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1 BBEJAEHUE

BaxHyio 4acTh TeOpeTH4ecKOi U Mpo(ecCHOHATBHON MPAKTUYECKON MOATOTOBKH 00yYaromuXCs
COCTABJIAIOT MPAKTUYECKUE U Ja0OpaTOPHbIE 3aHATUS.

CoctaB U cojepXaHHE MPAKTUYECKUX U JI1A0OPATOPHBIX 3aHATHI HANPABJICHbI HA PeaH3alHIo
®enepanbHOr0 rocy1apcTBEHHOrO0 00pa30BATENBHOIO CTAaHAAPTA CPEIHEro OOLIero o0pa3oBaHUs C
Y4ETOM I0JTy4aeMOM CIELHAIbHOCTH.

Benymeli aupakTHueckod  LeNbI0  IPAKTUYECKMX — 3aHATUH  sABJIsleTcss  (OpMHUpOBAHUE
npoeCCUOHATBHBIX MPAKTUYECKUX YMEHUH (YMEHHI BBIOJIHATH OINpENe/ICHHbIC NeHCTBUS, ONEpalty,
HE0O0XO/AMMBIE B IOCIEAYIOUIEM B MPO(ECCHOHAIBHONW IEATENbHOCTH) MM Y4eOHBIX NPAaKTUYECKHUX
YMEHUH pemiath 3a1a4u 1o (pusnke, HEOOXOAUMBIX B MOCIEAYIOMEH Y4eOHON AeATEIbHOCTH.

Benymell nuaakTuueckod 1ieNbl0  J1a0OPATOPHBIX 3aHATUH  SIBISETCS HKCIEPUMEHTAIbHOE
IIOATBEPK/ICHUE U POBEPKA CYILIECTBEHHBIX TEOPETUUECKUX 3aKOHOB, 3aBUCUMOCTEH.

B cootBeTcTBUMM C pabouedl mporpamMmoi ydeOHOW MUCHMIUIMHBI «DHU3MKa» MPEayCMOTPEHO
IIPOBEJICHUE MPAKTUYECKUX U JTa0OPATOPHBIX 3aHATHI.

BeinosnHenne npakTuueckux U J1abopaTOpHbIX paboT obecreunBaeT JOCTHKEHHE 00Yy4atoIMMUCS
CIIEYIOIUX Pe3yabTATOB:

e [IP61 chopMUPOBAHHOCTb TNPEACTABICHUH O poaud U MecTe (U3MKM M acTPOHOMHUHU B

COBPEMEHHOM Hay4yHOW KapTUHE MHpa, O CUCTeMooOpa3yromied ponu (UMK B Pa3BUTUU

€CTECTBEHHBIX HAyK, TEXHUKHA U COBPEMEHHBIX TEXHOJIOTHH, O BKJIA/Ie POCCHICKHX U 3apy0eKHBIX

yueHbIX-(DU3UKOB B pa3BUTHE HAyKH; IOHUMaHUE (GU3NYECKOM CYIIHOCTH HAOII01aeMbIX SIBICHUI

MUKPOMHpA, MaKpoMHpa M Meramupa; IOHHMaHHE pOJIK AacTPOHOMUU B IPAKTUYECKOU

NeSITeIbHOCTH 4YeJlOBeKa U JajbHEWIIeM Hay4yHO-TEXHHYECKOM pa3BUTHM, pPOJd (U3UKUA B

dopMUpOBaHUM Kpyrozopa MU (YHKIUOHAJIBHOW TIPaMOTHOCTU 4eNOBeKa Uil pEIIeHus

IIPAKTUYECKUX 3a7a4;

° [1P62 chOpMUPOBAHHOCTh YMEHUH pacro3HaBaTh (hU3WYECKHE SBICHHS (IIPOLECCHI) U

OOBSICHATh WX Ha OCHOBE M3YyYCHHBIX 3aKOHOB: pPAaBHOMEPHOE U PaBHOYCKOPEHHOE

MPSIMOJIMHEIHOE JIBUYKEHHE, CBOOOJHOE MaJeHHE Tel, IABMKEHHE IO OKPYKHOCTH, HHEpIuS,

B3aUMOJICHCTBHE TeJ, KosebaTenbHOEe JBUKEHUE, PE30HAHC, BOJHOBOE IBMKEHUE; Tuddy3us,

OpOYHOBCKOE JBUXEHHE, CTPOEHHUE KUIKOCTEW M TBEPABIX TeJ, U3MEHEHHE o0beMa Tel IpH

HarpeBaHWu (OXJaXACHUHU), TEIJIOBOE pPAaBHOBECHE, HCHApeHHe, KOHJEHCalus, IUIaBJICHHE,

KpUCTAJIIN3alUs, KHUIIEHHWE, BIAXKHOCTh BO3[yXa, CBA3b CpeOHEH KHHETUYECKOW BSHEpruu

TEIUIOBOTO JIBUKEHHS MOJIEKYN C aOCOJIFOTHOM TeMIlepaTypoi, MOBBIIIEHUE JaBJIEHUS rasa mnpu

€ro HarpeBaHMM B 3aKpbITOM COCYyJ€, CBSI3b MEXJAy IapaMeTpaMu COCTOSIHMSI ra3a B

M30IIpoLeccax; IEKTPU3aLMs TeJl, B3aUMOJIEHCTBUE 3apsi/ioB, HarpeBaHUE IPOBOJHUKA C TOKOM,

B3alMO/JICIICTBME MAarHUTOB, J3JEKTPOMAarHUTHas WHIYKIUS, JOCHCTBHE MAarHMTHOIO TIOJS Ha

IPOBOJHUK C TOKOM U JBIKYIIMHCS 3aps], OSJIEKTPOMAarHUTHblEe KoJeOaHUs M BOJIHBHI,

MpSIMOJIMHEIIHOE  pAcIpOCTpaHEHHWE CBETa, OTPaXXEHHE, IMpesloMIIEHHuEe, HHTepPEepeHLIns,

audpakius U TOJSpU3alUs CBeTa, AMUCIEpCUst cBeTa; (QoToanekTpuueckuil 3¢ddekr, cBeroBoe

JaBJIeHHE, BO3HHUKHOBEHHE JIMHEHYaToro CHeKTpa aroMa BOJOpPOJAA, €CTECTBEHHas U

HCKYCCTBEHHAs paiMOAKTUBHOCTH;

e [IP63 BiaJeHUWE OCHOBOMOJAramIUMU  (U3NYECKUMU TOHATUAMU U BEJIMYHMHAMU,
XapaKTepU3yIOIUMH  (U3NUYECKUE NPOLECChl (CBA3aHHBIMU C MEXaHHMUYECKUM JIBUKCHHEM,
B3aMMO/JICIICTBUEM TeEJI, MEXaHMYECKMMH KOJeOaHUSMU M BOJHAMHU; aTOMHO-MOJEKYJISPHBIM
CTPOEHHEM BEILECTBA, TEIUIOBBIMHM IPOLIECCAMHU; JJIEKTPUUECKHM W MAarHUTHBIM IIOJISIMH,
ANEKTPUYECKUM TOKOM, DJEKTPOMAarHUTHBIMU KOJ€OaHUSMU M BOJHAMH; ONTHYECKUMU
SIBICHUSIMU; KBAaHTOBBIMU SIBIICHUSIMH, CTPOEHHEM aTOMa M aTOMHOTO sJIpa, paJlOaKTUBHOCTHIO);
BJIQJICHHE  OCHOBOMNOJAralOU[MMH  AaCTPOHOMHYECKMMH  IOHSTHIMH, MO3BOJISIIOIIUMU
XapaKTepu30BaTh IPOLECCHI, MPOMCXOASIIME Ha 3B€3/aX, B 3BE3JHBIX CHUCTEMaX, B
MeXTaJaKTHYeCKO! cpefie; ABMKeHNEe HEOECHBIX Tell, IBOJIIOLIMIO 3Be3/] U BeeneHnHoii;



[TP6G4 Bi1aJIeHUE 3aKOHOMEPHOCTSIMH, 3aKOHAMU U TEOPUSMHU (3aKOH BCeMHUpPHOro Tsarotenus, I, 11
u III 3axkonbl HplOTOHA, 3aKOH COXpaHEHUS MEXAHWMYECKOW HHEPruHu, 3aKOH COXPaHEHHUS
HMMITYJIbCA, MPUHLUI CYHEPIO3UIUU CHJI, TMPUHIIMI PABHOMPABHOCTH HHEPLUHAIBHBIX CHCTEM
OTCUETa; MOJEKYJISIPHO-KMHETHYECKYI0 TEOPUIO CTPOEHHUS BEIIECTBA, ra30BbI€ 3aKOHBI, MEPBbIN
3aKOH TEPMOJMHAMUKH; 3aKOH COXPAHEHUs 3JIEKTPUUYECKOro 3apsaa, 3akoH Kynona, 3akoH Oma
JUISl y4acTKa Lenu, 3akoH OMa 171 IOJTHOM 3JIEKTPUYECKOH 1enu, 3akoH Jlkoyind - JIeHna, 3akoH
AJEKTPOMArHUTHOM  WHIYKIMU, 3aKOH COXPAHEHUS JHEPrud, 3aKOH MPSIMOJIUHEUHOIO
pacnpocTpaHEHHUs CBETA, 3aKOH OTPaKEHMS CBETA, 3aKOH MPEJIOMIICHHS CBETA; 3aKOH COXPAaHEHUs
SHEPruM, 3aKOH COXPAHEHHs MMIIYJIbCA, 3aKOH COXPAHEHHUS AJIEKTPUYECKOIO 3apsjia, 3aKOH
COXpaHEHHS MAacCOBOTO 4YMCIa, MOCTYNaThl bopa, 3aKOH pajiMOAaKTUBHOIO paclaja); yBEpEeHHOE
MCIOJIb30BaHUE 3aKOHOB M 3aKOHOMEPHOCTE! NpH aHainmu3e (PU3MUECKUX SBICHUHN U MIPOIIECCOB;
[IP65 yMeHUE Y4YUTHIBAaTh TpaAHUIBl MPUMEHEHUS HU3YYCHHBIX (UINYECKUX MOJEIICH:
MaTepuaabHas TOUKa, MHEpLUAIbHAsA CUCTEMA OTCUETa, WCANIbHBIN I'a3; MOAEIU CTPOEHUS ra3os,
KUJKOCTEH U TBEPABIX TEJ, TOUCUHBIN FJIEKTPUUECKUN 3apsij, sIepHas MOJENIb aTOMAa, HYKJIOHHAs
MO/I€JIb aTOMHOTO Si/Ipa MPHU PEIICHUN GU3MUECKUX 3a/1a4;

[IP66 BiaJeHHE OCHOBHBIMH METOJAaMH HAy4YHOTO IO3HAHMS, MHCIOJIb3yeMbIMH B (HU3UKE:
MPOBOJIUTH MPSIMbIE M KOCBEHHBIE M3MEpPEHUs (PU3NYECKUX BEITUYMH, BHIOMpAsk ONTHMAaIbHBINA
crocod H3MEpPEeHUs U HUCIOJIb3Yys HW3BECTHBIE METOJbl OIEHKU MOTPEIIHOCTeH H3MEPEHUH,
MIPOBOJNTH HCCIICIOBAaHUE 3aBUCUMOCTEH (U3MYECKUX BEIWYMH C HCIOJIH30BAHUEM IPSMBIX
U3MepeHuil, OOBACHATh TMOJNyYEHHBIC PE3yIbTaThl, HCIOIB3Ys (PU3UUYECKHE TEOpUH, 3aKOHBI U
MOHATHUS, W JeJaTh BBIBOJBL, COOJIOAATH MpaBHja O€30HacHOTO TpyJda NpPU TPOBEIACHUU
HCCIIEIOBaHHM B paMKax y4eOHOro SKCIepUMEHTa U y4eOHO-UCCIe0BaTEIbCKOM ASSITENFHOCTHU C
WCTIOJIB30BaHNEM HHU(POBBIX H3MEPUTEIHLHBIX YCTPOWCTB M J1aOOpaTOPHOTO 0O0OPYHOBaHUS;
c(hOpMHUPOBAHHOCTH MPEACTABICHUI O METOJaX MOJYUYEeHUs HAyYHBIX aCTPOHOMUYECKUX 3HAHUM;
[Pyl cpOpMUPOBAHHOCTh TMOHMMAHHS POJIH (U3UKH B IKOHOMHUYECCKOW, TEXHOJOTHICCKOM,
COLIMAJILHOW U ATHUYECKOH cepax NeaTeIbHOCTH YeI0BeKa; POJid U MecTa (PU3UKU B COBPEMEHHOM
Hay4YHOW KapTUHE MHUpPA; POJU aCTPOHOMHHU B TMPAKTHUUECKOW JCATEIHHOCTH YelIOBeKa U
JanbHENIIeM HayYHO-TEXHUYECKOM Pa3BUTHH;

[TPy2 chOpMHUPOBAHHOCTh CHCTEMBI 3HAHUN O (PU3NUYECKUX 3aKOHOMEPHOCTSAX, 3aKOHAX, TEOPHSIX,
JEHCTBYIONUX HA YPOBHSAX MUKPOMHpA, MAaKpOMHUpPAa M Meramupa, MpeacTaBlIeHHl 0 BceoOiemM
xapakrepe (pU3MUecKUX 3aKOHOB; MIPEJICTABICHUN O CTPYKTYpeE MOCTPOEHUsI (PU3HUECKON TeopuH,
YTO TO3BOJUT OCO3HATH POJib (YHIAMEHTAIbHBIX 3aKOHOB M TPUHIIMIIOB B COBPEMEHHBIX
MPEACTABICHUSAX O TPUPOJE, TMOHATh TPAHUIIBI MPUMEHHUMOCTH TEOPHM, BO3MOXKHOCTH WX
MIPUMEHEHUS JIJIs1 OTIMCAHUS €CTECTBEHHOHAYYHBIX SBJICHHI U MPOIECCOB;

ITPy3 chopMUPOBAaHHOCTh YMEHUS pa3inuaTh YCIOBUS MPUMEHUMOCTH MOjIeNiel (U3HUECKUX Te
W TpoleccoB  (SABICHWI): HWHEpIUalbHAas CcHCTeMa OTcueTa, MaTepuaibHas  TOYKa,
PaBHOYCKOpDEHHOE JIBW)KEHHE, CBOOOJHOE TMaJieHue, adCoJTHO yrpyras jaedopmarus,
aOCOJIOTHO ympyroe U aOCOJMIOTHO HEYNPYroe CTOJKHOBEHMs, MOJENed Tasa, KUAKOCTH HU
TBEPAOro (KPUCTAJUIMUECKOTO) Teja, WICAIbHOrO Tas3a, TOYEYHBIH 3apsl, OIJHOPOIHOE
JNEKTPUYECKOE  TIOJie, OJHOPOAHOE MArHUTHOE TMOJie, TapMOHUYECKHE  KoJeOaHus,
MaTeMaTUYeCKUil MasTHHUK, WJICATbHBI TPYKWHHBI MAaATHUK, TapMOHHMYECKHE BOJHBI,
UJealbHBIN KoNleOaTenbHbIM KOHTYP, TOHKAs JTUH3a; MOJIeJIeH aToMa, aTOMHOTO siJipa ¥ KBAHTOBOU
MO/JIETIN CBETA;

[TPy4 copMUPOBAHHOCTh YMEHUSI OOBICHATH OCOOCHHOCTU MPOTEKAHMS (UIUUYECKUX SBICHHIA:
MEXaHUYECKOe JBUKEHHME, TEIJIOBOE [BHIKEHHE YacTUI[ BEIeCTBA, TEIUIOBOE paBHOBECHE,
OpoyHOBCKOE JABIKeHHe, Muddy3us, HCMapeHHe, KUIEHHEe W KOHJEHCAIUs, IUIaBIIEHHE U
KpUCTAJIJIN3alMsl, HAlPaBJICHHOCTh TEIUIONEepenaun, 3JEKTPU3alUU TeJ, IKBUIIOTEHIINAIbHOCTH
MOBEPXHOCTU 3aPSHKEHHOIO MPOBOJHHUKA, JJIEKTPOMArHUTHOM WHAYKIUH, CAMOWHIYKIHWU,
3aBUCUMOCTH COIIPOTUBJIEHUS MOJIYIPOBOJHUKOB "p-" M "n-TMNOB" OT TeMmmeparypsl, pe30HaHca,
uHTepQepeHITnN BOJH, UPpaKIUU, TUCTIEPCUH, TIOJTHOTO BHYTPEHHETO OTpaxeHus, GoTodPdexKT,



¢u3nUecKre MPUHIMIBI CIEKTPATbHOTO aHAIM3a U paboTHI Jiazepa, "anbda-" u "Oeta-" pacmass
s5ep, raMMa-u3iaydeHue saep;

[TPy5 chOopMHPOBAHHOCTh YMEHHI MPUMEHSATH 3aKOHBI KJIACCUYECKON MEXaHUKH, MOJIEKYISIPHON
(GU3UKM U TEPMOAMHAMUKH, SJIECKTPOJUHAMUKY, KBAHTOBOW (DU3MKU JIJIsl aHAINU3a U OOBSICHEHUS
SABJICHUA MMKPOMHpPA, MAaKpOMHUpPa M MEramupa, pa3iuyarb YCJIOBHs (TpaHUIBI, 00IacTH)
MPUMEHUMOCTH (U3UYECKUX 3aKOHOB, IOHMMATh BCEOOWIMI XapakTep (yHIaMEHTAIbHBIX
3aKOHOB (3aKOH COXpaHEHMsS MEXAHUYECKOW SHEPruM, 3aKOH COXPAaHEHUS HMIIyJbCa, 3aKOH
BCEMHUPHOI'O TATOTEHUs, NEPBBIM 3aKOH TEPMOAMHAMHUKH, 3aKOH COXPAHEHUS SJIEKTPUUYECKOIO
3apsifa, 3aKOH COXPAHEHHS HHEPrHMHM) M OIPAaHWYEHHOCTb MHCIIOJIb30BAHMSI YACTHBIX 3aKOHOB;
aHAJIM3UPOBaTh (PU3MUYECKHE TMPOLIECChl, MHCIONb3Ysl OCHOBHBIE TOJOXKEHUS, 3aKOHbI U
3aKOHOMEPHOCTH; OTHOCHUTEIIbHOCTh MEXAaHMYECKOTO JBIDKCHHS, (OPMYJIbl KHHEMaTUKU
PaBHOYCKOPEHHOT'O JBMXKEHHUs, MpeoOpa3zoBaHusi ['anmunes A CKOPOCTU U MEpEMEIeHUs, TPU
3akoHa HbIOTOHA, NMPUHIMI OTHOCUTENBHOCTU [ anuies, 3aKOH BCEMUPHOI'O TATOTEHUS, 3aKOHbI
COXpAaHEHUS WMITyJIbca U MEXaHMYEeCKOW »SHEpruM, CBs3b pabOThl CHUIBI C HM3MEHEHHEM
MEXaHUYECKON 3HEPIruu, yCIOBHsI PAaBHOBECHUSI TBEPJOrO TEJa; CBA3b JABJICHUS HACAIBHOIO rasa
CO CpeJHEel KMHETUYECKOM 3HEeprueil TEIIOBOrO IBUKEHUS U KOHIIEHTPALMEH ero MOJIEKYJI, CBS3b
TeMIepaTypbl BEIIECTBA CO CPEAHEW KWUHETHMYECKOM HDHEPrUed €ro 4YacTHll, CBSA3b JABJICHUS
WJICAIbHOIO Ta3a C KOHIIEHTPALMEW MOJEKYJ1 U €ro TeMIlepaTypol, ypaBHeHHUE MeHpeneeBa-
Knanelipona, mnepBblii 3aKOH TEPMOJAMHAMUKH, 3aKOH COXPAHEHUS DJHEPIHMM B TEIIOBBIX
mpoleccax; 3aKOH COXPaHEHHs DSJIEKTPUUYECKOro 3apsaa, 3akoH KynoHa, NOTEHLHMAIbHOCTH
ANEKTPOCTATUYECKOTO I0JI, MPUHLUI CYHEPIO3ULIUU 3JIEKTPUUECKUX MoJiel, 3akoHa Kynona;
3akoHbl OMa JJIs ydacTKa LEeNU U Ul 3aMKHYTOM JIEKTpUYeCcKOM Lenu, 3akoH /xoyinsa-Jlenna,
3aKOH 3JIEKTPOMAarHUTHOM MHIYKIUH, MNpaBuiao JleHua, mnocTynarel ClEUUaIbHOW TEOpUU
OTHOCHUTENIHOCTH OHWHINTEHHa, ypaBHeHuEe DiHIITeiiHa Wi doTtodddekrta, mepBolii U BTOPOM
nocrynartel bopa, mpuHnun HeompenesneHHocTH I'eli3eHOepra, 3akOH COXpaHEHUs 3apsja,
MacCOBOI'0 YMCJIA U SHEPTHUH B SIACPHBIX PEAKIUAX, 3aKOH PAIMOAKTUBHOIO pacraja;

[TPy8 cdopmMupoBaHHOCTH MPEACTABIECHUN O METOAAX IMOJYYE€HHs HAyYHBIX aCTPOHOMHYECKHX
3HaHUi; BlIaJleHMEe YMEHHUSIMHU CaMOCTOATENbHO (OPMYyIUPOBATh LI€Tb MCCIEA0BaHUs (TPOEKTa),
BBIIBUTATh TMIIOTE3bl HA OCHOBE 3HaHMSI OCHOBOMOJAralmoluX (PU3MUECKUX 3aKOHOMEPHOCTEH u
3aKOHOB, IIPOBEPATH MX OSKCIEPUMEHTAIBHBIMM CPEJICTBAMH; IUIAHUPOBAaTh M IPOBOJWTH
¢u3nuecKue HSKCHEPUMEHTHI, ONMMCHIBATh M AHAIM3UPOBATH IMOJIYUYEHHYIO IPHU BBIIOJIHEHUU
HKCHEpUMEHTa HHPOPMALIUIO, ONPEAEIIATh JOCTOBEPHOCTH MOJIYYEHHOT'O pe3yJIbTara;

[TPy 11 oBnaneHue pa3nuyHbIMU criocodamu paboThl ¢ HHGopMalueil (U3NIECKOro coiepKaHus
C UCHOJb30BAHUEM COBPEMEHHBIX HWH(POPMALIMOHHBIX TEXHOJIOTHH, pa3BUTHE yMEHUH
KPUTHYECKOI0 aHAJIN3a U OIIEHKH JIOCTOBEPHOCTHU MOJTyyaeMol HH(pOpMalnu;

[IPy 12 oBnageHue OpraHU3alMOHHBIMM M IIO3HABATEIbHBIMH YMEHHUSMH CaMOCTOSITEIIBHOTO
NpUOOpETEeHUsT HOBBIX 3HAaHUM B  TMpollecce  BBIMOJIHEHHMS] TPOEKTHBIX U yuyeOHO-
HCCIIEIOBAaTENIbCKUX pPabOT, yMEHHSAMM 3aHATHETh B TPYIIE C BHIIOJHEHUEM pPAa3JIMYHbIX
COLIMAJIbHBIX POJIEH, TUIAaHUPOBATh PabOTy TPYMIIbI, PAIMOHATIFHO PACHPEeATh AesTeNbHOCTD B
HECTaHJApPTHBIX CUTYallUsAX, aJ€KBAaTHO OLIEHMBATh BKJIAJ KaXKJOTO0 W3 YYaCTHMKOB TIPYMIBI B
pelieHre paccMaTpuBaeMon IpoOIIeMBl;

MP 8 cnocoOHOCTh U TOTOBHOCTH K CAMOCTOSITEIbHOMY MTOMCKY METO/I0B PEIIEHUs MPAKTHYECKIX

3aJ1a4, MPUMEHEHUIO Pa3IMYHbIX METOJIOB MIO3HAHNUS;
MP 9 Bnagerb HaBbIKAMH MONy4YeHHS HMH(OpMAIMM W3 HCTOYHMKOB pAa3HBIX THIIOB,
CaMOCTOSITEJIbHO ~ OCYIIECTBJISITH ~ NOUCK, AaHAIW3, CHUCTEMATU3AalMI0 W  HHTEPIPETALHIO
nH(OpMaIUY Pa3IMYHBIX BUJOB U (OPM Ipe/ICTaBICHHUS;

MP 10 ¢opmupoBaHMe HAy4HOrO THUMA MBIIUICHUS, BJIaJ€HHE HAyYHOW TEPMHUHOJIOTHEH,
KJIFOUEBBIMH MOHATUSIMHU U METO/IaMU;



e MP 21 BBISBIATH NPUYMHHO-CIECACTBEHHBIE CBSI3M M aKTyaJu3UpOBaTh 3aJady, BBIJIBUraTh
TUIIOTE3Y €€ PelIeHUs, HAXOAUTh apryMEHTHI JJIsl IOKa3aTelIbCTBA CBOMX YTBEPXKJICHUM, 3a/1aBaTh
rapameTpbl U KpUTEPUU PEILICHNUS,

e MP 17 yMers TEpEHOCHTh 3HAHHS B TO3HABATCIBHYI0 M MPAKTUYECKYID 00JacTH
KU3ZHEIESITCIIbHOCTH;

e MP 13 oBnaneHue BUJAMHU JACATEIBHOCTUA IO MOJYYEHHIO HOBOT'O 3HAHMS, €r0 MHTEpIpETAIUH,
peoOpa30BaHUI0 U MPUMEHEHHUIO B PA3IMUHBIX YUEOHBIX CUTYAIUSAX, B TOM YHCJIE IIPU CO3/IaHUU
y4eOHBIX U COIUAIBHBIX TPOEKTOB;

e JIP 13 roTtoBHOCTh M CHOCOOHOCTH K OOpa30BaHUIO M CAMOOOPA30BAaHHMIO Ha MPOTSHKEHUHM BCei
KHU3HU;

e JIP 14 oco3HaHue IMYHOTO BKJIaZa B TOCTPOCHHE YCTOWYMBOTO OYAyIIEero

JIP 23 roTOBHOCTH K TPYJY, OCO3HaHUE LIEHHOCTU MacCTepCTBa, TPYLO0JI00HE;

e JIP 26 criocoOHOCTH OIICHWBATh CUTYAIUIO M IPHHUMATh OCO3HAHHBIC PEIICHUS, OPUEHTHPYSCH Ha
MOpaJIbHO-HPABCTBEHHBIE HOPMBI U [IEHHOCTH;

ConepaHue NpaKTUUECKUX U JJAOOPaTOPHBIX 3aHATUI OPUEHTUPOBAHO Ha IIOATOTOBKY O0yYaroIuXcs K
OCBOCHHIO TPO(ECCHOHATBHOTO MOAYJSI TPOTPaMMBbl TOATOTOBKM  CIICIMATIMCTOB CPEIHEr0 3BEHA TI0
CIIELIMATIbHOCTH Y OBJIA/ICHUIO HPOeCCUOHAILHBIMU KOMPEMEeHUUAMU:

IIK 1.5 OGecnieunBaTh U KOHTPOJIUPOBATH COOIIIOICHNE paOOTHUKAMU TPEOOBaHUN OXpaHbI TPY/A,
MOKapHOM, IPOMBIIIJIEHHOM U 3KOJI0rMYecKol 6€301acHOCTH.

[IK 2.1 BBIoOsHATH pacdeTsl MapaMeTpOB TEXHOJOTHUYECKUX IPOIECCOB 00PaOOTKH METaIOB
JaBlieHHEeM, paboThl 000PYOBAHUS, XaPAKTEPUCTUK UCXOIHBIX 3arOTOBOK U METAJUIONPOYKIIHH.

[1K 2.2 OcymiecTBiaTh MEPOIIPHUATHS 110 MOATOTOBKE 3arOTOBOK K IpoIieccy 00pabOTKH METasIoB
JIaBJICHUEM.

A Takxke OpMHUPOBAHMIO 0OULUX KOMNEMEHUUIL:

OK 01 Beibupath crioco0Obl pemeHust 3afay npohecCHOHAIBHON 1eATEIbHOCTH MPUMEHUTEIBHO K
Pa3IMYHbIM KOHTEKCTAM.

OK 02 HMcnonb30BaTh COBpEMEHHbIE CPECTBA MOMCKA, aHAJIM3a U UHTEPIPETaluu UH(POpMAIUU U
MH(OPMALIMOHHBIE TEXHOJIOTUH JJIs1 BBITIOJHEHMS 3a/1a4 MPOPECCUOHANBHOMN A€ATEIbHOCTU

OK 03 IInanupoBath U peaqu30BbIBaTH COOCTBEHHOE MPO(PECCHOHATBHOE U JTMYHOCTHOE Pa3BUTHE,
MpEeNNPUHUMATENbCKYIO AESITENbHOCTh B NpOQecCHOHANbHONW cdepe, HCIOoNb30BaTh 3HAHUS IO
(uHAHCOBON TPAMOTHOCTH B PA3JIUYHBIX KU3HEHHBIX CUTYaIUAX

OK 09 Ilonb3oBaThcs MpohecCHOHATBHON TOKYMEHTAllMe Ha roCyAapCTBEHHOM M MHOCTPAHHOM
A3bIKaX.

BeinmonHenue oOydaromuxcs MPaKTUYECKUX M J1TAOOpaTOpHBIX paboT Mo y4eOHOM TUCHMILUIMHE
«®Pu3nKa» HaPaBIIEHO HA:

- 00o0meHne, CUCTeMaTH3alMIo, YIIyOJieHHe, 3aKpeIuleHHue, pa3BUTHE M JIeTaTU3alHIo
MOJIYYEHHBIX TEOPETHUECKUX 3HAHUI 10 KOHKPETHBIM TeMaM y4eOHOW JUCIMUILTUHBL,

- (hopMUpOBaHME YMEHHUH MPUMEHSATH MOJyYCHHbIE 3HAHUS Ha MPAKTHKE, pealu3alMio eIMHCTBA
MHTEJJIEKTYaIbHOM U MPaKTUYECKON AESITeTbHOCTH;

- (opMupoBaHuE M pa3BUTHE YMEHM: HaOII0JaTh, CPaBHUBATh, COMOCTABIAThH, AHAIU3HPOBATH,
JieNaTh BBIBOJBI W OOOOIIEHUS, CAMOCTOATEIBHO BECTH HCCIIEOBAHMS, IOJIb30BATHCS Pa3IMUYHBIMU
npueMaMH U3MEpeHui, 0OPMIIATh pe3yabTaThl B BUJE TaOIUI], CXeM, IpahuKoB;

- IpuoOpeTeHre HaBBIKOB padOThl C PA3NIMYHBIMU MpPUOOpamMH, amnmapaTypod, YCTaHOBKAMH M
JOPYTUMH TEXHUUYECKUMU CPEJCTBAMHU ISl IPOBEACHHUS OIBITOB;

- pa3BUTHE MHTEUIEKTYaIbHBIX YMEHMH y OyIyluX CHEHUAINCTOB: aHATUTHYECKHX,
IIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JP.;

- BBIpaOOTKY MpH PELIEeHUH OCTaBICHHBIX 33/1a4 MPOo(eCCHOHAIbHO 3HAYUMBIX KaYeCTB, TAKMX KaK
CaMOCTOSITENIbHOCTh, OTBETCTBEHHOCTb, TOUHOCTb, TBOPUYECKAsI NHUIMATHBA.



[IpakTudeckue win 1a00PaTOPHBIE 3aHATUS MPOBOJSATCS B paMKaX COOTBETCTBYIOIICH TEMBI, TIOCTIE
OCBOCHHS JTUJAKTHYECKUX EIUHUII, KOTOpPhIE O0OECIeUUBAIOT HAIMYWE 3HAHHWKA, HEOOXOAMMBIX IS €€
BBIITOJIHEHHS.



2. METOANYECKHUE YKA3ZAHUA

IIpakTyeckue padoTnl

Tema 2.1. KunemarTunka
IIpakTuyeckoe 3ansaTue Nel
Pemienue 3a1a4 no KUHEMaTHKe. Y PABHEHUS IBUKEHHS.

]_[e.m,: HAayUUThCA pas3jindaTb BUAbBI MCXAHUYCCKOI'O JABWKCHHA B 3aBUCHUMOCTU OT q)OprI
TPACKTOPHUU U CKOPOCTHU HNEPEMEIICHHA TCJIa, paCCUUTHIBATE €TI0 IIapaME€TpPbl, HAYYHUTHCSA I/1306pa)KaTB
rpa(bnqecxn Pas3jiMuHbIC BHUAbI MCEXAHUYCCKUX I[BI/I)KCHI/If/’I, 3alUCbIBaTh YPaBHCHUA JABMOKCHUA,
pas3inydate €ro OTHOCHUTEIBHOCTH, HAY4YHUTHCA (bOpMy.]'II/IpOBaTB CICAYIOIUE IMOHATHUA : MECXAaHHUYCCKOC
ABHUKCHUC, CKOPOCTb U YCKOPCHUEC, CUCTEMA OTCUCTA, MEXaHUYECKUMN IMPUHOUIT OTHOCHUTCIIbHOCTH.

IIpakTunuyeckas padora popmupyert: [1PyS, [Ipy9, [1Py13, I1P62, [1P66, ITP67,
JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
1. BeimouHenue padotsl ciocodcTByeT hopmupoBanuro: OK 01, OK 02, OK 03, OK 09, OK 06
MatepuajibHoe o0ecnieyeHue:
MHAMBUAYaJIbHOE 33/1aHUE, KOHCIIEKT JIEKIIUH, CIIPABOYHbIE MaTepHaJIbI.

Ykazanue:

[IpakTuueckass paboTra COCTOMT M3 JABYX 4YacTed — TeopeTudeckod M mnpaktudeckou. [locie
M3yYeHHs] TEOPETUYECKOI0 MaTepuaia MOXKHO IPUCTYHAaTh K BBINOJHEHHUIO MpakTHueckod vacth. OHa
COCTOMT M3 JABYX M 0Oojee 3ajad JJisi CaMOCTOSITENILHOTO BBIONHEHUs. He 3a0pIBaiiTe 0 mpaBMIIBHOM
oopmienun pemnienus. Ha BelosHEHHE IPaKTUYECKOH OTBOJUTCA JBa aKaJeMUYECKHUX Yaca.

3aganme:
1. IIncbMeHHO OTBEThTE HA CJIeYIOIHeE BOMPOCHI:
e Kunematnyeckuil 3aKOH JBUKEHHS I KOOPIAUHATHOT'O crioco0a Ompe/IeNieHUs TBHKEHUS
MAaTepHaTbHON TOYKH.
e KuneMaTnueckuili 3aKOH JBUIKEHHUS MJI1 E€CTECTBEHHOI'O JABWXKEHUS [JIsi BEKTOPHOTO
croco0a onpe/eeHus ABUKCHUSI.
e Kunemarnyeckuil 3aKOH JBIKEHUS JJIs1 €CTECTBEHHOT'O CII0C00a OMpPEe/IeIeHUs TBUKCHHUS.
e Kak HaliTH BEKTOpP CKOPOCTU JJII KOHKPETHOTO, BEKTOPHOTO M €CTECTBEHHOI'O CIOCOOOB
onpeereHus: ABUKEHUA?
o Kak HailTH BEKTOpP YCKOPEHHS JJISI PA3HBIX CIIOCOOOB OIMPEACIICHUS] IBYKCHHUS?
2. Hcnoan3ysi popMyJibl AJsl pacyeTa mnapaMeTpoB IBHKEHUsI TeJl, PEIINTD 3aa4H.
3. Ilpoananu3upoBaTth rpaduku IBHKEHUS TeJl, ONMNCATH XapaKTep ABUKEHHS.

ITopsinok BbINOJHEHHS PadOThI:
1. TloBTOpPUTH OCHOBHBIE BOIPOCHI KHHEMATHUKH.
2. Pemmth 3a1auM 110 BapuaHTaM.
3. OdopMUTH OTUET B TETPAJN IJIS PAKTUIECCKUX PadoT.
Xon paborhr:
1. TeopeTnyeckas yacTb
OnHoMepHOe nBHXKEeHUE. J[BUKEHNE C TOCTOSTHHOM CKOPOCTBIO.

ITycTh T€n0 ABUKETCS B HAIIPABIEHUHU OCH X € IIOCTOSIHHOM CKOPOCTBIO V U 3a BpeMs Af =71 IPOXOJIUT

nyTh Ax =x—x,. CpenHsis CKOPOCTh

Ve = —
P Af||x() = x5 + VAL
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JIBH>KEHUE ¢ IEPEMEHHOM CKOPOCTHIO. Y CKOPEHUE

Ecnu teno nBmkeTcs HampaBlICHUU ocu Xc
nepeMeHHoi ckopoctbio V(t), TO, rpaduku X(t) u v(t) UMEIOT BHI:
[Ipy >TOM TOBOpPST, 4YTO TEJIO JIBMDKETCS C YCKOPEHUEM.

Yckopenue (d) — CKOpOCTh U3MEHEHHUST CKOPOCTH.

. 5 _AV (] =1
pa— —_ =—llal=1—
Ecnu 3a Bpemsi At=t—1; y3MeHEHHUE CKOPOCTU Av=v VO, TO cpelHee yCKopeHue: | . At c?
V=V,
a= = V=vVv,+aAt
us At 0 ny| V() = v, +aAt

2
alt
x(t) = xy + VoAt +

Ecau Vo HﬁCOHaHpaBHeHLI, TO CKOPOCTb ABUIKCHHUA TCJIa BO3PACTACT, d MMCCT 3HAK

«+»; B IPOTUBHOM CJIy4ae CKOPOCTb YMEHBIIAECTCS U @ UMEET 3HAK «—».

O

x(f) =xy +
(1) = xo oy

Ecnu Bpems nBmxeHus ®t HEM3BECTHO, TO

MHuoromepHoe aBuxkeHHE. J[BH)KEHUE Tella, OpOILIEHHOT0 MO/ YIJIOM K TOPU30HTY

[Tyctp Teno OpomieHo W3 Hayajga KOOPJMHAT MO YIJIOM K TOPH3OHTY C HAYaIbHOW CKOPOCTHIO Vo. U3

rpaduka BHIHO, YTO Vo = Vox + Voy (IBYMEpHOE IBIKCHHE MOXKHO PaCCMATPHBATh, KAK HAIIOKECHUE IPYT
Ha JIpyra IBYX OAHOMEPHbIX — 110 ocsiM X 1 Y).

9 2. Vo

2 "X
2'Vox Vox

2. IIpumepsl pemieHus 3a1a4

1. TMaccaxupckuii moe3a UAeT co ckopocTh 72 km/4. Ilo cocemnemy

MyTH JIBWXKETCS HABCTpedy TOBapHBIA moe3n anuHoi 140 M co ckopocTthio 54 km/4. CKOJIBKO
BPEMEHHU MMAaCCaXHp, CTOALIUHN Y OKHA, OyJeT BUAETh MPOXOIALINIl MUMO HETO TOBAapHbIN moe3n?

11



Jano: CHU Pewenue:

V1 = 72 kM/y 20 m/c | OTHOCHTENIbHAS CKOPOCTD JABHXKEHHS 000MX MOC30B V = Uy + Us.
V2 = 54 kM/4 15 m/c CnenoBarensHO, BpeMmsi, B TEHEHHE KOTOPOTO MUMO MaCcCaAKHUPCKOro
=140 m

" " l
10€3/1a NpoiIeT TOBAPHBIii, onpeaenum no popmyne: ¢ = =

140
20+15 4c.

[Toacrasnsem mauusie: ¢ =

Omeem: 4 c.

2. IlocamouHasi CKOPOCTh MacCaXHpCKoro camoiera 135 km/4, a jmHa mpobdera ero 500 M.

Omnpenenuth BpeMs mpoOera Mo nocagoyHoN MoJIoce U YyCKOPEHHE CaMoJIeTa, CUuTas JBUKCHHE
paBHO3aMEIJICHHBIM.

Jano: CH Pewenue:
Vo= 135 km/u

37,5 m/c| Bpems npobera camonera npu nocazke HaxoauM u3 (opmyIibl IyTH
S=500m

at
S=ypt+ — DA€ @ JUIs PABHO3AME/UICHHOTO IBUIKCHHS ONPE/IC/TCS
v

13 GopMyIbl: U = Vg + at mwma = -To. CrnenoBarenbHo,

vo,.2

3% 2§ 2500

S=vpt- ‘T » OTKymat=—=. [loacrasnsiem ganHbie: { = — 27¢
0 )
v 37,5
Vekopenue a = -T°; a=—=-14wm/c?

27
Omeem: 27 ¢, - 1 4 m/c’.

v=0wm/c

t-7,a-"?

3. Teno, nBUrasch paBHOYCKOPEHHO U3 COCTOSIHUA MOKOSI, 3a IATYI0 CEKYH]ly MpOoLuIo MyTh 18 M.
YeMy paBHO YCKOpPEHHE U KaKOM IyTh TEJIO MPOILIO 3a 5 ¢?

JMawo: Pewenue:
2 2
” - y ts t
ts—ty=1c¢ | IlyTs, npoiineunslii Te1OM 3a NATYI0 CeKyHay S = S5 — S, = “—2- - “2—“
25 218
S=18m Orciomaa ==5—; a= = 4 M/c?.

-3 47 25-16
3 G at? 4:25
[lyts, npoitaenHslii Tenom 3a 5 cexkyna Ss = S5 = o 50 m.

Omeem: 4 w/c%; 50 m.

4. B nocienHIO0 CeKyH/1y CBOOOJHO Majaroliee Telo MPOoLUIO MOJOBUHY cBOero mytu. CKoIbKO
BPEMEHH M C KaKOH BBICOTHI MAJIAJI0 TEJIO?

Jlano: Pewenue:

1 . . £
hy, — Ry q= Eh" [1yTs, npoiizenHsiii 3a Bce Bpems nagenus: h, = =

v I t-1)?

g=9.8 wm/c? Jlo nocneaHeit CeKyH/IbI TEIO MPOLLIO MYTh 12—" = “%
tz

t-7 h,-? CnenoBatensHo, gT =g(t—1)% wm t*-4t+2=0.

9,8:3,42
Ortcioma =2 ++2 =34 c. Buicotamagenus h, = o 57 m
Omeem: 3,4 ¢; 57 m.

5. Kamens nmagaer B maxry. Uepes 6 ¢ ClbllleH yaap KaMHs O JHO MaxTel. OnpeaenuTs IIyonHy
IIaXThl, €CJIM CKOPOCTh 3ByKa 330 m/c.

12



Hano: Pewenue:

t=6¢ Ecnn 0003HauuTh yepe3 t; BpeMs najieHust KAMHs, TO BPeMs PacripoCTpaHEeHHs
v =330 m/c | 3Byka f-t;. [lyrs, npoiizennslii kamaem npu cBo6oaHOM nagernu  h :gzﬁ' a
g=9.8m/c? | 3Bykom — h = v (t - t;). CneoBaTensHo, gzﬁ =0 (t-t;) unm gtlz +20t1-20t=10
h-? Pewus dannoe ypasrernue, noryyum t; = 5,5 ¢. I'myOuna maxret h = g;

a2
h=9‘8i= 148 m

Omeem: 148 m.

3aganus 1J151 CAaMOCTOATEILHON padoThI
Bapuant Ne 1
1. Camoner WJI — 86, nBurasch paBHOMEpPHO cO cKopocThio 900 km/4, B Te4eHHE 9C COBEPIIII
TaKoe ke MepeMernienue, 9ro u camonet Sk — 42 3a 10 c. Onpexnenure ckopocts Sk — 42.
2. I'paduku xakux ABMKEHMH Ted mokaszaHbl Ha puc. 1? Ilo rpaduky ompenenure: 1) B Kakoi
MOMEHT BPEMEHH Te€Jla BCTPETUIINCH; 2) KaKue ITYTH TeJla MPOIIIU 10 BCTPEUH.
x, M4

|
O

puc.l.

3. IToe3n uepes 10 ¢ nmocne Havana ABMKeHUs puoOperaeT ckopocTh 0,6 M/c. Yepes kakoe Bpems
OT Hauaja JBI)KEHHSI CKOPOCTh MOe3/1a CTaHeT paBHa 3 M/c?

4. 3a kakoe BpeMs aBTOMOOMIIb, BUTasich ¢ yckopeHueM 0,4 M/c2 , yBEeIUYHUT CBOIO CKOPOCTH C 12
1o 20 m/c?

5. Ilyns B cTBone aBromara KamamHukoBa aBuxkercs ¢ yckopeHueM 616 m/c2 . KakoBa ckopocTb
BbUIETA MYJIH, €CIIH JUTHHA cTBosa 41,5 cm?

6. Teno, nBUTasch NPAMOIMHEWHO C yCKOpeHHeM 5 M/c2 , gocturio ckopoctu 30 m/c, a 3areM,
JIBUTAsICh paBHO3aMEeIJIEHHO, OCTaHOBMIIOCH uepe3 10 c. Onpenenute nyTb, IPOWIeHHBINA TEIOM.

7. Teno cBoOogHO magaer ¢ BhICOTHI 125,5 M. Ompenenure BpeMs HaJeHUS U CKOPOCTb Tella B
MOMEHT yJiapa 0 3eMJIIO.

Bapuant Ne 2

1. Cpexnee paccrosaHue Mexnzy 3emier u CoJiHIleM 1 acTpoHOMHUecKasd
epuHuna (1 a.e. = 1,496 1011 M). OnpegmesnuTe BpeMd INPOXOXIEHMA CBEeTa OT
Coguna mo 3emau. CKOpOCTh CBeTa B BaKyyMe c = 3- 108Mm/c.

2. Ha puc. 2. npencraBieH rpa@uk 3aBUCUMOCTH KOOpAWHATHI Tena oT BpemeHHu. [lo rpaduky
orpenenute: 1) CKOIBbKO BpeMEHH TEJIO HaXOJUIIOCh B ABMXKEHHUHM; 2) YEMY PaBHO €ro MepeMelleHue.

X, m4
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puc.2.

3. Benocunenuct aBuxercs moJ ykioH ¢ yckopenueMm 0,3 m/c 2 . Kakyro ckopocTs npuoOperer
BesocuneaucT uepes 20 ¢, eciu ero HadaJibHasi CKOPOCTh paBHa 4 M/c?

4. Ckopoctb noesna 3a 20 ¢ ymensmmiack ¢ 72 1o 54 km/4. Hamucate ¢opmyiy 3aBHCHMOCTH
cKopocTH OT BpeMeHH [/X([]) 1 mocTpouTh rpaduk 3TOi 3aBUCHUMOCTH.

5. Ilpu aBapuifHOM TOPMOKCHHH aBTOMOOWIIb, IBIKYIIUHCS CO CKOPOCTBIO 72 KM/4, OCTaHOBHIICS
yepes 5 ¢. HailTu TopMO3HOH TyTh.

6. Yxnon mmuoit 100 M mapbxHMK nporuen 3a 20 ¢, aurasck ¢ yckopenuem 0,3 m/c 2 . KakoBa
CKOpOCTb JIBDKHUKA B Ha4yajle U B KOHIIE YKJIOHA?

7. Teno cBoboaHO nagaer B reueHue 4 c¢. Onpenenure BHICOTY, C KOTOPOM NaAaeT TEI0, U CKOPOCTh
B MOMEHT yz1apa 0 3eMJIIO.

®dopma npeacTaBiaeHusi pe3yJabTarTa:
BrimmonHuTh 3aaaHueC B TCTpaau IJIA NPAKTUUICCKHUX pa60T.

Kputepuu onenkmu:
3a MpaBUIIbHO BBIOJHEHHOE 33JJAHHE BHICTABIISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JACWCTBUE, 3aJJaHUE BBICTABIIACTCS OTpUIIaTeIbHAs oleHKa — 0 OaioB.
1. Oyenxa «omauunoy evicmasisemcs 3a 90 — 100% nmpaBHIIBHBIX OTBETOB
2. Oyenxa «xopouioy svicmasisemcs 3a 80 — 89% npaBUIBHBIX OTBETOB
3. Oyenxa «yoosnemeopumenbvnoy gvicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
4. Oyenka «Heyooe1emeopumenvHoy svicmasisemcs 3a Menee 60%0 mpaBUIBHBIX OTBETOB

Tema 2.1. Kunematuka

IIpakTnyeckoe 3ansaTne Ne2
Pemienne 3aga4 Ha napaMeTpbl BpaliaTeJIbHOT0 ABUKEHHUS

Henab: HayunThCs pemIaTh 3aJa4u Ha MapaMeTphl BPAIlaTeIbHOTO JIBUKEHUS
IIpakTnueckas padora popmupyert: [1PyS, [Ipy9, [1Py13, ITP62, I[1P66, ITP67,
JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
1. BbinoaHenue padotsl cnocodcTByeT (hopmuposanmio: OK 01, OK 02, OK 03, OK 09
MarepuanbHoe oOecneyeHHe: WHAMBUAYyaJbHOE 3aJjaHME, KOHCIEKT JIEKIIUH, CIpaBOYHbIE
MaTepHabl.
3ananne:
1 OTBeTbTE Ha CJICAYIOIIHE BONPOCHI:
o Kakyo popmyiay MOXKHO HCNOIb30BaTh JIJIsl HAXOXKIACHUS IYTH, €CJIM TOYKa MPOILIa MPH
KPUBOJIMHEWHOM JIBUKEHUU?
o Jlokaxute popMyiTy, CBSI3BIBAIOIIYIO0 BEKTOPHI JIMHEWHOMN U YTII0BOM CKOPOCTH.
e [loueMy paBHBI BEKTOPbl TaHI€HIMAJBHOTO ¥ HOPMAJIBHOIO YCKOPEHHUS B Ciydae
KPHUBOJIMHENHOIO IBUYKEHUS MaTepuanbHOM Toukn? Kak HaliTH MOAYJIHM 3TUX BEKTOPOB?
e UYeMy paBHbBI BEKTOpbl TAaHI'€HLHMAJIBHOIO U HOPMAJIBHOTO YCKOPEHMSI U UX MOJYJIH JUIS
BpalIaTEeIbHOTO JIBM)KEHHS] MAaTEPUAIIBHON TOUKH?
e Kak cBs3aH BEKTOp MOJHOIO YCKOPEHMS C BEKTOPAaMHU YIJIOBOTO YCKOPEHMsI U YIJIOBOM
CKOPOCTH ISl BPAIATEIbHOTO IBUKEHUA?
ITopsinok BbINOJHEHHS PadOTHI:
1. OrtBerbTe NUCHMEHHO Ha BOMPOCHI MPECTABICHHBIE BHIIIIE.
2. Pemmute camocrosTenbHyto paboTy. Opopmute perieHne NucbMeHHO B TETPAIH.
Xox pa0doThI:
Teopernyeckas 4acTb
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[TycThb Teno ABMXKETCS MO OKPY>KHOCTHU paanyca R ¢ OCTOSHHOM 10 3HAUEHUIO0 CKOPOCTHIO V

(TMHEHHON CKOPOCTHIO) U 3a BpeMsi ®t mepemecTuiioch Ha AS u3 1. A B T. B. Bektop V HampasiieH mo
KacaTeJIbHOU K OKPYKHOCTH U MEHSIET HallpaBJIEHUE, T.€. MOXKHO TOBOPUTH 00 M3MEHEHUU CKOPOCTH

AV =Vg =V, OTIIMYHOM OT HyJs. OTCIoa: At

LleHTpOoCTpEeMUTEIBHOE YCKOPEHHUE (d ) — CKOPOCTh U3MEHEHHUS HAIIPABJICHHS BEKTOPa CKOPOCTH.

a op

Onpenenum = Aep |
Av A_S v-AS

=7 Av =
N3 nomobus tpeyronsaukoB OABu CBD = v R =

Av  v-AS AS v?
a,=—-= — > v>la=—
At RAt ;mipult —>04ap > ay At R

Bekrop d HampaBiieH 110 pajinycy K HEHTPY OKPYKHOCTH.

[Tepuo oOpalieHust TOYKH 110 OKPYKHOCTH (1) — Bpemsi, 32 KOTOPOE TOUKa OMUCHIBACT OHY
OKPYXKHOCTb.

2R
\Y _v2 ZITR 47[2'
[T1=1c BB“"ru 1 ® 1

T

YacToTta oOpalieHus TOYKH 10 OKPY>KHOCTH ({ ) — KOJIMYECTBO MOJHBIX 000POTOB, COBEPIIIAEMBIX TOUKOMH

1 1 v
v=—| [v]l=1-_ |v="FT 2. 2
B €JMHUILY BPEMEHHU. T c, 2R |a = 47°v’R|
VrI10Basi CKOPOCTh OOPAIIEHHSI TOUKH [0 OKPYKHOCTH (1) — CKOPOCTb H3MEHEHHUsI yriia MOBOPOTa &
2

Aa [W] = l% w= _ﬂ.

panuyca R, coeAMHSIOMEro TOUKy ¢ HEHTPOM W= | OKpyXHOCTH. c T
ez Y v W

®; 27R R®|V:WR|;|V=27IVR|; ““RT R ®a=wR|

2. Pemiure 3a1a4u 1J151 CAMOCTOAITEJILHON padoTHhI.

1. ABTomMOOMIIb IBMIKETCS 1O 3aKpyTiieHUI0 paguycoM 100 MeTpoB co CKOPOCTHIO 36 KM/4.
Omnpenenuts ero NEHTPOCTPEMUTENBHOE YCKOpeHue. (O0TB.: 1 M/c)

2. ABTOMOOWIIH JBIDKETCS IO 3aKpyrJeHHI0 paamycoM 80 METpoB €O CKOPOCTBIO 54 KM/d.
Omnpenenutsd ero HEHTPOCTPEMUTENBHOE YCKOPEHHE.

3. ToummeHbIA Kpyr pamuycoM 10 cM nemaer oamH obopot 3a 0,2 c. Haiiaure cKOpocTh TOYEK,
HauOoJee yAaaeHHBIX OT OCH BpallleHHSI.

4. CaMonért, BBIXOJS U3 MUKE, IBUKETCS M0 TPAeKTOPUH, KOTOpask B HUKHEW YacTH SIBJIIETCS Tyroi
okpyxHOCTH paauycoM 800 M. Beruucnure yckopeHHe caMmoyiéTa Mpu ero JBHKEHUU, €CIIU €ro
CcKOpOCTh paBHa 720 km/4. (0TB.: 50 M\c?)
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5. CnyTHHK IBHXeETCs IO KpyroBoit opoute Ha Bbicote 630 kM. [lepuoa obpamenus crytHuka 97, 5
MHUHYT. Omnpenenutre €ro JMHEHHYIO CKOPOCTh M IIEHTPOCTPEMHUTENbHOE ycKopeHue. Paamyc
3emin 6370 km. (OtB.: 7514 M/c; 8,1 m/c?)

6. Bpems omHOro 060poTa BOKpYr ocH paBHO 24 daca. BerauciuTe yriioByro U JUHEHHYIO CKOPOCTH
BpalleHus TO4YeK Ha 3kBarope. Pagnyc 3emmu cuntars paBHbIM 6400 kM (0oTB.: 0,0007 pan/c; 448
M/C).

7. Tlepuon oOparieHus MepBOro KOCMHYECKOro Kopabis — cnyTHuKa 3emin «Boctok» paBusuics 90
MuHyT. CpenHsisi BbICOTa ciyTHHKA Haa 3emuéi Obuia paBHa 320 kM. Pammyc 3emmm 6400 kM.
Bbrauciure ckopocTb KOpaoJis.

8. KakoBa cKOpOCTh ABMXKEHHS aBTOMOOWJIA, €ciM ero koiseca pamuycom 30 cm genator 600
000pOTOB B MUHYTY?

9. Jlyna nBwxkercs Bokpyr 3emuin Ha pacctossHur 380000 kM oT He€, coBepInas ouH 000poT 3a 27,3
CYTOK. Brluncnure neHTpocTpeMuTesbHOe ycKopeHue JIyHsl.

@dopma npeacTraBJieHus pe3yJabTara:
BbinonHuTh 3ajaHue B TETPAAM JUIsl IPAKTUYECKUX padoT.
Kpurepun oneHku:
3a mpaBUIILHO BBIMTOJHEHHOE 33JaHHE BHICTABIIICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIIaTebHas olieHka — () GaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenbhoy svicmasisemcs 3a Mmenee 60% npaBUIBLHBIX OTBETOB

Tema 2.2. /Iunamuka
IIpakTnueckoe 3ansaTue Ne3
Penmrenne 3aga4 mo reme «Buabsl cij1 B MeXaHHKE.
Cuiia TpeHus NOKOs, CKOJIb’KeHHsl, KaUeHHs, BPALLIEHH I
Iesb: packpbITh coaepkaHue 3aKOHOB HblOTOHA M OCOOEHHOCTH CWJI Pa3JIMYHOM MPHUPOJIBL; 3aKPENUTh
YMEHMSI U HaBBIKU PELEeHUs 3a]a4 Ha BTOpoi 3akoH HbIoTOHA, KOra Ha TeNo AeUCTBYIOT HECKOJIBKO CHIL.
IIpakTnueckas padora popmupyert: [1PyS, [Ipy9, [1Py13, ITP62, I[1P66, ITP67,
JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
1. BbinoaHenue padotsl cnocodcTByeT (hopmuposanuio: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe oOecnedyeHue: TeTpaab I TMPAKTUYECKUX padOT, pydKa, METOIUYECKUE
PEKOMEHIALIMH 110 BBIIOJIHEHUIO Pa0OTHI, JIMHEHKa, KapaH Jarll.

Yka3zanme: Ilpaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M NMPAKTUUYECKOM.
ITocne u3yueHuss TEOPETUUECKOTO MaTepralla MOYKHO MPUCTYNATh K BBIIOJHEHUIO IIPAKTUYECKOM YacTH.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATENbHOIO BhINOJIHEHU. He 3a0biBaiiTe 0 npaBuibHOM
oopmienun pemienusi. Ha BeIoHEHNE NPAaKTUYECKOM OTBOJUTCS JBa aKaJeMUYEeCKHX Jaca.

Ilopsinok BbINOJHEHHSI padOThHI:

1. PaccMmoTpuTe TeOpeTHYECKHi MaTepual N0 TeMe U IpUMephl pelieHHus 3agad  (CMOTpH
METOJANYECKOE ITOCOOHeE).
2. Pemmre camocrosiTensHyto padoty. Odopmure perieHne NUCbMEHHO B TETPALIH.

Xox pa0doThI:

1. TeopeTnyeckas yacTb
Lunamuxa. OchosHvle noHAmMUS

Nuepuust — sIBJIEHUWE COXPAHEHHS CKOPOCTH JBMKEHHS TeJa MPU OTCYTCTBUU
BHEITHUX BO3JICHCTBHIL.

NHepTHOCTh — CBOWCTBO TeN, MPOSBIAIONICECS B TOM, YTO TPH OJMHAKOBBIX
BHEITHUX BO3JCHCTBUAX pa3HbIE TeJla MPUOOPETAIOT Pa3HbIe YCKOPEHHUSI.
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Macca (M) — Mepa uHepTHOCTH Tesl.  [M]=1kr. |a,

3a atanoH maccsl (1 KuaorpaMM) NpuHATa Macca MEXAYHApPOJHOTO IIPOTOTUIIA KMIIOTpaMMa.

V3 OmbpITOB W3BECTHO, YTO YCKOPEHHUS, IOMy4aeMble TelaMH I[pH B3aWMOJEHCTBHH, OOpaTHO
IIPONOPLUOHAIBHBI UX MaccaMm: .

Ecnu maccy kakoro-nmu6o Tena NpuHATH 32 3TAJIO0H, TO MOKHO U3MEPUTH MACCy APYTUX TEIl:

KT m;-a,,
[P] = 173 Mpgap =— >
M Arpaa

[TnoTHOCTH Tena ()) — OTHOIIEHHE MacChl Tea M K ero oosemy V.

<|3

Cuna (F) — mepa MexaHHUYECKOTO JCHCTBUS OJIHOTO Tena Ha Ipyroe.
[F]=1H — HbIOTOH.

Cuita umeer HaIIpaBJICHUC, T. €. CUIA-BEKMOPD.

Cuma BCCTa INPUIIOKCHA K TOMY TCJIIY, HA3BAHHUC KOTOPOIr'o CICAYCT B IPCIJIOKCHHUHN ITIOCIIC IPCAJIora
«Ha».

CunoBoe noJie — 0COOBIH BHUA MAaTCpPUHU, IMOCPCACTBOM KOTOPOIo nepenaéTc;I JEUCTBUE CUJIBL.

—

PaBHogeiicTByromas (pesyiaprupyromas) cun ( R) —cuna, paBHas BEKTOpHO# CyMMe JaHHBIX CHII F .
R-YF

JlaBienue (p) — OTHOIIGHHE CWJIBI K IUIOMQMU TOBEPXHOCTH, HAa KOTOPYIO OHa JIEHCTBYyeT B
MEPIEeHIUKYJIIPHOM HaIlpaBJICHUU.

H
p:E [p]=1—=
S M

1 Ila — mackaimp

Wmmnynse Tena (P)— BeKTOpHAs Mepa MEXaHUYECKOTO JBMKCHHS, PaBHAs MPOU3BEJCHUIO MAcChl Tella Ha

KI'-M

= = =1
ero CKOpOCTb. [‘D] c

Nmnynbe cunbl ( £ - Ar) — BEKTOpHAsi Mepa JCHCTBUS CHIIbI, paBHAsl TIPOM3BEICHUIO CHJIBI Ha BpeMs e€
nevicteus. [FO®t] =1 HDc.

3akoHbl HeroToHA

O606H_II/IB PE3YyIbTAaThl CBOUX HCCIIeI0BaHUM H, yUTd pa60Ty Tlamunes «O ABWIKCHUU TCJI IO UHCPLUNY,
Hrroton C(I)OpMy.]'IPIpOBaJI 3aKOHYCHHOC ITOJOKCHUEC, U3BCCTHOC KaK HCpBLIfI 3aKkoH HproToHa:

Cyl1ecTByIOT CHUCTEMBl OTCUETa, OTHOCHUTEIHHO KOTOPBIX TEJIO HAXOAWTCA B IMOKOE JMOO JBHXKETCS
MPSIMOJIMHEIHO U paBHOMEPHO, €CJIM PAaBHOAEUCTBYIOIIAs BCEX MPUIIOKEHHBIX K HEMY CHJI paBHA HYIIIO.
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WNuepuuanshas cucrema orcuéra (MCO) — cucTemMa OTCuY€Ta, B KOTOPOM BBIIOJHAETCS

1epBbIil 3ak0H HproToHa. F=m-a
- Ap mAV
F= &P _mav_ ma .

s A A 1oJ1yyaeM BTOpOii 3akoH HeroToHa:

J11 Tei1a HOCTOSIHHOM MAcCCHI CKOpPOCTb HU3MCHCHHA HUMITYJIbCAa paBHA IMPOU3BCACHUIO MACChl Ha
YCKOpEHHE.

Bropoii 3akon Herotona padoraer tosibko B MCO u mpu yciioBuH, YTO Macca Tejla U JACHCTBYIONIUE Ha
HEro CHJIbI IIOCTOSIHHBI.

Bropoii 3akon HproTroHa crpaBeMB Ui paBHOACHCTBYIOLIEM R BCeX CHIJ, IIPWIOKEHHBIX K TeIly,

IIO3TOMY, HNPCKIAC YEM p€UIaTh 3aaa4u C €0 IPUMECHCHUEM, HAJ10 OIIPEACIUTD R.

Tpernii 3axkoH HproTOHAa:

Cunbl, ¢ KOTOpbIMH JiBa Tena [CHCTBYIOT JAPYr Ha JApyra, YHMCICHHO DaBHBl M HAlPaBJICHBl B
MIPOTUBOMNOJIOKHBIE CTOPOHBI IO OJTHOM MPSAMOIA.

Tperuii 3akon Hetotona padotaer Tonsko B NCO.
3aKOH BCEMUPHOT'O TATOTEHUS

ITonaras, 4yro Bce Tena Beenennoii B3aumHo nputsruBatorcsi, Hetoton B 1682 r. cdopmynupoBai 3akoH
BCEMHMPHOI'O TATOTEHHUs: BCE TeJIa MPUTIATUBAKOTCA APYT K APYry ¢ CHJIAMH, IIPSIMO IPOIOPLMOHAIBHBIMU
MIPOU3BEACHUIO UX Macc U 00paTHO MPONOPLUHNOHATBHBIMH KBaPATy PACCTOSHUS MEKIY HAMHU.

_ry-m_-m,

I:12 R 2

rae Fi1p — cuita B3auMHOTO MPUTSKEHUS TEN Macc My | My;

© — rpaBUTAIMOHHAs TIOCTOsTHHAsI. ©= 6,6720 @ 10 Hm?/kr?.

Cunsl B mpupone

Cuma  TsokectH  (Fu) —  cHIa, cooO1mraromas Teny
YCKOpEHHE CBOOOHOTO TaJCHUSI.

!

'I'I
Il
3

@

msoie

Cuna TsoKeCTH HalipaBJICHa BECPTUKAJIBHO BHU3 (nepnequ/IKmepHo

KacaTeJIbHOW K MOBEPXHOCTH 3€MJIN).
Peakuusi( N ) — cuia aefcTBHs Onmopsl (IoBeca) Ha Teo.

Bec tena () — cuna, ¢ KOTOpO# Teo AEHCTBYET Ha OMIOPY MJIH MOABEC BCICACTBHE MPUTHKEHUS K 3eMITe.
HeBecomocTs — ncUYe3HOBEHHE Beca TeNa MPH JIBUKEHUH OMOPHI ¢ YCKOPEHHUEM CBOOOTHOTO MaeHUS.

Heperpy31<a — YBCIIMUCHUC BECa TCJIa IPU ABHUIKCHUU OIIOPBI C YCKOPCHHUEM BBCPX.

F, = k%

Cuma  ynpyroctu  (F,) —  cwuia, BO3HUKAIOIIAs B TeJle MPH AePOopMalnu.
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3aKkoH ['yka: cuia yrpyrocTH, BO3HHKAIOIIAs Ipy Ae(opMaIiu Tena, mpornopuuoHaibHa ero adCOMIOTHOM
nedopMaluy 1 HarpasiieHa B CTOPOHY, IPOTHUBOIIOIOKHYIO TIEPEMEIICHUIO YACTHUI Tela:

Cwuiia Tpenus moKos ( Fip.n.) — CHJIA, BOSHMKAOIIAS HA TPAHUIE CONMPUKOCHOBEHHUS TENI IIPU OTCYTCTBHU HX
JBUKCHHSI OTHOCUTENBHO YT ApyTra.

I — xospdurment tpenus (3aBucur or |Frp =4N| Marepmanos Tpymmxcs noBepxrocteit).

Cuna TsDKeCTH — 9TO TPaBUTALMOHHAS CUJIa, C KOTOPOH 3emiis mpuTsATruBaeT kK cede tena: F = mg,
r7ie g — YCKOpeHue CBOOOIHOTO najeHus, g = 9,8 m/c2. .

Yckopenne cBoboaHoro maneHust 3aBucut oT: 1) R 3emum (reorpaduyeckoit mmpotsl): yem R
3emnm 1 (9kBaTop), TeM g | 2) h — BBICOTHI Tena Haa MOBEPXHOCThIO 3emiu: ueMm h |, tem g |. Jlus
nr060ro kocMuueckoro tena Frsok = G M /([1+0]) [

MuHumanbHas CKOPOCTb, KOTOPYIO HY)KHO COOOIIUTH TeTy, YTOOBI OHO MOIJIO ABUTAThCS BOKPYT
3emiu 1o kpyrosoit opoute (MC3) - mepBas kocmuyeckasi ckopocts vl = 7,9 km/c.

MuHumanbHasg CKOpPOCTb, NMPU KOTOPOM TENO MPEOoJI0JIeBaeT 3€MHOE MPUTSHKEHHE U CTaHOBUTCS
cinytaukoM ComHia (opbuta = nmapaboia) — BTopasi KocMU4ecKas CKopocTb v2 = 11,2 kwm/c.

CkopocTh, mpH KOTOpOil Teno mpeonosieBaeT mnputsbkeHue ConHua u nokuaaer CoNHEYHYIO
CHCTEMY — TPEThsl KOCMUYECKast CKOpocTh L3 = 16,7 km/c.

Cuwia TpeHHsl: BO3HHMKAeT BJIOJIb MOBEPXHOCTH JIBYX TPYLIMXCS Teld H3-3a JIedopMaluud STHUX
MOBEPXHOCTEH M HampaBlieHa BIOJb IMOBEPXHOCTH MPOTUB cMemleHus. [Ipupona — areKTpoMarHUTHAS.
Jtp = uw N, rme N — cuna peakiuu omnopsl, | — ko3 duiueHT Tpenus. Cuna TpeHus ObIBaeT: MOKOs,
CKOJIL)KCHUSI, KAaUeHUsSI M JKUAKOE TpeHue. Ecnu TpeHue moje3HO — ero yBeNIWYHBAIOT (IIypyIbl, MECOK,
IIUIIOBKH, PYKaBUIBI U T.JI.), @ €CIIM BPEAHO — YMEHBIIAIOT (MOAIIMITHUKY, CMa3Ka, o0Tekaemas (hopma u
T.1.). Cuita ynpyroct — BO3HUKaET mpH aegopmanuu tei. [Ipupoaa — anexrpomMarHuTHas.

Hedopmarust ObiBaeT ympyras (pacTsbkeHUE - cCKaThe, WM3rud, CIBUT — Cpe3, KpydeHue)
TUTACTHYECKas (He MCUYe3aeT Mocie MPEeKpalIeHus! BO3ICHCTBHSL.

Ona ynpyron pedopmauyun BbINOAHAETCA 3akoH [yka: cuna  ynpyroctu npsmo
nponopuuoHanbHa ygnuHeHuto tena: F = — kAL, rge k — xecTkocTb Tena, Al — ero yanvHeHue.

3HaK «—» ykasblBaeT, 4To Fynp HanpaBneHa NpoOTMBOMNOMOXKHO CMELLEHMIO YacTuy, Tena.

Bec Tena — 3To cuna, ¢ KOTOpPO# Teo, BCISACTBUE €ro MPUTSHKEHUS K 3eMJle, JCHCTBYET Ha ONOpy
win noasec: P = mg, rne P — Bec Tena, g — yckopeHue cBOO0HOTO majeHus, g = 9,8 m/c2 .

B »TOM ciyuae omopa MJIU INOLBEC HAaXOLATCHA B COCTOAHHUM DABHOMEDPHOI'O
OPSAMOJIMHEHMHOT'O ABUXEHUS OTHOCUTEJBbHO 3eMau. OgHaAKO, BEC MOXET 6BITh
60JIblIe HJIM MEeHblle CHJB TAXeCcTH. Ecau omopa HJIU HNOLBEC ILBUXYTCH
YCKODEeHHO BHU3, To Bec P = m(g—a).

Ecnu omopa win mojaBec OBUXKYTCS YCKOPEHHO BBepX, TO Bec P = m(gta), Teno HCHbITHIBAET
neperpy3ku. Eciu Teno ABUKETCS TONBKO MOJA JACHUCTBUEM CHIIBI TSKECTH, TO OHO HAaxXoHATCS B
cocrosianu HeBecomoctu (P = 0).

2. IIpumepsl pemieHus 3a1a4

1. ABTOOYyC, Macca KOTOPOTO C TIOJTHOM Harpy3koii paBHa 15 T, TporaeTcs ¢ mecrta ¢ yckopenuem 0,7
M/c 2 . Haiftu cumy Tsru, ecnu Ko GUIIMEHT CONPOTUBIICHHS IBHKeHUIo paBeH 0,03.
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Hano:
m=157=15-103kr

Pewenue:
er

S

a=0,7 m/c? —=> Ey+N+F+mg=ma
N Fmp =3 U
11:1 —‘)0,03 2 1 -~ —7 OX:-Fp+F=ma

= OY:N-mg=0->N=mg
f _,  Ep=MN-FE,=pmg

-mmg + F = ma
F=ma + Mmmg=m(a + mg)
F = 15 10%kr(0,7 m/c* + 0,03-10 m/c?) = 15+ 10%kr-1 m/c? =
15-10°H
Omeem: 15-103H

2. Ha HakjIoHHOM MJIOCKOCTH JUIMHOW 5 M W BBICOTOM 3 M Haxoautcs rpy3 maccoit 50 kr. Kakyto

CHJIY, HAaIlpaBJICHHYIO BJOJb IIOCKOCTH, HA/I0 IPHIIOKHTh, YTOOBI yAepKaTh TOT IPy3, €CIIU TIHYTh €T0
c yckoperueM 1 m/c 2 ? Koapdunuent tperns 0,2.

Hano: Pewenue:

m = 50 kr - T

a =1 m/c? A Y T Cocranum YPABHEHHE JIBUKEHUS Tela:
M= 0,02 g XN ) Fy+N+F +mg=ma

; 53'“ M f ‘\J" e lf‘ HaiizeM npoexumm cuir Ha ocH:

1 M ' x

Ock OX: -F, + F - mgsina = ma
Ock OY: N~ mgcosa =0 — N =mg cos a
Eyp =MN = F, = Mmg cos a
[Tojcrasne BrOpoe ypasHeHHe B HIEPBOE, MOJYUHM
-mmgcos @ + F - mgsin a= ma
Haxoaum npon3soaHyio BeJIMUnHY:
F = Mmmgcos a- mgsina + ma nau
F=m(a + mgecos a + gsin a)
ITo onpeaeneHnio cnayca uMeem
sina = fl’- sina = 0,6

F-9

5m

H3 0CHOBHOTO TPHIOHOMETPHYECKOID TOKICCTEA

sina +cosa’=1,
cosa=v1—sina’=y1-036=064=08

BuIqiciM HCKOMYH) BETHYHHY:

F =50 xr(02:10 w/c?+ 0,8 + 10 wic* 061 w/c?) =430 H
Omeem: 430 H.

3. Ha maype, nepekuHyTOM uepe3 HEeMOABMXHBINA OJIOK, MmojBerieHsl Tpy3bl Maccamu 0,3 u 0,2 Kr.
C kakuM yCcKOpeHueM ABUKYTCs rpy3bl? KakoBa cuiia HaTs»KeHUs BO BpeMs IBUKECHHUS?
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Mano: Pewenue:

m; =02 kr Nl ' T CoctaBuM ypaBHEHME JBHKCHHS JUIS
my = 0,3 xr W 5 JBYX TEJ:
a-7T-? A g & {m1§+T1: ma;
A i R ¥ ;
myg + TZ = myaQp

Haiinem npoexuuu cni Ha och OY:
{ I —mg =ma,
=T; + mpg = myay’
T k. Tena cBSI3aHbl OJIHOM HUTBIO, TO
TI =T2 :Tual =Qaz=a,
T—-—myg =mya
-T+myg =mya’
CnoXHuM 9TH YPaBHEHHSI:
—myg + myg = (my + my)a unu
g(my —my) =(my + my)a
Peinim 910 ypaBHeHHE OTHOCUTEIBHO HEW3BECTHOM BEINYHUHBI
mop—m 10 M/c2(0,3kr—0,2Kr ,
= g(z—l).BbHucmm g =2/ Q3002 _ 5 (2
miy+my 0,3kr+0,2kr
Cuny HaTsDKeHMs HaliaeM ux nepsoro ypasHenusi: T=mq(g + a)
Bouiuncaum: T = 0,2kr(10 M/c? + 2m/c?) =24 H
Omeem: 2 M/CZ; 24H

Torna, {

CamocrosiTe1bHasi padoTa

Bapuanr Ne 1

1. Bpycok maccoii 0,2 Kr paBHOMEpPHO TSHYT C TOMOIIBIO JUHAMOMETpPA MO TOPU3OHTAIBHOMN
iockoctu croina. [Tokazanue nuaamomerpa 0,4 H. Onpenenure ko3 GuiineHT TpeHUs CKOIbKEHUS L.

2. Ha HaxJIOHHOMW IJIOCKOCTHU C yriioM HakjoHa 20° Haxomutcs Teno maccoil 20 kr. Onpenenure
CUJIy, HAIIPaBJICHHYIO BJOJIb IUIOCKOCTH, KOTOPYIO HEOOXOAMMO HPUJIIOKHUTH K Teldy, 4YTOOBl €ro
paBHOMEpHO ABUTATh BBepX. KoadduumenT Tpenus Tena o miockocts 0,4.

3. Ha HuTH, IepeKnHyTON 4epe3 HeNoJBMKHBIN 010K, mojaBemieHsl rpy3sl Mmaccamu 0,3 u 0,34 kr.
3a 2 ¢ nocie Havajga ABMXKEHUS Kaxablil rpy3 mpouen myTh 1,2 M. [lo JaHHBIM onbITa HaliTH YCKOpEHHE
CBOOOJTHOTO TaJICHHS.

4. DneKkTpoBO3, TPOTAsACh C MECTA, pa3BUBAET MaKkcuMaibHyto cuiy Taru 650 kH. Kakoe yckopenue
OH COOOIIHUT KeNe3HOI0OPOKHOMY cocTaBy Maccoil 3250 T, ecnu KO HUIIMEHT CONPOTUBIICHUS paBeH
0,005?

Bapuant Ne 2

1. Kakyto cuity Hajio NpUIIOKHUTH U MOJbeMa BaroHeTkn maccoil 600 Kr mo 3crakaje ¢ yriiom
HaksoHa 20°, eciu K03 GUIUMEHT CONPOTUBIIEHUS IBUKEeHUIO paBeH 0,057

2. Ha HakjIOHHOW TUIOCKOCTH C yrioMm HakioHa 30° Haxomutcs Teno maccoit 20 kr. Onpenenurte
CHJTy, HAIlPaBJICHHYIO BJIOJb IUIOCKOCTH, KOTOPYIO HEOOXOAMMO IPHJIOXKHUTh K Tely, YTOOBI €ro
paBHOMepHO aBUraTth BHU3. KoadduuueHnt tpenus tena o miaockocts 0,6.

3. Ha mHype, nepekuHyTOM uepe3 HeMOABIKHBIN OJIOK, mojBemieHsl rpy3sl Maccamu 0,3 u 0,2 kr.
C kakuM yCKOpeHHEM ABWKYTCA rpy3bl? KakoBa cuiia HaTsHKeHU IIHYpa BO BpEMsI IBUKECHUS ]

4. ABromoOmib mMaccoi 1 T, Tporasce ¢ Mecta, pocturaer ckopoctu 30 m/c uepe3 20 c. Haiitu
CHIIY TSTH, €clii KO3PUIUMEeHT conpoTuBieHus pasex 0,057

®opma npeacTaBiaeHus pe3yJabTara:

BoeinmonHuTh 3asaHue B TETPaaM ISl MPAKTUYECKUX padoT.

Kpurepun onenkmn:
3a npaBUWIILHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTENbHAS OlleHKa — 1 Oa.
3a HeMpaBUWIIbHO BHITIOJIHEHHOE JIEHCTBHE, 3aJ]aHNe BHICTABIISICTCS OTpHUIIaTeNbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «HeyoosemeopumenvHoy svicmasisiemcs 3a Menee 60% nMpaBUIBLHBIX OTBETOB.
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Tema 2.3 3aKkoHBI COXpaHEHHS] B MeXaHUKe

IIpakTuyeckoe 3ansitue Ned
3aKoHbI COXpaHEeHUs] B MeXaHUKe U UX PUMeHeHHne

Heab: 3aKpenuTh YMEHUS U HABBIKU PEIICHIS 3a/1a4 HAa 3aKOHBI COXPAHCHUS

IIpakTuyeckasi padora popmupyer: [1Py5, I1py9, [1Pyl13, I1P62, ITP66, I1P67,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
1. BeinoJsiHenue padotsl cnocodcTByeT popmupoBanuro: OK 01, OK 02, OK 03, OK 09

MarepunanbHoe oOecnedeHue: TETpaab Ui IPAKTUYECKUMX padoT, pydyka, METOAMYECKHE
PEKOMEH/IalliH IO BBIOJHEHHUIO pa0OThI, TMHEIKA, KapaHalll.

Ykazanue:

[IpakTnueckass paboTa COCTOMT M3 JABYX 4YacTell — TeopeTHdyeckodW W mpakTtuueckou. Ilocne
M3y4YEHUsl TEOPETUUECKOr0 MaTepuaja MOKHO MPHUCTYNATh K BBHINOJHEHHUIO MpakTH4Yecko dactu. OHa
COCTOHMT M3 ABYX M Oosiee 3a1ay A CaMOCTOSITENBHOTO BbIMoidHeHHs. He 3a0biBaiiTe 0 mpaBHIBHOM
odopmitennu pemeHus. Ha BBITIOTHEHNE MPAKTUYECKOW OTBOJUTCS JIBA aKaIEMUIECKIX Jaca.

Ilopsinok BbINOJIHEHHS PadOTHI:

1. PaccmoTpute TeOpeTHYECKHMH Marepuanl MO TEeME€ M NPUMEPHl pEIIeHHs 3a1ad (CMOTpHU
METOAMYECKOE ITOCOOHE).

2. Pemute camocrosTenbHyto padoTy. OpopMuTe perieHre NucCbMEHHO B TETPaIu.

Xox pabdoThI:

1. TeopeTuyeckasi yacThb
3aKOHbBI COXPAaHEHUS UMITYJIbCa, MOMEHTA UMITYJIbCA, JHEPTHH U Jp. ACUCTBYIOT B 3aMKHYTBIX CHCTEMaX.
3amxnymou Ha3bplBa€TCid CHCTEMa TeJ, B3aUMOACHCTBYIOUIMX TOJBKO JpYyr C JpyroM U He
B3aMMO/ICHCTBYIONIUX C JPYTUMHU TEIAMHU.

Hmnynvce cunvl — BEKTOpHAs BEJIMYMHA, SIBISIFOIIASICS. MEPOU JEHCTBUS CUJIbI 32 HEKOTOPBIH MPOMEXYTOK
BpPEMEHH.

I'=F-t, | —ummynsc cunel F 3a Bpems t

Nmnynsc Tena (KOTUYECTBO NBMXKCHHSI) — BEKTOpHas (u3MYecKkass BEIWYWHA, SBISIONMIASCS MEpoun
MEXaHHYECKOTO JIBHKEHUSI:

Ke-Mm

P=m-0, ¢

Bropoii 3akoH HproTOHA MOKHO 3alMChIBaTh B BUJE:

Ft = mvy — mv,

P — yMmynibe Tea Macco m, JBMIKYIIETOCS CO CKOPOCThIO U .

3aKOH COXpaHEHUs UMITYJIbCa - BEKTOPHAs CYMMa UMITYJIbCOB TEJ, COCTABISAIONINX 3AMKHYTYIO CUCTEMY,
ocTaéTcs HEM3MCHHOI.

rnlljl + mz'jz = rnlUl + mzﬁz

M1, My — Maccel Ten,

01, D2 — CKOPOCTH TEN 10 B3aUMOJICUCTBUS,

U1, Uz — CKOPOCTH TeJI MOCTIE B3aUMOICHCTBUA.

Ecnu cymma BHEIHHMX CWJ, AEHCTBYIOIIMX HA Tela CHUCTEMBI, pPaBHA HYJII, TO UMIIYJbC CHUCTEMBI
COXpAaHSIETCS:

P =my, + M, + m,o, = const

KonnuectBo moTpebisieMoll SHEpruM — OAMH W3 TJAaBHBIX TOKa3aTellell TEeXHUYECKOTO pa3BUTUS
obmectBa. I[lpou3BoACTBO, pacmpeneneHne W TOTPEOJICHHE HSHEPIMH HEBO3MOXKHO 0e3  eé
peoOpa3oBaHus U3 OJJHOTO BHJIA B npyroii.  Ecim  mom  melicTBHeM
MOCTOSIHHOM ~— cuiel ' Temo COBEPIIMJIO  MEpEeMEmeHne §, TO
TOBOPST, YTO CHJIOW COBEpIIeHa paboma.
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Pabora (4) — ckamsipHOE MPOU3BEICHNUE BEKTOPOB CHJIbI F 1 miepemMenieHus § .

roe ( — yroia n mexayF u §; Fs=F-cose — mpoekmus F
A:‘If“‘§‘-cosa:F-S-cosa:FSS Ha =f| HanpasieHue.
[4] =1 H®™M = JI)x — mKoyiib [N]:1H77K:13T
C

MornocTs (N) — ckopocTh coBepiIeHHUs paOOThL. — BaTT

JHeprus

MexaHnueckasi CUCTEMa — COBOKYITHOCTb MaT€pUajIbHBIX TOUEK, B3aMMOACHCTBYIOLUIUX APYT C APYIOM H
TeJIaMU, HE BXOASIUMHU B 3TY COBOKYITHOCTb.

[Tocne coBepuieHHss pabOTBI CHUCTEMa IMEPEHAET M3 OJHOTO COCTOsSHUS B npyroe. Torma pabora —
¢busnyeckas BeIMUYMHA, XApPAKTEPU3YIOLIAs npoyeccliepexoja MEXaHMYECKOH CHCTEMbl U3 OJHOTO
COCTOSIHUSL B IpYTO€.

MOXHO TOBOPUTh, YTO CYIIECTBYET HEKMH MapaMeTp MEXaHUYECKOH CHUCTEMbl, U3MEHEHUE KOTOPOTro
PaBHO COBEpIIEHHON paboTe A.

Mexanunueckasi sHeprusi (E) — mapamMerp MEXaHHYeCKOHl CHUCTEMbI, U3MEHEHHE (AE) KOTOPOro PaBHO

coBepiuénHoil pabote (A). a2 = A, [E]=1 Jx

rac E1 — MCXAaHHUYCCKad OHCPIrusa CUCTEMbI B HAYaJIbHOM COCTOSHHHU,
Ez — MCXAaHUYCCKas SHCPIrusa CUCTEMbI B KOHCYHOM COCTOSHUMU.

V3MeHEHUE SHEPTUH AE MOYKET OBITh KaK MOJI0KHMTEILHBIM, TAK U OTPULATENBHBIM, T. €. AE = HAE|
W3 (*) BeITekaeT: paboTa — Mepa U3MEHEHUSI MEXaHHUUECKON YHEPTHU CUCTEMBI.

Kunerunueckasi 3Heprus

Kunernueckast sHeprus (E,) — MOJOBUHA TPOM3BEICHUS MAaCChI TEJIa Ha KBAAPAT €ro CKOPOCTH.
Kunernueckass sHepruss — dHeprus mv? | ZBHXKEHHS.

Torma |4=Ee—Ea| nml4=2E] 1. e. = 2 | echam cuia COBEpIIAET IOJIOKHUTENBbHYI paloTy,
TO KHHETUYECKast SHEPTHUsl TeJla BO3pACTAeT, U 0OpaTHO.

IHoreHunaabHas dHEPrUs

[MotenumnansHas sueprus (Ey,;) — SHEPTUs B3aMMOJICHCTBYSI TSI WK YacTel Tea.

HyneBoii ypoBeHb NOTEHIUAIBHOM SHEPIUU — COCTOSIHUE CUCTEMBI, B KOTOpoM £y = 0.

HyneBoil ypoBeHb NOTEHUMANIbHOM »JHEPruM B3auMmonedcTBus Tena c¢ 3emnéd (HVYIID3) —

TOpHU30HTAJIbHAA IJIOCKOCTDH, HAa KOTOpOﬁ MMPUHHUMACTCA En CHCTEMBbI TEI0—3eMJIA paBHOﬁ HYIIIO.

ITycTh T€I0 MacChl M MO AEACTBUEM CUIILI TSIKECTH Fype TIEPEMECTHIIOCH C BBICOTHI Ny 10 BBICOTHI hy Ge3
u3MeHeHHus: ckopoctH. Pabora cmibl  TskecTH A= FppyS =mg(hy —hy) =mgh —mgh, = —(mgh, —mgh, ) =

= ~(Enp — Eny) wmi[4 = —AE, |,

[loTeHMatbHask SHEPrus B3aMMOJEHCTBUS |E_=mgh| Tema ¢ 3emneid (E;) — mnpoussenenue CHiibl

TSOHKECTH Tella Ha BBICOTY N TONOXKEHUs LeHTpa Macc Tena oTHocutenbHo HYTID3.
[ToTennuanpHOM SHEPTUEH B3aMMOICUCTBHS YacTeH Tea 00JadaroT ynpyro AehOpMHpPOBAHHbBIE TEIa
[loTeHuuanpHass d3HEpPrust  yOopyro kx?| nmedopmupoBannoro Tema (E;) —  monoBuHa
MPOM3BEACHUs KECTKOCTH K Tenma Ha E, = "o | xBamgpat ero abCoMOTHON AepOpMaLIUH X.

3aKoHBI COXpaHEHHsI B MEXaHHKe

DHeprusi HHTEPECyeT 4eI0BEYeCTBO Ha BCEM TyTH €ro pa3BUTHs. Bekamu mou
IIBITAJIUCH nuzobpectu MalIuHy («seunwiti  0sucamenv), MO3BOJISIONIYIO
MOJTYYaTh SHEPTHUIO U3 HUOTKYIa».

3aKOH COXpaHEHHs M TpeBpalleHus >Hepruu (1m.3.2) 3amperraer CyliecTBOBaHME BEYHOIO JBHUTraTels,
OJTHAKO BpEMs OT BPEMEHH TOSIBIIIOTCS JIIOIH, OOBSBIISIONINE O CO3JaHUH OUEPETHON eT0 MOIECIH.
3aKoH coXpaHeHHs] MeXaHU4eCKOM IHepruu

BHenrHre CHITBI — CHITBI, ICUCTBYIOIINE CO CTOPOHBI TEII, HE BXOSIINX B JAHHYIO CUCTEMY.
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BaMKHYTaSI MEXaHHMYCCKasa CUCTEMa TCJI — CHUCTEMA, Ha KaXJ0€ U3 TCJI KOTOpOﬁ HC IIGfICTBYIOT BHCIIHUC

CHIIBI WM PABHOEHCTBYIOIIAS BCEX BHEIIHUX CHJI PABHA HYJIIO, T.€. > Fioww =0,
PaccMoTpuM 3aMKHYTYIO MEXaHMUYECKYIO CHCTEMY Tel, 3HAU€HHsS MOTEHIMAIbHOM SHEPTrUud KOTOPOM B

HAYaJIbHOM M KOHEYHOM COCTOSHUSX PaBHbI £y U Eyp, KHHETHYECKOM: gy 1 Eo! |E.<1 +E, =Ep +Ep|
[TonHasg mexaHu4yecKasi SJHEPrUus CUCTEMbl — CyMMa KMHETUYECKOW M MOTEHUHUAIBHOW 3HEPTUU TEN 3TOU
CHCTEMBI.

3aKOH COXpAaHEHHS MEXaHUYECKOU SHEPTUM: TIOJIHAs MEXaHWYeCKas JHEprus
3aMKHYTOM MEXaHMYECKOW CUCTEMBI | TeJ, B KOTOPOW JEUCTBYIOT TOJBKO CHIIBI
TSDKECTU W YIPYrOCTH, OCTa&Tcs Z(Ex +E,); = const HEU3MCHHOM.

OtnensHO OT TeJla OTCYETA HHU OIHO = TEJI0 HE 00JIa/IaeT MEXaHUIECKOM YHEpTUeH.
3aKOH COXpaHEHMsI UMITYJIbCa

HYCTB IBa Tejga Macc My U My COCTaBJIAIOT 3aMKHYTYHO MCXaHHUYECKYIO CHCTEMY,
n _, s

JBUKYTCS HABCTpeUy Ipyr IpYry U Z p, =const| B3aMMOJICHCTBYIOT C CHIIAMH 77 M F;.
i=1

ITo Ttperbemy 3axkony HeroToHa [§ + 5. =5 + /| FA=-F. Jlo B3aUMOIEHCTBHS HUMITYIbCHI TEI
pl+ p2 p1+ p2

ObLIH Py up,, mociie B3aMMOJEHCTBUS P1 M P>.

T.€. BEKTOPHBIE CYMMBI UMITYJICOB T€J JI0 U I10CJIE€ B3aUMOJICHCTBUS OJJUHAKOBBI.

@OyHIaMEHTAJIbHBIA 3aKOH COXPAaHEHHUS MMITYJIbCA: T€OMETPUYECKasi CyMMa HMMITYJIbCOB TEJ 3aMKHYTOMN
MEXaHUYECKOM CUCTEMbI OCTAETCSI HEU3MEHHOM.

3aKOH COXpaHEHMs UMITyJbca TpuMeHUM ToJibko B CO.

Anzopumm pewrenun 3a0au
Cpemnaiite 4epTExX I KaKIOTO Tela, IOKAXUTE BEKTOPBI UMITYJIbCOB;
PaccmoTtpuTe XapakTep ABUKEHUSI TE€1 U YCTAHOBUTE, SIBJISETCS JIM JaHHAs CUCTEMa 3aMKHYTO;
3anuIunTe 3aKOH COXPAaHEHUS UMITYJIbCa B IPOEKIUAX HA OCH;
3anuuuTe Npyu HEOOXOAUMOCTH IONOJHUTENbHbIE (POPMYIIbI U3 KHHEMAaTUKU U JUHAMUKH;
Pemnre cucreMy ypaBHEHM, IPOAHAIIU3UPYHUTE OTBET.

2. [Ipumepsl penieHus 3a1a4

1. Monekyna maccoit m = 3- 1023 r, noayereBmas K CTEHKE cocyzaa moj yriom o = 60°, ynpyro
yaapsieTcsi 0 Hee co CKopocThio L = 500 M/c u oTieraet. Onpenenute UMMyabe cuiibl F- A, momyyeHHbIH
CTEHKOM.

Jano: Pewenue:
m=3 10726 xr W3meHeHne MMMybca MOJIEKYINbI PABHO
a = 60° :% umnybcy cuibl: Ap = FAt
: [Tycts 0Ch 0X HamnpasleHa
v =500 m/c = Y P
FAf -9 MEepreHANKYIIpPHO CTEHKE, Torjaa

M3MEHEHNE MMIY/IbCa MOJEKylabsl Ap =
Ap, = my, — ( - mv,) = 2mu,, rae v, =
VCOS @, 0TKyAa Ap =2mucos a.
[ToacraBus opmyny B ypaBrenue, nonydum FAt = 2mucos a.
Brruucnenns:

FAt =2-3- 10726 kr- 500%- cosg =1,5-10"23(kr-m)/c

-"‘{
Omeem: 1,5+ 10 = xr M/c.

Puc. 3.2

2. JIBa TOBapHBIX BaroHa JBIKYTCSI HABCTPEUY APYT APYry co ckopocTsmu [11 =04 m/cu [12=0,1
M/c. Macchl BAaroHOB COOTBETCTBEHHO paBHBI [11 =12 T, [12 = 48 1. Onpeaenure, ¢ KaKO CKOPOCTHIO V U
B KAKOM HaIlpaBJICHUU OYAYT ABUTATHCS BarOHBI MOCIE CTOJKHOBEHUS. Y Iap CYUTATh HEYIIPYTUM.
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Jano: Pewenue:

v; =04 m/c WUcnonb3yeM 3aKOH COXpAHEHHMS MPOEKLMH MMITYJIbCA HAa OCh
v, =0,1 m/c OX, nonoxurensHoe HampaBiaeHue ocn OX coBmagaer ¢
my =12-103 kr HAMpPaBICHNEM JIBIKCHHS MEPBOI0 BaroHa:

my = 48 103 KT myvy - My = (ml 2 mz)U. OTKy,Z[a v = Mits— Mava,

i) -9 my +my

) _12:10% k0,4 M/c— 48:10° kr0,1mM/c _ o
Beruucnenus: v = - 3 = (0. AHanmm3: v = (), cien0BaTenbHO, MOCIE
12-107 kr + 48-10° kr
CTOJIKHOBEHHS BArOHbI OCTAHOBATCS.

Omeem: v=10

3. JIBa Heympyrux Tejla, MacChl KOTOPbIX 2 U 6 KI, ABMXKYTCS Ha BCTpedy IpYr K JIpyry co
CKopocTsIMH 2 M/c Kaxaoe. Onpenenuts MOAYNIb U HANIPABICHHE CKOPOCTH KAXKAOTO M3 ATHX TEN MOCTe
ynapa. CienaTh pUCyHOK CAMOCTOSITENBHO.

Jano: myU; + myU, = (M + my) U. B npoexkuusx Ha ockb:

OX: myuy - myvp =- (Mg + my)v
_mjuy - "12112_

my =2 Kr Ty S
= - (m1 +mz
g0 Kr_ s __ 2kr2m/c— 6kr2m/c _ 2 -
v = vy =2mMlc Brruucngem: v = ==m/c= 0,25 m/c.
o — (2Kr+6kKr) 8

Imeem: 0,25 m/c.

3. CamocrosiTesibHasi paboTa

Bapuanr 1

1. ABTOMOOUITE Maccoi 1 T. ABMXKETCS CO CKOPOCThIO 72 kM/4u. Onpenenure, 4epe3 Kakoe BpeMs OH
OCTAHOBHTCS, €CJIM BBHIKIIIOUUTH JIBUTaTENh. CpeHsis cuiia conpotuBienus nprkennto 200 H.

2. Msua maccont 200 r. magaer Ha TOPU3OHTANBHYIO ILIOIIAAKY. B MOMEHT ynapa cKOpoCTh MsA4a
paBHa 5 M/c. OnpeaenuTe N3MEHEHUE UMITYJIbCA ITPU a0COIIOTHO YIPYTOM yiape.

3. JIBa mapa maccamMu 2 U 8 KI' ABHMXKYTCS HaBCTpedy JApYr Jpyry co ckopoctsMu 10 u 2 m/c
cOOTBETCTBEHHO. C Kakoi CKOPOCThIO OHU OyayT MpOJOJKaTh ABMKEHHE MPU aOCOJIFOTHO HEYIPYTroM
ynape?

4. Tenexka Maccoit 80 Kr JBUKETCS cO CKOPOCThO 4 M/c. Ha Hee BepTHKaNbHO NalaeT rpy3 Maccoi
20 xr. OnpenenuTe CKOPOCTb, C KOTOPOH CTAHET JBUTAThCS TEJIEKKA.

5. CHapsn maccoit 50 Kr, IeTsSImui BA0Ib PeIbcoB co ckopocThio 600 M/c, monanaer B miathopmy
c neckoM mMaccoit 10 T u 3acTpeBaet B necke. CKOpoCTh CHapsiJa B MOMEHT ajieHust oopasyet yroia 45° ¢
ropu30HTOM. YeMy paBHa CKOPOCTH IJIAT(GOPMBI MOCIE MOMAJaHus CHapsiia, eciu Iatdopma JABHKETCS
HaBCTpeuy CHapsAIy co ckopocTbio 10 m/c?

6. Jlonka cTouUT HEMOJABUKHO B cTOA4YEH Boje. UenoBek, HAXOISAIMIUNCS B JIOAKE, IEPEXOIUT C €€
Hoca Ha kopMmy. Ha kakoe paccTossHME IEepeMeCTUTCS JIOAKA, €ClIM Macca yesnoBeka 60 Kr, macca JIOJIKH
120 xr, nnmuHa noaku 3 M? CONPOTHBIICHHUE BOJIBI HE YIUTHIBATH.

Bapmuanr 2

1. JIBUrasicb U3 COCTOSTHHSI ITOKOSI [0 TOPU30HTAIBHOMY ITYTH, aBTOMOOMIb Maccoi 1,5 T yepe3 20 ¢
mociie Hayana JABMKeHus paocturaer ckopoctu 30 m/c. IlpeneOperass compOoTUBICHHEM ABMKEHHUIO,
OIIPEAEIIUTE CUITY TATH JIBUTATENS.

2. Tenexka maccoit 100 r, nBmKyIIascs cO CKOPOCTHIO 3 M/C, ymapsercs o cTeHKy. Omnpeaenure
MU3MEHEHHE UMITYJIbCA TEJIEKKHU, ECIIM N10CIIE CTOJKHOBEHHUS OHA CTajla JABUIaThCS B IPOTHBOIOJIOKHYIO
CTOPOHY CO CKOPOCTbhIO 2 M/C .
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3. Baron maccoii 10 T IBMXKETCsI CO CKOPOCTBIO 1 M/C U CTaIKMBaeTCs ¢ HEMOABMKHON TIATPOPMOi
Maccoit 5 T. UeMy paBHa CKOPOCTh MX COBMECTHOTO JABMKEHUS MOCIIE TOr0, KaK cpaboTaeT aBTocienka?

4. KakoBa CKOpOCTb OTJ]aui BUHTOBKH, HEMOJBM)KHOM MPU BBICTpPEJE, €CIM Macca BUHTOBKH 4 KT,
Macca nmysu 8 T, ckopocTh myau 600 m/c?

5. Ha HenoJBm>XHOM KeNe3HOAOPOXKHOM TIaTGopMe YCTaHOBJIEHO opyaue. Macca miat(opMsal ¢
opyauem 15 1. Opyaue crpenser mox yrioMm 60° k ropu3zoHTy. C Kakoil CKOPOCTBIO IOKATHTCS
iatgopma, eciim Macca cHapsiia 20 KT ¥ OH BBUIETaeT co ckopocThio 600 m/c?

6. I[Ipu B3pbIBE KaMeHb pa3pbIBa€TCs Ha TPH YacTU. JIBa OCKOJIKA JIETAT MOJ MPSIMBIM YIJIOM APYT K
apyry: maccoid [J1 =1 kr co ckopoctbio 12 M/c 1 Maccoit [12 = 2 Kr co ckopocTbio 8 M/c. TpeTnii Kycok
otieTaer co ckopocThio 40 M/c. KakoBa Macca TpeThero OCKOJIKa U B KAKOM HANpaBiICHUU OH JICTUT?

®opma npeacTaBiaeHus pe3yabTara:

BoinonHuTh 3asaHue B TETPaaM JUIsl MPAKTUYECKUX padoT.

Kpurtepuu ouenku:
3a npaBUIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJOKUTENbHASI OlleHKa — 1 Oau.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATEIbHAS o1leHKa — () OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 2.3 3akoHbI cOXpaHEeHHsI B MeXaHUKe

[IpakTyeckoe 3aHsaTUe N25

Pemenue 3agau Ha ¢gopMyJibl padoTsl cuil. Pa6oTa 1 MOIHOCTB. JHEprus U ee BU/ABI.

Henab: 3akpenuTh yMEHUS U HAaBBIKM pellIeHUs 3a7ad Ha (Gopmysbl pabOThl, MOIIHOCTH, 3aKOHbI
COXpaHEHUs
Boinosinenue padorsl cnocod6cTByeT GOPMIUPOBAHMIO:

MP8,MP9,MP10,MP21,MP17, MP13;

JIP 26,JIP 14,JIP 23,JIP 13.
MarepuanbHoe oOecnedeHue: TeTpaab I TMPAKTHYECKUX padOT, pydKa, METOIUYECKUE
PEKOMEHIALIMU 110 BBIIOJIHEHUIO PabOTHI, JIMHEIKa, KapaH JIalll.

Ykazanue:

[TpakTuyeckas paboTa COCTOMT M3 JIByX uacTe — TeopeTHueckod W mpaktuueckoi. Ilocie
M3y4YEHUsI TEOPETHUYECKOr0 Mareprajga MOKHO IPHUCTYINATh K BBINOJHEHUIO NMPaKTH4YecKol dactu. OHa
COCTOMT M3 JBYX W Oosiee 3ajau Al CaMOCTOSITENILHOrO BbIMOJHeHUs. He 3a0biBaliTe 0 mpaBUIBHOM
oopmienun pemienus. Ha BeIosHEHNE TPAaKTUYECKO OTBOJUTCA JBa aKaJeMUYECKHX Yaca.

Ilopsinok BbINOJHEHHS padOThHI:

1. PaccMoTpuTe TeOpeTHYEeCKMi MaTepual N0 TeMe U IpUMephl pelieHHus 3agad  (CMOTpH

METOJANYECKOE ITOCOOHeE).

2. Pemmre camocrosiTenbHyto padoty. Odopmure perieHne NMCbMEHHO B TETPAJIH.
Xox pa0doThI:
1.Teopus.

1. OK01,0K 02, OK 03, OK 09
2. IIPo7;

3. IIPyS5; ITPy9;

4.

5.

Pabora u MomiHOCTb. DHeprus, ee BU/IbI.
3aKO0H cOXpaHeHUs] JHePIruu
OHnepeuss — camasi BaKHAsi COXPAHSIOMIAsICS BEIMYMHA HE TOJILKO B MEXaHHWKE, HO U B (U3UKE
BOOOIIIE. DHEPrusi TECHO CBs3aHa ¢ paboToil. Bce Mbl, Kak M mo0Oble ABUraTeny, COBepIIaecM padoTy,
NPUBOJIUM B IBIKECHUS Tella, HOIEPKUBAEM 3TO IBM)KEHHE WITH JKe MTPEKPAIaeM €ro.

26



JelicTBua cui Ha Tena, NPUBOIAIIME K M3MEHEHUIO MOAYJS HMX CKOPOCTEH, XapaKTEpU3YHOTCS
BEJIMYMHOM, 3aBUCSIICH KaK OT CUJI, TAK U OT MEPEMEIICHUIN TeJ, HA KOTOPbIE 3TH CUJIbI IEUCTBYIOT. DTy

BEJIIMYUHY HA3bI8AI0M pAOOMOL.
Pabora — ckansipHasi BeJIM4KHa, paBHAs MPOU3BEICHUIO MOJIYJICH CHIIbI M TIEpEMEIICHHS Tella Ha COS

yIila MKy HUMH.

PaGoTa mocrostHHO#M cvtbl I

.4—4;':-5—!"-5-1.'05&,[[;1(

rae S — nmepemMenieHue Tena,

0 — YroJa MEKIy HalpaBICHUEM IEUCTBUS CHIJIBI W HalpaBICHUEM
F

MNEPEMEIICHU .

Puc.1
Ecnu BenmuumHa cuiibl, AEHCTBYIONIEH HA TEJO, 3aBUCUT OT KOOPJMHATHI X, TO paboTa 3TOW CHIIBI

YHICIIEHHO paBHa MIOIMaau noj rpadukom GyHkuuu F(x).
EnuauIB paboTh: A =1H - 1m = JIx = [I)x0ynb.
Iicoyne — pabota, coepmiaemast cuioid | H Ha mepememienue 1 M, ecnu HampaBleHUE CUJIBI U

MNEepeMEUICHUC COBIIA1aro0T.
1. PaGoTa CuIbI TSDKECTH.

PaboTa cHIBI TSXKECTH HE 3aBHCHT OT TPACKTOPUU ABUXKXCHUSA TCJIa U BCECria
paBHA U3MCHCHUIO HOTCHHH&HLHOﬁ OHEPTHUU TECJjIa, B3ATOMY C IIPOTHBOIIOJIOXKHBIM
3HaKOM.

A=08=mg(h1-h2)=-(mgh - mghy)=-(11>-I1y)
A :-(Hz-Hl)

Ecnu cuna TskecTd coBepIIaeT OTPULATENbHYIO paboTy, To E, —
yBennuuBaercs. IIpu coBepiieHnn MoyoKuTeNnbHON padboTel — E, yMeHbImaercs.

2. PaboTa cuiibl ynpyrocTu.

A=F,,S,

X, + X,
E.” — ]tq 1 4
rae 2 _ cpenHee 3HaYEHHME CHUIBI YIPYTOCTH NPU M3MEHEHHH JUIMHBI IPYXKHHBI OT X1

10 X2,
S =X; - X9 — CMEIECHUE.
PabGoTta cwibl ynmpyroctd paBHa W3MEHEHHWIO MOTEHIIMAIBHOW SHEPrHH, B3ATOMY C OOpaTHBIM

3HaKOM:
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A=kt B __1.:,_,;.@__[___ L)

Mownocmsb

Mownocms — ckansipHas ¢uU3nvecKkas BEIMYHMHA, XapaKTEpU3YIOIias OBICTPOTY COBEPIIECHUS
paboThI, KOTOPask YUCICHHO paBHA paboTe, COBEPIIAEMON 3a €AUHUILY BPEMEHH:

L
{ , [Ax/c = Bt — Barr],

rae A — pabora, [/[Ix]
t—Bpems, [c]

Onepeus
Ecnu Teso wim cuctema Tesl MOryT coBepiiath paboTy, TO TOBOPSAT, YTO OHU 00JIaat0T SHEPTUCH.
DHeprus B MEXaHWKE — BEIMYMHA, OINpeesieMasi COCTOSHUEM CHCTEMbI — TOJIOKEHUEM Tell U UX
CKOPOCTSIMHU; U3MEHEHHE SHEPTHHU MPH TIEPEX0/Ie CUCTEMbI U3 OJIHOTO COCTOSHUS B IPYroe paBHO padboTe
BHEITHUX CHII.
1. Kunemuueckas (Kinema — nBIKCHHE) — JHEPIHsS MEXAHUYECKOTO JBMIKCHUS CHCTEMBI Tell,
YHCIICHHO paBHA MTOJIOBHHE IPOM3BEIECHHS MACChl Tella Ha KBaJpaT €ro CKOPOCTH.

mu

2, ik

Teopema. PabGoTa paBHOASHCTBYIOIUX CHJI, TMPUIOKEHHBIX K HEMY, paBHa HW3MEHEHHUIO
KUHETHUYECKON SHEPIruu Tena.
_mu_f mu;

2 2

A

= A = A Ex (pa6ora — U3MeHeHUE DHEPruu)
A=FExy - Exq = A FEx

2. I[lomenyuanvnas (potentia — BO3MOKHOCTB) — SHEPTHUS B3AUMHOT'O PACIIOIOKEHUS TEJT HITH YacTel
OJIHOTO M TOTO K€ Teja, YUCIEHHO paBHA MPOMU3BEACHUIO MacCchl m Tejla Ha YCKOPEHHE CBOOOTHOTO
MaJeHusl g ¥ BHICOTY h Ha/l MOBEPXHOCTHIO 3EMITH.

E,=mgh, [[xc]

A =-(mgh, - mgh;)
>A= —A4E,
A :-(Epg -Ep1}= _AE;,

Ilomenyuanvnas sHepeusi — DHEPTUs, OOYCIOBIICHHAs B3aMMOJCHCTBHEM pAa3UYHBIX TEN WIIH
gacTel OJHOro M TOro ke Tena. OHa 3aBUCHUT OT B3aMMHOT'O PACIONIOKEHUS TeJ WIH BEIMYUHBI YIIPYTOn
nedopmaruu Tena.

ITorenmmanpHas
SHEprus TeIa
MOIHSATOTO Ha
BBICOTY, HaMHOI'0O
MEHBIIYIO

[TorenmanpHas
JHEprus  CXaTou
WO PacTSHYTOH
MPY>KUHBI

ITorenmuanpHas
SHEprus
TPaBUTAIMOHHOTO
B3aNMMOICHCTBHSA
MAaTepUAIbHBIX TOYEK
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paauyca 3eMian Joct 583071 OJTHOPOJTHBIX

E,=mgh E,= 5 1apoB
m
E -—G ;Lln:::
h
HymeBou
————— YDOBEHD
COOTBETCTBYET

HyseBoit ypoBeHb | R 5 oo

Hynesoll ypoBeHs COOTBETCTBYeT X = | g -
COOTBETCTBYeT h 0 p=
=0 (renedopmupoBaH
Hasl IPY>KUHA)

3akon coxpanenus suepauu 6 MexaHuKe
B 3aMKkHyTO#l cucTeme Tesl MOJOXKHUTeIbHast padoTa BHYTPEHHUX CHJI YBEJIUYMBAET KUHETUYECKYIO
SHEPrUI0 M yMEHbLIAeT MOTeHIMaNbHYyI0. OTpunarenpHas padoTa yBEIMUMBAET MNOTEHUUAIbHYIO U
YMEHBIIIaeT KUHETHYEeCKyl0 »Hepruto. MMeHHO Onarojapss 3TOMY BBINOJIHAETCS 3aKOH COXPaHEHMS
SHEPTrUH.

1. A = AE,
>A4E, = —A4E,
2.A=-AE,

E = E, + E,—nonHasg MEXaHUYECKast DHEPIUs CUCTEMBI, BEJIMYUHA, PaBHAs CYMME KMHETUYECKOM U
MTOTEHIIMATIbHON SHEPTUI CUCTEMBI.
3akon coxpaneHus noIHOU MEXaAHUYECKOU SHepeuU
B 3amkHyTOl cHCcTEME MEXaHUYECKAs IHEPT UL COXPAHAETCS.

E=E, +E, = const
Epl + E :Ep2 + Eo

Ilpumeuanue: Ecam B 3aMKHYTOM CHCTEME €CTh CHJIbI TPEHHUS, TO MEXaHUYECKas DHEPrusi He
COXpaHseTcs, T.K. 4acTh €€ MEePEXO0/IUT BO BHYTPEHHIOKO.
3axon coxpanenus snepeuu
DHeprusi He CO3/1aeTCs M HE HCYe3aeT, a JIMIIb MepedaeTcss OT OJHOI0 Tela K JAPYroMy WIH
MpeBpaliaeTcst u3 0HON (OPMBI B IPYTYIO B PABHBIX KOJUYECTBAX.
2. lIpakTnyeckas padora
Anzopumm pewienusn 3a0ay

1. Crenaiite yepTex.

2. Bri6epure HyneBoii yposens E, (Ey; = 0).

3. YcraHOBUTE HaYallbHOE U KOHEYHOE TTOJIOKEHHE Tea (CUCTEMBI TE).

4. OmnpenenuTe MOJHYI MEXaHHUYSCKYIO SHEPTHIO Tell (CHCTEMbI Tel) B HAYaIbHON U
KOHEYHOM TOYKaX.

5. 3anuIuTe 3aKOH COXPAHCHHUS SHEPTHU.

a) s 3aMKHYTBIX cucteM: By = Ep win Ey + E,; = Eo + Ep),
0) pu Mepexo/ie CUCTEMBI U3 HAYAIBHOTO TTOJIOKEHUSI B KOHEYHOE, MPHU JIEHCTBUM BHEITHUX CHIT: A
=FE, - E;
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6. [Tpu HeoOXonuMOCTH 3anUuInTe OPMYIBI U3 KHHEMATHKH:

v=1yp9 tat
S =t + at?/2
F=mg
F = -kx
F=uN
A =FScos a
7. Pemmre cucremy ypaBHEHUH.

3. [Ipumepsl pemienus 3aaay

1. ABTOoMOOMIIE Maccoi 2 T HAYMHACT Pa3TOHATHCSA U3 COCTOSHHS MOKOS 110 TOPH30HTATBHOMY ITyTH
MoJ1 ACUCTBUEM IMOCTOSIHHOM cuibl. B Teyenne 10 ¢ on mpuoOperaer ckopocts 43,2 kM/4. OnpenenuThb
BEJINYMHY UMITYJIbCA M BETMYUHY JACHCTBYIOIIECH CHIIBL.

Hano: CH: Pemenne:

m=2Tt 2 - 10° kr 1. Onpenenum BETMYUHY UMITYJIbCA!

v =0 P=mu ,U — COBIIAJIAET C OCBIO X,

t=10c B CKaJIsIpHOH (hopMe ypaBHEHUE MPUMET BU:

v= 43,2 xM/u 12 M/c p=mv =2-10%-12 = 24-10°, P [xr -m/c]
p—7? 2. YuursiBas BTopoil 3akoH HproToHa: Ft = mv — muy

F-7, T.K. 9 =0 Ft=mv — F=mv/t

200012
F= 2002y
10y

OrBer: 2,4 - 10* kr - m/c ; 2,4 kH.

2. CranpHoN mapuk maccoil 0,05 kr mamaer ¢ BBICOTBI 5 M Ha cTaubHyro miuuty. Ilocie
CTOJIKHOBEHHS LIapUK OTCKaKMBaeT OT IUIMTHI C TaKOMl e Mo MOy ckopocThio. Haiiaure cuiy,
JEMCTBYIOIYIO HA IUIUTY IIPU yape, CUuTas ee NocTossHHOW. Bpems coynapenus pasno 0,01 c.

Hano: CH | PucyHok Pewenue

m=0,05 kr IIpy ymZape map #

h=5wm oJuTa LEeHCTBYIOT

At = IDYr Ha Zpyra C

0,01 ¢ cuJlaM{, DaBHBIMM IIO

Fy-? MOZYJIIO, HO
IIPOTHBOIOJIOXHBIMU
o HaOopaBJIEHHUIO.
OnpepesiuB CHUJY,
IeHCTBYIOMYIO Ha

mapuk CO CTOPOHEL
IJINTEI, MBI TEM CaMEIM
Haugem CHUIY, c
KOTOpOH mapuk
IeMCTBOBAJ Ha OJUTY
3a BpeMsa At. Bo Bpemsa
COyZapeHus Ha mMapuk
IEeNCTBYIOT IBE CHJIBIL:
cuJjia THAXECTH — ", u

cuna ¥ co cTOpoHBI MIUTHL.
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CornacHo ypaBHEHMIO: Ap=F At Ap = (F +mg)-Ar
OY: mv,—(-mv;) = (F— mg) At

2mu

F=mg+——
Y4YuTHIBas, 9TO V2 = V1 = VL, TOIYYUM TOCIE PsiAa MpeoOpa3oBaHMIA: A
P
Moayiib CKOPOCTH IIapHUKa MPU MaJCHUU €ro ¢ BBICOTHI h onpesenseTcs no gopmyre: =¥ 2eh .y =
10 m/c
5
F=mg + my
Ucnonb3ys BeIpaxeHue: AT
2.0,05-10

F=005-104 —I =0534+100=1005H
ITo TpetbeMy 3akony Herorona: F =-F | cnegosarensno, F1 = 100,5 H, cuia npuiioxkeHa K IUIMTE U

HaIpaBJicHA BHU3.
Otsetr: F = 100,5H.

. 4

3. Bo BpeMs MaHEBpOB Ha KEJIE3HOAOPOKHOW CTaHIIUU JBE TIaTGopmbl Maccamu my = 2,4 - 10™ kr

umy = 1,6 - 10* kr gBuramuces HaBCTpeuy APYT APYTY CO CKOPOCTSIMHU, MOJIYJIM KOTOPBIX paBHbI V1= 0,5
M/c 1 v = | M/c. HaiiiuTe CKOpOCTh UX COBMECTHOTO JIBHYKEHUS TIOCIIE TOTO, KaK CpabOTaeT aBTOCICITKA.

JaHo: Pemenue:

my=2,4- 10" xr

my=1,6 - 10* kr = T
vy = 0,5 m/c

vy, = 1Mm/c

Vo6 -~ ?

N300pa3um cxeMaTHYHO ACUCTBYIOLIME CUJIbI Ha ABWXKYLIHecs miardopMel. B npoeknun Ha och X:

Nymigp N m.2 CUnbl B3aMMHO ypaBHOBELIEHBI.
MO’KHO TIPUMEHHUTD 3aKOH COXPAHCHHUS UMITYJIbCA:

Ly + gl = (i + g e
]

TJI€ Vo — CKOPOCTh IIIAT(HOPMBI TTOCTIE CIETTKH.
B mpoekiusax Ha och X: My Vix + My Uy = (Mg + M2) Vosx

T.K. Vix="V1, Vax = - V2, TO Vesx = -0,1 M/cC

3Hak (') IMMOKa3bIBACT, YTO CKOPOCTH V00 HaIlpaBJICHA ITPOTHUBOIIOJIOKHO OCHU X (cnpaBa - HaJ'IeBO).

4. Kakyioo CKOpPOCTh OTHOCHTEIBHO DPAKETHHUIIBI MpuoOperaeT pakera maccoi 600 T, ecnm ra3bl
Maccoii 15 r BeuteTaroT u3 Hee co ckopocthio 800 m/c?

JlaHo: CU:  Pemenue:
m;=600r 0,6 kr CorracHo 3aKOHY COXPAHCHHS UMITYJIbCA:
my=15r 15 10°%krc MO+, =moy b, 00 e,
Lo, LS5-107.800 3

b -l = =20
Uz =800 m\c 08 ¢
v1=v2 =0 3HaK (-) MOKAa3bIBAET, YTO I'a3bl JBUKYTCS B CTOPOHY,
-2 IIPOTUBOIIOJIOKHYIO HAIIPABICHUIO PAKCTHULIBIL.
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Ortser: - 20 M/c.

5. BaroHetky maccoil 2 T M0 TOpPU30HTAJIBLHOMY IyTH PAaBHOMEPHO mepemernaeT padounii. Kakyro
paboty oH coBepuMT Ha nytd 100 M M Kakyro paboOTy COBeplIaeT cuja TPEHUs, eciau KOI(PPHUIHUEHT
Tpenus paseH 0,017

Hano:

PucyHnok:

m=2T
S=100wm
p=0,01
g=9,8 m\c?

a=0

A—?

Atp-?

Pemenue

Ha BAroHCTKY HCﬁCTBYIOT 4 cUIBL: CHJIA TAKECTH — M , ChJIa pCAKIIHUH OIIOPbI — & )

cuna Taru Fr — , cuna Tpenus — |« . ITo BTopomy 3akony Hetotoma X+ =0

F., + i 4 .|" + N = 0

B npoexuuu Ha ocu: OX: F,—F, =0; F,=F;, OY:N-mg=0; N=mg
A=F-Scosa, Za=0, cosa =1, ca—Ho,A=F- S, F=F,=F,=uN=pumg
Pa6oTa CHUJB TPpeHUS HalpaBJleHa IIPOTHUB PaboOThl CHUJa TAru — A = —ATp

A, =—19,6 - 10° Ix
Otet: A =19,6 xJIx; ATp =- 19,6 kI x.
CamocrosiTesibHas padora

1.

10.

11.

ABTOMOOMJIb Maccoil 2 T IBUKETCSI O CKOPOCThIO 36 km/u. Kakoe Bpems TpedyeTcs 10 MOTHON
OCTaHOBKH aBTOMOOWJIS ITPH BBIKJIIFOUEHHOM JBUTATENe, €CIM CHJIa TPEHUS KOJIeC O JOpOry paBHa
5880 H?
Tenexxka maccort 150 Kr IBMKETCS 1O TOPU3OHTAIILHOM J0pore co ckopocThio 1 mM/c. HaBcTtpeuy
eil OexxuT yenoBek Maccor 75 kr. YenoBek mphiraeT Ha Tenexky. [lociie 3Toro Tenexka BMECTE C
YeJI0BEKOM ocTaHaBiMBaeTcs. C Kakoi CKOPOCThIO O€Kall 4eToBeK?
IIpu BepTHKaIBHOM MOABEME Tena Maccoil 2 Kr Ha BeicoTy 10 M coBepmieHa padora 240 Ix. C
KaKUM YCKOPEHHEM MOJHUMAIH Irpy3?
Temo, maccoit 20 Kr nmogHuMMaroT BepTUKaIbHO BBepx c cuinod 400 H, nHanpasieHHOW MO
neuxenuto. Kakas padora coepuiaercst Ha mytu 10 m?
Byner nu BenuunHa Moie3Hoi MeXaHW4eCKOH paboThl OTJIMYHA OT HYJIS, €CJIU MOAbEMHBIN KpaH:
® 1) moxHUMAET C 3eMJIU TPY3,
e 2) Oyner aepxaTh €ro HEKOTOpOoe BpeMs Ha BECy B MOKOE,
e 3) MOJHUMET IPY3 C 3eMJIU U Cpa3y OMYCTUT €ro Ha 3eMIIio.
Teno maccoit 20 kr cBo60aAHO Majgaet B TeueHue 6 c. Haiiaure paboTy CUITBI TSHKECTH.
Kakyio paboTy MOXeT coBepHIMTH 0 OCTaHOBKM Tesno Maccod 1000 kr, aBuxymieecss co
CKOpOCTBIO 36 KM/4 ?
Haiitn paboTy, KOTOpYyIO HaJl0 COBEPIIUTH, YTOOBI CXKaTh MPYKUHY, KECTKOCTb KOTOpoil 29,4
H/cm, ma 20 cm.
Pe3unoBbIil mHyp anuHoM 1 M nox aeiictBuem rpy3a 10 H ynnunauncs va 10 em. Haiiaure paGoty
CHJIBI YIIPYTOCTH.
Ha kakyro BbICOTY 3a MUHYTY MOXkeT noaHsaTh 400 M® BoAbl HAcoC, pa3BUBAIOIIMI MOIIHOCTh
210° kB1?
Ornpenenute MOITHOCTh TEIUIOBO3a, 3HAs, YTO MPU CKOPOCTH IBWIKEHUS 43,2 KM/4 cuila TITH
paBHa 105 kH.
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12. Tloe3n maccoit 1200 T ABHXKETCS 10 TOPU3OHTAIBHOMY ITYTH € MMOCTOSIHHOM CKOPOCTBIO 54 KM/4.
Omnpenenure KO3(pGUIUEHT COMPOTUBICHUS IBMXEHHUIO, €CIM TEIUIOBO3 PAa3BUBAET IOJE3HYIO
MoIHocTh N= 882 - 10° Br.

13. Umnynbc Tena paBeH 8 Kr M/c, a kuHeTudeckas 3Heprus 16 Jx. Onpenenure Maccy U CKOPOCTh
Tena.

14. Canu maccoii 60 Kr, CKaTHBIIKCH C TOPHI, IPOEXAIH 110 TOPU3OHTATHBHOMY Y4acTKy Aoporu 20 M.
Haiinure paboty cuisl Tpenus, ecnu L= 0,02.

15. TlogbeMHBII KpaH C ABUTATEIeM MOIIHOCTHIO 8 KBT MogHMMAET Tpy3 € MOCTOSHHON CKOPOCTHIO 6
m/muH. KakoBa macca rpysa?

16. Kakas pabora coBepiiaeTcsi Ha THAPOCTAHLUMU B TEUYEHHUE TOJa, €CIM CpPeAHsSsS MOIIHOCTb
resepaTtopa pasHa 2,5 MBT1?

17. Yenosek maccoit 70 Kr ciryckaercs 1o jecTHule JuiuHoi 20 M, pacronokeHHo# moxa yriom 30° k
ropu3oHTy. Haiigure paboTy CHIIBI TSHKECTH.

18. Boruncnute paboTy CUIIBI YOPYTOCTH NMPU U3MEHEHUU JAeopMaliu MpyKUHBI *KecTKOCcThio 200
H/Morx:s =2cM 10Xy =6 cM.

dopma npeacTaBJieHus pe3yabTarTa:
BrinonHuTh 3a7aHue B TETpaad JUIsl MPAKTHYECKUX padoT.
Kpurepun oneHku:
3a nmpaBWIIHHO BBIMIOJTHEHHOE 3a1aHUE BBICTABIISICTCS TIOJIOKUTEbHAS OI[eHKa — 1 6ayu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIIACTCS OTpUIaTeNbHas olleHKa — () 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89% npaBUITBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% nmpaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenbvhoy svicmasgiiemcs 3a Mmenee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.1 OCHOBBI MOJIEKY IS PHO-KUHETHYECKOI TeOpHH

[IpakTU4Yeckoe 3aHATHE N26

Pemenue 3ana4 no reme «OcHoBsl MKT)» . Pemienue 3a1a4y Ha ypaBHeHHe COCTOSIHUS
HIeaJbHOI0 ra3a»
esib: 3aKpenuTh yMEHHS U HABBIKU BBIYMCIICHUS TTAPaAMETPOB COCTOSIHUS Ta3a, UCIIONIb3YsI Ta30BbIC
3aKOHBI U ypaBHeHUE MenpaeneeBa - Knaitnepona.
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 03, OK 09, OK 06
I1PG 4; TIP6 7;
[1Py4; I1Py5; I1Py9; ITIPy11;
MP8 MP9,MP10, MP21,MP17, MP13;
JIP 26,J1P 14,J1P 23,JIP 13.
MarepuanbHoe o0ecniedeHue: TETpaab I TMPAKTHYECKUX padOT, pydKa, METOIUYECKHE
PEKOMEH/IallMH TI0 BBITIOTHEHHUIO pa0OThI, TMHEHKA, KapaHaIll.

Yxka3zanme: [Ipaktuueckass paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M MPAKTUYECKOM.
[Tocne u3yueHus TEOPETHUECKOr0 MaTeprasga MOKHO IMPUCTYNATh K BHIMOJIHEHUIO MPAKTUYECKOM YacTH.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATENbHOIO BhIMOIHEHUs. He 3a0biBaiiTe 0 npaBuibHOM
odopmiiennn pemieHusi. Ha BbIOMHEHUE MPAKTUYECKOW OTBOAUTCS JBA akageMudeckux daca. [lopsmok
BBITIOJTHEHUS paOOTHI

Iopsaok BbINOJIHEHUS PA0OTHI:

1. PaccMoTpuTe TEOpPETHUYECKHA MaTepHasl MO TeME W MPUMEPHl PEIIeHHs 3aaad (CMOTPH
METOAMYECKOE TIOCOOHE).
2. Pemmute camocrosaTensHyto padoty. OdopmuTe pereHue TMCbMEHHO B TETPAJIN.
Xon paboThr:

AR
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1. TeopeTnyeckas yacThb

JUisl XapaKTepUCTUKU COCTOSIHUSA T'a3a BBOASAT CHELMaIbHbIC (PU3MUECKUE BEIMYMHBI, Ha3bIBAEMbIE
napamMeTpamMH COCTOSIHUS. B KadecTBe mapaMeTpoB COCTOSHUS BHIOMPAIOT TPH BEIUYMHBL: 00beM raza(V)

,TeMiieparypy ero T° u naBnenue P, mpous3BoaumMoe ra3oM Ha CTEHKH COCYZa ,B KOTOPOM OH 3aKJIIOYEH.
DT0 NaBieHUE OOBICHICTCS yIapaMy JBUKYIIIXCS MOJICKYIT.
2. llpuMepnI pelieHUs 3a1a4

1. B razosom Oamrone eMkocthio 0,01 M3 mHaxomurces ras nox gasienneM 20 kr/cm2 .Kaxoii 00bem

3aiiMeT ra3, €Clii ,He U3MEHSS €ro TEMIIEPATYPhl , OTKPBITh BEHTU/Ih 0a)sioHa? OKOHYATEIbHOE JIaBJICHHE
1 xkr/cm2.?

Hawno:

Vi=0,01m’ )
P1=20 kr/cm’=20%0,98%10° H/m°
P>=1 Kr/cn13=0,98* 10° H/m®

Pewenue:

ITo ycnoBuio 3aaun Temneparypa raza He MEHSETCs,
MOITOMY NPOHCXOUT H30TEPMHUYECKOE H3MEHEHUE
cocrosiHus ra3a. Ucnone3ys 3akon boiina-Mapuorra
p1V|=p2V3 Haxoamum V3= plvl/pg.

Beruncnenns: Vo= 20%0,98*10°%0,01/0,98%10°=0,2(m’)
Omeem: V>=0,2 M.

Vy-?

2. I'a3 U30TepMUYECKHU CKAT OT MepBoHaYaIbHOro oobeMa 0,15 M 3 1o oobema 0,10 m 3 .JlaBieHue
€ro MPHU STOM MOBBICKIIOCH Ha 2 Kr/cM2 . KakoBo mepBoHaYaIbHOE JAaBJICHUE Ta3a?

Jano:
Vi=0,15m" I'lo 3akony boiina-Mapuorra P1V,=P2V2. Ho p>=pi1+ Ap,
V3=O,IOM3 MOATOMY p|V1=&P1 +A P)V>, otkyaa Py = AP*V,/V-Va;
AP=2 kr/cm’=2*0,98*10°u/m>  P;=2%0,98*10°*0,10/0,15-0,10 = 3,9*10° (H/m)

P,=? Omeem: P\=3,9%*10I1a.

Pewenue:

3. Kak Benmuko armocepHoe HaBieHUE, €CIM MPU JJIMHE PTYTHOTO CTOJIOMKa 12,5¢M B TOHKOM
TpyOKe A/MHa CTOJI0MKa BO3/lyXa B IEPBOM MOJIOKEHHE 7CM,a BO BTOPOM — 5 cM?

Mano: Pewenue:

h=12,5¢cm B nepBom ciyuae gaBneHue Bo3ayxa BHyTpH Tpyoku P=P,my-h. Bo BTopom

1,=Tcm ciy4ae pa=paryth. [1o 3akony boiins-Mapuorra P,V,=P,V; rae V,=SL,,
IL,=5¢cm V,=SL,. Toraa (paru-h)=(paruth)SL,, oTkyaa pyn=h(L1+L2)/L;-L,

Para =12,5*12/2=75(cmM pr cT).
Para=? Omeem: Py, =75 cm pT CT.

4. Cxatplit BO3yX MNOAACTCA B Ta3roJIbACD o0beMoM 5M3 . 3a kakoe BpeMs €ro HakadaroT OO0

JaBJIeHUs 7 KIr/cM2, eciau KOMIpeccop BcachiBaeT 5,5 M 3 arMocepHOro BO3ayxXa B MHUHYTY IpH
nasneHuu 1 kr/cm2 ? TemnepaTypy cUUTaTh HOCTOSTHHOM.

Jano:

V3=5M3
P,=7xr/eM>=7*0,98*10°n/m*
V1=5,5N13/N1HH=1, 1/12m°/c
P,=1 kr/cM*=0,98*10u/m>

Pewenue:

Jlns HakaumBaHMs BO37yXa B ra3roibjaep 10 aAasneHus P,
Komrpeccop paboraer B TeueHue Bpemenu t. Oobem
3acaceiBaemoro Bosayxa V' =V, npu nasnenue p;. Koraa
BO3/yX HAKayallu B ra3rojbjep, OH 3aHsu1 00beM V, u ero

nasienue crano pa. Ha ocnoBanuu 3akona boiina-Mapuotra

t-? P,V'\=P,V; unu P,V t,=P,V,, OTKy/Ja t,=P,V,/P,V,

t=7*0,98*10°*5%12/0,98010°*1,1=380(c).

Omeem: t =380 c.
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5. OTKpbITast CTeKIsiHHAs TpyOKa amuHO0 40 cM HAIMoOJIOBHHY HOTpyKeHa B pTyTh. Korna BepxHuii

KOHEI[ TPYOKHU 3aKpbUIM U MOAHSUIA €€ IO YPOBHS PTYTHU B COCYyZE€, TO BbICOTa YPOBHS PTYTU B TpyOke
oka3zanach paBHOi 15 cM. KakoBo atMocdepHoe 1aBlieHre BO BpeMsl OIbITa?

Hano: Pewenue:
=40 cm  Ilo 3akony boiins-Mapuotrra P,V ,=P,V, rae p;=H-pasnoe armocepromy
l,-15¢cm  naBneHue BO3ayXa HaJA PTYTHIO 10 3aKpbITHs OTBepcTHd, a V=L/2S-ero 0oneMm;
P = P-1, Vo=(L-L,)S-cooTBeTcTBeHHO naBneHue U 00beM BO3AyXa HAl PTYThIO
H-? NOCJIE TOro, KaK €€ 3aKpbUlH M MOJHSIH 10 YPOBHS PTYTH B cocyae. B npeasiaynme
Beipaxkenus P,V,=P,V,Bmecro PP, V| V, noacraBum nx 3nauenus:
HL/2S=(H-L,)(L-L,)s. Orcroaa H=21,(1-1,)/1-21; H=30%*25/10=75(cm™ pT cT).
Omeem: 75 cM pT CT.
CamocrosiTesibHasi padoTa
Bapuanr 1
1. Hageprute rpaduku H30T€pMUIECKOT0, H300apHOTO U M30XOPHOTO MPOLIECCOB B KoopauHaTax P
unV;PuT;TuV.
2. WneanpHbli ra3 cHavana u300apHO paCHIMPHIM, a 3aTeM HU30TEPMUYECKHU CKallK 10 MPEKHETro
obwvema. 306pasute 3tu nporecchl B koopauHatax Pu V; PuT; Vu T.
3. B cocyne naxoautcsa m=14 xr azora npu T=300 K u naBnenun p = 8,3*104 Ila. Onpenenute
o6wvem V cocyna.
4. Tlpu ckaTuM HEU3MEHHOTO KOJHMYECTBAa HAEATBHOrO raza o0beM yMEHBIIMJICS B 2 pasa, a
TeMIiepaTypa yBeIudmiach B 2 pasa. Onpeaenure, Kak U3MEHWIOCH JaBJICHUE Ta3a.

Bapuanr 2
1. Ha puc.1

P
A T, < Ty

"
T2

\Il

>

M300pakeHbI JIBE U30TEPMBI OJTHOM U TOM K€ MacChl Traza. Yem OTINYArOTCsl COCTOSIHUE Ta30B, €CIIH
ra3pl oAuHaKoBble? UYem oOTIMUalOTCS Tra3bl, €CIM TEMIIepaTypbl Ta30B OJIMHAKOBBIE? YKa3aHUE:
BOCIIOJIB3YHTECH ypaBHeHHEeM Kianenpona-MeHieneesa.

2. WneanpHbIl ra3 cHavaja HarpeBajicd NpPU IMOCTOSHHOM JIaBJIEHUH, TOTOM €ro JaBJICHHE
YMEHBINAIOCh TIPU MOCTOSTHHOM 00BEME, 3aTeM IPHU MOCTOSHHON TeMIiepaType o0beM Tra3a YMEHbBIIUIICS
710 TIepBOHAYAILHOTO 3HaueHus. [locTtpouts rpaduk B KOOpAWHATHBIX OcsX V-T.

3. B cocyne Bmectumocthio V=0,83 M 3 Haxoautcss m=2 Kr azora npu gaieHuu p = 2*105 Ila.
Omnpenenure Temmnepatypy T azora.

4. Temneparypa V1=2 moinp kucimopona ,Haxojsmerocs B cocyne, papHa T1=300 K. Onpenenure
temrneparypy T2 Bogopoaa, HaxXOHSILIErocsi B COCYA€ TOM K€ BMECTUMOCTH IMPU TOW K€ /IaBJICHHH,
B34TOr0 B KOJIMYECTBE V2=2 MOJIb.

dopma npeacraBiaeHus pe3yJabrara:

BreimonHuTh 3ajaHue B TETPAAH [Tl MPAKTUYECKUX paboT.

Kpurepum ouenku:
3a npaBUIIHHO BBIMOJIHEHHOE 33JaHUE BHICTABIISICTCS TIOJIOKUTENbHAS OIleHKa — 1 6a.
3a HeMpaBWIHHO BBHITIOJTHEHHOE JIEHCTBUE, 3a/IaHUE BBHICTABIISICTCS OTpHUIlATEbHAs oreHKa — (0 6ayuioB.
Oyenka «omauunoy svicmasisiemca 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
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Oyenka «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHoy svicmasisiencs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.2. OcHOBBI TepMOAUHAMUKHU. TensioBble MAIMHBI.

[IpakTU4eckoe 3aHaATue N7

Pemenue 3agav 1mo Treme «OCHOBLI TEPMOAUHAMUKM.
«3akonbl TepMoauHaMuku. [lpuMeHeHHe NMEepPBOro Hayajga TEPMOAUHAMHUKH K H30IpoleccaM.
KII/I TensioBBIX ABUTATEJIEI)

He.ﬂb: 3aKpCIINTh YMEHUS W HABBIKKM PCHICHUA 3aJad Ha IEPBOC Ha4aJlo TCPMOJUHAMHUKH U KHZ[
TCILJIOBOT'O ABUT'ATCJIA.

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:

OK 01, OK 02, OK 03, OK 09, OK 06,1IK 2.1,IIK 2.2
MaTepnanbnoe o0ecmeuenue: TETPpalb OJIA HPAKTUICCKUX pa60T, py4ka, MECTOAUYCCKUC PCKOMCHJalluN
I10 BBIIIOJIHEHUIO PaOOThI, IMHENKA, KapaHalll.

VYka3zanme: [IpakTudeckas paboTa COCTOMT M3 JIBYX YacTed — TEOPETHYECCKOM M MPAKTHYCCKOM.
Tloce HN3YUCHUA TCOPCTUYCCKOIO MaTCprajia MOXHO MPUCTYIIATh K BBIITOJHCHHUIO HpaKanecxoﬁ qacCcTH.
OHa COCTOUT U3 ABYX U 60nee 3a4a4 4J1s1 CaMOCTOATCIIbHOI'O BBIITOJIHCHUA. He 3a6bIBaI>iTe O IIpaBHJIBHOM
oopmienun pemenus. Ha BeIoTHEHNE TPAKTUIECKOH OTBOJUTCA JBA aKaJeMUYECKHX Yaca.

IMopsinok BbINOJIHEHHSI PA0OTHI:

1. PaccMoTpuTe TeopeTHMUECKMH MaTepuaq IO TeME€ U NpUMEphbl pelieHus 3anad (CMOTpu

METOAMYECKOE ITOCOOHE).

2. Pemmute camocTosTenpHYIO padboTy. OdopMuTe penieHre MICEMEHHO B TETPAJIH.

Xox pabdoThI:

1. TeopeTuyeckas 4acTb

OCHOBY TEpMOIMHAMHKH COCTABJISIOT IBA 3aKOHA (MJIM HAYAJIA).

IlepBoe Hauyano Tepmoannamuku: U3MeHeHNMe BHYTDEHHEN BHEPI'UU TeJjla PaBHO
Pa3HOCTH COOBIIEHHOI'O TeJy KOJIMUECTBA TEIJIOTH U MPOU3BELEHHOM HAaJ HUM
MexXaHHuueckoi pa6oTel AU=Q+A, AU— n3MeHeHHEe BHYTDPeHHeM »Hepruu, [AU] =
Ix, A—pa6oTa BHemMHMX cuJ (uau rasa), [A] = Ik, Q—KOJHUECTBO TEIJOTHI,
[Ql= Hx.

1) AU=3/2*m/M*R*TA—u3MeHeHNe BHYTPEHHEH BHEePruu AJd OLZHOATOMHOTO
raza (He) AU=5/2*m/M*R*AT—u3MeHeHHe BHYTDPEHHEH BHEPru™u LJAd
IByxXaToMHOro rasa (02, H2, N2) AU=7/2*m/M*R*AT—BHYTPEHHAA BHEPruda AJd
Tpex U 6oJiee aToMHoro rasa (C02)

2) A=P(V2-V1), A>0, ecau pa6oTa rasa, A<0, ecau paboTa BHEMHUX CHUJ.
3) KoJIMueCTBO TENJIOTHI, HEO6XOLUMOro (BHIIeJIAeMOoro) AJig HarpeBaHud (mpu
oxJaxzeHuu) resa Q=c*m(T2—T1l), rme c—yAeJibHAad TENJIOEMKOCTh BelleCTBa

KOJ'II/I‘-ICCTBO TCIUIOTHI MpPU TIIIABJICHUUN (KpI/ICTaHHI/BaHI/II/I)Z Q=X*m, rac K-yZ[CJIBHaSI TCIIJI0OTa
mnaBieHus. KomuyecTBo TemnoTel mpu mapooOpasoBanuu (koHneHcanuu): Q=L*m, roe L-ymenbnas
TCIIJIOTA HapOOGPaBOBaHI/I}I.

I[IpumeHeHne mepBOro 3aKOHAa TePMOAMHAMHKH K H3ompomeccam 1. I30TepMHueCKUU
npomecc: T=const, usamendaerca o6weM (V) u gpaBiaeHue (P). IIOCKOJIBKY
TeMIepaTypa He U3MEHSETCH, He U3MEeHAeTCHd U ero BHYTPEHHAS DHeprud, T.e.
AU=0, Torzma Q=A.

2. I30oxopHEIM nporecc. O6beM rasa OCTaeTCsa NOCTOSHHBIM, MEHSIOTCS €ro
IaBJIEHHE U TeMIepaTrypa, 3HauuT A=0, torza Q=AU.
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3. 3o6apHBI¥ mOpoIliecc. JlaBjieHMEe OCTaeTCsa MHOCTOSHHBIM, M3MEHSIOTCSH
ero o6seM u TemMrneparypa. Q=AU+A'.

4. Axvab6aTHBIM IIPOIIECC — IPOIIECC, IPOUCXOAZAMUN 6e3 Temjoob6MeHa C
okpyxalomuMu TejaMu. AU=A' . TensoBol ABUraTeJsb IDPELCTABIAET CO60I
YCTDOMCTBO, IpeBpamaliee BHYTPEHHIOIO DHEPTrUI0 TOIJINBA B
MEeXaHHUECKYIO.

Kosdbdunuent mnonesnoro neiictBus (KIIJA): n=QH-QX/QH*100%, wiu n=A/Qu*100%, rue
A=Qu-Qx KIIJI wuneanpHOU TemnoBoi wmamuHbel: M=TH-Tx/TH*100%, Tme TH - Temmeparypa
HarpeBarteiiiad u Tx — XOJIOAUJIbHUKA.

2. IIpumepsl penieHus 3a1a4

BuyTpenHnsisi 3Heprust

1. Onpenenute CpeiHIOI KHHETUYECKYIO SHEPruio <E> MOIeKyIbl KUCIOPO/ia, HAXOASIIETOCs MPpH
temnepatype t=17°C.

Jano: Pewenue;

T=(174273) K=290 K 'V nByxaromHoii MoeKy/ bl KHCIOPOAA YHCAO CTeneHei cBO0OHbI
=5 [=5. Cpennas kuHeriieckas snepris Monexynst <E>=1/2kT,
k=138*107 kK <E>=52*138*10%JLwK*290 = 1*10™ I

<E>-? Omeem: 1¥10™ [k

2. Ompenenute CpeIHIO KHHETHYECKYIO SHEPTHUIO BPAIIATEIILHOTO JIBHKCHHS BCEX MOJICKYII,
cozepxalmxca B m=4 r kuciaopoza npu temmeparype t=17°C

JMano: Pewenue:

m=4r=4*10"kr BpamarensHOMY ABHKCHHIO ABYXATOMHO MOJICKY/IbI TPHITHCHIBAIOT
M=32%10"kr/Mons  z1Be cTemeHH CBOGOI, T.€. i=2. JHEPritsi BPALIATE/LHOIO JIBHKCHIA
T=(174273)K=290K  ommoii monexy:ni kucnopoaa <E,> =/2kT=kT. Cpeauss

23 2
N,=6,02¥10"mons”  kumetnueckas YHEPris BPAILATEILHOTO ABHKEHUS BCEX MOIIEKYT
=23 - ™
k=1,38*10""JIx/K <Eyp>=n<E;,>=nkT, rie n-uncno monexyn:n=vNy (1)
<Egp>-? Yucno moneit v=m/M, nostomy n=m/MN, (2). [Toacrasum(2) u (1),

nonyduM <E>=m/N,kT, uimn <E>=m/MRT, tak kak N k =R, rae
R=8,31/x/(monp*K).
<Eyp>=4*10"kr*6,02* 10" momb " *1,38* 10> [lx/K*290K/32* 10~ kr/mons=301 [T, wm
<E>=4*10" kr*8,31J1x/(mons*K)*290K/32*1 0° kr/mons=301)1x.
Omeem: 301 /1x

3. B KajopumMmeTpe CMENIMBAIOTCS TPU XUMHUYECKH HE B3aMMOJCHCTBYIONIME KUJIKOCTH MacCamH
ml=1 kr m2=10 kr m3=5 kr,umeronme cooTBeTCTBEHHO Temnepatrypsl t1=6°C, t2=-40°C, t3= 60°C u
yaensHble Termoemkoctd 2000 Jx/(xr*K). Omnpenenurte Ttemmeparypy cmecu © u temioty Q
HE00XO0AUMYIO ISl IOCIIEYIOIIEro HarpeBanus cMecH 1o t=6°C.
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Hano: Pewenue:

m=1kr W13 ypaBHenus tennoBoro 0anaHca cineayer, 4to anredpandeckas
my=10xkr CyMMa IMOJIY4EHHBIX ¥ OTAAHHBIX JKMKOCTAMH KOJIMHECTB TEIJIOTHI
m3=>5Kr paBHa Hym0: micy (0-T1) + macy(®-T2) + m3c3(©-T3) =0
T1=(6+273)K=279K Pewms 310 ypaBHeHHe OTHOCHTENIBHO O ,nonyunm:

T>=(-40+273)K=233K ®=m,c,Ti+macyT> +m3c3T3/mici+m cotmscs
T3=(60+273)K=333K  YroOn! Harpersb cmech 10 Temnepatypsl T, HeoOxoauMo Tennora:
¢1=2000/1x/(kr*K) Q=mci(T-O)+mac(T-O)+msc3(T-O)=(mic;+macrtmscs)(T-0)
¢2=4000/x(xkr*K) O=1kr*200/x/kr K*279K+10kr*4000)x/xr K*233K+5xr*2000
¢3=2000/x(kr*K) JUx/xr K¥333K/1kr*2000/x/kr K+10kr*40001k/kxrK+5kr*2000
T=(6+273)K=279K Jlx/xr K=254 K
0-? Q-?
Q=[2000/Tx/(kr*K)* 1 kr+4000 Lx/(xkr*K)* 1 0xr+ 2000/ 1x/(kr*K)*5Skr]
*(279-254)K=1.3*%10° =1.3 MJIx
Omeem: 1.3 M]1x

IlepBoe HaYa10 TEPMOAUHAMHUKH
1. Bomopox maccoit 4r,3aHumasi nepBoHadanbHblii 00beM V1=0,1Mm3 ,pacmmpsiercss 10 oObema

V2=1m3 . Omnpenenute: 1) Al-paboty rasa mnpu uzobapHom mnpouecce, 2) A2-paboTy rasa npu
n3oTepMuyeckoM mpoiiecce. Hauansuas temmneparypa raza T1=300K.

Jlano: Pewenue:

m=4r=4*10"kr 1) I1pu u306aprom pacumpennu (p;=const) ra3 copepiuaet padory
Vi=0,1m’ AFEpi(V2-Vy) (1)

Vy=1m’ JlaBnenne raza onpeznensem u3 ypaBuenns Knaneitpona-Menneneesa:

M=2*10kr/monb P,V;=m/MRT, orciona pj=m/M*RT,/V,(2)
R=8,3 1 mx(monp*K) [loacrasum popmyny(2) B (1)nonyunm: A;=m/M*RT,/V(V..V)) (3).

T,=300K 2) [1pu n3oTepMuyecKkoM paciuupeHue ra3 copepuaer padory
Ay-? A;=m/MRT,InV,/V, (4) (Inl10=2,3)
A-? Brruncnenus:

1) A=4*107kr*8,3 1 /(Mo *k)*300K/2* 1 0 kr/momb*0, 1 M3*( 10,1 M3)=4.5* 10* /1
2) Ay=4*10kr/2*10*kr/mons*8,3 1 [/ (Mo *k)*300K*In1m*/0, Im'=11,5%10° [k
Omeem: A\=4,5%10"11x, Ay=11,5%10° 1%

2. 0npezedsuTe U3MeHeHH e BHYTpeHHeH »Hepruu AU Jabma MaccoM m=5 Kr' B
IIpOIlecce ero TadHud (IJIaBJIeHUS) IPYU HOPMAJBbHBIX YCJIIOBUAX.
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Jano: Pewenue:

m=>5 Kkr W3menenne BHyTpeHHeH YHEPriy U3 NepBOro 3aKOHA TEPMOANHAMHKH:
k=3,35*105QMKr Q=AU+A. Orcrona AU=Q-A. Jns tasuus Heodxoauma tennora Q=Q,, =
P=1,01*10"Tla Am, A-yzienbHas Tennota miasnesns. Macca o6pa3soasiieiicst BObI Mmoo
T=273K Oyner pasaa macce nbaa m. O6bem Boabl V; 00pa3oBasuumiics U3 bja
p=0.9%10°kr/m® V), GyjeT MeHble, TaK KaK IIOTHOCTE BOBI Py2o OOBLIE IIOTHOCTH JIbd
pr20=107kr/™’ pa. [lpn nnasnennu nbaa cosepiaercs padora A=po( Va- Vy).

YuntsiBas, uto p=m/V,onpeaensem Vo=puo: Vi=m/p, CrneagosarensHo,
AU-? A=po(m/pr20-m/pn)=Po m(pa-pr20/pspr20) Beraucnenns:

Q=3,35*10"wx/kr*Skr=1,7*10° k.

A=1.01*10°TTa*Skr*0.9% 10°kr/m- 10 kr/p’/0,9% 10 kr/n’ 103xr/M3=-55ﬂ>K
AU=1,7*10°Ix-(-55 2% )=1,7*10% JIx.

Omegem: 1,7%10° 1k

XoJ0anJIbHAs MAallIMHA

1. Temmneparypa HarpeBarenss wunaeanbHod TeruioBoil MamuHel TH=500 K,remneparypa
xonomunbHuKka Tx=300 K. Onpenenure KIIJI TennoBoi mammHbl | U Temwiory Q H, IOJYyYEHHYIO OT
HarpeBaTelisl, €CIIM 3a OJWH IIUKJI MalinHa copepinaeT padboty A=400 J[x.

Jano: Pewenue:

T,=500K Kosuument none3xoro AeifcTBis TenI0BOI MalMHb ONpeensercs no

T=300K opmyne : i=Tu-Tx/Tu (1) wm n=A/ Qu (2).

A=400/1x U3 dopmyst 2 ceayer, uro Q=AM

-7 Qu-? Boruncnenns: n=500K-300K/500K=0,4; Qu=400/[x/0,4=1000Tx=1xx.
Omsem: 1= 0,4; Qu= 1x/lx.

2. CamocrosiTesqibHAst padoTa

Bapuanr 1

1. ns u3obapuoro HarpeBanust 800 monp raza Ha 500 K emy coobupmmm 9,4 M/Dx TemnoTsl.
Onpenenure paboTy ra3a U U3MEHEHHE €T0 BHYTPEHHEHW SHEPTUH.

2. OpHOaTOMHBIA MaeanbHBIA ra3 Maccoil 20 r mpu pacuMpeHuH 0e3 TerIo00MeHa COBEPIIMI
paboty 249 Jx. Ha ckonbpKko TpaaycoB U3MEHUIIACh TeMIlepaTypa ra3a’?

3. KakoBa BHyTpeHHs4 sHeprus 20 Moap 0qHO0aTOMHOrO rasa npu 37°C?

4. Azot maccoit 280 r Obut Harper npu nocrossHHoM nasieHuu Ha 100 K. Omnpenenute paboty,
KOTOPYIO COBEpILAET I'a3 NIPU PaCLIMPEHUH.

5. WneanpHbld Ta3 CHadalla OXJIAXKIAJICA NPH IMOCTOSHHOM JAaBJICHHHM, MOTOM €ro JaBJICHUE
YBEIMYMBAIOCh MPH IOCTOSHHOM OObEMe, 3aTeM NpU IOCTOSHHOM Temrmeparype oObeMa rasa
YBEJIMUUIICS J10 IepBOHAaYaIbHOro 3HaUeHus. Hapucosarthb rpaduk B KOOpAWHATHBIX ocax V-T.

6. Eciin uneanbHbli ra3z noayyusl konuuectBo TermioTsl 100 Ik, ¥ mpu 3TOM BHYTPEHHSS SHEPIHs
ra3a ysenumumiach Ha 100 JIx, To ra3 B 9TOM IpoIiecce KaKyro padoTy COBEPIIIHII?

7. Temneparypa xonoaunbHuKa TerioBod MamuHbl 400 K, temneparypa nHarpeBatens Ha 200 K
Oomblnie, yeM y xonoauiabHuka. Haiitin makcumansao Bo3MoxHBI KIT/I mammHbL.

Bapmuanr 2

1. Kak 1 Ha CKOJIbKO M3MEHWJIaCh BHYTPEHHSS DHEPIUs rasza, €ciu MpH ero ajaunadaTHOM CXKaTHUH
Ha/1 HUM ObLa coBepieHa padota 200 [Ix.

2. Kakyio paboTy coBepmiui ueadbHbIi OJHOATOMHBIN Ta3 M KaK MPH TOM H3MEHWIACh €ro
BHYTPEHHSS JHEprus Npu H300apHOM HarpeBaHuu JByX Mosed rasa Ha 50 K? Kakoe kommuectBo
TEIUIOTHI MOJIYYMJI I'a3 B IIPoOLEcce TeMmI000MeHa?
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3. Ilpu anmaGaTHOM pacIIMpeHHMH Bo3ayxa Obuia coBepuieHa pabora 200 J[x. Yemy paBHO
W3MEHEHUE BHYTPEHHEHN YHEPTUU BO3ayxa?

4. VneanbHbli ra3 HarpeBajcs MPU NOCTOSSHHOM JIaBJIEHUM, IOTOM €r0 JaBJICHHE YBEIMUUIIOCH IIPU
MIOCTOSIHHOM 00BbeMe, 3aTeM IMpU MOCTOSHHOW TemIiepaType JMAaBlIEHHE Tra3a YMEHBUIMIOCH 10
nepBoHavanbHOro. Hapucosats rpaduk B KOOpAMHATHBIX Ocsx P-V.

5. UneanpHblit ra3 moiayumni kosudecTBo Terotsl 300 [k u copepmun padory 100 [Ix. [Ipu sTom
KaK U3MEHWJIACh €r0 BHYTPEHHS SHEPTrHs?

6.Temneparypa xonoaunbHuka TermioBo mamuubl 300 K, temnepatypa narpeBatens Ha 300 K
0oJbIIIe, 4YeM y XOJIoAuIbHIKa. YeMy paBeH MakcUMallbHO Bo3MOKHBIH KIT/] TermmoBoii Marmab1?

7. UeMy paBHa BHYTPEHHsISI SHEPrus 5 MOJIb OJJHOATOMHOT'O WJEAIbHOTO ra3za Ipu TemrepaType
47-C?

@dopma npeacTaBJieHUs pe3yJabTarTa:

BbImonHUTE 3a1aHue B TETPaIy sl IPAKTHYECKUX PadoT.

Kpurepun oneHku:
3a mpaBUIIHLHO BBITOJHEHHOE 33JaHHE BHICTABIIICTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIIaTeIbHas olieHka — () 0amoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasinsiemcs 3a 80 — 89%0 npaBUITBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenbhoy svicmagiiemcs 3a menee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.3 ArperatHbie COCTOSIHUSI BeliecTBa U (pa3oBble Mepexoabl

[IpakTHyeckoe 3ausATHEe N28

JlaBjieHue skuaKocTeil U TBepAbIX Tel. 3akoH [Mackasns.

Ilesb: HAYYUTBHCSA BBIYUCIATH JABJICHUE B JKUIKOCTAX W TBEPABIX Tenax. HayduTbcs mepeBOIUTH
€AVHULBI U3MEPEHUS B PA3JIUYHBIE CUCTEMBI
Boinosinenue padoTsl cnocodcTBYeT (OPMUPOBAHMIO:
OK 01, OK 02, OK 03, OK 09, OK 06
[1P61; ITP64; ITP67; TIPGS;
[1Py3; I1Py4; I1Py9; IIPy10;
MP&,MP9,MP10,MP21,MP17, MP13;
JIP 26,J1P 14,J1P 23,JIP 13.
MatepuajbHoe obecniedeHHe: TeTPaib Ui MPAKTUYECKUX PaboT, pyuka, METOANYECKHE PEKOMEHIAluU
I10 BBITIOJIHEHUIO PaOOThI, IMHEHKa, KapaHiall.
Yka3zanue: [Ipaktuueckas paboTa COCTOMT M3 JBYX 4yacTed — TeopeTHueckoil M mpaktuueckoil. [locne
W3y4EHUsl TEOPETHUYECKOr0 MaTeprajga MOKHO IPHUCTYNATh K BBINOJHEHUIO IpakTHYecKor vacth. OHa
COCTOMT M3 JBYX W Oosiee 3ajauy Al CaMOCTOSITENIbHOTO BbIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
odopmiiennn peuieHusi. Ha BbIoHEHHE MPaKTUYECKOM OTBOAMTCA JBa akaaeMuueckux vaca. [lopsmox
BBITOJIHEHUS pabOThI
Ilopsinok BbINOJHEHHSI PadOThHI:

agkrownE
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1. PaccMoTpuTe TeEOpeTHYECKH MaTepual N0 TeMe€ U IpUMephl peleHus 3agad  (CMOTpHU
METOAMYECKOE ITOCOOHE).
2. Pemmre camocrosiTensHyto padoty. Odopmure perieHne NiCbMEHHO B TETPALIH.
Xox padoThI:
1. Teopus.
JaBiaenne. Atmocepnoe napiaenue. 3akon [lackans. 3akon Apxumena

BennuuHa, paBHasi OTHOLLEHUIO CUJIBL, IEUCTBYIOIIECH NEPIEHAUKYIIIPHO TIOBEPXHOCTH, K ILIOIIAAN 3TON

MOBEPXHOCTH, Ha3bIBaeTcs oasnenuem. OOo3Havaercs OykBoi wimPu um3mepsiercs B mackamsix ([1a).
PaccuuthiBaercs mo gopmyie

F
X
AmMOC¢€pH0€ odagnenue — 3TO JaBJICHHC Bcelt TOJIK BO3[JyXa Ha 3CMHYIO ITOBCPXHOCTb M TCJIa,

HaXoJAIIMecs Ha Hei. ATMOc(epHOoe TaBlieHHe, PaBHOE JABICHHUIO CTOJI0A PTYTH BBICOTOW 760MM mpH
temneparypel°C, naspiBaercs HOpManbHBIM aTMOCHEPHBIM aBIEHUEM.

HopmansHoe atmocdepHoe gaBnenne pasuo 101300 ITa = 1013 rlla.
Kaxapie 12 M naBnenue ymensinaercs Ha 1MM. pt. cT. (wnu Ha 1,33 rlla)

3akon [lackans: odasnenue, npouszsoouMoOe HA HCUOKOCMb UNU 2A3, Nepeoaemcs 6 JH00VI0 MOYKY
O0OUHAKOBO 80 BCeX HANPABTICHUSIX.

3akoH Apxumena: Ha TeJlO, TNOTPY)KEHHOE B JKHAKOCTh (WM Ta3, WIM IUIa3My), IEHCTBYET
BBITAJIKMBAIOIIAS cUJjla (Ha3bIBaeMasi CHIION ApXuMena)

- 5,
Fy=—pgV
r7ie p — IJIOTHOCTD XKHUAKOCTH (Tasa),

— yCKOpeHue CBOOOJIHOTO majeHusi, a V — 00bEéM mNorpyxE€HHOro Tena (MM 4acTh oObEMa Tena,
HaxOoJsIIasicsl HUKE MOBEPXHOCTH). BrITankuparomas cuia (Ha3biBaeMasi TaKXe apXHUMEIO0BOM CHIION)
paBHa MO MOJYAK (M NPOTHBOINOJIOXKHA [0 HAMpaBJIEHUIO) CHUJIE TSDKECTH, JeHCTBOBaBIIEH Ha
BBITECHEHHBIN TEJIOM 00bEeM KUIKOCTH (Ta3a), U MPUJIOKEHA K IIEHTPY TSHKECTH 3TOT0 00bema.

Craenyer 3aMeTUTb, YTO TEJNO JOJKHO OBITH MOJHOCTBIO OKPYXEHO XHJAKOCTbIO (JIMOO mMepeceKaThes
MOBEPXHOCTHIO KUAKOCTH). Tak, HampuMmep, 3aKOH ApXuMeaa Hesb3sl MPUMEHUTh K KYOHKY, KOTOPBIH
JISXKUT Ha JIHE pe3epByapa, FEPMETUYHO Kacasch JHa.

Coobmaommecsi cocyabl

PaFIETA
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PaCCMOTpI/IM COO6IJ_IaIOH_[I/ICC$I COCYyJbl, 3allOJIHCHHBIC HCCMCUIMBAIOMIUMUCH KUIAKOCTAMU C pa3H0171

IUIOTHOCTBIO. J[JIsi KaKJIOH JKUIKOCTH B OTHEIBHOCTH CIIPaBEIMBO ypaBHeHme P2z — P *Pg 'h.
Hcnonbe3yem ero mjis onpeeneHus BoIcoT cTosiooB hy u hy. PaccMoTpuMm ciydaii, koraa Ha cBOOOTHOM
MMOBEPXHOCTH KHJIKOCTEH JaBJICHUS OJIMHAKOBBI M PaBHBI Po . Tak Kak BCE TOYKH IMOBEPXHOCTH pa3jiena
MPUHAJICHKAT OJHOPOTHON KUIKOCTH, TO 3Ta MOBEPXHOCTH SIBJISCTCS OJJHOBPEMEHHO M TOBEPXHOCTHIO
PaBHOTO JIABJICHHMSL.
IMpuHImMn padoThl NPOCTEHIMX IMAPABINYECKHX MALINH

To 00CTOATENBCTBO, UTO KUIKOCTH OyIydd MPAKTHYCCKH HEC)KUMACMBIM M, PABHOMEPHO IEPEIaloT IO
BCEMY CBOEMY O00bEMY BHEIIIHEE JABJICHUE, IIUPOKO UCIOIB3YETCS B PAa3IUYHBIX OTPACISIX TEXHUKHU (B
THJIPONIPUBOJIAX, THIPOABTOMATHKE, THAPABINYECKMX TOPMO3aX W YCHIUTEIAX W T.I.). DTO CBOMCTBO
KHUJIKOCTH TaKke SPPCEKTUBHO NMPUMEHSIOT B TAaKMX IMPOCTEHINMX MAaIlWHAX, KaK THUIPaBIMUYCCKHE
JIOMKpaThI (IMTObEMHHUKH) U TIPECCHI.

[TpunHiMn ux paboThl OCHOBAH Ha CIEAYIOIIEM: UMEIOTCS JIBa COOOIIAIOIIUXCS MEXIY co00i HUIUHIpa
paszHoro nuamertpa [Ipunaras kK HOPIIHIO MEHBIIETO U3 MWIMHAPOB KaKyIO-TO BHEIIHIOW cuily P1, MbI Tem

_P

Py = 5
CaMbIM CO3/1a€M Ha ITOBEPXHOCTH KMKOCTH B 3TOM LIUIHHJPE JaBICHHE 1 , KOTOPOE PAaBHOMEPHO
HePENaeTcs BO BCE TOYKM IPOCTPAHCTBA, 3aII0OJHEHHOIO XHUAKOCTHIO. Torna Ha MopuIeHb OOJIBIIETO U3

L
P, =P, =
o P, =p,52 59
HUIMHIPOB (0e3 ydera motepb) OyneT AeiicTBOBaTh MOIBEMHAS CHIIa — 2 2 unm . Takum
o0pa3oM, ueM OOJbIIe Pa3HIATHCS MEXKIy COOOW TUIOMIAAM TOMEPEYHOr0 CEUYCHUS MIJIMHIPOB, TEM
00JIBIIYIO (ITOABEMHYIO, CKUMAIOMIYIO, TIEPEMEIIAIONIYI0) CHITY MBI ITOJTy9aeM B TaKUX THAPABIMYCCKUX

YCTPOMCTBAX.
Crarnueckoe AaBJieHHE KUAKOCTH HA IUIOCKYI0 MOBEPXHOCTD. ['uapocTaTHyecknii napaaokc

Jl1is ompe/ienienrs CUIIbl IaBIIEHUS KHUAKOCTH P Ha MIOCKYI0 MOBEPXHOCTS , MIIOMIAIh KOTOPOU paBHIETCS
S, pa3o0beM ee MPOU3BOJIBLHBIM 00pa3oM Ha OECKOHEYHO Mauible riomaau ds. [laBmeHue >KUIKOCTH Ha
MOBEPXHOCTh OMPEACIUTCS KaKk CyMMa CUJI IaBIICHUH Ha 9TU dIIEMEHTapHbIE IIOMAIKH.

PaccmMoTpuM »rieMeHTapHylO IUIOLIAJIKy, LEHTP KOTOpOM pAacloJIoKeH Ha TIIyOuHe YPOBHS,
IIPOXOALIETO0 Yepe3 LIEHTP TshKecTH Beced muomanau T. JlaBneHue B LEHTpe TSKECTH ATOM IIOLIalu
0003HauuM p,. Toraa ruIpoCTaTH4ecKoe JaBJICHUE B LIEHTPE 3JIEMEHTapHOM IUIOIIAKU PaBHO

P=p;*P-EM

OKOHYATETHHO TOTYIUM P =p,s
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Takum 06p330M, CrJia NaBJICHHUA KUJAKOCTHU Ha IUIOCKYIO IMOBCPXHOCTH paBHA MPOU3BCACHUIO ILIOIIAAN
ITOH IMOBEPXHOCTHU HA BECIUMYHNHY T'HAPOCTATUICCKOI'O JaBJICHHA B €€ HECHTPE TAXKCCTH.

CJI@I[CTBI/IGM ABJIICTCA JOKA3aTCIIbCTBO TUAPOCTATUYCCKOTIO MMapaoKCa, BIICPBBIC ITOJTYYCHHOC ITackanem.

BenuunHa cHIIBI BECOBOTO JABICHUS KUIAKOCTH Ha JTHO pe3epByapa 3aBUCUT TOJIBKO OT IUIOTHOCTH JTOU
KHUJIKOCTH, TUIOIIAJHN JHA W TIyOWHBI €ro MOTPYXKEHHS MOJA CBOOOJIHON moBepXHOCThIO. [Ipu 3TOM Bec
KHUJIKOCTH, HAJIMTOM B COCYZ, MOXKET OTJIMNYATHCS OT CHJIbl JABJICHMs, OKa3blBAEMOIO €10 Ha JHO, T.C.
CHJIBI JIaBJICHHUS JKUAKOCTH Ha JHO pe3epByapa He 3aBUCAT OT €ro (OpMbI U KOJIWYECTBA KHUIKOCTH

P =Py +()ghn; P =(py +pghy)s,

1) 2 3 2)

Tak B pacCIupAIOIIUXCA KBEPXY COCydax CHJIa BECOBOI'O AABJICHUA HAa AHO MCHLIIC BECa XUIAKOCTH, B
LWINHAPUYECKUX OHHU OJMHAKOBBI, a B CYXHBAIOIIUXCS KBEpPXy — CHJa JaBjieHUs Oojblle Beca
3aKJIIOYEHHOM B COCYJ JKUJIKOCTH.

Tak kak HaiileHHas cuja SBJISIETCS DPAaBHOJAEHCTBYIOLIEH, TO IMOMHMMO €€ BEIMYMHBI HE0O0XOAUMO
OIpEAECIUTh U TOUKY €€ IPUJIOKEHUS, Ha3bIBAEMYIO LICHTPOM JaBiieHUs. LIeHTp TsbkecTH coBmagaer ¢
LEHTPOM JaBJIEHUs TOJIBKO TOIZA, KOIJa paccMaTpuBaeMas IIIOCKas IOBEPXHOCTb JICKUT B
TOPU30HTAIBHOM IUIOCKOCTH.

[TockoIBbKY THAPOCTATUYECKOE JABIICHUE p SABIETCA MOAYJIEM TUAPOCTATUUECKOIO HAIIPSIKEHHUS , SITFOPBI
HOpMa.TII)HOFO FI/I}IpOCTaTI/IIIGCKOl"O Haprl)KeHI/ISI MOFYT 6I)ITI) HOCTpOGHI)I C HUCITOJIB30OBAHUEM
3aBUCHUMOCTH M TIPUMEHEHBI i1 OINpeAeNieHUs BEIWYMHBI B JIOO0H TOYKE paccMaTpuBaeMoi
HOBerHOCTI/I. HpI/I 3TOM cnenyeT IIOMHHUTB, YTO 3TO Hal'[pfl)KCHI/Ie HaHpaBJ'IeHO 110 HOpMaJ'II/I K IJiomaake
JICUCTBUSL.

PaCCMOTpI/IM MOpsAAOK TIOCTPOCHHA OHIOPBI HOPMAJIBHBIX THUAPOCTATUUCCKHUX Haprl)KeHI/II\/JI Ha
BCPTUKAJIBHYIO CTCHKY , YPOBCHB JXUJIKOCTH B KOTOpOP’I H

_*_hj s

| L -
TIIIIIT p; = j/)g,‘/ = ' /]* f‘ﬂ __:.
a g 6 ‘

Onropvl HOPMANLHBIX SUOPOCMAMUYECKUX HANPANCEHUL

BHemHee ruzipocTaTudeckoe JaBIEHUE po PABHOMEPHO MeEpenaeTcs KUIKOCTBIO MO BCEMY €€ 00bemy.
OtnoxkuB B MacuiTabe Ha MEPHEeHAUKYISIpax K paccMaTpUBAaeMOll IJIOCKOW CTEHKE B €€ BEepXHEW U
HIDKHEW 4acTH po U COCIAMHUB KOHLBI BEKTOPOB IMPSIMOW JIMHUEH, IMOJYYUM MPSIMOYIOJBHUK-IIIOPY
HOpPMAJIbHBIX HAIPSDKEHHUM, BBI3bIBAEMBIX BHEIIHMM JaBiieHUEeM. M30bITOUHOE TI'MIpPOCTaTHYECKOE
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JaBlICHHE U3MEHSETCS 110 TIIyOMHE M0 3aKOHY MPSMOH, Mpu4eM OHO paBHO 0 Ha cBOOOAHOI MOBEPXHOCTH
KHUJIKOCTH U MakcuMaibHo — y aHa (pgH).

Takum 00pa3oM, SMIOPEl HOPMATBHOTO M30BITOYHOTO THAPOCTATUYECKOTO HANPSHKEHHUS UMEIOT (hopmy
IPSIMOYTOJBHOTO TPEYTOJBHHUKA. DIMI0pa HOPMAIBHOTO a0COJIOTHOTO THAPOCTATUYECKOTO HAIPSHKEHUS
MOJTyYaeTCsl B Pe3yJIbTaTe CIOKEHUS MPEABITYIIUX ABYX S0P U UMEeT GOpMY Tparenuu.

AHAJIOTUYHO CTPOATCA SMIOPbl HOPMAJIBHOI'O TUAPOCTATUYECKOIO HAINPSIKEHUS B Clly4ae HAKIOHHOMU
creikd. C TOMONIIBIO MOAOOHBIX JMIOP MOXHO TrpapuYeckd CyMMHPOBATh HOPMaJbHOE
TUAPOCTATUYECKOE HAIPSHKEHUE IMPU JEUCTBUUM OJHOPOAHBIX WJIM PA3HOPOIHBIX >KMJIKOCTEH C JABYX
CTOPOH IUIOCKOM CTEHKH.

C IIOMOIIIBIO 3IIIOPBI HOPMAJIBHOI'O THAPOCTATHUYECKOI'O HAIPSXKCHHUA MOXKET OBITh nmoacyuTaHa cCuJia
THAPOCTATUYCCKOr0 OaBJICHUSA Ha INIOCKYIO IOBCPXHOCTb, ITOCKOJIBKY 00bEM TaKoM SMOPbI YUCIICHHO
PaBCH BCINYHHC STOM CHIIBI. HqueM ChJia NABJICHUSA Ha IJIOCKYIO ITOBCPXHOCTH NPOXOAUT UCPE3 LHCHTP
TAKCCTHU SIIOPLI, IMTOJIOKCHHUE KOTOPOIro JJId Tpaneuenz[aanoﬁ SIMIOPbI HOPMAJIBHOI'O TUAPOCTATUYCCKOI' O
HAIPsKCHUA HA IPAMOYTOJIBHYHO CTCHKY MOKCT OBITh OIpCacCIICHO rpaquecxn WJIn 110 (bOpMy.]'IaM.

2. Ilpumepsl penieHus 3aj1a4
1. Onpenenuth naBiaecHUE OCH3WHA HA JHO ILMCTEPHBI, €CIM BBICOTa cTONOa OeH3wHa 2,4 M, a ero
3
mwIoTHOCTE 710 K1/M°.

Jawno: Pewuenue:

h=24m™m p = pgh

p=710kr/™M’ | p=710 kr/™’ + 10 H/kr+2,4 m
g =10 H/kr p = 17040 Ila= 17,04 klla
p—2? Omeem: 17,04 xlla

2. Kakast ®UJIKOCTh HaXOAUTCS B COCy/e, ecu cToid BbicoTol 0,3 M oka3biBaeT nasienue 5400 [1a ?

Harno: Pewernue:

/I 093 M — / . = /J
2 =5400 lla R ok
=10 H/Kl‘ 5400 Ila

= 1800 kr/m’

FT

- IO H/Kr < 0;3 M

Omeem: Cepuas KHCI10Ta

p—?

3. B Oonbmioit cocyn ¢ KBaApaTHBIM JTHOM IDIOMAABI0 9 M2 U BEepTUKAILHBIMH CTEHKAMH HAJIMTA BOJIA
(cM. pucyHok). KakoBa BbicOoTa ypOBHS BOJIBI B COCY/I€, €CITH CHJIA €€ TaBJICHHUS Ha OOKOBYIO
MOBEPXHOCTh COCYJla paBHA CWJIE IaBJIEHUS HA THO?
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dano: :

Fa=Ts 2 |

S—'&=9M 1

p. = 1000 =5 ——————| }h—?
= X -=- ===

h—? ——8——

Pemenue:
JlaBienue BOABI Ha AHO cocyna pasHo: P, =p gh.
Ilromaznk AHA COCYAa paBHa: S = a°, TAe a — CTOPOHA

KBaapara.
2
Cuna ,z;amlenna Ha AHO cocyaa pasHa: F,=P,S=p_gha”;
F,=p.gha”.
JaBreHne JKHAKOCTH Ha DOKOBYIO MOBEPXHOCTE COCYAAa

yOBIBaeT ¢ BRICOTOH OT i, moaTOMy B cpeaHeM P, = pBg%.

Iltomanes 60KOBOH MOBEPXHOCTH COCYAA, HUCOBITHIBAIO-
meil gaBaeHHe, paBHaA: S; = 4ah, a cuna gaBieHUs1 Ha DOKO-

BYIO IOBEPXHOCTB paBHa: F; = F,S; = pBg%4ah.

ITo ycioBHuio 3amaum F'u = F,, Torna pagha2 = pBg%4ah.

Coxkpamas Ha p, &, h, a, nonygaem: a = 2h, Torna h = %, HO

a=+/S.

JS
h=-"—|

2
IlogcTaBuB B (hOPMYJIy YHCIOBBEIE AaHHBIE, HOJIYYHM:

Orciona ciegyer, 4To

2 "2
OrseT: h=1.5 M.

4. B cocyn, nmerommii popmy mpnmmHApa ¢ paauycom 10 cM, Hanmmu 3,14 Kr OJCOTHEYHOTO Macia
(cM. pucyHok). OnpeenuTh JaBleHHe Maciia Ha THO COCy/Ia.

IHano: CH

R=10cmM 0,1m ﬁ

m = 3,14 r

ngoox_g e
M

Pemenue:

JlaBieHne KUAKOCTH HA JHO COCYZa PABHO OTHOMIEHHUIO
CIJIBI TSIZKECTH JKHIKOCTH K ILIOIIAAHN JHA COCYAA.

Tak kak F = mg — cuia TAXKeCTH Maca, a S = nR? — mwo-

F
maab JHa cocyja, moaydaum: P = —

L
0 , uto |P = &
TCIO4a cileayeT, 4To 7[_R2
HOHCT&BHB B (bopMery YHCJIOBBIE HaHHBIE, IOJIYYHUM!:
3,14-10 _ 10__ 1000 I1a.

~3,14-(0,1F 0,01
OrseT: P=1000 IIa.



5. B cocyne HaxoAsATCst OIUH 32 JIPYTHM TPH CJI0sl HECMEUIMBAIOIINXCS )KUAKOCTEH: BOIa, Macllo, PTYTh
(cM. pucyHOK). Beicota kaxaoro ciost 5 cM. OnpeleniTh TaBlIeHUe KUAKOCTEH Ha THO cocy/ia ¥ Ha
riyoune 7,5 cMm.

Hauo: CH
hl = hz = h.3 =dcM 0,05 M :::_—_:::::
h=1,5cu 0,075 m —— Macaop, — | ~h,
p. = 1000 = —
M _——
- Bona p e h’a
KT —_— = = 2
p, =900 - —
KT P e S g
Py =18000 "3 —=Pvmp, = | rh,
P-? —
Ph = ?

Pemenmne:

Onpeznenum papjieHye Ha AHO KaXK0M KHUKOCTH:
P, =p,gh, — nasnenue croaba pryru;

P, =p gh, — nasnenne cronba Boasl;

P, =p gh, — naBrenune cronba macia.

Obmee nasnenue Ha AHO cocyzaa Gyaer pasuo: P= P, +
+ P, + P, Tak KaK h; = hy = hg, P =p gh, + p,gh, + p,ghs =
=ghy(Py + Pyu + P)-

Orciona caeayer, uro |P = gh,(pp +p, + P}

IToacrasus B (hopMyIy YHCIOBEIE JaAHHEIE, IOJAYIUM:

P=10-0,05-(13 600 + 1000 + 900)=0,5-15 500 =
= 7750 Ila.
JlaBierue Ha rayomuHe 7,5 CM CKJIaJBIBAETCHA H3 JAaBie-

HHU#A cTonba Macia u AABJIEHHSA TIOJJOBHHBI CTOJIORI BOJABI:
1
P, =P, +3P,

Orciona caeayer, uro |P, = p, 8hy + %p_ghz .

Iloacrasus B (hOopMyTy YHCIOBEIE JaHHBIE, TOJAYYHM:
B, =900-10-0,05+l-1000-10-0,05 = 450 + 250 =

2
= 700 Ila.
OrseT: P=T7750 Ila; P, = 700 Ila.

6. Konudeckas mpoOka mepeKphIBaeT Cpasy JBa OTBEPCTHS B TUIOCKOM COCY/IE, 3aIIOJTHEHHOM
xuakocteto npu gasiaeHuu 2000 I1a (cMm. pucynok). Paguyc otBepctuit R =2 cm, r =1 cm.
OnpenenuTts CUITy, IEHCTBYIONIYIO Ha TPOOKY CO CTOPOHBI KUKOCTH.
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Hamo: CH
P=20001IIa (0,02 M

R=2cm 0,01 m
r=1cm
F-?

Pemenwue:

Cuna, aeiicTByonmas Ha npodKy B 60JIbIIOM OTBEPCTHH,
paBHa: F, = PS,, rae S, — miomaas 60611010 OTBEPCTHSA;
S, = nR?, roraa F, = PrR®.

Cuna, peiicTBywomas Ha nNpoOKy B MaJOM OTBEPCTHH,
pasHa: F, = PS,, rae S, — naomaabs MajJoro OTBepCTHUA;
S;= nrz, rorga F, = nPre.

Cuia, neiicTByoolas Ha NPoOKY CO CTOPOHEI JKHAKOCTH,
pasua: F = F, — F,; F= nPR* - nPr’ = nP(R* - ).

Orciona caeayer, uro |F = tP(R* - r?)|.

IloacraBus B Q)opmy.ny YHUCJIOBbIE JaHHbIE, ITOJYYHM!:

F=2000- 3,14 - (0,0004 - 0,0001) = 6280 - 0,0003 =
= 1,884 H.

OrseT: F=1,884 H.

CamocrosiTe1bHas padora.

1. Bo ckoibKo pa3 1aBiaeHHe BOJIbI HA IHO Ko(eiHIKa OoJibllle, 4eM Ha JTHO YallHUKA, €CJIM BBICOTA
cTos6a Boabl B Kodeitnuke 30 cm, a B yaitHuke — 12 cm?

2. OmnpenienuTh BBICOTY YPOBHS BOJbI B BOJOHAIOPHOM OallHe, eClii MaHOMETp, YCTAaHOBJIEHHBIN Y
ee OCHOBaHus, moka3biBaeT gasienue 220 klla.

3. Beicota cronba Boabl B crakaHe 8 cM. Ha ckonbko AaBieHHe PTYTH Ha JHO CTakaHa ObUIO ObI
00J1b11Ie, €cli Obl PTYTh HAJIWIN B CTAKaH J0 TOTO ke YpOBHA?

4. Inuna akBapuyma 40 cm, mupuHa — 20 cm, Beicota — 30 cM (cM. pucyHok). C kakoil cusoit Bosa
JaBUT Ha JHO akBapuyma? Boja HIke BepXHEro Kpas akBapruyMa Ha 2 cM

5. Cocyn umeer maccy 15 kxr. Korga B Hero moBepxy J0iMiIH BOJbI, Macca ctana 40 kr, a korja B
3TOT K€ COCYJ HaJWIN JOBEPXY HEU3BECTHBIM pacTBOp, TO Macca crana paBHoW 45 kr. Onpenenuts
JIaBJICHHE HEU3BECTHOTO pacTBOpa Ha THO COCYJa, €CIH BhIcOTa cocya paBHa 0,5 M.

6. B uBerounyro Ba3zy HanuTta Boja. JlaBneHue Boabl B Touke (1) Oonbiie, yem B Touke (2), B 1,6
pa3a. Touka (1) orcTout oT nHa Basbl Ha 4 cM, a Touka (2) — Ha 10 cm (cM. pucyHok). KakoBa BricoTa
BOJBI B Baze?
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7. B cocyn, miomaap NonepeyHoro ceYeHus: KOTOPOro yMEHbILAETCs] B HAIIPABICHUH OT JIHA K BEpXHEH
YacTH, HAJIUTA YXUIKOCTh Maccoit 1,6 kr (cMm. pucyHok). OO0beM XHAKOCTH paBeH 2 . Bwicora
KHUJIKOCTH B cocye paBHa 20 cm. Haiitu naBnenue ®uIkocT Ha THO cocyaa. h

——

\
=\
e \ §

S——
8. Kakyro cuny naBieHusi UCIIBITHIBAET CTEHKA akBapuyMa JutnHou 40 cMm, eciu yron ee HakioHa 60°, a
BbICOTa BOJIbI B akBapuyMe 20 cM (cM. pucyHok)? Atmocheproe nasienue 105 Ila.

®opma mpeacTaBieHus pe3yJbTarTa:

BeImonHuTE 3amaHue B TETpaay A MPAKTHYECKUX padoT

Kpurepun oneHku:
3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIIICTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeMmpaBUJIbHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIISETCS OTpHUIlaTeIbHas olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIBHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% mpaBUIBLHBIX OTBETOB
Oyenra «Heyoosiemeopumenbvhoy svicmagisiemcs 3a Menee 60% nmpaBUIBHBIX OTBETOB

Tema 4.1 DuexkTpocraTnka

[IpakTUyeckoe 3auATHE N29

Pemenue 3ana4 nmo teme «uekTpocratuka. CoeiluHeHNEe KOHIEHCATOPOB)
esab: U3y4uTh IIEKTPUUYECKOE MOJIE, 3HATH €r0 MPHUPOJTY, Er0 ICUCTBUE HA AIEKTPUUYECKUE 3aPSJIbI
U Ipyrue djaeKkTpudeckue noiid. Hayuntbes pemare 3a1a4i Ha COEIMHEHUE KOHICHCATOPOB.
Boinosinenue padoTsl cnocodcTByeT GOPMIUPOBAHMIO:
1. OK 01, OK 02, OK 03, OK 09, OK 06
2. IIP64; ITP66; ITPG7,
3. IIPyl; ITPy2; [1Py3; I1Py4; ITPy5; I1Py9; I1Pyl,;
4, MP8MP9MP10,MP21,MP17, MP13
5. JIP 26,JIP 14,JIP 23,J]IP 13
MarepuaibHoe ofOecneyeHHe: WHIMBHUIYyAIbHOE 3aJaHUE, KOHCHEKT JIEKIHM, CIpaBOYHBIC
MaTepUaIbl.
Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUECKON M MPAKTUYECKOM.
[Tocne u3ydeHus: TEOPETUUECKOr0 MaTepraia MOKHO MPUCTYNATh K BBIMOJHEHHUIO MTPAKTUYECKOW YACTH.
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Omna cocTtouT U3 ABYX M OoJiee 3a1a4 JJIsi CaMOCTOSATENILHOTO BhIOJMHEHUs. He 3a0bIBaiiTe 0 mpaBUIbHOM
odopmiiennu pemeHus. Ha BbImogHeHNE MPaKTHYECKOW OTBOJUTCS /1B aKaJeMHUYECKHX daca.
Ilopsinok BbINOJIHEHUs padoOThI:
1. PaccMmoTpuTe TeopeTHUECKUH Marepual IO TeMe U IpHUMEphl pelleHus 3anad  (CMOTpH
METOAUYECKOE IIOCOOHE).
2. Pemute camocTosTensHy0 padoty. Odopmure perieHue NUCbMEHHO B TETPAIH.
Xon padoThl:
1.Teopus
HasnexTpusoBanHoe TeJ0 — Teno, 001agaroiee CBOHCTBAMHU, MPOSIBIISIOUIMMHUCS B JIEKTPUIECKUX
SIBJICHUSIX.
Heo6xoarMa KoJTMYeCTBeHHAs: Mepa CBOMCTB HA3JIEKTPHU30BAHHOTO TENA.
Dnextpudeckuii 3apsia (Q; ) — Mepa CBOMCTB HadJICKTPU30BAHHBIX TEJI, IPOSIBISIOIIUXCS B
anekTpuueckux sBiaeHusx [Q] =1 Ki — kynon.
BiaumoeicTBus HA3IEKTPU30BAHHBIX T€J OTHOCAT K 271eKMPOMACHUMHBIM 83AUMOOELCTNBUSM.
DeKTpu3aIysa — IPOIEece COOONICHHS TeTy (JU00 mepepacipeelIeHUs MEXKTy YaCTsIMU TeJla)
ANEKTPUYECKOTO 3aps/a.
e OaHHMM U3 CIIOCOOOB ANEKTPHU3AINH SBISIETCS TPEHHE.
e 113 OmbITOB M3BECTHO, YTO CYHIECTBYET [Ba BHJA JJEKTPHUUECKUX 3apsAIoB. VX yCIOBHO Ha3bIBalOT
MOJIOKHUTEIBHBIMH U OTPULIATEIIEHBIMHU.
Toueunslii 3aps — 3aps/, pacHoI0KEHHBIN Ha Telle, pa3Mepbl KOTOPOTO MPEHEOPEKUMO MaJIbI.
W3 onbITOB U3BECTHO:
1) onHOMMEHHBIE 3apsi/Ibl OTTANKUBAIOTCS, PA3HOUMEHHBIC — MIPUTATHBAIOTCS;
2) HauMEHbBIINH (JIEMEHTAPHBII) ANEKTPUUYECKUH 3apsi]l, CYIIECTBYIOLIUI B IPUPOJIE — 3aps]l JJIEKTPOHA
e= L6107 o
e 3apsntena = N-e,rae N — KOJIMYECTBO 3JIEMEHTAPHBIX 3apsIIOB € B 3apsie (.
3aKOH COXpaHEeHHUs HIIEKTPUYECKOT0 3aps/a: B EKTPUUECKU 3aMKHYTON CUCTEME TeJ MOJIHBIN
AIIEKTPUUECKUH 3apsi (CyMMa BETTMUMH TTOJIOKUATENEHOTO U OTPULIATENIFHOTO 3apsIOB) OCTaETCs
MIOCTOSIHHBIM.
3HaYNT, DNEKTPUUCCKHNA 3apsi/l HE BOZHUKAET U3 HUYETO M HE McUYe3aeT OecCIeTHO U MOXKET IIEPEXOIUTh
OT OJTHOTO TeJia K Ipyromy Inpu g, DJIEKTPOMAarHUTHBIX B3aMMOJIEHCTBHSX.

a.

F" = ;| fl
,

3akon Kysnona: anektpuueckas (KynoHoBckas) cuna  F, B3aMMOAENCTBMA  ABYX TOYEYHbIX

3/IEKTPUYECKUX 3aPSALO0B G, U g, B BaKyyme NPAMO NPONOPLMOHANbHA NPOU3BEAEHUIO MX BeAWYUH, 0bpaTHO
NPONOPLMOHANbHA KBaApPaTy PacCTOAHMA  MeXAy HMMW M Hanpas/ieHa BAOJIb MPAMON, COeAUHAIOLLENA 3TU
3apAagpl.

g H-m?

k=9.10" — F _k{."l'fj"' _ _{llll-f.l'l.'
Ka* - " re dze, r°  KOA(PPUIMEHT MPOMOPIIMOHATIEHOCTH.
B psane cioywaeB nns YIpOIeHHs pacd€ToB K yIOOHO MpEACTaBiIATh B
1
k=—-

. drey, .

BUJE: ', Torga:
£, = 885107127 T

DneKkTpuyecKasi MOCTOssHHAs — KO3 HUITUEHT Howm®

e (Cnia B3aMMOJICHCTBUSA 3apsI0B B CPEJIE MEHBIIIE, YEM B BaKyyMe.
OTHOCHUTENbHAS TUICKTPHUCCKAst TIPOHUIIAEMOCTD Cpejibl (€) — BEIMUMHA, TIOKA3bIBAIOIIAs, BO CKOJIBKO

pa3 cua B3anMoeiicTBIs 3apsioB B cpene (F.) MeHbIle, geM B Bakyyme ().

AOGCoITIOTHAs AUDJICKTPUUYECKasi MPOHUIIAEMOCTh CPEJIbl — MPOU3BEACHHUE £p° E.

DNEeKTPUYECKOe MoJie — OCOOBINA BUJl MAaTePUH, TPOSBIISIONINIICS BO B3aUMOJICUCTBUH C AJICKTPUICCKUMU
3aps/laMH., CYIIECTBYET BOKPYr KaXJOro 3apsiia W 3apsabl B3aUMOACHCTBYIOT JpYyr C JIpyrom
ITOCPEICTBOM 3TOTO MOJIA.
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HanpsokEéHHOCTh 371eKTpruueckoro mois (£) — BekropHas (usuyeckas BeJIMYMHA, YHCIECHHO paBHAs CHUIIE,
C KOTOPOM M0JI€ IEUCTBYET HA €AMHUYHBIA TOYCUHBIM MOJIOKUTEIIBHBIN 3apsijl, MOMEIIEHHBIN B TaHHYIO
TOYKY MOJIS.

I 3 R RN . Q
q Kn  ME - cumoBas E =k 7 XApaKTEPHCTHKA TOUKH OICKTPHIECKOro
I10JIA.
Pabota moJist mo nepeMenieHuIo 3apsaa
A=q-E-Ax

, 1€ AX — pa3sHOCTh KOOPAMHAT KOHEYHOI'0 U HAYAIBHOTO TIOJIOXKEHHH 3aps/ia.
A=ql9 =9:2) rpe 1792 - pasHOCTH TOTCHIHAIIOB.

CBs3b HaNPSAKCHHOCTU U PA3HOCTHU MMOTCHIUAJIOB

E= (g —a ) [E] _ 1E

Ad M| T. e. HaNPsHKEHHOCTH OJJHOPOTHOTO JIEKTPUUYECKOTO MO YUCICHHO paBHA Pa3HOCTH
MOTEHIINAJIOB Ha €IMHUILIE JJIMHBI CUJIOBOM JINHUU.
DreKkTpudecKas eMKoCTh nmpoBoanuka (C) — @ OTHOueHHE 3apsia Q MPOBOJHHUKA K
Kn C=—
[c]=1—=10 P
ero noTeHuany . B — dapan

Konpgencarop — cucrema AByX MPOBOJIHUKOB (OOKIIA/I0K), pa3/ICICHHBIX CIIOEM JAMAJICKTPHUKA,
MpeHa3HauYeHHAas 715 HAKOTICHUS ¥ XpaHEHUs 3apsija.

EMKocT niockozo xoHmeHcaTOpa (0OKIAAKH — IIIOCKUE TTACTHHBI) ONPENENIAIOT 1o GopMye: , rae S —
wIonaas 00kIaaku; d — pacCTOSIHUE MEKIY OOKIIaIKaMu

Coennnenue KOHACHCATOPOB:

[TocnenoBarenbHOE COCTMHEHNE KOHIEHCATOPOB — COSIMHEHHE, TIPU KOTOPOM TOCTIE 3apsAKH
OTpHUIATENHHO (MTOJIOKUTENBHO) 3apsbKeHHas: 00KIIaAKa MPebIIyIero KOHAeHcaTopa COeTMHEHa ¢
MOJIOKUTEIHHO (OTPUIIATENIEHO) 3apsKEHHON O0KIIaIKON TTOCIIETYIOIIETO.

111 1 B R
I———-|-—'|'-|-—I {:_' 2(1

|;.'||

HapannenLHoe COCIMHCHNEC KOHACHCATOPOB — COCANMHCHUC, ITPU KOTOPOM ITOCJIC 3apsAaAKH BCC
IMMOJIOKUTCIIBHO 3aps’KCHHBIC O6KJ'Ia,[[I(I/I CO6paHLI B OJIUH Y3€JI, BCC OTPULATCIILHO 3apPS’KCHHBIC — B

JPYTOH.

Co =2.C, C.

, i = g et
CamocrosiTesibHas padora

1. C xakoill cuiI0i B3aUMOJICUCTBYIOT JBa 3apsijia iU (2, HAXOISIINECS Ha PACCTOSIHUU T B Cpefie C
JTUAJIEKTPUYECKON MPOHUIIAEMOCTBIO £7

2. Ha xakoMm paccTOSHUM Jpyr OT JApyra 3apsiasl iU (2 B3auMoOjAeHCTBYIOT ¢ cuioi F, ecim
OTHOCHUTEJbHAs AUAJIEKTpUUECcKasi MPOHUIIAEMOCTh cpelbl €7 (q1,02 1 € U3 3aauun Nel)

3. OmnpenenuTh BETUUYMHY KaXJIOTO U3 JIBYX OJMHAKOBBIX 3aps0B, €CIH B CPEE C OTHOCUTEILHON
JUAJIEKTPUYECKOM IPOHHUIIAEMOCTBIO CpEeAbl € HAa PACCTOSHUM I Jpyr OT Jpyra OHHU
B3aUMOJCUCTBYIOT C cuiion F.

4. Omnpenenuth HaMpPsHKEHHOCTDH TMOJISI B TOUKE, TJ€ JAEUCTBYET dJeKTpuueckas cuia F Ha nmpoOHbIi
3apan q.

5. HaiiTn HanpsoKeHHOCTH MOJIs, 00pa30BaHHOTO TO4YeUHBIM 3apsiaoM =10 MxKi.Ha paccrosiHuu r B
Cpede C OTHOCUTEIBHOM JUANEKTPUUECKON MTPOHULIAEMOCTBIO €.
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6.

10.

B 0aHOpPOIHOM 3JIEKTpUYECKOM TOJIe HAMPSHKEHHOCThIO E mepeMenaercss mo CUIIOBOM JIMHUU
3apsan q=10 mMxKin. Ompenenure paboTy 3JIEKTPUUYECKOTO TOJS, €CIIA MEePEMENICHUE COCTaBUIIO
AX.

Hamnpsbkenne mMexay TOYKaMH 3JIEKTPUYECKOTO TMOJIs 10 CHIIOBOW JIMHUKM paBHO U, paccTosHHE
Mexay Humu AX(u3 3agaun Ne6). KakoBa HanpsiKeHHOCTD 1O ?

Kakyio paboTy Hy)HO COBEpIIUTH IS TOTO, 4T0OBI 3apsan =10 K mepemecTuincs u3 Touku
MoJisi C TMOTEHUMAJIOM @1 B TOUYKY C NOTCHIHAIOM@2?CxeMy TMepeMeleHus 3apsjia B
AIIEKTPUIECKOM TI0JIe M300pa3uTh Irpaduueck.

KakoBa €MKOCTH MPOBOJHUKA, MOTCHIIMAT KOTOPOTO M3MEHsETCS Ha A@Q TpU COOONICHHH €My
3apsaa q=9 uKu ?

Omnpenenutb eMkocTh 0atapen Cegyr, €ciu KoHAeHCAaTOPHl ¢ eMKocTsiMH C1=10 n®d, Co=15 nd u
C3=20 nd® coeauHWnIM: a) TOCIEAOBATENbHO, O) mapamienbHo. CXeMbl COCAMHEHUS
KOHJIEHCATOPOB HAYEPTHUTh.

Ne | 2 3 4 h) | 6 7 1 8
Ba q qQ r £ F [3 r F F q 1 £ E AX | U 0 0
p 2K | BEK | oM mH cM | MH | MH | 8Ka | om |HK|ecm | B |B
1 1 | a Bl
1 1 1 2 81 10 1 2 90 10 5 I 1 | 10 35 | 110 | 100 | 500
2 2 2 4 |2,1| 20 2 - 80 20 10 1 2 20 | 34 | 220 | 200 | 400
3 3 3 6 (25| 30 3 6 70 30 15 1 3 30 | 33 | 330 | 300 | 350
4 < B 8 2,1 40 4 8 60 40 20 1 4 40 32 | 110 | 400 | 200
5 h 5 10 6 50 > 2 50 50 25 1 5 50 | 31 | 220 | 500 | 100
6 6 6 2 7 60 6 - 40 60 30 5 6 60 30 | 330 | 600 | 1000
7 7 7 4 81 70 7 6 30 70 35 5 7 70 29 | 110 | 700 | 200
8 8 8 6 | 21| 80 8 S 20 80 40 5 8 SO | 28 | 220 | 800 | 850
9 9 9 S 2.5 90 9 2 10 90 45 5 9 90 27 | 330 | 900 | 700
10 | 10 10 10 | 2,1 10 1 4 50 10 50 5 1 10 26 | 110 | 100 | 600

®opma npeacTaBiaeHus pe3yJabTara:
BeImonHATE 3a/aHue B TETpaau sl PAKTHYECKUX padoT.
Kputepun onenkn:
3a mMpaBUIIHLHO BBIMTOJHEHHOE 33JaHHE BHICTABIISIETCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMmpaBUWIILHO BBINIOJIHEHHOE JEHCTBHE, 3aJJaHNE BBICTABIIETCS OTpULaTeabHas oleHka — 0 6aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenra «Heyoosiemeopumenbvhoy svicmagisiemcs 3a Menee 60% nmpaBUIBHBIX OTBETOB

Tema 4.2 3aK0oHBI MOCTOAHHOI'0 TOKA

IIpakTyeckoe 3auaTue Ne10

Pemenne 3aga4 «3akon Oma pist yuactka nenu. Conporupienne. CMelIaHHOe COeIMHEHUE

NMPOBOAHUKOB)

He.ﬂb: 3aKpCIUTh YMCHUA W HABBIKW BBIYMCICHHUA CUJIBI TOKA, HAIIPSXKCHUA, COIIPOTUBIICHHUA I1O
OnpeaeeHuIo U 1o 3aKkoHy Oma Juisl ydacTKa LEeMHU, a TaKKe ¢ YYETOM 3aKOHOB Pa3IuYHOTO COEIUHEHUS
IMPOBOIHHKOB.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

1.
2.
3.

OK 01, OK 02, OK 03, OK 09
[1P64; 1T1PG6; 1TPG7,
[IPy1; [1Py2; ITPy3; I1Py4; I1PyS; I1Py9; ITPy11
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4. MP§MP9,MP10,MP21,MP17, MP13
5. JIP 26,JIP 14,JIP 23,JIP 13

MarepuajibHoe o0ecnieyeHue:

TETpajb JUIA MPAKTUYECKUX PadoOT, pydka, METOANYECKHE PEKOMEHIAIMH TI0 BBITOJIHEHUIO pabOTHI,
JMHENKa, KapaHJall.

Yka3anue: [Ipaktuueckas paboTa COCTOMT U3 ABYX 4YacTeii — TEOPETUYECKOH M MPAKTHUECKOM.
ITocne u3yueHuss TEOPETUUECKOTO MaTepralla MOKHO IIPUCTYNATh K BBIIOJHEHUIO IIPAKTHUYECKOM YacTH.
Omna cocTtouT U3 AByX M OoJiee 3a/1a4 JJIsl CAMOCTOSITENIbHOTO BhINOJIHEHUs. He 3a0biBaiiTe 0 mpaBUIbHOM
oopmienun pemtenus. Ha BeloHEHUE NPAaKTUYECKON OTBOJUTCA JBa aKaJeMUYECKHX Yaca.

ITopsinok BbINOJIHEHHSI PAa0OTHI:
1. PaccMoTpute TEOpeTHUYECKMH Marepuad IO TeMEe U MpPUMEphl pelieHus 3afad  (CMOTpHU
METOAMYECKOE ITOCOOHeE).
2. Pemmre camocrosiTensHyto padoty. OdopmuTe perieHne MMCbMEHHO B TETPAJIH.
Xox pabdoThI:

1. Teopus
1.DnekTpudeckuii TOK-HANpaBlIEHHOE [BUKEHHE CBOOOMHBIX 3apsaoB. Cumoii Toka (I) HaswpiBaercs
BEJIMYMHA, YHUCIEHHO paBHAs 3JIEKTPUUECKOMY 3apsiy, MPOXOMASAIIEMY Yepe3 CEUYCHHE IMPOBOJAHHKA B
enunuily Bpemenu: I = g/t, [=n*q*s
3akon Oma s yuactka renu: [=U/R
®opmyna conportusnenusi: R=p*l/S, rue p - yneiapbHoe CONpOTUBICHUE, 3aBHUCIEE OT POja MPOBOIHUKA;
|-MHa MPOBOAHMKA; S - TUIOMIAAL CEUCHHUS.

IIpu mocJiemoBATEJIBHOM COefHHeHHM NpoBOZHMKOB: R=R1+R2 I=I1=I2=const
U=U1+U2 IIpy nDapajJyeJbHOM CoOeZuHEeHUU InpoBOZHUKOB: U=Ul=U2=const
I=I1+I2 1/R=1/R1+1/R2, ecsmu R1¥R2 R=R1/N, rme N—- uHCJIO OZUHAKOBBHIX
compoTuBJeHUM, T.e. R1=R2= ---RN.
3akon Oma nns monHoit nenu: I=¢/R+r,rae € - 31C ucrounuka toka, [€]=B, R-BHemHee conpoTuBieHme
[R]=Om, r-BHyTpEeHHEE CONPOTUBIIEHNE WIIX CONIPOTUBIIEHNE UCTOYHHKA TOKa [1r]=Om

2. [Ipumepsl pelieHus 3a1a4

Cuiia TOKa ¥ INIOTHOCTH TOKA

1. OmpenenuTe 4YUCIO N AIEKTPOHOB, KOTOPBIE MPOXOAAT Yepe3 IMONEPEYHOE CEUYEHUE MPOBOIHMKA
Iomaabio s=1MM2 3a t=2 MUH, €CJIM IUIOTHOCTh TOKa B MpoBoHUKE j=150A/cMm2

Jano: Pewenue:

S=1mm™=10"n" Yucno 3neKTpOHOB, MPOXOAALIMX HEPEe3 MONEPEHHOE CEUCHHE
t=2 mun=120c MPOBOJHMKA, PABHO OTHOILICHHIO HIEKTPHYECKOT0 3apsija,
i=150A/cM™=1,5%10*A/M>  npome/iero Yepes JaHHOE NONEPEHHOe CeeHNMe, K 3apsity
n-? snekrpona:n=Q/e (1). YuursiBas, uro Q/t = I5S (2), nony4um:

3a Bpems t 4epe3 ceueHne NpoBOJAHMKA npoiiaer n= jSt/e.
n=1,5*10°A/M**10°M**120¢/1.6*10 " Kn=1,2%10*'
Omeem: 1.2*10°'

2. DneKkTpuyeckas 1enb, cocrodias u3 pesuctopoB R1=100 Om,R2=200 Om R3=300 Om, noaxiaroueHa K
IBYM MCTOYHHMKaM nocrostHHoro HanpspkeHust Ul n U2=100B. ITpu xakom Hanpsbkenue Ul cuita Toka I1
yepe3 pe3uctop R1 Oyner paBHa Hym0?
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Hano: Pewenue:

R;=100 Om Ecnu uepes pesuctopR; Tok He naer, 1.e. [;=0, cnenosarensho, [;R;=0. Toraa

R5=200 Om Hanpsukenue Us Ha pesucrope R; nomkno Obith pasuo Uy, T.e. Us=U;=11R; (1).

R3=300 Om B stom ciyuae pesuctopst Ry 1 R; Bkmouens! nocnenosarensto. [loatomy

U2=100B CHJIa TOKA BO BCex yacTax uenu oaunakosa: [;=L=1. [lanenne nanpsxenus

[,=0 U, = IR,+IR;, otkyaa cneayer, uto I= U,/ (Ry+R;) (2)

U=? Yuureisas, uto IR;=U;=U; umeem, U,=U; Ry/R,+R;3+U;. Tlocne npeoGpazosanus
nonyuum U=R3/R+R3*U,. U,=300 Om/200 Om+ 300 Om*100B=60B.

Omeem: 60B

3axon OMa /151 MOJTHOM enu
3. Onpenenute cuiny Toka KopoTkoro 3ambikanus IK3 Garapeu, DJIC koropoii € = 15 B, ecnu npu
MOAKJIIOUEHUH K HEeW pe3uctopa conpotuBiaeHueM R=3 Om cuia Toka B 1ienu cocraniser [=4A

JMano: Pewenue:
¢=15B  Cuny Toka kopoTkoro 3ameikanus onpeaensem no gopmyne Ixz = €/R (1), rae
R=30m r-BHyTpeHHee conpotusiaenue Oarapen. Cornacuo 3akony Oma st nonHoii uenu:

[=4A I= ¢-IR-1, otkyza r = &-IR/1 (2). [loacrasum dopmyany (2) B popmyny (1)
Ik -? k3= e/R=¢el/e-IR.  Ixk3=15B*4A/15B-40*3 Om=20A
Omeem: 20A

3J1C ucrounuka snekrpuaeckoit sHeprun 12 B. Kakoit ¢pusndeckuii cMbICT 3TOTO BEIpaKEHUS ?
CoenuHeHue NPOBOJTHUKOB

4. K ceru nanpsoxkenuem U=200 B mnpucoeaunensl jBa pe3ucropa. lIpm ux mnocienoBaTeabHOM

coenunenun 11=4,4 A, a npu napamiensHoMm - 2= 27,5 A. Onpenenute comporusieHue R1 u R2
PE3UCTOPOB.

Jlawno: Pewenue:
U=220B [Ipu nocnenosarensuom coeaunenun Ry, = Ry + Ro; [;I=U/R o0, 0TKY G
[,=4,4A Ryoenn= U/, Pacuerst: Rnocnp=220B/4,4A=50 Om.
;=27 5A [Tpu napannensrom coenuennu: R0, = Ri*Ro/(R; + Ry), h=U/R 444, 0TKY S
Ry-? Ry-? Ryapan =U/Ly. Pacuerst: Rygpa,=220B/27, 5A=8 Om.
R]*RQ/R]+R2=8 OM; R| R3=400 OM; R|+ R2=50 OM; R] R3=400 OM;
3uaunt: R;=10 Om; Ry=40 Om.
Omeem: R,=10 Om; Ry;=40 Om
CamocrosiTesbHast padora
Bapuant 1
1. Uepe3 ceueHMHe IIPOBOJZHHNKA 3a OpPpOoMeXxyToX BpeMmMeHu At=10c mpoxomuTt
3apan; AQ=25 K. Onpegmednure CUJy ToKa I B IPOBOLHUKE.

2. Hanpsbxenue Ha ywactke nenu U = 5 B, a ero anekrpuyeckoe comnportusieHue R = 10 Owm.
Omnpenenure cuity Toka [ Ha 3TOM ydacTke 1enu.

3. Ilpu nepemermienue 3apsaa Q=2Ki BHYTpHM HCTOYHMKA TOKa CTOPOHHHE CHMJIBI COBEPINAIOT PabOTy
A=20 Ixx. Onpenenure I/]C ncrounuka.

4. Kak MOXHO TMOJYYHTh CONMPOTUBICHHS R, coeaunHssi BCeMH BO3MOXHBIMU CIIOCOOAMH TPHU PE3UCTOPA
conpoTtuBiieHneM R=6 Om kaxapiii?

Bapmuanr 2

1. Cuda Toxa B npoBozHHuKe I = 1,5 A. Onpezedsure 3apan AQ, IpoTeKalomUuH
yepes3 ceueHHe IPOBOLHMKA 3a BpeMda At=2c.
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2. Onpenenute Hanpsbkenue U Ha pesuctope conportusieHueM R=10 kOwm npu cune toka B Hem [=0,5
MA.

3. Cuna Toka B Jammodke kapmanHoro ¢onapuka [=0,28A npu nanpsoxkenun U=3,5B. Ompenenure
COIPOTHUBIIEHUE R HUTH TaMIIOUKH.

4. Bo ckonpko conporuBieHue R1 mpu mnocinenosarenbHoM coenuHeHun 10 pesucropoB (n=10)
conpotusiieHneM 1o R=10 Owm Gobliie, yeM ux conpoTusieHue R2 mpu mapamieabHOM COSTUHCHUH ?
®opma npeacTaBieHus pe3yabTara:

BoimonHuTh 3asaHue B TETpaau Uil MPAKTUYECKUX padoT.

Kpurtepuu onenku:

3a npaBUJIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTEIbHAS OlleHKa — 1 Oau.

3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTpUIIATENbHAs olleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUILHBIX OTBETOB

Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

Oyenka «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.2 3aK0oHBI MOCTOAHHOI'0 TOKA

IIpakTyeckoe 3anaTue Nell

Pemenue 3agau no teme «Padora, MOIIIHOCTH M CONMPOTHUBJIEHUE YIEKTPUYECKOT0 TOKA»
Heab: HAy4UTHCS pelIaTh 3a/1a4M, UCIIOJIB3Ys (POPMYIIBI pabOThI TOKA U MOILITHOCTH
Boinosinenue padorsl cnocod6cTByeT (POPMUPOBAHNIO:
1. OK01,0K 02, OK 03, OK 09
2 [1P64; I1P66; ITPO7;
3. MPyl; [IPy2; [IPy3; IIPy4; IIPy5; IIPy9; [IPy11;
4. MP8,MP9,MP10,MP21,MP17, MP13
5. JIP 26,JIP 14,JIP 23,JIP 13

MarepuanbHoe o0ecnedyeHue: TeTpaab [Js MPaKTUYECKHUX paboT, pydyka, METOAMYECKUE
PEKOMEHIallUU T10 BHITIOTHEHUIO pa0OThI, TMHEIKA, KapaHIall.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M MPAKTUYECKOM.
[Tocne u3yueHus TEOPETUUECKOT0 MaTeprajga MOKHO MPUCTYIATh K BBHITTOJIHEHUIO MTPAKTUYECKONW YaCTH.
Ona cocTouT U3 ABYX U Oolee 3a/1ad AJisi CaMOCTOSATEIHHOTO BBIMONHEHUs. He 3a0biBaiiTe 0 npaBUiIbHOM
opopmiieHnu perieHus. Ha BbIMoHeHNE MPaKTHUECKOM OTBOJUTCS JBa akajgemMudeckux 4vaca. [lopsoox
BBITIOJTHEHHS paOOTHI

IMopsiiok BbINOJIHEHUS PA0OTHI:

1. PaccMoTpuTe TeEOpeTHUECKHH MaTepual MO TeMe W TpUMEphl pelleHus 3axad (CMOTpHU
METOAMYECKOE MTOCOOHE).
2. Pemute camocTosTenbHYI0 padoty. Odopmute penieHne MICbMEHHO B TETPAIH.

Xox pa0doThI:

1.Teopus.
1.IToBTOPUTE hOpMYIBI pAOOTHI K MOILITHOCTH TOKA.

PabGora u MOIIHOCTH TOKa

PaboTy cui S7eKTpUYECKOTro MO, CO3JAIONIETO YIOPSI0YEHHOE ABHKEHUE 3apSOKCHHBIX YacTHI] B
MIPOBOJHHUKE, T. €. DJEKTPUUECKUIN TOK, HA3BIBAIOT pabOTOM TOKA:

A =T*U*t,

rae A — paboTa IeKTpUUECKOTo TOKa Ha yyacTke 1end, [Ix;

| — cuna Toka Ha JAHHOM YYacTKe TeMnu, A;

U — HampshkeHre Ha yyacTke 1end, B;

t — Bpemst IpOXO0’KIEHUSI TOKA 110 yYacTKY IeIH, C.

rae P — momnaocTs TOKa, BT.
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Ecnu Ha ydacTke 1enu Best SHEPTUs IEPEXOAUT BO BHYTPEHHIOIO SHEPTHUIO MPOBOAHUKA (HE COBEPIIACTCS
MexaHnudeckas padora), To Q = IRt — 3akon JIxoyns-Jlenna.
Q — KOTMYECTBO TEIJIOTHI, BBIICTUBIIIEECS B TPOBOIHUKE, JXK.

Cobepem 1enb, COCTOSIINYI0 W3 HCTOYHHMKA TOKa M MOTpeOUTENs
JIIEKTPUYECKOM SHEPIUH.

Cormacio 3akoHy Oma [y ydacTKa IIeTIH, HampspkeHue Ha npoBogHuke U = [-R. Pabota
CTOPOHHUX CHUN Ay, = Apomp.+ Auem.

Anomp. — paboTa IEKTPUYECKOTO MOJIS [0 NEPEMELIEHHIO 3apsiia OT TOYKH A K Touke B;

Apomp.= q°U = q'I'R.

HcTouHuK Toka 00JiaaeT BHYTPEHHUM CONpOTUBIEHHEM I. PaboTa mo mepeMerieHuro 3apsja
BHYTPHU MCTOYHHUKA TOKA:

Aucm.=1rq
Aem. = €4.
Tornaeq=qI'R+Irqwme=1IR+ [r nm
&
R+,

3axon Oma Ons 6cell yenu: CWIIa TOKa B DJIEKTPUUECKOW IIeNMU MpsMO mnponopuuoHanbHa DJ(C
MCTOYHUKA TOKA U 00pATHO MPOIMOPIHUOHAIBEHA TIOJTHOMY CONPOTHUBICHUIO LIETIH.

R — BHemHee COMPOTHBICHHE IlenH (0OIIee COMPOTHBIICHUE NOTPEOUTENCH IIIEKTPUICCKOM
sHeprun), Om;

I — BHyTpEHHEE CONPOTUBIICHHE LIENU (CONPOTUBIIEHUE UCTOYHUKA TOKa), OM;

R + r — nonHoe conpoTtuBneHue nemnu, Om.

B snexTpuueckoil nenu BO3HUKAET KOPOTKOE 3aMblkaHue, eciu R=0:
]r. = '

r

Paboty cui1 31eKTpUUecKoro moJisi, CO3Jar0IIEero YIOpsI0UeHHOE IBUKEHUE 3apSKEHHBIX YaCTHUIl B
MIPOBOJIHUKE, T. €. DJIEKTPUUECKUN TOK, Ha3bIBaIOT pabOTOMN TOKa:
A =1-U-At,

rie A — paboTa 3JIeKTPUYECKOr0 TOKA Ha ydacTke uenu, JIx;
| — cuna Toka Ha JaHHOM y4yacTKe LenH, A;
U — HampsikeHue Ha y4yacTke 1end, B;
At — BpeMs IIPOXOKIACHUS TOKA IO YYacTKY LIETIH, C.

p-potU
[

rae P — mommnocts Toka, BrT.

Ecnmu Ha ywacTke 1iemM BCsS DHEPrusi NMEPEeXOAUT BO BHYTPEHHIOIO SHEPTUIO0 NMPOBOAHUKA (HE
coBeplIaeTCs MexaHudeckas pabora), To Q = 12RA¢ — 3axon Jlxoyisi-JleHria.

Q — KOJTMYECTBO TEIJIOTHI, BBICIUBIIEECS B MPOBOAHMKE, JIK.

IIpuMmeps! pelieHus 3agay
1. Dnektpuyeckuil npuratenp padbortaer 5 4. oT cetu ¢ HampsbkeHueM 380 B mpu cune Toka 35 A.
Conportusienue oomotku asuratens 0,5 OMm. OnpenenuTs W3pacxXxoJIOBAHHYIO 3JIEKTPHUUECKYIO
SHEPTHUI0, KOJUYECTBO TEIJIOTHI, BbIIECJICHHOW B OOMOTKE 3a 3TO BpEMsI M COBEPILIECHHYIO
JIBUTaTeNIeM MEXaHUYECKYIO paboTy.
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Hano: CH Pemerne: Brmncierns

['=380B A=ITUAr A=35A"380B-18000¢c =
I=35A sz\ﬁ@i 2254-1[!,5&1,'

R=050uM Ay =A—-0 0= (35A)*-0,50M-18000C =
Afr=51 18000 ¢ =0,1-10° &

A-1? A =24 10 Tx—0.1-10° Ik =
0-2 =23-10 ' IIx

Lo —?

Oteer: A=24-10°Ix; 0=0,1-10°Ix; 4, =2310°"Ix

2. Ilpu 3ambIKaHUU UCTOYHHUKA djeKkTpudeckoi suepruu ¢ J/[C 4,2 B HUKETMHOBBIM MPOBOAHUKOM
mmmoit 10 M 1 cedenmem 1,0 mm® cmia Toka B menu 6bima 0,6 A. Haiitu BHYTPECHHEE
CONPOTUBIICHUE HCTOYHHKA OJJIEKTPUYECKOW OSHEPruu. YAeIbHOE CONPOTHBICHUE HHUKEIHWHA
4,2-1070Om M.

CamocrosiTesibHas padora
1. DnexTpoasurarenb, conporuBieHue ooMoTku koroporo 0,4 Om, paboTaeT OT CeTH C HaIpsHKEHHEM
300 B mpu Toke 50 A. Omnpenenure KauecTBO HM3PACXOJOBAHHOM JHEPTrUU 3a 5 4., COBEPIICHHYIO
JBUTATENIEM MEXaHUYECKYIO paOOTy U KOJMYECTBO TEIJIOTHI, BBICIICHHON B OOMOTKE.
2.ABTomMoOUNBHBIN cTapTep 3a 10 ¢ paboTer morpebaser aHepruto 6,0-104 JIx. KakoBa cuma Toka,
MIPOXOJSIIETO Yepe3 CTapTep BO BpeMs 3aIlyCcKa ABUTATEIs, €CITU HANpshKEHUE Ha ero kiemmax 12 B?
3.CBapounbim annapatom. PaboTarommm ot cetn HanpspkeHueM 45 B 3a 20 MuHyT ObUTO M3pacXo00BaHO
5.4xBt*4ac sneprun. [Ipu kakoil cuiie Toka nmporekaia Jyropas cBapka ?
4.Onexktpudeckuii ytior momHocteio 800 Bt paboraer ot ceru 220 B .OmpepenuTh cuily Toka B
HarpeBaTeIbHOM 3JIEMEHTE U €r0 CONPOTHBIICHHE B pabodeM cocTOSHUU yTiora. CKOIBKO 3HEpruu OyneT
M3pacxooBaHo 3a 1,5 yaca HempepbIBHOM paboTHI yTiora ?
5.B cetp HamnpsbxkenueM 120 B mocnenoBaTenbHO C 3JIEKTPUUECKOM Iyrod BKIOYeH peocrtar . [lamenue
HanpsDKeHUs Ha 3JekTpojax nyru 45 B ,cuna Toka B nienu 12 A. Onpenenuts MOUIHOCTb ,[TOTPEOIIEMYIO
JyTOM U K.II.J. YCTAHOBKH.
6.Pe3ucTop moakiIoueH K MCTOYHHMKY TOKa, HANpsDKEHHE Ha 3axkumax kortoporo 6 B. Kakas pabota
COBEpIIaeTCs TOKOM, eciu 3a 0,5 MUHYT 4epe3 pe3uctop npoxoauT 3apsa 24 Kn? Onpenenuts MOITHOCTh
TOKa ¥ COIIPOTUBIIEHUE PE3UCTOPA.
7.Kakast MOIIHOCTh TOTPEOSETCS TYrOBOM CTaJeIUIaBHIIBHOW Teubio, padoTaromeid OT MCTOYHUKA
HanpspkeHueM 220 B npu cune toka 30000 A? OmnpenenuTs CTOMMOCTb 3JIEKTPUYECKOM JHEPruu ,
M3PACXO0J0BAHHON 3aM 5 4acoB pabOTHI ME€YH, 1O JEHCTBYIONIEMY Tapudy.
8.Hanpspkenue Ha 3axumax reseparopa 132 B, a y morpebutens - 127 B. Ompenenuth najneHue
HaNpspKEHUE B MaruCTpalibHbIX IPOBOAAX M CONPOTUBJIEHHE , €CJIM MOIIHOCTh TOKA y MOTPEOUTENS paBHA
S kBT.

dopma npeacraBjieHus pe3yabTara:

BeInmonHuTE 3a1aHue B TETpaau A MPaKTHUECKUX padoT.

Kpurepum ounenku:
3a npaBUWIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTENbHAS OlleHKa — 1 Oau.
3a HeMpaBWJIBHO BHITIOJIHEHHOE JIEHCTBUE, 3aJJaHUE BBICTABIIAETCS OTpULaTeIbHas olleHka — 0 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenra «Heyoosiemeopumenbhoy svicmasgisemcs 3a Menee 60% nmpaBUIBHBIX OTBETOB

Tema 4.4 MaraurTHoe moJie

IpakTuueckoe 3ansitue Nel2
Pemenue 3agav 1mo Teme «MarHuTHoe 1moJie U ero XaApaKTEePUCTUKHU»
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Heab: 3akpenuTh YMEHUS U HABBIKM BBIYUCIICHHUS BEJIMYMH C UCIOJIb30BAaHMEM 3aKoHa AMiIiepa,
(dbopMyI 11 onpeieNieHnss MAarHUTHOTO TIOTOKa, cuiibl JlopeHa

BoinosiHeHune padoTsl criocodcTBYeT (POPMUPOBAHUIO:

1. OK01,0K 02, OK 03, OK 09

2. TIP67;

3. TIPy5; ITPy9; ITPy11; ITPy13;

4. MP8,MP9,MP10,MP21,MP17, MP13
5. JIP 26,JTP 14,JIP 23,JIP 13

MarepunanbHoe obecrnieyeHue:

TeTpajb JUIsl MPAKTUYECKUX padboT, pyuka, METOAHMUYECKUE PEKOMEH IAllMHU MO BBIOJIHEHUIO PabOTHI,
JIMHEMKA, KapaHanl.

VYka3zanme: [IpakTtudeckas paboTa COCTOMT M3 JIBYX YacTed — TEOPETHUYECKOM M MPAKTHYCCKOM.
ITocne u3yueHuss TEOPETUUECKOr0 MaTeprala MOYXKHO IIPUCTYNATh K BBIIOJHEHUIO IPAKTUYECKON YaCTH.
Omna coctouT U3 ABYX U OoJiee 3a/1ad JJisi CaMOCTOSATEIbHOIO BhINOJIHEHUs. He 3a0biBaiiTe 0 npaBuiIbHOM
oopmienun pemrenus. Ha BeIoTHEHHE TPAKTUIECKON OTBOJUTCS JBA aKaJeMUYECKHX Yaca.

Ilopsinok BbINOJIHEHHS PadOTHI:

1.PaccmoTpuTe TEOpEeTHYECKUI MaTepuan [0 TEME W HIpUMEphl pelleHus 3a1ad  (CMOTpHU
METOAMYECKOE ITOCOOHE).

2. Pemute camocrosTenbHyto padoTy. OpopMuTe perieHre NucCbMEHHO B TETPaIu.

Xox pabdoThI:

Teopus
Paccmompum pucynok 1.

Puc. 1.

Benuuuna cuibl, AEHCTBYIOLIENM CO CTOPOHBI MAarHUTHOIO IOJII HAa MPOBOJHUK JUIMHOM L, 1o
KOTOpOMY uJeT Tok cuiol I, onpenensercs nmo ¢popmyne Amnepa: Fa = BxLxIxsina, rne B - Mmoaynb
MarHuTHOM uHaykuui, [B] =Tn, L — nnuna npoBoanuka [L] = M, I — cuna Toka, [[] =A. MarautHoe
MMOTOKOM Yepe3 IUIOMIAJKy S Ha3bIBAIOT YMCIO CHJIOBBIX JIMHHM, MPOXOIAIIMX uepe3 Imomanky: @ =
BxSx cos a, rne @ — maruutHsIi notok D] =B6.

E 2

>
(n; B) YroJn MEKAY BEKTOPOM HOPMaJTH

/8/ / / / / (h L S) u Bexropom MaruTHOI HAyKIpHii

BennumHa cuibl, IEHCTBYIOIIEW CO CTOPOHBI MAarHUTHOTO TOJISI Ha 3apsDKEHHYHO 4YacTHL,
omnpenensercs no ¢popmyne Jlopenna: Fi = Bxqxvx sin o, rae q — 3aps/1 4acTHll, V - CKOPOCTb JTBH)KEHUS
4acTUL, B — MarHuTHas HHAYKIHS. 3apsKEHHbIE YaCTULIBI JBUKYTCS B OAHOPOJHOM MArHUTHOM IIOJIE 11O
OKPYKHOCTH, paguycoM R.
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R — pamuyc okpyxkHoctu [R] = M, m — Macca gactui, [m] = Kr, q - MOIYJIb 3aps/ia 4acTUIIbL, [(] =
Ki. Bpems, 3a koTopoe 4acTHIlbl ACNAIT MOJIHBIM 000poT (rmepuoa obOpamieHus) papHo: T = 2nR/v
2nm/qgB.

IIpumepsbl pemenus 3aaa4

1. Onpenenute cuily, IEUCTBYIOIIYI0O HAa MPOBOAHHUK UIMHOW 20 CM MOMENICHHBI B MarHUTHOE

noJsie, MHAYKIUS kotoporo 5T, ecnu cuna Toka B npoBoaHuke 10 A u on oOpazyer yron a = 30° ¢
HaIpaBJICHUEM TTOJIS.

Jawno: Pewenue:

L=20em=02 M Ha npoBojuuK ¢ TOKOM €O CTOPOHbI MATHUTHOTO MOJ1A ACHCTBYET CHIA
B=5Tn Awmnepa: F=B*I*L*sin q, F=5*0,2*10*1/2 =5 (H).

[=10a

0= 30°

F-? Omeem:5 H.

2. Ilnockas pamka miomaneso S = 80 cM2 , umeromas N=40 BUTKOB, pacHoJi0’)K€Ha B OJJTHOPOJIHOM
MarHuTHoM noje uaaykuueit B=0,1 Tin. Onpenenure MarHuTHbIN NOTOK @ CKBO3b paMKy, €CIIM HOPMaJb
K HEel OCTaBIseT Yyroi o = 1/6 ¢ BEKTOPOM MarHUTHOM MHIYKIIMH.

Jlawo: Pewenue:

§=80 cx’ =810 u’ MaruuThbiif notok yepe3 oaun Butok @) = BS cos o
N=40 Marsutabiit notok yepe3 pavky O= N@, = NBS cos «
B=0,1 Tn Berancrenns: © = 40%0,1 Tr*8¥10°m™*0,87 = 2,8*10° B
a=mb

0-? Omaem: 2.8*10” B6

3. C Kakoil CKOpPOCTBIO BBUICTAET 0O- YAaCTHIA W3 PAAUOAKTHBHOIO SJpa, €Cld, nonajgas B
OJIHOPOJIHOE MarHuTHOE TnoJie ¢ uHAyKiue B = 0,5 Tn nepneHauKyIsipHO €ro CUJIOBBIM JUHUSMHU, OHA
JBHKETCS 10 Iyre OKpY)HOCTH paguyca R=0,3 m?
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Marno: Pewenue:

4
Q=+2p=3,2*10"" Kn O — 4aCTHLA — PO aTOMA Teus o=, He. 3apsn sapa
B=0,5 Tn Q= 2p, rze p —3apsa npotoHa. Macca o — wacTun
R=0,3 m m paBHAa Macce aToMa reJjms
i
A 4*107 KO

— = .WO."Ibil — 6,64 * 10A2.27 K2
N, 6,02*107 mone

My = 4x 102 kr/monb

OvB = mv’ mv’
Na 6,02x10% Mo R ,rae R LEHTPOCTPEMUTEIIbHAS CUJIA.
M
U = OBR = _M 1 - OBRN
v-2? m NA . »
2*10™"° Kn*0,572*0,3m* 6,02 *10% mons ™

U=3 0" Kn*0,5T7*0,3m*6,0 MOJlb =7’2*106M/

4%107° ke €

MOJ1b

Omeem: 7,2*10° %

2. CamocrosiTesibHAsI padoTa

Bapuanr 1

1. Kpyrosoii Butok miomazapio 0.8 M2 pacnosio’keH B OJHOPOJHOM MarHMTHOM I10JI€ C MHAYKIUEH
0,5 Tn. Haiigure MarHUTHBIA IOTOK, NNPOHMU3BIBAIOIIMI IIJIOCKOCTh BUTKA, €CJIIM YIOJ MEXIY BUTKOM
MarHMTHON MHJYKIIMU U OCbIO BUTKA paBeH 600 .

2. IlpoBoanuk mmHOM 1,5 M ¢ TokoM 2A moOMeleH B OJJHOPOJHOE MATHUTHOE MOJI€ C UHIYKLIUEH
0,1 Tn. Hailitu cuiy, HeHCTBYIOIIYIO Ha MPOBOJHUK C TOKOM, €CJIM BEKTOP MAarHUTHOM HMHIYKLIUU
NIEPIICHIUKYJIAPEH HAIPABICHUIO TOKA.

3. IlpoBogHUK ATMHOM 3M U TOKOM SA MOMEIIEH B OJTHOPOJIHOE MAarHUTHOE ToJie ¢ uHAyKIuei 0,2
Tn. Haiitu cuiy, HEHCTBYIOLIYIO Ha IPOBOJAHMK C TOKOM, €CJIM YroJI MEXIYy BEKTOPOM MarHUTHOW
uHaykuuu u cuiioit 8 MH. OnpenenuTs miioma s BUTKA.

4. IlpoBomHuk nnuHOW 0,2 M INOMEIIEH B OJHOPOJHOE MAarHUTHOE Mosie ¢ MHAyknuen 2 Tn
NEPIEeHIUKYJIAPHO JIMHUSAM MarHUTHOM MHAyKUMH. HallTu cuiy Toka B IPOBOJHUKE, €CIH CO CTOPOHBI
MarHMTHOTIO IOJISl Ha HEro AeiicTByeT cuia 2 H.

5. B ogHOpOIHOM MarHMTHOM IIOJIE€ PACHOJIOXKEH MPOBOJHHUK C TOKOM TakK, YTO Yrojl MEXIy
HaIPaBJIEHUEM TOKA U BEKTOPOM MarHWTHOW MHAyKuuH paBeH 300 . Bo cKoiapKO pa3 yBeIMUMBAETCS
CHJIa, IEWCTBYIOIIAst Ha IPOBOJAHUK, €ClU yroj yBennuusaercs 10 900 .

6. DNeKTpoH BieTaeT B OJHOPOJAHOE MAarHMTHOE IOJe B Bakyyme co ckopocteio 10 Mwm/c,
HaIlpaBJICHHON NEPIEHANUKYISAPHO JIMHUAM HHAyKIMW. Hality cuily, NEHCTBYIOIIYIO Ha 3JIEKTPOH CO
CTOPOHBI MATHUTHOTO IOJISA, €CJIM UHAYKLHUSA 1oJis paBHa 2 To.

7. Ilsimunka, 3apsa kotopor 10-5 K m mMacca 1 mr, BieTaer B OJHOPOJHOE€ MAarHUTHOE MOJIE C
uHayknuen 1 Tin u aBuxkercs no okpykHocTH. CKOJIBKO 000pOTOB clienaeT MbUIMHKA 3a Bpems 3,14c¢ ?

8. DIeKTpOH BJE€TaeT B MarHUTHOE I0JI€ MEPHEHAUKYISIPHO JUHUSAM MarHUTHOM MHIYKIUH CO
ckopocthio 107 m/c. Haiiaute HHAYKIHUIO MOJISA, €CITU AJIEKTPOH OMHUCAI B TI0JI€ OKPYKHOCTH paanycom |
CM.

9. B npoBOgHUKE ¢ JJIMHOM aKTUBHOM 4YacTh 8 cM cuiia Toka paBHa S0A. OH HaxoauThCA B
OJTHOPOJHOM MarHuTHoM noisie uHaykuue 20 mTn. Kakyro paGoTy coBepuim HCTOYHHMK TOKa, €CIIU
IIPOBOAHMK MepeMecTiics Ha 10 cM NepneHIuKyYIspHO JIMHUAM UHAYKLUN.

Bapmuanr 2

1. KBazmpaTtHas pamka, HM3rOTOBJIEHHas W3 TOHKOIO IPOBOJHHMKA JJIMHOW 2M, IOMEIEHA B
OJTHOPOJIHOE MAarHuTHoe noje ¢ uHayknued 1 Ti. JIMHMM MarHWTHOM WHIYKIHWH NEPHEHANKYJISPHBI
IJIOCKOCTH paMKH. HaliT MOTOK MarHMTHOW MHAYKIIMM IPOHU3BIBAIOIININ PAMKY.

59



2. Omnpenenurte MJIUHY aKTHUBHOM YacTU MPOBOJHMKA, IOMEIIEHHONO B MAarHUTHOE IIOJE C
unaykiuen 400 T, ecnu npu cuse Toka 2,5 A Ha Hero neiictByeT cuiia 100 H. [TpoBoanuk pacnonoxex
oA yriiom 300 K IMHUSM MarHUTHON UHAYKIIUH.

3. B oaHOpogHOM MarHuTHOM moJie ¢ uHAyKIued 12 Tin mapamienbHO JMHUAM WHIYKIIUA
pacnosnoxeH npoBoaHUK UIMHON 0.2M. ITo mpoBoaHuKy Teder TOK paBHbIM SA. OnpeaenuTs cuiy,
JEHCTBYIOIIYIO HAa TPOBOJHHUK C TOKOM

4. Ilsimunaka ¢ 3apsgom 0,2 Ki Bieraer B BakyymMe B OJHOPOAHOE MAarHUTHOE IOJIE CO CKOPOCTHIO
500 M/c mepneHIuKYISIpHO JTUHUSM MAarHUTHOW WHAYKIMH. BenuunHa WMHAYKIWM MarHUTHOTO MOJIS
paBHa 6 Ti. Onpenenure cuiy, IEHCTBYIOLIYIO HA MBUIMHKY.

5. IIpssmo#i mpoBoa WIUHOW 1 M, MO KOTOpOMY Te4eT TOK cuioil 20A, HaXOAUTCS B OJTHOPOJHOM
MarHuTHoM noiie ¢ uuayknueit 0,01 Tun. OnpenenuTs yroa Mexay HalpaBJIEHUEM OJIS U HallpaBJIEHUEM
TOKa, €CJIM Ha MPOBOAHUK JeicTByeT cuia 0,1 H?

6. I[IpssmMo¥i MPOBOIHUK C TOKOM PACIIOJIONKEH B OAHOPOJHOM MAarHUTHOM TOJIE TaK, YTO YTOJ MEXKIY
HaIpaBJICHUEM BEKTOpa MarHUTHOW MHIYKIUU W HampasiieHueM Toka paBeH 300 . Yemy gomkeH ObITH
paBeH 3TOT YroJj, 4ToObl cuiia AMIiiepa, JeiCTBYIOIas Ha IPOBOJIHUK C TOKOM, YBEJIMYMIIach B 2 pa3a?

7. B OgHOpPOAHOM MarHUTHOM MoOJie, MHAYKUUs KoToporo paBHa 0,2014 Ti, mo okpyxHOCTH
paBHOMEPHO BpalaeTcst poToH. OnpeaenuTe pagnyc OKpyKHOCTH, €CJIM CKOPOCTh ITpoTOoHA paBHa 3200
KM/C.

8. KakoBa MHAYKLIMS MarHUTHOTO MO, B KOTOPOM Ha IIPOBOAHMK C JUIMHOM aKTUBHOM 4acTH 5 cM
neuctByet cuna 50 MH? Cuna Toka B npoBoanuke 25 A. IIpoBOJHUK pacnoioKeH MeprneHIUuKYIsIPHO
BEKTOPY MarHUTHOU WHYKITUH.

9. DnekTpoH IBUXKETCA B OJHOPOAHOM MarHUTHOM none uHayknued 4 mTin. Haittu nepuon
oOparmenus anekrpona. Otder o padote: Pemenue 3a1ad caMoCTOSTEIEHON padOThI B TETPAIH.

@dopma npeacTaBJieHus pe3yJbTara:

BeImomHUTE 3aaHue B TETPAAH JUTSI PAKTHYECKUX padoT.

Kpurepun oueHku:

3a nMpaBWIIHHO BHITIOJIHEHHOE 3a/IaHUE BBICTABIISICTCS MOJIOKUTEbHAS OlleHKa — 1 0ast.

3a HeMpaBWJIbHO BBIMIOJTHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIlaTebHas olleHka — () aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB

Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB

Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% mpaBUIBLHBIX OTBETOB

Oyenra «Heyoosiemeopumenbvhoy svicmagisiemcs 3a Mmenee 60% nMpaBUITBLHBIX OTBETOB

Tema 4.5 DieKTpOMarHuTHasi HHAYKIUS

IIpakTnueckoe 3ansaTue Nel3
Pemenue 3ana4 mo teMe «JIeKTPOMATHUTHASA HHAYKIHUA. 3AKOH 3JIEKTPOMATHUTHOM
UHAYKIMUA. CaMOMHIYKIM»

Leab: U3y4nTh SIBIEHUE AIEKTPOMATHUTHON MHAYKIUY, paBuiio JIeH1a, siBlieHre CAMOUHTYKIIUH
Y HAYYUTHCS pelIaTh 3a1a4H.

Brinosinenue padorsl cnocod6cTBYeT GOPMUPOBAHMIO:
1. OK 01, OK 02, OK 03, OK 09
2. TIPo7;
3. [Pys5; ITPy9; ITPy11; [1IPy13;
4, MP8MP9.MP10,MP21,MP17, MP13
5. JIP 26,JIP 14,JIP 23,J7IP 13

MarepuanbHoe o0ecnedeHHe:TeTPalb [UIsI TMPAKTUYECKUX padoT, pydka, METOAUYECKUE
PEKOMEHIAIIUHU T10 BHITIOTHEHUIO pa0OoThI, JIMHEHKA, KapaHIall.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUECKON M MPAKTUYECKOM.
[Tocne u3ydeHus: TEOPETUUECKOr0 MaTepraia MOKHO MPUCTYNATh K BBIMOJHEHHUIO MTPAKTUYECKOW YACTH.
Omna coctouT U3 ABYX U Ooliee 3a/1ad JJisi CaMOCTOSATEIHHOTO BBINOIHEHUs. He 3a0bIBaiiTe 0 MpaBHILHOM
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odopmiiennn pemieHusi. Ha BBIOTHEHUE TMPAKTHYECKON OTBOAMTCS JBa akageMuveckux daca. [lopsmox
BBITIOJTHCHUS PAOOTHI
Ilopsiiok BbINOJTHEHHS PA0OTHI:
1. PaccMoTpuTe TEOpETHYECKHI MaTepuall 1O TeMe U TNPUMEphl pelmieHHs 3agad  (CMOTpHU
METOAUYECKOE IIOCOOHE).
2. Pemmre camocrosiTensHyI0 padoty. Odopmute perieHne MiCbMEHHO B TETPAIH.
Xon padoThl:

1.Teopus.
SIBJjieHMe JIEKTPOMATHUTHON UHAYKIIUU
B 1831 romy anmrmmiickuii ¢usuxk M. Dapazeil cepueil ONBITOB IOKa3aj, YTO C IOMOIIBIO
MIEPEeMEHHOT0 MAarHUTHOTO TOJS MOKHO CO3/IaTh B 3aMKHYTOM IPOBOJSILIEM KOHTYpE 3JIEKTPUYECKHI
TOK.

Puc.1.

Henenue 2nekmpomazHumnol UHOYKYuu — BO3HUKHOBEHHUE 3JIEKTPUYECKOTO TOKA B 3aMKHYTOM
IIPOBOJAIEM KOHTYpPE IPH M3MEHEHHH MArHUTHOTO IIOTOKA, IPOHU3BIBAIOLIETO KOHTYp. TOK,
BO3HUKAIOIIUKA B KOHTYpe, Ha3bIBaeTcid uHOVKyuoHHbiM (HABEOEHHbIM), a co3gawomyo ero I/1C
HasbiBatoT I/ C unoykyuu.

[lepBoHauaibHO MHAYKIMS OblJa OTKPbITA B HEMOABMXKHBIX JIPYT OTHOCHUTEIBHO Jpyra
MIPOBOJHMKAX MPU 3aMbIKaHUHM W pa3MbIKaHUU LIETIH OJHOW M3 KaTymiek (puc.l. a) mpu U3MEHEHUU CUJIbI
TOKA B OJIHOM M3 KaTyILEK, MATHUTHOE I10JI€, KOTOPOE IPOHU3BIBAET BTOPYIO KATYILIKY, B HEM BO3HUKAET
UHAYKIMOHHBIA TOK (puc. 1. 06) MHAYKIMOHHBIA TOK BO3HHKAET TAK)KE B MPOBOJOYHOM KaTyIIKe MpU
JBM>KEHUH ITOCTOSITHHOTO MAarHWTa BHYTPb KaTYIIKU U IIPU BBIABUTaHUU MarHuTa u3 Hee (puc. 1. B).

3aKOH 3J1eKTPOMArHUTHON MHAYKLIMU:

OJIC mHOyKIMM B 3aMKHYTOM KOHTYpE paBHa IO MOAYJIIO CKOPOCTH M3MEHEHHS MarHUTHOTO
ITIOTOKA 4Yepe3 MOBEPXHOCTh, OTPAHUYEHHYIO KOHTYPOM:
futss
Al

£.=
]

1)
rae &— IJC unnykuuu, B;
AD= ©,-D; — u3MeHeHre MarHuTHOIroO MoToKa, BO;
At — IpOMEXYTOK BpEMEHH, B TEUEHHE KOTOPOTO MPOU30IILIO0 JaHHOE U3MEHEHHUE, C;

A B
Ar _ CKOpOCTB HU3MCHCHUS MAarHUTHOI'O IIOTOKA, &
o - A
C Y4YCTOM HaANlpaBJICHUSA UHAYKIIMOHHOT'O TOKA 3aKOH 3aIIMCBbIBACTCA TaK!: ! Ar

Ecnu 3aMKHYTBI KOHTYp COCTOMT W3 N TOCIEIOBaTENbHO COEIWHEHHBIX BUTKOB (Hampumep, B
COJICHOUJIE)

rae N — 91ciio BUTKOB.
Hampaprienne MHIYKIIMOHHOTO TOKa B 3aMKHYTOM IPOBOJHHKE MOXXHO ONpPENEIUTh MO MpPaBUITY,
ycraHoBieHHOM B 1833 roay pycckum ¢puzukom 3.X. Jlenuem. CornacHo npasuny Jlenya:
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WHIyKIMOHHBIA TOK, BO3HUKAIOIIMM B 3aMKHYTOM KOHTYpE, CBOMM MAarHUTHBIM ITOTOKOM
MPENATCTBYET TOMY U3MEHEHUIO MAarHUTHOI'O IIOTOKA, KOTOPBIM OH BBI3BAH.

L

|

7

U

Puc. 2 Puc. 3. Onsit, mimmocTpupyromui npasuio Jlenma

HpI/I BJABHUI'aHWU MardiuTa B COJICHOU I YHCJIO JIMHUI MarHUTHOM HWHAYKIOHUU (I/IJ'II/I MarHHTHBIN HOTOK)
YBCIIUYUBACTCA, CIICAOBATCIIBHO, I/IHILYKIII/IOHHI)IfI TOK B HEM HMCCT TAKOC HAIIPABJICHHUEC, YTO CO3JaHHOC
9TUM TOKOM MArbfuTHOC I10JIC NPCHATCTBYCT HAPACTAHHUIO BHCIIHCTO MAIHUTHOTO ITOJIA. B sTom cjIydace

BEKTOpP MHIYKLIUH 3TOro mois B nampasien mpoTHBONONOXKHO BEeKTOPY MHAYKIMHM B BHemmero mons
(puc. 3. a).

CamocTtosTenbHO 00BsICHH puc. 3. 0.

O/1C uHAyKIMH B MPOBOJTHUKE, ABMKYIIEMCS B OJHOPOJHOM MAarHUTHOM TIOJIE, OMPEICIISCTCS 110

bopmye:
g=Bv{ sina,

I7ie 0 — CKOPOCTh B IPOBOJIHUKE, M/C;

{ — nyIMHA IPOBOJIHUKA, M;

B — marauTHas unaykius, TA.;

0. — YTOJl MEXy BEKTOpaMHU CKOPOCTH U MarHUTHOW MHIYKIIMH.

Hanpapiienne MHIYKIIMOHHOTO TOKA B JIBMKYILIEMCS TIPOBOJHUKE MOXKHO OIPENEIUTh O MPaBUILy
npaBoil pyku. Ecnu mpaBylo pyky pacnosioXuTh TakK, YTOOBl JUHMM MAarHUTHOM MHIYKIIMU BXOJWIN B
JaJIoHb, a OTOTHYTHIM Ha 90° GONBIION Majel COBMAJal C HANPABJIEHUEM JBIKEHHS MPOBOJHUKA, TO
BBITSIHYTBIE YETHIPE Majblia YKaXXyT HAIIPABJICHUE NHAYKIIMOHHOIO TOKA.

Buxpesoe 3j1eKTpUYecKoe 1moJie

IIpy OBHMXKEHUM IOCTOSHHOTO IOJOCOBOTO MAarHUTa OTHOCUTENIBHO 3aMKHYTOTIO IPOBOJSIIETO
KOHTypa B 3TOM KOHTYp€ BO3HMKAaeT HHIYKIMOHHBIM TOK. IIpyumHONM HampaBIe€HHOTO JABHKEHUS
CBOOOJHBIX AJIEKTPUUECKHUX 3apsJI0B B KOHTYpPE SIBISIETCS 8UXpegoe dleKmpuieckoe noje, BO3SHUKAIIee
Py MW3MEHEHUU MarHuTHoOro mnoss. Takum oOpa3oM, MNEepeMEHHOE MAarHUTHOE TI0Je MOpOXKIaeT
IIEPEMEHHOE DJIEKTPUYECKOE II0JIe, KOTOPOE IPHUBOAUT K IMOSBICHUIO B 3aMKHYTOM KOHTYypeE
MHAYKIIMOHHOTO TOKA.

CBolicTBa BUXPEBOrO 3JIEKTPUUECKOTO MOJIS:

1. OHo co3naeTcs He 3apsAaaMu, KaK 3JIEKTPOCTaTHIECKOE, a IEPEMEHHBIM MarHUTHBIM I1OJIEM.

2. BuxpeBoe 3JeKTpUUeCcKOe MOJIe He CBS3aHO C AJIEKTPUUECKUMU 3apsAaMH, €ro CUJIOBBIE JIMHUU
(JTMHUM HANPSHKEHHOCTH) MPEICTABISAIOT COO0H 3aMKHYThIE JINHUH.

3. BuxpeBoe sieKTpUUecKOe MOJIe SIBISETCS HEMOTEHIMAIbHBIM TojeM. PaboTa cuil BHXpPEBOro
ANIEKTPUYECKOTO TOJI NPHU JBMKEHUM €AMHUYHOTO IOJIOXKUTEIBHOTO 3apsiia MO 3aMKHYTOM JMHUM HE
paBHa HyJI0 U npeacTasisier coboi DJ[C MHAYKIIMM B 3aMKHYTOM IPOBOJSILEM KOHTYpE, HaXOSIIUMCS
B [IEPEMEHHOM MAarHUTHOM IIOJIE.

Camounnaykuus. I/1C camonHaAyKINHU
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Camounodykyusa — Bo3HMKHOBeHMEe OJIC HMHAYKIMM B IPOBOJSAIIEM KOHTYpE B pE3yJbTaTe
W3MEHEHUS B HEM CHJIbl ToOKa. [losBISIONIYyIOCS AIEKTPOABIKYIIYI0 cwily HasbiBatoT J/[C
camounoykyuu. Ilpy M3MEHEHHH TOKa B KOHTYpE MEHSETCSI MAarHUTHBIA TOTOK Yepe3 MOBEPXHOCTH,
OIPaHUYEHHYIO 3TUM KOHTYpPOM, B pe3yiapTare uyero B HeM Bo3Oyxaaercs O/IC camouHIyKuuu,
HaIlpaBJICHUE KOTOPOM ONpeeseTcs npaBuioM JleHna.

SIBieHNe CaMOMHJIYKIIMM MOXXHO HaOII0aTh, COOpaB 3JIEKTPUUYECKYIO II€Nb, M300pakK€HHYIO Ha

puc. 47.
@
—/VV\_@_‘ ( {( X =
L )1
mj | .
L
R L
s o me e e [
Puc. 4. SIBnenue caMoMHAYKIUU Puc. 5. SIBneHne caMOMHIAYKIIMY IPU 3aMBIKAaHUH LIETIH

MIPH pa3MbIKaHUU LIETIH

OnpIT MOKa3bIBAET, UYTO MpU 3amblkaHuu Kiatoua K smamma JI 3aropaercs HECKOJBKO TMO3KE, YeM
nammna Jlj. 3To 0ObsCHSIETCS BOBHUKHOBEHHEM B KaTylike 3HauuTenbHol DJIC caMOMHAYKIIMU, KOTOpas,
coryacHo TpaBmwiy JleHna Memnraer ObICTPOMY HapacTaHWIO TOKAa B MOMEHT 3aMbIkaHus menud. [lon
neiictueM D/1C MHAYKIIMU B KOHTYpE MOSBISIETCS MHAYKIUOHHBIA TOK (TOK CAMOMHAYKLIUH), KOTOPBI,
HAaKJIaJ[bIBAsICh HA OCHOBHOM TOK B KOHTYpE, 3aMEJUISIET €ro BO3pacTaHhe. DHEPrusi MCTOYHHMKA TOKa,
3aTpayeHHas Ha ero npeojoieHue nporuojaencTeus J/JC caMOMHAYKIIMY, HAKAIUIMBAETCSI B MATHUTHOM
TI0JI€ ATOM LIeTH — BHYTPHU KaTYyIIKU ¢ cepaeuHukoM. Korga cuia Toka B IETM CTAHOBUTCS MOCTOSTHHOM,
TO Y SHEPTUsl MAarHUTHOTO TOJIS LIETTH HE U3MEHSETCS.

OOBsICHU CaMOCTOATENLHO TTPOIIECCHI, BO3HUKAIOINE TTPH pa3MbIKaHUU 1emnu (puc. 4).

DNEKTPUYECKU TOK, MPOXOJAIIMKA IO MPOBOJHUKY, CO3/1a€T BOKPYI HEro MarHUTHOE IOJIE.
MarsHuTHBIN MOTOK CKBO3b IUIOIIAb MOBEPXHOCTH, OTPAHUYEHHYIO CAMUM KOHTYPOM, MPOIMOPIIMOHATICH
CUJIe TOKA B KOHTYpE:

S=L-I
Koaddunuent nponopruonanbHocTu L Ha3pIBaeTcs uHOyKmueHoCcmuio KOHTYpa:

[L]=|:ff?i| _ B
! A4 =Ty (renpn).

3HaYeHne WHAYKTUBHOCTH 3aBUCUT OT pa3MepoB U (hOPMBI MPOBOJHUKA, & TAaKKE OT MAarHUTHBIX
CBOHCTB c(epbl, B KOTOPOH OH HAXOJUTCS.
O/1C caMOMHIyKIIMU TI0 3aKOHY 3JI€KTPOMarHUTHON MHIYKIIMHN paBHa:
. o

=L IJJ: T.K “is ,T:.

» T.K. ,
rne AI=1-11 — n3MeHeHune CUIIbl TOKa B IPOBOJIHUKE, A
At — BpeMs ero u3MeHEeHu, C;
A A

'E:.l'.wc

At — cKOpOCTh U3MEHEHUS CUJTBI TOKA,
SHGPFI/ISI MAarauMTHOI'O ITOJIA MPOBOAHHKA C TOKOM!

.

M=

2. [IpuMepsl pemieHHus 3a1a4

1. chaxcHTe HaIpPaBJIEHUE BEKTOPAa MarHUTHOM MHIYKIIMH B TOUKE A.
»
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a) 0)
Pewenue:
HamnpaBnenue BekTopa MarHUTHOM MHIYKIIMK OTIPEAEIIACTCS 10 IPaBuily OypaBurKa:

B" a) BbIOMpaeM MOJIOXKEHHEe HaOroAaTeNsl ecil CMOTPETh Ha MPOBOJHUK CBEPXY, TO

ﬂt TOK HampaBjJeH NPOTUB 4YacoBOW cTpenku. [lo HampaBiIeHHIO TOKa BpallaeM pydKy

@ OypaBumka, Torma cam OypaBuMK OyAeT IBUTAaTbCS BBEPX, CIIEJOBATEIbHO, BEKTOP
! I MarHUTHOM MHAYKIIMH HAMPABIICH CHU3Y BBEPX;

0) ¢ HampaBJeHMEM MPSMOJMHEHHOTO TOKa JOJKHO COBIAJaTh HaIlpaBlICHUE

, A ]| UOCTYHATENBHOrO ABHMKEHHS OypaBuMKy, TOrJa HalpaBjCHUE BpAlICHUS PYKOATKH B

B@ TOYKE A TMOKaXeT HANpaBJI€HUE BEKTOpAa MArHUTHOM HMHAYKIUU. TO ecThb B TOYke A

BEKTOP BBIXOJUT U3 IJIOCKOCTH PUCYHKA.

2. HpOBOII;HI/IK C CUJIOHM TOKa 5A IIOMElleH B OOHOPOAZHOE MAarHMTHOE IIoJie C
HHOVKIIHEeH 1-10°TA. Yron MEKy HAIpaBjIeHUAMU TOKa U 10jg 60°. OIpeZeJiuTe HJIUHY
IDPOBOLHMKA, €CJIH IoJIe LeHCTBYeT Ha Hero cuioit 2:107H.

F
F=B-I-/ sina = {= B lsina
2-10°H = (.44
£=1-107"To-0ET-54 ML

3. Kakas cumsa JIeNCTBYET Ha DHSJEKTPOH, JeTANMUH B OZHOPOLZHOM
MarHUTHOM IIOJIe C MHAVKIIMEeHn 1102 TA IEepPHNeHAUKYJISAPHO JIUHUSAM MarHUTHOU
WHIYKIIMK CO CKOpocThio 3-10°M/c, 3apazm »aekTpoHa e=—1,6-10"°Ku.

Ha snexTpoH, 1BHKyIIHCS B MArHUTHOM I10JI€, IEUCTBYET cuia JIopeHna:

Fa=8-g-Ur-simna

FA=1-102TA-1,6:-10° Ka1-3-10°M/c=—4,8-10°H

4. Ha ckonpKO N3MEHHMIIAch CUJIa TOKa B MPOBOJHMKE, eciu 3a 0,2 ¢ B IPOBOJHUKE, NHIYKTUBHOCTh
koroporo 1 I'n, mosiBunace 9J1C camonnaykuuu pasHas 10 B?
I1o 3akOHYy CaMOMHAYKIUU:
£, =L % = |All = %.ﬁr
108 0,2

Al = =24
14w

5. 3a KakoW MPOMEXYTOK BPEMEHM MarHUTHBIA MOTOK u3MmeHurca Ha 0,04 BO, eciau B KOHType
Bo3HukaeT J/]C nnnykuuu 16 B?
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ITo 3aKOHY 2JIEKTPOMAarHUTHOW UHAYKLIHH:
I e 0.04 B
&= s At = : -

DAt = =25-10 ‘¢
At Ei 168

6. MarauTHoe 1osie Katymku ¢ HHAyKTuBHOCTBIO 0,1 I'H oOnagaet sueprueit 0,8 k. Uemy paBHa
CUJia TOKA B KaTyIIKe?

DHeprus MarHUTHOT'O T10JIS1 IPOBOJIOYHOM KaTYIIKU paBHA:

e . W I 2-08 [fwe
|i'..='|r' ! L =__,H 2 [

= ] = ) Y16d® =4 4.
2 L VoL "

7. OmpegmeJsiuTe MArHUMTHBIM HOOTOK, IPOXOAAIIHNIM uUepe3 IPSAMOYIOJIBbHYIO
oJomapmzkKy co crTopoHaMu 20x40 cM, ecyaM OHa IOMelleHAa B OJHODPOZHOEe
MArHUTHOE IOJie C UHAYKIuei 5-10°TA nox yraoM 60° K TMHUSAM UHIYKIMHU TIOJIS.

MaruuTHbIN OTOK, IPOHU3BIBAIOIINM KaKyI0-TO IUIOIIAIKY PABEH: é=B-S cosa, T1kK.
IUIONIA/IKa NPSAMOYTOJIbHAs,  S= as,
IJI€ 0, — yroJ MEXKIy HOPMAJbIO K HOBEPXHOCTH M BEKTOPOM MArHUTHOM MHIYKIWH (MM JIMHUSAMA
MarHUTHON WH]TYKITUH).

JIyIst TAHHOTO CITydast:

a=90°-8; 0=30°.

3uaunt @ =5-102 TA-0,2M-0,4M cos30°=

X 235000
2

5-102 TA-0,2M-0,4M B6

2. CamocTosiTesqibHAas padoTa

1. Omnpenenute MHAYKTUBHOCTH KATYILKH, €CJIU NPU YBEIMYEHUHU TOKa B Heil Ha 2,2 A 3a 50- 107
nosieisierca cpennsad OJ1C camonnaykuunu, pasHas 1,1 B.

2. B mnposomamke mmuHOW 0,50 M, aBMXKymEMcs co ckopocThio 3,0 M/C MepHeHIUKYISIPHO
CUJIOBBIM JIMHUSIM OJTHOPOJHOTO MarHUTHOrO moJiisi, Bo3Hukaet IC 6,0 102 B. Onpenenure MHAYKIHUIO
MarHUTHOTO TTOJIA.

3. Ompenenure MarHUTHBIN MOTOK, MPOXOISIINN Yepe3 MPSIMOYTOIbHYIO IIOMAAKY CO CTOPOHAMU
20x40 cMm, ecnu OHa MOMeEIIIEHa B OJTHOPOJHOE MAarHUTHOE TOJI€ ¢ UHAYKIMEn 5,0- 102 TA noj yriiom 60°
K JIMHUSIM UHAYKIIUH TIOJIS.

4. Omnpenenure DJIC wHAYKINH, BO30YX)TaeMyl0 B KOHType, ecinu B HeMm 3a 0,01 ¢ MarHuUTHBIN
MOTOK paBHOMepHO ymeHbInaercs 0,5 mo 0,4 BO, utoo6s! B koHTYpe Bo30y)kaanack J/1C nnaykuuu 3,8 B.

5. Omnpenenure MPOMEXYTOK BPEMEHHU, B TEUEHNUE KOTOPOTO MAarHUTHBIN MOTOK, MPOHU3BIBAIOIINN
KOHTYp, AobkeH yBenuunutbes ot 0,01 mo 0,20 B6, urobs1 B koHTYpe Bo30yxnanack DJIC nnaykuun 3,8
B.

6. Ompenenute DJIC MHAYKIMHM Ha KOHIAX KPBUIBEB CaMOJIeTa, UMEIOMIMX UIMHY 12 M, ecnu
CKOPOCTh €r0 TpH TOpH3OHTAIBHOM mojeTe 250 M/c, a BepTHKajdbHAs COCTABJISAIONIAS MAarHUTHOMN
WHJYKIIUWA 36MHOTO Maruetusma 5,0- 10° TA.
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7. B ogHOPOAHOM MarHUTHOM o€ o yriioM 30° K HampaBJIEHUIO BEKTOPAa UHAYKIIMH, BEJIMUYUHA
kotoporo 5,0 10 TA, mpuxercs MIPOBOJIHUK CO CKOPOCThIO 10 M/C; BEKTOP CKOPOCTH MEPIEHANKYIIIPEH
poBoAHUKY. Onpenenure JUIMHY IPOBOJHUKA, eciid B HeM HaBoauTcs D/1C, paBHas 2,5 107 B.

8. Tpakrop ob6miero nasHaueHuss K-700 wmmer co cCKOpocThio 28 KM/4. ONpenenuTe pa3HOCTh
[IOTEHLIMAJIOB Ha KOHLAX NEpeJHEN OCH, €ClIM JJIUHA €€ OKOJO 2,6 M, a BEpTUKAJIbHAs COCTaBIISIOIIAS
MarHMTHOTO noist 3emiun 5,0 10° TA.

9. UYemy pasna DJIC caMOMHIYKIIMH, BOSHUKAIOIIAS B KaTYIIKE ¢ WHIYKTUBHOCTHIO 2,0-107 T, B
KOTOpPOM TOK CHJIOH 7,5: 10 A ucuesaer 3a 2,0 102 ¢?

10. MarauTHOe 1oJie KaTymku ¢ HHIyKTUBHOCTEIO 0,1 ' oOmamaer sneprueit 0,8 k. Uemy paBHa
CHJIa TOKa B KaTymike?

11. [IpoBonoyHas npsAMoyroJibHas pamka co cropoHamu 20 u 30 cM pacnosioxeHa B OJHOPOJIHOM
MarHMTHOM I10JI€ U MEePHEHANKYISIPHA CUJIOBBIM JIMHUAM. OmpeneanuTe HHAYKIUIO 3TOT0 MOJIs, eCIH IpU
ero ucuesHosenuu 3a 1,2:107% ¢ B pamke HaBoautcs cpenusis DJC 3,5 mB.

12. Yemy paBHA MHIYKTUBHOCTH KATYIIKH, €CJIM MPOTEKAIOIMNN 10 HeW Tok cuion 0,15 A cozmaer
OTOK MarHuTHOM HHayKiwmn 7,510 B6?

13. Yemy paBHA UHIYKTUBHOCTH MPOBOJHUKA, B KOTOPOM IPHU BO3pacTaHuu Toka ot 1,5 mo 1,8 A 3a
0,02 ¢ Bo30yxnaerca I/1C camonnykuuu 0,9 B?

14. 3a kakoil NPOMEXYTOK BPEMEHU B KOHTYpE MHIYKTHUBHOCTHIO 2,0- 10®° T’ npy M3MeHEHHH TOKa
Ha 0,5 A Bo3znukaer D/IC camounnykuuu 10 B?

15. Onpenenute MHAYKTUBHOCTh KaTYIIKH, €ciu Mpu Toke 3,0 A MarHuTHOE ToJie B Hel oOiagaet
sHeprueit 6,0 107 k.

@dopma npeacTaBJieHus pe3yabTarTa:

BbinonHuTh 3ajaHue B TETPAAM JUIsl IPAKTUYECKUX padoT.

Kpurepun oneHku:
3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BBICTABIISIETCS TIOJOKHUTEIbHAS OLleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISIETCS OTpHUIIaTeIbHas olieHka — () 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% mpaBUIBLHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 5.1 Mexannyeckue KoJe0aHUA M BOJHBI

IIpakTuueckoe 3ansatue Nel4
Mexanuuyeckue KoJIe0aHUS U UX XapPaKTEePUCTUKH

Heab: 3akpenuTh yMEHUS W HaBBIKM BBIYHMCICHUS IapaMEeTPOB KOJeOATEIHHOTO BHXKECHUS,
XapaKTEPUCTUK MEXAaHUYECKUX BOJIH.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

1. OKO01,0K 02, OK 03, OK 09

2. IIPG7;IIPGS;

3. IIPy5; ITPy9; I1Py11; ITPy13;

4, MP8MP9,MP10,MP21,MP17, MP13
5. JIP 26,JIP 14,JIP 23,JIP 13

MarepuanbHoe o0ecnieyeHme:

TETpajb AJI MPAKTUIECKUX paboT, pydka, METOJAMYECKHUE PEKOMEH IAIIUHU TI0 BBITOJIHEHUIO PaOOTHI,
JIMHEIKa, KapaHanl.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTeld — TEOPETHUECKON M MPAKTUUYECKOM.
[Tocne n3ydeHuss TEOPETUUECKOr0 MaTepraia MOKHO MPUCTYNATh K BBIMOJHEHHUIO MTPAKTUYECKOW YACTH.
Omna cocTouT U3 ABYX U Oolee 3a/1a4 JJisi CaMOCTOSTEIHHOTO BBIMONIHEHUs. He 3a0biBaiiTe 0 npaBUIbHOM
o(pOpMIICHUH PEIICHHS.

IHopsaok BbINOJIHEHUS PA0OTHI:
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1. PaccMoTpuTe TEOpeTHUECKHI MaTepwal MO TeMe W NpPHUMEphl pelieHus 3anad (CMOTpHU
METOAMYECKOE ITOCOOHE).
2. Pemmre camocrosiTensHyto padoty. Odopmure perieHne NiCbMEHHO B TETPALIH.

Xox padoThI:

1. Teopus

[lepuognueckue konebaHWsT — MEXaHUYECKHE [IBIDKEHUS WM (U3UYECKUE MPOLECCHI,
MOBTOPSAIOIINECS BO BPEMEHH.

I"apmonnueckue KosiebaHusi — KoJeOaHUs, TPU KOTOPBIX (PU3MYECKas BETUYMHA MEPUOAMYECKU
M3MEHSETCS ¢ TCUCHHEM BPEMEHH I10 3aKOHAM CHHYca WM KocuHyca. X = (101 - L0 + C100) D0 -
aMIUIUTY1a, MAKCUMAJIbHOE OTKJIOHEHHUE OT MOJIOKEHHsI paBHOBECHs (pU3nuecKkoi BelUYUHBL. T- mepuon
KoJieOaHWl, HAUMEHBUIMHA MPOMEXYTOK BPEMEHH, B TEUYEHHE KOTOPOTrO COBEPIIACTCS OJHO TOJIHOE
koneOanue: [1 =[] [J, rae N - uncno konebanwuii, t — Bpems, t = ¢, eauHUIA U3MepeHus: T = ¢ (cexkyHaa).
s MmatemaTudeckoro Masitiuka T = 2t [ [0, toe | - nnuHa HATH, | = M, g - YyCKOpEeHHE CBOOOHOTO
nageHus, g = 9,8 m/c 2 JIns npy>KMHHOTO MasTHUKA, epuox pased: T =2z [] [], rme m - Macca rpyza m
= xr, k — ko3¢ ¢unment xectrkoctu npyxuasl k = H/m Yactora koneGaHuii v - 4ucio KoneOaHui B
eIMHULY BpeMeHu: v = [] [,

Yacrora u nepuon B3auMooOpaTHbie BenmuuuHbl: Vv = 1 T wimm T = 1 v [J0 - navanbHas Qasa
Konebanuii — aprymeHtT [10 rapmonmveckoir ¢yHkium: y = AL ([0 + [10) , ompenenstoniui
COCTOSIHME TeJIa B HA4aJbHBI MOMEHT BpeMeHHt t = (. ®- KpyroBas 4acToTa, YHCIIO MOJHBIX KOJeOaHui
BBIpKECHHBIX B paJiaHHOM (YIrJIoBoii) Mepe, 3a Bpemsit=1c, [l =pagc o =[] [J =27 []

2. [IpumepsI penreHus 3a1a4

1. l'apmonnueckue kojeOaHUs BENIWYMHBI X OMUCHIBAIOTCS ypaBHeHHeM X = = 0,2sin 2010 ™ .
Omnpenenure: amruTyny A KojeOaHWM; HUKIMYECKYt0 dacToTy[ 0 ; dacToTy KojebaHuil V; mepuoj
kojebanuit T; [11 B MoMeHT BpemeHu t =[] 2.

Haro: Pewenue:
x = 0,2sin 27t [Mm] CpaBHHB ypaBHEHHE TAPMOHUYECKHX KOJIeOaHUii
A, wy, v, T, x -7 x = Asin (wqgt + ¢ JaHHBIM B 3aj1a4e, Haxoaum 4 = 0.2 Mm;
0 1 0 0
_ = _(1)() = — «_.‘_1 N
wy=2mc ,V—E,()Tkyﬂd\'—lfu,I—;,()TKy;]aI—lC.

T
[loacrasus 3uauenue t = 7 B YPABHCHHE, IaHHOE B YCIIOBUH 33/1a4H, ONPE/ICIIACM X1
. 2m i
X, = 0,281[17 =0.2sinm =0 m.
Omeem: A =02m; wyg=2nc ;v=1Ti; T=1¢; %, =0m.

2. HanummTe ypaBHEHHE TapMOHHUYECKUX KOJIEOAHMM, €ClM aMIUIUTylda KojeOaHuit A = 2 cM,
HauvanbHas ¢aza konedbanuit [0 =30°u3at= 10 c coBepmaercs n = 20 MOJHBIX KOJIeOaHHH.

Hano: Pewenue:
A=2cm=0,02m YpaBHeHME ~ rapMOHMYECKHMX  KoneOaHuii  MMeeT  BHJI
@y = 30° :% Asin (wot + @g). llepnoa xonedaunii 7' — Bpems, B TeueHue
~ panc t A

t=10 KOTOpOro coBepiaercs oxHo konebaume: T = - 3uas T,
n=20 2n 2mn

< ONpesieNIieM UMKIHYECKYIO HacToTy: Wo = —T, WM Wy = ——
x(1) - 2120

= = 4.

10c
YPHBHCHHC AAHHBIX TAPMOHHYCCKHX KosnebaHui 6yﬂCT HUMETh

Bua: x = (),02sin (47rt + %) [m]
Omeem: x = (),02sin (41tt + %) [Mm]

3. Ilepuon konebanuil marematuueckoro mastHuka Ha Jlywe [1m = 10 c. Onpenenure mnepuon
konebanuii T sToro MmasTHrKa Ha 3emiie. Y cKopeHue cBoOoHoro najeHus Ha Jlyne g=1,6 m/c 2.
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Mano: Pewenue:

T,=10c¢ [lepnoas! konebauuii Mmaremarnyeckoro mastuuka Ha Jlyne T,
= 1.6 m/c? . I l

g”_ 9.8 /c? ulemne I: T, =2n [— T =2n |-.

g Ay M/C En g

T-? Pa3nenuB nepBoe ypaBHEHNE Ha BTOPOE YPABHEHHUE, TIOTYHHM:

T Ba " gn
—= [=omkyga I'=T, |[=
Ty \} g y ”\) g

1,6 m/c2
Boruucnenus: T = 10c £ - 4c
9,8 m/c?

Omegem: T =4 ¢

4. MaTteMaTH4eCKUH MAasTHHK, JUIMHA HUTH KoToporo | = 0,5 M, coBeplIaeT rapMOHUYECKHE

KoJiebaHusl ¢ aMIuTynod A = 5 cm. Ompeaennure MakCUMalIbHYH CKOPOCTh [Imax koseOsromencs
MAaTepHAIbHON TOUKH.

Jano: Pewenue:

[=05mM Maremarndeckuii  MasTHHK ~ COBEpLIAET T'apMOHHYECKHE

A=5em=0,05m konebanusi 1o ypaBHeHHIO ASin (wot + ¢@p), e Wy -
« = 2%

Unmax -~ * COOCTBEHHAs UMKIMHYECKAs HacToTa, Wy = = I' — nepuon

) - l
konebauuit masTHuka, I' = 21w ’g— CIIeIOBATENEHO, Wy = f%
MakcumaibHas CKOPOCTh MATEPHANBbHOM TOUKH Upay = AWy =

9,8 m/c?
AJ%. Beraucnenus: vy, = 0,05 m ﬁ

= 0,22 m\c
Omeem: Vg = 0,22 M\
CamocrosiTesibHas padora
Bapmunanr 1
1. HutsiHoM MasiTHUK coBeprit 25 konebanuii 3a 50 ¢. Onpenenure nepuo U 4acToTy KoJIeOaHwmil.
2. Omnpenenute, Ha KAKOM PAacCTOSHUU OT HaOmrofarens ynapuia MoinHus. Eciiv oH yciblmman rpoM depes
3 ¢ mocne Toro, Kak yBUJIEI MOJHHUIO.

3. Ilo rpaduky

r, ™M}

0.4

L~ V e

.

/ \

() F— — - i -

’ 0.1 “,"_f\-\ 0.3 /0.4 0.5 0.6 [, ¢
N5

0.4

OTpeeNIuTe aMILTUTYTy, IEPUOJ] U YAaCTOTY KOojeOaHUH.

4. KakoBa AjIMHA MaTeMaTU4YeCKOro MasiTHHKA, COBEPIIAIOIIEro rapMOHHUYECKHE KOoJeOaHUs ¢
gactotoi 0,5 I't Ha moBepxHocTH JIyHBI? YCKOpeHHE CBOOOIHOTO TajeHusi Ha moBepxHocTy JIyHbr 1,6
Mm/c 2 . 5. JlnuHa Mopckoil BosiHbI paBHa 2 M. Kakoe konuyectBo kojiebanuii 3a 10 ¢ coBepmuT Ha Heil
MOTIJIABOK, €CJIM CKOPOCTh PAaCIpOCTpaHEHUs BOJIHBI paBHa 6 M/C.

6. Kak HyXHO M3MEHUThH JJIUHY MaTeMaTHYECKOro MasTHHKA, YTOOBI NEpUOJ €ro KojeOaHHii
YMEHBIINUTH B 2 pa3a’?

7. Onpenenure JUIMHY MAaTeMaTH4ECKOrO0 MasTHHKA, KOTOphld 3a 10 ¢ coBepmiaer Ha 4 MOJHBIX
KoJIcOaHMsS MEHBIIIE, YeM MaTEMATHUSCKUH MagTHUK JIMHOU 60 cM.

8. OauH MaTeMaTHYeCKUi MasTHUK UMeEeT mepuoj konebanuit 3 c, a npyroit — 4c. Kaxoit nepuoj
Koje0aHui MaTeMaTHYeCKOro MasiTHUKA, JUIMHAa KOTOPOTO paBHAa CyMME JIJIMH yKa3aHHBIX MasTHUKOB? 9.
UeMy paBHa JJIMHA BOJIHBI Ha BOJE, €CIM CKOpPOCTh pacHpeseNeHus BOJH paBHa 2,4 M/c, a TeJo,
TJIaBarolee Ha Bojie, copepmaet 30 konebanuii 3a 25 ¢?
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Bapmuanr 2

1. Masarauk coBepmun 50 kosebanuii 3a 25 c¢. OmpenenuTe mepuoi W YacTOTy KoJeOaHWi
MasTHHKA.

2. PagnoOyit B Mope koJiebieTcs Ha BoJTHaX ¢ nepuoaom 2 ¢. CKkopocTh MOpCKuX BoJiH 1 M/c. Uemy
paBHa JUIMHA BOJIHBI?

3. ITo rpaduxy

bV

OIpeAeIUTE aMILUTUTYy, IEPUOJ] U YACTOTY KOJeOaHUH.

4. Ha Hew3BeCcTHOM IUIaHETe MasATHUK JIMHOW 80 cM coBepiimt 36 MOJHBIX KojiebaHui 3a 1 MuH.
YeMy paBHO yCKOpPEHHE CBOOOHOTO MaJieHUs Ha 3TOU IaHeTe?

5. Ompenenute UIMHY BOJIHBI, pacIpOCTPAHSIONIEHCS CO CKOPOCThIO 2 M/c, B KOTOpou 3a 20 ¢
npoucxoauT 10 xoneOanuid.

6. KakoBa qyiHa MaTeMaTH4eCKOro MasiTHUKA, COBEpPILAoIero 4 moiHbX kojaebanus 3a § c¢?

7. Kak n3MeHUTCS 4acToTa KOoJIeOaHWH HUTSHOTO MasiTHUKA JITUHON 0,5 M, €Clii yBEIMYHUTD UTHHY
HUTH Ha 1,5 m?

8. Ha o3epe B Oe3BeTpeHHYIO IMOTOAY C JIOJKH OpPOCHIIN TOKENBIN skopb. OT MecTa OpocaHwus
MOILIM BOJHBI. YenoBeK, CTOSIIMNA Ha Oepery, 3aMeTws, 4yTo BOJHA Jomuia Ao Hero dyepe3 50 c,
paccrosiHue MexIy cocemHuMu ropoamu BoiH 50 cM, a 3a 50 ¢ 6pu10 20 BeruteckoB o Oeper. Kak naneko
oT OGepera HaxouIach J0aKa?

9. K nmortonky mojBeleHbl JBa MasTHUKA. 3a OJAMHAKOBOE BpeMsl OJUH MAasTHUK COBEPIIMI 5
KosebaHui, a npyroi — 3 xonebanus. KakoBa IIiHa KaK0TO MasgTHUKA, €CJIM PA3HOCTh UX JUTHH 48 cM?

dopma npeacraBjieHus pe3yabTara:

BreimonHuTh 3asaHue B TETPAAH [T MPAKTUYECKUX paboT.

Kpurepuu onenkmn:
3a npaBUIIHHO BBIMOJIHEHHOE 331aHHE BHICTABIISICTCS MOJIOKUTENbHAS OIleHKa — 1 Oa.
3a HelpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIIaTeIbHas olieHKa — () 6aos.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumenshoy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

o]

Tema 5.2 DileKTpOMarHuTHbIE KOJICOAHUSI U BOJTHBI

IIpakTuueckoe 3ausitue NelS
Pemenune 3aa4 Ha BU/AbI COI[pOTI/IB.]IeHI/lﬁ B IENAX NEPEMEHHOI0 TOKA.
®opmy.isl TpanchopmaTopa
Heﬂb: HU3Yy4UTH CBO60)IHBIC SJICKTPOMArHuTHBLIC KoneOaHus B KOHTYPEC, BUJblI COIIPOTUBJICHUSA B
LEMH EPEMEHHOT0 TOKa, UX OTJINYHS U OCOOCHHOCTH.

Boinosinenue padoTsl cnocodcTByeT GOPMIUPOBAHMIO:
1. OK01,0K 02, OK 03, OK 09
2. 1IP66;
3. [PyS; ITPy9; ITPy11; I1Py13
4. MP§,MP9,MP10,MP21,MP17, MP13
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5. JIP 26,JIP 14,JIP 23,JIP 13
MarepuanbHoe obecneyeHne: TeTpaab IS MIPAKTHUECKUX paboT, pyyka, METOAMYECKHE PEKOMEHIAIIH
IO BBINOJIHEHHUIO paboThl, TMHENHKA, KapaHaall.

Yka3anue: [Ipaktuueckas paboTa COCTOMT U3 ABYX 4YacTeii — TEOPETUYECKOH M MPAKTHUECKOM.
ITocne u3yueHuss TEOPETUUECKOTO MaTepralla MOYKHO IPUCTYNATh K BBIIOJHEHUIO IIPAKTHYECKOM YacTH.
Omna cocTouT U3 ABYX U OoJiee 3a/1a4 JJIsl CAMOCTOSITENIbHOTO BhINOJIHEHUs. He 3a0biBaiiTe 0 mpaBUIBHOM
oopmienun peuieHus. Ha BbinosiHeHHe MpakTUYECKONH OTBOAMTCS JiBa akajeMudeckux yaca. [lopsaok
BBITIOJIHEHUS pabOTHI

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

1. PaccMoTpuTe TeEopeTHMUECKMH MaTepual IO TEeME€ M NpUMEpbl pelieHus 3anad  (CMOTpu
METOAMYECKOE ITOCOOHeE).
2. Pemmre camocrosTensHyto padoty. Odopmure perieHne MMCbMEHHO B TETPAJIH.

Xoa paGoTsI:

1. Teopus.
«IlepeMeHHBIH TOK

E
=
Pk »

IlepemeHHBII TOK — BBIHYKJCHHbIE TAPMOHUYECKHE SJIEKTPOMAarHUTHbIE KOeOaH!s B IPOBOJHHKE.
BcenenctBue 31€KTpOMarHMTHOM HMHAYKLIMM B PAaMKE BO3HMKaeT rapMoHuuyecku MeHstomasics 2J1C

E=-0=B-5 o sinat ;e = €o- Sinwt

(80= BS- w — ammmuryna D/1C MHAYKIMH) B MOXHO TOBOPHTH, YTO MOJIYYCH TIEPEMEHHBIH TOK.
e [lepeMeHHBII TOK OBITOBOM 3mekTpoceTn nmeet yactory v =50 I'n u w = 2nv = 1007 [pan/c].
PesucTop B ienu nepeMeHHOro TOKa

" Ei )
IDD A »
T N

E

INEY.

Bkarounm pesucrop conpotusieHus R B ceTh nepemenHoro Toka Hanpspkerus U(t) = UgSinwt (*). B
KaXX/IbIii KOHKPETHBI MOMEHT BPEMEHH TPOXOKICHUE TIEPEMEHHOTO TOKA B PE3UCTOPE KAaUeCTBEHHO

15 =20

HUYEM HC OTJIMYACTCA OT HpOXO)K,HeHI/IH IIOCTOSHHOTO U ITOAYUHSCTCA 3aKOHy OMa: R .TOFJIa
U, .
I(f) = =L sinet
R

AN H{t) = Iy sinet

I'paduku I(t) u U(t), B omHOM crcTeMe KOOPAUHAT, MMEIOT BUJL:
e Bcs noaBoanMas K pe3uCTOpy dIEKTpUUECKas SHEPTUs MPEeBpaIaeTCs B TEIUIOBYIO, T. €. OH 00ajgaeT
AKMUBHBIM CONPOMUBTIEHUEM.
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AxTtuBHOe (oMuueckoe) conporusienue (R) — conporuBnenue pesucropa 6e3 yuéra ero EMKOCTH U
UHIYKTHBHOCTH.
EMKOCTB B 11ENIM ITIEPEMEHHOT0 TOKA

W3BeCTHO, YTO KOHJICHCATOP MOCTOSIHHBIN TOK HE MPOBOIUT (LI€Ih MEXIY OOKIIaJKaMHU Pa30MKHYTA).
Bxirounm kongeHcatop emkoctu C B 1iemb nepeMennoro Toka Hanpspxenust U(t) = Ugsinwt (*).
I'pacduku I(t) u U(t) B ogHOI cricTeMe KOOPMHAT, UMEIOT BH/I:

Y | — EMKOCTHOC COITPOTUBJICHHUEC TIECPEMCHHOMY TOKY.

CTaC e Xc ymenpLiaercs ¢ poctoM w u C
100
ot =omy
I
| Ift)
L P | >
|
WHAYKTUBHOCTD B IETH TIEPEMEHHOTO TOKA
T~ L

Bximiourm Katymiky HHAYKTUBHOCTH L B 1ens nepemennoro toka Hanpspkenus U(t) = Ugsinwt (*)
(akTUBHOE COMPOTHBIICHUE MPOBOJA KaTymiku R= 0).
I'paduku I(t) u U(t) B ogHO# cHCTEMe KOOPMHAT, UMEIOT BH/I:
Xe=o-L_ UHIyKTUBHOE COMPOTHBIICHHUE MEPEeMEHHOMY TOKY. (XL pacrteT ¢ pocToM w u L).
JleficTByrOIIICE 3HAUCHHE MOIIHOCTH MEPEMEHHOT0 ToKa (P) — BETMYMHA, YUCICHHO PaBHAsi MOIITHOCTH
MOCTOSTHHOTO TOKA Procr, IPH YCIOBHH, YTO 00a TOKA 32 OJJUHAKOBOE BPEMsI, paBHOE MEPUOAY
MEPEMEHHOTO TOKa 7, Ha paBHBIX PE3UCTOPax R BBIIEIAT paBHBIC KOJIMYECTBA TETUIOTHI Q.

B IR U, Ui
U3 P =Py Up=lpr R 2 2 2R
e JleiicTByrolIIee 3HAUSHIE MOIITHOCTH ITIEPEMEHHOTO TOKA YaCTO HA3bIBAIOT aKTUBHOW MOIIHOCTBIO.
JleficTByrOIIICE 3HAUCHHE CHJIIBI TIEpeMEeHHOT0 ToKa () — BelnunHa, YUCIIEHHO paBHasi CUJIe TIOCTOSHHOTO
TOKA lpocr, IPH YCIIOBHHM, UTO 00a TOKA 332 OJJUHAKOBOE BPEMs, paBHOE MEPUO/1Y ITEPEMEHHOro Toka 7, Ha
PaBHBIX pe3UCcTOpax R BBIACTAT paBHBIE MOIIIHOCTH.

IgR _to

U3 P = Proy= e <17 R 2 o 2,
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JleficTByroIIIeE 3HAUCHHE HAIPSDKEHUS tepeMeHHoro Toka (U) — Benn4nHa, YMCIeHHO paBHAs
HaMpsKEHNUIO OCTOSHHOTO TOKA Upoer, IPH YCIIOBHH, UTO 00a TOKA 32 OJMHAKOBOE BPEMsI, PABHOE
IIEpUOY IEPEMEHHOT0 TOKA 7, Ha paBHBIX pe3UCTOpax R BBIIEIAT paBHbIE MOIIIHOCTH.
ug u? u
P= F:u:;:::r =—L= U= |_'E

s 2R R o> V2
e Ha mpakTuke Hac peKO MHTEPECYIOT aMIUINTYJHbIE WJIM MTHOBEHHBIE 3HAUEHUS CHJIbI, HANPSHKEHUS

WJIA MOLITHOCTH IIEPEMEHHOr0 ToKa. MIHTepec npeAcTaBiIAoT uxX delcmeayioujue 3HAYCHHU .

3axon OMa /151 NepeMeHHOro TOKa

Ug
lg=—
M3BecTHO, UTO B LEMSIX EPEMEHHOIO TOKA: a) JAJI aKTUBHOI'O CONPOTHUBIIEHUS R: R,
u, u
lp= E—J Iy = x_”
0) ms emxoctu C: €; B) JUIsl ”HAYKTHBHOCTH L. L
lg=1-42 Uy=U-v2
VYurs, yTo u , TOJTyYlM (; 3aKoH OMa Juis IepeMEeHHOr0 TOKa Jist
pe3ucTopa, EMKOCTH U MHYKTUBHOCTH: [ = R
Pe3oHaHc B 11enu nepeMeHHOro TokKa
g L]
L o3
I

|

|

|

L »

Lfy wr

Cobepem 1enb U3 KaTyIIKu MHIYKTUBHOCTH L, koHneHcaTopa C, amriepmMeTpa NepeMEHHOT 0
TOKa A U NCTOYHUKA I U nepemennoro nanpspkerust U = Ug: Sinwt ¢ u3MeHseMOM 9acToTOM
w. AKTUBHOE X compoTuBieHHE MPOBOAOB M KATYIIKA HHAYKTHBHOCTH R= 0.
@uxcupys U = const u M3MEHSS 9acTOTy w OT 0 10 MaKCHMAalIbHO BO3MOYKHOT'O 3HAYEHUS,

1
JLC

mn =
CHHUMCM 3aBHUCHUMOCTB CHUJIbI HeﬁCTByIOIHCFO TOKa B IICIIN |(U)) OK8.38.J'IOCB, 4YTO Ha 4aCTOTEC
Ha0II0JaeTCs PE3KOE YBEITMYCHHE TOKA.
Pe3onanc — saBieHue PE3KOTr0 BO3PACTAHUSA aMINIUTYAbI BBIHYKJICHHBIX 3JICKTPOMAIrHUTHBIX Konebanuit

IIPU COBIAJCHUN YacTOThI BBIHYIAIOIIET0 HAIPSKEHUS ¢ COOCTBEHHON 4acTOTON Kojie0aHUil KOHTYpa.
I

Fy=Ra=R.

I »

i, w

DEeKTPOMarHUTHBIN pe30HAHC (KaK U MEXaHUYECKUi) HACTyMaeT MpU COBIAAEHUHU YaCTOThl BHEITHUX
BO3/JICHCTBUI ¢ COOCTBEHHOI YaCTOTOM KoJeOaHUN CUCTEMBI, IIPU TOM aKTUBHOE CONPOTUBIICHHE
JeCTBYET aHAJIOTUYHO CUJIE TPEHUS — IIEPEBOANUT IHEPTHIO KOJIeOaHH B SHEPTHUIO MOTEPH (TEILIO0).
Jlnst pasubix R (mpu nocrosiaubix L, C) kpubie |(w) umerot By
o [Ipu 3HauNTENBHBIX R pe30HaHC MOXKET OBITh MPAKTUYECKU HE3AMETHBIM.
e Pe30oHAHC MIMPOKO KCIONB3YIOT B PaJUOTEXHUKE (IIPU HACTPOIlKe KOHTypa paJuonpUEéMHHKa Ha

4acToTy BBIOpaHHOI pazuOCTaHIMHU U TIP.).
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poTop I'eneparop nepemennoro Toka (I'TIT)

IIpocreitmmii I'TIT cocTOUT U3: NOCTOSIHHBIX MAarHUTOB 1; KOHTYpa 2; KOHTAKTHBIX KOJIell 3; IIETOK 4.
[Ipu BpaleHn KOHTYypa ¢ YIJIIOBOW CKOPOCTBIO W €TI0 MarHUTHBINA ITOTOK

® = BS- coswt u DJIC € = ~D" = g sinwt. J1yis KOHTYypa U3 N BUTKOB € = N- o+ SiNwt.

Konctpykrusno I'TIT cocTout u3 AByX OCHOBHBIX YacTEi: HEMOJBH)KHOM — CTaTOpa M Bpallaromencs —

pOTOpa, U3rOTOBJIEHHBIX U3 AJIEKTPOTEXHUYECKOM CTaIH.

e C nenbto yBenmuuenust KI1/I reneparopa (6osee mosHOro MCHOIb30BaHUS MAarHUTHOTO MOTOKA) 3a30P
MEX/y CTaTOPOM U POTOPOM JI€JaI0T MUHUMAJIbHBIM.

3HAYUTENIBHO YITYYIIAIOTCS.

Tpancpopmarop

ST = Yk

Tpanchopmarop — yCcTpoHCTBO, IpeTHASHAYCHHOE JIJIsi U3MEHEHUS 3HAUCHHUI HATIPSHKCHUS U CHITBI

NEePEMEHHOT'0 TOKa.

e Tpancdopmarop 6but ckoHCTpyHpoBaH B 1876 r. [letpom Hukonaesuuem S6moukoBsim (1847-1894,
Poccus).

[pocreiimmii TpaHcHOPMATOP COCTOUT U3 3aMKHYTOTO CTAJILHOTO CEpACYHHUKA U IBYX HAJIETHIX HAa HETO

Karymek ¢ oOMoTkamu. OiHa 0OMOTKA — EPBUYHAS — MOJIKITIOYAETCS K HICTOYHUKY TIEPEMEHHOTO

HanpsDKeHUs, Ipyras — BTOpUYHas — K motpeduTento. Tok nmepBUYHOM 0OMOTKH CO3/1a€T B CEpJICUHUKE

[IEPEMEHHOE MAarHUTHOE 110JIe, KOTOPOE€ MPOHU3bIBAET BUTKH BTOPHUUHOM 0OMOTKM 1 HaBoauT B Heit DJ1C

WHTyKIINH.

I[TycTh niepBUYHast 0OMOTKA COAEPXKUT N1 BUTKOB, L'_r' _ 2 Bropuunas — N, BUTKOB I K nIepBUHHOIL
0OMOTKE TPHIOKEHO TIepeMeHHoe Hanpsokenne Uy, U
g U, N

, rie K — ko3 punuent tpanchopmanmu.

e Ecmu No>Nj, TO TpaHCcpopMaTop HA3bIBAIOT MOBLIMIAIOIINM, No<N; — TOHMKAIOIINM.
[ ]

CamocrosiTesibHas padoTa

1. DJIC uHAyKIuMH, BO3HUKAIOIIAS B PaMKe MpPU BpalleHUH €€ B OJHOPOJAHOM MArHUTHOM IIOJIC,
u3MeHseTcs 1o 3akoHy &(t)=go- Sinwt. Onpenenuts amruutyaHoe 3HaueHue DJIC, MrHOBEHHOE
3nauenue JJ1C npu t=0,002¢c, nepuon n 4acToTy TOKa.

2. MarHuTHbeIf TOTOK B paMKe, PaBHOMEPHO BpAIIAIOUICHCS B OAHOPOJHOM MAarHUTHOM TIOJE,

n3Mensiercss o 3akoHy d=Pgc0s6280t. Haittn 3aBucumocts 3/C MHAYKIMH, BO3HUKAIOUIEH B

paMKe, OT BpeMEHU 6 OmpelneiauTh aMIUIUTyIHble M AeicTByromme 3HaueHus JDJC, mepuon u

YacTOTY TOKa.

OnpenenuTs ASHCTBYONIEE 3HAYCHHUE CHITBI TOKA, H3MEHSIOIIErocs 1Mo 3akony I(t)=Ip- sin 54t.

OrnpenenuTtb 4acTOTy MEPEMEHHOT0 TOKA, IIUKIIMYECKas YacToTa KoToporo pasHa 110

5.  Konaencatop eMKOCTBIO 10 ® BKiIrOUeH B ceTh nepeMeHHoro Toka ¢ yactotoit 50 I'u. Onpenenuthb
€MKOCTHOE COMPOTUBIIEHUE KOHJEHCATOPA.

6. Kongencarop emkocthio C BKJIIOYEH B CETh NPOMBIIUICHHOTO TOKa. ONpeaesuTh €MKOCTHOE
CONPOTHUBIICHHUE.

> w
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7. Karymka uHayktuBHocThio 0,5 I'H BKIIOYEHA B CEThb IEPEMEHHOro ToKa ¢ yactoTtod 50 I'm.
Onpenenutb UHAYKTUBHOE COMPOTUBIIEHUE KATYLIKH.

8. Karymka nuHayKTHBHOCTBIO L BKJIIOUEHA B CETh MepeMeHHOro Toka ¢ yactotoil 50 I'. Onpenenuts
WHAYKTUBHOE COIPOTUBIICHHE KATYIIKH.

9. HampspkeHust IEpBUYHON U BTOPUYHOM 00MOTOK Tpancopmaropa U u Uy cooTBeTcTBeHHO. Hnco
BUTKOB BTOpUYHOM 0OMOTKM Nj. OmnpenenuTh: YHUCIO BHUTKOB TEPBUYHOM OOMOTKH Ny,
koo duuuent tpancopmamun K u Bug Tpanchopmaropa (HOBBILIAIOIMIMNA WM TTOHKAIOIINN),
OTBET IOSICHUTb.

10. Omnpenenuth MONIHOCTH TEPBUYHONH M BTOPUYHOM memneidt Tpancdopmaropa P; u P, ecnm
n3BecTHBI: HanpspkeHuss U; u Up, Tok Iy mepBuuHO# 0oOMOTKH. Paccumrath K03 dUIIMEHT
tparcdopmarmu K u ykazars By Tpanchopmaropa (MOBBIIIAIONINA WA TIOHWKAFOIINN), OTBET
MOSICHUTb.
dopma npeacTaBJieHus pe3yabTaTa:

BoinonHuTh 3asaHue B TETPaAH ISl MPAKTUYECKUX padoT.
Kputepuu onenkmu:
3a npaBUIIbHO BBIMOJIHEHHOE 331aHKUE BBICTABIISIETCS MOJIOKUTENbHAS OIleHKa — 1 Oa.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS olleHKa — () OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 5.2 DileKTPOMArHUTHbIE KOJIEOAHUS U BOJHbBI

IIpakTnueckoe 3ansaTue Nel6
Pemenue 3a1a4 no teMe «J1eKTPOMATHUTHBIE KOJI€OAHUS M BOJHBI»

Heab: u3y4yuTh CBOOOIHBIC PIEKTPOMArHUTHBIE KOJeOaHUs B KOHTYpE, paclpocTpaHEHHE BOJIH,
BHJIBI BOJIH UX OTJINYHSI.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

1. OK 01, OK 02, OK 03, OK 09

2. TIPo7;

3. IIPyS; ITPy9; IT1Py11; [1Py13;

4. MP8,MP9,MP10,MP21,MP17, MP13
5. JIP 26,JIP 14,JIP 23,JIP 13

MarepuanbHoe oOecnedeHue: TeTpaab I TMPAKTUYECKUX padOT, pydKa, METOIUYECKUE
PEKOMEH/IallMH TI0 BBHITIOTHEHHUIO pa0OThI, TNHEIKA, KapaHJaIll.

Yxka3zanme: [Ipaktuueckas paboTa COCTOUT U3 JABYX YacTed — TEOPETHUYECKON M NMPAKTUYECKOM.
[Tocne u3yueHus TEOpPETUUECKOro Marepuasga MOKHO MPUCTYNATh K BHIIOJHEHUIO MPAKTUYECKON YacTH.
Omna cocTouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATENbHOIO BhINoJIHEHUs. He 3a0piBaiiTe 0 npaBuIbHOM
odopmiiennn pemieHusi. Ha BbIOMHEHNE MPAKTHUYECKON OTBOAMTCA JBa akageMuueckux daca. [lopsmox
BBITIOJTHEHUS paOOTHI

I[opsaok BbINOJIHEHUS PA0OTHI:

1. PaccMoTpuTe TeopeTHUECKHH MaTepuaq IO TeMe W TpUMephbl pelleHus 3anad (CMOTpu
METOAMYECKOE TIOCOOHE).
2. Pemmre camocrosiTensHyI0 padoty. OdopmuTe penieHne MICbMEHHO B TETPAIH.

Xox pa0doThI:

1. Teopus. [loBTOpUTH TEOpETHUUECKUN MaTepUa MO KOHCIIEKTY JIEKIIH.
2. Ilpumeps! peleHus 3a1ad4.
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1. UnayktuBHOCTH KonebarenpHoro kontrypa 500 Mkl Kakyro emMKocTh cienyer BbIOpaTh, YTOObI
HACTPOUTH €ro Ha yactoty 1 MI'n?

Hano:
K0JIeOaTeIbHBI
1 KOHTYp
L=510"Tu
v=10° I'

C=?

Fard LA o

1
= 5
4-3.147 -5.10
| 1

=
4. 1092

—0.005-107%

—4+12 1 b

20.9.8596 . 10 97.192 .10
N _ sona

=5-10"

2. B ycraHOBKax JUIsl JIEKTPOTHUIPABINICCKON 00pabOTKM MaTepHalIOB KOHJIEHCATOPHI pabovyero

KOHTYpa

SABJIAIOTCA

€MKOCTHBIMH  HaKOIIUTCIIAMU

sHepruu. Omnpenenure HaUOONBIIYIO CHILY

KPaTKOBPEMEHHOTO TOKA, BO3HUKAIOLIETO B 1€MW NpPHU MPSMOM pasps/iIKe TaKOro KOHJIEHCATOpa Ha
MIPOBOJHHUK, €CJIM U3BECTHO, YTO 3aHECEHHas 3Heprus B kKoHaeHcarope 10 x/[x, MHAYKTUBHOCTb KOHTYpa

0,03 MxI'H.

Hano: k —
KOHTYp

E = 10* JIx
L=310%ru

Imax =7

|2E
I, =[x
max 'lil I

—_—

2107 | 448
—1|||[]Jﬁﬁ'][:|

210
Imax = ]|||| M

3-10

il

-0,8-10" =8.10° A

3.0mpenenuTe nepuos U 4acTOTy COOCTBEHHBIX KojiebaHui KOoHTypa MHAyKTUBHOCTH 0,05M I'H 1
[I0CJIe/I0BATENBHOTO COEIMHEHHS TPEX KOHAEHCATOPOB €MKOCThIO 110 6 MKD.

Jano:

K
MOCJICAOBATEIbH
o€ COeIMHEHUE
L=0,05m TI'm=5
10°TH
Ci=6MKD=6 10
o)

N=3

T,y-?

L

cCZcC
O

Co=n

T = 2w 4CE =

I
2x | L

1
T

|
L Bl0™
T Z.E.I-l]llﬁlll -

= 6,28y 10107" = 6,28 107" =

628107 ¢
1

v z 0159107 iy = 16y
G 2E10

4. Cuna ToKa B CeTH W3MEHseTcsa Mo 3akoHy 1=4,2 sinot. Kakoe KOIMYeCTBO TEIIOTHI BBIACTUT
AJIEKTPOKAaMUH 3a 1 4 paboThl, eciu ero conpotusienune 70 Om?

Jlano:
3JICKTPOKAMHH
i=4,2 sinot
t=3,6-10%c
R=70 Om

Q=7

Q=1? Rt
i=lsinot
/
=2 =0,707-1,

]

4/

1,=4,2A

| =0,707-4,2=3A
0=32-70-3,6-10%~2,3-10°]
K=

=2,3 MJIx

5. Karymka unaayktuBHOCTBIO 0,1 I'H M akTUBHBIM compoTHBieHHEM 25 OM BKIIOYEHA B CETh
MIPOMBIIIJIEHHOTO MEPEMEHHOT0 TOKa CO CTaHAapTHOW vacTtoTod. OmpenenuTe TOK B KaTyIIKe, €CIU
HanpspkeHue Ha ee BBogax 120 B.

75



ﬂaHOI KaTyIukKa [ — LI i x _\I'I:E_r\-' -3 1450010 ]-'

L=0,1TH w —
R=25 OM w m."'{ r * I +H25 098G w16l 40,1 O
v=50 T’y 3 3 120 =34
U=120 B VR TR o a0
| =? | JRT 4 (2mely’ ¢
6. Ha Komx03HYI0 NOJCTAHIMIO TOCTYyMaeT TOK HampsbkeHueM 6600 B. mepBuuHas oOMOTKa

tparcopmaropa noactanmuu umeet 3300, a Bropuunas 110 ButkoB. Onpenenure padoyee HaMpsHKEHUE
B KOJIXO3HOH 3JICKTPOCETH M MOTPEOIIEMYI0 MOITHOCTh Chja Toka B ceTd 200 A moTepsMu SHEPruH B
TpaHnchopmarope npeHeOpeyb.

Jlano: TpanchopmaTop U ) GOO0-110
U;=6600 B T |, =—=220 B
' w Up : 3300
®;=3300B i i 3
,=110 . Uy -, P,=220-220=44-10°Br=44
1,200 A oo, kBT
Uz, P2:? ’ PZ:UZ ’ IZ
7. Cuna Toka B iepBHYHOM 00MOTKe Tpanchopmaropa 0,5 A, HanpspkeHue Ha ee konnax 220 B, Bo
BTOpUYHOI 00MOTKe cooTBeTcTBeHHO 8 A 1 12 B. Ompenenute KI1J[ Tpancdopmaropa.
Jlano: TpaHcdopmMaTopa P _12-8 _
1,=0,5 A n=—-100%= n 330-.0.5 1O = BT
1,=8 A '
U;=220 B Ul
U128 = =22 100%
n=? !

Ny

CamocrosiTesibHas padoTa.

1.

MarsHuTHbIl ITOTOK B paMKe, PAaBHOMEPHO BpALAIOLIUKCA B OJHOPOAHOM MAarHUTHOM IIOJIE,
n3MeHsiercs 1o 3akony @ =3 - 107 cos157t. Haiiiure 3aBHCHMOCTB MIHOBEHHOTO 3HaueHms JJIC
MHIYKIIMH, BO3HUKAIOIIEH B paMKe, OT BpeMeHHU. OmnpenenuTe MakCUMallbHOE U JEHCTBYIOIIEe
3Hauenue JJIC, mepuox 1 4acToTy TOKA.

B pamke, paBHOMEpHO BpallarolIeics B OJAHOPOJHOM MAarHUTHOM IIOJie, MHIYLIMPYETCS TOK,
MI'HOBEHHOE 3HAu€HHE KOTOPOro BbIpaxkaeTcs (opMysioi 1 = 3 sinl57t. Onpenenure
aMIUTUTYTHOE, JCHCTBYIOIeE 3HAYEHUE TOKA, MTHOBEHHOE 3HaueHue Toka mpu 0,01 C, mepuon u
4acToTy.

Ompenenure MakCUMallbHOE M JedcTBYyrolee 3HaueHue nepeMmenHor OJIC, Bo3HuKaromed B
paMKe IpU €€ PaBHOMEPHOM BpAIlEHUM B OJHOPOJHOM MAarHUTHOM IIOJIE, €CIU IpU YIJIE
MOBOpOTa paMKu Ha 45~ MruoBeHnHoe 3HaueHue JJ1C 156 B.

Cuna Toka B mepBUYHOM 0OMOTKe TpaHcpopmaTopa 0,2 A, HampspkeHue Ha kiemmax 220 B.
Omnpenenure HampspkeHHME M CHIYy TOKa BO BTOPHUYHONW OOMOTKe TpaHcopmaropa, eciu
kod(purment tpanchopmanuu 0,2.
Hanummwre ypaBHeHue 11 MrHoBeHHOro usMeHeHus D/1C MHAyKIuY, BO3HUKAIOLIEH B BUTKE MPU
PaBHOMEpPHOM €ro BpalleHHMH B OJAHOPOJHOM MarHUTHOM Tojie, eciu uepe3 1/600 c mocie
IIPOXO’KJEHHUSI BUTKOM MOMEHTa, ipu kotopoM JJIC paBHa Hyimo, MrHOBeHHOE 3HaueHue JC
cranosutcs 5 B. Ilepuon Bpamenus sutka 0,02 c.

Karymka nHayktuBHOCTBIO 20 MI'H BKIIIOUEHA B CETh MEPEMEHHOro Toka ¢ 4actotod 50 I'm.
Onpenenure UHAYKTUBHOE CONTPOTUBIICHUE KATYIIKH.

KoHeHcaTop eMKOCThIO 8- 10'4(1) BKJIIOYEH B CE€Th MIEPEMEHHOT0 TOKa ¢ yactoToit 50 I'm.
Onpenenuts cuily TOKa Ha Y4acTKE IIENH ¢ KOHJAEHCATOPOM, €CIIM CONPOTHUBIIEHUE MOJBOASILNX
npoBoJOoB 5 OM, a HanpsH>KEHUE Ha BCEM ydacTke menu 12 B.

Kak n3MeHnTCs NHOYKTUBHOE CONPOTUBIIEHUE KATYIIKH, €CJIA €€ BKIKOYHUTH B LIENb IEPEMEHHOTO
Toka ¢ yactotoi 10 xI'1, BMecTo 50 I'11?
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10.

11.

12.

13.

14.
15.

16.

17.

18.

[lepBuunas obmoTtka TpaHcdopmartopa comepxutr 800 BuTkoB, BTopuuHas 3200. Ompenenute
kod(purmeHT TpaHchopmarmu.

Cuna Toka B CeTH U3MEHSETCS 10 3aKOoHY 1 = 8,5 sin o t. Kakoe KOJIMYeCcTBO TETUIOTHI BHIICTUT
AJICKTPOKAaMUH 3a 2 yaca paboThl, €ciik ero corpotuBiacHue 80 Om?

Cuna Toka B epBHYHON 00MOTKe TpaHchopmaTopa 0,6 A, HanpspkeHue Ha ee KoHIax 220 B; Bo
BTOpu4HOU 00MOTKe 6 A 1 14 B. Onpenenure KII/ Tpancopmaropa.

B nepBuyHOil 00MOTKe moBbIIIaromero tpanchopmaropa 80 BUTKOB, a BO BropuuHOi 1280.
Hamnpspkenne Ha xoHIax nepBuvHord oOMoTKM 120 B, a BenmumHa TOKa BO BTOPUYHOUW OOMOTKE
0,25 A. Onpenenvre NOJIE3HYIO MOITHOCTH TpaHCHopMaTopa.

Jlyig TpaHcnAuMy paauonepeaayd NpUMEHSIOT MOHKAIOUUI TpaHchopMaTop ¢ HampsbkenueM 480
B 10 30 B. Onpexnenure moutHocTh Tpancdopmatopa ¢ KI1/1 96%, ecnu k Hemy noakitoueno 100
penpoyKTopoB, noTpedstomux Tok 0,008 A.

Omnpenenure Makcumanbayo JJ1C, 3Has1, 4To pu 30° OJC unaykuuu 110 B.

Omnpenenure yroja moBopoTa BUTKa B OJHOPOJAHOM MAarHUTHOM IIOJI€, 3HAs, YTO MaKCHMaJlbHOE

sHaueHue Toka 10042 A, a Tox B janabiii MoMmeHT 100 A.

Omnpenenure k03 duuueHT TpaHchopmauun 3BOHKOBOTO TpaHCc(HOpMaTOpa, MUTAEMOI0 CETEBBIM
TOKOM c HanpspkeHueM 220 B, ecnu npeoOpa3oBaHHbIN TOK UMEET HamnpskeHue 2 B.

IlepBuuynas oOMOTKa MOBBIIAIOLIETO TpaHcpopmaropa umeer 45 BUTKOB, a BTopuuHas 900
BUTKOB. [lepBuYHasi KaTyllKa BKJIIOYAETCS B CETh NEPEMEHHOI0 TOKa ¢ HampsbkeHueM 120 B.
Kakoe Hamnpspkenue OyaeT Ha 3a)KMMax BTOPUYHOM 00MOTKH?

DnekTpuyeckas 1yra AojkHa ropeth noj HamnpspbkenueM 40 B, a B cetn 220 B. Ckosibko BUTKOB
JIOJKHA COZIepKaTh BTOpUYHAs 0OMOTKA, €CJIU B NEPBUYHON OOMOTKE, BKIIOUEHHOH B CETh, 385
BUTKOB?

®opma npeacTaBiaeHus pe3yJbTara:
BeimonHuTe 3agaHue B TETpaay IS IPAKTUYECKUX PAOOT.
Kpurtepuu onenku:
3a IpaBHIIBLHO BBITIOIHEHHOE 33/1aHHUE BBICTABISETCS TTOJIOKUTENbHAS OlleHKa — 1 Oa.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — ) OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumensroy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 5.3. OnTuka

IMpakTuueckoe 3ansitue Nel7

3aKOHbI OTpaXKeHUA U NpenomneHusa ceeta. Popmyna TOHKOW INH3bI.

I_[e.m,: HpI/IMCHeHI/IC 3aKOHOB OTPaXCHUA U MPCIOMJICHUSA CBCTA IMPU PCHICHUUA 3aJiaY.

Boinosinenue padoTsl cnocodcTByeT GOPMHUPOBAHMIO:

agrwbd

OK 01, OK 02, OK 03, OK 09
[1P61; TTP62; ITP63; I[1P64; TTP66; TIPGS;
[IPy1; [1Py2; I1Py3; I1Py4; I1PyS; I1Py9;
MP8,MP9,MP10,MP21,MP17, MP13

JIP 26,J1P 14,JIP 23,JIP 13
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MarepuanbHoe o0ecnedeHHe:TeTPalb [UIsI TPAKTHUYECKUX padoT, pydka, METOJAUYECKUE
pPEeKOMEHJIallMi 1O BBIOJHEHUIO pa0oThl, JHMHEWKa, KapaHpaam. Tabiuna 3HAYEHUH OCHOBHBIX
TPUTOHOMETPUIECKHUX (DYHKITHI

VYka3zanme: [IpakTtudeckas paboTa COCTOMT M3 JIBYX YacTed — TEOPETHUYECKOM M MPAKTHYCCKOM.
[Tocne u3yueHust TEOPETUUECKOTO MaTepralia MOKHO MPUCTYNATh K BHIIOJIHEHUIO TPAKTUYECKON YaCTH.

Kparkas Teopus.

3akoH orpaxkeHusi cBeta OTpa)KCHHBIA Jy4d JICKUT B OAHOM IUIOCKOCTH C MaJarOlllUM JIy4OM U
HOPMAaJIbIO K IIOBEPXHOCTH, BOCCTAHOBJIEHHOW M3 TOUKH Ia/J€HUs. YTOJI OTPAKEHUS PaBEH YIJy MaJlCHUs:
. YTJBl NafeHus U OTPAXKCHMSI M3MEPSIOTCA MEXKIy HAIpaBJICHUEM JIyda M HOPMalblO K IIOBEPXHOCTH
(puc. 2). 3aKoH OTpa’keHHs CBETa CIPaBEeJIUB U JIJIS IIEPOXOBATOM MmoBepxHOCTU. [lapanienbHblid my4ok
CBETa OTpakaeTcs oT Hee JU(PPY3HO, OHAKO KaKIbIH JIyd MOAYUHSIETCS 3aKOHY OTPaXKEHHUS.

3akon npenomiienust ceera. Ilokasaresanr npejsomieHusi. IIpenomineHHbIN J1yd JIEKUT B OJHOU
IUIOCKOCTH C MAJarOIIMM JIy4OM U HOPMaJIbIO K IIOBEPXHOCTH, BOCCTAHOBJICHHOM U3 TOUYKH MaJeHUs (pHUC.
2). OTHOIlIEHUE CUHYyCA YIJla MaJeHusl K CHUHYCY yrja IpeJOMJICHUS €CThb BEJIMYMHA MOCTOSIHHAS IS

JTAHHOM Mapbl BEIICCTR:
SIna

sin f3

= n,, = const. (1)

Yron Mexay HOpPMaabl0 M NAJAOLMM JIy4OM Ha3bIBAa€TCA YIVIOM MAaACHUA. YIOJd MEXAy
HOpPMAaJIbI0 U HPEJIOMIIEHHBIM Jy4OM Ha3blBaeTcs yrioMm mpenomieHus. IlocrosHHas BenuuuHa n2l
Ha3bIBAETCS] OTHOCUTEIBHBIM IIOKA3aTEJIEM IIPEIOMIIEHUSI BTOPOI Cpeibl OTHOCUTENILHO MEPBOM.

[Toka3zarenb mpeaoMIIEHUS Cpelibl OTHOCUTENIBHO BaKyyMa Ha3bIBaeTCsl aOCOJIFOTHBIM IOKa3aTesieM
npenomiieHus. Kak npasuiio, 3Ty BEIMYKMHY Ha3bIBAIOT IIPOCTO IOKA3aTENIEM IIPEIIOMIICHMS.

BosiHoBast Teopusi yCTaHaBIMBAaeT MPOCTYHO CBSI3b IOKas3aTess MpesiomyieHHs n2l1 co CKOpOCThbIO
pacnpocTpaHEHHs! CBETOBBIX BOJIH B JIBYX Cpelax

Vi
g 2)

Vo

nj

Puc. 2. 3akoHBI OTpakeHUs U MPEIOMIICHUS CBETA

IIpakTHYeckas yacThb.
3agaum 17151 CAaMOCTOSITEILHOTO PellleHus :
1. Ha xako# yroa moBEepHETCS] OTPAKEHHBIN OT 3€pKaJla COJTHEYHBIN JIy4 MPU MOBOPOTE 3€pKaja
2. Ilpenmet Haxoauics Ha paccTosHUM 20 CM OT IJIOCKOTO 3epKajia. 3aTeM ero OToABUHYU Ha 10
cM
3. B miockocTu 5KpaHa HaXOJIUTCA UCTOYHHUK CBETA, UCIYCKAIOIINM Y3KUN My4OK JTy4e Mo yriioM
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4. OT noaBEMHOTO KpaHa, OCBEILIEHHOT'O COJIHIIEM, MalaeT TeHb JUIMHOU 75 M, a TEHb OT
BEPTUKAJIBHO

5. JIy4 cBeTa najaeT Ha CUCTEMY JIBYX B3aMMHO MEPIECHIUKYIISIPHBIX 3€pKall. YTOJ MaJeHUs

6. Ham ientpom kpyriioro 6acceiiHa paainycom 5 M, 3aJIUTOTO JI0 KpaeB BOJAOW, BUCHUT JlaMIla

7. Boicora Connua Haa ropuzoHToM 38°. [1oa KakuM yIiloM K TOPU30HTY HaJ0 PacloilOXUTh

8. CoJIHEUHBIH J1y4, MPOXOASAIIUN Yepe3 OTBEPCTUE B CTABHE, COCTABIISAECT C MOBEPXHOCTHIO CTOJIA

9. HebGomp1110# mpeaMeT pacmioIokeH MEKIY IBYMS TUNIOCKUMU 3epKalaMU, 00pa3yrOIUMHU yToll

10. Ha kako# BbICOTE HaXOIUTCS adpPOCTaT, €Ciu ¢ OanrHu BeicoTol 20 M OH BUJEH 10 yriom 45°

11. KakoBa momkHa OBITh MUHHMAJIbHAS BEICOTA BEPTUKAILHOTO 3epKalia, B KOTOPOM YEJIOBEK

12. IlpenmeT momenieH MeX1y ABYMsI B3aMMHO MEPIECHANKYJISIPHBIMU 3epkajgaMu. CKOJIbKO

13. Tlox kakuM yrioM K MOBEPXHOCTH CTOJIA HAJIO PACTIONIOKHUTH TUIOCKOE 3EPKAII0, YTOOBI
MOJYyYUTh

14. Yenosek, crosmuii Ha Oepery o3epa, BUANUT Ha TIJAKONH TTOBEPXHOCTH BOABI H300paKeHne
COJIHIIA

15. Cersmiasics ToUYKa MPUOTIIKASTCS K TUIOCKOMY 3€pKay co CKOpocThio 4 M/c. C Kakoid
CKOpPOCTBIO

16. [IpeameT HaAXOAUTCS OT IJIOCKOTO 3epKaiia Ha pacctossuuu 30 cm. Ha kakoM paccTostHUN

17. ToyeuyHbI UICTOYHUK CBETA OCBEIIACT TOHKUM NUCK quaMmeTpoM 0,2 m. [Tpu 3ToM Ha sKpaHe

18. ['opu30oHTaIBHBIN JIy4 MaJaeT Ha TNIOCKOE BEPTUKAIBHO PacloiokeHHOe 3epkaio. Ha kakoi

19. BepTukaibHO cTOSIIIMIA mecT BhicoToi 1,1 M, ocBemenHbii CotHIleM, 0TOpachiBaeT

20. Ha ropu30oHTalIbHOM CTOJI€E 110 MPSAMO BHKETCs mapuK. [1o kakuM yrioM K II0CKOCTH CTOjda

21. Ilnockoe 3epkano AB ABHKETCS IOCTYMATEIBHO CO CKOPOCThIO VI=2 M/C, a TOUKa S IBUKETCS

22. CeTsmascs Touka paBHOMEPHO JABUKETCS MO MPAMOU, oOpasyromiend yroi 30° ¢ mIoCKOCThIO.

KoHTpoJibHbIE BOPOCHI
1. Cdopmynupyiite 3aKOHBI T€OMETPUUECKON ONTUKH. Y KaKUTE TPaHUIIBI IPUMEHUMOCTH ITUX
3aKOHOB.
2. Jlaiite omnpenenenne aOCOTIOTHOTO M OTHOCHTEIBHOTO MTOKA3aTeNsl MPEIIOMIICHHS U TIOKAXKHTE
CBSI3b MEXKIY HUMH.
3. KakoB ¢usnvecknii CMBICI TTOKa3aTeNs MPEJIOMIICHHUS C TOUYKH 3PSHHUST BOTHOBOI TeOpuH cBeTa?
YcTaHOBHTE CBA3b MEXKIY ITOKA3aTENEM IIPEIOMIICHUS U JJIMHOW BOJIHBI B BAKyyMe€ U CpEIE.
4. YKaxuTe OCHOBHBIE IPUUMHBI IOTPEIIHOCTEN N3MEpEHUI
dopma npeacraBjIeHUs pe3yabTara:
BoeinonHuTh 3asaHue B TETpaaM JUIsl IPAKTUYECKUX padoT.
Kputepun onenkn:
3a npaBUJILHO BBINOJIHEHHOE 331aHHUE BBICTABIISIETCS MOJIOKUTENbHASI OL[eHKa — 1 Oau.
3a HeMpaBUWIIbHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIIETCS OTpHUIlaTeIbHas olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIBHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyooenemeopumenvHoy svicmasisiemcs 3a MeHee 60%0 npaBUIbHBIX OTBETOB

Tema 7.1 KopnycKyJIsipHO-BOJTHOBOM 1yaJIu3M.

IIpakTnyeckoe 3ansarue Ne18

Pemenne 3aga4 no teme «3akonsbl porodrpdexra. YpaBHeHue JitHIITeHHA»
Heasn: M3yunts 3akonbl CToneroBa it poTorddexta. Hayuntbes perats 3a1aui Ha ypaBHEHUE
OHHIITEeNHA.
Brinosinenue padoTsl cnocod6cTByeT (POPMUPOBAHNIO:
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OK 01, OK 02, OK 03, OK 09
ITP61; ITPG2; TTPG3; T1P64; I1P66; TIPGS,;
[IPy1; [1Py2; I1Py3; I1Py4; I1PyS; I1Py9;
MP8,MP9,MP10,MP21,MP17, MP13

JIP 26,JIP 14,JIP 23,JIP 13

arwnE

MartepuajibHoe oOecnedeHUe:TETpaab /IS TNPAKTHYECKUX padoT, pydyka, METOIUYECKHe
PEKOMEH/IalliH IO BBIOJHEHHUIO pa0OThI, TMHEIKA, KapaHJalll.

Yka3anue: [IpakTuueckas paboTa COCTOMT M3 ABYX 4YacTeii — TEOPETUYECKOW M MPAKTHUECKOM.
[Tocne u3yueHus: TEOPETUYECKOTO MaTepHralia MOXKHO MPUCTYNATh K BBHIIOJHEHUIO MPAKTHUECKON YacTH.
Omna coctouT U3 AByX M OoJjiee 3a/1a4 JJIsl CAMOCTOSTENILHOTO BBINIOJHEHUs. He 3a0bIBaiiTe 0 MpaBMIIBHOM
odopmiiennn peureHusi. Ha BbIoHEHUE MPaKTUYECKOM OTBOAMTCA JBa akajgeMuueckux vaca. [lopsmox
BBITIOJIHEHUS pabOTHI

ITopsinok BbINOJIHEHHUSI PA0OTHI:

1. PaccMmoTpuTe TEOpETHYECKH MaTepuall 1O TeMe U TpPUMEphl pelmieHHs 3agad  (CMOTpH
METOAMYECKOE ITOCOOHE).
2. Pemmre camocrosiTensHyto padoty. Odopmure pereHne MiCbMEHHO B TETPALIH.
Xox pabdoThI:
1. Teopus.
Buemnuii gorod¢gdexT n ero 3aKoHbI

B pasBuTHM npencTaBiIeHH O MPUPOJAE CBETA BAXKHBIM mIar ObUT CHENaH NMPH HW3YYEHUH OJHOTO
3aMeyaTeNbHOTO SBJIEHUS, OTKPBITOro . I'epiieM u TIIaTenbHO UCCIEOBAHHOTO BBIJAIOLUIMMCS PYCCKUM
yaeHbIM A.I". CToneToBEIM. SIBICHHE MOTYYnII0 Ha3BaHKE (POTOIIEKTPHUECKOTO dPdeKTa.

dorosnextpuueckuii 3¢ ekt OpiBaeT BHEITHUM (Ha TOBEPXHOCTU METAJUIOB) M BHYTPEHHUM
(BHYTpH MOIYIPOBOJIHUKOB).

Brewnuii pomosgpgpexm — BbIpbIBAHUE 3IIEKTPOHOB C IOBEPXHOCTH BEIIECTBA IO JACHCTBUEM
AJIEKTPOMAarHUTHOro u3inyueHus (puc. 1).

Puc. 1. SIBnenue pororddexra

3akonbl gporodrddexra
1. Cuna toka HaceilmieHus — |, TIpAMO MpPOMOPIMOHATBHA MAJArOIIeMy Ha 3JEKTPOJ CBETOBOMY
W3IIYYCHHUIO.
2. MakcuMmanbHasi KHHETHUYECKasi YHEprusi (OTOAIEKTPOHOB JIMHEHHO BO3PACTaeT C YaCTOTOW CBeTa
Y HE 3aBUCHUT OT MOIITHOCTH CBETOBOTO U3TyYCHHUSI.
3. Kpacnas rpanuna ¢goroaddexra omnpenaensiercs TOIbKO MATepUATIOM 3JIEKTPOJa U COCTOSTHHEM
€ro MOBEPXHOCTH.
Ecnu yacToTra cBeTa MeHbIlIE HEKOTOPOW OINPENEICHHOW ISl JAHHOTO BEIIECTBA MUHUMAIbHOM
YaCTOTHl Vpin — HauMeHbwaa 4yactota DMB, BbisbiBatower GpotosadpdeKkt, 10 PoToaddpekT He
HacTynaer.
3akoHbl (oTodddexTa Henb3ss OOBSICHUTH HA OCHOBE BOJIHOBOIl Teopuu cBera. OObsCHEHME
dororddekra Obo maHo OMHIITEHHOM, pazBuBmuM B 1905 1. ugen [lnaHka o mpephIBUCTOM
WCITyCKaHHUH CBETA.
Hemenkmii ¢usuk M. Ilnank — ocHoOBaTeldb KBAaHTOBOW TEOPHH MPEAINOJIOKHI, YTO aTOMBI
HCIYCKAIOT YHEPTHIO OTJAEIbHBIMUA MOPUUSIMU — KBAHTAMM.
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mv2| —ypaBHeHWe dnHWTeMHa ana poToadpdeKTa.
hV = AELIX + 2

h=6,63-10"* JIx-c;me=9,1-10™ kr; C=3-10% m/c
C.]'IGIIOBaTeJ'IBHO, pa60Ta BbIXO4a — Ag 3aBUCUT TOJIBKO OT poOJa BCHICCTBA, IO3TOMY JJId PA3HBIX
BCIICCTB pa3jinuHa.
[Ipu ucnyckanuu cBeT BeleT ce0s 0100HO IMOTOKY YaCTHUIl C YHEPTUCH.
CgoiicTBa cBeTa, OOHAPYKUBAEMBIE MTPH U3TyYCHHUH U TOTJIONICHUN HAa3bIBAIOT KOPIYCKYJISIPHBIMH.
CseroBas qacThuna Ha3bIBACTCS quI’HOH UIIU C8EemMOBOU KEAHM.
®oTOoH 00s1aJaeT NOPLUUEN IHEPTUU:

rae v —yacrora [['1];
h — nocrosunas [Lnanka, 6,63 10°%* [dx- c].
Macca dorona onpenensiercs:

hv
m=

IJle ¢ — CKOPOCTb CBETa
@DOoTOH HE UMEET MACCHI TTIOKO4, T.€. HE CYHIECTBYET B COCTOSIHUU TTOKOS.
WNmnynbe poToHa onpeaessieTcs:

rae l — JJIMHA BOJIHBI U3JIy4YeHUs [M].
Hampasnen umnynbsc ¢oTOHA IO CBETOBOMY JIyUy.

Ilpumepuvt pewrenus 3a0ay
15B = 1,610 k.

1. Omnpenenute KpacHyro TrpaHully ¢otodpdexta y XJIOPUCTOro HaTpusi, paboTa BbIXOJA
AJIEKTPOHOB KOTOPOTO paBHa 4,2 3B.

[aHo: Ccu Pemenue:
A,=4.25B 4,201,6010™"° JIx
¢ =3®10%w/c

h = 6,620103 JIx®c
pr_ -?
OrtBer: |_ =295 M.

2. Omnpenenutre MaKCUMalbHYIO CKOPOCTh BBIJIETa JJIEKTPOHOB H3 Kaius, paboTa BBIXOJa
3JIEKTPOHOB U3 KOTOPOTo paBHa 2,26 3B, npu ocBenieHnn ero yibTpadruoieTOBIM U3TyYSHUEM C JITUHON
BosHBI 200 HM. Macca ayekTpoHa 9,1010* «kr.
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Hano:

[ =200 um cu
A,=2265B 200910°°

m, = 9,1010* kr 2,261,610 ik
¢ =3®10°w/c

h = 6,62010° Jx®c

v—-"

2(3-10°-6,62-10% —2.107 -2,26-1,6-10%°)  [(19,86-7,232)-10%° 6 M
v= = 31 = 38 =118-10"—
2:107°-9,1-10 91-10 c

OTtBeT: v = 1,1869106 m/c.

4. Omnpenenure MaKCHUMaJbHYIO KHHETHYECKYIO OHHEPrui0 (POTO3JIEKTpPOHA Kajusi IpU €ro
OCBELLEHUH JiydaMu ¢ 1auHOU BoHbI 400 HM, eciiu paboTa BbIXO/a JIEKTpOHA Kayus paBHa 2,26 3B.

Hano: cnu
[ =400 am 400910°m
¢ = 3010%w/c 2,261,610 11

h = 6,62910° JIx®c
Agyx = 2,26 5B

E.—"?
10%-6,62-10°% 135-107"
3107062107 5 56.16.10% = (4965-3616)-10% =135-10%°  E, ===~ 0843 5B.
4.107 202051 16-10
OtBeT: £, = 0,843 »B.
1.00° 662107 35107
=310 062107 1610 = (4965-3616)-10" =135-10  E, = =0843 aB.
410 — 16+10

OtseT: £, = 0,843 »B.

CamocrosiTesibHast padoTa
1. Beruncnute sHepruto GoToHa BUIUMOIO CBETa C JUIMHOM BONHBI 0,4 MKM.

[aHo: CHu Pemenue: Brruncnenmue:
[= 0,4 MKM
¢ = 3@10%w/c

h = 6,629103 JIx®c

E-?
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2. Bpruncnure paboTy BBIXOJAA 3JEKTPOHA M3 TaHTANa, €CIM KpacHas rpaHuna ¢gotosddpexra ZKp =03
MKM.

Hano: CHPemenue: Brruucnenue:
[ = 0,3 MKM
¢ = 3@10%/c

h = 6,62910° JIx®c
Aeblx - 9

3. Halizute MakcHMaidbHYIO KHHETHUYECKYIO JHEPTHIO (POTORIEKTPOHOB, BBIPBAHHBIX C KaTOJa, €CIU
3anuparoliee Hanpsbkenue pasHo 1,5 B.

Hano: cu Pemenue:
Us=1,5B

¢ =1,6010"° Kn

E.—?

4. Onpenenute Maccy (pOTOHA BUIMMOTO CBETa ¢ AMMHOU BOIHBI 500 HM.

Hano: CHu Pemmenne
/ =500 ™
¢ =3®10°w/c

h = 6,62910° JIx®c
m-7?

5. KakoBa HauMeHbIIIas 4acTOTa CBETa, MPHU KOTOPOH ere Habmonaercs porodrddexr, ecnu padbora
BBIXOJZIa DJIEKTPOHA paBHA 3,310 T2

Hano: cn Brruncnenue:
Agyx = 3,310 I

¢ = 3®10%w/c

h =6,62910% Ix®c

min —

6. OmpenenuTe MaKCHUMaJbHYIO CKOPOCTh BBIJIETa 3JEKTPOHOB W3 IMHKA. Pabora BbIXona
AJIEKTPOHOB paBHa 4,2 3B mpu OCBEIIeHUH ero yabTpa@HroIeTOBBIM H3ITy4eHHEM ¢ AIMHON BOIHBI 200
HM.

dopma npeacrabieHus pe3yJbTara:

BremoaHNUTE 3aaaHueC B TCTpaaAu IJIA IPAKTUUCCKHUX pa60T.

Kputepun onenkmn:

3a IpaBUIIbHO BBIIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJI0KUTENIbHAS OLleHKa — | Gasu.
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3a HeMpaBWIILHO BHITIOJIHEHHOE JACUCTBUE, 3aJJaHUE BBICTABIIACTCS OTpUIaTeIbHas oeHka — 0 0aoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% mpaBUIBLHBIX OTBETOB

Oyenka «xopouwto» evicmagnaemcs 3a 80 — 89% npaBUILHBIX OTBETOB

Oyenka «yooenemeopumenvHoy svicmasisiemcs 3a 60 — 79% npaBUIIbHBIX OTBETOB

Oyenxa «HeyoosiemeopumenbHoy svicmasgisemcs 3a Mmenee 60% nmpaBUIBHBIX OTBETOB

Tema 7.2. Ctpoenue aToma.

IIpakTnueckoe 3ansitue Nel9
IMocrynarel bopa. JHepreTrnyeckue ypoBHH.

Henp: U3yunts nocrynarsl bopa. Hayuntsces pemars 3a1aum ¢ y4eTOM Iepexoa aTOMOB € OJIHOM
OpOUTHI HA IPYTYIO.

Boinosinenue padorsl cnocodcTByeT GOPMHPOBAHMIO:

1. OK 01, OK 02, OK 03, OK 09

2. [IIPo1; I1P62; ITP63; [1P64; ITP66; IIPOS;
3. TIIPyl; ITPy2; [1Py3; I1Py4; ITPy5; I1Py9;
4. MP§,MP9,MP10,MP21,MP17, MP13

5. JIP 26 ,JIP 14,JIP 23,JIP 13

MarepunanbHoe obecrnieyeHue:

TeTpaab U MPAKTHUECKUX paboT, pydka, METOAMYECKUE PEKOMEH AN IO BBITIOJTHEHUIO PaOOTHI,
JIMHENKa, KapaHJalll.

Yxka3zanme: IIpaktuueckas paboTa COCTOUT U3 JBYX YacT€d — TEOPETHUYECKON M NMPAKTUYECKOM.
ITocne u3yueHuss TEOPETUUECKOTO MaTeprala MOXKHO IIPUCTYNATh K BBIIIOJHEHUIO IPAKTUYECKON YacCTH.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATENbHOIO BhINOJIHEHUs. He 3a0biBaiiTe 0 npaBuibHOM
oopmienun pemienus. Ha BeImosHEHNE IPaKTUYECKO OTBOJUTCA JBa aKaJeMUYECKHX Yaca.

Xoa padoThI:

Kpartkas Teopus

Mopens atroma Pezepdopaa mpoTHBOpEUHT KiTacCHUECKOM deKTpoanHaMuke Makcsemia. Berxon u3
cioxuBIIencs cutyaruu 0wt HaiieH Hunbcom bopom. B 1913 rony on nonosnaun moxaens Pesepdopaa
JBYMS IOCTYyJIaTaMH, Ha3bIBA€MbIMU KBAaHTOBBIMU TlocTynaramu bopa. Ilepswiii nocmynam bopa

(nocmynam cmayuoHapHbix COCMOAHULL):
B aTome cymiecTByIOT CTallMOHAPHBIE OPOUTHI, IBUTASCH 10 KOTOPHIM JIEKTPOH HE U3Ty4aeT.

Bmopou nocmynam (npasuno wacmom): V31ydenre u NOTJIONIEHNE YHEPTHH MPOUCXOIUT MPHU TEPexoie

AJIEKTPOHA C OJTHOW CTALlMOHAPHOM OPOUTHI HA APYTYIO.
DHeprus N3Ty4eHHOT0 WJIH MOIJIOMIEHHOTO (POTOHA paBHA Pa3HOCTH SHEPTUN CTAIIMOHAPHBIX COCTOSHUN

hv = Ek - En;
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Yacrota usnyuenus pasua: V = (Ek - En) / h
Wi, nuinHa BOJTHBI U3IYYEHUsI A paBHa:
A = hc/ (Ek - En), rne h — mocrosiunas [Tnanka, ¢ — CKOpOCTh CBETa B BaKyyMe.

Ecmu Ek > En, To npoucxoaut usaydenue porona, eciiu EK < En, To mporcxoauT morjiomenne
(doToHa, TPU KOTOPOM aTOM MEPEXOJAUT U3 OJTHOTO CTAIIMOHAPHOTO COCTOSIHUS B IPYyroe. DHEprusi
ANEKTPOHA, KaK ¥ CKOPOCTh U Paauyc OPOUTHI, MPUHUMAIOT AUCKPETHBIN HAOOp 3HAYCHUH, T. €.
KBaHTYIOTCS. PacyeThl 4acTOT Mepexo/I0B ¢ SJHEPreTHUECKUX YPOBHEH JIUIsl aTOMa BOJIOPOJIA TAIOT

3HA4YCHH, COBIIAJAOIIUE C SKCIICPUMCHTAJIBHBIMU BCJIMYMHAMHU CIICKTPa BOJAOpOaaA.

I/ICHOHBSYSI IMOHATHUC OHCPICTHYCCKUX ypOBHCfI B aToMax ObLIO OTKPBLITO SBJICHUC HHAYIHUPOBAHHOI'O
H3JTydCHUS. 9TO SIBJICHUE HCIIOJIB3YCTCA B JIa3€pax, YCTPOﬁCTBaX, KOTOPBIC JAOT HHAYLIUPOBAHHOC

H3JTYy4YCHUC B PA3JIMYHBIX JHUAIIA30HAX SJICKTPOMArHUTHOT'O U3JTYUCHUS.
IIpakTnyeckas yactb. Pa300op TpeHMpPOBOYHBIX 3aJaHUI.
BribepuTe npaBUIbHBINA OTBET.

KaxoBa sneprus (poToHa, U31ydaeMoro aToMOM IpHU Nepexo/ie U3 BO30YKAEHHOTO COCTOSTHUS C dSHEpruei

El B ocHOBHOE cocTosiHME ¢ dHEeprueit EO?

BapwnaHTbl OTBETOB:

By — 8
1) = 2

E, + Ep
h

3) Ei— Eo
4) E1+ Eo
[IpaBuibHBIN BapuaHT/BapHaHThI (WU MpaBUiIbHbIE KOMOUHanWu BapuanToB): 3) E1—- EO.

IToxckaska: BCIOMHUTE BTOpOM moctyiar bopa.

2.Pemnts 3anauy: «MakcuMaibHas 1JIMHa BOJIHBI, M31y4aeMoi B cepun baabmepa paBHa HM.
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Pemenne:

ITo hopmyne banbmepa-Pundepra:

Amax =

36 36

ﬁ=m=6.56' 10~ =656HM

R =10973732 m-1.

OTtBer:

Amayr = 656 HM

33[[3"[1/[ AJI CAaMOCTOATECJIBHOI'O PeICHUSA

1.

N

Boruncnuts sHepruto E porona, ucmyckaeMoro mpu nepexojie 3J1€KTpoHa B aTOME BOAOpOJa C
TPETHETO DHEPIETUYECKOTO YPOBHS Ha IEPBBIM.

Haiinnre MakcumManbHyIO JUIMHY BOJIHBI, M3]1yd4aeMol B cepuu banbMmepa.

IIpn nepexone »JIEKTpOHa B aTOME€ U3 CTAllMOHAP-HOIO COCTOSIHMS C 3Heprue — 4,8 3B
m3inyqaercsi (OTOH, JHEp-THs KoToporo paBHa 3,1 »B. Ompenenute >HEPrut0 KOHEYHOTO
COCTOSIHUS DJIEKTPOHA.

Onpegenutb M3MeHeHWe 3Heprunm AE anekTpoHa B aTtome BogopoAa Mnpu U3nyyYeHuu

aToMoMm POTOHa € YacToTon 9=6,28-1014 'y. OTBET AaTb B 3NIEKTPOH-BONbTAX.

Ha ckoipko m3MeHuIach KHHETUYECKasl DHEPTHsl DJIEKTPOHA B aTOME BOJOPOJAA MPU HU3IyUYECHUH
aToMoM (poTOHA C ITMHOM BOTHBI A=486 HM?

KoHTpoJibHBbIE BONIPOCHI

Cdopmymupyiite noctynatsl bopa.

B kakom ciyyae sHeprus norjiomaeTcss aTOMOM, a B KAKOM HCITyCKaeTcs?

Kaxkne nmpotuBopeuns ects B Teopun bopa?

Yemy paBHa dHeprus (OTOHA, HCIYCKAEMOIO0 aTOMOM IIpH Tepexojie B Jpyroe
SHEPreTUIECKOE COCTOSTHHE?

5. MoeT a1 aToM U3J1y4aTh U MOTJI0MATh POTOHBI € JIF0OOOH 4acTOTON?

el el

®opma mpeacTaBJieHus! pe3yJbTarTa:

BrimoHUTE 3a7aHue B TETPAAU IS TPAKTUICCKUX PabOT.
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Kpurtepun onenkmn:
3a MpaBUIILHO BBHITOJIHEHHOE 33JJaHHE BHICTABIISICTCS TIOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATENbHAs olleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbvHoy svicmasisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 7.2 ®u3znka aToMa U AaTOMHOIO S/Ipa

IIpakTnyeckoe 3auaTue Ne20

«3anucek sigepHbIX peakuuii. CTpoeHHe aTOMOB M ATOMHBIX si/iep. 3aKOH PaIHOAKTHBHOI0
pacnama.

eapb: 3aKkpenuTh YMEHUS M HABBIKM BBIYMCICHHS SHEPTUMU CBSI3U S[Ipa, a TAKKE IMPABHIHLHOTO
HaMMCaHUsl SEPHON pPeakiMu C UCMOJb30BAHUEM 3aKOHOB COXPAHEHHUS MACCOBOTO U 3apsI0BOIO YKCEI
(3CM3Y) u BbIYMCIIEHUS SJHEPTETUYECKOTO BBIX0/IA SIAEPHON peaKuy.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

1. OK01,0K 02, OK 03, OK 09

2. TIIPo1; I1P62; ITP63; [1P064; I1P66; IIPOS;
3. IIPyl; I1Py2; ITPy3; ITPy4; I1Py5; I1Py9;
4. MP8,MP9,MP10,MP21,MP17, MP13

5. JIP 26,JIP 14,JIP 23,JIP 13

MarepuajibHoe o0ecnieyeHue:

TeTpajb AJ MPaAKTUYECKUX paboT, pydka, METOANYECKHUE PEKOMEH IAIIUHU IO BBIMTOJIHEHUIO PaOOTHI,
JINHEWKAa, KapaHanl.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M MPaKTUUYECKOM.
[Tocne u3ydeHns: TEOPETUUECKOTO MaTepraia MOKHO MPUCTYINATh K BBIMOJHEHHUIO MTPAKTUYECKOW YACTH.
Omna cocTouT U3 ABYX U Oolee 3a/1ad JJisi CaMOCTOSATEIHHOTO BhIMONHEHUs. He 3a0biBaiiTe 0 npaBUiIbHOM
odpopmiiennu perieHus. Ha BeIMOTHEHNE TPAKTUYECKON OTBOJIUTCSA JIBA aKaJEMUYECKUX Yaca.

IHopsaok BbINOJIHEHUS PA0OTHI:

1. PaccMoTpuTe TEOpPETHYECKHMH Marepuaa IO TeMe W TPUMEphl penieHus 3afad  (CMOTPH
METOAMYECKOE ITOCOOHE).
2. Pemmre camocTosTensHY0 padory. OdhopmuTe pereHne MICbMEHHO B TETPAJIH.

Xoa padoThi:

1. Teopus

DHeprus CBsS3M f]pa paBHA TOM SHEPruU, KOTOPOH BBIAENAETCS NpU OOpa30oBaHHM sapa U3
OTJIETLHBIX YaCTHI]

-

E=mc"

3Hepr1/15{ CB3H — 3TO SHEPTrHsd, KOTOpasd HCO6XO,Z[I/IM2[ IJId paCcHICIICHUS dApa Ha COCTAaBJIAKOIINC
1

ero yactuilpl. EcB = (Zmp +Nmn - MH)*C
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SlnepHbIMH peakIUsMHU Ha3bIBAIOT U3MEHEHUsI aTOMHBIX SIAEp NpH B3aUMOJIECUCTBUM HUX C
3JIEeMEHTaMU YaCTUI[AMU WU APYT C IPYTOM.

{8 IO - -
Li,+'H,=*He,+*He,
DHEepreTU4ecKM BBIXOJIOM SAEPHON peakliMK Ha3bIBA€TCsl PAa3HOCTh SHEPTUI NOKOS si/ipa U YacTHUI]
110 peaKL1u U M0CIIe PEaKLUU.

DOHepreTUYecKuii BBIXOJ| SAJCPHONW PEAKUUU MOXKHO ONpEeNeNuTh: 1) mo aedeKTy Macchl sSAepHOR
peakiuy; 2) o pa3HOCTH CYMMapHOW SHEPIUHU CBSI3U 00pa3yrOIUXCs U UCXOTHBIX Aep.

2. Ilpumepsl pelieHus 3aaa4
1. Onpeodenume snepeemuueckuii 8b1X00 10epHOU peaKyut

“N,+*He,=""0,+'H,

1 cnocoo

1) onpedenums maccy aopa u wacmuy ml 0o peaxyuii
2) onpedenums maccy A0pa u wacmuy m2 nocie peaKyuti
3) onpedenums usmenenue maccol m ml m2

* 2
E=m¥*c
4) paccuumamov usmMeHeHue HepeUlL.

M, =14,00307 , o m+4.00260 a.e.m==18.00567 a.e.m.
[locne peaxuumu:

M,=16,99913 a.e.m.+1,00783 a.e.m.=18,00696 a.e.m.
m="1""=_0,00129 2. ¢. m.

DHeprus norjaoumaercs, T.K. m < (
E=(-0,00129)*931 M»B.=-1,2 M1B.

2 cocod

Jlawo: Pewenue:
£} =108,050 M»sB DHepris CBA3M PaBHA HYIIIO, OITOMY
E,=282937, . E=E-(E+E,
5 =1L M>B E= 131,754 MaB —(104,653+28 2937)M3B= -1,2M>B
E-? Omeem: 1,2 M3B

CamocrosiTesbHast padora

Bapmuanr 1

LraprErcsss x

16
I OﬂpEﬂCHHTC JHEPIuKO CBA3H HYKIIOHOB B AAp€ M30TONa 2

-
/

2\ O[IpCI_lCIIHTC OHEPTHIO CBA3M A1pa U YACIbHYIO SHCPIrUKO CBA3H JUIA JINTHSA:

235
4 it 2 U ¥
3. CKONBKO MPOTOHOB H HEHTPOHOB COACPIKUT AAPO M30Toma 2 ?

§ m m
4. OnpepenuTe HEPruKd CBA3UM HYKIOHOB B SAPE TPHTUS IH( 7=1,00728 a.em., <

1,00866 a.e.m., e~ 3,01605 a.e.m.).

Bapmuanr 2
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BAPHAHT Z

12

1. OnpeennThb SHEPrui0 CBA3M HYKIOHOB B Spe H30TONA yriepoga: o

]

27

l
2. OnpeennThb SHEPTHIO CBA3M SAPA U YACAbHYIO JHEPTHIO CBSA3M JUIS AMOMUHMA  ~ 7

77
-- 7
3. CKOMBbKO MPOTOHOB M HEHTPOHOB COAEPIKHT SAPO H30TONA niNag

" Li+' \H->2% m, =7,01601

(

4. Kaxas sHeprus BbIACNACTCA NPH SAEPHOI peakunu a.em.

my, =100728 , o 1 M =4,00260 a.e.m.)
dopma npeacTaBiIeHusl pe3yJbTara:
BhImoHATE 3a/1aHue B TETpaIu sl PAKTHYECKUX padorT.
Kpurepuu oneHku:
3a MpaBUIIHLHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TTOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeNpaBWJIBHO BBIMIOJTHCHHOE JICHCTBUE, 3a/IaHUE BBICTABIIICTCS OTPHUIlAaTeNbHAs omleHKa — () 6auioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagnsemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvroy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

JIabopaTopHbIe padboTHhI

Tema 2.1. Kunemaruka

JlabopaTopHoe 3aHaTHE N21

«OmnpenesieHne IVIOTHOCTH TeJl Pa3In4HOi (POPMBI»
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Heab: SKCIIEPUMEHTAIEHO ONPEISIUTh IIOTHOCTH KUAKOCTH B TBEPAOTO TEIA;

*  ONpPENeNUTH IeHY JEICHUS U3MEPUTEIbHBIX MTPUOOPOB, U3MEPUTH T€OMETPHUUECKHUE pa3Mephl Te,
ONPENCNTUTh WX Maccy, paccuuTarh OO0OBEM, pEe3yNbTaT CPAaBHUTH C TAOJMYHBIMH 3HAYCHUSMU U
YCTaHOBUTH MOTPEIIHOCTh SKCIIEPUMEHTA
Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 05, OK 06, OK 07, OK 04
[1P62; I1P6Y;
[1Py2; I1Py3; I1PyS;
MP8&, MP9, MP10, MP21, MP17, MP13;
JIP 26,JIP 14,JIP 23,JIP 13.
MarepuajibHoe o0ecnieyeHue:
BEChl C pa3HOBecaMH; JIMHEHKa MacmTaOHas; WITAHTCHIIMPKYJb, MEH3YpKa; BEIIECTBO, IUIOTHOCTh
KOTOPOTO HYKHO OTIPEAEIUTh
3aganmue:
1. O3HaKOMBTECH C TEOPETUYECKUM MATEPUAIIOM 10 TEME.
2. Onpenenute Maccy U 00beM HCCIIEyeMOTrO BEIIECTRA.
3. BeruncnauTe mioTHOCTh BEIIECTBA.
4. CoctaBbTe OTYET I10 JIAOOPAaTOpHOU padoTe.
Ilopsinok BbINOJIHEHHS PadOTHI:
O3HaKOMBTECH C TEOPETUYECKUM MATEPUATIOM 1O JJAHHOH TeMe.
Omnpenenure MWIOTHOCTh TBEPIOTO TETA..
BerarcnuTe aOCOMOTHYIO M OTHOCHTEIHHYIO MTOTPEITHOCTH H3MEPEHUH.
Jlannble 3aHecute B Tabnuiry Nel
Ornpenenure 1EeHY €TEHUS MEH3YPKH.
Omnpenenure MIOTHOCTH BOABI HEOOXOIMMO.
BerancnuTe aOCOMOTHYIO M OTHOCUTEIBHYIO MTOTPEITHOCTH U3MEPEHUHN
Pe3ynbratel onbiTa 3aHecuTe B TaOIHITyNe2.
. OTBeThTE HAa KOHTPOJILHBIC BOITPOCHI:
KoHTpoJIbHBIE BOPOCHI

ISANE A

NGO RwWNDEE

e I3 5ByX pa3HbIX METAUIOB W3TOTOBJIEHBI OJAMHAKOBBIE MO pa3MepaM KyOuku. Bi3pemmBanue
MoKa3aJjlo, YTO Macca 0JIHOro KyOuka 0oJibllie Macchl Apyroro B 2 pa3za. OinHaKkoBa JIM MIIOTHOCTh
Metauia? Eciu HET, TO BO CKOJIBKO pa3 OTJIMYAIOTCS IIOTHOCTH?

e Tpu neranu — MesHas, *Kele3Has U allOMUHHEBas — UMEIOT OJuHaKoBble 00bEMBI. Kakas netanb
MMeeT HAaMMEHBIIYI0 Maccy, Kakasi HanOounbiryto? [IycToT B geTansax Her.

e Kycok meramia oobemom 150 oM nmeer Mmaccy 750 r. Onpenennre IIOTHOCTh MaTepUaa.

e Ha vamku ypaBHOBEIICHHBIX BECOB IIOCTABIICHBI OJIMHAKOBBIE cTakaHbl. [locie Toro, Kak B OJWH
CTaKaH HAJWIN MOJIOKO, a B APYTOd — MOJACOJIHEYHOE Macjo, paBHOBECHE BECOB HE HAPYLIMIIOCh.
O0BEM KaKOH M3 KUIKOCTEH OobIIe?

9. 3amonHuTe OTUYET MO JAOOPATOPHOM paboTe COrIacHO TPeOOBAHUSM.

Xox pa0doThI:
Yacre 1. [ns onpeneneHus IUIOTHOCTH TBEPOTO Tela BBIYUCIUTE €r0 00BEM.

1. OO6beM npsMOyroIpHOTO MapayIeNIeUIeIa BEIYUCIUTE 1o (hopmyre:

V=abh,

rJie a — JJIMHA, M; b — mupuHa, M; h — BeicoTa, M.

I _m"_h

2. OO0bBeM mwIMHIpa BEIYUCTUTE TIO PopMyIie: 4
h — BeIcOTa IIMITHHApA, M; d — €r0 AUaMeTp, M.

3. Ecnu TBepmoe Teno uMeeT HeNpaBWIbHYIO ()OpMY, TO €ro 0ObEM OIpPENeNUTE C MOMOIIBIO
MEH3YpKH, B KOTOPYIO OH MOKET OBITh IIOIPYKEH.
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ypaBHOBGCbTe BCChI UCITOJIb3YH ITPpaBUJia B3BCIIMBAHUA.

Omnpenenure maccy Tena.
ITo hopmyne p=m/v BBIYUCIUTE IUIOTHOCTH TBEPJOTO Tea.
Pesynbrarel u3amMepenuii 3anecute B Tadbauiry Nel u caenaiite BEIYUCICHHUS.

© No O A~

Yactp Ne2. Jns onpeneneHus INIOTHOCTU BOJIbI HEOOXOIUMO:

1. HaiiTu mMaccy Tapbl, B KOTOPYIO HY>)KHO IIOMECTUTH BOAY U OIpENeIuTh Maccy BOAbI Oe3
Tapbl.

2. OmpenenuTe IeHy ACTICHUS MEH3YPKH U HAWAUTE 00BEM B3BEIICHHOM KHUIKOCTH (BOJBI).
3. PesynbraTsl onbiTa 3aHecuTe B TaOIUIy No2.

Tabmuma Nel. Pe3ynbrarsl u3MepeHHid.

Ne Bemec | mmpn | qymHa | BBICOT | 00B€M, | Macca | MIIOTHOCTS Bmabd
TBO Ha ,b(m) |a V( Blnp(ke/m3)

a(v) h,(M) m3) m(xr)

Tabnuma Ne2. Pe3ynbTaThl BEIYUCICHUN.

No | BemectBo Macca Tapsl , Mmacca 00BEM, IUIOTHOCTB Rmab
m1(xr) xuakocr | V3) Binp(re/m3)
" 2
m2(Kr)

®opma npeacTaBiaeHus pe3yJbTara:
PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAX AJIs TaOOPaTOPHBIX padoT.
Kpurtepuu onenku:
3a mpaBUIIBHO BBIIIOJHEHHOE 33 JaHHE BBICTABIISIETCS MOJIOKUTENIbHAs OlleHKa — 1 Gasu.
3a HeTMPaBWIIBHO BHITIOJTHEHHOE JICHCTBHE, 3aJJaHNEe BBICTABIISIETCS OTPHUIIATEIbHAS onleHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmassiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

Tema 2.3. 3aK0HBI COXpaHEHHS B MEXaHHKE
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JlabopaTopHoe 3aHsATHe N22

Onpenenenue K03(pPpUIIHEHTA KeCTKOCTH YIIPYroro reJja

Heanb: M3yunTh 3aBUCHMOCTh CHJIBI YIPYrOCTH OT JIMHEHHOW nedopManuu; Ha TMpuMepe
nedopMaIui pacTsHKEHHs SKCIIEPUMEHTAILHO MOATBEPIUTH CIIPABEUIMBOCTh 3aKoHA ['yKa; onmpenenuTh
pacyE€THBIM U TpaGUISCKUM CcrTocobamMu KO3PGUIUESHT yIpYyrocTu (KECTKOCTD) MPYKUHBI (PE3UHBI).

*  ONpEIENHTH ICHY ACIICHUS H3MEPUTEIBHBIX TPUOOPOB, U3MEPHUTH Y/UIMHEHUE YIIPYTOTO Tela Mpu
pa3n4HbIX AeGopMaIusax, paccuuTaTh KOAPPHUIMEHT KECTKOCTH,
*  pe3yNbTaT CPABHUTH C TAOIMYHBIMY 3HAYEHUSIMU U YCTAHOBHUTH IMOTPEITHOCTH KCIICPUMEHTA

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:

OK 01, OK 02, OK 05, OK 07, OK 04 OK 09

I1P6 6; I1P6 8; I1P6 10;

[Py 5; [1Py 8; [IPy 12 ;

MP8,MP9,MP10,MP21,MP17, MP13;

JIP 26,J1P 14,JIP 23,JIP 13.
MartepuanbHoe obecniedenne: llltatuB ¢ MyQToii U AepKaTEIIMHU, JTHHAMOMETD C UCCIICTyeMOMR
MPYKUHOU U 3aKPBITOM MIKANOW (MM UCCIIEIyEeMbIil JIOCKYT pe3HHbI), TWHEHKa, Yalia OT BECOB, HA0Op
rpy30B ¢ u3BecTHbIMU Maccamu (o 100 u 50 rpammoB).

Ilopsinok BbINOJIHEHHS PadOTHI:

1. O3HakoMbTeCh C TEOPETHYECKUM MATEPHATIOM.

B nanHoit naboparopHoil paboTe paccmaTpuBaeTcs yrpyras JHHEHHas aeopmamus pacTsKEHUS
NPYXUHBl (MU PE3WHBI), CBSA3aHHAs C OTUM CHJa YOPYTOCTH, W, COOCTBEHHO, caMma CBS3b,
BBIpaXKaroliasicss B U3BECTHOM 3akoHe ['yka, KoTopblii (0e3 yueTa pasHOHAIpPaBIEHHOCTHU AedopMaluu U
CHJIBI YIIPYTOCTH) MOKHO 3aIUCaTh B CICAYIOIIEM BHJIC:

B =k-x

rae: F y — abcomoTHoe 3HaueHne CUIIbl yIpyrocTy; [ | — ko3 (uIueHT ynpyroctu (;k€cTkocTts); [
— a0COJIFOTHOE YJIMHCHHUE.

I

NANAAANRAITARN

Ll

&2

To ectp ¢ poctoM nedhopmanuu MOAydb (3HaYEHWE) CHJIBI YNPYrocTd (B Mpenenax ynpyrux
nedopmarnuii) pacteT npsmMo npornopuroHaabHo. Koaddumuent ynpyroctu u3 3akona I'yka jerko Haity,
yuuThiBas 4YucieHHoe paBeHCTBO (mo IlI-my 3akony HbroToHa) cumbl ympyroctu M Beca Tedna,
HATSTUBAIOIIETO NPYKUHY (pE3UHY):

mg
k = —
X
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rgze: kK — Ko3®@OUIHMEHT YOPYroCcTH (KECTKOCTH) IPYXHUHE (DEe3UHBI): m —
Macca Trpy3a: Jg— YCKOpeHMe CBO60OAZHOI'O IaZeHMHA: X — abCoJITHOe
YAJHMHEHNE OIPYXUHBL (De3uHEI).

C npyro#t cropoHbl u3 rpaduyeckor (Gopmbl ypaBHEHHS KOA(DPHUIIMEHT K MOXXHO HaWTH, Kak
TaHTeHC yria HakioHa iyda /Fy/(x) k ocu abenumcc.

2. O6a 3HAYCHUS k CIIEAYCT CpaBHUTHb, MU IIO PE3yJibTaTaM 3TOI'O CpaBHCHHUA CACIATH BBIBOJ O
MIPOJICJIAaHHOM padoTe.

Xopn padoThr:

BHumarenbHO npouuTaTh ONnucaHue padoThl U AITOPUTM JIEHCTBUIA;

2. CobOpatp ¥ 3apUKCHUPOBATH YCTAHOBKY (CM. PHCYHOK) TaK, 4TOOBI 3aKpeIuIeHHas K MpYyXHHE
(pe3uHe) mycTast yallla BECOB HE3HAUUTENIBHO PACTATUBANA IPYKUHY (PE3UHY);

3. Crnenatb OTMETKY «HYJIEBOTO» YPOBHS HPYKUHBI (PE3UHBI), OT KOTOPOrO OYAYT OTCUHUTBHIBATHCS
JMHEWHBIE YJUIMHEHMUS,;

4. TlonoXuTh Ha Yallly BECOB I'Py3 IPOU3BOJIbHONW MacChl;

5. IIpoumsBecTn m3MepeHus cienyrolUX BEIUYMH: [ | — Macca rpys3a (cymMma Macc Ipy30B B yaile
BECOB); || — abCOIIOTHOE YAJIMHEHHUE NIPYKUHBI (PE3UHBI);

6. IloBTOpUTH BaXIBI

7. Ilpou3BecTd NPOMEXKYTOUHBIE BBIYMCIECHUS OCHOBHOM BEIMUYMHBI JUISI KaXJA0ro u3 TpEX
u3mepenuit: [11; Al[12; [1 — ko punrenTsl ynpyrocts (KECTKOCTD) MPYKUHBI (DE3UHBI) ;

8. [IlpomsBecTH NPOMEXKYTOYHbIE BBIYMCICHUS CleAylommx BemuuuH: [lcp; Allcp; [ep (mo
IPUHATBHIM IPaBUJIaM BBIYMCICHUN U HAXO0XIEHUS ITOTPELIHOCTEH );

9. 10. Ha Onanke oryera HAa4YepTHTH | YETBEPTh CHUCTEMBI KOOPAWMHAT C OChIO abcumcc - [] —
a0COJIIOTHOE YAJIMHEHUE; U OChbI0 OpAMHAT - F y — abColoTHOE 3HAue€HUE CHIIbI YIPYTOCTH.
Bri6paTe MacmTaObl eAMHUL U3MEPEHMSI U1 ITaHHBIX OCell TakK, YTOObl MaKCUMaJlbHbIEC 3HAUECHUS
MU3MEPEHHBIX U BBIYMCIECHHBIX BEJIMUMH HE BBIILIYU 34 IIPEENIbI CHCTEMbI KOOPINHAT;

10. Ha xoopauHaTHOU TuIocKocTH 0TMeTHTh TOUKH: A(x1;|FY1|); B(x2;|FY2|); C(x3;|FY3|); rae: xn —
OJIHO W3 3HAUEHUH YAJIMHEHUS MPYKUHBI (PE3UHBI) 110 U3MEPEHUSIM AaHHOTO anroputma; |FYn| -
OJIHO M3 3HAYEHMH CHJIbI YIIPYTrOCTH, YNCIEHHO PaBHOM BeCy Ipys3a mng, Iie Macca — U3MEPEHUE
JTAHHOT'O aJITOPUTMa;

11. ITpoBectu mpsimyto uepe3 Touku A, B, C (ecin TOuku He JexaT Ha OJHOM MpsMON — IMpOBECTH
MPSIMYIO TaK, YTOOBI TOUKH PaBHOYAAJIEHHO HAXOJWINCH IO 00€ CTOPOHBI OT MPSIMOM).

12. Ilpou3BecTH U 3ad@UKCHUpPOBAThH B NYHKTe 5. 6JlaHKa OTuUéTa 3HAUEHUEe
KondduueHTa k', paBHOI'O TAHI'€HCY yI'Jla HaKJIOHA ®TOH IOIPAMOHM K OCH
aécoucc (Ipu BEIUMCJEHUM tg X 0643aTesIbHO HEO6XOAMMO YUMTHIBATH

MacmTa6r ¥ OCH abCIUCC, M OCH ODAMHAT!);
13. CpaBHUTB KO DUIIMEHTHI YIIPYTOCTH (3KECTKOCTH ), KOTOPBIE BHIYUCISUTUCH. ClienaTh BBIBOI.

KoHnTpoJsabHbIe BONpockl
1) B uém 3akmtouaercs 3axoH ['yka?
2) Yto Takoe ymnpyras aeopmarus?
3) Korna Bo3HuKaeT cuiia yrnpyroctu?
4) Uto o3HauaeT 3HaK «—» B 3akoHe ['yka?
5) Ot yero 3aBUCUT KOOPPUIUEHT YIPYTOCTH?
6) Kak nomkeH ABUraTtbes AMHAMOMETP, 4TOOBI, HECMOTPS Ha IOJABEIICHHBIH K HEMY Ipy3,
MPY’KWHA OCTaBaJIaCh HEPACTAHYTON?
7) ’KecTKOCTh MPYKUHBI U JKECTKOCTh IIPOBOJIOKH, U3 KOTOPOM OHA COCTOUT — 3TO OJHO M TOXKE?
[Touemy?

dopma npeacraBjIeHus pe3yabTara:

PaboTa nomkHa ObITH BBITIOJHEHA B TETPaAH JIJIs Ta0OPaTOPHBIX padoT.

Kputepun onenkn:

=
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3a MpaBUJILHO BBIOJHCHHOE 33/JaHHE BHICTABJISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPHUIIATEIbHAS OlleHKa — ) OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

Oyenka «HeyoosiemeopumenvHoy svicmasisencs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.1 OcHOBBI MOJIEKYJIAPHO-KMHETHYECKOH TeOpuu

JlabopaTopHoe 3aHsATHe N23

“IIpoBepka ra3oBbIX 3aKOHOB. 3y4yeHue H30TepMH4ecKoro, u300apHOro U M30XOpHOro
npoueccon”
Heuan: M3y4nTs B3aMMOCBA3b MAKPOCKOIIMYECKUX IIAPAMETPOB 'a3a 3aJaHHON MAaCChl; ONBITHBIM
nyTéM yOoeauTcs B CpaBeAIMBOCTH 3aKoHa boiins-Mapuotra.
Brinosnenue padorsl cnoco6cTBYeT GOPMUPOBAHHUIO:
OK 01, OK 02, OK 05, OK 06, OK 07, OK 04 OK 09,
I1P6 6; I1P6 8; I1P6 10;
[1Py 5; ITPy 8; 1Py 12;
MP8,MP9,MP10,MP21,MP17, MP13;
JIP 26,JIP 14,JIP 23,JIP 13.
MarepunanbHoe obecrnieyeHue:
Cunb(oH (aJIOMUHHMEBBI T€PMETUYHBIM IMWIMHAP C TO(QPUPOBAHHBIMM CTEHKAaMH, IIKaJIOH
YCIIOBHBIX €IMHMII, MOPUIHEM C BEPTUKAJIBHBIM BHHTOM), BO3/JYXOBOJHBIM COEAMHUTEIbHBIA IUIAHT,
MaHOMeTp, 0apoOMeTp, UCIBITYEMbIH Ta3 3aJaHHON MacChl — BO3/YX.
3ananne:
1.IToBTOpUTH O0OBENNHEHHBI TA30BBIN 3aKOH.
2.IIpoBepuTh Ha NpakTUKe coOt0eHre 3akoHa boiins-Mapuorra.
ITopsinok BbINOJHEHHS PadOTHI:
Teopus.
B nanHolif naGopaTopHoil paboTe paccmaTpuBaercs coOmtofeHune 3akoHa boitns-Mapuorra,
CHPaBEUIMBOrO JJII M30TEPMUYECKOro Ipolecca Juisl JaHHOW Macchl rasza. M3 olmero ypaBHeHUs
MenneneeBa-Knanelipona 3akoH bolinsg-MapruoTra MOKHO 3anucaTh Tak:

Vnpn — C

rae: V— o0beM 3a1aHHON Macchl Ta3a B N-OM COCTOSTHUM, [| — IaBJIEHUE 3aJaHHOM MacChl ra3a B n-
OM COCTOSIHUH;

] — MOCTOSIHHBIN KO3 (PULIHEHT (KOHCTaHTA).

ITpu ucnonb3oBaHuM B paboTe JaHHOW YCTAaHOBKH (CM. PUCYHOK) 00BEM rasza yJoOHO U3MEpSTh B
YCIIOBHBIX efauHuIax oobema — y.e.0. (1 y.e.0.=0,1Vo, rne Vo — monubiii o0veM cunbpona 1 ), a
JaBlieHHe — Kak aTMoc(epHOe MaBICHHE C JOMOJIHUTENbHBIM (0€3 TOMOJHUTEIBHOr0) AaBieHHs (IO
MaHOMETPY) C MEPEBOAOM HEOOXOIMMBIX €MHUI] NaBieHus B cuctemy CU.

2 . 3amada CBOAMTCSA K HAXOXAEGHUIO KOHCTaHTHI Cn Ui KaXJIOTrO0 COCTOSIHUS OJHOW M TOW Ke
Macchl rasa:

Cn = Vn "Po (1 = Apn)

rae3 : [| — KOHCTaHTa N-TO COCTOSIHMS (B YCJIOBHBIX €IMHHLAX KOHCTaHTHI — y.€.K.); [/— o0beM
3aJJaHHOM MacChl Ta3a B N-OM COCTOSIHUM (B YCJIOBHBIX €IMHHUIIAX 00bema — y.e.0.); [] — aTMocdepHoe
nasnenue (B [lackamsax — [1a); Al — nomoaHUTEIRHOE TaBIeHUE MaHOMETpa (B aTMocdepax — aTm).

s E
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Uem TouHee u Omke Apyr K JIpyry Oyayt HaxoauThes koHcTaHthl Cl, C2, C3 — Tem Ooinee
TOYHBIM OKQXKETCSl SKCIIEPUMEHTAIbHOE MOATBEPKACHUE 3aKkoHa boins-MapuoTra.

3 - IPUMEHSETCS 3HAK «+» - €CIH JJaBJICHUE PACTET, U 3HAK «-» - €CJIHM JaBJICHUE Ma/IaeT.

p.s. - 1.YcroituuBas pabora cuibpoHa BO3MOXKHA MIPH YCIOBUHM U3MEHEHUSI 00beMa BO3/lyXa B HEM
ot 0,5 10 0,9 y.e.o.

2. - sl pacu€TOB CIWHUIIBI JaBJICHUS OapoMerpa - MM.PT.CT.(MHJUIUMETP PTYTHOTO CTOJI0A),
MOKHO BOCIIOJIb30BaThCs enuHuiiamu nepeoaa B Ila (ITackamsax) mo dopmyne: 1 mm.pr.ct=133,33 Ila.
[lepeBon mokazaHuii MaHOMETpa HE TpedyeTcs.

Xopn padoThl:

1. 1. BEHuMaTenbpHO MPOYMTATh ONUCAHUE PAOOTHI M aJITOPUTM JACHCTBU;
3. U3meputh atMmoc(hepHOE TaBICHUE B JAaHHBII MOMEHT C ITOMOIIBIO OapoMeTpa;
4. ITpousBectu u 3adUKCUPOBATH B OJaHKE OTYETA IIPEIBAPUTEIbHBIE U3MEPEHHS aTMOC(EPHOTO
naBieHus (C mepeBojoM B eAnHuUIlbI cuctembl CH);
4, 5. CoOpaTh yCTaHOBKY (CM. PHUCYHOK) Tak, 4ToObl 00a KJlallaHa MaHOMETpa HAaXOIWIHCh B
OTKPBITOM COCTOSTHUH, a TIOPIICHb CHIL(OHA — B CAMOM BEPXHEM IOJIOKCHUH;

wmn

o1

3aKpbITh BHEIIHUN KJIallaH MAHOMETPA;
6. C momouIpbl0 BpaIAIOLIErocs MOPIIHS YCTaHOBUTH BBICOTY LMJIMHApPA CUIb(OHA Ha OJHOM M3
Tpéx ormeTok: 0,6; 0,7; 0,8.
7. TlpousBectH M 3apukcHpoBaTh B OJIaHKE OTUETa MpeABAPUTEIbHBIE U3MEPEHUsT 00beMa 3a1aHHON
MacChl Ta3a B OJIHOM U3 TPEX COCTOSHUM (B YCIOBHBIX €IMHUIIAX 00BEMA — y.€.0.);
8. Cpa3zy xe mpousBecTH U 3aUKCHpOBaTh B OJaHKE OTYeTa MpEIBApUTENIbHBIE W3MEPEHUs
JIOTIOJIHUTEIBHOTO JaBJI€HNS MaHOMETPA OJJTHOTO U3 TPEX COCTOSTHUI rasa (B armocdepax - aTMm);
9. Bbruucnute aOCOMOTHYIO U OTHOCUTEIBHYIO IIOIPEIIHOCTH U3MEPEHU.
KoHnTpoJsbHbIe BOnpockl.
1) Ilpu xakoM ycioBuHM cripaBeaauB 3akoH boiis-Mapuorra?
2) Ecnu ipu u30T€pMHUECKOM MpOIecce JaBlIeHHE MAJaeT, 4YTO MPOUCXOAUT ¢ 00BEMOM?
3) IIpou3BOOUT M ra3 1AaBICHUE B COCTOSTHUM HEBECOMOCTH?
4) I[loueMy noy4eHHbIE Pe3YyIbTATHl B padOTe HE HI€aTbHO PaBHBI MEXLY COO0M?
5) Uto BiuseT Ha TOYHOCTh U3MEPEHUH B TaHHOM paboTe?
6) Mo>HO 71 OIpeIeTNTh YCIOBHYIO €IMHUILY KOHCTAaHThI B equnuiiax CU?
7) KakoBa Macca Bo3yxa B ayJUTOPUH TUIOMIAALI0 64 M2 , BEICOTO 3 M, mpu Temnepatype 25 oC
Y JIaBJICHUU 725 MM.pT.CT.?
dopma npeacraBjIeHus pe3yabTara:
PaGota gomkHa ObITH BBINOJIHEHA B TETPAIu AJIs JIaDOpaTOPHBIX padoT.
Kpurepun onenkmn:
3a nMpaBUIIbHO BBIMOJIHEHHOE 33JaHHE BBICTABIIAETCS MOJIOKUTENbHAS OlleHKa — 1 Oa.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTpHUIIaTENbHAs olleHKa — () OaoB.
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Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoos1emeopumenbHoy svicmasisiencs 3a menee 60%0 npaBUIBHBIX OTBETOB

Tema 3.1. OCHOBBI MOJIEKYJISIDHO KHHETHYECKOW Teopust

JlabopaTopHoe 3aHsATHe N24

“OnpenesieHne TeMIepaTypbl HarpeThIX TeJl € IOMOLILI0 MUpoMeTpa”

Heab: OcBOUTH ONTUYECKUI METO/ ONPEEIICHUS IPKOCTHOM, LIBETOBOM U palualluOHHON

TEeMIIepaTypbl HarpeThix Tea. OnpeneauTs TeMIIepaTypy HarpeThiX TEN € MOMOIIbK TUPOMETPa
Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

1. OK 01, OK 02, OK 05, OK 06, OK 07, OK 04 OK 09,

2. [IIPO 6; ITP6 &; I1PG 10;

3. TIIPy 5; ITPy 8; 1Py 12;

4. MP8§MP9,MP10,MP21,MP17, MP13;

5. JIP 26,JIP 14,JIP 23,JIP 13.
MarepuasnbHoe odecnieuenue: Jlammna HakanuBanus, JIATP, amnepmerp, BOJIBTMETP U TUPOMETPHI

tuna OIIIINP — 09 u JIOII — 72 ¢ uctounukamu HanpspkeHus. Habop BUpTyanbHBIX pa0boT 1o (usmke.

Teopernyeckast 4acTb

CymecTBYIOT pa3In4Hble MPUOOPHI UTSI U3MEPEHHS TeMIEpaTypbl HArPEThIX TENl: TEPMOMETPHI
paciMpeHusi, TepMOMNaphbl, JIEKTPUUYECKUE TEPMOMETPbl CONPOTUBICHUS U T.J. OAHAKO AJS CUIBHO
HarpeTelx Tea (CBBILIE ZOOOOC) NepeYuciIeHHble TpuOopbl HenpurogHsl. OHU  COBEPILIEHHO
HEMPUMEHHMMBI TOIJla, KOT/Ia packajleHHbIE Tella, TEMIIEpaTypy KOTOPBIX HaJl0 MU3MEpPUTh, YPE3BBIYANHO
ynanensl oT HaOmoaarens (ComHile, 3Be3/bl...). B mo100OHBIX ciaydasX B KaueCTBE TEPMOMETPUUYECKOTO
(akTOopa MOXKHO HCIOJIB30BAThH TEIJIOBOE U3JTyYeHHe.

MeTtoapl W3MEpEeHUs BBICOKMX TEMIIepaTyp Ha OCHOBE 3aKOHOB TEIUIOBOTO HW3IyYCHUS
Ha3bIBAIOTCA ONTHYECKOH mnupomerpueil. I[Ipubopsl, Hcmonb3yemble Uil 3TOW €N, HAa3bIBAIOTCS
MHPOMETPaAMH.

Cpenu pa3inuuHBIX BHMJOB M3IY4YEeHUH (JrOMHHecLEHIMs, u3nydeHue BasuioBa —YepeHkosa,
PEHTIEHOBCKOE U Y — M3JIy4€HHE...) 0c000€ MECTO 3aHMMAET TEIIOBOE MM TEMIIEPATypHOE U3IydeHUE
MCTOYHUKOB, SJHEPTUIO0 KOTOPOI'O MOYKHO BOCIIOJIHATH HarpeBaHUEM. DTO €AMHCTBEHHBIN BUJI U3ITyYeHUH,
KOTOPBI MOXKET HaXOMUTHhCS B COCTOSHUM TEPMOJMHAMUYECKOTO pPAaBHOBECHS C TeJIaMU. 3aKOHBHI,
UCMOJb3yeMble B MHPOMETPUH, CHOPMYIHPOBaHBI i abcomoTHO depHoro tena (AYT), T.e Tena,
KOTOpOE LEJIMKOM IOIIOIAET BCK SHEPrHI0 MaJarolero Ha Hero u3iaydeHus. Ero norsomarenbHas
cioco6HocTh paBHa A(v,T) =1 ans Bcex yactor u Temrneparyp. AUT, kak ¥ Apyrux uaealn3upOBaHHBIX
00BEKTOB, B MMPHPOJIE HE CYIIECTBYET, HO MOKHO CO3/1aTh YCTPOHCTBO, CKOJb YTOAHO OJIHM3KOE K HEMY —
3aMKHYTasl IOJIOCTh ¢ HEOOJIBIITMM OTBEPCTHEM B CTEHKE.

B 3aBHCHMOCTH OT TOT0, KAKOH M3 H3BECTHBIX 3aKOHOB TETUIOBOTO M3JTYUIEHUS HCIIONB3YETCs TIPU
M3MEPEHUHU TeMIepaTypbl HAarpeThIX TeJ, pa3iuyaroT TPU TeMIIepaTyphl: paJUdallMOHHYIO, LIBETOBYIO U
SPKOCTHYIO.

1. PaaimanuonHasi remneparypa.

KonuuectBo snepruu, nznyuyaemoe AUT npu temneparype T ¢ equHULIBI TJIOWAAN B €UHULLY
BPEMEHH 110 BCEM YaCTOTaM Ha3bIBAETCA IOJHOW U3ITy4aTelbHON CIIOCOOHOCTBIO E(r) .

Credan B 1879 romy Ha OCHOBE aHajIM3a DKCIEPUMEHTANBHBIX JaHHBIX, a bombiman B 1884 romay c
MMOMOLIBIO TCPMOJUHAMHWYCCKUX paCYCTOB MOKa3aJIr, YTO JJId U3JTyYCHUS YCPHOTO TCIa
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E)~ T* wm
Ep=o-T* )
BT
TIe G — IOCTOSTHHAs, paBHas 5,67 - 10% K .

E
_4I (7

I'= \||
W3 3akona Credana — bBompiMana MOXXHO HAllTH TeMmmepaTypy c , eclIm u3Meputb Er) .
OmnpeneneHHas TakuM CIIOCOOOM TeMIeparypa Tena HasbplBaeTcs paguanvoHHoil — T, . OHa MeHblIe MCTHHHOM
Temmneparypsl peansHoro tena T, , .e. T, < T,

2. IlIBeToBasi Temneparypa.

Baxxblii mar B TEOpETHUECKOM W3y4eHUH paBHOBecHOTro n3nydenus AUT Obut caenan Bunom B
1893 roay u noaxperieH usMepenusimu Jlrommepa u [lpunrcreiima B 1899 roay, koTopbie mokazainu, 4TO
KpHBas paclpele]IeHUus] CHEKTPalbHOH IUIOTHOCTH M3IIy4aTelIbHOM CIOCOOHOCTH Iy HUMEET SIPKO
BbIpaXXEHHBIH MakcUMyM. C yBeIMYEHHEM TEeMIIEpaTyphl JJIMHA BOJIHBI, HA KOTOPYIO IPUXOJIUTCS ITOT
MaKCUMYyM Ay CMelIaercs B 001acTh 060siee KOPOTKUX AJIUH BOJIH, IPUYEM TakK, YTO MPOU3BEACHHUE Am: T
ocTaeTcs MpeKHUM: Am* T =b , Tie b — koHCcTaHTa, onpenesiemMas U3 omneiTa, pasHa b = 0,29 cm - K=2,9
10%m - K. Temnepatypy AUT, npu KOTOpOIi ero u3iaydeHue OJIM3KO MO LBETY K M3IYUYCHUIO PeallbHbIX
«CEPBIX» TEJ, HA3bIBAKOT LIBETOBOM TEMIIEPATYPOU CEPOrO TEJIa:

T:b

e »-

ITELY
[[BeToBas TemrepaTypa OOBIYHO BbIIIE UCTHHHOM .
3. SipkocTHas TeMneparypa.
[Ton sapkoctHOU Temmeparypoii AUT noHumaercs Takas TeMIiieparypa, MpU KOTOpPOM ero
u3NyyaTelibHas CHOCOOHOCTh JJIsl OINpEAENCHHON JJIMHBI BOJHBI paBHAa HU3JIy4yaTeNbHOM CIIOCOOHOCTH
ceporo Tena, T.e.

£(A,.T,)=E_ (%,.T)

rne T — Temmneparypa ceporo Tena. Ilpumenss 3akon Kupxroda k mcciegyemomy Tely mnpu
JUIMHE BOJIHBI Ag U YYUTBIBAsI, YTO €r0 MoriomareiabHas cnocoOHocTh A(hg,T) < 1, HeTpyAHO moOKa3aTh,
gyro Ty <T.

SpkocTHYIO TEeMIiepaTypy MOKHO OIPENEIUTh C TOMOLIbIO MHPOMETPOB € UCUE3AI0IIEN HUTBIO.

0?

3KCl'lep]/IMeHTa.]'II>Haﬂ JacThb.

B pabore mpemnaraercss MeTo]1 pOTOMETPUUECKOTO CPABHEHUS SIPKOCTEH HCCIEIyeMOoro Tefa, B
KayecTBE KOTOPOIO BBICTYHAET BOJb(GpamMoBas HUTH JIaMIlbl HakanuBaHus JI; ¥ stanonHoi mammsl JI,
nupomerpa Tuna OIIMIMP — 90. Ilo spkocTHOH TemmepaType, yKa3aHHOH Ha ILKajle BOJbTMETpa V,
MMPOMETPA MOKHO HAWTH UCTHHHYIO TeMIiepaTypy HUTH JI,;, B MOHOXpOMaTHU4ecKoM cBeTe ¢ Ag=650 HM
(xpacHbIii). biok - cxema ycTaHOBKM IpeacTaBieHa Ha Puc.
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[Tepememass 00beKTUB mupoMeTpa Los, MOXKHO TOJNYYUTh HW300pakeHHE HUTH JIaMIIbI
HakayMBaHUs JI; B INIOCKOCTH HUTH ATAIOHHOM Jammbl mupometpa JI,. O6a n3obpaxeHus GUKCHPYIOTCS

nepemereHueM okyisipa Lox. MOIIHOCTD 37€KTPUUECKOro TOKa B LIEMHU UccieayeMoi aminbl JI;, MOxHO
U3MEpUTH 10 NoKazaHusaM amnepmerpa (A) u BoasT™meTpa (V). [logaBaemoe HanpspKEHUE PETYIUPYETCS C
MIOMOILBIO J1a00PaTOPHOro aBTOTpaHchopMaToOpa.

Ilpumeyanue: B nupomempe npedycmompeno 6sedenue Ovimyamozo @uivmpa AP ons
ocnabnenus ApKOCMuU ucciedyemo2o meid, eciu e2o memnepamypa gviuie 1 400°C. C smoii yenvio benyro
mouxy Ha 2onoeke [® cnedyem coemecmumsv ¢ KpACHOU MOYKOU HA KOPHyce nupomempd, a Omcyem
memnepamypbl RPOU3600UMs NO HUdICHel wkane eonommempa .

[Ipy wm3MepeHUM TeMIepaTypbl PACKAJIEHHOIO Tejla PEryJupyloT BEIMYMHY TOKa B HUTH
ATAJIOHHOM JIaMIIbl C IIOMOILBIO KPYIJIOTro peocTara R 10 Tex nmop, noka pKoCTb HUTH 3TAJIOHHOW JIAMIIBI
HE COBMAJAET C IPKOCTHhIO HUTH JIaMITbl HakanuBaHus JI,; (uccnenyemoro tena). I[Ipu 3Tom BepxHss yacTb
JYTW HUTH 3TaJIOHHOW JIaMITbl «MCYE3HET» Ha (pOoHE M300paxKeHUs BOJIb(HPaMOBON HUTH.

IHopsinok BbIMOJIHEHHSI Pa0OTHI:
Ynpaxnenue Nel. Pacuer ucTUHHOM TeMIepaTypsbl TeJia.

1.

2.

Bxmounte B cerp uyepe3 JIATP nammy HakanuBaHMs M yCTaHOBUTE Ha HEM
HanpspkeHue nopsaka S0B. M3mepste Tok B 1ienu. JlaHHbIE 3aNIUIINTE.

Bxmrounre uepes Bempsamurens JIUIT — 90 nens nupomerpa.

[IpousBennute n3MepeHus SPKOCTHOM TEMIIEPATYpPBI t,°’C HHTH HCCIEAYEMOM JIAMITHI,
JNOOMBIIUCH IPEIBAPUTENILHO COBIAACHUSA SIPKOCTH C HTAJOHHOW JIamMIoi
nupoMerpa. Ilo rpaduky onpenenure HCTHMHHYIO TEMIIEpaTypy  JIaMIIbl
HaKaJIMBaHUS.

N3mepenuss moBropute Mg 3HadeHWW HanpsbkeHnit Ha JI, or 50 mo 150B
(50,100,150B) ¢ BBenmeHueMm IpIMYATOTO (MIBTPa Ha OOJBIIUX HAMPKEHUAX.
[Tokazanus amrepMeTpa ¥ BOJIbTMETPA 3aITHILINTE.
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Yunpaxunenue Ne2. Pacuer A,
[To manubiM ympaxkHeHust Nel paccuuTaiiTe 3HA4YCHUS Am 1O 3aKOHY CMelleHus BuHa nms
KakJ0¥ Temreparypbl HUTH jJamiibl JI;. Crnenaite BbIBOI.

Ynpaxnenue Ne3. Pacuer njiomaay cnupaju JamMibl HAKAJINBAHUSA.
ITo AAaHHBIM ITOJTYYCHHBIM BBILIC, paCCqHTaﬁTe IIomaab Crvpalin S maMmmbl HaKaJluUBaHU,
ucnoinb3ys 3akoH Credana — boibimana.

Yupaxuenue Ned. 3HakoMcTBO ¢ nupomeTpom Tuna JIOII — 72.

IloBTOpMM! 3aKOHBI TEIJIOBOIO M3JIY4YEHMsI IIO3BOJISIIOT IPOU3BOAUTH AMCTAaHLMOHHOE
U3MEpEHUE TeMIIEpaTypbl HArpeThiX Tesl. Tak B 4aCTHOCTH, paboTa MUpPOMETpPa OCHOBAHA HA MU3MEPEHUU
KBa3MMOHOXPOMATHYECKOH SPKOCTH M3JIyuy€HHUs] Harperoro o0bEeKTa IyTeM YPaBHHUBAaHUS C SPKOCTBIO
sTajloHa. B KaudecTBe 3TajoHa SPKOCTH B MHUPOMETPE HUCIOJB3YETCSl NMUPOMETpUYEcKas Jamma, s
KOTOpPOM JlaHa 3aBHCHUMOCTb TEMIIEpaTypbl HHUTH OT BEJIMYMHBI TOKA, NPOTEKAIOLIEro I0 HeH.
N300pakeHre HCTOYHHMKA W3JIydeHHs (BOMb(pamMoBas HUTHh JIAMITBI HAKAJUBAHHS) C IOMOIIBIO
O00BEKTHBA MPOELUPYETCA B IJIOCKOCTH HUTU MUPOMETPUUECKOM sammbl. B OKysIsipHOM MHKpOMeTpe
BUJHA HUTh NUpoMmeTrpa Ha (oHE H300paKEHHs] HCTOYHHMKA W3NydeHus. M3mepss cuiy Toka B
MUPOMETPUUECKOMN JIaMIle, YPAaBHUBAIOT IPKOCTh HUTHU JIAMIIBI C SIPKOCTHIO BOJIb(PaAMOBOM HUTH.

O3HaKOMBTECh C KOHCTPYKIIMEH MUPOMETPa M C TIOMOIIBIO MPHIIAraeMoi TaOJIHIIBI TPOBEANUTE
M3MEpPEHUs SIPKOCTHOM TeMIepaTypbl JJaMITbl HaKaJUBaHUs IPU HanpsikeHuu ~220B.

IlopsiioK BbINOJHEHUS YIIPAXKHEHMS:

1. BxurounTe 670K MUTaHUS TUPOMETpa U amity Hakanuanus (depe3 JIATP) B ceTs.
2. VYcranoBute Ha namine HanpsikeHue ~220B (1o BoIbTMETpY).
3. CHHUMHTE 3alTUTHBIE KPBIIIKKA C OOBEKTUBA U OKYJIsIpa MUPOMETPA U HABEIUTE €ro

Ha Jamny. B mone 3peHuss mnuMpomerpa JOJKHBI OBITh BHUJHBI H300pa)keHHE
HarpeTo Crupalid U HUTh STaJIOHHOU JIaMIIbI.

4. VYpaBHSTE SIPKOCTH ITUX HUTEH C TOMOIIBIO peocTaTa MUPOMETPa, T.€. T00eHTECh
MCYE3HOBEHUS pabovero yyacTka HUTU MUPOMETpa Ha POHE N300paKEHUs CIIUPATH
JIaMIIBI.

5. Omnpenenure cuily TOKa, MPOTEKAIOIIETO MO HUTH STAJIOHHOM JIaMIbl IO
amnepmetpy. [lo Tabnune HaiinuTe TemMnepaTypy UCCIeTyeMOro oObeKTa.

6. BrikntounTe ycTaHOBKY, MPEIBAPUTEIBLHO YMEHBILIWB HANPSIKEHUE HA JIaMIle [0

HyJIsl U IIOBEPHYB PEOCTaT MHMpPOMETpa B KpailHee JieBoe mojoxeHue. HaneHbre
3alUTHBIE KPBIIIKK HAa TUPOMETP.

TABJIMIA TEMIIEPATYP

IIKAJTA Ne3 oJIOXKEeHUEe 000MMEI (.....) A =0,0002996013

T, p.C 0 10 20 30 40 50 60 70 80

90
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2000 [ 0,32094 | 0,32188 | 0,32283 | 0,32378 | 0,32473 [ 0,32569 | 0,32664 | 0,32760 | 0,32857 | 0,3295
2100 | 0,33050 | 0,33147 | 0,33244 | 0,33342 | 0,33439 | 0,33537 | 0,33635 | 0,33734 | 0,33832 | 0,33931
2200 | 0,34030 | 0,34129 | 0,34229 | 0,34328 | 0,34428 | 0,34528 | 0,34628 | 0,34728 | 0,34829 | 0,3493C
2300 | 0,35031 | 0,35132 | 0,35233 | 0,35334 | 0,35436 | 0,35538 | 0,35640 | 0,35742 | 0,35844 | 0,3594¢
2400 | 0,36049 | 0,36151 | 0,36254 | 0,36357 | 0,36460 | 0,36564 | 0,36667 | 0,36770 | 0,36874 | 0,3697¢
2500 | 0,37082 | 0,37186 | 0,37290 | 0,37394 | 0,37499 | 0,37603 | 0,37708 | 0,37812 | 0,37917 | 0,38022
2600 | 0,38127 | 0,38232 | 0,38338 | 0,38443 | 0,38548 | 0,38654 | 0,38780 | 0,38865 | 0,38971 | 0,39077
2700 | 0,39183 | 0,39289 | 0,39395 | 0,39501 | 0,39608 | 0,39714 | 0,39820 | 0,39927 | 0,40034 | 0,4014C
2800 | 0,40247 | 0,40354 | 0,40461 | 0,40567 | 0,40674 | 0,40781 | 0,40889 | 0,40996 | 0,41103 | 0,4121C
2900 | 0,41317 | 0,41425 | 0,41532 | 0,41640 | 0,41747 | 0,41855 | 0,41962 | 0,42070 | 0,42177 | 0,4228E
3000 | 0,42393
KoHTpoJbHbIE BONPOCHI.
1. Kakoe H3JTYyUYCHUC HA3bIBACTCHA TEIJIOBBIM?

N

PN OhAW

Kakne 3akOHBI TEIUIOBOTO M3JIYy4EHUS MOYKHO HCIIOJIB30BaTh JUIsI U3MEPEHMS TEMIIEpaTyphl
Tena?

Kak Ha onbiTe MOXkHO peanu3zoBate AUT?

YTo NOHMMAIOT IO IPKOCTHOM TeMIlepaTypoi Tena’?

KakoB npunIun padboTsl TUpOMETpa ¢ UcUe3aroIIeld HUThIO?

[Tpu KakuX yCIOBHAX TEIJIOBOE U3ydeHUE OyAeT TepMOJMHAMUYECKU PABHOBECHBIM?

Kak sneprernueckast ceetumoctsh AUT 3aBUCUT OT TeMIiepaTyphl?

[Touemy nammbl HAKAJTUBAHUS HE SBIAIOTCSA 2P PEKTUBHBIMU UCTOYHHUKAM CBeTa?

Tema 3.3. ArperaTHble cocTosiHNS BellecTBa. @a3oBble Mepexoabl.
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JlabopaTopHoe 3aHsATHE N25

Onpezle.nelme K03(1)(l)I/IIII/IeHTa HOBerHOCTHOﬁ IJIOTHOCTH KUAKOCTH METOA0OM OTPLIBa Kall€/Ib

Heanb: onpenenuTh NOBEPXHOCTHOE HATSHKEHHUE BOJIbI U MBUJILHOTO PACTBOpPA METOI0OM OTpPhIBA
Karelb
Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
1. OK 01, OK 02, OK 05, OK 06, OK 07, OK 04 OK 09,
2. [IIPO 6; ITP6 &; I1PO 10;
3. IIPy 5; IIPy 8; 1Py 12;
4. MP8,MP9,MP10,MP21,MP17, MP13;
5. JIP 26 JIP 14,JIP 23,JIP 13.

MarepunanbHoe obecrnieyeHue:

HIMPUIL JJI1 YUCTOM BOJABI, LIMPHIL JIJIsI MBUIbHOTO pacTBopa (00bemoMm 5—10 wmi1), cTakaH4YuK C
YUCTOM BOJOW, CTAaKaHYUK C MBUIBHBIM pPACTBOPOM, INTAHTCHIMPKYJIb WIA MHKPOMETpP, OCTPO
OTTOYEHHBIN KapaHaalll.

3aganue:

1 O3HaKOMBTECH C TEOPETHUECKUM MaTEPUATIOM.

Ha xarmro, BucAIyl0 Ha KOHIIE Y3KOH TpyOOYKH, NEUCTBYIOT JBE CHJIBI: CHJIA TsDKECTH mg
HalpaBJi€HHAs BEPTUKAJIbHO BHU3, M CHJIa IIOBEPXHOCTHOTO HATSXKEHHS Kuakocth F moB
pacrmpesefieHHass BIIOJIb TPAHUIbI KUJIKOCTA C KpaeM TPYOKHM W HampaBJIeHHas MO KacaTelbHOW K
MMOBEPXHOCTHU KUIKOCTH NEPIIEHIUKYISIPHO 3TON I'PaHULIE.

Fros

»
myg

Cuia MOBEPXHOCTHOTO HATSDKCHUS, ACHCTBYIOIIAs HA HEOOJBIION y4acTOK IpaHUIbl ATuHOH Bl |
paBHa B | , rie 6 — k03 HUIMEHT MOBEPXHOCTHOTO HATSHKECHHS KHUKOCTH.

VYcnoBue paBHOBeCHs Kaluld Ha KOHIIE TPYOOUKHM COCTOMT B TOM, YTO BEKTOpHAas CymMMa CHII,
NEHCTBYIOIIMX Ha OT/AEIbHBIE D3JEMEHTHl TpaHMIIbl, paBHA IO MOAYJIIO W TPOTHUBOIOJIOXKHA IO
HAIPABJICHUIO CUJIE TSKECTH.

Benuunna BR | mo Mepe yBelnMueHUs: MacChl Kalljll OCTAeTCsl HEM3MEHHOM, HO B PaBHOBECHM KaIljs
IPUHUMAET TaKylo (GOpMy, YTO YroJl HakJIOHA CHJIbI MOBEPXHOCTHOTO HATSKEHHMsS] K BEPTUKAIH O
YAOBIIETBOPSIET yCIOBUIO 1P cos = mg , rae | — niuHa rpaHuIibl KUAKOCTH C TPYOOUKOi.

C yBesnnuyeHreM Macchl Kalulyd yroJl 0. YMEHBIIAETCA U, HAKOHEL, JOCTUTaeT HyJIs, a cosa = 1 .

[Ipu nanpHeiIeM yBEIWYEHHH MAacChl YCJIOBHE pAaBHOBECHsI KaIUIM YK€ HE MOXET OBITh
BBITIOJTHEHO, U KaIUIsl OTPHIBAETCS.

Orcrona, npuHumas, uro 1=8 d , rae d — BHyTpeHHU# quamerp TpyOoukH, nonydaeM: d BE= mg

mg |

ey

Xox pa0doThI:

1. 3meputs BHyTpeHHUU guamerp d HakoHeyHWka mmmpwuma. JIs u3MEpeHuss MOKHO
BOCIIOJIB30BATHCSI OCTPO OTTOYCHHBIM KapaHAAIIOM. BCTaBUMB KapaHJall B HAKOHEYHUK 10 YIIOpa,

MIOMETHhTE T'PAHUILY CONPUKOCHOBEHMSI HAKOHEYHHKA C KapaHjamoM. J[mamerp KapaHjaiia Ha ypOBHE
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9TOM TPAaHULBI MOXKHO IIPUHATH 32 BHYTPCHHUN JUaMETP HAKOHEYHUKA U U3MEPUTH €r0 C IOMOILBIO
HITAHTEHITUPKYJISI MU MUKPOMETpA.

2.Habpatp B mmpuil 4-5 M1 BOJBI H, JiepkKa €ro BEPTHKAIBHO M IJIABHO Ha)KMMasi Ha MOPIICHb,
BBUIUTH 3—4 MJI B CTaKaHYMK, CUUTas Karun. M3mepeHue koinuuecTBa Kameiab N IIPOBECTH HE MEHee Tpex
pa3, 3areM 1o oOmmie Macce BBITEKIICH BOABI 00 m (MONB3YyHTECh MIKANOW HA mmpuie!) HalTH
CPEIHIOI0 MacCy Karljld m U MOTPEIIHOCTh ee onpeaeneHus Am. Pe3ynbTarsl 3aHecTd B TaOIUILy

Tabauya Nel
usmepero 8bIYUCIEHO
MNe N m m d B| @ bRl Gl
m e m,e ecp |me eep |, mm | d mm, | Hm
oow

3.ITonp3ysace dopmynoii (1), paccuntaTh KOI()PHUIMEHT MOBEPXHOCTHOTO HATSIKCHHS BOJIBI U
a0COJTIOTHYIO TIOTPEIIHOCTD €TI0 ONPEACICHHS

Ao =lo,, -0

uim ma6a| *

4. BoIYMCITUTh OTHOCUTEIBHYIO MTOTPEIIHOCTh U3MEPEHUIN

A .
g=—2_.100% "
g

madi

5. AHaJOrMYHBIM O0pa3oM ONpeneNuTh KOI()PUIMEHT MOBEPXHOCTHOTO HATSLKEHHS MBUIBHOTO
pacTBopa (I10JIb30BaThCs OT/IEJIBbHBIM IHINPHUIIEM U ITOCYA0M!).

H3MEPCHO BBIYHUCJICHO
NQ ”Im}m . 1\" m,2 ’nt'l) s A’"" ¢ A,ntl) 14 d’ MM Ad. MM o, [—%I AO', [—%1 = /

6. CnenaTb BBIBOJ U 3alucaTh MOJy4eHHOE 3HaYeHHE K03(hPULlmeHTa MOBEPXHOCTHOTO HATSXKEHHS
C YYETOM MOrPEIHOCTH

KoHnTpoJsbHbIe BONIPOCHI:

1. Koaddunment noBepxnoctHoro HaTskeHus kepocuna 0,024 uv/M. bosnblie uiam MeHbIle Macca
KaIlJIi KEpOCHHA 110 CPAaBHEHHUIO C KAIlJIEH BOJBI, ECIIN KaNlaTh U3 OJHOM U TOM K€ MUIETKU?

2. O6bsicHUTE OAPOOHO, TOUEMY MaJIeHbKHE KalleIbKU )KUJIKOCTH MOTYT JI0JITO BUCETh HE
OTPBIBASICH.

3. [Touemy, mpexie 4eM MOKPBITh IITYKATYPKy MACIISTHOW KPACKOM, MPEABAPUTEIIBHO ITPOU3BOIAT
I'PYHTOBKY OJU(O?

4. ITpuBenuTe CBOM MPUMEPHI JECHCTBUS CUJIBI TOBEPXHOCTHOTO HATSKEHUS
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@opma npeacTaBJieHus pe3yabTaTa:
PaboTa nomkHa OBITH BBITIOJIHEHA B TETPAAM s 1a0OpaTOPHBIX padoT.
Kputepuu onenkmu:
3a MpaBUIIHLHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TTOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTpUIIATENbHAs olleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagngemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbHoy svicmasisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.3. AFpeFaTHLIe COCTOSAAHMA BelIECTBA H (l)aSOBLIe nmepexoabl

JlabopaTopHoe 3aHsATHEe N26

Onpenesnenue BJIAXKHOCTH BO31yXa H aTMOC(EPHOTr0 1aBJICHUS

Leab: n3MepuTh OTHOCUTEIHHYIO BIQXXHOCTh BO3/yXa B Tabopatopuu Gpusuku
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 05, OK 07, OK 04 OK 09

I1P6 6; I1P6 8; I1PO 10;

[1Py 5; ITPy 8; 1Py 12;

MP8 . MP9,MP10,MP21,MP17, MP13;

JIP 26,JIP 14,JIP 23,JIP 13.
MarepuanbHoe odecnieyeHue: rurpomerp ncuxpomerpuueckuidt BUT — C, crakaH ¢ KunsiueHoOM
BOJOM

3aganue:
1. O3HakoMbTech C TEOPETHYECKUM MATEPHAIOM:
Teopus

B armocdepe 3emnu Bcerna coiep:karcss BoAsHbIe nmapbl. MIX conepikaHue B BO3JyXe XapaKTepH3yeTcs
aOCOIIOTHOH W OTHOCUTENIbHOM BIaKHOCTHbIO. AOCOJIIOTHAS BIIAXXHOCTb OMNpPENENSIeTCS IIOTHOCTHIO
BOJISHOTO Tapa pa, HaXoJIIerocss B aTMocdepe, Wi ero napiuaibHbIM JaBjieHueM pi. [lapuuansHeiM
JIaBJICHUEM PII Ha3bIBAETCS AaBJIEHUE, KOTOPOE MPOU3BOAMII OBl BOASIHOM Map, eciiu Obl BCe ApyTUeE Ta3bl B
BO3JyX€ OTCYTCTBOBaNM. OTHOCHUTENBHOM BIAKHOCTBIO () HA3bIBAECTCS OTHOLIEHUE NapLUUaIbHOIO
JABJICHUS PII BOJSHOTO Iapa, COAEp Kalllerocss B BO3yXe, K JaBJIEHUIO HACBHIIIEHHOIO Iapa pH.I., IpU
naHHOW Temneparype. OTHOCUTENbHAS BJIAXKHOCTb () IOKA3bIBAET, CKOJIBKO IPOLEHTOB COCTABIISAET
napluuagbHOE AAaBJIEHUE OT JIABJICHUS HACBILIEHHOTO Mapa IpH JaHHON TeMIepaType U Ompenensercs 1o

dbopmyre:
Q= Pa_ 100%
l)HH

[TapuuansHoe JaBieHUE pII MOKHO paccuuTaTh Mo ypaBHeHUI0O MenzeneeBa - Knaneiipona wiu 1o
TOYKE POCHI.

Touka pocbl - 3TO TeMIiepaTypa, MpU KOTOPOM BOJASIHOW Map, HAXOIAIIMKCA B BO3JyXe CTAaHOBUTCS
HAaCBIIIICHHBIM. OTHOCI/ITGJ'II)HYIO BJIAXKHOCTHb BO3AyXa MOXHO OINPCACIHUTL C IIOMOUIBIO CHECIHAIBHBIX
puOOPOB — MCUXPOMETPA U TUTPOMETPA.

IIcuxpomerp
[IcuxpoMeTp COCTOUT U3 CYXOr0 U BIIAKHOTO TEPMOMETPOB.
PaccmoTpuTe ncuxpoMerp u ONpeAesuTe II€ CyXOil U BIaXKHBIA TEPMOMETPHI.

a) U3MEPUTH TTOKa3aHUs CyXOr0 U BIAKHOTO TEPMOMETPOB:

0) UCIIOJIB3YS ICUXPOMETPUUECKYIO TaOIUILy, OTIPEACTUTh OTHOCUTENBHYIO BIaXKHOCTh BO3TyXa.
BHuMaTenpHO TOCMOTPUTE Ha IICUXPOMETPUUYECKYIO TaOIuIly. B IepBOM BepTHKAIBHOM CTOJIOIE
HalAUTE MOKa3aHUsl BAIIETO0 CyXOTr0 TEPMOMETPA, B IEPBOM FOPU3OHTATILHON CTPOKE HAUUTE BAIILy

s E
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Pa3HOCTh MOKa3aHUH CYXOT'0 M BJIAXXHOTO TEPMOMETPOB. TO YHCII0, KOTOPOE HAXOIMTCS HA MIEPECCUCHUN
CTOJIONA ¥ CTPOKH M SBJISIETCSI 3HAUEHHEM BJIXKHOCTH BO3/IyXa.
N3006paxenue, cxema, pUCyHOK IKCIICpUMEHTA!

Cyoont |4k
mepmonemp| =

X | Baawna |2k
) mepansemp R

Pucynok 1. YcranoBka miis 1aboparopHoit padoTer NeS

2. Bemmonnaure padoTy.

3. OTBeThTE Ha KOHTPOJILHBIE BOIIPOCHI.

4. 3amoyiHUTE OTYET IO J1abopaTopHOii padoTe.
IMopsinok BbINoOJIHEHUs PadOTHI:
1.HanuTh B nuTaTenb KUISYEHYIO BOJY.
2. Jlatp ¢utmmo mponuTathess Bomo u depe3 10-15 MHMHYT TPHCTYNIUTh K ONPEACICHUIO

BJIaAXXHOCTH.

3.0mpenenuTs NOKa3aHus CyXoro ¥ yBJIa)KHEHHOI'O TEPMOMETPOB.
4 IToBopauuBast TUMO ¢ KpacHOW OUIM(POBKOW, COBMECTHUTH IIOKa3aHUS CYXOTO TEpPMOMETpa

(xpacHbIe U(PHI) C TOKA3aHUSMHU YBIAKHEHHOTO (YE€PHBIE IIHUQPHI).

5.0mpenennTb OTHOCUTENBHYIO BIaKHOCTb 110 KPACHOM CTPEJIKE.
6.Pe3ynbTaThl M13MEpEeHNI U BBIUMCIICHUM 3aHECTU B TaOIHILY:

Tabmuia Nel
Iloxa3anusi repmomMeTpoB Pa3znoctn OTtHocuTenbHAsA
NOKa3aHuM BJI2’KHOCTh BO3/1yXa @,
TEPMOMETPOB %
At=tcyx-tBJ
CyX0ro tcyx BJIAKHOIO tBJI
Tabmuna Ne2
Temmepaty | Touka Hasnenue | Ilapumansa | OtHocuTen | [TnotHoCcTh | AGCOMIOTHA
pa pockHl, °c HACBILIEHH | 0€ bHas HACBHIIIEHH | 5
OKpY>KaroI1 oro mnapa, JlaBJICHUE BJIQXKHOCTH | OTO Iapa, BJIQXKHOCTh
ero ITa BOJISIHOTO BO3ayxa, % | < BO3/yXa
BO3/yXa, napa, [Ta at
°C
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7. Chenarh BBIBOJ, 3alicaTh IMOKa3aHHs THTPOMETpa M JaTh PEKOMEHIAIMU O MOJICPKAHUIO
BJIQKHOCTH B Ta0OpaTOpPHH B TIpeiesiaXx HOPMBI.
KonTtpoJibHbIe BONIPOCHI:
1. Kakoii map Ha3bIBaeTCs HaChIIEHHBIM? UTO Takoe IMHAMUYECKOE PaBHOBECHE, TOYKa POCHI,
napuuaIbHOE JaBjieHue?
2. Tlouemy nokazaHus CMOYCHHOTO TEPMOMETPA MEHBIIIE, YEM CyXOro?
3. Kak, 3Hast TOUKY pOCHI, MOKHO OIPEACIHUTH MapluabHOE TaBlICHHE?
4. Cyxo# M BIQXHBIH TEPMOMETPHI IICHXPOMETPA MOKA3bIBAIOT OJMHAKOBYIO TemmepaTypy. Kakosa
OTHOCHTEJbHAsI BIAXXHOCTh BO3yXa?
®opma npeacTaBiaeHusi pe3yJabTara:
Pabota nomkHa OBITH BBIMOJIHEHA B TETPAIH JUIS JIAOOPATOPHBIX padoT.
Kpurepun oneHku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS TIOJIOKUTEIIbHAS OIICHKa — 1 Oa.
3a HeMpaBWIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS olleHKa — () 0auIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 3.3 Arperatuble cOCTOsIHMS BellecTBA U ha30BbIe Mepexoabl

JlabopaTopHoe 3aHsATHe N27

Onpenesnenue yaeJibHOM TeNJIOEMKOCTH BelllecTBa

Ilesb: ONBITHBIM IyTEM OIPEACIUTh BEJIMUMHY YAEIbHOM TEIUIOEMKOCTH BELIECTBA U BBIACHUTH
(bu3nyecKuil CMbICT ypaBHEHHS TEIJIOBOIO OajiaHca.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04,0K 09,IIK 1.5,1IK 2.1,IIK 2.2
MarepunanbHoe o0ecrnedeHHe: BECbl ONTHUYECKHE Ha IITATUBE; PA3HOBEC; UCCIIENYEMOE BELIECTBO;
KaJIOpUMETP; TEPMOMETD; IIEKTPOIUIUTKA; COCYJ] C BOJOM;
3amanmne

1. 3anucate B TeTpaab Ha3BaHUE pabOTHI, L1EIb PaOdOThI, TPUOOPHI U MPUHAIEKHOCTH.

2. HauepTuTh TabMuUIy AJs 3a1IMCH PE3YIbTATOB U3MEPEHUH U BHIUMCIICHUI.
3. BBIUMCJIEHUSI IPOBECTU COTIAcCHO GopMyIiaM:

Terutora, oTanHas TOPsTYUM TEIOM: Qo =M1 Ca (13- 0)
Terutora, mony4eHHast KaTopUMETPOM: Qo =MCo(6-t2)
Terota, mony4ueHHas BOIOM: Qyon.5. =M3C3(0-13)
VYpaBHernue TerioBoro oananca: Qo= Qnox

M1C1(t1- 6)= maCy(0-t2)+ M3C3(0-13)

mM1C1(t1- 6)=( 6-t2)( M2Ca+ M3C3)

Tak kak t,=t3, (0-t2)=(6-t3)
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c1=(6-t2) (MaC2+mM3Cs)/ (M1 (te-6)) ix/ (k1 °K).

4. OnpenenuThb NOrpeHOCTH

A=|Cragy-C1| - @OCONIOTHAS TIOTPEIIHOCTb;

5=(A/c)-100%.

No gk~ owdE

Iopsinok BbINOJIHEHHSI PAa0OTHI:

OnpenenuTbs Maccy UCCIIEAYyEeMOTo Tena my;

OHYCTI/ITL HCCIEAYEMOE TCJIO B COCY O C BO,I[Oﬁ W Harp€Tb BOAY A0 KUIICHUA;

Onpenenutb Maccy KaJlopuMeTpa my;

Hanute 10 0710BUHBI BOABI B KAJIOPUMETP U ONPEACIATH MACCY BOABI M3;
N3meputs Ha4alIbHYIO TEMIIEpATypy KaJOpUMeTpa ¢ BoAou try=t3;
OnycTUTh HarpeToe TeJIo B KAJIOPUMETP C BOJOW U M3MEPUTH TEMIIEpaTypy cMecH 0

PeSYJ'IBTaTbI H3MepeHHﬁ W BBIYHCICHUN 3aHECHTE B Ta6nnuy n CI[CJ'I&ﬁTG BeIBOJ. [lo oxoHuaHuu

paboTHI MPUHAUICKHOCTH, TETPAIh U TAHHOE PYKOBOJICTBO C/IATh MPENOIaBaTEIIIo.

Taoauma Nel

1. macca TBEPOOIO Teaa, KT

m,

2. Temmneparypa Tena, °C

t

3. Macca KalopHMeTpa, KT

4. Macca BOJBI, KT

5. TemmepaTypa BOZIBI I KalOpHMeIpa,

T

6. TeMneparypa cmectt, °C

1 yaenbHas TEILIOEMKOCTh

kanopumMetpa, JLx/(xr-°K)

8 .YACIIbHasd TEIINIOEMKOCTh BOZIBI,

Jox/(xr-°K)

9. VAeIbHAA TEINIOEMKOCIb TBEPIOIO

tena, JIx/(xr-°K)

Cy

10. TabmruHOe 3HadYeHNe YUENBHOI

TEILIOEMKOCTIL TBEPIOIO T€Ia,

Jox(x-°K)

Cr

11. oTHOCHTENBHAS NOTPEITHOCTE, %

KoHTpoJibHBIE BONIPOCHI:

1. Kaxkosa pasHulia MCKY TCIIJIOCMKOCTbBIO TCJIa U y,ILCJ'IBHOﬁ TEMJI0EMKOCTBIO?

2. B yem cwmbIcn ypaBHEHHs TEIUIOBOTO OajaHca M KaKoe OTHOIICHHE OHO HMMEET K
3aKOHY COXPaHEHMs YHEPIUU.
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@opma npeacTaBJieHus pe3yabTaTa:
PaboTa nomkHa OBITH BBITIOJHEHA B TETPaAM JIJIsl Ta0OpaTOPHBIX PadoT.
Kputepuu onenkmu:
3a MpaBUIIHLHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TTOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTpUIIATENbHAs olleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIbHBIX OTBETOB
Oyenka «xopouto» evicmagngemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenxa «HeyoosiemeopumenbHoy svicmasisemcs 3a Menee 60% nMpaBUITBLHBIX OTBETOB

Tema 3.3 AFpeFaTHLIe COCTOAHUSA BelIeCTBa U (1)330B]:Ie nmepexoabl

JlabopaTopHoe 3aHsATHE N28

OnpenesieHHe MOIYJIsl yIPYTOCTH Pe3HHBI.

Hean: Onpenenuts MOAYNb YIPYTrOCTH PE3UHBI IPU PACTSKEHHUH.
Boinosinenue padoTsl cnocodcTByeT GOPMHUPOBAHMIO:
1. OK 01, 0K 02, OK 05, OK 07, OK 04 OK 09
2. IIP6 6; 11P6 8; ITPG 10;
3. IIPy 5; ITPy §; 1Py 12;
4. MP8,MP9,MP10,.MP21,MP17, MP13
5. JIP 26,JIP 14,JIP 23 JIP 13
MarepunanbHoe obecnedeHue:
HUTKa (Jiecka), pe3uHOBbIN mHYyp AnuHo 25—30 cM u ceuenuem 4— 10 MM2 , HaboOp rpy30B 1O
0,1 kr, ITaTUB, JINHEHKA, IITAHTC€HIUPKYJIb WX MUKPOMETP.
3aganue:
1. O3HaKOMHTBCS C TEOPETUYECKUM MaTEPHATIOM.
Teopus.

[Ipu ycraHoBuBLIElca ynpyrod nedopManuu paBHOACWUCTBYIOIIAs BCEX BHYTPEHHUX CHII
YIIPYrOCTH, BO3HHUKAIOIIMX B Tele B JIOOOM €ro CeYeHWH, YPaBHOBEIIMBAET BHEIIHHUE CHJIB,
JIEWCTBYIOIIAE HA TEJO.
CornacHo 3akony ['yka, HampsbkeHue U BBI3BAHHOE WM OTHOCHUTEIBHOE YIIIMHEHHE
nponopuuoHanbHel: P=E B, rae E— mMoaynb ynpyrocTu.
[Tocie mpeoOpa3oBaHus 3TOTO BHIPAKEHUS TOTYUHM:

E:£-[L HIIHU EZ%.

S Al md*(1-1,)

I[J'IH OKCIICPUMCHTAJIBHOTO OIPCACIICHUA MOAYJIA YHPYIrOCTH HYKHO U3MCPUTHL BCC BCIIMYUHBI:

S(S=—),
nedopmupyromyto cuny F (F=mg), cedenue obpasua S 4 , €r0 NEPBOHAYAIBHYIO
muny 10 u yuinaenue 1.
Xon paboThr:

1. U3yyenue nedpopmanum pacTszKeHUs.
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1. 3mMepuTh C MOMOIUBIO IUTAHTCHLUMPKYJS WIM MHKPOMETpa TOJUIMHY IIHYpa U BBIYUCIUTH
IUIOINA/b €r0 IONEPEYHOro cedeHus S.

2. IlopBemmBas k mHypy rpy3sl maccod 0,1 kr, 0,2 kr, 0,3 kr, U3MEpUTh COOTBETCTBYIOLINE
a0COJIIOTHBIE YAJMHEHHUS IIHYpa: U BBIUUCIUTh OTHOCUTEIbHBIE YAIMHEHUS IHYpa.

3. Ilo pe3ynpTaTaM U3MEPEHHUI BBIUMCIUTD MOJYJIb YIIPYTOCTH pe3uHbl E U OIIEHUTh MOrpenIHOCTH
HKCIEPUMEHTA!

Am Al Ad Al
£= + +2—+ -
m d [-1

AE=E-¢
- a0COJIIOTHAS TIOTPEIIHOCTb.
5. Pe3ynbrarel n3MepeHuil U BBIYMCIIEHUH 3aHECTH B TaOJINILY:

0" - oTHOCHUTENIbHAS NOTPELIHOCTD

H3MCPCHO BBIMHCIICHO
:{EH m,kr | d,m | S, | lgm | Lm | AlLm| F,H |E, Ila II:_;;’ ‘?IE’ c. %
1
2
3

6. CruenaThb BBEIBOJL.
KonTpoabHbie BOpoCHkI.
1. Kakwue Buasl nehopmaruii Bel 3HaeTe?
2. U3mensieTcs nu BHYTPEHHSA SHEPTUs Ae(POpMUPOBAHHBIX TEI?
®opma npeacTraBiaeHus pe3yJabTara:
Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU JIJIs JIaDOpaTOPHBIX padoT.
Kputepun onenkn:
3a mMpaBUIIHLHO BBITOJHEHHOE 33JaHHE BBICTABIISIETCS TIOJOKHUTEIbHAS OlleHKa — | Oasu.
3a HeMmpaBUWJIbHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIISETCS OTpUIlaTeIbHas olleHka — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 3.3. ArperaTHbie COCTOSIHHS BelIeCTBA U (pa30BbIe MEPEXObl.

JIabopaTopHoe 3aHsATHEe N29

Onpenenenne ko3(ppuuueHTa THHEHHOI0 paclIMPeHUs TBEPABIX TeJl

Heab: sKCrEpUMEHTAIBHO ONPEAETUTh KO3()PUIMEHThl JTUHEHMHOrO pacHIMpEeHUs TBEPIbIX Te:
CTaJM, AallOMUHUS, cTekiJa W OpoH3bl. [IpuOOpel M NPUHAATIEKHOCTH: MPHOOp Ui ONpeleNeHHS
K03 dulLMeHTa TMHEHHOTO PACIIUPEHUs, B COCTaB KOTOPOIO BXOAST CTEp>KHEBbIE 00pa3ilbl (CTaIbHOM,
AJIFOMUHUEBBIN, CTEKIISTHHBIN, OPOH30BBII ), INTAHT€HIUPKYJIb.

Boinosinenue padoTsl cnocodcTByeT GOPMIUPOBAHMIO:

OK 01, OK 02, OK 05, OK 07, OK 04,0K 09,IIK 1.5,IIK 2.1,IIK 2.2

MarepuanbHoe of0ecnedyeHue: TpuOOp Il ompeneneHus KOdPGUIMEHTa JTUHEHHOTO
pacuIpeHusi, B COCTaB KOTOPOTO BXOJAT CTEPKHEBBIE 00Pa3IIbl (CTAIBHOM, aTFOMUHUEBBIN, CTEKIITHHBIH,
OpOH30BBII), 4YeTbIpe CTEKISIHHbIE TMPOOUPKH, HUHAMKATOP MajblX MEpPEeMEUIeHU, TepMOMETp
n1a00paTOPHBI, XMMUYECKHIA CTaKaH ¢ BOJOM, IITATUB, IITAHT €HIIUPKYJIb.
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KPATKAS TEOPUA

Bce TBepaple Tenla mpH OXJNAKICHUM W HATPEBAaHMM W3MEHSAIOT CBOM pasMmepbl. Kak mpasuio, c
MIOBBILIEHUEM TEMIIEPATYPbI pa3Mephl T€1 YBEIUUYHUBAIOTCSL.

Kak wu3BecTHO, TBepible Tela MOXXKHO pa3JeluTh Ha JIBE TIpynnbsl: aMmopdHble Tena W
Kpuctanueckue tena. K aMop(HBIM TenaM OTHOCSATCS CTEKJIIO, IIaCTMACChl. DTH BEIECTBa BEAYT ce0s
KaK HMJIKOCTH C aHOMalbHO OOJbIION BsA3KoCThO. Kpucrauimdyeckue BellecTBa OTIMYAIOTCS OT
aMOp(HBIX MPAaBUIBHBIM PACIIOJIOKEHUEM YacTUIl. B KpHuCcTaIIMUecKoi pemeTke TBEPAOro Tella Kakaast
qacTula (MOH, aTOM MJIM MOJIEKYJa) UMEET ONpPEe/IEHHOE OJI0XKEHUE PAaBHOBECHS, OKOJIO KOTOPOTo OHa
coBepHIaeT KojeOaHusl.

B3aumoneiictBue Mexay dYacTULaMM JIFOOOIO BHJA B KPHUCTAIJIE MOXET OBbITh IPEACTaBIECHO
MOTEHIMAJIHLHON KPUBOi, N300pa’keHHOI Ha pucyHKe 1.

KpuBas HecMMMeTpH4YHa OTHOCUTEIBHO MuUHUMYMa. [lo 3TONM mnpuYMHE TONBKO OYEHb Malble
KoJIeOaHUs OKOJIO MOJIOKEHHS paBHOBECHs OyIyT MMETh FapMOHMYECKH Xapaktep. Eciau mpoucxonst
rapMOHUYECKHE KOJIeOaHusl, TO Cpe/lHee MOJIOKEHUE YACTULbl OCTAETCsl HEU3MEHHBIM M COBIAJIAET C ee
[I0JIO)KEHUEM paBHOBECHsl. SIBJI€HME TEIJIOBOIO paclIUpeHus Ipu 3ToM orcyrctByer. C pocTom
aMIUTUTY/Abl KoJjeOaHWH, (Y4TO MPOUCXOAUT MpH MOBBILIEHUH TEMIEpaTypbl), Bce CHIIbHEe Oyaer
MIPOSABIISATHCS AHTAPMOHUYHOCTH (OTKJIOHEHUE KojeOaHui oT rapmoHuyeckux). Ilpu sTom cmenieHue B
OJIHY CTOPOHY U3 y3J1a PEIIETKH 3aHUMAET O0JIbIlI€ BPEMEHH, YEM B IPYTYIO.

OT0 00YCIOBICHO XapaKTEPOM 3aBUCUMOCTH CHJI B3aMMOJEHCTBHS MEXJly aTOMaMHU OT PacCTOSHHS
Mexny Humu. Kak BugHO U3 pucyHka 1, Ha OOJNBIIMX pPACCTOSIHUSIX AaTOMbl IPAaKTUYECKH HE
B3aMMOJEHCTBYIOT APYT C APYTOM.

Ej

t

Ny

Puc. 1

[Ipy ymeHblIEeHMH paccTossHUS ! BO3HMKAeT CWiIa TPUTSHKEHUS MEXAYy aTroMaMH, KoTopas

'
YBCINYNUBACTCA 110 MOAYIIIO 1O HCKOTOPOTO PACCTOAHUA F . 3arem cuna MMPUTSHOKCHUA YMCHBIIACTCA U

1 . o
IIpu pacCTOAIHHUN 0 MCKAY aTOMaMH OHa CTAHOBHUTCS PABHOU HYIIHO. HpI/I AAJIbHCUIIEM YMCHBIICHUU

PACCTOSHHUSA MOABJISETCS CUJIAa OTTAIKMBAHMs, KOTOpas OBICTpO Bo3pacraeT u mpu !~ 0 CTpeMUTCS K
OECKOHEYHOCTH.
F4

Puc. 2
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Takum 00pa3oM, OYEBUAHO, YTO NPU BO3PACTAHMM AMIUIUTYABI KOJICOAHWN aTOMOB BCJEICTBHUE
HarpeBaHusi KpUCTaJla, POCT CHJI OTTAJKUBaHMUS MEXIy aToMaMu MpeodsiafjaeT HaJ POCTOM CHII
IMPUTSDKEHUS. DTO IPUBOJUT K YBEJIIMYEHHUIO CPEIHETO PACCTOSIHUS MEX/ly YaCTULIAMU U, CIIEOBATEIbHO,
K YBEJIMUEHHUIO 00beMa TeJia MPU ero HarpeBaHHUH.

[TonBoast wTOr, 3aKiaO4aeM, 4YTO IPUYMHOM TEIJIOBOIO pPACIIMPEHMs] TBEPABIX TEN SBISAETCS
aHrapMOHUYHOCTH KOJeOaHU aTOMOB B KpUCTAJUIMUECKOH pemeTke. KonnyecTBeHHON XapaKTepUCTUKON
TEIUIOBOTO PACHIMPEHHUS CIIYKAT KO (DUIIMESHTHI TMHEHHOTO M 00bEMHOT0 PaCIIuPEHUsI.

HYCTI) L() — HJINHA 06pa3ua npu OOC, [‘ — HMJINHA 06pa3ua IIpru TEMIICPATYPE [, TOrga pasHoCTb
JUTAH [POIOPIUOHATBHA ¥ Pa3HOCTH TEMIIEPATyp . MosHO 3anmcarsb

rae & — kodpPUIMEHT MPOMOPIMOHATIBHOCTH, Ha3bIBAEMBI KO GHUINECHTOM JIMHEHHOTO PaCIINPEHUS.
N3 (1) umeem:

oL=—- o=——
Ly At Ly At
0 WA 0 ]
KOB(b(bI/IIII/ICHT JII/IHGI;'IHOFO pacmnpeHI/m, IIOKA3bIBACT YBGJII/I‘-IGHI/IG K&)I(I[Ofl CAWHUIIBI JTJIMHBI TCJIa
HpI/I HaneBaHI/II/I Ha 1 K, HpI/I 3TOM CUHUTAEM a HC 3aBUCAIIINUM OT TCMHGpaTypBI.

[MpakTryecku MpH HEOOJIBIIMX U3MEHEHHSX TeMIiepaTypbl X HE3HAUUTEIBHO MU3MEHSETCS, IOATOMY
IUISL PacYe€TOB MOKHO BOCIIOJIB30BATHCS BETUMYNHON CpeAHEro Kod(ppuiineHTa IMHEHHOTO paciupeHus

Ly=1 AL ©)
o= 7 = . .
4y 1 L L,
rac ! W < — HavajlbHas M KOHEYHAas TEMIICpaTyphl TEla, U < — JUIMHA Tella, COOTBCTCTBYIOIIAs

9TUM TEMIIEpaTypaM.

AHasornyHo onpezensercsd KodPpPUIUEHT 00bEMHOT0 pacIiupeHus B .

g= N ___ AV (4)

Volt—ty) Lo (f—fn)_
Koad¢uimenT o0beMHOr0 pactmiMpeHus MOKa3bIBaeT yBEIMYEHHE KaX10l eAUHMIIBI o0bema Telna

pu HarpeBaHuu Ha 1K.
Tak kak OOJBIIMHCTBO KPUCTAIUIOB aHU30TPOITHBL, TO KOA(PPHUIMEHT JIMHEHHOTO pacmmpenus U ms
TaKMX KPUCTAJJIOB OyZEeT pa3jIMuHbIM B pa3HbIX HanpaBiaeHUsX. KoadduineHn sl TemnoBoro pacmmpeHus
0 TpeM KpHCTAIOrpauyeckuM OCsIM KpHUCTaljla Ha3blBAlOTCA TJIAaBHBIMU  KO3((UIIMEeHTaMU

(1] OL:

pacimmpenusi 1 0003HAYAIOTCS A3 Toraga koadduimeHT 00bEMHOTO PACIIMPEHHS KPUCTAILIA

p= Oy +0 +03 Jlis KpUCTAIUIOB ¢ KyOMYeCKOM CUMMETpUEH M JUIsl U30TPOIHBIX Tel

,TOFHa.B:3a

IHopsiaoK BbINIOJIHEHHS PA0OTHI:
1. CrexnstHHBIE TPOOUPKH HA 1/2 0ObeMa 3amOIHNUTE BOJONH KOMHATHON TeMIepaTypsl. MI3MepuTh
TEMIIEpaTypy BOJbI B OAHON U3 MPOOUPOK.
2. I3MepuTh ITaHTeHIIMPKYJIEM HAa4aJbHYIO JIUHY 00pa3lioB. Pe3ynbTaTsl 3aHECTH B TaOJIHUILY.
3. OmycTHTh B KQXIYI0 U3 TPOOUPOK IO UCTIBITYEMOMY CTEPKHIO c(pepruecKuM KOHIIOM BHU3 U
IIOMECTUTH B IITAaTUB.
4. OTBECTH NOBOPOTHBIN KPOHIITEHH, HA KOTOPOM 3aKpPEIUIEH MHAUKATOP MAJIBIX MEPEMEIEHNN,
Ha 4YeTBepTh 000POTa B CTOPOHY A0 yropa. [locie yero npoOHpKy ¢ UCIIBITYEMBIM CTEPKHEM
BBECTH B OTBEPCTHUE HATPEBATEIA YEPE3 PE3UHOBYIO NPOKIAIKY.

BBIPA3HUTCS
(l, =(12 =(\1.1 =q
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5. OTTSHYTH WITOK MHIUKATOPA BBEPX, YCTAHOBUTH MHIUKATOP HAJ MPOOUPKON U OMYCTHUTH IITOK
B yriIyOJIeHHEe Ha KOHIIEe cTepkHs. KpoHITeiH 3aguKCHpOBaTh BUHTOM. 3aMETHTh MOJIOKEHHE
CTpEJIKHY Ha IIKaJie HHAUKATOpa (I IEPBOTO OTMbBITA JIYUIIE CTPENIKY HHIAMKATOPA YCTAHOBHUTH Ha
HYJIEBYIO OTMETKY).
6. BrirrounTh TUTaHUE KHOMIOYHBIM BBIKITIOUaTeNieM. JJoBeCTH BOy 10 KUIICHUS. Y BEIIMUCHUE
JUTMHBI 00pas3iia ONpeeNsieTCs 0 OTKIOHSHHIO CTPEIKH MHIMKATOPa MAJIbIX TIEPEMEIICHUN B
MOMEHT 3aKUTIAHUS BOJIBI.
7. Anst ipoaoymkeHus paboThl M TPOBEICHUS ONBITOB C IPYTHMHU 00pa3iiaMu HEOOXOIUMO:
OTKJIFOUUTH TUTaHHUE TIPHOOPA;
WHJIMKATOp Ha TIOBOPOTHOM KPOHIITEHHE OTBECTH B CTOPOHY IO YIIOpa, MPEIBAPUTEIBHO
OTTSIHYB IIITOK WHAUKATOPA BBEPX;
U3BJICYb M3 MPUOOpa HArpeTyr MPOOHUPKY CO CTEPIKHEM, IOCIE Yero W3BJCYb CTEPKCHb M3
MPOOUPKH, & TOPSIYIO BOY BBUIUTH B XUMUYECKUI CTaKaH;
0 Mepe OCThIBaHUS 00pa3lia MOATOTOBUTH €ro K CISAYIOIEMY U3MEPEHHUIO.
8. AHAJIOTMYHO MTPOBECTH U3MEPECHHUS VISl TPEX OCTABIIUXCS 00pa3ioB. Pe3ynbraTel 3aHecTH B
Tabnuiy.
9. [IpoBecTu MOOYEPETHO U3MEPECHHUS TSI KAXKIOTO 00pasiia He MeHee TpeX pas.
10. I[IpousBecTr pacyeT YUCICHHOTO 3HAUCHHS KO3 PHUIIMEHTA TUHEHHOTO PaCIIUPEHUS U
OTIPEACIUTH TOTPEITHOCTh U3MEPCHHM.

Tabnuya
1 2 3 4
Hcnbityemsii Ne Havanbnas Havanbnas
obpasen ombITa mmHa Ly, m Temmeparypa ti, °c

AIIIOMUHUEBLIN 1
CTEPKEHD

P 2

3

CTaJILHOI 1
CTEpXKEHB

2

3

CTEKJITHHBIN 1
CTEPKEHD

p 2

3

OpOH30BBII 1
CTEpXKEHD

2

3

5 6 7 8 9 10
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[Toka3zanust nHAMKATOpa AL a. o TabmuuHoe g,

B JIEJIEHUSAX TIPH M 1/K 1 /K, a 1/K %
tz, °C t,=100°C
KOHTPOJIBHBIE BOITPOCBHI

1. Tsepnable Tena. MOHO- U OJTMKPUCTAILIIBI.
2. CrpoeHue u 0COOEHHOCTH KPUCTANINYECKUX U aMOP(HBIX TeJ. AHU30TPOIIUS.
3. OOBACHUTH TEIUIOBOE PACIIMPEHNUE TBEPABIX TEIl.
4. Yro HazpiBaeTcs K03QHUIIMESHTOM TMHEWHOTO PACIIMPEHHUS U 00BEMHOTO PACIIUPEHUS?
5. Kakas cymiecTByeT CBs3b MEXIy KO3 PHUIIMEHTaMU JTHHEHHOTO B 00BEMHOTO paCIIUPEHUs?
6. Pacckaxxute o Meroze ompeneneHuss Ko3ppuiueHTa JIMHEHHOTo paclIMpeHus TBEPAbIX Tel,

KOTOPBIN MCIIOJIB3YETCs B IaHHOU padore.
7. IlpoaHanu3upyiTe, 4eM OINpPEAEAETCs OIPEIIHOCTh U3MEPEHHUS.

®opma mpeacTaBJieHus pe3yJbTarTa:
Pabora momkHa ObITH BBIIOJIHEHA B TETPAAH IS JIAOOPATOPHBIX paboT.
Kpurepun oneHku:
3a mpaBUIILHO BBIMTOJHEHHOE 33JaHHE BHICTABIIIECTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMmpaBUWJIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIISETCS OTpUIlaTeIbHas olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBHUIBHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% nmpaBUIBLHBIX OTBETOB
Oyenra «Heyoosiemeopumenbvhoy svicmagisiemcs 3a Mmenee 60% npaBUIBHBIX OTBETOB

Tema 3.3. ArperaTHble cOCTOSIHMS BellleCTBA U (pa30BbIe Mepexo/bl.

JIabopaTopHoe 3ansaTHe N210

Onpene.ﬂeﬂne y}]eJ’l])HOﬁ TCIVIOEMKOCTH pa3/iIMYHbIX ME€TAJJI0OB

Ienb: SKCHEpUMEHTANbHOE  OINPENEICHME  YIENbHOW  TEIJIOEMKOCTM  TBEPAOrO  Tela
(METAIITHYECKOTO UITUHIPA)

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04,0K 09,I1K 1.5,T1K 2.1,IIK 2.2

MarepunanbHoe odecnedeHue: KIOPUMETP WM JBAa COCYJa, KOTOPbIE MOKHO BCTaBUTb OJUH B
Jpyroi, U3MEpUTEIbHBIH HWIMHIP (MEH3YypKa), TEPMOMETpP, CTakaH C BOJOH, BEChl C Pa3HOBECAMH,
LWIMH]P METAJUIMYECKUI C HUTBIO, COCYJ C TOpSYel BOAOK.

ITopsinok BbINOJHEHHS PadOTHI:

1.0npenenum maccy (ml) u remmnepatypy (t1) Xono1HON BOJBI.

2. C moMo1Ib0 BECOB OMPEACTUM MacCy METAIITMYECKOTo IMIHHpa (m2).
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3. OnycTuM HWIMHAP B KAJTOPUMETp ¢ ropsiuel Bogoi. 3mepum ee Temneparypy (t2 -3ta Temneparypa
1 OyJeT Ha4aJIbHOM TeMITepaTypoi IUINHAPA).

4. Tlocne 3TOrO MO-Me-1a-eM LU-TUHIP B XO-JOJ-HYIO BOJY M, ITO-Me-IHU-Bas BOAY TEP-MO-MET-POM,
U3-Me-psi-eM yCTa-HO-BHUB-IIY-I0-CS B PE-3yJIb-Ta-T€ TEI-JI0-00-Me-Ha TeM-le-pa-Ty-py ( t - oOmias
TeMIepaTypa BOJIbl U LIMIUHIPA).

5. Pe3ynbrarel 3aHeceM B TaOJIUILY.

Macca Bonsl BHavanbHasg 'V neapHas Macca HauannHas OO61mas
KaJIOPUMETPE TeMIiepaTypa  [TEIUIOEMKOCTh  [MJIMHApA TeMIiepaTypa  (TeMrmeparypa
BOJbI [ATMHAPA BOIbI i1
ml , kr BOJIBI, m?2 , KT AT PA
tl, 0C i t2, 0C
T t,0C
c2, ke °C
4 200

6.PaccunTaeM ynenbHYIO TEIUIOEMKOCTh TBEPAOTO Tela (METAUIMYECKOT0 UINH/PA) 1Mo popmyie:

N o e e e
gy =cym(t—1, )

0., = cama.(t, — 1],
’
Ql = Qﬁ = '.-'j_-i-r:j_llt-_ tl-'l = L‘ﬁ.i?:ﬁlltﬁ - !-_:I_
’
ooy lt—t)
La — 4 "
- (e t--"h — T

7.CpaBHUM MOJIyYEHHBIH PE3yJIbTaT C TAOJIUYHBIM.
OmnpenenyM BeECTBO, U3 KOTOPOT'O U3TOTOBJIECH LIMINHIP.

8. JlemaeM COOTBETCTBYIOIIUN BbIBOJA. OOBSCHIEM MOITYYEHHBINH Pe3yabTaT U €CIU HYXKHO, TO MOYEMY
MOJTyYEHHBIH pe3ysbTaT He COBMAJAET C TAOJUYHBIM.

KoHTponbHble BONpochi:
1. OObsicCHMTE, KaK BIMSET Ha MOJTY4YEHHbIE PE3YNIbTAThl Y4acTHE B TEINIOOOMEHE KalOpUMETpa.
Bceerna nmu MOXKHO 3TUM BIMSTHUEM ITpeHeOpeyn?
2. Kaxoii npouecc 6yaeT npoucxoIuTh MEXY TeTaMH?
3. A Kak u3MeHseTcs BHYTPEHHss1 DHEPTUs TeJl PH TerioooMeHe?
4. K kakoMy pe3ynbTary yAelbHOH TEeJI0OEMKOCTH (3aB€0MO 3aBBIIIEHHOMY WJIH 3aBEJIOMO

3aHMKEHHOMY) IPUBOUT UCTIONIb3Yye-Mblii B pabote meron? Ilouemy?

dopma npeacTaBiIeHus pe3yabTara:

Pabota nomkHa OBITH BBINOJIHEHA B TETPAIH LIS JJAOOPATOPHBIX padoT.

Kpurepum ouenku:
3a IpaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABISICTCS TTOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HenpaBWIGHO BHITOJHEHHOE JICHCTBIE, 3aJaHIe BRICTABIISIETCS OTPUIIATeNbHAS OolleHKa — 0 6aiIoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB
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Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIbHBIX OTBETOB

Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenxa «HeyoosiemeopumenbHoy svicmasisemcs 3a Mmenee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.3. ArperatHbie cOCTOSIHMSI BelllecTBA U (pa30BbIe NMePexo/bl.

JIabopaTopHoe 3aHsATHe N211

Onpenesenne K03 PpUUMEHTA YIPYTOCTH M MOYJISl YIIPYTOCTH NpH AedopMannu pacTaKeHUus u

CiKaTus

Heas: ompenenenne KodpQuIMEHTa YOPYrocTH W MOXAYJS YIOPYroCTH TpU  aedopManuu

PACTAKCHUA.

Boinosinenue padorsl ciocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 05, OK 07, OK 04,0K 09,I1K 1.5,1IK 2.1,IIK 2.2
MarepuanbHoe obecrneyeHue:
BHUpTyabHas TaboparopHas padora 1.09 Onpenenenne kodphu-
[MEHTa YIPYTOCTH U MOAYJISI YIPYTOCTH IpU JeopMaIii pacTsHKEHUS
http://mediadidaktika.ru/mod/page/view.php?id=13

Kparkas Teopus

B Teopun ynpyroctu noj cioBom «aepopMmaiusny) MOHUMAarOT BCIKOE U3MEHe-
HUE B OTHOCUTEIBHOM PaCIOJI0KEHUH YaCTHUI] TBEPAOIO TENA, BOZHUKAIOILIEE M0
Cpenn MHOXKECTBA PA3IMYHBIX BUAOB JeOopMalluy CleAyeT OTMETUTh Mpo-
creiiume: aedopmarus pactskeHus (cxxaTtust) u nedopmanus casura. Bee ocranb-
HbIE BUIBI JehopMaliuu UMEIoT 0oJiee UM MEHee CIIOXKHBIN XapakTep. B ciyuae,
ecnu ieopMalvy Majibl, TO MOXKHO JIF00YI0 AeopmMaliuio paccMaTpuBaTh Kak
CYMMY HEKOTOPBIX PaCTsDKEHUN U CIBUTOB.

[Tpu moOom Buae nedopmalnu, eciii OHa HE OUYEHb BEJIMKA IO CPAaBHEHHIO C
pa3MepaMu caMoro Tejla, BO3HUKAET CHUJla, KOTOpasi CTapaeTcsl BEPHYTh TEJO B TO
COCTOSIHUE, B KOTOPOM OHO OBLIO /10 JeopMalni. DTa CUla U Ha3bIBAETCS CUIION
ynpyroctu. Cuia ynpyrocTH ¢ BeI3bIBAIOIIEH ee gedopMalreit cBsizana:

Fymp=- kX,

31ech k — K03 HUIUEeHT MPOMOPITMOHATBPHOCTH, HA3bIBAEMBIN KECTKOCTHIO TEJA;
Paccmotpum nedopmanuio pactsikenus. [log neiicTBueM cuiibl TSXKECTH TPY-

3a F mpoBosioka wim crep:keHb JNIMHOM L monepeyHoro ceyeHus S pacTarupa-
eTcst Ha BenuunHy L . CBs3b MEXy yAJIMHEHUEM NPOBOJIOKU L u cuiioi

F = mg , BeI3bIBatONIEN 3TO yJIMHEHHE, BBIpaXKaeTcs 3aKOHOM [ 'yka

AL _F
L N
rae K - KOS(I)&I)IA/II_II/ICHT YHOPYTOCTH;
AL
=&y
L

— OTHOCHTEJIbHAS ehopmarius,
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s 7
ycwine (MeXaHU4YeCKOoe HaIpsHKEHUE).
CrnenoBaTeibHO,
koAL.S
L F

Koaddunmentom ynpyroctu Ha3biBaeTcsl pu3NUeCcKasi BEIMUYNHA, YUCICHHO
paBHAasi OTHOCUTEILHOMY YAJMHEHUIO TIPU JIEUCTBUM YCHIIUSI PABHOTO €IMHHUIIE.
Tornma moxyns ynpyroctu (Monynb FOHra) paBen

gl LF
K AL-S

CrnenoBatenbHO, MOy b HOHTa YUCIEHHO paBeH OTHOIICHUIO HAIIPSKEHUS K

OTHOCUTEILHOMY YJIMHEHUIO. JpyrumMu ciioBaMu, MoAy/Ib FOHra 4ncieHHo paBex

TOMY HaIPsDKEHUIO, TPU KOTOPOM JIJTMHA PACTITMBaeMOro o0pasia yABOUIACH Obl

(ecru OBI IPU TAKUX HAIIPSDKEHUSX TEJIO OCTABAIOCH YIIPYTHM H IIPOJIOJIKAIIO CIIe-

noBaTh 3aKoHy ['yka). B elcTBUTENIBLHOCTH ropa3o paHbliie, 4eM OyJeT TOCTHT -

HYTO TaKO€ HANPSDKEHUE, TEJIO UCIIBITACT TUIACTUYECKYIO TehopMaIiiio 1 paso-

pBeTcsl.

Jlist kaxaoro Marepraina Moayib HOHra umeer mocTossHHOE 3HaueHune. Mo-

nyns FOura B CU usmepsitoT B enununax gasinenus H/m2. Tlpu pactsxenun

CTEP>KHSI I TTPOBOJIOKU pabOTa BHEITHEN CHJIbI YBEJITUYUBAET YHEPTHUIO YIIPYTO

PaCTSIHYTOM MPOBOJIOKH.

Onucanue YCTAaHOBKHA U M€TO1a U3MEPECHUS

OnpeaeaeHue KohhuumMeHTa
YNPYTrOCTH U MOAYAR YNPYTOCTH
npu Aehopmaumy pacTikKeHus

Pucynox 1.

Jliist paboTBI UCTIONIB3YETCS yCTaHOBKA, TOKa3aHHAsl HA PUCYHKE 1, KOTOPYIO
HE00XO0/IMMO 3aITyCTUTh 110 CCHUIKE C IopTalia

YcTaHoBKa npeAcTaBiseT co00i HATAHYTYIO IPOBOJIOKY JTMHON L, K HIXKHEMY
KOHIlYy KOTOPO¥ IIPUKPEIUIETCS TPy3 Maccoil m. B BepXxHeM paBoM yrily pacro-
JIOKEH MHAMKATOP, YKA3bIBAIOILUI BEIMYUHY Je(POPMALUU PACTSKEHHSI B COTHIX

115



JOJIIX MUJUIMMETPOB. B HI>KHEM npaBoM yriy umeertcs naHens «llapamerpsl
YCTaHOBKHM». B Hell MOXHO 3a/1aBaTh 3HaYEHHs TUaMeTpa U JJUHBI MPOBOJIOKH d U L, COOTBETCTBEHHO,
Maccy rpy3a, BBI3BIBAIOIIETO 1e(hOPMAIHIO PACTSHKEHUS, M U

YAJIMHEHHE MPOBOJIOKH L .

IHopsiiok BbINOJIHEHUS PA0OTHI

1 Beeaure nyxubie napamerpsl d, L (BbIOpaTh caMuM MIIM BBECTHU 33JJaHHBIE
IperoiaBaTeNieM) U 3alMIIUTe UX 3Ha4eHus nepea tabnuuen 1 Paccuuraiite
IUIOLIA/1b MTOTMIEPEYHOr0 CEUEHHUS MTPOBOIOKH S. Brinmute B Tabnuiy 1

2 Memnss 3Hauenust Mmaccbl ot 0 1o 10 kr ¢ marom 1, 3anummTe B Ta0JIHITY 1O-
kazaHus L.

3 Beruucnute 3HaueHus aencTByromen cuibl F.

4 JInst KaKJI0T0 3HAUCHHUS HATPy3KHU ONpEAeNIUTEe CPEAHIOI0 BEIHUHNHY KO3 (-
¢unmenta K u monyns ynpyroctu E .

5 OueHuTe NOrPeIHOCTh MOTYYEHHOTO 3HaueHUs Ecp KOCBEHHBIX U3MEPEHU.
6 Vcnonp3yiiTe moJy4eHHbIE PE3YIbTaThl sl MIOCTPOCHUS TpaduKa 3aBUCH-
MOCTH a0COIIOTHOTO yATuHEHHs oT npuioxeHHou cuibl L =f(F). Cnenaiite
BBIBOJ] O IPUMEHUMOCTH 3aKOoHa ['yKa mpu 3THX Harpyskax.

HavanbHasi iimHa npoBoJioku L =

JAuamerp npoBoJioku d=

I[L1omaap nonepevyHoOro cevyeHusi MPOBOJIOKH S =

Tabnuua 1.
HAIrpyska O1HoCH- E cp,
Ha npopo- | HAUPMKE=| @ @ bHas 2 ‘ 2| HAM?
No AL | o HHE O, . K,wH | E,Hw o
Yy 2 aeopma-
= - H/m
m, K F.H LM, EL
1
2
3

7. Ilo pe3yibTaTaM I/I3MepeHI/II71 OIIPECACIIUTEC MAaTCpUall, U3 KOTOPOIo U3rOTOB-
JICHA ITpOBOJIOKA.

KonTpoabHbIe BONPOCHI

1. Kakoii Buz gfeopmanu UMeeT MeCTO B JaHHOM pabote? 3anuiuTe 3aKoH ['y-
Ka JJIs1 3TOro BUJa JeopMaluu.

2. KakoB ¢uznuecknii cmbica moaynst FOnra? 3anummre GpopMyity, o KOTOPOM
MO’KHO paccuuTarh MoayJb FOHra.

3. Kakue nedopmanuu HazpIBatoTCs ynpyrumu? UTo Ha3pIBaeTCs MpeaesoM mpo-
MOPLUOHAILHOCTH U IIpefesioM npodyHocTu? Hapucylite nnarpaMmy Hampsixke-
HUM 1715 KaKOro-HUOY/b BEIleCTBA M Ha HEM MOKakKUTe 00J71acTH, COOTBETCTBY-
IOLLME MPEEITy NPONOPLUHOHAIBHOCTH, IPEAETY YIPYTOCTH, IPEAEITY TEKyUe-
CTH U Ipesieny IPOYHOCTH.

4. Beienute hopMyny /Ui pacdera SHEpPruM yupyrou negopmanuu.

5. O6bsicHuTe siBIEHHUE JeOpMaIlUU C TOUKH 3PEHUS CTPOEHUS MOJIEKYIL.

6. [IpuBeauTe MpUMephl TEXHUYECKOTO MPUMEHEHHS IBJICHUS Je(pOopMaIium.

®opma nmpeacTaBjieHus pe3yJbTaTa:
PaboTa nomkHa ObITH BBIMOJIHEHA B TETPAAH ISl JIAOOPATOPHBIX paboT.
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Kpurtepun onenkn:
3a MpaBUIILHO BBHITOJIHEHHOE 33JJaHHE BHICTABIISICTCS TIOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATENbHAs olleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbvHoy svicmasisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 4.2 3aK0oHBI MOCTOAHHOI'0 TOKA

JIabopaTopHoe 3aHsATHe N212

Onpe)le.ﬂelme YACJBHOT0 COIIPOTHUBJICHUA IIPOBOJIHUKA

Henab: onpenenenre yaeabHOro COMPOTUBIICHUS IPOBOJIHUKA SKCIIEPUMEHTABHBIM ITyTeM
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04,0K 09,IIK 1.5,TIK 2.1,ITIK 2.2
MarepunanbHoe oOecrieyeHHe: HCTOYHUK  TOKa, aMIIEPMETP, BOJIBTMETpP, COEAMHUTEIbHBIE
MPOBOJA, KIIOY, IITAHTCHIMPKYNb, JUHEHKA, KYyCOK IPOBOJA, YIECIbHOE COINPOTUBICHHE KOTOPOTO
OIpeeseTCs.
3aganme:
1. CamocTosTeNnbHO COOPATh AIECKTPUUECKYIO IEMb [0 CXEME.
2. CHATh IOKa3aHUS aMIIepMETPa U BOJIbTMETPA.
3. Hcnonp3ys IITaHTEHIUMPKYJIb W JIMHEHKY, HAayUUTBCS OIPENENATh T€OMETPUYECKHE pa3Mepbl
MIPOBOHHKA.
4. Omnpenenuth BEIUYHUHY YIEJIBHOTO CONPOTUBIICHUS METaslIa.
Ilopsinok BbINOJHEHHS Pa0OTHI:
1. CoOpatb 1enb Mo cxeme U Moka3ath JJIsl IPOBEPKH PYKOBOIUTEIIO.

&)
N ¥ 2. 3aMKHYTb [IEMlb U CHATH MIOKA3aHUsI aMIIePMETPa 1
— BOJITMETPA.
- 3. BbIYHCITUTH COMPOTUBIICHUE MIPOBOIHKKA TI0 (GOpMYJIE.
4, I/I3MepI/ITI) AJIMHY Y BBIYUCIIWTD IJIOIIAAb IMMOIICPEYHOI0

cedeHus TPOBOIHUKA IO GopMyJIe:
, Tae - mnamerp mpoBOJHUKA.

. 1’.’3 .
g4 po U
4 !

5. BprauciuTh yaenpHOE COMPOTHUBIICHHE 1O (hopmyIie:

6. JlanHbie 3aHeCTH B Tadmry 1.
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7. Bbauciauth aOCOMOTHYIO (A) M OTHOCUTEIBHYIO (€) TOTPEIIHOCTH U3MEPEHUH M0 (hopmyam:

A ,
A=\Prigr. = Promvy. £ =——-100%
Pragn.
8. Cnenatp BbIBOJ 1O padoTe.
TabauaNel
U.B I. A R.On| (v | d.m 2.4 A, O
S s M F P i £.%
Owt-
J

BEMECTBO

KoHTpoJibHBbIE BOPOCHI

1. Or kakux BEIUYMH U KaK 3aBUCUT CONPOTUBIIECHUE MPSIMOJUHEHHOr0 METAJUIMYECKOTo
MPOBOJHUKA?

2. JlBa MeAHBIX TPOBOJHHKA HWMEIOT OAWHAKOBYIO JUIMHY, HO pPa3IMYHYIO IUIONIA/Ib
MornepeyHoro cedyeHus.:1,6 v’ u 0,8 wmm%  Kakoit MPOBOJHUK HMEET MEHbIIIEee
COIPOTUBIIEHUE U BO CKOJIBKO pa3?

3. CKOJBKO METPOB HHUKEIMHOBOTO MPOBOJA IJIOLIAAbI0 momepeyHoro cedenus 0.1 mm
noTpeOyeTcsl AJisi M3TOTOBJICHHMSI peocTaTa ¢ MaKCUMaJbHBIM corpotuBieHruemM 180 Owm?
VY nenvHOe conpoTuBiieHre HuKenuHa 0,42 10%0M M.

®dopma npeacTraBjeHus pe3yabTara:
PaGota gomkHa OBITH BHIMIOJIHEHA B TETPAIU IS JTa0OPATOPHBIX paboT
Kputepuu onenkmu:
3a npaBUJIHHO BBIMOJIHEHHOE 33JaHKUE BHICTABIISIETCS MOJIOKUTENbHAS OIleHKa — 1 Oa.
3a HelpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHKE BBICTABIISETCS OTpHUIIaTeIbHas olieHKa — () 6aoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumensroy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

2

Tema 4.2 3aK0oHBI MOCTOAHHOI0 TOKA

JIabopaTopHoe 3ansaTHe N213

:‘)KCHepHMeHTaJILHaH NMPoOBEPKaA 3AKOHOB NMAPAJNJICJIBbHOI0O M MOCJIeA0BATCABbHOI0 COCANMHECHU A
NMPOBOJIHUKOB

eab: M3y4nTh NOCIEAOBATENBHOE U NAPAILIEIBHOE COEAMHEHMUS TPOBOTHUKOB
BbinosiHenune padoTsl crnoco0cTBYeT (JOPMUPOBAHUIO:

OK 01, OK 02, OK 05, OK 07, OK 04,0K 09,IIK 1.5,IIK 2.1,IIK 2.2
MarepunanbHoe obecrnieyeHue:

HcTOYHUK 3IEKTPUYECKON SHEPruu ¢ MOCTOSIHHBIM HampsbkeHueM (He Bbliie 25B); BomabTMeETp
IIKOJIbHBIM;  aMIepMeTp  UIKOJbHBIM, HabOp JEMOHCTPAllMOHHBIX  PE3UCTOPOB C  pa3sHBIMHU
CONPOTHUBIICHUSAMH, KJIFOY, COEAMHUTENBHBIE TPOBO/IA.

3aganue:
1. O3HakombTECH C TEOPETUUECKUM MATEPUATIOM:
Teopus

118



[locnenoBarenbHOE M TMapayiebHOE COCJUHEHHUSI B 3JEKTPOTEXHHKE — JIBa OCHOBHBIX CIIOCO0a
COEJIMHEHUS DJIEMEHTOB AIEKTpUuYecKoW wnenu. IIpum mocienoBaTenbHOM COEAMHEHHHM BCE 3JIEMEHTHI
CBSI3aHBI IPYT C IPYI'OM TakK, YTO BKJIIOYAIOIIMM UX Y4aCTOK LN HEe uMeeT (puc.l) Hu ogHOro y31a.

ITpu napasuienbHOM COeAMHEHUH (pHC.2) BCEe BXOJAIINE B LIENb IEMEHTHl OObEJUHEHBI IBYMsI y3JIaMH U
HE UMEIOT CBSI3€H C JAPYTUMH y3JIaMH, €CIH 3TO HEe HMPOTHBOPEUYHT ycioBuio. [Ipu mocnemoBarenbHOM
COEJIMHEHUM IIPOBOJHUKOB CHJIa TOKAa BO BCEX IPOBOAHMKAX oxaumHakoBa. [Ipu mnocnenoBarenbHOM
COEZIMHEHUH MTPOBOIHUKOB CHJIA TOKA B JTFOOBIX YACTSIX IETH OJHA U Ta XKe:

I — I 1 — I D
[lomHoe HampspkeHHE B LM NPU MOCIEIOBATEIBHOM COCIMHEHHWH, WM HampsDKeHHE Ha MOJIocax
MCTOYHMKA TOKA, PABHO CyMMe€ HallpsDKEHUH Ha OTAENbHBIX YyUacTKaX LEMHu:

L}T: L‘rl + l,/r2‘
Puc.1.
R, R, R,
R=Ri+Ry+---+R,

[Ipn napamienTbHOM COSIMHECHUW TAJCHHE HANPSHKCHHS MEKIY IBYMS Y3JIaMH, OOBEIUHSIIONIMMHU
AJIEMEHTHI IIeNH, OJUHAKOBO A1 BCEX DJIEMEHTOB.

[Ipu 3TOM BenmumHa, OOpaTHas OOIIEMY COINPOTHBICHUIO IIEMH, PaBHA CyMME BEJIHYWH, OOpAaTHBIX
CONPOTHUBJICHUSIM MapajlieJIbHO BKJIIOUYEHHBIX MPOBOJHUKOB. CHila TOKa B HEPA3BETBICHHOW YaCTH IEMH

HaHpH)I(eHI/Ie Ha y4JacCTKax IeIun AB n Ha KOHIax BCCX MapalyICJIbHO COCAMHCHHLIX ITIPOBOAHHUKOB OJJHO U
TO K€

(,’r: l,’rl e [}r‘zo

PI/I(,l.2.

Z[J'IH ABYX IAapaJlJICJIbHO COCAUHCHHBIX PE3UCTOPOB UX 06mee COIIPOTUBJICHHUEC PABHO:
1

RiRs
BR= a0
Ry + Ry,

By =8, =Ry o0y R

Ecnu , TO 00IIIee COMPOTUBIICHUE PABHO:

_

n.

[Ipu mapamienTbHOM COEAMHEHUU PE3UCTOPOB MX 00Iee COMPOTHUBIICHHE OYJET MEHbIIE HAUMEHBIIIETO
W3 COMPOTHUBJICHUM.
2. CHSB MOKa3aHUs HAMPSDKEHUN W CHJT TOKA HA KaXJIOM U3 YYacTKOB IIEMH, HEOOXOIMMO CBEPHUTH
COOTBECTCTBYIOIIIME H3MCPCHHLIC W BBIYHMCJICHHBIC q)HSH‘-IeCKI/Ie BCJIIMYHHBI, a 110 pE3yjibTaTaM
TaKoOW CBEPKH — CAENaTh BBIBOJ] O IPOJENaHHON paboTe
Xox pa0doThI:
1. Ilocneooseamenvnoe coedunenue nposoOHUKOS.
1. Cobparts nemnsb mo cxeme (puc. 1):
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puc. 1

2.  V3meputs HampsiKeHHUE, CHITy TOKa Ha TIEPBOM PE3UCTOPE.
3. H3meHutp cxemy YCTaHOBKM U HU3MEPUTh HANpsHKEHHE Ha BTOpoM pesuctope. Cxemy
HApUCOBAThH B TETPA/Ib.

4.  Beruaucauth cymmy Hanpspkennin Ul+U2 .
5.  M3MeHuTh cxemy YCTaHOBKM M U3MEPHTH OO0IIee HANPsDKEHUE Ha IBYX corpoTuBieHusx Ul2 .
6. IIpoBeputs, BeIMoJHsAETCS U paBeHcTBO: U12=U1+U2.
7. IlpoBepuTh CIIpaBeIMBOCTH PABEHCTB

Ri=Ri+R, n 2= %

U, R

I1. ITapanyeabHOE cOeTUHEHNE TPOBOTHUKOB.
1. CoOpartp nemnb 1o cxeme (puc. 2):

puc. 2
2. H3mepuTs HampspKEHUE, CHITY TOKa Ha TIEPBOM PE3UCTOPE.
3. H3MeHHTb cXeMy YCTaHOBKM M H3MEPUTh CHJIy TOKa Ha BTOpOM pesucrope. Cxemy
HApUCOBAThH B TETPAIb.
4. Bpruaucnuts cymmy TokoB 11+12 .
N3MeHuTh cXeMy yCTaHOBKHM M U3MEPHTH OOIIYIO CHTy TOKa B 1iern 112 .
[TpoBepuTh, BhIMONHSETCS U paBeHCTBO: 112=11+12.
[TpoBepuTh CrIpaBeITMBOCTH PAaBEHCTB

No o

I/Ri=1/Ri+1/Rym Lo = %
! 2 RI
KoHTpoJibHBIE BONIPOCHI:
1. Kakoe coenuHeHHne CONPOTHBICHUH Ha3bIBaETCs MOCieA0BaTeNbHbIM? YeMy paBHBI
COIIPOTHUBIIEHUE, CUJIA TOKA, HAMPSKEHUE B LIETIH IIPU TAKOM COEAUHEHUU?
2. Kakoe coennHeHre COTPOTUBIICHUI Ha3bIBaeTCs NapaysienbHbIM? YeMy paBHBI
COIIPOTHUBIIEHUE, CUJIA TOKA, HAPSHKEHUE B 1IETIH IPU TAKOM COECTUHEHHUH?
3. HazoBute mmochl 1 MUHYCBHI TApAJIIIETBHOTO U ITOCIEI0BATEILHOIO COEAMHEHUH
MIPOBOJTHUKOB?
4. TlpuBenute MpUMepsl MapaIeTBLHOTO U MOCIEA0BATEILHOIO COEAMHEHUS TPOBOIHUKOB.
dopma npeacraBJieHUs pe3yabTara:
PaboTa nomkHa ObITh BBIMOJIHEHA B TETPAAU ISl JAOOPaTOPHBIX paboT
Kpurepumn oneHku:
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3a MpaBUJILHO BBIOJHCHHOE 33/JaHHE BHICTABJISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JCHWCTBUE, 3aJJaHHE BBICTABIISICTCS OTpUIIAaTEIbHAs OlleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

Oyenka «HeyoosiemeopumenvHoy svicmasisencs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.2 3aK0oHBI MOCTOAHHOI'O0 TOKA

JlabopaTopHoe 3aHATHE N214

HN3y4denue padorbl mysabTuMerpa. Onpenesnenue J/1C u BHyTpeHHEro CONpoTUBJIEHUS HCTOYHHUKA
JJIEKTPUYECKOM IHEPrumn
Leab: HaAy4YUTHCS TOIB30BATHCS MYIBTUMETPOM ISl PA3HBIX PEKUMOB PaOOTHI
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
1. OK 01, OK 02, OK 05, OK 07, OK 040K 09
2. I1P64; I1P66; ITPG7; I1P610;
3. TIIPyl; ITPy2; [TPy3; [1Py4; ITPy5; I1Py9; [1Py11;
4. MP8MP9,MP10,MP21,MP17,MP13
5. JIP 26 ,JIP 14,JIP 23,JIP 13

MarepuanbHoe obecniedeHue: MyJIbTUMETP, HAOOP PE3UCTOPOB, NO/bI, TPUOABI, UCTOUHUK TOKA,
peocTaT, COeIMHUTEIbHBIE IIPOBOJA, KIIHOY.
HNHcTpyKuus no npuMeHeHHI0 MyJIbTHMeETPA
Ilepexaroyaresnb pexuMa U AUANA30HA U3MEpPEeHUil.
[lepexmouarens pexxuma U 1Mana3oHa U3MEPEeHUI UCIONb3YeTC s Al BKIOUEHUs Ipubopa, a Takxke Jis
BbIOOpA JKETaeMoro pexxuMa padoThl U mpenena u3MepeHus. s yBeIHMueHUsl cpoka ciy»Obl O6arapen,
NIEpEeBOUTE NepeKitoyarensb B nojgoxkenue «OFF», nocine BBINOIHEHNS U3MEPEHUIA.
N3mepenne HanpsizkeHUsI NOCTOSIHHOTO M IIEPEMEHHOI0 TOKa.
1.IToaxnrounte KpacHbIi pa3beM B rHE310 «VQmA», yepHbIi pa3beM B rHe310 «COM»
2.YcTaHOBUTE NEPEKIIIOUATENb PEXXMMA U3MEPEHUM Ha KEJIaeMblil 1Mara30H U3MEPEHUs HANPSKEHUS , B
Cllydya€ €CJIM HEHU3BECTHO IIPUMEPHOE 3HAUYEHUE HANpsOHKEHUs , YCTAaHOBUTE MEpeKsouyaTeiab Ha
MaKCHMaJbHOE 3HAUYEHUE U CHIKAKNTE Mpeie U3MEPEHUS 0 NOJy4EHHUS ONITUMAIbHOIO 3HAYEHUS .

Pexum Ilar uzmepenus [TorpemHocTs

200 mB 100 MB +0,5 % mns 3ro 3HaKa
2000 mB 1 MB +0,8 % mis 2ro 3Haka
20B 10 MB

200 B 100 MB +1,0 % s 2ro 3HaKa

3. [lpukocHutech NMpoOHMKAMU K YCTPONCTBY WJIM TOUYKAM 3JIEKTPUUECKON CXeMbl . rie Tpedyercs
U3MEPUTH HANPSKEHUE.

4. B cnyyae Hanmu4Msl HarpsKEHUsI TPUOOP MOKaXKeT HANPsKEHNE U MOISPHOCTbD.

HN3mepeHue NOCTOAHHOIO TOKA

1.IToaxmnrounte KpacHbIi MPOOHUK K pazbeMy «VQmAy». Uepnbiit k pazbeMy «COM»(u1s usmepeHus
ToKOB 0T 200MA 110 10 A ncnone3yiite pazseM «10A»)

2 VYcraHOBHTE NEpeKtoYaTeNlb BbIOOpAa peXKMMa H3MEpPEHHMH Ha >KeJlaeMblil Tpeaen H3MEpeHus
IIOCTOSIHHOT'O TOKA .

3.PazpeiuHuTE HU3MEPSAEMYIO IEKTPUUECKYIO LI€Nb U MOJCOCAMHUTE MPOOHUKU IOCIEN0BATEIbHO C
Harpy3Kou.
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4. Ha nucrinee nosiBUTCS 3HAYEHUSI TOKA.

6. Pazbem «l10A» mnpenHasHauyeH Ui HEYACTOTO MCIIOJIL30BaHUs. Bpemsi u3mepeHus HeE ITOJKHO
MpeBbIIaTh 15 CeKyHI, a MeXAy H3MEpPEHUSMU HEOOXOIWMO BBLICPKHBATh HECKOJBKO CEKYH]I BO
n30exaHue MOBPEXKACHUS IprOOpa.

HN3mepeHue conpoTUBJIeHUS

1.IlpucoeauuuTe KpacHbI MpoOHUK K pazbeMy «VQmAy. UepHbiii k pazbemy «COM».

2.YcraHoBUTE IMEpeKiouaTelb BbHIOOpAa pEeXMMa HW3MEPEHHM Ha JKellaeMbld Tpelnesa HU3MEpeHus
COIPOTUBIICHUSI.

3. Ilpunoxure nNpPOOHUKM K H3MepseMoMy oO0pa3ily, AWCIUIEH OTOOpa3suT TpU OITOM 3HAYCHHE
COIPOTHUBIICHUS .

Pexum MHoxHTENDb [TorpemnocTs
200Q 0,1 +(1.0% ms 10ro 3Haka)
2000Q2 1
20KQ 10

200KQ 100 +(1.0% mst 4ro 3HaKa)

2000KQ 1000

IIpoBepka nnomxoB
1.IonkmounTte KpacHbI MPOOHUK K pazbeMy «VOQmAY., yepHbIil K pazbeMmy «COM».
2. YcTraHOBHTE MEpeKIIoUaTesb BBIOOPa pexXuMa H3MEPEHNH Ha 3HAYOK |[A1oaa
3. CoenunHuTe KpacHBIA MPOOHUK C aHOJIOM () TECTHPYEMOTO JHOAA, @ YEPHBIA MPOOHUK C KATOAOM (1)
4. Jlucnneil moKakeT 3HAYEHUE HalpspKeHHs B MB. eciau mosisipHOCTH Iuona NepemyraHa , JUCIUICH
otobpazut «1».
HN3mepenue remnepaTrypbl
1.IIpucoenunute Tepmonapy k pazbemy «VQmA» u k pazbemy «COM».
2.YcTaHOBUTE NEPEKIII0YaTeNb BEIOOpa pekuMa U3MepeHHii Ha u3mMepenue Temmeparypsl « TEMIDy
3. Qucnuieit oToOpa3uT 3HaUeHHE TeMIepaTypsl B rpaaycax Llenbcust.
3ByKoBasi NPO3BOHKA
1.IToaxntounTte KpacHbIi TPOOHUK K pazbeMy «VOQmAy. UepHslii k pazbemy «COM».
2.YcTaHOBUTE NEPEKIII0YaTeNlb BEIOOpa peskuMa U3MEPEHUH Ha 3BOHOK
3.Ilpucoenunure nMpoOHUKH K MPO3BAaHUBAEMOW cxeme, mpu compotuBieHun menee 30 Om monaercs
3BYKOBOW CUTHAJI.

Ilopsinok BbINOJTHEHHS Pa0OThI:

1. TIlpouuraiiTe TeOpETHUUECKHI MaTepHall:
Teoperuyeckuii marepuasn:

Tlonynpoeoonukoswiii 0uoo
JlMon comep UT p-N-Tiepexojl, 3aKIOYEHHBIH B TEPMETHUYECKUN KOPIYC M COCIWHEHHBIA C
METANTHYECKIUMHE BBIBOIaMH. BBIBOT OT p-00J1acTH HA3bIBAIOT aHOJIOM, OT N-00JIACTH — KaTOJ/IOM.

| )

|

‘ A
Jlnoa- TIONYNPOBOAHUKOBBIA TPUOOp, TIPEJHA3HAYEHHBIM JUI  YCUIEHHS IIPeoOpa3oBaHus

TEHEPHUPOBAHUS HTEKTPUIECKUX KOJICOAHHI pa3IMUYHON YaCTOTHI.
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TpaH3ucTop cocToUT U3 Tpex 00NACTEeH ¢ Pa3TUYHON MPOBOIUMOCTHIO. Pa3nmuyaioT TpaH3UCTOPEI
tuna p-n-p u n-p-n. CpenHss 30Ha HaszbiBaeTcs Oazou. TonmuHa 6a3bl JOKHA OBITh MEHBINE JJIMHBI
cBoboaHOro npobera 3iekTpoHa. B TpaH3ucTope mmerorcs ABa p-N-nmepexona. JleBwlit p-n mepexon
ABJISICTCA MPSIMBIM U OTJENsAeT 06a3y OT 00JacTh ¢ MPOBOJAUMOCTBIO P-TUIIA, HA3BIBAEMYIO oMmummepom. B
3TOM 00JIACTH aKLENTOPHOM NMPUMECH B COTHH pa3 0oJIbllle, 4YeM JOHOPHOH nmpuMecHu B 6ase, T. €. IbIPOK B
SMUTTEPE 3HAUYUTENIBHO OOJjbllle, YyeM 3IEeKTpoHOB B Oaze. [lpaBblii mepexon sBisercs OOpaTHBIM U
otzaenser 6a3y oT 00JacTH ¢ IPOBOAUMOCTBIO P-THIIA, HA3bIBAEMOI1 KOJLIEKMOpOM.

IR N | B e R P | B
K 3 K

mee o o

Xox pabdoThI:
1.M3y9nTh MHCTPYKIIHIO 110 SKCILTyaTalluy Mpuodopa.
2. 3mepuTh CONPOTUBICHUS PE3UCTOPOB, JaHHBIC 3aMIHCATh B TAOIUILY

Ne i/ Conporusienue, Om

3.Cobparth 1ens Mo cxeme

4.3aMKHYTb 1I€TIb, IPU HEUCIIPABHOCTH LIETIH TPO3BOHUTH LIEMb, HAWUTH HEUCIIPABHOCTbD.
5.M3meputh HanpsbkeHue Ha OaTapeiike u peocrare.

6. PazoMkHyTh 11enib. I3MepuTh TEMIIEPATYpY PE3UCTOPA U peocTaTa.

7.M3MepuTh COPOTUBIIEHHE PE3UCTOPA U PEOCcTaTa, JaHHbIE 3aUCaTh B TAOIUILY

HaunmeHnoBanue Conporusienue, | Hanpsikenue, B | Temneparypa,
OMm OC

Pesucrop

Peocrar

Uctouynuk Toka | 00 --—---

8. HOBTOpI/ITB TeOPCTI/I‘-ICCKI/Iﬁ MaTepurall Imo noJIynmpoBOAHHUKOBBIM HpI/I60paMZ AUOAY U TPaH3UCTOPY.

9. IIpoBepuTh 11O (UCIIPAaBHOCTD, OJSPHOCTH).

10. Tpauzucropsl. OmnpeaenuTs BBIBOJLI TpaH3UCTOpa (KOJUIEKTOpP, 06a3a, SMUTTEpP) U THUM TPAH3UCTOpa
(p-n-p) wmit (n-p-n)
11. 3anmucaTh BBIBOJ 1O paboTe, OTBETUB Ha BOTPOCHI.
KoHTpoJibHBIE BONIPOCHI:

1. Kak BeISICHUTS, 4TO AuOJ HeucnpaBeH? 2. Kak BBISICHUTH p- U N- KOHTAKTHI quoaa?
2. Kak onpenenuts 6a3y y TpaH3UCTODA.

3. HazoBure rmaBHbIe CBONCTBA IUO/A U TPAH3UCTOPA.
4. VYcTpoHCTBO qM0/a U TPAH3UCTOPA.
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Yacrtp 2. U3yueHue siBjieHUS YJIeKTPOMATHUTHON HHIYKIMHU

Leab padoThI: ONBITHEIM MyTeM YOEIUTHCS B TMOSIBICHUHM WHIYKIIMOHHOTO TOKA M MPOBEPUTH 3aKOH
Jlenna.

OO6opynoBanmue: MUUIMAMIIEPMETP, MCTOYHUK NHUTAHHUS, KATYIIKA C CEPACYHUKAMH, TyrooOpa3HBIN
MarHuT, BBIKJIIOYATEIh KHOTIOYHBIN, COSIMHUTEIbHBIC MIPOBO/IA, MATHUTHAS CTPEJIKa (KoMIIac), peocTar.
Teoperuueckasi 4acTh:

SIBneHne SIEKTPOMArHUTHOM WHAYKIIMU 3aKIIOYAeTCs B BO3HUKHOBEHHH JJICKTPHUYECKOTO TOKa B
MPOBOASAIIEM KOHTYpE, KOTOPBIH JINOO MOKOUTCS B MEPEMEHHOM BO BPEMEHHM MAarHHUTHOM TOJIE, JTHOO
JIBIDKETCS. B TIOCTOSTHHOM MAarHUTHOM I10JI€ TaKUM OOpa3oM, YTO YMCJIO JUHUN MArHUTHOW WHIYKIIUH,
MIPOHU3BIBAIONIUX KOHTYp, MEHseTcs. B Hamem ciiydae pa3ymHee ObUIO OBl MEHSATH BO BPEMEHH
MarHuTHOE I0JIe, TaK KaK OHO CO3JaeTcsl ABMXKYIIUMHUCA (CB0OOaHO) MarHUTOM. COTrJIacCHO MpaBHITY
Jlenna, BO3HHUKAWOMIMK B 3aMKHYTOM KOHTYpPE HWHIYKIMOHHBI TOK CBOMM MAarHUTHBIM IIOJIEM
MPOTUBOACUCTBYET TOMY M3MEHEHHIO MAarHUTHOTO MOTOKa, KOTOPHIM OH BbI3BaH. B JaHHOM ciiydae 3TO
MBI MO’KEM HAOJIFOIaTh IO OTKJIOHEHHUIO CTPEIKH MUJLTHAMIIEpMETpa.

IMopsiiok BbINOJIHEHUS PA0OTHI:

1. BcraBbTe B OIHY U3 KaTYyIIEK >KEJIE3HBIN CepeUHUK, 3aKpenuB ero raikoi. [loakmounTe 3Ty KaTymky
yepe3 MWIUIHAMIIEPMETP, PEOCTaT U KIOY K MCTOYHMKY NUTAHUA. 3aMKHUTE KIIOY M C TOMOIIBIO
MarHUTHON CTpenKu (KoMIlaca) OIpelesuTe PacIoIOKEHHE MATrHUTHBIX MOJIOCOB KATYIIKH C TOKOM.
3adukcupyiiTe, B KaKyl0 CTOPOHY OTKJIOHSIETCS TIPH 3TOM CTpelika MHJUTHaMIiepMerpa. B manpHeiem
MPU BBIMOJHEHUH PAOOTHI MOKHO OYyIET CYAUTh O PACHOJOKEHWU MAarHUTHBIX IOJIOCOB KATYIIKU C
TOKOM I10 HAIIPaBJICHUIO OTKJIOHEHHS CTPEIKH MUJUTHAMIIEPMETPA.

2. OTKJIr0uMTE OT LENU PEOCTaT U KIH0Y, 3aMKHUTE MUJUIMAMIIEPMETP HA KaTYUIKY, COXPAaHUB MOPSIOK
COCJIMHEHHS X KIIEMM.

3. [IpucraBpTe cepAeYHUK K OJHOMY U3 TOIIOCOB AYrooOpa3HOTO MarHuWTa W BIBUHBTE BHYTPh
KaTyILIKH, Ha0JI10/1as OTHOBPEMEHHO 3a CTPEJIKOW MUJUIMaMIIEpMETpa.

4. TloBropute HaOIIOEHIE, BEIIBUTAsl CEPICYHHUK M3 KATYIIKU, a TAK)KE MEHSS MOJIF0Ca MAarHUTA.

5. 3apucyiite cxeMy OIbITa ¥ MPOBEPHTE BHINOIHEHNE MTpaBuiia JIeHIIa B KaXK0M ClIydae.

6. Pacnonoxwure BTOpyIO KaTyIIKY PSIOM C MIEPBOI TakK, YTOOBI MX OCH COBIAIAIH.

7. BceraBpTe B 00€ KaTymIKu >KEJIE3HbIE CEPACUYHUKH U TIPUCOCTUHUTE BTOPYIO KaTYIIKYy uepes
BBIKJIIOUATEIb K UICTOYHUKY TUTAHUS.

8. 3aMbIkas u pa3MbIKas KJIt04, HAOII0JaiiTe OTKIIOHEHUE CTPEIIKH MIJUTHAMITEPMETPA.

9. 3apucyiiTe cxemy OMbITa U MPOBEPHTE BHINOJHEHUE ITpaBuia JIeHma.

KoHTpoJsbHbBIE BONIPOCHI:
1.B dem 3akitodaercs SBICHHUE dJIEKTPOMArHUTHOM UHTYKIIUU?
2.Kak JomKeH JBUraTbCsi 3aMKHYTBHIA MPOBOJAIIMNA KOHTYP B OJHOPOJHOM MAarHMTHOM IIOJIEM . HE
3aBHCSIIEM OT BPEMEHH, MTOCTYIATEIbHO WM BpalaTeIbHO, YTOOB B HEM BO3HUK HHIYKIIMOHHBIH TOK?
3.Metannnyeckoe KOJbII0 MOXKET CBOOOTHO JBUTaThCS MO CEPACYHUKY KATYIIKH, BKJIIOUYEHHOW B IEMb
MOCTOSTHHOTO TOKa. YTO OYyAET MPOUCXOIUTh B MOMEHT 3aMBIKaHUS M Pa3MBIKaHUS IIETTH?

®opma npeacTaBieHus pe3yJbTara:

Pa6ota gomkHa ObITH BBIMOJIHEHA B TETPAIu AJIs 1a0OpaTOPHBIX paboT

Kpurtepun onenkmn:
3a MpaBUIIHLHO BBITOJIHEHHOE 33JJaHHE BHICTABIISIETCS TIOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMpaBUWIILHO BBITIOJHEHHOE JAEHCTBHE, 3aJJaHNE BBICTABIIETCS OTpULaTeIbHAas oleHka — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenxa «HeyoosiemeopumenbHoy svicmasgisemcs 3a Mmenee 60% mpaBUITBLHBIX OTBETOB
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Tema 4.2 3aK0HLI MOCTOSHHOI'O0 TOKA

JlabopaTopHoe 3aHATHE N215

Onpenesienue TemneparypHoro kodgdunuenra Mmeau

Lenb: pacKpbITh BIUSHUE TEMIIEPATYphl HA IEKTPUUECKOE COIIPOTUBICHUE METAIUIOB; ONBITHBIM
nyréM  ONpEeAENHuTh  KO3PQHUUHUEHT TEpPMUYECKOTO  CONPOTUBJIECHUS  MEOW; I[OCTPOUTh IO
HKCIEPUMEHTAIBHBIM JaHHBIM I'paUK 3aBUCIMOCTH COTIPOTUBIICHUS OT TEMIEPATypHI.

BoinosineHne padoTsl cioco0CTBYeT (POPMUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04,0K 09,IIK 1.5,IIK 2.1,IIK 2.2

MarepuanbHoe o0ecmedeHue: 1puOOp Ul OIpeleNIeHUs TemIeparypHoro ko3dduuuenra
CONPOTHUBIICHUS Melid, TepMomeTp TexHuueckuid ot 0 1o 100°C ¢ uenoit aenenus 1°C, omMeTp, BHELIIHUM
COCyJl KaJJoOpuMeTpa C BOJAOH, AJIEKTPOIUINTKA, KIIK0Y, COCAUHUTENbHbIE MTPOBOAA, ITATUB C My(TOil U
JIAIIKOM.
Teopernyeckuii MaTepuas:

DNEKTPUUECKOE COMPOTHUBIEHUE 3aBUCUT OT Temmeparypbl. OObsCHSIETCS 3TO TEM, UTO
YIOPAJOYEHHOMY JBM)KEHHIO CBOOOJHBIX JJIEKTPOHOB HJIEKTPUYECKMH TOK 3TO YIOPSIO0YEHHOE
JBUKEHHE 3apsHKEHHBIX YaCTHUI] - 3JIEKTPOHOB) OKA3bIBAIOT NMPOTUBOJCHCTBHE (COMPOTHUBIIEHNUE) aTOMBI
KPUCTANINYECKOM PeIETKH, MHTEHCUBHOCTD TEIJIOBOIO JIBUXKEHUSI KOTOPBIX U3MEHSETCS ¢ U3MEHEHUEM
TEMIIEPATYPBI.

VY XUMHYECKH YUCTHIX METAJUIOB C MOBBINICHUEM Temneparypsl Ha 1°C conpoTHBIeHHE BO3pACTAET
npumepro Ha 0,004 (1/273) conporusienus npu 0°C 1 BeIpaskaeTcst JTMHEHHONW 3aBUCUMOCTHIO

Rt =Ro(1+0aAt), Toe

Ro—conportusnenue meramia mpu 0°C,

At- pa3HOCTB TemIiepaTyp (KOHEYHON U HayaJIbHON);

o - TeMIepaTypHbIi KO3((UIIMEHT CONPOTUBIECHUS, MOKA3bIBAIOIINI, Ha KaKyl0 4acTh HA4aJIbHOT'O
conpoTuBiieHus nposoanHuka npu 0°C (273K) u3MmeHsieTcs conpoTuBiIeHue npu HarpeBanuu Ha 1°C unum
IK.

0=A R/ RoAt umn o0=A R/ RoAT
AR= Rt -R 0-
OnBITHBIM MYTEM MOKHO ONPEAENUTh 0, HE MpuoOeras K W3MepeHuto conpotuBieHus Rg. [las storo
HE0O0XOAMMO JIBaXJIbl WM3MEPUTh CONPOTUBIIEHHE HccienyeMoro martepuana R; m Ry mpum pasHbix
TeMIIeparypax t; u tp.

HOpﬂI{OK BbIITOJTHCHU A paﬁoTbI:

1. Cocyn ¢ BOIOH MOCTaBUTH HA JIEKTPOIUTUTKY U BKIIOUYHTD €€ B CETh.

2. OmpenenuTh NEHY EICHUs OMMETPA.

3. W3meputh conpoTuBiicHre R MeTHOW MPOBOJIOKU TIPU KOMHATHOM TeMIIepaType ti.

4. OnycTuTh MPHOOP B BOIY, YCTAHOBUTH B HEM TepMomeTp. [Ipu HEKOTOPO# TeMIieparype ty H3MEPUThH
CompoTHBIIEHHE Ry cceyeMoii MpoBOIOKH.

5. OnbIT MOBTOPUTH HECKOJIBKO Pa3.

6. Berumcouth 2 — 3 pasa a, ucnosb3ys cootHoleHue: o= R, - R/ (R1t; — Ra ty).

7. OnpenenuTts CpeHee 3HAUYEHUE O¢p, U CPABHUB IOJIYYEHHBIH pe3yiabTaT ¢ TAOJIMYHBIM 3HAUYCHHEM
TeMIIepaTypHOro Ko3pGHIMeHTa CONPOTUBICHUS ME!, BEIUUCIUTH OTHOCUTEIBHYIO TIOIPEIIHOCTb.
8. Pe3ynbTaThl M3MEPEHUH 1 BEIYMCIICHUH 3acaTh B TAOJIHILY.
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Temnepaty Conporus Temnepat Cpennee TO. OTtHocuTeNbH
Ne pa JIeHHe YPHBIi 3HaYeHHe 3HaYeHHe ast
MeHOI MeHO K03 (ppuuu TeMIeparyp TeMIeparyp NOrpPelHOCTh
NPOBOJIOKH MPOBOJIOK eHT HOT0 HOT'0
t, °C u R, Om CONPOTHBJI ko3P dunue K03 puLueH
eHusl HTA Ta 0, %
a, (°C)* COMPOTHUBJIE CONpOTHBIJIE
HUSA HHUS
acp.
1
2
3
4
5
6

9.Ucnonb3ys qJaHHBIE YKCIIEPUMEHTA, TOCTPOUTH Tpaduk 3aBUCUMOCTH R 0T t, OTKIIapIBast 10O
ocu abcuuce — Temieparypy B °C Ha OCH OpAMHAT — CONPOTHUBIICHHUE.
10.CnenaTs BbIBOA 1O pabdoTe.
KouTpoJibHbIE BONPOCHI:

1. KaxoBa ¢gu3nyeckasi CyIiHOCTb JIEKTPUYECKOTO COMPOTHBIICHHUS?

2. Kak 00BsSCHUTH YBEITUYCHHUS COTIPOTHBIICHUS METAJIIIOB ITPU HATPEBAHUH?

3. OObsicHuTh  QopMyidy, 1O KOTOpPOH  Ompenensercs TeMIepaTypHBIH

COTPOTHUBIICHUS.

kodpurmeHT

4. Tlouemy TeMmnepaTypHbIil KO3()PHUIMEHT COMPOTUBIICHUS AJIS AIEKTPOJIMTOB OTPULIATEIHHBIN?

5. Kakogo comporusienue 0,5 Kr MeIHON MTPOBOJIOKU quameTpom 0,3 Mm?

6. VYka3zaTp NOpakTHUYECKOE TNPUMEHEHHWE 3aBHCHUMOCTH CONPOTHUBJICHHS] TMPOBOJHUKA  OT
TEeMIIepaTyphl.

®opma nmpeacTaBJieHus pe3yJbTara:
Pabota nomkHa ObITH BBINOJIHEHA B TETPAIu AJIs 1a0OpaTOPHBIX padoT
Kputepun onenkmn:
3a IpaBHIILHO BBITIOJIHEHHOE 33/1aHHE BBICTABIISIETCS ITOJIOKHUTENbHAS OlleHKa — 1 Oa.
3a HeNIpaBUIILHO BBIITOJHEHHOE JEHCTBHE, 3a/laHHE BHICTABIISICTCS OTpHLIATEIbHAs OlleHKa — () GasuioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyooenemeopumensvHoy svicmagisiencs 3a Menee 60%0 mpaBUIBLHBIX OTBETOB

Tema 4.2 3aK0OHBLI MOCTOAHHOI'0 TOKA

JlabopaTopHoe 3aHATHe N216

Onpenesnenue cONPOTHBIICHUS PE3UCTOPA METOAOM MAPKHPOBKH

Heab: onpenenuts HOMUHATIBHOE COMPOTUBIIEHNE PE3UCTOPOB METOJIOM MapKUPOBKU; ONIPEAETUTh
JOIYCTUMOE 3Ha4EHHUE CUJIBI TOKA JUISl JTaHHBIX PE3UCTOPOB ITPU U3BECTHOM HOMMHAJIE MOLTHOCTH.
BoinosiHeHne padoTsl cioco0cTBYET (POPMUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04,0K 09,IIK 1.5,IIK 2.1,IIK 2.2

MarepuanbHoe o0ecneuyeHne: HaOOp PpE3UCTOPOB pa3HBIX COMPOTHBIECHUHM, TaOIUIlA 3HAKOB
MapKUPOBKH.

3ananue.

1. O3HaKOMHUTBCH C TEOPETHYECKMM MATEPHATOM.
Teopernyeckuii MaTepuas:
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[Ipu onpenenennu pexxuMa pabOThl PE3UCTOPA CIAEAYET YIUTHIBATH MAKCHMAJIBLHO JIOIMYCTHMOE I
HEero 3HaYeHHe CHJIbI TOKAa, KOTOPOE OMPEEIsIeTCS 3HAYCHHEM €r0 COMPOTHBICHUS M MOIIHOCTBIO.
MapkupoBka HOMUHAJIA PE3UCTOPA OCYILECTBIISIETCS IBETOBBIM KOJOM B BHJI€ YETHIPEX I[BETHHIX IOJOC,
HaHECEHHBIX Ha €r0 KOpITyCe.

[Ipu 3TOM 3HAUEHME CONMPOTHUBIICHUS PE3UCTOpa yKa3bpiBaeTcss B OMax JByMs MEPBBIMU MOJIOCAMU U
MHOXHUTENEM (TpeThs mmosioca) 10n, rae n - 1r0doe 1meoe Yucio ot - 2 10 + 9.

MapkupoBOYHbIE 3HAKW CABUTAIOT K OJIHOMY W3 TOPIIOB PE3UCTOpa, HAIPUMEP, K JIEBOMY, U
3aTeM pacronararmT clieBa HaIpaBo B CIIeMYIOIIEeM MOPsIJIKE:
nepBas mosoca - nepsasi nudpa HOMUHAIA, BTOpas Mojoca - BTopasi iudpa HOMUHAIA, TPEThs MOJI0CA -
MHOXUTENb, YeTBEPTas M0JI0ca - JOMYCK Ha OTKJIOHEHHE (DAKTUYECKOTO CONMPOTHUBIICHUS OT HOMHHAJA.
Ecnu pazmepsl pe3ucTopa He MO3BOJISIFOT Pa3MECTUTh IBETHBIC MOJIOCHI HECUMMETPUYHO, T. €. OJIKe K

OAHOMY M3 TOPILIOB PE3UCTOPA, TO II€PBAs I10JI0CA BBIIIOIHACTCA boiee H.IHpOKOfI.
HBeTa 3HAKOB MapKUPOBKU HOMUHAJIBHOI'O COIIPOTHUBJICHUA B Owmax u JOITYCKOB B % IMPUBCACHLL

B Ta0HIIE:
OIYCK B
[Ber 3HaKka Hepsas Bropas MHo:xuTeNb . O};
ungpa ungpa

CepeOpucThIit -- -- 107 10
30J0THCTHIN -- -- 107" 5
YepHsIit -- 0 1 --
Kopraressrii 1 1 10 1
KpacHsrii 2 2 10° 2
OpaHXeBbIi 3 3 10° --
YKenrerid 4 4 107 --
3eneHbli 5 5 10° 0,5
Tony6oii 6 6 10° 0,25
duoneToBII 7 7 107 0,1
Cepblit 8 8 10° 0,05
Benprit 9 9 10° -

IMopsiiok BbINOJIHEHUS PA0OTHI:
1. Pa3noxuth Ha paboueM CTOJIE KOMIUIEKT PE3UCTOPOB.

BaumatenpHO npounTath ykazaHue K padore.

2.
3. OdopMuUTH MAPKHPOBKY PE3UCTOPA B TETPAIH 110 0OPA3ILY
4. 3anosHUTH TAOIHILY:

Pesucro

HomunansHoe
conpoTtusiieHne R

MomtHocTh

pesucropa (Br)

Cuna Toka

(A)

0,25

0,25

0, 25

0,25

0, 25

0,25

0, 25

XN |G|~ WINPT

0, 25

5. Paccuurath CUJIy TOKa Ipu W3BECTHOM MOIITHOCTH TOKA.

6. CnenaTb BBIBOJ 1O paboTe.

KoHnTpoJsbHbIE BONIPOCHI:
1. B uyem 3aki04aeTcst METOJl MapKUPOBKH.

2. Jlns gero HY)KHO 3HAaTh CONPOTHUBJICHUE PE3UCTOPA MPHU BKIIOYCHHUH €TI0 B CXeMY?

3. Ot 4ero 3aBUCHUT MOITHOCTh TOKA, TEKYIIETO IO PE3UCTOPY?
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@opma npeacTaBJieHus pe3yabTaTa:
PaboTa momkHa OBITH BBITIOJIHEHA B TETPAIH I 1a00paTOPHBIX padboT
Kputepuu onenkmu:
3a MpaBUIIHLHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TTOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTpULIaTeIbHAast orieHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagngemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbHoy svicmasisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 4.2 3aK0oHBI MOCTOAHHOI'O0 TOKA

JlabopaTopHoe 3aHATHe N217

Omnpenesnenue KII/I narpeBareJieit

Henb: HayduThCS MPAKTUYCCKH OMPEISISITh TEIUIOBYIO OTHAdy JJICKTPUYCCKOTO HarpeBaTess
JIF000ro THIIA.

Brinosinenue padoTsl cnoco6cTBYeT GOPMUPOBAHUIO:
OK 01, OK 02, OK 05, OK 07, OK 04,0K 09,1IK 1.5,IIK 2.1,I1K 2.2

MarepuanbHoe olecnieuyeHmne: 2 dJIEKTPUUECKUX HArpeBaress, COCyA ISl KUIISIYEHUS BOJbI,
BOJIa, TEPMOMETP, CEKyHI0Mep (4achl), CIIPABOYHHUK 1O (PU3HKE.
3ananue.

1. O3HaKOMHTBCS C TEOPETUYECKMM MaTepHaIoM
Teoperuyeckunii marepuasn:

Koad¢uimenT nonesHoro neiicTBusl HarpeBarTess CBA3aH COOTHOLLIEHUEM:

K.I11.= = +100% (1)
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Q ;- moJIe3Has TEIJIoTa U OIpeessercs no Gpopmyne
Qu=C*Mm(T2-T1) (2)

IJIe C — yJelbHas TeIIOEMKOCTbD XKHIKOCTH,
M — Macca )KUJIKOCTH, KOTOPYIO KHIISATHT,
T, — HayanbHas TEMIEpaTypa KUIKOCTH,
T, — KOHeUYHas TeMIieparypa KHUJIKOCTH,
Q3 — KOJIMYECTBO TEIUIOTHI, KOTOPYIO BBIACIISET HArPeBATEIb
(3aTpadeHHas TEIIOTa) U ONpeAeseTcs mo Gopmyse:

Qs=P -t (3),

rae P — MOIHOCTB 351eKTpUYecKOro HarpeBaTels,
t — MHTEepBaJI BpEMEHMU, 32 KOTOPBIM 3aKUIIENa HKUAKOCTb.
MOUIHOCTb IEKTPUUYECKOI0 HArpeBaTells ONpeelIsieTcs 10 NaclOpTHBIM JIaHHBIM, YKa3aHHbIM Ha

npubope.
Bpemsi, 3a koTOpoe 3aKMNUT >KUIKOCTh, OMpEIENAeTcs 4YacaMu. YJelbHas TeIIOEMKOCTh BOJIBI
OTIpeNIeNAeTCs o CIIPaBOYHHKY.

IMopsiiok BbINOJIHEHUS PA0OTHI:
1. TloaroroButh TaOIUILY JJIsl 3aAMMCH PE3YIHTATOB, ONMPEACIIIEMBIX B X0J1€ PAOOTHI.

Onpenenutb Brruncaurs

Cs m T, T, P t K.II.
J1.

KI'

JDic\k
e K

3aHecT B TaOIMIly CIIpaBOYHBIE JAHHBIE YAEIBbHOM TEIIOEMKOCTH BOJBI.
3anucath B TaOJUIy HOMMHAJIBHYIO MOIIHOCTH 3JIEKTPUUECKOI0 HarpeBaTelis, yKa3aHHYI0 Ha Ipuoope.
B cocyn s xunsiuenuss Boawsl HanuTh 200 r BOMBL
Onpenenursb Ha4yaJlbHYI0 TEMIIEpaTypy BOJBIL.
BxirounTts HarpeBarenb OJHOBPEMEHHO C CEKYHJIOMEPOM (YacamH).
7. OcTaHOBUTH CEKyHIOMEp (4achl) B MOMEHT OYypHOro KHIleHUs BOJbl. Bpems, 3a koTopoe 3akumena
BOJIa, 3aHECTH B TAOJIHILY.
8. Bwruucimte K.I1. /1. anekTpryeckoro HarpeBaress.
9. TloBTOPUTH OMBIT C IPYTUM HArpeBaTEIIEM.
10. YauTsIBast moTepu SHEPTUH cHOPMYITHUPOBATH BHIBOJ.
KoHTpoJibHBIE BONIPOCHI:
1. VBemmuurcs wim ymensiutces K.ILJ. snekrpuueckoro 4YaiHUKa, €cIM Ha €ro CTEHKax
MOSIBUJIACH HAKUITH (OTIIOKEHUE COJIei)?
2. 3asucut mu KIIJ| snekrpuueckoro 4ailHMKa OT TOTO OTKPHIT OH HIIM 3aKPHIT?
dopma npeacraBjIeHus pe3yabTara:
PaboTa nomkHa ObITh BBIMOJIHEHA B TETPAAM Ul TaOOPaTOPHBIX paboT
Kpurepum ouenku:
3a mpaBUIILHO BBITOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JIEHCTBUE, 33/1aHKE BBICTABIISETCS OTpHUIIaTeIbHas olleHKa — () GaoB.
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Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoos1emeopumenbHoy svicmasisiencs 3a menee 60%0 npaBUIBHBIX OTBETOB

Tema 4.3 DuekTpHuUYecKnii TOK B pa3JIMYHBIX cpeaax

JlabopaTopHoe 3ansasTHe N218

OmnpenesieHne 3J1eKTPOXMMUYECKOT0 SKBUBAJIEHTA MU B Mpollecce 3JIeKTPoJin3a cyibdara meau.
Heub: onpeaenuTs 3IEKTPOXUMUYECKUNA SKBUBAJIEHT MEAU SKCIIEPUMEHTAIbHBIM ITIyTEM.
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04 OK 09
[1P64; 11P66; 11P67;
[IPy1; I1Py2; I1Py3; I1Py4; I1PyS; IIPy9; [1Py11 ;
MP8,MP9,MP10,MP21,MP17, MP13
JIP 26,JIP 14,JIP 23,JIP 13
MarepuanbHoe o0ecrmedeHMe:  BECbhl U PA3HOBECHI;  aMIIEPMETP; 4Yachl, 3JIEKTPOIUINTKA;
aKKyMYJISITOpHasi 6atapes; peocTar; KII04; MEIHbIC 3JIEKTPOAbI (2 IIT).) CO BCTaBKOM; COCIMHUTEIIbHbBIC
MIPOBO/IA; AJEKTPOJIUTUYECKAS BAHHA C PACTBOPOM MEIHOI0 KYIOpoca.
3aganue:
1.  IlponabmroaTh sIBICHUE AJIEKTPOJIM3Aa MEIH U3 PaCTBOPA MEIHOTO KyIopoca.
2. HayuuTbcs onpenensiTh 3JeKTPOXUMUUECKHUI SKBUBAJICHT T10 PE3yJbTaTaM SKCIICPUMEHTA.
IHopsaok BbINOJIHEHUS PA0OTHI:
1. OuyucTuTh HAKIAYHON Oymaroil KaTOMHYIO ITUTACTUHKY, ONPEACTUTh B3BCIIMBAHUEM MAacCy

GAw N

IUIACTUHKNA (m, ),
2. CocTaBHTH JJICKTPUUYECKYIO IIeTh 10 cxeme. [Ipu cocTaBiIeHUH ey B3BEIICHHBIN 3JIEKTPO.T
COEIMHUTH C OTPULIATEIHHBIM TMOJIOCOM UCTOUHUKA AIIEKTPUIECKOM IHEPTUH.
3. 3aMKHYTb IIeTTh M 3aMETUTh BPEMs BKITIOUCHHS TOKA. CuSO
4

il

R
R

L 1

Yepes 15-20 MUHYT pa30MKHYTbH LIETIb.
BbIHYTH KaTOAHYIO IUIACTUHKY, IPOMBITH U MPOCYIIHUTD.

o gk

B3BemmBanueM onpenenuTb Maccy Karoaa (m:) nocne MIPOITYCKaHUS TOKA.
B B m=m,—m
7. Haiitu maccy () BBIJIENMBIIEHCS HA KATOJE PHU dIEKTPOIIU3e Mo Ghopmyiie? !

1€ mM1- Ha4yaJlbHas MaccCa INIaCTUHKH, KI'; M- KOHCYHAas MacCa INIaCTUHKH, KT'.
8. BrrumciuTs BHCKTpOXI/IMI/I‘IeCKI/Iﬁ OKBHUBAJICHT MCIIHU U3 (I)OpMyHBIZ

rJ€ m- Macca BbIJEIUBIIETrOCs BEIIECTBA, KT; 37,
I- cuna Toka, A;  t- BpeMs dIIEKTpOIIn3a, C. K=—-
9. Pe3ynabTaThl M3MEPEHHN W BHIUYMCIICHUN 3aIACcaTh B TAOIHIY 1. -t

10. CpaBHMTB NOTY4YEHHBINA PE3yNbTAT C TAOTMYHBIM.
11. Beraucnuth aOCOMOTHYIO A ¥ OTHOCUTENBHYIO € TOTPEIIHOCTH U3MEPEHU 1Mo hopMysiam:
Cnenatp BBIBOJ 11O paboTe.
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Tabmmma 1

Ne

Macca memn, | Bpems BemmumnHa| SneKTpoxiMil-| AGCOmIOT- OtHOCHTEeNbHAA
OTJIOXMUBIIEH | TIPOIYC CILIBI JeCKIIT Hasg [IOTPeIIHOCTh
cs Ha KaTolle | KaHIIA TOKa SKBIBaJIeHT IOTPemHOCTH &,%
m. K2 Toka € 1,4 MeIT A Ke
o Ke P o g
K. : Ka-c
Ki-c

KoHnTpoJibHbIE BOIPOCHI

1.

2
3.
4.
5

~No

10.

11.

12.

13.

Yem 00yCIIOBIIEH 3IEKTPOXUMUUECKUNA TOK B 3JIEKTPOIUTAX?

Kak paccunraTh Maccy BbIIEIMBIIETOCs BELIECTBA HA IeKTpoze?

OT yero 3aBUCHUT IEKTPOXUMHUYECKHUI SKBUBAJIEHT?

Kaxkoit ¢pu3uveckuii CMBICIT 3JIEKTPOXUMHYECKOTO SKBUBAJICHTA?

Kakoe o0opynoBanue u H3MEpUTEIbHBIE MPUOOPHI HYXHO HMETh, YTOOBI BBIYUCIUTH
JIEKTPOXUMUYECKHI SKBUBAJICHT?

HasBatb pabouyro Gpopmyity [UIst BRIYUCICHUS SJIEKTPOXUMHUYECKOTO SKBHBAJICHTA.

Ha xakoM u3 371eKTpO0B BBIAEIAETCA MElb B YMCTOM BUJIE U TIOYeMy?

B o2nexTpoiauTHuUecKyr0 BaHHY IIOMECTUM MEIHYI IUIACTUHKY, CIIY)KAlyl0 aHOJOM.
[lnacTMHKa MOKpPHITA BOCKOM, Ha KOTOPOM HalapamaH pPUCYHOK. UTO MOJIyduTCs mocie
MIPOITYCKaHMs TOKA U yJIaJ€HMs BOCKA C IUIaCTUHBI?

Yro Takoe rajbBaHOCTET s, raJIbBaHOIIACTHKA.

Yepes pactBop MeaHoro kynopoca mnpouio 20 kK snexkrpuuectsa. Ilpu 3ToM Ha oHOM U3
ANEKTPOAOB BBIIEISIETCS B YUCTOM BHUAE Maccol 6,6 rpamm Meau. Onpenenurtsb
IEKTPOXUMUYECKUN SKBUBAJIICHT MEIH.

CKOJbKO HMKENs BBIACIUTCA MpPU 3JIEKTpoiu3e 3a | yac mnpu cuwiie Toka 5 Amriep, eciau
U3BECTHO, YTO MOJISIpHAs Macca HUKeNs 58,71 1/Molib, a BaJIEeHTHOCTh paBHa 2.

Omnpenenure Maccy cepedpa, BBIISIMBILErOCS Ha KAaTOAE INPHU AJIEKTPOJIU3E a30THOKHUCIIOIO
cepeOpa B TeUeHME 2 4acoB, €CJIM K BaHHE MPUIIOKEHO HampsbkeHue 1,2 B, a conpoTtuBieHue
BaHHBI 5 OM.

DNEeKTPOAN3 MEJHOro Kyrnopoca mpoxoaun npu toke 5 Amnep B tedyeHue 50 munyT. Kakoe

k. =33-107 £

x

KOJIMYECTBO MCIM BBIACINIIOCH HA KAaTOAC, €CIIN K .

®opma npeacTaBiaeHus pe3yJbTara:
PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAM Ul JJaOOPaTOPHBIX paboT
Kpurtepuu onenku:
3a mpaBUIIBHO BBIIIOJHEHHOE 33 JaHHE BBICTABIISIETCS MOJIOKUTENIbHAs OlleHKa — 1 Gasu.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHAE BBICTABIISICTCS OTpUIAaTEIbHAS OmleHKa — () 0aioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

Tema 4.3 DieKTPUYECKHUI TOK B Pa3JIMYHbIX Cpeaax

JIabopaTopHoe 3ansaTHe N219

3aBHCHMMOCTH CONPOTHBJIEHUSI OT TEMIIEPATYPHI 00Pa3LOB METAJLJIA M MOJYNPOBOIHHKA
Heab: u3MepsATh  CONPOTUBJICHUE MPOBOJHMKA OMMETPOM; YCTAaHOBUTh  3aBHCHMOCTH
COIPOTHUBIIEHUE METAJUIA U TOTYIPOBOJHUKA OT TEMIIEPATYPHI.
Brinosinenue padoTsl cnocodcTBYeT GOPMHUPOBAHMIO:
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OK 01, OK 02, OK 05, OK 07, OK 04 OK 09

[1P64; I1P66; I1P67; [1P610;

I1Py1; ITPy2; ITPy3; I1Py4; I1PyS; I1Py9; [1Py11

MP8,MP9,MP10,MP21,MP17,MP13

JIP 26,J1P 14,JIP 23,JIP 13
MarepuanbHoe ofecrnieyeHue: MYJIbTUMETpP, MNPUOOPHl A HM3YyYEHUS  3aBUCUMOCTHU
CONMPOTHUBIICHUS MeTaJlyla ¥ MOJYIPOBOJHUKA OT TEMIIEPATYPbl, TEPMOMETP, SIEKTPUUYECKAs TUIUTKA,
HITaTUB C MIPUHAJJISKHOCTSIMHU, K0J10a ¢ BOJIOM.
3ananne
1. O3HaKOMHUTBHCH C TEOPETHYECKHMM MAaTEepUAJIOM.

Teopernyeckuii MaTepuas:

Ecanm nmponycTuTh 3JEKTPUYECKHA TOK Y€pe3 CTalbHYH CHOHpPalb, a 3aTeéM €€ Harperb, TO
aMIIepMETp TMOKAKET YMEHBIICHUE CUJIbI TOKA. JTO O3HA4aeT, 4TO C HM3MEHEHHEM TeMIIepaTyphl
CONPOTHUBIICHNE METAJIIa MEHSIETCS.

Bce wetainmel — KpuCTaUIMUECKHE Tella, B y3JlaX KPUCTAUIMYECKOW PEIIeTKH KOTOPBIX
pacrojaraercsi TOJOXKUTEIbHO 3apsHKCHHBbIE HOHBI. MEXIy KOJIeOMIOUIMMUICS HOHAMHU JBUTAIOTCS
CBOOOJIHBIE JJICKTPOHBI. BenuumHa 3IEKTPUYECKOTO COMPOTHUBJICHHS METaula 3aBUCUT OT 4YHUCia
CTOJIKHOBEHHUI KOJICOMIOMIMUXCSI MOHOB U CBOOOIHBIX JNIEKTPOHOB. [Ipu yBennMueHUU TeMIepaTypbl
MeTaJlJla YBEITHYMBACTCS aMIUTUTY/1a KOJICOAHW MOHOB. DTO TPUBOANT K YBEIUYCHHUIO CTOJIKHOBEHUH, a
3HAYUT U K YBEJITMUYEHUIO CONPOTUBIICHUS METaJLJIa.

B nonynpoBoaHuMKe IPH YBETWYEHUN TEMIIEPATYPhl YBETUUUBACTCS YHCIO CBOOOTHBIX HOCUTENICH
3apsa, MOSBUBLIMXCS IPHU Pa3pblBE€ KOBAJIEHTHBIX CBA3€H. DTO NMPUBOJUT K YBEIMUYEHUIO CUJIBI TOKA B
MOJTYITPOBOJTHUKE M K YMEHBIIICHUIO CONTPOTUBIICHUS MPOBOIHHKA.

IHopsaok BbINOJIHEHUS Pa0OTHI:

1. [ToaroroBbTE K paboTE OMMETP:

a) BCTaBbTE IITHIPHKU MPOBOIHUKOB B THE3/a, 0003HaYeHHbIE «OQ» 1 «001r COM.»;

0) mocTaBbTe Mepekouarens Ha udpy «10»;

B) CO€IMHUTE CBOOOHBIC IITHIPHKU MPOBOIHUKOB U PYUKOH «yCT. 0» MOCTaBUTH CTPENKH Ha «0».

2. Ha snekTpuueckyro IUTMTKY TMOMECTUTE KoJIOy C Bojoil. Bo m30exaHMu maaeHHs: KOJOBI
MIOMECTUTE B KOJbBIIO, 3aKpEIJIEHHOE B IITaTHBE. B Kon0y omycTuTe MpoOMpPKY, C MOMEIIEHHOW B HE
KaTYIIKOW U3 MEIHOTO MpoBoia. OCTOPOKHO OMYCTUTE B IPOOUPKY TEPMOMETD.

3. CBoOOIHBIE ITHIPHKK OMMETPA COEAUHUTE C KIIEMMaMU MEAHON KaTYyIIKH.

4. BxmrounTe MIHYp IUIMTKH B PO3ETKY M HM3MEPHTE CONPOTHBJICHHE KATYIIKH TMPU Pa3THYHBIX
3HAQUYEHUSIX TEMIIEPATypPHI.

5. BHecuTe u3mepeHus B TaOIUILy.

IIpoBoaHUK (Meab)

G wN e

t’, C

R, Om

6. Ha ocHoBe u3mepenuii nocrpoiite rpaduk. Crenaiite BbIBOJ, KaK CONPOTHUBICHHE MPOBOIHUKA
3aBHCHUT OT TEMIIEPATYPHI.

7. IlocraBpTe mepexittoyarenab ommerpa ¢ nudpsl «10» Ha nuppy «100» U mocraBbTe CTpENKy
ommeTpa Ha «0» (CM. myHKT 1-B).

8. 3ameHuTe B KOJIOE MPOOUPKY C METAUIOM HAa MPOOUPKY C MOIYMPOBOJHUKOM (TEPMUCTOPOM).
Onycrute B npodbupky Tepmometp. K kiiemMmam TepMucTOpa MoJACOEAUHUTE OMMETP.

9. 3MeppTe CONPOTUBIIEHHE MTOJIYIIPOBOIHUKA IPU Pa3INYHbIX 3HAUEHUSAX TEMIIEPATYPHI.

10. Buecute usmepeHust B TaOJIHILY.
IHonynpoBoaHuK

t°C

R, Om
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11. IMoctpotite rpaduk R(t).

12. Cnenaiite BbIBOJI, KaK COMPOTUBIICHUE TOJIYITPOBOJHUKA 3aBUCUT OT TEMIIEPATYPHI
KoHnTpoJbHbIe BOPOCHI:

1. DieKTpUYecKuil TOK B MeTaIaX — 3TO YIMOPSAA0YCHHOE JIBIKCHUE ... .

2. C TOYKM 3pEHHs OJICKTPOHHOH TEOPUHM DIICKTPUUECKOE COMPOTHBICHUE OOYCIOBICHO
COYIIapCHUSIMY ... .

3. C NOBBILLIEHUEM TEMIIEPATYPbI COITPOTUBIEHUE METAILIA ...

®dopma npeacTaBiaeHusi pe3yJabTara:

PaboTa nomkHa ObITH BHIMOJIHEHA B TETPAIH VIS JJaAOOPaTOPHBIX paboT

Kpurepun oneHku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKUTEIbHAS OlIeHKa — 1 Oa.
3a HeMpaBWIIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BBICTABIISICTCS OTPUIIATEIbHAS OlleHKa — () OauIoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 5.1 Mexannueckue KoJIe0aHUS M BOJTHBI

JlabopaTopHoe 3aHATHe N220

IIpoBepka 3aK0HOB KOJIeOAHMI MATEMAaTHYECKOT0 MAAITHUKA
Leab: yCTaHOBUTh MaTEMaTUUYECKYIO 3aBUCHMOCTh MEPHOJIa HUTSHOTO MasiTHUKA OT JTMHBI HUTH
MasTHHKA.
Boinosinenue padorsl cnocodcTBYeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04 OK 09
I1P66; ITP610;
[IPyl1; ITPy2; I1Py5; I1Py7; I1Py12;
MP8,MP9,MP10,MP21,MP17, MP13
JIP 26,JIP 14,JIP 23,JIP 13
MartepuanbHoe o0ecniedeHne:
AJIEKTPOHHBIA CEKYHAOMEp, H3MEPUTEIbHAS JICHTA, MAPUK C OTBEPCTUEM, HUTh, IITATUB ¢ My(TOH
1 KOJIBLIOM.

Teopus.

MarteMaTryecKkuM MasTHHUKOM HAa3bIBAa€TCSl MaTepuaibHas TOYKA, MMOJBEIICHHAs HAa HEBECOMOMW U
HEPACTSHKUMOM HUTH. MOJENBI0O MOXKET CIYKHUTh TSDKENBIM IAPUK, pa3Mepbl KOTOPOrO0 BEChbMa MAJIbI MO
CPaBHEHUIO C JJIMHHOW HUTH, HA KOTOPOH OH TMOJBEIIeH (HE CpPaBHUMBI C PACCTOSHHEM OT IEHTpa
TSDKECTU JIO TOYKHU TTOJBECA).

VYuenple [amuneit, HproToH, beccenb u JAp. YCTaHOBUIM CIEAYIONIHME 3aKOHBI KojeOaHUs
MaTeMaTUYECKOTO MasITHUKA!

1.ITepuon koneOaHusT MaTEMATHYECKOTO MAasTHUKA HE 3aBUCHUT OT Macchbl MasTHUKA U OT
aMIUIUTY/IbI, €CIIM YTOJI pa3maxa He npesbimaer 10 rpagycos.

2.Ilepuon konebaHUs MaTeMaTHYECKOTO MasTHUKA MPSMO MPOMOPIIMOHATICH KBAJIPaTHOMY KOPHIO
W3 JUIMHBI MasTHUKAa W OOpaTHO MPOIMOPIIMOHAJIEH KBaApPaTHOMY KOPHIO M3 YCKOPEHHS CBOOOJIHOTO
MaJICHusl.

Ha ocHOBaHmM »3THX 3aKOHOB MOXKHO HamucaTh GoOpMynay Ui Tiepuoja KojeOaHui
MaTeMaTUYeCKOro MasiTHUKA:

agrwbdE

1
g

T=2x

133



Hcnonb3yss Monenb U 3aKOHBI KOJeOaHWH MaTeMaTH4ecKOoro MasTHHKA, MOXKHO IMPOHA0II0NATh
CBOOOTHBIE KOJICOaHMsI, @ TAKXKE C WX TTOMOIIBIO ONMPEIETUTh YCKOPEHUE CBOOOTHOTO TAZCHUS ISl CBOCH
MECTHOCTH ¥ CPaBHUTH CO CIIPABOYHBIM 3HAUCHHUEM g.

YckopeHue cBOOOAHOTO MAJACHHSI MOXKET OBITh BEIUMCIICHO TI0 (hopmyrie
) [."\" <
g=4r" —
e
Xox padoThI:
1. 3akpenuTh HUTH MasATHUKA B JIeprKaTelIe IITaTUBA.
2. VI3mepuTh AMUHY MasiTHUKA (JUIMHA MasTHUKA CUUTAETCSA OT TOUKHU IOJIBECA A0 LIEHTPA TAKECTU
L1apuKa).

3. OTKJIOHUTH MAPHK Ha yroJ He 6osiee 10° U OTITYCTHUTS.
4. OnpenenuTh BpeMs, 32 KOTOpoe MasiTHUK coBepirii 20 kKoneOaHui.
5. Beruuciuts nepuoj KonedaHusi MasTHUKA, UCNoNb3ys popmyny Nt T .
6. IToBTOpUTH ONBIT €11I€ TPU pa3a, yMeHbIIasl (WK YBEIMUNBasi) AJIUHY HUTU MasTHUKA.
7. Pe3ynbTarel 3aHECTH B TAOIUILY.

Tab6muma Nel
No JlnuHa HUTH MasTHUKA |, M Yuco moJHbIX Bpewms konebanuii | [lepnon
KosicOanmii N t, C konecOanmii T, ¢
1 20
2 20
3 20
4 20

8. Cnenath BBIBOJI O 3aBUCUMOCTH MEPUO/1a HUTSHOTO MassTHUKA OT JIMHBI €r0 HUTH.
KonTpoJsbHbIe BONIPOCHI.
1. Yro Ha3pIBalOT NEpUOIOM KOJIEOAHUN MasiTHUKA?
2. Yro Ha3pIBaIOT YacTOTOM Konebanuii MasTHUKA? KakoBa eJMHMIIA YaCTOThI KOJICOAHUI?
3. OT KaKuX BEJIMYUH U KaK 3aBUCHUT MEPUOJI KOJIEOAHN MaTeMaTHYeCKOro MasiTHUKa?
4. Ot KakuX BEJIMYUH U KaK 3aBUCUT NEePHOJ KoJeOaHUH MPYKUHHOTO MasTHUKA?
5. HM300pa3uTe MaTeMaTHUECKUI MasiTHUK B KpaiiHEell MpaBoi TOYKE U MOKaKUTE HAa YEPTEKE CUJIBL,
JEUCTBYIOIIME Ha IIAPUK B JAHHOW TOYKE TpacKTopuu. Hapucyiite paBHOLEHCTBYIOLIYIO CHUIIL.
6. Kak MeHsieTcs BeTMUMHA 1 HANpaBJICHUE PABHOACHWCTBYIOIIECH CHII B TeUEHHUE Teproaa’?
dopma npeacraBjIeHus pe3yabTara:
Pabota nomkHa ObITH BBIMOJIHEHA B TETPAIU AJIs 1a0OpaTOPHBIX paboT
Kpurepun onenkmn:
3a npaBUWJIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTENbHAS OlleHKa — 1 Oau.
3a HeMpaBWJILHO BHITIOJIHEHHOE JIEHCTBHE, 3aJ]aHle BBICTABIIAETCS OTpULlaTeIbHast olleHKa — 0 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyooenemeopumenvHoy svicmagisiemcs 3a MeHee 60%0 npaBUIbHBIX OTBETOB

Tema 5.1 Mexannueckue KoJe0aHUA M BOJHBI
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JlabopaTopHoe 3aHsATHe N221

N3yyeHue 3aKOHOB NPYKUHHOT0 MAasITHUKA

Heab: JIKCHEPUMEHTATBHO YCTAaHOBHTH 3aBHCHMOCTh II€pUOJa KOJIEOAHWH  TIPY>KUHHOTO
MasiTHUKA OT YKECTKOCTU MPYKUHBI U MacChl rpy3a
BbinosiHeHHne padoThl cocoOCTBYET (POPMHPOBAHUIO:
1. OK 01, OK 02, OK 05, OK 07, OK 04 OK 09
2. IIP66; IIP610;
3. TIPyl; [IPy2; IIPy5; IIPy7; TIPy12 ;
4. MP8,MP9,MP10.MP21,MP17, MP13
5. JIP 26 ,JIP 14,JIP 23,JIP 13
MarepuanbHoe olecniedyeHune: MTATUB ¢ My(QTON U Jankoi, HAOOp MPYKUH Pa3HOU >KECTKOCTH,
Ha0Op TPY30B Pa3HOI MACCHI, CEKYHIOMEDP
Ilopsinok BbINOJHEHHS PadOThHI:
Onpedenenue 3a8UCUMOCMU NEPUOOA KOJIeOAHULI OM MACChL 2PY3d
1. CoGepute npyXKHMHHBIN MasTHHUK, UCIIOJIb3Ys BBIIAHHOE 000pYyI0BaHHE.
2. BeiBenmuTe MasTHUK W3 IMOJIOKCHHS PABHOBECHS, BKIIOYUTE CEKYHIOMEDP W OTCUHTAWUTE IECSTh
koseOanuil. Mcrnonp3ys Moka3aHusi CEKyHAOMEpa, pacCuuTaiTe meproj] KojieOaHuil U 3aroIHUTe
MIEPBYIO CTPOKY TAOJIUIIBL.

Ne N t,c T,C m,kr | mP kY | k.,u/m
OIIbITA

1

gl wiN

3. TloBropure skcrmepuMeHT emié 4 pasa, yBenmWYMBas Maccy HO, HE MeHss NpyxXuHBL [lo
MOJIyY€HHBIM JJAHHBIM 3aMOJTHUTE TaOIHILy.
4. TlocrpoiiTe rpaduk 3aBUCHUMOCTH mepuoja konedanuit (T) oT KBajpaTHOro KOPHSI M3 MaccChl
(m1/2).
5. Tlo ¢opme rpaduka onpeaennuTe BUI 3aBUCUMOCTH MEXTY TIEPHOJIOM U KOPHEM KBaJIPaTHBIM H3
MAacCCHI.
Onpedenenue 3a8UCUMOCMU NEPUOOA KOJIEOAHULI OM HCECMKOCMU NPYHCUHBL
1. Cobepute npyKMHHBIN MasTHHUK, UCIIOJIb3YS BBIIAHHOE 00OPYIOBaHHE.
2. BpBenmuTe MasTHUK W3 TOJIOKEHHSI PAaBHOBECHS. BKIIOUUTE CEKYHIOMEpP M OTCUMTAWTE HECATh

KoJie0aHui.
3. Hcnomnp3ys moka3aHus CEKyHIOMepa, paCCUUTalTe Tepro I KoJeOaHNi 1 3aII0JTHUTE IIEPBYIO CTPOKY
TaOJIHIIBI.
Ne ompiTa N t,c T,c m, KT k,1/m Kllz,(H/M)l/
2

I ISIEN NI

[ToBTOpUTE PKCHIEpUMEHT eni€ 4 pa3a,yBenuuyuBas KOdQQHUIHUEHT KECTKOCTH HO, HE MEHsS Maccy
rpy3a. I1o nmosy4yeHHbIM JaHHBIM 3aMIOJIHUTE TAOJIMILY.
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5. Tloctpoiite rpadux 3aBucumoctu mnepuoma konebanuit (T) oT KBaapaTHOro KOPHS u3
koo dunmenta xécrxocrn. (kH2).
6. Ilo ¢dopme rpaduka ompemaenuTe BHI 3aBUCUMOCTH MEXIY MEPUOJOM M KOPHEM KBAJpPAaTHBIM U3
koa(durmenTa KECTKOCTH.
7. CpnenaiiTe BBIBOJ O 3aBUCUMOCTH TIepuoja KojeOaHM OT Macchl Tpy3a H Kod(pQuImeHTta
JKECTKOCTH.
KouTpoJbHble BOpochI:
1. B xakom nojoXeHUH MasTHUKA CKOPOCTh OyAeT MaKCUMaIbHOM1?
2. B KxakoMm MOJ0KEHUU MAsITHHKA CKOPOCTh PaBHA HYIIIO.
3. VYBenuuwid Wi YMEHBIIMIN MAacCy Ipy3a, MOJABEIICHHOr0 K MPY)KMHHOMY MasiTHUKY, €CIU: a)
nepuo; ero konedbanuii cHavana 0wt 0, 4 ¢, a mocie u3mMeHenus maccel cran 0, 2 c;
0) yacToTa ero kosiebaHuii BHavase Obl1a paBHa 6 ['11, a moTom ymeHbmuiaace 10 5 I'u?

®dopma npeacTaBiaeHusi pe3yJabTarTa:
Pabora momkHa ObITh TpeCTaBICHA B TETPAIH IS TaOOPaTOPHBIX padoT
Kpurepun oneHku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKUTEIbHAS OlICHKa — 1 Oa.
3a HeMpaBWIBHO BBITIOJHEHHOE JICUCTBHE, 3aJ]aHNUE BHICTABIISICTCS OTPHUIIATEIbHAS OolleHKa — 0 0aJuIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 5.2 Di1eKTpOMArHUTHBIE KOJIeOAHUS M BOJIHbI

JlabopaTopHoe 3ansiTue Ne22

YcrpoiicTBo TpancdopmaTopa U reueparopa
Iesb: U3y4nTh yCTPOHCTBO M MPUHLUI pabOTHI TpaHc(hopMaTopa U reHepaTopa.

BoinosiHenune padoTsl crnoco0cTBYeT (POPMUPOBAHUIO:
OK 01, OK 02, OK 05, OK 07, OK 04,0K 09,IIK 1.5,1IK 2.1,IIK 2.2
MarepunanbHoe obecnedeHue:
TpanchopmaTop Ja0OpaTOPHBIN, Jamia HaKAJIMBAHUS, KIIOY 3aMBIKAHUS TOKA, KOMIUIEKT MPOBOJIOB
COCAMHUTCIIbHBIX.
3amanne
1. U3zyuwth cTpoeHUe, HA3HAYEHNUE W MPHUHIIUI ACUCTBHS TpaHchopMaTopa
2. W3yuduTh cTpoeHHe, Ha3HAueHHE M NMPHUHIIUI ACHCTBHS FeHepaTopa.

ITopsinok BbINOJIHEHHS Pa0OTHI
H3yuenue ycmpoiicmea mpancgopmamopa

Tpanchopmarop mpeoOpasyeT TMEpeMEHHBI TOK OHOTO HAMPSOKCHHS NMPU HEM3MEHHOW YacTOTe.
OH cocTOMT U3 3aMKHYTOIO CepJEYHUKA, W3TOTOBJIEHHOTO W3  CHEUUAJIbHOM  JIMCTOBOM
Tpanc(hOpMaTOPHOHN CTallM, HA KOTOPOM DACTOJIAararoTCs JBE KATYIIKH (MX HA3bIBAlOT OOMOTKamH) ¢
Pa3HBIM YUCJIOM BUTKOB U3 MEIHOMN MPOBOJIOKH.

Onna n3 0OMOTOK, HA3bIBAETCS MEPBUYHOM, MOAKIIOYACTCS K MCTOYHHUKY MEPEMEHHOTO HAIPSKCHUS.
YcTpoiicTBa, MOTPEOISIONINE SIEKTPOIHEPTUIO,  MOIKIIOYAIOTCS K BTOPUYHONW OOMOTKE, UX MOXKET
OBITh HECKOJIBKO.
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[Ipu BbIMONHEHUH pabOTHl CleAyeT H3YyYUTh YCTPOWCTBO TpaHchOpMaTOpa, BKIIOYUTH €r0 B CETh
nepemeHHoro Toka (36 B). B pexmme X010CTOro Xoia HW3MEPHUTh HANpsOKEHHE Ha OOMOTKaxX M
BBIUUCIIUTh KO3 duuument tpanchopmanmm, a npu pabore TpaHCPopMaropa «IIOI  HATPY3KOM»
YCTaHOBHUTBH CBSI3b MEXKJYy TOKAMH W HAIPSDKEHHUEM B OOMOTKAX.

Tpancopmarop COCTOMT M3 JABYX Karyliek U cepaeyHuka. CeplIedyHUK COCTOUT M3 ABYX IOJIOBHH,
KOTOpBIE

frcomecn BCTaBIIIOT B KATYyIIKy M C TOMOIIBIO  CKOOBI
3aKPEIUIAIOT HA OCHOBAHUH.

Xoa Padornl

% 1. Paccmorputre  ycTpoWcTBO  TpaHcdopmaropa.
Onpenenute TNEPBUYHYIO OOMOTKY  (KI€MMBI —C

Haanuchlo: 36 wim 42 B) u 1Be BTopuyHbIX KiieMMbl 2,2 B 1 4,4 B)

2. HauepTtuTe 21€KTpUUECKYIO cxeMy TpaHchopmaropa.

3. PazGepure Tpanchopmartop. s 3TOro moBEepHHUTE €ro OCHOBAHMEM BBEPX M OTKPYTUTE JIBE TallKu

KperieHus CKOObI. BEIHBTE CEpIC€YHHK B PACCMOTPHUTE €T0 YCTPOHCTBO.

4. CobGepure Tpanchopmarop. s 3TOro BCTaBbTE CEPICYHHK CO CKOOOW B KATYIIKH. Y CTaHOBHUTE

TpaHc(hopMaTop Ha OCHOBaHUE U 3aKPETHTE eTo raiKaMu.

H3zyuenue Ycrpoiicra I'eneparopa.

I'enepatop mocTosHHOro Toka (puc. 1) COCTOMT M3 JABYX wyacTel: HEMOABM)KHOW W Bpallaromiencs.
HenoneuxHas 4dacTe (cTaTtop) sIBISIETCS OCTOBOM MAIllMHBI U OJAHOBPEMEHHO CIIY)KUT IJI CO3JAaHUS
MarHuTHOTO TMOTOKa. Bo Bpamaromieiicss 4acTu, Ha3blBaeMOW sSKOpeM (POTOpPOM), HHIYLHpPYETCs
aieKTpoBIKYyIIas cuia - DJ1C.

KoHcTpykius reHepaTopa MOCTOSIHHOTO TOKa (CM. pHC.2).

HemnoasmxHas yactb cOCTOMT U3 cTaHUHBI (1), rIaBHBIX TOMOCOB (2) ¢ 00MOTKOM BO30OYx)aeHus (3) u
JOMOJTHUTEIBHBIX TOJTIOCOB (4), YMEHBIIAEMbIX HCKPEHHE MO IETKAMH.

Sxopb nMeeT cepieuHuK (5), HAOpaHHBIM U3 TOHKUX CTAJIbHBIX JUCTOB, 0OMOTKY sIKOpS (6), 3aJ10)KEHHYIO
B Ma3bl cepjedyHuka U kouiekTop (7). Ha moBepXHOCTh KOJUIEKTOpa HallOKEHBI YTrOJbHO-TpapHUTOBBIE
meTku (8), obecreunBaroNIMe CKOJIB3SANIMN KOHTAaKT ¢ OOMOTKOW Bpamfaromierocs sikops. Kommextop
uMeeT GopMy LUIMHAPA U BBITOJIHSAETCS U3 W30JIMPOBAHHBIX MEIHBIX TUIACTHH - JIaMeNlel - K KOTOPBIM
MIO0JICOEIMHEHBI CEKIIMU SIKOPHOM 00MOTKH. Bpamasce BMecTe ¢ 0OMOTKOM, KOJIJIEKTOP BBINOJIHSAET POJIb
MEXaHUYECKOTO BBITPSIMUTETIS.

OOmMOTKa BO30YXKIEHUS  CO3/aeT TJaBHBIM MarHUTHBIM mTOTOK @ momtocoB. B reHeparopax c
HE3aBUCHMBIM BO30YXKJIEHHEM OHa IHTaeTcs OT IIOCTOPOHHETO0 MCTOYHUKA IIOCTOSHHOTO TOKa
(BIIIpsIMUTENSA, aKKyMmynsaTopa U T.1.). C TeHepaTopoM C MapajielbHbIM BO30YyXJAeHHEM OOMOTKa
TJIaBHBIX MOJIKOCOB MOJKIIIOUEHA K [TIaBHBIM LLIETKAM, T.€. apaluIeIbHO LENH SKOpsA. B cBA3M ¢ aTUM Ais
BO3HUKHOBEHMsI MarHUTHOTO ToToka M DJIC HeobxomuMm XOTs OBl CIa0bI OCTATOYHBIM MarHUTHBIN
NoToK. brarogapss HamMuuI0 OCTATOYHOIO MarHeTH3Ma BO3HHKAET IMPOIECC CaMOBO30YXKIECHUS
re’HepaTopa.
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Puc.l1. Puc.2.

Xox padoThI:

1. Ctpoenue TpancgopMaTopa - HAYEPTHUTh, COCTABHBIC YaCTHU yKa3aTh, POPMYJIBI 3aMHUCATh, HA
KOHTPOJIbHBIE BOTIPOCHI OTBETHUTD.
2. CrpoeHHe reHepaTropa - Ha4epTUTh, COCTABHBIC YaCTH yKa3aTh, POPMYJIBI 3aMACATh, HA

KOHTPOJIbHBIC BOIIPOCHI OTBETUTD.

KouTtpoJbHble BOonpochl

1 Bapuant

1.Yto Ha3bIBaIOT MHIYKIIMOHHBIMU T'eHepaTopaMu’?

2.Kakoii TpaHchopmaTop Ha3bIBAIOT IOBBIIIAIONIUM, @ KAKOW MTOHMKAIOITUM?

3.Yrto Takoe XoJocToi xo Tpanchopmaropa’?

4.Ilouemy cepaeuHHUK TpaHc(hopMaTopa U3roTaBIMBAIOT U3 CTAJIM, @ HE U3 MeJu?

5.B nepBuuHOli 00MOTKE TpaHcopmaropa, BKIIOUEHHOH B ceTh ¢ HampspkeHueMm 380B. Coxepkutcs
1320 ButkoB. OnpenenuTts HanpsHKeHUE Ha BTOPUYHONW 0OMOTKe, eciu oHa cojepkut 300 BuTkoB. Bug
TpaHnchopmaTopa yKaszaTh, OTBET MOSICHUTb.

2 BapuaHT

HazoBuTe 0CHOBHBIE YaCTH re’aeparopa nepeMCeHHOTO TOKaA.

Jlokasatk, YTO y HOBBIMIAIOIIETO TpaHchopmaTopa K>1.

W3mensiet nu TpanchopMaTop 4acToTy Mpeodpa3yeMoro mepeMeHHOro Toka?
[Toyemy cepaeunuk Tpancpopmaropa COOMPAIOT U3 OTAETBHBIX IJIACTUH?

Ecnu Ha mepBuuHyto oOMOTKY TpaHcopmaropa nojaercs HanpsbkeHue 220B, To Ha
BTOPUYHOM OOMOTKE TpPH XOJOCTOM Xoj€e moiy4aercs HanpspkeHue 130B. Yucno
BUTKOB TNepBUYHONW 00MOTKM paBHO 400. OmnpenenuTs YUCIO BUTKOB BO BTOPUYHOMN
oOMoTke. Bua Tpancopmaropa yka3arb, OTBET MOSICHUTb.

ok w

3 BapuaHT
1. KakoBa poiib HHIYKTOpa U SKOpsI B YCTPOICTBE TreHepaTopa nepeMeHHOro Toka?

Urto Takoe moHWKarImi Tpanchopmarop?

3. Tlowemy cepaedynuk TpaHchopMaTopa AeNaloT He CIUIOMIHBIM. A U3 MHOKECTBA TIACTHH,
W30JIMPOBAHHBIX JIPYT OT Apyra?

4. Tlouemy MOIIHOCTb, MOTpeOIsieMas OT BTOPUYHOU OOMOTKHU, MEHBIIIE MOIITHOCTH,
MTOABOIMMOM K MIEPBUYHON 0OMOTKE?

5. CKOIBbKO BHUTKOB JIOJDKHA MMETh BTOPUYHAsE 0OMOTKa TpaHcdopmaTopa Ui MOHMKEHUS
HamnpspkeHus ¢ 12000 qo 120B, eciaun mepBuuHas oomotka coaepkut 4000 ButkoB? Bun
TpaHcopmaTopa yka3aTh, OTBET MOSCHUTD.

®opMa npeacTraBiieHs pe3yJbTaTa:
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PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAU ISl IAOOPAaTOPHBIX padoT
Kpurepun oneHku:

3a IMPaBUJIbHO BBIIIOJIHCHHOC 3a1aHUEC BBICTABJIACTCS IMOJIOKUTCIIbHAA OLCHKA — 1 Ga.

3a HEIIPABUJIBHO BBIIIOJIHEHHOC HeﬁCTBHe, 3aIaHUEC BBICTABIIACTCA OTpHULATCIIbHAA OLICHKA — 0 6annos.

Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB
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