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1. [TocTpoeHue perpeccHOHHBIX MoJIeJIei

1.1 IIpakTuyeckoe 3auaTue Nel (2uaca). IlapHas JuHelHasi perpeccus

ean 3ansiTUsA:
[To sMIUpUYECKUM TaHHBIM HAyYUTHCSI CTPOUTH MOJEIU AapHOM perpeccuu, Hax0UTh OLIEHKU
K03 (HULIUEHTOB.
Mertoanyeckue yKazaHus.
Ecnu ¢ynkuust perpeccuu JiMHelHa, TO TOBOPAT O JIMHEHHON perpeccuu. Teopernueckoe
JMHEWHOE YpaBHEHUE PErPECCUH MPEACTABISAET COO0M IMHEHHYIO (DYHKIIMIO BHIA

M(Y|X =x,) =B, + Bix,,
TorJa HaOnoAaeMoe 3Ha4eHUe Pe3yJIbTaTUBHOTO NPU3HAKA ONPEIENIeTCs BEIPAKEHUEM
Vi :M(Y|X:xi)+8i =B, + Bix; + &, i:L_H
e X; — 3Ha4CHUE He3aBUCHMOM NepeMeHHoH, B, U [31 — TeopeTHdecKre K03(pPUIMEHTHI PErPecCHH,
g, — CIly4alHO€ OTKJIOHEHHE.

[To BEIOOpKE OTPaHUYEHHOTO 00OBEMa MBI CMOXKEM MOCTPOUTH SMITMPUUECKOE YPABHEHHE pPer-
peccun

Vi =b,+byx;,
Iie J, — OIEHKA YCIOBHOIO MareMaTHieckoro oxkupmanus M (Y |X =x); b, u b — oneHku
HEU3BECTHBIX NapametpoB B, u fB , Torna
y,=b,+bx, +e,
TJIE OMKIIOHEeHUe e; — OLICHKA TEOPETUYECKOTO CIIy4aliHOTO OTKJIOHCHHS &, .

Hcnons3ys MHK mMoxHO noxyunts GopMyssl 471st onpenenenus b, u b, :

— _ — _ 1 — 1
p =X XY X=—Yx, X =—2x
T2 2 n n
x-—x° 1€ 1
by =y —bX ?72%

IIpumep.

N3yuaercss 3aBUCHMOCTh CE0ECTOMMOCTU E€AMHHIIBI HPOIYKUUH (Y, ThIC. PyO.), OT BEIMYHHBI
BBIITYCKA MPOIYKUUH (X, THIC. IIT.). DKOHOMHUCT 00CIEN0BaN n=5 MPENNPUATHIA U MOIYYMII CIIEIyIOLUe
pe3yabTaThl:

Howmep X y
1 2 1,9
2 3 1,7
3 4 1,8
4 5 1,6
5 6 1,4
Cymma 20 8,4

Honaraﬂ, 4To MCXKAY IMEPEMCHHBIMU HMMECT MECTO JIMHEHAS 3aBUCUMOCTb, OIIPCACINTD
OMIIMPUYCCKOC YPAaBHCHUEC PCTPECCHU.

Pewenue:
Bocnonbzyemest ¢popmyinoit uist onpeseneHust OlieHOK Kod(p(UIMEHTOB ypaBHEHHSI PErpeccuu
xXy—Xx-y
p oYY
2 =2
X" =X



Nmeem

_ 243+4+5+6
X = =4,
5
)7:1’9+1’7+1’58+1’6+1’4:1,68,
— 2:19+3-1,7+4-1,84+5-1,6 +6-1,4 32,5
Xy = = =0,5,
5 5
x2=4+9+16+25+36:18.
5
Torna
blzw:_o,n
18—4

by =1,68+0,11-4=2,12,

U AMIIUPUYECKOE YpaBHEHUE perpeccuu OyneT UMETh BUA:
y=212-0,11x.

3agaum

1. dupma mnposena pekiamHyro komnanut. Yepez 10 Hemens ¢upma pemmna

npoaHaau3upoBaTh AP(HEKTUBHOCTH 3TOTO BHAA PEKJIAMBI, COTIOCTAaBUB HEJICIbHBIE OOBEMBI
npoaax (y, TeIC. py0) ¢ pacxojamMu Ha pekyiamy (x, TeIC. py0):

X 5 8 6 5 3 9 12 4 3 10

y 72 | 76 | 78 | 70 | 68 | 80 | 82 | 65 | 62 | 90

[lonaras, 4ro MeXay INEPEMEHHBIMH HMEET MECTO JIMHEWHas 3aBUCHMOCTb, OIPEIEIUTH
SMITMPUYECKOE YPABHEHHE JIMHENHON PErPECCUM.

2. TlocTpoiiTe ypaBHEHHE PErpecCHM MEXAY AaHHBIMM O TEMIIaX MPUPOCTA YUCICHHOCTH
3aHATBIX M IPOU3BOJUTEIBHOCTH TpyJa CHadaja [0 BCEW COBOKYNHOCTH JaHHBIX. [laiiTe
SKOHOMHUYECKYIO HHTEPIPETALUIO.

Crpana 3ansTocTs (mpupoct, %) | [Ipon3BoAUTETLHOCTH
(mpupocr, %)
ABctpus 2 4,2
benbrus 1,5 39
Kanana 2,3 1,3
Janus 2,5 3,2
OpanIus 1,9 3,8
Hramus 4.4 4,2
SImonns 5,8 7,8
Hunepnanpl 1,9 4,1
Hopserus 0,5 4,4
OPI’ 2,7 4,5
BenukobpuTtanus 0,6 2,8
CIIIA 0,8 2,6

3. Insa 13 KINEHTOB CIOPTUBHOIO MarasuHa 3a)MKCHpPOBaHa CyMMa HOKYNKH X, (B y.€.) H

BpEMs PasroBopa ¢ MpoAaBLOM J, (B MHUH.):
X, 40 50 60 80 100 | 110 | 120 | 130 | 150 |160 | 180 |200 |310
, 14 14 17 19 17 20 24 22 25 24 18 20 26




TpeOyercsi: ouenuts ¢ nomouipto MHK mapamerps! 1HMHEHHOTO perpecCMOHHOrO ypaBHEHUS,
MIPEITOJIOKHB, YTO MEpEMEHHAs «UIUTEIbHOCTh Pa3roBOpa ¢ MPOIaBLIOM» 00BACHSAETCS IEPEMEHHOM
«BEJIMYMHA MOKYIKW»; OLEHUTH ¢ ToMONIbi0 MeTogoB MHK mapameTpsl JIMHEHHOTO perpecCHOHHOTO
YpaBHEHHUS, MPENAINOJIOXKHUB, YTO IEPEMEHHAsl «BEIMYMHA TOKYIKH» OOBICHIETCS IepeMEHHON
«UIUTENBLHOCTH Pa3roBopa ¢ NPOJaBLOM»; HAPUCOBATH AUArPAMMY PacCesHus Benu4uH (X, , ), ), 00e
JIMHUY PErpeccud U 00BACHUTH, IOYEMY MOJYyYalOTCs pa3IMuHble YPAaBHEHUS PETPECCHM.

4. Uccnenyercs 3aBUCUMOCTH 3aTpaT Ha PeKJIaMy y OT TOJOBOro o0OpoTa X B HEKOTOPOIl
orpacnu. [nst storo cobpana mHpopmauus no 20 ciydyallHO BBHIOpAHHBIM MPEANPUATHIM 3TOU
OTpaciu O TOJOBOM O0OpOTE X; M COOTBETCTBYIOIIMX pacxojax Ha pekinamy y;. W3 BeIOOpKH

HOJNy4eHbl  ciepyrompe  gaHHeie: x =173,y =12 x;y, = 944,3;2xi2 =9250; Zylz =127.2.

IIpennonaraercs, 41O 3aBUCUMOCTh Vi oT X; OTHCHIBAETCS ypaBHEHUEM:

y; =a+bx; +u,(i =1,...20). Tpebyercs oueHuTs mapamerpsl a U b ¢ nomomsro MHK.

5. UccnenoBarens cuutaer, uro y =px+u. BwiBenute dopmyny MHK mns pacuera
OIpeJIeIEHNs OLEHKH D perpeccHoHHOro mapamerpa 3.

6. lVccrnenoBaTtenb HUMEET €XEroAHbIE JaHHBIE O BPEMEHHBIX psAgax M COBOKYIHOM

3apabotHoil muatel (W), coBokynHoi npuObiiu (//) U coBokynmHOro noxona (Y) mns crpansl 3a
TIEPHOJ B 71 JICT. [lo onpenenennro ¥ =W + 11 . Ucnons3zys MHK, nmony4densl ypaBHEHUSI perpeccuu:

W= agt+a;Y mn Il = by +b,Y . Tloxaxure, 9T0 KOIPPUIMEHTHI perpeccuu OyayT aBTOMATHUECKH

YIOBJIETBOPATH CIIEAYIOIIUM ypaBHEHUsAM: a; +b; =1 1 ay+by, =0.

1.2. IIpakTuueckoe 3ansatue Ne2 (2 yaca). IIpoBepka kauecTBa IMIUPHYECKOT0 YPABHEHHSA
MApHOi JIMHEeHOH perpeccuu.

Leap 3aHATHS: HAY4YUTbCS MPOBEPSITH KAueCTBO YPaBHEHUS PETPECCUU OLEHUBAHUEM
3HaueHus Kod(puUIUEHTa IEeTepPMHUHALIMU, MPOBEPSTH TUIOTE3bl OTHOCUTENIBHO KO3(PPUIIMEHTOB
YpaBHEHUSI PErpeccuu, CTPOUTh HHTEPBAIbHbIE OIEHKHM KOA((UIMEHTOB U JIOBEPUTEIbHbBIE
MHTEPBAJIbI JIIsl 3aBUCUMOM NEPEMEHHOM.

Metonuyeckue ykazaHus.

[locne ompeneneHusi OLEHOK TEOPETUUECKUX KOAPQPUIMEHTOB PErpecCUd HYKHO PELIUTh €llle
HEKOTOpbIE BaKHBIC 33Ja4M: HACKOJIBKO TOYHO SMIIMPUYECKOE YPAaBHEHHE PErPEcCHU COOTBETCTBYET
YPaBHEHHUIO i1 BCe TIeHEpalbHOW COBOKYITHOCTH, HACKOJIIBKO OMM3KHM OLEeHKH b, u b

K03(QQHUINEHTOB K CBOUM TEOPETHYECKUM IPOTOTHIIAM 3, K [31 , Kak OJIM3KO OIIEHEHHOE 3HaUYEHUe

¥; K yCIIOBHOMY MaTeMaTH4ecKoMy oxxunanuio M (Y |X =X).

HokazaHo, yro s nojaydenuss no MHK Haunmydmux pesynbTaroB HEOOXOJUMO, YTOOBI
BBINIOJIHSJICA PSAJl IPEANOCHUIOK OTHOCHTENBHO CIy4alHOrO OTKJIOHEHHS (mIpenanochliku ['aycca-
MapxkoBa):

1. MaremaTHueckoe OXHJaHHE CIy4ailHOrO OTKIIOHEHHUS & paBHO Hymo: M(g)=0 g Bcex
HaOmronennit. JlanHoe ycloBHUe O3HAYAET, UTO CIydailHOE OTKIIOHEHHE B CPEIHEM HE OKa3bhIBAET
BJIUSHUS HA 3aBUCHMYIO MEPEMEHHYIO0. B KaKJIoM KOHKPETHOM HaOJIIOJEHUH MOXKET ObIThb MO0
MOJIOKUTENIbHBIM, JHOO OTpULIATENbHBIM, HO OH HE [JOJDKEH HMETbh CHCTEMAaTHYeCKOro

cMmenienus. Bemonnumocts M (g;) = 0 Bneyer BoimonHuMocTs M (Y |X =x;) =By +Bix;

o o . _ _ 2
2. lucriepcust  Cily4ailHbIX  OTKIOHEHWH &  mocrostHHa:  D(g)=D(g;,)=0" s mo0bIx

HabmtogeHuit i u j. JlaHHOe ycioBuE MOJpa3yMeBaeT, YTO HECMOTPSI Ha TO, YTO IPU KaXKJIOM
KOHKPETHOM HaOJIIOACHUM CIy4ailHOE€ OTKJIOHEHHE MOXeT ObITh Jubo OoJsibliuM, JHOO
MEHBIIINM, HE JJOJDKHO OBITh HEKOW MPUYMHBI, BBI3BIBAIONIEH OOJBIITYIO OMTMOKY (OTKIIOHEHHE).



3. CiyyaiiHble OTKIOHCHUS & M &; SIBISIIOTCS HE3aBHCUMBIMH JIDYT OT JApyra JUis [# ).

BbInoHUMOCTh TaHHOM MPEANOChUIKY MPEIOoJIaraeT, 4To OTCYTCTBYET CUCTeMaTuuecKas CB3b
MEXy JI0OBIMH CIIy4ailHBIMH OTKJIOHEHUSMH.
4. CnyyaliHO€ OTKJIOHEHHUE JIOJKHO ObITh HE3aBUCUMO OT OOBSICHSIOIIUX IEPEMEHHBIX.
5. Mopgensp sBaseTcs IMHEHHON OTHOCUTEIBHO [TapaMeTPOB.
Teopema I'aycca-Mapkosa. Ecnu ipeAnocbuiku 1-5 BBIMOTHEHBI, TO OLIEHKH, MTOJYYEHHBIE IO

MHK, o6mamaror cieayromuMi CBOHCTBAMU:
1. OueHKu SBIAIOTCS HECMEIUEeHHbIMHU, T.€. M (b)) =P, M (b)=p,. OT0 BbITEKaeT U3 TOro, 4YTO

M (g,) =0, n roBopuT 00 OTCYTCTBHUHM CHCTEMATUYECKON OINUMOKH B ONPEECIICHUH ITOJIOKECHUS

JIMHUU PETPECCHH.
2. OLEHKU COCTOSITENIbHBI, TaK KaK JUCIEPCHs OLEHOK IapaMeTpoB IpPH BO3pAaCTaHUU yHUCIa

HaOMoeHui 1 cTpeMUTest K Hymo: D(b))——-—0, D(b)———0. [lpyrumu ciosamu, npu
YBEIMUYCHUH 00BbeMa BBIOOPKM HAJEKHOCThb OLIEHOK yBenuuuBaerca (b, Omusko k B, a b

Omu3Ko K 3.
3. OueHkH 3(pPEeKTUBHBI, T.€. OHM UMEIOT HAaUMEHbBIIYIO JUCIEPCHIO MO CPABHEHUIO C JIIOOBIMU
APYTUMH OLICHKaMHU JaHHBIX [1aPAMETPOB, INHEWHBIMH OTHOCHTEJIBHO BEJIUYUH Y, .

Ecoun mpeanoceiikun 2 w3 HapylIeHbI, TO CBOMCTBAa HECMENIEHHOCTH U COCTOSITEIbHOCTH
COXPaHSIOTCSI, HO CBOMCTBO 3P (HEKTUBHOCTH — HET.

AHAaJIM3 TOYHOCTH OMpe/ie/ieHUs] OleHOK K03¢GHIIHEeHTOB perpeccun
B cuiry ciydaiiHoro otOopa 2JIEMEHTOB B BBIOOPKY CIy4aiHBIMH SIBIAIOTCS TAKKe OLEHKU b, U

b,. Ilpu BBINOJHEHMU MPEANOCHUIOK 00 OTKIOHEeHusX & umeeM M (b)) = fS,, M(b)=p,. llpu
3TOM OLIEHKH TeM HaJeKHee, ueM MeHblle UX pa3zbpoc Bokpyr S, u f,, T.e. 4eM MEHbIlIe
aucniepcun D(b,) 1 D(b,) OLEHOK, pacCUUThIBaEMBbIE 110 (hopMyIam:
2% 2 2
G ). x; o
Dby =~ &5 Dby =
0 —\2 1
nY (x; —X) Z( —x)
Tak kak & HEHM3BECTHBI, OHH 3aMEHSIOTCA BEIUMYUHAMHU e, =y, —b, —byx;. Jucnepcus

CIIyYallHbIX OTKJIIOHEHHUH D(g,)=0’ 3aMEHSETCs €€ HECMEIIEHHON OEHKON

2 1 Ze
=— —b,—b
n_22(y1 ]X) _2
Torna:
S? xi2 —
D(bo)lefoz 2 — =x 13
ny,(x; - x)’
S2
D)~ Sy =7

> (x; = %)

2
e; . .
re S° = z—’z — HeoOBbsICHEHHas! aucrepcus (Mepa pa3dpoca 3aBUCUMON NEPEMEHHON BOKPYI JIMHUU
n —

2
eé:

z—l — CTaHmapTHas OmMOKa OLEHKW (CTaHIapTHas OMIMOKa pEerpeccun),

n_

perpeccun), Torma S =

[c2 [o2 .
Spo =S M Sy =+/S; — cTaHzapTHBIE OTKIOHEHHMS CIy4alHbIX BelIWuMH b, U b, Ha3pIBacMble

CTaHJAPTHBIMU OIIKUOKaMHU KO3 (PUIIMEHTOB PErpeCcCUH.

HpOBepKa rumoTe3 OTHOCUTCJ/IbHO KOI)(l)(l)PIIH/IeHTOB JHHEIHOr 0 YPABHCHHUSA PErpecCuu



[Ipy npoBeneHMM  CTATUCTMYECKOIO  aHalW3a BO3HMKAET HEOOXOIUMOCTb  CpaBHEHHUS
SMIIMPUYECKUX KOO(DGUUMEHTOB perpeccun by u by ¢ 0XMAaeMbIMU 3HAYCHHSAMH ff, U 3 9THX
ko3¢ dunrenToB. JlaHHBIA aHaIM3 OCYUIECTBIISIETCS IMPU IOMOIIM CTATUCTHYECKOW MPOBEPKOi
TUIIOTE3.

Jnst mpoBepku runotessl Hy: b, = B, ncnonp3yercs craTUCTHKA:

— bl _ﬁl
S bl
KOTOpas IIpU CIpPaBeIMBOCTH b, =, uMeeT pacnpeneneHne CThIOAEHTAa € YHCIOM CTEHNEHEH

t

2

cBoOoabl v=n-2, rie n — o0beM BBeIOOpKH. CremoBarenbHO, THHOTE3a by =[3;, OTKIOHsAETCA HA
OCHOBAHHMHU JAaHHOI'O KPUTECPHs, CCIIN:

Haon

b, —
=2 l>y ,
S

rae o - TpeOyeMblil ypoBeHb 3HaYMMOCTH. [IpH HEBBIIONHEHUM 3TOTO YCIOBHS CYMTACTCS, YTO HET
OCHOBaHMH 111 oTKIOHeHus Ho: b, =f3;.

3ajadya yCTaHOBJICHUS 3HAYUMOCTH KOI(P(UIIMEHTOB PEIIAETCs MPH IMOMOIIM OTHOIIEHUH,
Ha3bIBAEMBIX f-CTaTUCTUKOM:

b b
f=—1 u t=—2,
Sbl S b0
B cnyugae, ecnu |t| >{, , TO CTaTUCTHYECKas 3HAYMMOCTb COOTBETCTBYIOLIEr0 KO3(PHUIUEHTA

—n=2
2

perpeccuy MOATBEP/KAACTCA. 3HAYEHUsl ¢, B 3aBUCHMMOCTH OT YPOBHS 3HAYMMOCTH U YHCJIA CTETICHEN

—,n=2
2

cBO0OBI V (Vv =n —2 ) NpUBEIECHbI B IPUIOKEHUU 1.

HuTtepBajbHble OlIeHKH K03 (PUIIMEHTOB JUHEHHOT0 YPaBHEHHUS perpeccuu
JloBeputenbHble MHTEpBaibl KOIPPUIHMEHTOB b, U b;, KOTOpble ¢ HaAeXHOCTbIO (1—a)

HAaKpBIBAIOT OlIpe/essieMble napametpsl B, u B, onpenesnsores no popmysam:

bO 1,
—.,n
2

Sy botty SB[ |Bi—ty S bi+e,  S@)
2,n— E,n— E,n—

JloBepuTeIbHbIE HHTEPBAJIBI /151 3aBUCUMON NepeMeHHOoi
WuTepBan, omnpenensiomuil TpaHuIbl, 3a NpeAenaMyd KOTOPBIX MOTYT OKas3aTbcs He Ooliee
1000.% Touex HabmroACHMH IpH X = X, , PACCIMTBIBACTCS CIICAYIOMIMM 00pa3oM:

— 2
S 1+l+(x—xp)2
772 no 3 (x;—x)

IIpoBepka 0011ero KauecTBa ypaBHEHUs perpeccuu.

OOmee Ka4ecTBO YpaBHEHHs PErpecCHd OICHUBACTCS IO TOMY, KaK XOpPOIIO AMITUPHYECKOE
YpaBHEHHE PETPECCHH COTJIACYeTCsl CO CTaTUCTUYECKUMH JaHHBIMH. Mepoi oOmiero kadectBa
YPaBHEHMs DPErpeccHH sBIAeTCS Kospuyuenm Oemepmunayuu R*. B ciydae mapHO# perpeccuu
KOX(QGUIMEHT JeTepMUHAIMKM OyJIeT COBNAAaTh ¢ KBaapaToM Koddduimenta xoppemsiauu. B olmem
ciryyae K03 (GUIMEHT JeTepMUHALIMU PACCUUTBIBAETCS IO (OpMYyIIE:

R? :1_—261-2 5
Z(yi -¥)



CnpasemmiBo cootHomenne 0< R> <1. Uem TecHee juHeiiHass cBA3b Mexay X Hu Y, TeM
ommke K0dQOUIMERT IeTepMUHaEE R K e/IHHHIE.

IIpumep.

s aHanmm3a 3aBUCUMOCTH oObeMa motpelienust Y (y.e.) TOMOXO3SHCTBA OT PacIoyiaraéMoro
noxoma X (y.e.) oroOpaHa BbIOOpKa #=12 (IMOMECSYHO B TEYECHHE TOJa) HEOOXOAUMO TIPOBECTU
PErpeCCUOHHBIN aHAJIN3.

JlaHHbBIE U pacyeThl IPECTaBIEHbI B TAOJIMIIE:

! X; Vi x7 XY v7 Vi € e’
1 107 102 | 11449 10914 10104 103,63 | -1,63 | 2,66
2 109 105 | 11881 11445 11025 105,49 | -0,49 | 0,24
3 110 108 | 12100 11880 11664 106,43 1,57 2,46
4 113 110 | 12769 12430 12100 109,23 0,77 0,59
5 120 115 | 14400 13800 13225 115,77 | -0,77 | 0,59
6 122 117 | 14884 14274 13689 117,63 | -0,63 0,40
7 123 119 | 15129 14637 14161 118,57 | 043 0,18
8 128 125 | 16384 16000 15625 123,24 1,76 3,10
9 136 132 | 18496 17952 17424 130,71 1,29 1,66
10 140 130 | 19600 18200 16900 134,45 | -4,45 19,8
11 145 141 | 21025 20445 19881 139,11 1,89 3,57
12 150 144 | 22500 21600 20736 143,78 | 0,22 0,05
Cymma 1503 | 1448 | 190617 | 183577 176834 - 0 353
120, | 15884, 14736,1
Cpennee | 125,25 67 75 15298,08 7 - - -
Pewenue:

Haiinem cHauana onenku k03 pUiimeHToB:

_xy—x-y  15298,08-12525-120,67
o2 15884,75 — (125,25)>

by =y -bx =120,67-0,9339-125,25 =3,699.

b, =0,9339,

Takum 00pa3om, ypaBHEHHE MApHOW PErPEeCCHMd MMEET BHI: Y =3,699+0,9339.X . Ilo 3TOMY
YPaBHEHHUIO paccUUTaeM ;, a TaKxke ¢, =, —J;.

B namem npumepe ko3h@uimeHT b, MOXKET TpPaKTOBaThCAd KaK IPEAENbHAsl CKIOHHOCTh K
HOTpC6J'ICHI/IIO. dakTruecku oH IOKa3bIBACT, HA KAKYIO BCIIMYMHY U3MCHUTCA 00BeM HOTpe6J'IeHI/I$I, cCiin
pacrojaraeMelii  I0XOZ BO3pacTaeT Ha OJIHy exuHuny. CBoOomHblii wieH b, ompenenser

[IPOTHO3MpYEMOE 3Hau€HHEe Y Tpu BEIMYMHE pacrojiaraeMoro joxojna X, paBHOW Hymio (T.e.
ABTOHOMHOE TIOTPEOJICHHE).
Paccunraem npyrue nokasarenu.

2
5222—2:%:3,53; S = S2=l,88,
" _
S? 3,53

S2 = =0,0015; S,, =+/Sz =0,039,

> (x, %) 2366.25
S2, = x252 =15884,75-0,0015 = 23,835 S,, =~/ SZ =488,

[IpoBepuM CTaTHCTUYECKYIO 3HAYUMOCTb KOIDPUIIMEHTOB b, U b, :
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b 09339 _ by _ 3699 _
S, 0,039 S,y 488

Kputnueckoe 3HaueHne npu ypoBHE 3HauUMocTH « =0,05 paBHO (cM. mpuioxeHue 1)

1=

=23946 u t,

tepum =t L= t0.025:10 = 2,228 . Tax Kak |tl| =23,946 > 2,228, T0 3T0 NOATBEP/KAACT CTATUCTUUECKYIO

s

3HaYUMOCTh Kod(dummenta perpeccunt b,. AHAIOTUYHO I APYroro kKoddduimeHTta: Tak Kak
|t0| =0,76 < 2,228, TO runore3a 0 CTATUCTUYECKON 3HAYUMOCTU KOd(duieHTa b, OTKIOHIETCA. ITO
O3HAa4YaeT, YTO B JIAHHOM CJiydae CBOOOJHBIM YJIEHOM YpPaBHEHHUS PErpeccCHd MOKHO NpeHeOpeub,
paccmarpuBasi perpeccuio kak ¥ = b X .

Onpenenum JOBEpUTETbHBIC HHTEPBATBI KOdPPuImeHToB perpeccun (o dopmyne 2.20),
KOTOpBIE C Hafex)HOCTh 95% (o = 0.05) OyayT crieayomumu:

g b, (3,699 —-2,228-4,88; 3,699 +2,228-4,88) = (-7,173; 14,572),
mis by (0,9339-2,228-0,039; 0,9339+2,228-0,039) =(0,8470; 1,021).

PaccunTaem rpaHuIBI HHTEpPBAZA, B KOTOPOM OYIET COCPENOTOYCHO 95% BO3MOMKHBIX 0OBEMOB
NOTpeOIeHNs PH HEOTPAaHUYEHHO OOJIBLIOM yHciie Ha0moieHuit ¥ ypoBHe foxoaa X =160 :
1, (12525-160)°
12 2102,1875

Takum 00pazom, 3ToT uHTepBan umeeT Bu: (147,4898; 158,7082).

Paccuntaem koahdUIHEHT AeTEpMUHAIIHN:

R =1- 353 =
2108,6668

Cronp BbICOKOE 3HaUeHHE KOA(hPUIEeHTa JeTEPMUHAIINHN CBUICTEIBCTBYET O BEICOKOM 00IIEM

KaueCTBE MOCTPOCHHOTO YPaBHEHUS PETrPECCHH.

3,699+0,9339-160+2,228-1,88- . [1+

2

3agaun

1. B ycnoBusix 3amaun Ne 3 w3 mpenslayniero pasziena il MOJIeJd, B KOTOPOl MepeMeHHas
«BEJTMYMHA MOKYIKU» 00BSICHIETCS IEPEMEHHOMN «UIUTEIbHOCTD Pa3roBOpa ¢ MPOAABIIOM»:

1) npoBepUTh CTaTHUCTUYECKYIO 3HAYUMOCTb KOIPQPUIMEHTOB PETPECCUU C YPOBHEM
3HaYUMOCTH 5%);

2) omnpenenuTh IOBEPUTENbHBbIE HMHTEPBAIBI Ui KOIPPHUIMEHTOB PETPECCUU C YPOBHEM
3HaunMocTH 1%:;

3) ompenenuTh JAOBEPUTENbHBIE MHTEPBAJIbI JUIsl 3aBUCUMON MEpEeMEHHON Mpu y* =22 nns
ypoBHs 3Hauumoctu 10%;

4) npoBepUTh KaueCTBO YPAaBHEHUS PETrPECCUU M CTATUCTUYECKYIO 3HAUMMOCTh Ko3(duirenrta
nerepmMuHanuu (ypoBeHb 3Hauumoctu 10%).

2. UccnenoBaTenp HM3y4aeT 3aBHUCHUMOCTb MEXKIY COBOKYIHBIM CIIPOCOM Ha yciayru () u
COBOKYIIHBIM PacIoJIaraéMbIM JIMYHBIM JTOXOJOM (X) MO JaHHBIM JUIsl aMEPUKaHCKOM 3KOHOMUKH
(00e BeMMYUHBI U3MEPSIIOTCS B MIIPA.JOJL.), UCHOJb3Ysl €XKETrOoJHbIEe JaHHbIE BPEMEHHBIX PSAJIOB U
Mozens: ¥ = o +Bx+u . HccnenoBarens 1ojaydaeT ypaBHEHHE, NPOBOJS PErPECCHOHHBIN aHaIu3
npu nomor MHK. Ipenmnonaras, 4to 006€ BEJIUYMHBI X U ) MOTYT OBITh CYIIECTBEHHO 3aHUKEHBI B
CUCTEME HAI[MOHAJBHBIX CYETOB M3-3a CTPEMJICHUS JIIOJEH YKIOHUTHCS OT YIUIAThl HAJIOTOB,
HCCIIeI0BaTeNIb MPUHUMAET JIBa ajJbTEPHATUBHBIX METOJA YTOYHEHHS 3aHM)KCHHBIX OLICHOK: 1) OH
no0aBisieT K KaxaoMy roay 90 mupa.non. K mokazarento y u 200 Muip/. 101, K MOKa3aTemnio X; 2) OH
YBEJIMYMBAET 3HAUECHUS Kak Jid X, Tak U i y Ha 10% 3a xaxnaplil roa. OueHuTe BIHUSHUE 3THUX
KOPPEKTUPOBOK HA PE3yJIbTaThl OLIEHUBAHUS PEIPECCUH.

3. PerpeccronHas 3aBUCUMOCTb PACXOJIOB HA IMUTAHHUE ) OT BPEMEHU [ 3a/laHa ypaBHEHHEM:
¥ =95,3+2,53¢. CrangaptHas omuoOka kodhdunmenta mpu ¢ cocrapmia 0,08. IIpoBepsTe HYIEBYIO



TUIOTE3Y O TOM, YTO HMCTUHHOE 3HayeHHe KOodPQHUIMeHTa paBHO HyI0 npu 5%-HoMm u 1%-HOM
ypOBHAX 3HauMMocTu. CenaiiTe BbIBODI.

1.3 [IpakTnyeckoe 3ansaTue Ne3. (2 yaca) MHoKeCTBeHHAas JIMHEHAsA perpeccust

b 3aHATHA: HAYYUTHCA CTPOUTH MOJIETIN MHOKECTBEHHOW JINHEWHON PErpeccuy, HaXOqUTh
OTIEHKH KO3(PPUIIMEHTOB yPAaBHCHHUS.

MeToauyeckne yKazaHus.

Ha mro00# sKOHOMHYECKHH IMOKa3aTelIb Yallle BCEro OKa3bIBaeT BIAUSIHHAE HE OJUH, & HECKOJILKO

¢akropoB. B »aTOM ciydae Bmecro mnapHoil perpeccun M (Y |X )= f(x) paccmarpuBaercs
MHOJICECMBEHHAs pecpeccus
M(Y|xl,x2,...,xm) = f(X;,X,5,...,%,
VYpaBHEHHE MHOKECTBEHHOUW PErPECCHH MOKET OBITh MPEICTABICHO B BUJIE:
Y=7(B.X)+e,
rre X =(X,,X,,...,X,) — BEKTOp HE3aBUCHMBIX IEPEMEHHBIX; [3 - BEKTOp IapaMeTpoB
(moanexxammx onpeneseHuI0); & - ciaydaiHas omuroKa (OTKJIOHEHHE); Y - 3aBUCHMAast TIEpeMEHHasI.
TeopeTnueckoe TMHEHHOE YpPaBHEHHUE PErPECCUH UMEET BU:
Y=B,+BX +B,X,+...+ B, X, +¢,
WJIU U WHIMBUAYyaIbHBIX HaOmoaeHnit i =1,2,...,n :
v, =By + Bx,+ Byx, +...+Bx, +&,.
3nece B =(B,.0,,-.-.B,) — Bekrtop pasMepHOCTH (m+1) HEU3BECTHBIX IApaMETPOB.
B;,j=12,...,m Ha3bIBaeTCs j -ThIM TEOPETHICCKUM KO3 puLeHToM perpeccud, [, - CBOOOAHBIN
YIEH, ONPEAETAIOMWMUN ¥ B Cllydae, KOr/ja Bce OOBbSCHSIOME IEPEMEHHBIC X ; PABHBL HYIIIO.

ITycte uMeercs n HaOuIOAEHUN BEKTOpa 00BICHAOMMUX nepeMeHHblx X = (X, X,,...,X, ) un

> m
3aBUCHMOM IIEPEMEHHON Y :
(X1 X125 s X Vi )si = 12,00

Jlsist Toro, 4ToOBl OJHO3HAYHO MOKHO OBLIO OBl PEIIUTh 3ajayy OTHICKAHHS MapaMeTpoB
B> Bis---» B, (T.€. HANTH HEKOTOPHII HAMIYYIIUN BEKTOP [3), NOJKHO BBINOJIHATHCS HEPABEHCTBO
n=zm+l.

Kak u B ciyyae mapHOW perpeccuu, WCTHHHBIC 3HAYCHHS MapamMeTpoB [, 1O BBIOOpKe
MOJIYYUTh HEBO3MOXHO. B 3TOM cilyduae BMECTO TEOPETHUECKOTO YpaBHEHHUS perpeccuu
OLICHMBAETCS AMIIMPUYECKOE YPABHEHUE PErPECCHUMU:

Y=b,+bX +bX,+...+b X, +e.
3necw by,b,,...,b, - OLleHKH TeopeTH4ecKHuX 3HadeHu B, fS,,..., B, KOdPPHUIHEHTOB perpeccuy;
€ - OLIEHKA OTKJIOHEHUS & .
ITIpn Bemonnenun npeanocsiiok MHK orHOcuTenpHO ommOok &, oueHku by,b,,....b

m

m

SBJIAIOTCA HECMCIIICHHBIMMU, Bq)q)eKTI/IBHI)IMI/I U COCTOATCIIbHBIMU.

O0o3HaYUM
1 Lox; X Xim by €
Y2 L Xy xp Xom by €
Y= , X= , B= , e=
yn 1 xnl an xnm bm en

Torma MHK-onenku mnapamerpoB f3,,B,,....[3, OydyT omnpenensarbcs cieayromen
bopmynoii:
B=(X"X)'X"Y.
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[TonyuenHsie OOIIME COOTHOIICHHWS CHOPaBEAJWBBI JUIi ypaBHEHUM perpeccuu ¢
HpOI/I3BOJ'IBHBIM KOJIMYECTBOM m O6L5[CH5[IOHII/IX HepeMeHme. HaHpI/IMep, A m = 2 HOJ'IyLII/IMI
bo :J_’—bﬁ_ﬁ _bzfz’
b, = 21 =XD0i=y) X (%2 %) -3 (xi2—%2) (i —P) ¥ (51 -2 —¥2)
! (1 -%1)? X2 -%2) 2 ~(X (i1 -7 (xi2 -%2)) ’
by = > (xi2~%2) (i) S (i1~ - ¥ (i1 ~FDi—7) E (i1 ~FD (2 -F2)
Z(xil—fl)zz(xiz —?_52)2—(2(351'1 —X1)(xi2 —762))2

IIpumep.
Ananusupyercs o0beM s cOepexxeHuil fomoxo3ssiictBa 3a 10 ner. [Ipenmomnaraercsi, 4To ero
pasMep s, B TEKyLIEM IOy ¢3aBUCHT OT BEJIMYMHBI ), PACIIOJIAraeMoro J0X0Ja y U OT BEIHYUHBI Z,

peasibHOM NPONEHTHOM cTaBKH z. CTaTUCTUUYECKUE IaHHbIE NPECTABIICHBI B TA0INIIE:

I'on 80 81 82 | 83 | 84 | 85 | 8 | 87 | 88 | 89 | 90
¥, TBIC.Y.€. 100 | 110 | 140 | 150 | 160 | 160 | 180 | 200 | 230 | 250 | 260
z, % 2 2 3 2 3 4 4 3 4 5 5

S, TBIC.y.€. 20 25 30 | 30 | 35 |38 | 40 | 38 | 44 | 50 | 55

Heobxonumo paccuntarh OLleHKH KO3()(PUIIMEHTOB YpaBHEHUSI pErpPeCcCHH.

Pewenue:

Cpennue 3HaUYCHUS HICXOIHBIX JAHHBIX paBHBL: ¥ =176,3636, z =3,3636, 5 =36,8182.

[IpeacraBum TpeOyromuecs Uisi TMOCTPOCHHUS MOJIETM MHOXKECTBEHHOM pErpeccuu |
MPOBEACHUS JAIBHEHIIIEr0 aHAIN3a TPOMEKYTOUHBIC BBIUMCICHUS B TAOIHIIE:

(Z[—E)2 (yl_y) (yl_y) (Z;_E)'

Ton (y;_y)z (S;_E)z (Z;_E) (S;_E) (S;_E)

80 5831,4050 | 1,8595 282,8512 104,1322 1284,2975 22,9339
81 4404,1322 | 1,8595 139,6694 90,4959 784,2975 16,1157
82 1322,3140 | 0,1322 46,4876 13,2231 247,9339 2,4793
83 695,0413 | 1,8595 46,4876 35,9504 179,7521 9,2975
84 267,7686 | 0,1322 3,3058 5,9504 29,7521 0,6612
85 267,7686 | 00,4050 1,3967 -10,4132 -19,3388 0,7521
86 13,2231 | 0,4050 10,1240 2,3140 11,5702 2,0248
87 558,6777 | 0,1322 1,3967 -8,5950 27,9339 -0,4298
88 2876,8595 | 0,4050 51,5785 34,1322 385,2066 4,5702
89 5422,3140 | 2,6777 173,7603 120,4959 970,6612 21,5702
90 6995,0413 | 2,6777 330,5785 136,8595 1520,6612 29,7521
z 28654,5455 | 12,5455 | 1087,6364 524,5455 5422,7273 | 109,7273

Tenepsb paccuntaeM K03PPUIMEHTH YpaBHEHUS PETPECCUU:
by =36,8182-0,1241891763636—-3,553796 3,3636=2,962233

0
_ 54227273-12,5455-109,7273-5245455 104738639 _

286545455.12,5455- (52454592 84331619
_ 109,7273-286545455-54227273- 5245455 _ 2997187075 _
286545455-12,5455- (5245459 84337619

Takum 00pa3zom, IMIIUPHUECKOE YPAaBHEHNUE PETPECCHH UMEET BU/T:
s, =2,962233+0,124189y, +3,553796z, .

by

0124189

b,

3,553796

11



3amauu
1. IIpeamnonaraercs, 9To0 00bEM IPEUIOKEHHUSI TOBApa y JIMHEHHO 3aBUCHUT OT IIEHBI TOBApa X|

U 3apIUIaThl COTPYAHUKOB X2 : V= f3, + B,x; + B,x,. Craructudeckue qaHHbIE COOpaHbI 3a JECATH
mecseB. Onernts 1o MHK ko3¢ duimenTsr ypaBHEeHHS peTpeccuul IS IBYX BapPHAHTOB:

1

y, py6 | 20 35 30 45 60 70 75 90 105 110

x1,py6 | 10 15 20 25 40 37 43 35 40 55

X2, py6 | 12 10 9 9 8 8 6 4 4 5
2)

), py6 | 75 90 105 110 120 130 130 130 135 140

x,py6 | 43 35 38 55 50 35 40 55 45 65

X, py6 | 6 4 4 5 3 1 2 3 1 2

2. ToproBoe mpeanpusTHe UMEET HECKOJbKO QuuuanoB. Hailtu ko3ppuueHTs!
SMIIMPHYECKOTO YPABHEHUS MHOXKECTBEHHOW PErpecCHH, €CIU IPE.Ioaraercsi, 4ro 3aBUCUMas
IEpEeMEHHAas y — 3TO TOJOBOM TOBapooOOpOT (miMana, a HE3aBUCHMBIE IEPEMEHHBIE X, X, —
pasMep TOProBOM IUIOMAAM W CPEJHEIHEBHAas HMHTEHCUBHOCTh IIOTOKa COOTBETCTBEHHO.
3aBUCUMOCTB ) OT X;, X, IpPEAINoJIaraeTcs JuHelHas. JlaHHble IpuBeIeHbl B ClIeaAyIoIel Tadnume:

y,muH | 2,93 [5,27 [6,85 [7,01 [7,02 [835 [4,33 [5,77 [7.68 [3,16 [1,52 3,15
pyo

x, eic | 0,31 1098 [ 1,21 1,29 | 1,12 | 1,49 |0,78 | 0,94 | 1,29 |0,48 |0,24 | 0,55
2
M

x2, Toic | 10,24 | 7,51 | 10,81 [ 9,89 | 13,72 | 13,92 | 8,54 | 12,36 | 12,27 | 11,01 | 8,25 | 9,31
4ell B
JI€Hb

1.4 IlpakTuyeckoe 3ansatue Ne4 (2 yaca). Heruneiinas perpeccusi.

Leapb 3aHATHA: 110 SMIUPUUYECKUM JIaHHBIM Hay4YUThCS CTPOUTH HEJIMHEHHBIE PETPECCUOHHbBIE
MOJEIH, OLIEHUBATh KOAPPUIIUEHTHI TAKUX MOJEIEH.

Metoanyeckue yKa3aHH.

[locTpoenne u aHanu3 HEIUWHEHHBIX Mojenell uMmerT cBowo crenupuky. PaccMoTpum
HEJIMHEWHbIE MOJIENH, JONMYCKAIOIMIUMM CBEACHHE MX K JIMHEHHBIM. Takue MojJenu Ha3blBaroT
JIUHeliHble  OMHOCUMENbHO napamempogé Mmoodeau. bynem paccmarpuBaTb MOJENU IApHOU
HEJIMHENHOM pPEerpeccuu:

1) Jlorapupmuueckue monenu: Y = AX P e A, — mapamerpsl Mojenu (KOHCTaHTEHI,

nojJiexarue onpeaeneHuto). s ananusza Takoi QyHKIMU HUCIOIB3YeTCs JOrapu(pMUpPOBaHUE BCETO
BBIPAKCHUS:

InY=mA+BInX.

C 1enpl0 CTAaTUCTMYECKOM OLEHKHM KO3(pPUUMEHTOB 100aBUM B MOJENb CIy4alHYIO
* * o
HOTPENIHOCTh € M 3aMeHuM: n 4 =P,, ¥ =InY u X =X, nonyyaem nuHeiiHy0 MOzelb:
% %

Y =B,+BX +e,

U 1Ipu OOJIBIIEM YHUCIIE IEPEMEHHBIX:
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2) Iomynorapudmuueckue monemu: InY =B, +BX +¢, ¥ =B, +BIn X +¢&. Ilocie 3amens

Y =InY u X =InX , noaydae IMHEHHYIO MOJCIIb.

1 N .1
3) O6patHas mozens: Y = B, + B, % + & . CBOAMTCS K TUHEHHOM IMyTeM 3aMeHbl X =—

X o -~
. ChHavana coaurcs K nor-nuHeiHo InY =In B, +BX , a

B

4) IloxazaTenbHas Moaenb Y =PBge

HOTOM K JIMHEUHOU MOJIEIH.
IIpumep.

Ananuzupyercs UHJIEKC MOTPEOUTENbCKUX 1IeH Y 10 00beMy JIeHek HOM Macchl X Ha
OCHOBAHUU IPUBEICHHBIX B Ta0nu1e naHHbIX. Heo6xonuMo nocTpouTs torapuMUUIECKyI0 MOJIENb.

T'on Y X Ton Y X
81 65 110 89 95 235
82 68 125 90 100 240
83 72,5 132 91 106,5 245
84 77,5 137 92 112 250
85 82 160 93 115,5 275
86 85,5 177 94 118,5 285
87 88,5 192 95 120 295
88 91 215 96 120,5 320

97 121 344

Pewenue:
Jlorapudmuueckas Mozxenb umeer Bui: Y = AX’. JlanHas Mojenb CBOAUTCS K JHMHEHHOM
caenyromuM obpasom: InY =5, +blnX. JIna onpexnenenus kod>GGULHMEHTOB B ITOH MOZAEIH

onpenenum sorapudmel nepemennsix ¥ u X, (In X)?, (In X)-(InY) u npeacraBum ux B TabiuIle.

Ton X InY In X (nX)* | (InX)-
(InY)
81 65 110 4,1744 | 47005 | 22,0947 | 19,6218
82 68 125 42195 | 48283 | 23,3125| 20,3730
83 72,5 132 42836 | 4,8828 | 23,8417 20,9160
84 77,5 137 43503 | 49200 | 24,2064 | 21,4035
85 82 160 44067 | 50752 | 25,7577 22,3649
86 85,5 177 44485 | 51761 | 26,7920 | 23,0259
87 88,5 192 44830 | 52575| 27,6413 | 23,5694
88 91 215 45109 | 53706 | 28,8433 | 24,2262
89 95 235 45539 | 54596 | 29,8072 | 24,8625
90 100 240 4,6052 | 5,806 | 30,0370 | 25,2393
91 106,5 245 4,6681 | 55013 | 30,2643 | 25,6806
92 112 250 47185 | 5,5215| 30,4870 | 26,0532
93 115,5 275 47493 | 56168 | 31,5484 | 26,6759
94 118,5 285 47749 | 5,6525| 31,9508 | 26,9901
95 120 295 47875 | 5,6870 | 32,3420 | 27,2265
96 120,5 320 47916 | 57683 | 33,2733 | 27,6394
97 121 344 4,7958 | 5,8406 | 34,1126 | 28,0103
Cymma 1639 3737 | 77,3217 | 90,7392 | 486,3122 | 413,8784
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| Cpemnee | 96,4118 ] 2198235 45483 | 53376 | 28,6066 | 24,3458 |

3aTeM, Imo aHajorum ¢ IM[IIpuMEpoM, IPUBCACHHBIM B pPasaciic 1, PaCCUUTBIBAIOTCA
K03 (ULMEHTHI IS 3TOM MOJENH CIeayIoIuM o0pa3om:

(InX) In(Y)-InX-InY 243458 -5,3376-4,5483 _ 0,0688
(In X)? = (in X)° 28,6066 — (53376)> 01166
hy=InY —b-In X =4,5483 —0,5901-5,3376 =1,3986.

CnenoBarenbHOo, Mojnenb umeeT BHI: InY =1,3986+0,5901-In X. Ecim cBectn naHHYIO

b

= 0,5901,

Mozenb K Buny ¥ = AX’ | to nonyuum: Y =4,0495 - x 03901 (r.x. In 4 =5, =1,3986, cnenosarensHo,

A=e" =4,0495).
[IpencraBuM rpaduyecky KOppeasUOHHOE MoJjie Juid NepeMeHHbIX InY u In X, a Tawke
rpaduk paccuntanHoi Mojenu InY =1,3986+0,5901-In X .

4,90

4,80 -
4,70 4
4,60 -

4,50 -

InY

4,40 1
4,30 |

4,20 4

4,10 4

4,00 T T T T T T T
4,40 4,60 4,80 5,00 5,20 5,40 5,60 5,80 6,00
InX

3amauyu.
1. B ycnoBusx 3ajaud U3 IpUMepa MPOBEPUTh 3HAUUMOCTb KOA(P(GUIMEHTOB ypaBHEHUS
pCFpCCCI/H/I, OHpC}IGJ’II/ITB Hux I/IHTepBaHBHI)IG OIICHKU " paCC‘-II/ITaTI) KOB(l)(l)I/IHI/IGHT )IeTCpMI/IHaIII/II/I.

Pacuer mpoBoguTcs  aHamormyHO — mpuMepy B pasmene | s MomenW  BHA
InY =1,3986+0,5901-1n X .

2. OIpeeuTh KCIOHEHIMAIBHYIO (YHKIHIO BHAA y = o -eP, T/e y — COBOKYITHBIE JTHUYHBIC
pacxo/ipl, X — pacrojaraéMblil TUUHBIM 10X0[ (10 JaHHBIM U3 TaOJIULIbI HHIUBUAYAIbHBIX 3aJaHUMN).
[IpoBepuTh CTaTUCTUUECKYIO 3HAUUMOCTh KOAPPUIIMEHTOB PErPECCUU U IOBEPUTEIbHbIE UHTEPBAJIbI
K03 (ULHMEHTOB C YpPOBHEM 3HAUMMOCTH 5%, MpPOBEPUTh KAaueCTBO YPABHEHMSI PErPECCUU.
OmnpenenuTh IS ATUX KE TAaHHBIX JTHHEHHYIO PErPECCHIO BHIa ¥ = o+ [x .

2. OcHoBbI JuHeliHOT0 nporpammupoBanus (JIII)

2.1 llpakTuyeckoe 3ansaTHe NeS (4uaca). [IpeacraBiieHne 3JKOHOMUKO-MaTeMaTHYeCKOIi Mo/1eJIN
B BH/I€ 33124 JUHelHoro nporpammupoBanus (3JIII)
b 3aHATUA: HAYYUTHCS IPEACTABIATH IKOHOMUKO-MAaTEMAaTHYECKUE MOJIEIN B BHJIE 3a/1a4
JMHEIHOTO MPOrpaMMUPOBaHMSL, T0A0MPATH ONTUMU3ALIMOHHBIN KPUTEPUIA.
MeTtoauyeckne yKa3aHus.
DKOHOMHMKO-MaTeMaTuyeckass IOCTaHOBKA M MOJeNb  oOmed 3anaud  JIMHEHHOTo
IIPOrpaMMHUPOBAHUS 3aIIMCBIBAETCS B BUJIE

Z(x)= 3 ¢, x, — max(min) , (1)
k=1
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zaikkaZij’ lzla D (2)

x,20,k=1Ln. 3)
PaccmoTpuM puMep cocTaBIIeHHS] MATEMAaTHICCKOW MOICTTH.

IIpumep.
1. 3aoaua 06 ucnonvzosanuu cvipva. [lycTs npeAnpuATHE BBIIYCKAaeT JBa BUAA MPOIYKIHU P
u P> nna npojaxu. Jljis mpou3BoCTBa MPOAYKIIMU HCIOIb3YeTCs TpU BUJA ChIpbs S1 S S3. Pacxon

CBIprI Ha Ka)K)IBIﬁ BU HpOIIYKHI/II/I, CTOUMOCTH HpOI[yKIII/II/I Hn 3al1achbl CBIprI Hpe}ICTaBJ'IeHBI B
Tabuie

Buner ceipbst Pacxo/pl ChIpbs Ha €IMHUILY ITPOTYKITUU 3amacel ChIpbs
Py P
Si 3 4 70
S 5 7 80
S3 8 6 90
CTouMOCTE €. 20 30
TTPOTKITHH

Kakoe konumuecTBO KaXJ0ro BHAA MPOIYKIMH HEOOXOAMMO HPEINPUSTHIO, YTOObI MPUOBLIL
obuta MakcumanbHO#? CocraButh 3J1I1.
Pewenue:

O0o3HauuM Xx;,x, — O0OBEMBI BBIIyCKA COOTBETCTBEHHO 1-ro m 2-ro BuaoB. Torna
MaTeMaTH4ecKasi MOJIeJIb UMEET BUJI:

Z =20x; +30x, - max
3x; +4x, <70,
Sx; +7x, <80,
8x; +6x, <90,

x;20,xy 20.

2. 3adaua o oueme. IlycTh TUETONOT COCTABIAET TUETY, COTJIACHO KOTOPOM MAIMEHT JOJDKEH
MOJIy4YUT He MeHee 18 equHMIl MUTaTeNbHOIo BEellecTBa 51, He MeHee 25 eIUHUI] BellecTBa S» U He
MeHee 32 enuHMIl BemecTBa S3. Jlmera cocTtouT M 3 ABYX coctaBistomux D, D,. Conep:kanue

KOJINYECTBA €/IMHMI] IHUTATEIbHBIX BEIIECTB B €IUHULE BeCa KaXKJOW COCTABJISAIOLIEH NHUETHl H
CTOMMOCTH MPOAYKTOB MPUBEJICHBI B TAOIUIIE

IIuTarensHBIe BelecTBa KoaudyecTBO enyHUI NUTATCILHBIX BEIECTB
B €71.00beMa MPOIyKTOB
D, D,
Si 3 4
S> 5 7
S5 6 8
CTOMMOCTD JHETHI 20 25

TpebyeTcsi cCOCTaBUTh THEBHOM PAIMOH HEOOXOJAMMOW MUTATEIBHOCTH, YTOOBI 3aTpaThl OBLIH
MuanManbHbIMHA. CocrtaButh 3JII1.
Pewenue:

O0o03HauUM X, X, — KOJIMYECTBO IIMTATEJIBHBIX BEILECTB B MPOAYyKTax 1-ro u 2-ro BHUJOB
COOTBETCTBEHHO. Toraa maremaTudeckas MOAEIb UMEET BHL
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3x; +4x, 218,

Sx; +7xy 225,
6x, +8x, 232,

x;20,x, 20.

3apaun
1. ToproBoe mpennpusTHe peaju3yeT ueTblpe Ipynnsl ToBapoB 1,2,3.4. Hopmbl pacxonos
PECYPCOB Ha KaXKJlyl0 IPYIIY TOBAPOB, 3alachl PECYPCOB, a TaKXKe MPUOBLIL OT €AMHMIIBI KaXJA0Tr0o
BH/JIa IPOAYKLIMHU 3aJIaHbl B Ta0JInLIe

Buner pecypcos Hopwma pacxo10B pecypcoB Ha €. TOBapOB 3amacel
1 2 3 4 pecypcoB

PaGouee Bpems 2 3 4 5 1500
TOPrOBBIX pAOOTHUKOB,

YeJl.-4ac

[momane TOproBeix 10 11 14 12 400
3aJI0B, M

[Tnomans ckIagcKux 6 7 8 9 600
IIOMEIICHHUH, M

W3 nepxxku oOpaieHus, 3 5 7 6 500
pyo

[TpuobuIb OT 15 16 19 17

peanzalnuu ex.

MIPOJTyKIIMH, THIC.pyO

Onpenenuth 00BbEM HNpPOJAX TOBAPOB, YTOOBI MPHUOBUIL TOPrOBOTO MPEANPUATUS Oblia
MAaKCHUMaJIbHOM.

2.JIueronor pa3paboTan AUETy, COCTOSIIYIO M3 CIMBOYHOTO Macia, msca, xieba u (pyKToB.
Copnepxanue Kajaopuil, OENKOB, KUPOB, yrieBoAoB M xojectepuHa (B 100 r. mpoaykra), HOPMbI
notpebsenus (B cytku) u 1ieHa 100 r. COOTBETCTBYIONMIETO MPOIYKTa YKa3aHbl B TAOIHIIE

[TutaTenbHbIE Conepxxanne B 100 r.mpoaykra Hopma
BEILIECTBA Macno Msico Xneb DpyKTHI OTpeOJIeHUS
Kanopuu 700 300 250 30 2200

benok 2 10 5 0 50
Kup 20 6 0 0 0
VYrieBoab 0 0 6 7 10
XoJieCTepuH 0,2 0,07 0 0 0
Llena 6 15 1 3

CocTaBHUTh MaTEMaTHYECKYIO MOJICIb 33Ja4H.

3. Pecropan oOciayKuBaeT COTPYAHHKOB oOeqaMu U3 Tpex OJroj. 3aTpaThl Ha MPOU3BOJCTBO,
JOCTaBKy, HaKJaIHBIE PACXOJbI, TOBAPOOOOPOT I KaKIOro OJroga, MpUOBUIH OT peau3aliu
KOKJOW MTapTHH OJIIO]T yKa3aHbl B TAOJIHIIC

Pecypcor KonnuecTBo equHUI] MUTATEIBHBIX BEIIECTB B €1. 00heMa MPOTyKTOB
1-e G010 2-e 0010 3-e Onro0
3aTpaThl Ha MPOU3BOJICTBO, 10 15 20
verr.yac
3aTpathl Ha 6 7 4
JI0OCTaBKY, Yes-4ac
Haknaausle pacxosl, pyo 22 23 24
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TosapooGopor, pyo ‘ 30 ‘ 34 ‘ 35 ‘

[TnaroBbIH (HOHT pECYpCOB UMEET CIIEAYIONINE 3HAYCHHS: 3aTPaThl HA IPUTOTOBJICHHUE OO/ HE
n0JDKHO TipeBbImath 900 yen-yac., Ha JocTaBKy moTpedutensMm — 500 den.-qac., HaKJIaIHbIE PacXOabl
MoryT ObITh He Oosiee 3000 pyd. u mmaH ToBapoobopota paBer 8000 pyd. Tpebyercs onpeaenuTb,
KaKo€ KOJWYECTBO KaXKIOTO BHAAa OO0 HEOOXOAMMO BBIMYCKaTh, 4YTOOBI 00ECIEUNTH
MaKCUMaJIbHYIO NpuoObLIbL pecTopana. CoctaButs 3J1I1.

2.2 [IpakTuyeckoe 3ansaTHe Ne6 (4 yaca). I'paduuecknii meron pemenus 3JII1.

Heab 3aHATHA: HayduTbCs pEIIATh 33Ja4d  JIMHEHHOTO IPOTPAMMHUPOBAHUS C ABYMS
HE3aBHCUMbBIMU IIEPEMEHHBIMU IPaQUUECKUM CIIOCOOOM.

MeTtoauyeckne yKa3aHus.

I'padmyeckuii MeroJ OCHOBAaH Ha TI'€OMETPUUYECKON HMHTEpIpeTaluyd 33Jadd JIHMHEHHOro
IIPOrPaMMHPOBAHMS U IPUMEHSETCS IPU PELICHUM 3a/1a4 C JBYMS HE3aBUCUMBIMH IIEPEMEHHBIMHA X ,
X, W KOTJIa OTPAaHUYEHUSIMU SBJISIOTCS. HEPABEHCTBA.

[Topsnok pemenns 3aaa4n JMHEHHOTO IPOrpaMMUPOBaHUS:

1. Ha mnockoCcTH B KOOPAMHATHBIX OCAX X, X, CTPOSTCS MPSAMBIE COOTBETCTBYIOIIME

HCXOJHBIM OTPAaHUYEHUSIM — HEPABEHCTBAM.

2. YKa3pIBartOTCs MOJIYIUIOCKOCTH, YIOBIETBOPAIOLINE KAaXKI0MY U3 OrPaHUYECHUH.

3. Onpenensercs MHOTOYrOJIbHUK PELIEHUH, yKa3bIBasi KOOPAWHATHI BEPUIMH HA HEM, KOTOPHBIH
HazbIBaeTcs 00s1acThio nomycTUMBIX pemieHuid (OP). Beruucistorcess 3HaueHuM LeaeBol (yHKIUU
BO BCE€X BEPIIMHAX MHOIOYroJIbHHKA peuieHui. BoiOupas Hanbosbliee 1 HAaUMEHbLIEe 3HAU€HUE U3
9TUX BBIYHUCIICHHBIX BEJIMYMH, OMPEEIIAIOTCA SKCTPEMAJIbHBIE 3HAUEHUS LI€JIeBON (PYHKIUH.

4. DKcTpeMalbHble 3HAUEHUS MOYKHO OIpPENeNIHUTh, MOCTPOUB JIMHUIO YpOBHS, nojaras F =0
WM pUHUMAs 3HaYeHue 1eneBoi GpyHkiuu F = const.

. oF oOF
5. Omnpenensiercst grad /' : rpamueHT neneBor ¢yHkiuu grad F =| —;—— |, HampaBJICHUE

ox; 0Ox,
KOTOPOTO IOKAa3bIBa€T BO3pacTaHME 11€JIeBOM (YHKUMU M SBJISIETCS NEPIEHIUKYIIPOM K JIMHUSAM
ypoBHa. Ilepememnias nuHuio ypoBHs B HampasieHuu grad F' go Bepmuubl OJIP (Touku kacanus),
MOXXHO HAaWTH MakcuMalbHOE 3HaueHue ueneBod ¢yHknuu. [lepememias nMHHUIO YpPOBHS B
HampaBJICHUU MpoTHBONONOKHOM grad F no BepmuHbl OJIP (TOukM KacaHusi), MOXKHO HaWTH

MUHHMAaJbHOE 3HaYeHHE LI€JIeBOU (PyHKINH.

IIpumep
Pemnts reomerpruecku 3aaqy JMHEHHOTO IPOrPAMMUPOBAHUS
F =2x +3x, - max

x; +3x, <18,
2x; +x, <16,
3x; <21,

X, <5

x;20,x, 20.

Pewenue:

N300pazum MHoroyroiapHuk pemenuid (puc.l) Ilpuy F =0 usuHusa ypoBHA 2x; +3x,=0
MPOXOANT Yepe3 Havajo KOOpAWHAT. 3agamuM, Hampumep, F =6 ¥ TOCTPOUM JIMHUIO YPOBHS
2x;+3x,=6. E€ pacnonoxxeHue yka3plBaeT Ha HAlpaBJICHUE BO3pAcTaHUS JMHEWHOW (QYHKLIUU
(Bektop = (2,3) ). Tak kak 3amaya Ha OTHICKAHHE€ MAKCHUMyMa, TO ONTHMAJbHOE pEIICHUE — B
yriaoBoil Touke C, Haxoxsuiedcs Ha mnepeceueHuun npsmeix I u II, T.e. xoopaunarel Toukum C
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xl + 3X2 == 18,
OHpeHerHOTCfI pemeHI/IeM CUCTCMBbI ypaBHeHI/II/I N OTKyI[a xl = 6, xz = 4 . I/I
2x1 + X2 == 16

MaKCHMYyM JINHEHHOW QyHKIMH paBeH F,, =2-6+3-4=24.

v 6 x,
Puc. 1
3agaun
Pemute reomeTpuuecku 3a1a4y JMHEHHOIO IPOTPAMMUPOBAHUS:
1. F =4x, + 6x, > min 2. F =3x; +3x, > max
3x,+x, 29, X +x, <8,
X, +2x, 238, 2x; —xy 21,
x; +6x, 212, X —2x, <2,
x;20,xy 20. x20,x, 20.
3. F =2x —6x, - max 4. F =2x; — x, - min
X +x, 22, X+ X, 24,
—Xx; +2x, <8, —Xx; +2x, <2,
X, +2x, <8, x; +2x, 210,
x20,x, 20. x20,x, 20.

2.3. [IpakTuyeckoe 3anaTue Ne7 (4 yaca). CUMIIEKCHBIH MeTO/
(anasuTHyecknii Meton) pemenus 3JII1

Heab 3aHATHA: TMOHATH HUACKH CHUMIUIEKCHOTO METOJd, HAY4YMTh HCIIOJIb30BaTh €ro IpH
pEILIeHNH 3a]1a4 JIMHEHHOT O MPOrpaMMUPOBaHMUSL.

MeToauyeckne yKazaHus.

B 0oCHOBY cHMIIEKCHOTO MeTO/1a JIeTia Wjesl MocieaoBaTeNIbHOro yiyumenus pemwenus 3J1I1.
Jlii ero peanusauuy He0OXOJUMO OCBOUTH TPU OCHOBHBIE DJIEMEHTA:

- CcHoco0 omnpeaeneHusl Kakoro-audo MEepBOHAYAIBHOTIO JOMYCTUMOTO Oa3HMCHOIO peIIeHUS
3a/1a4y;

- IIPABWJIO II€peX0/ia K Jy4lIeMy, UIU He K XyIIEMY, PELICHHUIO;
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- KpUTEpHil MPOBEPKH ONTUMAILHOCTH HalJIEHHOTO PEIIECHHUS.

Jliia ucnonb3oBanus cuMmiiekcHoro meroaa 3JIIT nomxkHa ObITh MpHBEAEHA K KAHOHUYECKOMY
BU]TY.

Kpumepuii onmumansnocmu pewenus npu onpeoenenuu MakCumyma (MUHUMyma) JuHetuHou
@yHKyuu: eciu B BbIpaXEHUU JMHEHHONW (YHKIMU 4yepe3 HEOCHOBHBIE NEPEMEHHBIE OTCYTCTBYIOT
MOJIOKUTENbHBIE (OTpULaTeNbHbIE) KOA((UIUEHThl NMPU HEOCHOBHBIX MEPEMEHHBIX, TO pPEIIECHUE
ONTUMAJIBHO.

OCHOBBI 3TOr0 METO/Ia PACCMOTPHUM Ha ITPUMEpPE U3 MPebIAYILEro naparpada.

IIpumep.
PemuTh cHMIIIIEKCHBIM MCTOOOM 3aavy:
F =2x +3x, - max

x; +3x, <18,
2x; +x, <16,
3x; <21,

X, <5

x20,x, 20.

Pewenue:
BBeznem 10NONHUTENBHBIE IEPEMEHHBIE X3, X, , X5, X, YTOOBI 3anucarh 3JII1 B kaHOHHYECKOM

BHUJC:

2x; +x, +x4 =16,

OnpenenuM ocrosuvie nepemenHvle (0I) MO CIEAYIOLIEMY MpPaBUIy: B KaueCTBE OCHOBHBIX
IIEPEMEHHBIX Ha 1-OM I1are MO>KHO B35ITh TaKUE M MEPEMEHHBIX, KaXKast U3 KOTOPBIX BXOJUT TOJIBKO
B OJIHO U3 M YpPaBHEHUN CHCTEMbl OIpaHWYEHHH, IPU ITOM HET TAaKUX YPAaBHEHHH CHUCTEMBI, B
KOTOpblE HE BXOAMT HHM OJHAa M3 3THUX IEpPeMEHHbIX. Eciu BbIOpaHHBIE IO ATOMY IPAaBHILY
[IEPEMEHHbIE UMEIOT T€ K€ 3HaKH, YTO U COOTBETCTBYIOLIUE UM CBOOOHBIE UJIEHBI B IPABbIX YACTAX
YpaBHEHUH, TO MOJYYEHHOE TaKUM 00pa3oM Oa3ucHoe perieHue OyaeT AomycTuMbiM. Ecinu o atomy
IIPaBUJIy HEBO3MOXKHO OINPEJENIUTh OCHOBHBIE NEPEMEHHbIE, TO HY)KHO JEHCTBOBAaTh CTaHIAPTHO
(meton XKopmana-I"aycca)

Llaz 1.

Om: x5, x4, X5, Xg.

Heocnosenvie nepemennvie (HI): X;, X, .

BeIpaxaem on uepes HII:

x; =18 -x, = 3x,,
x,=16-2x, —x,,
Xs=5-1x,,

Xy =21-3x,.

IIpu x;=0 u x,=0 momydaem Oa3ucHoe pemeHue X, :(0,0,18,16,5,21), KOTOPOE SIBJISIETCS
nonyctuMbIM U cootrBeTcTByeT BepuinHe O(0,0) mHoroyronbHuka (puc.l). Tak kak OHO 10IYCTUMO,
TO HeNb3 OTOPOCUTH BO3MOXHOCTH TOTO, YTO OHO ONTHUMAaJIbHO. BhIpazum JMHEHHYIO (QYHKIHIO
yepe3 HI: [ =2x; 4+ 3x,. IIpu pemenun X, 3HaueHue ¢pyHkuuu Oyner paBHO F (X 1)ZO. O yHKIMIO
MOXXHO YBEJIMYUTbH 3a CYET OJHOW W3 HI, BXOJSILUX B BbIpaKEHHE (QYHKIUU C NOJIOHCUMENbHBIM
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koaguyuenmom. B Hamem npumepe Oynem Oparh HI, ¢ HaUOOJBIIMM KOodhdumueHTom. Takum
0o0pa3oM, B O NEPEBEIEM X,, a Pa3pelaromuM OyAeT TPeThbe YpaBHEHHE MOCIEIHEH CHCTEMBI.

Ilepemennas x5 IepeXOaUT B HII.
Llae 2.
Om: x,,x3,X4,Xg.
Hm: x;,x5.
BrIpa3uM HOBBIE OIT Yepe3 HII, HAa4WHAas C Pa3peIIaroiero YpaBHeHHUS:
X, =5—xs,
xy =18—x; —3(5-x5),
x, =16-2x; —(5—x5),
X =21-3x,.
U nmocne npeobpazoBanuit
X, =5—xs,
X3 =3-x; +3xs,
x4 =11-2x; + x5,
X =21-3x,.
Bropoe 6asucHoe pemenue X, = (0,5,3,1 1,0,21) SIBJISIETCSL JOMYCTUMBIM M COOTBETCTBYET

BepirHe A(0,5) MHOTOYTOJIbHUKA.
BeipaxxaeM nuHENHHYI0 (QYHKIHMIO Yepe3 HII Ha 3ToM mare: F =2x; +3x, =2x, + 3(5 — Xs )=

=15+2x,-3x;. U F (X 2): 15. OueBHIHO, MOXHO YBEIMYHTH 3HaueHWE (YHKIMU 3a CUET
nepeMeHHON x;. M Ha 3ToM mare BTOpo€ ypaBHEHHE SBIIETCSA Pa3pellaroliUM, IEPEMEHHAs X,
MEePEXOIUT B HII.
Llae 3.
Om: x;,x,,x4,X4.
Hm: x5, x5.
Bripazum HOBBIE OT1 Uepe3 HII, HAUYWHAS C Pa3pelIaroiero ypaBHCHHUS:
X; =3—x; +3x5
X, =5-1xs5,
X4 =5+2x5 —5x5,
Xg =12 +3x;3 —9xs.
Tperbe OasucHoe pemieHue X, = (3,5,0,5,0,12) SIBJISIETCSL  JOTMYCTUMBIM W COOTBETCTBYET

BepinHe B(3,5) MHOroyroiabHuKa.

Berpaxaem JIMHEWHYIO (byHKLHIO yepes HII Ha 3TOM mare:
F =2x,+3x, =2(3— x3 +3x5)+3(5— x5)=21-2x; + 3x5, F(X;)=21. D10 peurenne He sBIAeTCA
ONTHMAaJbHBIM, TaK MOXHO YBEIMYUTh 3HaueHHE (QYHKIMHM 3a CUET IEPEeMEHHOH x5. Tperbe

ypaBHEHHE SABISIETCS pa3peIIaloinM, IEpEMEHHas! X, NePeXOUT B HII.
Llae 4
Om: x;,x,,x5,X4.
Hm: x5, x,.
[Tocne nmpeobpazoBaHUil TOTYIUM:
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1
X :6+§x3 —§x4

2 1
X2 :4_gX3 +§X4,

1

3 9

YerBeproe Oa3ucHoe pemieHue X, :(6,4,0,0,1,3) SIBJIIETCSL JIOIMYCTUMBIM M COOTBETCTBYET

BepmiHe (C(6,4) MmHoroyrosnpHuka. JluHeliHas (QyHKIMS, BbIpaXKEHHAs uyepe3 HI, HMMEET BUJ

4 3
F =24—-—x3;—=x,. OTO BBIpa)KE€HHE HE COJEPKHUT IIOJIOKUTEIBHBIX KO3()(UIMEHTOB IpPU HII,
5 5

nosToMmy 3Hauenne F(X,)=24 sBusercs MaxcumanrbHbim.

3apaun
1.Pemuts 3amaun 1-4 w3 mpeapiaymiero maparpada CAMIUIEKCHBIM METOI0M.
2. Pemutsb 3a/1a4u CUMILJIEKCHBIM METOJOM:

1) F=-10+x; —x, + X3 —2x4 + X5 — max
=X —=3x, +2x; =6
3xy +2x3 + x4 =12
— Xy —x3 +x5 =10

x; =20

2) F=-10+4x, + x, —x3 + x4, —2X5 — max
2x,—3xy +x3 =6

3x, —4x3+ x4 =12

Xy — X3 +x5 =10

x; =20

3) FF=2x; +3x, —2x; + x4, — X5 — min
=5x; +2x, +x3 =10

2x;+xy +x4 =12

Xp—2Xy) +x5=06

x; 20

3. /IBoiicTBEHHBbIE 3a/1a4H
3.1 lIpakTuyeckoe 3ansaTue Ne§ (4 yaca). /[BoilicTBeHHBbIE 3a/1a4U

Heap 3aHATHA: HAYYUTHCS COCTABJIATH Ui KaXJIOW 3ajjaud JIMHEWHOTO MpOrpaMMHUpPOBAaHUS
JIBOMCTBEHHYIO 3a/lauy, HCIIOJIb30BaTh TEOPEMbl JIBOMCTBEHHOCTHU JUISI HAXOXKACHUS PpELICHUS
B3aMMO/IBOMCTBEHHBIX 33/1a4.

Metoanyeckue yKazanus.

Kaxioit 3amaue MMHEHHOTO NMPOrpaMMUPOBAHUs COOTBETCTBYET ApPYyras 3ajada, Ha3blBaeMas
JBOMCTBEHHOM IO OTHOIIEHUIO K UCX0HOM. O0e 3amaun 00Jadar0T CIeAYIONMMHA CBOMCTBAMU:
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1) B oanoit 3aaue UIlyT MaKCUMyM JIMHEHHON (QYyHKIUU, B IPYTOd — MUHUMYM.

2) KoadduuueHtsl npu NepeMeHHbIX B JMHEHHOW QYHKUUU OJHOW 3aladyu SBJISIOTCS
CBOOOJHBIMHU YJIEHAMHU CHCTEMbI OIPaHUYEHHH B JPYTOM.

3) Kaxnas w3 3amau 3amaHa B CTaHAapTHOM (opme, mpuyueM B 3aJaye MaKCUMHU3AIMU BCE
HEpaBEHCTBA BHUJA «<», a B 3aJlJau€ MUHUMHU3ALIMU BCE HEPABEHCTBA BUA « > .

4) Matpuubl KO3(pGUIMEHTOB MPH MEPEMEHHBIX B CHCTEMax OrpaHMYeHuN o0eux 3ajad
SIBJIIOTCSI TPAHCTIOHUPOBAHHBIMU JIPYT JIPYTY:

ap dyp 1p
JUISA 337148 UCXOIHOU: A = | ay;  ayy... ay, |,
_aml ) Ayn B
o AT
4y A Ain
JUIS 3371241 BOMCTBeHHOM: A’ = Ay, Qyy... Qy,
Ay Ao eer Ay |

5) Uuciao HEpaBeHCTB B CHCTEME OTpaHWYCHWH OJHOW 3aJadyd  COBIAJAET C YHCIOM
MEPEMEHHBIX B IPYroy 3ajaye.
6) YcnoBus HEOTPHUIIATEIIBHOCTH TTIEPEMEHHBIX UMEIOTCS B 00€HX 3a/1a4yax.

Aneopumm cocmasnenus 080UCMEEHHOU 3A0AYU:

1) mpuBecTH Bce HEPaBEHCTBA CUCTEMbI OIPaHUYEHUN UCXOTHOM 3a/1a4M K OJJHOMY CMBICITY:

€CJIM B MCXOJIHOM 3aJaue UIYT MaKCUMYM JIMHEHHON (QYHKIMHU, TO BCE HEPABEHCTBA CUCTEMBI
OTPaHWYEHUN MPUBECTH K BUAY «<», a €CJTH MUHUMYM — K BUIY « > ».

2) cOCTaBUTh PACHUIMPEHHYI0 MAaTPUIy UCXOJHOM CUCTEMBI A, COCTOSIIYIO M3 MaTpuubl A,
CT0JIOIa CBOOOIHBIX WICHOB CHUCTEMBI OIPAHMYEHUM, CTPOKH KOI(PPHUIIMEHTOB NPH MEPEMEHHBIX B
JUHENHON QyHKIUH.

3) Haiitu matpuny Al/ , TPAHCIIOHUPOBAHHYIO K MaTpULE 4, .

. . /
4) CdopmynupoBaTb IBOMCTBEHHYIO 3a/ady Ha OCHOBAaHMM IIOJIYYE€HHOW MaTpuubl A4, u
YCIIOBUS HEOTPHUIATSIILHOCTH ITEPMECHHBIX.

IlepBasi Teopema ABOICTBEHHOCTH.
Jlnst B3aumoiBoricTBeHHBIX 3JII1 nMeeT MecTo oAMH 13 B3aUMOMCKITIOYAIOIINX CITYJacB:
1) B uncxogHoWl W JBOWCTBEHHOW 3aa4ax HMEIOTCS ONTUMAIIBHBIE PEIICHUs, MPU STOM

3HAYEHHMS 1EJIeBBIX (YHKIIUNA HAa ONITUMAJBHBIX PEIICHUSIX COBIAIAIOT: max F (X ) =min Z (Y )

2) B ucxomHOM 3amade MOMyCTUMOE MHOXXECTBO HE IMYCTO, a IejeBas (YHKIUS Ha ITOM
MHOKECTBE HE OorpaHuueHa cBepxy. [Ipu 3ToM y ABOICTBEHHOM 3aaun OyJeT MyCTOE OIMYCTUMOE
MHO€ECTBO.

3) B naBoiicTBEHHOI 3a/a4ye JOMYCTMMOE MHOKECTBO HE ITyCTO, a LiejeBas GyHKUUS Ha 3TOM
MHO>KECTBE HEOrpaHWYeHHa cHH3Yy. lIpu 3TOM y uCXOaHOM 3amaun OyneT IMYCTOE AOIyCTUMOE
MHO€ECTBO.

4) Obe U3 paccMaTpuUBaEMBbIX 3a/1a4 UMEIOT ITYCThIE IOMTYCTUMBIE MHOXKECTBA.

IIpumep. CoctaButs 3a/1a4y, IBOMCTBEHHYIO K HCXOIHOM.
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2x—x, 21,
—x; +4x, <24,
X, —Xxy <3,
X, +x, 25.

x20,x,20

Pewenue:

1) Tak xak ucxomHas 3a7adya HAa MaKCHMH3AILUIO, TO MPUBEJAEM BCE HEPABEHCTBA CHUCTEMBI

OTpaHMYEHUH K BUAY « <», AJIs 4yero o0e 4yacTu MepBOro U 4YETBEPTOro HEPABEHCTBA YMHOXKUM Ha -1.
[Tomyuum

X —Xx, <3,
—X; — X, <5,
2) CocTaBUM pacIIMPEHHYIO MaTPULLy CUCTEMBI:
-2 1 |-1
-1 4 |24
4=1 -1|3
-1 -1|-5
L - 1 2 __

3) Haiinem matpuiy Al/ :
-2 -1 1 -1]-1
A4'=|1 4 -1 -1]|2
-1 24 3 -5|Z7
4) ChopmynupyeM IBOUCTBEHHYIO 3a7a4Yy:
Z=-y +24y, +3y; -5y, > min
=2y =Yyt y3—ys 2L
Vi +a4y, —y3 =y 22,
120,y,20,y;20,y, 20.

3apaun
1. dns 3amau u3 naparpada 2.3 cOCTaBUTh JIBOMCTBEHHBIC, PEUIUTH CUMIUICKCHBIM METOJIOM.

Y6enutbcsi B TOM, YTO ONTHMAIbHBIC 3HAYCHUS JTUHEHHBIX (DYHKIIMH WMCXOMHOW U JBOWCTBEHHOU
3aJa4 COBITAIAIOT.

2. JlaHbl 1BE B3aMMOIBONCTBEHHBIC 3a4a4H:

a) 6)
Z=-8y,+2y, >min [F =x —x, - max
-y +2y, 21 X +2x, 28
=2y +y, 2-1 2x+x, <2
»20,y,=20 x20,xy,20

[Ipemyaraercss caMOCTOSTENIBHO YO€IUTHCS (CHMIUJIEKCHBIM METOJIOM HWJIM T€OMETPUUYECKH) B

TOM, YTO B HCXOJHOW 3ajaue a)iuHeiHas (YHKUMsS HE OrpaHMuYeHa, a B JBOMCTBEHHOHN 3aaaue
JOIIYCTUMOE MHOKECTBO ITYCTO.

3. Jla"bl 1BE B3aUMOIBOMCTBEHHBIC 3aa9H:
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a) 6)

F =3x; +5x, = max Z =5y, -7y, - min

x20,x, 20 »20,y,20

[Ipemyaraercss caMOCTOATENBHO YOEIUTHCS (CHUMIUICKCHBIM METOJOM HWJIM T'€OMETPUYECKH) B
TOM, 4TO B KaKJIOM U3 337a4 OTCYTCTBYIOT JIOITyCTHUMBIE PELICHUS.

4. TpancnopTHas 3aga4a
4.1 llpakTuyeckoe 3ansaTue Ne 9 (4 yaca). TpancnopTHas 3agaua.

Lenap 3aHATHS: OCBOUTH METOJ NOTEHIUAJIOB PELIEHUS TPAHCIOPTHBIX 3a/ay, HAYyYUTHCS
noAOupaTh IMEepBOHAYAIbHOE OAa3MCHOE pELIEHHE METOJOM «CEBEpO-3alaJHOro Yria», METOJIOM
«HANMEHBIINUX CTOUMOCTEN».

Metoanyeckue ykazanus.

Baxxubim yactHbIM citydaeMm 3JII1 sBisiercst TpancnopTHas 3ajmada. PaccmMoTpuMm Ha npumepe

PEIICHUE TaKHX 3aJ1ay.

IIpumep.

B nynkrax 4, (z' = I,_n) BBIITYCKA€TCsl OJTHOPO/IHAS IPOIYKIIUS B KOJIMYECTBE @, (z' = l,n), €IMHULL.
CebecTOMMOCTh €IMHMIIBI IIPOJYKIUU B IIYHKTE A, (z' = l,_n) paBHa C, (z' = I,_n) I'otoBas nmpoykus
IIOCTaBJIAETCS B IYHKTHl B, ( j= I,_m), IOTPEOHOCTH KOTOPBIX COCTABISIOT b, ( j= I,_m) €IMHULL.
Cronmocts C;; TIepeBO3KH CAMHUIIBI IPOYKIIH U3 IYHKTA A, B IYHKT B, U3BECTHA.

TpeOyercsi:
1) HaiiTu onTuUMasibHBIN IUTAaH NEPEBO30K, KOTOPHINA 0OecreynBaeT MUHUMAaJIbHbIE CyMMapHbIE
3aTparhl Ha IPOU3BOJCTBO U JOCTaBKY IIPOIYKIIUY;
2) CocraBUTh IKOHOMUKO-MATEMATUYECKYIO MO/JIENb 3a/1a4H;
3) Haiitn BenmunHy 7, MUHHMAJIbHBIX 3aTpar.

n

Ilycte n =3, m=4. Bce HeoOXoauMble JaHHBIE 1aHbI B TaOIULIE:

al a 2 a3 C] C2 C3 b] b2 b3 b4 C] 1

140 | 180 | 240 80 | 160 | 120 | 180

3 2 3
Co |Cu |Gy |Gy | Cy | Cy | Gy | Gy | Gy | Gy | Gy
2 6 6 5 4 8 7 10 |6 3

Pewenue:

3amaua SBISETCS OTKPHITOM, TaK Kak 3amachl CYMMAapHBIA CIIPOC MEHbBIIE CYMMapHOTO
npemnoxenus: 140+180+240 = 560 > 540 = 80+160+120+180 equnui, T.€. CyMMapHbIE MOIITHOCTH
MOCTaBIIMKOB W TOTpeOuTeneil He copmagaroT. s Toro, 4roObl MPUBECTH 3a7ady K 3aKPBITOMY
THUITy, HEOOXOAMMO BBECTH (PUKTUBHOIO norpeburens b, ¢ morpebHOcTBIO B 560-540=20 enununiy
npoaykuud. CTOMMOCTb NEpPEeBO3KM B IIHKT NOTpeOneHus b, M3 BceX IYHKTOB IPOM3BOJCTBA
cuutaem paBHbIM 0.
[lyctp x; — KOJIMYECTBO €IMHMIL NMPOAYKUMH, NEPEBO3MMON M3 NyHKTa A, B MyHKT B . 3ajnaua

3aKJII049a€TCsa B MUHUMMU3allUU O6HII/IX TPAHCIIOPTHBIX pacXoa0B:

3 5
z ZZZ(Cz:f +Cl.)xlj — min

i=1 j=l
IIPU OTPAaHUYECHUSAX
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i=l1

1 €CTCCTBCHHOM YCJIOBHH HEOTPHUIIATEIIBHOCTH KOJIMYECTBA TIOCTABIIIEMOM PO TyKITHH
x,20 (i:1,_3, j:1,_5)

Matremarudeckast MOJCIb 33JJa49d BBITIISIUT CIICTYIOIINM 00pa3oM:

Z(X) =6x;, +5x, +9x;5 +9x, +3x;5 +8x,, +4x,, + Txyy +11x,, +3x,5 +

+9x;, +12x5, +8x3; + 5x;, + 2x,; = min
X, X, +x5 +x, x5 <140

Xy F Xy + Xy + X,y + Xy <180

X3 + X5 + Xy + X5, X5 <240

X +X, +x5, =80

X, + Xy +x5, =160

X3+ Xy + x5, =120

X, t Xy, +x5, =180

X5 + X,y + X35 =20
%20 (=13, j=13)

1) CocraBuM OMOPHBIA IUIAH MemOOOM cesepo-3anaonoco yena (TIepBOHAYATIbHOE O0a3uCHOE

pacnpe/ielieHHe IMOCTaBOK).

PaccmoTprm "ceBepo-3anaHblii yroi'" He3arnoJHEHHON TaOlUIIb, TO €CTh KIETKY, COOTBETCTBYOIILYIO
MIEPBOMY ITOCTABILUKY U nepBoMy norpeduremo. [locraBum Tyna Haumensinee n3 3HaueHuii 140 u 80, 1.e 80.
Torma cnpoc mepBoro moTpeOuTeENs OymeT YIOBIECTBOPEH, BBIYEPKHEM W3 JATGHEHIIIEr0 pacCMOTPEHHS
TIEPBBIN CTOJIOCII, @ Yy TIEPBOTO TOCTaBIIMKa OcTanochk 140-80=60 emuHMUI] HEPACTIPEACIEHHON MPOMYKITHH.
Janee paccmarprBaeM 'ceBepo-3ana Hbplii yroil'" OCTaBIIeHCs TaOJHUIIbI, TO €CTh KIIETKY, COOTBETCTBYIOIIYIO
MIEPBOMY TTOCTABILMKY M BTOPOMY MOTPEOUTENIO, CTaBUM Ty/la HauMeHbllee u3 3Haduenuid 160 u 60, T.e. 60.
Best mpoykimst epBoro MOCTABIIMKA pacrpesiesicHa, 3HAUMT BBIYEPKUBAEM IIEPBBIN CTOJIOEI, Y BTOPOTO
notpeduTesnst oTpeOHOCTh yMeHbIwIach 10 160-60=100. AHaTOrMYHO TPOAOIDKAEM 3aTlOJHSATH TAOJHITY.
[locne n+m-1 maros noy4aem ONMOPHBIN IUI1AH:

80 160 120 180 20
140 80 60 - - -
180 | - 100 80 - -
240 - - 40 180 20

2) CocraBuM HavyaJIbHBINA OTOPHBIN TJIAaH METOJIOM HAUMEHBIIIMX CTOMMOCTEN. B mpaBom BepxHeM yriry
Ka)KJI0M staeiiku 3armackiBaem C; = C; + C,

ai
80 160 120 180 20
bj
[0 | [5 | El El 3|
140
80 ® 0@ 0 @
120 [8 | [4 | 7| (11| El
160 () |20 (D
—

—/
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240 9 12 8 5 2
60 () | 180 ()

2
Beenem Hekotopeie 0003HaueHU: Ai* - U3IUIIEK H%i)/elcnpeneneﬁﬁorb*(py:«;a OT mocTaBuka Ai, Bj*
- HeJIoCTaua B MOCTaBKe Irpy3a NoTpedureto Bj.

Haxonum He3aHATyI0O KIETKY C MUHUMalbHbIM Tapudom (paccmMaTpuBaeM HE(DUKTHUBHBIX
notpebutenei): (2,2). [lomemaem Tyna wenbinee u3 uucen A2*=180 u B2*=160. Cunpoc
notpebutens B2 ynosnerBopéH (B2*=0), A2* crano paBHbiM 180-160=20.

Haxonum He3aHATYI0 KJIETKy ¢ MUHUMAaIbHBIM Tapudom: (3,4). Ilomeniaem Tyna MeHblee U3 Ynces
A3*=240 u B4*=180. Cnpoc notpedutens B4 ynosnerBopén (B4*=0), 43* cramo paBHbM 240-
180=60.

Haxonum He3aHsATyI0 KJIeTKy ¢ MUHUMaibHbIM Tapudom: (1,1). Ilomeniaem Tyna MeHblee U3 ynces
A1*=140 u B1*=80. Cnpoc notpebutens B1 ynosnerBopén (B1*=0), A1* ctano paBubm 140-80=60.
Haxoaum He3aHATYI0 KJIETKY ¢ MUHUMAaIbHBIM Tapudom: (2,3). Ilomemniaem Tyaa MeHbLIee U3 YHUCET
A2*=20 n B3*=120. Ilponykuust nmyHkra A2 pacnpenenena (A2*=0), B3* crano paBHbiM 120-
20=100.

Haxonum He3aHsATYI0 KJIETKy ¢ MUHUMAaIbHBIM Tapudom: (3,3). Ilomeniaem Tyna MeHblIee U3 YnuCes
A3*=60 u B3*=100. [Iponykuus mynkra 43 pacnpenenena (43*=0), B3* crano pasabsiM 100-60=40.

Haxonaum He3aHATyr0 KiIeTKy C MUHUMalIbHBIM Tapudom: (1,3). [lomemaem Tyga MeHblIee U3 4uces

A1*=60 u B3*=40. Cnpoc notpedurens B3 ynosnerBopén (B3*=0), A1* ctano paBubim 60-40=20.
Ocranocey pacnpenenuts 20 enuuuil rpy3a u3 nmyHkra Al. HeynoBieTBOPEHHBIM OCTalICSA TOJBKO
cnpoc ¢ukTUBHOTO moTpeduTens — myHkta B5. [lomemaem tyma 20, mocie 4ero BCsl MPOIYKIIHS
CTaHOBUTCA paclpeeEHHON U CIIPOC BCeX NOTpedUTENe yA0BIETBOPEH.

TakuM 00pa3zom, HaYaJIbHBIM OMOPHBIM IIJIAHOM SIBJISI€TCS
80 0 40 0 20

X,=/0 160 20 0 O
0 0 60 180 O

Z(X,)=80-6+40-9+20-3+160-4+20-7+60-8+180-5=3060.

[IpoBepum, siBIsieTCS 1M IUIAH, NOJYYEHHBIH METOJOM HAMMEHBIIETO 3JIEMEHTA, ONTHUMAJIbHBIM,
WCIIONB3YS Memoo nomenyuanos. Tak xak m+n-1=5+3-1=7 u umeem 7 3arpyXeHHBIX KJIETOK, IJIaH
SIBJISIETCS ALUKIINYHBIM.

ITycte U; u V, - mOTEHIMANBI {-I0 CKJIaJa U j-TO Mara3uHa COOTBETCTBEHHO.

[Tonaras norenuuan U;=0, onpenenseM ocTajbHble MOTeHIHANbI U3 cooTHowmeHus UitVi=C"i,
IIpocMaTpuBasi Bce 3aHAThIe KIeTKU. [lomydnm:

Ui=0

Vi=C11-Ui=6-0=6

Vi=C13-U1=9-0=9

Vs=C'15-U1=3-0=3

Uz2=C"23-V3=7-9=-2

Us=C33-V3=8-9=-1

Vo=Chr-U2=5-(-1)=6

Va=Ch4a-Us=5-(-1)=6

Jljis cBOOOJHBIX KIETOK ONPEENIUM 3HaYeHHS OLICHOK (pa3sHOCTEN MeXAy NMPSAMBIMU U KOCBEHHBIMU
Tapudamn).

Sip=C12- Ui+ V2)=-1

Sia=Cla-(Ui+Vs)=3

S2,1=C"2,1-(U2+Vi)=4

S24=C"24-(U2+V4)=7

S25=C25-(U2+Vs5)=2

S31=C31-(Us+Vi)=4
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S32=C32-(Us+V2)=7
S35=C35-(Us+Vs5)=0
HmeeM o/iHY KIIETKY C OTpHUILIATEIbHOM olleHKo! — KkiteTka (1,2). Ctpoum it Hee UK TaK, YTOObI OH
HAYMHAJICS U 3aKaHUMBAJICS B 3TOM KIIETKE, a OCTAJbHBIMHU Yy3JlaMU ObUIM Obl 3arpy:KEHHbIE KIETKH

TaOJIUIIBI.
ai
80 160 120 180 20
b.
J
6 + 5 = 9 9 3
140 30 40 20
180 8 -160 4 ero 7 11 3
240 9 12 0 8 0 5 2

[Tepemerniaem 1o MUKy rpy3 BenuauHou B 40 equnuil (BHIOMpAETCss MUHUMAIBLHOE KOJIMYECTBO I'Py3a
W3 3HAYCHHM, YKa3aHHBIX B 3aIOJHEHHBIX KJIETKaX IMKJIA, IOMEUEHHBIX 3HAKOM '"MUHYC", TaK Kak
MBI HE MOKE€M OTHSTH OOJIbIIE AMHUI] MPOIYKIIMH, Y€M €CThb), TPUOABIISIS 3Ty BEIMYUHY K TPY3Y B
KJIETKaX CO 3HaKOM "TUTt0c" M OTHHMAs €€ OT I'py3a B KJIETKax CO 3HAaKOM ""MuHYycC'".

B pesynbpTaTe nepemenieHus o MUKy MOJTYyYHM HOBBIH TUIaH:

a.
80 160 120 180 20
b,
J
[6 | 5 | El El El
140 30 40 20
120 [8 | . [4 | . (7| (11| EN
240 9 12 0 8 90 5 2

eneBas Qynkus (cymMmapHble TPaHCHOPTHBIE pPacXoJbl W PAcXoAbl Ha MPOU3BOJCTBO TIO
MOJIyY€HHOMY IUIaHY)
Z(X,)=80-1+40-5+20-34+120-44+60-7+60-8+180-5=3020. 3HaueHue ueneBoil (yHKIUU
YMEHBIIUIOCH Ha 40 eAMHUI TI0 CPABHEHUIO C MPEIBITYIIIUM 3TAIIOM.
[TpoBepum mosy4eHHbIN MIIaH HA ONTUMAJIBHOCTB. [logcunTaeM MoTeHIMABI.

Ui=0

Vi=C1,1—-Ui=6-0=6
V2=C12-Ui=5-0=5
Vs=Ch5-U1=3-0=3

U2=C22-V2=4-5
Vi=Ch3—U2=7—(-

—
N—

Us=C33-V3=8-8=0
Vi=Ch4-U3=5-0=5
J1J1s1 CBOOOTHBIX KJIETOK OTIPEICIIAM 3HAYCHUS OIEHOK
Si3=C'11-(Ui+Vi)=3
Sta=C14-(Ui+Va) =3
S2,1=C",1- (U2+V1)=3
S24=C24-(U2+Va)=7
S25=C"25-(U2+Vs5)=1
S3,1=C'31-(Us+ Vi)=3

-1
=38
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S32=C32-(Us+V2)=7
S35=C35-(Us+ Vs)=-1

[Inan He onmTHMalieH, Tak KaKk UMEETCs KJIETKa C OTpUllaTeIbHOM oneHkor — (3,5). Ctpoum aiis Hee

LUKJI.
ai
80 160 120 180 20
b,
J
6 + 5 9 9 - 3
140 80 40 20
130 8 -1 2 4 J6rO 7 11 3
240 9 12 -60 8 0 5 + 2
[TepemeniaeM no UMKy rpy3 BEIMYUHON B 20 eAUHULI.
B pe3ynpTaTe nepemenieHus o MUKy CIEAYOINN IUIaH:
ai
80 160 120 180 20
b,
J
[6 | 5| E E 3|
140
60
80
120 [8 | . [4 | “ 7| (11| EN
240 : - 40 : 180 : 20 -

eneBas GpyHKIuMs (TPAHCTIOPTHBIE PACXO/IbI)

Z(X,)=80-6+60-5+100-4+80-7+40-8+180-5+20-2=3000. 3nHaueHue ueneBol (QyHKIUU

YMEHBIIUJIOCH Ha 20 €AMHULL 10 CPABHEHHUIO C MPEABIYIIIUM TAIIOM.
[IpoBepum mosy4eHHbIN MIIaH HA ONTUMAJIBHOCTB. [logcunTaeM MoTeHIMabI.

Ui=0

Vi=Ci1,1—-Ui=6-0=6
V2=C12-Ui=5-0=5

U2=Ch2—-V2=4-5
Vi=Ch3—U2=7—(-
Us=C133—-V3=8-28

= |l

)

0

Vi=Ch4-U3=5-0=5
Vs=Chs5-U3=2-0=2
Jl1st CBOOOTHBIX KIIETOK OTIPE/ICIIMM 3HAYCHHUS OLIEHOK
Si3=C'r1-(Ui+Vi)=1
Sta=C14-(Ui+Va)=4
Si5=C'15-(Ui+Vs)=1
S2,1=C",1- (U2+Vi1)=3
S24=C24-(U2+Va)=7
S25=C25-(U2+Vs5)=2
S3,1=C'31-(Us+ Vi)=3
S32=C32-(Us+V2)=7
Tax xak Bce oneHkH Sij>=0, TO MOJy4eHHBIH TUIaH SBISETCS ONTUMATBHBIM, MUHIMAJIbHbIC
TpaHCIIOpTHBIE pacxo sl paBHbI 3000.

-1

8
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Kak BuauMm, ONOpHBIM IUIAH, TMOJYYEHHBIM METOJOM CEBEpO-3alaJHOr0 yria, OKa3ajcs
ONTUMAaJIbHBIM.
OtBer: OnNTUMAaNIbHBIN IJIaH EPEBO30K NPEJCTABJICH B Ta0IUIE

ai
80 160 120 180 20
b.
J
[6 | [5 | o | El El
140
60
80
180 8 100 4 % 7 11 3
240 o | &40 ngo Lzo 2|

3ameuanue. J1yis 3aKpbITBIX TPAHCHOPTHBIX 3aJa4, T.€. KOTJa HE HY)>KHO BBOJUTH (PUKTUBHOTO
noTpebuTens (MOCTaBIIMKA) U CyMMapHble MOUTHOCTH MOCTaBUIMKOB U MOTpeOUTEIeH COBNAAAOT, C
IIOMOIIBIO AJITOPUTMOB IOKUCKA MEPBOHAYAIBHOIO OA3MCHOIO paclpeliesieHus] MOCTaBOK M MeToJa
IIOTECHIIMAJIOB MOXHO HaWTH OIITHMAJILHOE pelICHUC. TanKe, 3aKPBITEIC TPAHCIIOPTHBIC 3aJa4du,
sBisisick 3JII1, MOoTyT OBITH peleHbl CUMIUIEKCHBIM METOJIOM. Taxke ce0eCTOMMOCTh MPOAYKIINH HE
00s13aTeNIbHO YKa3bIBAETCS B YCIOBUAX 3aJauu.

3agaun
1. lnsa ciexyromux TPaHCIIOPTHBIX 3374 a) COCTABUTh IKOHOMHKO-MATEMATHYECKYIO MOJICTh;
6) HAaTH ONTHMAJILHOE pacnpeaciiCHUC IMOCTaBOK W MHHHUMAJIBHBIC 3aTpaThl, BBIIIOJHUB
[IEPBOHAYAIBHOE PACIIPE/IEICHHE MOCTaBOK METOJI0M HauMEHbIIUX cTouMocTei. CebecTouMOoCTb
NPOAYKIMH HE YYUTHIBATH.

D
MomHOCTh NOCTaBUIMKA MoIHOCTH NOKynaTenein
30 100 40 110
60 4 5 2 3
100 | 3 6 2
120 6 2 7 4
2)
MoHOCTh NOCTaBUIMKA MoIHOCTH NMOKYaTenein
20 110 40 110
60 1 2 5 3
120 1 6 5 2
100 6 3 7 4

2. Jlnsa crieayromie TpaHCTIOPTHOM 3a/1auu a) COCTAaBUTh SKOHOMHKO-MATEeMAaTHYECKYIO MOJICIIb;
6) HAaWTH ONTHMAJILHOE pacnpeaciiCHUC IMOCTaBOK W MHHHUMAJIBHBIC 3aTpaThbl, BBIIIOJHUB
[IEPBOHAYAIBHOE pACIIpPE/EICHHE IOCTaBOK METOJIOM ceBepo-3amagHoro yria. CebecTonMoCTb
NPONYKIMH HE YYUTHIBATH.

MomHOCTh NOCTaBUIMKA MoIHOCTH NOKyNaTenein
15 25 8 12
25 2 4 3 6
18 3 5 7 5
12 1 8 4 5
15 4 3 2 8
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3. 3aKOHYMTbH pelIeHHE TPAHCIOPTHOM 3a/1a4M, HAYMHAs C 3aJJaHHOI'O PacIpeeIeHNs OCTaBOK
(B IpaBOM YTy KaKJIOM KJIETKH).

MomHOCTh NOCTaBUIMKA MoIHOCTH NOKYaTenein
15 25 8 12
95 5 45 14 50 | 13 9
35 2 7 9 35 |8
55 9 7 35|11 7 20
75 1 6 1 1 35

5. Moaesu 1eJI04MCJIEHHOI 0 JIMHEHOr0 NPOrpaMMHpPOBaHUs
5.1 IlpakTuyeckoe 3ansaTue Ne 10 (4 yaca). Pemenne 3axau
JIMHEHHOr0 eJIOYHCIEHHOr0 MPOrpaMMHPOBAHUS

Leab 3aHATHA: HAYYUTHCS HAXOMUTH pEIIEHHE 3a7ad JIMHEWHOTO IEJIOYHCICHHOTO
IIPOrpaMMHUPOBAHUsI METO0M ['omMopH.

MeTtoanyeckue yKa3aHus.

3ajaya JMHEWHOro 1enourcieHHoro mnporpammupoBanus (L3JIII)  dopmynupyrores
CJIeIYIOMMM 00pa3oM: HAWTH TaKoe pemieHue (tiaH) X = (x] , xz,x3,...,xn), MIPU KOTOPOM JIMHEHHAs

byHKIIUSA
Z = Z}:cjx ;
=

MPUHUMACT MAKCUMAJIbHOC UJIWM MUHHUMAJIBHOC 3HAYCHHUE IIPU OTrPaHUYCHUAX

n
Z%xwlzlam
Jj=1
x;20,i=1n,

Xj — IEJIBIC YUCiia

PaccmoTpuM pelieHne Takux 3aa4d ¢ UCIOJIb30BaHUEM Mmemoda [ omopu (METOAA OTCEUEHNU).

Anroput™m MeToa:

1) CummiekcHpiM MetogoM pemaeM 3JIII Ge3 ycioBus 1nenouncieHHoctd. Eciau Bce
KOMIIOHEHTBI OIITUMAJIBHOI'O IIJIaHA IICJIBIC, TO OH SABJIACTCA OIITUMAJIBHBIM U JIs1 ]_I3.HH

2) Ecnu cpeny KOMIIOHEHT ONTUMAJIBHOTO PEIIEHHs €CTh Hellelble, TO BEIOUpaeM KOMIIOHEHTY C
HauOosbIIeH 11e0i yacThio. [1o cooTBeTCTBYyIOIIEMY YPAaBHEHHIO CUCTEMBI, HATPUMEDP C HOMEPOM J,
MIOJIyYEHHOM Ha MOCJEJHEM Illare CUMILJIEKCHOTO METO/A, BbIPaXKaIOIIUM OCHOBHBIE /71 IEPEMEHHbIE

4epe3 HEOCHOBHBIE N —Mm: X; =f8, =@, X, — &%, —---— A, X,, COCTABISEM MPABUIHLHOE
OTCEUCHHE:
{ﬂ ; }— {oc il }me - {oc a2 }xm+2 - {oc n }xn <0, rae cuMBOI { } - IpoOHas 4yacTh Yucia.

3) mocienHee HEPAaBEHCTBO BBEICHHEM JIOTIOJHUTEIHHON HEOTPHULATEIBHON IEIOYNCICHHON
nepeMeHHOH MpeoOpa3oBhIBaEM B paBHOCHIBHOE YPaBHEHHE:!

{ﬂj }_ {ajmﬂ }xm+] - {ajm+2 }xm+2 T {ajn }xn + xn+l = 0
M BKJIIOYAacM €Io B OI'PaHUYCHUC HCXOI[HOﬁ 3ada4uu.

4) TlonyyeHHYIO PAaCIIMPEHHYIO 3ajjady pellaeM CHMILIEKCHbIM MeTofioM. Eciu ontuManbHbIN
wiad Oyxet uenouucinenubiM, To L[3JII1 pemena. Mnaue Bo3BpaiaeMcs K MyHKTY 2 alropuTMa.

IIpumep.

Jist mpuoOpeTteHusi 000pymoBaHUsI TIO COPTHUPOBKE 3epHa (epmep BbAenser 34 1eH en.
OGopynoBaHHE TODKHO OBITH PA3MEIICHO Ha ILIOMANH, He mpesbimaromeit 60 m°. depMep MOXKeT
3aKazaTh 00OpYIOBaHME JBYX BHJIOB: MEHEE MOIIHBIC MAaIIMHBI THIa A CTOMMOCTHIO 3 JEH. eI,
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2

TpeOroIre MPOU3BOACTBEHHYIO IJIOMIAAs 3M~ (C Y4ETOM IPOXOJIOB) U MPOU3BOAUTEIHHOCTHIO 2 T.

3epHa, i 60JIee MOLIHbIE MAlIMHA THIIA B ¢ XapakTepucTukaMu — 4 eH. ef1., SM%, 3 T. 3epHa.
Tpebyercst cocTaBuTh ONTHUMAJBHBIA IUIaH MPUOOpeTeHus 00opyaoBaHUs, 0OecreurnBarOIINN

MaKCHUMaJIbHYI0 OOIIYI0 MPOU3BOAWUTEILHOCTh MPU YCIOBUU, YTO (DepMep MOXKET MpUOOpecTH He
Ooinee 8 marumH THna B.

Pewenue:
O003HauuM yepe3 X, X, KOJIMYECTBO MAIIMH COOTBETCTBEHHO THna A u B, upe3s Z — oOmyro
MPOU3BOAUTENBHOCTD. TOr1a MaTeMaTu4eckasi MOJIEIb 3aa4i PUMET BUIL:
Z =2x, +3, > max
3x, +5x, <60,
3x, +4x, <34,
x, <8,
x20,x,20,
X;, X, — LICJIbIE YUCIIA.
BBeneM N0ONOIHHUTENBHBIE HEOTPHULATEIBHBIE NEPEMEHHBIE X,, X,, Xs M IIOIYYUM CHCTEMY

ypaBHeHUH. [lajmee pemraem 3amady CUMIUIEKCHBIM METOAOM Oe3 ycioBHUsA IeiounciieHHoctu. Ha
MIOCJIETHEM IlIare Mojiy4aeM CUCTEMY ypaBHEHUM:

P R
1 3 3 4 3 52
X, =8 —xs,

x; =18+ x, +xs,
. 1 2 1

L =25———x,——x,.
3 3 3

* 2 *
[Tomygaem omTumanpHOE pemieHue X :(5,8,18, 0, 0] u Z :25§. Ho 310 onTmmanbHOE

pelleHNe HE YIOBIETBOPSET YCIOBUIO LEIOUUCICHHOCTH. [10 mepBoMy ypaBHEHUIO ¢ IEPEMEHHOH X,
COCTABJISIEM JIOTIOJIHUTEIHHOE OTPaHUYEHUE:

B

Beenem AOHNOJHHUTCIIBHYIO HCJIOYUCICHHYIO IICPEMCHHYIO X > 0, IMOJIy4UM JOIIOJIHUTCIIBHOC

OTPaHWYEHUE B BUJIC YPABHECHMUS.

2 1

——=Xx,——Xx;+x,=0.

3 3 3

OTO ypaBHEHHE BKJIIOYAaEM B CHUCTEMY OIPAHUYEHUIH HCXOJHOM KaHOHMYECKOM 3agayuu.

[loydyaem pacIIMpeHHYIO 3aj1ady, pemaeM €€ CHUMIUIEKCHBIM MeTOIOM. I COKpalleHus 4Yucia
1IaroB  PEKOMEHIYETCS IOJNy4YCHHOE JONOJIHHUTENBHOE OrPaHUMYEHHE BKIKOYAaTh B CUCTEMY
OrpaHUYEHUH, MOJYYEHHYIO Ha MOCIEJHEM LIare CUMIUIEKCHOro Metoaa. Takum oOpa3oM, 3anuiiem
MOJIy4YEHHYIO CHCTEMY:

2 1 4
X, :§—§X4 +§X5,
X, =8—Xxs,

x; =18+ x, +x;,
2
X :——+§x4 +—Xx.

3
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2 2
basucnoe pemenne X = (5,8,18, 0,0, —gj - HEIOMyCTUMOE (Tak OyJIeT MOJIydaThCsl BCETIa).

Jist  mostydeHus  TOIMyCTUMOTO Oa3WCHOTO pelIeHUs TEePEeBOJUM B OCHOBHBIE TIEPEMEHHYIO,
BXOJSIIYI0O C TOJOXKHUTEIBbHBIM KOA(DPHUIIMEHTOM B ypaBHEHHE, B KOTOPOM CBOOOJHBIN 4JIEH

oTpuuarenbHelid. [lepeseneM B OCHOBHBIE IEPEMEHHYIO X, . Torza Ha 04epeHOM LIare NMeeM:
OCHOBHBIE IEPEMEHHBIE: X, X,, X3, X,.

HeocHoBHBIE IEPEMEHHBIE: X, , X, .
BbIpazuM 0CHOBHBIE IEPEMEHHBIE Y€PE3 HEOCHOBHBIE!
X, =2-x, +2x,

X, :7+§x4 —gxé,

X, :19+§x4 +§x6,

X; :1—5364 + = X¢.

1 1
YA :25—5)(4 —EXG.

Tak xak B BbIPAXKCHHUU JIMHEHHOH (i)YHKHI/II/I HET HCOCHOBHLIX NICPEMCHHBIX C ITOJOXKUTCIIbHBIMU

ko3¢ duLmenTamMu, To 6a3UCHOE pelIeHNe, MOJIYyYEHHOE Ha 3TOM IIare oNTUMalbHO. TakuM 00pazom,
ontumanbHoe pemenue L3I X =(2,7,19,0,1,0), Z* =25.

3apauu
1. Pemmure LI3JIIT:

a) Z =3x, +x, > max

0) Z =5x,+7x, > min
4x, +3x, <18, —3x, +14x, <78,
X, +2x, <6, 5x, —6x, <26,
0<x <5, x, +4x, 225,
0<x, <4,

x20,x,20
X,,X, — LleJIble YKucia X,,X, — LleJIble Yhcia

B) Z =3x, +2x, — max r) Z =6x, +x, = min

X, +x, <13, 3x,—x, 29,
X, —x, <6, 2x, +3x, <50,
—3x, +x, <0,

—x, +4x, 218,

x20,x,20, x20,x,20,

X,,X, — LIeJble YnCIIa X,,X, — LIeJbIC YHCIa

6. 3agaun MHOrOKpUTEPHATBLHOI ONITUMHU3ALUHU
6.1 IlpakTuyeckoe 3ansaTue Nell (4 yaca). Pemenne 3agau
MHOTOKPUTEPUATBbHOI ONTHMH3AIHH.

Heab 3aHATHS: HAYYUTHCA HAXOJWTh PEUICHHE 3aJa4ll MHOTOKPUTEPHAIBHOM ONMTUMHU3AINU
METO/I0M MOCJEI0BaTEIbHBIX YCTYIOK.

MeToaunueckoe YKa3zaHue.
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3a1a4yd MHOTOKPUTEPUAIbHOM ONTHMH3AallMM BO3HHUKAIOT B TeX ClIydasX, KOIJa HMeEeTcs
HECKOJIBKO LeJIell, KOTOpbIE HE MOTYT OBITh OTpPaKeHBI OJHMM KpuTepueM. PaccMoTpum pemenue
TaKMX 337144 Memoo0OoM NOCIE006amMeNbHblX YCHYNOK.

ITycTs yacTHBIE KPUTEPHH MOTYT OBITH YIOPSJIOYEHBI B HOpSAKE yOBIBaHHMA HMX Ba)KHOCTH.
IIpenanonoxuM, 4YTO BCE YaCTHBIE KPUTEPUM MAKCUMM3UPYIOTCSA M IPOHYMEPOBAHBI B IOPSIKE
yOBIBaHUS UX BOKHOCTU. Haxoaum MakcuManbHOe 3HadeHHe Z, MEPBOTO MO BAKHOCTH KPUTEPHS B
obsactu O NOITYCTUMBIX PEICHUH ITyTEM PELICHUs OHOKPUTEPHATIBbHON 3a1a4H:

Z, (X ) — max
XeQ

3areM, HUCXOs U3 NIPAKTUYECKUX COOOPAKEHHUI U IPUHATOM TOYHOCTH, HA3HAYAETCS BEJIMYMHA

JOIyCTUMOTO OTKJIOHEHHs O,>0 KpuTepus Z, M HaXOJUM MAKCHMaJlbHOE€ 3HA4€HHE BTOPOrO IIO

BAJKHOCTHU KpI/ITCpI/ISI ZZ* HpI/I YCJ'IOBI/II/I, YTO 3HAYCHUC nepBoro KpI/ITepI/IH HC OJOJIXKHO OTKIIOHATBHCS
OT CBOETO MakcUMyMa 0oJiee YeM Ha BETUYUHY JOTYCTUMOM YCTYIIKH, T.€. peIIaeTcs 3aaqa:
Z, (X ) — max
Z(X)>27" -5,
X eQ.
CHoBa Ha3Ha4aeTcs BEIMYMHA YCTYNKH O,>0 MO BTOPOMY KPHTEPHIO, KOTOpas BMECTE C

MEPBOM YCTYNKOW MCIOJB3YeTCsS Uil HAXO0XKJACHUS YCIOBHOTO MaKCMMyMa TPEThEro YacTHOTO

KpUTEPUSL:

Z, (X ) —> max
>

Z](X) Zl* _51a
Zz(X)Zzz* _52’
X eQ.

AHanoruuHble TpoUeAypbl MOBTOPSAIOTCA /10 TE€X HOP, MOKA HE OyJEeT BHISIBICHO MAKCUMAJIbHOE
3HAYEHUE IOCJIEIHEr0 II0 BAXHOCTH Kputepuda. llomydeHHOe Ha @OCIENHEM »JTale pEIeHue
CUMTAETCS] ONTHUMAJIbHBIM.

IIpumep.
[IycTs 3a1aya TpeXKpUTEpUAIBHON ONITUMHU3ALUHA UMEET BUJL:
Z, =—x, +2x, - max
Z, =12x, + x, = max
Z, =x, —3x, > max
X +x,<6,
1<x <3,
1<x, <4,

a:ag:%.

Pemennue:
Makcumym nepBod (QyHKIMM Z, MOYKHO HAWTH, Hampumep, rpauyeckuM METOJO0M WU
CHMIUIEKCHBIM MeTOIOM. W B JIaHHOM ClTydae ONTHMaIbHOE PEICHUE Ha TIEPBOM dTamne: X, = (1, 4)

u Z," =7. Teneps peniaeM 3a1aqy MAaKCUMU3ALMH Z, :
Z, =2x, + x, = max
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X, +x, <6,
1<x, <3,
1<x, <4,
-Xx, +2x, 24.
8 10 26
Pemmaewm 3ajauy, nonydaem: X, =|—,— |, Z," =—.
33 3
Jlanee ycTymaeM mo KpUTEpuio Z, Ha BEIWYMHY COOTBETCTBYIOUICH YCTYIKH, M PEIIAEM elle
oany 3JIIT:
Z, = x, —3x, = max
X, +x, <6,
1<x, <3,
1<x, <4,
-x, +2x, 24,
2x+x, 2 7.
U ONTUMANBHOE PEIIEHHE TOTydaeM B BUE: X, = (2, 3), zZ, =-T7.
Takum 00pa3om, ONTUMAIIbHBIC 3HAUCHHS YAaCTHBIX KPUTEPUEB NMPH ONTHMAJIBHBIX 3HAUYCHUIX
TIEPEMEHHBIX 3a1a4u paBuel: Z, =4, Z," =7 , Z, =-7.

3agaun

Pemnts 3a1a4n MHOTOKPUTEPHAIIBHON ONITUMHU3ALINN:
1. 2.
Z,(x)=x +x, > max, o, =2 Z,(x) =x, —3x, > max, 6, = 0,6
Z,(x)=-3x,+5x, > max, o, =1.5 Z,(x)=-2x, —x, > min, 6, = 50%
Z,(x) = x, —2x, = max Z,(x)=—x, —x, = max

X +x, 22, X +x, 22,

2x,—3x, <6, 2x,—3x, <6,

0<x <4,x,<6. 0<x <4,x,<6.

3.
Z,(x)=5x,+x, >max,o, =174

Z,(x)=-3x, +3x, - min, 6, = 20%
Z,(x)=2x, —x, = min

X, —x, <5,

2x, +3x, <12,

0<x,x, 2-2.
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3aganus VI CaMOCTOSITEJIbHOI PadoThI

Llenvio camocmoamenvnoii pabomvr B aucuuiuinHe «MareMaTHUeCKUE METOIbl HMCCIEJOBAHUSA
HSKOHOMHYECKUX CHCTEM» SIBIISICTCS CHUCTEMATH3allks, PACIIMPEHUE U 3aKPEIUICHHE TEOPETHUECKUX
3HaHWH CTYACHTOB M HMX NPUMEHEHHE TIPU PEIICHHH MPAKTUYECKUX 3ajad; Pa3BUTHE HABBIKOB
NpUMEHEHHs] Ppa300paHHBIX HA JICKIMOHHBIX M TPAKTHUYECKUX 3aHATHUSIX METOJIOB PpEIICHUS
OTITUMU3AIMOHHBIX 33]1a4.
Dopma omuema: TOMAITHUE U KOHTPOJIbHBIE PaOOTHI
@Dopma Konmpoaa: MPOBEpKa JOMAIIHUX 3a/laHUH, KOHTPOJIBHBIX padoT, OMpOC Ha MPAKTUYECKUX
3aHATHUSX.

Tema 1. PerpeccioHHbIe MOAEIH IKOHOMHYECKHUX MPOLECCOB
Pexomenoyemvie ucmounuxu ons evinoanenus saoanuu: 1,2, 3 U3 cycka JUTepaTypsl

3ananme 1.

N3yuaeTcss 3aBUCUMOCTDh JOXOMHOCTH akuuwil mpenmpusitus » (%) OT Temma pocTa BaJlOBOTO
BHyTpeHHero npoaykra x (%). IlomydeHHble pe3ynbTaThl OTpaXkeHbl B TAOIHIIE:

rojt X y
2000 5,5 14,1
2001 6,2 18,7
2002 7,7 23,1
2003 7,2 18,1
2004 4,8 8,7

OHpCI[eJ'II/ITB, €CThb JIM MCXKAY NICPEMCHHBIMUA JIMHEITHAs 3aBUCHUMOCTb.

3amanue 2.

ITo nanHBIM 7=12 yroJIbHBIX IIAXT IPOBECTH PErPECCUOHHBIN aHAJIN3 3aBUCUMOCTH ITOJIHON
cebecroumocTy 100614 1T.yras y (ThIC. py0.) OT CpeiHEl CYyTOUYHBIN 100BIUY YISl HA MIAXTe X, U

yIIeIBbHOTO BeCa KOMOatHOBOM NPOXOJKHU BBIPAOOTKHU X, (%).

Ne i/t y X, X,
1 12,2 4795 69
2 7,6 6062 82
3 10,0 6571 87
4 49.9 4249 92
5 15,7 9540 23
6 14,0 3488 31
7 12,7 4888 55
8 10,5 6237 81
9 15,1 2997 65
10 10,6 2990 98
11 15.2 1748 100
12 17,2 2128 69

1) nOpoBepUTh CTAaTHUCTUYECKYIO 3HAYUMOCTb KOA(P(GUIMEHTOB pPETrpeccud C YpPOBHEM
3HaYUMOCTH 5%);

2) ompenenuTh JOBEPUTEIBHBIE HHTEPBAIBl Ui KOA(D(OHUIIMEHTOB PETPEcCHU C YPOBHEM
3HaunMocTH 1%:;

4) npoBepuThH Ka4eCTBO ypaBHEHUs perpeccuu (ypoBeHb 3HauuMocTH 5%, 10%).
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3amanue 3.

JlanHbIe 0 TpUOBLIN IpeanpuaTust y (MJIH JI0JIJI.) U pacxoJax Ha pekiaMy X 3a 9 JieT mpencTaBiieHb

B Ta0JIUIIE.
y 5 7 12 16 23 21 19 18 16
X 0,8 1,1 1,8 2,5 4,1 5,5 7,3 8,1 8,9
TpeOyercsi:

1) mocTpouTh KOPPENSILIMOHHOE TOJE€ U BBIABUHYTH THUIOTE3y O (OpME 3aBUCHUMOCTH MEXIY
paccMaTpuBaeMbIMM II0Ka3aTEISIMU;

2) ouennts 1o MHK xosdduirenTs! IuMHEHHOTO ypaBHEHHS perpeccuu y =[5, + X U crenatsb
BBIBOJI O KAUE€CTBE YPABHEHUS PETPECCHH;

3) ouennts mo MHK ko3¢ duumentsr napabonndeckoro ypaBHenus perpeccud y = B, + Bx + f,x° n
c/IeTaTh BBIBOJI O KAYECTBE YPaBHEHUS PErPECCUU;

3aganue 4.
ITo nanHbIM 3a 15 €T mOCTpOEHbI B ypaBHEHUS PErPECCUU:
$=3,45-0,55x, R*=0,68
t=(20,5) (-4,3)
Iny=0,85-0,25x, R>=0,78
t=(449) (-5,3)
I y - ©KeIHEBHOE cpeAHeaylieBoe norpedienne kode (B gamkax mo 100r); x — cpemHeromoBas

1ieHa koge ( B py0./Kr).

TpeOyercsi:

1) mpouHTEpNpeTUPOBATH KOIPPUIIMEHTHI KaXA0H U3 MOJIENH;

2) 060cHOBaTh BHIOOP JIyUllIe MOJENH;

3) OTBETUTH HA BOMPOC, MOKHO JIM O KAYECTBE MOJIEIH CYAUTH M0 KO3()PUIMEHTY IeTepMUHALIUH.

Tema 2. Pemenue 3JII1
Pexomenoyemvie ucmounuku ons evinoanenus saoanuiu: 4, 5, 6, 7 U3 cnucka JIUTEpaTyphl.

3ananme 1. Pewwums 3a0auy n1uneiino2o npozpammupo8anui CUMNIEKCHOIM MEmoooMm
Bapnanr 1.

—x,—3x,+2x,=6

3x, +2x,+x, =12

-x,—x,+x,=10

x, 20

f=-10+x —x, +x, —2x, + x, &> max
Bapuanr 2.

2x, =3x, +x,=6

3x, —4x, +x, =12
x,—x,+x,=10
x, 20

f=-10+4x, +x, —x, +x, —2x, »> max
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Bapuanr 3.

—5x, +2x, +x, =10
2x, +x, +x, =12

X, —2x,+x,=6

x, 20

f =2x, +3x, = 2x, + x, —x, > min
Bapuanr 4.

2x, —6x, +4x, =12

3x, = 2x,+x,=6

-x, +x, +x, =4

x, 20

f=-20+x +x, —x, +x, > max
Bapuanr 5.

3x, —6x, +12x, =6

6x, +2x, —4x, =12

3x, +x, = 3x, =3

x, 20

f=20+x +x, —x, +x;, > max

3ananme 2. Pewsums 3a0auy 1uHeiin020 NPOZPAMMUPOSAHUA NPU NOMOULU CUMNIEKC-MAOIUbL.
Bapnanr 1.

X, +x,—-x,=3
3x, = 2x, +x, =12
2x, +x, +x, =10
x, 20

f=x —-x,—x, —x, —3x, > max
Bapuanr 2.

X, —x,+x,=4

x,+x,=4

2x, +x, —2x, =10

x, 20

f =-10x, +15x, —x, + x, > max
Bapuanr 3.
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X, +2x, -3x,=6

3x, = 2x, +x, =12

x, +x, +x, =20

x, 20

f=x —-x,+8x, —5x, —x, &> max
Bapuanr 4.

x, —2x, +x, =10

X, +x, =8

2x, +x, —4x, =4

x, 20

f =-10x, +20x, —3x, — x, = max
Bapnanr 5.

2x, +x, +x, =10

X, +x, —2x, =8
5x, +x, —=3x, =15
x, 20

f =-3x +2x, +3x, —x, +5x, > max

3ananmue 3. Pewuumo 3a0auy npu nomouwiu M-memooa (cumniekc-madauybl ¢ UCKYCCHI8EHHbIM

o6azucom):
Bapnanr 1.

2x, —x, —x,<6

2x, +x, —2x,=4

x, +x, +x, =10

x, 20

f=15+x —x, =3x, —x, > min
Bapuanr 2.

X, —x,+x,=1

X, —2x, +x,<2
—-x, +2x, +2x, =3
x, 20

f=12-x +x, =5x, +x, > min

Bapuanr 3.
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X, +x,—2x, <8
3x, +x, +x,=6
X, —2x,+x,=4
x, 20

f=5+x +3x, —x, > min

Bapuanr 4.

X, —x,+x,=2

X, —2x, +x,<4

- X, +2x, +2x,=6
x, 20

f=10-x, —x, +5x, +x, > min

Bapuanr 5.

2x, —x, —x, +x,<6
2x, +x, +x, —x, =15
x, +x, +x,=10

x, 20

f=5+x +x,-3x, +x, > min

3ananue 4. Pewue cpaghpuuecku 060iicmeeHHyIo 3a0auy, Halimu peuieHue UCXo0HOll 3a0ayu:
Bapnanr 1.

X, —x, +x, +4x, <8
-2x, +x, —x, —x, <-10
x, 20

f =—x, +2x, > max

Bapuanr 2.

X, +2x, —x,+x, —x,<2

-x, —2x,—x, +x, <8
f =-2x, —5x, —x, > max
Bapuanr 3.

x, —x, +2x, <1

—2x, +2x, +2x, +x, <8

x, 20
f =-14x, +4x, +9x, + 7x, > max
Bapuanr 4.
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X, —x, +2x, —2x, —2x,<10

-x, —x, +x, —2x, +x, <-1

x, 20

f=2x, —10x, +10x, —19x, —10x, — max
Bapuanr 5.

2x, +x, +x, —x, <3

—2x, —x, +2x,<-2

x, 20

f =—x, +2x, > max

3ananmue 5. Pewiumov mpancnopmuyio 3aoauy, HaUuHas8 06ymsa memooamu. Onpedeaums Ha
Kaxcoom smane, eOUHCMEEHHO 11U NOJIYYEHHOE HA HeM peuleHue u nouemy?

Bapnanr 1.

18 |26 |40 |24 |32
25 |2 |7 |2 |7 |2
70 |14 |3 6 |6 |4
45 |8 6 |5 1 3
Bapunanr 2.

15 |10 |8 18 |20
20 |6 |2 |7 |2 |6
30 |3 7 1 2 |3
21 1 2 |7 |3 |2
Bapuanr 3.

8 18 120 |16 |30
50 |3 1 2 |3 |2
20 (2 |6 |7 |6 1
22 |1 7 12 1 3
Bapuanr 4.

Ha Tpex ckmagax A, B, C Haxomgutcsi copToBoe 3epHO cooTBeTrcTBeHHO 10, 15, 25 ToHH, KOTOpOE
HaJI0 IOCTAaBUTH B YeThIpe MyHKTa: B MyHKT Nel — 5 ToHH, Ne2 — 10 TonH, Ne3 — 20 TtonH, Ne4 — 15
ToHH. CTOMMOCTh TIEPEBO3KM OJHOW TOHHBI CO CKJIaJa A B yKa3aHHbIC NYHKTHI paBHa §, 3, 5, 2
TBIC.pYy0., co ckimama B — 4, 1, 6, 7teic.py0., co ckmama C — 1, 9, 4, 3 TBIC.py0. COCTaBHUTH
ONTUMAJIbHBIN TUJIaH IEPEBO3KH 3€PHA.

Bapunanr 5.

8 10 |20 |16 |28
40 |5 1 2 |3 |7
20 |2 |6 |4 |6 1
22 |1 7 12 1 3

3ananue 6. Peuwiumo 3a0auy yenouucieHHozo npozpammuposanus memooom I'omopu u memooom
eemeeil u 2panuy
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Bapnanr 1.

6x, +3x, 212
x, —x,<4
x, 20

f(x)=x, —4x, - max

Bapuanr 2.

x, +x,<10

3x, +x, 215

x,20,0<x, <L5
f(x)=2x, +10x, — max
Bapuanr 3.

2x, —x, =28

3x, +6x, <18

x,20

f(x)=x, +3x, > max

Bapuanr 4.
12x, +6x, 224
2x, —2x, <8
x, 20
f(x)=x, —4x, - max
Bapuanr 5.
6x, —3x, 224
9x, +18x, <54
x,20

1,2 =

f(x)=x, +3x, > max

3ananme 7. Pewrumo 3a0auy MHOOKpUmMEepUANbHOI ONMUMUZAUUU
Bapnanr 1.

3x, +x, <12

5x, —x, <15

0<x,-10<x,<10

Z (x)=3x, + 6x, > max,0, =32
Z,(x)=-3x, +4x, > min, 5, =50%
Z (x)=-x, +2x, > max
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Bapnanr 2.
2x, +2x, 24

4x, —6x, <12

0<x <4,x,<6

Z (x)=x, —3x, > max, o, =0,6
Z,(x)=-2x, —x, > min, 5, =50%
Z (x)=-x, —x, > max
Bapuanr 3.

3x, +x, <12

5x, —x, <15

0<x,-10<x, <10
Z (x)=3x, +6x, > max, 0, =32
Z,(x)=-3x, +4x, > min, 5, =50%
Z,(x)=-x, +2x, > max
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IIpunoxenune

3Hauenue ¢ -kpurepus CTbiofieHTa IpH ypoBHe 3Hauumoctu 0,10; 0,05; 0,01

Uucno creneneit P Uucno crenenet P
crobomet k 0,10 0,05 0,01 crobomet k 0,10 0,05 0,01
1 6,3138 12,706 63,657 18 1,7341 2,1009 2,8784
2 2,9200 4,3027 9,9248 19 1,7291 2,0930 2,8609
3 2,3534 3,1825 5,8409 20 1,7247 2,0860 2,8453
4 2,1318 2,7764 4,6041 21 1,7207 2,0796 2,8314
5 2,0150 2,5706 4,0321 22 1,7171 2,0739 2,8188
6 1,9432 2,4469 3,7074 23 1,7139 2,0687 2,8073
7 1,8946 2,3646 3,4995 24 1,7109 2,0639 2,7969
1,8595 2,3060 3,3554 25 1,7081 2,0595 2,7874
1,8331 2,2622 3,2498 26 1,7056 2,0555 2,7787
10 1,8125 2,2281 3,1693 27 1,7033 2,0518 2,7707
11 1,7959 2,2010 3,1058 28 1,7011 2,0484 2,7633
12 1,7823 2,1788 3,0545 29 1,6991 2,0452 2,7564
13 1,7709 2,1604 3,0123 30 1,6973 2,0423 2,7500
14 1,7613 2,1448 2,9768 40 1,6839 2,0211 2,7045
15 1,7530 2,1315 2,9467 60 1,6707 2,0003 2,6603
16 1,7459 2,1199 2,9208 120 1,6577 1,9799 2,6174
17 1,7396 2,1098 2,8982 0 1,6449 1,9600 2,5758
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