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AyauTopHasi KOHTAKTHasl
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3aHATHH/

B T.4. B popme IIIT*
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— IIpaKkTHYECKue (CEeMHHAPCKHE)
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CamocrosiTenbHasi padoTa 76 76
Htoro 144 144
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Pabouas mporpaMma JUCHMIUIMHBI pa3paboTaHa B COOTBETCTBHM C  (hefepaibHbIM
roCy/IapCTBEHHBIM 00Opa30BaTeNIbHBIM CTAaHIAPTOM BBICIIETO 00pa30BaHUs — CIEUUATUTET IO
cnenmanbHoct  10.05.03  MudopmanmonHas 0€30MacHOCTh  aBTOMATH3WPOBAHHBIX  CHUCTEM
yrBepkaeHHbIM [Ipukazom MunoOpHayku Poccun ot ot 26.11.2020 Ne 1457.

[TporpamMmy cocraBui(u):
Crapmmii npenogaBatens, [1.H. Hacenxun

PaGouas InporpamMmma pacCMOTpCHa U ozlo6peHa JJIA MCIIOJIB30BAaHUA B y‘le6HOM IMpouecce Ha

3aceqanuu Kadeapsl «MHPOpPMAIIMOHHBIE CUCTEMBI B 3alUTa WH(HOPMAIIUNY, TPOTOKOI OT «21» Mas
2024 1. Ne 11

3aB. kadenpoii, K. 3. H, JOLEHT T.K. Kupunnosa



1 IIEJIb U 3AJAYM JUCOUTLINHBI

1.1 Hean AuCHUNIHMHBI

1 oOyueHHE CTYJCHTOB OCHOBaM TCOPHHM WH(POPMALKH, HEOOXOAMMBIM [UIS aHanM3a pPabOThI
ABTOMATH3MPOBAHHBIX CUCTEM C MO3UIHI HHPOPMAIMOHHON O€30MaCHOCTU
1.2 3agaum AMCHMIINHEBI
1 MOJYYUTh HAaBBIKM UCIIOJb30BAHHS TUIOBBIX MAaTEMaTHYECKHX METOJIOB U MoJeliell Teopun UH(OopMaluu

JUTSL peIIeHNs 3a/1a4 HH(POPMAIIMOHHOHN 0e30MIaCHOCTH

YCBOUTH OCHOBHBIE MOJXOJIbl K PEIIEHHIO CTAaHAAPTHBIX MaTeMaTHYECKHX 3aJad, BBHIIOIHEHUIO PacueToB
2 MaTeMaTUYeCKUX BEJIMYWH, MPUMEHEHHIO MAaTEMaTH4eCKUX METOJOB OOpaOOTKH 3KCIEPUMEHTATBbHBIX
JIAHHBIX JUIS PelIeHHs 33124 HHOOPMALMOHHOH 6€301acHOCTH

1.3 Ileqib BOCIUTAHMSA W 331241 BOCIUTATEIHHOI PadoThl B PAMKaX THCIUILIHHBI

[TpodeccrnoraIbHO-TPYIOBOE BOCIIUTAHHE O0YIAFOIINXCS

Hens npodeccronansHO-TpYAOBOTO BocIUTaHus — (POPMHUPOBAaHUE Y 00y4aIOMIMXCsl OCO3HAHHOM NpodeccroHaIbHOM
OpPHMEHTAalLlNM, TOHMMAaHUsI OOLIECTBEHHOTO CMBIC/A TPy/Aa M 3HAYUMOCTH €ro s ceds JIMYHO, OTBETCTBEHHOTO,
CO3HATENBHOTO M TBOPYECKOTO OTHOUICHUsS K OYyAyIeH NesTelbHOCTH, NMPO(eCCHOHAIBHOW ITHKH, CHOCOOHOCTH
NpEe/IBUICTh U3MEHEHHS, KOTOPhIe MOTYT BO3HHKHYTh B MPO(ECCHOHAIBLHON NESTENbHOCTH, U YMEHHUIO paboTaTh B
M3MECHEHHBIX, BHOBb CO3/IAHHBIX YCIOBUSIX TPY/A.

Ienp qocTUraeTes Mo Mepe PellieHUs B €AMHCTBE CIACAYIOMINX 3a/1a4:

— ()OopMHUpOBaHKE CO3HATENLHOI'O OTHOLICHHS K BRIOPAHHOM Mpodeccun;

— BOCIHTAHUE YECTH, TOPJOCTH, JIOOBU K MPO(ECCHH, CO3HATEIHHOIO OTHOLICHUS K MPO(ECCHOHATBHOMY IOMTY,
MOHMMAEMOMY KaK JINYHAS! OTBETCTBEHHOCTh U 00SI3aHHOCTb;

— (popMUpOBaHHE NICUXOJIOTUH MTPOPecCHOHaNa;

— ¢opmupoBanue NMPoHECCHOHATHLHON KYIbTYPhI, STHUKH MPOHECCUOHATBHOTO OOIICHHUS;

— (hopMUpOBaHUE COLMATILHON KOMIIETEHTHOCTH M JPYyr'He 3a7a4u, CBSI3aHHbIE C UMHJDKEM NPOPECCUH U aBTOPUTETOM
TPaHCIIOPTHOM OTpaciu

2 MECTO JUCIMIIVIMHBI B CTPYKTYPE OIIOII

bnox/gacts OIIOIT ‘ bnok 1. lucuunnuus! / O0si3aTenbHas 4acTh

2.1 JIucuMn/JMHbI M NPAKTHKH, HA KOTOPbIX OCHOBBIBAETCS H3yYeHUe JaHHON JMCIUILIUHBI

B1.0.07 Marematuueckuii aHaans

b1.0.08 Anrebpa u reomeTpust

b1.0.09 luckpeTHast MaTeMaTHKa

Bb1.0.10 Marematndeckas JIOTHKa ¥ TEOPHsI aITOPUTMOB

b1.0.11 Teopust BeposITHOCTEN U MaTeMaTHYeCKasl CTATUCTHKA

OO WN -

b1.0.12 YucneHHbie METOIbI M TEOPHST ONITUMHU3AINH

2.2 I[I/ICIIHHJ'IHHI)I U NMPAKTUKU, JJIS1 KOTOPbLIX U3YYCHUE JAHHOM AUCHMIJINHBI
HeOﬁXO}Il/IMO KaK npeamecTByruiee

b1.0.58 O6paboTka 1 aHANM3 OOIBIITNX JaHHBIX

b51.0.62 MosenupoBaH#e IPOLECCOB U CUCTEM 3aLUThl HHGOPMAIIK

B3.01(1) [ToaroroBka K mpoueAype 3aIiyThl BBITYCKHON KBATH(DUKAIIMOHHON pabOThI

AIWIN |-

Bb3.02(/1) 3ammra BRITYCKHOW KBaTH(PUKAIIMOHHOW PaOOTHI

3 IINTAHUPYEMBIE PE3YJIbTATBIOBYUYEHMUS 11O JUCIIUIIVIMHE,
COOTHECEHHBIE C TPEBOBAHUSAMMU K PE3YJIbTATAM OCBOEHUSA
OBPA3OBATEJIbHOM ITPOI'PAMMBI

Koa u HaumeHoBaHue
HHAUKATOPA JOCTUKCHUSA
KOMIICTCHIIMHA

Koa n
HalMeHOBaHHUe
KOMIIETeHIIUH

Inanupyemble pe3yJibTAThl 00yYeHUsI

3HaTh: OCHOBHI TEOPHH HHPOPMALINH, €€ AKCHOMBI i TEOPEMEI,
OCHOBBI KOJTUPOBAHHUS COOOIIEHUH, HEOOXOIUMBIE TSI aHAIIN3a

OIIK-3 Criocoben
HCIIONIB30BATh
MaTeMaTUu4ecKue
METOIBI,
HEOOXOIUMBIE IS
pelieHus 3a1a4y

OIIK-3.2 YMeeT Ucnoib30BaTh
THUIIOBBIE MAaTEMATHYECKHE
METOBI M MOJENH JIJISk
penieHus 3ana4d
npodeccruoHaTbLHOM
JESITENHbHOCTH

pa6OTI)I ABTOMAaTU3UPOBAHHBIX CUCTEM C HOSI/IHI/II\/’I
HHGOPMAMOHHON OE€30MTaCHOCTH.

YMeTh: UCTIONH30BaTh THIIOBbIE MaTEMaTHIECKHE METO IbI
TEeOpUr MHPOPMAITUH JIJISl pEeIIeHUS 3a/1a4 HHPOPMAITHOHHON
6e301acHOCTH.

BrnaneTs: HaBbIKaMM pPELIEHUs] CTAHAAPTHBIX MaTEMaTHYECKUX
3a/]1a4, BHIIOJIHEHUS paCU€TOB MAaTEMaTHUECKUX BEJINYUH
TeOopHH HHPOPMALIUU

npodeccnoHaTLHOM
JeSITeIBHOCTH

OIIK-3.3 BnazeeT moaxoaamMu
K PEIICHUIO CTaHAAPTHBIX
MaTeMaTHYECKHUX 3aa4,
BBITIOJTHEHUIO pacyeTOB
MaTEMaTHYECKUX BEINYNH,

3HATh: THUITOBbIE MATEMATHYECKHE METOIBI K MOJIEIIN TEOPHU
uH(pOpMAIIUY JIs pelICHNUS 3a/1ad MHPOPMAIIMOHHON
Oe3omacHOCTH

YMeTh: UCII0JIb30BATh THITOBBIE MOJIETH TEOPHH HH(OPMALIH
JUIsL pelieHus 3aa4 MHPOPMaIMOHHON 0€3011acCHOCTH




MIPUMCHCHHUIO MATEMAaTHYCCKUX
METOJIOB 00paboTKH

IULSL PEIeHUs 3a/1a4
po¢eCCHOHATBHO
JeSATEIbHOCTH

9KCIIEPUMEHTAIBHBIX JAaHHBIX | Biasers: HaBbIKaM¥ NIPHMMEHEHHS MaTEMaTHYECKHX METOIOB
00paboTku nHOpMAIIH

4 CTPYKTYPA U COAEPKXAHUE JUCHUIIJINHBI

Ounas popma *Kox

Kon HaumeHoBaHue pa3aesioB, TeM H BUIOB padoT Hacst MHAMKATOPA

’ Cemectp JMOCTHIKEHHST
Jex Hp J1ab cp KOMIICTCHITUH
1.0 | Pazgen 1. DJurpommsa. IJHTponuss H uHopManms.
HUcTtounnkn undopmanum.

1.1 | Tema 1. Ilomsarue oHTpormu. TepMoaWHaAMHYECKas U OITK-3.2
WHPOPMALIMOHHAS DJHTPONHMH.  DHTPONHA BEPOSTHOCTHOMH 5 2 5 OHK-3l3
CXEMBI.

1.2 | Tema 2. TunoBbele MaTeMaTHYECKHE METO/IBI U MOJICTH TEOPHU
nHpopmanmu  ansA  pelieHus 3agad  MHPOPMAIMOHHOMN 5 2 5 OIIK-3.2
0€30macHOCTA. ODHTPOIUS CIOXKHOH CHCTEMBI. Y CIIOBHAA OIIK-3.3
SHTPOIHSI.

1.3 | Jlabopatopuass pabora 1. W3ydeHue OSHTPONMHMHU CIIOKHOU 5 5 1 OIIK-3.2
CUCTEMBI OIIK-3.3

1.4 | JlabopatopHass pabora 2. M3ydeHume CBOWCTB SHTPONHH U OITK-3.2
nHpopmanuu OnpeneneHre COCTOSIHUS TEXHUYECKOI CUCTEMBI 5 4 1 OHK-3.3
METOJIaMH TeOpHH HH(POPMAIHH '

15 | Tema 3. KomuuectBo wuHpopmanuu. OTHOCHTEIbHAS 5 2 5 OIIK-3.2
nHpopmanus. YactHast nHOOpMANHS. OIIK-3.3

1.6 | Tema 4. DHTpOIHUI U HHPOPMALIUS U CUCTEM C HETIPEPBIBHBIM 5 2 5 OIIK-3.2
MHO’KECTBOM COCTOSIHHH. OIIK-3.3

1.7 | Tema 5. DHTpONUS MCTOYHUKOB JIMCKPETHBIH HMCTOYHHMK Oe3 5 3 5 OIIK-3.2
MAMSITH. OIlIK-3.3

1.8 | Jlabopatoprass pabora 3. HM3ydeHue CBOICTB HCTOYHHKA 5 5 3 OIIK-3.2
nHpopmanuu OIIK-3.3

19 | Tema 6. Teopema lllenHoHa 00 MCTOYHHKax. MapKOBCKUE U 5 3 6 OIIK-3.2
AProJUYECKUE UCTOTHUKH. OI1K-3.3

2.0 | Pazgen 2. Curnaasl. KomupoBanune undopmaunu. Kanans
CBSI3H.

21 Tema 7. Mogenu curnanos. Teopema KorenbHukosa. 5 4 5 8g§:§§

2.2 | Tema 8. DmeMeHTHI KBAaHTOBOHU Teopru nHpopManmu. [lepenaga 5 4 5 OIIK-3.2
WHPOPMAIIUU KBAaHTAMHU. OIIK-3.3

2.3 | JlaboparopHass pabora 4. VccrmemoBaHme  TpOIIECCOB 5 4 5 OIIK-3.2
JUCKPETU3al ¥ KBAHTOBAHUSI CUTHAJIOB OI1K-3.3

2.4 | Tema 9. OntumansHoe KojupoBaHue. Koj llenHona-®dawno. 5 4 5 OIlIK-3.2
[TpeduKcHbIE KOABIL. OIlIK-3.3

25 | Tema 10. HepaBernctBo Kpadra. JluHeitHbIE KOZBI. 5 2 5 OIIK-3.2
Koppekrupyroiue cBOHCTBa KOJOB. OIlIK-3.3

26 | Tema 11. Kogsr XoMmMmuHra. [uknuvyeckue  KOJBI. 5 2 5 OIIK-3.2
[IpeacraBneHue 0 CBEPTOYHBIX KOJAX. OIIK-3.3

2.7 | JlabopatopHast paboTa 5. Pa3paboTka JMYHBIX ONTHMAJIbHBIX 5 4 5 OIlIK-3.2
HEpaBHOMEPHBIX JIBOMYHBIX KOJIOB OIlIK-3.3

2.8 | JlaboparopHast paboTa 6. Pa3paboTka THYHBIX JBOMYHBIX KOIOB 5 4 1 OIIK-3.2
Ha OCHOBE METOJIMKHU K0J1a X9MMHHIa OIlIK-3.3

29 | Tema 12. Kananer cBs3u. KommyectBo uH(bopManuw, OIK-3.2
nepefaBaeMod IO JAUCKpPEeTHOMY KaHany. IIpomyckHas 5 2 5 OHK-3I3
CHOCOOHOCTh KaHalla CBSI3H. '

2.10 JlaboparopHras pabora 7. M3yuyeHne KaHaJIOB CBA3U 5 8 1 83?25

211 | Tema 13. CrangapTHble MareMaTHYeCKHe 3a1a4d |
NPUMEHEHHE  MaTeMaTHYeCKHX  METOJOB  00paboTKh 5 2 4 OIlIK-3.2
OKCIIEPUMEHTANbHBIX ~ JAaHHBIX  JUIA  peleHust  3ajgad OIIK-3.3
nH(popManMOHHOH 6€30HaCHOCTH.

. OIIK-3.2
dopma MpoMeXyTOUHOH aTTeCTaIlNN — 3a9€T 5

OIIK-3.3




4 CTPYKTYPA U COAEPXAHUE JUCHUIIJIMHBI

OuHas ¢opma *Kon
Yacel HHIHMKATOpPA
Ko HaumeHOBaHHE Pa3/1€/I0B, TEM U BUI0OB PadoT Cemecr JMOCTHIKEHHSI
P | Jex | mp | J1a6 | cP
KOMIIETEeHIHA

Hroro wacos (6e3 yuéTa 9acoB Ha IPOMEKYTOUHYIO

34 34 76
aTTECTAINIO)

5 ®OH/J] OLIEHOYHBIX CPEJCTB JJIsl IPOBEJEHUS i}
TEKYILETO KOHTPO.IS1 YCIEBAEMOCTH U TIPOMEKYTOUYHOI
ATTECTALIMY OBYYAIOIUXCS IO JUCHUIIUHE

DOoHJI OLIEHOYHBIX CPEACTB JUIS MPOBEACHHS TEKYIIETO KOHTPOJIS YCIIEBAEMOCTH M IPOMEXKYTOUHOH aTTecTanu
0 JUCIIUIUTHHE 0opMIleH B BuAe mprioxkeHus Ne 1 k pabodeii mporpaMme TUCIHIUIMHBL U pa3MEIIeH B JICKTPOHHON
HHPOPMATMOHHO-00pa30BaTENIFHOM cpenie Y HUBEPCUTETA, TOCTYITHON 00yJaroneMycs 4epe3 ero JNYHbIH KaOnHeT

6 YYEBHO-METOJUYECKOE U UTH®POPMALIMOHHOE OBECIIEYEHUE
JUCHUILINHBI

6.1 YueOHas aureparypa

6.1.1 OcHoBHas JIMTEpaTypa

Kon-Bo 3Kk3.
bubaunorpadpuueckoe onucanue B OubHnorexe/

OHJIANH
[Monos, 1. 0. Teopus undopmanuu : yueonuk st By3os / U. 0. [Tonos, U. B.

6.11.1 baunosa. — 3-¢ u3n., ctep. — Cankr-IletepOypr : Jlans, 2022. — 160 ¢. — URL: Omaiin
B https://e.lanbook.com/book/218870 (nara obpamenus: 15.04.2024). — TekcT :

3JIEKTPOHHBIN.
Hedenos, B. U. O6mas Teopus cBsi3u : yaeOHUK A By30B / B. U. Hedenos, A. C.
6.1.12 Curos ; ox penakiuei B. 1. Hepemosa. — Mockga : FOpaiit, 2023. — 495 ¢. — Omaiin

URL: https://urait.ru/bcode/511124 (nata odpamenus: 22.04.2024). — Tekcer :
3JIEKTPOHHBIN.

Bbangun, K. B. OcHOBBI TeOpUHM BEPOATHOCTEN U MATEMATUUECKON CTATUCTHUKH :
yueOnuk / K. B. banaun, B. H. Banuteikos, A. B. Pykocyes ; mox o6mr. pex. K. B.
6.1.1.3 Banmua. — 5-¢ m3n1., crep. — Mocksa : ®JIMHTA, 2021. — 489 c. — URL: Ownmnaiy
https://biblioclub.ru/index.php?page=book&id=500648 (nara oGparieHwus:

18.04.2024). — TeKcT : 3JEeKTPOHHBIH.

6.1.2 JlonoJiHUTEIbHASA JIUTEPATYpPa

Kon-Bo 3k3.
Bubmmorpadudeckoe onmcanue B Oubnmoreke/
OHJIAWH

EpmakoB, A. A. OcHOBBI TeopHHu HH(GOPMAITHH : y4e0. Tocodue Mo AUCIUITIINHE
6.1.2.1 "Teopust uapopmauuu" / A. A. Epmaxos ; Denep. areHTCTBO X.-1. TpaHcI., UpKyT.
T roc. yH-T myteit coodur. — Upkyrck : UpI'YIIC, 2015. — 99 ¢. — Tekcer :

HENOCPEACTBEHHBII.

93

OcoxkuH, A. H. Teopus uadopmaruu : yaeduoe nocobue / A. H. Ocokun, A. H.
MasnbuykoB. — Tomck : TITY, 2014. — 2006 c. — URL:
http://e.lanbook.com/books/element.php?pll 1d=62935 (mata oOpamieHus:
15.04.2024). — TeKcT : 3JEeKTPOHHBIH.

6.1.2.2

Ownnaiu

Bepeskun, E. @. OcHOBHI Teopun HHGOPMALINK U KOAUPOBAHKS : yueOHOE ocoOue

6.1.2.3 qutst By30B / E. @. bepeskun. — 4-e u3a., ctep. — Cankr-IletepOypr : Jlanb, 2023.

B — 320 ¢. — URL.: https://e.lanbook.com/book/330500 (maTa obOparieHus:
15.04.2024). — TeKcT : 3JEeKTPOHHBIH.

Ownnaiy

I'mypmMman, B. E. PykoBoACTBO K pelIeHuUIo 3aa4 10 TEOPUH BEPOATHOCTEH U

6.1.2.4 MaTeMaTH4ecKoi craructuke : yue6. nocooue / B. E. 'mypman. — 11-e uzn.,

nepepab. — M. : Beici. o6paszoBanue, 2008. — 404 ¢c. — Tekcr :
HEIOCPECTBEHHBIN.

480

I'mypman, B. E. Teopust BeposTHOCTEH U MaTeMaTH4ecKasi CTaTHCTHKA : y4el.
6.1.2.5 nocobue / B. E. 'mypman. — U3a. 11-e, crep. — M. : Beicm. mk., 2005. — 479 c. 1
— TeKCT : HemoCpeACTBEHHBI.

6.1.3 YueOHO-MeTOANYeCKHE PA3PAGOTKH (B T. Y. JUISI CAMOCTOSAATEIbHOM Pa0oThl 00y4aIOIINXCH)

Kom-Bo 3k3.
bubnmorpaduyeckoe onucanme B Oubmmoreke/
OHJIAMH
Hacenxun I1.H. MeToanyeckue yka3aHus 110 U3y4eHN0 gucuuiuimael 51.0.25 o
6.1.3.1 A A Y v et Omnnaiin

Teopus uapopmaruu o cnenuanbHocTh 10.05.03 MHpOpMarmonHas




6e301acHOCTh aBTOMAaTH3UPOBAHHBIX CHCTEM, cliennanu3anus «besonacHocTs
OTKpHITEIX HHPOpMarmonHsix cuctem» / [1.H. Hacenkun ; UpI' YIIC. — UpkyTCK :
HpI'YIIC, 2024. — 12 c. - Tekcr: anextponnsiit. - URL:
https://www.irgups.ru/eis/for_site/umkd_files/mu_47619 1529 2024 1 signed.pdf
6.2 Pecypcbl nH(pOPMAIMOHHO-TEIeKOMMYHHUKAIMOHHOI ceTH «AHTepHET»
6.2.1 DnekTpoHHO-O0nbIMoTEeuHas cucrema «M3narenscTBo Jlanby, https://e.lanbook.com/
6.2.2 DNeKTpOHHO-6ubIHOTeuHas cucteMa «O6paszoBatenbHas miardopma FOPAMTy, https://urait.ru/
6.2.3 DJeKTpOHHO-OMOIMOTEeHAs cucTeMa «Y HUBEpCUTETCKas OMOIroTeKa oHainy, https://biblioclub.ru/
6.3 IIporpamMHoe obecnieueHne H HH(OPMAIMOHHbIE CIPABOYHbIE CHCTEMbI
6.3.1 bazoBoe mporpaMMHoe odecreyenne
63.1.1 Microsoft Windows Professional 10, rocymapctBeHHbIi KOHTpakT oT 20.07.2021 Ne
T 0334100010021000013-01
6.3.1.2 g/iicrosoft Office Russian 2010, rocymapctBenasiir koHTpakT oT 20.07.2021 Ne 0334100010021000013 -
63.1.3 F_oxitReade_:r, CBOGOIHO pacrpocTpansieMoe mporpamMmmuoe obecrieuenwe http://free-software.com.ua/pdf-
o viewer/foxit-reader/
Adobe Acrobat Reader DC cBoOomHO pacmpocTpaHseMOe TpPOrpaMMHOE — OOecreucHHe
6.3.1.4 . .
https://get.adobe.com/ru/reader/enterprise/
Sunekc. bpaysep. IlpuknagHoe mnporpamMmHoe obecrieueHne ooOmiero HasHaueHus, OducHble
6.3.1.5 MIPUJIOKCHUS, JTUIICH3HS — CBOOOIHO PacpoCTpaHsIeMoe MporpaMMHOe odecrieueHue 1o uieH3nu BSD
License
6.3.2 Crneniua/iu3upoBaHHOE IPOrPaMMHoOe o0ecreyeHue
6321 MathCAD_student 15.0 Academic_License, Customer Number 434692, koutpakt ot 03.12.2012 Ne
T 0334100010012000148-0000756-01
6322 Python 3.9, c_Bo6011Ho pacmpocTpaHsieMoe MPOrpaMMHOE obecrieucHue
T https://docs.python.org/3/license.html
6323 Dev-C , CBo6oz(Ha;1_ WHTErpUPOBaHHAs Cpeia pa3pa6on<n l?IpI/IJ'IO)KGHI/II\/'I JUTSL SI3BIKOB MIPOTPAMMHUPOBAHHS
T C/C |, https://code-live.ru/post/dev-cpp-free-cpp-ide-for-windows/
6.3.2.4 MatLab Classroom, R2015a, R2015b, kouTpakt ot 09.07.2014 Ne 0334100010014000028-0000756-01.
6325 MatLab Classroom, R2010a, R2010b, muuemsus ot 16.03.2011 No 689810, T'K Ne
T 0334100010011000032-00000756-01.
6.3.213 Dev-C++, cBobomHas MHTETPUPOBAHHAs  cpea pa3paboTku _ npnnoxfeﬂnﬁ JUIL  SI3BIKOB
e nporpammupoBanust C/C++, https://code-live.ru/post/dev-cpp-free-cpp-ide-for-windows/
6.3.3 UndopmanuoHHbie CipaBOYHbIE CHCTEMbI
6.3.3.1 ‘ He npenycMoTtpeHbl
6.4 IlpaBoBble H HOPMATHBHbIE IOKYMEHTBI
6.4.1 ‘ He npenycMoTpeHb!

7 OHUCAHHUE MATEPHAJIBHO-TEXHUYECKOM BA3bI,
HEOBXOJINMOMU Ui OCYIHECTBJIEHUSA YYEBHOI'O NTPOLECCA
1O JMCIUIIJIMHE

Kopnyca A, b, B, I', I, E UpI'YIIC wnaxonstcs mo aapecy r. UpkyTck, yia. YepHsbieBckoro, 1. 15;
kopmyc JI UpI' VIIC waxoautes — no aapecy r. UpkyTck, yi. JlepmonTosa, 1.80

KomnerotepHsrit knacc A-513 miast mpoBeIeHUS MPaKTHYSCKIX 3aHITUH, Ta00paTOPHBIX PadOT, TPYIIIOBBIX U
WHANBUAYAIBHBIX KOHCYJIBTAIN, KypCOBOTO MPOEKTUPOBAHUS (BBIIOIHEHUS KyPCOBBIX paboT), TEKYILEro
KOHTPOJISI ¥ IPOMEXYTOYHOH arTectarn. OCHOBHOE 000pyZOBaHHE: CIeNHATH3UPOBaHHAs MeOeIb,
MYJIBTHMEANANIPOEKTOP (IEPEHOCHOH ), IKpaH (IIEPEHOCHO), KOMITBIOTEPHI C ITOAKIIOYCHNEM K CETH
HHurepHeT, obecnieunBaroIne JOCTY B AJIEKTPOHHYIO HHpopManmoHHO-00pazoBatenbhyto cpeny Mpl YIIC.

KommnbroTtepHsiii kiace A-516 1yt mpoBeieHNs IPAKTHUECKUX 3aHATHH, 1a00paTOPHBIX PabOT, TPYIIIOBBIX U
WHINBUAYAIBHBIX KOHCYJIBTAINH, KypCOBOTO NMPOEKTUPOBAHUS (BBIOIHEHUS KyPCOBBIX paboT), TEKYIEro
KOHTPOJISI ¥ IPOMEXYTOUHOH arTectar. OCHOBHOE 000pyZOBaHHE: CIIENIHAIN3NPOBAHHAS MEOETb,
MYJIBTHMEANANIPOEKTOP (IEPEHOCHOH ), IKpaH (IEPEHOCHOH), KOMIBIOTEPHI C MMOAKIIOYEHHEM K CEeTH
HHurepHeT, obecnieunBaroIne JOCTYN B AJIEKTPOHHYIO HH(pOopManmoHHO-00pa3zoBatenbhyto cpeny Mpl YIIC.

Jlabopatopus I'-121 «JlabopaTopust «DNeKTpHYECKHE MAIIUHBI» JII TPOBECHNUS JICKIIMOHHBIX U
MPAaKTUYECKHX 3aHATHUH, Ta00paTOpHBIX paboT, TPYNHOBEIX M HHANBHIYAIBHBIX KOHCYJIBTALUH, KYpCOBOTO
MIPOEKTUPOBAHUS (BBIIOJIHEHHS KYPCOBBIX Pa0dOT), TEKYIIETO KOHTPOJISI ¥ IPOMEKYTOUHOM aTTeCTAIIH.
OcHOBHOE 000pYZOBaHHE: CIEIMAIN3HPOBaHHAs MeOEIb, MyIbTUMETHATIPOESKTOP,IKPaH,
(HOYTOYKITEpEHOCHOI)

IMomemeHus A CaMOCTOATEIBHON PabOTHI 00YUAIOIINXCST OCHAIIEHB KOMITBIOTEPHOW TEXHUKOM,
MOJKJITFOYEHHON K HH(OPMAIIMOHHO-TEIEKOMMYHUKAIIMOHHOH ceTH « HTepHeT», M 00ecreueHb! TOCTYIIOM B
AJIEKTPOHHYI0 HH(OpMAMOHHO-00pa3oBaTenbHyo cpeay Upl YIIC. [TomemeHus st cCaMOCTOSTEbHOM
paboThI 0O0YJAIOIIUXCS:

— YUTAJbHbBIE 3aJIbI;

— y4eOHbIEe 3aTbl BRIUNCINTEIbHON Texaukn A-401, A-509, A-513, A-516, [1-501, [1-503, 1-505, J1-507;




— IIOMEIIEHHMS 1L XpaHeHHsl 1 NpoduiIakTHYeCKOro o0CcIyKuBaHus yueOHoro obopyznoBanus — A-521

S METOAUYECKUE YKA3AHUA JJI51 OBYYAIOIIUXCA
11O OCBOEHMIO TN CIMITJIMHBI

Bun yaebHoi
JeSATEIbHOCTH

Opraamzanus y9eOHOH AeATeIFHOCTH 00yJaromerocs

Jlekums

Jlexuus (oT natuHCKOTO «lection» — YyTeHNe) — BUJL 2y JUTOPHBIX YUeOHBIX 3aHATHH. JIekms:
3aKJIafbIBACT OCHOBBl HAYYHBIX 3HAHMH B CHCTEMAaTH3MPOBAHHOM, MOCIEJOBATENBHOM,
0000meHHON (hopMe; PacKPHIBACT COCTOSIHHE W TIEPCIIEKTHBBI Pa3BUTHS COOTBETCTBYIOIIEH
o0nacTn HayKW M TEXHUKH; KOHLEHTPHUPYET BHUMAHHE OOYYaIOIIMXCS Ha HamOolee CIIOKHBIX,
Y3JIOBBIX BOIIPOCAX; CTUMYJIUPYET TO3HABATEIbHYIO aKTHBHOCTH 00YJaOIINXCSI.

Bo Bpems NEKIMOHHBIX 3aHATHH OOyJaroIIuiicss IODKEH YMETh CKOHIICHTPHPOBATH
BHUMaHHE Ha HM3yYaeMbIX MpoOIeMax M BKJIIOYHTh B PabOTy BCE BHIBI MAMATH: CIOBECHYIO,
00pa3HyI0 1 MOTOPHO-JBUraTeNbHy0. J{JIsl 3TOro Bech Marepual, u3JlaraeMblii IpernoaBaTesieM,
oOyyaromemMycsi HeoOXOJUMO KOHCHEKTUpOBaTh. Ha IOJSIX KOHCIIEKTa ClIeAyeT IoMedaTh
BOIPOCHI, BBIZCICHHBIE OOYYalOIMMCS JUIS KOHCYJNbTallMM C IperojaBaTeieM. BEIBOIbI,
MIOJTyYeHHBIE B BUEe (POPMYJI, PEKOMEHIyeTCs B KOHCIIEKTE OAYEPKUBATH MJIM OOBOAUTH PAMKOH,
4yToOBl JIydlle 3allOMHUHAIKCH. [lONIE3HO COCTaBUTh KpaTKUH CHPAaBOYHHK, COJEpIKAIINI
OTpeNeIeHUs] BaXHEHIINX MOHATUH nekuuu. K KaXIoMy 3aHATHIO CleqyeT pa3o0paTh MaTepHal
npeaplaymed seknun. V3ydas marepuan 1o ydeOHWKY WJIM KOHCIEKTY JICKIMH, ClexyeT
MEPEXOANTH K CIEAYIONIEMY BONPOCY TOJIBKO B TOM CIIy4dae, KOIrJla XOpOIIO YCBOEH IPEeAbIAYIIUI
BOIpOC. P51 BOMPOCOB TUCIUIIIMHBI MOKET OBITH BEIHECEH Ha CAaMOCTOATENbHOE U3ydeHue. Takoe
3a7aHue TpeOyeT OIepaTHBHOTO BBHIIOJIHEHNUS. B KOHCTIEKTe TeKnnii He0OX0ANMO OCTaBUTh MECTO
JUISL OCBEILCHUS YIOMSHYTBIX BONpocoB. O003HAYNTH BOIPOCH, TEPMHHBI, MAaTEpHa, KOTOPHIH
BbI3BIBACT TPYAHOCTHU, IOMETUTDH U MOMBITATHCA HaWTH OTBET B peKOMeH}IyeMOﬁ JIuTeparype. Ecu
CaMOCTOSITEIIBHO HE ylaeTcs pa3o0paThecs B MaTepUaie, To He00X0IuMo c(hOopMyIupoBaTh BOIPOC
1 33/1aTh NIPETOAABATEII0 Ha KOHCYJIBTAINH, HA IPAKTUYECKOM 3aHITHU

IIpakTuueckoe
3aHATHUC

[TpakTHdeckoe 3aHATHE — BUA ayIUTOPHBIX YUeOHBIX 3aHATHH, IeJIeHaNpaBiIeHHas popmMa
OpraHM3aliy y4eOHOTO Mponecca, PH PeaTU3alnui KOTOPOi oOydaromuecs MO 3aaHHI0 U MOJ
PYKOBOJICTBOM TpPEMNOAABATENS BBINONHAIOT IMpakTH4YecKHe 3afaHus. [IpakThdeckue 3agaHus
HampaBjIeHbl Ha YIIIyOJeHHe HayYHO-TEOPETUUECKHUX 3HAHHM M OBJIQJCHUE ONpEAeICHHBIMU
MeTOoJaMH paboTHl, B MPOLECCe KOTOPHIX BHIPAOATHIBAIOTCS YMEHHS M HABBIKH BBIIIOJTHEHUS TE€X
WM HBIX Y9eOHBIX 1eficTBUI B TaHHOH cepe Hayku. [IpakTHuecKkue 3aHATHS Pa3BUBAIOT HAYIHOE
MBIIIUIEHHE M PEedb, MO3BOJIIOT MPOBEPUTH 3HAHHUS OOYJArOIIUXCS, BBICTYNAIOT KaK CpPEICTBa
OTepaTUBHOW OOpaTHOM CBS3M; M[EIb MPAKTHYECKUX 3aHATUH — YIIyONsaTh, pPACIIMPSTH,
JICTaIM3UPOBaTh 3HAHMSA, IOJydEHHBbIC Ha JIEKIUH, B 0000meHHO Qopme M conelcTBoBaTh
BBIPabOTKE HaBBIKOB MPO(ECCHOHAILHOH NeITEIEHOCTH.

Ha npakTuyecknx 3aHATHUSX TOAPOOHO paccMaTpUBAIOTCS OCHOBHBIE — BOIPOCHI
JVCIUTUIMHBI, pa30UpatoTcs OCHOBHBIE THIIBI 3a/1a4. K Ka)/10My IPaKTHUECKOMY 3aHATHIO CIIEYET
3apaHee CaMOCTOSATENLHO BBINOIHUTH JOMAIHEE 3aJaHUE M BBIYYUTh JIEKIMOHHBIN MaTepHan K
crnepyromei reme. CHCTEMaTH4ecKoe BHIMOJIHEHHE JIOMAITHUX 33/1aHUH 0053aTEIbHO U SBISETCS
Ba)XXHBIM (paKTOPOM, CIIOCOOCTBYIOLIMM YCIIEUIHOMY YCBOCHHUIO JUCIUIUIMHBI

Jlaboparopnas
pabora

OCHOBHO 1IeITBI0 TA0OPATOPHEIX PaldoT SIBISIETCS TeOpeTHIECKoe 000CHOBaHUE, HATIIITHOE
W/WIA SKCIIEPUMEHTAIBHOE TOATBEP)KICHHE W/WIH TIPOBEPKAa CYIIECTBEHHBIX TEOPETHUYECKHIX
MTOJIOXKCHUN (3aKOHOB, 3aKOHOMEPHOCTEH) aHalu3 CYIISCTBYIONIMX METOIWK W METOIOB WX
peamm3an W T.0. OHHM 3aHUMAIOT TPEUMYIICCTBEHHOE MECTO TPH W3YYCHUH TUCIHIUTHH
00s13aTeNILHOM YacTH M YacTH, GOPMUPYEMOM YIaCTHUKAMH 00pa30BaTeIbHBIX OTHOIIEHUH bioka
1.

Hcxons u3 nieny, coaepKanneM 1abopaTOpHBIX pabOT MOTYT OBITH:

- DKCIIEpUMEHTalIbHAs TPOBEpKa GOpMYJI, METOIMK PacyueTa;

- IpOBEICHIE HATYPHBIX U3MEPEHUI CBOWCTB, Pa00YHX ITapaMeTPOB, PEKUMOB PabOTHI IPH
TIOMOIIY JTAO0OPATOPHOTO 000PYAOBAHUS /UM CTEHJIOB U MAaKETOB;

- 03HaKOMJICHHUE, aHAJIN3 ¥ TEOPETHIECKUE BHIKIIAJIKHU 110 YCTPOUCTBY, MPUHIMUILY JICHCTBHS
u crioco6am 00CITy)KMBaHHSI alaparos, JeTalel MallliH, MEXaHU3MOB, IIPOLIECCOB, MPOTEKAOIINX
B HUX TIPU 3TOM U T.1I.;

- HarjsiHas rpaduyeckas MHTepHpeTanys YyepTexel, cxeM, 0ObEMHBIX IIOBEPXHOCTEH U
T.JI., BOCIIPOM3BOIMMBIX C IOMOIIBIO CIIEIMAIN3UPOBAHHOTO MIPOrPaMMHOTO 00eCIIeUeHUS;

- MMUTAIMOHHOE MOJEJIMPOBAHUE IIPOLECCOB, MPOTEKAIONIMX B CIOXXKHBIX XHUMHYECKHX,
q)I/IBI/IquKI/IX, MEXAaHUYCCKHUX, DJICKTPUICCKUX U TIP. 06T)GKTaX;

- HarIAgHOE TpEACTaBICHHE O paboTe TepcoHajla KOHKPETHON OpraHM3aIliyl WU
nonpaznenenust OAO «PX/]» mocpeacTBOM MOAETMPOBAHHS MITATHRIX M BHEIITATHBIX CUTYallil
B BHPTYaJbHBIX CIICIHATU3NPOBAaHHBIX APM (aBTOMAaTH3UPOBAHHBIX Pab0OYHX MECT);

- YCTaHOBJICHHWE W TOATBEPKICHHE 3aKOHOMEPHOCTEH (ITyTeM CpaBHEHUS IMPOBEICHHOTO
9KCIIEPUMEHTA U PACCUUTAHHBIX 3HAUCHUH) U T.[L.;




- O3HAKOMJICHHE C METOJHMKAMH MPOBEACHUS IKCIICPHUMEHTOB, HATJISAIHBIM YCTPOHCTBOM
CTEH/I-MaKeTOB H IIp.;

- YCTAHOBJICHNE CBOWCTB BEIECTB, MX KAYECTBEHHBIX M KOJUYECTBEHHBIX XapaKTEPHUCTHK;

- aHAIIM3 Pa3InYHBIX XaPAKTEPUCTUK MPOLIECCOB, B TOM YHUCIE TPOU3BOICTBEHHBIX U HHBIX
MPOLIECCOB;

- pacuer mapamMeTpOB pa3IMYHBIX SIBICHUN U MPOIECCOB, CMOIEIUPOBATH KOTOPHIE HE
BO3MOYHO B PEANIbHBIX YCIOBHUSIX (HAIIPHMEp, UpE3BbIYaiiHbIC CUTYAIMH U TIP.);

- HAOIFOICHUE Pa3BUTHS SIBJICHHM, IPOIIECCOB U IP.

JHomyckaetcs HHOE coAepKaHHe JabopaTOpHBIX paboT, eciii 3To OydeT crnocoOCTBOBATH
peanu3aiy HeNei 1 3a1a4 TUCLHUILUTHHB i (OPMHUPOBAHHIO COOTBETCTBYOIINX KOMIETCHIIHH.

Mo xapakTepy BBIMONHIEMbIX 1A00PATOPHBIX PAOOT BO3MOXKHBI:

- O3HAKOMHUTENbHBIC pabOTHl, HCIOJB3YeMble M  3aKPEIUICHUS  H3YYCHHOTO
TEOPETHYECKOTO MATEPUAIIBI;

- QaHAIUTHYECKUE PabOThI, UCTIOJIB3yEMbIE ISl TIOJyYSHUs] HOBOW MH(OPMAIIUU Ha OCHOBE
(hopMaTM30BaHHBIX METOJIOB;

- TBOpYECKHUE pabOThI, OPUCHTHPOBAHHBIC HA CAMOCTOSATENIHHBIH BHIOOP MOIX00B PELICHUSI
3ajad.

Ipexae, 4eM MOPUCTYNHTh K JaOOPATOPHBIM 3aHATHSIM, OOYYarOIUMCS HEOOXOIUMO
MTOBTOPUTH TCOPETHUCCKUIT MaTepua mo Teme padotel. Kaxkmas madopatopHas paboTa ocHaIIeHa
MCTOANYCCKUMHU YKa3aHUSAMMU, pa3pa6OTaHHLIMI/I npenoaaBaTeJIsIMU, BEAYIIUMU JUCHUIIIINHY

CamMocrosiTenbHas
pabota

OOy4yenne mno guctuminHe «Teopust wHpOpMAnUM» MPEAyCMaTPUBAET aAKTHBHYIO
CaMOCTOATENbHYIO paboTy oOyuwaromerocs. B pasmene 4 paboueil mporpamMmbl, KOTOPBIH
Has3bIBaeTcsl «CTPYKTypa M COJAECp)KaHWE IUCHUILIMHBI», BCE Yachl CaMOCTOSTENBHOH paboThI
pacmcaHbl MO0 TeMaM W BOIpOcaM, a TaKXKe yKazaHa HeoOxoanMmas ydeOHas JuTepaTypa:
oOydJaromuiics u3ydaer y4eOHbI MaTepuals, pa30upaeT NMPUMEphbl U pellaeT PasHOYPOBHEBBHIE
3aJa4d B pPaMKaX BBIIOJHEHUS Kak OOLIMX JOMAIlHUX 3aJaHui, TaKk M WHIUBHIYaJIbHBIX
nomantaux 3agaHuid (M3) u npyrux BHAOB paboT, MPeIyCMOTPEHHBIX pabodeil mporpammoit
JUCUMIUIMHBL. [Ipy BBINOJHEHMH IOMAlIHUX 3aJaHuil 00ydaroleMycsl cClielyeT OOpaTHThCsS K
3aJia4aM, pEIICHHBIM Ha MPEbIAYIINX MPAKTUUECKUX 3aHATHAX, PELICHHBIM JOMAIIHUM paboTam,
a Taxke K IpuMepam, IPUBOIUMBIM JIEKTOpoM. Eciit 3Toro Oyzer He1ocTaTOuHO IS BBIOITHEHHS
BCEH PabOTHI MOXHO JOMOJHUTENEHO BOCIIOJIB30BATHCS yICOHBIMU ITOCOOUSIMH, TPUBEICHHBIMU B
pasmene 6.1 «YueOHas mwmreparypa». Eciam, HeCMOTps Ha W3yYeHHBIH Martepwal, 3agaHue
BBIIIOJIHUTh HE YAAeTCs, TO B O0S3aTENILHOM MOPSAKE HEOOXOIMMO MOCETUTHh KOHCYJIBTALUIO
MIPenoAaBaTes, BEAYIIEro MPakKTHIECKHUE 3aHSATHSI, /MM KOHCYJBTAIUIO JIEKTOpA.

JomamHue 3amaHus, WHAWBHAyaJbHbIE JOMAIlHUE 3aJaHui H JApyrue paboTHl,
IpeaycMOTpEHHbIe pabodeil mporpaMMoil TUCHUIIIMHBI JJOJKHBI OBITh BHIIIOJIHEHBI 00YUYatOIMCS
B YCTAQHOBJICHHBIE IpPEIOJAaBaTeNIeM CPOKHM B COOTBETCTBHU C TPeOOBaHUSIMU K O(OPMIICHHUIO
TEKCTOBOM M Tpaduueckoil JTokymeHTauuu, copmynupoanHbM B [Tonoxennn «TpeGoBaHus K
0(OPMIICHHIO TEKCTOBOM U rpaduueckoil qokyMmeHTanuu. HopMOKOHTPOJIIB

Kommeke y4eOHO-METOMUECKHX MaTepralioB TI0 BCEM BHAAM y4eOHOH JEsTeNbHOCTH, NMPEAYCMOTPEHHBIM padboueit
MNpOrpaMMOii JTUCHUILIMHBI (MOYJIS), pa3MEIeH B JJIEKTPOHHOH MH(pOpMaloHHO-00pa3oBarensHoi cpene Upl'YIIC,
JIOCTYITHOM 00ydaromeMycst 4epe3 ero JINIHbINA KaOMHET




Hpuaoxenue Ne 1 k padoueid mporpamme

®OH/I OHEHOYHBIX CPEJICTB

JJIA IIPOBEACHUSA TCKYLIECI0 KOHTPOJIA YCIIEBAEMOCTH
Hu HpOMe)KyTO‘IHOﬁ arrecraguu



1. O0mMe mMoJ1I0KeHUA

®onp oneHouHbIX cpeacts (POC) sBisieTcst COCTaBHON 4acThI0 HOPMATHUBHO-METOINYECKOTO
o0ecrnevYeHns CUCTEMBI OIICHKU Ka4eCTBa OCBOCHUSI 00yJalOIMMUCs 00pa30BaTeILHOM MPOTPAMMEI.

@OHJT OLEHOYHBIX CpPEACTB TMpeAHA3HAuYeH JJis HCIOJb30BaHUS  OOyYaroUIMMHUCH,
npernogaBarensamu, anvuHucTpanuein Hpl'YIIC, a Takke CTOPOHHUMH 00pa3oBaTEIbHBIMU
OpraHM3alUsIMH JJI1 OICHUBAHHUS KadecTBa OCBOCHHS 0Opa3oBaTeNbHOM MpOrpaMMbl U YPOBHSA
c(OPMUPOBAHHOCTH KOMITETEHITUH Y 00 yJaOIUXCs.

3amauamu POC aBnAr0TCA:

— OLICHKA TOCTIKEHUI 00YJArOIIMXCs B TIPOIECCE U3YUCHHSI TUCIIUTUIHHEI;

— o0ecrnieueHre COOTBETCTBUS Pe3yIbTaTOB 00y4YeHMs 3aayaM Oyaymiei npodeccuoHalIbHON
JIeATEILHOCTH Yepe3 COBEPIICHCTBOBAHUE TPAJAMIIMOHHBIX U BHEIPEHHWE WHHOBAIIMOHHBIX METOJIOB
oOyueHus B 00pa3oBaTeIbHBII Mpoliece;

— CaMOIOITOTOBKA ¥ CAMOKOHTPOJIb O0YUAIONINXCS B MPOIIecce 00ydeHUsI.

@DOHJT OLEHOYHBIX CPEACTB CHOPMUPOBAH HA OCHOBE KIIOYEBBIX MPUHIIUIIOB OLICHUBAHUS:
BaJIMTHOCTh, HAJIS)KHOCTh, 00bEKTHBHOCTH, 3(PPEKTUBHOCTD.

Jns oueHkd ypoBHS C(HOPMUPOBAHHOCTH KOMIIETCHLIUHA HCIONIB3YETCS TPEeXypOBHEBas
cucreMa:

— MUHUMAaJbHBIA YPOBEHb OCBOCHHUSI, 00S3aTEIbHBIN /I BCEX 00YYAIOMIMXCA 10 3aBEPILIECHUI0
OCBOCHHSI 00pa30BaTENIbHOM MPOrpaMMbl; JaeT oOO0IIee MPEACTABICHUE O BHUAEC ICATEIHHOCTH,
OCHOBHBIX 3aKOHOMEPHOCTSIX (DYHKIMOHHUPOBAHUS OOBEKTOB MNPOQPECCUOHANBHON JAEATeIbHOCTH,
METO/IOB U aJITOPUTMOB PEIICHUS MPAKTUYECKUX 3a/1a4;

— 0a30BBIi  YpPOBEHb  OCBOCHHMS, IMPEBBIIICHHE  MHUHUMAIBHBIX  XapaKTEPUCTHK
chOpMUPOBAHHOCTH  KOMIETECHIIMH; TMO3BOJSET  peliaTb  TUIOBBIE  3a/Jayd, IPUHUMATH
npodecCHOHANbHBIE U YIPABICHYECKHE pPEIICHHs [0 W3BECTHBIM alfOPUTMaM, IMpaBWIaM H
METOIMKAM;

— BBICOKMI ypOBEHb OCBOCHHMS, MAaKCHMAaJIbHO BO3MOXKHas BBIPAKEHHOCTh XapaKTEPUCTHK
KOMIIETEHIIM; MpEeanoiaraéT rOTOBHOCTh PEIIaTh MPAKTUUECKHE 3a/1a4d MOBBIIICHHON CIIOXKHOCTH,
HETUIIOBBIE 3a7a4d, TNPUHUMATh NPO(ECCHOHATBHBIE W YIPABICHYECKUE PEIICHUS B YCIOBUSIX
HEIOJIHOW ONPENEIeHHOCTH, TPU HEOCTATOUHOM JIOKYMEHTAJIbHOM, HOPMAaTUBHOM U METOAMYECKOM
o0ecrnevyeHunu.



2. llepevyeHb KOMNeTeHIUIi, B JOPMUPOBAHUHM KOTOPBHIX Y4aCTBYeT JUCHUILINHA.
IIporpaMmma KOHTPOJILHO-OLEHOYHbBIX MEPONIPUATHI.
IHoxa3are/m oNeHMBAHUA KOMIETCHI U, KPUTEPUH OLEHKH

Jucuurumna «Teopust ”HGOpMaUm» ydacTByeT B (GOPMUPOBAHHH KOMIETSHIIUI:
OIIK-3. CriocoOeH HCTob30BaTh MaTeMaTUUECKUE METO/IbI, HEOOXOIUMBIC ISl PEIICHUS
3as1a4 mpodeccuoHaAIBHOMN eI TeTbHOCTH

HporpaMMa KOHTPOJbHO-OIICHOYHBIX MCPOHPHHTHﬁ

o4Hasi popmMa o0yYeHHUs

Haumenosanue Kon
HaumeHoBaHME OLICHOYHOTO
KOHTPOJIBHO- HMHIUKATOpa
Ne OOBEKT KOHTPOJIA cpexnctsa (popma
OLIEHOYHOTO JOCTHKCHUS *
TIpOBeACHUSI*)
MEpONPHATHS KOMITCTEHIIHU
5 cemecTp
1.0 Pa3nen 1. Ourponus. JuTponus u uudopmanus. Ucrounnku nndopmanuu
Tewma 1. [Tonatue 3HTpONIUM.
Texyrmmmii TepmonuHaMudeckas u OI1IK-3.2
11 KOHTPOJIb WHPOPMALMOHHAS SHTPOIIHH. OIIK-3.3 Cobecenosanme (ycTHo)
OHTpOIUs BEPOITHOCTHON CXEMBI.
Tewma 2. Tunossle MaTeMaTHYECKHE
METO/BI M MOJIEITIH TEOPUH
Texymmmii WHPOPMALIUH TSI PEIICHAS 33124 OIIK-3.2
12 KOHTPOJIb WHPOPMALMOHHONW OE30MTaCHOCTH. OIIK-3.3 Cobecenosanme (ycTHo)
OHTPOIUS CIOKHOU CUCTEMBI.
YcnoBHast SHTpONHSL.
13 Texyrmmmii JlaboparopHas pabota 1. M3zyuenue OIIK-3.2 JlabopatopHnas paboTa
) KOHTPOJIb SHTPOIINH CIOXKHOH CHCTEMBI OIIK-3.3 (TTMCBEMEHHO/YCTHO)
Jlaboparopnas paboTta 2. M3yuenue
Texymmii CBOHCTS SHTPOIHHU H UH(OPMAILHH OIIK-3.2 JlabopaTopHast paboTa
14 Omnpenenenne COCTOSTHUS
KOHTPOJIb . OIIK-3.3 (TIMCHEMEHHO/YCTHO)
TEXHUYECKOH CHCTEMbI METOJaMU
Teopuu nHpoOpMaInuu
15 Texyuumi giﬁifﬁiﬁ::::f:goﬂﬁoiﬁauﬂn‘ OIIK-3.2 CobecenoBanue (yCTHO)
' KOHTPOJIb PMAILHA. OIIK-3.3 A y
YacTHasi vHpOpMaIHs.
1.6 Texymmii TEZI 2;5:::532?: ;f;i;iMaHm OIIK-3.2 CobecenoBanue (yCTHO)
' KOHTPOJITb A PEpLIB OIlIK-3.3 A Y
MHOKECTBOM COCTOSIHUIA.
1.7 Texymuuit ;T;gz SG-Ti:ITI;IP ggf(f‘ll;l-lcl;? ‘é};’l o OIK-3.2 CobecenoBanne (yCTHO)
' KOHTPOJIb P OIIK-3.3 A y
TTaMSTH.
18 Texyrmmmii JlaboparopHas pabota 3. MzyueHue OIIK-3.2 JlabopatopHas paboTa
' KOHTPOJIb CBOWCTB MCTOYHHKA HH(MOPMAITHH OIIK-3.3 (TTMCBEMEHHO/YCTHO)
1.9 Texyuuui z:x)zgﬁzzng; gglc{:p?: 1106 OIIK-3.2 CobecenoBanue (yCTHO)
' KOHTPOJIb - viap OIIK-3.3 A y
9ProANYECKHE NCTOYHUKH.
2.0 Pa3gen 2. Curnannl. KogupoBanue ungopmanun. Kanauasl cBsizu
Texymmii Tema 7. Mozienu CUTHAJIOB. OIIK-3.2
2.1 KOHTPOJb Teopema KotenbHukosa. OIIK-3.3 Cobeceposanue (ycrHo)
2.2 Texymuuit I:(])VI ixi}i{lgg CEZHH‘;B?[I;O:O:% OIIK-3.2 CobecenoBanue (yCTHO)
' KOHTPOJIb P PMAILIH. Liepelt OIIK-3.3 A Y
nH(popManny KBaHTaAMHU.
Jlaboparopuas pabota 4.
23 Texymuii HccrenoBanue mpoIeccoB OIIK-3.2 JlaboparopHnas padoTa
' KOHTPOJIb JIMCKPETU3allMU U KBAHTOBAHUSA OIIK-3.3 (TMCHBMEHHO/YCTHO)
CHTHAJIOB
Texymuii Tema 9. OnTumansHOE OITK-3.2
24 kogupoBanue. Koa [llenHoHa- CobecenoBanue (yCTHO)
KOHTPOITh OIIK-3.3
®ano. [IpedukcHBIE KOJBI.
Tema 10. HepaBerncto Kpadra.
Texymuii JIu"eiiHbIe KOMBI. OIIK-3.2
25 KOHTPOJIb KoppekTupyroiire cBOiCTBa OIIK-3.3 Cobecenonarme (yeTHo)
KOJIOB.




Tema 11. Koapr XoMMuHTA.

Texymuii UKIMYCCKIE KOMIBI. OIIK-3.2
26 KOHTPOJIb ITpencTaBieHnE O CBEPTOYHBIX OIIK-3.3 Cobecenopamue (yorHo)
KOJIax.

JlabopatopHas paboTa 5.

Texymmii OIIK-3.2 JlabopatopHnas paboTa
2.7 Pa3paboTka JINYHBIX ONTHMAIBEHBIX
KOHTPOJIb OIIK-3.3 (TTMCBEMEHHO/YCTHO)
HEPaBHOMEPHBIX JBOMYHBIX KOJIOB
JlabopatopHast paboTa 6.
28 Texymmii Pa3paboTka THYHBIX JBOUYHBIX OIIK-3.2 JlabopatopHnas paboTa
’ KOHTPOJIb KOJIOB Ha OCHOBE METOJAMKHU KOJIa OIIK-3.3 (TTMCHEMEHHO/YCTHO)
X3MMUHTa
Tema 12. Kanansi cBsi3u.
2.9 Texyunit E:;:Iz[‘;icaTeiﬁogHr%)Ogr?f;gﬂoMy OIIK-3.2 CobGecenoBanue (YCTHO)
' KOHTPOJITb OIIK-3.3
kaHany. [Ipomycknas criocoOHOCT
KaHaJa CBs3U.
210 Texyrmii JlaboparopHas padota 7. U3yueHue OIIK-3.2 JlabopatopHnas paboTa
) KOHTPOJIb KaHaJIOB CBSI3U OIIK-3.3 (TIMCHEMEHHO/YCTHO)
Tema 13. CrannapTHble
MaTeMaTHIeCKUe 3a/1a4H U
. MIPUMEHCHAE MaTeMaTHICCKIX
211 Texymuid MI;TOI[OB 00paboTKH OIIK-3.2 CobecenoBanue (yCTHO)

KOHTPOJITb OIIK-3.3
9KCIIEPUMEHTATIBHBIX TAHHBIX U

peleHus 3ana4 HHPOPMaAIIMOHHON
0€30I1aCHOCTH.

Pazgen 1. OuTponus. DHTponus u

3ader (cobeceoBaHme
uHpopmanus. cTouyHuku ( A )

ITpomesxyTouHast OIIK-3.2 3auer - TeCTUPOBAHUE
nHpopmanum.
aTTecTanus OIIK-3.3 (KOMITBIOTEpHBIE
Paznen 2. Curnansl. KonupoBanue
TEXHOJIOTUH)

nHdopmanuu. Kanaisl cBszu.

*d)opMa MMPOBCACHUA KOHTPOJIBHO-OLICHOYHOI'O MCEPOIIPHUATUA: YCTHO, IMHCbMCHHO, KOMIIBIOTCPHBIC
TCXHOJIOTHH.
Onucanue nokasarejei u KPUTEPHUEB OLICHUBAHUSA KOMHETCHHI/Iﬁ.
Onucanue mKaj OllCHUBAaHUA

KoHTposnb kauecTBa OCBOCHHUS AUCLUILINHBI BKIIOYAET B ¢€0sl TEKYILMI KOHTPOJIb YCIIEBAEMOCTH
U IIPOMEXYTOUHYIO aTTecTanno. TeKylmuili KOHTPOJb YCIIEBAEMOCTH U MPOMEXKYTOUHAsI aTTeCTALIUs
0o0yJaroImuxcsi MPOBOJMATCS B ILEISAX YCTAHOBJICHMS COOTBETCTBUS JOCTHXKEHHMH OOy4aromuxcs
MO3TalHBIM TpeOoBaHUIM 00pa30BaTENbHOM MPOrpaMMBbl K pe3yibTaTaM 00ydeHus U (pOopMHUpPOBaAHUS
KOMIIETECHIIHM.

Tekymuii KOHTPOJIb YCIIEBAEMOCTH — OCHOBHOM BHJl CHUCTEMAaTHYECKOW MPOBEPKHA 3HAHHUM,
yYMEHUH, HaBBIKOB OOydarommxcs. 3ajaya TEKYIIero KOHTPOJIs — OINEpPaTUBHOE M PErysspHOe
yhpaBjeHHe Y4eOHOH eATeNbHOCThI0 00Y4alOINXCsl HA OCHOBE 0OpaTHOW CBA3M M KOPPEKTHPOBKHU.
Pe3ynbTarhl OLlCHMBAaHMS YYUTHIBAIOTCS B BUJE CPEIHEHN OLIEHKH IIPU NPOBEIECHUU MPOMEKYTOUHON
aTTECTalUN.

Jlnst olleHUBaHMS Pe3yIbTaTOB OOYUYEHUS MCIONIB3YEeTCS YeThIpeXOaibHasl IIKaa: «OTIUYHO,
«XOpOILIOY», KyIOBIECTBOPUTEIBHO», «HEYIOBIETBOPUTEILHO» U IBYXOAIJIbHAS IIKAJIA: «3aU4TEHOY, «HE
3a4TEHOY.

[TepeueHb OIIEHOYHBIX CPEJICTB, UCIOIB3YEMBIX JUISl OLIEHUBAHUS KOMIIETEHIIUH, a TAK)Ke KpaTKas
XapaKTePUCTHKA STUX CPE/ICTB MPUBEACHBI B TaOJIHIIE.

Texymuin KOHTPOJIb

IIpencraBnenue
HaumenoBanue
No Kpartkas xapakTepucTika OI[leHOUHOTO CpEeJICTBA OIICHOYHOTO
OIIEHOYHOI'0 CPEJICTBA
cpencta B POC

CpencrBo  KOHTpOJII — Ha  OPaKTHYECKOM  3aHsITuH, | Bompocsr mis
OpraHM30BaHHOE Kak CrelualibHas Oecela mpernojaBarelis ¢ | coOece0BaHus O
oOydJaromuMcss Ha TeMBbl, CBS3aHHBIE C HM3y4aeMoOW | TeMam/pasfeiiaMm
JCLUIIMHON, U PACCYMTAHHOE HAa BBUICHEHHE 00beMa 3HAHUH | TUCHHUILTHHBI

1 | CobecenoBanue




00yyJaroIerocs mo OnpeeICHHOMY pa3jiely, TeMe, mpodaeme
U T.IL.

Mosxer  OBITH
oOygaromuxcs

HCITI0JIb30BAHO JUIA OIICHKH 3HAHUHN

2 | JlaboparopHas pabora

CpencrTo, IMO3BOJISIIOIIEE OLEHUTh yYMEHHE O0YyYaloIIerocs
MICbMEHHO/YCTHO M3JlaraTh CyTh IOCTAaBJICHHON 3a/auwu,
CaMOCTOATENPHO NPUMEHSTh CTAaHAAPTHBIC METOIBI PELICHUS
MOCTaBJIIEHHOM 3a7a4ydl C HCHOIb30BAHHMEM HMMEIOLICHCS
nmabopaTopHO 0a3pl, TPOBOAWTH AHAIH3 MOJIYICHHOTO
pe3ynbTata paboTHI.

MoxeT OBITh HCHONB30BAHO AJISI OLCHKH YMCHHUH, HABBIKOB U
(um) ombITa NESITENEHOCTH 00YYaIOIINXCS

Oo0pa3serr 3amaHus
JUISL BBITIOJTHEHUSI
nabopaTopHO
paboThI 1
TIPUMEPHBIN
nepedyeHb
BOIIPOCOB JUIS €€
3aIIUTHI

HpOMC)KYTOLIHaSI arrecranus

[IpencraBnenue
Haumenosanue
Ne Kpatkas xapakTepucTHKa OLIEHOYHOTO CPeICTBA OLICHOYHOI'O
OIIGHOYHOI'O CPEACTBA
cpencrea B ©OC
IIepeuens
CpencTBo, MO3BOJIAIONIEE OLCHUTh 3HAHUSA, YMECHHUS, HAaBBIKOB
TEOPETUYECKUX
U (WIK) ONBITA NESITEIHHOCTH 00YYarOEerocs Mo JUCIUIUINHE.
1 | 3auer . . | BOIIPOCOB U
MoxeT OBITh HCIONB30BAHO IS OLECHKH 3HAaHUI, yMEHHil,
MPaKTUYECKHUX

HaBBIKOB U (WJIM) ONBITA JAEATEIbHOCTH 00YJarOLIIXCS

Ba,I[aHI/Iﬁ K 3a49CTy

Tect — npomexxyTouHas
2 | arrectanus B popme
3a4era

CucteMa  aBTOMAaTH3MPOBAaHHOTO  KOHTPOJSI ~ OCBOCHHUS
KOMITETEHIIMA (YacTH KOMIIETEeHIIMH) oOydJammumMes 1o
JUCLIUILIHHE (MOAYJIIO) C UCIIOJIb30BaHHEM HH(POPMAIMOHHO-
KOMMYHHKAITMOHHBIX TEXHOJIOTHH.

MoseT OBITh HCHOJB30BAHO U OLCHKH 3HAHWH, YMEHHH,
HaBBIKOB U (MJIN) OTIBITA ACATEIHHOCTH O0YJAFOITIXCS

DoH TECTOBBIX
3aJaHUM

KpnTepml M IIKAJbI OHeHUBAHUS KOMIIeTEHIINI B pe3yabTaTe U3YyYCeHUS TUCHUIIJINHDI

NpH NIPOBeIeHNHU MPOMeKYTOUHOI aTTecTannu B popme 3adera. [lIkana oueHnBaHus1 ypoBHS

OCBOCHHSA KOMIIeTEeHIM

[IIxana oneHUBaHUS

Kpurepun onennBanums

YposeHnb
OCBOCHHUS
KOMITCTEHIINU

«BavYTCHO»

OOyuaromuiicsl MPaBUILHO OTBETHJ HA TEOPETHYCCKHE
Bonpockl. [Tokazan oTiMYHBIE 3HAHUS B paMKax y4eOHOTO
MaTtepuaia. HpaBI/IJ'H)HO BBITIOJTHUJI TIPAKTUYCCKHUC 3aTaHUA.
Iloka3an oOTJIWYHBIE YMEHUSA W BJIAICHUA HaBbIKaMH
IPUMEHEHHUS IIOJYyYEHHBIX 3HAHUM U YMEHUH IIpU PEIeHUU
3a/71a4 B pamkax ydeOHoro matepuana. OTBETHJI Ha Bce
JIOTIOJTHUTENBHBIE BOIPOCHI

Bricokuit

OOy4aronuiicss ¢ HEOOJIBITUMH HETOYHOCTSIMH OTBETHII Ha
TeopeTHYecKne BOMpOCHL. [lokasanm Xopomine 3HAHHS B
pamkax  yueObHoro  wmarepmanma. C  HeOOJIBIIUMHU
HETOYHOCTSIMHU BBITIOJTHI TPaKTHYecKue 3ananus. [lokazan
XOpOIIMEe yMEHUS ¥ BIAJCHUS HaBBIKAMH IPUMCHCHUS
MONYYCHHBIX 3HAHUH W yMEHUH TNpH pPEUICHHU 33134 B
pamkax ydeOHOTO Matepuana. OTBETHJI Ha OOJIBIIUHCTBO
JTOTIOJTHUTEIIHHBIX BOIIPOCOB

BbazoBwrii

OO0yy4aronuiicst ¢ CylecTBEeHHBIMA HETOYHOCTSIMU OTBETHII
Ha TeOpeTHYeCKue BONpockl. [1okazan y1oBIeTBOPUTEIbHBIC
3HAaHUS B paMKax ydeOHoro marepuana. C CyIiecTBEeHHBIMH
HETOYHOCTSIMH BBITTOJTHIII TPaKTHUEcKue 3amanus. [lokazan
YIIOBIICTBOPHUTENIbHBIE YMEHHS W BIIQJICHHS HaBbIKAMU
NPUMEHEHHS MOTYYEHHbIX 3HAaHUH W YMEHHWH IpH peIeHUN
3a7a4 B paMKax y4yeOHOro martepuana. JlomycTHiI MHOTO
HETOYHOCTEH IIPU OTBETE Ha JONOJIHUTEIbHBIC BOIPOCHI

MuHuManbHBIH

«HC 3a4YTCHO»

O6y‘{aIOIIH/II7[C$I Ipu OTBETE HAa TCOPCTUUYCCKUEC BOIIPOCHI U
npu BBITIOJTHCHUHN MPAKTUICCKUX 3aaaH1/1171
MPpOACMOHCTPUPOBAJI He,HOCTaTO‘{HLIﬁ YPOBCHb 3HAHMI U

Kommerenmus
He c(opMHpOBaHa




YMEHHH [IpH pelIeHU  3a1a4 B paMKaxX yIeOHOTO MaTepHraa.
[Tpu oTBeTaX Ha JOTTOTHUTEIHHBIC BOMPOCHI OBLIO TOIYIICHO
MHO>KECTBO HETIPAaBUJIbHBIX OTBETOB

Tect — npomexxyTouyHas arrectaiys B popme 3auera

IIIkama orieHMBaHUS

Kpurepuu onieHuBanust

«Ba4YTCHO»

OOy4arommiicst BepHO oTBeTHa Ha 70 % u Oonee TECTOBBIX 3aJaHUM HPH MPOXOXKICHUU

TECTUPOBAHNUSA

«HE 3a4TCHO»

OOy4arommiicst BEpHO OTBETHJI Ha 69 % M MeHee TECTOBBIX 3aJaHMi IPU MPOXOXKICHUU

TECTUPOBAHUSA

KpuTtepuu u mkaJibl olleHMBaHUS Pe3yJbTATOB 00y4eHHUs NPU NMPOBeAeHUH
TeKYILIero KOHTPOJIfA yCIeBaeMOCTH

CobecenoBanue

IIxanbl OLICHUBAHUS

Kpurepuu onieHnBaHus

«OTIUYHO»

«XOpPOLIO»

«YAOBJICTBOPUTCIILHO»

«3a4YyTCHO»

I'my6okoe ¥ MpOYHOE YCBOCHHE IMPOrPaMMHOTO MaTepuaia. [lomiHsie,
MOCJICI0BATENIbHBIC, TPAMOTHBIC W JIOTHUECKH HM3J1araeMble OTBETHI IIPHU
BHIOM3MEHeHNH 3amaHus. OOydaromuiicss CBOOOIHO CIHpaBiseTcs ¢
MTOCTABJICHHBIMH 33J]Ja4aMH, MOXKET OOOCHOBATh MPHUHATHIC PEIICHHS,
JIEMOHCTPHUPYET BIIAJCHUE Pa3sHOCTOPOHHHMH HAaBBHIKAMH U INIPHEMaMHU
BEITTOJTHEHHS TPAKTHIECKUX paboT

3HaHue IporpaMMHOro Marcpuajlia, TIpPaMOTHOC H3JI0KCHUC, 6e3
CYHMICCTBCHHBIX HETOYHOCTEHH B OTBETC Ha BOIIPOC, TIIPaBHUJIBHOC
MNPUMCHCHHUC TCOPCTUUCCKHUX 3HaHI/II>‘I, BJIaaACHHUC HGO6XOZ[I/IMI>IMI/I
HaBbIKaMU IPU BBINTOJTHCHUM MPAKTUYCCKUX 3aJav

OO6yuaronuiics JEeMOHCTPUPYET YCBOGHHE OCHOBHOTO MaTepuana, Impu
OTBETE JIONYCKAIOTCA HETOYHOCTH, IPH OTBETE HEJOCTATOYHO
MpaBUJIbHbIC (OPMYJIMPOBKH, HAPYIICHUE MOCICAOBATCIBHOCTH B
W3JI0KEHUM MPOTrPaMMHOIO Marepuania, 3aTPyJHEHUsS B BBIIOJIHEHUU
MPaKTUYECKUX 3aJaHui

Cnaboe 3HaHHE NPOTPaMMHOTO MaTepHaia, NPHU OTBETE BO3HHUKAIOT
OIMOKH, 3aTPyTHCHHS PU BHIITOJHEHUH PAKTHYECKUX PadOT

«HCYIAOBJICTBOPUTCIBLHOY

«HEC 3a4YTCHO»

He 6b110 ONBITKH BHIIOIHUTH 3aJaHue

JlaGopartopHas paboTa

IIxanbl OLlEHUBAHUS

Kpurepun onieHnBanus

KOTIUYHO»

«XOPOMLIO»

«YOOBJCTBOPUTCIILHO»

«3a4YTCHO»

JlaGopatopHas pa0oTa BBEINOJHEHA B 00O03HAYEHHBIH MpernoaaBaTelieM
CPOK, MUCBMEHHBIN OTYeT 0e3 3aMeYaHui.

JlabopaTopHast paboTa BEIONHEHA 00yYarOIIUMCS B ITOTHOM O0BEME C
coOmoieHreM Heo0XoAUMON mocienoBaTedbHOCTH. OOydaronuiics
paboTayl IOJHOCTBIO CaMOCTOSTENbHO; IOKa3al HEOOXOAUMBIE Ul
MpOBEJICHUsI PA0OTHI TEOPETHUECKHUE 3HAHUS, MPAKTUYECKUE YMEHHS M
HaBeIKH. Pabota (oTuer) odopmieHa akkypatHo, B Hamboiee
ONTHMAJILHOM JUIsl PUKCalMU pe3ynbTaToB hopme

JlaGoparoprass paboTa BbITIOJHEHa B 0003HAYEHHBIN MpernoiaBaTeeM
CPOK, IIUCBMEHHBIH OTYET C HEOOIBITUMH HEJTOYCTAMH.

JlabopaTopHast paboTa BHIIOJIHEHA OOYYAIOMIMMCS B ITOJIHOM O0BEME U
CaMOCTOSATENBFHO.  JIOmyIIeHsl  OTKIOHEHWS  OT  HeoOXOoaAuMou
MOCJICIOBATEILHOCTH BBITIONHEHHUS, HE BIMAIONIMNE HAa MPABHIHHOCTH
KOHEYHOTO pe3ynpTata. PaboTa moka3piBaeT 3HAHHE OOYYaOIIMMCS
OCHOBHOTO TEOPETHYCCKOTO MaTepualia M OBJIAJCHAC YMCHUSIMH,
HEOOXOMUMBIMU  JUII  CAMOCTOSTEIGHOTO  BBINOJHEHHS  PabOTHI.
JlomyIeHbl HETOYHOCTH W HEOPEKHOCTH B O(DOPMIICHHH PE3yJIbTATOB
paboTeI (0TUETA)

JlaGoparoprast paboTa BBITIOJNIHEHA C 3aJIEPIKKON, MMUChMEHHBIA OTYET C
HeJl04YeTaMHu.

Jlaboparopras paboTa BBITIONHSAETCS ¥ 0(QOPMIIAETCS 00YIAIOIIUMCS TP
MOCTOpOHHEW nomory. Ha BeimosHeHHe paboThl 3aTpadrBaeTCsi MHOTO
BpemeHu. OOydvaromuiics TIOKa3bIBACT 3HAHUS  TCOPETUYECKOTO




MaTepHaja, HO HCIBITHIBACT 3aTPyAHEHHE IIPH CAMOCTOATEIBHOM padoTte
C MICTOYHUKAMHM 3HAaHUH WK IpudopaMu

JlabGoparopHass paboTa HeE BBINOJHEHA, IHUCHBMEHHBIA OTYET HE
MPEJICTABJICH.

PesynbTathl, moNydeHHBIC OOYYArOIIMMCS, HE TO3BOJISIFOT CICHATh
MPaBUJIBHBIX BEIBOJIOB M TIOJTHOCTBIO PACXOIATCS C IOCTABJICHHOH IIEITBIO.

«HCYIOBJICTBOPUTECIILHOY «HC 3a4YTCHO» IToka3piBaeTCs MI0X0E 3HAHHUE TCOPECTUICCKOr0 MaTe€purajia 1 OTCYTCTBUEC

HEOOXOUMBIX YMEHHUH.

JlabopatopHast paboTa HE BBIIOJIHEHA, y Y4allerocs OTCYTCTBYIOT
HEOOXOAMMBIE 11 TPOBENCHHS pPAaOOTHl TEOPETHUYECKHE 3HAHUA,
MPaKTHIECKUE YMEHHS U HaBBIKU

3. TunoBbie KOHTPOJILHBbIE 3a]aHHsI UM HHbIE MATEPHAJIbI, HEOOX0IMMbI€
1JI51 OLleHKH 3HAHMI, YMeHM i, HABBIKOB H (MJIM) ONbITA AeSITEJIbHOCTH

3.1 TunoBble KOHTPOJIbHBbIE 32IaHUs IJIsl IPOBeIeHUsI codece10BAHMS

KoHTponbHBIE  BapuWaHTBl  3aJlaHUH  BBUIOKEHBI B DJIGKTPOHHOH  MH(OPMAIMOHHO-
obpazoBarenbHoiil cpene Upl YIIC, noctynHoi oOyuaroniemycs 4yepe3 ero JTUYHbII KaOUHET.
Hwxe npuBeneH o0pasel TUITOBBIX BAPUAHTOB 3aJaHHIA [T IPOBEICHUST COOECETOBaHUM.

OG6pa3zerr TUTIOBOTO BapuaHTa BOIIPOCOB ISl MPOBEEHUS COOECe10BAHMS

«Tewma 1. [Tonsitue suTponuu. TepmoauHamuueckas U HHGOPMALMOHHASI SHTPOIUU. DHTPOIHUS

CoNoOA~WNE

O Yl
rPWODNEO

BEPOATHOCTHOM CXEMBI.»
Yro uzyuaet Teopus uH(HOpMaLIUU.
CdopmynrpoBaTh OCHOBHBIC 33]Ia4H TEOPUU UHPOPMAITUH.
OcHOBHBIE 2JIEMEHTBI CUCTEMBI CBS3H (CUCTEMBI Iiepeaun nHhOpMaIun).
Yro Takoe 3HTpONUA.
Yemy paBHa cymMMa BEPOSITHOCTEM COCTOSTHUN CUCTEMBI.
Kaxk onpenenuth BEIUUMHY SHTPOIHUHU CUCTEMBI.
Kak onpenensiercss yacTHasi SHTPONUA U YTO OHA XapaKTepU3YeT.
Uto Takoe «OuTH.
B gewm 3akmtouarotcs TpeboBanus llleHHOHA K SHTPOMUU.

. Uto Takoe TEPMOANHAMHWYCCKAsA SHTPOIIHA.

CBs13b MeX 1y TEPMOJIMHAMUYECKON U MH(GOPMAITMOHHON SHTPOIHEH.
Kak onpenensercss 3HTpOIUs B BEPOSATHOCTHOM CXEMeE.

B dem 3akin04aroTCs OCHOBHBIE CBOMCTBA SHTPOIIHH.

Korna sHTponus cUCTEMBI SIBIISIETCS MAKCUMAJIbHOM.

OGpa3zelr TUTIOBOTO BapuaHTa BOMIPOCOB ISl MPOBEJECHHUS COOECEeI0BaHMS

«Tema 2. TuUnoBele MaTeMaTHUYECKUE METOJIbI U MOJIENT TEOPUHU UH(OPMAIMH JJIs PELIeHUs 3a1a4
MH(OPMaLMOHHON 0€30MaCHOCTU. DHTPOIUS CI0KHONU CUCTEMBI. Y CJIOBHASI SHTPOTIUS. »

agbrwbnE

UTo Takoe «CIO0KHAs CUCTEMAY.

TeopeMbl CIOKEHUSI SHTPONUI JJIs1 HE3aBUCUMBIX CHCTEM.
UYto Takoe yCcioBHas SHTPOIIHS.

Kak onpenensercss ycioBHast SHTPONHS.

Teopema c0KeHUs SHTPOIHUH JJIsl 3aBUCUMBIX CUCTEM.

O6pa3eu TUIIOBOI'O BapvaHTa BOIIPOCOB I IPOBCACHUA CO6CCC,Z[OB8.HI/ISI

«Tewma 3. KonnuectBo nndopmanun. OTHOCUTEbHAS HHOpMarus. YacTHas nHpopMaius. »

ook owdE

Onpenenenue KonuyecTBa MHGopMaIuu mo XapTiH.

Omnpenenenue koianuectBa nHGopMmaruu no lllenHony.

YeM oTiiMyaeTcs onpeaesieHue KoiarnuecTsa nHpopmanuu no Xaptiu u no lllenHony.
CooTHOIICHNE MEXTy KOJMYECTBOM MH(OPMAINU U KOJTHYECTBOM SHTPOIIHH.

[Touemy cumTaeTcs, 4yTO MoJiHask HHPOPMALIUSA IPEICTABIAET COOON CPeTHIOI HH(OPMAIIHIO.
Yro Takoe yacTHas MH(GOpMaNUs U KOTJa OHA paBHA CpeHeH HH(pOpMaIny.



7. Yro Takoe 00beM HH(OPMALIMK U YEM OH OTJIMYACTCS OT KOJIMYECTBAa HHPOPMALIUH.

8. Kak nmonyuarot uapopmaruu o cucreme X, Best HAOJIIOICHHUE 3a CUCTEMOM Y.,

9. [TIlonnas B3aumMHasi HHPOpPMAITHSL.

10. ITomnas B3anMHast nHGOpMAIIHS, €Clid CUCTeMbl X U Y — HE3aBUCHMBI.

11. Tonnas B3ammHast nHGOpMALU, eclii cucTeMbl X U Y MOJIHOCTBIO OMPEIEISIFOT IPYT ApyTa.

12. Tlonnas B3auMHasi HH(GOPMAIIHs, €CITH OJTHA U3 CUCTeM X U Y SBJISETCS MOAYMHCHHOM.

13. OmpeneneHue MOTHON B3aUMHOUM MH(DOpMAIMK Yepe3 SHTPONUHU. O0bSTUHEHHON CHCTEMBI.

14. OnpeneneHue NOTHON B3aMMHOM MH(OPMAIMH KaK MATEMAaTHICCKOTO OXKHIAHHSL.

15. OmpeneneHue MOTHON B3aUMHOUM HH(DOpPMAIIHK Yepe3 BEPOSITHOCTH COCTOSTHHIA CUCTEMBI.

16. Ilonnas B3amMHas WHGPOPMALUS «OT CHCTEMBI K CHUCTEME», «OT COOBITHS K CHUCTEME» U
«COOBITUS K COOBITHION.

OO0pa3zer] TUIIOBOI'O BapuaHTa BOIIPOCOB JUIsl IPOBEACHUS COOECe0BaHUS
«Tema 4. DHTpONHS U HHPOPMALIUS AJISI CUCTEM C HETIPEPHIBHBIM MHOKECTBOM COCTOSTHHIA. »
1. Yro Takoe unpopmanus. OCHOBHbIE TOHSTHUS.
2.  OcHoBHBIE (hOPMBI IPEACTABICHNUS HHPOPMALIUH.
3 DHTpOIUS CUCTEMBI C HEIPEPHIBHBIM MHOKECTBOM COCTOSIHUH.
4. Yro Takoe npuBeneHHas win auddepeHnnanbaas SHTPOIHSL.
5. CBoiicTBa SHTPONMHU CUCTEMBI C HEIIPEPBIBHBIM MHOKECTBOM COCTOSIHHM.

OO6pa3zer] TUIIOBOIO BapuaHTa BOIIPOCOB IS IPOBEAECHUS cOOece0BaHUs
«Tema 5. DHTpoOIUSA UCTOYHUKOB J{MCKPETHBIM HCTOYHUK O€3 MaMsITH.»

OnpeneneHye UCTOUHUKA HHPOPMALIUH.
OmnpeneneHne HEMPEPLIBHOTO UCTOYHUKA HHPOPMAITUH.
OnpezneneHyue AUCKPETHOTO UCTOYHHUKA UH(OPMALIHH.
Kakoii muckpeTHbIii HCTOUHUK MH(POPMAIIUN HAa3bIBACTCS CTALlMOHAPHBIM.
Kakoii craiimoHapHblii ICTOYHUK HHPOPMALIMU HAa3bIBACTCA UCTOUHUKOM 0€3 MaMsATH.
Uro Takoe U30bITOYHOCTh UCTOYHHKA.

ouhkwdpE

OGpa3zelr TUTIOBOTO BapuaHTa BOIIPOCOB ISl MPOBEJECHUS COOECEeI0BaHMS
«Tema 6. Teopema lllenHOHa 00 nCTOYHHUKAX. MapKOBCKUE U 3PTrOUUYECKUE UCTOUHHUKH. »
[TepBUUHBIN U BTOPUYHBIN an(aBUThl, HCXOIHBIN KO/I.
JlnnHa KoJia, KOAMPOBaHUE ¢ OLIMOKaMHU M 0€301MO04YHOE KOAUPOBAHUE.
KonoBble croBa, cCKOpoCTh KoAa.
B3anMHO-0/1HO3HAYHOE KOJIMPOBAHHUE.
Ommbka KoUpOBaHUs, BEPOSTHOCTh OIIMOKN KOJAUPOBAHMUSL.
Onpeznenenue NpsMoiil 1 0OpaTHOM TeopeM KOJUPOBAHHUS.
Yro takoe FF, VF. FV, VV-xonnI.
Kakoii ncrounnk nHpopmMaiy Ha3bIBa€TCs MAPKOBCKUM.
Hepaznoxumoe MHOXKECTBO COCTOSSHUN MapKOBCKOT'O HCTOYHUKA.
Bo3BparHbie 1 HEBO3BpaTHBIE COCTOSIHUS MAPKOBCKOI'O MCTOYHUKA.
Kakoit MapKOBCKHI1 HICTOYHUK HA3bIBAETCS IEPUOIUYECKHUM.
Omnpenenenue 3proauYecKoro UCTOYHUKA HHPOPMALIUH.

e e S e i e
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OO0pa3elr TUTIOBOTO BapuaHTa BOIIPOCOB JJIsl IPOBEACHHS cOOECEeTOBaHMS
«Tema 7. Moaenu curnanos. Teopema KotenbHUKOBA. »

UTo Ha3bIBAE€TCSI CUTHAJIOM M UTO TaKOE€ MOJYJISILIUS CUTHAJIA.
JluckpeTHbIe M HEMPEPHIBHBIC CUTHAJIBI, IETEPMUHUPOBAHHBIC U CITydYallHbIE CUTHAJIBI.
OCHOBHBIE PETYIISPHBIE TPOLIECCHI, HCTIOIb3yEMbIE JI1 MOAYJISLIMA CUTHAJIOB.
Mojienb rapMOHHYECKOro KoJeOaHus.
CriekTpanabHOE IPeCTaBICHNE CUTHANA, 0a3ucHbIe (DYHKIIMU, HETIPEPHIBHBIN CIIEKT.
[IpencraBieHue rapMOHUYECKOr0 CUTHAJA B BUAE psiga Oypbe.
KoadduimeHTsl rapMOHHYECKOTO CUTHAJA.
CnekTp rapMOHUYECKOTO CUTHAJA.

N~ WNE



10.

11.
12.
13.
14.
15.
16.
17.

IIpsAMOYTOJIBHBIN UMITYJIBC, AMIUIMTYA IPSIMOYTOJIBHOIO UMITYJIbCA.

Koaddunuentsl u mnapameTpbl Te€OMETPUYECKOrO MPEACTaBICHUS MPSIMOYTOJIbLHOTO

UMITYJIbCA.
CKBa)XHOCTBIO UMITYJILCHOM ITOCJIEJOBATEIBHOCTH.
CrekTp npsIMOYroJIbHOTO UMITYJIbCa.

®opmynupoBka TeopeMbl KorenbHukoBa.

UYT0 Ha3BIBACTCS OTCUETOM.

[IpencraBneHne curuana 4epe3 KOMIUIEKCHBIN CIIEKTP.
Joxa3arenbcTBo Teopembl KoTenpHUKOBaA.
[TorpemHocTh, BO3ZHUKAOIIAS IIPU YCEUEHUU CIIEKTpA.

O0pa3el; TUIIOBOTO BapuaHTa BOIPOCOB ISl IIPOBEACHUS COOECEIOBaHMUS

«Tema 8. DneMeHTHI KBaHTOBOW Teopun nHpopManuu. [lepenaya naGpopManuu KBaHTAMH. »

1.

2
3.
4.
5

©CoNok~wWNE

[TpuHIIMT KBAaHTOBaHMS CUTHAJIA TI0 YaCTOTE U IO BPEMEHHU.

YcnoBust 3¢ ()eKTHBHOCTH MOJIOCH M BpEMEHH IPOXO0XKICHHS CUTHAJIA.

dusnueckuii cMbIc BBeieHHs () (HEKTUBHBIX MOJIOC U BPEMEHH MTPOXO0XKICHHS CUTHAA.
Kpurepuii ontumanbHOCTH OPMBI CHTHANA.

CymHocTs niepeaun HHPOpPMAaluy KBaHTaAMHU.

OG6pa3zelr TUTIOBOTO BapuaHTa BOIIPOCOB sl MPOBEEHUS COOECEeI0BAHMS

«Tema 9. OntumansHoe koaupoBanue. Ko [llennona-®ano. [IpedukcHbie KOABL. »

PaBHOMEpHOE 1 HEpaBHOMEPHOE KOJUPOBAHUE.

OnTuManbHbIE KOJIBI.

N306b1TOYHOCTD KOJIa, Cpe/iHEe BpeMsl KOJIMPOBAHUH, U CPEIIHSS IJTMHA KOJIa.
Kox lllennona-dano.

I'padoBriii MeTos1 mocTpoenus koaa lllennona-dano.

O¢ddexTuBHOCTH KOJA.

[Ipumenenue GJIOKOB B KO/IAX.

[TpeduKcHBIE KOIBI.

Kon Xadhdmana.

OGpa3zelr TUTIOBOTO BapuaHTa BOIIPOCOB ISl MPOBEEHHUS COOECEeI0BaHMS

«Tema 10. HepaBenctBo Kpadra. Jlunelinsie konpl. KoppekTupytoliye cBoiicTBa KOJI0B.»

agrONE

HepasenctBo Kpadra.

Uto Takoe pa3pelieHHbIC U 3alpelleHHbIe KOJOBbIE KOMOWHAIUY.
Yro Ha3kIBaeTCsd KOIOBBIM PACCTOSHHECM.

[ToHsITHE KOJOBOTO PACCTOSTHUS M CIIOCOO €T0 OMpPEIeIeHHUS.

Kak cBsizaHO K0/I0BO€ pacCTOSTHUE C UCIIPABIISIIONIEH M 0OHAPYKUBAIOIIEH CITIOCOOHOCTHIO

KOJ1a.
[Touemy ogmHOUHAs omKOKa OOJiee BEPOSITHA, YeM MHOTOKpaTHAs!.

O0pa3el; TUITOBOTO BapHUaHTa BOIPOCOB JJIsl IPOBEACHUS cOOeCe0BaHMUS

«Tema 11. KO,Z[BI XBMMUHTA. HI/IKJII/I‘-IeCKI/Ie KOABbI. HpCI(CTaBHCHI/IC 0 CBCPTOYHBIX KOOAX.»

1.
2.
3.
Ta0IMIIA.
4,

I N Y

CyIHOCTh KOAUPOBAHUS IO METOLY XIMMUHTA.
NudbopmaninoHHbIe ¥ MPOBEPOYHBIE CUMBOJIBI.

Tabnuia coOTBETCTBHSI CUMBOJIOB, TaONMIIA KOJOBBIX KOMOMHALIMKA U MPOBE-pOYHAs

JlexonMpoBaHus 10 METOAY XOMMMHIa, UTOrOBas TabIuIa.

Yto Takoe MUKINYECKUE KOJIBI.

OCHOBHBIC CBOMCTBA IINKIMYESCKUX KOOB.

[TonrHOMMANIbHOE MPEACTABIEHUE IMKIMYECKUX KOJIOB H 00Pa3YIOIIHIA MO-JIMHOM.
AJITOPUTM KOJIUPOBAHUS C TPUMEHEHUEM LIMKINYECKUX KOOB.

AJTOpUTM JEKOIUPOBAHUS C MPUMEHEHUEM ITUKINYECKUX KOJOB.

Cxewmsl kozepa. PaboTa xoxaepa.



11. CBepTOUHBIE KOJBI.

12. Hcnpasnstonasi crtocoOHOCTh CBEPTOYHBIX KOJIOB.
13. OcCHOBHBIE XapaKTEPUCTUKHU CBEPTOUYHBIX KOJ/IOB.
14, KomoBoe nepeso.

15. Karactpoduueckuii cBepTOUHBIN KOI.

O06pa3zer] TUTIOBOTO BapuaHTa BOIIPOCOB IS TPOBEACHUS COOECeI0BaHMUS
«Tema 12. Kanans! cBs3u. KonnyecTBo nHbOpManum, nmepeaaBaeMoi o TUCKPETHOMY KaHamy.
[TpomyckHasi CIOCOOHOCTH KaHaa CBS3U.»

1.  OrnMuune NOHATUHN KaHaJ CBA3M U KaHAJI IIEpejaul JaHHbIX.

2. B uem cocrourt npoiiecc nepenaun nHGOpPMALIUY IO KaHATTY CBS3H.

3. BeposTHOCTh OmMOKM TpH Mepegade CHUMBOJNA IO KaHAJTy CBA3M M BEPOATHOCTh
0e301MO0YHOM IepeIauH.
Kak omnpenensieTcst S3HTpoIUs OMEX B KaHaJE CBS3H.
KonnuectBo undopmanmu, nepejaHHON M0 KaHAy CBSI3U.
CaoiicTBa MHPOpPMALIUH, IEPEAAHHON 110 KAHATY CBSI3H.
Uro Takoe MpoIycKHasi CHOCOOHOCTh KaHaia CBSI3U.
[apaMeTphl, ONPEAEISIONIUE POMYCKHYIO CIOCOOHOCTD.
[IpomyckHas ciocoOHOCTH TUCKPETHOTO KaHaja CBsI3U 0e3 moMeX.
10. TIlpomyckHast cmocOOHOCTH AMCKPETHOTO KaHajla CBSA3H C TIOMEXaMHU.

©CoNo O~

OO6pa3zer] THTIOBOTO BapHaHTa BOIIPOCOB IS IPOBEICHUS cOOECETOBAHMS
«Tema 13. CrannapTHble MaTEMaTUYECKUE 3a7a4l U MPUMEHEHUE MaTeMaTHYECKUX METOJI0B
00pabOTKH IKCTIEPUMEHTAIIBHBIX TaHHBIX IS PEHICHUs 33124 HH)OPMAIIHOHHON 0€30IacHOCTH

1. Kakue OCHOBHBIC BHJIbI CTaHJIAPTHBIX MaTEMATHYECKHX 3ajad MPUMEHSIOTCS B cdepe
MH(pOpMaLlMOHHOM Oe30macHoCcTr?

2. Kak metospl MaTeMaTHYeCKOW CTATUCTHKH MOMOTAIOT B aHAJIM3€ JAHHBIX IS BBISBICHUS
Kuoepyrpos?

3. Kakue wmaremaTthyeckue MOJENU WCHOIB3YIOTCS [UIsl OMHCAHHMS W TPOTHO3UPOBAHUS
MIPOIIECCOB B cUCTeMaxX MH(POPMaIMOHHOM Oe30macHOCTH?

4. Kak NpuUMEHSIOTCS METObl JMHEHHOTO MPOrPaMMHUPOBAHUS ISl ONTUMH3AIUU PEIICHHUH B
3aauax kubepoe3onacHoCTH?

5. Kakue CymecTByOT MOIXOJbl K BEPOSTHOCTHOW OIIEHKE PHUCKOB HH(OPMAIIOHHOM
0€30ITaCHOCTH Ha OCHOBE CTATUCTHYECKOTO aHAIN3a TaHHBIX?

3.2 TunoBble 3a1aHus Jis1 BHITIOJTHEHUSI J1a00paTOPHOIi paGoThl M MPUMEPHbBIii IepeYeHb
BOIIPOCOB /ISl €€ 3aIUThI
KoHTponibHBIE  BapuaHThl  3aJaHUd  BBUIOKEHBI B DJJEKTPOHHOM  MH(POPMAIIMOHHO-
obpazoBarensHoil cpene Upl YIIC, noctymHo# o0yuaroliemycs 4yepe3 ero JTUYHbIN KaOUHET.
Hwxe npuBenen oOpa3ell TUMOBBIX BAPUAHTOB 3aJaHUM ISl BHITIOJTHEHHS Ja0OpaTOPHBIX paboT
Y IPUMEPHBIN MTepEUYEeHb BOMPOCOB JJI UX 3aIUTHI.

OO0pasen 3a1aHuit 1715 BBIMOTHEHUS J1a00PaTOPHBIX pabOT U MPUMEPHBIH MepeueHb BOMPOCOB IS UX
3aIUTHI
«Jlaboparopnas pabota 1. M3yueHue SHTPOIUU CIOKHONU CUCTEMBI»
Pemaemsble 3a1aun

. Isydyenne cnocoO60B onpeeieHns U Ha3HAYeHHS COCTOSIHUN CHCTEMBI.
. CocTaBiieHHE aITOPUTMOB pacueTa BEPOSITHOCTEW COCTOSHUN CUCTEMBI.
. DHTpPOMUS KaK CBOMCTBO CUCTEMBI.

. YcnoBHas SHTPOIHA.

. DHTPONHUSA CI0KHOU CUCTEMBI.

. CocTaByieHHs aJITOPUTMA pacyeTa SHTPOTHH JIFOOON CHCTEMBI.

. Pa3paboTka mporpaMMHOTO KOJia pacyeTa.

. IlonroroBska oTuera.

0NN AW~



BapuaHTb!
1

Cucrema coctout u3 aByX 0okoB: Nel u Ne2. BepostHOCTh 0€30TKa3HO# paboThl Oiioka Nel
paBHa 0,4; BeposATHOCTh O€30TKa3HOM paboTta 6;10ka Ne2 pasHa 0,5.
OrnpenenuTb BO3MOXKHbBIE COCTOSIHUSI CHCTEMBI M HAUTHU €€ SHTPOIIHUIO.

2
Onpenenuts SHTPONUIO CUCTEMBI, KOTOPAsi MOKET HaXOIUThCSA B OJHOM M3 5 COCTOSIHUM, 4 U3
KOTOPBIX PABHOBEPOATHBI, & BEPOSATHOCTD IIATOr0 cOCTOsAHUA paBHa 0,4.

3
OnpenenuTs MaKCUMATBHO BO3MOXHYIO SHTPOITHIO CUCTEMBI, COCTOSIICH 13 3 OJIOKOB, KaX IbIi
U3 KOTOPBIX MOKET HAXOAUTHCA B 3 COCTOSHUSX.

4
OmnpenenuTs MaKCUMAJILHO BO3MOKHYIO SHTPOIIHIO COOOIICHHS, COCTOSAIIETO U3 5 OYKB, MpU
3TOM 00111ee KOITMYecTBO OYKB B andaBuTe paBHO 32.

5
MaxkcruMaibHasi HTPOIUS CUCTEMbI, KOTOpasi MOXKET UMEeTh N cocrosiHui, paBHa H. Haiitu
BEPOATHOCTH COCTOSIHUI CUCTEMBI Y€pE3 yKa3aHHbIEC IapaMETPBI.

6
UropHast cuctema COCTOMT W3 2 UIPaJbHBIX KOCTEH, y KOTOPHIX MPHU OJHOBPEMEHHOM
BbIOpAchIBAHUM CyMMa BBINIABIINX OYKOB MPEACTABISAET CO00M yeTHOE YKciio. OnpeaenuTh JHTPOIUIO
TaKOU CUCTEMBIL.

7
Cucrema BelIaHUS COCTOUT M3 OAHOTO TMepeAaTdyuka M TPeX MPUEMHHUKOB. BeposTHOCTH
0e30TKa3HOM paboTHI nepeaaTunka pasHa 0,9; BEposSsTHOCTH 6€30TKa3HOM pabOTHl TPUEMHUKOB PABHBI
Mexy cobot u paBHbl 0,8. [Tpu paboTe cucTemMbl 0Ka3anock, 4TO pabOTAIOT TOIBKO 67% MPUEMHUKOB.
OnpenenuTh SHTPOITUIO TAKOW CUCTEMBI.

OO6i11as 3aga4a
Nmetorcst mBe croxactuueckue cucteMbl X U Y. OHM 00bemuHEHbI B oAHY cuctemy (X,Y).

BeposiTHOCTH cocTOsIHMI cucTeMbl 3a1aHbl Tabauneil. OnpenenuTb

X i
5 : pxl px2 pxn Pj
Yi
Py1 P11 P21 Pn1 P
py2 P21 p22 Pn2 P,
pym pml pm2 pmn Pm
P*; P*; P*, P*,
OHpCI[CJ'II/ITB TOJIHYIO U YCJIOBHYIO SHTPOIIUMH CUCTEM JIA PA3HBIX BAPUAHTOB:
n=3, m=3;
n=3, m=4,

NogkrwdpE

3aavqy pemuTh B CISAYIOIINUX BapUaHTaX:
a) Jlns Bcex CTpOK BEPOSATHOCTH COCTOSIHMM PaBHBI MEXTY COOOM;
0) Jlus Bcex cTONOIOB BEPOSITHOCTH COCTOSIHHIA PaBHBI MEXTY COOOM;



r) Ha3HauuTh BEpOSATHOCTH COCTOSHHUH CHUCTEMbI TaK, 4YTO Obl OHHM COOTBETCTBOBAIM BCEM
HOPMUPYIOIIUM TPeOOBAHUAM;
n) Haiftu m ommcare mpeaMeTHble 00JACTH, KOTOpPbIE OBl COOTBETCTBOBAIM PACCMATPHUBACMBIM

CHUCTCMaM.

HBOoo~NoOhWDE

0.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

KoHTposbHbIE BOITPOCHI
Yro n3ydaeT Teopust MHGOpMAIUH.
CdopmynrpoBaTh OCHOBHBIC 33/Ia4H TEOPUU UHPOPMAITUH.
OCHOBHBIE 3JIEMEHTBI CUCTEMBI CBSA3M (CUCTEMBI IIepeiaul HH(OpMALIUH).
Yro Takoe 3HTpONu.
Yemy paBHA CymMMa BEPOATHOCTEN COCTOSIHUM CUCTEMBI.
Kak onpenenuTs BEIMYMHY SHTPOIIMUA CUCTEMBI.
Kak onpenensercs yacTHast SHTPOIUSA U YTO OHA XapaKTepU3yerT.
Yro takoe «OuT».
B gem 3akmovarores TpeboBanus LLleHHOHA K SHTPOIHH.
Yro Takoe TepMOAMHAMUYECKAS SHTPOIIHS.
CBsI3b MEX/Ty TEPMOJANHAMHYECKON U HHPOPMAITMOHHONW IHTPOITUEH.
Kak omnpenensiercst 3HTpOnus B BEPOATHOCTHON CXEME.
B ueMm 3akir04aroTCsl OCHOBHBIE CBOMCTBA DHTPOIIHH.
Korna sHTponus cucTeMsl ABIISETCS MaKCUMaIbHOM.
UYT0 TaKoe «CIIOXKHasI CUCTEMAY.
Teopemsl CI0KEHMs SHTPOIIUH 1JI1 HE3aBUCUMBIX CHCTEM.
Yro Takoe yCIOBHAsI SHTPOIUSI.
Kak onpenensiercs yciioBHast SHTPOIHS.
TeopeMa c10KeHHs SHTPONIUU Il 3ABUCHUMBIX CUCTEM.
OHTPOIHUS CUCTEMBI C HENPEPHIBHBIM MHOKECTBOM COCTOSIHUI.
Uro takoe npuBeneHHas win auddepeHnnanbaas SHTPOIIHSL.
CBolicTBa BHTPONMH CUCTEMBI C HETIPEPHIBHBIM MHOXKECTBOM COCTOSIHUIA.

OOpa3ser 3a1aHuii U151 BBITOJHEHUS 1a00paTOPHBIX pabOT U MPUMEPHBIN NEpedeHb BOIPOCOB [T UX

3alIUThI

«JlabopatopHas pabora 2. MI3yueHue cBONCTB SHTponHuH U MH(GopmMarmu OnpeeneHre COCTOSHUS

TEXHUYECKON CUCTEMbI METOJIaMU TEOPHUH HH(POPMALIHH
Pemraemeie 3aj1aun

1. B3aumoBnusiHue HHPOPMAIUU U SHTPOIHUH.
2. OcBoeHHE METOJIOB NOJY4YeHUS HHGPOpPMALUM O CUCTEME U AJITOPUTMOB OIpEaeIICHUS

KOJIMYeCcTBa MHPOpMaIUH.

3. OCBOEGHHE AJITOPUTMOB pacyeTa He0OX0AUMOTro KOJIn4ecTBa HH(pOopMaIumy;
4. Pa3paboTka nporpaMMHOI0 KOJia 110 pacyeTy 3TUX aJIfOPUTMOB:
5. IloaroroBka oT4eTa.

MeTtoanueckue MaTepHualibl

Hekortopas Ttexnuueckas cucrema C siBisieTcs HEMCIpaBHOU. B TO e BpeMsi HEU3BECTHO €€
COCTOSTHHSI — HEM3BECTHO Kakoi 0iok C oTka3zaj. YCIIOBUMCS, YTO CHCTEMa CUMTACTCS OTKa3aBIIICH,
€CIIM y Hee OTKaszaJl BCEro Juiib oauH Onok. [lpm Hammymm N OJIOKOB B CHCTEME OHAa MOMXKET
HaXOJIUTHCS B OJTHOM M3 N BO3MOKHBIX HEMCIIPABHBIX COCTOSIHUIA.

W3BectHo, uro C orkazana. HeomnpeneneHHOCTh COCTOSHUS HEUCHPABHOMW CHUCTEMBI
xapaktepusyercs suTpornueir H(C):

H(C) = —Zn: g log,q =- zn:qi log ; , npu HopMupyrOWEM ycnoBHH Zn:qi =1,
i—1 i

i=1 1=1

rae (J; — BeposATHOCTh OTKa3a | - ro OJIOKA.

3Ha4YeHUsT BEPOSATHOCTEH OTKA30B OMPEACISIFOTCS Ha OCHOBAHMH CTATUCTUYECKHX ITaHHBIX. B
n1abopaTopHOH paboTe MBI UX CUUTAEM H3BECTHBIMHU.



ITporecc noucka HeMcnpaBHOCTH onpeaensercs nporpammoit 11, cocrosmeii ne Gonee, yem u3
K mposepok T (J=1,2,...,k). Kaxnmas nposepka 7T ; ampHOPH COJCPKUT HEKOTOPOE KOITHICCTBO

uHpOpMaLIUu |7[j _,c OTHOCHTEJLHO COCTOSHMS cUcTeMBI C:

oC = H(C)-H(C/x;), tne H(C/7x;) — cpennsis ycnosnas surpomnus cocrosiuus
cuctempl C IPH yCIIOBUH OCYINECTBICHHS TIPOBEPKH T .

Ecin nipu mpoBepke 77; 0Ka3bIBaCTCsl, YTO KOHTpoiupyercst M GI0KOB, CyMMa BEPOSTHOCTEH

OTKa30B KOTOPBIX paBHA

m
Q. =20q:;msn,
r=1

TO

B Q o
H(C/x;)= Z 'OQQ - Q”')n%l Q. gl—Qm

Torz[a, OIlyCKasd MHOT'OYHUCJICHHBIC HpeO6paSOBaHI/I}I MMOJIyYnM:
|, c=H(C)-H(C/x)=-1Q, logQ, +{1-Q, )log(1-Q, )j.
[locnenHnee BbIpaKEHUE U SBISAETCS pacquHon bopmynoit s onpeneneHus HeoOXOAUMO

MMOCJICAOBATCIbHOCTBIO IIPOBEPOK AJIA OIIPCACTICHHA COCTOAHUA CUCTCMBI. HCO6XOI[I/IMO OTMCTHUTB, UYTO
HaliJICHHAs MOCJICI0BaTCIbHOCTh HEOO0s3aTEILHO JOJIKHa OBITH ONITUMAJILHOM.

j

PeKOMeHI[yCTCH HAaYUHATh MMpOorpaMmMy 1oucka ¢ NpOBCPKHU 7Z'j , CyMMa BCPOHTHOCTCﬁ OTKa30B

IPOBEPSEMBIX OJIOKOB JUIsI KOTOPO# Om3Ka K 0,5.

IIpumep
IIyctb wuMeeTcs  HeWCHpaBHas cucTeMma, wu3o0pakeHHas Ha  pucyHke. [udpa-
A C E
—> 1 2 —>
B
% 3 Z
D

MU 0003Ha4YeHbl HOMepa OJIOKOB CHCTEMBbI, 2 OyKBEHHOE 0003HAaYeHHE UMEIOT €€ BXOJIbl U BBIXOJIbI.
bynem oOo3nauars emunune (1) cocrosiHue O0Ji0Ka, €CU OHO YIOBJIETBOPSIET TPeOOBaHUSAM
paboTocnocoOHOCTH, a HyJeM (0) — eciiu He ynoBineTBopsieT. Heo6X0a1MO OTMETUTB, UTO €CIIH Ha BXOJT
paboTocrnoco6HOro O6J0Ka MOJaTh CHUTHAJI, HE COOTBETCTBYIOIIMM TEXHUYECKUM TPEeOOBaHUSIM H
OTPaHUYEHUSIM, TO PabOTOCHOCOOHBIA OJIOK OTpearpyeT Ha TakKoil BXOAHOH CHUTrHai, Kak OJIOK
OTKa3aBLIMN.

W3BecTHBIE  BEpPOSTHOCTH  OTKAa30B  OJIOKOB ~ MMEIOT  CIEAYIOUIHMEe  BEJIUYMHBIL:

=03 q,=04 9,=03 ¢ +09,+09;,=03+04+03=1.

Pe3y'J'ILTaTBI ITPOBCPKU BCCX 6J'IOI(OB, BXOIO0B M BBIXOA0B CBCACHLI B Ta6J'II/II_[y.

Howmep ot BxopaHoi - bnoku CZI/ICTGMLI - [— g N
CHUT'HAJI CHUTHAT

1 A 0 1 1 C 03
2 B 1 0 0 D 0,4+0,3=0,7
3 ¢ 0 1 0 E 0,3+0,3=0,6
4 D 1 1 0 E 04
> A 1 0 0 E 0,4+0,3=0,7
6 B 1 0 0 E 0,4+0,3=0,7
! cb 0 1 0 E 0,3+0,3=0,6




OHTponus OTKa3aBLICH CUCTEMBI paBHa
H(C) = -0,3log 0,3-0,4log 0,4 —0,3log 0,3 =1,571 6ur.

Ecnu mpoananus3upoBaTh CyMMY BEpOSITHOCTEH OTKa30B OJIOKOB, TO OMBITHI 2 M 7 HUMEIOT
CyMMapHYI0 BEpOSITHOCTh OTKa30B, paBHYI0 0,6; onibIT 4 numeeT BeposiTHOCTD 0,4. Tak Kak 1 Ta U gpyras
BEpOATHOCTH MMEIOT oTiimuue ot 0,5 Ha Benmuuuny 0,1. TO BRIOOP B MOJIB3Y TOW MM HHOW IIPOBEPKH

MOKET OBITh IPOU3BOIBHBIM. I105TOMY IIEpBOM BBIOEpEM IPOBEPKY HOMED 7T, .

IIpoBepka 77, BO-NEPBEIX — pa30MBAET HCXOIHOE MHOXKECTBO IIPOBEPIEMBIX OJIOKOB (COCTOSHUIA)
Ha JBa MOJIMHOXECTBA — MOJMHOXXECTBO COCTOsIHUS 3, uMeromiero (0 B Tabjuile U MOJIMHOMXKECTBO
cocrosnuii 1 u 2, nmeromux B Tabaune 1 (eaunnusn). Tak kak npoBepka 77, BHIYICHACT HEUCIIPABHBIN

010K 3, TO MOKHO OBLIO OBI CYMTATH, YTO OTKa3al 0110k 3, OHAaKO, BO-BTOPKIX, IIPOBEPKA /7, IPUHECHA

tonbpko 0,971 Out nHopMmanyy, B TO BpeMs Kak BBIYMCICHHAsI paHee SHTPONHUsS CUCTeMbI paBHa 1,571
6ur. CienoBaTellbHO, MOXYYEHHOW HMH(POpPMALUU HE JOCTaTOYHO M HYXHO J€JaTh OYEepEeAHYIO
IPOBEPKY JI0 TEX MOp, MOKa CyMMapHast yCIIOBHAs WH(GOpMAaLKs HE TOKPOET SHTPOIIUIO CUCTEMBI.

Homep baoku cucremsl m
OTIbITa ! 2 3 rglqr I
1 0 1 1 0,3
2 1 0 0 0,7
3 0 1 0 0,6
4 1 1 0 0,4 0,971
5 1 0 0 0,7
1 6 1 0 0 0,7 0
7 0 1 0 0,6
3
m
12| 2a, |1
r=1
1101 0,3
211|0 0,4
3/0(1 0,3 T
51110 0,4
0 6/1]0] 04 1
7101 03 |
2 1

B kauecTBe cienyronieil NpoBEpKH, B CHIIy MHOKECTBEHHOCTH CYyMMApHBIX OTKa30B, IIPOBEPKa
TT,, KOTOpas IOKa3bIBAET, YTO MOJIy4E€HHAs CyMMapHas YCIOBHas MH(OpPMalMs C NPEBHIIIEHHEM
HOKPBIBAET SHTPOIUIO CUCTEMBL. TakuM 00pa30M Mbl HAIIIIIM MOCJIE0BATEIBHOCTh TPOBEPOK {72'4, T, }
. [locnenoBarenbHOCTh HAIIUX MPOBEPOK 00pa3zyeT ciaeayrouuil rpag, n300pa>keHHBIN Ha PUCYHKE.
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KoMmMeHTapun K mpoBepkaM MOTYT OBITh CIEIYIOIIUMH.
CHELMAIHCTHI, YBUJIEB, YTO BHECEHHAs: MH(POPMALIUS MaJIa, eIlle pa3 MPOBEPHIIH, YTO OJIOK 3 OoKa3aJics

HCIIPABHBIM, IIPUCTYIINUJIN K cnez[yfomeﬁ ITPOBCPKCE.

SAJAHHUE

Hmeet MecTo cireayromasn CucteMa ¢ HEUCIIPABHOCTBIO.

[Tonck HeMCHpaBHOCTEH MPOWU3BOAMTH MYTEM OCYIIECTBICHHS IPOBEPOK, NMEPEUCHb KOTOPBIX
yKa3aH B TabJuIIe.

F

[Tocne mnpoepku Homep 4

—>

<«

C

l

A\ 4
w

P
<«

A\ 4

Ne BxoHoit Biioku crcTembl BrIxomHoM g q
OTIBITa CHTHAI 1 2 3 4 5 6 CHUTHAI =1
1 A 0 1 1 1 1 1 B
2 B 1 0 1 1 1 1 C
3 B 1 1 0 1 1 1 D
4 D 1 1 1 0 1 1 F
5 F 1 1 1 1 0 1 G
6 DG 1 1 1 1 1 0 H
7 A 0 0 1 1 1 1 C
8 A 0 1 0 1 1 1 D
9 A 0 1 0 0 1 1 E
10 B 1 1 0 0 0 1 E
11 AF 0 1 0 1 0 0 H
12 BF 1 1 0 1 0 0 H
13 DF 1 1 1 1 0 0 H
14 GA 0 1 0 1 1 0 H
15 GB 1 1 0 1 1 0 H




3aHOHHI/ITB HOCJICI[HI/Iﬁ CTOJ'I6€I_[ JJIA KaXI0T0 BapI/IaHTa, cClin BCpOHTHOCTI/I OTKa30B 6JIOKOB
3amaHbl TAOIALIEH.

Bapuantbi BepositHocTH 0TKa30B
01 gz [OK] 04 Qs O[3
1 0,05 0,1 0,15 0,25 0,25 0,2
2 0,1 0,12 0,22 0,16 0,23 0,17
3 0,31 0,21 0,08 0,1 0,12 0,18
4 0,07 0,17 0,23 0,13 0,18 0,22
5 0,14 0,16 0,18 0,12 0,24 0,16
6 0,22 0,27 0,11 0,24 0,14 0,02
7 0,13 0,14 0,26 0,24 0.12 0,11

Omnpexnenuts mporpaMMmy MPOBEPOK Il MOMCKAa HEUCHPABHOCTEH, pa3padoTaTh alropuTM U

rpa¢ npoBepok, pa3paboTaTh KOMIBIOTEPHYIO IPOrPAMMY peaTu3aliy alropuT™Ma.
KoHTtposbHbIE BOITPOCHI
Yro takoe nHpopmanus. OCHOBHbIE TOHATHSL.
OcHoBHBIE (OPMBI TIPEACTABICHUS HHPOPMALIUH.
Onpenenenue KonnvecTBa MHGpopMauu 1o XapTiu.
Omnpenenenne KonmuectBa nHGopmaryn o LlleHHoHYy.
YeM oTiiMyaeTcs onpeesieHue KoauyecTsa nHpopmanuu no Xaptiu u no LlleHHony.
CooTHoOIIIEHNE MEXKITY KOJTMIECTBOM HH(POPMALIUU U KOJIUYECTBOM SHTPO-TIHH.
[Touemy cumrTaercs, cTo mOJAHAas HUHPOpPMALUSA MpPeICTaBIseT CcOOOH Cpen-HIOK
UH(POPMAIIHIO.
Yro takoe yactHas MH(OpMAIKs U KOTJ]a OHAa paBHA CpeAHeld HHPOpMaLUu.
9.  UYro takoe 00beM HH(pOPMAIH U YeM OH OTJIMYAETCS OT KOJUYECTBA UH-(POPMALINH.
10. Kak nomnydarot undopmanuu o cucteMe , Bes HaOII0eHHE 32 CUCTEMOH .
11. Tlomuas B3auMHas uHGOpPMAITHS.
12. Tlonnas B3auMHas HHPOPMALIUS, €CIIU CUCTEMbI M — HE3aBUCHUMBI.
13. Tlomnas B3amMHasi HH(pOpPMAIH, €CIIM CUCTEMBI M ITOJIHOCTBIO OIPEe-ACISIOT IPYT Apyra.
14. Tlonnas B3auMHas uH(GOpPMAaIUs, €CIIU OJIHA U3 CUCTEM M SBISETCS MOJYMHEHHOM.
15. Omnpenenenue NOMHOM B3aUMHON HH(POPMALIUU Yepe3 SHTPONUHU. 00beJU-HEHHON CUCTEMBI.
16. Ompenenenue MosHONW B3aMMHON MH(POPMAITUHM KaK MaTEMATUIECKOTO OXKH-/TaHHSL.
17.  Omnpenenenue noaHON B3aUMHOM HH(OpMaIK Yyepe3 BEPOSITHOCTU COCTOS-HUM CUCTEMBI.
18. Tlomnas B3amMHas WHGOPMAIHSA «OT CHCTEMBI K CHCTEME», «OT COOBITHS K CHCTEME» U
«COOBITHSL K COOBITHION.

NogakowhE

o

OO6paser 3aaHuil 1715 BBIMOJIHEHUS J1a00paTOPHBIX PadOT U MPUMEPHBIN MepeueHb BOMPOCOB IS UX
3aIUAThI
«Jlaboparopnas pabota 3. M3yueHue cBOWCTB UCTOYHUKA HH(OPMALIUN»
Pemaemnie 3amaun
1. DHTpONUS NCTOYHHMKA U KIIACC UCTOYHUKA
2. CtanmoHapHBIA UCTOYHUK O€3 TaMsTH, €ro MPU3HAKU
3. M30BITOYHOCTH UCTOYHHUKA HH(DOpMAITHH
4. CkopocTh Koaa
5. Teopema lllenHoHa 00 HCTOYHHUKAX
6. IloaroroBka oT4yera.

Mertonuueckre MaTepuaibl
1. Ha ocHOBaHMM HEKOTOPOTO TEKCTAa, COOTBETCTBYIOIErO HA3HAUEHHOMY CTY/IEHTY BapHaHTy
HE00XO0IMMO OIPEAETUTh YaCTOThl BCTPEUAIOIIUXCS OYKB (MCKIIOUUTH B 3HaKH M mpobenbl). [To atum
4acTOTaM OIpeJesieTcst SHTponusa H,; NCTOYHMKA ITPU YCIOBUH, YTO BCE €T0 CUMBOJIBI HE3aBUCHMBI.
3areM HY)XHO COCTaBHTb BCE BO3MOXHBIE cOUeTaHHs OyKB MOJTy4eHHOro andaBuTa MO JBE U
OTIpEeICNIUTh YacTOThl 3TUX COYETAHHUM B 3aJJaHHOM TeKkcTe. Ha ocHOBaHMM MOJy4EHHBIX paHee 4acTOT

OyKB M 4acTOT cOYeTaHH# OyKB 1O JBE ONpPENENUTh YCIOBHbIE BeposaTHOCcTH P(X;/X;), (I.j=1,n) u,

34TCM, SHTPOIINIO H2 HCTOYHHKA. CDaBHI/ITB INOJYYCHHBIC SHTPOIIMHU U CACIATh BHIBO/JBI.



2. Jlna uctoyHuka H, ompenenuts ycioBHs, IPU KOTOPBIX Obl 3TOT HCTOYHHUK SIBIISJICA
crarmoHapHbIM. OTIpeIeTUTh BEPOSATHOCTH COOOIIEHUM, COCTOSIINX U3 OJJMHAKOBOTO KOJIMUECTBA OYKB
B Pa3NIUYHBIX YACTAX 33JJAaHHOTO TEKCTA M3 YCIIOBUS, YTO BCe OYKBBI ATOTO0 UCTOYHHKA — HE3aBUCHMEI.
Onpeaenutsb. MOXKHO JIM OTHETH 3TOT HCTOYHHUK K CTAIIMOHAPHBIM K 000CHOBATEL — IIOYEMY OH TAKOBBIM
siBageTcs (HesIBaIeTCs).

3. HaiiTu n30bITOYHOCTD UCTOUHMKA H, U clienaTh BBIBOJIBL.

1% N
4. Onpenenuts U3 andasura X ucrouyHuka H, KOIMUYecTBO BceX BO3MOXKHBIX COOOLIEHUN X

mmnoii N =1. Haiitu juis ucrounnka H, msonunsiit kog C = {O, l}n, e N _— paspAaHOCTb KO,

BEPOSITHOCTH OIIUOKHK KoAa (ECIIU OHA €CTh) U CKOPOCTh KOJA U CAEJIATh BHIBOAKL.
5. Onpenenurs, KAKOMY YTBEDKIECHUIO TeopeMbl [IIeHHOHA COOTBETCTBYET IMOJYUYEHHBIN KOI U
noueMy (000CHOBATH).

SAJAHUE

Bapuanr 1.

B nanHoii paboTe o1 TEPMUHOM «CIIOKHASI TEXHHYECKAst CUCTEMay IIOHUMAETCS TaKasi CUCTEMa,
KOTOpasi COCTOMT M3 COSAMHEHHBIX MEXAY CO00#l ompeneieHHbIM 00pa3oM 3JEMEHTOB, JAeTajeil u
arperaroB, Ha3bIBACMBIX B JallbHEHIIEM 0OOpyIOBaHWEM. B TeueHWE IIUTEIHEHOTO BPEMCHH B
MPOLIECCE SKCIUTYyaTallMM CIIOXKHOM TEXHUYECKOM CHCTEMbl IO HA3HAYEHUIO NPUMEHSETCA JIBE
OCHOBHBIX CUCTEMBI TEXHUYECKOTO OOCTYKHUBAaHUA. JTO — TEXHHYECKOE 00CITy)KUBAHHE IO PE-CypCy U
IUTAHOBO-TIPEAYIPEIUTENbHAS CUCTEMA PEMOHTA U TEXHUYECKOTO 00CTyKUBaHUS.

[lepBasi u3 Ha3BaHHBIX CUCTEM MpEANOJaraeT Takoe OOCIy)KHBaHHE, IPU KOTOPOM PEMOHT
000py/s0BaHus, B TOM YMCJIE M 3aMEHa, IPOU3BOJIUTCS TOJILKO B CIIy4ae OTKa3a 3TOro 00OpyI0BaHUS.
CucremMa TEXHUYECKOTO OOCIYKHMBAaHUA IO PECypCy MPUMEHSETCS K TOMY O0OpYJIOBaHHIO, 3aMeHa
KOTOPOT0 0OXOAUTCS Ae-LIeBIe, YeM OpraHU3aIus ero NpopuIakTUK U PEMOHTA.

Bapuanr 2.

B nHacrosiem paszene, B COOTBETCTBUH C OINpeAeTeHUSIMH OyJaeT UATH pedb O CHCTEeMax, UX
napaMerpax M COCTOSHHUAX BooOmie. TepMmMuHONOrHs, ynorpediseMas IpU HU3JIO0KEHUHU, YacTo
UCIIOJIb3YETCS] B HAYYHO-TEXHUYECKOM TUTeparype. TeM He MeHee, aBTOp CUUTAET, UTO MPeAJIaraeMble
pacCyXJIeHHsI M BBIKJIAJKUA XapaKTEPHbI HE TOJBKO JJII TEXHUYECKUX CHUCTEM, HO M I CHCTEM B
IIMPOKOM MOHUMAaHUMU onpezaeneHus. OTaenbHble CChUIKM Ha TEXHUYECKHUE CHCTEMBbI UMEIOT LENbI0
KOHKPETU3UPOBATh HEKOTOPHIE MOMEHTHI, M HE O0JIee TOro.

JIro0as cucteMa B MpoLIecce CBOET0 CYIECTBOBAHUS NEPEXOAUT U3 OHOTO COCTOSIHUS B JIPYTO€.
Ecnu He mpoMCcXOauT MPUHYIUTETBHBIX PETYIUPOBOK M 3aMEH JJIEMEHTOB CHUCTEMBI, TO, B KOHIIE
KOHIIOB, oHa morubaet. Kaxmas cucrema B 11000 MOMEHT MOKET HaXOIUTHCS TOJIBKO B OJTHOM
COCTOSIHMH: JIOMyCTUMOM U3 MHOXXECTBA JOMYCTUMBIX COCTOSTHUN HJIM HEJOMYCTUMOM W3 MHOXECTBA
HEJIOMY-CTUMBIX COCTOSIHUM, €CJIM MHOYKECTBA JUIsl CUCTEMBI OIIPEIEIICHBI.

Bapuanr 3.

B cooTBercTBUU C paHee mpuBENEHHOW (QOpMyION, OMMOKAa M3MEPEHUsS SBISAETCS MPHUUMHON
MOHWXEHUS IOCTOBEPHOCTH PACIIO3HABAHUSI COCTOSIHMM cucTembl. C IPyroil CTOPOHBI, 9Ta OIMMOKA
dbopMupyeT 30HY HEOIMpEeAeNeHHOCTH. B TO ke Bpems Npu HA3HAYCHHH COCTOSHUN BO3MOKHO
BO3HMKHOBEHUE 30H Oe3paznuuus. CrenoBarenbHO, Ha TpaHUIAX 30H Oe3pa3Iuyusi 30HbI
HEONPEIETICHHOCTH PaCIIMPSIOT UHTEPBAJ HEOJHO3HAYHOTO pacro3HaBaHus. IMeHHO mo3ToMy 1iene-
c000pa3HO Ha3HAYaTh COCTOSHUE C COBMAAAIOIINMU I'PaHUIIAMHU.

Torma TonMbKO OJHA 30HA HEOMPEACNEHHOCTH OyaeT MPHYMHOM HEOJHO3HAU-HOTO
pacro3HaBaHus, U BBIPAXEHHE JJI 3TOTO CIydash MOKET MMETh MECTO JIMIb TMpU €€ HaIWduu. B
JAIbHEUIIEM TMPU TPOTHOZUPOBAHUU 3HAUCHUN H3MEPIEMOro IMapamMeTpa OLIMOKa H3MepeHus
nojBepraercss o0paboTKe aaropuTMamu IMporHo3upoBaHus. CienoBaTenbHO, B Pe3yabTaT MPOTHO3a
BOI/IeT Kak omubKa pe3ybTaTOB H3MEPEHHUS, TaK U OIIHOKa Pe3ylIbTaTOB MPOTHO3WPOBAHUS.

Bapmuanr 4.

OnHUM W3 OCHOBHBIX TMOHITHA HACTOSAIIEH pabOThI SBISETCS TMOHATHE cucTeMbl. COriacHo
OTIPENICTICHUIO0, CHUCTeMa — JTO "HEYTO IIeJ0e, MpEeACTaBstonee coO00l €IUHCTBO 3aKOHOMEPHO
pPacoJIOKEHHBIX M Haxoadummxcsd Bo B3auMHOM cBszu yactei" (Oxeros C.H., [lIsenos H.IO.
TonkoBeIid croBaph pycckoro sizeika. M.: A3b, 1992). DTUM TEpMHUHOM IIMPOKO TOJB3YIOTCS B



Pa3IMYHBIX OOJIACTSIX YEIOBEUECKOM AeATeNbHOCTU. TakK, CynIeCTBYIOT MOHATHUS: (PU3HUECKasi CUCTEMA,
TEXHUYECKas CUCTeMa, cucTeMa 3HaHuW U T.1. EcTb HeuTo oOmiee, mpucyiiee OONBIIMHCTBY W3
Ha3BaHHBIX MOHATHHA. DTO OO0Iee 3aKI0YaeTCs B TOM, YTO CHCTEMBbl MCIBITHIBAIOT HEKHE BHEUIHHE
BO3/JICHCTBUSL M HEKOTOPHIM 00pa3oM pearupyloT Ha HUX. B COOTBETCTBHHM C TakuM, YacTo
BCTPEUAIOLIUMCS TOAXOA0M K MOHSATHIO CUCTEMA, YTO HEOJHOKPATHO MOJAYEPKUBAIOCH B PA3INYHBIX
ABTOPUTETHBIX UCTOYHUKAX, MOXKHO JaTh 00IIee U yA00Hoe /Ui JaHHOU padoThl ONpeieeHHeE.

Bapmuanr S.

JlocTOBEpHOCTH MPOTHO3a — 3TO CTENEHb COOTBETCTBUSA MPOTHO3UPYEMOT0 3HAYEHUS TapaMETPOB
U3y4aeMOi CHCTEMBI W SIBIICHUS UX HCTUHHOMY 3HAYEHUIO B OyIyIIEM.

TpaauumoHHO, B OCHOBE MPOTHO3MPOBAHUS JIEKAT TPU BAKHBIX MCTOYHHMKA MHPOPMALUHU O
Oymymiem:

- OLIGHKA TIEPCIIEKTUB PAa3BUTHUS AUHAMHKH U OYIyIIEr0 COCTOSHUS TPOrHO3UPYEMOI CUCTEMBI
WM SIBJICHUSI HA OCHOBE OIIBITA M IIPU MOMOIIY aHAJIOTHH C XOPOIIIO U3BECTHBIMH CXOAHBIMU CUCTEMAMHU
WU SIBJICHUSIMU;

- OKCTPANOJSAIUs TeHICHIIUH, 3aKOHOMEPHOCTH KOTOPBIX JOCTATOUYHO XOPOILIO U3yYEHBI;

- MOJieNib OYyAYIIEro COCTOSIHUSL IPOTHO3UPYEMOW CHCTEMbI WIH SIBICHUS, IOCTPOCHHAsI Ha
OCHOBE alpUOPHOIN HHPOPMAIIHH ¢ YUETOM BO3MOXKHBIX U3MEHE-HUI psiia yCIOBUI.

ToynocTe TporHO3a B OONBIION CTemeHHM OyIeT 3aBUCETh OT KadecTBa 00padaThIBaeMOTO
BBIXOJIHOTO cHrHama. B coorBercTBuM C BbIpakeHueM (1.3) 3HaueHus mapameTrpa HabOII0JaeMOTO
BPEMEHHOT0 psija OyayT IpeACcTaBIsATh cO00M KOMOU-HAIMIO MOJIE3HOTO CUTHANA U IITyMa.

Bapuanr 6.

Ecnu B X0/ KcrieprMeHTa y HaOJloJaeMoil CHCTeMBbl HEe OBUIO CKaYKOOOpa3HBIX M3MEHEHUI
BBIXOJHOTO MapaMeTpa, TO, B COOTBETCTBUU C BBIPAKCHHUSIMH, NOJYy4YEHHBIMU B HacTosIed padore,
MOYKHO OTIPEICIUTh KOJIMYECTBO HEOOXOMUMBIX ISl Hayajla NpOTHO3a HAONIOJIEHHHA, WHTEpBaI
MPOTHO3UPOBAHUS, PACCUUTATH YHCIIOBBIE XapaKTEPUCTUKH OMNOKHU MporHo3a. M3BecTHoO, 4yToO omrnbdka
IPOTHO3a CBsi3aHA C OIMMOKON M3MEpeHUs, KOTopas 3areM IpeoOpasyeTcss MyTEM CIIIaXHBAHUS H
SKCTPANOJSAIMN U YCHUIMBACTCS HAa HMHTEpPBAlE MPOTHO3HPOBaHUS. B CBA3M ¢ 3THUM OHAa MOXKET
CYLIECTBEHHO MOBIMITh Ha MNPHUHATHE pELICeHHUs [0 pe3yibTaraM MporHosa. [leficTBUTeNnbHO, B
COOTBETCTBUM C BBIBOJIAMH, U3JIOKEHHBIMU PaHee, B 3aBUCUMOCTH OT COCTOSIHHSI CUCTEMBI BBIOMPACTCS
ynpasieHue ero. Ho mnpu Hanuuumm oOmuOOK OJHO3HAYHO OINPEAENUTh COCTOSSHUE CHCTEMbI HE
IIPEJCTaBISIETCd BO3MOXKHBIM. B HacrosiieM pasziene OCHOBHOE BHHMAaHHE IOCBAILIEHO METOAAM
pacrno3HaBaHus COCTOSHUM.

Bapuanr 7.

Ha poporax OsiBuiero CoBerckoro Coro3a HaKOIUIEH 3HAYUTENBbHBIM ONBIT AKCILTyaTal[uu
JOKOMOTHBOB Ha YAJMHEHHBIX y4acTKax OOpalleHHs, OONBLIMX TA-TOBBIX MOJIMIOHAX. DTOT OMBIT
MOKAa3bIBACT I1E€JIECOO00PA3HOCTh CO3/IaHUS TATOBBIX IOJUTOHOB MPOTSKEHHOCTHIO 10 1500 kM u
9KCIUTyaTallid Ha 3TUX MOJUIOHAaX JOKOMOTHBOB s ABYX M Oosee neno. bosbiiue moauroHsl
o0OecnieunBaroT ciieI0BaHNEe JOKOMOTHBOB Ha 3HAYUTENbHBIE PacCTOSTHUS 0€3 OTHEenKHU oT noe3aa. OHu
MO3BOJISIIOT HE TOJIBKO MOBBICUTH 3()(PEKTUBHOCTH UCTIONB30BAHUS TATOBOM TEXHUKH, HO U OKa3bIBA€T
MOJIO’KUTENBHOE BO3EMCTBHE HA BCIO AKCILUTYaTAIlMOHHYIO J1€ATEIbHOCTb.

ITpu e3ne «c 060pOTay JUIst UMEIOIErocs IITaTa JOKOMOTHBHBIX Opuraj OyAeT coKpamarbes
BpEeMsI HaXO0>KJIEHUSI B TyHKTE CMEHBI, BCIIEACTBHE YEro Bo3pacTaeT BpeMs oTAbixa foma. CymmapHbIe
3aTpaThl BpEMEHHU B TEUEHUE OIHOM HENleNHt 3a MpeielaMi MeCTa KUTEIbCTBA JJIs 331aHHBIX Pa3MepoB
JBUKEHUS TIPU €37Ie «C 000pOTay» OMpeNenuTCs Mo crennaabHol hopmMyIie.

KoHTposnbHbIE BOITPOCH

Omnpenenenyne NCTOYHUKA HH(GOPMAIUH.
OnpeneneHne HENMPEPHIBHOIO HCTOYHUKA MH(OPMAITIH.
Ornpenenenne TMCKPETHOTO0 HCTOYHUKA HH(OpMAITHH.
Kakoii ntuckpeTHblif HCTOUHUK MH(POPMALIUN HA3bIBAETCS CTALlMOHAPHBIM.
Kakoli cTarmonapHblii HCTOYHUK MH(POPMAIUU HAa3bIBAETCS UCTOUYHUKOM 0€3 MaMsITH.
Yro Takoe N30BITOYHOCTh UCTOYHHKA.
[TepBUYHBIN 1 BTOPUYHBINA ali(haBUTHI, UCXOTHBIN KOJI.
JnmHa Kofa, KoAMpOBaHUe ¢ OMIMOKaMu 1 0e3011M004HOe KOJAUPOBAaHHE.
KonoBbie cnoBa, ckopocTh KoAa.

©CoNoR~WNE



10. B3auMHO-OAHO3HAYHOE KOJAMPOBAHUE.

11. Ommubka KOIUPOBAHUS, BEPOSITHOCTh OIMTHOKH KOJUPOBAHUSI.

12. Ompenenenue npsMoi 1 0OpaTHOM TEOPEM KOJIUPOBAHHSL.

13. Yro takoe FF, VF. FV, VV-xonpl.

14.  Kakoit ucrouHrK MH()OPMAIK HA3bIBAETCS MAPKOBCKHUM.

15. HepaznoxxuMoe MHOKECTBO COCTOSIHMI MapKOBCKOI'O UCTOYHHKA.

16. Bo3BparHbIE 1 HEBO3BPATHBIC COCTOSHUS MAPKOBCKOTO UCTOYHHUKA.

17. Kakoii MapKOBCKHUI HCTOUHUK Ha3bIBAETCS IEPUOAUUECKUM.

18.  Omnpexnenenue 3proauyecKoro UCTOYHNKA HHPOPMAITUH.

19.  Otnuure MOHATHI KaHAJ CBSI3M U KaHAJ MEepeIayu JaHHBIX.

20. B u4em coctouT mpoiiecc rnepeaadyr MHPOPMAIUH 110 KaHALY CBSI3U.

21. BeposTHOCTh OIMOKH TIpH TEpenade CUMBOJIA 1O KaHATy CBS3H U BEPO-ATHOCTH
0e301MO0YHOM MepeIavH.

22. Kak onpeznensieTcs SHTPOIUS MIOMEX B KaHAJIE CBS3H.

23. KomuuectBo nHbopmaImu, nepeiaHHoN 10 KaHaTy CBSI3H.

24.  CaoiicTBa nH(pOpMAIHH, IEPETAHHON 10 KaHATTY CBSI3H.

25.  Yto Takoe MpomycKHas CIIOCOOHOCTh KaHaja CBSI3U.

26.  mapaMeTpsl, ONPEENIAIONINE MPOITYCKHYIO CIIOCOOHOCTD.

27. IlpomyckHasi ciOCOOHOCTb JUCKPETHOTO KaHaia CBS3U 0e3 momex.

28. IIpomyckHasi CIOCOOHOCTH TUCKPETHOTO KaHAJIA CBSI3U C TOMEXaMH.

O0pa3zer 3a1aHuid 1Sl BBITOJHEHHSI 1a00PaTOPHBIX paOdOT M PUMEPHBIA NIEPEeYeHb BOIIPOCOB IS UX
3aIIUTHI
«JIaboparopnas pabota 4. MccrnenoBanue mporeccoB AUCKPETH3alNU ¥ KBAHTOBAHUS CUTHAJIOBY

I_[e.]n, paﬁoTbIZ HU3YUCHUC ITpoLecCa NUCKPETU3AINU U KBAHTOBAHUA CUT'HAJIOB.

1. JlomamHee 3a1aHHeE.

1.1. Usyuure comepianue u KpaTKue TEOPETHIECKUE CBEICHHS.
1.2. O3HaKOMBTECH C METOMYECKUMH YKA3aHUSMHM O BBITIOJTHEHHIO PabOTHL
1.3. O3HaKOMUTHCA ¢ MHAUBUIYATbHBIM 3aJaHUEM Ha BHIIOJIHEHUE PAOOTHI.

2.OCHOBHBIE TEOPETUIECKHE CBEICHUSI.

Hanomuum ¢hopmynupoBku ocHOBHBIX TeopeM KoTenbHUKOBA.

Teopema 1. JTlroOyro dpyukimio S(t), cocTosrnyro ux gactot oT 0 10 Fs eprno10B B CEKYHY,
MOXHO IIPEACTaBUTh B BUIC

_ B = sin 2 F,(t — kAt)
S = Z S(kAD) 2m E,(t — kAt) (6.1)

k=—oo

rae k — uensie uncna; S(kAt) — nocrosHHbIE, 3aBucsAmHAE OT S(t);
Fg —BepxHss 4acTOTa CIEKTPA.

W naobopor, mobas Gpynkuus S(t), npeacraBieHHas 3TuM psaaom (6.1), yacToT JUlIb U3 YacTOT
ot 0 no F; mepuono B cexynny. Ecnu o6parutbes k 0600meEnHOMY psiny Dypbe [7], TO 04eBHIHO,
YTO B COOTHOIIEHUH (6.1) 0a3UCHBIM SIBISIFOTCS] OTCUETHBIE (PYHKIIUU

. — - sin 2 F,(t — kAt)
m-kz (k) e




npuBeA¢HHbIE HAa puc. 6.1, a KO3QPHUIMEHTH pa3lokKeHUs MO0 JaHHOMY Oasucy
ck = S(kAt)

o
b

-1\2Fs NaFe
~1\Fe F\'-—-‘j 1\F: >
1\Fs

7

Puc. 6.1. I'padux GyHKIIUN OTCUETOB.



Teopema 2. (Teopema otcuéroB). JIroOyro dynkiuio (curran) S(t), cocrosmiyto u3 4actot ot 0
1o F, meproioB B ceKyHy, MOKHO HEIIPEPHIBHO TIEPEIaBaTh C JIFOOOH TOYHOCTHIO C TOMOIIBIO YHCElT,
CJICAYIOIIMX JPYT 3a APYTroM depe3 uHTepBaiibl Bpemenu At = 1/(2Fg) cekyn.

WuTepBanbl BpeMeHH, depe3 KOTopble OepyTcs OTCUEThl, MMEHYIOTcsA MHTepBaiamu HailikBucra.
HamomanM 0CHOBHBIE CBOICTBA (DYHKIIMU OTCUETOB.

1) B mMomenT Bpemenu t=0 QyHKIHUSA OTCYETOB UMEET MAKCUMATLHOE 3HAYCHHE

paBHOE €IUHHIIC. ITO MOXKHO Jierko mokasath. [lycts k=0, Tormga W, (t) = sin 27 Fgt
o - =
2w Fgt

Packpoem HeonpeaenénHocTh no npaBuny Jlonurans, 0603naunB 21 Fygt = X,

a

~sinx  (sinx)"  cosx
lim— =lim——=Ilim——=1
x=0 X x=0 X x=0 1
B MOMEHTEHI
2) B MOMeHTBI  BpeMeHH
t=xkAt= — ,roek =1,2,...,0rcuérnble QyHKIMH 0OPALIAIOTCS B HYIIb

Fg

3) lllupuna roaBHOTO JTenecTka GyHKIUH HA HyJIEBOM ypOBHE paBHa 1/Fs.

4) OrcuétHble QYHKIMH SBIAIOTCA OPTOrOHANBHBIMH B OECKOHEUHO GOJBIIOM HHTEpBANE
BpPEMEHH, T.€.

co 1 o
(W;(0), ¥ (D) = f‘Pf(jrj)‘Pk dt =428’ ' k (6.2)
N 0, i+=k

L I

PaccMoTpuM Temeph mpoiiecc BOCCTAHOBIIEHHUS HEMPEPHIBHOTO CHTHama S(t) Mo ero JUCKPETHBIM
orcuéram. M3 Teopembl OTCUETOB CiEAyeT, YTO I Mepeladd Mo KaHally CBsi3u curHaia S(t) ¢
OTPaHUYEHHBIM CIIEKTPOM HEOOXOIUMO BBHITIOIHUTH CIEAYIONINE ONIEPAIIHH.

1) B3aTh OTCUETHI MTHOBEHHBIX 3HaueHuii curHana S(kAt) uepes MHTEepBaibI
BpemeHu t =+kAt = op. TAC k=12,...,T.c. HATH BETUUUHBI S :1_ . S= 2_ S :_3 .
B 2FB 2F% 2Fs

2) Hepe;[aTL 110 KaHally HaliICHHBIE OTCUETHI T100BIM 13 BO3MOKHBIX MCTO/OB.

3) Ha npuémHOli cTOpOHE BOCCTAHOBHTH MEpPeaHHbIE OTCUETHI U CHOPMHUPOBATH

KOPOTKUC UMITYJIBCHI C JJINTCIIBHOCTBIO u & At = 1_ U aMIUTATYIaMH S(kAt)

2Fg

4) Cdopmuposats pyrkiuu orcuérto P (t), k = 1,2, ..., Kak TMoKa3aHO Ha pHC.
6.2

5) Ipoussectn cymmupoBaHue HaiiIeHHBIX (YHKIMIA W TIONY4HTh B pe3ybTare

curHan () , KOTOpBIH OyAeT mponopiroHajeH (WM paBeH) MepelaHHOMY CUTHAITY S(t) .



0

Puc. 6.2. ®opmupoBanue 0TCUETOB aHATOTOBOTO CUTHAJA B IUCKPETHBIC MOMCHTHI

BpPCMCHU

Puc. 6.3. AMumatynHo-dactotHas (a) u pa3o-gactoTHas (0) XapaKTEPUCTUKH (PHIILTPOB,
dbopMupyromux GyHKINUNA OTCUETOB:

1-uneanpHOTO; 2-pearbHOTO

Jlj1g mosryyeHust OTCYETHBIX (QYHKIUI OOBIYHO MPUMEHSAETCS PUIIBTP HUKHUX YacTOT C IIUPUHON
IIOJIOCHI MPOIYCKaHWsA, paBHOM Fs, Ha BXOJX KOTOPOro cieAyeT IOAAaThb KOPOTKHM HMMIYJIbC C
JUTATENBHOCTEI0 Ty W ammatynod S(kAt). Eciu GuiabTp cuuTarth WeaabHbIM, a HAa €ro BXOJ

10JaBaTh JIeJIbTa-UMITyJIbC O(t), TO OTCueTHas (PyHKILUSA Ha BBIXOZE HEe OyJeT UMeTh UCKaKEHUH, TakK
kak AUX k(f') punbrpa paBHomepHas, a DUX ¢(f) — nuneitnas (puc. 6.3.):

s r

| 1, 0<f<E
k() =5 }}f}F

Ha camom ACJIC TIPpU BOCCTAHOBJICHMU CHUT'HAJIa BO3HUKAIOT IMOTPCHIHOCTH. PaCCMOTpI/IM KpaTKo
IMPUYUHBI UX BOBHUKHOBCHUS Ha ITPAKTUKE.

1) Xapakrepuctuxu peansusix GpuisTpoB k(f) 1 ¢(f) OTIHYAIOTCA OT HAEANBHBIX (CM. KPHBEIE 2
Ha puc. 6.3), 4TO TMPUBOAWT K OTKJIOHEHUSM PEATbHBIX OTCUETHBIX (DYHKIMI OT WIACAIBHBIX, a
CJI€I0BATENIbHO, K TOSIBJICHUI0 HEKOTOPBIX HETOYHOCTEW BOCCTAHOBIIEHUSI HEMPEPHIBHOIO CHUTHAja
S(t).

2) JIns BOCCTaHOBJIEHHUS CHTHAJIA MO €r0 OTCUETHBIM (DYHKIUAM HEO6XO0IMMO IPOCYMMHUPOBATH
0ecKOHEYHOE MHOKECTBO 4ieHOB psiaa KorenpaukoBa (6.1).



Opnako peasibHble CUTHANBI S(t) UMEIOT OrpaHUYEHHbIE CIIEKTPhl U PACCMAaTPUBAIOTCA B KOHEUHOM
uHTepBajie BpeMeHU T. B cBS3M € 3TUM TOUHOE pa3fioKeHUE MPUXOIUTCS 3aMEHATh MTPUOIMKEHHBIM,
T.€. IPY KOTOPOM TaKXXe CyMMHUPYETCS] KOHEUHOE YHUCIIO YJIEHOB psijia:

n/2
S() = Z SCleAt sin 2 F,(t — kAt)
- (kA — 0 E.(t — kAt)
k=—n/2
Yuciao 0TCUETOoB, onpenem{}omee~.5(t), npu At = 1/(2F;) cocrasnsier b= i +1=

2FgT + 1(06b1uno 2FgT > 1), mostomy n = 2FgT.

[Tapamerp n = 2FgT, uHoraa o603Ha4YaeMblii CHMBOJIOM B M Ha3bIBaeTcs 06a30t cueHaia, Urpaet
BaxHY!0 poJib B TOC mpu pacCMOTPEHHUH CIOKHBIX CUTHAJIOB.

ﬂCHO, YTO IIOIrp€IIHOCTD IIPHU BOCCTAHOBJICHUU CHUI'HAJIA 6y,HeT TEM 6OJ'II>I_HG, YCM MCHBIIC YHCIIO
cJ1ara€MbIX YYUTBIBACTCA IpU CYMMHUPOBAHUU.

3) CHeKTpBI PCAJIbHBIX CHUIHAJIOB HE paBHblI HYJIK 3a MHIpcAciiaMu rpaHHQHOﬁ HaCTOTHI.
OcHoBHas AOJIA QHCPIUH CUTHAJIOB IPUXOAUTCA Ha YaCTOTHI OT HYJIS 10 FB, HO HeOoJIbIIas JOJIA 9TOM
OHCPIUH MOXKET OBITH U BBIIIIE FpaHH‘{HOﬁ YacTOThI. 3HAUCHUE OTHOCHTCILHOM CpGI[HCKBB.I{p&TH‘-IHOIZ
MOrpeIrHOCTU MOKHO OIIPCACINUTD CIICAYIOIIHUM BbIPA’KCHHUEM:

2(t) [ 1SGPPdf  aE
S2(t)  [TISGF)ldf  Es'

I'nme AE — 9acTh Hepruu, KOTOpas BBIXOJUT 3a Mpeebl moyockl 4acToT [0, Fg] u He yuuTsiBaeTcst
MIpU BOCCTAHOBIIEHUH CUTHaNa; E ¢- IOJIHAs SHEPIrUsl CUTHAJIA.

[Ipu »TOM oOKa3bIBaeTCsA, YTO MOTPEIIHOCTh 3a CU€T OTOpachlBAEMON YacTH

CIIEKTpa CHUTHAJa CTAHOBUTCA TEM OOJbIIE, YeM «MEAJCHHEe» yOBbIBAET CIEKTp 3a IpeleslaMu
TPAHUYHOM YacTOTHI F.

B 3akimoueHrne OTMETUM OCHOBHBIE 00JIACTH MPUMCHCHUA TCOPEMbI OTCUYETOB.

1) Vnpomenne mpecTaBieHHs CHTHAIOB MM MOMeX. BMecTo HempepbIBHEIX (YHKIHMH OHH
3a/al0Tcsd HabopaMu OTCUETHBIX 3HAUEHUI, U NPHU 3TOM HE MPOUCXOTUT MOTEeph MH(GOpMaLUH,
COJIEpKAILIEHCS B HENIPEPBIBHOM CUTHAJIE.

2) Tlepenauya HeNpepbIBHBIX COOOIIEHUH 1O KaHANAM CBA3M C MOMOIIBIO JUCKPETHBIX HJIH
U (POBBIX CUTHAJIOB.

3) Ludpoas 06paboTKa HEMPEPHIBHBIX CUTHAJIOB.

3.0Omnucanue 1a60paTOpHON YCTaHOBKH.

OVHKIIHOHATRHBIE — " Ocomanorpads 1
redepaTop OUIeK TP OHHEBIF FCJITEFOTE
— .
TegepaTop v O sIsTorpady 2
CTOXAacTHYeC KOO £

CHI'HAaJIa

TemepaTop
VIO DA BIIAFOIILeTO
CHIEAITI&

Puc. 6.4. CTpykTypHas cxema HccieI0BaHus Mpoliecca JUCKPETU3aluu U
KBAaHTOBAaHUs CUTHAJIOB



QDYHKYUOHAbHBLU 2eHepamop - CO3J]a€T FTApMOHUYECKHUI CUTHAIL, & TAKKE CUTHAJIBI TPEYTOJIbHOM
U TIPSIMOYTOJIBHOU (POPMBI.
Tenepamop cmoxacmuueckoeo cuenana - CO3JA€T CTOXacTHUecKud curHai. OcHOBaH Ha
HMCTOYHUKE MOJMHOMHUAIBHOIO CUTHAJIa, B KOTOPOM Mojenupyercs B3aumoaeiicteue AM, UM u
rapMOHHYECKOTO KOJIeOaHUH.

I'enepamop ynpasnsioweeo cuenana - CO3JAa€T IOCIENOBATENBHOCTh MPSIMOYIOJIBHBIX
VMITYJIBCOB C 33JaHHOM CKBaKHOCTBIO.

[lepuon crnenoBaHusl JTaHHBIX HUMITYJIBCOB SIBJSIETCS MEPHOJIOM JIUCKPETU3ALUU
At, a ux umTensHOCTh Ty ONpenenseT OTHOCUTENFHYIO OTPEIHOCTD TPeoOpa3oBaHus o.

Cormacuo TCOpECMC KorenpaukoBa 3HaUCHUE nepuoaa JUCKPETU3aAlMKU JOJIKHO YIOBJICTBOPATH
YCJIOBHIO:

At <12nfy
rze fg - BEpXHs 4aCTOTa MPeoOpa3oBaHMsI CUTHAIA.

OTHOCI/ITCJ'II)HEUI HOFpCIHHOCTI) HpeO6pa3OBaHI/IH OHpeI[eJIﬂeTCFI BI)Ipa)KeHI/ICMI
5,% = 200nf 5Ty

OnexmponHwlll K104 - HA TIOJIEBOM TpaH3ucTope Tuma BF245A.
Ocyunnoepagh - npuMeHsieTcs BUPTYallbHBIM JBYXJy4ueBoil ocimmiorpad. B nmannoit pabote
PEKOMEH/IYEeTCSl yCTaHABIMBATh MTapaMeTPhl Pa3BEPTKU U JICIUTEIICH HAMPSIKCHHS TaK, YTOOBI HA €ro
9KpaHe PEerucTpUpPOBaiOCh OT 1 10 2 mepruoa0B curHana 0e3 orpaHUYeHuUs 0 aMIUTUTY/E.

4. MeToauieckue yka3zaHus 10 MPOBEACHUIO 1a00paTOpHOil paboTHI.

4.1. B nporpamme Multisim co3maTh MOfesb ISt KCCIEAOBAHHS POLECCA JUCKPETU3AINN 1
KBAaHTOBAHWs CUTHAJIOB B COOTBETCTBHUH C NMPUHIUIUAIBHON 3JIEKTPUYECKON CXEMOM, TPUBEICHHOM
Ha puc. 6.5.

4.2. YcTaHOBUTH MapaMeTphl I'eHepaTopa YIPaBIAIONIEro CUTHANa V4 B COOTBETCTBUM C
BapUAHTOM 3aJaHUs, YKa3aHHBIM MperoaaBaresaeM u Tadm. 6.1.

Tabnuya 6.1
BapuaHTEI 3aJ1aHHI ITapaMeTpPoOE reHepaTopa VIIpaeIsgiouiero cuiraaaa V4
Homep Yacrora AmuonwTyma EKEoaddmmreRT sanoTEeEAS
eapuaanaTa | (Frequency), I'o (Amplitude), B (Duty Chyele), Yo

1 1000 5 20

2 1100 5 25

3 1300 5 15

4 900 5 30

5 1050 5 10

i 950 3 10

T 1150 3 20

8 1200 3 25

9 1250 5

10 1350 3
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Puc. 6.5. [lpuHnunuanbpHas 3JeKTpUIecKas cXxeMa NCCIIeI0OBaHMs ITPpoIecca AUCKPETH3auT
Y KBAaHTOBAHUsI CUTHAJIOB

s 5

4.3. YcranoBuTh 9acToTy QyHKIMOHATBHOTO reHeparopa XFG1 pasnoii 100 ', a aMmaryay
- 1 B B pe’xuMe rapMOHUYECKOTO CUTHAJIA.

4.4, YcranoBuTh crieayronue napaMeTpbl ucrounuka V1 AM-cUrHaios:

— ammautyna VC = 0,5 B;
— Hecymas yacrora FC =100 I'a;
— wyacrota moayisiuuu FM =10 T

4.5. YcraHoBUTE cieaytonue napamMmeTpbl uctodnuka V2 UM-curHainos:
— ammutyaa Voltage Amplitude = 0,5 B;
— wHecymas yactota Carrier Frequency = 100 I'i;
— yacrora aesuaiuu Signal Frequency = 10 I'o..

4.6. YcTaHOBUTH CileaylONIUe MapaMeTphl HCTOYHHKA TapMOHMYECKHUX CHTHAJIOB

V3.

— ammuryaa Voltage Amplitude = 0,5 B;
— wacrora Frequency =100 I'my;

— (asossrii caur Phase = 90° .
4.7. YcranoBuTh K09 (QUIMEHTHI TTOTMHOMHAILHOTO McTouHKMKa F= 1, G=1, | =

4.8. TlpenctaButh coOpaHHYIO MOJeNb JabOpPaHTy MM HPENoAaBATENI I
MIPOBEPKH.



4.9. Haxatmem npaBoii KHONKM MBIIIM HAa YEPHOM TIIOJIE MOJENH  BBI3BATh
COOTBETCTBYIOIIYIO BKJIQJKY WU YCTAHOBUTH LIBET BCEX KOMIIOHEHTOB MOJIEIH - KpPACHBIM.
KonupoBare mpUHIMNHATIBHYIO 3JEKTPUUECKYIO CXEMY MOJIEIH B COOTBETCTBYIOLIUH pa3ien
oTyeTa.

H3yueHue npoyecca ducxpemwauuu 2APMOHUYECKO20 cucHala

4.10. BxirounTs MOIE/Ib M HAOMIOAATH CUTHAJIBI HAa BXoAax A u B ocuwitorpada 1, a Takxe
Ha Bxozie A ocruutorpada 2 (B pexxume DC), ycTaHOBUB HEOOXOIMMBIE 3HAYCHHS JUTUTEIILHOCTH
pa3Beptku (Timebase) u genureneii Hanpsokenus (Scale).

4.11. BeIKII0YMTE MOJIENH HE3AI0JIT0 0 MOMEHTA MOJIHOIO X0/a JIyya ocLuuIorpada.

4.12. Bxnrounth TpaHCHOHMpOBaHME ocuuiorpaMM B rpaguku  MathCad myTtem
mocjemoBareabHOro Hakatust KHormok Transfer-Export Simulation Results to MathCad-Continue.
Pacnionoxuth OKHO rpaduka B HIDKHEM JIEBOM YIJIy MOHHUTOpAa TakuM o00pa3oM, uTOOBI
n300pakeHNe CXEMBbI MOJIENIN OBIIIO TOCTYITHO.

4.13. KonuposaTh rpaduKu B COOTBETCTBYIOIMIA pa3ies OT4eTa.
H3zyuenue npoyecca ouckpemuzayuu CUSHALA MPey2oIbHOU OpMbl

4.14. VYcranouts (yHKumoHanbHbEIM reneparop XFG1 B pexuM CHrHama TPEYrolbHOM

(bopMBL.

4.15. BxmounTs Mozieb M HaOMII0IaTh CUTHATIBL Ha BXogax A u B ocuumnorpada 1, a Takxke
Ha Bxozie A ocruutorpada 2 (B pexxume DC), ycTaHOBUB HEOOXOIMMBIC 3HAYCHHS JUTUTEIILHOCTH
pa3Beptku (Timebase) u genureneld HanpsokeHus (Scale).

4.16. BrIkIouMTh MOJIEIb HE3aJ0MI0 10 MOMEHTA MOJIHOTO X0/1a JIyya ocuumiorpada.

4.17. Bxmounts TpaHCIOHMpOBaHWE ocumuiorpamm B rpaguku  MathCad myrtem
ocjIeI0BaTeIbHOro HaXkatus Kuomok Transfer-Export Simulation Results to MathCad-Continue.

4.18. KonuposaTb rpaduKu B COOTBETCTBYIOIMIA pa3ien OT4eTa.
H3zyuenue npoyecca ouckpemuzayuu CUSHALA NPAMOY20JbHOU (hopmbl

4.19. VYcranoeuts pynkuuoHanbHbli renepatop XFG1 B pexuM cHTHaIa MPsAMOYTOJIBHOI
(bopMbI.

4.20. BrmrounTh MOJIENb M HAOMIOIaTh CUTHAJIBI Ha BXojax A u B ocummnorpada 1, a takxke
Ha Bxoze A ocrusutorpada 2 (B pexume DC), ycTaHOBUB HEOOXOJMMbIe 3HAaYEHHUS JJTUTEIIbHOCTH
pa3Beptku (Timebase) u nenureneit nanpspxenus (Scale).

4.2]1. BuIKIIOUMTH MOJENb HE3A0JITO IO MOMEHTA MOJIHOTO X0/1a Jy4a ocluuiorpada.

4.22. Bkmouuth TpaHCIOHMPOBaHWE ocuuaiorpaMM B rpaguku  MathCad myTtem
mocjeIoBaTeIbHOro Haxkatus kuorok Transfer-Export Simulation Results to MathCad-Continue.

4.23. KonuposaTh rpaduKu B COOTBETCTBYFOIMIA pa3/ieN OTYETa.
H3yuenue enusanus wacmomul 86160pKU HA NPOYECC OUCKPEMU3AYUU

4.24. YcraHoBHUTB 4acTOTY reHepaTopa yIpasisonero curuana V4 pasroii 100 .

4.25. Ycranosuts QpyHkuuoHansHeli renepatop XFG1 B pesxuM rapMOHUYECKOTO CHTHANIA.

4.26. BriirounTs MOJENb U HaONIFOIaTh CUTHAJIBI Ha BXogax A u B ociumorpada 1, a Taxke
Ha BXoje A ocmmmiorpada 2 (B pexxume DC), ycTaHOBUB HEOOXOIMMBIC 3HAYCHUS
muTtensHocTH pa3BepTku (Timebase) u nenuteneit Hanpsoxkenus (Scale).

4.277. BBIKII0YUTL MOJIENb HE3aI0Jr0 10 MOMEHTA MOJIHOTO X0/1a JIyda ocuuuiorpada.

4.28. BkiounTh  TpaHCIIOHMpOBaHME —ocuumiorpaMmyv B rpaguxku  MathCad  myrem
mocjenoBarebHOro Hakatust KHorok Transfer-Export Simulation Results to MathCad-
Continue.

4.29. KonuposaTh rpadMKH B COOTBETCTBYIONIUIA pa3/ieN OTYETa.
H3yuenue npoyecca ouckpemusayuu cmoxacmuyecko2o cusHana

4.30. TlomknrouuTh reHEpaTOp CTOXACTUYECKOTO CHMTHAIa HAKATHEM KIABMIIM Space Ha
KJIaBUAType KOMIIbIOTEPA.



4.31. BxmounTs Mojenb U HAOII0aTh CUTHAIBI Ha BXogax A u B ocumtorpada 2, a Takke
Ha Bxoze A ocumiuiorpada 2 (B pexume DC), ycTaHOBUB HEOOXOMMBIC 3HAYCHUS JJIUTCTLHOCTH
pazBeptku (Timebase) u nmenureneit HampsbkeHus (Scale). Bpemst HaOmromeHus IOKHO
COCTaBIISITh HE MEHEE 2 MUHYT.

4.32. BbIKIIOUMTH MOJIENb HE3A0JITO IO MOMEHTA IIOJIHOTO X0/1a J1y4a OCLMILIorpada.

4.33. BkIounTh TpaHCHOHMpOBaHME ocuumorpaMMm B rpadpuku  MathCad myrtem
mocjieIoBaTeIbHOro Haxkatus kuomok Transfer-Export Simulation Results to MathCad-Continue.

4.34. KonuposaTh rpaduKu B COOTBETCTBYIOIMIA pa3ies OT4ETa.

4.35. YcraHOBUTH 4aCTOTY IeHepaTopa YIPABISIOIIEr0 CUTHAIA V4 B COOTBETCTBHHU C
ompe/IeJICHHBIM BapHaHTOM 3aaaHus (Tabdm. 6.1).

4.36. BxmounTs Mozieb M HAGIIOATh CUTHATKI HA BXogax A u B ocuunnorpada 1, a Takxke
Ha BxoJie A ocimtorpada 2 (B pexume DC), ycTaHOBUB HEOOXOIUMBIC 3HAUYCHUS JJTUTEITHHOCTH

pa3Beptku (Timebase) u nenureneit Hanpsokenus (Scale). Bpems HaOTIOICHUS JOJKHO
COCTaBJIATh HE MeHee 2
MHHYT.

4.37. BbIKIIOUMTH MOJEIb HE3a0JIT0 IO MOMEHTA HOJIHOIO X0/a Jy4a ocLuIorpada.

4.38. BxmounTh TpaHCHOHMpOBAaHME ocuumuiorpamMMm B rpadpuku  MathCad myrtem
ocjIeI0BaTebHOro HaXkatus Kuomok Transfer-Export Simulation Results to MathCad-Continue.

4.39. KonuposaTh rpaduKu B COOTBETCTBYIOIMIA pa3ien OT4eTa.
4.40. pencraButh pe3ynbTaThl U3MEPEHMIT IPENOAABATENIO /I HPOBEPKHU.
4.41. 3axpriTh 0KHO mporpamMmsl Multisim 6e3 coxpanenuns usmenenuii B daiine Circuit 1

5. OT4éT MOIKEH CONEPIKATh.

5.1. Kparkue TeopeTuuecKue CBEICHHUS.
5.2. VnmocTpaloHHbIe MaTepHaIbl:

® IPUHIUITHAIIBHYIO AIEKTPUUYECKYIO CXEMY HCCIIEIOBAHNUS;
e rpaUKHU OCIMILIOTPaMM;

L4 paC‘léTH MaKCUMAJIbHOT'O I€pUOJa AUCKPETHU3AlIUU;

5.3. BriBogsl o pabore.

KoHTponbHbIE BOPOCHI.
1. B yewm 3akiroyaercs Mmpoliiecc AUCKPETU3aluy HeMpephIBHBIX curHanoB? Kak ero
3amucaTh aHATUTUYECKH?
Kak n3mensiercst CnekTp CUrHaja B pe3yiabTaTe ero JUCKpeTH3auu?
3. TlpuBemgute mpumMepb MPAKTUYECKOT O HCIIOJIb30BAHUS JHUCKpEeTU3aluu
CUTHAJIOB B CUCTEMAaX CBS3H.
ChopmynupyiiTe TEOpEMY OTCUETOB.
U3 kakux cooOpaskeHui BRIOMPAETCS 9YacTOTa TUCKPETU3AIUN HETPEPHIBHBIX CUTHATIOB?
Kakum 00pa3oM 1 ¢ MOMOIIBI0 KaKOTO (PYHKIIHOHAIEHOTO YCTPOHCTBA 00SCIICUnBACTCS
BOCCTAHOBJICHHE CUTHAJIA TI0 €ro oTcyeTam?
7. YKaxuTe NpUYMHBI TOTPEITHOCTENW BOCCTAHOBJIEHHS HETIPEPHIBHOTO CUTHAJIA IO €r0

N

o oA

OTCYETaM.

8. HammmmuTe BhIpakeHUe CHTHANA B BHJIE psijia KoTembHUKOBA.

9. Kakoit 0a3uc HCHOJB3YETCS MPU  PA3JIOKEHUH CUTHAJIOB B pan
KorenpHukoBa?

10. Kak omnpenensercs KOOQQHUIHUEHT pa3iokKeHnuss CUTHAIOB B pan
Korenbuukosa?

11. Yem onpenensieTcss 4acTOTa MOBTOPEHUS OTCUETHBIX UMITYJIECOB?
12. 13 xakux cooOpakeHu# BeIOMpaeTcs mosoca npomyckanus @HY?
13. TosicHUTE CTPYKTYPY CIIEKTpa JUCKPETHOTO CUTHAJIA.



CrnpaBouHbIe JaHHBIE O T10/Ie CUTHaTBbHOM THa 1N4148:
UO6p.MaKC = 75 B, Io6p = 5 MKA, Ul'[p = 0,6 B, Il'[p = 10 MA; tBOCCT.ROGD = 4 HC; C = 1,3 Hq)

CnpaBouHbIe JaHHBIE O MOJEBOM TpaH3ucTope Tumna BF245A:
U3M nop =40 B; I¢c mau mun = 2,9 MA; I¢ gau make = 7,9 MA; Uore.mun = 1.8 B;

Uorc.make = B; Cap =25 nd; Csc=5nd;

O0pa3zer 3a1aHuii 1Sl BBITOJIHEHHS Ja00paTOPHBIX padOT M MPUMEPHBIN NEPEYeHb BOIPOCOB IS
UX 3aLIUThI
«Jlaboparopnas pabota 5. PazpaboTka JIMYHBIX ONTUMAIBHBIX HEPABHOMEPHBIX IBOMYHBIX KOJIOBY
Penraemele 3agauu
1. Pa3paboTka TMYHOrO ONTHMAJIbHOTO HEPAaBHOMEPHOTO JBOMYHOrO Koza lllennona-®ano ¢
pa3IeaUTENSIMU.
2. Pa3paboTka JUYHOTO ONTUMAIBLHOTO HEPABHOMEPHOIO MPEPHUKCHOIO ABOMYHOTO KOJA
Xaddmana.
3. Pa3zpaboTka TMYHOTO ONITUMAJILHOT'O HEPAaBHOMEPHOTO IBOMYHOTO Koja lllennona-dano 6e3
pa3zenuTenei.
4. OdopmiieHue oT4yeTa

Meroaunueckue MaTepuabl
Beinonnenue naGopaTopHoil paOOThI MOJHOCTHIO OCHOBAHO Ha MaTepuallaX MpPeablIyIInX

nekiui. B kauectBe ymmuHoro andasurta (JIA) mcmoiib30BaTh CBOM (haMWIJIMIO, UMS M OTYECTBO.
Hanpuwmep: MBanos MBan MBanoBud. JInunblii anda-BUT 3TOro nepcoHaxa COCTOUT U3 OYKB: a, B, U,
H, 0, Y.

3anaua 1. Mcnonb3ys cBoit JIA ¢ yuetoM paznenuteneii Mexay OykBaMH, OCTPOUTH TaOIHILY
i paspabotku koxa lllennona-®ano. B 370l Tabnume pacnonoxutb cuMBoibl JIA B mopsinke
yOBbIBaHUS YacTOTHI X MOSIBIIEHUs. B COOTBETCTBUE C METOJIMKOM MOCTPOEHUS KO/Ia COCTaBUTh KOJ{
[[Tennona-®aHo U 3aKOIUPOBATH C €0 MOMOIILIO0 cBoe TTostHOE uMs (DU O).

3anaua 2. Mcnone3ys cBoit JIA moctpouts Tabnuity /i pa3paboTku koga Xapdmana. B stoit
TabJIMLE PaCOIOKUTh CUMBOJIBI JIA B mopsizike yObIBaHUS 4aCTOTHI UX MOsABIEHUS. B cooTBeTCcTBHE
C METOJIMKOM MOCTPOEHMsI KoAa COCTaBUTh koJl XaddmaHa U 3aKOAMPOBATE C €r0 MOMOIIBIO CBOE
nosiHoe ums (OHO).

3anaua 3. Mcnonb3ys cBoii JIA Oe3 ydera pazaenuteneil Mex 1y OykBaMu, TOCTPOUTH TaOIHUILY
Juist pa3padbotku koaa lllennona-®ano. Pacnonoxuts cuMBobl JIA B nopsiake yObIBaHUS YacTOTHI
UX MOSIBICHUS. B COOTBETCTBHE ¢ METOAMKOMN MOCTPOEHUs Kofa cocTaBUTh Ko lllenHoHa-daHo 1
3aKOJMPOBATH C €r0 MOMOIIIBIO cBOe TosiHoe uMs (PHO).

3anava 4. OnpeaenuTs A KaXA0r0 U3 MOJyYEHHBIX KOJOB:

- CPEIHIO0 JUIMHY KOJQ,

- N30BITOYHOCTH KO/,

- 3¢ pexTUBHOCTD KOAA.

Ha ocHOBaHMM 3THX MapaMeTpoOB CPaBHHUTH KOJbI MEXIY COOOW M chenaTh BBIBOJBI IO

pe3ysibTaTaM CpaBHEHUSI.

[Ipumeuanue.

1. UuauBuayalbHOCTh ~ BapuaHTa  OMpenenseTcs  WHAUBHAyalbHOCTRIO DUO  u,
cienoBarenbHo, MHauBHayansHOCThIO JIA.

2. Ha pabory Beinensercs 4 yaca pabodero yaeOHOTO BPEMEHH.

KoHTposibHBIE BOTPOCHI
1. PaBHOMepHOE U HEPAaBHOMEPHOE KOAUPOBAHHE.
2. OnruManbHbIE KOJBL.
3. U30BITOYHOCTH KOfa, Cpe/iHee BpeMs KOJUPOBAHUH, i CPEIHSIS [UTHHA KOJIa.
4. Kon Hlennona-dano.



I'padossiii MeToa moctpoenus koaa lllennona-dano.
DddexTuBHOCTH KOA.

[IpumeHneHnne GJI0KOB B KOaX.

[IpedukcHbIC KOABI.

Kon Xaddmana.

©CoNo O

OO0pas3er 3a1aHul 17151 BBIMOJTHEHUS 1a00paTOPHBIX PadOT U MPUMEPHBINA IEPEYEHBb BOIIPOCOB IS
WX 3aILUTHI
«Jlaboparopnas pabota 6. PazpaboTka JIMYHBIX IBOMYHBIX KOJJOB HA OCHOBE METOJUKHU KOa

X3MMUHIa»

Penraemele 3agaun

1. Pa3zpaboTka nuyHOr0 KoAa X3MMUHTA.

2. OnucaTh Bce dTamnbl pa3pabOTKU C MOSCHEHUSIMH.

3. [IpuBectu

3. OpopmMuTh OTUET

Metoauueckue MaTepHuasl
BoinonHenue nadopatopHoit paOOThI MMOJHOCTHIO OCHOBAaHO Ha Marepuaiax MpeabLAyIINX
nexkuuid. B kagectBe nmuuHoro andasura (JIA) ucnonbp3zoBath cBoM (paMuiInio, UMS M OTYECTBO.
Hanpuwmep: Banos MBan MiBanoBu4. JIn4HbIi anda-BUT 3TOT0 IEpCOHA)Xa COCTOUT U3 OYKB: a, B, U,
H, 0, 4.

3anaua 1. Mcnonb3ys coit JIA paspabortarh ko X3MMHUHra ¢ 0053aTeNbHBIM 110-CTPOEHUEM
HE0OXOIUMBIX Ta0JINIl ONTMCAHUEM KOJMPOBaHUA Kax 10l OykBbl JIA. B 310l Tabnuie pacnoiaokuTh
cuMBOJbl JIA B mopsiike yObIBaHMsI YacTOThl MX NOsAB-JI€HUsA. B cooTBeTcTBHE € METOJUKON
IIOCTPOEHHUS KOJIa COCTaBUTh KOJ XAMMHUHIA U 3aKOAUPOBATh C €0 MOMOILIBIO CBOE IOJHOE MM
(®UO).

3agaua 2. B monyuyeHHOM KoOj€ IMOJHOTO UMEHHU cJelaThb OJHY OIIMOKY M IepenaTh
KOJAMPOBAHHOE COOOIIEHHE C OLIMOKON CBOEMY COKYPCHHUKY IO yd. Tpym-ne/nmoarpymnme. [TonyunTts

OT COKYpPCHHUKA €ro KOAMPOBAHHOE COOOIIIEHUE C OITHO-KOH.

3amaua 3. Mcmonb3ysi METOAMKY HCHpABICHUS OIMHOYHOM OMIMOKM, HaWTH, UCHpa-BUThH
OLIMOKY U PaCKOAUPOBATE COOOLIECHNUE.

CI[GJ'I&TB BBIBOJBI ITO PE3yJIbTaTaM KOJUPOBAHUA U JE€KOJUPOBAHUA.

IIpumeyanue.

1. NuauBuayanbHOCT BapuaHTa oOmpeneisercs HHAWBHAyanbHOCcThIO OUO u,
CJIEIOBATENIbHO, NHAUBUAYAIBHOCTBIO JIA.

2. Ha paborty Beinensiercs 4 yaca pabouero y4eOHOT0 BpEeMEHH.

KoHTpoibHBIE BOTPOCHI
1. Kak cBs3aHO KOJOBOE pACCTOSHUE C HCIpaBIsOUIe U 0OHapyXKHBaroLIeH
CIOCOOHOCTBIO KOJIA.
[Touemy oguHOuYHas ommOKa G6osiee BEposATHA, YeM MHOTOKpATHasl.
CyniHoCTh KOAMPOBAHUS I10 METOLY XOMMHUHTA.
WNHdopmaninoHHbIE U TPOBEPOYHBIE CUMBOJIBL.
Tabnuna COOTBETCTBHSI CHMMBOJIOB, TaOJMIla KOJOBBIX KOMOWHAIMH M MPOBEPOYHAS
TabauIa.
6. JlexoaupoBaHus IO METOy XOMMHHTA, UTOTOBAas Ta0IHUIIA.

arwN



OOpa3err 3a1aHuid TSl BBITOJTHEHHS 1a00PaTOPHBIX paOdOT M MPUMEPHBIHA MEPEYSHb BOTIPOCOB IS
X 3allIUThI
«JIaboparopnas padota 7. U3yueHnne kaHAJIOB CBSI3U»
[lepenava nadopmanmu o kaHay cBsi3u. [IpomyckHasi ciocOOHOCTh KaHasa
BBeneHre TOHSATHI DHTPONMUM, KOJMYECTBA HMHMOpPMAIMHM, CKOPOCTH BbIIAYM WH(POPMALUU
HUCTOYHHKOM, I/I36BITO'-IHOCTI/I MO3BOJIAOT XapaKTCPpHU30BaATb CBOMCTBa I/IH(I)OpMaL[I/IOHHBIX CUCTCM.
OpHako JUIsi CpaBHEHUS HH(DOPMAIMOHHBIX CHUCTEM TOJBKO TAKOTO OIMCAHHS HEJIOCTaTOYHO.
OObBIYHO HAC MHTEPECYET HE TOJIBKO Mepeiadya JAHHOTO KOJIMYecTBa HHPOPMALIMK, HO Mepeada ero
B BO3MOXKHO 00JIee KOPOTKHIA CPOK; HE TOJIBKO XPaHEHHUE ONPEICIICHHOTO KOJIMYeCTBa HH(POPMAIIHH,
HO XpaHECHHE C MMOMOIIBI0 MUHUMAJILHOH 110 00beMYy anmapaTypbl  T.II.
[TycTh KOTMYeCcTBO HH(POPMAIINH, KOTOPOE MEePEIaeTCs MO KaHaTy CBS3H 3a BpeMs T paBHO

Ip = Hp (L) -2 pepy nepenavya coodueHus yures T equHuI BpeMEeHH, TO CKOPOCTh

R=1 %[Hr ()= Hp (X 1Y) = HX)- H(XIT)

nepenayn nHGOpMaIKu COCTaBUT T .
DTO KOJIWYECTBO MH(OpMAIMHU, MPUXOIAIIEECS B CpeIHEM Ha oIHO cooOmeHue. Eciau B cexyHmy

nepegaeTcsi N cooOIIeHui, TO CKOPOCTh nepenay OyaeT COCTaBIATh R=nlH(X)-HXIY)]

[TpormyckHasi cmOCOOHOCTh KaHala €CTh MAaKCUMAaJIbHO JOCTHIKMMAsI JJIs JJAHHOTO KaHajla CKOPOCTh
nepenayu nHGopManuu:
C=max R=n[H{X)-H{XI],,. (3.3)

N makcumaibHOE KOJIMYECTBO I/IH(i)OpMaI_II/II/I, nepeaaBacMocC 3a CIMHUILY BPDEMCHU:
C=nl(X.7),,

CKOpOCTB Iepeaun MOXKET OBITh TEXHUYECKON MM WH(OPMAIIMOHHOM.
ITox TexHn4eckol ckopocTbio VT, Ha3pIBAEMON TaKKe CKOPOCTbIO MAHUITYJIALIMHU, IOAPA3YMEBAETCS

YHCII0 DIEMEHTAPHBIX CUTHAOB (CHMBOJIOB), IIEPEaBAEMBIX B CIMHUIYY BDEMCHH A oo1.
WHdpopmanimoHHass CKOPOCTh HIJIM CKOPOCTh Iepenadyd HH(OpMAIMH, ONPEACSCTCS CPEeIHUM
KOJTMYECTBOM nH(popMaIuy, KOTOpOE nepenaeTcs B CIMHHUIY  BpEMEHU "
usmepsiercss (6ut/cex). R=nH.

JIJisi paBHOBEPOSITHBIX COOOIIEHUH COCTABIICHHBIX W3 PAaBHOBEPOSTHBIX B3aMMHO HE3aBHCHMBIX

R= llogm

CHMBOIJIOB T

1
R=-=3 plog p,
B CJIydac €CJin CUMBOJIbI HC PaBHOBCPOSATHBI L

B cnyqae €CJIU CUMBOJIBI UMCHOT pa3Hy}0 JJINTCIIBHOCTD
> p;log p,

F=-1
Z [P
=' (3.4)
BripaxkeHue 1)1 MPOITYCKHOM CIIOCOOHOCTH OTIMYASTCS TEM, YTO XapaKTePU3yeTCss MaKCUMAIIbHON
SHTPOIUEH
C _ Hmux
' =
T our/cek
log 2 1

Cmﬂx = =—-

Jlns nBoMdHOTO KOa (2 T Owur/cex

[TpomyckHast cOCOOHOCTH SIBIISIETCS BaKHEWINEH XapaKTEpPUCTUKON KaHAJIOB CBsi3U. Bo3HuKaer
BOIIPOC: KaKOBa JOJDKHA OBITh MPOMYCKHAsh CIIOCOOHOCTh KaHaja, 4ToObl WH(OpMaIus OT
uctoyHuka X K mpueMHUKy Y noctynana 0e3 3aaepxek? OTBeT Ha 3TOT BOIpoc JaeT las Teopema
[ITenHoHa.



1.Teopema Illennona

Ecmun umeercst ucrounuk mHbopmaruu ¢ >HTponmerd H(X) m kaHanm CBSI3M C MPOMYCKHOH
cnocobHocthio C, To ecnmu C > H(X), To Bcerja MOXHO 3aKOIUPOBATh JOCTATOYHO JJIMHHOE
coo0IIeHre TaKuM 00pa3oM, 4To OHO OyeT nepeaano oe3 3aaepxkek. Eciu ske, nanporus, C <H(X),
TO Tepenaya nHpopmanuu 6e3 3a1epKEK HEBO3ZMOKHA.

B mo06oM peanbHOM KaHaje BCerja HMPUCYTCTBYIOT momexu. OJHAKO, €ClIM UX YPOBEHb
HACTOJIKO Mall, YTO BEPOSATHOCTh UCKAKECHUS NPAKTUYCCKHA PaBHA HYJIO, MOXHO YCJIOBHO CUHMTATH,
YTO BCE CHTHAJIBI NIEPEIA0TC HEMCKAKEHHBIME. B 3TOM citydae cpeiHee KOJIM4ecTBO HHPOPMAIIUH,
nepeHocumoe  ogHuM  cumBosiom  paBHo  I(X,Y)=I(X,X)=H(X). MaxkcumanbHOe
sHaueHne Hmax=10g m. CienoBaresbHO, IpoMycKHas CIOCOOHOCTh JMCKPETHOTO KaHaia 0e3 moMex
3a eJIMHUILY BPEMEHHU paBHA

O = nlog m

PeaspHble KaHAIIBI XapaKTEPU3YIOTCS TEM, YTO Ha KaHaJbl BCErJa BO3JCHCTBYIOT IMOMEXH.
[pormyckHas CIOCOOHOCTH AMCKPETHOTO KaHalia ¢ roMexamu Berumcisiercs o gopmyne C =n[H(Y)-
H(Y/X)]max .

I'ne cpenHsisi, yclIoBHAs SHTPOIUS CO CTOPOHBI TPUEMHUKA CUTHAIIOB

HY 1X)=-2"2 plx.yllog p(yix) == p(x) 3 p(y;f x)log p(y; I %)
i g 1 J

A DBHTpONHS TNPUHHMAEMBIX CHUTHAJIOB ONPEIEISETCS U3 YCIOBHS MaKCHUMAJIbHOI'O
snauenuss  H(y)=log m.
[Tpumep 3.1. Ilycts TpeOyeTcs onmpenenuTh MPOMyCKHYI CIOCOOHOCTh OMHAPHOTO KaHaia
cBs3u. I[lpu 3TOM € BEpPOSATHOCTBIO [P KaXXIbld M3 JBOUYHBIX CUTHAJIOB MOXET MEPEUTH B
MPOTUBOIIOJI0KHBIN CUTHAI.
Ha puc.3.2 mpencraBieHa Monenb nepeaadyu OMHAPHBIX CUTHAJIOB

I-p
p(x1) xI —— gl 10p BEPOSATHOCTH HEMCKAKEHHOI MepeIaun
- o
S - p CUTHAJIOB
“‘}C\f P BEpOATHOCTb UCKAKEHUS CUTHAJIOB
/f "‘MHH p
b(x2) X2 A~ 1p S W Puc.3.2. CumMeTpHUuHBII KaHal NepeJadu

CUTHAJIOB B YCJIOBUSIX TIOMEX, I'/I€ X1 U X2 IIE€PENaBAEMbIE
curHaiusl tTuna “0” wiu “1”, Y1 ¥ Y2, IpUHUMaeMble CUTHAJIBI

Mannua AJIA HAXOKIACHUSA yCHOBHOﬁ BEPOATHOCTH
V1 Y2

| Flwmix) Phwdx) -p p

xlPonfxd) POnizd| | p 1-p

HaitneM monHyr0 yCIOBHYIO SHTPOITHIO CUCTEMBI Y OTHOCUTEIBHO X

Plyiz) =



H(ylxy=-3 pla)y> p(ulx)logp(ui ) = - pla)|(1- pr)logl— pu) + palog pn] -

i=1 7=1

— p(e)| palog prt (1- plogl— pw)|= —(p(a) + pGaa)) pelog prt+ (1 pwlogll — pw)]
OTHYIOA

H(y/x)=—-palogpn—(1- pn)logl— pn)

H () HEXOOHM M3 VCIOBH MAKCHMAIEHOT0 SHAYSHMA

H(y)=logZi=1

DOPMYITA I HAXOEIEHHA NpoIyckHol  crnocobHoCTH BHHAPHOTO KAHANA CEASH
byoer mveTe BHO

C = rx[l + prlog pa+ (1- pn}log(l—pn)] (3.5

['paduk QpyHKINU UMEET CIeAYIOUINI BU:

C Haubonbiiee 3nauenue sta GyHKIUSA
A MIPUHUMACT
N I P P=0 (10 €CTE TpH OTCYTCTRHH TTOMEX)
\ i u npu p=1 (To ecTb IpH HEraTUBHOU Iepeaaye).

\ [Ipu p=1/2 npomyckHas cmocoOHOCTh MUHUMAJIbHA.

\, / Puc.3.3. I'padux pynkuuun C=f(p)
\ / Ipumep 3.2. PaccmoTpum OoJiee 00U CITyqaid epeadn 1mo
N/ i AUCKPCTHOMY KaHay. Haiiem npormyckHyt0 criocoOHOCTh M-UYHOTO
0 0.5 P KaHaJia CBs3HU.
Ha puc. 3.4 npencraBiieHa MOJiesb Mepeiaud M-UYHBIX CUTHAJIOB,
rgg X1,X2,...,Xm HICTOYHUKH HHPOPMAIIHH, Y1,Y>2,...,Ym IPUEMHUKH HHPOPMAIIHH.
Xi 1-p

Yi
e BepositHocTh ommbku [ p. BepositHocTh 6e30111004HON
' e - nepeaayy CUrHajaoB paBHsaercs 10 p, a B cmyyae ommoOKu

~L MepeJaHHbI CUTHAJI MOYKET C OJJUHAKOBOM
W __f.._.s-"'i / "M,’ s P
7 BEPOATHOCTBIO (paBHOH #2—1 )GBITH BOCIPHHSATEIM KaK JIFO60H 13
x‘ M-1 OTJIIMYHBIX OT HETO CUTHAJIOB.

o Lo v, Prc.3.4. mUndHbIH KaHAT IIepefadn HHPOpMarmn
., m
1-p Martpuua ycCJIOBHBIX BEPOATHOCTEH MMeeT BU/

p . r

pin= |Z= 1-p .

IMosHasi yciioBHasi SHTPONHSA cUcTeMbl Y OTHOCUTEIbHO X



H(yfx)=—0- plogll- p)- (n—1) mf"

H(y)= logm
TopMyTa AN HAXOWIOeHHd MpollyckHoR crnocobHOCTH 1m-HMYHOTO KaHana CEASH

£
|
-1 Ogm—l

bymer mMeTh BHL

C’:ﬂ[logm+(1—p)10g(1—p)+(m—1) g log i J (3.6)
m—-1 "m-1
I'paduk Gyukimu C(P) IPOIYCKHOM CIIOCOOHOCTH KaHalla CBSI3H IPH M=4 IpeaCTaBICH Ha puC.3.5
C
A
g m [7——
I"*-x
\
\
\ nlog m
- / m-1
— P
0 0.75 1 p
Puc.3.5. I'paduk pynxuu C(p)
Ota byHKIMSA MakcHUMajbHa npu p=0, npu
p:m__lz[j,ﬁ =0 ' = nlog
BEPOSITHOCTH # . IIpu p=1 m—1

Jnst TUCKPETHBIX KaHaAIoB ¢ momexaMu LlleHHOH an BTopyro Teopemy.

2. Teopema Illlennona.

[Tyctp mmeercs ucTOYHMK HHPOpMamuu X, SHTPONUS KOTOPOrO B EIMHUILY BpPEMEHH
paBHa H(X), u xanan ¢ nmpomyckHo# criocooHocTho C. Eci H(X)>C, To npu nr0060M KOANPOBaHUU
nepenada cooOmieHuid 0e3 3aepKeK M MCKaxeHuil HeBo3MokHa. Ecim ke H(X)<C, To mroboe
JIOCTaTOYHO JJIMHHOE COOOILIEHHEe MOXHO BCErjJa 3aKOJAMpOBaTh TaK, YTO OHO OyJeT mepenaHo 0e3
3aJIepKEK M UCKAKEHUH C BEPOSTHOCTHIO CKOJIb YTOIHO OJIM3KON K eTMHUIIE.

[IponyckHast cIoCOOHOCTh HENMPEPHIBHBIX KAHATIOB CBSI3U
HenpepbiBHBIE CHUTHANBI, MMEIOUIME CHEKTP 4YacToT F MoryTr OBITh mepenaHsl B BHIE

ﬂﬁ—l

JUCKPETHBIX OTCYETOB Yepe3 MHTEPBaAJIbl BpDEMEHHU 25 (mo teopeme Korensuukosa). IlycTs
B KaHaJIe CBsI3M Ha nepenaBaeMoe coodmmenne X(t) HakmaapBaercst momexa N(t). Bynem cuurars, 9ro
JUINTEJILHOCTh COOOIIEHUS COCTABIsET T.

KonnuectBo nndopmanmu, conepsxaiieecst B IPUHATHIX COOOIEHUSAX Y OTHOCUTENIBHO

niepeaaHHbIX X, OMpeessieTCs PABEHCTBOM . X)=HI)-H2TIX)
3nauenune H(Y/X) 00ycnoBieHo Tonbko mrymamu u MoxkeT O0biTh 3amMmereHo H(N). Torma
Y, Xy=H{¥)- H(N)
[Tpu stom H(Y)=H(y1, Y2, ...,y2r1), H(N)=H(ny, n2, ...,N2F7)
CkopocTb nepenaun nHGopMaiu OyaeT paBHATHCS

R= lim@: 1imH(Y>_H(m

) T Foze

MakcuManbHas CKOpPOCTh Iepcaaviu I/IH(bOpMaI_[I/II/I Ha3bIBACTCsA HpOHyCKHOfI CIIOCOOHOCTBIO
KaHalia CBA3H

IV K
C'= R = Jim——
3.7)



OmnpeznenyiM NPOMYCKHYIO CHOCOOHOCTh KaHala CBsI3M, KOIJa MOMEXHM BO3AEHCTBYIOT Ha
nepeaaBaeMblii CHTHaJl 10 HOPMAaJbHOMY 3aKOHY. Takue momexu o07aJaT HauOoJbIIei
3(PEKTUBHOCTHIO.

OHTpomus HIyMa Jjsl OJHOTO OTCUETHOI'O 3HAUYEHUs paBHA

a e 2
Hn)=log &, 2me —log bx , TIe 2 (] mucriepcus nryma.

Tak kak 371eMeHThI HE3aBUCUMBI, TO SHTPOIUS 00bEAMHEHUS IS IOMEXH paBHA CyMMe

SHTPOITHH H{N)=2FTH(#x)

H{N)=2FMlog &, +/ 2me —log Ax]

Ecnu sxenarenbHO mnepenaTb HaumOosbllee KOJIMYECTBO HMH(OpMAnUM, TO Hal0, YTOObI
SHTPOIUS 00BETUHEHUS IPUHATHIX COOOIEHNH Obljla MaKCUMaNbHOM. [ 3TOro He06X0IMMO, 4TO
Obl OTCUETHl MPUHMMAEMOI'0 CUTHaja ObUIM CTATUCTUYECKM HE3aBUCHMbI U YTO Obl OTCUETHBIE

3HaYeHUs OBLIM paclpeieCHbl 0 HOPMATLHOMY 3aKOHY. B 3TOM citydae »HTpOIUs: MPUHUMAEMBbIX
CUTHaJIOB OyJIeT paBHA

H Yy = 2FTlog &, Jame —log Ly]
Tornma
N e = H (T gy —H(N) = 2Flog &, ~J2me —log &y —log &, ime +1og Ax =

& Ax
= 28 lor 2 +lox —
Mlog 5 gﬁy]

»

EJ'
I, V) = 2FTlog —~

Ecnu Tounocts kBaHTOBaHUS AX U AY paBHBbI, TO "
51 =51 +5]
Jucnepcust DpUHATHIX COOOILEHUH ONpeeseTcs] Kak cymMmma  * oo
52+ 52 52+ 82
HE Mgy = 2FTlog |-+ =FTlog ———
Torna * *
2
% _F
5. N

OtHomieHue AUCIICPCHUU 3aMCHUM OTHOIICHUEM MOIITHOCTEM ®

HA ) =FTlog (1+£]
Torna v ) (3.8)
rae P O momHocTs curHana, a N [ MOIITHOCTh TOMEXH

F
Takum 06pa3oMm, A yBenudeHus lmax Heo6xoaumo ysemuuuts F, Tu &
F
FTlog [_ £
Bemnunny Ha3BIBAIOT “00BbeMoM curHana”. Mcmomb3ys pasmuumsie F, T u &N

HO, COXpaHsst 00beM MOKHO MEPEAaTh OJTHO U TO K€ KOJIMYECTBO HH(POpMAITUH.
[ToacraBum (3.8) B (3.7) u onpenenum NpoIrycKHYIO CIIOCOOHOCTh HEMTPEPHIBHOTO KaHANa CBS3U
Y K e

O=lyp O = FIog(l+£J
F=irm T M —

= Flog [1 + E]
N (3.9)

Orta ¢Qopmyna yka3piBaeT, 4YTO HauOoONblIas CKOPOCTh TNepenaud HHpOpMaluu MOPSIMO

F
1+—
MPOMOPLUOHANIbHA T0JI0CE YaCTOT U JorapudmMy CyMMBI NS



CorsiacoBaHue CKOPOCTH BbIIa4u HH(POPMALMHU, BbIIABAEMOH HCTOYHUKOM, C IIPONYCKHOM
CIOCOOHOCTBHI0 KAaHAJIA CBA3H
PaccmoTpuM ciydaid, Korjla HEMPEpPhIBHBIA CUTHAN BBIJAETCA OJUHOYHBIM AaT4ukoM. [Ipu sTom,
mMpuHa crnekTpa pgaruuka paBHa Fq . Ilo Tteopeme KorenbHukoBa, HaiinieM HHTEpBal
! 1
ft=—— ny = — =28,
JUCKPETU3ALNH 4 . KonmnyecTBo OTCYETOB B CEKYHIY OYIET COCTaBISATh it
Ecnu sHTponust cooOIieHusi, To €cTh KOJIMYEeCTBO HMH(POpPMAIMU, KOTOPOE COIEPKUTCS B OAHOM
orcuere, paHa H(X), a KOIMYIECTBO OTCYETOB B CEKYH/Y PaBHO No, TO KOJIUYECTBO MH(MOPMAIIUH,

R.o=nH =2F H

KOTOPOE MOCTYMAET OT IaTYUKa B CEKYH/Y, PAaBHO d o () s 0X) .

[IpomyckHast CHOCOOHOCTH KaHajla CBSI3H JI0JDKHA OBITh HE MEHBIIIE CKOPOCTH BBIJIAYM MH(GOPMAITIH,
BbIIaBaEMOI JaTYNKOM:

P
28, H(X) < Flog| 142
R, <C 0 Og( N]

o 2FH(E) _ 2F,logm

logi 1+ E) 10g(1+£)
OTtkyna W i (3.10)

[losioca mnpomyckaHusi KaHaja CBA3M JOJDKHA OBITh TEM IIUPE, YEM IIUPE CIEKTP
nepeaaBaeMoil HHGOpMaLuu (TO €CTh, 4YeM OBICTpPEE U3MEHSETCSl PEruCTpupyeMas BeJIMYMHA), YEM
0O0JbIlIE KOJMYECTBO IEPEAABAEMBIX COCTOSIHMM, (TO €CTh, YEM TOYHEE IPOU3BOJUTCS OTCUET
BEJIMYMHBI, /1aBa€MOM JaTYMKOM) M YeM MEHbIIE JONyCTUMOE B KaHalle CBSI3U OTHOIIECHUE
CUTHAJI/TITYM.

Kanan cBs3u sIBiIsieTCSI JIOPOTHUM COOPYXKEHHUEM, IOATOMY KeJaTelIbHO, YTO Obl 10 HeMy
nepeaaBaigack WH(GOpPMAIHS OJHOBPEMEHHO OT MHOTHMX HMCTOYHHKOB HMH(popmammu. Ha puc. A
IpeJcTaBIeHa cxeMa nepegadyu MHopManum no KaHajly oT MHOTMX JaTdyukoB. [IpeoOpasoBarens
CIIY’KUT JUIsl pa3fiefIbHOU mepenayn HH(pOpMaIim, BeIAaBaeMO pa3IMUYHbIMU TATYMKAMU, U MOYXKET

OBITh IIOCTPOCH C MCIIOJIBb30BAHUECM MECTOAA CCIICKIUU 110 BPEMCHU WJIX 110 4aCTOTC.
HiXi)

Hatu.1

HiX2)
Hata. 2 ® [Tpecbpas. ® Fanan cemu

HiXn)

Hata.n

Puc.3.6. KomnnekcHbIil faTuuk
VYuuTeiBas, 4TO COOOIIEHUS, BBIaBaCMble pA3IUYHBIMU JaTYMKAMH CTaTHCTHYECKH
HE3aBHCUMBIE, SHTPOIHUS KOMIUIEKCHOTO natynka OyneT paa  H(X)=H(X1)+H(X2)+ . .. +H(Xn)
DHTponus cooduieHus 1[Jro gaTynka onpeaessieTcst CyMMon

ml
X)) = _Z p;i(xg)log pi(xg)
k=1
rae M [ KOJIM4ecTBO COCTOSTHUM | [] 20 maTunka.
bynem ncxoauTh M3 yClaoBUW paBHOW BEPOSATHOCTH COCTOSIHMM aTdyWKOB. B 3TOM ciydae

SHTpONUS OyIeT MaKCUMaIbHOM: AL =logm, . Torma AX) =log m +log i, +..+log m,

rme Mg, My ' My [ KoamdgecTBO cocToIHUM 1, 2, ..., N LJTO JaTYNKOB.

KonuyecTBO coOCTOSIHMI KaXA0ro M3 JaTYMKOB OMNPENEISeT TOYHOCTh IepeaaBaeMoil
uH(pOopMalnu: 4eM O0JIbllIe pErUCTPUPYETCSI COCTOSIHUM, TEM BBIIIIE TOUHOCTh. byieM moHMMaTh moj
KJIACCOM TOYHOCTH NEPBUYHBIX JATUNKOB BEJIMUUHBI:



100 100 100
= —, 15'2:—, E?e:_

1y my o

£

Tak, ecmu m=100, To mMeeM MepBbIi KI1acC TOYHOCTH, pyu M=20 [] mATHIH KJIacc TOUHOCTH.
IMoacraBum M1, My My B H(X)

100 100 100 100*
HiXy=log| — —— ... |=log ——

£ £ E.

¥ £Ey E

b
3aMEHHMM KJacChl TOYHOCTU OTACIBHBIX JAaTYHMKOB OJKBUBAJICHTHBIM KJIACCOM TOYHOCTH
KOMIIJICKCHOI'O JaT4YHKa

100* 100
—— HiX =lo = log —

Jlanee ompenaenseTcs TpaHWYHAs YacToTa Ui JarTduWiKa, paboTaroniero ¢ HauOoJbInei
4acToTON Fd max.

1
Hy = I =28
KonngecTBo 0npocoB KOMIIEKCHOTO JaTYUKa OyaeT fu . Eciin xonn4aectBo
100
Ry=mH( ) =ny nlog—
OIIPOCOB B CEKYH]Y No, TO 00I1Iee KOIMUECTBO HHPOPMALUU &

CornacoBaHrue KOMILIEKCHOTO JaTdMKa C KaHaJIOM CBs3M MOXKCT OBITh AOCTUTHYTO, €CJIN
KOJIMYECTBO I/IH(l)OpMaIlI/II/I, AaBa€MOC TaKMM JaTYMKOM B €AUMHUIY BPEMCHU, HC 6YIIGT MMPEBOCXOAUTH

. R, =C
IPOIYCKHON CIIOCOOHOCTH KaHajla CBA3H
Otcroza onpeenseTcss HauMeHblas IMPUHA [10JIOCHI KaHaja

100
log —
10g(1+£)

N

CBSI3U: : (3.11)
Jlna nepenaun uHGopManuu 0OBIYHO MPUMEHSIOTCS OWHApHBIE CUTHAJBL. Takue CUTHAJbI
MEepearTCs M0 KaHaIy € pa3nuyHoil moayisinueit: AM, ®M, UM.
MaxkcuMaibHasi CKOpOCTb Mepeiadll MOXKeT OBbITh ompezienieHa no Gopmyse

B =C=F[l+plog p+(1- pilog(1- p)],

rae F [ cnextp curHaina, p [ BEpOsSTHOCTh UCKAaXEHHSI CUTHAJIA.

Ecnu muTenpHOCTD 3neMeHTapHoro curaana t, o F=1/t.

BeposiTHOCTh  JIOKHBIX MEPEXOI0B OJHO3HAYHO ofmpenensercs dvepe3 oTHomeHue P/N,
[IO3TOMY MO’KHO 3aIUCaTh

R=F oy,
N (3.12)

k4 (1‘%')
1€ BUO Cb}IHKHI/II/I 3aBUCUT OT BHJa MOOYJIALIUUA.
CornacoBaHHe OKOHEUHBIX YCTPOUCTB C KaHAIIAMH CBSI3U

B kauecTBe OKOHEYHBIX YCTPOMCTB, MpEAHA3HAUYEHHBIX I MpHeMa WH(OPMAIUU, MOTYT
OBITH ammaparsl, MpeAHa3HauYeHHBIE I TpHeMa TEKCTOBOM HH(OpMAIIUN; ayJIU0 YCTPONCTBA; BUIEO
ycTpoiicTBa otobpaxkenust nHpopmaruu. [locneanne u3 ykazaHHBIX YCTPONCTB JarOT Hambosee
MOJTHYI0 HH(POPMAIIHIO.

Buneo ycrpoiicTBa comepaT KaHajdbl OTKIOHEHHsS Jiyda mo ocsiM X u Y H KaHail
dbopmupoBanus 3HaKa. Kanane! X 1 Y OTKJIOHSIOT JIy4 BO BITOJIHE OTIPE/IETICHHBIE TOUKH, KOJTUIECTBO
KOTOPBIX 3aBUCHUT OT YKCJIa Pa3psI0B KOJa, TOCTYMAIOIIETo Ha KaHal OTKJIOHEHUS 1Mo ocu X u ocH Y.

=M

R
KonnuecTBo Touek 1o ocu X 9 moocuY r=2",



1 1

& _ o o _
OGH.Iee KOJIMYECTBO TOYCK qr Bennuunnl 2 1 2 1 OIpCaACIAOT
OTHOCHUTCIIbHBIC ITOTPCIIHOCTHU OTOGpa)KeHI/IH o ochd X 1 Y COOTBETCTBEHHO.
X
123 1
2 bl i i
Y 3 A
A
A
A A

: Y
A3
Puc.3.7. OtoOpakeHne CUMBOJIOB Ha DKpaHe
B obnactn kax10il U3 OTMEUCHHBIX JUCKPETHBIX TOYEK MOXKET ObITh cpOpMHUpOBaH 3HAK
(uudpa, OykBa, ycnoBHoe oOo3HaueHHe U T.A.). s popmMupoBaHus 3HaKOB Ha DKpaAHE CIYKUT
Tpetuii Tpakrt. I[locTynmaromuii Ko N3 ¢ MOMOIIBIO jAemudpaTopa 3HAKOB MO3BOJSET 0TOOPa3UThH
HY>KHBIM CHMBOJI Ha SKpaHe.

KOJINYeCTBO pa3IHuHbIX 3HAKOB ¢ = 2% Takum 00pa3oM, KaxIblii pa3, KOria Ha BXOJ[ BUICO
YCTPOMCTBA MPUXOAUT KOJ Ha BCE TPU KaHaia, JIy4 Ha SKpaHe OTOOpakaeT OJTHO M3 BO3MOXKHBIX
COCTOSIHUM, o00mee uucio kotopeix paBHo (Qrl. CremoBarenbHO, andaBUT OTOOPAKAMOIIETO
ycTpoiictBa coctouT u3 M=(rl cumBos0B. CHMMBOJBI MOTYT OTOOpaXaThCsl HA SKpPaHE C Pa3HOM

BEPOSATHOCTHIO. DHTPOMHS COOOIICHHI, 0TOOpaKaeMbIX Ha dKpaHe, OyJeT Tor1a paBHa
We=grl

H{X)=-73 plx)log p(x)
iml

Ecnu monoxuTh, 4TO Bce COCTOSHUS SIBISIFOTCS paBHOBeposiTHbIME, TO H(X) Oyner
MakcUMaibHOH. TH)OpMaTHBHOCTH BUJIEO YCTPOICTBA OyET MPU 3TOM HAHOOJIBIICH.

Torna moogrl . H{X) =loglgri)
H =log 2" =y +n, +0

i HED =log L Hay

To ecTh, MakcHMabHasi JHTPOINHMSI UUCIEHHO paBHA CYMME BCEX Pa3psiiOB JABOMYHOTO KOAA,
[I0/IaBa€MOr0 Ha BHUJEO YCTpOiCcTBO. Eciau Ha BHAEO yCTpOMCTBO B CEKyHAY MOJAKOTCS No pas
pa3IuyYHbIe KOJIOBblE KOMOWHALMU, TO HauOOJbIIasl CKOPOCTh OTOOpakeHHus MH(popMauuu Oyaer
COCTaBIIAATh

Ry =n,H (X )=nyloglgrl) =nyin, ta, +25)

3asiaya coriacoBaHUs BUJIE0 YCTPONUCTBA C KAaHAJIAMHU CBSI3U COCTOUT B TOM, 4UTO OBbI 110 KaHAITy

CBSI3U IepeAaTh KOJIMYECTBO HH(OpMAIMU HE OOJIbIlIE TOr0, KOTOPOE MOKHO OTOOpa3UTh Ha SKpaHe

y R,z R,
BUJICO YCTPOUCTBA, TO €CTh

rae R [J ckopocTs nmepenaun nHGpOpMaIuu Mo KaHaly CBSI3H, Ro [J ckopocTh 0TOOpaxeHus
uH(pOpMaIlUK Ha BUJIEO YCTPONCTBE.

100 P
£ 7 F?? Ry =m (L) =mm tatn) 2 F Y=

Torma MuHHMabHas I10JI0OCA KaHalla CBs3H, 110 KOTOPOMY IICPCAAIOTCA 6I/IHapHBIC COO6H_[CHI/I5I, 6y,Z[CT
COCTaBJIATH



Hola oy i)

F
i)

F=

(3.13)

P
Tyl
HpI/I J0CTATOYHO 60J'IBH_IOM OTHOLICHUUA CI/IFHa.]'I/H_IYM

FZngn +n, +ns)
Torma mwupuHa MOJIOCH KaHala CBS3U

YCTPOMCTBOM O0TOOpakeHHsI HH(POPMALIUH.

Ipu COrjlaCoOBaHMM KaHalla CBA3HU C

3aganue 19 Bpinognenus JIP Ne6

1. PaccmoTpuTe M3MEHEHUE CKOPOCTH Tepeadn UH(GopMaIiy 1o OMHAPHOMY KaHAJy CBS3H
0e3 oMex NMpu U3MEHEHUHU BEPOSTHOCTEH MOSBICHUS HYJIEBOIO U €JMHUYHOIO CUTHAJIOB Po U P1, €
marom 0,1. JIIUTeTbHOCTH CUTHAJIOB HYJIEBOTO to M €TMHUYHOTO t1, 3371a10TCS MIPENOIaBaATEIIEM.

Bo3MoskHBIE BapuaHTHI:

a)t=0,2; t1=0,8;

0)t,=0,3; t1=0,7,

B)1,=0,5; t1=0,5;

rt=08, tt=0.2

Omnpenenure MakCUMaIbHYIO CKOPOCTh NIEpeauy HH(OpMALIUK.

2. PaccMoTpuTe H3MEHEHHE CKOPOCTH iepeiau HH(POpMALUU 10 AUCKPETHOMY KaHally
CBSI3M C IIOMEXaMHU, €CIIU BEPOSTHOCTD JIOXKHOTO rpuema usmensiercs ot 0 1o 1 ¢ marom 0,05.
[TapameTpsl N 1 M 3a7ar0TCs npernoaaBaTeneM. Bo3MokHble BapUaHThI:

a)n =100, m=4,

6)n=50, m=3;

B) N =100, m = 2;

r)n=50, m=8.

3. BoisiBUTE 3aBUCHMOCTH HPOIYCKHON CLIOCOOHOCTH HETIPEPHIBHOTO KaHAJIa CBSA3H C YUETOM
U3MEHEHHs OTHOLIEHHSI MOLITHOCTH CUTHAJa K MOLITHOCTH 1oMexu B auanaszoHe 0-10 ¢ marom 0,5

npu F1 = 1MTI'u, F2 =3MTI'; F3 = SMI'm; F4 = 7MI 1.

Coneprxanue oTyeTa
OTueT oMKEH coiepKaTh OCHOBHBIE pacyeTHbIE (DOPMYJIbI, TUCTHHTH IIPOrPaMM, TpapuKu
U3MEHEHUs CKOPOCTH MH(OpPMAINH, BEIBOIBI.
KoHTposibHBIE BOITPOCHI

1. OTnuuune MOHATUHN KaHaN CBA3M M KaHAll Mepeadyn JaHHBIX.
2. B uem cocTout nporecc nepenaun nHGOpMAIUU IO KaHATY CBSI3U.
3. BeposTHOCTh OmMOKK TpU TMepeaaye CUMMBOJIA MO KaHalTy CBSI3U M BEPOSATHOCTH

0e301n00YHOM Mepeiadn.

Kak omnpenensiercst SHTpONuUs IOMEX B KaHAJIE CBA3H.

KonuuecTtBo nudopmanuu, nepeJjaHHON M0 KaHAy CBSI3U.
CaoiicTBa HHpOpMaLIKK, TEPEJaHHOH 110 KaHATy CBSI3U.

UYro Takoe npomnyckHas CHOCOOHOCTh KaHalla CBSA3H.

napamMeTphl, ONPeeAIOIIe MPONYCKHYIO CIIOCOOHOCTb.
[TpomyckHas ciocoOHOCTh TMCKPETHOTO KaHajla CBsI3U 0e3 oMeX.
0. [TpomyckHasi ctocOOHOCTh JUCKPETHOTO KaHalla CBSI3M ¢ TIOMEXaMH.

HB©O©oo~No O A

3.3 TunoBbie KOHTPOJILHBIE 321aHUs 1JIsl IPOBeeHHs TECTHPOBAHUS
®DoH/T TECTOBBIX 3a/IaHUH MO TUCIHUIUINHE COJAEPKUT TECTOBBIC 3aJaHUs, pacipeieICHHbIE TI0
pazzienam U TeMaMm, ¢ yKa3aHHeM MX KOJUYeCTBa U THIa.



CrpykTypa (poHIa TECTOBBIX 3aIaHHUM 11O JUCITUTUTHHE

Konnuectso
Munuxartop

JOCTHIKEHUS Tema B coorBercTBuM ¢ PII/] XapaKTepHCTiKa TECTOBBIX
KOMIIETEHIIUU T3 3a7aHuH,
Tuns! T3

3HaHue 2-0T13

1-3T3

OIIK-3.2 Tewma 1. [TorsTre 3uTpOnMH. TepMoaguHAMUYECKas H VeHie 2-0T3

OIIK-3.3 MHPOPMAIMOHHAS SHTPOIHU. DHTPOIHS BEPOSATHOCTHOMN CXEMEI. 1-3T3

[eiictBue 0-0T3

0-3T3

3uHanue 2-0T3

Tewma 2. TurmoBsle MaTeMaTHIECKHE METOIBI K MOZICIH TEOPHH 1-3T3

OIIK-3.2 MHPOPMALNH [T PEeUIeHUs 3a1a4 HH(POPMAITHOHHOM VueHe 2-0T3

OIIK-3.3 0e30MacHOCTH. DHTPOITUS CIIOKHON CHCTEMEI. Y CIIOBHAS 1-3T3

SHTPOTHSI. TeiicTue 0-0T3

0-3T3

3unanue 2-0T3

1-3T3

OIIK-3.2 Tema 3. KomuaectBo naopmarimi. OTHOCHTENbHAS HHDOPMAITHSL. VeHie 2-0T3

OIIK-3.3 YacTtHas nHPOpMALHSL. 1-3T3

HeticTBue 0-OT3

0-3T3

3unanue 2-0T3

1-3T3

OIIK-3.2 Tema 4. DuTponus 1 nHGoOpMaNus Ui CUCTEM C HETIPEPHIBHBIM VMeHHE 2-0T3

OIIK-3.3 MHOXECTBOM COCTOSIHUH. 1-3T3

HelictBue 0-0T3

0-3T3

3HaHue 2-0T3

1-3T3

OIlIK-3.2 Tema 5. DHTpONHsS UCTOYHUKOB JIMCKPETHBIH UCTOYHUK Oe3 VMeHHE 2-0T3

OIIK-3.3 MaMsITH. 1-3T3

HeticTBue 0-0T3

0-3T3

3HaHue 2-OT3

1-3T3

OIlK-3.2 Tema 6. Teopema IllenHOHa 00 HcTOUHKMKAX. MapKOBCKHE U VeHme 2-0T3

OIIK-3.3 IProANYECKUE UCTOTHHUKH. 1-3T3

JeiicTBue 0-0T3

0-3T3

3HaHue 2-OT3

1-3T3

8g§:§§ Tema 7. Mogenu curnanos. Teopema KortenbHukoBa. YMmenue i : %T;

HeiicTBue 0-0T3

0-3T3

3HaHue 2-0T3

1-3T3

OIIK-3.2 Tema 8. DieMeHTHI KBaHTOBOM Teopun MH(popmar. [lepenada VMeHHE 2-0T3

OIIK-3.3 nH(OopManuK KBaHTAMH. 1-3T3

JeiicTBue 0-0T3

0-3T3

3HaHue 2-0T3

1-3T3

OIIK-3.2 Tema 9. Ontumansnoe konupoBanue. Ko Illennona-dano. VMeHHE 2-0T3

OIIK-3.3 [IpeduxcHbIe KOABIL. 1-3T3

JelicTBue 0-0T3

0-3T3

3Hanue 3-0T13

OIIK-3.2 Tema 10. HepaBenctBo Kpadra. JInHelHbIE KOMBI. 2-3T3

OIIK-3.3 KoppexkTupyromuue cBoiicTBa KOJ0B. Verie g: ?gg




HelicTBue 0-0T3
0-3T3

Snanme 4-0T3

Hami 2-3T3
OIIK-3.2 Tema 11. Kogs! Xammunra. Iuxnudeckue xoasl. [Ipencrasnenue VMeHH 4-0T3
OIIK-3.3 0 CBEPTOYHBIX KOZAX. cHue 2-3T3

JelictBue 0-0T3
0-3T3
4-0T3

3HaHne 2373

Tema 12. Kanansr cBs3u. Konmmaectso na(pOpMAIim,
OIIK-3.2 neperaBaeMoil o IUCKpeTHOMY KaHaiy. [IponyckHas YMeHnue 4-0T3
OITK-3.3 pex ZHCKPETHOMY Kaaiy. Lipotty 2-3T3
CHOCOOHOCTH KaHaja CBA3H.

JelictBue 0-0T3
0-3T3
4-0T3

3HaHue
2-3T3

OTNK-3.2 Tema 13. CranmapTHBIC MaTeMaTHYECKUE 3a/1a91 U TPHMEHEHHE 4-0T3
OHK-3'3 MaTeMaTHYECKUX METOI0B 00PaOOTKH SKCIIEPUMEHTATBHBIX YMmenne 2_3T3
' JAHHBIX IS peIIeHNs 3a0a9 HHPOpMaIMoHHON 0€30TacHOCTH. 0-0T3

JelictBue 0-3T3

Hroro 66 — OT3
34 -3T3

[Tonuerit kommiekT OT3 XpaHUTCS B ANEKTPOHHON UH(POPMAIIMOHHO-00pa30BaTENbHOMN Cpefie
UpI'VIIC u obyuaromuiics UMEET BO3MOKHOCTh O3HAKOMUTBHCS C JIEMOHCTPALIMOHHBIM BapHUAHTOM
OT3.

Hwxe npuBenen o0paser THIIOBOTO BapHaHTa UTOTOBOTO TECTA, MPEIyCMOTPEHHOTO padoUeit
IpOrpaMMoOi TUCLMILIUHBI.

OO6pa3en TUIIOBOTO BapHaHTa UTOTOBOTO TECTA,
MPeyCMOTPEHHOTO paboueid MporpaMMOM TUCITUILTMHBI

1. BeiOpath nmpaBuIIbHBIN BapuaHT oTBeTa. Eciu cucteMbl X U Y He3aBUCUMBI OJJHA OT APYToH,
TO MU 00BETMHEHUN CUCTEM MX SHTPOIUM.

a) CKJIAAbIBAIOTCS;

0) BBIYUTAIOTCS;

B) YMHOXKAIOTCS.

2. BeiOpaTh BepHOE CyXKIICHHE:

a) ecsiu ABe cucTeMbl X U Y 00beJUHAIOTCH B OIHY, TO JHTPONHUs 00bEeANHEHHON CHCTEMbI
PaBHA JHTPOIUM O/ITHO U3 ee COCTABJISIIOIIMX YacTel IJII0C YCJI0BHASI JHTPONHUS BTOPOii YacTH
OTHOCHTE/IbHO NepBOii;

0) ecnu Be cucteMbl X U Y 00BEIUHAIOTCS B OJHY, TO SHTPONUS O0OBEAUHEHHON CHCTEMBI
paBHa JHTPOIIMU OJHOW M3 €€ COCTaBIAIOIIUX YacTeld MUHYC YCJIOBHAas SHTPONMUS BTOPOW 4acTH
OTHOCHTEJIBHO NIEPBOIA;

B) €ciM JIB€ CHUCTeMbl X U Y OOBEAMHSIOTCS B OAHY, TO SHTPONUS 0ObEAMHEHHON CHCTEMBI
paBHa SHTPONUU OJHOMN U3 €€ COCTABIISIFOIINX YaCTel YMHOXKEHHbIE Ha YCIOBHYIO SHTPOIHUIO BTOPOH
4aCTU OTHOCUTEINIBHO IEPBOM.

3. BiOpaTh npaBUIBHBINA BApHAHT OTBETA. DHTPOMHS CI0XKHOM CUCTEMBI, 00bEeTUHSIOIIEH J1BE
CTAaTUCTHUYCCKU 3aBUCHUMBIC CUCTCMbI paBHa:

a) H (A|B);

0)H(A)+H(B/A);

B) H (A|B);

r)H(A)-H (B/A);

n) H (AB);

e)H(A)*H (B/A).



4. Be1Opath NpaBWIIHHBIA BapHaHT OTBETA. DHTPOMHUEH NCTOYHHKA HA3bIBAIOT CTETICHD (MEPY)
COOOIIIEHNIT HAa €r0 BBIXOE

a) HeomnpeaeJeHHOCTH;

0) N30BITOYHOCTH;

B) IETEPMUHUPOBAHHOCTH.

5. Uto Takoe KomupoBaHHe HHPOpMALIUU?

a) mpouecc npeodpazoBaHus MHGOPMALUN B CUTHAJIBI.

0) IIponecc nepenaun nHGOpPMAIUHU IO KaHATAM CBSI3H.

B) IIpomecc npeobpazoanus nHopmaiuu B 60jiee KOMITAKTHBIN opMar.
r) [Ipouiecc 06pabOTKM IKCIIEPUMEHTAIBHBIX JaHHBIX.

6. Kakue KopI UCTIONB3YIOTCS ISl UCIIPABIICHUS OIIMOOK B mepenadye HHPopMauu?
a) koAbl XOMMHUHIA U HUKJIHYECKHE KO/IbI;

0) xonpl ®udboHayun u ko6l Puna-Conomona;

B) ko6l lllennona-®ano u koaer Xaddhmana;

T') IpeUKCHBIC KOJIbI U TMHCWHBIC KOJIBI.

7. Yo Takoe NponycKHasi ClIOCOOHOCTh KaHaja CBsI3U?

a) MaKCHMAaJIbHOE KOJIN4YeCTBO HH(OPMAINH, KOTOPOE MOKeT ObIThH MepeIaHo Mo KAHALY
3a eIHHULY BpEMEeHH;

0) CKOpOCTB Mepeiauu JaHHBIX 110 KaHaJy CBSI3H;

B) MaKCHMaJIbHAsI JAIbHOCTh, HA KOTOPYIO MOXKHO MepeiaTh CUTHAJ 110 KaHaITy;

I) KOJIMYECTBO OMIMOOK, KOTOPOE JOMYCKACTCS B KAHAJIE CBSI3H.

8. Kakas Teopema 00 HCTOYHHUKAx SBIseTCS (yHIAMEHTAIbHBIM pPE3YyJIbTaTOM B TEOPUU
uH(popmanun?

a) teopema lllenHona 06 onTHMAaJILHOM KOXUPOBAHUU;

0) Teopema depma 0 OOIBITUX YKCTAX;

B) TEOpEMa O CpPETHEM;

r) TeopeMa ["aycca o pacrpeneiaeHuH.

9. Yto takoe Teopema KorenbHukona?

a) TeopeMa o nepeaaye MHGOpPMaIUK 110 KaHajIaM CBS3H;

0) TeopeMa 0 BOCCTAHOBJICHHH CHTHAJIA M3 €r0 JUCKPETHBIX 0TCYETOB;
B) TeopeMa 0 KOJUPOBaHUN MH(POPMALIMU ¢ MUHUMAJIbHOM SHTpONHEH;

') TeopeMa 00 ONTHUMaIbHOM BBIOOPE KOJa /7Sl KaHajla CBA3H

10. Teopema KotenbHHUKOBA MpeICTABIIAECT COOOM U3 €0 TUCKPETHBIX OTCUETOB.
OTBeT: TeOpeMy 0 BOCCTAHOBJIEHUHM CHTHAJIA

11. YcnoBHas SHTpONMsA - 3TO SHTPONHS CHCTEMbl C JIONOJHUTENBHOW HH(pOpMaIen
OtBeT: 0 Apyroi CBSI3aHHOI cHUCTeMe.

12. JIns uctipaBieHust omuOOK B miepenade nH(HOpMaIUy UCTIOB3YIOTCS ?
OTBeT: KOAbI XOMMHHIA U HUKJIHYECKHE KOIbI.

13. TIponyckHas criocoOHOCTh KaHaja CBSI3U ATO 3a €INHUILY BPEMEHU.
OTBeT: MaKCHMAIbHOE KOJIN4YeCTBO HH(pOpMALUH.

14. dynnaMeHTaIbHBIM PE3yabTaTOM B TEOpUU WHGOPMAIIUU SBISETCS 00
OIITUMAJIBHOM KOJII/IpOBaHI/II/I?
Otger: Teopema lllennona.



15. DOHTponusi BEpPOATHOCTHOM CXEMBI — 3TO Mepa , BBIUHCIIIEMas Ha OCHOBE

BEPOATHOCTEN BO3MOXKHBIX COCTOSIHHIA.

OTBeT: Heompe e IeHHOCTH.

16. OTHOCUTENBHAS MHPOPMAITUS 3TO , KOTOPO€ MBI MOJIy4YaeM IIPH YCIOBUH, YTO

3HAEM 3HAYEHUSI IPYTOW ClIydalHOW NMepEeMEHHOM.

OtBeT: KoIM4ecTBO MH(pOpManun

17. Koabl XaMMUHTa UCTIONB3YIOTCS IJ15 ommOOoK Mpu nepeaave nHopmauu?
OTtBeT: 00HAPYKEHHUS U UCTIPABJICHUS

18. IlpedukcHbie KOABI B TEOPHUH HMH(POPMAIIUHM - 3TO KOJBI Y KOTOPBIX HU OJHO CIIOBO HE

SBIISICTCS TIpePrKCOM ?

OrtBer: APYroro ¢jJioea B KOA0BOM a.m])aBnTe.

3.4 IlepeyeHb TeOpPeTHYECKUX BONMPOCOB K 3a4eTy
(71 OLIEHKH 3HAHUM)

Paszpnen 1. Jurponusi. JuTponus u uHpopmanus. Ucrounuku nngopmanum.

1.1.
1.2.
1.3.
1.4.
1.5.
1.6.
1.7.
1.8.
1.9

1.10.
1.11.
1.12.
1.13.
1.14.
1.15.
1.16.
1.17.

1.18.
1.19.
1.20.
1.21.
1.22.
1.23.
1.24.
1.25.
1.26.
1.27.
1.28.

1.29.
1.30.
1.31.
1.32.

Uro uzyuaer Teopust UHPOpMaLMH.

OcHOBHBIE 3371a4il TEOPUU UH(OPMALIIH.

OCHOBHBIM 3JIEMEHTBI CUCTEMBI CBSA3H (CUCTEMBI IIEpeaun HH(OPMaLIUN).
OnpezneneHue >HTPOIUHU.

but kak enuHUIA U3MEPEHUS SHTPOIHH.

TpeboBanus [1leHHOHA K SHTPOITHH.

TepMoanHaMuyecKkas SHTPOIHUS.

OHTpONUs BEPOSITHOCTHON CXEMBI.

OcHOBHBIE CBOMCTBA SHTPOIHH.

CrnokHasl cucTemMa ¢ HE3aBUCHMBIMH U 3aBUCUMBIMU IIOJICUCTEMAMH.

Teopembl C0KEHHs SHTPOIUHN /JIs1 HE3aBUCHMBIX CUCTEM.

VYcnoBHas sHTponUS.

Teopema cokeHust SHTPOIHUH JIJIsl 3AaBUCUMBIX CHCTEM.

Cucrema c HENIPEPHIBHBIM MHO>KECTBOM COCTOSIHHM.

[TpuBenennas wnu quddepeHnnanbHas SHTPOIHS.

CBolicTBa PHTPONMH CUCTEMBI C HETIPEPHIBHBIM MHOXKECTBOM COCTOSIHUI.

Tunosble MareMaTH4YE€CKHE METOJbl W MOJEIU TEOpUH HMH(OpPMALUK A pEelIeHHs 3ajad
MH(POPMALIMOHHOM 0€30MacHOCTH.

Omnpenenenue nHGoOpMaLnu.

®dopmbl npesicTaBIeHUs HH()OPMALIHH.

Omnpenenenue KoiauuecTsa HHGOpMaIUU M0 XapTiu.

Onpenenenue konuuectBa nHGopmaruu no LlleHHony.

[Tonnas uHGOpMaIus U cpeaHsst HHPOpMaIHs.

O6bem nHpopMaIK U KOTUYECTBO HHPOPMALIUH.

[Tonnas B3auMHas nHGOpMALIHS.

Onpeznenenue NOIHON B3aMMHOM HH(OpMAIMK Yepe3 SHTPOIHIO 0ObEANHEHHON CUCTEMBI.
Ornpezenenne MoTHOW B3aMMHON WH(OPMAITUU KaK MAaTeMaTHIECKOTO OKUIaHMUS .
Onpeznenenye NOJIHON B3aMMHOM HH(pOpMAIMK Yepe3 BEPOATHOCTU COCTOSHUI CUCTEMBI.
[Tonnas B3auMHas HH(OPMALIKS «OT CUCTEMBI K CUCTEME», «OT COOBITHS K CUCTEME» U
«COOBITHSL K COOBITHION.

HcTounuka nnpopmaiuu.

HenpepbIBHBIN HCTOUHUK HH(DOPMAITIH.

JIucKpeTHbIN HCTOYHUK UHPOPMAIIIH.

CranoHapHbI AUCKPETHBIM HCTOYHUK WH(POPMALIUH.



1.33.
1.34.
1.35.
1.36.
1.37.
1.38.
1.39.
1.40.
1.41.
1.42.
1.43.

Hcrounnk nadopmaiuu «0e3 maMsTi.

N36B6ITOYHOCTS UCTOYHHKA HH(OPMALIHH.

[TepBUYHBII ¥ BTOPUYHBIN alihaBUT, HCXOAHBINA KOJI.

KomoBsie cioBa U CKOPOCTh KOJIA.

B3anmHo-0/1HO3HAYHOE KOJIMPOBAHUE.

Omnpenenenue NpsMoi U 0OpaTHON TEOPEM KOJIUPOBAHHUS.

FF, VF. FV, VV-xozsl.

MapKOBCKUM UCTOYHUK MHPOPMAITUH.

[Tepunonnueckuii MapKOBCKHI HCTOYHUK WH(DOPMAITHH.

Omnpenenenue proauyeckoro UICTOYHUKa HH(popMaLuu.

MeTonbl ompeneNieHusT TPUYUH, BHUJOB, WCTOYHUKOB M KAHAJIOB YTCUKH, HWCKAXKCHUS
nHpopMaIu, MepsI 1o 00ecreYeHNI0 MHPOPMAITMOHHON 0€30MacHOCTH.

Pa3nea 2. Curnansl. Konupoanune nuapopmannu. Kanaasl cBsa3m.

2.1.
2.2.
2.3.
2.4.
2.5.
2.6.
2.7.
2.8.
2.9

2.10.
2.11.
2.12.
2.13.
2.14.
2.15.
2.16.
2.17.
2.18.
2.19.
2.20.
2.21.
2.22.
2.23.
2.24.
2.25.
2.26.
2.27.
2.28.
2.29.
2.30.
2.31.
2.32.
2.33.

2.34.
2.35.

2.36.
2.37.
2.38.
2.39.

Kaxoit ¢puszudeckuii mporecc Ha3pIBa€TCsl CUTHAIIOM .

Monaynsuus cursana.

OCHOBHBIE PETYJISIPHBIE TPOLIECCHI, UCIIOJb3yEMbIE ISl MOLYJIALIMY CUTHAJIOB.
basucHbie pyHKINN.

HenpepbiBHBIN ClIEKTp CUTHANA.

CriekTp rapMOHMYECKOTO CUTHAIA.

CKBa)XHOCTBIO UMITYJIbCHOM MOCIE0BATENBHOCTH.

CrexTp npsIMOYTOJIbHOTO UMITYJIbCA.

®opmynupoBka TeopeMbl KoTenbHUKOBA.

Teopema KoTenbHUKOBA, OTCUETHI.

[IpuHUMIT KBAHTOBaHUSI CUTHAJIA 110 YACTOTE U 11O BPEMEHH.

Ousnueckuii cMpIca BBeieHUS () (HEKTUBHBIX MOJIOC U BPEMEHH MTPOXO0XKICHHS CUTHANA.
OOk KBAaHTOBAHMSI CUTHAJIOB.

PaBHOMEpHOE 1 HEpaBHOMEPHOE KOJUPOBAHUE.

OnTUMalbHBIA JBOUYHBIA KOJI.

M30BITOYHBIH KO,

Cpennee BpeMs KOIUPOBAHMSI U CPEIHSAS JUIMHA KOAA.

D¢ beKTUBHOCTH KOJA.

ITpunuun nocrpoenus kona lllennona-dano.

[TpedukcHBIN KOI.

[Tpuniun noctpoenus koaa Xaddpmana.

CdopmynmpoBaTh nojoxxeHust HepaseHcTsa Kpadra.

PazperieHHble 1 3anpenieHHble KO10Bble KOMOMHALINY.

KonoBoe paccrosinue.

CBsI3aHO KOJIOBOT'O PAacCTOSTHUSI C UCTIPABIIAIONIEH N 0OOHApyKHUBarOIEN CIIOCOOHOCTBIO KOJIa.
OnuHOYHast © MHOTOKpaTHAsl OIIMOKH KOJUPOBAHUS, BEPOSITHOCTH 3TUX OLUIMOOK.
CyImHOCTh KOIUPOBAHMS 10 METOAY XIMMHUHTA.

HNHupopmaninoHHbIE U IPOBEPOYHbBIE CUMBOJIBI.

Talnu1ipl, UCTIONb3yeMble B KOJJaX X9MMUHTA.

CymHOCTh 1€KOJUPOBAHUS IO METOTy XIMMUHTA.

[Muknn4yeckue Kobl.

OcHOBHBIE CBOMCTBA HUKINYECKUX KOJIOB.

[TonmHOMMANBEHOE MPEACTaBICHUE IUKINYECKUX KOAOB M MPOU3BOASIINH (00pazyromuii)
MOJINHOM.

[TpyHIMII TOCTPOEHUSI KOAEPa UKINYECKOTO KOAA.

Opranu3zanus u ooecrieueHre HHPOPMAIIMOHHON 0€30MTaCHOCTH KOMIBIOTEPHBIX CUCTEM MPU
00paboTke HHPOPMALIUU Ha O0BEKTE 3aALTUTHI.

OrnpesiesieHre KaHaJIOB CBSI3H.

Kanan nepegaun 1aHHBIX.

[Ipomnecc mepenaun nHGOPMAINH MO KAaHATY CBSI3H.

OHTpoIHUs NOMEX B KaHAJE CBA3H.



2.40.
2.41.
2.42.
2.43.
2.44,

s E

o

10.
11.
12.

13.
14.
15.

16.

17.

18.

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

CgoiicTBa nH(MOpMAIUH, IEPETAHHON IO KaHATY CBS3H.

[TpomyckHast cTOCOOHOCTH KaHalla CBSI3H.

[IpomyckHast CHOCOOHOCTH TUCKPETHOTO KaHaa CBSI3H 0€3 MOMeEX.

[TpomyckHast crtocoOOHOCTh TUCKPETHOTO KaHaja CBSI3U C IIOMEXaMH.

CrangapTHble MaTeMaTHYECKHE 3a/1a4H U IPUMEHEHNE MAaTeMaTUYECKUX METOA0B 00pabOTKH.
HKCIIEPUMEHTAIBHBIX JaHHBIX IS PELICHUS 3a7a4 HHPOPMAIIMOHHONW OE30MaCHOCTH.

3.5 llepeyeHb THNIOBBIX MPOCTHIX NPAKTHYECKUX 32/1aHMIl K 3a4eTy
(171 OTIIEHKH YMEHUH)

Kaxk onpeznensiercst cyMma BEpOSITHOCTEH COCTOSTHUIA CHCTEMBI?
Kak onpenenuTts BeIUYUHY SHTPOIMUA CHCTEMBI?
Kaxk onpeznensiercst 4acTHast JHTPONHS M YTO OHA XapaKTepu3yeT?
O6ocHOBaTH (0Ka3aTh) CBSI3b MEXKAY TEPMOANHAMUYECKON U MH(POPMAITMOHHOW SHTPOITUEH..
OO0ocHOBaTh (JI0Ka3aTh), YTO SHTPOIUS €CTh BEIMYMHA BEIICCTBEHHAs, OTPaHHYCHHAS |
HEOTpULIATeNbHAS.
O0ocHOBaTh (OKa3aTh), YTO SHTPONHSI MUHUMAJIbHA U paBHA HYIIIO, €CIIM XOTS ObI OJTHO M3
COCTOSIHUH CHCTEMBI JIOCTOBEPHO U3BECTHO.
O06ocHOBaTh (J10Ka3aTh), 4YTO SHTPOIUS MaKCUMajbHa U paBHA JIOrapu(My 4nciIa COCTOSIHUM,
€CITM COCTOSTHUS CHCTEMBI PaBHOBEPOSTHBI.
O06ocHOBaTh (0Ka3aTh), YTO SHTPOIHS OMHAPHBIX BETMUYUH U3MeHseTcs oT 0 1o 1.
[TpuBecTH puMep NMPUMEHEHHS TEOPEMBI CIIOKESHHS SHTPOIINH JIJIsl HE3aBUCUMBIX CHCTEM.
[IpuBecty npuMep NPUMEHEHUS TEOPEMBI CIIOKEHHS SHTPOIIHH IS 3aBUCHMBIX CUCTEM.
UYem oTimuaercs orpeeeHne KoarndecTsa nHpopmannuu no Xaptim u o Lllennony?
Ha mpumepe nmpocToit cCHCTEMBI TOKa3aTh COOTHOIICHHE MEKAY KOJTMYECTBOM MHPOPMAIUU U
KOJINYECTBOM SHTPOIIHH.

Kak nonyunts uadopMaiuu o cucreMe X , Bl HaOJII0AEHUE 32 CUCTEMOM Y?

Kak nmony4yuts nojaHyro B3auMHasi HH(pOpMaIMsl, €clid cucTeMbl X U Y — HE3aBUCUMBI?

Kak moiyunTs noaHy10 B3anMHasi ”HGOpManus, eciii CUCTeMbI X B Y TIOJTHOCTBIO OIPEIEIISIOT
Apyr apyra?

Kak nmomyunTs monHyro B3auMHas HH(pOpMalus, €cilu OfHa W3 cucTteM X M Y SBISETCS
NOXYMHEHHON?

Paccuntarh Ha mpumepe NOJHYIO B3aUMHYIO HH(OPMALMIO O CUCTEME, €CIM W3BECTHBI
BEPOSITHOCTH €€ COCTOSTHUM (Ipumep).

Ha rpaduueckom nmpumepe mokaszarh HEpa3IOKUMOE MHOXKECTBO COCTOSHUNM MapKOBCKOIO
VCTOYHUKA.

Ha rpaguueckom npumepe BO3BpaTHbIE U HEBO3BPATHBIE COCTOSHUS MAPKOBCKOT'O HCTOYHHUKA.
OnpeaenuTs MoJIeNIb FTApMOHUYECKOT0 KOJICOaHUS U €€ COCTaBJISIIINE.

Uro npeacTaBisitoT co60i Ko UIIMEHTH TAPMOHUYECKOTO CUrHana?

[TpstMOYTONIBHBIN UMITYJIBC, aMIUIUTYAA PAMOYTOJIBHOTO UMITYJIbCA.

[IpencraBieHue curnana yepe3 KOMIUIEKCHBIN CIEKTP.

[TorpemHOCTh, BOZHUKAOIIASA TPH YCEUEHUHN CIIEKTPA.

B yem cocTodaT ycnoBust 3p(eKTUBHOCTH MOJIOCHI U BPEMEHU MTPOXOKICHHSI cUrHaia?
Kpurepuii ontumaibHOCTH (POPMBI CUTHATIA.

[Tpusectu npumep cocrapieHus konaa [llennona-®ano (Tabnuia).

[TpuBectu npumep cocrapnenus koaa lllennona-®ano (rpaduk).

Paccuurats B koze lllenHona-®ano niauHy Koja, ero 3p¢GeKTUBHOCTh U U30BITOYHOCTD.
[TpuBecTu nmpumMep coctaBieHus Koaa Xaddpmana.

Paccuurats B koae Xaddmana qiuny kona, ero 3pPeKTuBHOCTb U U30BITOUHOCTD.

[TpuBecTH npuMep NpUMeHEHHs OJIOKOB B IMHEWHBIX KOJIaX.

Ha npuMepe n1ByX KOZOBBIX KOMOMHAIMI ONPENEIUTh KOJOBOE PacCTOSIHUE.

B uem cocTout oTinuMe NOHATHI KaHaJl CBSA3M U KaHAJ MEpEAayu JaHHbIX.

Onpenenuts napameTpsl, onpeAessoNnre MPONyCKHYI0 CIOCOOHOCTh Karaja CBSI3HU.



SARE SN

~No

10.
11.
12.
13.
14.
15.
16.

17.

18.
19.
20.
21.
22.
23.
24.
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3.6 IlepeyeHb THMIOBBIX NPAKTHYECKHUX 32[IaHUI K 3a4eTy
(17151 OIICHKU HABBIKOB U (MJIM) OIBITA JAESITEIIbHOCTH)

[Touemy, B cilydyae HENpPEPHIBHOM CHUCTEMBI, 4eM C OOJIbIIEH TOYHOCTHIO BO3HHUKACT
HEOOXO/MMOCTh 3a7aTh COCTOSIHHE CHCTEMBI, TeM OOJBIIYIO CTENEHb HEONPEAEICHHOCTU
HEO0OXOMMO YCTPAHUTH?
Metoauka onpeaeseHus KolIn4ecTBa MHGopMaIuu mo XapTia.
Metoauka onpezaeneHus Koiryectsa uHGopmaruu mno [leHHony.
Metoauka onpeaeseHus OTINYUS KOJTMUECTBa HHPOpMaLUU OT 00beMa HH()OpMAITHH.
Metoauka onpezeneHus: MOJHOW B3aMMHON HMH(POpPMAIMK 4Yepe3 SHTPOIUI0 00BbEIUHEHHOMN
CUCTEMBI.
Metoauka onpeaeseHus OTHON B3aUMHOM HH(POpMALIUK KaK MAaTEMaTHUYECKOTO OKUIAHMS.
[ToxazaTk Ha mpuUMepe, B YeEM COCTOSAT IPUUUHBI JBOMYHOTO KOJIMPOBAHUS C OLIMOKAMHU.
MeTtoauka onpeeneHuss BepOITHOCTH OMIMOKH, KOTOpasi MOKET BO3HUKHYTH MPH TBOMYHOM
KOJIMPOBaHUU (TIpUMeED ).
CrniekTpanbHOE IPEICTABICHNE CUTHAA.
[IpencraBienre rapMOHMYECKOTrO CUTHaja B BUE psiaa Oypre.
MeTto1uKa MoJy4eHus: FEOMETPUUYECKOTO MPECTABICHUS IPSIMOYTOJIBHOTO UMITYJIbCa.
Onpenenenne ko3h(HUIMEHTOB U MAPAMETPOB MPSMOYTOJIHLHOTO UMITYIIbCA.
Joka3zatenbcTBo TeopeMbl KoTenbHUKOBA.
MeTouKa KBaHTOBAHUS CUTHANA 10 YaCTOTE U 110 BPEMEHH.
CymHocTs iepeiaun nHpOopMauy KBaHTaAMH.
3akonupoBath 3amgaHHoe cooOmienne koaoMm Illennona0®ano Ha OCHOBE NEPBHYHOTO
andasuTa, MPEII0KEHHOTO MIPENOJABATEIIEM.
3akoIupoBaTh 3aJaHHOE coodieHue koaoMm XaddmaHa Ha OCHOBE MEPBUYHOTO andaBuTa,
IPEJJI0KEHHOTO MPENOJaBaTENIEM.
MeTtoauka mocTpoeHus TabauIl sl KOJAOB XAOMMUHTA.
Metonka KOIUPOBAHUS METOJIOM X3MMUHTA.
MeTtoauka AeKOoIMPOBAHUS METOIOM XOMMHUHTA.
Meroanka onpeneneHus OJHOKPATHON OMMUOKH B KOjie XOMMHHTA.
MeTtoauka KOAUPOBAHUS METOJAOM ITUKINYECKHX KOIOB.
MeTtoauka qeKoTMPOBAaHUS METOOM ITHKJINIECKUX KOJIOB.
MeTtoauka onpeaeneHus: BEpOSTHOCTH OIIMOKHU MpU Niepeaue CUMBOJIA TIO KaHAITy CBSI3H.
BepositTHOCTh 6€301IM004YHOM TIepejaur CUMBOJIA IO KaHAITy CBS3H.
MeTtoauka onpeaeneHust SHTPOIUU TOMEX B KaHaye CBS3H.
Mertonuka onpenenenns KoIMuecTBa HHPOopMaIuy, epeJaHHoM 110 KaHalIy CBS3H.
OmnpezneneHyue NPOIMYCKHOW CIIOCOOHOCTH JUCKPETHOTO KaHajla CBS3M C IOMeXaMu Hu 0e3
MTOMEX.



4. MeToan4yeckue MaTepuaJbl, onpeaessiioinime Npoueaypy oleHuBaHus
3HAHMIi, yMEeHUIi, HABBHIKOB M (WJIN) ONbITA 1eSITeJIbHOCTH

B rtabmuue mpuBEOEHBI OMMCAaHUS MPOIENYp MPOBEACHUS KOHTPOJIBHO-OIEHOYHBIX
MEpONPUATHIA U MPOLEAYP OLICHUBAHUS PE3YJIbTATOB 00YUYEHUS C IIOMOIIBIO OLIEHOUHBIX CPE/ACTB B
COOTBETCTBUU C paboyell MporpaMMoi AUCHUILINHBIL.

HanmenoBanue
OLEHOMHOTO OmnwucaHus MPOIEAYPH IPOBEACHUS KOHTPOIFHO-0IIEHOYHOTO MEPOTIPHATHS U MIPOIIETyPHI
OILICHMBAHMUS PE3YNIbTAaTOB O0YUCHHUS
cpencTaa

CobecenoBanne, IpeayCMOTPEHHOE pabodel MporpaMMoll AWCIHIUINHEL, MMPOBOIUTCS Ha
NPaKTHYECKOM 3aHsATHH. [IpernojgaBarenib Ha MPAKTUYECKOM 3aHATHH, MPEIICCTBYIONIEM
CobecenoBanue 3aHSATHIO IPOBEICHUS KOHTPOJISL, AOBOMT A0 00YUYAIOIIUXCSI TEMY, BOIPOCHI ISl HOATOTOBKH
K cobecenoBanmio. Pe3ynbraTsl cobecetoBaHMUS MPEoIaBaTelb JOBOJUT 10 O0YIarOIIUXCS
Cpasy mociie 3aBepIICHUs cOOeCeTOBaAHUS

3ammTa 1a60paTOPHEIX paboOT MPOBOIUTCS BO BpeMs JIAOOPATOPHBIX 3aHATHH. Bo Bpems
NPOBENICHUS 3alUTHI JA00PaTOPHOU pabOTHI MOJIB30BAThCA YUCOHHKAaMH, CIIPABOYHUKAMHU,
KOHCIIEKTAMH JICKLIUH, TETPagsIMH He pa3penieHo.

[penogaBatens Ha 1a00paTOpHOH paboTe, IPEANISCTBYIOIICH 3aHATHIO TPOBEACHHUS 3aLIHTHI
7TabopaTOpHON PadOTHI, TOBOJAMT OO OOYYAIOIIMXCS: HOMEp 3allMIaeMOi JabopaTOpHON
paboThI, BpeMsi Ha 3aIUTY J1a00paTOPHOH paboThI.

[IpemomaBatens WHGOPMHUPYET OOYYAIOUIUXCS O pe3yabTaTax 3alllMThl J1ab0OpaTOPHOU
paboThI cpasy mocie ee KOHTPOJIbHO-OLIEHOYHOTO MEPOTIPHSTHS

JlabopaTopras padora

JInsg opraHu3anMM W TIPOBEACHUS IPOMEKYTOYHOM aTTeCTallMd COCTaBJIAIOTCS THUIIOBBIC
KOHTPOJIbHBIC 3aJIaHUS UJIU NHBIC MaTCpUallbl, HGO6XOI[I/IMI)I€ JUIA OOCHKH 3HaHI/II‘/JI, YMGHI/If/'I, HaBBIKOB
U (WJIN) OTBITA AEATEIBHOCTH, XapaKTePH3YIOIIUX 3TaIbl (POPMHUPOBAHMS KOMIIETEHIMI B TIpOLIecce
OCBOEHUS 00pa30BaTEIbHON IPOrPaMMBI.

[lepeueHb TEOPETHYECKHX BOIPOCOB M THUIIOBBIC NMPAKTUYECKUE 3aJaHUSl Pa3sHOTO YPOBHS
CIIOKHOCTH JJIsl MPOBEICHHUS HMPOMEXKYTOUHON aTTecTalluy OOydarolmuecs MOJTydYaloT B Hadase
ceMecTpa uepe3 3JEKTPOHHYI0 HHpopManmoHHo-oOpa3oBarenbhHyto cpeny Hpl'YIIC (auunbiit
KaOuHEeT 00yJaromerocs).

Onucanue npouenyp nNpoBeieHusi MPOMeKYTOUHOH aTTecTauuu B (popMe 3a4eTa
W OLICHMBAHUS Pe3yJIbTAaTOB 00y4eHHA
[Ipy mpoBeneHMH NPOMEXYTOUHOW aTTecTauMu B (opMe 3ayeTa MpernojaBaTelib MOKET
BOCIIOJIb30BaThCs PE3YIbTAaTAMU TEKYIIETO KOHTPOJI YCIIEBAEMOCTHU B TeueHue cemecTpa. C Lemnbio
UCIIOJIb30BaHUsl PE3yJbTaTOB TEKYIIEr0 KOHTPOJS YCHEBAEMOCTH, MpPENoAaBaTeb MOJICUUTHIBAET
CPEIHIOI0 OILIEHKY YPOBHS C(OPMHUPOBAHHOCTH KOMIIETEHIMH oOydaromierocs (CymMMa OICHOK,
HOJYYEHHBIX 00Y4aroIUMCs, AETUTCSA Ha YUCIIO OLICHOK).

Ikana u KpuTEepuM OLCHUBAHUSA YPOBHSA CJOPMHUPOBAHHOCTH KOMIIETEHUMH B pe3yJbTare
H3Y4YeHHS JUCUMILIMHBI IPH NPOBEJACHUM NPOMEKYTOYHOM aTTeCTalluu

B (popMe 3a4eTa MO pe3yJabTATAM TEKYIIEro KOHTPOJIsI

(0e3 1ONOJHUTEJIBbHOT0 ATTECTAIIMOHHOT0 MCTILITAHUSA)
CpenHsisi OIIEHKA YPOBHS
c(hOpMUPOBAHHOCTH KOMIIETEHITUI Illkasa oLeHUBAHHMS

110 Pe3yJbTAaTaM TEKYIIETO KOHTPOJIS
Ouenka ©He wMenee 3,0 W HeT HH  OJHOU
HEY/IOBIETBOPUTEILHON  OIIEHKH [0  TEKyHIEMY «3aYTEHO»
KOHTPOJTIO

Onenka wmenee 3,0 winM ToiaydeHa XoTs OBl OJHA
HEY/IOBJIETBOPHUTEIbHAS OLIEHKA T10 TEKYIIIEMY KOHTPOJIIO

«HEC 3a4YTCHO»

Ecnam onenka ypoBHS c(hOPMUPOBAHHOCTH KOMITETCHITHMI OOydJaromerocsi He COOTBETCTBYET
KpUTEpUSM TIONy4eHHUs 3adeTa 0e3 JOMOJHUTEIHHOIO aTTeCTAllHOHHOTO WCHBITAaHUS, TO
MIPOMEKYTOUHAS aTTeCTaIusl MPOBOAUTCS B (hopMe coOeceqoBaHUs IO MEPEYHI0 TEOPETHUYECKUX
BOIPOCOB U TUTIOBBIX MPAKTUYECKUX 3a/1a4 WU B (OpME KOMIIBIOTEPHOTO TECTUPOBAHMSL.



[IpomexxyTounast aTTecTanus B opMe 3a4eTa ¢ MPOBEICHUEM aTTECTAIIMOHHOTO HCIIBITAHUS
MIPOXOJUT HA MOCJIEIHEM 3aHATUHU 10 AUCLUILIUHE.

[Ipu mpoBeneHWH TPOMEKYTOUHOW aTTeCTalid B (GopMe KOMITBIOTEPHOTO TECTHPOBAHUS
BapHaHT TECTOBOTO 3adaHus POpMUPYETCs U3 POH/IA TECTOBBIX 3aIaHUM 110 JUCIUILTAHE CITyIaiiHBIM
o0Opazom, Ho ¢ ycioBueM: 50 % 3agaHuil TOJDKHBI OBITH 3aJaHUSAMU OTKpBITOro TUIA U 50 % 3amanmnii
— 3aKPBITOTO THUIIA.



