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1. IlocTpoenne TpexmMepHbIX rpaduKoB. MHorodakTopHbIii
PErpecCHOHHBIM AHAJIU3: METOAWYECCKHE YKAa3aHUS 110 BBITIOHEHHIO
J1ab0paTopHoi paboThl 1o auctuiuMae «HKeHepHas 1 KOMITbIOTEpHAs
rpa¢ukay / FOro-3am. roc. yu-1; coct.: M.B. bo6bips, C.A. Kynalyxos. —
Kypcek, 2017. - 15 c.: un. 5, Ta6a. 7. — bubmumorp.: c.15.

PaccMotpenbl  6a3oBble  COCOOBI  MOCTPOEHHS  TPEXMEPHBIX
rpahukos (nuarpamm) B mporpamme Excel. J[aHbl Ga3oBble MOHATHS
MHOTO(aKTOPHOTO PErpecCHOHHOTO aHAIM3a. B yu4eGHO-MEeTOMMueCKOil
paboTe coaepiKaTcs 3aaHus 11l BHIIOJHEHHS IPAKTHYECKHIX PaboT.

Meroguieckue ykasaHus COOTBETCTBYIOT TPeGOBAHKSAM IIPOrPAMMEI
auciumiuHbl «KoMnerotepraas rpadukan.

llpennasHayeHsl A CTYAEHTOB  cremmansHoctd  09.03.01
«HbOpMaTHKa U BEIYMCIIUTENBHAS TEXHUKAY JTHEBHOM U 3209HOM dbopm
oOyueHHs.

TexcT neuaraercs B aBTOPCKOM peaaKIun

IMoanucano B meuats 0. |1 1d dopmar 60x84 1/16.
Yenneu. 106 Vu.-u3. 105 Tupaxk|003k3. 3aka32U0 BecruiarHo.
¥Oro-3ananuelii rocy napcTBeHHBIH YHUBEPCHUTET.
305040, r. Kypck, yn. 50 ner Oxtsa6ps, 94.



IMOCTPOEHHUE TPEXMEPHBIX IT'PAD®UKOB.
MHOI'O®PAKTOPHBIN PETPECCUOHHBIN AHAJIN3.

1. Leab padoTbi

W3yunth MeToabpl 00paOOTKM JdaHHBIX B mporpamme EXxcel.
Pa3o0paTh MeXaHM3M MOCTPOCHUS TPEXMEPHBIX TrpauKoB (IUarpamm)
Excel. OcBouTh NOHATHE MHOTO(AKTOPHOT'O PETPECCUOHHOTO aHAJIN3A.

2. IlonsaTne TpexmepHoro rpaguka

Tpexmepnsiit rpaduk GyHKIIMU — 3TO TpadUK B TPEX U3MEPECHUSX.

COOTBETCTBEHHO Kaxjas Touka rpaduka OyJaeT UMETh TPU KOOPIUHATHI

(X, Y. 2).
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[Toctpoum rpadux (yHKIMK, Ha3bIBa€MbId T'UIEPOOTUYECKUI

napabosions, B Excel.

VYpaBHeHue runepOoandeckoro napadogouaa (oOmMi BU):

IE yE

a? b

r7e X, y, Z— MNepPeMEHHbIe; a, b — KOHCTAHTHI.

z:

PaccMOTprUM KOHKPETHBIN CIly4aid:


http://krivaksin.ru/wp-content/uploads/2014/02/giperb_parabol_funktion.png
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Kak w mis moctpoeHus rpaduka (yHKIMH HAa IUIOCKOCTH HaMm
notpedyeTrcss Tabiuila, HAa OCHOBAaHUM KOTOpou rpaduk u Oyuer

TIOCTPOCH.
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10 TOPU30HTAIN — 3HAYEHHUS X, 10 BEPTUKAIU — 3HAYCHHUS Y.
3HaYeHUsI Z BBIYUCISAIOTCA MO (Qopmysie (CM. BBIIIE). 3amuiieM

dbopmyny aiig Beluucienus z, rae x=10, y = 10, a=2, b=3.
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Jlnst toro, 4toOBl 3Ta (opmysa MNPaBUIBHO KOMUPOBAIACH C
IIOMOIII0O MapKepa aBTO3AMOJTHEHUS HEOOXOIUMO BEPHO ITOCTaBUTH
3Haku $ B popmyy.

=(C$272/4)-($B372/9) , nnst s;ueWKH CO 3HAUYECHHEM X (UKCHpPYEM

HOMEDP CTPOKH, IS TYCHKH CO 3HaAYCHUEM Y PUKCUpyeM OYKBY CTOJIOIIA.
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Hcnonb3yst MapKep aBTO3alOJIHEHUs, KonupyeM (HopMymTy JJIsl BCEX
3HaueHUu X u y. [lomyuum tabnuily, B KOTOpoW Kaxaou mape (X, y)
COOTBETCTBYET KOOpJIMHATa Z. Bbigensem [uamna3zoH sS4Ye€eK Co

3HAYCHUSIMU Z, BI)I6I/IpaCM
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AHAJOTUYHO CTPOATCS JPYTrUe MOBEPXHOCTH:
1) Dnnuntryeckuii mapadboaouy
2) OHOIOJIOCTHBIN TUITEPOOJION/T

3) JIByXIOJIOCTHBIN TUIEPO0ION

3. O0mue cBeJeHUSI O MHOrO(PaKTOPHOM PpPerpecCHOHHOM

aHaJIn3e.

SIBneHus oOIIECTBEHHON KU3HU CKJIAJILIBAIOTCS MOJ BO3AEHCTBUEM
1eJsioro psga (akTopoB, TO €CTh ABJISIOTCS MHOro(akTOpHBIMU. Mexay
(akTOpaMu CYIIECTBYIOT CJOXHBIE B3aWUMOCBSI3H, IMO3TOMY WX HEJb3s
paccMarpuBaTh KakKk IIPOCTYHD CYMMY H30JIMPOBAHHBIX BJIWSHUU.
N3ydyeHne CBsI3M MEXIy Tpems U 0oJiee CBSI3aHHBIMH MEXIy COOOM
MpU3HAKaMHd HOCHUT Ha3BaHHWE MHOTO(PAKTOPHOIO KOPPEISIIMOHHO-

PETrpCCCUOHHOIO aHaJIn3a.


http://krivaksin.ru/wp-content/uploads/2014/02/excel_3d_4.png

Bnepssie 310 noHsatue 0b110 BBeJeHo [Tupconom B 1908 roay.

MHorogakTopHbIii KOPPEIALIMOHHO-PErPECCUOHHBIN aHanu3
BKJIFOYAET B €051 CIAEAYIONIUE ITAIBI:

- TEOPETUYECKUN aHalau3, HaAIMpaBJICHHBIA Ha BBHIOOP (PAKTOPHBIX
MPU3HAKOB, CYIIIECTBEHHBIX JIJIsl IOCTABJICHHOMN 3aa4H;

« BEIOOP (hOpMBI CBSI3U (YpaBHEHHUS PETPECCUN);

« OTOOP CYIIECTBEHHBIX (DAKTOPHBIX TMPU3HAKOB, YJAJCHUE U3
MOJIEJIM HECYIIECTBEHHBIX, OOBEAMHEHUE HECKOJIbKUX (HAKTOPHBIX
MPU3HAKOB B OJMH (3TOT MPHU3HAK HE BCErJa UMEET COACPKATEIbHYIO
UHTEPIPETAIHUIO);

« BRIUUCJICHUE napaMeTpoB ypaBHEHUS perpeccuu U
KO2(PHUITMEHTOB KOPPEIISITUY;

« IPOBEPKA aJICKBATHOCTH MOJTYUYCHHON MOJEIIH;

« IHTEPIPETAIUs] TTOJTYYEHHBIX PE3YJIbTaTOB.

Ha stane or6opa ¢hakTOpHBIX MPU3HAKOB HEOOXOIUMO YUUTHIBATH,
YTO JaK€ €CJIM YKMCJIOBBIC JAHHBIC CBUJICTECIILCTBYIOT O HAJIMUUM CBSI3U
MEX]Iy IBYMs BEIMUYUHAMH, 3TO MOXET OBITh JIUIIb OTPAKECHUEM TOTO
¢daxTa, 4T0 OHM 00€ 3aBUCAT OT OJAHOM MU HECKOJIBKUX BEIUYHH.

st 060 hopMbI 3aBUCUMOCTH, OCOOCHHO B YCJIOBHSX Majoro
o0beMa HCCIEAYEMONl COBOKYMHOCTU MOKHO BBIOpaTh IEIbIA Pl
ypaBHEHUH, KOTOPhIE B TOW WJIM WHOWU CTETEHU OYIyT OMHUCHIBATH JTH
cBs3u. [IpakTrka mocTpoeHuss MHOTO(AKTOPHBIX MOJIENIE B3aMMOCBS3U
MOKA3bIBACT, YTO OOBIYHO [IJII OIHKCAHHUS 3aBUCUMOCTEH MEXITy
COITMAJIbHO-O)KOHOMUYECKUMH  SIBJICHUSMH HCTOJIB3YIOT JIMHCHHBIE,

NOJIMHOMHAJIbHBIE, CTETEeHHbIe, rurnepoonnyeckue ¢GyHkauu. [lpu



BBIOOpE MOJEIH MOJIb3YKOTCS OMBITOM MPEIIIECTBYIOIINX UCCIIETIOBAHUIM
WM UCCJIEIOBAaHUM B CMEKHBIX 00JIACTSAX.

[IpeuMyiecTBOM JIMHEUHBIX MOJIEJIEN SIBJIETCS MPOCTOTA pacyera
napaMeTpoB W  OSKOHOMHUYECKOW  HWHTEpIpeTaluu. 3aBUCHUMOCTH,
HEJIMHEMHBIE MO TMEePEeMEHHbIM (KBa3WJIMHEWHBIE) MOTYT OBIThH
NpPUBEACHB K JIMHEHHOW QopmMe NyTeM 3aMEHbl MEPEMEHHBIX.
[TapameTpsl ypaBHEHUS MHOXKECTBEHHOM pErpeccuu HaxoIiaTcsl IIo
METOJIy HAMMEHBIIUX KBaJPaTOB U3 CUCTEMbl HOPMaJIbHBIX YPAaBHECHUI.
B ycnoBusix ucnons3zoBanus 9BM onpenenenne napaMmeTpoB, Kak s
JUHEWHBIX, TaK W JJISI HEJIWHEWHBIX 3aBUCUMOCTEH MOXKET OBITh
OCYILIECTBIICHO YUCICHHBIMU METOIAMHU.

B MHOroMepHOM KOPPENSILIMOHHOM aHAJIM3€ PACCMaTPUBAIOTCS JIBE
TUIIOBBIC 3aJ1a4UH:

1. OnpeneneHyde  TECHOTBI  CBSI3M  OJIHOM  MEPEMEHHOM
(pe3yJbTaTUBHOTO TPU3HAKA) C COBOKYMHOCTBIO BCEX OCTaJbHBIX
nepeMeHHbIX ((PaKTOPHBIX MPU3HAKOR), BKIIFOUYECHHBIX B aHAJIM3.

2. OrnpeneneHre TECHOTHI CBSI3M MEXIY ABYMsI TIEPEMEHHBIMU
npu  (PUKCUPOBAHUHM  WJIM  HUCKIIOUYCHUU  BJIUSHUS  OCTAIbHBIX
MIePEMEHHBIX.

OTH 3a7a4u PEIIatoTCsl MPU MOMOIIM MHOKECTBEHHBIX U YaCTHBIX
KO3 PUIIMEHTOB KOPPETSALIUU.

Jlns ux omnpeneieHuss MOXET OBbITh HCIOJb30BaHA MaTpHIla
BBIOOPOYHBIX KOA(DPUIIMEHTOB KOPPEISAIUU:

1 7mp = Tip

rpl rpz cee 1



rae P - KOJHUYECTBO TMPU3HAKOB, [ij - BBIOOPOUHBIM MapHBIN
KOA(PUIIMEHT KOpPEISALUH.

Torma TecHOTa B3aMMOCBSI3M  PE3YJIBTATUBHOTO TPU3HAKa C
COBOKYMHOCTBIO (DaKTOPHBIX MPU3HAKOB B IIEJIOM MOXKET OBITh U3MEPEHA
Ipd TOMOIIM MHOXXECTBEHHOr0 (COBOKYHHOIo)  KkoddduiimeHTa
koppemsiiiui.  OIIEHKOM 2TOro MoKas3aTens SBISEeTCS BbIOOPOUYHBIM

MHO>KE€CTBEHHBIN KOADPUIIUEHT KOPPEALIUU:

1 _ |qp|

Ri,lZ...p = q_ij’ rae |qp| - OIIPEACIUTENIbL MATPULIBI G-

C moMouip0 MHOKECTBEHHOT'O KO3 (ULIMEHTa KOPPEIALINU MOXKET
OBITH CII€JIaH BBIBOJ O TECHOTE B3aUMOCBSI3H, HO HE O €€ HAlpaBJICHUHU.

Ecnu ¢akTopHble MpU3HAKKA KOPPEIUPYIOT APYr C APYroMm, TO Ha
BEJIMYMHE NAapHOro KO3(PUIMEeHTa KOPPENSIUU YaCTUYHO CKAa3bIBAETCS
BIIUSIHUE JPYTUX NEPEMEHHBIX. B CBS3M C 3TUM BO3HHUKAET 3ajayda
UCCIIEIOBATh YACTHYI0 KOPPEISLHMI0 MEXIy NEPEMEHHBIMU TPH
UCKIIIOUEHUHU (PIIMMUHUPOBAHUU) BIMSHUS OJHOM WM HECKOJIBKUX
IpPYruX  TepeMeHHbIX.  BpiOOpouHbIi  YacTHBIE  KOA(PUIIUEHT

KOPPEISIIIUN MEXIYy TEPEeMEHHBIMHU X, Y MOXKET OBITh pacCUHMTaH II0
dbopmyie

Tjiz.p = |77 > TAC dij - anreOpanvyeckoe JIOMOJTHEHHE
42 1]

COOTBETCTBYIOILETO JIEMEHTA KOPPEIALMOHHON MATPHULIBI
Yactabiil KOAQPUIUEHT KOPPETALUN MOXKET MPUHUMATH 3HAYCHUS

oT -1 no 1



4. Xoj BbINOJHEHUS JTA00PATOPHOI PadoThI

1. TlocTpouTh MHOTOMEPHYIO MOBEPXHOCTH sl (DYHKIIUH BUA.
y =ax* exlb x X2€
rae a, by, b, — mocrosHHBIE KO3(hduIMEHTH (CcM. Tabm. 2 ¢
3a7JaHUEM ).
2. Tloctpouth ypaBHEHHE MHOTO(AKTOPHOMN perpeccum.
Jlnst cuHTe3a ypaBHEHUS MHOTO(AKTOPHOM perpeccuud BUAA
y=X;01+X,b,+a HeoOXxoawmo 3amosHuUTe TaOmMIy 1 BO BTOPOM H

TpeTbeM cToio1e 50 ciaydallHbIMK YHCIIAaMU U3 JUana3oHa 3HAYCHUN

(Inanazon_1) cormacHo BapuaHTy

Tabmumna 1
A B C D E F G H I J
Nel|l x1 | x2 |y [xly|xey]| x? | x2 | xixz y?
1
2
50

T EX | ZX2 | ZY IZXry[EXeyl TXi? | T X2 [ TXixe| X YP

Utobpr 3amonguauth sueiikn B, C, D Tabmumbl ciydaldHBIMH
yuciaMu BocnoJibdyitech VBA. /lnana3on miis TaHHBIX X1, Xp, Y 3aJ1aH
B TabOnuie 1.

a) otkpoiire VBA ¢ momomnisio kimaBumr Alt+F11.

0) nob6aBbTE HOBBII MOyJIb INsert—Module

B) IPONUIIINATE CIACAYIOMUN  KOJ (7151 3arIOTHEHUS Tpex

CTOJ'I6I_IOB JaHHBIMHU dBTOMAaTHNYCCKU, MOHGDHHSHDVﬁTe

[IPEJUIOKEHHBIN ITPOTPAMMHBII KOJI CAMOCTOSITEIBHO)




Sub GetRandom_11()
Ditn i Az Integer, h LAs Integer, n As Integer
For n =2 To 3
m = 2
For i = 1 To B0 Step 1
Randomize
ThisWorkbook. Worksheets ("IxucTl™) .Cellsim, n) .Valus = Round(Rnd * (30 - 20) + 20, 0O)
m=m+ 1
Next i
Hext n

End Sub

rae N — HoMep CTPOKU, M — HOMEp CTOO11A.

r) 49TOOBI HWCIOJHHTH CO3JaHHBIM MaKpocC, Ha paboyeM CToje
no6aBpTe I00YI0 GUTYpPY, HOOKMUTE Ha HEM MpPaBO KHOMKOW MBIIIH U
BbIOEpUTE KOMaHTy «Ha3zHauuTe Makpoc...».

1) B TIOSIBUBIIEMCS OKHE BBIOEPUTE MMS CO3JaHHOTO MaKpoca u
3aTeéM HaXMUTE Ha CO3/aHHYI0 (PUTYypy, BO BTOPOMl U TPETbEU CTpOKE
JIOJKHBI TIOSIBUTHCS CITydalHbIE YHCIIA.

e) B cronbuax E-J cormacHo dopmynam Tabmuiel 1 paccuuraiite

JAaHHBIC B ITYCTBIX sTYehKax.

3. HeoOxoauMo 3amojiHUTh OONIyI0 MaTpHIly JUIsi  3TOTO
co3zaeM TaoIuIly 2
Tabnuia 2
A B C D
60 y a b1 b2
61 Xy N > X1 > X2
62 > X1y > X1 > X12 EXl*Xz
63 Y X2y 2 Xz EX1*X2 > X0?
4, Jlanee Ha ocHOBE OOIIEl MaTPUITBIl HAXOJIUM OIPEICIUTENb

YaCTHBIX MaTpHUIl



OO6m1as maTpuIa

A B C D

70 a b1 b2
71 N X X1 X X2
72 > x1 T Xp? T X1* X2
73 T X2 T X1* X2 2 Xp?

N HaxoauMo €€ onpeiesIUTeNb C HOMOIIBI0 (POPMYJIbI

Aosu={=MOBP(B71:D73)}.

YactHas matpuna 1

A B C D
80 a y b,
81 N Xy 2 X2
82 2 X1 2 X1y 2 X1 X2
83 2 X2 )y X2y > X22

n HaxXoanuMo ec onpecACIUTCIIb C IIOMOIIBIO q)OpMyJ'IBI

YactHas matpuna 2

A1={=MOBP(B81:D83)}.

A B C D

90 a bl y

01 N > X1 RY,

92 > X1 > X12 > X1y
93 > X2 2 X1 X2 > X2y

W HaxoauMo €€ ONpeAeUTeNb C TOMOIIBIO (POPMYJIbI

YactHas matpuna 3

As={=MOBP(B91:D93)}.

A B C D

100 y b1 b2

101 >y > X1 > X2
102 > X1y > X12 > X1 X2
103 > X2y > X1 X2 > X22




W naxoaum e€ onpeaeauTenb ¢ TOMOIIbIO (hOPMYJIbI
Az={=MOBP(B101:D103)}.

Ilocne pacdera ompenenuTenaeid  oOImIEH  MaTpUIBI  HAXOJIUM

KO3 HUIMEHTHI ypaBHEHUS PErPecCrH 1Mo Gpopmyiiam.
a =As/Aoom
D1=A1/Avéu
D2=A2/Aosm

[Toctpoutrh MHOTOMEpPHBI Tpaduk MHOTO(PAKTOPHON perpeccuu

BHUIA

y=X1b1+x2b2+a
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BapuanTtsl 3a1aHus 1J1s1 BBINOJIHEHUS Pa0OThI

Ne| a by b, |/lmama3zon xi| Jlwama3oH X»
1| 14 |-0,004 |0,0004| 56 139 | 222 330
2 | 29 |-0,014 |0,0006| 44 138 | 254 326
3|22 |-0,014|0,0002| 34 114 | 258 335
4 1 31 |-0,011|0,0001| 58 141 | 250 339
5|29 | -0,02 |0,0002| 54 119 | 213 323
6| 11 | -0,019 | 0,0002 | 61 137 | 254 313
7|22 | -0,02 [0,0003| 35 125 | 220 337
8 | 31 |-0,001|0,0002| 48 143 | 214 323
9| 34 | -0,018 | 0,0004 | 24 148 | 244 344

10| 31 |-0,004 10,0001 64 146 | 233 327

11| 36 |-0,008 1 0,0002| 68 116 | 240 319

12| 31 |-0,016 | 0,0002| 39 131 | 241 320

13| 39 |-0,017 10,0005 56 141 | 219 312

14| 27 | -0,01 | 0,0002| 28 127 | 228 327

15| 16 | -0,01 | 0,0003| 61 148 | 248 347

16| 17 | -0,01 | 0,0003| 57 147 | 245 329

17| 24 | -0,006 | 0,0001| 21 149 | 229 349

18| 28 |-0,012 10,0006 | 24 129 | 259 336

19| 27 |-0,016 |0,0001| 69 118 | 254 316

20| 11 | -0,01 |0,0005| 30 145 | 223 341
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6. KoHTpobHbIE BONPOCHI

1. B dWem omimunme TpexMmepHbIx rpadukoB Excel ot
JBYXMEPHBIX ?

2. Kak moctpouth TpexMepHbiii rpaduk B Excel?

3. Yrto Takoe MHOTO(aKTOPHBIN PErPECCUOHHBIN aHaTU3?

4, N3 yero cknaapiBaeTcsi MHO(MAKTOPHBIA PErPUCCHOHHBIN
aHanu3?

S. Kak BbImoHuTh B EXCEl MHOTO(MaKTOPHBIN perpecCHOHHBIMN
aHan3?

/. Conep:xaHue oT4€TA

OTU€T NOJKEH CONEPKATD:

1)  THUTYJIBHBIH JUCT;

2) HAaUMEHOBAHUE PA0OTHI U 1I€JIb UCCIETOBAHUM;
3) OMMCAHUE XOJIa BBIMIOJHECHUS 3a1aHuA;

4) pe3yJIbTaThl pacueTa U rpauKu MOCTPOEHHBIX (DYHKIIUM.
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