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BBenenne

CryneHTsl 3209HOH (opMbl 00ydeHHs1 HampaBieHUs moarotoBku 23.03.01

«TexHonorus

TPAHCIIOPTHBIX

TPOIIECCOB

U3y4aroT

«Mooenuposanue mpancnopmusix npoyeccogy Ha 4eTBEPTOM Kypce.

Pacnpeoenenue uacoe no euoam 3aHAmMuIl u opma KOHMpPoJs

JIUCUUIIIIUHY

Kypc, Yacbl Ha JUCLMILIUHY Yucno ®dopma
cemect KOHT- | KOHTpPOJIS
p O6mee | Jlexkmu- | Ilpaktu- | Camocros- p
POJIBHBIX
YHUCIIO | OHHBIC YEeCKHUE TeNbHAs aGoT
4acoB | 3aHATHUsA | 3aHATUS pabota P
Kypc 4 180 10 4 166 1 DK3amMeH
Cemectp 7

ITocobue comepkUT NporpaMMy AWCHHIUIMHBI C DPacIpeieiIeHHEM Ha
pa3gensl M TEMbl, METOAMYECKHE YKa3aHUS IO BBINOJHEHUIO KOHTPOJIBHON
paboThl, 3amaHMs KOHTPOJBHOW palbOTHI (AECATH BapHaHTOB), TCOPETHUCCKHUN
Marepuajg 10 JUCLUUILIMHE, 00pa3sell BBINOJHEHHS KOHTPOJBHONH pPaboTHI,

MPUIO0KEHUS U CIIUCOK PEKOMEHIYEMOH JTUTepaTyphl.

HporpaMMa AUCHHUIIJIMHBI

«MopeaupoBaHHue TPAHCIOPTHBIX MPOLECCOB»

PA3JIEJI. 1. CTATUCTUYECKHUE METO/JbI MOJAEJIUPOBAHUS U AHAJIN3A
TPAHCIIOPTHBIX ITPOLIECCOB
Tema 1.1. ba3oBble KOHLIENUMHM METOAOJIOIMM MOACIUPOBAHUS M aHaIM3a

TpaHCcHOpTHBIX mporeccos (TIT).

Tema 1.2. MeToap! KOPPENAIMOHHOTO aHAIN3a MPHU UCCIEIO0BAHUH B3aUMOCBA3EH
nokasarenei TII.

Tema 1.3. OnnodakropHOe nporuo3uposanue nokaszareneit TII ¢ ncnonbp3oBaHreM
KJIACCUYECKON MOJIEJIN IapHOW JIMHEHHON PEerpeccuu.

Tema 1.4. Moaenu HeNMHEHHBIX perpeccuil Ajisi MPOTrHO3UPOBAHMS NOKa3aTeei
TII.

Tema 1.5. MogenupoBanue W nporsHosupoBanue mnokazaresneid TII meromamu

MHOKECTBEHHOT'O PETPECCHOHHOTO aHAaJIH3a.
4




Tema 1.6. MeTopI KOMIIOHEHTHOTO U (PAKTOPHOTO aHAIM3A IIPH MOJCIUPOBAHUU
TPAHCIIOPTHBIX MPOIIECCOB.
Tema 1.7. MeToapl KIACTEPHOTO aHAIW3a TWPH WCCICJOBAaHHH OOBEKTOB

BO3ayIHOrO Tpancmopta (BT).

PA3JIEJL. 2. DKOHOMUKO-MATEMATHYECKHUE METO/IbI ONTUMU3ALIUUA
TPAHCIIOPTHBIX MPOLTECCOB

Tewma 2.1. MopenupoBaHie U ONTHMHU3AIHS UCIIOJIb30BAHUS IPOOHBIX PECYPCOB Ha

ABUATIPCIIPUATHSAX AITOPUTMAMHU JIMHEHHOTO TIPOTPAMMHUPOBAHHS.

Tema 2.2. DKOHOMHKO-MAaTeMaTHUYECKUE METOJBI ONTUMHU3AIUN HCITOJIE30BaHUS

LEJOYHCIEHHBIX PECYPCOB. 3aaua O paloHAIbHON 3arpy3Ke BO3AYIIHBIX CYI0OB

(BO).

Tema 2.3. TpancnopTHas 3agavya. MojaeaupoBaHME M ONTUMHU3ALMS Ipolecca

CTpaTErHYeCcKOro ucrob3oBanus napka BC Ha cetu Bo3aymiHbix aunauil (BJI).

Tema 2.4. 3agaua o Ha3HaueHUsAX. MOJETUPOBAHUE W ONTHUMU3AIUS Tpolecca

OIepaTUBHOIO Ucnosb3oBanus BC, muioToB U 60pTIPOBOIHUKOB.

Tema 2.5. MonemupoBaHne ¥ ONTHMH3AIMS pabOTBI CHCTEM MAacCOBOTO

obcmyxuBanus (CMO).

YkazaHusi 10 BBIIOJHEHHIO KOHTPOJIbHOI padoThl

IIpn  BHIMOTHEHMM  KOHTPOJIBHOW  pabOTBI ~ HEOOXOIUMO  CTPOTO
NIPUJICPXKUBATBCSl  yKa3aHHBIX HIDKE MpaBwil. PaOoThl, BBINONHEHHBIE 0€3
COOJIONCHUS 3TUX TPABWII, HE 3a4YMTHIBAIOTCA M BO3BPALIAIOTCA CTYACHTY IUIS
repepaboTKH.

1. KonrponbHas paboTa 1opkHA OBITH BBITOMHEHA B TETpagd B  KIETKY
YEepHUIIAMH JII000T0 I[BeTa, KpoMe KpacHOro. Heo6xoanmo ocTaBisiTh MO ISt
3aMeYaHuil peLeH3eHTa.

2. B 3aronoBke paboThl HAa OOJIOKKE TETpaad JODKHBI OBITh HAIMCAHBI
MeYaTHBIME OyKBaMHU (haMMIIMS, UMsSI U OTYECTBO CTYAEHTa, y4eOHBIH HOMEp
(mmdp), Ha3BaHWE AUCIUILIMHEBL, Kypc 00y4deHNS 1 HOMEp BapHaHTa.
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3. B paboty I0IDKHBI OBITh BKIIFOUCHBI BCE 3a]1a4H, YKa3aHHbBIC B 3aJaHUH, CTPOTO
M0 TOJIOKEHHOMY BapuaHTy. KoHTposibHBIE paboTHI, CojepKamue He BCe
3a[1auM, a TAK)Ke 3a]]a9d HE CBOCTO BapHaHTa, HE 3aYUTHIBAIOTCS.

4. Pemienus 3a1a4 HaJ0 pacroyiaratb B MOPSAKE BO3PACTAHUS HOMEPOB.

5. Ilepen pemieHneM KaKIOH 3a/1a9H HAJIO TIOJHOCTBIO IiepenucaTh e€ yciaosue. B
TOM clly4yae, €CIM HECKOJIbKO 3aJad, U3 KOTOPBIX CTYJEHT BBIOMpAET 3aJauu
CBOEr0 BapUaHTa, MMEIOT OOIIyI0 (OPMYJIHMPOBKY, CIEAYET, MEepernuchiBas
yCIIOBHE 3aJayd, 3aMEHHUTh OOIIMe IaHHBIE KOHKPETHBIMH, B3ATBIMH U3
COOTBETCTBYIOILIETO HOMEpA.

6. Pemenns 3amad ciemyeT HW3NaraTh MOAPOOHO W aKKypaTHO, OOBSICHAA H
MOTUBHUPYS BCC [[Gf/iCTBI/I)I IO Xo4y peUICHUA 1 JAcjiasd HCO6X0,HI/IMI)IG YEPTEIKU U
TaOJIUIIBI.

7. Tlocie momy4deHUs MPOPELECH3UPOBAHHON pabOTHI, KaKk HE3aYTEHHOH, TaKk M
38,‘-1TéHHOI>i, CTYACHT JOJDKEH MCHPaBUTh BCC OTMCUCHHBIC PCEIUCH3CHTOM
ommMOKN W HEMOYETH W BEHIIOJHUTH BCE PEKOMEHIALMH pereH3eHTa. Ecmu
PCUCH3CHT IpcajiaracT BHECTHU B PCUICHUA 3aJa4 TC WJIM MHBIC HCIPABJICHUL
WM JOTIOJTHEHHS, TO 3TO CIIEAYET CENaTh B KOPOTKHUN CPOK.

8. Ilpm BBICBITAGMBIX HWCHIPABICHHUAX JOJDKHA  00S3aTETBHO  HAXOIUTHCS
MpopeLeH3upoBaHHas pabota u pereHsus Ha He€. [loaToMmy pexomeHayercs
MpU  BBITOJHEHUH KOHTPOJBHOW pPabOTHl OCTaBIATH B KOHIE TETPaad
HECKOJIbBKO 4YHCTBIX JIMCTOB [JI1 BCEX [lOHOJ'lHEHI/lﬂ u chpaBneHnﬁ B
COOTBETCTBHH C YKa3aHWMSIMHU PEICH3CHTa. BHOCHTH HCIpaBIEHNS B caM TEKCT
paboTHI OCITE €€ PEIeH3NPOBAHUS 3aIIPEIIIaeTCs.

9. IlpopenieH3UpOBaHHBIE  KOHTPOJIBHBIC ~ Pa0OTBI  BMECTE  CO  BCEMH
HCIPABICHUSIMHA ¥ IONOJHEHHSIMH CIEIyeT COXpaHATh. be3 mNpenbsBlIeHUs
MPOPELCH3UPOBAHHON KOHTPOIBHON paboThl CTYACHT HE JOIMyCcKaeTcs K caadye
9K3aMeHa.

10.Homepa 3amay, KoOTOpble CTYAEHT [0JKeH BKJIWYUTHL B CBOIO
KOHTPOJIbHYI0 paloTy, ompeaeasilorcsi mo Homepy Bapuanta. Homep
BapHaHTAa COBIAJaeT ¢ mnocjeaHeil mudpoii yyeonoro Homepa (mudpa)

cTy/leHTa, npu 3ToM uudpa 0 coorsercrByer Bapuanry 10.



MeToanyeckue yKazaHHA M0 BHINOJHEHUIO 3a1aHU

MeTtoauueckue yKazaHusl 10 BbINOJHeHHIO 3a1anus Ne 1

IMapuoii nuHeHHON perpeccuell Ha3bIBAeTCs YPAaBHEHME, OIMCBIBAIOIIEE
KOPPEISIIIMOHHYIO TMHEHHYIO CBSI3h MEXKIY 3aBHCHUMOM O0OBSICHIEMON TIepeMEHHOMN
(pe3ynbTaTUBHBIM TOKA3aTeNIeM) y U HE3aBHCUMOW OOBSCHSIONICH ITepeMEHHOM
(dakTOpHBIM TIPU3HAKOM) X: y=a+bx.

VYpaBHeHHE PErpeccHd CTPOMUTCS Ha OCHOBAaHMM HMMEIOILUXCS HCXOIHBIX
CTaTHCTHYECKUX JIAHHBIX KOHKPETHOW BBIOOPKH, conepikaiieid n HaOmoaeHud —
3HAUEHUM X; M yi. B JeMCTBUTENBHOCTM B KaXIOM OTHEJIBHOM Cllydae
(HaOJIOICHUN) BETMYMHA y; CKIIAIBIBACTCS M3 CYyMMBI JIBYX CIAracMbIX: yi= i +é€;,
i=1,2,...,n, T11C

yi — (aKTHYECKOE 3HAYCHUE PE3yIBTATHBHOTO MTOKA3aTeIIs;

Ji — TeopeTHuecKoe 3HAaYeHHWE PEe3yJbTaTHMBHOIO IOKa3aTelss, HalWJeHHOE IO
MOJIeNTH TTapHOH IuHeHHoM perpeccuu (MILJIP);

e; — ciTydaiiHas BelIn4rHa (0OCTATOK), XapaKTePHU3YIOIIas OTKIOHCHHS PEaTbHOTO
3HAYEHHUs Pe3yNbTaTHUBHOTO IOKAa3aTeNls OT TEOPETHUECKOTo, MOJIYYEHHOTO I10
YPaBHEHHUIO PErPECCUHU.

CrnydaifHass BETMYMHA BKIIOYAeT BIMSHHE HEYYTEHHBIX B  MOJCITH
ciyqaiHbIX (hakTopoB. B cBsi3u ¢ aTuM 3anava noctpoenus MITJIP 3akmtodaercs B
TOM, 4TOOBI TIO JaHHBIM BBIOOPKHM HAWTH HEW3BECTHHIC MapameTpsl a u b. [pu
9TOM MapaMeTpsl JODKHBI OBITh OLIEHEHBI TaK, YTOOBI IMOJYYEHHOE ypaBHEHHE
perpeccuy HamIy4IINM 00pa30oM OIHCHIBAIO ICXOIHEIC TaHHBIC. bynemM HaXoauTh
9TH OLIGHKU IapaMeTpoB C MOMOIIBI0 MeToja HauMeHbIMX kBajaparos (MHK),
KOTOPBIN MO3BOJISIET MUHUMHU3UPOBATE CYMMY KBaJpaTOB OCTaTKOB: €=y — Ji, T
Ji= a+bx; .

n n

Taxum oGpasom, S =Y e’ =Y (v, —a—bx;)’ — min.

i=1 i=1

CDyHKIII/IH S JAOCTUTacT MUHUMYMa IIPU BBINTOJTHEHNUH CIICAYIOINX YCHOBHﬁZ
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OTcrona moy4aeM cUCTeMy HOpMaibHbIX ypaBHeHu (CHY):

na+bznlxi :Zn:yi,
) i=l ) i=1 )
ain +b2xi2 :inyi.
i=1 i=1 i=1

n
Pemaem cucreMy OTHOCHTENBHO @ U b. 3aMeTHM, 4TO CyMMa OCTaTKOB Ze,- =0.

i=1

MHK MO0>XHO IPUMEHSATh, €CJIH OCTATKU YAOBJIETBOPSIOT CIEAYIOIUM YCIOBUSIM:

1) octaTtku U OOBSICHSAIONIAS TIEpEMEHHASI HE KOPPEITUPYIOT;

2) OCTaTKH HE KOPPEIUPYIOT MEXKLy COOO0M;

3) MaTeMaTHIeCKOe O)KHUIaHNE OCTATKOB PaBHO HYJIIO;

4) oCcTaTKHM NTOJDKHBI OBITH TOMOCKEHACTHYHBIMH, T.C. JUCTICPCHS OCTaTKOB B
CpeHEM IOCTOSIHHA;

5) OCTaTKM HOIDKHBI OBITH PaclpeeseHbl T0 HOPMaIbHOMY 3aKOHY.

B nanHoii paboTe mpoBepka yKa3aHHBIX YCIOBHH HE TpeOyeTcs.

3ameuanue. Eciu umeem mecmo eemepocke0acmuyHOCMb OCMAMKOS
(Oucnepcusi ocmamrko8 HenoCMoOAHHA), MO 8 IMOM Clyude pPeKOMeHOVemcs
npUMeHsMb 0600WEHHBIT MEMOO HAUMEHLUUX K8AOPAMOE.

Jis  mpeaBapWTENIBHOM  OLEHKM KadecTBa IOJYYEHHOTO ypPaBHEHUS
JMHEHON perpeccuy paccunuThiBaeTcs Ko GuimenT nerepmunaiyu R?, kotopsiii
paBeH  BBIOOPOUHOMY — KOX(Q(QMUHMEHTY Koppeisuuu ry’.  Kosdduiuent
JeTepMUHAIINU TIOKa3bIBACT, KaKas JOJIs JUCIICPCUH PE3yTbTaTHBHOTO TIOKA3aTeIs
Yy 0OBsICHSIETCS TTOJTyYCHHBIM ypaBHEHUEM perpeccii. COOTBETCTBEHHO, BEJIMYHHA
1-R? xapakTepusyeT JOJIHO JHMCIEPCUH y, BbI3BAHHYIO BIMSHHEM CJyYailHbIX,
HEYYTEHHBIX B MOJICTH (PaKTOPOB.

YucnoBsle 3HAYEHHWsS TApaMETPOB YPAaBHEHHUS PErPecCHH  SIBIAIOTCS
BEIOOPOYHBIMH OIICHKaMH HEW3BECTHBIX MapaMeTpoB. [loaToMy OHHM comepikat

OH.II/I6Ky n HE COBINAAAOT CO 3HAUCHUAMH IApaMETpPOB B FeHepaﬂbHOﬁ

8



coBokynHocTH. Ilapamerp ypaBHeHHMs JHMHEHHOH perpeccud XapakTeph3yeT
B3aMMOCBA3b (DAKTOPHOTO M PEe3yIbTaTUBHOTO NPU3HAKOB (IMOKa3areneit). OTo
UMEeT MECTO B TOM CIydae, €ClIM OKHJIaeMOe 3HaueHHE HTOTO XKE Iapamerpa B
TeHEePAIBbHON COBOKYNMHOCTH C JOCTAaTOYHO OOJBIION JI0NIel BEPOSTHOCTH
(mampumep, 0,95) He paBHO Hymo. B 3TOM ciiydae mapamerp CUHTaeTCS
3Hauumpim. )9 OLGHKM 3HAYMMOCTH MapaMeTpoB a W b wucnoib3yercs -
kpumepuit  Cmovrodenma. BpiiBuraercs MpeanojioxkeHue (THIOTe3a) O
HE3HaYMMOCTH TapaMeTpa. Bprumcisiercs (akTHueckoe 3Ha4YeHHE (-KpUTepHs
CThIOZICHTa KaK OTHOIICHHWE 3HAYCHMS CaMOTo MapamMeTpa K €ro CTaHIapTHOMH
ommoOke. [lomydeHHOe 3HAaUYe€HHWE HAIO CPABHUTH C TAOIWYHBIM 3HAYCHHEM (CM.
Ipunoscenue 1) n1i1st ypoBHS 3HAYMMOCTH @ U YUCIIa CTENeHeH cBOOO b df=n—m,
IZie /m — YHCIO MapaMeTpoB B YpaBHEHHMH perpeccuu. s mapHbIX perpeccuit
3HaueHne m Bcerna paBHo 2. Ecim dakrudeckoe 3HaueHue Oojblie, 4YeMm
TabJIMYHOE, TO THIIOTE3a OTKJIOHIETCS Ha JaHHOM YPOBHE 3HAUUMOCTH.

OmueHKa 3HAYMMOCTH ¥ a/IEKBaTHOCTH YPaBHEHHS B LIEJIOM IIPOM3BOANTCS C
oMot F-kpumepua @uuiepa, KOTOPBII OCHOBAH HA aHAIU3€ AUCIEPCHH.
OOmryto cymMMy KBaJpaToB OTKJIOHECHHUI ITEPEMEHHOH y OT CPEIHEro 3HAYCHHUS y
MOXHO TIPEJCTAaBUTh B BHJEC CYMMBI KBaJIpaToOB OTKJIOHEHWH, OOBSCHEHHON

perpeccueil 1 0CTaTOYHON (HEOOBSICHEHHOH) CyMMBI KBaJ[PaTOB OTKJIOHEHHUIA.

n n

Y- =%

i1 P i1

Jlrobast cymMma KBaJpaTOB OTKJIOHEHMH CBSi3aHAa C YHCJIOM CTEIeHEei
CBOOOJBI HE3aBHCHMOTO BAapBHPOBAHUS NpH3HAKa. Tak, Ha OOLIyl0 CyMMy
KBaJIpaTOB OTKJIOHEHHWH NPHUXOAUTCA n—I cTemeHb CBOOOMABI, Ha OCTATOYHYIO
CyMMy — n—2, a Ha 00bsCHEHHYIO cymMmy — 1. Jlis ompenenenus QakTHiecKoro
3HavyeHus F-kpurepus Puimepa paccMaTpHBarOT OTHOIIEHHE OOBICHEHHOW TOITH
JIICHIEpCHH B pacdéTe Ha OAHY CTENEHb CBOOO/IBI K OCTATOYHOH J10JI€ B pacuére Ha

KXyl CTeTIeHb CBOOOIBI.



_ R? n—m o
F="1 12 wm F = ~Xx——, IIPH 3TOM 4HCJIO CTENEHeH cBoOob! m-1
1-R 1-R° m-1
n—m

HA3bIBAIOT YKCJIOM CTEMEHEH CBOOOIBI YMCIUTEAs W 0003Ha4aroT dfi, a 4ucio
CTETNICHEeW n—m — YUCIIOM CTeTieHel CBOOOBI 3HaMeHaTellss U 00o3HavaroT df2. B
HalieMm ciydae m=2.

Broigpuraercs runore3a Ho: Dogisen. = Dieousen. Jlajiee mo Tadiuie 3HaYeHHI
(cM. IIpunoswcenue 2) HaXOAWTCS KPUTHUECKOe 3HadeHHe F-kpurepus Puiepa
TIpU ypOBHE 3HAYUMOCTH @ W YWCIIe CTeneHed cBoOombl dfr u df;. daktmueckoe
3HayeHue F-kpurepuss Ouinepa cpaBHHBaeTCA C KPUTHYCCKHM 3HAYCHHEM,
HalineHHbIM 1o Tabmuue. Ecmu F > Fyp,, To rumore3a OTKIOHSETCS U ypaBHEHHE
cyMTaeTCs 3HAYMMBIM W aJCKBaTHBRIM. B manmpHelIieM ypaBHEHHE pPerpeccuu
UCIIOJIB3YETCs JUIS TOYUEHHUSI TOYSYHBIX U MHTEPBAIBHBIX MPOTHO3HBIX 3HAYCHUI.
3ameuanue. B pavmxax OanHOU KOHMPOILHOU pabdOmMbvl GbIYUCTACCSA MOIbKO

mo4yeyHoe npocHO3Hoe 3HAYEeHUe.

MeToanyeckue yKasaHHUA M0 BBHINMOJTHEHUIO 3afaHus Ne 2

TpancnopTHast 3amada sBIsIeTCS BaXKHEHIIEH YacTHOW MOJENBIO Kiacca
3aJa4 JIMHEHHOTO NPOrpaMMMPOBAaHHMS M HMEeT OOIIMpPHBIE TNPAKTUYECKUE
MPUIIOKEHUST TPU MOJCIUPOBAHMU TPAHCIOPTHBIX MporeccoB. Ocobo BaxkHOE
3HAQUEHNWE OHA MMECT IIPH PACCMOTPEHHM KOHKPETHBIX NPAKTHUECKHUX CHUTYallUi,
CBA3aHHBIX C pauuonanmaunei& II0CTaBOK .]'I}O6I)IX BUAOB TMPOAYKOHUU U C
OIITHMH3ALMEH IIAHUPOBAHUS IPY30II0TOKOB.
Ilocmanogxa mpancnopmmoi 3adauu

Haiitu onTuManbHbIN MIIaH IEPEBO30K HEKOTOPOTO OAHOPOJHOIO MPOAYKTa
13 M VCXOIHBIX IYHKTOB A7 ... A K 1 TIOTpeOUTENSM By ... By VI3BeCTHBI 00BEMBI
MIPOM3BOJCTBA TPOAYKIMH @ B KakaoM nyHkre A; (i=1,2,...,m), cupoc b;
Kaxjoro myHkTa Bj (j=1,2...,,) 1 CTOUMOCTD MEPEBO3KH STUHHIIBI TPOTYKITHH H3
Ka)JJOr'0 NCXO/HOTO ITyHKTa B KayK/IbIi MyHKT HAa3HAYEHUS Cij.

O6o3HauMM  4epe3 Xj KOJIMYECTBO EIWHUI] TMPOIYKIMH, KOTOPOE

HEOOXOIMMO JTOCTaBHUTh U3 MyHKTA A; B IYHKT Bj.
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Maremarndeckasi (opMyJHMpOBKA TPAaHCIIOPTHOM 3aadd CBOAUTCS K
m n

HaXOXJCHUI0 MHHUMAJIBLHOIO 3HA4YeHUs IejeBod (yHKUIUM Zzzzchij npu
i=l j=1

3aJaHHBIX CICAYIOIUX OIPpaHUYCHHAX Ha 3aac U Ha CpOC:

n
2% =,
j=1

n n
" ITpu 5TOM zai =au Y b =b.
i=1 =

[T:1an epeBo30K ¢ yKa3aHHEM 3aIacoB U MOTPEOHOCTEH y100HO 3aIICHIBATh

B BUJIC CIICIYIOIICH TaOIHIIBI, HA3BIBACMOM TaOJIHIICH MTEPEBO30K.

Hcxoonvie Ilynkmul naznauenusn 3anacwl
nyHKmbl B; B: B,
Ci1 C12 cee Cin
Ag ai
X11 X12 Xin
C21 C22 cee C2n
Az a:
X21 X22 X2n
Cml Cm2 cee Cmn
Am am
Xml1 Xm2 Xmn
Cnpoc b; b . b a=b

Ecmu a = b, To Monens Ha3piBaeTCs COAJIAHCHUPOBAHHOW TPAaHCIIOPTHOMN
MOJCJIbIO WKW MOJCIBIO 3aKpPBITOI'O THIIA. Eciu a ;é b, TO MOJCJIb Ha3bIBACTCs
HecOaTaHCHPOBAHHON WIIM OTKPBITOTO THMA. B ciydae 3aKkphITOW MOJENTH BECh
HMEIOLIUICS B HAIMYMU TPOAYKT JIOCTABISIETCSl MOJHOCTBIO, M CIPOC
MOTpeOHTENeH TTOJHOCTHIO YIOBJIETBOPEH. B cilydae OTKpBITOW Mojaenu MO0 Bce
MOTPEOUTENH YAOBICTBOPCHBI, HO MPU ATOM B HEKOTOPBIX MCXOIHBIX MYHKTaxX
OCTAIOTCS U3JIMIIKH MPOAYKTA (@ > b), 1100 BECh MPOIYKT JOCTABJICH MOJIHOCTHIO,
a CIpoC YIOBIETBOPEH TOIBKO YAaCTUYHO (a < b). B maHHO# KOHTPOJIBHOI paboTe

npeanojaracTcsa peueHue TpaHCHOpTHOfI 3a/la4y OTKPBITOr'O TUIIA.




m n
Ecnu Zai < Zb j»TO BBOIUTCS (DUKTUBHBIN (m+1)-ii MUCXOIHBIN MYyHKT C
i1 =l

3alacaMu NpoaAyKIUU am+1=b-a v Bce croumocTH MEPCBO3KU CAMHUIIBI IIPOAYKIIUN

13 ATOTO ITyHKTA B MyHKTHI Bj (j=1,2,...,n) npuHuMaroTcs paBHbIMHU 0.

m n
Ecmm Zai > Zb j» TO BBOOUTCS (UKTUBHBIN (n+])-1i IyHKT Ha3HAYCHUS
i=1 Jj=1

co crpocoM bu+1= a-b 1 Bce CTOMMOCTH NEPEBO3KU €MHUIIBI MPOIYKIHH B ATOT
ITyHKT Ha3Ha4eHus paBHBI 0.

Ha npeaBapurensHOM »JTame Takke, KaKk U B  CHUMILIIEKC-METOJE,
OTIPEICIIAETCSl YMCI0 0a3MCHBIX U HEOA3MCHBIX NepeMeHHBIX. [locie mo0aBieHus
JIOTIOJIHUTENILHOW (DMKTUBHOW CTPOKM MJM CTOJOINAa B TaOJMIy TEpeBO30K
roJyyaeM cOajlaHCHPOBAHHYIO MOJIEJIb, YNUCIIO YPAaBHEHHH B CHCTEME CTAHOBUTCS
paBHBIM (n+m+1), ONHO W3 KOTOPBIX SIBISETCS 3aBUCHMBIM. [lodTOMy dYHCIIO
0a3nCHBIX MEpEeMEHHBIX Oyner paBHO (n+m+1)-I=n+m. Bcero nepeMeHHbIX Xjj B
Tabnmune ¢ (QUKTUBHBIM HMCXOAHBIM ITyHKTOM Oyner (m+I)n, a ¢ (UKTHBHBIM
IIYHKTOM Ha3HaueHus — m(n+1). B 3aBUCHMOCTH OT 3TOTO ONpENENsSeTCs] YUCIIOo
HeOa3NCHBIX NMEePEeMEHHBIX. JlanbHEHIINIA aqrOpuTM PEelICHNs 33a4i COCTOUT M3
CIIEIYIOIINX ITAIIOB.

1. Onpenenuth HavyaabHOE [OMYCTUMOE Oa3MCHOE pEIICHHE 110 METOay
MUHUMAIBbHOW CTOMMOCTH (3TOT METOA PpEKOMEHAyeTcsl sl 3aaad
OTKpBITOTO THIIA).

2. U3 umcna HeGa3MCHBIX MEPEMEHHBIX BBIICIUTH MEPEMCHHYIO, BBOIUMYIO B
6asmc, UCTONB3ys METOJ| IOTCHINAJIOB (CM. 00paser] pemIeHHs] THIOBOTO
3amanuss Ne 2). Ecnm Bce HeOasWcHBbIE IE€pEeMEHHBIE YIOBJICTBOPSIOT
YCIOBHIO ONTHMAQJIBHOCTH, TO MOXKHO 3aKOHYHTH BBIUHCICHHE; B
MIPOTUBHOM CITy4ae MepeTH K CIeIyIoIeMy dTamy 3.

3. BriOpaTh BBIBOAMMYIO MHEPEMEHHYIO M3 YHCIA MEPEMEHHBIX TEKYIIEro
6aznca, UCIOJIB3Ys YCIIOBUE JIOMYCTUMOCTH.

4. Haiitu HOBOE 0a3MCHOE PEIICHUE U 3aTEM BEPHYTHCS K dTaIry 2.

Ycnoeue onmumanvnocmu. Bgooumoii 6 oOasuc nepemennou 6 3aoave

MUHUMU3AYUU  ABTIACMCA HebazucHast nepemernasd, umerowas Hau60ﬂbmyl0
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NONONCUMENbHYIO  OYeHKY. B cayuae pasencmea oyenok evioop Oenaemcsi
npouszeonvro. Eciu ece oyenxu ne nonoscumenvuvl, mo NOJIYYEHHOE peuleHue
ABNAEMCS ONMUMATILHBLM.

Ycnoeue oonycmumocmu. Bvisooumoil u3 6a3uca nepemenHoll aeiiemcs ma
nepeMennas, KOMOPOU NPUCBOCH 3HAK «-» U KOMOPAs UMeenm HAauMeHbuiee

3Ha4Yernue.

MeTtoanyeckue yka3aHus 110 BbIIOJHEHHIO 3a1aHus Ne 3

B xmaccuueckoM BapmaHTEe 3amada O Ha3HAYCHUAX IPEIIoIaraet
pacmpesneneHue n ciayxamux Ha n  padounx wecT. EE 1enpio sBisiercs
HAXOXKICHUE OINTHMAIBHOTO pemleHHs (MHHUMAIBHOH CTOMMOCTH). 3amada o
HA3HAUCHHSAX SBICTCS YACTHBIM CIlydaeM TPAHCIIOPTHOW 3afadyd, B KOTOPOI
CITy’Kalllie COOTBETCTBYIOT HMCXOAHBIM IIyHKTaM, a paboude MecTa — IyHKTaMm
HaszHaueHUA. «CTOMMOCTBY pacIpeleICHUs CITy)Kallero Ha pabodee MecTO paBHA
¢ij. Ho 0COOCHHOCTBIO 3TO# 3a/lauu SIBJISIETCSI TO, YTO BCE BEIMYHMHBI CIIPOCA U
3amaca (mpemtoxenus) paBHbl | (cm. Tabmumy HasHadeHwil). B cBs3um ¢ atHM,
3aJadqy O Ha3HAYCHHSX MOJXKHO pEIIaTh COBEPIICHHO IPYTHM, YIPOIIEHHBIM
ITOPUTMOM, KOTOPBIIl HAa3bIBACTCS 6eHZEPCKUM Menodom (CM. 00pasell peleHus

THITOBOTO 3aaHus Ne 3).

Ha3nauenun na pabouue mecma
Cnysrcawgue IIpeonosicenue
1 2 vee n
1 ci1 ci2 . Cin
2 c21 C21 cee C2n
n Cnl Cn2 cor Cnn 1
Cnpoc 1 1 . 1

Benzepckuit memoo He UMeeT OTHOLICHUS K TPAHCIIOPTHOU 3aJiaue, OJIHAKO,
CTOUT OTMETHTh, YTO OH, KaK M METOJ| MOTECHIMAIOB, OCHOBAH Ha CHMILICKC-

Meroze. 3ajada O HAa3HAYEHUSAX 3aHUMAET 0c000e MECTO IPU MOACIUPOBAHHU
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TPAHCIIOPTHBIX MPOLECCOB — 3TO onTHManbHOE pacnpeneneane BC mo B,

SKUIaXKeH MHI0TOB U 0OpTIpoBoIHIKOB 10 BC.

MeToxmquRne YKazaHus MO BBINMOJIHEHUIO 3a/ITaHUA Ne 4

Cuctemsl MaccoBoro obcmyxuBanus (CMO) 3aHuMaoT 0coboe MECTO MpH
MOJICIUPOBAHNN TPAHCIOPTHBIX TPOIECCOB B TrpaxkaaHckoil asmanmu (IA).
Hanpumep, 110001 a3ponopT SBISETCS JOCTaTOYHO ciaoxkHoi CMO.

CMO naszvisaemca  cucmema, — 6KIOUAIOWASL  HECKOAbKO — KAHANO8
(mexnHuyeckux ycmpoucms), SbINOIHAIOWUX OOUHAKOBbIE NO XapaKkmepy (QyHKyuu
10 0OCHYIAHCUBAHUIO NOCMYNATOWUX CIVHAUHBIM 00paA30M 3AA60K (mMpebosanuil) 6
cucmemy. CMO nogpaznensitorcest Ha CMO c¢ otkazamu 1 CMO ¢ oxuganuem.

CMO c osxcudanuem — 5mo cucmema, ¢ KOMmopou 8 ciyuae 3aHamocmu 6cex
KaHanoe 3aa6Ka CManosumcs 6 ouepeob U oxcuoaem MomMeHmad, ko20a oHa o6yoem
npunama Ha oocayucuéanue. CMO ¢ OXUTAHWEM JAENATCS HAa CHCTEMBI C
OTPaHMUYCHHOM U HEOTpaHWYeHHON ouepenpto. B 3amanum Ne 4 nmaHHOM
KOHTPOJIBHOH PaOOThI MPEJIONIAraeTCsl NCTIOIb30BaHNE MHOTOKAHAIBHOM MOJEIH
CMO c¢ oxXuIaHUEM M HEOrpaHMYEHHOW ouepenblo. 3asiBKH, MOCTYHAIOIIUE B
CMO B cnydaifHBle MOMEHTBHl BPEMEHM, 00pa3yloT CiydalHbIM MpocTeHmuii
MIOTOK, KOTOPBIM MomunHseTcs pacrpeneneHuto Ilyaccona. Ilomok nasvieaemcs
npocmetniwium, eciu OH obOradaem mpems CGOUCMEAMU. CMAYUOHAPHOCMBIO,
OpOUNHAPHOCBIO U OMCYMCMBUEM NOCAeOeliCMBUSL.

Cmayuonapnocms — 3TO CBOHCTBO 3aKITIOYAETCS B TOM, YTO CPEIHEE YNCIIO
3as1BOK, MOCTYIIAIONIEE B CUCTEMY, JOJDKHO OBITh IIOCTOSTHHBIM.

Opounapnocmps — 3TO CBOWCTBO 3aKJIIOYACTCS B TOM, YTO BEPOSTHOCTH
MOCTYIUICHUSI B CUCTEMY JIBYX M OoJiee 3asBOK B TEYCHHE OCCKOHEUHO Majoro
MIPOMEXYTKa BPEMEHH OCCKOHEYHO Maja 0 CPaBHEHHMIO C MOCTYIICHHEM OJHOU
WM HU OJTHOM 3asIBKH.

Omcymcemeue nocnedeiicmeusa — 3asBKH IIOCTYNAlOT B CUCTEMY
HE3aBHCHMO JAPYT OT Jpyra.

IIpu mpocreiimieM MOTOKE HUHTEPBAT  BPEMEHH  MEXIy  ABYMS
TIOCJIEI0OBATENbHBIME ~ MTOCTYIIJICHHSIMH ~ 3aiBOK  €CThb  CIIy4aifHas BEJIMYMHA,

MNOAYMHEHHAS MOKa3aTCJIbHOMY 3aKOHY pacnpeaciacHus. MHTEHCUBHOCTD
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BXOJALIEr0 IMOTOKAa A M BPEMsS MEXAY IMOCIEI0BaTeIbHBIMUA IOCTYIUIEHUSIMU
3adBOK fp CBSI3aHBI MEXIy CO0OI B3aMMHO OOpaTHOI 3aBHCHMMOCTBIO. Bpems
00CITy>)KUBaHHS 3aBKH fosc TAKIKE SIBISICTCS CITyYaHOW BETMIMHOW, TIOAIMHEHHON
MoKa3aTelnbHOMY 3akoHy pacnpenenenus. Ecmm CMO wumeer n  KaHanoB
OOCITy)KMBaHUs, TO MHTCHCHBHOCTH OOCTY)XHBaHWs yBEJIHMYMBACTCS B 1 pa3. B
pe3yabpTaTe TOTO, YTO 3afBKM IOCTYMAIOT B CHCTEMY CilydailHBIM 00pa3oM U B
ciydaiiHOe BpeMsi, BpeMst 00CTYKUBaHHUsI 3asIBKU SIBIISIETCS CTyYaHON BEIMYMHOM,
TO u Bechk nporecc pyrkmuornpoBannss CMO HocHT cirydaifHbIA Xapaktep. [Ipn
MIPOCTEHIIEM MOTOKE 3afBOK M TOKA3aTeIbHOM 3aKOHE PACIpeAeTIeHUs BPEMEHHU
oOCIy)KMBaHHS  3TOT  TIpoIlecC  SBIACTCS  Mapkoeéckum. B mporecce
¢ynkumronuposanuss CMO MOXET HaxOAUTHCS B PA3IMYHBIX JIUCKPETHBIX
cocTosHMIX. Kakmoe cocTosiHME CHCTEMbl OTJIMYACTCA OT APYroro COCTOSHHS
YHUCJIOM 3asiBOK, HAXOASIIUXCA B CHCTEME. YCTAaHOBJEHO, YTO IO HCTECUYECHUU
omnpenenéHHOro BpeMeHH, mporece ¢yHkuuonupopanuss CMO mepexomuT B
ycTaHOBHBIIHMICS peXuM. [lpm paboTe CHCTEMBI B YCTaHOBHBIIEMCS PEKHME
BEPOSTHOCTH €€ COCTOSHUN HE 3aBUCAT OT BpEeMEHU. BXOAHBIMM IlapaMeTpaMu
CMO ¢ oxuIaHueM W HEOTPaHUICHHOW 0YepeIbIo SIBIISIOTCS:

1 — YUCJIO KaHAJIOB,

A — VHTEHCHUBHOCTh BXOJAIIETO NOTOKAa (MIH fp — CpelHee BpeMsl MEXIy
JBYMS TIOCIICIOBATEIEHBIMH ITOCTYTIIICHUSIMHA 3a5BOK);

M — NHTEHCUBHOCTB OOCITYKUBAHUS (MITH fogc — CPEJIHEE BPEMsT 00CITY)KUBAHUS
3asBKH).

TIpu atom A=1/ty n pu=1/ tosc.
Jnst perieHust 3a/1auul 1eNIecO00pa3HO BBECTH 0€3pa3MEpHYIO BEIWYUHY —

MIPUBEACHHYIO HHTEHCUBHOCTE d.

I'pagh cocmoanuit CMO c oxcuoanuem u HeoZpaHuueHHol 0uepedbio

1. Cocrostnust CMO 1 rpymnmsl (Koria HET O4epean)

A A A A A
A, A, A, ... A,
P, s P, 2” p, 3” nH P, i



2. Cocrostaust CMO 2 rpymnisl (Koraa ecTb 04epeb)

A ~ A < A A Y A
P — n+1 n+2 oo e n+s e v e »
" p “tp,., " ", R

AO — COCTOSIHHE CHCTEMBI, B KOTOPOM HET HU OJHOW 3asBKH M BCE KaHAIbI
CBOOOIHBI, ’TOMY COCTOSIHUIO COOTBETCTBYET BEPOATHOCTD Py .
Ak — COCTOSIHHE CHCTEMBI, B KOTOPOM €CTh k 3asBOK U k KaHAJOB 3aHSTHI

UX O0OCIy)KMBAaHHEM, O3TOMY COCTOSHHIO COOTBETCTBYET BEPOSTHOCTH P,
k=1,...,n.

A, . — COCTOSHHE CHCTeMbI, B KOTOPOM €CTb 71+S 3asBOK, IPH ITOM 7
KaHaJIOB 3aHAThI OOCTYy)KUBAHHEM, a § 3asABOK HAXOJSTCS B OUEPEIH, ITOMY

COCTOSTHUIO COOTBETCTBYET BEPOSTHOCTh P 1, S=1,2,3,...

IIpueedénunoii  UHMEHCUBHOCMBIO  6X00AULE20 NOMOKA  HA3blGAEMCsl
cpeonee UUCNIO  3AAG0K, NOCMYNUSUWiee 6 cucmemy 3d Cpeonee 6peMs
00CIYHCUBAHUSL.

a = A tose MW @ = A/ p.

Ilocmanogxa 3adauu CMO c oscudanuem u HeOZpaAHUYEHHOU 04epedblo:
B cucremy, cocTosIIyl0 U3 n KaHAJIOB OOCTY)KHBaHHSA, MOCTYMAeT MPOCTEHIINI
MIOTOK 3asBOK C MHTEHCHBHOCTBHIO 4. 3asBKa OOCITY)KMBAETCs JIIOOBIM CBOOOHBIM
KaHAJIOM C WHTCHCUBHOCTBIO OOCTYy)KMBAaHMS M WIH CpPEIHHUM BpEeMEHEM
OOCITy)KUBaHUA fosc. B Cllydae 3aHATOCTH BCEX KAHAIOB 3asiBKAa CTAHOBHUTCS B
ouepe/b U 0KU/IaeT MOMEHTA ITPUHSTHS Ha 00CITy )KUBaHHUE.

BeposTHOCTHBIE XapaKTEepUCTUKU (DYHKIIMOHHPOBAHUS B CTAI[HOHAPHOM
pexume MHorokasanbHoii CMO c¢ OXHIaHUEM U HEOrPaHMUYEHHOM Oouepenbro

IIPUBEACHBI B 00pa3iie peleHns TUIIOBOTO 3agaHns Ne 4.



3aaHust KOHTPOJIbHOM PadoThI

3aganue Ne 1
ITocmanogxa 3adauu. llocTponTh MOJENb TAPHON JHHEHHOI perpeccun

(MIIJIP) p=a+bx mo AWHAMHUYECKOMY psIy, TJIe 3aBUCHMas IIEPEMEHHAs y —

eKEeMeCSYHasT YHCICHHOCTh MEPEBE3CHHBIX TacCaKUPOB aBHakommaHued N (MITH.

4enl.), a X — HoMmep mepuona (mecsna). [IpoBecTH TOTHOE HCCIIENOBaHUE U

BCCCTOPOHHUI aHAM3 KadecTBa, 3HAYMMOCTH, AaJCKBATHOCTH W TOYHOCTH

[I0JIy4E€HHOW MOJIENH IO CIIENYIOIIEH CXeMe.

1. TlocTpouTh mMoJEe KOPPESIUU MEPEMEHHBIX X U Y C ITOMOIIBIO MPHIIOKCHUSI
Microsft Excel, mpoBecTH BH3yallbHBII aHAINW3 HCXOIHBIX JTAHHBIX, CICNATh
BBIBOJI O I1€JIeCO00Pa3HOCTH HCIOIb30BAaHNS JIMHEHHON perpeccuu.

2. Haiitu ypaBuenne MIUIP. {ns storo ¢ momomsio MHK pemmrts CHY u
HaWTH OLIEHKHU MapaMeTpoB a u b.

3. Haiitu 3HaueHne K03(h(UIHIEHTa KOPPEISAIHH Fyx, OLIEHUTH €T0 3HAYHMOCTH C
OMOIIBIO t-KpuTepust CThIOICHTA.

4. TlpenBapuTenbHO OICHUTH KAauyeCTBO IMOJYYEHHOW MOJEIM C IOMOIIBIO
ko> durmenta aerepMunanun R2.

5. OIeHUTh 3HAYUMOCTh NIapaMeTpa b B ypaBHEHHH PErPECCHHU IPU MepEeMEHHON
X ¢ momMokio t-kputepus CThIOCHTA.

6. OLeHUTh 3HAYUMOCTb U a/IeKBATHOCTh yPaBHEHHUS B II€JIOM C MOMOIIb0 F-
kpurepust Guiiepa, IPOBEPUTH TOKAECTBO [t|=|t|=/F .

7. OueHUTh TOYHOCTh TMOJYYEHHOW Mojenu. J[Is 9TOro paccyuTarh 3HAUYCHUE
OTHOCHTEIIFHOH OMHNOKH alIIpOKCHMAIINH.

8. Haiitu mporHosHoe 3HaueHue Jy Juisi nepuona x=I3, NOCTpOUTH rpaduku
HCXOJHBIX, PACYETHBIX M NMPOTHO3HOTO 3HAYEHHH C MOMOIIBI0 MPUI0KEHHS
Microsft Excel.

9. CraenaTh BBIBO IT0 MOJIEIH.

Bce BCIIOMOI'aTCJIBbHBIC paC‘IéTLI KCJIaTCIbHO MMPOU3BOAUTDH C

HCIIONIb30BaHUeM NpuitoskeHust Microsft Excel, uncia okpyrisaTe He MeHee, 4eM J10
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TBICAYHBIX ,IlOJ'ICﬁ [0 TIMpaBujiaM OKpPYTJICHUA, HNPUHATBIM B MAaTCMATHUKC. B
MIPOTUBHOM CJTydac BO3HHUKACT OoJIbIIas MOTPEUIHOCTb.

HcxonHble aHHBIC [T0 BapUaHTaM IIPEICTaBICHEI B TaOmmie Ne 1.

Taonuya Ne 1

1.1 |y |2,05(2,28|2,2212,23/2,20|2,31|2,48(2,35(2,42|2,39|2,45|2,55
x| 1 2 3 4 5 6 7 8 9 10 | 11 | 12

1.2 |y |2,15|2,38(2,32/2,39| 2,4 [2,42(2,48(2,46|2,51 (2,49 2,53 |2,56
x| 1 2 3 4 5 6 7 8 9 10 | 11 | 12

1.3 |y 135148 |1,52|1,53|1,51| 1,6 | 1,71 |1,65|1,72|1,69 | 1,75 | 1,82
x| 1 2 3 4 5 6 7 8 9 10 | 11 | 12

14 |y |1,56|1,69(1,73|1,74 1,72 1,81 1,92 |1,86|1,93| 1,9 | 1,96|2,03
x| 1 2 3 4 5 6 7 8 9 10 | 11 | 12

1.5 |y | 126149143 | 1,5 | 1,51 |1,53]1,59|1,57|1,62| 1,6 | 1,64 | 1,67
x| 1 2 3 4 5 6 7 8 9 10 | 11 | 12

16 |y | 1,66/1,79|1,73| 1,8 | 1,81 1,83 1,89 1,87 |1,92| 1,9 |1,94| 1,97
x| 1 2 3 4 5 6 7 8 9 10 | 11 | 12

1.7 |y [3,03]3,26| 3,2 |3,21 3,18 3,29 3,46 (3,33 | 3,4 |3,37|3,43|3,53
x| 1 2 3 4 5 6 7 8 9 10 | 11 | 12

1.8 |y [3,14]3,36|3,31|3,383,39|3,41 | 3,47 (3,45 3,5 |3,48|3,52|3,55
x| 1 2 3 4 5 6 7 8 9 10 | 11 | 12

1.9 |y |2,66(2,89]2,83| 29 |291]293|2,982,953,02]|3,00|3,04]3,07
x| 1 2 3 4 5 6 7 8 9 10 | 11 | 12
1.10 |y | 2,44 2,67 2,61 (2,68|2,69|2,71|2,76(2,73| 2,8 |2,78 2,82 (2,85
x| 1 2 3 4 5 6 7 8 9 10 | 11 | 12

3amanue Ne 2
Ilocmanoeka 3a0auu. ABMaKOMITaHUS BBITIOJIHSIET PEHCHI 110 4 BO3AYLIHBIM
nmuauaM (BJI) Ha 3 tunax Bo3mymHsix cynos (BC). M3BecTHBI:
1) ¢ij — pacxomel Ha 1 miH. TKM Ha i-oM THre BC mo j-it BJI (men. ycm.

e/1./MJTH. TKM);




2) a;— norennuan i-ro tuna BC (MiH. TKM);

3) bj— nporuo3 crpoca 1o j-it BJI (Mia. TkM). s BJI, Ha KOTOpBIX i-i THIT
caMoJIeTa He UCTIONb3YeTCs, PEKOMEHIyeTCsl Ha3HAYUTh pacxopl cij=100.

HcxonHbie NaHHBIC 3a7addl Cj, @, bj 1O BapuaHTaM MPEICTABICHBI B
tabmumax 2.1 — 2.10. CocraBute 1uaH mnepeBo3ok BC mo BJI, marommit
MUHUMAaJIbHBIE pacxojpl. HauanbHOe peleHne PEeKOMEHIYETCS HaXOIUTh IO

MeTonay MHUHHMaJIbHOM CTOMMOCTH, a 3aT€éM peliaTh 3agadyy C HCIOJb30BAHHUEM

METOJa IMOTCHIMAJIOB.

2.1

2.2

2.3

2.4

2.5

Tun BC | BJI1|BJI2|BI3| B4 a
1 5 | 6 | 8 4 |50
2 2 (100 6 | 9 |70
3 4 | 7 [ 9 10065
b; 45 | 50 | 60 | 55

Tun BC | BJ1| B2 B3| BI4]|ai
1 5 | 6 | 4 8 |60
2 6 100 7 | 6 |50
3 4 | 7 [100] 9 |50
b; 45 | 55 | 40 | 60

Tun BC | BJ1| B2 B3| BI4] a:
1 5 (100 4 | 8 |50
2 3 | 6 |100] 6 |45
3 4 |7 6 | 7 |5
b; 50 | 40 | 40 | 20

Tun BC | BJ1| B2 B3| BI4] a
1 5 | 6 | 4 | 100 |50
2 2 [100] 7 | 6 |60
3 4 | 7 6 | 9 |40
b; 50 | 50 | 40 | 40

Tun BC|BJ1| B2 BI3|BI4] ai
1 100 8 | 4 | 8 |50
2 3 | 5 | 7 | 100 30
3 5 1 71 6 | 9 [50
b; 40 | 40 | 40 | 20




2.6

Tun BC|BJI1|BJA2|BA3|BI4]| a
1 5 | 6 | 8 | 100 |40
2 100 3 | 7 | 6 |60
3 4 [ 7 10 9 [50
b; 40 | 50 | 40 | 50
2.7
Tun BC|BJI1|BJI2|BA3|BI4]| ai
1 s |7 1 4 8 |60
2 100 3 | 7 | 6 |60
3 6 | 7 |100]| 9 |50
b; 40 | 50 | 60 | 50
2.8
Tun BC|BJI1|BJA2|[BA3|BI4]|
1 3 | 9 | 4 | 100 |50
2 100 3 | 7 | 6 |60
3 6 | 7 | 6 | 7 |50
b; 40 | 50 [ 50 | 50
2.9
Tun BC|BJ1| B2 BI3|BI4] a:
1 5 1 6 | 4| 5 (60
2 8 | 3 | 7 |100 |60
3 4 100 9 | 4 |80
b; 60 | 60 | 60 | 60
2.10
Tun BC|BJ1|BJI2|BA3|BI4]| a
1 8 | 4 | 4 | 5 |50
2 5 | 6 | 7 |100 75
3 4 100 9 | 4 |75
b; 60 | 60 | 60 | 60

3amanue Ne 3
Ilocmanoexka 3adauu. ABUAKOMITAaHWS BBIIONHAET 5 peiicoB mo 5 BJL
3amana MaTpuma ceOecTOMMOCTe Kakaoro peiica mo kaxmod BJL. Haiitu
ONTUMAaJbHBIM TUIaH Ha3HAYeHWM JaHHBIX peiicoB Ha ganHHele BJI ¢
HCIIOJIb30BAaHUEM «BEHI'€PCKOro» airoputma. VIcXoAHble AaHHBIE 3alaud [0

BapHaHTaM IIpe/ICTaBlIcHbI B Tabimmax 3.1 — 3.10.
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3.1

3.2

3.3

3.4

3.5

3.6

Tun BC | BJI1| BJI2 BJ3 BJ4 BJIS5

1 10 5 9 18 11

2 13 19 6 12 4

3 3 2 4 4 5

4 18 9 12 17 15

5 11 6 14 19 10
Tun BC | BJI1| BJ12| BJI3| BJI4 BJIS5

1 7 5 12 9 8

2 10 4 6 3 12

3 7 2 8 6 5

4 6 13 5 7 9

5 11 7 4 16 3
Tun BC | BJI1| BJ12| BJ13| BJI4 BJIS5

1 6 2 8 6 5

2 11 4 6 3 12

3 7 5 12 9 8

4 6 13 5 7 9

5 11 7 4 16 3
Tun BC | BJI1| BJI2 BJ3 BJ4 BJIS

1 12 4 7 3 10

2 8 2 7 5 5

3 9 5 11 8 9

4 6 10 5 9 7

5 14 8 4 15 3
Tun BC | BJI1| BJI2| BJ3 BJ4 BJIS5

1 17 12 9 8 10

2 5 11 6 14 7

3 2 4 13 9 12

4 8 12 5 7 6

5 14 5 16 3 10
Tun BC | BJI1| BJ12| BJ13| BJI4 BJIS5

1 13 8 4 1 5

2 7 9 10 18 6

3 3 6 11 10 14

4 7 1 2 8 9

5 12 9 8 4 16
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3.7

Tun BC | BJI1| BJI2 B3 BJ4 BJIS5
1 2 15 1 2 3
2 5 19 8 6 13
3 4 7 5 9 11
4 8 6 3 9 7
5 10 8 7 5 6
3.8
Tun BC | BJI1| BJ12| BJI3| BJI4 BJIS5
1 8 11 13 4 5
2 4 3 5 6 7
3 9 11 4 6 5
4 3 8 10 9 11
5 4 12 7 8 6
3.9
Tun BC | BJI1| BJ12| BJ13| BJI4 BJIS5
1 9 12 14 10 13
2 11 10 12 9 9
3 8 14 11 13 9
4 9 7 9 7 10
5 12 10 9 11
3.10
Tun BC | BJI1| BJI2 BJ3 BJ4 BJIS
1 11 8 6 10 5
2 14 7 4 8 7
3 10 9 11 6 8
4 9 12 10 9
5 7 9 8 9 7

3aganue Ne 4

Ilocmanoeka 3adauu. B tepmunane Q asporopra ropona N B TedeHHE
ONpeIeNeHHOro BpeMeH! T OTKPBITO 1 CTOEK JUISl PETUCTPallii MaccaXMpoB Ha 3
Oommkaiimux peiica. OXpmaeMoe YHCIO TACCaKUPOB 3aBUCHT OT KOHKPETHBIX
TunoB  BC, TOTOBAMIMXCS COBEpIIMTH BBUICT. Tpedyercs  ompenenuTh
BEPOSTHOCTHO-CTATUCTUUECKUE IOKa3aTean d(P(EKTHBHOCTH  00CITyKMBAHUS
rmaccaxupoB B TepmuHaie Q aspomnoprta ropoga N. Jist perieHus 3amaun HY>KHO
ucronb3oBath Mojienb CMO ¢ oxunanusiMu. VicxoaHble JaHHBIE 1O BapHaHTaM O
nepuoae Bpemenu T, tumax BC, xoaddunnente 3arpy3ku k, cpeaHeM BPEMEHH

perucTpanmu maccaxxupa tosc, KOJIMUECTBE CTOECK perucTtpaun n nNpeaAcTaBJICHbBI B
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tabmuie Ne 4. CpeiHHE TaHHBIC 0 KOJIIMYECTBE Kpecen L T OnpeaeIHHBIX TUIIOB

BC npusenens! B Tabnuie Ne 4A.

HaiiTu 3nauenus crieayonmx nokasarenei.

1.

IIpuBen€HHYI0 MHTEHCUBHOCTH (OKPYIVIUTh O JAECATBHIX IO IPaBUIAM

OKpYTJICHUS, IPUHATBIM B MaTCMaTI/IKe).

2. BeposiTHOCTB, 4TO BCE CTOWKU PETHCTPALIMK CBOOOHBI.
3. BeposTHOCTH COCTOSHUM cHcTeMBI | 1 2 rpymm.
4. BeposTHOCTH OXXUAAQHHS M HEMEIUIEHHOTO 00CITy>KUBAHHS TIACCAXKHUPOB.
5. CpenHee 4HCIIO0 MACCAKUPOB B OUEPEIH.
6. Cpennee BpeMs OKHJIaHUSI PETHCTPALIUH TTACCAXUPOM B OUEPE/IH.
7. CpenHee BpeMsi OXKHMJAaHHWs DPErUCTPallMd U COOCTBEHHO NPOLETYPHI
pPETUCTpaNNH MTAaCCaKUPa Y CTOUKH.
8. CpeaHee 4NCIIO 3aHATHIX CTOEK PETHUCTPALNH.
9. Hamucats BBIBO.
Taonuya Ne 4
Hcxoonvie oannvie
Ne ¢apuanma T (uac.) Tun BC k tose (cex.) n
4.1 00-01 A-319; A-320; B-767 0,75 50 6
4.2 01-02 A-320; A-321; B-787 0,8 48 6
4.3 02-03 B-757; B-767, B-787 0,75 44 7
4.4 03-04 A-330; A-320; A-321 0,8 45 7
4.5 04-05 A-320; A-321; B-757 0,77 52 6
4.6 05-06 A-319; A-320; B-787 0,85 46 6
4.7 06-07 A-330; A-320; B-757 0,76 45 7
4.8 07-08 A-319; A-321; B-757 0,75 55 6
4.9 08-09 A-320; B-757; B-767 0,81 48 7
4.10 09-10 A-320; A-321; B-757 0,82 52 7
Taonuya Ne 44
Tun BC KosaunuectBo kpeces L
A-319 156
A-320 140
A-321 160
A-330 360
B-757 200
B-767 260
B-787 240
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Oo0pa3sen BbINOJHEHUSI KOHTPOJIbHOMH padoThl

Tunosoe 3aganue Ne 1

Ilocmanoexka 3adauu. Tloctpouts (MIIJIP) j=a+bx 1o nuHaMUYECKOMY

psiay, TIe 3aBHCHMAsl IEPEMECHHAsS Yy — €KEMECSIYHasi YHCICHHOCTh MEPEBE3CHHBIX
MacCakKnpoB aBuakoMmnanuel N (MJTH. 4ell.), X — HoMep nieproia (Mecsa).

y [4,05]4,18 14,16 4,24 14,22 1435|432 |4,46(4,52|4,6|4,58 | 4,66

x| 1 2 3 4 5 6 7 8 9 |10] 11 | 12

IIpoBectn moOJHOE WHCCIEAOBAaHUE M BCECTOPOHHUN aHalU3 KayecTBa,
3HAYUMOCTH, aJeKBaTHOCTH M TOYHOCTH IIOJIyYEHHOW MOJIENM TIO CXeMe,
H3J10’KeHHOH B 3amanuu Ne 1.

Pewienue 3a0auu
1. TlpoBemeM BH3yalIHM3alMIO HCXOJHBIX NAHHBIX C TTOMOIIBIO MPHIOKEHHS

Microsft Excel. /Iy 3TOro nocTpoum noJie KOppessiuy MexX 1y NepeMEHHbIMU X U

y.

47

4,5

4.4

4,3

4,2

4,1

Puc. 1. lunamuka uucnennocmu nepeee3ennbix naccaicupos
Toukn Ha Tpaduyueckod WUIIOCTPAMM Kak Obl BBICTPAUBAIOTCS BIOIb
HekoTopol mpsmoil. Takum o00pa3oMm, BH3YaNbHBIM aHAIH3 MOATBEPIKIACT
1es1ecoo0pasHoCTh uenoib3oBanust MITIP.
2. Haiigém ypaBuenue MIUIP j=a+bx. s storo ¢ nomoupo MHK pemmm

CHY:
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na+bZn:xi :Zn:yi,
) i=l ) i=1 )
ain +b2xi2 :inyi.
i=1 i=l i=1

[o ycnoBuio 3amanus yncio HaOmoaeHnit n=12. J{ng onpeneneHus mapaMeTpoB a
U b HalinéM 3HAUCHUSI CyMM:

12
in =1+2+3+4+5+6+7+8+9+10+11+12=78;

i=1

12

Dy, =405+ 418+ 416+ 4,24+ 4,22+ 4,35+ 4,32+ 4,46+ 4,52 + 4,6 + 4,58 + 4,66 = 52,34;
i=1

12

DX} =17 +22+3 +47 45+ 6 +7° +87 +97 +10° +11° +12° = 650;

i=I

12
Z)ciyl. =1-4,05+2-4,18+3-4,16+4-4,24+5-4,22+6-4,35+7-4,32 +

i=1

+8:4,46+9-4,52+10-4,6+11-4,58+12-4,66 =347,95.

IToacraBum nosnyuennsie 3HaueHust B CHY:

12a+78b=52,34,
78a+650b =347,95.

Pazmenmum o0e wacTm mepBoro ypaBHeHHS Ha 12, a BToporo — Ha 78, HOIXyduM
CJIEIYIOUIYIO CHCTEMY:
a+6,5b=4,362,

{a +8,333b =4,461.
B BBRIUHCIEHUAX MPOM3BOANM OKPYTICHHS A0 3 — 4 3Havamwmx mudp. s toro,
4TOOBl HAWTH 3HAYECHWE OLEHKM IapaMeTpa b, BBIUTEM W3 BTOPOTO YpPaBHEHHS
CUCTEMBI IIEpBOE YPaBHEHHUE:
a+8,333b—a—6,5b=4,461-4,362;
1,833b = 0,099;

b =0,054.
Haiinem 3Hauenue onieHku napamerpa a: a =4,362-6,5-0,054 = 4,011.

Taxum 06p330M, NOJIYYHM PCHICHUC CUCTCMbI:

a=4,011,
b=0,054.
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Torga uckomoe ypasuenue MITJIP umeer Bun =4,011 + 0,054x.

Orenky mapamerpa b HaspiBarOT Kod(duiueHToM perpeccud. Ero 3HaucHue,
paBuoe 0,054, mokas3pIBaeT, 4TO B TEYEHHE KaXIOTO MeCsla YHCICHHOCTb
repeBe3EHHBIX accaKMpoB YBEJIMYHBACTCS, B CpesHeM, Ha
0,054 -1000000 =54000 uenosek.

3. Haiiném 3HaueHne BBIOOPOYHOrO KOI(D(PHULIMEHTA KOPPEISLUUH Fyx U OLEHUM
€ro 3HaYMMOCTh C MoMmolibio t-kpurepust CrhrojieHTa. B nanpHeiiem, Oyaem
HA3bIBaTh BBIOOPOYHBIH  KOI(PQUIMCHT KOPPEISIIUU Iy  KOIDDUIHEHTOM
Koppessiiuu. Bocnosb3yemest cieyrorieii hopmyioit s pacuéra Ko uineHra

KOPPEJIISIIHN:

I'yx

n n n
QXY =2 XY,
i=1 i=1 i=1
2
n n n n
2 2
S| Sy (S
i=1 i=1 i=1

i=1

>

n
2
Haiiném 3HaueHne cymMMbl E Yi-

i=1
Z:yi2 =4,05" +4,18% +4,16% +4,24> +4,22° +4,35” +4,32° + 4,46 +4,52% +4,6> +
i=1

4,58 +4,66> =228,7254.
Haiiném 3HaueHme kod3((UIMIEHTa KOPPEISIUH, Ui 3TOTO IIOJCTABHM BCE
3HAUEHHUSI CyMM B (OPMYJTY.

B 12-347,95-78-52,34
1265078 -\12-228,7254 - 52,34

=0,9805.

r

yx

Ecnn 3nauenne r, mo monymo Gompumie 0,7, TO, TOBOPSAT, YTO MENKIY
NEPEMEHHBIMU X Wy HaOIIOJAeTCs TeCHAas B3auMOCBs3b. Ecmu r, >0, TO
B3aMMOCBA3b HA3bIBAIOT NpsAMOH, ecau 7, <0, TO B3aMMOCBSA3b HAa3bIBAIOT

obparnoit. Ecnu r,, ~0, TO MEXIy NMEPEMEHHBIMU X U Y OTCYTCTBYET JIMHEHHAS

B3aUMOCBA3b.
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B namem cnydae nomayueHHoe 3HaueHue r,, =0,9805 yka3bIBaeT Ha TO, UTO MEKIY

x
NEPEMCHHBIMU X U Y Ha6n10)1aeTc>1 TCCHas NpsiMasi B3aUMOCBA3b.

OHeHI/IM 3HAYUMOCTb KOB(I)(l)I/IHI/IeHTa KOppEIIAUN. I[JI}I 9TOT'O BBIABUHEM THUIIOTE3Y
H() 00 OTCYTCTBUU JIMHCHHON  B3aMMOCBSI3HU MCKAY [INCPEMCHHBIMHU U

aNbTepHATUBHYIO TunoTte3y H.

Ho: ryx = 0, Hi: ryx #0.

IIpoBepum HyneByro rumnote3y Ho nmpu xoHkypupyrowmei runoreze H; Ha ypoBHE
3HaunMoctd a=0,05. JIns storo Hainém (akTHUECKOe 3HAYCHHE t-KPHUTEPHS,
KOTOpOE 0003HAYMM t;.

I

yX

t = ; »TJ€ Oy — OIMMOKa KOAPPHUIIMEHTA KOPPETISITHH.

i —Vl 0.9805" _ 06214,

c, = )
v/n 2 Jiz=2
=298y 779
0,06214

Haiiném kputHdeckoe 3HaUYEHHUE fy IBYCTOPOHHEH KPHUTHYECKOW OO0NacTH IO
tTabnune 3HaueHuid t-kpurepust CrThrojieHTa Ha ypoBHE 3HauumoctH a=0,05 u
quciie crerneHedl cBoOoawl df=n-2, tne n=I12 - duucno HaOMIOIEHWH (CM.
IIpunoxenue 1).

tep(0=0,05; df=10)=2,23.

CpaBHUM (haKTHIECKOE 3HAUCHUE fr, B3STOE TIO0 MOJYJIIIO, C KPUTHUCCKUM txp. Ecm
[t] < tip, TO Ho He oTKIIOHSICTCSI HA TAHHOM YPOBHE 3HAYUMOCTH, @ eCiH |t = txp, TO
OTKJIOHSIETCH.

Benmuunna t,=15,779 3HauuTENHbHO TIPEBBIMIAET TaOMWYHOE 3HadeHHWe 2,23,
CJIeJIOBATEIFHO, MOMYYCHHOE 3HAUCHHE KOA(P(GUIIMEHTA CYIIECTBCHHO OTIMYACTCs
OT HYJIA 1 3aBUCUMOCTD ABJIACTCSA 3HAYNMOM.

4. OIeHMM KayecTBO IMOJYYCHHOW MOJEIM C IOMOINIbI0 KOX(pQHIMCHTA
netepMuHamuu  R?, KOTOpbIi ompesenseT, Kakas Jods oOueil Bapuauun

aHAIN3UPYEMOH pe3yJNbTaTHBHON IIEPEMEHHOW y 0OyCIIOBICHA W3MEHEHHEM
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oOwsicusromert epemennoi. s MITJIP koadduimeHT nerepMuHAIUU MOXKHO

BBIYHCIIUTH C TIOMOIIIBIO BO3BEJICHHSI B KBaApaT KOG HUITMEHTA KOPPEISIINH.
R’ :ryzx; R* =(0,9805)* =0,961.

[Toydaennoe 3HaueHWe KOX(pQUITMEHTA JSTEPMHUHANNN TOKa3biBaeT, 4rto 96%
Jonu  oOmielt aucnepcuu OOBSCHAETCS IIOJNyYeHHBIM YpPaBHEHHEM JIMHEHHOW
perpeccun, a octaBmuecs: 4% TPUXOIATCS 3a CYET BO3IEHCTBUS CIy4alHBIX U
HEYYTEHHBIX (PaKTOPOB.

5. OueHMM 3HAYMMOCTB TIapamMeTpa b B ypaBHEHHH PErpeccHy MpH NepeMEeHHON
x ¢ momonrsio t-kputepuss CteiogenTta. Paccmorpum rumotesy Hy o HesHaumMom
OTIIMYUM OT HYJsl BBHIOOPOYHOTrO 3HAYCHHUS Mapametpa b W aabTepPHATHBHYIO
runote3y H; o HepaBeHCTBe HYIIO aHATM3UPYEMOTO TTapaMeTpa.

Hop: b=0, Hi: b=0.

[Ipoepum HyneByro runote3y Hy mpu koHKypupyromieil runorese H; Ha ypoBHE
3HaunMoctd a=0,05. ]JIna »Toro HaiimeMm (akTHUeCKoe 3HAYCHHE t-KPHUTEpHs,
KOTOpoe 0003HAYHM fp.

b
t, = . 'TAe Op— OlLleHKa CTaHJIaPTHOM OMMOKHM mapameTpa b.
b
c,-0,
G, = T 1€ Oy—OlCHKA CPE/IHEKBA/PATHHECKOrO OTKIOHEHHS MMOKA3aTeNs Y,

X

Ox — OLICHKAa CPEIHEKBAAPATUIECKOIO OTKIIOHECHMSI IIPU3HAKA X.

2 — —
i X7, rme X, y— BBIOOpOYHBIC CPEIHUE

Hcnonb3yemble pu nocuéTax 3HaYeHHUs ObUIM HAMICHBI B yHKTax 2 U 3.

x=D =65 7= 43017, o, =\/$~228,7254—(4,3617)2 =0,1898,

0,1898-0,06214
o, =,/i-650—(6,5)2 =3,452, 0, =——— 27— (),00342.
12 3,452
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=00 15789
0,00342

Haiiném kputHyeckoe 3HaUYCHUE f JIBYCTOPOHHEH KPHUTHUYECKOW OOJIACTH IO

Tabnuue 3HadeHuil t-xputepus CTbloJieHTa Ha YpoBHe 3HaunMmoctH a=0,05 u

quciie cTerneHedl cBoOoapl df=n-2, tne n=I12 - ducno HaOMIOAEHUH (CM.

[punoxenue 1).

tep(0=0,05; df=10)=2,23.

CpaBHUM (haKTHUYECKOE 3HAUCHHUE fp, B3ATOC ITO MOAYIIIO, C KPUTUICCKUM fyp. EcTi

[ts] < txp, TO Ho HE OTKIIOHSIETCSI HA JAaHHOM YPOBHE 3HAYUMOCTH, @ €CITH [t = tip, TO

OTKJIOHSIETCSL.

Benmuwnna #=15,789 3HauWTeNbHO TIpeBHINACT TabIMYHOE 3HaueHWe 2,23,

CJIe/I0BaTEIIbHO, MOJIyYeHHOE 3HAYEeHHE MapaMeTpa b CyleCTBeHHO OTINYAeTCsl OT

HYJISl ¥ 3aBUCUMOCTD SIBJISIETCS] 3HAUUMOM.

6. OlleHUM KayecTBO, 3HAYMMOCTb M aJIeKBATHOCTh YpaBHEHHUS B LEJIOM C

niomotpio F-xpurtepust Guiepa.

Hdnst sroro paccmorpuMm runoresy Hp o paBeHCTBE «OOBSICHEHHOW» W

«ueo0bsicuénno» aucniepcun: Ho: Dogpacn. = Ducopscn.

Haiiném 3nauenme F-kpurepusi, KOTOpOE OMpENENsieTcss KaKk OTHOIIEHHE

«OOBSICHEHHOI» JMCHEPCHH K «HEOOBSICHEHHOI» B pacuéTe Ha OJHY CTCIICHb

CBOOOJIBI 11O popMyIIe:

R 1-R’ P R n-2

T a MM U TR

_ 0,9805° ><12—2_ 0,9805

©1-0,9805° 1 1-0,9805"

F

x10 =248,935.

Haiiném xpurtnueckoe 3HaueHue Fy, mo Tabmuie 3HayeHuii F-kputepus Oumepa
(cm. Tlpunoxenue 2) Ha ypoBHE 3HaUUMOCTH =0,05, 4uciie cTeneHei CBOOOIbI
yuciutens dfi=m-1, uuciie creneHe cBo0o bl 3HaMeHartens df2=n-m, rine n=12 —
YUCJIO HAOMIONCHUH, a m=2 — 4YHUCIO MapaMeTpOB B YPaBHEHHH PETPECCHHU.
Tonyuaem, Fi(a=0,05; dfi=1; df:=10)=4,96. CpasauM pacdyetHoe 3HaueHue F —c
kputuueckuM Fip. Ecu F < Fyp, TO TUnOTE32 H) HE OTKIIOHSIETCS HAa JAHHOM
ypoBHE 3HauumocTd, a ecinu F > Fy,, TOo oTkinoHsercs. Bemmunna F=248,935

3HAYUTCIIBHO IPEBLINIACT TaOJUYHOE 3HAYCHHUC 4,96, CJICAOBATCIIBHO, HYJICBYIO
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TUIIOTE3Y CIEAYET OTKIOHHTB, a MOJYYCHHOE YPAaBHCHHE JMHEHHON perpeccHu
CUHTATH 3HAUNMBIM.

[IpoBeprM MNPABUIBHOCTH  BBINOJIHEHHBIX pacuéroB. Ecmm Bce  pacuérsl
BBITOJIHEHBI BEPHO, TO JIOJIKHBI BBITIOTHSTHCS TOKIECTBA |f|=|ts|=/F .

15,779 = 15,789 ~ 4/248,935; 15,779 = 15,789 = 15,778.

Ornmunss B pacy€THBIX 3HAUCHUSX KPUTEPUEB U3-3a OLIMOOK OKPYTJICHUS
0Ka3aJIMCh HECYLIECTBEHHBIMH, ATO NOATBEPIKAACT IPABUIBHOCTD BHIYHUCICHUH.
Ilpumeuanue. «OOBSICHEHHYIO» THUCIEPCHIO TaKKe HA3BIBAIOT (DAKTOPHOM, a
«HEOOBSICHEHHYI0» — OCTaTOYHOIA.

7. Oran BepuMKaUM OYEHb Ba)KEH I Ipolecca MonenupoBanus. [locie
MIOCTPOCHUSI MOJENN HY)KHO OLEHHTh €€ TOYHOCTb. JTO MOXKHO CHAENaTh ¢
TIOMOIIBIO  BBIYMCIICHUSI 3HAUCHUS OTHOCUTEJILHOM OMIMOKM ammpoKCHMAlUH,
KOTOpasi MOKA3bIBACT, HACKOJIBKO OTIMYAIOTCS TIOJydICHHbBIC PACUETHBIC 3HAUCHHS
PE3YIBTATUBHOTO TIOKA3ATENs Y OT UCXOMHBIX (PEaTbHBIX) 3HAYCHUH Y.

n

A%:l-z

n o Yi

yi_glil

-100%.

Haiiném Bce pacuéTHble 3HAYEHUS Y, , JUIS OTOTO BOCIIOJB3YEMCS MOTyIECHHBIM B
ITyHKTE 2 YpaBHEHHEM JIMHEHHON perpeccu:

¥, =4,011+0,054-1=4,065; §,=4,011+0,054-2=4,119;
§,=4,011+0,054-3=4173; §,=4,011+0,054-4 =4,227,
¥5=4,011+0,054-5=4,281;, §,=4,011+0,054-6=4,335;

¥, =4,011+0,054-7=4389; §,=4,011+0,054-8 =4,443;

¥o =4,011+0,054-9 =4,497; §,, =4.011+0,054-10=4,551;

§,, =4,011+0,054-11=4,605; y,, =4,011+0,054-12 = 4,659.

yi =¥l

n
Haiiném 3Hauenue z
i=1 Yi
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2|y, —9,| [4.05-4,065 [4.18-4119] [416-4,173 [4,24-4,227] [4,22-4,28]|
Z‘ y. 405 418 416 424 422
4,35-4,335 L 1a32- 4389 [4.46-4,443 [4,52-4,497 L [46-455 1 [4.58-4.605] .
435 432 4,46 4,52 4.6 458
4,66 — 4,659
———— ~0,0836.

4,66
A% = é -0,0836-100% ~ 0,7%.

3HaueHMs] OTHOCHTENILHOM OIIMOKM amnNpoKCHMaluH, HE IpeBocxosmme 7%,
CBUJICTETILCTBYIOT O XOpPOIIEM COOTBETCTBHHM JIMHUM PETPECCHH HCXOTHBIM
JaHHBIM. B HameM ciydae oTHOcHTeNnbHAs omoKa cocTaBuiia Menee 1%.

8. Haiigém 3HaueHne TOUEYHOTO MPOTHO3A J st iepuona x=13:

¥, =4,011+0,054-13=4,713.

Takxum 06pa3zoM, MOXKHO CIeaTh BBIBOJ, YTO OXKHMJAEMOE YHCIIO aBHANacCaKUPOB
B 13 mepuone (mecsie) cocraBut 4713000 gemoBek.

[TocTponm rpaduku HCXOIHBIX, PACYETHBIX M ITPOTHO3HOTO 3HAUYEHUH C TOMOIIBIO
npunoxkenuss Microsft Excel (Puc.2). [lo mpuHSATEIM B MHPOBOH MpaKTHKE
[IpaBUJIaM, OTPE30K, COCIUHAIONINN KpaliHee pacu€THOE 3HAYECHUE C IIPOTHO3HBIM,

n300pakaeTcst MyHKTUPHOMN JIMHUEH.

4,8
LA
4,6 /'/./!7./.
4,4
™1 B VicxoaHble 3Ha4YeHus y
> 4,2
—&— PacyeTHble 1 NPOrHo3Hoe
3HaYeHust
4
3,8
3,6
i 2 3 4 5 6 7 8 9 10 11 12 13
X

Puc. 2. I'papuku ucxoonwvix, pacuémmupix u nPOCHO3HO20 3HAYEHUTL
9. bBemm mpoBeAéH BCECTOPOHHMM KOPPEISAIMOHHO-PETPECCHOHHBIA — aHAJHN3

MOJyYeHHOW Mozenu JuHeiHHo# perpeccun. C wucnonb3oBanneM MHK 0Oputo
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BBIBEJICHO YpaBHEHHUE TPEHAQ, OTPAKAIOLIEe IOJOXKUTEIbHYI0 JAHUHAMUKY
YUCJICHHOCTU TMEepeBE3EHHBIX aBuanaccaxupoB kommnanuedr N. B cpenHem
eXeMecAuHbld NpupocT mnaccaxkupoB coctaBuil 54 000 yenoek. OueHka
CTaTUCTHYECKOW 3HaYMMOCTH KO3((HUIHEHTa KOppeNsiiMK ¥ napamerpa b mpu
[IEPEMEHHON X B ypaBHEHUM PETrPECCUU MNPOBOJAMIACH C MOMOLIbIO t-KPUTEPHS
CreronieHTa Ha YypoBHe 3Hauumoctd a=0,05. KadecTBO, 3HAUUMOCTH H
a/IeKBaTHOCTh MOJIEIM B IIE€JIOM OLEHMBAINCh C HCIONb30BaHHEM F-kputepus
Oumepa. Koapdumment koppersinuu, napamerp b U ypaBHEHHE PErpeccHd OBLITH
MIpU3HAHBl 3HAYMMBIMU Ha ypoBHE a=0,05. JIng OIeHKM TOYHOCTH MOJIy4EHHOI'O
YPaBHEHUSI PErpPecCUU MPOBOJWIOCH COINOCTABICHHUE pEAIbHBIX M MOJIENIbHBIX
JIAHHBIX C TIOMOIIBIO pacyeTa OTHOCHTEIbHOW OMIMOKU arpOKCHMAIMU, KOTopast
He mpeBbicuaa 1%. Bcé 3T0 cBUAETENbCTBYET O TOM, YTO JaHHAS MOJEIb MOXKET
OBITh HCIIOJB30BaHA ISl IIPOTHO3UPOBAHUS YHCICHHOCTH aBHAACCa)XUPOB Ha
onpeAenéHHOM  dTame  TpaHCmOpTHOro  mporecca. CTOUT  OTMETHTH O
HEOOXOIMMOCTH OCYIIECTBIICHHS PErYIIPHOTO MOHUTOPHHTA CUTYaIlMH Ha PBHIHKE

ABUAIICPEBO30K C LEJIbIO BBIABJICHUS IPOUCXOAAIINX U3MCHCHUM.

Tumnosoe 3axanne Ne 2

Ilocmanoeéka 3adauu. ABuaxomnanus Q BBIIOJHSET pelcel Mo n=4
Bo3ayIHbIM JuHUAM (BJI) Ha m=3 Tunax Bo3aymHsix cynos (BC). U3BecTHsI:

1) ¢ij — TpaHCTIOpTHBIE pacxoasl HA 1 MITH. TKM Ha i-oM Tunie BC mo j-oii BJI
(meH. yci1. en./MITH. TKM);

2) ai— notenuuain i-oro tuna BC (MaH. TKM);

3) bj— cripoc 1o rpy30000poTy 10 j-oit BJI (MiH. TKM).

Ha BJI1 ne ucnonssyercs 1 tun BC, a va BJI2 — 2 tun BC. B stom ciyuae
pacxomsl ¢17=100 1 ¢22 =100. VicxoxHbIe JaHHBIC 3a7a4H Cij, @i, bj IpECTaBICHEI B
tabmuie. Tpedyercss cocTaBUTh ONTUMAJBHBINA U1aH nepeBo3ok BC no BJI, (t.e.
HaWTH Bce 3HaueHWs X; (MJIH. TKM)), AAIOMIWH MHUHHMMAaJbHBIE TpPAHCHOPTHHIC
pacxompl. HauampHoe pemieHHEe pPEKOMEHAYETCS HAXOAWTh IO  METOAY
MUHHMMAaJbHOW CTOMMOCTH, a 3aT€M pellaTh 3aJady C UCIOJIb30BaHUEM METona

IIOTCHIINMAJIOB.
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Tun BC |BJI1 |BJI2 |BJI3 |BJI4 |ai
1 100 10 6 9 |60
2 7 100 6 11 |45
3 8 6 10 12 |55
b; 40 50 40 50

Mamemamuueckas nocmanosKka 3a0auu:
3 4

HaiiTn MuHMMaIbHOE 3HAYCHHE IEJIEBOM (PYHKIINU Z=ZZCUXU U Bce
i=1 =1

3HA4YCHUA rpy30060p0Ta Xij (MJ'IH. TKM), €CJIM 3a/1aHbl OTPAHUYCHUSA:

x; 20, i=1,23, j=12,3,4.

Pewenue 3a0auu

I[aHHa}I 3aJjada ABJISICTCA HeC6aﬂaHCI/Ip0BaHHOﬁ (33.[[3‘16171 OTKPBITOT'O TI/IHa),

3 4
1K Y@ =60+45+55=160, Y b =40+50+40+50=180 u 160 = 180.

i=1 j=1

3 4 3 4
Ecmn Zai <ij’ To BBOAMTCS ¢ukTHBHOEe BC, a ecmu Zai > zbj», TO

i=1 =1 P p
3 4

BBoguTCs ¢uktuBHas BJI. B mamem ciydae Zai <ij’ MO3TOMY BBEAEM
i=1 j=1

¢uktuBaoe BC 4. Jlnst atoro no6aBuM B Tabmiuily oaHy ctpoky. Torma as =180-
160=20, a pacxombl c41, C42, €43, €44 1O BceM BJI paBubl 0. Cremyer oOpaTUTh
BHUMaHHE, 9TO B 3TOM cirydae uuncio BC paBHo m+1=4 (3mo eascno).

Tun BC | BJI1 | BJI2 | BJI3 | B)I4 | ai
1 100 | 10 6 9 160

2 7 1100 ] 6 11 |45
3 8 6 10 | 12 |55
4 0 0 0 0 |20

b; 40 | 50 | 40 | 50
Haiiném wnavampHOe pemieHHe (ONMOPHBIA IDIaH) METOJOM MHHHAMAIBHOMN

CTOMMOCTH, JJISl 3TOTO CHAdaja ompenenuM dncio 6aznucHeix (Y0m) u HeOa3uCHBIX

nepeMeHHBIX (YHIT).
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Y6n = Yucno BC + Yucno BJI - 1 = (m+1)+n-1=m+n; Yom =3+1)+4-1=7;
Yun = Yucnmo BC x Yucno BJI — Yom = (m+1)n-( m+n); Yum =16-7=9.

B mpomecce pemeHust TaONMIly TPAHCHOPTHBIX PAacXog0B M TaOIUILy
MepeBo30K OyaeM 0OBeANHATH B OJHY. MeTo ] 3aKIIouaeTcsi B TOM, YTO CHaJaja B
TabuIe BHIOMpAETCS sSUeiiKa ¢ HAMMEHBIINMH pacXo/aMH ¢jj. Jlanee mepeMeHHoH
Xjj TIPUCBAMBAeTCsl HaumOOJIblliee 3HAYEHHE, JOIYCKaeMOe OrpPaHHUYCHUSIMH Ha
mporHo3 cnpoca u notennuan BC. [Ipu momyyeHnn Ha4aiabHOTO PEIICHUS HYXKHO
cieanTh 3a OanaHcoM 0a3MCHBIX M HEOA3MCHBIX IepeMeHHbIX. Ecian KosmuecTBO
0a3MCHBIX ITIEPEMEHHBIX OKa3aJI0Ch MEHBIIIE, YeM HEeOa3UCHBIX, TO TAaKOW OMOPHBIN
IUTAaH Ha3bIBACTCSI BHIPOXKICHHBIM. B 3TOM ciydae OAHOW M3 TEPEMEHHBIX Xij
HYXKHO MPUCBOUTH 3HaueHUe, paBHoe 0.

Taxoke IpH COCTaBICHHM HAYaJIbHOTO OMNOPHOTO IIaHA IS 3ajaudl C
¢uktrBEEIM BC (wmu BJI) m 3ampeTHBIME IS TTOCAIKH adpOTIOpTaMU HYKHO
YUYHUTBIBATh CJIEAYIOUINE OTIMYUTENIbHbIE 0COOCHHOCTH, KOTOpbIE HE BO3HHKAIOT
IIPU UCTIOJIb30BAaHUHU OOBIYHOTO METO/1a MUHUMAJIBHON CTOMMOCTH.

1. HeoOxomumo BbIOMpaTh sUEHKy C HaUMEHbBIIEH CTOMMOCTBIO TOJIBKO
cpenu peanbHbIX BC (c siueiikamu, HepaBHBIMH HYJIIO), a MOTEHIIHAN (PUKTHBHOTO
BC pacnipenensts B HOCIETHIOIO OYepeb.

2. CHauana 3amloJIHSIOTCS CTPOKM C «3alpeTHBIMUY sueiikamu (Tam, rie

saaueHus 100).

Tun BC | BJI1 | BJI2 | BJI3 | B/I4 | ai
] 100 10 406 209 60
2 407 100 6 511 45
3 8 506 10 512 55
4 0 0 0 200 20
b; 40 | 50 | 40 | 50

B nepBoii cTpoke nepeMeHHOH X3 IPUCBOUM 3HaueHHe, paBHoe 40, a mepeMeHHOit
x14 =20. Bo BTOpoOi#l cTpoke mepeMmeHHas Xz =40, a X4 =5. [lanee 3amomHsieM
STYEHKH X372 =50, X34 =5 1 X44 =20.

basucurie NEPEMCHHBIC: X13, X14, X21, X24, X32, X34, X44.

Heb6a3ucHbie IIEPEMCHHBIC: X11, X12, X22, X23, X31, X33, X41, X42, X43.
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CootHoureHre 6a3ucHbIX (7) U HeOa3uCHBIX (9) epeMEHHBIX BHINONHSICTCA. [Ipu
9TOM 3HAYCHNUS BCEX HEOA3NCHBIX IepEeMEHHBIX PaBHEI .
Haiiném HavanpHOE peleHue [eIeBON (PYHKITUH Zo:

7,=40-6+20-9+40-7+5-11+50-6+5:12+20-0=1115 .

IIpoBepuM  ONTUMAIBLHOCTh MOJIYYEHHOTO IUIaHA C [OMOLIbIO  METoJa
norennuanoB. Becem BC mocraBuM B COOTBETCTBHE IOTEHIMANbI ui, a BJI —
MTOTEHIIHAEI j (HE CIeIyeT IMyTaTh METO MTOTEHIHAIOB ¢ oTeHnnanoMm BC a;).
[oTeHnmanbl HAXOMUM W3 YCIOBUH Ui 0a3HMCHBIX MEPEMCHHBIX U; + Vj = Cj.
OnHoMy W3 TOTEHIMAIOB (KaK TPaBHIIO, 3TO W) TPUCBAWBAEM IPOM3BOJIBHOE
3Hauenue, Harnpumep, 0. Ilycts u;=0. [locnenoBaTeibHO HAXOUM MOTEHIHAIBI 10
3HAYEHUSIM CTOUMOCTEN SUEEK X13, X14, X24, X21, X34, X32, X44:

u; + v3=0; v3=6 - 0; v3=6;

U+ v4=9; v4=9 - 0; v4=9;

U+ va=11; =11 - 9; uz=2;

Uy + vi=7; vi=7 - 2; vi=5;

us+ vs=12; u3=12 - 9; u3=3;

U3 + vo=06; vo=6 - 3; v2=3;

us+ v4=0; us=0 - 9; us=-9.

Jlist Bcex HeOa3UCHBIX MEPEMEHHBIX HAWIEM OIEHKHU U3 YCIOBUS Cik™ = Ui+ Vi - Cik.
X117 - C|1*=U]+V|—C|1=0+5—100=—95;

X12: cp*=ui+vo—cp=0+3-10= -7,

X221 sz* =Ux+ Vp— C22=2 +3-100= —95;

X23: C¥=Up+V3i—Cp3=2+6—-6= 2;

X371+ C31>’< =uz+ V1—C31=3 +5-8= 0;

X33 : C33* =UuUz+ V3— C33=3 +6-10= —1;

X41 : C41* =us+ V1—C41=—9 +5 —O=—4;

X420 C42>k = U4+ Vo— Cgp=— 9+3-0= —6;

X43 : C43>l< = U4+ V3—Cq3=— 9+6-0=-3.

yCJ'IOBI/Ie OIITUMAJIBHOCTHU BBITIOJIHACTCA, cClin BCC OLCHKN He6aSI/ICHLIX
[IEPEMEHHBIX HENOJOKUTENIbHBL. B JaHHOM cUTyaluu yciaoBHe ONTUMAIbHOCTH HE
BBITIOJTHEHO. B 3TOM ciyuae B 6a3uc OyaeT BBOJUTHCS Ta HeOa3UCHAs ITepeMeHHasl,

KOTOpas MMEeT HauOOJIBIIYIO TIOJIOKHTEIbHYIO OLEHKY. B paccmarpuBaemoit
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3a/1a4ye Takasi epeMeHHasl TOJbKO OJHA — NEPEMEHHAas X»3 C OLICHKOM, paBHOM 2,
IT03TOMY MMEHHO OHa U Oy/eT BBeJeHa B Oa3uc.

Ha crnemyromem sTarme HEOOXOIUMO OINPENEIUTh NEPEMEHHYIO, KOTOpas
OyzmeT BBIBOAUTHCS W3 0a3uca, MHAYE COOTHOIICHHWE OA3UCHBIX M HEOA3MCHBIX
MIEPEMEHHBIX OyJeT HapymieHo. [ 9TOro mMoCTpONM 3aMKHYTHIH UKJ, KOTOPBIi
HAaYMHAETCS W 3aKAaHUMBAETCS B siUEHKe C BBOJIMMON B 0a3uc MEpPEeMEHHOU X»3.
KoHTyp cocTtonT M3 NOCIEHOBAaTEIbHOCTH TOPU3OHTAIBHBIX M BEPTHUKAIBHBIX
CTPEJIOK JIFO0O0H JUIMHBI, COCOUHSIONINX SYCHKH, COOTBETCTBYIOIIHE TEKYIIUM
0a3nCHBIM TEPEMEHHBIM, U sSYelKy C BBOJMMOW B 0a3uc nepeMeHHOW. BHOBB
BBOJUMOM MEPEMEHHON MNPUCBOUM 3HAK «1», 3HAKM OCTAJIbHBIX MEPEMEHHBIX
OynyT 4epenoBaTbcsi. B KOHTYyp BKJIIOYAaeM MaKCHMAaJIbHO BO3MOXKHOE YHCIIO

0a3uCHBIX IepeMEHHBIX. [loTydaeM KOHTYP: X23— X3 — X14 —X24 — X23.

Tun BC | BJI1 | B2 | BJI3 | BJI4 | ai
1 100 10 | - 6 |+ 9
fa0 |20 |60
7 100 | 4 6|4 11
2 40 e Lvs5 |45
3 8 506 10 512 55
0 0 0 0
b; 40 50 40 50

[To ycnoBHiO AOIyCTHMOCTH BBIBOJMMOW M3 0a3nca MEpeMEHHOH SIBIISIETCS
Ta MEepeMeHHasi, KOTOpPOil MPHCBOEH 3HAK «-» U KOTOpas MMEeT HauMEHbIIee
3Ha4YeHHe. JTO MepeMeHHas Xy4 (3HaueHne 5 MeHbIe 3HadeHus 40 B sueilke X;3).
[TocTpouM HOBBIM yJIydIIEHHBIH IUIaH MEpeBO30K. K mepeMeHHBIM, KOTOPHIM
IIPUCBOEH 3HAK «+», MPUOABUM YHUCIIO 5, a OT MEPEMEHHbIX, KOTOPHIM MPUCBOEH

3HAK «-», OTHUMEM 5.

Tun BC | BJI1 | BJI2 | BJI3 | BJI4 | ai
7 100 10 356 259 60
2 407 100 56 ] 45
3 8 506 10 512 55
4 0 0 0 200 20
b; 40 | 50 | 40 | 50
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[onmy4ymnu, 4YTO HOBOW Oa3UCHOW TIEPEMEHHOI CTajma IepeMCeHHAs Xp3, a
He0a3HUCHON — MepEeMEHHast Xo4, OCTATIbHBIC 0a3MCHBIC U HeOa3NCHBIC TEPEMEHHBIC
HE U3MCHUJINCH.

Haiiném HoBoe 6a3ucHOE pelIeHue z;:
z,=35-6+25-9+40-7+5-6+50-6+5-12+20-0=1105.

Pemenne ynyunmmnock Ha 10 nen. yei. en. [IpoBepum ero onTUManbHOCTb.
Haiiném 3HaueHMs NOTEHUMAJIOB JUIsi HOBOIO OINOPHOIO IIJJaHA U OICHKHU
Heba3nuCHBIX TepeMeHHbIX. [1ycTh u;=0, Torna

u; + v3=6; v3=6 - 0; v3=6;

U+ v4=9; v4=9 - 0; v4=9;

Uz + v3=6; ur=6 - 6; u2=0,

w+ v =7; vi=7 - 0; vi=7;

us+ va=12; uz=12 - 9; u3=3;

U3 + vo=06; vo=06 - 3; v,=3;

ug+ v4=0; us=0 - 9; uys=-9.

Jns Bcex HeOa3UCHBIX MEPEMEHHBIX HAWIEM OLEHKHU U3 YCIOBUS Cik™ = Ui+ Vi - Cik.
X171 - C11’k =u+Vv— C11=0 +7-100= —93;

X12: cp¥=uw+vy—cip=0+3-10=-7;

X2t sz* =Uy+ Vp— C22=0+ 3-100= —97;

Xo4 & 024* =Ur+ Va— C24=0 +9-11= —2;

X31: C31>l< =Uuz+V;— C31=3 +7-8= 2;

X33 . C33* =Uuz+ V3— C33=3 +6-10= —1;

X41 - C41* =us+ V]—C41=—9 +7—0=—2;

X42 ¢ C42>l< = U4+ Vo2— Cgo=— 9+3-0= —6;

X43 : C43*=LI4+V3—C43=—9+6—0=—3.

Tun BC | BJIl | BJI2 | BJI3 | BJl4 | a;
P 100 10 -+3%_+>259 60
P - f4Z) 100 +|=56 11 45
3 + 48 ;06 10 - "éz 55
4 0 0 0 200 20
b 40 | 50 | 40 | 50
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VYciioBre ONTHUMANbHOCTH HE BHINONHSECTCS. B 0asuc OynemM BBOAWUTH
MIEPEMEHHYIO X31, KOTOpasl SBJSIETCS €IWHCTBEHHON, UMEIOIEH MOIOKUTEIBHYIO
OIIEHKY. bep&M KOHTYp: X31— X2 —X23— X3 — Xj4 —X34 — X31.

BriBomuMoii n3 0a3uca mMepeMEeHHOW SBIsieTCS MepeMeHHasl, KOTOpOH
TIPUCBOCH 3HAK «-» M KOTOpas UMeeT HaNMEHbBIIIee 3HAUCHHE. DTO TIepEMEHHAS X34
(B sueiiKe X34 CTOUT 3HAK «-» U 3HaUeHUE 5 MeHblle 3HaueHui 40 u 35 B sueiikax
X21 M X3 COOTBETCTBEHHO). K mMepeMeHHBIM, KOTOPBIM TPHUCBOEH 3HAK «+»,
MprOaBUM YHUCIIO 5, a OT MEPEMECHHBIX, KOTOPBIM MIPUCBOCH 3HAK «-», OTHUMEM 5.

ITosry4unuM HOBBIH yJIy4IlICHHBIH IJIaH [IEPEBO30K.

Tun BC | BJI1 | BJI2 | BJI3 | B/I4 | ai
] 100 10 306 309 60
2 357 100 106 s
3 s 8 506 10 2] ss
4 0 0 0 20o 20
b; 40 | 50 | 40 | 50

Haiiném HOBoe 6a3MCHOE pelIeHue Zo:
z,=30-6+30-9+35-7+10-6+5-8+50-6+20-0=1095.
Pemenne ymyunmmmnock Ha 10 nen. yci. en. [IpoBepum ero onTUMaabHOCTb.
Haiiném 3HaueHns moTeHmaioB u; u v;. Ilycts u;=0, Torna
u; + v3=6; v3=6 - 0; v3=6;

ur + v4=9; v4=9 - 0; v4=9;

U + V3 =0; u=06 - 6; uz=0;

w+ v =7; vi=7 - 0; vi=7;

uz + vi=8; us=8 - 7; us=I;

us + vo=6; vo=06 - 1; v2=5;

s+ v4=0; uy=0 - 9; us=-9.

Jis Bcex HeOa3HCHBIX IEPEMEHHBIX HAMIEM OLICHKH Cric*.
Xi1: cpn¥*=w+vi—c;;=0+7-100=-93;

Xip: cp¥=u+vo—cp=0+5-10=-5;

X2 Cp¥ =Uur+ vo— =0+ 5 - 100=-95;

X24 : 024* =u+ V4—Cz4=0 +9— 11=—2;
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X33 . C33* =UuUz+ V3— C33=1 +6-10= —3;
X34 : C34>’< =UuU3z+ Vg— C34=1 +9-12= —2;
X41: CytF=wy+vi—c4=—9+7-0=-2;
X42 ¢ C42* =U4s+ Vo— Cqp=— 9+5-0= —4;
X43 : C43* = U4+ V3— Cyg3= — 9+6-0=-3.

ITonoXXUTENbHBIX ~ OLIGHOK HET, TIO9TOMY YCJIOBHE  ONTHUMAaIbHOCTH
BBITIONHAETCS. 3HAYUT, HAWJACHHOE BBIIIE PEIICHUE Zp, SBISETCS ONTHMAILHBIM.
MuHuMalbHble TPaHCIOPTHBIE pacxoabl cocTaBsaT 1095 neH. yci. en.

W3 nocnenneit tabmuipl aenaem cienyromue BbiBoAbl. [lotennman BC 1
npeanosaraercss HanpasuTh 1o BJI 3 u BJI 4 B paBHbIX KoauuecTBax 1o 30 MiIH.
TKkM. ITorennman BC 2 — mo BJI 1 B konnuectBe 35 miH. TKM 1 BJI 3 B kKonmnuecTBe
10 mun. TxkMm. Ilorenmman BC 3 — mo BJI 1 u BJI 2 B KkoimuecTBax,
COOTBETCTBEHHO, 5 MiH. TKM MU 50 MuH. TkM. OTMETHM, 4YTO CHpPOC IO
rpyzoobopoty s BJI 4 ocraHercss 4acTHMYHO HEYJOBJIETBOPEHHBIM, OyneT

HeorocTasjieHo 20 MITH. TKM.

TunoBoe 3aganue Ne 3
Ilocmanogka 3ad0auu. ABnaxomnanus S BeinonHseT 5 peiicoB BC mo 5 BJL
3amana MaTpuma ceOecTOoMMOCTel Kakmoro peiica mo kaxkmod BJI. Haiitu
ONTUMAaJbHBIA IUJIaH Ha3HAYeHMM JaHHbIX peiicoB Ha JaHHble BJl ¢
HCIIOJIb30BAaHUEM  «BEHTEPCKOTO» alropuTMa. VIcXomHbIe JaHHBIC 3aJaHus

MPEACTABJICHBI B Ta6n1/1ue.

Tun BC | BJI1| BJ12| BJ13| BJI4 BJIS5
1 5 9 14 12 7
2 7 8 13 10 6
3 6 10 14 14 8
4 9 11 12 9 7
5 8 10 15 11 6

Pewenue 3a0auu
B nmanHO# MaTpuile ceOeCTOMMOCTEH OIpeNeliuM B KaXKAOH CTpoke

MUHHMAJIBHBIN 3JIEMEHT M BEIUTEM €ro 13 APYrux 3JE€MEHTOB CTPOKH.
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Tun BC | BJ 1) B2 BJA3 BI4 BI15 Munumansvuoii
9J1eMEHM CIPOKU
1 5 9 14 12 7 5
2 7 8 13 10 6 6
3 6 10 14 14 8 6
4 9 11 12 9 7 7
5 8 10 15 11 6 6
[Momy4yn™m crieayronryro MaTpHILy.
Tun BC | BJ 1 BJ2 BJ3 B/I14 BJIS5
1 0 4 9 7 2
2 1 2 7 4 0
3 0 4 8 8 2
4 2 4 5 2 0
5 2 4 9 5 0
B momyueHHO# wMarpuile B KaXAOM CTOIOIE HaiiiéM MHHUMAIbHBIH
JJICMEHT.
Tun BC BJI1 BJ2 BJ3 BI14 BIS5
1 0 4 9 7 2
2 1 2 7 4 0
3 0 4 8 8 2
4 2 4 5 2 0
5 2 4 9 5 0
Munumanvnoiit 0 P 5 2 0
2J1IEMeHm cnmoaoua

BbruteM HaliieHHBIE MUHHMMAallbHBIE SJIEMEHTBI W3 JAPYTHUX BIIEMEHTOB
COOTBETCTBYIOLIEro cToiomna. [Toydnm MaTpuity, y KOTOpOii B KaX/I0il CTpOKe U B

KaXXaoM CTOJIGI_IC €CTb HYJICBBIC DJICMCHTEI.

Tun BC | BJI1| BJ2 BJI3 BJI4| BIS5
1 0 2 4 5 2
2 1 0 2 2 0
3 0 2 3 6 2
4 2 2 0 0 0
5 2 2 4 3 0

PacmionoxeHne HyJIEBBIX IEMEHTOB B IOCICIHEH MaTpuile HE MO3BOIAET
Ha3HauuTh kaxaomy BC onny BJI, tak kak, nnsg BC 1 u BC 3 moxHO onpenenuts
tonbko BJI 1, 4To HE yIOBIETBOPSIET YCIOBUIO 337a4H. DTO YKa3bIBaeT Ha TO, YTO
ONTHMAJIBHOE pELICHHe HE NOoJydeHo. B aTom ciydae B mociepHed marpuie

IIPOBEAEM MUHUMANbHOE YUCAO (3TO BaKHO) TOPU3OHTAIBHBIX U BEPTHKAIBHBIX
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MpsAMBIX IO CTPOKAM U CTO.]'I6I_[aM TaKUM 06pa30M, 4TOOBI BBIYCPKHYTH B MaTpUIIC

BCE€ HYJICBBIC DJICMCHTEI.

Tun BC | BJ1 BJ2 BJI3 BJI4 BJIS5
1 0 2 4 5 2
2 1 0 2 2 0
3 0 2 3 6 2
4 2 2 0 0 0
5 2 2 4 3 0

Haiiném naumenvuiuii HeBEIYCpPKHYTHIN (HEBBIACICHHBIN) SJIEMEHT, BEIYTEM
€ro U3 OCTaBIIMXCS HEBBIYEPKHYTHIX HIIEMEHTOB M MpHOaBUM K dJIEMEHTaM,
HAXOMAMIMMCSI Ha TIEPECEUCHUHU MPOBENCHHBIX HAa MPEIBLAYIIEM IIare MpsSMBIX.
HauMenbiimii HEBBIYEPKHYTBHIM dJIeMEHT paBeH 2. BpluTeM ero wu3 4wucedn,
PACTIOJIOKCHHBIX B HEBBIICICHHBIX s4eiikaXx. K TOAUepKHyTHIM dYHCIaM B
BBIJICICHHBIX sUeiikax mpuOaBuM 2. OcTanbHBIC BBIZICTICHHBIC YUCIAa OCTaBUM 0e3

H3MEHCHUM.

Tun BC

N#Owog
~

l\)OHl\)l\)g
o

'—*O-lkl\)wg
LN
ONN[\)[\)§
n

D[N (W (N[~

IToydeHnHoe pacrpeneneHue He SBISETCS ONTHMAIbHBIM, T.K., HAIPUMEp,
st BC 1 n BC 3 nonyvatorest copnanatonive HazHauenust Ha BJI 1. Ilponomkum
pemienne. CHOBa TpoBeleM B TIOCHETHEH MaTpuile MHHMMAIbHOE YHCIIO
TOPH30HTAJBHBIX M BEPTHUKAIBHBIX JIMHUHA TIO CTPOKAM W CTONIOIaM, YTOOBI B

MaTpHuIEC BCC HYJICBBIC 3JIEMCHTLI OKAa3aJINCh BBIYCPKHYTBIMU.

Tun BC | BJI1| BJ2 BJI3 BJI4 BIS
1 0 0 2 3 2
2 3 0 2 2 2
3 0 0 1 4 2
4 4 2 0 0 2
5 2 0 2 1 0

HaumeHnbInii HeBBIICICHHBIH 1eMEHT paBeH 1. Berutem ero u3 3j1eMeHTOB,
CTOSIIMX B HEBBIJIENIEHHBIX sf4eiiKkaX. K MOAUepKHYThIM 2JIeMEHTaM, HaXOAAIUMCS
Ha TIEPEeCeYCHUM BBIUYEPKHYTHIX (BBIICJICHHBIX) CTPOK M CTOJIOLOB, MPUOaBUM

grcio 1. [TomyarM HOBOE perieHue.
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Tun BC | BJI1 BJ2 BJ13 BI14 BI5
1 0 0 1 2 2
2 3 0 1 1 2
3 0 0 0 3 2
4 5 3 0 0 3
5 2 0 1 0 0

OnrtumaneHOe peleHne HalaeHo. OHO SIBISCTCS ¢IMHCTBEHHBIM. B Tabmuie
Ha3HA4YCHUS ONTUMAJIBHOC PEIICHNUC OTMCUCHO BBIACICHHBIMU KUPHBIM Hlplflq)TOM
mysvu. Takum obpasom, BC 1 Hamo HasHaunts Ha BJI 1, BC 2 —ma BJI1 2, BC 3 —
Ha BJI 3, BC 4 — na BJI 4 u BC 5 — na BJI 5. CymmapHas MuUHHMaibHas
ce0eCTOMMOCTh JTaHHBIX Ha3HavYeHWH paBHa 5+8+14+9+6=42. D10 OTpakeHO B

MOCHEaHEH Ta6m/1ue.

Tun BC | BJ1| BJ2 BJI3 BJI4| BIS5
1 5 9 14 12 7
2 7 8 13 10 6
3 6 10 14 14 8
4 9 11 12 9 7
5 8 10 15 11 6

Tunosoe 3aganue Ne 4

Ilocmanoexa 3ad0auu. B tepmunane B asponopra ropona N B nepuon 7' ¢
12.00 no 13.00 OTKpbITO B=6 CTOEK [UIsl PErUCTpalUU MacCaXUPOB Ha 3
ommwkaiimmx peiica. [Taccaxupsl ToToBsSITCS coBepmnTh BhUleT Ha BC A-321, B-
757, B-787. Kosbounment szarpyskm k=0,75. CpemHee BpeMs pErUCTpaIiu
naccaxupa tesc=45 cex. CpennHue gaHHble O KojauuecTBe Kkpecen L st
onpenenéunplx THNOB BC mpuBemenst B Tabmume Ne 4A. OmnpenenuTh
BEPOSITHOCTHO-CTATUCTUYCCKUE IMOKa3aTedn A(P(GEKTHBHOCTH  OOCITYKHBaHUS
rnaccaxupoB B TepmuHaie B aspomopra ropoga N. Jlns peuieHus 3aaadu

ucnonab3oBath Moaeiab CMO ¢ oxugaHueEM.

Pewenue 3a0auu
Bynem pematp 3amaqy mo cxeme, HU3JI0KEHHON B TIOCTaHOBKeE 3amaHust No 4.

Cuayana omnpenenum Bxoaubie mapameTpbl CMO: 4, tose, R.
L-k
WHTEHCUBHOCTh BXOAIIETO IMOTOKA A = T T=1 ygac.;
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% 3600 80

1. BpramciauMm 3HaueHHE HpPIBeI[eHHOﬁ WHTCHCUBHOCTHU @, KOTOpas SABJIACTCA

A =((160+200+240)-0,75):1=450 macc./49ac.; t —wyac./macc.; n=6.

1
GespasmepHoii BemanHoii: O = A+t g 3 o= 450~% =5,625~5,6.

IIpu pemenun 3amaun ¢ HcHnoiab3oBaHmeM Moaenn CMO ¢  oxugaHueM
HEOOXOJMMO CIICIUThH 32 BBINOJHEHHEM YCJIOBUSI 1 > @ (9TO BaxHO). B nanHOM
MIPAaKTUYIECKONH CHUTYallMH 3TO YyCJIOBHE BBINONHEHO. Eciam ycnoBue n > a He
BBIMNOJIHEHO, TO OYepe/lb HapacTaeT JJABUHOOOPA3HO U HE MOXKET OBITh peIlleHa.

2. Haiiném BeposSTHOCTB TOTO, YTO BCE CTOMKH PETHCTpAIy OyIyT CBOOOIHEI:

n k n -1
Py = o o' o
0~ : 5
o k! n! n-a

0 1 2 3 4 5 6 6 -
= 5,6 N 5,6 . 5,6 . 5,6 . 5.6 . 5,6 N 5,6 N 56" 56 ~0,0013.
0! 1! 2 3! 41 5! 6! 6l 6-56
3. Haiiném BepositHOCTH cocTostHMI naHHOM CMO 1 1 2 rpymm.

CHavana OIpeIeNM BEPOSTHOCTH COCTOSIHUH CHCTeMBI | Tpymmsl (Korga HET

ouepen).

BeposTHOCTE TOTO, 9TO B CHCTeMe Kk maccakupoB M K CTOEK perucTpaniy 3aHATHI
k

obemyxuBanuem: Py = Po-rae k=1,...,n

k!
_5 61 5, 62
1 p2
5, 6* 5, 64
pPs = Ps =
5, 65 5, 66
ps = Ps =

CocrostausM CMO 2 rpymms! (KOT/Ia eCTh 09epe/Ib), COOTBETCTBYIOT BEPOSATHOCTH
Phns+s, TJI€ S — YHCIIO ABUAMIACCAXKUPOB B OYCPEIIH.

n

a a)
pn+s=7" — | "Po> rme seN.
n! \n

Haiinem 3HaueHNsS HEKOTOPHIX BEPOSTHOCTEH JIJISi COCTOSIHUN CUCTEMBI 2 TPYTIIIHI.
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BepOﬂTHOCTL TOTO, YTO 6 naccaxxnupoB O6CJ'Iy)KI/IBa}OTCH ul HaXOoAUTCAd B O4Yepeau:

6 1
p,, =2 (5’6) 10,0013 ~ 0,052;
6! 6

BepOﬂTHOCTB TOro, 4TO 6 nacCcaxxnupoB O6CJ'Iy)KI/IBaIOTCiI u?2 HaXOJATCA B OUCPCIAN:

6 2
Do = %{%} :0,0013 ~ 0,0485 1 T.1.

BeposiTHOCTB TOTO, YTO 6 IMaccaXkKUpoB OOCITYKHUBAIOTCSA U 6 HAXOIATCS B OUEPEIHU:

6

56° (5,6
Pess = : -0,0013 = 0,0368.

6! 6
4. OnpenenuM BEPOATHOCTH OXHIAHHA M HEMEIJIEHHOTO OOCIYKUBaHHS
ABUATIACCAKHUPOB.
a" n

BepositHOCTD 0kunanus Poye HAWAEM IO hopMmyIIe: P, .= F — “Po-

6
, 300 601320,8353,
6! 6-5.6

ABuarnaccaxup B JI000M ciydae OyaeT OOCIy)XeH Yy CTOHKM perucTpaiu,
[O3TOMY TMPAKTHYECKUI HMHTEPEC MPEJICTABISACT BEPOSITHOCTh HEMEIEHHOTO

o0cmyxuBaHus Pi.ose.

a" n
PH.06C =1_7" ‘Po wim PH‘OGC :l_PoX('
n! n-o
Haiinem 3nauenue 51oii Bepostooctn: P, oo =1—0,8353 =0,1647.

5. CpezHee 4MCIIO TACCAKUPOB B OUEPEIH MOXKHO OIPEAEINTD 1O (hopMyiam:

o _a” on
m, =P, - ump M =5 Py
n—o n! (n—a)

5,6

mg =0,8385 211,694z12qen.

b
6. Beraucnim cpeHee BpeMs OKUAaHUs PETUCTPAIINH MTACCaXKUPOM B OUSPE/IH:

12:45

tzﬂ't e

s 3t =90 cek. nim t=1,5 MuH.
n 6
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7. CpenHee BpeMsi OXKHIAHUS PETUCTPAIMH U IIPOLEIYPHI PETUCTPALIAH ITACCaKUPa
Y CTOMKH tper= tose + ts =0,75 + 1,5 = 2,25 mun = 2 muH 15 cek.
8. CpejHee YMCIIO 3aHATBIX CTOEK perucrpanuu &=a. [1o cMbICIy 3ajaud OHO
MOKET OBbITh TOJILKO LENBIM, HO3TOMY &, =5,6 6.
Buisoo

BeposTHOCTB TOTO, YTO BCE CTOWKH PETUCTPALMU OKAXKYTCS CBOOOIHBIMHU,
nocratouHo Mana u cocrasiser 0,0013. Bee octambHble BEPOSTHOCTH COCTOSIHUIN
cuctemsl (cocTosmmit  py,k =1,2,3,...) me mpesocxoaar 0,06. BepostHocTu
HEMEJUICHHOTO OOCITY)KHBAaHUS W OXHIAHUS PaBHBI, COOTBETCTBeHHO, 0,1647 u
0,8353. Dto o3Haudaer, yto, B cpemHeM, u3 100 denmoBek 16 maccaxumpam He
npuAETcs CTOSTH B OYepenu Ha peructpanuo. JnmHa odepenu HeOOmbIIas U
COCTaBIIsIET B cpefHeM 12 dYenmoBeK. Bpemsi oxuIaHusi 0CBOOOXKIEHHS CTOWKH
peructpanuu 1,5 MHHYTBI, YTO CBHICTEIBCTBYET O JOCTATOYHO OBICTPOU
pasrpyske cucteMbl. CpeiHee BpeMsi, KOTOpOoe TPUAETCS 3aTPaTUTh TACCAKUPY Ha
BCIO MPOILIEAYPY PETHCTPAINU, COCTaBUT 2 MUH 15 cek. Bce croiiku peructpanuu

(YHKIMOHUPYIOT B ITOJIHOM 00BEME.
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Hpunoxenns

Ilpunoscenue 1

Tabnuya 3nauenuin t-kpumepus Cmuoiodenma t, =t(a, df ) na ypoene

3HAUUMOCIU 0. U YUCTIe cmenenell c60000uvl df

a a

af | 01| 005 001 | Fl 01| 005 001
1 | 631 | 12,71 | 6366 | 18 | 1,734 | 2,101 | 2,878
2 292 430 | 992 | 19 | 1,729 | 2,093 | 2,861
3 | 235 3,18 | 5,84 | 20 | 1,725 | 2,086 | 2,845
4 | 213 | 278 | 4,60 | 21 | 1,721 | 2,080 | 2.831
5 | 201 | 2,57 | 403 | 22 | 1,717 | 2,074 | 2,819
6 | 1,94 | 245 | 371 | 23 | 1,714 | 2,069 | 2,807
7 | 1,89 | 2,37 | 3,50 | 24 | 1,711 | 2,064 | 2,797
8 | 1,86 | 2,31 | 336 | 25 | 1,708 | 2,060 | 2,787
9 | 1,83 | 226 | 325 | 26 | 1,706 | 2,056 | 2,779
10 | 1,81 | 223 | 3,17 | 27 | 1,703 | 2,048 | 2,771
11 | 1,80 | 2,20 | 3,11 | 28 | 1,701 | 2,045 | 2,763
12 | 1,78 | 2,18 | 3,06 | 29 | 1,699 | 2,045 | 2,756
13 | 1,77 | 2,16 | 3.01 | 30 | 1,697 | 2,042 | 2,750
14 | 1,76 | 2,15 | 2,98 | 40 | 1,684 | 2,021 | 2,705
15 | 1,75 | 2,13 | 2,95 | 60 | 1,671 | 2,000 | 2,660
16 | 1,75 | 2,12 | 2,92 | 120 | 1,658 | 1,980 | 2,617
17 | 174 | 2,01 | 290 | o | 1,645 | 1,960 | 2,576
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Ilpunoscenue 2

Tabnuya 3nauenuii F-kpumepus @uuiepa na yposne snavumocmu a= 0,05 u
yucne cmeneneii c60600ui dfi u df>

Yucno Yucno cmeneneii c60600ut df;
cmeneneil
6000061 1 2 3 4 5 6 7 8 9 10
df:
1 161 | 200 | 216 | 225 | 230 | 234 | 237 | 239 | 241 | 242
2 18,51 119,00 | 19,16 | 19,25 19,30 | 19,33 | 19,36 | 19,37 | 19,38 | 19,39
3 10,13 9,55 | 9,28 | 9,12 | 9,01 | 8,94 | 8,88 | 8,84 | 8,81 | 8,78
4 7,71 | 6,94 | 6,59 | 6,39 | 6,26 | 6,16 | 6,09 | 6,04 | 6,00 | 596
5 6,61 | 5,79 | 541 | 5,19 | 5,05 | 4,94 | 4,88 | 4,82 | 4,78 | 4,74
6 599 | 5,14 | 476 | 4,53 | 4,39 | 428 | 421 | 4,15 | 4,10 | 4,06
7 5,59 | 4,74 | 435 | 412 | 397 | 3,87 | 3,79 | 3,73 | 3,68 | 3,63
8 5,32 | 446 | 4,07 | 3,84 | 3,69 | 3,58 | 3,50 | 3,44 | 3,39 | 3,34
9 5,12 | 426 | 3,86 | 3,63 | 3,48 | 3,37 | 3,29 | 3,23 | 3,18 | 3,13
10 496 | 4,10 | 3,71 | 3,48 | 3,33 | 3,22 | 3,14 | 3,07 | 3,02 | 2,97
11 4,84 1 398 | 3,59 | 3,36 | 3,20 | 3,09 | 3,01 | 2,95 | 2,90 | 2,86
12 4,75 | 3,88 | 3,49 | 3,26 | 3,11 | 3,00 | 2,92 | 2,85 | 2,80 | 2,76
13 4,67 | 3,81 | 3,41 | 3,18 | 3,02 | 2,92 | 2,84 | 2,77 | 2,72 | 2,67
14 4,60 | 3,74 | 3,34 | 3,11 | 2,96 | 2,85 | 2,77 | 2,70 | 2,65 | 2,60
15 4,54 | 3,68 | 3,29 | 3,06 | 2,90 | 2,79 | 2,70 | 2,64 | 2,59 | 2,55
16 4,49 | 3,63 | 3,24 | 3,01 | 2,85 | 2,74 | 2,66 | 2,59 | 2,54 | 2,49
17 4,45 1 3,59 | 3,20 | 2,96 | 2,81 | 2,70 | 2,62 | 2,55 | 2,50 | 2,45
18 441 | 3,55 | 3,16 | 293 | 2,77 | 2,66 | 2,58 | 2,51 | 2,46 | 2,41
19 4,38 | 3,52 | 3,13 | 290 | 2,74 | 2,63 | 2,55 | 2,48 | 2,43 | 2,38
20 4,35 | 3,49 | 3,10 | 2,87 | 2,71 | 2,60 | 2,52 | 2,45 | 2,40 | 2,35
21 432 | 347 | 3,07 | 2,84 | 2,68 | 2,57 | 2,49 | 2,42 | 2,37 | 2,32
22 4,30 | 3,44 | 3,05 | 2,82 | 2,66 | 2,55 | 2,47 | 2,40 | 2,35 | 2,30
23 4,28 | 342 | 3,03 | 2,80 | 2,64 | 2,53 | 245 | 2,38 | 2,32 | 2,28
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24 426 | 3,40 | 3,01 | 2,78 | 2,62 | 2,51 | 2,43 | 2,36 | 2,30 | 2,26
25 4,24 | 3,88 | 2,99 | 2,76 | 2,60 | 2,49 | 241 | 2,34 | 2,28 | 2,24
26 4,22 | 337 | 298 | 2,74 | 2,59 | 247 | 2,39 | 2,32 | 2,27 | 2,22
27 421 | 335|296 | 2,73 | 2,57 | 2,46 | 2,37 | 2,30 | 2,25 | 2,20
28 420 | 3,34 | 2,95 | 2,71 | 2,56 | 2,44 | 2,36 | 2,29 | 2,24 | 2,19
29 4,18 | 3,33 | 293 | 2,70 | 2,54 | 2,43 | 2,35 | 2,28 | 2,22 | 2,18
30 4,17 | 3,32 |1 292 | 2,69 | 2,53 | 2,42 | 2,34 | 2,27 | 2,21 | 2,16
40 4,08 | 3,23 | 2,84 | 2,61 | 2,45 | 2,34 | 2,25 | 2,18 | 2,12 | 2,07
50 4,03 | 3,18 | 2,79 | 2,56 | 2,40 | 2,29 | 2,20 | 2,13 | 2,07 | 2,02
60 4,00 | 3,15 | 2,76 | 2,52 | 2,37 | 2,25 | 2,17 | 2,10 | 2,04 | 1,99
100 394 | 3,09 | 2,70 | 2,46 | 2,30 | 2,19 | 2,10 | 2,03 | 1,97 | 1,92
0 3,84 1299 | 2,60 | 2,37 | 2,21 | 2,09 | 2,01 | 1,94 | 1,88 | 1,83

48




