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BBEJIEHUE

1. lesan u 32124 U3yYeHUSs TUCHUTLIHHBI

Lenpto m3ydenus: aucuuiuinHbl «Teopus WHGOPMAIMOHHBIX MPOIECCOB M CHUCTEM»
SBIIIETCS. OCBOCHHUE CTYICHTAMHU TEOPETHYECKHX W MPAKTUYECKHX OCHOB  CO3JIaHUS
UH(POPMAIMOHHBIX CHCTEM, a TAK)KE CIIOCOOOB ONMUCaHMsI HH(OPMAIIMOHHBIX CHCTEM.

3aauu TUCIUTUTMHEL: ONPEICINTh COBPEMEHHOE COCTOSIHIE Pa3BUTHSI MH(POPMAITMOHHBIX
CHCTEM M HMX KJIACCH(HKAIIMIO;, TO3HAKOMHUTHh C METOAOJIOTUSAMU M TEXHOJOTHUSAMHU pa3pabOTKU
WH(OPMALIMOHHBIX CUCTEM; MPEACTABUTD ITAIBI CO3JAHUS U TIPOCKTUPOBAHUS HHPOPMAITTOHHBIX
CHCTEM.
2. Ob0opyaoBaHHe U MaTePHAJIbI

Jlnsi TpOBEACHUS TMPAKTHYECKUX 3aHATUH HEOOXOJMMO CIIEAYIoIIee MaTepHallbHO-
TEXHHUYECKOE 00ECIICUCHUE: MTEPCOHATBHBIN KOMIIBIOTEDP; TPOESKTOP; BO3MOKHOCTh BBIX0JIA B CETh
WHTepHeT AJis oUcKa 1o 00pa3oBaTeIbHBIM CaliTaM U MOpTaiaM; HHTEPAKTHBHAS JOCKA.
3. HammeHoBaHue JIa0OPATOPHBIX PadoT

Ne HanmeHnoBanue TeM JUCHUIUIMHEL, X KpaTkoe coaepkanue | OObem N3 Hux
TeM 4acoB IIPaKTHYECKast
IIOATOTOBKA,
4acoB
5 cemecTp

Tema 4. JuTponus aucKkpeTHoro curuaja. Koanuecrso nuadpopmannu. CBoiicTBa JHTPONMHU
AUCKPETHBIX COO0IEeHNIA.

1 JlaGopaTopHas padora 1. 4
Haxooicoenue sHmponuu OUCKpemno20 cooOueHus..
Tema 6. AuipaBuTHOE KoaupoBanue nuHpopmanuu. Kpurepuii B3auMHON 0JHO3HAYHOCTH
aJ1(aBUTHOI0 KOJUPOBAHMSA
2 JIaGopartopHas paborta 2. 4
Onpedenumsw, A615eMCs 1U KOO, C 3a0AHHbIM
KOOUPYIOWUM algasumom 0OHO3ZHAYHO 0eKOOUPYEeMbIM.
3 JlaboparopHas pabdoTa 2. 2
Ilocmpoenue epagpa no pezyromamam — ancopumma
Mapxosa.
Tema 7. IppekTrBHOE KOAUPOBaAHUE, H30BITOYHOCTH COOOLICHUIA.
4 JIaGopatopHas paborta 3. 4
Onpedenenue ko duyuenma uzo6lmMoyHOCMU KOOQ.
Tema 8. Meron Xagdmana.
5 JlabopaTopHas pabora 4. 4
3axoouposams 3a0annoe 8bipadiceHue Memooom
Xagppmana.
Hroro 3a S cemectp: 18
6 cemecTp
Tema 9. OcHOBBI IOMEX0YCTOHYHBOI0 KOAUPOBAHUS.
1 JIaGoparopHas paborta 5. 4

OcHo8bl nOMex0ycmouuueo2o Koouposanus. Jluneiinvie
o10unble koovl. Koo ¢ nposepkoti Ha uemnocmo,
umepamusHulil KoO.

Tema 10. Kog XemMmuHra.

2 JlaboparopHas padoTa 6. 4
Buipaosicenue,  3axkoouposannoe  memooom  Xaghgmana
angpasumom {0;1}, 3axoouposamv ¢ NOMOWDBIO KOOA
Xemmunea. Ilpeononoscums, umo 8 N-u cumeone k0006020




cloea 60  epems  nepedauu  NPOUOUIA  OWUOKA.
IIpodemoncmpuposams ee 06HapyiceHue.

Tema 11. Anropurmsl cxxaTusi uHGopMauuu

3 JIaboparopHas paboTta 7. 4
3axoouposamv 3a0annoe svipadxcenue kooamu 3usa-
Jlemnens LZ77 u LZ7S8.
Tema 12. MapkoBcKue ciiy4yaiiHble IPouecchbl, Kiaaccupukanus. MapkoBckue nenu
4 JIaboparopHas paboTa 8. 4

Onpedeﬂumb eepoAamrocmu COCMOAHULL cucmembl nocjie
300AHH020 KOIUYecmesd UHmMepealos 6peEMeEHU.

M . HenpepbiBHBIE HIeNH B BHEHH JMoroposa. CucremMa ruéeid u
Tema 13. Henpe e nenu MapkoBa, ypaBHenue Koamoroposa. Cucrema ruode
Pa3MHOKEHUs

5 JIaboparopHas paboTta 9. 8
Onpedeﬂumb eepoAamHocnmu COCMOSIHUL CUCEMbl 6
cmayuonaprom pexcume. Ilocmpoums pazmeuenHulii 2pag

COCMOSIHUT npu 3A0AHHBIX 3HAYEHUAX UHMENHCUSHOCEN

nepexooa.
Tema 14. Rnaccudukanus moaesieii MaccoBoro 00c/J1y:KuBaHUSA
JlaboparopHas padora 10. 4

Kommonentsl u kimaccudukamus MoJENe MaccoBOTO
obciyxuBanus. OnnokananpHass CMO ¢ oTkazamu.

Tema 15. MuorokanaabHass CMO c¢ orka3zamu. MHorokanajidbHasga CMO c o:KnaaHueM

6 JIaboparopHast pabora 111. 4

Pewums npednoscennyio sadauy no meopuu cucmem
maccogozo obcaycusanusi. Peanuzoeamo gvluucienus 6
cucmeme MathCad.

Tema 16. Kpurepun npuHATHS pellieHHii B YCJI0BHAX HeoNpeaeJeHHOCTH

7 JIaGoparopHas pabota 12. 4

Ilpuname pewenue 6 yClo8UAX HeONpeoeleHHOCMU NO
mampuye 3ampam ucnoav3ys kpumepuu Jlannaca, Benvoa,
T'ypseuya, Creudorca.

HTtoro 3a 6 cemecTp: 32

Hroro: 50

4. Conep:xanue 1adopaTopHbIX padoT
JlabopaTopnasi padora Nel.

Tema 1. O6mue nousiTusi HHPOPMALMOHHBIX NPoneccoB. OCHOBHbIC NOHATHS TEOPHH
cucTremM

Haxo:xnenue YJHTPONUU JTHCKPETHOTO COOOIIEHMSI.

Ilenv pabomsr. HayunThCsl MPAKTUYECKU OIMPENEIATh KOITUYECTBO HHPOPMAIIUN B TUCKPETHBIX
COOOILIEHUSX.
Teopemuueckue ocHogbL.

KonnuectBo nHpOpManmm, coaepxkaiieecss B AUCKpEeTHOM coodmennn (1) MOKHO HAlTH
U3 [IPOCTOTO COOTHOIIECHHUS:

I=n-H,

r7e N — YKCII0 CHMBOJIOB B cOOOIIEeHNH, H — 3HTpOMHs HCTOYHHUKA COOOIIEHUH, TO €CTh CPETHEE
KOJIMYECTBO UH(OPMAIIHH, TPUXOISAIIEECS HA OJIUH CUMBOJL.

DHTpOIUSI UCTOYHUKA COOOIICHUS OMpPENENseTCs U3 OCHOBHOTO COOTHOIIECHHUS TEOpUHU
uHpOpMalLIUK, KOTOpOe A yA00CTBa MPAKTUYECKOTO HMCIIOJIb30BaHUs Mpeodpasyercss K BUAY

4




Haubosee MPOCTOMY U YAOOHOMY B 3aBHCHMOCTH OT CBONCTB JHMCKPETHOTO HMCTOYHHKA
cooOmieHnii. B ciyyae, eciau CHMBOJIBI UCTOYHHUKA COOOIICHUS TOSIBIISIOTCS PABHOBEPOSITHO U
B3aMMHO HE3aBUCHMO, TO MJIsi TOJACYETa SHTPONUH TAaKOTO poJa COOOLICHWH HCIIONB3YIOT
dbopmyny XapTiu:

I =n-log, m(bum),H, =log, m(ﬁum CUMBOA )

rae m — o0beM andaBUTa UCTOYHMKA AMCKPETHBIX coO0OImIeHud. Eciii cMMBOJBI MCTOYHUKA
COOOIIEHUSI TEHEPUPYIOTCS C PA3IMUYHBIMU BEPOSTHOCTSMU, HO B3aUMHO HE3aBHCHUMBI, TO
ucnonb3yroT hopmyny lllenHona:

I=—n-: EPHI -log, P,,(6um)

i=1

H, = _ZPal ' logzpm(ﬁum

i=l1

cuMeon)

rae P — BEpOATHOCTH MOSIBJICHUSI CHMBOJIA A1.
B cnyuae jxe He paBHOBEPOSITHOTO MOSBICHUS CUMBOJIOB UCTOYHHKA COOOIICHUS U HAIH4Us
CTaTUCTUYECKUX 3aBUCUMOCTEU MEXAY COCEIHUMHU CHUMBOJAMH 3HTPONMUIO TAKOIO HCTOYHHKA
MO3KHO OIPENIeTUTh ¢ MOMOIIbI0 (opMyibl [LleHHOHA C YCIOBHBIME BEpOSITHOCTSMMU:

d.

-Vp VU a; /° Y6um
Hz_ ;PM ;P % 1Og2P /GI AUMGOH)’
pl %

rae — YCJIOBHas BEPOSATHOCTH IOSIBIICHHS CMMBOJIA &i IIOCJIC CUMBOJIA i

Cooepotcanue pabomel.

1. TlocuuTaTh cpeaHee KOJIMUECTBO MHPOPMAIIUU, TPUXOIAIIEECS HA OJIMH CUMBOJI (SHTPOIIHIO)
UCTOYHHKA JUCKPETHBIX COOOIIEHUH B Cydasx:

a) — pPaBHOBEPOSITHOI'O U B3aMMHO HE3aBUCHUMOTO MOSIBJIEHUS] CUMBOJIOB;

0) — He PaBHOBEPOSITHOTO U B3aMMHO HE3aBUCHMOT'O MOSIBICHUSI CUMBOJIOB,;

B) — IpU HE PABHOBEPOSTHOM TOSBIEHUU CUMBOJIOB M HAJTMUUU CTATUCTUYECKUX CBSI3EN MEXIY

COCETHUMH CUMBOJIAMH.

B kauecTBe TUCKPETHOIO MCTOYHMKA COOOLIECHUM B35ITh UCTOUHUK C 00bEMOM alipaBUTa
m= 34 (aHaJIOTWYHBIN 10 00bEMy andaBHuTa TEKCTY Ha PYyCCKOM si3bIke: 33 OyKBbI U mpobein), a
€ro CTaTUCTHUYECKHE XapAaKTEPUCTUKH CMOJIEIMPOBATH C IOMOINBIO TI'eHepaTopa CiIydalHBIX
quCell.

2. TloncunTtaTh KOJIMYECTBO HMHGOpPMALMUM B COOOLICHMH, NPEACTaBISIOMUM coboi Barmry
damMunuio, UM M OTYECTBO, CUHUTas, 4YTO CHMBOJIBI COOOIIEHHS TOSBISIIOTCS HE
PaBHOBEPOSITHO M HE3aBHCHMO. 3aKOH DAaclpeAeieHUs] CUMBOJIOB HAWTH IyTEM aHalu3a
y4yacTka JIH000ro TeKCcTa Ha PyCCKOM si3bIKe JUTMHOM He MeHee 300 cuMBOJIOB.

Buinonnenue.

PaboTta BBHINONHAETCS Ha IEPCOHAIBHOM KOMIIBIOTEPE B IPOTPAaMMHOM CpENICTBE
«Mathcad». Tak kak B 3TOM HpPOrpaMMHOM MPOJYKTE B KadeCTBE BCTPOCHHBIX (DyHKUUMH
UCTIOJIB3YIOTCSL TOJIBKO (DYHKIMM HATYpaJbHBIX M JECATUYHBIX JIOrapu(MoB, TO B Mpoliecce
BBIMIOJTHEHHS] pabOThl HEOOXOAUMO BBINOJIHUTH MEPEXoj K JiorapupmaM MO OCHOBAHMIO 2 IO
dopmyIe nepexoa K HHOMY OCHOBAaHHUIO
log, N = llog—HN ’
og,b
IJle @ — OCHOBAaHHUE U3BECTHBIX JIOTapu(MOB;

0 — OCHOBaHHUE TPeOyEMBIX JOrapuU(PMOB;

N — norapudmupyemasi BeTU4HHA.



II.1.a. Ucnonb3ys ¢opmyny XapTiu, HaAWTH SHTPOIUIO YKA3aHHOTO HMCTOYHHMKA JHUCKPETHBIX
coobmienuii (Hy).

I1.1.6. CMoxenupoBaTh 3aKOH paclpeiesicHUs] CHMBOJIOB TUCKPETHOTO MCTOYHUKA COOOIICHHUIA,
ucnonb3ys onepatop rnd (A), KOTOPBINA TeHEPUPYET ClIydaiHbie yucia u3 auanasona [0, A] mo
CIEAYIOLIEH MpOorpamMmme:

m: = 34 — 3amanne oobema andasuta (m);

I:=1,2,...,m— | - MOPSAKOBBI HOMEP CUMBOJIA aaBUTa;

r(i) =rnd (1) — renepupoBanue 34 cirydaiiHBIX YHCET

B uHTepnaie ot 0 g0 1;

= Zr(i)
r(i)

I — P(i) — BepostTHOCTB MOsIBICHNMS i-rO cuMBOIA (ai).
[IpoBepuUTh MPaBUIILHOCTD BBIYMCIICHHH, Haiias cymmy Beex P(i) mpu i= 1,2,...,m.
[Toctpouth rpaduk 3akona pacnpexneienus P(i). Ucnonb3ys ¢opmyny llleHHOHa, onpenenuTh
SHTPOIHUIO CMOJICIIMPOBAHHOTO HCTOYHHKA JUCKPETHBIX co00IIeHHH (H?2).
I1.1.B. CMozaenupoBaTh MaTpPUILy YCIOBHBIX BEPOSITHOCTEN MOSBICHHS CUMBOJIA @) IOCIIE CUMBOJIA
ai 1o ciexyrolel mporpamme:
m: =34 -— 3ananue oobema andasura (M);
i:=12,.m

— HaxoXjeHue cyMMbI Beex I(i);

P(i) =

j=12,.m N .
— MOPSAIKOBBII HOMEDP CUMBOJIA an(aBuTa;

r(i,j) := rnd (1) — renepupoBanue matpuilsl (34X34) ciaydaiinpix yncen B uaTepBaje ot 0 gol;

W, =2 r(, Jj)

r(, j)

[ HOPMHUPOBKA MO CTpokaM MaTpuilbl I(i,J) ¢ LENbI0 MOTYYCHHS CYMMBI

DIIEMEHTOB B Ka)XKJ10i CTPOKE, paBHOM 1;

U, :=ZS(i,j)

pp(i, j) = Stod)
v, _ HOPMHUPOBKA 1O CTONOIAaM MaTpuibl S(i,]) ¢ LENbI0 MOTYYCHHUS CYMMBI
3JIEMEHTOB B Ka)KJIOM CTOJIOIE, paBHOI1 1.

[MonydeHnble 3Ha4YeHUs1 dieMeHTOB Matpuibl PP(i,]) TpuOIMKEHHO MOXXKHO CYHTATh

YCJIOBHBIMH BEPOSTHOCTSIMHU TOSIBIICHHUSI CHMBOJIA TI0/1 HOMEPOM | 1OCIIe i-ro CHMBOJIA.
Ucnonezys ¢opmyny IlleHHOHa ¢ YCIOBHBIMH BEpOSITHOCTSIMHU OIPENEIUTh SHTPOIUIO
CMO/ICIIMPOBAaHHOTO MCTOYHHUKA AUCKPETHBIX COOOIeHHH (H3).
I1.2. Onpenenuth BEpOATHOCTH MOSIBICHUS KaXJ10T0 cuMBouia (OykBbI) PimyTeM aeneHus yucia
MOSIBJICHUN STOro cuMBOjia (&) Ha obmiee ymcio cumBoiioB (He meHee 300), BXOASIIUX B
coobmienue. B ciyyae, ecnu kakoi-nmuOo cumBoi (M3 M= 34) B cOOOIIEHUH HE BCTPETHIICA,
CUMTaTh, YTO OH BCTpeTHJICSA | pa3, MHAUYe MOXKET BO3HUKHYTh HEOIPEICIEHHOCTh B (popmyrne
[ennona. OTCyTCTBUE Kakoro-imbO CHUMBOJIA, MPUHAJIEKALIETO al(aBUTy, CBHIETEIbCTBYET
JMIIB O TOM, YTO aHAJTU3UPYyEeMOe COOOIIEHNE HE COEPKUT JOCTATOUYHOTO YUCIIa CUMBOJIOB (HE
JIOCTAaTOYHO JIJTUHHOE).

IToctpouTts rpaduk 3akoHa pacnpeaeneHus cuMBoiioB (O0ykB). [IpoBepuTh NpaBUILHOCTH
MOJIyYEHHOT0 3aKOHA pacIpeleleHUs], AJIsl Uero HAaWTH CyMMY BEPOSTHOCTEH MOSIBICHUS KaX10T0
CHUMBOJIa. JTa CyMMa J0JKHA OBITh paBHa 1.

C nomonibto popmyssl lllenHona HaiiTh SHTpoNHIO (H4) TMCKPETHOTO UCTOYHUKA (TEKCTa
Ha pycCKoM si3bike). llomcumraB 4Ymciao CMMBOJIOB B Barmeit ¢amuwimu, UMEHH U OTYECTBE
(BKITROUAs IPOOEITBI), HAUTH KOJUIECTBO HMH(POPMAIIMH, COAEPKAIIEHCS B 3TOM COOOIICHHH.

KOHmpo.leHble 80npochol.

— HaXO0XJCHUE CYMMBbI 3JICMEHTOB B K101 cTpoke MaTpuiibl (i,]);

S, j)=

— HaxO0XJIEHUE CYMM DJIEMEHTOB B Ka)kJ10M cTo01e Matpuiisl S(i,j);



1. Kakue uCTOYHHKHU COOOIICHHI HA3hIBAIOT JUCKPETHBIMHE?

2. JIns KakuX HUCTOYHUKOB JUCKPETHBIX COOOIICHHWN NPUMEHUMBI (HOpMYIBl XapTiiu,
[llennona?

3. Kakum 06pa30M OIMMCBIBACTCA CTATUCTUUYCCKAA 3aBHCHUMOCTb MCKIAY COCCAHHUMU
CUMBOJIaMHU B TUCKPCTHBIX COO6H.[CHI/ISIX?

4. JlaiiTe onpeesieHre SHTPOIMH HCTOYHUKA TUCKPETHBIX COOOIICHHIA.

5. Kak npoBepHTh NpaBHILHOCTD HAX0XKICHUS 3aKOHA PACIPE/ICIICHUS CAMBOJIOB HCTOYHHKA
JUCKPETHBIX COOOIICHMIA?

6. Kakoii Bua TMCKPETHBIX COOOIIECHN 001a1aeT HanOOoJIbIIeH SHTPOITUECH?

Paboma c numepamypoii:

Pexomenayembie nctounnku nHpopmanuu (Ne uCTOUHMKA)

OcHoBHas HOHOJ’IHHTCJ’IBH&H MeTtoanueckas I/IHTepHeT'pecprbI

1-2 1 1-2 1-2

Ouenormbte cpedcmsa: MHUCHbMEHHBIN OTYCT, CO6CCCI[OBaHI/IC.

JlaGopaTopHas padora Ne 2.

Tema 6. AuipaBuTHOE KoaupoBanue nuHpopmanuu. Kpurepuii B3auMHO 0JHO3HAYHOCTH
aJ1(paBUTHOT0 KOJAMPOBAHUSA

Onpenenunrs, ABJAsIeTCH JIM KO/, € 32JaHHBIM KOAHPYIOLIUM AJI()ABUTOM OJHO3ZHAYHO
JAEKOIMPYeMbIM.

Llenwv pabomet. Vicnionb3ysi KpUTepuil B3aUMHOM OJHO3HAYHOCTH al(aBUTHOTO KOAUPOBAHUS,
OTIPENICTTUTH SIBIIACTCS JIM 3aJlaHHAast CXeMa KOJMPOBAHUS B3aMMHO-0/THO3HAYHOM.
Teopemuueckue ocHogbL.

B o0miem ciydae 3ajauy KOJUpOBaHUS MOYXHO IIPEJCTaBUTh CiielytouM oopa3om. I1ycte
3a/1anbl 1Ba anghasuma A v B, cocTosiye U3 KOHEYHOTO YHCIIa CUMBOJIOB:

A= {al,az,..., an},B = {blvbza-"’ bm}

OnemMeHTHl andaBuTa Ha3bIBAIOTCS OyKéamu. YTOPSIOUYEeHHbIM HaOop B andaBute 4 Ha30BEM
Cl1060OM

a=2a,8y,..., .0, A,

rae | € [1’ n], YHCIIO 71 TTOKA3bIBACT KOJIMYECTBO OYKB B CIIOBE M HA3bIBACTCS ONUHOU CIIOBA O,
obo3nauvaercs: n =l(a)=|a.
Ilycmoe cno6o 0603HaYACTCS:

Jlms cioBa
a=4ad;,d,,..., qj,...,d,

OyKkBa a1, Ha3bIBACTCA HAYAIOM, WIH NpeguKkcom, CloBa o, a OyKBa an — OKOHUAHUEM, WIH
nocmeuxcom, cnopa o. CiioBa MOKHO COCTUHSTH. J[1s1 3TOr0 TpeuKe BTOPOTO CIIOBA TOIHKEH
CleIoBaTh Cpa3y 3a MOCT(PUKCOM IEpPBOTO, MPH STOM B HOBOM CJIOBE OHH, E€CTECTBEHHO,
yTPauMBaIOT CBOH CTAaTyC, €CIIU TOJIBKO OJTHO U3 CJIOB He ObUTO mycThiM. COCTMHEHHUE CIIOB 011 U 02
00603HAYAETCA 01, O, COEAMHEHHE 7 OJWHAKOBBIX CJIOB o 0bOo3Hauaercs o, mpudem o=~
MHO0KECTBO BCEX HEIMYCThIX CJI0B alipaBuTa A 0003HaUUM A *:



A ={a|l(a)>0}

MHoXecTBO 4 Ha3bIBAIOT anasumom COOOICHUN, a MHOXKECTBO B — Kooupyrowum aighasumom.
MHOXECTBO CIJIOB, COCTaBJICHHBIX B aindaBure B, oOo3HaumMm B*. O003nHaunm uepe3 F
oroOpaxeHnue cioB andasuta A B andasur B. Toraa cnoBo f=F(o)) Ha3oBeM kodom clioBa (.

Koouposanuem Ha3pIBaIOT YHUBEPCAIBHBIA CIIOCOO OTOOpaskeHHsI MHPOPMAIIUU TIPU €
XpaHeHHH, Tepenade W oO0pabOTKe B BUAE CHUCTEMBI COOTBETCTBHHA MEXIy 3JIEMEHTaMHU
COOOIICHNUI U CHTHAJIAMH, ITPH ITOMOIIX KOTOPBIX 3TH JIE€MEHTHI MOXHO 3a(h)UKCUPOBaTh. Takum
00pa3oM, K00 — MIPaBWIIO OAHO3HAYHOTO MPeoOpa3oBaHus (T.e. PYHKIHS) COOOMIEHUS U3 OJHON
CHUMBOJIMYECKOM (OpMBI TIpeAacTaBiacHus (ucxomHoro andasuta A) B Apyryio (0OBEKTHBIM
angasut B), 00b14HO O3 Kakux-1160 noreps nHGopmanuu. [Iponecc npeodpazosanus F: 4 *—B*
cJIoB MicxomHoro andasuta 4 B andaBut B Ha3biBaeTcs koouposanuem wHpopmarmu. [Iporece
obOparHoro npeoOpazoBanus cioBa BEB* B cnoBo a€A* HazbBaeTcs dexodupoganuem. Takum
06pa3oM, JIeKoupoBaHue — GyHKIMs, oopatHas F, T.e. F. Tak Kak 11 1060r0 KOXUPOBAHMUS
JIOJDKHA BBITTOJIHATHCS ONEpalusl JEKOJUPOBAHUS, TO OTOOpaKEHHE JOJDKHO OBITH 00OpaTHMBIM
(buexyus). Ecmu |B|=m, 10 F HaseBacTcs M-uumbim  KoOupoeanuem, Hauboee
pacnpoctpaneHubiii cnydaii B = {0, 1} — 0souunoe xomupoBanue. IMEHHO 3TOT ciay4aid |
paccMaTpUBaETCS B aJIbHEHUIIICM.

Ecnu Bce KomoBbIE ClIOBa MMEIOT OJMHAKOBYIO JUITMHY, TO KOJI HA3bIBACTCS PAGHOMEPHBIM,
win O10yHbiM. AndaBuTHoe (WM MTOOYKBEHHOE), KOJIMPOBAHNE MOXKHO 337aTh mab.iuyetl KoOoa.
Konmom nnu kogupytromieit GpyHkiuen, OyaeT ciayKUTh HEKOTOpasi MOACTaHOBKa . Torma

a:(al az...anj

By Ba- BB,

Takoe noOykBeHHOE KoaupoBanue obo3HauaeTcss K%. MHoxecTBO koJ10B OyKB {fi} Ha3bIBaeTCs
MHOHCECBOM IEMEHMAPHBIX K0008. AIl(haBUTHOE KOJUPOBAHME MOXHO HCIIOJIB30BATh IS

1r000r0 MHOXKECTBa cooOmieHuil. Takum o0pazoMm, andaBUTHOE KOAUPOBAHUE SIBIISETCS CAMbIM
IPOCTBIM, U €T0 BCETJa MOXHO BBECTH Ha HEMYCTHIX ajipaBUTaX.

Cooepotcanue pabomel.

Onpenenutb, sBASETCS JU KOJ, ¢ KoaupyromuMm andasutom {0;1;2} omHO3HAUYHO
JEKOAUPYEMBIM.

BapuanTsr:

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

2. {001;021;102;201;001121,01012101}
3. {01;110;102;222;0010001001}

4. {20;01202;22,2001,;2012010;1112}

5. {01;011;100;2100;101210;001210}

6. {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}

Buinonnenue.
Jns BBIBOA OOIIETO KPUTEPHS B3aMMHOM OJHO3HAYHOCTH TOHATOOUTCS CIEAYIOIIee
noustue. [IpencraBinenne aneMeHTapHOro Koja Pi cxemsl a)aBUTHOTO KOJUPOBAHUS B BUJIC



Bi=P Bir ... PinB""
r7ie CJIOBO [B° HE MOXKET OKaHYMBATbCA HAa AJIEMEHTApHBI KOJ, a CII0OBO [ HAuMHATHCA C
3JIEMEHTApHOI0 KOJia, Oy1eM Ha3bIBaTh HETPUBU AT bHBIM PA3J0XKEHUEM IIEMEHTAPHOIO
koja. Ilpu aTom omHO w3 cnoB B’ wmimm B MoxeT ObiTh mycThiM (7). s ompeneneHus
OJTHO3HAYHOCTH WJIM HEOJHO3HAYHOCTH CXEMbl al()aBUTHOTO KOJHPOBAHUS CYIIECTBYET
3¢ (HeKTUBHBIN aITOPUTM, UCIIONB3YIOUINI TOHATHE HETPUBUAIBHOTO Pa3JI0KEHHS JJIEMEHTaPHBIX
KOJIOB.

1. JIns xaxaoro 3JIeMEHTapHOIO KO/A BBIIMCBHIBAEM BCE HETPUBUAIBHBIE PA3JIOKEHHUS.

2. BrmmcsiBaeM MHOXKECTBO M1 cocTosiiiee 13 clioB 37, KOTOpbIe BXOJAT B KaUeCTBE Haydal B
HETPUBHAIILHBIE PA3JIOKEHHSI 3JIEMEHTAPHBIX KOJIOB.

3. BroinuceiBaemM MHOXecTBO M2, cocTosiiee U3 BceX CIOB ', KOTOpbIE SBISIOTCS
OKOHYAHUEM HETPUBUAIBHBIX PA3JI0KEHUIN 3JIEMEHTAPHBIX KOIOB.

4. CocrasisieM MHOXecTBO M = M1 N MU {"}, T.e. MHOKECTBO CJIOB, BCTPEUYAIOIIUXCSI
KaKk B KayecTBe Hayana, TaKk M B KayecTBE OKOHYAHHUS B HETPUBUAIBHBIX PA3JI0KEHUAX
3JIEMEHTaPHBIX KOJIOB.

5. BroinuceiBaeM Bce pa3nokKeHHs HIEMEHTAPHBIX KOJIOB, CBA3aHHBIX C MHOXKECTBOM M, T.€.
BCE Pa3lI0KEHUS FIIEMEHTAPHBIX KOJIOB BUA:

Bi=P Pi1 ... Pinf ",

rne B, B € M, ak moxer 6b1Th paBHo 0.

6. Ilo pa3moxeHHsIM, TOJYYCHHBIM B IIYHKTE S5, CTPOHMTCS OpPUEHTHPOBAHHBIA Tpad
cienyommM obpazom. BepmuHbl rpada oTOXKAESCTBISAIOT ¢ 3ieMeHTamMu MHOXxectBa M. [lapa
BepIlvH B, U B’ COEUHAIOTCS OPUEHTUPOBAHHBIMU peOpaMu B TOM U TOJIBKO B TOM CJIy4ae, €Cliu
cymecTtByet pasnoxkenue B Bir ... Binf . Ilpu atom pedpy (B, ') mpunuceiBaercs ciaoBo Pit ...
Bin, COOTBETCTBYIOLIIEE 3TOMY PaA3JI0KEHHUIO.

7. Ilo momydeHHOMYy rpady JE€rko IpOBEpUTh, OONAJAET WJIM HET HCXOJHAas cxema
KOJMPOBAaHUs CBOMCTBOM B3aUMHOM OJTHO3HAYHOCTH.

Teopema A.A. Mapkosa: AndaBuTHOE KOJMpOBaHUE HE 001aJaeT CBOMCTBOM B3aMMHOM
OJIHO3HAYHOCTH TOTJa U TOJIbKO TOIJa, Korja rpad CoIepKUT OPHUEHTHPOBAHHBIN IUKII,
IPOXOJAIIMN Yepe3 BEPLIMHY .

Konmponsnsie eéonpocui.
1. Yro Takoe KOAMPOBaHUE UH(OPMAIIMH U JIJIsl YETO OHO MCTIONIb3YeTCs?

OxapakTepu3yiTe OCHOBHBIC TPUHITUTIBI KOJUPOBAHUS.
UYro Takoe andaBUThl U KaK OHU UCIIONb3YyIOTCA?
[ToHsiTHE DIEMEHTAPHOTO KOAA.

HerpusnanbHoe pas3nokeHUe 3IEMEHTAPHOIO KOAA.

Cdopmynupyiite Teopemy MapkoBa.

N o g k~ w D

Yro ompeznensieT HepaBeHCTBO MakmuiuiaHa?

Paboma c rumepamypoii:

Pexomenyemble ncrounuku nHpopmanuu (Ne HCTOUHUKA)

OcHOBHas JlononHuTenpHas Meroanudeckas HNHTepHeT-pecypcesl

1-2 1 1-2 1-2

Ouyenounvle cpedcmea: TICLMEHHBIN OTUET, coOeceI0BaHNE.



JlaGoparopHasi padora Ne 3.
Tema 8. Meron Xaddmana.

3akoaupoBaTh 3aJlaHHOE BbIpaskeHue MeTo0M XadPpmana.

Lenv pabomer.
Hcnonb3oBanue merona 3 (HpeKTHBHOTrO KOAMPOBAHUSI.
Teopemuueckue ocHogbL.

BBeneM mnoHsTHE KOJOBOrO JepeBa Ml MHOMKECTBA KOAOBBIX cioB. HarmsgHoe
rpadguueckoe u300paxKeHHE MHOXKECTBAa KOJOBBIX CJOB MOXHO TMOJYYUTh, YCTaHOBUB
COOTBETCTBHE MEXJy COOOLICHMSAMH M KOHIIEBHIMH Yy3JIaMH JBOMYHOrO J1epeBa. I[Ipumep
JIBOMYHOTO KOZOBOTO JIepeBa M300paxkeH Ha pucyHke 3. J[Be BeTBHU, UAyIIHE OT KOPHS JAepeBa K
y3J1aM IEPBOTO MOPsiiKa, COOTBETCTBYIOT BbIOOpY Mexay O u 1 B KauecTBe MEpBOTO CHMBOJIA
KOJZIOBOT'O CJIOBA: JieBasi BeTBb cooTBeTcTBYyeT 0, a mpaBas — 1. J[Be BeTBH, UAyIIHE U3 Y3JIOB
MIEPBOIO MOPSIKA, COOTBETCTBYIOT BTOPOMY CUMBOITY KOJIOBBIX CIIOB, JieBasi o3HauaeT 0, a mpaBast
— 1 u 1.0, SIcHO, YTO MOCJIENOBATEIbHOCTh CUMBOJIOB Ka)/0I0 KOJOBOI'O CJIOBAa OIpPEAEISET
HE0OXO0UMbIE MTPaBUIIa MIPOJBUKEHHS OT KOPHSI IEpeBa 10 KOHIIEBOTO Y3714, COOTBETCTBYIOIIETO
paccMaTpruBaeMOMY COOOIIIEHHIO.

DopMabHO KOJIOBBIE CIIOBA MOTYT OBITh IPUITHCAHBI TAKXKE MPOMEKYTOUHBIM y31am. Hanpumep,
IIPOMEXKYTOUHOMY Y3Jly BTOPOIO MOpsiiKa Ha pUC. 3 MOKHO MpHUMIMCATh KOAOBOE CiloBO 11,
KOTOpPOE COOTBETCTBYET MEPBBIM JIBYM CHUMBOJAM KOJOBBIX CJIOB, COOTBETCTBYIOIIMX KOHIIEBBHIM
y31aM, TOpOXKIaeMbIX 3TUM  y3idoM. OpHako KOJOBBIE CJOBa, COOTBETCTBYIOINE
MIPOMEKYTOUHBIM y3JIaM, HE MOTYT OBITh UCIIOJIb30BaHBI AJIs MPECTABICHHUS COOOIIEHUH, TaK KaK
B 9TOM cilydae Hapymaercsi TpeOoBaHue MNpePUKCHOCTH Koja. TpeOoBaHHE, YTOOBI TOJIBKO
KOHIIEBBIE Y3JIbl COMOCTABISINCH COOOIIEHUSIM, YKBUBAJICHTHO YCIIOBHIO, YTOOBI HH OJHO W3

KOJIOBBIX CJIOB HE COBMAJIO C HavajoM (mpedurcom) 6osee IITUHHOTO KOJOBOTO CJIOBA.
110 111

Y3IEL 3-TO MOpAIKa

Y3MIBI 2-10 MOpAIKa

Y3IEL 1-T0o mopagka

KOpPeHb JepeBa

[IpuMep IBOMUYHOTO KOJOBOTO JI€pEBA

JIr000i1 KO/, KOIOBBIE CJIOBA KOTOPOTO COOTBETCTBYIOT Pa3IMYHBIM KOHIIEBBIM BEPIIMHAM
HEKOTOPOTO JIBOMYHOTO KOJOBOTO JIepeBa, SBISETCS NPEePUKCHBIM, T.e. OJHO3HAYHO
JIEKOJTUPYEMBIM.

OmHUM W3 9acTO MCIOIB3YEMBIX METOAOB A(P(GEKTUBHOTO KOAWPOBAHUS SIBISIETCS TaK
Ha3bIBaeMblil K0o/1 XaddmaHna.

Cooepicanue padomoi.
Ocy1iecTBUTh KOIUpoBaHue MeTojoM XahdhMaHa 3a1aHHON Ppasbl:
1. A man who has not been flogged is not educated

Many a good cow hath an evil (bad) calf
Many a good father has but a bad son

Many a little makes a tickle

o & w DN

Many a true word is spoken in jest

10



Many commanders sink the ship
Many physicians have killed the king

Marriages are made in heaven

© © N o

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

Buvinonnenue.
Hlar 1. YnopsgounmBaeM CHMBOJBI HMCXOJHOTO ajdaBUTa B TMOPSJIKE HEBO3pACTaHUS HX
BEpPOATHOCTEH. (3amuChIBaeM MX B CTOJIOCII.)
Hlar 2. O0beauHsIeM /Ba CUMBOJIAa C HAMMEHBIIMMHU BepOSTHOCTAMU. CHUMBOIIY ¢ OOJbIei
BEPOATHOCTHIO NMpUnuckiBaeM "1", cumBosy ¢ MeHbiel — "0" B KauecTBE 3JIEMEHTOB UX KOJIOB.
[Har 3. Cuutaem 00bEIMHEHUE CUMBOJIOB 33 OJIMH CHMBOJI C BEPOSITHOCTBIO, PABHON CyMMe
BEPOATHOCTEH 00BEIMHEHHBIX CHMBOJIOB.
[ar 4. Bo3zepamaemcs Ha Llar 2 1o Tex mop, moka Bce CUMBOJIBI HE Oy IyT 00bEAMHEHBI B OIMH
C BEpOSITHOCTBIO, PABHOW EAMHHUIIE.
3akogupyeM TOT ke 6-OykBeHHBIH andaBur wmerogoM Xaddmana, u300pa3uB
COOTBETCTBYIOIIIEE ABOUYHOE JIEPE.

1

a, 025 . ]
CHMBRTRL Kik 1kl
)25
ay ’ 0 | " a, 1
a, 025 a, 0010
0 0,5 a, 10
a, 0, 0 a, - 000
0,1 —1 - 0 “« -
a, T s a, — 0011
1
a 005 —5—

JIBOMYHOE JIepeBO, COOTBETCTRYIOIIEE KOAMPOBaHUIO TT0 MeToay Xaddmana
CunThIBaHME KOJIa UJET OT KOPHS JIBOMYHOTO JiepeBa K €ro BepIIMHaM ¢ 0003HaueHUEM

CUMBOJIOB. JTO o0ecrieunBaeT NpepuKkcHOCTh Koaa. Meron Xaddmana Taxkke COAEPKHUT
HEOJJHO3HAYHOCTh, TIOCKOJBKY B aj()aBUTE€ MOTYT OKa3aTbCsd HECKOJIbKO CHUMBOJIOB C
OJIMHAKOBON BEPOATHOCTHIO, M KOJA OyAeT 3aBHUCETh OT TOTr0, KaKhMe CHUMBOJBI MBI Oynem
00BEIMHATH B IEPBYIO OYEPEib.
Konmponwvuwie éonpochwi.

1. B dueM cMbICT TOHATHS: U30BITOYHOCTH COOOIIEHNUS?

2. Yro ompenenseT KO3 GUIHESHT H30BITOYHOCTH?

3. Anroput™m nocTpoeHus aepea Xaddmana.

4. Kakwue 3agauu pemraetr kogupoBanue metogaoM Xaddpmana?

Paboma c rumepamypoii:

Pexomenyemble ncrounuku nHpopmanuu (Ne nCTOUHUKA)

OcHoOBHas JlononHurenpHas Meroanueckas WNHuTtepHer-pecypcsl

1-2 1 1-2 1-2

Ouenounvle cpeocmea: MACHLMEHHBIN OTUET, cOOECEIOBaHNUE.

JlaGoparopHasi padora Ne 4.

Tema 12. MapkoBckHe ciay4yaiiHble poueccsl, kjiaccupukanus. MapkoBckue nenu

11



Onpeneauts BEPOSTHOCTH COCTOSIHMIA CHCTEMBI MOCJI€e 32JaHHOT0 KOJIH4YeCTBA MHTEPBAJIOB
BpeMEeHHU.

Lenv pabomeur.

OcBouth nonsatus: Kmaccuduxamus MapkoBckux mpoueccoB. I'pad coctosHuil nenu
MapkoBa. Matpuiia BEpOsATHOCTEH Tmiepexoia, €€ CBoicTBa. PekyppeHTHas dopmyna s
BBIYMCIICHUS BEPOSITHOCTEN COCTOSSHUN CUCTEMBI.

Teopemuueckue ocHogbL.

MapKOBCKUH CIIy4aiiHbINA IIPOLIECC C JUCKPETHBIMU COCTOSIHUSIMU U JUCKPETHBIM BPEMEHEM
HA3bIBAIOT MApPKOBCKOU yenvio. JIs Takoro mporecca MOMEHTHI 11, to, ..., tk, Korga cucrema S
MOYKET MEHATh CBOE€ COCTOSIHME, PACCMaTPUBAIOT KaK IMOCJEIOBaTEIbHbIEC IIAaru Mpolecca, a B
KauyecTBE apryMeHTa, OT KOTOPOro 3aBUCHUT IPOLIECC, BBICTYMAET HEe BpeMs t, a Homep mara 1, 2,
..., K. CiryyaiiHpIil TIpOIIECC B ATOM Clly4ae XapaKTepU3yeTcs MOCIeJ0BATEIbHOCTBIO COCTOSIHU I
S(0), S(1), S(2), ..., S(K), ..., rae S(0) — HayambHOE COCTOSIHUE CHCTEMBI (TIEPE]T IIEPBHIM LIArOM);
S(1) — cocrosinue cuctemsl mocie nepporo mara; S(K) — cocrosiHue cuctemsl mocie K-ro mara.
Coo6witie {S(K) = Si}, cocrositiiee B TOM, YTO Cpa3y Mocie K-ro mara cMcTeMa HaxXxOTUTCS B
cocrostauu Si (i =1, 2, ...), ABAsieTcs clydaitHbIM coObiTHeM. [TocmeoBaTeIbHOCTh COCTOSIHUI
S(0), S(1), S(2), ..., S(k), ... MOXHO paccMaTpuBaTh Kak IMOCIECIOBATEIBHOCTh CIy4allHBIX
coObiTuii. HawanmpHoe cocrosHme S(0) MoxeT OBITh 33JaHHBIM 3apaHee WIH CIyYalHBIM.
BepositHOCTSIME cocTOstHUH 1ien MapkoBa HasbiBatoTcst BepostHocTH Pi(K) Toro, uro mocie k-ro
mrara (u 10 (K + 1)-ro) cucrema S Oyner Haxoauthes B coctosiaum Si (i = 1, 2,...,n). OuyeBuaHO,
9TO U151 JIF0OOTO K BBITIOIHACTCS YCIIOBHE:

n

2 R(k)=1

i=1
HauanpHbpIM pacrmpenielieHHeM BEpOSTHOCTEH MapKOBCKOW 1T HAa3bIBAETCS paclpeiesieHue
BEPOSITHOCTEW COCTOSIHUI B Ha4aJle MpoIecca:

P1(0), P2(0), ..., Pi(0), ..., Pa(0).

B gactHOM citydae, eciiM HadaldbHOE COCTOSIHHE cUCTeMbl S B TouHocTH u3BecTHO S(0) = Si, TO
HavanpHas BeposTHOCTh Pi(0) = 1, a Bce ocTanpHbIe paBHBI HYNIIO. BeposSTHOCTBIO mepexoja
(mepexoHOW BEpOSITHOCThIO) Ha K-oM mmiare W3 COCTOSIHHS Si B COCTOSIHHE Sj Ha3bIBaeTCS
BEPOSTHOCTH TOTO, YTO CHCTeMa S mocie K-To mara okaeTcst B COCTOSIHUU Sj IPU YCIIOBUH, YTO
HerocpeAcTBeHHO nepe 3TuM (rocie (K-1)-ro mara) oHa HaXOAUIach B COCTOSHUH Si. [T0CKOIBKY
CUCTeMa MOXET MpeObIBaTh B OAHOM U3 N COCTOSHH, TO AN KaXIOTO MOMEHTa BpeMeHH t
HeoOXOMMMO 3a7aTh N’ BeposTHOCTeil mepexoma Pij, KOTopble ymOGHO TPEICTaBUTH B BHJE
CIENYIOLIENH MAaTPULLbIL:

Ri1 R2 . Rp

P21 P22 e P2n
(Rj)=

Fi B2 - HRn

Pi PFa2 - Bin

rie Pij — BepoaTHOCTB Tiepexo/ia 3a OJFH IIaTr U3 COCTOSIHHS Si B COCTOSIHHE Sj;

Pii — BeposITHOCTB 3a/1ep>KKU CHCTEMBI B COCTOSTHUH S;.

OTa MaTpuiua Ha3bIBAE€TCA NEPEXOAHOW WIM MATpULEH NEpPEXOAHBIX BEPOATHOCTEW. Ecmm
HepexoHbIe BEPOSATHOCTH HE 3aBUCAT OT HOMepa I1ara (0T BpEMEHH ), a 3aBUCAT TOJBKO OT TOTO,
13 KaKoro COCTOSHHS B KaKO€ OCYIIECTBIIIETCA MEPEXOM, TO COOTBETCTBYIOIIAs Lenb MapkoBa
Ha3bIBACTCSI 00HOpoOHou. llepexo/nHble BEPOATHOCTH OJIHOPOJHONW MAapKOBCKOM mernu Pijj
00pa3yIoT KBaJpaTHYIO MaTpuIly pazmepa NXN. OTMETUM HEKOTOpPbIE €€ OCOOCHHOCTH:

12



1. Kaxnmass cTrpoka XapakTepu3yeT BBHIODAHHOE COCTOSIHHE CHCTEMBI, a €€ JJIEMEHTHI
NPECTaBIISIFOT COOOM BEPOSATHOCTH BCEX BO3MOXKHBIX ITEPEXO0JI0OB 32 OJIMH IIaT U3 BBIOPAHHOTO (U3
I-T0) COCTOSIHHS, B TOM YHUCIIE M [IEPEX0]] B caMoe ceOs;

2. DJeMEeHTBI CTOJIOIOB TIOKA3hIBAIOT BEPOSTHOCTH BCEX BO3ZMOKHBIX MTEPEX00B CHCTEMBI
3a OJIMH IIar B 3aJlaHHOE (J-0€) COCTOsHUE (MHA4Ye rOBOPS, CTPOKA XapaKTEPU3YeT BEPOSTHOCTD
nepexo/1a CUCTEMBI U3 COCTOSIHUS, a CTOJIOEI] — B COCTOSTHUE);

3. CymMa BepOsATHOCTEH KaKJO0W CTPOKH paBHA EAMHHMIIC, TaK KaK MEPeX0Jbl 00pa3yroT
MIOJTHYIO TPYIITY HECOBMECTHBIX COOBITHIA:

n
> Rj=1,i=l,..,n;
j=1

4. Tlo rnaBHOW IMAroHaIW MaTPHII IIEPEXOIHBIX BEPOSTHOCTEH CTOAT BEpOsSTHOCTH Pii
TOTO, YTO CHCTEMa HE BBIMJIET M3 COCTOSHHS Sj, a OCTaHeTcs B HeM. Ecimu Juis oJHOpOIHON
MapKOBCKO#l IIeTTM 3a/iaHbl Ha4YaJlbHOE PACIPEICIICHUE BEPOSTHOCTEH M MATpHIA HMEPEXOIHBIX
BEPOSTHOCTEH, TO BeposaTHOCTH cocTosinuii cuctemsl Pi(k), (i=1,...,n; j=1, ..., N) onpenenstorcs
10 peKyppeHTHOH (opmyie:

n
R (k)= ij (k—1) Pji (i=1,....n).
j=1

Cooepotcanue pabomel.
JlaHpl MaTpuLbl MEPEXOAHBIX XapaKTepUCTUK. ONpenenuTb BEPOSITHOCTH COCTOSTHUM
CUCTEMBI ITOCJIe 33JaHHOTO KoimdecTBa nHTEepBaioB Bpemernu (N). [IpuBecty curHabHbIH Tpad

cucTeMbl U Bce Beruncienus. Hauanbubie yenosust: P1(0)=1, P2(0)=P3(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
3. N=3
0,5 0,3 0,2 0
0 0,4 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 0,4 0,4 0,2
0 0 0,3 0,7
0 0 0 1
Buvinonnenue.

ChopmynupyeM METOAMKY MOJAEIHPOBAHUSA TIO CXEMe

MPOIIECCOB (MAPKOBCKUX IICTICH ).

AUCKPCTHBIX MAapKOBCKHUX

3adukcupoBaTh HCCIEAyEeMOEe CBOMCTBO cucTeMbl. OmpeneneHne CBOMCTBA 3aBUCHT OT IIETH

HCCICIOBaHUsI.
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OnpenenuTh KOHEYHOE YMCIO BO3MOXKHBIX COCTOSIHUM CHCTEMBI U YOEIUThCS B IIPABOMEPHOCTH
MOJICJINPOBAHUSA 110 CXEME TUCKPETHBIX MAPKOBCKHX IIPOLIECCOB.
CocTaBUTh M pa3MEeTUTh Ipad COCTOSTHUM.
OnpenenuTs Ha4aIbHOE COCTOSTHUE.
I1o pexyppeHTHOM 3aBUCUMOCTH OIIPENEINUTD UCKOMBIE BEPOSITHOCTH.

IIpumep. Ilo rpynme u3 4yeTblpex OOBEKTOB IPOU3BOAUTCS TPU IIOCIENOBATEIBHBIX
BeIcTpesna. HailTu BeposSTHOCTH COCTOSIHUI TPYIIIBI OOBEKTOB MOCIIE TPETHETO BHICTPETIA.
Matpuna nepexoIHpIX BEpOSATHOCTEH UMEET BUL:

0,4 025 0.2 0.1 0.05\

0 035 03 025 0.1
P;l=1 0 0 045 04 0.15

0 0 0 04 06

0 0 0 0 1

Pa3meuennslii rpad cocTosHUM YeThIpeX 0ObEKTOB

Pemenue:

1(0) =1
. il N
Tlocie mepBOro BEICTPeNa BCe 3HaYeHHs BeposTHOCTeil +- E jCOOTBeTCTBYIOT TepBoil cTpoke

ManI/IIIBI HepeXOI[HI)IX BepOﬂTHOCTefI. Pacch/ITaeM BGpOHTHOCTI/I OCTAJIBHBIX COCTO?IHI/II7L
P(2) = P1(1) p11 + Paf1) - po1 + Ps(1) - pa1 + Pa(1) - pa1 + Ps(1) - ps1 = 0, 16;

Tak xak 1o IIEPpBOI'0 BBICTPCIIa BCE 0OBEKTHI OCJIbl, TO p

P5(2) = Pi(1) - pr2 + Pa(1) - paz + P3(1) - paz + Py(1) - paz + P5(1) - psz = 0,19:
P3(2) = Pi(1) - p1g + Pa(1) - paz + P3(1) - p33+ Py(1) - pyz + F5(1) - ps3 = 0, 245;
Py(2) = Pi(1) - pra + Pa(1) - poy + P3(1) - pay + Py(1) - pay + P5(1) - psy = 0,22
P5(2) = Pi(1) - p1s + Pa(1) - pas + Ps(1) - pas + P4(1) - pus + F5(1) - pss = 0, 185:
P=0,164+0,194+0,2454+0,224+ 0,185 = 1.

Pi(3) = P,(2) - pyy = 0,16 - 0,4 = 0, 064;

Ps(3) = Pi(2) -p12 + Pa(2) - p22 = 0,16 -0,25 4 0,19.0,35 =0, 11;

Py(3) = Py(2)-p1a+Ps(2)-pas+ Py(2) 053 == 0,160, 240, 19.0, 3+-0, 245.0, 45 =
0,2:

Py(3) = P1(2) - p1a + P2(2) - paa + P3(2) - paa + Py(2) - pay = 0,25;
P5(3) = P1(2) - p1s + P2(2) -pas + Pa(2) - pas + Pu(2) - pas + P5(2) - pss = 0,38;
P=0,064+0,11+0,2+0,25+0,38 = 1.
Konmponwsnsie gonpochwi.
1. Kakue nporneccsl Ha3piBatoTCsi MapkoBCKUMU?
2. UYrto Ha3pIBaeTcs menbo Mapkosa?
3. TlepeuncnuTe CBOMCTBA MaTPHUIIBI BEPOSITHOCTEH Iepexoa.
4. Kakoit MapkoBckHii poliecc Ha3bIBaeTCs OJHOPOIHBIM?
Paboma c rumepamypoii:
Pexomenyemble ncrounuku nHpopmanuu (Ne ncTouHUKA)
OcHOBHas JlononHuTenpHAas Mertonuueckas HNutepHeT-pecypcbl
1-2 1 1-2 1-2
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Ouyenounvle cpedcmea: MACHBMEHHBIN OTYET, COOECEIOBaHUE.

4. VYYEBHO-METOJUYECKOE U HTHOOPMALIMOHHOE OBECIIEYEHUE
JTUCHUIINHbBI

4.1. PexomeHnayemasi iuTepaTrypa
4.1.1. OcHoBHasi IMTEpaTypa:
1. baunkos FO.B. OcHOBBI Teoprun HHPOPMAITMOHHBIX MPOIIECCOB M CUCTEM: YUeOHOE mocooue —
ITenza: III'YAC, 2011. - 184 c.
2. YepurimeB A.b., AatonoB B.®., Cyronosa I'.b. Teopus nHbOpMaIIMOHHBIX POIIECCOB U
cuctem. — CraBponois: U3n-so CKOVY, 2015. - 169 c.
4.1.2. JlonoJHUTEIbLHAS JIUTEPATYypa:
1. KopukoB A.M. Teopus cucreM U CUCTeMHbIN aHanu3: yued. mocodue/ A.M. Kopukos, C.H.
[TaBnoB. -2-¢ u3n., gom. u nepepad. — Tomck: U3a-so: TYCVYP, 2009. — 264 c.
4.1.3. MeToauueckasi Jureparypa:
1. Metoanueckue ykasaHHs 10 BBIIOJHEHHUIO JTAOOPATOPHBIX paboT mo aucuumuinHe «Teopus
MH(OPMALIMOHHBIX [TPOLIECCOB U CUCTEM.
2. Meromuieckre peKOMEHIAIMH ISl CTY/IEHTOB IO OPraHU3allui CaMOCTOSTEIbHON paboTHI 110
quciuminHe «Teopust ”HGOPMALIMOHHBIX MTPOLIECCOB U CUCTEM.

4.1.4. UnTepHeT-pecypcsl:

1. http://www.intuit.ru — caiiT TucTaHIMOHHOTO 00pa30BaHusl B 001aCTH HHPOPMALIUOHHBIX
TEXHOJIOTU
2. http://window.edu.ru — o6pa3oBatesibHbIC PECypChl BEAYIIUX BY30B

4.1.5. IlporpammHoe odecnieyeHune
1. Onmnepanuonnas cucrema Windows Bepcust XP u Bbime, Opaysep Internet Explorer mim
nr000I APYroii, MHTErpupoBaHHkIi TaketT Microsoft. MathCad.

5.2. MaTepuajibHO-TeXHHYECKOE 0O0ecnevyeHue TUCHUIINHBI
JIEKIIMOHHBI KypC MPOBOTUTCS B AyAUTOPHUSX, OCHAMICHHBIX MYJIbTUMEIUNHBIM
npoekTopoM. JlaGoparopHbIe 3aHATHS MPOBOAATCS B KOMIIBIOTEPHBIX KIaccax, B KOTOPBIX
yctaHoBieHa mporpamMa Microsoft Visual Studio 2010, 2012, a takke Apyrde CHCTEMBbI IS
pa3paboOTKH MPOrPAMMHBIX MTPUIIOKECHHI.
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BBEJIEHUE

Meroanyeckue ykazaHus cofepkKar IepedeHb BapUaHTOB 3aJJaHUN JJIs1 KOHTPOJIBHBIX padoT,
TpeGoBaHuUs K 0)OPMIICHNIO KOHTPOJIBHBIX Pa0dOT, IPUMEP BBHITIOTHEHHUS 33/1aHUs, a TAKKe
y4eOHO-MEeTOIMYECKOe U MHPOPMALIMOHHOE 00eCIeYeHUE AUCIUTIINHbBI

TexHo0rnYecKas KapTa cCaMOCTOATEIbHON PadoThl CTY/ICHTA
CpenctBa u OO0OBeM 4acoB, B TOM YHCJTIE
Kongr
TEXHOJIOTUH CPC | Konraktnag | Bcero
pean3yeMbIxX Bun nesrensHocTi
. OIICHKH pabora ¢
KOMITETEHIIMH, CTYJICHTOB
npernojaBaT
MHAMKaTOpa(oB)
elleM
S CEMECTp
K-1 CaMoCTOSTEIILHOE CobecenoBanue
K-3 W3y4eHUe 48,24 5,36 53,6
JUTEPaATyPhI
IToaroroBka K CobecenoBanne
TK-1 6 7,56 0,84 8.4
TIK-3 1a00paTOPHEIM , , ,
3aHATUIM
IK-1 IToaroroBka Jloxmnan 9 1 10
[1IK-3 oKJ1aaa
HTtoro 3a 5 cemectp | 64,8 7,2 72
6 cemecTp
CaMoCTOSTENILHOE CobecenoBanue
TK-1 U3yYCHUE 3,96 0,44 4,4
HK—3 y[I i) 1 )
JUTEPATYPBI
IToaroroBka k CobecenoBanue
TTK-1 1a6OpaTOpHHIM 8,64 0,96 9,6
I1K-3 paTop ' ’ ’
3aHATUIM
[1K-1 IloaroroBka Jlokman 9 1 10
I1K-3 JToKnama
HToro 3a 6 cemecTp 21,6 2,4 24
HUroro | 86,2 9,6 96

1. ®OPMYJIMPOBKA 3AJAHUSA U ET'O OFBEM

KonrtpomnbHas paboTta BKIO4YaeT B ce0€ BOMPOCHI IO TeMaM, KOTOPbIe HY’KHO MU3YYHUTh O U
110 HUM MOATOTOBUTH OTYET. Pe3ynbTaThl BBIMOIHEHHS] KOHTPOJIbHON paOOThI IPEIOCTABISIOTCS B
AIIEKTPOHHOM BHUJE W pacnedaTaHHoM Bujae. OObeM KOHTPOJIbHOM paboThl coctaBnser 10-15
NeYaTHbIX JUCTOB popmaTa A4.

BapuanTsl 3ajannii BBIOUPAIOTCS U3 TaOIUIBI IO MOCIEHEeNH U(pe 3a4eTHOW KHUKKH.

2. OBIIME TPEBOBAHMUS K HAITIMCAHUIO U O®POPMJIEHUIO PABOTbBI

KonTtponbhast pabGota BeIMONHSAETCS U craaercs B diekTpoHHoM Bujae Ha CD/CDRW
HOCHUTeJIe U B pacneyaTaHHOM Buje. Ha koHBepTe HE0OXO0MMO yKa3aTh Ha3BaHUE AUCLUIUINHBL,
®UO crynenTa, pakyabTeT, HOMEp Ipynmbl, mMUdp 3a4eTHON KHIKKU, No BapuaHTa 3aJaHus, U
CIHCOK BCEX CO3JIaHHBIX B XOJI€ BHIMOJIHEHUS 3a/1aHus (paiiioB.

IIpuBeIeHHBIN B KOHIIE METOAMYECKHUX YKA3aHUN CIUCOK JINTEPATyphl MOXKET HCIOJIB30-
BaThCSI CTYJICHTaMU TPH BBHITIOJHEHUU KOHTPOJIBHOM pabOTHI.
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3. BAPUAHTBI 3AJJAHUW JJII CTYJIEHTOB 3AOYHOH ®OPMBI
OBYYEHUA

3amanue Ne 1:
Tema 1. O01mme noHATHA HHPOPMANMOHHBIX NPoLeccoB. OCHOBHbIE MOHSTHS TEOPUH
CHCTEM.
Onucath MaTeMaTH4YeCKHME METOAbl M MOJENU CIEAYIOIUX cucrteM (MOCTaHOBKA 3ajaud,
OCHOBHbBIE YPAaBHEHUS).
ba3zoewtii yposens

1. JleTepMUHUPOBAHHBIC CUCTEMBI.

2. CnyyaliHple TIPOIIECCHI.

3. Opnnokananbabie CMO (cHCTEMBI MACCOBOTO OOCTYKMBAHUS) C OTKA3aMHU.

4. OpnokananbHbie CMO (cucTeMbl MacCOBOTO OOCITYKUBAHUS) C OYEPEIBIO.

5. Mmuorokanansabie CMO (cucTteMbl MacCOBOTO OOCTY>KUBAHUS) C OTKa3aMH.
Ilogviuennulit yposens

6. Muorokanansabie CMO (CHCTEMBI MaCCOBOTO OOCITY)KHBAHHS) C OUEPEIBIO.

7. MapkoBCKH€ ClTydailHbIe TTPOIIECCHI.

8. JluckpeTHble 1eTepMUHUPOBAHHBIE CUCTEMbI (KOHEYHBIE aBTOMATHI).

9. Ceru Ilerpu.

10. CraunoHnapHsble cay4yaiiHble TPOIECCHI.

3amanue Ne 2:
Tembl 7-8. I PexTBHOE KOTUPOBaHHE, H30BITOUYHOCTD coo0ennii. Meron Xaddmana.
OcyiecTBUTh KoaupoBanue MetoioM Xaddmana 3agaHHON Ppasbl:
ba3zoewviit 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
Iogvtuennwlit 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
3amanue Ne 3:
baszoeuviit yposens

Bri6path u3 3amanus 2 koa ciosa (Wi ¢ppasbl, HE MeHee 6-TH CUMBOJIOB). 3aKOAUPOBATh
€ro ¢ IIOMOIIBKO KOIa X3MMHUHTA. HpCIlHOJ'IO)KI/ITB, yro B N-M cuMBoIe KOAOBOIo CjiOBa B
MpoIiecce mepeaavn 1Mo KaHaiy CBsI3H, MPOU30IILIa OIIHOKa.
Ilogvtuennulit yposens
[IponemoHcTpupOBaTh OOHAPYXKEHUE OMIMOKKA B COOOIIEHWH, 3aKOJUPOBAHHOM KOJOM

X3MMHUHTA.

3aganue Ne 4:
Temsbr 12-13. MapkoBckue ciay4aiinble mpoiecchl, kiaccupukanus. MapkoBckue menu.
HenpepsiBabie wnenum MapkoBa, ypaBHenue Kouamoroposa. Cucrema rulenu w
Pa3sMHOKeHHs.
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Jlaubl MaTpulbl NEPEXOAHBIX XapaKTepUCTHK. OIpenenuTh BEPOSTHOCTU COCTOSIHUM
CUCTEMBI I0cJIe 33JJaHHOT0 KonmdyecTBa nHTepBajioB Bpemenu (N). [IpuBectu curnanbHblil rpad

cUCTeMbI U Bce Bhruuciienusi. Hauanbubie yemosust: P1(0)=1, P2(0)=P3(0)= ... =0.
ba3zoewtii yposens
1. N=2
0.5 03 0.2 0
0 04 04 0.2
0 0 0.3 0.7
0 0 0 1
2. N =4
05 03 0.2
0 04 0,6
0.7 0 0.3
3. N=3
0.5 03 0.2 0
0 04 03 03
0 0 04 0.6
0 0 0 1
4. N=3
05 03 0.2
0 04 0.6
0 0 1
5. N=4
0.5 03 0.2 0
0 04 04 0.2
0 0 03 0.7
0 0 0 1
Ilosvtuennulii yposens
6. N=5
0.5 03 0.2
0.2 04 04
0 07 03
7. N=3
05 03 0.2 0
0 04 04 0.2
0 0 0.3 0.7
0 0 0 0.1
8. .N=4
05 03 0.2
0 0.6 04
0 038 0.2
9. N=2
05 0.3 0.2 0
0 04 04 0.2
0 0 0.3 0.7
0 0 0 01
10.N=4
0.5 03 0.2
0 0.6 04
0 0.7 0.3
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3aganue Ne 5:
Tembr 14-16. KommoHeHTHI W KJaccupukanus Mojesell MaccoBOro o00CTYy:KHUBAHHS.
OnnokananbHasgs CMO ¢ orkazamu. OgHokananbHass CMO ¢ o:kujganneM U OrpaHUYeHHOM
oyepenbw. OpnokanaabHas CMO ¢ oxugaHMeM M HEOTPAHMYEHHOH oOuepeabIo.
MpuorokanajanHasgs CMO c orkazamu. Muorokanajabnasg CMO ¢ o:xxuganuem.

[Momyuuts xapaktepuctuku CMO u omnpenenuth (UHATBHBIE BEPOSITHOCTH (eciu
CYILIECTBYIOT).
ba3zoewviit yposens

1. Macrepckast 1o peMOHTY OBITOBOI anmapaTypsl UMEET MATh MacTepoB (1 = 7). B cpennem
B TEUCHHME pabodero JHsS OT HaceleHus nocrymaer B peMoHT 10 ammapatoB (4 = 10).
OOmiee yuciO ammaparypbl y HAacelIeHHS OYEHb BEIMKO, BBIXOJAUT OHA U3 CTPOS B
Clly4yallHbIe MOMEHTBI BPEMEHHU HE3aBUCUMO JIpyr oT apyra. [losTomy MOXHO CUMTaTh
MOTOK TpeOoBaHU Ha OOCITyXHBaHHE IMYyaCCOHOBCKMM. MacTepa MMEIOT OIAMHAKOBYIO
KBauduKanuoo. B cpemHemM oauH Mactep OOCIy)KHBaeT 5 ammapara B JeHb ([ = D).
Onpenenuth mapameTpsl 3HHEKTUBHOCTH PAOOTH CHCTEMBI.

2. bunernas kacca pabotaet 0e3 nepepbiBa. bunersl npogaer oaun kaccup. CpenHee BpeMs
obcnmyxxuBanuss — 6 wmuH. Ha kaxmoro demoBeka. CpemHee YHCIO TACCaXHUPOB,
JKEJAUX MpuoOpecTu OMIIETHI B Kacce B TEUEHUE OJJHOTO yaca, paBHO A = 10 macc/4ac.
Bce notokwu B cucteme npocreiinine. OnpeaenuTe CpeIHIo IITUHY OUepeIn, BEPOITHOCTh
MIPOCTOSI Kaccupa, CpeHee BpeMs HaXOXKACHHs Maccaxupa B OMIIETHOM Kacce (B ouepean
1 Ha 00CITy’)KMBaHUU), CPEAHEE BPEMS OKUJIAaHUS B OUEPEAH B YCIOBUSX CTAI[MOHAPHOTO
pexxrMa paboThl KacChl.

3. Toct pmarHocTukm aBTOMOOWIIEH mpenacTaBiseT coboil omHokaHampHyro CMO c
OTKa3aMu. 3asiBKa Ha IMarHOCTUKY, TOCTYUBIIAs B MOMEHT, KOT/Ia IIOCT 3aHST, OJIy4aeT
0TKa3. MHTEHCHMBHOCTh MOTOKA 3asBOK Ha IuarHoctuky A =0,8 aBTOmMOOuWIs B dac.
Cpenusist mpoI0JKUTEILHOCTH quarHocTuku t = 1,2 yaca. Bce moToku coObITHI B cucTEME
npocrteiimue. OnpeneanuTh BEpOITHOCTHBIE XapaKTEPUCTHKU CUCTEMBI B YCTAHOBUBIIIEMCS
pexume.

4. . B Oyxrantepuu mOpeanpusThs UMEIOTCS JBa Kaccupa, KaKIbIA U3 KOTOPBIX MOXKET
obcmyxxuth B cpenHeM 30 cOTpyaHUKOB B 4ac. [IoTOK COTPpYAHHMKOB, MOJTyYarolIUX
3apaboTHYIO MIIATy, — MPOCTEHIINIA, C THTEHCUBHOCTBIO, paBHOU 50 COTPYAHUKOB B 4ac.
Ouepenp B Kacce HE OrpaHnueHa. JIMCIUIUIMHA OYepen He peryiaMeHTHUpoBaHa. Bpems
00CTyXKMBaHUSI TOJYMHEHO SKCIIOHEHIIMAILHOMY 3aKOHY pacmlpeseneHus. Berauciute
BEpOSTHOCTHBIE XapakTepucTuki CMO B CTallMOHApHOM PEXKUME U ONpPENeTuTe
1eJ1ecO000pa3HOCTh IPHUeMa TPETHEro Kaccupa Ha MpeanpusITHe, paboTaoIIEro ¢ TaKOH ke
MIPOU3BOUTEIILHOCTHIO, KAK U MEPBHIE JIBA.

5. Macrepckas mo peMOHTY OBITOBOM amnmapatypbl HIMEeT TpeX MacTepoB (n = 3). B cpennem
B TeucHHE pabodvero JHsS OT HaceleHus mocrymaeT B peMoHT 10 ammapatoB (A4 = 10).
OO0miee 4ucloO ammaparypbl y HAceleHHUS OYEHb BEITHKO, BBIXOJUT OHA U3 CTPOS B
CIy4yallHbIE MOMEHTHI BPEMEHH HE3aBHUCUMO JIpyr oT apyra. [loaToMy MOXHO CUMTaTh
MOTOK TpeOoBaHUN Ha OOCITY)XMBaHHE ITYaCCOHOBCKMM. MacTepa MMEIOT OJMHAKOBYIO
kBanuduKanuoo. B cpennem oauH mMactep oOCiykuBaeT 2,5 ammapara B JaeHb (U = 2,5).
Onpenenuth mapaMmeTpsl YPPEKTUBHOCTH PAOOTHI CUCTEMBI.

Ilosvtuennwtii yposens
6. bunernas xacca pabotaer 6e3 nepepsiBa. bunersl npogaer onun kaccup. CpeaHee Bpems
oOcinyxuBanuss — 2 MuH. Ha kaxmoro denoBeka. CpelHee YHCIO MAcCaXUPOB,
KeNaKoIIKUX MPHOOPEecTH OMIIETHI B Kacce B TEUEHUE OJHOTO yaca, paBHO A = 20 macc/dac.
Bce notoku B cucteme npocreitmue. Onpenennte CpeaHIor IJMHY 0Yepean, BEPOATHOCTh
IPOCTOS Kaccupa, CpeHee BpeMst HaX0KJICHHsI accakupa B OMIIETHOM Kacce (B ouepenu
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10.

U Ha OOCITy’)KHBaHUM), Cpe/lHEEe BPEeMsl 0)KUJAHHS B OUEPEIH B YCIOBHIX CTAI[HIOHAPHOTO
pekuma paboThl Kacchl.

[Toct nuarHOCTMKM aBTOMOOWIEH mpencTaBisier coOoi oxHokaHamepHylo CMO ¢
OTKa3aMH. 3asiBKa Ha IMarHOCTUKY, IOCTYNHUBIIAsi B MOMEHT, KOTa IIOCT 3aHAT, [10JIy4aeT
0TKa3. VIHTEHCHBHOCTh IOTOKa 3asBOK Ha JAMAarHocTuky A =0,4 aBTOMOOWMIS B Hac.
CpenHsist poI0JDKUTEILHOCTh quarHocTuku t = 0,5 yaca. Bce moToku coObITHIT B cUCcTEME
npocreiimue. OnpeneanuTb BEpOATHOCTHBIE XapaKTEPUCTUKU CUCTEMBI B yCTAHOBUBLIEMCS
peKuMme.

. B Oyxranarepuu npeanpusiTHs UMEIOTCA JBa KAacCHUpPa, KKABIM M3 KOTOPBIX MOXKET
oOciyxuth B cpeqHeM 20 coTpyaHHKOB B 4Yac. IIOTOK COTpYyAHHKOB, MOTYyYaroLIMX
3apaboTHYIO IJIaTy, — MPOCTEHIINNA, C MHTEHCUBHOCTBIO, paBHOI 30 COTpYIHUKOB B yac.
Ouepenp B Kacce He orpaHuyeHa. JlUcUuIUIMHA Oo4Yepelu He periiaMeHTHpoBaHa. Bpewms
00CIyXMBaHUS TOJYMHEHO 3KCIIOHEHI[MAJIbHOMY 3aKOHY pacupeeneHus. Beramcnure
BEPOSATHOCTHbIE XapakTepucTuku CMO B CTallMOHAPHOM pPEXUME U ONpEACIUTe
11eJ1€c000pa3HOCTh IPUEMa TPETHETr0 Kaccupa Ha IPEIpUsITHE, padOTaIOIIET0 ¢ TaKOH ke
IPOM3BOIUTENBHOCTBIO, KaK U MEpBbIE J1BA.

MacTtepckast 10 peMOHTY OBITOBOM anmaparypbl UMEET MATh MacTepoB (1 = 5). B cpennem
B TeueHHe paboyero JHs OT HACEJCHUs IocTynaeT B peMoHT 15 ammaparoB (4 = 15).
OOwee uyucilO amnmaparypbl y HacelleHUs OuYeHb BEJIMKO, BBIXOJUT OHA U3 CTPOs B
Clly4aiiHble MOMEHTBI BPEMEHM HE3aBHCUMO Jpyr OT japyra. [lo3romy MOXXHO cuuTarh
HOTOK TpeOoBaHMI Ha OOCIy)KMBaHHE IyacCCOHOBCKMM. MacTepa MMEIOT OJIMHAKOBYIO
KkBanuduKanuoo. B cpemHemM oauH Mactep oOcimykuBaeT 4 ammapara B JeHb (U = 4).
Onpenenuts napameTpsl 3PHEKTUBHOCTH pabOThI CUCTEMBI.

bunernas xacca paboraet 6e3 nepepsiBa. buiers! mpogaer oauH kaccup. CpenHee BpeMs
oOciyxuBanuss — 5 MuH. Ha kaxnoro dyenmoBeka. CpeaHee 4YMCIO IAccaXHpoB,
JKeJaluX NpuoOpecTn OUIIETHI B Kacce B TEUEHUE OJJHOTO yaca, paBHO A = 15 macc/dac.
Bce notoku B cucreme npocreiimue. OnpenenanTe CpeaHIo JUIMHY 04epein, BEpOSITHOCTh
IPOCTOS Kaccupa, CpeiHee BpeMst HaX0xKJIeHHsI Taccakupa B OUIIETHOM Kacce (B ouepenu
U Ha 00CITy’)KMBaHHMM), CPEIHEE BpEeMsl OXKHIaHUS B OUEPEAU B YCIOBUAX CTALMOHAPHOTO
pekuma paboThI Kacchl.

3ananue Ne 6:

Tema 17. CoBpemeHHble MeTOAbl NPUHATHSA pelieHuii. [IpuHsTHE pelleHuii B YCJI0BUAX
HeonpeaejaeHHOCTH. KpuTepun NnpuHATHA pelIeHUI B YCJIOBUSIX HEONPEACJICHHOCTH.
HeoOxonnMo NpuHATH pelieHHe B YCIOBUSX HEONPEIEICHHOCTH 10 MaTpulle 3aTpar ¢
UCIOJIb30BaHUEM pa3nyHbIX Kputepues (Jlamaca, Bansaa, Casuka, I'ypBuna).

ba3zoewtii 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.
S1 S2 S3 S4
R1 6 2 20 24
R2 9 7 9 28
R3 3 8 15 19
3.
S1 S2 S3
R1 26 12 20
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R2 9 27 9
R3 23 18 15
4.
S1 S2 S3 S4
R1 6 12 20 24
R2 9 27 9 28
R3 23 18 15 19
R4 27 24 21 15
S.
S1 S2 S3 S4
R1 6 12 20 24
R2 9 27 49 28
R3 23 18 15 19
Ilogviuennulit yposens
6.
S1 S2 S3
R1 6 12 20
R2 9 37 9
R3 15 10 12
7.
S1 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.
S1 S2 S3 S4
R1 16 12 20 24
R2 29 27 29 28
R3 23 18 15 19
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4. TIPUMEP BBIIIOJTHEHUSI KOHTPOJIbHOM PABOThHI

3aganue Ne 1. Onucatb MaTeMaTH4YeCKHe MeTOAbl H MOJIeJIM CHCTeM (IIOCTAHOBKA 3a/1a4M,
OCHOBHbIE€ YPABHEHHUS).

OAHOKAHAJIbBHAS CUCTEMA MACCOBOTI'O OBCJIY>XXKMBAHUA (CMO) C
OYEPEJIBIO

Cucrema MaccoBOro oOCIy)XKMBaHHSI MMEET OJIMH KaHal. Bxonsdmmii moTok 3asBOK Ha
o0CIyXKMBaHUE — TMPOCTEHIIMI TOTOK C WHTCHCHMBHOCTBIO A. VIHTEHCHBHOCTH TIOTOKA
oOciyxuBaHUSl paBHa [ (T.e. B CpeOHEM HEIpPEpPHIBHO 3aHATHIM KaHan OyJeT BblIaBaTh |
00CITy’)KEHHBIX 3asBOK). /JINTENbHOCTh OOCITY)KMBAaHUS — CiIydailHasi BEJIWYMHA, IOJYUHEHHAS
MOKa3aTeJIbHOMY 3aKkoHy pacnpeneneHus. [loTok oOciyxkuBaHUM ABISETCS MPOCTEUILINM
MyaCCOHOBCKUM IOTOKOM COOBITHI. 3asBKa, MOCTYNUBIIAs B MOMEHT, KOI/Ia KaHal 3aHsT,
CTaHOBUTCS B OUEPElb U OKUIAET 00CITYKUBAHUS.

[Ipenmonoxum, 9TO HE3aBUCUMO OT TOTO, CKOJBKO TpEOOBAHUU MOCTYNMAaeT Ha BXOJ
oOciyXuBaroLieil cucTeMsbl, JaHHasi cucTeMa (o4yepeb + 00CiIy)KMBaeMble KJIMEHTbI) HE MOYKET
BMecTuTh O60s1ee N-TpeboBaHuil (3as5BOK), T.€. KITUEHTHI, HE TIOMABIINE B OKUJAHHE, BHIHYKICHBI
00ciy)UBaThCs B Apyrom Mecte. HakoHel, ICTOYHMK, TOPOK A0 3asBKU Ha 00CITyKUBaHUE,
UMeeT HEOTPaHUYCHHYIO (0€CKOHEYHO OOJIBIIYI0) €MKOCTb.

I'pa¢ cocrossanit CMO B 3TOM cityyae UMEET BU/J, IOKa3aHHBIN Ha puUC.

A A A A A A
@ueu@ v »
Puc. I'pa Pa3sMHOXKEHU)
B B I p B

CocrosiHus

So— KaHaJ cBOOOEH;

S1 — kanan 3aHAT (04epeau HeT);

S2 — kanai 3aHAT (0/1HA 3asiBKA CTOUT B OUYEPE/IN);

Sh — kanau 3aHAT (1 - 1 3a9BOK CTOMUT B OUYEpEIN);

Sn — kanan 3aHAaT (N - 1 3asIBOK CTOMT B ouepein).

CranuoHapHBbIi Ipoliece B TaHHOH cucTeMe OyJeT ONMUCHIBATHCS CIEAYIOIIeN cucTeMOon
anredpandeckux ypaBHEHHUM:

[ R bt bt

1—~(1-p)B, + P, +pP,; =0, O<n<N;

L—PN +p'PN_1 =(, . n=~N,

p=%;
rae P=—;
7

h —~ HOMEP COCTOAHUS.

Pemenne nmpuBeeHHOM BBIIIE CUCTEMBI YpaBHEHMM 111 Hameil mojgenu CMO nmMeer BUA:
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[I—J:Kﬁ’:l—]-p", p#l, n=0,1,2,.., N
P ={\'"P
1
N+’

p=1;

1-p

Torna

Py-p" p#l, n=12,.., N,
=1 1
(N+l)’

p=1.

Onpenenum XxapakTepUCTUKHU oJHOKaHalbHOU CMO ¢ 0)KHJIaHWUEM U OTPAHUYEHHOMN JUTMHOMN

ouepenu, paBHor (N — 1):
1. BeposSITHOCTH OTKa3a B 0OCIY)KUBAHUU 3asBKU:

1=
( £ JPN, pl,
I-p +1
Forx =Py = :
(N+D’

p=1

2. OTHOCHUTENIbHAsS IIpOITyCKHaA CIIOCOOHOCTH CHCTEMBI:

1- -J:-B_ pN! p#'-l:
I _pN+]
g=1-Fyy =
]
1-———, p=1;
w+y P
3. abcoioTHAs MPOITYCKHAs CIIOCOOHOCTH:

4, CpCAHCC YUCIIO HAXOAAINXCA B CUCTCME 3asiBOK:

Y p-[l—(N+l)-pN+N-pN+1

_ P = ., p#l
Ls=2nbr (1-p)--p"*)
N/2, p=1;
5. cpeaHee BpeMs NpeObIBAHUS 3asIBKU B CUCTEME:
L
W, =— 5
AML-Py)

6. CpCaHAA MTPOAOJIKUTCIIBHOCTD Hpe6LIBaHI/IH KIIMCHTAa (3a;1131<1/1) B oUCpCau:

qu WS_ 1/u;

7. cpeaHee YHCIO 3asBOK (KJIMEHTOB) B oYepean (IUIMHA OUepe/n):
Ly =M1 - Py,
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3aganue Ne 2. OcymecTBUTH KOAUpOBaHHe MeT00M Xa(pgMaHa 3a1aHHOH (Ppa3bl:
Many a little makes a tickle

Pewenne:

[Toctpoum nepeBo Xaddmana:

_a t I e i m kK s ¢ y n
5 4 3 3 3 2 2 2 1 1 1 1
| |\ [\ [\ / 0N 1/ o\ 1/
| | \ / \ / \ / 2 2
| | 0\ 1/ 0\ 1/ 0\ 1/ 0\ 1/
| | 6 5 4 4
0\ 1/ 0\ 1/ 0\ 1/
9 11 8
\ | /

| 17
0\ 1/
28

JIBOMYHBIN KOJ CHUMBOJIOB:
—100
—101
—000
—001
—010
—011
m —1100
—1101
—11100
—11101
—11110
—11111

- 0o — o]

oS <O 0n X

3aganue 3.

Bri6path u3 3amanus 2 koa ciaoBa (Wi ¢ppassl, HE MEHee 6-TH CUMBOJIOB). 3aKOAUPOBATh
ero ¢ momouipio kojga XsmmuHra. Ilpeamnonoxuts, 4yto B N-M cHMBOJIE KOJIOBOTO CJOBa B
npoIiecce ImepeIavyn Mo KaHaIy CBSI3H, TPOU30IILIA OIIHOKA.
Pemennue:

[TepeiieM K MOCTPOCHUIO CAMOKOPPEKTHPYIOMIMXCS KOJOB JIIs Ciiy4ast P = 1, KOTOpbIe
Ha3BIBAIOTCS KoOamu Xaommunea. ByneM cuuTaTh, 4TO B KaHAJIC CBSI3M MPH Mepeade COOOIICHUS
MOJKET IMPOU30UTH HEe OoJiee OTHON OMMOKH. ITO 03HAYAET, YTO €CIIM UCXOJHOE COOOIEeHne a1ay
... am Koxupyercs Habopom bib ... b
(I = m+Kk), To Ha BBIXO/Ie BO3MOXHBI CJICIYIOIINE BAPHAHTHI KOJIOB:

bibo ... bi;b*ibyo ... by bib* ... b ... ; bibo ... b*.
Takum oOpa3om, unciio BapuantoB paBHo | + 1. [ToscHuM, 9TO OIIMOKAa MOXET HE MPOU3ONTH,
A100 OHA MPOM30MIET B OAHOM M3 | pa3psa0oB, ¥ CUMBOII Di 3aMEHHUTCS Ha IMPOTHBOIIOJIOKHBIN D*j.
Yucno JOMOHUTEIBHBIX Pa3pSAIOB JUIS TIOCTPOSHUS KOJIOB XEMMHUHTa HY)KHO BBIOpaTh Tak,
4ToObl WX XBaTWJIO Ui KOIUpOBaHHs TmepeuncieHHbix | + 1 ciyuaeB. CremoBaTenbHO,
HE00XO0ANMO YTOOBI BBIITOJIHIOCH
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I
K mo 2
2°>1+1luym 2" = —.
| +1
[TosTomy, 3Hast M, | BEIOHMpaeM Kak HaMMEHbIIEE [IEJI0€ YUCIIO, YIOBIECTBOPSIOIIEE YCIOBHUIO:
|
2
I +1
Yucio | Ha3pBaeTcs AuHOM Koga XoMMHUHTa. YKucao M — 9yuciio nHGOPMAIIMOHHBIX CHMBOJIOB.
3ameuanue: Yautsias, uto | = m + K, MokHO BbiOupath He |, a yncio K, koropoe Ha3bIBaeTCs

YHCIIOM KOHTPOJIHBIX CHMBOJIOB U SIBIISICTCSI HAMMEHBIITUM IISITBIM YHCIIOM, yIOBIICTBOPSIOIIAM
YCJIOBHIO:

2K >kima1.

Hanpumep, ecmu m = 4, 1o | = 7, k = 3. Takum 00pa3oM, Npu MOCTPOCHUH KOJOB XEMMHUHTA,
HIEPBOE, YTO HY)KHO CIeTIaTh: 3TO [0 YUCITy M onpeaeauts yuciaa K u |.

Anroput™m noctpoenus koaa XsMmMmuHra. [lyctes nis cooOiieHus o = ai1dz ... am JJIMHBI M
HEOOXOIUMO ITOCTPOUTH KOa XdoMMHHTa. BozsMeM M = 9; ucxoaHoe coodiieHme

o =101110111 = ajarasas asasayasao.
Torma | =13, k = 4; xox XsMmunra:
B = bibzbsbsbsbeh7bghgbiobi1bi2bas.

1. TlpencraBum kaxmoe umcio | w3 muokectBa L = {1,2, ..., I} B Buge k-paspsimnoro
JIBOMYHOTO YKclia. Pe3ybTaThl 3aMuIieM B BUie TaOIuIb 3.2:
Tabnuua 8.2. JIBoM4HBIE KOJBI YHCEI.

1 2 3 4 H p (7 8 9 [10 11 (12 13
Vo 1 0 g 0o 12 po QLB 0 g O0 1 P p
V1 o L g1 0 o0 @B 1 PO O 1 1 0
V2 o o o0 g o o 1 O O 0 P 1
V3 o o o0 o o o o g B 3 1 o 1

2. Pa36epem MHOeCTBO L Ha K IOJIMHOXKECTB ClIeAYIOIIUM 00pa3oMm:
Lo={i € Lo: Vo=1}; Lo={1,3,5,7,9, 11, 13},

Li={i€L:Vi=1}; L1=4{2,3,6,7, 10, 11},
Lo={i€LxVo=1}; Lo={4,5,6,7, 12, 13},
Ls={i € Ls: V3=1}; L3 =48, 9, 10, 11, 12, 13}.

3. [lepBbie A7eMeHTHI MHOXeECTBa Lj — cTeneHn 2 — ONpeneNssioT HoMepa KOHTPOJIBHBIX
pas3psa0B koaa. OcTanbHbIC ONPEAESIOT HoMepa HH()OPMAITHOHHBIX Pa3psI0B:
b1b2bsbg — koHTpOMBHBIE, D3bsbEb7b9Ib10D11012D13 — MEBOPMaOHHETE.

4. ®opMupoBaHUe 3HaYEHUI HH)OPMAIIMOHHBIX CUMBOJIOB:
bs = a1; bs = az; be = as; bz = a4; by = as; bio = as; b11 = az; b1z = as; b1z = ag.
b3=1;bs=0bg=1;b7=1;bg=1;b10=0;b11=1; b1p=1; b13=1.

5. ®opmMupoBaHUe 3HAYCHUN KOHTPOJIBHBIX CHMBOJIOB:
b1 =bs + bs + b7 + bg + b11 + b1z = 1+0+1+1+1+1=1;

b, = bs + bg + b7 + big + b11 = 1+1+1+0+1=0;
bs = bs + be + b7 + b1o + b1z = 0+1+1+1+1=0;
bg = bg + D10 + b11 + b1o + b1z = 1+0+1+1+1=0;
a=101110111; B=1010011010111

Obnapyoicenue owubKu 8 K0Oax XemMmunea:

[Tycts f*=1010011010011, 1.e. B 11 paspsame nmpousomnuia omuoka.
Vo = b*1 + b*3 + b*s + b*7 + b*g + b*11 + b*13 =1+1+0+1+1+0+1=1;
Vi =Db*2 + b*3 + b*s + b*7 + b*10 + b*11 =0+1+1+1+0+0=1,
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Vo = b*4 + b*s5 + b*s + b*7 + b*1» + b*13 =0+0+1+1+1+1=0;
V3= Dbg + by + b1o + b1 + b1 + b1z =0+1+0+0+1+1=1;
[Tosryunnu: 1101 — gBonuHsbIN Koz uncna 11.

3aganue Ne 1. JlaHbl MaTpuIlbl TEPEXOJHBIX XapaKTepUCTHK. OnpeneauTb BEPOSATHOCTH
COCTOSSHUI CHUCTEMBI IIOCJIE 3aJaHHOro KoiudectBa uHTepBanoB BpemeHu (N). Ilpusectu

CHUTHAJIbHBIN Tpad cucTeMbl U Bce BeruucieHus. Hauanbubie yeiaoBus: P1(0)=1, P2(0)=P3(0)= ...
=0.

N=3
0.5 0.3 0,2
0 04 0,6
0 0 1
Pemenue:
K=1:
0,5 0,3 0,2
(100* |0 04 0,6/=(0,5 0,3 0,2);
|0 0 1|
K=2:
0,5 0,3 0,2
(050302 *|0 04 0,6|=(0,25 0,27 0,48);
|0 0 1|
K=3:
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) =
|0 0 1|

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

CurHanbHbll rpad:

(\ 05

0,2

O

0,6

3ananmue 2.

B Oyxrantepuu mpennpusaTHs UMEIOTCS 2 KacCcupa, KaXIbIi U3 KOTOPBIX MOXKET OOCIYXHTh B
cpenaeM 30 coTpynHHUKOB B 4ac. [IOTOK COTpYyAHHMKOB, MOJYYaOIIMX 3apa0OTHYIO IUIATy, -
MpPOCTEUIINNA, C MHTEHCHUBHOCTBIO, paBHOM 40 corpynHukoB B uac. Ouepeiab B Kacce He
orpaHuueHa. J[MCUMIIIIMHA OYepeau He perjaMeHTHpoBaHa. Bpems oOcnmyknBaHUS MOJYMHEHO
HKCIIOHEHIIUAIbHOMY 3aKOHY pacIlpeiesICHHUs.

Brruucnure BeposiTHOCTHBIE XapakTepucTUK CMO B cTalilmoOHApHOM PEXUME.

Penrtenue:
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0o~ P, = P1 =0.267

3aganue 3. HeoOxomuMo  NpuHATH  pelIEHHME B YCIOBUSX
HEONPEIECTEHHOCTH TI0 MATPHUIIC 3aTPaT C MCIOJIb30BAHMEM pPa3IHYHbIX KpuTepueB (Jlaraca,
Banbna, CaBumxka, ['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

Pemennue:
1) Kpurepwii Jlamaca:
H(R1) =Y * (6+12+20+24) = 15,5;
H(R2) = Y * (9+27+9+28) = 18,25;
H(R3) =Y * (23+18+15+19) = 18,75;
H(R4) =% * (27+24+21+15) = 21,75;
M = min{15,5; 18,25; 18,75; 21,75} = 15,5
OntumanbHas cTpaterus - R1

2) Kpurepwmii Banbna:

S1 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

OntumanbHas crpaterus — R3

3) Kpurepwuit CaBumxa:
Marpuna 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 crpaterus — R1

4) Kpurepuii ['ypBua:
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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 45| 14 18,5
R3 23 18 15 19 /5] 115 |19
R4 27 24 21 15 75| 135 |21

OnrtumaneHas crpaterus — R1

5. KPUTEPUUM OLIEHUBAHUSA PABOTBI

O1eHKa «OTJIMYHO» BBICTABIIETCS CTYIEHTY, €CIM OH MPOJEMOHCTPUPOBA IIyOOKHE,
UCUCPIIBIBAIOIIME 3HAHUS W TBOPYECKHE CIIOCOOHOCTH B TOHMMAaHUHM, H3JI0KEHUU U
UCIOJIb30BaHUM  y4eOHO-NPOrpaMMHOIO  Marepuana;  JIOTHYECKM  IOCIeJOBaTeNbHBIE,
COJZIepKaTeNbHbIE, MIOJIHBIE, IPABUIIbHBIE U KOHKPETHBIE OTBETHI HA BCE ITOCTABIEHHBIE BOIIPOCHI
U JIONOJHUTENbHbIE BONPOCHl IpenojaBaTess; CBOOOJHOE BJIaJeHHE OCHOBHOW U
JOTIOJTHUTEIILHOM JTUTEPaTypoil, PEKOMEHIOBAaHHOM y4eOHOI MporpaMMOi.

OneHka «XOpoIIo» BBICTABIAETCS CTYACHTY, €CIU OH IPOIAEMOHCTPUPOBAI TBEPIBIE U
JIOCTATOYHO TIIOJHBbIE 3HAHUSA BCEr0 MPOrPaMMHOIO MarTepuasna, IPAaBWIBHOE ITIOHUMaHUE
CYIIHOCTH M B3aMMOCBSA3M PAacCMAaTPUBAEMBIX IIPOLIECCOB M SBJICHMM; IOCIEIOBATEIbHBIE,
IIPaBWJIbHbIE, KOHKPETHBIE OTBETHl Ha IOCTABJIEHHBIE BOMIPOCHI MPU CBOOOJHOM YCTPAaHEHUU
3aME4YaHHUi M0 OTIEIbHBIM BOIIPOCAM; JOCTATOYHOE BJIAJECHUE JIMTEPATYPOH, PEKOMEHJOBAaHHON
yueOHO porpaMMoii.

OneHka «yIOBJIETBOPUTEIBHO» BBICTABISETCS CTYAEHTY, €CIIM OH IPOJEMOHCTPUPOBAI
TBEpJIbIC 3HAHUS ¥ IOHMMaHUEe OCHOBHOTO NMPOTPAaMMHOT0 MaTepHaa; mpaBmiIbHbIe, 0€3 rpyObIx
OLIMOOK OTBETHI HA IMOCTABJICHHBIE BOIIPOCHI MPH YCTPAHEHUH HETOYHOCTEH M HECYIIECTBEHHBIX
OIIMOOK B OCBEIICHUM OTAENbHBIX IOJOXEHUH MpU HaBOISAIIMX BONpPOCaxX MperoaaBaTes;
HE/I0CTaTOYHOE BIIAJICHUE JINTepaTypoi, peKOMEHA0BaHHON yueOHON MpOrpaMMOi.

OneHka «Hey10BIETBOPUTENIbHOY BBICTABIISAETCS CTYJACHTY, €CIIM OH IIPOJAEMOHCTPUPOBAT
HENpaBWIbHbIE OTBETHl HAa OCHOBHBIE BOINPOCHI, JOMYIIEHbl TpyOble OMMOKM B OTBETAX,
HEIIOHUMAHNE CYIIHOCTH W3JIara€MbIX BOIPOCOB; HEYBEPEHHBICE M HETOYHBIE OTBETHl Ha
JIOTIOJIHUTEIILHBIE BOIIPOCHI.

6. MOPAAOK 3AIIUTHI PABOTbI

3ammTa KOHTPOJILHON paOOThI TPOBOJUTCA B BUJE HAYYHOTO JUCKOCA C IEMOHCTpAIeit
BBITIOJTHEHHBIX 3aJlaHui, B COOTBETCTBUU C rpadukom 3amuThl. [locnme mokmana cTyaeHTy
3aJIaf0TCSI BOMIPOCHI KaK MperojaBaTeieM, TaK U CTYJIEHTaMU TPYIIIIHI.

B nporiecce 3amuTel cBoeit paboOThI CTYACHT JAeTaeT AOKIaA MPOAoHKUTeNsHOCThIO 7-10
MHUHYT. HOKJ’IZUI JOJIDKECH OBLITH npeaABapuTCIIbHO MOATOTOBJICH CTYACHTOM. CTy}IeHT JOJIPKEH
CBOOOJHO OPUEHTHPOBATHCS B CBOEH padoTe.

B BBICTYIINICHUN HCO6XO)II/IMO KOPPEKTHO UCII0JB30BaTh J€EMOHCTPAIIMOHHBIC MaTCpHaJIbI,
KOTOpBIC YCUIIUBAIOT JOKA3aTEIbHOCTh BBIBOJOB U OOJIETYaIOT BOCTIPUATHE IOKIIA/1a CTYICHTA.

7. YYUEBHO-METOJINYECKOE W MH®OPMAIIMOHHOE OBECIEYEHHWE
JTUCIHUATLITAHBI

7.1. IlepeyeHb OCHOBHO U 1I0NOJIHUTEJIBLHOM JINTEPATypPbl, HEOOX0IMMON /17151 0OCBOEHUS
AUCHHILIMHBI

7.1.1. IlepevyeHb OCHOBHOM JIMTEPATYPbI:
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1. biiuakoB FO.B. OcHoBBI Teopuu MH(YOPMAITMOHHBIX MTPOIIECCOB M CUCTEM: YUeOHOe rmocodue —
[Ten3za: [II'YAC, 2011. — 184 c.
2. Yepnbiie A.b., AatonoB B.®., Cyronosa I'.b. Teopust ”HPpOpMAIIMOHHBIX TPOIIECCOB U
cuctem. — CtaBponois: M3a-so CKOY, 2015. - 169 c.

7.1.2. IlepeyeHb JONOJTHUTEILHOM JIUTEPATYPbI:
1. KopukoB A.M. Teopus cucrem u CUCTEMHBIN aHanm3: yueO. mocodue/ A.M. Kopuxos, C.H.
[TaBnoB. -2-¢ u3x., nom. u nepepad. — Tomck: M3a-so: TYCVYP, 2009. — 264 c.

7.2 TlepeyeHb Y4eOHO-METOAUYECKOTO oOecleyeHHsI CAMOCTOSITEJbHON PadoThI
ol0yyawmmxcs Mo AucuumInHe. MeTtoauyeckas Jureparypa:

3. YepusimieB A.b. Metoandeckue yka3aHHs IO BBIIOJIHEHHIO Ja0OPAaTOPHBIX PaboT 1o
mucuurunie «Teopus HHPOPMALMOHHBIX MpoleccoB U cuctem». [laruropek: CKOY, 2017.
4. YepusimeB A.b. Metoanyeckne peKOMEHIAIMHY JUTS CTYACHTOB 110 OpraHU3aluu

CaMOCTOSITENIbHOU PaboThI Mo AucuuIuinHe «Teoprs HHPOPMALMOHHBIX MPOLIECCOB M CUCTEM).
[Taruropck: CKOYVY, 2017.
S. UYepnsimes A.b. Meroanueckue peKOMEHAAUH JJIs CTYAEHTOB 110 BBIIIOJHEHHUIO
KOHTPOJIbHBIX paboT no aucuurinie « Teopust ”HPOPMAIIMOHHBIX MPOIECCOB U CUCTEM).
[Taturopck: CKOVY, 2017.

7.3. IlepevyeHnb pecypcoB HHGPOPMAIHOHHO-TEIeKOMMYHUKANIMOHHOM ceTH « UHTEepHETY,
He00X0AMMBIX /151 OCBOCHHS TUCIUIIIUHBI:

3. http://www.intuit.ru — caiiT uCTaHIMOHHOrO 0Opa3oBaHus B 0071aCTH HHPOPMAITHOHHBIX
TEXHOJIOTUI
4. http://window.edu.ru — o6pa3zoBarebHbIe peCypChl BEIYIIHX BY30B
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MUHUCTEPCTBO HAYKH U BBICILIET'O OBPA3OBAHUS PO
OEJIEPAJIBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YUPEXJIEHUWE BBICHIEI'O ObPA3OBAHUA
«CEBEPO-KABKA3CKHWI ®EJIEPAJIbHBI YHUBEPCUTET»
[Tsaturopckuit uaCcTUTYT (prmmnan) CKOY
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3. HEJIb U 3AJAYU OCBOEHUSA JUCIUIIJINHbI

Lenpto u3yyenuro aucuuiuinHbel «Teopus MHOOPMAIMOHHBIX HPOLIECCOB U CUCTEM»
ABJISIETCS.  OCBOCHUE CTYACHTAMU TEOPETHUYECKUX UM IPAKTUYECKUX OCHOB  CO3JaHUs
MH(POPMALIMOHHBIX CHCTEM, a TAK)KE CIIOCOOOB ONUCaHMsI HH(OPMALIMOHHBIX CUCTEM.

3amaun AUCHUIUIMHBL: ONIPECTUTh COBPEMEHHOE COCTOSTHIE Pa3BUTHA HH(POPMALIMOHHBIX
CHCTEM U MX KJIACCH(MKALIMIO; ITO3HAKOMHUTb C METOJIOJIOTUSAMHU U TEXHOJIOTUSAMHU Pa3pabdOTKu
UH(POPMALIMOHHBIX CUCTEM; IPEJCTABUTh ITAIBI CO3/IaHUS U POCKTUPOBAHUS WH(POPMALIMOHHBIX
CUCTEM.

4. TEMBI 1JIs1 CAMOCTOSATEJIBHOI'O U3YYEHUSA

Tema 2. 3akonomepHoctu cucreM. Knaccudukanus cucrem.
Conep:xanue:

Knaccudukanus cuctem.

Pabora ¢ auTeparypoii:

PexomeHnyemble nctouHuku nHpopmanuu (Ne ncTouyHUKa)

OcHoBHasA

HOHOHHHTCHBH&H

Metonnueckas

WuTepHer-pecypcbl

1-2

1

1-2

1-2

OueHovHbIe cpeacTBa: cOOECEIOBAHNE

Tema 3. Curnansl u cucteMsl nepeaauu nHbopmaruu. [lapameTpsl curnana.

Conep:xanue:

HMctounuk I/IH(bOpMaI_II/II/I, nepcaaT4yukK, KaHayl CBA3H, HCTOYHHUK IIOMCX, IIPUCMHHUK, aJIpccar.

Pabora ¢ auTeparypoii:

Pexomenyembie ncrounuku nadopmanuu (Ne nctouHuka)

OcHoBHasA

JononaurenbHas

Mertoanueckas

HNHTepHeT-pecypcesl

1-2

1

1-2

1-2

OneHoYHbIE CPeCTBA: COOECEI0BAHUE
Tema 5. DHTpONUS HENPEPHIBHBIX co001IeHNH. HpOopMallMOHHBINH KaHa, POITYCKHAas

CHOCOOHOCTH KaHaa.
Conep:xanue:

[TonsTue nuddepeHanTbHONR SHTPOIHH.

Pabora ¢ aurTeparypoii:

PexoMenyemble ncrounuku nHpopmanuu (Ne ncTouHuKa)

OcHoBHAasA

JomnonaurenbHas

Mertoanueckas

HNHTepHeT-pecypcesl

1-2

1

1-2

1-2

OneHovHble cpeacrea: coOeceoBaHHUE

Tema 13. HenpepriBubie 1ienu MapkoBa, ypaBaenrne Konmoroposa. Cucrema rudenu u

pPa3MHOKEHHUSI.
Conep:xanue:

(DOpMYJ'ILI AJId  BBIUHUCIICHUSA TIPCACIBbHBIX BepOHTHOCTCﬁ COCTOSIHUM CHCTEMBbI THOeIu u

Pa3MHOKEHUS.

Pabora ¢ aureparypoii:

Pexomeniyemble ncrounuku nadopmanuu (Ne nctouHuka)

OcHoBHAaA

JlononaurenbHas

Mertoanueckas

HHTepHeT-pecypcesl

1-2

1

1-2

1-2

OueHouHbIe CpeACcTBa: coOeceI0BaHUE

Tema 17. CoBpeMeHHbIE METOIbI TPUHATHS pelieHui. [IpuHsITHE pereHnii B yCI0BUIX

HEONPEIeTICHHOCTH.
Conep:kanue:
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ITonsiTHE HEONPENEIEHHOCTH BHEIIHEN cpeabl. [IoHATHE cuTyaluu pucKa.
Pabora ¢ 1ureparypoii:

Pexomenyemble nctounuku nadopmanuu (Ne nctouHuka)

OcHoBHas JlononHurenpHas Meroanueckas HNHTepHeT-pecypcesl

1-2 1 1-2 1-2

OuneHouHble cpeacrea: cobeceqoBaHUE

5. KPUTEPUU OLIEHUBAHUSA KomnereHnumii

OrneHka «OTJIIMYHOY BBICTABIISICTCS CTYACHTY, €ClIU TITyOOKHe, NCUepIbIBAIOIINE 3HAHUS U
TBOPYECKHE CIIOCOOHOCTH B IOHMMAaHMH, U3JI0KEHUH U MCIOJIB30BAHUN Y4EOHO-TTPOTPAMMHOTO
Marepuana; JOTMYECKH IIOCIIEIOBAaTEIbHbIE, COJEpKATelIbHbIC, IIOJHbIE, IpaBUJIbHBIE U
KOHKPETHBIE OTBEThl HA BCE I[IOCTABJICHHBIE BOIPOCHl U JIONOJHUTEIBHBIE BOIPOCHI
mpenojaBaresnisi; CBOOOJHOE BIAJCHHE OCHOBHOM U JIOMOJIHUTEIBHOW  JIUTEpaTypoOH,
PEKOMEH1I0BaHHOM yueOHOM MporpaMMoi.

OueHka «XOpoI10» BBICTABIISAETCA CTYICHTY, €CIIM TBEPAbIE U JOCTATOYHO MOJTHBIE 3HAHUS
BCEr0 IIPOrPpaMMHOIO Marepuasa, IPaBUIbHOE IIOHUMAaHHWE CYHIHOCTM U B3aWMOCBS3U
paccMaTpUBaEeMbIX IPOLIECCOB U SIBJICHUI; OCIEA0BATENbHbBIE, IPABUIIbHBIE, KOHKPETHBIE OTBETHI
Ha MOCTaBJICHHBIC BOIIPOCHI MPH CBOOOTHOM YCTPaHEHHH 3aMEUaHHi TI0 OTACIBHBIM BOIIPOCaM;
JIOCTaTOYHOE BIIAJCHHUE JTUTEPATypPOd, PEKOMEHJOBAaHHON y4eOHOM MpOorpaMMON.

OrneHKa «yIOBJIETBOPUTEIHLHO» BBICTABISIETCSI CTYIEHTY, €CJIM TBEpJAbIe 3HAHUA H
MOHMMAaHHUE OCHOBHOTO ITPOrPaMMHOTO MaTepHalia; IpaBuibHbIe, 6€3 rPyObIX OMIMOOK OTBETHI HA
MOCTaBJICHHBIC BOIMPOCHI IPU YCTPAHEHUU HETOYHOCTCH M HECYIIECTBEHHBIX OIMMOOK B
OCBEIICHUU OTACJIbHBIX MOJIOKEHUN MPU HABOJASIIMX BOIPOCAX MPENoJaBaTess; HeI0CTaTOUHOE
BJIQJICHUE JINTEPATYPOH, pEKOMEHIOBAHHOHN Y4eOHOI mporpaMMon.

OLueHKa «HeyA0BIETBOPUTEIBHOY BbICTABISETCS CTYICHTY, €CJIM HETPABUIIbHbIE OTBETHI
Ha OCHOBHBIE BOIIPOCHI, AOIMYIICHBI TPYOBI€ OIIMOKM B OTBETAX, HETIOHUMAaHUE CYITHOCTH
M3J1araeMBbIX BOIPOCOB; HEYBEPEHHBIE U HETOYHBIE OTBETHI HA JTOIIOJIHUTEIBHBIE BOIIPOCHI

6. YUYEBHO-METOJUYECKOE 1 ”THOOPMAIIMOHHOE OBECIIEYEHUE
JUCHUTINHBI

4.1. PexoMeHayemas Jureparypa
4.1.1. OcHoBHas JIUTEpaTypa:
1. baunxos }0.B. OcHoBBI TEOpHM HH(POPMALIMOHHBIX IIPOLECCOB U CUCTEM: YuyeOHoe nocodue —
[Tenza: I[II'YAC, 2011. — 184 c.
2. Yepubiie A.b., Autonos B.®., Cyronosa I'.b. Teopust HtHpOpMaIMOHHBIX IPOLIECCOB U
cucreM. — CtaBponons: U3a-so CKDY, 2015. - 169 c.
4.1.2. lonoJiHUTE/ILHAS JINTEPAaTYypa:
1. KopukoB A.M. Teopus cucteM U cUCTeMHbIH aHanu3: yued. mocodue/ A.M. Kopukos, C.H.
[TaByoB. -2-¢ u3., noir. u nepepad. — Tomck: M3a-so: TYCVYP, 2009. — 264 c.
4.1.3. Metoanueckasi JJuTeparypa:
6. MeToaudeckue yka3aHUs 10 BBITOJIHEHHUIO JIAOOPATOPHBIX paboT mo muctuiuinHe «Teopus
UH(POPMALIMOHHBIX MPOLIECCOB U CUCTEM.
7. Meromuieckne peKOMEHJAIMH JJIsl CTYIEHTOB TI0 OPTaHU3aIllil CaMOCTOSTEIBHOMN paboTHI 110
mucuuruinbe «Teopus HHPOPMALIMOHHBIX MPOILIECCOB U CUCTEM.

4.1.4. UnTepHeT-pecypcesbl:
5. http://www.intuit.ru — caidiT ITUCTaHIIMOHHOTO O00pa3oBaHUs B 00JACTH HH(DOPMAIMOHHBIX
TEXHOJIOTUI
6. http://window.edu.ru — o6pa3zoBateibHbIE PeCypChl BEAYIINX BY30B
4.1.5. llporpaMMHoOe o0ecnieyeHne
| 1 | Anpr Pabouas crannus 10 \
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Anpr Pabouyas cranmmsa K
AnpT «CepBep»
4 | Tlaket oducHBIX porpamm - P7-Oduc

w

4.2. MaTepuaJIbHO-TEXHHYECKOE 00ecnevyeHue TUCIUTIINHbI
HGKHHOHHBIﬁ Kpr HpOBOIII/ITCH B aYI[I/ITOpI/ISIX, OCHAIICHHBIX My.HBTHMCIIHfIHBIM
npoekTopoM. JlabopaTopHbie 3aHATHS TPOBOISATCS B KOMIIBIOTEPHBIX KJIaccax, B KOTOPBIX
ycraHoBiieHa mporpamma Microsoft Visual Studio 2010, 2012, a Taxke apyrue CHUCTEMbI IS
pa3pabOTKH MPOTrPAMMHBIX MTPHIIOKEHUH.
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