GyHKIMAME TpaThl. MBI MOJKEM COCTaBUTH ypaBHeHHe bernnmana. B aToii 3agaye Ha / -M mare
OJIHO ynIpaBiieHuE X U OTHO COCTOSIHHE K.

2.5.3 Pe3yabTarhl U BHIBOJBI:

Merton HII sBnsercs HauOosiee OOLMM METOJOM pELIEHHs 3ajad ONTHUMAaJIbHOIO
ynpasiaeHus. OH NpUMEHUM Kak Juisl 3aaa4 ¢ JuHeiHol L@, Tak ¥ ¢ HEIMHENHON , a TakKe B
cilyyae, KOrja ymnpaBisieMble NEpeMEeHHbIC Lielble uKcia, npu 3ToM cama L[® Moxer ObITh
3a/aHa Ta0auIel, YTo Hauboee pacpoCTPaHEHO B IPAKTHUECKUX 3ajadax.

2.6 llpakTuyeckoe 3anaTue Ne [13-12, 13 (4 yaca)
Tema: «ArpoBble MoOAe M NPUHATHA PELICHUI»

2.6.13ananue 151 padoThi:
1. OCHOBHBIE MTOHSTHUS TEOPUU UTP

2. [InatexxHast MaTpylla aHTArOHUCTUYECKUX UTP
3. 'eomeTpuyeckoe pelieHue urp

4. bumaTpuuHble urpa

5. KoonepaTuBHbIE UTPBI

2.6.2Kparkoe onucanue NpoBOJAUMOIO 3aHATHSA:

1. OcHOBHBIE IOHATHSI TEOPHH UTP

OmauM ©3 BaxHBIX pasaenoB «lMccnenoBaHus onepauuil» SBISETCS meopus uep,
IPEJICTaBIsIIoMas Cco0OM TEOPEeTUUECKHE OCHOBBI MATEMaTHYECKHMX MOJENIEH INPUHATUSA
ONTUMAJIBHBIX pEIIeHNH B KOH(JIUKTHBIX CUTYalMsX pPHIHOYHBIX OTHOLIEHUH, HOCSIIUX
XapakTep KOHKYPEHTHOU 00pbOBI, B KOTOPBIX OJIHA IPOTUBOOOPCTBYIOLIAsl CTOPOHA BBIMTPBIBAET
3a c4eT mpowurpsima gpyroi. Hapsany ¢ takodl cuTyanueil B TEOpUM NPUHATHS PELICHUM TaKKe
paccMaTpUBAIOT TaK Ha3blBa€MblE CUTYALMIO PUCKA M CUTYallMI0 HEONPENEIEHHOCTH, KOTOphIE
UMEIOT pa3IMyHble MOJAEIH U TPEOYIOT pa3HbIX KPUTEPHUEB BbIOOpA ONTHUMAIBHBIX pelieHui. B
CUTyallul PHUCKa IPEAIOoJIaraloTCsi U3BECTHBIMM HE TOJBKO BO3MOXKHBIE YCIIOBHS, B KOTOPBIX
HY)KHO IIPUHUMATh PEIIECHUE, HO U BEPOSATHOCTH UX MOABJIEHUA. B cuTyanun HeonpeaeaeHHOCTH
BEPOATHOCTH YCJIOBUHM HEHU3BECTHbl M HET HHUKAKOH BO3MOXXHOCTH IIOJYyYUTh O HHX
JIONIOJIHUTEIbHYIO CTAaTUCTHYECKYI0 HHpopManuio. Okpyskarolias pelleHue 3aJadd cpefa,
KOTOpasi MPOSIBJISIETCS B T€X WM MHBIX YCIOBHSX, Ha3bIBAETCS NpUpoOoti, a COOTBETCTBYIOIINE
MaTeMaTHYECKUE MOJIEH Ha3bIBAIOTCS uepamu Ccnpupoooti WIH meopueu
CMAamuCmuyecKuxpeueHull.

Teopuss wurp Obuta cucrematnuecku wusnoxkena JIDK. donm Heilimanom wu  O.
MourepitepaoM B 1944 rony. OHM HanMcanu KHHUTY, KOTOpas cOoepiaja IIaBHBIM 00pa3oM
9KOHOMHYECKUE MPUMEPBI, TOCKOJIBKY 3KOHOMUYECKOMY KOH(IMKTY JIerye NpUAaTh YUCIEHHYIO
¢dopmy. Teopust urp wucCmoiap3yercs B 0OOJaCTH SKOHOMHMKH W TIPOM3BOACTBA, OM3HEca u
(MHAHCOB, CEJILCKOTO XO3siiCTBa M BOCHHOI'O JieNa, OMOJOTUM U COLMOJIOTMH, NCUXOJIOTHH U
nonutosoruu. K HacrosiieMy BpeMEHU TEOpHs WP pa3BHIacCh B CAaMOCTOATEIbHYIO 00JIacTh
MaTEMAaTUKU U MOYKET PaCCMAaTPUBATHCS HE3aBUCUMO OT €€ NMPHIOKECHUN K pPealbHbIM UTPOBBIM
cutyauusM. [lo mHeHuio naypeara HoOGeneBckoil mpemun mo 3koHomuke 3a 1994 r. Homia,
TEOpHsI UTP BOOOIIE ChIrpaja BaXKHYIO POJIb B MHTEIUIEKTYyalnbHOH ku3HU XX Beka.

Ha npakTuke 4acTo IPHUXOAWUTCS CTAJIKUBATBCA C 3a7adyaMu, B KOTOPBIX HEOOXOIUMO
IIPUHUMATD PEIICHUS B YCIOBUSAX HEONPEAEICHHOCTH, TO €CTh BO3HUKAIOT CUTYAllMH, B KOTOPBIX
nBe (uau Oojiee) CTOPOHBI NPECIENYIOT pa3lnuYHbE IEJIM, a PE3yNbTarhl JIIOOOro AeHCTBUA
KQKIOH M3 CTOPOH 3aBUCAT OT MEPONPUATHN mapTHepa. Takue cUTyaluu, BO3HHUKAIOIIHME IPU
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uUrpe B IIaxMaThl, IIANIKH, JOMMHO, CUTyallUM Ha pPBIHKE, KOrJa BBIXOAUT HECKOJBKO
IIPOM3BOUTENEH ¢ OIMHAKOBBIM TOBAapOM (OJIUTOMONHNS), IOKYNATENb U MPOJIaBell, OCTABIIMUK U
noTpeduTenp, OaHK U KIMEHT. To €CTh NPUMEPOM TEOPUHU WP SIBISIIOTCS TaKHE CUTYallUH, B
KOTOPBIX Ba)XXKHYIO pOJIb WIPalOT KOH(DIUKTBl M COBMECTHbIE JAeHCTBHSA. KOHQUUMKT MoXxer
BO3HUKHYTh TaKXe M3 pa3iIuuus LeJeH, KOTOpble OTpa)kaloT HE TOJIBKO HECOBNAAAIOIINE
UHTEpEChl Pa3IMYHBIX CTOPOH, HO M MHOTOCTOPOHHME HHTEPECHl OJAHOTO M TOrO e JIHIIA,
HanpuMep pa3pabOoTUUK 3KOHOMUYECKOW MOJMTUKH OOBIYHO IpPECIENyeT pa3sHOOOpas3HbIE LU
(poct 00beMa MPOU3BOJCTBA, OBBIIIEHHE JOXOJ0B, CHUKEHHE IKOJIOTHUECKOH HAarpy3KH).

Takum o00pazoMm, Teopuss WIrp H3y4yaeT U paccMaTpuBaeT METOJbl ONPEIEIICHUs
ONTUMAJIBHOTO IIOBEACHUS IPH YIPABIECHUM CHCTEMaMH, B KOTOPBIX XapaKTEPHO HAIM4HE
KOH(JIMKTHOW CHTyaluu (CTOJKHOBEHHE MHTEPECOB). J{1s1 KOH(MIMKTOB XapaKTEpHO TO, YTO HU
OIMH W3 €ro Y4YaCTHMKOB 3apaHee HE 3HACT pELICHWM, NPUHUMAEMBIX OCTAJIbHBIMU
yJaCTHHKaMHd. JIpyrumu cjoBaMH, Y4YaCTHHKH KOH(IIMKTOB BBIHY)XICHBI JIefiCTBOBAaTh B
YCIOBUSAX PHUCKA M HEOIpeAelcHHOCTU. HeonpeneneHHOCTh MCXOI0B MOKET INMPOSBIATHCA HE
TOJIKO B PE3YJIbTATE CO3HATENbHBIX ACHCTBUU APYIMX YYaCTHHUKOB, HO U KaK pE3yJbTar
JIEUCTBUN TE€X WUJIM UHBIX CTUXUHUHBIX CHUIL.

B cBere «reopun Urp» MOKHO pacCMOTPETh SKOHOMMKY, OOIIIECTBEHHbIE HAYKH, OU3HEC
U TIOBCEAHEBHYIO XM3Hb. K mpumepy, B JKOHOMHMKE C TOYKH 3PEHHS «TE€OPUU HIP» MOXKHO
O0O0BSCHUTH TOPTOBBIE U LIEHOBBIE BOMHBI. KpoMe TOro, HeKOTOphle 0003peBaTENHN 0JIaratoT, uTo,
UCTIONb3Ys 3Ty TEOPHI0, MOXKHO MOKa3aTh MPUUUHBI TAKOTO (DEHOMEHA, KaK «MaJIOMOABUKHBIE
1IeHbI. B cOOTBETCTBUU C 3TOM Teopuel (PMPMBI 3aKIIOYAIOT HEYTO BPOJIE TAHHOTO COTJIAIICHUS O
npeo0iajgarolleM 3HAYeHUM IEeHbl (CKaXkeM, €clId pedb uAeT o0 aBTOMOOWIBHOM wWiH
CTaJICTUTEHHON MPOMBIIUIEHHOCTH). [lociie TOro Kak OHM MPHUIUIM K COTJIAIICHUIO, (UPMBI
OTKa3bIBalOTCS IIOHMKATh WJIM IIOBBILIATH LIEHBI, TAK KaK B IPOTUBHOM CIIy4ae yYaCTHUKHU PBIHKA
OyaoyT paccMaTpuBaThb TaKU€ M3MEHEHMsI KaK CUTHaJl OOBSBIIEHUS SKOHOMHYECKOH BOMHBI. C
IIOMOIII0 TEOPUU HUIP MOXKHO TaKXke OOBSICHUTB, I0YEMY MHOCTPAaHHAs KOHKYPEHIIMS MOXET
PUBECTH K 00JIee 0)KECTOUYCHHOU IIEHOBOU BOITHE. UTO CITyduTCs, €CIH SITOHCKast (prpMa BowieT
Ha aAMEPUKAHCKHI PBIHOK, HA KOTOPOM YX€ CYLIECTBYIOLIME KOMIIAHMHM TalHO JOTOBOPHIIACH
Ha3HAYUTh BBICOKYIO LeHy? 3apyOekHble (GUPMBI MOTYT «OTKa3aThCsl UTPATh B 3Ty Urpy». OHU
npocto OyayT CHMKaTh LIEHBI B ILIEJSAX OBJIAAEHUs Oousbliei ponel pelHKa. CroBop MOXeT
pa3pyLIHUTHCS.

Jlisi TpaMOTHOTO pelIeHus 3a/1a4 ¢ KOH(QJIUKTHBIMU CUTYAIUsIMH HEOOXOJUMBI HAyYHO
000CHOBaHHBIE MeTO/bI. Takue MeToabl pa3padoTaHbl MAaTEMAaTHYECKOI TeopHel KOH(DIMKTHBIX
CUTyalui, KOTOPBIE HOCAT HA3BAHUE «TECOPUS UTD».

Bcesaxkas ONpeTCHAYIOIIAsA Ha aACKBATHOCTb MaTeMaTU4dCCKad MOJACIb COHOHUAJIbHO-
OKOHOMHYCCKOI'O ABJICHUA [JOJDKHA OTpaXaTb MIPUCYIIUC CMY YCPTHI KOH(l)J'II/IKTa, TO CCTb
OIIMChIBATh:

a) MHOXXCECTBO 3aMHTCPCCOBAHHBIX CTOPOH, KOTOPbIC HA3bIBAIOTCA UTPOKAMU

0) BO3MOXKHBIE IEHCTBUS KaXKA0N U3 CTOPOH, UMEHYEMBbIE CTPATErUsIMU WIIM XOJIaMHU;

B) MHTEPEChl CTOPOH, IpeACTaBlIeHHble HYHKIMUAMU BBIUIPBINIA (TIATEXKa) I KaXK10To
U3 UTPOKOB.

Cama Mozenb KOHGIMKTHOM CUTYyallMd Ha3bIBAETCSl UTPOI.
2. IlnaTexkHasi MATPHLA AHTATOHUCTHYECKUX UTP

Crparerueii Wrpoka Has3blBaeTCd COBOKYIHOCTh IMPaBWI, OMNPEICNAIOMUX BBIOOD
JEHCTBUS MPU KaXJAOM XOJE B 3aBUCUMOCTH OT CJIOXKMBILIEHCA cuTyaluuu. YToOBl pelinTh Urpy
WIM HaWTH pElIeHUEe WIPbl, CIEAyeT Ui KaKJOro HUIpoKa BbIOpaTh CTpaTeruio, KoTopas
YIOBJIETBOPSIET YCIOBUIO ONTUMAJIBHOCTH, TO €CTh OJUH M3 UTPOKOB IOJIy4aeT MaKCUMaIbHBIN
BBIUTPBIII, KOTJIa BTOPOM NpPHUAEpPKUBAETCA CBOEH cTpareruu. B To ke Bpems BTOPOW HUIPOK
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JOJDKEH MMETh MUHHMMAJIbHBIA IIPOUTPBILI, €CIM NEPBbIM MPUACPKUBACTCS CBOEH CTpaTErvH.
Takue cTpaTeruy Ha3bIBalOTCS ONTUMAJIBLHBIMU.

OnTuManbHble CTpaTeTHH JAOJHKHBI YIOBIETBOPATH YCIOBUIO YCTOWYMBOCTH, TO €CTh
J1000MY U3 UTPOKOB JOJIKHO OBITH HEBBITOJHO OTKA3bIBATHCS OT CBOEH CTpaTEeTHUU B ATOW HIpe.
Ecnu urpa moBTOpsieTcss MHOTO pa3, TO HMIPOKOB  MOXET HHTEPECOBAaTh HE BBIMIPHIII U
IIPOUTPHIII B KXKAOH KOHKPETHON MapTUH, & CPEIHUN BBIMTPHILI (IPOUTPBHIIIT) BO BCEX MapTHUSAX.

[{enpl0 TEOPUU UTP SBISIETCS OINPEICICHUE ONTHUMAIbHOW CTpPATErwH IJisi KaKJI0TO
UTPOKa.

Bemrpeim— 31o Mepa 3¢ dexra ans urpoka. B Teopuu Urp BEIMTPHIII TOJDKEH U3MEPSTHCS
00513aTeJIbHO KOJIMYECTBEHHO.

B ciyuae koHE4HOH UTpHI ABYX JHIl (PYHKIHMU BBIUTPHINIA KAXKIOTO U3 UTPOKOB yJOOHO
IpPEACTaBIATh B BUAE MATPULbl BBIUTPBHIINIEH, I€ CTPOKHM INPEACTaBIAIOT co00il cTpareruu
OJIHOTO UTPOKa, a CTOJOLBI — CTPATEruy Apyroro. B kieTkax MaTpULbl YKa3bIBAIOTCS BBIUTPHIIIN
KaX/I0T0 M3 UI'POKOB B KaXA0H M3 oOpasyromuxcsa cutyauuil. JlanHas ¢opma npeacraBieHus
KOHEYHBIX UIP HA3bIBACTCS «MaTPUYHBIEC UTPBIY.

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

Ecnu 06a BbIOMpaIOT oquHaKoBble cTpaTeruu (00a roBopsAT “open’), TO 1-i BHIMTpBIBAET
1 pyOab (2 BTOpPOI NMPOUTPHIBAET); €CIIM BEIOUPAIOT Pa3HbIE, TO 2-i BBIUTPHIBACT.

Tabnumna 2.1
Martpuua BeMrpsimia nepsoro urpoka (Hj)
Open Pemka
Open 1 -1
Pemka -1 1
Martpuna Bemrpsiia sroporo urpoka (Hs)
Open Pemika
Open -1 1
Pemka 1 -1
Jna antaronnctrueckux urp Beerna Hi=— Ho.

Marpuua, 31eMeHTaMU KOTOPOH SIBISIOTCS BBIUTPBIIIHA, COOTBETCTBYIOIIME CTPATETHIM
UTPOKOB, HAa3bIBACTCS IIATE)KHON MaTPUIIEH WIIM MATPULIEH UTDBIL.

Huxnsas nena urpsl (o) (MAaKCUMUHHBINA BBIMTPBILI — MAKCUMHUH) — 3TO TapaHTUPOBAHHBIH
BBIUIPBIII [IEPBOI0 UTPOKA MPHU JIFOOOH CTpaTeruu BTOPOro UrpoKa (TO €CTh U3 KaXJOW CTPOKH
BBIOMpAaeM MHUHUMAJIBHOE YHCIIO, a 3aT€éM M3 BCEX JTHUX MHHHUMYMOB OepeM HauOOJbIIHIL).
Crparerus, COOTBETCTBYIOIIAasi MAKCUMUHY Ha3bIBA€TCS MAKCUMUHHOM.

Bepxusas nena wurpel () (MUHUMAKCHBIM BBIMTPBHINI — MHUHHUMAKC) — 3TO
rapaHTUPOBAaHHBIM MpOUTphI BTOporo urpoka. (To ecTh M3 KaxIoro croydna BbIOMpaeM
MakCHMaJbHOE YMCIO, a 3aTeM H3 BCEX MaKCUMyMOB OepeM HauMmeHbluuit). CrpaTerus,
COOTBETCTBYIOIIasi MUHUMAKCY, Ha3bIBAE€TCS MUHUMAKCHOM.

[IpuHIUI, AWKTYIOIIMH HWIpOKaM BBIOOp HaMOOJEe «OCTOPOXKHBIX» MHHHUMAKCHOW U
MaKCUMUHHOM CTpaTeruid, Ha3bIBa€TCsl MPUHIIMIIOM MHUHUMAaKca. JTOT MNPUHILMI CIEAYeT W3
pa3yMHOTO MPEINOI0KEHUS, YTO KaKJbIH UTPOK CTPEMUTCS AOCTHYD IIEJIH, TPOTHUBOMOJIOKHON
[eNH TPOTUBHUKA. ECiiM BEepXHSs U HWXKHSS IICHBI WTPHI COBMANalT 0=f=0, TO 3Ta IieHa
HA3bIBACTCS] YUCTOW [IEHOW UTPHI UJIN LIEHON UTPHI.
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Jns A= a=-10=1 a+ [
+1 -1
Ilns B 204 LA=1 p=0=1
= o =1, = o = =0=
R R

MUHHMMAaKCHBIE CTPAaTErud, COOTBETCTBYIOILUME LIEHE WIPHI, ABJIAIOTCA ONTUMAaIbHBIMHU
CTpPATeTUAMM WM PEIIEHUEM Hrpbl. 1O €CTh B 3TOM Cily4ae IEpPBbIA HUIPOK I10JIyd4aeT
MaKCUMaJIbHBIM, HE 3aBUCALIUN OT IOBEIEHUsS BTOPOTO UI'POKA BBIMIPBHILI (], & BTOPOU UIPOK
n00MBaeTCss MMHMMAJIBHOTO FapaHTUPOBAHHOT'O, HE 3aBUCALIETO OT MOBEICHUS NEPBOTO UIPOKa
npourpsima (. Takoe pemieHue 00JafaeT YCTOMYMBOCTBIO, TO €CTh €CIM OJWH M3 HUIPOKOB
IPUIEPKUBAETCA CBOEH ONTUMAJIBHOW CTpaTeTruu, TO JUIS APYroro HE MOKET OBITh BBITOJHBIM
OTKJIOHATBCS OT CBOECH ONTUMAJIbLHON CTPATETUN.

[Tapa cTpareruii maer ONTHUMAaNbHOE PEIIEHWE HUIPHI TOTJa M TOJBKO TOTrAa, KOTrJa
COOTBETCTBYIOIIMKA  3JEMEHT  MaTpuibl  (pa3Mep  BBIMTPHIIIA-NIPOUTPHINIA)  SBISETCS
OJIHOBPEMEHHO HaumOOJbIIMM B CBOEM CTOJIOLIE M HauMMEHbIIMM B cBoel cTpoke. Takas
CUTYyallUsi, €ClIi OHA CYLIECTBYET, Ha3bIBAE€TCs CEMI0BOM TOYKOH. To ecTh Mrpa paspemmma B
YUCTBIX CTPATErHsiX, KaXIbli M3 UTPOKOB OyleT Ha KaXKJOM IIare BbIOUpATh OIHY U Ty K€
CTpaTeruio W €My He BBIFOJHO OT Hee OTKJIOHUTHCS: €CIH MEepBBIH MTPOK BHIOEPET APYTyIO
CTpaTeruio, y Hero OyJIeT BBIUIPHIII MEHBIIE, a €CIM BTOPOH HUIPOK BBIOEPET APYTyIO
CTpaTeruio, y Hero MpourpsIl OyneT Oonblie.

3. 'eomeTpuyeckoe pelieHHe Urp
ITycts umeercs nBa urpoka A u B. Y kaxJoro u3 UrpokoB 1o aBe cTpaTeruu (A; u Ay y
urpoka A, By u B, y urpoka B). Urpa ¢ HyneBoil cymmoit.

ITo ocu aberuce oTIOXKUM OTPe30K AjA,, TO €CTh Touka A U300paXkaeT CTpaTeruio A
(x=0), A, — crpareruto A, Bce NPOMEXKYTOUHBbIE TOUKM — CMeIlIaHHble cTpareruu. Ha ocu
OpIVHAT OTKJIAJbIBAEM BBIUIPBIII [EPBOTO MIPOKA, €CIM BTOPOM IPUMEHWN cTpareruto Bi.
AHAJIOTUYHO CTPOUM BTOPOI rpaduk, eciiu BTOpoil rpaduk BeIOpan crpareruio Bs.

A B, y
y M
! B
B : B b B
— 1
! L2531 :
el :
a
a i 12 ! ¢ a»
| |
X
P i pi X . : N
A A A A

Puc. 2.1. I'eomempuueckas unmepnpemayus cmpamezuti nep8o2o UspoKa
qi=anpitazp:
Qe=aizp1tanp: (opauHata Touku M; u M, COOTBETCTBEHHO)

-1

*
B cootBeTcTBHH C IMPUHIOUIIOM MHUHHUMAKCA ONTUMAJIbHAA CTPATCTUA SA TaKoBa, 4TO
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MUHUMAaJIbHBII BBIUTPBI UIpoka A (Mpu HauxyAllleM I[OBeJeHUM urpoka B) oOpamaerca B
MaKCUMYM.

! p B2
B |
—4 1
1
p2 iSA* P X
Al (pl*, Pz* ) A

Puc. 2.2. Pewenue uepwoi epaguueckum cnocobom

Otpe3ok B|N — MuHUManbHBIA BBIMIPHINI HMIpoKa A IpPU HUCHOJIb30BAaHUHU JHOOOH
CMEIIaHHOM cTpaTteruu, eciu Urpok B BeIOpan ctpareruto B). Anamormuno, otpe3ok BoN —
BBIMTPBIII Urpoka A, eciu urpok B BeiOpan crpareruto B,. CrnenoBarenbHO, ONTHMAaJbHYIO
CTPATEruio ONpenesseT Touka N, TO €CTb MUHUMAaJIBHBIN BBIMTPBIII JOCTUTAET MAaKCUMYyMa.

Ilpumep pewienusa 3adauu.

Pemutsh rpaduuecku urpy, 3aJaHHYIO IJIATESKHON MaTpUIIeH:
L5 3
P:
2 1

OmpenenuM BEpXHIOK M HWKHIOW IeHbl urpel: =15 f=2. CremoBareibHo,

celUIoBas TOYKa OTCYTCTBYET, Oy/leM MCKaTh PElIeHHEe B CMEIIaHHBIX cTparerusx. OTMeTuM Ha
rpaduKe BEIMYUHY BBIMTPHIIIA IS KaKJON Tapbl CTPATETHil.

3 {\y B,
B, T2

! B
1,57 : ’

|
B, ' 1

|

P2 H p1 X}

A1 A2

Puc. 2.3. I'paghuueckoe pewenue ucpul

3anuiieM — ypaBHEHHE HPSMBIX, COOTBETCTBYIOIIUX BEJIUYMHE BBIMIPHINIA UTPOKa A,
€cIi UTpoK B BEIOMpaeT, COOTBETCTBEHHO, epByIo (B;) y==0,5x + 1,5 u Bropyio (B,)y=—2x
+ 3 crparerun. Touka wux mnepecedenust N(0,6; 1,8). CnemoBarenbHo, p; = x = 0,6 —
BEPOSATHOCTH BbIOOpa UTPOKOM A BTOpo# ctpateruu; p; = 1 — 0,6 = 0,4 — BepoATHOCTb BbIOOpa
urpokoM A mepBoii crtparerun. llema urpel 0= y = [,8 — MakCHMIbHO BO3MOXHBIA W3
MUHUMAJIbHO TapaHTUPOBAHHBIX BBIUTPHINIEH Urpoka A (MO0 MUHUMAJIbHO BO3MOJKHBIM U3
MaKCHUMaJIbHO I'apaHTUPOBAHHBIX MPOUTpPHIIIEH UTpoKa B).

Ba:xxHo moMHuUTH. ['paduyecky MOKHO PEIIUTh UTPY, €CIH B UIPE yYaCTBYIOT TOJIBKO
JIBa UTPOKA U y OJJHOTO U3 UI'POKOB MMEETCs TOJIBKO JIBE CTpaTeruu (y BTOPOro Urpoka — jarodoe
KOJIMYECTBO CTpaTEruil).
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4. bumarpu4yHblie urpa

Bo MHOrux cutyanusx He 00s13aTeNbHO, YTOOBI OJIMH UTPOK BBIUTPHIBAIL, a APYTOH CTOJIBKO
e npourpeiBasi® Takue Urpbl HA3BIBAIOTCA HEAHTATOHUCTUYECKUMHU (C HEHYJIeBOM cymMmoit) Jlis
JBYX WUIPOKOB BBIMIPBIIIM B TaKWX Wrpax HPUXOAMUTCS 3alUChiBaTh HE OJHOH, a JBYMs
MJIaTEeKHBIMU MaTpUIlAaMHU, TMO3TOMY OHM HMMEIOT Ha3BaHUe OuMarpuyHble Urper HMHTEpecs
UTPOKOB 3/I€Ch HE SIBJIAIOTCS MOJIHOCTHIO MPOTHUBOMOJIOKHBIMHU, U MX TOBEJECHHUE MOXET ObITh
OoJiee pazHo-00pa3HbIM” Pa3nuyaoT HekoonepaTUBHbIE OMMATPUYHBIE UTPBI U KOOIIEPATHUBHEIE,
B 3aBUCHMOCTH OT TOTO, MOTYT JIM JIOrOBapUBAaThC UTPOKH, WIM COTVIAIIEHHE HEBO3MOXHO IO
npaBujaM UTPhIT

PaccmoTpuM Kilaccu4ecKkyro MoJielb HEKOOTepaTUBHOM OMMAaTPUYHON HUIPbI, H3BECTHOM Kak
«/nnemma 3akimroueHHoro» JlBa MHpecTymHMKa OXHUAAKOT MPUIOBOpa Cylda 3a COBEpLIEHUE
npecTyrieHus” AJBOKAT KOHQUACHIMAIBHO TMpeAsiaraeT KaXIOMy H3 IPECTYIHUKOB
OCBOOOJIUTH €ro, €ClIi OH CO3HAETCA U JACT MOKa3aHHUs MPOTHB COOOIIHUKA, KOTOPOMY I'PO3UT
yroauTs B TIopbMYy Ha 10 et Eciau HUKTO He co3HAeTcs, TO 000MM yrpoXkaeT MOoJIy4duTh 1 rofa 3a
HE3HauuTeNnpHOe TmpecTyrieHne ¢ Eciaum co3HaoTes o0a mpecTynmHUKa, TO C  Y4eTOM
YUCTOCEPACYHOTO MPU3HAHKS OHU MOJIYYaT S JIET

[TocTpouM naTeXHbIE MAaTPULBI UTPOKOB CO CTPATETUSAMM «CO3HATHCS A -A1», «CO3HATHCA
B - By», «ue co3naBatbca A - By», «He co3HaBatbes B - By» IlepBoe umncio - Beiarpsim A, a
BTOPOE - BBIMTPHILI

3I[CCB HUI'POKU AOOTOBOPUTHCA HC MOTYT.IIO3TOMY HM HCO6XOHI/IMO PYKOBOACTBOBATHCA
IMPUHOUIIOM 3IpaBOro rnnecCCuMmu3mMa u BBI6paTB MaKCHMMHWHHYIO CTPATCTHIO.

Ecnu A BbiOeper Al. TO B XyALIEM Clly4ae OH IOJYYUT 5 JIET, €CJIM TO B XyJLIEM CIIy4ae OH
IOy  30J1» BBIOEpET MEHbIee - Aj.

Urpox B ecam BeiGeper B;. To B Xyamem ciaydae noiaydyuT 5 jer.a eciu Bi. to 10 n;er.
[TosTOMy.4TOOBI HE pUCKOBaTh. OH BbIOepeT B;. [Tomyunnn «ceanosyro Touky» (A1.B1).

TakuM 00pa3oM.000MM 3aKIIOYEHHBIM JIy4llle BMECTE CO3HAThCA M IOJIYYUTh MO 5 JIET.
371eCh HA OJHOMY U3 MIPOKOB HE BBITOJHO OTKJIOHATHCS OT CBOCH ONTHMAaJIbHOW CTPATETUU B
oIMHOUKY. IIpuBeneHHBIN NMOAX0A K PELIEHUIO0 HEKOONEPAaTUBHBIX OMMATPUYHBIX UIP MOAO00EH
IPUHLNAIY «MUHUMAaKCa» JUIsl MATPUYHBIX UIP U HA3bIBACTCA HAXOXKACHUEM TOUKH PaBHOBECHS
no Hoamy. Ham nmokasan.gro mro0asg OMmaTpudHas Urpa UMEET pEelIeHHE B YHUCTBIX WIM CMe-
IIAHHBIX CTPATETHUsX.

5. KooneparuBHbIe UTPbI

KoomnepaTtuBHOI Urpol HaA3bIBAIOT TaKyl MOJEIb CUTYallUU.KOTJA BBIUIPBIIIM UIPOKOB HE
UMEIOT HYJIEBOM CyMMBI. U B KOTOPOH HI'POKaM pas3peuraercssi o0CyXJaThb CBOM CTPATEruu U
JIOTOBApUBATHCA O COBMECTHBIX JEHCTBUSX. T. €. 00pa3oBbIBaTh Koanuiuu. OCHOBHOH 3amaueit
3[€Ch ABISETCA AEeK OOIIEro BBIUIPHIIIA MEX/1Y YICHAMHU KOATUIIUU.

B ciiydae 1ByX UTpOKOB BBIMTPBIII B UIPE - 3TO Mapa BHIUTPHILIEH. IPEACTABISIIOIINX 001I1e
BeIUrpbIliM. Eciau urpoku OyayT mnepeOupaTh BCEBO3MOXHBIE CTpaTeruu (YUCTBIE U
CMEILIaHHBIE).TO BCE MPOCTPAHCTBO BBIUTPHIIIEH B UTPe 00pa3yeT HEKOTOPOE MHOMXKECTBO TOYEK.
OTPaHUYEHHBIX HEKOTOpoll nuHMeH (cM. pucyHOK). Ha pucyHke MOXHO yka3aTb TOYKY C
KOOpJMHATaMH BBIMTPBILIEH UTPOKOB.KOTOPHIE OHU MOTYT rapaHTUPOBATh cede. He mpuderas K
noroBopeHHOCTsM (T 1. 7). Takast Touka Ha3bIBAETCS TOUKON YIPO3bIL.

Ha MHOXecTBe BBIMIPBIIIEH MOXHO HAaWTH MHOXECTBO [lapero-onTHMalbHBIX pPEHICHUMN.
[TapeTo-onTUManbHbIe TOUYKH.0€3yCIOBHO. JIy4Ille BCEX JPYIMX TOYEK MHOXECTBA BBIUIPHILICH.
TaK KaK OHU SBJISIIOTCA CAMBIMM IIPABBIMM HA FOPU30HTAIM M CaMBbIMH JICBBIMU Ha BEPTHUKAJIH.
OueBunHo.uTo Ilapero-onTUMalbHBIE TOYKM - 3TO CEBEPHO-BOCTOYHASI I'PaHUIA MHOXKECTBA
BBIUTPBILICH.

Toukn Ilapero-onTUMaNbHOIO MHOXKECTBA.HAXOAAIIUECS OJHOBPEMEHHO BBIIIE U IIpaBee
TOYKH Yrpo3sl T. 00pa3yloT HEeperoBopHOE MHOXECTBO. OuUeBHIHO.YTO HIPOKAaM BBITOJHO
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JIOTOBApUBATHCA. €CJIM UX BBIUTPBIII OyJET JIydlle. 4eM TOT. KOTOphIi nosryyaercs B Touke 7. Ha
IIEPETOBOPHOM MHOKECTBE BBIIEIISAETCS

2.6.3 Pe3yabTaTbhl M BBIBOABI:TCOPHUS UIP H3y4aeT M PACCMATPUBAET METO/BI
OINpeZeNICHUs] ONTUMAJIBHOIO MIOBEIEHUS IIPHU YIPABICHUU CUCTEMAaMH, B KOTOPBIX XapaKTEPHO
HaJIM4ie KOH(PIUKTHON CUTyaluu (CTOJIKHOBEHHE HHTEpecoB). i1t KOH(PIUKTOB XapaKTEPHO TO,
YTO HU OJUH M3 €r0 yYaCTHUKOB 3apaHee HE 3HAET PEUICHWM, NPUHHMAEMBbIX OCTaJbHBIMU
yJyaCTHHKaMHu. JIpyrumu cjoBaMH, Y4YaCTHHKH KOH(IIMKTOB BBIHY)XICHBI JIeHiCTBOBaTh B
YCIIOBUSIX PHUCKA M HEOIpeAelcHHOCTU. HeomnpeneneHHOCTh MCXOI0B MOKET INMPOSBIATHCA HE
TOJILKO B PE3yJbTaT€ CO3HATENbHBIX JEHCTBUI [PYrMX YYaCTHUKOB, HO U KaK pe3ysbTar
JIEUCTBUN TE€X WUJIM UHBIX CTUXUHUHBIX CHUIL

2. 7TIpakTudeckoe 3ansatue 14,15 (4 yaca)
Tema: «CeTeBoe IUIaHMPOBaHHE U YIIPABJICHHE»

2.7.1 3aganue njst padoThI:

1. OcHOBHBIE IOHATHS CETEBOrO IJIAHUPOBAHUS U YIIPABIICHUS.
2. IIpyHIMIBI pemeHus 3aaad.

2.7.2KpaTkoe onucanne NpoOBOJAUMOrO 3aHATHS::

1.0cHOBHBIE OHSITHA CETEBOI0 NJIAHUPOBAHMSA U YIIPABJICHUS.

CereBoe [lnanupoBanme m YmpaBieHHE — 3TO KOMIUIEKC IpaUUecKuX M PacYeTHBIX
METO/I0B, OpPraHM3allMOHHBIX MEpONPHUATHH, O00ECHeYMBAIOUIMX MOJEIUPOBaHME, aHAIM3 HU
JUHAMHYECKYIO [IEPECTPOMKY IJIaHa BBIITOJIHEHUS CIOXHBIX IIPOEKTOB U pa3pabOTOK, HApUMED,
TaKUX KaK: CTPOMUTENBCTBO M PEKOHCTPYKIMS KaKuUX-THMOO OOBEKTOB; BBIINOJIHEHHWE HAy4HO-
UCCIIEIOBATEIbCKUX M KOHCTPYKTOPCKMX pabOT; MNOArOTOBKA IPOM3BOJACTBA K BBIIYCKY
IOPOAYKIMH; MEPEBOOPYKEHUE apMHM; pPa3BEPThIBAHUE CUCTEMbl MEIULIMHCKHUX WX
NpOPMIAKTHIECKAX MEPOIPUSATHIH.

XapakmepHoti 0cobeHHoCmbl0 TaKUX MPOEKTOB SBJIAETCS TO, YTO OHU COCTOST M3 psza
OTJENBHBIX, 3JEMEHTApHBIX padom. OHM 00YCIaBIMBAIOT APYT JApyra TaK, YTO BBIOJHEHHE
HEKOTOpPBIX paboT He MOXKET ObIThb HAuaTO paHbIE, YEM 3aBEpIIEHbl HEKOTOpbIE ApYIHeE.
Hanpumep, yknagka ¢gyHaaMeHTa He MOXET OBITh HadaTa paHblIe, 4eM OYyIyT JOCTaBJICHBI
HEoOXOAUMBbIE MaTepuajbl; 3TH MaTepHalbl HE MOTYT OBITh JOCTaBJIECHbI paHblle, YyeM OyayT
IIOCTPOEHBI TOABE3JHbIE IyTH; JIO00OW 3Tall CTPOUTENHCTBA HE MOXET OBITh Hayar 0Oe3
COCTaBJIEHUS] COOTBETCTBYIOIIEH TEXHUYECKOM TOKYMEHTAIUH U T.JI.

Cemesoe [Inanuposanue u Ynpaenienue ekarouaem mpu OCHOGHbIX SMAand.:

3 CTpYKTypHOE IJIJaHUPOBAHUE;

4 xaneHzapHOE IUIAHUPOBAHMUE;

5 omepaTHBHOE yNpaBlICHUE.

Cmpykmypnoe nianupoéanue Ha4MHAaeTCs C pa30MEHUs IPOEKTa Ha YETKO
OIlpeJieIeHHbIE ONepaluy, Il KOTOPBIX ONpPENeNseTcs MPOAOIIKUTEIbHOCTb. 3aT€M CTPOUTCS
ceTeBOil TpaduK, KOTOPHIM NpPEACTaBIsCT B3aUMOCBS3M pabOT NpPOeKTa. OTO MO3BOJSIET
JIeTadbHO aHAIU3UPOBaTh BCE pabOTHl M BHOCUTH YJIYYIIEHHsS B CTPYKTYpy HpPOEKTa eule 10
Hayaja ero peajn3alui.

Kanenoapnoe nnanupoeanue npegycMaTpuBaeT IOCTPOCHHME KaleHIAapHOro TIpaduka,
ONpEAEISAIONIEr0 MOMEHThl Hadajla M OKOHYAHUS Kaxaod paboThl M Jpyrue BpEMEHHBIE
XapaKTEepUCTUKU CETEeBOro rpaduxa. OTO NO3BOJSAET, B YAaCTHOCTH, BBISBIATH KPUTHUYECKHUE
ornepanuy, KOTOPbIM HEOOXOIUMO YAENATh 0co00€ BHUMAHHUE, YTOObI 3aKOHYUTH NPOEKT B
JTUPEKTUBHBIH Cpok. Bo BpeMs KajeHIapHOro IJIAHUPOBAHUS ONPEAEISIOTCS BpPEMEHHBIE
XapaKTEepUCTUKU BCEX pabOT ¢ IENbI0 IPOBEIACHMS B AANbHEHIIEM onmumuzayuu CETEBOU
MOJIeNIN, KOTOpasi MO3BOJIUT YJIyUIIUTh 3 GEKTUBHOCTh UCIOIb30BaHUS KaKOTro-1100 pecypca.
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B xozne onepamuenozo ynpaenenus NCTIONB3YIOTCS CETEBON U KaJIEHAAPHBIN rpaduku 1is
COCTaBJICHUS MEPUOANYECKUX OTUETOB O XOJI€ BBIMIOJIIHEHUs MpoekTa. [Ipu aToM ceTeBas Mozelnb
MOKET IOJIBEPraThCsl ONMEPATHBHON KOPPEKTUPOBKE, BCICIACTBUE YEero OYIEeT pa3padaThiBaThCs
HOBBIN KaJICHJAapHBIN IIaH OCTAJIbHOM YacTH MPOEKTA.

OCHOBHBIMU TIOHSITUSIMH CETEBBIX MOJENICH SIBISIFOTCS TOHATHS  «COObImMus» W
«pabomwly.

Paboma — 310 HEKOTOpBI TPOIECC, MPUBOASAIINNA K JOCTHKEHHIO OMPEICIICHHOTO
pe3ynbTara, TpeOyolmui 3aTpaT KakuxX-THOO pecypcoB W HMEIOIUN MPOTSKEHHOCTh BO
Bpemenn. [1o cBoeill ¢pusmueckoit mpupoe paboTel MOKHO pacCMaTPUBATh KaK:

® Oecticmgue: pa3paboTKa uepTexa, H3TOTOBICHHME JeTalM, 3aluBKa (yHIaMeHTa
0ETOHOM, N3YYCHHE KOHBIOHKTYPHI PhIHKA;

® npoyecc: cTapeHUe OTIMBOK, BbIICPKIBaHUE BIHA;

® ooicudanue: 0XXHU1aHue TTOCTaBKU KOMITJICKTYIOIIHX.

[To xonmu4ecTBY 3aTpayuBaEMOro BpeMeHU padoTa MOKET ObITh:

® OelicmeumenvbHol, T.¢. TPeOYIOIIeH 3aTpaT BpeMeHH;

® ¢uxmusHou, T.e. POpMaTbHO HE TpeOYIOIIEH 3aTpaT BPEMEHH M MPEACTaBIISIONICH
CBSI3b MEXKIY KakKMMH-THOO paboTamu, HampuMmep: Iepenada W3MEHEHHBIX 4YepTeked OoT
KOHCTPYKTOPOB K TE€XHOJIOTaM; caya OT4eTa O TeXHHUKO-SKOHOMHUYECKHUX IOKa3aTeslsax padoThl
11eXa BBILIECTOSIIEMY TOPA3CIICHUIO.

Cobvbimue — 3T0 MOMEHT BPEMEHHM, KOTJa 3aBepIIalOTCs OJHU paboThl U HAYMHAIOTCS
npyrue. Hanmpumep, GyHIaMeHT 3a1UT OETOHOM, KOMIUICKTYIONIUE TOCTABICHBI, OTYETHI CaHBI
u 1.7. CoObITHENPECTABISAET COO0N pe3yibTaT MPOBEACHHBIX PaboT U, B OTIUYME OT paboT, He
UMEET MPOTSHKEHHOCTH BO BPEMEHHU.

Ha sTane cTpykTypHOro IUIaHHPOBAaHMS B3aWMOCBS3b padOT U COOBITHI, HEOOXOAMMBIX
JUI JTOCTMDKEHUS KOHEYHOH IIeNM MPOEKTa, M300pa)kaeTcs ¢ MOMOIIBIO cemegozo epaguxa
(cereBoit mopmenu). Ha cereBomM rpaduke pabOTBHl H300paKaroTCs Cmperkamu, KOTOPBIC
COCIMHSIOT Gepuiunbl, W300paxarouue coObiTus. Hawano u okoHuaHue It000H paldoThI
OTMCHIBAIOTCS Mapoil COOBITHI, KOTOpbIE HA3BIBAIOTCS HAUANbHLIM U KOHEYHbIM COOBITUSIMU.

[TosTOMy ISt MACHTU(DUKAIIUTN KOHKPETHOM paObOThI UCTIONB3YIOT KO PabOThI (2,4), COCTOSIIHIA
U3 HOMEPOB HAYaIbHOTO (i-r0) ¥ KOHEYHOTO (j-r0) coOBITHH (cM. puc.1.).
pab6oTa (i,j)

@ D

Ha4dajJbHOE KOHEYHOE
COOBITHE coObpITHE

Pucynox 1- Konupoanue paboThl

JIro60e coObITHE MOXKET CUMTATHCSI HACTYNMBIIUM TOJIBKO TOTJa, KOTJa 3aKOHYATCs 6ce
BXoJsmIMe B Hero pabotsl. [loaToMy, paGoThl, BEIXOASIINE U3 HEKOTOPOTO COOBITUS HE MOTYT
HayaThcs, I0Ka HE OyyT 3aBEpUIEHBI 6ce pabOThl, BXOSALINE B 3TO COOBITHE.

CobbITHE, HE UMEIolee MPEINIeCTBYIONIUX €My COOBITUHM, T.€. C KOTOPOTO HAauMHAETCS
IPOEKT, Ha3bIBAIOT UCX0OHbIM. COOBITHE, KOTOpPOE HE MMEET MOCIEAYIOIIMX COOBITUH U
OTpakaeT KOHEUHYIO IeJIb POEKTA, Ha3bIBACTCS 3A8EPUIAIOULUM.

[Tpu mocTpoeHnn ceTeBoro rpaduka He0OXOIUMO CIIEAOBATH CIEIYIOIIUM IIPAaBUIIAM:

12) nnuHa CTpENIKU He 3aBUCUT OT BPEMEHH BBITIOJIHEHUS Pa0OTHI;

13) cTpenka MOKeT HE ObITh NPSAMOJIMHEHHBIM OTPE3KOM;

14) nnst  nelicTBUTENBHBIX pPabOT HUCHONB3YIOTCS CIUIOIIHBIE, a A (QUKTUBHBIX -
MYHKTUPHBIE CTPEJIKH;

15) kaxxnas onepanus 10JKHA ObITh MPEACTaBIEHA TOIBKO OJHON CTPEIKOM;

16) MeX1y OTHUMH U TEMHU K€ COOBITUSIMU HE JOJKHO OBITh MapajijIebHBIX paldoT, T.€.
paboT ¢ OAMHAKOBBIMU KOJAMU;
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17) cnenyer n3beraTh nepecevyeHus CTPEoK;

18) He HOKHO OBITH CTPENIOK, HAMPABICHHBIX CIIpaBa HaJIEBO;

19) HomMep HavaIbHOTO COOBITHUS TOJKEH ObITh MEHBILIE HOMEpPA KOHEYHOT'O COOBITHS;

20) HE JOKHO OBITH BuUCAYUX COOBITUH (T.€. HE UMEIONTUX MPEAMISCTBYIOMNUX COOBITHIA),
KpPOME HCXOTHOTO;

21) He MOJDKHO OBITH MYNUKO08bIX COOBITUH (T.€. HE UMEIOIIUX MOCICAYIONUX COOBITHIA),
KpPOME 3aBEpIIAOIIETO;

22) He TOKHO OBITh IIMKJIOB.

Baxnoe 3HaueHue sl aHanu3a CETEBBIX MOJENEH MMeeT moHstue nytu. Ilymes — 310
mo0ast ToClIeIOBATEIFHOCTh PadOT B CETEBOM I'paduke (B 4aCTHOM cllydae 3TO OaHa paboTa), B
KOTOpPOM KOHEYHOE COOBITHE OJHOM pabOTHI COBIAAAET C HAYaJIbHBIM COOBITHEM CIIEAYIOIIEH 3a
Hel paboThl. PaznuyaroT cienyronie BUIbI TyTEH.

Ilonnwlii nyms — 3T0 MyTh OT MCXOJHOTO COOBITHS 70 3aBepiuaromiero. Kpumuueckui
nymp — MaKCUMAaJbHBIH TIO TMPOJODKUTEIBHOCTH TONHBIA myTh. PaboThl, nexamue Ha
KPUTHYECKOM IYTH, Ha3blBalOT kpumuyeckumu.dloOkpumuueckuit nyms — TOJHBIA IYTb,
OnvKaiui o JIUTEILHOCTH K KPUTHUYECKOMY MTYTH.

[TocTpoeHue ceTy SBISETCS JIUIIL IEPBBIM [IIArOM Ha MYTH K MOCTPOCHUIO KaJICHIapHOTO
1aHa. BTOpeIM 1IaroMm sIBIsi€TCSl pacueT CeTeBOM MOJENH, KOTOPbIM BBHIMOJIHSIOT MPSMO Ha
ceTeBOM TrpaduKe, MONb3ysICh MPOCTHIMY IMPABUIAMH.

2. llpyHUMIOIBI pelIeHus 3a/1a4.
K BpeMeHHBIM mapameTpam cOOBITHH OTHOCSITCS:

o Tp (1) — paHHUH CPOK HACTYIUIEHHS COOBITUS 1. DTO BpeMsi, KOTOPOE HEOOXOAUMO IS

BBITNIOJIHEHUS BCEX padOT, MPEAIECTBYIOIIMX JAHHOMY COOBITHIO i. OHO paBHO HauOOJIbIIEH U3
IPOJOJKUTEIBHOCTH IyTeH, MPEAIIEeCTBYIOUINX JAaHHOMY COOBITHIO.

o T,(z’ ) — MO3JHUHA CPOK HACTYIUIEHUS COOBITHS i. DTO Takoe BpeMs HaCTYIICHHS
COOBITUS i, TIPEBBIINIEHHE KOTOPOrO BBI30OBET AHAJOTHYHYIO 3aJepXKKy HACTYNJICHUS
3aBepuIaroIiero coobiTus cetu. Ilo3aHnii cpok HacTyIuIeHHs J1I000ro COOBITUS 1 paBEH Pa3HOCTU
MEXIYy NPOJOKUTENIBHOCTBIO KPUTUYECKOIO MyTH M HauOOJbIIEH M3 MPOAOIIKUTEIBHOCTEH
NyTeH, CIEAYIOIUX 33 COOBITUEM i.

. R(i ) — pe3epB BPEMEHH HACTYIUIEHUS COOBITHSI i. DTO TaKOH IPOMEXYTOK BPEMEHHU, Ha
KOTOPBIM MOKET OBITh OTCPOYEHO HACTYIJIEHUE COOBITHS I 0€3 HapyIIEHHs] CPOKOB 3aBEPILICHUS
npoekTa B 1einoM. HauanbHble M KOHEYHbIE COOBITUS KPUTHYECKHUX pabOT HMMEIOT HYJIEBbIE
pe3epBbI COOBITHIA.

PaccunTaHHbBIC YKMCIIEHHBIE 3HAYECHMsS] BPEMEHHBIX NapaMeTPOB 3alMCHIBAIOTCS NPSAMO B
BEPIINHBI CETEBOTO Tpaduka (cM. puc.2).

i [Tp(1)

R(i) |Tn(i)

Pucynok 2 — OtoOpakxeHre BpEMEHHBIX TAPAMETPOB COOBITUI
B BEpPLIMHAX CETEBOro rpaduka

Pacuer pannux cpoxoB cBepiieHUS COOBITHI Tp(z) BEIEeTCSI om ucxoonoeo (M) x

3aeepuiatougemy (3) coOOBITHIO.
Ipumeuanue. ITockONbKY JUINTEIBHOCTh PaOOTHI MOXKET OBITh KaK HOPMaJIbHOUN 7., Tak U

yckopeHHo 7 (cM. 1. 3), TO Ay OOIIHOCTH M3JIOKEeHHs OyaeM B najabHelmieM 0003HadaTh
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TEKYILYI0 JUIMTEIbHOCTh paboThl OykBOM t C COOTBETCTBYIOLUIMM KOAOM pPalOOTHI, HampuMmep,
tGi, j), t(k, j) m 1.1
3. JIns MCXOIHOTO COOBITHS I/ITp (I/I) =0.

4. Jlna BceX OCTalbHBIX COOBITHIA iTp(i)=maX[Tp(k)+t(k,i)], r1e MakCHMyM

OepeTcs o BceM paboTam (k,i) , BXOJISIIUM B COOBITHE 1i.

WHpiMU ciioBaMU, paHHMH CPOK HACTYIUIEHUS COOBITUI — 3TO MaKCHUMaJlbHas CyMMapHas
JUINHA ITYTH OT UCXOIHOTO COOBITHUS 10 JAHHOTO COOBITHS.

Ilo30nue cpoxu ceepmenus coOwbtuii T (1) PACCUUTBHIBAIOTCS OM 3a8epuianuje2o K

UCX0OHOM) COOBITHIO.

6. Jlis 3aepiuatoutero co6sirus 3 Ty (3) = Tp (3) )

7. Jlns Beex octanbHbIX coObithii T (1) = min[TH ( ]) — t(i, J)] , TJIe MUHUMYM OepeTcs

o BceM paboTam (i, ]) , BBIXOISIIIUM U3 COOBITHA 1.

8. R(i) = Ty(i)= T, (i).

WHbIMU cliOBaMH, MO3JHMHA CpPOK HACTYIUIEHHA COOBITHI €CTh pa3HOCTb MEXAY
IPOJOKUTEIBHOCTBIO KPUTHUECKOTO MYTH M MaKCHUMaJbHOH HPOJOJKUTEIBHOCTBIO PA0OT,
JeKalluX Ha IMyTH OT JAHHOTO COOBITHSA J0 3aBEPLIAIONIETO

K HanGonee Ba)XKHBIM BPEMEHHBIM apaMeTpaM padoT OTHOCATCS:

o pH(i’ J) - paHHUH CPOK Haydasa paboThl;

o THH(i, J) - MO3/IHHMIT CPOK Havana paboTHL;

o Tpo(ia ]) - paHHHIi CPOK OKOHYAHHUS pabOTHI;

o no(ia ]) - O3/IHUH CPOK OKOHYAHHs PabOTHI;

JIiist KpUTUUECKHUX PabOT TpH(i, J) =Ty (i, ]) u Tpo (i, ]) =Tho (i, ])

o Rn(i, ]) - IONIHBINA pe3epB PaboThl MOKA3BIBAET MAKCHMAIBLHOE BPEMS, Ha KOTOPOE

MOJKET OBITh YBEJIMYEHA MPOJOJIKUTEIBHOCTh PaOOTHI (i, J) WIA OTCPOYEHO €€ Hayaslo, YTOOBI

MPOAOJDKUTCIIBHOCTE  MPOXOAAIIETO 4YEpe3 HEEC MAKCUMAJIBHOI0O MNOYTH HC IMPEBLICUIIA
MPOJOJDKUTCIIBHOCTU KPUTHUYCCKOI'O ITYTH. Baxmneiiiiee CBOMCTBO IMOJIHOTO pe3cpBa pa6OTI>I

(i, ]) 3aKJIIOYAETCs B TOM, YTO €0 YaCTUYHOE WJIM MOJHOE MCIOJIb30BaHUE YMEHbBIIACT MOJHBIH
pe3epB y paboT, Jnexamux ¢ padboToit (1, J) Ha OJHOM MyTU. TakuM 00pa3oM, MOJHBIN pe3epB

OPUHAJISKUT HE OJHOM JaHHOW paboTe (i, J), a BceM paboram, JeXalluM Ha MyTIX,
IPOXOSIINM Yepe3 3Ty paboTy.

° Rc(i, ]) — cBOOOIHBIH pe3epB paboThl MOKA3hIBAET MAKCUMAIIBHOE BPEMs, Ha KOTOPOE
MOKHO YBEIUYHUTH MPOJOJIKUTEIBHOCTh PaOOThHI (i, ]) WIA OTCPOYMUTH €€ Hayallo, He MEHsI

PaHHMUX CPOKOB Hauajla Mocijenyromux padot. Mcnonb3oBaHne cBOOOJHOIO pe3epBa OJHOW M3
paboT HE MEHSET BEIMUMHBI CBOOOHBIX PE3EPBOB OCTAIBHBIX PA0OT CETH.

BpemenHble mapameTpsl pabOT CETH OINpPENeNAIOTCs Ha OCHOBE PAaHHUX M IO3JHUX
CPOKOB COOBITHIA.

) Tou (i) = Ty (i)
8) Too (i, ) = Ty (i) + t(i,J) mm T (i, ) = Tou(inj) + t(i,]):
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9) Tno(iaj) =Ty J)’

10) Ty (1,) = Ty (3) = (i, §) mm T3, ) = To(1,3) — (i, )
11) Ry (i, j) = Ty(§) = T, (i) — (i, J) :

12) Re(i,j) = Ty (j) = Tp(i) = t(i,]).

Bpemennsie mapameTpsl paboT BHOCATCA B Tabnuily. [Ipu 3ToM KOJbI pabOT 3aMuchIBalOT
B OIPEJEICHHOM MOpSKEe: CHayalla 3aliChIBAalOTCA BCe pabOThI, BBIXOAAIINE U3 UCXOIHOTO, T.€.
MEPBOTO, COOBITHS, 3aTEM - BBIXOSIINE U3 BTOPOTO COOBITHS, IIOTOM - U3 TPETHETO U T.I.

PesepBamMu BpemeHu, kpome paboT M COOBITUH, 00JaAAlOT TOJHBIE MYTH CETEBOU

Mozenu. Pa3sHOCT  MEXIYNpOJOJDKUTEIBHOCTh  KPUTUYECKOIO  IIYTH T(LKp) u
IPOJOKUTEIBLHOCTBIO JIF0O0T0 IPYroro MOJHOro MyTH T(LH) Ha3bIBACTCS MOJIHBIM PE3EPBOM

Bpemenu mytu L, T.e. R(LH) = T(LKp) - T(LH) . DTOT pe3epB MOKA3BIBAET, HAa CKOJIBKO B

CyMMe MOXeT OBbITh yBEIHUYeHa NMPOJODKUTENBHOCTh BCeX padoT JaHHOro myTd L, utoObl mpu
3TOM HE U3MEHWICA 00U CPOK OKOHYAHUS BCEX paloT.

Mertoauka ONTHUMM3ALMU 3arpy3Kd CETEBBIX MOJEIEH MO KpUTEpUI0 "MUHUMYM
ucrojgHuTenen" .

ITpu onTUMHM3aLUU UCTIONB30BAaHUS pecypca paboyel CHUiIbl Yalle BCEro CeTeBble pabOThI
CTPEMSATCS OpraHU30BaTh TAKUM 00pa3oM, UTOOBI:

® KOJHMYECTBO OJHOBPEMEHHO 3aHATHIX MUCIOJHUTENIEH ObLIIO MUHUMAJIBHBIM;

® BBIPOBHATH MOTPEOHOCTh B JIOACKHX pecypcax Ha MPOTSKEHUU CPOKa BBINOJIHEHUS
IPOCKTA.

CyTp onTUMHM3allMM 3arpy3Kd CETEBBIX MoOJeNed 10 KPUTEpU0 "MUHHUMYM
UCIIOJTHUTENEN" 3aKiIrodaeTcs B CIEAYIOLIEM: HEOOXOAMMO TaKuM 00pa3oM OpraHu3oBaTh
BBINIOJIHEHHS CETEBBIX PAaOOT, YTOOBI KOJIMYECTBO OJHOBPEMEHHO PaOOTAOLIMX HCIOJHHUTEIEeH
ObUIO MHMHUMAJIBHBIM. [l mpoBeneHHMs MOMOOHBIX BHIOB ONTHMH3ALUK HEOOXOIUMO
HOCTPOUTD U MPOAHATU3UPOBATE 2paPUK NPUBA3KU U 2pAPUK 3a2py3KU.

I'pagpux npussasku 0TOOpaKaeT B3aMMOCBS3b BBIOIHSAEMBIX PAa0OT BO BpPEMEHH U
CTPOUTCSI Ha OCHOBE JIaHHBIX JIMOO0 O MPOJOJIKUTENBHOCTH paboT (B TaHHOHM J1a00paTOPHOM 3TO
Ty), 1100 0 paHHMX CpOKax Haudaja U OKOH4YaHus pabot. IIpu mepBom cmocobe mocTpoeHus
HEO00XOUMO TIOMHUTH, YTO BBITIOJIHEHUE PaOOTHI (1, j) MOKET HauaThCS TOJIBKO MOCIE TOro, KaK
OyIyT BBINIOJHEHBI BCE MpeecTByomue e padotsl (k, j). Ilo eepmukanvhoii ocu zpagpuka
npueA3KU OTKIA/BIBAIOTCA KOObl padom, no 20pu30OHMAiIbHOU OCU - ONUMENbHOCHb Padom
(paHHEE HayaJlo U paHHEE OKOHYAaHUE PadoT).

Ha epaguxe 3acpyskuno zopuzonmanvnoii ocu omxnaovléaemcsa epems, HaIpuUMep B
THSX, NOBEPMUKAIbHON - KOAUYECMEO 4esl08€K, 3aHATHIX PabOTOW B KaXJbli KOHKPETHBIH
nenb. Jlns moctpoenus rpaduka 3arpy3ku HEOOXOIUMO:

® Ha Fpa(l)I/IKe IMPUBA3KU HAll KaXXJ0M paGOTOﬁ HammmcaTrb KOJINYCCTBO €€ PICHOHHPITeHeﬁ;

® [I0JICUMTATh KOJMYECTBO PAOOTAIOIIMX B KaXK/bIi 1€Hb UCIIOJIHUTENEH U OTIOXKUTH Ha
rpaduke 3arpy3KH.

Jns  ynoGcTBa MOCTPOEHUWsS] W aHann3a rpaduku 3arpy3Kd W MPHUBS3KH CIEYeT
pacroJiaraTb OJMH Hajl IPYTUM.

OnucanHble BUABI ONTHMHU3ALMU 3arpy3Kd BBIITOJIHSIOTCS 3@ CUET CABHUIa BO BPEMEHU
HEKPUTUYECKUX paboT, T.e. pabOT, MMEIOLUX IMOJHBIA W/ CBOOOAHBIA pe3epBbI BPEMEHH.
[TonubIii ¥ cBOOOAHBIM pe3epBbl JHOOOH pPabOTBI MOYKHO OIpPENEIUTh 03 CHelUalbHbIX
pacueToB, aHaNIM3Mpysd TOJIbKO rpaduk mnpuBs3ku. COBUr paboOThl O3HA4YaeT, YTO OHa OyneT
BBITIOJIHATBCS YK€ B Opyeue onu (T.e. UI3MEHHUTCS BpeMsl €€ Hayajla M OKOHYaHUs), YTO B CBOIO
ouepesb MPUBEAET K U3MEHEHHUIO KOJIMYECTBA UCIIOJIHUTENEH, pabOTaOHUX OJHOBPEMEHHO (T.€.
YPOBHS €XKEIHEBHOH 3arpy3KH CETH).
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MeTtonuka ONTUMM3ALUK CETEBBIX MOJIEJIEH 110 KpUTEPUIO "BpeMs-3aTpaTsl”

[enbio onTumMu3anuu mno kpurepuio "Bpewms - 3atpaTsl” SBIsSETCS COKpaIleHHE BPEMEHH
BBITIOJTHEHUSI TIPOEKTA B IIEJIOM. DTa ONTUMHU3ANUS UMEET CMBICI TOJIBKO B TOM cliydae, Koraa
BpeMsl BBITIOJIHEHUSI pabOT MOXKET ObITh YMEHBILIEHO 3a CYET MOJKIIOUEHHUS JOMOJHUTEIbHBIX
pPECYpPCOB, YTO IPUBOAMT K MOBBIIICHUIO 3aTpaT Ha BBIIOIHEHUE padboT (cM. puc.3). [ns oneHku
BEJIMYMHBI JOTIOJHUTEIBHBIX 3aTpaT, CBA3AHHBIX C YCKOPEHHEM BBIOJHEHHUS TOW WIM WHOU
paboThI, UCTIONB3YIOTCS JINOO HOPMATHUBHI, JIMOO JTaHHBIE O BBHIOJHEHUN aHAJIOTHYHBIX paldoT B
npouuioM. ITox mapamerpamu padot Cy (i, j) u Cyy (i, j) TOHUMAIOTCS TaKk Ha3bIBaGMBbIE Npsimble
3aTpaThbl, HEMOCPEJACTBEHHO CBS3aHHBIE C BBHITTOJIHEHHEM KOHKPETHON paOOoTHI.

Cu (1, j) — mpsiMbIe 3aTpaThl MPU HOPMAITBHOM TEUYEHUHN COOBITHI;

Cn (i, j) — mpsIMBIE 3aTpaThl IPU COKPAILICHHNH BPEMEHH COBEPIIECHUS COOBITHI 10 YPOBHS
MOJIKPUTHUYECKOTO.

Takum o0pa3oMm, KoceHHble 3aTpaThl THUIA AJIMUHHCTPATUBHO-YIPABICHUECKUX B
IPOLIECCe COKpAllleHUs UIMTEIbHOCTH MpPOEKTa BO BHHUMAaHHME HE MPUHUMAIOTCS, OJHAKO HX
BIIMSTHUE YYUTHIBACTCS MPU BHIOOPE OKOHYATEIHHOTO KaJICHIAPHOTO TIaHa ITPOSKTA.

3arpaTsl

Cn(i,j)

CH(i,j)

Ty(i, J) TH(i, j) Bpewmst
rae Ty, j) — ycKopeHHOe BpeMs BBIIOJIHEHHS COOBITHS,
Tx(i, j) — HOpMaTbHOE BPEMSI BBITIOJIHEHHS COOBITHS.

Pucynok 3 - 3aBUCHMOCTb IPSIMBIX 3aTpaT Ha paboOTy OT BpEMEHU €€ BBITTOJIHEHUS

BaxxnpiMu mapamerpamu paGoThl (i, j) MpH MPOBEICHUM JAHHOTO BUIA ONTHMHU3AIUU
SIBJISTFOTCSI:
® K03Ghuyuenm Hapacmarnus sampam

o Colii)-Cyin)
k(i.j)= Tu(d)-Ty (i)’

KOTOpBIﬁ IMMOKAa3bIBACT 3aTpaThbl ACHCKHBIX CPCACTB, HGO6XOI[I/IMBIG AJid  COKpallCHUA

JUIATENLHOCTH PabOThI (i, J) Ha OJIUH JICHB;

® 3anac epemenu U COKPAIICHUS JUTUTEILHOCTH PaOOTHI B TEKYIIUHA MOMEHT BPEMEHH

Zy(1,3) = t2(3) - Ty (1)
rae tT(i, J) - JUTUTEIBHOCTE PabOThI (i, J) Ha TEKYI[Mii MOMEHT BPEMEHH.
MakcumaabHO BO3MOYKHOE 3HAUEHHE 3araca BpeMEeHH paboThl PaBHO
Zona (i) = Ta(i- )~ Ty (i J)

OTta cuTyalusi UMEeT MeCTO, KOTja JJIUTEIbHOCTh PaboTel (i, j) eme HU pa3y He

COKpamanu, T.e. t, (i, i)=T4 (1,))
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OO0mas cxeMa nNpoBeieHUs1 ONTUMHU3ALNHU ""BpeMs - 3aTpaThbl'
1. Ucxons U3 HOpMAJIbHBIX JIUTEIbHOCTEN pabor Ty (i, j), OIIPENeNIAIOTCA KPUTUUECKUE

LK U NOAKPUTHYCCKHUC LH IMyTU CETCBOU MOACIIN U UX NJIMTCIIbHOCTHU TKp u TH .

p
0
2. OmpenensieTcst cymMma HpsIMBIX 3aTpaT Ha BBIIIOJIHEHHWE BCETO IPOEKTa Cpp TP

HOPMaJIbHO! MPOJIOJIKUTEIBHOCTH PadoT.

3. PaccmaTpuBaercss BO3MOXHOCTh COKpAIIEHUs MPOIOJIKUTEIBHOCTH IIPOEKTA, AJIs YEro
aHAIM3UPYIOTCS TapaMeTPbl KPUTHUECKUX PabOT MPOEKTA.

3.3. lna cokpamieHus BbIOMpaeTcss KpuUTHYeckas pabora ¢ min KodppHuIueHTOM

HapacTaHus 3aTpar k(i, ]), UMeEIoIIasi HeHYJIEBOM 3arac BpeMEeHH COKpalleHus ZT(i, j).

3.4. Bpems At(i, J), Ha KOTOPOE HEOOXOIMMO CKaTh JIMTEILHOCTH pabotel (i, j),

OIIpENEIISIETCS KAK
Al(i, j)=min[Z (i, j),AT],
rae AT:TKp—TH — PaA3HOCTb MEXAy UINTEIBHOCTBID  KPUTHYECKOTO U

MOJKPUTHYECKOTO IyTel B ceTeBOi MOJIEIH.

Heo6xomumocTs yuera mapamerpa AT Boi3BaHa HelenecooOGpa3sHOCTBIO COKpAILEHHUS
kputnueckoro mytu Oonee uem Ha AT enuuun Bpemenu. B 3ToM ciiyyae KpUTHYECKHil MYTh
TepecTaHeT OBITh TaKOBBIM, a MOAKPHTHYECKHMI MyTh HA0OOPOT CTaHET KPUTHYECKHM, T.e.
JUINTENHLHOCTh MPOEKTA B IENOM HPUHIMINAILHO HE MOXKET OBITh COKpAIleHa OOJblle, 4eM
Ha AT .

4. B pe3ymbTaTe CKaTHs KPUTUUECKOH pabOTH BpeMEHHbIE TTapaMeTphl CETEBOH MOJIENH
M3MEHSIOTCS, YTO MOKET IPUBECTH K IOABIEHUIO APYrUX KPUTUUECKMX M MOAKPUTUYECKUX
nyTeif. BcneacTBHe  yIOpOXKAaHHMS — YCKOPEHHOH paboThl oOmas CTOMMOCTH  IPOEKTa
YBEJINUMBAETCS HA BETMUUHY

ACpp = k(i, j)At(i, j)-

5. Jlns W3MEHEHHON CETEBOM MOJENM ONPENENAIOTCS HOBBIC KPHTHUCCKHE U
MOAKPUTHYCCKUC NYTU W UX JJIIHUTCIBHOCTH, IIOCIC YCTO HeO6XOI[I/IMO MNpOaOJIKUTH
ONTHMH3AIHIO ¢ mara 3. [Ipy HATHYMK OrPAHHYEHHS B IEHEXHBIX CPEICTBAX, MX HCUEPIAHHE
ABIISICTCA HpI/IqI/IHOf/i OKOHYAHHUA OIITUMU3AIIUN. Ecnn ue YUYUTHIBATDH HOHO6HOC OrpaHu4eHuc, TO

ONTUMH3ALMIO MOXHO NPOJNOJKATH J0 TeX MOp, MOoKa y padoT, KOTOpble MOIJU Obl OBITH
BbIOpaHbI JJI COKpALLEHUS, HE OyJeT McUepIiaH 3arac BpeMEHH COKpallleHNUs.

2.7.3 PesyabTaTsl U BbIBOABI:CeTeBoe [nannpoBanne nu YpasieHue — 3TO KOMIUIEKC
rpadM4ecKuX U pacyeTHBIX METOJI0B, OPIraHU3ALMOHHBIX MEPOIIPUATHH, 00ECTIeUNBAIOIINX
MOJIEJIMPOBAHUE, aHAIN3 U IUHAMUYECKYIO NIEPECTPOIKY IJIaHa BBHIITOJIHEHUS CIOXKHBIX
IIPOEKTOB U pa3pabOTOK, HAIPUMEP, TAKMX KaK: CTPOUTENIBCTBO U PEKOHCTPYKLUS KaKUX-TTHO0
00BEKTOB; BHINOJIHEHUE HAYYHO-UCCIIEI0BATENbCKUX U KOHCTPYKTOPCKUX padoT; OArOTOBKA
IIPOM3BOJICTBA K BBIITYCKY MPOJAYKIHHU; IEPEBOOPYKEHUE apMHUHU; PA3BEPThIBAHUE CUCTEMBbI
MEIUITUHCKUX WM TPO(PUIAKTHUECKUX MEPOTIPUATHH.

2.8lIpakTuyeckoe 3ansatue 16,17 (4 yacos)
Tema: «Onepanuu MaccoBOro 00CJIy;KHBAHUS

2.8.1 3apanue nis padoThbI:

1. CtpykTypa u KiacCupUKaIms CHCTEM MacCOBOTO OOCITY)KHBAHHS
2. MapKoBCKHi1 CiiydyalHbINA MPOLIECC
3. CucreMbl MaccoBOrO 0OCITYKUBAHUS C OTKa30M
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4. CucTeMbl MacCOBOTO OOCITYKHUBaHHS C HEOTPAHHUYCHHBIM 0)KUJaHHEM
5. 3aMKHYTBIE CHCTEMBI MaCCOBOT'O O0CTYKHBaHHS

2.8.2 KpaTkoe onucanue npoBOANMOIO 3aHATHS:

1. CTpykTypa u KjIaccupuKanus CHCTEM MACCOBOT0 00CTyKUBAHNS
Hepenko Bo3HHKaeT HEOOXOIUMOCTh B PEIICHHHM BEPOSITHOCTHBIX 3a]ad, CBA3AHHBIX C
cucreMamMu MaccoBoro oociyxuanus (CMO), mpumepamMu KOTOPBIX MOTYT OBITh:
* bujaeTHBIC KacCHI;
* PeMOHTHBIE MaCTEPCKUE;
* Toprossle, TpaHCIOPTHBIE, SHEPTETUUECKUE CUCTEMBI,
* (Cucremsl CBA3H;
* UT.I
OOIIHOCTh TAKMX CHUCTEM BBISBIIAETCS B €IUHCTBE MaTEMAaTHUECKUX METOJOB M MOJIENEH,
IPUMEHSIEMBIX IIPH UCCIIEI0BAaHUU UX JESITEIBHOCTH.

|OTpacH HAPOTHOI0 X035FCTRA

IpoHsEOOCTEEH- BrenpousEOO- TpaHCIopTHEL S CEASE BRI CIHTEEHEL E
Ha#t chepa CTEEHHAd chepa TMEpEB0SKH CETH
CrHabxenme [Mapimaaxep crie Tarccu Topopcias
- — — — CEASE
Pemont 1 Miactepcriie IMpyso0BRIE MesxmyTopon-
— 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. Ocnosnvie chepol npumenenus TMO

Ha Bxoxn B CMO nocrtymnaer notok TpeboBanuii Ha oOciyxuBanue. Hanpumep, KIIHMEeHTHI
WIA TaIMeHThl, NOJOMKHU B 000pylOBaHMHM, Telle(OHHBIE BHI30BBI. TpeOOBaHMS IMOCTYMAIOT
HEpEryJasipHO, B CciydyallHple MOMEHThl BpemeHH. CiydallHbIii XapakTep HOCUT U
IPOJOJKUTEIBHOCTh OOCITYXKHBaHHUs. DTO CO3/1aeT HeperyiaspHocTs B padore CMO, ciayxur
IPUYNHON €€ IePEerpy30K U HEAOTPY30K.

CucteMbl MaccoBOro 0oOCITYKMBaHUS 00JIaAAIOT PA3IUYHOM CTPYKTYpoil, HO OOBIYHO B
HUX MO>KHO BBIJIEIMTH YETHIPE OCHOBHBIX 3JIEMEHTA!

5. Bxopasmuit moTok TpeOOBaHMIA.

6 Haxonurens (ouepens).

7. [TpuGops! (kaHaIB 00CTYKUBAHUS).
8 Brixoasmumii noTok.
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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 |

TpebopaHui ) ODCITy K HBAK IIHE
YCTP OHCTBO

-
| pUOCTy K eHHELE
S

.

Puc. 2. Obwas cxema cucmem macco8oeo 00CyiHcu8aHus.

o # ) ) ) 4 t
- a
1 2 3 4 5
Ouepean IIpocToii KaHama
| —_|_I
F | h
1 b . t

0 - o

1 2 3 4 5

Puc. 3. Mooenv pabomsi cucmemol
(cmpenkamu noKazaHvl MOMEeHMbl NOCMYNIEHUs MPebo8aHUll &
cucmemy, npAMOY20aIbHUKAMU — 8PeMsL 0OCTYIHCUBAHUSL)

2. MapkoBCKU# CIy4aillHbIH NPouece

Cucrema MaccoBOTrO O6CJ'Iy>KI/IBaHI/I${ MMpCACTaBIACT coboii CUCTCEMY HOUCKPCTHOI'O THIIA C
KOHCYHBIM WJIM CYCTHBIM MHOXCCTBOM COCTOSIHI/If/'I, a nepexoa CUCTEMbI U3 OJHOI'O0 COCTOSIHUA B
APpYToC MPOUCXOJUT CKAYKOM, KOI'/la OCYIICCTBIIACTCA KaKOG-HI/IGYI[B COOBITHE.

HpOI.[CCC Ha3bIBACTCA Rnpoueccom ¢ duCermeunu cocmosaHuAmMu, cCCIn C€ro

BO3MOXHBIC COCTOAHUA Sl ,Sz,S3,... MOJXHO 3apaHCC ICPCHYMCPOBATb, U MEPEX0a CUCTCMbI U3

COCTOSIHUS B COCTOSIHUE NTPOUCXOAUT MPAKTUUYECKU MTHOBEHHO.

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

B ciyyae JUCKpEeTHOro BpEeMEHHM MEepexolbl M3 COCTOSIHMS B COCTOSHHUE MOTYT
MMPpOUCXOAUTh B CTPOro OmnpeACIICHHBIC MOMCHTBI BPCMCHHU. HpOI_[CCCBI C HCIPCPBIBHBIM
BPEMEHEM OTJIMYAIOTCA TEM, YTO IEPEeXOJ CUCTEMbl B HOBOE COCTOSIHME BO3MOXKEH B JIIOOOMH
MOMCHT BPCMCHH.

Ciy4aliHBIM MPOLIECCOM HAa3bIBAETCSI COOTBETCTBUE, IIPU KOTOPOM KaXJAOMY 3HAUCHHIO
aprymMeHTa (B JaHHOM CIlyya€ — MOMEHTY M3 IPOMEXYyTKa BPEMEHHU INPOBOJUMOIrO OIIbITA)
CTaBUTCS B COOTBETCTBHE CilydaiiHas BeJMYMHA (B JAaHHOM ciydae — cocrosHue CMO).
Chyuaiinoii ¢eauuunOl Ha3bIBACTCSl BEJIMYMHA, KOTOpas B PE3yJbTaTe OINbITA MOXKET HMPHUHSTH
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OJIHO, HO HEM3BECTHOE 3apaHee, KAKOe MMEHHO, YMCJIOBOE 3HAYEHHE U3 JAHHOIO 4YHCIIOBOTO
MHO>KECTBA.

[ToaTomy ns pemieHus 3ajad TEOPUM MAacCOBOIO OOCIYKHMBAaHHUS HEOOXOAMMO 3TOT
CIy4YalHBI TIPOLECC U3Y4YUTh, T.€. IOCTPOUTH M IPOAHAIU3UPOBATH €TI0 MATEMATUYECKYIO
MOJIEIIb.

Cﬂyqaﬁﬂblﬁ npouyecc Ha3blBACTCA MAPKO6CKUM, CCIIN IJIA JIF000r0 MOMEHTA BpCMCHU tO
BCPOATHOCTHBIC XAPAKTCPUCTUKH IIPOIECCa B 6y)1y1ueM 3aBHCAT TOJIBKO OT €TI0 COCTOSHHUA B
I[aHHBIﬁ MOMCHT tO H HC 3aBUCAT OT TOI'O, KOTrlda U KaKk CUCTEMaA IIpUulljia B 3TO COCTOSHHC.

[Tepexoibl CUCTEMBI U3 COCTOSIHHSI B COCTOSIHUE MPOUCXOIUT IMOJ| JECHCTBUEM KaKUX-TO
MOTOKOB (IIOTOK 3asBOK, MOTOK OTKa30B). Eciiu Bce MOTOKM COOBITUI, MPUBOJAILINE CUCTEMY B
HOBOE COCTOSIHHE, — MPOCTEHIIIHE TyacCCOHOBCKHUE, TO TPOIECC, MPOTEKAIOIINNA B CUCTEME, OyieT
MapKOBCKUM, TaK KaK MPOCTEHIIHMI MOTOK He 00JiaJaeT MOCIEACTBUEM: B HEeM Oyayiiee He
3aBUCHUT OT IPOIILJIOTO.

[Ipumep MapKOBCKOro Mmpouecca: cucrema S - cuerunx B Takcu. COCTOSIHHEE CHCTEMBI B
MOMEHT [ XapaKTepH3yeTCs YMCIIOM KUIOMETPOB (IECATBHIX JOJIEH KMIOMETPOB), TPOMIECHHBIX

aBTOMOOHMIIEM J0 JaHHOIrO MOMCHTA. HYCTB B MOMCHT tO CUCTUMK IIOKAa3bIBACT SO .
BepOHTHOCTB TOTr0, 4YTO B MOMCHT > tO CYCTYUK MOKaXKCT TO WM MHOC YHCJIIO KUJTIOMCECTPOB
(TO‘IHGC, COOTBCTCTBYIOIICC YHUCIIO py6JIeI71) Sl , 3aBUCUT OT SO’ HO HC 3aBHUCUT OT TOTIO, B

KaKnu€¢ MOMCHTBI BpDECMCHH U3MCHAJIMCH ITIOKAa3aHUs CUCTUMKA 1O MOMCHTA to .

MHorue npoueccsl MOKHO MPUOIMKEHHO cUMTaTh MapkoBckuMmu. Hampumep, npomuecc
UIpbl B IIaXMarbl: CHUCTEMA S - rpynna maxMmatHeix ¢uryp. CoOCTOSHHE CHCTEMBI

XapakTepU3yeTcsl YUcIoM (HUryp NPOTHBHUKA, COXPAHMBIIMXCS HAa JOCKE B MOMEHT [ .

BeposTHOCTb TOTO, 4TO B MOMEHT [ > {; MaTepualbHbIi mepeBec OyeT Ha CTOPOHE OIHOTO U3
MPOTUBHUKOB, 3aBUCUT B MEPBYIO OYEPEab OT TOTO, B KAKOM COCTOSHUU HAaXOJMUTCS CHUCTEMA B

JlaHHBIA MOMEHT [y, a HE OT TOro, KOra M B KakOH MOCJIE0BAaTEIbHOCTH HCUE3TH QUTYPBI C

JIOCKU 1O MOMEHTa [ 0-

3. CucreMbl MaccoBOro 00CIy:KMBAaHUS € 0TKA30M

B cucremax c oTkazamm 3asBKa, IOCTYNMBIIAs B MOMEHT, KOTJa BCE KaHAaJIbl
O6CJIY)I(I/IB3HI/IH 3aHATBI, HCMCIJICHHO ITOJYYaCT OTKa3, MOKHWAACT CUCTCMY U B HaHBHef/'IH_ICM B
npouecce 00CTy)KMBaHHS HE yJacTBYET.

Nmeercss n kaHaloB B OOCITY)KMBAaHUHU, Ha KOTOpbIE IOCTYMAaeT IOTOK 3asBOK C
MHTEHCUBHOCTHIO A. IlOoTOK 0OCTy)XMBaHHMS HMMEET MHTCHCHUBHOCTH [L (BEJMYMHA, OOpaTHas

CpeHeMY BpeMEHH OOCTy>KUBaHUs [ ). Tpebyercs naiitu BepositTHOCTH coctosiHuit CMO u

obcn
XapaKTEPUCTHKH €€ 3PPEKTUBHOCTH.

Tax kak 00a MOoTOKa — 3asBOK U OCBOOOXKJIEHHH — NMpOCTeHIIne, Mpolecc, NPOTeKaIoIIHHi
B cucreMe, OyIeT MapKOBCKMM. PaccMOTpHM ee Kak CHCTeMYy € KOHEYHBIM MHOKECTBOM
COCTOSIHUM:

S — CBOOOIHBI BCE KAHABI;

S| — 3aHAT POBHO ONHMH KaHAI;
S}, — 3aHATHIk KaHAJIOB;

Sn — 3aHATHI BCE 71 KAHAJIOB/
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Yepes P, (f) o6o3Ha4MM BEpOSITHOCTB TOTO, YTO B MOMEHT BPEMEHH ! CHCTeMa OymeT

HAXOJUTBCS B COCTOSIHUM S, .

[Ipocreitmue 3amaun A9 CUCTEM MACcCOBOTO OOCTYKMBaHUSI C OTKa3aMU OBLIU BIIEPBbIE
pemensr A.K. Dpnanrom. VM ke Obuti BeIBEICHBI (POPMYITBI OIICHKH (DYHKITMOHUPOBAHMS ITUX
CHCTEM MPHU YCIOBUU MOCTYIUICHUS MPOCTEHIIETO MOTOKA 3asIBOK U JJI TTOKA3aTEeIbHOTO 3aKOHA
pacrpeiesieHusi BpeMEeHH 00CTy)KUBaHHUS.

JIyist yCTaHOBUBIIETOCS Mpoliecca OOCITYKUBAHUS MPU STUX YCIOBUSX DPJIAHT MOJTYUUIT
CJIETYIONINE 3aBUCUMOCTH.

e BeposATHOCTh TOrO, YTO OOCIYKMBAHHEM 3aHSTHIKAMIIAPATOB (JTMHHM, MPHOOPOB U

T.IL):
k
P
B=—k_ (0<k<n), (1)
n
z&
k=0 k!
rac p = k — KoIr4ecTBO 3aHATHIX aIrraparTos,

A — HHTEHCUBHOCTbH TIOTOKA 3asBOK,

L — HFHTEHCUBHOCTbD TIOTOKA 00CITY)KHBaHUSI.

Yacmuvie cnyuau:

e BeposTHOCTE mpocTost (TOTo, 4TO BCe OOCITY)KHBAIOIIME armaparbl CBOOOIHBI, HET
3a51BOK):

h=— ()

e BepoATHOCTb OTKa3a (BEpPOSATHOCTb TOT0O, YTO BCE OOCIY)XHMBAIOIIME MPUOOPHI
3aHSTHI):

n

P
_p__n _ &
Boe =5y == "5 =p — 3)
s P s
k=0 k!

Otcroa HAXOIUM OMHOCUMENbHYI0 RPONYCKHYI) CROCOOHOCHMB, T.€. CPEIHIOI TOJI0
NPUIICIIIAX 3aBOK, OOCIY)KHBAaEMbIX CHCTEMOW, — BEPOSTHOCTh TOTO, YTO 3asBKa OyIeT
obcyxeHa:

F
— — n-0
PO6C]I_I_POmK_1_p ; 4)

Abconomuyo nponycKHyw cnocoOHOCmp, T.€. CPEIHEE YUCIIO 3asIBOK, 00CITYKUBAEMbIX
B CIMHUILY BPEMEHH, MOJIYYUM, YMHOKHB WHTCHCUBHOCThH IOTOKA 3asSBOK Ha OTHOCHTEIBHYIO
IPONYCKHYIO CIIOCOOHOCTD:

A= ;\‘})060]1.

AGcConIoTHAs MPOMYCKHAs CHOCOOHOCTh — 3TO MHTEHCHBHOCTH IMOTOKa OOCITY>KEHHBIX
CHUCTEMOM 3asBOK, a KaK/bl 3aHATHIA KaHal B €AMHUILY BPEMEHU OOCITYKMBAET B CPEIHEM Ll
3as1BOK. 3HAUUT, CPEOHee YUC/I0 3AHAMbBIX KAHAI06 PABHO
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= pPo6CJ1. (5)

JloJis kKaHaJIOB, 3aHATHIX 00CTYKUBaHUEM (KOA(P(HUIIMEHT 3arpy3KH):

q:

I |

3.4. CucTeMbl MacCoOBOIO O6CJ'Iy}KI/IBaHI/IH C HCOIpaHUYCHHBIM OKHUAAHUCM

[Tycts umeercs n-kanansHass CMO c ouepeplo, Ha KOTOPYIO HE HAJIOKEHO OrpaHUYCHUM
HU 110 JJIMHE OYepe/id, HU M0 BPEMEHH OXXKHMJaHUs. B cHily HEOrpaHHUYEHHOCTH O4Yepend KaxKaas
3asBKa paHO WJIU MO3/HO Oy/eT o0ciIyXeHa, 03TOMY

P,.=1, P .=0.

obcn omK

y P 1
s CMO ¢ HeorpaHUYeHHON Ouepelblo HaKJIaabIBaeTcsl orpanuuenne — < 1.
n

Ecnu 310 ycnoBue HapylIeHo, TO 04epeab pacTeT 10 OECKOHEUHOCTH, HACTYIAET SIBJICHUE
«B3pbIBaY.

e Bepoamnocmov npocmosa (TOro, 4ro BCe 00CIIYy>KMBAIOIIME alapaTbl CBOOOIHBI, HET
3a51BOK):

1
PO = n pk pn+l ? (7)
L + .
k=0 k! nl(n—p)
L] Bepwlmnocmb 3aHAmocmu 06Cfly.)f(’u3aﬂueM k xkananoe:
P
szpk—(:, 1<k<n. (8)
n.

® Bepoamnocmb 3aHAmMOCMU 00CTYHCUBAHUEM 6CeX KAHAI08 NPU OMCYMCHIEUU
ouepeou:
F
-0 (9)
n!

L Bepo;lmuocmb Ha.iuuuA ouepe&u CCTb BCPOATHOCTL TOI'O, YTO YUCIIO TpeGOBaHI/Iﬁ B
CcHCTeMe OOJIbIIIE YHCIa KAHAIOB:

P, =p"

n+l P()
nl(n—p)
L] Bepo;lmuocmb OJl}l 3AA6KU nonacmb 6 0qepedb CCThb BCPOHTHOCTB 3aHATOCTH BCEX

KaHaJIOB, 3Ta BEPOSATHOCTh paBHA CyMME BEPOSITHOCTEH HAJIMYMs O4epelu U 3aHATOCTH BCEX N
KaHaJIOB IIPX OTCYTCTBUU OUYEPEIU:

B.=p (10)

P
Py, =F,+F, =p" . (11)
(n—=1!(n-p)
o Cpeonee uucno 3aHAMbIX 00CIYHCUCAHUEM KAHAIOE:
- A
1)
e Jlona kananoe, 3AHAMBIX obcnyscusanuem:
k
q=—. (13)
n

o Cpeonee uucno 3aa60K 6 ouepedu (JJIHA OYEPEIN)
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n+l P()

L=p . (14)
(n=D)(n~p)*
e (peonee uucno 3a:160K 6 cucmeme
M=L+k=L+p. (15)
o Cpeonee epems 0)cudanUA 3A16KU 8 0Yepeou
=L (16)
.
o Cpeonee epemsa npedvl6anus 3aA6Ku 6 cucmeme
1 M
r=t+—, T=—. (17)
1) A

5. 3aMKHyTBIe CHCTEMBbI MAaCCOBOI0 00CIYKMBAHUS

Nmeercs n-xananpHass CMO ¢ oxuJaHueM, BKOTOPOH KOJMYECTBO 3asBOK, CTOSIIUX B
ouepesu, OrpaHUYEHO YHUCIIOM /71, T.€. 3asBKa, 3aCTaBIlas BCE KaHAJIbl 3aHATBIMU, CTAHOBUTCS B
ouepesib, TOJIbKO €CJIM B HE HaXOAUTCSI MEHEe m 3asBOK.

Ecnu uucno 3asiBok B ouepenn paBHO M1, TO MOCJIEIHSS IPUObIBIIAs 3asBKa B OUepeb HE
CTaHOBUTCA U MOKUAET CUCTEMY HEOOCTyKEHHOII.

CucreMpl ¢ OrpaHMYEHHON OYEpPENBIO SABIAIOTCA 0000IIEHHEM ABYX PACCMOTPEHHBIX
panee CMO: ipu m = 0 nonyyaem CMO ¢ oTkazamu, npu m = oo noiaydaeM CMO ¢ o)xu1aHueM.

e Bepoamnocms npocmos (Toro, uTo Bce 00CIYKUBAIOLIME alnapaTsl CBOOOIHBI, HET
3a51BOK):

1
P, = 18
0 n pk pn+1 o mY\’ ( )
SE (2
im0 k! nl(n—-p) n
e Bepoamnocmv omkasa ¢ obcnyycuséanuupasHa BeposTHocTH [P, TOro, 4To B
oucpeaun yKE CTOAT m 3asABOK:
P
_ _ n+m 0
PomK_Pn+m_p m " (19)
nln

o OmmuocumenvHas RNPONYCKHAA CHOCOOHOCHIb €CTb BEIMYUHA, IONOJIHAIOLIAS
BEPOSATHOCTb OTKa3a [0 1, T.€. BEpOSITHOCTh OOCITYKHUBaHUS:

Poﬁcﬂ :1_P0m1<'
(20)
o Aéconomuas RPORYCKHAAL CROCOOHOCHIbOTIPEICTISCTCS PABEHCTBOM:
A:i(l_PomK):ﬂ’Poﬁcﬂ' 21
o  Cpeodnee uucno 3auamuvlx 00CAYHCUBAHUEM KAHAOB:
— A
k=—= PP, (22)
y7i
o  Cpeonee uucno 3a160kK 6 ouepedu (CpeHss JIIUHA OYCPEIIH )
m+1 m+2
p" P, E—(m+1 P +m| P
n n n
L= . (23)
nl| n _Pp
n

107



o Cpeonee epems 0)cuOAHUA ODCTIYHCUBANHUA 6 OUEPeOU

t= L (24)
.
o Cpeodnee uucno 3aa60K 6 cucmeme
M=L+k. (25)
o Cpeonee epemsa npedvl6anus 3aA6Ku 6 cucmeme
1 M
r=t+—, T=—. (26)
1) A

2.8.3 Pe3yabTaThl U BHIBO/I:

Cuctema MaccoBOro 0OCIIyKUBaHUS MPEICTABIAET COO0I cUCTEMY TUCKPETHOrO THUIMA C
KOHEUYHBIM HJIM CUETHBIM MHOXKECTBOM COCTOSIHHM, a IIEPEX0J] CUCTEMBI U3 OJTHOIO COCTOSIHUS B
Jpyroe NpOMCXOIUT CKAYKOM, KOTJja OCYILECTBIIAETCS KaKoe-HUOYIb COOBITHE.

ITponiecc Has3bIBaeTCs npoueccom ¢ OUCKPEHHLIMU COCHOAHUAMU, €CIU  €ro
BO3MOXKHBIE COCTOSIHHS S,5,,53,... MOXKHO 3apaHee [epeHyMepOBaTh, H MEPEX0/] CHCTEeMbI U3
COCTOSIHMS B COCTOSIHUE IPOUCXOAUT IIPAKTUYECKA MTHOBEHHO.

Taxue nporeccs! ObIBAIOT ABYX THIIOB: C AMCKPETHBIM UJIU HETIPEPHIBHBIM BPEMEHEM.
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