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BBEJAEHUE

N3yuenune kypca «MoOIeIMpOBAHHE CUCTEM M IPOLIECCOB» IMO3BOJISIET
CTYACHTAM IOJYYUTh 3HAHUS U YMEHUs, HEOOXOUMbIE IS pa3pabOoTKu Mojenei
TEXHUYECKUX CHUCTEM Pa3IMYHOrO Ha3HAYEHUs Ul MPOBEACHHSI KOMIBIOTEPHOIO
IKCIIEPUMEHTA.

Heabo AuCHMIVIMHBI SBISIETCS U3yYEeHUE OCOOEHHOCTENH U BO3MOYKHOCTEN
NPUMEHEHHS METOJ0B MOJETHUPOBAHUS CUCTEM PA3IUYHBIX KIACCOB B PEAIbHBIX
YCIIOBUSIX, BOSHUKAIOIINX MPY MPOBEICHIUH HAYYHBIX UCCIIECTOBAHHIA.

JIaGoparopHblie paboThl peKOMEHyeTcs 0OpMIIATh Ha JUCTax Gopmara A4
¢ IoMoIIsI0 TekcToBoro penakropa Word. Pasmep mpudra Times New Roman —
14 0T, onvHApHBINA MEXTyCTPOUHBIA HHTEPBAIL.

B Havasne kaxa0ro 3ajaHus ciieAyeT NPUBECTU €0 MOIHYI0 (POPMYIUPOBKY.

N3noxenne Marepuana B BBIIOJHEHHON paboTe OMKHO OBITh KpPAaTKUM, B
BUJIC KOHCIIEKTA, PELLIECHUS 3a7a4 IPEICTaBICHbl CKPUHILIOTAMHU.

BapuaHt 3amanus onpenensieTcs no nocieaHed mudpe 3a4eTHOM KHUKKH
crtyaeHta, rae 0 —ato 10 BapuaHT.

BoinosHeHHbIE KOHTPOJIbHBIE PAOOTHI CKPEIUISIOTCS OJHUM THUTYJIbHBIM
JUCTOM, HA KOTOPOM YKa3bIBalOTCA (paMUIIUs, UMSI, OTIECTBO CTy/IEHTa, HA3BaHUE
CHELMATbHOCTH, HOMEp Y4eOHOM rpynibl U HOMEp 3a4€THOM KHIKKH.

BoinonHenHass paboTa MOpeabsABISETCS Ha PELEH3UI0 MPErnoaaBaTeo.
Pabora, HenpaBuiibHO O(pOpMIIEHHAs! MJIM BBIMIOJTHEHHAs HE JIJISl CBOETO BapHAHTA,

K PELIEH3UN HE TPUHUMAECTCS.



3aganmne Ne 1. Hamuyuniee npudJin:keHue HenpepbIBHbIX QPYHKIMHA HA
MHOKeCTBe MOJJMHOMOB (METOJ HAMMEHbIIUX KBAJIPATOB)

Kparkasi Teopust

PaccMoTpuM MHOXECTBO (IIPOCTPAHCTBO) V3 F€OMETPUYECKUX BEKTOPOB
(HAIPABJICHHBIX OTPE3KOB) B IPOCTPAHCTBE. BekTOpH! @, b, ... U3 MHOXecTBa v3
MOXKHO 3aJaTh HX KOOpAMHATamu B Oasuce |, j, k (puc. 1): a=(a, a,, ag),
b=(by, by, bg), ... Tak, ut0 @a=4ayi+a, j+agk, b=Dbyi+b, j +bgk, ...

v

Puc. 1. Onpenenennie BeKTopa B mpocTpancTae V 3

B npoctpancTBe v3 ONpPENENIUM CKaJIIPHOE MPOU3BEIACHUE BEKTOPOB

5, beV?® 10 TIpaBUITy

(a, b)=aqby +ah, +agbs. (1)
BBenem B paccMOTpeHHME MHOKECTBO (IPOCTPAHCTBO) R3, onemenramu
KOTOPOTO ABIAIOTCA HAGOPHI M3 Tpex uucen a=(a;, a,, ag), b=(o, by, b), ..., a

TaK)Ke CKaJSIPHOE TIPOU3BEACHHUE B R3 o npasmy (1).

Paccmorpum  cienyronyro 3amady. Ilycrts a:(al, ay, a3)e R3, a -
3QIaHHBIM dJeMeHT, L — 3amaHHas B cucteMe KoopauHat XOYZ  IIOCKOCTH.
—* * * *
Tpebyercst HalTH d7eMeHT U :(ul, U, u3) TaKOM, 4YTO JUJIsI BCEX DIIEMEHTOB
U= (ul, Uo, u3)e L BeITOJTHSAETCSA
— =% — =
p(a, u j: min p(a, u). (2)
uelL
PaBenctBo (2) 3amaer pacCTOSHHE MEXAYy JBYMS  DJEMEHTaMH

a=(ay, a,, ag)e R u b=(by, by, b3)e R3, KOTOpOE pPaBHO

pla, b)=1/(a —by )? +(ap ~by)? +(ag —b3 2 3)
5




*

DneMeHT U , ONpEIeNIeHHBIH B YCIOBUU (2), Ha3bIBaCTCS IJI€MEHTOM
Hawyqmero npudmamxenust (OHIT) nnsa a. CornacHo ycinoBuio (2), OH sABISETCS

HanOoJee OJIM3KUM K 3JIEMEHTY a B L.
Pemenwne 3amaun MOXeT OBITH HAHACHO T€OMETPUIECCKH (puc. 2.).

a,/ L —
a—u*
€1 [
=
2

Puc. 2. Onpenenenue sneMeHTa HAUITYUIIEro TPUOTMKEHUS

* *

HevnicteurensHo, ecnu U — OHII gng a, To U gBIAETCA NPOEKIUEH

—%*

BEKTOpa a Ha IUIOCKOCTh L. DTO 03HAUAET, 4TO BEKTOP a-u NEPIEHANKYJIIPEH
mo0oMy BekTopy, jdexamiemy B L. Ilyctsb e_l 151 (g — JIBa HEKOJUIMHEAPHBIX
BEKTOpa, Nexamux B miockoctd L. Torma moGoif BekTop U € L mpencTaBuM B
BHJIE

U=U€ +Uye,. (4)

- *
[Tpu aTOM, eciiit U=U , TO TOJPKHO BBITIOJHATHCS
@—u,q):o;@—u,%):o.
[Tomyuaem CJIAY oTHOCHUTEIBHO NEPEMEHHBIX Up, Us B (4):
s &)+ len &) o )

e, &)l )= o )
B pesynbrate pemenus CJIIAY (5) mHaxomsTcst 3Ha4eHUs Uy, Up U Janee
OHII Buga (4).
O600mKM MOMYy4YeHHBIN pe3yibTar. BBegeM B pacCMOTpPEHUE MHOYKECTBO

(5)

(mpoctpancTtBo) R", osneMeHTaMM  KOTOpOTO  CIOyXkaT Habopsl n3 N
neficTBUTENbHBIX uncen a =(a, ay, ..., ay), b=(by, by, ..., by), ...

Beenem B R" ckansproe mpousseneHme (5, b) U PACCTOSIHUE p(a, 5) o

TpaBUJIaAM:
(5., 5)2 alb_|_+azb2 +...+anbn; (6)
P(g" 5)=\/(al—b1)2+(az—b2)2+---+(an—bn)2- (7
[Tycthb e_l, 5, a (m<n) — 3ananEHble dIeMeHTHl B R", Takue, 4To HU

ONMH M3 HUX HE MOXET OBbITh BhIpaXKeH uepe3 japyrue. Paccmotpum B R
MHOXECTBO L, 3JIEMEHTBI KOTOPOT'O JOIYCKAIOT IPEICTABICHUE

6



U=01€ +0lp€y + ...+ 0y € € L. (8)
*

Ilycts a - 3agaHHblf >nement B R". Bynem uckars DHII U=U mms a B L
TaK, 4TOOBI 0OCCIICUNTh BBINIOJHEHHE yeaoBus (2) mist paccrostaust (7). Tarxoke kak

U B ClIyyae R3, MOKHO TOKa3aTh, 4To B Jo6oM mpoctpanctee R" (n>3) DHII
Buja (8) MoxkeT ObITH HaiiieH B pe3yibTaTe pemieaus CJIAY

(a-u, e )=0, k=1 m,

I7ie CKaJIspHOE TIpOoM3BeIeHue ToHnMaercs B cMbicie R" (6).
B pesynbrare nonyuaem CJIAY

m oo N e _
zoti(ei, ek):(a, ek), k=1 m. (9)
i=1

Haxons pemenne CJIAY (9) m moxacramiss 3HaYeHHS O, OLo, ..., Oy B

pasenctBo (8), Haxomum DHIT s a.
PaccmoTpum teneps cienyromyto 3agavy. Ilycts dynknusa y = f (t) 3amana

s 4 m
CBOMMH 3HAUYCHHAMHU B n — Yy3JIaX ti’ |=1, n. PaCCMOTpI/IM MHOXECTBO P —

IOJINHOMOB CTCIeHM He BbIIE 71, KaXAbli dmemeHT Kotoporo U(t) e P™
MPEICTaBUM B BUJIE
U=Uu(t) = o + ot + apt? +...+ o t™. (10)
Tpebyercst HAWTHU MOTUHOM U = u*(t) TaKo#, 4TOOBI €ro 3HaYeHUs B y3Jax
Uj = Uu(tj) ObuM KaKk MOXHO OJIbKe K 3HaueHuto pyHkiuit y = f(t) B 3Tux Toukax
yi = f(t;), i=1,n. IIpu sroM mepy Gmusoctu u(t) u y= f(t) GyaeM moHMMAarh

(kak B pocTparctBe R™) B cireayromeM cMbicie:

p(y, U) = (¥ —Up)? + (Y2 —Up)2 4 (Yo — Up)? (11)

rne Y =(Yy Yo, Yp) — 3HadeHms ¢yHKmui, Yy = f(t); u=(Uy, Up,...U,) —
3HA4YEHUs MOJIMHOMA, Uy = U(ty).

3ameTnM, 4TO corimacHo paBeHctBy (11), p(y, u)=0 Toraa u TOIBKO TOTA,
Korma Yy =U,, k=1, n.

CdopmynupoBaHHas 3ajaya UMEET EIMHCTBEHHOE pEIICHHE, €CIu s
CTCIICHU [OJNHOMA BBIMIONHACTCS yCcnoBue m+1<n, u cpequ uncen t, tj (i = J)

HCT paBHBIX.

*
CorylacHO TIOCTAaHOBKE 3ajadd, I HCKOMOro mommHomMa U=uU (1),

—_— * *
3HAYCHUS KOTOporo B Toukax t, k=1, n paBasr U =Uy (), momkHO
BBITIOJTHATHCS:

p(¥, T) =minp(y, T),
el

rJIe MHOXKECTBO L Oy/eT onpeeseHo Huxe.



VY 10BIETBOPSIONINI 3TOMY YCJIOBHIO IOJMHOM HA3bIBAETCSA MOJHHOMOM
HaWIy4yliero npuéauwkeHus. IlepeiiieM K pelieHWIO 3amadd. 3amedyaeM, 4YTO
cornacHo paBeHcTBy (10):

Up =U(ty) = o + gty +otpty® + .+ oty ™.

Uo =U(t2)=O(,0 +O(,1t2 +O(,2t22+...+OLmt2m. (12)

Uy =U(t,) =og+at, +oot,2+..+apt,”

Brenewm crenyromue o6o3nauenus. [1ycts

m
1 tl tl U

— |1 — || — [t," - |u

=" | a=|2len=|2 | u=|"?
1 th tnm Up

Torna cucrema (12) 3anmuchiBacTCs B BHJIC:
U:Otoél-i-(lléz +...+O(,mém. (13)
BBenem B R" IMOAMHOXeCTBO L R" , KaXIbIi DBJEMEHT KOTOPOIO
npencrtasuM B Bupe  (13).  bymem wumckate OHII  mns siemeHra

Y=(Y1, ¥2,--Yp) €R" na mmuoxectse L. Ilomyuaem, uro DHII Haxomurcs u3
YCJIOBHSL:

(y_U!én) Z(Y, én)_g‘l(xi(éi’én) =0, n=0,m;

m -
2 0q(8, &) =(Y, &), k=0,m. (14)
i=0
Pemas CJIAY (14), MOXHO HaTH HEU3BECTHBIE O, Ol,..., O, , 3aTeM DHII
suna (13) B L < R", moce sroro momuzoM Hammyuamero npuGmmkerms (ITHIT) —
u(t) it yakuuu y(t), paccTosHMEe MEXKIY KOTOPBIMU TOHMMAETCS B CMBICIIE
paccTosiHUSL MeXIy Habopamu WX 3HAYCHWH B y3max 1j, j=1n. Ilpu stom

MOJIMHOM HAWJIYYIIEro TPUOJVKEHUS B YKa3aHHOM BBIIIE CMBICIE 3a/aeTcs
paBeHcTBOM (13).

Hatinem ckanspabie npousBeneHus B cucteme (14), yauTbiBas, 4ro

i k

4 i Y1
T N - R B
el = , ek = , y = .

tri? trl? Yn

. . . n .
@, 8)=t't"  + 't oty = D
j=1



(0, 8 )=yt + yotK f kS
Vi, 8 )=Yil Yoty +ot Yptyt = 2yt
=1
[ToxcranoBka monydeHHBIX 3HadueHHd B CJIAY (14), mo3BosisieT HalTH ee
pelieHue o, Oy,...,a,,

Ipumep. Haittu DHII Ha MHO)eCTBE TOJIMHOMOB CTEIIEHH HE BBILIE 2, €CIIN
byHKUIMS y=y(t) 3a/1aHa CBOMMU 3HA4YCHUSIMU B TOYKaX

{ty }izl ={-2, -1, 0,1 2}, xoropsie paBHbl {Yi }izl ={16,1,0, 1,16}, rze

Yk = y(t), k=1 5.
PemmM paccMOTpeHHYIO BbIlIe OOILIYIO 3ahady JUlsl YaCTHOTO Ciiydas n=o;
m=2. IIpu 3TOM nmeeM

1 —2 4 16
1 -1 1 1
ep=|1 =0 |, eo=|0} y=|0
1 1 1 1
1 2 4 16

(@, @) =12 +1% +12 +12 +1% =5
(eg,0)=—2-1+0+1+2=0=(e, ) ;
(eg, €2) =4+1+1+4=10=(ey, €p);
(e, ¢)=4+1+1+4=10;

(e, €)=0=(ey, &);
(e5,e,)=16+1+1+16=34;

(eg, ¥)=16+1+1+16=34;

(e, y)=—-32-1+1+32=0;,

(e5, ) =64+1+1+64=130.
[Tonyuaem CJIAY Buna (14):

S0g+0-ay +100, = 34; o1 =0;

OOLO +100(1 + OOLZ = 0, SOLO +1OOLZ = 34,

100(0 + OOL]_ + 340(.2 = 130, 100(0 + 340(2 = 130,
31

140(,2 :62, OC2—7—4,4; 50(,0 :—10; (00 =-2.

Haxonum siemMeHT Hawydlliero NpuONMKEeHUsS u =—2+4,4t%. Ha puc. 3

TIpeJICTaBIeHb! rpaduky ncXomHoH Gpynkmun Y(t) u DHIT u*(t).



v

Puc. 3. Vicxoxusiit MEorounen Y(t) (- ---)u DHII u*(t) (—)

IIpumepbl  NpUMEHEHHUs  MeETOAA  HAMMEHbUIUX  KBaJApPaToB  AJd
annpoKCUManuu (PyHKIUH, 3aJaHHOM Ta0auei

Ha nmnpaktuke 4Yacto BO3HMKAaeT 3ajada, Korjga TpeOyeTcss HaWTu
(YHKIIMOHAJIBHYIO 3aBUCUMOCTb Y = f(X) MeX1y JABYMs HabopaMu JaHHBIX
X1, Xo, eoey Xg A Y1, Yo, ony Y. 518 pelIeHns TakoM 3a1a4n MOKET HCIIOJIB30BATHCA
METOJI HANMEHBIINX KBaJPaTOM.

PaccmoTpum crepyrontyro 3amady. IlycTte umeercs HabOp TOUek (Xk, yk),

k =1, n. Tpebyercst mogo6path GyHKIUIO Y = f(X) TaKyl0, 4YTOObI €€ 3HAYECHUS
f(xk) HauJy4yuM o0pa3oM MpUOIMKaAIH 3HAYEHUS Y, TO €CTh Pa3HHIA MEXKIY

3HauCHUAMHU | (Xk) U Y, 1o Bcex K =1, N Obu1a Kak MOXKHO OJIMDKE K HYJIIO.

PaccmoTtpum dyHKIHIO:
n

F(x)= 2 (F(x)- )",

k=1
U 1oTpedyem, 4ToObI
n
2 .
FO4 )= 2 (f (x )=y )" > min. (15)
k=1
3ameTuM, 4TO Wi (pyHKIHMU F(X) B CWJIy €€ 3aJaHus, 3HAYCHHE HOJIb
SBISICTCS HauMeHbIIMM. @DyHKIUIO Y= f(X) MOXKHO 3aJaBaTh pa3HBIMHU

cnocobamu,  BbeIOMpas ee M3  Kjacca  JIMHEHWHBIX,  KBaJpaTUYHBIX,
HKCIIOHEHIMATIBHBIX U Ap. GyHKUMNA. PaccMoTpuM n1Ba citydas.
Cnyuait 1. ®ynxius Y = f X) BBIOMpAETCS U3 Kjlacca JIMHEWHbIX (YHKIUH,

o ecth Y = T(X)=CX+C,, Torma u3 (15) nomyuaem
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n
F(x, )= I(Zl(clxk +¢,— Y > > min. (16)

[ToxOepeM mapamerpsl i onpeaeneHus Gydkuuu Y = f (X) , UCTIOJNB3YS
HEOO0XO0IMMOE yCIIOBUE IKCTpeMyMa JUTsl (PYHKIIUNA MHOTUX ITEPEMEHHBIX

oF o
—— = 22(C X +Cy — Yy )X =0
oC, k=2

oF 0

——=2.2(cX +C; Yy ) =0.

0Cy k=1

[IpeoOpasyst 3amucaHHble YpaBHEHHs,  IMOJYYUM CHCTEMY JIMHEHWHBIX
YPaBHECHUU:

{311(31 +ay,Cy =hy; (17)

8,1C; +ap,C, =Dy,

n n n n
TAe = 2 X 810 =81 = 2 X5 8 =N5 b= Y Y by = Yy
k=1 k=1 k=1 k=1

Jns  onpenenenust kodgduimentoB cucrembl  (17) Bocmoib3yemcs
cneayrommmu GpyHkimusmu Excel:

— CYMM(apr), koTopas CyMMUPYET 3HAUCHHUSI SIUE€EK YKa3aHHBIX B apr;

— CYMMKB(arp), xoTopass CyMMHUpYET BO3BEJCHHBIC B KBaJpaT 3HAUCHUS
AYECK, YKa3aHHBIX B apr;

— CYMMIIPOM3B(aprl;apr2), koTopasi NEpPEeMHOXKAET COOTBETCTBYIOIIUE
AJIEMEHTHl JMamna3oHoB aprl u apr2, a 3areM CyMMHpPYET IOJIyYCHHbBIC
NpOU3BEAEHUS. 3JEeCh BaXXHO, YTOOBI pa3Mepbl AMANMa3oHOB aprl wu apr2
COBIMAJAJIH.

Tak kak Takasi cCUCTEMa ypaBHEHUW HMEET €IUHCTBEHHOE PEIICHHUE, TO
peluM ee, HCIOoJb3ys MarpuuHbli Metonq W ¢yHkuuu Excel. Cyts ero
3akirouaercs B caeayromieM. Jlrodas CJIAY Moxker ObITh IpeACTaBIeHA B BUIC

Ax=B, (18)
Q1 Qg - G
a21 322 e a2n
rne A= — Marpuia Ko3(QQUUIMEHTOB CHUCTEMBI IpHU
an n2 ann
X1 by
X2 b,
HEU3BECTHBIX; X = — CTOJIOEI] HEM3BECTHHIX; B = — cToJ0er], CBOOOHBIX
Xn bn
YJICHOB.
Pemenue cucremsr (18) MoxHO HaiiTu 110 hopmyie:

x=A"B, (19)

11



roe A - oOpaTHasi MaTpHIla Il MaTpUIIbL A.

B Excel nmns wnHaxoxmeHus oOpaTHOW MaTpwibl HWMeeTcs (yHKIIHS
MOBP(apr), rie B KauecTBE apr yKa3bIBae€TCs JUAIa30H, B KOTOPOM PaCOJIOKEHA
Matpuna A.

IIpumep 1. [Tycts umeercs Habop Touek (Tadia. 1), A5 KOTOPBIX TpedyeTcs
non06paTh auHelnyo GyHkuuo Y = f (X) =CX+C,.

Tab6mamma 1
Ne Toukn 1 |2 3 4 5 6 7 8 9 10
Xk 02(03 |05 |0,7 0851092 |11 1,2 1,35 |1,45
Yk 59|6 6,1 (6,5 6,3 |6 5,8 54 5,2 5

[Toctpoum Ha mucte EXcel pacuetnyro obmacts (puc. 4). [y BeIYUCICHUS
kodpdunmrenToB cuctembl (17) 3amummem B sdeiikax B6:D7 cooTBeTCTBEHHO
bopMyIbL:

B6 — =CYMMKB(B2:K2);

C6 - =CYMM(B2:K2);

D6 — =CYMMIIPOM3B(B2:K2;B3:K3);

B7 - =CYMM(B2:K2);

C7 — 10;

D7 - =CYMM(B3:K3).

Hanee B sueiikax G6:H7 mocumtaem oOpaTHyto Matpuily. s 3Toro
BBITIOJIHUM JICHCTBUS:

1) BBeieM dopmyity B siueiiky G6— MOBP(B6:C7);

2) BBIIEITUM JHAIa30H s pa3Melnenus ooparaoi marpuisl G6:H7;

3) ycTaHOBHM KypCOp B CTPOKY (OpMYJI M OTHOBPEMEHHO HAKMEM KJTABHIITH
Ctrl, Shift, Enter.

Ucnons3ys ¢opmyny (19), nHaiinem yMHOXas MaTpHUIIbI Al u B
KodhpureHTs QYHKIINH:

1) BBeneM dopmyiy B siueiiky Ko— MYMHOX(G6:H7;D6:D7);

2) BBIIEITUM [HaIa3oH I pa3Meinenus pesyabrara K6:K7;

3) ycTaHOBHM KypCOp B CTPOKY (OpPMYJI M OTHOBPEMEHHO HAKMEM KIIABUIIIH
Ctrl, Shift, Enter.

A B C D E F G H | J K
1 | Netouxn 1 2 3 4 5 6 7 8 9 10
2 xk 0,2 0,3 0,5 0,7 0,85 | 0,92 1,1 1,2 1,35 | 1,45
3| v | 59| 6 | 61| 65|63 | 6 |58 5452 5
4
5 cl c2
6 1 yp-e 9,014 | 8,57 | 48,59 Aobp | 0,599 |-0,513 cl= |-0,774
7 2 yp-e 8,57 10 58,2 -0,513 | 0,54 c2= | 6,483
8
9 f(xk) 6,329 | 6,251 | 6,096 | 5,942 | 5,825 | 5,771 | 5,632 | 5,554 | 5,438 | 5,361
10 | pasmocts | 0,429 | 0,251 | 0,004 | 0,558 | 0,475 | 0,229 | 0,168 | 0,154 | 0,238 | 0,361
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11| delta= | 0,104 | | |

12 [pumenerne Gpyakuun JUHENH()

13 cl= c2=
14 -0,774 | 6,483
Puc. 4, Pacuernas 0011aCTb IS BBIYHUCJICHUSA

ko3 urento pyuxuuu Y = f (X) =CX+Cy

Teneps paccuntaem 3HaueHUs GyHKUUUA Y = f(X)=01X+C2 B TOYKaX Xy,

k = 1_n ¥ CpPaBHUM UX CO 3HAYCHUAMH Y, K = l_n
1) BBomuM (hopmyny B stueiiky B9 — = §K$6*B2+$K§$7 u pacnpocrpansem
ee Ha quamnas3on B9:K9;
2) HaXOAMM MOAYJIb PA3HOCTH 3HAYCHUI | f (xk )— Yi

B10— =ABS(B9-B3);
3) [Tt BBIYKMCIICHUS TIOMPEIIHOCTH BOCIIOIB3yeMCs (POpMyJIOi

6=%\/§(f(xk)—yk)2, (20)

k=1

, BBOIUM (popmyiry

KoTopyto 3anuiieM B siaeiiky B11— =KOPEHbB(CYMMKB(B10:K10))/10.
Oty ke 3amauy B EXxcel MoxHO pemmTh, HCHONB3YyS  (QYHKIHEO

JIMHEWH(3HaueHust Yy ; 3HayeHusi Xy ; KOHCT; CTAaTUCTUKA), /1€ apryMEHTBI
«KOHCT» W «CTaTUCTHUKa» SBIAIOTCS JIOTUYECKUMH. Ecim «KOHCT» paBeH

NCTUHA, 10 3HaueHue ¢, MOXET BbIOMpaThCs J0ObIM. Ecim ke «xoHCT» —
JJOXb, 10 ¢, =0. Ecmm «craructuka» pasen JIOXKDb wmu omymieH, To
BBIUUCIISIIOTCS. TOJIBKO MapaMeTpbl ¢; U Cp. B mpOTUBHOM cilydae MpOU3BOAUTCS

MOJICUET JIOTIOJIHATEIBHBIX CTATUCTHYCCKUX TIapa METPOB, XapaKTEPU3YIOIIMX
JUHEHHBIM  TpeHI, KOA(Q(HUIMEHTBI KOTOPOTO | SBISIOTCS  PE3yJbTaTOM
MIPUMEHEHUS OTIMChIBACMOU (PYHKITHH.
[TpoBeprM MOTyYEHHBIC PACUECTHI:

1) BBemem B14— =JIMHENH(B3:K3;B2:K2; UICTUHA);

2) BBIJICIIMM JIMANa30H i pa3MenieHus kodpdunuentos B14:C14;

3) ycTaHOBHM KypCOp B CTPOKY (OPMYJI M OTHOBPEMEHHO HAKMEM KJIABUIIIH
Ctrl, Shift, Enter.

CpaBuum pe3ynbTaThl B stuerikax B14:C14 u K6:K7. Onu coBnagaror.

Ilpumep 2. Bribepem teneps pynkiuio Y = f (X) U3 KJlacca KBaJpaTUYHbBIX

dyHKIHiA, TO ecTh Y = f(X)= clx2 + CyX + C3. Mcnonb3ys ¢popmyity (15) nomyuaem

F(x )= zn:(cle +CyXy +Cq — yk)2 > min. (21)

Kak u panee Bocmosp3yemcsi YCIOBHEM SKCTpeMyMa Ui OMNpEIEIICHUs
ko3 duienToB. B pe3ynpTaTe MojyduM CUCTEMY YpaBHEHUI:
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811Cy +9,Cy + y3C3 =y
851G +89,Cy +ap3C3 =hy; (22)
a31C; +ag,C; +a33C3 = by,

n n n n
_ 4. . 3. B L 2. . .
rae all—kzxkv alz—azrkZXk, 313—322—331—;Xk’ azs—a3z—kzxk’

n n n
b = ZYkXE? Dy =2 VX s by =2 Yk -
k=1 k=1 k=1

Bocmons3yemcs B kauecTBe HCXOAHBIX TaHHBIX Ta0. 1.

[Toctpoum B EXcel pacuetnyro obGmacth (puc. 5), riae NpH INEepeHECCHUU
Tabn. 1 yarem, uro g pacueta KodHPHUIIMEHTOB TOHATOOUTCS HAXOUTh CTEIICHU
3HaueH X, . [loaToMy 100aBUM JOTIOTHUTEIBHYIO CTPOKY « X 2.

Kax u panee, ucnosnb3ys GyHKIMH CyMMUPOBaHUs, HaleM KOd(DPUITUEHTHI
CUCTEMBI (22):

B7— =CYMMIIPOU3B(B3:K3;B3:K3)

C7— =CYMMIIPOUN3B(B3:K3;B2:K2)

D7— =CYMMKB(B2:K?2)

E7— =CYMMIIPOUN3B(B3:K3;B4:K4)

B8— =CYMMIIPOM3B(B3:K3;B2:K2)

C8— =CYMMKB(B2:K2)

D8— =CYMM(B2:K2)

E8— =CYMMIIPON3B(B4:K4;B2:K2)

B9— =CYMMKB(B2:K2)

C9— =CYMM(B2:K2)

D9— =10

E9— =CYMM(B4:K4)

B sueitkax F7:H9 Beruncnum obparnyto matpuiry MOBP(B7:C9), a 3atewm,
ucnonb3ys MYMHOXK(F7:H9;D7:D9), koobduimentsr pyuxuuu Y = f (X)

[Moncunrtaem 3Hayenus pyuakuun Y = f (X) B TOUKax X, K= 1,_n Jl1st aTOTO

BBeIEM QopMyity
B11— =$K$7*B2"2+$K$8*B2+$K$9
U pacrnpocTpanuM ee Ha nuanazon B11:K11.
JInst BBIYMCIICHUS TOTPEITHOCTH BOCIob3yeMces dopmyinoi (20). OTMeTuM, 4TO

kBazpaTHuHas Gynkmus Y = f(x)= C1X2 +CyX +C3 Jydile NpuOIMKAeT 3HAYEHUS

Vi, K =1, n, yem nuHEWHAs. DTO ClIEIyeT U3 CpaBHEHUS 3HAYCHHH ITOTPEITHOCTH B

sueiikax B11 (puc. 4) u B13 (puc. 5).

A B C D E F G H I J K
1 | Nortoukn 1 2 3 4 5 6 7 8 9 10
2 xk 0,2 0,3 0,5 0,7 0,85 | 0,92 11 12 135 | 1,45
3 xk"2 0,04 009 | 025 | 0,49 |0,723 /10,846 | 1,21 | 1,44 | 1,823 | 2,103
4 yk 59 6 6,1 6,5 6,3 6 5,8 54 5,2 5
5
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6 cl c2 c3

7 1 yp-e 12,830 | 10,464 | 9,014 [49,900 | Aoop=| 4,721 | -7,745| 2,382 | cl= |-2,081
8 2 yp-¢ 10,464 | 9,014 | 8,570 |48,585 -7,745 (13,306 | -4,422 | c2= | 2,641
9 3 yp-¢ 9,014 | 8,570 (10,000|58,200 2,382 | -4,422 | 1,742 | c3= | 5,433
10

11 f(xk) 5878 | 6,038 | 6,233 | 6,262 | 6,174 | 6,101 | 5,819 | 5,605 | 5,205 | 4,886
12 | pasmocts | 0,022 | 0,038 | 0,133 | 0,238 | 0,126 | 0,101 | 0,019 | 0,205 | 0,005 | 0,114
13 delta 0,03973

14

15 cl= c2= c3=

16 -2,081 | 2,641 | 5,433

Puc. 5. PacuetrHas 001acTh 11 BEIYUCICHUSA
kod(purmenToB GpyHkiuu Yy = f (X) = 01X2 +CyX+C5

3ameuanue. [l HaxoxaeHUs KOIP(OUIHUEHTOB KBAJApAaTUYHON (YHKIUU

y=f (X) = c1x2 +C,X+Cy TaKke MOXKHO BOCIONb30BaThcs (ymkiuern JIMHEMH.

IIpu 3TOM €e mapamMeTpsl 3a1at0TCs CICAYIOMUM 00pasoMm:
B16—=/IMHENH(B4:K4;B2:K3;UICTHHA).
[Tapamerpsl ¢;, ¢ U C3, IOIYYEHHBIC C €€ MOMOIIBIO, HE OTIMYAIOTCA OT

apaMeTpOB, MOTYUYEHHBIX IIPU PEIICHUH CUCTEMBI (22).

3ananue

Jlist Habopa Touek (Tabi. 2) Tpedyercs momoOparh JUHEWHYIO (YHKIIUIO

y="f (X) =CX+Cy W KBaapaTW4yHylo QyHKuuto Bupay = f (X) = c1x2 +CyX+C3.

Cnenatb BBIBO/T 0 TydIeM IPUOIFKEHU N 3HAYCHUH Y -
Tabmuma 2
Nemap | No 1 2> |3 |4 5 |6 |7 |8 |9 10
TOUYKHU
1 Xk 0,2 0,3 05 |07 08 (0,9 1,1 1,2 1,3 1,4
Yk 3,9 5 6,1 |65 6,3 6 4.8 5,4 5,2 6
2 Xk 2,5 2,7 29 |30 3,3 [35 3,8 41 4.4 52
Yk 7,8 8 8,4 |89 9,2 10 8,1 8,9 12,0 11,4
3 Xk 5,2 55 6 7 7,5 7,8 8,1 8,9 9 9,5
Yk 20 195 | 19,119 18,2 | 18,9 |18,1 |178 |17,7 18
4 Xk 1,1 1,9 22 |24 2,6 2,8 3 3,3 3,5 3,8
Yk 4.4 4.6 52 |48 56 |59 6 6,2 6,1 8
5 Xk 0,9 1,2 15 | 1,8 2,1 2,4 2,7 3 3,3 3,7
Yk 6,1 6,7 65 |7 7,3 7,2 1,7 7,4 7,1 1,7
6 Xk 0,3 0,6 08 |1 1,3 1,6 1,8 19 2,2 2,4
Yk 3,5 3,8 45 |52 5,9 6,5 7,1 7,3 8 9
7 Xk 15 1,8 2 2,2 2,5 3 3,3 3,7 4 4.5
Yk 7 7,5 8 8,5 9 9,5 9 9,1 8,2 8,4
8 Xk 25 3 35 |4 45 5 55 6 6,5 7
Yk 12,2 13,5 | 14,8 | 15,6 16 16,9 (17,7 | 18,6 |19,8 22
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9 Xk 3,2 34 36 [38 4 42 |44 4,6 4,8 5
Yk 51 5,8 65 |71 8 83 |84 7 7,3 7,5
10 | xk 4,5 4,7 5 5,5 58 |62 |66 6,9 7,3 7,5
Yk 10 109 |12 134 |14,7 [148 |14 139 [135 |13
11 | X 2,5 2,7 29 [30 33 |35 |38 4,1 4,4 5,2
Yk 7 7,2 8 8,3 9 85 |81 8,1 9,2 10
12 | x 11 1,9 22 |24 26 |28 |3 3,3 3,5 3,8
Yk 6,1 6,7 65 |7 73 |72 |17 79 8,1 7,7
13 | X 0,9 1,2 15 |18 21 |24 |27 3 3,3 3,7
Yk 10 109 |12 134 |14,7 |138 |14 139 135 |12
14 | xx 1,5 1,8 2 2,2 25 |3 3,3 3,7 4 4,5
Yk 12,2 135 [ 148156 |16 169 | 17,7 |186 [198 |22
15 | xk 0,3 0,6 08 |1 13 |16 1,8 19 2,2 2,4
Yk 4,4 4,6 52 |48 56 |59 |6 6,7 6,5 8

3aganme Ne 2. AHaJIU3 BpeMEHHBIX Psi/IOB

Kparkas Teopust

BpeMeHHbIM psAIOM Ha3bIBaeTCs HAOOp HAOMIOAAEMBIX 3HAYEHHI KakKoro-
an00 mokazarens Y, KOTOpble (PUKCUPYIOTCS ¢ HEKOTOPBIM MOCTOSHHBIM LIAaroM

(uepe3 neHb, Heemo, Mecsll, KBapTal, roq). Takoil Ha0Op MOJHOCTHIO OIPEEIIEH
3HAYCHUSIMH TIOKa3aTens Y, W HOMEepoM K, COOTBETCTBYIOIIMM MOMEHTY BpEMEHH
t, ero ¢pukcauuu. IloaroMy noa BpeMeHHBIM PsiIOM MoOKazarenst OyneM NOHUMAaTh
HaOop ero 3HaueHuit Yy, Y,,..., Y,-+r» Yy B MOMEHTHI BpeMenu 1, 1,... 1 ..., 1.

AHanu3 BpeMEHHBIX PSAI0B OOBIYHO MIPEAINOoaraeT pelieHue IByX 3a1ad.

1. BelsiBileHHE TEHICHIMM M3MEHEHUS IOKa3aTels BO BPEMEHH WIIM, Kak
rOBOPSAT MHAue, TPEHAA. DJTa 3aJada CBOJUTCA K HAXOKIEHHIO OTHOCHUTEIHHO
npoctoit pyukuuu Y = f(t), onmceiBaromeit nsmenenne mokasarens. B kauectse

TakoW (PYHKUMM OOBIYHO MCHOJIB3YIOTCS JIMHEHHas, KBaJpaTU4yHas WU
TPUTOHOMETpHUUYECKash QyHKIUH.

2. BbIloJIHEHHE MPOTrHO3a HW3MEHEHHUS aHaJU3MpPyeMOro IoKas3aTelis BO
Bpemenu Ha repuoxa T (1=12,3,...).

[IpowsutrocTpupyeM pELIEHHE MEPEYMCICHHBIX 3a/Jad Ha CIEIYIOLIEM
npumepe. [lycTs u3BecTeH 00beM BBIITYCKa MPOAYKIMH MO MECSIaM C SHBaps IO
Maii (¢ 1-ro mo 5-i Mecsbl), KOTOPBIN 3aiaercs Tad. 1.

Tabmuua 1. O6bem BbIycKa
IPOAYKITHH

Mecsn (t,) 1 2 3 4 5
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O6wem Boimycka (Y, ) teic. mr. [ Y1 [ Yo | Ya | Ya | Y5

B tabn. 1 o6bem Beimycka Yy (Thic. mT.) B K -it Mecsiy (K =1,5) 3agaercs
PaBEHCTBOM:

Y, =10+0,05(p +29+1k +0,01(p +q +1)k? +0,02(2p + g +1)(-D)*, (1)
Wcnonw3ys pannblie (1) B a0 1, onmpeaenuTs:

1. JIuHeHbI TpPEH[, OMMUCHIBAIOUINM H3MEHEHHE OO0BbeMa BBIMYCKa II0
Mecs1aM B BUJE:

y(t)= fi(t)=c,+c,t, t=t =k, k=15. (2)

2. KBagpaTuuHbIil TpeH I, 3a/1aBACMbIif PABEHCTBOM:

3. IlorpemHocTh  TPUOMIDKEHUS  JaHHBIX  BPEMEHHBIM  PSZOM  TIpH
UCTIOJIb30BaHUU TPeHI0B (2), (3).
4. IlporaozupyeMoe 3HaueHne 00beMa BBIITyCKa B UIOHE (6 MecsI] ro/1a).

Hudposasi mogeab, HCNOJIb3yeMas NP PELICHUHU 321a4H

1. Haiinem koadduitments Cp,Cy, 3a1arommue JTUHSHHBIN TpeH (2) MeToaoM

HauMeHbIMX kBaaparoB (MHK), MUHUMHU3UPYST OTKIIOHEHUS MEXY 3aJlaHHBIMU
3HAYCHUSMHU Y, H 3HAYCHHUSIMH, IOJYYCHHBIMU TI0 ¢opmyne (2), TO ecTh u3

YCIJIOBHSL:

n
2 .
p:kZ(cl+c2tk ~ ¥y ). > min.
=1

Cormacho MHK nonywaem cuenyromyw CIIAY  OTHOCHUTENBHO
HCU3BECTHBIX C,Cy:

811Gy +31,C, =hy;
a,1C; +ap,C, =hy,

5 5 5 5
. . 2 . .
rae  ap=21=n;  ap=ay =2t =15, an=>2t"=55; b =2y,
k=1 kL k1 k=1

5
by = >tV -
k=1

B pesynbrare pemenus CJIAY (4) Haxonsarcs 3HadeHust Cy,Cy W JTMHCHHBIN
TpeHn (4).
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2. Ins naxoxnenus koddduuueHtoB Cp,Cy,C3 KBaapaTu4HOro TpeHna (3)
MHK ¢opmupyercs CJIAY Bupa:
81C; +8y,Cy +813C3 =y
81C1 +85C; +8p3Cy =by; (5)
831y + 83,Cy + 83aC3 =y,

5 5

5 5

—n- _ _ . _ _ 2, _ 2., _ _ 3.

rae app =n; alz—azl—kztk’ als—asl—thk, azz—thk ’ azs—asz—kztk 1
:1 :1 :l =1

5, 5 5 5
A3 = 2t s b =2y b=ty b=ty .
kol = kol kol

B pesynbrare pemenus CJIAY (5) naxonsarcs HeusBecTHbIe Cp,Cy,C3, 3aTEM
C y4ETOM paBeHCTBa (3) KBaJpaTUUHBINA TPEH].
3. lns HaxXOXXAEHUS NOTIPEIIHOCTH TNPHUOIMKEHUS BPEMEHHOIo psja
JIMHEHHBIM TpeHIoM (2) cHauaia HaXxOAUTCSI OTHOCUTENIbHAS OTPEIIHOCTh B y3J1aX
5O _ | F1(te) — Y|
k
Yk

.100%, k=1,5, (6)

B kadecTBe MOTpEemIHOCTH KBaIPATUYHOTO MPUOIDKEHUS MPUHHUMACTCS
HauOobIIee U3 3HaYCHMH (6).

[Tpu kBaapaTUIHOM TPUOIIKEHUH (6) HAXOTUTCS 3HAYCHHUE:
fo(t,)— _
g(kZ)ZM.loo%, k=15, (7)
Yk

a 3aTeM Cpeau TMOJyYeHHBIX 3HAaueHUW BbIOMpaeTcs HauOoJiblliee, KOTOpOE H
MPUHUMAETCS B KQUECTBE MOTPEITHOCTH KBAIPATUIHOTO MIPUOJIMIKEHUS.

4. TlporHo3upoBaHue o0beMa BBITYCKa C UCIIOJIb30BaHNEM TPEHI0B (2), (3)
B HIOHE (IIIECTOM MECSIT) BBIMOJTHSAETCS 110 opMysiaM:

y® = £,(6); v = £,(6).

IIpumep BBINOJIHEHUIO 3aJaHUsA. PacCMOTpUM MOPSAOK BBIIOJHEHUS
pabotet mist cayqas P=0 wm =0. OObem BbIIyCKa NPOAYKIMH TOTIIa

BbIUuCHsieTcs mo gopmyse (1):
y, =10+ 0,05k +0,01k? + 0,02(-1)%, k =1, 5.

Ha mucre Excel (puc. 1) chopmupyem pacuetHyto ob6macts. s
nocTpoeHuss Tabi. 1 ¢ HUCXOMHBIMH JTaHHBIMU BBITIOJHAIOTCS  CJIEIYIONTUE
JICUCTBUSL:

18



1) cozmaem aBTOMAaTH3MPOBAHHBINM CIIUCOK C HOMEPAMH MECSIICB B STYCHKax
B3:F3;

2) wucnonb3ys hopmyiy (1), BeIYuciseM 00beM BBITyCKa IPOAYKIIUN
B4— =10+0,05*($B$1+2*$D$1+1)*B3+0,01*($B$1+$D$1+1)*B3 2+
0,02*(2*$B$1+$D$1+1)*(-1)"B3.

®dopmyny pacmpocTpaHseM Tak, 4YTOOBI IIOJyYMTh 3HAYEHHE BBITYCKA
TPOAYKIMH JUTS BCEX MECSIIICB.

Chavana HaiigeM kodpPUIMEHTHI ¢; W ¢, JHHEWHOTO TpeHAa
y(t) = f;(t) = ¢ +C,t. [Ing ux BerumcneHus copMUpyeM CUCTEMY YpaBHEHHH (4),
UCITIOJIB3YsI POPMYITBI I pacdeTa ee Ko3(pPUImeHToR:

5
a=21=n B8— =F1;
k=1
5
dip =doq = Ztk ; C8—> :CVMM(B3F3), B9— =C8;
k=1
2 2
Ay = D05 C9— =CYMMKB(B3:F3);
k=1
5
by => Y D8— =CYMM(B4:F4),
k=1
5
by = >t Vi s D9— =CYMMIIPOU3B(B3:F3;B4:F4),
k=1

rae ¢ynkuus CYMMKB(apr) noacuuThiBaeT CymMMy BO3BEACHHBIX B KBaApar
apryMEHTOB.

A B C D E F G H I
1 p= 0 = 0 n= 5
2 O0BeM BbITycKa TPOTYKIIUH
3 Mecs t k 1 2 3 4 5
4 O0Bem
BBITTyCKa yk 10,04 10,16 10,22 10,38 10,48
5 t k"2
6 JIuHelHsbIN TpeH KBagparuunslii TpeHa
7 cl c2 cl c2 c3
8 5 15 51,28 5 15 55 51,28
9 15 55 1549 15 55 225 1549
10 Pemenne: 55 225 979 | 570,7
11 1 3 10,26 Pemenue:
12 10 1,1 46 | 33 | 05 | 46
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13

cl= 9,926 -3,3 2,671 | -0429 | -3,3
14

c2= 0,11 0,5 -0,429 | 0,071 0,5
15 cl= | 9,956
16 c2= | 0,084
17 c3=_ | 0,004

Puc. 1. Beruucnenue k03¢ HUIMEHTOB MEPBOTO U BTOPOTO TPEH]IOB

Pemmnm cucremy meronom I'aycca. Paznenum nepsoe ypaBHeHue Ha a1 :

Bll—>1;

Cl1— =C8/$B$8.

®opmyny u3 saueliku C11 pacnpoctpansiem BiipaBo Ha siueiiky D11.
Jlanee U3 BTOPOTro ypaBHEHUS BBIUTEM IIEPBOE, YMHOKEHHOE HA Apq !
C12— =C9-C11*$B$9.

®opmyny u3 sueitku C12 pacnpoctpansieM BIpaBo Ha siaeriky D12.
BbeluncinuM HEU3BECTHBIE:

D14— =D12/C12;

D13— =D11-C11*D14.

Tenepb BbIMUCIUM KOI(PPHUIMEHTH KBaJAPaTUUHOTO TpEeHIA ¢, C, U (3,

ucnons3ys cucremy (5). Hna xosddunuentoB cucremsl (5) MoHamoOUTCs
BBIUMCIIATE CyMMy t, TIOPTOMY CHedaeM BCHOMOTaTelbHbIe BHIYHCIICHHUS.

Jlob6aBuM elie OJIHY CTPOKY € 3arojoBKoM «t k”2» W mocuuTaeM sl Hee JTaHHbBIC
o gopmyiie

B5—»>=B3"2,

KOTOPYIO pacIpOCTPaHUM BIIPABO JJISI BCEX MATH JIET.

Jlist aTOorO Takke chopmMupyeM cHavdana MaTpuity cuctemsl ( puc. 1):

ajp =N; F8—5
5
Ay =8y = kzltk ; G8—»>=CYMM(B3:F3); F9— =GS§;
5
3 =g, = kzlti ; H8— =CYMMKB(B3:F3); F10—»>=H7;
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5
k=1
> 3
Ay =ag = thk ;
1

> 4
A3 =2t ;
k=1
5
by =2 Vs
k=1
5
by = >t Vi s
k=1

S 5
by = >ty ;
k=1

Pemnm mMaTpu4HyrO CUCTEMY MAaTPUYHBIM METOJOM:

1) F12—> =MOBP(F8:H10),

=H8;

18— =CYMM(B4:F4);

H10—> =CYMMKB(B5:F5);

H9— =CYMMIIPOW3B(B5:F5;B3:F3);

19— =CYMMIIPOU3B(B4:F4;B3:F3);

110—» =CYMMIIPOU3B(B4:F4;B5:F5).

2) BeiensieM jauana3oH F8:H10, pasmemaem kypcop B cTpoke (opmyn u
Hakumaem oxnoBpemenno Ctrl, Shift, Enter.
Tenepb cpaBHUM pacueThl peajbHOro O0bEMa MPOAYKLUHU IO 3aJaHHOU
dopmyie (1) u mo dpopmynam (2) u (3). s atoro Ha jucre Excel chopmupyem
JIOTIOJTHUTENBHO elle OHY Tabnuity (puc. 2), Kya CKOIUPYEM YK€ pacCUUTaHHBIN
0o0beM BBIITyCKa MpOoAyKUHH 1O (popmynaM (1) v BeUMCIUM 00BEM MPOAYKLIHMH
IIPU UCIIOJIb30BAHUN TTOCTPOCHHBIX TPEHIOB:

B21—> =B24;
B22— =$D$13+$D$14*B20;

B23— =$H$15+$H$16*B20+$H$17*B20"2.

[Tonyuennsie GhopMyJibl pacipoOCTpaHUM BIIPABO, 3amOJIHsS nuamna3oH B21:

G23.
A B c [D E F G
19 OOBeM BBITTYCKa TPOTYKITHH
20 Mecsi t k 1 2 3 4 5 6
21 O6neM BhIycKa y k 10,04 | 10,16 | 10,22 | 10,38 | 10,48
22 JIuHEeHHBIN TpEeH 10,036 | 10,15 | 10,26 | 10,37 | 10,476 10,59
23 KBagparuunelii Tpenn 10,045 | 10,14 | 10,25 | 10,36 | 10,485 10,62
24 [lorpenr. 1uH. TpeHAA B TOUKAX 0,0004 | 0,001 | 0,004 | 0,001 | 0,0004
25 [Torpeni. kB. TpeHAa B TOYKAX 0,0005 | 0,002 | 0,003 | 0,002 | 0,0004
26 ITorpem. JIUH. TpeH A 0,0035
27 ITorpemn. KB. TpeHaa 0,0027

Puc. 2. CpaBHeHue mojienei
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Beraucium norpemHocTs 1o rogam mo ¢popmynam (6) u (7) COOTBETCTBEHHO
JUTSL IMHEWHOT'O TPEH/1a U KBaJAPaTUYHOTO:

B24— =ABS(B22-B21)/B21;
B25—> =ABS(B23-B21)/B21,

riae ¢pyukius ABS(dnciio) BeIuuciseT Mojienb aprymenTa. PactsaruBaem hopMyibl
BITPABO.

HaitneM nmorpenHocTb BEIYUCICHHUS:
— nnig nuHenHoro Tpenjna B26— =MAKC(B24:F24);
— u1s KBaapatuaHoro Tpenaa B27— =MAKC(B25:F25).

CpaBHuBasi 3HAUEHMS TOTPEUIHOCTEH, MOXHO CcjenaTh BBIBOJ, 4YTO
WCIIOJB30BaHUE KBAJIPATUYHOTO TPEHJA B JIaHHOM Ciy4yae JIydlle, TaK Kak
MOTPENTHOCTh BhluucieHuit st Hero Mensbie (0,0027 unu 0,27 %).

Beinonaum nporso3 juist mectoro mecsina. Jlobasum B ctpoky «Mecsi t k»
ele OJHO 4YHCIO, BhIAeIMM stuedikun F22:F23 u cmectum Qopmyiny Bmpaso,
MCMOJIb3ysl MapKep aBTO3amoJIHEHUS. M3 pacueToB BUIHO, YTO JIMHEHWHBIN TPEH]
MPOTHO3UPYET 00beM Bhitycka 10,59 Thic. mIT., a kBagpaTuuHbiit 10,62 ThIC. IT.

3aganue

1. Ucnons3ys ¢hopmyny (1), HaliTH JUIs 3aJaHHBIX 3HAUYCHUH P U ( 00beM

BBIMTYCKa MPOIYKIHH Y, K = 1, 5, ¥ TOCTPOHTH TaOII. 1.

2. Pemmith 3amavy, WCIONB3ys JWHEHHBIA TpeHn Buma (2). Paccumrath
KOA(PPUITUEHTBI AJ1s1 CUCTEMBI (4) 1, mpuMeHsst popMyiy (2), BEIYUCIUTH 3HAYCHUS

f,(te), k=1 6.

3. Pemmuth 3amady, WCmonb3ys KBaJIpaTHUHbIA TpeHn Buaa (3). Paccuurarh
KOA(PGUITUEHTBI 7151 CUCTEMBI (5) U, mpuMeHsst popmyiy (3), BEIYUCIUTH 3HAYCHUS
fo(t), k=1,6.

4. OnpenenuTh  TOTPEIIHOCTh  MPOTHO3UPOBAHUS TIPU  MPUMEHEHUU
JIMHEWHOTO TPEH/IA.

5. OnpenenuTh  MOTPEUIHOCTh  MPOTHO3UPOBAHUS TPU  NMPUMEHEHUU
KBaJPAaTHOTO TPEHIA.

6. CpaBHUTDH MOJTYYEHHBIE MOTPEIIHOCTH MPU KCIOJIB30BAHUU JITUHEHHOTO U
KBaJIpaTUYHOTO TPEH/IOB.

7. TlocTpoutsb rpadyiku U3MEHEHHUS peabHOr0 00beMa BhITyCKa (3HAUEHHE

dyskmmio Y., k=1,5), mummeiinoro Tpenma (dymkmmo (1)),
KBaapaTuuHoro tpenaa (Gpyuxuuro f,(t)).

8. HaiiTu mporHo3upyeMoe 3HaueHne BhITyCKa B IIIECTOM MECSIIE.

9. 3amucarh BBEIBOJIBI.

22



BapuaHTsbI 3a1aHui:

Tabmnura 2.
Ne |1 |2 |3 |4 |5 |6 |7 |8 |9 10 |11 |12 |13 |14 |15
0 |1 1 1 /2 |2 (2 |0 |3 |3 1 0 3 3 2

qq (1 |0 |1 |2 |1 |2 (O |2 (3 |1 |3 |3 (0 |2 |3

3aganme Ne 3. 3amaua pacnpeaeseHusi HEOHOPOIHBIX PECYPCOB.
CocraBiieHre ONITUMAJIBHOTO IVIAHA BBIMYCKA MPOXYKIHNH

Kparkasi Teopus

[Iycte HekoTOpoe mpeanpusTHe oO0JamaeT pecypcamu S1,5z,...,.S, B
KOJINYECTBAX COOTBETCTBEHHO D1,0,...,0, emunmu. VMcnonw3ys maHHBIE pecypchl,
OpEANpUsITHE MOXET M3rotoButh uznenuss Wi,Wp,....Un , mpu 3TOM H3BECTHBI
BEJIMYMHBI 8jj, — KOJIUYECTBO I-TO pecypca, WAYIIEro Ha W3TOTOBJICHUE OJJHOTO
u3nenus j-ro Buga (1 = 1,2,...,n, j = 1,2,...,m). KpoMe TOr0, N3BECTHBI BEIUIHUHBI Cj
—MpUOBLIb, IOTy4aeMast MPEANPUITAEM OT PEATHU3AIMH OJTHOTO H3JICNHUS J-TO BUJIA.

Tpebyercsi cOCTaBUTH IIJIaH BBIMYCKA W3JICTUN, MPU KOTOPOM JOCTHTACTCS
MaKCHUMaJIbHasi CyMMapHas MPUOBUTh PEANPUATHS (MPUOBLTH OT PeaTN3allMi BCEX
17631 (S5 179

Jlns pelieHusi OCTaBJAECHHOM 3a/iaun chopMynupyeMm €€ MaTeMaTUYeCKYrO
MO/IeJIb, IEPBOHAYAIILHO CBES UCXOAHBIC JAHHBIE B CICTYIOIIYIO TaOIHUILY:

Bun 3amnac Pacxon pecypca Ha U3rOTOBJIEHUS OJTHOTO U3ACIUS
pecypca pecypca 401 4P " m

S1 b1 a1 di2 dim

S; b az1 d2 dom

Sn bn an1 dn2 .. dnm
[TpuObLIL OT peanu3anuu ¢ e e
OJIHOT'O M3CIIHS

MaremaTnyeckass MoOJeJb 33Ja4d  pacnpeaejieHusi HeOJHOPOIHBIX
pecypcoB. /it TOCTpPOCHUA MaTEMATUYECKOW MOJEIIN 3a/1a4u:

1. OnpenenuM HEU3BECTHBIE U X KOJIMYECTBO.

Beenem cnenyromue o0003Hau€HUS: MYCThb X1,X2,...,.Xm — KOJHUYECTBO
mnemun Uy, Uy,... .Uy, KOTOpBIE MOXKET MNpOU3BOAUTH Ipennpusrtue. [lostomy
KOJIMYECTBO PACCMATPUBAEMBIX MEPEMEHHBIX — M MITYK.

2. 3anuiieM LeNeBy0 (QYHKIHIO, 3aBUCSIIYI0 OT X1,X2,...,Xm M UTO C HEU
HE0OX0AMMO cenaTh (MAKCUMU3UPOBATH MM MUHUMHU3UPOBATH).
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B nannoii 3agaue neneBas (QyHKIUS — CyMMapHasl NpUObUIb, TOTy4yaeMmas
OpEeIIpUITUEM OT pean3allMd BCEX NPOU3BEIACHHBIX HU3JEIUNA, MOXKET OBbITh
3alucaHa B BUJE:

F(X1,X0, 0, Xp) = €1 * X1 + Cp% Xy + o4 Cop *x Xy, =
m
= z Cj*Xj —>max. (1)
j=1
3. ChopmynupyeM orpaHUYCHHS pacCMaTPUBAEMOUN 3a/1auHu.

3.1. Orpanuyenus Mo 3armacam ChIpbsi. 3Hasl KOJUUYECTBO ChIPhSI KaXKJI0TO
BHJA, UAYIIEEC HAa HM3TOTOBICHUE OJHOM EOWHMIBI W3JCIHS, W 3alachbl ChIPbA
MOYKHO COCTaBUTH CIEAYIONIYIO CUCTEMY OTPAHUYECHHUIM:

(PecypcS, :a,, * X, +a,*X, +..+a, *X <b;
PecypcS, ja, * X, +a,, *X, +...+a,, * X, <Db,;

(2)

PecypcS, :1a,, *X +a,*X, +...+a,, *X, <b,.

HOHY‘-ICHH&SI CUCTEMA YCTAHABJIINBACT, YTO KOJIMYCCTBO CBHIPBA, paCXO0AyCMOC
Ha M3TOTOBJICHHUEC BCECX I/ISI[GJII/Iﬁ, HC MOXCET IPCBBICUTL HMCIOINIHUXCS Ha
MNpCAINPHUATHHN 3aI1aCOB ChIPbA.

3.2.YcioBue HEOTPULIATETLHOCTH MepeMeHHbIX. Micxos u3 ¢pu3ndeckoro
CMbICJIa, Ha MEPEMEHHbIE HaJararoTCs JONOJHUTENbHBIE YCJIOBHsS, TpeOyrolue
HEOTPULIATETTLHOCTH X 3HAYEHU:

Xy = 0;
= 3)
Xn = 0.
[Ipu 3TOM paBEHCTBO HYJIFO COOTBETCTBYIOLIECH IEPEMEHHOM 03HAYAET, YTO JAHHOE
U3JIETIUE HE BBITYCKAETCS.

3.3 VYcnoBue LENOYMCICHHOCTH NEpEMEHHbIX. Ha nepemMeHHble MOYKHO
HAaKJIaIbIBaTh JOTIOJIHUTEIBHOE YCIOBHUE LETOUYNUCICHHOCTH, KOTOPOE “‘3ampenmaer’
BBIITYCK HE ENbIX U3ECIHIA:

X1 — LieJIoe;
X, — LeJ10€;
' (4)
Xn — LieJioe.
Takum o6paszom, neneBast pynkuus (1) u orpannuenus (2) — (4) obpasyror
MaTEMaTUYECKYI0 MOJENb 3aa4l PacpeiesICHUsI HEOAHOPOIHBIX PECYPCOB.

IIpuMep BbINOTHEHHUS 3aJAHUS
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IlocranoBka 3agauu. [lycTe mpeamnpusiTie pacronaraeT 3amacaMu ChIPbS
TPEX BHJIOB — IIEMEHT, IIeOCHb U apMarypa B KoiudecTBax 01=18, b,=120 u b3=42
YCIIOBHBIX €JIMHHII COOTBETCTBEHHO. M3 3TOTO CHIPhSI MOXKET OBITH M3TOTOBJICHO
JIBa BHJIA U3JICIIMA — TUTMTHI TICPEKPBITUSA U (yHIaMEHTHbBIC OJIOKU. I3BECTHBI Tak
K€ 3HAYCHUS ajj — KOJMYECTBO CIOUHUI] I-20 BUAA CBIPbS, WAYINIETO Ha
W3TOTOBJICHUE CAMHUIIBI j-20 M3MENUS U Cj — JOXOJ, TOIy4aeMbIil OT peaan3anuu
OMHOM emuHUIBl m3meaus kaxmoro Buma (1=1,2,3; j=1,2). Bce yka3aHHBIC
BEJIMYMHBI [TPEACTABICHBI B TA0JI. 1.

Ta6Jmua 1. I[aHHble K 3a1a49C COCTaBJICHHUA OIITUMAJIBHOI'O IIJIaHA

Pacxon cbIpbst HA €AMHUITY TPOTYKITUH
Bun 3amnac ChIPbs (ycﬂ. CI[I/IHI/ILI)
ChIpbA (yen. exunnmw) [InuTa nepexpsiTus @dyHaaMeHTHBIN 010K
IlemeHT b1=18 a1 =3 arp =1
[le6enn b, =120 a1 =25 ax =3
Apmarypa bz =42 a1 =0 a2 =3
[IpuObIb OT NPOAAKU CIUHHIIBI o= 3 0y =2
uznenus (yci.IeH. €AMHMIIL) ! 2

TpeOyercst cCOCTaBUTh TAaKOM IUIAH BBIMYCKA MPOIYKIMH, MPH KOTOPOM
CymMMapHas NpuObUIhL MPEANPUSITUS OT peajv3allid BCEW MPOAyKIHMH Oblia Obl
MAaKCUMAJIbHOM.

Jist perieHust cOpMyIMPOBAHHON 3aJladyl COCTaBHM €€ MaTeMaTHYECKYIO
MOJIENb.

MaremMaTnyeckass MoJeJb 33Ja4d  paclnpeaejieHusi HeOTHOPOIHBIX
pecypcoB. [[Jis mocTpoeHUs: MaTEMaTHYECKON MOJIEN 3aa4u:

1. OnpenenuM HEU3BECTHBIE U UX KOJIMYECTBO.

BBeaewm crnenyromue 0603Ha4eHUS: X1 — KOJMYECTBO TUIAT MEPEKPBITHSI, X2 —
KOJIMYECTBO (PYyHaMEHTHBIX OJIOKOB, KOTOPHIE MOXKET BBIITYCKATh MPEANPUSITHE.

2. 3anuiieM 1eneByro (pyHKITHUIO.

CymMmapHass mpuObUIb, MOJydaeMas MNPEANPUATAEM OT peau3aiiui X1
CAVHMUI] TUTUT TEPEKPBITUS U Xp €IWHUIl (YHIAMEHTHBIX OJIOKOB, MOXET OBITh
3anMcaHa B BUJE

Fx,x2) =3 * X1+ 2 * X, — max. (1)

3. ChopmynupyeM orpaHUYCHHS pacCMaTPUBAEMOM 3a/1a4H.
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3.1. Orpannyenus Mo 3amacaM ChIpbs. 3HAsE KOJUYECTBO CBHIPhS KaXKIOTO
BUJA, WAYLIEE HA M3rOTOBJICHHWE OJHOW E€AMHMLBI W3JEIHs, W 3amachl ChbIPbs
MOKHO COCTaBUTh CIEAYIOLIYIO0 CHCTEMY OIPaHUYEHUI:

3*x, +1*x, <18;
25* X, +3*x, <£120; (27)
0*x, +3*x, <42,

HonyquHa;I CUCTCMaA YCTAHABJIMBACT, YTO KOJHUYCCTBO KaXXAOI'0 ChIPbI,
pacxoayemMoC Ha HU3TOTOBJICHUC I/I3I[6J'II/II‘/’I, HC MOXCT IIPCBBICUTH MMCIOIINXCA HaA
MNPCAIIPUATHAN 3aI1aCOB ChIPbA.

3.2.YcioBue HEOTPULIATETLHOCTH NepeMeHHbIX. Mcxoas u3 ¢pu3ndeckoro
CMBICJIa, Ha TEPEMEHHbIC HAJIAraloTCs JOINOJHHUTENIbHBIE YCIOBHS, TpeOyroume
HEOTPULIATEILHOCTH UX 3HAYCHU:

x120, x>0 (39)

(X1 ¥ X2 paBHBI HYJIIO, €CJIM COOTBETCTBYIOIIMI BU U3/EJINS HE BBIITYCKAETCH).

3.3 VYcioBue LENOYHUCICHHOCTH NEPEMEHHbIX. Ha mepemMeHHble X1 U X
MO>XHO HaKJIaJbIBaTh JOMOJHUTEIBHOE YCIOBHE LEJIOYUCIEHHOCTH, KOTOpPOE
“samperaeT’’ BhITYCK HE LEJbIX U3ACTUM:

X1 U Xp — TETIBIC 4
Takum o6pa3om, mneneBas ¢yHkiusas (17) wm orpanmueHus (27) —(4")

0o0pa3yloT MaTeMaTHYECKyI0 MOJelb 3aJaddl paclpeiesieHuss HEOJHOPOIHBIX

pECypCOB.

Pemenue 3agauu B cpeae DT MS Excel. [y penrenus 3agaun ¢ TOMOIIBIO
Hajactpoiiku [Touck pemenus B cpeae 9T MS Excel Heooxoaumo:

1. Ha mucte, ¢ umenem OnTuManbHBIN IJ1aH, co3aaiiTe Tabauily, MoJjo0Hy0
TalbJINIle MAaTEMATUYECKON MOCTAHOBKH 3a7a4yd. Ta0una OTiIN4YaeTcsd OT TaOIUIIbI
1 Hamuuuem cronbua «Pacxon ceipbsi». B Hero OyayT 3aHeceHBI JieBble YacTH
OrpaHUYEeHHMI MO 3amacaMm Cbipbs (CM. MyHKT 3.1) U B pe3yibTaTe pelICHUs
paccMaTpuBaeMoi 3aj1auu OynyT HalJeHbl (PaKTHUYECKHE PACXObI CHIPhS KaXKI0TO
Buaa. Jlo6aBeTe cronden «OCTaTOK CHIPbS» JJIA 3aHECEHUS B SUYCHKH CTOJIOIA
COOTBETCTBYIOIIUX (OPMYI.

2. Co3naiite BTOpPYHO TaONMIly, yKa3aB B HEH BBINyCKAaeMble H3ACIHSI U
nepemMeHHble MaTematudecko monenu. B suelikax E10:F10 momecture HyneBbie
(Ha4aspHBIE) 3HAYEHHS] ICKOMBIX ITEPEMEHHBIX X1 U X».

3. B sueiiky F12 BBeaute (opmyny ueneBod (QGyHKUMU, KOTOpas s
pemaemoi 3amauun umeeT Bua = EG6*E10+F6*F10. 3aepmmB BBOA HaxaTHeM
kjaBuiy Enter, moayuum B siueiike F12 HyneBoe 3HaueHue, T.K. TOKa PaBHBI HYJIIO
3HAYEHHU [IEPEMEHHBIE X1 U X».
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4. Beegure dopmyny =E3*E10+F3*F10ans orpanuueHuss mo LEMEHTY B
sueiiky C3. 3aBepilMB BBOJI HakaTheM KiaBuinu Enter, momyuum B sueiike C3
HYyJIEBOE 3HAUY€HUE, T.K. I0KA PaBHBI HYJIIO MEPEMEHHbIE X1 U X2. CKOMUpPYHTE 3Ty
dbopmyny, aBroszamoinHeHueM, B suediku C4 u C5, mpenBapuTesIbHO 3aMEHHB
OTHOCHUTENIbHYIO CcChUIKYy Ha siueiiku E10 m F10 Ha aGconoTHYHO TpU MOMOIIU
knaBumu F4. Ilpu stom dopmyna npumer Bung =E3*$E$10+F3*$F$10, a B
sueiikax C4 u C5 cHoBa mojlyuuM HyJeBble 3HaueHusa. B sueiiky D3 3anecure
dbopMyITy BBIYUCIECHHUSI OCTaTKOB ChIpbs nepBoro Buaa =B3—C3 u cxomupyiite ee
aBTO3aIloJIHEHHEM B siueiiku D4 u DS.

E12 - fx | =E6*E10+F6*F10
A B C D E F G
1 BHA ChipbA| 2anac Chiphe Pacxon Ccratok Pacxop celpbA Ha 1H3,u,enp1eu
2 ChipbA ColpbA  |MAKMTa NeperpbiTva| GyHAaMEHTHBIR GNoK
3 LEMEHT 18 ] 18 3 1
4 webeHs 120 1] 120 25 3
5 apmarypa 42 1] 42 0 3
6 Mprbblne OT peanM3aumm M3aenua (Toic.pyd) 2 2
7
8 Boinyckaemoe niaenwe nauTa Bnok
9 Mepem. mat.mogenu Xy Xz
10 Kon-eo BoiNycHaeMbIX M3OEnMIA(LWT.) 0 0
11
12 CymmapHaa npubbine Fx,,X;)= || 0 H Toic.pyD. |
13
14

5. HaGepute xomanay [anubsie — Ilouck pemenus. B mosiBuBmIeMcs
JTMAJIOTOBOM OKHE HaJcTpouku [louck pemieHuss HEOOXOAUMO BBITIOJIHUTH TPU
OCHOBHBIE YCTAHOBKHU:

5.1. 3anonHuTe MOJIe «YCTAaHOBUTH IIEJEBYIO sueiiky». B 3aBucuMoctu oT
perraemMoii 3aJadd, MOXHO BBIOpaTh TMOUCK HAWMEHBINETO WM HauOOJBIIETO
3HAYEHHUS IS LEJIEBOM SAYEUKHU WM K€ YCTAHOBUTH B HEM KOHKPETHOE YHMCIIOBOE
3HaueHue. /s paccMaTpuBaeMol 3a7aud BHIMIOJHUTE CCHUIKY Ha siueiiky F12, rme
3anuca”a GpopMyia 1eneBor QyHKIIUH.

5.2. YcraHoBuTE painoKHONKY «PaBHOI MakCMMalIbHOMY 3HaYEHUIO.

5.3. BeimmonHute ccbulku Ha udMeHsemble sueliku E10 u F10, B xoTopskle
IIOMEIIEHBl HYJIEBbIE HAYAJIbHBIE 3HAYEHUS HMCKOMBIX IEPEMEHHBIX X1 U X2.
N3meHsieMble sTYeMKU — 3TO Te SIMEUKH, 3HAYEHUsI B KOTOPbIX OyAyT moaOUpaThCcs
TaK, 4YTOObl ONITUMHU3UPOBATH PE3YNbTAT B 1iesieBoi stueiike. [{nst [loucka pemenus
MOXHO yka3aTh 70 200 usMeHnsieMbIx siueek. K HUM npeabsiBIsSIOTCS 1Ba OCHOBHBIX
TpeOOBaHUS: OHU HE JOJDKHBI CoJepkKaTh (OpMysl M HM3MEHEHHE WX 3HAYCHH
JIOJDKHO TPUBOAMTH K M3MEHEHMIO pe3yJibTara B LEJIEBOM s4YEHKe, T.€. LeseBas
syeiika JOKHA ObITh 3aBUCHMA OT U3MEHSEMBIX.
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5.4. BBenure OrpaHMYeHUs] MO 3amacaM ChbIpbsS U €CTECTBEHHBIE YCIOBUS
HEOTPHULATEIBbHOCTU IIEPEMEHHBIX X1 U X2, JI OTOIO:

a) IMCIKHUTE I10 KHOIIKC ((I[O63BI/ITB)> JAUAJIOrOBOT0O OKHAa W B ITOABHUBIICMCSA
OKHC «I[O6aBJ'IeHI/IC OIrpaHUYCHH» BBIIIOJIHUTE CICAYIOMNC YCTAHOBKU!

[ Jobaenenve orpasiyeHns [ﬁ1
Ceobinka Ha HHEﬁK‘;’: OrpaHu4eHue:
$C53:5C85 B <= |v| -sBsz:emed
[ Ok ] [ OTmeHa ] [ NobaBnTh ] [ Cnpaeka ]

L

3a,Z[aHI/IC TaKHX OFpaHI/I‘{eHI/Iﬁ O3HA4YacT, YTO PaCXod ChIPbA KAXKIAO0OTO BHUA Ha
BBIITOJIHCHUC HpOHSBOI[CTBGHHOﬁ [nporpaMmbl HC JOJKCH IIPCBBIINIATL €TI0 3allaca
Ha IIPCAIIPUATHH. H_ICJ'ILIOK o kHornke OK IMPUBOAUT K 3aKPBITHUIO AWAJIOTIOBOI'O
okHa «M3MeHeHue OIpaHUYCHUA», IIPH 9TOM CaMO YCIIOBHC 3aHOCHUTCA B pas3nacii
((OrpaHI/I‘lCHI/Iﬂl)) ANaJI0IrOBOI'0 OKHa H&I[CTpOﬁKPI [Touck PCIICHUA.

0) emé pa3 MICIKHUTE MO KHOMKe «/[oO0aBuTh» muamoroBoro okHa I[lomck
pellieHusT U B TOSIBUBIIEMCS OKHE «JloOaBlieHHEe OrpaHWYeHHUs» BBITIOJHUTE
CJIEAYIOIINE YCTAHOBKHU:

i N
JobasneHne orpaHuHYeHns l&

CChINKa Ha AYeiky: OrpaHu4eHme:;
SE£10:5F$10 B >= || |o
[ 0K ] [ OTMeHa ] [ﬂuﬁasmb ] [ Cnpaeka ]

3ajaHue TaKUX YCJIOBUH 0OECIEYMBAET HEOTPUIIATEIHLHOCTh MEPEMEHHBIX.
[MlenxkauTe mo xkHomnke OK — Bce orpaHuyeHus] 3aHECEHBI, U JTMAJIOTOBOE OKHO
HaJcTpoiiku [lonck pemenus npuMeT BUL:

' N
Mownck peweHua @
YCTEHOBNTE LENEEYID AYERKY:
PaBHOM: (@) MAKCMMANEHOMY SHEHEHW () sHa4eHMo: |0
SaKpelTe
() MMHMMENEHOMY SHAYEHWIO
M3MEHAA Aqekiii:
sesinrsi0
QrpaHH-eHmsa:
SCS83:8C85 <= 5B53:5B55 -~ LofasuTb
SES10:8F510 »=0
. YaanuTe
i

6. [llenkaute mo kHOmKe «BwmomauTh». Ecnu pemieHue HaiimeHo, TO
MOSIBUTCS AUAJIOTOBOE OKHO:

2

oo



. -
PesynbTaTel nowcka peweHus Iﬁ

PewieH1e HalnneHo, Bre OrpaHAYeHIa 14 YonoBKa

OMTHMANEHOCTH BhINOAHEHE. Twn oT4eTa
PesyneTathl -
(@) {COXPEHMTE HalAEHHOE PellEHME ! YCTON4MBOCTD
Mpeaensi
() BoCcCTaHOBMTE MCXOAHEIE 3HAYEHMA =
OK ][ OTMeHa ][ COMPEHWTE CLEHSPMIA. .. ][ Cnpaska ]

L

men4ok 1no kHornke OK mo3BoJISIET COXpaHUTh HAWJICHHOE PEIICHUE, UMEIOIIEE JJIS
HAIIEH 3a/1a4M CICIYIOIINN BU/L;

I3 - F |

A B C D E F ]
1 3anac Pacxog, QOcTatok Pacxopg coipbA Ha 1 u3genwne
2  Bwgcoipba ChbipbA ChipbA ChbipbA MAWTa NEPEKPBITHA |PYHIAMEHTHBIA DNOHK|
3 UEeMEHT 18 18 0 3 1
4 webeHb 120 73,333333 | 44,60000067 25 3
5  apmarypa a2 42 0 0 3
&  MNpuBblab OT peannsaunm n3genwa (Toic.pyt) 3 2
7
2 BoinycHaemoe nigenue nauTa ok
g9 Mepem. maT.moLenM Xy Xz
10 Kon-eo oinyckaembx uagenwia(wr.) | 1,333333333 14
11
12 CymmapHan nprbolnk Fx,, %)= 32 ToiC.pyb.
13

Ecnu nns mepemMeHHBIX X1 U X2 J00aBUTH YCIOBUE IIE€JIOYUCICHHOCTH,
“sampernaroniee’ BbITYCK HE LUEIbIX U3ICIIHIM:

i -
[JoBaenexne orpaHuHeHUs @

CCBIMKE Ha AYSiKy: OrpaHu4eHmre:

ES10:4F$10 I!E-E uenoe

DK ] [ OTtmeHa ] [ﬂoﬁaBMTb ] [ Cnpaeka ]

TO HCKOMOC PCIICHUC ITPUMCET BU/:
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E7 - %]

A B . D E F G
1 Bua 3anac Pacxop, OcTaTtok Pacxop cblpbA Ha 1 n3genve
2 | coipbA CbipbA CblpbA CbipbA NAWTa NepPEKPbITMA PyHOAMEHTHbIA BAoK
3 UemMeHT 18 17 1 3 1
4 webeHb 120 67 53 25 3
5 apmartypa 42 42 0 0 3
5 MpuBbIE OT peanu3aumm M3genua (Teic.pyd) 3 2
7
8 Bbinyckaemoe msgenme nAMTa Bnok
9 Mepem. mat.mogenmn Xy Xz
10 Kon-Bo BbiNyCKaeMbl X M38enuid(WwT.) 1 14
11
12 CymmapHaa npubbinb F(xy,x;)= 31 | ThiC.py6.
13

Ecan 3a1aTb JOIIOJIHUTCIBHOC YCIOBUC 00 00s3aTCILHON IMOCTAaBKE N3CINA
[1nuTel HeperI)ITI/Iﬁ B KOJIMUECTBE HE MEHEe 3 IOTYK:

© N
Mowck peweHna ﬁ

FRz BeINoAHKTE

PEBHOM: (@) MAKCWMANEHOMY SHAYEHWID ) zHaueHmo: |0

YCTAHOBWMTE UENEBYID AYEKY:

3aKpbITe

) MMHMMANEHOMY SHAYEHMIO
WMzMEHAR AYEKM:

i
1

#

SES10:8F510 MpeanonokKTE

OrpaHu4eHms: [MapameTpel
SCE3:8085 <= SBS3:5B45 - OobaeuTs

SES10 >=3 -
SE510:5F510 = uenoe W3MeHHMTE
SECI0:EFE10 ==10 =

il Yaanute

BoccTaHoBMTE
Crnpaeka

TO HCKOMOC PCHICHUC ITPUMCT BU/I:

E13 - £ |
A B C D E F G
1 T | frree T Pacxon OcraTtok Pacxod ceipbA Ha 1 Ma,u,enueu
2 CblpbA ChipbA  |MAWMTa NEPEKPBITHA| PYHAAMEHTHbBIA GOk
3 LEeMEHT 18 18 ] 3 1
4 webeHs 120 102 13 25 3
5  apmatypa 42 27 15 0 3
5 Mprbbinb OT peanu3auMm Magenma (Toic.pyd) 3 2
7
8 Boinycraemoe usgenve nawTa bnok
9 Mepem. MaT.MOLENK Xy X
10 Kon-eo BbINYCHAEMBIX M3AenMH(WT.) 3 ]
11
12 CymmapHan npubbine F(x, %)= 27 Thic.py.
13

7. Cnenaiite BBIBOJIBI 1O BBIMOJHEHHON padoTe.

8. CaMoCTOSATENBLHO pemmrTe 3aaady COCTABJICHUA OIITUMAJIBHOI'O IIJIaHa
BBIITYCKa NPpOAYKIIUH, B COOTBCTCTBUU C BAllIUM BAPHAHTOM.
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Hcxoanbie JaHHBIE JJI1 CAMOCTOSITEILHOTO PeIICHUA

JUist u3rotoBnenuss M BugoB uzaenuiit My, Uy, ..., Um HE0OXOaMMBI pecypcehl
N BHUJIOB: TPYJIOBBbIC, MaTepUalbHbIe, (uHAHCOBBIE W np. (Si, Sz, ...,Sp)
M3BecTHO HEOOXOIMMOE KOJMYECTBO OTACTBHOTO 1-20 pecypca s
W3TOTOBIICHUSI KAXIOro j-eo w3nenws. HazoBeM 3Ty BeIUYMHY HOPMOWA
pacxopa cjj. IlycTs onpeneneHo Koau4ecTBO KaKI0T0 BUAA pecypca, KOTOPbIM
HpEANPUATHE pacIioyiaraeT B JaHHBII MOMEHT, — Dj ycn.en. M3BecTHa npuObLIb
Pj B pyOJIsiX, oTy4aeMast MpeApHsITHEM OT PeaTH3aluyl KaXKI0H SAUHUIIBI J-20
BH/JIA U3JIETIHS.

Onpenenntp, KaKue U3eUs U B KAKOM KOJIMYECTBE JTOJDKHO M3rOTaBIMBAThH

OpeanpusITie, 4ToObl 00ECIEYUTh IOJIyY€HHE MaKCHUMaJbHOW CyMMapHOU
IpUOBLIH.

Hopma pacxoma pecypca Ha eqUHU
Bun KomngecTBo pMa p /1a peeyp 4 1y
Ka)KIIOTr0 BUJIA U3IEITUSA
ecypca ecypca
pecyp pecyp 1, 1, "
S1 b; C11 C12 C1im
S b, Co1 C22 Com
Sn bn Cn1 Cn2 ce Cnhm
[TpuGbLIE OT peanu3aluy eTMHALIBI
P1 P2 Pm
uznenus (pyo.)

Tpedyercsa:

1)  BBINOJHWTH  MAaTEMAaTHYCCKYIO  TOCTAHOBKY  3ajauyd  JIMHEHHOTO

nporpammupoBanus (3J1I1);

2)  pemuts 3JII1 B cpene anekTpoHHbIX TabmI EXcel;

3) mpoaHaNM3MPOBATH PE3YJIBTATHI PEUICHUS U CIICIATh BBIBOJIBI.
Bapuant Nel

Hopma pacxona pecypca Ha eIMHULLY KaKI0TO
3370 KommuectBo

BUJIA U3ETHUs
pecypca pecypca

1561 4P s 50 Us
S1 350 2,2 1,4 3,3 1,8 2,7
Sz 300 2,2 0,9 2,1 3.5 15
S3 170 1,9 2,4 2,9 1.2 2,2
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[Tpu6ObLTH oT peanuzaunu | 31 29 21 o5
eauHUIEl u3aenus (pyo.)
Bapuant Ne2
Biix Koiectso Hopma pacxoma pecypca Ha eIUHUILY
KaXKJ0r0 BUJIA U3IEIIUS
pecypca pecypca e 7 78 W
S1 450 3,6 1,4 3,3 0,5
Sz 350 2,2 0,8 2,1 3.5
S3 170 1,9 0,4 2,9 1.2
S4 200 2,2 0,9 3,1 2,1
Ss 230 5,7 4,6 2,7 3,6
[TpuObL1L oT peanmsamy | . 7 39 21
eauHULIbI n3aenus (pyo.)
Bapuant Ne3
HopmMa pacxoja pecypca Ha €IMHHUILY KaKI0TO
Bun KoanuectBo
BUJIA U3CITUS
pecypca pecypca
1581 > U3 %0 Us
S1 350 2,6 4.4 3,3 0,5 3,7
Sz 300 2,2 0,8 2,1 3.5 1.5
S3 570 3,9 0,4 2,9 1.2 2,2
[TpuObLIL oT peanusauuy | o, 21 29 21 15
eauHuIEl u3aenus (pyo.)
Bapuant Ned
HopwMma pacxona pecypca Ha €IMHHUILY KaKI0TO
Bun KomnuectBo
BU/JIA U3IENUS
pecypca pecypca
%01 n, Us 41 Us
S1 450 3,6 1,4 3,3 2,5 2,7
Sz 300 3,2 2,8 2,1 3.5 2.5
Ss 470 2,9 1,4 2,9 1.2 2,2
S4 250 2,2 1,9 1,1 3,1 0,5
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[Tpu6ObLTH oT peanuzaunu | - 27 29 21 o5
eauHUIEl u3aenus (pyo.)
Bapuant NeS
Biix Koiectso Hopma pacxoma pecypca Ha eIUHUILY
KaXKJ0r0 BUJIA U3IEIIUS
pecypca pecypca e 7 78 W
S1 450 3,6 14 3,3 0,5
Sz 300 2,2 5,8 2,1 3.5
S3 370 4,9 0,4 2,9 3,2
S4 200 2,2 0,9 5,1 2,1
Ss 430 5,7 4,6 2,7 3,6
[TpuObL1L oT peanmsay | . 21 19 21
eauHULBI u3aenus (pyo.)
Bapuant Ne6
HopmMa pacxoja pecypca Ha €IMHHUILY KaKI0TO
Bun KoanuectBo
BUJIA U3CITUS
pecypca pecypca
1 > U3 %0 Us
S1 250 3,6 6,4 3,3 4,5 2,7
Sz 300 3,2 2,8 2,1 3.5 1.5
S3 470 1,9 4,4 2,9 1.2 2,2
S4 200 2,2 3.9 4,1 2,1 0,5
[TpuObLIL oT peanusauuy | 4, 26 29 27 15
eauHuUIEl u3aenus (pyo.)
Bapuant Ne7
HopwMma pacxona pecypca Ha €IMHHUILY KasK0TO
Bun KonunuecTBo
BH/JIA U3JICITHS
pecypca pecypca
%01 n, Us 41 Us
S1 450 2,6 54 3,3 5,5 2,7
Sz 300 2,2 0,8 2,1 3.5 55
S3 470 3,9 0,4 2,9 1.2 2,2
Ss4 300 2,2 0,9 1,1 2,1 0,5
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[Tpu6ObLTH

oT pean3anym

32 21 39 27 15
eauHUIEl u3aenus (pyo.)
Bapuant Ne8
HopwMa pacxojnia pecypca Ha €IMHUILY KaKJ0TO
Bun KomanuectBo
BUJIA U3JIENUS
pecypca pecypca
1501 15 U3 %0 Us
S1 250 3,6 1,4 3,3 3,5 2,7
S2 300 2,2 0,8 2,1 3.5 1.5
S3 470 3,9 0,4 2,9 3,2 2,2
S4 200 2,8 0,9 1,1 2,1 4,5
Ss 330 5,7 4,6 2,7 3,6 3,1
[TpuObLIL oT peanu3anuu
32 21 49 29 15
eauHuIl u3aenus (pyo.)
Bapuant Ne9
Biix Koiectso Hopma pacxona pecypca Ha eIUHUILY
Ka)KJI0r0 BUJIA U3EIINS
pecypca pecypca 7 78 78 M
S1 450 3,6 1,4 2.8 3,5
Sz 300 2,2 2,8 2,1 3.5
S3 570 4,9 2,4 2,9 4,2
[TpuObLIL oT peanusauuy | 4, 27 39 21
eauHuIEl u3aenus (pyo.)
Bapuant Nel0
Bun Koiiectso Hopma pacxonma pecypca Ha eIUHUILY
Ka)KJI0T0 BUJIA N3NNI
pecypca pecypca . 7 78 7
S1 350 5,6 3,4 5.8 2,5
Sz 400 2,2 5,8 2,1 3.5
S3 570 4,9 0,4 2,9 6,2
S4 200 2,2 0,9 1,1 2,1
Ss 330 5,7 4,6 2,7 3,6
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[Tpu6ObLTH oT peanu3anuu

26 21 39 28
eauHUIEl u3aenus (pyo.)

3ananue Ne 4. 3agaua o cmecsax. CocraBiieHue cMecH 0eH3MHA € 3aJaHHBIMHA
NMOKAa3aTeJIAMH KaYecTBa

Kparkas reopus

B pasnuuHBIX OTpacisix HApOJHOTO XO3sMCTBa BO3HHKAET Mpodiema
COCTABJICHHSI TAKMX pabOYMX CMecel Ha OCHOBE MCXOJHBIX MaTE€pHAIOB, KOTOPHIE
oOecnieunBanu  Obl  MOJy4YeHHE  KOHEYHOTO  TPOAYKTa,  OO0JIaJaroiero
onpeeneHHbIMUA cBoMcTBaMH. K 3To# rpymme 3aa4 OTHOCSTCS 3a7a4d O BbIOOpe
JVETBI, COCTaBJICHHMM KOPMOBOIO palyMOHa B JKMBOTHOBOJCTBE, IIUXT B
METAUTypTUM, TOPIOUMX U CMa30uYHBIX CMeced B HedTenepepadaThiBaroIIeh
IPOMBIIIJIEHHOCTH, CMECEeH /1JIsl IOJyuyeHusl 0€TOHa B CTPOUTEIBCTBE U T. [I.

BricOkuii ypoBeHb 3aTpaT Ha HCXOAHBIE CBIPHEBBIE MaTepUalbl U
HEOOXOJMMOCTh TOBBIIEHUS 3((EKTUBHOCTH IPOU3BOJCTBA BBIJIBUracT Ha
NEPBBIN IJIaH peIlieHue CIeayroue 3agaun: Tpedyercs MOJyYUTh MPOIYKIHIO C
3aIaHHBIMU CBOMCTBAMH IIPM HAaMMEHBIIMX 3aTpaTax HAa HCXOAHBIE CHIPHEBLIC
MaTEepUAJIbI.

Jlns pelieHusi MOCTaBIECHHOM 3a/iaun chopMynupyeMm €€ MaTeMaTUYeCKYrO
MO/IeJIb, IEPBOHAYAIBLHO CBE/S UCXOAHBIE JAHHBIE B CICAYIONIYIO TAOIUILY:

Buer ucxoausix marepuasioB | Heo6xoaumoe
KOMHOHGHTBI, BXOIAIINC KOJINYCCTBO
B COCTaB MaTEpHaIOB 1 2 m KOMIIOHEHTA B
CMECHU
1 aii daio dim b1
2 do1 doo dom bz
I'l an]_ an2 e anm bn
CHa CINHUIIBI
1 & H C1 C Cm
Mmarepuaa

KoadduimenTs! ajj MOKa3bIBaIOT YIAEIbHBIN BEC 1-T0 KOMIIOHEHTA B €AMHUIIE
J-TO MaTepuaa.

st perenust chopMyITHMpPOBAHHON 3aJladll COCTaBHM €€ MaTeMaTHYeCKYIO
MOJIENb.

MaremaTuyeckasi MoJeJb 3aaa4M 0 cMecsax. J[md mocTtpoeHus
MaTeMaTHYECKOH MOJIEIH 3aauH:

1. OnpenenuM HEU3BECTHBIC U X KOJIMYECTBO.

O003HaunM yepes X; KOJIMYECTBO MaTepuala j-ro BUa, BXOJIALIETO B CMECh
j=12,...,m.

2. 3anuieM 1eneByo GyHKIHIO, YASTbHYI0 CTOUMOCTh TTOJIYYCHHOW CMECH,

KOTOpast UMECT BU:
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m
1
F(X)=V-ZCj-xj—>min. (D
j=1

3. ChopmynupyeM orpaHUYeHUs paccMaTpUBaeMON 3a1auH.
3.1. OrpanuueHus M0 MUHHMAaJIbHO HEOOXOIUMOMY COICPKAHUIO 1-0if

KOMITOHEHTHI B TOTOBOU CMECH:
m

EalJXJZbl ,

j=1
rae bj — MUHHUManbHO HEOOXOAMMOE COJEp)KaHHE 1-O KOMIIOHEHTHI B TOTOBOM
CMECH.

i=1,n,

(2)

3.2. Kpome TOro, Ha mepeMeHHbIE X;
HEOTPULIATENILHOCTH:

HaKJIaAbIBAOTCA YCJIOBHA

Xj>0, j=1,...m, (3)

I/ PaBEHCTBO HYJIIO 03HAYAET, YTO JaHHBIM KOMIIOHEHT HE BXOJIUT B CMECh.

Takum obOpazom, neneBas ¢ynkuus (1) u orpanuyenust (2—3) oOpasyror
MaTEMaTUYECKYI0 MOJIENb 3a7a4l O CMECSX.

IIpumep BhINOJTHEHUS 3aJaHUS

IlocranoBka 3agauyu. CTaHAApTOM MPEAYCMOTPEHO, YTO OKTAHOBOE YHCIIO
aBTOMOOUIILHOTO OeH3nHa A-76 NOKHO OBITH HE HIDKE 76, a CoJepiKaHue CEPhI B
Hem — He Oomee 0,003%. Jlms #M3roToBiCHHMS TaKoro OCH3WMHA Ha 3aBOJAC
UCIIOJIB3YyEeTCSI CMECh W3 4YeThIpeX KOMIOHEHTOB. JlaHHBIE O pecypcax
CMEIIMBAEMbIX KOMIIOHEHTOB, HX CE0ECTOMMOCTH M X OKTAaHOBOM YHCIIC, a TAKKE
0 COZICpKaHUHU Cephl TPUBEICHBI B Ta0HUIIE 1:

Tabmnmma 1. JlagHble K 3a7a4e 0 cMecH OCH3MHA

KommnoneHTs! aBTOMOOMJILHOTO

XapaKkTepUCTUKHU 6
€H3HHa

KOMIIOHCHTOB Nel No2 Ne3 Ne4
OKTaHOBOE YHUCIIO 68 72 80 90
Copeprxkanue cepsl, % 0,0035 | 0,0035 | 0,0030 |0,0020
3amacel pecypca, T 700 600 500 300
CebecTonMOCTb, 40 45 60 90
eH.en./T

TpeOyercss omnpenenuTh, CKOJIBKO TOHH KaXKIOTO KOMIIOHEHTa CIEAyeT
ucnoip30Bath i nosydeHuss 1000 T aBromoOunbHOrO O0eH3una A-76, 4ToObl ero
ce0ecTOMMOCTh ObLIa MUHUMAJIbHOM.

s pemeHust copMyIUPOBAHHON 3a/ladll COCTaBUM €€ MaTeMaTHYECKYIO
MOJIETb.

MaremMaTnyeckass MoJeib
MaTeMaTUUeCKON MOJEJIHN 3aJauu:

1. OnpenenuM HEM3BECTHBIE U UX KOJMYECTBO.

BBenem crenyromue o003HaueHUs: MYCTh
KOMITOHEHTa ¢ HoMepoM | (j = 1,2,3,4).

jajadiua 0 CMecHXx.

Jliist

MOCTPOCHUS

Xj — KOJHMYECTBO B CMECH
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2. 3anuiem 1eNneByro QyHKITUO.
B kauectBe 1eneBoil (YHKIIMH BBICTYMaeT CeOECTOMMOCThH TMOJIYYCHHON
CMeCH, KOTOPYIO HEOOXOAMMO MUHIUMHU3UPOBATH:
F(X) = 1/1000*(40*x1 + 45*X, + 60*X3 + 90*X,) — min. (1)
3. ChopmynupyeM orpaHUYECHHS pacCMaTPUBAEMOM 3a/1auu.
3.1. [To xom4ecTBY moTydyaeMoro OCH31Ha:

X1+ Xo + X3+ x4 = 1000 . (2’)
3.2. ITo OKTaHOBOMY YHCITY:
(68*x1+72*x2+80*x3+90*x4)/1000>76 . (37)
3.3. ITo coxeprxaHuio cepsl:
(0,0035*x1+0,0035*x2+0,003*x3+0,002*x4)/1000<0,003 . 4
3.4. YciioBre HEOTPULIATEILHOCTH PaCCMATPUBAEMBIX IEPEMEHHBIX:
x1,x2,x3,x4>0. (5

Takum o6pazom, neneBast pynkius (17) u orpanuyenus (2°—5") obpasyror
MaTeMaTHUYECKYI0 MOJIEJb 3314l O cMecu OEH3HHA.

Pemenne 3agauu B cpeae T MS Excel. [y perienns 3a1auun ¢ moMOIIIbO
Hajctpoiiku [Touck perrenus B cpene 3T MS Excel Heobxomumo:

1. Co3paiite Tabnuiyy A7 BBOAA YCJIOBUHM 33Jayd U BBEJIUTE HMCXOJHBIC
JTAaHHBIE.

2. Co3paiite BTOpYIO TabiuIly, yka3aB B Heil KonnuecTBO KOMIIOHEHTOB B
CMECH C TIOKa HyJIeBBIMH 3HAYCHUSIMU

3. B sueiiky C13 BBegute dopmyny menaeBol (GyHKIUU. 3aBEpIIUB BBOJ
HaxaTueM kJjaBuim Enter, monyuyum B siueiike C12 HysneBoe 3HaueHUE, T.K. MOKa

PaBHLI HYJIIO IICPCMCHHBIC X1, X2, X3 U X4.
)
C13 - I | =1/1000*(C7*C11+D7*D11+E7*EL1+F 7*F11)
A B C D E F G
1 KomnoHeHTbI:
2 KomnoHeHTsl asTomobunsHoro 6eHamMHa
XapakTepucTrra
3 Nol No2 No3 Nod
4 OKTAaHOBOE YKMCNO 63 72 80 90
5 Copepwanre cepol, % 0,0035 0,0035 0,003 0,002
6 Pecypcbl, TOHH 700 600 500 300
Cebecronmocts,

40 45 60 90
7 ThiC.AeH.eq./ToHHa
3
o) Konu4yecrso KOMNOHEHTa B CMEeCH:
10 Mep MaTt. Mogenm x1 X2 %3 x4

KonuuecTeo HOMMNOHEHTA B

0 0 0 0
11 CMECH, TOHH.
12 =
13 |L|,eneaan DyHHUMA F(X)= | 0 J ThiC.OeH.e . /TOHHA |
14

4. Jlanee Habepute TaOIUIIBI OTPAHUYCHHUM U OCTAaTKOB pecypca.
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c17 - fe | =C114D114E114F11

A B C D E F
13 LieneBan GyHKUMA F(X)= | 0 ThIC.AEH.2 1, [TOHHA
14
15 OrpaHu4YeHUA:

DaKTUYECKDE 3HaK

. MapameTp AHavenme oTHOWEHMA 33aHHOE 3HAUEHHME
17 Kon-eo BeH3nHa A-76 0,000 = 1000 TOHH
18 OKTaHOBOE YMCAD 0,000 e 76
19 Conepmanue cepbl,% 0,00000 < 0,003 %
20
21 OcraTKu pecypca: KOMMOHEHTBI aBBTOMOBKMABHOMD BEH3MHA
22 Mol No2 No3 Nod
22 700 600 500 300
24

5. Habepute xomanny Jlanuele — Ilouck perieHus.

B mogBusmemMmcs

AUAaJIOTOBOM OKHC H&,Z[CTpOﬁKH Ilouck peUICHUA H€06XOIII/IMO BBITIOJIHHUTD

H€O6XOIIHMBIG YCTAaHOBKH.

Mowck pewerun

(@) MMHMMENEHOMY SHEYEHMKO
W3MEHAR Aqeliki:

Cnpaska

VCTEHOBMTE LIENEBYID AYERKY: 5C513| BbiNoNHWTE
PagHol: () makouMansHomy sHaueHmlo () sHauseHwo: |0

OrpaHH4eHHs: apaneTpel
SCS11:8F511 = uenoe - NofasnTb
SCS11:8FS11 ==0
i;ig Zf i:g BOCCTEHOBMTE
- i Yaanute

iy

6. [llenkaute 1Mo KHOMKE «BbImoaHUTHY. Ecnum pemenne HaimeHo, TO

ITOABUTCA AUAJIOTOBOEC OKHO.

PEB}'.ﬂhTaTbI NoOWCKE peELIEHHA

i

PelleHWE HaMAEHD. Bre orpaHUYeHMA M YCnoBKA
OMTHUMaNEHOCTH BEINGAHEHEI, Tun oT4ETA
PesyneTaTel -
(@) iCOXPAHMTE HEMAEHHDE pelleHKe; YETORSMBOCTD
] Mpeaensi
() BOCCTEHOBMTE MCXOAHBIE SHAYEHMA =
[ Ok l l OTmeHa ] l COXPEHMTE CLEHSPMIA. .. ] [ Crpaeka ]

[Ilemuok mo kHomke OK mO3BOJIAET COXpAaHUTH HAWJAEHHOE ONTHUMAIbHOE

pEIICHUE, UMEIOLIEE CIEAYOIIUN BUI:
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Ci8 - S | =(C4*C11+D4*D11+EA*E11+FA*F11)/1000
A B C D E F G
CebecToMmMocTh,
40 45 60 50
7 ThiC.AeH.ea./ToHHa
8
9 Konuuyectso KOMNOHEHTa B CMECcK:
10 MepemeHHbIe MaT. MOgENn x1 x2 %3 x4
KonnyecTeo KOMMOHEHTA B
571 0 143 286
11 CMECH, TOHH
12
13 Lienesan dyHrumA F(X)= 57 ThiC.[€H.e /1. /TOHHa
14
15 OrpaHUYeHuA:
dakTMyecroe 3Hak
MapameTp 3agaHHoe 3HaueHWe
16 3HaueHWe OTHOLWEHKWA
17 Kon-eo BeHzuHa A-76 1000,000 = 1000 TOHH
18 OKTaHOBOE YNCIO 76,008 2 76
15 Cogepmwanne cepbl,% 0,00300 = 0,003 %
20
21 OcTtaTKu pecypca: KOMMOHEHTB! aBTOMOBHABHOrS BeH3MHA
22 Nel Ne2 Ne3 Ned
23 129 600 357 14
24

7. CaenaiiTe BHIBOBI 11O BBIIMTOJHEHHON padoTe.

Hcxoanbie JaHHBIE JJI CAMOCTOSITEILHOTO pPeICcHUsA

TpeOyercsa:
1)

BBIIIOJIHUTE MATCMATHYCCKYI0 IIOCTAHOBKY 3aJdadn COCTaBJICHUA

cMecu OeH3MHA KaK 3aJ1a4M JIMHEWHOro nporpammupoBanus (3J111);

2)  pewmmts 3JII1 B cpexae anekrponubix Tadm MS Excel.
Bapuant Nel
XapaKkTepucTUKU KoMmoHeHTHI 17151 MpOM3BOICTBA Ko:n-Bo momyuaemoro
KOMIIOHEHT ISt OeH3uHa OeH3HHa U €T0
MIPOM3BOJICTBA OCH3MHA Nol No2 Ne3 No4 IOKa3aTesIi KayecTBa
OKTaHOBO€ YHUCIIO 67 75 82 94 > 76
CopepxaHvie CBHHIIA, T/JT 0,0122 | 0,011 | 0,009 | 0,008 <0,013
Copneprxanue cepsbl, %o 0,07 0,06 0,05 0,045 <0,06
Pecypchl, ToHH 200 300 400 400 Heo6xomuMoe kK0a-BoO
Ce0ecTouMOCTb, 105 11 12 14 o0cu3una 800 TOHH
ThIC.pyO./TOHHA
BapuanT Ne2
XapakTepuCTUKH KOMITOHEHTHI JIJ1s1 IIPOM3BOJICTBA Koz-Bo momyuaemoro
KOMITOHEHT JJIA OeH3MHA O€H3MHA U €T0
MIPOU3BOJICTBA OCH3MHA Nel Neo2 No3 No4 I0Ka3aTesId KayeCcTBa
OKTaHOBOE YHCIIO 67 75 82 94 > 76
Copepxanmne ceunna, r/n | 0,013 | 0,012 | 0,011 | 0,009 <0,011
Conepxanue cepsl, %o 0,08 0,06 0,05 0,04 <0,05
Pecypcel, ToHH 300 200 100 300 Heobxonumoe komn-Bo
CebecTONMOCTD, 10 115 12 145 oensuna 700 ToHH
TBIC.pyO./TOHHA
BapuanT Ne3
XapakTepuCTUKHU KoMmnoHeHTH! i1 MpON3BOJACTBA Koi-Bo nomygaemoro
KOMIIOHEHT J|JIs OeH3MHA OCH3WHA U €0
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MIPOM3BOJICTBA OCH3UHA Nel Ne2 Ne3 Ne4 IIOKAa3aTeId KauecTBa
OKTaHOBOE YHCIIO 65 75 8 95 > 76
ConeprxaHue CBUHIIA, I/J1 0,011 0,010 | 0,009 0,009 <0,011
Conepxanue cepbl, % 0,07 0,06 0,04 0,03 <0,05
Pecypcel, TOHH 700 200 800 300 Heob6xomumoe koJ1-Bo
CebecTonMOCTb, 9 11 12.8 145 oensuna 1200 ToH
TBHIC.pyO./TOHHA
Bapuant Ned
KOMIOHEHTHI JI71s1 POW3BOJICTBA Ko:-Bo momyuaemoro
XapakTepuCTUKHU
OeH3MHa O€eH3MHA U €T0
KOMHOHGHT(;[M [IOKa3aTelId KauecTBa
IIPOU3BOJICTBA OCH3MHA Nel N N3
OKTaHOBOE YHCJIO 67 75 82 >76
Copep:xanue CBUHIIA, T/1T 0,013 0,012 0,011 <0,0125
Conepxanue cepsl, %o 0,08 0,06 0,05 <0,06
Pecypchl, ToHH 300 200 400 Heo0OxomuMoe KoI-BO
Ce6ecTonMOoCTb, oensuHa 800 ToHH
ThIC.pyO./TOHHA 10,5 L) 13
Bapuant NeS
XapaKTepUCTUKU KoMmoHeHTHI 1)1 MPOU3BOICTBA Kosn-Bo momyuaemoro
KOMITOHCHT JIJISI OeH3MHA OeH3MHA U ero
MPOM3BOJICTBA OCH3UHA Nel Ne2 No3 Ned IIOKa3aTeIn KauecTBa
OKTaHOBOE YHCJIO 90 95 80 97 > 82
Copepxanwne ceuana, /n | 0,014 | 0,012 | 0,015 | 0,007 <0,011
Coneprkanue cepsl, %o 0,06 0,05 0,065 0,03 <0,04
Pecypcel, ToHH 300 200 400 500 Heo6xoauMoe koi-Bo
CebecTouMOCTb, 10 11,5 12 145 oersuna 1000 TonH
ThIC.pyO./TOHHA
Bapuant Ne6
XapakTepuCTUKU KoMnoHeHTs! 1)1 MpON3BOJACTBA Koui-Bo nomygaemoro
KOMIIOHEHT JIJIst OcH3MHA OCH3MHA U ero
IIPOM3BOJICTBA OCH3MHA Nel Ne2 Ne3 Ne4 IIOKa3aTeJ N KayecTBa
OKTaHOBOE YHCIIO 66 75 82 9 > 76
Copep:xaHue CBUHIIA, T/ 0,014 0,012 | 0,010 0,009 <0,013
Conepxanue cepsl, %o 0,08 0,065 0,05 0,04 <0,06
Pecypcel, TOHH 300 200 200 700 Heo6xoanmoe ko-Bo
CebecToMMOCTD, 10,9 11 12,5 14,5 oensuna 900 ToHH
ThIC.py0./TOHHA
Bapuant Ne7
XapaKTepUCTHKH KoMIoHeHTBI [171st POM3BOJICTBA Kon-Bo mosygaemMoro
KOMITOHEHT IS OeH3uHa OCH3MHA U €ro
MTPOU3BOJICTBA OCH3MHA Nol No2 No3 IMOKa3aTelIn KauyecTBa
OKTaHOBOE YHCJIIO 80 90 98 >92
CopepxaHue CBHHIIA, T/JT 0,014 0,012 0,009 <0,013
Conepxanue cepsl, %o 0,06 0,055 0,042 <0,05
Pecypcel, ToHH 300 400 500 Heobxonumoe koi-Bo
CebecTonMOCTb, 10,3 11,5 14,9 oensuaa 1000 ToHH
TBIC.pyO./TOHHA
Bapuant Ne8
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XapaKTepUCTUKHU

KommoHeHTH! 1151 MpOM3BOICTBA

Ko-Bo nomydaemoro

KOMITOHEHT IS OcH3HuHA OCH3HMHA U ero
MPOM3BOJICTBA OCH3UHA Nel Ne2 Ne3 Ned MOKa3aTeJIM KadyeCcTBa
OKTaHOBOE YHCIIO 70 75 80 95 > 76
ConeprxaHue CBUHITA, I/J1 0,012 | 0,0125 | 0,011 0,009 <0,012
Conepxanue cepsl, %o 0,08 0,06 0,05 0,035 <0,06
Pecypcel, TOHH 300 200 100 300 Heob6xoaumoe koJ1-Bo
CebecTouMOCTb, 10,5 11,5 15,2 18,5 oensuna 1000 TonH
TBIC.pyO./TOHHA
Bapuant Ne9

XapaKkTepUCTUKU

KomnoneHThI IJIg IPOU3BOJICTBA

Koun-Bo nosywaemoro

KOMIIOHEHT JI/Ist OcH3MHA OeH3HHA U €ro
MIPOU3BOJICTBA OCH3MHA Nol No2 No3 No4 MOKa3aTesId Ka4yeCcTBa
OKTaHOBOE YHCIIO 66 75 80 95 >76
Conepxanwne ceunna, r/n | 0,014 | 0,0125 | 0,011 | 0,009 <0,013
Conepxanue cepsl, %o 0,08 0,06 0,05 0,04 <0,06
Pecypcel, TOHH 300 900 800 500 HeoOxoaumMoe Koia-BO
CebecTonMOCTb, 10,3 12 15,2 20 6ensuna 1500 TonH
ThIC.py0./TOHHA
Bapuant Nel(

XapaKkTepucTUKU

KommoneHTEI AJI1 IIPOU3BOJACTBA

Kom-Bo nojrygyacmoro

KOMIIOHEHT ISt OeH3MHA OcH3HMHA U ero
MPOM3BOJICTBA OCH3UHA Nel No2 Ne3 MOKa3aTeIn KauecTBa
OKTaHOBOE YHCJIO 67 85 96 >92
Copep:xaHue CBUHIIA, T/JT 0,013 0,012 0,011 <0,012
Coneprkanue cepbl, %o 0,07 0,05 0,04 <0,05
Pecypcel, TonH 300 500 900

3aganue Ne 5. UcnoJsib30BaHue MOIIIHOCTEH 000py/10BaHUS

[Ipennpusitue wumeer N Moaener wmamuH Mi,My,...

Kparkas Teopus

, My pasinu4HbIX

MoIiHocTer. Ha 3Thx MammHax npeanpusitue BBIHyCKaeT M Bua0B npoaykuuu 1y,
Il,,..., Il M3BecTHBI HpOI/I3BOI[I/ITeJ'II>HOCTI> KQXKIOM 1-OM MAIlMHBI TI0 BBIHyCKy J-

ro BUAA MPOAYKIIUU —

N CTOMMOCTb CAMHHUIBI BPCMCHH, 3aTPa4UBACMOI'0 I-oi

MAIIIMHOM Ha BBIMYCK OJHOTO U3JCHS |- TO BHJA MPOAYKIIUH — Cij.
3amaH MjaaH MO0 BPEMEHM M HOMEHKJIAType: 1 — BpeMsi paboThl KaxKIou
MAIIUHBI, IPH 3TOM, TPOYKIIMH - TO BUJIA JOJDKHO OBITh BBIMYIIEHO He MeHee N;

€ IVHUIIL.

Tpebyercsi cocTaBUTh TakoW IUIaH PaOOTHI

o0ecrnieunTh MUHUMAaJIbHBIEC 3aTpaThl HA IPOU3BOICTBO.
Jlns pelieHus: OCTaBAECHHOM 3a1aun chopMynupyeMm €€ MaTeMaTUUeCKYro
MO/ieJIb, IEPBOHAYAIILHO CBEAS UCXOAHBIE JAHHBIE B CIETYIONIYIO TaOIUILY:
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[Tpou3BOAUTEILHOCTD I-0 MAIIMHBI IPH
MIPOU3BOJICTBE J-T'O BUIA IPOJYKIHH
MammHb B -
Wbl TPOTYKIIUU:
Hl HZ cee Hm
M, b11 b12 b1im
M B21 B2 bom
Mn bnl bnz een bnm
MuHuManbHBIA 00BEM BBIITYCKA
. Y N1 N> Nm
J-ro Buna npoaykuuu, N;.

CTOMMOCTD €AMHUIIBI BPEMEHH, 3aTPaYyMBACMOro I-0i
MAIIIMHOM Ha BBIIYCK J-T0 BHJA MPO 15078
MaruHsl YCK ) A4 TPOAYKI
Buns! nponyknun:
Iy I, Im
M C11 C12 Cim
M; C21 C22 Com
Mn Cn1 Cn2 oee Cnm

Jnis pemeHust cGopMyIUPOBAHHON 3a/ladll COCTaBUM €€ MaTeMaTHYECKYIO
MOJIEJIb.

MartemaTuyeckass MojJeJb 33Ja4d  MCHOJb30BAHUSI MOIIHOCTEH
o0opynoBaHus. /{1 TOCTpOEHUSI MATEMAaTUYECKON MOJIETTU 3a/1a4u:

1. OnpenenuM HEU3BECTHBIE U UX KOJIMYECTBO.

O06o03HaYMM Xjj — BpeMsi paboThI i- oif MammHbI (i1=1,2,..,N) 1O BBITYCKY |- IO
Buaa npoxaykiuu (j=1,2,...,m), oOecreunBarolice MHHUMAJbHbIC 3aTpaThl Ha
MPOU3BOJICTBO TPHU COOJIOJIGHUH OTPAaHUYEHUN M0 OOIIeMy BpPEMEHH padOThI
MamH T ¥ 3aJaHHOMY KOJMYECTBY MPOAYKIHH |-T0 Buaa N;.

2. 3anumem neneByto ¢yHknuo F(X) — 3aTpaThl Ha TPOW3BOJCTBO,
KOTOPYIO HEOOXOAMMO MUHIUMH3UPOBATH.

n m
F(X)=>_>c;-x; —> min (1)
i—1 j—1
3. ChopmynupyeM orpaHUYCHHS pacCMaTpUBAEMON 3a/1auu.
3.1. Orpannyenue no BpeMeHU paboThl KAk A0 MaITUHBI.
[To ycrnoBuro 3aaun Bce MamIMHBI pabOTAIOT 3aJaHHOE BpeMs [, TT0ITOMY
JTAHHOE OTPAaHWYEHNE MOYKHO MIPEJICTABUTH B CIIEIYIONIEM BU/IE:

m
D x=T, i=12..,n (2)
j-1
3.2. OrpaHnyeHHe M0 3aJaHHOMY KOJIHMYECTBY MPOAYKIIUHA UMEET BH/I:

> byx; =N, j=12,...m (3)
i=1

J —

3.3. YciioBre HEOTPULIATENLHOCTH MEPEMEHHbIX:
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Xjj = 0] (4)

Takum ob6paszom, meneBas ¢yukuus (1) u orpanuuenus (2—4) oOpa3yroT
MaTeMaTUYECKYI0 MOJEIb 3a/1a4K HCIOIb30BaHUS MOILITHOCTEH 000py10BaHMU.

IIpumep BbINOJIHEHUS 3aJaHUS

IIocranoBka 3amaum. Ilpennpustue wumeer 3 cranka Mi, My, M3
pa3IMYHON MPOU3BOAUTEILHOCTU. Ha 3TUX cTaHkax mpeanpusiTue BbITycKaeT 4
Buna mponykuu Iy, Ilp,I13,I1s. M3BeCTHBI NMPOM3BOMUTENBHOCTh KaKIOW I-OM
MAIIMHBI IO BBITYCKY |- TO BUAA MPOIYKIUU Djj 1 CTOMMOCTh €TUHHUIBI BPEMCHH,
3aTpavyrBaeMoro I-ii MaIIMHON Ha BBIIYCK OJHOTO M3CIHS |- TO BUAA IPOAYKIIHH
— Cjj. 3aJaH IUIaH IO BPEMEHU U HOMEHKJIaType: | — Bpems paboThl KaKIou
MAIUHBI, IPH 3TOM, IPOIYKIIHH |- TO BU/A JODKHO OBITH BBIMYIICHO HE MeHee N
SJIUHUII.

Tpebyercsi cocTaBUTh TakoW IIaH pabOThl OO0OPYIOBaHMS, YTOOBI
oOecrieunTh MHUHUMAJIbHBIC 3aTpaThl Ha MPOU3BOJACTBO. UYMCIIOBBIE JaHHBIC
MIPUBEJICHBI B CJICIYIONIUX TaOIUIaX.

Tabmmma 1. Jlaguble 11 38291 UCIIOJIB30BaHUS MOIITHOCTCH

[Tpou3BOAUTEILHOCTD 1-0if MAIIUHBI IPH

HPOU3BOJICTBE j-r0 BHIA IPOIYKIIUU
Manmiubt Buasl npoaykumu:

ITy IT> I3 I14
M 0,28 0,46 0,12 0,51
M2 0,32 0,38 0,16 0,43
M3 0,25 0,42 0,09 0,46
MI/IHHMaﬂLHHﬁ 00BbeM BBIITyCcKa 350 300 60 100
J-ro Buna npoaykuuu, Nj

Tabmuma 2. Jlagable 11 3a4a91 UCITOJIb30BaHMS MOIITHOCTEH

CTOMMOCTP €IMHHIIBI BPEMEHH, 3aTPAYHBAEMOT0

I-0ii MallIMHBI HA BBIMTYCK J-T0 BUIa TPOIYKITUH
MammHsl Bunpl mpoxykuunu:

Ty IT> I3 I14
M1 0,21 0,22 0,41 0,32
M2 0,18 0,19 0,35 0,29
M3 0,37 0,25 0,48 0,51

Bce cranku pabdotatot 3anannoe Bpems T, paBHoe 1000 BpeMEHHBIX €IMHULL.

MartemaTuyeckasi MoJeJib 3aJa4d  MCHOJb30BAaHUS  MOIIHOCTEWH
o0opynoBaHus. /{15 MOCTpOCHUSI MATEMATUYECKON MOJEIHN 3a4auu:

1. OnpeaenuM HEM3BECTHBIC U UX KOJTHUYECTBO:

OO6o3HaunM Xjj — BpeMs paboThl i- ro cranka (i=1,2,3) mo BBITYCKY | - TO
Buga mnpoaykuuu (j=1,2,3,4), obecrneunBaroiiee MHHUMAJbHBIC 3aTpaThl Ha
MPOU3BOJICTBO TPHU COOJIOJICHUN OTPAHUYEHUN MO0 OOIIeMy BpPEMEHH padOThI
MamvH T ¥ 3a1aHHOMY KOJIMUYECTBY MPOoyKIuu N;.

2. Onpenenum  neneyto  ¢ynkiuio F(X) — cymmaphHble 3aTparhl Ha
IPOU3BOJCTBO, KOTOPYIO HEOOXOAUMO MUHUMH3UPOBATH.
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F(X)=>_>c;-x; =0,21-x, +0,22- %, +...+0,51- X3, — min (1)

i=1 j=1

3. 3anuiem orpaHUYeHHs Hallel 3a1a4uu:
3.1. OrpanuyeHue 1Mo BpeMeHU padOThI KaX 0N MaIlIUHBI.
ITo ycnoButo 3a7jaun CTaHKU pabOTArOT 3a/laHHOE BpeMsl |, MO3TOMY JJaHHOE
OrpaHUYEHHE MOYKHO MPEJCTABUTD B CIAEAYIOIIEM BHUJE:

m
dox=T, =123 2)
j=1
3.2. OrpannyeHue 1o 3aJaHHOMY KOJIMYECTBY TIPOTYKIIUA UMEET BU/I;

D byx; =N, j=1234  (3)
i=1

33 YcnoBsue He OTpHUOATCIIBHOCTHU IICPCMCHHDBIX !
X;; = 0 (4)

Takum obOpazom, neneBas ¢ynkuus (1) u orpanuyeHust (2—4) oOpasyror
MaTEeMaTUYECKYI0 MOJIENb 3aJa4i UCIIOIb30BaHUS MOITHOCTEH 000PY10BaHMUS.
B nmanHOW TmoOCTaHOBKE 3a7auyd  MPEIOJIAaraeTcsi, 4YTO KOJUYECTBO

BBIITYCKa€MON NPOAYKUMHU JOJHKHO OBITh, IO KpallHEH Mepe, HE MEHee Ni B
HEKOTOPBIX ClIydasix HE JOMYCKAeTCs MPEBBIINICHUE IUlaHAa MO HOMEHKJIATYPE;
OYEBUIHO B OTOM CJIy4ae B OrPAHUYCHUSX MO KOJUYECTBY HPOIYKIIUHU
HE0OXO0MMO UCIIOJIH30BATh 3HAK PABEHCTBRA.

Pemenne 3agauu B cpeae T MS Excel. [lns penienus 3a1auu ¢ moMOIIbO
Hajctpoiiku [Touck perrenus B cpene T MS Excel Heobxomumo:

1. Ha gucre, ¢ mmeneM 3amada, co3jaiTe TaOMMIYy Uil BBOAA YCIOBUH
3a/1a44 U BBEJIUTE UCXOJHBIE TaHHBIE.
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B7 hd I | =CYMMMPOW3B(B4:B6;B21:823)
A B C D E
MNpov3IB0aMTENBHOCTE i-0A MALUMHBI NPKW NPOWM3BOLCTEE |-ro BMAA
1 npogykuMn. Matpuua B (kon./epem.eg.) c anemeHTamu b
MaLwnHb!
2 Buap npoayKumm:
3 My 1 M, Mn,
a4 My 0,28 0,46 0,12 0,51
5 M, 0,32 0,38 0,16 0,43
6 Ms 0,25 0,42 0,09 0,46
OBWMiA BoIMyCK
7 npclj:wmw }{ro LE] 0 0 0 0
8 3HaK OTHOLWEHWA = = = >
MUHKMMENBHBIH 0GBEM

BbIMYCKA j-r0 BMAA 350 300 60 100
3 NPoayKUKK, N;
10

CTOMMOCTb EAMHMLIBI BPEMEHM, 3aTPaUMBAEMOrO i-H MaLIMHOM Ha BbIMYCH
11 OOHOrO M3OENMA |- O BMAA NPpoayHUMK. Matpuua C ©3/1eEMEHTaMM C;
12 MaLmHb! Buaobl npogykummn:
13 My M, M, M,
14 M, 0,21 0,22 0,41 0,32
15 M, 0,18 0,19 0,35 0,29
16 M, 0,37 0,25 0,48 0,51
2. CO3I[3ﬁTC emé OIHY Ta6JII/II_[y, YKa3aB B Heﬁ IICPCMCHHEIC

MaremaTudyeckod mojenu. B sueiikax B21:E23 nmomectute HyleBbie (Ha4aJlbHbBIEC)
3HAYEHUSI UCKOMBIX MTEPEMEHHBIX.

3. B sueiiky E25 BBemute dopmyny neneBod (GyHKIUU. 3aBEPIIMB BBOJI
HaxaTueM kiaBuiu Enter, momyuum B siueiike E25 HyneBoe 3HaueHue, T.K. MOKa

DABHBI HYJIIO IICPCMCHHBIC.
E25 - I | =CYMMIMPOW3B(B14:E16;B21:E23)
A B c D E E G H
17
Bpema paBoTsl i- Fo CTAHKA NO BbIMYCKY | - F0 BUAA NPOAYHLIAW. CymmapHoe HopmaTusHoe
18 N Matpuua X (Bpem.es, ) c snemeHTaMM x; Bpema 3HaK BpemA
19 Buapbl NpoaYKLMK: paboTbl -0 | OTHOWEHKA paboTel
20 ny mn, n M, MaLUMHBI MALLIMHBI
- M, 0 0 0 0 0 - 1000
22 M, 0 0 0 0 0 - 1000
23 M; 0 0 0 0 0 - 1000
24
25 Uenesas GdyHEUMA F(X)- 3aTpaTbl Ha NPOU3BOACTEBO U3 ASNMIA: H 0,0

4. Habepute womanay Jlanueie — [louck pemieHus.
nuaioroBoM okHe Ilomck perneHuss HEOOXOIUMO BBITIOJHUTH HEO0OXOIUMBIE

YCTaHOBKH.
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Mowck pewenns

YCTEHOBMTE LENEBYHD AHEKY!

BbIMaNHUTE

PagHoi: () makoumancHomy sHaveHwio () aHauermo: |0

(@) MMHAMANEHOMY SHEYEHWIO
W3MEHAR AYeiin:

$B521:5E523

OrpaHU4eHna: [apameTpel

SBS21:5E523 »=10

LobasuTe
SBET:SEST »= $BETISESD
SFE21:8F 523 = SHE21:5HS23

il BoccraHoBMTE

CrpaBka

13
“ I ?IE

5. lllenxnuTte o kHomke BoeimoaauTh. Ecu pernienne Hail1IeHO, TO TOSBUTCS
JTAAJIOTOBOE OKHO:

PEE}HI bTAThEl NOWNCKE pPEWEHMA

PelleH1e HaineHo, Bre orpaHdeHia 1 yonoBna

OMTHMANEHOCTH BEINOAHEHDI. Tun aT4eTa
PesyneTaThl -
(@) {COXPAHWTE HAAEHHOE pPeLUEHHE! YCTONMEDCT
Mpeaensi
() BOCCTAHOBMTE MCXOAHBIE SHAYEHMA =

[ Ok ][ OTmMeHa ][ COXPEHNTE CLUEHAPMHA, .. ][ Crnpaska ]

[lemuok nmo xHonmke OK mMO3BOJISIET COXpaHWUTH HailIeHHOE ONTHMAalIbHOE
pelIeHle, UMEIOLIee CIeYIOMUi BUA:

[
- naeHan Beraska PasMeTka cTpaHmnubl DOPMyNEl AaHHee PeleH3IMpoBaHKHe Bug PazpaboTumk
F21 - S | =CYMM(B2L:E21) ¥
A B 5 b] E E G H K
MpPOH3BECANTENLHOCTE i-D M3WKHE! NPW NPOMIBOACTEE j-T0 BUAE NPOAYKUMK.
1 Matpuua B (kon./epem.en.) c 3nemeHTamu by
M
z BUOBI NPOAYHUMME
3 Ny Mz Nz Ny
4 My 0,28 0,46 0,12 0,51
5 My 0,32 0,38 0,16 0,43 |
B Mz 0,25 0,42 c,09 0,46
OBLWMA BRINYCH
. 425 420 60 100
7 |Npogykumn j-ro Buaa |
8 3HaK OTHOLWEHUA > > > >
MHUHUMENEHBIR o6bEM
BBINYCKa j-ro BAna 350 300 60 100
g npogykuum, Ny
o
CTOMMOCTE 84MHNLIEI BOEMEHN, 33TPAUMBAEMOrS i-ii MaWMHOIA Ha BeINYCK =
11 0AHOo W3A4enua |- ro Bnga npogykunn. Matpuya C © 3nemeHTamu c;
MawmnHe!
12 BHAkl NpoaYKLMK:
13 My Mz Ns My
14 My 0,21 0,22 0,41 0,32 |
15 %5 0,18 0,19 0,35 0,29 i
16 Mz 0,37 0,25 0,48 0,51
Bpema paboTel i- ro CTAHKE NO BEINYCKY | - 1O BMAE NPOSyKLMI. CymmapHoe
HopmaTHeHOE
18 MaTtpuya X (Bpem en ) ¢ nemenTamm X5 BpEMA 3Hak
M T ApemE pABNTR
19 BHAkl NPOAYKLAK: paboTel j-0if | OTHOWEHKA
MaLWUHBI
20 My M M n, MEWHHEI |
2 M 804 0 0 196 1000 - 1000 I
I
33 M, 625 o 375 o 1000 - 1o00 |
|
. Ms 0 1000 0 0 1000 1000
»5 Uenesaa ¢dyHKumMA F(X)- 3aTpaTel Ha NPOM3BOACTBO M3AENMIA: | 725,3 |
H 4 r M| Tutynessil | 3apaua CamocroaTensHo N2 & 2 E!
|| lotoso =

6. CnenaiiTe BHIBOJIBI IO BBIITOJTHEHHON paboTe.

46



Hcxoanbie JaHHBIE JJI CAMOCTOSITEILHOTO PeIICHHUA

TpeOyercs:

1)  BeimonHuTH

MAaTEMATHUYCCKYIO

000pyZ0BaHUs KaK 3aJja4uM JIMHEeWHOro nporpammupoBanus (3J111);
2)  Pemmrs 3JII1 B cpene anekTponHbix Tabmun MS Excel.

Bapuant Nel
[Tpou3BOAMTENLHOCTD 1-0if MAIIMHBI IPH IPOU3BOJICTBE
Maiunsl J-ro Buaa npoaykuuu. Marpuna B ¢ snementamu bjj.
Bunel nponykium:
I Il I1s I14
My 0,22 0,55 0,42 0,78
Mo 0,32 0,38 0,17 0,43
MuHUMaIBHBIN 00bEM
BBIMTYCKA |-TO BHIA 550 100 260 100
npoaykuus, Nj.
CTOMMOCTb €IMHHIIBI BPEMEHH, 3aTPAYMBAEMOr0 i-0i
Marnsl MaIlUHBI Ha BBITYCK J-TO BUA MPOAYKIIUH.
Matpuna C ¢ aieMeHTaMH Cij.
Buns! nponykunn:
Il II; I13 Iy
M1 0,25 0,32 0,47 0,42
M 0,58 0,10 0,38 0,29

Bce mamunsl pabdorarot 3ananHoe BpeMss T=1000 BpeMeHHbIX €TUHULI.

Bapuant Ne2

[Tpon3BOAUTEILHOCTD I-0¥ MAIIMHBI IPH TPOU3BOJICTBE

Mammssbl j-ro Buaa nmpoaykuuu. Marpuna B ¢ sanementamu bjj.
Buns! nponyknnn:
Hl Hz H3
M, 0,78 0,44 0,12
Mz 0,42 0,48 0,36
M3 0,25 0,42 0,29
MuHHuMAaIbEHBIH 00BEM
BBIITYCKA J-I'0 BUJIA 500 250 260
npoaykiu, Nj.
CTOMMOCTD €IMHHIIBI BPEMEHH, 3aTPAYMBAEMOr0  i-0i
MaImuHel MAIlIMHBI Ha BBIMYCK J-T0 BH/a MPOIYKIIHH.
Marpuna C ¢ anemMeHTaMu cijj.
Buns! nponyknnn:
H]_ HZ H3
M1 0,24 0,26 0,40
Mz 0,28 0,49 0,15
M3 0,31 0,27 0,38

Bce mamunsl pabotaroT 3aganHoe BpeMs T=1300 BpeMeHHBIX €JMHHII.

Bapuant Ne3

MamuHel

[Tpou3BOAUTEILHOCTD I-0¥ MAIIIMHBI P TPOU3BOJICTBE
J-ro Buaa nmpoaykiuu. Marpuiia B ¢ anementamu bj;.
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Buasl npoaykuuu:

Iy I, I3
My 0,48 0,45 0,12
Mo 0,47 0,78 0,35
MuHUMaIBHBIN 00beM
BBIITYCKa |-TO BUIa 800 750 160
npoaykuuu, N;.
CTOMMOCTD €IMHHIIBI BPEMEHHU, 3aTPAYMBAEMOr0 i-0i
MarmHbl MAIIMHBI Ha BBIITYCK |-TO BHJA MPOIYKIIUH.
Marpuna C ¢ anemeHTamu cijj.
Buns! nponykuuu:

Hl Hz H3
My 0,25 0,27 0,47
M2 0,14 0,47 0,15

Bce mamunsl pabdorarot 3ananHoe BpeMs T=1500 BpeMeHHbIX €TUHULI.
Bapuant Ned

[Tpou3BOAMTENILHOCTD 1-0if MAIIMHBI IPH POU3BOJICTBE

MamuHEbl j-ro Buma npoaykuuu. Marpuna B ¢ sanementamu bjj.
Buns! nponykunn:
Il I12 I13 I14
My 0,58 025 0,20 0,55
Mz 0,42 0,31 0,16 0,43
M3 0,25 0,42 0,19 0,45
MuHHMAaIBHBIHE 00bEM
BBIITYCKa J-I'0 BUJIA 1350 1300 160 1100
npoaykiu, Nj.
CTOMMOCTD €IMHHIIBI BPEMEHH, 3aTPAYMBAEMOr0  i-0i
MamuHel MAIIIMHBI Ha BBIMYCK |-TO BH/IA MPOTYKIIHH.
Marpuna C ¢ snemeHTamu cij.
Buns! nponyknnn:
IIx I, IIs 114
Mz 0,22 0,23 0,44 0,32
Mz 0,11 0,19 0,35 0,19
M3 0,32 0,22 0,28 0,51

Bce mammnb! padoratot 3aganHoe Bpemst T=2900 BpeMeHHBIX eIHHHII.
Bapuant Ned

[Tpou3BOAUTENILHOCTD i-0¥f MAIIMHBI P IPOU3BOJICTBE

Mammnsl j-ro Buma nmpoaykuuu. Marpuna B ¢ anementamu bjj.
Buns! nponyknnn:
Ty Il I13 I14
M 0,48 0,25 0,20 0,56
M2 0,41 0,34 0,16 0,43
MuHHMMaNbHBIH 00BeM
BBINTYCKa J-T'0 BUJIA 350 300 460 500
npoaykiu, Nj.
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CTOMMOCTD €IMHUIIBI BPEMCHH, 3aTPAYMBAEMOTO i-0i
Marmmnsl MAIIHbI Ha BBIITYCK |-TO BHJA MPOIYKIIUH.
Marpuna C ¢ anemeHTamu cijj.
Buns! nponykuuu:
Iy Il I3 Iy
M 0,22 0,27 0,44 0,38
M2 0,17 0,19 0,38 0,19

Bce mammnsl paboTarot 3amanHoe Bpems T=1900 BpeMeHHBIX €JMHHII.
Bapuant Ne6

[Tpou3BOAMTENLHOCTD 1-0if MAIIMHBI IPH IPOU3BOJICTBE
j-ro Buja npoxykuuu. Marpuna B ¢ snemenramu bjj.

MammuHbI
Buns! nponykuuu:
Hl HZ HB
M 0,32 0,15 0,27
My 0,42 0,35 0,16
MunuMaabHBIH 00bEM
BBITYCKA |-TO BHIA 450 350 250
npoaykuu, Nj.
CTOMMOCTD EAMHUIIBI BPEMEHH, 3aTPAYMBACMOT0 i-0M
MaiuHel MaIlIMHBI Ha BBITYCK j-TO BUA TPOIYKIUH.
Martpuua C ¢ 351eMeHTamH Cij.
Bunsr npoaykimm:
Ty I, I13
My 0,20 0,37 0,44
My 0,18 0,25 0,29

Bce mammnb! paboTarot 3aanHoe Bpemst T=1350 BpeMeHHbIX €AMHULL.
Bapuant Ne7

[Tpou3BOAUTENLHOCTD i-0¥ MAIIMHBI P IPOU3BOJICTBE |-
ro BujIa npoaykimu. Marpuia B ¢ anementamu bij.

MaruHbt
Bunbl npoaykuuu:
Iz I1> I13 Iy
M1 0,38 0,35 0,27 0,56
M3 0,44 0,34 0,20 0,43
MuHUMaNbHEI 00beM
BBIMTYCKA |-TO BHIA 550 400 260 500
npoaykuuu, Nj.
CTOMMOCTD €IMHUIIBI BPEMEHH, 3aTPaYyrBaEMOro i-oi
MarmHs MAIIIMHBI Ha BBIMYCK J-T0 BH/a MPOIYKIIHH.
Martpuna C ¢ anemMeHTamu cijj.
Buns! nponyknun:
Hl Hz H3 H4
M1 0,12 0,24 0,44 0,34
Mo 0,25 0,19 0,23 0,19

Bce mammnsl padotarot 3amanaoe BpeMs T=1800 BpeMeHHBIX eIHHHII.
Bapuant Ne8

Mamunsl

[Tpou3BOAUTENLHOCTD i-0if MAIIMHBI IPH IPOU3BOJICTBE |-
ro BuJa npoaykuuu. Marpuna B ¢ anemenramu bij.
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Buasl npoaykumu:

II; II, I13
M1 0,22 0,17 0,24
Mo 0,45 0,34 0,18

MuHUMAIIBHBIN 00bEM
BBIITYCKa |-TO BUIa 350 450 550
npoaykuus, Nj.
CTOMMOCTD €MHUIIBI BPEMEHH, 3aTPAYMBAEMOr0 i-0i
Maiussl MAIIIMHBI Ha BBIMYCK J-T0 BU/A MPOIYKIIHH.
Martpuna C ¢ anemMeHTamu cijj.
Buns! nponykuun:

111 II I13

M 0,14 0,37 0,34

Mo 0,41 0,27 0,19

Bce mamunsl paborarot 3ananHoe BpeMsi T=1450 BpeMeHHbIX €TUHULL.

Bapuant Ne9

[Tpon3BOAUTEIILHOCTD I-0if MAIIMHBI TPH TPOU3BOJICTBE |-

MamuHsbl ro BuJa npoaykuuu. Marpunia B ¢ anementamu bij.
Buns! nponyknun:
I I12 I13 I14
M 0,25 0,45 0,40 0,78
Mz 0,32 0,37 0,17 0,43
MunuManabHBIH 00bEM
BBIMTYCKA |-TO BHIA 350 300 250 400
npoaykuus, Nj.
CTOMMOCTD €MHUIIBI BPEMEHH, 3aTPAYMBAEMOT0 i-0M
MamuHbI MAIITHBI Ha BBIMTYCK |-TO BHUA MPOIYKIIHH.
Martpuna C ¢ 31eMeHTamMH Cij.
Bunbl npoaykuuu:
I I12 I13 14
M 0,35 0,33 0,47 0,42
M> 0,54 0,17 0,34 0,25
Bce mammnb paboratot 3aganHoe Bpems T=1200 BpeMeHHbBIX eTUHUII.
Bapuant Nel(

HpOI/ISBOI[I/ITCJ'IBHOCTL i-0#1 MaIIMHEBI IIpu MMpONU3BOACTBE j'

Mamunsl ro BujJa npoaykuuu. Marpuna B ¢ anemenramu bij.
Bunel npoaykuuu:
Hl Hz H3
M 0,48 0,40 0,22
M2 0,46 0,48 0,37
M3 0,24 0,41 0,29
MuHuMabHbIN 00beM
BBIITyCKa J-TO BUJIA 540 550 460
npoaykiu#, N;.
CTOMMOCTPD €IMHUIIBI BpEMEHH, 3aTPayBaeMoro i-oi
MarinHbl MAIMHbI Ha BBIYCK |-TO BHJA MPOIYKIIUH.
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Martpuna C ¢ anemeHTamu cij.

Bunapl npoaykinu:

Hl HZ HS
M1 0,34 0,16 0,44
M; 0,24 0,19 0,15
M3 0,37 0,47 0,28

Bce mamunsl padotarot 3ananHoe BpeMs T=1350 BpeMeHHbBIX €IMHULL.

3aganue Ne 6. JKOHOMHKO-MaTeMATHYECKAsI MOJeJIb MEKOTPACIEBOT0
0asanca (Moaeab JleoHThEBA)

KparTkas Teopus

PaccMoTpuM Momenp MexoTpacieBoro 0OanaHca, Ha3bIBaEMyIO  €Ile
Mojiesbi0 JICOHThEBA HITH MOJIEITBIO «3aTPAThI-BBITYCK.

[Ipenmonoxxum, 4YTO NPOU3BOJACTBEHHBIM CEKTOP HAPOJHOIO XO3AKMCTBA
pa3douT Ha n oTpaciieil (SHEpPreTuka, MAIIMHOCTPOCHHE, CEIbCKOE XO3iWCTBO U
T.J1.).

Paccmotpum otpacib 1,1 =1, 2,..., n. OHa BBIITyCKaeT HEKYIO MPOAYKIIUIO 3a
JAHHBIM MPOMEKYTOK BPEMEHH (HampuMep, 3a rojl) B 00beMe Xj, KOTOPBI elle
HA3bIBAIOT BAJIOBBIM BBITYCKOM. YacTh 00beMa MPOAYKIMH X; , TPOU3BECHHAS 1-
Ol OTPACIIBIO UCIIOJIB3YETCS JUIsl COOCTBEHHOTO MPOU3BOACTBA B 00BEME Xii , HACTD
- TOCTyMaeT B OCTajbHble OTpaciu j = 1, 2,..., n 1nus mnotpebiieHus mpu
IPOU3BOJICTBE B 00BbEMAX Xij , U HEKOTOPAsi 4aCTh 00BEMOM Yi - JUIsl TOTPEOJICHUS B
HETPOU3BOJICTBEHHON cepe, Tak Ha3bIBaeMbli 00hEM KOHEUHOT'O MOTPEOICHUSI.
[lepeuncnennpie cdepbl pacmupefesieHus: BaJlOBOTO TMPOAYKTa 1-0M oTpaciu
NPUBOJST K COOTHOILIEHHIO OanaHca

X; = Xi1 +Xl'2+...+xin +yl = 7:1.7(1']' +yl ,i: 1, 2,...,n .

Beenem koadduimenTsl TpsIMBIX 3aTparT aij , KOTOPbIE IMOKa3bIBAIOT,
CKOJIBKO €IUHUIl MPOAYKIIMH 1-0M OTpaciu 3aTpauyuMBaeTCs Ha MPOU3BOJICTBO
OJTHOM €IMHMIIBI TPOTYKIIMH B OTPACH j. Toraa MOKHO 3alicaTh, YTO KOJIMYECTBO
NPOJAYKIMHU, MPOU3BEIECHHON B OTpaciu 1 B 00bEME X1j U MOCTyHaroumed s
MIPOU3BOJICTBEHHBIX HYXK] B OTPACIb |, paBHO

X j = a; ]x]

CunTaeM CIOXHUBIIYIOCS TEXHOJIOTHIO TMPOU3BOACTBA BO BCEX OTPACIIX
HEM3MEHHOW (3a paccMaTpuUBaeMblii TIEPHOJI BPEMEHH), O3HAYAIOINIYIO, YTO
KOd(O(PUIMEHTHI MPSAMBIX 3aTpaT alj MOCTOSHHBL. Torma moiydaeM Cleayrolee
COOTHOIIICHHE OajaHca, Ha3bIBAEMOTO MO1eJIbI0 JIeOHTheBa
X; = Zr-lzl aijxj + Vi , 1= 1, 2,..., n (1)

BBeas BekTOp BanmoBOro BeIMycka X, MaTPHILy MPSMBIX 3aTpaT A U BEKTOP
KOHEYHOTO moTpebsienus Y
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a i { JI

11 1n
i/ a1 7 9an WVn
Mozenb JleontheBa (1) MOXKHO 3anucaTh B MAaTPUYHOM BUJIE
X=AX+Y (2)

Matpuna A, y KOTOpPOW BCE 3JIEMEHTHI aij HEOTPHIIATEIbHBI, HA3BIBACTCS
NPOAYKTHBHON MaTPHLEH, €CIIM CYLIECTBYET TAKOM HEOTPULATENBHBIN BEKTOP X,
JUTS1 KOTOPOT'O BBIMOJHAETCS HEPABEHCTBO
X>AX.

DTO HEPAaBEHCTBO O3HAYAET, YTO CYLIECTBYET XOTs Obl OJIUH PEKUM PAOOTHI
OoTpaciiel JaHHOM DKOHOMHMYECKOM CHCTEMBI, NpPU KOTOPOM IPOIYKIIUH
BBIMyCKaeTCs OoJbllle, 4YeM 3aTpayuBaeTCs Ha €€ MPOU3BOJCTBO. Jlpyrumu
CJIOBAMH, TIPU ITOM PEXKHUME CO3/1A€TCSI KOHEUHBIHN (MPUOAaBOYHBIN) IPOIYKT

Y=X-AX>0.

Mopgens JleoHTbeBa C NOPOAYKTHUBHOM MaTpuued A  Ha3bIBaeTCs
NPOAYKTHUBHON MOJAEJIBIO.

JInst mpoBEpKU MPOAYKTUBHOCTH MATpULbl A JOCTAaTOYHO CYIIECTBOBAHUS
o6paTHoit Matpuisl B = (E - A)! ¢ HeoTpHIaTenbHBIMU DIIEMEHTAMH, TI€ MATPHLA
E - equnuuHas maTpuia

(1 0
E: I ' I
L0 1}

C nomoipbio Moaenu JIeoHTheBa (2) MOKHO BBIMOJHUTH TPY BHJIA TUIAHOBBIX
pacyeToB, NP YCIOBUU COOJIOJICHUS YCIOBUS MPOTYKTUBHOCTA MAaTPHUIILI A

1) 3nas (unm 3amaBasi) 0OBEMBbI BAJOBOM MPOMYKIIMHM BCEX oTpacieit X,
MO>KHO OTIPEJICTUTh 00BEMbI KOHEUHOUN MPOYKIIMU BCEX oTpaciei Y

Y=(E-AX

2) 3amaBasi BEeIMYMHBI KOHEUHOW MPOJIYKIIMHU BCEX oTpaciel Y, MOXKHO

ONPEENIUTh BEIUYUHBI BAJIOBOUW MPOIYKIIMH KaXK0i OTpaciu
X=(E-A?Y (3)

3) 3agaBast s psija oTpaciield BEJIMUYMHBI BAJIOBOM MPOAYKIIMHU, a JJIsl BCEX
OCTaJIbHBIX OTpacieil - 00beMbl KOHEUHON MPOIYKUHUHU, MOKHO HAaWTHU BEIMYMHBI
KOHEYHOM MPOAYKIIMH MEPBBIX OTpaACiel U 00beMbl BAJIOBON NPOAYKIIUU BTOPHIX.

Marpuua

B=(E-A?!
Ha3bIBAETCS MATPHIEil MOJHBIX MATEPUAJBbHBIX 3aTpaT. Ee cMbIca cieayer u3
MaTpUYHOTO paBeHCTBa (3), KOTOpOe MOXKHO 3anucaTh B Buae X = BY. DneMeHTsI
MaTpulibl B moka3pIBatoT, CKOJIBKO BCETO HEOOXOAMMO MPOU3BECTH MPOAYKIIMHU B 1-
O OTpaciu, JiJIsl BBITyCKa B Chepy KOHEYHOTO MOTPEOJICHUS SIUHUIIBI TPOTYKIIUH
OTpaciiu j.

Heab padoTbl: caenaTh aHAIU3 MEPETOKAa TOBAPOB MEXKAY OTpaACIIMHU
HPKOHOMHUKH, OOECHEUMBAIOIIETO TaKoe (PYHKIMOHUPOBAHUE MPOU3BOICTBEHHOTO
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CEeKTOpa, Korma oOBeM  BBIIyCKAa COOTBETCTBYET CyMMapHOMY  (T.e.
IIPOU3BOICTBEHHOMY U KOHEYHOMY) CIIPOCY Ha TOBApHI.

HpnMep BBIINIOJIHCHUA 3alaHUA

3agaya: SKOHOMUYECKAs CUCTEMA COCTOUT U3 TPEX OTPACIeH, A1 KOTOPBIX
MaTpulia OpsSIMbIX 3aTpaT A U BEKTOpP KOHEYHOTO MPOAYKTa Y U3BECTHBI:

(03 0.1 04) (200
A=02 05 00 Y= 100
03 01 02] 300

OnpenenuTs:
1) Matpuity ko3 PHUIIHEHTOB MOJHBIX MaTEPUAIBHBIX 3aTpaT B;
2) TlpoBepuTh MPOIYKTUBHOCTD MATPHUIIBI A;
3) Bekrop BasioBoro BhImycka X;
4) MexoTpacieBble TOCTAaBKU MPOIYKIIUH Xij.

Pemienne: Mojenb JIeoHThEBAa IMEET BUI:

X=AX+Y.
Martpuia noJaHbeIX MaTepUaIbHBIX 3aTpaT B paBHa:

B=(E-A?

[IpoayKTUBHOCTH MaTpHIbl A TIPOBEPSETCSA, IO BBIYMCIECHHONW MaTpuue B.
Ecnum 5Ta MaTpuna CymecTByeT U BCE €€ DIEMEHTHI HEOTPULIATENIbHBI, TO MaTpULA
A NIPOAYKTHBHA.

BekTop BasioBOro BbIycka X pacCuMThIBAETCSA MO (GOpMyIie:
X=BY
MesxoTpacieBble TOCTaBKU MPOAYKIIUHU X1] BEIYUCIISIOTCS TI0 hopMyJie:
Xij = aij X;
IIpouecc pemenus 3aagauu cpeacreamu Microsoft Excel

Brenure matpuily A B sueiiku ¢ aapecamu A2:C4 u BekTop Y B STUEHKH C
anpecamu E2:E4 (puc. 1).
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£ Microsoft Excel - Kunral
@Qainmmm&rmmarwnmwme

Deld 8R_RY s 1B-<C - £ -4l Al @ 00% v(Z), Al
E12 - £ {=TPAHCM(E7:ES)}
A B G D E F G

1 Matpuya A Bextop Y

2 03 0.1 04 200

3 0,2 05 0 100

4 03 0.1 0,2 300

5

6 Matpuya E Bekrop X

7 1 0 0 7755102

8 0 1 0 510,2041

9 0 0 1 729,5918

10

11 |Marpuua E-A TpaHCcNoHMPOBaHHbIM BekTop X

12 0,7 -0,1 -04 |775.5102!510,2041 729,5918

13 -0,2 05 0

14 -0,3 -0,1 0.8

15

16 |Matpuya B

17 | 2,040816 0,612245 1,020408
18 | 0.816327 2,244898 0,408163
19 | 0,867347 0,510204 1,683673
20

21 | MexoTtpacneskie NOCTaBku

22 | 232,6531 51,02041| 291,8367
23| 155,102| 255,102 0
24 | 232,6531 51,02041 1459184
25

3% |
PI/IC. 1 BaﬂaHI/Ie HCXOOHBIX JAHHBIX U ITOCJIICA0BATCIIBHOC BBIITOJIHCHUC ITJIAHOBBIX
pacueToB

2. Boluncnenre Matpuipl Ko3(hGUIIMEHTOB MOJHBIX MaT€pUANbHBIX 3aTpaT

2.1 Beenure ennanuHyro Matpuny E B siueliku ¢ Homepamu A7:C9.

2.2 Beruncnure Matpuny E - A. Matpuna E - A sABIsieTcs pa3HOCTBIO ABYX
matpull E u A. J{is BeIYMCIIEHUS! pa3HOCTH ABYX MaTpHI] HEOOXOIUMO MPOAEIaTh
cleyroniee:

1) ycTaHOBHTE KypCOp MBIIIN B JICBBIA BEPXHUN Yo (3TO sUeiKa ¢ aapecom
A12) pesynbTupytomein matpuubl E - A, KoTtopas Oyner pacnoyioxkeHa B
aueiikax ¢ aapecamu A12:C14;

2) BBemute (opmyiny =A7-A2 sl BBIUMCIICHUS TEPBOIO  DJIEMCHTA
pe3ynbTupyroei Matpuisl E — A,

BBEJCHHYI0O (OpPMYJly CKOMUPYHUTE BO BCE OCTalIbHBIE  SUYCHUKHU
pPe3yJIBTUPYIOLIEH MAaTPULLBI.

3. Beruuciamre matpuny B = (E - A)! | sapnsmromelica oGparHOl 110
OTHOUIIEHHIO K Matpulle E - A.

4. TIpoBepka MPOAYKTUBHOCTH MATPHUIIBI A.
[Tockonpky MaTpuuia B Halinena, ciegoBaTelbHO OHa CyllecTByeT. Bce
3JIEMEHTHI MaTpullbl B HeoTpUIlaTenbHbI, MO3TOMY MaTpulia B - nmpoaykTuBHa.
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5. Brluucienune BEKTOpa BaJIOBOTO BBITYCKa X.

BrlunciieHne BEKTOpa BajJOBOTO BbIIyCKa X HAXOAUM [0 MAaTPUYHOU
dbopmyne X = BY, B koTtopoii maTpuiia B BerunciieHa, a BekTop Y 3ajiaH.

6. Boruncienre MexxoTpaciieBbIX MOCTaBOK MPOAYKIIUH Xij

MexoTpacieBble MOCTaBKU MPOIYKIIMHU X1j BEIUUCISIOTCS 0 hopmyie

Xij = ajj X,

II€ ajj - JJEMEHThl MCXOAHOW MaTphIbl A, pacCIOJIOKEHHOW B sYEHKax
A2:C4, xj - aneMeHTbl BeKTopa X, HalJICHHOTO BBIIIE B 1. 4 U PacnoJIO)KCHHbIE B
auenkax E7:E9.

JUiss  mpoBeAeHUsT  BBIUHUCIECHUH  Xij, HEO00XO0IUMO BBIYUCITUTD
TPAHCIIOHMPOBAHHBIM BEKTOp X' OTHOCHTENLHO BekTOpa X. IIpH 3TOM BEKTOp-
crosben; X CTaHET BEKTOPOM-CTPOKOM X'. DTO HEOOXOAMMO ISt COTNIACOBAHMS
Pa3MEPHOCTEN NAIBHENIIETO YMHOXKEHHUSI JIEMEHTOB BEKTOPOB.

B pesynbrate B none sueek E12:G12 pacnonokurcs TpaHCIIOHUPOBAHHBIN
BEKTOp XT .

3aTeM BBIYUCIUTH MEXKOTpPAC/IeBble TTOCTABKUA MPOAYKIMHU Xij . s aToro
IIPOJIEIIATh CIICIYIOIINE ONEPALIH:

1. TMOCTaBUTh KypCOp MBIIIH B ssuelKy A22, B KOTOpOil OyAeT pacmoioKeHO
3HaueHue x11. B aroit sueitke HaOpath ¢opmyny =A2*E12, koTtopas
o3HayaeT, uto x11 =all x1 .

2. BBEJEHHYIO (OpMYIy CKONHUPYWTE BO BCE OCTAJIbHBIE SYEHKH NEPBOM
CTpokH (B sueiiku A22:C22, npOoTaliiB MBIIIbIO KPECTHK B IPABOM HUKHEM
YTy OT sYelKku A22 TpU HAXKATOW JIEBOM KHOIKE MbIIIM, 10 syeiku C22.
[Tpu s3ToM OyayT BeiuncieHsl x12 =al2 x2 u x13 = al3 x3.

3arem B sueilke A23 wnHabepute Qopmyny =A3*El12 u mnoBTopss
aHAJIOTUYHYIO TIPOIEAYPY, MoayunTe 3HaueHust X21 = a2l x1 , x22 = a22 x2 u x23
=a23 x3 . IloBropure aHamoruyHble AeMcTBUs IS stueek A24:C24.
B pe3ynbrare Bce MexOTpaciaeBble MOCTaBKU MPOAYKIMHU OyayT HAlIEHbI U
pacriosnosarcs B Marpuue ¢ ssuevikamu A22:C24.
3apanme

DKOHOMHUYECKAs] CUCTEMa COCTOMT M3 TpEX OTpacieu, Uil KOTOPBIX MaTpulla
IPSMBIX 3aTpaT A W BEKTOP KOHEUHOTO MpoaykTa Y maHbl B Tabu.l. Tpebyercs
OTPEENHTD:

1) Matpuity ko3 PHUIIMESHTOB MOJHBIX MaTEPUAIBHBIX 3aTpaT B;
2) TIpoBepuTh MPOYKTUBHOCTD MATPUIIBI A;

3) BekTop BasioBOTO BBIMyCKa X;

4) MexoTpaciieBble IIOCTaBKU MPOIYKIUH Xij.

Tabmuua 1. Martpumia npsMbix 3aTpat A U BEKTOP

KOHEYHOTO MPOAYKTA Y.
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Bektop koHeuHoro npoaykra Y

Marpuiia npsiMbIX 3aTpat A

1 100 03 02 0.1
Y =200 A=01 03 04

400 0.1 02 03

2 200 02 06 0.1
Y =100 A=01 02 01

400 0.2 01 0.2

3 100 0.5 04 0.1
Y =300 A=01 02 03

400 0.3 0.1 0.5

4 200 0.5 03 0.1
Y =300 A=01 02 01

400 0.1 02 04

5 100 03 02 0.1
Y =200 A=01 05 03

150 0.2 03 04

6 300 0.1 05 0.2
Y =200 A=04 01 03

100 02 04 02

7 100 0.6 01 0.2
Y =200 A=01 02 05

300 0.2 05 0.1

8 400 0.1 04 03
Y =300 A=01 03 0.2

200 0.6 02 0.1

9 100 0.5 01 03
Y =150 A=02 04 01

200 0.1 03 03

10 200 0 02 07
Y =150 A=05 04 0

100 02 03 0.1

11 250 01 0 02
Y =200 A=03 05 0

500 04 02 03

12 300 0 06 03
Y =500 A=05 01 0.2

100 03 01 0.2

13 300 0.2 05 0.1
Y =250 A= 0 02 0.7

400 0.5 01 O

14 150 0.2 01 04
Y =250 A=05 02 0

350 0.1 0.1 0.5

15 100 0.5 01 03
Y =200 A=01 02 03

400 0 01 O
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KoHTpoJibHBbIE BOIPOCHI

1. TlpumeHeHUs MeTOJa HAUMEHBIINX KBAJAPATOB JJISA AlMIPOKCUMANIUN (DYHKIIHH,
3aJaHHOU TaOJIUIIEH.

2. AHanu3 CTENEHHBIX PSIOB: BBISIBIICHUE TEHJCHIIMU W3MEHEHUS MOKa3aTessl BO

BPEMEHU U IPOTHO3 Ha MPECTOSIINIA IEPUO.

3ajaun TMHEHHONW ONTUMHU3AIINY, UX PEIlICHHUE.

3anaua pacnpeeneHuss HEOJTHOPOIHBIX pecypcoB. CocTaBiIeHUE ONTUMAILHOTO

TJIaHa BBITYCKA MPOAYKIIMH

COanancupoBaHHasi TpaHCIIOPTHAS 3a7a4a, €€ peIlCHUE.

HecOanancupoBanHasi TpaHCIIOPTHAS 3a7a4a, €€ PelICHUE

B~ w

o o

7. 3agauda o cMmecsax. CocTaBieHne cMecu O€H3MHA C 3aJaHHBIMU ITOKA3aTEIIMHU

KauecTBa

3agava 00 UCIIOIb30BaHUE MOIITHOCTEH 000py10BaHUS

9. DKOHOMHKO-MaTeMaTHYeCKas MOJIEIb MEXOTpaciaeBoro OamaHca (MOIEThb
JleonTneBa).

0
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2019. — 450 c.
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2018.- 130 c.

3. Kapnymkun C.B. OCHOBBI MOJEIMPOBAHUS MPOIECCOB U CUCTEM: YY.
noco6ue / Tambos. - 2015. — 80 c.
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9. IleryxoB O.A. MoaenupoBaHue: CHUCTEMHOE, HWMUTAIMOHHOE,
ananutuueckoe / O.A. Ileryxos, A.B. Mopo3sos, E.O. Ileryxos. — CII6.: 13a-Bo
C3TYVY, 2008. — 288 c.

57



10. AemunoBuy bB.Il. YucneHnole MeTONbl aHaNU3a : MPUOIKMKEHHE
byukiui, nuddepeHanbible U UHTETpajdbHbIE YpaBHEHUsA, YyueO. mocodue /
Mapon U.A., lllysanosa 2.3.; noxa pexn. b.I1. lemunosuua; 4-¢ uzn., crep. — CII6.,
M., Kpacnogap: Jlans, 2008. - 400 c.

58



