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MeTtonuueckre peKOMEHJauuu Mg Ja0OpaTOPHBIX PadOT MO JUCUUIUIMHE
«Dusuka» npenHasHaueHbl A CTyJIeHTOB 1 kypca cnenumanbHoctu 40.02.04
FOpucnpyoenyus

[lo pesyrvmamam BBIOTHEHHOW J1TA0OPATOPHON PabOTHI COCTABISIETCS OTYET,
BKJIIOYAIONINI B ce0si HOMEep paboThl, TEMy, 1€Jb, XOJl paldOoThl, PE3yJbTaThl
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B ciyuae «He3adeT» CTyJIeHT yCTpaHseT OMUOKHU U HEJ0UEThI U CAaeT paboTy Ha
MOBTOPHYIO TMPOBepKy. B KoHIe ydyeOHOro roma mpu BBINOJHEHUH BCEX
7a00paTOPHBIX PadOT CTYICHT MOMEIIAET UX B MOJIIIKUBKY C pabOTaMH.

PazpaboTtunk: Kamanosa E. K.
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Beenenne
Henb MeToAMYECKUX YKA3aHUM — OKa3aTh IIOMOIIb CTYJAEHTaM B IIOATOTOBKE W BBIIIOJHEHUH
1a00opaTOpHBIX padoT, a Takke 00JerdyuTh paboTy MpernojaBareis 0 OpraHU3alK U IPOBEAECHUIO
ab0paTOPHBIX 3aHITHA.

Cucremaruyeckoe M aKKypaTHOE BBINOJIHEHHE BCEH COBOKYNHOCTU J1a0OpaTOPHBIX paboT
MO3BOJIUT CTYICHTY OBJIAZCTh YMEHUSAMHU CAMOCTOSATEIBHO CTABUTH (DU3UYECKHE ONBITHI, (PUKCHPOBATH
CBOM HAOJIOJECHMUS W H3MEPEHUs, aHAJIU3UPOBaThb MX JejaTh BBIBOJBI B ILENAX JaJbHEHIIEro
HCIIOJIb30BAaHMUS I0JyYECHHbIX 3HAHUN U YMEHUM.

LlensiMu BBINIOJTHEHUS 1TA00OPATOPHBIX U MIPAKTUYECKUX PAOOT SIBIIAETCS:

0000uienue, cucmemamusauus, y2iyoaenue, 3aKpenieHue noay4eHHbIX meopemuieckux 3Hanuil
NnO KOHKPEMHbIM memMam OUCUUNTIUHDL;

dopmuposanue ymenuii npumenams nojyueHHvle 3HAHUA HA NPAKMUKE, Peanu3ayus eOuHCmea
UHMEN1eKmMyanbHOl U NPAKMUYEcKou 0eAmeabHoCmu;

pazéumue UHMENNEKMYANbHLIX YMEHUN y Oyoywux CReyualucmos; aHalumu4ecKux,
NPOEKMUPOEOUHBIX, KOHCIPYKMUGHBIX U OP.

6bIPAOOMKY NPU PeweHUU NOCMABIEHHBIX 3004 MAKUX NPOPECCUOHANBHO ZHAUUMDBIX KAUECME,
KaK camocmosamenbHOCHb, OTBETCTBEHHOCTh, TOYHOCTh, TBOPYECKAsi HHULIMATUBA.

Pazgea 1. O0mue TpedGoBaHus.

Jlnst  6onee 3¢P(HEKTHBHOTO BBITIOJHEHHUS JIAOOPATOPHBIX pPabOT HEOOXOJUMO IOBTOPUTH
COOTBETCTBYIOIIUN TEOPCTUUYSCKUN MaTepuall, a Ha 3aHATHAX, MPEKIE BCEro, BHUMATEIHHO
O3HAKOMHTbCS C COJIEpPKaHueM pabOThI U 000PYIOBaHHEM.

B xoxe pabotrsl HEOOXOAMMO CTPOTO COOMIOJATh TpaBWjIa MO TEXHUKE OE€30MacHOCTH; BCE
M3MEpEHUs] MPOU3BOJUTH C MAaKCUMAIbHOW TIIATEIHHOCTHIO; JJS BBIUMCICHHH HCIIONIb30BATh
MUKPOKATBKYJIIATOP.

[Tocne okoHYaHUS pabOTHI KAXKIBIM YUAITUIICSI COCTABISET OTUET MO CIEAYIOIIeH CXeMe:
1aTa, HAUMEHOBAHUE W HOMeP PadoThI;
nepeveHb 000py10BaAHMA;
cXeMa MJIM 3aPHCOBKA YCTAHOBKH;
3anuch HeHbl JeJIeHUs] IKAJIbI H3MEePUTEJILHOr0 Npudopa;
TabaUIa Pe3yJbTATOB U3MEPEHUIl U BLIYMCIEHHU 3aM0JIHsETCs 10 X01Y PadoThI;
pacuetHasi ¢popmy.ia, 00padoTKa pe3yIbTATOB U3MEPEHMI U OnpeesieHHe OTHOCUTEIbHOM
MOTPEelIHOCTH.

HebpexHoe opopmiieHne oTueTa, UCIIPaBICHNE YK€ HAMTMCAHHOTO HEIOMYCTUMO.

B KkoHIIE 3aHATHS MpernojaBaTe]lb CTABUT 3a4eT, KOTOPBIM CKJIAJBIBACTCS W3 PE3yJIBTaTOB
HaOIIO/IEHUsI 32 BBIMIOJHEHUEM MPAKTUYECKOW 4YacTH paboThl, MPOBEPKH OTUeTa, OecelIbl B XOME
paboTsl miu nocie Hee. Bee mabopatopHbie paboThI JOKHBI OBITH BBHITIOJIHEHBI M 3aIIUAIIEHBI B CPOKH,
orpezesNsieMble TPOrPaMMOi UITH KaJleHJapHBIM ITaHOM mpernoaBarens. CTyAeHTHI, He TOTYYUBIIHE
3a4eT, K 9K3aMeHYy He JOIMYyCKaloTCs.

JlaboparopHbie paboThl U npaktuueckue 3anstus (JI[IP)- ocHOBHBIE BHIIBI YUEOHBIX 3aHSATHH,
HAIlpaBJICHHbIC HA  OKCICPUMEHTAIILHOE  IOJATBEPIKJICHUE TEOPETHYCCKUX  TOJIOKCHHH U
(dhopMupoBaHHe yUEOHBIX U MPOPECCUOHATBHBIX MTPAKTUYECKUX YMEHUH.

About these ads

JIaboparopHble pabOTHI ATOTO TOCOOMSI COCTABIEHBI C YYETOM pPEANbHOTO YPOBHS MOJATOTOBKH
CETOIHSIIHUX CTYJICHTOB. B mocoouu naércst moipoOHOe ONMrcanne METOIUKH U ITOPSIKA TIPOBEACHHUS
KaKI0W paboThl. B GonmbIIMHCTBE padOT MPEUIOKEH MPOCTEHUIUI METOJ OIEHKH IMOTPEIIHOCTH:
CpaBHCHHE 3HAYCHUS M3MEPEHHOW BEIIMYMHBI ¢ €€ TaOJIMYHBIM 3HAYCHUEM, B3SITHIM U3 CIIPABOYHHUKA.
Haubonee cunbHBIE CTYEHTHI CMOTYT CAMOCTOSITENIEHO MPOBECTH JIETAIBHBIN pacdyeT MOrpemHOCTeH,

ocarwnE
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O3HAaKOMHUBIINCh C METOAWKOM MX BBIYMCICHUS KOTOpas JaHa B pasgene «Meroauka pacueTa
IIOIPELIHOCTEN.

K kaxxmoii paboTe mpeayioxKeHbl BONPOCH JUT €€ 3alUThL. DTO TEOPETUIECKUE BOIIPOCHI, KOTOPHIE
OXBAaTBIBAIOT TEMY J1a0OPAaTOPHOI pabOThI MIIM HECKOJIBKO TEM, CMEXHBIX ¢ Heil. [IpeacraBieHHbIC
BOIIPOCHI TIPETIOIaBaTeIb MOXKET TaK)KEe MCIIOIb30BaTh /Ul IPOBEACHUS TEKYIIUX 3a4ETHBIX 3aHITHH,
ceMuHapoB. K KkaxaoMy BONpPOCY HamucaH MOJPOOHBIN IJIaH OTBETA, YTO OE3YCIIOBHO, MOMOMKET
CTYJICHTY ITOCTPOHUTH OCMBICJICHHBIN U MOCIIC0BATEIBHBIN OTBET.

B nanHOM mocoOuy BKIIFOUSHBI IO IPEUMYILECTBY KJIACCHUECKUE IS KOJUIEKel 1abopaTopHbIe
paboThI, COOTBETCTBYIOIIME YUYEeOHBIM IporpaMmaM. BakHO OTMETHT, YTO M3 BCErO MHOT000pa3us
1a00paTOpHBIX PadOT, OOBIYHO MpeIaraéMbIX MO Kypcy (PU3MKH, B TTOCOOME BOILIM TOJIBKO TaKHUE,
KOTOpBIE MTOTPEOYIOT MCIOIb30BAaHHS CTAHAAPTHOTO 000y I0BAHMUSL.

Oco0eHHOCTH JaHHOI'0 ITOCOOHS:
e VYTeH peallbHbII YPOBEHb [TOATOTOBKH COBPEMEHHBIX CTYEHTOB;
e [IpemioxeHHBIE BOMPOCH K 3alIWTe Ja0OPATOPHBIX PabOT MMEIOT MOJPOOHBIC TUIAHBI
OTBETOB;
e VY4TeHO pealbHOE COCTOSIHUE JIADOPATOPHOTO KOMILJIEKCA B yU€OHBIX 3aBEJCHHUSX.

Pa3zoen 2. Ykazanua K 6blnojiHeHUu10 1a00pamopHvix padoom.

B nannom pa3aciic IpUuBOAATCA YKA3aHUSA K J'Ia60paT0prIM pa60TaM 10 BCEM, U3y4aCMbIM pasjciiaM
(1)H31/IKI/I. I[aeTCSI YCTKass MHCTPYKIHUA K BBIIOJHCHHUIO KaXX 01 pa6OTBI. Taxxe naercss IOHSATHE
INOTpCIIHOCTHU U AJITOPUTM €€ pacdcTa.

IToHsiTHE MOrPeIIHOCTH

B ¢uzuke n TexHuke HeT aOCOMIOTHO TOUHBIX MpHOOpoB. Kaxioe n3mMepeHne conepxur B cede
OLIMOKY, KOTOpasi XapaKTepU3yeTcs MOTPELUTHOCTbIO U3MEPEHHUS.

O603HauuM U3MepsiemMble (U3NYECKUEe BETMUUHBI (Maccy, CKOpOCTb U T. 11.) X, Y, P, ... . Ux
WCTHHHBIE 3HaYEHUs (KOTOPbIE HEU3BECTHBI) — Xucr, Yicr, Puers -+ -

Paznuuaror aOCOMIOTHYIO MOrPEIIHOCTD (OHA XapaKTepU3yeT TOYHOCTb Pe3yJIbTaTa U3MEHEHUs) U
OTHOCHUTEJIBHYIO (XapaKTepH3yeT KaueCTBO pe3yibTaTa U3MepeHus). Abconrommuasn nozpeunocmoAx
MOKa3bIBaeT MAKCUMAJILHO BO3MOKHYIO BEJTMUMHY OLIMOKH U3MEPEHUs:

Ax = |x — xyeml -
Enunanus! usmepenns x 1 Ax oquHakoBbl. OmHOCUmMenbHas nocpeuHoCmsE, ITOKa3bIBaeT OTHOILIEHUE
OLIMOKHU U3MepeHust Ax K caMoi U3MepsieMoi BETUUMHE X :

_ A
& = )

Xucr

&, 6e3pa3MepHa wiu Belpakaetcs B %o.
AJITOPUTM pacyeTa NOrpemHoCcTH.

[Tycts BenuunHa Z cBsizaHa ¢ X 1 Y Gpopmyroit z = f(x, y). U3MepeHsl N 3HAYCHHI X 1 Y.
Heo6xomumo paccuntaTh aOCOMOTHYIO MOTPEIIHOCTh AZ. XapaKTeprUCTUKU TPUOOPOB U3BECTHEI.
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9.

PaccuuTarh cHCTEMaTHUECKUE TOTPEMTHOCTH AX 0 AYoyem TO Gopmymam (1) — (3).
Ecnu n3mepenne 0JHOKpaTHOE, TO NIEPEUTH K 11. 7.

Paccunrate cpenHue 3Ha4eHUs BETUYHUH Xcp, Yep, Zep 1O popmydie (5).

PaccuuTarh abCONMOTHBIE OIPEIIHOCTH I-T0 u3Mepenus Ax;, Ay; o ¢popmye (6).
Paccunrate ciygaitaeie morpenrHocta Ax,.,, Ay,, o dopmyse (7).

Paccunrarh monHbie abcomoTHBIC TOrpemHocTH Ax, Ay o ¢popmyie (8).

Ax Ay
PaccuuraTh OTHOCHTENLHBIE IMOTPEITHOCTH ITO (bOpMyJ'IaM Ex =—, & = —.
* ch y ycp

Paccuntarth OTHOCUTENBHYIO IOTPEIIHOCTD Pe3yJibTaTa (MCKOMOM BETUYMHBI) €, 10 (hopmyIie
(4).

Paccuurath abCOMIOTHYIO TIOrPENIHOCTD pe3ynbTata AZ = Z,€, .

10. 3amicate pe3ysbTar U €ro MOrpemnoCTs B BUIE Z = Z,, + AZ .

B natm oneiTax MMPOBOANUIIMCH UBMCPCHUSA CUJIbI TOKA In HAIPSAXKCHUA U. Paccuurarth

U
conporusiieHne R = T U €ro MorpemHocTh AR.

XapakTepUCTUKU IPUOOPOB CIIETYIOIIHUE:

amrepmeTp: ¥y = 2,5, Lnax = 2 4, ¢4 = 0,1 4,

BOJNBTMETD: : Yy = 2, Upax = 6B, ¢y = 0,2 B.

TaOmuia 3HaueHut

I, A

1,7 1,8 1,7 1,8 1,8
U,B 5,2 5,0 4,8 5,4 52
R, Om 3,1 2,8 2,8 3,0 2,9
1. Cucremaruueckue MOrpenrHOCTH:
VAImax Ca (215 2 )
Al . = —=——+10,05)]4 =0,14;
cucm 100 + 2 100 +
VVUmax Cy (2 -6 )
AU, =—+—=|——+0,1]B=0,22B.
cuem 100 + 2 100 +
2. Cpennue 3HAYCHHS CUJIBI TOKA, HAITPSHKCHUS U COTIPOTHUBIICHUS:
L+L+L+1,+1
I, = 1Tl Ti3 Ty 5:1,76A;
5
u,+U,+U;+U,+U
= 1 2 3 4 5 _ 512 B:
5
Ri+R,+R;+R,+R
p= 2t 5 =292 0m.
5
3. AOCOIIOTHBIE MOTPEITHOCTH KaXKI0TO U3MEPEHUS CHUIIBI TOKA U HATIPSIKEHUS:

AL = |I,, — | = 0,06 4; A, = 0,04 4; Al; = 0,06 4;
A, = 0,04 4; Als = 0,04 A.
AU, = |U,, — Uy| = 0,08 B; AU, = 0,12 B; AU; = 0,32 B;
AU, = 0,28 B; AUs = 0,08 B.

4. CnyuvaiiHble IOTPEIIHOCTH CUJIBI TOKA U HAIPSKEHUS:



AL+ AL + Aly + Al + Al

I, = z = 0,05 4;
AU, + AU, + AU- + AU, + AU
AU, = ——2 53 T Y5 _ 0,188

CJIy‘-IafIHBIe U CUCTEMATHUUYCCKUC HOFpeH_IHOCTI/I COIIOCTaBUMBI, HOBTOMy HX CKJIaJdbIBACM:
Al = AL, + AL,,,, = (0,05 + 0,1)4 = 0,15 4;
AU = AU, + AU,,.,, = (0,18 + 0,22)B = 0,4 B.
OTHOCUTEIBHBIE IOrp€IIHOCTU CHUJIBI TOKA U HAIIPSXKCHUA:

Al 0,15 AU 0,4
£I=_=_=O’085; $U=—=—=0,078.
Iep 1,76 Uep 512

OTHocHUTeNnbHAS IOrp€IIHOCTb COIIPOTUBIICHH
Er = & + Ey = 0,085 + 0,078 = 0,16

. AOcomroTHas MNOTPCITHOCTL COIIPOTUBJICHUA:

AR = chER =2,920m-0,16 = 0,467 Om = 0,5 Om.
Comnporusienue pasio R = (2,9 + 0,5)Om.



Jlabopamopnas paooma Ne 1
H3mepenue maccol mena Memooom 2udpoOCmamuieckozo 636euusanus

Ienv pabomoi: I/IBMepI/ITI) MaccCy T€jia METOAOM IrHAPOCTATHUYCCKOI'0 B3BCIIIMBAHM .

Obopydoganue: MTATUB, IPYKUHA, TMHENKA, MEH3YPKa, IMJIMHAPUIECKOE TEIO0 HEU3BECTHOU

MAacCChl, COCY C BOJOM.

Kpamkasa meopusn:

Ha rpy3 B Bo3ayxe IeHCTBYIOT cujia TSDKECTH F:ucuna yOPYTOCTH F ynp.. Y CJIOBHE PaBHOBECHS
rpysa: F;, = F ;. Mcrone3yst 3akoH ['yka, 3T0 paBeHCTBO 3alHIIEM TaK :

mg =kAl, Q)

rie k— ’xecTKkoCTh Mpy)KuHbI (OHA HEM3BECTHA); A [y - yIJIMHEHHE TPYKUHBI B BO3AyXe; M- Macca
rpy3a; g- ycKkopeHue cBOOOIHOTO MaIeHUsl.

Lo

Bl

&

~

B BOzE AeiicTBYyeET elie U apXuMenoBa cuia
Fa=p,Vg
rae p,, — IWIOTHOCTh XHUIKOCTH (B IaHHOW pabote Boza); V- o0beM Tena.
VYcnoBue paBHOBECHS B BOJIE:
mg=kAl,+p Vg,
rne A l,- yuinHeHue MpyKUHBI B BOJIE.
[IpupaBHuBaeM npasbie yacTu ypaBHeHut (1) u (2) :
kAl +p, Vg=kAlL;
P,.Vg = k(AL —AL);

I = P,.V9
Al —AL
[ToxcraBnsiem 310 Beipakenue B (1) 1 moayuum Gopmyiry sl pacueTa Macchl rpy3a:
P VAL
m= Al =Aly ©)

Xo0 pabomut:

1. 3anuury B TabMIy IIOTHOCTE XKHUAKOCTH (B IAHHOM paboTe BOAA) P, YCKOPEHHE

CBOOOHOTO NaICHUS J ,LIEHY JIeICHUS TUHEUKH C,,,,, U MEH3YPKH C,,0,5-
2. U3mepro o6beM Tena V,0mycTUB €ro B MEH3YPKY C BOJIOH.

3. 3aKperuIio NpyKUHY U JIMHEHKY (B BEPTHUKAJIBLHOM MOJIOKEHUH) B JIANKE IITATUBA.



4.IlonBemry K MPY>KUHE TPY3 U U3MEPIO € yamuHeHne B Bo3ayxe A [;.
5. Omymty rpy3 B COCyJl C BOAOH M U3MEPIO YATUHEHUE MPYKUHBI B BoAe A [,.

6. Paccuuraro 3Hauenue maccel o popmye (3):

p VAL
MEANL AL

7.PaccunTaro NOrpemHoCTb H3MepeHHuil.

1. OTHOCI/ITCJ'IBHy}O MNOTPCITHOCTD UBMEPCHUA MACChI MOKHO HalTH TaK:

Caun Cuens
8m = gAll +8Al2 +EV = ZA_12+7

Em =
2. AGCOMIOTHAS IOTPEITHOCTh U3MEPEHHS MaCCHI.
Am=&, - m=

Tabauna npsaMbIX 1 KOCBEHHbIX U3MepPeHU i

[TocTosiHHBIE p K2 I3 g, m/c? C nun., M C mens., »3

BCJIMYHHBI

13MepeHHbIe V, M3 Aly,m Aly m

BCINYHHBI

Paccuurannnie m, Kr £,100, % A m, Kr

BCINYHHBI

Buoigoo:
Jlabopamopnasa paboma Ne 2

I/I3Mepe1me YCKROpEeHUA CBOﬁO}IHOFO nagcHus ¢ NIOMOIbIO MATEMATHYIECCKOI0O MasiTHUKA

Lleny padompl: N3MepUTh YCKOPEHNE CBOOOJHOIO MAJCHUS € IIOMOIIBI0 MATEMATUYECKOTO
MasiTHHUKA.
Obopydoganue: MTATUB, INAPUK C HUTBIO, JINHEHKA, CEKYHIOMED.

Kpamxkas meopus: Y cxopeHre CBOOOHOTO TaIeHHSI MOKHO OTIPEICITHTh, H3MEPHUB TIEPHOJ
KOJ'IC6E[HPII>1 MAaTEMAaTU4YCCKOI'O MasdTHHKA, TaK KaK B (popMyJIy AJId TIEpruoJa BXOAUT BCJIIMYMHA g:
N !
T =2m |- (1)
g
rae T — nepuoj kojeOanuii; |- 1rHa MaTeMaTHUECKOT0 MasiTHUKA (CM. PUCYHOK);
g — yCcKopeHHe CBOOOIHOTO mafenust. [Iepruo n3MepsIoT ¢ TIOMOIIBI0 CEKYHIOMEPA.

! HeobxomuMmo 3ameputs Bpems 1, 3a KOToOpoe MasiTHUK coBepinaeT N moTHBIX
koneOanuii. Toraa mepuona koneGaHuii paBeH
t
T =— (2)
N

Heo0xommmMo 3aMeTHTh, 9TO MAaKCUMAITBHBINA YTOJI OTKIIOHEHHS MasiTHAKA OT
MIOJIOKEHHSI PABHOBECHSI HE JIOJDKEH MPEBbILATh ~ 5° (nHaue Gpopmyina (1) He npuMeHnMa).
Pemas coBmectHo (1) u (2),mosrygaem ¢popMyity sl pacueTa yCKOPEHHs CBOOOHOTO TaACHUS:



a1

2l _

.gNZ;

NZ

TN 2
g=4(=). @
Xo0 padomui:

Jlabopamopnas paboma Ne 3
N3yuyenne 3aBHCUMOCTH NMEPHOIA KOJIeOAHUIT HUTSHOT0 MAasiITHUKA OT JAJTHHBI HUTH

Heny _padompl: M3yunTh 3aBUCUMOCTH TepUoa KOJCOAHWI HUTSIHOTO N

MasiTHHKA OT AJIMHBI HUTH.

Qoopydosanue: MTATUB, NIAPUK C HUTSIMHU Pa3HBIX pPa3MepOB, JINHEWKA,

CEeKyHIOMeD.

Kpamxkas_meopusa:_ Tlepuon xoneOaHuil HUTSHOTO (MAaTEMaTHIECKOTO) ]

MasiTHUKA OTpeenuM 1o popmyre:

T=2T[\/§ @

rne 7 — mepuon KkoneOaHWif; |- JMHA MaTeMaTHYecKoro MasiTHHUKa (CM.
PHUCYHOK);

1. 3anwucarp B TabiuIly 3HAUEHUE YCKOPEHUS CBOOOIHOTO MAICHUS Jrag.
2. 3akpemnuTh MApUK Ha HUTH B HITaTUBE. VI3MepuTh AuHy lm0ayd4eHHOT0 MasTHUKA TMHEHKOH.
3. OTKJIOHMB MasTHHK Ha yroia = 5°, 3aCTaBUTh €ro KojieOaTbcs, OJHOBPEMEHHO BKJIIOYWB
cekynaomep. M3meputh Bpems t, 3a kotopoe MasTHUK coBepmuT N=50...100 konebaHui.
4. PaccuuTaTh yCKOpeHHE CBOOOHOTO najaeHus mno ¢popmyie (3):
ul (nN ) 2
g t
5. Pac4yeT morpemHoCcTH u3MepeHui
1. Paccuutarh aOCOMIOTHYIO NOTPELUIHOCTh YCKOPEHUSI CBOOOIHOTO Ma/IeHUA(
Ag =19 = Graoal =
2. PaccuuTaTh OTHOCHTEIBHYIO ITOTPEITHOCTH
Ag
E p—vl —
g
YGra6n
Taéanna npsiMbIX U KOCBEHHBIX H3MepPeHn i
[TocTostHHBIE BETUYUHBI 2
Gra6nM/C
9,8
N3MepeHHbIEe BENMYUHBL I,m t,c N
50
. 0
Paccunrannsie g M/c? g4+ 100, Y% Ag,m/c2
BEJTMYNHBI
Buigoo:
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g — yckopeHue cBobogHoro naaenus. [lepuon naMepsior ¢ nmomomipio cekynnomepa. Heobxomumo
3aMepuTh Bpems t, 3a koTopoe MasiTHUK coBepiiaeT N monHbIx konebanuii. Torna nepuona konebanui
paBeH

T =
Xo0 padomui:

(2)

t
N

1.3anucarp B Ta0nuIly 3HaYEHHUE YCKOPEHUS] CBOOOAHOTO NMANCHUS Grag.

2.3aKpenuTh MApUK Ha HUTH JUIMHOM [; B mtaTuBe. MI3MepuTh [uinHYl; MOTy4YeHHOTO MasTHUKA
JIMHEHKOM.

3.0OTKJIOHMB MasTHHK Ha yroi = 5°, 3aCTaBUTb €ro KojeOaTbCs, OJAHOBPEMEHHO BKJIIOUUB
cekyngomep. M3meputs Bpems 1, 3a kotopoe MasTHUK coBepmuT N=50 konebanuii.
4.Paccunrath nepuos o ¢popmynam (1) u (2).

5.3akpenuTh MapuK Ha HUTH JUTUHOM [, B mtaTuBe. M3MepuTth HHYl, MOIyIeHHOTO MasiTHUKA
JINHENKOU.
6. [Iponenats nyHkTHl 3 U 4, cpaBHUB niepuoabl T U 1.

[

T, =2mn |—=
: g
[
T, =—=
27N
7.Cpennee 3HaueHueE nepuo/ia
, T +T;
=—F=

Pacuyer norpemsocTs usMmepeHui

1. Paccumntarh aGCOMIOTHBIE TOTPEIIHOCTH NTEPUOIOB KOJICOaHU
Aly

AT, = (T> T, =

AN At
AT' = (—+—)T’ =

Nt
AN At

AT = (— —) T' =
Nt

rae AN = 1,At; =1¢,Al=1-10"3m

ATZ = (_> TZ =
Ly

rae AN = 1,At, =1¢,Al=1-10"3m
2. PaccuntaTth OTHOCHUTELHBIE MOTrpeIIHOCTU
AT
&t = ? -100% =

11



AT
&t = T 100% =

!

&t = T, -100% =
Ta6anna npsiMbIX U KOCBEHHBIX U3MepeHu i
Ne N |[tec [T'c |g, % | T,c AT,c | AT ,c | &% | &%
C
1 50 9,8 -
2 50 9,8 -
Bu1600:

Jlabopamopuas paooma Ne 4
H3yuyenne o1HOro U3 N30MPOLIECCOB

Llens pabomot: VI3yunTh OIMH U3 U30IPOLIECCOB.

Qobopydosanue: cocyibl C BOJIOH, MpO3payHasi pe3uHOBast TPyOKa (3aKpbITasi C OJJHOTO KOHIIA),
TEPMOMETD, JTUHEHKA, SJICKTPOIUIUTKA.

Xo00 padbomui:

B pabote npoBepsitoT cripaBeIMBOCTh 3akoHa [ eii-Jltoccaka, T.e. HajJ ra30M MPOBOISAT U300aPHbII
mponecc n U3MEPAIOT €ro Ha4aJIbHBIC 1 KOHCYHBIC ITapaMETPhI.

B nauane TpyOKy C BO3IyXOM MOMEIIAIOT B COCyHd C Topsiueil Boaoi. [lpu HarpeBanuu ras
paciiupsieTcsl U 4acTh €ro BHIXOJAUT HApYXKy. 3aTeM OTKPBITHIM KOHEI TPyOKH 3aTHIKAIOT U MIEPEHOCAT
TpyOKY B XOJIOJIHYIO BoAy. [ 'a3 oxmnaxkaaercs u cKUMaeTcs, M o1 IeiiCTBIEM aTMOC(hEpHOTO TaBIeHUS
BOJIa TIOCTYTIAET B TPYOKYy.

Macca Bo3ayxa, oOcTaBIIerocsi B TpyOKe, oOcTaeTcsi TMOCTOSHHOM, [daBleHHe B TpyOke
MOJJIEPKUBAETCS PaBHBIM aTMoc(hepHOMY (IaBI€HHEM BOJABI HaJl TPYyOKOM IO CpPaBHEHHUIO C
aTMoc(epHBIM MOXKHO TIpeHeOpeus). Takum 00pa3oM, yCIOBUS W300apHOTO MPOIecca BHITOTHEHBI:
m = constup = const.

Heo6x011uMo poBepUTh CIIpaBelIMBOCTh COOTHOLIEHHUS

A =Dy

. T

I'ne V;,T1- 00bEM 1 abcomoTHas TeMIlepaTypa Bo3ayxa B ropsiueit Boze, V,,T,- B X0JI0THOM.
[MockonmbkyV =51, S- ceuenne TpyOKH, [- BEICOTa CTOI0A BO3TyXa B HEH, TO mpormopiuio (1) MOXXHO

3amucarh Tak:

L _nh )

b T,
rne [, - HadanpHas BeICOTA CTOJI0A BO3MyXa (paBHA JIIMHE TPYOKH);l,- KOHEUHas! (MEHBIIE ITTHHBI
TpyOKH Ha JUTMHY CTOJI0A 3aJMBILIEICS BOBI).

1. Ha amekTporuutke HarpeTh Boy B ogHOM cocyae no 70-80 °C.

2. OmycTuTh B COCY/ C Topsideld BOAOH TpyOKY U TEpMOMETP Ha HECKOJIBKO MUHYT /IO YCTaHOBJICHUS
terutoBoro paBHoBecHs. (IIpm 3TOM M3 OTKPHITOrO KOHIIA TPYOKH TEPECTAaHYT BBIXOJHUTH ITy3BIPH
Bo3ayxa.) [To TepMoMeTpy CHATH MOKa3zaHHE TEMIEPaTyphl 1.

3. 3aKpbIB OTKPBITHIN KOHEI TPYOKH, IEPEHECTH €€ K TEPMOMETP B COCY/I C XOJIO0IHOM BO10M. CHSTH
MoKa3aHue TeMIIEPaTyphl t2, KOTJa TpyOKa MepecTaHeT 3arodHAThCS BOIOM.

4. BeiHyB TpyOKYy, U3MEPHTD JIMHEHKOM e€ UHHY [; U BBICOTY cT0N0a BO3ayXa .

5. Paccumurath 3Hauenus Tou T,:
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T, = t1+273=
T, = t2+273=
6. Paccuntarh OTHOLIEHUS U CPABHUTD UX.

7. PacyeT morpemHoCTy U3MepeHn i
OTHOCUTENBHOE pa3inyue MPaBoi U JIEBOM YacTeil paBeHcTBa (2):

e = |C, — Cyl _
0,5(C + Cp)
N3mepenne t1, °C to, °C Ly, m L, m
BEJIMYMHBI
Paccuurannbie T, K T, K G Cr €-100,%
BEJIMYMHBI
Bui6oo:

Jlabopamopuasa paboma Ne 5
Onpenenenne abCOTIOTHOM BJIAKHOCTH BO3/IyXa

Henwv pabomul: onpenenuTh aOCOMOTHYIO BIAKHOCTH BO3TyXa.

Obopydosanue: icuxpoMeTp (IpUIaraeTcs NCUXpoMeTpruIecKas Tadymia u Tabaumna
3aBUCHMOCTH JIaBJICHUS HACBIIIEHHOTO Mapa OT TEMIEPaTyphl).

Xo0 padomut:

Ilcuxpomerp ABrycra COCTOUT U3 IByX TEPMOMETPOB, KOHEIl OTHOTO U3 HUX O0EpHYT
MOJIOCKOM BJIKHOM TKaHU. CyXOi TEPMOMETP MOKa3bIBAET TEMIIEPATYPY BO3/yXa t.y.3a cuer
HCIIapEHUs BOBI C TKAHU BTOPOH TEPMOMETp oxjakaaercs. [Ipu 3ToM ueM MeHbIlE BOASHBIX [1apOB
B BO31yXe (HM3Kas BIAXXHOCTh), TEM UHTEHCHBHEE UCTIApPEHNUE, a 3HAUUT, HUXKE TeMIiepaTypa
BJIQXKHOTO TepMoMeTpa t, ;. Mcnonb3ys ncuxpoMerpuueckyto TabauIy MOXKHO 1O 3HaYEHUSIM
TEMIEPATYP toyy U Ly, ONMPENENTUTH OTHOCHTEBHYIO BIAKHOCTD .

I[To onpenenenuto: @ = pﬁ- 100% (1)

TJie p -AaBlIEHUE BOJISTHOTO Mapa B BO3AYXE; P, - AaBJIICHHUE HACBIIIICHHOT'O BOISIHOTO TIapa mpH
TemIeparype te,(onpenensercs no rabauie).

/\

1. CHATh OKa3aHUsI TEPMOMETPOB teytitss .

2. BBIYMCIUTD pa3HOCTh MTOKa3aHUN TEPMOMETPOB
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At=tcyx—tBH =
3. Ucnonp3ys NCUXOMETPUYECKYIO TaOIHILy, ONPEIEIUTh OTHOCUTENIBHYIO BIaKHOCTD (.

4. Vicionb3ys TaOMIly 3aBHCUMOCTH JIABJICHUS HACKHIIIEHHOTO Iapa OT TeMIIepaTyphbl,
OTIPEIICIIUTH P,

5. Ucnonw3ys dhopmyiy (1), paccuutath aOCOMOTHYIO BIAKHOCTD P!

_9PPu _
P = 100%
H3MepeHHbIE BETMYNHBI tey, °C ten, °C
Paccuntannblie BeTWIUHEI At ®, % p,, Ila p,lla

Bui6oo:
Jlabopamopuasa paooma Ne 6
Onpenenenue ko3¢ PUuMEHTA NOBEPXHOCTHOTO0 HATSKEHUSI JKUIKOCTH.

Henwv pabomul: onpenenuts KO3POUITHEHT TOBEPXHOCTHOTO HATSKEHHUS JKHUAKOCTH.

Qobopydoeanue: BeChl U pa3HOBECHI, CTAKAHYUK JJI1 cOOpa BOJIbI, TUTIETKA, JIMHEHUKA.

X00 padompt: KO>PPUIHMEHT MOBEPXHOCTHOTO HAIPSKEHUS. 0 MOXKET OBbITh ONpeienéH 1o popmyIe

E’IOB
(1)

o=

rne F,,,- cijia MOBepXHOCTHOTO HATSKEHMS, [- JUIMHA TPAHUIbl KOHTAKTa TBEPAOIo Teja U )KUKOCTH.
B pabote ncnonb3yercs sBI€HUE OTPbIBA BOASHOMN KaIUIM OT IIEHKH NUNEeTKU. OTpBIB MPOUCXOIUT B
MOMCHT, KOrja CuJjia TSXKCCTH IMMOBCPXHOCTHOI'O HATAKCHUA, I[CI;'ICTBYIOIHHG Ha KallJltO, paBHBLI 11O
Moayiro. ['paHuIell KOHTAKTa B JAHHOM CIIy4ae SBJISIETCS OKPY’KHOCTD - OTBEPCTHE ITUIIETKH.
[Toatomy popmyma (1) 3anuiercs Tak:

_ Mmg§g
0=—" (2)

IJIe My —Macca Kari; d —IuaMeTp MICHKH ITATTCTKH.

Maccy Karid MOXHO HalTu IIyTECM B3BCIIMBAHUA N kamens. Mx 061_[1351 Macca CoCTaBUT M,

3HAUUT, My = % Torna ¢popmyna (2) npuHUMAaET B

mg

o = ﬁ (3)

BuyTpennuit quametp dieiky NUneTKH MO>KHO HalTH Tak. OCTPOKOHEUHBIN OyMaXXHBIN KIMH
BCTaBHUTH B OTBEPCTHE MHITETKN HA TTyOMHY X ¥ M3MEPHUTD JTMHEHKOM JUTMHBI X, X1, d1, IOKa3aHHBIC
Ha pucyHke. Jluamerp d MOXHO pacCuUTaTh U3 yCIOBUS MOAOOHS TPEYTrOJbHUKOB:

-2 @
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1. 3anwmcarp B Tabnuily K03)PHUIHEHT TOBEPXHOCTHOTO HATSHKEHUS BOJIBI Ty,,5,, YCKOPECHUE
cBOOOJHOrO NaJCHUS g.

YpaBHOBECUTH Ha BECaX CTAKAHYHK.

Pacnionoxxup nuneTky BepTukaibHO HaOpatTh B crakaHuuk N = 80 ... 120 kamnens.
JI070KUTh Ha Yally BECOM I'MpH, YPaBHOBEIIMBAIOLIUE MAcCy BOJIbI M B CTAKAHYHKE
BceraButh B numneTky OyMakHbIN KJIMH JI0 yHopa. 3aMepuTh JJIUHBL X, X1, d.

ook wn

PaccuuTarh quaMeTp menku numneTku d:

xd
d = 1=

X1

7. Paccuutath no ¢popmyiie (3) K03PPUIMEHT MOBEPXHOCTHOTO HANPSKEHUS BOJIBI T

_mg _
Nmtd
8. Pacuer mOrpemHoCcTd U3MEPEHHIA
1. Paccuurars a6COHIOTHy10 IOTpCIIHOCTDL
AO’lO’ - Gmadql =

2. PaccuuTaTh OTHOCHTEIBHYIO IMOTPEITHOCTH OMPEICIICHUS O

e = Ao
o = =
O1a6n

[TocTOSIHHEIE O/ M g, m/c?
BEJIMYUHBI
N3mepennbie N m, xr X M Xq, M dy,m
BEJIMYUHBI
Paccunranusie d, m o,H/m &s 100, %
BEJIMYUHBI
Buoieoo:

Jlabopamopnas paboma Ne7
HN3mepenne I/IC 1 BHYyTPEHHEro CONPOTHBJICHUS HCTOYHMKA TOKA.
Ienv padomut: uzmeputb J/]C 1 BHYTPEHHHE CONPOTUBIIEHUS HCTOYHUKA TOKA

Qbopydosanue: NICTOYHUK TIOCTOSTHHOT'O HANIPSKEHUS, BOJILTMETP, aMIIepMETp, peocTar,

COCIUMHUTCIIBHBIC ITOBOJA, KIIFOY.

Xo0 pabomui:
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Hns onpenenenus DJ1C UCTOUHMKA TOKA U €T0 BHYTPEHHETO CONMPOTUBIICHUSI BOCIIOIb3yEMCS

o &
3akoHoM Oma 1 IOJTHOU uenu:l = P Otcrona
e=I(R+r) 1)

rae € —OJ1C; I —cuna Toka; R —conpoTUBIIEHHE BHEIIHEH 1IeTH (peocTara);
T —COIPOTHUBJICHHE NCTOYHHKA TOKA.

6, r
e

|
o

\ A
O,

R

B pabote u3mepsroT 1Ba 3HAYCHUS CHIIbI TOKA M HAMIPSHKSHUS: TIPU IBYX PA3IIUUYHbBIX
conpotuneHusix peocrata (R_1 uR_2). Jlns aTux 3Ha4eHuii ypapHenue (1) 3anuiercs Tax:

{8 =1L (R, +71),

e=1L(R, +71).
Otcroga
L(Ry+7) = L(Ry+T);
LRy +Lir = LR, + Lr;
LRy — LR, = L,r—1r.
3ametum, uto 1Ry — Uyu IR, — U, (no 3akony Oma i ydacTka 1emnu). Toraa U, —-U, =

r( I, — I,). BHyTpeHHee CONPOTUBICHHEC HCTOYHHKA TOKA

U - U,

—_— 2
— @

r =
rae liu I, —cunsl Toka; UulU, —HanpskeHHe pU CONPOTUBIICHUSIX PEOCTaTa COOTBETCTBEHHO
RiuR,.

Beraucnaus r, MoxxHO HaiiTH € 1o popmyrie (1).

1. Cobepy >neKTpUYECKYIO 1IeTIb [0 cXeMe. Y CTAHOBUTbH JBHXKOK peocTaTa MpUMEpPHO
OCEpEUHE.

2. 3aMkHYTh Kmo4. CHATh OKa3aHus npubopoB [ u U;.

3. TlepenBuHyTh NBUKOK, YBEITHYUB CONPOTHBIICHHE peocTaTa. CHATH HOBBIC TOKa3aHHS
npubopos I, u U,.

4. PaccuuTaTh CONMPOTHUBIICHHE UCTOUHUKA TOKa MO dopmye (2):

_Ui-Us _

L—1

5. Paccumnrate D/IC HCTOYHHMKA TOKA!
16



U
R, ===
Iy

e=I(R+r)=

ITocTossHHEBIE 1,4 Uy, B I, A U, B
BEJINYHHEBI

Paccunrannsie 1, Om & B
BEJIMYUHBI

Buieoo:

Jlabopamopnasa paboma Ne 8
Hsmepenue émkocmu Konoencamopa.

Henb pabomor: I3mepuTh EMKOCTH KOHJICHCATOPA
Oobopydosanue: nBa KOHAECHCATOPA, MUILTMAaMIIEPMETP (TalbBAaHOMETP), UCTOYHUK IIOCTOSIHHOTO
HaIPSDKEHUS, COEJUHUTEIbHBIE TPOBOJA, KIIIOY.
X00 pabomui: B nanHoi pabote H3MEPSIOT EMKOCTh OIHOTO KOHJIEHCATOpa METOAOM CPAaBHEHUS
€€ C EMKOCTBIO JPYTOro - 3TaJJOHHOTO KOHJIEHCATOPa.
EmMKocTh KOHZEHcaTopa oIpeaesnseTcsi OTHOUIEHHEM €ro 3apsaa ( K

— }—’ |—| I_ nanpsoxenmio U ma mem: C =% .Ecnmm HamnpsbkeHus Ha  AByX

KOHJICHCATOPaX OJMHAKOBBI, TO MX €MKOCTH IPONOPIMOHAIBHBI 3apsaaM,
KOTOpbIE UM COOOILIEHBI:

—_——C
G_a g
C; qq
.-"1:'“\. [Ipu moAKIIIOUEHNH 3apPSKEHHOTO KOHAEHCATOPa K FaJlbBAHOMETPY B LIENHU
(N BO3HUKAET KPAaTKOBPEMEHHBIN TOK - IPOUCXOIUT pa3pslKa KOHAEHCATOpa.

Yucno peneHWil mKanbl N ,Ha KOTOpPOE M IMPOU3OLIEN OTOPOC CTPENKH,
IPONOPIMOHANIBHO 3apsay ( KOHJAeHcaropa. (AeWCTBUTENbHO, OPOCOK CTPENKH MPONOPLHMOHANICH
cpenHed cuie Toka I, 4yepe3 mpubop W BpeMeHH U MPOXOKIEHHS TOKa; HO I, -t = q.) Tornma
nponopuus (1) ¢ yuetom g~n 3anuiercs Kak
N
C; m
Wtak, B pabore HabmogaeTcs paspsal JABYX KOHJIEHCATOPOB, 3apsKEHHBIX JI0 OJHOTO
HanpspkeHusa. CpaBHHMBass OpPOCKM CTpPEIKH, MOXKHO OIPENEINTh €MKOCTb OJHOr0 M3 HUX U3
COOTHOLIEHMS (2), CUMTast EMKOCTh IPYroro 3TalOHHOM.
1. 3anucats B Tabnuiy emMkocTh Cq 3TanoHHoro konjaeHcaropa (C; ykazaHa Ha HeM). 3apsSAUTh
€ro, COEIMHUB C HICTOYHUKOM TOKa.
2. OTcoequHUB KOHJIEHCATOpP OT MCTOYHMKA TOKa, MPUCOEAMHHUTH €ro K raibBaHoMeTpy [ u
3aMKHYTb KJIt04. MI3MEpUTH 4MCII0 JENEHNH Ny, Ha KOTOPOE OTKJIOHUJIACH CTPEJIKA.
3. BemonnuTts 1,2 ¢ KOHAEHCATOPOM HEM3BECTHONW €MKOCTH C,.

4. U3 cootHomeHus (2) paccuutath eMKOCTHC, !
Cin2
C2 = it S =
ni
5. Pacuer norpemHocTy usMepeHun
1.I[IpuHsB, YTO 3Ta’lOHHAs €MKOCTh M3BECTHA TOYHO, MOYKHO CUHUTAaTh, YTO MOTIPEHIHOCTh

HU3MCPCHUA Cz CKJIaAbIBACTCA M3 HOFpeIJ_IHOCTCI\/'I oTcy€Ta 4ucia I(CJ'ICHI/Iﬁ B JABYX OIIbITax.
1
HOFpCLHHOCTB OTCUCTA COCTABJIAACT IIOJIOBUHY ACJICHUSA: An:E. Torna OTHOCHUTCJIbHAA MOTr'pCITHOCTDH

paBHa
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e 1 ( 1 N 1 )
€272 n, n,)
2. AGcomroTHAS MOTPEUTHOCTh U3MEPEHUS €MKOCTH

ACZZECZ'CZZ

[TocTostHHBIE Cy, D

BEJIMYMHBI
N3mepenHsie Nnq, AeJ Ny, Jel

BEJINYUHBI
PaccuntanHbie C,, H® €C2~100, %

BCJIMYHHBI

Bui6oo:
Jlabopamopuasn paboma Ne 9

H3yuenue siBjieHHE 3JIEKTPOMATHUTHOM MHAYKIUA

Ienv pabomoi: HU3YYUTH ABJICHUC BHGKTpOMaFHHTHOﬁ WHAYKIHHU.

Oobopydoganue: TaibBaHOMETP, KaTyIIKa, COEAMHUTEIbHBIE IPOBO/A, MAarHUT.

m Xo0 padoomui:

o B paGore HaOmronaeTcs siBICHUE dIIEKTPOMArHUTHOM
& — ; UHIYKIHK. Yepes MoJ0CTh KaTylIKK IepeMeNaloT MarHuT 1
OIPCACIIAIOT IIPU 3TOM HAITPABJIICHUC MHAYKIIMOHHOI'O TOKA IO
OTKJIOHEHHUIO CTPEJIKH T'aJbBaHOMETpA.

Hanpasienne MHAYKIIMOHHOTO TOKa MOXHO ONPEIENIUTh U 1o npasuily Jlenna. B pabore ero MoxHo
MPUMEHUTH TaK:

1) onpenenuTh pacnonoKeHUe MarHUTHBIX MOJIFOCOB KaTYIIKU MIPU ABM)KEHUHM MaruuTa (K
Mar"HuTy oOpalleH MOJIKC, KOTOPbII MPENsSTCTBYET €ro ABHKEHUIO);

-
2) onpenenuTs (1O IpaBUITy MArHUTHON CTPEJIKHM) HallpaBJIeHHE BEKTOpOB B MarHuTHOTO 1moss,
CO3/IaHHOTO TOKOM B KaTyIIIKE;

3) onpenenuTh (10 MpaBuiTy OypaBUyrKa) HAITPaBICHUE TOKA B KaTYIIIKE.

1. TloacoeaMHUTH KATYyUIKy K TaJlbBAHOMETDPY.

2. TlepenBuraTh MarHUT Yepe3 MOJIOCTh KATYIIKH, KaK IOKA3aHO Ha PUCYHKaX @)-2); OTMETUTh
Ha KaX/10M CJIy4ae OTKJIFOUEHHE CTPEJIKU IaJIbBAaHOMETpA (HAIpaBJICHHUE TOKA).

3. 1y 0THOTO U3 CITy4YaeB (Noa0ca MAzHUMA U HanpasieHue e2o0 08UNCeHUs 3a0aem
npenooasameny) ONPEEIINTh HAIIPaBJICHHE TOKA B KaTYIIKe 110 npaBuily JIeHna, ucrnonb3ys

-
m.1)-3). Jlns kaTymkn ykasate: moioca N u S, HarpaBiieHHe BeKTopa B, HalpaBJIeHHE TOKa 1.

Ne onbiTa HevictBua ¢ marauutoMm | Hanpasnenue ctpenku | Hanpasnenue
Y KaTyUIKON raibBaHOMETpa(BIIPaBO, | HHIYKIIMOHHOTO TOKA (IO
BJIEBO WU He | mpaBmiy JIeHia)
OTKJIOHSIETCS])
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beicTpo BCTaBUThb
MarHuT B KaTyIlKY
CEBEPHBIM IOJIHOCOM

6) bricTpo BBITAIIIUTH
MarHuT U3 KaTyIIKA
CEBEPHBIM MOJIOCOM

6) BeicTpo BCTaBUTh
MAarHuT B KaTyIIKy
o F0’KHBIM ITOJIFOCOM

2) bricTpo BBITAIIIUTH
MarHuT U3 KaTyLIKH
FO>KHBIM IOJIFOCOM

Margutr BHECIH B
KaTylIKy W OCTaBWJIU
HENOABUXHBIM

Bui6oo:
Jlabopamopuas pavoma Ne 10

IIpoBepka 3akona Oma /151 enu NepeMeHHOro0 TOKa.

Ileny padbomui: ipoBepUTH 3aKOH OMa JUIsl LIENU NEPEMEHHOTO TOKA.

Obopydoganue: NICTOYHUK MIEPEMEHHOTO HAIIPSDKEHUS, PE3UCTOP (J1aMIia HaKaJIUBaHUs),
KOHJICHCATOP, aMIIEPMETP U BOJIBTMETP MEPEMEHHOIO HANIPSKEHNUS, KIIH0Y, COEIMHUTEIBHbIE
IpoBoOja

X00 padomui: B pabore npoBepsIOT BHINIOIHEHNE 3aKk0oHa OMa Ui [IeNH MEPEMEHHOT0 TOKa B
JBYX CIIy4asx: [elb COAEPKUT 1) akTUBHOE COMPOTUBIIEHUE — PE3UCTOP; 2) PEaKTUBHOE
COIIPOTHBIIEHUE — KOHIEHCATOP.

[IpoBeputh 3akoH OMa MOXXHO, CPaBHUB U3MEPEHHOE 3HAUEHUE CUJIIBI TOKA [, C paCUE€THBIM

3nauenueMm |. Hanpsokenue U u 3Hauenwue [,,,, CHUMAIOT ¢ mpuOOpoB. 3HaueHue |HaxoasT Mo 3aKOHY
Oma:

1) I = % (B enu pe3ucTop); (1)
2) I = Xl = UwC = U - 2nvC (B 1ienu KOHAEHCATOD). 2

3,[[CCB luU-— HeﬁCTBYIOMHC SHA4YCHUA CHUJIbI TOKA U HAIIPSAKCHUS R - COIIPOTUBJICHUEC PE3UCTOPA,
C — eMKOCTB KOHJACHCATOpa, V — YyacToTa TOKa B CCTH.

1. 3amnucars B TaGnuiy yactoty Toka B ceth v = 50 I'ii u emrxocTs Kongencaropa C (ykasaHa Ha
HeM). Ecnu conpoTHBiieHNE TaMITbl HEU3BECTHO, TO €r0 MOYKHO paccunTaTh, 3Hasi MOLTHOCTh
namnsl P (yka3zaHa Ha Hell) U HalpsbkeHue B ceTh U
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2. CoOpatp 1enb NepeMEHHOT0 TOKa, BKIIIOYUB B HEE PE3UCTOP (J1aMITy). 3aMKHYTh KITFOY H
CHSITH TIOKa3aHUs MPUOOPOBI,, ;11 U1.

3. Paccuutath cuiry Toka B 1ien |1 mo opmye (1):

Uy
I —_— —
17 R

4. CoOpaTh 11enb IEPEMEHHOTO TOKA, BKJIIOUMB B HEE KOH/IEHCATOP. 3aMKHYTh KJII0Y U CHATh
nokazanus npu6opos I, 1 Us.

5. Paccumurath cuiny Toka B en# |2 mo ¢popmyse (2):

I, =U; 2nmvC =

6. PacyeT morpemHoCTH H3MepeHui

OTHOCHTEbHAS PA3HUIIA MY H3MEPEHHBIMH U PACCUUTAHHBIMH 3HAYCHHUSIMUA CHIIBI TOKA JUIS

JIBYX CXEM:

— |1H3M1_11| -
0;5(1M3M1+11)

_ |II/13M2_12| -
0r5(1H3M2+12)

&1

&

IToctosuapie | v, IO C,® R ,Om
BEJIMYMHBI
N3mepennsie | [5y1, A U;, B Lisvz,A U,.B
BEJIMYMHBI
Paccuurannsie | I;,A &-100,% | I, ,A &, 100 ,%
BCJTMYUHBI

Buv1600:

Jlabopamopuasa paboma Ne 11
H3mepeHue noka3zarteisi NpeIOMJIEHHUS CTEKJIa

Llenb padompi: N3MEPUTH NTOKA3ATEIb PETOMIICHHS CTEKIIA.
Oobopydosanue: TIIOCKONIApaIIIENbHAS IIJIACTUHA, JIMHEWKA, Ja3epHas yKa3Ka (WM Ipyrou
HCTOYHUK CBETA, NAIOLIUI Y3KUI CBETOBOM MYYOK)
X00 pabompl: 1I0Ka3aTeNb NPEITOMIICHHS CTEKIIA MOXKHO ONPEEIINTh HA OCHOBAaHUM 3aKOHA
IIPEJIOMIIEHUS CBETA

Ssina
n= sin 8 (1)
y D ['ne a - yron najeHus jiyda Ha TPAHHILY BO3YX — CTEKJIO; 5 — yroi
MIPEIOMJIEHUS; M - TIOKa3aTellb MIPEeIOMIIEHUS CTeKIIa (TOCKOIbKY
nnoa,q ~1 )
B CyTb ombITa 3aKJII0YAETCs B TOM, YTO Ha OJHY U3 MapajiesbHbIX
rpaHell IUIACTUHKY HAIPaBJISAIOT ITyYOK CBETA MO/ IPOU3BOJIBHBIM
P yriaom a. Otmeuatot Touku A, B u C noxony nyda. [IpoBoasr
El C NEPIEHUKYJISIP B TOUKE B K rpaHy IIIacTUHBI U CTPOSAT /1Ba
npsimoyronbHbIX TpeyroabHuka ABD u BCE. Toraa gpopmymy (1)
MOJKHO 3aIucarh Tak:
_AD.CE_ AD (B
NTUB'CE 4B CE
W3MmepuB yKka3aHHBIE PACCTOSIHUS, MOXKHO OIPEIEIIUTS N.

)

1. 3anumnry B TabaMily 3HaU€HHE MOKA3aTENsl IPEIOMIICHUS CTEKNIA Nrg6r-
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2. Ilonmoxy miacTuHy Ha JuCT Oymaru u ouepuy ee rpanu. Hanpsiro s1yd na3epa Ha ofHy
napajenbHylo rpadb U oTMedy Touku A, B, C (cM. pUCyHOK).

3. YOpas miactuny, npoBeay neprneHauKyssp BD u mocTporo nmpsiMoyroiabHbIH TPEYTroJIbHUK
ABD.
N3mepro nuneiikon paccrossaust AD, AB, CB, CE.
Paccunraro mokazarens npeaoMieHus cTekiia mo gopmyre (2):
_ 4D B _
" AB CE

ok~

6. Paccuer morpemHocTy U3MEpEeHHA
1. PaccunTaro abCOIIOTHYIO MOTPEITHOCTH ONPEISICHHS TTOKA3aTeN sl IPETOMIICHUS
An = |n — Npae,| =
2. PaccunTaro OTHOCHUTEIBHYIO TOTPEIIHOCTh

e = An
n = =
Nragn

ITocTossHHEIE n
BEJTMYHHEBI Ta61

N3mepennbie AD, mm AB, mMm CB, mm CE, mm
BEJIUYNHBI
Paccuurannsie n &, -100,%
BEJIUYHHBI

Bui6o0o:
JlaGopaTopHas padora Nel2

N3yuyeHue TpekoB 3apsSKEHHBIX YACTHIL

Llenb padompl: N3y4nTh TPEKU 3aPSYKEHHBIX YaCTHULL.

Qobopydosanue: hororpadusi TpEKOB, MacIITaOHas JIMHEHKA.

Xo0 padomui:

1. IepenecTr Ha KaJbKy TPEKH YaCTHIIBI JIO M TIOCJIE MIPOXOXKICHUS €10 CBHHIIOBOH TUIACTHHBI.

2. C moMoIIp0 MaciTabHOM JTMHEHKH M3MEPHUTh JUTMHY XOpA [ U [, IMHY NepHeHUKYISIPOB

by v b, 1o 1 MOCIIE MPOXOXKISHHS TO3UTPOHOM CBUHIIOBOM IIIIaCTUHBI (pHC. 1)

3. BoramciuTh paguyc KpHBU3HBI TPACKTOPUH MTO3UTPOHA JI0 U TIOCIIE TIPOXOXKICHUS KM CBHHIIOBOM

TJIACTUHBI 110 (hOpMyJIe:

1244b?
R =
8h

4. OrnpeneNnuTh UMITYJILC TIO3UTPOHA JI0 U IOCIIE MPOXO0XKICHUS MM CBUHIIOBOM TTACTHUHBI 110
bopmye:
p = qBR,

rae B = 1,2 Tn — BekTOp MarHuTHOM uHAykuuu, ¢ = 1,6 - 10719Kun — 3apsj nosurpona.

5. PaccuuTarh MoHYIO SHEPTHIO O3UTPOHA JI0 U MOCIIE POX0XKICHHUS UM CBHHIIOBOH TUIACTUHBI 110
bopmyie

E = /p?c? + mic*,
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M —
rae ¢ = 3+ 108 = - ckopocTs cBeTa B BakyyMme, mgy = 9,1 - 107 31kr — macca nokost mo3urpoHa.
C

Taoanma9.1
IlapameTpbl TPeKa 10 MPOXOKICHUS MO3HTPOHA CBUHIOBON IJIACTHHBI
Iy, MM by, MM Ry, MM Kr*M Eq, Ix
pl,'
C
Taoanmna9.2
IMapameTpbl TPEKA MOCJIe POXO0KAEHHS O3UTPOHA CBUHIIOBOH ILIACTHHBI
I, MM b, , MM Ry, MM Kr-m E;, x

pZ,r

C

akrwbdPE

ok wdpE

6. Cnaenatsb BBIBOJ 0 TOM, KAK CBHHIOBAsl IJIACTHHA BJIMSIET HA 3HAYEHHUS HMITYJIbCAa 1
JHEPIrUH MO3UTPOHA.

Bonpocsl k 1adopaTopHbIM padoTam

JlabopaTopHasi padora Nel

UYro Takoe macca tena? Ha3zoBute ee cBoMCTBA.

Kakoe Teno 6onee nneptHoe?

Chopmynupyiite 3axoH ['yka.

Chopmynupyiite 3aKkoH ApXUMea U yCJIOBUS TUIaBaHUs TeJl.

Yro Takoe abcoiroTHas omubOka? UTo Takoe OTHOCUTEIbHAS OIIHOKA?

JlabopaTtopnasi pa6ora Ne2

Jaiite onpesenennue yCKOPeHHsI CBOOOTHOTO MaIeHHUS.

UeM oTimyaeTcs najieHue Tel B BO3AyXe OT NMaJIeHHUs B BaKkyyme?

UYrto Takoe nepuos IBUKEHHUS?

Yrto Takoe MaTeMaTHUCCKUN MAasSITHUK?

Kak onpenensercs nepuog MaTeMaTH4eCKOro MassTHUKA?

Uto Takoe abcomroTHas omuoOka? UTo Takoe OTHOCUTEIbHAs OIIMOKa?

JlabopaTtopnasi pa6ora Ne3

1.YUrto Takoe mepuoy kosebanus? EQUHUIBI U3MEpPEHHS TIePHO/Ia.
2.UTto Takoe MaTeMaTUYECKUI MAATHHK?
3.Kak ompenensercs nmepuoa MaTeMaTHIECKOTO MasiTHUKA?

22



4. Kak nmepron kojie0aHUH HUTSHOTO MAasgsTHUKA 3aBUCHUT OT €0 JUTHHBI?

5.Y9t10 Takoe abcosmoTHasa omnbka? UTto Takoe OTHOCUTEIbHAS OLINOKA?

JlabopaTtopHasi paGora Ne4

1.ChopmynupyiiTe OCHOBHOE YPAaBHEHHE COCTOSTHUS.

2. Kakue Buabl M301po1ieccoB Bbl M3yumsin? [lepeuuncnure.

3. Chopmymupyiite 3axoH [llapis.

4. Chopmynupyiite 3akoH [ et JIroccaka.

5. Chopmynupyiite 3akon boiins-Mapuorra.

6.Yro Takoe abconroTHas ommoOka? UTo Takoe OTHOCUTENIbHAS OIIUOKa?

a koo

N

agrownE

agrownE

JlabopaTopHasi padora NeS

Urto Takoe OTHOCUTENIbHAS BIAXKHOCTh BO3ayXa? ENMHUIIBI H3MEpEHUSI.

UYro Takoe abCOMIOTHAS BIAXHOCTH BO3ayxa? ENUHUIIBI H3MEepeHHs.

Hazosute npubops! a1 u3mepeHus BaaxHoCcTU. OObSICHUTE TPUHIUI pabOThI ICUXPOMETpa.
Urto Takoe TouKa pochl?

Uro Takoe abcomtoTHas omuoOka? UTo Takoe OTHOCHUTENbHAS OIrOKa?

JlabopaTopHasi padora Ne6

Uto Takoe kKOA((PUIMEHT TOBEPXHOCTHOTO HaTshKeHus? OT dvero wH 3aBucut? B yem
nu3Mepsercs?

Kaxk nampasieHa cuiia moBepXHOCTHOTO HATSKEHUS KUKOCTH?

Kak onpenenuts n3MeHeHNE NOTEHIIMAIBHON SHEPTUU MOBEPXHOCTHOTO CJIOS KUJAKOCTH MPH
YBEJTUYCHUH WJIM YMEHBIIEHUHU €€ TTIOBEPXHOCTH?

3anumute GopmMymy, T0 KOTOPOH OMpeensseTcsi BEICOTa MOAHATHS (OMYCKaHU) )KUIKOCTH 110
Kammuisipy.

Uro Takoe abcomtoTHas omuoka? UTo Takoe oTHOCcUTENbHAs omroKa?

JlabopaTopHuasi padora Ne7

Kak onpenensercs yaenpHOe CONPOTUBIIEHNE ITPOBOIHUKA? B yem oHO u3mepsercs?
Kak ynenbHOe cCOnpOTUBIIEHHUE 3aBUCUT OT TEMIIEPATYpPbI?

Chopmynupyiite 3axkoH OMa 1Ji yyacTKa Henu.

Kak ynenbHOe COpOTUBIEHHUE CBSI3aHO € YIEIbHON IPOBOAUMOCTBIO?

Uro Takoe abcomtoTHas omuoka? Uto Takoe oTHOcHUTENbHAs OIHOKa?

JlabopaTopHasi padora Ne§

Uto Takoe konaeHcarop? Jlaiite onpeneeHre MIOCKOr0 KOHAEHCATOPA.

Urto Takoe eMKoCTh KOHAeHcaTopa? B yem uzMmepsercst eMKOCTh KOHJeHcaTopa?
Hamumure hopmyiy asis napauieIbHOTO COSTUHEHHS KOHACHCATOPOB.
Hanwummre hopmyiy 11 OCIEA0BaTEIEHOTO COSIMHEHUST KOHICHCATOPOB.
Yto Takoe adcoiroTHas omnOka? UTo Takoe OTHOCUTEIbHAS OIKOKa?
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JlabopaTtopnas paGora Ne7

1. Kakue cuiipl Ha3bIBaKOTCSl CTOPOHHUMU?

2. Yro Ha3bIBAIOT 3JIEKTPOABIKYILIEH cuiioii? B yem ee uamepsitot?

3. U3 yero ckiagpIBa€TCs MOJHOE CONMPOTUBIICHUE LIENU?

4. TlosicHute (U3MUECKUI CMBICI 3JIEKTPOABMKYIICH CHIIBI, HANpsDKEHUS W Pa3sHOCTH
MOTEHIIHAJIOB.

5.Yto Takoe abcomroTHas omnoka? UTo Takoe OTHOCUTEIbHAS OIIHOKA?

JlabopaTopHasi padora Ne9

1. B uem cocrourt siBIEeHUE dNEKTPOMAarHUTHON MHAYKIUK? Onumure onbITel Oapazes.
2. ChdopmynupyiTe 3akoH ®apages 1 npasuno JleHua ana 31eKTPOMarHUTHON MHAYKUUA.

3. Kak ompenensieTcst HanpaBiIeHHE WHIYKIIHOHHOTO TOKa?

4. ChopmynupyiTe OCHOBHOM 3aKOH 3JIEKTPOMArHUTHOM MHIYKITHH.

5.Uto0 Takoe abconoTHas omuOka? UTo Takoe OTHOCUTENIbHAS OMnOKa?

JlaGoparopHasi padora Nel(

=

B geMm coctout 3akon OMma 1t momHo# nenu? KakoB ero ¢pusnueckuii cMbIci?

Uro Takoe nepemeHHbIN TOk? Chopmynupyiite 3akoH Oma il IEPEMEHHOTO TOKa.

3. Uto Takoe pe3ucTop, KOHJIEHCATOp W KaTylika MHAyKTUBHOCTH? Kak oHM o0o3HaudaroTcs B
BJIEKTPUYECKOMN LIECTH.

4, Yro Takoe abcomroTHag omuoka? YTo Takoe OTHOCUTENbHAS OILINOKa?

N

JlabopaTopHnasi padora Nell

ChopmynupyiiTe 3aKOHBI OTPAKEHUS U MIPEITOMIICHHUS CBETA.

Urto Ha3bIBatOT a0COMIOTHBIM (OTHOCUTENIBHBIM) MTOKA3aTeNIeM MPETOMIICHHUS ?
UYro Takoe nosiHoe orpaxkenue? ['1e oHo mpumensercs?

ChopmynupyiiTe 3aK0H MPSIMOIUHEHHOTO pacIpoCTpaHEHHs CBETa

Urto Takoe abcomoTHas ommnOka? UTo Takoe OTHOCUTENbHAS OITHOKA?

agkrownE

JlaGoparopHnasi pabora Nel2

1. Yto Takoe Tpeku?

2. U3 gero cocrout kamepa Buiascona?

3. Kak paboraer kamepa Bunscona?

4.Yto Takoe raMMmMma-u3inydenne? KakoB ero paanyc Bo3ieucTBus?
5. CrocoOBblI 3alUTHI OT raMMa- U3JIy4eHUsI.

Jluteparypa
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