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BBEJEHHUE

1. Heab u 3a1a4u M3y4YeHUus1 JUCHUILIMHBI

Llenpto w3ydeHuss AUCHUIUIMHBI «Teopus WHGOPMAIMOHHBIX TIPOIECCOB M CHCTEM)
SBJISIETCSI OCBOEHUE CTYJACHTAMH TEOPETHMUECKMX U TMPAKTHUYECKHMX OCHOB CO3JaHUs
MH()OPMAITMOHHBIX CUCTEM, a TAKKE CITOCOOOB OMHUCAHUS HH(HOPMAITMOHHBIX CUCTEM.

3agaun JUCIUTLINHEI: ONPENIECIUTh COBPEMEHHOE COCTOSIHUE pa3BUTHS
WH)OPMAITMOHHBIX CHUCTEM H WX KJIACCH(PUKAIMIO; TMO3HAKOMHTh C METOJOJOTHSIMHA U
TEXHOJOTHSIMH Pa3pabOTKu HMH(DOPMALMOHHBIX CHUCTEM; TMPEACTaBUTH JTalbl CO3JAHHUS U
MIPOCKTUPOBAHUS UH()OPMAITMOHHBIX CUCTEM.
2. O0opyaroBaHHe U MaTepPHAJIbI

Jnst mpoBeneHUsT TPAKTHYECKUX 3aHATHH HEOOXOIMMO CIIEIyIOIee MaTepuagbHO-
TEXHUUYECKOE OOeCTeueHue: MEepCOHANBHBI KOMITBIOTEP; MPOEKTOP; BO3MOKHOCTH BBIXOJA B
ceTh IHTEpHET 17151 TOMCKa 10 00pa30BaTEIbHBIM CaliTaM M MOpTaJiaM; HHTEPAKTUBHAS JTOCKA.
3. HammeHoBaHue J1a00pPaTOPHBIX padoT

Ne HanmMeHnoBan#e TeM MUCHIUILIMHBI, KX KpaTKoe coaepkanne | OObem W3 gux
TEM JacoB MpaKkTUYECKast
IOJITOTOBKA,
JacoB
5 cemecTp

Tema 4. IuTponus auckpeTHoro curuajia. Koauvecrso ungopmanuu. CoiicTBa JHTpONNH
AMCKPETHBIX COOOIIEeHUI.

1 JlaGopaTtopnas pabora 1. 4
Haxoorcoenue sumponuu Ouckpemno2o coooueHusl.

Tema 6. AnpaBuTHOE KogupoBaHue MHGopmanuu. Kpurepuii B3aUMHOI 0JHO3HAYHOCTH
a1(paBUTHOT0 KOAMPOBAHUA

2 JlaGopaTtopHnas pabora 2. 4 4
Onpedenums, aensiemcs au K00, ¢ 3a0aHHbIM
KOOUPYIOWUM ANDABUMOM OOHOZHAYHO 0EKOOUPYEMbIM.

3 JlaboparopHas paboTa 2. 2
Ilocmpoenue cpagpa no pesynomamam aneopumma
Mapxkosa.
Tema 7. IpdhexkTUBHOE KOAUPOBAHHE, H30BITOYHOCTH COOOIIEHUIA.
4 JlaGopaTtopHas pabora 3. 4

Onpeodenenue k03¢ uyuenma u30bIMOYHOCMU KOOA.

Tema 8. Meroa Xaddmana.

5 JlaGopatopHas pabota 4. 4
3axoouposams 3a0anHoe 8bIpadceHue Memooom
Xagppmana.
Hroro 3a S cemectp: 18 4
6 cemecTp
Tema 9. OcHOBBI IOMEX0YCTOHYHBOT0 KOAUPOBAHMS.
1 JlaGopaTtopHas pabora 5. 4

OcHogbl nomexoycmotiuugo2o koouposaus. Jlunetinvle
onouHbvle KoObl. Koo ¢ nposepkotl na yemnocmy,
umepamueHwll KOO.

Tema 10. Kog XemMmuura.

2 JlaGopatophas pabota 6. 4
Buipaosicenue,  3axoouposannoe  memooom  Xaggpmana
anpasumom {0;1}, 3axo0uposamv ¢ nOMOWBIO KOOA
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Xemmunea. Ilpeononoscums, ymo 6 N-m cumgone k0008020
cloéa 60  epems  nepeodauu  npousowia - OuUOKA.
IIpodemoncmpuposame ee oOnapyicetue.

Tema 11. Aaropurmsl c;kaTusi HHGopMauuu

3 JlaGopaTtopHas pabota 7. 4
3axoouposams 3a0anHoe 8vipadicenue Kooamu 3usa-
Jlemnena LZ77 u LZ78.
Tema 12. MapkoBcKHe ciy4yaiiHbIe Po1ecchl, Kiaccupukanus. MapKoBCcKHe IeNu
4 JlaGopaTtopHnas pabora 8. 4

Onpedeﬂumb eepoimnocmu COCMOAHUL CUCEMbL NOCTIE
3A0AHH020 KOAUYECmEd UuHmepealo6 BpEMEHU.

Tema 13. HenpepbiBHbIe nenn MapkoBa, ypapHenne Koamoroposa. Cucrema rudenu u
Pa3MHOKeHHS

5 JlaGopatopnas pabota 9. 8
Onpedenums 6eposmHOCIU COCMOSIHULL CUCTEMDbL 8
cmayuonaprom pescume. Ilocmpoums pasmeuennuiii cpag

COCMOSAHULL NPU 3A0AHHBIX 3HAYEHUSX UHMEHCUBHOCTEN

nepexooa.
Tema 14. Rinaccudukanns mojaesieii MaccoBoro 00CJ1y;KUBaHUS
JlabopaTtopnas pabota 10. 4 4

KoMmmoHeHTH ¥ KJIacCHpUKAIMsg MOJETICH MacCOBOTO
obciyxuBanus. OanokanaiabHas CMO ¢ oTkazaMu.

Tema 15. MuorokanaabHasg CMO ¢ orka3zamu. MHorokanajibHasg CMO c o:xugaHueM

6 JlabopaTtopnas padota 111. 4 4
Pewums npeonoscennyio 3a0auy no meopuu cucmem
maccosozo obcnyxcusanus. Peanuzosamo eviuucnenus 6

cucmeme MathCad.
Tema 16. Kpurepyu npuHATHS PeLICHU B YCJIOBHAX HEOIPeeJIeHHOCTH
7 JlaGopatopHas pabora 12. 4

IIpunsmv pewieHue 6 YCLO8UAX HEONPEOeNeHHOCMU NO
mampuye 3ampam ucnoav3ys Kpumepuu Jlaniaca, Benvoa,
T'ypsuya, Crsuoorca.

HToro 3a 6 cemecTp: 32 8

Hroro: 50 12

4. Conep:kanue 1a00paTOpHBIX padoT
JlabopaTopnasi padora Nel.

Tema 1. O01mue NOHATHA HHPOPMALMOHHBIX NpoueccoB. OCHOBHBIE MOHATHS TEOPHH
cucTreM

Haxo:kneHne YJHTPONUYN JTHCKPETHOTO COOOIIEHHUSI.

Ilens pabomel. Hayuntbes MPakTUYECKH OMPEIENATh KOTHUECTBO MH(OPMALIUU B AUCKPETHBIX
COOOIIEHUIX.
Teopemuueckue ocHogul.

KomnuecTBo nHpOpManmu, comeprkaiieecss B JUCKPETHOM cooOmmennn (/) MOKHO HalTH
13 MPOCTOTO COOTHOILIECHHUS:

I=n-H,
rJie 7 — YHUCIO CHMBOJIOB B cOOOIIeHHH, H — DHTPOMNUS HCTOYHHMKA COOOIEHUH, TO €CTh
CpenHee KOJNYeCTBO MHPOPMAIINH, PUXOIAIISECs Ha OAUH CUMBOJL.
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OHTpONUs UCTOYHHUKA COOOILICHMS ONpEAeseTcss U3 OCHOBHOI'O COOTHOIICHHS TEOPHH
uH(popMalLuu, KOTOpoe i yA00CTBa MPAKTUYECKOTO MCIIONb30BaHMs MpeolOpa3yercs K BUAY
HauOosee MPOCTOMY M yJOOHOMY B 3aBUCHMOCTH OT CBOMCTB JMCKPETHOTO HMCTOYHHKA
coobuieHuil. B ciydae, ecau CUMBOJIBI HCTOYHUKA COOOIICHUS MOSIBIISIFOTCS PAaBHOBEPOSITHO U
B3aMMHO HE3aBUCHMO, TO JJIS MOJACYETa SHTPONHMM TaKOro pPOAa COOOIIEHUH HCIOIB3YIOT
dbopmyny Xaptiu:

I =n-log, m(6um),H, =log, m(6uméLIM60ﬂ)

rae m — o0beM andaBuTa MCTOUHUKA JAUCKPETHBIX COOOUIeHHH. Eciau cHUMBOJIBI MCTOYHHMKA
COOOIIEHUSI TEHEPUPYIOTCS C PA3IUYHBIMU BEPOATHOCTSAMM, HO B3aUMHO HE3aBUCHMBI, TO
ucnonb3ytoT ¢popmyiy lllennona:

I=-n-) P, -log, P, (6um)
i=1

2

m
H,=-Y P, log,P, (6um_
2 = al gZ al( CUMSO./I)
rac Pa1 — BCPOATHOCTE NIOABJICHUA CUMBOJIA d;.
B ClIydac XK€ HC PaBHOBCPOATHOI'O IMOABJICHUA CHUMBOJIOB MCTOYHHUKA COO6H_[€HI/I$I U HaJIn4dusda
CTATUCTUUYECKUX 3aBUCUMOCTEN MCXKIAY COCCAHMMU CHMBOJIAMH JSHTPOIIMIO TAKOI'0 MCTOYHHKA
MOKHO OIIPCACINTh C TIOMOIIBIO (I)OpMy.]'IBI IIlenHoHa ¢ YCJIIOBHBIMH BECPOATHOCTAMMU:
a
a.

m m a a
=- : i/ j bum
Hz ;Pal ;P A IOgZP A AUMQ()/[)’
Pl

rae — YCIIOBHas BEpPOSITHOCTD NOSIBJIEHUSI CUMBOJIA @; ITOCIIE CUMBOJIA d;

Cooeprcanue padomel.

1. TlocuuTaTh cpenHee KOIMYECTBO MH(DOPMAITUH, TPUXOSIEECs Ha OJTMH CUMBOJI (SHTPOIIHIO)
MCTOYHUKA JUCKPETHBIX COOOLICHNH B CIIyYasix:

a) — PaBHOBEPOSITHOTO ¥ B3aHMHO HE3aBUCHMOTIO MOSIBIICHHUS CHMBOJIOB;

0) — HEe paBHOBEPOSATHOTO W B3aMMHO HE3aBUCHUMOTO TOSIBIICHUSI CUMBOJIOB;

B) — TPH HE PABHOBEPOSTHOM TIOSIBIICHUU CHMBOJIOB ¥l HAJTMYUH CTATUCTHUYECKUX CBSA3CH MEXKITY

COCEIHUMH CUMBOJIAMH.

B kadecTBe MUCKPETHOTO MCTOYHHMKA COOOIICHHUM B3ATh MCTOYHHMK C 00ObeMOM ajiaBUTa

m= 34 (aHanOru4HbIN Mo 00beMy ajdaBUTa TEKCTYy Ha PYCCKOM si3bIke: 33 OyKBBI U MpobOen), a

€ro CTAaTUCTHYECKHE XapPaKTEPHCTUKH CMOJICIMPOBATh C TOMOINBIO TeHepaTopa CIydaiHBIX

yucel.

2. TlomcuurtaTh KOJIMYECTBO HMH(pOpPMANUU B COOOIICHWH, MPEACTABISIONIUM coOoi Bamry
dbaMuIHi0, MM M OTYECTBO, CUYUTAs, YTO CHMBOJBI COOOIICHHS IOSBJISIOTCS HE
PaBHOBEPOSITHO M HE3aBHCHMO. 3aKOH pPAacCHpe/IeCcHUS CHUMBOJIOB HAWTH IyTeM aHaIu3a
ydJacTKa JIF000To TeKCcTa Ha PYCCKOM si3bIKe JUTHHOM He MeHee 300 CHMBOJIOB.

Buinonnenue.

PaGoTta BbIMONHSAETCS Ha MEPCOHATBHOM KOMIIBIOTEpPE B IPOrpaMMHOM CpPEJCTBE
«Mathcad». Tak kak B 3TOM NpPOTPaMMHOM NPOAYKTe B KadeCTBE BCTPOCHHBIX (HYHKIIHIA
UCTIONB3YIOTCS TOJIBKO (DYHKIMM HATypaJbHBIX U JECSATUYHBIX JIOTapu(MoB, TO B IHpolecce
BBITIOJIHEHHSI pabOTHl HEOOXOJMMO BBIMIOJIHUTH MEPEX0]] K JiorapudMam 1O OCHOBAHUIO 2 TIO
¢bopmyIie nepexoaa K ”HOMY OCHOBaHHIO
log, N

log, N = s
B log, b



IJle a — OCHOBaHHE W3BECTHBIX JIOTapU(PMOB;
6 — OCHOBaHUE TpeOyeMbIX JorapudmMoB;
N — norapudmupyemasi BelTU4rHa.

II.1.a. Vcnonp3yst ¢opMyiy XapTiu, HAaWTH SHTPOMHIO YKAa3aHHOTO HCTOYHUKA JUCKPETHBIX
coobmenuit (H,).

I1.1.6. CMozxenupoBaTh 3aKOH paclpeaeNeHUus] CUMBOJIOB JTUCKPETHOTO MCTOYHUKA COOOIICHUH,
ucnonb3ys oneparop rnd (A), KOTOPBI TeHEPUPYET CiIydaitHbie yncia u3 auamna3zona [0, A] mo
CHEAYIOLIEH IPOrpamMmMme:

m: = 34 — 3ananue oobeMa andasura (m);

i:=1,2,...,m — i - IOPSAKOBBIA HOMEp CUMBOJIA ali(haBUTa;

r(i) =rnd (1) — renepupoBanue 34 ciydyailHbIX YHuCen

B uHTtepBaiue ot 0 go 1;

1= r(
P(i) = r)

I' | — P(i) — BeposATHOCTD MOSABJIEHHS i-TO CUMBONA ().
[IpoBepuTh NpaBUIBLHOCTH BBIUMCIICHUHN, Hailng cymmy Beex P(i) pu i= 1,2,...,m.
[Toctpouts rpaduk 3akoHa pacnpeaenenus P(i). Mcnonssys ¢opmyny lllenHoHa, onpenenuth
SHTPOIUIO CMOJICTTUPOBAHHOTO HCTOYHUKA TIUCKPETHBIX cO00meHuit (H>).
II.1.B. CmoznenupoBaTh MaTpHUIly YCIOBHBIX BEPOSTHOCTEN TMOSBIEHUS CHMBOJA d; IIOCIIE
CHUMBOJIa ;IO CJEeNYIOLIeH mporpaMme:
m: =34 -— 3aganue oobeMa andasura (m);

i=12,...m

— HaxoXJieHue cyMMblI Beex 7(i);

j=12,..m

— MOPSIKOBBIA HOMEP CUMBOJIA an(aBuTa;
r(i,j) = rnd (1) — renepupoBanne matpuiibl (34X34) cinyuyaiineix yucen B uHTepBasie ot 0 101;

w, =Y r(,

sG, jy="00

L — HOPMHUPOBKa IO CTpPOKaM MaTpuipl 7(i,j) C IENbl0 MOJYyUYEHUS CYMMBI

3JIEMEHTOB B KaXJ10i1 CTpOKe, paBHOM 1;

7
— HaxO0’XKJICHHE CYMMBI 3JIEMEHTOB B Ka)KJI0M CTPOKE MaTpuilbl 7(i,7);

U, =Y S J)
i — HaXO0XKJICHUE CYMM DJIEMEHTOB B KXKJIOM CTOJIOIE MaTpuIlsl S(i,7);
pr(i, j) = 510 1)
7| — HOpPMHpPOBKA MO cTOJONaM MaTpuibl S(i,/) C UENBI0 TMOIYYCHUS CyMMBI

HJIEMEHTOB B Ka)KJIOM CTOJIOIE, paBHOI 1.

[TomrydyeHnHbple 3HA4YEHUS] HJIEMEHTOB MaTpullbl PP(ij) mpuOIMKEHHO MOXHO CUUTATh

YCIIOBHBIMH BEPOSTHOCTSIMH TOSIBIICHHSI CHMBOJIA TI01 HOMEPOM j TIOCJI€ i-T'0 CUMBOJIA.
Ucnone3yss ¢opmyny IlleHHOHa ¢ YCIOBHBIMH BEpOSITHOCTSIMH ONPEICIUTH JHTPOIUIO
CMOZETUPOBAHHOTO UCTOYHHUKA TUCKPETHBIX cO00meHui (H5).
I1.2. OnpenenuTbh BEpOATHOCTH MOSIBICHUS KaXJI0T0 cUMBOJIA (OyKBbI) P; IyTeM JeJeHHs Yucia
MOSIBJICHUN ATOro cuMBOjia (a;) Ha oOmee yucio cumBoiioB (He Menee 300), BXomsAmmx B
coobmenue. B cimydae, ecnu kakoi-immbo cuMBoa (M3 m= 34) B COOOIIEHUU HE BCTPETHIICH,
CUMTaTh, YTO OH BCTpETWJICS | pa3, WHAUe MOXKET BOSHHKHYTh HEOIPEICICHHOCTh B (hopMyiie
lennona. OTcyTCTBHE KaKOro-auO0 CHMBOJIA, MPUHAAIEKANIETO al(aBUTy, CBUACTEILCTBYET
JUIIB O TOM, YTO aHAJTU3UPYEMOe COOOIICHNE HE COJEPHKUT JOCTATOYHOTO YHCIa CUMBOJIOB (HE
JOCTaTOYHO JITTMHHOE).



[HoctpouTts rpaduk 3akoHa pacrnpeaeneHus cuMBoiioB (OykB). [IpoBepUTh MPaBUIBLHOCTD
MOJIyYEHHOT0 3aKOHA paclpeieNeHus, JUIsl 4Yero HaWTh CyMMYy BEpPOSITHOCTEH MOSBICHUS
Ka)/I0r0 CHMBOJIa. DTa CyMMa JIOJKHA ObITh paBHa 1.

C nomompto ¢opmynsl lllenHona HaliTH sHTponuio (/) JUCKPETHOTO HCTOYHUKA
(Texcra Ha pycckoM si3bike). [logcunTas yncno cuMBoJIOB B Bariell amuiny, UMEHH U OTYECTBE
(BKITROUAst TPOOEITBI), HAUTH KOJTUYECTBO HMHPOPMAIINH, COACPIKAIICIHCS B 3TOM COOOIICHHH.
Konmponvnwvie éonpochwi.

1. Kakue uCTOYHHKHU COOOIIEHUI Ha3bIBAIOT TUCKPETHBIMU?

2. Jlns KakuX HCTOYHUKOB JUCKPETHBIX COOOIICHWN NTpUMEHUMBI (opmynsl XapTiu,
lennona?

3. Kakum 06pa30M OIMUCBIBACTCA CTATUCTUUYCCKAA 3aBHCHUMOCTb MCXKIAY COCCAHHUMHU
CUMBOJIaMH B JTUCKPECTHBIX COO6H16HI/I$IX?

4, Z[aﬁTe OIPCACIICHUC SHTPOIINU UCTOUYHHUKA JUCKPCTHBIX COO6H_[CHI/II7L

5. Kak mpoBepuTh MNpaBUIBHOCTh HAXOXKAECHUS 3aKOHAa paclpelesieHuss CUMBOJIOB
MCTOYHUKA JUCKPETHBIX COOOIIEHUIT?

6. Kaxkoil Bua qUCKpETHBIX COOOIIEeHUH 001a1aeT HauOOobIIeH SHTpOUei?

Paboma c rumepamypoii:

Pexomenayembie uctouHuKd HHGopManuu (Ne ncToyHmKa)

OcHoBHast JlonosiHUTEIBHAS MeTtonuueckas HNHTepHeT-pecypchl

1-2 1 1-2 1-2

Ouenounvle cpedcmea: MMCHMECHHBINM OTYET, COOCCE0BAHUE.

JlabopaTopHasi paGora Ne 2.

Tema 6. AsipaBuTHOE KoAupoBaHue HH(popmanuu. Kpurepuii B3auMHON 0AHO3HAYHOCTH
an¢aBUTHOr0 KOAUPOBAHMS

OnpeneanTp, IBJASETCHA JU KO/, € 32IaHHBIM KOAUPYIOIIHM aj1(aBUTOM OJTHO3HAYHO
AEeKOAHUPYeMbIM.

Ilens pabomel. Vicnionw3ys KpuTepuil B3aMMHOM OJHO3HAYHOCTH aI()aBUTHOTO KOAMPOBAHMS,
OTIPEICTUTD SIBJISIETCA JIM 3a/IaHHAsl CXeMa KOJIUPOBAHUS B3aUMHO-OHO3HAYHOM.
Teopemuueckue ocHOgbL.

B o6mem crmyudae 3amady KOIMPOBAHUS MOXHO TMPEACTaBUTH CIEAYIOIUM 00pazoMm.
[Tycts 3amansl aBa angasuma A u B, cocTosiye U3 KOHEYHOTO YHCIa CUMBOJIOB:

A :| a1>a29"'aanJ{ B :k bl’sz'”’bmJ‘ .

DOneMeHTHl andaBUTa Ha3bIBAIOTCA OVKéamu. YTNOpPAIOUEHHBIH Habop B andaBute A HA30BEM
c10680M

a =a,,q,,...,4;,...,d,

rre ZE“’HJ, YHCIIO /1 TOKA3bIBAET KOJIUYECTBO OYKB B CIIOBE U Ha3bIBACTCS ONUHOU CIIOBA O,
obo3Hauaercs: n =/(o)=|a.
Ilycmoe cnoso 0603HauaeTCs:

A:I(A) =[A] =0

7



Jns ciosa

a =a,,a,,...,a;,...,4,

OyKkBa ai, Ha3bIBACTCS HAYaIOM, WIN npeghuxcom, cioBa o, a OyKBa a, — OKOHYaHuem, WIN
nocmeurcom, ciopa o. CroBa MOKHO COCIUHATH. [t 3TOro mpepuKc BTOPOTO CIOBaA JOJDKEH
ClIeZIoBaTh Cpa3y 3a MOCT(HUKCOM MEPBOTO, MPHU 3TOM B HOBOM CIJIOBE OHM, €CTECTBEHHO,
YTPAuMBaIOT CBOM CTATyC, €CIIHM TOJBKO OJHO M3 CJIOB He ObUTO mycThIM. COeIMHEHHE CIIOB (L H
0, 0003HAYAETCs 0, O, COCAMHEHUE N OJMHAKOBBIX CJIOB O 00O3HauaerTcs o, mpuueM o'=".
MHOXECTBO BCEX HEIYCTHIX CJI0B alipaBuTa A 0003HauUM A *:
A =a|l@)>0

MHoxecTBO A Ha3bIBAOT aighagumom COOOIIEHUH, a MHOXECTBO B — kooupyiowum
angasumom. MHOXKECTBO CJIOB, COCTaBJICHHBIX B ajipaBute B, 0003HauuM B*. O003HaUUM uepe3
F oroOpaxenue cnoB andasuta 4 B andasur B. Toraa cinoBo f=F(0) HaA30BeM K0OOM CIIOBA 0.

Koouposanuem Ha3pIBalOT YHUBEPCAIBHBIM CITOCOO OTOOpakeHUs WH(OpMAIUU Mpu ee
XpaHeHuH, mepeaadye U o00pabOTKe B BHJIE CUCTEMBl COOTBETCTBUI MEXIy D3JIEMEHTaAMH
COOOMICHUH ¥ CUTHAJIAMH, TIPY TIOMOIIIU KOTOPBIX 3TH AJIEMEHTHI MOXKHO 3aKCHPOBATh. TakuMm
o0pa3om, K00 — MPaBUIIO OJTHO3HAYHOTO Mpeodpa3zoBaHus (T.e. GYHKIUS) COOOIMICHUS U3 OTHOM
CUMBOJIMYECKOW (GopMbl TpeAcTaBieHus (UcxomHoro andaButra A) B APYryr (OOBEKTHBIN
anpaBut B), o0biuHO 0e3 Kakux-nmubo morepb uHpopMmarmu. [Iporecc mpeobpazoBanus F:
A*—B* cnoB ucxogHoro andasuta 4 B andaBUT B Ha3bIBAETCS KOOuposaruem WHHOPMAITUH.
IIponecc obparHoro npeobpazoBanus cioBa BEB* B coBo 0€A* HA3BIBACTCS 0eKOOUPOBAHUEM.
Takum 06pa3oM, AeKOAUpOBaHWE — (QyHKIMsA, obpartHas F, T.e. F'. Tak xak aus 1000r0
KOJMPOBAHUS JTOJIKHA BBITIOTHITHCS OMEpaIs JeKOAUPOBAHHUS, TO OTOOpPaKEHUE JTOJDKHO OBITh
obpatumbiM (Ouekyust). Ecom |B|=m, To F Ha3bIBaeTCS mM-uyHbIM KOOUpOBaHuem, Hambosee
pacnpoctpaneHHbld ciydaid B = {0, 1} — 0dsouunoe xomupoBanme. MIMEHHO 3TOT ciy4ail u
paccMaTpuBaeTcs B JajJbHEUIIIEM.

Ecnu Bce Ko/10BbIE CITIOBA UMEIOT OAMHAKOBYIO JUIMHY, TO KOJI Ha3bIBACTCS PAGHOMEPHBIM,
Wiy O10uHbIM. AnaBUTHOE (MITH TTOOYKBEHHOE), KOAMPOBAHUE MOXKHO 33J1aTh mabauyel Ko0o8.
Konom mnm kogupyromieit pyHkuueit, OyaeT ciayKuTh HEKOTOpas MoICTaHOBKa ¢. Toraa

| ay.a

o=
/3)1 ﬁZﬁn

Takoe noOykBeHHOE KonMpoBaHUe obo3HavaeTcss K%. MHoxecTBO K0/10B OykB {f3;} Ha3bIBaeTCs
MHONCECMBOM DJIeMEHMApPHbIX K0008. AJN(paBUTHOE KOAWPOBAHHE MOXKHO HCIIOJIb30BaTh IS
T000T0 MHOXKECTBa cooOImmIeHui. Takum 00pa3zom, andaBUTHOE KOAWPOBAHHUE SIBISETCS CaMBbIM
IIPOCTBIM, U €r0 BCErJla MOXKHO BBECTU Ha HEMYCTHIX aj(aBHUTaX.

Cooepircanue padomol.

Onpenenuthb, sBISETCS JH KOA, ¢ KomupyromuMm andasutom {0;1;2} ogHO3HAYHO
JNEKOIUPYEMBIM.

BapuanTtsr:

1. {01;201;112;122;0112;0102}

2. {001;021;102;201;001121;01012101}
{01;110;102;222;0010001001 }
{20;01202;22;2001;2012010;1112}
{01;011;100;2100;101210;001210}

S

{01;011;100;,2100;10110;00112}



7. {01;12;021;0102;10112;22221}
8. {01;012;111;0102;10112;01112}
9. {01;02;12;012;0102;020112}
10. {01;10;210;121;0210;0112}

Buvinonnenue.

Jlns BbIBOZIa OOIIETO KPUTEPHsl B3aMMHOW OJIHO3HAYHOCTH MOHAIOOWTCS CIeayrolee
nonsitue. [Ipencrasnenue sneMeHTapHOTO Koja ; cxeMbl an(aBUTHOIO KOAUPOBAHUS B BUC

B=BBir ... BuB™

re CloBO [3° He MOXET OKaHYMBATHhCS HA SJIEMEHTapHbIM KOJA, a CJIOBO [3° HayMHATHCA C
3JIEMEHTAPHOTO  Koxa, OyzneM  Ha3piBaTb HETPHUBHAJNBHBIM pPa3Io0XEeHUEM
anemMeHTapHoro kona. Ilpu stom omHo u3 cioB B° wimm B Moxker ObITh mycThiM (). s
OIIpENICJICHUs] OJHO3HAYHOCTH WJIM HEOAHO3HAYHOCTU CXEMBl aJ(aBUTHOTO KOAWPOBAHUS
cymecTByeT 3(pPEeKTUBHBIA alFOPUTM, HCIONb3YIOMIUNA MOHATUE HETPUBHAIBLHOTO PA3JIOKECHHUS
AJIEMEHTAPHBIX KOJIOB.

1. s Kakao0ro 3J1€MEHTApHOTO KOJa BBIITUCHIBAEM BCE HETPUBHUAIILHBIC PA3IOKCHHUS.

2. BrinmuceiBaeM MHOXECTBO M, cocTosiiiee U3 ciIoB 3°, KOTOpble BXOIAT B Ka4ecTBE Haydajl
B HETPUBHAJTIbHBIC PA3IOKEHHSI SJIEMEHTAPHBIX KOJIOB.

3. DBrimuceiBaeM MHOXECTBO M, cocTosiliee U3 BCeX CIOB ', KOTOpBIE SIBIISIOTCS
OKOHYaHHEM HETPUBHUAIIBHBIX PA3JI0KEHHM SJIEMEHTAPHBIX KOJIOB.

4. CocraBasiem MHOXectBo M = M, N M, U {*}, T.e. MHOXECTBO CJOB,
BCTPEYAIOIIMXCS KaK B KAauecTBE Hayaja, TaK U B KayeCTBE OKOHYAHUS B HETPUBUAIBHBIX
Pa30oKEHUSIX IIEMEHTAPHBIX KOJIOB.

5. BoImuceIBaeM Bce pasioKEeHHS 3JIEMEHTapHBIX KOJIOB, CBSI3aHHBIX C MHOKECTBOM M, T.€.
BCE Pa3JIOKEHHUS DJIEMEHTAPHBIX KOJIOB BH/IA!

B=B Bir ... BB,

rae B, B € M, a k moxer GbITb pasHo 0.

6. Ilo pa3noxeHUsM, TOJYYEHHBIM B IIyHKTE 5, CTPOMTCS OPHEHTUPOBAHHBIN TIpad
cnenyromuM obpazoM. Bepruabl rpada oTOXAESCTBISIIOT C 3JeMeHTaMu MHOxecTBa M. Ilapa
BepiiuH ', U B COeNUHAIOTCS OPUEHTUPOBAHHBIMU peOpamMHu B TOM U TOJBKO B TOM ciyyae,
€CNIM CyHIeCTBYeT pasnokeHue B B ... PP . Ilpu aTom pebpy (B, B°) npummceiBaeTcst CI0OBO
Bit ... Pin, COOTBETCTBYIOIIEE ITOMY PA3TIOKEHHUIO.

7. llo momydyeHHoMy rpady J€erko NHpoBepuTh, OONagaeT WIM HET HCXOJAHAs cXema
KOJIMPOBaHUs CBOMCTBOM B3aUMHOI OJJHO3HAYHOCTH.

Teopema A.A. Mapxosa: AndaButHoe KOIUPOBaHUE HE 00JIajaeT CBOMCTBOM B3aUMHOU
OJTHO3HAYHOCTH TOTJAa M TOJBKO TOTAa, KOorjga rpad COIAEpKUT OPUEHTHUPOBAHHBIA IIHMKII,

MPOXOIAIINN Yepe3 BepUINHY .
Konmponvuwvie gonpocoi.

1. Uro Takoe KoAupoBaHUE HHPOPMAIIMH U IS YETO OHO UCIIONIb3YyeTcs?
2. OxapakTepu3yiTe OCHOBHbIE IPUHIIUIIBI KOJIUPOBAHUSI.

3. Urto Takoe andaBUTHI U KaK OHU UCIIONIB3YIOTCS?

4. [lonsiTHE 31EMEHTAPHOIO KOJA.

5. HerpunaneHoe pas3noxeHue 3JIeMEHTAPHOTO KOJa.



6. Coopmynupyiite Teopemy Mapkosa.

7. UYro omnpenensier HepaBeHCTBO Makmusuiana?

Paboma c nrumepamypoii:

PexoMenayemble nctouHuku nHopmanuu (Ne nCToOuHUKA)

OcHoBHas JlononHuTenbHas Meroanueckas HNHTepHEeT-pecypesl

1-2 1 1-2 1-2

Ol{eHO'lele CdeCIan.’ MMMChMEHHBIN OTHYCT, CO6€CC,Z[OBaHI/Ie.

JlaGopaTropnas padora Ne 3.
Tema 8. MerToa Xaddmana.

3akoaupoBaTh 3aJlaHHOE BbIpaskeHue MeTo0M XadPpmana.

ILlenv pabomeot.
Hcnonp3oBanue merona 3h(pekTHBHOr0 KOAMPOBAHUSI.
Teopemuueckue ocHogbl.

BBenem mnonsTHE KOJOBOrO JepeBa Jii MHOMKECTBAa KOAOBbIX cioB. HarmsaHoe
rpapuyeckoe M300paKEHHE MHOXECTBA KOJOBBIX CJIOB MOYHO TMOJIyYUTb, YCTaHOBUB
COOTBETCTBHE MEXIY COOOIICHUSMH M KOHILEBBIMU Y3JaMH JBOMYHOTO Jepema. Ilpumep
JIBOMYHOTO KOJIOBOTO JIepeBa U300pakeH Ha pucyHKe 3. /IBe BeTBH, HIyIIHE OT KOPHS JiepeBa K
y3JaM NEepBOro MopsijiKa, COOTBETCTBYIOT BbIOOpY Mexay 0 m 1 B kauecTBe MEpBOro CHMBOJIA
KOJ/IOBOTO CJIOBa: JieBas BeTBb cooTBeTcTBYeT 0, a mpaBast — 1. J[Be BeTBM, MAyIIHe U3 Y3JIOB
IIEPBOrO TOPSIZIKA, COOTBETCTBYIOT BTOPOMY CHMBOJY KOJIOBBIX CIJIOB, jeBas o3HadaeT 0, a
npaBags — 1 u T.A. SIcHO, 4TO MOCIEAOBAaTEILHOCTh CHMBOJIOB Ka)KJOIO KOJOBOTO CJIOBA
olpesenseT HeoOXOAMMBIE MpaBuUia MNPOJABMKEHUS OT KOpHs JiepeBa /10 KOHIIEBOIO y3Iia,
COOTBETCTBYIOIIETO PacCCMaTPUBAEMOMY COOOILECHHIO.

@®opManbHO KOJIOBBIE CIIOBA MOTYT OBITh NPUNHUCAHBI TaKXKE IPOMEKYTOUHBIM y3JIaM.
Hanpumep, npoMexyTOYHOMY y3i1y BTOPOIO MOpsJIKa Ha pUC. 3 MOXKHO NPHUMNHCATh KOJOBOE
ci0BO 11, KOTOpOE COOTBETCTBYET MEPBBIM JBYM CHMBOJIaM KOJIOBBIX CJIOB, COOTBETCTBYIOILIUX
KOHIIEBBIM Yy3J1aM, MOPOXAAaeMbIX 3TUM y3710M. OJHAKO KOAOBBIE CJIOBA, COOTBETCTBYHOIIUE
IIPOMEXYTOUHBIM y3J1aM, HE MOTYT ObITb MCIOJB30BaHbl JJIs MPEACTABICHUS COOOIIEHUMN, TaKk
Kak B 9TOM Cllyyae HapylaeTcs TpeOoBaHue NpeduKCHOCTH Koa. TpeboBaHue, YTOOBI TOJBKO
KOHIIEBBIE Y3JIbl COTOCTABISUIMCH COOOIICHUSM, SKBHUBAJICHTHO YCJIOBHIO, YTOOBI HH OJHO M3

KOJOBBIX CJIOB HC COBIIAJIO C HAYAJI0M (Hpe(i)I/IKCOM) Oonee JIIMHHOI'O KOAOBOI'O CJIOBA.
110 111

Y3TEL 3-TO MOPATKA

Y3MR! 2-r0 MOPANKa

Y3IE 1-TO MOpAIKa

KOpEHE JepeBa
[IpuMep IBOMYHOTO KOJOBOTO J€peBa
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JIro60i1 KOA, KOJOBBIE CJIOBAa KOTOPOI'O COOTBETCTBYIOT PAa3JIMYHBIM KOHIIEBBIM
BEpIIMHAM HEKOTOPOIro JBOMYHOTO KOJIOBOTO JIEPEBa, ABISAETCS MPEe(OUKCHBIM, T.€. OJHO3HAUHO
JEKOIUPYEMBIM.

OaHUM M3 4acTO UCHOJIb3yeMbIX METOJO0B 3(P(PEKTUBHOTO KOAUPOBAHMS SIBISIETCS TaK
Ha3bIBaeMblii ko1 Xaddmana.

Cooepotcanue padomel.
Ocy1ecTBUTh KOJUPOBaHUE METOIOM XaddmaHa 3alaHHOH (Hpasbl:
1. A man who has not been flogged is not educated

2. Many a good cow hath an evil (bad) calf
Many a good father has but a bad son
Many a little makes a tickle

Many a true word is spoken in jest
Many commanders sink the ship

Many physicians have killed the king

Marriages are made in heaven

Y ©® =2 N kW

A man is known by the company he keeps
10. Man proposes, God disposes

Buvinonnenue.
Har 1. YmopsaounBaeM CHUMBOJIBI MCXOMHOTO andaBUTa B TOPSAKE HEBO3PACTaHUS HX
BEpOSATHOCTEH. (3anuchiBaeM UX B CTOJIOEIL. )
[ar 2. O6benuHseM 1Ba CHMBOJA C HAUMEHBIIUMH BEpOSTHOCTSIMHU. CHUMBOIY ¢ OOJBIICH
BEpPOSITHOCTBIO TpunucekiBaeM "1", cumBonmy ¢ Menblieid — "0" B KauecTBe 3JIEMEHTOB MX
KOJIOB.
[ar 3. CyutaeM 00bEIUHEHUE CUMBOJIOB 32 OJJUH CHMBOJI C BEpOSTHOCTBIO, PAaBHOM CyMMe
BEPOSTHOCTEW 0OBEMHEHHBIX CHMBOJIOB.
[ar 4. Bo3ppamaemcs Ha Illar 2 1o Tex mop, Moka Bce CUMBOJIBI He OyIyT 0ObEAWHEHBI B
OJIUH C BEPOSITHOCTHIO, PABHOM €IMHUILIE.
3akogupyeM TOT ke 6-OykBeHHbIM andaBur wmeronom Xaddmana, H300pa3uB
COOTBETCTBYIOIIIEE ABOUYHOE JIEpe.

1

1 0,5 1
d_.‘q CHMBALTRY Kok kI
a, 0.25 0 \ L0 a, 11
a, 025 — a, Qo110
0 0,5 a, 10
a, 0,1 L] a, — 000
i 0,25 a, — 01
ag 01 ——— s 0 ag — 0011
a 0,05 I

0
JIBoM4HOE J1epeBO, COOTBETCTBYIOIIEE KOAUPOBAHHIO IO MeToy XaddmaHa
CunThiBaHHE KOJa HIET OT KOPHSA JIBOMYHOIO JIepeBa K €ro BepUIMHAM C
0003HaYeHNEM CHMBOJIOB. JTO obecreunBaeT npedukcHocts koga. Meron Xaddmana takxe
COJICPKUT HEOTHO3HAYHOCTh, IOCKOJIBKY B aJ(paBUTE MOTYT OKa3aThCsl HECKOJIIBKO CHMBOJIOB C
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OJIMHAKOBOW BEPOSITHOCTBHIO, M KOJ OyAeT 3aBHCETh OT TOr0, KaKHe CHMBOJBI MBI OyIemM
O00BEIUHATH B MEPBYIO OUYEpEb.
Konmponwvnwvie éonpochwi.

1. B yeMm cMmBICH TOHATHS: N30BITOYHOCTE COOOIIEHUS?

2. Yo ompenenser kKodhPuiueHT n30bITOUHOCTH?

3. AnropuTtMm nocTpoeHus aepea Xaddmana.

4. Kakwue 3a1auu pemaet kogupoBanue Mmetogom Xahdmana?

Paboma c iumepamypoii:

PexoMenayemble nctouHukn nHopmanmu (Ne nCTOUHUKA)

OcHoBHas JlononHuTenbHas Meroanueckas HNHTepHeT-pecypcesl

1-2 1 1-2 1-2

Ol{eHO'lele CdeCIan.’ MMMCHMEHHBIN OTHYCT, CO6€CC,Z[OBaHI/Ie.

JlaGopaTtopnas padora Ne 4.

Tema 12. MapkoBcKuHe ciy4yaiiHble poiecchl, Kiaccupukanus. MapkoBcKue menu

OnpeneanTs BepOSTHOCTH COCTOSIHMI CHCTEMBI NOCJIE 32JaHHOI0 KOJINYeCTBA MHTEPBaJIOB
BpeMeHH.

ILlenv pabomot.

OcBouts nonstus: Kmaccuduxanus MapkoBckux mpoueccoB. I'pad cocTosHuil nenu
MapkoBa. Matpuma BEpOSATHOCTEH mepexona, ee CBOMCTBa. PekyppeHTHas ¢opmymna s
BBIYMCIICHUS] BEPOSATHOCTENW COCTOSHUIN CUCTEMBI.

Teopemuueckue ocHogbl.

MapKkOBCKUHI CIIy4aliHbI IIPOLECC C JUCKPETHBIMU COCTOSHUSIMA U JTUCKPETHBIM
BPEMEHEM HAa3bIBAIOT MAPKOBCKOU yenvto. JlJig Takoro mporecca MOMEHTHI t, f, ..., l, KOTJA
cucteMa S MOXET MEHSTh CBOE COCTOSIHME, PAacCMaTPHUBAIOT KaK I1OCJIEA0BATENbHbBIC IIard
mpolecca, a B KayecTBe apryMeHTa, OT KOTOPOTO 3aBHCHUT IpOIECC, BHICTYIaeT HE Bpems f, a
Homep mara 1, 2, ..., k. CoyyailHpli mpomecc B OTOM Cllydae XapaKTepU3YeTCs
nocienoBareabHOCThIO coctostHuid  S(0), S(1), S(2), ..., S(k), ..., tne S(0) — HavambHOE
COCTOSIHME CHUCTEMBI (1epe] nepBbIM 1arom); S(1) — cocTosiHue CUCTEMBbI TTOCII€ TIEPBOTO 111ara;
S(k) — cocrostnue cucremsl nocie k-ro mara. Coowsitre {S(k) = S;}, cocTosiiee B TOM, YTO Cpazy
nocye k-ro mara cucrema Haxoautcs B coctosHuu S; (I = 1, 2, ...), ABISIETCS CIy4aillHbIM
coosrtuem. [locnenoBarenbHOCTh cocrosiuuit S(0), S(1), S(2), ..., S(k), ... MO)XHO paccMaTpuBaTh
KaK TOCIIE0BATEIbHOCTh CIy4YaliHbIX coObiTui. HawanbHoe cocrosHue S(0) MoOkeT OBITh
3aJJaHHBIM 3apaHee WIM CllydalHbIM. BeposTHOCTSIMH cocTOsSHUI Lernn MapkoBa Ha3bIBAIOTCS
BepostHOCTH Pi(k) Toro, uto mocine k-ro mara (u 1o (k + 1)-ro) cucrema S OyaeT HAXOAUTHCS B
cocrostanu S; (i = 1, 2,...,n). O4eBUIHO, YTO JJIS JTFOOOTO Kk BBITIOJIHACTCS YCIOBHE:

n

D Bk) =1

i=l
HavaneHbeiM pacripeneneHreM BEpOSTHOCTEH MapKOBCKOM IeNMU Ha3bIBAaeTCs paclpeesicHue
BEPOSTHOCTENW COCTOSIHUM B Hayaje Mpoliecca:

P1(0), P»(0), ..., P(0), ..., P,(0).

B uwactHOM cityuae, eciiu HayalabHOE COCTOSTHUE cUCTeMBbI S B TouHOCTH u3BecTHO S(0) = §;, TO
HavanpHas BeposATHocTh P(0) = 1, a Bce ocranbHbIE paBHBI HYJIO. BepoATHOCTHIO mepexoia
(mepexoHOM BEPOSITHOCTBIO) Ha k-OM Iare u3 COCTOSAHMS S; B COCTOSIHME S; Ha3bIBaeTCs
BEPOSITHOCTh TOTO, YTO cUCTeMa S Mocie k-TO 1iara OKaXeTcsl B COCTOSHUU S; IPU YCIOBUHU, YTO
HETMOCPEACTBeHHO Tiepea 3TuM (mocne (k-1)-ro miara) oHa HaXoauidach B COCTOSHUU ;.
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ITockonbKy cucTeMa MOXET NMpeObIBaTh B OJHOM M3 A COCTOSIHUM, TO JJS KaXXJA0r0 MOMEHTa
BpEMEHHM ¢ HEOOXOIMMO 3aaTh /1° BEPOATHOCTEN mepexona Pj, KOTopble yI00HO NMPEACTABUTE B
BU/JIE CIEAYIOLIEN MaTPULIBL:

Ry R, .. R,
P21 P22 eee Pzn
B By ... By

rae P; — BepOATHOCTh MEPEX0/Ia 3a OJMH IIar U3 COCTOSIHUS S; B COCTOSIHUE Sj;

P;; — BEpOATHOCTH 3aJIEP>KKU CUCTEMBI B COCTOSIHUU ;.

DTa MaTpuIla Ha3bIBACTCSA MEPEXOJAHOW WM MATpPHUIIEH NEPEeXOJHbIX BeposiTHocTer. Ecium
MePEXO0HbIE BEPOATHOCTH HE 3aBUCAT OT HOMEpa mara (0T BpEMEHH), a 3aBUCST TOJIBKO OT TOTO,
13 KaKOr'0 COCTOSIHUSL B KAKO€ OCYILECTBISIETCS MEpPexXo]l, TO COOTBETCTBYIOIIAs Lienb MapkoBa
HA3BIBACTCS 00HOpoOHOU. IlepexomHble BEPOSTHOCTH OJHOPOJHON MapKOBCKON memu Py
00pa3yloT KBaJApaTHYIO MaTpUIly pazmepa nxn. OTMETUM HEKOTOpbIe €€ 0COOEHHOCTH:

1. Kaxpasi cTpoka XapakTepus3yeT BBIOpAaHHOE COCTOSIHHE CHUCTEMBI, a €€ JJIEMEHTHI
MPEJICTaBISIIOT CO00M BEPOSTHOCTH BCEX BO3MOXHBIX IMEPEXOJI0B 3a OJMH IIar U3 BHIOPAHHOTO
(U3 i-r0) COCTOSTHUS, B TOM YHCJIE U IIEPEXOJI B caMoe ceOs;

2. DnemeHTHl CTOJOLOB TIOKAa3bIBAIOT BEPOSTHOCTH BCEX BO3MOXKHBIX MEPEXO0JI0B
CUCTEMBI 3a OJIMH IIar B 3aJlaHHOE (j-0€) cocTosHUE (MHAaue TOBOpPS, CTPOKA XapaKTepu3yeT
BEPOSTHOCTD MEPEXO0/1a CUCTEMBI U3 COCTOSIHUS, a CTOJIOEI] — B COCTOSIHHE);

3. Cymma BeposiTHOCTEH KaXKIOW CTPOKH paBHA €IMHUIIE, TaK KaK MEepPeXoabl 00pa3yroT
MOJIHYIO TPYIIITy HECOBMECTHBIX COOBITHI:

n

J= Ji=l1, ..., m
4. Tlo rnaBHO¥M AWaroHa M MaTPHIIB MTEPEXOTHBIX BEPOSTHOCTEH CTOST BEPOSATHOCTH P
TOTO, YTO CHCTEMa HE BBIMAET M3 COCTOSHHS S;, a ocTaHercsa B HeM. Eciu mns ogHOpoaHOU
MapKOBCKOW IIeTH 3aJaHbl HAaYaJIbHOE pacipeesieHHe BEPOSTHOCTEH M MaTpHIla MEPEeXOTHBIX
BEpPOSITHOCTEM, TO BEPOSITHOCTU COCTOsIHMM cucremsl Py(k), (i = 1, ..., n; j = 1, ..., n)
OTIPEIEISAIOTCS 110 PEKYPPEHTHOM opMyie:

B (k) =5'Pj(k-1)Pj,-
=

Cooepicanue padomel.
Jlaubl MaTpuilbl MEPEeXOJHBIX XapaKTepUCTUK. ONpenenuTh BEPOSTHOCTU COCTOSHUM
CHCTEMBI TOCIIe 33/IaHHOTO KoJnuecTBa uHTepBasioB BpeMeHu (N). [IpuBectu curHaibHbIi rpad

cucTeMbl 1 Bce Beiuncienus. Hauanbnsie ycnosust: Pi(0)=1, P»(0)=P5(0)= ... =0.
BapuanTsr:
1. N=3
0,5 0,3 0,2 0
0 0,4 0,4 0,2
0 0 0,3 0,7
0 0 0 1
2.N=4
0,5 0,3 0,2
0 0,4 0,6
0,7 0 0,3
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b

3.N=3

0,5 0,3 0,2 0
0 04 0,3 0,3
0 0 0,4 0,6
0 0 0 1
4. N=4
0,5 0,3 0,2
0 0,4 0,6
0 0 1
5. N=3
0,5 0,3 0,2 0
0 04 0.4 0,2
0 0 0,3 0,7
0 0 0 1
Buvinonnenue.

ChopmynupyeM METOAMKY MOJCIUPOBAHHUA IO CXeMe
MPOIIECCOB (MAPKOBCKHUX IICTICH).

JAUCKPCTHBIX MAapKOBCKHUX

3adukcupoBaTh HccleayeMoe CBOMCTBO cucTeMbl. OmpeneneHue CBOWCTBA 3aBHCUT OT ILIETH

HUCCICIOBAaHUA.

OHpCZIeJII/ITb KOHEUYHOE YHCJIO BO3MOXKHBIX COCTOSHHUI CHUCTEMEBI U Y6GI[I/ITBC$I B MMPAaBOMCPHOCTHU
MOZACIIMPOBAHUA 110 CXEME JUCKPCTHBIX MAPKOBCKUX MPOLECCOB.

CocTaBUTh U pa3METUTh rpad) COCTOSHUM.
OmnpenenuTs Ha4YaJIbHOE COCTOSIHUE.

[To pexyppeHTHOI 3aBUCHUMOCTH OIPEJEIUTh HCKOMBIE BEPOSITHOCTH.

ITpumep. Ilo rpynme u3 ueTbipex OOBEKTOB MPOU3BOAUTCA TPHU IOCIEA0BATEIbHBIX
BeIcTpena. HaliTu BeposSTHOCTH COCTOSIHUH TPYIIIBI OOBEKTOB MOCIIE TPETHETO BBICTPEIA.

Marpuiia nepexoaHbIX BEPOSITHOCTEH UMEET BHI:
0,4 0.25
0

0
0
0

0.1

0.25
0.45 0.4

0.4

0

Pa3meuennslii rpad cocTosHUM NpUBEIEH HA PUCYHKE.

Pemenue:

0.05
0.1
0.15
0.6

1

Tak kak JI0 MepBOTO BBICTPEIIa BCE OOBEKTHI IENbI, TO 1 0)=1,

\

Pa3medeHHbIit rpad) COCTOSHMIA YeThIpeX 00BEKTOB

Ilocne mepBOro BBICTpENIa BCE 3HAYEHUs BEPOSTHOCTEM pil l)COOTBeTCTByIOT IIEPBOM CTPOKE
MAaTPHUIIbI IEPEXOJHBIX BEPOSITHOCTEN. PaccunTaeM BEpOSITHOCTH OCTAILHBIX COCTOSIHHIA.



P1(2) = P]_[z].:l - P+ Pz[:].) - Po1 + P;g(l) - Pa1 + P4(1) cPa1 + P[,(].) -ps1 = 0,16;
Py(2) = P(1) - pra + Pa(1) - pag + Ps(1) - pag + Py(1) - pas + P5(1) - ps2 = 0,19:
P3(2) = Pi(1) - p13+ Pa(1) - pas + Ps(1) - p33 + Py(1) - pys + Ps(1) - p53 = 0, 245;
Py(2) = Pi(1) - pry + Pa(1) - pay + Ps(1) - pay + Py(1) - pay + P5(1) - psy = 0,22:
P;,(?) = P]_l:].) P15 +P2[:].) s Pag +.PI5[:].) * P +P—.L(1) s Pan +P5l:1:] s Prr = 0, 185;
P=0,16+0,19+0,245+0,22 + 0,185 — 1.

Pi(3)= P,(2) - p, = 0,16 - 0,4 = 0, 064:

Pa(3) = P(2) - pr2 + P2(2) - p22 = 0,16 - 0,25+ 0,19.0,35 = 0, 11;

Py(3) = P1(2)-Drat P5(2)Pas+ Ps(2)-ps3 == 0,160, 20, 19-0, 340, 245.0, 45 —
0,2;

Py(3) = P1(2) - pra + P2(2) - p2a + P3(2) - psg + Pu(2) - paa = 0,25;
Ps(3) = Pi(2) -p1s + Pa(2) - pos + Ps(2) - pss + Py(2) - pas + Ps(2) - pss = 0, 38;
P=0,064+0,11+0,2+0,25+0,38 = 1.
Konmponsusie eonpocot.
1. Kaxkue nponeccsl Ha3biBatoTCsi MapKOBCKUMHU?
2. Yro HazpiBaeTcs nenbo Mapkosa?
3. [Ilepeuncnure CBOMCTBA MaTPHUIIbI BEPOATHOCTEHN NEPEX0Ia.
4. Kaxkoit MapKOBCKHI TPOIIECC HA3BIBAECTCS OJTHOPOAHBIM?
Paboma c rumepamypoii:
Pexomenyembie ncrounnkn nHGopmarmu (Ne HCTOUHUKA)
OcHoBHas JlonoHUTEIHHAS MeToauueckas HHTepHET-pecypChl
1-2 1 1-2 1-2
Ouyenounsle cpedcmea: NMMCLMEHHBIN OTUET, cCOOECEeTOBaHHUE.

4. YYEBHO-METOJUYECKOE 1 ”THOPOPMAIIMOHHOE OBECIIEYEHUE
JUCLUIINHBI

4.1. PexoMeHnayemas Jqureparypa
4.1.1. OcHoBHasI JIUTEpaTypa:
1. bauakoB FO.B. OcHOBBI Teopun MHPOPMALIMOHHBIX MPOLIECCOB U cUCTEM: Y4eOHoe mocobue —
Ilenza: III'YAC, 2011. — 184 c.
2. YepnsiieB A.b., AatoHoB B.®., CytonoBa I'.b. Teopust nH(pOpMAIIMOHHBIX MTPOIIECCOB
u cuctem. — CraBponons: M3n-so CKDY, 2015. — 169 c.
4.1.2. lono/iHUTe/ILHAS JIUTEPAaTypa:
1. KopukoB A.M. Teopust cucteM B CHCTeMHBIH aHanu3: yueb. mocooue/ A.M. Kopukos, C.H.
[TaBnoB. -2-e u3., nom. u nepepad. — Tomck: M3a-Bo: TYCVYP, 2009. — 264 c.
4.1.3. MeToauueckas Jureparypa:
1. MeTtoauueckue yka3zaHus MO BBIIIOJHEHUIO JIaOOpaTOpHBIX paboT mo aucuuiinHe «Teopus
MH(OPMALIMOHHBIX MPOLIECCOB U CUCTEMY.
2. Metonuyeckue peKoOMEHAalNHU Ui CTYIEHTOB 110 OPTaHU3alUK CaMOCTOSITENIbHOM paboThI 110
mucuuiinHe « Teopusi ”HPOPMAITMOHHBIX MTPOLIECCOB U CUCTEM.

4.1.4. UnTepHeT-pecypchbl:

1. http://www.intuit.ru — caiT TMCTAaHIIMOHHOTO 00pa30BaHUs B 00JaCTH HH()OPMAITMOHHBIX
TEXHOJIOTUH
2. http://window.edu.ru — o6pa3oBaTenbHBIC PECYPCHI BEIYIIUX BY30B

4.1.5. llporpammMHoe obecnieueHne
1. Omnepammonnas cucrema Windows Bepcust XP u Bbime, Opaysep Internet Explorer mmm
M000# Ipyroi, MHTErpupoBaHHbIHM makeT Microsoft. MathCad.
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5.2. MaTepuaJIbHO-TeXHHYECKOe o0ecriedeHue U CIUTIINHbI
JIeKIMOHHBIN  Kypc TPOBOJUTCS B ayJUTOPHSX, OCHAIIEHHBIX MYJIbTUMEIUIHHBIM
npoekTopoM. JlaGopaTopHbIe 3aHATHS TPOBOAATCS B KOMITBIOTEPHBIX KJaccax, B KOTOPBIX
ycraHoBieHa nporpamma Microsoft Visual Studio 2010, 2012, a takke apyrue CUCTEMBI s
pa3paboTKH MPOTPAMMHBIX TPUITOKCHHH.
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10 BBITIOJTHEHUIO KOHTPOJILHOM paboThl
10 JUCLUIIIINHE
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BBEJEHHUE

MeTtoauueckue yka3aHusl coiepaKaTr IepeueHb BapUaHTOB 3aJJaHUi JIJIs1 KOHTPOJIbHBIX padoT,
TpeGoBaHuUA K 0YOPMIICHUIO KOHTPOJIBHBIX Pa0OT, MPUMEpP BBIIOIHEHUS 331aHUs, a TAKXKe

y‘-Ie6HO-MeTOZ!I/I‘I€CKOC u HH!])O[!M&[!HOHHOG obecrieycHue JUCITUTTIIMHBI

TexHoJ0rnYecKasi KapTa cCaMOCTOSITeJILHOI

a00ThI CTYy/IeHTA

CpenctBa u O0ObeM 4acoB, B TOM YHCIIE
Konawr
TEXHOJIOTUH CPC | KonraktHas | Bcero
peanuszyemMbix | Bua nestenbHOCTH
KOMITETCHIIMI, CTYJICHTOB OUCHKH pabora c
WHAUKATOPa(OB) fipetiofasar
eJIeM
5 cemecTp
CaMOCTOSTEILHOE CobecenoBanue
el U3ydeHHEe 48,24 5,36 53,6
e JINTEPATYPhI
IMoaroroBka K CobOecenoBanue
e J1a00paTOPHBIM 7,56 0,84 8,4
e 3aHSITUIM
MK-1 IloxroroBka Jloxkmazg 9 1 10
IK-3 JoKJIazaa
Hroro 3a 5 cemectp | 64,8 7,2 72
6 cemecTp
CamocrositenbHoe | CobOecenoBaHue
e H3yYCHHE 3,96 0,44 4.4
e JIUTEPaATyphl
ITonroroBka K CobecenoBanue
et n1ab0paTOpPHBIM 8,64 0,96 9.6
13 3aHATUAM
1K1 IToarororka Jloknan 9 1 10
TIK-3 AOKJIazia
Hroro 3a 6 cemecTp 21,6 2,4 24
Htoro | 86,2 9,6 96

1. ®OPMYJINPOBKA 3AJJAHUSA 1 EI'O OB BEM

KontpomnpHas paboTa BKIIIOYaeT B ce0e BOMPOCHI IO TeMaM, KOTOPbIe HYKHO U3YYUTh O U
10 HUM MOATOTOBUTH OTYET. Pe3ysbTaThl BHIMOIHEHUS] KOHTPOJIBHON pabOThl MPEIOCTaBIIAIOTCS
B DJIEKTPOHHOM BHUJE U pacriedaTaHHOM Bujae. OO0beM KOHTPOJIbHOW paboThl coctaBisier 10-15
MeYaTHBIX JUCTOB (hopMaTa A4.
BapuanTs! 3a1aHnii BBIOMPAIOTCS M3 TAOJHIIBI 110 TIOCIIEAHEH IH(pe 3a9eTHON KHIDKKH.

2. OBIIME TPEBOBAHUA K HAIIMCAHUIO 1 O®OPMUIEHUIO PABOTbI

KonrtponbHas pabora BBINOJHSETCS M caaercss B aekTpoHHoM Buae Ha CD/CDRW
HOCHUTeNIe U B pacnieyaTaHHOM Buje. Ha koHBepTe HE00X0AMMO yKa3aTh Ha3BaHUE JUCLMILIMHBI,
®UO crynenTa, GpaxyabTeT, HOMEp IPYMIIbL, MUP 3a4eTHONW KHIDKKU, No BapHaHTa 3aJaHus, U

CITUCOK BCEX CO3JaHHBIX B XOJIC BHITIOJIHCHHMS 3a7aHus (DAMITOB.

[IpuBeneHHBIN B KOHLE METOAUYECKUX YKA3aHUU CIHCOK JINTEPATYPhl MOXKET UCIIOJIb30-
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BaTbCA CTYACHTAMU IIPU BBIITOJIHCHHUN KOHTpOJ'ILHOI\/'I pa60TBI.

3. BAPUAHTBHI 3AJAHUM JJA CTYJIEHTOB 3AOYHOM ®OPMBI
OBYYEHUA

3amanme Ne 1:
Tema 1. O01mue NOHATHSA HHPOPMALMOHHBIX Mpo1eccOB. OCHOBHBIE MOHATHS TEOPHH
CHCTeM.
Onucarb MareMaTHYeCKHE€ METOIbl M MOJETH CIEAYIOIUX CHUCTeM (TIOCTaHOBKA 3a/1ayH,
OCHOBHBIE YPaBHEHU).
KBasoeuiit yposens

1. JleTepMHUHHPOBAHHBIE CUCTEMBI.

2. Cay4aiiHble TPOLIECCHI.

3. Opnnoxananbabie CMO (cHCTEMBI MACCOBOTO OOCTYKMBAHUS) C OTKA3aMH.

4. OpnokanamsHble CMO (cucTeMbl MaCCOBOTO OOCTY>KMBAHUS) C OUEPEIBIO.

5. Mmuorokananpabie CMO (crcTeMbI MAaCCOBOTO OOCITYKMBAHHS) C OTKAa3aMH.
Ilosviwennstit yposens

6. MuorokanaiapHbie CMO (cHCTeMBbI MAaCCOBOTO OOCITYKMBAHHS) C OYEPEIBIO.

7. MapKoBCKHUE CITy4ailHbIE TPOLIECCHI.

8. JluckpeTHbIE JeTePMUHUPOBAHHBIE CUCTEMBI (KOHEUHBIE aBTOMATHI).

9. Ceru Ilerpu.

10. CranoHapHbIe Cily4aiHbIE POLIECCHI.

3amanme Ne 2:
Tembl 7-8. DpdexTUBHOE KOAMPOBaAHUE, U30BLITOYHOCTH coo0mennii. Meroa Xadppmana.
Ocy1iecTBUTh KOAUPOBaHUE MeTOIOM XaddmaHa 3aJaHHOHN (Ppa3bl:
KBas3oeuiit yposens

11. A man who has not been flogged is not educated

12. Many a good cow hath an evil (bad) calf

13. Many a good father has but a bad son

14. Many a little makes a tickle

15. Many a true word is spoken in jest
Ilosviwennstit yposens

16. Many commanders sink the ship

17. Many physicians have killed the king

18. Marriages are made in heaven

19. A man is known by the company he keeps

20. Man proposes, God disposes
3ananue Ne 3:
baszoewiit yposens

Br16pats u3 3amganus 2 ko cioBa (win ¢pasbl, HE MEHEE 6-TH CUMBOJIOB). 3aKOMPOBATH
€ro ¢ MnoMoupl kKojxa XsmmuHra. [Ipennonoxuts, 4to B N-M CHUMBOJIE KOJOBOI'O CJIOBa B
IpoLecce nepeaayu mo KaHaidy CBS3H, IPOU30IILIA OIINOKA.
Hogvtuennulit yposens
[IponemMoHCTpUpOBaTh OOHAPYKEHUE OMIMOKKM B COOOIIEHWH, 3aKOJUPOBAHHOM KOJOM

X3MMUHra.

3amanne Ne 4:
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Tembr 12-13. MapkoBckue ciy4daiiHble npoueccol, kjiaccupukanus. MapkoBcKHe Lelm.
HenpepobiBuble wnenu MapkoBa, ypaBHeHue Kouamoroposa. Cucrema rubenu wu
Pa3MHOKeHHSI.

Jlanbl MaTpuipl MEPEXOIHBIX XapakTepuCTUK. OMNpeneinuTb BEPOSTHOCTH COCTOSHUMN
CHCTEMBI 1IOCIIE 33JJaHHOTO KoJinyecTBa nHTepBasoB BpemeHu (N). IlpuBectu curHanbHbIi rpag

cucTeMbl 1 Bce Beruncienus. Hauanpasie yenosust: Pi(0)=1, P»(0)=P5(0)= ... =0.
baszoewiit yposens
1. N=2
0.5 0.3 0.2 0
0 0.4 04 0.2
0 0 0.3 0.7
0 0 0 1
2.N=4
0.5 03 0.2
0 0.4 0.6
0.7 0 0.3
3.N=3
0.5 0.3 0.2 0
0 04 0.3 0.3
0 0 0.4 0.6
0 0 0 1
4. N=3
0.5 0.3 0.2
0 0.4 0.6
0 0 1
5.N=4
0.5 0.3 0.2 0
0 04 04 0.2
0 0 0.3 0.7
0 0 0 1

Ilogviwennslit yposens

6. N=5
0.5 0.3 0.2
0.2 0.4 0.4
0 0.7 0.3
7. N=3
0.5 0.3 0.2 0
0 0.4 0.4 0.2
0 0 0.3 0.7
0 0 0 0.1
8. .N=4
0.5 0.3 0.2
0 0.6 0.4
0 0.8 0.2
9. N=2
0.5 0.3 0.2 0
0 0.4 0.4 0.2
0 0 0.3 0.7

21



10.N=4

0.5 0.3 0.2
0 0.6 0.4
0 0.7 0.3

3ananme Ne 5:

Tembr 14-16. KoMmoHeHTBI W KjIaccMpukanus Mojesnell MaccoBOro 00CIy:KMBaHMS.

OnnokananbHass CMO ¢ orkazamu. OpHokananbHas CMO ¢ oxkuaaHuem H

OrpaHuYeHHON o4vepeabw. OanokanaabHas CMO ¢ oxuaaHMeM M HEOrPAHMYEHHOH

ouepeablo. MuorokanajibHasa CMO ¢ orkazamu. MuorokanaabHass CMO c¢ oxxuganuem.
[onmyuuts xapakrepuctuku CMO u onpefenuTbh (QUHAIbHBIE BEPOSTHOCTH (eciu

CYIIIECTBYIOT).

baszoewiit yposens

1. Macrepckasi Mo peMOHTY OBITOBOM ammaparypbl MUMeeT MaTh mactepoB (n = 7). B
CpeaHeM B TeueHHe pabouero JHs OT HaceleHHs MocTynaeT B peMoHT 10 anmaparoB (A =
10). OOmee ynciao anmapaTypsl y HaceleHHUsI OYeHb BEJIUKO, BBIXOJUT OHA U3 CTPOS B
Clly4aliHble MOMEHTHI BPEMEHHU HE3aBUCUMO ApPYyT OT apyra. [IoaToMy MOXXHO cuuTaTh
MOTOK TpeOOBaHMII Ha OOCTyKMBaHHE IMyaCCOHOBCKMM. MacTepa MMEIOT OJWHAKOBYIO
KBamuQukanuoo. B cpenHem oauH Mactep oOcimykuBaeT 5 ammapara B AeHb (W = 5).
Onpenenuts napamerpsl 3pHEKTUBHOCTH pabOThI CUCTEMBI.

2. bunernas kacca pabotaet 6e3 nepepbiBa. bunetsl nponaer oaun kaccup. CpeaHee Bpemst
oOcimyxuBanusi — 6 MuH. Ha kaxngoro uenoBeka. CpeqHee YHCIO MacCakKUpOB,
KEJaroIIKX MprodpecT OUIIETHI B Kacce B TeUEHHE OJIHOro yaca, paBHO A = 10 macc/yac.
Bce mnotoku B cucreme mnpocrtedmme. Omnpenenautre CpeaHIO UIMHY O4Yepeiu,
BEPOSATHOCTh HPOCTOSI KAacCHpa, CpeJHee BpeMsl HaXOXKJIEHHs Haccakupa B OWIeTHOU
Kacce (B ouepend W Ha OOCIY»XMBAaHWM), CpPEIHEEC BPEMsS OXHUJAHWS B OYEpPEead B
YCIIOBUSAX CTAIlMOHAPHOTO PEeXUMa PabOThI KACCHI.

3. TlocT nUarHOCTHKW aBTOMOOWIICH TIpEACTaBISIET co0oil omHoKaHambHylo CMO ¢
OTKa3aMH. 3asBKa Ha JMarHOCTHKY, IOCTYIMBIIAas B MOMEHT, KOrJa IIOCT 3aHAT,
MoJTy4yaeT oTKa3. IHTEeHCHMBHOCTH MOTOKA 3asiBOK Ha MUArHOCTHKY A =0,8 aBTOMOOWIIS B
yac. CpenHss MpOJ0JDKUTENBHOCTh TUArHOCTUKM ¢ = 1,2 yaca. Bce moToku coObITHii B
cucreme mnpocremre. OnpenaenuTs BEPOSITHOCTHBIE XapaKTEPUCTUKU CHUCTEMBI B
YCTaHOBUBULIEMCSI PEXKHUME.

4. . B Oyxrantepuu TOpEaNpUATHS HWMEIOTCS JBa KacCupa, KaXIbIH W3 KOTOPBIX MOXKET
obciykuth B cpeaHeM 30 coTpyJHHMKOB B 4ac. IIOTOK COTPYIHHUKOB, IMOJIyHYaIOIIMX
3apabOTHYIO TUIATy, — MPOCTEHIITNH, C THTCHCUBHOCTHIO, paBHOHM 50 COTPYAHUKOB B Uac.
Ouepenb B Kacce He orpaHuyeHa. J[MCIMIUIMHA O4Yepean HE perjaMeHTHpoBaHa. Bpems
00CITyKMBaHUS MOJYMHEHO SKCIIOHEHIMAbHOMY 3aKOHY pachpejesieHus. Beruncnure
BEpPOATHOCTHBIE XapakTepuctuku CMO B CTallMOHapHOM pEXHUME U OIPEAEIUTE
1e1ecoo0pa3HOCTh MpreMa TPEThero Kaccupa Ha MpeAnpHusTHe, paboTaoIlero ¢ Takou
K€ IPOU3BOIUTENBHOCTBIO, KaK U NIEPBBIE /1BA.

5. Macrepckas 1Mo peMOHTY OBITOBOHM ammapatypbl MMeeT Tpex MactepoB (n = 3). B
CpeaHeM B TeueHHe pabouero JHs OT HaceleHHs MocTynaeT B peMoHT 10 anmaparoB (A =
10). OOmmee ynciao anmapaTypbl y HaceleHHUs OYeHb BEJIUKO, BHIXOJUT OHA U3 CTPOS B
Clly4aliHble MOMEHTHI BPEMEHHU HE3aBUCUMO ApPYyTr OT apyra. [IoaToMy MOXXHO cuuTaTh
MOTOK TpeOOBaHMII Ha OOCTyKMBaHHE IMyaCCOHOBCKMM. MacTepa MMEIOT OJWHAKOBYIO
KBamuQukanuo. B cpennem oauH mactep oOcimykuBaet 2,5 anmapata B JeHb (W = 2,5).
Onpenenuts napamerpsl 3pHEKTUBHOCTH pabOThI CHCTEMBI.

Ilogviwennsiit yposens
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6.

10.

bunernas kacca pabotaer 6e3 nepepsiBa. bunersl npogaer onuH kaccup. CpeaHee Bpems
oOcimyxuBanusi — 2 MuH. Ha kaxngoro uenoBeka. CpeqHee YHCIO MacCakKUpOB,
JKEJaroInX MpruodpecT OUIIETHI B Kacce B TEUEHHE OJIHOrOo yaca, paBHO A = 20 macc/yac.
Bce mnotoku B cucreme mnpocrtedmme. Ormnpeneiautre CpeaHIO UIMHY O4Yepeau,
BEPOSTHOCTh IPOCTOSI KAacCHpa, CpeJHee BpeMsl HaXOXKJIEHHs Haccakupa B OWIeTHOU
Kacce (B ouepend W Ha OOCIY>XMBAaHWM), CPEIHEEC BPEMsS OXHUJAHWA B OYEpPEead B
YCIIOBUSAX CTAIllMOHAPHOTO PEeXUMA PabOThI KACCHI.

[Toct pmarHOCTMKM aBTOMOOWJIEH mpeacTaBisieT coboi omHokaHambHyto CMO ¢
OTKa3aMu. 3asBKa Ha JUArHOCTHKY, MOCTYNHBIIAs B MOMEHT, KOTJa IOCT 3aHST,
MoJTy4yaeT OTKa3. IHTEeHCHBHOCTH MOTOKA 3asiBOK Ha MUArHOCTHKY A =0,4 aBTOMOOWIIS B
yac. CpenHss MpoJ0JDKUTENBHOCT TUarHocTuku ¢ = 0,5 yaca. Bce moToku coObITuii B
cucreme mnpocreimre. OnpenenuTs BEPOSTHOCTHBIE XapaKTEPUCTUKU CHUCTEMBI B
YCTaHOBUBULIEMCSI PEXKHUME.

. B Oyxrantrepuu npeanpusiTuss UMEIOTCS JBa KaccHpa, KaXKIbli W3 KOTOPBIX MOXKET
o0ciykuTh B cpeaHeM 20 coTpyJHHMKOB B 4ac. IIOTOK COTpYIHHUKOB, IMOJIyHYaIOIIMX
3apabOTHYIO TUIATy, — MPOCTEHIITNH, C THTCHCUBHOCTHIO, paBHOH 30 COTPYAHHKOB B Uac.
Ouepenb B Kacce HE orpaHuyeHa. J[MCIMIUIMHA O4Yepean HE perjaMeHTHpoBaHa. Bpems
00CITyKMBaHUS MOJAYMHEHO SKCIIOHEHIIMAbHOMY 3aKOHY pachpejesieHus. Beruncnure
BEpPOATHOCTHbIE XapakTepuctuku CMO B CTallMOHapHOM pEXHME U OIPEAEIUTE
1e1eco00pa3HOCTh MprUeMa TPEThero Kaccupa Ha MpeAnpHusTHe, paboTaoIlero ¢ Takou
K€ IPOU3BOIUTENBHOCTBIO, KaK U NIEPBBIE /1BA.

MacTtepckas 1o peMOHTY OBITOBOM ammapaTypbsl MMeeT MsITh MacTepoB (n = 5). B
CpeZHeM B TeueHHe pabouero JHs OT HaceleHHs MOCTyNaeT B PeMOHT 15 anmaparoB (A =
15). OOmmee ynciao anmapaTypsl y HaceleHHUsI OYeHb BEJIUKO, BHIXOJUT OHA U3 CTPOS B
Clly4aliHble MOMEHTHI BPEMEHHU HE3aBUCUMO ApPYyT OT apyra. [IoaToMy MOXXHO cuuTaTh
MOTOK TpeOOBaHMII Ha OOCTyKMBaHHE IMyaCCOHOBCKMM. MacTepa MMEIOT OJMHAKOBYIO
KBamudukanuoo. B cpenHem oauH Mactep oOcimykuBaeT 4 ammapara B AeHb (W = 4).
Onpenenuts napamerpsl 3pHEKTUBHOCTH pabOThI CHCTEMBI.

bunernas kacca pabotaer 6e3 nepepsiBa. bunersl npogaer onuH kaccup. CpeaHee Bpems
oOcimyxuBanusi — 5 MuH. Ha kaxngoro uenoBeka. CpegHee YHMCIO MacCakKUpOB,
JKEJaroIIKX MpHoOpecT OUIIETHI B Kacce B TEUEHHE OJIHOTO yaca, paBHO A = 15 macc/yac.
Bce mnotoku B cucreme mnpocrtedmme. Omnpenenutre CpeaHIO UIMHY O4YepeaH,
BEPOSATHOCTh IPOCTOSI KAacCHpa, CpeJHee BpeMsl HaXOXKJIEHHs Haccakupa B OWIeTHOU
Kacce (B ouepenu W Ha OOCIY>XMBAaHWH), CPEIHEEC BPEMsS OXHUJAHWA B OYEpPEead B
YCIIOBUSAX CTAIllMOHAPHOTO PEeXUMa PabOThI KACCHI.

3ananne Ne 6:

Tema 17. CoBpemeHHbIe MeTOABI NPUHATUA pelieHuid. [IpuHsiTHE pelIeHHH B YCJOBHAX
HeomnpeaeaeHHOCTH. KpuTtepuu npuHATHA pelieHHil B yCJIOBUSIX HEONPeAeJeHHOCTH.
HeoOxoaumo MpUHATH pelIeHHe B YCIOBHUSX HEONpEAENEHHOCTH MO MaTpHlle 3aTpar ¢
MCTOJIb30BaHUEM pa3nu4HbIX kKpurepues (Jlamnaca, Banpaa, Casumxa, ['ypBuna).

Bas3oeuiit yposens
1.
S1 S2 S3 S4
R1 6 12 20 24
R2 9 7 9 28
R3 23 18 15 19
R4 27 24 21 15
2.
Sl S2 S3 S4
R1 6 2 20 24
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R2 9 7 9 28
R3 3 8 15 19
3.
Sl S2 S3
R1 26 12 20
R2 9 27 9
R3 23 18 15
4.
Sl S2 S3 S4
R1 6 12 20 24
R2 9 27 9 28
R3 23 18 15 19
R4 27 24 21 15
5.
Sl S2 S3 S4
R1 6 12 20 24
R2 9 27 49 28
R3 23 18 15 19
Hogvtuennulit yposens
6.
Sl S2 S3
R1 6 12 20
R2 9 37 9
R3 15 10 12
7.
Sl S2 S3 S4
R1 6 12 20 24
R2 9 7 19 28
R3 33 18 15 19
R4 27 24 21 15
8.
S1 S2 S3 S4
R1 6 12 20 24
R2 19 17 19 28
R3 23 18 15 19
9.
S1 S2 S3
R1 16 12 30
R2 29 27 29
R3 8 25 17
10.
Sl S2 S3 S4
R1 16 12 20 24
R2 29 27 29 28
R3 23 18 15 19

24




4. TIPUMEP BBIIIOJTHEHUSI KOHTPOJIBHOM PABOThI

3ananue Ne 1. Onucarp MaTeMaTH4YeCKHe METOAbI M MOJIEJIM CUCTeM (ITOCTAHOBKA 3a/1a4H,
OCHOBHBIE YPABHEHHUSI).

OHOKAHAJIBHAS CUCTEMA MACCOBOI'O OBCIIYXXMBAHUA (CMO) C
OYEPE/IbIO

Cucrema MaccoBOro 0oOCITy)KMBaHHMS HWMeEET OJMH KaHall. Bxopsmuii moTOK 3asBOK Ha
o0CITy’)KUBaHME — MPOCTEUIIMHA MOTOK C MHTEHCUBHOCTBbIO A. VHTEHCHBHOCTH MOTOKa
oOciyuBaHUS paBHa |l (T.e. B CpeJHEM HENPEpPBHIBHO 3aHATHIM KaHal OyAeT BbIIABaTh L
00CITyKEHHBIX 3asBOK). JITUTENBHOCTh OOCTYKUBAaHUS — CIydyaiiHas BEJIMYMHA, MTOTYMHEHHAS
MOKa3aTeIbHOMY 3akoHy pachupenencHus. [loTok oOCTyXWBaHMA SBISETCS TMPOCTEHIITNM
MyaCcCOHOBCKUM IOTOKOM COOBITHI. 3asiBKa, MOCTYMUBINAass B MOMEHT, KOTJla KaHall 3aHsT,
CTAaHOBUTCS B OU€PE/lb U OXKUAAET OOCTYKUBAHUSI.

[IpeanonoxuM, YTO HE3aBHUCHUMO OT TOTrO, CKOJBKO TpeOOBaHMH MOCTYMAeT Ha BXOJ
00CTy)KMBAIOIIEH CUCTEMBI, TaHHAs cucTeMa (o4epenp + 00CIy)KMBAaeMbIe KIUEHThI) HE MOXKET
BMeCTUTh Oosiee N-TpeOoBaHMil (3a5BOK), T.€. KJIMEHTHI, HE MOMABIINE B 0XKHIaHUE, BEIHYKICHBI
oOciykuBaThCsi B JApyrom Mecrte. HakoHen, UCTOYHHMK, TOPOXKIAIOMMN 3asBKU Ha
o0cCITy’)KMBaHHE, UMEET HEOIPaHUUYCHHYIO (OECKOHEUHO OOJIBIIYI0) EMKOCTb.

I'pad cocrossanit CMO B 3TOM cityyae UMeeT BH/I, IOKa3aHHbIN Ha puC.

A A A A A A
@u@u@ v .
Puc. I'pa Pa3MHOXKEHUS)
H B H p BB

CoctosiHuS o
So — xaHa; cB0OO/ICH;
S| — kaHau 3aHAT (OYepenn HeT);

S, — KkaHaun 3aHAT (0/1HA 3asBKa CTOUT B OUYEpEaN);

S, — kanan 3aHaT (1 - | 325 BOK CTOUT B OYEPEIN);

Sx — kanan 3aHaT (N - 1 3aBOK CTOUT B ouepein).

CranuoHapHbIi Ipoliecc B JaHHOM cucTeMe OyeT ONUCHIBATHCS CIeAYIOIIEH CUCTEMOM
anreOpanvecKux ypaBHEHUI:

A rox
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i—(1-p)B, + P,y +pP,1 =0, O<n<N;

...........................

L—PN +p-PN_1 =O, . M=N,

p x,
TZe P=—
K

7 — HOMEP COCTOAHMSL.

Pemienune npuBeieHHOI BhIIIE CUCTEMBI YpaBHEHUH 7151 Hated Mojaenu CMO umeet BUA:

(—1—_]\%}-9", p#1, n=0,1,2,.., N
p ={\1-p
1
N+’

p=1

1-p
PO_]_pN+1,

Torma

B-p" p#l, n=12,.., N,
B=1 1

wry Ph

Ornpenenum xapakTepucTHKU ogHokaHanbHOM CMO ¢ okuJlaHueM U OTPaHUYEHHOM JIITMHOMN
ouepenu, paBHor (N — 1):
1. BepoOSTHOCTH OTKa3a B 0OCIY)KUBAHUU 3asIBKU:

P 1N pxi,
I—pN+1
Bk =Py = |
(N +1)’

p=1
2. OTHOCHUTCIIbHAs HpOHyCKHaH CHOCOGHOCTB CHUCTCMBI.

1- _llp__pN’ pil’
l_pN+]
g=1-Forx =

1
l———) p=1;
vy P
3. alcomoTHas IPOITYCKHAs CIOCOOHOCTD:

4, CpCAHCC YHUCJIO HAXOAAIUXCA B CUCTCMC 3asIBOK:

Y p-[l—(N+1)-pN+N-p”+1

= . = S P# 1
Ls=2Zn by (1-p)-(-p"*h)
N/2, p=L
5. cpenHee Bpems NpeObIBaHUS 3aIBKU B CUCTEME:
L
Wy =——3—
Al-p,)

6. cpemHsis MPOJIOJDKUTEIILHOCTD MPEOBIBAHUS KIIMEHTA (3asIBKH) B OUCPEIIH:
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Wq = WS_ 1w

7. cpeaHee YUCIO 3asBOK (KIMEHTOB) B OYepeau (IUIMHA OYepe/in):
Lq = Al — PN)%-

3aganue Ne 2. OcymiecTBUTh KOAUPOBaHHe MeTOA0M XadpmaHna 3agaHHON Pppa3bl:
Many a little makes a tickle

Pewrenne:

[Toctponm nepeso Xadppmana:

. a t | e i m k s ¢ y n
5 4 3 3 3 2 2 1 1 1 1
\ [ A N A N o0 1/ 0\ 1
N N LN 2 2
| 0\ 1/ 0\ 1/ 0\ 1/ 0\ 1/
|| 6 5 4 4
0\ 1/ 0\ 1/ 0\ 1/
9 11 8
\ | /
\ | /
o0\ | 1/
|17
0\ 1/
28

JIBOWYHBIN KOJI CHMBOJIOB:
—100
—101
—000
—001
—010
—011
—1100
—1101
—11100
—11101
—11110
—11111

3"<ﬁm773_'(D_""Q)I

3ananne 3.

Br16paTh u3 3amanus 2 koJ cioBa (win (ppasbl, He MeHee 6-TH CUMBOJIOB). 3aKOAUPOBATh
€ro c Nnomoulpl0 koaa XsmmuHra. llpenmnonoxuts, yto B N-M CHUMBOJIE KOJOBOTO CIIOBa B
npoliecce nepeiadyn Mo KaHaily CBsI3H, TPOU30IILIa OIINOKA.
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Pemenne:

[lepeiineM K MOCTPOEHUIO CAMOKOPPEKTUPYIOLIMXCS KOJOB A ciaydas p = 1, KOTopele
Ha3bIBAIOTCS Kodamu Xaommunea. Bynem cuurarh, 4TO B KaHaJle CBA3H MpU Mepeiade cOOOIEeHHs
MOJKET NMPOU30UTH He OoJiee 0HOM OMMOKH. DTO 03HAYALT, YTO €CIU UCXOJHOE COOOIICHUE d1d)
... @n KOIUpyeTCst HAbOpoM b1b; ... b,

(I = m+k), To Ha BBIXOZIC BO3MOKHBI CJICAYIOIINE BAPUAHTHI KOJIOB:
b1b2 bz; b*1b2 bz; b1b*2 bz; cee s b1b2 b*1 .
Takum oOpaszom, uucio BapuantoB paBHO / + 1. IloscHUM, 4TO OomMOKa MOXKET HE MPOU3OUTH,
00 OHA MPOU3OUIET B OJHOM M3 / pa3psAloB, U CUMBOJI b; 3AMEHUTCS Ha MPOTHUBOMOIOXKHBIN
b*. Uucno TOMOIHUTENBHBIX Pa3psiioB I MOCTPOSHHS KOJIOB XeMMHUHIa HY>KHO BBIOpaTh Tak,
YTOOBl MX XBAaTWJIO i1 KOAMPOBaHMS IepeuucieHHbix / + 1 ciydaeB. CnemoBarenbHO,
HE00XO0IMMO YTOOBI BHITIOIHSIIOCH
21
P e
= WIH .

Tostomy, 3Has [ BBIOMpaeM KaK HauMEHbIIIee LEJI0e YUCIIO, YIOBIETBOPSIOINIEE YCIOBHIO:
2

m o 2
2" >—
[+1
Yucno / Ha3pIBaeTcs ATMHOM Koja XdoMMHUHTa. YUCIIo m — Yucio HHPOPMAIIMOHHBIX CHUMBOJIOB.
3ameuanue: YauteiBas, 4to [ = m + k, MOXXKHO BBIOMpAaTh HE /, a YUCIIO k, KOTOPOE HA3bIBAETCS
YUCJIOM KOHTPOJIBHBIX CUMBOJIOB U SIBJIIETCSI HAMMEHBIIUM II€JIBIM YHCIIOM, YJIOBJIETBOPSIOLUIUM
YCJIOBHIO:

2k >k+m+1

Hamnpumep, eciu m = 4, to [ = 7, k = 3. Takum 006pa3om, pu MOCTPOCHUH KOAOB XEMMUHTA,
MepBOE, YTO HYKHO CAENATh: 3TO MO YHCIY /7 OMPEeNIUTh uncia k u /.

ANTOpHUTM MOCTpOCHHS KojJa XA MMUHTA. [1yCcTh A1 COOOIICHUS O = a1 ... )y JUTAHBI M
HE00X0UMO MOCTPOUTH Ko7 X3MMuUHTa. Bo3pMmem m = 9; ucxoanoe coodiieHme

a= 101110111 = aiarasas asasarasas.
Torpma [ =13, k= 4; xon X>MMHHTa:
B = Dib2b3babsbsbibsbebiobi1biabis.

1. IIpencraBum kaxmoe yucio i u3 MHOxectBa L = {1,2, ..., [} B Buae k-pa3psaHoro
JBOMYHOTO YUCIIa. Pe3ynbTarel 3anuiemM B BUC TaOJHII 3.2:
Tabnuna 8.2. [[BOMYHBIE KOIBI YUCEI.

1 2 B3 4 5 6 7 B8 9 |10 11 (12 |13
Vo I 0o g o {1 o |1 o |1 0o 1 p [
4 o ¢4 (g1 ©O© O 1 |1 o o |1 1 O PO
Vs o o o @1 |1 1 |1 o 0o 0o o p [
Vs o o o ©o o o o 1 1 1 B |1 [

2. Pazbepem MHOKeCTBO L Ha k TIOAMHOXKECTB CIEAYIONUM 00pa3oM:
LO={i€LO:VO=1};L0=1{1,3,5,7,9,11, 13},
L1={(E€LL:V1=1};L1={2,3,6,7,10, 11},
L2={i€L2:V2=1};L2=1{4,5,6,7,12, 13},
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L3={i€L3:V3=1};L3={8,9,10,11, 12, 13}.

3. IlepBble 2y1€MEHTHl MHOXKECTBA Lj — CTENEHHU 2 — ONPENENSIIOT HOMEpa KOHTPOIbHBIX
pa3paaoB koaa. OcranbHble ONPEAEISIIOT HoMepa HH(OPMAIIMOHHBIX Pa3psAI0B:
b1b2b4b8 — xoutponwsHeie, b3b5b6b7690610b115b12013 — undpopmanioHHBIE.

4. ®opMupoBaHUE 3HAYCHUN HHPOPMALMOHHBIX CUMBOJIOB!
b3 =al; b5 =a2; b6 =a3; b7 =a4; b9 =a5; b10=ab; b11 =a7; b12 =a8; b13 = a9.
b3=1;05=0b6=1;b7=1;09=1;b10=0;b11=1;b12=1;b13 =1.

5. ®OopMHUPOBAHUE 3HAYEHUN KOHTPOJIBHBIX CUMBOJIOB:
bl =b3+ b5+ b7+ b9 +bl11+5b13 =1+0+1+1+1+1=1;
b2 =503 +b6+ b7+ b10+b11 = 1+1+1+0+1=0;
b4 =b5+ b6+ b7+ b12+ b13 =0+1+1+1+1=0;
b8 =569+ H10+bH11 +b12 + 513 = 1+0+1+1+1=0;
a=101110111; p=1010011010111

Obnapyscenue owubky 6 K00ax XemmuHea:

[Tycte B* =1010011010011, T.e. B 11 pa3psne nmpousoiia omudKa.
VO=b*1 +b*3+b*5+b*7+b*9 + b*11 + b*13 =1+1+0+1+1+0+1=1;
V1=5b*2+b*3+b*6 + b*7 + b*10 + b*11 =0+1+1+1+0+0=1;
V2=>5b*4+b*5+ b*6 + b*7 + b*12 + b*13 =0+0+1+1+1+1=0;

V3=b8 + b9 + H10 + b11 + b12 + 13 =0+1+0+0+1+1=1;
[Homyuymnu: 1101 — nBonuHsIi kox yucna 11.

3aganue Ne 1. Jlanbl MaTpuubl NEPEXOJHBIX XapakTepUCTUK. OIpenenauTb BEPOSTHOCTH
COCTOSIHMI CHCTEMBI IOCJIe 3aJaHHOro KonudectBa uHTepBaioB BpemeHu (N). I[Ipusectu
CUTHAJIBbHBIN Tpad cuctemsbl U Bce BhruucieHus. Havanbnsie ycnosus: Pi(0)=1, P»(0)=P;(0)= ...
=0.

N=3
0.5 0.3 0.2
0 04 0.6
0 0 1
Pemenmue:
K=1:
0,5 0,3 0,2]
(100)* | 0 0,4 0,6/=(0,5 0,3 0,2);
|0 0 1|
K=2:
0,5 0,3 0,2
(0,5 0,3 0,2) *| 0 04 0,6/]=(0,25 0,27 0,48);
|0 0 1|
K=3:
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0,5 0,3 0.2
(0,25 0,27 0,48) *| 0 0,4 0,6/ = (0,125 0,075+0,108 0,05+0,162+0,48) =
10 0 1|

=(0,125 0,183 0,692)

CurHanbHbIi rpagd:

3ananmue 2.

B Oyxranrepuu npennpusTUs UMEIOTCA 2 KacCUpa, KaXIbli U3 KOTOPBIX MOXKET OOCIYXHUTh B
cpenaem 30 coTpyaHuUKOB B 4ac. [IOTOK COTPYIHWKOB, MOMYyYarOmUX 3apaboOTHYIO IIaTy, -
IIPOCTEHIINN, C WHTEHCHBHOCTBIO, paBHOHM 40 corpynHukoB B uac. Ouepenp B Kacce He
orpanuyeHa. J[MCUMIUIMHA O4Yepeau He perjaMeHTHpoBaHa. Bpems oOciayKuBaHUS MMOAYMHEHO
9KCIIOHEHIIMAJIbHOMY 3aKOHY PacIpeesICHuUsI.

Beruucnure BeposaTHOCTHBIE XapakTepucTukn CMO B cTallMOHAPHOM pEXUME.

Perenue:
1
ti=—  h:=4(
30 $:=2
1 3
m:=— m=30 p:=— p=1.333 — .c=2667
t m
c c-1 n -
Py:= : * Z p_. P =02 p Py
p n 0o~ P, .= P, =0.267
c!ll- - n =0 1 I 1 .
c !
2
P ~—p o
27

3aganue 3. Heo6XxoaMMO MPUHSTH pEIICHNE B YCIOBUSAX HEOMPEIEICHHOCTH 0 MaTpHUILIE 3aTpaT
C MCIIOJIb30BaHMEM pa3iInuHbIX Kputepues (Jlamnaca, Banpga, Casunxka, ['ypBuna).

S1 S2 S3 S4
R1 6 12 20 24
R2 9 27 9 28
R3 23 18 15 19
R4 27 24 21 15
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Perenue:

1) Kpurepuii Jlannaca:

H(R1) = Y4 * (6+12+20+24) = 15,5;
H(R2) = Y4 * (9+27+9+28) = 18,25;

H(R3) =Y * (23+18+15+19) = 18,75;
H(R4) =Y * (27+24+21+15) = 21,75;
M =min{15,5; 18,25; 18,75; 21,75} = 15,5
OnTtumaneHas cTparerus - R1

2) Kpurepuii Banpia:

Sl S2 S3 S4 max min
R1 6 12 20 24 24
R2 9 27 9 28 28
R3 23 18 15 19 23 23
R4 27 24 21 15 27
OnrtumaneHas crparerus — R3
3) Kpurepuii CoBumxa:
Marpuia puckoB:
S1 S2 S3 S4 max min
R1 0 0 11 9 11 11
R2 3 15 0 13 15
R3 17 6 6 4 17
R4 21 12 12 0 21
OnrtumaneHas crparerus — R1
4) Kpurepuii I'ypBuna:
S1 S2 S3 S4 | 0,5min (0,5 CyMM | min
max a
R1 6 12 20 24 3 12 15 15
R2 9 27 9 28 4,5 14 18,5
R3 23 18 15 19 7,5 11,5 [ 19
R4 27 24 21 15 7,5 13,5 | 21

OnrtumaneHas crparerus — R1

5. KPUTEPUU ONEHUBAHUSA PABOTbI

OlieHKa «OTJIMYHO» BBICTABIISIETCS CTYJIEHTY, €CIIM OH TPOJIEMOHCTPUPOBAI TIIyOOKHE,
WCYEpIbIBAIONINE 3HAHUS MW TBOPUECKHE CHOCOOHOCTHM B TMOHMMAHUU, W3IOKEHUH U
WCIIOJIb30BAaHUM  YYEOHO-MIPOTPaMMHOTO  Marepuaina;  JIOTUYECKH  MOCeoBaTelIbHbIC,
coJiep>KaTeNIbHbIE, TIOJHBIC, MPAaBUIIbHBIE U KOHKPETHBIE OTBETHI HA BCE MOCTaBJICHHBIE BOMIPOCHI
U JIONOJHWUTENbHBIE BONPOCH TpenojaBareis; CBOOOJHOE BIIAJCHHE OCHOBHOH U
JIOTIOJTHUTENIBHOM JINTEPATYpOH, peKOMEHI0BaHHOM y4eOHOM mporpaMMoi.

OlLieHKa «XOpOIIO» BBICTABIISIETCS CTYJIEHTY, €CIIM OH NPOJEMOHCTPUPOBAT TBEP/AbIC U
JOCTaTOYHO TIOJIHBIE 3HAHWS BCEro MPOrpaMMHOrO Marepuasa, IpaBWIbHOE TOHUMaHHE
CYIIHOCTH ¥ B3aMMOCBS3M PAaCCMATPUBAEMBIX MPOIECCOB M SBJICHUM; IOCIEI0BATEIbHEIE,
MpaBWJIbHBIE, KOHKPETHBIE OTBETHl Ha IMOCTABIIEHHBIE BOMPOCHI MPU CBOOOJHOM YCTPAaHEHHUH
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3aMeuyaHui M0 OTIENbHBIM BOIIPOCAM; JOCTAaTOYHOE BJIAJICHUE JIUTEPATYPOH, pEKOMEHT0BaHHOM
y4eOHOM MporpaMMoii.

OneHka «ymOBIETBOPUTEIBHO)» BBICTABISAETCS CTYNEHTY, €CIIM OH IPOAEMOHCTPHUPOBAI
TBEp/blE 3HAHUS U TOHHUMaHHWE OCHOBHOTO MPOTPaMMHOI0 MaTepHala; MpaBuibHbIE, 6€3 rpyObIX
omOOK OTBETHI HA MMOCTABJICHHBIE BOIIPOCH! IPU YCTPAHEHUH HETOYHOCTEH U HECYIIECTBEHHBIX
OIIMOOK B OCBEIICHWU OTAEIBHBIX MOJIOKEHUH TPU HABOJASAIIMX BOMPOCAX IpernojaBaTelis;
HE/I0CTaTOYHOE BIIAJICHUE JINTePaTypoOi, pEeKOMEHI0BaHHOH y4eOHON MpOrpaMMOi.

Onenka «HEYJIOBJIETBOPUTEIBHO BBICTaBJISIETCS CTYJIEHTY, eciu OH
IIPOIEMOHCTPUPOBA HENpPaBUWIbHbIE OTBETHI HAa OCHOBHBIE BOMPOCHI, JOMYIIEHBI TpyOble
OLIMOKYU B OTBETaX, HEMOHUMaHUE CYIIHOCTH M3JIaraeMbIX BOIPOCOB; HEYBEPEHHbIEC U HETOUHBIE
OTBETHI HA JJOTIOJIHUTENBHBIE BOIPOCHI.

6. IOPAJOK 3ALIUTHI PABOTbI

3ammra KOHTPOJIbHOW paboThl MPOBOAUTCS B BHJIE HAYYHOI'O TUCKOCA C IEMOHCTpaIen
BBITNIOJTHEHHBIX 3aJIaHUM, B COOTBETCTBUHU C TIpadukoM 3amurthl. [locie pokmaga CTyIeHTY
3aJ]al0TCs BOMPOCHI KaK MPErnoAaBaresieM, Tak U CTyA€HTaMU I'PYTIIbL.

B nponecce 3ammThl cBoei pabOThI CTYACHT JA€NaeT AOKJIaA IPOAOIKUTENBHOCTRIO 7-10
MUHYT. JloKjax AOJKeH OBITh NMpeIBAapUTENIbHO IMOATOTOBIEH CTyJAeHTOM. CTyIeHT IOJKeH
CcBOOOIHO OPUEHTUPOBATHCS B CBOEH padoTe.

B BelcTynmeHMH HEOOXOIUMO  KOPPEKTHO  MCIIOJIB30BaTh  JE€MOHCTpAallMOHHbIE
MaTepHallbl, KOTOPbIE YCUINBAIOT JOKA3aTE€IbHOCTh BEIBOJIOB M 00JIEr4ar0T BOCIPUATUE JTOKIAJa
CTY/ICHTA.

7. YYEBHO-METOJUYECKOE 1 UH®POPMAIIMOHHOE OBECIHEYEHHUE
JAUNCHUITVINHBI

7.1. IlepedyeHb OCHOBHOWi M /JONOJHUTEJNbHON JUTepPaTypbl, HeO00XOAMMOW IA
OCBOEHMS JUCHMILIUHBI

7.1.1. IlepeyeHb OCHOBHOI JIUTEPATYPHI:
1. banakoB FO.B. OcHOBBI TeOpun MHPOPMALIMOHHBIX TMPOLIECCOB U cUCTeM: Y4eOHoe mocodue —
Ilenza: III'YAC, 2011. — 184 c.
2. YepnsiieB A.b., AaToHoB B.®., CytonoBa I'.b. Teopust nH()OpMAIIMOHHBIX MTPOIIECCOB
u cuctem. — CtaBponons: M3a-so CKDY, 2015. — 169 c.

7.1.2. IlepeyeHb JONOJHUTEIbHOM JUTEPATYPbI:
1. KopukoB A.M. Teopust cucteM B CHCTeMHBIH aHanu3: yueb. mocooue/ A.M. Kopukos, C.H.
[TaBnoB. -2-e u3., nom. u nepepad. — Tomck: M3a-Bo: TYCVYP, 2009. — 264 c.

7.2 IlepeyeHb Y4eOHO-METOAMYECKOr0 oOOecreYeHUusi CaMOCTOSITeIbHOH PpPadoThl
o0yyaromuxcs o AMcHUIIMHe. MeToanyeckas Juteparypa:

3. YepusimieB A.b. Metoanyeckue yka3zaHHs IO BBIOJHEHUIO JTAOOPAaTOPHBIX paboT Mo
mucuuiuinHe « Teopust ”HPOPMALMOHHBIX MPoLIeccoB U cuctem». IIsturopeck: CKOY, 2017.
4. YepnsimeB A.b. Metoauyeckre peKOMEHIAIMHN TSI CTYACHTOB 110 OpraHU3aIuu

CaMOCTOSITENTLHOM paboTh! N0 AuciuIuinHe «Teopust HHPOPMAITMOHHBIX MTPOIIECCOB M CUCTEM).
[Tsturopck: CK®Y, 2017.
S. YepnepieB A.b. Metoanueckne peKOMEHJAIMH JIJIsl CTYACHTOB 11O BBIIIOJHEHUIO
KOHTPOJIBHBIX paboT no aucuuruinie « Teopust ”HPOPMAIIMOHHBIX TMPOIIECCOB U CUCTEM.
[Tarturopck: CKOVY, 2017.

7.3. Ilepeuyenr  pecypcoB  HMH(OPMANUOHHO-TEJEKOMMYHHUKAINMOHHOM  CeTH
«HHTEepHeT», HEOOXOAMMBIX /ISl OCBOCHHUS TUCHHUIINHBI:
3. http://www.intuit.ru — caiT TMCTAaHIIMOHHOTO 00pa30BaHuUs B 00JaCTH HH(DOPMAITMOHHBIX
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TEXHOJIOTHI
4. http://window.edu.ru — o6pazoBaTebHbIE peCypChl BEIYIIHUX BY30B
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3. HEJIb U 3AJJAYHN OCBOEHUS JUCHUITJIMHBI

Llenpto m3yueHUto AUCHUIUINHBI «Teopus WHOOPMAIMOHHBIX TPOIECCOB U CHCTEM)
SBJISIETCSI OCBOEHUE CTYIACHTAaMH TEOPETHMUYECKMX U TMPAKTHUYECKHMX OCHOB CO3JaHUs
MH()OPMAITMOHHBIX CUCTEM, a TAKKE CITOCOOOB OMHUCAHMS WH(HOPMAITMOHHBIX CUCTEM.

3amaun JMCLMITINHEL: ONpeNICTUTh COBpPEMEHHOE COCTOSIHUE pa3BUTHS
WH)OPMAITMOHHBIX CHUCTEM H WX KJIAaCCU(HUKAIMIO; TO3HAKOMHUTh C METONOJOTHSIMU U
TEXHOJOTHSIMH Pa3pabOTKu HMH(DOPMAIMOHHBIX CHUCTEM; TMPEACTABUTh JTallbl CO3MAHUA U
MIPOCKTUPOBAHUS WH(OPMAITMOHHBIX CUCTEM.

4. TEMBI U151 CAMOCTOSATEJBHOI'O U3YUEHUSA

Tema 2. 3akoHoMepHOCcTH cucTteM. Knaccuduxamus cucrem.
Conep:xanue:

Knaccudukanus cucrem.

Pabora ¢ auTeparypoii:

Pexomenayempie nctounuku nHbopmarmu (Ne HCTOUHHKA)

OcHoBHAasA

JlonojsHuTEIbHAS

Mertoanueckas

HNuTepHeT-pecypebl

1-2

1

1-2

1-2

OneHovHble cpeacrea: CO6CC€I[OBaHI/I€

Tema 3. Curnansl ¥ cucteMsbl riepenaun nadopmanmn. [lapamerpsl curaana.

Conep:xanue:

HUctounuk I/IH(l)OpMaIII/II/I, NnepeaaTumnK, KaHall CBA3U, UICTOYHUK ITOMEX, IPUEMHUK, aJpecCarT.

Pa6ora ¢ auTeparypoii:

Pexomenayemble nctouHuku uHGopmanuu (Ne ncTouHUKA)

OcHoBHas

JlonomHuTenbHAS

Mertoanueckas

HNuTepHeT-pecypebl

1-2

1

1-2

1-2

OuneHouHbIe cpeacTBa: coOece10BaHuE
Tema 5. DHTpONMS HENPEPHIBHBIX cooOmeHnid. MHGopMannoHHbIi KaHa, MPOIYCKHAs

CIIOCOOHOCTH KaHaJa.
Conep:xkanue:

[TonsTue muddepeHraaTbLHONR SHTPOIHH.

Pabora c auTeparypoii:

PexomenyeMbie HCTOUHUKN MHPOpMarun (Ne HCTOYHHKA)

OcHoBHas

I[OHOJ'IHI/ITCJ'ILHH.H

Mertonnueckas

HuTepHeT-pecypebl

1-2

1

1-2

1-2

OuneHouHbIe cpeacrBa: cobeceoBaHNe

Tema 13. HenpepoiBHble nenu MapkoBa, ypaBHenue Koamoroposa. Cucrema rudenu u

Pa3MHOXKEHUSI.
Conep:xanue:

(DopMy.]'II)I AJid  BBIYMUCICHUA MPCACIBHBIX Bep0$ITHOCTeI>'I COCTOSIHUM CHCTEMBI THOEIU U

Pa3MHOKCHHA.

Pa6ora ¢ auTeparypoii:

PexoMenayemMble nctouHukr nHpopmanmu (Ne ncTouHUKA)

OcHoOBHas

JlomonauTeapHas

Metoanueckas

HNuTepHeT-pecypcebl

1-2

1

1-2

1-2

OueHouHBbIEe cpecTBa: coOeceI0BaHUE

Tema 17. CoBpeMeHHBIE METOBI IPUHATHUSA pelieHui. [IpuHaTHE pelIeHnii B yCI0BUAX




HEOIPEIeICHHOCTH.
Conep:kanue:

[TonsiTve HeompeaeNeHHOCTH BHEITHEH cpebl. [loHsATHe cuTyanuu pucka.
Pa6ora ¢ uTeparypoii:

PexoMenayemble nctouHukr nHGopmammu (Ne ncTouHUKA)

OcHoBHast JononHuTenpHast Mertoauueckas HNuTepHeT-pecypcebl

1-2 1 1-2 1-2

OueHouHBIE cpeIcTBa: coOeceI0BaHUE

5. KPUTEPUU OLNIEHUBAHUS KomnereHuuii

OrneHka «OTJIMYHO» BBICTABIISETCS CTYJEHTY, €CJIU IITyOOKHE, MCUEPIbIBAIOIINE 3HAHUS U
TBOPYECKHE CIIOCOOHOCTH B OHUMAHUH, U3JI0KEHUH M UCHOJIb30BAHUU YU€OHO-IIPOrPAMMHOIO
Marepuana; JIOTMYECKH IIOCIIEIOBATEIbHBIE, COAEPKATENbHbIC, IIOJHBIE, IIPaBUJIbHBIE U
KOHKPETHBIE OTBETBI Ha BCE IIOCTABIEHHBIE BOMNPOCHI U JIONOJHUTEIBHBIE BOIPOCHI
IpernofaBaTesss; CBOOOAHOE BIAZCHHE OCHOBHOW M JOMOJHHUTENBHOW  JIUTEPATypoOil,
PEKOMEHI0BAaHHOW y4eOHOM MPOrpaMMOii.

OneHka «XOpOIl0» BBICTABISETCA CTYJEHTY, €CIIM TBEPAbIE M JOCTATOYHO IIOJHbBIE
3HaHUS BCEro MPOrPaMMHOIO MaTepuasa, NPaBWIBHOE INOHMMAaHHWE CYIIHOCTH U B3aUMOCBS3H
paccMaTpuBaeMbIX NPOLECCOB M SIBICHUH; IIOCIEN0BATEIbHbIC, IPABUIbHBIE, KOHKPETHBIC
OTBETHl Ha TOCTABJIEHHBIE BOIMPOCHI NMPH CBOOOAHOM YCTPAaHEHMH 3aMEYaHHUN MO OTAENbHBIM
BOIIPOCaM; JIOCTaTOYHOE BJIaJIEHUE JINTEPATYPOI, pEKOMEH/I0BAaHHOM y4eOHOM MporpaMmMoi.

OneHka «yIOBJIETBOPUTENBHO» BBICTABIAETCS CTYICHTY, €CIM TBEpAbIE 3HAHUS U
MIOHMMAaHHE OCHOBHOI'O MPOTPaMMHOI0 MaTepHasa; MpaBUibHbIE, O€3 IpyObIX OLIMOOK OTBETHI
Ha IIOCTaBJIEHHBIE BOMPOCHI IPU YCTPAHEHUM HETOYHOCTEH M HECYIIECTBEHHBIX OIIMOOK B
OCBEIICHUM OTAEJIBHBIX IOJIOKEHUH MIPU HABOSAIIUX BOIIPOCAX MPEIOAABATEINS; HEAOCTATOYHOE
BJIa/ICHUE JIUTEPATYPOi, peKOMEHI0BaHHOM y4eOHOM mporpaMMoi.

OreHka «HEyA0BIETBOPUTEIILHOY» BBICTABIISIETCS CTYJIEHTY, €CJIM HENPABUIbHbBIE OTBETHI
Ha OCHOBHBIE BOIIPOCHI, JOMYIIEHbI IPpyOble OIMOKH B OTBETAX, HEMOHMMAHHUE CYIIIHOCTH
M3JIara€MbIX BOIIPOCOB; HEYBEPEHHBIEC U HETOUHBIE OTBETHI HA JOMOJIHUTEIBHBIE BOIIPOCHI

6. YYEBHO-METO/IUYECKOE U HH®OPMALIMOHHOE OBECIIEYEHUE
TUCHUTIIMHBI

4.1. PexoMeHnayemas qureparypa
4.1.1. OcHoBHas JIUTEpPaTYpa:
1. baunkoB FO.B. OcHOBBI TeOpUH MHPOPMALIMOHHBIX MPOLIECCOB U cUCTEM: Y4eOHoe mocodue —
Ilensa: III'YAC, 2011. — 184 c.
2. YepnsbiieB A.b., AutonoB B.®., Cytonosa I'.b. Teopus nHpopManMoOHHBIX MPOLIECCOB
u cucreM. — CraBponois: U3a-so CKOY, 2015. — 169 c.
4.1.2. lono/iHUTEILHASA JIUTEPATYypa:
1. KopukoB A.M. Teopus cucteM u CUCTeMHBIN aHanmu3: yued. mocodue/ A.M. Kopuxkos, C.H.
[TaBnoB. -2-e u3x., gom. u nepepad. — Tomck: M3a-Bo: TYCVYP, 2009. — 264 c.
4.1.3. MeToauueckas Jureparypa:
6. Meronuueckue yKkazaHUs MO BBIIOJHEHHIO JJAOOPATOPHBIX paboT mo aucuumiinHe «Teopus
MH(OPMALIMOHHBIX MPOLIECCOB U CUCTEMY.
7. Meronuueckue peKOMEHJAlMU JJIsl CTYIEHTOB [0 OPraHU3allui CaMOCTOSTENbHOM paboThI 10
mucuutuinHe « Teoprst ”HPOPMALMOHHBIX TPOLIECCOB U CHCTEM.

4.1.4. UnTepHeT-pecypchbl:
5. http://www.intuit.ru — calT AMCTaHIMOHHOTO OOpa3oBaHHs B 00JacTU WH(OPMALMOHHBIX
TEXHOJIOTUI
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6. http://window.edu.ru — oOpa3oBaresibHbIe PeCypChl BEAYIIUX BY30B

4.1.5. lIporpammHoe obecnieueHne
1 | Onepammonnas cucrema: Microsoft Windows 8: beccpounas numensus. loropop Ne
01-3a/13 ot 25.02.2013.
2 | Onepanuonnas cuctema: Microsoft Windows 10: beccpounas nunensus. [loroBop Ne
544-21 ot 08.06.2021.
3 | bazoBeiii maker mporpamm Microsoft Office (Word, Excel, PowerPoint). Microsoft
Office Standard 2013: goroBop Ne 01-3a/13 ot 25.02.2013r., Jlunensus Microsoft
Office

4.2. MaTepua/IbHO-TeXHHYECKOe o0ecreyeHue U CIUTIINHbI
.HCKI_[I/IOHHEJﬁ Kpr HpOBOI[I/ITCSI B aYI[I/ITOI)I/ISIX, OCHAUICHHBIX MyHbTHMGHHﬁHBIM
npoekTopoM. JlabopaTopHbie 3aHATHS MPOBOASATCS B KOMIBIOTEPHBIX KJIaccaX, B KOTOPBIX
ycTaHoBleHa mporpamma Microsoft Visual Studio 2010, 2012, a Ttakke Ipyrue CHUCTEMBI s
pa3pabOTKH MPOTrPaMMHBIX MTPUIIOKEHUH.
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