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PELHEH3USA

HA MeTOAHYeCKHe PEKOMEHIAIUH 110 BHINOJHEHHIO JJA00PATOPHBIX U NPAKTHYECKHX
padoT no aucuuniauHe «@u3nka» 1 cnenquaabHocTu 08.02.01 CTpouTeIbCTBO U
IKCILUIYaTANUSA 31AHNUH U COOPYKEHMH TEXHOJIOTM4eCKOro npodus,
pa3paboTaHHbIe NpenoaaBarTeiemM
I'BIIOY «IOxkHO-YpanbCcKHil roCyAapCTBEHHbIN TEXHUYECKHH KOJICAAK»
MenbkoBoii B.B.

JlaGopaTopHble W  TpPAaKTUYECKHE 3aHATHS  SBISAIOTCS  BAXKHBIM  DJIEMEHTOM
o0mieo0pa3oBaTenbHOM  OTUCHUIUIMHBL. B mpoliecce  BBIMONMHEHHS — JaOOpPAaTOPHBIX |
MPaKTUYECKNX paboT oOydwaromiecss CHCTEMAaTHU3UPYIOT H  3aKPEIUIAIOT — IOJy4YeHHbBIE
TEOPETUYECKUE 3HAHUSA, pPA3BUBAIOT HWHTEIUICKTyallbHbIe M TpOo(ecCHOHATbHBIE YMEHUS,
(OpMUPYIOT 3JIEMEHTHI KOMIETCHIINN OyaymuX CIenuannucToB. JJabopaTopHbIE OMBITHI AT
BO3MOXXHOCTh OOYYalOLIUMCSl 3KCIEPUMEHTAIbHO Ha MPAKTHUKE 3aKPENUTh NPUOOpPETEHHbIE
TEOPETUYECKUE 3HAHUS.

MeTtoauueckue peKOMEHAALNHU TI0 BBIOJIHEHUIO J1a00paTOPHBIX U MPAKTUYECKUX paboT
MpeajgaraeTcs MCIoiIb30BaTh ISl MPOBEACHUS JA0OPATOPHBIX M MPAKTHUECKUX 3aHATHH C
00yJaronuMHucs.

MeToaudeckne pEKOMEHAANHA COAEPXKAT: TOSCHUTEIBHYIO 3alHCKy, TEepEYCHb
1abopaTOpHBIX H TMPAKTUYECKUX paboT, TpeOoBaHUS K OQGOPMIICHHIO OTYETa, KPUTEPHH
OILICHWBAHMSI JTA0OPATOPHON W MPAKTUYECKOW pabOThI, MpaBWJIa TEXHUKH OE30MAaCHOCTH TPHU
MIPOBEJICHUU JITA0OPATOPHBIX M MPAKTUYECKUX pPAa0OT, nuTepaTypy (OCHOBHBIE MEYAaTHBIE U
AJIEKTPOHHbBIE U3JIaHUS, TONOJHUTEIbHBIE HCTOYHHUKH), IPUIIOKEHUE.

Kaxxnas pabota BKiIOUaeT: HOMEp U Ha3BaHUE, IEPEYEHb HEOOXOAMMOTro 000PYI0BaHMs,
TEOPETUYECKUE OCHOBBI HEOOXOIMMBIE JJI MPOBEACHUS padOThI, MOPSAJOK MPOBEIECHUS paOOTHI
C TIOMIATOBBIM ONHCAHHWEM, TaOJWIBI, KOHTPOJBHBIE BOMPOCHI, MO3BOJISIIOIINE OIEHUThH
Ka4yeCcTBO YCBOCHHUS TEOPETUYECKOIO MaTepHaa.

MeToaudeckne peKOMEHIANH TI0 BBIMTOJTHEHHUIO 1a00paTOPHBIX U MPAKTUYECKUX paboT
Mo o0mieo0pa3oBaTenbHON AUCIUTIINHE «DU3HKaY) MOTYT OBITh HCIIOJIB30BAHBI B YUPEIKICHUSIX
CIIO nmnsa cneumanbHOcTH 08.02.01 CTpouTENnbCTBO M AKCIUTyaTalus 34aHUM U COOPYKEHHU
TEXHOJIOTUYECKOTO MPOUIISL.

PenenseHnr:

npenonasatens [ BIIOY «
Ypanbckuiit MHOrompodu

KOJUIE K H.A. IlonockoBa
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1. HOACHUTEJBHASA 3AIINCKA

Meroanueckue  peKOMEHJIAllMM 1O  BBINOJHEHUIO  JIAOOPAaTOPHBIX |
NpaKTUYECKUX pabor 1o  o0mieoOpa3oBaTeNbHOM — AUCHUIUIMHE — «DU3HUKa»
npeaHasHaueHbl g oOywarommxcs crnenuaibHocTd 08.02.01 CtpouTenscTBO M
AKCIUTyaTalus 3AaHUN U COOPYKEHUN TEXHOJOTUYECKOTO MpouJsi, y4acTBYIOIIEH B
peanuzanuu OeaepansHoro npoekra «IIpodeccuonanurer.

JlabopaTtopHble M NPAKTUYECKUE 3aHATUS SIBISIOTCS BaXXKHBIM 3JIEMEHTOM
001eo0pazoBaTebHON AUCITUIUIMHBL. B mporiecce BBITIOTHEHUS JTa0OpPaTOPHBIX U
MPaKTUYECKUX PabOT, 00ydJaromMecs MOMy4daroT HAaBBIKK PabOThl C H3MEPUTEITHHBIMU
puOopaMu, TPOU3BOAIT MaTEMATHUECKYI0 00pabOTKy pe3yabTaTOB DKCIEPUMEHTA H
MOTPEIIHOCTEN U3MEPEHUs, a TAKXKE CUCTEeMATU3UPYIOT U 3aKPEIUISIIOT MOJYyYEHHBIE
TEOPETHUECKUE 3HAHWS, DPAa3BHBAIOT HMHTEIUICKTyalbHBIC ¥ TPO(EeCCHOHATBHEIC
yMeHUs1, GOPMUPYIOT AIEMEHTHI KOMIIETEHIIUNA Oy IyIIMX CIIEIHUATUCTOB.

Paboueit mporpammoit  001Ie00pa3oBaTeNIbHON  AUCHUIUIMHBL  «DU3HKaY»
MPEAYCMOTPEHO BBIMOJIHEHUE 12 1abopaTopHBIX paboOT M 2 MPaKTUYECKUX padoT,
KOTOPBIE HAIIPABJIEHbI HA JOCTHKEHUE CIAEAYIOMINX HeJIei:

— ¢dopMHpoBaHUE Y 00YYaIONIUXCS MPEACTABICHUM O POJIM U MecTe (PU3MKH B
COBPEMEHHOM HAy4YHOW KapTHHE MHpa, O CUCTeMooOpasyiomeid poiu (u3uMku B
Pa3BUTHUH €CTECTBEHHBIX HAYK, TEXHUKU U COBPEMEHHBIX TE€XHOJIOTUH, TOHUMAHHMS
(hU3nyYeCKOM CYITHOCTH HAOJI01aeMBbIX SBICHUN;

— (opMupoBaHue y 00y4arolUXCcsd YMEHUS pacro3HaBaTh (PU3NYECKUE SIBJICHUS
1 TIPOIIECCHI, OOBACHSITH UX HA OCHOBE M3YUYEHHBIX 3aKOHOMEPHOCTEH;

— (opMupoBaHHe y OOy4arOlUXCd YMEHUN BIIaJICHUSI OCHOBHBIMU METOJaMH
Hay4YHOTO MTO3HAHUS, UCTIOIb3YEMBIMU B (DU3BHUKE;

— (¢opMupoBaHre y OOydYalOImMXCS YMEHUS aHaJIU3UpOBaTh (HU3NUECKUE
MIPOIIECCHI, UCIIOJIb3YSl OCHOBHBIE MTOJIOKEHHUS], 3aKOHBI U 3aKOHOMEPHOCTH;

— ¢dopmupoBaHUe y OOYy4YaIOIMUXCS YMEHUW HCCIENOBAaTh U aHAJIU3UPOBATH
pasHooOpa3Hble  (U3HYECKHUE SIBJICHHUS M CBOHMCTBA OOBEKTOB, MPOBOIUTH
CaMOCTOSITEIIbHBIE MCCIICIOBAHUS B PEAIBHBIX M JTAOOPATOPHBIX YCIOBUSIX, YUTATh U
aHAIM3UPOBATh XAPAKTEPUCTUKU MPUOOPOB M YCTPOMCTB, OOBSICHATH MPUHIIUI HX
paboTHI.

BrinonHenue 1abopaTopHBIX M MPAKTUYECKUX PaOO0T MUCHUTUIMHBI «DU3MKa»
00ecreynBaeT JOCTHKEHHUE CIAEAYIOIINUX PEe3yJIbTaTOB 00yUEHUSI:

JIUYHOCMHbBIX
— JIP 24. T OTOBHOCTP K aKTHBHON JIE€ATEIBHOCTH TEXHOJIOTUYSCKOU WU
COLIMAJIBHOM HAINpPaBIE€HHOCTH, CIIOCOOHOCTh MHUIMUPOBATh, MIIAHUPOBATH U
CaMOCTOSITENIHO BBITIOIHATH TaKyIO AESTEIbHOCTD;
MemanpeomenHbIX:
VHUBEPCAILHBIX YUEOHBIX NOZHABAMENbHBIX OCLICMEULL:
— MPII 01 camocrosiTenbHO (HOPMYTUPOBATh U AKTYaIH3UPOBATH MPOOIIEMY,
paccMaTpuBaTh €€ BCECTOPOHHE;
— MPII 02 ycraHaBnuBaTh CyIIECTBEHHbI MPU3HAK WM OCHOBAaHMS IS
CpaBHEHUS, KjacCu(pUKaIi 1 00001EeHNS;
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MPII 03 onpenensTs Henu AesITeIbHOCTH, 3aaBaTh NapaMEeTPbl U KPUTEPUH UX
JNOCTHKCHHS,

MPII 04 BBIABIATH 3aKOHOMEPHOCTHM M INPOTHUBOPEUYUS B PaccMaTpPUBAEMBIX
SABJICHUSAX;

MPII 05 BHOCHTB KOPPEKTHBBI B JEATEIBHOCTb, OLICHUBATH COOTBETCTBUE
PE3yIBTAaTOB LIEJISIM, OLICHUBATH PUCKU MTOCIEACTBAN EATENBHOCTH;

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

VHUBEPCATIbHBIX KOMMYHUKAMUBHBIX OCUCTNEULL:

MPK 03 Biagetb pa3InyHbIMU CIIOCOOaMH OOIICHHUS U B3aUMOCHUCTBUS;

MPK 04 apryMeHTUpPOBAaHHO BECTH JHAJIOT, YMETh CMST4aTh KOH(QJIMKTHBIC
CUTYALIUH;

MPK 05 pa3BepHyTO U JIOTHYHO HU3JIaraTh CBOIO TOUKY 3PEHMS C UCIIOJIB30BAHUEM
SI3bIKOBBIX CPE/ICTB;

MPK 08 mnpuHHMarh LEIM COBMECTHOM MAESATENBHOCTH, OPraHW30BBIBATH WU
KOOPJAWHUPOBATH JICUCTBUS MO €€ JIOCTMKEHHUIO: COCTABJIATH IUIAH JICWCTBUM,
pacnpenessaTh pojid ¢ Yy4eTOM MHEHHMHA YYaCTHUKOB, OOCYXKIAThb PE3yJIbTAThI
COBMECTHOM padOThL;

VHUBEPCATILHBIX PecYIAMUBHBIX OCUCTNGULL:

MPP 0l camocTOATENBPHO OCYLIECTBIATH IO3HABATEIBHYIO JEATEIbHOCTD,
BBISIBJISITH IIPOOJIEMBI, CTaBUTh U (OPMYJIUPOBATH COOCTBEHHBIE 3a7aud B
0o0pa30BaTeNbHOM JEATEIBHOCTH U KU3HEHHBIX CUTYaIUIX;

MPP 02 caMOCTOSATENBbHO COCTaBIISTh IUIAH PELICHHsS IPOOJIEMBbI C Y4ETOM
UMEIOLINXCSl PECYPCOB, COOCTBEHHBIX BO3MOXKHOCTEN U MPEANOYTEHUH;

MPP 05 pnenatb OCO3HaHHBI BBIOOpP, apryMEHTUPOBAThH €ro, OpaTth
OTBETCTBEHHOCTH 34 PEIICHHUE;

MPP 06 oueHuBaTh NPUOOPETEHHBIN OIIBIT;

MPP 08 naBaTe OLEHKY HOBBIM CHUTyalUsiM, BHOCUTb KOPPEKTHBBI B
NESATENILHOCTD, OLICHUBATh COOTBETCTBUE PE3YJIbTATOB LIENSIM;

MPP 11 ymeTb OieHMBAaTh PUCKU U CBOEBPEMEHHO IPUHUMATH PELICHUS IO UX
CHIKEHHIO;

MPP 16 coumanbHBIX HABBIKOB, BKJIIOYAIOIIUX CIIOCOOHOCTH BBICTPAMBATH
OTHOUIECHUS C APYTMMH JIFOJbMH, 3a00TUTHCS, TPOSIBIISITh UHTEPEC U pa3pelaTh
KOH(JIUKTHI,

MPP 18 npuHMMare MOTHMBBI U apryMEHTHl JPYIMX JIIOJCA NpHU aHAIIM3E
PE3yJIBTATOB EATEIbHOCTH;

MPP 19 npuznaBath CBO€ IPABO U MPABO JIPYTHX JIFOJIEH Ha OLITHNOKH;

npeomMemHulx:

I[IP6 06 BrageHue OCHOBHBIMU  METOJAAaMH  HAy4YHOrO  IO3HAHUA,
UCIOJIb3yeMbIMU B (U3HUKE: MPOBOJUTH MPSMbIE M KOCBEHHbIE H3MEPEHUs
(u3MUEeCKUX BEJIMYUH, BBHIOMpass ONTHUMAIbHBIA CHOCOO W3MEpEeHUus |
UCIOJIb3Ys U3BECTHBIE METOAbI OLIEHKH MOrPEIIHOCTEN U3MEPEHUM, TPOBOIUTh
UCCJIEIOBAHUE 3aBUCUMOCTEH (PU3NYECKHX BEJIUYMH C HCIOJIb30BAaHUEM
OpSIMBIX  M3MEPEHUN, OOBSICHATh TOJYYEHHBIE pPE3YyJbTaThl, HCHOIb3Ys
(¢usznyeckue TEOpPUM, 3aKOHbI M TOHSATHUS, W JelaTh BBIBOJABI; COONIONATH
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mpaBuia O€30MacHOro0 Tpyda MPH TPOBEICHWM WCCICAOBAHWA B paMKax
y4eOHOTO OJKCIIEpUMEHTa M Y4YeOHO-HCCIEN0BATENbCKOW JIEATETbHOCTH C
UCIOJIb30BAaHUEM IU(PPOBBIX H3MEPUTENBHBIX YCTPOWCTB U JIaOOPAaTOPHOIO
o0opynoBaHusi; CPOPMUPOBAHHOCTH MPEJICTABICHUNA O METOAaX MOIYYEHUs
Hay4HBIX aCTPOHOMUYECKUX 3HAHUI;

[IP6 07 cdhopMHPOBAaHHOCTH, YMEHHUS pelIaTh pacyeTHbIE 3aJaud C SIBHO
3alaHHOM  (PU3MYECKON MOJENbIO, UCHOJb3Yys (U3UYECKUE 3aKOHBI MU
MPUHITUIIBEI, HAa OCHOBE aHalM3a YCJIOBHS 3aaddl BBIOWPATh (PU3HUECKYIO
MOJICJTb, BBIICTATH (PU3UUYECKUE BEIMYUHBI U (DOPMYITBI, HEOOXOTUMBIC TSI €€
pelIeHus, TPOBOAUTH pacyeThl W OLIEHUBATh PEAJbHOCTh MOJYYEHHOTO
3HAYCHUS (PU3MUECKON BEIMYMHBI, peIIaTh KaUeCTBCHHBIC 3a/1a4H, BEICTPAUBas
JOTUYECKA HENPOTUBOPEUYMBYIO IENOYKY pACCYKICHHM C OINOpOM Ha
M3Y4YCHHBIC 3aKOHBI, 3aKOHOMEPHOCTH U (PU3HUCCKUE SIBJICHUS;

[1P6 10 oBnaseHne ymeHus MU paboTaTh B TPYIIE C BHITOJIHEHUEM PA3IMYHbIX
COIIMAIBHBIX  pOJIeH, IUIAHUPOBaTh  paboTy TPYMNIbl, paldOHAIBHO
pacrpenensiTh JeATeIbHOCTh B HECTAHJApPTHBIX CHUTYallUsX, AaJI€KBATHO
OIICHMBATh BKJAJ KaXJOT0 M3 YYaCTHUKOB TPYNIbI B  PEHICHUE
paccMaTpuBaeMoi POOJIEMBbL;

I[Py 07 cdopMupoBaHHOCT, YMEHHH HCCIEI0BaTh MW aHAJIU3UPOBATH
pazHooOpa3Hble (PU3MYECKUE SBJICHHUS M CBOMCTBA OOBEKTOB, IMPOBOJUTH
CaMOCTOSITEJIbHBIC MCCJIEAOBAaHUSA B PEATbHBIX U JIAOOPATOPHBIX YCIOBUSX,
YUTaTh U aHAJIU3UPOBATH XapaKTEPUCTUKU PUOOPOB U YCTPOUCTB, OOBSICHATD
MIPUHLIUIBI UX PAOOTHI;

[TPy 08 copMupoBaHHOCTH MPEACTABICHUN O METOJIaX MOIYYCHUS] HAYUHBIX
ACTPOHOMHMYECKMX  3HAHWUW;  BJIQJCHUE  yMEHUSIMH  CaMOCTOSITEIILHO
dbopmynIupoBaTh 1eJb MCCIeAOBaHUS (TIPOEKTA), BBIJBUTATh THUIIOTE3bl Ha
OCHOBE 3HAHUS OCHOBOIOJATAIOMIMX (DUIWYECKUX 3aKOHOMEPHOCTEH W
3aKOHOB, MPOBEPATh UX AKCHEPUMEHTAJIbHBIMU CPEICTBAMU; TUIAHUPOBATh U
IPOBOJIUTH (DU3UYECKHUE OKCIIEPUMEHTHI, OIKCHIBATh U aHAIU3HPOBATH
MOJIYYCHHYIO TIPH BBITIOJHEHUU SKCIEpUMEHTa WHOOPMAIUIO, OMpPeaesTh
JIOCTOBEPHOCTH MOJIYYEHHOTO PE3YJIbTaTa;

[Py 09 cdhopmMupoBaHHOCTH YMEHHUS pEIIaTh PaCUETHBIE 3a7a4dl C SBHO
3aJIaHHOW W HESIBHO 3aJ]JaHHOM (pU3MUYECKOW MOJIENIbI0: HA OCHOBAHUU aHaJN3a
yCJIOBUSI BBIOMpATh (hPU3NUECKUE MOJICTH, OTBEUAIOIIME TPEOOBAHUSIM 3aauH,
MPUMEHATh (OPMYJIbI, 3aKOHBI, 3aKOHOMEPHOCTH U TOCTYJIAThl (PU3UUECKUX
TEOpPUN TMpPU HCMOJb30BAHUM MATEMATHUYECKUX METOJIOB pEIICHHsS 3ajad,
MPOBOAUTL pacyueThl HAa OCHOBAaHUU HMEIOIIMXCSA JAHHBIX, AHAIM3UPOBATH
pe3yJbTaThl U KOPPEKTUPOBATH METOJbI PEIICHUS C YYETOM IOJYYEHHBIX
pe3yJbTaToB; pelniaTh KadyeCTBEHHBIC 3ajauyd, TpeOyrolue MNpUMEHEHUS
3HAHWU U3 Pa3HBIX Pa3JIeJIOB IMIKOJILHOTO Kypca GU3HMKHU, a TAKKEe WHTErpaluu
3HAHUW M3 JAPYrUX MPEIMETOB E€CTECTBEHHOHAYYHOrO IIHMKJA: BBICTPAMBATH
JOTHUYECKYIO LEMOYKY PacCyXJACHUH C OMNOpOM Ha U3YUYEHHBIE 3aKOHBI,
3aKOHOMEPHOCTH ¥ (PU3UUYECKHE SIBIICHMUS;



— TIPy 12 oBnageHue OpraHW3allMOHHBIMH W TIO3HABATEIHHBIMA YMEHUSIMU
CaMOCTOSTENIbHOTO MPUOOPETEHUs] HOBBIX 3HAHWM B TMPOIECCE BBIMOJHEHUS
OPOEKTHBIX M Y4YEOHO-HUCCNEAOBATEIbCKUX padoT, yMEHUsIMU paboTaTh B
IpyIIE C BBIMOJHEHUEM PA3IMYHBIX COIMANBHBIX POJICH, IIJIAHUPOBATH PabOTy
TPYNIbI, pAlMOHAIBHO pPAcHpeNesaTh JAESITeIbHOCTh B  HECTaHAapTHBIX
CUTYallMsIX, aJIeKBATHO OLIEHUBATh BKJIQJ KAXKJIOTO M3 YYaCTHUKOB TPYMIIbI B
pelIeHre paccMaTpuBaeMon MpoOJIeMBI;

3n1emenmos OK u IIK:

— OK O0l. BeiOuparb cmocoObsl pemeHus 3aAad  NpoQecCHOHATbHON
NEATEeIbHOCTH MPUMEHUTEIBHO K PA3JINYHBIM KOHTEKCTaM;

— OK 04 DddexTnBHO B3aMMOJICHCTBOBaTH W pabOTaTh B KOJJICKTUBE U
KOMaH/Ig;

— ITIK 4.3. IlpuHumarh y4yacTU€ B JMArHOCTHKE TEXHUYECKOTO COCTOSIHUS
KOHCTPYKTUBHBIX 3JIEMEHTOB AKCILUTYaTUPYEMBIX 3[JaHU, B TOM YUCIIC OTACIKU
BHYTPCHHUX U HAPYXHBIX ITOBEPXHOCTEH KOHCTPYKTHUBHBIX JJIEMCHTOB
AKCIUTyaTUPYEMBIX 3aHUMN.

[lenpr0o gaHHOTO TMOCOOMWS SIBJISIETCS OKA3aHHWE IOMOINb OOyYaroluMcsl B
MOATOTOBKE U BBIMOJIHEHUH JTAOOPATOPHBIX PaOOT.

[Tocobue copepkuT onucaHue JabOpaTOPHBIX PAOOT, MPETyCMOTPEHHBIX
paboueld mporpaMMoi IS CHEHHMAIBHOCTEM TexHoJoruyeckoro mnpodust. Kaxnas
paboTa comepKUT: HOMEp paldOThI, Ha3BaHHWE U 1I€Jb PaboOThl, (opMUpPyEMbIE B
MIPOIIECCE BBIMOTHEHUSI pa0OThl 3HAHUS U YMEHUS, KpaTKHe TEOPETUIECKUE CBEICHUS,
nepeyeHb  HEoOXOAMMOro  OOOpyAOBaHUS,  TMOPSJIOK — TMPOBENEHUs  paloThI,
TaONUIBLTpadUKH, KOHTPOJIbHBIE BOMPOCHL. [[nst Oousbliel YETKOCTH TOPSIOK
MpoBeJCHHsT PadOThl JaH B BHUJAE OTICIBHBIX ITYHKTOB, B KaXKJIOM H3 KOTOPBIX
MpeJyIaraeTcsl MPOoJEIaTh OHY BIIOJHE OMPEIEIEHHYIO ONEPALIHIO.

[IpoBoauTh naboOpaTOpHbIE 3aHATHA LENECOOOPa3HO B MOPAIKE H3yYEHUS
MIPOrpaMMHOr0 MaTepuara.

B xone maGoparopHoit paboThl HEOOXOJIMMO CTPOTO COONIOAATH IMpaBUia IO
TEXHHUKE 0€30MaCHOCTH, KOTOPbIE YKa3aHbl B JAHHOM ITOCOOMH.



2. IlepeyeHb 1a60PaTOPHBIX U NPAKTHYECKUX PabOT

Ilepedyenn 1abopaTopHbIX padoT

KoJu-Bo
Ne n/m Tema padoTsI
4acoB
1 HccnenoBanue IBUKEHUS TEla MO/ IEHCTBUEM ITOCTOSIHHOM 2
CHJTBI.
2 N3yuenue coxpaHeHUs: MEXaHUYECKOM SHEPTUU NpU 2
JIBWKEHUU TeJla MOJ IEUCTBUEM CHJI TSXKECTH U YIIPYTOCTH.
3 N3mepenne BIa)KHOCTH BO3IyXa. 2
4 N3mepenne moBepXHOCTHOTO HATSKEHUSI AKUIKOCTH. 2
5 N3yuenne 3axkoHa OMa Jij1s1 y4acTKa enu Ipu 2
[OCJIEI0BATENbHOM COETMHEHUH POBOTHUKOB.
6 N3yuenne 3axoHa OMa A1 yyacTKa LEeNH Npu napaieIbHOM 2
COEIMHEHUH NPOBOJHUKOB.
7 Onpenenenue I/IC 1 BHYTPEHHETO COPOTUBIICHUS 2
MCTOYHUKA HAPSKCHMUSI.
8 OmnpezeneHue TeMepaTypbl HUTH JIaMITbl HAKJIMBAHUS U 2
MOITHOCTH, TOTPEOJIIEMON JTaMITOM
9 W3ydenne saBneHus 3IEKTPOMArHUTHON UHAYKIINU. 2
10 N3yuyenue 3aBUCUMOCTH Neproa KojieOaHUH HUTSHOTO 2
MasiTHUKA OT JUIMHBI HUTH.
11 N3yuenue unTeppepeHIing CBeTa. 2
12 N3yuenune nudpakiuu cBera. 2
Ilepeyenb npakTHYECKUX padoT
KoJu-Bo
Ne i/ Tema padoTbI
4acoB
1 EMKOCTHOE CONPOTUBJIEHHS B IENH IIEPEMEHHOTO TOKA. 2
2 NHaykTUBHOE COTIPOTUBIICHUS B IIETH IEPEMEHHOTO TOKA. 2




3. TpebGoBanus Kk 0popMIeHHIO OTUYETA.

OTtuéT o nmabopaTopHoil paboTe ohopMIIsIETCS B TETpaAu JJIsl JaOOpPaTOPHBIX
pabot. OTu€T BKJIIOYAET B ceOsl paslielibl, OTPAXKAIOIIME BCE ATAIbl BBITOJTHEHHUS
pPabOTHI:
odopmIIeHHE BBEICHUS;

® pPE3yIbTAThI BHIITOJIHEHHUE OIBITA;
® pacy€Thl;
® BBIBOJ;
® OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI.
4. Kpurepuu OleHUBAHUSA JJA00OPATOPHOI M MPAKTHYECKO padoThI
Ne Kpurepuu «5» «» «3» «2»
n/n OLICHKH (oT/IM4HO) (xopomo) (ynoBaerB.) | (HeyaOBJI.)
1. | Cpok BemosHeHus: | B cpoxk B cpok B cpok [To3xe
3a/1aHus CpoKa
2. | KauectBO AkkypaTHO, | AKKypatHO, HO | be3 cTapanus | HeGpexHo
oopMeHUs cTapaTeiabHO | 6€3 0co00ro
paboThI B TETpaIu CTapaHus
3. | KauectBoO KauectBenno | HekauectBenno | HeGpexxno He
odopmiieHus (akkypaTHO, | (aKKypaTHO, HO BBITIOJIHEHBI
rpadukoB, Tabnui, | 6e3 ommOoK) | ¢ OIIMOKAMM)
PUCYHKOB
4. | KauectBo KauectBenno | HekauectBenno | HeGpexxno He
odopmiieHus BBITIOJIHEHBI
pelIeHun
(rpaMOTHOCTH U
000CHOBaHUE)
5. | BeBog (00beM u [TonHsbIit, [lonnsrii, ¢ Henonneiit, ¢ | He cnenan
IPaMOTHOCTD) IPaMOTHBIM | HEOOJIBIIUMU OLINOKaMHU
OIIUOKAMHU
6. | OTBeTHI HA 100% 80% 50% Memnee 40%
BOTIPOCHI (00bEM)
7. | KauectBo oTtBeTOB | IlOMHBIH, [lonnsrii, ¢ Henonueiii, ¢ | C rpyobiMu
Ha BOIPOCHI IPaMOTHBIM | HEOOJIBIIUMU OLINOKaMHU OIuOKaMu
OIIUOKAMHU




5. IlpaBuy1a 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 NPEACIbHBIX HArpy30K HW3MEPHUTEIBHBIX
puOOpOB.
5. Ilpm mOATOTOBKE K OIBITAM HEOOXOAUMO IPOBEPUTH HCIPABHOCTh BCEX
KperyieHud B mpuOopax. He mpukacaThCs W HE HAKJIOHATHCS K BPaIIAlONIAMCS
4acTsIM 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
OCTOPO’KHO;
® [1pu COOpPKE CTEKIISIHHBIX MPUOOPOB CIIEAYET MPABWIBHO MOJOUPATH TUAMETPHI
CTEKJISSHHBIX M PE3MHOBBIX TPYOOK, a KOHIIBI TPyOOK CMaduMBaTh BOJOW MU
TJIAIIEPUHOM;
® BCTaBISIS CTEKISHHYIO TPYOKY B MPOOKY, TOCIETHIO HY)KHO OXBAaTHTh, a HE
yOUpaTh B JIAJIOHB;
® HEJIb3sl UCIOJIb30BaTh CTEKIISTHHYIO TMOCYy, UMEIONIYIO XOTS Obl HEOObINHE
TPEIIUHBI;
® [IpU MOIKE MOCY/IbI HEOOXO0IUMO MTOMHUTh, YTO CTEKIIO 00JIaaeT XPYIKOCTHIO,
JIETKO JIOMAeTCs W TPECKaeTCs TpH yAapax WM PEe3KOM HW3MCHCHHH
TEeMITepaTyphl;
® eciau MMeeTCs XOTs Obl HeOombImas yrpo3a paspbiBa COCyda, CIETyeT
00s13aTEIHPHO OTPAIUTh BCIO YCTAaHOBKY 3alIUTHBIM 3KPAaHOM W3 OPTCTEKIIA,
HamOoJiee OmMacHble YYAaCTKH — METAUNIMYEeCKOW CeTKoW, a paboraTh B
PEIOXPAHUTETBHBIX OUKaX.
8. [IpaBusna paboThI ¢ HATPETHIM 00OPYIOBAHUEM:
® COCYJl C TOpSYEH KUIKOCTBHIO HEJb3sl 3aKPhIBATh MPUTEPTON MPOOKON 0 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
JIep>KaTh 3a JIHO, a IPYTOM — 3a TOPJIBIIIKO;
® HarpeBasi XHUIKOCTh B MPOOHMPKE HIIM KOJOE, HEOOXOIMMO Jep>KaTh UX Tak,
9TOOBI OTBEPCTHE MPOOUPKU WIIH TOPJIBIIIKO ObUIO HANPaBJICHO B CTOPOHY OT
ce0s 1 cocefieit mo pabdore;
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HE TPOTaTh pPyKaMH HarpeBaTeiIbHbIC TPUOOPHI, €CIIM OHU HArPeTHI 10 BRICOKOM
TEMIIEPATYPHI.

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);

MOJKJIIOYATh AJEKTPUUECKYIO 1IeTh K UCTOYHHUKY TOKa B IMOCJEIHIOI0 OYepe/ib,
Korja e€ cOopka 3aKOHYCHa;

COOpaHHYIO LEMb BKJIIOYATh TOJIbKO IIOCJIE€ MPOBEPKH M C pa3perieHUs
npenofaBatens. Hamuuue HampsokeHHs B LM MOXKHO TPOBEPSATH TOJBKO
npeIHa3HaYeHHBIMU JJIs1 ATOTO MPUOOpaMHU WIIH YKA3aTeIsIMU HATIPSIKCHHUS,;

HE TMPHUKACAThCS K HAXOJIMIMMCS TIOJ HampsHKEHHEM DJJIEeMEHTaM 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 TMPHUKAcaThCsl K KOPIMYCY CTAIlMOHAPHOTO JJIEKTPOOOOpYIOBaHUS U K
3a)KUMaM JIa)Ke OTKIIFOUEHHBIX KOHIEHCATOPOB;

MOJIb30BAThHCS AJIEKTPOUHCTPYMEHTAMU C U30JIUPYIOIIUMHU PYUKaMU;

Ul TIPUCOEIMHEHUS] MOTpeOUTENel K CEeTH MPUMEHSTh IITENCEIbHbIE
COCTUHCHHS, MOJIb30BATHCS pO3eTKamu, THE3TAMH, 3KUMaMH,
BBIKJTIOYATEIISIMU C HE BBICTYNAIOUTMMHI KOHTAKTHBIMHU MTOBEPXHOCTSIMH;
AIIEKTpOHArpeBaTeNbHbIe TPUOOpPHI  CIEMyeT BKIOYaTh TOJBKO 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 MJIUTKU C OTKPBITON CIIUPATIBbI0 HE CTOUT CTaBUTHh METAINTMUECKYIO TIOCYY,
TaK KaKk BO3MOXXHO KOpPOTKOE 3aMblKaHHE Mpu AePopMaluul CHHpaIH; s
NOJydyeHus: ropsyeil BoAbl Oe30MacHee IMOJIb30BATHCA  DIIEKTPUUYECKUM
YalHUKOM;

0OHapyX1B HEUCIIPABHOCTb B 3JEKTPUUYECKOM YCTPOMCTBE, HAXOAAIIEMCS TOA
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:

mpu paboTe C PTYTHBIM TEPMOMETPOM HEOOXOAMMO OOpamiaThCsi C HUM
aKKypaTHO, OCTOPOXHO, HE POHATH, HE JOIMYCKATh MOJIOMKH TEPMOMETPA;
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® [IpU CIy4YalHOM MOJIOMKE MPUOOpa U pa3iuBe PTYTH HEOOXOAMMO HEMEJIEHHO
coo0muUTs 00 ATOM HpenoAaBaTeNl0 W IOKUMHYTh MomenieHue. Henb3s
coOupaTh PTYTh pyKaMHu.

6. JIABOPATOPHBIE PABOTbBI
JIABOPATOPHAS PABOTA Nel

Hazeanue naoopamopnoii paoomwi. «HccienoBanue JABHKEHHSI TeJa IOJ
AefCTBUEM MOCTOSTHHOM CHJIbDY.

Ilenv pabomwi: ucclienoBaTh JIBKEHUE Tejla IMOJ JACHUCTBUEM CHII YOPYTOCTH U
TPEHHUSL.

Obopyoosanue: nuHamMoOMeTp ¢ GUKCATOPOM, TPHOOMETP.

PesyabTarnl:

Dopmupyemoie 371eMeHmbl IIK (npogheccuonanvno-opuenmuposannoe
cooeprcanue):

— IIK 4.3. IlpuHuMarh y4yacTHe B JAUArHOCTHKE TEXHUYECKOIO COCTOSIHUS
KOHCTPYKTHUBHBIX 3JIEMEHTOB IKCIUTYaTUPYEMBIX 3/IJaHUM, B TOM YUCII€ OTICIKU
BHYTPEHHHX HW HAPYXHBIX TTOBEPXHOCTEH KOHCTPYKTHUBHBIX 3JIEMEHTOB
AKCIUTYaTUPYEMBIX 3aHUN;

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;

npeomemHule:

— TIPG 06, ITP6 07, I1P6 10;

— IIPy 07, ITPy 08, ITPy 09, ITPy 12.

Ilo oxonyanuu pabomer obOyuarowulicsi O00JKHCEH YMemb.TUIAHUPOBATh H
BBITIOJTHATh M3MEPEHUS] PA3IUYHBIMU H3MEPUTEIBHBIMUA TIPUOOpaMu  (TMHAMOMETD,
U3MepUTeNIbHasl JIMHEWKa), OOBSICHATh HaOJoaeMble  SIBJICHUS, IPOU3BOJIUTH
MaTeMaTU4YecKyr0 00paboTKy pe3yJIbTaTOB IKCIIEPUMEHTA.

Teopus

Cuna — BekTOpHas  (Qusnueckas BeJIWYWHA, SIBISIONIASCA  MEpOM
WHTEHCUBHOCTU BO3JEHUCTBHUS, OKa3blBAEMOTO Ha JIaHHYI0 YacCTUIy CO CTOPOHBI
OPYTHUX TEJ WIH TOJIEH.

Enununa cunbl B CU HaszweiBaetcst HbtoToHoM (H): 1 H=1kr - m - ¢

Cuita Kak BEKTOpHasl BEJIMYMHA XapaKTepU3yeTCsl MOJYJIEM, HAlpPaBJICHUEM U
«TOYKOW» TPWIOKEeHHS Ccuiibl. [IpuiioxkeHHass K MAacCUBHOMY TeIy CuUja SIBISETCS
MPUYMHON M3MEHEHUS €ro CKOPOCTH HUIM BOSHUKHOBEHHUS B HEM nedopmanmii. Cuna
TPEHHUSI U CUJia YIIPYTOCTH BBI3bIBAIOT TAKHE U3MEHEHUS.

Cuna mpenuss — CwWla, BO3HUKAIOIIAS TPU OTHOCUTEIIBHOM JIBMKEHUU
TBEPABIX TEI W MPOTUBOJCHCTBYIOIIAs ATOMY JABWKEHHIO. Cuiaa TpEeHUS HMeEeT
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ANEKTPOMATHUTHYK0  OPUPOAY,  SBISAACH  MAaKpPOCKONMMYECKUM  MPOSBICHHUEM
MEXMOJIEKYJIIPHOIO  B3aUMOJEHUCTBUSA, T.€. OOYCIOBJIEHBl B3aUMOJAECHCTBHEM
AIIEKTPUYECKUX 3apsJI0B, KOTOPBIMU OO0JaJar0T YacTHUIbl, BXOJSILIME B COCTaB
aTOMOB. BEKTOp cHIIbl TpEHUS HAIIPaBJIEH MPOTUBOIOJIOKHO BEKTOPY CKOPOCTH.

Pa3nnuaror 1Ba BUa CUJI TPEHUS:
1) TpeHne npu CyxXux MOBEPXHOCTSIX TBEPJBIX TEI;
2) TpeHHUE O KUAKOCTb WM Tra3.

[lepBblil BUJ HA3bIBAIOT CyXUM TpPEHUEM (CUJIa TPEHHUS IOKOSA, CHJIa TPEHHS
CKOJIBKEHUSI, CHJIa TPEHUS KaUEHUs), a BTOPOUM — BSI3KMM TPEHUEM.

Cuna, BO3HMKarOU[ash Ha TPaHULE CONPUKOCHOBEHHSA TEJI MNPU OTCYTCTBHH
OTHOCUTEJIBLHOT'O IBM)KEHHUS TEJI, HA3bIBAECTCA CUTOU MPEHUs NOKOSL.,

Cuna TpeHus MOKOSA paBHA MO MOJYJIO BHEIIHEH
CUJIe, HANPABJIECHHON MO KacaTeIbHOM K IMOBEPXHOCTH 7
CONPUKOCHOBEHHUS TeNl, W TPOTUBONOJOKHA € TO [70 7777 i

—_ | p— i
. F:v@' =K
HaIIpaBJICHUIO:

Cuna mpenusi CKOAbXMCEHUs: BO3ZHUKAET ITIPH CKOJIBKEHHM OJHOIO Tella
OTHOCUTENBHO Apyroro. Cuia TPEeHHsI CKOJIBKEHHUS HAIpPaBJIEHA MPOTUBOIIOJIOKHO
CKOpPOCTH JIBMKEHU Tena. MOoIylb CHIIBI TPEHUS CKOJIBKEHHUS IOYTH HE 3aBUCUT OT
CKOPOCTH ABMKEHUS W MPUOIU3UTEIBHO PAaBEH MAKCHUMAaJIbHOMY 3HAYEHUIO CHUJIbI
TPEHUSI IOKOSI.

Cuna mpenus xaueHusi HAIPABIECHA IIPOTHUBOIIOJIOXKHO CKOPOCTH JBHYKEHUS
tena. Cuna TpeHUs KayeHUs BO MHOI'O pa3 MEHBIIE CUJIbl TPEHHS CKOJIBKCHMUS.
IlosToMy B TEXHHKE i1 YMEHBIICHUS CWJI TPEHUA IPUMEHSIOT Kojeca |

IAPUKOTIOAIIUITHUKH.

Cuna ynmpyeocmu — cuia, BO3HUKawomas mpu jAedopManuu Tela U
MPOTUBOJICHCTBYIOMAs ~ 3TOM  Jedopmaruu. Cuna  ympyroctu  UMeEET
AJIEKTPOMArHUTHYIO IIPUPOLY, SIBJISISICH
MAaKpPOCKOIIMYECKUM TMPOSIBIICHUEM  MEXMOJIEKYIJISIPHOTO N
B3aUMOJECHUCTBUA. Cuma  ynpyrocTtu HaIpasJiCHA
ITPOTUBOITOJIOKHO CMEILIECHHUIO, MEPIIEHANKYJIIPHO
ITOBEPXHOCTH. Bexkrop CHJIBI IIPOTHBOMOJIOKEH

HAIIPaBJICHUIO CMEIICHUS MOJIEKYI.

Cuny ynpyroctv, BO3HHMKAIOIIYIO B pE3yJbTare
nedopMaluu Onopsl U JACUCTBYIOIIYIO HA TEJO, Ha3bIBAIOT
CUIOU peaxyuu Onopbwi.

ITo TpeTbemy 3akOoHY HbrOTOHA cuiia aBl€HUs U CUJIa PEAKLMUA OIIOPBI PABHBI

10 MOAYJIFO W POTHUBOMOJIOKHBI IO HANPABJIECHUIO: F=-N
Mopyip MakCUManbHOM CUJIBI TPEHUS MOKOSI MPOMOPUUOHAJTIEH CUJIE PEAKLINU

OIIOPBI: F““Fm“‘ e

I'peueckoii OykBoit # 00603HaueH KOX(PPUIMEHT TNPOMOPLHOHATBLHOCTH,
Ha3bIBaEMbI KOA(DPHUIIMEHTOM TPEHUSI.
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MOI[YJIB CWJIbl TPCHHA CKOJIBKCHUS, KaK M MOAYJIb MaKCHUMaJILHOM CHJIbI

TPEHMSI TIOKOS1, MPOIOPLIMOHATIEH MOAYJIIO CUJIbl PEAKILIUU OIOPHI: Fup ~ N

KoapuuueHnt TpeHus CKoiabkeHHs — KO3()(PULIHUEHT MpONOpLUOHATIBHOCTU
MEXJy CHUJION TPEHMsI CKOJBXKEHHS W CHWIOH HOPMaJIbHON peakluu OMOpbl, IO
KOTOPOW CKOJIB3UT IaHHOE TEJIO B 3aKOHE CYXOT'0 TPEHMS.

3HaueHue Kod((PUIMEHTAa TPEHUs CKOJBXKEHHS 3aBUCUT OT Marepuaia
TPYLLUXCS APYT O APYyTa TE€JI U KayecTBa 00padOTKH MX MOBEPXHOCTEN.

Kak npasuno, #< 1, W 1ummb [0 TIJNaJKUX U COBEPLUICHHO YMCTHIX
noBepxHoOCTel MeTamios ~> 1.

X0/l PABOTHBI

IIpogheccuonanvro-opuenmuposanuvie 3a0aHUA:

1. PaccMOTpeTh IKaJIbl U3MEPUTENBHBIX IPUOOPOB, ONPEIETUTH LIEHY JCICHHUS.

2. IlpoBepuTh, 3aBUCHUT JIM CHJIAa TPEHHs OT IUIOMAAN TOBEPXHOCTH
CONPUKOCHOBEHMSI TE€J, JJs JTOr0 TMOJOXKUTh OpYyCOK Ha TOPU30HTAIBHO
pPacHoJIOKEHHYIO JOCKY TpaHbl0 € caMOi OOJBIION IUIOIIAJbI0 IMOBEPXHOCTH.
[IpukpenuB K OpycKy AMHAMOMETp, IUIABHO YBEIWYMBATH CHUILY, HAMPABICHHYIO
BJIOJIb TOBEPXHOCTH JOCKH, M 3aMETHUTh MAKCUMAaJbHOE 3HAYECHHE CHJIBI TPEHMS
MOKOsI. 3aTeéM IMOCTaBUTh TOT k€ OPYCOK Ha JAPYTyl0 I'paHb C MEHBLIEH IUIOIIAJIbIO
IIOBEPXHOCTH ¥ BHOBb U3MEPUTH MAKCUMAJIbHOE 3HAYEHUE CUJIbI TPEHUS ITOKOSI.

1
% 752 il
== == ]
l”il e e M ‘
e lf
3. TloBTOpuMB Takue >k€ HU3MEPEHHs] MPU PABHOMEPHOM JIBIDKCHHH Opycka I10
MOBEPXHOCTU JOCKH, OMPENEIUTh BEIUYMHY CUJIbI TPEHUS CKOJBKECHHS, a TaKXKe
3aBUCHT JIM 3Ta CHJIA OT TUIOMIA/IN IIOBEPXHOCTH CONTPUKOCHOBEHHUS TEJI.
4. TlpuBecTu OpyCOK B YCKOPEHHOE JBIKEHUE, NEHCTBYS HAa HETO CUJIOW, OOJbIIeH
MOJYJISl CUJIBI TPEHHS CKOJIbKEeHUSI. I3MEpPUTh MOJTYJIb 3TOM CHIIBI (CHIIBI YIIPYTOCTH).
5. M3meputh maccy Opycka.
6. Ilo moay4eHHBIM JaHHBIM BBHIYHCIUTH MOJTYJIb MAaKCHMAJIBHOTO YCKOpEHHUs Opycka

Fynp B Fmp _

m

—_— - e e e ]

o hopmyne a =
7. Onpenenutb KOdOPUITUEHT TPEHUS CKOJBKEHUS, UCTIONIBb3Ys OPMYITY Fog = 4V

8. IlocTaBuTh Ha MepBBIA OPYCOK BTOpPOM TaKOW e, YBEJIMYUB TEM CaMbIM CHUILY,
NEePHEHANKYIISPHYIO TIOBEPXHOCTHA CONMTPUKOCHOBEHUS TeJa U CTOoJIa (Cujia JaBiICHUS).
N3mepuTh MakCUMalIbHYI0 CHIIy TpeHUsi TMokos. Omnpenenutb 3aBUCUT JIU
MaKCUMaJIbHOE 3HAaU€HUE MOYJISl CUJIbl TPEHUS TIOKOSI OT CUJIbI JABJICHUS.
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9. JlaHHbIE OMBITOB M PACYETOB 3aMKCATh B TAOIHILY:

Cuia

No = = Macca | Moayas | Kodppuuuent
) P P Fy: | Py | N, | Opycka | yckopeHust TpeHust
ONBITA | yokon CKOJIbIKEHHS P ’ 2
H ’ o ' H H H| mkr a, M/c CKOJIbKEHUS |

10. CpaBHUTH pe3yabTaTHl U3MEPEHUI U CIETaTh BHIBO/.

KOHTPOJIBHBIE BOITPOCHI:
UTo HA3bIBAIOT CUJION TPEHHS U CUJION YIIPYyrocTu?
Kaxkune BHIbI CHIIBI TPEHUS pa3InyaroT?
Kaxk onpenenuTs cuily TpeHHsI CKOJIbKEHNA?
[loka3aTp Ha pHCYHKE HallpaBJICHUE BCEX CWJI JACUCTBYIOIIMX Ha TEJO,
HaXOJSLIErOCsl Ha IOBEPXHOCTH CTOJIA.
5. Kakoe BnusiHuEe 0Ka3bIBAET CUJIa TPEHUS HA Tema (MPUBECTH MPUMEPHI).

~wn e

JIABOPATOPHAS PABOTA Ne2

Hazeanue naoopamopmnoit paoomoer. «V3ydyeHue COXpaHEeHMS] MEXAHHUYECKOM
JHEPIUHU NMPH JBUKEHUH TeJIa MO/ AeiiCTBHEM CHJI THAKECTH U YIIPYTOCTH .

Ileny padomoi: IPOBEPUTH 3aKOH COXPAHEHUS MEXaHUYECKOU SHEPIUH.
Obopyoosanue: nuHamMoMeTp ¢ (PUKCATOPOM, IITATUB, U3MEPUTEIIbHAS JTUHEHKA, 2
rpy3a no 100 rp.

PesyabTarsbi:

Dopmupyemoie 371emMeHmbl IIK (npogheccuonanvno-opuenmupoeanmnoe
cooepicanue):

— IIK 4.3. Ilpynumare ydacTME€ B AWArHOCTUKE TEXHUYECKOIO COCTOSIHUS
KOHCTPYKTHUBHBIX 2JIEMEHTOB AKCIUTYaTUPYEMBIX 37JaHUM, B TOM YUCIIE OTACIKU
BHYTPEHHHX W HApPYXHBIX TIOBEPXHOCTEH KOHCTPYKTHUBHBIX JJIEMEHTOB
AKCILUTYaTUPYEMBIX 3/IaHUN;

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;

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

Ilo okonuanuu pabomvl obOyuarowutics O0NNHCeH YMemy TUIAHUPOBATh U
BBITIOJIHATh HM3MEPEHUS PA3IMYHBIMH H3MEPUTEIHHBIMU TPUOOpaMul (IMHAMOMETD,
M3MEpUTENbHAsl JIMHEWKa), OOBSICHATH HaOJO/laeMble SIBJICHMS, IPOU3BOJUTH
MaTEeMaTHYECKYI0 00pabOTKy pe3yIbTaTOB SKCIIEPUMEHTA.

Teopus

DHeprus — 3T0 Pu3HUecKas BEIWYMHA, XapaKTEpU3yoIIasi CTOCOOHOCTh Tefa
coBepmuTh paboty. O6o3nauenne — E. Egununa m3mepenus B cucteme CU — JIx
(mxoynb), 1 Jx =1H- 1m.

B MexaHuke paccMaTpuBarOTCS CIEIYIOUIUE BUbI SHEPTUH:

m'l)2

1) KHHCTUYCCKAsA SOHCPIUA: E= T , A€ m — MaccCa TCJjld, U — CKOPOCTh TCJIA.

370 3HEprusi, KOTOPOil Teslo 00Ia1aeT BCIEACTBUE CBOETO JIBUKEHUS.

2) MOTeHIMAIbHASL PHEPTUs Tella, MOAHATOro Haj 3emieii: E=mgh, rme m — macca
Tena, g = 9,8 M/c® —ycKkopeHHe CBOGOIHOTO majeHws, h — BBICOTAa HAJ HyIICBHIM
YPOBHEM.

OTol »sHeprued Teno o01agaeT BCIAEACTBUE CBOETO TMOJOKEHHUS OTHOCUTEIBHO
3eMIIn.

Takum 00pa3zoM, MeXaHUUECKas YHEPTHUS TeJla CKIAIbIBACTCS U3 KHHETUUECKOM
Y MMOTEHIUAJIBHOM.

[loTeHunanbHasi JHEPTUsl XapaKTepU3yeT B3aUMOJCHCTBYIOIIUE Tea, a
KMHETUYECKasi SHEPTusi — ABWXKylIMecs Tena. M nmoreHnumanpHas, 1 KUHETUYECKas
SHEPIrusl U3MEHSIOTCS TOJIBKO B pE3yJbTaT€ TAKOTO B3aUMOAECHCTBHS TeEl, IPHU
KOTOPOM JICHCTBYIOIIUE HA TeJla CUJIbl COBEPIIAIOT pabOTy, OTIUYHYIO OT HYJIA.

OgHUM H3 OCHOBHBIX 3aKOHOB MEXAHUKHU SIBJISIETCS 3aKOH COXpPaHEHUs
MEXaHUYECKOW SHEPTHUU.

Ecnu HeCKOJIbKO TeJ B3aMMOJIEHCTBYIOT MEXKTy COOOM TOJIBKO CHIIAMHU
TATOTEHUS U CHJIAMH YIIPYTOCTH M HUKAKWE BHEITHUE CUJIbI HA HUX HE JIEUCTBYIOT, TO
MIPU JTIFOOBIX B3aUMOJICUCTBUAX TEJ paboTa CUJI YIPYTOCTH WM CHJI TATOTEHUS paBHA

W3MEHEHUIO MTOTEHIIUAJIbHOW SHEPTUU TEJ, B3SITOMY C MPOTUBOIMOJI0KHBIM 3HAKOM:
A=-(E,, &,

BwmecTte ¢ TeM 1o TeopemMe 0 KHHETUYECKON dHEPTUH padoTa TeX K€ CHJI paBHA
M3MEHEHHIO KUHETUYECKOW SHEPTUU:

A=1E, _Es;l_

N3 cpaBHeHUs BbIllIE TPUBEICHHBIX PABEHCTB BHUAHO, YTO HW3MEHEHHE
KMHETUYECKOW SHEpPruM Tel B 3aMKHYTOM CHUCTEME paBHO IO abCOIOTHOMY
3HAYCHHUI0 U3MEHECHHIO MOTEHIIMAILHOW SHEPTHMH CUCTEMBI TE€JI U MPOTUBOMOJIOKHO

€My 10 3HaKY: B~y =~ Ep B) o Ba T En = Ba Y By

N3 3TorO cienyer, 4yTo CyMMa KUHETUYECKON M MOTEHIMAJIbHOW SHEPTUM TeEll,
COCTABJISIIOLIMX 3aMKHYTYIO CUCTEMY M B3aMMOJICUCTBYIOIIUX MEXIY cO00i cuiiaMu
TATOTEHUS W CWJIAMHM YIOPY TOCTH, OCTA€TCS IOCTOSHHOM. OTO YTBEpXKICHHE
HAa3bIBACTCS 3aKOHOM COXPAHEHUS SJHEPIUH B MEXaHUYECKUX IIpoLeccax.
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3axon coxpanenusi 3Hepeuu — TPHU JIIOOBIX NPOLECCaX, MPOUCXOIAIUX B
CUCTEME IIPH HEHU3MEHHBIX BHEIIHUX YCJIOBHSAX, €€ IIOJIHAsl DHEPIrus OCTaeTcs
IIOCTOSIHHOM.

CyMMa KHHETMYECKOW M NOTEHLIHAJIBHOM SHEPIMM TEJ HA3bIBACTCS IOJHOM
MEXaHUYECKON SHEPTUEH.

Jisi TIONIHOM MEXAaHWYECKOW JHEPTUMU 3aKOH COXPAHEHMS DJHEPIMM HMEET
CJIEyIOLIEEe BBIPAKEHUE: IOJHAS MEXaHWYECKAsl SHEPIUs 3aMKHYTOW CUCTEMBI TEI,
B3aMMOJICUCTBYIOIIMX CUJIAMU TATOTEHUS U YIIPYTOCTH, OCTAETCS HEU3MEHHOM.

OCHOBHOE COJEpKaHHE 3aKOHA COXPAHEHUS SHEPIHH 3aKIIOYAETCS HE TOJIBKO
B YCTaHOBIICHWU (DaKTa COXpaHEHHUs TIOJHONW MEXaHHMYECKOW SHEpPruu, HO U B
YCTAHOBJICHMM  BO3MOJKHOCTH  B3aUMHBIX  IPEBpPALICHUNA  KWHETHYECKOM U
ITOTEHIHAIBHOW YHEPTUM TEJI B PABHOW KOJIMYECTBEHHOW MEpe MPH B3aUMOJECHCTBUU
TeIl.

3aKOH COXpaHEHMs SHEPTUU PacKpbIBaeT (HU3NUECKUNA CMBICI IOHATUS PAOOTBHI.

PabGora cua TArOTEHHsT M CHJI YOPYIOCTH, C OJIHOM CTOPOHBI, paBHa
YBEIUYEHUIO KUHETUYECKOM OHHEPIUM, a C JAPYrod CTOPOHBI, — YMEHBIICHUIO
IIOTEHIUAJIBHONU DHEPIUU TEJl.

CnenoBatenbHO, paboTa paBHA PHEPTUH, IPEBPATUBIIECIHCS W3 OJHOTO BUAA B
JIPYTOM.

3aKOH COXpaHEHUs IOJIHOM MEXaHUYECKOW 3HEPrUH B IIPOILECCAX C YyYACTHEM
CUJI YNPYrOCTH W TPABUTALMOHHBIX CUJ SIBIIETCS OJAHUM K3 OCHOBHBIX 3aKOHOB
MEXaHHMKH. 3HAHHWE HTOTO 3aKOHA YNPOLIAET PEIIEHHE MHOTMX 3aJad, MMEIOIIUX
00JIBIIOE 3HAYEHHE B MPAKTUUECKOU KU3HH.

MexaHnudeckoe ABMKEHUE HUKOTJa HE UCUE3aeT OECClIeTHO U HUKOI/Ia OHO HE
BO3HHMKAET caMo co0oil. Bo BpeMs TOpMOKeHHs aBTOMOOMIISI POU30IIIIO HArPEBAHUE
TOPMO3HBIX KOJIOJIOK, IIMH aBTOMOOWIS U acdanbta. CiaeaoBaTesibHO, B pe3yibTaTe
JACHCTBUSL CHJI TPEHUS KUHETHYeCKas »JHEprusi aBTOMOOWISI HE Hucuesna, a
IIPEBPATUIIACH BO BHYTPEHHIOK YHEPTUIO TEIJIOBOTO JBUKEHUS MOJIEKYJI.

[Tpu n100bIX (PU3MUECKUX B3aUMOACWUCTBUAX DHEPIUs HE BO3HUKAET U HE
MCYE3aEeT, a TOJIBKO MPEBpallaeTcs U3 0IHON GOpMBI B APYTYIO.

IIOCKOJIBKY CHJIBI TPEHUSI UCKIIIOYUTH MOJHOCTBIO HE BO3MOXKHO, TO M 3aKOH
COXPAaHEHUSI MEXaHWYECKOW DJHEPIUMM BBINOJHAECTCS B PEANBbHBIX CUCTEMAaX JIMILb
NpUOIMKEHHO NP YCIOBHUHU, YTO CHJIbI TPEHHSI MAJIbl U UMH MOXHO MTPEeHEeOpeyb.

X0 PABOTHI
IIpogeccuonanvro-opuenmuposanmule 3a0aHUA.
1. OnpenenuTs UEHy ACNEHUS JUHAMOMETPA U U3MEPUTEIbHOMN JIMHEHKH.
2. 3aKpenuTh AMHAMOMETP Ha IITaTUBE.
3. YcraHoBUTH (UKCATOP Yy OrpaHUYMUTENBHON CKOOBI, pacTIHYTh MPYXHUHY C
cuiiod = 3,3 H, 3aTemM MeIJIEHHO BEPHYTh B HCXOJHOE MOJIOKEHUE.
4. VI3MepuTh JIMHEVKON JJIMHY MPY>KUHBI X;.
5. [IpukpenuTs rpy3bl, MIOAHATH UX TaK, YTOOBI yKa3aTelb TUHAMOMETpPA BEPHYJICS
Ha HOJIb, OTILYCTUTb IPYy3bl, U3BMEPUTH MAKCUMAJIbHYIO CUJTY YIIPYTOCTH.
6. I3MepuTth [IMHY NPY>KUHBI, IPU MPUKPETUIEHHBIX TPY3aXx X;.
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/. CHATH Tpy3bl, PACTSIHYTh CHOBa MPYXHHY TakK, 4TOObl (PUKCATOp KOCHYJICS
npyXuHbl. U3MEpUTH CUITy yIPYTOCTH NPY>KHUHBI.

8. OnpenenuTs yAIuHEHUE IPYKUHBI AX = X, — X1.

9. Onpenenuts epemMenieHrne rpy3os h = Ax.

10. Ompenenuth H3MEHEHHWE MOTEHUHMAJIBHONM OHHEPrUM MPYKUHBI NpuU €&

pactspkeHuu 1o gopmyne AE,,= —-

11.Onpenenuts U3MEHEHUE MOTCHIIMATBLHON YHEPTUM IPY30B MPU UX MEPEMENICHUN
no gopmyne AE,,=mgh.

12. Pe3ynbTaThl BceX U3MEPEHHUI M BBIUUCICHUHN 3amKcaTh B TaOJIHILY:

" R ° N N3menenmne
= e JJanHa NPYyKUHBI - 2 E s = NMOTEHIUAJbHOM
- =

= ~ = 3 EC < Q 3 JHEepPrum

2 i = = |22 =

= ] & . = . = =~ = ; = = > = m = 2 -

S o £ ® o = QG:SE = % s 2|0 a % =:¥ m§§
= 2 E S SES| > e o o > & =N =35
= -9 = = = = = 2 =

13.CpaBHUTH pe3yabTaThl USMEPEHUM U CIeTaTh BHIBO/I.
KOHTPOJIBHBIE BOITPOCHBI:
1. Kakue BUJIbI PHEPTUH CYIIECTBYIOT B MEXaHUKE?
2. UTo Ha3bIBaeTCs MOJTHOM MEXaHUYECKON dHEpruei?
3. ChopmynupoBaTh 3aKOH COXpaHCHUSI MEXaHUIECKON YHEPTHUH.
4. [Ipu KaKOM YCJIOBUU BBITIOTHSETCS 3aKOH COXPaHEHHUS SHEPTUU B PEalIbHbIX
CHUCTEMAX U MoYeMy?
JIABOPATOPHASA PABOTA Ne3
Ha3zeanue nadopamopnoit pavomui: «A3mepenne BJIAKHOCTH BO31YyXa.
Ilenv pabomor: HAayYUTBCS ONBITHBIM NYTEM ONPENECIATh OTHOCHUTEIBHYIO
BJI&JXHOCTh BO3/yXa.

Oobopyoosanue: TEPMOMETpP, BOJAa WM JUITUIOBBIA  dPUP,ICUXPOMETD,

0apoTEepPMOTUTPOMETP, IICUXOMETPUUECKas TabIuIIa.
PesyabTarsbi:

Dopmupyemoie 971eMEHm bl IIK (npogheccuonanvno-opuenmuposanmnoe
cooepicanue):

— IIK 4.3. Ilpynumare y4yacTMe B JAMArHOCTHKE TEXHUYECKOIO COCTOSIHUS
KOHCTPYKTHBHBIX 3JIEMEHTOB IKCILUTYyaTUPYEMBIX 37]aHU, B TOM YHCIIE OTACIKA
BHYTPEHHUX U HapY>KHBIX TOBEPXHOCTEH KOHCTPYKTHUBHBIX 3JIEMEHTOB
AKCIUTYaTUPYEMBIX 3[JaHUN;

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, T1P6 10;
— IIPy 07, ITPy 08, ITPy 09, [TPy 12.

Ilo okonuanuu pabomsr obyuaowulics O0adCeH YMems: TUIAHUPOBATh U
BBITIOJIHATD JKCIEPUMEHTHI C TIOMOIIBIO PA3IMYHBIX H3MEPUTEIBHBIX MHPUOOPOB
(mcuxpomeTp, 6apOTEPMOTUTPOMETP), TOJIB30BAThCS MCUXOMETPUYCCKON TaOIUIICH;
pelath 3aJa4yd Ha OMPEJCNICHHE OTHOCUTENBHOM BIAXHOCTH BO31yXa, OOBSCHSThH
MU3MEHEHHUE arperaTHbIX COCTOSIHUM BEIlIeCTRa.

Teopus

B armocdepe 3emnm Bcerma copepskarcs BoJsHbIE mapbl. X conepikaHue B
BO3JIyX€ XapaKTEePU3yeTcs aOCOTIOTHON M OTHOCUTEIBHON BIIAKHOCTHIO.

AGCOIIOTHAsT BIAXHOCTH (p,) OIpENeIsercss Maccoil BOASHOro mapa B 1 M
BO3]lyXa, T.€. INIOTHOCTHIO BOASHOTO Mapa.

AGCOITIOTHYIO BIQXKHOCTbh MOXHO OIPEACIIUTD [0 TEMIIEpAType — TEMIEpaType,
IpyU  KOTOPOW TmMap, HAXOASAIIMICI B BO3JyXe, CTAHOBHUTCS HACHIIICHHBIM.
Temnepatypy TOYKHM POCHI ONPENEISIOT C IMOMOIINBI0 THUTPOMETpPA, a 3aTeM 110
tabnune "/lagnenue HACHIWEHHLIX NAPO8 U UX NIOMHOCMb NPU  PA3TUYHBIX
memnepamypax" HaXOIsAT COOTBETCTBYIOIIYIO TEMIIEpAType TOYKU POCHI INIOTHOCTb.
HatimeHnHast IoTHOCT U €CTh a0COTIOTHAS BIAYKHOCTH OKPYKAIOMIEro BO3IyXa.

OTHOCHUTENIbHAST BJIAXKHOCTH ¢ TIOKA3bIBACT, CKOJBKO TMPOIEHTOB COCTABIISCT
a0COJIIOTHAS BIAXHOCTh OT IUIOTHOCTH p,BOJISTHOTO TIapa, HACHIIIAIOMIETO BO3TYX
P, ©100%

IIPU JAHHOM TEMIIEpAType: @ = »

X0 PABOTHI
IIpogheccuonanvro-opuenmupoganmvie 3a0aHUAL:
1. PaccMoTpeTh ncuxpomMeTp U 0apOTEPMOTUTPOMETP U ONPEACIIUTD IIKATY JEICHUS
pruOOPOB.

[TcuxpomerTp: baporepmorurpomerp:

Betcoxoe
47.5[)

HUIKQE

1000

40
aR

o

A
n & 2 90 w0
Cup? ap 4 60 10 80 w‘u'ﬁ(
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2. IlpoBeputh HanMuMe BOALI B CTAKAHUMKE TCHXPOMETP M MPU HEOOXOIAMMOCTH
JIOJIUTH €€.

3. Onpenenurh TeMIepaTypy Cyxoro TepMOoMeTpa.

4. OnpeaenuTsb TEMIIEpATypy CMOUYEHHOTO TEPMOMETPA.

5. OmnpenenuTh OTHOCHUTEIBHYIO BIQKHOCTb, IMOJB3YACh ICUXPOMETPHUUYECKOM
TaOIUIIEH.

6. OnpenenuTh OTHOCHUTEIBHYIO BIAKHOCTH IO 06apOTEPMOTUTPOMETPY.

7. Vcnonw3ys Ttabmuity “/laenenue HACblUeHHbIX NAPO8 U UX NIOMHOCMb NPU
PasiuuHbix memnepamypax', onpeaeauTh IIOTHOCTh HACKHIIIIEHHOTO BOJISTHOTO Iapa
(mpu Temneparype t..).

[ ]
H

8. OnpenenuTb aOCOMIOTHYIO BIAXHOCTD MO popmyse p= 100% °
(0]

9. Pe3ynbTarhl U3MEpeHUH 3amucaTh B TAOIHILY:

IHoka3zanue PasnocTn OTHOCHTEIb- OtHocurenn- | IlnoTHOCTh | ADCOJIOT-
TepMOMeTpa MOKa3aHui Hast Hasl BJIAKHOCTh | HACHIIIEH- | HAS BJIAXK-
CYX0ro | cMo4ye | TepMOMETPOB | BJIA’KHOCTD BO31yXa N0 HOT'0 1apa, | HOCTH p, i3
t;, °C | HHOTO At, °C BO3/1yXa MO 0apoTepMOrur- Pus % "
ty, °C ncuxpomerpy | pomerpy ¢,% "
9%

10. CpaBHUTH pe3yabTATHI U CIIEIATh BHIBO/I.

KOHTPOJIBHBIE BOITPOCBI:

1. Yro Ha3piBaeTcs ucnapeHuem™m, kKoHaeHcanuei? Ilouemy npu ucnapeHuu
TeMIepaTypa KUJIKOCTH OHMXKAETCS?

2. Kakoli map Ha3bIBaIOT HACHIILIEHHBIM? Kak MMepeBecTH HEHACHIIICHHBIN Tap B
COCTOSIHHE HACBIIICHUS?

3. HM300pa3uTh Ha pHUCYHKE AMHAMUYECKOE pPaBHOBECHE MEXIY MapoM U
KUIAKOCTBIO.

4. TloueMy mOKa3aHMsI BJIQKHOIO TEPMOMETpA MCUXPOMETPA MEHbIIE
MOKa3aHu cyxoro tepmomerpa? Ilpm KakoM yCIIOBUM Pa3HOCTh NOKAa3aHUU
TepMOMETpa HauboJIbIIas?

5. Cyxo#l U BIaXXHBI TEPMOMETPHI NICUXPOMETPA MOKA3bIBAIOT OAHY U Ty K€
Temneparypy. KakoBa oTHOCUTENbHAs BIAXKHOCTh BO3TyXa?

6. Uto HazbiBatoT TOukoi pocki? [lpu kakoii Temmneparype BbIIAAET poca, eCciu
JaBjieHUE BOAsiHOTO napa B Bo3ayxe 1706 Ila.

7. [Touemy mociie »)apKoro JAHs poca ObiBaeT Oosiee oOubHA?

JIABOPATOPHAS PABOTA Ne4

Haszeanue nabopamopnoit pavomoi: «A3mepeHne mOBePXHOCTHOIO HATSIKEHHS
KHIKOCTH.

Ilens pabomer: HayIUTHCS ONPEILIATH KOAPHUIIMEHT MOBEPXHOCTHOTO HATSKEHUS
Pa3TUYHBIMH CTIOCOOAMH.
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Oobopyoosanue: Becbl C pa3HOBECAaMU, IITaTUB, IITAHTCHUUPKYJb, JUHEHKA
U3MepuTelibHasg, KojJ0a KOHMYecKas, CTaKaH, CTakaH C BOJOH, BOPOHKa
KOHycooOpa3Hasi WM OropeTKa ¢ KpaHOM, TpyOKa pe3uHOBasi ¢ KpaHOM U
CTEKJISHHBIM HAKOHEUYHUKOM JuaMeTpoM 3—4 MM, cOCyd C BOJOM,
KanuJisipHas Tpyoka.

PesyabTarnl:

Dopmupyemoie 371eMeHmbl 1IK (npogpeccuonanvno-opuenmuposannoe

cooepicanue):

— IIK 4.3. IlpuHuMarh y4yacTM€ B JHMATHOCTHKE TEXHUYECKOTO COCTOSIHUS
KOHCTPYKTUBHBIX 3JIEMEHTOB HKCILTyaTUPYEMBIX 3/1aHU, B TOM YHCIIE€ OTAEIKH
BHYTPEHHHX HW HAPYKXHBIX TOBEPXHOCTEH KOHCTPYKTHUBHBIX 3JIEMEHTOB
AKCIUTYaTUPYEMBIX 3/1aHUH;

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;

npeomemmuule:

— TIP6 06, ITP6 07, TIP6 10;

— 1Py 07, ITPy 08, ITPy 09, ITPy 12.

Ilo okonuanuu pabomul oOyuarOwulcss OO0adCeH ymMems. TUIAHUPOBATH H
BBIIIOJIHATh ~ AKCIIEPUMEHTHI IO  ONPEJECICHHUIO MOBEPXHOCTHOIO  HATSHKEHHS
BOJBLIIPUMEHSATh MOJYYEHHbIE 3HAHUSA MO (PU3UKE NI OOBSACHEHHS HAOIOJAEMbIX
ABJICHUI, NPOU3BOJUTH MAaTEMaTHYECKyl0 OOpabOTKy NOJYyYEHHBIX pPE3yJIbTaTOB
AKCIIEPUMEHTA U MOTPEUTHOCTEN U3MEPEHUS.

Teopus

Moiekynbl  TIOBEPXHOCTHOTO  CJIOS  JKUJKOCTH  00JIafaroT  M30BITKOM
MOTEHIIUATBHOM SHEPTUU MO CPABHEHUIO C SHEPTUEN MOJIEKYJI, HAXOAIIUXCS BHYTPH
x’uakoctu. Kak u mobas MexaHndyeckasi CUCTeMa, TIOBEPXHOCTHBIA CIION KUIKOCTH
CTPEMUTCS] YMEHBIINTh CBOIO MOTEHIIMATBHYIO SHEPTHUIO. 3a CUET YMEHBILICHUS 3TOU
SHEPIrUU MOJEKYJISAPHBIE CHIIBI — CHJIbI IOBEPXHOCTHOIO HATSXKEHUSI — COBEPILIAIOT
paboty A, cokpamas IUIOIIaJb  CBOOOJHON IMMOBEPXHOCTH JKHIKOCTH S Ha
BenMunuHy AS:

A = 6AS.

KoadduimenT mnponopunoHanbHOCTH 6  Has3blBaeTcsl KO3 (OUIHEHTOM
MMOBEPXHOCTHOTO HATSKEHUSI JAaHHOM KUJKOCTU. V3 puBEICHHOM BBIIIE (hOPMYJIIbI
BUJIHO, YTO OH YMCJIEHHO PaBEH CUJI€ TOBEPXHOCTHOrO HaTshkeHus F, neiicTByronieit
Ha CAWHWIY JJIUHBI JIMHUM, OTPAaHWYMBAIONIEH KaKyr-1u00 YacTh CBOOOHOM
MMOBEPXHOCTH KUJKOCTHU:

F

=7

[ToBepXHOCTHOE HATSKEHUE KUAKOCTH 3aBUCUT OT MPUPOJIbI FPAHUYHBIX CPE
Y TeMIIePaTypPhl )KUJIKOCTH.
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[IOBEPXHOCTHOE HATSIKEHHE MOXHO ONPEAECIUTh Pa3IUYHBIMA METOJAMM:
METOJOM OTpbIBa Kamejlb W METOAOM IIOJHATUA KUIKOCTA B ; 1
Kanuispe. I
1) Metox oTpbiBa Kamneib. | I

Jns u3MepeHus STUM METOJIOM COOMpalOT YCTAHOBKY 110
PUCYHKY.

HanuBaroT JUCTWILUIMPOBAHHYIO WIM XOPOLIO MPOKHUIISTYEHHYIO
BOJly U C MOMOIIBIO KpaHa PETYJIUPYIOT €€ BBITEKaHUE TaK, YTOObI
BOJIa OTACIbHBIMU KAaIUISIMHA MaJaJIa B TOJICTaBICHHBIN cTakaH. Jiis £

Karulv JKUJIKOCTH B MOMEHT €€ OTpPbhIBAa OT KOHIIA TPYOku cuioil F Oyner Bec karim:

43:}%’1 v - —

F =mg;
JUHUS, OTPAaHWYMBAIONIAS  CBOOOJHYIO  TOBEPXHOCTh  JKUIKOCTH, — JIJIMHA
OKPYXKHOCTH IICHKH KaIlJIu: -
l=nd,,.
_mg Mg
Otcrona o = d,, WIN G = —— 5

rie M — macca BBUIMBIIEWCS BOJbI, § — YCKOpPEHHE CBOOOJHOIO
najieHus, N — YUCNIO Kameidb Boubl, O, ,— BHYTPECHHHHA JIHaMETP
CTEKJISIHHOM TPYOKHU.

2) MeTo MOoTHATHS )KUIKOCTH B KalMJUIPE.

[Tpu u3mMepeHnn, KanMLUIIPHYIO TPYOKY OITyCKalOT B CTaKaH ¢ I
BOJION U U3MEPSIOT BBICOTY MOAHSATHS BOIBI B Kammuigpe. KUaKocTh
MOJHUMAETCS B KaMWUIAPE O T€X IMOP, MOKa CHJIa MOBEPXHOCTHOI'O HATSHKEHUS HE
YPaBHOBECHUT CUIIY TSXKECTH, ICHUCTBYIOIIYIO HAa TIOHATYIO BOJY:

F = Fm}mc:

prd®hg
ond= -

phgd
Orcroma ©= 4
rie p— IJIOTHOCTh JKUAKOCTH, (§ — MOIYJIb YCKOPEHHS CBOOOMHOrO maaeHus, h -
BBICOTA TOJHATHS KUIKOCTH B Kammuispe, d — quaMeTp Kamunspa.

X0 PABOTBHBI
| cioco6: kanenvnuoiii
IIpogheccuonanvro-opuenmuposarnuvie 3a0aHUSL:
1. PaccMOTpeTh MIKaIbl U3MEPUTEIIBHBIX TPUOOPOB, OMPEACIIUTD LICHY JICJICHHUS.
2. OnpenenuTh Maccy mycroro crakana jio 0,01 r.
3. W3meputrb BHYTpEHHUN JAMAMETP CTEKJISHHOM TPYOKH IITaHTEHLIHUPKYJIEM.
Beruncnuts nuametp meiiku kamiud,, . = 0,9 d.
4. CoOpaTh yCTAaHOBKY IO PUCYHKY. YCTaHOBUTH MPHUOOp TaK, YTOOBI CTCKIISTHHAS
TpyOKa, U3 KOTOPOU BBITEKAECT BOJIa, ObIJIa CTPOTO BEPTUKAJIBHA.
5. 3aKkpbITh KpaH, HATATH BOAY. [l0CTETIEHHO OTKpBIBask KpaH, JOOUTHCS, YTOOBI U3
TpyOKH BOJIa BhITEKAJNAa OTAEIbHBIME KaryisiMu (30 — 40 xamens B MUHYTY).

6. IloncraBuTh noj TpyOKy MycTOM cTakaH u orcuuTarh B 100 Kamnens.
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7. OnpenenuTh MacCcy CTakaHa ¢ BOIOM, BBIYUCIUTE MAaCCy BOJIBI
M3 =My —M;y.
8. Brrunciauth IMOBCPXHOCTHOC HATAKCHHUC BOAbBI I10 q)OpMyJIe:

mg
°= nﬂduu( '
9. BeIuuCANTH OTHOCUTENBHYIO MOTPEIIHOCTh U3MEPEHUI TT0 popMyIie:
|O-_Gma6/z|
o=—"—  +100%.
maé6n
10. Pe3ynbTarsl u3BMepeHUid ¥ BHIYUCICHUI 3aUcaTh B TAOJIUILY:
o Kos¢ppunuent
v 5 3 = NOBEPXHOCTHOTO |
C | = 3 = = & S A4
5 2| § ¢ & 2 S = = = HaTS/KEeHHUSA =
S | =Sl 8 4 = 5 =2 @ 3 = 23
Z | ><| ®E = = = = = - 5 S E 3
5 | Fxzl 5= 8 P S 2D = 2 = S B .
© | s s | 27 = - = o = = = = 5 9
s |§%|s3 s | 2| E2| 25 €5 (E= | gf
= 8| 2 g > = 2 S Q. E b5 S
E o < ® = = = 5 v S F o =
> s =2 > = -3 ® b
= = o
== o

Il cnoco6: kanunnapmuwii
IIpogheccuonanvro-opuenmuposaHnuvle 3a0aHUA:
1. PaccmoTpeThb HIKajabl H3MEPUTENbHBIX IPUOOPOB, ONPEASIUTh HEHY JCJICHUS.
2. I3MepuTh TuaMeTp Kanuuisipa MITaH€HIIUPKYJIEM.
3. Cobpath yCTaHOBKY 1O pUCYHKY. OMyCTUTh KallWJUISAP B BOAY U U3MEPUTH BBICOTY
e€ MOJHATHS B Kanuyuiape (JIMHEMKOI) HaJl TOBEPXHOCTHIO BOJBI B CTAKaHE.
phgd
4. BeIuncIuTh TOBEPXHOCTHOE HATSXKEHUE BOJIBI 110 hopMyIie: 6= 4
5. CpaBHUTH pe3yNbTaTbl U3MEPEHHUN C TaOJWYHBIM 3HAYEHUEM IOBEPXHOCTHOTO
HATSDKEHUS U ONIPEAEIINTh OTHOCHTENIBHYO TOTPEITHOCTb.
6. Pe3ynbraTel n3MepeHnii M BRIYMCICHUH 3aMucaTh B TAOJHILY:

< a2 = Koa¢puuuent =
= = =z g = NMOBEPXHOCTHOIO S 2
- z - = | HATSKEH U] 23
s E| & | 28 | g7z = d EN
2 Il a8 | Es 2| 5 3 = 2 = ==
E|l &2 20| = %< S - 2 = = 5 2%
S 0 N O = m = <& T =) S =
: 5 Sz | £ i | E& | Es
= 2 = = = ¢ S £ =
= =)
= R 2 = o s ©

7. CpaBHUTBH pe3yJIbTATHI U CIIETATH BHIBO/I.
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KOHTPOJIBHBIE BOITPOCHI:
Yrto Takoe MOBEPXHOCTHOE HATsKEeHUE?
Kak u rie mpumensieTcs moBEpXHOCTHOE HATsHKEHHE.
Ha 9To neiicTByeT cuiia MOBEPXHOCTHOTO HATSHKEHUS M KaK OHA HampaBiieHa?
[Touemy MOBEPXHOCTHOE HATSHKEHUE 3aBUCUT OT BUA KUJIKOCTU?
N300pa3uth Ha pUCYHKE MOJIEKYIY KUIKOCTH Ha TOBEPXHOCTH TBEPAOIO Tela
JUTSL clTydasi CMauuBaHUs M HE CMauyuBaHUs. YKa3aTh KpaeBOU yroJ.
6. Uro Ttakoe kamuuiap? WM300pa3uth >KUAKOCTH B KaMWUIApE IS CiIydas
CMa4yMBaHUA U HE CMaYUBaHHUS.
7. TloueMy >KMIKOCTH UCHAPSIOTCS JIETYE, YEM TBEpAbIE Tena?

Ok whE

JIABOPATOPHAS PABOTA NeS

Haszeanue navopamopnoii paoomoei: «A3ydenne 3akoHa OMa 1Jisl y4acTKA Lemu

IPH N0CJIeJ0BATEJIBHOM COCIMHEHUH IPOBOAHUKOB.

Ilenv pabdomer: HaydUTbCS COEOUHATH MOTPEOUTENM Pa3IMUYHBIMHM CIIOcOOaMH,

OIBITHBIM IYTEM MPOBEPUTH 3aKOH OMa.

Oobopyoosanue: WCTOYHUK DIIEKTPUYECKONM DHHEPTrUM, PE3UCTOPBI, aMIEPMETD,

BOJITMETP, PEOCTAT MOJI3YHKOBBIN, KIIFOY, COEIMHUTEIIbHBIE IIPOBOJA.
PesyabTarhi:

Dopmupyemoie INeMeHmbl IIK (npogheccuonanvro-opuenmuposannoe
cooepicanue):

— IIK 4.3. Ilpynumare y4dacTHe B JAMArHOCTHMKE TEXHUYECKOI'O COCTOSIHUSA
KOHCTPYKTUBHBIX 3JIEMEHTOB IKCITyaTUPYEMBIX 3/1aHU, B TOM YHCIIE€ OTAEIKH
BHYTPEHHMX M HApYKHBIX IIOBEPXHOCTEH KOHCTPYKTHBHBIX 3JIEMEHTOB
AKCIUTyaTUPYEMBIX 3/1aHHH;

Memanpeomemubwle:

— 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:

— [IIPG 06, ITP6 07, ITP6 10;

— IIPy 07, ITPy 08, ITPy 09, ITPy 12.

Ilo  okoHuanuu pabomuvl oOyuarOWuULCs OOJNMHCeH YMemb. COCTaBIAThH
ANIEKTPUYECKHE 1I€NH,  IUIAHUPOBATh M MPOBOAUTH HM3MEPEHUS  Pa3IUYHBIMU
MU3MEPUTENbHBIMA  NPUOOpaMu  (aMIEpMETp, BOJBTMETP), MPOU3ZBOAUTH pacueT
AIIEKTPUUYECKUXIIETICH TPH  pa3IMyHBIX CHOCO0AaX COEAMHEHUs NOoTpeOuTeNeld Hu
HCTOYHUKOB DJIEKTPUYECKOTO TOKA, MPOU3BOAUTH MAaTEeMaTHUYECKyI0 OOpabOTKy
MIOJIyYEHHBIX PE3YyJbTaTOB 3KCHEPUMEHTA W IOrPEHIHOCTEW; pellaTh 3ajadyd Ha
OIpENENICHNE CUIIBI TOKA C MCITOJIb30BAaHMEM 3aKOHOB OMa T y4acTKa LIETIH.

Teopus
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DNEeKTpUYECKUN TOK — YNOPSAOYEHHOE JBMIKEHUE 3apsDKEHHBIX dacTul. Jlis
TOrO 4YTOOBI B IPOBOJHUKE BCE BpEMsS MPOTEKAN 3JIEKTPUUYECKUH TOK, B HEM
HEOOXOAUMO MOAJAEPKUBATh IIOCTOSIHHOE 3JEKTPUUECKOE II0JIé C IOMOILBIO
UCTOYHHUKA TOKA.
OCHOBHBIMH  XapaKTEPUCTUKAMM JJIEKTPUYECKOTO TOKa B LENU SBIAIOTCA
HaIpsDKEHUE, CWIa TOKA, CONPOTUBIEHUE. 3aBUCHMOCTbH  MEXKIYy  OTHUMH
XapaKTEpPUCTHKAaMU yCTAHABIMBAET 3aKOH OMa:

U

1= —.

R
[ToTpeOuTenn SIEKTPUUYECKON SHEPIMM — DJIEKTPUYECKHE JIAMIIOYKH,
AJIEKTPOHArpeBaTENbHbIE MPUOOPHI, MPOBOAA U T. M. — O0JANAOT ONpPEACICHHBIM

COTIPOTUBJICHUEM, TOITOMY HWX YacTO Ha3bIBAIOT  «IIPOBOJHUKAMH»  WJIH
pe3UCTOpaMH.

OOBIYHO DJICKTPUYECKAs IIEMb COCTOUT M3 HECKOJBKHX PE3HUCTOPOB,
COCIMHEHHBIX TIOCIIEOBATENIbHO, MapaiebHO WK cMemanHo. ComnpoTuBIIeHHE
ATOT0 PE3UCTOpPA HA3BIBAIOT DKBUBAJICHTHBIM OOIIEMY COMPOTHUBIICHUIO HECKOJIBKHUX
PE3UCTOPOB, 0OPA3YIOIIMX IIETIb.

CxeMa TMOCJIEIOBATEILHOTO COEAMHEHUS! MPOBOJHUKOB BBITIISIUT CJEAYIOIIUM

obpazom:
R1

R2
R3

[Ipn mocnenoBaTelbHOM COCIMHEHHH BCE BXOISIIME B HETO MPOBOTHUKH
COCIUHSIIOTCS JPYT 3a JPYroMm, T.€. KOHEI[ MEpPBOTO IMPOBOJHUKA COCIUHSIETCS C
Ha4yajoM BTOPOTO.

Cuna Toka B JIFOOBIX YacCTSAX IIEMU OJHA M Ta ke (00 dTOM CBHUIETEIHCTBYIOT
MOKa3aHus aMIIEpMETPOB):

I=1 1= | 2-
o Ecnu gepe3 oguH NpoBOJHUK MTPOTEKAET TOK, TO OH MPOTEKAET U Yepe3 BCe

OCTaJIbHBIE.

o Ecnu xoTs ObI Ha OTHOM MTPOBOJTHUKE OTCYTCTBYET TOK, TO OH 00S3aTEIHHO

OTCYTCTBYET M Ha BCEX OCTATbHBIX.

[Ipu mocnenoBaTEIbHOM COEIUHEHUU COMPOTUBIICHUN PpE3YyIbTUPYIOIIEE
HaIpsHKEHUE PaBHO CyMME HaNPsHKEHUM Ha y4acTKax:

U= U+ U,.

PesynpTHpyromee  CONMPOTHBJICHHUE  IOCIEI0BATEIHHO COCTMHEHHBIX

MOTpeOUTENICH paBHO CYMME COMTPOTUBIICHUHN TTOTPEOUTENECH:

R = R, +R,.
ConpoTuBjeHHE nenu R, COCTOSIIEH U3 N OITMHAKOBBIX JlaMmIl,
compoTuBiIeHUEM R4 Kaxaas, B N pa3 OOJbIIE COMPOTHBICHHS OTHOM JIAMITHI:
R = Ry * n
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X0/l PABOTHBI
1. CocTaBUTb IEKTPUUYECKYIO LIETb 110 CXEME:!

A RiR2R3 B
—

IIpogheccuonanvro-opuenmuposanuvie 3a0aHUA:
2. PaccMOTpeTh 1MIKaibl U3MEPUTEIBHBIX TPUOOPOB, ONIPEACIUTh LIEHY JICTICHUS.
3. IIpoBepuTh ANEKTPUUECKYIO II€Mb, IIeMb 3aMKHYTh U M3MEPUTH HAIPSKEHUS Ha
KaXIoM pesuctope. JlIsI 3TOro MPUKOCHYTHCS HAKOHEUHHKAMH IPOBOOB,
MIPUCOEANHEHHBIX K 3a)KMMaM BOJIBTMETP K KIIEMMaM KaKJI0r0 pe3ucTopa.
4. VI3aMepuTh HanpspKEHHE Ha KOHIAX BCeW Tpymnmbl pe3uctopoB (ydactok AB), menb

Pa30MKHYTb.
5.IIpoBeputh coOoTHOMEHHS (U 1y = Upaca jUpace= Uz + Uy + Us) 1 cienaTs BBIBOI.
6. Brrancants ob1ee COTIPOTUBJICHUE MIPOBOJTHUKOB, COE€TUHEHHBIX

0CJICIOBATEIBHO, Pa3IMYHBIMU CIIOCOOAMHU:
— U _
Rio6u = %I/I Rzosw = R1+ R2+ R3

7. Ilo dopmyne | = BBIYUCIUTh CHIIy TOKa. CpaBHUTH €€ C INOKa3aHUEM

R206u4
aMIiepMeTpa U cenaTh BbIBOJ.
8. Pe3ynbraThl n3MepeHui U BEIYUCICHUH 3aKicaTh B TAOIUILY.

ConporuBienne Hanpsizkenue Cuaa Toka
= =
= = = o o = =)
S 18 |8 [T % 1al=ia] e |2 E S
S o S S g S| 53 = = = | | =2 2 g
e x (nd Q - D —_— —_—
r | >

9. CpaBHUTH pe3yabTaThl U3MEPEHUI U ClIETaTh BHIBO/I.

KOHTPOJIBHBIE BOITPOCHI:
1. Kak BKIIOYEHBI BBIKJIIOYATENb, OaTapelika ¥ JaMIlouka B KapMaHHOM
donapuxe? N300pazute cxemy.
2. V300pa3uth  ydyacTOK  LENMH  COJACpKAIUM  JIaMIbl,  COEAUHEHHBIX
MOCTIEIOBATENBHO. [ 1€ MPUMEHSIOTCS] TAKUE CXEMBbI?
3. Tloka3aTh Ha cxeme, KaK MOJIKIIOYHTh aMIIEPMETP U BOJIBTMETP K PE3UCTOPY.
Kak MOXXHO omnpeeNIuTh CONMPOTUBIICHHE PE3UCTOPA 110 UX TTOKa3aHUSIM?

JIABOPATOPHAS PABOTA Ne 6
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Haszeanue naoopamopnoii paoomer: «M3ydenue 3akoHa Oma Ui y4acTKa Lenu

NP NAPAJUIeTbHOM COCIMHEHUH IIPOBOJHUKOB.

Ilenv pabdomer: HayduTbCS COEOUHATH MHOTPEOUTENH Pa3IMYHBIMHM CIIOcO0aMu,

OIBITHBIM IIYTEM ITPOBEPUTH 3aKOH OMa.

Oobopyoosanue: WCTOUYHUK DJIEKTPUYECKOM OHEPIHUH, PE3UCTOPBI, aMIEPMETP,

BOJIBTMETP, PEOCTAT MOJI3YHKOBBIN, KIIFOY, COEIMHUTEIIBHBIE IPOBOAA.
Pesyabrartsi:

Dopmupyemoie INeMeHmbl IIK (npogheccuonanvro-opuenmuposannoe
cooepicanue):

— IIK 4.3. IlpuHumarb y4yacTM€ B JHATHOCTHKE TEXHUYECKOTO COCTOSIHUS
KOHCTPYKTHBHBIX 3JIEMEHTOB 3KCIUTyaTUPYEMBIX 3[aHUI, B TOM YHCIIE OTAEIKA
BHYTPCHHMX M HAapYKHBIX IIOBEPXHOCTEH KOHCTPYKTHBHBIX 3JIEMEHTOB
DKCIUTyaTUPYEMBIX 3/1aHUH;

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;

npeomemmuule:

— [IIPG 06, ITP6 07, ITP6 10;

— IIPy 07, ITPy 08, [1Py 09, I1Py 12.

Ilo  okonuanuu pabomuvl oOyuarOWUUCS OOJMCEH YMemb. COCTaBIATH
AIIEKTPUYECKHE LIE€NH,  IUIAHUPOBATh M MPOBOAUTH HM3MEPEHUS  Pa3IUYHBIMU
U3MEPUTENbHBIMA  NPUOOpaMu  (aMIEpMETP, BOJBTMETP), MPOU3ZBOAUTH pacueT
ANIEKTPUYECKUXLIENEW TpU pa3IMuHbIX Ccrnoco0ax COeAWHEHHUsI NOTpeOuTened Hu
MCTOYHUKOB DJIEKTPUYECKOTO TOKA, IPOU3BOAMTH MAaTEMaTHUYECKyI0 OOpabOTKy
IIOJIyYEHHBIX PE3YJbTATOB SKCIIEPUMEHTA M IOIPEIIHOCTEH W3MEpPEHUs; pellaTh
3aJ]a4d Ha OIPENEICHUE CUIIBl TOKA C MCMOJIb30BaHMEM 3aKOHOB OMma s ydacTka
LIETIH.

Teopus

DJIEKTPUYECKUM TOK — YIOPSAJOYEHHOE JBHXKEHUE 3apsUKEHHBIX dacTUl. [lis
TOrO0 4TOOBI B TPOBOAHUKE BCE BpEMs MPOTEKad 3JIEKTPUUYECKUN TOK, B HEM
HEOOXOAMMO TOJAJEPKUBATh IOCTOSTHHOE JJIEKTPUYECKOE I0JIE C TMOMOIIbIO
MCTOYHHKA TOKA.

OCHOBHBIMM XapaKTEPUCTUKAMH 3JIEKTPUUYECKOrO TOKA B LEMU SBISIOTCS
HaIpsKEHUE, CUJIa TOKA, CONPOTHUBIICHUE.
3aBUCHMOCTD MEXAY ATUMHU XapaKTEepPUCTUKAMU yCTaHABIMBAET 3aKOoH OMma:

U

= —.

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

CONPOTHUBIICHUEM, TIO3TOMY HX 4YacTO HAa3bIBAIOT  «IPOBOJHUKAMW»  HIIU
pEe3UCTOpaMHu.
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Cxema napaJuiCJIbHOro COCAMHCHUS ITPOBOJHUKOB BbITJIAAUT CIICAYIOIIUM O6p2130MI

g -

Rl R2 R3

[Ipu mapasiesbHOM COEIMHEHHMHM BCE BXOSAUIME B HETO IPOBOJHUKHA OJHHUM
CBOMM KOHIIOM IIPUCOEAMHSIOTCA K OJHOM TOUYKE Lenu A, a BTOPBIM KOHLIOM — K
Ipyrou Touke B.

Cuna TOKa B HEPa3BETBIEHHOM YacTH LIENMM paBHa CyMME CHJI TOKAa B
OTJIEJBHBIX MAapaJUIEIbHO COECIUHEHHBIX MPOBOJHUKAX. OO0 3TOM CBHIETEIBCTBYIOT
ITOKA3aHUsI aMIIEPMETPOB:

=1+ I,.

Ecnu BBIKpYTUTBH OAHY JIaMIly, TO ApPyras JlaMIla IPOJOJDKAET TOpeTb. IJTO
CBOMCTBO HCHOJB3YIOT IJIsl MOJKIIOYEHHs] OBITOBBIX HPUOOPOB B IOMEIICHHUU.
Hampsoxenue Ha ydactke nenu AB M Ha KOHIIaX BCEX MapaulesIbHO COEIUHEHHBIX
ITPOBOJAHUKOB OJTHO U TO XKe€.

U=U,= U,.

OO1ee cONpOTUBICHUE LIENH MPHU MapajIeIbHOM COEIWHEHUU NPOBOJHUKOB

ompeensercs no Gopmyie:

1 1 1
— T _I_ —
R R, R,
COHpOTI/IBHGHI/IC ICIu R, COCTOHHIGﬁ n3 n OJIMHAKOBBIX JJaMII,
COHpOTI/IBHCHHeM Rl KaXzaas, B n pa3 MCHBIIIC COHpOTI/IBHeHHH OIIHOﬁ JIAMIIBI.
R="5

n
Bo Bcex ClIy4daiax, Korja HYXHO HC3aBUCHUMOC BKIIOUYCHHC M BBIKJIIOYCHHC

AJIEKTPUYCCKUX TPUOOPOB B ICMH, HKCIONB3YIOT MapauIeJbHOEC COCIUHCHHE
AJIEKTPUYCCKUX YCTPOHCTB. VIMEHHO mapajIeIbHbIM 00pa3oM yCTaHABIIMBAIOT
pPO3CTKH B KBapTuUpax. Takoe MNOJKIIOYCHHE ITO3BOJISICT BKJIIOYATh Pa3IUYHBIC
MPUOOPBI B CETh COBEPIICHHO HE3aBHUCUMO JPYT OT APYyra, W IPHU BBIXOJE UX CTPOS
OJIHOTO M3 HHUX 3TO HE BIUSACT Ha PabOTy OCTaIbHBIX.
OcHOBHBIE 0COOECHHOCTH:

o BxiroueHrne wW/WiaM BBIKIIOYCHHE OJHOM HAarpy3kd HE Memraer pabdote

OCTAJIbHBIX.
« Bce Harpysku paboTarOT MpH OJHOM HAIPSKCHUU.

X0 PABOTHBI
1. CocTaBUTH 3JEKTPUUECKYIO IIENb 10 CXEME

|

R1

AR,B

L=




IIpogheccuonanvro-opuenmuposanuvie 3a0aHUAL:
2. PaccMOTpeTh MIKaibl U3BMEPUTEIbHBIX TPUOOPOB, ONIPEACIUTD LIEHY JICTICHUS.

3. IIpoBepuTh ANEKTPUUECKYIO II€Mb, IIENb 3aMKHYTh M U3MEPUTH HAIpPSIKEHUE Ha
y4acTke ABu cuiy TOKa B LIETIH.

4. TlepexTtouuTh aMIepMeTp U3 MarucCTpajid B Ty WIK UHYIO BETBb U U3MEPUTH CUITY
TOKa B K&KJIOM PE3UCTOPE.

3. llpoBeputh COOTHOMICHUS I acy =11 + 1o + lgut Iy =I5y, CHETATH BBIBOIL.

6. BbrauciauTh o0Iee CONMPOTUBIICHHE MPOBOIHHKOB, COCIMHEHHBIX MapasuIeiIbHO,
Pa3TUIHBIMH CTIOCOOAMH:

u 1 11 1 RiR,R3
Rivow = —Lu-—= -+ — +—, 1. Ry~ :
loou = = MR T R R, Ry» & TM200uwT RR,4RyRy+RiR;
7. Bpruucnuth Hanpsbkenue 1o dopmyne Up,e =l * Rz CpaBHUTH €ro c
MOKa3aHUEM BOJIbTMETPA U CJEIATh BHIBO/I.
8. Pe3ynbTarhl n3MepeHui U BEIYUCICHUHN 3aMKcaTh B TAOIUILY.

ConporuBJieHne Hanpsizkenue Cuia Toka
= >
= = = = <
1818 1% 1% =222 % << 3%
0? D(:\‘ D? S = - - - DQ :)s: - - - & | =
@ @

9. CpaBHUTH pe3ynbTaThl H3MEPEHUN U CAETATh BHIBOJ.

KOHTPOJIBHBIE BOITPOCBI:

1. Jlns ocBelieHus TpaMBaiiHOTO BaroHa uicrnodib3yercs 10 jmamrl, pacCuuTaHHBIX
Ha Hanpsokenwe 120 B. Kak BkimroyeHbl 3T namnbl? Hampsbkenwe B
TpaMmBaitHoil cetu 600 B.

2. N300pa3uth y4acToK IEMU COJIeP KAl JaMITbl, COeTUHEHHBIX MapalIeIbHO.
I'ne mpuMeHsI0TCS TAKUE CXEMBI?

3. Bocemb pe3ucTOpOB COENMHWIM MO JBa  TOCJIEIOBAaTEIIbHO B YETHIpE
napasuiesibHble BeTBU. HauepTuth cxemy coelMHeHHUs.

JIABOPATOPHASA PABOTA Ne 7

Hazeanue naovopamopnoun paoomer: «Onpenenenue I/AC U  BHYTpPeHHero
CONMPOTHBJIEHUS] ICTOYHUKA HANIPSIZKEHUSD.

Ilenv pabomwr: wHayunthea onpenensatb OJC u BHyTpeHHEE CONPOTUBIICHHE
HMCTOYHHKA TOKA.

Oobopyoosanue: ammnepmeTp, BOJBTMETP, HWCTOYHUK DIECKTPUUYECKONM JHEPTHH,
peocTaT, K04, COETMHUTEIIbHBIE POBOJIA.

Pe3yabTarthl:

Dopmupyemoie 971eMEeHmbl 1IK (npogheccuonanvno-opuenmuposannoe

cooepicanue):
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— IIK 4.3. IlpuHuMarh y4yacTM€ B JHMATHOCTHKE TEXHUYECKOTO COCTOSIHUS
KOHCTPYKTHBHBIX 3JIEMEHTOB IKCILUTYaTUPYEMBIX 3JaHUI, B TOM YHCIIE OTAEIKU
BHYTPEHHUX U HapYXXHbIX TMOBEPXHOCTEHM KOHCTPYKTHUBHBIX JIIEMEHTOB
AKCIUTYaTUPYEMBIX 3[aHUN;

MemanpeomemHule:

— 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:.

— [IIPG 06, ITP6 07, ITP6 10;

— IIPy 07, ITPy 08, I1Py 09, ITPy 12.

Ilo oxonuwanuu pabomovl obyuaroOwulicsi OO0JCeH yMmemb. COCTABISTH
ANEKTPUYECKHE LENH, IUIAHUPOBaTh W BBINOJHATH M3MEPEHHS  Pa3IUYHBIMU
MU3MEPUTEIbHBIMU npudopamMu (amriepmerp, BOJIETMETP), IPOU3BOJIUTH
MaTeMaTHYECKyl0  00paOOTKy  MOJy4EHHBIX pE3yJbTaTOB  JKCHEpPUMEHTa U
IIOTPEIIHOCTEN HW3MEPEHHs;  pellaTh 3aJadyd Ha ONPEICIICHWE CHJIBI TOKa C
HCIIOJIb30BaHUEM 3aKOHOB OMa JJIsl ydacTKa LN U MOJHOM 1EMH.

Teopus

Bo3HUKHOBEHHE Pa3HOCTH MOTEHLMAJIOB HA MOJIOCAX JOOOr0 UCTOYHUKA TOKA
ABJISIETCSL PE3YJbTATOM pAa3/elieHusT B HEM TOJIOKUTENIBbHBIX M OTPHUIATENIbHBIX
3apA0B. OTO paslelieHue MpOMCXOAUT Osaromaps padore, CcOBepLIAEMOM
CTOpOHHUMHU cuiamMu. CTOpOHHME CWIBl — CHJbL, JCHCTBYIOIIME TMPOTUB
ANEKTPUYECKOr0 TOJIA M BBINOJHAIOIIME padOTy 3a CYET KaKOW-IMOO 3HEpruw,
MOJIBEAEHHOW U3BHE.

Benuuuna, usMmepsiemas paboOTOM, COBepillaeMON CTOPOHHUMHU CHJIAMH TpHU
MEPEMEIICHUN EIUHUIBI TOJOKUTEIBHOTO 3apsia BHYTPU HCTOYHHUKA TOKa,
Ha3bIBACTCS DIIEKTPOABIKYIIEH CHibl ucTounuka Toka (31C— g, B).

Eciu unemp pazoMkHyTa, TO paboTa CTOPOHHUX CHJI TpPEBpalIaeTcs B
MOTCHIMAJIBHY0 JHEPIUI0 MUCTOYHHMKAa Toka. Ilpm 3amkHyTOM 1enu 9ra
NOTEHLMAIbHAsT 3HEPIHUsl pacxoAyercs Ha paboTy MO NEpEeMELICHUIO 3apsioB BO
BHEIIHEW 1eNM C CONPOTHBJIEHHMEM R W BO BHYTpPEHHEHl 4YacTH LENU C
CONPOTHUBJICHUEM I,

¢ =IR+Ir,
T.€. & U I MOXKHO ONPENEIUTh ONBITHBIM ITYTEM.
XOJA PABOTHI
1. CocTaBUTB 3IEKTPUUECKYIO LIEMb IO CXEME:
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IIpogpeccuonanvro-opuenmupoganivie 3a0aHUL:

2. PaccMOTpeTh LIKaJIbl aMIIEPMETPa U BOJIBTMETPA, ONPEIEIUTh LEHY JEICHHUS.

3. IlpoBeputhb 1eNb, 3aMKHYTh KJIIOY, HOJb3YSCh PEOCTATOM, YCTAHOBUTH CUITY TOKA,

COOTBETCTBYIOIYIO HECKOJBKUM JEJICHUAM IIKaiabl amrepmerpa. CHATh IMOKa3aHUs

BOJITMETPA U aMIiepmerpa. Pa3oMKHYTh 1ens.

4. [1oBTOpUTH OMBIT 3 pa3a, U3MEHAS CONPOTUBIICHNE LIENH IPU IOMOIIX peocTaTa.

5. Pe3ynbrarel u3amMepenuii noacraButh B ypasHenue ¢ =U + Ir, onpenenuts € u I,
erlasi CUCTEMbl YPaBHECHUM:

e =U;+1lir, e =Uy+ 1L, {i}:U3+|3r,
=U,+ 1, =Us;+ I3, =U;+ 1.
— Up-U _ Uz-Uyp — U-Us

r=— 2 1lr=- =3"-2 — Y17Y3

li—13 Io—13 l3—14
U,l, —U,l Ual, —Usl Uqlz —Uaxl
e= 211 112 c= 3'2 2'3 — 1'3 3'1

I =1 I2—13 I3—11
6. PazomMkHyTh 1lenmb W W3MEpUTh HampsikeHue Ug,,, Ha 3aXuMax HCTOYHHUKA
ANEKTPUYECKON SJHEPTUHU NPU PA30MKHYTON BHEIIHEW LIETIH.
/. BBIYMCIUTH BHEIIHUE CONPOTUBIICHUE LETIH.
8. Bce pe3ynbpTaThl M3MEPEHHI U BEIYHUCIICHHUH 3aMKcaTh B TAOIUITY.

= .. |lF | = | s | :
2 | EE == 2 2 | E g
9
s |E3. |88%| E |gE |EE¢ :
= < Qo A u:% o A Em M = A o “”m“
S| |85 |$Ef| 8= |E= |gEE | g &
3 & D = 22 = 5 2 g = 2 5 = oS =
= | E & =2 = &&= =5 2 = 2 N = 20 @) &)
s | E<| 525 |SzgE |E5z|FEZ|AEE: X |AX
1
Z | U |B&Eg [Hex A3SO|R3C|VUESS | | OO
9. CpaBHUTH pe3ynbTaThl H3MEPEHUN U ClIETaTh BHIBO/I.
KOHTPOJIBHBIE BOITPOCBI:
1. Yrto Takoe BHEUIHSS U BHYTPEHHSIS 4acTy Lenu? YKa3aTh Ha pUCYHKE.
2. Yto Takoe CTOPOHHUE CHIIBI?

3. Tlouemy moka3aHus BOJIBTMETpPA MPU PA30OMKHYTOM M 3aMKHYTOM KJTFOUE
pa3InyHbI?

Yro HazeiBaetcs IC?

Urto Takoe BHYTPEHHEE U BHEIIIHEE COMTPOTUBIICHUE T1ETTH?

oa &

JIABOPATOPHAS PABOTA Ne 8

Ha3zeanue navopamopnoit pabomost: «OnpeneneHue TeMnepaTypbl HUTH JIAMIIbI
HAKAJUBAHUS U MOIIHOCTH, OTPEOJIsIeMOH JIAMIIO).

Ilenvy pabomwr: wccnenoBaTb 3aBUCUMOCTb MOUIHOCTH TOKa OT HANpsKEHUS U
HAY4YHUTHCS ONPEEIATh TEMIIEPATYPy HUTH JIAMITbl HAKaJIMBaHUSI.
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Oobopyoosanue: AIEKTpUYECKas JlaMIla, MCTOYHHUK BJIEKTPUUECKOTO TOKa,
aMIepMeTp, BOJBTMETP, PEOCTAT TOJ3YHKOBBINA, KIIIOY, COCAUHUTEIbHBIC
IPOBO/IA.

PesyabTarnl:

Dopmupyemoie 71eMeHm bl IIK (npogpeccuonanvno-opueHmuposannoe

cooeprcanue):

— ITIK 4.3. IlpuHumarh y4yacTU€ B JMArHOCTHKE TEXHUYECKOTO COCTOSIHUS
KOHCTPYKTUBHBIX 3JIEMEHTOB HKCILTyaTUPYEMBIX 3/1aHU, B TOM YHCIIE€ OTAEIKH
BHYTPEHHUX U HApPYXHBIX IIOBEPXHOCTEH KOHCTPYKTHUBHBIX 3JIEMEHTOB
AKCIUTYaTUPYEMBIX 3aHUN;

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  okonuanuu pabomuvl oOyuarOWUUCS OOJNdCEH YMemb. COCTaBIAThH
AIIEKTPUYECKHE LENW,IJITAHUPOBATh W BBIMOJHATH HKCIEPUMEHTHI € TMOMOIIBIO
pa3IMYHBIX M3MEPHUTEIbHBIX TMPUOOPOB (ammepMeTp, BOJIBTMETP), IMPOU3BOJIUTH
MaTEeMaTUYECKyl0  OOpabOTKy  IOJIyYEHHBIX  pPE3yJbTaTOB  JKCIEPUMEHTA H
MOTPENTHOCTEMN.

Teopus

Jlammna HakanMBaHUS MPU BKIIOUEHUH PAOOTAET B IKCTPEMAIBHBIX YCIOBHSIX
MIPU TOKAaX, KOTOPBIE MPEBBIIMIAIOT HOMUHAIbHBIN, YTO MPUBOAUT K YCKOPEHHOMY
M3HOCY HUTH HaKaJla U MPEXICBPEMEHHOMY BBIXOY JIAMITBI U3 CTPOsI, 0COOCHHO MPHU
MPEBBIIECHUSX HAMPSHKEHUS B MUTAIOLIEH CETH.

[Ipyn nmpopomxuTeNnbHONW pabOTe JIaMIbl HAaKaJWBaHMUS €€ HUTh Hakajla TOJ
BO3/ICIICTBUEM  BBICOKOW TeMIIEpaTypbl HarpeBa IOCTENEHHO HCHapsieTcs,
YMEHBIIIAsICh B AMaMeTpe, pBeTcs (meperopaet). UeM Bblllle TeMreparypa Harpepa
HUTU Hakajia, TeM OOJbIIe CcBeTa u3MydyaeT Jiamna. [Ipy >TOM UHTEHCHBHEE
MPOTEKAET MPOIIECC HCMAPEHUS HUTH, M COKPAIAETCSl CPOK CIIYKObI JIAMIIBI.
[TosToMy nJis jnaMm HakajduBaHUS yCTaHABJIMBAETCS Takasi TeMIlepaTypa Hakala
HUTHU, TPU KOTOpPOM obOecreyuBaeTcsi HEOOXoAMMas CBETOOTAaua JaMIlbl U
onpeaeneHHas IpOJOJKUTEIBHOCTD €€ CITYKOBI.

C TOuKHM 3peHUs KJIACCUUECKOM 2JIEKTPOHHOM Teopuu JiBa dakTopa: 1) yuactue
ANEKTPOHOB B XAOTHYECKOM JIBMXKEHUM (HApsiAy C HAMpaBJICHHBIM) U 2) HalU4yue
COYJIapEHU JIEKTPOTEI C MIOHAMH KPUCTAJUIMYECKON PEIIETKH BOCIPUHUMAETCS KaK
ANEKTPUUYECKOE COMPOTUBIICHUE MPOBOIHUKA AIEKTPUUECKOMY TOKY. C yBeIUYEeHUEM
TeMIEpaTypbl BO3PACTAET CKOPOCTh XAOTHUYECKOTO [BHXKEHUS, a TaKXKe YHUCIO
COYJIapEHHUI 3JIEKTPOHOB, YTO AOJKHO NMPUBECTH K YBEIUYEHUIO COMPOTUBIICHUS
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MPOBOJIHUKA. ODKCIIEPUMEHTAJIbHO YCTAHOBJIEHO, YTO JUISI METAJUIOB YBEJIWYEHUE
CONPOTHUBJICHUS C TEMIIEPATYPOU BBIPAXKACTCS 3aBUCUMOCTBIO:
Rt == Ro(l + at)
raie R, — comnportuBieHue npoBogHuka npu Ttemneparype 0 °C, R, —
COTIPOTHBIICHUE MPOBOJHHUKA MPHU TeMIeparype t, o — TepMUUYECKHil KOd(p(UIIUEHT
CONPOTHUBIICHUS JAHHOIO METAaJUla, OH IMOKa3blBa€T HA KAKYK YacTb H3MEHSIETCSH

COIIPOTHUBJICHUC IIPOBOAHHUKA IIPpHU HAI'PCBEC €TI0 HA 1 °C. Y 4ncTBIX METAJLIOB IopsaKa
0—3

, ¥ CIUTaBOB MeHbIE. Y BoJib(ppama, W3 KOTOPOTO H3TOTOBJIICHA HHTH
rpajmyc

. 31
ucciexyeMoii namnsl 4,8-1073 =
TemmepaTypy pacKaJ€éHHOW HUTH, MOXKHO ompenenuTs mno ¢opmynel =
Rr —Ro . .
oR.  CCIM M3BECTHBI €€ compoTuBicHHe R, Tpu O5TOH Temieparype u
0
conpotuyiieHue HUTH RO mpu Temnepatype 0 °C:
MoOnIHOCT, TOKa — BEIMYMHA, XAPAKTEPU3YIOIIas, C KaKoil CKOPOCTBIO
coBepiaercsa paboTa Toka.
[Ipu 3aMbIKaHUU DJIEKTPUUECKON IIENMU Ha €€ y4acTKe C CONMpOTHBJIEHUEM R,
tokoM |, Hanpspkennem Ha koHax U mpousBoautces pabora A
2
2 U-“t
A=IUt=I'Rt= R
Benuuuna, paBHasi OTHOIIEHHUIO PabOThI TOKa KO BPEMEHH, 3a KOTOpOE OHa
COBEPIIAETCS, Ha3bIBAECTCSI MOIIHOCTHIO P

p= 2.

2
- — 12p - Y
Cnenosarenpuo, P=1U = I'R = =
3aBucuMocTh P oT U MOXXHO uCCIe10BaTh SKCIIEPUMEHTAIILHO.
PaGota snexrpuyeckoro Toka B CU Beipaxaetcs B ;xoyisax (/x), MOIIHOCTh

— B BarTax (BT).

X0 PABOTHBI
1. CocTaBUTB IEKTPUUECKYIO LIEMb IO CXEME:

) ¢

L |

Ilpogpeccuonanvro-opuenHmuposannvie 3a0aHUA:

2. PaccMOTpeTh MIKaibl U3MEPUTEIBHBIX TPUOOPOB, OMIPEACIUTD IIEHY JICTICHUS.

3. [IlpoepuTh 1emb, 3aMKHYTh KIJIIOY, IOJB3YACh PEOCTATOM, YCTAHOBUTH
HauMEHbIIEE 3HaUYCHUE HanpspkeHus. CHATh MOKAa3aHUs BOJIBTMETPA M aMIEpMETpa.
PazomKkHyTH 1iETIB.
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4. TlocTeneHHO BBIBOJSI PEOCTATa, CHITh HECKOJIBKO pa3 MOKA3aHHS aMIepMeTpa |
BOJIbTMETpPA.3HAUCHUS CHIIBI TOKA BHIOMPAIOT TAKUMHU, MTPU KOTOPHIX HUTH JIAMITHI HE
CBETHUTCS, CBETUTCSI KPACHOBATHIM IIBETOM M CBETHTCS C MAKCUMAIBHON SIPKOCTHIO.

5. Ins Ka)Ka0ro 3HAYSHUS HAMPSKEHS ONIPEICITHUTh:

1) momHOCTEP = U, moTpebiisiemyto JaMIiou,

U
2) conpotuBiienne R; = " HUTH HaKaa,
. Rr —Ro
3) remneparypy e€ Hakanal = Ry

rae Ro— conpoTuBiieHHEe HUTH JaMIbl PU KOMHATHOM TEMIIEpaTypE;
0. — TeMIIepaTypHsIi Koo(HUIMeHT conpoTusieHus Boabdpama (a = 0,0048 KY).

B nepBom ombiTe, KOrAa TOK B LIENM MUHHUMAJEH, & CBEYEHHUE IMOJHOCTHIO
OTCYTCTBYET, TEMIIEpaTypy HUTH HakKalda MOXHO CUMTaThb KOMHATHOHM. Ilockosbky
IOpU CBEYEHUM JIaMIIbl B TIOJHBIM Hakajl TeMIEpaTypa HUTH OYEHb BBICOKA (~
2000°C), To ayna npuOIUZUTENBHOTO MOJCYETa TEMIIEPATYpPbl MOYKHO MPHUHATH, YTO
BenMuMHa Ry M ecTb 3HaueHHWe CONpPOTUBIEHUS HUTH Hakama, KOTopoe Oyner
MOJIy4€HO B IIEPBOM OTIBITE.

6. Pe3ynbraTel n3MepeHuit M BBIYMCICHUH 3aHECTH B TAOJIHILY.

= = =
) = - = = =
< 3 S = o =2 O = &
= = = LB = 2 = = . = = %
= g2 |% |fEs |EE. |gZfc |EE |
= | s 5 35 =2 = SEZ o &=
= = & R O | =S = =R s
2 2 -/ < | SEZp| 5O 0 = B & = e =
E | %55 | EL5 | EE@E .| 5= SSEEF 8 M | =T
S | §%° |7 |Egsa|E54 |E;Es |EEF | 5°
z, g = == = g = =g 8 =5 =
2 |z |®& 2 S 2% |32 |2
==l = = = = - = =
S g g8 2 g

7. IlocTpouTh rpadyKy 3aBUCUMOCTH:

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

8. CpaBHUTH pe3yabTaThl H3MEPEHUH U ClIeTIaTh BHIBO/I.

KOHTPOJIBHBIE BOITPOCHI:
UYrto Ha3bIBAIOT pabOTOM TOKA, MOIIIHOCTHIO TOKA?
Kakumu crioco6amu MOXKHO ONIPeIeIUTh MOIITHOCTh TOKA?
3. Kak oTpakaercs pocT Temmeparypbl HUTH Hakaja JlaMIIbl Ha ¢
CONPOTHUBJIEHUE U HA BBIJICTSAEMYIO B HEW MOIIIHOCTh?
B xakue BUZIbI SJHEPTHUH MOXKET MPEBPAIIATHCS MIEKTPUUECKAS SHEPTHUs?
Jlamnei, 200-BartHass u 60 BaTTHasg, paccuuTaHbl Ha OJIHO HaIpSHKEHUE.
ConpoTHUBIIEHHE KaKOU JIaMITbl O0JIBIIIE U BO CKOJIBKO pas?
6. OT HarpeBaTeILHON CIUpaAIU OTPE3aau MOJIOBUHY, JIPyra MOJOBUHA OCTaaCh
BKIIFOYEHHOM B IE€Mb. BO CKOJBKO pa3 M3MEHUTHCS BBIACISAEMOE HA HEU
KOJIMYECTBO TEIUIOTHI (3a 1 ¢)?

N =

o B
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JIABOPATOPHAS PABOTA Ne 9

Haszeanue naoopamopmnoii paoomwi: «3ydyenue sIBJIEHHSI JIEKTPOMATHUTHOM

HHAYKIIAW.

Ilens pabomwt: N3y4UTh SBICHUE DJIEKTPOMArHUTHON MHIYKIIHUH.

Oobopyoosanue: TanbBaHOMETP, KaTYIIKA, COEAUHUTEIbHBIE TPOBO/IA, MATHHUT.
PesyabTarsbl:

Dopmupyemoie I71eMeHmbl IIK (npogpeccuonanvHo-opueHmuposannoe
cooepicanue):

— IIK 4.3. IlpuHuMarh y4yacTM€ B JHATHOCTHKE TEXHUYECKOTO COCTOSIHUS
KOHCTPYKTUBHBIX JIEMEHTOB JKCIUIYaTUPYEMBIX 30aHUN, B TOM YHCIIE OTACIKA
BHYTPEHHUX U HapYXKHbIX TMOBEPXHOCTEH KOHCTPYKTHUBHBIX JIIEMEHTOB
AKCIUTYaTUPYEMBIX 3[aHUN;

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;

npeomemmuule:

— TIP6 06, ITP6 07, TIP6 10;

— 1Py 07, ITPy 08, ITPy 09, ITPy 12.

Ilo  okoHuanuu pabomwvl oOyualOwulicsi O00IHCEH YyMemb: TPOBOAUTH
HaOIIOAEHUS MIAHUPOBATh M BBIOJIHATh SKCHEPUMEHTBI C MOMOIIBIO PAa3IHYHBIX
pUOOPOB, COCTABNIATH SJIEKTPUUYECKUE L€, MPUMEHATH MOJYYECHHbIE 3HAHUS II0
¢bu3uke U1 00bSICHEHUS HA0JII01AEMOE SIBIICHUE 3JIEKTPOMArHUTHON MHAYKIIUH.

Teopus
B 1831 r. ®apazeit 06Hapy>XuJI, 4YTO B 3aMKHYTOM TPOBOASIIEM KOHTYpPE MPHU
M3MEHEHHM MAarHUTHOTO MOJII BO3HUKAET SJEKTPUUECKUN TOK. DTOT TOK Ha3BaIH
MHAYKUUOHHBIM TOKOM. MHIYKIMOHHBIM TOK B KaTylIKe W3 METAJUINYECKOU
MIPOBOJIOKU BO3HUKAET NP BJBUTAHUM MarHWTa BHYTPb KaTYIIKU U IIPU BbIJBUTAHUH
MarHuta M3 KaTymkd (puc. a), a TakKe MPU M3MEHEHUU CHJIbI TOKa BO BTOPOil
KaTyIlIKe, MAarHUTHOE T10JIE KOTOPOM MPOHU3BIBACT MEPBYIO KATYIIKY (puUC. 0).
a) 0)
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SIBrIeHME BO3HHMKHOBEHMS JJIEKTPUYECKOTO TOKAa B 3aMKHYTOM ITPOBOASALIEM
KOHTYyp€ IIPY U3MEHEHUSAX MAarHUTHOT'O IOJIsI, IPOHU3BIBAOIETO KOHTYP, Ha3bIBACTCSA
INEKMPOMACHUMHOU UHOYKYUELL.

[losiBneHnE HIEKTPUYECKOrO TOKAa B 3aMKHYTOM KOHTYpE INPU H3MEHEHUSX
MarHUTHOTO IIOJIsl, ITPOHM3BIBAIOLIEIO KOHTYpP, CBUIETEIBCTBYET O JEHCTBHHM B
KOHTYpE CTOPOHHMX CHJI HEDJIEKTPOCTATHYECKOW NPHUPOABI WM O BO3HUKHOBEHHUH
OJC uHayKUInH.

KosmuecTBeHHOE ONMCAHUE SBIEHUS JJIEKTPOMAarHUTHOM MHAYKIMU JAETCS HA
OCHOBEe ycTaHOBieHUsI CBsi3u Mexay OJC uHIyKiuu U (U3HNUEeCKON BETMYHUHOM,
HAa3bIBAEMOM MATHUTHBIM IIOTOKOM.

OKcnepuMeHTalIbHOE  HcciieqoBanue 3aBucumoctd  OJIC  MHAYKIMH  OT
W3MEHEHHMS  MAarHMTHOTO  IIOTOKAa  MNPHMBEIO K  YCTAHOBJIEHMIO  3aKOHA
ANEKTPOMArHUTHOM  mHAYKIMU: OJIC UHAYKIMU B  3aMKHYTOM  KOHTYpeE
IPONOPLMOHAIBHA CKOPOCTH M3MEHEHUS MArHUTHOIO IOTOKA 4Yepe3 IOBEPXHOCTb,
OTPaHUYECHHYIO KOHTYPOM.

XOJA PABOTHBI
IIpogheccuonanvro-opuenmuposanuvie 3a0aHUA:
1.Cob6pathb 1emnb Tak, Kak 3TO MOKa3aHO Ha PUCYHKE:

2. IlepenBuras MarHuT 4epe3 MOJOCTh KATYIIKU, KaK MOKa3aHO HA PUCYHKAX a) — T),
OTMETHTbH B KQXKOM ClTydae OTKJIOHCHHE CTPEIKH TaIbBAHOMETPA.

7/

3.Cobpath 11emb, UCTOB3YS PUCYHOK.
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4. 3aMbIKas U pa3MbIKasi 11€Tlb, OTMETUTh OTKJIOHEHHUE CTPEJIKU TallbBAHOMETPA.
5. CoOparts 1enb, n300paxKEHHYI0 Ha pPUCYHKE.

6. [lepenBuras KaTymIKy 4Yepe3 MOJOCTh APYrod KaTyIIKH, OTMETUTh OTKJIOHEHHUE
CTPEJIKU raJIbBAHOMETPA.
7. CpaBHUTB pe3yIbTaThl U3MEPEHUI U CIIETATh BBIBO/I.

KOHTPOJIBHBIE BOITPOCHI:
1. Yto Ha3bIBaIOT MarHUTHHIM Moj1eM? YeM OHO co3/1aeTcs U Ha 4TO JICHCTBYET?
2. UTto Ha3BIBAIOT SBJICHUEM JICKTPOMArHUTHOW UHTYKIIUEH?
3. UTto Ha3bIBAIOT MAarHUTHBIM TOTOKOM?
4. Ot 4yero 3aBUCUT BEJTMYMHA M HAMPABIICHUE WHIYKIIMOHHOTO TOKA?

JIABOPATOPHAS PABOTA Ne 10

Hazeanue naoopamopnoit paoomoer: «WU3ydyeHne 3aBHCHUMOCTH IEepPHOJA
KO0JIeOAHUI HUTSAHOT0 MASITHUKA OT JJMHBI HUTH.

Ilenv padbomer: N3y4nTh 3aBUCUMOCTD MEPHUOJIa KOJICOAHUNH HUTSHOIO MasTHHKA OT
JUIMHBI HUTH, HAYYUThCS OMNPENENATh YCKOPEHHWE CBOOOJHOrO TMaJeHUs C
MTOMOIIIBI0 MATEMATUUECKOTO MasiTHUKA.

Obopyoosanue: 1ITaTUB C JIEPXKATEJIEM, IIAPUK, MOJBEUICHHBIM HA HUTU JJIMHOMN
okoso 1 ™M, mpoOka, u3MepuTenbHAs JIEHTAa WM METpOoBas JMHEHKa,
ITAHT€HIUPKYJIb, CEKYHIOMED.

PesyabTarsi:
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Dopmupyemoie JJ1eMEHM bl IIK (npogpeccuonanvho-opueHmuposannoe
cooeprcanue):

— IIK 4.3. TlpuaumaTh yd4acTHe B JMAarHOCTUKE TEXHHYECKOTO COCTOSHUS
KOHCTPYKTHUBHBIX DJIEMEHTOB 3KCIUTyaTUPYEMBbIX 3/IaHHIA, B TOM YUCIIC OTICIKU
BHYTPEHHUX ¥ HApPYXHBIX TIOBEPXHOCTEH KOHCTPYKTHUBHBIX 3JIEMEHTOB
AKCIUTYaTUPYEMBIX 3aHUN;

MemanpeomentHule:

— 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;

npeomemmuuie:.

— [IIP6 06, ITP6 07, ITP6 10;

— [IPy 07, ITPy 08, ITPy 09, TPy 12.

Ilo okoHuanuu pabomvl oOyuarOWULICS OO0JdCeH YMemb. TUIAHUPOBATH H
NPOBOJUTh HU3MEPEHUs]  C I[OMOIIBIO PA3JIMYHBIX M3MEPUTEIbHBIX MPUOOPOB,
OOBSICHATh HaOIIOAaeMble (PU3MUECKUE SIBICHUS, NPOU3BOIUTH MaTeMaTUYECKYIO
00pabOTKy MOJIYYEHHBIX PE3YJIbTATOB SKCIEPUMEHTAa U MOTIPEIIHOCTEN H3MEpEHUs;
(dbopMyIHpOBaTH MOHATHE KOJIEOATEIHHOTO IBUKECHHUS U €TO BHUJIOB; PelliaTh 3a/1a4d Ha
HAXOJKICHUE MTapaMeTPOB KOJIeOATEIFHOTO IBUKCHUSI.

Teopus
MareMatnyeckuM  MasATHUKOM  Ha3bIBA€TCS  MaTe€pualibHas  TOYKA,
MOJIBEIICHHAS! HA HEBECOMOW M HEPACTSIKUMOM HUTH. MOIEIbIO MOMKET CIIYKHUTh
TSDKENBIN APUK, Pa3MepPbl KOTOPOrO BEChbMA MaJlbl 10 CPABHEHUIO C JJIMHOW HUTH,
Ha KOTOpPON OH MOJBEIICH (HE CPaBHUMBI C PACCTOSIHUEM OT ILIEHTpa TSIXKECTH 0
TOYKH TIOJIBECA).
Yuénpie ['amuiieit, Heroton, beccens u npyrue yCTaHOBWIM CIEAYIOLINE
3aKOHBI KOJICOaHUs MaTeMaTHYECKOTO MasSTHUKA:

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

2. Ilepnon xoneOaHWS MaTEMAaTHYCCKOTO MAaSTHHKA MPSMO IPOMOPIIMOHAICH
KBaJ[paTHOMY KOPHIO M3 JUIMHBI MasTHHUKAa WU OOpaTHO MPONOPIHMOHATIECH
KBaJI[paTHOMY KOPHIO U3 YCKOPEHUsSI CBOOOIHOTO TaJICHUS.

Ha ocHoBaHuu »THUX 3aKOHOB MOXXHO HamucaTh (opMyny s mepuoia

KOJIEOaHMId: T=2n \/;: )

X0/ PABOTHI
IIpogheccuonanvro-opuenmuposanuvle 3a0aHUSL:
1. PaccMOTpeTh MIKAJIbI H3MEPUTEIHHBIX IPUOOPOB, OMPEICTUTH IICHY JCICHHUS.
2. [locTaBuTh MITAaTUB Ha Kpail CcTOJA.
3. 3axaTh HUTH MasTHUKA 3a CBOOOJHBIN KOHEIl MEXIy JABYMs IOJIOBUHKAMU
pe3aHoi mpoOKH B JAepKaTelle ITaTHBA.
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4. V3mepuThb NpH MOMOIIM IITAHTEHIUPKYJS AMAMETp IIapuKa, HAUTH paguyc
mapuka I.

5. Usmeputh amuny Hutuly, HAlTH IIMHY MasTHHKA (JUTMHA MAasTHUKA CYATAETCS OT
HIDKHETO Kpasi IPOOKH /10 LIEHTpa TSHKECTH IIapuKa)

|= IO +1r.

6. OTKJIOHUTH IIApUK HA HEOOJbIION yroi, He Oonbie 10°, U OTIYCTUTS.

7. Ilo cexyHaOMeEpy OIPENEIUTh BPEMs, 3 KOTOPOE MasTHUK COBEPIIMI N MOJHBIX
KoJjebanuii (Hampumep, 100 koseOanwmit).

8. BeruncnuTh nepuo/| moaHoro KojebaHus MasiTHUKA 1o hopmyie: Tr=-+.
9 6 . _ 4 2l
. Berancnuth yckopeHre cBOOOIHOTO MaieHus, 1o hopmyie: 9=

10. IToBTOPUTH OMBIT JIBa pa3a MPHU Pa3IUUHBIX JJIMHAX MasSTHHUKA.

11. M3 Bcex HaMJICHHBIX 3HAYEHUN YCKOPEHMsI CBOOOJHOTO TAJCHUS BBIYMCIUTH
CpeaHee 3HauYCHHE.

12. CpaBHUTH HalJICHHOE 3HAYEHHE YCKOPEHUsI CBOOOIHOTO MaJACHUS ¢ TAOIMYHBIM H
OTIPENICIIUTh OTHOCUTEIbHYIO MOTPEITHOCTh U3MEPEHUS 110 (hopMYyJIe:

|g_gma6ﬂ| 0
= - 100%
Qmaéan
13. Pe3ynbTarhl u3BMEepeHU U BHIYMCIICHUN 3a1CcaTh B TAOJIUILY.
e © ©
I~ e e
= S N
= - = S = 2
= = s o e =IR=) L o
& < v = | 8 = O 59 =
2 S = o B ol o = v S =) <
= — = 2= 2 | Ee 8 = & - =-J-
=" = ) = = = =) ) o =
S | = | & EE | EE| @ ® | @ Z = g = 5 S
- = = < S =| = 25| B = s = =
s = | = EEZ|EE|l o2 58 8 E% | FEE =
= Q < « < < & | & = Lo = L = =
2 | 5 S| E¢| S| EEW | EaEs | Eacw| 82
= = = = = o = = D e o H o o = 2o o< S 2 .
S|SB E |E5| 25|85 252 8855|8852 557
Z | e || Tz R EEZ|»E OFED | =5E | OEW

14. CpaBHUTH pe3yJbTaThl U3BMEPEHUN U CENIaTh BHIBOJI.

KOHTPOJIBHBIE BOITPOCHI:
1. Yto Takoe MexaHWYeCKUE KoJeOaHus?
2. Yto Ha3pIBalOT aMIUIUTY0M Kojebanuit? [Tokazats e€ Ha pUCYHKE.
3. Tlokazatp Ha pHUCYHKE BHIbl MAasATHUKOB, 3alucaTh (OPMYIbI, KOTOPHIM
PaCCUUTHIBAIOT MEPUO]T KOJIEOaHUI STUX MAaITHUKOB.
4. Kakue koyie0aHUsI Ha3bIBAlOT CBOOOJHBIMM M BBIHYXJIEHHbIMU? [IpuBectu
IPUMEPBHI.
5. Kakue koneGaHusi Ha3bpIBalOTCA 3aTyXaloOlMMU W He3aryxarommmu. [louemy
koneOanust 3aryxator? WM300pa3suTh Ha puCyHKEe TpaduKy 3aTyXawluX MU
HEe3aTyXaloluX KOJIeOaHuH.
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JIABOPATOPHAS PABOTA Nell

Haszeanue naoopamopnoii pabomer: «AzydyeHue uHTepPepeHIINN CBETAY.

Heny pabomwr: v3yuuTh UHTEPPEPEHIINIO CBETA.

Oobopyoosanue: MBUIBHBIA pacTBOp, MPOBOJIOYHAS PAMKA, SJIEKTPUUECKas JTAMIIOUKa,
MCTOYHUK 3JIEKTPUYECKON SHEPTUU ISl IUTAHUS JTaMIIOYKH, COEAMHUTEIbHBIE
IPOBOJIA, CTEKJISTHHAS TPYOKa, CTEKJISIHHBIE TUIACTUHBI, KOMIIAKT-TUCK.

Pesyabrartsi:

Dopmupyemovie I1emMeHmbl IIK (npogpeccuonanvHo-opuenHmuposannoe

cooepicanue):

— IIK 4.3. IlpuHuMarh y4yacTM€ B JHMATHOCTHKE TEXHUYECKOTO COCTOSIHUS
KOHCTPYKTHBHBIX 3JIEMEHTOB IKCILUTYaTUPYEMBIX 3[JaHU, B TOM YHCIIE OTACIKU
BHYTPEHHUX U HapYKHbIX TMOBEPXHOCTEN KOHCTPYKTHUBHBIX 3JIEMEHTOB
AKCIUTYaTUPYEMBIX 3[aHUN;

MemanpeomemHbwle:

— MPII 03, MPII 04, MPII 05, MPII 18;

— MPK 03, MPK 04, MPK 05, MPK 08;

— MPP 08, MPP 16, MPP 18, MPP 19;

npeomemmuule:

— [IIPG 06, ITP6 07, ITP6 10;

— 1Py 07, ITPy 08, ITPy 09, ITPy 12.

Ilo  okoHuanuu pabomwvl oOyualOwulicsi O00IHCEH YyMemb: TPOBOAUTH

HaOJII0ACHUS, TUIAHUPOBATh U BBIIOJIHATH 3KCIIEPUMEHTHI, OOBSICHATH HAOII0AaeMOe

aBJIeHHE (MHTEepPEPEHIIMOHHAS KapTHHA);

Teopus

WUurtepdepeniuss — sBJICHHE XapaKTepHOE JUIsi BOJH JIIOOOW TMPUPOJIBI:
MEXaHHYECKHUX, JIEKTPOMArHUTHBIX.

HNuTepdepeHIiius BOJH — CIOXKEHHE B MPOCTPAHCTBE ABYX (WJIM HECKOJIHKHX)
BOJIH, NIPU KOTOPOM B Pa3HBIX €r0 TOYKax MOJydaeTcs YCWICHHE WU OClabJieHHe
PE3yIBTUPYIOLIEH BOJIHBI.

Jlns oOpazoBaHMsl yCTOWYMBOM HMHTEP(HEPEHUMOHHOW KapTUHBI HEOOXOIMMBI
KOTE€pPEHTHbIE  (COIJIaCOBaHHBIE) HUCTOYHUKHU ga«
BOJIH. KOrepeHTHBIMH Ha3bIBAIOTCS BOJIHBI, A
MMEIOIIHE OJMHAKOBYIO YACTOTY M TIOCTOSIHHYIO
pazHocTh ¢a3. N 2/ o,

Nutepdepeniiueid  cBeta  Ha3bIBAIOT \ | //
MPOCTPAHCTBEHHOE nepepacrpesiesiecHue /
CBETOBOT0 MOTOKA MPHU HAJIOKEHUU ABYX (WU /
HECKOJIbKUX) KOTE€PEHTHBIX CBETOBBIX BOJIH, B :
pe3yJbTare 4ero B OJHUX MECTaX BO3HUKAIOT n ‘ﬂ d
MaKCHUMyMbl, a B  JAPYTUX MHUHHUMYMBI 1
WHTEHCUBHOCTHU (MHTEp(EPEHIIMOHHAS KApTUHA).
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HuTepdepenmmeit cBeta 00bICHAECTCA OKpacka MBUIBHBIX IMy3bIpeld M TOHKHX
MAaCJISHbIX IIJIEHOK Ha BOJIE, XOTSI MBbUIbHBIN PacTBOP U Maciio OECLIBETHBI.

CBeTOBBIE BOJIHBI YaCTUYHO OTPAKAKOTCS OT NOBEPXHOCTH TOHKOM IUICHKH,
YaCTUYHO IIpOXOAAT B Hee. Ha BTOpoN rIpaHule IUIEHKM BHOBb IPOUCXOAUT
YaCTUYHOE OTPAKECHUE BOJIHBI.

CBeTOBBIE BOJIHBI, OTPAKCHHBIC JBYMS IIOBEPXHOCTSAMM TOHKOW IUICHKH,
pacIpOCTPaHAIOTCA B OJHOM HaIIpaBJIEHUH, HO IIPOXOIAT pa3HbIC IIYTH.

[Ipy pasHOCTU XOja, PABHOM YETHOMY YHCIy JauH nonysoin | = 2k -
A .
EHa6JIIO,ZLaeTCH uHTEep(DEPEHITMOHHBIN MakcumMyM, rae k=0; + 1; + 2; + 3;...

HUtepbepeHIIMOHHBI MHUHUMYM HAOJIOAAETCsl MPU Pa3HOCTH XOJla, PaBHOU

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

L
[Iupuna wuHTEpDHEPEHIIMOHHON TIOJOCHI BBIPA3UTCS COOTHOIICHUEM: sza/l,
JIJINHA CBETOBOM BOJIHBI: A= EAX , uncio mnosioc N, KOTOpbie Mbl YBUIUM,

OTIPEIEIISICTCS CTeNEHbI0 MOHOXpOMATUIHOCTH AJAL: N = AJAL

Korma BeinomnHsieTcs ycioBre MaKCUMyMa JIJisi OJHOM JJTMHBI CBETOBOM BOJIHBI,
TO OHO HE€ BBINOJHSETCS Ansi Apyrux BojH. [loaToMy ocBemiéHHasi OeiabIM CBETOM
TOHKasi I[BETHas TMpo3payHas TIUIEHKAa KaXETCS  OKpalleHHOW.  SIBieHwue
uHTepGEPEHIIMM B TOHKUX IUICHKAX MPUMEHSETCS i1 KOHTPOJS KadecTBa
00pabOTKHN MOBEPXHOCTEH, /ISl MPOCBETIACHUS ONTHKHU.

NuTepdepeHIMOHHAas KapTUHA — PEryJisipHOE 4epeaoBaHue obJacTel
MOBBILICHHOW Y MOHW>KEHHOW NHTEHCUBHOCTH CBETA.

WnTepdepenius cBeta — MPOCTPAHCTBEHHOE IepepaclpeiesieHue >HEepPruu
CBETOBOTO H3IIyUYCHHs] TPU HAJIOKEHHHM JIBYX WJIM HECKOJBKHX CBETOBBIX BOJIH.
CrnenoBaTenbHO, B SIBJICHUSX WHTEpPEpEeHIMH U AUPPAKIUKA CBETa COOJIOIAETCS
3aKOH COXpaHEeHUs sHepruu. B oOmactu uHTEpEepeHInu CBETOBAsE SHEPTHs TOJIBKO
nepepacnpeseNsieTcsi, He NpeBpamlasch B Apyrue BHUAbI dHepruu. Bospacranme
SHEPTUM B HEKOTOPBIX TOYKAX HWHTEPPEPEHIIMOHHOW KapTHHBI OTHOCUTEIHHO
CyMMapHOW CBETOBOM SHEPTUU KOMIIEHCUPYETCS YMEHBIIIEHUEM €€ B APYTHX TOUKAX
(cymmapHasi CBETOBasi DJHEPTHsI — 3TO CBETOBAs YHEPTHUS JBYX CBETOBBIX MYyYKOB OT
HE3aBUCHUMBIX HCTOYHHKOB).

CBeTnibie TIOJIOCKM COOTBETCTBYIOT MAaKCHMyMaM »JSHEpPrud, TEMHBIE —
MUHHAMYMaM.

X0/ PABOTHBI
IIpogpeccuonanvro-opuenmuposannvie 3a0aHUA:
1. ITpoectu OIIBIT 1:
1) onyCTUTH NPOBOJIOYHYIO PAMKY B MBUIBHBIN PacTBOP;
2) npoHabIr01aTh U 3apUCOBaTh UHTEPPEPECHIIMOHHYIO KapTUHY B MBUIBHOW TIJICHKE
(TIpu OCBEIEHUH TUICHKU OEJIBIM CBETOM (OT OKHA WJIH JIAMITbI) BO3HUKAET
OKpalIMBAHUE CBETIIBIX MOJIOC: BBEPXY — CUHUM LIBET, BHU3Y — B KPACHBII 1[BET);
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3) caenaTh BBIBOJ.

2. [Iposectu OIIBIT 2:

1) c mOMOIIIBIO CTEKISTHHOW TPYOKHU BBITYTh MBUIbHBIN My3bIPb;

2) nponabmoaaTh 3a HUM (IPH OCBEIIEHUHU €ro OejbIM CBETOM HaOII0Jal0T
oOpa3oBaHME I1[BETHBIX HWHTEPHEPEHIIMOHHBIX KOJIEL; 10 Mepe YMEHbIIEHUs
TOJIIIMHBI TJIEHKHU KOJIbIIA, PACHIUPASICh, IEPEMEIIAIOTCS BHU3);

3) onucaTth UHTEPPEPEHIIMOHHYIO KAPTHUHY,

4) cnenaTh BBIBOJ.

3. [Iposectu OIIBIT 3:

1) TmareabHO MPOTEPETh CTEKISHHBIC TJIACTUHKHU, CIOKUTh UX BMECTE€ M CXKaTh
nanbllaMu;

2) mponHaOmroAaTh MHTEPHEPEHIMOHHYIO KapTHHY (M3-32 HEUACATBHOCTH (POPMBI
COTIPUKACAIONINXCA TOBEPXHOCTEH MEXIy IUTACTUHKaMH OO0pa3yloTCsl TOHYaMIIMe
BO3/IYIIIHbIE MyCTOTHI, JAIOIIUE SIPKUE Paay>KHbIE KOJIbIICOOpa3HbIE UM 3aMKHYTHIC
HENPaBWIBHON (DOpPMBI MOJOCHI; MPU U3MEHEHMU CHIIBI, CKUMAIOIIEH IIACTUHKH,
pacrnojoxeHue u (¢GopMa IOJOC HU3MEHSAIOTCS KaK B OTPaXXEHHOM, TaK MU B
MIPOXO/IAIIEM CBETE);

3) 3apucoBaTh YBUJECHHBIC KAPTUHKHY;

4) cnenathb BBIBOJI.

4. Tposectu OIIBIT 4:

1) mOMOXXUTH TOPU3OHTATIHFHO HA YPOBHE IJ1a3 KOMITAKT-TUCK;

2) npoHabir01aTh UHTEPHEPEHIUOHHYIO KaPTUHY;

3) onucaTth UHTEPPEPEHIIMOHHYIO KAPTUHY,

4) caenaTh BBIBOJ.

5. CpaBHUTH pe3ynbTATHI ONBITOB U CAETATH BHIBOJ.

KOHTPOJIBHBIE BOITPOCHI:
1. Yro HazbiBaeTcsa uHTepdepeHimeit ceera’?
Kaxkoe ycnoue HeoOxoaumMo 11t muHTephepeHIInn cBeTa?
3. Kakoit Bum wumeer wuHTepdEepeHIIMOHHAS KapTWHA B CIly4a€ MOHO-
XpPOMaTHU4YECKOTro cBeTa?
Kax onpenensieTcst ayivHa CBETOBOM BOJIHBI IPH UHTEp(dEpEeHIIUN cBeTa?
[Touemy MBUTBHBIE ITYy3bIPH UMEIOT PATYKHYIO OKPACKY?

N

ok

JIABOPATOPHAS PABOTA Nel2

Haszeanue nabopamopnoit pabomet: «Azyuyenue nudpaxkuum cBeTa.

Ilens pabomer: v3yunth AUGPaAKIIUU CBETA U OMPEICTUTH JJIMHY CBETOBOU BOJIHBI.

Obopyooseanue: TipubOp NI OTMPEICICHUS IJTUHBI CBETOBOW BOJIHBI, MTOJACTaBKA JJIs
npubopa, nudpakiMoHHas pemérka, UCTOYHUK CBET (JIaMIlo4Ka C TpsSMOM
HUTBHIO HaKajia B TaTPOHE).

PesyabTarsl:

Dopmupyemoie 971eMEeHmbl 1IK (npogheccuonanvno-opuenmuposannoe

cooepicanue):
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— IIK 4.3. IlpuHumarh y4yacTu€ B JHMATHOCTUKE TEXHUYECKOIO COCTOSHUS
KOHCTPYKTUBHBIX 3JIEMEHTOB 3KCIUTyaTUPYEMBIX 3[aHUM, B TOM YHCIIE OTACIKU
BHYTPCHHMX M HApYKHBIX IIOBEPXHOCTEH KOHCTPYKTHBHBIX 3JIEMEHTOB
DKCIUTyaTUPYEMBIX 3/1aHUH;

MemanpeomemHubwle:

— MPII 03, MPII 04, MPII 05, MPII 18;

— MPK 03, MPK 04, MPK 05, MPK 08;

— MPP 08, MPP 16, MPP 18, MPP 19;

npeomemHule:

— [IPG 06, ITP6 07, ITP6 10;

— IIPy 07, ITPy 08, I1Py 09, ITPy 12.

Ilo  okowuanuu pabomwel obyuarowutics O0adCeH yMemb: TPOBOIAUTH
HaOJIOICHUS, IJIAHUPOBATh U IPOBOAUTH U3MEPEHUS Pa3IMYHBIMU U3MEPUTEIbHBIMU
npubopaMy; MPUMEHATh MOJy4YEHHblE 3HaHUS 1O (uU3UKe M1  OOBSICHEHUS
HAO0JII0JaeMOro  SIBJICHUS, AHAJIM3UPOBaTh COCTaB AJICKTPOMAarHUTHBIXU3ITyYECHUH;
MPOU3BOIUTH MaTEMAaTUUECKYIO 00paOOTKY MOIy4YEHHBIX PE3YJIbTATOB HKCIIEPUMEHTA.

Teopus

Hudpakuust —  sBIEHUE OTKJIOHEHHUS BOJIHBI OT  MPSIMOJMHEHHOTO
pacnpoCTpaHEHUs NMPU MPOXOKACHUHN Yepe3 Majble OTBEPCTUS M OTMOAHUM BOJHOM
MaJbIX MpenaTcTBUil. Pasmepsl mpenarcTBuil (OTBEPCTUI) NOJKHBI ObITh MEHBIIIE
WM COU3MEPHUMBI C JJIMHON BOJHBI. CyIIECTBOBAHHUE ATOrO SIBICHUS (IU(PAKLIIN)
OrpaHUYMBAET O0JIACTh MPUMEHEHHUSI 3aKOHOB I'€OMETPUUYECKON ONTHUKHU M SBIISAETCS
MPUYUHOM MIpeiesia pa3peliaronie CriocCOOHOCTH ONTHYECKUX MPUOOPOB.

Hudpakuust 0OBICHIETCS TEM, YTO CBETOBBIE BOJHBI, MNPUXOJAIIUNE B
pe3ynbTare OTKJIOHEHUS W3 PAa3HbIX TOYEK OTBEPCTHS B OJHY TOYKY Ha 3KpaHe,
UHTEPHEPUPYIOT MEKITY COOOM.

Judpakiuss cBeTa HUCHOJB3YETCS B CIEKTPaJbHBIX MPUOOpaX, OCHOBHBIM
AJIEMEHTOM KOTOPBIX SIBJISIETCS NU(PpaKIIMOHHAS pelIeTKa.

JudpakunonHas perieTka — ONTUYECKUU Mpuoop,
MIPEACTABISIIONINN COO0M TEPUOIUYECKYIO CTPYKTYpY U3
OOJIBIIOTO YMCIIa PEryJSPHO PACTIOIOKEHHBIX 3JIEMEHTOB,
Ha KOTOpPBIX MPOUCXOAUT audpakuus cBera. llepuon
PELIETKN — IITPUXHU C ONPEIEICHHBIM U MOCTOSHHBIM IS
TAHHOU T paKkIIMOHHON pELIETKH npoduiem
MOBTOPSIFOTCS Ye€PE3 OJMHAKOBBINA MTPOMEXKYTOK d.

CnocoOGHOCTh TU(PPAKIIMOHHONW pElIeTKH pacKIaJblBaTh MaJalolluii Ha Hee
IIy4€éK CBE€Ta I10 JJIMHAM BOJIH SBJSETCA €€ OCHOBHBIM CBOMCTBOM. Pasmnuaror
OTpa)kaTeJbHbIE U MPO3paYHbIe TUPPAKIIUOHHBIE PEIIECTKH.

[TapannenbHple JIydd, UAYIIHE OT KPaeB COCEIHUX IIEIEH, UMEIOT Pa3HOCTb
xoma A= d-sinp, tme d — TmOCTOSIHHAsT PEMIETKH — PACCTOSHUE MEXITy
COOTBETCTBYIOIIMMH KpasiMU COCEHMX LIENEH, HA3pIBAEMOE MEPUOAOM PELIETKH, (p —
YTOJ OTKJIOHEHUS CBETOBBIX JIyd€l OT MEPIEHINKYJISAPa K IIIOCKOCTH PELIETKH.
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[Ipu pasHOocTM XOnda, paBHOM wLeIOMYy 4YHciIy JHMH BoiH d-sing = kA,
HaOronaeTcst MHTepPEepEeHIIMOHHBIN MAaKCUMYM JJIsl JAHHOM JUTMHBI BOJHBI. Y CJIOBHE

. [ ¢ b 0
Kpay

UHTEP(PEPEHIIMOHHOTO MaKCHMyMa BBITIOJHACTCSA sl KaXIOW [JIMHBI BOJHBI TpHU
CBOEM 3HaY€HUU JUGPaKIUOHHOTO YIJia @.

VYcnoBue BOZHUKHOBEHUSI MAKCUMyMa MOXHO 3allucaTh MHaue: nA =d sin ¢,
rne d — mepuox AUQPAKIMOHHOW  PEUICTKU; — YIOJ, TMOJ KOTOPBIM BHJICH
CBETOBOI MakcUMyM (yroJi Judpakiium).

Tak kak yrisl qudpakium, Kak MpaBUiIo, Majbl, TO IJIsi HUX MOYKHO MPUHSTH

sing = tgp, atgep = %, nosTomyni = d % (B maHHOUM paboTe 3Ty QopMyiry

WCTIONIB3YIOT JJIsl BEIYUCIICHUS ITTHHBI CBETOBOW BOJIHBI).

[TomoskeHne  CBETOBBIX  MAaKCUMyMOB  3aBHCHT  OT  JUIMHBI  BOJHBI
MOHOXPOMAaTHYECKOTO CBETA: YeM OOJIbIIE JJIMHA BOJHBI, TEM JaJIbIlIe MAKCUMYM OT
HYJIEBOTO.

[Ipu npoxoxnenuu uepe3 nudpakiuonnyio |l
pelIeTKy My4yoK Oenoro cBeTa pasjiaraercsi B CIEKTP.
benpi1 cBer 1m0 coctaBy — cioXHbIA. Hynesou
MaKCUMyM JJis Hero — Oemnas 1ojoca, a MaKCHUMYMBbI
BBICHIMX MOPSAKOB MPEACTABISAIOT coOoil Habop cemu
[[BETHBIX TIOJIOC, COBOKYIHOCTb KOTOPBIX HAa3bIBAIOT
CTIIEKTPOM

K P o @ X
@\ 2] 2npad

EH@paKuHOHHaH pelieTka
cootBercTBeHHO I; 1, ... mopsiaka.
VYron nudpaxiun nmeetr HanOoJIbIIee 3HAUEHUE JUUIsI KPAaCHOTO CBETA, TaK Kak
JUTMHA BOJIHBI KPACHOT'O CBETa 0OJIbIlIe BCEX OCTAJIBHBIX B 00JIACTH BUAMMOTO CBETA.
Haumensbiiee 3HaueHue yria aupakuuu 11 GroieToBoro cBera.
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[Tomyunte nUQPaKIUOHHBIA CHEKTP MOXKHO,
UCIIOJb3ysl NPpUOOp AJIsl ONpEAeSCHUs] JJIUHBI CBETOBOU
BosiHbl. [Ipubop  cocrout u3 Opycka 1 co MIKaJoOW.
BHusy Opycka ykpemseH crepkeHb 2. Ero BCTaBisiloT B
OTBEPCTHE MOJCTABKU OT IOABEMHOIO CTOJIMKA. bpycok
3aKPEIUIAIOT IO/ Pa3HBIMU yIJlaMu € IIOMOIIbIO BUHTA 3.
Brone Opycka B OOKOBBIX Ma3ax €ro MOXET
nepemMeniaTbCsl MONA3yHOK 4 ¢ 3kpaHoMm 5. K koHIy
Opycka NpHKperjieHa pamka 6, B KOTOPYIO BCTaBIISIIOT
IUQPPAKIIHOHHYIO PEIIETKY.

Puc. 1

X0 PABOTHBI
IIpogheccuonanvro-opuenmuposaHnuvle 3a0aHUA:
1. PaccmoTpeTh HIKajabl H3MEPUTENbHBIX IPUOOPOB, ONPEASIUTh HEHY JCJICHUS.
2. Cobparb yCTaHOBKY, H300pa)KEHHYIO Ha PUCYHKE 1.
3. YCTaHOBUTH HA IEMOHCTPAIMOHHOM CTOJIE JIaMITy U BKIIOUHUTH €€.
4. CMoTpsa uepe3 IU(PaKLIMOHHYIO PEIIETKY, HAlpaBUTh MPUOOp Ha JIaMIy Tak,
4YTOOBI Ue€pe3 OKHO 3KpaHa Npudopa OblIa BUAHA HHUTH JIAMIIBI.
5. DOkpaH mnpubopa YCTAaHOBUTh Ha BO3MOXXHO OOJIbIIEM PACCTOSSHUM OT
TU(GPaKLMOHHON PEIIETKU U MOJYyYUTh Ha HEM YeTKoe n3o0paxenue crektpos | u 1l
MOPSIIKOB.
6. [IponabmtogaTe 0Opa3oBaBIIMEcs HA YEPHOM dKpaHe MudpakIUOHHbIE CIEKTPHI | 1
II nopsiaxa, rae OmMKe K LIENH pacioiaratoTcsi (PUOJIETOBBIC JIyUHd, a JAajblle OT Heé
KpacHBbIE.
7. V3Meputh 1o mikaie Opycka yCTaHOBKHM paccTosiHue «D» oT skpaHa mpubopa 10
TuGPaKIMOHHOMN pemeTKu (CM. TIEPBBIA PUCYHOK).
8. Onpenenuth paccrosHue oT HysneBoro Aenenus (0) mIKambl KpaHa A0 CepearHbI
(GuosIeTOBON MOJOCH! KakK ClIeBa «&,», TaK U CIpaBa «a@,» s crekTpoB | mopsaka
(cM. mepBbIM PUCYHOK) U BBIYUCIUTDH CPEHEE 3HAUCHUE ..
9. Takue e HM3MEPEHHs BBIIOJHUTH W MJIA KPACHBIX MOJOC IU(PPaKIMOHHOTO
CIEKTpa.
10. Boeraucnauth JyMHY BOJNHBI (PHOJIETOBOTO cBeTa ais crekTpoB | u Il mopsakos,
JUIMHY BOJIHBI KpacHoro cBeta | u |l mopsankos no ¢popmyne 4 =d na_b'

11. Pe3ynbTaThl U3BMEPEHUN 1 BHIYMCIICHUN 3aUCaTh B TAOJIHILY.
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= Buaumbie Buaumbie JlnuHa cBeTOBOM
S
E S rPaHMUbI CIIEKTPa rpaHUIbI BOJIHBI
= c = ¢uoseroBoro CIIeKTpa

S| = 8 = S cBeTa KPacHOro cBera

=R = s =

2 S = 4 = = - =
(=5 (= ) = = = = < =

S &% |8 |e8s |2 |E 5 | = | & & | 8 3

o | SO | 9 = = = = s S = s S 2= =

= = o =~ 5 o = e = = X

= Z | e Z « S < S = = =) S o
SR X | S8 R =2 | &5 2 | 2 g5 =
= | =R 5 & S = =) < - = éﬂ = g gz
&g | = | s 5 ) S | F & 8 | & | 3 = S = S =
o |2 |g 50 z2|= = ez 2= | |lazs| 582 &8 2
EalE = 3 QM S O [3) oM e | BTE Y E =

12. CpaBHUTH pe3yJIbTaThl U3BMEPEHUI U CENIaTh BHIBOJI.

KOHTPOJIBHBIE BOITPOCHI:
1. Yro Ha3wIBalOT nudpakiueit ceera?
2. Uto mpenctaBistoT coboit mudpakmus Openens u audpaknus Opaynrodepa?
3. Ilouemy Hy7neBO MakcuMyM Iu(PaKIMOHHOTO CIeKTpa Oeroro cBera — Oenas
10JIOCA, @ MAKCUMYM BBICHIMX MOPSIIKOB — HA0Op LIBETHBIX MOJIOC?
4. TloueMy MakCMMyMbl pPAacCMOJArarOTCs Kak cClieBa, TaK M CIpaBa OT HYJIEBOTO
MaKcUMyMa?

7. IPAKTUYECKHUE PABOTbBI

INPAKTHYECKAS PABOTA Nel
Haszeanue npaxmuueckoii pabomui: «EMKOCTHOe CONpOTHBIEHHE B IelH
NepeMeHHOr0 TOKAa.
Ileny padomur: 03HAKOMHUTHCS C pabOTON KOHJEHCATOPA B LIETIH TEPEMEHHOTO TOKa,
ONpPENEIUTh NapaMEeTPhI LIETIH IEPEMEHHOT0 TOKA, COJIepKallleld KOHIEHCATOP;
Pe3yabTarthi:
Dopmupyemoie 971eMEHm bl IIK (npogheccuonanvno-opuenmuposannoe
cooepicanue):

— IIK 4.3. Ilpynumare y4yacTMe B JAMArHOCTHMKE TEXHUYECKOIO COCTOSIHUS
KOHCTPYKTHBHBIX 3JIEMEHTOB 3KCIUTyaTUPYEMBIX 3[aHUM, B TOM YHCJIE OTAEIKA
BHYTPEHHMX M HApYKHBIX IIOBEPXHOCTEH KOHCTPYKTHBHBIX 3JIEMEHTOB
AKCIUTyaTUPYEMBIX 3/1aHHN;

Memanpeomemubwle:

— 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;

npeomemmHuule:
— [IPG 06, ITP6 07, ITP6 10;
— IIPy 07, IIPy 09, ITPy 12.
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Ilo oxonuanuu pabomul 00y4arOWUICA 00NHCEH YMemb: YATATh DICKTPUIECKUE
LenH, NPOM3BOJIUTh pAacyeT MapaMETPOB AJIEKTPUUYECKOHIENH MEepEeEMEHHOI0
TOKA,IPUMEHSTH MMOJTYyUYEHHbIE 3HAHUS ISl OOBSICHEHUS UCCIIETYEMOTO SIBJICHHUS .

Teopusa
B osnektpuueckodl 1enu KOHAEHCATOP SIBISIETCS HAKOIUTEIEM HSHEPruu
ANEKTPUYECKOro mojs. [Ipy MOCTOSSHHOM NPUIIOKEHHOM HANPSKEHUHU TOK Yepes
KOHJIEHCATOp OTCYTCTBYEeT. [lepeMEeHHBII TOK NPOTEKAaeT uYepe3 KOHIEHCATOp.
BenuunHa TOkKa nOpomopiMOHAIbHA CKOPOCTH  W3MEHEHUS  AJIEKTPUYECKOIO
HANPSDKEHHS HA IUIACTUHAX KOHAEHCATOPA.

I, | 4,
in=0C .
o - l c ”
U « Tae C - eMKOCTb KOH/IEHCaTopa.
i T [Tpu Uc = Umnsinmt
o d .
o = U, C sin @t = @CU, sin (@2 +90°),
HOJTYYHM: ds
A
L 1 oC

— PEaKTUBHOE COIPOTHUBIICHHE KOHJIEHCATOPA.
CpaBHuBas GopMyJibl JIJIsl TOKa U HANPsSOHKEHUS HA KOHAEHCATOPE, BUAUM, YTO
TOK OIEpEeKacT HANpsDKeHHe 110 (pasze Ha yroa 90°.
PeakTtuBHass MomiHoCTh KoHAeHcatopa, paBHas Q¢ = Uc.:l (Bap) maer Ha
CO3/IaHUE HIEKTPUUECKOTO IMOJIS.

X0 PABOTHBI
1. Mcnone3yss NpUBENCHHYIO CXEMY M JaHHbIE M3 TaOJUIbl MPOU3BECTU paCUYET
HEWU3BECTHBIX BEJINYMH.

I R
o———1 1
~ U
HcXonHbIe JaHHBIE: Ql &l —C
o
Bap | R, | I,|Bap| R, I, |Bap| R, | I,|Bap| R, I, | Bap | R, 1,
Ne [ OMm| A [N Om| A [ Ne [ OmMm| A [ Ne [ Om| 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

[lens moAKIIOYEHA K UCTOYHUKY MIEPEMEHHOTO TOKa C Hanpsaycenuem U =
127 B u wacmomoit 50 I'y.
IIpogheccuonanvro-opuenmuposarnuvie 3a0aHUSL:
2. OnpenenuThb MOJHOE CONMPOTUBIICHUE 1IeNu Z(BBIPA3UTh UCIIOIL3Ys 3akKoH OMma:
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_ U
I=2).

3. Paccuurtate peakTuBHOE compoTuBieHHe Xc (BBIpa3uTh H3  (POPMYJIBL:

z- Rl

. 1

4. HaiiTu eMKoCTh KOHJIEHCaTopa U3 Gpopmynsl Xc= ——.

2r-1-C

5. OmpeeInTh aKTHBHYIO MoIHOCTh P 1o dopmyse: P= IR,

6. BEIUHCINTD PEaKTHBHYIO MOIIHOCTH Q, rcmonb3yst Gopmyiny Q = 12X¢.

7. OnpeaenuThb MOJIHY0 MOITHOCTH S o (hopmyie: SEAP L
F

COEgR=—
8. Haiitu xoa(ppuLIMeHT MOIIIHOCTH 1IeTH 10 GopmyJie: v S
9. Onpenenuth yron @ (mo TabauIle WM HA KaIBKYJIATOPE), YIUTHIBAs 3HAUYCHUC
ITOJIyYEHHOE B II. 8.
10. Pe3ynbTarsl BEIYHMCICHUN 3ancaTh B TAOJUILY.

No H3BecTHBIE Pacuer
Bapuan BeJIHYHNHBI
TI; u |l I | R |Z Xc, | C, P, | Q, S, cos| o
(o]

B A |Om |OmMm [Om |Mx® |Br |Bap |BA |o¢o

11. Cnoenatpb BBIBOJI.

KOHTPOJIBHBIE BOITPOCHI:
1. Yto Ha3bIBaeTCsl KOHJIEHCATOPOM?
2. Kak onpenenuTs HanpsHKeHHUE, 3apsil U EMKOCTh KOHIeHCaTopa?
3. Kak HaiiTi peakTHBHOE CONPOTUBIICHUE KOHACHCATOpa?
4. KakoBO Ha3HaYeHHE KOHAEHCATOPa B LIENU EPEMEHHOTO TOKA

INPAKTHYECKASA PABOTA Ne2

Ha3zeanue npaxmuueckoini padoomel: «VIHIYKTHBHOE CONPOTHBJIEHHME B LeNH
NMepPeMEeHHOr0 TOKa.

Ileny pabomwi: 03HAKOMUTHCS C PaOOTON KaTyNIKM HHAYKTUBHOCTH B IIEMHU
NIEPEMEHHOTO TOKA, HAYUYUTHCS OMPENEIATh MapaMeTphl JIEKTPUUECKON LENU
MEPEMEHHOT0 TOKA, COJIepKaIEH KaTyIIKy HHAYKTUBHOCTH.

PesyabTartsl:

Dopmupyemoie 9J1eMeHmbl 1IK (npogheccuonanvno-opuenmuposannoe

cooepiicanue):

— IIK 4.3. Ilpunumare y4dacTMe B JAMArHOCTHKE TEXHUYECKOTO COCTOSIHUS
KOHCTPYKTHBHBIX 3JIEMEHTOB IKCILUTYyaTUPYEMBIX 37]aHU, B TOM YHCIIE OTACIKA
BHYTPEHHUX U HapY>KHBIX TOBEPXHOCTEH KOHCTPYKTHUBHBIX 3JIEMEHTOB
AKCIUTYaTUPYEMBIX 3[JaHUH;
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Memanpeomennule:
— MPIT 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;
npeomemmuuie:.
— [IIP6 06, ITP6 07, ITP6 10;
— IIPy 07, ITPy 09, ITPy 12.
Ilo oxonuanuu pabomwi 0OyuaOWUIC 00IJCeH YMemb. YUTaTh IICKTPUUECKHE

LIETIH, MPOU3BOAUTH PACUET MAPaMETPOB  DIIEKTPUYECKOWILIEIM TMEPEMEHHOTO
TOKA,IPUMEHSThH MMOTYUCHHBIC 3HAHUS TSI OOBICHEHUS UCCIICTYEMOTO SBIICHUS .
Teopus

Karymka wHAIyKTHBHOCTH 00JaJgaeT CHOCOOHOCTBHIO CO37aBaTh MAarHUTHOE
mojie. IT0 CBOMCTBO XapaKTEPU3YETCs MapaMeTPOM KaTYIIKU - UHAYKTUBHOCTHIO (L),
KOTOpasi 3aBHCUT OT 4YHCJIAa BHUTKOB, CEPIACYHHUKA, TE€OMETPUUYECKUX Pa3MEpPOB
KaTyIIKH.

L = y/I; rne y = W-® - NOTOKOCIEIJICHUE KaTYIIIKH;
W - 4uciio BUTKOB KaTymky; @- MarHUTHBIN OTOK; | - TOK,
~u Ter_ MPOTEKAIOIINH 10 KaTYIIIKE.
IlepeMeHHBIN TOK, MNPOTEKas IO KaTyIIKEe, CO3AaeT
IIEPEMEHHBIA MAarHUTHBIM TOTOK @, KOTOPBIM, IEpeceKas
BUTKM KaTymikud, HaBoauT B HUX JDJIC camomunykiuu. CornacHo mpasuia Jlenna,

OJIC caMOMHIYyKIIMH, TOK CAMOMHAYKIMHU MPEMATCTBYIOT NPOTEKAHWIO TOKa B

BL = —WE = —Li

nenu dt dt .

u=u; =-ep =LE =LI, %sm(mt} =wll cos{wt) =T sm (wt+ 30}

Torna dt
U/l = U/l = X = oL (OM) - HHIYKTUBHOE COIPOTUBJICHNE KATYIIIKH.

QL - peakTMBHAs MOIIHOCTh KAaTYIIKW HWIET HA CO3JaHUE MArHUTHOTO TIOJIS.
Ennanna n3MepeHus peakTUBHOM MOIIHOCTH: Bap — BOJIBT - aMIIEp PEaKTUBHBIN;

P - akTHBHas MOITHOCTH LIENIM MPEBpAIAETCs B TeIUI0. Equnnna n3amepenus Br;

S - monHas MOIIHOCTH 1EMNH, eANHUIIA u3MepeHust BA - BoibT-ammep.

V] ]
= Il' + - o
s R € MOJYJIb IIOJTHON MOIIIHOCTH.

Cos d??: —_—
5 KOO((UIUEHT MOLIHOCTH, MOKA3bIBAIOIIUI Kakash YacTh IIOABEICHHON K

[ENH JIEKTPUUECKON MOIITHOCTH S, TIPEBPAIIAETCA B MOJIE3HYIO MOIIIHOCTH P.
X0 PABOTHBI
1. Mcnonw3ysh NMpUBENCHHYIO CXEMYy M JaHHbIE W3 TaOJUIbI MPOU3BECTU paCUET

HECU3BCCTHBIX BCIINYHH. /‘P:\ . KATYTITER
J) \-I:_.j h : ______ :

+ X L i

@, .

- E R,

Hcxonupie JaHHBIC: T N
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Bap | R, I, | Bap | R, I, |Bap| R, l,| Bap | R, I, | Bap | R, l,

Ne Om | A [ Ne Om| A | Ne Om | A | Ne Om A | Ne 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 1,5
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

[lens moAKIIOUEHA K UCTOYHUKY MIEPEMEHHOTO TOKa C Hanpaycenuem U =
127 B u uacmomoii 50 I'y.
lIpogheccuonanvro-opuenmupoganmvie 3a0aHUA.
2. OnpenenuThb MOJHOE COMPOTUBIICHHE 1Ienu Z(BbIpa3uTh U3 HOPMYIIbl 3aKOHA

Owma:l= !).
VA

3. Paccumrtath peakTuBHOE compoTuBieHHE X (BbIpa3uTth H3  (POPMYIIBL:

Z=|R*+X}).

4. Haiftu uniykTUuBHOCTH LKarymiku o ¢popmyiie: X,= 2xfL.
2
5. OnpenenuTh aKTUBHYIO MOIITHOCTH P, icnonb3ys popmyny:P = U? = I°R.

2
6. Beraucianth peakTHBHYIO MOITHOCTE Q, ncmonb3ys Beipaxkenue: Q = 17X,

7. OnpenenuTh MOJIHYI0 MOIITHOCTH STio (hopmyie: S=U.

F
COSE=—

8. Beruncianth K03 GUIMEHT MOIITHOCTH TSN TT0 GopMyIIe:

9. Onpenenuts yroa ¢ (o TabauIle WM Ha KaIbKYJIATOPE), YIUTHIBAsS 3HAUYCHHC
MOJIYYEHHOE B 1I. 8.

10. Pe3ynbTarhl BEIYMCICHUN 3aMcaTh B TAOJUILY.

e HN3BecTHBIE Pacyer
Bapuan BeJINYHUHBI
Ta U1 Il R1 Z’ XL1 L! Pl Ql S’ cos ()
B A Om Om | Om | I'm | Br | Bap | BA (0} ,©
11. Cnoenatp BBIBOJI.
KOHTPOJIBHBIE BOITPOCHI:
1. Kakum cBoiicTBOM o00JsiajlaeT KaTyllka WHAYKTUBHOCTH, U 4YE€M OHO

Xapaktepuszyercs?

2. Kak HaliTu peakTUBHOE COMPOTHBIICHUE KATYIIIKH?

3. Kakue MomiHOCTH pa3nuyaroT B IEMIX MEPEMEHHOTO TOKa?
4. Kakoit (pu3m4ecKkuii CMBICI COS(?
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8. Jluteparypa

OcHOBHBIE EYATHBIE U31AHUSA

1. ®dusuka : 10 kace : 6a30BbIi U yriyOJeHHBIH YPOBEHD : YUeOHUK : B 2-
X gacTax, . Yacte 1 / JI. D I'ennenireiin, A. A. bynarosa, Y. 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.  ®wuzswmka : 11 xnacc : yueOHHK : 0a30BbIil U yrITyOJCHHBINH YPOBEHB : B 2-
x gactsax, Yacte 1 / JI. D. 'ennenmretin, A. A. bynarosa, U. H. Kopuunses, pen. B.
A. OpnoBa — Mocksa : bunom. Jlabopatopus 3nanuii, 2019. — 189 c. : rpad., puc.,
TabJ1., QOoT.

4, ®wusuka : 11 kiacce : yueOHUK : 0a30BbIN U YIITyOJICHHBIN YpOBHU : B 2-X
yacTax, Yacte 2 / JI. O. 'ennenmreiid, 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
TEXHUUYECKOTO mpoduiisi: y4eOHUK AJis1 00pa30BaTENbHBIX YUPEKICHUN cpei. mpod.
oOpazoBanus / B. @. JImutpuena. — 8-e uz., crep. — M.: Axanemus, 2020. - 447 c.:
ui. — (Ilpodeccronansuoe odpasoanue) [cait]. — 2022. - URL: https://academia-
moscow.ru/reader/?1d=473243/ (nata obOpamenus: 29.01.2023). - Pexxum noctyma:
JUTSI 3apPETUCTPUP. MOJIb30BaTECH

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. MOJIb30BaTENEH

8. YueOnnrii onnaiin  kypc.®msuka 11 // MoOunpHOE DIIEKTPOHHOE
o0pa3oBaHuUE: [caitT]. — 2022. - URL.:
https://educont.ru/courses/list/course/7d15407e-e5b0-44b6-9385-fb9412b5a9f6(nara
obOpamenus: 29.01.2023). - Pexxum goctyna: s 3aperucTpup. MoJjib30BaTenen

JlonoJIHUTEIbHbIE HCTOYHUKH

9. DnexkTpoHHbI yueOHBIM Kypc. Puszmka (TexHomormueckuit mpoduis) //
JlucTaHIIMOHHOE oOy4eHue 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 (pu3HYeCKHE NOCTOSIHHBIE (OKPYIJICHHbIE 3HAYECHUSA)

du3nuyeckas NOCTOTHHASA O0o3HaueHune

YckopeHne cBOOOIHOTO MaACHUs g
Yucao T T
I'paBuTanioHHAst TOCTOSIHHAS 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®

Boma (mpu | 1,00-10° PryTh

4°C)

I'munepun 1,26:10° Croupt

52

YucaoBbie
3HAYCHUSA

9,81 m/c?

3,14

6,67-10™ M%/ (kr
-02)

6,02-10% mop™

8,31 Ix/(momnb-K)

1,38:10% /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,

TeJI0 Kr/m° TEJ0 kr/m’
AnroMuHuN 2,7 10° Mens 8,9 10°

bapuii 3,5:10° Hukens 8,9-10°

Banauii 6,0-10° CauHel 11,3-10°

BucMmyT 9,8-10° Cepebp 10,5-10°

Keneszo 7,8:10° 0 1,9-10°

JIurwmii 0,53-10° Le3wuii 7,1-10°

[k

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

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

Ko punueHT NOBEPXHOCTHOI0 HATSHKEHH S JKUAKOCTEH

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

IToka3zaTesib npeIOMJICHUSA

Bemecrso IToxa3arean
Bona 1,33
[nunepun 1,47
Crekio 15
Anmas 2,42
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IMoxkazanus
BJIAJKHOTO
TepMoOMeTpa,
°C

WNRNRNNMNMNRNMNMNNNNRPRRRRERRRE R
OCOXVOIRWNRPROOWO~NOURNRWNROOXNOOAR~WNEO

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 MOKa3aHUii CyxXoro u BJaKHOTO TEPMOMETPoOB, °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

IIcuxomeTpuyeckas Tadauna

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

5,5

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[aBneHne HAChIIIAIOIIMUX ITIAPOB M UX IVIOTHOCTDb IIPHA Pa3jIM4HbIX

t, °C

©Ooo~Noorlh WN PO

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 27
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 Ko3GduuuenT

COIMPOTUBJICHHUSA METAJIJI0B U CIIJIABOB

P P,
8 (Ynp « 8 (Ypg «
Bemecrso | <10 , JIOHM M | o K! | Bemecrso | *10 " JS;M o, B!
%1072 Om - MM2/M %1072 Om - MM2 /M

AnoMuHMIT 2,8 0,0042 {{Huxpowm 110 0,0001
Boangpam 5,5 0,0048 jCsunerlr 21 0,0037
JlaTyHb 7,1 0,001 (Cepebpo 1,6 0,004
Meunnb 1,7 0,0043 |[Crans 12 0,006
Huxkennu 42 0,0001 ||KoncTauTaH 50 0,00003
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ol

sino

cosa

Tadauua CHHYCOB M KOCHHYCOB

tano

sino

coso

tana

sina

COsC.

tano

1 o

20

30

40

50

60

70

BU

90

10°
11°
12°
13°
14°
15°
16°
17°
18°
19°
20°
21°
22°
23°
24°
25°
26°
27°
28°
29°
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
1,11

1,150
1,192
1,235
1,280
1,327
1,376
1,428
1,483
1,640
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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