[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0
NHbopmaums o Bnagenbue:
®WO: NMetposckas AHHa BuktoposHa

ﬁgf:;g;;;cg:aikgipos 2075 13443 K OCHOBHOH Mpo[peccHOHAIBbHON 00pa3oBaTeNbHON MporpaMMe

ViuKanbHbll NPOMaMMHbIA KNIOH: o HAINPABJIEHHIO OJATOTOBKU 09.03.03 [Ipuknagnas
798bda6555fbdebe827768f6f1710bd17a9070c31fdc 1 HEHHRORMATES 299

[Ipunoxenue 6

HanpaBiICHHOCTD (HpO(bI/I.HB) mporpamMmaI HpI/IKHaI[HaSI
nH(popMaTHKa B IKOHOMHKE

MuHHCTEpPCTBO HAYKH U BbicIIero oopasosanusi Poccuiickoii @enepanun

(enepanbHoe rocyrapcTBeHHoe 0101KeTHOEe 00pa30BaTe/IbHOE YUpe:KIeHHe
BbICIIET0 00pa30BaHUA
«Poccuiickuii 3xoHoMuuyeckuil yausepcurer umenu I'.B. Ilnexanosa»

Kpacnonapckuit puiman PIOY um. I'. B. [liexanosa

cDaKy.TIBTCT 9KOHOMHKH, MCHCIPKMCHTA U TOPTOBJINU

Kadenpa Gyxranrepckoro ydera u aHaau3a

O EHOYHBIE MATEPHUAJIbBI

no nucnunaune MarTeMaTHyecKoe M HMHUTAIIMOHHOE MOACJIUPOBAHUEC

HanpasJ/ieHue noaroToBKu 09.03.03 [Ipuxkaagnas nHpopmMaTuka
Hanpasaennocts (mpo¢puib) nporpammsel  [Ipukiaagnas nagopMaTHKa B IKOHOMHKeE

YpoBenb Bbiciiero oopasopanusi  bakanagpuam

T'ox gayana moarorosku — 2022

Kpacnonmap — 2021 r.



CocrtaBuTens:
Crapmmit mpenoaBarens Kageapbl OyxraaTepckoro yuera u anainusa JI.A. BunckoBckas

OrneHovHBIC MaTepHaibl OJOOPEHBI Ha 3acelaHuu Kadeapbl OyXTalTEepCKOro ydeTa W aHajau3a
Kpacnonapckoro ¢punuana POY um. I'.B. IInexanosa nmpotokon Ne 1 ot 30 aBrycra 2021 r.

OrneHouHble MaTepHalibl COCTABJICHBI Ha OCHOBE paloueil mporpaMMbl IO JAUCHUILIMHE
«MaTtemaTH4eckoe W HMUTAIMOHHOE MOJICIMPOBAHME», YTBEPXKAECHHON Ha 3acegaHuu 0az0BOit
kadeapel MaTeMaTn4eckux METOJ0B B SKOHOMHKE (peiepaIbHOI0 TOCYJapCTBEHHOTO OIOIKETHOTO
00pa3oBaTeNbHOTO  YYpPEXKIACHUs  BbICIIero  oOpazoBaHus  «PoccHiCKM ~ AKOHOMHUYECKUM
yauBepcurera umenu [.B. IlnexanoBa» mporokonm Ne 12 or 28 ampenst 2021r., pazpaGoranHON
aBTOpaMu:

[ykuna H.A., no1eHT, K.T.H., JOIEHT KadeIpbl MATEMaTHUYECKIUX METOJIOB B SKOHOMUKE



OLEHOYHBIE MATEPUAJIbI

Ilo nucnunianne MateMaTuyeckoe U MMUTAIIMOHHOE MO/IeJIMPOBaHNeE

NEPEYEHb KOMITIETEHIIUHI C YKA3AHUEM PE3YJIbTATOB
OBYYEHMUA U OTAIIOB UX POPMUPOBAHUA 110 JTUCHUIIVIMHE

®opmupyemMble HNuaukatopsl Pe3yabTaThl 00yyeHus (3HAHUS, HaumenoBaHue
KOMIIeTeHU MU JOCTHKEHUSI YMeHust) KOHTPOJHPYEMBbIX Pa3/ieJioB U
(xkox m KOMIIETeHIM i
HAUMEHOBaHHe (ko u
KOMIIeTeH M H) HauMMeHOBaHHe
MHANKATOPA)

VYK-2. Cnocoben VYK-2.2. Beibupaer VK-2.2. 3-1. 3naeT ocHOBHBIE Tema 3. Teoperndeckue OCHOBBI
OTIPENIEIATh KPYT ONTHUMAJIEHBIE METOABl TPUHSATHS PEUICHUH, B U WHCTPYMEHTAIBHBIC CpPEICTBA

3aj1a4y B paMKax

CITOCOOBI PeTIeHUs

TOM YHUCJIC B YCIIOBUAX PUCKA U

UMHUTAITUOHHOTO MOJCIIUPOBAHUA

MTOCTaBJICHHOW IIeTTH U | 3a7a4, NCXOMS U3 HEOIPeeIEHHOCTH
BEIOMpATH JIEHCTBYIOIINX
ONTUMAaJIbHbIE IIPaBOBBIX HOPM, VK-2.2. V-1. ¥YMeeT npoBOIUTH Tema 3. TeopeTndyeckne OCHOBHI
crocoOBI UX HMEIOIIUXCA MHOTO()aKTOPHBIIN aHAIN3 U WHCTPYMEHTAIBHBIC CpPEICTBa
peIleHHs, UCXOJ U3 | PECYpCOB U 3JIEMEHTOB IPEAMETHON 00aCTH | WMHUTAIMOHHOTO MOJEIINPOBAHHS
JIEHCTBYIOIINX OrpaHHYCHUH JUTSL BBISIBIICHHSI OTPaHUYCHUI ITpH
MIPaBOBBIX HOPM, TNPUHATHHA PEIICHUN
HUMCHOIIUXCA
pecypcoB u
OTpaHUYEHUil
OIIK-1. Cnocoben OIIK-1.1. OIIK-1.1. 3-1. 3naer ocHoBHele | Tema 3. Teoperuueckue OCHOBBI
MIPUMEHSTH Dopmanuzyer TIOHATHS U OTIPENIeNIeHUs 0a30BhIX | U HHCTPYMEHTAJbHBIC CpEICTBA
€CTECTBEHHOHAYYHbIC | CTaHAApPTHEIC pa3znemnos SKOHOMUKH, | UMHUTAIMOHHOTO MOJEITNPOBAHHS
1 OOIIeHHKEHEPHBIE npodeccrnoHaIbHbIE MaTeMaTHKH, CTaTUCTHKH, | Tema 4, MopenupoBanue
3HAHUS, METOBI 3a71a49u C BBIYUCITUTEITFHON TEeXHUKH, | TUCKPETHO-COOBITHHHBIX CHCTEM
MaTeMaTHIECKOTO TIpUMEHEHHEM TIPOTPaMMHUPOBAHHS Tema 6. MeToabl areHTHOTO
aHaIM3a u €CTECTBEHHOHAYYHBIX MOJICIIMPOBAHHMS
MOJETUPOBAHUS, U OOIIEHH)KEHEPHBIX OIIK-1.1. V-1. VYmeer | Tema 4. MopenupoBanue
TCOPETUICCKOTO U 3HAaHWH, METO/IOB OCYWIECTBIIATh cOop, | AMCKPETHO-COOBITHHHBIX CHCTEM
9KCIEPUMEHTAIBHOTO | MAaTEMaTH4ECKOTro CHCTEMaTH3ALHIO,
HCCIIeZIOBAHUSI B aHaamM3a u (hopmanuzaimio, HHTEPIPETALHMIO,
npodeccHoHaNbLHON MO/JICITMPOBAHHMS NEepBUYHYI0 00pabOTKy M aHaJU3
JIESITeTBHOCTH JaHHBIX  JJISI  HCCIEOBaHUS

KOHKPETHBIX SKOHOMMYECKUX

CUTyallu{d, WCHONB3YsS METOJBI

MaTeMaTH4ecKOTo,

CTaTUCTHYECKOTO,

SKOHOMHYECKOTO  aHallM3a W

MOJISITUPOBAHHS

OIIK-1. Cnocoben
MPUMEHSTh
€CTeCTBEHHOHAYYHbIC
1 00OLIENH)KEHEPHBIE
3HAHUSI, METOJIBI
MaTeMaTHIECKOTO
aHanm3a u
MOJICITAPOBAHHS,
TEOPETHUECKOTO U
9KCIIEPUMEHTAIBHOTO
HCCIIEIOBAHMNS B
npoeCCHOHATBHOMN
JeATEIbHOCTH

OIIK-1.2. Ilpumenser
€CTECTBEHHOHAYYHbIC
1 00LIENH)KEHEPHBIE
3HaHMS, METO/IBI
MaTeMaTH4ecKoro
aHaIM3a u
MOJIETTMPOBAHHMS IS
pemeHus
Ipo¢heCCHOHATHHBIX
3amaq

OIIK-1.2. 3-1. 3Haer OCHOBHEBIE
METOJBI HCCIICJIOBAHUS, MPHEMBI

u HWHCTPYMCHTBI
MaT€MaTu4YCCKoOro,
CTaTUCTHYCCKOI'O,
OKOHOMHUYECCKOI'O aHaliu3a n

MOZCIUPOBAHUA

Tema 1. OcHOBHBIE TOHATHA
MaTEMaTHYECKOrO it
MMUTAIMOHHOTO MOJIEJIUPOBAHUS
CHCTEM H MPOLIECCOB

Tema 2. Mogenu OHOTOTMYECKUX
aHAJIOTHHA

Tema 4. MopenupoBanue
JIUCKPETHO-COOBITHHHBIX CUCTEM

OIIK-1.2. VY-1. ¥Ymeer pemaTh
NPUKIAJHBIE 3a[a4, HCIOJb3Ys

€CTECTBEHHOHAYYHbIC "
00IIeHH)KEHEPHBIE 3HAHMUS,
METOJBI ONTUMU3AIMH, METOJIbI

Tema 2. Mozenu OHOJOTHYECKHX
aHAJIOTUH

Tema 4. MopenupoBanue
JIUCKPETHO-COOBITHHHBIX CUCTEM
Tema 6. MerToapl areHTHOTO

3




MATEMAaTHYCCKOTO  aHaliu3a | | MOJCIMPOBAHHUS
MOJICTTUPOBAHUS
OIIK-1.2. v-4. VYmeer | Tema 2. Moaenu OHOJIOTHYCCKHUX
HCIIOJI30BaTh ~ MAaTeMaTHUYECKUE | aHAJIOTHi
METOJIBI M MOJCHH, ajcKkBaTHbIe | Tema 4. MoaenupoBanue
LeJsIM u 3a7a4aM 1 | JUCKPETHO-COOBITUHHBIX CHCTEM
HMHTEPIIPETUPOBaTh IoJsydeHHble | Tema 5. Meroabl CcUCTEMHOH
pe3yabTaThl MPUMEHHUTEIBHO K | TUHAMUKU
MOJETUPYEMOIi CUCTEME Tema 6. MeToabl areHTHOTO
MOJICIAPOBAHUS
OIIK-6. Cniocoben OIIK-6.1. ITpumensier | OIIK-6.1. 3-3. 3naer ocHoBHbie | Tema 1. OCHOBHBIE MOHSITHS
aHATM3UPOBATh U Y aJaNTHPYCT METOJBI | MOHATUS, HCIONb3yeMbIC JUISl | MATEMAaTHYECKOTO u
pa3pabaTbIBaTh TEOPUH CUCTEM U MaTeMaTHYECKOTO OMHCAHKsI | AMUTALIMOHHOTO MOJICITUPOBAHHUS
OpraHU3aIMOHHO- CHCTEMHOI0 aHaIM3a, | 3a1a4 npoQECCUOHATIBHOM | CHCTEM U MPOLIECCOB
TEXHUYECKHUE U MaTeMaTHYECKOTO, JIEATEIBHOCTH W coBpeMeHHbIN | Tema 3. TeopeTmueckne OCHOBBI
SKOHOMHYECKHE CTATHCTHYECKOTO U MaTeMaTHYeCKHui U WHCTPYMEHTAIBHBIE CpPEICTBa
TIPOIIECCHI C HMHTAIHOHHOTO WHCTPYMEHTapHA AMUTAIMOHHOTO MO/ICITHPOBAHHS
TIpUMEHEHHEM MOJICITAPOBAHHA,
METOJI0OB CUCTEMHOTO | METOJbI OIIK-6.1. V-1. Ymeer | Tema 3. TeopeTndyeckne OCHOBBHI
aHalu3a u HCCIIEeIOBAHUS AHATM3UPOBATh U | I WHCTPYMEHTAJbHBIE CPEACTBA
MaTeMaTHYECKOTO MaTeMaTH4YeCKUX WHTEPIPETHPOBATE  PE3YyIbTATHl | UMHTAIIHOHHOTO MOICITHUPOBAHMUS
MOJIEITUPOBAHUS MoJieNien s pacueroB o noctpoeHHslM | Tema 4. MopenupoBanue
aBTOMAaTHU3allUY 337a4 | MaTEMaTHYeCKUM  MOJEISAM B | TUCKPETHO-COOBITHHHBIX CUCTEM
MIPUHATHS pEeLICHUN paMkax moctaBieHHBIX | Tema 5. MeToasl CHCTEMHOMU
npo¢eCCUOHATBHBIX 3a7a4 MHAMHKH
OIIK-6. Cniocoben OIIK-6.2. [Tpumensier | OIIK-6.2. 3-1. 3uaer | Tema 5. Meronsl CHCTEMHOM
aHATM3UPOBATh U U alalTUPYET TPaIUIMOHHBIC M COBPEMCHHBIC | TUHAMHUKU
pa3pabaTrbeIBaTh 5KOHOMHMKO- MTOAXObI K TIPUHSTHIO
OpraHU3aIMOHHO- MaTeMaTHYEeCKUe YIOpaBIEHYECKAX peIIeHHH Ha
TEXHUYECKHUE U MOJICITH JIJISt OCHOBE TIPUMEHEHHWs METOJOB
SKOHOMHYECKHUE TIPUHSATHUL ONTHUMHU3AIUU
IIPOLIECCHI € ONTUMAJIBHBIX OIIK-6.2. Vv-2. Ymeer | Tema 5. MeToasl CHUCTEMHOM
MIPUMCHCHUEM yIpaBIeHYECKUX HCIIOJIB30BaTh pasIuYHbIe | JUHAMHKH
METOJIOB CUCTEMHOTO | pelleHui MOJICIM ¥ METOJbl IPUHATHS
aHam3a u VIOPaBJICHYECKAX  PCHICHHHA |
MaTeMaTHYECKOTO MPOBOJUTH KOMIUICKCHBIA aHAIIN3
MOJIETUPOBAHUS JUHAMHYECKMX  SKOHOMHYECKUX
MPOLIECCOB JUTSE TIPUHSATHS
HAYYHO-00OCHOBaHHBIX PEUICHUN
OIIK-6.2. V-3. | Tema 5. Meroasl CHCTEMHOMR
YMeeTOoCymECTBIAT aHallu3 | JUHAMUKH
aJbTEPHATUBHBIX BapHAHTOB C

[EeNBI0 TMPUHATHS PaMOHAIHHBIX
peuieHui




METOINYECKHUE MATEPHUAJIbI, XAPAKTEPU3YIOIIUE 3TAIIbI
®OPMHUPOBAHUSI KOMIIETEHIIAM

Ilepeyens y4eOHBIX 32 JaHUI HA AYIUTOPHBIX 3AHATHAX

Ilepeyensb BONpPOCOB /151 MPOBEIEHNs ONMPOca

Tema 1. OcHOBHbIE NOHATHA MATEMATHYECKOT0 M HMHTALHMOHHOIO MOJACTUPOBAHUA CHCTEM H
nmpoumeccon

e e

[TonsTHE MOZIENN ¥ MOZEINPOBAHUSL.

Knaccudukanus moaesneit. TUNbI MOJENUPYIOIINX OTHOILIECHUH.

O06nacTy NpUMEHEHUS! UMUTAIIHOHHOT'O MOJIEINPOBAHUSL.

OCHOBHBIE TOJI0’KEHUS IMUTAIIMOHHOTO MOJIEIMPOBAHUS.

JloCTOMHCTBA U HEJOCTATKY UMUTALMOHHOTO MOJICIIUPOBAHHUS.

IIyTtu peanu3zanuu UMUTaIIMOHHBIX MOJETIEH.

UYro obmiero B nporeaypax OLEHKH aJIeKBaTHOCTH U BepU(pUKANH UMUTAIIMOHHOW Moienn?

Uro sBiseTcs MEpOH TOYHOCTH IOIYYEHHBIX PE3YIbTaTOB MOJEIMPOBAaHMS M KaK MOXKHO IIOBBICHTH TOYHOCTH
PE3yJIbTATOB MOAEITUPOBAHUS?

Tema 2. MoaeJiu O0MOJIOrHYECKUX AaHAJIOTHI

1.

W

HaiinuTe ananoruu noBeneHus 6akTepuil ¢ pe3ybTaTaMHU B3aMMOICHCTBHSI XO3SICTBEHHON NEATEIIBHOCTH JIIOACH C
OKpYyXarouieu cpenoil.

Kakoe nuddepeHnmansHoe ypaBHEHHE OMKCHIBACT MOJICNIb €CTECTBEHHOro pocra? Kakue mporiecchl MOIEIHUPYET
JIaHHO€ ypaBHEHUe?

Yro Takoe noructuyeckas kpusasi? Kakue mpoueccsl 0Ha OMUCHIBAET?

IIpuBeanTte mpuMepbl HEMPEPHIBHBIX U TUCKPETHBIX MOJIENICH MOMYJISIIIUN.

[IpuBenure mpuMepsl 000OIIIEHHBIX MO/IEIeH B3aUMOJICHCTBHUS IBYX BHIOB.

Tema 3. TeopeTnyeckue 0CHOBbI 1 HHCTPYMEHTAJIbHbIE CPEeICTBA MMUTALIMOHHOI'O
MO eJIMPOBAHUSA

NN B DD

CoopmynupyiTe OCHOBHBIC METO/IbI MOIEINPOBAHUS CITyYaHHBIX YHCEL.

[Toyemy anropuTMUYECKHE AATYMKH PABUIIBHO HA3bIBATh JaTYNKAMHM IICEBIOCITYYalHBIX Yncein?
CoopmynupyiTe NpOCTEHIIYIO CXEMY CTAaTHCTHYECKOTO MOAEIHPOBAHUSL.

Yto Ha3BIBACTCS BEpXHEH rpaHUIICH OMMMOKH M BEPOSTHON OIMMOKOM B METO/Ie CTATUCTHIECKOTO MOJISITUPOBAHMSI?
B uem coctout oTiHdre BpeMEHH MOACITHPOBAHUSI OT MOJCIHFHOTO BPEMEHH?

ChopmynupyiitTe anropuTMBI IPOIBIKEHUS MOICTIHHOTO BPEMCHH.

OT 4ero 3aBHCUT BEIOOP METO/a PeaTn3alii MEXaHH3Ma MOJCITHFHOTO BpeMeHH?

MMuTannonHas MOAEIh OIICHKH PHCKAa WHBECTUIIMOHHOTO IPOEKTa IO IPOU3BOCTBY MPOIYKTa.

Tema 4. MoaenupoBaHue TUCKPETHO-COOBITHITHBIX CHCTEM

1.
2.
3.

4.
5.

B kakux TepMHHAX OCYIIECTBIIACTCS (hOpMANTH3aIUs MOJACIH PU AUCKPETHO-COOBITHITHOM MOaX0/1e?

KaxoBa npaktuyeckasi (pUMEHUMOCTh UIMUTAMOHHBIX Mojenel niust CMO?

KakoBa mocnenoBaTeabHOCTh MOCTPOCHHS HMHUTANHOHHOW Mojenmn CMO? Kakue KOMITOHEHTHI IEIeco00pa3Ho
UMETH B MOJen?

Uro coboii mpeacrapmuser cucreMa cBsi3u kak CMO?

KakoBa meTonnka co3aHust ONITUMHU3AIMOHHOTO SKCIIepUMeHTa ipr MoaenupoBaanu CMO?

Tema 5. MeToabl CHCTEMHON JTHHAMUKH

RN

ChopmynupyiiTe OCHOBHBIC KOHIICIIIIUA CUCTEMHOW THHAMHKH.

ITocnenoBatenbHOCTh STANIOB CUCTEMHO-IUHAMHUUECKOTO MOIETUPOBAHUSL.

ITocTpoeHre KOHLIENTYaNbHBIX MOJIEIeH Y KOHOMUYECKUX CUCTEM U MPOIIECCOB.

ITosicHuTe BO3MOXKHOCTH SI3bIKA MOTOKOBBIX JAMAarpaMM M AHAarpaMM NPUYUHHO-CJIEICTBEHHBIX CBSA3EH AJIsi ONUCAHUs
oOmmelf CTPYKTYpHl W IWHAMHKH CIOXXHOH cHCTeMBbl. OxapakTepu3yiiTe IUTIOCBI M MHHYCHl 3THX TpadOBBIX
NPEACTABICHUI TUHAMUYECKOW CUCTEMBI.



5. Cnenmyet 11 U3 OTPULATENBHOCTH BCEX MOTYKOHTYPOB 3HAKOBOTO oprpada ero abCcomroTHasi yCTOWIHBOCTD TSI BCEX
MPOCTBIX UMITYJIbCHBIX IIPOLIECCOB?

6. Mosxer M B3BEemIEHHBIH oprpad coiepkaTh KOHTYPHI, €CIH ero coOcTBeHHble 3HadeHHs paBHBI 0?7 [lpuBectn
IpUMep.

7. Hcnonp3ys TeopHio OOOOUICHHBIX pPO3, OOBSICHUTH, IMOYEMY OHH OOBIYHO HEYCTOHYMBBI, €CIH OOIBIIMHCTBO
KOHTYPOB HMEET OANHAKOBBIN 3HAK?

8. TlosicHuTe cMbICT a0COTIOTHON M UMITYJIbCHOW YCTOMYMBOCTH B MOJIEIISIX SKOJIOTHYECKUX CHCTEM.
«[TayrrHOOOpa3Has» Mozesb GUPMEI (paBHOBECHE HAa KOHKYPEHTHOM PBIHKE).

10. OnummTe MOIX0X K IPOCKTUPOBAHUIO MHTETPUPOBAHHON CHCTEMHO-IMHAMHYECKOM MOJENN KpyNHOW HedTsHOi
KOMITaHHH.

11. B uem mpeumylecTBa MCIOJIBb30BaHHUS METOJOB CHCTEMHOW IMHAMUKHU ISl Pa3padOTKH CTpaTerud OaHKOBCKOM
rpynmnsl?

12. C nomomrpro kakux mokazateneii (KPI) moxHO omneHHTh 3(Q(GEKTHBHOCTH cTpaTerud, 3PQeKTHBHOCTH OWM3HEC-
MIPOIIECCOB B KaXKIOM CETMEHTE JMHAMHUECKOW Mozenu mpeanpusatua? Uro maer B ynpaBieHHH W (POPMHUPOBAHUU
CTpaTeTruy Pa3BUTHS NPEANIPUATHS aHAIN3 TUHAMHUKH 3THX TOKa3aTesei?

Tema 6. MeToAbI AT€HTHOI'0 MO/1eJINPOBAHUS

B uem cyTparenTHOr0 MozenupoBanusi? Kakoe 3HaueHne UMeeT KapTa COCTOSHHUI B areHTHOM MOJICITHPOBAHUH?
CdhopmynupyiiTe OCHOBHBIE OHATHS aT€HTHOT'O MOJICTUPOBAHHUS.

CdopmynupyiiTe TUTMIHBIE CBOMCTBA areHTa.

Kak mpu MynbTHareHTHOM MOJICIIMPOBAHUM pEAU3yeTcs B3aMMOACHCTBHE areHTOB JIPYT C IPYroM M BHEIIHEH
cpenoit?

Kak M0XHO peICTaBUTh MPOCTPAHCTBEHHYIO AUHAMUKY areHTOB?

OmummTe npouenypy pa3paboTku areHTHOH Monenu B AnyLogic.

7. OnumuTe MOIXOX K IPOSKTHPOBAHUIO areHTHOM MOJENH MOBEAEHHs TOJIbl Jioged. Kakum o00pa3oM MOXKHO
peanu3oBaTh SJKOHOMUYECKYIO JUHAMUKY areHTOB C Y4€TOM UX B3aUMOJeHCTBUA?

b=

AN D

Kpurepun onenku (B 0a/1ax) mo Kaxaoi tremMe 0T1eJabHO:

20 0a/JI0B BBICTABISAETCS OOydJaIOMIEMYyCs, €CTi BEPHO M B TMOJHOM 00beMe 3HAeTOCHOBHBIC METOMBI  MPHUHSITHI
pELICHHIA, B TOM YHCIIE B YCJIOBHUSIX PHCKA U HEOMPEICICHHOCTH; OCHOBHBIC MOHSTHS U OTpe/ielieHns] 0a30BbIX pa3/iesioB
9KOHOMHUKH, MAaTEMAaTHKH, CTAaTUCTUKH, BBIUYUCIMTEILHON TEXHUKH, MPOrPaMMHPOBAHHUS; OCHOBHBIE METObI
HCCIICIOBAHMs, MNPUEMbl M HHCTPYMEHTHl MAaTeMaTHYECKOrO, CTATHCTUYECKOr0, 3KOHOMHYECKOTO aHalu3a |
MOJICIIUPOBAHUsI, OCHOBHBIC MOHSATHS, HCIOJB3yeMbIC I MATEMaTHYCCKOTO OIMHMCaHHs 3amad MpodeCCHOHATBHON
JeSITCIPHOCTA W COBPEMCHHBIA MATEMAaTUYECKHHA HMHCTPYMCHTAPHIl, TPAJIUIIMOHHBIC ¥ COBPEMCHHBIC IOAXOIBI K
MPUHATHIO YIPABICHYCCKUX DPEIICHUI Ha OCHOBE MPHUMCHCHHS METOIOB ONTHMH3AIMH; BEPHO W B MOJHOM 00beme
YMEETIPOBOAUTh MHOTO(AKTOPHBIH aHAJN3 3JIEMEHTOB MPEIMETHOW 00JacTH s BBIABICHHS OTPAHUYCHUH TMpU
MPUHSATUH PEHICHUI; OCYIIECTBIATh COOP, CUCTEMATH3AIINIO, (hOPMATTU3AIMIO, HHTEPIPETALMIO, IEPBUUHYI0 00pabOTKY
1 aHaJIn3 JaHHBIX JJId HUCCICAOBAaHUSA KOHKPCTHBIX 3KOHOMHYCCKUX chyauMﬁ, HCIOJIb3ysd METOAbI MATEMATUYCCKOIO,
CTATUCTUYECKOT0, 9SKOHOMHUYECKOTO aHalk3a ¢ MOJCIUPOBAHMS, peliarh [PUKIAHbIC 3a1add, HCIOJb3Ys
€CTECTBEHHOHAYYHbIC M OOLICHH)XCHEPHBIC 3HAHUS, METOJbl ONTHUMHU3AIMU, METOJbl MAaTEMAaTHYECKOTO aHalInu3a U
MO/JICTMPOBAHHUS; KCIIOIB30BATh MATEMATHYCCKUE METOIbI U MOJICNH, aJIcKBAaTHBIC LIESIM U 33/]a4aM U MHTEePIPETUPOBATh
MOJYYEHHBIC PE3YJIbTAThl MPUMEHHUTEIHHO K MOJCIUPYEMOi CHCTEME; aHATM3UPOBATh U UHTEPIPETUPOBATH PE3yIbTATHI
pacyeToB MO TOCTPOCHHBIM MATEMATHYECKUM MOJCISIM B paMKaxX IIOCTABICHHBIX MPOPECCHOHATBHBIX 33]ad;
HCIIOJIb30BaTh PA3MMYIHBIC MOJEINA M METObI MPUHSITHS YIPABICHICCKUX PEIICHUN U MPOBOJUTH KOMITJICKCHBIN aHAH3
JUHAMHUYCCKUX OKOHOMHUYCCKUX MPOUECCOB IJIA MPUHATUA Hay‘IHO-O6OCHOBaHHI)IX peHIeHPIﬁ; OCYIIECTBJIATEL aHaAJIU3
AJIBTCPHATUBHBIX BAPUAHTOB C LCJIbIO IPUHATHUA pPallUOHAJIBbHBIX peHIeHPIfI.

17 ©6annoB BbICTaBIIETCS OOYyJArOIIEMYCs, €CIUC He3HAYUTEJbHBIMM 3aMeYaHHUAMH 3HAETOCHOBHBIE METOJIBI
MIPUHATHS PEIICHU, B TOM YHCIIE B YCJIOBHIX PUCKA U HEOTIPEIEIEHHOCTH; OCHOBHBIE TTOHATHS U ONpeeNeHus 6a30BhIX
pa3nenoB YKOHOMHKH, MAaTEMAaTHKH, CTATUCTHKH, BBEIYUCIUTEIHHON TEXHHUKH, MPOTPaMMHUPOBAHUS; OCHOBHEIC METOIBI
HCCIICAOBAHMS, TPUEMBI W HWHCTPYMCHTBI MAaTEMaTHYECKOTO, CTAaTHCTUYECKOTO, HSKOHOMHYECKOIO aHajm3a |
MOJICIIUPOBAHUSI, OCHOBHBIC MOHSTHSI, HCIOJB3yeMBIC I MATEMaTHYCCKOTO OIMCaHHs 3amad MpoecCHOHATBHON
JESTETPHOCTH M COBPEMCHHBIM MAaTEMAaTHYCCKHH HWHCTPYMCHTApWi, TPaJUIMOHHBEIE W COBPEMCHHBIC ITOAXOIBI K
MPHUHATHIO YIPABIICHYCCKUX PEIICHWH HAa OCHOBE IPUMCHEHUS METOAOB ONTHMHU3AINK, € HE3HAYHTEIbHBIMHA
3aMe4YaHHsIMH YMEeTIPOBOJIUTH MHOTO(AKTOPHBIM aHalu3 3JEMEHTOB MpPEIMETHON 00JacTH Uil BBISIBICHUS
OTPaHWYEHUI TPH NPHUHATHH PEUICHHH; OCYIIECTBIATH COOp, CHCTEeMaTH3aIHio, (OpMaIN3AINI0, WHTEPIPETALHIO,
MEePBUYHYI0 00pabOTKy M aHaJNW3 JAaHHBIX IS HCCICJOBAHUS KOHKPETHBIX SKOHOMUYECKHX CHTYalHH, HCIIONB3YS
METOJBI MaTeMaTHYECKOTO, CTATUCTHYECKOTO, PKOHOMHUYECKOTO aHajh3a M MOJEIMPOBAHUS; pellaTh IPUKIaTHBIC
3a0a4d, WCHOJNB3ySd CCTECTBCHHOHAyYHBIE W OOIICHH)KCHEPHBIC 3HAHWSA, METONBl ONTHMH3AIHH, METOIBI
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MaTeMaTHYECKOTO aHaJII3a M MOJCIUPOBAHMS; HCIIONB30BATh MATEMATHIECKHE METOIBI M MOJACTH, aJeKBAaTHBIC IICTISAM U
3amadaM M MHTEPIIPETUPOBATH MONyYeHHBIE Pe3yabTaThl MIPUMEHHUTEIHFHO K MOJCIHPYEMOH CHUCTEME; aHaJH3HUpOBaTh U
HHTEPIPETHPOBATE PE3YNbTAaTHl PACUYETOB IO ITOCTPOEHHBIM MAaTEMAaTHYeCKHM MOJENsIM B pPaMKax ITOCTABICHHBIX
po¢eCCHOHANBHBIX 3a/ad; WCIONb30BaTh PA3NWYHBIE MOJECNHA W METOIBI NPWHATHSA YIPABICHYSCKUX PpEIICHUH Hu
MIPOBOJIUTHh KOMIUJICKCHBIM aHaIW3 AWHAMHYECKUX SKOHOMHYECKHX IPOIECCOB UISI MPUHATHS HAayYHO-0OOCHOBAHHBIX
PEIIeHMIA; OCYIIECTBIATh aHAIH3 aJTbTEPHATHBHBIX BAPHAHTOB C MEJIBI0 MIPUHATHS PAIlHOHATBHBIX PEIICHUN

14 6annoB BhICTABIsICTCS 00YYaIOIEMYCsl, ECIIHA 6230BOM YPOBHE, ¢ OIIMOKAMH 3HAETOCHOBHBIC METOIBI PUHSITHUS
PELLICHUil, B TOM YHCIIE B YCIIOBUSAX PHCKA U HEONPEICIICHHOCTH; OCHOBHBIC IOHSTHS M ONpeielieHNs] 0a30BbIX pa3/iesioB
SKOHOMHKH, MAaTEeMaTUKM, CTaTUCTHKH, BBIYMCIUTEIBHON TEXHHMKH, MNPOrpaMMHPOBAHUS; OCHOBHBIE METOBI
UCCIICIOBaHMs, TPUEMBI M HHCTPYMEHTBl MaTeMaTHYECKOro, CTAaTHCTUYECKOr0, HSKOHOMHYECKOIO aHajau3a |
MOJICTIMPOBAHMS; OCHOBHBIC MOHSTHS, HCIOJIb3yeMblE JUIS MaTeMaTHYeCcKOro ONHCAaHMs 3a1ad Npo(dhecCHOHAIBLHOM
JIESITENPHOCTH M COBPEMEHHBIM MAaTeMaTHYeCKHH WHCTPYMEHTAapuil; TPaJULMOHHBIE U COBPEMEHHBIE IMOAXOIBI K
INPHUHATHIO YIPABICHYECKUX PELICHHH HAa OCHOBE NPHMEHEHHMsS METOJOB ONTHMHU3alMH; Ha 0a30BOM YpOBHe, ¢
oIHOKaMM YMeeTIIPOBOIUTE MHOTO(AKTOPHBIM aHAIN3 3JIEMEHTOB IPEIMETHOH 00JacTH IS BEISBICHUS OTpPaHNICHUN
NPU TIPUHATHN PEIICHUH; OCYIIECTBIATh COOp, CHCTEMATH3aLWIo, (OPMAIN3AIMIO, HWHTEPIPETANNIO, MEPBHUHYIO
00paboTKy M aHajdM3 MJAaHHBIX IS HCCIENOBAaHMA KOHKPETHBIX AKOHOMHYECKHX CHUTYallli, HCIIONb3YS METOIbI
MaTEMaTUYECKOro, CTAaTHCTUYECKOro, SKOHOMHUYECKOrO aHalW3a M MOJEIMPOBaHUS; pellaTh IMPHUKIAJHBIE 3alayH,
HCTIONB3Yysl E€CTeCTBCHHOHAYYHbIE W OOIIEHMH)KEHEpHBIE 3HAHMSA, METOAbl ONTHMHU3AIlMH, METOABl MaTEeMaTHYECKOIO
aHalM3a W MOJICIUPOBAHMS; HCIIONIB30BATh MAaTEeMaTHYECKHE METOABI M MOJENH, aJeKBaTHbIE LEISIM M 3aJadaM U
HHTEPIPETHPOBATh IOMYYCHHBIC pEe3yNbTaThl NPUMEHHTENBHO K MOJCIHPYEMON CHUCTeMe; aHaJIW3UpOBaTh U
HHTEPIPETHPOBATE PE3YNbTAaTHl PAacdyeTOB IO IOCTPOEHHBIM MAaTEMaTHYeCKHM MOJENSM B pPaMKax ITOCTAaBICHHBIX
npodeCcCHOHANBHBIX 3a/lad; KCIIOJIb30BATh PA3IMYHbIE MOJEIM U METOIbl MPHHATHS YIPABICHYECKUX PEIICHUH U
TIPOBOANTH KOMIUIEKCHBIH aHAIM3 ITUHAMHYECKHX SKOHOMHYECKHX IPOLECCOB ISl MPHHATHS HAYyYHO-OOOCHOBAHHBIX
PpEeIIeHN; OCYILECTBIIATh AHAIN3 aIbTEPHATUBHBIX BAPUAHTOB C LIEJIbIO IPUHATHUS PAllMOHAIBHBIX PELICHUI

0 6a/;10B BEICTABIISIETCS 00YJAIOIIEMYCsl, CCIITHA 0230BOM YPOBHE He 3HA€TOCHOBHBIC MCTOJIBI IIPUHSATHUS PEIICHUH, B
TOM YHCIIC B YCIOBHUSX PHCKA M HEONPEACICHHOCTH; OCHOBHBIC TIOHATHS M ONPECIICHIs 0a30BBIX Pa3/ICIOB IKOHOMHKH,
MAaTEMATUKH, CTATHCTUKH, BEIYUCIATCIIFHON TEXHUKH, MPOTPAMMUPOBAHHUS, OCHOBHBIC METOJIBI UCCIICTOBAHMUS, TIPUCMEBI
1 UHCTPYMEHTHI MaTeMaTHYECKOT0, CTATUCTHIECKOT0, SKOHOMUYIECKOTO aHaJI3a H MOJACIHPOBAHNUS; OCHOBHBIC ITOHITHSA,
HCTIONB3yeMBIe ST MaTeMaTHYeCKOTO OIHCAaHHWS 3aJad  NPO(ecCHOHANBHOW JAEATEIIFHOCTH W COBPEMEHHBIN
MaTeMaTHYeCKUH MHCTPYMEHTApHH; TPAAULINOHHBIE U COBPEMEHHBIE TIOAXOBI K MPUHATHIO YIIPABICHUECKUX PEIICHHUN
Ha OCHOBE MPUMEHEHHS METOJOB ONTHUMH3AINK; HAa 0a30BOM YPOBHe He YMEeTIIPOBOIUTH MHOTO(AKTOPHEIN aHAIN3
JJIEMEHTOB TIPEIMETHOH OO0NacTH I BEBIABICHHS OTPAHWYCHHH MpPH NPUHITHN PEIIeHH; OCYIECTBIATH cOop,
cucTeMaTH3annio, (GopMann3anuio, MHTEPIPETANIo, MEePBUUHYI0 00pabOTKy W aHAIW3 JAaHHBIX IS MCCIEIOBAHUS
KOHKPETHBIX 3KOHOMHYECKUX CHTYyallui, HCIOJb3ys METOJBl MATEeMAaTHYECKOTO, CTATUCTHYECKOrO, YKOHOMHYECKOTO
aHaJM3a ¥ MOJICIMPOBAHUS;, PEIlaTh MPUKJIAIHBIC 33]Ja9, UCIIONb3Ys €CTCCTBEHHOHAYYHbBIC M OOIICHHKCHEPHBIC 3HAHUS,
METOJIbl ONTHMHU3AIUH, METOIbI MATEMAaTHUECKOTO aHAN3a U MOJICIHUPOBAHUS; HCIIOIH30BaTh MATEMATHUCCKUEC METOIBI
U MOJENH, aJCKBaTHBIC MM M 3aJadyaM ¥ WHTCPIPETUPOBATh MOJYYCHHBIC PE3yJIbTaThl NPUMCHUTEIHFHO K
MOJICIUPYEMON  CHCTEME; AaHAaJU3UpOBaTh W HHTCPIPETHPOBATH PE3YNbTATHl  PACUCTOB IO  IOCTPOCHHBIM
MAaTEMAaTUYCCKUM MOJICIISIM B paMKaX MMOCTaBJICHHBIX MPO(ECCHOHAIBHBIX 3a/1a4; UCIOIb30BaTh PA3IMYHBIC MOJICIU U
METOJBl TIPUHATHSA YIPABICHYECKAX PEIICHNH W TPOBOJUTH KOMIUICKCHBIH aHaIH3 JWHAMHYECKHMX IKOHOMHYECKHX
MIPOIIECCOB JJISI MPUHATHS HayIHO-OOOCHOBAHHBIX PEUICHHWH; OCYIICCTBIATH aHAIN3 aJbTCPHATUBHBIX BapHaHTOB C
LENTBI0 TIPUHATHS PAIlHOHAIBHBIX PEeIICHHUH

3aganus 11 TBOPYECKOr0 pedTHHIa

KoMmiekr 3anaHnﬁ OJIA BBIIIOJIHCHUA I/IHI[I/IBI/lIlyaJI])HOI‘O HpOCKTa
HNuauxkaropsl nocruxenusi: OIK-1.1, OIIK-1.2, OITK-6.1

Bapuant 1

ITocranoBka 3agaun

HampaBneHnue cBS3M COCTOMT W3 Ni OCHOBHBIX, N2 PE3EPBHBIX KaHAJIOB CBS3H, OOIIETO
HAKOMUTENsI €MKOCThI0 Ha L cooOmiennii, n uctounukoB. MurepBansl Ti, Tz, ..., Tn mocrymienus



coobmienuit cnyvaitasie. [Ipyn HopManbHON paboTe COOOIICHHS TIEPETAIOTCS 0 OCHOBHBIM KaHAJlaM.
Bpewmst Tui, Tn2, ..., Tun IEpenaum ciaydaitHoe.

OcHoBHBIE KaHaJIbl NIOJBEP>KEHBI OTKa3zaM. MHTepBanbl BpeMeHU Tort, Tor, ..., Tom1 MeXxny
OTKa3aMmHM ciaydaiHble. Eciii 0TKa3 mpoucxXoauT BO BpeMs Nepeadn, TO OTBICKMUBAETCS UCIIPABHBIN U
CBOOOHBIN OCHOBHOM KaHasl. Eclin Takoro HeT, BKJIIOYAETCS OJAMH M3 PE3EPBHBIX KAaHAJIOB, €CIH OH
ucrnpaBeH u cBoOoaeH. BpeMst Texi, Tex2, ..., TBin2 BKIIOUEHUS MTOCTOSIHHOE ISl COOTBETCTBYIOIIETO
kananma. CooOmeHue, TMepeaada KOTOpPOro ObLIa MpepBaHa, NEPeNacTcsl IO BKIOYCHHOMY
pezepBHOMY KaHaiy. Bpems Tup1, Trp2, ..., Tnpn2 Iepenaun cirydaitHoe.

Ortka3zaBuinii OCHOBHOM kaHan BoccTaHaBinuBaercs. Bpems Tei, Ts2, ..., Tenl BOCCTAaHOBICHUS
cinydaitHoe. Ilocne BoccTaHOBJIEHHUSI PE3EPBHBIN KaHal BBIKJIKOYAETCS, MU BOCCTAHOBJICHHBIA KaHAJ
MPOJ0IDKAET PaboTy C Mepeay 0UYepeTHOr0 COOOIICHUSI.

Pe3epBHBIE KaHANIBI TaK)Ke MOABEPKEHBI 0TKa3aM. MHTepBaibl BpeMeHHU Torp1, Tomp2, ..., Torpn2
MeXy OTKa3zaMu ciaydaiiHele. OTKa3aBIIMM pe3epBHBIN KaHa BoccTaHaBiauBaeTcs. Bpemst Tep1, Tepo,
..., I'spn2 BOCCTAHOBIIEHUS ciiydaiiHoe. [[1si mpepBaHHOTrO COOOIIEHHUSI OTHICKMBAETCSI BO3MOMXHOCTD
nepeaayu 1o J0oMy HCIIPAaBHOMY U CBOOOTHOMY KaHATy.

B ciy4ae nonHOro 3anosiiHeHus HAKOIMUTEsl, TOCTYIAIOIINE COOOIIEHUS TEPAIOTCS.

3anaHue Ha UCCIIeIOBAHNE

Pa3zpaboTaTh UMUTALIMOHHYIO MOJIENb (DYHKIIMOHUPOBAHUS HaNpaBiieHus cBs3u. McciaenoBaTh
BIUSHUE €MKOCTH L HakomuTensl, MHTEPBAJOB BPEMEHH IOCTYIUICHUS COOOIICHWI Ha Bpems
repeaadn HampaBiieHueM cBsizu N cooOmienuit. [IpoBectn nucniepcnoHHbI aHau3. DakTOphl U UX
YpOBHU BBIOpaTh CaMOCTOSITENBHO. Pe3ynbTaThl MOAETMPOBAHUS HEOOXOJUMO TIONYYHUTH C
TOYHOCTHIO € = 0,1 U TOBEpUTENIBHOIN BEPOSATHOCTHIO o = 0,95.

Crenatb BBIBOJBI O 3aTPy>KEHHOCTH KaHAJIOB CBSI3U U HEOOXOJMMBIX Mepax MO MOBBIIICHUIO
s dexTuBHOCTH (DYHKITMOHHUPOBAHUSI HAPABIICHUS CBSI3H

Bapuanr 2

ITocranoBka 3agaun

HanpapneHnue cBSI3M COCTOMT M3 Ni OCHOBHBIX, N2 PE3EPBHBIX KAaHAJIOB CBS3H, OOIIETO
HAKOMUTENsI eMKOCThI0 Ha L cooOmiennii, n uctounukoB. MurepBansl Ti, Tz, ..., Tn mocrymnenus
coobmieHu#t cimydaiinpie. [Ipu HopManbHON paboTe COOOIICHUS MEePEaAlOTCs 0 OCHOBHBIM KaHAJIaM.
Bpewms Tni, T2, ..., Trn Iepenayum ciaydaiHoe.

OCHOBHBIE KaHaJIbl MOJBEPKeHBI OTKa3zaM. MHTepBanbl BpeMeHU Tori, Tor2, ..., Tom1 MEXIyY
OTKa3zaMM ciyyaiiHble. Eciii 0Tka3 mpoucxoauT BO BpeMs Mepeadu, TO OTHICKUBAECTCS UCIIPABHBIN U
cBOOO/IHBIN OCHOBHOM KaHas. Eciu Takoro HeT, BKJIIOYAETCS OUH U3 PE3EPBHBIX KAHAJIOB, €CIIM OH
ucnpaseH u cBoboaeH. Bpems Teui, Tac2, ..., TBn2 BKIIOUEHUS MTOCTOSIHHOE JIJISI COOTBETCTBYIOIIETO
kaHana. CooOuleHue, Mnepeaaya KOTOpPOro Obla TMpepBaHa, NEpeNaeTcss IO BKIOYECHHOMY
pe3epBHOMY KaHany. Bpems Tup1, Trp2, ..., Tnpn2 IEpEAAUM CITydaHOE.

Ortka3aBilIMii OCHOBHOM KaHall BoccTaHaBiauBaeTca. Bpems Tgi, Ts2, ..., Ten1 BOCCTaHOBIECHUSA
ciny4yanHoe. Ilocime BOCCTaHOBIIEHUs pE3EpBHBIM KaHal BBIKIIOYAETCS, U BOCCTAHOBIICHHBIN KaHAI
MPOJIOJDKAET PaboTy C Mepeaadr OUYePETHOTO COOOIIECHHUS.

PesepBHBIC KaHAIIBI TaKXkKe NMOABEP:KEHBI OTKa3aM. MuTepBansl BpeMeHU Torpt, Tomp2, ..., Torpn2
MEXy OTKa3aMHM ciydaiiHble. OTKa3aBIIMN pe3epBHBINA KaHal BoccTaHaBnuBaercs. Bpems Tepi, Tap2,
.., Tspn2 BOCCTAHOBJICHUS ciy4aifHoe. JJis1 mpepBaHHOTO COOOIIEHUSI OTHICKUBAETCS BO3MOKHOCTh
nepeaadu 1o JJI0OOMY UCTIPaBHOMY M CBOOOJTHOMY KaHAIy.

B cnyuae moiaHOTO 3aMoTHeHUs HAKOMUTES, TOCTYTAIIINE COOOIIEHUS TEPSIOTCS.

3ajgaHue HA UCCIeA0BaHuEe

Pa3zpabotaTs UMUTAITMOHHYIO MOJIENh ()YHKIIMOHUPOBAHUS HAIIpaBJICHUs CBs3U. MccnenoBarh
BJIUSIHUE €MKOCTH HAKOMWTENS, WHTEPBAJIOB BPEMEHU IOCTYIUICHUS COOOLIEHUI M KOJIMYEeCTBa
KAaHAJIOB Ha BEPOSTHOCTh OTKAa3a B Mepeaaue COOOMIECHNUN OT KaX/I0ro UCTOYHUKA U 110 HAPaBICHUIO
cBsI3U B 11esioM. Bpemst MogenupoBanus — T vacoB. [IpoBectu aucnepcroHHbI aHanu3. GakTopsl U
WX YPOBHHU BBIOpATh CAMOCTOSITETHHO.



C,Z[G.HaTb BBIBOABI O 3arpy’>KCHHOCTHU KAaHAJIOB CBA3U U HGO6XO,Z[I/IMI>IX MEpax Mo MOBBIMICHUIO
s dexTuBHOCTH (PYHKITMOHHUPOBAHMSI HATIPABIICHUSI CBSI3H.

Bapuant 3

ITocTranoBka 3agaun

HampaBnenue cBsi3M cOCTOMT W3 nl OCHOBHBIX, N2 PE3EPBHBIX KAHAJIOB CBSI3U, OOIIETO
HAKOMUTEINsI eMKOCThI0 Ha L cooOmiennii, n ucrounukoB. Uuatepsansr T1, T2, ..., Tn mocrymieHus
coobmieHu#t cimydaiinpie. [Ipu HopManbHON paboTe COOOIICHUS MEPEaAlOTCs 0 OCHOBHBIM KaHAJIaM.
Bpems Trl, Tn2, ..., Trnn nepenayu ciy4aiiHbie.

OCHOBHBIE KaHallbl MOJBEpP:KEHBI OTkazaMm. WMHrtepBansl Bpemenu Torl, Tot2, ..., Tornl
MEXIy OTKa3zaMH ciy4aiiHele. Eciu 0Tka3 MNpOMCXOOUT BO BpeMs Nepelayd, OThICKUBAETCS
WCTIPAaBHBIA M CBOOOJIHBIN OCHOBHOHM KaHal. Ecim Takoro HeT, BKIIFOYAETCS OJWH W3 PE3EPBHBIX
KaHaJIOB, €CITU OH HCIpaBeH U cBoOojeH. Bpems TBk1, TBK2, ..., TBKn2 BKIIIOUEHUS MOCTOSIHHOE JIJIs
cooTBeTCTByIoIlero kaHana. CooOuieHue, mepeiada KOTOporo Oblla MIpepBaHa, MEpeaaeTcs Io
BKJIIOUEHHOMY pe3epBHOMYy KaHany. Bpems Tnopl, Tnp2, ..., Topn2 mnepenaum ciyvaitHoe.
OrtkazaBuiMii OCHOBHOM KaHan BoccraHaBiauBaeTcs. Bpems Tsl, T2, ..., TBnl BoccTraHoBieHUs
ciyyanHoe. Ilocie BOCCTaHOBIIEHUs pE3€pBHBIM KaHal BBIKIIOYAETCS, U BOCCTAHOBIICHHBIN KaHAI
MIPOJIOJDKAET PaboTy C Mepeadr OUYEPETHOTO COOOIIECHNUS.

PesepBHble KaHanbl TakXke noaBepkeHbl oTkazaM. MHtepBanel Bpemenu Tortpl, Totp2, ...,
ToTpn2 mMexay oTkazamu ciydainble. OTKa3aBIIMKA PE3EpBHBIN KaHAJ BOCCTaHaBIMBaeTca. Bpewms
Tspl, TBp2, ..., TBpn2 BoccTaHOBIEHUS ciydaiiHoe. /[ mpepBaHHOTO COOOIICHUS OTBICKUBACTCS
BO3MOXXHOCTH TIepejauu Mo JI000MY UCIIPaBHOMY U CBOOOJAHOMY KaHaIy.

Coobmenust ucroyHuka 1 o00mama0T aOCOMIOTHBIM NPHOPUTETOM MO OTHOLICHHIO K
COOOIIEHUsIM JIPYIrUX HCTOYHHKOB. BcnencTtBue 3Toro, eciau MpH MOCTYIUIGHHH COOOILIEHUS OT
MCTOYHUKA | BCce KaHAJBI 3aHATHI TAKXKE Mepeaadeit COOOIeHN OT UCTOYHHKA |, TO IpephIBaHMs HE
MIPOWCXOIUT, W 3asgBKa CUHTACTCS MOTepsHHON. Eciam ke ecTh mepemaya COOOMIEHUH OT JIPYTUX
MCTOYHMKOB, TO Tepeaaya J000ro M3 HUX IMPEephIBACTCS M HAYMHACTCS Iepenavya COOOLICHHS OT
ncrounrka 1. CooOmieHuss 0ojiee HU3KUX KaTErOpwil TepstoTcs. B ciydae MONHOTO 3amofHeHUs
HAKOIIUTEJISA, TOCTYNAIOIINE COOOIIEHUS TEPSIOTCA.

3ajgaHue HA UcCcIeA0BaHuEe

Pa3zpaboTaTth UMUTAIIMOHHYIO MOJIENh (PYHKIIMOHUPOBAHUS HANIPABIICHUS CBS3M B TeueHUe T
yacoB. MccrenoBarh BIUSIHUE EMKOCTH HAKOUTENS, MHTEPBAJIOB BPEMEHH MOCTYIIJICHUS! COOOIIEHU I
M KOJIMYECTBA KaHAJIOB Ha BEPOSTHOCTh OTKAa3a B Mepeaye COOOMIEHUH OT Ka)XI0TO UCTOYHUKA U 110
HaIIpaBJICHUIO CBS3H B LIEJIOM.

[IpoBectn nucnepcuoHHbI aHanu3. PakTOpsl U HMX YPOBHU BBHIOpAaTh CaMOCTOSITEIBHHO.
Pesynbrarel MopenupoBaHus HEOOXOAMMO TOMYyYHUTH C TOYHOCTHIO € = 0,01 u moBepuTeNbHOU
BepOoATHOCTBIO . = 0,95.

Crenatb BBIBOJBI O 3arPY’KEHHOCTH KaHAJIOB CBSI3U U HEOOXOAMMBIX Mepax MO MOBBIIIECHUIO
3G GEKTUBHOCTH (PYHKIIMOHUPOBAHMSI HAIIPABJICHHUS CBSI3U.

Bapmuanr 4

ITocTanoBka 3agaun

[Mpennpusitue umeer nl mexoB, MpoW3BOAAIIUX nl TUIIOB OIIOKOB, T. €. KaXKABIA IeX
MPOU3BOIUT O10KkM oxHOro Tumna. MHTepBansl Beimycka 61okoB T1, T2, ..., Tnl — cnyuaiinsie. U3 nl
OJI0KOB COOMPAETCS OJTHO U3JIENIHE.

[Tepen cOopkoi Kakaplii TUI OJOKOB mpoBepsieTcss Ha nll, nl2, ..., nln COOTBETCTBYIONIUX
nmocrax. JIMTEeNhbHOCTH KOHTPOJIS OJHOTO cooTBeTcTByromero Omoka T11, T12, .., Tln -
ciydaiinbie. Ha kaxxnom nmocty 6pakyercs ql1, ql12, ..., qln % 610K0B COOTBETCTBEHHO. DT OJIOKH B
JalbHEUIIIeM Mporiecce COOPKU HE YIACTBYIOT U YJAISIFOTCS C IOCTOB KOHTPOJISL.

[Tpomeniie KOHTPOJb, T. €. He 3a0pakoBaHHBIE OJIOKM MOCTYMAOT Ha OAWH U3 N2 MyHKTOB
coopku. Ha kaxxnoMm myHKTe COOpPKM OJHOBPEMEHHO coOupaercss TOJIbKO omHO u3nenue. COopka
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HAYMHAETCS TOJIBKO TOTJA, KOT/Ia MMEIOTCSl Bce HeoOXoumMble nl GJIOKOB pa3IUyYHBIX THUIOB. Bpems
coopku Tc cayuaiinoe.

[Tocne cOopku u3AeIre MOCTYNAeT Ha OAMH M3 N3 CTEHI0B BBIXOJHOTO KOHTpOis. Ha ogHOM
CTEHJI€ OJTHOBPEMEHHO IPOBEPSAETCS TOJBKO OJHO m3aenue. Bpems mposepku Tn ciywaiinoe. 1o
pe3yJabTaTtaM npoBepKu Opakyetcs q2 % u3aenuii.

3a0pakoBaHHOE W3JIENIME HAMPABISICTCS B 11€X COOpPKH, Trie HepabOTOCTOCOOHBIE OJOKH
3aMEeHSIOTCST HOBbIMU. Bpemsi 3amenbl T3 cmydaitHoe. Ilocrme 3ameHbl OJOKOB H3/€IHE BHOBb
IIOCTYIAET HAa OANH U3 CTEHJOB BBIXOJHOTO KOHTPOJIS.

[Ipomenmme cTeHa BBIXOJAHOIO KOHTPOJS M3JENMs NOCTYNAIOT B OTAEN BOGHHOM IPHUEMKH.
Bpems npuemku Trop oaHoro uzgenus ciuydaiiHoe. [lo pesynbratam mpuemku Opakyercs g4 %
U311, KOTOpPBIE HAIIPABJIAIOTCSI BHOBb HA CTEH]I BBIXOJAHOI'O KOHTPOJISL.

[IpuHsATHIE BOEHHOW MPUEMKOW U3EIUS HAPABIISIIOTCS HA CKIIAI.

3aganue Ha uccje0BaHHe

Pa3paboraTh HMMHUTALMOHHYIO MOJeNb (DYHKUIMOHUpPOBaHUS mpeAnpusatus. McciaenoBaTh
BJIIMSIHME MHTEPBAJIOB BBITyCKa OJIOKOB M3 ILIE€XOB Ha KOJUYECTBO M CpPEIHEE BpPEMs IMOATOTOBKH
W31, TPUHATHIX BOCHHOW MPUEMKOW B TEUCHUE HEJIETIH.

[IpoBectn nucnepcuoHHBI aHanu3. PakTOpsl M HMX YPOBHU BBHIOpAaTh CaMOCTOSITEIBHO.
Pesynbratel MozenupoBaHHsT HEOOXOIUMO IMOJYYHUTh C TOYHOCThIO € = 1 W JOBEpUTENbHOMN
BepOATHOCTBIO . = 0,95.

Crenatb BBIBOJBI O 3aTPYKEHHOCTHU MOAPA3ICICHUN MPEANPUATHS 1 HEOOXOAUMBIX Mepax 1o
MOBBIIEHUIO YPPEKTUBHOCTU UX (HYHKIIMOHHUPOBAHUS.

Bapuanr S

ITocTanoBka 3agaun

[Mpennpusitue umeer nl mexoB, MpoW3BOAAMIMX nl TUIOB OJIOKOB, T. €. KaXKABIA IeX
MPOU3BOIUT O10KkM oaHOro Tumna. MHTepBansl Beimycka 61okoB T1, T2, ..., Tnl — cnyuaiinsie. U3 nl
OJI0KOB COOMPAETCS OJTHO U3JIENIHE.

[Tepen cOopkoi Kaxkaplii TUI OJOKOB mpoBepsieTcss Ha nll, nl2, ..., nln COOTBETCTBYIONMIUX
nocrax. JIMTEeNhbHOCTH KOHTPOJIS OJHOTO cooTBercTByromero Omoka T11, T12, .., Tln -
ciydaiinble. Ha kaxxnom mocty 6pakyercs ql1, ql2, ..., qln % 610K0B COOTBETCTBEHHO. DT OJIOKH B
JalbHEUIIIeM Mpoiiecce COOPKU HE YIACTBYIOT U YJAISIFOTCS C IOCTOB KOHTPOJISL.

[Tpomeniie KOHTPOIb, T. €. He 3a0pakoBaHHBIE OJIOKM MOCTYMAOT Ha OAWH U3 N2 MyHKTOB
coopku. Ha kaxxnoMm myHKTe COOpPKH OJHOBPEMEHHO coOupaeTcss TOJIbKO omHO u3nenue. COopka
HA4YMHAETCS TOJBKO TOTJa, KOTJa UMEIOTCS Bce HeoOXxoaumMble nl OJI0KOB pa3inUyHBIX TUIOB. Bpems
coopku Tc ciayuaiinoe.

[Tocne cOopku M3aenre MOCTyNnaeT Ha OJIMH U3 N3 CTEHJI0B BBIXOJIHOTO KOHTpOJs. Ha omHom
CTCHJIC BEIXOJHOT'O KOHTPOJISI OJTHOBPEMEHHO MOKET IIPOBEPATHCS TOIBKO OJTHO COOpaHHOE M3JeIne.
Bpewms npoBepku Tn cioyuaitnoe. [1o pe3ynbraTtam npoBepku Opakyercs q2 % u3aemnuii.

3a0bpakoBaHHOE H3/EJHE HAMpaBiIsgeTcs B LeX COOpKH, rie HepaboTocrnocoOHbIE OJOKH
3aMEHSIOTCST HOBBIMH. Bpemsi 3amenwsr T3 ciywaitHoe. [locnme 3ameHbl OJOKOB W3/€THE BHOBB
MOCTYIAET Ha OANH U3 CTEHJOB BBIXOJHOTO KOHTPOJIS.

[Ipomrenmme cTeH BBIXOJHOIO KOHTPOJIA M3JENHS MOCTYMAKT B OTAE] BOCHHOW NMPHEMKH.
Bpems npuemkn Trp oxnoro mznenusi ciaydaiinoe. Ilo pesynpraram mpuemku Opakyercs g4 %
W3/eNINi, KOTOPbIE HAIIPABJISIIOTCS BHOBb HA CTEH]I BBIXOJTHOI'O KOHTPOJIA.

[IpuHATHIE BOCHHOM IPUEMKOU U3ENMs HAIIPABIIAIOTCS HA CKIIAL.

3ajgaHue HA UCcIed0BaHuEe

Pazpaborate WMHTANMOHHYIO MOJENh (DYHKIMOHUPOBAHUS mpeAnpustus. lcciaemoBaTth
BJIUSIHUE WHTEPBAJIOB BBIMYCKa OJIOKOB M3 I1I€XOB M UX KauyecTBa Ha BPEMs BBIITyCKA MPUHSATHIX
BOCHHOU npueMKoil N u3nenuii.

[IpoBecTn mucnepcroHHbI aHamu3. MakTOpbl W WX YPOBHU BBIOpaTh CaMOCTOSITEIIBHO.
Pe3ynbrarel MoAenupoBaHHs HEOOXOAMMO TMOJIYYHTh ¢ TOYHOCThIO € = 0,1 u moBepuTenbHON
BEpOATHOCTHIO o = (0,95.
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CraenaTh BBIBOJIBI O 3aTPYKEHHOCTH IOJIPa3AeiICHUI IPEANPUATHI U HEOOXOIMMBIX Mepax Mo
MOBBIICHUIO () (PEKTUBHOCTH €ro (HyHKITMOHHUPOBAHUS.

BapuanT 6

ITocTranoBka 3agaun

[Ipeanpusitue umeer nl 1exoB, MPOW3BOANIMX nl THUMOB OJOKOB, T. €. KaXABIA IEX
POU3BOAUT OJIOKH ofHOro Tumna. MHTepBansl Beimycka 6iokos T1, T2, ..., Tnl — cnyuaitasie. 13 nl
0JIOKOB COOMPAETCS OJTHO M3JICITHE.

Ilepen cOopkoil kaxaplii TUN OJ0KOB mpoBepsercs Ha nll, nl2, ..., nln coOTBETCTBYIOMUX
noctax. JIJIMTETbHOCTH KOHTPOJS OIHOTO COOTBeTCTByRomiero Omoka TI11, T12, .., Tln —
ciyuaitasie. Ha kaxaom mocrty 6pakyercs ql1, ql2, ..., qln % 610K0B COOTBETCTBEHHO. DTH OJIOKH B
JalbHENIIeM npoliecce COOPKU HE YUaCTBYIOT U YJANSIFOTCS C IOCTOB KOHTPOJISL.

[Ipomenmme KOHTPOIb, T. €. HE 3a0paKkoOBaHHbIC OJIOKM MOCTYHAIOT HA OJUH U3 N2 MYHKTOB
coopku. Ha kaxmom myHKTe COOpKM OJHOBPEMEHHO COOMpaeTcsi TONbKO ofHO u3nenue. COopka
HAYMHAETCS TOJIBKO TOTJA, KOT/Ia MMEIOTCS Bce HeoOXoumMble nl GJIOKOB pa3IUYHBIX THUIOB. Bpems
coopku Tc cinyuaiinoe.

[Tocne cOopku u3AeIre MOCTYNAeT Ha OAMH M3 N3 CTEHI0B BBIXOJHOTO KOHTpOis. Ha ogHOM
CTEHJI€ OJIHOBPEMEHHO mpoBepsieTca oAHOo wu3nenue. Bpems nposepku Tn cnydaitnoe. Ilo
pe3yabTaTram npoBepku Opakyercs q2 % uzpenuid. [Ipuunnoit 6paka MoxkeT OBITH OT OAHOTO 10 q3
0JIOKOB.

3a0pakoBaHHOE M3/EJHE HANpaBiIIeTcs B LeX COOpKH, rae HepaboTocrnocoOHbIE OJOKH
3aMeHsI0TCsl HOBBIMU. Bpemst 3amensl T3 ogHoro 6ioka cimyuaiinoe. ITociie 3amMeHbl 0JI0KOB U37EIHE
BHOBb TOCTYIAeT HA OAMH M3 CTEHIOB BBIXOAHOTO KOHTPOJs. Biloku, KOoTOpble OBLIM 3aMEHEHBI
TOJIBKO OJIMH pa3, BHOBb HAINpPABJISIOTCS HAa COOTBETCTBYIOIIME MOCTHI BXOJHOTO KOHTpOJs. bioku,
3aMEHEeHHbIe Ooyiee OJHOTO pasa, B JajJbHEWIIEM B Mpolecce COOPKU H3JeNHS HE YYacTBYIOT U
YAAJSIOTCA.

[Ipomenmme cTeHa BBIXOAHOIO KOHTPOJIS M3JENHs NOCTYNAIOT B OTAEN BOGHHOM IPUEMKH.
Bpems npuemku Trop oanoro uzgenus ciuydaiiHoe. [lo pesynbraram mpuemku Opakyercs g4 %
U311, KOTOpPBIE HAIIPABJIAIOTCS BHOBb HA CTEH] BBIXOJHOIO KOHTPOJIS U CHOBA ITPOBEPSIOTCA.

[IpuHsATHIE BOEHHOW NMPUEMKOW U3EIUS HAPABIISIIOTCS HA CKIIA.

3agaHue Ha uccje0BaHHe

Pa3paboraTh HMMHUTALMOHHYIO MOJeNb (YHKUIMOHUpPOBaHUS mpeanpusatus. McciaenoBaTh
BJIMSIHME KAQueCTBa M3TOTOBJICHUS OJIOKOB HAa KOJUYECTBO MPUHATHIX BOCHHOHM MPUEMKOM M3/enuii B
TeueHue Henenu (42 4yacos).

[IpoBectn nucnepcuoHHbI aHanu3. PakTOpsl M HMX YPOBHU BBHIOPATh CaMOCTOSITEIBHHO.
Pesynbratel MopenupoBaHHsT HEOOXOIUMO IMOJYYHUTh C TOYHOCThIO € = 1 W JOBEpUTEIbHON
BEpOATHOCTHIO . = 0,99.

Crenatb BBIBOJBI O 3aTPYKEHHOCTHU MOAPA3ICICHUN MPEANPUATHS 1 HEOOXOAUMBIX Mepax 1o
MOBBIIIEHUIO 3(PPEKTUBHOCTHU €ro (PYHKIIMOHUPOBAHHUS.

Bapuanr 7

ITocTanoBka 3agaun

Ha Boruncnurenpblii koMieke kommyTarnuu coodmenuit (BKKC) nmocrymaroT coobmenus
ot nl aGoHeHTOB ¢ mHTEepBaiamu BpeMenu T1, T2, ..., Tnl. CooOuieHust MOTYT OBITH N2 KaTErOpUid ¢
BEpOSATHOCTAMH pl, p2, ..., pn2 (pl+p2+...+pn2 = 1) ¥ BEIYUCIUTENBHBIMU CHOXKHOCTSIMU S1, S2,... ,
Sn2 omeparnuii (om) COOTBETCTBEHHO. BhIYMCIHMTENbHBIE CIOKHOCTH ciaydaiiHbie. CooOmenus 1-i
KaTeropuu 00JaAal0T OTHOCUTEILHBIM MPHOPUTETOM MO OTHOIICHHUIO K COOOIICHHSM OCTaTbHBIX
kareropuii. BKKC mmMeer BxomHOW HakomuTenab eMKOCThIO L1 OalT myist XpaHEHHs COOOIICHHH,
OXKHUaoUMxX nepenadyn. B Oydepe coolrieHus pa3MemiaTcess B COOTBETCTBHH € TIPUOPUTETOM.

BKKC o6pabateiBaeT cooOmieHus ¢ mpousBoautenbHocThio Q om/c. Ilocne oOpaboTku
COOOIIeHUs TIEpEA0TCs MO N3 HampaBICHHUIM, Kaxaoe u3 KoTopsix umeet k1, k2, ..., kn3 kananos
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cBsi3u. BeposTHOCTH mepenaun cOOOIIEHHH M0 HApPaBJICHUAM OT JIF000r0 UCTOYHMKA pl, p2, ..., pn3
(p1+p2+...4+pn3 = 1). CxopocTs niepegaun Vi Out/c.

Ecnmu mocne o00paboTku cooOLIeHMS BCE KaHalbl CBA3M HANpPABJICHUS 3aHATHI, TO
00paboTaHHOE COOOIICHHE TTOMENIACTCS B HAKOIIUTEb KaHAJIOB CBSI3U, €CJIM B HEM eCTh MecTo. [Ipu
OTCYTCTBHMHM MECTa B HAKOMNHTEJEC KAaHAJIOB CBS3M cOoOIIeHHEe TepsieTcs. EMKOCTh HakomuTens
KaHaJIOB CBsI3U orpannyeHa L2 cooOmeHusimu.

BKKC u xaHaibl CBA3M MMEIOT KOHEUHYIO HaleKHOCTh. MIHTepBansl Bpemenu Torl u Tot2
Mexny otkazamu BKKC u kaHanioB cBsa3u ciyyaiiable. [[nmurenbHocTr BoccTtaHoBieHus: TBl u T2
BKKC u xanasoB cBsi3U ciiy4aiiHbIE.

[Ipn oTka3e KkaHama CBsI3U TIEpelaBaeMble COOOIICHHUS 1-ii KaTEeropuu COXpPAHSIIOTCS B
HaKOIHTeJe KaHAJIOB, eclid B HeM ecTh MecTo. [Ipu Beixoae u3 ctpos BKKC ¢ BepositHocThIO PC Bee
coobmienus B Hakonutene BKKC m HakomuTesne KaHAJIOB CBSA3U COXPAHSIOTCA, oOpabaThiBaeMoe
coobmienue tepsercs, a npueM BKKC u nepenava cooOmieHuil mo xaHajgaMm CBsI3U MPEKpaIIaeTCsl.
[Toctynatomiyie B 3T0 BpeMsi COOOIIEHUS TEPAIOTCSL.

3aganue Ha uccjef0BaHHe

Pazpaborate mMutanmonnyro moxaenb (ynkimonupoBanuss BKKC. HccnenoBars BimsiHuE
€MKOCTEH BXOJHBIX HAKOIIUTEJIEH, MHTEPBAJIOB BPEMEHHU M BEPOSATHOCTEH Ha Bpems nepenauu N
COOOIICHUH U CpeltHee BpeMst 00pabOTKU OAHOTO COOOIICHHUS.

[IpoBectn nucnepcuoHHbI aHanu3. PakTOpsl M HMX YPOBHU BBHIOpAaTh CaMOCTOSITEIBHHO.
PesynbraTtel MonmenupoBaHUsT HEOOXOAMMO TMOJYYUTh C TOYHOCTHIO € = 0,1 W IOBepUTEIHHOU
BEpOATHOCTHIO . = 0,99.

Cnenate BbIBOABI O 3arpykeHHocTu dieMeHToB BKKC wu HeoOXommMbeix mepax Imo
MOBBIIIEHUIO 3(PPEKTUBHOCTHU €ro (PYHKIIMOHUPOBAHHUS.

Bapuanr 8

ITocTanoBka 3agaun

Ha BoruncnurenpHblii koMieke kommyTarnuu coodmenuit (BKKC) nmocrymaroT coobmenus
ot nl aboHeHToB ¢ uHTepBaiamu BpeMenu T1, T2, ..., Tnl. CooOuieHust MOTYT OBITH N2 KaTErOpuid ¢
BEPOSATHOCTAMH pl, p2, ..., pn2 (pl+p2+...+pn2 = 1) ¥ BEIYUCIUTENBHBIMU CIOXKHOCTSIMU S1, S2,... ,
Sn2 omepanmii (om) COOTBETCTBEHHO. BhrumciautensHbie ciaokHocTH ciydaitHeie. BKKC umeer
BXOJIHOM HAaKOMUTENlb €MKOCThI0 L1 OalT 1isi XpaHeHus COOOIIEHUH, OXKHUIAIOUUX MepeIayvH.
CooOmennst 1-1  kareropus 00JIaAIOT OTHOCUTEIBHBIM TPUOPUTETOM IO OTHOUICHUIO K
COOOIIEHUSIM OCTANIbHBIX KaTeropuil mpu oopadotke Ha BKKC. B Oydepe coolriienus pa3meniarorcs
B COOTBETCTBUU C PUOPUTETOM.

BKKC oOpaGatbiBaeT coobmieHust ¢ mpousBoauTensHocThio Q on/c. Ilocne obpaboTku
COOOIICHUS TIEpPEeNaroTCs 0 N3 HampaBlIEHUSIM, Kak1oe U3 KoTopbix umeeT k1, k2, ..., kn3 kanamos
cBsi3u. BeposTHOCTH mepenaun cOOOIIEHH IO HAMpPaBJICHUsAM OT JII000r0 UCTOYHMKA pl, p2, ..., pn3
(p1+p2+...4+pn3 = 1). CropocTs niepegaun Vi Out/c.

Ecnmu mnocne o00paboTku cooOLIeHMs BCe KaHalbl CBA3M HANpPABJICHUS 3aHATHI, TO
00paboTaHHOE COOOIIECHHE TTOMENIACTCS B HAKOIIUTEb KaHAJIOB CBSI3U, €CJIM B HEM eCTh MecTo. [Ipu
OTCYTCTBHHM MECTa B HAKOIUTEJIEC KAHAJIOB CBS3M COOOIICHHE TepsieTcsa. EMKOCTh HakomuTens
KaHaJIOB CBsI3U orpannyeHa L2 cooOmeHusmu.

BKKC u xaHaibl CBA3M UMEIOT KOHEUHYIO HaleKHOCTh. MIHTepBansl Bpemenu Torl u Tot2
Mexny otkazamu BKKC u kaHanoB cBsa3u ciydaiinble. [[nutenbHocTH BoccTtaHoBieHus: TBl u T2
BKKC u xaHasioB cBsi3U Cily4aiiHbIE.

[Ipn oTka3e KkaHama CBsI3U TIEpelaBaeMble COOOIICHHWS 1-ii KaTEeropuu COXpPAHSIIOTCS B
HaKOIHTeJe KaHAJIOB, €clid B HeM ecTh MecTo. [Ipu Beixoae u3 ctpos BKKC ¢ BepositHocThIO PC Bee
coobmienus B Hakonutene BKKC u HakomuTesne KaHAJIOB CBSA3U COXPAHSIOTCSA, oOpabaThiBaeMoe
coobmienue tepsercs, a npueM BKKC u nepenava cooOmieHuil mo xaHajgaMm CBSI3U MPEKpaIIaeTcsl.
Bce noctynarorniyie B 3T0 BpeMsi COOOIEHUS TEPAIOTCSL.

3anaHue Ha UCCIIeIOBAHNE
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Pa3zpaborare umurTanmonnyo mojaens ¢ynkuuonupoBanus BKKC. HMccnenoBare BiusiHue
€MKOCTEH BXOJHBIX HAKONHUTEJICH, NUHTEPBAJIOB BPEMEHH, BEpOSITHOCTEH, Q M VI HAa BEpOSTHOCTH
nepegayn coobuennii mo kareropusiM U B 1enom udepe3 BKKC B teuenune T wacos. [IpoBectn
IUCHepCUOHHBI aHanu3. DakTopsl M HUX YPOBHU BHIOpaTh CaMOCTOSITENbHO. Pe3ynbTarsl
MOJICIIMPOBAHUS HEOOXOIUMO MOYYUTh C TOUHOCTBIO € = 0,01 1 1OBEpUTEIHHON BEPOSTHOCTHIO Ol =
0,99.

Cnenate BbIBOABI O 3arpyxeHHocTd d3nmeMeHToB BKKC u HeoOXomumblx Mepax 1o
MOBBIICHUIO () (PEKTUBHOCTH ero (HYHKITMOHUPOBAHUS.

Bapuant 9

ITocTranoBKka 3agaun

Ha BrrancnuTensubiii koMiuieke kommyrtanuu coobmienuit (BKKC) mocrymator coobmienus
ot nl aboHeHToB ¢ uHTEepBanamu Bpemeru T1, T2, ..., Tnl. Coobuienns MoryT ObITh N2 KaTeropui ¢
BEpOSTHOCTSAMU pl, p2, ..., pn2 (pl+p2+...+pn2 = 1) ¥ BEIYUCIUTEIBHBIMU CIOXHOCTIMHU S1, S2,... ,
Sn2 omepaumii (o) COOTBETCTBEHHO. BhrumcnurensHbie cinoxHocTH cinydaiiHieie. BKKC umeer
BXOJHOW HAaKOMHUTENIb €MKOCThIO L1 OallT s XpaHEHUs COOOIICHUH, OXHUIAIOUIUX IepeIadH.
Coobmienust 1-i kareropun 001a1at0T aOCOTIOTHBIM MPUOPUTETOM IO OTHOIICHUIO K COOOIECHHSIM
ocTalibHBIX KaTeropuit mpu obOpadorke Ha BKKC. B 0Oydepe coobmieHust pasmemniarorcs B
COOTBETCTBHUH C IPUOPUTETOM.

BKKC o6pabateiBaeT cooOmieHus ¢ mpousBoautenbHocThio Q om/c. Ilocine oOpaboTku

COOOIIEHUs TIEpEAt0TCs MO N3 HampaBICHHUIM, Kaxaoe u3 KoTopsix umeet k1, k2, ..., kn3 kananos
cBs3u. BeposiTHOCTH mepenadn COOOIICHHH 10 HAMpaBJIEHUAM OT JIFOOOro ucTouHuka pl, p2, ..., pn3
(pl+p2+...+pn3 = 1). CxopocTu nepeaay mo JoOOMy KaHaily HampamieHuid Vil, V2, ..., Von3

OUT/C COOTBETCTBEHHO.

IIpu mnepenaue cooOmenus 1-ii kaTeropum o007a7aI0T aOCOMIOTHBIM MPUOPUTETOM IIO
OTHOIIIEHUIO K COOOMIeHUsIM npyrux kareropuid. [losTomy ecim mociie o0pabOTKu cOOOIIEeHUs BCe
KaHaJIbl CBSI3U HAIlpaBJICHUs 3aHATHI, 00paboTaHHOE COOOIICHNE TOMEIIAETCS] B HAKOITUTENh KaHAJIOB
CBSA3H, €CIIM B HEM €CThb MECTO, NHauUe — TepseTca. EMKOCTh HaKONUTENS KaHAJIOB CBSA3M OIpPaHUYEHA
L2 coobmeHusmu.

BKKC u kaHainbl CBsI3M UMEIOT KOHEUHYIO HaaeKHOCTh. MHTepBanbl BpemeHu Totl u Tot2
Mmexny orkazamu BKKC u xananoB cBsa3u ciydaiinble. [[nurensHocTu BocctaHoBieHust Tl n TB2
BKKC u kananoB cBsi3u ciydaitHeie. [Ipu oTka3e kaHama CBSI3M TepeaaBaeMble cooOmieHus 1-i
KAaTErOpuu COXPAHSIOTCS B HAKOMNMTEJNE KAaHAJIOB, €CIIM B HEM ecThb MecTo. IIpu BbIXOAe M3 cTpos
BKKC c¢ BepositHocThiO Pc Bce coobmenuss B Hakonutesne BKKC u HakomuTene KaHaloB CBSI3U
COXpaHsIoTcs, oopabareiBaeMoe coolrienne tepsiercs,a npueM BKKC u nepenaya cooOuieHuit 1o
KaHajiaM CBsI3U Ipekpaiaercs. Bece mocrynaromye B 3T0 BpeMsl COOOIIEHUS TEPSIFOTCS.

3agaHue Ha uccjef0BaHHe

Pazpaborate mMutanmonnyro moxaenb ¢ynkimonupoBanuss BKKC. HccnenoBars BimsiHuE
€MKOCTEH BXOJHBIX HAKOMNMTEJEH, NHTEPBAJIIOB BPEMEHHU, BeposiTHOCTeH, Q U VI Ha BEPOATHOCTH
nepeaadu u cpeaHee Bpemsi 00padOTKH OJTHOTO COOOIICHUS.

[IpoBectn nucnepcuoHHbI aHanu3. PakTOpsl M HMX YPOBHU BBHIOpAaTh CaMOCTOSITEIBHHO.
Pesynbrartel MopenupoBaHUs HEOOXOAMMO TOMYyYHUTH C TOYHOCTHIO € = 0,01 w moBepuTeNbHOU
BepoATHOCTBIO o = 0,95. Bpemsa MmonenupoBanus — T yacos.

Cnenate BbIBOABI O 3arpykeHHocTH »djeMeHToB BKKC wu HeoOXommMbeix wmepax o
MOBBIIEHUIO 3(PPEKTUBHOCTHU €ro (PyHKIIHOHUPOBAHHUS.

Bapuant 10

ITocTanoBka 3agaun

Ha BoruncnurenpHblii koMieke kommyTarnuu coodmenuit (BKKC) nmocrymaroT coobimenus
ot nl aboHeHTOB ¢ mHTepBaiamu BpeMenu T1, T2, ..., Tnl. CooOuieHusst MOTYT OBITH N2 KaTEropuii ¢
BEpOSATHOCTAMH pl, p2, ..., pn2 (pl+p2+...+pn2 = 1) ¥ BEIYUCIUTENBHBIMU CIOXKHOCTSIMU S1, S2,... ,
Sn2 omepanmii (om) cOOTBETCTBEHHO. BhrumciautensHbie cinokHocTH ciydaitHeie. BKKC umeer
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BXOJIHOM HAaKOMUTENlb €MKOCThI0 L1 OalT 1isi XpaHeHUs COOOIIEHUH, OXKHUIAIOUUX MepeIayvH.
CooOmenust 1-i kaTeropuu 00Ja7a10T a0COIOTHBIM MPHOPUTETOM IO OTHOIIECHUIO K COOOIICHUSIM
ocTalbHBIX Kareropuii mpu oOpabotke Ha BKKC. B Oydepe cooOmieHuss pasMmemarorcs B
COOTBETCTBHUH C IPUOPUTETOM.

BKKC oOpaGatbiBaeT coobmieHust ¢ mpousBoauTenbHocThio Q on/c. Ilocne obpaboTku

COOOIICHUS TIEpPEeIaroTCs 0 N3 HampaBlIEHUSIM, Kaxoe u3 KoTopbix umeeT k1, k2, ..., kn3 kananos
cBsi3u. BeposTHOCTH mepenaun cOOOIIEHH MO HAMpaBJICHUsAM OT JII000r0 UCTOYHMKA pl, p2, ..., pn3
(p1+p2+...4+pn3 = 1). CxopocTu mepenayu 1o JoOoMy KaHainy HampasieHud Vml, Vn2, ..., Vin3

OUT/C COOTBETCTBEHHO.

[Ipu mepemade cooOmenust 1-ifi kareropuu o00J1agal0T aOCOTIOTHBIM TMPHUOPUTETOM IO
OTHOIICHUIO K COOOIIEHHsIM Apyrux kareropuid. I[lostomy ecnu mocie o0pabOTKH COOOIIEHHs BCe
KaHaJIbl CBA3M HANpaBJICHUs 3aHATHI, 00pabO0TaHHOE COOOIIEHHE TOMEIAETCsl B HAKOTUTEh

HalpaBJ€HUsl, €CIM B HEM €CTh MECTO, MHaue — Tepsercsi. EmKocTH Hakonurtenen
HarpaBJieHuH cBsi3u orpanndensr L21, L22, ..., L2n3 coolmieHusMu COOTBETCTBEHHO.

BKKC u xaHaibl CBA3M UMEIOT KOHEUHYIO HaleKHOCTb. MIHTepBansl Bpemenu Torl u Tot2
Mexny otkazamu BKKC u kaHanoB cBsa3u ciyyaiiable. [[nurenbHocTH BoccTtaHoBieHus: TBl u T2
BKKC u xanasoB cBsi3U cily4aiiHbIE.

[Ipn oTka3e KkaHana CBsI3U TIEpelaBaeMble COOOIICHHWS 1-ii KaTEeropuu COXpPAaHSIIOTCS B
HaKOIHTeJe KaHAJIOB, eclid B HeM ecTh MecTo. [Ipu Beixoae u3 ctpos BKKC ¢ BepositHocThIO PC Bee
coobmienus B Hakonutene BKKC m HakomuTesne KaHAJIOB CBSA3M COXPAHSIOTCSA, oOpabaThiBaeMoe
cooOmienue tepsiercs,a npuem BKKC u nepenaua coobuiennii mo kaHanam CBsi3u npekpamiaercs. Bee
MOCTYMAIOIINE B 3TO BPEMs COOOILIEHUS TEPAIOTCSL.

3anaHue Ha UCCIIeI0OBAHNE

Pazpaborate mMutanmonnyro moxaenb ¢ynkimonupoBanuss BKKC. HccnenoBars BimsiHuE
€MKOCTEW BXOJHBIX HAKOMMTEJEH, NHTEPBAJIIOB BPEMEHHU, BeposiTHOCcTeH, Q U VI Ha BEPOATHOCTH
nepefadyd M cpeaHee BpeMs oOpaOOTKHM OgHOTO cooOmieHus. [IpoBecTn AMCIEPCHOHHBIN aHAN3.
@dakTOopel M WX YPOBHH BHIOpaTh CaMOCTOSITENBHO. Pe3ynbrarhl MOIETMpOBAaHUS HEOOXOIUMO
MOJy4uTh ¢ TOYHOCTHIO € = 0,01 m moBepurenbHOI BeposTHOCTHIO o0 = 0,95. Bpems monenupoBanus
— T gacos.

Cnenate BbIBOABI O 3arpykeHHocTH dieMeHToB BKKC wu HeoOXommMbeix wmepax Imo
MOBBIIIEHUIO 3(PPEKTUBHOCTHU €ro (PYHKIIMOHUPOBAHHUS.

Bapmuanr 11

ITocTanoBka 3agaun

Ha nexypcte Haxomsarces nl cpeacts cBszu (CC) n2 tumos (n21 + n22 + ... + n2n2 = n2) B
TeYeHue n3 4acos.

Kaxnoe CC moxer B nr000H MOMEHT BpEMEHHU BBIUTH U3 CTpos. B 3ToM ciywae ero
3aMEHSIOT PEe3epBHBIM, MpUYeM JuO0 cpa3y, JUOO0 Mo Mepe ero mnosBieHus. Tem BpeMeHeM,
Boiuenmee u3 crpod CC peMOHTHUPYIOT, MOCJIE YEro COJAEp)KaT B KayecTBE pe3epBHOro. Bcero
KoJinuecTBO pe3epBHbIX CC n4.

Pemont Heucnpasubix CC mpousBogsaT n5 macrepos. Bpems T1, T2, ..., Tn2 pemonra
cinydaitHoe u 3aBUCHT OT Tuna CC, HO HE 3aBHCHUT OT TOro, kakoi mactep 310 CC peMOHTHUpYET.
WurepBanel Bpemenu T21, T22, ..., T2n2 mexny oTkazamMu Haxojsmuxcs Ha aexypcerse CC
CIly4JaiiHbIE.

[pubes ot CC, HaXOAAMMXCS Ha JAEKYPCTBE, COCTaBisgeT S1 ICHEKHBIX EIUHHUIl B Yac.
[ToyacoBoii yOBITOK Mpu OTCYTCTBUU Ha AexypctBe omgHoro CC — S2 aeHexHbIx enuuuil. Ormuiata
Macrtepa 3a pemoHT HeucnpaBHoro CC S31, S32, ..., S3n2 neHeXHbIX €IUHUIl B Yac. 3aTpaThl HA
coaepkanue oaHoro pezepBHOro CC cocTaBisitoT S4 AEHEKHBIX €AUHUIL B Yac.

3anaHue Ha UCCIIeIOBAHNE

Pa3paboraTe WMHUTAIMOHHYIO MOJETb (YHKIHMOHUpOBaHUS cucteMbl pemonta CC.
HccnenoBaTh BIHMSHHE HA OXHUAAEMYIO TPHOBUIL pa3nuuHOro KonudectBa pe3epBHbIXx CC u
MacTepoB. OnpeneiauTh aOCONIOTHbIE BEIWYMHBI U OTHOCUTEIbHBIE KOA(D(PUIIMEHTHI OKuIaeMoin
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npubsLH 1o Kaxkaomy Turmy CC u B 1esnom 3a cuctemy. Pe3ynbraTsl MOJETUpOBaHHS HEOOXO0AUMO
MOJYYUTh C TOUHOCTHIO € = 0,01 1 moBepUTEILHON BEpOATHOCTHIO 0. = (0,99.

C,Z[G.HaTb BBIBOABI O 3arpy>KC€HHOCTU CpPCACTB CBA3U, MACTCPOB U H€O6XOI[I/IMBIX MEpax 110
COBEpPIICHCTBOBAHUIO CUCTEMbI PEMOHTA.

BapuanTt 12

ITocTranoBka 3agaun

Ha nexypcte Haxomsarces nl cpencts cBs3u (CC) n2 tumnoB (n21 + n22 + ... + n2n2 = n2) B
TeYeHHue n3 4acos.

Kaxmoe CC moxxer B 1000 MOMEHT BPEMEHU BBIUTH W3 CTpos. B 3ToMm ciydae ero
3aMEHSIOT PEe3epBHBIM, IMpHYeM JMOO cpasy, Ju00 MO Mepe ero mosBieHHs. TeM BpeMeHeM,
Boiieamee u3 crposi CC peMOHTHPYIOT, MOCIE YEro CoJep:KaT B KadyecTBE pe3epBHOro. Bcero
KoanuecTBO pezepBHBIX CC n4.

Pemont nHeucnpaBueix CC mpomsBomsaT nS mactepoB. Bpemsa T1, T2, ..., Tn2 pemonta
cinyvaitHoe U 3aBucUT oT Tuna CC, HO HE 3aBUCUT OT TOTO, kakoi mactep 3To CC peMOHTUpPYET.
WNutepanel Bpemenn T21, T22, ..., T2n2 Mexnay oTkazamMu Haxongmmxcss Ha aexypcrse CC
CIIy4alHbIE.

[Tpu6sme or CC, Haxomsammxcs Ha ASKYPCTBE, COCTaBiIseT S| JACHEKHBIX €IUHUIL B Yac.
[ToyacoBoii yOBITOK MpU OTCYTCTBUU Ha nexypcTBe ogHoro CC — S2 menexHbix enunwui. Oruiata
Mactepa 3a pemoHT HeucnpaBHoro CC S31, S32, ..., S3n2 neHeXHbIX €AVHUIl B 4Yac. 3aTpaThl HA
conepxkanue oxHoro pezepBHoro CC cocTaBisioT S4 JeHEKHBIX €IUHUIL B Hac.

3ajgaHue HA UCcIeA0BaHUuEe

Pa3zpaborars UMHUTAIIMOHHYIO MOAETH (PYHKIIMOHUPOBAHUS CHCTEMbI PEMOHTA CPEJICTB CBSI3H.
HccnenoBath vepe3 mpomexxyTku BpemMeHH AT BiusiHuE Ha O0XHUIAEeMYI0 HPUOBUIL Pa3IUYHOTO
KOJIMYECTBA PE3EPBHBIX CPEICTB CBSA3M M MacTepoB. OmpenenuTs aOCONIOTHBIC BEIHYUHBI U
OTHOCHUTEINbHbIE KOA(D(PUIIMEHTHI 0KKMIaeMOi MPUObUTH [T Kaxaoro npomexxyTtka AT mo kaxaoMmy
THUITY CPEJICTB CBSI3H U B 1[EJIOM. Pe3ynbTaThl MOIeTMPOBaHUS HEOOXOUMO MOIYIHTh C TOYHOCTHIO €
= 0,01 u noBepuTenbLHOM BEpOATHOCTHIO 00 = 0,99.

CrenaTh BBIBOJIBI O 3arpy>K€HHOCTU CPEJCTB CBsI3U, MacTepoB Mo mnpomexyrkam AT u
HEO0OXOIMMBIX MEpax MO COBEPIICHCTBOBAHUIO CUCTEMbI PEMOHTA.

BapuanTt 13

ITocranoBka 3agaun

Ha nexypcte Haxomsates nl cpencts cBs3u (CC) n2 tumnoB (n21 + n22 + ... + n2n2 = n2) B
TeYeHHUe n3 4acos.

Kaxmoe CC moxer B 1000 MOMEHT BPEMEHH BBIUTH W3 CTpos. B aToMm ciydae ero
3aMEHSIOT PEe3epBHBIM, IMpHYeM JMOO cpasy, 00 MO Mepe ero mHosBiIeHHs. TeM BpeMeHeM,
Boieamee u3 crposi CC peMOHTHPYIOT, MOCIE YEro CoJAepKaT B KadecTBE pe3epBHOro. Bcero
KoanuecTBO pe3epBHBIX CC n4.

Pemont nHeucnpaBueix CC mpomsBomsat nS mactepoB. Bpemsa T1, T2, ..., Tn2 pemonta
cinyvaitHoe U 3aBucUT oT Tuna CC, HO HE 3aBUCUT OT TOTO, kakoi mactep 3To CC peMOHTUpYET.
WNutepanel Bpemenn T21, T22, ..., T2n2 Mexay oTkazamMu Haxongmmxcss Ha aexypcrse CC
CIIy4alHBbIE.

C BeposiTHOCTSIMH pl, p2, ..., pn2 HeucnpaBHbie CC n2 TUNIOB COOTBETCTBEHHO HE MOJJIEKAT
pemoHTy. CuuTaeTcsi, YT0 YMEHBIIIIOCH Yuciio pe3epBHbIX CC, ecnu oHu Obutu. Yepes T yacoB He
nojuexaniue peMoHTy CC 3aMeHsIeTC HOBBIMHU, CTOUMOCTD Ka)KJI0ro U3 Kotopeix S51, S52, ..., S5n2
JEHEKHBIX €JUHUIL] COOTBETCTBEHHO.

[Tpu6sme o CC, Haxomsammxcs Ha ASKYPCTBE, COCTaBiIseT S| ACHEKHBIX EIUHUIL B Yac.
[TouacoBoii yOBITOK MpU OTCYTCTBUU Ha nexypcTBe ogHoro CC — S2 nenexHbix equnauim. Oruiata
Mactepa 3a pemoHT HeucnpaBHoro CC S31, S32, ..., S3n2 neHeXHbIX €AWHUIl B 4Yac. 3aTpaThl HA
conepxkanue oxHoro pezepBHoro CC cocTaBisioT S4 JeHEKHBIX €IUHUIL B Yac.

3ajgaHue HA UCCIeI0BaHuE
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Pa3paboTarth HMUTAIMOHHYIO MOJIENb (DYHKIIMOHUPOBAHHS CUCTEMBI PEMOHTA CPEJCTB CBSI3U.
HccnenoBath vepe3 mpomexyTku BpemMeHH AT BiousiHuE Ha OXHUIAEeMYI0 HPUOBUIL Pa3IUYHOTO
KOJIMYCCTBA PC3CPBHLBIX CPCACTB CBA3U W MACTCPOB. OHpe,Z[G.HI/ITB a6COJIIOTHBIe BCJIIMYNHBI U
OTHOCHUTEINbHbIE KOA()(PUIIMEHTHI 0KHIaeMOi MPUObUTH [T Kax10oro npomexkyTtka AT mo kaxaomy
TUITY CPCACTB CBA3U U B LICIIOM. PGSYJII:TaTBI MOACIINPOBAHUA HGOGXOI[I/IMO MOJIYYUTh C TOYHOCTBIO €
= 0,01 u noBepuTenbHOM BepOATHOCTHIO 00 = 0,99.

Crenatb BBIBOJBI O 3arpy’k€HHOCTH CpEACTB CBSA3M, MacTepoB Mo mnpomexyrkam AT u
HEO0OXOIMMBIX MEpax MO COBEPIICHCTBOBAHUIO CUCTEMbI PEMOHTA.

Bapuanrt 14

ITocTranoBKka 3agaun

ABtomarnueckas TenedonHas craHmus (ATC) oOGcmyxuBaer nl TenedOHHBIX ammapaTroB
(TA) nepsoii kateropuu (TA1), n2 TA Bropoii kareropuu (TA2) u umeer n3 BBIXOIOB B CETh CBSI3U.
HNutepBan Bpemenn T1/nl mexnay 3BoHkamu ¢ TA mepBoil kareropuw CirydailHbIi. BeposTHOCTH
3BoHKa ¢ i-ro TA mepBoii kareropuu pli = 1/nl. BeposSTHOCTh TOT0, YTO MPHU 3TOM JJIsl pa3roBopa
noTpeOyeTcsi BHENIHsIST JUHUA CBs3U p2=n3/(n2+n3), coenuHenue ¢ TA BTopod Kareropuu p3 =
n2/(n2+n3). IIpu >TOM MOXeT OBITH 3aHATa JII00ass CBOOOIHAS TMHUS CBS3H, & BEPOSTHOCTH 3BOHKA
Ha j-i TA BTopoi#t kareropum p4j = 1/n2. JInutenpHoCTh tl pasroBopa ¢ TA mepBoil kareropuu
ciydaiiHasg. Bpems tox!] oxupanust npu 3aHsTocTH TA WM BHEHNIHMX JIMHUM CBS3M CIIy4aliHOE.
BepositHocThs TOro, uro TA BTOpoW Kareropuu He OTBETHT, pS. Ilpu 3TOM Bpemsa toxk2 Takxke
CIly4alHoeE.

NurtepBan Bpemenu T2/n2 wmexnay 3BoHKamMH ¢ TA BTOpoll KaTreropuu CIydaiHBIH.
BepositHocTh 3BoHKA ¢ k-ro TA Bropoii kareropun pok = 1/n2. BeposSTHOCTH TOro, YTO IPU ITOM
JUTsl pa3roBOpa MOTPEOYIOTCS BHEMTHSS JUHUSA CB3U p7 = n3/(nl+n3), coenqunenue ¢ TA mepsoi
kareropuu p8 = nl/(nl+n3). Ins pasroBopa MoxeT ObITh 3aHATa JH00ass CBOOOAHAST BHEUTHSISI JIMHUS
CBsI3H, @ BEPOATHOCTD 3BOHKA Ha |-if TA nepBoii kareropuu p9l = 1/nl. JInutensHOCTSH t2 pa3roBopa ¢
TA BTopoil xateropum ciydaitHas. Bpewms tox3 mnpu 3aHstoctd TA winM BHEIIHUX JIMHUHN CBS3U
cnydaitHoe. BepositHocTh Toro, uto TA mepBoii kateropuut He oTBETUT, pl0. IIpu 3TOM Bpems tox4
TaKXKe CIly4aiHoe.

3BoHku ¢ TA mepBoi kareropum 00JIaal0T a0COJIOTHBIM MPHUOPUTETOM 1O OTHOIICHHIO K
3BoHKaM ¢ TA BTOpoil KaTreropuu IpH 3aHATOCTH BHEIIHETO BHIXOAA B CETh CBsA3M. BceienctBue
3TOTO, €CJIM MPHU MOCTYIJICHUH 3asBKM Ha pa3roBOp IO BHEIIHEMY BbIxoay ¢ TA mepBoil kareropuu
BCE BHEIIHME BBIXOABI OYAYT 3aHATHI pa3roBopaMu Takxke ¢ TA mepBoi KaTeropuu, TO MpepbIBaHUSL
HE MPOMCXOAUT, U 3asBKAa CUMTAETCS MOTEpsIHHOW. Eciu ke HeKOTOpble BHEIIHHWE BBIXOABI OyayT
3aHATHl paszroBopamu ¢ TA BTOpoH Kareropuu, TO Imocie toxkl OAMH U3 3THX pPa3TOBOPOB
MpephIBaeTCs (TEPSAETCs) U HAYMHACTCS Pa3roBOp MO 3TOMY BeIX0oAy ¢ TA mepBoii KaTeropumu.

3agaHue Ha uccje0BaHHe

PazpaboraTs umuTanmonnyw monens ¢pyakuunonupoBanus ATC. MccnenoBaTh 3aBUCUMOCTh
BEPOATHOCTH pa3roBopoB ¢ TA mepBoil MU BTOPOW KaTEropuu OT MHTEPBAJIOB BPEMEHM, BPEMEHU
Pa3roBOPOB U BEPOATHOCTEM.

[IpoBectn maHcrepCHOHHBIM aHanu3, aKTOPsl M 3HAYEHHS UX YPOBHEH BBIOpAThH
CaMOCTOSITENIbHO, BKIIIOUUTHh B YUCIO (DAaKTOPOB HKCIEPUMEHTa M KOJUYECTBO TeNne(hOHHBIX
anmapatoB. Pe3ynabpTaTel MOAETMPOBAHUS HEOOXOAMMO MONY4UTh C TOo4yHOCThIO &€ = 0,01 u
JIOBEPUTEIIBHON BEpOSATHOCTHIO 0 = 0,99.

Bapuanr 15

ITocTranoBka 3agaun

Aptomarnueckas TtenedonHas craHmus (ATC) oOGcmyxuBaer nl TernedOHHBIX anmapaTroB
(TA) nepsoit kateropuu (TA1), n2 TA BTopoii kateropuu (TA2), n4 TA TpeTheii KaTeropuu u UMeeT
n3 BEIXOZOB B CETH CBSI3H.

WntepBan Bpemenu T1/nl wmexny 3BoHkamu ¢ TA mepBod KaTeropuu CiydailHBIH.
BepositHocTh 3BOHKA ¢ i-r0 TA mepBoit kareropun pli = 1/nl. BepossTHOCTH TOTO, UTO MIPU ATOM IS
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pasroBopa MOTpeOyeTcss BHEIIHssI JTUHHS CBsi3u p2= n3/(n2+n3), coemunenue ¢ TA Bropoit
kareropuu p3 = n2/(n2+n3). [Ipu 3TOM MOKeT OBITH 3aHATA J00as CBOOOJHAs JIMHUS CBSI3U, a
BEPOSITHOCTH 3BOHKA Ha j-il TA BTopoii kareropuu p4j = 1/n2. JInurensunocts t1 pasroBopa ¢ TA
MepBOM Kareropuu ciydaiHas. Bpems toxl oxupganus npu 3aHsATOCTA TA WM BHEIIHUX JUHUN
CBsI3M ciydaiiHoe. BepostHocTh Toro, uro TA BTropoil kaTteropuu He OTBETHUT, pS. Ilpu 3TOM Bpems
toX2 TakKe cliydalHoe.

WntepBan Bpemenu T2/n2 wmexnay 3BoHKamMu ¢ TA BTOpPOH KaTeropuM CiydailHBIH.
BepositHocTs 3BoHKA ¢ k-ro TA BTOpO# kateropuu pok = 1/n2. BeposiTHOCTH TOTO, YTO TIPH ITOM
IUI. pa3roBopa MOTPeOYIOTCS BHEUIHsS JUHUA CBsi3u p7 = n3/(nl+n3), coenunenue ¢ TA mepoit
kareropuu p8 = nl/(nl+n3). Jlnsa pasroBopa MOKET OBITH 3aHsATA JI00ass CBOOO HAS BHEIIHSS JTUMHUS
CBSI3H, a BEpOATHOCTH 3BOHKa Ha 1-ii TA nepBoii kateropuu p9l = 1/nl. InurensHOCTH t2 pazroBopa c
TA BTOpoil kateropuu ciyyaiiHas. Bpems tox3 mpu 3ansatoctd TA WM BHEUIHUX JMHUW CBA3U
ciydaiiHoe. BepostHocTh Toro, uto TA nepBoii kateropun He oTBeTHT, pl0. IIpn 3TOM Bpems tox4
TaKXe CIydaitHoe.

WntepBan Bpemenn T3/n4 wmexnay 3BoHkamMu ¢ TA TpeTbeil KaTeropuu ClydailHbIH.
BepositHocTh 3BoHKaA ¢ k-ro TA Tperheit kateropuu pllk = 1/n4. Jlnsa pasroBopa Bcerma tpedyercs
BHEIIIHSS JIMHUS, TaK Kak 3BOHOK Ha TA n10o nepBoii, 1100 BTOpoii kareropuii. 3BOHOK Ha JH000H 13
stux TA paBHOBepositeH pl2k=1/(nl1+n2). JnurensHocTh t4 pasroBopa ¢ TA TpeThell kareropuu
ciydaiiHasg. Bpems toxS5 npu 3aHaroctTd TA niay BHEIIHMX JIMHMM CBSI3U cilydaiiHoe. BeposTHOCTb
Toro, uro TA mnepBoil wiM BTOpoW kKareropuu He oTBeTuUT, pl3. Ilpm s3TOM Bpemsi toxS Takke
CIly4alHoOeE.

3Bonku ¢ TA mepBoi kareropun 00JIaal0T aOCOJIOTHBIM MPUOPUTETOM IO OTHOIICHHIO K
3BOHKaM ¢ TA BTOpOIl kaTeropuu IpH 3aHATOCTH BHEIIHETO BbIXOJa. BeiencrBue aroro, eciau npu
IOCTYIJICHUH 3asBKM Ha pa3roBOp IO BHEIIHEMY BbIXOAY ¢ TA mepBOMl KaTeropuy BCE BHEIIHHE
BBIXOJBI OYyIyT 3aHATHl pasroBopaMu Takke ¢ TA TepBoil Kareropuu, TO TpEpbIBaHUS HE
MIPOUCXOJUT, M 3asBKa CUYUTAETCSA MOTEpAHHON. Ecimu ke HeKOTopbhle BHEIIHHE BBIXOJbI OYyAYT
3aHATHI pa3roBopamu ¢ TA BTOpo#l uiM TpeTbel KaTeropuu, To nocie tox! paHplle HayaBIIMKCA U3
ATUX Pa3TOBOPOB MPEPHIBACTCS (TEPSETCS) U HAYMHAETCS Pa3roBOp MO 3TOMY BbIxoay ¢ TA mepoi
KaTeropuu.

3ajgaHue HA UcCCIeI0BaHuEe

Pa3pabotare numMuTanoHHyo mMozaens GpynkunonupoBanus ATC. MccnenoBars 3aBUCHMOCTD
BEPOATHOCTH Pa3roBopoB ¢ TA mepBoi M BTOPOW KAaTErOpuud OT MHTEPBAJIOB BPEMEHH, BPEMEHU
pPa3roBOpOB U BEPOSTHOCTEM.

[IpoBecTn AWCHEPCHOHHBIA aHamW3, (aAKTOpPhl W 3HAYCHUST WX YpPOBHEHW BBIOpaTh
CaMOCTOSITENIbHO, BKJIIOUYUTH B YHCIO (PAKTOPOB SKCIEPUMEHTa U KOJHYECTBO Tele(OHHBIX
anmapaToB. Pe3ynpTaThl MOACIUpPOBAaHUS HEOOXOAMMO TOJYYUTh C TO4YHOCThIO € = 0,01 m
JIOBEPUTENIBHOM BEPOSATHOCTHIO o = 0,99.

Bapuanr 16

ITocTanoBka 3agaun

B opranmzanuu nokanpHas BerYMcnuTeNnbHas ceTh (JIBC) mmeer n aBTOMaTU3UPOBAHHBIX
pabounx wmecta (APM) wu cepBep, coemuHeHHBIX o0Omed mmHoW. B JIBC opranuzoBana
pacripenienieHHasi 00paboTKa JaHHBIX. 3anpockl moctynaoT o APM, KoTopble MMEIOT cBoU 0a3bl
nauubiX (BJ]). Iloctynaromme 3ampockl epBuyHO obpadareiBatoTcs Ha APM. C BepostHOcThIO P,
P2, ..., Pn Tpebyromasics unpopmanus odHapyxusaercs B bJI APM, mocie yero mpojomkaeTcs
nanpHelmas oOpaboTka 3amnpoca. B mpoTuBHOM ciyyae HeoOXouMa MOCHUIKA 3ampoca Ha CepBep.
[Tocne mockutKM 3ampoca Ha cepBep APM oOpabareiBaeT Ipyrue MOCTYMAIOIIME HA HETO 3aIpPOCHL.
[Tonyuus oTBeT ¢ cepBepa, APM 3aBepinaeT 00paboTKy 3ampoca.

WHTepBasibl  BpeMEHM  MOCTyIJIeHMs  3ampocoB  Ha  APM  pacnpeneneHsl 1o
AKCIMOHEHIMAIBLHOMY 3aKOHY cO cpeauum 3Hauenuem T11, T12, ..., Tln.

Kanan nepenaun nannsix, coenuustoniuii APM u cepBep, He UMeeT HaKONUTENEeH U nepeaaya
110 HEMY BO3MOJKHA TOJIKO TOTJa, Koraa oH cBoOoneH. Korna on 3ansat, APM HaxoauTcs B peKuMe
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OXKHUJIaHUS U TOJBKO MOCJe OCBOOOXKIEHUS KaHaja mnepemaer 3ampoc. [lpu mepemaye DaHHBIX C
cepBepa 1o 3anpocy APM sTuM naHHBIM TpUcBanBaeTcst 00J1ee BHICOKUM MTPUOPUTET 1O CPAaBHEHUIO
¢ mnocrynaiomumu Ha APM 3ampocamu. OTuM oOecrmeuuBaeTcs AMCLHUIUIMHA OOCITYXKHUBaHHS
«paHbllle TIPHIIES — paHbIlle OOCITY)KEH» TpH 3aBeplieHnH 00paboTku 3ampoca Ha APM mocie
II0JIy4EHUsI OTBETA C CEPBEpA.

Ha cepBepe ummerorcs nBa Hakonurtens. Hakonurens 1 mpenHazHadeH il MOCTYMArOMIUX
3alpoCoB, a BTOPOIi— AJIs IepeaBacMbIX OTBETOB Ha 3ampockl. EMkocTh HakonuTensa 1 orpanuueHa
Ha Emkl1 3ampocoB, To ectp mocrynatomue ¢ APM 3ampockl MOTYT TEpATHCS B Ciydae IMOJHOTO
3anofiHeHus HakonuTens 1. EMKOCTh HakomuTtens: 2 MpakTUYECKH HEOrpaHWYeHHA, TO €CTh OTBETHI
Ha 3arnpocsl ¢ APM He TepsitoTcs.

Bpemst mepBuuHOil 00paboOTKM 3ampoca, €ro nepeAadd Npu HAZOOHOCTH Ha CepBep,
00paboTKH Ha cepBepe W 00paTHOM mepenadn Ha Hy)kHOe APM momunHEHbI SKCTOHEHITHATBHOMY
3aKOHY.

3ajgaHue HA UCCIeA0BaHue

Pazpaborare wumMuTanuonnyro wMojenb. [IpomonenupoBath (yHkuuonuposanue JIBC B
teuenue T yacos.

Onpenenurs:

palMOHANIbHYI0O €MKOCTh HakomuTens 1 Ha cepBepe, MpU KOTOPOM HE MPOUCXOIUT MOTEPh
3anpocoB ¢ APM;

BEPOATHOCTh OTKa3a B OTBeTe Ha 3ampoc ¢ APM BciencTBue MOJHOTO 3aloJIHEHUS
Hakonurens 1 Ha cepBepe;

Bpems peaknuu JIBC Ha 3anmpoc nmosib30Barters;

BEPOSATHOCTH 00pabOTKM 3a1pocoB, MOcTynaromux Ha APM;

3arpy3ky APM, kaHasa nepenayv JaHHBIX U CEpBEpA.

[IpoBectn aucnepcuoHHBI aHanu3. DakTOpbl W 3HAUYEHHUS YpPOBHEH (PAKTOPOB BHIOpATH
CaMOCTOATENIbHO. Pe3ynbTaThl MOACIUPOBAHUS HEOOXOAMMO MOIYYUTh ¢ TOYHOCTBIO € = 0,01 u
JIOBEPUTENBHON BeposATHOCTHIO 0 = 0,99. Ilo momyuyeHHBIM pe3yiabTaTaM MOACIMPOBAHUS CHEIATh
BBIBOJIbI O COBEPIIEHCTBOBAHUU MH(OPMALIMOHHBIX IOTOKOB B OpraHU3al1u.

Bapuant 17

ITocTranoBka 3agaun

B opranmzanuun nokanpHas BeruuciauTenbHas ceTh (JIBC) mmeeT n aBTOMaTH3MpPOBAHHBIX
pabounx wmectra (APM) wu cepBep, coemuHeHHbIX o0mei mmHONH. B JIBC opranuzoBana
pacmpeseneHHass o0paboTka JaHHBIX. 3ampockl moctymaroT oT APM, KoTopble UMEIOT CBOM 0a3bl
nannbix (BJ1). [Mocrynaromue 3anpock nepsuyHo oOpabarbiBatoTcst Ha APM. C BepositHocThIO P,
P2, ..., Pn tpeOyromasicas uHbopmamus ooHapyxkuBaercs B B/l APM, mocne dero mpomospkaercs
nanpHelmas o0paboTka 3ampoca. B nmpoTuBHOM citydae HE00X0aKMMa MOCHUIKA 3alpoca Ha cepBep.
[Tocne moceuiku 3ampoca Ha cepBep APM o6pabareiBaeT Ipyrue MmocTynaromnye Ha HETO 3ampocChl.
[Tonmyuus oTBet ¢ cepBepa, APM 3aBepmiaer 00paboTKy 3ampoca.

NutepBansl  BpemMeHH  MOCTyIUleHUs  3anpocoB  Ha  APM  pacnpenenensl 1o
AKCIMOHEHIIMAIbBHOMY 3aKOHY co cpeaHuM 3Hauenuem T11, T12, ..., Tln.

Kanan nepenaum nansbix, coequnsonmmii APM u cepBep, He UMEET HAKOMUTENEH U repeaaya
110 HEMY BO3MOXHA TOJIBKO TOT/Ia, Korjaa oH cBoboaeH. Korna on 3anar, APM HaxomuTcs B pexxume
OKUJAHHUS U TOJIbKO TOcJe OCBOOOXKIEHHS KaHaja mepeaaer 3ampoc. I[lpu mepenade naHHBIX C
cepBepa 1o 3arnpocy APM 3TuMm JaHHBIM NpUCBauBaeTCsl 00Jee BHICOKHI MPUOPHUTET MO CPABHEHHIO
¢ moctymaromumu Ha APM 3anpocamu. DTuM oOecreunBaeTCs IUCIHUILIMHA OOCITY)KHBaHUS
«paHbllle TPUIIEN — paHbIIe OOCITyKEH» NpH 3aBeplieHuu oOpaboTku 3ampoca Ha APM mocie
MTOJIyYEHUsI OTBETA C CEPBEPA.

Ha cepepe umerorcs nBa Hakonurtens. Hakonutens 1 mpeaHasHaueH A MOCTYHAOLIUX
3alpocoB, a BTOPOH — IS MTepeJaBaeMbIX OTBETOB Ha 3arpochl. EMKOCTh Hakonurens 1 orpannyeHa
Ha Emkl 3ampocoB, To ecth mocrynaromue ¢ APM 3anmpocsl MOTYT TEpsTbCS B Cllydae IOJHOTO
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3anonHeHus Hakonutens 1. EMKocTh HakomuTess 2 MpakTHYECKH OECKOHEYHa, TO €CTh OTBETHI Ha
3ampoCkl HE TEPSIOTCS.

Bpemst mepBuuHOil 00paboTKM 3ampoca, €ro nepeAadd Npu HAJZOOHOCTH Ha CepBep,
00paboTKH Ha cepBepe W 00paTHOM mepenadn Ha Hy)kHOe APM momunHEHbl SKCIOHCHITHATBHOMY
3aKOHY.

3aganye Ha UCCIeOBaHNE

Pa3paboTarh UMHTAITMOHHYIO MOJIEIb.

Onpenenuts:

cpenHee BpeMst 00padboTku N 3a1pocoB;

palMOHAIBHYI0 €MKOCTh HakonmuTens | Ha cepBepe, MpU KOTOPOW HE MPOUCXOJIUT IMOTEPH
3anpocoB ¢ APM;

BEPOATHOCTh OTKa3a B OTBeTe Ha 3ampoc ¢ APM BcieacTBue MOJHOTO 3aloJIHEHUS
Hakonurens 1 Ha cepBepe;

Bpems peakuuu JIBC Ha 3anmpoc nmoJsib30Barters;

BEPOSTHOCTH 00pabOTKH 3ampocoB, mnocrymaoomux Ha APM; 3arpysky APM, kanama
repeaady JaHHbBIX U cepBepa.

[IpoBectn aucnepcuoHHBI aHanu3. DakTOpbl W 3HAUEHHUS YpPOBHEH (PAKTOPOB BHIOpATH
CaMOCTOATENIbHO. Pe3ynbTaThl MOACIUPOBAHUS HEOOXOAMMO MONYYUTh ¢ TOYHOCTBIO € = 0,01 m
JIOBEPUTENIBHON BeposATHOCTHIO 0 = 0,99. Ilo momyueHHBIM pe3yiabTaTaM MOJAEIMPOBAHUS CAEIATh
BBIBOJIbI O COBEPIIEHCTBOBAHUN MH(OPMALIMOHHBIX IOTOKOB B OpraHU3al1u.

Bapuanr 18

ITocTranoBKka 3agaun

B opranmzanuu nokanpHas BerauciauTenbHas ceTh (JIBC) mmeeT n aBTOMaTH3MPOBAHHBIX
pabounx wmectra (APM) wu cepBep, coemuHeHHbIX o0mei mmHONH. B JIBC opranuszoBana
pacmpeneneHHass o0paboTka JaHHBIX. 3anpockl moctymaroT oT APM, KoTopble HMEIOT CBOM 0a3bl
nannbix (BJ1). [Mocrynmaronue 3anpock nepsuyHo oOpabarbiBatoTcst Ha APM. C BepositHOcThIO P,
P2, ..., Pn tpeOyromasica uabopmamnus oboHapyxkuBaercs B bBJ[ APM, mocne dero mpomospkaercs
nanpHelmas oOpaboTka 3ampoca. B mpoTuBHOM ciydae HE0OXOuMa MOCHUIKA 3ampoca Ha CepBep.
[Tocne moceuku 3ampoca Ha cepBep APM o6pabareiBaeT Ipyrue MocTynaronye Ha HETO 3ampocChl.
[Tonmyuus oTBet ¢ cepBepa, APM 3aBepmiaer 00paboTKy 3ampoca.

NutepBansl  BpemMeHH  MOCTyIUleHUs  3ampocoB  Ha  APM  pacnpenenensl 1o
AKCIMOHEHIIMAIbBHOMY 3aKOHY co cpeaHuM 3Hauenuem T11, T12, ..., Tln.

3anpocel ¢ APM1 umeroT abCOMIOTHRIN MPUOPHUTET MO OTHOIIECHHUIO K 3aIPOCaM C OCTATbHBIX
APM. IloaToMy ecnu 1o KaHaiy nepenaercst 3amnpoc ¢ apyrux APM, To nepenava npepsiBaeTcs U
3ampoc Tepsietrcs. Taxxe mpepbiBaeTcsi 00padoTka 3ampoca ¢ npyrux APM Ha cepsepe.

Kanan nepenaun nannsix, coenuustoniuii APM u cepBep, He UMeeT HaKONUTENEeH U nepeaaya
10 HEMY BO3MOJKHA TOJILKO TOTJa, Koraa oH cBoOoneH. Korna on 3ansat, APM HaxoauTcs B peKuMe
OKUJAHWS W TOJILKO TOCTE OCBOOOXKICHUS KaHaja mepemaer 3ampoc. [lpu mepenade MaHHBIX C
cepBepa 1o 3anpocy APM sTuM maHHBIM TpUcBauBaeTcst 00J1ee BHICOKUM MTPUOPUTET 1O CPAaBHEHUIO
¢ mocrymapomumu Ha APM 3ampocamu. DThM o0ecreuyuBaeTcs AWCHHUILIAHA OOCTYKHBAHUS
«paHbllle TPHIIES — paHbIlle OOCITYy)XEH» MpH 3aBeplieHnH 00paboTku 3ampoca Ha APM mocie
MOJIyYEHUs1 OTBETA C CEPBEPA.

Ha cepBepe ummerorcs nBa Hakonurtens. Hakonurens 1 mpenHazHadeH i MOCTYMArOMIUX
3apocoB, a BTOPO— /Jis NepeaBaeMbIX OTBETOB Ha 3ampocbl. EMKkocTh HakonuTenst 1 orpanudena
Ha Emkl1 3ampocoB, To ecth mocrynatomue ¢ APM 3ampockl MOTYT TEpATHCS B Cilydae IMOJHOTO
3anofiHeHus HakonuTens 1. EMKOCTh HakomuTtens: 2 MpakTUYECKH HEOrpaHWYeHHa, TO €CTh OTBETHI
Ha 3arnpocsl ¢ APM He TepsitoTcs.

Bpemst mepBuuHOil 00paboOTKM 3ampoca, €ro nepeiadd Npu HAJZOOHOCTH Ha CepBep,
00paboOTKH Ha cepBepe W 00paTHOM mepenadn Ha Hy)kHOe APM momunHEHbI SKCIOHCHITHATBHOMY
3aKOHY.

3aganue Ha UCCIeI0BaHNE
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Pazpaborare wumMuTanmonnyro wMojenb. [IpomonenupoBath (yHkuuonuposanue JIBC B
TedeHue T 4acos.

Ornpenenurs:

pPalMOHAIBPHYI0O €MKOCTh HAaKONHWTENs 1 Ha cepBepe, MpU KOTOPOW HE MPOUCXOIUT IOTEPb
3anpocoB ¢ APM;

BEPOATHOCTh OTKa3a B OTBeTe Ha 3ampoc ¢ APM BcieacTBue MOJHOIO 3aloJIHEHUS
Hakonurens 1 Ha cepBepe;

Bpems peakuuu JIBC Ha 3anmpoc nmoJsib30Barters;

BEPOSTHOCTH 00pabOTKHM 3ampocoB, mnocrymaoomux Ha APM; 3arpysky APM, kanama
nepelayy JaHHBIX U CEpBEpA.

[IpoBectn aucnepcuoHHBId aHanu3. DakTOpbl W 3HAUEHHUS YpPOBHEH (PAKTOPOB BHIOpATH
CaMOCTOATENbHO. Pe3ynbTaThl MOACIUPOBAHUS HEOOXOAMMO MOIYYUTh ¢ TOYHOCTBIO € = 0,01 u
JIOBEPUTENBHON BeposATHOCTHIO 0 = 0,99. Ilo momyueHHBIM pe3yiabTaTaM MOJACIMPOBAHUS CHEIATh
BBIBO/Ibl O COBEPILIEHCTBOBAHUH MH(OPMALIMOHHBIX IOTOKOB B OpPraHU3alUH.

Bapuant 19

ITocTranoBka 3agaun

N3rotoBieHue B 1exe JeTalldi HayMHAETCs 4Yepe3 ciydaiiHoe Bpems TH. BblnmomHeHuto
onepaunﬁ npeaAmICCTBYCT MOATrOTOBKA. I[JII/ITGJII:HOCTB IIOATOTOBKH 3aBHCHUT OT Kay€CTBa 3arOTOBKH,
13 KOTOpOU OyzeT caenaHa AeTaib. Bcero pa3nuaHbIX BUAOB 3arOTOBOK nl.

BpeMH IIOATOTOBKHN ITOAYHMHCHO 9KCITOHCHIUAJILHOMY  3aKOHY. Yacrota IIOABJIEHUS
Pa3IMYHBIX BUJOB 3arOTOBOK M CPEIHUE 3HAYCHHMS BPEMEHU WX IMOJTOTOBKH 3aJIaHbl CJIEIYIOIIEH
Ta0uIel JUCKPETHOTO PACTIPEICIICHHUS:

Yacrora 0,05 0,13 0,16 0,22 0,29 0,15
Cpennee Bpemsi 10 14 21 22 28 25

Jns  U3roTOBJIEHUST  JETald  TMOCIHEAOBATENIbHO  BBINOJHAIOTCS N OINEpalui,
npopoikutenbHocTsIMu T1, T2, ..., Tn coorBercTBeHHO. [locie kaxmoil omnepanuu B TEYEHUE
Bpemenu Tkl, Tk2, ..., Tkn cienyer koHTposib. Bpems koHTpons — ciyuaiiHoe. KoHTponb He
npoxoaaT ql, g2, ..., qn % neraneil COOTBETCTBEHHO.

3a0pakoBaHHBIC AETATN TOCTYMAIOT B OKOHYATEIbHBIM OJIOK KOHTPOJS M MPOXOMAAT B HEM
MPOBEPKY B TeueHue ciydaitHoro BpemeHu Tokl, Tox2, .., Tokn. B pesynapTaTte m3 oOmiero
KOJIMYEeCTBA HE MPOILEAIINX KOHTPONIb JeTaneit q(n+1) % meraneit uayt B Opak, a ocraBmmecs 1-
q(n+1) % neranell moasiexar MOBTOPHOMY BBIIIOJIHEHHIO TE€X OIEpalii, MOCiIe KOTOPbIX OHU HE
MPOILIU KOHTPOJIb. Eciin AeTaib MOBTOPHO HE MPOXOJAUT KOHTPOJIb MMOCIE MOBTOPHOTO BBIMOJHEHUS
oTepalnu, oHa OpaKyeTcs.

3anaHue Ha UCCIIeIOBAHNE

PazpaboTaTe MMHUTAIIMOHHYIO MOJIENb TPOIlECCa M3TOTOBJIEHUS AeTanei. Mojaenb ToJDKHA
MO3BOJISITh  OTMPEAETSATh a0COMIOTHOE M OTHOCHUTEIIBHOE KOJMYECTBO TOTOBBIX MU 3a0paKOBaHHBIX
JeTajen, CpeaHee BpeMs HM3TOTOBJICHUS OJHOW AeTtanu. VccienoBaTh 3aBUCHUMOCTh KOJIMYECTBA
M3TOTOBJICHHBIX JETallel OT KaYeCTBA BHIMOJHEHUS Ollepalui.

[IpoBecTn nucnepcuoHHBIN aHanu3. PakTOpbl W 3HAYECHHS YPOBHEH (aKTOPOB BBHIOpATh
CaMOCTOATEIBHO.

PesynbpTaThl MomenupoBaHus HEOOXOIUMO TIOTYUYUTh ¢ TOUYHOCTHIO € = 0,01 U qoBepuTenbHON
BepoATHOCTBIO o = 0,95. Bpems MmonenupoBanus — T yacos.

Crenarb BBIBOJBI O 3arpy’KEHHOCTH ITYHKTOB BBIMOJIHEHUSI ONEepaliii 1 HEOOXOUMBIX MEpax
10 TIOBBILLIEHUIO KOJIMYECTBA U3TOTOBJICHUS JACTaJICH.

Bapuant 20
ITocTanoBka 3agaun
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H3rorosneHue B Liexe JeTald HAa4MHACTCS 4Yepe3 ciydanHoe Bpems TH. BsinonHeHuto
olepanuil NpeAmecTByeT NOATOTOBKA. JITMTEIBHOCT MOATOTOBKH 3aBUCUT OT KauyeCTBa 3arOTOBKH,
13 KOTOpO# OyneT cienaHa netanb. Beero pa3auuHbIX BUOB 3aTOTOBOK nl.

Bpems MOATOTOBKM MOJYMHEHO OSKCIOHEHUIMAJIBHOMY 3aKOHy. YacTroTra mOsABIIECHUA
Pa3JIMYHBIX BUJOB 3arOTOBOK U CPEAHHME 3HAYEHUs BPEMEHM MX IOATOTOBKM 3aJaHbl CIEAYIOLICH
TaOJIUIEH JUCKPETHOTO paclpeieeHuUs:

YacTorta 0,05 0,13 0,16 0,22 0,29 0,15
Cpennee BpeMs 10 14 21 22 28 25

Jns  W3roToBIEHUS ~— JA€TaNM  MOCIEAOBATEIBHO  BBINOJHAKOTCA N OINEpaluu,
nponomkutensHoctsimu T1, T2, ..., Tn coorBercTBeHHO. [locie kaxaol omepanud B TEUYECHHE
Bpemenu Tk, Tk2, ..., Tkn ciemyer koHTpoiab. Bpemsi koHTpossi — cinydaitHoe. KoHTposib He
npoxomiT ql, q2, ..., qn % aeraneil COOTBETCTBEHHO.

3a0pakoBaHHbBIE AETaJIM MOCTYMNAIOT B OKOHYATEIbHBIM OJIOK KOHTPOJIS M MPOXOAAT B HEM
NpOBEpKY B TeueHue ciydaiiHoro Bpemenu Toxl, Tok2, .., Tokn. B pesymprare u3 oobuiero
KOJIMYECTBA HE MPOILIEAIINX KOHTpOib aetaneit q(ntl) % meraneit uayt B Opak, a octaBmuecs 1-
q(ntl) % neranel moayiexaTr MOBTOPHOMY BBIIIOJIHEHUIO TE€X OIEpalil, MOCIE KOTOPBIX OHU HE
MPOLLIY KOHTPOJb. ECiin AeTab NOBTOPHO HE MPOXOAUT KOHTPOJIb MOCIE MOBTOPHOIO BBIIOJHEHHUS
oIepaluu, oHa OpaKyeTcs.

3ajgaHue HA UCCIeA0BaHuEe

Pa3paboraTh MMHUTAIMOHHYIO MOJENH TpOIlecca M3TOTOBIEHHS NeTaneid. Mopenb JOoKHA
MO3BOJISITh  OTPEAETATh a0COIIOTHOE M OTHOCUTENIBHOE KOJIMYECTBO TOTOBBIX M 3a0paKOBaHHBIX
JieTajel, CpelHee BpEMsS HW3TOTOBJIECHUS OJIHOW Jetanu. lMccnenoBarh 3aBUCHUMOCTb BPEMEHHU
n3rotoByieHUs: N ieTajieid OT KaueCTBA BBIMOJHEHUS ONEpaIlUid.

[IpoBectn aucnepcuoHHBI aHanu3. DakTOpbl W 3HAUYEHHUS YpPOBHEH (PAKTOPOB BHIOpATH
CaMOCTOATEIIBHO.

Pe3ynbpTaTel MOAETMpPOBaHHS HEOOXOIUMO TOMYYUTh ¢ TOUYHOCTHIO € = 0,1 U TOBepHUTETHHOIM
BEpOATHOCTHIO o = 0, 99.

Crenatb BBIBOJIBI O 3arpYKEHHOCTH ITYHKTOB BBITIOJTHEHHSI OTEepaIiii 1 HEOOXOJUMBIX MEpax
10 COKPAILIEHUIO BPEMEHU U3TOTOBIICHHUSI I€TaJeH.

BapuanT 21

ITocTranoBKka 3agaun

B pemonTHoe monpaznenenue cpencts cBsizu (CC) mocrymaror HeucnpaBHble CC n THIIOB C
BEpOSTHOCTSIMU pl, p2, ..., pn cooTBeTCcTBEHHO. IHTEepBasbl BpeMeHU T Mexay 1ByMs OYepeIHbIMU
noctymieHusMu ciydaitapie. Kaxxnoe CC mroboro tuma MOXKeT TpeOoBaTh OJHOTO M3 TPEX BHUIOB
pemMoHTa ¢ BepossTHOCTAMHU pl1, p21 wim p31 cOOTBETCTBEHHO.

B pemonTHOM mnojapazneneHnn uMmerotca nl, n2, ..., nn rpynn mactepoB s peMonta CC
Ka)XJIOT'O TUIIa COOTBETCTBEHHO.
Macrepa rpynnel nl pemontupyror CC nepBoro tuna. Ecim ux Her u Macrepa n2, ..., nn

rpynn 3aHsAThl, oHU peMOoHTHpYroT CC »tux tunos. IIpum stom noctynatomme CC mepBoro tumna
0)KMIAIOT UX OCBOOOKIECHUS.

Mactepa rpynnsl n2 pemontupyrot CC Broporo tuna. Eciu ux Her u macrepa n3, n4, ..., nn
rpynn 3aHATbl, oHU peMOHTUpYIOT CC atux TtunoB. Ilpu sTom mocrymaroume CC BTOpOro Tuma
OXKHU/JIAIOT UX OCBOOOXKICHHA. AHAJIOTHYHbIE O0S3aHHOCTH M Yy MacTepOB OCTAJIBHBIX Tpymi. JIlumb
Mactepa nocyieHei rpymnmsl nn peMOHTUPYIOT CC TOJIBKO OJJHOTO N-T'O THMA.

Bpems pemonTa n-ro tTuna CC ciayuaiiHoe, HE 3aBUCUT OT MacTepPa, a 3aBUCUT TOJIBKO OT BHJIa
pemonra: T11, T12, T13 — ansa CC nepsoro tuna, T21, T22, T23 — gnsa CC Broporo Tuma, ..., Tnl,
Tn2, ..., Tnn — gua CC n-ro Tuma.
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IIpuem wu pacnpenenenne HeucnpaBHelx CC Mexay wmacTepamMu —OCYLIECTBISETCS
nucnerdepoM. Bpewmsi, 3arpaunBaeMoe mucnerdepoM Ha ogHo CC, cimywaiiHoe. Jlucrietuepom He
nomnyckaercst K peMoHTy q % CC Bcex THUIOB.

3ajgaHue HA UCCIeA0BaHuEe

Pazpaborare MMHUTAMOHHYIO MOIENh (DYHKIMOHUPOBAHUS PEMOHTHOTO MOAPA3/ICICHHUS.
HccnenoBath 3aBUCHUMOCTh BPEMEHU U BEPOSITHOCTEN BbINOJIHEHHUS peMoHTa CC mepBOro u BTOPOro
TUTIOB OT UHTEPBAJIA U BEPOSTHOCTEHN MOCTYIICHUSI UX B PEMOHT.

[IpoBecTn nucnepcHoHHBIN aHanu3. MakTOpbl W 3HAYECHHS YPOBHEH (aKTOpPOB BBHIOpATh
CaMOCTOSITENILHO.

PesynpTaThl MomenupoBaHus HEOOXOIUMO TOTYUUTh ¢ TOUYHOCTHIO € = 0,01 U gOoBepuTenbHON
BEpOATHOCTBIO . = 0, 95.

Crnenatb BBIBOJIBI O 3arpy>KEHHOCTH KaXKJIOM I'pyMIbl MacTepoB W HEOOXOAMMBIX MEpax IO
MOBBIIEHUIO 3P PEKTUBHOCTH PAOOTHI PEMOHTHOTO MOIpa3/IeICHHUS.

Bapuanr 22

ITocTanoBka 3agaun

B pemontHoe moapazaenenue cpeacts cpsasu (CC) mocrynator HeucnpaBubie CC n THIOB ¢
BEPOATHOCTSIMU pl, p2, ..., pn cOOTBETCTBEHHO. IHTEpBasbl BpeMeHu T MeXAy ABYyMsI OUEpPEIHBIMU
noctyrieHussMu ciaydaiineie. Kaxknoe CC mo6oro tunma MokeT TpeOOBaTh OJHOTO U3 TPEX BHJIOB
peMoHTa ¢ BeposiTHOCTAMH pl1, p21 unu p31 cOOTBETCTBEHHO.

B pemonTHOM mogpaszpeneHuu umerorcs nl, n2, ..., nn rpynn mactepoB Juisi pemoHta CC
Ka)kJ0ro THIa COOTBETCTBEHHO. Mactepa rpynnsl nl pemontupytor CC nepBoro tuna. Eciu ux Her
U MacTepa n2, ..., nn rpynn 3aHATel, oHU peMoHTHpytoT CC 3tux Tunos. IIpu 3Tom nocrynaromue
CC mepBoro Tuma OXuIAIOT UX OCBOOOXKAeHHMS. Mactepa rpynmnsl n2 peMoHTHpYIOT CC BTOpOTO
tuna. Eciy ux HeT n Mactepa n3, n4, ..., nn rpynn 3aHiThl, oHU peMoHTHpY0T CC 31X TUnOB. Ilpn
sToM nocrynatouie CC BTOpOro Tumna oXuAaroT UX 0CBOOOKICHHS. AHAJIOTUYHbBIE 00S3aHHOCTH U Y
MacTepOB OCTajJbHBIX Tpymnm. JIume Mactepa nocieaHed rpynnsel nn pemMoHTupyroT CC TOJbKO
OJIHOTO N-r0 THUIA.

Bpems pemonTa n-ro tTuna CC ciayuaiiHoe, HE 3aBUCUT OT MacTepPa, a 3aBUCUT TOJIBKO OT BHJIA
pemonra: T11, T12, T13 — ansa CC nepBoro tuna, T21, T22, T23 — gnsa CC Broporo Tuma, ..., Tnl,
Tn2, ..., Tnn — gaa CC n-ro Tuma.

IIpuem wu pacnpenenenue HeucnpaBHbix CC MexAy MacTepaMd OCYIIECTBIIAECTCS
nucneruepoM. Bpewms, 3aTpaunBaemoe aucneruepoM Ha onHo CC, cimywaiiHoe. JlucnerdepoMm He
nomnyckaercs K peMoHTy q % CC Bcex THUIOB.

3aganue Ha uccjef0BaHHe

Pa3zpaboraTh MMHUTAMOHHYIO MOJENb (YHKIMOHUPOBAHUS PEMOHTHOTO MOJpa3/esICHNUS.
HccnenoBaTh 3aBUCUMOCTh BPEMEHHU U BeposiTHOCTEN BbinoiaHeHUs pemoHTa N CC Bcex THIOB OT
MHTEpBaja U BEPOATHOCTEN MOCTYIJIEHUS UX B PEMOHT.

[IpoBectn aucnepcuoHHBI aHanu3. DakTOpbl W 3HAUEHHUS YpPOBHEH (PAKTOPOB BHIOpATH
CaMOCTOATEIIBHO.

Pe3ynpraTsl MoJenupoBaHus HEOOXOAMMO MOIYYUTh € TOUHOCTBIO € = 0,01 1 qOBEpHUTEIHHOM
BEpOATHOCTHIO o = 0, 95.

CnenaTh BBIBOJBI O 3arpy’KEHHOCTH KaXKIOH T'PYIIIBI MAacTepOB M HEOOXOIMUMBIX Mepax Mo
MOBBIICHUTIO () (PEKTUBHOCTH PabOTHI PEMOHTHOTO TTOIPa3/ICIICHUS.

Kpurepun ouenku (B 0asiax):

20,0 6aJ10B BBICTABISICTCS OOYYArOMEMyCsl, ©CIH MPOCKT BBHITIOJHEH B IOJTHOM 00BEeMe, MMHUTAITMOHHAS
MoJieNib pazpaboTaHa W paboTaeT aJleKBaTHO BXOJHBIM JIAHHBIM, WUMEETCSI ONKCaHWE Ha3HAYCHUS BCEX
(hYHKITMOHAIBHBIX OJIOKOB MOJEIH, IOJIyYCHBI Pe3yJbTaThl, MPOBEJICHA WX CTATUCTHUYECKas 00paboTka u
CJ/IeJIaHbl ApPTYMEHTUPOBAHHBIC BHIBOIBL.
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16,0 6a/10B BBICTABISAETCS OOYUYAIOIMIEMYCS, €CIIM TIPOSKT BBITIOJIHCH B TIOJHOM 0O0BeMe, WMHUTAITMOHHAS
MoJieNib pazpaboTaHa W paboTaeT aJIeKBaTHO BXOJHBIM JIAHHBIM, WUMEETCSI ONHCaHWe Ha3HAYCHUS BCEX
(OYHKITMOHANBHBIX OJIOKOB MOJICNH, TONYYCHHBIC pPE3YyJIbTaThl HEKOPPEKTHBI, CJCIAaHHBIC BBIBOABI HE
COOTBETCTBYIOT IEJIN MCCIIEOBAHUS

12,0 6as10B BBICTABISETCS OOYYaIOMEMyCs, €CIH MPOCKT BBIMOJTHEH B HEIOJHOM O0beMe, MMUTAITMOHHAS
MOJIeNIb pa3paboTaHa, HMMeEETCS OIMCAHWE Ha3HAuYeHHWsS BCeX (YHKIMOHAIBHBIX OJIOKOB MOJICIH, HO
MOJTyYEHHBIC PE3YJIbTaThl HEKOPPEKTHBI, CIICITAHHBIC BEIBOJIBI HE COOTBETCTBYIOT LIEIH UCCIICIOBAHUS

8,0 0a/u10B BBICTABISIETCSl OOY4YAIOLIEMYCs, €CIM MPOEKT BBIOJIHEH B HEMOJHOM 00beMe, UMUTALMOHHAS
MOJIeNIb pa3paboTaHa ¢ OIMMOKaMHU, UMEETCsl ONMCaHUe Ha3HAYCHHs BCEX (YHKIMOHAJBHBIX OJOKOB MOJIEINH,
HO MOJY4EHHBbIE PE3yJIbTaThl HEKOPPEKTHBI, ClIeTaHHbIE BHIBOJBI HE COOTBETCTBYIOT LIEJIN HCCIIEIOBAHHMS.

3apanus VI TEKyLIero KOHTPOJIst

KommnuiekT 3agaHuii 111 KOMIBIOTEPHBIX CUMYJISIIUIH
Nuaukaropsl gocruxenns:YK-2.2, OIIK-1.1, OIIK-1.2, OIIK-6.1, OITIK-6.2

Tema 2. Tema 2. Moaeaun 0MOJOrHYeCKUX AHAJOTHIA
3aoanue 1

Peanu3oBath um mpoaHanmu3upoBaTh cieayromue moneiau. [locTpouTs rpaduku pemieHuil u
¢dazoBbie kpuBble. [l moucka pemeHus 3agaun Kommu cuctems! nuddepeHnaibHbIX ypaBHEHUI
MOYKHO BOCIOJIB30BAThCSI METOJIOM Dijepa, merogom Jditnepa-Komm unu merogom Pynre-Kyrrer 4
nopsiaKa.

1. JlorucTHYECKOE YpaBHEHHUE CDer}onLCTa? = rx(l —fj, x(0)=1,
t
a)r=0,2; 0)r=-0,2

2. Jloructuueckoe ypaBHEHHE CDer}onLCTa? = 0.2x(1 - gj
t

a) x(0)=0.5; 0) x(O):2; B) x(0)=4.

3. [lonynsimoHHOE ypaBHEHUE @epxwm:cm? = rx(x - L)(l —%) ,r=02,L=3 K=12
t

a) x(O):4; 0) x(0)=2; B) x(O):IS.

4. Monens JloTka-Bonbreppa (MOAENb XUIIHUK-KEPTBA).

dx a=4
7k =2
%z(—c%rdxl)xz, jz’=1

Pemnts cucreMy ypaBHEHHH TIpU X, (0) =3, x, (0) =1. Kak u3MeHHTCS perieHne npu

xl(O)=2, xZ(O):l;an xl(O)zl, xz(O)zl; xl(O)zl, x2(0)=2?
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5. Mogensb JloTka-BoasTeppa ¢ JIOTHCTUUECKOHN TTOMTPAaBKOM

=4
%=(a—bx2)xl —ax;, ¢

dt b=25
&=(—c+a’xl)x2—Otxzz,C:2
dt d=1

Pemmmts cucremy ypaBuenuid npu @ =0.1 u a =-0.1.

6. Moienb KOHKYpHUpYHOUIMX BU0B XOJUIMHIra- T HHEpa
r=1,

d U K *D+x, "7
&zsxz l—ix2 , D=1,
dt X, 205

Pewmnts cucremy ypasrenuit npu x, (0)=1.5, x,(0)=2 nnpu x,(0)=1, x,(0)=3

3aoanue 2

Ha pbIHKE OJHOpPOIHOTO TOBapa MPHUCYTCTBYIOT JBE OCHOBHBIC (PUPMBI, pa3AeisIoOmIUe €ro MEexXIy
coboii. MI3mMeHeHrne 00BheMOB MPOJaX KOHKYPHPYIOIIMX (GUPM C TEUCHHUEM BPEMEHHU OIHCHIBACTCS
cnenyromen cucreMoit auddepeHnanTbHbIX YpaBHEHUN:

%za,ql () (N =, ()= 42 (1))~ (1) (0),

% =a,q, (t)(N -, (1)~ g, (t))_bqu ()4 (1)

¢ HauanbHbME yenoBusaMu ¢, (0) = q,,¢, (0)=g,, .

31ech U J1anee UCIob30BaHbI CIICAYIOIMNE 0003HAYCHHUS

q1(2) - oobem npoxax pupmsi I;

q2(t)-o6beM niponax hupmsr I1.

N - 00BeM paccMaTpUBaEMOTO CETMEHTA PhIHKA COBITA,

ai, b1, az, by — monoxxurenbHble KOADPHUITMEHTHI, XapaKTEPU3YIOIMNUE CTETICHb BIUSHUS PA3THYHBIX
(hakTOpOB HA U3MEHEHHS 00BEMa MTPOJIAXK TIEPBOM M BTOPOH (PUPMBI COOTBETCTBEHHO.

Jiis yno6cTBa qabHEUIIETO UCCIEA0BaHUS BBEIEM B PACCMOTPEHUE Oe3pa3MepHEIE epeMEHHbIE:

4

T =a,Nt - 6e3pazmepHOE BpeMs, y, = v 0e3pa3MepHbIil 00beM Mpoaax i-oit pupmsl (i=1,2).

[Tocre aTOrO MOJIENB 3a1a9U IPUOOPETACT BHT

By ()11 (D))= 2 (22 o)

dr 4
%:Z_?yz (T)(l_yl (T)_yz (T))_z_jyl (T)y2 (T)

C Ha4abHBIMM YCIIOBUSIMH ), (0) =V10> V2 (O) =Yy
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a) pacCMOTPETh CUTYAIUIO, KOT/1a Ha phIHKE IPUCYTCTBYET TOJIBKO (pupma I, T.e. uMeeT MecTo
Kiaccuyeckas MoHomonus. Iloctpouts rpaduk uzMeHeHHs oObema mnponax ¢upmort [ mpum
a1=0,5; ar=b1=b>=0; ,y1(0) =0,01,)2(0)= 0,00.

0) paccMOTpeTh AMHAMUKY Ipollecca pa3zesia pbIHKa MEXIy AByMs (upMaMu B TOM ciiyyae,
Korja ux B3aUMHBIM IPOTHBOACHCTBUEM, YUUTHIBAEMBIM HOCPEJICTBOM
ko3 (ppurmeHToB b1, b» MOKHO TIpeHEeOpeUb. DTO COOTBETCTBYET CHUTYyalldd, KOTJa BIUSHUEM
BHEIIIHEH cpelbl MPEeANpHUITUH Ha pOoCT OOBEMOB MPOJAXK MOXHO NpEeHeOpedb MO CPaBHEHMIO C
BIMSIHUEM BHYTpPEHHEH cpeisl. B 93TOM ciydyae €AMHCTBEHHBIM BHEIIHUM  (DaKTOPOM,
OrpaHUYMBAIOLINM yBEIUYEHUE OOBEMOB MPOJAXK, SBIAETCS M3HAYAIbHAs OTPAHUYEHHOCTb PbIHKA
cobita. IlocTpouts rpaduku u3MeHeHUs oO0beMoB mpoxax ¢upmoir I u ¢upmoit Il mpu ax/a=
0,5; b1/a1=0,0; b2/a1=0,0, y1(0)= 0,01, »2(0)= 0,01.

B) paccMoTpeTh Haubojee OOIMI ciaydaid, Korja B IOJHOW Mepe YYHTHIBAIOTCS Kak
BHYTPEHHHUE, TaK ¥ BHEIIHHUE (aKTOPHI, ONpEAETIore pa3BuTue oobonx npeanpustuit. [loctpouts
rpagukn  U3MEHEHHsT o0bemMoB mpomax dupmorr I 9w dupmoirr Il mpm  a/ai=
1,000; b1/a1=0,984; b2/a1=1,000, y1(0)= 0,01, »2(0)=0,01.

Kpurepun ouenku (B 0asiax):

6 0aNJIOB BBICTABIIICTCS OOYYAIOMEMyCs, €CITH BEPHO M B TIOJHOM OOBEME 3HACT OCHOBHBIC METOMBI
WCCIICIOBAHUS, TIPUEMBI U WHCTPYMEHTHI MaTEMAaTHYECKOTO, CTATHCTUYCCKOTO, SKOHOMHUYECKOTO aHalu3a |
MOJICTTUPOBAHMSI, BEPHO W B TIOJHOM O0BbEME yMEeT pemaTh MNPUKIAJHbIC 33a]a4d, WCIONb3Ys
€CTECTBCHHOHAYYHbIE W OOUICHH)XCHEPHBIC 3HAHHWS, METOJbl ONTUMH3AIMU, METOJbl MaTeMaTHYeCKOro
aHaJ3a U MOJCTHPOBaHUS; HCIIOIh30BATh MATEMATHUECKHE METOIBI M MOJICIH, aJICKBATHBIC IEJISIM | 3ajjauam
Y MHTEPIPETUPOBATH IMOYICHHBIC PE3YIbTaThl MPUMEHUTEIBHO K MOJICIIUPYEMON CUCTEME;

5 0amoBBHICTABNIIETCSA 00YUYAIOIIEMYCs, €CJIM C HE3HAYUTEIBHBIMU 3aMEYaHUSAMHU 3HAET OCHOBHBIE METOIbI
WCCIICIOBAHUS, TIPUEMBI M WHCTPYMEHTHI MaTEMAaTHYECKOTO, CTATHUCTUYECKOTO, SKOHOMHUYECKOTO aHaliu3a |
MOACIIUPOBAHUA, C HE3HAYUTCIBHBIMU 3aMCYaHUAMU YMCEET PEIIaTh MNPUKIAJHBIC 3aaadyuv, HWCIIOJIb3Yys
C€CTCCTBCHHOHAYYHBIC U O6IIICI/IH)KeHepHBIe 3HaHHUs, MCETOIBI OITHUMH3AIMH, MCTOAbI MATCMATUYCCKOI'O
aHallM3a U MOJICIIMPOBaHUS; UCTIONH30BATh MATEMATUIECKUE METOJIBI ¥ MOJIENH, aICKBATHEIC LM U 3a]ja4aM
Y MHTEPIPETUPOBATH IMOYICHHBIC PE3YIbTATHl MPUMEHUTEIBHO K MOJICIINPYEMON CUCTEME;

4 GannaBbICTaBISIETCS OOydarOMEMycCs, €Clii Ha 0a30BOM YpPOBHE, C OIIMOKaMH 3HA€T OCHOBHBIC METO/IBI
HCCIICA0BaHUsA, IIPUEMBI U MHCTPYMCHTBI MaTEMAaTUYCCKOIo, CTATUCTUYCCKOr0, SJKOHOMUYCCKOI'0 aHajiu3a n
MOJICJIUPOBaHMs, Ha 0a30BOM YpOBHE, C OIIMOKAMH YMEET pellaTh MPUKIAJHBIC 3aJadyd, HCIOJb3Ys
CCTCCTBCHHOHAYYHBIC W OOIICHH)XCHEPHBIC 3HAHHWS, METOJbl ONTUMH3ALUH, METOJbl MAaTEMATHYCCKOrO
aHaM3a U MOACTHPOBAHUS; UCIIOIB30BATh MATEMATHUCCKHE METOIbI M MOJICIIH, a/ICKBATHBIC IIEJIIM U 3a]a4am
Y UHTEPIPETUPOBATH MOIYUYEHHBIE PE3YNIBTATH IPUMEHHUTEIBHO K MOJIEIUPYEMOM CUCTEME.

Tema 3. TeopeTnyeckue 0CHOBbI 1 HHCTPYMEHTAJIbHbIE CPeICTBa MMUTALIMOHHOI'O
MO eJMPOBAHUSA

3ananmne 1

BrimonHuTe MOIETH MPOCTOTO COOBITUS A, BEPOSITHOCTh HACTYIJIEHUS KoToporo paBna 0,3.
[TpousBenute OqHOKpATHBINA IMyCK Moneau. OTBETbTE HA BOMPOC: YTO PETUCTPHUPYIOT OJOKU Scope,
Scopel, Display? Urto Bl HaOII0/1a€TE TPY MHOTOKPATHOM ITYCKE MOJIEIH U TIoueMy?
e lI3MeHuTe BEpOATHOCTH MOsiBICHHUS coObiTHs Ha 0,8. UTO mpou3oiaeT ¢ mokasaHUsSMH OJIOKa

Scope? [Touemy?
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e JlopabGoraiite Momenb myTeM 3aMmeHbl  Onoka  UniformRandomNumber Ha  ONOK
InterpretedMATLABFunction. Tlpm 5>TOM  BBIOEpUTE TEHEpPATOpP  CIYYalHBIX  YHCEII,
dbopMupyrOLIUil paABHOMEPHO pacrpeeNeHHbIe cirydaiinbie uncia B uatepBaie (0, 1). [IpoBenure
MOJICTTMPOBAHUE M OTBETHTE HA BOMPOC: YEM OTIMYAIOTCS MMOKA3aHMS PETHCTPUPYIOIINX OJIOKOB B
JTAaHHOW Mozenu U npenbiaymei? [ouemy?

3aganue 2
CamMocTosaTenpbHO pa3paboTaiiTe cxeMy MOJCTUPOBAHUS IOJHON TPYMIBl HE3aBUCHUMBIX

COOBITHI TSI CIEAYIONIUX MCXOMHBIX JaHHBIX: IMOJHAS TPYIIa HE3aBUCUMBIX COOBITHII COCTOHMT UX

TpeX He3aBUCUMBIX coObITHIA: A1, A2, A3; BEpOsSTHOCTH MOSBIIEHUS COOTBETCTBeHHO: P1 =0,2; P2 =

0,7; P3 = 0,1. Peructpanuo mosiBICHUS COOBITHI MTPOU3BOIUTH C UCIIOIB30BaHUEM OJIOKOB Scope U

Display. Omnummre, uto Bbl HaOmomaere Ha PpErucTpUpyIOMMX OJOKAaxX MPH ITyCKax MOJIEINH.

M3MenuTe mapaMmeTpbl MOJIENN TaK, YTOOBI OJIHA Mapa perucTpupyromux 61okoB Scope u Display

MOKa3bIBaIa MPH KaXXIOM ITyCKE MOJIEIH HYJIH.

3aganue 3
Colepute MOJIENb JIBYX CHHXPOHHBIX MPOIECCOB: 1-il mporecc — mporecc oO0CTyKUBaHUS
3asiBKU (TPOIIeCC OIJIaThl B Kacce, MpU 3TOM BpeMs OOCTyKHBaHUSI HE PaBHO «0», NaHHBIN Mpoliecc

MIOJYMHEHHBIN 10 OTHOIIEHHIO KO BTOPOMY IpOLECCy). 2-i Mpouecc — MpoIecC MOTOKA 3asiBOK Ha

oOcimyxuBaHue (IMOTOK TOKyIaTele, MOAXOoMAmuX K Kacce). MHTepBanm Mexay 3asBKaMu

(TMOKyTaTensIMK) COU3MEPHUM C BpPEMEHEM OOCITY)KUBaHUS 3asiBKU (ITPOIIECCOM OTLIATHI).

Hcxomubie JaHHBIC J11 MOJCITUPOBAHHS:

3aKOH IIOTHOCTH PACIPEICICHUS] HHTEPBAIOB MEXIY 3assBKAMU U BPEMEHH OOCITY)KHUBAHHSI —
AKCTMIOHCHIIMAIBbHBINA. CpenHee BpeMsi MeXAy 3asBKaMH (MHTEpBAJI MEXIy Mokymarensmu) Tep = 1
MUH, CpeHEee BpeMsl 00CTy)KUBaHUS 3asBKH (00CTyXkuBaHuUs B kacce) Tcp.kace = 5 MuH.

3aKOH TMJIOTHOCTH pacmlpesieNieHuss CyMMBl TIOKYIIKH — HOPMAJIBHBI C MapamMeTpamu
MD =3000 py6reit, cpennee kBagpatudeckoe oTknonerne SD =700 pyGreii.

3aBeplINTE MOJEIMPOBAHME [0 YCIOBHIO: CyMmMMa, IOCTynuBIIas B Kaccy, paBHa 2000
pyOeid.

3aganue 4

JlopaboTaiiTe mpenplIyIyl0 UMUTAIIMOHHYIO MOJENh ISl Cciay4asl BYXKaHAJIbHON CHCTEMBI
oOciyxuBaHus (Hampumep, IBe Kacchl). OKOHYAHWE MOJEIUPOBAHHS BBITIOJHUTH IO YCIOBHIO
npocmotpa 300 eauHuIl MozenbHOTO BpeMeHu. CpenHee BpeMs oOciykuBaHus B 1-if kacce (kaccup

Oosiee OMBITHBIM M pactopomHbid) Tcp = 1 mmH., Bo 2-ii kKacce — 5 muH. MHTEepBanm mexmy

nokynatemsivu Tep = 0,5 muH. 11 06enx kacc. OcTanbHbBIE YCIOBHUS TaKWe K€, KaK B MPEAbIIYIICH

3aaadc.
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3amanmne 5

MarasuH, pacnonararoliMid JByMs KacCaMH, 3aHUMAETCS MPOJAXKEHW IMPOAOBOJIBCTBEHHBIX
TOBapoB. BpeMs MexIy NMpHXoJ0oM JBYX TOKymaTeled — ciaydailHas BEJMYMHA C MOKa3aTeIbHBIM
3aKOHOM pacripeaeneHus (cpennee 3HadeHue tz = 10 MuH.), a BpeMs 0OCITy)KHBaHUsI PAaBHOMEPHO

[a;b]

pacrpeeneH0 Ha HHTEpBAje rne a = 3 muH.; b = 7 muH. CymMMa TOKYIKH SBISETCS

clydaifHOH BEIMYMHONM C HOpMaIbHBIM 3aKOHOM pacrmpesenenus (cpemnee 3Hadenme MD =400

pyOneii; cpennee kBaapaTtmueckoe ortkinonenue SD =100 py6reir). Brimomaure MojenupoBaHue
nocrymieHus nokynarenei B nepuoa ¢ 10:00 mo 14:00 vacos.
Kakoii pazmep BbIpyYKH HOJTYYUT Mara3uH B TEYCHHUE BCETO MEPHUO0/1a MOJCTUPOBAHHS?
Kaxoii pazmep BBIpYUKH NOJYYUT Mara3uH K MOMeHTy BpemeHH 12:00 uacos?
[Ipenmnonoxure, 4TO pacCMAaTPUBAEMBIN MOTOK KJIIMEHTOB — 3TO IMOTCHLIMAIBHBIE MTOKYIATEIH,

P=0,6

KOTOpBIE C BEPOSTHOCTHIO MOT'YT COBEPIINTh NMOKYIKY. [IpoBeaute 10 skCepuMeHTOB U

paccuuTaiTe cpeHee BpeMs OKUIAHMs; CPEAHIO0 JJINHY OYE€pEaN; CPEAHUN pa3Mep BBIPYUKH.

Kputepun onenkn (B 0aj1ax):

6 OGamnoB BoIcTaBiIsIeTCs O0ydaloOmIEMyCsl, €CIM BEPHO U B MOJHOM OOBbEME 3HAET OCHOBHBIE METOJBI
INPUHATHS PELNICHWH, B TOM YHCJIE B YCIOBHSAX pPHCKA W HEONPEICICHHOCTH; OCHOBHBIC IIOHATUSA H
onpeneseHus 0a30BbIX Pa3leOB 3KOHOMHMKHM, MAaTEMAaTHKH, CTaTUCTHKH, BBIYMCIMTEIBHOM TEXHUKH,
MIPOrpaMMHUpPOBAHUs; OCHOBHBIE TMOHATHSA, HCIOJAB3yEMBIE JUII MAaTEMaTHYECKOTO ONHCaHUs 3ajaad
npodecCUOHANBHON AEATENPHOCTH U COBPEMEHHBIH MaTeMaTHYECKHH MHCTPYMEHTAapHUil;BEpHO M B IIOJTHOM
o0beMe yMeeT NPOBOAUTh MHOTIO(GAKTOPHBIH aHalIWU3 3JIEMEHTOB IPEAMETHON 001acTH IJIf BBIIBJICHUS
OTPAaHWYEHUH TpU NPUHATHH PEUICHWH; aHATU3UPOBAaTh U HMHTEPIPETHPOBATh PE3YJIbTATHI PACUETOB IO
MOCTPOSHHBIM MaTEMaTUYeCKUM MOJIEIISIM B paMKaX IMOCTaBJICHHBIX MPO(ECCHOHANBHBIX 3a/1a4.

5 6anusioB BrICTaBISIETCA O0YYAIOIIEMYCS, €CITH C HE3HAYUTENbHBIMHA 3aMEYaHUAMHU 3HAET OCHOBHBIE METOIBI
NPUHATHS pEUIeHHW, B TOM YHCJIE€ B YCIOBHSIX pPHCKAa W HEOIMPENENICHHOCTH; OCHOBHBIE IOHATHUS H
orpenesneHus 0a30BbIX pPa3desiOB JKOHOMHKH, MAaTEMAaTHKH, CTaTUCTHKH, BBIYMCIMTEIBHOM TEXHUKH,
MIPOrpaMMHUPOBAHUs; OCHOBHBIE TIOHATHSA, HCIIOJAB3yEMBIE [UII MAaTEMaTHYECKOrO ONHCaHUS 3aj1ad
npoeCcCHOHANBEHON JISITETPHOCTH U COBPEMEHHBI MaTeMaTHUECKUI MHCTPYMEHTAPHIA; ¢ HE3HAYUTEIIbHBIMH
3aMEYaHUsIMU YMEET MPOBOAUTH MHOTO(AKTOPHBIM aHAJIH3 JIEMEHTOB MPEIMETHON 00JacTh Ui BBISBICHUS
OTPAaHWYEHUH TpU NPUHATHH PEUICHWH; aHATU3UPOBAaTh W HMHTEPIPETHUPOBATH PE3YJIbTATHl PACUETOB IIO
MOCTPOCHHBIM MaTEMAaTUYECKUM MOJICIISIM B paMKaX TOCTABIICHHBIX MPO(ECCUOHANBHBIX 3a/1a4.

4 DaJura BbICTaBJsCTCS OOydarolieMycsi, eCiii Ha 0a30BOM YPOBHE, ¢ OIIMOKAMH 3HAE€T OCHOBHBIC METOJIbI
NPUHATHS PELICHWH, B TOM YHCJIE B YCIOBHSIX pPHCKa W HEONPEIECIEHHOCTH; OCHOBHBIC IOHATUS H
omnpeneneHuss 0a30BbIX pa3fesioB HKOHOMHKH, MAaTeMAaTHKH, CTaTHCTUKM, BBIUHMCIMTEIHHONW TEXHHUKH,
MPOrpaMMHUPOBAHUS; OCHOBHBIE IIOHATHSA, HCIOJNB3yeMble Ui MAaTeMaTHYeCKOrO ONHCAaHUS 3ajad
npodecCUOHANBHON AEATEIILHOCTH U COBPEMEHHBII MaTeMaTHUECKUI HHCTpYMEHTapuii;Ha 0a30BOM YPOBHE, C
omKrOKaMH yMeeT HNPOBOAMTH MHOTO(AKTOPHBIA aHAIM3 3JIEMEHTOB HPEAMETHOH 00JacTh AJsSl BBISBICHUS
OTpaHUYEHUH TpU NPUHATHM PEUIeHUH; aHATU3UPOBaTh U HHTEPIPETHUPOBATH PE3yJbTaThl pPacueToB IO
MOCTPOCHHBIM MaTEMaTHYECKUM MOJECISIM B paMKaX IOCTAaBJICHHBIX TPO(ECCHOHANBHBIX 3a/1a4.
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Tema 4. MoaenupoBaHue THCKPETHO-COOBITHITHBIX CHCTEM
3aganme 1

PazpaboTaiiTe MMHUTAIMOHHYIO MOJENb padOThl OWJIETHBIX Kacc. B Kkacchl ecThb eauHas
ouepeib, KOTOPYIO OOCITY)KMBalOT JIBE OCHOBHBIC KacChl. ECIM OCHOBHBIC KacChl HE CIPABIISIOTCS C
IIOTOKOM IIOKyIIaTeled, TO OTKpBIBAETCA TpeThbss Kacca. IIoTOk mokymarened MeHseTCs B
3aBHCHMOCTH OT BPEMEHHM CYTOK W CTAaHOBUTCS OOJbIlle B BHIXOJHBIC THU. Pacmucanue moroka
MTOKYyIaTeJIeH MPUBEICHO HUKE.

Pabouue quu:
8:00—-13:00 — mecaTh 4eNOBEK B Yac;
13:00-16:00 — mgTHAAIATE YEJIOBEK B Yac;
16:00-22:00 — gBagnaTh 4E€JIOBEK B Hac.

Brixonusie qHu:
9:00-12:00 — gBaaIIaTH YENOBEK B Yac;
12:00-21:00 — copok 4esioBeK B 4ac.

[ToxynaTtenu, BpemMsi OKHJIaHHUS TMOKYIKH Y KOTOPBIX MPEBBICHIIO Yac, YXOIAT M3 Kacc, He
KynuB Ouieta. Bpemst oOCykuBaHUsI OJHOTO MOKYIATENS B KACCaX MEHSETCS CIy9allHBIM 00pa3oM
oT 2 10 15 MuHyT 1 B cpeHeM cocTaBisieT 5 MuHyT. [IpenycMoTpeTs B MOJENH Y4eT KYNHUBIIUX U

HCKYIIUBIINX Ouitersl. BriaBure Y3KHC MCCTa B MOACIIN U MMPCAJIOKUTC PCIICHUC.

3aganue 2

Pa3paboTaiiTe UMHUTAIIMOHHYIO MOJEIb Ipoliecca MPOU3BOACTBA MOPOXKEHOro. MopoxeHoe
IIPOM3BOJUTCS U3 MOJIOKa, caxapa M macna B nponopuusax 60:10:30. MHrpenueHTs! nocTynaroT B
peaKTop-CMECUTENH U3 PE3EPBYAPOB M0 TPYOOIIPOBOAAM — MOJIOKO U caxap, 0 KOHTEHHEPY — Maco.
B cmecurene coctaBisionine CMEUIMBAIOTCS B 3aJJaHHBIX MPOIMOPLHUAX U CMECh TOMOTE€HU3UPYETCS
10 Mmunyt. Jlamee cmech TO TpyOONpPOBOAY TIOCTYNaeT B peakTop 3amMopo3ku. IIpomecc
3aMopakuBaHusa npoxoaut 10 munyT. IlomyueHHoe MopokeHoe Hapesaercs nopuusamu mno 100
IpaMMOB U IIOMEIIAETCS B cTaKaHYMKU. CTakaHYMKH MOPO>KEHOT0 NMakyroTcs 1o 50 mTyk. YmakoBKu
MOpPOXKEHOTO YBO3ATCS C Mpou3BojAcTBA. [lpu mporoHe Mopaenu BBIIBUTE €€ y3KHE MecTa U
npeaoxuTe pemenus. [[poMoaenupyiite BapuaHThbl pEIICHUM.
3aganne 3

Ha nexypcte Haxomsarces nl cpeacts cBszu (CC) n2 tumos (n21 + n22 + ... + n2n2 = n2) B
teueHne n3 gaco. Kaxxmoe CC MoxkeT B 11000i MOMEHT BPEMEHH BBIUTU U3 CTpos. B aToM ciydae

€ro 3aMEHSIOT PEe3epBHBIM, MpUYeM JIMOO cpasy, JuO0 MO Mepe ero mnosiBiaeHus. TeM BpeMeHeM,

28



Boieamee U3 crposs CC peMOHTHPYIOT, MOCIE YEro CoJep:KaT B KadecTBE pe3epBHOro. Bcero
KoanuecTBO pezepBHBIX CC — n4.

Pemont Heucnpasubix CC mpoumsBogsaT n5 macrepos. Bpems T1, T2, ..., Tn2 pemoHnra
cnydaitHoe U 3aBUCHT OT Tuna CC, HO HE 3aBHCHUT OT TOro, kakoi mactep 310 CC peMOHTHUpYET.
WNurepanel Bpemenu T21, T22, ..., T2n2 mexnay otkazamu CC, HaxoAsIMXcs Ha JIEKYPCTBE,
CIIy4alHBbIE.

[pubeis ot CC, HAXOAAMMXCS Ha JAEKYPCTBE, COCTaBiseT S1 JAEHEKHBIX EIMHHUIl B Yac.
[ToyacoBoii yOBITOK MpU OTCYTCTBUU Ha AexypctBe omgHoro CC — S2 aeHexHbx enuuuil. Ormuiata
Mactepa 3a peMoHT HeucnpaBHoro CC — S31, S32, ..., S3n2 neHeXHBIX €IUHMI] B Yac. 3aTpaThl Ha
conepxkanue oxHoro pezepBHoro CC cocTaBisioT S4 JeHEKHBIX €IUHUIL B Hac.

Pa3zpaboTarh MMHUTAIIMOHHYIO MOENb OW3HEC-Tpolecca — 3TO MPEAOCTABICHHUS YCIYT IO
cpenctBam cBsi3M B TeueHue 25 cyrok (1000 gacos).

UccnenoBate depe3 npomexyTkun BpemeHun AT = 5%40=200 (nsaATeh Hemenb) BIUSHUE Ha
OXKHUJIaeMyl0 TPpUOBUIb paznuuHOro KonmuectBa pesepBHBIX CC u  macrepoB. OnpenenuTsb
aOCOIOTHBIC BEIWYMHBI M OTHOCHUTEIbHBIE KOI()(UIMEHTH 0XHMIAeMON HPUOBUIM I KaXI0TO
npoMexyTka BpemeHH. Crenarb BbIBoAbI 00 ucmonb3oBaHuu CC, MacTepoB MO MNPOMEXKYTKaM

BpeMeHH AT 1 He0OXOJUMBIX Mepax M0 COBEPIIEHCTBOBAHUIO CUCTEMBI CBSI3H.

Kputepun onenkn (B 0aj1ax):

6 0ansoB BEICTABIISICTCS OOYYaIOMIEMYCs, €CJIM BEPHO U B MOJHOM OOBEME 3HAET OCHOBHBIC TOHSATHUS U
orpeseNieHuss 0a30BBIX Pa3[eNiOB SKOHOMHKH, MAaTEMATHKH, CTATUCTHKH, BBIYMCIUTEIBHOW TEXHUKH,
MPOTPaMMHUPOBAHUS; OCHOBHBIE METOJIbl HCCIICJOBAHMS, NPHEMbl W HMHCTPYMEHTHl MAaTeMaTHYECKOTrO,
CTaTHCTUYECKOTO, PKOHOMHUYECKOTO aHaiM3a ¥ MOJCIUPOBAHUS;, BEPHO M B TIOJHOM OOBEME yMeEeT
OCYITIECTBIIATH COOp, CHCTEMAaTH3alNI0, (hOPMAITN3AIINI0, HHTEPIPETAITHIO, TIEPBUYHYI0 00pa0OTKy M aHaIN3
JIAHHBIX JIJISL UCCIICIOBaHUSI KOHKPETHBIX 3KOHOMUYECKUX CHUTYallHi, UCIOJNB3Ysl METOJbl MAaTEeMaTHUECKOTO,
CTaTHCTUYECKOT0, SKOHOMUYECKOTO aHalli3a M MOJISIMPOBAHUS; PElIaTh NMPUKIAIHBIE 3aJla4H, WCIIONb3YS
€CTECTBCHHOHAYYHbIE W OOIICWH)XCHEPHbIE 3HAHUS, METOJbl ONTUMHU3AIUH, METOJbl MAaTeMaTHYECKOTO
aHaJIn3a U MOACIIMPOBAHUA; UCITIOJIB30BATh MATEMATHYCCKHUE METOAbI U MOACIIN, aICKBATHBLIC LCJIAM U 3aJladyaM
Y MHTEPIIPETUPOBATH MOJIyYECHHBIC PE3yJIbTaThl MPUMEHUTEIEHO K MOJICTHPYEMOil CHCTeMe; aHATM3UPOBATh U
MHTEPIIPETUPOBATh PE3yJbTaThl PACUYeTOB TI0 TMOCTPOSHHBIM MAaTEeMAaTHYECKUM MOJEIsIM B paMKax
MOCTaBJICHHBIX TIPO(eCcCHOHANTBHBIX 33/1a4.

5 6ass10B BBICTABIIACTCS 00YUYAIONIEMYCS, €CIIM C HE3HAUYUTEIBHBIMH 3aMEYaHUSMHU 3HACT OCHOBHBIC MTOHSITHUS
U omnpeneneHuss 0a30BBIX PAa3/IeNIOB 3KOHOMHUKH, MaT€MAaTHKH, CTaTHCTUKH, BBIYHCIUTEIHLHOW TEXHHKH,
nmporpaMMupOBaHts; OCHOBHBIC METOAblI HCCICAOBAHUA, NPHUEMBI W HWHCTPYMCHTBI MATCMAaTHYCCKOIO,
CTaTUCTHYCCKOI0, SKOHOMHWYECCKOT'O aHaliu3a WU MOACIMPOBAHUA; C HEC3HAYUTCIIbHBIMHU 3aMCYaHUAMU YMECT
OCYILECTBIIATh cOOP, CHUCTEMATH3alHUI0, (OPMATH3AINI0, HHTEPIPETAIHIO, IEPBUYHYI0O 00pabOoTKy W aHaIu3
JAHHBIX JJI1 UCCIEMTOBAHUS KOHKPETHBIX DKOHOMUYECKUX CHTYAIHHA, UCTIONB3YsI METOJbl MaTEMaTHYECKOTO,
CTAaTUCTUYECKOr0, SKOHOMHUYECKOT0 aHAJIM3a W MOJCIMPOBAHMS, PelIaTh MPUKIAIHBIC 3aJa4yH, UCIOJIb3Ys
€CTCCTBCHHOHAYYHbIC W OOIICHHKCHEPHBIC 3HAHWS, METOJbl ONTUMH3ALUHU, METOJbl MAaTEeMATUYeCKOro
aHaK3a U MOJACITHPOBAHUS;, UCIIOIB30BATh MATEMATHUCCKIE METO/IbI M MOJICIIH, aJICKBATHBIC IIEJISIM U 3a]a4am
U UHTEPIPETUPOBATH MOIYYEHHBIEC PE3YIbTaThl IPUMEHUTEIBHO K MOJECIIUPYEMON CUCTEME; aHAIIU3UPOBATh U
HHTEPIPETUPOBATL PE3YJIbTATEl PACYETOB IO IIOCTPOEHHBIM MAaTEMaTHYECKUM MOJEIAM B paMKax
MOCTABJICHHBIX TIPO(ECCHOHATTBHBIX 33/1a4.

4 fanna BBICTABIACTCSA OOydaIONIEMYCs, €CH Ha 0a30BOM YPOBHE, C OIIMOKAMH 3HAET OCHOBHBIC MOHATHS U
ompezeneHUs 0a30BbIX pa3JeiOB SKOHOMHUKH, MATEMAaTUKH, CTATUCTHKH, BBIYMCIUTCIBLHOW TEXHHKH,

29



[IPOrpaMMUPOBAHKS; OCHOBHBIE METOIbl MCCIEOBAHUs, IPHUEMBl W HHCTPYMEHTbI MaTeMaTHUYECKOro,
CTaTUCTUYECKOT0, 3KOHOMHYECKOI0 aHajiu3a W MOJENMPOBaHMA;HA 0a30BOM ypOBHE, C OLIMOKaMH yMeeT
OCYIIECTBIATH cOOp, CUCTEMATH3aHIo0, (POPMaTH3aLUI0, HHTEPIPETALUIO, IEPBUUHYI0 00pabOTKy M aHanu3
JaHHBIX AJIS UCCIICAOBAHUSA KOHKPETHBIX SKOHOMHMYECKUX CHTYallHd, UCHOJB3Ysl METOABI MaTEMaTHYECKOTO,
CTATUCTUYECKOr0, SKOHOMHMYECKOI0 aHaju3a W MOJCIHMPOBAHUS; PELIAaTh NPUKIANHBIE 3a4a4d, UCIOJIbL3YS
€CTECTBEHHOHAYYHbIE U OOLICMH)XEHEPHbIE 3HAHUS, METOMAbl ONTUMM3ALUHU, METOJbl MaTeMaTHYeCcKOro
aHAIM3a U MOJEIUPOBAHNUS; UCIIOIb30BaTh MATEMAaTUYECKUE METObI U MOJEINH, aJICKBATHBIE LEJISAM U 3a1a4aM
Y UHTEPIPETUPOBATH ITOYYEHHBIE PE3YIbTaThl IPUMEHUTEIBHO K MOJECIIUPYEMON CUCTEME; aHAJIU3UPOBATh U
WHTEPIPETUPOBATh PE3YJbTAaThl PACUYETOB 110 IIOCTPOCHHBIM MAaTEMATHYECKMM MOJEISIM B paMKax
MOCTaBJIEHHBIX PO(eCcCHOHANTBHBIX 3a1a4.

Tema 5. MeToabl CHCTEMHON THHAMUKH

3aganue 1

Pa3paboTraTh CUCTEMHO-AMHAMUYECKYIO UMUTAILIMOHHYIO MOJIENb, OTOOPAXKAIOIIYIO TUHAMUKY
IUarHOCTHUPOBAaHUS M JICUEHUS XPOHMYECKUX 3aboneBaHuil. Mojens mpenycMaTpuBaeT
MpeKpalieHue JIeYCHUsI U BO30OHOBIICHHE JIeUCHHs. TakKe B MOJENb BXOAUT y4eT CMEPTHOCTH
MalUEeHTOB KaK BO BpeMs JIEUEHUS, TaK U HEAMArHOCTUPOBAHHBIX MHaleHTOB. CKOPOCTh MOTOKA
YMEpLIUX HEAHMArHOCTUPOBAHHBIX  MAIMEHTOB  3aJaeTcsl KaKk IpPOM3BEJACHHE  KOJMYECTBa
HEAMarHOCTUPOBAHHBIX MMALlMEHTOB U YAaCTOThI CMEPTEN HEJICUEHHBIX MAllMEHTOB.

YpoBeHb NAIMEHTOB, HAXOASIIUXCS Ha JICYCHUH, 3a/1a€TC Pa3HULIEH BXOJSAIIUX MTOTOKOB, TO
€CTh CKOPOCTH JIMarHOCTHUPOBAHMS TMALMEHTOB W W3MEHEHHUs KOJUYECTBa IMAlMEHTOB, BHOBb
o0pararnmxcs 3a JCUSHUEM, U BBIXOIAIINX TTOTOKOB, TO €CTh M3MEHEHHS KOJMYECTBA MAIlHECHTOB,
MEePEeXOAIUX B CTAIUI0 PEMUCCUH, U KOJMYECTBA NAI[MEHTOB, YMEPILIUX BO BpEMS JICUCHHUSI.

CKopoCTb U3MEHEHHUs KOJIMYECTBA MAlUEeHTOB, MEPEXOASIINX B CTAAUI0 PEMUCCHH, 3a]1aeTCs
Kak MPOM3BE/ICHUE 3HAYEHUSI YPOBHS MAIMEHTOB, HaXOMASIIUXCSA HA JICYEHUHU, U YaCTOTHI OTKa3a OT
JIeYECHUSL.

CKopocTb U3MEHEHHUSI KOJIMYECTBA MAIl[MEHTOB, BHOBh OOPAILIAIOLIUXCS 32 JICYCHUEM, 33]IaeTCs
MPOM3BEICHNEM 3HAYEHUS] YPOBHS MAIlEHTOB B PEMHCCHM M IapaMeTpa, NOKa3bIBAIOIIETO0 YacTOTy
oOpariieHus 32 TOBTOPHBIM JICUCHHEM.

CKopoCcTh M3MEHEHHSI KOJMYECTBA YMEPIIMX BO BpEMsl JICUCHHS IMAIIMEHTOB 3a/1aeTCi Kak
MPOM3BEJCHNE 3HAYEHHUs YPOBHS TMAlMEHTOB, HAXOMAIIUXCS Ha JIEUEHUH, M IapameTpa,
MTOKAa3bIBAIOIIETO YaCTOTYy CMEpTEIl BO BpeMs JICUEHUSI.

YpoBeHb NAaIMEHTOB B PEMUCCUU 33JAETCS PAa3HOCTHIO BXOJAIIEIO IOTOKA, TO €CTh
M3MEHEHUEM KOJIMYECTBA MAIMEHTOB, OTKA3aBIIUXCS OT JICUCHUS, U BBIXOASIIMX MOTOKOB, TO €CTh
M3MEHEHHEM KOJIMYECTBAa MAllMeHTOB, OOpATHBIIMXCS 3a MOBTOPHBIM JIEYEHHEM M yMEPIIUX

MAanMEHTOB, HAXOANBIIUXCA B CTAANHU PEMUCCHU UJIU ITPOCTO OTKA3aBIIUXCA OT JICUCHUA.
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CKopoCcTh W3MEHEHHUs KOJWYECTBA IMAllMCHTOB, HAXOAMBIIMXCS B CTaAUd PEMHUCCHU U
yMepme, 3a4acTCA Kak HpOI/I3Be,Z[€HI/I€ 3HAUYCHUA ypOBHH IIagueHTOB B CTaauunu peMI/ICCI/II/I n
napameTpa, MoKa3bIBAIOILIETO YaCTOTY CMEpPTEN BO BPEMSI PEMUCCHUHU.

Beimonute umurtanuoo. [lonmb3ysach OeryHkamu, K KOTOPBIM TPHUBS3aHBI BCE MapaMeTphl
MOJICJIM, W3MEHUTE 3HAYCHHUS IMapaMeTpOB BO BpeMsl MPOroHa Mojenu. BersicHuTe, Kak OymayT
MCHATBHCA ypOBHI/I B MOJCIIN. BI:I}IBI/ITG y3KI/I€ MeEcCTa B MOJICIIN U Hp@I[JIO)KI/ITe pemeHHe.

3aganue 2

Paccmotpum geposmuocmuyro modenv ¢ obyuenuem. llpenmonaraercsi, 4To CIOpoc Ha -M
OTpEe3Ke BPEMEHHU JTUHEHHO 3aBUCHUT OT TEKYIIICH IIEHBI U MTOABEPIKEH CITydalHOMY pa3opocy.

Beenewm crnemyromnue 0003HaUYCHUS:
t=1,....,T —TOpPU30HT MOJICTHPOBAHUS,

D, — LIeHa B MOMEHT BPEMEHH 7,
S, — 00beM mpeIoKEeHHs B MOMEHT BPEMEHHU 7,
D, — o6bem cipoca B MOMEHT BPEMEHH 7,

u,V

.» V,, W, — He3aBuCHMBIE CITydaliHble BETUYHHBI (ILIyMBI).
Tornma mayTuHOOOpa3Hast MOACIb 3a4a€TCsI CICAYIONIEH CUCTEMOM YpaBHECHHIA:
D =a-bp, +U,,
S,=c+dp,+V,
rne a>0,b>0, ¢, d>0 —napamerpsl QYHKIUN CIIPOCA U MPEATOKEHUS.
VYcoBHe JIOKaIbHOTO PAaBHOBECHS PBIHKA IPHHUMaeT BUIL: S, = D, +W,.
Croxactuyeckue kojebanusi B yHKIMIX CIIPOCca U MPEIOKEHHS OT LEHBI HOCST CIy4YailHbIN
XapakTep, MpH ATOM KoJieOaHMUsI MPOUCXOAAT okojio Hyns. Eciu maTemarnueckoe 0XXuJaHUE
KojeOaHui OTIMYaeTcss OT Hylsd, TO 53TO MOXET OBITh YYTEHO B BEJIWYMHE KOHCTaHTHI

COOTBETCTBYIOIMX (yHKIMHA. CE30HHOCTh B MOBEJACHMM (YHKLUUN CIpoca W TNPEAJIOKEHUS He
paccMaTpUBaeTCs.

CocTossHUEM MOJENM B MOMEHT BpPEMEHHU [ SBISETCS BEKTOP ( pt,D[,St). Ilepexon u3
COCTOSIHUS ¢ —1 B COCTOSIHUE ¢ OIMCBHIBAETCSI PEKYPPEHTHBIMHU (POPMYIIaMU:
S =c+dp, +V,
D t = St - VV: >

1
P, :Z(a—c—dpl_] +U, -V, +VK)

HavanbHbIM yciOBHEM SIBIISICTCS 3HAYCHHE [IEHBI B HAYALHBI MOMEHT BPEMEHHU.

Ilaymunoobpaszuas modenv ¢ oOyueHuem SIBISETCS YCOBEPIICHCTBOBAHHWEM Monenu 0e3
oOyuyenus. bynem momnarath, uTo (pOopMHpOBaHHE TEKYIIEro NPEJIOKEHHUS YYUTHIBACT HCTOPHIO
W3MEHEHHs IICHBl. B mpocTeiileM ciydyae y4YUTBIBACTCS II€HA JBYX MPEIBIIYIINX IEPHOIOB.
[TmaHupoBaHKEe MPEUIOKEHHUS OCYIIECTBISIETCS] B OXKHIAHUH [IEHBI B pa3Mepe

P = P _kApt—l >

rae Ap, , = p,, — D, , A3MCHEHHE LICHbI (t - 1) -T0 Mepuo/ia o OTHOUICHHIO K MPEIbIIylIeEMY,
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ke [O; 1] Kod(purmeHT oOydeHus, XapaKTeprU3yIOIMNUi 3HAYCHUE, KOTOPOE IMOCTABIIUKHU TPHUIAIOT

HaO0JII0{aeMBIM KOJICOaHUAM I[EH.
Jlnis onpenenenus 00beMOB MPEATIOKEHUS MOKHO BOCIIONIB30BATHCS (POPMYIIOIA:

Sz :C+d(pt—l _kApt—l)-l_V;'

Ecnu 3nauenue xko3dduuuenta odyuenust k =0, TO MOTy4yuM MoAenb 6e3 oOyuyenus. Llenp
JTaHHOM MOIU(HUKAIMKM TAyTHHOOOPAa3HOM MOJIENN OCTAaeTCsl MPEKHEH — HaX0XkKJIeHHEe PAaBHOBECHOTO
3Ha4YeHUs LEHBL. [Ipy 3TOM ecThb OCHOBaHME IOJIaraTh, YTO CKOPOCTh CXOJAMMOCTH K PaBHOBECHOM
1eHe Oyzer Ooblne, 4eM y MoAenu 6e3 00yueHus.

Ilaymunoobpasnas moodenv ¢ 3anacamu TPEINONaraeT BBEACHUE JIOTOJHUTEIBHONW TPYIIIBI
YYaCTHUKOB PBIHOYHOTO MeXaHu3Ma (KOMMEPCAHTOB), KOTOpBIE JepXaT 3amachl U OpraHU3yoT
TOPTOBIIIO.

ITyctes O, =S, —D, -0, , — ypoBeHb 3amaca K KOHILy /-T0 OTpe3Ka BpeMeHHu. Torzaa 3a Bpems

HU3MCHCHHUCEC 3aI1aCOB 3a MPOMECKYTOK BpEMCHU At COCTaBUT
AQt = Qt _Qt—l :Sz _DI +Qt—l _Qt—l :St _DI :

Ecmu B Teuenune MOCJICAHCTO MPOMCIKYTKA BPEMCHHU 3aI1aCbl YMCHBIIWINCH, TO KOMMCPCAHTBI
MOBBIIIAIOT LCHY OTHOCUTCIIbHO €C 3HAUCHUA B Hpe,Z[bI,Z[yHlI/Iﬁ nepuon n HaO60pOT, IIOHUXAKT — B
IMPOTUBHOM Cliy4dac. HpI/I 9TOM HU3MCHCHUC I1CHBI ABJIACTCA MHNPONOPHHOHAIBLHBIM KOHe6aHI/IﬂM
3aI1acoB, T.e.

P=DP _kAQt—l >

rae k£ >0 KOHCTaHTAa.
Torma GyHKIMS TIPETIOKEHUS UMEET BU/I;

S, =c+d(p,_l—kAQH)+Vt.
Takum oOpazom, aIsi HaxXOXKAEHHS 3HAUYCHWH LEHBI p,, o0beMoB cmpoca D, u o0beMOB
HpeIUIOKEeHUs. S, Ha MPOHM3BOJIBLHOM OTpPE3Ke BPEeMEHU 7' JOCTaTOYHO 33JaTh HadyajbHbIC 3HAYCHHS

Py» AQ, M yIpaBisIOmIero napaMerpa k.

3amaya MOJENMPOBAHUS 3aKJIIOYAETCS B HMCCIEAOBAHWU BIMSHUS MapaMEeTPOB CUCTEMBbl Ha
XapakTep 3aBUCUMOCTH LIEHBI OT BPEMEHHU.

JIIst IOCTpOECHUsI BEpOATHOCTHOM Mozmenu ¢ oOydenueM Oynem momarate S, =-10+7p,,

D, =100-10p, . IlycTs B Ha4aNbHBIII MOMEHT BPEMEHH LIeHA cocTaBHiIa p, =1.

[TocTpoiiTe MMHUTALMOHHYIO MOJEIb PABHOBECHUS HAa KOHKYPEHTHOM pblHKE. [losgcHute
Ha3Ha4YeHHE OJIOKOB MOJIEIH U TTapaMeTPOB OJIOKOB MOJICTH.

Hcnonb3yst muHCTpyMeHTapuid Simulink, HamummTe mporpaMMy CIieHapHs I aBTOMAaTH3aIuN
yIOpaBieHUs UMHUTALMOHHBIM SKCIIepUMEHTOM. [losicHuTE BCe CTPOKHM MporpamMmbl. 3amyckas m-
¢aiin, mpoBenruTE MOICTHUPOBAHUE B IEPBOM PEKUME MOJACTUPOBAHUS (KIIOYH HAXOAATCS B BEPXHEM
nonoxxerun). [losicaure rpaduku, Habar0gaeMble B OKHaX Scope u Scope 1. 3amaiiTe BTOpOl pesxum
MOJICTTUPOBAHUS, T.€. KIIOUM HAXOIATCS B HIDKHEM IMOJIOKCHHMH (HAa 3TO oTBoautTcs 10 cekyHnm).
PaccmoTpuTe mepexoIHbIi MpoIlece phIHKA B paBHOBECHOE cOocTosiHME. Kak M3MeHWIHCh rpadukw,
HaOIo1aeMbie B OKHAX Scope u Scope 17

Onummre rpaduku U3MEHEHUS LIEHbI, CIIPOca U MPEIOKEHUsI BO BpEMEHH, Ha0llto1aeMble B
okHax Scope u Scope 1 u rpaduk mayTHHOOOPa3HOW MOJIETH ABHKEHUS K PIHOYHOMY PaBHOBECHUIO.
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W3yunte BIMSHHUE CMELIECHUS JTUHUM CIpoca U MpeaoKeHUsl Ha pbIHOYHOE paBHOBecHe. J[is
9TOro0 U3MCHUTC 3HAYCHHA BCIIMYUHLI CIIPOCA U MPCAJIOKCHUSA TMPU Hy.]'[GBOﬁ IICHC. Kak usmensarcsa
rpaduku, HabIoJaeMble B OKHax Scope u Scope 1?

N3yunre BIUsSHUE KPYTU3HBI JIMHUW CIIPOCA U IPEJIOKEHUS Ha PIHOYHOE paBHOBecue. Jlis
3TOTO M3MEHUTE 3HAYEHUS YTIOBBIX KO3((UIIMEHTOB (DYHKIMIA cripoca U mpeanoxenus. [Ipu kakux
COOTHOILIEHUSX ATHX KO3(P(UIUEHTOB CUCTEMa HAXOIUTCS B COCTOSHUU YCTOMUYMBBHIX KOJjeOaHUit?
[Ipn kakux COOTHONIICHHUSX YIJIOBBIX Kod(pduimeHToB cucremMa HeycroiumBa? Kak wu3meHsTcs
rpaduku, HaOIIOaeMbIe B OKHaX Scope u Scope 1?7

3aganue 3

HUmumayuonnas moodenb yukio8 pocma u NnAadeHull 6 dKOHOMuKe (Kpusucos). 3agadeut
MMHUTALMOHHOTO MOJIETUPOBAHUS SIBIISICTCS HMCCIEIOBAHUS MPUYUHHO-CIEICTBEHHOIO MEXaHU3Ma
BO3HHUKHOBEHHUS LIUKIIOB U KPU3HCOB MEPETIPOU3BOJICTBA.

[TpenmonoxuM, NPOMBIIUIEHHOCTh BbIMYycKaeT aBToMoOuau. CymniecTByeT MOCTOSHHO
pacrtymas noTpeOHOCTh B TaHHOM ToBape. Ilonaraem, 4To mpou3BOACTBO MOTHOCTHIO YAOBIETBOPSET
noTpeOHOCTH, HO C 33JEPKKON (BpeMs Ha pa3pabOTKy HOBOW MOJAETH aBTOMOOWIISA, MOATOTOBKA
MPOM3BOJICTBA K BBIMYCKY M T.HI.). BbINMylleHHble aBTOMOOWJIM MOCTYHAIOT B 3KCIUTyaTallUi0 OT
npousBoauTenel. [TockonbKy aBTOMOOMIIN — Belllb J0JTOBPEMEHHOTO MOJIb30BAHMSI, TO MPOUCXOIUT
ux HakorieHue. [lo ucTeueHuM CpOKOB AKCIUTyaTallMM, W3HOCA, aBapui MU T.A. MPOUCXOJUT HX
BBIOBITHE U3 SKCILTYaTaLlUH.

Mogenb oKHA BBIYUCIATH NPEIOKEHHE Ha aBTOMOOMIIBHOM PBIHKE, CIIPOC Ha TOBap MpHU
W3MEHEHUU 3aJep>KKH TMpU TMPOU3BOACTBE aBTOMOOWJIEH M TMO3BOJISATH OLEHUTH CTENEHb
YCTOMUMBOCTH MPOU3BOJICTBA K KPU3UCAM U ITHKJIAM.

Hcnonp3ys OOK-CXeMy MOJENH, NMPUBEICHHYIO Ha PHUCYHKE, IMOCTPOWTE HUMHTALUOHHYIO
MOJieJIb KPU3UCOB, JIOTIOJHHUB €€ MMHTalued ciydalHbiX (axkTopoB. Takumu (akTopamu MOryT
OBITH: PACTYyIIWN, HO €KEroTHO KOJICOTIOMUNCA CIPOC HA MPOIYKIIMIO; CPOK CIIYXKOBI TOBapa Kak
ciyyaiiHas BenuuyMHA. By 3akoHa pacrpeneneHust ciay4aiHoro (akropa u ero napaMmerpsl 3a1aiite
CaMOCTOSITENILHO U MOSICHUTE, TI0YEMY BbI IPHHSIIA KIMEHHO TaKOW 3aKOH U NapaMeTphl.

3amaiite mapaMeTpbl OJIOKOB MOJENW, NpUIaB MapaMeTrpaM KOHKpeTHoe (usnueckoe
TonkoBaHue. JloOeiTech pabOTOCIIOCOOHOCTH MOJENM IyTeM IOa00pa MapaMeTpoB M IMPOOHBIX
nporoHoB mojenu. [losicaure Ha3HaYeHHE OJIOKOB MOJIENU U MTapaMEeTPOB OJIOKOB MOJEIIH.

Hccnenyiite ¢ NoMOIIbIO IOCTPOCHHOM MOJENN 3aBUCHUMOCTh YCTOWYMBOCTH CHUCTEMBI
(mpou3BoOACTBa aBTOMOOWJIEH) MpU PA3NUYHBIX Jlarax MPOU3BOACTBA. YUTO MPOUCXOTUT MPH
YBEJIMUEHUU 3aJIePKKU TPOU3BOJICTBA, T.€. OTCTaBaHUs peakluy MIPOU3BOJCTBA HA CIIPOC, oYeMy?

Uccnenyiite BaMsiHME TapameTpa Cpoka CIy>KObl Ha MOKa3aTeId SKOHOMHYECKOW CHUCTEMBI
(ycTOoWuMBOCTb, MOSBIEHUE Kpu3ucoB). IlpuBenaure pe3ynbTaTbl U MOSCHUTE HUX. YKaXUTE, NPHU

KaKUX TapaMeTpax MOJENId cucTeMa OyieT ycTolunBa?
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VYuurteiBas, 4YTO MOJ HAYAJbHBIM €()UIUTOM MOHUMAETCS Pa3HHUIA MEXKAY HEOOXOIUMBIM U
PCAJIbHBIM TMAPKOM aBTOMO6HHeﬁ Ha MOMCHT MOJCIIMPOBAHUSA, U3MCHUTC BCIIMYUHY HAYaJIbHBIX
ycnoBHid Ha MHTErparope 6moka «llocTyruienue» u uccnenyire BIusHue neUIUTA HA TTOKA3ATENIN
HSKOHOMMYECKOI CHCTEMBI, T.€. YCTOMYMBOCTb, BO3MOXHOCTh KpHU3HCOB. UTO cienyeT U3MEHUTh B
MOJICJIH, YTOOBI TOBBICUTH aJEKBATHOCTh MojenupoBanus? Ilpumaiite ciydaiinbiM  (akTopam

KOHKPCTHOC S9KOHOMHUYCCKOC UJINU TCXHUYCCKOC TOJIKOBAHHC.

Kputepun onenkn (B 0aj1ax):

6 0aas0B BBICTAaBISIETCS OOYYalOLIEMyCs, €CJIM BEPHO M B IOJHOM O0beMe 3HAeT TPAAULUOHHBIE H
COBPEMEHHBIE TOAXOAbl K MPUHSATHIO YIPABICHYECKUX pEIICHHH Ha OCHOBE NPUMEHEHHs METOAOB
ONTHMHU3ALIUM;BEPHO M B IOJIHOM O00BEME YyMEeT NpPOBOIUTH MHOTO(GAKTOPHBIM aHAIM3 >IEMEHTOB
HpeMETHON 00IaCTH /ISl BBISBICHHS OTPAHUYCHHH NTPH IPHHATHU PEIICHUI; HCTIOIh30BaTh MAaTeMaTHIECKUE
METOABl W MOJIENH, aACKBaTHBIE LENIsIM M 3aJadaM W HMHTEpIPETHPOBATH MOJIYYCHHBIE pPE3YIbTaThl
HNPUMEHHUTENIFHO K MOJEIHPYEMOH CHCTEMe; aHAJIM3UPOBAaTh M MHTEPIPETHPOBATh PE3yJIbTAaThl PACUETOB IO
IMOCTPOCHHBIM MAaTEMAaTHYCCKUM MOJICIAM B paMKaX IMOCTaBJICHHBIX Hpoq)eCCHOHaHBHBIX 3aJa4, UCII0JIb30BaTh
pasNuYHble MOJAEIM W METOJIbl MPHUHATHS YIPABICHYECKUX PEIICHHH M MPOBOIUTH KOMIUIEKCHBIH aHaIu3
JTUHAMUYECKUX SKOHOMHYECKHX MPOLECCOB AJISl IMPUHATHS HayYHO-OOOCHOBAHHBIX PELICHUH; OCYLIECTBIAThH
aHaJIN3 AJIbTCPHATUBHBLIX BAPUAHTOB C LECJIBIO IIPUHATUA palliOHAJIbHBIX peHIeHHﬁ.

5 0asu10B BRICTaBIIsIETCA OOYyYalOIIEMYCs, €CIIM C HE3HAYMTENbHBIMU 3aMEUYAHHMSIMU 3HACT TPAAWULHOHHBIC U
COBpPEMEHHBIE TOAXOAbl K MPUHATHIO YIPABICHYECKUX pEIICHHH Ha OCHOBE NPUMEHEHHS METOHOB
ONITUMHU3AH, C HE3HAYUTCIbHBIMU 3aMCUaHUAMHU YMECT IPOBOAWUTH MHOI‘O(I)aKTOpHLII‘/'I aHaJIn3 DJICMCEHTOB
Hpe}lMeTHOﬁ o0OJjacTu JJIA BBISIBJICHUS OFpaHH‘IeHI/Iﬁ IIpyu NPUHATHU peHIeHI/Iﬁ; HUCIIOJIB30BAaTh MAaTEMATHYCCKHUEC
METOABl W MOJENH, aACKBaTHBIC LEJIsIM M 3aJadaM W HMHTEpIPETHPOBATH MOJIYYECHHBIE PE3YIbTaThl
NPUMEHHUTEIBHO K MOAEITHUPYEMON CHUCTEME; aHaJM3HUPOBaTh U MHTEPIPETUPOBATH PE3YJIbTAThl PACUETOB I10
IMOCTPOCHHBIM MAaTEMAaTUYCCKUM MOJICIAM B paMKaX IMOCTaBJICHHBIX HpO(i)eCCI/IOHaJIBHLIX 3aJa4, UCII0JIb30BaTh
pa3IMYHbIe MOJENH M METOJBI NMPUHATUS YNPABICHYECKUX PEUICHHH W MPOBOIUTH KOMIUIEKCHBIH aHaH3
JUHAMHYECKUX KOHOMHYECKUX MPOIECCOB ISl MPUHATUS HAYYHO-OOOCHOBAHHBIX PEIICHHH; OCYIECTBIIAT
aHAJIM3 AJIbTCPHATUBHLIX BAPUAHTOB C LCJIBIO IPUHATUA pallMOHAJIBHBIX peIlIeHHfI.

4 6asa BeICTaBIIsIeTCS OOydaroleMycsi, ecid Ha 0a30BOM ypOBHE, C OMIMOKAMHU 3HACT TPAJUIMOHHBIE U
COBpPEMEHHBIE MOAXOABI K TPHHATHIO YIPABICHYECKUX pEUICHHH HAa OCHOBE IPHUMEHEHHS METO/IOB
ONTUMHU3ANMK;HA 0a30BOM ypOBHE, C OIIMOKAMU YMEET MPOBOAMTH MHOTO()AKTOPHBIM aHAJINU3 3JIEMEHTOB
Hpe}lMCTHOI\/’I O6HaCTI/I JJIA BBISAIBJIICHUS OFpaHI/I‘IeHI/Iﬁ IIpyu NPUHATHUA pemeHHﬁ; HUCIIOJIB30BAaTh MAaTEMAaTHYCCKHUE
METOIbl W MOJENH, aJeKBaTHBIC IESIM M 3aJadaM W HHTEPIPETHPOBATH IIONYYCHHBIE pE3yJIbTaThl
NPUMEHHUTEIFHO K MOJEIHPYEMOW CHCTEMe; aHAJIM3UPOBAaTh M MHTEPIPETHPOBATh PE3yJIbTAaThl PACUETOB IO
IMOCTPOCHHBIM MAaTEMATUYCCKUM MOJCIAM B paMKaX MMOCTABJICHHBIX HpO(bCCCI/IOHaJII)HBIX 3aJa4, UCII0JIb30BaTh
pa3IM4YHbIe MOJENH M METOJBI NMPUHATUS YHPABICHYECKUX PEUICHHH W MPOBOIUTH KOMIUIEKCHBIH aHAIH3
JUHAMHYECKUX KOHOMHYECKHX IPOIECCOB IS MPHUHATHS HAYYHO-OOOCHOBAHHBIX PEIICHHH; OCYIIECTBIIATH
AHAJIN3 AJIbTCPHATUBHBIX BAPUAHTOB C LCJIBIO IPUHATUA pallMOHAJIbHBIX pemeHHﬁ.

Tema 6. MeToabl areHTHOI0 MOJACJTHPOBAHUS

3aganue 1
Pa3zpaboraTs UMUTAIIMOHHYIO MOJIENb CHCTEMBI IOCTABKM MOPOXKEHOTO C 3aBOJa J0 CKJIA/JI0B

U U3 CKJIAJ0B 10 Mara3vHOB. B MOJENIM JOJDKHBI JE€HCTBOBATH CIEAYIOIIME areHThI: 3aBOJ, CKJIAJbI,
MarasuHbl, 3aKa3bl ¥ TPY30BUKH, NPHYEM TIPY30BHKH NpPU 3aBOJE JOJDKHBI HMMETh OOJIBIIYIO
Ipy30I0IbEMHOCTb, Y€M TPY30BHKH IMpPH CKJIaJax, CIeI0BATEIbHO, 3TO pa3Hble areHThl. J[00aBbTe
€Ille OJIMH CKJIaJ C ABYMs MarasuHaMH.

Jlo6aBbTe COOp CTATUCTHUKY 10 IPY30BHKAM Ha CKJIaJax U Ha 3aBOJIE.

[To pe3ynpraTam NporoHa MOJENIN CO CTATUCTUKOM, ONTUMHU3UPYHTE KOJIUYECTBO IPY30BUKOB.
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3aganue 2

Nmeercs cemp asponoptoB (ITynkoBo, IllepemerseBo, Jlomonenoso, BuykoBo, aspomnopr r.
SApocnasns, asponopt CmoneHck-CeBepHbli, aspornopt r. Boioraa), KOTopbIM ABa pa3a B HEAEIIO
TpeOyIoTCsl 3aracHble YacTu Uil TEXHUYECKOro OOCIIy)KMBaHUS UM peMOHTa camoieToB. B Hmkxnem
Hosropoze ects npeanpusaTie, OCyIECTBISAIONIEE IPOU3BOICTBO U JOCTaBKY 3allaCHBIX YacCTeEH.

3asiBKM Ha JIOCTaBKY OT a3pOINOPTOB MOCTYMAIOT Ha mpeanpustue B gopme 3akaza. [locne
MPUX0/1a 3aKa3a ero BhIMOJIHAIOT. Ha morpy3ky 3amacHbIX yacTeil B aBTOMOOMIIb TpeOyeTcs OT ABYX
1o Tpéx 4yacoB. CTONBKO ke BpeMeHU TpeOyeTcs U Ha pa3rpy3Ky aBToMoOussi B adponopty. Ilocne
MOJTYYEHUS 3aImyacTeld a’dporopT OMOBEHIaeT 00 3TOM MpeAnpusTHe coobmeHneM «JlocTtaBieHo!».
ABTOMOOWIIb U3 a3pOIIOpPTa OTIIPABISIETCS 0OPATHO HA MPEAIPUSITHE.

Pa3zpaboTarh MMUTAIIMOHHYIO areHTHYIO MOJEINb MpOLecca JAOCTABKH 3allaCHBIX YacTed s
OLIEHKHU ONTUMAJILHOTO KOJMYECTBA aBTOMOOMIICH MpH uX 3arpys3ke He 6oiee 85%.

W3menute monens — 100aBbTe €mIEé TPU a’poropTa MO CBOEMY YCMOTPEHHIO, B KOTOPBIE
HY)KHO OyAeT TakkKe JOCTaBIIATh 3amacHble vacTd. llpoBenuTe Ha Tex JKe YCIOBHAX
ONTUMM3ALMOHHBIN 3KCcTIepUMeHT. CrennaiTe BBIBOIBI.

3aganme 3

PemonTHO-BOCCTaHOBHUTENbHAsT 0aza (PBDB) ocymecTBiaser TexHuueckoe oOecnedeHue
CUCTEMBI CBSI3M, COCTOSINEH W3 n y370B CBs3H. [log TeXxHWYEeCKUM O0OeCreYeHHEeM IMTOHUMAETCS
nepuoanueckoe Texundyeckoe odcayxkuBanue (IITO) u peMOHT BBIIEIINX U3 CTPOS y3JIOB CBS3H.

Jig 1OoCTaBKM OTHENICHUS CHELUAINCTOB Ha y3ibl cBA3u PBb mmeer n| Bepron€ros u n)p
aBTOMOOWMIICH.

IITO npoBoautrcs kaxaele f| Heaenb. OTaeneHue cnenuanucrosB s nposenenus I1TO

JOCTABJISICTCS HA y3€Il CBSI3U Ha aBToMoOmiie. CKOpocTh JBM)KEHUS aBTOMOOWIIA V'] kM B yac. Bpems
nposenenus I11TO paBHo ) yacam.

Bo BpeMms oxupaHusi OTAENICHHS] CIEUHAIUCTOB Y3€J CBSI3U MOXET BBIUTH M3 CTPOS.
HMHTEeHCUBHOCTD BBIXOJA U3 CTPOS — k pa3 B HEMETIIO.

Bpemsi BbIxoja W3 CTpOsi y37ia CBSI3U PACIPEACIICHO IO SKCIOHEHIMAIBHOMY 3aKOHY CO
CpEelHUM 3Ha4YeHUeEM 3 4acoB. OTaeNneHne CeNUaluCTOB Il PEMOHTA JOCTABIISAETCS Ha y3€l CBS3H

Ha BepTonére. CKOpOCTh MONETa BEPTOIETA V) KM B Uac.

Bpemsi peMoHTa BBIIEAIIETO U3 CTPOS y3Jia CBA3U MOJYMHEHO 3KCIIOHEHIIMAIBHOMY 3aKOHY
CO CpECAHUM 3HAYCHUEM 74 YaCOB.

Pa3zpaboraTe MyJIbTHAareHTHYIO MOJENb TEXHUYECKOTO OOECIEYeHHsS] CHUCTEMBbl CBSI3U IS
OIICHKH B TeueHue oaHoro rojaa (8760 dacoB) GyHKIMOHHPOBAHUS MATEMAaTHYECKOTO OKHUJIAHUS €€
kod(durmenta texuuueckoi roTtoBHOCTH (KTI) M onTUMambHOTO KOJIMYECTBA BEPTOJIETOB W
aBTOMOOMIIEH MpU MX 3arpy3ke He Oonee 85%, mosaras mpu 3TOM M COOTBETCTBYIOIIEE KOJTHUYECTBO
OTJICTICHUH CTIEIUATUCTOB.

PesynpTarel MoenrpoBaHUsT HEOOXOIUMO MOIYIUTh ¢ TOUHOCTHIO € = 0,01 U moBepHUTETHHOIM
BepOATHOCTBIO . = 0,95.

Hcxoanble ganabie: n =10, n1 =2, =5, t1 =2, 2 =10, t3 =250, t4 = 10, k =1, V1 =55, Vo =
200.
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Kputepun onenkn (B 0aj1ax):

6 0annoB BbICTaBIACTCS OOYYalOLIEMyCs, €CIM BEPHO W B IOJHOM OOBEME 3HACT OCHOBHBIC MOHATHA H
orpeneynieHus 0a30BBIX Pa3AesiOB JKOHOMHKH, MAaTEMAaTHKH, CTaTUCTHKH, BBIYMCIHUTEIBHOW TEXHUKH,
IPOrpaMMHUPOBAHHU;BEPHO M B TIOJHOM 00BEME yMeeT peIlaTh NPUKJIAAHBIC 3aJadd, HCHOIb3Ys
€CTCCTBCHHOHAYYHBIC W OOIICHH)XEHEPHbIE 3HAHMSA, METOJbl ONTHUMH3AIMH, METOAbl MaTeMaTHYECKOrO
aHaJM3a U MOAEIMPOBaHUS; HCIOIb30BATh MATEMAaTHUECKIE METOIbI U MOAEIH, aJIeKBAaTHBIEC LEJISIM U 3aa4am
W MHTEPIPETUPOBATH MOyYEHHBIE PE3YJIBTAThl IPUMEHUTENFHO K MOAETHPYEMON CHCTEME.

5 6a10B BBICTaBIISIETCSI O0YYAIONIEMYCS, €CIIA C HE3HAUYNUTEIFHBIMHI 3aMEUaHHUSIMHU 3HAET OCHOBHBIE MTOHSTHS
u ompeneneHuss 0a30BBIX pa3AesioB SKOHOMHKHM, MaT€MaTHKH, CTaTUCTHKH, BBIYUCIUTEIBHOM TEXHUKHU,
MPOrPaMMHUPOBAHMSAC HE3HAYUTENBHBIMU 3aMEUaHHSIMH yMEET pellaTh HPUKIAIHBIC 3aJaud, HCIIOJIB3YS
C€CTCCTBCHHOHAYYHBIC U O6IIICI/IH)KeHepHBIe 3HaHHUs, METOABI OITHMHU3AIMH, MCTOAbI MATCMATHUYCCKOI'O
aHaJIn3a U MOACIIMPOBAHUA, UCITIOJIB30BATh MATEMATHYCCKUE METOAbI U MOACIIN, aICKBATHBIC LCJIAM U 3aJladyaM
W MHTEPIPETHUPOBATH MOTyYCHHBIE PE3YJIBTAThI IPUMEHUTENFHO K MOAEIHPYEMON CHCTEME.

4 6annaa BeICTAaBIsIETCS O0ydaroONIeMycsi, eciii Ha 0a30BOM YpOBHE, C OIIMOKAaMH 3HAET OCHOBHBIC MOHSTHS U
ompenencHusl 0a30BBIX pa3lielioB SKOHOMHUKH, MAaTEMAaTHKH, CTATUCTUKH, BBIYUCIUTEIBHON TEXHUKU,
NpOrpaMMHUpPOBaHKs;HA 0a30BOM YpOBHE, C OIIMOKAMU YMEET pellaTh MpPUKIaIHBIE 3alaud, HCIONb3Ys
CCTECTBCHHOHAYYHbIE W OOLICHMH)XCHEPHBIC 3HAHUS, METOAbl ONTUMM3ALUH, METOIbl MaTeMaTHYeCKOro
aHaJIn3a U MOACIIUPOBAHUA; UCITIOJIB30BATh MATCMATHYCCKHUE METOAbI U MOACIIN, aICKBATHBLIC LHCJIAM U 3aJladyaM
Y MHTEPIIPETHPOBATH IOJyYEeHHbIE Pe3yIbTaThl IPUMEHHTEIFHO K MOACTHPYEMOH CHCTEME.

METOANYECKHUE MATEPHUAJIBI, XAPAKTEPU3YIOIIUE 3TAIIbI
®OPMUPOBAHUS KOMIIETEHIIUI BO BPEMS ITPOBEJIEHUS
MPOMEXYTOUYHON ATTECTALIMA

CTpyKTypa 3a4€THOr0 3a/IaHUA

Haumenosanue oyenounozo cpeocmea Makcumanwvhoe
Kouuecmeo 6annos
Bonpoc 1 15
Bonpoc 2 15
[TpakTrueckoe 3aganne (KOMI. CUMYJISIINSA) 10

3aganus, BKJIOYaeMble B 3a4eTHOE 3aJjaHHe

Bonpocwt k 3auemy:

[ToHsATHS MOZEIN U MOJECIUPOBAHMS.

IIpuHIHUIIBI TOCTPOEHUS MATEMAaTUYECKUX MOJCIICH.

KnaccuukannoHHble IpU3HAKU U KIacCU(PUKALMA MOJIENIEH.

OcHOBHBIE JTambl MaTeMaTHYECKOIO0 MoOAeIupoBaHUs. I[IoHATHE O BBIUUCIUTEIBLHOM

skcriepuMenTe. OneHKa aeKBaTHOCTH, YCTOMYMBOCTH, YyBCTBUTEIbHOCTH.

[ToHsATHE UMUTALITMOHHOTO MOJIETMPOBAHUSI.

[TpyHIMIIBI OPTaHU3ALMA UMUTALIMOHHOTO MOJEINPOBAHHUS.

Meroasl reHepanyy CiIry4aiHbIX YUCEIL.

IIpoBepka reHepaTOpOB PaBHOMEPHO PACIPEAECICHHBIX IICEBIOCITYYalHbIX YACE.

Metoabl GOpMHUPOBAaHUS TICEBOCTYYalHBIX YMCEN C 3aJaHHBIM 3aKOHOM paclpe/eleHus

(aHanmMTHYECKUH, TAOTUYHBIN, METO KOMITO3UIIUN).

10. MogenupoBaHue ciaydalHbIX BeauuuH. OOIIas XapakTepUCTHKAa METOJIOB MOJEIMPOBAHUS
CITyYailHBIX BEJIMYMH.

11. MogenupoBaHue cIydaiiHbIX BETMYMH C HETAYCCOBCKUM pacrpenenenueM. Meroa oOpaTHOM

byHKIHIH.

b=

AR SRR
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12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

28.
29.
30.
31.
32.

33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.

55.

MonenupoBaHUE MPOCTOTO COOBITHS.

MopenupoBaHue MOJTHON TPYIITEI HECOBMECTHBIX COOBITHH.

MopenupoBaHue JUCKPETHOHN CIIy4aiiHOW BEJIMYMHBI.

MopennpoBaHre HEMPEPBIBHBIX CIIYYAHBIX BETUYHH.

MopenupoBaHue cl1y4yallHbIX BEJIMUMH C TTOKA3aTeNIbHBIM paclpeieICHUEM.
MopenupoBaHue ci1y4yallHbIX BEJIMUYMH C PABHOMEPHBIM PacpeIeICHUEM.
MopenupoBaHue cl1y4yalHbIX BEJIMYMH C HOPMAJIbHBIM PACIIPECICHUEM.
MopenupoBaHue c1y4yallHbIX BEJIMYMH C YCEUEHHBIM HOPMAJIBHBIM PACpEICICHUEM.
MopenupoBaHue c1y4yalHbIX BEJIMUMH C TPOU3BOJIBHBIM PACIPEICICHUEM.
Opranu3zanus sKcriepuMeHToB. [IpodiemMbl opraHu3alu UMUTALMOHHBIX KCIIEPUMEHTOB.
O1eHKa TOYHOCTH Pe3yIbTaTOB MOICIUPOBAHUS.

DaKTOpHBIN IUIaH. JJUCIEPCUOHHBIN aHAK3 B IJITAHUPOBAHUYU SKCIIEPUMEHTOB.
Oco0eHHOCTH TUTAHUPOBAHMS SKCTICPUMEHTOB.

Merton craructuyeckux ucnsitanuii Monre-Kapio.

OO1u1ast MoJ1eNb OLIEHKH PUCKOB.

NMuTanoHHass MOJENb OLEHKHM pUCKAa WHBECTULMOHHOTO IPOEKTa IO MPOU3BOACTBY
MPOJIYKTA.

VYrpaBineHue MOEIbHBIM BpEMEHEM. AJITOPUTMBI IPOABUKEHUS MOJIECIIBHOIO BPEMEHH.
Bpemennas nuarpamma. MoaenupoBaHue napajjiebHbIX POLIECCOB.

[IpuMeHeHne ceTeBbIX MOJENEHN AJI1 ONMCAHUS TAPAJUIEIbHBIX POLECCOB.
Hcnonb30BaHKe JUCKPETHBIX TOTOKOB IS JUCKPETHO-COOBITUIHHOTO MOACITUPOBAHUS.
Pa3pabotka muiaHoB skcrnepuMeHTOB. llpoBereHHe HMUTALMOHHBIX SKCIEPUMEHTOB C
UCIOJIb30BaHUEM (haiiIoB CIIeHapHEB.

Mmuranmonnsie moneau CMO.

Monens 06paboTKH 3aIIPOCOB CEPBEPOM.

Mopenb 00pabOTKH TOKYMEHTOB B OpraHU3AIIH.

Monenb GyHKIMOHUPOBAHUS TIPEAIPHUSITHSL.

MonenrpoBaHue MPOIECCOB yIpaBiIeHUs 3anacaMu (MOJIEIH JIOTUCTUKN).
NmMuTanmonHas MOJIeb IeATEILHOCTH OaHKa.

HMuTanmonHas Mo/l BbIIauM KpeauTa B OaHKe.

Cucremnas auHamuka. OCHOBHbBIE KOHIEIIUNA CUCTEMHON JTUHAMUKH.
[TocnenoBarenpHOCTH ATAIOB CUCTEMHO-INHAMUYECKOTO MOJECITUPOBAHMS.

IloHsATHE KOTHUTUBHOM KapTHI.

[IprmeHeHne 3HAKOBBIX U B3BEIICHHBIX OprpadoB il MOJAETUPOBAHUS CUCTEM.
NMmynbCcHBIE TTPOLIECCHI B 3HAKOBBIX M B3BEIICHHBIX oprpadax.

[TonsTHE UMITYTLCHOM M a0COFOTHOM YCTOMYMBOCTH oprpada.

[TocTpoeHne KOHIIENTYaIbHBIX MOJIEIEH SKOHOMUYECKUX CUCTEM U MPOLIECCOB.
Bepudukanms u orieHKa yCTOMYHMBOCTH CHCTEMHO-THHAMHYECKUX MOJIEIICH.
[IpoBeaeHue crieHapHOTO aHAIIN3a.

[TayTuHOOOpa3Hast paBHOBECHASI MOJIEIh CUCTEMHOM THHAMHUKH.

NmurtanrionHast MoJieib IIUKIOB POCTA U NAJCHUSI B S)KOHOMUKE.

[IpuMeHeHne KOTHUTHUBHBIX MOJIETIEH B CUCTEMAX MOAAEPKKU IPUHATHUS PELLICHUM.
AreHTHOE (MyJbTHAr€HTHOE) MoenpoBaHrue. OCHOBHbIE TTOHSTHS.

TunuyHble CBONCTBA areHTa.

Peanmusanuss B3aUMOAEWUCTBUS areHTOB Jpyr C JAPYIOM UM  BHEIIHEW Cpeaou IpH
MYJIbTUAr€HTHOM MOJEJIIMPOBAHUH.

IIpencrasnenue NpoCTPaHCTBEHHON JUHAMUKH areHTOB.

3aoanusa 013 KOMNBLIOMEPHBIX CUMYTAYUIL HA 3aUeme:

1. BwmonHuTe Momens pabOThl JBYX TOIUIMBO3ANPAaBOYHBIX CTaHIUNA. TpeOyeTcs CpaBHUTH
3¢ (HEeKTHBHOCTh HCIONB30BaHUS JBYX TorutrBo3ampaBouHbix ctanmwii (T3C) Ha mpotsokennu 14
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naei. B kauectBe mokazarens 3(QEKTHMBHOCTH HCHOIB3YeTCS KOI(PPHUIMEHT HCIOIb30BAHUSL
obopynoBanus K, . Dra BennuyMHA PAaCCUUTHIBACTCS KAaK OTHONICHHWE KOJIMYECTBA 3alpaBIICHHBIX

MaIlliH K TOTEHIIUAIbHO BO3MOKHOM MPOMYCKHOM CIIOCOOHOCTH CTAHIIHA.
HcxonHble JaHHbBIE 711 MOJCIUPOBAHMS:
[lepBas TOmIMBO3aNpaBOYHAsl CTAHIIUS HMEET 8 TOIUIMBO3aNpaBOYHBIX K0I0HOK (T3K).
Bropas TorunBo3anpaBounas ctanuus umeet 4 T3K.
Cpennee Bpems 3arpaBKy OJJHOT'O aBTOMOOWIIS Ha JIFOOOH U3 3alpaBOK COCTABISIET 5 MUH.
Pa6ora T3C kpyraocyrounas (24 gaca).
KomnyectBo aBTOMOOWMIIEH, 3ampaBlIeHHBIX B TEUYEHHWE CYTOK, — BEJIMYMHA ClydyailHas W
MOJYUHAETCS HOpMaJIbHOMY 3aKkoHY pacnpenenenus. s nepBoit T3C 3akoH pacnipenenenus CB
umeer mapameTpel W =1000 aBTomoOumnei, o1 = 250 aBromoOunei; mis Bropoit T3C stn
napameTpbl paBHHI [ =850 aBToMOOMIIEH, 62 = 70 aBTOMOOHIIEH.
o [losicHuTe Ha3HAYEHHE KaXIOro OJOKAa MOIENM M 3aJaHHbIe MapaMmeTpbl. WHTepmpeTupyiite
pe3ysbTaThl MOAECINPOBAHHUS.
2. BemonHuTe MMHTAaLUIO paboThl 0aHKa, OCYLIECTBISIOLIErO MpHEM BKIAAOB. Pazmep nemosura
ABIISICTCA CIyYailHOM BEIMYMHOM C HOPMAIbHBIM 3aKOHOM pacIipelesieHusl (CpeaHee 3HaueHHe —
MD =50000 py6neit; cpennee kBampatudeckoe otkiaonenue SD =10000 py6Greir). Bpems mexy
IIPUXOAOM JBYX BKJIQJYUKOB — ClydaliHas BEIMYMHA C IMTOKA3aTEJIbHBIM 3aKOHOM pacCHpelelICHUs
tz=1

(cpennee 3HaYCHUE

[a;b], rane a =20 muH.; b = 30 mmH. Kak Oymer BBIVIANETh OYEPEAHOCTH IOCETHTENEH Ha
NPOTSHKEHUH oJHOoro padouero aHs (12 yacor)? Kakoii obumii pazMep BKIaJ0B OyIeT OCYIIECTBICH
B T€UEHHE OJHOTO padouero nus? Kakoit oOmuii pazMep BKJIaJ0B OyAET OCYIIECTBICH K MOMEHTY
BpeMeHu 12:00 yvaco? IIpoBeauTe MMUTALMOHHBIN AKCIIEPUMEHT U OIPEACIIUTE CpeaHEe BpeMs
npeObIBaHUS KIMEHTA B CUCTEME.

9ac), a BpeMsi 0OCITy>KUBaHHsI paBHOMEPHO paclpesiesiecHO Ha WHTEpBalie

3. B GanxoBckuii opuc obpamarorcst kiaueHTsl. Oduc npeacraisger coboil aBTOMaTH3UPOBAHHBIH
IYHKT OOCIYXHBaHUSA, B KOTOPOM YCTAaHOBJIEH OaHkomaT. baHkoMar OJZHOBPEMEHHO MOMKET
00CITy’)KUBaTh TOJIBKO OJHOTO KiMeHTa. KiMeHTHl mpuObIBaIOT ¢ MHTEHCHBHOCTHIO lambda=0,67.
Bwmectumocts oduca — He Gonee 15 knmeHToB. MHTEpBa BpeMeHH pabOThHl OaHKOMATa SIBIISCTCS
CIIy4allHOM BEJIMYMHOM, KOTOpas IIOAYMHSECTCS TPEYTrOJIbHOMY 3aKOHY pacCIpENelieHus ¢
nmapamerpamu xmin=0.8, xmax=1,3, mpeamoututenbHoe 3HaueHue = 1. TpeOyeTcs MOCTPOUTH
MO/IeJIb OOCITY’)KUBAaHUS! KJIIMEHTOB U MPOBECTH aHAIN3 paboThl 0aHKOBCKOT0 o(uca.

4. B cucremy mocTymaroT 3asBKH — TeJIC(OHHBIC BBI30BBI C HHTEPBAIOM BPEMEHH MEXKAY BBI30BaMH,
KOTOPBIH COOTBETCTBYET SKCIIOHCHIIMAIILHOMY 3aKOHY paclpe/ielieHns ¢ MHTEeHCUBHOCTBIO lambda =
1.5. 3asBkm oOciayxuBaroTCs B mporeccope. OOCITyXKUBaHHE 3asiBOK  BBIMOJTHSACTCA C
uHTeHCcuBHOCTHIO lambda = 0.5. TIpu oOciykxuBaHUM BBI30Ba UCIONB3yeTcss N KaHAJIOB Tene(oHHOM
cetu. Yncno kananoB tenedoHHol craniun u3Mensercs ot 1 1o 100. TpebyeTcst mocTpouTh MOIEIb
o0cy>KuBaHMs Telne(OHHBIX BEI30BOB B COOTBETCTBHH C MPEABSIBICHHBIMU TPEOOBAaHHUSIMU.

5. Tloctpoiite ™Momens aeMorpaduueckol IUHAMUKH B cCpele OOWTaHHWS C OrpaHUYCHHOU
MPOMYCKHOW CIMOCOOHOCTBIO. JIJIi TPOCTOTHI HMCCIEAOBAHMS TPEANOJIOKUTE, YTO MPOIYCKHAs
CIOCOOHOCTH SIBJIIETCS TOCTOSIHHOW. B nanHOo# Mozenu OyneT TONbKO OJWH HAaKOMHUTENIb — YPOBEHb
HaceleHus. PaccMOTpUTE 3akphITyl0 cHCTEMY, T.e. 0e3 ydyeTa HSMHUIpallid ¥ HMMMUTPAIMU.
Poxxnaemocts OynieT eAMHCTBEHHBIM ITOTOKOM, @ CMEPTHOCTh — €IMHCTBEHHBIM OTTOKOM, CBS3aHHBIM
¢ HakomnureneM. lIpennonokuM, 4TO IKOJIOTMUECKHE PECYPChl HEOTPAaHUYEHHBI, I0O3TOMY YPOBEHb
POXKIaeMOCTH OyIeT SBISATHCS MOCTOSHHBIM. YCTAHOBHUTE IO YMOJYAaHHMIO HadajbHOE 3HAUYEHUE
ypoBHs HaceneHus = 2000, MmakcuMallbHBIN ypoBeHb poxaaeMocTH = 0,04, MakcuMmanbHas cpeaHss
MIPOJIOJKUTENIBHOCTE KU3HU = 70. BBIMOTHUTE MMUTALMIO MOJETU W MPOAHATM3UPYHTE Tpaduku
nokazareneil Hacenenue, Poxxgaemocts, CMEpTHOCTB, Y POBEHD JKU3HHU.
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Iloka3aTesin U KPpUTEPHH OLIEHUBAHUS MJIAHMPYEMBIX Pe3yJIbTATOB OCBOCHUSI KOMIIETEHIMI U pPe3yJIbTaTOB 00y4eHMusl,
IIKAJIa OLleHUBAHUS

IlIkaja oneHNBaHUA

DopMupyembie
KOMIIeTeHU MU

I/IHz[mcaTop JOCTHIKCHU A
KOMIICTCHIUHA

Kpurepun
OLleHMBAHUS

YpoBeHb
OCBOEHHS
KOMIIETEHIHIH

85-100

0aJ1J10B «324YTEHO»

YK-2. Crocobe
ompeneNaTh Kpyr 3axad

[pamMKax IIOCTaBJICHHO
LeTn u
OnTUMaJbHBIE CIIOCOOBI U
[peILICHHUS,
IIENCTBYIOIMX IPaBOBbI
HOpM,
[PECYpPCOB U OTpaHUYECHUIN

BBIOMPAThH
ucxons M3

HUMCHOINXCH|

H
B
)i
IYK-2.2. BriOupaer onTuMaibHEIe
CIIocoOBI pernreHus 3aa4d, UCXO/s]
M3  OCHCTBYIOIIUX  IIPABOBBIX|
HOpM, MMEIOIUXCS PECYpCcoB H|
OrpaHuYeHUN

X

X

3HaeT BepHO U B MOJHOM 00beMe: OCHOBHBIC METO/IBI TIPUHSATHSA PELICHHUH, B
TOM YHCJIE B YCIIOBHSAX PHCKA U HEOTPEACICHHOCTH

'YMeeT BepHO U B MOJIHOM 00beMe: IIPOBOANTH MHOTO(AKTOPHEIH aHAN3
PIIEMEHTOB MPEAMETHOMN 00JIACTH /ISl BBISBICHUS OTPAaHHYCHHUN TIPU PUHITUN
[pereHni

OIIK-1.
IPUMEHATH
eCTeCTBEHHOHAYIHbIC
OOICHH)KEHEPHBIE
BHaHM,

Cnocobe

TEOPETHYECKOr0O
BKCIEPUMEHTAIBHOTO
mcceJoBaHus
mpodeccuoHanbHON
eI TebHOCTH

METOJIB]
MaTEMAaTHIECKOTO aHAIIH3a]
I44 MOJICITUPOBAHWSI,

OIIK-1.1. dopmanusyerT
CTaHAapTHBIC IPO(ECCHOHATBHBIC
Bamaun ¢ MIpUMEHEHHEM
HIECTECTBEHHOHAYYHBIX u
0OIIENHKEHEPHBIX 3HAHH,|
HUMETOI0B MaTeMaTHYECKOrO|
AHaJIM3a U MOJICIIMPOBAHUS

3HaeT BepHO W B MOJHOM 00beMe: OCHOBHBIC MTOHSATHUS U ONPEICICHUs 0a30BBIX|
pa37eoB 3KOHOMHKH, MAaTEMATHUKH, CTATHCTUKH, BBIYUCIUTCIBHONW TEXHUKH,
pPOrpaMMUPOBAHUS

'YMeeT BepHO M B TMOJHOM OOBbeMe: OCYLIECTBISITH COOp, CHCTEMATH3AIUIO,
(hopManu3aIuio, HMHTEPIPETAIHIO, TIEPBUIHYIO 00pabOTKY M aHANN3 JaHHBIX JJIs
MCCIeOBaHHsl KOHKPETHBIX OJKOHOMHYECKHX CHUTYalUil, HCIOJb3YS METOJIbI
MaTeMaTUYecKoro, CTaTUCTUYECKOTO, HKOHOMHUYECKOT'0 aHanmza o
MOJICTTUPOBAHHS

lorK-1.2. [Tpumenser|

eCTECTBEHHOHAYYHBIC u
0OIIenHKCHEPHBIE 3HAHHUI,|
IMETOIBI MAaTeMaTHYECKOrO|
AHaIM3a W MOJICIHPOBAHHS IS
[peIeHus po¢eCCHOHABHBIX
Bagau

3HaeT BEpHO M B MOJHOM 00beMe: OCHOBHBIC METOJABI NCCIICAOBAHMS, IIPUEME]
1 MHCTPYMEHTBI MaTeMaTHYeCKOT0, CTATUCTUYECKOT0, YKOHOMUYECKOT0 aHAIN3a)
1 MOJIETUPOBAHUS

'YMeeT BepHO M B MOJHOM O0beMe: pellaTh NMPUKIAIHbIE 3aJa4d, UCIONb3Ys
©€CTCCTBEHHOHAYYHBIC W OOIICWH)XCHEPHBIC 3HAHUS, METOJbl ONTHMH3AIINH,
METOIbl MaTeMAaTU4YeCKOro aHajlu3a M MOJCJIMPOBAHUS;, HCIOJIb30BATh
MATEeMAaTUYCCKUE METOABI W MOJICNHM, AaJCKBaTHBIC MEsIM M 3aJadaM |
MHTEPIPETHPOBATE TTOIYICHHBIE Pe3yIbTaThl MIPHUMEHUTEIHHO K MOJCTUPYEeMOil
cucreme

IIpoaBuHYTHII




OIIK-6. CnocobeH|
AHAJTM3UPOBAThH
[pa3pabaThIBaTh
OpraHN3aluOHHO-

TEXHUYCCKUE

OIIK-6.1. [Tpumenser u
@manTUpyeT ~ METOAbl  TEOpHH
CHCTEM M CHUCTEMHOTO aHalu3a,
MaTeMaTHIECKOTO,
CTaTHCTHYECKOTO
MMHTAIIOHHOTO ~ MOJEIIMPOBAHUS,
IMETOTBI HCCIIE0BAHHS
MaTeMaTH4eCKHX  MOJeNed  Juis
ABTOMATH3alMK 3a7ad MPUHATHS
CILIECHUI

3HaeT BepHO M B NMOJHOM O0ObeMe: OCHOBHBIE IMOHATHUS, UCIOJIB3YEMbIE IJIf
MaTeMaTHYeCKOro OIMCaHMs 3a7ad HpPO(ECCHOHAIBHOM JEATeNILHOCTH |
COBpEMEHHBIM MaTeMaTHUECKUI HHCTpyMEHTapuil

'YMeeT BepHO M B NOJHOM oO0beMe: aHAIM3MPOBaTh W HHTEPIPETHPOBATH
pE3yJIbTaThl PACUETOB IO MOCTPOCHHBIM MAaTEeMaTHYECKUM MOJEISAM B paMKax
MOCTAaBICHHBIX MPO()ECCHOHANBHBIX 3a/1a4

PKOHOMHYECKUE MPOLIECCH]
C IPUMEHEHUEM METOMOB

3HaeT BEpHO M B MOJHOM o00beMe: TPAIWIMOHHBIE H COBPEMEHHBIE ITOAXOBI K
MPUHATHIO YIPaBICHYSCKUX PEIICHHH Ha OCHOBE MPHMEHEHHS METOIOB

70 — 84
0aJ110B

«3aYTCHO»

OITHMAJIbHBIE CIIOCOOBI HX|

CHCTEMHOI0 aHaJIN3a Y|
MaTEMaTHUECKOTO OITIK-6.2. Hpumenser Honrumusanuu
adaIITy T KOHOMMKO-
IMOJICITPOBAHUS A pye YKOHOMUKO Ty preer BEPHO M B MOJHOM O0ObeMe: HCIOJb30BaTh PA3IUYHBIE MOJAETH U
MaTCMaTH4YCCKHC MOOCIIH IS o o
——— onmimanspxMETOAP!  PHHATHS  yIPABIECHYECKUX PEUICHHH M MPOBOAMTE KOMIUICKCHBIH
TIPaBICHICCKHX pelIeHHuit AHaNM3 JMHAMUYECKUX HKOHOMHUYECKUX IPOLECCOB JUIsl IPUHATUS HAYYHO-
00OCHOBAHHBIX PEHICHHUI; OCYIICCTBIIATh aHAIN3 aJbTCPHATUBHBIX BAPUAHTOB C
LIeIbI0 NPUHSTHUSI PALIMOHAIBHBIX PEelICHU
YK-2. CriocobeH| 3HaeT ¢ He3HAYUTEIbHBIMH 3aMEYAHUSIMM: OCHOBHBIE METOJIbl TPUHSTHUS
OUPEACIATE Kpyr 3alad B [pEILIEHHI, B TOM YHCIIE B YCIOBUAX PUCKA U HEONPEIAEIEHHOCTU
pamkax  moctapneHHoHYK-2.2. Bbibupaet ONTHMANILHBICY yeer ¢ He3HAUMTEILHBIMH 3aMEUAHHSIMHA: IPOBOAUTH MHOTO(DAKTOPHBIIL
IHCIITH u BI)I6I/IpaTI)CHOC06I)I peuIeHud 3ajad, HUCXO1d

U3 HeﬁCTByIOHIHX MPaBOBBIX HOPM,

AHAJTN3 HJIEMEHTOB MPEIMETHOI 007IaCcTH ISl BEISIBICHUS OTPaHWICHAN TIPU
IPUHATHH PEUICHUN

[PCIICHNA, HCXOIs HU3UMCHOIIHUXCA peCypcoB u
IEHCTBYIOMIMX —IIPABOBBIX(OIPaHUYCHUI
[HOPM, UMCHOIIUXCA]|
€CYpPCOB U OTPAaHUYECHUN
OIIK-1. CnocobeH| 3HaeT ¢ He3HAYNTEIHHBIMH 3aMeYAHUSIMH: OCHOBHBIC ITOHATHUS U OTPEACICHUS
[MPUMEHATD 0a30BBIX pa3/elOoB JKOHOMUKH, MATCMATHUKH, CTATHCTHUKH, BBIYUCIUTEIBHOMN
g%ﬁ;‘:f;:}?;ag;:ble MommK-1.1. dopmanusyerTEXHUKH, IPOrPaMMHPOBAHHS .
I seroCTHAAPTHbIE npodeccuonanpupicYMEET ¢ He3HAYHMTEJAbHBIMM  3aMeYaHHMAMM:  OCYLIECTBISATH  cOop,
arematieckoro anamsaid c HPUMEHEHHEMCUCTEMAaTH3AIIHI0, (DOpMaTH3anuio, HHTEPIPETALUIO, MEPBUYHYI0 00pabOTKyY “1/1
- Monenuposaﬂm,e%TeCTBeHHOHaquHX MaHanu3 JNaHHBIX U MCCIE€NOBAHMA KOHKPETHBIX JKOHOMMYECKUX CHTYalMH,
TeOPETHYECKOTO ;elﬁ)e“HmeHePHHX SHaHWW,rcrioNp3yst METONBI  MaTeMaTH4YeCKOTO, CTAaTHCTHIECKOTO, JKOHOMHYECKOTO
bKCIIEPUMEHTAIBHOTO 108 MaTCMaTHICCKOT O yan3a 1 MOJEINPOBAHKS

QHaJIn3a U MOJACIIMPOBAHUA
IMCCIICIOBAaHUA B
MpogeCCHOHATEHON
VICATCIIBHOCTHU

IloBbINIEHHBIH
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OIIK-1.2. [Tpumenser
eCTECTBEHHOHAYYHBIC u
OOLICHH)KEHEPHBIC 3HAHHS, METO/IbI]
MaTeMaTHYeCKOro0  aHalu3a Y
IMOJICIMPOBAHUSL  JUI  PEILUCHHS]
npodecCHOHANBHBIX 33134

3HaeT ¢ He3HAYNTEJbHBIMH 3aMeYaHUSIMU: OCHOBHBIE METObI HCCIIEAOBaHU,
[pUeMbl 1 HHCTPYMEHThI MaT€MaTUYECKOT0, CTATUCTUYECKOTO, SKOHOMUUECKOTO
aHaIM3a U MOAEIUPOBAHUS

'YMeeT ¢ He3HAYNTEJLHBIMH 3aMeYaHUSIMM: DPEIIaTh NPUKIATHBIE 3a7adH,
MCTIONB3Ysl E€CTeCTBCHHOHAYYHBIE U  OOMICHMHXCHEPHBIE 3HAHUS, METOIb]
ONTUMHU3AINK, METONBl MAaTeMaTHYECKOTO aHalM3a W  MOJCIHPOBAHUS;
MCTIONB30BaTh MAaTeMaTHYECKHE METOAbl M MOJENH, alIeKBaTHBIE IEeNsIM U
BamadaM W WHTEPIPETHPOBATH IIOJNYYEHHBIE Pe3yNbTaThl MPUMEHHTEIBHO K
IMOJICITHPYEMOI CUCTEME

OIIK-6.1. IIpumenser 3|
Qmantupyer ~ METOABI  TEOpHHY|
CHCTEM ¥ CHUCTEMHOTO aHaJN3a,
MaTeMaTHIECKOTO,
CTaTUCTUYECKOTO
OIIK-6. CriocobeH|
MMUTAI[MOHHOTO ~ MOJEIHPOBAHUS,
AHAIN3HPOBATH u
METOIBI HCCIIe0BaHHs
[pa3pabaThIBaTh o
MaTeMaTH4eCKHX  MOJeNed  Juis
OpraHU3aluOHHO-
ABTOMAaTM3alMK 3a7ad IPHHSATHS
TEXHUIECKHE

CIICHHI

3HaeT ¢ He3HAYMTEIbHBIMH  3aMEYAHHUSIMH:  OCHOBHBIC  IIOHSATHA,
MCTIONB3yeMBIe [UII MaTeMaTHIeCKOTO OIMMCaHMsA 3a1ad NpodecCHOHATBHON
e TeIbHOCTH U COBPEMEHHBIN MaTeMaTUYeCKUI MHCTPYMEHTapHid

YMeeT ¢ He3HAYMTEJILHBIMH  3aMEYAHMSAMM:  aHAIU3UPOBATh U

nu
MHTCPIIPETUPOBATL PE3YyJIbTAaThl PACYCTOB MO IMMOCTPOCHHBIM MATECMATUYCCKUM]

MOACJISIM B paMKaXx IMOCTABJICHHBIX HpO(l)eCCI/IOHaJ'II)HLIX 3aJa4

PKOHOMHYECKUE MPOLIECCH]
C IPUMCHEHUEM METOH0B

3HaeT ¢ He3HAYMTEJbHBIMH 3aMEYAHUSIMHM: TPAJULIUOHHBIE U COBPEMEHHbIE
MOIXOABI K TPUHATHIO YIIPABICHUYECKHMX pEIICHHI Ha OCHOBE NPHUMEHEHNS

CUCTCMHOI'O aHaiu3a I/IOHK 6.2 I
IMaTEMaTHYECKOTO s PHMCHACT “MeTon0B onTMMu3aIK
anantupyer 9KOHOMHKO-
IMOIC/IHPOBaHHSI JanTHpy! 'YMeeT ¢ He3HAYNTeAbHBIMHU 3aMeYaAHUSIMHU: UCIIOIb30BaTh PA3IMIHBIE MOJCIIH
MAaTCMATHYCCKUC MOICIN JJIs] o o
M METOZbI NPHHSATHS YNPABICHUCCKUX PEIICHWI MW IPOBOIUTH KOMIUIEKCHBIH
MIPUHATUA ONTUMAJIbHBIX|
TIpABIEHIECKIX pelleHHit aHAIM3 AWHAMUYECKHUX SKOHOMHYECKHX TMPOIECCOB JUIA NPHHATHA HAaydHO-
00OCHOBaHHBIX PEIICHUH; OCYIIECTBISITh aHAIHN3 AIBTEPHATUBHBIX BaPUAHTOB C
LIeJIbIO ITPUHSTUS PALMOHAJIBHBIX PEICHUI
VK-2. CriocobeH 3HaeT Ha 0230BOM YPOBHE, ¢ OIIIUOKAMM: OCHOBHBIC METOIBI TTPUHSITHS
OIPEACIATE KpYT' 3a1av B [pEILIEHHI, B TOM YHUCIIE B YCIOBUAX PUCKA U HEONPEIAEIECHHOCTU
paMKax HOCTaB%eHHOHYK'Z'é' BriGnpaer  onTHMAIBHEICY veer pa 6a30BOM yPOBHE, ¢ OUIMGKAMH: IPOBOIUT MHOTO(DAKTOPHbIH
50 - 69 e " BHIOMPATBCTIOCODB! PEUMICHHA 3alat, HCXOMlaya iy seMeHTOB MpeaMETHOM 061aCTH JUIS BBIABICHUS OrpaHUYEHUH TPy .
ONTUMAaIbHBIE CIIOCOOBI UX[U3 AEHCTBYIOIIMX MPABOBBIX HOPM, o bazosblii
bannoB «32YTEHO» IPUHSTUH PELICHUH

[peIICHNsI,  UCXOId W3]
IMeMCTBYIOIIMX ITPABOBBIX

MMEIOIIHXCSl
OrpaHMYEHUN

pecypcos u

HOPM, HUMCHOIIMXC|

€CYpPCOB U OrpaHU4YeHUN
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3HaeT Ha 6a30BOM YpPOBHE, ¢ OIINOKAMH: OCHOBHBIC TIOHATHS M OIPEACICHUS
OIK-1.1. DopmaTH3YeT5a30BpIX pa3ienoB SKOHOMMKH, MAaTEMaTHKH, CTATUCTHUKH, BBIYUCIUTEIBHOM
CTaHZApTHBIE HpO(I)ECCPIOHaHLHLIGTeXHHKH’ IPOrpPaMMHPOBAHHUS
Bagavu C IIPUMCHCHHUEM]
OTIK-1. CH°C°6eHec?ecmeaaoaayqnmx P HYMeeT Ha 0a30BOM YypOBHe, ¢ OIIMOKAMH: OCYIIECTBIATH cOOp,
[PUMCHSITH o GIICHEDKEHEPHX ssanuii [CACTEMATH3ALHIO, (hopman3anio, MHTEPIPETAIUIO, EPBUIHYI0 00pabOTKy H
eC6TeCTBeHH0HaYLIHbIe ) eTO0B MaTeMaTnyeckoro@HATA3 JAHHBIX [UI1 HCCIENOBAHAS KOHKPETHBIX JKOHOMHYECKHX CHTYalWH,
OOIICHHKCHEPHBIC AHAIN3a U MOJIEITMPOBAHHS MCIIOJIb3Ys METOAbl MAaTEMAaTUYECKOI0, CTAaTHCTHYECKOr0, SKOHOMHYECKOIO
SHAHM, METOABI AHAIM32 U MOJIETMPOBAHUS
IMAaTCMAaTHYCCKOI'O aHaJIN34|
3HaeT Ha 6a30BOM YpOBHe, ¢ OIIMOKAMHU: OCHOBHBIC METOIBI MCCIICIOBAHMA,
158 MOAEIMpoOBaHus,
TeOPETHHECKOTO o2 - HMeHﬂeTHpI/IeMH U MHCTPYMEHTHI MaTEeMaTHIECKOTO, CTATUCTHIECKOTO, SKOHOMHUIECKOTO
PKCIICPUMCHTAIILHOTO eCTCCTB’CI:IHOHa YHBIC b PIaHaHI/ISa " MOHeHHpOBaHHH
HCCIEeT0BAHMUS B GeHIDReHe gme N MeTOHMYMeeT Ha 0a30BOM YPOBHe, ¢ ONIMOKAMM: pCIIaTh NPUKIATHBIC 3a7a4H,
mpodeccHOHATLHOM P ’ MCTIONB3Ysl CCTCCTBCHHOHAYYHBIC U  OOLICHHXCHEPHBIC 3HAHUS, METOIbI
esITenbHOCTH MATEMATUYIECCKOT'O aHaJiu3a u .
vonienmpoBanns s pemernsONTHMH3AUAH,  METOIBI  MATEMATHUECKOrO  aHAM3a M MOJICIHMPOBAHMS,
POQeCCHOHATBHBIX 3a1aT MCTOJIB30BaTh MATEMATHUCCKUE METOAbl M MOJICIH, aJIcKBaTHBIC IEIsAM U
BamauaM M WHTEPIPETHPOBATH IOJYYCHHBIC PE3yIbTaThl MPUMEHHUTEIBHO K
MOJENUPYyEMOil cUCTEME
OIIK-6.1. [pumensier 13HaeT Ha 0a30BOM YPOBHE, ¢ OIIMOKAMM: OCHOBHBIC IOHSTHS, UCIIOJIB3YEMBIC
@lanTupyer METO/bI TCOPHH|yy MATEMAaTUYECKOTO OMHCAaHUs 33aqad Mpo(ecCHOHANBLHOW NEATCIFHOCTH U
CUCTEM W CHCTEMHOTO  aHAN33,copneMeHHbIM MATEMATHYECKUIA HHCTPYMEHTAPHIA
MATEMATHHICCKOTO, 'VMeeT Ha 6230BOM YpOBHe, ¢ OIIMOKAMH: aHATH3MPOBATh M HHTEPIPETHPOBATH
CTaTHCTUYCCKOT'O H
OIIK-6. CriocobeH| pE3yIbTaThl PacyeTOB IO NOCTPOCHHBIM MAaTEMATUYECKUM MOJEIAM B paMKax
AHATU3HPOBATE IMMHUTAITUOHHOTO  MOJACIIMPOBAHUA,) (1)
METOMEL uceneoparusIOCTABICHHBIX TPO(ECCHOHANBHBIX 3a/1a4
[pa3pabaTbIBaTh N
MaTCMAaTHYCCKHUX MOICIICHU 1]
OpraHu3alfMOHHO-
ABTOMaTU3allUU  3a1a4 TMPUHATUA
TCXHUYCCKUC o
CIHICHU N
PKOHOMHYECKUE MPOLIECCH]
C TpUMEHEHMEM METOJIOB 3Haer Ha 0a30BOM YpPOBHe, € OIIHOKAMM: TPaJMIHOHHEIC H COBPEMEHHBIC
cHeTeMHOrO  amamiza Ml - [MOIXOAbI K TPUHATHIO YIPABICHUYCCKUX PEIICHUH HAa OCHOBE MPUMCHCHUS
MATEMATHUECKOrO - pHMeRACT “IMETOI0B ONMTHMH3AHMHI
agarnTu T KOHOMUKO-|
MOZIETMPOBAHUS AAITHPYC PKOHOMUKO Ny \1eeT Ha G230BOM ypOBHE, € OIIMOKAMHE: HCIIOIb30BATH PA3IHYHbIC MOJEITH I
MatCMatHeckiie  MOACH UKl joTonBl NpUHATHA yNpaBleHYeCKMX pelIeHHil M [POBOAMTH KOMILIEKCHDIH
IMPUHATUSL OIITUMAJIBHBIX| CTONL p y p p p A
T — @HAIM3 JIMHAMHMECKHX OKOHOMUYECKUX MPOLECCOB s NMPHHATHS HAYYHO-
00OCHOBAHHBIX PEHICHHU; OCYIICCTBIIATh aHAIN3 aJbTCPHATUBHBIX BAPUAHTOB C
[IEJTBI0 IPUHATHS PAIlMOHAIBHBIX PEIICHUH
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YK-2.  CrocoGen  onpencists He 3HaeT Ha $6a30BOM YPOBHE:OCHOBHbIC METOIBI TIPHUHSITHUS
ﬁgﬁame }?;iﬁi“lquen;n BLI%HI;IB;I;:‘EYK'Z'Z' BhiGupaer ontiMabHbe criocoG|PCILICHHH, B TOM HHCIIE B YCIOBHAX PHCKA U HEONPE/IENCHHOCTH
oNTHMATBHBIC  CrOCOGH  MX|PEIICHUs 3a1ad, MCXOAi 3 AeiicTByionyixHe YMeeT Ha 6a30BOM yPOBHE:POBOAUTE MHOTO(GAaKTOPHBIN aHAIH3
[peLLICHMS, ucxonsa HU3IPAaBOBBIX HOPM, HMCIOIUXCS PECYypCOB uPJICMCHTOB HpC,I[MCTHOﬁ obnactu JJIs1 BBISIBJICHUS Ol“paHI/ILIeHI/Iﬁ npu
JeHCTBYIOIUX TIPABOBBIX HOPM,0rpaHHUeHHI IPUHATUH PELLIEHUI
MMEIOILUXCS pecypcoB u
OIrpaHUYCHUN
He 3HaeT Ha 0a30BOM ypPOBHe: OCHOBHbIC MOHSTHS U ONpEIEICHUS
OITK-1.1.  ®opmanusyer CTam[apmm6a3013.1>1x pa3lenoB  3KOHOMHUKM,  MaTeMaTHKHM,  CTaTUCTUKH,
npodmccnoaanbﬂme 3a1a4yu ¢BBIYHUCIIUTCIIBHOU TEXHUKH, ITPOTPAMMUPOBAHUA
OITK-1 c GoyIPHMCHEHHEM  ECTECTBCHHOHAYHBIX nHe ymeer Ha 0a30BOM YpPOBHe: OCYyIIECTBISATH  cOop,
npnM;ﬁﬂTL H0CO0C o Gmenmkenepupix  3nanmii, METOIOBCUCTEMATH3aNI0, (popManu3annio, WHTCPIPETANIO, IIEPBHYHYIO
ecTecTBeHHOHAY HbIE Hm;ﬁzg:;z;m aHanusa HoOpaboOTKy MW aHalu3 ,IEaHHLIX JUIL  UCCIIENOBAHUS KOHKPETHBIX
OGLeHHKEHepHbIE  3HAHNA, PKOHOMMYECKHUX CHUTyallud, HCHOJb3ysl METOJAbl MaTeMaTHYECKOIO,
METO/bI  MAaTEMaTHYECKOTO CTaTUCTUYECKOT0, 9KOHOMHUYECKOT0 aHAJIN3a U MOJIEJIMPOBAHUS
QHaIM3a M MOZACIMPOBAHM, He 3naeT Ha 0a30BOM YypOBHe: OCHOBHBIC METOMIBI HCCICIOBAHMUS,
[FEOPETHIECKOTO u MpUEMBI M MHCTPYMEHTBI MaTEMAaTHYECKOro, CTaTHUCTHYECKOIO,
;ﬁzizzﬁr;:gznbﬂoro ] OIK-1.2. TpumensierP KOHOMHYECKOTO aHAIN3a U MO,HGJ'II/II.)OBaHI/Iﬂ
 podeccHonamHOM ecTecTBeHHOHayuHble U obmenmkenepupicHe ymeer Ha 0a30BOM YpOBHe: pellaTh IPHKIAJHBIC 3a]a4yH,
esTeBHOCTIH BHAHHS, METOJbI MATEMATHYECKOTO aHanma‘ncnonmys{ CCTECTBCHHOHAYYHbIC W  OOIICHH)XCHEPHBIC 3HAHWUS,
i MOJCJINpOBaHus I peuICHUAIMeTOAbl ONTUMU3ALMH, METOJAbl MATEMATHYECKOIO aHajiku3a Ul
PO ECCHOHANBHBIX 33112 MOJEIMPOBAHMS; MCIIOIb30BATh MATEMAaTUYECKUE METOABI U MOJENH,
@neKBaTHblE LEJAM M 3aJayaM M HHTEPIPETHPOBATh IOJYyYEHHBIE
[pE3yJIbTaThl IPUMEHHUTEIBHO K MOACIUPYEMOI CUCTEME
OIIK-6.1.  Tlpumenser wu  anantupyerHe 3HaeT Ha 0a30BOM ypPOBHE: OCHOBHBIC IOHSTHS, HUCIONb3YEMbIE
METO/Ibl TCOPHM CHUCTEM W CHCTCMHOIOpqyy  MAaTeMaTHYECKOr0  ONMHCAaHMs  3amad  NnpodeccHoHATbLHOMH
ananmsa, MaTeMaTHIECKOT Oy e gqTe IHBHOCTH U COBPEMEHHBIM MAaTEMATHYECKUI HHCTPYMEHTAPHiA
OITK-6. CriocoBer| ATMCTHHEECKOTO M HMHTAUHOHHOTOH e yyieer Ha §a30BOM ypOBHe: aHAIM3MPOBAThH U MHTEPIPETHPOBATH)
AHAJTM3UPOBATH MOACIHPOBATIHA, - METOIbI HCSHeHOBaHmpesynLTaTH pacyeToB MO MOCTPOEHHBIM MATEMAaTUYECKUM MOJEISIM B
MaATCMaTHYCCKUX MOACIICHU JJI|
[pa3pabarbIBaTh ARTOMATH3AIMH 33184 IpHHATHA pemermii |PAMKAX TOCTABICHHBIX npo¢eCCHOHATBHBIX 3a1a4
OpraHu3allMOHHO-
X HITYECKIE " He 3Haer Ha 0a30BOM YpPOBHe: TpaJUIMOHHBIC H_COBPEMEHHBIE
DKOHOMHYECKHE TPOLECCH (| [IOAXOAbl K IPHUHATHIO YIPABICHYECKUX PEIICHUH Ha OCHOBE
[IpUMEHEHHEM MeTOﬂOBOHK-6.2. HpHMeHﬂeT " aHaHTpreTHpI/IMeHeHI/IH METOAOB OIITUMHU3AalIUH
CHCTEMHOT0  aHaiu3a U He ymeeT Ha 6a30BOM YpPOBHeE: HCIIOJIF30BAaTh Pa3IWYHBIE MOICIH H
PKOHOMHKO-MAaTCMAaTUYCCKUC MOICIN JJIA o
MaTeMaTHIeCKOTO METOJAbl TPHUHATHS  YNPABJICHUECKUX PEHICHWHA U MPOBOJUTH
IMIPUHATHAA OHNTUMAJIBHBIX YHPAaBJICHYCCKUX] o
IMOZICJINPOBAHU petenii KOMIUICKCHBIM aHAJIN3 JUHAMHUYECKUX DKOHOMUYECKUX IPOLIECCOB I
MPUHATHS HAyYHO-OOOCHOBAaHHBIX DPEIICHHH; OCYIISCTBIATh aHAIIN3
QIbTEpHATUBHBIX BAPUAHTOB C IE€JIbI0 TNPUHATUS pPalHUOHAJIbHBIX|
CLICHUI

KomMmnerenuuu
He
copMupoBaHbI
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