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BBegeHue

MpaKTUYecKne 3aHATMS, KakK BUAbl YYeOHbIX 3aHATWWA, HanpaBieHbl Ha
3KCMEPUMEHTA/IbHOE MOATBEPXKAEHNE TEOPETUYECKUX MOSIOXKEHMI U (hOpMUPOBaHME
yUeBHbIX 1 NPOMPECCNOHANbHBIX NPAKTUYECKNX YMEHWIA U COCTaBNAKT BAXKHYHO YaCTb
TEOPeTUYECKOM W NPOgIeCCUOHaNbHOM  NPaKTUYeCKOM noAroToBku. CemuHap
ABNAETCA BWAOM MPaKTUYECKNX 3aHATUMN.

B npouecce npakTUYecKoro 3aHATUS 06yyatolmecs BbINOMHAT OAHO WK
HECKONIbKO  MPaKTUYeCKUX 3afaHuii  Nof  PYKOBOACTBOM  Mpenojaeartens B
COOTBETCTBMU C U3yYaeMbIM COAEPXKaHEM y4ebHOro MaTepuana.

BbInonHeHve 06yvaloWMMmcs  NPakTUYeCKUX 3aHATUIA NPOBOAUTCA C LeNbio:
(hopMMPOBaHNA MPaKTUYECKMX YMEHUWIA B COOTBETCTBUWN C TPEOOBAHNAMM K YPOBHIO
MOArOTOBKM 00Yy4aroLMXCs, YCTaHOB/IEHHbIMY paboyeil MPorpammon AVCLUMNIIMHGI
MO KOHKPETHbIM pa3faenam/ TeMam AUCLUNNHBI;
0600WeHNs,  cucTemMatusaumn,  YrinyoneHus,  3akpensieHns  NOJYyYEeHHbIX
TEOPETUYECKNX 3HAHWA,

COBEPLUEHCTBOBAHUA YMEHWUA MPUMEHATb MOJYYEHHble 3HAHWA Ha MNPaKTUKe,
peasin3aumm eUHCTBA MHTENIEKTYaIbHOM U MPaKTUYECKOW AeATeNIbHOCTY;

Pa3BUTUA MHTENNEKTYa/IbHbIX YMEHUA Y OyayLUMX CMeunaincToB: aHa/IMTUYECKMX,
MPOEKTUPOBOYHbIX, KOHCTPYKTUBHbIX U Ap.;

BbIPabOTKM TakmMX NPOJeCcCUOHaIbHO 3HAYMMbIX KayeCTB, Kak CaMOCTOSTENIbHOCTD,
OTBETCTBEHHOCTb, TOYHOCTb, TBOPYECKAS MHMLMATABA MPU PELLEHWNM NOCTaBNEHHbIX
3a7ja4y Npw 0CBOEHMUM 06X KOMMETEHLNIA.
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Llenb nabopaTopHO-NPaKTUUYECKUX 3aHATUIA.

OpraHu3saums BbINoHeHUA 06y4YatoLLMMmMCA NabopaTopHbIX paborT;

(hopMMpOBaHMe 1 3aKperneHe HaBbIKOB PaboTbl C 1abopaTopHbIM
0bopyaoBaHMEM

(hopMMpOBaHMe HaBbIKOB CaMOCTOATE/IbHOW PaboTbl CTYEHTOB CO CNPaBOYHOM
NNTEPaTypoi;

pa3BMTVE BHUMATENbHOCTM N aKKYPaTHOCTM NPU BbINOSHEHWUW N1a60PaTOPHBIX
pabor;

(hopMurpoBaHMe 06LLeyHeOHbIX 1 06LLenpodeccnoHanbHbIX KOMMETEHLNIA
CTY[EHTOB.
B pe3ynbTate 0CBOEHNSA Y4eOHON ANCUMMINHBI «(N3MKa» 00yYatoLWNnCa JO/MKEH
YMETb:
NPOBOANTL HABNIOAEHWS, MAHNPOBATb U BbINO/IHATb 3KCMNEPUMEHTbI, BbIABUTaTb
rMNOTe3bl M CTPOUTL MOAENN, NPUMEHATL MOSTYYEHHbIE 3HaHWA N0 (YU3KKe A1
06bACHEHUS Pa3HO06Pa3HbIX PUNYECKMX SBMEHWIA U CBOMCTB BELLECTB;
MPaKTUYeCKOro UCMnosib30BaHNs (IU3NYECKNX 3HAHWIA; OLLeHMBATb AOCTOBEPHOCTb
€CTECTBEHHO-Hay4HOW UH(opMaLnK;
B pe3synbTaTte 0CBOEHMS Y4eOHON ANCLUNINHBI 00YYatOLLMIACA AO/KEH 3HATb:

O (hyHAamMeHTaNbHbIX PU3NYECKMX 3aKOHAX N NPUHLUMMAX, IEXALLMX B OCHOBE
COBPEMEHHOW (DM3MYECKOW KapTWHbI MUPa; Hanbosee BaXKHbIX OTKPbITUAX B 06/1aCTH
(hM3MKWM, OKa3aBLLMX OMNpeAenstoLLee BUAHME Ha Pa3BUTE TEXHUKN U TEXHOSIOTUN;
MeTOo[ax Hay4YHOro no3HaHus Npupoabl;

OK 01. BblbupaTb cnocobbl peLleHns 3aaa4 Npog)ecCUoHabHOM AeATeNIbHOCTH,
NPUMEHNTENbHO K Pa3/IMYHbIM KOHTEKCTaM,

OK 02. OcyLecTBnATb NOUCK, aHaN3 U UHTEPNPETALMUIO UH(opMaLuu,
HeobX0AMMOW ANA BbIMO/IHEHWS 33424 NPOJeCCUOHANIbHON LeATENIbHOCTH.

OK 03. NMnaHnpoBaTh 1 peann3oBbiBaTb COOCTBEHHOE NMPOYECCUOHAILHOE U
JIMYHOCTHOE pas3BuUTHE.

OK 04. PaboTaTb B KONNMEKTUBE Y KOMaHZE, 3)(DeKTMBHO B3aMOLENCTBOBATb C
Ko/ineramu, pykoBoACTBOM, KIMEHTaMMU.

OK 05. OcyLLecTBNATL YCTHYHO M MUCbMEHHYH0 KOMMYHUKALMIO Ha
rocyflapCTBEHHOM fi3blKe C Y4ETOM 0COOEHHOCTEN COLMaIbHOI0 U KY/IbTYPHOTO
KOHTEKCTa.

OK 06. MNposBnaTb rpaXXaaHCKo-NaTpuoTUYECKYHO NO3ULNIO, AEMOHCTPUPOBATL
0CO3HaHHOE MoBefeHVe Ha OCHOBE TPAAMLUMOHHBIX 06LLeYeI0BeYECKUX LIEHHOCTEN.
OK 07. CopeiiCcTBOBaTb COXPaHEHMIO OKPY>KatoLLLEN cpefibl, PECYPCOCOEPEXXEHMIO,
3PPEKTMBHO AeNCTBOBATb B YPe3BblYaHbIX CUTYaLMsX.

OK 08. Ncnonb3oBaTtb cpeacTBa (hM3MUeCcKor KynbTypbl A1 COXPaHEHUS U
YKpenieHns 340p0Bbs B NpoLecce NpogeCCMOHaIbHON AesTeNbHOCTU U
noanep>xaHna Heo6XoAMMOro YPOBHS PU3NYECKOW NOLIOTOBEHHOCTU.
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OK 09. Mcnonb3oBaTb MHPOPMALMOHHbIE TEXHONOMNI B MPOJECCUOHabHOM
LeATeNbHOCTN.

OK 10. Mosnb3oBaTbCA NPOECCNOHAIbHOW AOKYMEHTaLMER Ha rocyAapCTBEHHOM U
WNHOCTPaHHOM A3bIKax.

OK 11. MnaHnpoBaTh NpeanpUHUMATENIbCKYIO AesTeNlbHOCTb B MPOMECCUOHAbHOIA

cthepe.
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OpraHusaunsa NpakTU4ecKoro 3aHATUA

[MpaKTUYecKoe 3aHATUE [O0/DKHO MNPOBOAMTBLCA B YYEOHbIX KabuMHeTax wan
cneumanbHO 060pyA0BaHHbLIX MOMeLLeHUAX (naoLagkax, noaMroHax u T.m.)- KabuHet
Ne 307
B cootBetctBun ¢ TpeboBaHuamM PIrOC CrO 15.02.12 MoHTaxX, TeXHWYecKoe
06CNy>X1BaHWe 1 PEMOHT NPOMbILLIEHHOr0 06opyAoBaHUsA (MO OTpacism)
peanmsaums MMCC3  gomkHa obecneynBatb BbIMNOHEHWE 00y4YatOLLMMUKCA n
NPaKTUYECKMX 3aHATUI, BKIOYaA KakK 00s13aTeflbHblA KOMMOHEHT MpPaKTUYecKme
3aHATMA C UCMONb30BaHNEM MePCOHa/IbHBIX KOMMbIOTEPOB.

BbINONHEHMIO MNPaKTUYECKUX 3aHATWIA MpefLlecTBYeT MpPOBEPKa 3HaHWIA

06yYatoLLMXCA - UX TEOPETUYECKOM FOTOBHOCTY K BbINO/IHEHWUIO 3a[aHNS.
MpakTnyeckme 3aHATUA  MOTYT HOCUTb  PENPOLYKTMBHbLIN,  YaCTUYHO-
MOMCKOBbIA 1 MONCKOBLIN XapaKTep.

PaboThbl, HOCALME PenpOAYKTUBHbLIA XapakTep, OT/IMYAKOTCA TEM, YTO MPU KX
NpoBeAeHUN 00yyaroLLmMecs Nob3yKTCA NOAPOOHBIMU UHCTPYKUMUAMM, B KOTOPbIX
yKasaHbl: LUeflb paboTbl, MOACHEHUs (Teopus, OCHOBHbIE XapaKTEPUCTUKMN),
obopyfoBaHue, annapatypa, MaTepvasibl M UX XapaKTepUCTUKK, MNOPAL0K
BbINO/IHEHNA pPaboThbl, Tabnuubl, BbIBOAbI (6€3 (OPMYNMPOBKKN), KOHTPO/IbHbIE
BOMPOCHI, y4ebHas v cneunanbHasa nutepartypa.

Pab0Tbl, HOCALLME YaCTWUYHO-NOUCKOBBIV XapakTep, OT/IMYA0TCA TEM, UTO Mpu
NX MpoBefeHUN obyyatowmecs He Mosb3yrTCA NOAPOOHLIMU NHCTPYKLUUAMU, UM
He [aH MopAfOK BbIMNOMIHEHNA HeoOXO4MMbIX [AEWCTBUA, U OHWU TPebykoT OT
obyyarowmxca CcamoCToATeNlbHOro noabopa 060pyaoBaHKUs, Bblibopa cnocobos
BbINO/IHEHWA PabOoTbl B MHCTPYKTUBHOI 1 CNPaBOYHON NUTepaType u ap.

PaboTbl, HOCALME MOWUCKOBbIN XapaKTep, XapakTepusykTcs Tem, 4TO
obyyaroLimecs, onMpasicb Ha UMEKLLMECH Y HUX TEOPETUYECKME 3HAHWSA, LO/MKHbI
PeLUMTbL HOBYHO 1 HUX MPo6siemy.

Mpn  nnaHMpoBaHMK MPaKTUYECKMX 3aHATMIA HeoOXOAUMO  HaxXOAWTb
ONTUMa/IbHOE  COOTHOLLEHWE  PernpoAyKTMBHBIX,  4aCTUYHO-MOUCKOBLIX  ”
MOMCKOBBLIX PaboT, 4TOObI 06EecneYnTb BbICOKWMI YPOBEHb WHTENIEKTYaNIbHOM
[eATeIbHOCTW.

dopMbl  OpraHmMsaumMyM 0by4varoWwmnxcs npu MNpPoBefeHNN MPaKTUYECKMX
3aHATUI - pOHTaIbHASA, TPYNNoBas U NHANBUAYaA/IbHAS.

Mpn QpoHTanbHOM (hopmMe oOpraHM3auMn 3aHATMIA BCe ObYyudaroLmecs
BbINO/IHAT OAHOBPEMEHHO OfHY U TY e paboTy.

Mpu rpynnosoi hopmMe opraHM3aunmM 3aHATUA ofHa W Ta Xe paboTa
BbINO/IHAETCA 6puragamu no 2 - 5 Yenosek.
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Mpn MHAMBMAYANbHON (DOPMe OpraHu3auMmn 3aHATUIA KaKAbli 06yvatoLmincs
BbINO/IHAET MHAMBUAYA/IbHOE 3afjaHue.

[ns  noBbllWeHNS 3PHPEKTUBHOCTA NPOBELEHNSA  MPaAKTUYECKUX 3aHATUI
PEKOMEH/YeTCA:

— paspaboTKa COOPHMKOB 3aaay, 3alaHNin 1 YrpaKHEHWIA;

— paspaboTKa KOHTPO/IbHO-AMArHOCTUYECKUX MaTepuasioB [N  KOHTPONS 3a
MOArOTOB/IEHHOCTbLIO 00YYAIOLMXCA K MPaKTUYECKUM 3aHATUSAM, B TOM YuMC/E B
(hopMe nefarornyeckmx TECTOBbIX MaTepuanoB [ aBTOMaTM3MPOBaHHOTO
KOHTPONS;

— MOAYMHEHVE METOAMKM NPOBeLeHNS MPaKTUYECKMX 3aHATUIA  BeayLLMM
ANLAKTUYECKAM LIeNsiM C COOTBETCTBYIOLMMI YCTaHOBKamy 06yyatoLwnmces;

— TPVYMEHEHME KONIEKTUBHBIX W TPYnnoBbIX (HOpM paboTbl, MakCUMabHOe
MCNONb30BaHNE MHAMBUAYaNbHBIX (DOPM C Le/bH0 MOBbLILIEHNS OTBETCTBEHHOCTH
KaXKZ0ro 06yuvaroLlerocs 3a CamMOCTOATE/IbHOE BbIMOJIHEHWE MOSIHOTO 06bema
pabor;

— TMpoBefeHne  MNPaKTUYECKUX 3aHATUA Ha MOBLILUEHHOM YPOBHE TPYAHOCTM C
BK/IIOYEHVEM B HUX 3a[aHWiA, CBA3aHHbIX C BbIOGOPOM 0OY4atoLLMMUCA YC0BUIA
BbINO/IHEHNA PaboTbl, KOHKpeTU3auuel Leneid, CaMOCTOSATeNbHbIM 0TOOPOM
HeobXxoaMMOoro 060pyaoBaHuS;

— noabop AOMOMHUTENbHbIX 3afay W 3afaHuin Ans obydvarowmxcs, paborarowmx B
bonee ObICTpOM Temne, AN 3((EKTMBHOrO  WCMO/b30BaHUA  BPEMEHMU,
OTBOAMMOTO Ha NPaKTUYeCKME 3aHATUA.
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CTpyKTypa nabopaTopHO-NPaKTUUECKOr0 3aHSATMS

JTabopaTopHo-npaKTn4yecKoe 3aHATHE Ne 1:

Tema: «M3yyeHne ABMKEHNS Tena No OKPY>XXHOCTW NoA AeNCTBMEM CU/T YNPYTOCTU U TSHKECTU»

Llenb pa6oTbl: OnpefeneHne LEHTPOCTPEMUTENbHOTO YCKOPEHWs LIapuka Mpyu  ero
PaBHOMEPHOM ABUXKEHWM MO OKPYXKHOCTY

O6opyaoBaHue: LLUTaTMB ¢ My(pTOA M Nankoi; LUHAMOMETP; /IMHeWKa; LIapuK Ha HUTK,
CEKYHJO0MEP; SICT C OKPY>XXHOCTbIO paguycom 0, 25 M; pa3HOBECh!

KPATKAA TEOPUSA:

Cuna NpuTsXXeHus, JeiiCTBYIOLLAs CO CTOPOHbI 3eM/IM Ha BCe Tena, Ha3bIBAETCS CUMOIN TAXKECTU
Fr=mg (m -macca Tena (Kr), g -ycKopeHue cBO60AHOro nageHns (m/c?))

Cuna ynpyrocTu — aTo cu/ia, BO3HMKatoLwas B pe3y/nibtate geopmanun Tena n Hanpas/eHHas B
CTOPOHY, MPOTVBOMONOXHYIO MepeMeLLeHnsM YacTuL, Tena npu gedopmauumn Fy= - K x (k -
XecTKocTb Tena (H/m), X -yanmHeHue tena (M))

Fy

Puc.1

Fr

Puc. 1. Cuna TSHXKeCcTU U cuna ynpyroctTu ypaBHOBELUMBAKOT ApYyr Apyra, paBHOLECTBYOLas
CWNa paBHa HY/0, YCKOPEHME Lapa paBHO HyNt. LLiap He aBuxeTca.

Puc. 2. LLlap cmeLLeH 13 NON0XeHWst paBHOBECUS, PABHOLENCTBYOLWAA CU/T OT/IMYHA OT HYNA U
Hanpas/ieHa K MoJIoXeHU0 paBHOBeCUA

CBsi3b MeX/y CUMOI 1 YCKOpeHMeM ycTaHoBU V. HbtOTOH, 2-014 3aKOH:

F=m a [elicTBytOLan Ha Telo cuna onpeaensieT M3MeHeHUe CKOpOCTWU Tena, T.e. ero
YCKOpeHue.

Mpy ABVKEHWUM Tena Mo OKPYXXHOCTKW, Ha Hero AenCTBYIOT CW/bl, 3@ CYET KOTOPbIX Y Tena
MOAB/MIAETCA YCKOPEHWEe — LIEHTPOCTPEMUTENIbHOE, KOTOPOE MOXHO BbIYUC/IUTL MO PopMynaM a=
AM* R/ T? (R —pagmyc okpyxxHocTn (M), T — nepuog obpalieHms (C))

a=gR/h (h-gnHa HUTK (W))

X004 PABOTHI

Onpepgensem Ha Becax Maccy Luapvka m, N3MepsieM BbICOTY HATU MasiTHUKa h
Bbl3biBaeM BpaLLeHWNe LaprKa BAO/b HaYepPUEHHOM OKPY>KHOCTU

N3mepsiem Bpems t, 3a KoTopoe 6yaeT coBeplleHo N=40 060pOTOB Luapunka
PacuntbiBaeM nepuog obpalleHmns wapuka T= At/ N

el AN
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5. PaccumTbiBaeM MOAY/b LIEHTPOCTPEMUTENBHOIO YCKOPEHUS No hopMyiam

=4 R/ T?

a=gR/h

6. C nomoubto ANHaMOMETpa OTTArMBAEM LLAPUK FOPU30OHTa/IbHO Ha paccTtosHue 0, 25 M (Ha
pagunyc Kpyra) v usmepsieM COCTaB/AOLLYI0 Cuibl yripyroctn F; = H PaccuntbiBaem

MOAY/Nb LLIeHTPOCTPEMIUTENIbHOIO YCKOPEHUA No hopmyre az = Fi/ m

7. Pe3synbTaTbl 3aHOCUMM B Tabnmuy

Kr

R
M

h
M

N

At

di
m/c

dy
m/c

ds
m/c

8. PaccuuTbiBaeM  CpefHee apU(METUYECKOe 3HaueHure MoAyns LEeHTPOCTPEMMUTENLHOIO
YCKOPEHNS

acp= (artaytas)/3
9. BbiBOg,

KOHTPO/IbHbIE BONPOCH!:
- [laiTe XapaKTepUCTMKY ABVXXEHWS TeNa Mo OKPY>KHOCTY.
- Ha30BWTE CU/bl, KOTOPbIle AEACTBYIOT Ha TENO.
- Ky/la HanpaB/eHO LIEHTPOCTPeMUTENIbHOE YCKOPEHME.
- NOSICHWTE hopMyny ANS LLEHTPOCTPEMUTENBHOIO YCKOPEHUS,

JlnTepatypa:
1. Omutpuesa B. ®. dusuka: g1s Nnpoheccuin 1 cneynanbHOCTER TEXHUYECKOro npoguns- M. :
N3paTenbCknin LeHTp «AKagemus», 2014 r.
Bypos B.A, Hukugopos I'.I".. ®poHTasbHbIe nabopaTopHble 3a4aHns no gusnke. 2000 .
ByTbipckuin A, CaypoB HO.A. 3KcnepumeHTanbHble 3aaa4m no guamke. 2001r.
Mpomos C.B. ®usmka: y4ebHuk gna 10 knacca cpefHent Wkosnbl. — M.: MpoceewieHue, 2002 .
KabapanH O.®, KabapamH C.W. 3agaHns Ans MToroBoro KOHTPOAA 3HaHWin no dmsmke, 7-11
Knaccbl. — M.: TpocsewyeHune, 2001 r.
NabopaTopHbIA NPaKTUKYM M0 TeOpUK U MeTOAMKE 00yUeHUs (IU3NKe B LUKOSE: Yueb.
nocobue ans cTyd. Bbicw. nep. yye6. 3asefgeHnii / C.E. KameHeukuii, C.B. CtenaHos, E.b.
MeTposa u 4p.; Mog pep C.E. KameHeukoro n C.B. CtenaHosa. — M. : N3aaTeNbCKUiA LEHTP
«AKagemusa», 2002 .
7. Mskuwes I".A, byxoBues B.B. dusmka: yuebHuk ana 10, 11 knacca cpegHeit WwKosbl. — M.:
MpocBeLleHune, 2014 r.
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JTabopaTopHo-npaKTrnyecKoe 3aHATHE No 2.

Tema: «/I3MepeHne NOBEPXHOCTHOIO HATAXEHUSA XXNAKOCTN»

Llenb paboTbl: HayunTCst ONpeaensaTb KO3(ULMEHT NOBEPXHOCTHOIO HATSXKEHNS XNAKOCTU
PasNYHbLIMU METOAAMN.

O6opynoBaHue:

1 .BropeTka ¢ KpaHoM.
2.Cocyq ¢ BOAOM.

3.Cocyg ans cbopa Kanesnb.
4.KanunnsapHble TpyoKu.
5.MacwitabHas MHeika.
6.MunnumetpoBas bymara.

Teopus
MoseKynbl B XXUAKOCTU PacnosioXKeHbl Ha PACCTOAHUSAX, NPU KOTOPbIX NPOSBASETCA

[eNCTBME NX CUN B3aUMHOMO NPUTSXKEHUS K Apyr Apyry. MoTeHunanbHas sHeprus B3aMMogen-
CTBMS MOEKYN XMUAKOCTM MPUMEPHO paBHa UX KMHETUYECKOW 3Heprun . B pacnonoXeHuu mo-
NEKY/ XNAKOCTU UMEeETCH 6IM>KHUIA NOPSAOK - YNOPAL0YEHHOE pacrofioXeHne ee MOeKy/ B
Heb0/bLIOM 06beMe. Kaxxaas MoeKysa XULKOCTU KOnebeTcs 0KOJIO NOMOXKEHNS paBHOBECUS
10 -11C, 13 KOTOPOro CKa4KOM NepexoamT K HOBOMY MOSIOXKEHUIO paBHOBECUSA. PacCTOSHNUSA MeXay
MOJIEKY/IaMM YKUAKOCTN CPaBHUMbI C AMAMETPOM MOJEKY/I.

OCHOBHble CBONCTBA XXUAKOCTN: MMEET COOCTBEHHbIN 06BbEM, TEKYUYECTb, XPYMKOCTb,
MPaKTUYECKN He CKMMAETCH, Ha rpaHuLLe C ra3oM obpasyeT CBOOOAHYH NOBEPXHOCTb. bosb-
LUIMHCTBO CBOMCTB XXMAKOro COCTOSHUA BeLLecTBa 6/MKe K CBOMCTBaM TBEPAOr0 COCTOAHUSA, YeM
K CBOMCTBaM razoobpasHoro.

[MoBepPXHOCTHOE HaTSXeEHMeE.

BHyTpuy xunakocTu ( CM. pyc. 1) Cubl NPUTSXKEHNSA HA O4HY MOJeKyy M1CO CTOPOHbI
COCefHNX C Heli MOMEKYN, B3aMMHO KOMMEHCUPYHOTCA. Ha MOeKy/ bl MOBEPXHOCTHOIO C/OS
XMAKOCTM M2 AeCTBYHOT HeypaBHOBELLEHHbIE CUJTbl MPUTSHXKEHUS K MOIEKY/1aM, PACMONOXEH -
HbIM BHYTPU XNAKOCTU. Hannume aTux cui NPpUBOAUT K NOBEPXHOCTHOMY HATSXEHUIO.

Puc.1
MOBEPXHOCTHOE HATSXXEHNE M3MEPSIETCS CUNOW F , NpUXOAALLEACA Ha eANHNLY A/TNHBI
KOHTYpa | , OrpaHNYMBAIOLLIErO 3TY MOBEPXHOCTb, U JENCTBYIOLLIEN NO KacaTelbHOM K 3TOW No-
BEPXHOCTW. Cuna NOBEPXHOCTHOIO HATA>XKEHMA F CTPEMUTCA COKPaTUTb NoLiaab CBOGOAHOA
MOBEPXHOCTN XXUAKOCTU A0 MUHUMYMa.
F=0-I 1)

11
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rae 0 = F/l - Koath(hrLMeHT NOBEPXHOCTHOMO HATSXKEHNA XUAKOCTU (B H/M).

Mpw cokpaLleHny nnowanm cBo60LHON NOBEPXHOCTM XULKOCTM COBepLUaeTCs paboTa:
A=0 AS @)

roe o =A/ AS

MeToabl_onpefenieHns Ko3duLmeHTa NOBEPXHOCTHOIO HATSXKEHNS

MeToj 0TpbIBa Kanesb.

OnbIT OCYLLECTBAAOT NPV NOMOLLM YCTaHOBKM ( CM. puC.2 ). YCTaHOBKa NS onpeje-

NeHNs KoapuLMeHTa NOBEPXHOCTHOIO HATSXKEHWNA COCTOUT U3 LUTATKBA, HA KOTOPOM YyCTa-
HOB/eHa GIOPeTKa C UCCenyeMOit XUAKOCTbIO . BropeTka (oT aHr. burette) — ToHKas nNpo-
rpagyvpoBaHHas CTEKNAHHAA TPyOKa EMKOCTbHO 00bIYHO 50 MJ1, OTKPbITas Ha OLHOM KOHLE U
CHabXXeHHas CTeKNAHHbIM UV TeIOHOBLIM 3anopPHbLIM KpaHOM Ha apyrom. MNpeaHasHayeHa
A1 TOYHOT 0 U3MepPeHNs HebONbLUNX 06BEMOB XNAKOCTU. KpyrHble feNeHns HaHeCeHbl Yepes
KaKabIA MUNAMANTP, a Menkune — yepes 0,1 Mn. Ha KoHLe 610peTKM HaxoAMTCA HaKOHey-
HUK-TPYOKa, B KOTOPOI HAXOAMTCA UCCNeayemast XXNUAKOCTb.

Puc. 2

OTKpbIBasi KpaH GHOPeTKY TaK, YTOObI 13 GOPETKN Mef/IeHHO Najanu Kanau. Mepeg Mo-
MEHTOM OTpPbIBa Kanau cuna TSHKeCTu ee P=mg paBHa cu/ie NOBEPXHOCTHOIO HaTsXKeHus F,
rpaHu1ua cBo604HOM NMOBEPXHOCTN- OKPYXXHOCTb LLeliKy kanaun, P=F. CnefoBaTtenbHO, F=Mkan
g, N03TOMY 0=m «an g/d. OnbIT NOKa3bIBaeT, YTO dkan=0,9 d, rge d-gMameTp KaHana y3koro
KOHL,a BropeTKw.

MeToa nogbemMa BoAbl B Kanuaaspax

KanunnspHbIMy SBNEHUAMMN Ha3bIBaKOT MOABEM WU OMYCKaHWE XNAKOCTU B TPY6Kax
Masioro gviameTtpa — kanunanapax(cm. puc.3). CmaumBaroLme XXMAKOCTM NOAHMMAIOTCA MO Ka-
NUANApaM, He CMaYMBatoLLMe — ONycKaroTes. Mogbem XUAKOCTU B Kanunnsape Npoao/mKaeTcs
[0 Tex nop, NoKa cuna THKECTU AeCTBYHOLLAS Ha CTOMO XXMAKOCTY B Kanunnsape, He CTaHeT
paBHOW N0 MOAY/NHO PE3YNbTUPYIOLLEN Fx CMN MOBEPXHOCTHOIO HATSHXKEHUS, AEACTBYHOLLMX
BONb FPaHMLLbl CONPUKOCHOBEHNS XXMAKOCTM C MOBEPXHOCTbIO Kanunnspa: Fr= Fu, rae
Fr=mg = phnr’g, Fu = a2nr .OTctoga cneayeT: h=2a/ prg.

12
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Puc.3

AR L SO
i

(TiH
vl |

[1n

MopAfoK BbINO/IHEHWS PaboThbl:
OnbiT 1
1. CobpaTb yCTaHOBKY M HanoMHUTb GHOPETKY BOAOM
2. N3mepuTb arameTp KaHana y3Koro KoHL,a 6topeTKu.
3. OnpeaennTb Mo LKane 6IopeTKN HauanbHbIii 06beM Bogbl V1e M (1Mn=10"m?).
4. MocTaBnTb NOA GIOPETKY COCY[, HaNoHMTbL ee BOAOW U, NNaBHO OTKPbIBas KpaH, 406UTbCca Mej-
NEHHOr 0 OTPbIBAHWA Kane/b (Kanam Jo/mKHbI NafaTb Apyr 3a Apyrom yepes 1-2c.)
5. Otcuutatb 20-40 Kanens.
6. OnpegennTb KOHEYHbI 06beM BOAb! B 6ropeTKe V2.
7. Haintn o6bem Kanenb no qopmyne: V = Va— Vi,
8. Macca ogHoii kannm 6yaet pagHa: mx= pAV/n
9. Bblunmcnntb KO3MHULMEHT NOBEPXHOCTHOIO HATSXKEHUSA XXMAKOCTU NO PopmMyne:
0 = pAV/0,9nnd.

rae p =10% kr/m® - nnoTHocTb BogbI, d-AnameTp 61opeTk, g = 10 mM/c? -ycKopeHue cBOGOAHOIO
nasfeHus.
OnbIT 2
1. ONycTUTb B CTaKaH C BOAOIN KanuisipHyto TPy6Ky.
2. N3mMepuTb BbICOTY NoAbeMa BoAbl h B KaNUNIspHO TpyOKe Haj NOBEPXHOCTLIO BOAbI B
cTakaHe(cm.puc.3).
3. Ni3ameputb frameTtp kanunnspa d, BbIMUCAUTb ero paguyc r = d/2.
4. T1pon3BeCTU BbIYUCIEHNA KOID(DMLMEHTA MOBEPXHOCTHOIO HATSXKEHWS MO (hopmyre:

0 =hrpg/2
5. Pe3ynibTaTbl M3MepPeHUI 1 BbIYUCIEHWIA 3anncaTb B Tabamuy 1.
6. CpaBHUTL pe3ynbTaThbl C TAGMUYHBLIM 3HAUYEHMEM KO3 (ULMEHTA MOBEPXHOCTHOIO HATSHXKEHUA

Oma6. =0,072 H/m 1 onpefennTb abCONOTHYHO NOrPeLLIHOCTb METOAOM OLIEHKM Pe3y/bTaToB 13-

MepeHuii: AG= | Oras— 0 |
7. OnpeaennTb OTHOCUTENIbHYIO MOTrPELLHOCTb 0o = AG*100% / s,
8. Bce BbluncneHns Nogpo6Ho 3anuncatb .

Tabnuual
Ne AV n d TPYGKM d kannm r h 0] 60
(M°) (M) (M) (M) (M) H/M ”
1
2

KOHTPO/IbHbIE BOMPOCHI

BapuaHTl.
1. MNo4yemy NOBEPXHOCTHOE HATAXXeHWe 3aBUCUT OT BMAA XXUAKOCTU ?

13
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2. B aByX 0jMHaKoBbIX NPOBUPKaX HAXOAUTCS OAMHAKOBOE KOJIMYECTBO K anesb BoAbl. B ogHOM
npobupke Bofa uncTas , a B 4pYyroi - ¢ NprbaBKoi Mbiia. OAUHAKOBbI I 06beMbI OTMEPEH-
HbIX Karnesb ? OTBeT 060CHYiTE.

3. Ni3meHnTCA Nn pe3ynbTart BbIYMCIEHNS, eCN AMaMeTp KaHana Tpyoku byaet meHbLue ?

4. KaKyto >XMKOCTb MOXHO Ha/IUTb B CTaKaH BblLLE Kpaes ?

5. Mexay AByms CT0/16aMN HaTAHYTa BepeBKa. Kak M3MeHUTCSA nporué BepeBKu, ec/iv OHa Ha-
MOKHeT OT JoXAd ?

BapuaHT 2.

1. Noyemy 1 KakK 3aBUCUT MNOBEPXHOCTHOE HaTAXeHne oT TeMnepatypsbl ?

2. VI3meHUTCA N pe3ynbTaT BbIYNC/IEHUA MOBEPXHOCTHOIO HATAXEHWNSA, €CNN OMNbIT NPO BO-
AUTb B ApyroM MecTe 3emnn ?

3. Moyemy MOKpoe nnaTbe CTaHOBUTCA Y3KO ?

4. JomKHbI I CMa30YHble MaTepuasibl CMaunBaTh TPYLLMEC MeTa bl ?

5. I3MeHMTCS K BbICOTa NOLHATUA XMUAKOCTU B KanuAsapHOM TPyoKe, eciv ee Hakno HUTL?

JluTepatypa:

1. Amuntpuesa B. ®. dusmka: gna npoheccuin 1 cneynanbHOCTeRn TEXHNYECKOro npoguns-
M.: N3paTenbCKnin LeHTp «Akagemus», 2014 .

2 Amutpresa B. ®., Kopxyes A. B., MypTasuHa O. B. ®usnka: fns npodeccuii 1 crieyyanbHOCTeN
TEXHMYECKOro npodmns — naboparopHbiidi Npaktukym M.: U3gatenbCkuii LEHTP «AKageMus»,
2014 .

3 [OoHgykoBa P. A. PyKoBOACTBO MO MNpPOBeAeHWI0 NnabopaTopHbIX paboT no usnke. M,
Bbicwwas wkona 2004 r.- 86¢.

4. XXpaHoB J1.C., XXpaHoB [.J1. ®usmka Ana cpegHUX cneumanbHbiX 3aBefeHuin. — M.:
AnbgHc. 2010 . - 512 c.

5. CamoineHko IM.UA., CepreeB A.B. ®usmka Ans cpegHux cneynanbHbIX 3aBeeHWin
(HeTeXHMYECKMX creyuanbHOCTeR): YUuebHuK. — M.: MacTepctso. 2002 r. — 400c.

6. ®usmueckuii npakTukym nog ped. HO. W. Ouka, O. ®. KabapanHa. — M.: [pocBeLLeHme,
2000 1. = 208c.

7. A nay Ha ypok ¢mankn: MonekynspHas uavka: KHura gns yuutens. -M.: M3patenbCcTBo
«[NepBoe ceHTA6ps», 2002 r.-272c.
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JTabopaTopHO-nNpaKTnyeckoe 3aHATHe Ne 3.

Tema: «OnpefeneHune yenbHOro ConpoTuBAEHWS NPOBOAHNKA. »

Llenb pa6oTbl: MpoBecTy onpeeneHie yaenbHOro ConpoTUBIEHUS MPOBOAHMKA.

O6opyaoBaHue:

VICTOUHMK TOKa

AmMnepmeTp

BonbTmeTp

JnekTponaMnoyka

Peoctar

LLUTaHreHUMpKynb

Kntou

CoeguHuTeNbHbIE NpoBOAa — 6 LUT.

NG~ wWNE

KpaTKaga Teopusa

I
R= rg rae | — onvHa NPpoBOAHMKA;S — NoLaab NonepeyHoro CeYeHns NPOBOAHMKA.

ConpoTrBeHne NPOBOAHMKA MPAMO MPOMNOPLNOHANILHO €ro A/IMHe U 06paTHO NPOMOPLUOHAILHO
N/oLLaAN ero NonepeyHoro Ce4eHus.

BennuuHy p, XxapakTepmnsyroLlyto 3aBUCUMOCTb CONPOTUBIEHNS NPOBOAHWKA OT MaTepuana, 13
KOTOPOro OH cfefiaH, M OT BHELUHMX YCNOBUIA, Ha3bIBAKOT YAe/IbHbIM CONPOTUB/IEHNEM BELLECTBA.
EavHunuent yoensHoro conpotmsneHns B CU saensetca 1 OM-M. Y enbHOe CONpoTUBEHNE
pa3nIMyHbIX BELLECTB Mpu pacyeTax 6epyT u3 Tabnumu,

MopsaaoK NpoBeaeHUS PaboThbl

1. CobpaTb 3NeKTPUYECKYHO LieMb COMTaCHO CXeMe M NoKasaTb eé NpernoaaBaTesto

(A—
| B N ¢

/

2. YCTaHOBUTb [BWXOK peocTaTa Ha MaKCUMaJ/IbHOE COMNPOTUBIEHNE U 3aliACaTb MOKa3aHUA:
U, =.. |, =

3. YCTaHOBUTb ABWXOK peocCTaTa B cpeHee NooXKEHNE U 3anncaTtb NMNoKasaHUA:
U, 1, =

4. OnpefennTb CONPOTMBNEHME NPOBOJHNKA B 060MX Cyyasx
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5. BblUMCUTb yaenbHOe CONpPOTMB/EHME MO (hopmMy/e:

Rzrl;
S

rae S — nonepeyHoe CeyeHre NPOBOAHNKA.

£ — [A1MHa NPOBOJHMKA ee OMpefenstoT no hopmyne:
rae n — 4ncro BUTKOB peocTaTa, a D — AuameTp BUTKa, M3MEPSIOT ero LTaHreHLUMPKYIEM.
6. Y ienbHoe CONPOTMB/IEHNE HAXOANM MO (hopMY/e:

7. Bbluncnurtb

S:

R-d?
y =—

anD

r.+r
rcp: 12 2

p-d?.
4 ]

-3
e d=0,7-10"m
I :n.p .D;

rF =

R-S

Pe3ynibTaTbl BCEX U3MEPEHWNIA U BbIYUC/IEHWIA 3aHECTU B TabNULYy.

(hn3mka

— OnameTp;

9. 3anucartb BbIBOA,

r;

KOHTPOJIbHbIE BOMPOCHI

Ne l, U, R, d, D, r d,
A B Om M M %
1
2
8. BblUMCNNTb NOrPELHOCTb
r-—-r
d=—"—-100%

1. UTo Ha3bIBaeTCst CONPOTMBAEHMEM NPOBOAHMKA? OT KaKuX YCNOBUIA, OHO 3aBUCUT M B KaKMX

eaVHMLAX U3MepseTCs?

2. UT0 Ha3bIBaeTCs ye/bHbIM CONPOTVBAEHMEM NPOBOAHMKA?
3. 3anncaTtb MaTeMaTUYeCKoe BblpaXKeHne AN YAENbHOr0 CONPOTMBIIEHUS.

4. OnpefenvTb CONPOTUBEHNE U AVHY MEAHO NMPOBOOKY Maccoit 89 r 1 ceveHnem 0,1 Mm2.

16
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Jlntepatypa:

1. AmuTpuresa B. ®. dusmka: 4na npodeccuii n cneLmanbHOCTEN TEXHUYECKOro Npoguns-
M.: N3paTenbCKnin LeHTp «Akagemus», 2014 .

2 Omutpresa B. ®., Kopxxyes A. B., MypTasuHa O. B. ®u3unka: 15 npodeccuii 1 cneupanbHOCTeR

TEXHNYECKOro Npotnns — fabopaTtopHblid NpakTkyM M.: M3gaTenbCKuii LEHTP «AKageMus»,
2014 .

3 [OoHpykoBa P. A. PyKoBOACTBO NO MNPOBeAeHUI0 NabopaTopHbIX paboT no gumsnke. M,
Bhicwas wkona 2004 r.- 86¢.

4. CO6O0pHMK 3aaa4 no gmnsmnke. Y4ebHoe nocobue a1 CpefHuX cneumanbHbIX y4eOHbIX
3aBeaeHuid./ Mog ped. P.A. Mnagkosoi. — M.: Hayka, 1996 r.
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JTabopaTopHO-nNpaKTnyeckoe 3aHAaTHe Ne 4.

Tema: «13y4yeHune 3akoHa OMa 4714 y4acTKa Lenu, noc/iefoBaTe/IbHOro 1 napanienbHoro
coeanHeHnAa»

Llenb paboTbl: HayunTbCst COEANHATL MOTPEOMTENN NOCIEA0BATENBHO W NapanieNlbHO, NMPOBEPUTb
crnpaBeAMBOCTb 3akoHa OMa Ha MpaKTUKe.

O6opyaoBaHue: VICTOUYHMK TOKa, aMnepMeTp, BOSIbTMETP, PE3NCTOPSI, KoY, COeANHNTENbHbIE
MpoBo/a.

3agaHue K paboTe: CobpaTh Lienb MO CXeMe, PaccuUMTaTh SKBUBA/IEHTHOE COMPOTUB/EHNE,
MPOBEPUTbL NPABU/IbHOCTb PACUETOB C MOMOLLbIO 3aKOHa OMa.

TexHuKa 6e3onacHocTu: CobnoaaiiTe 0CTOPOXKHOCTb NP PaGoTe C ANEKTPUYECKMM TOKOM, He
BK/OYaliTe Lienb [0 NPOBEPKY NPenoAaBaTeneM.

TeopeTUYECKNE CBEAEHUA:
Cxema Lenw.
AneKkTpuyecKas uens —

Y3en uenu — MecTo CoeiHEHNA TPex 1 60/1ee 3/1EMEHTOB U MPOBOLOB.
MocnefoBaTenbHOe COeANHEHME —

Ara N ) } H-'-\
O

(v )
\\J

Mpwn nocnegoBaTenbHOM COeAVHEHMI NPOBOAHMKOB C/a TOKa | BO BCeX NPOBOJHMKAX OAVMHAKOBA,
9KBVBA/IEHTHOE CONPOTUBNEHNE RIKB PaccUMTLIBAETCS MO hopMye:

RakB = R;+Ry+...+R;, | |
MapannensHoe coefnHeHne — | [

Mpwv NapannenbHOM coeauMHeHUN NageHne HanpshkeHns U mexay

[BYMS y3/11aMW, 06beAVHAIOLLMMI 3NIEMEHTbI LIeNK, 0ANHAKOBO A5

i .
BCEX 3/IEMEHTOB, & 3KBMBa/IEHTHOE CONMpOoTHB/IeHNe RIKB _|:|_'
paccymTbIBaETCA N0 hopMyne: v

1Rue=1/Ri+1/Rot .. +1/R,, _®_
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3akoH OMa Ans yyacTka Lienu — cuna Toka | B NpoBogHMKE NPsSiMO NPONOPLIMOHabHA HANPSXXEHNIO
U Ha ero KoHLax 1 06paTHO NponopLMoHanbHa CONPOTMBNEHNIO NPOBOAHMKA R:
I=U/R

MopAfoK BbINO/IHEHUS PaboThbl

CobpaTb Lenb noc/efoBaTe/lbHOro COeMHEHNSA N0 CXEME.

Mocne NpoBepku NpenogasaTenemM 3amKHYTb Lenb. Onpeaenvs LeHy geneHnus npubopos, U3MEPUTb
HanpskeHne U n cuny Toka .

MonyyeHHble faHHbIe 3aHECTU B Tab/IULLY:

Cxema I, A U, B R,OM | R;,OM | Ry, OM | R3, OM | Ry, OM
MocneposarenbHoe

MapannensHoe

Mo 3akoHy Oma onpedenuTb conpotmeneHne: R =U/l = = Owm.
PaccumTaTb 3KBMBa/IEHTHOE CONPOTUB/IEHNE npm nocnefoBaTe/lbHOM COeANHEHUN:

Rake =R1+R2+R3 = = OM, cpaBHUTL ero ¢ R,

MOy4YeHHbIM B MpeablayLLEeM MYHKTE.
CobpaTb Lenb napansielbHOro COeanHEHNS MO CXeMe.

CH#ATb MoKasaHna amnepMeTpa 1 BOSIbTMETPA, NOSTyYeHHble AaHHble 3aHECTU B Tabnuuy.
Mo 3akoHy OMa onpedenuTb conpoTtusneHne: : R =U/l = = Om
PaccunTaTb 3KBUBa/IEHTHOE COMPOTUB/IEHME NPW Napa/ieSlbHOM COeANHEHNN:
1/Roke=1/R1+1/Ry+.. . +1/R=1/+1/+ 1/ =—Om.

Rake = Owm, cpaBHUTb €ro ¢ R, N0NYyYeHHbIM B NPeAblayLLEM MYHKTE.
[aHHble BCEX N3MEPEHUI 1 PaCcUETOB 3aHECTN B TabNULLY.

BbiBog

KOHTpPONbHbIE BONPOCHI:

MepBbIil ypOBEHb

1. YTo TaKoe 3nieKTpuyecKas Lenb?

2. YT0 Ha3bIBaeTCA NocnefoBaTe/lbHbIM COeAUHEHEM 3/1EMEHTOB?

3. YT0 HasbIBaeTCa napansiesibHbIM COeNHEHVNEM 3/1EMEHTOB?

BTopoit ypoBeHb

4. Mpu nomoLyy 3akoHa Oma BbiBeAMTe (HOPMY/Y 3KBUBASIEHTHOIO COMPOTUB/IEHNS NPU
nocnefosaTe/lbHOM COeAHEHW NPOBOAHUKOB.

5. Mpu nomoLm 3akoHa OMa BbIBeAMTE (HOPMY/y SKBMBA/IEHTHOFO COMPOTUB/EHS NPY
napasinensHOM CoeiMHeHUM NPOBOAHNKOB.

6. O6BACHUTE NPUHLMMMANIBHOE pa3/inyme NocnefoBaTe/lbHOro U napassiefibHOro CoeAnHeHNs
3/1EMEHTOB.

TpeTuii ypoBeHb

7. o nepBoli CXeme paccumTaTb 3KBMBA/IEHTHOE CONPOTUBNEHNME, ecin R1=4 Om, R2=2 Om, R3=3
Owm, R4=10 Owm.

8. Mo BTOpOI Cxeme paccunTaTb IKBUBANEHTHOE CONPOTMBAEHMe, ecnn R1=4 Om, R2=12 Om, R3=5
Owm, R4=15 Om
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9. Mo TpeTbel CXeMe paccumTaTb 3KBMBASIEHTHOE CONPOTMBAEHNKE, ecn R1=60 Om, R2=12 Owm,
R3=15 Om, R4=3 Om.

Rl R2 R1 R2 R1 12 13
—P H »-| H H- H
- K] |
Lt 3% |—| R4 L4

| I
CopepxkaHue 0T4YeTa No N1abopaTopHO paboTe
. Tema paboThbl
. Llenb paboTsl
. ObopynoBaHue
. Cxema yCTaHOBKM
. Tabnuua nsmepeHunin
Pacuet
. PacueT norpeLuHocTel n3amepeHunia ( rae Tpebyetcs)

. BbiBOp,
. OTBETbI Ha KOHTPO/IbHbIE BONPOCHI .

JluTepaTtypa:

1. AmnTpuesa B. ®@. dusmka: a1g npoheccuin n cneumnaibHOCTeR TEXHUYECKOro npoduns-
M.: N3paTenbCKuin LeHTp «Akagemus», 2014 r.

2 Amutpresa B. ®., Kopxyes A. B., MypTasuHa O. B. ®usnka: fns npodeccuii 1 crieyyanbHOCTeN
TEXHMYECKOro npodmns — nabopartopHbid Npaktukym M.: M3gatenbCkuii LEHTP «AKageMus»,
2014r.

3 [OoHgykoBa P. A. PyKoBOACTBO MO MNPOBeAEHWI0 NabopaTopHbIX paboT no usnke. M,
Bbicwas wkona 2004 r.- 86¢.

4. XXpaHoB J1.C., XXpaHoB [.J1. ®usmka Ana cpefHUX cneuuanbHbiX 3aBegeHuin. — M.:
AnbgHc. 2010 . - 512 c.

5. CamoineHko I.UA., CepreeB A.B. ®usmka Ans cpegHux cneynanbHbIX 3aBeAeHWin
(HeTeXHMYECKMX creyuanbHOCTeR): YUuebHuK. — M.: MacTepctso. 2002 r. — 400c.

6. ®usmuyeckuii nNpakTukym nog ped. HO. V. Ouka, O. ®. KabapanHa. — M.: TpocBeLLeHme,
2000 r. — 208c.

7. A nay Ha ypok ¢usnku: MonekynspHas usvka: KHura gns yuutens. -M.: M3patenbCcTeo
«[epBoe ceHTAbps», 2002 r.-272c.

8. dydaeBa J1./N. DNeKTpOTEXHMKA : YY4eOHUK Ana CTyh. cpef. npod). obpasosaHus M. :
WN3paTenbcknin ueHTp «Akagemmsi», 2009 r. — 384 c. § 3.3. cTp. 94.
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JTabopaTopHO-NpaKTMUUecKoe 3aHsTMe Ne 5.

Tema: «M3mepeHne SA0C 1 BHYTPEHHENO CONPOTUBIEHMNSA NCTOYHUKA TOKA.»

Llenib pabotbl: Hayuntbca onpegenste 3C 1 BHYTpeHHee CONPOTUB/EHME 3fieMeHTa. Hayuntbea
paboTaTb C aBOMeTPOM. C 3TOW LENbi0 M3yumTe TEOPUIO pacCcMaTpyMBaemoro BOMpoca, cobepute
YCTaHOBKY W 3KCNEPUMEHTa/IbHO NPOBEePbLTE OCHOBHbLIE TEOPETUYECKIME BbIBOAbI.

Mpubopskl: 1. VICTOYHMK TOKa (raibBaHMYecKune afiemeHTbl) 5. PeocTar Ha 10-12 Om

2. BonbTMETp NOCTOAHHOIO TOKa 6. [Ba Knoya
3. AMnepmMeTp NOCTOAHHOIO TOKa 7. CoefMHUTENbHbIE NPOBOAA
4. ABOMeTp

Kpartkas Teopus

Cxema 3MeKTPUYECKOA Lienii, KOTOPYHD MCMO/b3YHOT B 3TOM NabopaTopHON paboTe, nokasaHa Ha
PUCYHKe. B KayecTBe MCTOYHMKA TOKA B CXEMe WCMOMb3YeTCa akKyMynsTop win Garapeiika OT
KapMaHHOro ooHaps.

Mpn pasomMkHyTOM Ktode OC WCTOYHMKA TOKa paBHa HaMpsbkeHWH Ha BHeELWHeid uenu. B
3KCMEepPYMEHTE UCTOYHUK TOKa 3aMKHYT Ha BO/ILTMETP, COMPOTUB/IEHWE KOTOPOrO AO/HKHO ObITb MHOIO
00/bLLE BHYTPEHHErO CONPOTMB/EHNS UCTOYHIKA TOKa . OBbIMHO CONPOTUB/IEHNE UCTOYHMKA TOKA Maslo,
NO3TOMY /19 U3MEPEHNS HAMPSHXKEHNA MOXHO MCMO/Ib30BaTh LUKO/bHbIA BOLTMETP CO LKanoin 0—6 B u
conpoTtueieHnemM R = 900 OM (CM. Hagnuchb Nog LKaion npubopa). Tak Kak ConpoTUB/IEHME NCTOYHMKA
06bIYHO Maso, TO AeNCTBUTENbHO Rg>>r. Mpy 3ToM oTamume € oT U He MpeBbIlLaeT AecsTbIX Aonei
MPOLEeHTa, NMO3TOMY MOrPeLUHOCTb 13MepeHns SC paBHa NOrpeLLHOCTM N3MEPEHNS HaNPSXXeHWS.

BHyTpeHHee conpoTMBIeHMe NCTOUHMKA TOKA MOXKHO U3MePUTL KOCBEHHO, CHAB MOKa3aHNsa amnepMeTpa
W BO/IbTMETPA MPU 3aMKHYTOM K/toue. [leiACTBUTENbHO, U3 3akoHa OMa A/151 3aMKHYTOM Lienn nosiyvaem €

e -
- 19 M3MepeHus Cub

np
TOKa B LM MOXHO MCMO/Mb30BaTb LUKO/MbHBIA amnepMeTp co LWkanoi 0—2 A. MakcumarnbHble
MOrPELUHOCTY U3MEPEHMNIA BHYTPEHHErO COMPOTUB/IEHNS! UCTOYHMKA TOKa OMPeAENstoTea Nno (hopmysnam:

Ae + AU Al
=————+—,Ar=r_e,.

np

= UHIr, rge U=IR — HanpsbkeHue Ha BHELUHeN Lenu. Moatomy Fp =

e

r

enp—Urlp

Cojep>kaHue 1 MeTo/ BbINOJHEHWS paboThl
CornacHo 3akoHy Oma anst nonHoi uenyn S4C MCTOUHMKA, ero BHYTPEHHee COMPOTMBIIEHME,
Cuna ToKa B LIENW 1 CONPOTUBNEHME BHELLHEN LIEN CBA3aHbl COOTHOLLEHWEM:
o ©
R+r
Ecnn K nccnefyeMoMy MCTOYHUKY TOKA MOAK/IHOYATH MOOYEpPEAHO fABa pesuctopa C pasHbIMU
COMPOTUB/IEHUAMW, TO, U3MEPSAA NP 3TOM CUIY TOKa B 060MX Cnydvasx, MOXHO 3anucarb [Ba
YpaBHeHWA, U3 KOTOPbIX IErKo BblUnCIMTb 3C 1 BHYTpeHHee COMPOTUB/IEHNE NCTOYHMKA:
lL=—""w1,=—2
R, +r R, +r
PeLuas COBMECTHO 3TV YpaBHEHUS, MONYUNM:
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I,R, - I,R

LR, +1,r=0L,R, +1l,r;r= Lie =1 (R +r),mm e =1,(R, +r).

1 2

MeToamnyeckne peKkomeHgaLmnm

1. Mpw paboTe ¢ aKKyMynaTopaMmn HEOOXOAMMO YYMTbIBaTb, YTO UX BHYTPEHHEE CONpPOTUB/EHMNE
0YeHb Mano. MoaTomy Nydile 6paTb 6aTapero TakMx UCTOYHMKOB TOKa.

2. PaboTy yao6HO BbINOMHATL, UCMO/Mb3YS B KAYeCTBE MCTOYHMKA TOKa GaTapeiky KapmaHHOro
(hOHapuKa.

Xoa paboThl

1. Cobepute  uUenb MO
pacrosioXKeHHON Ha pUcyHke 13

Cxeme

PucyHok 13

n

3aMKHYB K/104 BONbTMETPA, ONpeaenuTb no npubopy Bennundy 34C 6atapen
3. B31B Kakoe-nnbo COMPOTWBNAEHME Ha peocTaTe, 3aMKHYTb 00a KaK4a M OMpeaenunTb
HanpsHKeHNe 1 CU/y TOKa Ha BHELLHEM y4acTKe Lenu
4. OnpepennTb BHYTPEHHEE CONPOTMBEHNE 31EMEHTaA MO hopmyre 3akoHa Oma:
|- ©
R+r
5. T10BTOPWTL ONbIT HECKO/IbKO pa3 Mpu pasIMyHbIX CONMPOTUB/IEHNSAX BHELLHEN Lienn
6. [aHHble 3anucatb B Tabnmyy
7. To npogenaHHo paboTe caenaTth BbIBOS

Tabnmua Nel5

Ne o 24C HanpsbkeHne | CunaToka | BHyTpeHHee | TabnmuHoe | OTHOCUTENb
n NCTOYHMKA conpoTuBne 3HayeHue Has
bl TOKa Hue BHYTPEHHEro norpeLu-
T ConpoTuB- HOCTb
a £ B U B NeHns
I, A r, Om I, OM €,%
1
10
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J10MoAHUTENNbLHOE 3aaHWE:

1. PewmTe 3agady: OAWH M TOT >KE€ WCTOYHMK TOKA CHayana MoAKMOYalT K OAHOMY

pe3ncTopy, a 3aTeM K Apyromy; B MEepBOM C/yyae HanpskeHWe Ha Montcax WCTOYHMKA
OKa3blBaeTCst paBHbIM Uj, a cina ToKa B Lienw — |;; BO BTOPOM C/lyyae COOTBETCTBEHHO U, W

I,. Yemy paBHbl 3C 1 BHYTPEHHee COnpoTUBIEHNE NCTOYHMKA?

2. C06epV|Te INEKTPUYECKYIO LEMND, VI306pa)KéHHyPO Bbille, U NpPU pPasHbIX MNON0XKEHNAX
MNOJI3yHKa peocTtaTta n3sMepbTe 3Ha4eHUA BESTMYUH, HeO6XO,D,I/IMbIX ans onpegeneHnsa 34C wn
BHYTPEHHEr0 COMPOTUB/IEHNS NCTOYHMKA. Pe3ynbTaTtbl 3anumnTe B T8.6]'II/ILI|y.

I U; P U,
3. Bocnosib30BaBLINCL (DOpMynamu, MOSyYeHHbIMW B Havase ,U,aHHOI7I pa6OTbI, BblYUCINTE

34C v BHYTpeHHee CoNpoTUB/IEHNE UCTOYHMKA.

4. OTKNunTe Lienb OT UCTOYHMKA U C MOMOLLbHO BONIbTMETPa u3mepbTe ero 3/C.

KOHTPO/IbHbIE BONPOChI

1.Kak noBbICUTb TOYHOCTL N3MepeHna S4C UCTOYHMKA TOKA?

2.MoxeTe N1 Bbl NPEANOXUTL Apyrue cnocobbl namepeHns 34C 1 BHYTPEHHEro CONPOTUB/IEHNS
NCTOYHMKA TOKa?

3.0npegennts KI MCTOYHMKA TOKa MMEIOLLETO BHELLIHee COMpPOTMBMEHME R U BHYTpeHHee
COMPOTUB/IEHWE T.

4.0T 4ero 3aBMUCUT HanpsXXeHMe Ha 3aKMMax UCTOUYHMKA ToKa?

5.KakoB thmsmnueckuii cmbicn S4C? OaTb onpeaeneHne BonbTy.

6.KakoBa (pr3myeckas CyTb 3/IEKTPUYECKOrO COMPOTMBNEHNA?

7.KakoBa posib UICTOYHMKA TOKa B 3/IEKTPUYECKON Lienn?

8.MoyeMy NokasaHWA BONbTMETPA NPY Pa3sOMKHYTOM U 3aMKHYTOM K/1Houe pasinyHbI?

JlutepaTtypa:

1. Amuntpuesa B. ®. dusmka: ona npoeccuini n cneynanbHOCTeR TEXHNYECKOro npoguns-
M.: i3gatenbCkuii LeHTp «AKagemusy», 2014 r.

2 Omutpresa B. ®., Kopxxyes A. B., MypTasuHa O. B. dusnka: gns npodeccuii 1 creuyanbHOCTeN
TEXHUYECKOrO NPotnis — NabopaTopHbI NPakTkyM M.: M3paTenbCKuii LeHTP «AKaLemus»,
2014r.

3 [OoHgykoBa P. A. PyKoBOACTBO MO MpPOBeAeHWIO NabopaTopHbIX paboT no usnke. M,
Bbicwwas wkona 2004 r.- 86¢.

4. XXpaHoB J1.C., XXpaHoB [.J1. ®usmka Ana cpefHUX cneunanbHbiX 3aBefgeHuin. — M.:
AnbgHc. 2010 . - 512 c.

5.

CamoitneHko TI.W., CepreeB A.B. ®usmka Ana cpegHux cneumanbHbiX 3aBefeHui
(HeTeXHMYECKMX creyuanbHOCTeR): YUuebHuK. — M.: MacTepctso. 2002 r. — 400c.
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6. ®usmueckuii npakTukym nog ped. HO. V. Ouka, O. ®. KabapauHa. — M.: TpocBeLLeHme,
2000 r. = 208c.

7. A wnay Ha ypok ¢usuku: MonekynspHas usvka: KHura gns yuautens. -M.: M3patenbCcTBo
«[epBoe ceHTAbps», 2002 r.-272c.
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JTabopaTopHO-NpaKTnyecKoe 3aHATHe Ne 6.

Tema: «3yyeHue nHrephepeHunn N andpakumm CBeTa»

Llenb paboTbl: 3KCNEPUMEHTaIbHO M3Y4UTb ABNEHWE MHTePdEPEHLMN U AndPaKLN.

[Mpn6OPbI M NPUHALNEXHOCTU: NEPCOHa/bHbI KOMMbIOTEP C BbIXOAOM B IHTEPHET.
BupTya/bHble NPUHALIEXHOCTW: HAbop NIOCKOMapanneNbHbIX NIaCTUH, MICTOUHMK CBETA,
LUMPMa C Y3KOIA LLENbIO, 3KpaH, CBeYa, Habop TPY6OK C ra3aMu, na3epHbIii UICTOUYHUK CBETA,
LUTAHTEHLMPKY/b, PaMKa C HUTbIO, TKaHb, KOMMAKT JCK.

TeopeTnyecKaa YacTb.

Mpovecc pacnpocTpaHeHWs KonebaHWin B NPOCTPaHCTBE Ha3bIBAETCS BOIHOM. Kak 13BECTHO, CBET
npegcTasnseT cob0m 3NeKTPOMarHUTHbIE BOSTHbI C A/IMHOIA BO/HbLI 400 — 750 HM (HaHOMETPOB).
Bcem Bo/IHam, B TOM YKMC/IE Y CBETOBbLIM, MPUCYLLM CMELMPUYECKN BOSTHOBbIE AB/IEHNS:
NHTepdepeHLmMs, Andpakumsa n nonapusaums.

B pe3ynbTate Ha/IoXKeHWNA KOTEPEHTHbLIX CBETOBbLIX BOJIH, T. €. BOJIH, Pa3HOCTb (ha3 KOTOPbIX B
KaXK[10i TOUKe NPOCTPaHCTBA He 3aBUCUT OT BPEMEHW, MPOUCXOAMT 0cnabrieHe Unn ycuneHune
WHTEHCMBHOCTM KOMlebaHWin B pasfIMuHbIX TOUKax 061aCTW HAJIOXKEHWSA BOJH. DTO ABNEHUE
HasblBaeTCA UHTepepeHLMein BoH (ceTa). Puc.l.

. Q1
5 — HCTOYHHK cBeTa
1

Puc.1. NHTepgepeHums ceeTa
[ndpakumeii ceeTa HasblBaeTCA COBOKYNHOCTb SIBIEHWIA, KOTOpPble Habo4atoTCs npu
MPOXOXXAEHNN CBETA B CPefe C Pe3KO BbIPaXKEHHbIMW HEOAHOPOAHOCTAMUN (Hanpumep, npu
MPOXOXAEHUN CBETA Yepe3 OTBEPCTUSA B HENPO3PaYHbIX aKpaHax, B6/IM3KN rpaHuL, HENpPo3payHbIX
TennT. 4.). B 6onee y3kom cmbicne Nog Andpakumen NnoHMMaroT SBNEHNE OTKIOHEHNS CBeTa B
061aCTb FEOMETPMYECKOI TEHW. YTON Andpakummn @ = d/A, No3ToMy Ans YETKOro HabnrAeHNS
3TOrO SIBMIEHNS HEOO6XOAMMO, YTOObI pa3mepbl NPEnATCTBMIA d 6bI1M CpaBHUMbI C A/TMHOA BO/HbI
cseTa A. Puc.2.
MHTepthepeHLMOHHas KapTnUHa — perynspHoe YepefoBaHue
06/1aCTei MOBbILLEHHOW U MOHMXXEHHON MHTEHCUBHOCTU
cBeTa. VIHTepdepeHUMs cBeTa — MPOCTPaHCTBEHHOE
nepepacnpeseneHne 3HepPrum CBETOBOI0 U3Ty4eHNs Npu
HaI0XKeHWUW ABYX U HECKOIbKUX CBETOBbIX BOJH.
CnepoBare/fibHO, B IBMIEHNAX MHTePgepeHUnn N Angpakumm
cBeTa Co6/110jaeTcs 3aKOH COXpaHeHUs aHeprun. B obnactu
Puc. 2 NHTepepeHLMM CBETOBAA HEPTUA TONIbKO
nepepacnpegensercs, He NPeBpaLLascb B Apyrue Buibl
3Heprun. BospacTaHue aHeprumn B HEKOTOPbIX TOYKAX MHTEP(EPEHLMOHHOM KapTUHbI

25



Poxkos . C. (hrsmka

OTHOCUTENIbHO CYMMapHOi CBETOBOI 3HEPrM KOMMNEHCUPYETCS YMeHbLLEHMEM €€ B APYTMX TOUKaxX
(cymMapHas CBETOBast 3HEPI sl — 3TO CBETOBAs 3HEPT WS ABYX CBETOBbLIX MY4YKOB OT HE3aBUCHMbIX
MCTOYHMKOB). CBET/Ible MOMOCKN COOTBETCTBYIOT MaKCMMyMaM 3HEPriK, TEMHble — MUHUMYMaM.

YKa3zaHus K pabore.

3agaHue Ne 1. N3yyeHne nHTepdepeHumn.

MoBTOPUTE TEOPETUYECKME BOMPOCHI MHTEPGIEPEHLMN 1 AUt paKLmN.

Boiigute B IHTepHeT. 3alignTe Ha cant www http://www.virtulab.net. Pazgen ®usvka —
OnTtuka— HabnogeHne CNoWHOro MU IMHENYaTbIX CMEKTPOB UCMYCKaHMS.

3agaiiTe NyTb MPOXOXKAEHUA CBETA Yepe3 rpaHu MaockKonapainesibHou NaacTUHbI, BbiIbpas
KypCOPOM CXeMy B BEPXHEI MPaBoil 4acTu IKpaHa.

BblbepnTe UCTOYHMK CBETa (HAXKaB KYPCOPOM Ha COOTBETCTBYHOLLME KHOMKWN B BEPXHEN N1EBON
4acTW 3KpaHa) W HabnroLariTe ero CNeKTp Ha aKpaHe.

MpoHabnroaariTe CNEKTPbI 415 MA0CKONapannensHON NNacTUHbI CO CKOLLEHHON BEPXHEN U HKHEN
rpaHbio.

MpoHab6/toaaliTe CNEKTPbI C Pa3/IMYHbIMK BapuaHTaMy UCTOUYHMKA CBETA.

3anonHuTe Tabnmuy Ne 1. anig ABYX Cly4aeB CBET MPOXOAUT Yepes BEPXHIOK U HUXKHIOK YacTb
niocKonapannenbHom NNacTuHbI.

[ainTe NMCbMeHHbIe OTBETbI Ha BONPOCHI:

Moyemy BO BCeX 3KCMepPMMeEHTaxX Hab/loAaeTcs pasHas KapTuHa?

[lns 0fHOMO 1 TOrO XKe CTOYHMKA CBETa, HO NI0CKOoNapanieNlbHOM NNacTUHbI C pas3HbIMU FpaHAMM
CMEKTP MMeET pa3Hoe PacnosoXeHNe KapTUHbI Ha aKpaHe. OOBbACHUTE SB/EHNE.

CprenaiiTe BbIBOJ, O NPOAeNaHHON paboTe.

MpoxoxxaeHune ceeTa | [IHEBHON Cseua Bogopog enuii HeoH
u/3 cBeT
naockonapannenbHyro
NNacTUHY B BEPXHEN
4acTu

Kak BbIrnagut
NHTepgepeHLMoHHas
KapTuHa (Kpyrwu,
TOYKM, NONOCHI)?

KakoB LBeT
CNEKTPa/IbHOW
KapTUHbLI?

Kyna cmeLaeTca
cnekTp (K neBoi nnm
npaBou YacTu
aKpaHa)?

Tab. 1.

3agaHue Ne 2. N3yyeHne andpakuymu.

MepenguTe K pabote ®Pusmka — OnTuka— HabnogeHne nHTepdepeHUmn 1 andpakumn.
HaxXmuTe B BEpXHEN NEBOI YaCTU 3KpaHa KHOMKY «HTepdepeHums». 3 HucnagaroLwero cnncka
BblOGepuTe MOAEeNb NPOBeLeHNS IKCMEPUMEHTA:

Mbl/IbHas pamKa B XXeNTOM CBETE;

Mbl/lbHas pamka B 6e/10M CBETE;

Mbl/IbHbIA NY3bIpb B 6€/10M CBETE;
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oxaTue cTekna B 6enom CBeTe;

CWNBbHO CXaTble CTeknia B 6e/iom CBeTe;

KOMMaKT [MUCK.

MpoHabnogaiiTe NpoLecc MMMTaLuN.

3anonHute Tabnmuy Ne 2.

[ns n3MeHeHMs YCnoBWil paboTbl HAXKMUTE B MPaBOM HUXKHEN YaCcTy 3KpaHa KHOMKY |>[>.BbibepuTe
HOBbIE YC0BUSA:

roOpuM3oHTa/IbHAA LWenb WTaHreHunpkyns 0,05 mm;

ropu3oHTa/IbHaA Wenb WraHreHunpkyna 0, 8 mwm;

BepTUKa/IbHasA LWenb WTaHreHuupkynsa 0, 8 mw;

pamKa C HUTbIO;

ANDPaKLMOHHBIA KPeCT Ha TKaHW.

3anonHute Tabnmuy Ne 3.

[lainTe NMCbMeHHbIe OTBETbI Ha BONPOChI:

[Moyemy 419 ONbITOB UCNO/Mb3YHOT PasHble UCTOYHUKM CBETA?

[ Zie eLLle MOXXHO HaboaaTh NHTepgepeHLnIo?

CaenaiiTe BbIBOA O NPOAENaHHON paboTe.

Mbl/IbHas Mbl/IbHas MbUIbHBIA | CXKaTue CUNBHO KOMMNaKT
pamka B pamka B ny3bipb B CTeKna B | oxarble ANCK
XeNnTom 6enom 6enom 6enom cTeKkna B
cBeTe cBeTe cBeTe cBeTe 6enom
cBeTe
Habntogaemas
KapTuvHa
Habntogaemble
LiBETa
Tab. 2.
rOPU30HTa/IbHAs | FTOPU30HTa/IbHas | BEPTUKa/bHasA pamka | AM(pakuNOHHbI
Lwenb Lenb Lwenb C /i KpecT Ha
LWUTAHrEHUMPKYN | LUTAHFEHUMPKYN | LWUTAHTeHUMPKYN | HATb | TKaHK
10,05 mm 10, 8 MM A0, 8 MM 0
Habntogaema
A KapTnHa
MpaHnua
TEHU U
MoNyTeHN
CnekTpbl
Tab. 3.
NNTEPATYPA:

1. Amntpuesa B. ®. dusmka: gng npoheccuin 1 cneunanbHOCTeRn TEXHNYECKOro npoguns-

M.: N3paTenbCKuin LeHTp «Akagemus», 2018 r.

2 Amutpresa B. @., Kopxxyes A. B., MypTtasuHa O. B. ®usvika: 419 npoheccuii 1 crieupasibHOCTeR
TEXHMYECKOro Npodns — flabopaTtopHbIil MPakTUKyM M.: 3aaTenbCKuii LEHTP «AKafemMus»,

2015r.

27




Poxkos . C. (hrsmka

3 JoHaykosa P. A. PyKoBOACTBO MO NPOBeAEeHMIO 1abopaTopHbIX paboT Mo gmsnke. M,
Bbicwwas wkona 2004 r.- 86¢.
4. XXpaHos J1.C., XXaaHoB I".J1. dusmka gns cpefHUX crneynanbHbIX 3aBefeHnin. — M.
AnbgHc. 2015 T. - 512 .
5. ®usmyeckuii npakTnkym nog peg. 0. V. Anka, O. ®d. KabapanHa. — M.: pocseLleHwe,
2016 1. - 208c.
6. BupTyanbHas o6pa3oBaTenbHas nabopaTopus [SNEKTPOHHBIN pecypc]. — Pexum goctyna:
http://www.virtulab.net.
7. KabapauH, O. ®. dusmka: CnpaBoyHble MaTepuabl: y4ebHoe nocobue Ans yvawmxes/ —
M.-lpocseLleHne, 2008 r. —410 c.
8. KacbsiHOB, B. A. ®dusmka. 11 K/.: y4ebHUK gnsa obuieobpazoBate/ibHbIX YHebHbIX 3aBefeHNIA
M.: Apodpa, 2017 r. -388 c.
9. Makuwes, I'. A. Pusmka. 11 kn.: y4ebHMK Ans 06LLeob6pazoBaTesibHbIX YUeOHbIX 3aBefeHWiA/
M.: IpocseLleHne, 2016 r. — 390 c.

MpunoxeHwne 1
PacueT norpeLHoCTe N3mMepeHns
BbInosiHeHne nabopaTopHbIX paboT CBA3AHO C U3MEPEHNEM Pa3INYHBIX (U3NYECKUX BENIUUUH U
nocnegytoLlein 06paboTKOM NX pPe3ynbTaToB.
3MepeHne — HaxoXXAeHWe 3Ha4YeHNs (U3NYECKON BENMUMHDI OMbITHBIM MYTEM C MOMOLLbHO
CPeaCTB M3MEPEHWIA.
MpsMoe n3mepeHne — onpegeneHne 3Ha4eHna HM3NYECKON BETMYNHBI HEMOCPELCTBEHHO
CpeAcTBaMMN N3MEPEHNS.
KocBeHHOe n3mepeHne — onpegeneHne 3Ha4eHNs (hM3NYECKO BENMUYNHBI MO hopmMyre,
CBAI3bIBAMOLLEN €€ C APYrMMUN (PU3NYECKMMI BENNYMHAMM, ONPeeNSeMbIMUA NPSMbIMIA
N3MepPeHNAMU.
Beegem cnegytoLme 0603Ha4YeHNS:
A, B, C, ... — (m3unyeckme BeIMUMHBbI.
Anp — NpneAMmKeHHOe 3Ha4YeHne PU3NYECKOW BEMMYMHBI, T.€. 3HaYeHWe, NONYyYEHHOe NyTeM
MPAMBIX U KOCBEHHbLIX N3MEPEHWA.
AA — abCcontoTHas NOrpeLHOCTb N3MepPeHNst PU3NYECKON BETMYMNHBI.
€ — OTHOCUTE/IbHasA NOrpeLHOCTb N3MEPEHMNS (PU3NUECKON BENMUMHDI, paBHas:
€ =(AA/A )-100%
AAN — abCcoNMTHas MHCTPYMEHTa/IbHasi MOrPeLLHOCTb, OnpeaensieMas KOHCTPYKLUMeid npnbopa
(norpeLLHOCTb CPeACTB M3MEPEHNS; YKa3bIBAETCA B KaXXA0M paboTe nNpu onmcaHMmn npuobopa B
paszgene O6opyaoBaHME U CPeACTBa M3MEPEHMS)
AAO0 — abCcoNtoTHasA NOrpeLHoOCTb oTcyeTa (MosyyaroLlasncs 0T HeO0CTaTOMHO TOYHOMO OTCYeTa
MoKasaHuin CpeacTB U3MepeHunst), OHa paBHa B 60/1IbLUMHCTBE C/ly4YaeB NOMOBUHE LIEHbI AeNeHNUs; Npu
N3MEPEHNN BPEMEHN - LieHe [iefIeHns CeKyHLoMepa U Yacos.
MakcumanbHas abCcontTHasA NOrPeLLIHOCTb NPAMbIX U3MEPEHNIA CKNabIBaeTCA U3 abCOMOTHOW
WHCTPYMEHTa/IbHOM MOrPEeLLIHOCTU 1 abCONOTHON MNOrPELLIHOCTI OTCYETa NPU OTCYTCTBUM APYTUX
norpewHocTen: AA=AAn + AAo (cm Tabn 1)
AGCONIOTHYIO NOrPELLHOCTb M3MEPEHNS 0ObIYHO OKPYTNIAKOT A0 OAHOW 3HavaLlel Ludpsbl
(AA=0,17=0,2); uncneHHoe 3Ha4eHue pe3ynbTaTa U3MEPEHUI OKPYINISOT TakK, YTOObI €ro
nocnefHas uudgpa okasanacb B TOM Xe paspsije, YTo 1 yudpa norpewHoctn (A=10,332=10,3).
Pe3ynbTaTbl MOBTOPHbIX U3MEPEHWNIA (IU3NYECKOI BENUUMHBI A, NPOBEAEHHbIX MPY OAHMX U TEX e
KOHTPOMIMPYEMbIX YCNOBUAX U MPW UCNOMb30BaHNMMN LOCTATOYHO YYBCTBUTE/IbHbIX U TOUHBIX (C
Ma/bIMU MOrPeLLHOCTAMN) CPeACTB U3MEPEHUSA, OT/IMYAKOTCA APYr OT Apyra. B atom cnyyae Anp
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HaxoAT KaK cpeaHee apuMeTUUECKOe 3HaUeHMEe BCEX U3MEPEHWiA, a AA (ee B 3TOM Ciyyae
Ha3bIBaOT C/y4yaliHOl NOrpeLHOCTbI0) ONPeaenstoT MeToAaMN MaTEMATUYECKOW CTaTUCTUKN.

B LIKO/NbHO N1abopaTopHOI NPaKTVKe Takue CpeacTBa M3MepeHNst MPaKTUUYECKN He UCMOMb3YHTCS.
Mo3TOMy MpK BbINOMHEHWM NaboPaTOPHbIX PAbOT HEOBXOAMMO ONPEAENATb MaKCMMaslbHbIe
MOrpeLUHOCTM M3MEPEHNS (N3NYECKMX BENMYNH. MpK 3TOM ANs NoNyYeHUs pesynbTaTa JoCTaTouHO
OfHOTO N3MEPEHNSI.

Tabnuua 1
ABCONOTHbIE NHCTPYMEHTa/IbHbIE MOrPeLUHOCTY CPeACTB U3MEPEHWIA.
CpefacTea Mpegen ABCoNTHaS
Neri/n N3MepeHnin n3mMepeHns LleHa feneHuns NHCTPYMEHTa/IbHas
NorpeLHoCcTb
1. NuHeika Jo 30 cm 1 Mm [MonoBuHa LgeHbI
YUYEHNYeCKas feneHns
JleHTa [MonoBMHa LeHbI
2. N3MepuTenbHas Jo2m 0.5cm feneHuns
(pynetka)
3. LLTaHreHUMpPKynb 150 mm 0,1 Mm + 0.05 mm
4, JnHamomeTp 4H 0,1H +0.05 H
YUeOHbIl
5. Becbl yuebHble 2001 - +001r
6. CekyHzomep 0-30 MuH 0,2c + 1 c3a 30 MUH
7. TepmomeTp 0-100° C 1°c +1°C
NabopaTopHbI
Onpegenutb Onpegenutb No
AmnepmeTp no LUKa/e B LUKane B [MonoBuHa LgeHbI
8. LUKO/bHBbIVA 3aBMCUMOCTH 3aBMCUMMOCTU OT feneHns
OT npubopa npuéopa
Onpegenutb Onpenenntb Mo
BonbTmeTp no LUKa/e B LUKane B [MonoBuHa LEeHbI
0. LUKO/bHBbIVA 3aBMCUMOCTH 3aBMCUMMOCTU OT feneHns
OT npubopa npuéopa

OTHOCUTE/NbHAs MOrPELUHOCTL KOCBEHHbIX M3MEPEeHUI onpeenseTcs, Kak nokasaHo B Tabnmue 2.
AGCOM0THasA NOrpeLlHOCTb KOCBEHHBIX M3MepeHuii onpegensetcsa no gopmyne AA=ANp € (¢
BbIPaXXaeTcs AeCATUYHOM APOObIO).
2. O Knacce TOYHOCTM 3/1EKTPOU3MEPUTENbHBIX NPUO0POB
[ns onpegeneHns abcontoTHOM NHCTPYMEHTa/IbHOW NOrpeLlHOCTM Npubopa Hafo 3HaTb ero Knacc
TOYHOCTM. Knacc TO4YHOCTY ynp U3MepuTeNibHOro NpMbopa NoKasbiBaeT, CKOIbKO MPOLIEHTOB
COCTaBNAET abCOMOTHAA MHCTPYMEHTa/IbHas MOrPeLIHOCTb ANA OT BCeil WKasbl npubopa (Amax):
y =(AA/A )-100%

Knacc TOYHOCTY YKa3blBaeTCs Mpy onucaHum npuobopa B pasgene 060pyaoBaHme 1 cpeacTsa
n3mepeHus. CyLLecTBYIOT CNefyHoLLME K/1aCCbl TOYHOCTM 3/1EKTPON3MEPUTESbHBIX Nprbopos: 0,1;
0,2; 0,5; 1; 1,5; 2,5; 4. 3Haa Knacc TO4HOCTK Npubopa ( Np) 1 BCHO ero wkany (Amax), onpeaensor
abCoMOTHYIO NOrpeLuHOCTb ANA 13MepeHns (PU3NYeCKor BeNUUMHbI A 3TUM NPUGOPOM:

An A= (Y-Amax)/100

Tabnuuya 2
dopmy/ibl 4715 HAXOXKAEHMA OTHOCUTENIbHOW MOrPELIHOCTU KOCBEHHbIX M3MEPEHN
N° n/n dopmMyna Pr3nYecKoin BeIMYNHDI dopmyna 0THOCUTENLHOM NOTPEeLLIHOCTI
1. A=B-C-D € = AB/B+AC/C+AD/D
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2 A =B/(C+ D) £ = AB/B+AC/C+AD/D
3. A= A+B ¢ =(AB+AC)/(B+C)
4. A =clp ¢ = AB/B+1AC/2C+1AD/2D

3.Pe3ynbTartbl n3mepeHnii

1. 3anucatb pe3ynbTaTbl U3MEPEHWIA B BIAE ABOVHbIX HEPaBEHCTB:

Ansm — AA< Ansm < Ausm + AA

nnn A=( Ansm AA)

rae Au3m - 3HaueHne N3MepeHHOW BEIMYMHBI

4.3anucaTb NolyYeHHbIN pe3y/ibTaT M3MePEeHNn B 0THET No nabopaTopHoi paboTe.

© ™

Jlntepatypa:

OmuTtpreBa B. @. dusnka: ans npogeccuii U cneumasbHOCTEN TEXHUYECKOT0 Npogunss-

M.: N3paTenbCkuin LeHTp «Akagemus», 2020 T.

OvunTpuresa B. @., KopxxyeB A. B., MypTasmHa O. B. ®u3mka: 15 npoheccuii 1 crielmanbHoCTel
TEXHWMYECKOro npodmns — naboparopHbii Npaktukym M.: U3patensCkuii LEHTP «AKageMus»,
2021r.

JoHaykoBa P. A. PyKoBOACTBO MO NPOBeAEHWI0 NabopaTopHbIX paboT no usnke. M,
Bbicwwas wkona 2017 r.- 86¢.

>KpaHoB J1.C., >XpgaHoB [.J1. dusmka Ans cpegHuX creumanbHbIX 3aBefeHuid. — M.:
AnbgHc. 2017 1. - 512 c.

dun3myeckunini npakTkym nog pea. HFO. . Auka, O. ®. KabapamHa. — M.: TpocseLleHue,
2015. - 208c.

Msakuwes I".4A., ByxoBues b.6. ®usmka. 10 kn.: YuebHuK gna 0bLieobpasoBaTe/ibHbIX
yuebHbIX 3aBefieHniA. — M., MNpoceelueHne 2021.

Mskuwies I'.A., ByxoBues b.6. ®usmka. 11 kn.: Y4ebHUK Ans 06Leo06pa3oBaTe/ibHbIX
yuebHbIX 3aBefieHniA. — M., MNpoceelleHne,2021.

PbimkeBnY A.M. C60pHUMK 3aaa4 no gmsmnke gna 10-11 knaccos. — u3g. «4poga», 2021.
CamonmineHko IN.W., Ceprees A.B. C60pHMK 3a3a4 1 BONPOCbI MO (n3nke: yy4eb. nocobue.
M., 2019.

JononHuTtesibHada nurepatypa.

1. KabapguH, O. ®. ®usnka: CnpaBoyHble MaTepurasbl: y4ebHoe nocobue st yyalmxces - M.:
MpocBseLeHmne, 2019. —410 c.

2. KacbsiHOB, B. A. ®u3nka. 11 K.: y4ebHUK Ans 061eobpa3oBaTe/ibHbIX YHeOHbIX 3aBeaeHWNin/

M.

. Apoda, 2017. —388 c.

3. bypoB B.A, Hukugopos I'.I". ®poHTanbHbIe NabopaTopHbIle 3adaHus no guanke. 2018 r.

O6pa3oBaTe/bHbIE NOpTasbl.

1. BupTyanbHas o6pasoBaTe/bHas naGopatopusi [SNeKTPOHHbIA pecypc]. — Pexum gocTyna:

http://www.virtulab.net.

2. http://school-collection.edu.ru/ - EanHas Konnekums unugposbix 06pa3oBaTe/lbHbIX PECYPCOB
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TpeboBaHUS K BbIMOMHEHMIO NabopaToOpPHbIX paboT
CTyZEHT JOMKeH BbINOMHATL labopaTopHble paboTbl B COOTBETCTBMM C U3yYaeMbIMU TEMaMMU..
Kaxabli CTYeHT nocse BbIMo/IHeHWs paboTbl AO/MHKEH NPeACTaBUTb OTUET O NPOAenaHHON paboTe ¢
aHa/I30M MOJTYYEHHbIX Pe3yNbTaToB 1 BbIBOAOM M0 paboTe.
OTyeT 0 NpogenaHHoN paboTe cneayeT genatb B paboumnx TeTpasx, akkypaTtHo othopmsieHHbIM. C
CO6MH0AEHNEM OCHOBHBbIX NPaBW/I BbINOSIHEHNSA CXEM, PUCYHKOB, rpagnkos, Tabnuu. CogepxxaHue
OTYeTa yKa3aHO B ornmcaHumn nabopaTopHoil paboTsbl.
Tabnuubl ¥ PUCYHKM CNeAYyeT BbIMONHATH C MOMOLLIO YEPTEXHbIX MHCTPYMEHTOB (SIMHENKH,
UMPKYNS U T. 4.) KapaHgaLlom
PacyeT cnefyet NPoOBOAWTL C TOYHOCTBIO 0 ABYX 3HAYALLMX Ludp.
BcnomoratesibHble pacyeTbl MOXHO BbIMO/IHUTL Ha OTAE/bHbIX NCTax, a Npyv HeOO6XOAMMOCTH Ha
NUCTax oTyeTa.
B Mpuno>keHnn 1 yKasaHbl Npasusia pacyeTa norpeLsHocTed U3MepeHuia.

KpuTepuii oLueHKM nabopaTopHoWM paboThbl
OueHKyY no nabopaTopHoi paboTe CTYAEeHT NOoMy4aeT, C Y4eTOM CPOKa BbINOMHEHNS PaboTbl, EC/IN:
pacyeThbl BbIMO/HEHbI MPaBWUILHO 1 B MOTHOM 06bEME;
cllenaH aHann3 NpoAenaHHon paboTbl U BbIBOA NO pe3ynbTaTaM paboThl;
CTYAEHT MOXET NOSCHUTb BbINOIHEHWE NHOOOr0 3Tana paboThl;
OTYET BbIMOHEH B COOTBETCTBUM C TPEOOBAHUAMM K BbINOHEHMIO N1a60PaTOPHON paboThl.
npaBu/ibHbIE OTBETbI HA KOHTPO/bHbIE BOMPOCHI K KaXKA0W paboTe.
O[1HO 13 OCHOBHbIX YC/IOBWIA OLIEHKM paboTbl 06YyHatoLLMXCS — CO6NH0AEHME NPaBU TEXHUKN
6e30MacHOCTM NPU BbIMOIHEHUN PabOT B 3IEKTPOTEXHUYECKOI labopaTopun.

dopMa KOHTpONA:
MpescTaBneHvie 0OPOPMIEHHOTO C NPeAbABASEMbIMU TPebOBaHUAMY OTYETa MO S1a60PaTOPHON
pabore.

CopeprxkaHue oTyeTa no nabopaTopHoOn paboTe
. Tema paboTbl
. Llenb paboTsl
. O6opypgoBaHue
. Cxema yCTaHOBKM
. Tabnmua nsmepeHui
Pacuet
. PacueT norpewHocTein namepeHuii ( rae Tpebyercs)
. BbiBOp,
. OTBETbI Ha KOHTPO/IbHbIE BONPOCH! .
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