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BBEJIEHUE

1. Heab u 3agaum n3y4eHHusl M CHUILTHHbBI

Henpto wm3ydeHus: MuUCHUTUIMHBL «Teopuss WHOOPMAIMOHHBIX MPOIECCOB U CHUCTEM»
SIBJISIETCS. OCBOEHHE CTYJIEHTAMU TEOPETUYECKUX U MPAKTUYECKUX OCHOB  CO3/IAHMS
WH(POPMAIMOHHBIX CUCTEM, a TAaK)Ke CITOCOO0B OMUCaHUs HH()DOPMAIITMOHHBIX CUCTEM.

3aauy TUCIUTUIMHEL: OMPEIEeINTh COBPEMEHHOE COCTOSIHIE Pa3BUTHSI HH(GOPMAITMOHHBIX
CHUCTEM M HMX KJIACCHU(UKAIMIO; TO3HAKOMHUTH C METOAOJOTUSIMH U TEXHOJOTUSIMH Pa3pabOTKH
MH(OPMALIMOHHBIX CUCTEM; MPEACTABUTD ITAIBI CO3JaHMS U TIPOSKTUPOBAHUS HHPOPMAITHOHHBIX
CHCTEM.
2. Ob0opynoBaHHe M MaTepHAJIbI

Jlnst mpoBefeHUsT TPAKTUYECKUX 3aHATUA HEOOXOAMMO CIEAyIoliee MaTepHaIbHO-
TEXHUUYECKOE 0OecTeueHNe: MepCOHaIbHBIA KOMIBIOTED; TPOEKTOP; BOZMOKHOCTh BBIXO/IA B CE€Th
HHuTtepHeT aJig morcka mo o0pa3oBaTesIbHBIM CaliTaM U MopTajiaM; MHTepaKTUBHAs JOCKa.
3. HaumeHoBaHHe J1a00PaTOPHBIX padoT

Ne HaumenoBaHue TeM IUCHMIUIMHBI, X KpaTKoe coaepkanne | OObem N3 Hux
TEM 4acoB MpaKTUYecKast
IOJITOTOBKA,
4acoB
5 cemecTp

Tema 4. JuTponus auckpeTHoro curuajia. Konuvecrso ungopmanun. CoiicTBa SJHTpPONNH
JAMCKPETHBIX COOOIIEeHUI.

1 JlaboparopHas pabota 1. 4
Haxoorcoenue snmponuu ouckpemnoz2o coooueHus..

Tema 6. AiipaBuTHOE KoAupoBaHue HH(popmanuu. Kpurepuii B3auMHON 0JHO3HAYHOCTH
aJ(PaBUTHOIr0 KOJAUPOBAHUSA

2 JlabopaTopHas pabora 2. 4
Onpeoenumsw, a61semcs iu K00, ¢ 3a0aHHbIM
KOOUPYIOWUM Anhasumom 0OHO3HAYHO 0eKOOUDYEMbIM.

3 JIaGopatopHas pabora 2. 2
Ilocmpoenue epagpa no pezyromamam — aneopumma
Mapkosa.
Tema 7. ddekTUBHOE KOAMPOBaHNE, H30BITOYHOCTh COOOIIEHHUI.
4 JlaboparopHas paboTa 3. 4

Onpeoenenue kodphduuuenma uzdblmoUHOCmMuU KoOd.

Tema 8. Metoa Xaddmana.

5 JlaGopaTopHas pabora 4. 4
3axoouposams 3a0annoe 8blpasxiceHue Memooom
Xaghdmana.
HToro 3a 5 cemecTp: 18
6 cemecTp
Tema 9. OcHOBBI IOMEX0YCTOHYHBOI0 KOAUPOBAHMS.
1 JIaGopartopHas pabora 5. 4

OcHo8bl nomexoycmouuueo2o Koouposanus. Jlunetinvie
o10unble koovl. Koo ¢ nposepxoii Ha uemHnocme,
UmepamusHulil Koo.

Tema 10. Kog XemMmMuHra.

2 JlabGopaTopHas pabora 6. 4
Buipaocenue,  3axoouposannoe  memooom  Xaghgmana
anchasumom {0;1}, 3akoouposamv ¢ NOMOWbIO KOOA
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Xemmunea. Ilpeononosxcums, umo ¢ N-m cumsone k0008020
cloea 60  @pems  nepedauu  NpoOuUOUIA  OWUOKA.
IIpodemoncmpuposams ee 0OHapyicenue.

Tema 11. AaroputMbl c;kaTusi uHGopManuu

3 JlaboparopHas pabota 7. 4
3axoouposams 3a0anHoe svipadxcerue kooamu 3uea-
Jlemnens LZ77 u LZ78.
Tema 12. MapkoBcKHe cJIydaliHbIe Mpolecchl, kiaaccupukanusa. MapKkoBcKHe HeNu
4 JlabopaTtopHas pabora 8. 4

Onpedeﬂumb 6eEPOAMHOCMU COCMOAHUL CUCMEMbL NOCTIE
300AHH020 KOIUYecmsd urHmepeailos BPpemMeHU.

Tema 13. HenpepbiBHble nenn MapkoBa, ypapHenue Koamoroposa. Cucrema rudenu u
Pa3MHOKeHHS

5 JIaGopatopHas pabora 9. 8
Onpeodenums 6eposmHOCIU COCMOSIHULL CUCTEMbL 6
cmayuonaprom pescume. Ilocmpoums pazmeyennviii epagh

COCMOANHUL NPU 3A0AHHBIX 3HAYEHUSX UHMEHCUBHOCEl

nepexooa.
Tema 14. Ruaccudukanusi Moaejeil MacCoOBOro 00CayKuBaHusI
Jlaboparophas pabora 10. 4

KoMmrioHeHTBI W Kiaccu(UKamus MOJEICH MacCOBOIO
oociykuanus. OnHokananbHass CMO ¢ oTka3zamu.

Tema 15. Muorokanaiasuasg CMO c¢ orkazamu. MHorokanajianrHasg CMO ¢ o:xxuganuemMm

6 JlabopaTtopHas padora 111. 4
Pewumo npedﬂoofceHHyro 3adauy no meopuu cucmem
Mmaccoeozo obcnyxcusanus. Peanuszosamo eviuucnenus 6

cucmeme MathCad.
Tema 16. Kputepun npuHATHS pellleHUIi B YCJIOBHSAX HeOMpe1eJeHHOCTH
7 JIaGoparophas pabota 12. 4

Ilpunsamo pewienue 6 ycio8usix HeonpeoeieHHOCmU Nno
mMampuye 3ampam ucnoawvsys kpumepuu Jlannaca, Benvoa,
T'ypsuya, Crseudorca.

Hroro 3a 6 cemecTp: 32

Hroro: 50

4. Conepskanue J1a00paTOpHbIX padoT
JlabopaTopnasi padora Nel.

Tema 1. Oﬁmne MNOHATHUA I/IH(])OpMaIII/IOHHbIX mpoueccos. OcHoBHbIE OHATHS TEOPpUH
CHUCTEM

Haxo:kneHue JHTPONUU JUCKPETHOT0 COO0IIEHUS.

Ilen» pabomer. HayunTbCsi MPaKTUYECKH ONPEAEIATh KOJINYECTBO MH(POPMALUU B TUCKPETHBIX
COOOLICHHUSX.
Teopemuueckue ocrogbl.

KonngectBo nHpopmanmu, copepxaiieecs B TUCKpeTHOM cooOuiennu (/) MOKHO HaiTh
13 MIPOCTOI0 COOTHOILICHHUS:

I=nXH,
Il 77 — YHUCII0 CUMBOJIOB B COOOIIEHUH, [/ — SHTPONUS UCTOYHHMKA COOOLIEHUH, TO €CTh CpeIHEe
KOJIMYECTBO MH(OPMAINH, TPUXOASIIEecs Ha OAUH CUMBOJ.
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DOHTpONUSA UCTOYHHMKA COOOLICHHS ONpEAEIseTCs M3 OCHOBHOI'O COOTHOIIEHUS TEOPUHU
nH(popMalny, KOTOpoe Uis yA0OCTBa MPAaKTUYECKOTO HCIOIb30BaHUS MpeodpasyeTcs K BUAY
HauOoJiee MPOCTOMY M yJOOHOMY B 3aBUCUMOCTH OT CBOMCTB JUCKPETHOI'O HCTOYHHKA
coobmeHuii. B ciydae, eciu cMMBOJIBI HCTOYHHMKA COOOINEHUS MOSBISAIOTCS PaBHOBEPOATHO U
B3aMMHO HE3aBUCHMO, TO Ui TOJCYETa HHTPOIUHU TAKOTO poja COOOIIEHHH HCHOIb3YIOT
dbopmyny Xaptiu:

I =n-log, m(6um),H, =log, m(6umCUM80ﬂ )

rae m — o0beM andaBUTa MCTOYHHMKA TUCKPETHBIX cOoOOIIeHui. Ecin CUMBOJIBI MCTOYHHKA
COOOLIEHNsI T'EHEPUPYIOTCA C PA3NIMYHBIMM BEPOATHOCTSAMH, HO B3aUMHO HE3aBUCUMBI, TO
ucnoib3yoT popmyiy lllenHona:

I=-n- ZPG1 -log, P,,(6um)
i=1
H, = _Zpal -log, P, (6um cumeon)
i=1

9

rae P,; — BEpOATHOCTb MOSBICHUS CUMBOJIA 4.
B ciydae e He PaBHOBEPOSITHOTO TOSBICHUS CHMBOJIOB MCTOYHHKA COOOIICHHS M HAIWYHS
CTaTUCTUYECKUX 3aBUCUMOCTEH MEXIy COCEIHMMM CHMBOJIAMM JHTPOIUIO TaKOTO MCTOYHMKA
MOYKHO OIPEJIENIUTh C MOMOIIBIO (hopMyJibl IIIeHHOHA ¢ YCIOBHBIMU BEPOSITHOCTSAMHU:

a,

m m a a
=- : i/ j bum
H2 ;Pal ;P A lngp A %UMQOH)’
p|l

rie — yCJIOBHas BEpPOSITHOCTh MOSIBIIEHUSI CUMBOJIA @; TTOCIIE CUMBOJIA @;

Cooeporcanue pabomel.

1. TlocuuTaTh cpeaHee KOIMUECTBO MH(POPMAIIUU, TPUXOAIIEECS HA OJMH CHMBOJI (SHTPOIIHIO)
HWCTOYHHUKA JUCKPETHBIX COOOIIEHUN B CITydasiX:

a) — pPaBHOBEPOSTHOIO U B3aMMHO HE3aBUCUMOTO MOSBJICHHS CUMBOJIOB;

0) — HE paBHOBEPOSTHOTO U B3aMMHO HE3aBHCHUMOTO TOSIBIICHUS] CUMBOJIOB;

B) — IpU HE PABHOBEPOSTHOM MOSBICHUU CUMBOJIOB M HAJIMUUU CTATUCTHUECKUX CBSI3EH MEXKIY

COCEIHUMHU CUMBOJIaMHU.

B kadecTBe MUCKPETHOrO MCTOYHHMKA COOOIICHUI B3ATh UCTOYHHK C 00BeMOM anihaBuTa
m= 34 (aHaJOrMuYHBIN 10 00BEMY anaBUTa TEKCTY Ha PyCCKOM si3bike: 33 OyKBBI M Ipoden), a
€ro CTAaTUCTUYECKHE XapPaKTEPUCTUKU CMOJICTUPOBATH C TOMOIIBIO TeHepaTopa CIIydailHbIX
YHCEIL.

2. Iloacuurtarh KONMMUYECTBO HHGPOPMAIMK B COOOIICHWH, MPEACTABISAIOMMM coboi Barry
¢bamMunnio, WMs M OTYECTBO, CUMTAas, 4YTO CHUMBOJIbI COOOILIEHHUS TOSBIAIOTCS HE
PaBHOBEPOSITHO M HE3aBUCHUMO. 3aKOH pacCHpelesieHHs CHMBOJIOB HaWTH NMyTeM aHajiu3a
y4acTKa JJI00Or0 TEKCTa Ha PYCCKOM si3bIKe JUTMHON He MeHee 300 CHMBOJIOB.

Buvinonnenue.

PaGora BBHIMONHSETCS HAa TEPCOHAIBHOM KOMIIBIOTEpPE B MPOrPAMMHOM  CPEJICTBE
«Mathcad». Tak kak B 3TOM NpPOrpaMMHOM MpPOIYKTE B KadecTBE BCTPOCHHBIX (DYyHKUHN
UCTIONB3YIOTCS TOJMBKO (PYHKIIMHM HATypPalIbHBIX U JCCITHYHBIX JIOTapU(PMOB, TO B IpoIecce
BBIMOJIHEHHsI pabOThl HEOOXOAMMO BBIMOJIHUTH MEPEXoi K JorapupMaM MO OCHOBAHHUIO 2 IO
(dopmyIie mepexoa K ”HOMY OCHOBAaHUIO

log, N =

/1€ @ — OCHOBAHUE U3BECTHBIX JOrapu(MoB;



6 — oCHOBaHHUE TPeOyeMbIX JOTapHU(PMOB;
N — norapudpmupyemasi BeIMYUHA.

II.1.a. Ucnonw3ys dopmyny XapTim, HAaWTH SHTPONMHIO YKa3aHHOTO HCTOYHHKA TUCKPETHBIX
cooOmenuii (H).

I1.1.6. CmonenupoBaTh 3aKOH pacHlpeie]ICHUs CHMBOJIOB JUCKPETHOTO MCTOYHHUKA COOOIICHHH,
ucnonb3ys omneparop rnd (A), KOTOpbI reHepUpyeT ciiydyaiiHble yncia u3 auanaszona [0, A] mo
CIEYIOLIEH MporpamMmme:

m: = 34 — 3amanue oobeMa andasuta (m);

i:=1,2,...,m — i - MOPSAIKOBBII HOMEpP CUMBOJIa an(aBUTa;

r(i) = nd (1) — renepupoBanue 34 crydyaifHbIX YHUCeT

B nHTepBaiue ot 0 go 1;

l = Z r(i)
20)

[ — P(i) — BeposiTHOCTB TOSIBICHHS i-TO CUMBOIA ().
[IpoBepuTh MpaBUILHOCTH BBHIUUCICHHM, HAlAs cymmy Beex P(i) mpu i= 1,2,...,m.
[Toctpouts Tpaduk 3akoHa pacupenenenus P(i). Ucnonws3ys popmyny llleHHOHa, ompenemTs
SHTPONUIO CMOJICTMPOBAHHOTO UCTOYHUKA AUCKPETHBIX co00ImeHuit (H>).
I1.1.8. CMOJE€IMPOBATL MATPUILY YCIIOBHBIX BEPOATHOCTEH MOABIECHHUS CUMBOJIA d; TOCJIE CUMBOJIA
@; TIO CIIeyIOIel mporpaMmme:
m: =34 -— 3ananue oobeMa andasuta (m);
i=12,.m

— HaxOoXJIeHHEe CyMMBbI BceX 7(7);

P() =

Jj=12,..m N )
— TOPSAAKOBBIA HOMEp CUMBOJIA alihaBUTa;

r(i,j) = 1nd (1) — renepupoBanue matpuubl (34X34) ciyyaitusix yrcen B uaTepBaie ot 0 10l;

W, =3 r(, j)

A ()]
S(, j)= —W
i — HOPMHpPOBKA MO CTPOKaM MaTpHIlbl 7(i,j) C LEIbI0 MOJYYEHUS CYMMBbI

3JIEMEHTOB B KaXKJ0M CTPOKE, paBHOH 1;

U, ::ZS(i, )

pp(i, j) = Stid)
v, — HOPMHPOBKA IO CTOJIOIAM MaTpHubl S(i,j) C LENbI0 MOIyYeHUS] CyMMBI
AJIEMEHTOB B KaXKJIOM CTOJIOIE, paBHOM 1.

[TonmyyeHHble 3HAUEHUS AJIEMEHTOB MaTpullbl PP(ij) npuOIMKEHHO MOXXHO CUYUTATh
YCIIOBHBIMH BEPOSITHOCTSIMU MOSIBJICHUS] CUMBOJIA T10J] HOMEPOM j TIOCJIe i-T0 CUMBOJIA.
Ucnons3ys ¢opmyny llleHHOHAa ¢ YCIOBHBIMH BEPOSTHOCTSIMH OIPENEIUTh SHTPOIHUIO
CMOJICIUPOBAHHOTO UCTOYHUKA TUCKPETHBIX COOOIICHUH (H3).

I1.2. OnpenenuTh BEPOSITHOCTH MOSIBICHUS KaXI0T0 cUMBOJA (OyKBBI) P; MyTeM AeNICHUs Yuciia
MOSIBJISHUH 3TOTO cUMBoOJa (@;) Ha oOmee uuciao cumBosioB (He meHee 300), BXOmAmux B
coobmenue. B ciayuae, ecnu kakoi-mu6o cumBon (u3 m= 34) B COOOIICHUH HE BCTPETHIICA,
CUMTaTh, YTO OH BCTpeTWicA 1 pa3, MHaye MOKET BO3SHHKHYTH HEOIpPENEICHHOCTh B (opMylie
lennona. OTcyTcTBUE KAKOT0-JIMOO CHMBOJIA, MPUHAJISKAIIETO al(aBUTY, CBUACTEIbCTBYET
JMILB O TOM, YTO aHAJU3UPYEMOE COOOIEHNE HE COACPKUT JOCTATOYHOTO YHCIa CUMBOJIOB (HE

JIOCTATOYHO JIJTMHHOE).

— HaxO0XJIEHUE CyMMBbI 3JIEMEHTOB B KaXJI0i CTpoKe MaTpuLibl 7(i,));

— HaAXO0XJIEHHWE CYMM 3JIEMEHTOB B Ka)J0M CTOj011e MaTpulibl S(i,f);



IToctpouTts rpaduk 3akoHa pacnpeaeneHus cuMBoIoB (OykB). IIpoBepuTh MpaBUIIBHOCTH
MIOJIyY€HHOT0 3aKOHA pacIpeieNICHHs], 1) 4Yero HalTh CyMMY BEpOSITHOCTEH MOSBICHUSI KaXKIO0T0
CHUMBOJIa. JTa CyMMa J0JDKHA OBbITh paBHa 1.

C nomonibto popmyisl [llenHoHa HAWTH SHTpONUIO (H4) TUCKPETHOrO UCTOYHUKA (TEKCTa
Ha pycckoMm s3bike). [loacumTtaB uymcno cumBoiioB B Bameit ¢gamunuu, uMeHH U oT4yecTBe
(BkITIO4ast mpoOesbl), HAWTU KOJIMYECTBO MH(OPMALINH, COJEpKAIIEHCs B 9TOM COOOIIEHUN.
Konmponwsuwie éonpocoi.

1. Kakue uCTOYHMKHU COOOIIEHUI HA3bIBAIOT TUCKPETHHIMU?

2. Jlns KakuX HCTOYHUKOB JUCKPETHBIX COOOIICHWH TpUMEHUMBI (Gopmyrnsl XapTiw,
lennona?

3. Kakum o00pa3oM ONHUCHIBACTCS CTATHCTUYCCKAs 3aBUCUMOCTh MEXIY COCCIHHMH
CHMBOJIaMU B JJUCKPETHBIX COOOIIEHUAX ?

4. JlaliTe ompe/eneHNe SHTPOTUU UCTOYHHUKA TUCKPETHBIX COOOIICHUH.

5. Kaxk npoBeputh MpaBUIHLHOCTH HAXOXKICHHSI 3aKOHA PACTIPE/ICIICHHUS CAMBOJIOB MCTOYHHUKA
JTUCKPETHBIX COOOIICHMIA?

6. Kaxoil Bug TUCKPETHBIX COOOIICHHI 001a1aeT HauOoJIbIIeH YHTPOITUECH?

Paboma c rumepamypoii:

PexomeHnyeMple HCTOYHMKU HHGopMaruu (Ne HCTOYHHKA)

OcHoBHas JlomoyHuTEIbHAS MeToauueckas HuTepHeT-pecypchl

1-2 1 1-2 1-2

Ouenouuwe Cp@dCan‘l.’ MMMCbMEHHBIN OTHYCT, CO6€C€,Z[0BaHI/IC.

JlaGoparopnas pabora Ne 2.

Tema 6. AuipaBuTHOE KoaupoBaHue nuHpopmannu. Kpurepuii B3aUMHONH 0JHO3HAYHOCTH
aJI(paBUTHOT0 KOAUPOBAHUSA

Onpeneauts, IBJIASETCH JU KO/, € 32IaHHBIM KOAUPYIOIIUM aJ1(aBUTOM OHO3HAYHO
AeKOIMPYeMbIM.

ILlenwv padomel. Vicnionb3ysi KpUTepuil B3aMMHOM OJHO3HAYHOCTHU al(aBUTHOTO KOAUPOBAHMUS,
OTIPENICTUTH SIBJISIETCA JIU 3aJJaHHasl CXeMa KOJUPOBAHUS B3aUMHO-OHO3HAYHOM.
Teopemuueckue ocHogbl.

B o6mem cirydae 3a1a4y KOJMPOBAHUS MOXKHO MIPEJCTABUTH Cieayronum oopaszom. [Tycts
3a/lanbl 1Ba angasuma A u B, coctosiniye n3 KOHEYHOTO YKClia CUMBOJIOB:

A :{al,az,...,an} B :{blabza-"abm},

DOnemeHThl andaBuTa Ha3BIBAIOTCS OVKéamu. YTOPSAAOYCHHBIH HAOOp B andaButre 4 Ha30BEM
C1080OM

a =a,,a,,...,q,,...,4,
9

1 |1,n] .
e [ "] gqucno n mokaspiBaeT KOIMYECTBO GYKB B CIIOBE M HA3bIBACTCS OMUHOU CIOBA 0,
obo3Havaercs: n =/(a)=|al.

Ilycmoe cnoso 0b6o3HauaeTcCs:

L (L )=|L| =0
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s cioBa
a =a,,dy,...,0;,...,4

n
OyKkBa a;, Ha3bIBACTCA HAUAIOM, WIM npeguxcom, cloBa o, a OyKBa a, — OKOHYaHueM, WIU
nocmeuxcom, cnopa o. CiioBa MOKHO COCTUHSTE. J{J1s1 3TOr0 TpedruKec BTOPOTO CIIOBA TOIKEH
clieZloBaTh cpa3y 3a IMOCT(GHUKCOM IEpBOro, MPH 3TOM B HOBOM CJIOBE OHH, €CTECTBEHHO,
yTPaunBaIOT CBOH CTAaTyC, €CIIM TOJIBKO OJIHO U3 CIIOB He OBLIO mycThiM. COeTMHEHNE CIIOB (L) Ol
0003HAYAETCS 0,f, Oy, COEMMHEHHE 71 OJMHAKOBBIX CIIOB 0 0OO3HAyaercs o, mpuueM a'=".
MHo0’k€ecTBO BCceX HEMYCThIX ciI0B andaButa 4 0003HaUnM A4 *:
A" =[a|l@)>0]

MHoxecTBO A HA3bIBAIOT aighagumom COOOIICHUI, a MHOXKECTBO B — kodupyrowum arghagumon.
MHOXECTBO CJIOB, COCTaBI€HHBIX B aidaButre B, oOo3Haunm B* (O6o03HaunM uepe3 F
otoOpakeHue cioB andasuta 4 B andasut B. Toraa cioBo B=F(a) HA30BEM K0OOOM CIIOBA (L.

Koouposanuem Ha3pIBalOT yHHBEpPCaIbHBIA cOcO0 O0TOOpa)keHHs MHPOpPMAIMHU NP ee
XpaHeHUH, Tepenade U oOpaboTKe B BHJE CHUCTEMBl COOTBETCTBHM MeEXIy 3JEMEHTaMH
COOOMIICHNH U CHTHAJIAMH, TTPH ITOMOIIX KOTOPBIX ATH 3JIEMEHTHI MOXKHO 3apukcupoBath. Takum
0o0pa3omM, K00 — MPaBUWIIO OJHO3HAYHOTO MpeoOpazoBaHus (T.e. QYyHKIMS) COOOIIEHUS U3 OJTHOU
CUMBOJINYECKON (QopMbl mpenactaBiaeHus (ucxonHoro andasura A) B Apyryro (OOBEKTHBIN
anaBut B), 00b1uHO Oe3 Kakux-1udo norepsb nHpopmaruu. [Iporece npeodbpazopanus F: A *—B*
CJIOB HcxojHoro andaButa A B andaBuT B Ha3biBaeTcs koouposanuem uHpopmanuu. [Ipouecc
oOpatHoro mpeoOpa3oBaHus cioBa BEB* B cioBo a€A™ Ha3pIBaeTca dekooduposanuem. Takum
00pa3oM, J1eKoaupoBanue — QpyHKuus, oopaTHad F, T.e. F-!. Tak kKak s 1060ro KOJUPOBaHUs
JIOJKHA BBITIOJIHATHCS ONEpanus JeKOJUPOBAHUSA, TO OTOOpaXKeHHE JOKHO OBITh 0OpaTHUMBIM
(buexyust). Ecmm |B|=m, To F Ha3pIBaeTCA mM-UYHLIM  KOOUpOBaHuem, HamboJee
pacnpoctpaHeHHbld cnydaid B = {0, 1} — 0dsouunoe xomupoBanue. MIMEHHO 3TOT ciy4ail u
paccMaTpuBAETCs B AIbHEHIIIEM.

Ecnu Bce KOZOBbIE ClI0Ba MMEIOT OJJUHAKOBYIO JUIMHY, TO KOJ Ha3bIBACTCS PAGHOMEPHBIM,
wiK O10unbiM. AndaBuTHOE (MU TOOYKBEHHOE), KOJAMPOBAHUE MOXKHO 33J1aTh mabauyel Ko0o8.
Kopnom nnm kogupyromeit pyHkiueit, Oyaer ciy>KuTh HEKOTOpast HoJCTaHoBKa . Torna

s -2 az..anc:'?

€, b,.b, 5
Takoe noObykBeHHOE KoaupoBaHue obo3HayaeTca K. MHOXkecTBO K0oJ0B OykB {f3;} Ha3bIBaeTCA
MHOHNCECMBOM DNIeMEHMAPHbIX K0008. AN(aBUTHOE KOIMPOBAHHWE MOYKHO HCIONB30BAaTh JUIS

1r000r0 MHOXKECTBa cooOieHuil. Takum o0pa3zom, andaBUTHOE KOAMPOBAHUE SIBISETCS CAMBIM
IPOCTBIM, U €T0 BCErJla MOXKHO BBECTU HA HEIYCTHIX al(aBUTaX.

Cooepircanue padomel.

Onpenenutsb, sBISETCS 1M KO, ¢ KomupyromuMm andasutom {0;1;2} omgHO3HAYHO
JIEKOUPYEMBIM.

Bapuantsr:

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

{001;021;102;201;001121;01012101}
{01;110;102;222;0010001001}
{20;01202;22;2001;2012010;1112}
{01;011;100;2100;101210;001210}
{01;011;100;2100;10110;00112}
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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.

s BbIBO/Ia OOILEro KpUTEpUs B3aUMHOM OJHO3HAYHOCTH IOHAIOOUTCS Cleyroliee
nousrue. [lpencrasnenue sneMeHTapHOro Kojaa ; cxeMsl ajnhaBUTHOTO KOJMPOBAHHUS B BUJIE

B=PPir ... PP

r7ie cJIoBO [B° HE MOMKET OKaHUMBAThCA HA AJIEMEHTApHbI KOJ, a cJoBO '’ Ha4yMHATHCS C
3JIEMEHTAPHOT0 KO/1a, OyZieM Ha3bIBaTh HETPUBHU AT bHBIM Pa3JI0KEHHUEM 3JIEMEHTapHOTO
koma. Ilpu stoM omgHO u3 cnoB B wimm B Moxer ObITh mycThiM (V). [nst ompenenenus
OJTHO3HAYHOCTH WJIM HEOJHO3HAYHOCTH CXEMbl al(aBUTHOIO KOJUPOBAHMS CYIIECTBYET
3¢ (HeKTUBHBIN aITOPUTM, UCTIOIB3YIOLINI NOHATHE HETPUBHAILHOTO PA3JI0KEHHS DJIEMEHTaPHBIX
KOJZIOB.

1. Jlnsg Ka)kaoro 3J1€eMEHTapHOI0 KOJa BBIITUCHIBAEM BCE HETPUBHAJILHBIE PA3I0KEHUSI.

2. BemuceiBaeM MHOXECTBO M| cocTosiee 13 CJIOB ', KOTOPbIE BXOJAT B KAUECTBE HAUasl
B HETPUBUAJIbHBIE PA3JIOKEHUSI SJIEMEHTAPHBIX KOJIOB.

3. BrwmmceiBaeM MHOXeCTBO M,, cocTosiliee W3 BCEX CIOB [, KOTOPBIE SIBISIOTCS
OKOHYAaHUEM HETPUBUAIBHBIX PA3JI0KEHUIN 3JIEMEHTAPHBIX KO/IOB.

4. CocraBnsieM MHOXecTBO M = M N M, U {"}, T.e. MHOXECTBO CJIOB, BCTPEUAIOIINUXCS
KaKk B KayecTBe Hayana, Tak W B KayecTBE OKOHYAHUS B HETPUBUAIBHBIX DPA3IOKECHHSIX
AJIEMEHTapPHBIX KOJIOB.

5. BrinuceiBaeM Bce pa3ioKEHHUs JIEMEHTAPHBIX KOJOB, CBSI3aHHBIX C MHOXECTBOM M, T.e.
BCE PA3JIOKEHUS AIIEMEHTAPHBIX KOJIOB BU/A:

B=B B ... BB,

rae B, B | M, a k moxer GbiTb paBHoO 0.

6. Ilo pa3noxeHUsAM, TIOJYYEHHBIM B IIYHKTE€ 5, CTpOUTCS OpPUEHTHUPOBAHHBIA rpad
cienyromumM oOpa3zom. Beprimubl rpada oTOXAECTBISAIOT € 3JIeMeHTaMu MHokecTBa M. Ilapa
BepIllvH ', U B’ COETUHAIOTCS OPUEHTUPOBAHHBIMU peOpaMu B TOM U TOJIBKO B TOM CiIydae, €clid
cymecTByeT paznoxenue B ... Bip . Ilpu atom pebpy (B°, B°°) mpunuceiBaeTcs cioBo B ...
iz, COOTBETCTBYIOIIIEE ITOMY Pa3JI0KEHUIO.

7. Ilo mnomydeHHOMYy rpady Jerko MpOBEpUTh, OO0JagaeT WM HET HCXOJHAas CcXema
KOJINPOBAHMSI CBOMCTBOM B3aUMHOM OJITHO3HAYHOCTH.

Teopema A.A. Mapkosa: AndaBuTHOE KOAUPOBAHUE HE 00JIalaeT CBOWCTBOM B3aWMHOM
OJTHO3HAYHOCTH TOTJa W TOJBKO TOTJa, Korja rpad COAEpKUT OPUCHTUPOBAHHBIN ITUKI,

IPOXOJSAIINNA Yepe3 BEPUIMHY .
Konmponwsnwie éonpocoi.

l. Uro Takoe KoAupoBaHUE HH(POPMAITUH U JJIS YEer0 OHO MCTIOIB3YeTCs?
2 OxapakTepu3yiTe OCHOBHBIC IPUHIUITBI KOJIUPOBAHMUSI.

3 UYro Takoe andaBuUThl U KaK OHU UCIIONB3YHOTCS?

4., [TonsiTHE BIEMEHTAPHOTrO KOJA.

5 HetpuBuansHoe pa3ioxeHue 3JeMEeHTapHOTO KOJa.



6. Cdopmynupyiite Teopemy MapkoBa.

7. Uro onpexenser HepaBeHCTBO MakmuaHa?

Paboma c rumepamypoii:

Pexomenayemble HCTOUHUKHU HHGopMaruu (Ne HCTOYHHKA)

OcHOBHas JlomoysHuTEIbHAS MeToanyeckas HNaTepHeT-pecypchl

1-2 1 1-2 1-2

Ouyenounsle cpedocmea: MICLMEHHBIN OTUYET, coOeceIoBaHue.

JlaGoparopnas padora Ne 3.
Tema 8. Merton Xadpdmana.

3akoaupoBaTh 3a/1aHHOE BbIpaskeHue MeTo0M XadPpmana.

Lenv pabomo.
Hcnonp3oBanue merona 3 pekTuBHOr0 KOAMPOBAHUSI.
Teopemuueckue ocHogbl.

BBenem mnoHsTHE KOZOBOrO JepeBa sl MHOXKECTBA KOJOBBIX cjoB. Harmsgnoe
rpadguyueckoe M300paxkeHHE MHOXKECTBAa KOJOBBIX CJIOB MOXHO TIOJNYyYUTh, YCTAaHOBUB
COOTBETCTBUE MEXKIY COOOIICHUSMU W KOHIIEBBIMH Y3JIaMU JBOWYHOTO JepeBa. [lpumep
JBOMYHOTO KOJOBOT'O JIepeBa n300paxkeH Ha pucyHKe 3. /[Be BeTBH, HayIIHe OT KOPHS JepeBa K
y3JaM TEPBOro MOPSAKA, COOTBETCTBYIOT BbIOOpY Mexay O u 1 B KauecTBe MEepBOTO CUMBOJIA
KOJIOBOT'O CJIOBA: JieBasg BETBb cOOTBETCTBYET (), a mpaBasi — 1. JIBe BETBU, WIyUIUE U3 Y3JIOB
MEepPBOTo MOPsi/IKa, COOTBETCTBYIOT BTOPOMY CUMBOJIY KOJIOBBIX CJIOB, JieBasi o3Haudaet 0, a mpaBas
— 1 u 1.0. SIcHO, YTO MOCIENOBATENILHOCTh CUMBOJIOB Ka)/JI0r0 KOJOBOI'O CJOBa OMpeneiseT
HE0OXO0IMMBIE MPaBUIIA MPOJIBIKEHUS OT KOPHS JIepeBa A0 KOHIIEBOTO Y3Jia, COOTBETCTBYIOIIETO
paccMaTpruBaeMoOMy COOOIICHHUIO.

@DopMabHO KOJIOBBIE CIIOBA MOTYT OBITh IPUITUCAHBI TAKXKE MPOMEKYTOYHBIM y31aM. Hampumep,
MPOMEKYTOYHOMY Y3JIy BTOPOrO MOpsAJIKAa Ha PHUC. 3 MOXKHO MpHUIIKCATh KOJ0BOE CioBO 11,
KOTOPO€ COOTBETCTBYET MEPBBIM JABYM CHUMBOJIAM KOJOBBIX CJIOB, COOTBETCTBYIOLIUX KOHLIEBBIM
y3iaM, MOpPOXKIaeMbIX dSTUM  y31oM. OJHAKO KOJOBBIE CJOBAa, COOTBETCTBYIOILKE
MIPOMEXYTOYHBIM y3J1aM, HE MOTYT OBITh HMCIIOJIb30BAHBI JUIsI TIPEJICTABICHUS COOOIIEHUH, TaK
KaK B 9TOM CiIy4yae Hapymaercs TpeboBaHHe NMpePuKCHOCTH Koaa. TpeboBaHue, 4TOOBI TOJIBKO
KOHIIEBBIC Y3JIbI COIMOCTABIISIIUCH COOOIIEHUSM, PKBUBAJIIEHTHO YCJIOBHUIO, YTOOBI HH OJHO W3

KOJIOBBIX CJIOB HE COBITAJIO C HadajoM (mpeduxcom) 0oiee IJITMHHOTO KOAOBOTO CIIOBA.
10 111

Y3kl 3-I0 MOpgaKa

Y3IBL 2-T0 TOPAKA

Y3IHL 1-TO MOpAaKa

KOpPEHb JepeBa

[IpumMep ABOMYHOTO KOJOBOTO JiepeBa
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JIr060i1 KO/, KOIOBBIE CIIOBA KOTOPOI'O COOTBETCTBYIOT Pa3IMYHBIM KOHILIEBBIM BEPIIMHAM
HEKOTOpPOro JBOUYHOTO KOJOBOTO JepeBa, ABIAETCA MNPePUKCHBIM, T.€. OJHO3HAYHO
JEKOIUPYEMBIM.

OaHMM M3 YacTO UCHOJB3YEMBIX METOJ0B 3(P(HEKTUBHOTO KOAMPOBAHUS SIBISETCS Tak
Ha3bIBaeMbIi K01 Xaddmana.

Cooeporcanue padomel.
Ocy1ecTBUTh KOANpPOBaHHE MeTo1oM Xaddmana 3anaHHOH passl:
1. A man who has not been flogged is not educated

2. Many a good cow hath an evil (bad) calf
3. Many a good father has but a bad son
4

Many a little makes a tickle

5. Many a true word is spoken in jest

6. Many commanders sink the ship

7. Many physicians have killed the king

8. Marriages are made in heaven

9. A man is known by the company he keeps

10. Man proposes, God disposes

Buvinonnenue.
Hlar 1. YmopsgounBaeM CHMBOJBI HCXOJHOTO aidaBUTa B TOPSIKE HEBO3pACTaHUS HX
BEpPOATHOCTEH. (3amuChIBaeM UX B CTOJIOCII. )
[Iar 2. O0benuHsEM JIBa CUMBOJIA C HAUMEHBIIMMH BEpOATHOCTSIMH. CHMBOIY C OOJNbIICH
BEPOSITHOCTBIO NpunucbiBaeM 1", cumBoily ¢ MeHbIel — "0" B kauecTBe 3JIEMEHTOB UX KOJIOB.
[Har 3. Cuutaem 00bEIMHEHNE CUMBOJIOB 32 OJIMH CUMBOJI C BEPOSITHOCTBIO, PABHOM CyMMe
BEPOATHOCTEH 00BEAMHEHHBIX CHMBOJIOB.
[ar 4. Bo3epamaemcs Ha Lllar 2 10 Tex nop, noka Bce CUMBOJIbI HE OYyT 00bEIMHEHBI B OAMH
C BEpOSTHOCTHIO, PABHOW €AMHHUIIE.
3akogupyeM TOT ke 6-OykBeHHBI andaBur wmertogoM  Xaddmana, wu300pa3uB
COOTBETCTBYIOIIIEE ABOUYHOE Jepe.

1

a, 025 05 1
- .’ CHMBAMIRI Kik kI
o R =—y ] w4 1
a, 025 T a 0010
0 0.5 a, 10
a, 0,1 0 a, — 000
] 0,25 a, — 01
4 0,1 0,15 0 B - 0011
1
& ]
a, 0,05 M

JIBOoM4YHOE JIepeBO, COOTBETCTBYIOIIEE KOAUPOBAHMIO 0 MeToy Xadhmana
CunThIBaHME KOJIa UJET OT KOPHS JABOMYHOTO JiepeBa K €ro BEpUIMHAM C 0003HaYeHUEM
CUMBOJIOB. JT0 olecrneunBaeT npepukcHOCTh Koaa. Meron Xaddmana Taxke COACPKHUT
HEOJHO3HAYHOCTh, IIOCKOJBKY B ai(aBUTEe MOIYT OKa3aThCsl HECKOJIBKO CHUMBOJIOB C
O)II/IHaKOBOﬁ BCPOATHOCTBIO, U KOX 6y21€T 3aBUCETH OT TOI'0, KaKu€ CHUMBOJIbBI MBI 6y21€M
00BETUHATH B IEPBYIO OYEPE/Ib.
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Konmponwvuwvie éonpocoi.
1. B yeM cMBbICH TOHATHSA: N30BITOYHOCTE COOOIEHUS?

2. Uto onpenensietr KodhPUITUEHT N3OBITOYHOCTH?
3. AnroputMm noctpoeHus aepea Xadhdmana.
4. Kakwue 3a1a4n peniaeT KoaupoBanue Metoaom Xaddmana?

Paboma c numepamypoii:

Pexomenyemble uCTOUHUKU HHGopMaruu (Ne HCTOYHHMKA)

OcHOBHas JlomoyiHuTEIbHAS MeTtoanueckas MuTepHET-pecypchl

12 1 12 1-2

Ouyenounsle cpedcmea: MICLMEHHBIN OTUYET, coOeceI0BaHuE.

JlabopaTopnasi padora Ne 4,

Tema 12. MapkoBcKue ciiy4aiiHbIe NPouecchl, Kiaccupurkanusa. MapkoBcKue nemnu

OnpeneauTh BEPOSTHOCTH COCTOSTHUN CHCTEMBI MOCJI€ 32JaHHOT0 KOJIHYeCTBA HHTEPBAJIOB
BpeMeHH.

Lenwv pabomeot.

OcBoutp monstus: Knaccupukammus MapkoBckux mpoueccoB. ['pad cocrosHuil nenu
MapkoBa. Matpuiia BepoATHOCTEH Tiepexoja, ee cBoWcTBa. PexkyppentHas dopmyna as
BBIUKCJICHHSI BEPOSITHOCTEN COCTOSIHUIA CUCTEMBI.

Teopemuueckue ocHogbl.

MapkoBCKuUii ciydaiiHbIi IPOIECC C TUCKPETHBIMU COCTOSIHUSIMH U TUCKPETHBIM BpEMEHEM
Ha3bIBAIOT MAPKOBCKOU yenvio. JIst Takoro mporecca MOMEHTHI ¢, o, ..., Iy, KOTJa cucremMa S
MO>KET MEHSATHb CBOE COCTOSHHE, PacCMaTPHBAIOT KaK MOCJeN0oBaTellbHbIE IIaru mpoiiecca, a B
Ka4yeCTBE apryMEHTa, OT KOTOPOTO 3aBHCHT IPOIIECC, BBICTYIIAET HE BpeMs f, a HOMep Imara 1,
2, ..., k. CayyaiiHblii Ipoliecc B 3TOM CIy4yae XapaKTepu3yeTcs MOCIe10BaTEbHOCTHIO COCTOSHUN
S(0), S(1), S(2), ..., S(k), ..., tne S(0) — HaUaTBEHOE COCTOSIHUE CHUCTEMBI (TI€pPE MEPBBIM I11ArOM);
S(1) — cocTosiHre cucTembl mocie nepBoro mara; S(k) — COCTOsIHUE CHCTEMBI MOCHe k-TO 1Iara.
Cobwitrie {S(k) = S;}, cocTodiiee B TOM, UYTO Cpa3y IOCIE A-ro Iara CUCTEMa HaXOAWUTCS B
cocrosiHuu S; (i = 1, 2, ...), siBisieTcs ciy4ailHbIM coObiTHeM. [locienoBaTeIbHOCTh COCTOSIHUN
S(0), S(1), S2), ..., S(k), ... MOXXHO paccMaTpuBaTh KaK MOCJIEIOBATEILHOCTh CIy4YalHBIX
coObiTuii. HawanbHoe cocrosiHue S(0) MokeT OBITh 3a/JlaHHBIM 3apaHee WU CIy4YailHbIM.
BepositHocTs MU cocTostHMi e MapkoBa Ha3bIBatOTCs BEposITHOCTH P,(k) Toro, yto nocie k-ro
mrara (u 10 (k + 1)-ro) cucrema S Oyzaer HaxonuThes B coctosinuu S; (i = 1, 2,...,n). OueBUIHO,
YTO JUIsI TF0OOTO K BBHITIOJIHSETCS YCIIOBHE:

n

a p(k)=

i=l
HauvanbHbeiM pacnpeneneHreM BEpPOSITHOCTEM MAapKOBCKOW II€TIM HA3bIBAETCS paclpeiesieHHe
BEPOSITHOCTEW COCTOSIHUIM B HayaJie Impouecca:

P1(0), Px(0), ..., P(0), ..., P,(0).

B uvactHOM ciyuae, eciu HadalbHOE COCTOSIHME CHCTEMbI S B TouHOCTH u3BecTHO S(0) = S;, TO
HavyayibHass BeposTHOCTh P(0) = 1, a Bce ocTanbHbIE paBHBI HYJI0. BeposTHOCTBIO mepexoja
(mepexoJHON BEPOATHOCTBHIO) HA k-OM IIare U3 COCTOSHHUS S; B COCTOSHHME S; Ha3bIBaeTCA
BEPOATHOCTB TOTO, YTO CHCTEMA S MOCHIE A-TO I1ara OKaKeTcsi B COCTOSHHUHU S; IPU YCIIOBUH, 4TO
HEMOCPEACTBEHHO Mepe 3TuM (tiocne (k-1)-ro mara) ona HaxoAunack B coctostHud S;. [IockobKy
CUCTEMa MOXET MpeObIBaTh B OJHOM U3 71 COCTOSIHHM, TO IJIs Ka)XXAOr0 MOMEHTAa BpEMEHH !
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HEeOOXOOMMO 3a[aTh 71° BEPOATHOCTEH Iepexona Pjj, xotopble ym0oOHO IPEACTaBUTH B BUJE
CIEAYIOIIEH MaTPHILBI:

@ Ay - [0
¢P Py e Py
SP1 Py .. Py
gpnl Pn2 Pnn 5

rie Pjj — BepoATHOCTB IIEpEX0/ia 3a OJJMH IIAT U3 COCTOAHUSA S; B COCTOSHHE S;

P;; — BEpOsSTHOCTb 3aJIEP’KKU CUCTEMBI B COCTOSTHUU ;.

Ora MaTpula Ha3bIBAaeTCs IEPEXOJHOM WM MaTpULEd NEepexXOJHbIX BeposTHocTel. Ecin
NEPEXOAHBIC BEPOATHOCTH HE 3aBHUCAT OT HOMEpA 11ara (OT BpeMeHI/I), a 3aBHUCAT TOJBKO OT TOI'O,
13 KaKOro COCTOSIHMSI B KAKOE OCYILECTBISETCS MEPEX0], TO COOTBETCTBYIOLIAs Lenb MapkoBa
HA3bIBACTCA 00HOpOOHOU. IlepexonHple BEPOATHOCTH OJHOPOAHONM MAapKOBCKOM wmemm Py
00pa3yIoT KBaJpaTHYIO MaTpHily pazMepa nxn. OTMETUM HEKOTOpPbIE €€ OCOOCHHOCTH:

1. Kaxnas crpoka XapakTepu3yeT BbBIOPAaHHOE COCTOSIHUE CHCTEMBI, a €€ 3JIEMEHTbI
NpPEeACTaBISIOT cO00i BEpOSITHOCTH BCEX BO3MOMKHBIX IEPEXOJIOB 3a OJMH IIar U3 BHIOPAHHOTO
(U3 i-r0) COCTOSIHMSI, B TOM YHUCJI€ U MEPEX0] B caMoe ceos;

2. DneMeHTHI CTOJIOIOB MOKa3bIBAIOT BEPOSATHOCTH BCEX BO3MOXKHBIX MEPEXO0B CHCTEMBI
3a O/IUH WIar B 3aJjlaHHOE (j-0€) COCTOsIHME (MHaye roBops, CTPOKAa XapaKTepU3yeT BEPOSTHOCTh
Hepexo/ia CUCTEMBI U3 COCTOSIHUS, a CTOJIOEI] — B COCTOSIHUE);

3. CyMMa BepOATHOCTEH KakJI0M CTPOKHM paBHA €IUHMIIE, TaK KaK MEepexoJibl 00pa3yroT
HOJIHYIO TPYIIIY HECOBMECTHBIX COOBITHIA:

o

a f;=li=l,..,n

j=l

4. Ilo rnmaBHOM IMAroOHaNIM MaTPHUIBI NEPEXOAHBIX BEPOSITHOCTEN CTOAT BEPOSATHOCTH Pj;

TOTO, YTO CHCTEMa HE BBIWIET M3 COCTOSIHUA S;, a ocTaHeTcs B HeM. Eciu aist ogHOpOAHOM
MapKOBCKOH IIeny 3aJlaHbl HaYallbHOE paclpesielieHHe BEPOSTHOCTEH M MaTpHUIla MEePEeXOTHBIX
BEPOATHOCTEM, TO BEPOSATHOCTH COCTOSIHUM cucteMbl Py(k), (i=1,...,n;j=1, ..., n) onpeaenstorcs
10 peKyppeHTHOU opmyiie:

n
[o]
P(k)=8 P;(k-1)P; (i=1,..,n).
j=l
Cooepircanue padomel.
JlaHbl MaTpuUlbl MEPEXOAHBIX XapaKTepuUCTUK. ONpeneiauTh BEPOSTHOCTU COCTOSIHUI
CUCTEMBI T0CJIe 3aJJaHHOr0 KojmuecTBa MHTepBajioB Bpemenu (N). [IpuBectu curnanpHsiil rpad

cucteMsbl U Bce Bbunciienus. Hauansabie yenosus: Pi(0)=1, P»(0)=P;(0)= ... =0.
BapuaHnTsl:
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
10,5 | 03 | 0,2 | 0
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B w

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 MOJAETUPOBAHUS IO CXEMe

MpoIieccoB (MapKOBCKUX LIETIEH).

JUCKPETHBIX MAapKOBCKHX

3adukcupoBaTh HCCIEAyeMOe CBOMCTBO cucTteMbl. OmpeneneHue CBOMCTBA 3aBHCHT OT IIENH

HUCCIICAOBAaHU.

OnpenenuTh KOHEUHOE YUCIIO BOBMOXKHBIX COCTOSIHUN CUCTEMBI U YOEIUTHCS B IPABOMEPHOCTH
MOJIEJTUPOBAHUS 10 CXEME JUCKPETHBIX MaPKOBCKUX MPOLIECCOB.

CocTaBuTh U pa3MeTUTh rpad) COCTOSTHU.
Onpenenuts HaYalIbHOE COCTOSIHUE.

1o pekyppeHTHOM 3aBUCUMOCTH OIIPENEIUTh HCKOMBIE BEPOSITHOCTH.

IIpumep. Ilo rpynme u3 4yeTblpex OOBEKTOB IMPOU3BOAUTCS TPH MOCIENIOBATEIbHBIX
BbIcTpena. HaliTh BeposTHOCTH COCTOSIHUM rpynIibl 00bEKTOB MOCIIE TPETHETO BBICTPEA.
Marpuia nepexogHbIX BEpOSITHOCTEW UMEET BUJ:

{0.4
0

0
0
0

0.25

0.35

0.1 0.05
0.25 0.1

045 04 0.15
04 0.6
0 1

Pa3meuennsIii rpad) COCTOSIHHNM MPUBEICH Ha PUCYHKE.

Pemmenue:

Tak Kak J10 IepBOro BBICTPENIA BCe 0OBEKTHI LEbl, TO 1 (0) =

_.J_.

\

Pasmeuennslii rpad cOCTOSHUI YeThIpeX 00BEKTOB

. p:(1) .
ITocne mepBOro BHICTpENa BCe 3HAYCHHS BEPOSTHOCTEM Pi\i, COOTBETCTBYIOT IIEPBOM CTPOKE
MaTPHIIbI TIEPEXOIHBIX BEpOATHOCTEH. PaccuntaemM BepOSATHOCTH OCTATbHBIX COCTOSIHUM.
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P(2) = Pi(1) - pin + Pa(1) - p21 + Ps(1) - par + Pa(1) - par + Ps(1) - ps1 = 0,16;
P3(2) = Pi(1) - p1a + Pall) - paz + P5(1) - pap + Py(1) - pao + Pa(1) - psz = 0,19:
FP3(2) = Pi(1) - p1s + Pa(l) - pas + Ps(1) - pa3 + Py(l) - paz + F5(1) - ps3 = 0, 245;
Py(2) = P1(1) - pra + Pa(l) - pay + Ps(1) - pag + Py(1) - paa + Ps(l) - psy = 0, 21
F5(2) = Pi(1) - p1s + Pa(1) - pas + Ps(1) - pas + P4(1) - pas + FP5(1) - pss = 0,18
P=0,1640,194+0,245+0,224 0,185 = 1.
2 (3) = P (2) -pyy = 0,16 - 0,4 = D, 064;
Pa(3) = P(2) -p1a+ Pei2) -pan = 0,16 -0,254+0,19.0,35 =0, 11;
%(3) = P1(2)-prat+Pa(2)-pas+Ps(2)-p33 == 0,16-0,2+0,19.0, 340, 245.0,45 =
0, 2;
Py(3) = Pi(2) - pra + Pa(2) - paa + P3(2) - paa + Pa(2) - paa = 0,25;
P5(3) = P1(2) - p1s + Pa(2) - pos + P3(2) - paz + Py(2) - pas + Pa(2) - pss = 0,38;
P=0,064+0,114+0,2+0,254+ 0,38 = 1.
Koumponwvnwie éonpocol.
1. Kakue nmpoueccsl HazbIBatoTcss MapKkoBcKUMU?
2. Yro Ha3biBaeTcs nenbio Mapkoa?
3. Ilepeuncnute cBONCTBA MaTPULIbl BEPOSITHOCTEH Mepexoaa.
4. Kaxkoit MapkoBcKHil po1iecc Ha3bIBACTCSI OJTHOPOIHBIM?
Paboma c rumepamypoii:
PexomenyeMble HCTOYHMKU HHGopMaruu (Ne HCTOYHHMKA)
OcHoBHas JlomoHuTEIbHAS MeToanueckas HaTepHeT-pecypchl
1-2 1 1-2 1-2
Ouyenounsle cpeocmea: MICLMEHHBIN OTUYET, coOeceI0BaHue.

4. VYYEBHO-METOJUYECKOE 1 ”THOPOPMAIIMOHHOE OBECIIEYEHUE
JUCLUILINHDBI

4.1. Pexomenayemas Jqureparypa
4.1.1. OcHoBHas JqUTeEpaTypa:
1. baunakoB FO.B. OcHoBBI T€OpHU MHPOPMALTMOHHBIX IPOLIECCOB U CUCTEM: Y4eOHOoe rocodue —
Ilensza: III'YAC, 2011. - 184 c.
2. YepnbiieB A.b., Aatonos B.®., Cyronosa I'.b. Teopust nahopMalnoHHBIX MIPOLIECCOB
u cucreM. — CtaBponons: U3a-so CKOY, 2015. — 169 c.
4.1.2. JlonoJHATEJIbHAS JIUTEPATYypa:
1. KopukoB A.M. Teopus cucteM U CUCTeMHbII aHanu3: yue0. mocooue/ A.M. Kopukos, C.H.
[TaBnoB. -2-e u3a., non. u nepepad. — Tomck: U3a-so: TYCVYP, 2009. — 264 c.
4.1.3. MeToauyeckasi JiuTeparypa:
1. Meronuyeckue ykazaHus MO BBINOJHEHHIO J1abopaTopHbIX padoT mo aucuuiuinae «Teopus
UH(POPMALMOHHBIX MPOLIECCOB U CUCTEM.
2. Meroandeckre peKOMEHIaluH I CTYJICHTOB 110 OpraHU3aluy CaMOCTOSTEIbHOW paboThI IO
mucuuruiiie « Teopus nHPOPMALMOHHBIX IPOLIECCOB U CHCTEM.

4.1.4. UaTepHeT-pecypcehi:

1. http://www.intuit.ru — caiiT JMCTAaHIIMOHHOTO 00pa30BaHMs B 00JIACTH UH(OPMAIIMOHHBIX
TEXHOJIOTUH
2. http://window.edu.ru — o6pa3zoBatenbHbIE pECypChl BEAYIINX BY30B

4.1.5. IlporpamMHoOe o0ecniedeHune
1. Omnepammonnas cucrema Windows Bepcusi XP u Beime, Opaysep Internet Explorer wim
000 apyroi, HHTErpupoBaHHbIN makeT Microsoft. MathCad.
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http://www.intuit.ru
http://window.edu.ru

5.2. MaTepuabHO-TeXHHYeCKOe o0ecredeHue AU CHUIIIMHbI
HGKHHOHHBIﬁ KypC IMpOBOJUTCA B aAyAUTOPUAX, OCHAIICHHBIX MYHBTHMe)IHﬁHBIM
npoekTopoM. JlabopaTopHble 3aHATUS NPOBOIATCS B KOMIBIOTEPHBIX KjaccaX, B KOTOPBIX
yctaHoBieHa mporpamma Microsoft Visual Studio 2010, 2012, a Takke Apyrue CUCTEMBI IJIS
pa3pabOTKU MPOTrPAMMHBIX MTPHIIOKEHHH.
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MUHUCTEPCTBO HAYKH U BBICILIEI'O OBPA3OBAHUA PO
OEJIEPAJIBHOE T'OCYIAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YUPEXIEHUWE BBICHIEI'O ObPA3OBAHUA
«CEBEPO-KABKA3CKHWI ®EJIEPAJIbHBIN YHUBEPCUTET»
[Iaruropckuit unctutyt (puman) CKOY

MerToanyecKkue yKazaHus

IO BBITIOJIHEHUIO CAMOCTOSITEIbHON paOOThI
10 JTUCITUTUINHE
«TEOPUSA HHO®OPMAIIMOHHBIX ITPOLLECCOB U CUCTEM»
1151 HanpaiieHus: noaAroToBku 09.03.02 MudopmManmoHHbie CUCTEMBI U
TEXHOJIOTHH
HarpaBlIeHHOCTh (mMpoduiib) UHpopManuoHHbIE CHCTEMBI M TEXHOJIOTUH
00padoTKH HMPPOBOro KOHTEHTA

[saTuropck
2025
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BBEJEHUE

MeTtoauueckue yka3aHus coAepKar epeueHb BApUaHTOB 3aJJaHU JUIsl KOHTPOJIBHBIX padoT,
TpeOoBaHUs K 0O()OPMIIEHUIO KOHTPOJIBHBIX pa0OT, TPUMEp BHIIIOIHEHUS 3a/1aHUs, a TAKXKe

yq€6HO-MeT021H‘{€CKOG u HH(]!O[!M&[!HOHHOC obecrieyeHue JUCITUTTIIMHBI

TexHoJ0rn4ecKasi KapTa caMmoCcTOsSITeIbHOM

a00ThI CTY/JIEHTA

CpencrtBa u O0BEM 4acoB, B TOM YHCIIE
Koner
TEeXHOJIOTUU CPC | KonraktHas | Bcero
peamusyeMbix | Bug mesrenpHOCTH
. OLICHKHU pabota ¢
KOMIIETEHIINH, CTYJICHTOB
UHIUKaTOpa(oB) fipeliofasar
elleM
5 cemecTp
MK-1 CaMOCTOSTEILHOE Co0OecenoBanue
K-3 U3y4yeHue 48,24 5,36 53,6
JINTEPATYPHI
IToaroroska x CobecenoBanmne
TK-1 abopaTo 7,56 0,84 8.4
K3 1a00paTOPHBIM , , ,
3aHATUAM
I1K-1 IToaroroBka Joknan 9 1 10
I1K-3 JIOKJIaJia
Hroro 3a S cemectp | 64,8 7,2 72
6 cemecTp
CaMoCTOSTENIBHOE CobecenoBanue
TIK-1 H3yUCHIE 3,96 0,44 4.4
HK-3 y ) ) )
JINTEPATYPhI
ITonroroBska K Co0OecenoBanue
TIK-1 J1a00PaTOPHBIM 8,64 0,96 9,6
IK-3 patop : ’ :
3aHATUAM
IIK-1 IToaroroBka Hoxknan 9 1 10
I1K-3 JIOKJIa1a
HToro 3a 6 cemecTp 21,6 2.4 24
Hroro | 86,2 9,6 96

1. ®OPMYJIMPOBKA 3AZTAHUSA U EI'O OB BEM

KontponbHast paboTta BKIItO4aeT B cebe BOMPOCH! 10 TeMaM, KOTOPBIE HYKHO H3yYUTh O H
II0 HUM MOATOTOBUTH OTYET. Pe3ysbTaThl BHINOIHEHUS! KOHTPOJIbHON pabOThl MPEIOCTaBIAIOTCSA
B DJIEKTPOHHOM BHUJE U pacriedaTaHHOM Bujae. OO0beM KOHTPOIBbHOM paboTsl coctaBiser 10-15
neYaTHBIX JIUCTOB popmarta A4.
BapuanTsl 3aganuii BBIOUPAIOTCS U3 TAOTUIIBI 110 TOCIEAHEN I(pe 3a4eTHON KHIKKH.

2. OBIIME TPEBOBAHUSA K HAIIMCAHUIO 1 O®POPMJIEHUIO PABOTbBI

KontponbHast paGota BbIONHSAETCS U chaaercs B 3iekTpoHHOM Bujge Ha CD/CDRW
HOCHTEJIE U B pacnieyataHHOM Buje. Ha koHBepTe HE00X0MMO yKa3aTh Ha3BaHUE JUCIUILIUHBL,
®UO cryaenTa, GpakyapTeT, HOMEp Irpymnbl, MUdp 3aueTHON KHMKKHU, Ne BapuaHTa 3a7aHus, U

CITMCOK BCEX CO3JaHHBIX B XOJ€ BBIIIOJIHCHUA 3a/JaHUA (baﬁHOB.
METOANYCCKUX y'I(aBaHI/Iﬁ

[IpuBeneHHubIi

B KOHIIC
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HCIIOJIB30BAaThCA CTYACHTAMU IIPH BBIITIOJIHCHHUU KOHTpOHBHOfI pa60T51.

3. BAPUAHTBHI 3AJAHUM S CTYJAEHTOB 3AOYHOM ®OPMBbI
OBYYEHUA

3aganue Ne 1:
Tema 1. O01mme noHATUA UHPOPMALMOHHBIX NPoLEecCOB. OCHOBHBIE NMOHATHUS TEOPHH
CHCTEM.
Onucatb MaTeMaTH4eCKHME METOAbl M MOJENU CIEQYIOIIUX cucTeM (TMOCTaHOBKAa 3ajaud,
OCHOBHBIE YPABHEHHUS).
bas3oewtit yposens

1. JlerepMHMHMpPOBaHHBIE CUCTEMBI.

2. Cny4aiiHble IPOLIECCHI.

3. Opnokananbaeie CMO (cuCTeMbI MaCCOBOTO OOCTYKHBAHHUS) C OTKA3aMH.

4. Opnnokananbabie CMO (cucTeMbl MacCOBOTO OOCTYKMBAHUS) C OYEPE/IBIO.

5. Mmnorokanansaeie CMO (CHCTEMbI MaCCOBOTO OOCTYKHBAHUSA) C OTKa3aMH.
Ilosviuennutii yposens

6. Muorokananpabie CMO (crcTeMbl MaCCOBOTO OOCITYKMBAHHS) C OYEPEIBIO.

7. MapkoBcKuE CydailHbIe TPOLIECCHI.

8. JluckpeTHble 1eTEepMUHUPOBAHHBIE CUCTEMBI (KOHEUHBIE aBTOMATHI).

9. Ceru Ilerpn.

10. CranoHapHbI€ CllydaiiHbIE IPOLIECCHI.

3amanmne Ne 2:
Tembl 7-8. I pexTBHOE KOAUPOBaHUE, H30BITOUHOCTH coodennii. Meroa Xaddmana.
Ocy1iecTBUTh KOJHpOBaHUE MeToIoM XaddmaHa 3aJaHHOHN (Ppa3bl:
KBasoeuwiii 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
Ilosviuennutii 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
3aganue Ne 3:
baszoewiit yposens

Boi6path u3 3amanus 2 koa ciaoBa (Wi ¢ppasbl, He MeHee 6-TH CUMBOJIOB). 3aKOIUPOBATh
ero ¢ momoluplo kojga XsMMmuHra. llpeamnonoxuTts, 4To B N-M CHMBOJIE KOJIOBOTO CJIOBa B
npoIriecce mepeiavyn Mo KaHary CBsI3H, MPOU30IILIA OIIHOKA.
Ilogviuennulit ypoeens
[IponemoHcTpUpOBaTh OOHAPYKEHUE ONIMOKKM B COOOIIEHWHU, 3aKOJUPOBAHHOM KOJOM

X3MMUHra.

3aganue Ne 4:
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Tembr 12-13. MapkoBckue ciy4aiinblie nmpoueccol, kjaaccupukanus. MapkoBckue nemnu.
HenpepsiBabie nenun MapkoBa, ypaBHenue Koamoroposa. Cucrema rubenu wu
Pa3MHOKEHHUS.

Jlaubl MaTpuUIbl MEPEXOAHBIX XapaKTepUCTUK. OINpenenuTh BEPOSTHOCTU COCTOSIHHM
CHCTEMBI 1OCJIe 3aJJaHHOTO KondyecTBa uHTepBaioB BpeMeHu (N). [IpuBectu curHanpHbIi rpad

cucteMbl U Bce Bbrancienus. Hauansasie yenosus: P1(0)=1, P,(0)=P;(0)= ... =0.
baszoewiit yposens
1. N=2
0.5 03 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 03 0.2 0
0 0.4 0.3 0.3
0 0 0.4 0.6
0 0 0 1
4. N=3
0.5 03 0.2
0 0.4 0.6
0 0 1
5.N=4
0.5 0.3 0.2 0
0 0.4 04 0.2
0 0 03 0.7
0 0 0 1
Ilogvluennwlit yposeens
6. N=5
0.5 03 0.2
0.2 04 04
0 0.7 0.3
7.N=3
0.5 0.3 02 0
0 0.4 04 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 04
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
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0 [0 [0 0.1
10.N=4

0.5 03 02

0 0.6 04

0 0.7 03

3amanue Ne 5:

Tembl

14-16. KoMmoHeHTBI M KjIacCH(PMKALHMA MoOJeJell MaccoOBOro 00CJYyKHUBAHMS.

OanoxanaasHasgs CMO c orkazamu. OaqHokanajabHasgs CMO ¢ oxkuaHueM U OrpaHuYeHHO
oyepenbro. OpHokanaabHass CMO ¢ oXuAaHHEM M HEOIPAHMYCHHOH OYepenblo.
Muorokanaasnass CMO ¢ orkazamu. MHorokanajibnasg CMO c¢ oxxugaHuem.

[Momyunts xapakrepuctuku CMO u ompenenuTs (UHaAIBHBIE BEPOSTHOCTH (€ciu

CYIIECTBYIOT).
baszoewiit yposens

I.

MacTtepckast 1o peMOHTY OBITOBOM anmapaTypbl UMEET MATh MacTepoB (n = 7). B cpennem
B TEUEHHE PadOYero JHS OT HacesleHHs rmoctymnaet B peMoHT 10 armmaparos (/= 10). O6mee
YHCIIO almnapaTrypbl y HAacelleHUs OYeHb BEJIMKO, BBIXOJUT OHA M3 CTPOS B CIIydailHble
MOMEHTBl BPEMEHM HE3aBUCUMO JApyr oT Apyra. [loaToMy MOMKHO CuUMTaTh MOTOK
TpeOoBaHUIl Ha O0OCIy)XMBaHME IIyaCCOHOBCKMM. MacTtepa HMEIOT OJIMHAKOBYIO
kBanudukanuo. B cpeaHneM oauH Mactep oOcimykuBaeT 5 ammapaTa B JeHb (M = 5).
Onpenenuts napamerpsl 3pHEKTUBHOCTH padOThI CUCTEMBI.

bunernas kacca pabotaer 6e3 nepepriBa. bunersl npogaer onuH kaccup. CpeaHee Bpems
oOcinyxuBaHuss — 6 MuH. Ha xaxnoro denoBeka. CpelHee YHCIO MACCa)XHPOB,
KEJaloLINX MPHOOpecTH OMIIEeTHl B Kacce B TEUYEHHE OJHOr0 4aca, paBHo | = 10 macc/gac.
Bce noroxu B cucreme npocreiimue. Onpenenante CpeaHIo JUIMHY 04epein, BEPOSITHOCTh
IPOCTOS Kaccupa, CpeiHee BpeMsi HaX0XkIeHUs Maccakupa B OMIIETHOM Kacce (B ouepeau
U Ha 00CIIy>)KMBaHHUU), CPEIHEE BPEMS OKUAAHUS B OYEPEIH B YCIOBUSIX CTAllMOHAPHOTO
pekuma paboThI Kacchl.

[loct numarHocTuku aBTOMOOMJIEH mpeacTaBisieT coboil onHokaHanbHyro CMO ¢
OTKa3aMu. 3asiBKa Ha TMarHOCTHKY, TOCTYIIUBIIIAsl B MOMEHT, KOTJa ITOCT 3aHAT, OJIy4acT
oTka3. MTHTeHCHBHOCTh IOTOKA 3asBOK Ha IMarHocTuky | =0,8 aBroMmo0ms B yac. CpeHsist
NPOJIOJKUTENBHOCTh JAMArHOCTUKM ¢ = 1,2 yaca. Bce moToku coOBITHII B cucteme
npocteimue. OnpeneauTb BEpOITHOCTHBIE XapaKTEPUCTUKU CUCTEMBI B yCTAHOBUBLIEMCS
pexume.

. B Oyxrantepum npeanpusTus HUMEIOTCS JIBa Kaccupa, KaXAbld M3 KOTOPBIX MOXET
oOciyxuth B cpeaHeM 30 coTpynHukoB B 4ac. [I0TOK COTpYIHMKOB, MOJyYaroIlux
3apabOoTHYIO TUIATy, — MPOCTEUIINIA, C UHTEHCUBHOCTBIO, paBHOM 50 COTPYIHUKOB B Yac.
Ouepenp B Kacce He orpaHuyeHa. /lucuuIuiiHa odepean He perjaMeHTUpoBaHa. Bpems
00CTyXKUBaHUSl TOJYMHEHO SKCIOHEHIMAIBHOMY 3aKOHY paclpeneieHus. Boraucnure
BEPOSTHOCTHbIE XapakTepucTuku CMO B CTallMOHAPHOM pEXUME U ONpPEIeNuTe
11eJ1€c000pa3HOCTh MIpHUEMa TPETHETro Kaccupa Ha IpeanpHsITHE, padOTaIOIIETo ¢ TAaKOH ke
POM3BOIUTENBHOCTBIO, KaK U MEPBbIE JBA.

MacTtepckast 1o peMOHTY OBITOBOM anmapaTrypbl UMeeT Tpex MacTepoB (n = 3). B cpennem
B TEUYCHHUE PabOYETro JHS OT HaceJIeHus nmoctynaet B peMoHT 10 anmapatos (1= 10). O6miee
YHCJIO almnaparypbl y HAceJIEHUs OYEHb BEJIMKO, BBIXOJUT OHA M3 CTPOs B CilydailHble
MOMEHTBl BPEMEHHM HE3aBUCHUMO JApyr oT japyra. llosTomMy MOXHO cuuTaTrh IMOTOK
TpeOoBaHUIl Ha O0O0CIy)XMBaHME IIyaCCOHOBCKMM. MacTtepa HMEIOT OJMHAKOBYIO
kBanudukanuto. B cpeqnem oaun macrep obciykuBaet 2,5 anmapara B JAeHb (M = 2,5).
Omnpenenuth napameTpsl 3PHEKTUBHOCTH PabOTHI CHUCTEMBI.

Ilogviuennutii yposens
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6.

10.

bunernas kacca pabotaer 6e3 nepepsiBa. bunersl npogaer onuH kaccup. CpeaHee Bpems
oOcinyxuBanuss — 2 MuH. Ha xkaxnoro denoBeka. CpelnHee YHCIO MAacCa)XHpOB,
KeJaloLINX MPUOOpecTH OMIIETHl B Kacce B TEUEHHE OJHOTO Yaca, paBHo | = 20 macc/gac.
Bce notoku B cucteme npocreimue. OnpeaenuTe CpeIHIO IIUHY O4epean, BEPOSITHOCTD
IPOCTOS Kaccupa, CpeiHee BpeMsi HaX0XkIeHUs accakxupa B OMIIETHOM Kacce (B ouepeau
1 Ha OOCIIy’KHUBaHUH), CpEAHEE BPEMsI OKUJAHUS B OYEPEIU B YCIOBUSIX CTAllMOHAPHOTO
pexkuma paboThI Kacchl.

[Toct amarHoCTMKHM aBTOMOOWIJEH mpencTaBiser cobol omHokaHampbHYyro CMO ¢
OTKa3aMu. 3asiBKa Ha TUarHOCTHKY, IOCTYIIUBIIIAasl B MOMEHT, KOTJja IIOCT 3aHAT, OJIy4YaeT
0TKa3. IHTEeHCHBHOCTP TIOTOKA 3asBOK Ha AMAarHOCTHKY | =0,4 aBTroMoOwmIIst B yac. CpeaHsist
IPOJOJKUTENBHOCTh AMarHocTuku ¢ = 0,5 yaca. Bce moToku coOBITHII B cucreme
npocreimue. OnpeaeauTh BEPOITHOCTHBIE XapaKTEPUCTUKU CUCTEMBI B yCTAHOBUBLIEMCS
pEXHME.

. B Oyxrantepum npeamnpusaTus HUMEIOTCS JIBa Kaccupa, KaXAbIH M3 KOTOPBIX MOXET
oOciyxuth B cpeaHeM 20 coTpynHUKOB B 4ac. IIOTOK COTpPYIHMKOB, MOJYyYaroIlux
3apa0oTHYIO TUIaTy, — MPOCTEUINNA, C ”THTEHCUBHOCTHIO, paBHOM 30 COTPYIHUKOB B Yac.
Ouepenp B Kacce He orpaHndeHa. /lucuumiimHa ouepeau He perilaMeHTUpoBaHa. Bpems
00CTyKUBaHUSl TOJYMHEHO SKCIOHEHIMAIBHOMY 3aKOHY pacipeneieHus. Boraucnure
BEpPOATHOCTHbIE XapakTepuctukn CMO B CTalMOHapHOM pEeXUME U ONPEACIUTE
1eJ1ec000pa3HOCTh IprUeMa TPEThEro Kaccupa Ha IpeInpusiTHe, padOTaIOIIEro ¢ TaKOH ke
IIPOM3BOJUTEIBHOCTHIO, KaK U IEPBBIE [BA.

MacTtepckast 1o peMOHTY OBITOBOM anmapaTypbl UMEeT MATh MacTepoB (n = 5). B cpennem
B TeUCHHE Pab0Yero JHS OT HACEJICHHS ITOCTYMaeT B peMoHT 15 armmaparos (/= 15). O6ee
YHCJIO almnaparypbl Yy HAaceJleHUs OYeHb BEJIMKO, BBIXOJUT OHA M3 CTPOs B CiIydailHble
MOMEHTBl BPEMEHM HE3aBUCUMO JApyr oT Apyra. IloaTomMy MOMKHO CUMTaTh MOTOK
TpeOoBaHUIl Ha O0OCIy)XKMBaHME IIyaCCOHOBCKMM. MacTtepa HMEIOT OJIMHAKOBYIO
kBanudukanuo. B cpeaneM oauH Mactep oOcmykuBaeT 4 ammapaTa B JieHb (M = 4).
Omnpenenuts napamerpsl 3pHEKTUBHOCTH padOThI CUCTEMBI.

bunernas kacca pabotaer 6e3 nepepriBa. bunersl npogaer onuH kaccup. CpeaHee Bpems
oOcinyxuBanuss — 5 MuH. Ha xaxnoro denoBeka. CpenHee 4HCIO MAacCa)XHpOB,
KEJaloLINX PHOOpecTH OMIIETHl B Kacce B TEUEHHE OJHOTO Yaca, paBHo | = 15 macc/gac.
Bce notoku B cucreme npocreiimue. OnpenenanTe CpeaHIo JUIMHY 04epein, BEPOSITHOCTh
IPOCTOS Kaccupa, CpeiHee BpeMsl HaX0XkIeHUs accakxupa B OMIIETHOM Kacce (B ouepeau
U Ha 00CIIy>)KMBaHHMH), CPEIHEE BPEMs OKUAAHUS B OYEPEIH B YCIOBUSIX CTAllMOHAPHOTO
pekuma paboThl Kacchl.

3amanue Ne 6:

Tema 17. CoBpemeHnHble MeTOAbl NPUHATHSA pemieHuii. [IpuHsiTHe pelieHnii B yCJIOBHSX
HeomnpeneaeHHOCTH. Kpurepuyn npuHATHA pelieHUii B yCJIOBUSIX HEONPEACIeHHOCTH.
HeoOxonuMo NpuHATH pelIeHHE B YCIOBUSAX HEONPEJEICHHOCTH IO MaTpulle 3aTpar ¢
UCIIOJIb30BaHUEM pa3nuyHbIX kKpurepues (Jlamnaca, Banpaa, Casumxa, ['ypeuna).

bas3oewtit 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
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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.
S1 S2 S3 S4
R1 6 12 20 24
R2 9 27 9 28
R3 23 18 15 19
R4 27 24 21 15
5.
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 PABOTHI

3aganue Ne 1. Onucath MaTeMaTH4YecKue MeTOAbl M MOJIeJIM cHCcTeM (IIOCTAHOBKA 3a/1a4M,
OCHOBHbIE YPABHEHHUSI).

OAHOKAHAJIbBHAS CUCTEMA MACCOBOT'O OBCJIYVXKMUBAHUA (CMO) C
OYEPEJIBIO

Cuctema MaccoBOro OOCTY>KMBaHHSI MMEET OJWH KaHal. BXomsmuii moTOK 3asBOK Ha
o0CIy)XKUBaHUE — TMPOCTEHINN TOTOK C WHTEHCUBHOCTHIO A. VIHTEHCHBHOCTH TOTOKA
oOciyuBaHUSl paBHa [ (T.e. B CpeIHEM HEINpPEpPhIBHO 3aHATHIM KaHald OyJeT BbLAaBaTh
00CITy»XKEHHBIX 3asBOK). [MUTEeIhHOCTh OOCTYKMBAaHUS — CIIy4aiiHas BEJWMYWHA, TOJYMHEHHAs
MOKa3aTeIbHOMY 3aKOoHy pacmpenencHus. [loTok oOCTyKWBaHHMHA SBISETCS TPOCTEUITUM
MyaCCOHOBCKUM IIOTOKOM COOBITHH. 3asiBKa, MOCTYMUBIIAS B MOMEHT, KOTJa KaHal 3aHAT,
CTaHOBUTCS B OU€pe/lb U OKUIAeT 00CTYKUBaHUS.

[Ipenmonoxum, 9TO HE3aBUCUMO OT TOTO, CKOJBKO TpPEOOBAaHWU TOCTYyMaeT Ha BXOJ
00CITy)KMBAIOIIEH CUCTEMBI, TaHHAsI cUcTeMa (o4yepenb + 00CITy)KHBaeMble KIIMEHTHI) HE MOXKET
BMeCTUTh Oosiee N-TpeOoBaHUil (3a5BOK), T.€. KIIMCHTHI, HE MOMABIINE B OKUIAHKE, BHIHYKICHBI
o0ciTyKUBaThCS B APYyrom Mecte. HakoHell, HCTOUHUK, TOPOKIAIOIINIA 3aBKH HA 00CITyKUBaHUE,
UMeeT HeOrpaHMYEHHYIO (OECKOHEYHO OOJIBIIYI0) EMKOCTb.

I'pad cocrosauit CMO B 3TOM ciTydae UMEET BHI, TOKa3aHHBIN Ha pHC.

A A A A A A
@ueme i o
Puc. I'pa pa3MHOXKEHNs)
K B B BooH

CocrosiHus

Sy — KaHay ¢cBOOO/IEH;

S| — KaHan 3aHAT (O4epeau HET);

S, — kaHnan 3aHAT (07HA 3as5BKa CTOUT B OYEPEIIN);

S, — kaHan 3aHAT (1 - 1 3asIBOK CTOUT B OUEPE/IN);

Sy — kanaz 3aHAT (N - 1 3a9BOK CTOUT B OUepe.in).

CrannoHapHBIi MPOLIECC B IAHHOM cucTeMe OyJeT OMUCHIBATHCS CIIEIYIOICH CHCTEMON
anreOpanvecKux ypaBHECHUIM:
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1—(1-p)B, + Py +pB, =0, O<n<N;

L'—PN +p-PN_1 =, . n=N,

p A,

TEE P=—;

m
# — HOMEP COCTOSHMSI.

Pemrenne npuBe1IeHHON BBIIIE CUCTEMBI ypaBHEHUN 1t Hamel moaenn CMO umeer Bua:

1-p n -
. [_:_-FV-:-I'J‘) , P#], n=0,12,.., N

p=1

=i

Torma
By-p" p#l, n=12,.., N,
=y 1
(N +1)’
OnpenenuM xapakTEPUCTUKU oJHOKaHabHO CMO ¢ 0)KHIaHUEM U OTPAHUYEHHOM JUTMHOMN
ouepenu, paBHoit (N — 1):
1. BeposATHOCTH OTKa3a B OOCITYKUBAaHUH 3asIBKU:

1_,5’ oV, pzl,
I-p +1

Fox =Py = i

(N+1)’

p=1

p=1

2. OTHOCHTEIbHAs MPOMYCKHAS CIIOCOOHOCTh CUCTEMBI:

1-~
1-[~—§-]p~, et
1—9 +1
g=1-Fyy =

1- , p=1;
Wy P

3. a6COHI'OTHaH IPpOITyCKHaA CHOCO6HOCTL:

4, CpE€AHEEC YUCJIO HAXOAAINUXCA B CUCTEME 3as1BOK:

p-[l—(N+l)'pN+N-pN+1

LSZ%”'P": a0 P
N2, p=1;
5. CpCaHECC BpEMs Hpe6BIBaHI/I${ 3ajBKH B CUCTCMC:
— LS
ST1- P,
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6. cpemHsisi MPOIOJDKUTEIBHOCTh MPEOBIBAHUS KITMEHTA (3asIBKM) B OYEPE/IH:

qu WS_I/M;

7. cpelnHee Yucio 3asBOK (KJIIMEHTOB) B ouepeau (JJIMHA OUYEPE/IN):

3aganue Ne 2. OcymecTBUTh KOAUpPOBaHHe MeTO0M XadpmaHa 3agaHHON Pppa3bl:
Many a little makes a tickle

Pewenue:

[Hoctpoum nepeo Xaddpmana:

N N N 2 2
R ENY RV Y o1
| 6 5 4 4
o0\ 1/ Y 0\ 1/
9 11 8
\ | /

| 17
o0\ 1/
28

JIBOMYHEIN KO CHMBOJIOB:
—100
—101
—000
—001
—010
—011
m —1100
—1101
—11100
—11101
—11110
—11111

-0 —~ o]

o< O n X

3ananue 3.
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BriOpatb u3 3amanus 2 kox cioBa (Win ppa3sbl, HE MEHee 6-TH CUMBOJIOB). 3aKOJMPOBAThH
ero c mnomouelo koga XsmMmuHra. Ilpenmonoxutb, uro B N-M CHMBOJE KOJOBOIO CJIOBa B
mpoliecce nepeaadn Mo KaHaity CBsI3H, IPOU30IILIA OIIHOKA.
Pemennue:

[Iepelinem K MOCTPOEHUIO CAMOKOPPEKTUPYIOLIUXCS KOAOB JJIA ciiydas p = 1, KOTopbie
HA3bIBAIOTCS Kooamu Xammurnea. ByieM cuutarh, 4TO B KaHalle CBSI3U MIPU Mepeaaue CoOOIeHus
MOXET TPOU30UTH He OoJiee OJHOW OMMOKH. DTO O3HAYAET, YTO €CIM MCXOTHOE COOOIIEeHHE
aay ... a, Kogupyercs Habopom bib; ... b;

(I =m+k), To Ha BbIXO/IE BOBMOXHBI CJIEYIOIINE BApHAHTHI KOJIOB:
blbz bl; b*]bz bl; blb*z bl; e sy b]bz b*[.
Taxkum oGpazom, uncio BapuanToB paBHO [ + 1. [TosgcHuM, 94TO OmMOKa MOXET HE TTPOU3OUTH,
1100 OHA MPOU3OUIET B OHOM M3 [ pa3psiioB, U CUMBOII b; 3aMEHHUTCS HA MPOTUBOIIOIOXKHBIHN b *;.
Uwucmo JOMOIHUTENBHBIX PA3pPSIOB JUISI TTOCTPOCHUS KOJOB XEMMHHTa HY)XKHO BBIOpATh Tak,
yTOOBl WX XBATWJIO JUIsI KOJUPOBaHUS mepedncieHHbix [ + 1 cmyuaeB. CremoBaTenbHO,
He00XO0INMO YTOOBI BBIITOIHSIIOCH
21

[+1
[Toatomy, 3Has m, [ BBIOMpaeM Kak HAMMEHBIIIEE TIeJI0€ YUCIIO, YAOBIETBOPSIOINIEE YCIOBHIO:

oM 3 L

[+1

Yucio / HazpIBaeTCs JIMHOM Koa XoMMHHTA. YHUCo m — 9ucio nHOOPMAIMOHHBIX CHMBOJIOB.
3ameuanue: YuuteiBas, 9to [ = m + k, MOXHO BBIOUpATh HE /, @ YUCIIO k, KOTOPOE HA3BIBACTCS
YUCJIOM KOHTPOJBHBIX CUMBOJIOB U SIBJISICTCS HAUMEHBIIIMM IEIbIM YHCIIOM, YAOBICTBOPSIOIIUM
YCJIOBHIO:

2k3l+11/m1/12m3

2K fam+l.

Hanpumep, ecnmu m = 4, to [ = 7, k = 3. Takum oOpa3zoM, Ipu MOCTPOSHUU KOJIOB XEMMHHTa,
IEPBOE, UTO HYKHO CAEaTh: 3TO 110 YUCITY /1 ONPEAEIUTh uncia k u /.

Anroput™m noctpoenus kojaa Xammunra. Ilycts mis cooOuienus o = a1a; ... d,, AJIUHBL M
HE00X0MMO ITOCTPOUTH KO X3MMuUHra. Bossmem m = 9; ucxonHoe cooOuieHue

oa=101110111 = a aazas asacarasas.
Torpa /=13, k = 4; xog XoMMHHTa:
B = b1b2b3babsbsbibsbobiob11b12b13.

1. IlpencraBum kaxaoe uucio i U3 MHOxkectBa L = {1,2, ..., [} B BUAe k-pa3psagHOro
JTBOMYHOTO yncia. Pe3ynbpTarsl 3anuiieM B Buje TaOIuIb 3.2:
Tabmuma 8.2. JIBouyHBIC KOIBI YHCETT.

1 2 B 4 5 6 7 B 9 (10 11 12 |13
Vo I o p o g o 1 o o o T p |
Vi o 1 |1 O o |1 g1 o o |1 1 0
Vs, o o o ¢ oo {1 o O 0o o PO 1 |
Vs o 0o O o o o o 1 o o pogp

2. Paz6epem MHOKECTBO L Ha k TIOAMHOXKECTB CIICYIOITUM 00pa3oM:
LO = {l €L02 V(): 1}, LO = {1, 3, 5, 7, 9, 11, 13},

Li={i€L:Vi=1};L =12,3,6,7, 10, 11},
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Ly={i€ L V,=1}; L,=1{4,5,6,7,12, 13},
Ly={i€Ls: V3=1};L3=1{8,9,10, 11, 12, 13}.

3. IlepBBI€ 2IEMEHTBI MHOXKECTBA L; — CTENEHN 2 — ONPENENSAI0T HOMEPAa KOHTPOJIBHBIX
pa3psoB koaa. OcTanbHbIE OMPENesIOT HoMepa HH(POPMAIIMOHHBIX Pa3psI0B:
b1byb4bg — kOHTpONBHBIE, b3bsbsb7bob10b11b12b13 — MHPOPMAITMOHHEIE.

4. ®opMupoBaHre 3HaYCHUH HH)OPMALIMOHHBIX CUMBOJIOB:
by = ay; bs = ay; bg = as; by = aq; by = as; by = ag; by = az; bia = ag; b3 = ao.
bsy=1;b5=0bs=1;b7=1;b9=1;b10=0; b1 =1;b1,=1; b13=1.

5. ®opMupoBaHue 3HAYEHU KOHTPOJIbHBIX CUMBOJIOB:
by =bs+ bs+ by + by + by + b3 = 1+0+1+1+1+1=1;
by = b3+ b+ by + byp + b1y = 1+1+1+0+1=0;
by =bs+ bg+ by + by + bz = 0+1+1+1+1=0;
bg=bg + byyg+ by1 + by + b3 = 1+0+1+1+1=0;
a=101110111; B=1010011010111

Obnapyoicenue owubKu 6 kooax Xemmunea:

[Tycts f* =1010011010011, T.e. B 11 pa3psae mpousoruia omuokKa.
Vo=b* +b*+ b*s+ b* + b* + b* + b*; =1+1+0+1+1+0+1=1;
Vi=b* +b*+ b*+ b* + b*y+ b* =0+1+1+1+0+0=1;
Vo =b*,+ b*s+ b*s+ b*; + b*, + b*; =0+0+1+1+1+1=0;

Vi=bg + bg + big + b1y + b1y + b3 =0+1+0+0+1+1=1;
[Momyuwmnu: 1101 — nBonuHbIM KO uKcaa 11.

3aganume Ne 1. Jlanbl MaTpuipl NEPEXOAHBIX XapaKTepUCTHK. OIpeaenuTh BEPOATHOCTU
COCTOSIHMM CHCTEMBl TIOCIIe 3aJaHHOTO KonudecTBa uHTEepBaioB BpemeHu (N). Ilpuectu

CUTHAIBHBIN Tpad cucTeMbl U Bce Bhuncienus. Hauansubie ycmosus: Pi(0)=1, P,(0)=P;(0)= ...
=0.

N=3
0.5 0.3 0.2
0 04 0.6
0 0 1
Pemenue:
K=1:
10,5 0,3 0,2]
(100)* | 0 0,4 0,6/=(0,5 0,3 0,2);
|0 0 1|
K=2:
10,5 0,3 0,2]
(0,5 0,3 0,2) *| 0 04 0,6/]=(0,25 0,27 0,48);
|0 0 1|
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K=3:
10,5 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)

CurnanbsHbIH Tpad:

(\ 05

3ananme 2.

B Oyxranrepun npeanpusTHs UMEIOTCA 2 KacCHUpa, KaKIbI U3 KOTOPBIX MOXKET OOCITYXHTh B
cpenneM 30 coTpyaHukoB B 4Yac. [IoTOK COTpyIHUKOB, MOJy4aromux 3apabOTHYIO IUIATy, -
MPOCTEUINA, ¢ WHTEHCUBHOCTHIO, paBHOW 40 corpyaHukoB B uac. Odepenpr B Kacce HE
orpannyeHa. J[MCIMIIIMHA OYepe/ld HE periiaMeHTUpoBaHa. BpeMs oOciykKuBaHHs TOTIMHEHO
AKCIIOHEHIIMAIIbHOMY 3aKOHY paclpeIelICHUS.

Brruucnute BepostHOCTHBIE XapakTepucTUku CMO B CTallMOHAPHOM PEKUME.

Pemienne:
t:=— =
30 | =4 ¢:=2
1 | I
m:=— m=30 p:=— p =1.333 — X =2.667
t m m
é C c-1 -1 1
Po::g P s + é % p ><PO
a&- 8 T Pp =02 T P, =067
e e e :
2
p X,
P2:= 2

3aganue 3. HeoOxomumMo  MpuHATH  pelIeHHME B YCIOBUSX
HEONPEICTICHHOCTH TI0 MaTPHUIIE 3aTpaT C HCIOJb30BaHUEM pa3nuvHbIX Kputepues (Jlarmmaca,
Banpaa, Casumxa, ['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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Pemenue:

1) Kpurepnii Jlannaca:

H(R1) = Y4 * (6+12+20+24) = 15,5;
H(R2) = V4 * (9+27+9+28) = 18,25;

H(R3) =" * (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
OnTtumansHas ctparerus - R1

2) Kpurepuii Banpaa:

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
OnTumaneHas ctparerus — R3
3) Kpurepuit CaBumxka:
MaTtpuiia 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
OnTumaneHas ctparerus — R1
4) Kpurepuii ['ypBuma:
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

OnTumaneHas ctparerus — R1

5. KPUTEPUU ONEHUBAHUSA PABOTbI

O1eHKa «OTJIMYHO» BBICTABISIETCS CTYACHTY, €CIM OH INPOJEMOHCTPHPOBAI TIIyOOKHE,
WCYEpIbIBAIOIINE 3HAHHWA UM TBOPYECKHE CIOCOOHOCTM B MMOHHUMAaHHUM, H3JIO0KEHUH U
HCIIOJIBb30BaHUN y‘-Ie6HO-HpOI‘paMMHOFO Marcpualia, JJOI'M4YCCKH IIOCJICAOBATCIILHBIC,
coJiepKaTelbHble, MOJIHbIE, MPAaBUIbHbIE U KOHKPETHBIE OTBETHI HA BCE MOCTABJIEHHBIE BOMPOCHI
W JIOTIOJHHUTENbHBICE BOMPOCH MpEmojaBaTelNis; CBOOOJHOE BJIAaJEHHE OCHOBHOH U
JIOTIOJTHUTEILHOM JIUTEpaTypoOi, peKOMEHI0BAaHHON y4eOHON TTPOrpaMMOi.

OneHka «XOopoIo» BBICTABISAETCS CTYIEHTY, €CIM OH IPOAEMOHCTPUPOBAI TBEPIBIE U
JIOCTaTOYHO TIOJIHbIE 3HAHMSI BCErO0 MPOrPaMMHOTO MaTepuala, MpPaBUIbHOE IOHHMaHUE
CYHIHOCTH H B3aMMOCBA3HU pPaACCMATPUBACMBIX TMPOHCCCOB U }IBHCHI/Iﬁ; IIOCJIICAOBATCIIbHBIC,
MpaBWJIbHbIE, KOHKPETHbIE OTBETHl HAa IOCTABJICHHbIE BOMPOCHI MPHU CBOOOJAHOM YCTPaHEHUU
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3aME4aHui 110 OTAEIbHBIM BOIIPOCAM; JOCTATOYHOE BJIAJICHUE JIUTEPATYPOU, PEKOMEHIOBAHHOU
y4eOHOI MPOrpaMMoil.

OneHka «yIOBIETBOPUTEIBHO» BBICTABISAETCS CTYAEHTY, €CJIIM OH IPOAEMOHCTPUPOBAI
TBEp/blE 3HAHUS U MOHMMAaHWE OCHOBHOTO IPOrPaMMHOT0 MaTepuaa; npaBuibHble, 0€3 TPyObIX
OLIMOOK OTBETHI HA IMOCTABJIECHHBIE BOIPOCHI MPH YCTPAHEHUH HETOUHOCTEH M HECYIIECTBEHHBIX
OIIMOOK B OCBEHICHHM OTAENbHBIX IOJIOKEHHH MpU HaBOISAIIMX BOIpPOCaxX MpernoiaBaTes;
HEJI0CTaTOYHOE BIIAJICHUE JINTePaTypOi, peKOMEHA0OBAaHHON y4eOHOU POrpaMMOii.

O1eHKa «HEYIOBJIETBOPUTEIBHO» BBICTABIISIETCS CTYACHTY, €CIIM OH IIPOAEMOHCTPUPOBAT
HeTpaBWIbHBIE OTBETHl HAa OCHOBHBIE BOIPOCHI, JOMYyIIEHBl TIpyOble OIIMOKM B OTBETax,
HEMIOHMMAaHHE CYIIHOCTH H3JIaraéMbIX BOIIPOCOB; HEYBEPEHHBbIE M HETOYHBIE OTBETHI HA
JOTIOJIHUTEIbHBIE BOIIPOCHI.

6. MHOPAJOK 3AIIIUTHI PABOTbBI

3amuTa KOHTPOJIBHOM pabOTHI NPOBOANTCS B BU/IE HAYYHOTO JUCKOCA C JIEMOHCTpAIHe
BBITTOJIHEHHBIX 33JaHWH, B COOTBETCTBUHM C rpadukom 3amutsl. [locne nokmana cTyaeHTY
3aJ1al0TCS BOIPOCHI KaK MPEToiaBaTesieM, Tak U CTYACHTaMH TPYTIIIBL.

B nponecce 3ammuTsl cBoel pabOThI CTYJEHT AENAET JOKJIAJ IPOJOKUTENbHOCThIO 7-10
MHUHYT. JloKnan MoybKeH OBITh NpEeiBapUTENbHO MOJATOTOBICH CTyAEHTOM. CTYIEHT NOJKEH
CBOOOJTHO OPUEHTUPOBATHCS B CBOCH padoTe.

B BrICTYyIIICHNN HEOOXOIMMO KOPPEKTHO MCTIONB30BATh IEMOHCTPALIIOHHBIE MaTEpUAaIb,
KOTOpbIE YCHIIMBAIOT JOKAa3aTeIbHOCTh BHIBOJIOB U OOJIETYAIOT BOCHIPUSATHE OKIIAAA CTYCHTA.

7. YYEBHO-METOJMYECKOE U UH®OPMAIIMOHHOE OBECIEYEHUE
JUCLUIIMHBI

7.1. IlepeyeHb OCHOBHOM ¥ IONOJTHUTEJIbHOMN JIUTEPATYPbI, HE00XO0IUMOM I OCBOEHUS
AMCHMILTNHBI

7.1.1. IlepeyeHb OCHOBHOM JIMTEPATYpPbI:
1. biimakos FO.B. OcHOBBI Teopuu HHGOPMAITMOHHBIX TPOIIECCOB U CUCTEM: YUeOHOe mocooue —
[Tenza: [I'YAC, 2011. - 184 c.
2. YepnbimieB A.b., AatonoB B.®., Cyronosa I'.b. Teopust nHpopManmOHHBIX TTPOIIECCOB
u cucreM. — CraBponois: U3a-so CKOY, 2015. — 169 c.

7.1.2. IlepevyeHb TONOJIHUTEIbHOM JIUTEPATYPHI:
1. KopukoB A.M. Teopust cucteM U cuUCTeMHBII aHanu3: yued. nmocooue/ A.M. Kopukos, C.H.
[TaBnoB. -2-e u3n., porm. u nepepad. — Tomck: U3a-Bo: TYCVYP, 2009. — 264 c.

7.2 IlepeyeHb Y4eOHO-METOAMYECKOIr0 OOeCleYeHUs] CaAMOCTOATEJIbHOH PadoThl
o0y4yaromuxcs no Jucuumiinne. Meroan4deckasi JJareparypa:

3. UYepnsimeB A.b. Metoauyeckre yka3aHusi MO BBIIOJIHEHUIO Ja0OpaTOpHBIX padoT 1o
nucturmuHe « Teopust nHOpPMAITMOHHBIX TIpolieccoB U cucteM». [Isturopck: CKOY, 2017.
4. UYepnebieB A.b. Metoauueckne peKOMEHJAUu 7Sl CTYAEHTOB 110 OpraHu3aluu

CaMOCTOSITENIbHOM paboThI 10 nucuuIuinHe « Teopus nHOOPMALIMOHHBIX MPOLIECCOB U CUCTEM.
[Iaruropck: CKO®Y, 2017.
5. YepnepimeB A.b. MeToanyeckre peKOMEHIAIMY ISl CTYACHTOB IO BBITTOJTHEHUIO
KOHTPOJBHBIX padoT Mo AucuuIuinHe « Teopus HHPOPMAITMOHHBIX IPOIECCOB U CUCTEMY.
[Tsaturopck: CK®Y, 2017.

7.3. Ilepevyenb pecypcoB HH(POPMALMOHHO-TEJIeKOMMYHUKAIIUOHHOM ceTH « UHTEepHET,
He00XO0AUMBIX /I OCBOCHMS AUCHUIIIMHBI:
3. http://www.intuit.ru — caliT JMCTAaHIIMOHHOTO 00pa30BaHMs B 00JIaCTH UH(OPMAIIHIOHHBIX
TEXHOJIOTUH
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4. http://window.edu.ru — o6pa3zoBaresbHbIE pECYPChI BEIYILIHX By30B
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MUHUCTEPCTBO HAYKH U BBICILIEI'O OBPA3OBAHUA PO
OEJIEPAJIBHOE T'OCYIAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YUPEXIEHUWE BBICHIEI'O ObPA3OBAHUA
«CEBEPO-KABKA3CKHWI ®EJIEPAJIbHBIN YHUBEPCUTET»
[Iaruropckuit unctutyt (puman) CKOY

MerToanyecKkue yKazaHus

10 OpraHU3aIMUd CAMOCTOSTEIILHON paOOThI
10 JTUCITUTUINHE
«TEOPUSA HHO®OPMAIIUMOHHBIX ITPOLLIECCOB U CUCTEM»
1151 HanpaiieHus: noAroToBku 09.03.02 NudopmMannoHHbie CUCTEMBI U
TEXHOJOTHH
HarpaBlIeHHOCTh (poduiib) UHpopManuoHHbIE CHCTEMBI M TEXHOJIOTUH
00padoTKu HMPPOBOro KOHTEHTA

[saruropck
2025

34



COJEP)KAHUE

1 LIEJIb U 3AJIAYM OCBOEHUS JUCLUTUINHEI 3
2. TEMBI JUISI CAMOCTOSITEJILHOTO U3YUEHUSA 3
3. KPUTEPUM OLIEHMBAHMS KOMITETEHIUI 4
4

. YYEBHO-METOJMYECKOE Y UHOGOPMALIMOHHOE OBECIIEYEHUE
JACIUTUIMHLL 4

35



3. HEJIb U 3AJAYU OCBOEHUA JUCIHUIIJINHBI

enpto M3ydeHUIO IUCHUIUIMHBI «Teopust MHPOPMAIMOHHBIX MPOIECCOB M CHUCTEM»
SIBJIISIETCS. OCBOGHUE CTYJEHTAMU TEOPETUYECKUX U MPAKTUYECKUX OCHOB  CO3JAHMS
MH(POPMAIMOHHBIX CHCTEM, a TAaK)Ke CITIOCOO0B OMUCaHUs HH()DOPMAITMOHHBIX CHCTEM.

3aauy TUCIUTUIMHEL: ONPEIEINTh COBPEMEHHOE COCTOSIHIE Pa3BUTHSI HHGOPMAITMOHHBIX
CHUCTEM M HMX KJIAcCCHU(UKAIMIO; TO3HAKOMHUTh C METOAOJOTUSIMH U TEXHOJOTUSIMH Pa3pabOTKH
MH(OPMAIIMOHHBIX CUCTEM; MPEACTABUTD ITAIBI CO3JIaHMSI U TIPOSKTUPOBAHUS HHPOPMAITMOHHBIX
CHCTEM.

4. TEMBI 1JIsd CAMOCTOSATEJBHOI'O U3YUEHUSA

Tema 2. 3akoHoMepHOCTH cucTeM. Knaccudukanus cuctem.
Conepxanue:

Krnaccudukanus cuctem.

Pab6ora c auTeparypoii:

PexoMenyemble HCTOUHMKH HHGOpMaun (Ne HCTOYHHKA)

OcHoBHAaA

JlononHUTEIbHAS

Mertonnueckas

HMHTepHEeT-pecypChl

1-2

1

1-2

1-2

OneHo4Hble cpeacrea: cobeceqoBaHUE

Tema 3. CurHaisl U cucTeMbl iepeaadn nHpopmaruu. [lapameTpsl curHaia.

Conep:xanue:

UcTounuk I/IH(l)OpMaIII/II/I, nepeaaTumnK, KaHall CBA3U, UCTOYHUK ITOMEX, IPUEMHUK, aJpCCaT.

Pab6oTra c auTeparypoii:

Pexomenayembie ucTouHuku nHbopmarmu (Ne HCTOUHHMKA)

OcHoBHasA

JlononauTenpHas

Mertonnueckas

HMuTepHeT-pecypchl

1-2

1

1-2

1-2

OueHo4HbIe cpeacTBa: coOeceJ0BaHNE
Tema S. DHTpONHUS HENMPEPHIBHBIX cOo0OMIeHN. MHGOpMaIIMOHHBIN KaHaJl, IPOITYCKHAs

CHOCOOHOCTH KaHaIa.
Conep:xanue:

[onsarue nuddepeHuanbHON S HTPOITUH.

Pabotra c a1uTeparypoii:

PexomeHyeMble HCTOUHMKU MHGopMaruu (Ne HCTOYHHMKA)

OcHoBHasA

ZIOHOJ'IHI/ITGJ'IBHaﬂ

Metoanueckas

HHTepHET-pecypChl

1-2

1

1-2

1-2

OuneHouHble cpeacrBa: cobecemoBaHKe

Tema 13. HenpepsiBHble nenu Mapkosa, ypaBHeHrne Konmoroposa. Cucrema rudenu u

pa3sMHOXKEHU.
Coaepxanue:

q)OpMYJ'II)I JJIs1  BBIYUCIICHUSA TMPEACTIbHBIX BCpOS[THOCTGfI COCTOSTHMM CHCTEMBI THOEIH H

Pa3MHOKCHHUA.

PaGora c 1uTepaTypoii:

PexomenayeMble HCTOUHUKU HHGopMaruu (Ne HCTOYHHMKA)

OcHoBHas

JlononauTenpHas

MeTtoamueckas

HNaTepHeT-pecypcol

1-2

1

1-2

1-2

OueHovHbIe cpeacTBa: cOOECEI0BAHNE

Tema 17. CoBpeMeHHbIE METO Il TPUHATHS pelieHui. [IpuHsITHE pereHnid B yCIOBUAX




HEONPEIETICHHOCTH.
Conep:xanue:

[TonsTHe HeonpeneneHHOCTH BHELIHEN cpenbl. [loHsTre cutyauuu pucka.
Pabotra c aiuTeparypoii:

PexomeHxyeMble HCTOUHHMKU HHGopMaruu (Ne HCTOYHHMKA)

OcHoBHas JononauTenapHas MeToauueckas HaTepHeT-pecypchl

12 1 12 12

OueHovHbIe cpeacTBa: cOOECEIOBAaHNE

5. KPUTEPUU OUEHUBAHMUS KomnereHnuuid

OneHKa «OTIIMYHOY» BBICTABIISICTCS CTYJICHTY, €CJIN TITyOOKHEe, UCUCPIIBIBAIOIINEC 3HAHUS U
TBOpYECKHE CIIOCOOHOCTH B MOHUMAHHUH, U3JI0KEHUU U UCTIOJIB30BaHUU YUEOHO-IPOTPAaMMHOTO
Marepuana; JOTUYECKH TOCIIeIOBATEIbHBIC, COJEpKATeIbHbIC, TOJHBIC, MpPaBUJIbHBIE U
KOHKpPETHbIE OTBETHI HAa BCE I[IOCTABIIEHHBIE BOMPOCHI U JOMOJHUTEIbHBIE BOMPOCHI
MpernojiaBaresisi; CBOOOJHOE BIAJCHUE OCHOBHOM W JIOMOJHUTEIBHON  JIUTEPATYypPOU,
PEKOMEHI0BAaHHOW yueOHOU MPOrpaMMoil.

O1eHKa «XOpOIII0» BBHICTABIISAETCS CTYACHTY, €CJIA TBEPABIC U IOCTATOYHO MOJTHBIC 3HAHUS
BCEro IMPOrpaMMHOIO MaTrepuaia, MpPaBUIbHOE TMOHMMAHUE CYIIHOCTH U B3aUMOCBS3U
paccMaTpuUBaEMbIX ITPOIIECCOB U SIBJICHUI; TIOCIIEIOBATEIbHBIC, PABUIIbHBIC, KOHKPETHBIE OTBETHI
Ha MOCTABJICHHbIE BOIPOCHI IPU CBOOOJHOM YCTPaHEHUU 3aMeUaHUi MO OTAENbHBIM BOIPOCaM;
JIOCTAaTOYHOE BJIAJICHUE JTUTEPATYPOM, PEKOMEHJOBAHHON Y4eOHOM MpOrpaMMOH.

OneHka «yJIOBIETBOPUTEIBHO» BBICTABISETCS CTYICHTY, €CJIM TBEpAble 3HAaHUSA U
MOHUMAaHUE OCHOBHOT'O IMPOTPAaMMHOI0 MaTepHalia; MpaBUIIbHbIE, 0€3 rpyObIX OMMUOOK OTBETHI HA
MOCTaBJICHHbIE BOIMPOCHI TPHU YCTPAaHEHWU HETOUYHOCTEM U HECYIIECTBEHHBIX OIIMOOK B
OCBEIICHUU OT/ACIIbHBIX MOJIOKEHUHN MPU HABOJSIIUX BOMPOCAX MPEToaBaTess; HeI0CTaATOUHOE
BJIAJICHUE JINTEPATyPOH, PEKOMEHI0OBAaHHOW Y4eOHOH ITPOrpaMMoOii.

O1eHKa «HEYIOBJIETBOPUTEILHOY» BBHICTABIISCTCS CTYACHTY, €CIM HEMPABUIHHBIE OTBETHI
Ha OCHOBHBIE BOMPOCHI, JIOMYIIEHBI IPyOble OUTMOKHN B OTBETaX, HEMOHUMaHUE CYITHOCTH
M3JIaraeMbIX BOIIPOCOB; HEYBEPEHHbBIE U HETOUHBIE OTBETHI HA JOTOJIHUTEIHHBIE BOIIPOCHI

6. YYEBHO-METOJINYECKOE U HTH®OPMAIIMOHHOE OBECITEYEHUE
TACIATITAHBI

4.1. PekoMeHayemasi JJuTepaTrypa
4.1.1. OcHoBHasi IMTEpPaTYpAa:
1. biimakoB FO.B. OcHOBBI Teopuu HHGOPMAITMOHHBIX TPOIIECCOB U CUCTEM: Y UeOHOEe Mmocooue —
[Tenza: [I'VAC, 2011. - 184 c.
2. YepnbimieB A.b., AatonoB B.®., Cyronosa I'.b. Teopust nHpopManmOHHBIX TTPOIIECCOB
u cucreM. — CraBponois: 1M3a-so CKOY, 2015. - 169 c.
4.1.2. JlonoJTHUTEILHAS JIUTEPATypa:
1. KopukoB A.M. Teopust cucteM U cuCTeMHBII aHanu3: yueO. mocooue/ A.M. Kopukos, C.H.
[TaBnoB. -2-e u3n., gorm. u nepepad. — Tomck: U3a-Bo: TYCVYP, 2009. — 264 c.
4.1.3. Metoauueckasi iuTeparypa:
6. MeTtonuueckue yKazaHUs IO BBINOJHEHUIO J1a00paTOPHBIX paboT mo aucuuiuinae «Teopus
UH(POPMALMOHHBIX IPOLIECCOB U CUCTEM).
7. Metoauueckue peKOMEHAALNHU Jis CTYJIEHTOB 110 OPTaHU3alMd CAMOCTOSITEIbHON paboThI 110
mucuuruiiHe « Teopus nHPOPMALMOHHBIX TPOIIECCOB U CHCTEM.

4.1.4. UnTepHeT-pecypcehl:
5. http://www.intuit.ru — calT IUCTaHIIMOHHOTO OOpa30BaHHUs B 00JaCTH WH(OOPMAIMOHHBIX
TEXHOJIOTHI
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6. http://window.edu.ru — oOpa3oBaresnbHbIe peCypchl BEAYIINX BY30B
4.1.5. IlporpamMMHoe o0ecnieueHune

Aunbt Pabouas cranmms 10

Anpr Pabouyas craanmsa K

AnpT «CepBepy»

[TakeT oucHBIX Tporpamm - P7-Oduc

AW (IN | ==

4.2. MarepuaJbHO-TEXHHYECKOe o0ecnedeHne TUCHUTIINHBI
HGKHHOHHBIﬁ KypC IMpOBOAUTCA B ayAUTOPUAX, OCHAIICHHBIX My.]'[BTPIMGI[HﬁHBIM
npoekTopoM. JlabGopaTopHble 3aHATHS HPOBOJATCS B KOMIBIOTEPHBIX KJaccax, B KOTOPBIX
yctaHoBieHa mporpamma Microsoft Visual Studio 2010, 2012, a Takke Apyrue CUCTEMBI IJIS
pa3pabOTKU MPOTrPAMMHBIX MPHIIOKEHHH.
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