MunuctepcTBo 06pazoBanus 1 Hayku YensiOuHCKoN 00IacTH
['ocynapcTBeHHOE 010 KETHOE MPOGeCcCHOHAIBHOE 00pa30BaATENbHOE YUPEXKICHUE
«FOxHO-YPpanbCKuil rocy1apCTBEHHbI TEXHUYECKHHA KOJLJIEIK»

METOINYECKHUE PEKOMEHIALIUN
ITO BBIIIOJTHEHUIO JIABOPATOPHBIX U IIPAKTHYECKUX PABOT
1o o0111e00pa30BaTEeIbHON TUCITUTIIIMHE
«DU3nKa»
115 crienrannbHOCTH 08.02.13 MoHTAXK M IKCILIyaTallus BHYTPEHHUX
CAHTeXHUYECKHX YCTPOMCTB, KOHAMIMOHUPOBAHUS BO3AyXa U BEHTHJISILIUH

pouIbL 00yUSHHUS: TEXHOJIOTHY eCKUit

OIT «ITPOPECCUOHAJIUTET»

YensoOuuck, 2023



Metonuueckue
PEKOMEHIAIU IO
BBITIOJIHEHHUIO
71a00paTOPHBIX U
MPAKTUYECKUX padOT
COCTAaBJICHBI B
COOTBETCTBHUU C pabouei
IIPOTPaMMOU
o0meo0pazoBaTenbHOM
JTUCHUTUIHBI «DU3HKa»
M0 CHEUUAIBHOCTU
08.02.13 MoHTax u
AKCIUTyaTalus
BHYTPEHHHUX
CAHTEXHHUYECKUX
YCTPOMCTB,
KOHIUIIUOHUPOBAHUS
BO3/yXa U BEHTUJISILIUU.

CocTaBUTEND:

MesbKOBa

OJIOBPEHO
[IpenmeTHOM (ITUKIOBOW)
KOMHUCCHUEH

npotokoi Ne 10

oT «7» nrous 2023 r.
IIpencenarens TTHK « »

(et Q1. MaxkapeHko

YTBEPXJIAIO
3am. qupexropa no YMP

T.1O. Kpamakosa

2023 r.

B.B., IIpernoaBareiib

rocyaapCTBCHHOT'O TCXHUYCCKOI'O KOJUICA KA

IOxHo-Ypanbckoro



PELHEH3USA

HA MeTOAHYeCKHe PEKOMEHJAIUM M0 BBINOJHEHHIO JA00PATOPHBIX U NPAKTHYECKHX
padoT mo o6meodopa3oBaTeIbHON AUcHUILUINHE «Pu3uka» Ajs cnenuajabnoctu 08.02.13
MoHTaXK M IKCIUIyaTAUMsA BHYTPEHHHX CAHTEeXHUYECKHX YCTPONCTB,
KOHAUIMOHMPOBAHMS BO31yXa M BEHTHJISILMHU TEXHOJOTHYeCKOro npoguis,
pa3paboTaHHbIe NpenogaBaTeiemM
I'BITIOY «IOxkHo-YpaabcKuil roCyAapCTBEHHbIN TEXHUYECKH I KOJIEHA»
MenbkoBoii B.B.

JlabGopatopHble ¥  TPAKTUYECKUE  3aHIATHS  SIBISIIOTCS  BAXHBIM  DJIEMEHTOM
o0mieo0pa3oBaTeNnbHOM  OTUCHUIUIMHBL. B mpoliecce  BBIMONMHEHHS — JaOOpPAaTOPHBIX |
MPAKTUIECKNX paboT oOydwaromimecss CHCTEMAaTH3UPYIOT H  3aKPEIUIIIOT — MOJy4YCHHbBIE
TEOPETUYECKUE 3HAHHWSA, PA3BUBAIOT WHTEIUICKTyaJbHbIE M TPOo(ecCHOHATbHBIE YMEHUS,
(GOpMUPYIOT 3JIEMEHThl KOMIETEHIUH OyayIluX crienuaiucToB. JIabopaTopHble OMNBITHI JAIOT
BO3MOXXHOCTh OOYYaIOLIUIHCS 3KCHEPUMEHTAIbHO Ha MPAKTUKE 3aKPENUTh NPUOOpETEHHbIE
TEOPETUYECKUE 3HAHUS.

MeTtoauueckue peKOMEHAALNHU 110 BBINOJIHEHUIO J1a00paTOPHBIX U MPAKTUYECKUX paboT
MpeaaraeTcsi WMCIOIb30BaTh MJIsl MPOBEACHUS Ta0OPATOPHBIX W MPAKTHUYECKHX 3aHATHH C
00yJaronuMHucs.

Meronuueckue peKOMEHAALMU COJEepKaT: TMOSCHUTENbHYIO 3aIlUCKy, IepeuyeHb
1ab0paTOpHBIX M TMPAKTUYECKUX paboT, TpeOoBaHUS K OQGOPMIICHHIO OTYETa, KPUTEPHH
OLICHMBAHMS JTaOOPATOPHOM M MpaKTUUYECKOW padoOThl, MpaBWiia TEXHUKHU O€30MaCHOCTU MpU
MIPOBEJICHUU JTA0OPATOPHBIX M MPAKTUUYECKUX padoT, iuTepaTypy (OCHOBHBIE MEYAaTHBIE U
AJIEKTPOHHBIE U3JIaHUS, TIONIOJHUTEIbHBIE HCTOYHHUKH ), IPUIIOKEHUE.

Kaxxnas paboTta BKiIIO4YaeT: HOMEp U Ha3BaHUE, IEPEeYeHb HEOOXOAMMOTro 000PYI0BaHMS,
TEOPETUYECKUE OCHOBBI HEOOXOIMMBIE /ISl POBEICHUS PaOOTHI, TOPSAOK MPOBEACHUS PabOTHI
C TIOMIATOBBIM ONHMCAHHWEM, TaOJNHIBI, KOHTPOJIGHBIE BOMPOCHI, MO3BOJISIONINE OIECHUTH
KAaueCTBO YCBOCHHS TEOPETHUECKOTI0 MaTepHaa.

MeToaudeckne peKOMEHIANH TI0 BBITOJTHEHHUIO 1a00paTOPHBIX U MPAKTUYECKUX paboT
1o o0mieo0pa3oBaTeabHON AUCHUIUIMHE «DPU3KKa» MOTYT OBITh MCIIOIb30BaHbI B YUPEKICHUSIX
CIIO mna cnenumansHOCcTH 08.02.13 MOHTa)X M 3KCIUTyaTanys BHYTPEHHUX CAHTEXHHYECKUX
YCTPOMCTB, KOHIUIIMOHUPOBAHUS BO3AyXa U BEHTUISLIUU TEXHOJIOTMYECKOTO MPOQHIIs.
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KOJUIE K H.A. IlonockoBa



1
2
3.
4
5

Conepxxanue

[TosicHuTenbHAS 3aMKCKA.
[lepeuens 1abOPaTOPHBIX U MPAKTUUIECKUX PAOOT.

TpeboBanus k 0ohopMICHUIO OTUYETA.

Kputepuu oneHnBanus 1a60paTopHON U MPAKTUUECKOU pabOTHI.

[TpaBuiia TeXHUKH 0€30MaCHOCTH MPH BBIMOJTHEHUN J1a00paTOPHBIX

paboT.

6.

JlaGopatopHblie pabOTHI:
JlaboparopHas pabota Ne 1
JlaboparopHas pabota Ne 2
Jlabopatopnast padota Ne 3
JlaboparopHas pabota Ne 4
JlaGopatopHast padota Ne 5
JlaGopatopHast pabota Ne 6
JlaGoparopnast pabota Ne 7
JlaGopatopHast padota Ne 8
JlaGoparopnast pabota Ne 9
JlaGoparopnast pabota Ne 10
JlaGopatopnast padota Ne 11
JlaGoparopnast pabota Ne 12
[IpakTuueckue paboOTHI:
[paktudeckas padora No 1
[paktudeckas padora No 2
Jlureparypa.

[Ipunoxenue.

10
11
11
12

13

47

52
53



1. HOACHUTEJBHASA 3AIINCKA

Meroanueckue  peKOMEHJIAllMM 1O  BBINOJHEHUIO  JIAOOPAaTOPHBIX |
NpaKkTUYECKUX pabor 1o  obmieoOpa3oBaTenbHOM — qUCHUIUIMHE — «DU3HKay»
npeaHa3HadyeHbl Ui oOydaromuxcs —crnenuaidbHocTH  08.02.13 MoHTax
DKCIUTyaTalusi BHYTPEHHUX CAHTEXHUYECKHX YCTPOWCTB, KOHAWUIMOHUPOBAHUS
BO3/lyXa U BEHTWISAIUU TEXHOJOTMYECKOTO MpO(uUis, YJaCTBYIOIIEH B peau3aiuiu
denepanpHOTO TIpoekTa «IIpodeccuonamurer.

JlabopaTtopHble M NPAKTUUECKUE 3aHATUSA SIBISIOTCS BaXKHBIM SJIEMEHTOM
00meo0pazoBaTebHON AUCIUIUIMHBL. B Tporiecce BBIMOTHEHUS JTa0OpPaTOPHBIX U
MPaKTUYECKUX PabOT, 0OydJaromKecs: MOMy4JaroT HABBIKK PabOThI ¢ M3MEPUTEITHHBIMHU
npuOopaMu, MPOU3BOAIT MATEMAaTHUECKYI0 00pabOTKy pe3yJbTaTOB 3KCIEPUMEHTA U
MOTPEIIHOCTEN M3MEPEHUs, a TAKKECUCTEMATU3UPYIOT M 3aKPEIUISIOT MOJyYEHHBIE
TEOPETHUUECKUE 3HAHMS, DPA3BUBAIOT MHTEIUICKTyalbHbIE M TPO(ecCHOHANbHBIC
yMeHUs1, GOPMUPYIOT AJIEMEHTHI KOMIIETCHIIUN Oy TIyIINX CIIEIHUATUCTOB.

Paboueit mporpammoit  001meoOpa3oBaTeIbHON  AUCHUIUIMHBL  «DU3HKaY
MPEAYCMOTPEHO BBINMOJIHEHUE 12 mabopaTopHBIX paboOT M 2 MPaKTUYECKUX padoT,
KOTOPBIE HAIIPABJIEHbI HA JOCTH>KEHUE CIAEAYIOIINX HeJIe:

— ¢dopMupoBaHUE Y 00YYaIOIUXCS MPEACTABICHUM O pOJIM U MecTe (PU3MKH B
COBPEMEHHOMHAYYHOM KapTUHE MHUpA, O cucreMooOpasyromeid ponau (UMK B
Pa3BUTUU €CTECTBEHHBIX HAYK, TEXHUKU U COBPEMEHHBIX TEXHOJIOTUH, MOHUMAHMS
(hbU3nYeCcKOM CYITHOCTH HAOJI01aeMBbIX SIBICHUN;

— (opMupoBaHKe y O0yJarOIUXCS YMEHUS pacro3HaBaTh (PU3UYECKUE SBJICHUS
Y TIPOIIECCHI, OOBACHSITH UX HA OCHOBE U3YUYEHHBIX 3aKOHOMEPHOCTEH;

— (opMupoBaHHe y OOydYarOlIUXCd YMEHUHN BIIaJICHUs OCHOBHBIMU METOJaMH
Hay4YHOTO MO3HAHUS, UCTIOIB3YEMBIMU B (DU3UKE;

— ¢dopMmupoBaHUe Yy OOyYalOUIUXCS YMEHHUS aHAJIU3UPOBaTh (HU3HUUYECKUE
MIPOIIECCHI, UCIIOJIb3YSl OCHOBHBIE MTOJIOKEHHUS], 3aKOHBI U 3aKOHOMEPHOCTH;

— ¢dopmupoBaHrUe y OO0ydYalOIMUXCS yYMEHUN HCCIENOBAaTh U aHAJIU3UPOBATh
pa3HooOpas3Hble  (PU3HYECKHUE SIBJICHHUS M CBOHMCTBA OOBEKTOB, MPOBOIUTH
CaMOCTOSITEIIbHBIE HCCIICIOBAHUS B PEAIBHBIX U JTAOOPATOPHBIX YCIOBUSX, YATATh U
aHAIM3UPOBATh XAPAKTEPUCTUKU MPUOOPOB U YCTPOMCTB, OOBSICHATH MPUHIIMI UX
paboTHI.

BrinonHenne 1abopaTOpHBIX U MPAKTUUECKUX PabOT ITUCHMIUIMHBI «Dusnkay
obecrieunBaeT JOCTUKEHUE CICTYIONINX PE3YIbTaTOB 00yUCHHUS:

JUYHOCMHBIX
— JIP 24. T OTOBHOCT K aKTHBHON JIE€ATEIBHOCTH TEXHOJIOTUYSCKOU WU
COIMAJIbHOW HAIMpPaBIEHHOCTH, CIIOCOOHOCTh WHUIIMUPOBATh, TUIAHUPOBATH U
CaMOCTOSITENIHO BBITIOIHATH TaKyIO AESTEIbHOCTD;
MemanpeomemHvix:
VHUBEPCAILHBIX YUEOHBIX NOZHABAMENbHBIX OCLICIMULL:
— MPII 01 camocrosiTenbHO (HOPMYTUPOBATh U AKTYaIH3UPOBATH MPOOIIEMY,
paccMaTpHuBaTh €€ BCECTOPOHHE;



MPII 02 ycraHaBnMBaTh CYIIECTBEHHBIM MpPU3HAK WM OCHOBAHUS I
CpaBHEHMS, KilacCu(PpUKaIuu U 0000IIeHNS;

MPII 03 onpenensaTe Lenu IeaTelIbHOCTH, 3aJaBaTh TapaMeTPhbl U KPUTEPUU UX
JOCTUKEHUS,

MPII 04 BbIABIATH 3aKOHOMEPHOCTH M MPOTUBOPEUHS B PACCMATPUBAEMBIX
SABJICHUSAX;

MPII 05 BHOCHTH KOPpPEKTHBBI B JIESITENBHOCThH, OLICHUBATH COOTBETCTBUE
pe3yJIbTaTOB LIENSAM, OLIEHUBATh PUCKHU MOCIEACTBUN IEITENBHOCTH;

MPII 18 ymeTb HHTErpUpOBATh 3HAHUS U3 PA3HBIX MIPEAMETHBIX 00JIacTel;

VHUBEPCATIbHBIX KOMMYHUKAMUBHBIX OCUCTNULL:

MPK 03 BrageTs pa3nuyHbIMU CIOCOOAMHU OOILEHUS M B3aUMOJICHCTBUS;

MPK 04 apryMeHTHUpOBAaHHO BECTH JUAJIOT, YMETh CMSI4YaTb KOH(JIMKTHBIE
CUTYalluy;

MPK 05 pa3BepHyTO U JIOTHYHO H3JIaraTh CBOIO TOUKY 3PEHMS C UCIIOJIB30BAHUEM
A3BIKOBBIX CPEICTB;

MPK 08 mnpuHMMAarTh LEIM COBMECTHOM JESATEIBHOCTH, OPIaHWU30BBIBATH U
KOOPAUHUPOBATh JIEUCTBUS II0 €€ JOCTWKEHHIO: COCTaBJIAThH IUIAH JCWCTBHM,
pacrpenensTb pojd C YYeTOM MHEHHMH YYaCTHHUKOB, OOCYXIaThb pe3yJIbTaTbl
COBMECTHOM pabOoThI;

VHUBEPCATIbHBIX PecYIAMUBHBIX OCUCTNGULL:

MPP 0l camocTOATENBPHO OCYHIECTBIATh I0O3HABATEIBHYIO JEATEIBbHOCTD,
BBISIBJISAITh TIPOOJIEMBI, CTaBUTh M (POPMYyJIHMpPOBaTH COOCTBEHHBIE 33Jauyd B
00pa3oBaTENbHOMN NE€ATEIbHOCTH U )KU3HEHHBIX CUTYAIIHUX;

MPP 02 caMoCTOSITETbHO COCTaBJISATH IJIaH PEIICHUs] MPOOJEMBbI C y4ETOM
HMMEIOIIUXCS PECYPCOB, COOCTBEHHBIX BO3MOXHOCTEN U MPEANIOUTCHUMH;

MPP 05 penate OCO3HaHHBIA BBIOOpP, AapryMEHTHPOBAaTh €ro, OparTh
OTBETCTBEHHOCTH 34 PEIICHHUE;

MPP 06 otienuBaTh NPUOOPETEHHBIN OTIBIT;

MPP 08 naBaTh OIIEHKY HOBBIM CHUTyallusiM, BHOCUTb KOPPEKTHUBBI B
JESATEIIBHOCTbD, OLICHUBATH COOTBETCTBUE PE3YJIbTATOB LIEISIM;

MPP 11 yMeTh OLIeHUBAaTh PUCKU U CBOEBPEMEHHO MTPUHUMATh PEIICHUS 0 UX
CHIDKEHHIO;

MPP 16 conuaipHBIX HaABBIKOB, BKJIIOYAIOIIUX CIIOCOOHOCTH BBICTPAMBATH
OTHOUICHUS C APYTMMH JIFOJbMH, 3a00TUTHCS, TPOSIBIISITh UHTEPEC U pa3pelaTh
KOH()JIUKTBI,

MPP 18 npuHMMare MOTMBBI W apryMEHTHl JPYIMX JIIOAECH NPU aHAJIN3E
PE3YJIBTATOB IEATENBHOCTH;

MPP 19 npuznaBath CBO€ MPABO U MPABO IPYTHX JIFOJIEH Ha OLIMOKH;

npeomMemHulX:

I[IP6 06 BrageHue OCHOBHBIMU  METOJAAaMH  HAy4YHOrO  IO3HAHUA,
UCIIOJIb3yeMbIMH B (DU3UKE: TPOBOJUTH MPSMbIE M KOCBEHHBIC H3MEPEHUS
¢u3NUeCKNX BEIWYWH, BBHIOWpAs ONTHUMAIBHBIA CHOCOO W3MEpeHus |
WCIIOJIh3YsI U3BECTHBIC METOJIbI OIEHKH TOTPEITHOCTENH U3MEPEHUIA, TPOBOIUTH
WCCJIIOBAHNE 3aBUCUMOCTEH (DM3MYECKUX BEIWYUH C HCIOJIb30BAHUEM
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OpSIMBIX ~ M3MEPEHUN, OOBSICHATh TOJYYCHHBIE pPE3YyJbTaThl, HCHOIb3Ys
du3nuecKkue TEOpUHU, 3aKOHBI W TMOHSTHUSA, W JeNaTh BBIBOJIBI; COOJIOIATH
npaBuia O€30MacCHOr0 TpyJa NpH MPOBEJACHUU MCCIEIOBaHUNA B paMKax
y4eOHOTO OJKCIIEpUMEHTa M YYEOHO-HCCIENOBATENbCKOW JIEATETbHOCTH C
UCIIOJIb30BAaHUEM IU(PPOBBIX HM3MEPUTENBHBIX YCTPOUCTB U JIAOOPATOPHOIO
o0opynoBaHusi; CPOPMUPOBAHHOCTH MPEJICTABICHUNA O METOAaX MOIY4YEHUs
HAyYHBIX aCTPOHOMHUYECKHUX 3HAHUI;

I[IP6 07 cdopMHUPOBaHHOCTh YMEHHUS pelIaTh pacyeTHbIE 3a7aud C SIBHO
3aJ]aHHOM  (PU3UYECKOW MOJENbI0, HCHONb3ys (U3MUEeCKHe 3aKOHBl U
NPUHIIMIIBI; HAa OCHOBE AaHAlM3a YCJIOBHUSA 3aJadd BHIOUpATh (PUIUUYECKYIO
MOJIETIb, BBACTATh (PU3NYECKUE BETUYMHBI U (OPMYJIIbI, HEOOXOAUMBIE JITIS €€
peuieHusi, MPOBOJUTh pAcCyeTbl M OLEHUBATh PEAIBHOCTh IOJIYYEHHOI'O
3HAYEHUS (PU3NYECKON BEJIMYMHBI; peIIaTh KAaU€CTBEHHBIE 3a/1a4H, BHICTPAUBAs
JIOTUYECKH HENPOTHBOPEUYMBYK) ILIENOYKY PACCYKIEHUH C OIOpod Ha
M3yYEHHBIE 3aKOHbI, 3aKOHOMEPHOCTU U (PU3NUYECKUE SIBICHUS;

[TP6 10 oBnaseHne ymeHusIMU paboTaTh B TPYIIE C BHITOJHEHUEM PA3IMYHbBIX
COIIMAIBHBIX ~ pOJIeH, IUIAHUPOBaTh  paboTy TPYMNIbl, palMOHAIBHO
pacrpenensiTb JeATeIbHOCTh B HECTAHJApPTHBIX CHUTYallUsX, aJIEKBATHO
OIICHMBATh BKJAJ KaXJOT0 M3 YYaCTHUKOB TPYyNIbI B  PEHICHUE
paccMaTpuBaeMoil mpoOIeMBbl;

[Py 07 cdopMupoBaHHOCT, YMEHHMH HCCIEIOBaTh U AHAIM3UPOBATH
pa3zHooOpa3Hble (PU3MYECKUE SBICHUS U CBOMCTBA OOBEKTOB, MPOBOJUTH
CaMOCTOSTENIbHBIE HCCIEAOBAaHUS B PEAIbHBIX U JIA0OPATOPHBIX YCIOBHSIX,
YUTaTh U aHAIM3UPOBATH XaPAKTEPUCTUKU MPUOOPOB U YCTPONCTB, OOBSICHATH
MPUHLUIBI UX PAOOTHI;

[TPy 08 copMupoBaHHOCTH MPEACTABICHUN O METOJAaX MOJYUYCHHUS] HayYHBIX
ACTPOHOMMYECKHMX  3HAHUW;  BIAJCHUE  YMEHHSIMH  CAMOCTOSITEIBHO
dbopMynupoBaTh IeNb HUCCeNOBaHUS (TPOEKTa), BBIJBUTATh TUMOTE3bl Ha
OCHOBE 3HAHUS OCHOBOIOJArarolMX (U3MUECKUX 3aKOHOMEPHOCTEH W
3aKOHOB, MPOBEPATh UX IKCIEPUMEHTAIBHBIMU CPEICTBAMU; IUIAHUPOBATh U
OPOBOAUTh (PU3HUECKHE HKCIEPUMEHThI, OMNKMCHIBATh U AaHAJIU3UPOBATH
MOJyYEHHYIO TPU BBIIOJHEHUH HKCHEPUMEHTa WH(GOPMALUIO, ONPEIENiTh
JIOCTOBEPHOCTH MOJYYEHHOI'O PE3YJIbTATA;

[Py 09 cdopmMupoOBaHHOCTH YMEHHUS pEIIaTh pacyETHbIE 3aJa4d C SBHO
3a/IaHHOM M HESIBHO 3aJJaHHOM (pM3MYECKOW MOJEIIbI0: HA OCHOBAaHWU aHaIU3a
yCJIOBUSI BBIOMpATh (hU3WYECKUE MOJIEIH, OTBEUAIOIINEe TPEOOBAHUSIM 3aauH,
OPUMEHSATh (POPMYJIbI, 3aKOHBI, 3aKOHOMEPHOCTH W MOCTYJNAThl (PU3MYECKHUX
TEOpUA TPU HCIOIB30BAHUM MATEeMAaTHUYECKUX METOJOB pEIIeHHUs 3a/ad,
IPOBOJUTH pacyeTbl Ha OCHOBAaHMM HMEIOIIMXCA JIaHHBIX, AHAIU3UPOBATH
pe3ynbTaThl U KOPPEKTUPOBATH METOJbl PEUIEHUS C YYETOM IOJyYEHHBIX
pe3yNbTaTOB; pellaTh KauyeCTBEHHbIE 3a/Jayd, TpeOyIolume MpUMEHEHUs
3HAHWM U3 Pa3HBIX Pa3JIeJoOB MIKOJILHOTO Kypca GU3HKH, a TAKKEe WHTETPAINH
3HAHUM W3 JAPYTHX IMPEIMETOB €CTECTBEHHOHAyYHOI'O IMKJA: BBICTPAUBATh



JIOTUYECKYIO LEMOYKY PAacCyXJCHUH C OMNOpOM Ha U3YUYEHHBIE 3aKOHBI,
3aKOHOMEPHOCTH U (PU3NUYECKUE SBIICHHUS;

— IIPy 12 oBmaneHue OpraHuW3allMOHHBIMH W ITI03HABATEJIbHBIMH YMEHHUSIMU
CaMOCTOSITEJIbHOTO MPHOOPETEHUs] HOBBIX 3HAHUM B IPOIIECCE BBHIMTOJTHEHUS
IIPOCKTHBIX M Yy4eOHO-HCCIIEIOBATEIIbCKUX PAb0T, yMEHHsIMU paboTaTh B
TPYIINE C BBIMOJHEHUEM Pa3IMYHBIX COITMAIBHBIX POJieH, INIAaHUPOBATh PaboTy
TPYIIBI, PalMOHAJIBLHO PACHPEACNSATh JACATEILHOCTh B HECTaHAAPTHBIX
CUTyalusX, aJCKBaTHO OLICHMBATh BKJIaJ KaXXJOTO U3 YYACTHUKOB TPYIIIHI B
pEeIIeHNe paccMaTpuBaeMOn MTPOOJIEMBI,

anemenmoe OK u IIK:

— OK O0l. BeiOupatb cmoco0bsl pemeHus 3aAad  NpoQecCHOHATHHON
JESITEIbHOCTH MPUMEHUTEIBHO K pa3JIMYHbIM KOHTEKCTaM;

— OK 04 DddexktuBHO B3aUMOJCHCTBOBATH M pabOTaTh B KOJUIGKTUBE U
KOMaHJIe;

— ITIK 1.3. IlpoBoguth u oOpabaTbiBaTh pPe3yJbTaThl HCIBITAHUN CHCTEM
OTOILICHUS], BOAOCHAOXKEHUS, KAHAIM3ALUKU U BOJIOCTOKOB.

[lenpr0o gaHHOTO TMOCOOWS SIBJIIETCA OKAa3aHHWE IIOMOINb OOyJarouuMmcsi B
MOJATOTOBKE U BBIMOJIHEHUH JTAOOPATOPHBIX PadOT.

[Tocobue coxepkutT omnucaHue JabOPaTOPHBIX PabOT, MPETyCMOTPEHHBIX
paboueld mporpaMMoi IS CHEMAIBHOCTEM TexHosorudeckoro mpoduist. Kaxnas
paboTa comepKUT: HOMEp pPadOThI, Ha3BaHWE U I1I€Jb PabOThI, (popMUpPyEMbIC B
MPOIIECCE BBIMIOTHEHUSI pa0OThl 3HAHUS U YMEHUS, KPaTKHEe TEOPETUIECCKUE CBEICHUS,
nepeyeHb HEOOXOAMMOro O0OPYIOBaHUSA, MOPSAIOK IMPOBEACHHSI PaOOThI, TAOJIMIIBI,
rpadvKki, KOHTPOJIbHBIE BOMPOCHL. Iy Oombliel YETKOCTH MOPSAOK IMPOBEICHHUS
paboOTBl AaH B BHUIC OTACTBHBIX ITYHKTOB, B KaXKIOM U3 KOTOPBIX MpEaiaraercs
MIPOICNIaTh OHY BITOJIHE OMPEICIEHHYIO OTICPAIIHIO.

[TpoBomuTh JTAOOpATOpHBIC 3aHATHS IIEIECOOOPAa3HO B TOPSIKE H3yUCHUS
MIPOrPaMMHOTO MaTepHaa.

B xone maGoparopHoit paboThl HEOOXOJIMMO CTPOTO COONIOAATH IMpaBUia IO
TEXHHUKE 0€30MaCHOCTH, KOTOPhIE YKa3aHbI B JAHHOM ITOCOOHH.



2. ITlepeyenb J1aGOPATOPHBIX M MPAKTUYECKHX PadOT

Ilepeyenns 1abopaTopHbIX padoT

Neni/nn Tema padoTsI Koa-zo
4acoB

1 HccnenoBanue IBMKEHUS Tela MO ICHCTBUEM MTOCTOSIHHOM 2
CHJTBI.

2 N3yuenue coxpaHeHUs: MEXaHUYECKOM SHEPTUU TpU 2
JIBVDKEHUU TeJla MOJ IeUCTBUEM CHJI TSXKECTH U YIIPYTOCTH.

3 W3mepeHne BIaKHOCTH BO3yXa. 2

4 N3mepeHne NoBEpXHOCTHOTO HATSYKEHUS KUIKOCTH. 2

3) N3ydenne 3akona OMa 715 y9acTKa el Ipu 2
NOCJIEOBATEIBHOM COEAMHEHUU IPOBOJHUKOB.

6 N3yuenue 3akona Oma Ji71s1 yyacTka ey Npy napaieIbHOM 2
COEIMHEHHUH NTPOBOIHHUKOB.

7 Onpenenenue I/IC 1 BHYTPEHHETO COPOTUBIICHUS 2
MCTOYHUKA HAPSKCHMUSI.

8 Ornpezenenne TeMIepaTypbl HUTH JIaMITbl HAKAJIMBAHUS U 2
MOITHOCTH, TOTPEOJIIEMON JTaMITOM

9 N3yueHue siBJIeHUS 3JIEKTPOMarHUTHOM MHAYKITUU. 2

10 N3yuenune 3aBUCUMOCTH Teproia KoJieOaHUN HUTSHOTO 2
MasiTHUKA OT JJIMHBI HUTH.

11 N3yuenne untepdepeHIinm cBeTa. 2

12 N3yuenue aqudpaximuy cBera. 2

Ilepeyenb npakTHYECKUX padoT
Neni/m Tema padoTsI Koa-zo
4acoB
1 EMKOCTHOE COIIPOTUBJIECHHS B MU IIePEMEHHOr0 TOKaA. 2
2 WNHIyKTUBHOE CONMPOTUBIIEHUS B LIENIM IEPEMEHHOIO TOKA. 2




3. TpebdoBanus Kk opopmiaeHHI0 0THETA

OTtuét no naboparopHoil pabore odopmigeTcs B TETpaau i JaO0PaTOPHBIX
pabot. OTuér BKJIIOYAET B ceOsl pasliesibl, OTPaXKAIOIME BCE ATallbl BBINOJIHEHUS
pPabOTHI:
odopmIIeHHE BBEICHUS;

® pPE3yIbTAThI BHIITOJIHEHHUE OIBITA;
® pacy€Thl;
® BBIBOJ;
® OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI.
4. Kpurepuu OleHUBAHUSA JJA00OPATOPHOI M MPAKTHYECKO padoThI
Ne Kpurepun «5» «b» «3» «2»
n/n OLIEHKH (oTJIMYHO) (xopoio) (ynoBierB.) | (HeympOBJI.)
1. | Cpok BemmosniHeHUs1 | B cpok B cpok B cpok [To3zxe
3a/1aHuA CpoKa
2. | KauectBO AkkypatHo, | AkkypatHO, HO | be3 crapanus | HeOGpexno
ohopmIICHUS cTapaTeiabHO | 0€3 0c000To
paboThI B TETpaIu CcTapaHus
3. | KauectBO KauectBenno | HekauectBenno | HeGpexxHo He
ohopmIICHUS (akkypatHO, | (aKKypaTHO, HO BBITIOJIHEHBI
rpaduKoB, TaOIUII, | 6€3 OMMOOK) | C OMHMOKaAMM)
PUCYHKOB
4. | KauectBO KauectBenno | HekauectBernno | HeGperxHo He
ohopmIICHUS BBITIOJTHCHBI
pelIeHU
(rpaMOTHOCTH U
000CHOBaHUE)
5. | BeBog (00beM u Ilonubri, Ilonueil, ¢ Henonuwiii, ¢ | He cneman
TPaMOTHOCTH) TPaMOTHBIN | HEOOTBIITUMU OIIMOKAMH
omuoOKaMu
6. | OTBeTHI Ha 100% 80% 50% Memnee 40%
BOIPOCHI (00BEM)
7. | KauectBo oTBeTOB | [l0JIHBIN, [Tomneli, ¢ Henonusii, ¢ | C rpyObiMu
Ha BOIPOCHI TPaMOTHBIM | HEOOTBIITUMU OIIUOKaMH OIIUOKAMH
OImMUOKaMH
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5. IIpaBuy1a TeXHMKH 0€30IIACHOCTH NPH BHINOJTHEHHUH J1A00PaATOPHBIX
pabot

1. IlpuctynaTh K BBINIOJIHEHUIO pabOTHl HeNb3sl O€3 pa3pelieHus YUUuTeds,
HE0OXO0IUMO TOYHO BBITIOJHSATh €r0 YKa3aHUsl.

2. PazmeniaTts mpuOopbl, MaTEpHaIIbl, 000pYA0BaHHE Ha CBOEM pabouyeM MECTe TAKUM
o0pa3oM, 4TOOBI UCKIIIOUUTh UX TAJCHUE WIIA ONPOKHIbIBAHUE.

3. Ilepen BbIONHEHWEM pabOTHl BHUMATEIBHO W3YYUTh €€ COJEpKaHHEe U
ITOCIEA0BATEIBHOCTD JECHCTBUM.

4. Bo BpeMs OMBITOB HE OMyCKaTh TNPEACIbHBIX HArpy30K HW3MEPHUTEIBHBIX
puOOpOB.

5. Ilpm moOATOTOBKE K OIBITAM HEOOXOAUMO IPOBEPHUTH HCIPABHOCTh BCEX
KperyieHud B mpuOopax. He mpukacaThCs W HE HAKJIOHATHCS K BPAIIAIONIAMCS
YacTsIM YCTaHOBOK.

6. He octaBisaTh pabouee MecTo 6€3 pa3pelieHus npenoaaBaTeis.

7. [1paBumna paGoThl CO CTEKISTHHBIM 000PY10BAHUEM:

® [Ipu paboTe CO CTEKIIHHBIMU MPUOOpaMU U TMOCYJIOH, HY)KHO 0oOpariaThCs C
HHAMH aKKypaTHO ¥ OCTOPOXKHO, YTOOBI IPEIOTBPATUTH MIOPE3HI;

® HE HCITOJIB30BaTh MIPUOOPHI C OCTPHIMU TPAHSIMHU, WU 3aKPHIBATH UX CKOTUEM;

® [IpU MPOBEACHUM OMBITOB CTCKJISHHBIC COCYIBI 3aKPEIUIATh B JIANIKE IITaTHBA
OCTOPOKHO;

® [Ipu COOpPKE CTEKIISIHHBIX MPUOOPOB CIIEAYET MPABWIBHO MOJOUPATH TUAMETPHI
CTEKJISSHHBIX M PE3MHOBBIX TPYOOK, a KOHIIBI TPyOOK CMaduMBaTh BOJOW WU
TJIAIIEPUHOM;

® BCTaBISIS CTEKISHHYIO TPYOKY B MPOOKY, TIOCIETHIO HY)KHO OXBAaTHTh, a HE
yOUpaTh B JIAJIOHB;

® HEJb3sl WCIOJIb30BaTh CTEKIISTHHYIO MOCYIy, UMCIOIIYI0 XOTS OBl HEOOJBIIHE
TPEIIUHBI;

® [IpU MOIKE MOCY/IbI HEOOXO0IUMO MTOMHUTh, YTO CTEKIIO 00JIaaeT XPYIKOCTHIO,
JIETKO JIOMAeTcsi M TpecKaeTcsl MpH yAapax WM pPEe3KOM W3MEHEHUHU
TEeMITepaTyphl;

e eciM WMeeTCs XOTsS Obl HeOOoJblllasg yrpo3a paspblBa COCyAa, CIEIyeT
00s13aTeTbHO OTPAJUTh BCIO YCTAaHOBKY 3alIMTHBIM JKPaHOM W3 OPICTEKIIa,
HanboJsiee OMacHble YYaCTKH — METaJUIMYECKOW CEeTKOW, a paboTarth B
MPEIOXPAHUTEIBHBIX OYKaX.

8. [IpaBusa paboTHI ¢ HATPETHIM 00OPYIOBAHUEM:

® COCYJl C TOpSYEH KUIKOCTHIO HEJb3sl 3aKPhIBATh MPUTEPTON MPOOKOH 10 TEX
IOp, TIOKa OH HE OCTBIHET;

® [IepeHOCS TMPHUOOPHI C TOPSYCH JKUIKOCTHIO, CleayeT OpaTh HMX pPyKamH,
3alUIIEHHBIMU TKaHbIO; €CIIM COCYyJ OOJIBIIOW, TO OJHON PYKOM €ro Haao
JepKaTh 3a THO, a APYTOil — 3a TOPJIBIIIKO;

® HarpeBas XHUIKOCTh B MPOOHMPKE WM KOJOE, HEOOXOIMMO Jep>KaTh UX Tak,
YTOOBI OTBEPCTUE MPOOUPKU WIIM TOPJBIIIKO OBLJIO HAMPABIECHO B CTOPOHY OT
cebst u coceneit mo pabore;
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HE TPOTaTh pPyKaMH HarpeBaTeiIbHbIC TPUOOPHI, €CIIM OHU HArPeTHI 10 BRICOKOM
TEeMIIEpaTyphbl.

9. IlpaBuna paboOTHI C IEKTPUICCKUMU TTPUOOpAMMU:

npu cOOpKE DKCIIEPUMEHTAJIbHBIX YCTAHOBOK MCIOJB30BaTh IPOBOJA C
MPOYHON U30IALNEN 6€3 BUANMBIX MTOBPEKICHMUIA;

u30eratb IepeceueHus MPOBOAOB MpHU COOpPKE JIEKTPUUYECKOM IIenu, He
UCIIOJIb30BaTh MPOBOAHUKKA C H3HOIICHHOW M30JSIMEd U BBIKIIOYATENN
OTKPBITOTO TUNA (MpY HANpsiKEHUU BhIie 42 B);

MOJIKJIIOYATh AJEKTPUUECKYIO LIeTlh K UCTOUHUKY TOKa B MOCJEIHIO OYepeb,
Korja e€ cOopka 3aKOHYCHa;

COOpaHHYIO LEMb BKJIIOYATh TOJIbKO IIOCJIE€ MPOBEPKH M C pa3perieHUs
npenofaBatens. Hanmuune HampsokeHHs B LEMH MOXKHO TPOBEPSTH TOJBKO
npeIHa3HaYeHHBIMU JJIs ATOTO MPUOOpaMHU WIIH YKA3aTeISIMU HATIPSKCHHS,;

HE TMPHUKACAThCS K HAXOIIIMIMMCA TIOJ HaNpsHDKCHHEM DSJEMEHTaM IIemH,
JTUIIEHHBIMUA U30JISLINY;

HE MPOM3BOAMT IEPECOCAUMHEHUH B LM U CMEHY MpEeAOXpaHUTENed 10
OTKJIFOUEHUS] UCTOYHUKA SJICKTPONUTAHUS, a B LIETIAX IEKTPUICCKUX MAIITUH H
710 TIOJTHOM OCTAHOBKH SIKOPSI HJIM pOTOpa MAILIUHBL,

HE TIPHKAcaThCsl K KOPIMYCY CTAIlMOHAPHOTO »SJIEKTPOOOOpYAOBaHUS U K
3a)KUMaM JIa)Ke OTKIIFOUEHHBIX KOHIEHCATOPOB;

MOJIb30BAThHCS AJIEKTPOUHCTPYMEHTAMU C U30JIUPYIOIIUMHU PYUKaMU;

Ul TIPUCOEIMHEHUS] MNOTpeOUTeNnel K CeTH MPUMEHSTh IITENCeIbHbIE
COCTUHEHHS, MOJIb30BATHCS pO3eTKamH, rHE3TAMH, 3KUMaMH,
BBIKJTFOYATEIISIMU C HE BBICTYNAIOIIMMHI KOHTAKTHBIMH TOBEPXHOCTSIMH;
AIIEKTpOHArpeBaTeNbHbIe TPHUOOPHI  CIEIyeT BKIOYaTh TOJIBKO B CETh
YKa3aHHOTO B HMX MAaCIOpTe HAMPSIKCHHS, TIATENBHO CJels MPU ITOM 3a
UCIPAaBHOCTBIO COETUHUTENbHBIX IPOBOIOB U MIIOTHOCTHIO KOHTAKTOB;

HEJIb3sl TEPEHOCUTh DSJIEKTPOHArpeBaTeibHble MPUOOPHI BO BKIIOUEHHOM
COCTOSIHUH;

nepen dKCIuTyaTaluell HarpeBaTelIbHbIX MPUOOPOB HYXKHO yOpaTh ¢ pabouero
MeCTa JIETKOBOCIIJIAMEHSIIOIIHECS MaTEPHAIIbl U TOPIOYHE KUIKOCTH;

Ha TUTUTKH C OTKPBITOW CIUPAJIbI0 HE CTOUT CTABUTh METAJUTMUECKYIO MOCYTY,
TaK KaKk BO3MOXXHO KOPOTKOE 3aMbIKaHHE Mpu AePopMaludl CHHpaIH; IS
MOJIy4YeHHUs1 Tropsyedl BOJbl Oe30MacHee TMOJIb30BAThCS ANEKTPUUECKUM
YalHUKOM;

O0OHapyX1B HEUCIIPABHOCTh B IEKTPUUYECKOM YCTPOMCTBE, HAXOAAIIEMCS MO
HaTNpPsHKEHUEM, HEMEJICHHO OTKJIIOYMTh UCTOYHUK TOKA U COOOIIUTH 00 3TOM
pernoaBaTesio;

M0 OKOHYaHWUHM PabOThl OTKIIOYWTH MCTOYHHUK TOKA, IMOCJE Yero pa3olparth
AIIEKTPUYECKYIO LIETIb.

10. TlpaBuiia paboOThI ¢ PTYTHBIM TEPMOMETPOM:

npu paboTe C PTYTHBIM TEPMOMETPOM HEOOXOAUMO oOpamarbCsi C HUM
aKKypaTHO, OCTOPOKHO, HE POHSTh, HE IOMYCKaTh OJIOMKH TEPMOMETPA;
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® [IpU CIy4YalHOM MOJIOMKE MPUOOpa U pa3iuBe PTYTH HEOOXOAMMO HEMEJIEHHO
coo0IuUTs 00 ATOM MpenoAaBaTeNl0 W MOKUMHYTh MomenieHue. Henb3s
coOupaTh PTYTh pyKaMHu.

6. JIABOPATOPHBIE PABOTbBI
JIABOPATOPHAS PABOTA Nel

Hazeanue naoopamopnoii paoomwt. «Hccienopanue JABUKEHUSI Tejaa IO/

AeficTBHEM MOCTOSTHHOM CHJIBIY.

Ileny padomei: wccnenoBath ABWKEHUE TeNld MOJ JEUCTBUEM CHJI YIPYTOCTH U
TPEHHUSL.
Oobopyooeanue: nuHamMoMeTp ¢ GUKCATOPOM, TPHOOMETP.
PesyabTarhi:
Dopmupyemoie I71eMeHmbl IIK (npogheccuonanvno-opuenmuposannoe
cooepicanue):

— ITIK 1.3. IIpoBoauth u 00pabaThiBaTh PE3YJbTATHl HUCIBITAHUN CHUCTEM

OTOILUICHHUS], BOJOCHAOKEHMS, KAaHAJIM3AIIUU U BOJIOCTOKOB;
Memanpeomemmbwle:

— MPII 01, MPIT 02, MPII 03, MPII 04, MPII 05, MPII 18;

— MPK 03, MPK 04, MPK 05, MPK 08;

— MPP 01, MPP 05, MPP 06, MPP 08, MPP 11, MPP 16, MPP 18, MPP 19;
npeomemHtule:

— TIPG 06, ITP6 07, I1P6 10;

— TPy 07, ITPy 08, ITPy 09, ITPy 12.

Ilo oxonuanuu pabomer obOyuarowulicss O00INHCEeH YMemb TUIAHUPOBATh H
BBITIOJIHATh M3MEPEHUS PA3IMYHBIMU H3MEPUTEIHHBIMU TPUOOpaMu  (IMHAMOMETP,
U3MEpHUTENbHAsT  JIMHEWKa), OOBACHATh HAONIOaeMble SIBJICHUSA, IPOU3BOJIUTH
MaTeMaTUYECKyI0 00pabOTKy pe3yIbTaTOB SKCIIEPUMEHTA.

Teopus

Cuna — BekTOpHas  (usnueckas BeJIWYWHA, SIBISIONIASCI  MEpO
MHTEHCUBHOCTU BO3JIEUCTBHSA, OKa3bIBAEMOIO Ha JAHHYIO YacCTHIy CO CTOPOHBI
APYTUX TEJ WIH MOJIEH.

Enununa cuiiel B CU HazweiBaeTcs HptoToHoM (H): 1 H=1xr - ™ - c?.

Cuiia Kak BEKTOpHasl BEIMYMHA XapaKTepU3yeTCs MOMIYJIEM, HAMpPABICHUEM U
«TOYKOW» TPWIOKEeHHsS cuiibl. [IpriioxkeHHass K MAacCUBHOMY TeIy CuUja SIBISETCS
MPUYMHON M3MEHEHUS €ro CKOPOCTH WUIM BOSHUKHOBEHHUS B HEM nedopmanmii. Cua
TPEHUSI U CUJIa YIIPYTOCTH BBI3bIBAIOT TAKUE N3MEHEHUSI.

Cuna mpenus — CwWIa, BO3HHUKAIOIIas TPU OTHOCUTEIBHOM JBH)KCHUU
TBEPABIX TEA W MPOTUBOJACHCTBYIOIIAsE ATOMY ABWKEHUIO. Cuia TpPEeHUS HMEET
ANEKTPOMArHUTHYIO  OPUPOIY,  SIBISACH  MAKpPOCKOMUYECKHM  IMPOSIBICHUEM
MEXMOJIEKYJISIPHOTO  B3aUMOJICHCTBHUS, T.€. OOYCJIOBJEHBI  B3aMMOJICHCTBUEM
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AIIEKTPUYECKUX 3apsA0B, KOTOPHIMHU O0O0JaJal0T YacTHUIbl, BXOJIAILIME B COCTaB
aToMOB. BexTop cuiibl TpeHUs HaIMpaBjieH MPOTUBOMOJIOKHO BEKTOPY CKOPOCTH.
Paznuuarot nBa BUia CUJI TPEHUSA:
1) TpeHune npu Cyxux MOBEPXHOCTSAX TBEPJIbIX TEI;
2) TpeHue 0 KUJIKOCTh UM ra3.
[lepBbIil BUJ HA3BIBAIOT CYXUM TpPEHUEM (CHJIa TPEHHUsS IMOKOS, CHUJla TPEHUS
CKOJIBKCHHUSI, CHJIa TPEHUS KaUeHUs1), a BTOPOU — BSI3KMM TPEHUEM.
Cuna, BO3HMKarOU[ash Ha TPaHULE CONPUKOCHOBEHHSA TEJI MHPU OTCYTCTBHH
OTHOCUTEJIBHOT'O IBMXKEHHUS TEJI, HA3bIBAECTCS CUTOU MPEHUs NOKOSL.,
Cuna TpeHus MOKOSA paBHA MO MOJYJIO BHEIIHEH

CHIIC, HaHpaBHeHHOﬁ 10 KacaTeHBHOﬁ K HOBerHOCTI/I - rff’g’/‘:/ - F
COHpI/IKOCHOBeHI/Iﬂ TCI, H HpOTI/IBOHOHO)KHa Cﬁ 110 ffﬂ "///2?_’;/ | pe—
. | i p— B i —

HATPABJICHHIO: Fop =8

Cuna mpenus CKOMbJCeHUss BO3ZHUKAET IIPH CKONBKEHHM OJHOTO Tena
OTHOCHTENBHO Jpyroro. Cujia TpeHUs CKOJbKEHMs HalpaBieHa MPOTHUBOMOJIOMKHO
CKOPOCTH JIBUKEHHUs Tena. Moyilb CUIIbI TPEHUS CKOJIBKEHHUS MOYTH HE 3aBUCHUT OT
CKOPOCTH JBIDKEHHS U TPHONH3NTENHFHO pPaBeH MAKCHMAIBHOMY 3HAYEHHIO CHITBI
TPEHUS TTOKOS.

Cuna mpenus Kayenus HANpaBlieHA IPOTUBOIOJIOKHO CKOPOCTH JBIKEHHS
tena. Cuna TpeHMs KaueHHS BO MHOTO pa3 MEHBIIE CHIBI TPEHHS CKOJIbKEHHS.
[To’TOMy B TEXHHMKE JUII YMEHBIIEHHS CHJI TPEHHS TPHMEHAIOT KOleca M
IIAPUKOTIO ITATTHAKH.

Cuna ynmpyeocmu — cuila, BO3HUKawmomlas 0pu jAepopMalud Tejla U
NPOTUBOJACUCTBYIOIIAsE ~ 3TOW  jaedopmanuu. Cuma  ymnpyroctu  MMeEeT
AJIEKTPOMArHUTHYIO IIPUPOLY, SIBJISISICH
MAaKpPOCKOIIMYECKUM TMPOSIBIICHUEM  MEXMOJIEKYIJISIPHOTO N
B3aMMOJICHCTBHUS. Cuna  ynpyrocrtu HaIpasJiCHA
IIPOTUBOIIOJIOKHO CMEILIEHHUIO, MEPIIEHAUKYJISIPHO
ITIOBEPXHOCTH. Bexkrop CUJIBI IIPOTUBOIIOJIOKEH

HAIIPaBJICHUIO CMEIICHUS MOJIEKYI.

Cwily ynpyroctv, BO3HHMKAIOUIYKO B peE3yJIbTaTe
nedopmalii ONophl U ACHCTBYIONIYIO HA TENO, HAa3bIBAIOT
CUIOU peaxkyuu Onopbwl.

[Io Tperbemy 3axkoHy HblOTOHA cuia 1aBieHUS U CHJIa PEAKIHUH ONOPHI PABHBI

110 MOAYJIXO U IPOTHUBOIIOJIOKHBI 110 HAIPABIICHUIO: F=-N
Mopyib MakCUManbHOM CUJIBI TPEHUS MOKOSI MPOMOPUUOHAJTIEH CUJIE PEAKLINU

=,.|5-{N

OIIOPBI: F’“"Fm“
I'peueckoit OykBoit “ 0603HaueH KO>(PPUIUEHT NPOHOPLHOHATLHOCTH,
Ha3bIBaAEMbIN KOI(DPHUITUESHTOM TPEHUSI.
Moaynb CHIIBI TPEHHUS CKOJBXKEHHS, KaK M MOAYJIb MaKCHUMAaJbHOM CHJIbI

R, =i
TPEHUS TOKOS, MPOMOPLIUOHATIEH MOJIYJIIO CHJIBI PEAKIIUU OMOPhL: ~ *# A
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Koadduinuent TpeHus CKoIbKeHUs — KO3()(UIHUEHT MpOonopLUUuOHATBEHOCTU
MEXJy CHJIOM TpPEHUS CKOJBKEHUS M CHJIOM HOPMAJIbHOW PEaKIMU OIOpHI, IO
KOTOPOIl CKOJIB3UT JAHHOE TEJIO B 3aKOHE CYXOT'0 TPEHHS.

3HayeHne Kod(p(UIMEHTa TPEHHUS CKOJNBKEHHS 3aBUCUT OT Marepuala
TPYIIUXCS APYT O ApyTra Tl U KayecTBa 00pabOTKH WX MOBEPXHOCTEH.

Kak mpauno, #< 1, W jumb Ui IIaJKMX U COBEPIICHHO YHCTBIX
noBepxHoOCTel MeTamios #> 1.

XOJA PABOTHBI

IIpogheccuonanvro-opuenmuposanuvie 3a0aHUA:

1. PaccMOTpeTh MIKaJIbl U3MEPUTENBHBIX TPUOOPOB, ONPEIETUTH LICHY JEICHUS.

2. llpoBepuTbh, 3aBUCUT JHM CWJIa TPEHUS OT IUIOHIAAM TOBEPXHOCTHU
CONPUKOCHOBEHMSI Te€J, JJs JTOr0 TMOJOXKUTh OpYyCOK Ha TOPU30HTAIBHO
pPacHoJIOKEHHYIO JOCKYy TIpaHbl0 C caMOW OOJBIION IUIOMIAJbI0 TOBEPXHOCTH.
[IpukpenuB Kk OpycKy AMHAMOMETp, IJIABHO YBEIWYMBATH CHUILY, HAMNPABICHHYIO
BJIOJIb TOBEPXHOCTH JOCKH, M 3aMETHUTh MAKCUMAaJbHOE 3HAYECHHE CHJIBI TPEHMS
MOKOS. 3aTeM MOCTAaBUTh TOT K€ OpPYCOK Ha JAPYTryl0 IpaHb ¢ MEHBUIEH IJIOMIA/bIO
IIOBEPXHOCTH U BHOBb U3MEPUTH MAKCUMAJILHOE 3HAUEHUE CUJIbI TPEHUS TTOKOS.

|

m”‘ e ‘_;jll H
3. TloBTOpHMB Takue >k€ HW3MEPCHHs TPH PaBHOMEPHOM JBIKCHHH OpycKa II0
MOBEPXHOCTU JOCKH, OMPENEIUTh BEIUYMHY CUJIBI TPEHUSI CKOJBKCHHS, a TaKKe
3aBUCHT JIM 3T CUJIa OT TUIOMIAIX TIOBEPXHOCTU COTPUKOCHOBEHUS TEJL.

4. TlpuBectu OpyCOK B YCKOPEHHOE JIBIKEHUE, EUCTBYS HA HErO CHUJIOHN, OOJIbIIeiH
MOJYJISl CUJIBI TPEHHS CKOJIbKEeHUSI. I3MEpPUTh MOJTYJIb 3TOM CHIIBI (CHIIBI YIIPYTOCTH).
5. Msmeputh maccy Opycka.

6. ITo IIOJIYUYCHHBIM OAHHBIM BBIYHUCIIUTE MOAYJIb MAKCHUMAJIBHOI'O YCKOPCHU A 6pyCI<a

Fynp B Fmp _

m

N
¢

o opmyne a =
7. Onpenenuth KOAOPUITUEHT TPEHUS CKOJIBKEHUS, UCTIONB3Ys (POPMYITY Fog = 4V

8. IloctaBuTh Ha MepBBIA OPYCOK BTOPOM TakoH e, YBEIWYUB TEM CaMbIM CHUITY,
NEePHEHANKYIISIPHYIO IOBEPXHOCTH CONMTPUKOCHOBEHUS TEJa U CTOoJIa (Cujia JaBiICHUS).
N3mepuTh MakCUMalIbHYIO CHIIy TpeHUsi TMokos. OmnpeneiauTh 3aBUCUT JIH
MaKCUMalbHOE 3HAUEHHE MOYJISl CUJIbl TPEHUS TTOKOS OT CUJIbI JABJICHUS.

2SN

IR
(4
A

pm——— |
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9. JlaHHbIE OMBITOB M PAaCYETOB 3aMKCATh B TAOIHILY:

Cuia

No = = Macca | Moayas | Kodppuuuent
) P P Fynp, | P, | N, | Opycka | yckopenus TPeHus
ONIBITA | noxkos, CKOJIbIKEHHS1 5 i ’ 2
H H H| mkr a, M/c CKOJIbYKEHHS

H H

10. CpaBHUTH pe3yabTaThl U3MEPEHUM U CIETaTh BHIBOJ.
KOHTPOJIBHBIE BOITPOCHI:

UTOo Ha3bIBAIOT CUJION TPEHHS U CUJION YIIPYyrocTu?

Kaxkune BHIbI CHIIBI TPEHUS pa3INnyaroT?

Kax onpenenuTs cuily TpeHHsI CKOJIbKEHUA?

[loka3aTp Ha pHCYHKE HallpaBJIEHUE BCEX CHJI JACUCTBYIOUIMX Ha TEJO,
HaxXOASIIETOCs HAa MOBEPXHOCTH CTOJIA.

5. Kakoe BnusiHuEe 0Ka3bIBAET CUJIa TPEHUS HA TeMa (MPUBECTH MPUMEPHI).

~wn e

JIABOPATOPHAS PABOTA Ne2

Hazeanue naoopamopnoit paoomoer. «V3ydyeHue COXpaHEHMS] MeEXAHHUYECKOMH

JHEPIvHU MPH ABUKEHNH TeJIa MO/ AeiiCTBHEM CHJI THKECTH U YIIPYTOCTH».
Ilenv padomoi: IPOBEPUTH 3aKOH COXPAHEHUS MEXaHUYECKON SHEPIUH.
Obopyoosanue: nuHamMoMeTp ¢ (PUKCATOPOM, IITATUB, U3MEPUTEIbHAS JTUHEHKA, 2

rpy3a mo 100 rp.

PesyabTarsbi:
Dopmupyemoie 371emMeHmbl IIK (npogheccuonanvno-opuenmupoeanmnoe
cooepicanue):

— ITIK 1.3. IIpoBoaute u 00pabaThiBaTh pPE3YJbTATHl HUCIBITAHUI CUCTEM

OTOIUJICHUS, BOJIOCHA0XKEHM I, KAHAIN3allU1 U BOAOCTOKOB;
Memanpeomemmuwle:

— MPII 01, MPII 02, MPII 03, MPII 04, MPII 05, MPII 18;
— MPK 03, MPK 04, MPK 05, MPK 08;
— MPP 01, MPP 02, MPP 05, MPP 06, MPP 08, MPP 11, MPP 16, MPP 18,

MPP 19;
npeomemHule:

— IIP6 06, ITP6 07, T1P6 10;
— IIPy 07, ITPy 08, IIPy 09, ITPy 12.

Ilo oxonuanuu pabomul obyuarOwulics OO0NXHCEH YMemb:IUIAHUPOBaTh U
BBITIOJTHATh M3MEPEHUS PA3IUYHBIMU H3MEPUTEIBHBIMUA TIPUOOpaMu  (IMHAMOMETD,
U3MEpUTENbHAs JIMHEWKa), OOBACHATh HAONIOAEMble SIBJICHUS, IPOU3BOJIUTDH
MaTeMaTUYeCKyI0 00pabOTKy pe3yIbTaTOB SKCIIEPUMEHTA.
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Teopus
OHeprus — 310 ¢Gu3MUecKas BeIMYMHA, XapaKTepU3ylollas CIOCOOHOCTh Teja
coBepmiuTh padoty. O6o3nauenne — E. Eqununa usmepenus B cucreme CHU — JIx
(mxoynb), 1 Jx = 1H- 1m.
B MexaHuke paccMaTpuBarOTCS CIEIYIOUIUE BUbI SHEPTUH:

m'l)2

1) kunetnueckas sHeprusi: E= ———,

2
rJ€ m — mMacca Tena, U — CKOPOCTh Tea.
3T0 3HEprusi, KOTOPOil Tesio 00JIa1aeT BCIEACTBUE CBOETO JIBUXKECHUS.
2) MOTeHIMAIbHAS PHEPTHUs Tela, MOAHATOro Haj 3emieii: E=mgh, rme m — macca
Tena, g = 9,8 M/c? —yckopeHHe CBOOGOJHOrO HajeHus, h — BHICOTA HaJ HYJIECBBIM
YPOBHEM.
OToi sHeprued Teno o0JagaeT BCIEACTBHE CBOETO IMOJOXKEHUS OTHOCUTEIBHO
3eMIIn.

Takum 00pa3zoM, MeXaHUUECKas SHEPTHUS TeJla CKIAbIBACTCS U3 KHHETUUECKOM
Y MOTEHIUAJIBHOM.

[lorenuuanbHass DSHEPrusi XapakTEpU3yeT B3aMMOACHCTBYIOIIME TEa, a
KUHETUYeCKasi dHEepTrusi — ABWXKyIIMecs Tena. M nmoreHumanpHas, 1 KUHETHYecKas
SHEPrusl M3MEHSIOTCS TOJBKO B PE3YyJbTAaT€ TAKOTO B3aUMOACHCTBHUS TeEN, NPHU
KOTOPOM JICHCTBYIOIIUE Ha TeJla CUJIbl COBEPIIAIOT pabOTy, OTIUYHYIO OT HYJIA.

OoHuM H3 OCHOBHBIX 3aKOHOB MEXAHUKHU SIBJISIETCS 3aKOH COXPAaHEHUs
MEXaHUYECKON SHEPTUU.

Ecnu Heckonbko Tel B3aMMOJEWUCTBYIOT MEXKIYy COOOW TOJNBKO CHIIAMH
TATOTEHUS M CUJIaMU YIPYTOCTH U HUKAKHE BHEIIHUE CUJIbl HA HUX HE JIEUCTBYIOT, TO
MpH JIFOOBIX B3aUMOJICUCTBUAX TeJI paboTa CHJI YIPYTrOCTH WUJIM CHJI TATOTEHUSI paBHA
W3MEHEHHUIO TMOTEHIMAIBHOW 3HEPIUU TEJ, B3ATOMY C MPOTUBOIOJIOKHBIM 3HAKOM:
A= _':Epz - Epl)

Bwmecte ¢ TeM no TeopemMe 0 KUHETUYECKOM dHEPTUM paboTa TeX e CUJI paBHA

M3MEHEHHUIO KHUHETUYECKOW SHEPTUH: A=Eq _Eﬂ.

N3 cpaBHEHHs BbIIIE NPUBEICHHBIX PABEHCTB BHUAHO, 4YTO HW3MEHEHHE
KMHETUYECKOW SHEpPruM Tel B 3aMKHYTOM CHUCTEME pPaBHO MO a0COIIOTHOMY
3HAYCHHUIO M3MEHEHUIO MOTEHIMAIBHOW DHEPIUU CUCTEMBI TEJI U IIPOTHUBOIIOIOKHO

eMy TI0 3HaKy: EgmEy =~En "By Bt En = En T By

N3 sToro cienyer, 4T0 CyMMa KHHETUYECKOU M TOTEHUHMATIbHOU SHEPTUM TEIl,
COCTABJISIIOLIMX 3aMKHYTYIO CUCTEMY M B3aMMOJICUCTBYIOIINUX MEXAYy cO00i cuilaMu
TATOTEHHUSI W CUJAMH yIOPY TOCTH, OCTaeTCs IOCTOSHHOW. OTO YTBEPXKICHUE
HAa3bIBAETCS 3aKOHOM COXPaHEHUs SHEPTUY B MEXAHUYECKUX MTPOIIECCAX.

3axkon coxpanenus dHepeuu — TPU JIOOBIX MpoLeccax, MPOUCXOIANINX B
CUCTEME INpPH HEU3MEHHBIX BHEUIHUX YCIOBUSX, €€ II0JHAsg DHEPrus OCTaeTCs
ITIOCTOSTHHOM.

CyMMa KHHETHYECKOW M MOTEHLUHUAJIBHON SHEPIHMM TEJ HA3bIBAETCS MOJHOMN
MEXaHUYECKOM SHEPTUEH.
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Jns MOnHOM MEXaHWYECKOM JHEPrMU 3aKOH COXPAaHECHUSI DHEPrUUd HMEET
CIEAYIOIIEE BBIPAKECHUE: MOJHAS MEXAHUYECKasl YHEPTHsS 3aMKHYTOW CHUCTEMBI TEJN,
B3aUMOJEHCTBYIOIIUX CUJIAMU TATOTEHUS U YIPYTOCTH, OCTAETCS HEM3MEHHOM.

OCHOBHOE cOJiepKaHUE 3aKOHA COXPAHEHHUSI DHEPTUH 3aKIHOYAETCA HE TOJBKO
B YCTAaHOBJEHUU (aKTa COXpAHEHHS IOJHOW MEXaHMYEeCKOW HHEpruu, HO U B
YCTAHOBJIEHHUH  BO3MOYKHOCTH  B3aMMHBIX  MPEBPAIICHUNA  KUHETUYECKOW U
NOTEHIUAIBHOW YHEPTUM TEJ B PAaBHOM KOJMYECTBEHHOW MEPE MPU B3aUMOAECHCTBUU
Te.

3aKOH COXpaHEHMsI SHEPTUHU PACKPBIBACT (PU3NUECKHI CMBICT OHATHS PaOOTHI.

PabGota cua TATOTEHWST M CHJI YOPYTOCTH, C OJHOM CTOPOHBI, paBHa
YBEIMYECHUI0 KWHETUYECKOM D3HEPruu, a C JPYyrod CTOPOHbI, — YMEHBIICHHIO
MOTEHIMAIBHOW YHEPTUU TEIL.

CrnepnoBartenbHO, pabOTa paBHAa HEPTUH, NPEBPATUBILIEHCA U3 OJHOTO BHUJA B
IPYTOW.

3aKOH COXpaHEHUs IOJIHOM MEXaHUYECKOW 3HEPruH B IIPOILECCAX C YyYACTHEM
CWJI YIPYTOCTHM W TPaBUTALMOHHBIX CHJ SIBJISIETCA OJHMM W3 OCHOBHBIX 3aKOHOB
MEXaHUKH. 3HAHHWE 3TOT0 3aKOHAa YIPOIIAET PELIEHWE MHOTIMX 3aJa4d, WMEIOLINX
00JIbI1I0€ 3HAUEHUE B IPAKTHUUECKOM KU3HH.

MexaHnndeckoe ABMKEHUE HUKOI/Ia HE Ucue3aeT OeccIeIHO U HUKOI/Ia OHO He
BO3HUKAET caMo c000i. Bo BpeMsi TopMOkeHUsI aBTOMOOMIISL TPOU30ILIO HArpEeBaHHUE
TOPMO3HBIX KOJIOJIOK, IIMH aBTOMOOWIA U acdanbTa. CiaeaoBaTesibHO, B pe3yibTaTe
NEUCTBUA CHJI TPEHUS KUHETHUYECKas »JHEpruss aBTOMOOWJII HE HcuYes3na, a
MpEBPaTUIIACh BO BHYTPEHHIOKO 3HEPTHIO TEMIOBOTO JBUKEHUS MOJIEKYIL.

[Ipy m0OBIX (PU3NYECKUX B3aUMOJECUCTBHUSIX SHEPrus HE BO3HHMKAET M HE
MCYE3aET, a TOJIBKO MPEBpAILAeTCA U3 OJJHON (POPMBI B IPYTYIO.

[TockonbKY CHUJIBI TPEHUSI UCKIIOUYUTH MOJHOCTHIO HE BO3MOXKHO, TO M 3aKOH
COXPAHEHUS MEXAHMYECKOW HHEPrUU BBIINOJIHAETCS B pEaJbHBIX CHCTEMAaXx JIMILIb
NpUOIMKEHHO MPHU YCIOBHUHU, YTO CHJIbI TPEHHSI MAJIbl 1 UMH MOXHO MTPEeHEeOpeyb.

X0 PABOTHI
IIpogheccuonanvro-opuenmupoganmvie 3a0aHUSL:
1. OnpenenuTh LeHY JeJIeHUS AMHAMOMETPA U U3MEPUTEIbHON JTMHEHKU.
2. 3aKkpenuTh TMHAMOMETp Ha IITAaTUBE.
3. YcraHoBUTH (UKCATOP Yy OrpaHUYMUTENBHON CKOOBI, PacTIHYTh MPYXHUHY C
cwioit = 3,3 H, 3aTemM MeAJIEHHO BEPHYTh B UCXOJHOE MOJIOKECHHUE.
4 VI3MepuTh JIMHEUKOHN JJIMHY NPY>KUHBI X1.
5. IlpukpenuTh rpy3sl, NOAHATH UX TaK, YTOOBI yKa3aTelb JUHAMOMETPA BEPHYJICS
Ha HOJIb, OTILYCTUTh I'PY3bl, U3BMEPUTH MAKCUMAIbHYIO CUITYy YIIPYTOCTH.
6. U3meputh IIMHY NPY>KUHBI, IPU NPUKPEIVICHHBIX TPYy3aX X2.
7. CHATH Tpy3bl, PACTSIHYTh CHOBa MPYXHHY TakK, 4TOObl (PUKCATOp KOCHYJICS
NpyKUHbL. I3MEpUTH CUITy YIIPYTOCTH MPYKUHBI.
8. OmnpenenuTh yAIuHEHUE TPYKUHBI AX = X2 — X1.
9. Onpenenuts nepeMenienne rpy3oB h = Ax.
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10. Ompenenuth H3MEHEHHWE TMOTEHIMAIBHONW HHEPrUUM TMPYXKUHBI 0puU €&
F
—_ X
pacTspkeHuu no ¢popmyie AE,,= 5

11.0npenennth U3MEHEHUE MOTEHUMAIBHON 3HEPIUH IPY30B MPU UX MEpEMENICHUN
no ¢popmyne AE,,=mgh.
12. Pe3ynbTaThl BcEX U3MEPEHUI M BBIUUCICHUN 3anKcaTh B TaOJIHILY:

@ . ® - N3meHnenne }
< ~ JJIMHa NPYKUHBI :é ES Eu_ NOTEHUHAJbHOM
E E; =z %E = 2 = YHEPIHUH

[ = A =
= - | o= . = . =% geo |2 =F = =
~ o £ ®om 2 Rom = = 52 |10 a % ¥ = S &

o = v = > 2.5 8 S
S et © E N ) g S 2= 2o E > %mﬁq %Eq

< = S ook | > O = S >y o
= a2 > e, = = = = ~

13.CpaBHUTH pe3yabTaThl USMEPEHUM U CIeJaTh BBIBO/I.

KOHTPOJIBHBIE BOITPOCHI:
1. Kakue BHUIbI HEPTUH CYLIECTBYIOT B MEXaHUKE?
2. UTo Ha3BIBaCTCs MOJTHOM MEXaHUYECKON dHEpTUei?
3. ChopMynupoBaTh 3aKOH COXpPAaHEHHUS MEXaHHUUECKON YHEPTUH.
4. ITpu KaKOM yCIIOBUH BBITIOJIHSIETCS] 3aKOH COXPAHEHHUS SHEPTUH B peaibHbIX
CHUCTEMAX U MoYeMy?

JIABOPATOPHAS PABOTA Ne3

Haszeanue nadbopamopnoii pabomeui: «A3MepeHne BJAKHOCTH BO3TYXa».

Ilenv pabomor: HAyYUTHCSI OMBITHBIM TYTEM OMNPENEIsITh OTHOCUTEIHHYIO
BJIQKHOCTh BO3/1yXa.

Oobopyoosanue: TEPMOMETpP, BOJA WM JAUAITWIOBBIM  3UP,ICUXPOMETP,
0apoTepMOTUTpPOMETp, ICUXOMETpUYecKas TadIuIa.

Pe3yabTartshi:

Dopmupyemoie 971eMEHm bl IIK (npogheccuonanvno-opuenmuposanmnoe
cooepicanue):
— ITIK 1.3. IIpoBoauth u 00pabaThiBaTh pPE3YJbTATHl HUCIBITAHUI CUCTEM
OTOIUJICHUS, BOJIOCHAOKCHM S, KAHAIM3AIIUN U BOJOCTOKOB;
MemanpeomemHuwle:
— MPII 01, MPII 02, MPII 03, MPII 04, MPII 05, MPII 18;
— MPK 03, MPK 04, MPK 05, MPK 08;
— MPP 01, MPP 02, MPP 05, MPP 06, MPP 08, MPP 11, MPP 16, MPP 18,
MPP 19;
npeomemmHnule:
— TIP6 06, ITP6 07, TIP6 10;
— IIPy 07, ITPy 08, I1Py 09, I1Py 12.
Ilo okonuanuu pabomwvl oOyyaOWULICA OO0ANCEH YMemb. TUIAHUPOBATh U
BBITIOJIHATh 3KCIIEPUMEHTHI C TIOMOIIBIO PA3NMYHBIX H3MEPUTEIBHBIX MPUOOPOB
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(mcuxpomeTp, 6apOTEPMOTUTPOMETP), TOIB30BATHCS MICUXOMETPUYECKON TaOIUIIeH;
pelaTh 3aJa4d Ha OIPECIICHUE OTHOCUTENIBHOW BIAXKHOCTU BO31yXa, OOBSCHSTH
M3MEHEHHE arperaTHbIX COCTOSIHUN BEIIECTBA.

Teopus

B armocdepe 3emnn Bcerma cojneprkarcs BojAsHbIE maphl. VX comepxkaHue B
BO3JIyXE XapaKTepu3yeTcsi aOCOIIOTHON M OTHOCUTEIIBHOM BJIIAXKHOCTBIO.

AGCOMOTHAs BIAXHOCTL (p,) OIpeNeNseTcss Maccoid BOAAHOro mapa B 1 w3
BO3/yXa, T.€. INIOTHOCTHIO BOJISIHOTO Tapa.

AOCOIOTHYIO BJIQXKHOCTh MOYKHO OTIPEICIIUTH 0 TEMIIepaType — TeMIiepaType,
Ipyd KOTOPOW Tap, HAXOJAIIMICA B BO3JyXE, CTAHOBUTCS HACHIIICHHBIM.
TemriepaTypy TOYKM pOCBI OMNPEACISIOT C IIOMOIIBID TUTPOMETPA, a 3aTE€M IO
tabnuue "/laenenue HACbIUWEHHBIX NAPO8 U UX NIOMHOCMb NPU  PA3TUYHBIX
memnepamypax' HaXoIsT COOTBETCTBYIOIIYIO TEMIIEPATYPE TOUKH POCHI IIIIOTHOCTb.
HaiinenHas aoTHOCTh M €CTh a0COMIOTHAS BIAXKHOCTh OKPYIKAIOIIEr0 BO3TyXa.

OTHOcUTENbHAs BIIAXKHOCTh ¢ TOKAa3bIBAET, CKOJIbKO IPOIEHTOB COCTABJISIET
a0COJIIOTHAs BJIAXKHOCTh OT IJIOTHOCTH p,BOASHOTO Tapa, HACHIIIAIOIIETO BO3IYX
p, 100%

P,

MIpY IAaHHOM TeMImepaType: @ =

X0/ PABOTBI
IIpogheccuonanvro-opuenmuposanuvle 3a0aHUA:
1. PaccMoTpeTh MCUXpOMETP U 0apOTEPMOTHUTPOMETP, OMPEACTUTD KAy JSICHUS
pruoOOPOB.
[Icuxpomerp: baporepmorurpomerp:

HUIKge m()(l bstconoe
040 47]0
f et Y \ amm, ( dm WL
50 g é’jo,wp,
0 L\A 2
e omHy Bngxepacm, \00
(/3 “0
Cop 3y 4p g0 10 N‘“,\u?“

2. TlpoBepuTh HamM4Me BOJBI B CTAKAHUMKE TMCHUXPOMETP M MPU HEOOXOIAMMOCTH
JOJIUTH €€.

3. OmnpenenuTh TeMIepaTypy Cyxoro TEpMOMeTpa.

4. OnpeaenuTs TEMIIEPATYPy CMOUYEHHOTO TEPMOMETPA.

5. OmnpenenuTs OTHOCHUTENIBHYIO BIQXHOCTh, IMOJB3YACh I[ICUXPOMETPUUYECKOM
TaOIUIIEH.

6. OnpenenuTh OTHOCUTEIBHYIO BJIQKHOCTD [0 OAPOTEPMOTUTPOMETPY.
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7. Ucnonb3ys Ttabmuuy “/laéneHue HacvlyyeHHbIX NAPO8 U UX NIOMHOCMb NpU
PA3IUYHbIX memnepamypax', onpeaeanTh TUIOTHOCTh HACBHIIIEHHOTO BOJISHOTO Iapa
(mpu Temmiepatype tey).

[ ]

8. OnpenenuTh aOCOMIOTHYIO BIAKHOCTB IO popMyIie p= 1 6 0%
0

9. Pe3synbTarhl U3MEpeHUH 3amucaTh B TAOIHILY:

IToka3zanmue Pa3HocTthb OTHOCHTEIB- OtHocurenb- | IlnmoTHOCTL | AOGCOJIIOT-

TEpMOMETPa MOKA3aHM Hasd Has BJIA’KHOCTh | HACBILECH- | HAs BJIAXK-
CYXOro | cMO4Ye | TepMOMETPOB | BJIAKHOCTH BO3/yXa I10 HOT'O IAP3, | HOCTD p, i3
t1, °C | HHOTO At, °C BO3/1yXa MO 0apoTepMoOrur- P, is "

t2, °C ncuxpomerpy | pomerpy ¢,% "
9%
10. CpaBHUTH pe3ynbTaThl U CACIATH BHIBOI.
KOHTPOJIbHBIE BOITPOCHI:

1. Yro Ha3piBaeTcs ucnapeHuem, kKoHaeHcanuein? Ilouemy npu ucnapeHuu
TeMIepaTypa KUJIKOCTH MOHMXKAETCS?

2. Kako¥li map Ha3bIBaIOT HACHIIEHHBIM? Kak MepeBecT HEHACHIILICHHBIA Hap B
COCTOSIHUE HACBHILLECHUS?

3. M3o0pa3uTh Ha pPHUCYHKE AMHAMUYECKOE pPABHOBECHE MEXAY IapoM H
KUJKOCTHIO.

4. Tlouemy TIOKa3aHUsg BIIAXKHOTO TEPMOMETpPA TICUXPOMETpAa MEHBIIIE
MOoKazaHu cyxoro Tepmomerpa? Ilpm KakoM yCIOBHMM Pa3HOCTh NOKA3aHUU
TEpMOMETpa HauboJIbIIas?

5. Cyxo#l U BIaXXHBII TEPMOMETPHI NICUXPOMETPA MOKA3BIBAIOT OJHY U TY XK€
temneparypy. KakoBa oTHOCUTEIbHAS BIAXKHOCTh BO3/TyXa?

6. Uto HazbiBatoT TOukoi pocki? [lpu kakoii Temmneparype BhIIAAET poca, eCiu
JaBjieHrE BOAsIHOTO napa B Bo3ayxe 1706 Ila.

7. [ToueMy mocie xapkoro gHs poca ObiBaeT 6ojee oOmIbHA?

JIABOPATOPHAS PABOTA Ne4

Ha3zeanue naoopamopnoit pabomoi: «M3MepeHre NMOBEPXHOCTHOIO0 HATSKEHUSI
KHIKOCTH.

Ilenwv pabomer: HayduThes ONpeAesaTh KO3PPUIMEHT TOBEPXHOCTHOTO HATSHKEHUS
Pa3JIMYHBIMU CTIOCOOAMH.

Obopyoosanue: BeCbl C pa3HOBECAMH, IITATUB, WITAHTCHIUPKYJb, JUHEHKA
U3MepuTelibHasd, KojJ0a KOHMYecKas, CTaKaH, CTakaH C BOJOH, BOPOHKa
KOHycoOOpa3Hasi WiM OlopeTKa ¢ KpaHOM, TpyOKa pe3uHOBasi ¢ KPaHOM U
CTEKJSIHHBIM HAKOHEYHUKOM JauaMeTpoM 3—4 MM, coCyd C BOJOH,
KamuJspHas TpyOKa.
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Pesyabrartsl:
Dopmupyemoie 371eMeHmbl IIK (npogheccuonanvno-opuenmuposannoe
cooeprcanue):

— ITIK 1.3. IIpoBoaute u 00padaThiBaTh PE3YJbTATHl HUCIBITAHUN CUCTEM

OTOIUJICHUS, BOJIOCHA0XKEHM I, KAHAIU3allUU U BOJAOCTOKOB;
Memanpeomemmbwle:

— MPII 01, MPII 02, MPII 03, MPII 04, MPII 05, MPII 18;
— MPK 03, MPK 04, MPK 05, MPK 08;
— MPP 01, MPP 02, MPP 05, MPP 06, MPP 08, MPP 11, MPP 16, MPP 18,

MPP 19;
npeomemmuuie:.

— IIP6 06, ITP6 07, T1P6 10;
— IIPy 07, ITPy 08, [1Py 09, I1Py 12.

Ilo okoHuanuu pabomuvl oOyuarowulicsi 00jdceH YmMems. TUIAHUPOBATH MU
BBINIOJIHATh  JKCHEPUMEHTHl MO  ONPENEIICHUIO [OBEPXHOCTHOIO  HATSKEHUS
BOJIbL, IPUMEHSTh TOJIYYeHHbIC 3HAHUS MO (U3UKE JJIT OOBSICHEHHS HAOIIOAEMBbIX
SBIICHUI, TPOU3BOJUTH MaTEMaTHUYECKyl0 OOpabOTKy TOJYyYEHHBIX pPE3yJIbTaTOB
AKCIEPUMEHTA U MOTPEITHOCTEN N3MEPEHUS.

Teopus

Mosiekynibl  TOBEPXHOCTHOTO  CJIOSL  JKHJKOCTH  00JIaaloT  HU30BITKOM
MOTEHIIUATIBHOW SHEPTUU MO CPABHEHUIO C SHEPTUEN MOJIEKYJI, HAXOAIIUXCS BHYTPH
xuakoctu. Kak u mobas MexaHnyeckasi CUCTeMa, TTOBEPXHOCTHBIA CIION KUIKOCTH
CTPEMUTCSI YMEHBIIIUTH CBOKO MOTEHIIMAIBHYIO SHEPTHUIO. 32 CUET YMEHBIICHUS 3TOU
SHEPrUU MOJIEKYJISIPHBIE CHJIbI — CHJIbI IOBEPXHOCTHOTO HATSKEHUSI — COBEPILIAIOT
paboTy A, cokpamas IUIONIAAb  CBOOOJHOHM IMOBEPXHOCTH JKMIKOCTH S Ha
BennuuHy AS: A =a6AS.

KoadduimenT nponopunoHanbHOCTH 6  Ha3bIBaeTcss KO3 (OUIHEHTOM
MMOBEPXHOCTHOTO HATSKEHUSI JAaHHOM XKUJKOCTU. V3 puBEICHHOM BBIIIE (hOPMYJIIbI
BHUJIHO, UTO OH YHCJICHHO PaBEH CUJIe MOBEPXHOCTHOTO HATsKeHUS F, nericTByromein
Ha EIUHUIY JUIMHBI JIMHUM, OTPAHUYMBAIONICH KaKyr-Tu00 YacTh CBOOOJHOM
MMOBEPXHOCTH KUIKOCTU: G = %

[ToBepXHOCTHOE HATSKEHUE KUAKOCTU 3aBUCUT OT IMPUPOJIbI TPAHUYHBIX CPEX
Y TeMIIePaTypPhl )KUJIKOCTH.

[ToBepXHOCTHOE HATSKEHUE MOXKHO OINPEACIUTh Pa3TUUYHBIMH METO/IaMMU:
METOJIOM OTphIBa Kamejlb W METOJAOM TMOAHATHUS KUIKOCTH B | ;
KaImuyuispe. | A
1) MeTon oTpbiBa Kareib. | -

Jns u3MepeHus: STUM METOJAOM COOHMpPAIOT YCTAHOBKY I10 Cﬁfﬂﬁ
PHUCYHKY. | \

HanuBaroT AUCTUIUIMPOBAHHYIO WM XOPOIIO MPOKUIISTYEHHYIO |
BOJy W C TOMOIIBI0O KpaHa PETyJupyrOT €€ BBITEKaHUE TakK, YTOOBI
BOJla OTJIENIbHBIMHM KAIUISIMU Tajajna B MOACTaBICHHbIA cTakad. Jlys &

22

g
p |
i




KaIlJIu JKUJKOCTH B MOMEHT €€ OTpbIBa OT KOHLIA TPYOKH cujoi F OyaeT Bec Karuiu:

F =mog;
JIMHUS, OTPAHWYMBAIOIIAS  CBOOOJHYIO  IIOBEPXHOCTh  JKMAKOCTH, — JUIMHA
OKPY>KHOCTH INEHKH KaILIH: | =ndu.x.

mg Mg
Otcrona o = d MG = "~

u.K. w.K.

rane M — macca BhUTMBIIEHCS BOJIbI, § — YCKOPEHHE CBOOOHOTO MaJIeHus1, N — YUCIIO

Kaneyb BOJIbI, Uu.«— BHYTPCHHUH THAMETP CTEKISTHHON TPYOKH.

2) MeTo1 oHATHSI XKUJIKOCTH B KalMJUIPE. _
[Ipn w3MepeHuH, KaMWUIPHYIO TPYOKY OITyCKAarOT B

CTakaH C BOJOW M HU3MEPSAIOT BBICOTY TMOJHATUS BOJABI B

Kanuwuisipe. JKuaKoCcTh MOJHUMAETCA B KamWUIsipe 0 TeX Iop,

MOKa CHUJIa HOBEPXHOCTHOTO HATSKEHUs He ypaBHOBeCHT cuiy | N

TSDKECTH, JIEHCTBYIOIIYIO HA TIOHSATYIO BOAY:
F = Fm}lJfC1

pmd*hg
ond= — -

phgd
OTCI’OI[a o= 4 > rac p— IIOTHOCTD KUAKOCTH, g — MOAYJIb

YCKOPEHUSA
cBOOOHOTO TMajeHus, N - BbICOTa MOAHATHS JKHIKOCTH B Kamwuisape, d — quamerp
Kanuuisapa.

X0 PABOTHBI
| cnocod: kanenvnwit
IIpogeccuonanvro-opuenmupogantule 3a0aHU.
1. PaccmoTpeThb HIKajbl U3MEPUTENbHBIX IPUOOPOB, ONPEASIUTh HEHY JCJIECHNUS.
2. Onpenenuth Maccy mycroro crakana 1o 0,01 r.
3. U3meputrh BHYTpEeHHUN JAWAMETP CTEKISHHOW TPYOKHA IITaHTEHIMPKYJIEM.
Beruncnuth nuametp meiku karmiud.. = 0,9 d.
4. CoOpaTh yCTAaHOBKY IO PUCYHKY. YCTaHOBUTH MpPUOOpP TakK, YTOObI CTEKIISIHHAS
TpyOKa, U3 KOTOPOM BBITEKAET BOJIa, ObLJIa CTPOTO BEPTUKAJIbHA.
5. 3aKpbITh KpaH, HAMUTHh BOAy. [locTeneHHO OTKphIBas KpaH, JOOUTHCSA, YTOOBI U3
TpyOKH BoJia BbITEKaJNa oTAeNbHbIMU KarisiMu (30 — 40 xamens B MUHYTY).
6. [logctaBuTh NOJ TPYOKY MyCTOM cTakaH U oTcuutath B 100 kamens.
7. OnpenennTh Maccy CTakaHa ¢ BOJOW, BBIYMCIUTHh MACCY BOJBI
M3 = M2 —May.
8. BeruncnuTh MoBEpXHOCTHOE HATSKEHUE BOJIBI 110 opMyIie:

mg
0= .
N7 .
9. Berauciute OTHOCHUTCIIbHYIO ITOTPCIITHOCTD I/I3Mep€HHﬁ 10 (bOpMy.He:
| O ~ O pmabn |
o=—" — +100%.
maobn
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10. Pe3ynbTaThl U13MEpeHMid U BEIUMCICHUN 3aKucaTh B TaOIUILY:

= Kosgppuuuent
) 7 ) MOBEPXHOCTHOIO =
S z| = | 5| Z Z = . g
S L = g E = S = = HaTSKEHHUSA = =
S| SE €4 3 g =g e 2 [F 23
= = = = =) & = 2 2 T = 2 = = N
(=] @ =] - = s ~ = TR
ol O 2| 8 = < = = o> S = ‘9 T = e =
- @ | 8 9 v = = = = =
S el 28 g S | &= SS | &g | E S = £
o =
- > > =) = = é \g iy <
/& )

Il cnoco6: kanunnapmusii
IIpogheccuonanvro-opuenmuposanmvie 3a0aHUA:
1. PaccMOTpeTh IKAJIbI U3MEPUTENIBHBIX TPUOOPOB, OMPEICTUTH LICHY JCICHHUS.
2. I3smMepuTh muaMeTp Kanmuuisipa MTaHTeHITUPKYJIEM.
3. CobpaTh yCTaHOBKY 110 PUCYHKY. OIyCTUTh KAaMJUIAP B BOIY U U3MEPHUTH BBICOTY
e€ MOAHATHUS B Kammuisipe (JIMHEHKOM) HaJl MOBEPXHOCTHIO BOJIbI B CTAKaHE.
phgd
4. BeIYHCITATB OBEPXHOCTHOE HATSDKEHHUE BOJBI 10 hopMyrie: 6=,
5. CpaBHUTH pe3yabTaThl U3MEPEHUU C TAOJIMYHBIM 3HAUYCHHEM IOBEPXHOCTHOTO
HATSKECHUS U OIIPEIEIINTh OTHOCUTEIIBHYIO IIOTPEIIHOCTD.
6. PesynbpTaThl M3MEpeHU U BBIUMCICHUN 3aM1CaTh B TAOIUILY:

o Koappuuuent
s S o 2 MOBEPXHOCTHOI'O =
= = s ® = p S 2
S 2 E 2 HATSIKeHH S Z 5
< § o N = a ™ = g S
= = X S = = ’= <o N
o = - = = = = = = - = =
Z wa Q_,q >}_c“ “c“ D 2 o= IS = -
El =52 R & S - 2 = = T o 2=
(=] L = = = ) = Q. == R o) =) =
S E S - = = S = = 3
& 2 2 S 20 =g -
=S¢ R g = S S ©

7. CpaBHUTBH pe3yibTaThl U CAENATh BHIBO/I.

KOHTPOJIBHBIE BOITPOCBI:
UYto Takoe NOBEPXHOCTHOE HATSHKEHUE?
Kak u rae npuMeHseTcss MOBEpXHOCTHOE HATSKEHHUE.
Ha 4T0 neiicTByeT cuiia MOBEPXHOCTHOTO HATSHKEHUS M KaK OHA HampasiieHa?
[Touemy MOBEPXHOCTHOE HATSHKEHHUE 3aBUCUT OT BUJA )KUJIKOCTH?
N306pa3uth Ha pUCYHKE MOJIEKYJY KUIKOCTH Ha MMOBEPXHOCTU TBEPAOIO Tea
JUIS CITy4asi CMa4MBaHMs U HE CMAauyMBaHUA. Y Ka3aTh KPaeBOU yroJl.

o0 E
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6. Uro Takoe kamuuiap? WM300pa3uth >KUAKOCTH B KamMWUISApe IS CiIydas
CMa4yuBaHUs U HE CMAYUBaHMS.
7. TloueMy >KMIKOCTH MCTIApsIFOTCSA JIET4e, YEM TBEpbIe Tesa?

JIABOPATOPHAS PABOTA NeS

Has3zeanue nabopamopnou pavomwr: «A3yuyenue 3akona Oma Ajs1 yyacTka uemnu

MPHU MOCJIeI0BATETHbHOM COCJUHEHUH MPOBOIHUKOB.

Ileny padomer: HaydUTHCS COENUHATH NOTPEOUTENH PaA3IMYHBIMH CHOCOOaMH,

ONBITHBIM MMYTEM MPOBEPUTH 3aKOH OMa.

Obopyoosanue: WVCTOUYHUK BJIEKTPUUYECKOM SHEPIrUH, PE3UCTOPBI, aMIEPMETP,

BOJIBTMETP, PEOCTAT MOJ3YHKOBBIH, KIIIOY, COEAMHUTEIbHBIE TPOBO/IA.
Pe3yabrarthi:

Dopmupyemoie 371eMeHmbl IIK (npogheccuonanvno-opuenmuposanmnoe
cooeprcanue):
— TIK 1.3. IIpoBoauth u o00pabaTbiBaTh pe3yibTaThl HCIBITAHUN CHUCTEM

OTOIUJICHUS, BOJIOCHA0KEHM S, KAHAIN3allUU U BOJOCTOKOB;
Memanpeomemmbwle:

— MPII 01, MPIT 02, MPII 03, MPII 04, MPII 05, MPII 18;
— MPK 03, MPK 04, MPK 05, MPK 08;
— MPP 01, MPP 02, MPP 05, MPP 06, MPP 08, MPP 11, MPP 16, MPP 18,

MPP 19;
npeomemmHuule:

— IIP6 06, ITP6 07, T1P6 10;
— TPy 07, ITPy 08, ITPy 09, ITPy 12.

Ilo oxonuwanuu pabomol obyuarowulicss OO0JCeH yMemb. COCTABISATH
AJIEKTPUYECKHE I1IeTH,  IUIAHUPOBATh W TPOBOJUTH HM3MEPEHUS  PA3TUYHBIMU
U3MEPUTEILHBIMA  TpUOOpaMu  (aMIepMeTp, BOJBTMETP), MPOU3BOAUTH pacueT
AIIEKTPUUECKUXIICTICH TPH  Pa3IUYHBIX CIMOCO0AaX COEAMHEHUS TOTpeOuTeNel WU
HMCTOYHUKOB DJIGKTPUYECKOTO TOKA, TMPOM3BOJAUTH MaTEeMaTHUYECKyl0 00paboTKy
MOJTyYEHHBIX PE3yJbTATOB JKCIEPUMEHTA U TMOTPEHTHOCTEW; peliaTh 3ajadyd Ha
OTpe/ieNICHHE CUIIbI TOKA C MCIIOJIb30BaHMEM 3aKOHOB OMa J1Jid y4acTKa LETH.

Teopus
DJIEKTPUUECKUI TOK — YMOPSAOUYECHHOE JBMKCHUE 3apsKEHHBIX YacTull. J{is
TOro 4ToObl B TPOBOJHUKE BCE BpEMsl IPOTEKad DJIEKTPUUYECKUM TOK, B HEM
HEOOXOJIMMO TIOAJCPKUBATh TIOCTOSTHHOE DJIGKTPUYECKOE TI0JIE € TOMOIIIBIO
HMCTOYHHKA TOKA.
OCHOBHBIMHM ~ XapaKTEPUCTUKAMM DJICKTPUUECKOTO TOKa B IENU SBJISIOTCS
HalpsoKeHWEe, CHJIa TOKa, COMNPOTUBIICEHHE. 3aBUCUMOCTh  MEXAY ATUMH
XapaKTepUCTHUKAMH YCTaHABIUBAET 3aKOH Oma:

= —.
R
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[Torpebutenu dNEKTPUYECKOM DJHEPrMH — DBJICKTPUUECKHE JIAMIOYKH,
AJIEKTpOHArpeBaTe/ibHble NMPUOOPHI, MPOBOJA U T. M. — 00JIAAAIOT OINpPENEICHHBIM
CONPOTUBIIEHUEM, TOITOMY HX YacTO Ha3blBalOT  «IPOBOJHUKAMHU»  HIIU
pe3ncTopamu.

OOBIYHO DJEKTpUUECKas LEeNb COCTOUT M3 HECKOJbKUX PE3UCTOPOB,
COCIMHEHHBIX IIOCJIECNOBATENbHO, IMapajuIe]bHO WM cMmenlaHHo. CompoTHBIEHHUE
ATOr0 PE3UCTOpPa Ha3bIBAIOT 3KBUBAJIECHTHBIM OOLIEMY CONPOTHBIIEHHUIO HECKOJBKHUX
PE3UCTOPOB, 0OPA3YIOIIUX 1IECTIb.

CxeMa TMOCHEIOBATEIBHOIO COEAUHEHUS MPOBOJHUKOB BBITTIAIUT CIEAYIOIIUM

oOpazom:
R1

R2
R3

[Ipm mocnenoBaTebHOM COCIMHEHHHM BCE BXOIIIME B HETO MPOBOIHUKU
COCIMHSIOTCS JPYT 3a JIPYroM, T.€. KOHEI[ MEPBOTO IPOBOJHUKA COCIUHSIETCS C
Ha4yaJoM BTOPOTO.

Cuna Toka B JIFOOBIX YacTSAX IIENU OJHA M Ta ke (00 3TOM CBUJIETEIHCTBYIOT
MOKa3aHUsi aMIIEPMETPOB):

I1=1 1= | 2
o Ecnu dyepe3 oguH NpoBOJHUK MTPOTEKAET TOK, TO OH MPOTEKAET M Yepe3 BCE

OCTaJIbHBIE.

o Ecnu xoTs ObI Ha OTHOM MTPOBOJTHUKE OTCYTCTBYET TOK, TO OH 00s3aTEIHHO

OTCYTCTBYET M Ha BCEX OCTATbHBIX.

[Ipu mociemoBaTEIPHOM COCIWHEHWHW COMPOTHUBIICHUNH PE3YyIbTUPYIOIICE
HaIpsHKEHUE PaBHO CyMMeE HANPsHKCHUH Ha y9acTKaXx:

U=U 1 + U 2.

PesynpTupytomee  CONMPOTUBICHHE  MOCIEIO0BATEIHHO COEIMHEHHBIX

MoTpeOuTeNei paBHO CyMME CONPOTUBIICHUIN MOTPEOUTEINICH:

R = R, +R,.
ConpoTuBieHue ey R, COCTOSIIEHN U3 N OQMHAKOBBIX JIaMII,
conpoTuBicHUEM R4 Kaxkias, B N pa3 OOJIbIIE COMMPOTUBIICHUS OHOMN JIaMIIbI:
R = R1 * M.

X0 PABOTHI
1. CocTaBUTb IEKTPUUECKYIO LEMb MO CXEME:

A

A R1R2R3 B

-
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IIpogpeccuonanvrno-opuenmuposannvie 3a0aHUA:

2. PaccMOTpeTh MIKaibl U3MEPUTEIbHBIX TPUOOPOB, ONIPEACIUTh LIEHY JICTICHUS.

3. IIpoBepuTh ANEKTPUUECKYIO II€Mb, IIeMb 3aMKHYTh U MU3MEPUTH HAIPSKEHUS Ha
KaXIoM pesuctope. s 3TOro MNPUKOCHYTHCS HAKOHEUHHUKAMHU TPOBOJIOB,
NPUCOCTUHEHHBIX K 3aKMMaM BOJIBTMETP K KJIEMMaM Ka)KJI0T0 pe3ucTopa.

4. VI3MepuTh HanpspKEHHE Ha KOHIIAX BCeW Tpymnibl pe3ucTtopoB (ydactok AB), menb

Pa30MKHYTb.
5. [Iposeputs cooTHOMEHUS (Uysy.= Upacu ;Upace.= U1 + Uz + U3) 1 caenats BBIBO.
6. Bplumciute  o0mee  CONPOTHUBJICHHE  MPOBOJHUKOB,  COEAMHEHHBIX

HIOCIIE0BATENBHO, PA3IMYHBIMH CIIOCOOAMM:
R 106w = UIﬁI/I R2o6m = R1+ Ry + R3

7. Ilo dopmyne | = BBIYMCIIUTh CUly TOKa. CpaBHUTh €€ C IOKa3aHHEM

R206m

aMIIEpMETPa U CIAEIATh BBIBO/I.
8. Pe3ynbTarhl n3MepeHni U BRIYUCICHUH 3alucaTh B TAOJIHILY.

ConporuBienne Hanpsizkenue Cuia Toka
= =
= = = = =]
S S S Oj Oﬁ mh mh =) ; p 4— <— 4— <§f <ﬂ§
5 o o5 g g S |1S5 |35 | & 2 || =] & B
o x nd Q = D -_ -_
¥ | >

9. CpaBHUTH pe3ynbTaThl H3MEPEHUN U ClIeTaTh BHIBO/I.

KOHTPOJIBHBIE BOITPOCHI:
1. Kak BKIIOUEHBI BBIKJIIOYATENh, OaTapeiika W JaMmroyka B KapMaHHOM
¢donapuke? N300pazure cxemy.
2. 3o0Opa3uth  y4acTOK  IIEMU  COJAEpXKAIIMM  JIaMIlbl,  COCAMHEHHBIX
HOCIIEI0BATENbHO. 16 MPUMEHSIOTCS TAaKUE CXEMBbI?
3. Iloka3zarp Ha cxeme, KaK MOJKIIOYUTh aMIIEPMETP U BOJBTMETP K PE3UCTOPY.
Kak MOXHO onpeieuTh CONMPOTUBIEHUE PE3UCTOPa MO UX NMOKA3aHUSIM?

JIABOPATOPHASA PABOTA Ne 6

Haszeanue nabvopamopnoii padomui: «A3ydyenue 3akoHa OmMa 11 y4acTKa Henu
NPH NapauieIbHOM COeJHHEHHH NPOBOIHNKOB).

Ilenv padomwvi: HayduTbCA COEAMHATH IOTPEOUTENN DPA3IMUHBIMU CIIOCOOAMH,
OMBITHBIM MYTEM MPOBEPUTH 3aKOH OMa.

Ooopyoosanue: WCTOYHUK DIIEKTPUYECKOM DHEPTUM, PEZUCTOPBI, aAMIEPMETD,
BOJITMETP, PEOCTAT MOJI3YHKOBBIN, KIIFOY, COEIMHUTEIIbHBIE TPOBOJA.

Pesyabrarsi:
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@opmupyemvte  Inemenmur  IIK  (npogheccuonanvno  opuenmuposanmoe
cooeprcanue):
— IIK 1.3. IIpoBoguth u 00pabaTbiBaTh pe3yNbTAThl HCIBITAHHA CHCTEM

OTOIUICHUS, BOJIOCHA0KEHUS, KaHAIM3AIMU U BOJIOCTOKOB;
MemanpeomenHule:.

— MPIT 01, MPIT 02, MPIT 03, MPII 04, MPII 05, MPII 18;
— MPK 03, MPK 04, MPK 05, MPK 08;
— MPP 01, MPP 02, MPP 05, MPP 06, MPP 08, MPP 11, MPP 16, MPP 18,

MPP 19;
npeomemHule:.

— [IIPG 06, ITP6 07, ITP6 10;
— IIPy 07, ITPy 08, ITPy 09, ITPy 12.

Ilo  okoHuanuu pabomuvl oOyuaroWulcs OOJMHCeH YMemb. COCTaBJISThH
AJIEKTPUYECKHE 1IeMH,  IUIAHUPOBATh M TPOBOJUTH HM3MEPEHUS  Pa3TUYHBIMU
U3MEPUTEIbHBIMUA  NpUOOpaMu  (aMIepMeTp, BOJBTMETP), MPOU3BOAUTH pacueT
AIIEKTPUUECKUXIICTICH TPH  Pa3IMYHBIX CIMOCO0AaX COEAMHEHUs TMOTpeOuTeNel U
HMCTOYHUKOB DJIEKTPUYECKOTO TOKA, TMPOU3BOJUTH MAaTEMaTHUECKyl0 00paboTKy
MOJIyYEHHBIX PE3YJIbTaTOB HSKCIEPUMEHTA M TOTPEUTHOCTeH H3MEpPEHHUs; pelaTh
3a7lauyu Ha OTpEJENIEHUE CHJIBI TOKa C MCMOJb30BaHHMEM 3aKOHOB Oma Il ydacTka
TICTIH.

Teopus
DJIEKTPUYECKUM TOK — YIOPSAJOYEHHOE JIBUKEHUE 3apsKEHHBIX 4acTui. Jlis
TOrO0 4TOOBI B TNPOBOAHUKE BCE BpEMsSl MPOTEKad BJIEKTPUUYECKUA TOK, B HEM
HEOOXOAMMO TOJAJEPKUBATh IMOCTOSTHHOE JJEKTPUYECKOE TI0JIE C  IOMOIIbIO
HMCTOYHHUKA TOKA.
OCHOBHBIMM ~ XapaKTEPUCTUKAMH 3JIEKTPHUYECKOTO TOKa B LENU SBJIAIOTCA
HalpsDKEHUE, Cuila TOKAa, CONPOTUBIEHHE. 3aBHUCHUMOCTh  MEXIYy OSTUMU
XapaKTEpUCTHKAaMU yCTAHABIMBAET 3aKOH OMa:

U

= —.

R
[ToTpeOuTenn SIACKTPUYECKON OSHEPTMH — DJIEKTPUUECKUE JIAMITOYKH,
AJIEKTPOHArPEeBATEIbHBIC MPUOOPHI, MPOBOA U T. M. — O0JANAIOT OMPECICHHBIM

CONPOTHUBIICHUEM, IIO3TOMY HMX 4YacTO Ha3bIBAIOT  «IPOBOJHUKAMW»  HJIU
pe3UCTOpamMu.
Cxema mapajuieIbHOTO COSTUHEHHS IIPOBOTHUKOB BEITJISANT CJICIYIOIIAMM 00pa3oM:

G &
Rl E]RZ I:I;IHS
Tt &

[Ipu mapanienbHOM COEIMHEHMHM BCE BXOJSIIME B HErO MPOBOAHUKUA OJHHUM
CBOMM KOHLIOM INPUCOEIUHSIOTCS K OJHOM TOYKe Lenu A, a BTOPbIM KOHIIOM — K
npyrou Touke B.
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Cuiia ToKka B HEpa3BETBIEHHOM YacTH II€MM paBHa CyMME CHJI TOKa B
OT/ICJIBHBIX TIapajUIeIbHO COCIUHEHHBIX MPOBOAHUKAX. OO0 3TOM CBUIETEIBCTBYIOT
MOKa3aHUs aMIIEPMETPOB:

I == I 1 + I 2

Ecnu BBIKpYTHUTH OJHY JIaMITy, TO Jpyras Jjamma IpoJ0JDKAaeT ropeTb. ITO
CBOMCTBO HMCHOJB3YIOT [JIA TOAKIIOYEHUS OBITOBBIX IPHOOPOB B ITOMEIICHUMU.
Hanpsbkenue Ha yuyactke nenu AB UM Ha KOHIIaX BceX MapajlieNIbHO COEAMHEHHBIX
MIPOBOJAHUKOB OJTHO U TO €.

U= U; = U,.

OO611ee COMPOTUBIICHHUE IEMHU MPH MaApaAJICIFHOM COCIMHEHUU ITPOBOJIHHUKOB

ompenenseTcs mo hopmyiie:

1 1 1
— T _I_ —
R R, R,
COHpOTI/IBHGHI/IC ICIu R, COCTOHHIGﬁ n3 n OJIMHAKOBBIX JJaMII,
COHpOTI/IBHCHI/IeM R1 Ka)KI[afI, BN pa:; MCHBIIIC COHpOTI/IBHCHI/IH OI[HOﬁ JIAMIIBI.
R="5

n
Bo Bcex ClIydasiax, KOoraa HYXHO HC3aBHCHMOC BKIIOYCHHC W BBIKIIOYCHHC

AJIEKTPUYECKUX TNPUOOPOB B 1LENH, HCIONb3YIOT NapajuleJIbHOE COEIUHEHHE
ANEKTPUUECKUX YCTPOUCTB. MMEHHO mMmapauienbHbIM 00pa3oM YyCTaHABIWBAIOT
pPO3€TKM B KBapTupax. Takoe NOAKIIOYEHHWE MO3BOJISIET BKIHOYATh pa3INYHbIC
MpUOOPHI B CETh COBEPIIEHHO HE3aBUCUMO JPYT OT APYyra, W MPHU BBIXOJIE UX CTPOS
OJIHOTO M3 HUX ATO HE BIUSET HA PaOOTy OCTAIbHBIX.
OcHOBHBIE OCOOECHHOCTH:

o BxiroueHue wW/WiM BBIKJIIOYEHHWE OJHOM HArpy3ku HE MelaeT paboTe

OCTAJIbHBIX.
o Bce nHarpy3ku paboTaroT npu OAHOM HAIPSKEHUU.

X0 PABOTHBI
1. CocTaBUTH 3IEKTPUUECKYIO LIENb 0 CXEME

-4 '

R1

AR2B
[ 1

(=
=4

IIpogpeccuonanvro-opuenmupoganuvie 3a0aHU:

2. PaccMOTpeTh IIKaJIbl M3MEPUTENbHBIX TIPUOOPOB, ONPEACIUTD LIEHY JCJICHUS.

3. IIpoBepuTh 3JIEKTPUUECKYIO 1LIETb, LENb 3aMKHYTh M MU3MEPUTh HAIPSHKEHHE Ha
y4acTKe ABYU CHITy TOKA B LIETH.

4. ITepexatounTh aMIIEpMETP U3 MAaruCTPaau B Ty WJIA UHYIO BETBb U U3MEPUTH CUITY
TOKa B KaXJI0M PE3UCTOPE.

S. IIpoBeputh COOTHOWIEHUS I pacy =1+ 12+ I3 1 Iy = Ipycq , CIETATD BBIBOAL.
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6. Bprunciauth o01iee COMpOTUBICHHE MPOBOAHHKOB, COCIMHEHHBIX MapajlieibHO,
pa3IMYHBIMU CIIOCOOAMU:

— Uus 1 _ 1 1 1 _ RiRyR3
= _— = — 4+ — +— =
R106m | 1 R206W Rl Rz R3 ’ T.C. RZOﬁm Rl R2 + R2 R3 + Rl R3 '
7. Brraucnnts HAIIPSKCHUC 110 q)OpMYJ]e Upacq. :I * R206m. CpaBHI/ITB €ro C

MOKa3aHUEM BOJILTMETPA U C/IeNIaTh BBHIBOJ.
8. Pe3ynbTarhl n13MepeHui U BEIYUCICHUHN 3aKcaTh B TAOIUILY.

COH OTUBJICHUC HaleSI)KeHl/le Cﬂﬂa TOKA
s | =
s | = | = B | m <
S |8 |8 |9 |9 |=ajalal |8 |<l<l<|3 %
N P, o g g |D|D|D| =& > | = |=|—=] & =
r | | & g | & =) A S
r o >

9. CpaBHUTH pe3yabTaThl U3MEPEHUI U ClI€TaTh BBIBO/I.

KOHTPOJIBHBIE BOITPOCBI:

1. Jlng ocelleHus TpaMBailHOTO BaroHa vcnodib3yercsa 10 mamil, pacCuMTaHHBIX
Ha Hanpspkenue 120 B.  Kak BxmroueHsl 3tm jammnbel? Hanpsbkenue B
TpamBaitHoi cetu 600 B.

2. N300pa3uth yyacTOK LIEMH COICPIKAIINNA JIAMITBI, COeTMHEHHBIX MapaUIeIbHO.
I'ne mpuMeHsI0TCS TAKUE CXEMBI?

3. BocemMb pe3ucTOpOB COENMHWIM MO JBa  TOCJIEIOBATEIIbHO B YETHIpE
napajuiesibHble BETBU. HauepTuTh cXeMy COeMHEHHS.

JIABOPATOPHAS PABOTA Ne 7

Hazeanue naovopamopnon paoomer: «Onpenenenue IAC U BHYTpPeHHero
CONPOTHUBJICHUS UCTOYHUKA HATIPSIZKEHUSD».
Ilenv pabomwr: Hayuutbea onpenensatb OJC u BHyTpEHHEE COINPOTUBIICHHE
HMCTOYHHUKA TOKA.
Oobopyoosanue: aMrepmeTp, BOJBTMETP, HMCTOYHUK DJIIEKTPUUYECKON DHEPIuu,
peocTar, K04, COeTMHUTEIIbHBIC MPOBO/IA.
PesyabTarsl:
Dopmupyemoie 971eMEHmMbl IIK (npogheccuonanvro-opuenmuposannoe
cooeprcanue):
— TIK 1.3. IIpoBomauth u 00pabaThiBaTh PE3YJbTATHl HUCIBITAHUN CHUCTEM
OTOIUJICHUSI, BOJIOCHAOKECHM S, KAHAIM3AIlUN U BOJOCTOKOB;
MemanpeomemHuwle:
— MPII 01, MPII 02, MPII 03, MPII 04, MPII 05, MPII 18;
— MPK 03, MPK 04, MPK 05, MPK 08;
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— MPP 01, MPP 02, MPP 05, MPP 06, MPP 08, MPP 11, MPP 16, MPP 18§,

MPP 19;
npeomemHule:.

— IIP6 06, ITP6 07, TIP6 10;
— TPy 07, ITPy 08, ITPy 09, ITPy 12.

Ilo  okonuanuu pabomuvl  o0OyuaOWUUCS OOJNMCEH YMemb. COCTaBIATH
AJIEKTPUYECKHE I1ENH,  IUIAHUPOBAaTh M BBIMOJIHATH HU3MEPEHUS  PA3TUYHBIMU
U3MEPUTETHLHBIMU npudopamMu (ammiepmerp, BOJIETMETP), POU3BO/IUTH
MaTeMaTUYeCKyl0  OOpabOTKy  TOJYyYEHHBIX  pe3yJbTaTOB  OJKCIEPUMEHTa U
NOTPEIIHOCTE W3MEpEeHus;  pelmaTh 3a7adyd Ha ONpeAesieHWe CHIIbI TOKa C
MCIOJIb30BAHUEM 3aKOHOB OMa /I yyacTKa LENH U MOJIHOW LIETIH.

Teopusa

Bo3HUKHOBEHHE Pa3HOCTH MOTEHLMAJIOB HA MOJIOCAX JOOOTr0 UCTOYHUKA TOKA
ABJISIETCSL PE3YJbTATOM pa3/elieHusT B HEM TOJIOKUTENbHBIX M OTPHUIATENIbHBIX
3apAn0B. OTO paslelieHue MpOMCXOAWT Osaromapss padbore, CcoOBepLIaEMOi
CTOpOHHUMHU cuiamMd. CTOpOHHUE CWJIBl — CHJbL, JCHCTBYIOUIME IIPOTHUB
ANEKTPUYECKOr0 TOJIA M BBINOJHAIOIIME padOTy 3a CYET KaKOW-IIMOO 3HEpruw,
MOJIBEAEHHOW U3BHE.

Benuuuna, uszMmepsiemas paboTo, COBEpIIaeMON CTOPOHHUMHU CHJIAMH TpHU
MEPEMEIICHUN EIUHUIBI TOJOKUTEIBHOTO 3apsia BHYTPU HCTOYHHUKA TOKa,
Ha3bIBACTCS DIEKTPOABMKYIIEH cHitbl ucTounuka Toka (3J1C— g, B).

Ecniu unemp pazoMkHyTa, TO paboTa CTOPOHHUX CHJI TpPEBpalIaeTCcs B
MOTCHIMAJIBHYK0 JHEPIMI0 MCTOYHHMKAa TOKa. lIpm 3aMkHyTOM 1enu 9ra
NOTEHLMAIbHAsT 3HEPIHUsl pacxoJyercs Ha paboTy MO NEpEeMELICHUIO 3apsioB BO
BHEIIHEW 1eNM C CONpOTHBJICHHMEM R W BO BHYTpPEHHEHl 4YacTH LENU C
CONPOTHUBJICHUEM I,
¢ =IR+1r,

T.€. & U I MOXKHO ONPENEIUThH ONBITHBIM ITYTEM.

X0 PABOTHBI
1. CocTaBUTB 3IEKTPUUECKYIO LIEMb MO0 CXEME:

lIpogheccutrrearado-opuenmuposantble 3a0aHUSAL:

2. PaccMOTpeTh 1IKabl aMIIEPMETPa U BOJIBTMETPA, ONPEAETUTh LIEHY JEJICHUS.

3. [IpoBepuTh 11€T1b, 3aMKHYTh KJIFOY, MOJB3YSICh PEOCTATOM, YCTAHOBUTH CUJTYy TOKA,
COOTBETCTBYIOIIYIO HECKOJbKUM JCJCHUSM IIKaibl amrepMmerpa. CHATh MOKa3aHUS
BOJITMETpA U aMmIiepMeTpa. Pa3oMKHYTh LEIb.

4. TToBTOpUTH OMBIT 3 pa3a, U3MEHSSI CONPOTUBIIEHUE LIENU IPU MMOMOIIIM peocTara.
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5. Pe3ynbrarel u3MepeHuii noAcTaBuTh B ypaBHenue ¢ =U + Ir, onpenenuts € u I,
pelas CUCTEMbl ypPaBHEHUM:

{:ZZU1+I1I’, c=Ux+1ar, ¢ =Us+ I3,
=Uzx+12r; =Uz+ Izr; =Ui+1I1r.
_U,-u; __ Uz3-Up _ U;-Ug
r=— 2 1lr=- =2 -2 — 2173
I -1, I~ g l3— Iy
— Upli—Ujly  — Uslp=Uply _ Uilz—Usly

i1 l2—13 I3-13
6. Pa3soMKHYTH 1€llb M WM3MEPUTh HanpsKeHUE Ugwym HaA 32KKMMaxX HCTOYHMKA
SIIEKTPUYECKOM SHEPTUH IIPU PA3OMKHYTOM BHEIIHEH ETIH.
7. BBIYHCIIUTH BHEIIHNAE COIIPOTHBIICHHUE LIEIIH.
8. Bce pesynbTaThl M3MEPEHH U BRIYMCICHHI 3aIIiCcaTh B TAOJIMILY.

: . o = | g
= = E = S z £ s £ s
L O [P)

s | EE. |E%% | f |gE |E%t :
] =< 0),:& Q:E‘ v A Em Mz A e Mm—
= | & €3 _~ ¥ 58 O = 5 = g 5 = 1 g &
2 = = =2 GQ_‘D =; Q-g :Q_‘sz W =W
5 | S &2 = = = 2 = S -] @) =0
S| E<|52% |5zZ |25z zfz|2z8: |H 2%
| O | M ax T e MO RSO | VRIS Q) SN
9. CpaBHUTH pe3ynbTaThl H3MEPEHUN U ClIETaTh BHIBO/I.

KOHTPOJIBHBIE BOITPOCHI:

1. Yrto Takoe BHENIHSS U BHYTPEHHSIS YacTU 1enu? YKa3aTh Ha pUCYHKE.
UTO Takoe CTOPOHHUE CHJIbI?

3. Tlouemy moka3aHus BOJbTMETpPA MPU PA3OMKHYTOM M 3aMKHYTOM KJTIOUE
pa3JInyuHbI?

UYro Ha3eiBaercs I/C?

UTto Takoe BHyTpEHHEE U BHEITHEE COMPOTUBJICHUE TN ?

N

o &

JIABOPATOPHAS PABOTA Ne 8

Ha3zeanue nabopamopnou pabomer: «OnpeaejieHne TeMnepaTrypbl HUTH JIaMIIbl
HAKAJMBAHUS U MOIIHOCTH, MOTPEOJIsIeMOH JIAMIIO0i.

Ilenv padomer: wccnenoBaTh 3aBUCUMOCTh MOIIHOCTHM TOKa OT HAIpPSDKEHUS H
HAay4YUTHCS ONPEIETATh TEMIEPATYPY HUTH JaMITbl HAKAIIMBAHUS .

Oobopyoosanue: AJIEKTpUYECKasl JlaMIla, MCTOYHHUK BJIEKTPUYECKOTO TOKa,
aMIIepMeTp, BOJBTMETP, PEOCTAT TOJI3YHKOBBINA, KIIIOY, COCAUHUTEIHHBIC
poBOJA.

Pesyabrartsi:
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Dopmupyemoie IJ1eMEeHm bl IIK (npogpeccuonanvho-opueHmuposannoe
cooeprcanue):
— IIK 1.3. IIpoBoguth u 00pabaTbiBaTh pe3yNbTAThl HCIBITAHHA CHCTEM

OTOIUICHUS, BOJIOCHA0KEHUS, KaHAIM3AIMU U BOJIOCTOKOB;
MemanpeomenHule:.

— MPII 01, MPIT 02, MPIT 03, MPII 04, MPII 05, MPII 18;
— MPK 03, MPK 04, MPK 05, MPK 08;
— MPP 01, MPP 02, MPP 05, MPP 06, MPP 08, MPP 11, MPP 16, MPP 18,

MPP 19;
npeomemHule:.

— TIP6 06, ITP6 07, TIP6 10;
— IIPy 07, ITPy 08, ITPy 09, ITPy 12.

Ilo  okoHuanuu pabomuvl oOyuaroWulcs OOJMHCeH YMemb. COCTaBJISThH
AJIEKTPUYECKHE 1IE€TH, IUIAHUPOBATh M BBIMOJHATH JKCHEPUMEHTHI C TOMOIIBIO
Pa3IMYHBIX HW3MEPUTEIBHBIX TMPUOOPOB (ammepMeTp, BOJIBTMETP), MPOU3BOIUTH
MaTEeMaTUYECKyl0  OOpaOOTKy  IOJIYYEHHBIX  PE3yJbTAaTOB  JKCIEPUMEHTa |
TOTPEIIHOCTEN.

Teopus

Jlamna HakanMBaHUS MPU BKIIOYEHHH pAOOTAET B KCTPEMAIbHBIX YCIOBHSIX
IPU TOKaX, KOTOPbIE MPEBBIIIAIOT HOMUHAJIBHBINA, YTO MPUBOAUT K YCKOPEHHOMY
M3HOCY HUTH HaKajla U MPEeXIEBPEMEHHOMY BBIXOJY JIAMIIbI U3 CTPOsI, 0COOEHHO MPHU
MPEBBIIICHUSIX HAMTPSHKEHUS B TUTAIOLLEH CETH.

[Ipn npopomxuTenbHONW pabOTEe JIaMIlbl HAaKaJMBAaHUS €€ HUTh Hakaja MOJ
BO3JICWCTBMEM  BBICOKOM  TeMmepaTypbl HarpeBa TOCTEIEHHO HCIapsieTcs,
YMEHbILAsACh B JUaMeTpe, pBercs (meperopaet). YUeM Bblllle TeMIepaTypa Harpena
HUTH Hakana, TeM OoJblle cBeTa wu3iydaeT Jjamma. [Ipy 3TOM HHTEHCUBHEE
IPOTEKAaeT NPOLECC HCHAPEHUs HUTH, U COKPAIlaeTCsl CPOK CIYXOBbl JamIibl.
[ToaTOMy M JamMn HakajaMBaHUs YCTAHABIMBAETCS Takas TeMIlepaTypa Hakaia
HUTH, TpU KOTOpOW obOecreuuBaeTcss HeoOXoAuMmas CBETOOTAaya JIaMIlbl |
oTpesieNieHHas MPOIOJKUTEIBHOCTh €€ CITYKOBbI.

C TOYKM 3peHus KJIACCUYECKOW 3JIeKTPOHHON TeopuH JBa pakTopa: 1) yuactue
AJIEKTPOHOB B XAOTUYECKOM JIBMXKEHHMM (HApsAy C HaIpaBJICHHBIM) U 2) HaJU4YUeE
COYIapeHH 2JIEKTPOTENl C MOHAMHU KPUCTAINIMYECKON PEIIETKH BOCIPUHUMAETCS KaK
AIEKTPUUECKOE COMTPOTUBIICHUE MTPOBOIHUKA JIEKTpUUECKOMY TOKY. C yBelInueHueM
TEMIIepaTypbl BO3pAcTaeT CKOPOCTh XAOTUYECKOrO JBUIKEHHUSA, a TaKXKe YHUCIO
COYIapeHHil 3JEKTPOHOB, YTO JIOJDKHO NPHUBECTH K YBEIMYEHHUIO COMPOTUBICHUS
MPOBOJIHUKA. DKCIEPUMEHTAJIbHO YCTAHOBJIEHO, YTO JUIsl METAJJIOB YBEJIWYEHUE
CONPOTHUBJIEHUS C TEMIIEPATYPON BBIpAXKAETCSI 3aBUCUMOCTBIO:

R; = Ry(1+ at)

rie Ry — comnporuBieHue mnpoBoaHuka npu temmneparype 0 °C, R, —
COINIPOTHBIIEHUE MPOBOJHUKA MPU TEMIEpaTtype t, o — TepMUUYECKU KOA((ULIUEHT
CONPOTHUBJIEHUS JAHHOIO METalsIa, OH MOKa3blBa€T HA KAKYK YacThb W3MEHSETCS
CONPOTHUBJIEHUE POBOAHUKA ITpU Harpese ero Ha 1 °C. Y 4ucThIX METaUIOB MOPSIKa
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1073 , V CIUIaBOB MeHblIe. Y BoJibpama, U3 KOTOPOTO H3TOTOBJIIEHA HUTH

rpagyc
ucciexyeMoit namnsl 4,8-1073 =

Temnepatypy packaiéHHONH HUTH, MOXKHO OIPENETUTH 10 GhopMyie

Rr —Ro
Ry '

€CJId M3BECTHBI €€ COMpPOTHBICHHWE R; MpHW 3TOi TemmepaType U COMPOTUBICHHUE
Huty RO mpu remnepatype 0 °C:

MoIHOCT, TOKa — BEJIMYMHA, XapaKTepHu3yromlas, ¢ KaKOil CKOpPOCTHIO
coBepiaercs pabora Toka.

[Ipu 3aMbIKaHUU DJIEKTPUUECKOW IIENMU Ha €€ y4acTKe C CONMpOTUBJIEHUEM R,
tokoM |, Hanpspkenunem Ha koHiax U mpousBoautces pabora A
A=IUt=I°Rt= U?zt :

BenuunHa, paBHas OTHOIICHHIO pabOTHI TOKa KO BPEMEHH, 32 KOTOpOE OHa
COBepIIIaeTCs, Ha3bIBACTCSI MOIIHOCTHIO P:

A
P=7

U 2
CnenoBatensHo, P =1U = I°R = -

3aBucuMocTh P oT U MOXKHO ucCIe10BaTh SKCIEPUMEHTAIIBHO.
Pabora anexkrpuueckoro Toka B CU Beipaxkaetcs B Jpkoyisx ([x), MomHOCTh
— B BarTax (BT).

XOJd PABOTHBI
1. CocTaBUTD IAEKTPUUECKYIO IIETh TI0 CXEME:

S

IIpogheccuonanvro-opuenmuposarnuvie 3a0aHUAL:

2. PaccMOTpeTh IIKaJIbl M3MEPUTENbHBIX TPUOOPOB, ONPEAETUTD LIEHY JCJICHUS.

3. IlpoBeputh 1I€TIb, 3aMKHYTh KIJIIOY, TOJB3YsACh pPEOCTATOM, YCTAaHOBUTH
HaWMEHbIIIee 3HaYCHUE HanpspkeHus. CHATh TMOKa3aHUs BOJIBTMETPA U aMIlepMeTpa.
Pa3oMKHyTB 1IETIB.

4. TlocTerneHHO BBIBOJS PEOCTaTa, CHATh HECKOJBKO pa3 MOKa3aHHs aMIlepMeTpa U
BOJIbTMETpPA.3HAYCHUS CHJIBI TOKA BHIOMPAIOT TAKUMHU, NMPU KOTOPHIX HUTH JIAMITBI HE
CBETHUTCSI, CBETUTCSI KPACHOBATHIM IIBETOM M CBETHTCS C MAaKCUMAIBHON SPKOCTHIO.

5. Ins KaKA0ro 3HAYSHUS HAMPSKEHUS ONIPEICTHUTh:

1) momHOCTEP = U, moTpebiisiemyto JaMIiou,
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2) compoTtuBieHUe Ry = UT HUTH HaKaa,
) Rr —Ro
3) remnepartypy e€ Hakaia T = TRy
rae Ro— conmpoTUBIEHUE HUTH JIAMITbI TPU KOMHATHOM TeMIIEpaType;

0L — TeMIIEpaTypHBIH Ko3(GQHUIUEHT COMPOTUBIICHNsS Boabdpama (a = 0,0048 K1),

B nepBoM ombiTe, KOr/ia TOK B LIEMM MUHMMAJIEH, & CBEYEHUE MOJHOCTHIO
OTCYTCTBYET, TEMIIEpaTypy HUTH Hakajda MOXKHO CUMTaTh KOMHATHOW. [lockoibky
IpU CBEUEHUHU JIaMIIBI B TIOJHBIA Hakal TEMIEpaTypa HUTH OYEHb BBICOKA (~
2000°C), To anst mpUOIUZUTEIBHOTO TOJICYETa TeMIIepaTyphl MOXKHO MPUHATH, YTO
BelMurMHa Ro M ecTh 3HaYeHUWE CONPOTHUBJICHUS HUTHU Hakana, KoTopoe Oyaer
MOJIy4€HO B TIEPBOM OIIBITE.

6. Pe3ynbraTel n3MepeHuit M BHIYUCICHUH 3aHECTH B TAOJIHILY.

= = ]

g o - = = =

< 3 = =~ ) = <

= = = = = 3 = = 7 = £

L = s .Q'\& o = o == o :: 5]

< = = = = = 4 o[ @ =

= = ® SeE | 5= = E X o &= =
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7. IlocTpouTh rpadyKky 3aBUCUMOCTH:

1) MoiHOCTH, TOTPEOIISIEMOI JIAMIION, OT HAMPSHKEHUS Ha €€ 3aKnMax;
2) CONPOTHUBIICHUS] HUTH HaKaJla JIAMIIbI OT €€ TeMIIePaTyphl.

8. CpaBHHTH pe3yJIbTaThl K3MEPECHHUM U C/ICNIaTh BBIBOI.

KOHTPOJIBHBIE BOITPOCHI:
UYrto Ha3bIBAIOT pabOTOM TOKA, MOIIIHOCTHIO TOKA?
Kakumu crioco6amu MOKHO ONIPeIeIUTh MOIITHOCTh TOKa?
3. Kak oTpakaeTcst pocT TemIiepaTypbl HUTH HaKaJla JIaMIIbl Ha €€ COTIPOTHUBIICHUE U
Ha BBIICIISIEMYIO B HEMl MOIITHOCTH?
B xakue BUIIbI SJHEPTUH MOXKET MPEBPAIIATHCS AIEKTPUUECKAS SHEPTHUs?
Jlamnbl, 200-BaTrTHast u 60 BaTTHas, pacCUMTaHbl HA OJHO HAMNPSKECHUE.
ConpoTHUBIIEHHE KaKOU JIaMITbl O0JIbIIIE U BO CKOJIBLKO pas?
6. OT HarpeBaTelbHON CHUpPAIM OTpe3ajid TMOJOBUHY, Jpyra IMOJOBHHA OCTalach
BKIIFOYEHHOM B Ienb. BO CKOJMBKO pa3 M3MEHUTHCS BBIICISEMOE HA HEHR
KOJIMYECTBO TEIUIOTHI (3a 1 ¢)?

N =

o &

JIABOPATOPHAS PABOTA Ne 9

Hazeanue nabopamopmnoii paoomwi: «U3yuyeHue sIBJICHHS] JIEKTPOMATHUTHOM
UHAYKIIAW.
Ilenv pabomwt: U3y4UTh SIBIICHUE 3JIEKTPOMArHUTHON MHIYKIIUH.
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Oobopyoosanue: TaabBaHOMETP, KaTYIIKA, COEAMHUTEIbHBIE TPOBO/IA, MATHHUT.
PesyabTarnl:
Dopmupyemoie 371eMeHmbl 1IK (npogpeccuonanvno-opuenHmuposannoe
cooeprcanue):

— ITIK 1.3. IIpoBoauth u 00padaThiBaTh pPE3YJbTATHl HUCIBITAHUN CUCTEM

OTOILICHHUS], BOJOCHAOKEHUS, KAaHAJIM3AIIUA U BOJIOCTOKOB;
Memanpeomemmbwle:

— MPII 01, MPII 02, MPII 03, MPII 04, MPII 05, MPII 18;
— MPK 03, MPK 04, MPK 05, MPK 08;
— MPP 01, MPP 02, MPP 05, MPP 06, MPP 08, MPP 11, MPP 16, MPP 18,

MPP 19;
npeomemHtule:

— IIP6 06, ITP6 07, TTP6 10;
— [Py 07, ITPy 08, ITPy 09, ITPy 12.

Ilo  okoHuanuu pabomwvl obyyaOwulicsi O00IHCeH YyMemb: TPOBOJUTH
HaOIIOZCHUS TUVIAHUPOBATh M BBITIOJIHATH SKCIEPUMEHTHI C MOMOIIBIO PA3TMYHBIX
pUOOPOB, COCTABJIATH DJICKTPUUYECKUE 1IN, NMPUMEHATHh MOJIYYCHHBIC 3HAHUS IO
busuKe U1 00bSICHEHUST HA0JII01aeMO¢€ SIBIICHUE JICKTPOMArHUTHON MHAYKITUH.

Teopus
B 1831 r. ®apazeit 00HapyXWJI, 4YTO B 3aMKHYTOM MPOBOJSIIEM KOHTYpPE MPHU
M3MEHEHUU MArHUTHOTO TOJIsi BO3HUKAET AJEKTPUYECKUH TOK. DTOT TOK Ha3BaIH
WHIYKIMOHHBIM TOKOM. WMHAYKIIMOHHBIM TOK B KATylIKe W3 METaJUIMYeCKOU
MPOBOJIOKM BO3HUKAET MPHU BBUTAHUU MAarHUTa BHYTPb KaTYIIKU U TIPH BbIIBUTAHUN
MarHuTa M3 KaTylmkd (pUcC. a), a Takke NPU H3MEHEHUU CUJIbl TOKa BO BTOPOU
KaTylIllKe, MAarHUTHOE 10JI€ KOTOPOI MPOHU3BIBAET NEPBYIO KAaTYHIKY (pHC. 0).

a) 6)

SIBieHHE BO3HUKHOBCHMS QJICKTPUYCCKOTO TOKa B 3aMKHYTOM IIPOBOJAIICM

KOHTYpE IIPX U3MEHEHMSIX MAarHUTHOTO I0JIs1, TPOHU3BIBAOLIErO KOHTYP, Ha3bIBACTCS
INEKMPOMASHUMHOU UHOYKYUELL.

[losiBeHUE 3IEKTPUYECKOTO TOKA B 3aMKHYTOM KOHTYPE IPU H3MEHEHMAX
MAarHATHOTO II0JI, IPOHU3BIBAIOLIETO KOHTYpP, CBUICTEIBCTBYET O JEUCTBUM B
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KOHTYpPE CTOPOHHHMX CHJI HEDJIEKTPOCTATHYECKOW TPHUPOABI WM O BOSHUKHOBEHHH
OJC uHayKIHH.

KonmuecTBeHHOE OMMCaHUE SBICHUS AIEKTPOMAarHUTHOW MHAYKIIMU JTaeTCs Ha
OCHOBE ycTaHOBJIeHHs cBsi3M Mexay DJC MHAYKIUMU U QU3NYECKOW BETUYMHOM,
Ha3bIBAEMOW MAarHUTHBIM ITOTOKOM.

DKcnepuMeHTallbHOE  HcclieoBaHue 3aBucumoctd  JJIC  MHAYKIMM  OT
U3MCHEHUS  MarHWUTHOTO  TIOTOKAa  TPHBEJIO K  YCTAHOBICHHWIO  3aKOHA
AMEeKTpoMarHuTHOM  wHAYKIuU: DJIC  WHAYKIIMM B  3aMKHYTOM  KOHTYype
MIPOTIOPITMOHAIEHA CKOPOCTH W3MEHEHUS MArHUTHOTO TOTOKA 4Yepe3 MOBEPXHOCTH,
OTPaHUYCHHYIO KOHTYPOM.

X0/ PABOTHI
IIpogheccuonanvro-opuenmuposanuvie 3a0aHUSL:
1.Cob6pathb 1emnb Tak, Kak 3TO MOKa3aHO Ha PUCYHKE:

2. llepenBuras MarHuT 4epe3 MOJOCTh KATYIIKU, KaK MMOKa3aHO HA PUCYHKAX a) — T),
OTMETHUTbH B KQXJIOM CIydyae OTKJIOHEHHE CTPEJIKU TaJlbBAaHOMETPA.
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3.Cobpath 11emb, UCMOJIB3YS PUCYHOK.
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4. 3ambIKasi U pa3MbIKas 11€Mb, OTMETUTh OTKJIOHEHUE CTPETIKU rajibBaHOMETpA.
5. CoOpats 1enb, n300paxEHHYI0 HAa PUCYHKE.

6. [lepenBuras KaTyIKy 4Yepe3 MOJOCTh APYrod KaTyIIKH, OTMETUTh OTKJIOHEHHUE
CTPEJIKU raJbBAHOMETPA.
7. CpaBHUTH pe3yNbTaThl U3MEPEHUN U ClIeNaTh BHIBOI.

KOHTPOJIBHBIE BOITPOCBI:
1. Yto Ha3bIBaIOT MarHUTHBIM TosieM? UeM OHO co3/1aeTcs ¥ Ha YTO JICHCTBYET?
2. Uto Ha3bIBAIOT SIBJICHUEM JIEKTPOMArHUTHOU MHIYKITUEH?
3. Uto Ha3bIBAIOT MAarHUTHBIM TOTOKOM?
4. Ot 4ero 3aBUCHUT BEJIMYMHA U HAIMIPABJICHUE UHIYKIIMOHHOTO TOKa?

JIABOPATOPHAS PABOTA Ne 10

Hazeanue nabopamopuoui paboomwi: «V3ydeHne 3aBHCHMOCTH TNepHOAA
KOJIe0aHUIi HUTSIHOTO MASITHUKA OT JJIMHBI HUTH.

Ilenv pabomobr: N3y9nuTh 3aBUCUMOCTD TEPHOJIa KOJIEOAHWN HUTSHOTO MasTHUKA OT
JUIMHBI HUTH, HAY4YUTbCA OMpPENEsATh YCKOpPEHHE CBOOOJHOTO MAJCHUS C
MOMOIIBI0 MATEMAaTHYECKOTO MasiTHHUKA.

Oobopyoosanue: MTATUB C JEp>KaTeseM, IIapHK, MOJBEIICHHbI HA HUTH JJIMHOU
okomo 1 M, mpoOka, u3MepHUTeNnbHAas JIEHTAa WM METpPOBasl JIMHEWKa,
IITAHTEHIIUPKYJIb, CEKYHIOMED.

Pesyabrarthi:
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Dopmupyemoie IJ1eMEeHm bl IIK (npogpeccuonanvno-opueHmuposannoe
cooeprcanue):
— IIK 1.3. IIpoBoguth u 00pabaTbiBaTh pe3yibTAaThl HCIBITAHUA CHCTEM

OTOIUICHUS, BOJIOCHA0KEHUS, KaHAIM3AIMU U BOJIOCTOKOB;
MemanpeomenHule:.

— MPII 01, MPIT 02, MPIT 03, MPII 04, MPII 05, MPII 18;
— MPK 03, MPK 04, MPK 05, MPK 08;
— MPP 01, MPP 02, MPP 05, MPP 06, MPP 08, MPP 11, MPP 16, MPP 18,

MPP 19;
npeomemHule:.

— [IIPG 06, ITP6 07, I1P6 10;
— IIPy 07, ITPy 08, ITPy 09, ITPy 12.

Ilo okoHuanuu pabomul oOyuarowulicss OO0JCeH YMems. TUIAHUPOBATH H
MPOBOJUTh M3MEPEHHUS  C TOMOIIBI0 PA3IMYHBIX HM3MEPUTENBHBIX MPUOOPOB,
OOBSCHATH HaOOaeMble (PU3UYECKHE SIBJICHMS, MPOU3BOJUTH MAaTEMaTHYECKYIO
00pabOTKy MOJYYEHHBIX PE3YJbTATOB SKCIIEPUMEHTA M TOTPEIIHOCTEH HU3MEPEHUS;
(hopMyIIMpOBaTh MOHATHE KOJIEOATEIHLHOTO JBMKEHUSI U €T0 BUOB; PEIllaTh 3a/la4u Ha
HaX0KJIEHUE MMapaMEeTPOB KOJIEOATETHHOTO IBHKCHHS.

Teopus
MareMatnyeckuM  MasATHUKOM  Ha3bIBA€TC  MaTe€pUaibHAsg  TOYKA,
TOJIBEIICHHAS HAa HEBECOMOW M HEPACTSHKUMOM HUTH. MOJENBI0O MOXET CIYKHUTh
TSDKENBIN IAPUK, Pa3MepPbl KOTOPOrO0 BEChbMa MaJjbl 10 CPABHEHUIO C JJIMHON HUTH,
Ha KOTOPOW OH MOJIBEIIeH (HE CPaBHUMBI C PACCTOSIHUEM OT ILIEHTpa TSXKECTH 0
TOYKH TOJIBECA).
Yuénpie ['amuieit, Hproton, beccens u JOpyrue ycCTaHOBWIM CIEAYIOLIHE
3aKOHBI KOJI€OaHUs MaTeMaTHYECKOTO MasSTHUKA:

1. Ilepuon komeOGaHWs MaTEMaTHUYECKOTO MasSTHHKA HE 3aBUCHT OT MAacChl
MasITHUKA U OT aMIUTUTYbI, €CJIM YTOJl pa3Maxa He MpeBbIaeT 6°.

2. Tlepuon xoneOGaHUsS MaTEMAaTHYECKOTO MAasTHHUKA MPSIMO IIPOMOPIIMOHATICH
KBaJpaTHOMY KOPHIO W3 JUIMHBI MasSTHUKAa W OOpaTHO MPOMOPIHOHAICH
KBaJpaTHOMY KOPHIO U3 YCKOPEHHSI CBOOOJHOTO MaJCHUS.

Ha ocHoBaHMu »THMX 3aKOHOB MOXKHO HamucaTh (opMyny s mepuoja

KOJICOAHWMIL: T=2n \/;: )

X0 PABOTHI
IIpogeccuonanvro-opuenHmuposanHvle 3a0aHUA:
1. PaccMOTpeTh HIKaIbl H3MEPHUTEIbHBIX IPUOOPOB, ONPEACITUTD IIEHY JICIICHUS.
2. [TocTaBuTh MITATUB HA Kpal cTOJIA.
3. 3akaTb HUTh MAasATHUKA 3a CBOOOJHBIM KOHEI MEXAy JABYMs IOJOBHHKAMH
pe3aHoi MPOOKH B IepKaTee MTaTUBA.
4. VI3MepuTh TpHW TMOMOINM IITAHTESHITUPKYJIS JUAMETp IIapuKa, HAWUTH pauyc
nrapuka I.
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5. M3meputh anmuny HuTHlo, HAUTH JUIMHY MAasATHUKA (IJIMHA MasTHHKA CUUTACTCS OT
HIDKHETO Kpasi IPOOKH /10 LIEHTPa TSHKECTH IaphKa)

I= lo+r.

6. OTKJIOHUTH MIAPUK HA HEOOJBIION yrou, He Oonbiie 10°, 1 OTIMYCTUTS.

7. Ilo cekyHaOMEpY ONpPENETUTh BpeMs, 3a KOTOPOE MAsTHUK COBEPIIMI N MOJHBIX
koJiebanuit (Hanpumep, 100 kosedanwmii).

8. BEIYMCIIUTE IEPHO TIOJHOTO KOJIEOaHUs MasATHHKA IO (POPMYJIE: T= .
9.B 6 - _ 4
. BEaucnuTe yckopenue cBOOOJHOrO NaaeH s, 10 GopMylIe: 9= "0

10. [ToBTOPUTH OMBIT B pa3a MPHU Pa3TUYHBIX JJIMHAX MAasTHHUKA.

11. W3 Bcex HaWEHHBIX 3HAYEHUW YCKOPEHHUS CBOOOJHOTO NAaJEHUS BBIYHMCIIUTH
CpelHee 3HAaUCHHUE.

12. CpaBHUTH HailICHHOE 3HAYEHNE YCKOPEHHS CBOOOIHOTO MaICHUS C TAOTHMYHBIM U
ONPENEIUTh OTHOCUTENIbHYIO IMOTPEIIHOCTh U3MEPEHUS 10 (POpMYyJIE:

|g_gma6ﬂ|
= < 100%
gma6ﬂ
13. Pe3ynbTarhl u3BMEpEeHU U BHIYMCIICHUN 3aUCcaTh B TAOJIUILY.
= o o
= = =
= S D)
= - = S = S
. — = = = =
= = s o ° =IR=) L S
o 5 > = o | € =S = ®
2 S = o B ol o Q v S = <
= - = 2= 2| B a - = =
== |Ez| 2155 8 |E: 0 i |Ed
= ) = = =
s | 5 = | S SE| 5| E8| & ™ = S = o 2
= = = EEZ| EE| = | 58 L = B, = = =
= | 9 | = | = = = s | 2= ©® 3 E 3 E = =
2 | 5 CSe| E¢| S | &L | EaEs | EaEL| 89
= = = = = O = = 9 e o H o o = 2 e o= S 2 .
|3 E|E |Es| 25|85 852 285 8852 E5°
o U o« La)
Z |~ | " " S R EE| A E| O anED | =B QL

14. CpaBHUTH pe3yJIbTaThl U3BMEPEHUN U CENIaTh BHIBOJI.

KOHTPOJIBHBIE BOITPOCHI:
1. Yto Takoe MexaHWYeCcKue KoeOaHus?
2. Yrto Ha3bIBAIOT aMILTUTY0M KoseOanuii? Iloka3aTh €€ Ha pUcyHKe.
3. IlokazaTp Ha pHUCYHKE BHIbl MAasATHUKOB, 3amucaTh (OPMYJIbI, KOTOPHIM
PACCUUTHIBAIOT EPUOJ] KOJIEOAHUN ITUX MASITHUKOB.
4. Kakue kosie0aHUs Ha3bIBAlOT CBOOOJIHBIMU M BbIHYKIeHHbIMHU? I[lpuBectn
IPUMEPBHI.
5. Kakue koneGanusi Ha3bpIBalOTCS 3aTyXalolMMU W He3aryxarommmu. [louemy
koneOanust 3aryxator? WM300pa3suTh Ha puCyHKEe TpaduKy 3aTyXawluX HU
He3aTyXarIMX KoJIeOaHuil.

JIABOPATOPHAS PABOTA Nell
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Has3zeanue naoopamopnoit pavomor: «A3yuenue uaTepdepeHnN CBETa.

Lleny pabomwr: v3yunuTh UHTEPPEPEHIINIO CBETA.

Oobopyoosanue: MBUIBHBIA pacTBOp, MPOBOJIOYHAS PAMKA, SJIEKTPUUECKas JITAMIIOUKa,
MCTOYHUK 3JIEKTPUYECKON SHEPTUU ISl IUTAHUS JTaMIIOYKH, COEMHUTEIbHBIE
IPOBOJIA, CTEKJISTHHAS TPYOKa, CTEKJISIHHBIE TUIACTUHBI, KOMIAKT-TUCK.

PesyabTarnl:

Dopmupyemoie 371eMeHmbl IIK (npogeccuonanvno-opueHmuposannoe

cooepicanue):

— IIK 1.3. IlpoBomute u 00pabaTbiBaTh pPE3YJIbTATHl HUCIBITAHUN CHUCTEM
OTOIUJIEHUS, BOJIOCHA0XKEHM I, KAHAIN3allUU U BOAOCTOKOB;
MemanpeomemHbwle:
— MPII 01, MPII 02, MPII 03, MPII 04, MPII 05, MPII 18;
— MPK 03, MPK 04, MPK 05, MPK 08;
— MPP 01, MPP 02, MPP 05, MPP 06, MPP 08, MPP 11, MPP 16, MPP 18,
MPP 19;
npeomemHtule:
— IIP6 06, ITP6 07, TTP6 10;
— 1Py 07, ITPy 08, ITPy 09, ITPy 12.
Ilo  okoHuanuu pabomwvl oOyualOwulicsi O00IHCEH YyMemb: TPOBOAUTH

HaOJII0ACHUS, TUIAHUPOBATh U BBIIOJIHTH 3KCIIEPUMEHTHI, OOBSICHATh HAOIIOJAaEMOE

aBJIeHHE (MHTEepPEPEHIIMOHHAS KapTHHA);

Teopus

NuTepdepeHiuss — SBJICHHE XapaKTepHOE J[UIsl BOJH JIIOOOW MPUPOJIBI:
MEXaHUYECKUX, STCKTPOMArHUTHBIX.

WuTepdepeniius BoIH — CIOKEHUE B MPOCTPAHCTBE ABYX (MM HECKOJIBKHUX)
BOJIH, TIpY KOTOPOM B Pa3HbIX €ro TOUKAX IMOJydaeTcs yCHJIEHUE WU OcialJjeHHe
PE3yIBTUPYIOLIEH BOJIHBI.

Jlnst oO6pazoBanusi yCTOWYMBON HMHTEP(HEPEHIIMOHHONW KapTHUHBI HEOOXOIMMBI
KOT€pEHTHbIE (COIJIaCOBAaHHBIE) HCTOYHUKU BOJIH. KOrepeHTHhIMH Ha3bIBalOTCA
BOJIHBI, UIMEIOIIME OJUHAKOBYIO YAaCTOTY U IMOCTOSIHHYIO Pa3HOCTh (as3.

WNuTtepdepeniueil cBeta Ha3bIBalOT MPOCTPAHCTBEHHOE IepepacipeiesieHue
CBETOBOT'O TIOTOKA MPHU HAJIOKEHUU JIBYX (MIJIM HECKOJBKUX) KOT€PEHTHBIX CBETOBBIX
BOJIH, B pe3yJbTaTe€ 4YEro B OJHUX MECTaX BO3HUKAIOT MAKCUMYMBbI, a B JIPYrUX
MUHUMYMBI UHTCHCUBHOCTHU 5‘6'
(uHTep(PepeHInOHHAs KapTHUHA). oS ;oo

Wntepdepenumeil cBera OOBIACHSETCS
OKpacka MBUIBHBIX TY3bIpE W TOHKHX AN 2/
MacCJISIHBIX TJIEHOK Ha BOJE, XOTSI MbBUIbHBIN \ i //
pacTBOp U Macjo OECIIBETHBI. /

CaeToBbIE BOJIHBI YaCTUYHO /
OTPaXarTCAd OT NOBEPXHOCTH TOHKOH IJIEHKH, |
YaCTMYHO Hpoxoadar B Hee. Ha Bropoi n ‘ﬂ d
rpaHulle  IUIGHKH  BHOBb  TPOUCXOJAUT :
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JaCTUYIHOC OTPAKCHUC BOJIHLI.
CBeTOBBIC BOJIHBI, OTPAKCHHBLIC JABYM:A ITOBCPXHOCTAMU TOHKOM IIJICHKH,
PacpoCTPaAHAIOTCSA B OAHOM HAIIPaBJICHUHW, HO IIPOXOAAT PA3HBIC ITYTH.

[Ipy pasHOCTM XOja, PaBHOM YETHOMY YHMCIy MIMH nonysoiH | = 2k -

A .
EHa6J'IIOI{aeTC$I uHTep(epeHIIMOHHBIN MakcuMyM, rae k=0; £ 1; £2; 4+ 3;...

HtepdepeHIIMOHHBII MUHUMYM HaONIOAAETCA MPU Pa3HOCTU XOJa, PaBHOU

A
HEYETHOMY uMCiy JutnH nonyBoin [ = (2k + 1) o

L
[lupuna uHTEP(HEPEHIMOHHON MOJOCHl BBIPA3UTCS COOTHOLICHHUEM: AX =Eﬂ,
d
JUIMHA CBETOBOH BONHBL A = EAX , aucio mnonoc N, KOTopele MBI YBUIHM,

OTIPEIENSIETCS CTeNIEHbI0 MOHOXpOMATHIHOCTH A/AL: N = AJAL

Korna BbImonHsAETCS yCa0BHE MAKCUMYyMa JUJIsl OJTHOM JIJIMHBI CBETOBOM BOJIHBIL,
TO OHO HE€ BBINOJHSETCS s Apyrux BojiH. [loaToMy ocBeniéHHas OenabIM CBETOM
TOHKasi IIBE€THas TMpo3payHas IUIEHKA KaXETCs  OKpalleHHOW. SIBieHue
UHTEp(EepeHIIMM B TOHKUX IUIEHKaX NPUMEHAETCS [UIsi KOHTpOJIA KadecTBa
00pabOTKH MOBEPXHOCTEM, JIsl IPOCBETIEHUS ONTUKH.

WUnTtepdepeHnimonnas KapTUHa — pEryJsipHOe dYepedoBaHHe oOjacTen
ITOBBIIEHHOW Y IMMOHMYKEHHOW HHTEHCUBHOCTH CBETA.

WNuTepdepeHiuss cBera — MPOCTPAHCTBEHHOE IMEpPEpACTPECICHUE SHEPTrUuu
CBETOBOTO M3JIyYECHMs] NPHU HAJTOKEHHHM JIBYX WJIM HECKOJIbKUX CBETOBBIX BOJIH.
CrnenoBarelibHO, B SBJICHUSAX UHTEpPepeHIMn U AUGpPaKIUU CBETa COOII0AeTCS
3aKOH COXpaHEeHUs 3Hepruu. B obmactu uHTEp(epeHnn CBETOBas HEPTUsl TOJIBKO
nepepacnpenensercs, He NpeBpamlasch B Apyrue BUAbI 3Hepruu. Bospacranue
SHEPruM B HEKOTOPBIX TOYKaX MHTEPPEPEHUUOHHOW KapTUHBI OTHOCHUTEIHHO
CyMMapHOI CBETOBOW SHEPTHH KOMIIEHCUPYETCSl YMEHBIIEHUEM €€ B APYTHX TOUKAX
(cymmapHasi CBETOBasi SHEPIHsl — 3TO CBETOBAsi SHEPTHUS JBYX CBETOBBIX MyYKOB OT
HE3aBHCHUMBIX HCTOUYHUKOB).

CBeTyible TOJIOCKA COOTBETCTBYKOT MAaKCHMyMaM JHEpPIMHM, TEMHbIE —
MUHUMYMaM.

X0 PABOTBI
IIpogeccuonanvro-opuenmuposannule 3a0aHU.
1. ITposectu OIIBIT 1:
1) omycTUTh MPOBOJIOYHYIO PAMKY B MBUIBHBIN pacTBOp;
2) npoHabJIt0/1aTh U 3apUCOBATHh UHTEPPEPEHIIMOHHYIO KApTUHY B MBUIBHOW IJICHKE
(npu ocBeUIEHUM TIUIEHKH OenbiM CBETOM (OT OKHAa WM JIaMIIbl) BO3HHUKAET
OKpallluBaHUE CBETJIBIX MOJIOC: BBEPXY — CUHUI LIBET, BHU3Y — B KPACHBIN LIBET);
3) caenaTth BHIBOJ.
2. [Tposectu OIIBIT 2:
1) ¢ HOMOIIBIO CTEKJIIHHOM TPYOKH BBIAYTh MBLIBHBIN My3bIPH;
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2) mpoHabmonaTth 3a HUM (IpU OCBEIIEHWHM €ro OelbIM CBETOM HaOI0JaoT
oOpa3oBaHME I1[BETHBIX HWHTEPHEPEHIIMOHHBIX KOJIEL; 10 Mepe YMEHbIIEHUS
TOJIIIMHBI TJIEHKHU KOJIbIIA, PACIIUPSASICh, IEPEMEIAIOTCS BHU3);

3) onucaTth UHTEPPEPEHIIMOHHYIO KAPTUHY,

4) cnenaTh BBIBO/I.

3. IIposectu OIIBIT 3:

1) TmaTenbHO MPOTEPETh CTEKISHHBIC TUIACTMHKH, CIOXHUTh X BMECTE M CXKaTb
nanbllaMu;

2) nponHaOmroAaTh MHTEPHEPEHIMOHHYIO KapTHHY (M3-3a HEUACATBLHOCTH (POPMBI
COTIPUKACAIONINXCA TOBEPXHOCTEH MEXIy IUTACTUHKaMH OOpa3yloTcs TOHYalIne
BO3/IYIIHBIC IMyCTOTHI, JAIOIIKE APKUE PaayKHbIE KOJbIICOOpa3HbIE WM 3aMKHYThIC
HEMPaBWILHON (DOPMBI TMOJOCH], MPU U3MEHEHHH CHIIBI, CKUMAIOMICH TIACTUHKH,
pacmojoxeHne u ¢GopMa TOJOC HU3MEHSAIOTCS KaKk B OTPaXEHHOM, TaK WM B
MIPOXO/ISAIIEM CBETE);

3) 3apucoBaTh yBUICHHbIE KAPTUHKY;

4) cnenathb BBIBOJI.

4. Tposectu OIIBIT 4:

1) HONI0KNUTh TOPU3OHTATIBLHO HA YPOBHE IJ1a3 KOMITAKT-UCK;

2) npoHabito1aTh UHTEPHEPEHITMOHHYIO KapTUHY;

3) onucatk UHTEPHEPEHIIMOHHYIO KapTHUHY;

4) caenaTh BBIBOJ.

5. CpaBHUTH pe3ynbTaTHI ONBITOB U CAETATH BHIBOJ.

KOHTPOJIBHBIE BOITPOCHI:
UYro Ha3bIiBaeTcs MHTEp(depeHuunen ceera?
Kaxkoe ycnoBue Heooxoaumo 11t uHTepdepeHnn cera’?
3. Kakoit Bum wumeer wuHTepdEepeHIIMOHHAS KapTWHA B CIlyda€ MOHO-
XpPOMaTH4YECKOTro cBeTa?
Kax onpenensieTcst ayivHa CBETOBOM BOJIHBI IPH UHTEp(dEpEeHIIUU cBeTa?
[Touemy MBUTBHBIE ITYy3bIPH UMEIOT PATY>KHYIO OKPACKY?

N =

ok

JIABOPATOPHAS PABOTA Nel2

Ha3zeanue navopamopnoit paoomel: «A3ydenue 1upakiiuu CBeTa.

Ilenwv pabompr: M3yunTh TUPPAKIUU CBETA U ONPEJCIUTH ITTUHY CBETOBOW BOJIHBI.

Oobopyoosanue: npudOp AJIS ONPEACIICHUS AJIMHBI CBETOBOM BOJIHBI, IMOJICTABKa ISl
npubopa, AUPpakIUOHHAS PEMIETKA, MCTOYHHUK CBET (JIaMIIOYKa C MpPSIMOMU
HUTBHIO HaKajia B TaTPOHE).

PesyabTarsl:

Dopmupyemoie 71eMeHmbl IIK (npogeccuonanvno-opueHmupogannoe

cooeprcanue):

— TIK 1.3. IIpoBomauth u 00pabaThiBaTh pPE3yNbTATHl HCIBITAHUNA CHUCTEM

OTOIUICHUS, BOJIOCHAOKEHUS, KaHAIM3ALUU U BOJIOCTOKOB;

MemanpeomemHule:
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— MPII 01, MPII 02, MPII 03, MPII 04, MPII 05, MPII 18;
— MPK 03, MPK 04, MPK 05, MPK 08;
— MPP 01, MPP 02, MPP 05, MPP 06, MPP 08, MPP 11, MPP 16, MPP 18,

MPP 19;
npeomemmuuie:.

— [IIP6 06, ITP6 07, ITP6 10;
— IIPy 07, ITPy 08, ITPy 09, ITPy 12.

Ilo oxonuanuu pabomwvl obOyuaOWUICA OOAMCEH YMemb: TPOBOJUTH
HAOIIO/ICHUS, TNIAHUPOBATh U MPOBOIUTH M3MEPEHUS PA3THUYHBIMU U3MEPUTEIHHBIMU
npubopaMy; TPUMEHITh TOMy4YeHHbIe 3HaHUS 10 (¢u3MKe s  OObICHEHUs
HAOJII0JTaeMOT0  SIBJICHUS, AHAJM3MPOBATh COCTaB AJICKTPOMArHUTHBIXHU3ITYyUYCHUH;
MIPOU3BOIUTH MATEMAaTHUECKYIO 00pabOTKyY MOTy4YEeHHBIX PE3yIbTaTOB AKCIICPUMEHTA.

Teopus

Hudpakmuss —  sgBIEHHWE OTKIOHEHHS BOJHBI OT  MPSMOJIMHEHHOTO
pacnpoCcTpaHEHHUs] IPU MPOXOKJIECHUU Yepe3 MaJlble OTBEPCTHSI M OTMOAHUM BOJIHOU
MaibIX OpensarcTBUd. Pa3smepbl mpenstcTBuil (OTBEPCTU) NOJKHBI ObITh MEHbILE
WIM COM3MEPUMBI C JJIMHOM BOJNHBI. CyHIECTBOBAHHME ATOTO SIBJICHMS (TUPPAKIIM)
OTPaHUYUBAET 00JIACTh MPUMEHEHHSI 3aKOHOB I'€OMETPUYECKON ONTUKU U SBIISETCS
NPUYMHOMN Ipesiesa pa3pemianeil CocOOHOCTH ONTHYECKUX PUOOPOB.

Hudpakiuss oObICHAETCS TEM, 4YTO CBETOBBIE BOJHBI, MPUXOJAIIME B
pe3ysbTaTe OTKJIOHEHMsI M3 pPa3HbIX TOYEK OTBEPCTHS B OJIHY TOYKY Ha JKpaHe,
UHTEp(PEpUPYIOT MEXKTY COOOM.

Judpakius cBeTa HMCHONB3YETCS B CIEKTPaJbHBIX MPUOOpaxX, OCHOBHBIM
AJIEMEHTOM KOTOPBIX SIBIISIETCS TU(PpaKIIMOHHAs perieTKa.

JudpakunoHHas penieTka — ONTUYECKUH Mpuodop,
MPEJICTABISIONINI COO0N TEPUOAMUYECKYIO CTPYKTYpY H3
OOJIBIIOTO YHCIIAa PETYNIAPHO PACIIONIOKEHHBIX JJIEMEHTOB,
Ha KOTOpBIX MpoucxomuT nudpakuus cseta. [lepuon
pEIIETKH — MITPUXU C ONPEICICHHBIM U MOCTOSIHHBIM JJIs1
TAHHOU TuhpaKkIIMOHHON pelIeTKH npoduiiem
MOBTOPSIFOTCS Y€Pe3 OJTMHAKOBBIN MPOMEKYTOK d.

CnocoOGHOCTh THU(PPAKIIMOHHONW PEHIeTKH PacKIaIbIBaTh NAJalOUi Ha Hee
ny4yéKk CcBeTa MO JJMHAM BOJH SIBISIETCS €€ OCHOBHBIM CBOWMCTBOM. Paznmuaior
OTpa)kaTeJbHbIE U MPO3pauHble TUPPAKIUOHHBIE PEIIETKH.

[TapannensHbie Ty4H, UAYIIME OT KPaeB COCETHUX IIENCH, UMEIOT Pa3HOCTh
xoma A= d-sinp, tme d — TmMOCTOSIHHAsE pEIMIETKM — PACCTOSIHUE MEXIy
COOTBETCTBYIOIIMMH KPasiMU COCETHUX IIENIeH, Ha3bIBAEMOE TIEPUOAOM PEIIETKU, () —
YTOJI OTKJIOHEHUS CBETOBBIX JTy4eil OT MEPIIEHINKYIIAPa K TUIOCKOCTH PEIISTKH.

[Ipn pa3HocTH Xoja, paBHOM IeIOMYy 4YHUCIy MIUH BOdH d-sing = k-A,
HaOmoaeTcss HHTEp(EPEHIIMOHHBI MAKCUMYM JIJISl JAHHOUW JUTMHBI BOJHBL. Y CJIOBHE
MHTEP(PEPEHIIMOHHOTO MaKCUMyMa BBINOJHIETCA JJIs KaXJAO0W JUIMHBI BOJHBI IpU
CBOEM 3HAU€HUU AU(PPAKIHOHHOTO yTia ¢.

VYcnoBre BOZBHUKHOBEHUSI MaKCUMyMa MOXKHO 3allyicaTh NHAue:

ni =d sin @,
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rae d — mepuon nupaknOHHONW PEIIeTKH;
¢ — YTOJ1, O]l KOTOPHIM BUJIEH CBETOBOI MakCUMyM (yroJi Judpakiivm).

. [ 7 b b
ey

Tak Kak yrisl [udpakium, Kak mpaBuiio, Majbl, TO Il HUX MOXHO MPUHSTh
sing = tgp, atge = %, nostomyni = d % (B manHO#l pabote 3Ty popmyny
VICITOJIB3YIOT JUUISL BBIYMCIIEHUS JJIMHBI CBETOBOW BOJIHBI).

[lonoxeHnne  CBETOBBIX MAaKCUMyMOB  3aBUCUT OT  JUIMHBI  BOJIHBI
MOHOXPOMAaTHYECKOTO CBETA: YeM OO0JIbIIIE AJIMHA BOJHBI, TEM JaJbllie MAKCUMYM OT
HYJIEBOTO.

[Ipu npoxoxaeHuu uepe3 audpakiuonnyro |l
peleTKy My4oK Oesoro cBeTa pasziaraercs B CIEKTP. w? 0
benslii cBer mo cocraBy — cioxHbIM. Hyneson
MakCUMyM Ji1 Hero — Oejas mojioca, a MaKCUMYMBI
BBICIIMX TOPSAKOB MPEJCTABISIIOT cO0O0W Habop cemu
LBETHBIX I0JIOC, COBOKYIHOCTb KOTOPBIX Ha3bIBAIOT
CIEKTPOM

JudpaxuuonHas peierka
cootBercTBeHHO I; 1, ... mopsiaka.

VYron nudpaxkuuu uMeer Haubosblllee 3HaUeHue U KpacHOTO CBETa, TaK Kak
JUTMHA BOJHBI KPACHOTO CBETa 0O0JIbIlIE BCEX OCTAIBHBIX B 00JIACTH BUJIUMOTO CBETA.
Hanmenbluee 3Hauenue yria gudpakuuu st puoJIeTOBOTO CBETA.

[HonyunTs IUPPAKIUOHHBIA  CHEKTP MOXHO,
UCIIONB3Yysl MpHUOOp ISl OMPEAENICHHs JJIMHBI CBETOBOM
BoiHbL. [lpubop  cocrout u3 Opycka | co mkamoil.
Buuzy Opycka ykperieH cTepkeHb 2. Ero BCTaBIsIOT B
OTBEPCTHE MOJCTABKH OT MOABEMHOIO CTOJIMKA. bpycok
3aKPEIUIAIOT MO/ Pa3HBIMM yIiiaMu C IIOMOIIbIO BUHTA 3.
Bnonr Opycka B OOKOBBIX TMa3aX €ro MOXKET
nepeMemarbcsi NoByHoKk 4 ¢ skpaHom 5. K koHmy
Opycka MpHKperyieHa paMmka 6, B KOTOPYIO BCTaBIISIOT
TU(GPaKIIMOHHYIO PEIIETKY.

Puc. 1
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X0 PABOTBI
IIpogeccuonanvro-opuenmuposanmule 3a0aHUA.
1. PaccmoTpeThb HIKaabl H3MEPUTENBHBIX IPUOOPOB, ONPEACIUT EHY JEJICHUS.
2. Cobparb yCTaHOBKY, H300pa)KEHHYIO Ha PUCYHKE 1.
3. YCTaHOBUTH Ha IEMOHCTPALMOHHOM CTOJIE JIaMITy U BKIIIOUUTH €€.
4. CmoTps uepe3 AUPPAKIMOHHYIO PEIIETKY, HAalpaBUTh NpUOOp Ha JIaMIly Tak,
4TOOBI Yepe3 OKHO dKpaHa Mpubopa Oblla BHIHA HHUTH JIAMIIBI.
5. DOkpaH mnpubopa YCTAaHOBUTh HAa BO3MOXHO OOJBIIEM PACCTOSHHH OT
IUQPPAKIIMOHHON PEUIETKH U MOJIYYUTh Ha HEM 4eTKoe n3o0paxkenue crektpos | u |l
MOPSIKOB.
6. IIponabmtogaTh 06pa3oBaBIIKecs Ha YEPHOM dKpaHe TU(PaKIIMOHHBIE CIIEKTPHI | 1
II nopsinka, rae OJmxke K MENH pachoiaratoTcsi (pUoJIETOBbIE JIy4H, a JaJblIe OT HEE
KpacHbIE.
7. VI3ameputh 1o mikaie Opycka YCTaHOBKH paccTosiHUE «D» oT skpaHa mpubopa 1o
IUQPPAKIIMOHHOM pEeIIETKH (CM. IEPBBIA PUCYHOK).
8. OmpenenuTh paccTosiHUE OT HyJeBoro aeneHus (0) mKanbl 3KpaHa 10 CEpeIUHbI
(GurosIeTOBON MOJOCHl KaK CleBa «&;», TaK U CIpaBa «a@y» s crekTpoB | mopsaka
(cM. epBBIl PUCYHOK) U BBIUUCIUTH CPEIHEE 3HAUCHUE .
9. Takue e HM3MEpPEHMsI BBIIOJHUTH W JJI1 KPAacCHBIX MOJOC JU(PAKIUOHHOTO

CHEKTpa.
10. Beraucnuth JuMHY BOJNHBI (ProJeTOBOTO cBeta ais crekTpoB | u Il mopsakos,
a
JUIMHY BOJIHBI KpacHoro cBeta | u |l mopsankos mo dhopmyne 4 =d b
n

11. Pe3ynbTaThl U3BMEPEHUN U BBIYMCIICHUN 3alMcaTh B TA0JIUILY.
= Buaumbie Buaumblie JlnuHa cBeTOBOM
=)
= 5 rPaHuIbI CIIEKTPa rPaHuLbI BOJIHBI
S c = ¢uoseroBoro CIIeKTpa

s | = S = & cBeTa KPAaCHOI'0 CBETa

ol =¥

Z 53 |%|5E% = = : $

- - X

S| & |2 |2 %<2 = = s | = | S & S < <

o | SO | @ = = = = 2 S = 2 S S = =

2| Xsl2 | EE = P = = | S 2 s E S E
~ 2|2 | & &g S |g 8% |§|< |85 |ES |35
S5 |5 | £ 88 2 | 25 2 |28 |gfF |EF
&2 |2 | o5 E g S |2 =< 3 |&|3 = S £ S =
|2 |g=E22|5 | |lazgd e |E|aZ22|Es2 a2
EalE | aRa=|0 O | oM J |9 oMl E 2 ¥ =

12. CpaBHUTH pe3yNbTaThl U3BMEPEHUN U CHENIaTh BHIBOJI.

KOHTPOJIbHBIE BOITPOCHI:
1. Yro HazwiBatoT qudpakiueii ceera?
2. Uto npencraBistoT coboit nudpakmus Openens u audpaxuus Opaynrodepa?
3. Ilouemy Hy7neBO MakcuMyM IU(PAKLMOHHOTO CHEKTpa Oemoro cBera — Oenas
10JI0Ca, @ MAKCUMYM BBICIIHX TIOPSAKOB — HAOOP IIBETHBIX MOJIOC?
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4. TloueMy MakCHUMyMbl pPAcHOJIAralOTCS Kak ClieBa, TaK W COpaBa OT HYJIEBOIO
Makcumyma?

7. ITPAKTUYECKUE PABOTbBI
ITPAKTHYECKAS PABOTA Nel

Haszeanue npaxmuueckoii pabomui: «EMKOCTHOE CONpOTHBICHHE B IeNH
MepeMEeHHOr0 TOKA.
Ilenv pabomor: 03HAKOMHUTHCS ¢ pabOTON KOHAECHCATOpA B IIEMH MEPEMEHHOTO TOKa,
ONPEIEIUTh NapaMeTPhI LIENH IEPEMEHHOTO TOKA, COJIEpKallleld KOHIEHCATOP;
Pe3yabTartsl:
Dopmupyemoie I1eMEHM bl IIK (npogheccuonanvro-opuenmuposannoe
cooeprcanue):
— [IK 1.3. IIpoBoguth u 00pabaTbiBaTh pe3yjibTaThl HCHBITAHUI CHCTEM
OTOIUICHUS, BOJIOCHAOKEHUS, KaHAJIN3ALUU U BOJIOCTOKOB;
MemanpeomemHbwle:
— MPII 01, MPII 02, MPII 03, MPII 04, MPII 05, MPII 18;
— MPK 03, MPK 04, MPK 05, MPK 08;
— MPP 01, MPP 02, MPP 05, MPP 06, MPP 08, MPP 11;
npeomemmuule:
— [IPG 06, ITP6 07, ITP6 10;
— IIPy 07, ITPy 09, I1Py 12.
Ilo oxonuanuu pabomul 00y4arOWUICA 00NJICEH YMemMb: YATATh DIEKTPUUYECKNE
e, MPOU3BOIUTh pacueT MapaMeTpoB DJIEKTPUUYECKOWIENH MEPEMEHHOIO
TOKA,[IPUMEHSATD MOJTy4YE€HHbIE 3HAHUS [T OOBSICHEHUS UCCIIEyEMOTO SIBJICHHUS.

Teopus
B onexTpuueckord LenM KOHJAEHCATOP SBJISIETCS HAKOMMUTEIEM JSHEPTUHU
AIEKTPUYECKOro mnoJis. [Ipu MOCTOSIHHOM IPUIIOKEHHOM HANPSHKEHUM TOK 4epe3
KOHJEHCATOp OTCYTCTBYET. llepeMeHHBI TOK NPOTEKAET Yepe3 KOHIACHCATOP.
BenuunHa Toka mpomopiuoOHaibHA  CKOPOCTH  HM3MEHEHHUSA  AJIEKTPUYECKOIO
HaMNpsHKEHMS Ha TUIACTUHAX KOHAEHCATOpPA.

dif
i =0 —E,
¢ dt
rae C - eMKOCTh KOHJIEHCATOpa.
[Tpu Uc = Um sinmt MOJIY4YHM:
a4 :
fo = Uy O sin @1 = @CU, " sin (@2 +90°)
i
U U1y
L T oC — PEaKTHBHOE COMPOTUBIICHHE KOHIEHCATOPA.

CpaBHuBas ¢popMyIbl UIsl TOKA U HAMPSHKEHUST HA KOHAEHCATOPE, BUAUM, YTO
TOK OIEepekaeT HampskeHue no dasze Ha yroia 90°.
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PeakTuBHas momHOCTh KOHAeHcaTopa, paBHas Qc = Uc-1 (Bap) maer Ha
CO3/IaHUE PIIEKTPUYECKOTO TOJIS.

X0/l PABOTHBI
1. Ucnonb3yss NpUBENEHHYIO CXEMy U JaHHbIE W3 TaOJUIbl MPOMU3BECTH PACUET
HEU3BECTHBIX BEJINYUH.

HcxomHarie naHHbIEe:

Bap | R, I, Bap | R, I, |Bap | R, I, Bap | R, I, | Bap | R, 1,

Ne [Om| A | Ne (Om| A [ Ne (OmMm| A | Ne [ OmMm| A [ Ne [ OM| A
1 10| 2 7 7 1 13| 10| 1| 19 8 18| 25 9 1
2 8 2 8 8 2 14 8 2| 20 9 2| 26 8 2
3 7 1 9 7 15| 15 7 2| 21 7 1| 27 6 15
4 6 1| 10 6 16 5 1| 22 6 2| 28 7 15
5 5 2| 11 5 1 17 4 1| 23 5 1] 29| 5 1
6 4 1| 12 4| 08| 18| 10| 1| 24| 10| 3| 30| 9 1

Ilerb moaKTIOYEHA K UCTOYHHUKY MTEPEMEHHOTO TOKA C HanpsyceHuem U =
127 B u wvacmomoit 50 I'y.
IIpogeccuonanvro-opuenmuposantule 3a0aHU.
2. OnpeieNuTh MOJIHOE COTIPOTUBIICHUE TIeNH Z(BBIPA3UTh UCTIOBL3Ys 3aK0H Oma: |=

%)
YA
3. Paccuurtath peakTuBHOE compoTuBieHHe Xc (BBIpa3uTh u3  (POPMYJIBL:
. 1
4. Haiitn eMKOCTb KOHAEHcaTopa u3 (hopmyibl Xc= O
72'. .

5. Onpenenirs akTUBHYIO MOITHOCTE P o popmyne: P= I°R.
6. BEIMMCINTE peakTHBHYIO MOIIHOCTE Q, Mcmonb3ys Gpopmyiy Q = 12Xc.

7. OnpenenuTh MOJIHY0 MOITHOCTH S o (hopmyre:

8. Haiitu koa(ppULIMEHT MOIIHOCTH 1IeTH 0 popMmyJie:

9. Onpenenuth yron @ (mo Tabiulle WM HA KaJIBKYJIATOPE), YIUTHIBAs 3HAUYCHUE
MIOJIyYEHHOE B II. 8.

10. Pe3ynbTarhl BHIYMCICHUN 3aMMCaTh B TAOJIHILY.

e HN3BecTHBIE Pacuer
Bavuan BeJINYHUHBI
T‘; ul 1Ll RrR |z Xc, | C, P,| Q | S | cos| o
B A |Om Om Om (Mx® [Br [Bap |BA | ¢ , ©
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11. Cnoenatp BBIBOJI.

KOHTPOJIBHBIE BOITPOCHI:
1. Yto Ha3bIBaeTCsl KOHJIEHCATOPOM?
2. Kak omnpenenuTs HanpsHKeHHUE, 3apsi U eMKOCTh KOHIeHcaTopa?
3. Kak HaiiTu peakTuBHOE CONPOTUBIICHUE KOHACHCAaTOpa?
4. KakoBo Ha3Hau€HHE KOHJIEHCATOPA B IIETIH EPEMEHHOTO TOKa

HPAKTHYECKASA PABOTA Ne2

Ha3zeanue npaxmuueckou padompr: «MHIYKTHBHOE CONPOTHBJICHHE B LeENHU
MEePEeMEHHOI0 TOKA.

Ilenv padomwvri:  03HaKOMUTBCA C pabOTONW KaTyIIKM WHAYKTUBHOCTHM B LEMU
IIEPEMEHHOIO0 TOKA, HAYYHUTHCS ONPEIEIATh MMapaMeTphl SJIEKTPUUYECKON LIENH
IEPEMEHHOTO TOKA, COACPKALIEH KAaTyIIKy HHIYKTUBHOCTH.

PesyabTarhi:

Dopmupyemovie INIeMeHmbl IIK (npogheccuonanvro-opuenmuposannoe

cooepicanue):

— ITIK 1.3. IlpoBoaute u 00pabaThiBaTh pPE3YJIbTATHl HUCIBITAHUN CUCTEM
OTOIUJICHUS!, BOJIOCHA0XKEHM I, KAHAIN3alUU U BOAOCTOKOB;
Memanpeomemmbwle:
— MPII 01, MPII 02, MPII 03, MPII 04, MPII 05, MPII 18;
- MPK 03, MPK 04, MPK 05, MPK 08;
— MPP 01, MPP 05, MPP 06, MPP 08, MPP 11;
npeomemHule:
— [IIPG 06, ITP6 07, ITP6 10;
— IIPy 07, ITPy 09, ITPy 12.
1lo oxonuanuu pabomsi 0OyUaOWULCS OONHCEH YMEMb: YATATh SIEKTPUUECKUE
e, MPOU3BOJIUTH pacueT MapaMeTpoB DJIEKTPUUYECKOWIENH MEPEMEHHOTO
TOKa,IPUMEHSTH MMOJTYyYEHHbIE 3HAHUS ISl OOBSCHEHUS UCCIIETYEMOTO SIBJICHHUS .

Teopus
Karyiika MHAYKTUBHOCTH 00J1aJlaeT CIIOCOOHOCTBHIO CO3/1aBaTh MarHUTHOE
1oje. ITO CBOMCTBO XapaKTEPU3YETCs MapaMeTPOM KaTYIIKU - UHAYKTUBHOCTHIO (L),
KOTOpasi 3aBUCUT OT 4YHCJIa BUTKOB, CEpPJICUHHKA, T'€OMETPUYECKUX Pa3MEPOB
KaTYILKH.
L =wy/I; rne y = W-® - NOTOKOCUEIIJICHUE KATYIIIKK;
W - 4uciio BUTKOB KaTymiky; @®- MarHuTHBIN NOTOK; | - TOK,
MPOTEKAOIIUHI 110 KaTylIKeE.
IlepeMeHHBIM TOK, NIPOTEKass MO KaTylIKe, CO3AAacT
IIEPEMEHHBI MAarHUTHBIM TOTOK @, KOTOPBIM, IEpeceKas
BUTKU KaTylIku, HaBoguT B HUX JDJ[C camomnaykuuu. CormnacHo npasuia JleHia,
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3/1C caMOMHIYKUIHMH, TOK CAMOMHIYKIMHU MPENSATCTBYIOT MPOTEKAHUIO TOKA B LIEMU
dd <

Up ="Bp = L% =11, %sin(mt) =wLll cos{wt) =T, sm (wt+ 90}

jwr
Il

Torpa
Un/lm = U/l = XL = oL (OM) - HHIYKTUBHOE COTIPOTUBIICHNE KATYIIIKH.

QL - peakTHBHAas MOIIHOCTh KATYIIKM KACT Ha CO3JaHWE MArHUTHOTO IIOJIS.
EnununIa u3mMepeHust peakTHBHON MOIITHOCTH: Bap — BOJIBT - aMIICp PEaKTHUBHBII;

P - akTHBHAs MOIIHOCTH LIEMHU MPeBpaliaeTcs B Terio. Exunuiia namepenus Br;

S - moJsHast MOIITHOCTH IIEMH, SIMHUIIA H3MepeHus BA - BonbT-amrep.

2 2
= Il' + - o
S £ QI MOAYJIb IIOJTHOHW MOIITHOCTH.

Cos = ——
s KOB(b(I)I/II_[I/ICHT MOIIHOCTH, HOKaSBIBaI-OHII/If/'I KaKas 4acCTb HOI[BGIIGHHOﬁ K

OCIIn BHGKTqueCKOﬁ MOIIDHOCTH S, IMPpCBpaAIaCcTCA B IIOJIC3HYIO MOIMTHOCTD P.

X0/ PABOTHI
1. Mcnons3yss NpUBENCHHYIO CXEMY M JaHHbIE W3 TaOJUIbl MPOU3BECTU paCUYET
HEHU3BECTHBIX BEJINYMH.

Hcxonurie nanHbIe:

Bap | R, I, | Bap | R, I, |Bap | R, I, | Bap | R, I, |Bap | R, l,

Ne (Om | A [N [OMm| A [ Ne Om| A [N [OM| A [N [Om A
1 2 2 7 2 1 13 2 1, 19 8 18| 25 1 1
2 3 2 8 6 2 14 1 2| 20 4 2 26 4 2
3 4 1 9 5 15| 15 1 2| 21 5 1 27 2 15
4 5 1 10 3 1 16 3 1| 22 6 2 28 3 2,9
5 3 2 11 3 1 17 2 1, 23 3 1 29 5 1,5
6 1 1 12 4 28| 18 6 1| 24 2 3 30 6 1,6

[lenbs moakIIOYEHA K UICTOYHUKY NIEPEMEHHOTO TOKa C HanpaxyceHuem U =
127 B u wacmomoii 50 I'y.
IIpogpeccuonanvro-opuenmuposannvie 3a0aHUA:
2. OnpeenuTh MOJTHOE COTPOTUBIICHUE 1Ien Z(BbIpa3uTh 3 popmyiibl 3akona Oma:

1= Y).
Z
3. Paccuutath peakTUBHOE comnpoTuBieHHE XL(BbIpazuTh U3  (HOPMYJIBI:

Z=yR%2+X2)

4. Halitu uHIyKTUBHOCTH LKkaTyiiku o gopmyire:
XL: 27l'ﬂ_
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5. OnpenenuTh aKTUBHYIO MOIITHOCTH P, icmonb3ys popmyiy:

_U?2_
P—?—I R.

6. Berauciaurts PCAKTUBHYIO MOIMHOCTb Q, HCIIOJIB3Y: BBIPAKCHUC!

Q = |2X|_.

7. OnpeaenuTh MOJIHYI0 MOITHOCTh STo (popmyIe:

S=U-

8. Beruncianth k03¢ GUIIMEHT MOIITHOCTH TIEMH TT0 GopMyIIe:

9. Onpenenuth yron ¢ (o TabauIle WM HA KAIBKYJIATOPE), YIUTHIBAs 3HAUYCHUC

MOJIYYEHHOE B 1I. 8.

10. Pe3ynbTarsl BEIYHMCICHUN 3ancaTh B TAOJUILY.

e H3BecTHBIE Pacuer
ADHAT BEJINYUHBI
BTpa ul L] R | z | x!l L] Pl o7 s/ cos| o
B | A| Om [ OMm | Om [ ITn | Br | Bap | BA | ¢ ©
11. Cnoenatp BBIBOJI.
KOHTPOJIBHBIE BOITPOCHI:

1. Kakum cBOWCTBOM 00JafaeT KaTyllKa WHIYKTUBHOCTH,

Xapakrepusyercs?
2. Kak HaliTu peakTUBHOE COMPOTUBIICHUE KATYIIKHU?
3. Kakue MOIIHOCTH pa3nnuyaroT B LETIX ePEMEHHOTO TOKa?

4. Kakoii (hu3ndeckuii CMbICI COSQ?
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8. Jluteparypa

OcHOBHBIE EYATHBIE U31AHUSA

1. ®duzuka : 10 kmace : 6a30BbIN U Yr1yOJeHHBIH YPOBEHD : yUeOHUK : B 2-
X gacTax, . Yacte 1 / JI. O IN'ennenmreiin, A. A. bynarosa, U. H. Kopuunses, pen. B.
A. OpnoBa — Mocksa : bunom. Jlabopatopus 3nanuii, 2019. — 299 c. : rpad., puc.,
TabJ1., QoT.

2. ®wuzuka : 10 kinace : yueOHUK : 6a30BbIi U yrayOJIeHHbINH ypoBHH : B 2-x
gacTsax, Yacts 2 / JI. O. I'ennenmreitn, A. A. bynartosa, U, H. Kopauises, — Mocksa
: bunom. Jlabopatopust 3nanwmii, 2019. — 235 c. : rpad., puc., Tadiu., Gor.

3.  ®wuswmka : 11 xnacc : yueOHHK : 0A30BbIi U yrITyOJICHHBIA YPOBEHB : B 2-
x gacTax, Yacte 1 / JI. 3. 'ennenmreiin, A. A. bynarosa, U. H. Kopaunses, pen. B.
A. OpnoBa — Mocksa : bunom. Jlabopatopus 3nanui, 2019. — 189 c. : rpad., puc.,
TabJ1., QOT.

4, ®wusuka : 11 kiacce : yueOHUK : 0a30BbIN U YIITyOJICHHBIN YpOBHU : B 2-X
yacTsax, Yacte 2 / JI. O. 'ennenmreiin, A. A. bynartos, U. H. Kopuuibes, pea. B. A.
OpnoBa — Mocksa : bunom. JlaGopatopus 3nanmii, 2019. — 203 c. : rpad., puc.,
Tal., QoT.

OcCHOBHBIE )JIEKTPOHHbIE U3IaHUS

5. AmutpueBa, B.®. @uszuka mana nOpodeccuid U CHEHUATBHOCTEH
TEXHUYECKOTO Mpoduiisi: ydeOHUK sl 00pa30BaTeNbHBIX YUPEKIACHUHN cpell. mpod.
oOpazoBanusi / B. @. JImutpuena. — 8-e uz., crep. — M.: Axkanemus, 2020. - 447 c.:
ui. — (Ilpodeccronansuoe odpasosanue) [caiit]. — 2022. - URL: https://academia-
moscow.ru/reader/?1d=473243/ (nata obOpamenus: 29.01.2023). - Pexxum goctyma:
JUTSI 3aPETUCTPUP. TTOJIb30BaTEIEH

6. YueOnsiit onnaiin kypc.®@usuka // MoOuiabHOE 3JIEKTPOHHOE 00pa30BaHHUE:
[caiiT]. — 2022. - URL: https://physics.ru/textbook/index.html (mara oOpamenwus:
29.01.2023). - Pexxum moctyma: i 3aperucTpHUp. MOJIb30BaTenei

7. YueOnblii onnaiin  kypc.®uzuka 10 // MoOuibHOE 3JIEKTPOHHOE
oOpasoBanue: [caiT]. — 2022. - URL.: https://educont.ru/courses/list/course/e3579ebe-
5b73-41af-9d32-7b303aade0f6(nara obpamenus: 29.01.2023). - Pexxum poctyma:
JUTSL 3apETUCTPUP. MOJIb30BaTeIeH

8. YuebOnnbiii onnaiin  kypc.®uszuka 11 // MoOuibHOe 3JIEKTPOHHOE
o0Opa3oBaHUE: [caitT]. — 2022. - URL.:
https://educont.ru/courses/list/course/7d15407e-e5b0-44b6-9385-tb9412b5a916(nara
obpamenus: 29.01.2023). - Pexxum goctyna: i 3aperucTpHp. MOJIb30BaTeNen

JlonoIHUTEeIbHbIE HCTOYHUKH

9. DnexkTpoHHbI yueOHBIM Kypc. Puszmka (TexHomormueckuit mpoduis) //
JlucTaHIIMOHHOE oOy4JeHwue B IOVYpI'TK: [caitT]. URL:
https://dom.sustec.ru/course/index.php?categoryid=115. - (mara  oOpameHus:
24.01.2023). —Pexxum noctyma: 1Jist 3aperucTpup. MOJIb30BaTeneh
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9. Ipuioxkenune

OcHoBHBIE (pn3nqec1cne NOCTOAAHHBIC (OprI‘JIeHHI)Ie 3Ha‘leHHﬂ)

du3nuyeckas NOCTOTHHASA O0o3HaueHune

YckopeHne cBOOOIHOTO MaACHUs g
Yucao T T
['paBuTanioHHAast MOCTOSIHHAS O
Hucmo ABoraapo Na
YHuBepcaibHas ra3oBas R
MOCTOSIHHAS

ITocrossHHast bonpiimana k

3aps 3JIEeKTpOoHa e

CkopocTh cBETa B BAKyyMe

ITnoTHOCTD KUAKOCTEH

Kuakocrs | ILioTHOCTB, Kuakocrtnb
Kkr/m®

Bogma (mpu | 1,00-103 P1yTh

4°C)

['muuepun 1,26-103 Croupt

53

YucaoBbie
3HAYCHUSA

9,81 m/c?

3,14

6,67-10 M3/ (xr
.2

6,02-10%° momp™

8,31 Ix/(momnb-K)

1,38-102 Ix/K
1,60-10%° Kn

3,00-108 m/c

IlnoTHOCTD,
Kr/m®

13,6:10°

0,80-10°



ILi1oTHOCTH TBEPABIX TEJI

TBépnoe ILnoTHOCTD, TBépnoe ILnoTHOCTD,

TEJIO Kr/m® TEJI0 Kr/m°
Amomunnii | 2,7-103 Menb 8,9-10°

Bapuii 3,5:103 Huxennb 8,9-10°

Bananuii 6,0-103 CBuHery 11,3-103

Bucmyt 9,8-103 Cepebp 10,5-10°

XKeneszo 7,8:10° 0 1,9-10°

JIuTwit 0,53-10° Lle3ui 7,1-10°

[Hunak

ILnoTHOCTH Ta30B (l'lpI/I HOPMAaAJbHBIX yCJIOBI/ISIX)

I'a3 ILnoTHOCTD, I'asz ILnoTHOCTD,
Kr/m® Kr/m®
Bonopon 0,09 I'enni 0,18
Boznyx 1,29 Kucnopon 1,43

Ko punueHT NOBEPXHOCTHOI0 HATSIZKEHUS JKUIKOCTEl

Kuakoctnb Kos¢ppunuenr, Kuakocrno Ko punuenr,
MH/m MH/m
Bona 12 PtyTh 500
MpbLnbHas 40 Cnoupt 22
BOJa

IToka3zaTesib npeIOMJICHUSA

BemecTBo IToxa3zarenan
Bona 1,33
[nunepun 1,47
CrekJio 15
Anmas 2,42
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IMoxa3zanus
BJIAJKHOTO
TepMoMeTpa,
°C

©ooo~No ol WDNE O

0

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

0,5

90
90
90
90
91
91
92
92
93
93
94
94
94
94
94
94
95
95
95
95
95
95
95
96
96
96
96
96
96
96
96

Pa3HocTh mokaszanui CyXOoro 1 BJaKHOIro TepMoMeETpoB, °C

1

81
82
83
83
84
85
85
86
86
86
87
88
88
88
89
89
90
90
90
91
91
91
91
91
92
92
92
92
92
93
93

IIcuxomerpuyeckasi Ta0JAMIA

1,5

73
74
75
76
77
78
78
79
80
81
82
82
82
83
84
84
84
84
85
85
86
86
87
87
88
88
88
89
89
89
89

2

64
66
67
69
70
71
72
73
74
75
76
77
78
79
79
80
80
81
81
82
82
83
83
83
84
84
85
85
85
86
88

2,5

57
59
61
63
64
65
66
67
68
70
71
72
73
68
74
75
75
76
76
77
78
79
79
80
80
81
81
82
82
82
83
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3

50
52
54
56
57
59
61
62
63
65
66
67
68
68
70
71
72
73
74
74
75
75
76
76
77
77
78
78
79
79
79

3,5

43
45
47
49
51
54
56
57
58
60
61
62
63
59
66
67
67
68
69
70
71
71
72
72
73
74
75
75
76
76
76

4

36
39
42
44
46
48
50
52
54
55
57
58
59
57
62
63
64
65
66
66
67
68
69
69
70
70
72
72
73
73
74

4,5

31
33
35
39
41
43
45
47
49
51
53
55
56
53
58
59
60
61
62
63
64
65
65
66
67
68
69
69
70
70
71

4

26
29
31
34
36
39
41
43
45
47
48
50
52
50
54
55
57
58
59
60
81
62
63
63
64
65
66
67
67
68
68

5,9

20
23
26
29
32
34
35
39
41
43
45
47
48
46
51
52
53
54
56
57
58
59
60
61
62
63
63
64
65
65
65

6

16
19
23
20
28
30
33
35
37
39
41
43
44
43
47
49
50
52
53
54
55
56
57
58
59
59
61
61
62
63
63

6,5

11
16
18
21
24
27
29
31
33
35
38
40
42
40
45
46
48
49
50
51
53
54
55
56
56
58
58
59
60
60
61

11
14
17
20
23
25
28
30
32
34
36
38
37
41
43
44
46
47
48
49
51
52
53
53
54
56
56
57
58
58



I[aB.]'IeHl/Ie HAChIIIAIOIIMUX ITIAPOB M UX IVIOTHOCTDb IIPHA Pa3jIM4HbIX

t, °C

Oooo~Noorlh, WNEFE O

p, klla

0,61
0,66
0,71
0,76
0,81
0,87
0,93
1,00
1,07
1,15
1,23
1,31
1,40
1,50
1,60
1,71
1,82

TeMImepaTypax
3 # t, °C
4,84 17
5,22 18
5,60 19
5,98 20
6,40 21
6,84 22
7,30 23
7,80 24
8,30 25
8,80 26
9,40 27
10,0 28
10,7 29
11,4 30
12,1 31
12,8 B2
13,6 33

P, klla

1,94
2,06
2,20
2,34
2,49
2,64
2,81
2,98
3,17
3,36
3,56
3,78
4,00
4,24
4,49
4,75
5,03

Py =5
14,5
15,4
16,3
17,3
18,3
19,4
20,6
21,8
23,0
24,4
25,8
27,2
28,7
30,3
32,1
33,9
35,7

YaeabHoe conporusiienne (npu 20 °C) u remnepatypHblii kKo3GduuuenT

COIMPOTUBJICHHUSA METAJIJI0B U CIIJIABOB

p’ P
Bemectso | <10 ;n(?dm "M | o, K! | Bemecrso | *10 I:H(;M Moo, K?
x1072 Om - MM2/M x1072 Om - MM2 /M

AroMUHNI 2,8 0,0042 {Huxpom 110 0,0001
Boabsdpam 5,5 0,0048 |[Csunern 21 0,0037
JlaTyHb 7,1 0,001 ([Cepebpo 1,6 0,004
Menanb 1,7 0,0043 [[Crans 12 0,006
Hukenun 42 0,0001 [|[KounctrauTan 50 0,00003
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o

sino.

coso

Tadauua CHHYCOB U KOCHHYCOB

tano

sing,

Cosa

tana

sino

COSCL

tana

1 o

20

30

40

50

60

70

80

gﬂ

10°
11°
12°
13°
14°
15°
16°
17°
18°
19°
20°
21°
22°
23°
24°
25°
26°
27°
28°
20°
30°

0,017
0,035
0,052
0,070
0,087
0,105
0,122
0,139
0,156
0,174
0,191
0,208
0,225
0,242
0,259
0,276
0,292
0,309
0,326
0,342
0,358
0,375
0,391
0,407
0,423
0,438
0,454
0,469
0,485
0,500

1,000
0,999
0,999
0,998
0,996
0,995
0,993
0,990
0,988
0,985
0,982
0,978
0,974
0,970
0,966
0,961
0,956
0,951
0,946
0,940
0,934
0,927
0,921
0,914
0,906
0,899
0,891
0,883
0,875
0,866

0,017
0,035
0,052
0,070
0,087
0,105
0,123
0,141
0,158
0,176
0,194
0,213
0,231
0,249
0,268
0,287
0,306
0,325
0,344
0,364
0,384
0,404
0,424
0,445
0,466
0,488
0,510
0,532
0,554
0,577

31°
32°
33°
34°
35°
36°
37°
38°
39°
40°
41°
42°
43°
44°
45°
46°
47°
48°
49°
50°
51°
52°
53°
54°
55°
56°
57°
58°
59°
60°

0,515
0,530
0,545
0,559
0,574
0,588
0,602
0,616
0,629
0,643
0,656
0,669
0,682
0,695
0,707
0,719
0,731
0,743
0,755
0,766
0,777
0,788
0,799
0,809
0,819
0,829
0,839
0,848
0,857
0,866

0,857
0,848
0,839
0,829
0,819
0,809
0,799
0,788
0,777
0,766
0,755
0,743
0,731
0,719
0,707
0,695
0,682
0,669
0,656
0,643
0,629
0,616
0,602
0,588
0,574
0,559
0,545
0,530
0,515
0,500

0,601
0,625
0,649
0,675
0,700
0,727
0,754
0,781
0,810
0,839
0,869
0,900
0,933
0,966
1,000
1,036
1,072
1,111
1,150
1,192
1,235
1,280
1,327
1,376
1,428
1,483
1,540
1,600
1,664
1,732

61°
62°
63°
64°
65°
66°
67°
68°
69°
70°
71°
72°
73°
74°
75°
76°
77°
78°
79°
80°
81°
82°
83°
84°
85°
86°
87°
88°
89°
90°

0,875
0,883
0,891
0,899
0,906
0,914
0,921
0,927
0,934
0,940
0,946
0,951
0,956
0,961
0,966
0,970
0,974
0,978
0,982
0,985
0,988
0,990
0,993
0,995
0,996
0,998
0,999
0,999
1,000

0,485
0,469
0,454
0,438
0,423
0,407
0,391
0,375
0,358
0,342
0,326
0,309
0,292
0,276
0,259
0,242
0,225
0,208
0,191
0,174
0,156
0,139
0,122
0,105
0,087
0,070
0,052
0,035
0,017

1,804
1,881
1,963
2,050
2,145
2,246
2,356
2,475
2,605
2,747
2,904
3,078
3,271
3,487
3,732
4,011
4,331
4,705
5,145
5,671
6,314
7,115
8,144
9,514
11,430
14,301
19,081
28,636
57,290
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