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MoscHuTenbHasa 3anuckKa

Hetckue TexHonapku «LLkonbHbin KeaHToprym» Ha 6ase oblieobpasoBarenbHbiX OpraHu3a-
umi (nanee — «lkonbHbin KeaHTOpuyM») co3paHbl € Lenblo opraHu3aumm obpasosartesibHOM
LeATeNbHOCTU B chepe 0BLLEro v AONOSIHWUTENIbHOrO 0OPa30BaH1s, HaNpaBIEHHOW Ha CO3AaHue
YC/IOBUM NS pacluMpeHus copepkaHus obuiero obpasosanusa. [pu pabore B «LLkonbHom
KeaHTopuyMe» y yyalumMxca pasBuBalOTCA €CTECTBEHHO-HAy4YHas, MateMatuyeckas, MHpopmauu-
OHHas rpaMoOTHOCTb, POPMUPYETCA KPUTUHECKOE U KPEaTUBHOE MbilLIEHUE, COBEPLUEHCTBYIOTCA
HaBbIKM €CTECTBEHHO-Hay4YHOW HanpaBIeHHOCTH, a TaK)Ke MOBbILLAETCA Ka4yeCTBO 0Opa3oBaHus.

Llenb n 3apaumn

* Peanusaumsa ocHoBHbix 06ueobpaszoBatesibHbIX NporpamMm no yyebHbIM npegmeram
€CTeCTBeHHO-Hay4YHOW HanpPaBNEHHOCTHU, B TOM YUC/IE B PaMKax BHEYPOYHOW AeATENbHO-
cTn obyyatomxcs.

* Paspabotka v peanusaums pasHOYpPOBHEBbIX AOMOHUTENbHbIX 06LIeo0bpasoBaTenbHbIX
NMporpaMm ecTecTBEHHO-HAY4YHOM HanpaBieHHOCTH, a TAKXKE UHbIX MPOrpaMM, B TOM YUC-
Ne B KAHUKYNSAPHbIW nepuoa.

* BoBneueHue yyalmxca v nefarormyeckux paboTHUKOB B MPOEKTHYIO AEATENIbHOCTb.

* OpraHusauma BHey4eOHOW OeATeNIbHOCTU B KaHUKYNAPHbIM nepuoa, paspabotka u pea-
NU3aLMsa COOTBETCTBYIOLLMX 0Opa3oBaTesibHbIX NPOrpaMM, B TOM YUC/ie A8 narepen, op-
raHW30BaHHbIX 06Pa30BaTe/IbHbIMK YUPEKAEHUAMMU B KAHUKYNAPHbIK nepuoa.

* [loBblweHne npodeccMoHanbHOro MactepcTea negarornyeckux paborHukos «LLkosnb-
Horo KeaHTopuyMa», peanusyroLmx OCHOBHbIE 1 AOMNOJIHUTENbHbIE 06Leobpasosarenb-
Hble NPOrpaMMbl.

Cozpanve «llkonbHoro KeaHTopuyma» Ha 6ase obuwieobpaszoBatesibHOW OpraHu3auuu
npeanonaraeT Ucnosib3oBaHWe npuobpetaemoro obopynosaHus, cpeacTs obyyeHus U BOCMu-
TaHMA AnsA yrnybnéHHOro oCBOeHMs OCHOBHbIX 06pasoBareibHbIX NPOrpaMm OCHOBHOMO obLe-
ro u cpefHero obuiero obpasoBaHus, BHEYPOYHOW AEATENIbHOCTH, NMPOrPaMm AOMNONHUTESNIbHO-
ro o6pa3oBaHu1s, B TOM YUC/Ie eCTECTBEHHO-HAYYHOW U TEXHUHYECKOM HanpasiieHHOCTEN.

Co3zpanve «LlkonbHoro KeaHtopryma» npegnonaraert paseutve obpasosaresibHoW UHdpa-
CTPYKTypbl 06LLeobpa3oBaTe/ibHOW OpraHu3aumu, B TOM 4uc/e ocHalleHue obuieobpasosa-
Te/IbHOM OpraHM3aumu:

» obopynosaHueM, cpeacTBaMmu 0bydYeHUs M BOCMIUTAHWA OJ1S paclUMPEHUS BO3MOXKHOCTEN
M3y4yeHusa (B TOM YMC/e IKCNEePUMEHTaNIbHOro) NpeaMeToB, KypPCOB, ANCUMMIIUH (Mopynekn)
€CTEeCTBEHHO-HAy4HOMN U TEXHUYECKOW HanpaBieHHOCTEN NpW peannsauum OCHOBHbIX 06-
LeobpasoBaTeibHbIX MPOrpamMM U AOMNONHUTENbHbLIX 0bLeobpasoBaTesibHbIX NPOrpamm;

* obopypoBaHveM, cpeactBamMu obyyeHus M BOCMMUTAHMA O/ HAYaNbHOrMO 3HAKOMCTBA
0by4aloLLMXCA C NPOEKTUPOBAHMEM U KOHCTPYMPOBAHWEM PobOTOB, 0OyyeHMss OCHOBaM
KOHCTPYMPOBaHUSA M MPOrpaMMUpPOBaHUA, NPUHLMNOB (BYHKLMOHUMPOBAHMUA U OCHOBbI
pa3paboTku MHOPMALMOHHBIX CUCTEM M annapaTHO-MPOrPaMMHbIX KOMIMIEKCOB U T. 4.;

* KOMMbIOTEPHbIM, MPEe3eHTaLMOHHbIM U UHbIM 0BOPYAOBaHWEM, B TOM YWC/e As peasnu-
3auuy Nporpamm AonosIHUTENIbHOro 06pa3oBaHMsA eCTECTBEHHO-HAaYYHON U TEXHUYECKOM
HanpaBneHHOCTEMN.

* MuHumanbHo HeobxoauMble hyHKLMOHASbHbIE M TEXHUYECKWE TPeOOoBaHUA U MUHUMA/Tb-
HOEKOJ/IMYeCTBO 060PYA0BaHMS, NepeYeHb PACXOAHbIX MaTeprasios, CpeacTsobyyeHnsanBoc-
nuTaHuaansaocHaweHus «LLikonbHoro KeaHTopuymas onpeaenstorca PermoHanbHbIMKOOP-
AuHatopoMmcydyeTtoMNprumepHoronepeyHs 060pyaoBaHUs, pacxoaHbIX MaTepUasnos, CpeacTs
06y4eHMANBOCMMTaHWSA BLENAX CO3aaHusA AeTCKoroTexHonapka «LLkonbHbii KeaHtopuym» .
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JKCNepUMeHT SBNAETCA MCTOYHWKOM 3HAHUW U KPUTEPUEM MX UCTMHHOCTU B Hayke. KoH-
Lenu1s COBpeMeHHOro obpa3oBaHus NoApa3yMeBaeT, YTo B yHeOHOM IKCMEePUMEHTE BeAyLLYHO
pONb [AO/MKEH 3aHATb CAMOCTOSITE/bHbIM WMCCNE[0BATENIbCKUM YYEHUYECKUM 3SKCMEPUMEHT.
CoBpeMeHHble 3KCnepuUMeHTasbHble UCCIEA0BAHUA MO (U3UKe y)Ke TPYAHO MpeactaButb 6es
MCMO/b30BaHUSA He TOJIbKO aHaNIoroBbiX, HO M LUMMPOBbIX U3MepUTeNbHbIX Npubopos. B Mene-
panbHOM rocyaapcTeeHHoM obpasosarensHom craHgapte (nanee — ®MrOC) nponucaHo, yto
OLHUM U3 yHMBEpPCA/IbHbIX Y4ebHbIX aencteui (aanee — YY), nprobpetaemMbix ydalumMmucs,
JO/MKHO CTaTb YMEHWE «NPOBEAEHUS OMbITOB, MPOCTbIX 3KCMEPUMEHTaNIbHbIX UCCNeRoBaHUM,
MPSMbIX U KOCBEHHbIX U3MEPEHUIN C UCMOSIb30OBAHWEM aHANOMOBbIX U LMGPOBbIX U3MEpPUTESNb-
HbIX NPUOOPOB».
YuebHblIi 3KCNEePUMEHT Mo (hU3MKe, NMPOBOAUMBIN Ha TPaAMUMOHHOM obopyanoBaHuK (6e3
npMMeHeHus LUMdpPOoBbIX abopatopuii), He MOXKET B NMOJIHOW Mepe obecneynTb peLueHne Bcex
obpa3zoBaresibHbIX 3a4ady B coBpeMeHHoM Lkone. CnoXxueLiasca cutyauus obycrioBeHa cy-
LLecTBOBaHWEM psiga npobnem:
* TPaAMUMOHHOE LUKONIbHOEe 060pYyAOBaHWE U3-3a OrPaHUYEHUs TEXHUYECKUX BO3MOXKHO-
CTeW He NO3BOJAET NPOBOAUTb MHOTME KOJIMYECTBEHHbIE UCC/IEOBaHNS;

* AJIUTENbHOCTb NPOBEAEHUS (PU3NYECKUX UCCNefoBaHUMIM He BCeraa cornacyercs ¢ Ajv-
TENbHOCTbIO Y4ebHbIX 3aHATUM;

* BO3MOXHOCTb MPOBEAEHWUA MHOMMX (hU3UYECKUX UCCIefOBaHUI OrpaHuyMBaercs Tpebo-
BaHUSAMW TEXHUKKU Ge30MacHOCTU U ap.

Lindposas naboparopus KapauHasibHbIM 06pPa3OM U3MEHSET METOAMKY U COAEPIKAHME IKC-
NnepuUMeHTaNbHOMN AeATENbHOCTU M MOMOraeT PeLUUTb BbillenepedncieHHble npobnemsi. LLnpo-
KWW cnekTp unbpOoBbIX AaTYMKOB NMO3BONSET yYalMMCS 3HAKOMUTBCS C NapaMeTpamu cdusnye-
CKOrO 3KCNEpPUMEHTA He TONIbKO Ha Ka4eCTBEHHOM, HO U Ha KonuyectBeHHOM ypoBHe. C nomo-
Wbto LuMcbpoBoM 1aboparoprm MOXKHO NPOBOAUTL ANUTESIbHbIM SKCNEPUMEHT JAXKe B OTCYTCTBUU
aKkcnepumMeHTatopa. lpu 3ToM u3mMepsieMble aaHHble U pe3ynbtaThl X 06paboTku oTobpaka-
OTCS HENMOCPEACTBEHHO Ha 3KpaHe KoMMbloTepa.

B npouecce dhopmrpoBaHUsA 3KCnepUMeHTasNbHbIX YMEeHWW No (hU3MKe YYalMMCs Y4uTCS
NpeaCTaBNATb MHPOPMaLMIO 06 UCCNEefOBaHMM B YETbIPEX BUAAX:

* B BepbanbHOM: ONUCbIBATL IKCMEPUMEHT, CO3AaBaTh C/IOBECHYIO MOAESb IKCMEPUMEHTA,

(u1KcHpoBaTb BHUMAHUE Ha U3MepsAEMbIX (PU3NUYECKUX BETMUMHAX, TEPMUHONOTUH;

* B TaBGNMYHOM: 3aMNONHATb TabMULbl AAHHbIX, NIEXALLMX B OCHOBE MOCTPOEHWUSA rpachmKoB
(Mpu 3TOM y yyawmxca BO3HMKAET NEPBUYHOE NPEeACTaB/eHWE O MacluTabax BesMYmH);

* B rpadmyeckoMm: CTpoUTb rpacmKku No TabauYHbIM AAHHbIM, YTO MO3BONSET NEPENUTU K
BbIABUXXEHUIO TMMOTE3 O XapaKTepe 3aBUCMMOCTU MexXAy (U3MYECKUMU BeMYMHaMu
(npy 3TOM yuuTenb NoKasbiBaeT NPEUMYLLECTBO B BM3yanM3aLuuU 3aBUCUMOCTEN MexXay
BE/IMYUHAMM, HAMMALHOCTb U MHOTOMEPHOCTb);

* B aHa/NMTMYecKoM (B BMAE MaTeMaTMYeCKUX YpaBHEHWM): MPUBOAWUTb MaTemMaTUyecKoe

ofMucaHWe B3aMMOCBA3M (PU3MYECKMUX BEIMYMH, MAaTeEMaTUYecKoe 0600bLLeHre NonyyeH-
HbIX Pe3y/bTaToB.

Mepexon K KaxxpoMmy 3Ttany npeacTaBieHUs MHpOopMauMM 3aHUMaeT JOCTaTOYHO GObLLOW
npomexxyTok Bpemeru. besycnoeHo, B 7—9 knaccax 3ToT npouecc HeobX0AMM, HO B CTapLUMX
K/laccax 370 BPeMs MOXKHO 6biio 6bl OTBECTU Ha pelueHne Bonee BaxkHbIX 3agad. B atom nnaHe
uMcpoBble 1abopatopumn NO3BOMAIOT CYLLECTBEHHO 3KOHOMUTL BPEMS, KOTOPOE MOXHO noTpa-
TUTb Ha hOPMHUPOBAHME UCCNEQOBATENBCKUX YMEHUI YYALLMXCS, BbIPAXKAIOLLMXCS B CIeAyHOLUMX
OencTBuAx:

* onpegeneHve npobnemsl;

* MOCTaHOBKA MUCC/eA0BaTENbCKOMN 3a4a4Mm;

* NIAHMPOBAHUWE pELLEHUA 3a4auMu;
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* MOCTpOeHWe Mofesnen;

* BbIABUXKEHMWE TMMNOTES;

* 3KCnepuMeHTaslbHas NpoBepKa rmnoTes;

* aHasIM3 JaHHbIX 3KCMEePUMEHTOB MMM HabMOAEHWN;

* (opMyn1poBaHWe BbIBOLOB.

MocnegHue rogpbl y ydvawmxcs HabnoQaeTcs HWM3Kas MOTUBALMA M3YYEHWA eCTeCTBeH-
HO-Hay4YHbIX AUCLUMIJIMH U, KaK ClleAcTBMe, NageH1e KadecTea obpasosaHusa. Lindposoe yueb-
Hoe obopyaoBaHMe MO3BOJAET YHALLMMCS O3HAKOMUTLCSA C COBPEMEHHBIMU METOAAMM MUCCIie-
LOBaHWA, NPUMEHAEMbIMU B HayKe, a YUUTENIO — MPUMEHSATb Ha MPAKTUKE COBPEMEeHHbIe neaa-
rornyeckne TexHonoruu. [lostomy rnaBHOM cocTaensowen komnnekta «LLkonbHoro
KeaHTopuyma» ssnsatotca umdposble fabopatopuu.

Yactb npumMepHoro yyebHoro nnaHa, opMmupyeMas y4acTHukamm obpasoBaresibHbIX OTHO-
LUEHWW, onpeaenseT Bpems, OTBOAUMOE Ha U3ydeHUe codep)kaHua obpasoBaHus, obecneun-
BAlOLLLEr0 peasniM3aLmio MHTEPECOB U NOTPeBGHOCTeN 0bydaloLWmMXCs, UX poauTenen (3aKoHHbIX
npeacrasuTesien), NeaarorMiyeckoro KoneKkTea obpasosaresibHoW opraH13aLmm.

Obyuatowuiica MeeT Npaso Ha:

* BbIOOP hakynbTaTMBHBLIX (HeObsA3aTenbHbIX ANA AAHHOMO YPOBHA 06pa3oBaHUs) U 3neK-
TMBHbIX (M36MpaeMbix B 06A3aTeNbHOM NopsAaKe) y4ebHbIX NPeaMeToB, KypCcoB, AUCLM-
navH (Moaynen) M3 nepedHs, npepnaraemoro obuieobpasoBartesibHOM OpraHusauuen
(nocne nonyyeHuns ocHoBHoro obuiero obpasosaHus);

* U3yyeHWe Hapsagdy C y4ebHbIMM MpeaMeTamu, Kypcamu, AUCLUMAMHaMKU (MogynsaMu) no
ocBavBaeMoi obpasoBartesibHOW nporpamMme obbix Apyrux y4ebHbIX NpeaMeToB, Kyp-
CoB, AucUMNAMH (Moaynen), npenogaeaemMbix B 0bLieobpasoBaTenbHOM OpraHU3auun B
YCTaHOBJ/IEHHOM €l0 MopsAKe.

IneKTUBHbIE KYpPCbl

IneKTUBHbIE KYPCbl ABNSAIOTCA HEOTbEMIEMbIMWU KOMMOHEHTAMWU BapWaTUBHOW CUCTEMbI
obpaszoBartesibHOro NpoLecca Ha CTyrneHsAX OCHOBHOro obLuero u cpeaHero (nonHoro) obuiero
obpasoBaHus, obecneynBatoLLMMK ycrewHoe npoduibHoe 1 NpodeccroHanbHoe caMmoonpe-
JeNleHne yyaLLmXxcs.

Ba)kHble hyHKLMU 3/IEKTUBHbIX KYpCOB

* MoryT BbicTynarb B KayecTee yrnybneHus matepmana B npoduibHbIX Knaccax. B saHHoMm

BapMaHTe LUKO/a CTaHOBMTCS K/accuyeckoW obpasoBaresibHOW opraHusauuen c rmybo-
KWM M3yYeHWEM pasHbIX y4eOHbIX AUCLMMIIUH.

* CnocobHbl COBEpPLLEHCTBOBATL COAEPIKATENIbHYIO YacTb OQHOrO M3 6a3oBbIX Hanpaene-
HWM, NpenojaBaHne KOTOPOro B KOHKPETHOM LIKOJIe MPOUCXOANUT Ha OCHOBE MUHWMATb-
Horo obuieobpaszoBarenbHOro craHgaprta. [aHHbi BUA, 3N1EKTUBHBIX KYPCOB MO3BONSET
YB/IEKAIOLMMCS CTapLUEK/ITAaCCHUKAM YAOB/IETBOPUTL CBOM MO3HaBatesibHble NoTpebHo-
CTV ¥ NPUOBpPeCTH NosiesHbIN onbIT, Hanpumep ansa caaym EMN3 no seibpaHHoM avcumunnm-
He Ha NpodHUNbHOM YPOBHE.

* OpueHTUpOBaHbI Ha yOBNETBOPEHWE NMO3HABATE/IBHOMO MHTEPECA OTAESbHbIX YHaLLMUXCS
B chepax AesATeNbHOCTM, HAXOAALLMXCA 3a paMKaMu BbibpaHHOro UM npodunsa. Hanpu-
Mep, YaCTO MOXET BO3HWKHYTb CUTyaLus, KOraa CTapLlleKNacCHUK YYMTCS B Klaccax Tex-
HWYECKOWM HanpaB/IEHHOCTH, HO NPOSIBNAET MHTEPEC 3NIEKTUBHOMY KYPCY MO MCUXONOrUn
WU MeguUMHE.

dneKTUBHble HanpaBNeHUA — HOBas CUCTeMa WHAOMBMAYyanu3auMM M aKTyanusauuu
yuebHoro npouecca. C YETKO BbICTPOEHHbIMM 3Tanamu 3/1EKTUBHbIX HanpaeneHu niobon yya-
LMHACA cnocobeH 0byUnTbCA KOHKPETHOMY BUAY y4eOHOM AeATeNbHOCTM U CKOHLEHTPUPOBATb
MHTeNIeKTyaNbHble YCUUA Ha NtoboK 13 cchep 3HaHWM.
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[naBHas cneunduKa 3NeKTUBHbIX HanpaBleHUM — BapUMaTUBHOCTb, KOTOpasa AAET yYallunM-
cA npaBo 6ecrnpenATCTBEHHO BbIOPaTb WMHAMBMAYaANbHYIO OOpPa3OBaTeNibHYD TPAEKTOPUIO,
obecneunBaroLLyto MX MpodeccroHanbHoe camoornpeneneHue. DNIEKTUBHbIE KypCbl ocyLie-
cTenATCA Gnarogapsa BapMaTMBHOM CoCTaBnsaoLLen ydebHon nporpammsbl. Kak npasuno, anek-
TUBHbIE 3aHATMA MOCELLAIOT FPYMMbl, COCTOAWME M3 HEBOMbLIOro YMCia CTapLUEKIAaCCHUKOB,
KOTOpble NPOSBNAIOT XXMBOW MHTEPEC K AUCLMMIINHE.

Tunbl 3/1EKTUBHBIX KYpPCOB

Mo>KHO BblAeNWUTb CrieayioLLMe TUMbl 3NIeKTUBHbIX KYPCOB:

npegmeTHble;

MeXnpeaMeTHble;

3/1EKTUBHbIE KYPCbl, HEe BXOASALLME B Ba3nCHbIN y4ebHbIN niaH.

Llenb npeaMeTHbIX 3/IEKTUBHbIX KYPCOB — YyBe/IMYEHWE U MOMNOJSIHEHWe 3HAHWK yya-
LLMXCA MO KOHKPETHbIM AUCUMMIMHAM, BXOAALWMM B Ba3MCHbIM y4ebHbIN niaH obweobpasosa-
Te/IbHOW OpraH13aumu.

MNpenMeTHble 3/1eKTUBHbIE KYPCbl MOXHO pa3fenuTb Ha:

* 3/1eKTMBHbIE KYPCbl NOBbILLIEHHOIO YPOBHS;

* 3/1eKTUBHbIE KYPCbI A5 YIyONeHUs OTAeNbHbIX pa3AenoB OCHOBHOIO Kypca;

* NPUWKNaaHble 3/1IEKTUBHbIE KYPCbl;

* 3/IeKTUBHbIE KYPCbl, MOCBALLEHHbIE UCTOPUU U3y4aeMOW AWUCLUMIIUHBI, PACCMOTPEHUIO

MEeTOA0B HAaY4YHOro NO3HAHMA NPUPOAbI, METOLOB pPeLLeHMs 3aaau.

DNEeKTUBHbIE KYPCbl MOBbLILIEHHOrO YPOBHSA WMCMONb3YIOTCA AAA YrybneHusa copepyaHus
onpenenéHHon AUCUMMIUHBI.

DneKTUBHble KypCbl ANs YrnybieHus oTAeNnbHbIX Pa3faesioB OCHOBHOIO Kypca MOryT Kak Ha-
XOAMUTLCA, TaK U HE HAXOAMUTHCA B YHEOHOM M1aHe KOHKPETHOW AUCLMIIIMHDI.

MNpuKknagHble 3NeKTUBHbIE KYPCbl NpeAHAa3HA4YeHbl A1 O3HAKOM/IEHUS YYaLLMXCA CO CMOCO-
6aMU M TEXHOMOrMAMU WCMONb30BAHUSA MPUOOPETEHHDBIX 3HAHMIA B MOBCEAHEBHOMW >KU3HM, a
TakXKe AN POPMUPOBAHUA UX MHTEPECA K MHHOBALMOHHBLIM BMAAM TEXHUKMU U Hay4HbIM obna-
cTAM.

DNEeKTUBHbIE KypCbl, MOCBALLEHHbIE UCTOPUM M3YHAaEMOW OWMCLMMIMHBI, MOFYT ObiTb MO0
MHTErpupoBaHbl BHYTPb y4ebHOro nnaHa obpasosaresibHOM opraHvM3auuu (Hanpumep, UCTopu-
YeCKue acneKkTbl PU3MKU, XUMUWU, MaTEMATUKK), TMOO HAXOAWUTLCA BHE y4ebHOro mnaHa npo-
rpaMmbl (MCTOPUSA NCUXONOTMU, UCTOPUSA HAYKU U Op.).

DNeKTUBHbIe KypCbl, MOCBSALLEHHbIE PACCMOTPEHUIO METOLOB PeLUeHUs 3a4a4y, MOryT BKJItO-
yaTtb B cebs nobble yyebHO-NO3HaBaTeNbHble 3aAa4u (MatemaTuyeckue, dusndyeckue, bruono-
rMyeckue v T. 4.). [laHHble KypCbl OpUeHTUPOBaHbl Ha 0606LLeHe nporaeHHOro yyebHoro ma-
Tepuana no BbibpaHHOMY npeamety U hopMyIMpOBaHUE OMNpeneNiéHHbIX BbIBOLOB HA OCHOBE
3KCNepuMeHTa.

Lienb mexxnpeaMeTHbIX 3/IEKTUBHbIX KYPCOB — CUHTE3 3HAHMI CTAPLUEKIACCHUKOB 06
OKpY’KatoLLMx MUpe.

Lienb 3n1eKTUBHbIX KYpPCOB, He BXOAAWMX B 6a3MCHbIN y4ebHbIN NaaH, — paccMoT-
peHue BOMPOCOB MCUXOSIONUKU, COLMANU3aLMm, KysbTypOnOrMn, UCKYCCTBOBELAEHUS U APYruX
npeaMeTHbIX obnacren.

3apayum 3NIeKTUBHbIX KYPCOB:

* COLEWCTBME CaMOONpPeneNeHUIO yyaLLMXcs 1 Bblbopy byayluen npodeccMoHanbHoOW ae-

ATENbHOCTH;

* 3HAKOMCTBO Y4YaLLMXCA C OCHOBHbIMW BUAAMU AEATENBHOCTU A1 KOHKPETHOMO KypCa,;

* CTUMYNMPOBAHWE NO3HABATE/IbHOM aKTUBHOCTH YYaLLMUXCS;

* yBenuyeHve MHHOpPMaTUBHONW U KOMMYHUKATUBHOM MPAMOTHOCTHM YYaLLMXCS;
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* (hopMHUpoBaHUe NO3UTUBHOM OOCTAHOBKM B XO4€ M3Yy4eHWUs AaHHOro obpasoBaTenbHOro
Kypca.

YKasaHHble TWMbl 3IEKTUBHbIX KYPCOB pas/ivMyaloTcs LensmMu, 3ajadamy U CTPYKTYpoOK, oa-
HaKO KaXKAbli U3 HUX JLOJIKEH OTBEYaTb 3anpocaMm yYaLlMXCs.

[ns peanusaumu 31eKTUBHbIX KYPCOB PEKOMEHOYeTCsi NpUMeHsATb uucbpoBble obpasosa-
TesbHble TEXHOIOMMH, LUMbpoBble 0bpa3oBarenbHble pecypcbl (HanpuMep, 3MEeKTPOHHbIE Bapw-
aHTbl y4ebHbIX MaTepuanos, nocobui, cnpaBoyHUKoB). OTMETUM, YTO B HacTosLLEe BPeMA pas-
paboTaHO MHOXKECTBO BbICOKOKAYECTBEHHbIX 3/IEKTPOHHbIX MPUIOXKEHWUHN, aKTUBHO pa3BUBaIOT-
CSA 3NEKTPOHHble OUOIMOTEKM, CO3LJAIOTCA TEXHONOMMM MPUMEHEHUS LMGPOBbLIX Y4eOHbIX
MaTepUasioB Ha 3aHATUAX U 415 cCaMOObOpPa30BaHMSA yHaLLMXCS.

HopmaTtusHas 6a3a

MdepepanbHbiit 3akoH ot 29.12.2012 Ne 273-D3 (pea. ot 31.07.2020) «O6 obpazosaHuu B
Poccuickoit @epepaummn» (c usm. u gon., ectyn. B cuny ¢ 01.09.2020). — URL: http: / /www.
consultant.ru/document /cons_doc_LAW 140174 (nata obpaweHus: 28.09.2020).

Macnopt HauuoHanbHoro npoekta «Ob6pasosaHue» (yTe. npesuanymom Coseta npu [pe-
3ngeHte P® no crtparernyeckoMy pasBUTMIO W HALMOHA/IbHbIM MPOEKTaM, MPOTOKOA OT
24.12.2018 Ne 16). — URL: http:/ /www.consultant.ru/document /cons_doc_LAW_ 319308/
(nata obpawenus: 10.03.2021).

locynapcteeHHas nporpamma Poccuiickon ®Pepepaumn «Paseutve obpasosaHusa» (yTs.
MoctaHosnenuem Mpaeutensctea PO ot 26.12.2017 Ne 1642 (pea. ot 22.02.2021) «O6 yteep-
OEeHWU rocyaapcTeeHHon nporpammbl Poccuiickon Pepepaumn «Paseutve obpasoBaHus».
— http: / /www.consultant.ru/document /cons_doc_LAW 286474 /cf742885e783e08d9387
d7364e34f26f87ec138f/ (nara obpawenus: 10.03.2021).

MpodeccuoHanbHbii ctangapt «leparor (negarornyeckas AesTENbHOCTb B AOLIKOJIbHOM,
HayanbHOM 06LieM, OCHOBHOM 0bLieM, cpegHeM obuiem obpasosaHuu), (BocnuTatesb, yuu-
Tenb)» (pep. ot 16.06.2019) (Mpukas MuHucTepcTBa Tpyaa M coumanbHoM 3awutbl PO
ot 18 oktabpsa 2013 r. N2 544H, c n3MeHeHUAMK, BHECEHHBIMU MpUKa3oM MuHKUCTepcTBa Tpyaa
n cousawmTbl PO ot 25.12.2014 Ne 1115H u ot 5 aBrycta 2016 r. Ne 422H). — URL: http://
knmc.centerstart.ru/sites /knmc.centerstart.ru /files /ps_pedagog_red_2016.pdf (nata o6-
pawenus: 10.03.2021).

MpodeccroHanbHbli cTanaapT «lleparor gononHuTenbHOro obpasoBaHUA AeTel U B3pOC-
nbix» (Mpukas Munuctepctea Tpyaa v coumanbHon 3awmtel PO ot 05.05.2018 Ne 2981 «O6
yTBEepKAeHun npodeccuoHanbHoro ctaHgapta «legaror gononHutenbHoro obpasosaHusa ae-
Ten n B3pocnbix»). — URL: / /https: / /profstandart.rosmintrud.ru /obshchiy-informatsionnyy-
blok /natsionalnyy-reestr-professionalnykh-standartov /reestr-professionalnykh-standartov /
index.php?ELEMENT _1D=48583 (narta ob6pawexus: 10.03.2021).

MdepnepanbHblii rOCYAapCTBEHHbIM 0Bpa30oBaTe/ibHbIA CTaHAAPT OCHOBHOMO obLiero obpaso-
BaHuA (yTB. mpukasoM MuHuctepctBa obpasosaHua M Hayku Poccuiickon Depepaummn ot
17.12.2010 Ne 1897) (pea. 21.12.2020). — URL: https: / /fgos.ru (nara obpawenus: 10.03.2021).

MdepepanbHblii rOCYAapCTBEHHbIM 0Opa3oBaTe/ibHbIi CTaHaApT cpeagHero obuiero obpaso-
BaHuA (yTB. mMpukasoM MuHuctepctBa obpasoBaHua M Hayku Poccuickon Depepaummn ot
17.05.2012 Ne 413) (pea. 11.12.2020). — URL: https:/ /fgos.ru (aata obpawenus: 10.03.2021).

MeToguueckne pekoMeHAaLMK NO CO34AHUIO U (DYHKLMOHUPOBAHUIO AETCKUX TEXHOMAPKOB
«KBaHTOpHyM» Ha 6ase obuieobpasoBarenbHbiXx opraHusauui (yTe. pacnopsikeHnem MuHu-
cTepcTBa npoceeweHua Poccuiickon @epepaumm ot 12.01.2021 Ne P-4). — URL: http: / /www.
consultant.ru/document /cons_doc_LAW 374695/ (nara obpawerus: 10.03.2021).
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MeToguueckne pekoMeHAaUWMM MO CO3AaHUIO U (DYHKLUMOHUPOBAHUIO LLEHTPOB LIM(MPOBOro
obpazosanusa «IT-kyb6» (yTB. pacnopskeHnem MuHucTepcTa npocseleHuns Poccuiickon QPe-
fepaumm ot 12.01.2021 Ne P-5). — URL: http:/ /www.consultant.ru/document/cons_doc__
LAW 374572 / (nata obpaluerus: 10.03.2021).

MeToanuyeckne pekoMeHIaLUK Mo CO34aHMI0 U hYHKLMOHMPOBaHHWIO B 0bLeobpasosaresib-
HbIX OpraHM3aLmax, PacrnosIOKEHHbIX B CE/IbCKOM MECTHOCTU U MasblX ropofax, LeHTpoB 06-
pa3oBaHWs eCTECTBEHHO-HAYy4YHOM M TEXHOJIOrMYeCKOW HanpaBnieHHocTen («Toyka pocTas)
(ytB. pacnopsikeHnem MuHuctepctBa npocselteHuns Poccuickon @epepauun ot 12.01.2021
Ne P-6). — URL: http:/ /www.consultant.ru/document/cons_doc_LAW 374694/ (pata o6-
pawenusa: 10.03.2021)..

Mucbmo MunuctepcTea obpasosaHusa 1 Hayku Poccuiickon Pepepaumn ot 04.03.2010 r. Ne
03-413 «O meTOAMYECKMX pEKOMEHAALMAX MO peanu3auuu 3neKTUBHbIX Kypcoe». — URL:
https://base.garant.ru/55183277 / (nara obpauwenus: 10.03.2021).

OcCHOBHbI€ NOHATUA U TEPMUHDbI

depepanbHbii rocyaapcTBeHHbI obpasoBartenbHbii ctaHaapt (ProC)
— 3TO COBOKYMHOCTb TpeboBaHWi, 0OsA3aTe/bHbIX MPU peanu3auumv OCHOBHbIX
obpazoBaresibHbIX MPOrpamMM HayasbHOro 06LLEr0, OCHOBHOMO 06LLEero, cpeaHe-
ro (nonHoro) obuiero, Ha4anbHOro NpPodeccruoHasnbLHOro, cpeaHero npodeccuo-
Ha/IbHOro M BbICLIEro NpodeccMoHanbHoro obpasosaHus obpasoBaresibHbIMU
yYpeXKAeHUSAMU, UMEIOLLUMU FOCYAAPCTBEHHYIO aKKpeauTaLmio.
YHuBepcanbHble yyebHble percteua (YY) — 310 coBoKynHocTb crnoco6os
AEeNCTBUM obyuarolerocs, Kotopas obecrneymBaeT ero CnocobHOCTb K caMoCTos-
TE/IbHOMY YCBOEHMIO HOBbIX 3HAHWH, T. €. CNOCOBHOCTb CyObEKTA K CaMOPa3BUTUIO
M CaMOCOBEpPLUEHCTBOBaHMIO MYTEM CO3HATENbHOIO M aKTMBHOMO MPUCBOEHWUS HO-
BOrO COLMAsIbHOrO OMbITa.

«lWkonbHbin KBaHTOPpHMYM» — 3TO (hefepanbHas ceTb AETCKUX TEXHOMAPKOB
«KBaHTOpHyM» Ha 6ase obuieobpasoBarenbHbIX OpraHv3auui, copMUpPOBaH-
Hasa B paMKax npoekrta «CoBpeMeHHas LWKonay.

LUudposas naboparopus no ¢puanmke — 370 KOMMIEKT, COCTOALLMMN M3 AATHMKOB
A1 U3MEPEHUA WU PErucTpaLmmu pas/iyHbiX NapameTpos, MHTepdeinca ana cbopa
AAHHbIX M MPOrpaMMHOro obecneyeHusl, BU3yasIM3MPYHOLLErO 3KCNepUMEHTasIbHbIE
JaHHbIE HA 3KpaHe.

MynbeTupgaTunMk — undbpoBoe YCTPOMUCTBO, BbINOJIHEHHOE B BUAE nnardopmbl €
MHOTOKaHaJIbHbIM U3MEpPUTENIEM, KOTOPbI OQHOBPEMEHHO MOJlyYaeT CUrHasbl C
PasIMYHbIX BCTPOEHHbIX AATYMKOB, Pa3MELLEHHbIX B €AMHOM KOpryce YCTpOW-

cTea.

dneKTUBHbIE KypCbl — 3TO obs3aresibHble Kypcbl MO BbIOOPY ydawimxcs W3
KOMMOHEeHTa 0Opa3oBaTeNbHOM OpraHu3auuu, BXOAsLIME B COCTaB npodus
0byyeHus.

MeToguyeckve pekoMeHZauuu no peanusauun obpasoBartesibHbiX MPOrpaMM B pamKax
npenoaasaHusa U3NKK C UCnonb3oBaHUeM obopynoBaHus TexHonapka «LLkonbHbin KeaHto-
pruym» (7—9 Knaccbl) BKtovaloT B cebs:
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* onucaHuWe MaTepuasibHo-TexHUYeckom 6asbl «LLIkonbHoro KeaHtoprymas, ucnonb3yemo-
ro ans peanusaumm obpasosaresnbHbiX NPOrpaMM B paMKax npenoaaBaHus U3nKK;

* npumep paboyen nporpamMmbl No Gusmke 7—9 KNaccos Ans opraHU3aunmn usyyeHus du-
3UKM C UCMONb30BaHWeM obopyaoBaHus TexHonapka «LLkonbHbii KeaHToprym»;

* npuMepbl YPOKOB, flabopartopHbix paboT, TeM NMPOEKTHbIX PABOT U BHEYPOUHbIX 3aHATUI
C ucnosnb3oBaHueM obopynoBaHusa TexHonapka «LLkonbHbi KeaHtopuym».
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OnucaHue matepuanbHO-TEXHUYECKOMU 6as3bl
«lWkonbHOro KeaHtopuyma», ucnosibyemoro
ANA peanu3auun obpasoBaresibHbIX NpOorpamMm
B paMKax npenogaBaHua GpU3UKHU

B cocrtas ueHtpa «LUkonbHbin KBaHTOprym» no ¢usmke BxoasaT 6asosas (obs3atesibHas)
yacTtb ¥ gonosiHuTtenbHoe obopynosaHue. bazosas yacTb COCTOMT U3 LUMPPOBBIX AATYMKOB U
KOMMNIEKTOB COMYTCTBYIOLLMX 3/IEMEHTOB AJ11 OMbITOB MO MexaHWKe, MOseKynspHou ¢usuke,
3/71eKTPOAMHaMKKe U onTuKe. JlononHutensHoe obopyaosaHue (NpodunbHbIM KOMMNEKT) Npea-
cTraenset cobow undposyto naboparopuio no dusuke (puc. 1).

BasoBbiit KOMNNEKT 060pyaoBaHUA
«lWkonbHoro KeaHtopuyma» no ¢pusmke

[aHHbIM KOMNNEKT NpeacTaBneH CneayoLwnuMm AaTinKamu.

[atumuk abconoTHOro paBneHus

Hartunk (puc. 2) npouseoauT U3MepeHuss abcontoTHOro AaBneHus. YyBCTBUTENbHBIN 351eMeHT
[aTyMKa BbINosiHeH Ha 6ase MOHOIMTHOrO KPEMHUEBOTO Mbe30PEe3nCTOpPa C BHEAPEHHOW TEH30pe-
3UCTUBHOM CTPYKTYpPOM, KOTOpas NO3BOJISIET UCK/IIOUYUTb BO3MOXKHbIE MOTPELUHOCTU U AOCTUIHYTb
HeobXOAMMOMN TOYHOCTU U3MepeHU. B komMnnekT gatunka abCoMOTHOrO AaBNeHWss BXOAWT rMo-
Kas repMeTMyHas TpyoKa 415 NOLAKIIIOHEHUS LWTyLepa AaTiMKa K 1abopatopHOMy 060pyA0oBaHMIO.

amime paesesus

Puc. 2. Jatuunk abco-
Puc. 1. Undposas nabopatopus no dusmke JIIOTHOTO AaBNeHUs
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TexHMUYeCKMe xapaKTEPUCTUKHU AaTYMKa aBCONMIOTHOro AaBNEHUA:
* aunanasoH usmepenus — ot 0 go 700 «[a;

* paspewenne — 0,25 kla (cm. puc. 2);

* marepuan Tpybku — nosmypeta;

* nnuHa Tpybkn — 300 mm;

* BHYTPEHHMWI AnameTp Tpyoku — 4 mMMm.

Jatuuk nonoxkeHusa (MarHUTHbIN)

Hatuuk (puc. 3) uamepseT BpeMeHHbIe OTPE3KW MeXy MOMeH-
TaMKn NPOXoXAeHUa obbeKTa psAaoM ¢ 6eCKOHTAKTHbIMU AeTeKTopa-
Mu. BeckoHTakTHble [eTeKTOpbl ABMAIOTCA BbIHOCHBIMU M KPEnATCs
Ha MeTa//IMYeCKOMN USIM MarHUTHoOW nosepxHocTU. Konnuectso ocei
U3MEpPEHUA AaTUMKa MOSIOXKEHUSA paBHO 3, AMana3oH U3MEPEHUI No
Karkgon us ocen X, Yu Z coctaenset ot 0 go 360 rpag.

TexHUUYECKMEe XapaKTEPUCTUKHU AaTYMKA NOJTOXKEHUA:

* KOJINYECTBO AeTeKTopoB — 4 wr.;

* [OMameTp Koprnyca geTektopa — 8 mm; Puc. 3. [latunk nonosxe-
* TMN geTeKTopa — repKoH; HUst (MarHnTHbIN)

* QMaMeTp pasbéMma-witekepa — 3,5 Mm;

* anvHa Kabens gna netekropos — 300 mm.

Momumo partumkoe UMdpoBoOK nabopatopun ANA NposefeHUs (PU3UYECKUX IKCNEPUMEH-
TOB, B 6a30BbIi KOMM/IEKT BXOAAT HEKOTOPbIE COMYTCTBYIOLLME 3/IEMEHTI.

Komnnekm conymcmByrowsux snemeHmo8 onsa sakcnepumeHmoB no mexaHuke (puc. 4).

Ha6op Ne 1 Ha6op Ne 2

Ha6op Ne 3 Ha6op Ne 4

Puc. 4. Komnnekr CONyTCTBYHOLWHNX 3NIEMEHTOB OJ14 3KCNEPUMEHTOB NO MéXaHUKe

B cogeprkaHue 1
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KBAHTOPHNYM D®OU3UKA

B cocTtae komnnekTa BXOOAT YETbIpE Ha6opa. PaCCMOTpMM COCTaB BXOAALlEro B HUX o60py-
AoBaHuA.

Ha6op Ne 1

Becbl anekTpoHHble yyebHble.

N3amepuTenbHbin uunmHap (06bvém 250 mn)

2 nnacTMKoBbiX cTakaHa (06bém 300 mn Kaxabli)

OuHamometp N 1 (npepen usmepexusa 1 H)

OuHamomeTp Ne 2 (npepen nsmeperus 5 H)

Mpy3 umnuHapuueckmii s ctanu: V= (25,0 £ 0,3) cm3, m = (195 % 2) r, c KptouKom.
Fpy3 uMAMHApUYECKMH U3 antoMmmHuesoro cnnasa: V= (25,0 £ 0,7) cm3, m= (70 £ 2) r
py3 uMAMHApPUYECKHH U3 cneumanbHoro nnactuka: V= (56,0 = 1,8) cm3, m= (66 £ 2) r
py3 uMnmMHApUYEcKuii us antommHuesoro cnnasa: V= (34,0 £0,7) cm3, m=(95% 2) r
lNoBapeHHas conb B KoHTeMHepe 13 [1BX

Manouka pns nepemMeLllMBaHUA, HUTb

Ha6op Ne 2

LLitaTne nabopatopHbiii C Aeprkarteniem

OuHamomeTp N2 1 (npepen nsmeperus 1 H)

OuHnamomeTp Ne 2 (npepen usmepexusa 5 H)

2 Npy>KWHbI Ha NNaHLwweTe: XXEcTKocTb NpYuMHbl N2 1 (50 = 2) H /M, »K€CTKOCTb NpY>KWHBI
Ne2(10£2)H/m.

3 rpysa maccow (100 % 2) r kaxkabin

Habop rpy3os, o6o3HadeHHbix N2 4, Ne 5, N2 6 1 3aKpensiéHHbIX Ha Kprouke
JlnHeinka nnactukoeas (anmHa 300 mm)

TpaHcnopTup MeTanInyecKum

Bpycok nepesiHHbIM Maccor (50 £ 5) r ¢ KpIOYKOM U HUTBIO
Hanpasnsiowan c 1amMepuTesbHOM LLKaNon

Ha6op Ne 3

LLitatne nabopatopHbliit ¢ MydTOMH

Pbluar c kpenneHvsamu ons rpysos

Bnok noaBuxHbIM

Bnok HenoaBWXHbIN

Hutb (anvHa He meHee 1,2 M)

3 uMnuHgpuyeckmx rpysa us ctanu maccon (100 £ 2) r kaxkabiv
OuHamomeTp nnaHweTHbIn (Npesen namepenus 5 H)

JlnHnenka nnactukoeas (anmHa 300 mm)

TpaHcnopTup MeTanIMYyecKum

Ha6op Ne 4

12

DNeKTPOHHbIN CEKYHAOMEP C AaT4MKaMK (YKOMMNIEKTOBAH 3/IeMEHTaMu NUTaHWA)
MarHuToynpasnsieMble repKOHOBbIE AATYMKM CEKYHAOMepa (AaTyMKK C KpYroBoM 30HOWM
4yBCTBUTE/IBHOCTH)

MexaHunueckas ckambs (ganHa 700 mm)

Bpycok nepeBsiHHbIM: m = (50 = 2 )
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LLitatve nabopartopHbii ¢ MydTOM

TpaHcnopTup MeTannuyeckun

Hutb (onuHa He meHee 1,2 M)

Jlenta mepHas (gavHa 1000 mm)

4 umnuHapuyeckux rpysa us ctanu maccow (100 £ 2) r kaxabiv

2 npyXuHbl: XEcTKocTb npyxxuHbl Ne 1 (50 £ 2) H/m, eéctkocTb npyxuHbl Ne 2
(20 2)H/m

Mpy3 unnunapuueckuii maccon (100 * 2) r ¢ kptoukom

Tpybka antoMuH1eBas

Komnnekm conymcmByrowyux 3nemeHmoB 0nsa sxcnepumeHmo8
no moneKkynapHou ¢usuke (puc. 5).

Puc. 5. KoMmnnekT conyTcTByOLWUX 3IEMEHTOB AJ1S1 SKCMEPUMEHTOB MO MOJIEKYNIAPHON husmke

B cocrtae komnnekra BXOOAT cnepytouine I'IpVI60pr n Martepualbl.

Kanopumetp

TepmomeTp

Becbl anekTpoHHbIe

N3mepuTenbHbii umnmHap (MeH3ypka) ¢ noactakaHHukom us MNBX (o6bém 250 mn)
[Py3 UMNMHAPUYECKUI U3 aNtOMUHMEBOTO crslaBa Maccon (68 % 2) r ¢ kptoukom
lpy3 umnuHapuueckuii u3 ctanm maccoi (189 £ 2) r c kproukom

Komnnekm conymcmByrowjux 3nnemeHmoB ons skcnepumeHmo8
no 3nekmpoduHamuke (puc. 6).

Puc. 6. KomnnekT conyTCTBYIOLLMX 3/IEMEHTOB AJ1A 3KCMEPUMEHTOB MO 3NEKTPOAMHAMUKE

B coctae KoMnneKTta BXxogAaT cnegytolime npubopbl M Matepuasbl.

NCTOYHMK NUTaHUA NOCTOAHHOTO U nepeMeHHOro Toka nnbo 6aTap617IHbII7I 610K
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BonbtmeTp aByxnpepencHbii: npeaen nsmepenusa 3 B, ueHa penenus wkanol C=0,1 B;
npeaen usmeperus 6 B, ueHa penenns wkanel C=0,2 B

AmnepmeTp aByxnpenenbHbli: npeaen namepenus 3 A, ueHa genenus wkanol C = 0,1 A;
npenen usmepenus 0,6 A, ueHa penenus wkansl C =0,02 A

Pesnctop R1 conpotusnenuem (4,7 = 0,5) Om

PesucTtop R2 conpotuenexuem (5,7 = 0,6) Om

Peauctop R3 conpotuenenuem (8,2 = 0,8) Om

Habop 13 3 npoBosioYHbIX pe3nCTopoB

dneMeHT anekTpuyeckom Lenu (peocrar) conpotusnerHmem 10 Om

Kntou ana pasmbikaHWs U 3aMblKaHWS 3N1EKTPUYECKON Lenu

Komnnekt nposonoBs

Jlamnouka HanpskeHuem 4,8 B

Komnnekm conymcmByrowyux anemeHmoB onsa sxkcnepumeHmoB no onmuke (puc. 7).

Puc. 7. Komnnekr CONyTCTBYHOLWMNX 3IEMEHTOB AOJ14 3KCNEePUMEHTOB MO ONTUKE

B cocTaB KoMnnekTa BXOAAT cnepytoLime npubopbl U Matepuansbl

B

NCTOYHUK NUTaHKMA NOCTOSIHHOIO TOKa, BbINPSMUTENb C BXOAHbIM HanpsikeHnem 36+42 B
unu 6atapenHbii 610k 1,5+7,5 B ¢ BO3MOXXHOCTbIO PEryfIMpOBKU BbIXOLHOIO HaMNpsXXeHUs
Cobupatowan nuH3a 1: dhokycHoe paccroarue F;= (100 = 10) mm

Cobupatowas nMH3a 2: okycHoe paccrosHue F, = (50%+5) mm

PaccewuBatowas nvH3a 3 (pokycHoe pacctosHue F3 = —(75 £ 5) mm

JlnHenka nnactukosas (anmHa 300 mm)

JKpaH cTanbHOM

Hanpaenstowas ¢ uameputenbHon wkanou (anmHa 730 mm)

KomnnekT npoeonos

Kntoy fBYXMNO3MLMOHHDBIV AN pa3MblKaHWUA U 3aMblKaHWUA 31IEKTPUYECKOW Lienu
OcBeTunTenb ¢ UCTOYHUKOM cBeTa HanpsxeHuem 3,5 B

LLleneBas guacparma

Cnang «Mopenb npegmeTa» B pentepe

MNonyumnunap

MnaHweT Ha nnoTHoM nucte A4 c KpyroebiM TPAHCMOPTUPOM

MpodunbHbLIN KOMNNEKT 06opyaoOBaHUA
«lWkonbHoro KeaHtopuyma» no pusmuke

cocTtas npodunbHOM LndpoBoi nabopatopun BXOAAT oanMH BecrnpoBoAHOW MyNnbTUAAT-

unk Releon Air «®usuka-5», nporpammHoe obecnedeHue Releon Lite u aByxkaHanbHas npu-
cTaBKa-ocuunnorpad.

14
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BecnpoeoaHoit mynstugatuuk Releon Air «®usuka-5»

BecnpoBogHOM MynbTUAATYMK BbINOSIHEH B BUAE NAaTopMbl C MHOrOKaHalbHbIM U3MepU-
TeNleM, KOTOpbIi OQHOBPEMEHHO MOJy4aeT CUTHasbl C Pa3/IMYHbIX BCTPOEHHbIX AATYMKOB, pas-
MeLLEHHbIX B €4MHOM Koprnyce yCTponcTBa. becnpoBogHble MynbTMAATYMKM NOAKNIOYAIOTCA K
NAaHLLETY UK KOMMbloTepy Hanpsmyto. MNpu 3Tom HeobxoanMa noaaepkka pabotsbl No NpoTo-
kony Bluetooth low energy (BLE) 4.1, 6e3 nononHWTeNbHbIX PErMcTPaTopoB AAHHbIX C MOMO-
LLbIO BXOAALLLEN B KOMMNJEKT ek (puc. 8).

| pdIRELEQ

Puc. 9. becnpoBoaHoOW MynbTMAATYMK

Puc. 8. Bluetooth-aganTep Releon Releon Air «®usumka-5»

PaccMoTpuM TexHUYECKME XapaKTepUCTUKK, CXeMY U COCTaB BeCrnpoBOAHOro My/ibTUAATHYM-
Ka Releon Air «®u3unka-5» (puc. 9).

TexHU4YeCcKue xapaKTepUCTUKU MYNbTUAATYMKA:

* paspsagHocTb BCTpoeHHon ALM — 12 6ur

* MaKcuMmanbHas Yactota ouncdposku curHana — 100 klu

* uHTepdenc nogkntodeHnsa — Bluetooth low energy (BLE) 4.1

* BCTpOEeHHas namsaTb o6bémom 2 Kbawnt

* HOMWHanbHOe HanpshkeHue barapen — 3,7 B

* @MKOCTb BCTpoeHHow 6atapen — 0,7 A -y

* KOJIMYECTBO BCTPOEHHbIX AATYMKOB — 6 L.

Cxema MynbTHpaTymKa

B cxemy mynbtupatumka (puc. 10) Bxoast cnegytouime 3neMeHTbl:

1 — pazwém USB (ucnosb3yemcs mossKo 0715 3apsoKu

ycmpoticmBa);

1 RELEON 2 — pa3véM 0/19 NOOKIIOYEHUS WYNa MA2HUMHO20 NOJIS;

r AR 3 — uHOukamop cocmosHus conpsikeHus Bluetooth;
.18 e L—5 4 — nopm damyuka abcoom+ozo daBnieHus;

9 5 — pa3vém 019 noOKIIoYEeHUS wWyna 0amy4uKa amMnepMempdad;
3 8 6 — pa3vém 0ng nodkawyeHus wyna Oamyuxka Boabm-
33— —_— mempa;
. @ 7 — uHOuKkamop cocmosiHus BcmpoeHHol 6amapeu;
2 —H L 8 — pas3vém 0ns nodKroYeHUS meMnepamypHoO20 30HOA;
9 9 — eduHas KHonka BkaroueHus;
CAEAAHD B POCCIAN

200001 i 10 — ceputiHbil Homep 6ecnpoBodHO20 MyILMUAAMYUKA.

Puc. 10. Cxema mMynbtuaaTymKka

B coneprxaHue 15
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[aTtumK yCcKOpeHUs yCTaHOBNIEH BHYTPU KOpMyca My/bTMAATYMKA, OCU AAT4YMKA YKa3aHbl Ha

JIMLLEBOM NaHesnu.
CocTaB MynbTupaTumMKa

AaTuyuK HanpaXxeHUsa

r » |

Puc. 11. latunk Hanps>keHUs

JdaTtuuk ToKa

Puc. 12. [atumk Toka

ﬂaTqm( MarHMTHOro nonsa

Puc. 13. laTumK MarHMTHoro rnons

16

Hatunk HanpsykeHusa (puc. 11) nsmepsiet 3HavyeHus no-
CTOSIHHOIO U NepeMeHHOoro Hanpsi>keHus. B komnnekrte pat-
YMKa HaxXoAATCA NPOBOAA Pa3HOro LBeTa C 3aXXMMaMu TUna
«KPOKOAMI» A5l NOAKIIIOYEHUS K 3NEKTPUYECKUM CXeMaM M
LUTEKEpaM 415 coeiMHeHUs ¢ 6eCnpoBOAHbIM MybTUAATHU-
koM. [InanaszoH uM3mepeHus BbibMpaeTcsa B NMpOrpamMmMHOM
obecneyeHnn cbopa v 06pabOTKM AaHHbIX.

TexHuyeckue xapakmepucmuKu 0amMYyuKa HaNPsiXXeHUs:

* [ManasoH U3MepeHUs:
1)or—15m015B
2)or—10p0010B
3)or—5m05B
4)or—2p02B

* paspeweHne — 1 MB

Hatumk Toka (puc. 12) nsmepset 3Ha4eHUsA NOCTOAHHOrO
1 NepeMeHHOro 3/1IeKTpuYeckoro Toka. B komnnekrte paruu-
Ka HaxoAsATCS MPOBOAA PasHOro LBeTa C 3aXXWMaMu Tvna
«KPOKOAMI» ANSi NOAKIIIOYEHUS K SNEKTPUYECKUM CXeMaM M
LUTEKEpaM 415 coeiMHeHUs ¢ 6eCnpoBOAHbIM MybTUAATYU-
KOM.

TexHu4yeckue xapakmepucmuKu 0amMYyuKad MOKQ:

* avanasoH usmepenus: ot —1 oo 1 A

* paspewenue — 0,005 A

[atumk marHutHoro nons (puc. 13) nsmepset 3HayeHue
WMHIOYKUMKM MarHuTHoro nonsi. OH BbINONHEH B BUAE BbIHOC-
HOro 3oHAaa. YyBCTBUTENbHBIM MOAY/b AaTyMKa MOCTPOEH
Ha MHTerpanbHOM 3nemeHTe Xofina MU CMOHTUPOBAH B TOp-
LLeBOM YacTu 30HAA.

TexHuyeckue xapakmepucmuku OaMYuKa MA2HUMHO20
nons:

* auanasoH uamepenus: ot —100 go 100 mTn

* paspewenune — 0,1 mIn

* ouameTp 3oH4a — 7 MM

e anvHa 3oHga — 200 mm

B copepykaHue
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[atumuk Temneparypsbl

Puc. 14. Jatunk Temneparypbl

[aTtumuk yckopeHus

olol3ls L]

Puc. 15. latunk yckopeHus

Hatuuk abcontotTHoro
DaBNeHusA

Puc. 16. Jatumk abcontoTHOro
JaB/ieHNs

B cogeprkaHue
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Hatumk Temneparypbl (puc. 14) BbiNONHEH B BUAE Bbl-
HOCHOIO M repMeTUYHOro TeMnepaTtypHoro 3oHga. Jartuuk
MMeeT pacLUMPEHHbIN TeMrepaTypHbIM AnanasoH, No3Bosis-
oMM U3MEPATb TEMNEPATYPY NPU HarpeBaHUM, KUMEHUU U
KpUCTaninsauuu pasniMyHbix matepuanoB. YyBCTBUTENbHbIN
3/eMeHT [Jatyuka npepcrtasnser cobon nonynpoBoAHM-
KOBbIA BbICOKOYYBCTBUTENIbHbIM TEPMUCTOP, KOTOPbIA pas-
MELLEH Ha KOHLe 30HAA. [ycTOTbl HAKOHEYHMKA 3anOJHEHbI
TepMonacTom.

TexHuyecKue xapakmepucmuku 0amyuka memMnepamypeor.

* auanasoH uamepenus: ot —40 o +165 °C

* paspewenue — 0,1°C

* Marepuvasn BbIHOCHOrO 30HJa — HepyKaBeloLas CTab

C XPOMUPOBAHHbIM MOKPbITUEM

* L/IMHA MeTannmyeckom Yyactv 3oHaa — 100 mm

* OvMaMeTp 30HAA — 5 MM

* Ko3(ppMUMEHT TennonpoBOAHOCTM TepMonacTbl —

4Bt/(m - K)

Hatunk yckopenus (puc. 15) npouzBoauT M3MepeHus
YCKOPEHUS ABUXKYLLMXCSA OOBEKTOB MO TPEM OCAM KOOpAUHAT.
TexHuyeckue xapakmepucmuku 0amMYyuKa YCKOPEHUS.

* [ManasoH uamepenus 1: £2g
* [ManasoH uamepeHnus 2: 4g
* [auManasoH usmepenus 3: £8g
* paspewenue 1 (ana gnanasona 1) — 0,001g
* paspeweHue 2 (ona guanasona 2) — 0,002g
* paspeweHue 3 (onsa guanasona 3) — 0,004g

Hatunk abconotHoro pgaenexusa (puc. 16) npoussogut
nsmepeHus abconoTHOro faeneHus. YyBcTBUTENbHbINA 3/1e-
MEHT [aTyvKa BbIMNOJIHEH Ha 6a3e MOHOJIMTHOrO KpPeMHM-
€BOro nbesopesncTopa C BHeAPEHHOM TEH30PEe3UCTUBHOM
CTPYKTYpPOW, KOTOpas MO3BOMSAET WCK/OYUTb BO3MOMKHbIE
MOrpeLHoOCTU U AOCTUIrHYTb HEOOXOAMMOWM TOYHOCTH M3Me-
peHui. B Komnnekt Bxogut rubkas repmeTvyHas Tpybka
018 NOAKNIOYEHUA LWITyuepa datdnka K nabopartopHomy
060pynoBaHuIo.

TexHuvyeckue xapakmepucmuku damyuka abcosomHo-
20 0aBneHus:

* aunanasoH usmepenus: ot 0 go 700 kla

* paspewenune — 0,25 kla

* Matepuan Tpybku — nonuypeTaH

* pgnvHa Tpybkn — 300 mm

* BHYTPEHHUI AnameTp TPYoku — 4 MM

17
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[na n3yyeHns 3aKOHOB NMOCTOSIHHOIO U NMEPEMEHHOMO TOKA B KOMMJ/IEKT BK/OYEHbI JOMNOJI-
HWUTENIbHO 3/IEMEHTbI 3NIEKTPUYECKUX Lienei: aBa pesuctopa conpotueneHmem no 360 Om, gea
pe3uctopa conpotueneHvem no 1000 Om, namnouka, Koy, peocTart, guMon, CBeTOAMOA, KOH-
aeHcartop émkoctbio 0,47 MK®D, KaTywka uHAYKTMBHOCTbIO 33 MIH, Habop KaTyleK MHAYKTUB-

HocTu (puc. 17).
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Puc. 17. [lononHutenbHble 31€MEHTbI 3/TEKTPUYECKUX Lienen
Pa6ora c nporpammMmHbIiM o6ecneuyeHnem Releon Lite

Ins pabotbl ¢ MynbTUAATYMKAMM HEOOXOAMMO YCTAaHOBWTb HA KOMMbIOTEP MM MAaHLeT
nporpammy Releon Lite. IuctpubyTB nporpaMmbl HaxoamuTcs Ha dnew-Hocutesne, KOTopbIn
BXOAMT B KOMM/IEKT nocTaeku. [porpaMmMy MOXXHO yCTaHOBUTb Ha l060e KOMMYECTBO KOMIMbiO-
TepoB, NnaHweToB unu cMaptdoHoB. [Nporpamma Releon Lite no3Bonsiet B cuntaHHble CEKYH-
Abl BbIMOJSHATb 3KCNEPUMEHTbI MO rOTOBbIM CLLEHAPUAM, METOAUYECKUM YKa3aHWAM U COOCTBEH-
HbIM HapaboTkam. [porpaMma sBnseTcs Kpocc-naarpopMeHHOM U MOXET ObiTb yCTaHOBNEHA
Kak Ha Windows, Tak 1 Ha Android n macOS.

Ins pabotbl nporpammHoro obecneuyeHns B onepauunoHHon cucteme Windows
Heobxogumo Hanuuue nnardopmbl Microsoft.NET Framework (dperimeopk)
Bepcuu 4.6.2 (unu Bbiwe). Kak npaBuio, oHa y)e ycTaHOB/IeHa B ONepaLMoHHYO
cuctemy. Ho ecnun Releon Lite nocne yctaHoBkM He 3amyckaeTcsi, TO, CKopee
Bcero, B onepaunoHHor cucteme Microsoft.NET Framework He yctaHoBneH. Ero
MOXXHO CKayarb U YCTaHOBUTb ABYMS criocobamu.

B komnneKT noctaBku umcdpoBor nabopartopuu BXOAWT diell-HOCUTE b, Ha KO-
TopoM Haxogutcs nanka Framework. B stoi nanke pasmeléH auctpubytms
(perMBOpKa, KOTOPbI HEOOXOANMMO YCTAHOBUTb.

Ckauarb amMctpubyTtrs dperiMmBopKa ¢ caita Mankpocodr:

https: / /www.microsoft.com /ru-RU /download /details.aspx?id=53344
lNocne atoro 3anycTutb CKayaHHbIM ain U yCTaHOBUTb hpeMMBOPK Ha KOMIMbiO-
Tep, NNAHLWET UKW CMapTQOH.
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BbicTpbil cTapT

MopknoyeHe MyNbTUAATYMKOB OCYLLECTBAAETCA Ha Bknagke Pa6ouun cron. [ns nog-
KntoyeHus garuunkos no Bluetooth Heobxopnmo nepekntounTbes Ha BkNaaky Bluetooth u Ha-
»atb Ha kHonky Mowuck (puc. 18). B 6noke Mouck ycTpoUcTB NosenuTCA HalgeHHOe YCTPO-
ctBo (puc. 19). lanee cnepyeT NOAKNIOYUTb YCTPOUCTBO K Nporpamme.

) Reloon Lie - a

T !

[ 'TI Flarsnohas e

q D ApOnEeg
[

Puc. 18. NMopknioyeHune gatumnkos rno Bluetooth

[
O npor paur

Puc. 19. lMowck ycTpoicTe
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3ateM MOXHO BblbpaTb, Kakue M3 OatyMKoB OyayT ydactBosaTb B cbope
AaHHbIX. [na 3T0ro HeO6XOAUMO OTKJIIOUUTL AATHMKM, KOTOpble He noTpeby-
loTCs B 3KCnepuMeHTe. [lns 3anycka U3MepeHuit crnedyet Haxarb Ha KHomky  [LLEASL >

Myck (puc. 20) //
Mopamok Hauana pabotbl ¢ uudposon naboparopuen Releon moxkHO

npeacTaBuUTb B BUAE HarnsgHom cxembl (pyc. 21). [aHHyto uHdborpadmky Mox- Puc. 20.

HO MCMNONb30BaTb B KAYeCTBE pa3flaTOYHOro Matepyana ais yyalmxcs. Knonka Myck

Hayano paboTsl ¢

LM poBON
nabopatopuei RELEON

YcTaHOBHTH NporpaMmMHoe

o6ecneyenne Releon Lite
'I Ha Ball KOMAbIOTEp,

MAAHIWET WK cmthau

2 iﬁg /5=

OTKpbITH Nporpammy
Releon Lite

=

3 BcTanuTb B pa3beM
USB dnewky -
nepepaTymKk

Haxarb Ha EAIIH)‘IO 4
KHOMKY BKNH4YEHHA Ha
MYNbTHAATYHKE

ﬂepelmmu'rbca Ha
5 srnagky Bluetooth u
HaXaTb «[Mouck»

TMocne o6HapymeHus
MYNBTHAATYMKA BbIBPATH U3
CcMHCKa HeoBXoAUMBIH
AATYMK WK AATUHKH W
HaMaTb «I'chu»
sesssmsmsmARERAREREE __/i

Puc. 21. Undorpaduka «Hauano pabotsl ¢ undposoit nabopatopueit Releon»

,D,ononeren bHble HaCTpOﬁ KU AaTYUKOB

[aTynkn MOXKHO OOMOSIHUTENBHO CKOH(UIYpUpOBaTh, Nepes TeM Kak 3anyCTUTb 3KCNepu-
MeHT. [lns 3TOoro noakntounte HeobXoAMMbIA MynbTUAATYMK. [pK 3TOM B IEBOM YacTM 3KpaHa
(naHenb MeHI0) CTaHeT AOoCTyneH nepeyeHb NOAKMOYEHHbIX AATYMKOB. KnMKkHMTE Ha Ha3BaHWe
JaTyunKa, Ana Toro 4tobbl 0oTo6pasuTb ero MeHto. B 3aBucHMMOCTM OT gatunka moryt 6biTh 40-
CTYMHbl Pas/iMyHble BO3MOXXHOCTU €ro KOH(Urypaumm, Takke CTaHOBUTCA AOCTyMNHA KpaTkas
MHOopMaLMa O AaTunKe U 0cOBEHHOCTAX ero Ucrnosnb3oBaHus (puc. 22).
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AKTHRL
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Puc. 22. Nnudopmaumsa o gatumke 1 0COBEHHOCTAX €ro MCMosb30BaHMWsA

K 06lmm HacTpoikam Bcex AaTYMKOB OTHOCATCS:

* nepuop onpoca — BPEMEHHOW Nepuos, B Te4eHUe KOTOpOoro nporpamMma oyaet
CHMMaTb NOKa3aHMUA C JaTyuKa (M3mMepsaeTcs B CeKyHAax);

* eAMHUUA U3MEpPEeHUA — BeNIMYMHBI, B KOTOPbIX OyayT oTobpaxkarbcsa nonyyae-
Mble JaHHble C faTYMKa;

* BUAMMbBIN UHTEPBAN — OrpaHuyeHus rpaduka No ocuM BpeMeHu;

* LBET JINHWUMU, LBET TOYEK, TOJILLUHA JIMHUU, BENNMYUHA ToYeK rpacduka —
BHELUHWM BUA, Ha rpacduKe;

* aKTUBaLMA/fOeaKTUBALUA — [eaKTMBUPYET AATYMK, €C/IM OH He y4yacTByeT B
3KCNepUMeHTe; MO YMONYaHMWIO BCE AATYUKU NPU MOAKIOYEHUMW YCTPOMCTBA aK-
TUBHBbI.

O6wmMe HaCTPOMKHU NpPOrpamMmmMbl

B nanenu menio, B 6noke Hactpoiku pgoctynHa Bknagka O6uwme HacTpoiku. 3pech
MOXXHO 3afaTb BpeMsa (AJMTenbHOCTb) 3KcnepuMeHTa. LlBetoBoe odopmneHue nporpammbl,
BUZA rpacdumka u chopmar TaMepa nokasaHbl Ha puUCyHKe 23.

CesA3Ka paT4YMKOB

Mo ymon4aHuio B MOMEHT cOOpa AaHHbIX KaXKAbIM AATYMK MMeeT cBou rpaduk. MNonb3osa-
TeNlb MOXKET NPOCMaTpuBaTh rpaduku, Nepekoyasch mexay aarivkamu. OfHaKo Ha nNpakTuke
BCTPEYAIOTCA IKCNEPUMEHTbI, NPU NMPOBEAEHUM KOTOPbIX HEOBXOAMMO MOKa3aTb 3aBUCUMOCTb
O[HOro NoKasaHus OT Apyroro Ha ofHoM rpadwuke. [1ns atoro B nporpamme Releon Lite npepny-
CcMOTpeH (hyHKLMOHAN CBA3KM AaTYMKOB. [118 Toro 4tobbl €€ aKTMBMpOBaTh, HEOOXOAMMO B Na-
Henu MeHio Bbibpatb Bknaaky Ceaska paTuMKoB v B paboueit 061acTv NOAKNOUYUTD AATUMKM,
KOTOpble AO/KHbI OTOOparkaTbcsa Ha o4HOM rpaduke (puc. 24).
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Relab Lite

ST MAFHIFTHORD Nohe
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Puc. 23. LipeToBoe oopMnieHne nporpammbl, BUg, rpacmka v opmar tarimepa

JhaT ans STMpciARre
prnp)

e s T

Kambpoes

7 O mparpabaue
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Puc. 24. Ucnonb3osaHue Bknagkn CBAaska paTynmkos

Mocne 3toro Ha 3kpaHe cbopa AaHHbIX, MOMUMO AATYMKOB, OyaeT gocTynHa cesska. Mpu
NnepeKItoYeHnn Ha CBA3KY ByaeT oTobpaskaTbes rpadmK Co BCEMU BbIBpaHHbIMM B CBA3KE AaT-
yrMkamu (puc. 25).

Kanu6poeka gaTtunukos

Bce undposble patuvku KanubpytoT HemocpeACTBEHHO Ha npowussoacTee. Kanubposou-
Hble KO3(hULMEHTbI XPaHATCA B NamaTk gatunka. MHoroa Heob6xoauMMo M3MeHUTb Kanmbpo-
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0 e (10 -

r'z Relab Lite

Puc. 25. lpacuk co BceMu BbIOpaHHbIMK B CBSA3KE AATYUKaMM

BOYHble KO3dduumeHTbl. [Ina 3Toro B nporpamMme npeaycMoTpeH (pyHKLMOHAN KanMbpoBKu
[aT4yMKOB.

Insa 3anycka KanubpoBku B NaHenn mMeHio Heobxoaumo BbibpaTtb Bknagky Kanubposka.
B pabouei obnactu 6ynet npeacTaBfieH nepeyeHb AaTHMKOB, A1 KOTOPbIX MOXHO MPOU3BECTH
Kannbposky. [1na Bbibopa gatumnka Haxkmute kHonky Kanubposarb crnipasa ot HassaHusa gart-
yuka. lNporpamma npepnoxxut Beectu naposb. o ymonyanuio 3apaH naponb 5102. MNocne 3to-
ro MOKHO MPUCTYNUTb K Kannbpoeke gatumka (puc. 26).

Relah Lite

Hac ol

'\‘ it SACTPORKI
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I.TI:I_'J KameDoa

Q O nporamue
L

Puc. 26. Kannbposka gartumka
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B none Tekywee nokasaHue otobOpaxaeTcs nokasaHue 4O BBOAA HOBbIX KO3 dULMEH-
TOB. Bbibepute konmyecTso waroe (KoachdUUUEHTOB) A1 TOYHOCTM Kannbposku. Ha nepsom
Lare NoMecTuTe AaT4nK B HeOOXOAMMbIE YC/IOBUS U CPABHWUTE €ro NoKasaHus C NoKasaHUsAMU
LPYrvx BOCTYMHbIX NpubopoB. YkaxuTe B none BBeauTe uncno nokasaxue, KOTopoe [OMKEH
ceinyac otobpaxkatb aarumk. Cnesa ot nonsa seoga B nose MokasaHue GygeT oTpaXkeHo Teky-
wee nokasaHue. [lns npumeHeHns Haxkmute KHonky MpumeHuTb. MOXXHO M3MEHUTb NOoKasa-
HWe U NoBTOpHO Haxkatb MpumeHuTsb. [Ina nepexopa Kk cnepyiowemy wary Haxmute [Aanee.
Cnepytouime warv HeOOXOAMMO MPOXOAUTL MO TAKOMY JKE aNIrTOPUTMY.

Mocne Toro kak OyaeTt caenaH NOCAeAHUM Lar, CTaHYT aKTUBHbI C/IEAYIOLLME 3/IEMEHTDI.

* HoBoe 3HaueHue — nosne, otobpaxatolLlee 3HaYEHWE C YYETOM HOBbIX KanMbOpOBOUY-

HbIX KO3(huuneHToB (KoacbdHLMEHTbI PACCUUTLIBAIOTCA MPOrpPaMMON aBTOMATUYECKH).

+ 3aHOBO — cHpOCHTL BCe LWarv 1 NoBTOPUTbL KaNMOPOBKY AatyuMKa CHOBA.

* OTMEHUTb — He NPUMEHATb HOBble KaMOPOBOYHbIE KO3(PULMEHTbI M 3aKOHUYUTH Ka-

NMOPOBKY AaTymKa.
* CoxpaHUTb — MNPWMEHUTb HOBblE KaIMOPOBOYHblE KO3((ULMEHTbI AaT4MKA U 3aKOH-
UMTb KAMOPOBKY.

Mpu Haxkatun Ha kHonKy CoxpaHUTb HOBble KasMbBPOBOYHbIE KO3(ULMEHTbI OYAYT 3anu-
CaHbl B MamMATb AaTyMKa, cTapble KO3 hULMEHTbI MpU 3TOM ByayT NOAHOCTbIO CTEPTLI. [1A Toro
4yTOObl BEPHYTLCA K 3aBOACKMM HAcCTpOMKaM KanuMbpoBKWM AartyvMKa, HeoOXOoAMMO HaxkaTb Ha
kHonKy COpoC K 3aBOACKUM HACTPOMUKaM.

JKpaH cbopa AaHHbIX

Mocne Haxkatns Ha kHonKy Myck nporpamma Releon Lite nepexogut B pexxum cbopa aaH-
HbIX. DKpaH cbopa AaHHbIX COCTOWMT M3 MaHesu MoKasaHWW AATYMKOB, rpacduka U KHOMOK
yrnpaB/ieHUs 3KCNepuMeHToM (puc. 27).
=

.. 70,00

Puc. 27. dkpaH cbopa faHHbIX

* [laHenb nokasaHus AaTYUKOB.
AKTUBHbIM AaTumK (rpachK KOTOPOro AEMOHCTPUPYETCA B TEKYLLUMA MOMEHT) NOACBEYMBAET-
CA KpacHbIM LBeToM (puc. 28).
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Larsiga

CBA3KA [ATHUKOB

(;.0 CBASKA AATHMEOB

L
ae

OCePHOTO LaTuvK aTMoChepHoro
AdaBneHnus

734.,8

,

e

" AdTUMK OTHOCUTENLHOKW
(1] BAXKHOCTH BOAAYX

44,5

Chbpoc B 101325

POCUTL

e N

n Jatune 1emiiepdiypbl BUSAyXa

29,5 '

G DUKCUPOBATH

3aKpbITh

Puc. 29. YnpasneHuve Buau-
Puc. 28. AKTVBHbIV JaTumK MbIM AuanasoHoMm rpacduka

Bo BpeMs paboTbl MOXXHO MepeKsloYaTbCa MeXay AaTYMKaMu, KuKas Ha ux HassaHue. Ec-
K Bblna yCTaHOBNEHA CBA3KA AATYMKOB, TO OHA TaKXKe OToOpakaeTcs B NaHesv NoKasaHui u
€€ MOJKHO caenatb akTuBHOMW. B 3ToM cnyyae 6yaeTt noacseyeHa He TOSIbKO caMa CBSA3Ka, HO U
BCE AATYMKK, KOTOpble BXOAAT B €€ cocTaB. [ns Ka)Kaoro fatynka U CBA3KM MpefyCMOTPEHO
MeHlo. MeHIO MOXeT pasfiyarbCs B 3aBUCMMOCTHM OT Aaryuka (Bbibop KaHana, Bbibop eauHuL
U3MEepEeHUS 1 T. Nn.).
OamMHaKoBbIMM HACTPOMKaMK A1 BCEX AATYMKOB ABSAIOTCS:
« Cépoc B HONb;
* YnpaBneHue BUAMMbBIM AManasoHoM rpacdumka (puc. 29).
NHctpymeHT COpocC B HONb NpeaHasHayeH AJfis Toro, YTobbl yCTPaHWTb BO3MOXHbIE NMOMe-
XMW B MOMEHT pabotbl garumka. MNpu Haxkatun Ha KHorKy CopocuTb OyaeT oTobpaXkeHo 4ucno,
Ha KOTOpOe NporpaMma CKOpPPEKTUPOBasia TEKYLLEE 3HAYEHME AaTUMKa.
[nsa npumeHeHWs MHCTpyMeHTa YnpaBsieHMe BUAMMbIM AUana3oHoM rpadmKa Heobxo-
AMMO BBECTU MUHMMASIbHOE M MaKCMMasibHOe 3HadeHue Mo ocu Y W Haxartb Konky Enter Ha
knaeuatype. lporpamma camocTosTeslbHO CKOppeKTUpyeT rpaduk. Mo ymonyaHuio npu Bbixo-
[€ 3a rpaHuubl BUAUMbIX OMANa3oHOB Nporpamma paclmpser auanasoH rpadwvka. Ons Toro
4TOObI 3ahMKCUPOBATL BbIOPaHHbLIN Anana3oH, Heob6XoAnMO OTMETUTb rasioukon nose Mukcu-
poBartb.
* [padwuk.
B pexxvMe naysbl 4OCTYMHbI CiefyloLime AOMOIHUTENIbHbIE BO3MOXHOCTU Mo paborte c rpa-
thukom:
* MepeMelweHne BUAMMOro aManasoHa — /151 3TOro HeobxoAMMO yAepP>KUBaTb NIEBYIO
KHOIMKY MbILLW Y BECTU KYPCOP MbILLK B HYXXHYIO CTOPOHY;

* Bbi6bop uactu rpadmka Ansa yBesMuyeHua — Heobxoaumo yaepkusatb KHonky Ctrl
Ha K/iaBuaType W NIeBytO KHOMKY MbilKW, a 3aTEM MepeMeLLeHNeM Kypcopa MbilW Bblae-
NUTb HeobXoAMMYIO 0651acTb Ha rpaduKe;
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* UameHeHue macwtaba — HeobxoaMMma NPOKPYTKa Koseca Mbiliv; Npyu U3MEHEeHWUM
Maclwtaba no ogHoOM OCH CriefyeT UCMOMb30BaTb KOECO MbILLK, KOFAA KYPCOpP MbilUM Ha-
XOLMTCA Hag, HY>KHOM OCblo;

* MpocmoTp nonHoro rpamMKa M3MEpPeHHbIX BEeSIMYMUH — HEOOXOOAMMO KIIMKHYTb
NPaBoON KHOMKOW MbIlK Ha rpaduke, 4ToObl NOSBMAOCH MNOAMEHIO rpadmKa M BbibpaTb
C6pocutb macwiTtab;

* YnpaBneHue pexxuMoM rpadmka — HeoO6XOAMMO K/IMKHYTb MPaBoON KHOMKOMW MbiLLK
Ha rpadmke, 4YTOObl NOABUIOCH NOAMEHIO rpaduKa, 1 BbibpaTs Pexkum rpadmka, a ga-
nee — OAMH U3 NpepnoXKeHHbIx BapuaHTos (puc. 30).

CBpocuTb MacwwTab

YBenMuMTE MacluTat

YMeHbIUWTE MacLTad

Pexum rpadmka NHKua

CoxpaHuTe waobpaxeHwe Toukwm

TOYKM W AMHKA

Puc. 30. YnpaeneHue pexxumMoM rpacdmka

* KHOMKW ynpaeneHus 3KCNeprUMEHTOM.

MNpu Mcnonb3oBaHUKM KHOMOK yNpaBneHUs AOCTYMHbI Ciefytolime 4eUCTBUS:

* Myck/May3a — pns 3anycka v NPUOCTaHOBKK 3KCMEpPUMEHTa.

* O6HOBUTb — /18 cHpOCa IKCNEepUMEHTA U BCEX U3MEPEHHbIX 3HAYEHUH.

* Excel — pns Bbirpy3ku gaHHbix B hopmar 1abiMyHoOro peaakropa.

* Tabnuua/lMpaduk — gns nepeknioyeHns pexkuma otobparkeHus gaHHbix (puc. 31).

@ D O =

EXCEL MYCKk  OBHOBWTL TABIULIA

Puc. 31. MNepeknioyeHune pexxuma oTobpaxkeHns AaHHbIX

JlByxkaHanbHas npucTtaBka-ocuunnorpadgp

[ByxkaHanbHas npuctaBka-ocuunnorpad (puc. 32) npegHasHaydeHa ANs UCCNEfOBaHUSA
(hOpMbI 3N1EeKTPUYECKMX CUTHAMOB NO ABYM KaHanam nyTéM BU3yasbHOrO HabMoAEeHUA U U3-
MepeHUs UX aMMIUTYL U BPEMEHHbIX UHTepBanoB. [lpuctaBka ABnsieTCA YNPOLEHHbIM aHa-
JIOrOM 3/IEKTPOHHOrO ocumanorpada v npegHasHadeHa Afis UCNonb30BaHusA B yuebHOM npo-
Lecce.
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Faiean 1 Katian 2
Pd RELEON

Mpscransa DoEAARarpad:

9

Puc. 32. [isyxkaHanbHas npuctaeka-ocuuanorpad

Cxema npuctaBku
B cxemy npuctaBku (puc. 33) BXoaaT cnegytoliue 3n1eMeHTbl:

(=) ()

1 — pa3wém USB;

Kauan 1 Kanan 2 -
2 — pasvém BNC-muna usmepumesnbHo20 KaHana
Ne 1,
3 — paswvém BNC-muna usmepumesibHo20 KaHANd
lMpucmaBka-ocyunnozpag Ae 2

O

TexHUUeCKME XapaKTEPUCTUKU NPUCTABKMU:

* [OvanasoH usMepsieMblx HanpsxkeHui: ot —10 go +10 B

* npepesibHO AONyCTUMOe BXxoaHoe HanpsikeHne — 50 B

* YacToTa AMCKPeTU3aLMM BXOAHbIX CUrHaNoB Ha oauH kaHan — 400 kly,

* yacToTa AMCKPEeTM3auun BXOAHbIX CUrHanoB Ha aga kaHana — 330 Iy,

* BXxogHoe conpotuerieHne — 1 MOm

* CHMHXPOHM3AUMA: UMEETCS BO3MOXXHOCTb CUHXPOHU3ALMKU MO BXOLHOMY CUTHaNy
* BMAbl CUHXPOHU3ALMK: aBTO, OAHOKPATHbIN U XAYLLUI

* my6buHa namatn — 1100 ebibopok /KaHan

* BepTUKasibHOe paspelueHne — 12 6ut

Puc. 33. Cxema npucrtaBku-ocumnnorpada

BbicTpbiii cTapT

MNoaknoueHue npuctaBku otobpaykaeTtca Ha Bknaake Pabouuni cron. MNpu coegnHeHnm no
USB nporpamMa aBTOMaTMyecKWM HaxoAuT MOAKYEHHOe obopyaoBaHWE W BbIBOOWUT €ro B
cnucke. Ecnun ke 3toro He npousowno, HaxkMuTe Ha KHonky OBGHOBUTB WK nepesanycTure
nporpammy Releon Lite (puc. 34).
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Puc. 34. MNopknioyeHne NpUCTaBKK

Ins 3anycka vamepeHuin cnepyet BbiOpath JiByXKaHasbHbI OCLUINO-
rpad B MeHIO cneBa U Haxkatb Ha KHonKy IMyck (puc. 35).

Puc. 35.

NMaHenb ynpaBneHus
KHonka Myck

AByxkaHansHuIA ocuranCrpadg B (o HacTpoiki
Tpwrrep-
HcTomMy P

Kustan 1 W Eayupd

v

Toen
Boox b Coop
Ypoama, 18 '
Pamepre——————

Cummssian < A0 uwr

Ananason 250 mec/pen

= Kanans
A Kaesan 1

Crammsne 16E +

Apanazon 2 Bfgca '

Kisioni Clpe k01

] Kasian 2

Puc. 36. [NaHenb ynpaBneHus aByxKaHanbHbIM ocuuinorpacdom
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MNaHenb ynpaeneHus gByxKkaHanbHbIM ocumnnorpacgom (puc. 36) MOXXHO pasaenuTb Ha cre-
ayrolme hyHKUMOHANbHbIE MOLY N,

1. OKHO oTO6paXkeHUA ocuunNOrpamm.

2. Knonka Hasap, ons sBo3epalleHus Ha Pabouunit cron Releon Lite.

3. Knonka Myck/Cron ans 3anycka u oCTaHOBKKM paboTbl MpUcTaBku-ocumanorpada.

4. Knonka O6HOBUTb a1 0OHOBMEHWA NOAK/IOYEHUA K NpUCTaBKe-ocuunnorpady (1c-
Nonb3yeTcs, ec/iv NporpamMma 3aBucia UKW nepectana onpenensAtb NOAK/IOYEHHYIO Mpu-
CTaBKy).

5. 3oHa HacTpoWKku Tpurrepa.

6. 30Ha HAacCTPOMKKU paboTbl pasBEPTKMU.

7. 30Ha HAaCTPOMKHU OTOOPAXKEHUA CUFHANIOB MO KAXKAO0MY KaHasny OTAENbHO.

8. CTpoka coCTOAHUA, B KOTOPYIO AyO/AMPYIOTCA HAaCTPOWMKM KaHaloB U CMeLleHue pas-
BEPTKM.

Bnoku HacTpoek

Tpurrep nossonseT nonyyarb CTabuibHble OCUMANOTPaMMbl 38 CYET 3afepPXKKM 3anycka
pa3BEpPTKM 4O TeX Mop, NoKa He OGyayT BbiNONHEHbI 3a4aHHble ycnoeus. Ecnun He BbinonHsercs
yCNoBWe 3anycka pa3BeépTKu, To M3obpaxkeHue rpaduka MoXKeT BbliMAaeTb «beryumms» unm co-
BEPLUEHHO HEeYMTaeMbIM, NO3TOMY AaHHbIM B/I0K ABMAETCA K/OYEBbIM 3/1EMEHTOM B MPUCTaB-
Ke-ocuunnorpade.

PaccmoTpum HacTporku Tpurrepa.

Pexxumbli

1) ABTo.

B paHHOM pexXrMe Mo OKOHYaHWWU LMKIA Pa3BEPTKU MPOUCXOAUT €€ ovyepenHOM 3anyck,
yToO no3BosseT HabnogaTb Ha 3KpaHe CUrHan MOCTOSHHO, JAXKe eCNU OH He YAOoBNeTBOpseT
YC/IOBUSIM 3anyckKa.

2) Xpywun.

B naHHOM perkume pa3BépTKa 3amnycKaetcsl Npyu AOCTUXKEHWUU CUIHAIOM 3aA4aHHbIX YC/I0BUIA
3anycka Tpurrepa. [pu oTCyTCTBUM BbINOIHEHWUSA YCIOBWUM, ocumiorpad XAET UX NoABNEHUS,
a B 3TOT MOMEHT Ha 3KpaHe oTtobparkaeTca npeablayLlas ocuuIiorpaMmma.

3) OaHOKpaTHbIN.

B naHHOM pexkuMe reHepaTtop pa3BepTKM 3anyckaeTtcs npu Haxkatuu knaesvwm Myck/Cron
M MPOU3BOAMUT OQHOKPATHYIO PErMCTPaLMIO CUrHana npu cobniofeHnn yCIoBui Tpurrepa.

UcTouHuk

Jlio6oi n3 kaHanos (Kanan 1 unu Kanan 2) npucraeku-ocumunnorpada MoKeT CTaTb UCTOY-
HUKOM AJ1A 3anycKa pa3BépTKM.

YpoBeHb

OH 3a8a€éT Bxo4HOE HanpsikeHue (B MUNIMBOSIbTAX), NPU AOCTUXKEHWM KOTOPOro 3anycKaeT-
cs passépTka. [lpn U3MeHeHWUN YPOBHSA COOTBETCTBYIOLLMIM MapKep Ha rpaduKe U3MeHseT Tak-
e cBO€é nonoxkeHue (puc. 37).
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< Hazag By XKaHANBHBIA OCLWAKOTDE
H flay
Tp“’l’l‘!

v Kayuudl v

Cuewemme < 40 mic >

Ouanason - 250 meciges  +

EA Kaman 1

Checugerme
Hwanasoin

Kpaciiait

[} ‘Kasian 2

< 40 mre >

Puc. 37. icnonb3oBaHue 6noka HacTpokku YpoBeHb

Tun

Onpegenset TMn 3anycka Tpurrepa: no ppoHTy (Bocx.) unu no cnagy (H1cx.)

Cé6op

[aHHas KHOMKa Ucnosnb3yeTcs A8 NPUHYAMTENBHOIO cbopa AaHHbIX, NONYYEHUS OCLMIINO-
rPamMMmbl U KOPPEKTUPOBKMU YCIOBUIM TPUITEPa, €CJIM OHU 33AaHbl HEBEPHO.

PasBépTka

[aHHbIVt 610K OTBEYAEeT 3a HACTPOWKK reHepaTopa pasBEépPTKM.

MNapametp CMeweHue nNo3posseT cMeLaTb NosyYeHHbIM CUrHan BJEBO-BMPABO MO FOpu-
30HTanu (ocu X). MNpu M3MeHeHUM 3TOro napameTpa B OKHe OCLMINIOrpaMM CMeLLaeTcs Map-
Kep. B cTpoke cocTosiHua HaxoauTcsa fy6nvpytoLlee OKHO ANA U3MEHEeHUA JaHHOW HACTPOMKK
(puc. 38).

HacTpoiika [lnana3oH no3BofisieT CTyneH4YaTo M3MEHATb CKOPOCTb PasBépTku (Maclutab
MO rOpU30HTasM).

Kanansbi

[aHHbI 610K OCYyLLLECTBISAET HACTPOMKY OTOBPaXKEHWUA OCLMIOrPpaMM A1 KaXKAOro KaHa-
na npucraeku-ocuunniorpada otaenbHo. Bce napametpbl 610ka 4y6nmpytoTcs B CTPOKE COCTO-
AHuA (puc. 39).

MNapametrp CMelieHue No3BossAeT CMeWAaTb OCLMIIOrPaMMy BBEPX-BHU3 MO BepTUKau
(ocn ).

Mapametp [Anana3oH ocyLlecTBAAET CTyneH4YaToe U3MeHeHne mactaba no ropusoHTanu.

MNpu ncnonb3zoeaHum napametpa LiBeT B cneuvanbHOM BbiNajaloLeM CNMCKE MOXKHO M3Me-
HATb LBET JIMHWUIM OCLMNIIOrpamMMm.
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= Hazag AeyikaHansHeld ocuuanorpad
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Mapkep

2 B/nen 168

W Fetss Lite

<Haiay [lByxxkaHaneHeild ocLMAnOrpad

2 B/nen

Puc. 39. Ucnonb3osaHue 6noka Kananbi

Mpu Haxkatnn knaemwm Copoc B 0 Ha KOPOTKO3AMKHYTLIX KOHTaKTax M3MepUTESIbHOrO Ka-
6ens npoucxoauT Koppektupoeka Hynsa (puc. 40, 41). daHHyio npoueaypy peKoMeHZoBaHO
NPOM3BOAMTbL B Hauane pabotbl ¢ npucTaBkon-ocumniorpadom. OTKIOUYUTL KaHam MOXKHO no-
CTaBMB rasiouKy psSAOM C HOMepOM KaHana. locne 3toro Bce napameTpbl Ans KaHana CTaHo-

BATCA HEOOCTYMNHbI.
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<Hazag  [leyxkaHanuHeW ocumanorpag

WcToummg
Kassan 1

Puc. 40. CvrHan c HeHyneBbIM CMeLLeHWEM

[ByxKaHaneHbIA ocuMaaorpad

WMo,

Kanan 1
Bocx.

YposeHs 1B
—Pazpepria-

Cwemerne < 0wk E

Nuwarsand - 250 wecinen

“Kahane -

& kaumnt

CweureHve

Ananaaos - 2 Dfmen

LT Chpoc el

2 Bfaen 0 mB

Puc. 41. CkoppeKTMpoBaHHas ocuuanorpamMMa

Mpumepsbl paboTbl ¢ npucTaBKko-ocumnnorpadom

OnpepeneHue napaMmeTpoB OCLU/IJIOrPaMMbl

C nomoLLblo NPUCTABKM MOXKHO ONpenensTb aMIIMTyay, Nepuoa, 4acToTy U Apyrue napa-
MeTpbl UccrnepyeMbix curHanoB. M3 HacTpoek ocumnnorpada (pvc. 42) BUAHO, YTO OAHO Ae-
nexuve (Knetka) no ropusoHTanu paeHo 250 MKc, NO3TOMyY, NEPUOA, NONYYEHHOW CUHYCOUAbI
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paeeH 500 mKkc, cnepoBartenbHO, YactoTa cMrHana pasHa 2 klu. AHanorMyHo no BepTUKasb-
HOWM OCU OfHO peneHue (Knetka) paeHo 2 B, cnepoBartenbHo, amnauntyaa curHana pasHa 4 B.

0 Feati s - a

<Hazay [leyxkaHaNbHbW ocumanorpad

Avmumryna =4 B

Kpacral W Chpoca 0
) Kasan2

2 Bfaen 0 mBE

< -10 mice >

Puc. 42. OnpepeneHvie napameTpoB OCLMUIOrPaMMbI

Pa6ora c Tpurrepom

Ha pucyHkax 43, 44 npenctaeneHsl npuMepbl paboTbl C pasiMyHbIMA HACTPOMKAMKU TpUrre-
pa. Pabota Tpurrepa, KOTopblii HaCTPOeH Ha ypoBeHb Hanpskenus 1,4 B n cpabarbisaet no
thpoHTy noctynatowiero curHana Ha Kanan 1, npounnioctpupoBaHa Ha pucyHke 43.

1 Feise Lite = a

<Haazay JeyxKaHanbHbIA ocuManorpadg

Crsugenne

Amanazon

& Kawan 1
Crpugesne

Ananazon

Kpacsiumit
[ Kavan 2

2 B/aen 0 mB

10 mKc >

Puc. 43. lNpumep paboTbl C pasnnyHbIMKM HACTpOKaMu Tpurrepa (yposeHb Hanpsixkenus 1,4 B)
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Pabora tpurrepa, KOTOpblM HacTpOeH Ha ypoBeHb HanpskeHus 2,8 B u cpabarbiBaeT no
cnapy nocTynatowero curHana Ha Kanan 1, npounntoctprpoBaHa Ha pucyHke 44,

< Hazay  JleyxkaHansHeW ocumanorpad

¥poaaue

Cveuenmne

Jwanazon 250 mrc/nen

“Kanai

4 Kanan 1

Cmeurng _ owmB
Swanaoi - 2 Binen

Kpocrnid W Copocn
[ ‘kawan 2

2 Bfaen O mB

Puc. 44. MNMpumep paboTbl C pasnMUHbIMK HAaCTPOMKaMu Tpurrepa (ypoeeHb HanpsikeHus 2,8 B)
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dnekTuBHbIN Kypc «lpakTukym no pusuke
B 10— 11 Knaccax ¢ ucnosb3oBaHUEM 06OpPyAOBaAHUA
«lWkonbHOro KeaHtopuyma»

MosacHuTenbHasa 3anucka

AKTyanbHOCTb NporpaMmmbi

MporpamMma 31eKTMBHOro Kypca MMeeT couMasibHyl0 3HAaYMMOCTb A1 Halero obuiecTsa.
Poccuitckomy obuiectBy Hy>KHbl 0Opa3oBaHHble, HPAaBCTBEHHbIE, MPEANPUMMUMBbIE NIOAM, KO-
TOpble MOrYT CaMOCTOSATE/IbHO MPUHMMATb OTBETCTBEHHbLIE PELLUEHUS B CUTyauuax Bblbopa,
NMPOrHO3Upysa UX BO3MOXHble nocneactsnsa. OoHol U3 3amay cerogHsAwHero obpasoBaHua —
BOCMWTaHWE B Y4aLLEMCS CAMOCTOSITE/IbHOM JINYHOCTHU.

Mpennaraemas nporpamMma cnocoOCTBYET PA3BUTHIO Y YHALLMXCA CAMOCTOSATENIbHOIO MblLL-
neHus, GoOpMUPYET Yy HUX YMEHUS CaMOCTOATENbHO NpUobpeTarb M NPUMEHATb MOSyYeHHble
3HaHWA Ha NpakTuKe. PaseuTue u hopMrUpoBaHMe BbilLeyKa3aHHbIX YMEHWI BO3MOXHO Hnaro-
Japsi CTUMYNIMPOBAHUIO HAy4YHO-MO3HaBaTEIbHOMO MHTEPEeCca BO BPEMS 3aHATUMN.

KoHuenuusa coepemeHHoro obpa3oBaHWs MoapasyMeBaeT, YTo yuuTesb nepectaér ObiTb
OCHOBHbIM UCTOYHUKOM HOBbIX 3HAHWM, @ CTAHOBWUTCS OPraHM3aToOpoOM Mo3HaBaTe/IbHOM aKTWB-
HOCTM YYaLLMXCS, K KOTOPOM MOXXHO OTHECTU U UccrefoBaTenbCkyto aesatenbHocTb. CoBpemer-
Hble 3KCMepUMeHTaNbHble UCCefOoBaHMA MO (U3MKE yXKe HEBO3MOXHO MpeacTaBuTb 6e3 uc-
No/Ib30BaHWA aHANIOrOBbIX U LMMPOBbIX M3MepUTENbHbIX Npubopos. B MepepanbHoM rocyaap-
cTBeHHOM obpasosarenbHoM craHgapte (PFOC) nponucaHo, YTO OAHWM M3 YHUBEPCANbHbIX
yuebHbix gevictemn (YY), npuobpetaembix yyalwmMMmUCA, OOMKHO CTaTb YMEHUE «MPOBEAEHUS
OMNbITOB, NPOCTbIX 3KCNEPUMEHTa/IbHbIX UCCIIE[O0BAaHWUM, NPAMbIX U KOCBEHHbIX U3MEPEHUH C UC-
NoJIb30BaHWEM aHANIOrOBbIX U LM(POBbIX M3MEPUTESbHLIX NPMBOopoB». [Ins 3Toro yuutens ¢u-
3UKM MOXKET BOCMO/b30BaTbCsA y4ebHbIM 060pyaOBaHMEM HOBOMO NOKONEHUS — LU POBbIMU
na6oparopusamu.

Lndpoeblie naboparopuu no usmke npeacraefieHbl aTYMKaAMU AN U3MEPEHUA U peru-
CTpauuu pas/inyHbIX NapaMeTpoB, MHTepdercamMm cbopa AaHHbIX U NporpaMMHbiM obecneye-
HWEM, BU3YyasIM3UPYIOLLMM IKCNEpPUMEHTa/IbHble JaHHble Ha 3kpaHe. [1pyn 3TOM 3akcnepuMeHT
OCTaéTtcA TPAAMLMOHHO HAaTYpHbIM, HO MOJIyYEHHble 3KCMepUMEHTasbHble AaHHble 0bpabarbi-
BAlOTCS M BbIBOAATCA Ha 3KpaH B peasibHOM Maclitabe BpeMeHW U B paumoHanbHoM rpaduye-
cKoM hopMe, B BUAE YUCNIEHHBIX 3HAYEHUM, AMarpamm, rpadukos u tabnuy. OcHoBHOe BHUMA-
HUE yYalMXCS MPU 3TOM KOHLEHTPUPYETCS He Ha COOpPKe U HACTPOMKE 3KCMepUMEHTasIbHOM
YCTaHOBKM, @ Ha NPOEKTUPOBAHWUU PA3/IMYHbIX BAPUAHTOB NPOBEAEHUA IKCNEPUMEHTa, HaKon -
NEHUW [AHHBIX, UX aHaNU3e U UHTeprpeTaunm, hopMyIMPOBKE BbIBOJOB. IKCMEPUMEHT KaK UC-
CrlefoBarefibCKUi MeTof 0OyyeHUsl yBENMUYMBAET NO3HABATE/IbHbIM MHTEPEC YyHaLLMXCSA K CaMO-
CTOATENbHOM, TBOPYECKOMW AEATENIbHOCTH.

3aHATMA Ha 3NEKTUBHOM KypCe UHTErpuUpyoT TEOPETUYECKUE 3HAHUSA U NPaKTUYECKUe yMe-
HUS YYaLLMXCSH, a TaKKe CrnocoOCTBYIOT (POPMUMPOBAHMIO Y HUX HABbIKOB MPOBEAEHUS TBOpYe-
CKUX paboT yuebHO-MCCNe0BaTENBCKOrO XapaKTepa.

Llenesasa aygutopusa: ydawmeca 10— 11 knaccos obuieobpasoBartesibHbiX OpraHuM3auui,
obopyaoBaHHbix «LLkonbHbIMM KBaHTOprymMamm».

Llenu nporpamMmmbi: 03HAKOMUTb y4alMXcs C PU3MKOW KaK 3KCNepUMeHTasIbHOM HayKow;
cchopMMpoBaTb Y HUX HABbIKM CaMOCTOSATENBHOM PaboThbl C LUMPOBLIMU AATYMKAMMU, NMPOBEAE-
HUS U3MEPEHUI (DU3UYECKUX BEIMYMH U UX 0OPaBOTKM.
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MnaHupyembie o6pasoBaTesibHble pe3ynbraThbl

Yuawmecsa pomkHbl npuobpectw:
* HaBblKW UCC/IefOBaTENIbCKOW PAboThl MO U3MEPEHMIO (DU3UYECKUX BENIMYMH, OLEHKE Mo-

rpeLHoCTen 3MepeHuin 1 06paboTKe pesynbTaTos;

* yMeHMWs Nonb30BaThCA LMMPOBLIMA U3MEPUTESIbHBIMU NpUbopamu;
* yMeHue obcyaaTtb noslydeHHble pe3ysbTarthl C NPUBIEYEHUEM COOTBETCTBYIOLLEN (hU3K-

YeCcKoM Teopuu;
* yMeHue NybnnyYHO NpeacTaBisaTb pe3ynbrartbl CBOEro UCCef0BaHUS;
* yMeHWe caMocToATesIbHO paboTtath ¢ y4eOHMKOM M HayYHOM NUTEPaTYpPOM, a TaKKe U3na-

raTb CBOM CYXX[€HMA KaK B YCTHOM, TaK U NUCbMEHHOM dhopme.

DU3UKA

Cpok peanusauuu: nporpamma paccymtaHa Ha 2 roga obyyenus. MNeprognyHocTb 3aHs-

THUW: exxeHepenbHo. [lnutenbHocTb ogHoro 3aHATMA — 1 yac.

®DopmMbl U MeTOAbI 0OYUEHMA: YHaLLMECA OPraHU3YIOTCA B Y4eBHyIo rpynny NoCTOAHHOro
coctaBa. ®opMbl 3aHATUI: UHAUBUAYAIbHO-TPYMNMNOBble (2—3 YenoBeka).

OcHoBHOE copepkaHue nNporpamMmmbl

10 knacc
YuebHO-TeMaTUUECKUI NNaH
Ne Konunuecrteo yacos
aspena HasBaHue pa3penos u Tem
pasa pasa Bcero Teopusa | MNpakTuka
M TeMbl
Pazpen 1 | BBogHble 3aHATHA. 4 3 1
dusnyeckuii skcnepumeHT U uucdposblie
nabopatopuu
1.1 Kak usyyatot sAeneHus B npupope? 1 1
1.2 N3mepeHusa bmanyecknx BenmymnH. TOYHOCTb 1 1
n3MepeHuit
1.3 Umndbposas nabopartopus Releon n eé 2 1 1
ocobeHHOoCTH
Pasgpen 2 | 3kcnepuMeHTanbHble UCCNIEQOBAHUA Me- 2 2
XaHUYECKUX ABNEHUMN
2.1 MN3yueHune konebaHMi NPyXKMHHOMO MasTHUKA 2 2
Paspen 3 | 3kcnepumeHTasibHble UCCIEAOBAHUA NO 4 4
MKT upeanbHbiX ra3zoB U AaBfI€HUA XUA,-
KocTeW
3.1 Uccnenosanne nzobapHoro npotecca (3akoH 1 1
len-JTioccaka)
3.2 MccneposaHne M30xopHOro npolecca (3akoH 1 1
LWapns)
3.3 3akoH lMackana. Onpenenexve aaBneHUs Kua- 1 1
KOCTeN
3.4 ATtMocdhepHoe 1 bapoMeTpUyecKoe aaBnieHue. 1 1
Margebyprckue nonylapus
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lpodomkeHue

Paspen 4 | 3kcnepuMeHTanbHble UCC/IEQ0BAHUA TEN- 5 5
JIOBbIX ABNIEHUM

4.1 MN3yueHure npouecca KuneHus Boabl 1 1

4.2 OnpepeneHue KonuyecTsa TenaoTbl NpU Harpe- 1 1
BaHUW U OXNAXKAEHWU

4.3 OnpepeneHue yaensHOM TeNIOThb NaBAeHUs 1 1
nbja

4.4 OnpepneneHue yoenbHON TENIOEMKOCTH TBEPLO- 1 1
ro Tena

4.5 MN3yueHure npouecca nnaeneHus U Kpuctanimsa- 1 1
unm amopdHoro Tena

Paspen 5 | 3kcnepuMeHTanbHble UCCNIEeQ0BAHUA NO- 6 6
CTOSIHHOrO TOKa U €ro XapakKTepUCTUK

5.1 M3yyeHune cMellaHHOro coeanHeHUs NPOBOAHU- 1 1
KOB

5.2 Onpepenenue Kl HarpeBatenbHOM yCTaHOBKM 1 1

5.3 M3yyeHne 3akoHa koyns — JleHua 1 1

5.4 MN3yueHne 3aBucumoctn mowwHoctu 1 Kz mc- 1 1
TOYHMKA OT HanpsKeHWs Ha Harpyske

5.5 MN3yueHne 3akoHa Oma ons nonHoM Lenm 1 1

5.6 JKcnepuMeHTanbHasa nposepka npasun Knpxro- 1 1
da

Paspen 6 | 3kcnepuMeHTanbHble UCCNIEQO0BaHUA Mar- 3 3
HUTHOro nonsa

6.1 UccnepoBaHne MarHUTHOrO NMoss NPOBOAHMKA C 1 1
TOKOM

6.2 NccnenoBaxune ABNEHUS 3N1eKTPOMarHUTHOM WH- 1 1
AYyKLUMK

6.3 M3yyeHne MarHMTHOro nonsa coneHoupa 1 1

Pazpen 7 |MpoekTHas pabora 10 2 8

7.1 MpoeKT 1 NpoeKTHbIV MeTo UccieoBaHUs 1 1

7.2 Bbi6op TeMbl uccnefoBaHusa, onpeaeneHue Le- 1 1
nen v 3apay

7.3 MNpoBeneHve MHAMBUAYANBHBIX UCCNEROBAHWUM 6 6

7.4 MogrotoBka K ny6MYHOMY NpeaCTaBIEHMIO 2 2
npoekTa
HUToro: 34 5 29
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Pazgen 1. BBogHble 3aHATUA. DU3nuecKkuit akcnepumeHT U uudposblie naboparo-
pum

Tema 1.1. Uudposbie gatunku. O6wme xapakrepuctuku. ®usmueckue s dexrol,
ucnonb3lyemblie B pabore paryukos

LindpoBsbie Aatymku 1 Mx OTIMUKME OT aHanorosbix npubopos. O6LLMe XapaKTePUCTUKK AaT-
unkoB. Dusmnuyeckre apdeKTbl, UCNONb3yeMble B paboTe fATYUKOB.

Paspen 2. AkcnepuMeHTanbHble UCC/IEA0BAHUA MEXAHUYECKUX ABJIEHUM

MpakTnuyeckas pabora Ne 1. «UsyueHune konebaHU NPY>KMHHOrO MaATHUKA»

Llenb paboTbi: U3y4nTb rapMoOHUYECKUE KoNlebaHUsA NPYKMHHOrO MasiTHUKa.

O6opynoBaHue U MaTtepuanbl: KOMMbIOTEP, KOMMbIOTEPHbIA MHTEPdENC cbopa AaHHbIX
Releon Lite, gpatunk yckopeHus, pyneTka unm nMHenKa, npyxuHa (Habop npy>knH oaMHaKOBOWM
LANTUHbI PAa3HOM XKECTKOCTH), IPY3 C KPIOYKOM, ABYXCTOPOHHWUI CKOTY W LUTATMB C NIAanKoM, 3neK-
TPOHHbIE BECHI.

Paspen 3. 9kcnepumeHTanbHble uccneposaHusa no MKT naeanbHbix rasoe v pgaB-
NneHUs XXUpKocTen

MpakTuueckas pabora Ne 2. «<UccneposaHne uzobapHoro npouecca (3akoH leu-
-Jlioccaka)»

Llenb paboTbi: NPOBEPUTb COOTHOLLEHWE MEXAY M3MeHeHUsMU OObEMa M Temnepartypsbl
rasa npv ero n306apHOM HarpeBaHuu.

O6opynoBaHue U MaTepHuasnbl: KOMMbIOTEP, KOMMbIOTEPHbIA MHTEpdeNC cbopa AaHHbIX
Releon Lite, mynstugarunk ®U3 5 (patumku Temnepatypbl U AaBneHWs), TeMNepaTypHbIn Ly,
LUTaTMB, COCYZ, C NOPLUHEM A1 AEMOHCTPaLMM ra3oBbiX 3aKOHOB, JIMHEWKa.

MpakTnueckas pabora Ne 3. «UccneposaHune nsoxopHoro npouecca (3akoH Lap-
na)»

Llenb paboTbi: NPOBEPUTb COOTHOLLEHWE MEXAY M3MeHeHUsMU obbEéMa M Temnepartypbl
rasa npu ero U30XOpHOM HarpeBaHuWM.

O6opynoBaHue U MaTtepuasnbl: KOMMbIOTEP, KOMMbIOTEPHBIA MHTEPDENC cOopa AaHHbIX
Releon Lite, mynstpatunk ®U3 5 (patumku Temneparypbl U AaBNEHUA), TEMNEPATYPHbIN Ly,
LITaTMB, COCYZ, C MOPLUHEM AJ1S1 AEMOHCTPALMM ra3oBbiX 3aKOHOB, JIMHEWKA.

MpakTuueckasa pabora Ne 4. «3akoH Mackana. OnpepeneHue paBneHUs XKUAKo-
cTen»

Lienu paboTbi: u3yuntb 3akoH Mackans; uccnenosarb U3MEHEHWUSA LABNEHUS C U3MEHEHW-
€M BbICOTbI CTO/10a XXUAKOCTH.

O6opynoBaHue U MaTepuanbl: LUTAaTUB, MEH3YPKa, TPybOKa, nnHelnKa, Mynbtuaatink O3
5, KOMNblOTEP WK NAHLLET.

MpakTuueckas pabora Ne 5. «ArmochepHoe n 6apomerpuueckoe gasneHue. Mar-
Aebyprckue nonywapusa»

Lienb paboTbi: NpOAEMOHCTPUPOBATbL U BbIYUC/IUTL aDCOMIOTHOE M OTHOCUTENIbHOE AaBlie-
HUA.

O6opynoBaHue u martepuanbl: Npubop AN AEMOHCTPaUUM aTtMOCGEPHOro AaBfeHus
(Margebyprckue nonywapwus), rpyssl Maccamu 5 u 10 Kr, BaKyyMHbI HAcoc, AaT4MKU OTHOCU-
T€NbHOIO M abCO/MIOTHOrO AABMEHUS, KOMMbIOTEP WJIU MAHLLET.
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Paspnen 4. 9kcnepuMeHTaNnbHble UCC/IEA0BaHUA TENJIOBbIX ABJIEHUN

MpakTuueckasa pabora Ne 6. «M3yueHune npouecca KuneHusa sogbl»

Llenu paboTbi: M3y4nTb NPOLECC KUMEHUSA BOAbl; MOCTPOUTbL rpadmK 3aBUCUMOCTU Temne-
paTypbl BOAbl OT BPEMEHU.

O6opynoBaHue U MaTepuanbl: 3/eKTpUYECKan NIUTKA UK ropenka, 6onblwas npobup-
Ka, npobupkogepkarenb, Mynstuaatumk GU3 5, TemnepatypHbIi Ly, KOMNbIOTEP MK MaH-
LueT, Coslb.

MpakTtuueckaa pabora Ne 7. «OnpeaeneHne KonuyecTsa TensoTbl NpU Harpesa-
HUM U OXNAXKAEHUUY»

Llenb paboTbi: M3yunTb YCNOBKE TEMNOBOrO paBHOBeCHA (6e3 yuéta paccesHUs TENIOBOK
3HEpPruu B OKpy>KaloLLyto cpeay).

O6opynoBaHue U MaTrepuasnbl: KOMMbIOTEP, KOMMbIOTEPHBIN MHTEPDENC cbopa AaHHbIX
Relab Lite, mynstupatumk ®U3 5, wyn, kanopumeTp, U3MepUTENbHbIN CTaKaH, 3N1EeKTPOYaNHUK.

MpakTuueckasa pa6ora Ne 8. «OnpepeneHue yaenbHOMU TeNNOTbl NAABNEHUA NbJa»

Llenb paboTbi: onpeaenvTb yaenbHyo TENIOTY NAaBleHUs Nbaa.

O6opynoBaHue U MaTepuanbl: KalOPUMETP, U3MEPUTESbHBIM LMAWHAP, CTaKaH C BOAOW,
cocyq, C TaloLWMM fIbAOM, BECbl, UCTOYHUK MUTAHMS, COEAMHUTENbHbIE MPOBOAA, MOOWUbHbIN
MaaHLWeT, KOMMbOTeP, KOMMbIOTEPHbIN MHTEpdENC cbopa aaHHbix Relab Lite, mynstuaarumk
®U3 5, TemnepaTypHbIM Lyn.

MpakTuueckaa pabora Ne 9. «OnpepeneHue yaenbHOU TeN/I0EMKOCTH TBEPAOro
Tena»

Llenb paboTbi: onpeaenvTb 3HadeHWe yaenbHOM TEMIOEMKOCTM MeTasnndeckoro (anto-
MWHWEBOIO) LMIMHAPA HA HUTMU.

O6opynoBaHue U MaTrepuasnbl: KOMMbIOTEP, KOMMbIOTEPHBIN MHTEPDENC cObopa AaHHbIX
Relab Lite, mynstupatunk ®U3 5, wyn, kanopumeTp, MU3MEPUTESbHbBINA CTaKaH, 3EKTPOYANHUK,
MeTa/INIMYECKUIA LUNIMHAP HA HUTHU.

MpakTuueckaa pabora Ne 10. «U3yuyeHune npoueccoB NnnaBneHUa U KpUcTannusa-
uuu amopdHoro Tena»

Llenb paboTbi: onpenenntb TeMnepaTtypy Kpuctanamsaumm napaduHa.

O6opynoBaHue u matepuanbl: npobupka c napacdmHoM, NnpobupkoaepKatesb, CTakaH C
ropsiyen sogon obbvémom 150—200 mn, KomnbloTEP, KOMMbIOTEPHbIM MHTEpdENC cbopa aaH-
Hbix Relab Lite, mynstupatunk ®MU3 5, wyn.

Paspnen 5. 9kcnepuMmeHTanbHble UCCIef0BaHUA NOCTOAHHOrO TOKA U €ro xapak-
TEPUCTUK

MpakTuueckas pabora Ne 11. «U3yueHne cmewaHHOro coegUHEHUA NMPOBOOHU-
KOB»

Llenb paboTbi: NPOBEPUTb OCHOBHbIE 3aKOHbI CMELLIAHHOrO COeAMHEHWUS NMPOBOAHUKOB B
3NEeKTPUYECKOM LieNK.

O6opynoBaHue U MaTtepuanbl: KOMMbIOTEP, KOMMbIOTEPHbIA MHTEPdENC cObopa AaHHbIX
Relab Lite, mynstugatumk ®U3 5 (gatumk ToKa U HaNpsiKeEHWUA), UCTOYHUK TOKa, Habop pesu-
CTOPOB, COEAUHUTENbHbIE MPOBOAA, KIIOY.

MpakTuueckas paborta Ne 12. «<Onpepenenune KM HarpesatenbHoOro anemeHTa»

Llenb pab6otbi: onpenenuts KN/, HarpesatensHoOro anemeHTa.

O6opynoBaHue U Marepuasnbl: KOMMbIOTEP, KOMMbIOTEPHBIN MHTEPDENC cOopa AaHHbIX
Releon Lite, mynbtupatunk U3 5 (gatumnk Temnepartypbl, JATYMK TOKA UM HANPSXXeHUs), Temne-
PaTypHbIM LLyN, UCTOYHWK TOKA, KaNopUMETP, HarpeBaTefibHbl 3/1eMEHT, coeauHUTEeNbHble
NPOBOAA, MEPHbIN LUMAMHAP, EMKOCTb C Bogon obbémom 150 cm3.
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MpakTuueckasa pa6ora Ne 13. «U3yueHune 3akoHa [koyna — JleHua»

Llenb paboTbi: onpeaenntb KONMYECTBO TEMJIOThI, BblAENSEMOE NPOBOAHUKOM C TOKOM.

O6opynoBaHue U MaTtepuasnbl: KOMMbIOTEP, KOMMbIOTEPHbIA MHTEpPdeC cbopa AaHHbIX
Relab Lite, mynstngatumk ®U3 5 (patumk Toka M HanpsiKeHWA), UCTOYHWUK TOKa, PE3UCTOp,
K/toY, COeJMHUTENbHbIE NPOBOAA, LUTATMUB, KaIOPUMETP, EMKOCTb C BOJOW.

MpakTuueckasa pabora Ne 14. «U3yueHne 3aBUCMMOCTU NONE3HON MOLLHOCTU M
KM/ ucTouyHuKa oT HanpAXXeHUsA Ha HarpyskKe»

Lenb paboTbi: U3yuntb 3aBUCMMOCTb nonesHon mowHocti M KM uctouHmka ot conpo-
TUB/IEHWUS HarpysKu.

O6opynoBaHue U MaTrepuasnbl: KOMMbIOTEP, KOMMbIOTEPHBIA MHTEPDENC cOopa AaHHbIX
Relab Lite, mynstngatumk ®U3 5 (gatyumk ToKa M HaNPsXKEHUS), UCTOYHUK TOKa, PEOCTaT, KJtou,
coefiMHUTENbHblE NPOBOAA.

MpakTuueckas paborta Ne 15. «M3yueHune 3akoHa Oma gna nonHOM uenu»

Llenu pa6otbi: npoeepuTb 3akoH OMa Ans NONHOW Lemnu; U3y4nTb pexxmmbl paboTbl UCTOY-
HWKOB TOKa.

O6opynoBaHue U MaTrepuasnbl: KOMMbIOTEP, KOMMbIOTEPHBIM MHTEPDENC cOopa AaHHbIX
Relab Lite, mynstnpatumk ®U3 5 (gatyumk ToKa M Hanps)KeHUs ), UICTOYHUK TOKa, 2 pe3ncTopa, 3
K/toya, coeanHuTeIbHble NPOoBOAaA.

MpakTuueckas pabora Ne 16. «IkcnepumeHTanbHasa nposepka npasun Kupxro-
da»

Llenb paboTbi: 3KCnepMMeHTanbHO NpoBepuTh 3aKoHbl Kupxroda.

O6opynoBaHue U MaTrepuasnbl: KOMMbIOTEP, KOMMbIOTEPHBIM MHTEPDENC cOopa AaHHbIX
Relab Lite, mynbtuaatunk U3 5 (gatumnk Toka U HaNpPsYXKeHWs), UICTOYHUK TOKa, 5 pe3ncTopos,
3 KNoya, coeanHUTENbHbIE MPOBOAA.

Paspen 6. 3KCHEPMMEHTaJ1beIe unccnenoBaHuA MarHUTHOro nonsAa

MpakTuueckas pabora Ne 17. «<UccnepgoBaHne MarHUTHOro NONA NPOBOAHMUKA C TO-
KOM>»

Llenb paboTbi: BbIABUTb 3aBUCMMOCTb MOAY/SA MHAYKLUMU MAarHMTHOMO MOnsA NMPOBOAHMKA C
TOKOM OT CWJIbl TOKA M PaCcCTOSHMA A0 NPOBOAHMKA.

O6opynoBaHue U MaTtepuanbl: KOMMbIOTEP, KOMMbIOTEPHbIA MHTEPdENC cbopa AaHHbIX
Relab Lite, mynbtugatunk ®U3 5, wratmebl, UICTOYHUK TOKA, NPOBOAHMWK, SIMHENKA, peocTar,
K/tou.

MpakTuueckas pabora Ne 18. «<UccneposaHne aBneHUs 3N1eKTPOMArHUTHOW MH-
BYKLUUUN»

Llenb paboTbi: UcCnenoBath SAB/IEHUE 3M1EKTPOMArHUTHON MHOYKLMM,

O6opynoBaHue U MaTtepuanbl: KOMMbIOTEP, KOMMbIOTEPHbIA MHTEpPdENC cbopa AaHHbIX
Relab Lite, mynbtugatunk ®U3 5, nuHelKa, KaTylwKa-MOTOK, NMONOCOBOW MarHwTt, Tpybka vs
MBX, nepxxartenb ansa TpyOKM, LWITATMB.

MpakTuueckasa pabora Ne 19. «M3yueHne marHuTHOro nons coneHonpa»

Lienb paboTbi: uccnenosatb pacnpefenieHMe MHAYKUUMM MarHMTHOMO Nosis BAOMb OCH CO-
NeHoupa.

O6opynoBaHue U MaTtepuanbl: KOMMbIOTEP, KOMMbIOTEPHbIA MHTEPdENC cbopa AaHHbIX
Relab Lite, mynstuaatumk ®U3 5 (gatynkn Toka MarHUTHOrO NOJA), UCTOYHMK TOKA, COEAMHU-
TesNbHble NPOBOAA, COJIEHOUA, peocTar.
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Pazpen 7. MpoekTHas pabora

MpoeKT 1 NpoeKTHbIM MeTog, uccnepoBaHusi. OCHOBHbIE 3Tarbl MPOEKTHOrO UCCNENOBAHUSA.
Bbibop TeMbl MccnefoBaHus, onpeaeneHve Lenen v 3agad. lNpoeeaeHve MHAMBUAYAbHbBIX UC-
cnepfosaHui. NoarotoBka K ny6MYHOMY NPeACcTaBleHUIO MPOeKTa.

Mpumepbl npakTMueckux pador

MpakTuueckas pabora Ne 1
«U3yueHne KkonebaHU NPY)KUHHOro MaATHUKA»

Llenb paboTbi: U3y4nTb rapMOHUYECKUE KONebaHMs NPY>KUHHOrO MasTHUKA.

O6opynoBaHue U MaTepHuanbl: KOMMbIOTEP, KOMMbIOTEPHbIA MHTEpdeNCc cbopa AaHHbIX
Releon Lite, patunk ycKkopeHus, pyneTka unm nnMHenKa, npyxuHa (Habop Npy>knH oaMHaKOBOW
LJIMHbI PA3HOM KECTKOCTH), FPy3 C KPOYKOM, [ABYXCTOPOHHWUI CKOTY UM LUTATUB C NANKOW, 3/eK-
TPOHHbIE BECHI.

OcHoBHble cBegeHuAa

Mpy>XMHHBIM MAasTHUK — 3TO pU3NYEeCcKas MOAENb, COCTOALLAA M3 rpy3a Maccon m v npy-
YKMHbI )XECTKOCTbIO k. [pn 3TOM Maccor Npy»unHbl MO CPAaBHEHWUIO C MAacCOM rpy3a MOXHO npe-
Hebpeub, a TpeHue B KonebartesibHOM cucTteMe OTCYTCTBYET. [TpYy>KMHHBIM MASTHUK MOXKET CO-
BepLuaTb KonebaHus B BEPTUKANIbHOW WKW B FOPU3OHTasIbHOM NnockocTu. MccneposaHus kone-
GaHuit NPY>KMHHOIO MasTHWKA ByaemM NpoBOAMTbL B BEPTUKASIbHOMW MNOCKOCTHU C LIESbio CBEAeHUA
K MMHUMYMY cunbl TpeHus. Kpome Toro, npu TakoMm paccMotpeHun bonee yaobHO NpUKpenuThb
JATYUK YCKOPEHUS.

Korga rpys BbIBOAMTCA M3 NONOXKEHUS paBHOBECUS, Hanpumep, NpPy>KMHa CKMMAETCS Ha He-
KOTOPYIO BE/IMUMHY, FPy3y COODOLLAETCA HEKOTOPLIM 3anac noteHuManbHon aHepruu. Ecnum Te-
nepb OTNYCTUTb rPy3, TO OH ByAeT ABUraTbCA K MOSIOXKEHUIO PABHOBECUS, MPYXKUHA HAYHET Bbl-
npamnaTbca, U aedopmaumsa npyxuHol byaer ymenblartbca. CnenosarensbHo, 6yaet ymeHb-
warbcs U e€ noteHuuanbHas 3Heprus. CkopocTb rpysa Oyaer yBesuuuBaTbCs, NpW 3TOM
noTeHUManbHas 3Heprus Npy>xuHbl ByaeT npeBpaLLaTbCs B KUHETUYECKYIO SHEPIUIO ABUXKEHUS
rpy3a. B MoMeHT npoxoxaeHus rpy3oMm nosioXKeHUs paBHOBECUA ero NoTeHuMasnbHas 3Heprusa
paBHa HY/IO, @ KWHETUYECKasA dHeprus OyaeT MakCMMasbHOMN.

Mocne 3Toro B cuiy uHepuuu MPOWAET MosoXeHuWe paBHoeecus. Ero ckopoctb Gyaet
yMeHbLIaThcs, a gedopmaumns (yasMHeHne npyxuHbl) byaeT ysennumsarbca. CnegosarensHo,
KMHETUYECKasi SHEPrus rpysa yMeHblUAeTCsl, a ero noTteHuManbHas 3Heprus, Haobopor, Bo3-
pacTaer.

Mpy Manom pactsayKeHuu Npy>KMHbI Nepuog KonebaHuit NPYXXKMHHOIO MasTHUKA MOXHO pac-
cuuTatb no cdhopmyne:

T=2m|2. (1)
k

N3 dopmynbl (1) cneayert, uto nepuon KonebaHui NPY>KUHHOrO MasTHUKA He 3aBUCUT OT
aMnAuTyabl KonebaHuin. ITo NO3BOMSAET UCCNeA0BaTb 3aBUCMMOCTb NEPUOLA U YACTOTbl Kose-
GaHUi NPYXKMHHOrO MasiTHMKA OT XKECTKOCTM M Macchl rpy3a. 3Has nepuopg KonebaHui npy-
YXMHHOTO MAsITHUKA, MOXXHO OMPEAENUTb KaK XXECTKOCTb, TaK U Maccy rpysa.

B naHHol pabote ynobcTBO paccMoTpeHus KonebaHuii B BepTUKaNbHOM MNOCKOCTH CBA3a-
HO eLLE U C MpUKpenneHMeM faTymka.

B cogeprkaHue 41




@\3 KBAHTOPHNYM D®OU3UKA

UHCcTpyKuUA NO BbINOSIHEHUIO

1. U3yumnte ocHOBHble CBefeHMS.

2. CobepuTe aKCnepuMeHTasbHyl0 YCTaHOBKY no pucyHKy 1. [lnsa atoro ycraHoBuTe WTaTvMB
W 3aKpenuTe NpY>XWMHY C NOABELUEHHbIM Ha Hel rpy3oM. K rpysy ¢ MOMOLLbIO BYXCTOPOHHEro
CKOTYa npuKpenute mynbtuaartyuk Mus 5, k kotopomy nogcoepntmte USB-npoBsog u nogknio-
yuTe ero K KOMMbloTepy.

Puc. 1. dkcnepumeHTanbHas ycTaHOBKa

3. 3anyctute Ha KoMnbloTEpe Nporpammy ana nsMepeHui Releon Lite. OctaBbTe akTUBHBIM
JATYUK YCKOPEHMS, OTKJIIOUMB OCTasIbHble LM POBbIE AATYMKM.

4. BoiBeauTte Npy>KMHHbIM MaATHUK U3 NOSIOXKEHMA paBHoBecus. HauHuTe cOop AaHHbIX, Ha-
)aB KHonKy «[lyck» Ha aKpaHe KommnbloTepa.

5. MNo nonyyeHHbIM rpadmKkam onpeaenuTe NIOCKOCTb KonebaHUi 1 yCTaHOBUTE OCb, BAOSb
KoTopow Konebnercsa aatumk yckopeHus. B MeHio gatumka ykaxkute HeobxoauMbii aatumk (B
NnoKasaHHoM Ha pucyHKe 1 ycTaHOBKe 3To fatumk yckopenus OZ).

6. N3meHuTe napameTpbl cbopa faHHbIX. 3apanTe cieayloLiMe napamMeTpbl: nepuog onpo-
ca: 0,1; esuaumbit uuTepean: 10; guanasoH onpoca: ot —2g go +2g (pwc. 2).

Puc. 2. N3meHeHune napameTpoB c60pa AaHHbIX
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1. BoiBegute nNpy>XMHHbIM MaATHUK U3 NOMOXKEHUA PABHOBECUSA MYTEM PACTAXKEHUSA NPYXKM-
Hbl. HauHute cbop paHHbix. Ha akpaHe KoMmnbioTepa MOXHO Habnoaath rpadmK rapMoHuye-

CKUX KonebaHuit NpyXMHHOro MasTHUKa (puc. 3).

?. Relab Live < Hazay

Puc. 3. Tpaduk rapMoHUYecKux KonebaHmit NPY>XMHHOro MasTHUKa

8. Mo nonyyeHHoOMy rpaduKy onpeaenute nepuos KonebaHum nNpy>KMHHOMO MasiTHUKA.

Uccneposanue Ne 1. OnpepeneHue macchl rpysa
N3 dopmynbl (1) MOXKHO BbipasuTb Maccy rpysa, CoBepLUaloL,Eero rapMoHuyeckue Koneba-

HUA Ha NPYXXUHeE.
1. 3Hasa 3Ha4eHWe neproda KonebaHui U3 NoNy4YEeHHOTo rpacmrKa U XKECTKOCTb MPY>KUHbI U3

onncaHunA O60py,EI,OBaHI/IF|, Hal"‘I,D,VITe Maccy rpysa no dJopMyne:

kT?
m= ——.
4n?
2. OnpepenvTte Maccy rpysa Cc 4aTYMKOM YCKOPEHMUS C MOMOLLbIO 3/1IEKTPOHHbIX BECOB.

3. CpaBHUTE NonyyeHHble BaMKU 3HA4YE€HMA MAcChl rpy3a U cchOpMyNMpyITe BbIBOAbI.
4. NccnepoBaHue nNpoBeanTe HECKONbKO pa3. Paccuntaite cpepHee 3HayeHWe Macchbl rpy-

3a.

Uccneporanue Ne 2, OnpeneneHue KECTKOCTU NPYXKUHDI
1. Onpepenunte Maccy rpysa BMecTe C AAaTYUMKOM YCKOPEHWUS C NMOMOLLbIO 3/IEKTPOHHbIX Be-

coB. 3HayeHuWe nepuoga konebaHui NPYKMHHOrO MasTHUKA ONpPeaenuTe Nno noay4eHHoMy rpa-

uky.
2. PaccuuTaiiTe 3HaueHMe KECTKOCTU MPYXKUHbI No opmyne:

42
k= T2 m.

3. Onpegenute 3Ha4YeHWE XKECTKOCTU NPYXKMHbI, UCMOJb3yA 3aKoH lyka 1 onucaHue obopy-

JOBaHMA.
4. CpaBHWTE NONYyYeHHblEe BaMWU 3HAYEHUS XKECTKOCTU NPYXKMUHbI M CHhOPMYNUPYITE BbIBOARI.
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Uccneposanue Ne 3. U3yueHne 3aBUCUMOCTU Nepuoga M 4acToTbl KonebaHui npy-
YKMHHOrO MAaATHUKA OT }KECTKOCTHU NPY>XUHbI

3Has nepuoga KonebaHWi NPYy>KMHHOIMO MasTHWKA, paccyMTanTe 3HaYeHue 4acToTbl Koneba-
HWM no ¢opmyrne:

V=

T

N3meHsas npykuHy, nostopute n. 7 u 8 (cM. pybpuKy «MHCTPYKUMA MO BbINONHEHMIO»),
onpenenuTe HOBble 3HAYEHWUSA NEPUOAA U YACTOTbl KONebaHW NPY>KUHHOMO MasTHUKA.

Mo nonydyeHHbIM AaHHbLIM ONpefenMTe 3aBUCUMOCTb Nepuoda U YacToTbl KonebaHui npy-
YXMHHOIO MasiTHMKA OT XECTKOCTU NpyKuHbl. Chopmynupyiite BbIBOAbI.

Bce gaHHble 3KCcnepuMeHTa MOXHO NOCMOTPETb B BUAE TabnuLbl, HAXKaB B MEHIO BKNAAKY
«Tabnuua», a TakKe MOXXHO COXpaHuUTb B BUae Tabnumubl Excel.

MpakTuueckasa pabora Ne 3
«UccnepoBaHue nzoxopHoro npouecca (3akoH Lapnsa)»

Llenb paboTbi: NpoBepuTb COOTHOLLEHWE MEXAY M3MeHEeHUsIMU 0ObEMa M TemnepaTypou
rasa rnpu ero M30XOpHOM HarpeBaHuMu.

O6opynoBaHue U MaTtepuasnbl: KOMMbIOTEP, KOMMbIOTEPHBIA MHTEPDENC cOopa AaHHbIX
Releon Lite, mynstpatunk ®U3 5 (patumku Temnepatypbl U AaBNEHUA), TEMNEpPaTypPHbIN Ly,
LUTATWUB, COCYZ C NOPLUHEM A5 AEMOHCTPALMU ra30BbIX 3aKOHOB, JIMHENKA.

OcHoBHble cBeaeHus

N30x0pHbIM Npouecc — 3TO TEPMOAMHAMUYECKUA MPOLIECC, MPOUCXOAALLMIA C HEKOTOPOM
MOCTOSAHHOM MaccoW rasa, Npu KOTOPOM ero 06bEéM OCTaétcsi HeusMeHHbIM. [pumepom M3o-
XOPHOro npouecca fBASETCA HarpeBaHWe rasa, HaxoASLLEerocs B COCyAe C 3aKpersi€HHbIM
NOpLUHEM.

CornacHo 3akoHy LLlapns, ons paHHoro konuyectea MaeanbHOro rasa OTHOLIEeHWe AaBne-
HUSA rasa K ero abconoTHOM TeMneparype NOCTOSHHO, eC/IM 0ObEM rasa He MeHAeTCs:

%= const.

Ecnv ngeanbHbii ras nepexogut U3 coctosHusa 1 B coctosHue 2 npu NocTosiHHOM 06béMe,
TO

P _ P2

L L

Tak Kak 0ObEM B paccMaTpMBaeMOM M30MpoLecce He U3MeHsieTcs, To pabora, cosepluae-
Mas uaeanbHbIM ra3oMm, paBHa Hysto. lNprMeHsa nepeblit 3aKOH TEPMOAMHAMUKMU K U30OXOPHOMY
npoweccy, noay4nm:

AU = Q, vin AU = Q=I§VRAT

3
Ina noeanbHoro ogHoatoMHOro rasa MokHo 3anucatb: AU = Q = E RAT

TexHuka 6e3onacHocTH

Mpuctynas Kk pabote, BHMMaTeNbHO O3HAKOMbTECH C 3aaaHWeM u obopyposaHuem. Cny-
LaKTe M BbINONHANTE BCce TpeboBaHua yuutens. He nonb3yitech npubopamu 6e3 ero paspe-
LeHUs.

UHCTpYyKuMUA NO BbINONHEHUIO

1. I3yunte oCcHOBHble CBeeHUS.

2. CobepuTe 3KCNepUMEHTaSIbHYIO YCTAHOBKY MO PUCYHKY.
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JKcnepuMMeHTaNnbHasA YCTaHOBKA

3. MoakniounTe paTyvKK AaBNEHUS U TeMneparypsl.

4. 3anycTuTe Ha KOMMblOTepe nNporpamMmy ans usmepexuin Releon Lite.

5. BeinonHute conpsikeHue faTtyMKoB AABNEHUS U TeMnepatypbl.

6. 3anuwunTe HayanbHble 3HAYEHUS AATYMKA LABNEHUS U TEMMepaTypbl B Tabauuy.

7. Haunute Harpesarb UMAnHAP C ra3oM NobbiM yaobHbIM cCnocoboM (MCronb3ys CrMpPTOB-
Ky, CMIMPTOBblE TaBMETKU U T. M.), 3aPUKCMPOBAB NMPU 3TOM MOPLUEHD.

8. Yepes Kkaxable 3 MUH 3anuMcbiBaiiTe NOKa3aHWA AAaTYMKOB (BbIMONHUTE 5 U3MepeHui).

9. MNpeacrasbTe NosyyeHHble AaHHble B BUAE Tabnuupl, nepeHecute ux B Excel.

10. MocTporiTe Ha OCHOBE MOMYYEHHbIX AAHHbIX rPaduK 3aBUCUMOCTH P .

11. [Ins HayanbHbIX U KOHEYHbIX 3HAYEHUIM TeMMNepaTypbl U faBIEHUS ra3a NpoBepbTe cnpa-

P P

B&4JIMBOCTb BblpaXKeHUA: T - T
1 2

12. CchopmynupyiTe BbIBOAbI.

Ne akcnepumeHTa Bpems, AaeneHue, Temnepartypa,
MUH Ma
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MpakTuueckasa pabora Ne 10
«HU3yueHune npoueccos nnaeneHus n Kpuctannusauumu amopdgHoro Tena»

Llenb paboTbi: onpeaenuts TemnepaTypy KpucTaaimMsaumu napaduHa.

O6opynoBaHue U MaTtepuanbl: KOMMbIOTEP, KOMMbIOTEPHbIA MHTEPENC cObopa AaHHbIX
Releon Lite, mynbtnugarunk ®NU3 5, temneparypHbiiv wyn, npobupka ¢ napaduHom, npobupko-
[epKaresib, cTakaH c ropsadei sogom (okosno 80 °C) o6bémom 150—200 mn.

OcHoBHble cBeaeHuUs

OnHOM U3 XapaKTepUCTUK KPUCTAINTMYECKUX TE, OT/IMYAIOLLMX UX OT aMOPMdHbIX, ABNAETCA
onpenenéHHas Temnepartypa nnaeneHus (M paBHas er Temneparypa kpuctannusauuu). Opyru-
MW CNOBaMM, KOrfa KpucTassiMyecKkoe Tesio Npu paBHOMEPHOM HarpeBaHUKW AOCTUraeT Temne-
paTypbl NiaBneHus, ero TeMneparypa Ha HeKOTopoe BpeMs nepecTaeT yBennuusatbcs. Jlvwb
Koraa BCE Teslo NepexoiuT B XXWAKOE COCTOsiHWE, ero Temnepartypa HauyMHaeT CHoBa BO3pac-
TaTb. Takas ke 3afepKa B U3MEHEHWW TemnepaTypbl MPOUCXOAUT U NPU OCTbIBAHUW XKUIKO-
CTW, NPEBPALLAIOLLENCS B KPUCTANIIMYECKOE TeslO.

Mo Mepe oxnaxiaeHus pacniaBfeHHOro KpPUCTaN/IMYECKOro BeLLecTBa €ro 4acTuubl 3a-
MeLNAT CBOE XxaoTuyeckoe (TennoBoe) asukeHue. lNpu LOCTUXKEHUM TemnepaTypbl nnaaene-
HWUSI CKOPOCTb ABUXKEHMSA YaCTWL, YMEHbLUAETCS, U OHWU NOJL AEMCTBUEM CUM NPUTSHKEHUS HAYM-
HAIOT «MPUCTPaMBaTbCA» OAHA K ApYror, obpasys Kpuctanmyeckue 3apogbiwn. Moka Bcé se-
LLECTBO He 3aKPWUCTaNIM3YyeTcs, ero TeMneparypa OCTAETCA MOCTOAHHOMW. DTy Temnepartypy
Ha3blBalOT TeMMepaTypor KpUcCTanansauuu Wnn TemnepaTtypomr NnaBneHuUs AaHHOro KpucTan-
nuyeckoro Tena. lMocne Toro Kak BCE BeLECTBO NepenaeT B TBEPAOE COCTOSHUE, €ro TeMnepa-
Typa CHOBa Ha4HET MOHMXaTbCS.

Teépapble napaduHbl ABNAIOTCA KPUCTaNIMYecKumu Tenamu. B paHHon pabote Ha onbite
ybeamMMmcs B KpUCTaNIMYECKON NMPUPOLE BbICOKOOUMLLEHHOTO (6esnoro) napaduHa, npuMeHse-
Moro B chmsnoTepanuu.

UHCTpyKUMUA NO BbINOSIHEHUIO
1. N3yunTe ocHOBHble cBeAeHUS.
2. MNoparotosbTe TabnuLy A5 3anNMcK pesynbTaToB M3MEPEHUN.

Bpems T, MuH 1 2 3 4 5 6 7 8 9 0 11| 12|13

Temnepartypa t, °C

3. Onyctute B ctaKkaH c ropsuyen sogow (okono 80 °C) npobupky c napaduHoM 1 Habno-
JaviTe 3a TeM, KaK OH MiaBuTCA.

4. Mocne Toro Kak napadguH NOMHOCTbIO PacniaBuUTCs, NepeHecuTe NPOBUPKY B CTakaH, B
KoTopoM Hanuto okono 150 mn xonogHon Bogbl. OnycTute B pacnnaeneHHbIn napadvH (B ero
cepenuHy) TemMnepatypHbIv LWy, NpeaBapuTenbHO NOAKOUYMB ero K Mynbaatiyuky U3 5 u
3anyctue nporpamMmmHoe obecneyexue Releon Lite.

BaxHo!

TemneparypHbI# LWyn He JO/MKEH KacaTbCA CTEHOK npobupku. Bo Bpems onbita npo-
6vpKa c napacrHOM JO/MKHA HAXOAWUTLCS B MOKOE.

5. C momeHTa, Korga TeMnepartypa napaduHa Ha4HET NMOHMXKATbCS, C MHTEpBasoM B 1 MUH
(BpemeHHOM MHTepBan creayeT BbICTaBUTb B MPOrpamMMe) CHUMaKTe NoKasaHusa fatyuka Temne-

patypbl.
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6. Mponomkas cHUMaTb NOKasaHWUA AaTyMKa Temnepatypbl, NpoHabnopaiTe atan nepexo-
Aa napacduvHa 13 XXUAKOro B TBEpAOE COCTOSHUE.

7. Mpu oxnaxpeHunu napadmvHa go 50—45 °C npekparute usmepenus. o skcnepumen-
Ta/IbHbIM AAHHbBIM NPOAHANIM3UPYHITE NOYYEHHbIN rpacMK 3aBUCMMOCTU TeMNepaTypsbl t OT Bpe-
menu T.

8. Mo rpadwKy onpepenute TeMneparypy Kpuctanimsauuu napaduHa.

9. Cchopmynupyiite BbiBOABI.

MpakTnueckasa pabora Ne 12
«Onpepenenue KM HarpeBatenbHOro anemMeHTa»

Lenb pa6oTbi: onpegenuts KM/, HarpesaTtensbHoro anemMeHTa.

O6opynoBaHue U MaTepHuasbl: KOMMbIOTEP, KOMMbIOTEPHbIA MHTEpdeNC cbopa AaHHbIX
Releon Lite, mynstugatunk ®U3 5 (patumky Temnepatypsbl, AaTYMK TOKA M AATYMK Hanpsxe-
HWA), TeMNepaTypHbIX LLYyM, UCTOYHUK TOKA, KalOpUMETpP, HarpeBaTeibHbIM 31EeMEHT, COeAUHU-
TenbHble MPOBOAA, MEPHBIN LMAMHAP, CTakaH c Bogon ob6bémom 150 cm.

OcHoBHble cBeaeHUusA
CornacHo 3aKOHY COXpaHEHWS 3HEPrUK, KOMYECTBO TEMIOTbl, BbIAENSIEMOE NPOBOAHUKOM
C TOKOM, paBHO paborte ToKa:

Q = A
Mo onpegenenuto KM niob6oro ycTporlcTBO MOXKHO BbIYMC/IUTL MO hopMyse:
= 2= 100 %,
A704
r,ﬂ,e A3a'|' = lchcpAt, Anon = = Cm(tK - tH).

Tak kak m =, nony4aem Ao = Q = cpVUtc — t.).
OkoHuatenbHaa dopmyna ans pacyéta Kl HarpesatenbHOro aneMeHTa NpuMeT creayto-
WMM BUA;

Vit —t
n=A?>, .100%=m.1oo%. (1)
A I,U,At
. _ Ik — In _ Uk — Un
CpenHue 3HaUeHUs CUMbl TOKA U HanpskeHus: |, = B U, = o

Insa sbluncnenuns KM HarpesatenbHOro anemMeHTa crieayer UCMosb30BaTh TabiMuHble AaH-
Hbl€:

¢ = 4200 Ox/(kr - °C), p=1000 kr/m>.

B 6naHkKe oTBEeTOB:

CnenaiTte pUCYyHOK CXEMbl 3KCMEPUMEHTANIbHON YCTAHOBKM.

3anuwute dopmyny ans pacyéta KN/ HarpeBatenbHoro anemeHTa.
3anuLuunTe aKCnepuMeHTasNbHble JaHHble, NOJlyYeHHbIe C MOMOLLbIO AATYMUKOB.

UHCcTpyKLMA NO BbINONHEHUIO

1. M3yunte ocHOBHble CBefeHuS.

2. CobepuTe 3KCNepUMEHTASIbHYIO YCTAHOBKY MO pUcyHKam 1, 2.

3. MNogkntounte garumkm uMpoBor nabopatopum 1 nosyuuTe rpadrku 3aBUCMMOCTH CUJTb
TOKa, Hanps>XeHUs U TeMMnepaTypbl OT BPEMEHM.

4. CoxpaHuTe TabnnyHble AaHHble HA paboyem cTone.

5. Paccuurtaiite Kl HarpeBatenbHoro anemeHta, ucnonb3ys cdopmyny (1) u3 paspena
«OcHoBHble cBefileHUsA».

6. CchopmynupyiiTe BbiBOAKI.
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Puc. 1. ®parmeHT 3KCnepUMeHTaIbHOM YCTaHOBKM

Puc. 2. CobparHas akcnepuMeHTanbHas ycTaHOBKa

11 knacc
YuebHO-TeMaTUUeCKui nnaH
Ne paspena HaseaHue paspenos u tem Konuuecteo yacoe
M TeMbl
Bcero Teopusa | MpakTuka
Pazpen 1 BeopgHble 3aHATHA. 4 3 1
®Dusnueckuit akcnepuMeHT U LUppPoBbIE
naboparopuu
1.1 LUndposbie aatunkm. Oblume xapakrepucTtu- 2 2

ku. Dusmueckune apdekTbl, UCNONb3yEMbIE
B paboTe AaTYMKOB
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lpodosmxeHue
1.2 JByxkaHanbHas npucTtaBka-ocumnnorpad. 2 1 1
OcHoBHble NpUHLUMMbI paboTbl C NPUCTABKOM
Paspen 2 | dKcnepuMeHTasNbHble UCC/IEA0BAHUA 1 1
nepeMeHHOro Toka
2.1 N3mepeHue xapaKTepUCTUK NepeMeHHOoro To- 1 1
Ka ocuunnorpagom
2.2 AKTMBHOE CONpPOTUBNIEHWE B LIENU NepeMeH- 1 1
Horo Toka
2.3 EMKoCTb B Lien1 nepeMeHHOro Toka 1 1
2.4 NHOYKTUBHOCTb B LLENW NepeMeHHOro Toka 1 1
2.5 MN3yuyeHune 3akoHoe OmMa ana uenu nepemeH- 1 1
HOro Toka
2.6 MNocneposarenbHbINM pe3oHaHC 1 1
2.7 MNapannenbHblit pe3oHaHc 1 1
2.8 [unop B uenu nepemMeHHOro Toka 1 1
2.9 JelicTByloLLee 3Ha4YeHMe NepeMeHHOro ToKa 1 1
2.10 3aryxatowme konebaHus 1 1
2.1 B3anmounHaykums. TpaHcdopmatop 1 1
Pazpen 3 | CmaptdoH Kak husnueckaa naboparopua’ 6 6
3.1 Tennoeas kapTa ocBeLLEHHOCTH 1 1
3.2 CeeT panékoi 3se3qpl 1 1
3.3 YpoBeHb Wwyma 1 1
3.4 3BYKOBbIE BOJIHbI 1 1
3.5 Knetka Papapes 1 1
3.6 Mo sonHam Wi-Fi 1 1
Paspen 4 | MpoektHasa paboTa 13 2 1
3.1 IMpoeKT U NPOEKTHbIM METOA UCCIefOBaHUSA 1 1
3.2 Bbibop TeMbl MccienoBaHusA, onpepenexHme 1 1
Lenew 1 3agav
3.3 MNpoBeneHVe MHANBUAYANIbHBIX UCCIIeQ0BAHUM 9 9
3.4 MoproTtoeka K Ny6M4HOMY NpeacTaBeHuIo 2 2
npoekTa
WUroro: 34 5 29

"Kypc «CmaptdoH kak dusndeckas naboparopus» / HayuHo-nonynspHbii noptan «3aHumarenbHas poboTOTEXHMKa». —
[3nekrporHbii pecypc]. — URL: http: / /edurobots.ru /2020 /06 /smartphone-lab/ (Jara o6pawenus: 10.05.21).
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Pazpgen 1. BBogHble 3aHATUA DU3nUeCKUih 3IKCNepMMeHT U uudpoBbie naboparo-
pum

Tema 1.1. Uudposbie gatunku. Ob6uwme xapakrepuctuku. @usnueckune agdexrsl,
ucnonb3yemblie B pabore paryMkos

Lincbpoeble Aatumku 1 Ux oTMumMe oT aHanoroebix Npubopos. O6LMe XapaKTepPUCTUKMU AaT-
unkoB. Dusmnuyeckre apdeKTbl, UCNONb3yeMble B paboTe faTYMKOB.

Tema 1.2. iByxkaHanbHas npuctaeka-ocuunnorpad. OcHoBHblie npuHUKUnbI pabo-
Tbl C NPUCTABKOMU

MNopknioyeHue AByxKaHanbHOM NpucTaBku-ocuunnorpada. bnoku Hactpoek. Onpenenexve
napameTpoB ocuunanorpammsl. Pabora c Tpurrepom.

Paszpen 2. OkcnepuMeHTanbHble UCC/IEA0BaHUA NEPEMEHHOrO TOKa

MpakTnueckasa pabora Ne 1. «<M3mepeHue xapaKTepUCTUK NepeMEHHOro ToKa oc-
uunnorpacgom»

Llenb paboTbi: NONYYNTb SNEKTPUYECKME CUTHASbI PA3/IMYHBIX POPM, U3MEPUTb aMMIUTY-
[y 1 nepuop nepeMeHHOro ToKa C NoMoLLblo ocuuanorpada.

O6opynoBaHue U martepuanbl: AByxKaHa/lbHasa NpucTaBka-ocuuanorpad, 3ByKOBOW re-
HepaTop, COeAIMHUTEIbHbIE NPOBOAA.

MpakTuueckas paborta Ne 2. «AKTUBHOE CONPOTUB/IEHWE B LIENU NEPEeMEHHOro ToKa»

Llenb paboTbi: onpenenutb 3aBUCMMOCTb CONPOTUBNIEHUS OT YaCTOTbl MEPEMEHHOrO TOKa,
coBur a3 Mexxay TOKOM U Hamnps>KeHUEM A1 aKTUBHOM HarpysKHu.

O6opynoBaHue u maTtepuanbl: AByxKaHa/bHas npucTaBka-ocuuanorpad, 3ByKOBOM re-
HepaTop, ABa pe3ucTtopa conpotueneHvem 360 Om, coegnHUTeNbHbIE NPOBOAA.

MpakTuueckas pa6ora Ne 3. «EMKocTb B LLenn nepemeHHOro ToKa»

Llenb paboTbi: onpeaenntb 3aBUCMMOCTb COMPOTUBIIEHWUS OT YaCTOTbl MePeMEHHOroO TOKa,
coBur a3 Mexxay TOKOM M HanpskeHWeM A/ KoHAeHcaTopa.

O6opynoBaHue u maTtepuanbl: AByxKaHa/bHas npucTaBKka-ocuuanorpad, 3ByKOBOM re-
Hepatop, pe3ucTtop conpotueneHvem 360 Om, koHaeHcatop émkocTtbio 0,47 Mk®D, coeanHu-
TeNbHble NpoBOJA.

MpakTnueckas pabora Ne 4. «MHAYKTMBHOCTb B LLENU NEPEMEHHOr0 TOKa»

Llenb paboTbi: onpeaenntb 3aBUCUMOCTb COMPOTUBIIEHWS OT YacCTOTbl NePEMEHHOrO TOKa,
caBuvr has Mexxay TOKOM U HanpsiyKeHWeM ONA KaTyLKU MHAYKTUBHOCTH.

O6opynoBaHue U MaTepuanbl: AByxKaHa/nbHas NpucTaBKa-ocuuaiorpad, 3ByKOBOW re-
Hepatop, pesuctop conpotusneHneM 360 Om, katywka MHayktueHocTbo 0,33 MIH, coenmHu-
TeNbHble NpoBoa.

MpakTuueckasa pa6ora Ne 5. «U3yueHmne sakoHoe OMa ana uenu nepeMeHHOro To-
Ka»
Llenb pa6otbi: npoeeputb 3akoH OMa Ansa uenu nepeMeHHOro Toka.

O6opynosaHue U MaTepUanbl: JaTYMK TOKA, AATYMK HAMNPSXKEHUA, UCTOYHUK NepeMeHHO-
ro Hanps>eHus, peocTar, KaTyLlKa MHOYKTUBHOCTU, KOHAEHCATOp, COeAUHUTENbHbIE NPOBOAA.

MpakTuueckasa pabora Ne 6. «[MocnepoBaTenbHbI pe30HAHC»
Llenb paboTbi: U3yunTh ABNEHME INEKTPUYECKOrO Pe30HaHCa AJiA NOoCef0BaTeIbHOro Ko-
nebartesibHOro KOHTypa (pe3oHaHC HanpsiXKeHuH).

50 B copeprkanue




DOU3UKA @\3 KBAHTOPHNYM

O6opynoBaHue U MaTtepuanbl: AByxKaHa/bHasA npucTaBKa-ocuuiorpad, 3ByKOBOK re-
Hepatop, pe3uctop conpotueneHnem 360 Om, katywka nHayktueHocTbio 0,33 MIH, KOHAeHca-
Top émKocTbio 0,47 MkD, coeauHUTENbHbIE NPOBOAA.

MpakTuueckas pabora Ne 7. «MapannenbHbii pe3oHaHC»

Llenb paboTbi: U3yuynTb ABNEHME INEKTPUYECKOTO pe3oHaHca A5 napaniensHoro koneba-
Te/IbHOTrO KOHTYpa (pe30HaHC TOKOB).

O6opynoBaHue U matepuansbl: AByxKaHa/bHas npucTaBka-ocuuanorpad, 3ByKOBOM re-
Hepatop, pe3suctop conpotueneHnem 360 Om, katywka nHaykTMBHocTbio 0,33 MIH, KOHAEHca-
Top émKocTbio 0,47 MKD, coeauHUTENbHbIE NPOBOAA.

MpakTuueckas paborta Ne 8. «[luopn B uenu nepeMeHHOro ToKa»

Llenb paboTbi: uccnenosartbh NPoOXoXaeHWe NepeMeHHOro 3/1eKTPMYECKOro Toka Yepes no-
NYNPOBOAHUKOBbIV ANOA.

O6opynoBaHue U marepuanbl: AByxKaHa/bHas NpucTaBKka-ocuuanorpad, 3ByKOBOM re-
HepaTop, pe3ucTtop conpotueneHvem 360 OM, NonynpoBOAHUKOBBIM AMOA, COeAnHUTENbHbIe
npoeoga.

MpakTuueckasa pabora Ne 9. «[leicTBylowee 3HaUEHME NEPEMEHHOIO TOKa»

Llenb paboTbi: onpeaenvtb AeWCTBYIOLLEE 3HAYEHWE NEePEMEHHOMO TOKa.

O6opynoBaHue U MaTepuanbl: AByxKaHanbHas NpucTaBKa-ocuuniorpad, 3ByKOBOW re-
Hepatop, pesucTtop conpotueneHvem 360 Om, coenuHWUTENbHBIE NPOBOAA, MWIIMBONLTMETP
NnepemMeHHOro Toka.

MpakTuueckasa pabora Ne 10. «3aryxalowme KkonebaHusa»

Llenb paboTbi: U3ydeHue 3aTyxatowmx KonebaHuin B KonebarenbHOM KOHTYpe.

O6opynosaHue u matepuansbl: AByxKaHa/bHas npucraBka-ocuuanorpad, 3ByKOBOM re-
HepaTtop, pe3uctop conpoTtueneHmem 360 Om, katywka nHayktueHocTbio 0,33 MIH, KoHaeHca-
Top éMKocTbio 0,47 MKD, coeauHUTENbHbIE NPOBOAA.

MpakTuueckasa pabora Ne 11. «Bzanmounnaykumusa. Tpancpopmatop»

Llenb paboTbi: n3yuntb npuHumMn paboTtbl TpaHcdopmMaTopa.

O6opynoBaHue u matepuansbl: AByxKaHa/bHas nNpucTaBKka-ocuuanorpad, 3ByKOBOM re-
HepaTtop, MHOrooBMOTOUHbIN TpaHchopMaTop, COeAnHUTE IbHbIE NPOBOAA.

Pazpen 3. CmapTdoH Kak ¢pusnveckas naboparopus

MpakTnuyeckas pabora Ne 12. «TennoBas KapTa OCBELEHHOCTU»

Llenb paboTbi: NOCTPOUTL TEMIOBYIO KapTy OCBELLEHHOCTH NMOMELLLEHMS.

O6opynoBaHue U MaTepuanbl: CMapThOH C NPeayCTaHOBIEHHbIM MOOUBbHBIM MPUIOXKe-
Huem Sensor Box for Android.

MpakTuueckasa pabora Ne 13. «CeeT panéxkou 3se3nbi»

Llenb paboTbi: NpoBepuUTb 3aKOH 0OpaTHbIX KBAAPATOB /1 OCBELLEHHOCTH.

O6opynoBaHue U maTtepuanbl: CMapThOH C NpeayCTaHOBEHHbIM MOBUIbHBIM MPUIOXKE-
Huem Sensor Box for Android, namnouka, usmeputenbHas neHta.

MpakTuueckasa pabora Ne 14. «YpoeeHb wyma»

Llenb pa6otbi: onpeaenuTb Cambii LYMHbIA MCTOYHUK 3BYKA, MOPOT C/bILLMMOCTHU YenoBeKa.

O6opynoBaHue U Mmatepuasnbl: CMapThOH C NpeayCTaHOBEHHbIM MOBUIbHBIM MPUIOXKe-
Huem Sensor Box for Android, uctouHuk 3Byka, nporpamma Simple Tone Generator.

MpakTuueckasa pabora Ne 16. «3ByKkoBble BOSIHbI»
Llenb paboTbi: U3yunTb rpadumK 3ByKOBOW BOJIHbI.
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O6opynosaHue U MaTepuanbl: CMapTdOH C NpeayCcTaHOB/IEHHbIM MOOUIbHBIM MPUIOXKe-
Hnem Sound Oscilloscope u nporpammoi Simple Tone Generator.

MpakTuueckas padorta Ne 17. «Knetka Mapapes»

Llenb paboTbi: onpeaenntb, 3KpaHUpyeT K dosbra paguoBOsiHbI.

O6opynoBsaHue ¥ Marepuanbi: JIMCT MULLEBON alloMUHUEBOM (boNbrv, NUHEeWKa, ABa
cMapTgoHa.

MpakTuueckasa pabora Ne 18. «Mo sBonHam Wi-Fi»

Llenb paboTbi: UcCneaoBatb 3aTyxaHue U MOMIOLLEHUE 3IEKTPOMArHUTHBIX BOJIH.

O6opynoBaHue U Matepuanbl: CMapThOH C NPeayCTaHOBNEHHbIM MOBUIbHBIM MPUIOXKe-
Huem WiFi Analyzer, BTopow cMapTdoH Kak Touka goctyna Wi-Fi.

Pasgen 4. NpoekTHas paboTta

lNpoeKT 1 npoeKkTHbIM MeTon uccnegoBaHus. OCHOBHbIe 3Tarnbl NPOEKTHOrO UCCIe[0BAHMS.
Bbibop TeMbl MccniefoBaHus, onpeaeneHve uenen v 3agad. lNpoeeaeHve MHAMBUAYASbHBIX UC-
cneposaHuit. MogrotoBKka K nybnnyHOMy npeacTaB/ieHMIo NPOeKTa.

Mpumepsbl npakTUyeckux pabor

MpakTuueckas pa6ora Ne 1.
«A3mMepeHHe xapaKTepUCTUK NepeMeHHOro Toka ocuunnorpacgom»

Llenb paboTbl: NoMy4YnTb 31EKTPUHECKME CUTHASbI Pa3IUYHbIX (OPM, U3MEPUTb aMMIUTY-
Ay Y nepuop nepeMeHHOro Toka C NoMolLLbio ocuunorpada.

O6opynoBaHue U marepuanbl: AByxKaHa/lbHas NpucTaBKa-ocuuanorpad, 3ByKOBOW re-
HepaTop, coeauHUTeNbHble NPOoBOAaA.

OcHoBHble cBeaeHus

[NepeMeHHbIV TOK — 3/1eKTPUYECKUI TOK, KOTOPbIM C TEYHEHUEM BpeMEHW U3MEHSIETCA MO Be-
JIMYMHE U /UK HanpaefeHuIo.

lNepnoanyecknm nepemMeHHbIM TOKOM Ha3blBA€TCS TAKOM 3/TEKTPUYECKMI TOK, KOTOPbIN Ye-
pe3 paBHble NMPOMEXYTKU BPEMEHU NOBTOPSET NOJHbIN LMK CBOUX U3MEHEHWI, BO3BPALLASCb
K CBO€M UCXOOQHOW BESIUUYUHE.

Insa Toro 4tobbl BbI3BATb B LIENW TAKOW TOK, UCMOJb3YIOTCA UCTOYHWKU NMEPEMEHHOMO TOKa,
cosgaiolme nepemeHHyio I[1C, neproanyeckm N3MeHAOLLYIOCS NO BEJIMYMHE U Hamnpas/eHuHo.
Takue UCTOYHMKM Ha3bIBAIOTCA reHepaTopammn NepeMeHHOro ToKa.

lNepeMeHHbIM CMHYCOMAANbHBIM TOKOM Ha3blBAETCS TOK, rAPMOHUYECKU U3MEHSIOLLMIACS BO
BPEMEHMW MO 3aKOHY CUHYca:

I = |sin(wt + @),
rae I, — amnauTygHOe 3HaueHWe ToKa, ¢ — HavanbHas dasa KonebaHuit, ® — UMKIUYe-

CKas yacTtota KonebaHui.

[na cpaBHeHUs pas3nuyHbix nepeMeHHbix TokoB (3AC u HanpsyKeHW) ncnonb3yioT huau-
YECKWe BeJIMUMHbI, XapaKTepusylolimMe TOT UAM MHOM ToK. OHM HasbiBalOTCA MapameTpamu
nepemMeHHoro Toka. K HUM oTHOCATCA nepuog, aMnauTyaa U Yactota NepeMeHHOro ToKa.

MNepuon nepeMeHHOro Toka — NPOMEXKYTOK BPEMEHU, Ha NPOTAXKEHUU KOTOPOro coBepLua-
€TCA MOJIHbIM LMK/ M3MEHEHUS NepeMeHHOoro Toka. [laHHas BenvMunHa obo3Havaetcs 6ykeon T
U M3MepseTcs B cekyHaax (c).

Yucno nonHbIX UMKNOB U3MEHEHMA NEPEMEHHOro ToKa, coBepLuaeMbix 3a 1 cekyHay, Hasbl-
BAETCA YaCTOTOM NepemMeHHOro Toka. [laHHas BenMunHa obo3Havaetcs 6ykeon fu uamepsercs
B repuax ().
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MakcumanbHoe 3HadeHue nepemeHHoro Toka (34C nnun HanpskeHusA) Ha3biBaeTCs ero am-
NAUTYAON UKW aMIIUTYLHBIM 3Ha4YEeHWEeM.

[ns nccnenoBaHUsA aMnIMTYOHbIX U BPEMEHHbIX NAapaMeTPoB 3/1IEKTPUYECKOro CMrHana mc-
MOMb3YIOT creurasnbHble NPUbopbl — 31eKTPoHHble ocuunnorpadbl. C X NOMOLLbIO MOXKHO
MOCTPOUTb ABYXMEPHbIN rpacmK 3aBUCUMOCTU HaNPSXKEHUS OT BPEMEHMU, e NO ropU30HTa b~
HOM ocu X OTK/IaAbIBAOTCA 3HAYEHUA BPEMEHM, a NO BepTUKaNbHOM ocu Y — HanpsKeHus.
Ldpyrumn cnosamu, 3neKTPOHHbIM ocuunnorpad no3BonsieT NonyyYnTb BPEMEHHYIO Pa3BEPTKY
curHana.

AneKTPOHHbIK ocuunnorpad No3BonseT:

* onpenenaTb BpeMeHHble NapamMeTpbl M 3HAaYEHUA HaNpPsXKeHUs curHana (ero amnautyay);

* Habnogatb caBUr a3, KOTOPbIA MPOUCXOAMT MPU MPOXOXKAEHUU PA3IMYHbIX YYACTKOB

uenw;

* Habnoaatb UCKaXKeHUsA CUrHana, BHOCMMbIE KAKMM-TO YHaCTKOM Lienu;

* BbIfBNATb NnoctosiHHyto (DC) u nepemennyto (AC) coctaBnstowme curHana.

UHCTpyKUMUA NO BbINOSIHEHUIO

1. I3yunte OoCHOBHbIe CBeLeHUS.

2. Mopxnounte ocumnnorpad K USB-pazbémy MobUIbHOMO niaHLweTa Wan KoMmrbloTepa.
3anyctute Ha KoMmnbloTepe nporpammy ans usmepeHui Releon Lite. Bbibepute asyxkaHanb-
HYIO MpUCTaBKy-ocumanorpad 1 3anyctute cbop aaHHbIX kHonkon Myck.

3. MNopkniounTe 3ByKOBOM reHepaTop K AByXKaHanbHOW NpucTaBke-ocuumiorpady.

4. YctaHOBUTE Ha 3BYKOBOM reHepatope 4actoty curHana 1 klu. Hactpowte ocumnnorpad
B COOTBETCTBWUM C UCCNEAYEMbIM 3/IEKTPUYECKUM CUTHAJIOM.

5. MpooeMoHCcTpUpymTe, Kak pabotaeT CUHXPOHM3aLMA, NO YPOBHIO CUrHana B OCLMNO-
rpace.

6. lNNponeMoHCTpUpyiTe 3NEKTPUYECKUE CUTHASIBI CUHYCOWUAANIbBHOM, NMPSAMOYTOsIbHOM U Tpe-
yronbHow copm.

7. I3aMeHsA yacToTy curHana, npoAeMOHCTPUPYMTE, Kak paboTaeT ropusoHTanbHas pas-
BEpTKa B ocumnnorpade. Onpenenvrte nepuopn curHana.

8. NameHsaa amnnuTydy curHana, NnpoaeMOHCTPUPYMTE, Kak paboTaeT BepTUKasbHasa pas-
BEpTKa B ocumnnorpacde. Onpenennte amnautyay curHana.

9. Cchopmynupyiite BbiBOAbI.

MpakTuueckas pa6ora Ne 2.
«AKTUBHOE CONPOTUBJIEHUE B LLENMU NEPEMEHHOIO TOKa»

Llenb paboTbi: onpeaenntb 3aBUCUMOCTb COMPOTUBIIEHWUS OT YacCTOTbl NePeMEHHOrO TOKa,
coBur a3 Mexxay TOKOM U Hanps>KeHWEM A1 aKTUBHOM HArpysKMu.

O6opynoBaHue u martepuansbl: AByxKaHa/bHas NpucTaBka-ocuuanorpad, 3ByKOBOM re-
HepaTop, ABa pe3ucTtopa conpotuenervem 360 Om, coegnHUTeNbHbIE NPOBOAA.

OcHoBHble cBeaeHus
lNepeMeHHbIM CMHYCOMAANbHBIM TOKOM Ha3blBAETCSA TOK, rAPMOHUYECKN U3MEHSAIOLWMICA BO
BPEMEHM MO 3aKOHY CUHYca:
I = Isin(ot + @),
rae I, — amnauTygHOe 3HaueHWe ToKa, ¢ — HavasbHas dasa KonebaHuit, ® — UMKIKUYe-

CKas yactoTa KosiebaHui.
Echm k KOHUaM NpoBOAHUKA C aKTUBHbIM COMPOTUBJIEHUEM R NpUNoOXeHo nepemMeHHoe
HanpaxxeHue, BeIM4nHa KOTOporo B Ka)K,D,bII‘/‘I MOMEHT BpeMeHU t onpeaensaeTca ypaBHeHUEM:

B copepkaHue 53




KBAHTOPHNYM D®OU3UKA

o
&)

U = U,cos(wt),
rae U, — amMnnuTyaHoe 3Ha4eHne Hanps>KeHus, TO B MPOBOAHMKE BO3HWKAET nepemMeHHbIN
3NEKTPUYECKUI TOK, CUJIa KOTOPOTO B TOT XK€ MOMEHT BpeMeHU onpeaenserca no 3akoHy Oma:
u U,

I = R =Fcos(0)t) = |cos(wt).

ToKk M HanpsbkeHWe B 3TOM Clly4ae U3MEHSIOTCA CUMHGA3HO, T. €. cABUr a3 Mexay HUMK
paBeH Hynto.
AMNAWUTYRY CUnbl TOKa MOXXHO ONpefenuTb C MOMOLLbIO cieaytoLwen hopMysbl:

=Y

MHCTpPYKLMA NO BbINONTHEHUIO

1. N3yunTe ocHOBHble cBeAEHMUA.

2. MNogaknoumte ocumnnorpad k USB-pasbéMy MoOGUILHOrO MaHLeTa UAK KoMMbloTepa.
3anycTuTe Ha KoMMbloTepe nporpammy ans usmepeHuit Releon Lite. Boibepute apyxkaHasnb-
HYIO NMpUCTaBKy-ocumnnorpad 1 3anyctute cbop aaHHbIx kHonkou Myck.

3. Cobepute 3KCrnepuUMeEHTaNbHYIO YCTAHOBKY, WCMO/b3Ys CXEMY 3/IEKTPUYECKOW Lenu.
ObparnTe BHMMaHWe, YTO KNEMMbl 3eM/IX B NMPUCTaBKe-ocumnnorpade AOMKHbI ObiTb 06beau-
HeHbl B TOYKE OAMHAKOBOro NnoteHuuana. YCTaHoOBUTE Ha 3BYKOBOM reHepartope 4acToTy, paB-

Hyto 1 Kklu.

1

¥

K.

Cxema 3neKTpUYeCcKou uenu:
G — 3BykoBoW reHeparop, K, — nepebi kaHan ocuunnorpada,
K, — BTOpoii kaHan ocunnnorpada, R, — pesncrop ans usmepeHus Toka,
R, — nccnepnyembiit pesucrop

4. HacTpowTe ocuunnorpac B COOTBETCTBUM C FeHEPATOPOM.

5. Onpenenvte capur a3 mexay TOKOM (BTOpoM KaHan ocuunnorpada) 1 HanpsixkeHUem
(nepBbIit kKaHan ocuunnorpada). Onpepenute amnNIMTygHOE 3HAYEHUE TOKA.

6. YBenuybTe 4acToTy Ha 3ByKOBOM reHeparope.

1. MNMoeTtopwuTe n. 4. lNokaxknTe, YTO CONPOTUBIIEHME PE3UCTOPA HE 3aBUCUT OT YaCTOThbI Nepe-
MEHHOrO TOKa, a TaKXKe OTCYTCTBYET CABUI ha3 Mexy TOKOM U Hanpsi>KeHWeM.

8. Cdopmynupyiite BbiBOADI.
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MpakTuueckasa pab6ora Ne 6. «[apannenbHbiit pe3oHaHC»

Lienb paboTbl: M3yunTb SIBIEHUE 3IEKTPUYECKOTO Pe30HaHCa AJ1s NOC/NeA0BaTENbHOMO KO-
nebarenbHOro KOHTypa (pe3oHaHC HanpsXKeHun).

O6opynoBaHue: AByxKaHasbHasi MpUCTaBKa-ocuunnorpad, 3ByKOBOM reHepatop, pesu-
ctop conpotuenervem 360 Om, katywka nHayktuBHocTbio 0,33 MIH, KOHAEHCATOP EMKOCTbIO
0,47 mk®, coeguHuTeNbHbIE NPOBOAA.

OcHoBHble cBeaeHus

MepeMeHHbIM CMHYCOMAAbHBIM TOKOM Ha3bIBAETCS TOK, rAPMOHUYECKU U3MEHAIOLMIACS BO
BPEMEHM MO 3aKOHY CUHYca:

I = Isin(ot + 0),

roe |, — aMnauTyaHOe 3HaueHWe Toka, @ — HauyanbHas dasa konebaHui, ® — UMUKAKYe-
CKas yacrtota KosiebaHui.

B cnyuae, korga B 3neKTpUYeCcKyto Lienb BKAOYEH nocnefgoBatesibHo RLC-KOHTYp, COOTHO-
LLeHWE MeXy aMNIUTyaaMu KonebaHui Cuibl TOKa M HanpsykeHus byaer:

Uy
[ = \/R2+((1)L—i)2 (n
0 wc' ’
Casur das bynet onpenenaTbCa BbipaXKeHUeM:

1
((DL — E)

tg = —WC
g R

BennuvnHa Z = \/Rz + (oL — i)2 (2)
wc
ABNAETCA MOJIHbIM CONMPOTUB/IEHUEM LiENMU.
Mpn oL = 1/wC conpotuBneHue uenu 6yaer MUHUMaNbHLIM U YUCTO AKTMBHBLIM, T. €.
Z = R. B 3TOT MOMEHT BO3HMKaET Pe30HAHC HaMNpPsXXeHUs, MOCKOJIbKY HanpsiXeHWe Ha pesu-
CTope CTaHeT MaKCUMasibHbIM.
HacToTa , HasbIBaeTCA 4acTOTOW pe30HaHCa M ONpesesseTca Kak

o, = (3)

0 \/E

UHcTpyKuMUA NO BbINOSIHEHUIO

1. I3yunte OCHOBHbIe CBeeHUS.

2. Mopxnounte ocumnnorpad K USB-pazbéMy MoBUIBHOMO niaHLweTa Wan KoMrbloTepa.
3anycTute Ha KoMMbloTepe nporpammy ans usmepeHuit Releon Lite. Boibepute apyxkaHasnb-
HYIO MpUCTaBKy-ocumanorpad 1 3anyctute cbop AaHHbIX KHomkon [Myck.

3. Cobepute 3KCnepuMMEHTAsIbHYIO YCTAaHOBKY, WCMOJb3ysl CXEMY 3/IEKTPUYECKOM Lenu.
O6parute BHMMaHWeE, YTO KNEMMbI 3eM/IW B MPUCTaBKe-oCcLuiorpade LOMKHbI ObiTb 06beam-

HEHbl B TOYKE OAMHAKOBOro NoTeHuMana. YCTaHOBUTE Ha 3BYKOBOM FreHepaTope 4acToTy, paB-
Hyto 800 .
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Cxema anekTpuueckou uenu: G — 3pykosou reHeparop, K. — nepsbi kaHan
ocuunnorpada, K, — sTopoit kaHan ocuunnorpada, R, — pesucrtop
AnA usmepeHms Toka, C, — koHpeHcarop, L, — KaTyluka MHAYKTMBHOCTH

4. HactpowTe ocuunnorpac B COOTBETCTBUM C FeHEPATOPOM.

5. Onpenenvte capur a3 mexay TOKOM (BTOpoM KaHan ocuunnorpada) 1 HanpsixkeHUem
(nepBbIit kKaHan ocuunnorpada). Onpepenute amnNaIMTygHOE 3HAYEHUE TOKa.

6. YBennuuBanTe 4acToTy Ha 3BYKOBOM reHeparope A0 Tex Nnop, noka casur a3 mexay
TOKOM W HaMps>XeHWEM He CTAHET paBeH Hynio, T. €. OyaeT AOCTUrHYT pe3oHaHC.

7. Onpepenute aMnNIMTygHOE 3HAYeHWE TOKa U YacToTy pe3oHaHca. CpaBHWTe u3MepeHHoe
3Ha4yeHue ¢ paccyuTaHHbIM no cdopmyne (3).

8. YBenuubTe 4actoTy 3ByKOBOIrO reHepartopa, YTobbl OHa NpeBbiCKIa YAacTOTy pe3oHaHca.

9. Onpepenute capur das mexxay TOKOM U Hanps>keHuem. Onpepenute amMmnaMTygHoOe 3Ha-
YyeHue ToKa.

10. Cchopmynupyiite BbiBOABI.

MpakTuueckas pabora Ne 8. «[luoa B Lenu nepeMeHHOro ToKa»

Llenb paboTbi: uccnenoBartb NPOXOXKAEHWE NePeMEHHOrO 3/1eKTPUYECKOrO TOKa Yepes Mno-
NYyNpOBOAHMKOBbIN AWOA.

O6opynoBaHue U MaTepuanbl: AByxKaHanbHas npucTaeKa-ocuuniorpad, 3ByKOBOW re-
HepaTop, pe3ucTtop conpotueneHvem 360 OM, NonynpoBOAHUKOBLIM AMOA, COeaAMHUTENbHbIE
npoeoga.

OcHoBHble cBeaeHUs

B metannax KoHueHTpauua ceobogHbix 3nekTpoHos Benuvka (102—10% cm®), nostomy co-
NPOTUB/IEHWE META/I/IOB 3/IEKTPUYECKOMY TOKY He3HauuTesibHo. B TUMMuHbIX AuanekTpukax
KOHLeHTpauusa ceoboaHbix 3nektpoHoB Mana (10" cm®), ux conpotueneHne 3HAUUTENbHO.
B oTHOLLIEHMM 31eKTPUYECKOrO CO MPOTUBEHWUSA MOMYNPOBOAHMK U 3aHUMAIOT NPOMEXKYTOYHOE
MOMIOXKEHWE MEXAY MeTailaMu U OU3NIEKTPUKAM.

DneKTpUyeckre CBOMCTBA MOMYNPOBOAHUKOB PE3KO M3MEHAIOTCA NOA BO3AEWCTBUEM U3Me-
HEHUWsl TEMMNepaTypbl, OCBELLEHWUA, BHECEHMA NpuMecei. B otinumne ot meTannios, Npu NoHWxe-
HUKU TemnepaTypbl CONPOTUB/IEHUE MONYNPOBOAHUKOB YBEIMYMBAETCS, NMPUYEM 3HAUMTESNIbHO.
YkasaHHas 0cobeHHOCTb MOJYNPOBOAHWMKOB OObBACHAETCA TeM, 4YTO MNOTHOCTb CBOOOAHbLIX
3/1EKTPOHOB B HUX YMEHbLLAETCS C NOHMXKEHUEM TeMnepatypbl. K nonynposogHrMkam oTHoCAT-
CA MHOrMe 3/1eEMEHTbl TPeTbel, YETBEPTOM M LuecToW rpynn Tabnuubl MeHgeneesa, MHorue
OKMCJIbl METANNOB, Cy/bUabl U HEKOTOPbIE ApYrMe COeAUHEHUS.
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B nonynpoBogH1Kax NpoBOAUMOCTb O6BbACHAETCSA NOABUMKHOCTBIO CBOOOAHbBIX 3/1EKTPOHOB
(n-NpOBOAMMOCTb) M MOABUXKHOCTbBIO AbIPOK (p-NpoBOAMMOCTbIO). [lbIpKM — 3TO CBSA3M aTOMOB,
He 3aHATble 3NeKTpoHaMu. B anekTprueckom none apipku BeayT cebs Kak nonoXKuTenbHble HO-
CUTEeNIM TOKa W, B MPOTUBOMOJIOXKHOCTb CBOOOAHBIM 3/IEKTPOHAM, ABUXKYTCA MO HANpas/eHUIo
a/71eKTpUYecKoro nons. Yvcrtole MonynpoBOAHUKKM 0O6nafaloT CMeLaHHOW MPOBOAUMMOCTbIO
(p—n-NnpoBOAMMOCTb), Y HUX KOHLEHTpauus CBOOOAHLIX 3/1EKTPOHOB paBHA KOHLIEHTpauuu
LbIPOK.

[nsa npaktmku 6onbluoe 3HaYeHMe NprMobpeny NoNynpPOBOAHUKM C HAIMYMEM Y HUX MpUMe-
cen. Mpumecn nopaaka 10—6 % cHuxatoT conpoTtusieHune nonynposogHuka B 103— 10 pas u
obycnosnuBatoT 6osblIoe cofepKaHne CBOOOAHbIX 3NEKTPOHOB MK AblpoK. OyeHb XopoLuo
U3ydeHbl U MONYYUNIU LUIMPOKOE NPUMEHEHME B Pa3/IMYHbIX TEXHOJIOrUAX NOSYNPOBOAHUKU U3
KpeMHua u repmanus. Hebonbluve nobaBku K HUM 3/1eMeHTOB nAToMn rpynnbl (dbocdopa, Mbl-
lUbSIKA) PE3KO YBESIMYMBAIOT KOHLIEHTPaUMio CBOOOAHbLIX 3NEKTPOHOB (OOHOpHas MpPUMECH).
MNonynpoBoAHWKM C TaKUMKU NPUMECSMU ABNAIOTCA N-NPOBOAHUKAMU (OCHOBHbIE HOCUTENN TO-
Ka — CBOOOHbIE 3/1EKTPOHDbI). [lobaBeHMe e K KPEMHUIO 3/1eMeHTa TpeTber rpynnbl (Hanpu-
Mep, 6opa) nopoKAaeT AOMNOMHUTENbHbIE AbIPKU (aKuenTopHasa npumecs). MNonynposoaHuKK C
Takomn npumMecbio 0b6naaaT p-NPOBOAUMOCTbIO (OCHOBHbIE HOCUTESIM TOKA AblPKH).

Mpy KOHTaKTe MONYNPOBOAHMKA N-TMUNa C MONYNPOBOAHUKOM p-Tuna obpasyetcs
p—n-nepexop, MMetoLui 6obLIoe NpakTUYeckoe 3HayeHue. Takon nepexon ABNAETCA OCHOB-
HOW YacTblo MONYNPOBOAHUKOBOIO Anoaa. Ecnun npunoxutb Hanps>keHWe K p—n-nepexoqy, To
3HayeHue Cusibl TOKa OydeT 3aBUCETb OT MOMIAPHOCTU MPUIIOXKEHHOIO HanpsieHus. [pu atom
Ha BOJIbT-aMnepHoW xapaktepuctuke (BAX) nonynpoBogHWKOBOro AvoAa BblAENAOT NPSAMYO
u obparHyto BeTeu (puc. 1).

Puc. 1. BAX nonynposogH1KoBoro auoaa

UHCcTpyKuUA NO BbINOSIHEHUIO

1. 3yunte oCcHOBHble CcBeeHUS.

2. Mopkntounte ocumnnorpad K USB-pazbéMy MobGUAbHOMO nniaHLweTa Wan KoMmrbloTepa.
3anycTuTe Ha KoMMbloTepe nporpammy ans usmepeHuit Releon Lite. Bbibepute apyxkaHasnb-
Hy0 NpUCTaBKy-ocuunnorpad 1 3anyctute cbop aaHHbix kKHonkon Myck.

3. Cobepute 3KCnepuMMEHTasIbHYIO YCTAaHOBKY, MCMOJMb3ysl CXEMY 3/IEKTPUHECKOM Lenu.
ObparnTe BHUMaHWe, 4YTO KNEMMbl 3eM/I1 B NMPUCTaBKe-ocumnnorpade AOMKHbI ObiTb 06beau-
HeHbl B TOYKE OAMHAKOBOro noteHuuana. YCTaHoOBUTE Ha 3BYKOBOM reHepartope 4acToTy, paB-
Hyto 1 klu.
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Puc. 2. Cxema anekTpuyeckoit uenu: G — 3ByKoBO¥ reHepatop, K, — nepebliit kaHan ocuunnorpada,
K, — sTopoit kaHan ocunnnorpada, R, — pesunctop ans usmepenus Toka, VD, — nonynposoaHu-
KOBbIW Aunon,

4. HactpoiTe ocumnnorpad B COOTBETCTBUU C reHepaTopoM.

5. NMpoHabniogaiite oTceyeHWe OAHOMU NOJYBOJIHbI NEPEMEHHOrO TOKa.

6. NomeHalTe MecTaMu KNeMMbl Ha NONYNPOBOAHUKOBOM LUOAE.

7. MpoHabntofaite oTceyeHe NoyBOSHbI MePEMEHHOrO TOKa APYrol NOMSAPHOCTH.
8. Cchopmynupyiite BbIBOAbI.

MpoekTHble paboTbi

Cpeon pasHoobpasHbix HampaB/ieHWi COBPEMEHHbIX MefArorMyecKux TEXHONMOTMIA Beay-
Lee MeCTo 3aHMMaeT MPOEKTHO-UCC/efoBaTeNbCKas AesTeNbHOCTb yyalumxcs. [naBHaa eé
MAes — 3TO HanpaefeHHOCTb y4ebHO-NO3HaBaTeIbHOM AEeATENIbHOCTU Ha Pe3ynbTar, KOTOpbIi
nosy4yaeTcs npu peLleHun NPakTUYecKou, TeOpeTUYeCKon, HO 06s3aTeNbHO IMYHOCTHO- U CO-
LManbHO-3Ha4YMMoM npobnembl. B pamMkax usyyeHus U3MKKM yyalwMMCA MOXKHO MPeasioXuTb
BbIMOJIHUTL NPOEKTHbIE U UCCIefOBaTENIbCKUE PAbOThI U3 MPEASIOKEHHOIO NepeYHs.

MpumepHbIe TeEMbl NPOEKTHbIX paboT

10— 11 knaccnbi
1) A6conioTHo TBEPAOE TENO M BUAbI ErO ABUXKEHUS.
2) AHuzoTponusa bymaru.
3) InekTpoémKocTb. KoHaeHcaTopsl. [lpMeHeHWe KOHAEeHCaTopoB.
) BeTporeHeparop ana curHanbHOro ocBeLLeHus.
) Barnan Ha 3peHune YyenoBeka € TOUKM 3peHnUs hU3MKK.
) BnusHve atmocdepbl Ha pacnpocTpaHeHue 3/1eKTPOMArHUTHbBIX BOJTH.
) BnnsHne mMarHuTHbIX Bypb Ha 340pOBbE YesloBeKa.
) BHyTpeHHsAs sHeprusa. Cnocobbl M3MeHeHUss BHYTPEHHEN SHEpPruu.
9) BbipalMBaHWe KPUCTAIIOB MELHOIO U YKeNe3HOro Kyrnopoca B JOMALLUHUX YCJIOBUSX M
onpegenieHne Ux NIOTHOCTH.
10) Ma30Bble 3aKOHbI.
11) TleomarHuTHas aHeprus.

4
5
6
7
8
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12) TppoaunHamuka. YpasHeHve beprynnu.

13) 3aKoHbI COXpaHeHUsI B MeXaHUKe. 3aKOH COXpaHeHUs UMNyNbca.

14) 3aKOHbI COXpaHeHUA B MeXaHWKe. 3aKOH COXPAHEHWUS SHEPTUU.

15) 3anucb AMHAMUYECKUX rONIOFPaMM B PE3OHAHCHbIX cpeaax.

16) 3awmTa TPaHCNOPTHbIX CPeACTB OT aTMOCHEPHOro 3NEKTPUYECTBA.

17) U3rotosneHue batapen TepmMonap v U3MepeHue Temneparypbi.

18) UsrotoeneHune camonesnibHbIX NPMOOPOB A5 AEMOHCTPALMKU AEWCTBUSA MArHUTHOMO No-
N HA NPOBOAHUK C TOKOM.

19) M3mepeHue BpeMeHU peakuunn YesloBeKa Ha 3BYKOBbIE U CBETOBbIE CUTHAJIbI.

20) UamepeHue cunbl, HEOOXOAUMOM A5 pa3pbiBa HUTHU.

21) UccnepoBaHne 3aBUCMMOCTU CUITbI YIPYFOCTU OT fedopmaLmu.

22) UccnepoBaHue 3aBUCMMOCTH NMOKa3aHMM TePMOMETPA OT BHELLHUX YC/IOBUMN.

23)MeToabl U3MepeHUsa apTepHUaNbHOrO AABNIEHHUS.

24) BblipalwBaH1e KpUCTanios.

25) UccnepoBaHue 31€KTPUYECKOrO CONPOTUBIIEHUS TEPMOPE3UCTOPA OT TEMMNEepaTypbl.

26) U3mepeHne MHAYKUUM MAarHUTHOrO MO NOCTOAHHbIX MarHUTOB.

27) NpuHumMn paboTbl Nbe303/IEKTPUHECKOW 3aXKUTanKu.

28) OueHKa 4nMHbI CBETOBOW BOJIHbI MO HabtoaeH o Audpakuum CBETA Ha LLLeSu.

29) OnpepeneHve cnekTpanbHbIX FPaHuUL, YyBCTBUTEIbBHOCTU YE/TOBEYECKOro rnasa Cc nomo-
LLbIO AUPAKLMOHHOW PELLETKM.

30) U3yueHune npuHuMna paboTbl NIOMUHECLLEHTHOMN NIAMMOYKM.

31) Urpa Angry Birds. ®u3suka urpbl. M3yueHune aemxkeHus Tena, 6poLeHHOro nog yriom K
FOPU3OHTY.

32) U3yyeHune Tennoduranyeckmx CBOMCTB HAHOKPUCTANIOB.

33) U3mepeHue KoahdHruMeHTa TPEHUSA CKONIbXKEHUA.

34) UsmepeHne pasmMepoB MUKPOOOBLEKTOB Na3epHbIM Jy4yoM.

35) U3yueHune aneKkTpoMarHuTHbIX nosier GbIToBbIX NPUOBOPOE.

dTansl pa6OTbI Had MHOUBUOYAJIbHbIM NMPOEKTOM npencTtaB/eHbl Ha pUCYHKe.

Drans! p.‘dﬁ()Tb] HaA HTHAUBHAYAABHBIM

IIpOC KTOM

* Bridop Tembi
Opraﬂﬂsmouuo- * Onpeaencuue 1nenw, 3aaaq
MOATOTOBATEABHEIH eV ety IRl

+ Onpenenenne opmer npoekTa

* Pabora ¢ nureparypoit
HMecnenosarenbekuii * IlpoBeneHue HeeaeIoBaiHa
- KDHC}';‘II;TE{I.I,HH

+ Odhopmienie pesyiLTaTon

« TIpeasapuTenbiias saunra

+ Togroroska  nyGmismoil samme
+ [lyGuimanas sanuira npoexra

Ak HTEIBHBI

JTansl pa6OTbI Han MHOUBUAOYaTbHbIM NMPOEKTOM
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Jlo3oBeHko Ceprert Bnagumuposuy
TpywwuHa TatbsiHa AnekceeBHa

Peanusauus obpasosarenbHbix NporpaMm no dusmke
13 YacTu y4ebHoro nnaHa, hopMMpyeMoi y4acTHUKaMn 06pa3oBaTtesibHbIX OTHOLLEHWH,
C Ucnosnb3oBaHWeM obopyaoBaHMA AeTCcKoro TexHonapka «LLkonbHbin KeaHToprym»

MeToaunyeckoe nocobue

LleHTp ecTecTBEHHO-Hay4HOro U MateMaTM4ecKoro obpasoBaHus
Pykosogutens UeHTtpa 3. I. ['anoHiok
OrBeTcTBEHHbIN 3a BbiNyck B. B. KyopsBueb
Pepaktop B. B. Kyops8ue8
XynoxectseHHoe ochopmeHue
KomnbloTepHas BEPCTKA U TEXHUYECKOE pefaKTMpOBaHue
KoppekTtop
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