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Metoauueckie yka3aHHs IO BBINOJHEHUIO JaOOpaTOpPHBIX pPabOT pa3paboTaHbl Ha OCHOBE
denepanbHOT0 roCcyAapCTBEHHOTO 00pa30BaTEIbHOIO CTaHapTa CPEAHEr0 NPO(HECCHOHAIBHOTO
obpazoBanus ans cnenuanbHoctr: 21.02.19 3EMJIEYCTPOUCTBO



IHosicHUuTeIbHAA 3aANMCKA

®u3zrka, 0JiHa U3 BaXXHEHUIIUX OTpacieil eCTeCTBO3HAHUS, OTHOCUTCS K OMBITHBIM HayKaM.
[lepBbIii mar a7 YCTaHOBJIEGHUS 3aKOHOMEPHOCTEH (PHU3MUECKUX SIBJICHUNH COCTOUT B
HaOmoneHuu. Jljig 3TOro Hago yMeTh BBIIEIUTH HaumbOosee BaKHbIE 3JEMEHTHI (PU3UUECKOTro
sBieHUs. BropeiM m1arom OyaeT u3MeHEHHE yCIOBUH, B KOTOPBIX MPOTEKAET SIBJICHUE, TO €CTh
MEePexXo/l OT MPOCTOr0 HAOMIOACHUS K HKCIIEPUMEHTY.

OcHOBHas TPYAHOCTb MIPU TPOBENEHUM (U3UYECKOTO TPAKTUKyMa COCTOUT B
HEBO3MOKHOCTH 00€CIIeUnTh B YUEOHBIX JJAOOpaTOpusiX HaO M0 IeHUs (PU3NIeCKuX sBIeHU. Jlis
NOBbIIIEHUS 3()()EKTUBHOCTH YCBOEHHUS OCHOB (DM3WYECKOM HAYKH MCIIONB3YEeTCS MPUHIIHIL
reHepaiu3auy yueOHOro MaTepralia — Takoro oToopa, mpu KOTOpOM INIaBHOE BHUMaHUE yIE€JIEHO
U3YYEHHIO OCHOBHBIX (DaKTOB, MOHATUH, 3aKOHOB M METOJOB (u3mueckoil Hayku. OTtcroza
BBITEKAET IOBBIIIEHUE TPEOOBAHUN K YMEHHUSM CTYIACHTOB MPHUMEHSITh OCHOBHBIC IOJIOKEHUS
HAYKU JJISi CAMOCTOSITENIbHOTO OOBSICHEHUsI (PU3NYECKUX SIBICHUH, Pe3yIbTaTOB SKCIIEPUMEHTA,
NeicTBUS MPUOOPOB U YCTAHOBOK, PELICHHS 33/1a4 Pa3InYHbIX TUIIOB.

B 3agaun J1a00pATOPHLIX PA0OT BXOIAT:

Q)OpMI/IpOBaHI/Ie y CTYACHTOB TpEICTaBICHHUS O (U3MUECKOM 3aKOHE B JCHCTBHH,
00BEKTUBHOM XapakTepe (PU3NIECKUX 3aKOHOB;

Q)opMI/IpOBaHHe y CTYACHTOB IMPEACTaBICHUS O TOYHOCTH (U3NYECKUX 3aKOHOB H O
3aBHCHMOCTH 3TOW TOYHOCTH OT TOTO, HACKOJIBLKO CTPOTO COOIIOJAIOTCS YCIIOBHS, B KOTOPBIX
MO>KET IPUMEHSTHCS JaHHBINA 3aKOH;

@:nakomnenne ¢ OCHOBHBIMH  MeTOZAaMH busznueckux U3MepeHuil, mnpuodpeTeHue
AJIEMEHTaPHBIX HaBBIKOB UX HUCIOJIb30BAHUS;

@ :nakomnenne ¢ nanbonee pacipoCTpaHEHHBIMU H3MEpPUTENIbHBIMU TNPUOOpaMH U C
MPUHIUIIAMU UX ACHUCTBUS;

Q)OpMI/IpOBaHI/Ie IMOHUMAaHUs POJIM MPAKTUKU B ITO3HAHUU (1)H3H‘-I€CKI/IX SIBJICHUM U 3aKOHOB,
OIMPCACIICHUU (bHBH‘-I@CKI/IX BCJINYHH,

‘[pHOGpeTeHI/Ie HaBBIKOB B 00pa0OTKE ONBITHBIX JAHHBIX M MPEICTABICHUH O YHCICHHBIX
3HAYEHUSAX OCHOBHBIX (DU3MUECKUX BEJINYMH;

QaBBI/ITI/Ie MBILIUIEHUS] CTYJIEHTOB, (OPMHUPOBAHHE Yy HHMX YMEHHUH C€aMOCTOSTEIbHO
npuoOperats W NPUMEHATh 3HAHUS, HAOIIOAATh U OOBACHATH CYIIHOCTh (PU3NYECKUX
SIBJICHUM.

[Ipu peanuzanuu nporpamMmbl y OO0YyYaromUXcs AOJDKHBI ObITH copmupoBanbsl OOrmime

KOMIIETEHIINH:

OK 1. | [ToHMMaTh CYIIHOCTb U COIIMATIBHYIO 3HAYMMOCTH CBOEH OyayIiei mpodeccuu, mposBIIsITh
K HEH YyCTOMYMBBIN MHTEPEC.

OK 2. | AHanM3HupoBaTh COIMAIBLHO-DKOHOMUYECKHE U TOJUTHYECKUE MPOOIEMBbI U MPOLECCHI,
UCIOJIb30BAaTh METOJABl TYMaHMTAPHO-COLIMOJIOTMYECKMX HAyK B pPa3jIMYHBIX BHIAX
po(hecCHOHALHON U COIMATLHOM IS TEIIBLHOCTH.

OK 3. | Opranu3oBbIBaTh CBOIO COOCTBEHHYIO JESTECIBHOCTb, OMPEACIATh METOJBI M CIOCOOBI
BBINOJIHEHUS TPO(EeCCHOHAIBHBIX 33/1a4, OLIEHUBATh UX 3()()EKTUBHOCTH M Ka4eCTBO.

OK 4. | Pemate mpoOiemMbl, OIEHWBATh PUCKH W TPHHUMATh PEIICHHWS B HECTaHIAPTHBIX
CUTYyallHuAgX.

OK 5. | OcymiecTBiATh MOKUCK, aHAIHM3 U OIEHKY WH(OpMaIUu, HEOOXOIUMOM I TOCTAHOBKH 1
peH_IeHI/I}I HpO(beCCI/IOHa.HBHBIX 3ajJa4, HpO(bGCCI/IOHa.HBHOI‘O N JIMYHOCTHOTI'O pa331/1T1/1;1.

OK 6. | PabGoTaTh B KOJUIEKTUBE U KOMaH/e, 00eCIIeunBaTh €€ CIUI0YeHUE, 3(P(HEKTUBHO OOIATHCS
C KOJIJIETAMH, PYKOBOJICTBOM, ITOTPEOUTEISIMH.

OK 8. | BbITh rOTOBBIM K CMEHE TEXHOJIOTUH B MPO(ECCHOHANTBHOM NesITeTbHOCTH.




OK 9.

VYBaxuTeNbHO M OEpPEKHO OTHOCUTHCS K HCTOPUYECKOMY HACIEIUI0 U KYJIbTYpHBIM
TPaJULIUSM, TOJIEPAHTHO BOCIPHHUMATH COIIMAILHBIC U KYJIBTYPHBIC TPAJAUIIHH.

OK CobnronaTh paBuiIa TEXHUKH 0€30MaCHOCTH, HECTH OTBETCTBEHHOCTh 3a OpraHU3AIINIO
10. MEPONPUATHIA 10 00ecTieyeHHI0 0€30MaCHOCTH TPYAA.
B pamkax mporpamMMmbl y4eOHOW IMCIUIUIMHBI OOYYAIOIIMMHUCS OCBAaWBAIOTCS YMCHHS H
3HAHUS
Kon! VYMmenusa 3Hanus
JIP
JPL, |- onucoigams u 00bACHAMD - cmblcnl nowamuil: pU3NYECKoe SIBICHHE,
JIP4, I;Iigjzbmambl . Habwdenui u dusnyeckas BETUYMHA, MOJEIb, THIIOTE3a,
PUMEHMOE: HC3aBHCHMOCTD NPUHINIL, TIOCTYJIAT, TEOPHsl, IPOCTPAHCTBO,
JP7., YCKOpEHHUsI  CBOOOJHOrO .nazerI/m oT BpeMs, HHEpIHAlbHAs CHCTEMa OTCUETa,
Macchl TaJaloIIero Tejia; HarpeBaHHe MaTepuabHas TOUKa, BEIIECTBO,
JIP9 rasa IpH €ro ObICTPOM CXaTHH U B3aMMOJIEHCTBHE, WIeaTbHBINA ras,
OXJTKACHAC Tipn ObicTpoM PE30HAHC, JJIEKTPOMATHHUTHBIE KOJICOaHMS,
JIP11, | PACIIMPEHHH; TIOBbIIICHUE JABICHHUS 37eKTPOMATHITHOE noue,
T'a3a Npy €ro HarpCBaHWM B 3aKPBITOM SJICKTPOMArHUTHAs BOJIHA, aTOM, KBAaHT,
JIP14, cocyne;  OpOYHOBCKOG — IBIKCHHE; GoToH, aromHOe AP0, AePEKT MAaCCHI,

ANEKTPU3ALMIO TEN MPU MX KOHTAKTE,
B3aMMOJICIICTBE  MPOBOJHUKOB  C
TOKOM; JIEWCTBHE MarHUTHOTO IMOJIsl Ha
MPOBOJHUK C TOKOM; 3aBUCUMOCTh
COINPOTUBIICHUSI TIOTYNPOBOJHUKOB OT
TeMIIepaTypbl u OCBEIICHUS;
3JE€KTPOMArHUTHYIO HHIYKIHUIO;
pacnpocTpaHEeHUE AIIEKTPOMArHUTHBIX
BOJIH; JIUCIIEPCUI0, UHTEPPEPEHLIUIO U

IU(QpaKIUI0 CBETa; H3IyYeHHE U
MOTJIOIIEHHE cBeTa aTOMaMH,
JTUHEWYaThie CHEKTphl; (PoTodddeKT;
palmOaKTUBHOCTE;

- npUEOOUmMbL  NpUMeEpPbl  ONBLIMOG,
UIIOCIMPUPYIOUUX, umo:

HAOMIONICHUS M SKCIEPUMEHT CIIyXKaT
OCHOBOHM Il BBIABMKCHMS THUIIOTE3 U
HOCTPOCHHUS HaY4HBIX TEOpHUH;
HKCHEPUMEHT TI03BOJISIET TPOBEPHUTH
UCTUHHOCTH TEOPETUYECKUX BBIBOJIOB;
¢busnveckas TeopHs 1aCT BO3MOXXHOCTb
OOBSACHATH  SBJICHUS HPUPONBI U
Hay4Hble (aKThI; (U3UUECKass Teopus
MI03BOJISIET Hpe/ICKa3bIBaTh eme
HEH3BECTHbIC SIBIICHUS " ux
0COOEHHOCTH; npu 0OBSICHCHUH
NPUPOJHBIX SIBICHUH HCHOJIB3YIOTCS
¢du3MUecKre MOJENN; OIUH M TOT XKe
OPUPOJHBI  OOBEKT WM  SIBIICHUE
MOXHO  HCCIEIOBaTh HAa  OCHOBE

SHEPTUs CBSI3H, PaMOaKTUBHOCTb,
MOHM3UpYIOIlee  M3JIy4YeHHe, IUIaHEeTa,
3Be€3/1a, TaJlakTuKa, Beenennas;

- cmbicn Qusuueckux 6enUUUN:
IIEpEMEIICHUE,  CKOPOCTh,  YCKOPEHHE,
Mmacca, CHJia, JaBJeHHEe, UMITYJIbC, padoTa,
MOIIHOCTb, MEXaHUYECKAasl JHEPTHsI, MOMEHT
CWJIBI, TIEpUOJ, 4YacToTa, AaMILIUTyJa
KOJIeOaHUH, JUIMHA BOJHBI, BHYTPEHHSS
DHEprusi, CpelHsAsd KHUHETUYECKas SHEeprus
qaCTHI] BEIICCTBA, a0coroTHAA
TEMIIEPATYpa, KOJIMYECTBO TEIUIOTHI,
yJleNbHas TEIUI0EMKOCTb, y/eIbHas TeNIoTa
napooOpa3oBaHMs,  yIelbHas  TEIUIOTa
IUTABJICHUS, YJIEJIbHAs TEIUIOTa CrOpaHus,
JJIEMEHTApHBIA  DJIEKTPUYECKUN  3apsf,
HaNpsOKCHHOCTh  AJIEKTPUYECKOTO  TOJI,
Pa3HOCTb IOTEHLIMANIOB, 3JIEKTPOEMKOCTbD,
JHEPrusl DJICKTPUYECKOro IONsl, CHIIa
NIEKTPUYECKOTO  TOKA,  DJIEKTPUYECKOE
HalpsDKEHUE, JNEKTPUYECKOE
COINPOTUBIIEHUE, 3JIEKTPOJABMKYIIAsl CHIIA,
MarHMTHBIN ITOTOK, MHIAYKIIHS MarHMTHOIO
110J151, UHAYKTUBHOCTb, SHEPTUS MArHUTHOTO

oJIs, TOKa3arTeb TIPEJIOMIICHUS,
OIITUYCCKas CuJia JIMH3bI,

- cmblicn Quzuueckux 3AKOH08,
RPUHUUNOG u nocmynamoe
(popmynupoeka, 2panuybl




UCTIONIB30BAHUSL  PasHBIX  MOJIETICH;
3aKOHBI (PU3UKU U (PU3HYECKHE TCOPHH
MUMEIOT CBOM OIIPEJCICHHBIC TPAHHIIBI
PUMEHUMOCTH;

ONHCHLIBATH (yHIaMeHTA/IbHbIE
ONBITHI, OKA3aBIIHE CYLIeCTBEHHOE
BJUsSIHME HA pa3BUTHE (PU3UKH;

npumenams noJiy4eHHbvle 3HAHUA ons

peuienus puzuueckux zaoay;
onpedenamsp: Xapakrep (U3NIECKOTO

rpaguky,
(dbopMyIie; IPOAYKTHI SIEPHBIX peakLnit

mporecca 1o TaOIuIIE,

Ha OCHOBC 3aKOHOB COXpPAaHCHUA

QJICKTPHUYCCKOr0o 3apsjga U MacCOBOI'O

4yucia;

uzmepampy:  CKOPOCTb,  YCKOpPEHHE
CBOOOJHOTO TAaJEHUs, Maccy Tena,
IUIOTHOCTh BEIIECTBA, CHILy, pPadoTy,
MOIITHOCTh, 3HEPruio, Kod3pduuueHt
TPEHUSI  CKOJIbXKCHHUS,  BIIAXHOCTb
BO3[lyXa, VYICIbHYIO TEIUIOEMKOCTh
BEIIIECTBA, yIEITbHYIO TETUIOTY
IUTaBJICHUS ~ JIbJIa,  DJICKTPHUECKOE
conporusienue, IJIC u BHyTpeHHEe
CONPOTHBIICHUE  HCTOYHHMKA  TOKa,
MoKa3aTelb IPEJIOMJICHUST BEIIECTBA,
ONTHUYECKYI0 CHWJIy JIMH3BI, JJIUHY
CBETOBOW  BOJIHBI; MPECTABIIATh
pe3yabTaThl U3MEPEHUN C YYETOM HX
MOTPEIIHOCTEM;

UCROJIb306aMb npuoopemeénHule
3HAHUA U YMEHUA 6 NPAKMUUECKOIl
odeamenvHOCMU U NOBCEOHEGHOIl
HCUZHU ona: obecrnieueHus
0€30MaCHOCTH >KU3HENEATEIbHOCTH B
nporecce MCIOJIb30BAHUS
TPAHCIOPTHBIX ~ CPEACTB,  OBITOBBIX
ANEKTPONPUOOPOB, CPEICTB paguo- U
TEJIEeKOMMYHUKAIIMOHHON CBA3H;

aHaJlu3a M OLECHKM BIMSHHUS Ha
OpraHM3M  4YeJoBeKa W  Jpyrue
OpPraHMU3MBbI 3arpsA3HEHUS OKpYKarolen
Cpelibl; paIMOHAIILHOTO
MPUPOAONONB30BaHUS U 3AIIUTHI
OKpY>Kalollle Cpeabl; ONpeAcICHUs
COOCTBEHHOMW MO3UIUH 110 OTHOILEHUIO
K O9KOJIOTHYECKMM IMpobieMaMm U
MOBEJCHUIO B TPUPOJHON  cpefe;

HpUMEHUMOCIMU):  3aKOHBI  JTUHAMHKU
HrroToHa, NOPUHIMUIB CYNEPIO3UINN U
OTHOCHUTEIBHOCTH, 3akoH Ilackams, 3akoH
Apxumena, 3akoH ['yka, 3aKOH BCEMUPHOTO
TATOTEHUS, 3aKOHBI COXPAaHCHHsI SHEPTHH,
UMITyJIbCa W DJIEKTPUYECKOTO  3apsfa,
OCHOBHO€ YpaBHEHHE KUHETUUECKOU TEOpUU
ra3oB, ypaBHEHHME COCTOSIHUS MJI€aJTbHOTO
raza, 3aKOHbl TEPMOAMHAMHUKH, 3aKOH
Kynona, 3akon Oma 17 TOMHON 1emnu,
3aKOH Jxoyns-Jlenua, 3aKOH
AJIEKTPOMArHUTHOM  UHAYKIUU, 3aKOHBI
SHEPTHH, 3aKOHBI poToddPeKTa, mocTynaTsl
bopa, 3akoH paaMOAaKTHBHOTO pacraja;
OCHOBHBIC

HOJIOKEHUS ~ M3y4aeMbIX  (PU3MUECKUX
TEOPUH W HX poib B (OPMHUPOBAHUHU
Hay4YHOT'O MUPOBO33PEHMS;

- BKJIAJl POCCHHMCKMX M 3apy0esKHbIX
Y4CHBIX, 0Ka3aBIINX HauOoJb1ICe
BJIHSIHME HA pa3BUTHE (PU3UKH;




MpUOOpPETEHUsI MPAKTHUYECKOTO OIbITa
NEeSTEIbHOCTH, MpeAIEeCTBYIOEH
po¢eCCUOHAIBHON, B OCHOBE KOTOPOH
JISKUT JAaHHBIA y4eOHBIN MpeameT.

MeToanyecKue peKOMeH/AUMH M0 BbINOJHEHHUIO J1a00paTOPHBIX
padoT no pusuke

JlaGopaTOpHBIi SKCIIEPUMEHT SBIISICTCA OJHUM U3 OCHOBHBIX METOZIOB OOYYEHHUS
busmKe B 00111€00pa30BaTENBHBIX YUPSKACHUIX. B ydeOHOM Mporiecce OH BBITIOTHAET TPU
OCHOBHBIX (DYHKITHH:
- SIBJIIETCS UCTOYHUKOM HOBBIX 3HaHUHU, GyHIaMEHTAIbHBIM OCHOBaHHEM TEOPUIA;
- CPEICTBOM HATJISIAHOCTH, «OKHBBIM CO3EPIIAHUEM», HIUTFOCTPAIIUEH N3ydyaeMbIX SIBJICHHUIA,
- KpUTE€pUEM UCTUHHOCTH IMOJIyY€HHBIX 3HAaHUHN, CPEACTBOM PACKPBITHS UX MPAKTHUECKUX
IIPUMEHEHUM.

Beenenune

ITocobue pazpaboTaHo B COOTBETCTBUU C paboueil mporpaMMoii 1o yueOHO# TUCIUITIHHE
«(hu3uka», COCTABJICHHOM Ha OCHOBE MPHUMEPHOH Mporpammsl Uis mpodeccuil HayaabHOTO
npoeCCHOHATBLHOTO  00pa3oBaHMs M CHEUMANBHOCTEH CpelHero MpogecCHOHAIbHOTO
o0pa3oBaHUs (TEXHUYECKUA TPODUITH).

BaxxHoW nuaakTHYeCKOW IeNbi0 Ja0OpaTOPHBIX pabOT SBJISETCS OBJAJACHUE TEXHUKON
9KCHEPUMEHTA, IPHOOPETEHNE YMEHUH peIIaTh PaKTUUECKUE 3aJa4H ITyTeM IIOCTAHOBKHU OIIBITA.
B npennaraemom mocoOum maaHo onmcanue 8 imabopaTopHbIX padoT [laHHoe yueOHOe mocodue
IpPEACTaBIseT COOOM UYETKYI0 MHCTPYKLMIO Ul CaMOCTOSTEIbHOM paboThl cTyaeHToB. Ecin
CTYZCHT MPOITYCTUII KAaKOE-TO 3aHSATUE, OH MOXKET BBIIIOJHUTH €€ MHANBUYaTbHO BO BHEYPOUHOE
BpeMSL.

Otuer o0 n1abopaTtopHOit paboTe JOKEH CONEPIKATh:

Temy paboTbl

L{ens paboThI

[lepeuens ncnoab3yemMoro 000pya0BaHus

Onucanne xoaa padoThl

CxeMbl YCTaHOBOK, X014 JIy4a, COeIMHEHHI TPOBOJIHUKOB
Tabmuipl ¢ pe3yabTaTaMu U3MEPEHUHN U BEIYUCICHUN
[TonpobubIie pacueTs

e S

BriBoabl




HNHcTpyKkuus mo oxpaHe Tpy/Jaa U TeXHHKe 0€30NMACHOCTH MPH MPOBeAeHUHU JIa00PATOPHBIX
padoT 1 JJa00PATOPHOIO NMPAKTUKYMA 1O (Gu3MKe 1 00yIAIOIIUXCH

1. Obuwgue mpebosanun d6ezonacnocmu

1.1. K mpoBeznenuto mabopaTOpHbIX paboT M J1aOOPATOPHOrO MPAKTHKyMa MO (HU3UKE
JIOITYCKAIOTCs 00yYaroIuecs, MPoLIeIIie HHCTPYKTAX M0 OXpaHe TPyla, MEAUIIMHCKUNA OCMOTP
U HE UMEIOILME TPOTUBOIIOKA3aHUH MO COCTOSIHUIO 3/I0POBbSL.

1.2. OGyuvaromuecst TOJMKHBI COOJIOJATh IMpaBHia TOBEACHUS, PAaCHUCAHUE Y4eOHBIX
3aHATUN, YCTAaHOBIIEHHBIE PEXKUMBI TPYla U OTJbIXA.

1.3. IIpu mpoBeneHnn J1abOpaTOPHBIX PadOT M JaOOPATOPHOTO MPAKTHKyMa 1o (pu3uke
BO3MO>KHO BO3/ICMCTBHE HA O0YYAIOUINXCA CIEIYIONIMX OMACHBIX U BPEIHBIX MPOU3BOICTBEHHBIX
(bakTopoB:

- TEepMHUYECKHE OXOTH IPH HAIPEBAHUHU KUJKOCTEH U Pa3IMYHbIX (PU3NUECKUX TEIT;

- TIOpe3bl PyK IpH HEOPEKHOM OOpalleHuH ¢ T1abOpaTOPHOU MOCYI0i U MPUOOpaMu U3
CTEKJIa;

- MOpaXXeHHE HIEKTPUYECKHM TOKOM IpU pabOTe € NEKTPOYCTAaHOBKAMU;

- BO3HUKHOBEHUE M0Kapa MpU HEAKKypaTHOM OOpAaIleHUH C JIETKOBOCIUIAMEHSIOIUMUCS
U TOPIOYUMH KUJKOCTSAMHU.

1.4. Kabunet pu3uku 10JDKEH OBITh YKOMIUIEKTOBAH MEIUIIMHCKON anTeuKOM C
HAaO0OpPOM HEOOXOUMBIX MEIMKAMEHTOB U MEPEBA30YHBIX CPECTB.

1.5. TIpu npoBeneHnu J1abOPaTOPHBIX pabOT U JTaOOPATOPHOTO MPAKTHKyMa MO (PHU3UKE
co0JII01aTh MpaBHJia MOXKAPHON 0€30MaCHOCTH, 3HATh MECTa PACIIOJIOKEHUS TIEPBUYHBIX CPEACTB
MOXKAPOTYILICHHS.

1.6. O Ka)x10M HECYACTHOM CJlydae NOCTPaJaBIINI WM OYEBUJIEL] HECUACTHOTO CIy4asi
00s13aH HEMeJIEHHO cOOOIMTh IpenoaaBarento. [Ipu HencnpaBHOCTH 000pyI0BaHUS,
MIPUCTIOCOOICHUI M HHCTPYMEHTA MIPEKPATUTh PaboTy U COOOIIUTH 00 3TOM IPETOIaBaTEeIO.

1.7. B mpomiecce paboTsl 00ydaronuecs J0KHBI COOTI0ATh TOPSIIOK MPOBEACHUS
1abopaTopHbIX paboT U J1a00PaTOPHOTO MPAKTUKYMA, MpaBUjIa JUYHON TUTHEHBI, COJEPKATh B
YUCTOTE pabouee MecTo.

1.8. OOGyuaromuecsi, JOMYCTHBIINE HEBBINOJHEHHE WM HapyLICHWE WHCTPYKIHMH I10
OXpaHe TpyJa, HMPUBJIEKAIOTCS K OTBETCTBEHHOCTH CO BCEMH OOYYAIOIIMMHUCS, MPOBOJIUTCS
BHETUIAHOBBIM MHCTPYKTAX 110 OXpaHe TPYAa.

2. Tpebosanusa de3onacnocmu nepeo Havaiom padomol

2.1. BHUMaTeTbHO M3YYUTH COACPIKAHUE U MOPSAIOK MPOBEACHUS Jab0paTOPHOI pabOThHI
WK 1a00PaTOPHOTO MPAKTUKYMa, a TaK)Ke Oe30MacHbIe IPUEMBI €€ BBITIOTHEHHUS.

2.2. IloaroToBuTh K paboTe pabouee MecTo, yOpaTh MOCTOPOHHHE MTpeAMETHI. [Iprubops! 1
000py/0BaHUE Pa3MECTUTh TAKUM 00pa3oM, YTOOBI UCKITIOYUTh UX MaJIeHHE U OMPOKH IbIBAaHHE.

2.3. IlpoBepuTh HCHPABHOCTH OOOPYHAOBaHUS, MPUOOPOB, LEIOCTHOCTH JIAOOPATOPHOM
MOCY/bl ¥ PUOOPOB U3 CTEKIIA.

3. Tpebosanusn 6ezonacnocmu 60 epemsa padomul



3.1. TouHO BBIMOJHATH BCE YKa3aHUs IMpENOAaBaTENsl MPU MPOBEACHUN JTa0OPaTOPHOM
paboThl WK J1abOPATOPHOTO MPAKTUKYMa, 0€3 €ro pa3pelieHust He BBITOJIHATh CAMOCTOSATEIBHO
HUKaKuX padorT.

3.2. Ilpu paboTe co CHUPTOBKON Oepeyb OAEKIY M BOJIOCHI OT BOCIUIAMECHEHHUS, HE
32KUTaTh OJIHY CITUPTOBKY OT JIPYTOid, HE U3BIIEKATH U3 TOPSIIEH CIIUPTOBKHU FOPEINIKY C (PUTHIIEM,
HE 33JyBaTh IUIaMsl CIIUPTOBKHU PTOM, a TaCUTh €0, HAKPHIBAs CHEIMATbHBIM KOJIIauKOM.

3.3. Ilpu HarpeBaHUUW XHUIKOCTH B MPOOMPKE WM KOJOE HCIOJIb30BaTh CIEIUATBLHBIC
Jepkareny (ITaTUBbI), OTBEPCTHE TPOOUPKH MITH TOPIIBIIIKO KOJOBI HE HANIPABIISITH Ha ce0s1 M Ha
CBOUX TOBAPHILIEH.

3.4. Bo uzbexaHue 05K0roB, )KUAKOCTh U APYyrue (pU3NUECKUe Tella HarpeBaTh HE BbIIIE
60-70°C, He OpaTh UX HE3AUIUICHHBIMH PYKaMHU.

3.5. ColmoaTh OCTOPOKHOCTH IIPU 0OpaleHnH ¢ MPHOOpaMH U3 CTEKIIa U Ta00paTOPHOI
HOCy10ii, He OpocaTh, HE POHATH U HE YIapsTh UX.

3.6. CrenuTb 3a UCTIPABHOCTHIO BCEX KPEIUICHWH B MPUOOpax M MPUCIIOCOOJICHUSX, HE
MPUKAcaTbCsl U HE HAKJIOHATHCS OJMM3KO K BPALIAIOUIMMCS M JABIKYILIMMCS YacTsSM MalluH U
MEXaHHU3MOB.

3.7. Tlpu cOopke AIEKTPUUECKOM CXEMBI UCIIOIh30BaTh MPOBOJIa C HAKOHEYHUKAMHU, 0€3
BUAMMBIX TOBPEXICHUNA W30JIALUHN, H30erath IEepeceyeHil IMPOBOJOB, MCTOYHHK CBETa
MOJIKJIIOYATh B MOCJIEIHIOI OYEPEb.

3.8. CoOpaHHYIO SJEKTPUUECKYI0 CXEMY BKJIIOYATh TOJ[ HAMPSKEHHEM TOJBKO IOCIE
IPOBEPKHU €€ MPEroaaBaTesIeM U JIAOOPAHTOM.

3.9. He npukacaTbCsd K HaXOIAIIMMCS TOJ HANpsDKEHUEM BJIEMEHTaM JJIEKTPUUYECKOM
Lenu, K KOpIycaM CTallMOHAapHOTO 3JIEKTPooOOpYyNOBaHUS, K 3a)KUMaM KOHJIEHCATOpOB, HE
MPOU3BOJIUTH MEPEKITIOYCHHH B LIETAX 10 OTKIIOYEHHUS HICTOYHHUKA TOKA.

3.10. Hanmnuue HanpsiKeHUs B AJIEKTPUIECKOM IIEMH IPOBEPATH TOIBKO MprOOpamu.

3.11. He monmyckaTh mpeebHBIX HATPY30K U3MEPUTEILHBIX MPHOOPOB.

3.12. He ocraBnare 0e3 Hag30pa HE BBIKIIOYEHHBIE 3JEKTPUYECKUE YCTpOMCTBAa M
puOOpHI.

4. Tpebosanusn dezonacnocmu ¢ agapuiltHbIX CUMYAUUAX

4.1. Tlpm oOHapy)XeHUH HEHCIPABHOCTH B palbOTe 3JIEKTPHUUECKUX YCTPOUCTB,
HAXOJSIIUXCS MO HalpsKEHHUEM, MOBBIIIEHHOM WX HarpeBaHUU, MOSABIEHUU MCKPEHUs, 3amaxa
ropesiol U30JSLUUU U T.JA. HEMEUIEHHO OTKJIIOYUTh UCTOYHUK JIEKTPONUTAHUS U COOOIIUTH 00
3TOM MPENOaBaTEINIo.

42. Ilpu paznuBe JErKOBOCIUIAMEHSIIOMICHCA  KUJIKOCTH M €€  3aropaHuu
HEMEJUIEHHO COOOIIMTH 00 3TOM MPENOIaBaTeNI0 U 110 €r0 YKa3aHUIO MOKUHYTH MOMEIICHHE.

4.3. B cinydae, ecnu pa3buiach JabopaTopHasl MocyJa WM NpUOOpHl U3 CTEKa, He
cOOMpaTh UX OCKOJIKH HE3AIIMIICHHBIMHA PYKaMH, a UCIIOIB30BATh JJIsl TOMN LIEJH MIETKY U COBOK.

4.4. Ilpu NONYYEHUU TPAaBMbI COOOLIUTH 00 3TOM MPENOAaBaTEN0, KOTOPOMY CIEIyeT
HEMEIJIEHHO OKa3aTh MEPBYIO MOMOIIb MOCTPAAaBIIEMYy, COOOIIUTh 00 3TOM aJIMUHUCTPALUU
YUpeXKIACHUSA, TpH HEOOXOAMMOCTH OTHPABUTH IOCTPAJaBIIero B Oiwkaiiiee JedeOHOE
yupexJieHue.

5. Tpebosanusa dezonacnocmu no OKOHYaHUU padomol



5.1. OTKJII0YNTHh UCTOYHHK TOKA. Pa3psanTh KOHACHCATOPHI C TOMOIILIO H30JIMPOBAHHOIO
NPOBOJHHUKA U Pa300paTh IJIEKTPUUECKYIO CXEMY.

5.2. Pa300pKy yCTaHOBKH JUIsl HATPEBaHUS KHUJIKOCTH POU3BOIUTH ITOCIIE €€ OCTHIBAHUS.

5.3. IlpuBect B moOpsgoK pabodee MecTo, cIaTh IPENojaaBaTeNlio WM JabopaHTy
npubopsl, 000pyI0BaHKE, MATEPUAIIBI U TIIATEIBHO BEIMBITH PYKH C MBUIOM.

IIpoBenenue onbiTa U U3MEPEHUI

[Ipu BeIMOTHEHUN JTAOOPATOPHBIX PAOOT M3MEpeHHE (PU3MUECKUX BEIUYMH HEOOXOIUMO
IIPOBOJUTH B CTPOTOM, 3apaHee MPelyCMOTPEHHOM MOCIIeI0BATEILHOCTH.

Ocobo crnexyer oOpaTuTh BHHMAaHHE Ha TOYHOCTb U CBOEBPEMEHHOCTh OTCUETOB IIpU
U3MEPEHUN HYXHBIX (U3MYECKUX BeauMuuH. Hampumep,  TOYHOCTH M3MEPEHHUS BPEMEHH C
TIOMOIIBIO CEKYHIOMEpPa 3aBUCUT HE TOJIBKO OT YETKOTO OMPEICIICHUS ITOJIOKEHUS CTPEIIKH, HO
B 3HAYMTENBHOW CTETNIEHW — OT CBOCBPEMEHHOCTH  BKJIFOUEHHUS M BBHIKIIOUCHHS] YacOBOTO
MEXaHu3Ma.

[IperonaBaTens  NPUHUMAET  BBIIOJHEHHYIO — ydamiuMmcs JabopaTopHylo  paboty B
WHAUBUAYAIbHOM TMOpsaKe. XOpOIIO BBIMOJHEHHBIE PAa0OTHI ClEIyeT PEKOMEHIOBATh s
O3HAKOMJICHHSI BceM ydarmmMmcs. J[7s 3adera, 0 OKOHYAHHWH JIAOOPAaTOPHBIX padoT, yJamruics
MIPEACTABISIET HAITICKAIITNM 00pa3oM opOPMIICHHYIO TETPAIb.

[lenecooOpa3Ho B KOHIIE 3aHITHS COOOMIATh TEMY CIEAYIOMIETO MPAKTUYECKOTO 3aHSATUS U
YKa3bIBATh JIUTCPATYPHBIC HCTOYHHUKH. anmnec;l B TaKUX ClIydadX MNpUXOAAT C TOTOBBIMU
KOHCIIEKTaMH, W TMPEIOAaBaTeNI0 OCTAeTCs JaTh JIMIIb IIENIEBYI0 YCTAHOBKY 3aHSTHSA,
pacrpenenuTh 3aaHusl, MOKa3aTh TEXHUKY BHIMOJHEHU. [lociie 3Toro yJammecst mpuCTymarmT K

CaMOCTOSITENILHOM paboTe.



Kpurepun oueHkn npakTuyeckoi padornl.
[IpakTHyeckue 3aHATHA OLICHUBAIOTCS MPENOJaBaTeNeM, HCXOS M3 CIEAYIOUIMX KpPUTEPHEB
YCIIEIIHOCTH PadoT:
1) cooTBeTcTBHUE CcOAepKaHHSA pPaOOTHI 3aJaHHON TeMe W O(OPMIICHHE B COOTBETCTBHUHU C
CYILIECTBYIOIIUMHU TPEOOBaAHUSIMMU;
2) J10TMKa U3JI0KEHHUS, B3AUMOCBSI3b CTPYKTYPHBIX 3JIEMEHTOB paboTHI;
3) oObeM, XapakTep U Ka4eCTBO UCIOIb30BAHHBIX HCTOYHHKOB;
4) 000CHOBaHHOCTH BBIBOJIOB, MX IITyOHMHA, OPUTHHATIBLHOCTD;
5) Teopermyeckas W METOAMYECKas JIOCTATOYHOCTh, CTWJIb M KayecTBO odopmiieHus
KOMIBIOTEPHON NIPE3CHTALUN
OrneHuBas UTOTOBOE 33aJaHKE, PETNOABATENb CTABUT OTMETKY.

Ouenka «5» (OTJIMYHO) CTABHUTCS, €CIU OOYYAIOIIUICS BBHIMOIHSAECT PabOTy B MOJHOM
o0Beme ¢ coOItoIeHreM He00X0IMMOIl OCIeI0BATEIbHOCTH TPOBECHUS ONBITOB U U3MEPEHUI;
CaMOCTOSITENIEHO M PAllMOHATBHO MOHTUPYET HEOOX0IMMOE 000pyI0BaHHE; BCE OIBITHI IIPOBOUT
B YCIIOBHSIX U pEXHMMaxX, 00E€CHEUnBAIONIMX MOJyYEeHHE MPABHIBHBIX PE3YJIbTaTOB M BBIBOIOB;
cobmomaer TpeOOBaHMS TPaBWII OE€30MACHOTO TPyJa; B OTYETE MPaBUIBHO M aKKypaTHO
BBITMIOJHSET BCE 3alUCH, TAOIMIIBI, PUCYHKH, YEepTeXH, IpadUKH, BBHIYUCICHUS; MPAaBUIHHO
BBITIOJIHSICT aHAINU3 MTOTPELTHOCTEH.

- B OTYETE NMPaBWILHO M aKKYPATHO BBITIOJIHEHBI BCE 3aIIMCH, TAOIHUIIBI, PUCYHKH, YEPTEXKH,
rpaduku, BHIYUCICHUS;

- IPaBUJIHLHO BBIMOJIHEH aHAJIN3 MOTPEIIHOCTEH.

«4» (X0po1110) CTaBUTCS B TOM CJIydae, €CJIM ObLIM BHIIOJIHEHBI TPEOOBAHUS K OIICHKE «5»,
HO JIOMYIICHbI HEA0YEThI WM HETpyOble OMINOKH.

«3» (Y10BJIETBOPUTEJIbHO) CTABUTCA, €CJIM PE3YJbTAT BBIITOJIHEHHONW YaCTH TaKOB, YTO
MO3BOJISET MOJIYYUTh MPAaBUIbHBIE BHIBOJBI, HO B XOJI€ IPOBEICHHS OINbITa U U3MEPEHUI ObLIN
JIOTTYIIIEHBI OIITHOKH.

«2» (HeyIOBJIETBOPUTEJIbHO) CTaBUTCS, €CIM PE3yNbTaTbl HE IO3BOJSAIOT CHENATh
MPAaBWJIBHBIX BBIBOJOB, €CIM OIbBITHI, U3MEPEHUs, BHIYUCICHUS, HAOIIOJEHUS MPOU3BOIUINCH

HCIIPAaBUJIBHO.
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JlabopaTopHas padora Nel U3ydyenne 1BU:KeHUd TeJia,

6p0HIeHHOI'0 TOPU30HTAJBHO

Ilenb padoThI: IPOBEPUTH 3aKOH HE3ABUCUMOCTH ABM)KEHUN HA IIPUMEpPE JIBUYKEHUS TeENa,

OpOIIEHHOTO TOPU30HTAIBHO.

O0opynoBanue: HEOOIBIION MIAPUK, )KET00, TMHEHKA, CEKYHIOMEp, YKa3Ka, JIUCT OyMaru u

KOMMUpOBaIbHast Oymara, (SIIHUK C TIECKOM).

IHopsinok BbINOJTHEHUSI PA0OTHI:

1. Cobepure ycTaHOBKY, H300paskeHHYIO Ha pucyHKe. HrxHMI ydacToK jkenoda J0KeH ObITh

TOPU30HTAIIBHBIM, & PACCTOSIHUE /1 OT HMXKHETO Kpasi keno0a A0 CToja TOJKHO ObITh PaBHBIM

npuMepHo 40 cm. Jlanku 3akuMa JOJKHBIL OBITH PacIioyIoKEHbI BOJIM3K BEPXHET0 KOHIA kKenola.

2. IonoxwuTe Mo KeI000M JUCT OyMaru, MpUIaBUB €ro KHUTol, 4TOOBI OH HE CABUTAJICS IIPU
IPOBEJICHUH OMBITOB. OTMETHTE HA ATOM JINCTE C TOMOIIBIO OTBECA TOUKY A, HAXOJIAIIYIOCS HA

OJIHOM BEPTUKAIU C HIYKHUM KOHIIOM Keooa.

3. [TomecTuTe B %KeN00 MIApUK TaK, YTOOBI OH Kacalics 3aKUMa, U OTIYCTHTE IMAapUK 0e3 TOTYKa.
3ameThTe (MPUMEPHO) MECTO HA CTOJIE, KyJa MOMaaeT MIapHK, CKATUBIINCH C JKeno0a

U TIPOJIETEB 10 BO3AyXy. Ha oTMeueHHOE MEeCTO MOJIOKUTE JIUCT OyMaru, a Ha Hero — JIMCT
KOIMPOBAJILHON Oymaru «pabodeii» cropoHoil BHU3. [IpugaBute 311 TUCTHI KHUTOM, YTOOBI OHU

HE CABUT'AJIMCh ITPU MTPOBEACHHUU OIIBITOB.

4. CHOBa ITOMECTHUTE B KEJIOO IIAPUK TaK, YTOOBI OH Kacajcs 3aKUMa, U OTIYCTUTE 0€3 TOTUKa.
N3mepbTe Bpems mageHus mapuka. [loBTopute 3TOT OMBIT 5 pas, cielis 32 TeM, YTOOBI TUCT

KOMMUPOBATBHON OyMarv M HaXOSIIHICS 1101 HUM JIUCT HE CIABUTAIINCH.

5. OCTOpPOKHO CHUMUTE JINCT KOMUPOBATBHON OyMaru, He cIBUTAsi HAXOASIIETOCs 0] HUM
JIMCTA, U OTMETHTE TOUKH, JIEKAIIUE MEKY OTIIEYaTKaMU. Y UYTUTE MPU 3TOM, YTO BUIUMBIX
OTIIEYAaTKOB MOXKET 0Ka3aThCsl MEHBIILIE 5-TH, IOTOMY YTO HEKOTOPBIE OTIIEYATKHA MOTYT CIIMTBHCA.

6. 3MepbTe paccTosiHue /; OT OTMEUEHHBIX TOYEK JI0 TOUKHU A.
7. Pe3ynbTarhl M3MEepEeHU 3aUIIUTe B TAOIUITY 1:

Taobsmma Ne 1

2h _ 4
Ne onbiTa h, M t1, ¢ tep, € = F— li, m Vi = o
g . P,
9
1
2




3

4

5

8. PaccumnTaiiTe cpesiHee Bpems MaJleHus IapuKa:

lcp:(t]+l2+t3+l4+l5)/5

9. 3Has BBICOTY /1, C KOTOPOH Majal MAPUK U YCKOPeHHe CBOOOHOTO nmajeHus g=9,8 m/c’,
BBIYHCIIUTE BPEMS IBUIKECHHUS IIApUKa:

10. CpaBHHTE pacCUNTAaHHOE 3HAYEHHUE CO CPEAHUM BPEMEHEM Ma/IeHUs IapuKa, ONPEACIEHHBIM

n3 onbITa. ChealiTe BEIBOJI.

11. Onpenenute HaYaIbHYIO CKOPOCTh IIAPHUKA JJIs1 KQXKAOT0O U3 U3MEPEHHBIX 3HAYECHUI

JaJIBHOCTH II0JICTA:

12. Pe3ynbTaThl BRIYMCICHH 3aHeCHTE B TaOUILy 1.

13. BriOpas npaBuibHbIi Macitad no ocasmM OX u OY u BOCIOJIb30BABIINCH YPAaBHEHUEM

TPacKTOPUU:

g
—h—-L
> 2v¢

2

MIOCTPOMTE TPACKTOPHUIO ABUKEHUS IAPUKaA I OJHOIO U3 HAWIECHHBIX 3HAYEHN HAa4aJIbHOMN

CKOpPOCTH.

14. CaenaiiTe BBIBOJ 1O TIPOACTIAHHON padoTe.

IIpumep BbINOJIHEHHSI PA0OTHI:

OneIT:

Tadoauna Ne 1 PesyabraT n3mepeHmuii.

l
Ne onbITa h, m ti, ¢ tep, C li, M v = t_
9 c ’ ¢

1 0,32 0,41

2 0,38 0,426
3 0,41 0,26 0,435
4 0,24 0,426
5 0,31 0,444

JlabopaTopHasi padora Ne2 OnpenesneHnue ;KkeCTKOCTH NPY’KMHbBI
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Hean pa6oThl: MPOBEPUTH CIIPABEAJIUBOCTD 3aKOHA ['yKa JIJIst IpYKUHBI IMHAMOMETPA U
HU3MEPUTH KOIPDUIIUEHT KECTKOCTH ITOU MPY>KUHBI.

O0opynoBanme: mTaTB ¢ My(PTOH 1 32)KMMOM, JTMHAMOMETP € 3aKJICCHHOM MIKaJIOH, Habop
rpy30B u3BecTHOM Macchl (1o 100 1), muHEeika ¢ MUJUTUMETPOBBIMU JIETICHUSIMHU.

Y o
Onucanue padorbi: CoriacHo 3akoHy ['yka, MOy F e YIPYrOCTH U MOIYJb #&

L - 1 A
YIUTHHEHUS TIPYKHHBI CBSI3aHBl COOTHOIIICHHEM F = kx. W3mepus Fy % voxno naitru
.I’Y
KO3 PHUITUEHT )KECTKOCTH k 1o dbopmyre X

IIpoxo/KkuTeILHOCTD 3aHATUA: | Yac.

Xox padboThl.
Puc. 176

AN

1l

&2

1. 3akpenuTe TMHAMOMETP B IITATUBE HA JJOCTATOYHO OOJIBIIION BHICOTE.
2. IloaBemmBas pa3aIMyHOE YUCIIO TPY30B (OT OJHOTO JI0 YEThIPEX ), BBIYUCIUTE IS KAKI0TO

F=mg
ClIy4asi COOTBETCTBYIOLIEE 3HAUCHHE 8 2 tawKe U3MEpPBTE COOTBETCTBYIOIIEE
YATMHEHHE MPYKUHBI X *
3. Pe3ynbTaThl U3MEPEHMIA U BBIYMCICHUN 3alIUIIUTE B TAaOJIHILY.

Ne onibiTa m, KI' mg, H x, H/m

'

4. HauepTuTte 0CH KOOPIMHAT ¢ U ~ ° BBIOEPHUTE YA0OHBINH MAcIITAb U HAHECUTE TIOTYYEHHBIE
IKCIIEPUMEHTAIbHBIC TOUKH.
5. OuenuTte (Ka4eCTBEHHO) CIIPaBETMBOCTh 3akoHa ['yKa JJis TaHHOW NIPY)KUHBI: HAXOATCS JTH
HKCIIEPUMEHTAIILHBIC TOUKH 801U3U OOHOU RPAMOIL, NPOXOOAULEIl Yepe3 HaUuanio KoOopounam.
6. 3anuImuTe B TETPAIU )11 TaOOPATOPHBIX padOT ClIeJTaHHBIN BaMU BBIBOJI.
ﬁ\

k=—,
7. Boruncnute k03 PUIHMEHT xKecTKoCTH 1o hopmye: X ycHonw3ys pe3ynbTaThI OMbITA
Ne 4 (on oOecrnieunBaeT HauOOJIBUIYIO TOYHOCTB).
KoHTposbHbIE BOIPOCHI:

1. Chopmynupyiite 3akoH [ yka.
13



2. XKécTkocTh NpYyKUHBI, JalITE ONPEEIECHHUE.
3. B uém u3mepsiercs KodpPUIUEHT KECTKOCTH?

4. TexHMYECKOE IPUMEHEHHUE MOHATUSA )KECTKOCTH MPY>KUHBI.

JlabopaTopnasi pabora Ne3 Onpenenenue ko3¢ puuneHTa TpeHUs1 CKOJIbKEHUS
Heanb padoTbi: U3MepuTh KO3(QGULIMEHT TPEHUS CKOJIbKEHUS JIepeBa 10 AepEBY.
OO6opynoBanue: IepeBsHHBIN OpPYCOK, epeBsiHHAS TUHEIKa, HAOOp IPy30B M3BECTHON MACCHI
(mo 100 r), TuHamMomeTp.
Onucanne padorsli: Eciiu TSHYTH OpyCOK C TPy30M 10 TOPHU30OHTAIBHOM MOBEPXHOCTH TaK,
YTOOBI OPYCOK JIBUTAJICA PAaBHOMEPHO, IPUKIIaIbIBaeMast K OpyCcKy TOPU30HTaIbHAs CHJIa paBHA

o, b4 o o
10 MOJIYJTIO CHJIC TPEHHS CKOJIBXKEHHST  © JIEHCTBYIOIIEH Ha OPYCOK CO CTOPOHBI

. A
P ¢cBsA3aH ¢ MOZYJIEM CHIIBI HOPMAJIBHOTO JaBJIEHUS N
= uN. F,_ N [

il LY o
COOTHOIIEHHEM  ° Usmepu P u MOYKHO HaiTH KO>(GHUIUEHT TPEHHS = 110

F

Tp
l > -
J N N

B JaHHOM CJIy4ac CHUJia HOPMAJIbHOI'O JaBJICHUSA

IOBEPXHOCTH. MOIYIIb CHIIBI TPEHUS

)

bopmyne paBHa Becy P
Opycka ¢ Tpy30M.

IIpoxo/KkuTeILHOCTD 3aHATUA: | Hac.
Xoxa padoThbl.

1. OnpezenuTe ¢ MOMOIIBIO JMHAMOMETpA Bec Opycka  F

Ta0IuILy.

' ¥ 3aIUIIUTE B IPUBEICHHYIO HIKE

Ne onbiTa Psp, H N,H P, H

2. [Tonoxxute 6pyCcOK Ha TOPU3OHTAILHO PACIIOIOKEHHYIO JIEPEBAHHYIO TUHEWKY. Ha Opycok

MOCTaBbTE TPY3.

3. [locTtaBuB Ha OPYCOK OJIMH T'PY3, TAHUTE OPYCOK pAaBHOMEPHO 10 TOPU30HTAIILHOMN JIMHEHKE,
U3Mepsis C MOMOIIBIO TMHAMOMETpa NMPUKIIaAbiBaeMyto cuity. [IoBTopuTe OMBIT, TOCTaBUB HA
OpyCOK JIBa ¥ TpH Tpy3a. 3aNUCHIBATE KaXIBIH pa3 B TAOIHIY, IOMEIICHHYIO B TETPAIH [
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F

1abopaTOPHBIX paboT, 3HAYCHHSI CHJIBI TPEHHUST W CHIIBI HOPMAJIBHOTO JTaBJICHUSI

N=P_ +P

op p*

N " F: I

) v
4. Haueptute ocu koopauHar * , BbIOepuTe yaoOHbII MacTab 1 HaHEeCUTe
HOJTyYeHHBIE TPH SKCIEPHUMEHTAIbHBIC TOUKH.

5. OuenuTte (kaueCTBEHHO), MOATBEPKIACTCS JIU HA ONBITE, UTO CHUJIAa TPEHUS IPSIMO
MPONOPIHMOHAIbHA CUJIE HOPMAJIBHOTO JIABJICHUS: HAXOASITCS JIM BCE SKCIEPUMEHTAIbHBIE TOUKU
601u3u 00HOU NPAMOIL, NPOXOOAULEIl Yepe3 HaUal0 KOOPOUHAm.

6. 3anuimTe B TETPaaU AJis 1a00paTOPHBIX PabOT C/eaHHbI BAMU BBIBO/I.

F,
L —~,

7. Beruncnute Ko3QpQUIHUEHT TpeHUs 1o hopmyIie N UCHOJIb3Yys PE3YbTaThl ONbITA
Ne 3 (on oOecrnieunBaeT HaMOOJIBITYIO TOYHOCTD) M 3alUIIUTE €T0 3HAYCHHUE.

KoHnTpoJsbHbBIE BOIPOCHI

1. Yro Ha3bIBaeTCs BecoM Temna’?

2. byaer nu mapanrtoTUCT BO BpeMs MPbIXKKA HAXOAUTHCS B COCTOSIHUA HEBECOMOCTH?
3. Ilpu Kakux yCIIOBHUSIX MOSIBJISAETCS CUJIA TPEHUS?

4. ITocmoTpuTe BOKPYT ce0s. BuauTe v BBI MOIE3HOE ACUCTBUE CUIT TPEHUSA?

JlaboparopHasi padora Ned. U3zmepenue K03 (ppuumeHTa NOBEPXHOCTHOI0 HATSIZKEHUS
KUTKOCTH.

Heasn: onpenenutsh K03(HHUIMEHT TOBEPXHOCTHOTO HATSKEHHUSL.

O6opynoBanue, cpeacTtBa usMepenusi: 1) mumerka; 2) Owokca; 3) cTakaH4uK; 4) BECHl C
pPa3HOBECOM; 5) MUKPOMETP; 6) CTAaKaH C UCIIBITYEMOM KUIKOCTHIO.

TeopeTnueckoe 000cHOBaHUeE:

B aT0i1 paboTe K03 HUIHEHT MOBEPXHOCTHOTO HATSHKEHHS KHIKOCTH OMPEIEIIIeTCS
METOJIOM OTpbIBa Kamenb. Takoil MeTo Ha3bIBaeTCsl CTalarMOMETPUUECKUM (OT IPEYECKUX CIIOB
stalagma — xaruis 1 metron — mepa). JKuaKocTh, MEAJIEHHO BBITEKAIOIIAS U3 Y3KOTO KOHYMKA
MUMNETKH, 00pa3yeT y HUKHETO OTBEPCTHUS KAIlTio, KOTOpasi epes OTPHIBOM IPUHUMAET
rpymeBuIHy0 popmy. OTpBIB KalId OT KOHYHKA MPOUCXOIUT B TOT MOMEHT, KOTJa CHUJia
TSDKECTH, AEHUCTBYIONIAs HA KaIlII0, CTAHET PAaBHOW PAaBHOJICHCTBYIOIIECH CHUIT TOBEPXHOCTHOIO
HATSHKCHUSI, JICHCTBYIONIMX HA TPAHUIIE COMPUKOCHOBEHUS OTPBIBAIOIICHCS KA C KOHYMKOM
nunetku: Frsoxk = FoB.Hatsk.  M3MepuB painyc «II€HKW» KAl B MOMEHT €€ OTPhIBA, a
TaK)Ke MacCcy OTOPBABIICHCS KAIJIA, MOYKHO BBIYHCIUTH KOI(PPHUIIMEHT MTOBEPXHOCTHOTO
HATSHKEHUS )KUAKOCTU: Mg = 6 2 Tr , TJIe M — Macca OJIHOM KaIuld, g€ — YCKOpEeHHEe CBOOOAHOTO
najieHust, 6 - Kod(Q(PUIIMEHT TOBEPXHOCTHOTO HATSKESHHSI )KUJKOCTH, a 2 Tr — JTHHA

myg

OKPYKHOCTH IIEHKHU Karuli B MOMEHT OTpbIBa. OTCloa: o0 = p—

OObIYHO auameTp IIEWKH Kaluld MPUHUMAIOT MPUMEPHO PaBHBIM JHAMETPY OTBEPCTHS
HIKHETO KOHYMKA MUIETKU. BHEIIHNN TuaMeTp 3TOro OTBEPCTHUS U3MEPSIOT IITAHTCHIIUPKYJIEM
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WIA MUKPOMETPOM, a JJIsl U3MEPEHHSI €r0 BHYTPEHHEro AHaMeTpa KpoMe 3THX HU3MEpUTEIbHBIX
npruOOPOB UCTIOIB3YIOT MAJIEHbKHUM KIIMHBIILIEK.

OnucaHHbIl CIIOCOO AKCIIEPUMEHTAILHOTO OnpeAeeHuss Kod(pduirenTa moBepxXHOCTHOTO
HATSHKEHUSI 1aeT XOPOLINe pe3ylbTaTbl, HECMOTPSI Ha TO, YTO B IEHCTBUTEILHOCTH OTPHIB Karlid
IPOMCXOJUT HE COBCEM TaK, KaK ONUCAaHO Bblme. [IpM BHUMaTeNTbHOM HAOMIONEHUH 32
MOBE/IEHNEM OTPBIBAIOIINXCS Karelb MOYKHO 3aMETUTh, YTO Ha CAMOM JIeJie KaIljlsl HE OTPhIBAeTCs
0 JMHUM OKPY)KHOCTH IIEHKH. B TOT MOMEHT, Korja macca Karid JOCTHraeT 3HaueHHs,
OTpEeeNIIEMOr0 PABEHCTBOM CHJIBI TSKECTH M CHJI IOBEPXHOCTHOIO HATSKEHMs, €€ IIeiika
HaunMHaeT OBICTPO CYXaTbCs, KaK 3TO IOKa3aHO Ha puc.l(r), mpuueM OOBIYHO BCien 3a
OTphIBarOIIElics Kariel cpa3zy oOpa3yeTcs elle oJHa MaJleHbKasl Kalesibka, Kak 3TO MOKa3aHo Ha

puc.1 (n).
2 4 & &

ITopsinok npoBeneHnst padoThbI:
1. B3BecbTe OIOKCY C KPBIIIKOM: myj.

&

=]

O

Puc.1

2. V3mepbTe BHYTpEHHUH nuaMeTp CTeKISIHHOW TpyOku drp. [Ipu m3mepeHuUM npumMeHUTH
CIEIYIOIINNA MPHEM: BCTaBUTh B KaHal TPYOKU CTepkKEeHb 0OpaOOTaHHBIA «Ha KOHYC),
U3MEPUTH €€ TUaMeTp B OTMEYEHHOM MECTE.

3. Bpruucnure auamerp meiku kamy no gopmyne: dux= 0,9dxyp
4. Hakamnaiite n3 nunerku B 61okcy 150-100 kamnenb UCTIBITYEMOH KUKOCTH.
5. B3BecbTe OIOKCY C KarIsiMH BOABL: My.
o mo—m
6. Onpeznenute MacCy Kareib: Mz U Mi; pa3HOCTb: M2-M| U MACCY OJHOU KaIUIA: M = %
mp—Mmy
7. Bpruucnute K03 (GUIUEHT HOBEPXHOCTHOTO HATSKEHUS: 0 = —
Ay
lo—ox|
8. Ormpenenure OTHOCUTENBHYIO MOTPEHIHOCTE: & =—— 100%.
T
H M
GT:O,072; , g=9,816c—2
9. Pe3ynbraThl BceX H3MEpPEHHUM U BBIYMCICHUN 3aHECUTE B TaONUILY.
Macca Kod
Bny bpu
Tpe JAua nue
bro Macc HHHU MeT HT
Yuc N ITor
Ilyc KCBbI Bce a 71 p noBe
. JI0 . . pew
TOM c X OHOH aua meit PXH
Kan HOC
OroK KU Kan KA1l MeT KH OCTH
eJlb Th
ChI KOC eJlb U p Kan oro
THIO TPy JI HAT
OKu sKe
HUS
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m mp mp-mj n My =My | dyp durx o d

KT KT KT KT M M H/™m %

BriBox:

KoHTposbHbIEe BOIPOCHI:

1. VYBemnuus CKOPOCTh NaJICHUA KallCJib, BBIICHUTD, KaK IMOBJIUACT 3TO HAa MACCY KaIlJIU.

2. KakoBa 3aBUCMMOCTb BEIMYMHBI KOA(p(UIMEHTa MOBEPXHOCTHOTO HATSKEHHUS OT
TEeMIIepaTypbl UCCieayeMou KUAKOCTH? [IOBTOpUTH ONBIT, B KAa4eCTBE KUAKOCTH
HCIIONB30BaTh BOLY Temmepatypoii 60 - 70 °C.

3. Jlna kako#t >XKuAKOCTH (BOJa, MBUIBHBIM pacTBOp) KO3(PHUIIMEHT MOBEPXHOCTHOTO
HATSDKCHUS OOJIbIIe, U TIoYeMy?

4. Iloyemy MOBEpXHOCTHBIN CIOW CO3/Ia€T AaBICHUE HA KUJIKOCTh?

JlabopaTopHas padora NeS. UccienoBanne 3akoHa OMa /151 y4acTKa HeMNu.

PexomMeHIauMU/MHCTPYKIMH 110 BHINOJHEHUIO 3a1aHUI

Hens: OxcriepuMeHTANBHO U3YYUTh 3aKOH OMa Ui ydacTKa LEnu.
OO0opynoBaHue: UCTOYHUK [TUTAHUS, IPOBOJIOYHBIE PE3UCTOPBI, aMIIEPMETP, BOJIBTMETP, KIIIOY,
COEIMHUTENBHBIE IPOBOJIA.
Xom paboThI:
1. CoOpatrb IEKTPUUECKYIO IIETh 110 CXEME:

2. IlnaBHO U3MeEHss HAPSDKEHUE B LIETH, ITPU IIOMOIIY PEOCTaTa U3MEPUTH 3HAUECHHUS
HaIpsDKEHUS U CUJiIbl Toka Ha R1. Pe3ynbpTaTel n3MepeHuii 3aHeCTH B TAOIHUITY.

Pesucrop R1
U 0
I 0
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3. IloBTOpuUTH U3MEpPEHUS C pe3ucTOpoM R2.

Pesucrop R2
U 0
I 0

4. B omgHO# 1 TOM XKe CUCTEME KOOPJIUHAT MOCTPOUTH TpaiKy 3aBUCUMOCTH CHJIBI TOKA OT
HANPsDKEHUs 1)1 KaXaoro pesuctopa. Crenarb BHIBOA.
5. H3BecTHO, 4TO CONMPOTUBIICHHE METANINYECKOTO MPOBOJHUKA PACCUUTHIBAETCS TIO
dbopmyre:
R= %l (1), rne | — nnuHa MPOBOAHMKA, KOTOPYIO HAJI0 U3MEPUTH JINHEHKON
[ =
6. Ilnomans monepevyHoro ceueHus MPOBOAHUKA PACCUUTHIBAETCS 1O hopMyIIe:

S = anz, d — nmameTp MpoOBOJIHUKA, YKa3aHHBIA Ha PE3UCTOpPE
g =
7. Tlo rpaduky 3aBUCHMOCTHU CHUJIbI TOKA OT HANPSHKEHUS ONPEICIIUTh CpelHee 3HAUYCHHUE
COIIPOTHUBJIEHUI IPOBOJHUKA.
8. BrbIpa3uTh yaenbHOE CONPOTHBIICHHE BelecTBa U3 popmyibl (1) 1 Mpou3BecTH pacuér.
. IloBTOpuTH pacuérsl 1151 pe3uctopa R2.
10. Cnenathb BBIBOJ,

JlabopaTopHas padora Ne6 «Onpenesnenne yaeJbHOr0 CONPOTHBJICHUS MPOBOIHUKA)

[lenb paOoOTHI: HA OMBITE U3MEPUTH YAEIbHOE COIPOTUBICHUE IPOBOIHHUKA.
Ob6opynoBaHue: MCTOYHUK TOKA, HCCIEyEMbIi TPOBOIHUK, aMIIEPMETP, BOIBTMETP, PEOCTaT,
COEIMHUTEIIBHBIC IPOBOJA, KIIIOY, JIMHEHKA, IITAHTCHIIUPKYIIb.
Teopuss. OCHOBHOM 3NEKTPUUYECKON XapaKTEPUCTUKOM MPOBOHUKA SABISETCS €TO
COINIPOTHBJICHUE. [[J151 METAJUIMYECKUX POBOJHUKOB COITPOTHUBIICHUE 3aBUCUT OT UX JUIMHBI,
IJIOLIAU IIOIIEPEYHOT0 CEYEHMS U MaTEpUalIa, U3 KOTOPOI0 U3rOTOBIIEH IIPOBOHUK.
PaccuuTarh cOnmpoTHBIEHHE MOXKHO 110 (hopmyie:

/‘H‘
R=—

o)
I7le p — yZAENbHOE CONPOTUBICHHUE, | — JUIMHA MPOBOAHMKA, S — IUIOIIAAb [TOIEPEUHOrO
CEYCHMUS.
Cxema.
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|
|
IleHa negeHusa aMIepMeTpa: A
Ilena neneHus BOJILTMETpA: B

[opsA0K BBINOJIHEHHUS] PAOOTHL.

1. U3mepuTh AnuHY IPOBOJIOKU | U pe3ynbTaT BHECTH B TaOIUILY.

2. I3mMepuTh 1uamMeTp NpoBOJIOKU d C MOMOIIBIO IITAHTCHIUPKYIISI U PACCUUTATh IJIOLIA b
MOTEPEYHOr0 CEUEHUsI IPOBOJIOKHU 10 GopMmyIie:

p(t")

1

Pe3ynbTaThl n3MepeHnii ¥ BHIYMCIICHHH BHECTH B TAOJIHILY.
3. CobOpaTh 2NMEeKTPUIECKYIO LIEMb M0 CXEME.
4. C noMoI1pI0 peocTaTa OTPEeryJIupoBaTh CUIIY TOKA B LIETIH U U3MEPUTh 3HAYECHUE CUJIBI TOKA B
LCIHU U HAIMPSPKCHUA Ha KOHIAaX IMPOBOAHUKA. P€3yHBTaTBI BHCCTHU B Ta6n1/1uy.
5. I3MeHUTh ¢ MOMOIIBIO MOABUKHOTO KOHTAKTA JITMHY MCCIIEAyeMOil MPOBOJIOKU 1 BHOBb
CHSATDH IMMOKAa3aHUS aMIICPpMETpPa U BOJIBTMETpPaA.
6. IIoBTOpHUTH ONBIT B TPETUH pa3, ,BHOBb N3MEHHMB JJIMHY MMPOBOJOKH. Pe3yabTarsl H3MepeHHit
BHECTH B TaONHILY.
7. PaccuuTath ¢ moMoIIbio 3akoHa OMa ISl y4acTKa ey CONPOTUBIICHHUE MPOBOIHHUKA:

U U
I=R , R=]
IJId BCEX TPCX ONBITOB.
8. Onpenenutsb yeabHOE COMPOTUBIICHNE TPOBOAHUKA 110 hopMyIie:

RS
p=—
[ n17st BceX TpeX OMBITOB M PE3YJIbTAaThl BEIYMCICHUI BHECTH B TaOJIHILY.

9. Ompenenute cpeHee 3HAYCHUE YACTLHOTO COPOTUBIICHHUS 110 hopMyIIe:
Pepen = (P1 + p2 + p3 )/3

q —

-

No Hnuna Huametp |[lnomanb Cuna Hanpspkenue, |Y nenpHoe Cpennee
OTBITA |TPOBOHUKA [[TPOBOJIOKHU |IOTIEPEYHOTO |TOKa, U, B COMPOTHUBIICHNUE,|3HAYECHUE
I, M d,Mm ceueHus, I A p,OM M Pep »
S, m:? OM M

CrenaiiTe BBIBOJ, UCXOIS U3 IIeIH pa0OTHL.
PacueT morpenHocTy U3MEPEHU.

Haiit aGCoMOTHYIO MOTPENIHOCTD 110 hopMyam:
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Ap, =lp, —p |

Ap, =|p, = P, |
Ap, =|p, = ps |
Ap,, = w

Paccuntath OTHOCUTENBHYIO OTPEUTHOCTH MO (popmyie:

A
sp =P 1009
pcp

OTBeTHI Ha KOHTPOJIbHBIC BOIIPOCHI

1. Hoquy AJI U3roTOBJICHUS HAIPEBATECJIbHBIX 3JICMECHTOB IPUMEHHAIOT € 00JIbIINM
YA€JABHBIM COIIPOTUBJICHUEM, A LI COCANHUTEC/ILHBIX ITPOBOAOB € MaJIblii?

(Illomomy umo npu 601bUEM YOETILHOM CONPOMUBTIEHUU NPOBOOHUK CUIbHEE HA2PeBaemcs U
gvioensiem Oobule menid, 8 mo Jce 8pemsi KAk nPO80OHUK C MATbIM YOelbHbIM CONPOMUBIeHUeM
— Haobopom.)

2. KakuMm 10/12kHO OBITH yeJIbHOE CONPOTHUBJIEHHE MMPOBOIHUKA /I IJIABKOI0
npegoxpanureasi? OTer o0ocHyiiTe.

(3Hauenue yoenvbHoeo conpomueieHust OOINCHO OblMb MUHUMATLHBIM, M. K. NPU OOCIMUNCEHUU 8
yenu onpedenénHoll Cubl MoKa U HA2Pesanuu NPOBOOHUKA OH He Q0JINHCEH PACHIA8UMbCHL.)

3. [Touemy 3/1eKTpUUYECKHE TPOBOAA U KOHTAKTHI U3r0OTABJIMBAIOT U3 AJTIOMUHUA WJIH
meau?

(Meob u antomunull umerom maioe cConpomusieHue U A6IAI0MCs XOPOWUMU NPOBOOHUKAMU
aneKkmpuiecmad.)

BBIBOBI: HAYUMIIMCH ONIPENENATh YEIbHOE COTPOTUBIECHUE IPOBOJHUKA SKCIIEPUMEHTAIBHBIM
IYTEM U MOTPEIIHOCTh HATUX U3MEPEHUM.

Jlaboparopnas padora Ne7 Onpenesenune I/IC n BHyTPeHHEro cONpOTHUBJIEHUS HCTOYHUKA
TOKA

PexoMeHIauMU/MHCTPYKIMY 10 BBITIOJIHEHUIO 32 1aHUI
Lens padoTer: m3meputh J/]C 1 BHyTpEHHE COMPOTHUBIICHUE HCTOYHHKA TOKA.
ObopynoBaHue: aMIepMeTp M BOJILTMETP IIKOJIbHBIE, PEOCTaT, COSMHUTEIbHbIE TPOBOJIA.

Kpatkue TeopeTnueckue cBeeHUS
Kaxapiii HMCTOYHMK SJIEKTPUYECKOrO IO TOKAa XapaKTEPU3YeTCs OMpPeaesICHHOMN
JJIEKTPOABMKYIIEH CHWJIOM, PAaBHOM pa3sHOCTH IIOTCHLMAJIOB Ha IIOJKOCAaX MCTOYHUKA, HE
3aMKHYTOTO Ha BHEIIHIOK Lenb. [Ipu 3TOM TOK 4epe3 HMCTOYHMK HE HUIET, HET IMaJeHUs
HaNpsDKEHUS HA BHYTPEHHEM CONPOTUBIIEHUH NCTOYHUKA.
[Tpu BKIIFOUCHNM HArpy3KH HAMPsDKEHUE Ha 3akuMax Oynert Bcerna menbine JJ[C:
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U=¢e-1I-r,

I — BHYTPEHHEE CONPOTUBIICHUE UCTOYHUKA, | — TOK B IIETIH.

Taxum o6pazom, BoabTMeTp mokaxet IJ[C Tompko Toraa, koraa r = 0 wim [ = 0. Tak kak
B peaIbHBIX UCTOYHMKAX I # 0, To st m3mepenus DJIC HeoOxoauMo TOOUTHCS TOTO, YTOOBI B
MomeHT u3mepenust 3/1C TOk B HCTOUYHUKE OBLI paBEeH HYIIIO.

Xoa padoThbL.
Cxema 3JIeKTPUYECKOH 1IeNH, KOTOPYIO UCITONIB3YIOT B 3TOH JIabopaTopHOii paboTe, MoKa3aHa Ha

pucyHke. B kauecTBe HCTOUHHKA TOKA B CXEME MCIIOJB3YIOT aKKYMYJISITOP UM OaTapeiky oT
KapMaHHOTO (poHapsi.

[Ipu pazomknyTOM Kitoue 3/IC UCTOYHMKA TOKA paBHA HANPSKEHHUIO HA BHEIIHEN 1enu. B
9KCHEPUMEHTE UCTOYHUK 3aMKHYT Ha BOJIBTMETP, COIPOTUBIIEHHE KOTOPOI'O TOJIKHO OBbITH
MHOT'0 O0JIbIIIe BHYTPEHHETO COMPOTUBIIEHUS TOKA. OOBIYHO CONPOTUBICHUH UCTOYHHUKA TOKA
MaJIo, MOATOMY JUIsl U3MEPEHHUS HAIPSDKEHUS MOKHO MCIIONb30BaTh IIKOJIBHBIN BOJBTMETP CO
mkanoi 0-6B u conporusnennem 900 Om. Tak Kak COIIPOTUBIEHUE UCTOYHUKA MaJIO, TO
NEUCTBUTEILHO RB>>T.

_®_ "

[Ipu pazomknyTOM Kiroue 3/IC UCTOYHMKA TOKA paBHA HANPSKEHUIO HA BHEIIHEN enu. B
9KCHEPUMEHTE UCTOYHUK 3aMKHYT Ha BOJIBTMETP, COPOTUBIIEHHE KOTOPOI'O 1OJIKHO OBITH
MHOT0 O0JIbIIIe BHYTPEHHETO COMPOTUBIEHUS TOKA. OOBIYHO CONPOTUBICHUH UCTOYHHUKA TOKA
MaJIo, MOATOMY [UIsl U3MEPEHHUS HAIPSDKEHUS MOKHO MCIIONBb30BaTh IKOJIBHBIN BOJBTMETP CO
mkanoi 0-6B u conporusnennem 900 Om. Tak Kak COIIPOTUBIEHUE UCTOYHUKA MaJIO, TO
NEUCTBUTEILHO Ry>>T.

BHyTpeHHee copoTHUBIEHUE HCTOYHHUKA TOKA MOKHO U3MEPUTH KOCBEHHO, CHSIB ITOKA3aHUS
aMIepMeTpa U BOJIBTMETpPA IIPU 3aMKHYTOM Kiitoue. /[ onpeneneHns BHyTPEHHETO
COINPOTHBIICHUSI UICTOYHHUKA TOKA HY)KHO JIBaKIbl N3MEPUTH TOK U HANPSKEHUE MPU ABYX
NOJIOKEHUAX JIBUXKKA peocTara. Torja BHyTpeHHEe COIIPOTHBIIEHUE HCTOYHKKA OyJIET PaBHO:

U -U
p =1 2

L =1, ; a DJIC 6yner pana: E =U; + Iir.
[TopsI0K BBIIOJIHEHHS PAOOTEL
1.TToAroToBETE B TETPAAM TAOIMILY UL 3aIIMCH PE3YJIbTATOB H3MEPEHHI U BBIYMCIICHHIA:
Ii.A LA U.,B U, .B R, Om E.B

2.Colepute AIEKTPUIECKYIO LIETb COTIacHO cXeMbl. [IpoBephTe MpaBUIBLHOCTD MOAKIIOUCHUS
BOJIbTMETpPA U aMIIepMeTpa.

3.IIpoBepbTe paboOTy LETH P 3aMKHYTOM B PA30MKHYTOM KJTIOYE.

4 N3meppre DJIC HCTOUHMKA TOKA TPU PA3OMKHYTOM KJIIOYE.

5.CHMMHTE OKA3aHUs aMIIEPMETPA U BOJIBTMETPA IIPH 3aMKHYTOM KJIIOUE MPU ABYX
MOJIO’KEHUAX JIBHXKKA peocTaTa. Pe3ynbTaTsl M3MEpeHH U BEIYUCICHHUH 3aMUIINTE B TAOIHILY.
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6. Crnenathb BBIBOJ

KoHTpoJibHbIE BONIPOCHI:
1. Omnpexnenute CONPOTUBIECHNUE BHENTHEW YACTH LIENH, OJIB3YACh pe3yJIbTaTaMHU
MPOU3BCACHHBIX HSMGPGHHﬁ.
2. Kak n3meHuTCs COnpoTUBIeHNE OaTapeUKu 11 KapMaHHOTO (hOHAPSI, €CITU TPH €€
3JIEMCHTA COCAUMHUTDH HE MMOCIICAOBATCIBHO, a HapaHHeJIBHO?

JlabopaTopnasi paGora Ne§ "M3yuyenue napajiieIbHOro cCOeAHHEHUsI IPOBOAHUKOB'"'
[{eab paOoOThI: HAa OMBITE IPOBEPUTH MTPABUIBHOCTH 3aKOHOB MAPAIIEIIBHOTO COSMHEHUS
IIPOBOJHUKOB.

O6opynoBaHKe: WCTOYHUK TOKA, PE3UCTOPHI, aMIIEPMETP, BOILTMETP, PEOCTaT,
COCAMHUTCIILHBIC TPOBOJA, KIIIOY.

Teopus. [Ipu napamieabHOM COeTMHEHUU MPOBOIHUKOB HANIPSKEHHE OJIMHAKOBO Ha BCEX
ydacTKax Oenu, Cujia ToOKa B €I paBHBI CYMMC CUJI TOKOB Ha OTACIIbHBIX YU4aCTKaX ILICIIH.
Bennuuny, 00paTHYI0 CONMPOTHRIICHHUIO TPOBOIHHKA, HA3BIBAIOT €ro MpoBoaAuMocThio: 1/R. [Tpu
napauiCJIbHOM COCAUHCHUN 061ua;1 MMPOBOAUMOCTD LICTIK paBHA CYMMC HpOBOI[I/IMOCTeﬁ
OTJIEbHBIX YYaCTKOB LEMH:

1/Ryern = 1/R 1+ 1/R2

[Tpu mapanenbHOM COEAMHEHUH 2-X PE3UCTOPOB 00IIIee COMPOTUBIICHHE MTOCTIE
MaTeMaTHYECKUX MPeoOpa3oBaHuil MOKHO pacCUUTaTh 1O hopmyIie:

Rueru = Ri/R2/ ( Ri+Ry )
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[TapannenbHoe coeJMHEHNE TPOBOJHUKOB IMIMPOKO HCIIONB3YIOT B OBITY, TaK Kak OHO MO3BOJISIET
BKJIIOYATh IPUOOPHI B CETh HE3aBUCUMO JIPYT OT Apyra.

CxemMma.
,_: | 1 ‘L_\ }
Lm{jd
IleHa negeHus aMIepMerpa: A
Ilena nenedus BOJILTMETpA: B

HOD}II[OK BBITIOJIHCHU A Da6OTBI.
1. CobOpatrh 3MEKTPUUYECKYIO IIETh 0 CXEME.
2. C noMomiplo peocTara OTPEryIMPOBaTh CUITY TOKA B LIENMHU U U3MEPUTh 3HAUEHUE CHIIbI
TOKa B IIeTH

3. H3MeHuTh MOoJI0KEHUE aMIIEpMETpa B LIETIH JIBA pPa3a U PE3YJbTaThl U3MEPEHHUI BHECTHU B
Ta0HILy.
4. YbemuThcs, 4TO cUJia TOKA B IIEMH PABHBI CYMME CHJI TOKOB Ha OTJICIBHBIX PE3UCTOpaX.
5. W3meputhb HanpspkeHUE Ha 1-M, 2-M pe3ucTopax ¥ yYOeAUThCS, YTO OHO OJMHAKOBO.
Pe3ynbraTsl ©3MepeHHii BHECTH B TaOJIHILY.
6. Paccuurarh ¢ momonibro 3akona OMa Juist yqacTka Ienu CONPOTUBIICHUE PE3UCTOPOB:
=% r=Z
R, I

JUTSL BCEX TPEX OMBITOB M PE3YJIbTAThHI BRIYMCICHU BHECTH B TAOJIUILY.
1. PaccumTaTh oOI1ee COMPOTUBIIEHUE PE3UCTOPOB 1O hopMmyIIe:
Rosm = Ri/R2/ (R 1+ R2)
1. Y6enutbcs, obImiee COMPOTHRICHUE PE3UCTOPOB, pacCUUTaHHOE 10 PopMysiam B 1.6 U B
1.7 IPUMEPHO PABHBI.

Ne ompITa Cuna Toka, Hanpsoxenue, CornpotuBienue,
I, A U,B R, Om

C;[enaf/'lTe BBIBOJ, UCXOA5 U3 ICIIN Da6OTBI.

KoHTpoJibHbIE BONIPOCHI:

1. Kakue ¢puznueckre BeIMUNHbI ObIBAIOT OJUHAKOBBIMU MIPH MapaljieIbHOM
COEIMHEHUH IPOBOIHUKOB?

2. B anexTpuueckyro 1enb BKIYEHA JaMiouka. Kak u3MEHUTCS COPOTUBIIEHUE
LETH, €CJIM K IEPBOM JIaMITOYKe, TapaJljIeIbHO BKIIOYUTH €lIe JABE JIaMIoyku? Mensietrcs
7Y cuia Toka?

3. Kak MeHst0TCs moKazaHusl aMIIEpPMETpa U BOJILTMETPA, €CIU B apaJLJICIbHO
COEIMHEHHOM e MOJ3YHOK peocTara R mocTaBuTh B KpaliHee JIEBOE MOJIOKEHUE?
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IlepedyeHb HCIOJIB3YEeMOM JIUTEPATYPHI :

1. Jmutpuea B.®. ®uszuka nis npodeccuit U CnenuanbHOCTeH TEXHUYECKOTO MPOQHUIIS:

y4eOHUK
JU1s1 00pa30BaTeNbHBIX YUPEKIACHUH cpe. mpod. oopaszoBanus. — M., 2018.

2. Jmurtpuena B.®. ®usuka a1 npodeccuii v cnennanbHOCTeN TEXHUYECKOTO TPOPHIIS.

Co6op-
HUK 3a71a4: yue0. mocobue ais 00pa3oBaTeNbHBIX yUpeKIeHUH cpea. mpod. oOpazoBaHus.
— M.,

2018.
3. JImutpuena B. ®@., Bacunne JI. . ®usuka m1st nmpodeccuii U CrienuaabHOCTEH
TCEXHHUYCCKOI'O

npodunsi. KoHTponpHBIE MaTepuaibl: y4e0. mocoOust sl yUpexkaeHH cpel. mpod.
obOpa3oBanus /

24



B. ®.JImutpuesa, JI.1.Bacunbes. — M., 2018.
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