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MeToauueckrie yKa3aHHsI 110 BBITIO/THEHUIO JTaO0OPaTOPHBIX PaboT 110 TIpeMeTy DJIeKTPOHHAsT
TeXHHKa pa3paboTaHbl Ha ocHOBe De/iepasbHOTO roCy/1lapCTBEHHOr0 00pa3oBaTe/IbHOrO
CTaH/|apTa 0 CITelMaTbHOCTH cpefiHero TpodeccroHaisHOro obpa3oBanus (ganee — CITO)

11.02.17 Pa3paboTKa 31eKTPOHHBIX YCTPOICTB H CHCTEM

Pa3paborunk Bnacos E.II., mactep /o ATIOY YP «TPUT um. A.B. BockpeceHCKOro»



ITPABW/IA BHYTPEHHETI'O PACIIOPAIKA 1 TEXHUKU BE3OITIACHOCTMU I1PA
BBIITIO/IHEHUU JIABOPATOPHBIX PABOT

[Tpu paboTe B y1labopaTOpUM 37E€KTPOTEXHUKH BO MU30€)KaHWe HECUACTHBIX C/IyYaeB, a TaKXKe
TIpPe>KJeBPEMEHHOT0 BbIXO/]d M3 CTPOsi IPUOOPOB M 000pYZ0BaHUS CTY/€HT TPH BBITIOJTHEHUH
TPaKTHUECKUX PabOT /0/DKEH BBIMOJHATH CJIeJYIOIIMe TMpaBWia BHYTPEHHEro pacriopsiika U
TeXHUKH 0e30T1aCHOCTH.

1. K pabore B y1abopaTopuu [OIMyCKAlOTCS CTYJEHThI, 3HAKOMbIE C TMPaBHUIaMH BHYTPEHHEro
pacropsiika ¥ TeXHUKU 6e30TacHOCTH.

2. TTocne o3HaKOMJIEHHsI C TPAaBU/IAMH BHYTPEHHEr0 pacropsiika MU MHCTPYKTaXka IO TEeXHUKE
6e30MacHOCTY KaXKbIM CTYEHT J0/DKEeH PacycaThbCsl B CrielasbHOM JKypHarste.

3. Tlpu pabore B JabopaTopuM 3arpelaeTcs TPUHOCUTH COOOW BelM U TIPeAMETHI,
3arpomMoskzarorue paboure MecTa.

4. B naboparopuu 3ampeljaeTcss TPOMKO pasroBapuBaTh, IOKWZATh pabourie Mecta 6e3
paspelieHus MPero/jaBaresisi ¥ MepexouTh OT OZHOTO CTeH/a K IPyTOMY.

5. Tlpuctynast K paborte B 1abopaTopuu, CTyjeHUeCKas: TPyIa JAeUTCs Ha Opura/bl, KOTOpbIe
3aTeM pacripe/esistoTCS 10 1abopaTOPHBIM CTOJIAM.

6. OsekTpuueckue Lenu COOMPAKOTCS TIPU OTK/IIOUEHHOM WCTOUHMKe TmuTaHus. [Ipu
HeoOX0ZAMMOCTH M3MEeHEeHHH B LM B TIpoLiecce paboThl HYy)KHO OTK/IFOYUTh UCTOYHUK TTUTAHKSI.
7. COOpKY S/eKTPUYeCKOW 1ieMy TPOU3BOJAT COEJIMHUTENLHBIMU TIPOBOAAMH B CTPOTOM
COOTBETCTBHHM CO CXEMOM, Mpe/ICTaBIeHHON B METOIUUeCKUX YKa3aHHsX, obecrieunBasi Ipy 3TOM
HA/IE)KHOCTh ~ JIEKTPUYECKUX KOHTAKTOB BCEX Da3beMHBIX coeguHeHWH. IIpu cOopke
HeoOX0AUMO CJie/IuTh, UTOOBI COeJUHNTE/TBbHBIE TTPOBO/A He CKPYUMBAJHCDH TIET/ISIMHU.

8. CobOpaHHasi 37eKTpUYecKasi Iiefb TIPeIbsIB/ISETCS /s TPOBEPKU TPErno/jaBaTeno Win
nabopaHTy.

9. Bk/toueHWe 37IeKTPUYECKOM IIeMU TIOZ HarpspkeHHe TIPOW3BOJAUTCS TI0C/e TPOBEPKU ee
TIperiofiaBaTesieM C er0 pa3pelleHys U B eTr0 MPUCYTCTBUH.

10. TIpu oOHapy>kKeHMHM HEHMCIIPaBHOCTU B LeNH, TIOSBJeHUs CrenuduyHoro 3araxa,
TIOBpEXXeHNst 000py/10BaHMS WK IPUOOPOB HEOOXOAMMO HEMeIJIEHHO OTK/TFOUNTh
3/IeKTPOITUTaHUe CTEeH/A U U3BeCTUTh 00 3TOM TIperiofiaBaTeis Wiy jlabopaHTa.

11. Tlepex BKIIOUEHWEM PeryIMPYeMOr0 MCTOUHHMKA MTUTAaHUS HeoOXoauMo yOequThesi, UTo ero
pyYKa CTOUT B I0JIOYKEHUH, COOTBETCTBYIOIIIEM MUHUMAa/IbHOMY BBIXOJHOMY HaIlpsyKeHHIO.

12. Tlpu pabore ¢ KOH/EHCATOpPaMH CJielyeT TIOMHUTh, UYTO Ha WX 3a)KMMaXx, OTK/IFOUEHHBIX OT
CeTH, HEKOTOPOEe BPEMSI COXPAHSETCS IeKTPUUECKUM 3apsifl, KOTOPBI MOXET OBbITh TIPUUHMHOMN
TIOPaKeHUsI 37IeKTPUYeCKUM TOKOM.

13. TIpu paboTe C My/IbTH METPOM CJie[lyeT MPaBWILHO BBIOUPATH POZ, U3MepsieMOU BeJIMUMHBI,
Tipe/iesl eé M3MepeHHrsl M THe3/a /s TO/IK/IFoueHus iynoB. [1pu pabore ¢ ocrumiorpagom Bo
n30exaHue Tieperpy3Kd Mo BXO[y HeoOXOAWMO MPaBUIBHO BLIOMPATh Tpejesl U3MEePeHHs ero
YCUTUATEJIS.

14. TIpu WCMO/IBE30BaHUM 3JIEKTPUUECKMX MAIMH CTPOTO BBITIOHSNTE MpaBUIA W TOPSAOK UX
Ty CKa.

15. Tlocne yTBepsK[eHHsI TIperojaBaTesieM pe3yJ/bTaTOB 1abopaTOpPHOW paboThl HE0OXOAMMO
pa3zobpark uccielyeMyro 3/1eKTPUUeCKYHo 1iellb ¥ IPUBECTH B MOPsi/IOK pabouee MecCTo.



OBIIVE METOANYECKHUE PEKOMEH/JAIINNA
I10 BBIITIOJIHEHUIO JIABOPATOPHBIX PABOT

IToaroToBKa K ja0opaTopHbIM paforamM. DKCIleprMeHTa/lbHble 3aJaud, IpejjaraeMble Ha
MPAKTUYECKUX 3aHATHSIX, MOTYT OBITb YCIEIIHO peIleHbl B OTBEJeHHOE B COOTBETCTBHU C
pacrnrcaHreM 3aHSITUH BPeMSs TOJbKO TIPH YC/IOBUM TIATe/ILHOM TIpPe/IBapUTE/TbHOM TIOATOTOBKU
K KakJ0oW u3 HHUX. [l03TOMYy [/ BBINOJHEHWS TPAKTUYeCKUX pPabOT CTyJeHT AoJDKeH
PYKOBO/ICTBOBATbCSI CJIEIYIOLIMMH TTOJI0XKEHUSIMH:

1) mpeBapUTETIHHO 03HAKOMUTHCS C TPaUKOM BBINOTHEHMs paboT;

2) BHUMaTe/IbHO 03HAaKOMUTBCSI C OMMCAHMEM COOTBETCTBYIOIIeH pabOThl M YCTAHOBUTh, B UeM
COCTOUT OCHOBHas LIeJib U 3a/laua 3TOH paboTh;

3) O JEeKUMOHHOMY KypCy M COOTBETCTBYIOIIMM JIUTEPATyPHBIM WMCTOYHHUKAM W3YUYHTh
TEOPeTUYECKYIO YaCTh, OTHOCSILYIOCS K JJaHHOW TPAKTUUECKOU pabore;

4) 1o TIpoBe/IeHUsI TIPAKTUUYEeCKOM PaboThl TIOATOTOBUTh B Paboueli TeTpajii COOTBETCTBYIOIIE
CXeMbl, Tab/HI[bI Hab/TFOIeHUH, pacueTHbIe (HOPMY/JIBI;

5) 3aBepllIaeT 3Tan MOATOTOBKHU K BBIOJTHEHUIO MPAKTUYECKOW PabOThI COCTAaB/IeHHe OTBETOB Ha
KOHTDOJIbHBIE BOTIPOCHI, TIPUBeZIeHHbIE B METOJUUECKIX YKa3aHUsIX.

6) HETIOATOTOB/IEHHBIE CTY/JEHThI K paboTe He /10MyCKaloTCS.

BrinosiHeHHe J1a00paTopHOii padoThl. [Ijif yCHeNIHOro BBINOJHEHHsI I JIabopaTopHoi
paboThI He00X0AMMO BBITIO/THEHHE C/Ie{yIOIUX TPeOoOBaHUM.

1. Tlepexs cOOPKO# 3/1EKTPUUECKOM LIETIM CTYJEHThI AOJDKHBI MPeJBapUTETbHO 03HAKOMUTHCS C
5/IeKTPUYECKUM 000py/j0BaHUEM ¥ W3MEepPUTebHBIMUA TpUOOpaMu, MpeJHa3HAYeHHBIMU [IJist
TIPOBE/IEHHST COOTBETCTBYIOIIEH MPAKTUYeCKOW pabOoTHhI.

2. CO0pKy Lier HeoOX0MMO TIPOBOAUTE B TOUHOM COOTBETCTBUHM C 3a/iaHueM. Llesecoobpa3Ho
BHayaje COeJUHUTb BCe 3JIeMEHThl IIeMH, BK/IOYaeMble TIOC/Ie[oBaTe/bHO, a 3aTeM -
napanensHo. [Ipu  cbopke 1enecoobpa3HO TIOMB30BAaThCSl TPOBOAAMH  Pa3HBIX  IBETOB,
HarpuMep, [i/isi TlapaJlie/IbHbIX BETBEH.

3. Iocsie okoHUYaHUsT COOPKM 371eKTpUUecKast 1ierb 00513aTelbHO [J0/KHA OBITh TMpeybsiB/ieHa st
TIpOBepKU. BK/TI0YaTh 11eMb M0/, HalpsDKEHHe MOYKHO TOJIBKO C pa3pelleHus Mpero/jaBaTes uin
nabopaHTa.

4. 3amuch ToKa3aHUM BceX MPUOOPOB B MPOLIECCe BBITOIHEHUS PabOTHI CieJlyeT TIPOBOAUTH IO
BO3MOXKHOCTH OJHOBpeMeHHO M ObicTpo. Crenyer wu3berath IiepepbiBa HAuyaTOW Cepur
HaO/MIOIeHni U BO BCEX CJIy4asix, KOTZia BO3HUKAeT COMHEHWE B TPABUIBHOCTH TOJTYYeHHBIX
HabmoeHni, X HeoOX0AMMO TIOBTOPUTE HECKOJIBKO pas.

5. Pe3ysibTaThl U3MepeHUH 3aHOCATCS KaXXbIM CTYZEHTOM B CBOIO Pab0OuyrO TeTpa/b.

6. ITocsie BBITIOSTHEHUS OT/E/TBHOTO 3Taria MPaKTHUeckod paboThl pe3y/bTaThl OIbITa BMECTE C
TIPOCTEMIIIMMU KOHTPOJIbHBIMU pPacyeTaMy TIPebsIBJISIFOTCS /ISl TIPOBEPKH TIPETiofiaBaTesio /0
pa300pKH 3/1eKTPUUECKOH LIeTIH.

7. Pa30upath 3/eKTPUUECKYIO 1[elb, a TAK)Ke MepexoJuTb K cOOpKe HOBOW MOXHO TOJIBKO MO
pa3peLIeHuIo TPero/aBaTeis.

8. Ec/m nipy ucc/ieJoBaHWH 1[eMM TIOCTOSTHHOTO TOKA CTPeJIKa U3MepPUTeIbHOT0 TIpUbopa yXOAUT
3a Tpefiesibl INKasbl B OOpaTHOM HampaB/eHWW, HAJ0 OTK/IIOUUTH LIeMb U TepPeKTHUHTh
TOAXOsIMe K IpUOopy TpoBo/a.

9. Ecmm cTpenka Kakoro-nibo mipubopa BBIXOAWT 3a Tpefesibl IIKaibl, Ha/[0 HeMeIeHHO
BBIK/TFOUMTh UCTOYHUK MMUTAHUS, OJI0KUTD TIPETIOZiaBaTe Ti0 UK J1abopaHTy.

10. TIpakTrueckasi paboTa CUATAeTCs BHIMOJTHEHHOW TOJILKO TIOCTIe YTBEP)KEHHSI e€ pe3y/ibTaToB
TIperiofiaBaTesieM U MpUBeZieHUsi paboyero MecTa B TIOPSIOK.

11. Bo Bpems 3aHsTHii B 7ab0paTopuy CTYZeHTBl 00s3aHBbl HAaXOAWUTHCS HAa CBOMX DPabouMx
MecTaX. BbIXOUTb U3 OMeIleHUs 1ab0paTopUX BO BPeMsI 3aHSITHSI MOXKHO TOJIbKO

C pa3pelleHys TIpero/iaBaTes.



OBPABOTKA PE3YJ/IbTATOB 1 O®OPMJ/IEHUE OTYETA

CocraBneHve oOT4yeTa O TPOBEJEHHBIX MCC/Ie[OBAHUAX SB/SETCA Ba)KHEUIIMM 3TarloM
BBITIOJIHEHUS TIpaKTUuUeckod paboTel. [lo Kak/[0o¥l BBLIMONMHEHHOW paboTe KaKIbl CTyAeHT
COCTaBJIsIeT 0TYeT, PYKOBOACTBYSICh CJIeYIOLIMMU I0JI0’KEeHUSIMU.

1. OTyeT Mo MpaKTHUUeCKOM paboTe BBIMOJIHSAETCS B COOTBETCTBUU C TPeOOBaHUSIMUL..

2. OrueT BK/ItOYaeT B cebsi pa3zierbl, OTPaKAIOIIHe BCe ITAlbl BBHITIOHEHUsT pabOThI.

2.1. Ha TUTY/7IbHOM JIMCTe YKa3bIBAIOTCS Ha3BaHUe yueOHOTO 3aBe/ieHUs, TOPSAKOBbIM HOMep U
HavMeHOBaHHe /abopaTopHOM paboTel, (GaMumus M WHUALMAIBI CTYZEHTA, BbITOJHUBLIETO
paboTy, HOMep ero aka/leMHUUeCKOU IPyTIIbl, aTa BbITOJTHEHUsI PaOOThI.

2.2. Uems paboTel, KOTOpasi OTpa)kaeT OCHOBHble 33/laud  TeOPeTUUecKoro u
9KCTIepUMeHTaIbHOTO TI/1aHa, pelliaeMble B JaHHOMN paboTe.

2.3. PacuetHoe 3ajaHve, KOTOpOe BBITIOJHSETCS Tiepes JjiabopaTopHOi paboToil M sBsieTCs
OJJHUM 13 OCHOBHBIX 3JIeMEHTOB /IOMyCKa K BBITIOJHEHHUIO 1ab0paTOpHOU paboThI.

2.4. DKcriepyuMeHTabHast 4aCTh, KOTOpasi BK/IIOYaeT B Cebsi 3/1eKTpUUecKrie CXeMbl U pe3y/IbTaThl
WCC/IeIoOBaHUM, CBefleHHble B Tabmuipl. Kaxblii 3Tar, OMNBIT /[JO/DKHBI HMETb CBOM
T10/13ar0JI0BOK.

2.5. ObpaboTka pe3y/bTaToOB 3KcriepuMeHTa. [IpuBoOASTCS Tab/ULBl pe3y/bTaTOB PacyeToB 10
SKCIIepUMEHTa/IbHBIM pe3yJibTaTaM, pacyeTHble COOTHOLLIEHMs, MO KOTOPBIM [ieJla/IMCh 3TH
pacueTkbl, TOCTPOEHHBIE 10 pe3ybTaTaM 3KCIePUMEHTOB U pacueToB rpaMKy, ArarpaMMbl.

2.6. OTueT JO/DKEH CO/lepP>KaTh OCHOBHBbIE BBIBOABI, COOTBETCTBYIOIME L€/ j1ab0paTOpHOM
pabotel. [To yka3aHuIO TperiofiaBatesisi B OTYeTe JAlOTCS OTBeTbl Ha KOHTPOJIbHbIE BOMPOCHI
PYKOBOZICTBA.

3. I'padmueckasi yactb oTueTa (Cxembl, TaOMUIbl, rpadyKW) BBIMOJHSIOTCS KapaHJAIOM C
NIpPUMeHeHeM COOTBETCTBYHOIIMX YePTeKHbIX MHCTPYMEHTOB.

3.1. TIpuHLUNUAaIBHBIE CXeMbl BbIUEPUMBAIOTCS B cOOTBeTCTBUM C TpeboBaHusimu ['OCTa. B
MeCTax 3JIeKTPUUeCKUX COeJMHeHUM (y3/1ax) CTaBUTCS TOUKaA.

3.2. BekTopHble [JuarpaMMbl CTPOSITCS B MaciuTabe c coOiofieHMeM BeJWYMH YIJIOB U
yKa3aHreM MaciiTaba.

3.3. Ilpu mocTpoeHHr TpaUKOB CaefyeT TOMHUTb, UTO, TaK KakK 3afaueil 1abopaTOpHBLIX
WCCIeJOBaHUN SIB/ISIETCSl BBISICHEHHWE OOIIMX 3aKOHOMEpPHOCTeH, TO BCe IIKaibl TIpaduKoB
JIOJDKHBI HauWHAThCsl ¢ Hyns. Ha ocsix rpadukoB fgaercsi 0ObIUHO paBHOMEpHasl IlKajaa C
KPYT/IBIMHA 3Ha4eHUsIMUA OLM(POBAHHBIX JesieHnid. [Ipy HeoOX0[UMOCTH OffHA U3 LKA/l MOXKeT
VMMeThb Jiorapupmuueckuii xapaktep. [Ipy BbluepuMBaHUM IpaUKOB HaZl0 YUMTHIBATh, UTO
BCSIKOe M3MepeHHe UMeeT CjlyvyalnHble NOrpelmHoCcTy. [103ToMy He ciefiyeT NpOBOJWUTH KPUBBIE
yepe3 BCe JKCIeprMeHTabHble TOUKW, Ha pabouem rosie yKa3bIBalOTCsS KCIIepUMeHTabHbIe
TOYKH, 10 KOTOPBIM CTPOMTCS IUIaBHas HeNpepblBHas KpWBas, KOTOpass IIPOXOJUT Cpeju
9KCIepUMeHTa/IbHbIX ToueK. EcM B OHUX KOODJMHATHBIX OCSIX CTPOAT HECKOJBbKO IpauKoB
byHKIMI OHOW He3aBHCHMMOW MepeMeHHOW, TO C/ie[lyeT MPOBECTU [OMOJHUTE/bHbIe IIKAJIbI
riapa’iie/isHO OCHOBHOM BHe OCHOBHOTO T1o/1si. [1pu mocTpoeHuu rpavkoB B/j0J/Ib OCH abCLucC B
BbIOpaHHOM MacmTabe OTK/IaJbpIBAlOT HE3aBUCHMYH0 TIepeMeHHYI0. YCIOBHOe OyKBeHHOe
o0o03HaueHHe 3TOW BeJMUMHBI PeKOMEHJYeTCsl CTaBUTh IO/, OCbIO, a HauMeHOBaHWe e/WHMUI]
u3MepeHusi MO0 WX [JeCATHUHBIX KPAaTHBIX WM [OJBHBIX eJUHHUL] - TIocsie 0003HaueHust
Be/IMUMHBI. BI0/b 0CK opguHAT MaciiTabHble 1UQPbI CTaBAT C/ieBa OT OCH, HAaMeHOBaHWe WU
yC/IoBHOe 0003HaueHHe OTK/Ia/IbIBaéMbIX BEJIMUMH - TakKKe CJieBa OT OCH W T0f 3TUM
o003HaueHHeM yKa3bIBalOT eIMHUL]Y M3MepeHusi. HaMeHoBaHWe eJUHUL] U3MepeHus faeTcs 6e3
CKOOOK.



