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CuMmynaumute ca edekTMBEH HauuH 3a obydyaBaHe Ha pPas/IMyHu
TeXHUYeckn u codTyepHU npunoxeHus. Te ynecHsBaT OO BMCOKA CTeneH
M3y4yaBaHETO Ha B3aMMOJAEWCTBMETO M MpeasaraT Bb3MOXHOCTM 3a y4yewuTe aa
ce o6yyaBaT Ha CblIECTBYBALM TEXHUYECKM MPUSIOXKEHUS; Aa M3nNpobBaT HOBU
TeXHUYECKM wunum codTyepHM nNPUNOXKEHUs, npean pga ce peanusupaTt B
npakTMKaTa; CaMOCTOSATENHO Aa MPeLeHsT Aanu ca rotoBu 3a paboTa B peasnHu
YyC/OBUS; a MU3rpafsaT YBEPEHOCT M ONUT NpW B3MMAHE Ha pelleHnst B pasnnyHu
cUTyauuu.

B cTtatuaTa ca pasrnegaHu Kputepuute Ha obpasoBaTenHa CuMMynauus,
cMMynauum B TeneKoMyHukauuuTte. MNpeactaBeHO € NPUIOXeHMe Ha CMMyauuu
B MPaKTUYECKN 3aHATUS MO TEIEKOMYHMKAUMM C M3MNONA3BAHE HA KOMMIOTbPHA
cumynaumnoHHa nporpama NI Multisim Analog Devices Edition.

Knrouosu AyMn. KOMNIOTbPHU CnuMmynauunm, o6yqume no
TENEKOMYHUKaLUNN.

APPLICATION OF COMPUTER SUMULATIONS IN PRACTICAL
TEACHING IN TELECOMMUNICATIONS
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The simulations are an effective way to train students on a new software
application. They facilitate a high degree of learner interaction and offer
learners opportunities to try out the new software application before it is
implemented,; practice using the new software in a low-risk environment
without affecting real data; build confidence and enable learners to self-assess
whether they’re ready to use the new software on the job.

This article deals with the criteria of educating simulations. An
application of simulations and practical studies in telecommunications with a
computer simulating program NI Multisim Analog Devices Edition are also
shown.
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ACUHXpOHHUTE cuMynaumm ca edeKTMBEH HauuH 3a obydyaBaHe Ha
pasfMYHN TeXHUYECKU U COTYEpHU NpUNOXeHUs. Te ynecHsaBaT A0 BMCOKaA
CTENeH W3y4yaBaHETO Ha B3aMMOAEWCTBMETO M npeanaraT Bb3MOXHOCTM 3a
yyewmTe aa:
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e ce 06yyaBaT Ha CblUECTBYBALLM TEXHNYECKM MPUTTOXKEHUS;

e M3NpPO6BAT HOBWM TEXHUYECKU UM CODTYEpHU MPUNOXEHUS, NMpean Aa ce
peanusupaT B NpakTUKaTa;

e CAMOCTOATENHO Ja MNpeueHsT Janm ca rotoBu 3a pabota B peanHu
ycnosus;

e UN3rpaaAaT YBEPEHOCT M OMUT MPU B3MMAHE Ha pELIEHUS B PasnMyHU
cuTyauuu.

CuMmynaumute ca LEHHM WHCTPYMEHTW 3a NpenogaBaHe Mo TeXHUYEeCKu
ancumnnmuu. B MHoro cnydam obade, He Moxe (M He TpsibBa) Aa ce M3nonssa
cMMynauus 3a BCSIKa TeMa M Kypc oT obyyeHueTo. 3a ga ce rapaHTupa, 4e
obyyaemMuTe We n3BnekaT Hau-ronsiMa nonsa oT cuMynaumute, Tpsibea:

e [a ce noabepaT TOYHO KakBU (DYHKLUM @ Ce CUMYynupar;
e [la Ce NNIaHMpa Ha KoM eTan oT 0by4yeHUeTo e ce U3NOoN3BarT;

e edeKTUBHO ce fa KOMbuHMpa C Apyrn BMAOBE MHCTPYKUMM 3@ U3rpaxaaHe
Ha codTyep 3a obyyeHue.

CuMynauuuTe mMoraT Aa 6bAaT KOMBMHMpPAHU C ApYrK TUMNOBE e-06yyeHue.

1. KPUTEPUN HA OBPA3OBATEJIHA CUMYJIALUNA

CuMynauuuTe Bb3NPOU3BEXAAT ONpeAeneHn cuTyaumm oT  JajieHa
TeMaTuyHa o6nact. Korato ca noAXoAsilWo BKAKYEHW B LUANOCTHUS Yy4yebeH
npouec, Te WU3MNbAHABAT BaXHW neaarornyeckn dyHKUMU - UHDOPMALMUOHHA,
Moaenupadlla, obydyasallla U KOHTponuMpalla.

Cnopea Knapk Anapuy uMa WeCT KpuTepua Ha obpa3oBaTesiHa
cuMynaums, KOUTo ca oT ocobeHa BaXKHOCT He caMO 3a CMMynauuumTe, HO U 3a
BCMYKM obpa3oBaTenHn npakTuku [3].

Tpy KpUTEpUsS ONUCBAT CbAbPXAHUETO - JIMHENHU, CUCTEMHU U LUUKINYHU
M TpY ONWUCBAT AOCTaBKaTa - CUMYNALNOHHU, UTPOBU U AnAaKTMYecku (dur. 1).

Enementu za gocraeka Bumoee cogepacama
CHM¥TTATIHO HHH CHCTEMEHO
Hrpoen Llen: ez
JHIAKTHIECKH Jhiwetiro

@ur. 1 lllect kputepus 3a 06palzoBaTesIHa cuMynaymns



1.1. BupoBe cbaAbpIKaHUA
a) JInHeMHO cbAbpKaHME

JInHeNHOTO CbAabpXkaHue e aobpe no3HaTo. YUYeBHOTO CbAbpXaHue ce
NpeacTaBs C Heu3bexxHa NoCNefoBaTENHOCT - €4HO CbOUTUE UK CTbMNKA CneaBa
NpeaxoaHOoTO.

6) CUCTEeMHO CbAbpIKaAHUE

BTopusT TMRN cbabpXaHuMe TpeTupa cuctemute. ToBa BKJOYBA BCUYKMU
KOMMOHEHTM Ha CUCTEMATa M KakK Te3M KOMMOHEHTU CUM Bb3AENCTBAT €AWMH Ha
Apyr. CUCTEMHOTO CbAbpXaHMe € MOo-TOYHO OT JIMHEMHOTO, HO KbAETO
NMHENHOTO paboTn, ce npunara NPUOPUTETHO.

B) LUIMKAINYHO cbAbpXKaHue (KpuTepumn)

TpetTnsaT Tun cCbAbpXaHUME e UUKNNMYHUAT. ToMW ce OTHacs 3a Malku
AeNHOCTU, KOUTO MoraT Aa 6baaT 6e3kpaiHO KOMOBMHMpPaHW, 3@ Aa Ce MOCTUTHe
pesyntaTta. LlenTta e ype3 uHtepdencute aa ce cb3gaae UMKINYHO CbAbpXKaHue
3@ BCUYKM NpodecnoHanHn yMeHus.

1.2. NMNpumep 3a ynpaBsieHUe Ha CbADbPKAHUETO

N36poeHUTe TUMOBE CbAbpPXaHUS TpsibBa Taka Aa ce KOMBUHWMpaT, ye Aa
paboTAT 3aeAHO B peanHuTe ob6pa3oBaTesiHM NpakTUKW. Ha ¢ur. 2 e nokasaHa
CTPYKTYpa Ha BUPTYasIHO YNpaB/IEHWE HA CbAbPXaAHMETO.
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@Qur. 2 CTpyKTYpa Ha BUPTYAaSIHO YIpPaB/IEHNE HA CbAbPKAHUETO

Hali-Ba>XHOTO NMpU M3y4yaBaHETO Ha YMpPaBNEHUETO € U3UCKBAHETO Aa ce
YCBOSIT YCMELWHO BCUYKM TPU TUMA CbAbpPXKaHUE.



1.3. EneMeHTH 32 fgocTaBKa
a) CUMYyNauUMOHHMU eJiIeMEeHTH

Hali-ycnewHnTe o6pa3oBaTeNiHM NPaKTUKK Ce AOCTaBSAT OT KOMbMHauus oT
TpM eNneMeHTa 3a [dOoCTaBka - CUMYNauuMoOHHW, WIrpoOBKU, AMAAKTUYECKM.
MpuUeMaiiku norpewHo, KOUTO U Aa € OT TPUTE e/IEMEHTa NO OTAENHO MOXe Ad
npoBanu onuTa.

CMMynaunMoOHHNTE eNneMeHTN MoaenupaTt peasiHocTTa. Te MoraT TOYHO, HO
n3bupaTtenHo Aa npeacTaBAT O06eKTUM MM cuTyauum U B3auUMOAEWUCTBUS C
notpebutensa. PasznuuyHuTe CUMynauMoHHW eneMeHTU MNO03BONSABaT OTKPMBaAHeE,
eKCcrnepuMeHTUpaHe, KOHKPETHN NMpUMepU, NMpakTUKa U akKTUBHO M3rpaxxgaHe Ha
CUCTEMU C UMUKIUYHO M JNIMHEMHO CbAbpXaHue. XopaTa, KOUTO Ce y4yaT 4pe3
CUMYNAUMOHHN eNneMeHTM nocturaT AbAboKO W TbBKABO pas3bupaHe Ha
maTepunana. Ha Tabnuua 1 ca npeacTaBeHUW OCHOBHUTE CUMYAUMOHHMU
e/leMeHTH.

Tabamya 1.

CMMYNaLUMNOHHMU e/IeMEeHTH

e [loaxoaawo u3non3BaHe Ha JIMHEMHOTO, CUCTEMHOTO U UMKIUYHOTO
CbAbpXKaHMe.

e lM3non3BaHeTo Ha CUMYNAUMOHHUTE BWAOBE BK/KOYBA BUPTYasHU
WHCTPYMEHTN, BUpTyanHa nabopaTtopusi, UHTepakTMBHM 6powypu, 3D
KapTW, KaKTO U BCUYKN HOBM BMAOBE 3a NpeacTaBsHE.

e [oaxogswaTta ynoTpeba Ha BWAOBETE €NEeMEHTU BK/OYBA MOAENM,
rpadmkm u nHTepdeic.

e (Cb3paBaHe Ha CMMynauUMOHHA cpeaa.
e [lpencTtaBeHOTO CbAbpXKaHUe Aa 6bae MOAENNPAHO N OLEHEHO.

e (O6paTHa Bpb3Ka 3a B3eMaHe Ha peweHne (UM peleHus), KoSTOo
NoKa3Ba eCTeCTBEHUTEe pe3ynTaTu Ha NoBedeHWeTOo Ha obyyaBalwmsa ce.

6) UrpoBmu eneMeHTH

WrpoBuTe  e€neMeHTu NpeaocTaBAT  MO3HATU M 3aHMMATEsHU
B3auMoJencTeusa. UrpoBute eneMeHTn noBullaBaT yAOBOJICTBMETO NOPOAEHO OT
obpa3oBaTeNHMAT ONUT. Hai-BaXHOTO e, TAXHOTO MpuiaraHe 4e BOAM [0
noBeye BpeMe MpekapaHo B OMNUTM, KOeTo noaobpsiea obyuyeHueTo. Urposute
eNlEMeHTU HaMansBaT HyXaaTa oOT MpenoaaBaTenn, KOUTO JAa HanbTCTBaT
CTYAEHTUTE U HaMansiBa HanpeXeHWeTo Mo BpeMe Ha obydyeHueTo. HepgocTaTbk
Ha UrpoOBUTE €NEeMEHTU €, Ye MOoraT Aa OTK/OHAT obyyaBalluTe ce OT y4yebHus



npouec vnn ga ro yabnxkart. Ha Tabnuua 2 ca npeacraBeHn OCHOBHUTE UTPOBU
€NEMEHTMN.

Tabamya 2.

Urposu eneMeHTH

e OnpocTsiBaHe UK pe3loMMpaHe Ha uHTepdelica;
e l3non3BaHe Ha yCTaHOBEHMU, IMLIEH3UPAHUN BMAOBE YUEOHUN UrpU.
e YcBOsIBaHE Ha NPOCTU LMKIUYHU YMEHMUS.

o C'bpeBHOBaBaHe Mexay npenoaaBatesin U CTyaeHTHU, KOETO BKJ/OYBA
noanoMaraHe w noaabp>XaHe Ha BUCOKU pE3YNTATHU.

e [lpaBu oby4yaBalMTE CE CUTYPHU U YBEPEHU MPU B3EMAHE Ha PeLLEeHUS B
pas3fIn4yHN CUTYyaL K.

e U1360p Mexay MHOro6poMHUTE HUBA HA CNOXHOCT.

B) AMAAKTUUYECKN €JIEMEHTH

MNeparornyecknTe UAN AuMAakTUYecKM eneMmeHTwn “obrpaxaaT” urposuTe M
CMMYNAUMOHHUTE €/IeMEHTU, KaTo MO TO3M HAYMH OCUTYpsSBAT Ha CTyAeHTUTe
NpoAyKTMBHO Yy4yebHo BpeMe. Ha Tabnuua 3 ca npeacTaBeHM OCHOBHUTE
ANOAKTUYECKN eNleMeHT!.

Tabamya 3.

AnaaKTUyYeCcKn efiIeMeHTH

e Hanunuyne Ha cbnbTCcTBaW, MaTepuan (BKAKYMTENHO Ka3yCWu, 3pUTESTHU
MNN TEKCTOBW MNpeACTaBsSHMS Ha CUCTEMHW MOAENN W ONUCaHUsITa Ha
BPb3KUTE).

e [IMarHOCTUYHM BB3MOXHOCTMU.

e Busyanusauuma Ha B3auMoaencreums.

e YcKkopsiBaT MUC/IOBHaTa AENHOCT.

e CbxpaHeHue B 6MBNINOTEKN HA YCMELWHUTE U HEYCMNELIHN ONUTMK.

e Bpb3kM KbM 4YaT CTau, KbAeTO Yy4daCTHMUMTE MoraT fAa KOMeHTupaT
NOCTUXEHNATA CH.




e TecToBe WU BUKTOPUHMU.

e MeTOAN MM YCTPOMCTBA 3@ YCKOPSIBAHE Ha Mpoueca Ha 3arnoMHSHe.
e TpeHUpOBKMW.

e MoTMBauuMa 3a MHAMBUAYANHO YCbBbPLUIEHCTBAHE.

N360pbT Ha obpa3zoBaTenHa cuMynaums 3aBMCU OT Bb3MOXHOCTUTE, KOUTO
TS OCUrypsiBa 3a pas3BUTME Ha MNO3HABATENIHUTE W KOHCTPYKTMBHW YMEHUS Ha
obyuaBawmTe ce.

2. N360P HA KOMIMKOTBHLPHA NMPOIrPAMA 3A CUMYJIALMMU

Hali-0610 BUPTYanHoTO y4ebHO eKCnepuMMeHTUPaHe Ce OCbLIECTBABA Ypes
AVAQKTUYECKM  MHTEPAKTMBHU  KOMMIOTbPHM  MporpaMu,  CBbp3aHuM  C
KOMMIOTbpPHATa CUMynaumsi KaTo W3pa3 Ha MMUTAUMOHHOTO MOJENMpPAHeE.
TAXHOTO 0CO6EHO MACTO CpeAa OCTaHanNuTe AMAAKTUYECKM KOMMIOTbPHU NporpaMu
ce onpenens oT ¢akTa, Ye Te B Hal-BUCOKA CTeneH pas3kpuBaT Bb3MOXHOCTUTE
Yype3 KOMMIOTHLP [la Ce YCBOSIBA MPAKTMUYECKM OMUT M YMEHMUSA 3a NpeLeHka. ToBa
M npeBpblla BbB BaXHO CPeACTBO 3a ¢opMMpaHe Ha npocdecMoHanHu
KOMMNEeTeHUMn. Ype3 KOMMITbpHATa CUMynauuMs Ce Cb3AaBa eAHa W3KYCTBEHA
KOMMIOTbPHA  peaniHoCT, npeanaralla HeorpaHUYeHM  Bb3MOXKHOCTM  3a
BM3yanu3auus Ha Mpouecu W SBNEHUs, 3@ W3BbPLIBAHE HA BUPTYaNHU
nabopaTopHM EKCMEepPUMEHTU W u3cneaBaHuMs 6e3 OMnacHOCT 3a 3ApaBeTo Ha
CTYZIEHTUTE, 33 OKOJIHATa CPeAa U 3@ CbOPBLXEHMUATA.

OcBeH BuM3yanusauus, nporpamumTe uMMaT  Bb3MOXHOCTM U  3a
MaTeMaTuyecko obpaboTBaHe Ha AaHHUTE M TAXHOTO rpaduyHO nNpeacTaBsiHe. B
noseyeTo nporpamnm e obesneyeH edeKTUBEH KOHTPON HAA KOPEKTHOCTTa Ha
BCAKA onepauus, ocbllecTBsABaHa OT CTyAeHTa, KaTo npu HeobXoauMOCT ro
Bpblla 3@ NOBTOPHO U3MbJIHEHME.

OcbulecTBsBaHaTa npu HeobxoaMMOCT BPpb3Ka C 6asza paHHM U
AONMbJ/IHUTEJIHA VIHCbOpMaLI,Mﬂ crnoMara 3a npeoposiiBaHe€ Ha MNO3HaABATENHUTE
TPYAHOCTU N 3aA0BO/1IdiBaHE Ha NMO3HaBaAaTE/IHUTE UHTEPECU Ha CTYAEHTUTE, KaTo
Cb3aaBaT YCNOBUA 3a MHAUBUAYyaIn3auuna n D,VICI)EDEHLI,VIaLWIﬂ Ha O6Y‘-I€HM€TO.

B noakpena Ha cuMynauuuMTe ce W3NON3BaT aHuUMauuu. AHUMaUUUTe
NpeaoCcTaBAT Bb3MOXHOCTM 3a y4yewuTe Aa rnegat copTyepHO MPUIIOXKEHUE B
aencTeue. AKO eauH CTYAEHT He € B CbCTOSIHME [a 3aBbpluM YCMewHOo AaAeHa
cMMynauus, cnel KaTo rneaa aHMMMpaHa [AEMOHCTpauusi, Beye MOXe fAa ce
CnpaBM CaMoOCTOSAITENHO. B cpaBHeHMe cbC cuMynauuMuTe, aHUMaLMUTE ca C Mo-
HUCKO HMBO Ha Yy4yacTMe Ha obyyaemuTe, 3allOoTO y4yewuTe rneaar
JEMOHCTPAaLMSs, @ HE U3BbPLUBAT NPAaKTUYECKN AENHOCTU OT CMMYyauunsaTa.

M360pbT Ha nporpamMa ce AbiXM Ha 6oraTtute Bb3MOXHOCTM, KOWUTO TS
npeanara 3a pasBMBaAHE HA KOHCTPYKTUBHUTE YMEHUs Ha CTyAeHTuTe.
KOMMNIEKCHOTO Bb3[IENCTBME HA CTAaTUYHM U AMHAMUYHU MOAENU C pa3MyHa
CcTeneH Ha abCTPaKTHOCT, TEKCT, rpaduka, CUMBO/IMKA, KOMBUHUPAHUN CbC 3BYK U
MOJZIENIUPAHE Ha AWMHAMWYHM MPOLIECU MMA CUTHO E€MOLIMOHANIHO U ecTeTUYEecKo



Bb3AeNCcTBMe. 3a TOBa aonpunHacda w“  MaKCUMaAJIHOTO npm6nm>|<aBaHe Ha
CUMYNINPAHUTE 0b6eKkTn 0o TexHUTe peanHn aHano3u.

3. CUMVYJIAUUN B TENNIEKOMYHUKALUUUTE

3HayeHMeTo Ha CuMynaumMuTe € LWWUPOKO MNpu3HAaTO B CbBpPeMEHHaTa
npakTuka. B obnactta Ha TenekoMyHMKauuuTe ce M3MNOoM3BaT LWMpPoOKa rama oT
npodecnoHanHn CUCTEMU 3a MoAenupaHe U cuMmynaums. lNMpunoxXeHneTo Ha Tesu
CUCTEMU € TBbpAe BaXHO KAKToO 3a obpa3oBaHMeTo, Taka W 3a
KBanndukKaunmoHHaTa AENHOCT. N3non3BaHeTo Ha CbBpEMEHHUTE
NHMOOPMALMOHHM TEXHONOrMM Cb3haBa HOBM Bb3MOXHOCTM 3a 6Ha3npaHo Ha
cumynauum obyyeHue.

Cumynaumnte no3sonsBaTt obyyeHne ypes nNpaBeHe, 3HaHUATa U YMeHusaTa
ce npnaobmuBaT No aKTUBEH HAYuMH. Y y4yawus ce dopMmpa 4yBCTBOTO, Y€ He
caMo Wu3yyaBa O06eKTUTe, MpouecuTe WU HABNEHUSATA, HO W 4Ye [elcTBa,
eKcnepMMeHTnpa C TaX. 3@ Hero e sSCHO, 4Ye B npoueca Ha MoaenupaHe cC
KOMMNIOTbP MOXe 6e3Haka3aHO Aa rpewun, Aa npobsa, 6e3 aa m3nutea CTpax oT
MaTepuanHUTe WAM CcounanHuTe nocneavwun, Aa p[ajde npocTop Ha CBOETO
BbobpaxeHue n daHTasus.

CuMmynaummTe ce KU3MN0M3BaT MNpM B3eMaHe Ha peweHus 1M 3a no-gobpo
pazbupaHe CbUWHOCTTA Ha Y4YebHOTO CbAbpXaHWE 4ype3 Cb3aaBaHETO Ha
Bb3MOXHOCTU 3@ eKCrnepuMMeHTUpaHe C pas3fIM4HM CUueHapum — HanpuMep 3a
noanoMaraHe Ha npoueca Ha obydeHune Npu CNOXHKM 0bekTu. CTyaeHTUTe MoraT
Aa nacneasaT MoAENNPAHUAT 06EeKT Npu BCUUYKKN peXnMn Ha yHKUMOHMPaAHe, Aa
eKcrnepuMMeHTUpaT 4ype3 reHepupaHe M oueHKa Ha xunoTte3su. CumynaumuTe ca
MOLWHO CpeACTBO MpU TPYAHO OCbLLWECTBUMU peanHu cuTyauun. Cumynauumm ce
M3M0n3BaT BMECTO peanHaTa MNpakTWKa, KOraTto ce m3yyaBaT OMACHU SIBNEHUSA
(paboTa Ha BWCOKOBONTOBM W BUCOKOMOLLHM eNeKTPUYECKN CXeMu), TPYAHO
JOCTMXUMU 06ekTU (3a ynpaBneHMEe W HACTPOMKa Ha aHTEeHM), BUCOKA LEHa
(npoekTupaHe Ha TeNneKOMyHWKaAUMOHHU cucTtemn). CumynauumTe paswunpsasaTt
Bb3MOXHOCTUTE Ha peasHaTta nMpakTUKa 3@ HaMansBaHe Ha BPEMETOo
(NnpoekTupaHe Ha MUKPOMNPOLECOPHU CUCTEMMU), HaMansiBaHe Ha C/I0XHOCTTA
(MKOHOMWM Ha pecypcu NMpu NPOeKTUPAHETO), BulyanusnpaHe (XapakTepuCTUKK
M napaMeTpu Ha eNneKTpPoHHUTEe eneMeHTM Ku cxemu, paboTa Ha oOTAeNnHu
MOAYNN).

3a obyyaBaHUTe € BaXHO Aa npuaobuAT 3aabnboyvyeHM MOo3HaHMA B
CbOTBETHaTa obnacr, KOeTo M3NCKBA AOCTATbYUHO NpaKkTUYeCcKo
eKCNnepuMeHTMpaHe, CBbpP3aHO C peasiHo peanM3MpaHe Ha CXeMU M aHanu3 Ha
TAXHaTa paboTta. CuMynauuuTe p[aBaT Bb3MOXHOCT Ha CTYAEHTUTE [a
NPOEKTUPAT Pa3NINYHKN MO CMOXHOCT CXEMU U Cnea TOBa Aa NpOBEpsABaT Aanu Te
paboTAT cnopes o4YakBaHMATA.

CuMynauuuTe ce M3Mnon3BaT B noaxoasila obpasoBaTenHa cpeaa, 3a Aa
M3NBMHABAT MO YCMElWEeH HAuyuH ponsaTa Ha CPeacTBo  3a  obyyeHwue.
MpUNoXeHNETo UM MOXe Aa 6bje OpraHusupaHo 4ypes aobaBsHE KbM TAX Ha
CbOTBETHU WHCTPYKLUW WM 4Ype3 BMbKBAHE Ha WMHCTPYKUMWUTE B CUCTEMATA 3a
cumynauuun. MHCTpykuMmuTe MoraT Aa 6baaT MosyvyeHu OT npenojaBaTen u/uiu



OT noAbpXalla KOMI'HOT'prO-6a3VIpaHa CUCTEMa. HaunHbT, no KOUTO Te ce
AaBaT 3aBUCK OT NOCTaBEHUTE LENN N CbLECTBYBaAWLNTE Bb3MOXHOCTH.

M3non3BaHeTo Ha NpocdeCcMoHaNHN CPeaCTBa 3a CMMYaUuMK U MoAenupaHe
€ OT CbLEeCTBEHO 3HayeHue npu O0b6yYeHUETO MO  TENIEKOMYHUKaLUUW.
MpaKkTUYECKUAT ONUT B M3MNON3BAHETO Ha NpodecroHanHUTE CcUMynaTopu e
3aAb/XUTENHO YycnoBue 3a Aobpa npodecrMoHanHa peanusaumsi Ha Mnaaute
NHXXEHEPW.

4. MPUNOXEHUE HA KOMMNKTBPHU CUMVYJIALUN B
MPAKTUYECKOTO OBYYEHME NO TEJIEKOMYHUKALUN

CMHTE3BT W aHaIAM3bT Ha JIOTMYECKM CXeEMW € B OCHOBaTa Ha
NPOEKTUPAHETO Ha undpoBu ycTponcTtea. [Jo6poTo MO3HaBaHe Ha NOrMYECKUTe
CXeMM UM YCBOSIBAHETO HA YMEHUS B TEXHMS CUHTE3 W aHanmM3 crnomara 3a
MbAHOTO pa3bupaHe Ha paboTaTa Ha €ENeKTPOHHUTE UUPpPOBM YCTPONMCTBA,
M3MOoN3BaHN B €/IeKTPOHMKATa, KOMMNIOTbpPHaTa U KOMYHUKALMOHHATa TeXHMKa.

3a ycBosiBaHe MNpouecuTe Ha MpoekTUpaHe U aHanm3 Ha UMPpPOBM CXEMU
obyyaBaHuUTe ce HYXAasaT, KaKTO OT HaTpynBaHe Ha HEe Manko MpaKTUYeCKu
OMUT, Taka W MHOro 4ecto OT HenocpeacCTBEHO noanoMaraHe. B ToBa oT
M3KIYUTENHA Non3a MoraT ga 6baaT noaxoaswu KOMMIOTbPHM CUMYynauuu,
KOUTO Aa NpenocTtaBsaAT HeobxoaAuMUTe CpeAcTBa 3a pellaBaHe Ha NoCTaBeHuTe
3agaynM. C wu3N0n3BaHETO Ha KOMMKTbPHW CUMMynaumum He ce uUenn pa ce
3aMeCcTaT M3UsSI0 MpakTUYeCcKUTe YyhnpaXHeHWs W peanHOTO Cb3JaBaHe Ha
umMdpoBM cxemu, a Aa Ce MOBULWAT 3HAHMATA U Aa ce noaobpsaT yMeHusdTa Ha
CTYAeHTUTe B Ta3u obnacr.

CuMmynaumnTe ce npunarat No BPeEMe Ha MpakTUYeCKUTEe 3aHATUS B KypcC
TCMB308 MW3MmepBaHe no UuuMdpoBM MUHTErpasHuU CXeMW, Kn3y4yaBaH B TpeTu
ceMecTbp Ha 6akanasbpcka nporpamMa ‘“TenekoMyHukauummn”. HaAUYMHBT Ha
opraHusaums cbyeTaBa MHAMBMAYaANHa paboTa C KOMMOOTbP MNpU OCbLlECTBABaHE
Ha BuUpTyaneH ydyebeH ekCcnepuMeHT U MHAMBMAYyanHa paboTa Npu M3BbpLUBAHE
Ha peaneH nabopaTopeH ekcnepuMeHT. [lpouecbT Ha OCbLEeCTBSABAaHE Ha
BUPTyanHo y4yebHo nabopaTopHO ekcnepuMeHTMpaHe 6e npoBedeH C U3MNO0J3BaHe
Ha KOMMIOTbPHA cuMynaumoHHa nporpama NI Multisim Analog Devices Edition,
Bepcusa 10.0.1 - dwur. 3.
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NMporpamaTta e noaxoasiwa npu wu3y4yaBaHe Ha TeMuTe, CBbp3aHM C
n3cnenBaHe CBOMCTBATa Ha UMdpoBu MHTerpanHn cxemmn (UC) U CMHTE3NpaHETo
Ha YCTPOWCTBA C TSX.

MporpamMuTe OT TO3M BWA Ca Cb3AAAEHW KOHKPETHO 3a CbLIECTBYBAlLM U
AEeNCTBALIM MHTErpasHU CXEMU M eneMeHTu. Mo To3M HauMH No3BONABaT Aad Ce
M3M0N3BaT KaTo TpeHaXopu 3a ¢dhOopMUpaHE Ha YMEHUS 3a CUHTE3NpaHe Ha
YyCTpOWCTBa CcbC 3aaaaeHn UC n enemMeHTHM.

KoMmnioTbpHaTa nporpaMa pasnonara C BupTyalHa 6ubnuoTteka, KosiITO
CbAbpXa: MOYTM BCUYKM BUAOBE ENEKTPOHHW €NIeMEHTU, pa3IMyHM BUAOBE
aHanoroBn 1 UMMPOBM MHTErpasHM CXeMW, BapuMaHTU Ha 3axpaHBallM
M3TOYHULUM, N3TOYHULM Ha CUTHANM KAaKTO M U3MEpBATEIHUN ypeau.

CbrnacHo c obuwonpueTute M3MCKBAHUSA 3a nNpakTuyecka /nabopaTtopHa
paboTa, NpuIOXeHW KbM Yy4yebHUS eKkcrnepuMeHT No uundpoBa enekTPOHMUKa,
MUHUMANHOTO CbAbpXXaHMe Ha BCAKO ynpaxHeHue Tpssibsa Aa BKIOYBaA:

e [locTaHOBKa Ha 3agauuTe;

e TeopeTu4yHu 06ACHEHUS;

e PeanuaupaHe Ha 3ajauuTe;

e EKCnepuMeHTanHu gaHHW U pe3ynTaTu.

Npn paspaboTBaHe Ha OTAENHUTE YMPaXXHEHUS BCEKM eauH OT Te3u
KOMMOHEHTM e HaMepwun CBOeTO MACTO. [pun nnaHMpaHeTo Ha eKcrnepuMeHTa ca
AobaBeHN WHTEpaKTUBHU KOMMOHEHTU. EKcnepuMeHTanHuWTe pe3yntatu ce
BbBeXaaT n 0bpaboTBaT B NPOTOKOI.



[lobpe e cneg NbpBOHAYANHOTO MpPEeACTaBSHE HAa OCHOBHUTE MOMEHTM, Ha
CTYAEHTUTE [a Ce MNpeasioXN AEMOHCTPALMOHHO W3Mb/HEHME HA PELIEHWETO Ha
3aja4aTa. B KOHKpPETHMS Kypc [AEMOHCTpaumMsTa ce W3BbpliBa OT BUPTyaneH
EKCNepUMEHT. B peanHo BpeMe ce CUMynMpa W3BLPLUBAHETO HA EKCNepUMEHTanHa
paboTa. Bce eaHo, ye cTyaeHTUTE HabniogaBaT NMPOTUYAHETO HA peaneH eKCrepUMEHT,
M3BbPLUBaH Npes TSX OT npenoaaBaTersi.

KypcbT TCMB308 W3mepBaHe no umdpoBu WHTerpanHn cxemm e 30 4yacos u
BKIOYBa 8 n1abopaToOpHU YMpaXKHEHWUS/MpaKTUYECKN 3aHaTus. [o peanusmMpaHeTo Ha
BUPTyanHus y4dyebeH eKCnepuMeHT, YMpaXHeHusTa B TO3W KypC Ce W3Mb/HsABaxa
NnocpeacTBoM peasnieH nabopaTopeH eKCrepuMeHT.

C'bﬂ'bp)l(aHMETO Ha BCAKO ynpaHeHue BKJ/1rouBa:

Llen Ha ynpaxHeHueTo: CMHTE3 Ha UMDPOBO YCTPOMCTBO C MOMOLITA Ha
WUHTErpasHu CXeMU 4pe3 KOMMITbpHa CUMMYynauuMoOHHa nporpama. MpuaobusaHe
Ha NPaKTUYECKN yMEHUS 3a NpoBexAaHe Ha BUPTYasieEH EKCNEPUMEHT.

3apaum 3a u3nbJIHEHUE!

1. (MpeaBapuTenHa NOAroTOBKA). 3ano3HaBaHe C Bb3MOXHOCTUTE Ha
KOMMIOTbpHa cuMynaunmoHHa nporpama NI Multisim Analog Devices Edition,
Bepcusa 10.0.1.

2. CbcTaBsiHe Ha MoAen Ha UNMdpoBOTO YCTPOMNCTBO.
3. CVUHTE3 Ha YCTPOMCTBOTO NOCPEACTBOM KOMMIOTbPHA CUMynauus.
4. AHanuM3 Ha pe3yntatute OT CuMynaumatTa UM CpaBHeHMe C

pe3yntatuTe, Noy4YeHn NocpeacTBOM peasneH nabopaTopeH eKCNnepuMeHT.
5. CbcTaBsiHe Ha NpPOTOKON.
Xoa Ha 3aHATUETO:

1. MoTuBaUMOHHA 4YacCT -— TnpenojaBaTenaT W3ACHABA Uenute #
3a4a4vynTe Ha ynpa>XHeHHUeTO.

2. CTyaeHTUTE ce 3ano3HaBaT C (QYHKUMMTE HaA KOMMIOTbpHaTa
CMMYynauMOHHa nporpama, BupTyanHaTta 6ubnmoTteka M HauMHUTE Ha CBbp3BaHe
Ha MHTErpasHUTE CXEMU U ypean BbB BUPTYaANHUAT EKCMEPUMEHT.

3. AKTyanusnpaHe — npenoaaBaTensaT MpPUNOMHS CTpyKTypaTta #
AENCTBMETO Ha UHTErpanHUTE CXEMU, C KOMTO LIE CE CUHTE3Mpa YCTPOMUCTBOTO.

4. CbCTaBsiHe Ha CTPYKTypHaTa cXema, KOSITO OTpa3siBa siorMkarta Ha
(pYHKLUMOHMPAHE Ha CbOTBETHOTO LN(POBO YCTPOMCTBO.

5. M3yepTaBaHe Ha MpUHUMMNHATa CXEMa Ha YCTPOMCTBOTO C NMoMouiTa
Ha KOMMIOTbpPHa CMMYyNauMOHHA nporpama.

6. CuHTE3 Ha 3ajafeHoTo uUuMdbpoBO YCTPOMUCTBO MOCPEACTBOM
KOMMIOTbpHA CMMynauus.

7. NMpoBepKka Ha BEPHOCTTA Ha CMHTe3MpaHaTa CXeMa.

8. NpenogaBaTenaT noanomMara W  KOHTponupa pabotata Ha
CTyAeHTuTE.
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9. CTyOeHTUTE aHanusupaT BUPTYasHOTO UMDPOBO YCTPOWCTBO MU
CpaBHABAT C pe3ynTaTuTe, MOJlyYeHU MOCPeACTBOM peaneH nabopaTopeH
€KCNepPUMEHT.

10. MNpenopaBaTensiT NpoBepsiBa M3NbJIHEHMETO HA 3aJayuTe M OUEHSBa
paboTaTa Ha CTyaeHTuTe.

MpOTOKONNTE Ce OCTABAT 3a M3BbHAYAMTOPHA paboTa, KaTo Ha CTyAeHTUTe
ce NoCTaBAT [AOMb/HUTENHM 3aAayM 3a U3NbiHeHue. TakuBa MoraT aa 6baaTt
Hanpumep:

. aHanM3 Ha CMMYNMpPaHOTO LUM@POBO YCTPOMUCTBO;
. obobuwaBaHe Ha pe3ynTaTuTe;
. n3BOAMN.

Tbii KaTo MporpamaTa MO3BOJISIBA Aa Ce OTMeYaTBa 4YacT OT CbAbPXaAHMETO Ha
cUMynaumsiTa, CTyAeHTUTE MoraT [a M3Mon3BaT HanpaBeHUTE CXEMM 33 U3paboTBaHe Ha
npoTokona. Bb3MoOXHOCTTa 3a O(OpMSHE HA MPOTOKON C HEOOXOAMMMA CHUMKOB
MaTepuan OT €EKCNepUMEHTUTE CbAeiCcTBa 3a ¢OpMUpaHE Ha KOMMETEHUMM 3a
duKcpaHe Ha ONUTHU pe3ynTaTh U 0hopMsiHE Ha AOKYMEHTaLMS.

Ha ¢wur. 4 n ¢ur. 5 ca nokasaHu gBa BapuaHTa Ha CMHTE3MpaHu UMb poBU
ycTpoctBa. Ha dwurypute ce Buxaa MOMEHT OT CuUMynauuaTa Ha Te3u
yCTpoMncTBa.

18] x|
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@ur. 5. Cumynayns Ha Un@poBO yCTPOUCTBO 3@ BPOEHE Ha UMIYJICH C 4Ba
UHANKATOPAE

Bcsiko ynpaxkHeHue BKIOYBa HEMO3HaTU 3a CTYAEHTUTE MOMEHTMU, KOeTo
CTUMYNMpPA TEeXHUS WHTepec. BKNIOUYBAHETO HA WHTEPAKTUBHU KOMMOHEHTU
cnomara 3a no-HarneaHo npeactaBsiHe, OTKbAETO M AOMpuHacs 3a no-aobpoTo
ycBOosiBaHe. PeanusupaHuTe KaTto BUpPTyaNleH €eKCNePUMEHT CUMYNaUNOHHU
MOZENM Ha MW3CeABaHUTE YCTPOMCTBA, NpeAcCTaBsAT NbJHO BCEKM eaunH OT
eTanuTe Ha pellaBaHe Ha eKcnepuMMeHTasHaTa 3agada. Te 406aBsAT HOB aKLUEHT,
KOMTO OBMKHOBEHO He € A0CTaTbyHO 3aCTbMEH B TPAaAUUMOHHUTE YNPaKHEHUS U
npeacTaBnsBa Npobnem 3a CTyaeHTuTe.

5. EKCNEPUMEHTAJIHU PE3YJZITATU OT NPUJNIATAHETO HA
KOMNHOTbPHU CUMYJIALUMN B TMNMPAKTUYECKOTO OBYYEHME TIO
TEIEKOMYHUKALUA

EKcnepuMeHTBbT € npoBedeH CbC CTyaeHTn obydaBaHum B Kypc TCMB308
N3mepBaHe No uMbpoBM UHTErpanHM Cxemu, U3y4vyaBaH npe3 BTOpaTa roauHa -
ITI cemecTbp. OT CcTyaeHTUTe B Kypca 6sgxa popMupaHn ABe rpynn — KOHTPOJIHA
(22 oby4yaBaHun) wn ekcnepuMmeHTanHa (10 obyyaBaHu). CTyaeHTUTE OT
KOHTpoO/siHaTa rpyna ce obydaBaxa nNO TpaAWUMOHHaTa TEXHONOrMs - 4ypes
HaTypaneH (aupekTteH) nabopaTopeH eKCNepuMeHT, a CTYAeHTuTe OoT
eKcrepuMMeHTanHaTa rpyna 4ype3 KOMMITbPHU CUMYyauuu.
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1. ®opMysiMpaHe Ha HyJieBaTa M aJiTepHaTUBHaTa XxunoTresa.

. Hynesa xunotesa (Ho): Hsama pa3nuka B edeKTUBHOCTTA Ha
TexHosnornmte Ha obydeHune, npunaraHm B kKypc TCMB308 W3mepBaHe 1o
UMDPOBU MHTErPaANHN CXEMMU.

. AntepHaTtuBHa xunote3a (H;i): nMa pa3nuka B eheKTUBHOCTTA Ha
ABETE TEXHONOMMM Ha 06yUYEeHNE NPUOXEHU B Kypca.

2. N360p Ha KpUTEpPUii 3a NpoBEpPKa Ha XxunoresaTa.

3a npoBepka Ha xunoTtesata e u3bpaH U- Kputepun Ha MaH-YUTHKU, Tbi
KaTo CbOTBeTCTBA Ha obekTa U MeToAMKATa Ha NpOBeAEeHUs eKCrepuMeHT.

3. M3uucngaBsaHe Ha eMNUPUYHATA CTOMHOCT Ha KpUTepus.

Pesyntatute oT obyyeHMeTO Ha eKCcnepuMeHTasiHaTa rpyna ca JajeHu B
Tabnuua 4 n gnarpama 1, a 3a KOHTponHaTa rpyna — B Tabnuua 5 n anarpama 2.
O6eMbT Ha ekcnepuMeHTanHaTa rpyna e n;=10, @ Ha KOHTponHaTa n;=12. Heka
CnyyalHaTa npoMeHnuMBa X e 6poAT Ha TOYKUTE, MNOJIYYEHM OT BEPHUTE
OTrOBOPM Ha CTYAEHTUTE OT €eKCNepuMeHTaNnHaTa rpyna, a ClyyalHaTa
npoMeHnmea Y e 6posAT Ha TOYKWUTE, MOJSIlyYEeHM OT BEPHUTE OTroBOPM Ha
CTYAEHTUTE OT KOHTpOoNHaTa rpyna. Bcuukm ctonHoctn X; (i =1, 2, ..., 10) n Y;
G=1, 2, ..., 22) ce obeanHasaT B egHa obwa misaaka (rpyna) ¢ obem n =
ni+n, = 32. 3anucBaT Cce NO peda Ha HapacTBaHe Ha CTOMHOCTUTE M Ce
paHxwupaT. lNogpexaaHeTo CTaBa MO CneAHMs HayuH. Hal-mMankata CTOMHOCT
nony4vyasa paHr 1, cneppawarta no roseMmHa nosyyasa paHr 2 M T.H. AOKaTo ce
n3yepnaTt HabnwopaeHuata. B Tabnuua 6 e npeacraBeHO HapexaaHeTo Ha
AaHHUTE OT He3aBMCMMWUTE KM3BaAKW MO roseMuHa B o6l BapuaumoHeH pej,
onpefensaHeTo Ha CbOTBETHUTE paHroBe W MNpUHAANEXHOCTTa Ha [afdeHo
HabnwaeHne KbM CbOTBETHaTa uU3Bagka (O03Ha4yeHo CbC cumBona “*”).

Mo dopmynu (1) n (2) ce nsuncnsiea ce cymata OT paHroBeTe, NMPUCBOEHU
Ha Y/leHOBETEe Ha BCSIKa OT U3BagKuTe:

n=10

(1) R, = ZR(xi)=226 3a n3Baakarta c o6em n;=10 un

i=1

,=22

(2) R,= ZR(XJ-)=302 3a n3BaakaTta c obeM n,=22.
j=l1

Ypes dopmyna (3) ce npecMaTa cymata OT paHroBeTe Ha obeanHeHaTa
n3Bajka u ce npasu NposBepkKa:
(3)R +R, =" =226+ 302—32233_528 R, +R, =226+302 =323 =528,

3a onpepensiHe Ha npoBepsiBawnTe BennunHn U u U° ce wu3nonseaTt
dopmynu (4) n (5):

nen _ g 1011

(4) U=R -20D_236_ =171 U=226-101=17]
2

(5) U'ZR nz(nz+1) 302_%249 U'=302—%:49,
2
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MpaBn ce nposepka no gopmyna (6):
(6) U+U'= n.n, = 171+49=10.22=220 U +U'=171+49=10.22 = 220.

B TO3n cnyyalt KOHTponHaTa rpyna e c obem n,=22 (T.e. ny > 20),
cnepoBaTenHo TpsbBa p[ga ce npecMeTHaT cpeAHaTa  apuUTMETUYHa U
CpeAHOKBaApaTUYHO OTKJIOHEHME Ha pa3npeaeneHmeto. CTOMHOCTUTE Ha U U T,
n3uncnenn no dopmynu (7) n (8) ca:

nn, 1022 10.22
7 =12 T 110 p=—"2=110
(7) w 5 5 p=—

(8) o = lnlnz(nll;nzﬂ) _ \/1022(1(1)2+ 22 +1) _ 24,5967 o= [% — 24,5967

Cnen HopMupaHe Ha ctonHoctTa U = 171 no dopmyna (9) ce nony4yaBa

171-110
(9) u:U—,u:171—110:2,48 U= _
o 24,5967 24,5967

b

TbiM KaTo € hopMynMpaHa eqHOCTPaHHa NOCTAHOBKA Ha BbMpoca U 3a a =
0,01 ot Tabnuua II [1, c.198] ce onpeaenss KPUTUYHATA CTOMHOCT Uy = 2,33.

Tasu CTOWHOCT Ce CpaBHsBa C HOPMMpaHaTa BennumuHa u no kputepus Ul = |u,|.

NMony4yasa ce 2,48 > 2,33, KOeTO AaBa OCHOBaHWEe Aa Cce OTXBbPAM HynesaTa
xunotesa (eAHaKBO pasnpeaesieHne B reHepasHUTe CbBKYNMHOCTU) M fAa ce
npueme antepHaTuBHaTa. ToBa O3Ha4yaBa, Ye UMa pas3fiMka B ePeKTUBHOCTTa Ha
TexHonormmte Ha obydyeHune, npunaraHm B Kypc TCMB308 W3mepBaHe 1o
UMGbPOBM UHTErpasHM CXeMu, T.e. U3MNON3BAHETO HAa KOMMIOTbPHU CUMynauuun B
NnpakTU4yeckoTo obydyeHne No TeNeKoOMyHUKaunm Boan Ao no-gobpu pesyntaTu.

Tabsnya 4. Pe3ynratu Ha €KCrieEpUMEHTAIHATa rpyna

N2 Ha o6yuyaBaH cnopef
6pos Ha nonyyeHuTe O6w 6poii TOUuKHU Bpoit BepHU OTroBOpM
BEPHU OTrOBOpMU

1. 12 7
2. 13 8
3. 15

4, 19 10
5. 20 10
6. 21 12
7. 23 13
8. 27 14
9. 28 14
10. 30 15
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Hnarpama 1.

Pe3ynraru Ha eKcne puMe HTATHATA Tpyna

1 2

3 4 5 6 7 8 9 10

Ne Ha oOyuaBan criopes Gpost Ha
TOJTy4eHATE BEPHU 0TI OBOPH

W OG0 Opoii TOuKH

B bpoii BepHU O0TrOBOpU

Tabauya 5. Pe3ynratun Ha KOHTPOJIHATa rpyna

N2 Ha o6yuyaBaH cnopep
6pos Ha nonyyeHuTe
BEpPHU OTroBOpU

06w 6poi TOUKHU

Bpoit BepHu oTroBopm

O 00 N OO U1 h W N =

e e e e e T S
© 00 N OO0 1 A W N B O

10
11
11
12
12
13
13
14
15
15
15
16
17
18
20
19
20
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20. 21 12

21. 22 12

22. 23 13
Hnarpama 2.

Pe3yararu Ha KOHTPOJHATA rpyna

3 5 7 9 11 13 15 17 19

Nt Ha o0y4yaBaH criope 6posi Ha MOJyYeHUTE

BePHH OTTOBOPH

W O611 Opo¥i TOUKH

B Bpoii BepHU OTTOBOPHU
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Tabsnya 6. Ob606LeHN pe3yATATHU

06w Bag::“““e“ 4| 5 6 7 8 9 10 11 12 13 14 15
ExcnepuMeHTasHa % % % K % % K %
rpyna
KOHTponHa rpyna * X %k Xk k %k Xk k Xk X %k Xk k X %k b3 3 X
PaHroBa ctoMHoct | 1 2,5 5,5 9,5 13 16 20 23,5 26 28,5 30,5 32
PaHroem Mmecra 3a
eKcnepMMeHTasiHaT 9,5 13 16 2.20 26 28,5 | 2.30,5 | 32
a rpyna
Paurosu Mectasa | 4 | 5,0 | 455 (395 | 2,13 | 2.16 | 3.20 | 2.23,5 | 2.26 | 28,5

KOHTpOJIHaTa rpyna
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6. PE3YJITATU OT NOPUJNOXEHUWETO HA KOMIMKOTBbPHU
CUMYJIALUMUN B NPAKTUYHECKMUTE 3AHATUA MO TENNIEKOMYHUKALIUU

MpoBeaeHaTa OMUTHO-MPUIOXHA AENHOCT OTHOCHO Bb3MOXHOCTUTE Ha
BUPTYanHOTO Yy4yebHO eKkcnepMMeHTUpaHe p[aBa OCHOBaHMe pAa b6baaTt
NOCOYEHN CnegHUTe pe3ynTaTu:

* CTyAeHTuTe paboTaT € nocoyeHaTa KOMMIOTbpPHA NporpamMa c fiekoTa u
roNnsiM UHTEpec;

* OTHOCHO 3ajayYnTe 3a KOHCTpyMpaHe Ha OMNUTHM MNOCTAHOBKU Ce
npeanarat wu3MepBaTeNHW ypeau, CbOTBETCTBAWM HA peanHuTe B
JlabopaTtopusa “TenekoMyHukaummn”;

* MONYyYeHUTE 3HaHWUS 3a npegHasHayeHMeTo U YHKUMOHUPAHETO Ha
umpposnte NC ca 3HauMTEeNHO No-3aabnboyenu;

* CTYyQeHTUTE nposABaABaT MNO-rofisMa YBEPEHOCT W  TOYHOCT MNpMU
CMHTE3MpaHe Ha undpoBM YCTPOWCTBA, NpPaBUNIHO M36MpaT HaAUYUHUTE
Ha CBbp3BaHe Ha WC 3a ocurypsiBaHe Ha ONTUMMaAJiEH pexuMm Ha paboTa
Ha yCTpOMCTBaTa;

* YCBOEHWUTE 3HaHWS W YMEHUs Cca MNno-TpaWHW, MNO-OCMWUCIIEHMU, nO-
3aabnboyeHun, 3awWOTO Ca nNOAydYeHM B pe3ynTaT Ha npobata wu
rpewkarta, Ha JIMYHUA ONUT U U3CneaBaHe M 3aWO0TO Ha CTydeHTa ce
AaBa Bb3MOXHOCT Ja MpPOHMKBA B "CbWHOCTTA Ha Hewarta", pAa
N3SACHABA NPUUYMHUTE U ABMXKELWMTE CUN HA M3y4aBaHWUTE MpPOLECU U
YCTPOWCTBa;

* ype3 [JoCTUraHe A0 BCUYKM CeTuBa Bb3NPUATMETO CTaBa Mo-
Mb/IHOLEHHO, NMO-MOTMBMPAHO U MO-EMOLUMOHAJIHO, @ TOBa BAUsE NMpsKo
BbpXy edekTa Ha Bb3NpUeMaHe, OCb3HAaBaHe W 3aMNOMHSIHE Ha
nHdopmaumaTa.

NMPEANMCTBA HA BUPTYAJTHUA EKCNEPUMEHT

. MpeawecTBaHETO HA peaniHUa EeKCNepuMeHT OT BUPTyaslHUS
npefoTBpaTsBa pucKka OT TpPeELWKUM Mpu  eKcnjoaTauMs Ha €eneMeHTu U
yCTpoicTBa M no3BonsBa 6e3aBapuiiHa paboTa C M3MepBaTENHU ypeau MU
anapaTu.

. JaBa  Bb3MOXHOCT 33  MHOFOKpPAaTHO  M3MbJ/IHEHME  Ha
ekcnepuMeHTa 6e3 U3NWLWEH Pasxol Ha MaTepuanu.

. Bb3MOXHOCT 3a aBTOPbT Ha BUPTyalHUS €eKCNepUMMEHT [a
aKLUEeHTMpa BbPXY BaXXHW MOMEHTM OT HEroBOTO MPOTUYAHE U Aa NpeMaxHe
CMyLlaBally CTPaHUUYHU haKTopw.

HEQOCTATHUUN HA BUPTYAJNTHUA EKCNEPUMEHT

Mpn CbNOCTaBAHETO Ha HMBOTO Ha BrlajgeeHe Ha npodecnoHanHuTe
KOMneTeHunu, ¢opMmpaHn B pe3ynTaT Ha M3BbPLIBAHE Ha BUPTYaseH WU
peaneH y4debeH eKcCrnepuMeHT, MpaBu BMNeYyaTNeHUe, 4Ye MoJyyYeHuTe npu
BUPTYasHOTO €KCNepuMeHTMpaHe KOMMNeTEeHUUU OTCTbNBaT B HAKOWM obnactu
KaTo:

1. Hakoun cneundunyHn KoMNeTeHummn:
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1.1 3a yMena pabota u MaHunynauma c nabopatopHu npubopun wn
anapaTypa;

1.2 aHanUTUYHM KOMNETeHUMM 3a pa3no3HaBaHe Ha TrpaguMBHUTE
eneMeHTw.

2. CeH30pHHU (ceTuBHM) KOMNeTeHUuN, CBbp3aHu o
YyBCTBMUTENHOCTTA KbM ypeau u anapaTtu.

3. KomneTeHuun 3a eknnHa paboTa.

4. KOMYHUKATUBHM - 3@ YCTHO OpMY/MpaHe Ha XWUNnoTesum wu
N3BOAMN.

5. Hakoun obwm KoMNeTeHUMn No TeXHMKa Ha nabopaTopHus ydyebeH
€KCMepuMeHT.

7. N13poaun

M3BbpliBaHaTa OMUTHO-NPWUIOXHA [AENHOCT [JaBa OCHOBaHWe fAa ce
HanpaBsAT CNeaHUTe U3BOAMU:

1. CNCTEMHOTO npunaraHe Ha BUPTYasIHOTO eKCNepuMMEeHTUpaHe crnomara
3a MHOroacnekTHaTa peanusaumss Ha MNpuHUMNUMTE 3a HarnegHocrT,
aKTUBHOCT M WMHAMBUAYANEeH NOAX0A, KOeTO BOAM A0 ONTUMU3MPAHE U
YCbBbpLEHCTBAHE Ha Yy4yebHMA Mpouec M pelwaBaHe Ha ronam 6pon
obpaszoBaTeniHu npobnemu;

2. KOMNIOTbPHOTO MOAENMpPAHE € YHUBEpCANHO - NoAXoAdWwo € 3a
pellaBaHe KakKTO Ha TeopeTuM4yeckn, Taka M Ha 3ajaunm C
NPaKTUKOMPUIOXEH XapaKTep

3. BupTyanHoTo yyebHO eKCnepMMeHTUpPaAHE e NEPCNEeKTUBHO CpeAcTBO 3a
NoBMILIABaHe KayecTBOTO Ha npodecnoHanHoTo ob6pasoBaHme u4pes
NoBMIL@BaHe PpaBHULWETO Ha BlageeHe Ha npodecnoHanHute
KOMNeTeHunn. M3rpageHnTe no TO3M Ha4ynmH KOMMNETEHUWUM Ca BaxHa wu
Hepa3denHa 4acT OoT npodecuoHanHaTa KOMMETEHTHOCT Ha 6baewuTe
cneymanucTw.

4. BupTyanHms yyebeH eKCnepMMeHT He MOoXe Wu3UsSNo Aa 3aMecTy
peanHus, a no-uenecbobpa3Ho € Aa ro AonbfiBa, YCbBbPLIEHCTBA WU
oboraTsBa;

5. MoTeHUunanHUTe BB3MOXHOCTU 3@ W3MON3BAHETO Ha BUPTYANHOTO
eKcrnepMMeHTupaHe B 06yyeHMeTO MO  TeNeKoOMyHuKaumum  ca
pa3HOObpa3HN M WU3KIUYUTENHO 60raTtu, HO KOM OT TAX U B KakBa
cTeneH ga 6baaT peanuM3anpaHu 3aBUCUM OT MHOro akTopu, KOETo e
06eKT Ha 6baewmn anaakTuyeckn paspaboTkm n ncneaBaHums.

3AKJTFOMEHUE

CumynaumsaTa MoXe fAa 3aMeHM cpepaTta, Aa nogobpu KayecTBoTO W
peanu3ama Ha oby4yeHMeTo U Aa yBenunuum HeroBaTa edpekTMBHOCT. Heobxoanm
e obaye H6anaHC Mexay peasiHu YCNOBUS U CUMMYyNaLnuN.

3a pa ycnee cuMmynauuaTa Aa NOCTUIFHE UENUTe CUM B UMKbNA Ha
obyuyeHneTto, TpsibBa Aa Ce WMHTErpuMpa B USIOCTHUS PEXUM Ha 0byuyeHue
Taka, 4Ye pa 6bae npurogeHa 3a ynotpeba B TOYHUS MOMEHT Ha
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NoAXoAsWOTO HMBO Ha obydyeHue. KbM cuMynaTtopuTe Ha WHAMBUAYASTHO U
rpynoBO HMBO Ha 0bByyeHWe cneaBa fa Ce MpeMuHe 6e3 pe3ku MpPOMEHU B
YyCNOBMSITA Ha CbLIECTBYBAWOTO 0bydyeHUe, a cuMynaunmuTe ga ce M3nonssaT
CbBMECTHO C OCTaHanuTe oby4yaBallu cpeau.
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