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TEMA 1. IPUHATHUE PEHNIEHUI B OJJTHOKPUTEPUAJIBHBIX 3AJAUAX

B YCJIOBUAX OIIPEJEJIEHHOCTH

JIABOPATOPHASA PABOTA Ne 1. YnpaBJ/ieHue 3anacamMu B OTHONPOAYKTOBO

CHCTEME

Heﬂb paﬁDTbI: IMOJIYUHUTh HABBIKU PCHICHUSA 3ada4Md YIIPaBJICHUSA 3ariacaMu, HCIIOJIB3Ys IaKET

Excel, ananutuyeckue MeTObI HCCIEAOBAHUS HA SKCTPEMYM (PYHKIIMU OJHOM MepeMEHHBIX.

[TycTh HHTEHCUBHOCTD CIIPOCa HAa HEKOTOPHIH TOBap — L, crouMocTh ohopMiteHnst OAHOTO 3aKa3a

ITocTanoBKa 3aga4u

— K, CTOUMOCTD XpaHCHUA CAUHHUIIBI 3aI1aca — H.

M3BecTHO, YTO CTOMMOCTh O(OpPMIICHHS 3aKasa, cojepaiiero Q eIuHUI], BBIYUCISICTCS IO
dopmyne K-L/Q. Croumocts xpanenus ompenensercs mo dopmymne H-Q/2. Obmas croumMocTb

ompenenseTcs CyMMoi 3Tux aByx coctaBistomux: f(Q)= K-L/Q+ H-Q/2.

TpeOyeTcs onpenenuTh ONTHMAIbHOE 3HAYCHHE pa3Mepa 3aka3a MpPOAYKIUU Q 1O YCIOBHIO

MHWHHUMYMa 3aTpaT Ha €€ 3aKa3 U XpaHCHUC.

HMcxoanble JaHHBIE

Ne Ne
BapHAHTA L K H apHanTa L K H

1 96 109,00p. 2,00p. 14 72 99,00p. | 4,00p.
2 82 108,00p. 3,00p. 15 78 108,00p. [ 4,00p.
3 86 95,00p. 3,00p. 16 90 111,00p. | 5,00p.
4 88 106,00p. 4,00p. 17 84 118,00p. [ 6,00p.
5 76 99,00p. 3,00p. 18 88 98,00p. | 3,00p.
6 81 94,00p. 3,00p. 19 80 116,00p. [ 5,00p.
7 80 109,00p. 3,00p. 20 79 119,00p. | 7,00p.
8 91 106,00p. 2,00p. 21 83 84,00p. | 2,00p.
9 71 97,00p. 4,00p. 22 82 129,00p. | 8,00p.
10 76 108,00p. 3,00p. 23 92 116,00p. | 4,00p.
11 83 109,00p. 4,00p. 24 75 107,00p. | 6,00p.
12 95 90,00p. 4,00p. 25 74 110,00p. | 3,00p.
13 85 94,00p. 2,00p.

MaxkcrManbHOE KOJIMYECTBO 3aKa30B BBIYMCIISAETCS 1O popmyne Qm =

OKPVYTJI (KOPEHb (6-K-L/H) /20;0)-20.
[Mar w3menenust dQ wuckomoil mepeMeHHON (Q — BEJIMYMHBI 3aKa3a, HEOOXOIUMBIN ISt

MOCTPOCHUS OCHOBHOM pacueTHo# Tabnuibl dQ = Qm/20.

bazoBast pacuerHas Tabmuia nomkHa conepxkarh 4 kojsoHku u 20 ctpok. dopma 3arosioBka

Ta6J'II/II_U:I IPUBCACHA HUIKE.

Pa3mep 3akaza

CTOoUMOCTD

Q Odopmnenus 3akasza

CTOMMOCTH
XpaHEHUs

O0mas
cymma




[lepBas suelika mepBOW KOJOHKH COJIEPXKHUT HadaiabHoe 3HadeHue Qo=dQ. B cmemyrommux 19
sYeKax 3HAUCHUS YBEIUYMBAIOTCA Ha BeauuuHy mmara dQ.
[Tpu 3amosHeHUU cTonbma Q MpexyCMOTPUTE BO3MOKHOCTh M3MEHEHHS MCXOIHBIX JAHHBIX

(BBoamTE (POPMYIIBI, @ HE YHCIOBBIE 3Ha4YeHus). HeoOX0MMMO MOMHHTB, YTO aapecarysi S4eeK C

HCXOJIHBIMHU JAHHBIMH JOKHA OBITH a0COJIIOTHOM.

ITopsinok paGoTbl

1. Co3natb 1 0opMHUTH TaOIHILY UCXOAHBIX JAHHBIX M PACYETHYIO TAOIUILY.

2. IlocTpouTh OuarpaMmy 3aBHCHUMOCTH CYMMAapHBIX 3aTpaT OT KOJMYECTBa
3aKa30B. YOEAUTHCS B HUIMYMH ONTUMAIBLHOTO (MUHUMAIIBHOTO) 3HAYCHHS (DYHKIIMU
CYMMapHbIX 3aTpart, ONpeAeInTh MPUOINKEHHO 3HAYCHHE ONTUMAIBHOTO 3aKa3a Qonr.

3. Pemmuth 3amauy ¢ m3MeHeHHBIMU McxoaHbIMU naHHBIMU LK H. CoxpaHuTh
pe3yNbTaThl HAa APYTOM JIUCTE.

4. Pemnth 3amady noucka MuUHUMyMa (yHKUMHM cymmapHbIX 3arpar f(Q)=
K-L/Q+ H-Q/2, ucnions3ys cpeacto «Ilouck pemeHusn.

5. Pemuth 3amaduy mowcka MUHUMyMa (yHKUMHM cymmapHbIX 3arpar f(Q)=
K-L/Q+ H-Q/2 ananutudeckwu.

6. CpaBHUTH peE3yNbTaThl, IOJyUYCHHBIE pa3IUYHBIMH MeTojgamu. Craenarb

BbIBOJIbI. OpopMUTH OTUET. 3anucaTh pe3yibTaThl U OTUET B JINYHYIO MAIKY.

IIpumep pemenus 3agauu ynpasJjenus 3anacamu B Excel.



A B € D E F G H I J K L M N (0]
1 L I K H I Qm I dQ I Mouck pelweHuns
2 80 | 100 2 I 160 | 8 I q O6uwan cToumocTs
3 89,44272 178,8854382

Pasmep | CtoumocTs | CToumocTs | Obwas
3akasa q |opopmneHu | xpaHerue | cymma
4 e Obuwas cymma
5 1. 8 1000 8 1008 1200
6 2 16 500 16 516
7 3 24| 333,333333 24| 357,3333 1000
8 4 32 250 32 282
9 5 40 200 40 240 500
10 6 48| 166,666667 48| 214,6667 b
11 7 56| 142,857143 56| 198,8571
12 8 64 125 64 189 400
13 9 72| 111,111111 72| 183,1111
14 10 80 100 80 180 200 ——s—2
15 11 88| 90,9090909 88| 178,9091
16 12 96| 83,3333333 96( 179,3333 0
17 13 104| 76,9230769 104| 180,9231 g 20 40 50 80 200; 420 400 leg 130
18 14 112| 71,4285714 112| 183,4286 &
19 15 120| 66,6666667 120| 186,6667 .
20 16 128 62,5 128 190,5 |
21 17 136| 58,8235294 136 194,8235 a [ss3 |
22 18 144| 55,5555556 144| 199,5556
Ao: C Makcumym @ Musmmym O 3nauenus:
23 19 152| 52,6315789 152| 204,6316
24 20 160 50 160 210 VI3MeHAR AYeliki nepeMeHHbIX:
25 $G$3 B
26
27 B cooTBeTCcTBMM C OrpaHuyYeHnaMn:
28 |Ucnonb3ya meTog "Mouck pewennit” 6bin HalgeH ONTUManbHbIA pe3yabTaTt LI fobaenTe
29
30 _ vouewn |
31 Yaanute
32
33 - = = = CAnocuTh |
KoHTpoJibHbIE BOPOCHI
1. ChopmynupyiiTe = NOCTAaHOBKY  3ajJadd  YIOpaBICHMs  3amacaMd B

OJIHOIIPOJYKTOBOM CUCTEME.

2. TlepeunciuTe OCHOBHBIE dTaIlBI penieHns 3a1adu B Excel.

3. Kak naiitu peuiceHue MMOCTaBJICHHOM 3aJa4 C IIOMOIIBIO HHCTPYMCHTA «ITouck

perieHus»?

4. Kak HallTu peleHue aHaIuTHIeCcKu?

JIABOPATOPHAS PABOTA Ne 2. Ynpasienne uH(GpOpMANOHHBIM MPOLECCOM

Henap padoThi: MOJYYUTHh HABBIKU

pelieHust 3agavy  ynpaBieHUsT WHOOPMAIMOHHBIM

nmpoiieccoM, UcCnoib3yst nmaker Mathcad, aHaguTHYeCKHe METO/ABI MCCIIEAOBAHHUS Ha JKCTPEMYM

(I)YHKLII/II/I HECKOJIbBKHUX NICPCMCHHBIX.

ITocTanoBKa 3agauu

PaccmaTpuBaercs HHQOpPMAIIMOHHBIH

uH(pOpMallMU ¢ 3aIOMUHAIOIIETO YCTPOICTBa,

MPOIIECC, BKIIIOYAIONIUN TPH JTala: CYNUTHIBAHHE
nepeaady nHGOpMauKu Ha YCTPOUCTBO 00pabOTKH 1

HEIOCPEICTBEHHO 00paboTky. MHbopmarus HeoqHOPOAHA U COEPKUT TeKCT U rpaduky. [Ipomecc
00pabOTKH OCYIIECTBISETCS MaKETaMH Pa3eIbHO AJIsl TEKCTOBON U rpaduuecKoi 4acTu.
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OnpenenuTh ONTUMAIBHBIE JUIMHBI MAKETOB TEKCTOBOM W rpaduueckoir mHpopManmu Vi,V2,
COOTBETCTBYIOIINE MUHUMYMY OOIIIETO BpeMEHU 00pabOTKH.

Hcxonnbie 1aHHBIE

Bun manabix Tekct I'pacduka
OO6muit 06beM nHopmMaIuu Q=500 M6 Q2=1000 M6
Bpewmst cuntbiBaHus OJTHOTO MTaKeTa HHGOpMAIUU K1=0,1 ¢ K1=0,1 ¢
Bpewms nepenaun 1 M6 undopmanuu K2=0,5¢ K2=0,5¢
Bpemst 00paboTku 0HOTO MaKeTa 3aBUCUT OT JTHH K3 - (V1)2 K4 - (V2)2In(V2)
MaKeTOB 1Mo (hopMyliaM K3=0,8 K4=1

ITopsinok paGoTbl

1. CocTaBuTh 11e71eBYI0 (DYHKIIHIO, BHIPAKAIOIIYIO 3aBUCUMOCThH OOIIET0 BpeMEeHH
Ha CUUTBHIBAHUE, Tepeavy U 00paboTKy HHPOpPMAIIUU OT BETUYHH JUTHH MMakeToB V1, V2.

2. Ucnonb3ys 6mok Given u ¢yHkiuioo Minimize B Mathcad naiitu nckomoe
pelieHue
Vlorn‘, V2onr.

3. UccnenoBats Biusinue ynpasistoniero napamerpa K1 Ha Vionr, Vaonr. Be10path

Ivana3oH €ro BapbUpOBaHUA U MpoBecTH pacuerbl B Mathcad, moctpouts rpaduku
3aBucuMocTel. [IpoBectn aHanornynele uccienoBanus st napametpos K2, K3,K4.

4, Haittn aHanmuTryeckoe pereHune 3a1auu.

5. CpaBHUTH pPE3ynbTaThl YHMCICHHOTO M AHAJIUTUYECKOro pemeHunid. Chenarb
BbIBO/IbI. OPOpPMUTH OTUET. 3anucaTh Pe3yabTaThl U OTUET B JIMUHYIO MAIKY.

KonTpoabHbie Bonpochl
1. CdopmynupyiiTe HOCTAaHOBKY 3a/1auM yIpaBJIeHUs] HH()OPMAIIMOHHBIM IIPOLIECCOM.
2. OObscHUTE 3HaYEHHE BCEX OINEpaToOpoB B pacueTHOM (aiine Mathcad.
3. Kak HaiiTi ananuTudeckoe peuieHue?
IIpumep peleHusi 3a1a4u ynpasJjeHuss HHPOPMALHOHHBIM Npoueccom B Mathcad



Ql =500 Q2:=1000 k1 =01 k2=05k3 =08 k4:=1

2 1
Tobm(V1,V2) = [% e %) Kkl + (Q1 + Q2) k2 + k3-Q1-V1 + k4-Q2-V2-In (V2)
50.0 100.0
4 Toem(V1,V2) —> 400.0 — 4 Tobm(V1,V2) —> 1000-n(V2) —
dvi vi? dv2 V2

1 cnoco®b

HavanbHoe npubnkeHne
Vi =1 "V2=1

Given
Vi=0 V2>0 Vi=Ql V2=Q2
lNpouecc MuHUMU3aLnun
0.354
Minimize(To6m,V1,V2) =
0.527
2 cnocob
HauanbHoe npubnwxkeHune

Vi=1 V2=1
I P

Given
Vi=0 V2=>=0 V1=Q1l V2=Q2
50.0 100.0
400.0 — = 1000-In (V2) — +1000=0
Vi V2

PelweHne cuctensl ypaBHEHWA

0.354
Find(V1,V2) =
0.527

WccnegoBanue napametpa k1:

22 .0l
V2 _, Vi

Tobm2(V1,V2 k1) = )-kl +(Q1+ Q2) k2 +k3-Q1-V1 + k4-Q2-V2.In(V2)
Given h
Vi>0 V2>0V1i<Ql V2=<Q2

Mpouecc MuHUMU3aLMK
e 4 f (k1) = Minimize(Tobm2,V1,V2)

Kkl = 0.05,0.1..09

f(kl)g = f(kl); =
0.25 0.464
0.354 0.527
0.433 0.577 12 ; ; : .
0.5 0.619 il |
0.559 0.657
0.612 0.69 fkloo.31- 7
0.661 0.721 £(k1)1 o i
0.707 075|
0.75 0.776 AT T
0.791 0.801 02 ;
0.829 0.825
0.866 0.848
0.901 0.869
0.935 0.89
0.968 0.01

+ 1000



JJABOPATOPHASA PABOTA Ne 3. YnpasjieHue npou3BOJACTBOM NMPH HAJTUYUH
OrpaHHYeHUI

Leab paGoThI: TOMYYUTh HABBIKK PEIICHUS 33/1a4M YIIPABJICHUS MPOU3BOICTBAM, UCIIONIB3Ys
naketel Excel, Mathcad u aHanuTHuecKkue METOABI UCCICIOBAHHUS Ha IKCTPEMYM HEITUHEHHOU
(YHKIIMU HECKOJIBKHMX TIEPEMEHHBIX IPH JTOTIOJIHUTEIBHBIX OTPAHUYCHUSX.

ITocTanoBka 3axaun
JIBa mpennpusTHs MOTYT IPOU3BOJUTH MPOAYKLHUIO OJHOIO BHJA (KOMILIEKTYIOILIME IS
kommbiotepa). 3aTpatsl C1 u C2 mepBOro W BTOPOTO MPEANPUATHI B 3aBUCUMOCTH OT 00BEMOB
BBIITYCKAaeMOU MPOIYKIIUK X1 U X2 AaroTcs popmynaMu:
2 2

C1(X1) 00 X1 0O200X10200, C2(X2) 00 X2 0O 120X20 180
Haiitu onTumasibHble 00BEMBI BbIIyCKa MPOAYKUMU KaXKIbIM IMPEANPUATHEM W3 YCIOBUS
MUHHMYMa CyMMapHBIX 3aTpar Ha ABYX HPEANPHUSATHSIX, €CIM 00bEM BBITYCKAeMON MPOIYKIIUN HA
KaXJIOM TMIPEIIPUATHH HE JOJDKEeH npeBbimath 100 ennHuI, a CyMMapHbIi BBIITyCKaeMbIii 00bEM HE
JIOJKEH OBbITh MEHbILE @ €1l. TPOAYKIUH.

Iopsinok padoTbI

1. CocTaBuTh 1ENIEBYIO (DYHKLHIO, BBIPAXKAIOLIYI0 CyMMapHble 3aTparhbl. Mcmomb3ys
Mathcad, HaiitTn ee MUHIMYM, a Takke Xionr, X2onr IPH 3aJJTaHHBIX OTPAHUYEHUSX, TpuHUMas a = 20.

2. CpencrBamu Mathcad uccnenoBath BIMSHUE YNPABISIOIIErO MapaMmerpa a Ha Xionr,
XzonT-

3. [Monyunts pemenue ¢ momoulbio (yaknum Jlarpamka. B Mathcad B 6moke Given

3amucaTh CUCTEMY YpPaBHEHMM, MPUPABHIB K HYJIO YaCTHBIC NMPOU3BOAHBIC (yHKIMU Jlarpanka 1o
BCEM MepeMeHHBIM. J1Ji OThICKaHUs pelIeHus UCO0Ib30BaTh GpyHKkuio Find.

4, Haiitu pemenne B Excel, ucnonessys uncrpyment «llouck pemeHus.

5. CpaBHUTH pelIEHUs, TMOJIYyYEHHbIE pa3NUuHbIMU MeTtogamu. CrenaTb BBIBOJBL
OdopMuth oTueT. 3anucaTh pe3yNbTaThl U OTYET B IMYHYIO MAMKY.

KoHnTposabHbIe BONPOCHI
1. ChopmynupyiiTe MOCTAaHOBKY 3aJjaui YIPaBICHUS MPOU3BOACTBOM.
2. OOBsICHUTE 3HAYCHHUE BCEX OMEepaTopoB B pacueTHOM (aiiie Mathcad.
3. Kak Haiftu pemienue ¢ noMmouso HHCTpyMeHTa «Ilouck pemeHus»?



IIpumep pemenus 3aga4m ynpasJjeHnus npoussoacrsom B Mathcad

ORIGIN = 1

VicxoaHble aaHHbIe
C1(X1) = X1° — 20-X1 + 200

C2(X2) = X2° — 12-X2 + 180
Pewernne c nomowbo Minimize

X1 =1 X2 =1

Given BoiuncnmrernsHsIin 6nok

Lienesasa dOyHKLUA

f(X1.X2) = C1(X1) + C2(X2)
OrpaHn4yeHuns

X1 = O X2 = O X1+ X2 =

a

iz
Ninimize(f . X1 .X2) — [ - ]

Given BoiuncnmrensHein 6nok

LieneBsas yHKLIMA, 3aBucALAas OT a

HauvanbHble ycnosmuA

X2 < 100
X1 < 100

HavYanbHoOe 3HaYeHne nHaeKca B maccusax

20

Npadurkmn 3agaHHbLIX OYHKLLIWA
X1 Oo_.20 X2 = O0__ 20

a

400 T T T

300
Cc1(xX1)

10
xX1.x2

ViccnegosaHme BrnvsaHMA NapamerTpa a

f1(X1 .X2 a) -

Cl(X1) + C2(X2)

X1X2(a) -

@

X1 = O

20

X2 = O

X1 +X2 = a

Nfinimize (fl , X1 ,X2)

Pewernne c nomouwuso Find

xX1

HauvanosHble ycnosmnsa

1

Given

DyHKUMA Jarparka, BKNo4Yaujasa orpaHmndyeHmne

xX2

= ¥ XN =1

X2 < 100

X1 < 100

a-= 10_ 30
2.
20 T T
15
X1X2(a); i
X1x2(ad> =T =
------ 10 2

Excel

HpnMep pemeHusd 3a1a4M ynpaBJeHus1 IPpOUu3BOJACTBOM B
A B C D E E G H I
1 HauanbHble 3HaYeHUs NepemeHHbIX
2 x1 1
3 x2 1
4
5 Llenesasn dyHKUUS
6 Nms 3nauenue(ccoinka)
7 cl 181
8 c2 169
9 f 350
10 Orpannuenns
L Nma 3HaueHueSlesYacTu(ccoinka) 3HaK MpYacts
12 x1+x2 2(>= 20
13 x1 1[<= 100
14 x2 1l<= 100
1s cica peuse
16
17 o $BSO =
18
19 Ao:  Makcumym @ Munnmym O 3uauenus:
20 5
VizMeHAn Aueiiki NepemMeHHbIx:
21 $BS2:5B53 B
22
23 B COOTBETCTBMM C OTPaHUYEHNAMM:
24 $B$12 >= $D$12 =1 fobasms
25 $BS13 <= $DS13
$B$14 <= $SDS14
26 Vzmennts
27
28 SV
29
30 C6pocuTs
31 = 3arpysuTe/coXpaHnTL
?é I caenams 6es orp i P
34 z:f:::fme"m: MouCK pelueHia HennHediHbIX 3aaa4 MeTogom OrF L] MapameTpsi
= Nucrl (2) | v MeToa petuenns ‘

JIABOPATOPHAS PABOTA Ne 4. IliiannpoBanne Npou3BOACTBA HA NPEANPHUIATHAX

Heap padorbi: [lonyunTh HaBBIKM peUICHMs 3a/aydl IJIAHUPOBAHUS MPOU3BOJCTBA Kak
3a/1a4d JIMTHEWHOTO TTPOTrPaMMHUPOBAHUS IPadUUECKUM, CUMIIIIEKC-METOJOM U C TIOMOIIBIO TTAaKETOB
Excel, Mathcad.

ITocTanoBKa 3agauu
Hpe)IHpI/IHI/IMaTeJ'II) MOXKET HpOI/ISBO)II/ITB HpOHYKHI/IIO OOHOT0O BHJa Ha JIBYX HpC}IHpI/ISITI/ISIX.
[Ipubbulb OT peanu3aluu €AMHULBI MPOAYKLUHHU JUIS TEPBOTO M BTOPOTO MPEANPUATHN paBHA

COOTBETCTBCHHO O H B O6H_Ia${ HpI/I6BIJ'IB CKJIaAbIBACTCA U3 HpI/I6BIJ'II/I Ha TICpBOM H BTOPOM
10



MPEANPUITHIX, a TaK)KE€ HEKOTOPOW TMOCTOSHHOW COCTaBIISIONICH Y, HE 3aBUCAIICH OT 00HEMOB
npousBojcTBa. OObEeMbl MPOU3BOJACTBA X W Y Ha MEPBOM U BTOPOM MPEANPUATUSAX CBA3aHbBI
orpaHuueHusIMU X + y <5, x <4, y<x + 1.
Haiitu 00beMbl NMpOW3BOJACTBA HA NEPBOM M BTOPOM MPEANPHUATHSIX, KOTOpbIE obecreyaT
PEIPUHUMATETI0 MAaKCUMATBHYIO TPUOBLITH.
Kparkas Teopusi AJropurm TadJM4HOro cuMILiekc-meroaa aias F — max

Tab6numa 4.1
Cumiuiekc-Tadimia

BOOOJTHEBIE X1 X2 | ol Xno Xn b
baszucHbie

Xn+l | a1 l ai2 “ I aln-1 l a1,n | by

| xe2 | aoa | o . azer | aca] by

| ool =T T

| Xorm || amt ]| ama | .|| amnt || ama ]| bm]

F ” -a0,1\ -ao,z” I -a0,n-1 ’ -El(),n| bo

[To ucxomnbiM HaHHBIM (OPMHUPYEM HayaNbHYIO CUMILIEKC-Tabnuiy (tabn. 4.1). Janee
MoJlyyaeM MpeoOpa3oBaHHbIE CHUMIUIEKC-TAOIMIIBI B COOTBETCTBHM C OMNHCAHHBIM HUXKE
anroputmom. Ilar 1. ITpoBepka Ha 10NyCTUMOCTh

[TpoBepsieM Ha MOJOKUTEIBLHOCTD JIEMEHTHI CTOIOLA b (CBOOOHBIE YWICHBI), €CIIN CPEIN HUX
HET OTPHUIATENIFHBIX, TO HaWICHO JOIYCTUMOE pelieHue (PelIeHHe COOTBETCTBYIOIIEE OJHOW W3
BEPIIMH MHOTOTPaHHUKA YCIIOBHI), U MBI IIEPEX0AMM K mmiary 2. Eciu B cTon01e CBOOOIHBIX YICHOB
MMEIOTCSI OTPHUIIATENILHBIE 3JIEMEHTHI, TO BBIOMpPAaEM Cpely HHUX MaKCHUMAJbHBIM 110 MOAYIIO — OH
3a7aeT BEIYIIYI0 CTpPOKy K. B 3Tol cTpoke Tak e HaxoJuM MaKCHMAJIBHBIA 10 MOJYJIIO
OTPHIIATENBHBINA 3JIEMEHT ak|— OH 3a7aeT BeXyLINi cTonber — | 1 sBIseTcss BeIyIM IIEMEHTOM.
IlepemeHHas, COOTBETCTBYIOIIAS BEAYIIEH CTpPOKe, HCKIIOYaeTcs W3 Oas3uca, INEepeMEeHHas
COOTBETCTBYIOIIAs BeAYyIIEMY CTOJOIly BKItoyaeTcs: B Oasuc. IlepecunThiBaeM CHMILIEKC-TaOIUILY
COTJIACHO MPaBUJIAM, U3JI0KEHHBIM HIKE.

Ecnu ke cpemy CBOOOJHBIX WICHOB €CTh OTPHIIATEIBHBIC JIEMEHTH — & B COOTBETCTBYIOIIECH
CTpPOKE — HET, TO YCJIOBHSI 3a]]a4ll HECOBMECTHBI, U PEILICHUH Y Hee HeT.

Ecnu nocne nepepacyeTa B cTos011e CBOOOHBIX YWIEHOB OCTAJIHMCh OTPHUIIATEIBHBIC IIEMEHTHI,
TO TIEPEXOJMM K TIEPBOMY IIary, €CIH TaKHX HET, TO KO BTOPOMY.

Iar 2. [IpoBepka Ha ONTUMAJILHOCTb

Ha npeapinyniem stane HaiJieHO JomycTuMoe pemeHue. [IpoBeprM ero Ha ONTUMAaIbHOCTB.
Ecnam cpenu 571eMEHTOB CHMIUIEKCHOM TaONUIIBI, Haxomsmuxcs B cTtpoke F (He Oeps B pacuer
AJIEMEHT bo— TeKyIlee 3HaYCHUE 11eTICBOM (QYHKIIMN ), HET OTPUIIATENLHBIX, TO HAMICHO ONTHMAIEHOE
pelieHue.

Ecnmn B ctpoke F ecTh oTpumarenbHbie 3JEMEHTBI, TO pEIICHHE TpeOyeT yIydIIeHUs.
BeiOupaem cpenu oTpHLIATEIBHBIX JIEMEHTOB CTPOKM F MakcHManbHBIA MO MO0 (MCKIHOYast
3HaveHune GyHKIHH bo): a0, = min{ao; }.

| — cronben, B KOTOpOM OH HaxomuTcs, OyzaeT BexymuM. st TOro, 4To OBl HAWTH BEIYIIYIO
CTPOKY, HaXOJMM OTHOIIEHHE COOTBETCBYIOIIEIO CBOOOJHOTO 4Yj€HAa M 3JIEMEHTa U3 BEAYILEro
CTOJIONIA, TPH YCIIOBHH, YTO OHU HEOTpHUIlaTeNbHbl: bk / a1 = min{bi/ail } mpwu ai,i> 0, bi> 0.
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K — cTpoka, It KOTOPO# 3TO OTHOIIEHHE MUHUMAIBHO, — BEIyIIast. DIIEMEHT ak,| — BEAYIIUI
(pa3pematomuii). [lepemerHasi, COOTBETCTBYIOIIAA BEIYIIEH CTPOKE (Xk), HCKIIOUAETCs M3 Oa3uca,
NepeMEeHHasi COOTBETCTBYIOIIAs BEAYILIEMY CTOJIOIY (XI), BKJIOYaeTCs B Oa3uc.

[lepecunThiBaeM CUMIUIEKC — TaONIUIly IO MpaBuUjiaM, MPUBEACHHBIM Hibke. Eciu B HOBOMU
TabJuIe mocye nepepacyera B crpoke F ocranucey oTpunaTenbHble 3JIEMEHTH, IEPEX0IUM K Iary 2.

Ecnu HEBO3MOXXHO HaWTH BEAYIIYIO CTPOKY, TaK KaK HET IOJOXKUTEJIbHBIX 3JIEMEHTOB B
BeAyuieM cronlue, To (QyHKIus B 00JaCTH JOMYCTUMBIX pPELICHUH 3aJayd HE OrpaHuYeHa, —
QITOPUTM 3aBepIIacT padoTy.

Ecnu B ctpoke F u B cTo1011€6 CBOOOJHBIX YWIEHOB BCE 3JIEMEHTHI MOJIOKHUTEIbHBIE, TO HalJICHO
ONITUMAJILHOE PELICHHUE., OHO PACIIONIOKEHO B B CTONIOIE b.

IIpaBuia npeodpa3oBaHuii CUMILIEKCHON TadIUIIbI

HpI/I COCTaBJICHUH HOBOM CI/IMHJ'ICKC'Ta6J'II/II_IBI B HEH IMPOUCXOIAT CICAYIOIIUEC N3MCHCHUA:

1. BMecTo 6a3MCHOM EPEMEHHOM Xk 3aIMChIBAEM XI; BMECTO HEOa3MCHOW MEPEMEHHOM XI
3aIMMCEHIBAEM Xk,
2. BEIYIIUH JIEMEHT 3aMEHACTCS Ha OOpaTHYIO BENUYHHY ak,I'= 1/ak |
3. BCe 3JIeMEHTHI BEYIIEro cToj01a (KpoMe ak,|) yMHOKATCs Ha -1/ak,|; 4. BCe 3JIeMEHThI
BeAyIIEH CTPOKHU (KpOME ak,!) YMHOXKAOTCs Ha 1/ak|; 5. ocTaBImmecs 37eMeHTHl TpeoOpa3yoTes
o ¢popmyre:
aij' = (aij ak,! — ai,l ak,j)/ akl.

Iopsiaok padoTsl

1. CocraButh 11eJIeBYIO (DYHKIIHIO, BRIPAXKAOIIYIO OOIIYI0 TPHObLTE. [lomydnTh pemeHue
Xour, Y onr TIPU 33/IaHHBIX OTPAHUYEHUSX, puHUMas @ = 2, f = 1,y =y = 20, ucnons3ys rpado-
AHAJIMTUYECKUM U CUMILJIEKCHBINA METObI.

2. Ucnone3yss Mathcad, wHaiitTu MuHUMYM 1eneBoil  GYHKIMM TpU  3alaHHBIX
OTpaHUYEHUSIX.

HccnenoBaTh BIMSHAE YIIPABISIONINX apaMeTpoB & U [ Ha Xonr. Yonr

3. Haiitu pemenue B Excel, ucnonssyst nunctpyment «llouck pemeHus».

4. CpaBHUTh pelIEHUs, MOJIY4YEHHbIE pa3IuYHbIMU MeTogamu. CraenaTb BBIBOJBL
Odopmuts oTyeT. 3anucarh pe3ynbTaThl U OTUET B JUUHYIO MATKY.

KoHnTposabHbIe BONPOCHI

1. ChopmynupyiiTe NOCTAaHOBKY 3aJaud IUIAHUPOBAHHUS MPOM3BOJCTBA Kak 3a/auu
JuHeHoro mporpaMMmupoBanud. Kakoii Buj umeer nenesast pyHkuus?

2. OOBsICHHUTE TIOCIIE0BATENILHOCTD PEHICHHUS 33/1a49H Ipad0-aHATUTHIECKAM METOJIOM.

3. ANropuT™ peuieHus 3a7ayd CUMIUIEKC — METOJIOM (JIOIMYCTHMOE pelleHHe, YCIOBUE
HECOBMECTHOCTH  CHUCTEMBbl OrpPaHMYEHUH, TpaBuWia BbIOOpa  BEIYyLIETO  3JEMEHTa,
npeoOpa3oBaHusl CHMIUIEKC — TaONUIbl, KPUTEpUN JOCTHKEHHS MakCcUMyMma (QyHKIUH,
HEOTPaHUYEHHOCTU (PYHKIUH).

4. OOBsAcCHHUTE 3HAUCHHUE BCEX ONepaTopoB B pacueTHOM (paitie Mathcad.

5. Kak Haiitu pemeHue ¢ nomouibio nHcTpymenTta «llonck pemenus»?

12



IIpumep pereHusi 3a1a44 MJIAHUPOBAHNS MPOU3BOACTBA HAa mpeanpuaTusx B Mathcad

fix,y) = x-x+ Py +

Given
x+y =35 x5 4 y=x+1
Maximize(f ,x,¥) =
R
_f_!:x,y,n_h) = X+ By+
E2=0 x=0
Given
X+y =5 x =4 y=x+1
o= 2 PB=1516_29
P, %) = Maxmize(f ,x,v)
T T
5
4 \‘ —
Pioev, 3o 3 Ay emeAEEEimmaasssssesssesssesssseass -
b
P‘:“-H‘le'_ - - -
1= -
L
0 1 I
1.5 2 25 3
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35

IIpumep pelenus 3aJa4u MJIAHUPOBAHUS NMPOU3BO/JCTBA HA NPEANPUATHAX B

Excel
- Jo | f=2x4y420
A B C D E F G
MepemenHbie (Ha4anbHble 3HaYeHUs)
X Y
4 1
Lieneeas pyHKruma (KoapdpuumeHTsl Npu nepemeHHbix) Nesas 4actb(ccbinka cso60aHbIN YneH
f=2x+y+20 2 1 29 20
OrpaHudenns (KoaddpuumeHTbl NpU NepemeHHbIX) Nesas 4actb(ccbinka 3HaK npasaa 4acTb
x>=0 1 0 4 = 0
y>=0 0 1 1 >= 0
x+y<=5 x 1 5 <= 5
x<=4 1 0 4 <= 4
y-x<=1 -1 1 -3 | <= 1
MapaMeTpbl NOUCKa pellieHns N ﬁj
ONTUMM3MPOBATL LIENEBYHD DYHKLMKO: |$D$6 E
Lo ® Makcumym  C Munumym O 3Hauenms: 0
7% Aveiiku nep IX:
$B$4:5C54 E
B COOTBETCTEMN C OFPaHNYEHNAMM:
$D$10 >= $F$10 = el |
$D$11 <= $F$11
$D$13 <= $F$13
$D$12 <= $FS$12 EUMENNIE
$D$9 >= $F$9
YaanuTe |
Cbpocute I
j 3arpy3uTb/COXpaHiTL I
[ Caenats nepementitie Ge3 orp i HEOTPMLY
BuiGepute n _I
MeToz petuenis: OMCK PELUEHUA NIMH. 33434 CUMNNEKC-METOAOM v Mapametpbl
MeToa pelueHua
Nuctl | Nuct2 ANA rNaaKkuX HeNMHelHbIX 33434 MCNONL3YiiTe NOMCK PELEHNA HENNHENHBIX 3a4a4 MeTogom OIT, AnA
NUHElHbIX 33434 - NONCK P fiHbIX 33434 C -METOAOM, @ ANA HErNAAKNX 33434 -
3BO. biif NONCK P

JIABOPATOPHAS PABOTA Ne S. IlnannpoBanue Npou3BOACTBA MPOAYKIUH

maketoB Excel, Mathcad.

IMPOU3BOACTBO CAMHUIBI U3ACITTUA A Tpe6yeTcsI 3aTPaTUTh CBIPHA IIEPBOI'O BUAa 1 KI', ChIPbI BTOPOI'O

a a
BUJA 2 KT, ChIpbs TPEThEero BUja 3 Kr. Ha mpon3BoAcTBO equHuIbl n3aenus BrpeOyercs 3aTpaTuth

Sl . -—— | -——

ITocTanoBKa 3agauu

a

14

IIe.m; pa60T1>1: MOJIYYHUTh HABBIKM PCHICHUA 3ada4U IUNIAHUPOBAHUS MPOU3BOACTBA KaK
3aJa4d JTUHEHHOIO IporpaMMHupOBaHuA Fpa(l)I/I‘-IeCKI/IM, CHUMIIICKC-MCTOAOM H C IIOMOIIBIO

Z[J'IH H3TOTOBJICHUA PaA3JINYHBIX U3IeIuil A u B HUCTIOJIB3YIOTCA TpU BUAA CbIPbA. Ha




b b b

CBIPpbA IICPBOT'0 BHAA 1 KI', CBIPhA BTOPOI'O BHMAa 2 KI', ChIPbA TPETHETO BUAA 3 KT.
HpOI/I3BO,I[CTBO o0OecIieueHo CBIpBéM IEPBOro Buaa B KOJIMYECTBE pl KT, CBIpBéM BTOpPOI'O BHOA O

B KOJIMYCCTBE = 2 KT, CBIpbéM TPETHETO BUAA — B KOJIMYECTBEC = 3 KT

TIpuGhIIb OT peann3amii roToBoro u3aems A cocrasimsier O py6., a msnemus B — O py6.

Tpebyercst cOCTaBUTH IJIaH X U 'y 00BEMOB IIPOU3BOJICTBA U3ICITHIA A u B, o6ecnieunsaromuii
MaKCHMaJbHYIO MPUOBUIb OT UX peaTn3aliu.

Hcxonnbie 1aHHBIE

Bapuant | a1 | a2 | as | ba| b2 | bs| p1| p2| Ps| O| O
1 12| 4 3 13| 5 |14|264]136|266| 6 | 4
2 1512 3 | 2| 6 | 12| 300|306 |360| 9 | 6
3 14| 14| 6 | 6 | 8 | 12 | 350|392 | 408 | 10| 5
4 16| 9 S| 4] 9 |12|400|333|360| 9 |12
S 8 | 4 3 16| 9 9 1192|144 135| 8 | 9
6 14| 4 2 | 4| 4 |12 | 252|120 | 240 | 30 | 40
7 15| 5 4 1 4] 3| 8 |225]100]192| 6 | 8
8 16| 3 6 | 2| 2 |15]304| 83 |375| 10| 12
9 11| 4 5| 3| 6 |14]220]132280| 5 | 4
10 15010 3 | 3 | 5| 10| 300|320|340| 9 | 7
11 1514 7 | 6| 9| 12|330|378|420| 8 | 5
12 141 10| 5 | 4| 8 | 11|280|320|330| 9 |11
13 12| 5 4 16|10 9 |270]150|180| 7 | 9
14 15| 3 5 3 2 | 141 270| 84 | 420| 10| 14
15 13| 3 3 | 5| 412265140260 7 | 6
16 10| 5 3 | 3|5 |14]20|136|266| 6 | 4
17 1511 3 | 2| 6 | 12|320|306|360| 9 | 6
18 13| 13| 6 | 6 | 8 | 12| 330|392|408| 10| 5
19 16| 10| 5 | 4| 9 | 12| 420| 333|360 9 | 10
20 8| 5 3|1 6] 9| 9 |19 144|135| 8 | 9
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21 14| 4 2 4 | 4 | 12| 250|120 | 240 | 30 | 40
22 15| 6 4 4 3 8 [ 220 100|192 | 6 | 8
23 17| 4 6 2 2 | 151310 83 [ 375 10| 12
24 11| 5 5 3 6 | 14 | 200|132 280 5 | 4
25 14| 10 | 3 3 5 | 10 | 340320 340 9 | 8
Iopsinok padoTbI
1. CocTaBuTh 1ENEBYIO0 (YHKIIHIO, BBIPAXKAIONIYIO MPUOBLUTL OT pPeaiu3allid MPOTYKIIUN
JIBYX BUJIOB, U CUCTEMY HEPaBEHCTB, UCXO/sI U3 OTPAaHUYEHHOCTH PECYPCOB.
2. HaiiTu onTUManbHBIA TUTAaH TPOW3BOJACTBA MPOAYKIUU Xonr. Yonr HPH 33JIaHHBIX
OTpaHHYEHUSX, UCIONB3Ys Tpado O aHanuTHueckuii U cumruiekc 0 MeToapl.
3. Ucnonw3ys makersl Mathcad m Excel, nalitu ontumansHoe pemeHue. CpaBHUTH

peliCHus, IMOJYUCHHBIC Ppa3JIMYHbBIMU MCETOHdaMH. C,I[e.]'[aTL BBIBOJbI. O(bOpMHTL OTYEeT. 3aIucarh

PE3YIbTATHI U OTYCT B JIMYHYIO IIAIIKY.

HpnMep peuicHus 3aiauM IJIAHUPOBAHUA NMIPOU3BOJACTBA HECKOJILKHUX

BH/0B npoaykuuu B Mathcad

al ;= 10 a2 =4 ald =32

o= 4 B:=s

Yixl,x2) = m-x1+ 3-x2

xl

=0

x2 = 0

Criven

al -x1 + bl -x2 < pl

aZ-xl

+ b2 - x2 = p2

ad-x1 +b3-x2 = p3

x1l =0

(=L
x2 )

x2 = 0

Maximize(Y , x1 ., x2)

bl = 3

pl =

29
o)
\ 17 )/

b2 = 4

iTo  p2 = 184
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TEMA 2. IPUHATHUE PEHIEHUI B MHOT OKPUTEPUAJIBHBIX 3AJTAYAX
B YCJIOBUAX OIIPEJEJIEHHOCTH

JIABOPATOPHASA PABOTA Ne 6. IlnanupoBanue odbema padbort

Ienp padoThI: MONYYUTHh HABBIKM PEIIEHUS MHOTOKPUTEPUAIbHON 3aJaud IJIAHUPOBAHUS
o0Bbema paboT, UCTOIb3YsI METO/IbI TJIAaBHOTO KpUTEpHs, CBEPTKH, makeT Mathcad.

IMocranoBka 3a1a4uun
Bbpurane, ucxo/s U3 HECKOJIbKUX KPUTEPUEB, HY)KHO CINITAHUPOBATh ONTHMAIBHBIA 00BEM padoT
x. PaccmartpuBaemble KpUTEPHHU BBIpAXKAKOTCS Yepe3 00beM padoT 1o popmyiam:
f1(x) = —(x — 5)%2+ 50 — kpurepuii kayectna; f2(x)

=(____x~D24 3 — kpurepuit npuoObLIH;

3

f3(x) = —2x + 40 — kpuTepuii CBOOOIHBIX PECYPCOB.

Ha kpuTepun HaKIIAbIBAIOTCS CIICIYIONINE OTPAHUYCHHUS

fl(x) = al, f2(x)=a2, f3(x)=a3,
rae al, a2, a3 - u3BECTHLIE BEIUYNHEI.

O6beM paboT ynoBneTBOpseT TpeboBanuio: x < 12.

OnTUMallbHBIM 3HAYEHUEM I KaKJIOTO KPUTEpHs SBISETCS €ro MakcumyM. Kpurtepuwn
HAaXOJATCS B TPOTHBOPEYMHU, T.€. YBEIWYCHUE 3HAYCHUS OIHOTO KPHUTEPHUS MPHUBOIUT K
YMEHBIIICHUIO 3HAYCHHSI APYroro Kpurepus. TpeOyeTcss HaWTH ONTHUMAILHOE PEIICHUE B YCIOBHSIX
MIPOTUBOPECUYMBOCTU KPUTCPHUEB.

ITopsinok paGoTbl

1. B Mathcad B OIIHOH cucTeEME KOOpJIWMHAT  TIOCTPOUTH
rpaduku byHKIUI
f1(x), f2(x), f3(x). YuureBas orpanmueHust (monoxuth al = 30, a2 = 20, a3 = 30), waiitn
rpauYecKy HECKOJIBKO BApUAHTOB JOMYCTUMBIX pelieHu# (pUCYHOK 8a).
2. Hcnonp3yss METO/ TIIaBHOTO KpuUTepus (BBIOpaTh B Ka4eCTBE TIABHOTO KpuTepwid f2,
OTpPaHUYEHHUE 110 3TOMY KPUTEPUIO OTKIIFOYMTB), HAUTH Xonr. VICCIIEOBATh BIMSHUE YIPABIISIONIETO
napaMmerpa a3 Ha Xonr.

3. Haittu Xonr, MCIIONB3YSI METOA JIMHEHHOM cBepTKU (6€3 OorpaHUYEHUIl Ha KpUTEpUN):
fxX)=afl(x)+Bf2(x) +yf3(x) >max,tpea+pf+y=1.

4. HccnenoBaTh BIMUSHNUE YIPABISAIOLIETO TapaMeTpa @& Ha Xonr.

5. Haiitin Xonr, UCIONB3ysd METOAbl MAKCUMHUHHOW CBEPTKM M MYJIBTUIIPIMKATUBHON

cBepTKH (0e3 orpaHu4eHu Ha KPUTEPUN):
f(x) = min(f1(x), f2(x), f3(x)) - max

f(x) =f1(x)f2(x)f3(x) » max
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IIpumep pemenus 3a1a4u NJIAHUPOBaHUs 00bema pador B Mathcad

5o —— T -
Mmix)
2{x)

40~ ' A
oz O _
L : . i

o s T 15
MeToa MaBHoro KpHTEDIR

2 MEDHLER KT
=06

Given
Mixy = 30 @20x) = 20" Bx) = 30
Xopt = Alavimize(i2 x) = §

Brmssme Nnapanepa

) 2 2,
Bix.a) = 2= 11' + 3 simplily _.;__11_1_10
a=0
Lrven
fl(x) = 30 2(x) = 20" Biz)za

Nopt(a) = Maximize(2 )
a= 10_ 40

10,

B

=]
Xopt(a)
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IIpumep pemenus 3a1a4u NJIAHUPOBaHUs 00bema pador B Mathcad

a
Do vom DONbe 3o oG 0 Of DR-esats [ 310 DITepns 1oM Meseue
Hasesae Xopt

METOA Pyl iiod CHROD TN

Bix) = -dx~ % smphly — 40-1x

al -0] al-0: al-]l-al-a
fx) malflxyy+al Qix)«adDix
Maximige f x) = 4

MeToa Mol CRSNTIN NCINSJ0BAHE NADAMETDA
fxa=allix)+al Bx)+«{l-a-al)Bix)
Xoptia) = Masimize(f x)

a-00I] s

6. CpaBHUTH pellIeHUs, MOJyYeHHbIe pa3nuyHbIMU MeTojnamu. Crenars BeIBOABL. OdopMuTh
oTueT. 3anucarh pe3yJbTaThl U OTYET B JIMYHYIO MAIKY.

KoHnTposabHbIe BONPOCHI

1. Chopmynupyiite MMOCTaHOBKY 3a7a4u IJTAHUPOBAHUS B YCIOBUSIX
MHOTOKPHUTEPUATHLHOCTH.
2.

B 1yem cyTh METO/IOB IITaBHOTO KPUTEPHSI, INHEWHON CBEPTKH, MAKCUMUHHOMN CBEPTKH,
MYJIBTUIUIMKaTUBHON CBEPTKU?

3. OOBsicHUTE 3HAUEHHUE BCEX OIIEpaTOpoOB B pacueTHOM ¢aiine Mathcad.
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JIABOPATOPHAS PABOTA Ne 7. HaxoxeHue napero-onTUMAJIbHBIX pelieHuil

Heap padoThl: NOTYyYNTHh HABBIKU PELIEHUS MHOTOKPUTEPUAIbHBIX 3a/1a4, UCIOJIB3YS aJlTOPUTM

OTBICKAHU MMApCTOBCKOIO MHOXKCCTBA, ITAKCT Excel.

ITocTanoBKa 3aga4u

KayecTtBo paboThl HEKOTOPOH HMH(GOPMALMOHHON CHCTEMBI ONPEAEISACTCS M KPUTEPUSIMH.
Hawnydymumy 3HaYeHUSIMU KPUTEPHUEB SBISIIOTCS HMX MaKCHMalbHble 3HadeHus. B pesynbrare
UCCJIEJOBAaHUM HalJeHbl 3HAUYEHUsl KPUTEpUEB s M ciaydaeB (anpTepHatuB). Halitu cpeau Hux
[IapEeTOONTUMANIbHBIEC PEIICHUA. 3aJaBIIHUCh JONOJHUTEIBHBIMU OTrPaHUYEHUSIMU Ha KPUTEPHH,
BBIJICJIUTH U3 IIAPETOBCKOTO MHOKECTBA HAWIIYYIIIMI BapUaHT.

Hcxoanble JaHHBbIE

KomuuectBo kpurepueB m = 3. KonnuectBo amprepHatuB n = 12. B 1abn. 7.1 npuBeacHsl
3HAUEHUSl KPUTEPHUEB JJIS AIbTEPHATUB (BapHUAHTHI BBIOUPATH B COOTBETCTBUU CO CITUCKOM T'PYIIIIBI).

Tadmuua 7.1
HUcxoanbie J1aHHBIE

Bapuant 1 | Bapuant 2 | Bapuant 3 | Bapuant 4 | Bapuant 5
n\m | 12 {3 fl f2 f3|f1 f2 f3(fL f2 f3|fl f2 13

11111013 14 12 11|13 14 11(15 13 12|14 13 13
21151114 13 10 12|12 14 11|11 10 12|13 13 12
31131311 15 12 12|14 13 12|11 14 12|12 13 10
41121213 15 12 13|14 13 14 (15 14 11|13 14 10
5141411 13 14 10|11 13 12|12 13 12|12 14 13
61131515 12 11 14|14 12 13|13 10 14|14 12 12
71121115 14 13 12|12 15 14 (14 10 12|12 10 10
8131112 12 13 13|13 12 10|12 13 11|15 11 12
9111411 12 10 12|11 13 1113 11 13|12 15 11
10131414 13 10 13|13 13 13|11 14 11|11 10 13
11141111 11 13 12|14 14 14|11 12 12|11 13 13

=
N

121115 10 14 15|14 12 10(14 14 10|14 14 12
Bapuant 6 | Bapuant 7 | Bapuant 8 | Bapuant 9 | Bapuant 10
nm|fl f2f3 |fL f2 f3|fL f2 f3|fL f2 f3|fL f2 f3
121113 13 11 11|11 11 11|14 12 13|10 15 14
131410 13 12 12|10 15 1115 11 12|14 11 10
1214 14 12 12 10|11 13 10|10 13 12|14 12 11
1112 14 12 11 11|13 15 11|14 13 15|14 12 13
141113 12 15 13|12 11 13|15 14 11|10 14 15
141113 13 12 13|10 12 12|12 12 13|13 11 14
131411 13 12 13|13 13 13|15 14 11|12 10 13
151210 13 15 11|12 12 14|12 11 14|15 12 15
1414 10 12 13 10|14 14 13|13 13 11|15 14 15
1214 13 10 15 11|14 13 13|12 11 14|13 13 11
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11131511 14 13 14|11 11 1213 12 11|10 12 10

| 12 ‘ 131311 | 10 13 13 ‘ 10 11 14|12 12 11|15 15 12
Oxonuanue Tabm. 7.1

Bapuant 11 |Bapuanr 12 (Bapuant 13 |Bapuant 14 |Bapuant 15

n\m | 112 f3 fl f2 f3|fl f2 f3[f1 f2 f3|fl f2 13
11111212 11 13 11|12 10 10|12 11 15|15 12 15
2111214 12 12 12|10 13 13|13 11 11|14 13 13
3131412 11 15 12|11 13 15(11 13 12|11 15 14
4111414 12 10 12|11 14 13|13 14 13|11 13 11
5131114 12 12 12|10 10 15(13 14 12|13 14 15
6121413 14 11 12|13 14 12|11 12 12|12 11 12
71131212 13 13 14|13 15 13|12 12 12|10 11 10
81141214 14 12 13|11 12 12|12 14 13|12 14 14
9(151212 13 13 11|12 10 11|13 14 15|12 13 11
10121311 11 14 13|14 12 11|14 11 11|15 11 13
11111414 14 11 13|14 12 12|14 10 12|14 12 14
12 (121011 13 13 12|11 14 15(10 11 11|13 11 14
BapuanT 16 |Bapuant 17 Bapuant 18 |Bapuanr 19 [ Bapuant 20

n\m | f1f2 f3 fl f2 f3|fl f2 f3[f1 f2 f3|fl f2 13
11121013 11 12 14|14 11 11|16 9 12|16 10 13
21151114 13 10 12|12 14 11|11 10 12|13 13 12
3(131311 15 12 12|14 13 12|11 14 12|12 13 10
41121213 15 12 13|14 13 14(15 14 11|13 14 10
5141411 13 14 10|11 13 1212 13 12|12 14 13
6151515 12 11 14|14 12 13|13 10 14|14 12 12
71121115 14 13 12|12 15 14 (14 10 12|12 10 10
8131112 12 13 13|13 12 10|12 13 11|15 11 12
9111411 12 10 12|11 13 1113 11 13|12 15 11
10 (131414 13 10 13|13 13 13|11 14 11|11 10 13
11141111 11 13 12|14 14 1411 12 12|11 13 13
12 (121115 10 14 15|14 12 10|14 14 10|14 14 12
Bapuant 21 |Bapuant 22 |Bapuant 23 |Bapuant 24 | Bapuant 25
nm|fl f2f3 |fL f2 f3|fL f2 f3|fL f2 f3|fL f2 f3
11141511 12 13 11|14 12 9|16 10 13|10 16 14
2131410 13 12 12|10 15 1115 11 12|14 11 10
31121414 12 12 10|11 13 10|10 13 12|14 12 11
4111214 12 11 11|13 15 11|14 13 15|14 12 13
5141113 12 15 13|12 11 13|15 14 11|10 14 15
6141113 13 12 13|10 12 12|12 12 13|13 11 14
71131411 13 12 13|13 13 13|15 14 11|12 10 13
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81151210 13 15 11|12 12 14|12 11 14|15 12 15
91141410 12 13 10|14 14 13|13 13 11|15 14 15
10 (12 14 13 10 15 11|14 13 13|12 11 14|13 13 11
11131511 14 13 14|11 11 12|13 12 11|10 12 10
12 (131311 10 13 13|10 11 1412 12 11|15 15 12

Kparkas Teopus

O0603HaunM X — MHOXKECTBO ajbTepHaTUB. KonyecTBO paccMaTpyBaeMbIX albTEPHATUB PABHO
n, |X| = n, a xonmuyectBO KputepueB ((HhakTOpoB), OMPEACISAIOMNX AIBTEPHATHBY, PAaBHO M.
AJTbTepHATUBBI SIBISIFOTCSI TOYKAMH M — MEPHOTO TPOCTPaHCTBa, T.e. X 0 R™. 3HaueHus xpurepues
JUIs KaX10M alnbTepHATUBBI ABJISIFOTCA KOOPAMHATAMU TOYEK MHOXKECTBA X.

IIycts A, B € X. AnbrepHnatuBa A domunupyem no Ilapeto anpTepHatuBy B, eciu 1o BceMm
KPUTEPHSIM aJbTepHAaTUBA A He XyXe, U XOTs Obl 10 OIHOMY KPUTEPHUIO Jy4Ille, YeM aJbTepHaTHBa
B. B aToMm ciydae anbTepHaTHBa A SBISETCS JOMUHUPYIOILEH, a albTepHaTHBa B — TOMUHUPYEMOH.

AnbprepHaTuBa A* Ha3wpIBaeTCs onmumanvHou no llapemo (MapeToBCKOW) B MHOXECTBE X,
€CJIM B ’TOM MHO>KECTBE HE CYLIECTBYET APYTUX allbTEPHATHUB, KOTOpPbIE JOMUHUPYIOT 1o [lapeTo
anbTepHATUBY A*.

AJIFOpI/ITM HAXO0KACHHUSA MAPETOBCKOI0 MHOKECTBA

1. B cTon011e Kaxa0ro KpuTepHs COPTHPOBATH TOYKH 110 YOBIBAaHHUIO 3HAYCHUN KPUTEPHSL.

2. Br16paTh nepByIo TOUKyY U3 CTOJI01IAa IEPBOTO KpUTEPUS (TOUKY C HAUOOIBIINM
3HaYeHHneM Kpurtepus). Eciim mMeeTcsi HeCKOJIBKO TOUEK C OJJMHAKOBBIM 3HAUYE€HUEM KPUTEPHS, U
CpeIu HUX eCTh JOMUHHUPYIOIIAsi, TO €€ HaJl0 MOCTaBUTh BBIIIE OCTaIbHBIX.

3. B octanpHbIX cTONO1AX HAWTH ATY TOUKY. OTMETUTH €€, HAUTH TOMUHHPYEMbIE €I0
TOYKH (TOYKH, B KOTOPBIX 3HAUCHHSI KAXKIOTO KPUTEPHs HE OOJIbIIE, YeM B ATOM TOYKE U, 110 KpaiHen
Mepe, 10 OHOMY KPHTEPHIO 3HAYSHHS CTPOTO MEHBIIIE).

4. WckmounTh HaliIeHHBIE JOMUHUPYEMbIE TOUKH U3 BCEX CTOJIOI0B. OTMEUYEHHYIO
TOYKY 3a()MKCHPOBATH KaK NapeTOBCKYIO H HE pAaCCMAaTPUBATh B JaJbHEUIIEM.

S. BriOpath B iepBoM cTOJI01IE CIEAYIOIIYIO TOUKY, €CIM BO3MOXKHO (€CIM UMeeTcs
HECKOJIbKO TOYEK C OIMHAKOBBIM 3HAYEHHEM KPUTEPHs, M CPEIH HUX €CTh JOMUHUPYIOIIAsi, TO e
HAJIO MOCTAaBUTH BBIIIE OCTANBHEIX). [lanee mepeiTn Ha MyHKT 3, B TPOTHBHOM CIIydae HaiIeHO
apeTOBCKOE MHOKECTBO.

ITopsinok padoTnbl

1. Bsectn nannpie Ha muct EXCEL B cootBeTcTBUU ¢ 3amanueM. J[00aBUTH IS KaXI0TO
KpUTEPHUS CTOJIOCI] HOMEPOB TOUYEK. YTOPSAIOUNTH TOUKH B TIOPSKE YObIBAaHUS 3HAUYCHUI KPUTEPUEB,
CTONOIIBI HOMEPOB TOYEK BKJIFOYATh B COPTUPOBKY.

2. [TocrnenoBarenbHO HMCKIIOUUTH TOMHHHPYEMBIE TOUKH (3HAUEHUS BCEX KPUTEPUEB B
ATUX TOYKAX HE JIyYIlle, YeM B JOMHUHHUPYIOIIHUX TOUKAX).

3. VYka3aTh MHOXECTBO TTAPETOBCKUX TOYEK.

4, BBectn nmomonHUTENBHBIE OTPAaHWYEHUS CHHU3Y Ha 3HAYCHUS KPHUTEPUEB, M CY3UTh
MapETOBCKOE MHOKECTBO.

22



5. N300pa3uth MHOXKECTBO MapeTOBCKUX TOUeK Ha nuarpammax B Excel (f1,2,f3-psmer,
HOMEpa TOYEK-0Ch KaTeropuil). BeiienuTs Ha 3TUX AUarpaMmax napeTOBCKUE TOUYKH.
6. Cnenatp BbIBOJBI. OPOPMUTE OTUET. 3anKcaTh Pe3yabTaThl U OTYET B JIMYHYIO TAIKY.

KoHTpoJibHbIe BONIPOCHI
B yem cocTouT nmocraHoBKa 3aJja4l MHOTOKPUTEPUATbHON ONTUMU3ALINAN?
Kakwue cymiecTByroT alropuTMbl pelieHus: MHOTOKPUTEPHANIbHBIX 3a1a4?
Kakas anpTepHaTBa Ha3bIBACTCS JOMHUHUPYEMOU, JOMUHUPYIOLIECH?
Kakas anpTepHaTBa Ha3bIBAETCS MapETOBCKOM?

AN ST A

B uem cocTouT anropuTM Haxok1€HUs TApPETOBCKOIO MHOXECTBA?

6. IlpuBecT mnpuMep NapeTOBCKOIO MHOYKECTBA Ha IUIOCKOCTH B CllydasxX, €cCld
ONTUMAaJIbHbIEC 3HAYEHUSI KPUTEPUEB MAKCUMAaJIbHbI (MUHUMAJbHBI).

7. Kak cy3uth napeToBcKoe MHOKECTBO?
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0¢

IIpuMep pelieHus 3a1a4y NPUHATHS PeLICHUS HA OCHOBE NIapeTOBCKOro MHOkecTBa B Excel

X37 - fe
A B D E F G H 1 J K L M N 0 P Q R s T u v w X Y z AA AB
HoMepa Homepa Homepa HoMepa
[LOMUHMPYIOLM [OMUHMD LOMUHMPYIOWMX  JOMUHMD
bl Yenbix YnopagoueHue To4eK N0 BO3PACTAHUIO ouex Vembix
1 |fi onT max Mcxo,qule AaHHble (NapeTosckux) Touek 3HaueHu KpuTepues (MapeTosckux)  Touek
2
Tabn1i,
nopaaK  Homepa Homepa Homepa Homepa Homepa Homepa
3 Homep  Touek Touek  f2 Touek  f3 Tabn2 Touek  f1 Touek  f2 Touek  f3 MapeToBCKMe TOUKN
4 1 1 13 1 12 1 12 1 4 15 2 14 orpaHuyenma f1,2,f3>11
5 2 2 11 2 13 7 14 2 5 14 6 14 8 14 Tabn 9 fl f2 =
5 3 3 15 3 1 3 10 3 1 14 12 14 12 14 1 4 12 15 12
7 4 4 12 4 15 4 12 4 1 13 2 13 5 13 2 5 14 12 13
3 5 5 14 5 12 5 13 5 8 13 9 13 1 12 3 2 13 12 14
) 6 6 10 6 14 6 1 6 4 12 1 12 4 12 4 12 12 14 14
0 7 7 12 7 10 7 10 7 7 12 5 12 E] 12
1 2 8 13 8 12 8 14 8 12 12 2 12 6 1
2 9 9 11 9 13 9 12 9 2 1 1 1
3 10 10 10 10 1 10 10 10 9 1 10 11 Hassanue guarpamme!
4 1 1 14 1 10 1 11 1 6 10 7 10 7 10 6
5 12 12 12 12 14 12 14 12 10 10 11 10 10 10 3 7,10 Py
6 14 “ <
7 v @
8 12 7 -
9
0 10
1 1abn 3 f2 3 Tabn 4 fl f2 3 3
2 1 3 15 4 15 2 14 1 3 15 4 15 2 14
3 H 6 14 8 1 2 5 14 6 14| 6
4 3 1 14 12 1 12 14 30 8 13 12 14 12 14
5 4 1 13 2 e 4 4 12 2 13 5 13 4
6 5 8 13 9 13 1 12 5 12 12 9 13 4 12
7 6 4 12 1 12 4 12 6 2 1 5 12 ] 12 2
sl 7 n oS 5 o 75 ufEEENE 5 u .
9 8 2 1 8 12 6 1 8 6 10 3 1 3 10 7] 3 % Z A % z i
0 E] 9 1 3 1 11 11 3,58 HeT
1 10 6 10 1 10 3 10 3,5 11 PRI
2
3
4
5 1abn 5 f2 3 Tabn 6 f1 f2 3
5 1 3 15 S| 2 14 1 3 15 4 15 2 14
7 2 5 1 6 14 g 1 2 5 14 2 14
8 3 2 13 12 14 12 14 3 2 13 2 13
9 « [T 2 13 5 13 4 4 12 5 12 5 13
of 5w 5 e T







JIABOPATOPHAS PABOTA Ne 8. Merton anajau3a nepapxuii

Henap padorel: [loydnTh HABBIKM PELIEHUS] MHOIOKPUTEPHUAIBHBIX 3aad, UCIOIb3Yysl METO/
aHanu3a uepapxwuii, maker Excel.

ITocTanoBKa 3aga4u

[Iyctb nmMeetcss N anbTepHATHB U M (PAKTOPOB, XaPaKTEPUIYIOMIUX KAKIYIO ajlbTepHATHUBY.
Tpebyercss ompenenuTh ONTHUMAIBHYIO allbTEPHATHUBY, HCIOJb3Ysl SKCHEPTHBIE OLEHKH O Mepe
3HAYMMOCTH KaKJ0T0 (pakTOpa JIsi MPUHATHS PEIICHHMS.

Hcxonnble 1aHHBIE
CocTaBbTe UCXOHYIO TAOIUITY JJIs BEIOOpA AIbTEPHATUB B COOTBETCTBUH CO CBOUM BapHUaHTOM
(tabm. 8.1). Ucronp30BaTh HE MEHEE YETHIPEX AIbTEPHATHUB U HE MEHEe MATH (PaKTOpOB.

Tabnuua 8.1
HcxoaHbie JaHHBIE

Bapuanrt 1 Bapuanr 2 Bapuant 3 Bapuanr 4 Bapuanr 5

Ksaptupa Monurop Kommnsrorep OTtapix ITaHCcHOHAT

Bapuanr 6 Bapuant 7 Bapuanr 8 Bapuant 9 Bapuanr 10

TeneBuzop Pabora Korremx By3 Tenedon
Bapuanr 11 Bapuanr 12 Bapuant 13 Bapuanr 14 Bapuanr 15
Ayamno-cucr. ABTOMOOUIIBL ITmanmer XO0JIOIUIILHUK MuKpOBOITHOBKA
Bapuant 16 Bapmuanr 17 Bapuanr 18 Bapmuant 19 Bapuanrt 20
IIpoueccop Typ Cnoprt [Tomapok Buneokapra
Bapuanr 21 Bapmuanr 22 Bapuant 23 Bapuanr 24 Bapuanr 25

MeoGenb Paiion PaboTHuK [TapTusa Oukn

Kparkas Teopus O Meroae anau3a uepapxuii

Meron Ananuza Mepapxuii (MAU), pazpaboTaHHBI aMepUKAaHCKHM MaTeMaTHKoM Tomacom
Caaru B 80-¢e roas! 20-ro Beka, - MATEMAaTUYECKUM HHCTPYMEHT CHCTEMHOIO MOAXO0A K CII0KHBIM
npoGiemMaM TpUHATHS pelieHuil. Meton npuMeHseTcss B CHUTyalMsiX, KOrja ajlbTepHATHBBI
CPaBHUBAIOTCS 110 OOJIBIIIOMY KOJIMUECTBY (DaKTOpOB, KOT/Ja 3a/1a4a 1miaoxo GopmManusyercs u 6omee
a/IeKBaTHO MOAXOAST YEIOBEYECKHUE OBIT U MHTYNULINS, HEXKEIIN CJI0KHBIE MATEMAaTHUYECKHE PACUETHI.
Merton naet yao0HbIE cpeicTBa yueTa 3KCIEPTHON nH(pOopMaIny.

MAW wucnonb3yercss BO BCeM MHpe A NPUHATHS pelIeHWH B pa3HbIX 00JacTsix: OT
yIpaBJIEHUS] Ha MEXIOCYJapCTBEHHOM YPOBHE O PEIICHUS OTPACIEBBIX U YAaCTHBIX MPOOJEM B
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Ou3Hece, MPOMBIIIJICHHOCTH, 3/[paBOOXPaHEHUU U 00pa3oBaHuU. [l KOMIBIOTEPHOMN MOANEPKKHI
MAM cymiecTByIOT MPOTrpaMMHEBIE POIYKTHI, Pa3pab0OTaHHbBIE PA3TUYHBIMU KOMITAHUSIMH.

AHanu3 npoOiembl puHATHS pemeHnidi B MAW HauMHaeTcs ¢ MOCTPOSHUST HepapXHUCCKOM
CTPYKTYpBI, KOTOpas BKJIIOYAET LEJIb, KPUTEPUH, ATBTEPHATUBBI M JIPyrUe paccMaTpUBaEMBbIE
dakTopsl, BIustoNME HAa BBIOOP. CleayIonM 3TaroM aHajan3a IBIseTCs ONpeesieHue IPUOPUTETOB
(OLIEHOK), MPEACTaBISIOUMX OTHOCUTENIBHYIO BaXKHOCTh WM MPEANOYTUTEIBHOCTh 3JIEMEHTOB
IIOCTPOEHHON HEpapXUYECKOW CTPYKTYpbl, C TOMOLIBIO NPOLEAYpbl MapHBIX CpPaBHEHUH.
be3pa3mepHbie OLIeHKH MTO3BOJIAIOT 000OCHOBAHHO CPABHUBATH PA3HOPOAHbIE (DAaKTOPDI, YTO SIBISIETCS
OTIUYHTENHHOM 0coOeHHOCThI0 MAN. Ha 3akiTtounTeIbHOM dTare aHaau3a BBITIONHSACTCS JTMHEHHAS
CBEpPTKa OIGHOK H  BECOB (PAKTOPOB, B pE3yJIbTaTe KOTOPOW BBIUUCISIOTCS PEUTHHTH
AIbTCPHATUBHBIX PEUICHUN OTHOCHUTEIBHO IVIABHOW wLenu. Jlydmien cuuraercss anbTepHATHBA C
MaKCUMaJIbHbIM 3HAYEHUEM PEUTHHTA.

Iopsinok padoTbI

1. CocraButh B Excel ucxoanyro Tabauiry B COOTBETCTBHH CO CBOMM BapHAHTOM, KaK MOKa3aHO
Ha puc. 8.1.

Pacxopg, Hanuuue

Tonamea | MowHocTb ctaHumm |Kauectso
Astomobunu n/100km n.c Uena 1.p. | [AuzamnH TO cbopkm
Kia Rio 6,5 123 630 4 4 3
Opel Astra 7,2 180 989 5 2 5
Lada Vesta 6,7 106 550 3 4 2
Ford Focus 5,9 85 745 4 3 4

Puc. 8.1. [Ipumep ucxoanoi tadbaunel 2. CocTaBUTh MaTpUILY
HapHBIX CpaBHEHHH (PaHroB) pa3MepHOCTH M Ha M (M - Kon4ecTBO (HaKTOPOB), pacmosaras
(bakTOphl B MOPSJIKE YMEHbIICHHS UX 3HAYMMOCTHU. 3alI0JIHUTh TJIaBHYIO IMaroHajlb MaTPHIIbI
eIMHUIIAMH. BpIlie riaBHOM JUaroHaiy NOCTaBUTh PAaHTH NapHBIX CPABHEHUH ( II€IIbIE YMCIIa OT
1 10 9). Uem Gosee 3HaUUM (GakTOp MO CPABHEHUIO C IPYTUM, TEM MEHBIIIE €r0 paHr.
[IpocTaBneHHbIE paHTH B MaTpULIE JOJKHBI HE YOBIBAaTh ClIeBa HAIIPAaBO, U HE BO3pacTaTh CBEPXY
BHU3 JIJIS1 00ECIIEUEHUS COTTIACOBAHHOCTH CPaBHEHUH (PAKTOPOB. 3aMOTHATH MATPHILY HJIEMEHTaMU
HIDKE TJIAaBHOM TMarOHaJv, BEIYMCIIMB UX KaK 00paTHBIC BEIMYMHBI K CHMMETPUYHO CTOSIIITUM
3JIEMEHTaM BBILIE IJIaBHOM auaroHaiu (cM. puc. 8.2). Beruncaute Bec Kaxaoro (Gpaxkropa Kak
CpeaHee TeOMETPHUYECKOE YHMCEIl, CTOSIIUX B CTPOKAX MATPHIIBI PAHTOB.
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Pacxop, Hanuuue
Tonnuea | MowHocTb craHumm | Mpousee | Crenexb
Kauectso | LenaT.p. | n/100km n.c OusaiH TO neHune 1/6 Bec dakTtopa
Kauectso 1,00 2,00 4,00 5,00 7,00 9,00 2520| 3,68893| 0,423451769
Lexa T1.p. 0,50 1,00 3,00 3,00 5,00 7,00 157,5| 2,32388| 0,266757899
Pacxopg Tonnusa
71/100km 0,25 0,33 1,00 2,00 3,00 5,00 2,5| 1,16499| 0,133729493
MouHocTb A.c 0,20 0,33 0,50 1,00 2,00 4,000 0,26667| 0,80228( 0,092094137
OuzaiH 0,14 0,20 0,33 0,50 1,00 2,000 0,00952| 0,4604| 0,052849268
Hanuuue
craHuum TO 0,11 0,14 0,20 0,25 0,50 1,00 0,0004| 0,27108| 0,031117434
cymma paxros | 2,20396825| 4,0095238( 9,0333333 11,75 18,5 28I - 8,71156 1
Kon-Bo CayuaiiHbiv
darTopos 6 UHAEKC 1,24 nc= 6,14198 nc= 0,0284 OC= |0,022899226

Puc. 8.2. Ilpumep cocTaBieHHs MaTpUIbl PAHTOB, pacyeTa BECOB (HaKTOPOB,
OIIpe/IeNICHUS] OTHOILIEHUS COINIaCOBAaHHOCTHU

3. Jlis  KOHTpOJIs TpaBWIBHOCTHM CpaBHEHUS (DAKTOPOB paccUMTaTh IOKa3aTellb
cornacoBanHocTH (IIC) kak cymMMy poM3BeICHUH OLIEHOK (PAKTOPOB HA CYMMY PaHTOB B CTOJIOLAX
TabJIMLbl paHroB. 3aTeM paccuuTaTh HHJEKC coryacoBaHHocTu (MC) xak yacTHOe OT JelIeHHs
pasHoctu IIC u xommuecTBa (aKTOPOB Ha Pa3HOCTh KojmuecTBa (akToOpoB M equHMLbL. [lanee
paccuuTaTh oTHOIIEeHUE coryiacoBanHocTH (OC) kak yactHoe oT JeseHus IC Ha cityuaiiHbli HHIEKC
(CH). CityuaiiHblii ”HAEKC 3aBUCHT OT KOJIMYECTBA (PAKTOPOB U BHIOMPACTCS M3 TAOJIHIIBI HA PHCYHKE
12. PaccunTaHHOE OTHOILIEHUE COIJIACOBAHHOCTH JAOJKHO ObITh MeHblle 0,1, B MPOTUBHOM ciy4ae

HE00XO0IMMO MTPOBEPUTH NMPABUIHLHOCTH OLIeHKH (hakTopoB. [IpumMep pacueToB mpeacTaBieH Ha pHC.
8.3.

Konuyectso
chakTopos

CriyyaiHbin

nHaekc (CH)

2 3 4 5 6 7 8 9 10

0 0 058| 09 | 112|124 | 132|141 | 145 | 1,49
Puc. 8.3. Tabnuna 3Ha4eHHI CTy4aifHOTO UHAEKCA

4. BbruMcauTh OLIEHKHM ajdbTepHATUB MO KaXIOMY (akTopy, 3alOJHUB TaOJIUIBI, KaK
NOKa3aHo Ha puc. 8.4. (U1 OLIEHOK UCIIOIb3YyeTCsl GOpPMYIIa CPEAHETO T€OMETPHUECKOTO).
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4) CpasHerue asTomobuneit no dpaktopy Kauectso

Mpouzee (CreneHb
Opel Astra |Ford Focus |Kia Rio Lada Vesta |geHue ([1/4 OueHka
'Opel Astra 1,00 3,00 4,00 6,00 72| 2,03965| 0,44499
Ford Focus 0,33 1,00 3,00 4,00 4| 1,25992| 0,27488
Kia Rio 0,25 0,33 1,00 3,00 0,25| 0,7937| 0,17316
'Lada Vesta 0,17 0,25 0,33 1,00 0,01389( 0,49028| 0,10697
‘cymma 1,75 4,58 8,33 14,00 - 4,58 1,00
5) CpasHenue asTomobuneit no daktopy LleHa
Mpouzse |Crenexb
‘ Lada Vesta [Kia Rio Ford Focus |Opel Astra |genue |1/4 Ouexka
Lada Vesta 1,00 4,00 7,00 9,00 252| 2,51324| 0,50386
Kia Rio 0,25 1,00 3,00 7,00 5,25| 1,31834| 0,2643
Ford Focus 0,14 0,33 1,00 4,00 0,19048| 0,75853( 0,15207
Opel Astra 0,11 0,14 0,25 1,00\ 0,00397( 0,39789| 0,07977
1,50 5,48 11,25 21,00 - 4,99 1,00
6) CpasHexue asTomobunen no paktopy Pacxog tonavsa
MNpouzee (CrenexHb
Ford Focus |Kia Rio Lada Vesta |Opel Astra |genue [1/4 OuexKa
Ford Focus 1,00 2,00 4,00 8,00 64 2| 0,43574
Kia Rio 0,50 1,00 3,00 4,00 6 1,34801| 0,29369
Lada Vesta 0,25 0,33 1,00 2,00( 0,16667| 0,74184| 0,16163
Opel Astra 0,13 0,25 0,50 1,00 0,01563 0,5| 0,10894
1,88 3,58 8,50 15,00 - 4,59 1,00

Puc. 8.4. [Ipumepbl HAXOKICHHS OIEHOK aJIbTEPHATHB 10 KAXKIOMY (HaKTOpy

5.
TabJML, ¥ BHIOpATh ONTUMANIBHYIO AbTEPHATUBY (CM. puc. 8.5).

Breraucnuts peﬁTHHFI/I AJIBTCPHATHUB, HCIIOJIB3YyA BECAa W OLUCHKU H3 MPCAbLAYIINX

6. CI{GJ‘IaTI) BBIBO/JIbI. O(bOpMI/ITI) OoT4eT. 3anucarb PE3YIbTATHI U OTYCT B JIMYHYIO IIAIIKY.
Ouexkyn 3sTOMOBKNR OUEHKM, YMHOKEHHDIS H3 BEC3
Ford Ope! Lads
DIKTOPB BecdakTopa| K Rio Opel Astra | Lada Vesta | Focus Kia Rio Astra Vesta Ford Focus

KavecTeo 0,423 0,173 0,445 0,107 0,275] 0,07333| 0,iB843| 0,04525| 0,11635872921
Uesxa 0,267 0,264 0,080 0,504 0,152 0,0705| 0,02128| 0,13441| 0,040566208)
P30004 TONAHES 0,134 0,284 0,102 0,162 0,436] 0,03528| 0,01457| 0,02161| 0,058271831
| MowwocTe 0,052 0,287 0,423 0,138 0,081] 0,02643| 0,02643| 0,02643| 0,026428056
Ouzas 0,053 0,215 0,472 0,088 0,215] 0,01136]| 0,02495| 0,00518| 0,011363018
KonusecTs
CTaHLmi TO 0,031 0,373 0,053 0,373 0,162] 0,01158 0,0029]| 0,01159| 0,005033502
| PedTIET
asTomobunr - - - - - 0,23248| 0,27855| 0,24451| 0,25B060634

Ny

asTomob

wab

Puc. 8.5. [IpuMepsl HaxoKAEHUS PEUTUHIOB AJIbTEPHATUB

KoHTpoJibHBbIE BONIPOCHI

1. B kakux 3ajauax nNpuHATHS pereHnit npuMensiercs MAH, B uem ero cyts?
2. Beca ¢axropos, orneHkn anbrepHatuB B MAU omnpenenstorcs mo Gpopmyiie CpeaHero
reOMETPHUECKOro. 3aluIIuTe 3Ty HopMyIy.
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3. Kak onpenensiroTcss UTOrOBbIe PEUTHHTU allbTepHATUB?
4. Onummre anroputm MAUN.

TEMA 3. IPUHSATUE PEHIEHUA B YCJOBUSX HEONPEJAEJEHHOCTH U
PUCKA

JIABOPATOPHAS PABOTA Ne 9. Kpurepun Jlanuiaca, Banbaa, I'ypsuna u CaBuaxa

Heap paGorsl: MprHOOpETEHNE HABBIKOB NMPUMEHEHUSI KPUTEPUEB, UCIIOIB3YEMBIX JUIS 3a]a4
IIPUHATUS PELICHUM B YCIOBUAX HEONPEIEICHHOCTH.

ITocTaHoBKa 3a1a4u

Bre16op mpoekTa 3JIeKTPOCTAHIUU. DHEpreTHYecKas KOMIIAHWS JOJDKHA BHIOpaTh MPOEKT
3JICKTPOCTAHIIMU. BCero mmMeeTcst N TUIIOB AJIEKTPOCTAHIMK: Al — TEIUIOBbIe, A2 — MPUIUIOTHHHEIE,
A3 — Oecnuto30Bble, A4 — numo3oBeie W np. IlociencTBus, CBA3aHHBIE CO CTPOMTEIBCTBOM H
JanbHEHIIEH SKCIUTyaTalued DSJIEKTPOCTAHIMK KaXIOr0 W3 OSTUX THUIIOB, 3aBHUCAT OT psla
HEOTPEICICHHBIX (AKTOPOB (COCTOSHUS TOTOMBI, BO3MOXHOCTH HABOJHCHUS, IICHBI TOILINBA,
pacxo/ibl MO TPAHCTIOPTUPOBKE TOILIIMBA U T.11.). [Ipeanonoxum, 4To MOKHO BBIJICTUTH M BapHAHTOB
COYETaHUM JaHHBIX (PAKTOPOB — OHHU BBICTYMAIOT B KAYECTBE COCTOSIHMU cpeibl M 0003HA4arOTCS
3aeck yepes Bi, B2, B3,

..,Bm. DKOHOMHYECKas 3¢ HEeKTUBHOCTH

B1 | B2 | B3 ... | Bm | DJIEKTPOCTaHLUMU OIpENeNseTCs] B JaHHOM ClIydae Kak

A1 ail| aiz| ais @aim| TPOLEHT NPHUPOCTa J0X0Ja B TEUEHHE OJHOrO Toja
A2 aiz| azz| az3 azm| OKCIUTyaTallMM 3JIEKTPOCTAHIMH B COIOCTABICHUH C
As ai3| asz2| ass @3m| KAIUTAIBHBIMH 3aTPaTaMH; OHa 3aBUCUT KaK OT THIIA

JIEKTPOCTAHIIUU, TaK W OT COCTOSIHUS CpeIbl |
ompeeseTcs Ta0IuIe (MaTpuIlel BBIMTPBIIICH ):

An aln| an2| an3 Anm

rae 44 - sxoroMmueckas H3GHEKTHBHOCT (BBIUTPHIII) IPH

BbIOOpE 1-TO THIA NEKTPOCTAHLINH (1-OU anbTep-

HATHUBBI) NPH j-OM BapHaHTE coYeTaHUs (AKTOPOB (j-OM COCTOSHUM Cpe/bl), BIUSIOIIMX Ha
9KOHOMHUYECKYIO 3()(HEKTUBHOCTb.

Hcxoanblie JaHHbIE

KonnuectBo anbrepHatuB n = 8. KonuyectBo cocrossHuil cpeapl m = 7. B tabm. 9.1
IPUBEIEHBI MATPUIIbI BEIMTPHILIEH (BapHaHThl BBIOMPATh B COOTBETCTBUU CO CITUCKOM T'PYIIIIBI).
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9.1

Tabmuma
Hcxonnbie 1aHHBIE

Bapwuanr 1 Bapwnant 2
1 2 3 4 5 6 7 1 2 3 4 5 6 7
1 68 51 66 60 59 67 66| 1 66 69 50 64 68 65 56
2 58 57 69 66 53 64 70| 2 53 58 55 66 56 55 55
3 66 66 68 65 51 69 60| 3 54 50 61 50 59 59 54
4 58 61 58 66 64 56 52| 4 56 60 56 59 57 59 69
5 63 57 62 66 67 57 59| 5 59 54 65 68 67 63 53
6 68 65 63 53 67 68 59| 6 68 63 61 58 61 62 66
7 65 64 66 61 69 51 64| 7 69 64 55 53 61 65 68
8 62 51 65 65 58 54 62| 8 70 53 57 66 56 53 52

Bapuanr 3 Bapuanr 4
1 2 3 4 5 6 7 1 2 3 4 5 6 7
1 62 65 54 51 50 55 61| 1 66 57 52 63 61 57 68
2 59 62 68 66 54 59 51| 2 61 51 63 66 58 63 51
3 67 62 51 64 52 55 56| 3 62 62 51 57 68 67 65
4 62 64 65 51 57 52 61| 4 68 68 60 68 53 56 66
5 66 61 66 65 65 57 52| 5 54 55 52 51 62 60 63
6 53 57 69 61 60 57 68| 6 59 68 57 66 63 64 54
7 64 52 69 57 51 66 63| 7 60 56 52 56 55 52 60
8 61 61 50 66 59 53 64| 8 52 5 58 61 63 62 58

Bapuanr 5 Bapuanr 6
1 2 3 4 5 6 7 1 2 3 4 5 6 7
1 52 5 54 50 66 52 68| 1 62 61 52 66 55 62 61
2 52 61 51 50 53 65 56| 2 59 68 53 50 60 54 61
3 63 59 66 64 61 50 52| 3 63 53 69 58 59 66 68
4 55 59 64 51 67 53 56| 4 56 69 66 66 59 58 67
5 583 51 61 66 68 62 55| 5 51 52 55 56 52 65 55
6 54 68 63 56 60 53 63| 6 61 70 66 61 68 55 57
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9.1

7 67 62 65 51 68 53 53| 7 64 63 67 53 64 51 58
8 63 59 59 69 50 66 61| 8 54 60 70 56 61 60 60
Bapuanr 7 Bapmuanr 8

1 2 3 4 5 6 7 1 2 3 4 5 6 7
1 5 5 59 54 60 70 63 1 69 64 54 66 50 62 60
2 69 68 63 60 54 58 54| 2 68 70 57 61 52 69 65
3 5 54 57 63 58 54 58| 3 58 63 52 51 57 61 52
4 54 61 66 56 62 63 65 4 58 61 69 64 53 64 53
5 60 63 66 53 50 61 66| 5 59 66 60 66 69 52 61
6 52 59 61 59 64 5 65| 6 53 64 53 62 50 58 66
7 67 5 61 59 61 58 65 7 59 63 69 70 70 65 65
8 60 58 67 70 69 55 61| 8 60 66 58 53 64 61 68
Bapuanrt 9 Bapuanr 10
1 2 3 4 5 6 7 1 2 3 4 5 6 7
1 60 51 66 60 59 64 66 1 66 60 50 64 60 65 56
2 58 57 60 66 53 64 70| 2 53 58 55 60 56 55 55
3 66 60 68 65 51 62 60| 3 54 50 61 50 59 59 54
4 58 61 58 61 64 56 52| 4 56 60 56 59 57 59 6=
5 63 57 62 61 62 57 59| 5 59 54 60 60 60 63 53
6 60 60 63 53 67 65 59| 6 60 63 61 58 61 62 66
7 65 64 60 61 63 51 64| 7 60 64 55 53 61 65 60
8 62 51 65 65 58 54 62 8 70 53 57 60 56 53 52
[Tponomxenue TaodI.
Bapuanr 11 Bapuanr 12
1 2 3 4 5 6 7 1 2 3 4 5 6 7
1 62 68 54 51 50 55 61 1 60 57 52 63 61 57 60
2 59 62 68 60 54 59 51| 2 61 51 63 60 58 63 51
3 67 67 51 64 52 55 5| 3 62 62 51 57 60 60 65
4 62 64 65 51 57 52 61| 4 68 68 60 68 53 56 66
5 60 61 66 65 65 57 52| 5 54 55 52 51 62 60 63
6 53 57 60 61 60 57 63 6 59 60 57 60 63 64 54
7 64 52 69 57 51 61 63| 7 60 56 52 56 55 52 60
8 61 61 50 66 59 53 64 8 52 56 58 61 63 62 58
Bapwuant 13 Bapmuanr 14
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9.1

1 2 3 4 5 6 7 1 2 3 4 5 6 7
1 52 56 54 50 66 52 60 1 62 61 52 60 55 62 61
2 52 61 51 50 53 65 5| 2 59 60 53 50 60 54 61
3 63 59 60 64 61 50 52| 3 63 53 60 58 59 66 60
4 55 59 64 51 67 53 56| 4 56 60 66 66 59 58 67
5 53 51 61 66 62 62 55| 5 51 52 55 56 52 65 55
6 54 60 63 56 60 53 63| 6 61 70 66 61 60 55 57
7 60 62 65 51 64 53 53| 7 60 63 67 53 64 51 58
8 63 59 59 60 S50 64 61| 8 54 60 65 56 61 60 60
Bapuant 15 Bapuanr 16
1 2 3 4 5 6 7 1 2 3 4 5 6 7
1 55 5 59 54 60 60 63 1 60 64 54 66 50 62 60
2 60 60 63 60 54 58 54| 2 68 60 57 61 52 69 65
3 56 54 57 63 58 54 58| 3 58 63 52 51 57 61 52
4 54 61 60 56 62 63 65| 4 58 61 60 64 53 64 53
5 60 63 66 53 50 61 60 5 59 66 60 66 60 52 61
6 52 59 61 59 64 56 65| 6 53 64 53 62 50 58 66
7 60 56 61 59 61 58 65 7 59 63 69 60 70 60 65
8 60 58 67 60 60 55 61| 8 60 66 58 53 64 61 60
Bapuanr 17 Bapuanr 18
1 2 3 4 5 6 7 1 2 3 4 5 6 7
1 62 51 66 60 59 63 66 1 65 69 50 64 64 65 56
2 58 57 69 66 53 64 70| 2 53 58 55 66 56 55 55
3 66 66 68 65 51 69 60| 3 54 50 61 50 59 59 54
4 58 61 58 66 64 56 52| 4 56 60 56 59 57 59 69
5 63 57 62 66 67 57 59| 5 59 54 65 68 67 63 53
6 68 65 63 53 67 68 59| 6 68 63 61 58 61 62 66
7 65 64 66 61 69 51 64| 7 69 64 55 53 61 65 68
8 62 51 65 65 58 54 62| 8 70 53 57 66 56 53 52
Bapuanr 19 Bapwuanr 20
1 2 3 4 5 6 7 1 2 3 4 5 6 7
1 65 65 54 55 50 55 61 1 64 57 52 63 52 57 68
2 59 62 68 66 54 59 51| 2 61 51 63 66 58 63 51
3 67 62 51 64 52 55 56| 3 62 62 51 57 68 67 65
4 62 64 65 51 57 52 61| 4 68 68 60 68 53 56 66




9.1

66 61 66 65 65 57 52 5 54 55 52 51 62 60 63
53 57 69 61 60 57 68| 6 59 68 57 66 63 64 54
64 52 69 57 51 66 63| 7 60 56 52 56 55 52 60
61 61 50 66 59 53 64| 8 52 56 58 61 63 62 58
OxoHuaHue Ta0m1.
Bapuanr 21 Bapuant 22
1 2 3 4 5 6 7 1 2 3 4 5 6 7
58 56 54 50 64 52 68 1 61 61 52 66 50 62 61
52 61 51 50 53 65 56 2 59 68 53 50 60 54 61
63 59 66 64 61 50 52 3 63 53 69 58 59 66 68
55 59 64 51 67 53 56| 4 56 69 66 66 59 58 67
53 51 61 66 68 62 55| 5 51 52 55 56 52 65 55
54 68 63 56 60 53 63 6 61 70 66 61 68 55 57
67 62 65 51 68 53 53 7 64 63 67 53 64 51 58
63 59 59 69 50 66 61 8 54 60 70 56 61 60 60
Bapwuanr 23 Bapuanr 24
1 2 3 4 5 6 7 1 2 3 4 5 6 7
59 56 59 54 63 70 63 1 61 64 54 66 55 62 60
69 68 63 60 54 58 54 2 68 70 57 61 52 69 65
56 54 57 63 58 54 58| 3 58 63 52 51 57 61 52
54 61 66 56 62 63 65 4 58 61 69 64 53 64 53
60 63 66 53 50 61 66 5 59 66 60 66 69 52 61
52 59 61 59 64 5 65 6 53 64 53 62 50 58 66
67 56 61 59 61 58 65 7 59 63 69 70 70 65 65
60 58 67 70 69 55 61 8 60 66 58 53 64 61 68
Bapmuanr 25 Bapmuanr 26
1 2 3 4 5 6 7 1 2 3 4 5 6 7
60 54 66 60 59 60 66 1 61 60 50 57 60 65 56
58 57 60 66 53 64 70 2 53 58 55 60 56 55 55
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9.1
54 50 61 50 59 59 54

56 60 56 59 57 59 60
59 54 60 60 60 63 53
60 63 61 58 61 62 66
60 64 55 53 61 65 60
70 53 57 60 56 53 52

66 60 68 65 51 62 60
58 61 58 61 64 56 52
63 57 62 61 62 57 59
60 60 63 53 67 65 59
65 64 60 61 63 51 64
62 51 65 65 58 54 62

oo N o o1 W
oo N o o1 W

OHpeI[CJ'II/ITB, KaKou IMPOCKT 3JICKTPOCTAHIINH 6yz[eT 31CCh OINTHUMAaJbHEIM?

Kparkas Teopus

Peanu3anmoHHas CTpyKTypa 3aJayd NPUHATHS PpEIIEHUs BKIOYaeT B ce0s MHOXKECTBO
JIOIYCTUMBIX aJIbTEPHATUB X, MHOXKECTBO COCTOSIHMM cpelibl Y. MHOXKECTBO UCXOA0B A M (YHKIIUIO
peammsauuu F: X 0Y — A. Ilpundarue pemieHns B ycIoBUSAX HEONPENEICHHOCTH XapaKTEpU3yeTCs
TEM, 4TO NP BHIOOPE AJIbTEPHATUBBI IPUHUMAIOLIEMY PEIIEHUE HEU3BECTHO HAIIMYHOE COCTOSIHHUE
cpelbl, 1 OH HE MMEeT HUKaKoOW MH(pOpMaIMKU O BEPOSTHOCTAX MX HosBieHHs. OTMETUM, 4TO 3Ta
HEOIPEJEeNICHHOCTh He sABIsAeTCAd aOCOMIOTHOM, TaK Kak NPUHMMAIOLIEMY pElIeHHEe H3BECTHO
MHO’KECTBO BO3MOYHBIX COCTOSIHUM cpesibl (MHOXKECTBO Y ) U U3BecTHA (QyHKIUS peanu3anuu F.

[Tpu koHeuHBIX MHOXKECTBAX X, Y (QYHKIIMIO pean3aliii MOKHO 33/1aTh MATPULICH 8blucpbiuiel

Wi niamedcrou marpuned A = (a/) , rae ad - BRIMTPHII B CIy4ae MPUHATHS 1-0H aJbTepHATUBBI
IIPY j-OM COCTOSTHUH CPEJIBL.

Kpurepnii Jlaniiaca ocHOBaH Ha TUIOTE3€ PABHOBO3MOXHOCTH (PABHOBEPOSITHOCTH) U
coJiepKaTeIbHO MOXET ObITh chopMmyiaupoBaH B Buae: «IloCKOIBKY MBI HMYEro HE 3HAaEM O
COCTOSIHUSIX CpE€bl, HaJO0 CUHUTATh UX PABHOBEPOSTHbIMU». [Ipy NpUHATHM AAHHON TI'MIIOTE3BI B
Ka4eCTBE OLICHKH 1-O albTepHATHUBBI BBICTYIAET CPeIHEAPU(DMETHICCKOE BBIUTPHIIICH, CTOSIIHUX B i
-0l CTpOKe MaTpullbl BHIUTpHINIEH. Takum 00pazom, olieHKa 1o kputepuio Jlamnaca umeer BUI:

(i) = iZ}’ll a{
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OntumManbHO 1o Kputepuio Jlamnaca sBisieTcs Ta anbTepHaTHBA i*, KOTOpasi MAKCUMHU3UPYET
onenky L(i), T.e.

L(i*) = max L(i)
Vi

Kpurtepunii Bajabaa ocHOBaH Ha THUIIOTE€3€ AaHTaroHWU3Ma, KOTOpash MOXeT OBITbh
chopmynupoBana B Buue: «llpu 6viOope peuwieHus HA0O paccuumviéamv HA CAMbLU XYOuiull
603MO4CHbIU 8apuanmy. 1Ipu NIPUHATUYM JaHHOW IMIIOTE3bI OLIEHKON aJIbTEPHATUBBI | CIIY)KUT YUCIIO
W(i) = min a/ u

J
CpaBHEHHE JIOOBIX JABYX albT€PHATUB MPOMU3BOAUTCA IO BenuuuHe Kputepus W. OnrtumanbHol B
9TOM ciiy4yae OyZAeT ajJbTepHaTHBa, MaKCUMHU3UpYyromas GyHKkuo W, To ecTh Ta anbTepHaTUBa I*,
JUTs KoTopo# BemostHsercss W (i*) = max W (i) = max min a.
i i
AnbTepHATHBA [* Ha3kIBAETCA Makcumunnotl, a aucio MaX M jyaspipacrea maxcumunom.
L J

[IpuHUMO ONTHMAaIbHOCTH, [0 KOTOPOMY ONTHUMAJIbHON aJbTEPHATUBON CUUTAETCS MAKCUMUHHA
aJlbTEpHATHBA, Ha3bIBACTCS NPUHYUNOM MAKCUMUHA.

Kpurepnii I'ypBuna cssizan ¢ BBefieHreM nokaszarens () < a < /, Ha3pIBa€MOTr0 noKasamenem
neccumuszma. 'umnoresa o MoBEAEHUN CPEZIbl COCTOUT B 3TOM CiIydae B TOM, YTO IpH JitoOOM BbIOOpE
aIbTEpHATUBBI HAMXYALIUH JUIsl IPUHUMAIOIIETO PELICHHUS BAPUAHT PeaJIn3yeTcCs ¢ BEPOATHOCTHIO «,
a HaWIy4IlU{ — C BEPOSATHOCTHIO / —a. Toraa OLleHKO! albTEPHATUBEI [ SIBIISETCS B3BEIICHHAs CyMMa
Ha(i) = a min aij + (1 — a) maxj aij.

J

OnTuManbHOM B 3TOM cityyae OyeT ajlbTepHaTHBa, MAKCUMU3UpYIolias GyHKINIO Ha, TO €CTh

Ta AJIbTEPHATHBA [*, 1JI1 KOTOPOU BBIIIOJIHAETCS
Ha(i*) = max Ha(l)
l

IIpu a=1 naHHBIA KpuTEpUl MpeBpaIlaeTcs B «KpUTEpUil KpaitHero neccumMmusmMa» (To ecTh B
kputepuii Banbna), a npu @ = 0 — B «kpuTepuil KpaitHero ONTUMHU3MAaY.

Kpurepuii CaBuaka ocHOBaH Ha peoOpa30BaHUM EpBOHAYATIBHON MaTPHULIbI BBIUTPHIIIEH

(ad) B Matpurty (1) — mampuyy puckos (1o ApyroMy — Mampuyy COXCAneHUil).
Puckom nipu BeIOOpE abTEPHATUBHI | B COCTOSTHUM j Ha3bIBAETCS YUCIIO

ri=p/—ad, rae f/=max; ai.

CozepXaTenbHO | J MHTEpPHPETHpPYeTCs KaK «Mepa COKAIEeHHs», BO3HUKAIOIIAS OT HE3HAHHS

HCTUHHOTO COCTOSAHUA CPCABI. Ecmu O5r HpI/IHI/IMaIOHII/Iﬁ PEIICHUC 3HATI HCTUHHOC COCTOAHUC CPEAbI
j , OH BBIGpaJ'I OBl AJBTCPHATHUBY, AAOIIYIO MaKCHUMaJIbHBIN BO3MOKHBIM BBIUT'PBIII B COCTOAHHUU ] nu

nomyuun 6s1 B pesynbrate Beurpsim 5/ = MaX Ajyecto nmomyuennoro um Bemrpsima 4.

i
Jns  kputepus CoBUKa ONTHUMAIBHOM CUMTAETCA aJIbTEPHATHBA, MHUHHMHU3HPYIOIIAs
MaKCUMaJbHBIH PHUCK (TO €CTh 3/1€Ch HCIOJIb3YeTCSI MUHUMAKCHBIM KPUTEpUIl AT MaTpHIIbI

COKaJIEeHUH):
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C(i*) = min max r.
L J

ITopsinok paGoTbl

1. BbrunMcauTh OLEHKH ajdbTEpHATUB 10 KpuTepuro Jlamiaca u BeIABUTH ONTHUMAJIBHYIO
albTEPHATUBY 110 KpuTeputo Jlamnaca.

2. BbluMcauTh OLEHKHM aJbTEPHATUB U ONTHUMAJIbHYIO AIbTEPHATUBY [0 KPUTEPHUIO
Basnbna.

3. BbluMcIuTh OLCHKM aIbTEPHATUB M ONTHMAJIbHYIO AJbTEPHATHBY II0 KPUTEPHUIO

I'ypBuLa, IpUHSB 3HAUCHHE «ITOKA3aTeNs MeCCUMHU3Ma» o = 7. OnpenenuTs, Kak OyaeT MeHSTbCs
ONTUMAJILHOE PELICHNE PU U3MEHEHUH «T10Ka3aTels IeCCUMU3May o?

4. Jlo6aBpTe K TIEpPBOHAYAILHOW MATpPHUIE BBIMTPHINIEH CTPOKY CTOJIOIIOBBIX
MaKCUMYMOB [/, COCTaBbTE MaTPULLy PUCKOB Il IOJYYEHUs] OLIEHOK U ONTUMAJIbHOW albTEepPHATUB
1o kpurepuio CaBUKA.

o. Cnenaiite BbIBOObI 00 ONTUMAJIBHOW albTEPHATUBE, AHAIM3HMPYS pELICHHUS
HOJIy4EHHBIE C IOMOLIbIO PA3IMYHBIX KPUTEPHUEB.

6. CpaBHUTE pe3yibTaThl, MOJY4YEHHbIE pa3IMYHbIMU MeTofamu. CrenaTh BBIBOIBI.
Odopmuts oTyer. 3anucarh pe3yibTaThl U OTYET B IUUHYIO HAIKY.

IIpumep HaxX0KIEHUS ONTUMAJIBbHBIX AJTbTEPHATUB IO
kpurepusaM Jlamiaca, Baabsaa, I'ypBuna

maeon| Mo e | ~ N | N | ™ ~
we | F1 o 2 | (2] " F4 ars TepHe FS lanrepsa F6  |ansrepea 7 Cywa
wepa | Twews e TR — l LX) B l el s o l L 5l S
1 1 [ 1 5 3 1 53 1 37 1 97 1 7] 480
2 80 2 U ? 4 2 i 2 109 2 25 2 3 an
3 3 n 3 n ) 27 3 18 3 96 3 1" 3 28 4
t e 1 40 1 8 4 97 ¢ 4 ‘ k7] ] 84 419
14 5 . . o 5 1 5 21 5 1] [ 3 2% » 857
[ o 70 ¢ 2 1" ¥ 6 1”7 ( 2 13 M 71428571 Anwteprarisa 1 onTimen
7 80 7 w® 13 27 ! 101 4 2 7 33 318 4 Kputepwi Nlannacs
8 8 2 8 3 3 8 85 8 30 8 38 8 1 206 42 28571429 8857142857
Tatnwua 2 Kpurepui Baneaa
wxos| Ne Ne ™ N ™ N N
b F1 F2 F3  |anetepha) F4 Lo F5 Fé F7
wepa | Teen THER T T T eu | T
1 1 [ 1 =) 1 W | 1 T I 3 1 o7 1 "
2 80 2 & 2 2 2 3 2 109 2 25 2 3 2
3 3 14} 3 14 3 27 3 18 3 6 3 7 3 28 17
‘ ] 3 1 10 4 85 ' 97 ‘ 4 ' 3 $ (7] 4
3 B 7] 5 L 5 ) 5 ) 5 21 4 ] [ 3 )
8 6 w0 6 70 [ 2 6 1" g 9 6 6 28 1
7 7 ® 7 & 7 33 7 27 7 101 r 2 7 3 22 [Kpwropw Baruga
8 2 8 3 3 103 8 a5 8 0 2 38 3 1 4 3 ArsTepuatisa 1 onTinen
TaGrmua 3 Kpurepwn MNypsnua
RIKDB Ne Ne Ne Ne N N N
W (awtepwe|  FY annTepse | F2 lumm F3  |anwrepwa|  F4 F5 Fo Fr M Maxcimrym Komrapwit Mypasua
~opa | THew L Tvowl | e | | T | v ™eu | ™| |
1 1 95 1 % 1 3 1 53 1 K1 1 97 1 72 3 97 64
80 2 ] 2 42 2 3 2 109 ? 2 Z s | 2 100 67
n y 4 ) 27 ) 18 3 " ) 17 28 17 % 56,5
] 4 o 1 40 ] ) ' ‘ 3 ] 4 4 97 505
5 S 4 5 5 5 ] 5 a3 5 27 5 &)} $ 3 3 3 48
8 8 8 70 6 2% 8 11 a5 6 17 i 28 1" o5 53
4 7 1) 7 (%) ? 3 ! ) 0 \ 101

KoHnTposabHbIe BONpockl

1. [aiite oOmyr TOCTAaHOBKY 33Jaydl MPUHATHS  pEIIeHUs B  YCIOBHUSX
HEOIPECIICHHOCTH.

2. Kak OIPCACIIAACTCA (I)YHKI_[I/I}I pcain3alvu U IJIaATCKHAA MaTpulla
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3. Kak ¢popmynupyrorces kpurepuu Jlamnaca, Bansaa, I'ypeuna u CaBumxka?

4. Kakoi W3 KpUTEpUEB MOXKHO Ha3BaTb KPUTEPHUEM PaBHOBO3MOXHOCTEWU?
MakcuMUHHBIM KpuTepueM Boiurpsiieii? Kpurepuem kpaiitnero neccumusma? MUHUMaKCHBIN
Kputepuil puckoB? KpurepreM Ha OCHOBE NPUHATOrO IOKA3aTels IeCCUMHU3Ma?

5. Onumute X0/ BBIOJTHEHUS PaOOTHI.

JIABOPATOPHASA PABOTA Ne 10. Kpurepun MakcMMaJIbHOTO 05KM12eMOT0
BBIMTPBHILIA U MUHUMAJIBHOIO PUCKA

Leas padoTbl: npuoOpeTeHNE HABBIKOB TIOCTPOCHMS AJCKBAaTHOTO KPUTEPUS CpPaBHEHHS
aIbTEPHATHUB B YCIIOBUSAX PUCKA.

ITocTanoBka 3agaun

3apaua 1. Mmeetcs 100 ypH, B kaxxao# no 10 mapos. [Ipu 3ToM ypHBI OBIBaIOT ABYX THIIOB: B
ypHe Thna | Haxoautes 5 yepHbIX U 5 OenbIX mapoB, a B ypHe tuna Il — 8 uepHbix u 2 Oenbix mapa.
N3BecTHO, uTO YpH THHA | — 70 miTyK, a ypH Tuna Il — 30 wryk. Urparonuii noAXoauT K ciiydailHO
BbIOpaHHOW ypHE U JTOJIKEH CKa3aTh, KAKOI'O OHA TUIIA UJIM OTKA3aThCsl OT Urpbl. ECiiM OH Ha3bIBaeT
TUI | ¥ OHA JEWCTBUTEIHLHO ATOTO THIIA, TO OH BhIMrpbiBacT $500, eciin ona Tumna 11, To oH
npourpsiBaet $200. Eciu urpatomuii HazpiBaeT T 11 1 ypHa AeHCTBUTENBFHO 3TOTO THIIA, TO OH
BeiurpbiBact $1000, ecnu xe ona tuna I, To on npourpeiBaet $150. Kakoe peienue nomkex

[PUHATH UTPOK? YKa3aHus K pemieHnIo 3agaun CocTaBUTh
Beposrroctu pl p2 [Tabuuiy BBIMIPBILIEH B IPEANOI0KEHHH, YTO:
d1 — Ha3BaHa ypHa tuna [; d2 — Ha3BaHa
S1 32 ypHa tuna II; d3 — otka3 ot urpsr; s
X1 |MHOXECTBA COCTOSIHMM CPEJIBL:
da xu S1— ypHa tumna [; s2 — ypHa
ds Xo1 X22  |tuma II.
ds X31 X2

3agaya 2. Ucnonb3ys MaTpuily BBIUTpHIILIEH B
COOTBETCTBUU CO CBOMM BapuaHTOM (cM. Ta0u. 9.1), HailTh onTUMabHbIE aJIbTEPHATUBBI, UCIIOJIb3YS
KPUTEPUU MAKCHUMAIBHOW OXHUIAAEMOW TMOJE3HOCTH, MHUHUMAIBHOTO pPHUCKa U OOOOIICHHBIN
KpUTepuil. BEeposITHOCTH COCTOSIHUM CpeJibl 3a7aTh IIPOU3BOJIBHO.

Kparkas Teopus

N3ydyenne marematnueckord mozaenu 3IIP B ycrmoBusix pucka npeanonaraer, KpoMe 3aJaHus
GyHKLIMU peanu3aluM, 3aJaHue HEKOTOPOW JIOMOJHUTENbHOW HH(POpPMAIMM O BEPOSTHOCTIX
COCTOSIHUM CpeJbl.

Ecmu MHOXeCTBO cocTostHui cpeasl Y koneuno, Y = {1, . .. ,m}, To BeposATHOCTHasI Mepa Ha
HEM MOXKET OBITh 33/[aHa BEPOSTHOCTHBIM BEKTOPOM, TO €CTh BEKTOpoM P = (P1, . . ., Pm), TAC Pj >0
u Yjpi=1.

BrI6upas anbTepHATHBY i, HTPOK 3HAET, 4TO OH TIONYYUT OIMH U3 BRIUTphIIIEH ali, . . ., a™

C BEPOSTHOCTSAMH P1, . . . , Pm, COOTBETCTBEHHO. TakuM 00pazoM, HCXOJIOM ISt

MPUHUMAIOIIIETO PEIlIeHUE MPU BHIOOPE UM allbTEPHATUBHI [ OyJET SBIATHCS CydaiiHasi BETUIHHA
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&= [ap1ti ...... apmim].

CrnenoBarenbHO, CpaBHCHHE JBYX QJIbTEPHATHB i1 W [2 CBOJUTCSA 3/IeCh K CPaBHECHUIO
COOTBETCTBYIOIIUX MM CITy4ailHBIX BeMW4uH i1 U &i2.

0" O
Mamemamuueckoe odxcuoanue M i B TCOpPHUH BCPOATHOCTH - 3TO CPCAHCC 3HAUCHUC

O

CIIy4aifHON BEIMYMHBI |, OIpeAessieMoe 1o Gpopmyie:.

Mi O MOO 00 xi O p2 0 xi2 O pe.

[TpunsATHE peUIeHHs B YCIOBHAX PUCKA CBOAUTCS K CPaBHEHHIO MEXKIy COOOW CIydaiHbIX
BenuuuH. Ecnu jui 3apaun npusstus pemenus (311P) B ycnoBusX pucka B KaueCcTBE KpUTEPUS IS
CpPaBHEHHUs aJbTEPHATUB B3ATh MATEMATHYECKOE OXUIAHUE COOTBETCTBYIOIIECH CIy4alHOU
BEJIMYMHBI (0KHJAaeMbIil BBIUTPBHINI), TO ONTUMAJbHOM CJIEIYyeT CUUTaTh aJIbTEPHATHBY,

MaKCHMM3HPYIOILYIO 0KMAaeMbIN BHIArpbi MaxX Mi. i

Kak n3BecTHO U3 TeOpHH BEPOATHOCTEN, MaTeMaTHUECKOe OxKuanue M crydailHON BETUYUHBI
& mpexacrapnsgeT coO0OM YHCIIO, K KOTOPOMY IMPUOJIMIKACTCS CpeIHee 3HAYCHHE ITOW CIydailHOU
BEJIMYMHBI ITPH OOJILIIIOM YHCJIe UCIIBITAaHUN. Takum 00pa3oMm, B UTpe C MPUPOJIOH OpHCHTALIUS Ha
MAaTCMAaTUYCCKOC OXHJIAHHEC BBIUIPLIIIA €CTb (1)aKTI/I‘-ICCKI/I OopucHTaludA Ha CpCI[HI/Iﬁ BBIUT'PBILI,
KOTOPBIN MOIYYUTCS IPU MHOTOKPATHOM IOBTOPEHUHU 3TOU UTPHI (B MPEAIIONIOKEHUH, YTO YCIOBUS
HI'PBI HE I/IBMCHSITCﬂ). Pa3YMe€TC$I, €CJId B I[CflCTBHT@JIBHOCTI/I urpa nmoBTOpACTCSA MHOTI'OKpPATHO, TO
KpUTEPUN CPEHETO BBIMIphINIA (CKaXXeM, B SKOHOMHUYECKUX 3a/layax — CpeJHEl MpUObUIN) MOXKHO
CUNUTATb OIpaBAaHHBIM.

Jucnepcus cryuaiinot senuuunsl — Mepa pa3dopoca JaHHOH CITy4aiiHON BEITUYHHEI, TO €CTh ¢
OTKJIOHCHHUA OT MaTEMAaTUYCCKOI'O OXKUJaHUA:

o0o; 0oMO oo, omoo: 0020 oM0 o0 omoo; o2,

UYepes aucnepcuio CiiydaiiHON BETMYMHBI BBIPAXKAETCS €€ CPeTHEKBAIPaTHIECKOE OTKIIOHEHHE

00000 O oOo; O.
O

Jlia 3I1P B ycioBUsIX pHcKa CpeIHEKBAApaTHUYECKOE OTKIIOHEHUE  j — [TOKa3aTenb pucka. B

KaueCTBE KPUTEPHS B 5TOM CITydae BBICTYNAeT KpUTepHil MUHMManbHOCTH pucka Mink;.
i

OO000IICHHBII KPUTEPHUI CTPOUTCS B BUJIE «COCTUHEHUS» YKa3aHHBIX IBYX KPUTEPUEB!
q(M, o) =M — Aa,

rzie A —Hekotopas noctosiHHas. OLeHKa CydaifHON BETMUMHBI ¢ TOMOLIbIO 0000IIEHHOTO KPUTEpUs
npu A > 0 OyJet MeHbIIe, YeM ee CpeIHee 3HAUEHHE, UTO SBIISETCS XapaKTePHBIM IS OCTOPOKHOTO
YeNoBeKa, TO €CTh YeIOBEKa, He CKIIOHHOTO K pucKy. HampoTus, mpu A < 0 orenka OyneT Oosbie,
4yeM ee CpeJHee 3HauCHHe, YTO XapaKTepu3yeT YelloBeKa, CKIIOHHOTO K pucky. Hakonen, npu 4 =0
OIIEHKA CITyJaifHOW BEJIMYMHBI COBIAMIAET C €€ CPEJTHUM 3HAYEHUEM — ITO XapaKTepHU3yeT YeIOBeKa,
0e3pa3IMYHOro K PUCKY.
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PaccmoTrpumM cimydyail HECKIIOHHOCTH TIPUHUMAIOIIETO pemieHne K pucky (A > 0). ITycts

HaWJICHO apEeTOBCKOE MHOXKECTBO AJILTEPHATUB 110 KpUTepusiM Max Mi u Min0; . Heo6xoaumo no
KpHi i
TEpUIO  BBIOpPATh CpeaU HUX ONTUMAJIbHYIO anbTepHATHBY. [IpM 3TOM BO3HMKaeT BOIPOC, Kak
BBIOpATh 3HAUYCHHE A.

[TapameTp A sBiISIETCS MEPOI HECKIOHHOCTH K pUCKY. [l 060CcHOBaHHOTO €ro BeIOOpa mpu
CPaBHEHMHM aJbTEPHATHB HCIOL3YIOTCS TIOPOTOBbIE 3HaUeHHs Ao u A~, BEIUHCIAeMbIe O (GopMyTaM

Ao =mini {(Mi1 — Mi2)/(0i1 — 012 )}, A* = maxi{(Mi — Mi2 )/(oi1 — 02 )},
npyUYeM MPU HAXOXKIJICHUH Mini , MaXi BEBIOMPAIOTCS TOJIBKO AJIbTEPHATHBHI Ail. A2, ONTUMAJIbHbIE TIO
[TapeTo, Takue, 1151 KOTOPBIX
Mi1> M2 u oiL>0i2.

HazoBeMm Ao HuskHeil rpaHuIieil HECKIIOHHOCTH K PUCKY, A* — BepXHeil rpaHuIlel HECKIOHHOCTH

K pucky. Ilpu cnaGoil HECKIOHHOCTH K PHUCKY cieayeT BblOMpaTh A < Ao, a mpu CUIBHOU

w *
HECKJIOHHOCTH K PUCKY (Upe3MEpPHON OCTOPOIKHOCTH), CIIEAYET BBRIOUPATh A > A .

Iopsinok padoTbI

1. BBIUMCINMTE 0XKUAAEMBIE TTOJIE3HOCTH KaXKIOH aJbTePHATHBEI, HANTH MAKCUMAJIbHYIO
oxuzaemMyro nonesocts Max Mi. i

2. Haiitm onTuManpHyr0 anbTEpHATHBY, HWCIIOIB3YS KPUTEpUH MHHHMAJIBHOCTU

[oKa3arejs puckKa minIZIi i

3. Haiit mapeToBCKOE MHOYKECTBO aJbTEPHATHB I ABYX Kputepues Max Miu min[;
[ [
4. OnpesieuTh HUKHIOK M BEPXHIOI T'DAHUIBI HECKIOHHOCTH K puUcKy Ao u A~
COOTBETCTBEHHO.
S. Beruncnuth ontuManeHOE penieHue 1mo 00o0meHHomy kputeputo max (MO ),

BbIOpaB i mapameTtp O , ucxons U3 HalJIGHHBIX IPAHUL] HECKIIOHHOCTHU K PHUCKY.

6. CpaBHUTH pelIeHus], TOTy4eHHbIE pa3HbIMU MeToAaMU. Caenath BbIBOJbL. OPOpMUTH
oTueT. 3anucarh pe3yJbTaThl U OTYET B JIMYHYIO MAIKY.
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IIpumep HaXOKIEHUS ONTUMAJIBbHBIX AJTbTEPHATUB B YCJIOBHAX PUCKA

! 0,15 01 0,05 02' 025 032! 0aA3 1
A y2 y3 va ys ¥o 124 M[A] |M[AAZIMA2[AGA |q N aA
L 59 70 60 64 65 58 S8 62,4 3909 3894 3852 43,14 1/ 3,852
61 60 52 65 69 64 52 62,44 3932' 3899 5,735' 33,77 2' 5,735
63 52 51 53 58 51 67, 57,13, 3204, 3264 5518 2954 3, 5518
64 S0 57 66 51 60 S1 57,23/ 31318/ 3275 6,569 24,38 4 6,569
53 53 52 60 62 67 57 588 3480 3457 40697 3532 5 4,697
) 56 55 51 6/ 60 53, 59,89, 3639, 3587 2,257, 2361 6, 2,257
s4 61 63 60 64 S8 65 60,76 3705' 3692 3,62) 42,66 7' 3,62
54 58 50 54 51 60 64 5547 3097, 3077 4,451 3322 8 5547 8 4451 |
Max 62,44 min 3,62 NapeTo M no qQ
2 6244 7 362 1, 624 1 3852] 1
PETO MH-B80 A1 A2 A/ 1, 624 1, 3,852 2, B2 A4 2 5,735] 16
PAIrHOCTI MATEMAT T KX OmMAA 1M 7! 60,76 2! 5,735 7! 80,76 7. as2| »
M[A1] M[AZ] M[A3] M[AS] M[AS] M[AG] M[A7] M[AS]
| | 624 6244|5713 57,23 588 59,89 60,76 5547
Al) 62,4 0 004 527 517 36 251 164 693 OTHOWEHME DAFHOCTH MAT. OMMABHHA K DASHOCTH AMCNERCHA
1A2] i 6244, 004 0 531 5,21 3,64 2,55 168 697 0, 0,021 3,163 1,903, 4263, 0,737 70523, 11,58
|A3] | 5713 -527 531 0 01 -167 2,76 31,63 1,66 0,021 0 2456 6,241 3507 1,676 D,79415' 5,429
A4l 5723 517 S21 01 0 157, 266 353 1,76 3,163 2456 0 0095 2033 1588 191183 1555
As] 588 -36 -364 1,67 1,57 0| -1,09: -1.96 3,33 1,903 6,241 0,095 0 0,838 3,871 1,19674 0,831
A6] ' 59,89 2,51 2,55 2,76 2,66 1,09 0 087 442 4263 3507 2,033 0,838 0 0,426' 1,81973 1353
A7] i w,lo‘ 1,64 x.w’ 363 353 196, 087 0, 5,29 0,737, 1,676, 1,588 3871, 0426 ), 0,23922 1,575
AB] | 5547/ -693 -697! -1,66 -1,76 -333| -442 -529 O 7,052) 0,794 1912/ 1,197 1,82 0,239 0' 6,366
PaInoctu ancnepcwi 11,58 5429 1,555 0,831 13,53 1,575 6,36569 0|
S[A1] S|A2] |SIA3] S|A4] S[AS] (S|A6] S[A7] |S|AS] [ | min_| 20 | 0,021]menesew | 0021 2 | 8|
3,852 5,735 5518 6,569 4,697 7,257 3,62 4451 | max | ae | 2456 7052 | |
A1) S‘B')l‘ 0 188 -167 -2,72 084 34 0233 0,6
2] 5,735| 1,882 0/ 0,216 -083 1038 -152 2,115 1284
3] | 5518 1,666 0,22, 0 1,05 0,822 1,74 1,899 1,068
M] | 6569 2,717 0,835 1,051 0 1873, 069 295 2119
ss] | 4697/ 0,845 -1,04! -0,82 -1,87 0! -2,56' 1,077' 0,246
AG] | 7,257 3,404 1,522 1,738 0687 256 0 3,637, 2,806

KoHTpoJibHbIE BOPOCHI

1. B yem cOCTOMT MOCTAaHOBKA 33/1a4d MIPUHSATHUS PEIICHUS B YCIOBUSAX PUCKa?

2. ChopmynupyiiTe KpuTepuii MaKCHMalbHOM oOxuaaeMoil mone3Hoctu. Kak
BBIYHCIIICTCS] MAaTEMaTHYECKOE OKUJaHue?

3. CopmynupyiiTe KpuTepuii MUHUMAIBHOTO MOKa3aTesss puckoB. Kak BbrauciseTcs
CPeIHEKBaIpaTHYECKOe OTKIOHEHHE™

4. Kak 3anucsiBaeTcst 000011eHHbIH kpuTepuit? Yto onpenenser napamerp 07

5. Kak cBsi3aHbI CTeNeHb HECKJIOHHOCTH K PUCKY U mapametp 07

JIABOPATOPHAS PABOTA Ne 11. Kpurtepuii o:xuiaeMoii 110J1e3HOCTH

Leanb padoTsl: TpuoOPECTH HABBIKKM NMPHHATUS PELICHUS HA OCHOBE KPUTEPUs 0XMIaeMOM

ITOJIC3HOCTH.

ITocTaHoBKa 3agaun
Bpewmst 06paboTku nHGOpMAIIK IBYMS BBIYUCIUTEIHHBIMU CHCTEMaMU SIBISIETCS TUCKPETHOM

CllyyaifHON BEIMYMHOM, OIpeensieMOi Ha OCHOBAHUHU CTaTUCTHUYECKUX JMaHHbIX: Z OOt t2 ... ti ... tm

O0pip2 pi pmO0

rae ti — pakTuyeckoe Bpemst 00pabOTKH, Pi — A0S CIIydaeB, B KOTOPHIX HAOII01aI0Ch Bpems ti.
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IIpu 3TOM peryiaMEeHTOM YCTAHOBIICHO, YTO BpeMsi 00pabOTKH HE JOJDKHO TMpeBbimaTh tm
MUHYT.

[IpoBecTu olLieHKY KauecTBa paOOThI BHIYMCIUTENBHBIX CUCTEM (JIbTEPHATHUB) HA OCHOBAHHUH
CPaBHEHHUSI COOTBETCTBYIOLIUX MM CIy4alHBIX BEIHUYMH (IbTEPHATHUB) 10 KPUTEPUIO OXKHUIAAEMOI
MOJIE3HOCTH.

Hcxonubie naHHbIC
[IpuHsATs OrpanrycHre BpeMeHH 1o periaamenty t" = OKPYTJI(10+N/7;1). s
BBIYMCIIUTEIIbHBIX CUCTEMBI | 1 2:

z1 0 0003.2 05.2 80.205 00.1NOOO , z2 0O000010.1 011.6 120.21200.1NO0O0,
O

rae N — nomep Bapuanta 1o xypHany.

Kparkas Teopus

CpaBHEHUS CITyYaifHBIX BEJIMYHMH [0 KPUTSPUSIM 0XKHAEMOTO BBIMTPHINIA U pucka M¢u o¢, a
TaKXe MOCTPOCHUE 000OIIICHHOTO KPUTEPHUs (|, CBOJISIIETO Mapy OoleHOK (M; 0) B €IUHYIO YUCIIOBYIO
OIICHKY, HE JIMIICHO HEIOCTATKOB, IOCKOJBKY B O3THUX CIIy4asX TpeOyeTcs IOMOIHHUTEIbHAS
UH(POPMAIIUs O COOTHOIICHUH KpUTepUEeB MU 0¢ MEKIY COOOM.

B Teopun npuHATHS pelIeHH CYyHIECTBYIOT U ApYyrue moaxozapl. Hanbosnee BaxXHbIM U3 HUX
SIBIISICTCSI KPUTEPHUN OXKHMIAEMOH MOJIE3HOCTH, OCHOBAHHBIH Ha MOCTPOSHUH TaK Ha3bIBACMOM KPUBOU
JICHE)KHBIX SKBHBAJICHTOB. .

@ynxyus nonesnocmu U(X) CTaBUT B COOTBETCTBHE KaXIOMY IPEIIOIAracéMoMy HCXOIy X
(3HaYCHHIO CiIy4aiHOW BenM4yMHBI &) ero moie3Hocts u, npudeM 0 < u < 1. [lo kpurepuro

OKHJJaeMOM TIOJIC3HOCTH JTIYUIIIUM CUUTASTCS allbTepHATHBA i« ( ClydaliHas BeJIMYMHA & i ), KOTOpas
COOTBETCTBYET MAaKCHMAaJIbHOMY 3HAaYEHUIO MAaTEeMaTHUECKOTO OKUAAHUs (YHKIIUU TIOJIE3HOCTH:
M[u[fi*]] = max M [u[g‘l]]
i

I'paduk GyHKINU MONTE3HOCTH, KOTOPBIM HA3BIBAIOT TAKKE KPUBOU OCHEIHCHLIX IKEUBATIEHNOE,
OOBIYHO TONTydaeTcs aMnupuuecku. OH OTpakaeT MPOrHO3 3KCIEPTOB OTHOCUTEIBHO 0KHIAEMOTO
BBIMTpHIMIA. PaccMOTpUM, Kak CTPOUTCS KPUBas IEHEKHBIX SKBHBAJICHTOB.

Ecnm cnyuaiinas BenwunHa MeHseTcs B auarnasone [a;A], rae a, A - ee Hauxyamiee u
HauTyylllee 3HaueHus, TO MOJIE3HOCTh 3Ha4eHus a paBHa 0, a moyie3HOCTh 3HaueHus A paBHa 1, T.e.
u(a) =0 ,u(A) =1. Ecau coenunuts Touku (a; 0), (4; 1), To nomyuurcs npsimas (Ha puc. 11.1 a
= —10, A =9), ypaBHEeHHE KOTOPOil B CUCTEMe KOOpAUHAT (Xp; p) UMeeT BUJ Xp= a(l —p) + Ap,
9TO COOTBETCTBYET MaTeMaTHUYECKOMY OXKHIaHUI0 M [Ep| ciydaitHON BeTHMIMHBI

a A
ép=1| I
1-p p
B JIGﬁCTBI/ITGJ'IBHOCTPI npegmonaraeMLIe 3HAYCHUSA BI)II/Il"pI)IIHa Xp OTJIMYAKTCA OT

MaTeMaTHYECKOTO OKUIaHUs CITy9allHOW BeTMYMHBI {p. Tak, Ipu CKIIOHHOCTH K PUCKY Xp > M[&p], a
IIPY HECKJIOHHOCTHU Xp < M[&p]. Taxum oOpazom, rpaduk KpUBOH JEHEKHBIX SKBUBAJICHTOB BCET A
npoxoauT uepe3 Ttouku (a; 0), (4; 1), sBiseTcs BO3PACTAIOUIMM U BBIMYKJIBIM (BOTHYTHIM) B
3aBUCHUMOCTH OT HECKJIOHHOCTU (CKJIOHHOCTH ) MPUHHMMAIOIEro pemnieHue Kk pucky. Ha puc. 11.1
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MOKa3aH TIpUMEP IOCTPOCHHOH KPHUBOW JICHSKHBIX SKBHBAJICHTOB IO IATH TOo4YkaM (p =
0;0,25;0,5;0,75,1) nnst cimydast CKIIOHHOCTH K PUCKY.

N
N
NN

HEERRRRRERRE [insa rpadmKa maTeMaTMUECKOro OXKMAAHNA
0 -10
5 ///{,;j 1 9
o | / |
. /// 8,5/
[ 5 "/ w===KPUBAA AEHEHHDIX
5 A S [Lina rpadmka GyHKLMM NonesHoCTH
7% — ‘ P xp
| g}S Pl ={i==PAMaA MaTEMaTU4ECKOTO 5 BT
/ X oKuMAaHuA T
AP g ) -1
0 9/7/ 01 05 5
ol T 0 3 0,75 8
11109-8-7-6-5-4-32-10123 456780910 1 9

Xp

Puc. 1 Ilpumep noctpoenus rpaduka GyHKIIUN TOJIE3HOCTH

Jns wHTEepnperanuu (YHKIMU TOJE3HOCTH (KPHUBOW JCHEKHBIX HSKBHUBAICHTOB) YacTO
oOparnatores K jgorepee. Besikas mpoctas notepest ¢ Beiurpsimamu a u A (rae a < A), 3anucbiBaeTcs
B

a A

Buze Ep = [ |. 3aech uncno p (0 <p < 1) Ha3bIBaIOT napamempom npocmou iomepeu. 1 —p p
KpuBas, kotopas ycTaHaBIMBAaeT COOTBETCTBHE MEXAY IapaMeTpaMu TMpOCThIX JIOTeped u
BBIMTPBILIAMH YTHX JIOTEPEH, Ha3bIBACTCS KPUBOH JIEHEKHBIX SKBUBAJIEHTOB. MeTOAMKA TOCTPOSHUS
KPUBOI JIEHEKHBIX SKBUBAJIIEHTOB 0a3upyeTcs Ha MPEANONIOKEHUH, YTO MPUHUMAIONINI pelIeHne
MOXXET yKa3aTb CBOM (CYOBEKTHUBHBIN) OemepMUHUPOBAHHBIL OEHEHCHbIU OKBUBALEHM Xp IS
HEKOTOPBIX MPOCTHIX JIoOTeper. UNCIIO Xp - 3TO cyMMa, KOTopasi JJIsi IPUHUMAIOIIETO PEeIIeHUE TIPU
3a/laHHOM BEpOSITHOCTH ycliexa P IKBHUBAJICHTHA COCTOSHUIO Oe3paznuuus (y4yacTHe U HeydacTue B
JoTepee AJi1 IPUHUMAIOIIETO pelieHne dKBUBaeHTHBI). [1o ocu aGciuce OTKIaIbIBaIOTCS IEHBIH (B
HEKOTOPBIX JICHEKHBIX €IUHHIIAX), & IO OCH OPAHMHAT — MapaMeTp MpOCTod Jorepen p . Kpusas
JICHS)KHBIX SKBUBAJICHTOB COCTOMT M3 TOUEK C KOOpAUHATAMHU (Xp, D).

PaccmoTpum mpumep, MOSICHSFOIIUHN, KaK SMIUPUIECKA HAXOIUTh TOYKH KPUBOW JECHEKHBIX
9KBHUBAJICHTOB. [1yCcTh UTPOKY TOBOPST, UTO C BEPOSATHOCTHIO p=0,5 OH MOKET MOIYYUThH BHIUTPHIII
Xp=1000 p. Cornacen 11 OH y4acTBOBaTh B jjoTepee? Ecnu cormaceH, TO CHMXKalOT BEPOATHOCTD JI0
TeX MOp, [TOKa OH HE CTaHeT He Oe3pa3nueH (yJacTue U HeydacTHhe B Urpe Ul Hero 6e3pa3inyHbl).
Homnyctum, coctostare Oe3paznuuus HactynaeT npu p=0,33, torga Touka (1000; 0,33) nexut Ha
KPUBOH JIEHE)KHBIX SKBUBAIECHTOB. 11 HA000POT, MPU HE COTIIACHH TMOBBIIIAIOT BEPOSATHOCTH JI0 TEX
1IOp, TTOKa He HACTYIHUT COCTOSIHHE Oe3pa3Inyusl.

ITopsinok padoTnbl
1. IIpoananu3upoBaTh OCTABICHHYIO 3a/1a4y.

2. Boruncnuth MaTeMaTUyecKue OKHUIAHUS COOTBETCTBYIOLIUX CIyYalHBIX BEIUYMH
M[z:] u M[z2] . Onpenenurs nyumee pemeHne MO KPUTEPHIO MHHHMAIBHOIO O0KHIAEMOTO
pe3yibTara.

3. BerauciuTte  ciydaiiHyro BeMTUUMHY dZ — OTKIIOHGHHWE BPEMEHU OO0paOOTKH  JUIs
KaXJ101 cHCTeMBI OT perjiaMeHTa (ocraBiueecsi CBOOOIHOE BpeMsi, UCTIONb3ys hopmyny dz =t — z
(cTpoka BeposITHOCTEH He u3MeHsieTcs1). OnpeaenuTh HHTEPBA U3MEHEHUS CITy4ailHON BETUYHHBI:
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[dZmin; dZmax].

4. IlocTpoliTe KpUBYIO ACHEXKHBIX JKBUBAJICHTOB IO ST TOYKAM, IPUHAB Clydau
CKJIOHHOCTH K PHUCKY.

o. Beruncnurs 0xuaaeMsle MOJIE3HOCTH, HCIIOIB3YSl KPUBYIO IEHEKHBIX 3KBUBAJICHTOB.
CnenaiiTe BBIBOJ] OTHOCUTEIBHO Ka4eCTBA pabOThl BBIYMCIUTEIbHBIX CUCTEM.

6. Odopmuts oTyer. 3anucaTh Pe3yabTaThl U OTUET B JMUHYIO NAIKY.

IIpumep cpaBHeHHs AJTbTEPHATHB N0 KPUTEPHIO 0:KHIAEMOM MOJI€3HOCTH
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