[loKyMeHT NoAnucaH NpocToit 3NeKTPOHHOM NOAMUCHI0
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Ounas

Kadenpa-pazpaborunk
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Brimyckarorias kadeapa

HMHdopMaTrKa ¥ BRIYMCIUTEIIbHAS TCXHUKA

4 cemecTp

IIposepsiemas
KOMIIETEHIIHS

3aganue

BapuanTsl
OTBETOB

Tun
CIIOKHOCTH
BOMpoca

OIIK-1.1
OIIK-1.2
OIIK-1.3

Yro  Takoe
MOJCIb B
MIPOEKTUPOBAHUS
MH(POPMALMOHHBIX CHCTEM?

MaTEMAaTHUYCCKasig
KOHTCKCTC

1) IIporpamMmHBIi KO,
pean3yIoNuii aIrOPUTM pabOThI
nc

2) ®opManu30BaHHOE
MaTeMAaTUYECKOE OTIMCAaHUC
00BeKTa, MpoIIecca WK SBIICHUS,
OTpakarollee CyIIeCTBEHHbIC
CBOWCTBA H CBSI3H, HEOOXOTUMBIE
JUTSL PEIICHHUS TIOCTaBJICHHOU
3aaun

3) Cxema apXHUTEKTYphI Oa3bl
JTAHHBIX

4) TexHuueckoe 3aJaHue Ha
pa3paboTKy HH(POPMAITMOHHOM
CHCTEMBI

HU3KUN

OIIK-1.1
OIIK-1.2
OIIK-1.3

CnyyvaitHasi BeauM4MHAa X HWMeEET
HOpMalibHOE pacnpenenenue N(L,
6%). Uto xapakTepusyeT napameTp

u?

1) Jucnepcuto - mepy pazdbpoca
3HAYEHUH BOKPYT CPEIHETO

2) MaTemaTHueckoe OXHUJaHue -
CpeaHee 3HaueHue Clly4yanHou
BEJTMYHUHBI

3) Menuany pacnpeneneHus ¢
MIOIIPABKOM HAa aCUMMETPHIO

4) MakcumMasnabHOE 3HaueHHe
CIy4aHOM BEJIMYMHBI

HU3KAN

OIIK-1.1
OIIK-1.2
OIIK-1.3

Koadduuuent koppensuuu
[Tupcona r = —0,92 o3nauaer:

1) Cnaly1o Mos0KUTENbHYIO
JIMHEWHYIO CBSI3b MEXKY
NIepEMEHHBIMU

2) OTCYTCTBHE CBSI3H MEXKY
NIepEMEHHBIMU

3) CunpHy10 OTpULIATEIBHYIO
JUHEHWHYIO CBA3b: NP YBEINYEHUU
OJIHOM IIEPEMEHHOM IpyTas
yOBIBaeT

4) HenuneitHy10 3aBUCUMOCTD
MEX]1y IepeMEHHBIMHU

HU3KUN

OIIK-1.1
OIIK-1.2
OIIK-1.3

B cucreme maccoBoro
oOcnyxuBanus (CMO)
o6o3nauenue M/M/1 o
knaccudukanuu Kennanna
O3HAYaeT:

1) MHorokaHanbHas cucTema ¢
JETEPMUHUPOBAHHBIM [TOTOKOM
3asBOK

2) OHOKaHAJIbHAS CHCTEMA C
ITyaCCOHOBCKHUM BXOISIIITIM

HU3KAU




MIOTOKOM U TTOKa3aTeJIbHBIM
pacrpeneneHueM BpeMEeHN
o0CITyKUBaHUS

3) Cucrema ¢ NpUOPUTETHBIM
00CITy’)KUBaHUEM U OTPaHUYEHHON
ouepenpro

4) MHuoroda3zHas cuctema ¢
PaBHOMEPHBIM pacIpe/ieIeHuEM
BPEMEHU OXHJIaHHSI

OIIK-1.1 MapxkoBckuii mporiecc o6agaet 1) Cucrtema He coxpaHseT HU3KUU
OIIK-1.2 CBOMCTBOM, KOTOPOE Ha3bIBACTCs | UCTOPHIO 0OpabOTaHHBIX 3alPOCOB
OIIK-1.3 «OTCYTCTBHEM MaMATH». YTo 3T0 | B 0a3ze JMaHHBIX
O3Hayvaer? 2) Bynyiiee cocTOSIHUE CUCTEMBI
OTIPEIENISACTCS TOJIBKO TeKYIINM
COCTOSIHUEM U HE 3aBHCUT OT
MPeabICTOPHH (ITyTH, KOTOPBIM
CUCTeMa MpHIIJIa B TeKyIIee
COCTOSIHHE)
3) BeposTHOCTH nepexoaa Mex1y
COCTOSIHUSIMH paBHA HYJITIO
4) Bce cOCTOSIHUS CUCTEMBI
PaBHOBEPOSITHHI B JIIOOOH MOMEHT
BpEMEHU
OIIK-1.1 Ha stane Bepuduxanuun 1) CooTtBercTBHE MOJICJIA | CPEaHHI
OIIK-1.2 MatemaTuueckoi moaenu C peajabHBIM JAHHBIM IIPEIMETHOMN
OIIK-1.3 IIpOBEpsIeTCS: o0nactu
2) IlpaBUIIBHOCTH MAaTEMATUYECKUX
BBIYHCIICHUI " JIOTHYECKast
KOPPEKTHOCTb MOJIEIH -
COOTBETCTBHE MEXTY
KOHIIENTYadbHbIM OMUCAaHUEM U
ero (hopmManbHOM peanu3anuen
3) Kommepueckast 3ppeKTHBHOCTD
paspabotannoit UC
4) [Tpou3BOIUTENBHOCTH
BBIYHCIIUTEIIHLHOMN
UH(PACTPYKTYPHI
OIIK-1.1 st MogenupoBaHus OTOKA 1) HopmansHoe pacripenenienue CpenHui
OIIK-1.2 BXO/ISIINX 3aIPOCOB K BEO- N(u, 6?)
OIIK-1.3 cepBepy (He3aBUCHUMEBIE COOBITHS, | 2) PaBHOMEpHOE pacrpesiesieHue
peakue, CTalluOHaPHbBINA MOTOK) U(a, b)
HanboJiee MOAXOAAIINM 3) Pacnpenenenue Ilyaccona P(A)
SBJISCTCS: 4) bunomuanbHOE pacrpeesieHue
B(n, p)
OIIK-1.1 CpenHeKkBagpaTuuecKoe 1)4 CpenHui
OIIK-1.2 OTKJIOHCHHE BBIOOPKU {2; 4; 4;4; | 2)2
OIIK-1.3 5;5;7; 9} paBHo (nano: cpennee | 3) 5
= 5, mucrtiepcust = 4): 4) 16
OIIK-1.1 Koadduuuent nerepmunanuu R? | 1) Koadduument koppensunu cpenHuit
OIIK-1.2 = 0,87 n1a MojeNM TUHESHHOMN MEX1y NepeMeHHbIMU paBeH 0,87
OIIK-1.3 perpeccuu 03HayvaeT: 2) 87% nucnepcuu 3aBUCUMOM

MepeMEHHON 00BICHSIECTCS
BKIIIOUYEHHBIMU B MOACIb
HE3aBUCHMBIMH ITEPEMEHHBIMHU
3) OmunbKka MOJIEIIH COCTaBIISCT
87%




4) Mopens oruceiBaet 13%
HaOJIIOACHUH KOPPEKTHO

10

OIIK-1.1
OIIK-1.2
OIIK-1.3

NHTEHCUBHOCTD HArpy3Ku
(k03¢ duLMeHT 3arpy3Ku) p s
CMO M/M/1 paccuutbiBaeTcs
KaK:

Dp=p/ A roeh-
WHTCHCUBHOCTBH OOCITY>KUBAHMUS, |l
- IHTCHCUBHOCTb TIOTOKA
2)p=A/pn,TaeA-
WHTCHCUBHOCTh BXOJISIIECTO
MMOTOKA, |\ - HHTCHCUBHOCTh
o0CITyKUBaHUS

3)p=rxp

Hp=Rr+tp/2

CpeaHui

11

OIIK-1.1
OIIK-1.2
OIIK-1.3

MapkoBcKkas 1ienb UMeeT
MaTpuIly MEePEeXOIHbIX
BEPOATHOCTEM:

Kaxkoe u3 ciaenyromux
YTBEPKJICHUI O TAaHHOW MaTpule
ABJIAETCS. KOPPEKTHBIM?

1) Martpuiia HEKOppEeKTHa - CyMMa
3JIEMEHTOB KaXIOU CTPOKHU
JIOJKHA paBHATHCS 0

2) MaTpuiia HEKOppEKTHA -
JIEMEHTHI JIOJKHBI OBITh LIETIBIMU
qyyclIaMu

3) Marpuiia KOppeKTHa: cymma
Ka)KJJOW CTpOKHU paBHa 1, Bce
3JIEMEHTHI HEOTPULIATENbHBI -
YCJIOBHS CTOXaCTUYECKON
MaTpUIbl BBIIOJIHEHBI

4) MaTpuiia KOppeKTHa TOJIBKO
IIPU YCJIOBUU CUMMETPUYHOCTH

CpeaHui

12

OIIK-1.1
OIIK-1.2
OIIK-1.3

MeTo/1 TTIaBHBIX KOMIIOHEHT
(PCA) npumensieTcs B aHanmusze
nanubix UC mms:

1) [Iporuo3upoBanus 3HAYCHUI
3aBUCUMOM NIEPEMEHHOM 110
HE3aBUCHUMBIM

2) CHIXeHUs pa3MEPHOCTH
JAHHBIX MTyTEM 3aMEHBI UCXOTHBIX
KOpPEJIUPOBAHHBIX IEPEMEHHBIX
HOBBIMHU HEKOPPEIUPOBAHHBIMHU
KOMITOHEHTaMH, OOBSICHSIIOIIMMHU
MaKCHUMAJIbHYIO JIOJII0 TUCIIEPCUU
3) OnpeneneHust BEPOSITHOCTH
MIPUHA/IJICKHOCTH 00bEKTa K
3apaHee 3aJaHHOMY KJIacCy

4) TlocTpoeHHsT MaTPHIIBI
IIEPEXOIHBIX BEPOSATHOCTEN
CHUCTEMBI

cpenHui

13

OIIK-1.1
OIIK-1.2
OIIK-1.3

JIJ1s1 OIIEHKY aJIeKBAaTHOCTH
PErpecCUOHHON MOJETN «BpeMs
orkimmka MC» (Y) ot «uucna
OJIHOBPEMEHHBIX OJIb30BaTENIeH»
(X) ananutuk nomyuui: R* =
0,42, p-value ko3¢ dunrentos >
0,05. Kaxkoii BeIBOII 00
aJIeKBaTHOCTU MOJIEIH
KOppeKTeH?

1) Monenb anekBaTHa - R?
MOJIOKUTEIbHBIN

2) Moaenb afeKkBaTHa - HaJTU4YHe
KO2(DPUITMEHTOB JOCTATOYHO JITst
BaJIUIHOCTH

3) Mogenb HeanekBaTHa: R? = (0,42
03HayaeT, uTo 58% Bapuanuu He
o0BscHEeHO; p-value > 0,05
CBUJICTEILCTBYET O
CTaTUCTHYECKON HE3HAYMMOCTH
KO3 (PHULIHUEHTOB - MOJIENb HE
MOJKET HUCHOJIL30BAThCS IS
MIPOTHO3UPOBAHUS

4) Monenb anekBaTHa Mpu
JI00ABJICHHUH JIOIIOJIHUTEIBHBIX
HaOJIIONeHUIT

CpeaHui




14 OIIK-1.1 B 3agade npoexktupoBaHus 1) p=1,25>1 - cucrema CpPEeIHUU
OIIK-1.2 cucTemMbl 00pabOTKH 3as5BOK neperpyxeHa, ouepeib
OIIK-1.3 YCTAHOBIIEHO: A = 8 3aBOK/MUH, | HEOTPAaHUYEHHO PaCcTET
u = 10 3asBox/muH. Paccuuraiire | 2) p=0,8 <1 - cucrema padoraer
p ¥ OIPEIETUTE PEKUM pabOThI B CTAllMOHAPHOM PEKUME, OYEPED
CMO M/M/1. KOHEYHa
3) p=0,8 - cuctema paboraeT Ha
npeiesie MOIHOCTH
4) Paccuutath p HEBO3MOXHO 0€3
JTAHHBIX O JJIMHE O4Yepeu
15 OIIK-1.1 IIpu knacTepHOM aHamu3e 1) Crpour aenaporpaMmy OT CPEeIHUU
OIIK-1.2 MeToJIoM k-means alropuTm OTJIEIbHBIX 0OBEKTOB 710 €UHOTO
OIIK-1.3 UTEPALUOHHO: KJ1acrepa
2) Haznauaet xax/plil 00beKT
OmKaifieMy LHEeHTPOUTY, 3aTeM
MePECUNTHIBAET HEHTPOMUIbI KaK
CPEIHUE I10 KJIacTepy, HOBTOPSIET
JI0 CXOJUMOCTHU
3) OnpenensieT Ki1acTepbl Ha
OCHOBE IUIOTHOCTH pacIipeieIeHHs
TOUEK
4) Ucnonp3yeTr MaTpuily
NIEPEXOIHBIX BEPOATHOCTEN IS
TPYNIHUPOBKU COCTOSIHUM
16 OIIK-1.1 AHAJIUTUK CTPOUT MOJIETh 1) P(pa6ota) = (1-0,05)%(1-0,08) BBICOKUI
OIIK-1.2 HaA&KHOCTH HHPOPMAITMOHHOMN = 0,874 - He3aBUCUMBIEC
OIIK-1.3 cuctembl. KomrnoneHnT A KOMITOHEHTBI
oTka3bIBaeT ¢ BeposaTHocThio 0,05 | 2) P(pabota) =1 — P(oTka3z A) —
B Mecsi1l, komnoHeHt B - 0,08. P(otkaz B) = 0,87
Cucrema pabotaer npu 3) P(otka3 cucremsl) = P(A
UCTIPAaBHOCTH 000UX otkazan) + P(B otkazan | A
KOMIIOHEHTOB ucnpaseH) x P(A ucnpasen) =
(mocnenoBarenbHOe coenuHeHue). | 0,05 + 0,08 x 0,95 = 0,05+ 0,076
JononuurensHo: ecinu A otkaszai, | = 0,126; P(paborta) =1 — 0,126 =
BEPOSATHOCTH OTKa3a B 0,874. 3aBUCUMOCTb KOMIIOHEHTOB
Bozpactaet 10 0,15. Paccuuraiite | (P(B|A=otka3)=0,15> 0,08)
BEPOSTHOCTH 0€30TKAa3HOM 03HA4YaeT, uTo MPHU OTKa3e A PUCK
paboThI CUCTEMBI 32 MECSI] U OTKa3a BCEM CUCTEMBI BO3PACTAET -
OLICHUTE BJIMSHHUE 3aBUCUMOCTHU HE00XO0IMMO YUUTHIBATh B MOJIEIH
KOMITOHEHTOB. HaJEKHOCTH C YCIOBHBIMU
BEPOSTHOCTAMU
4) 3agava He pemaeTcst 6e3
JAHHBIX O BpeMEHU HapaOOTKU Ha
OTKa3
17 OIIK-1.1 Jns UC o6pabotku Tpanzakiuii | 1) HopmanbHoe pacnipenenenue BBICOKHU
OIIK-1.2 MIOJIyYE€HBI JaHHBIE MOHUTOpUHTA: | KOppekTHO - CKO u3BecTHO
OIIK-1.3 BpeMsl OTKIIMKa (MC) - BeIOOpKa u3 | 2) HopMmansHOE pacnpeneneHue

100 nabmronennii 1aét cpeaHee =
120 mc, Meauana = 95 Mc, Mojia =
80 mc, CKO = 85 mc.
Koadduuuent acummerpun =
+2,3. AHanmUTUK TIpeiaraeT
MCIIONIb30BaTh HOPMAJIbHOE
pacnpenenenue N(120, 852) s
MonenupoBanus. OieHure
KOPPEKTHOCTh BIOOpA MOJICTH 1

KoppekTHo nipu n > 30 mo LIIT

3) BriGop HOpMaIbHOTO
pacnpeneseHns HEKOpPEKTEeH:
cpenuee (120) >> meaunanbl

(95) >> monpi (80) - siBHas
MIPABOCTOPOHHSISI ACUMMETPHS
(ko3 unment +2,3);
CKO/cpennee = 85/120 = 0,71 -
BBICOKHN KOY(DPUITMEHT BapHaIlnu.




NpCaIOXKUTE aJIbTCPHATUBY.

HopmansHoe pacnipenenenue
MpeAnoaaracT CHMMETpHIo. boiee
aJIcKBaTHBIE aJIbTEPHATHBBI:
JIOTHOPMAaJIbHOE (TUITUYHO IS
BpEMEH OTKJIMKA) WIN
sKcHoHeHIManbHoe. Heobxonnmo
IIPOBECTHU TECT HA HOPMAIBHOCTh
(IHanupo-Yunka, Konmoroposa-
CmupHOBa)

4) NocraToyHO yOpaTh BBIOPOCHI U
HOPMAaJIbHOE PACIIPENEICHUE
CTaHET KOPPEKTHBIM

18 OIIK-1.1 CucreMa TEXHUYECKOU )p=6/4=1,5>1 - cucrema BBICOKUU
OIIK-1.2 noanepxkku UC mogenupyercst reperpyxeHa
OIIK-1.3 kak CMO M/M/2 (nBa 2)p=6/2x4)=0,75<1 -
omeparopa). A = 6 3asBOK/4ac, L = | cuctemMa paboTaeT B
4 3asBKH/4ac Ha KaXI0TO CTAIIHOHAPHOM PEKUME; KAy AbII
oneparopa. Paccuunraiite p omeparop 3arpyxes Ha 75%,
(Harpy3Ky Ha oreparopa), CyMMapHasi MOIITHOCTb JJOCTaTOYHA
OTIpEeIeNIUTE PEXKUM PaObOTHI IUTsT 0OCITY>)KUBaHUS TIOTOKA
CUCTEMBI U UHTEPIIPETUPYUTE 3) p=6/4=1,5 - npu AByX
pe3yJbTaT C MO3ULUN orepaTopax CUCTeMa yCTOWYMBa
npoektupoBanus NC. ABTOMATUYECKHU
4) Paccuurats p st M/M/2
HEBO3MOXHO 0€3 JaHHBIX 00
ouepenu
19 OIIK-1.1 Anamutuk MC noctpoun l)m+n+ns=lun=Pxn BBICOKUU
OIIK-1.2 MapKOBCKYIO MOJIENIb COCTOSIHUM | (YMHOXKEHHE CJIeBa)
OIIK-1.3 cepBepa: S1 (HopmanbHas 2) Pemnth cuctemy: nP = m mpu
pabota), S2 (BbICOKas Harpy3Ka), | yCJIIOBHHM T1 + T2 + T3 = 1, TO €CTh:
S3 (cboit). Matpunia nepexonusix | my = 0,871y + 0,372 + 0,773; 12 =
BEPOSITHOCTEH: 0,157 + 0,6m2 + 0,273; 3 = 0,057,
Hy»Ho HaiiTh cTauuoHapHoe +0,1n2 + 0,17m3; mpu 1y + 72 + W3 =
pacnpenenenue T = (T, T2, T3). 1
Kakas cucrema ypaBHeHH 1714 3) Haiit cOOCTBEHHBII BEKTOP
3TOro KOppeKTHa? MaTpuisl P mpu cobcTBEeHHOM
3HayeHuu 0
4) CraunoHapHO€E pacipeeeHne
COBITAJAeT CO CTPOKAMHU MaTPHIIBI
P
20 OIIK-1.1 Komanna pazpabotku MC 1) Mopenp aiekBaTHA MOJIHOCTHIO BBICOKUH
OIIK-1.2 UCIIOJIb3YET MHOKECTBEHHYIO - R?*=0,91 u 3HaunMmbIe
OIIK-1.3 pEerpeccHro s KOd(PUIMEHTHI

MIPOTHO3UPOBAHUS BPEMEHU
BBITIOJIHEHHMS 3arpoca (Y, Mc) 1o
Tp&M TpeauKTopaM: X; - 00BEM
nauHbix (MB), X5 - komudecTBO
JOIN-onepanuii, X3 - UHACKC
Harpy3ku cepsepa. [lonydena
MOJICIIb: Y =12+8X1+ 15X, +
3Xs, R?=0,91, Bce p-value <
0,01. ITpu sTOM KOppensiuus
Mexy X1 U X3 COCTaBIISIET I =
0,96. Onenure ajIeKBaTHOCTD
MOJIETIH U BBISIBUTE TIPOOIIEMBI.

2) Moaenp HeaZieKBaTHA U3-3a
BbICOKOTO R?

3) Mogeib UMEET BBICOKYIO
O0OBACHSIONTYIO ClTOCOOHOCTH (R? =
0,91, 3HaunMble KO3 HUIHECHTHI),
OJIHAKO BBISIBJIICHA
MYJIbTHKOJUIMHEAPHOCTH: 1(X1, X3)
= 0,96 cBUzIETENBCTBYET O
CUJIBHOM JINHEWHOMN 3aBUCUMOCTH
npeaukropos. Ilocnencrus:
HECTaOMILHOCTH KOA(P(HUIIMEHTOB,
HEHAAEKHOCTh UHTEPIIPETAIINH
BKJIag0B X1 ¥ X3. HeoOxoaumo:




paccuurats VIF (Variance
Inflation Factor) - mpu VIF > 10 -
YIAIUTh OJJMH U3 KOJUTMHEAPHBIX
MPEIUKTOPOB WM IPUMEHUTD
Ridge-perpeccuro

4) Heobxonumo 100aBUTh O0JIbIIE
IIPEIUKTOPOB VIS YIIy4ILEHUS
MOJIETN




4 cemecTp

IIposepsie
Mas
KOMIIETEH
st

3amanne

BapuanTst
OTBETOB

Tun
CJIOKHO
CTH
BOIIpoCa

OIIK-1.1
OIIK-1.2
OIIK-1.3

B Teopuy npuHATHS pelIeHUH «IULO, IPUHUMAIOLIEE

pewenuney (JIITP) - sto:

1) [IporpaMMHBIi anTOPUTM,
ABTOMATHYECKU BBIOMPAIOINIA
ONITUMAJIbHBIA BapUaHT

2) CyOBeKT (4eTTOBEK HITH
rpymma), KOTOpbIil HeCET
OTBETCTBEHHOCTH 32 BHIOOD
aJTbTEPHATUBEI M 00JIaIaeT
MOJTHOMOYHSIMH JUTSI IPUHSITHS
U pealn3aliy PeLIeHUs

3) CoBOKYITHOCTB
QJIBTEPHATUBHBIX BAPUAHTOB
peleHus 3a1a4un

4) Maremarudeckasi QpyHKIHSA,
OIIMCBHIBAIOINAS IPEAIOYTEHUS
CHCTEMBI

HU3KUU

OIIK-1.1
OIIK-1.2
OIIK-1.3

HpI/IHHI/IH ONTUMAaJIbHOCTH bennmana TJIaCuT, 4TO:

1) OnTuMansHOE penieHne
BCETJa JOCTUIAeTCs HA IIEPBOM
[are MHOTOIIIArOBOM 3a1a4u
2) Kaxk Ob1 HU ObLTH BBIOpaHBI
HayvaiubHOE COCTOSHHUE U
HaydalbHOE PELICHUE,
MOCTIEIYIOIINE PELICHHS
JOJKHBI COCTaBIISITh
ONTUMAJIBHYIO CTPATETUI0
OTHOCHUTEIHHO COCTOSIHHA,
TI0JTy4YaIOLIETrocs B pe3yIbTaTe
MIEPBOTO PELICHNUS

3) 3amaya oITHMH3AITIHN BCET 1A
UMEEeT €JMHCTBEHHOE PELIeCHHE
4) OnTumansHOE peleHue He
3aBHUCHUT OT TEKYILEro
COCTOSTHUSI CHCTEMBI

HU3KUHU

OIIK-1.1
OIIK-1.2
OIIK-1.3

AnbTepHaTHBa A TOMHUHHMPYET HaJl aIbTEPHATUBOM
B B 3amaue MHOTOKpHUTEpHAIEHOTO BEIOOPA, €CIIH:

1) A nyume B xoTs 651 IO
OJTHOMY KPHTEPHIO

2) A He Xyxe B 1o Bcem
KPUTEPHUSM H CTPOTO JIyUllIe
XOTs1 OBI IO OZTHOMY

3) A umeet Oosiee BHICOKYIO
CYMMapHYIO OLIEHKY MO BCEM
KpUTEPHAM

4) A BeIOpaHa OONBITUHCTBOM
9KCTIIEPTOB

HU3KUHU

OIIK-1.1
OIIK-1.2
OIIK-1.3

Kpurepuii Banpaa (maximin) npu NpuHATAHR
pELIeHNH B YCIIOBHUSAX HEOMPEACIEHHOCTH

IpEANUChIBACT:

1) Makcumu3upoBaTh
MaKCHMAaJbHBII BO3MOXKHBIN
BBIMTPBILI

2) Beibupatp aapTepHATHBY C
MaKCHMaJIbHBIM 3HaU€HUEM
Cpeay MUHAMAJIbHBIX
BBIUTPBILLIEH 110 BCEM
COCTOSIHUSIM ITPHPOJIBI -
HanboJiee 0CTOPOKHAS
crparerust 3) MHHUMHU3UPOBATH
MaKCHMaJIbHO BO3MOKHbIE
noTepu

4) OpueHTUpOBaThCS Ha
CpeAHee 3HAYCHUE BHIUTPHIILA

HU3KUHN




110 BCEM COCTOAHHAM

5 | OIIK-1.1 | B merone ananusa uepapxuit (MAW/AHP) matpunia | 1) Kpurepuu aGcomroTHO HU3KHHA
OIIK-1.2 | mapHBIX CpaBHEHUH KPUTEPUEB 3aIIOJIHSIETCS C PaBHO3HAYHBI
OIIK-1.3 | ucnons3osanuem mkansl Caatu. Ouenka «9» 2) OquH KpuTepuit

O3HauaerT: HE3HAYUTEIbHO BaXKHEE
Ipyroro
3) AGconroTHOE
MIPEBOCXOCTBO OJJTHOTO
KpUTEpHS Hall IPYTUM
4) Kputepun Haxomsarcs B
00paTHO MPOMOPIUOHATELHOM
COOTHOUIEHUHU

6 | OIIK-1.1 | 3amava muHEHHOTO MPOTPAMMHUPOBAHI 1) (5; 3) - Hapymaer | cpegHH
OIIK-1.2 | chopmynupoBaHa Kak: orpaHuyeHue xi1 < 4 i
OIIK-1.3 | max Z =3x1 + 5x2 )44 -x1=4,%x2=4, X1+ X2

IIPU OTPAHUUCHUAX: X1 <4; X2 < 6; X3 + X2 < 8; X1, X2 | =8 <8

>0 3) (2; 7) - Hapymaer

Kakas u3 cnemyrommx To4eK sBISETCS TOMYCTUMBIM | OrpaHUYCHHE X2 < 6

petenuem? 4) (-1; 5) - mHapymaer
OTpaHMYCHHE X1 > 0

7 | OIIK-1.1 | [Inaréxnas MaTpuLa 3aa4u NPUHATHS pEIICHUH B 1) A1 (min =2) CpelHU
OIIK-1.2 | YCIOBHSIX HEONPEICAEHHOCTH: 2) Az (min = 3) i
OIIK-1.3 Sa S2 Sa 3) As (min = 3), Ho TIpH

A1 4 2 8 paBHBIX 3HaUeHUsIX Banpna -
Az 6 5 3 MIPUMEHSIETCS IOTIOTHUTEIbHBIN
As 3 7 6 KpUTepuii
Kakyto anprepaatuBy Beioepet JI[IP mo kputepuro 4) Az 1 A3 1alOT OJIMHAKOBBIN
Banpna (maximin)? pesyJibTar 1o Banbxy (miP =3)
- Hy>K€H JOTOJTHUTEIbHBIN
KpUTEpUH, oAHaKo 1o Banbay
BhIOMpaeTcst Ao Kak mepBasi ¢
max(min)

8 | OIIK-1.1 | B 3amade quHaMHU4eCKOrO IPOrpaMMHUPOBAHHS 1) fo(r) = max[g(1)] CpelHU
OIIK-1.2 | cOCTOSHUE CUCTEMBI OIIUCHIBAETCS 3HAUCHUEM 2) ft(r) = max_ {xt}[gt(xt) + i
OIIK-1.3 | pecypca r, pacupezensemoro no T maram. fi—1(r — Xt)] U HAYATLHOM

VYpaBuenue bennmMana 3amuceiBaeTcs Kak: ycnosuu fo(r) = 0
3) fi(r) = min_ {xt}[ge(xt)] *
fi-1(r)
4) fi(r) = ge(r) + ge—1(r) + ... +
a(r)

9 | OIIK-1.1 | B 3amage mHOTOKpHUTEpHATBHOTO BEIOOpa 110 ms 1) A - HU3Kast CTOUMOCTB, HO cpenHu
OIIK-1.2 | UC umeercs 4 anpTepHaTUBBI U 3 KPUTEPHUS CPEIHss MPOU3BOIUTENBHOCTD i
OIIK-1.3 | (cToMMOCTb, NPOM3BOAUTENBHOCTD, HANEKHOCTB). 2) C - xopomas

[Tocie HOpManM3aluy MaTPUILA BBILJISLINT: IIPOU3BOJUTEIBHOCTD, CPEIHSI
AabtepHat | Croumoc | IlpousBoautensH | Hanéxuo HaJEXHOCTD
UBa Tb (Min) | ocTh (Max) cTh (max) 3) D - BBICOKAsi CTOMMOCTb MPH
‘];‘ 8? 8:2 8; Hnslfofl MPOU3BOAUTEIILHOCTH U
C 03 0.9 0.6 HaJEXKHOCTH; JOMUHUpYeTcs B
D 0.8 04 0.5 (B myume D o BceM Tpém

Kaxkas anpTepHaTHBa TOMUHUPYETCS (SIBISICTCSI KPHUTEPHSM)

Hauxyurei no Iapero)? 4) B - cumikoM BRICOKAst

CTOUMOCTh

1 | OIIK-1.1 | B MAU (meTozme aHanu3a nuepapxuii) HHAEKC 1) IlpaBunsHOCTH CpelHU

0 | OIIK-1.2 | cornacoBarrOocTH (MC) BRIUMCIAETCS IS MIPOBEPKH: | HOPMATH3AIINHA MaTPHIIBI i
OIIK-1.3 MApHBIX CPaBHEHUH

2) Jloruueckoit
HENPOTUBOPEUYNUBOCTH
cyxjenuii JIIIP: ecnu sxcniept
yTBepkIaeT A1 > A> u A, >
A3, TO TOIHKHO BBIOJHATHCS




A1 > As; UC <0,1 cunraercs
NPpUEMIIEMBIM

3) CooTBeTCTBUS BECOB
KpUTEpUEB HOPMATHBHBIM
3HAYEHUSIM

4) CtaTucTHuecKou
3HAYUMOCTH PA3ITUIUN MEKITY
ANbTePHATHBAMHU

OIIK-1.1
OIIK-1.2
OIIK-1.3

Kpurepuii I'ypBunia npu npuHITHH pELICHUN B
YCIIOBUSIX HEOIPEIENEHHOCTH UCTIONb3YET
koad¢urment ontumusma o € [0,1]. [Tpu o= 0
kputepuil I'ypBuila coBnagaer c:

1) Kpurepuem baiieca
(MakcUMyM MaTeMaTH4eCKOTO
OXKHJTAaHUA )

2) Kpurepuem Jlamnaca
(paBHOBEPOSITHBIC COCTOSIHUS)
3) Kpurepuem Banbna
(maximin - HanOoJICe
MECCUMHUCTUYHAs CTPATETHs)
4) Kputepuem CaBumka
(MHHIMYM MaKCHMaJIbHOTO
COXKaJICHUS)

cpenHu
51

N —

OIIK-1.1
OIIK-1.2
OIIK-1.3

B metone TOPSIS koaddunment
npeano4tutensHocTr Ci paccuuThIBaeTCS Kak: ™

1) CGi* =di~ / (di* +di7), rme di*
- PaCCTOSIHUE JI0 UICATLHOTO
petenus, di~ - paccTosiHUE 10
AHTHU-UICATBLHOTO

2)Ci¥=dit /(dit +di7)

3)Ci* =dit x di~

4) Ci* = (di* — di™) / max(di*)

cpenHH
i

OIIK-1.1
OIIK-1.2
OIIK-1.3

[ITxayia OTHOLIEHUH B TEOPUU U3MEPEHUI
OTIINYAETCs OT MHTEPBAJIBHON IIKAJIBI TEM, UTO:

1) B mxane oTHOmIEHMHA
JOIYCKAIOTCS TOJIBKO LEIIbIe
3HAYEHUS

2) lllkana OTHOLIEHUH UMeeT
(uKCHpPOBaHHBIN a0COMIOTHBIN
HOJTb, YTO TTO3BOJISIET
OCMBICJICHHO CpPaBHHBATh
3Ha4YeHuA Kak «B N pa3
0O0JIbIIIe/MEHBIIIE)

3) UHTepBaThHAS KA
COJICPIKUT OOJIBIIIC JACICHHIA

4) B mikane OTHOIICHUH HENb3s
MIPUMEHATH apu(hMeTHIECKHE
orepalu

cpenHu
i

B o=

OIIK-1.1
OIIK-1.2
OIIK-1.3

Ananuz YYBCTBUTCIILHOCTU ONITUMAJILHOTO PCIICHU A
3agadyu JIMHEHHOT O mporpaMMHupOBaHUsA BbIABIIACT:

1) KonnyecTBo 10MyCTUMBIX
peueHuii B obnactu
JOITyCTUMBIX 3HaUYCHUN

2) lnamna3oHbl U3MEHEHUS
KO3 QUITUCHTOB TIEIIEBOM
(yHKLIUY U TIpaBBIX YacTel
OTpaHUYEHHH, IPH KOTOPHIX
TEKYLIHH ONTHUMaIbHBIA 06a31c
ocTaéTCcsl ONTUMAJIBHBIM

3) Hanmmawe menmounciaeHHBIX
pelieHui B 00J1acTH
JOIYCTUMBIX 3HAUYCHUN

4) MakcuMaabHO BO3MOXKHOE
3Ha4YCHUE LeNeBOH (YHKIINU
IIPU CHATUH BCEX OTPaHHUYCHHUN

cpenHH
i

OIIK-1.1
OIIK-1.2
OIIK-1.3

[Tpu BeIOOpPE iporpammHoi Tatdopmser st C
METOJIOM B3BEIIEHHOW CYMMBI Beca KpUTEPHEB
COCTaBJISIOT: PYHKIMOHATBLHOCTS - 0,4; CTOUMOCTH -
0,3; monnepxka - 0,3. HopManuzoBaHHbIE OLIEHKU
ANBTEPHATHUB:

1)A=0,70,B=0,75 -
BbIOpath B 2) A =0,75; B =
0,70 - Be1OpaTs A

3) A=B=0,72 -
aJIbTEPHATHUBEI PABHOLICHHBI

cpemHu
i




Inarpo | @ynkumonans | Croumo | Homaep
pMa HOCTh CTh JKKA

A 0,9 0,5 0,7

B 0,6 0,8 0,9

PaccuuTaiiTe B3BelIEHHBIE CYMMBI U OIIPEAEIUTE
JIYYITYIO ATBTEPHATHBY.

4) Pacuét HeBO3MOKeEH Oe3
J@HHBIX O KOPPEISIUH
KPUTEPUEB

nojaepkka. Marpuua napHbeIX CpaBHEHUN
KpUTEpPUEB:

[Tpubmmkénneie Beca (HOPMAaTU3aIHS 110 CPEeTHEMY
cTpokn): w1 =~ 0,637; w2 = 0,258; ws = 0,105. A_max
~ 3,004; IC = (3,004-3)/(3-1) = 0,002. Ouennre
aJICKBaTHOCTD CYKJICHHUH DKCIIepTa U

=0,002 <<0,1);
pou3BOANTENHHOCTH (0,637)
SIBISICTCS| NOMUHUPYFOIIIM
kpurepueM; croumocts (0,258)
- BTOPOCTENEHHA; TOJICPIKKa
(0,105) - nanmenee BaxkHa. J{ms

1 | OIIK-1.1 | Komanna UT-koMnanuu BeIOUpaET 00IauHyIO 1) O6a kpuTepHst yKa3bIBAIOT BBICOKH
6 | OIIK-1.2 | mnardopmy. UmeeTcs mnaréxHas MaTpuiia Ha AWS i
OIIK-1.3 | (mpu6bLib, MiH py0.) B 3aBUCHMOCTH OT cueHapues | 2) Kputepnii baiieca: AWS =
a3BUTHS PHIHKA: 12%0,5+5%0,3+(-2)x0,2 =
S1 (poct) S2 Sa 6+1,5-0,4 =7,1; Azure =
(ctarnanms) | (cmam) 10x0,5+7x%0,3+1x0,2 =
AWS 12 5 -2 5+2,1+0,2=7.3; YC =
Azure 10 7 1 8x0,5+8%0,3+4%0,2 =
Yandex 4+2.4+0,8 = 7,2 — Baiiec:
Cloud 8 8 4 Azure (7,3). Banpn:
min(AWS)=-2; min(Azure)=1;
Bepostroctu cuenapues: P(S1) = 0,5; P(S2) =0,3; min(YC)=4 — Banba: Yandex
P(S3) = 0,2. Onpenenure onTUMalbHbIA BEIOOP 110 Cloud (4). Pesynbrater He
kpurepusiM baiieca n Banpaa. CoBnagaror au COBMA/AIOT: AZUre ONTHMAIbHA
pe3yNbTaThI? IPY U3BECTHBIX BEPOSTHOCTSX,
YC - npu nonHoi
HEONPENECTEHHOCTH
3) O6a kpuTepHst yKa3bIBAIOT
Ha Yandex Cloud
4) Kputepuu nator
OJIMHAKOBBIN PE3yNbTAT MPH
JIAHHBIX BEPOSITHOCTAX
1 | OIIK-1.1 | 3agaya TMHAMUYECKOTO MPOrPAMMHUPOBAHHMS: 1) Ilpoexrt 1: 4 muH, [IpoexT 2: | BBICOKH
7 | OIIK-1.2 | pactpenenutb OFOKET 4 MITH py0. MEXKIY OBYMS 0 mute (3¢ dekt 8) i
OIIK-1.3 | UT-npoexTamu juis MAaKCUMU3ALUK CyMMapHOTrO 2) IIpoexr 1: 2 mun, IIpoexr 2:
sddexTa. DPPEKT OT BIOKESHHIA: 2 miH (3 ekt 5+4=9)
Baoxenus 3) OnrumanbHOE peleHue:
(MJIH) Tpoext 1 Tpoexr2 f>(r) = max mo xo[g2(x2) + fi(r-
0 0 0 X2)]. dus r=4:
1 3 2 X2:0—>g2:0+f1(4):8;
2 5 4 Xo=1—2+11(3)=2+7=9;
3 7 6 Xo=2—4+11(2)=4+5=9;
4 8 9 X2=3—6+11(1)=6+3=9;
X2=4—9+11(0)=9. Makcumym 9
[Mpumensss npunuun benimana, Haiiinure AOCTUTracTCsA IPU HECKOJIBKUX
ONTHMAJILHOE pacipeeJeHne. Bapuantax: (1;3), (2;2), (3;1),
(0;4). OnTumansHOE
pacnpenenenue: [Ipoekr 1 =0
MJH, [Ipoekt 2 = 4 MiH unu
JpyTUE BapUaHTHI C
cyMMapHbIM 3 dexTom 9
4) IMpoexr 1: 3 muH, [Ipoekr 2:
1 it (3¢ dext 7+2=9) - onuH
U3 ONTHMAJBHBIX, HO HE
€IUHCTBEHHBIN
1 | OIIK-1.1 | Heo6xomumo BeiOpare CYB/] anst kopriopaTHBHON 1) CyxIieHust HEKOPPEKTHHI - BBICOKHU
8 | OIIK-1.2 | UC meTtomom MAU. Kpurepuu: C; - HC coumkom Mai i
OIIK-1.3 | Ipou3BOIUTENBHOCTH, C2 - cTOUMOCTS, Cs3 - 2) Cyxnenus npuemiemst (UC




HMHTEPIPETUPYUTE MOTYYCHHBIC Beca I 3a/1a4u
Be10Opa CYB/I.

3agauu Beibopa CYB/] ato
03HaYaeT, YTO HE3HAUNUTEIILHOE
MIPEUMYIIECTBO B
MIPOU3BOUTEIHHOCTH JIACT
OO0JIBIIION MTPUPOCT UTOTOBOM
OLIEHKH - HEOOXOAUMO
0COOEHHO TOYHO OIIEHUTh
MIPOU3BOJUTEIHHOCTHBIE
XapaKTePUCTUKH aJbTEPHATHB
3) CyxaeHus IprueMIIEMBI, HO
Beca CleyeT MepecunTarhb
METOAOM HAaUMEHBIINX
KBaJpaToOB

4) 3nauenne MC = 0,002
03HAYaeT, YTO IKCIEPT
a0COJIIOTHO MOCTIeI0BATEIIEH -
MaTpHIa ujealibHa

1 | OIIK-1.1 | 3agaua Beibopa apxutektypsl UC pemaercs 1) PamxupoBanue: Ay > A, > BBICOKH
9 | OIIK-1.2 | metogom TOPSIS. Tlocne Hopmanuzanuu u As 51
OIIK-1.3 | B3BEIIMBaHUA MaTPHIIA: 2) Bce anprepHaTHUBEI
IIpowuss. Croum. Hapéxn. || paBaouenusl mo TOPSIS
Apx. (max, (min, (max, 3) d*(A)=V((0,32-
w=0,4) w=0,3) w=0,3) 0,32)*+(0,18-0,12)*+(0,24-
Aa 0,32 0,18 0,24 0,27)%)=V(0+0,0036+0,0009)=0
Az 0,16 0,24 0,18 ,067; d~(A1)=V((0,32-
As 0,24 0,12 0,27 0,16)*+(0,18-0,24)*+(0,24-
0,18)2)=V(0,0256+0,0036+0,00
Wneansnas Touka A* = (0,32; 0,12; 0,27), anTu- 36)=0,174;
uneansHas A~ = (0,16; 0,24; 0,18). Paccunraiire C*(A1)=0,174/(0,067+0,174)=0
ko3 dumentsr C 1 mpopamxupyiire ,722. Ananorudno: C*(As) >
albTEPHATUBBL. * C*(A1) > C*(Az). Jlyumas
anpTepHaTHBa: A3
4) Metox TOPSIS
HEMPUMEHUM MPU HAJTUYUN
KpUTEPUEB MUHUMHU3ALUN
2 | OIIK-1.1 | JIIP ucnons30Bai METOJ B3BEIICHHON CYyMMBI IS 1) Pemenue ycroituuso - BBICOKU
0 | OIIK-1.2 | Beioopa UT-mmnardopmel npu Becax w1=0,5; w>=0,3; | usmenenue Ha 0,15 51
OIIK-1.3 | w3=0,2. ITo6eauna miatpopma A. AHATUTUK HECYILECTBEHHO

MIPOBOJUT aHAJIM3 YYBCTBUTCIIBHOCTH 1
oOHapykuBaeT: ipu u3MeHernnu wi ¢ 0,5 mo 0,35
(£0,15) munep mensiercs Ha atgopmy B. Onennre
YCTOHYHMBOCTH PEIICHUs ¥ CHOPMYIUPYHTE
pexomenganuu s JITTP.

2) Pemienne HeyCTOWYHBO -
Heo0xoauMo BeIOpaTh B

3) Pemenne HEyCTORYMBO:
u3meHenue Beca C; Ha 30% ot
HCXOJHOI'O 3HAYEHUS MEHSET
pe3yNbTaT - 3TO BBICOKAs
YYBCTBHUTEIBHOCTb.
Pexomenmanuu: (1) mpoBecTn
0oJee TIIaTeNbHYIO SKCIIEPTH3Y
Iu1s1 yrouneHus Beca Cy
(BO3MOXHO, IPUBJIEYD
HECKOJIBKHX 3KCIIEPTOB); (2)
paccMoTpeTh IpUMEHEHHE
OoJee poOACTHBIX METOJIOB
(MAMU c nposepkoit
cornacoBanHoctu, TOPSIS);
(3) ecmm JITIP He yBepeH B
Becax - MPUMEHNUTH aHaIIU3
IIOPOrOBOT'0 3HAYEHHsI W1, IPU
KoTOpoM A u B paBHO3HAuHBI,
U TIPUHATH PelIeHHE C YIETOM
JOIYyCTUMOTO PHCKa

4) J1ns ycrpaneHus




HECTaOMIILHOCTU I0CTATOYHO
YCPEeIHUTD Beca BCEX
KpUTEpUEB




