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BBEJIEHUE

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

CoctaB U cojep)aHHe MPAKTUYECKUX U JIA0OPATOPHBIX 3aHATHI HANPABJICHBI HA PeaH3alHIo
®enepanbHOr0 rocy1apcTBEHHOrO0 00pa30BATENBHOIO CTAaHAAPTA CPEIHEro OOLIero o0pa3oBaHUs C
Y4ETOM I0JTy4aeMOM CIELHAIbHOCTH.

Benymeli aupakTHueckod  LeNbI0  IPAKTUYECKMX — 3aHATUH  sABIsleTcss  (OpMHUpOBAHUE
npoeCCUOHATBHBIX MPAKTUYECKUX YMEHUH (YMEHHIA BBIOJIHATH OINpEesICHHbIE JCHCTBUS, ONEpaluy,
HE0O0XO/AMMBIE B IOCIEAYIOUIEM B MPO(ECCHOHAIBHONW IEATENbHOCTH) MM Y4eOHBIX NPAaKTUYECKHUX
YMEHHUH pemiath 33a4u 1o (pusnke, HEOOXOAUMBIX B MOCIEAYIOIEH Y4eOHO! AeITEeIbHOCTH.

Benymeli numaakTuueckod 1€Nbpl0  J1a0OPATOPHBIX 3aHATUH  SIBISETCS HKCIEPUMEHTAIbHOE
IIOATBEPK/ICHUE U POBEPKA CYILIECTBEHHBIX TEOPETUUECKUX 3aKOHOB, 3aBUCUMOCTEH.

B cootBeTcTBUMM C pabouedl mporpamMmoi ydeOHOW MUCHMIUIMHBI «DHU3MKa» MPEayCMOTPEHO
IIPOBEJICHUE MPAKTUYECKUX U J1a0OPAaTOPHBIX 3aHATHUH.

BeinonHenne npakTuueckux U J1abopaTOpHbIX paboT obecreunBaeT JOCTHKEHHE 00yqatoIMMUCS
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

NpsIMOJIMHEITHOE JIBUYKEHHE, CBOOOJHOE MaJeHHE Tell, JBUKEHHE IO OKPYXKHOCTH, WHEpPIHS,

B3aUMOJICHCTBHE TeJ, KosebaTenbHOe IBM)KEHUE, PE30HAHC, BOJHOBOE IBIKEHHUE; TUPPY3us,

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

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

KpUCTAJIIN3alus, KHUIIEHHWE, BIAXHOCTh BO3[yXa, CBSA3b CpEJHEHl KHHETUYECKOW BSHEpPruu

TEIUIOBOTO JIBUKEHHS MOJIEKYN C aOCOJIFOTHOM TeMIlepaTypoi, MOBBIIIEHUE JaBJIEHUS rasa mnpu

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

U30IIpoLeccax; IEKTPU3ALMS TEJ, B3aUMOJEHCTBUE 3apsi/iOB, HATPEBAaHUE IPOBOJIHUKA C TOKOM,

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

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

MPSIMOJIMHEIIHOE  PAcIpOCTpaHEHHE CBETa, OTPaKEHHE, IMpeIOMIIEHHEe, HHTepQEepeHIns,

audpakuus U TOJSpU3alUs CBeTa, AMCIEpCUsi cBeTa; (oTodneKTpuueckuil 3¢ddekr, cseroBoe

JaBJIeHHE, BO3HHUKHOBEHHE JIMHEHYaToro CHeKTpa aroMa BOJOpPOJAA, €CTECTBEHHas U

HCKYCCTBEHHAs paiMOAKTUBHOCTH;

e JIP63 BiaJeHUWE OCHOBOMNOJAralIUMU  (U3NYECKUMU TOHSTUSAMU U BEJIMYMHAMH,
XapaKTepU3yIOIUMH  (U3NYECKUE MPOIECChl (CBA3aHHBIMH C MEXaHHMUYECKUM JIBUKEHHEM,
B3aMMO/JICIICTBUEM TeEJI, MEXaHMYECKMMH KOJeOaHUSMU M BOJHAMHU; aTOMHO-MOJEKYJISPHBIM
CTPOCHHEM BEILECTBA, TEIUIOBBIMU IIPOLIECCAMU; JJIEKTPUYECKHM W MAarHUTHBIM IIOJISIMH,
ANEKTPUYECKUM TOKOM, DJEKTPOMAarHUTHBIMU KOJEOAHUSMHU U  BOJHAMH; ONTHUYECKUMU
SIBICHUSIMU; KBAaHTOBBIMU SIBIICHUSIMH, CTPOEHHEM aTOMa M aTOMHOTO sJIpa, paJlOaKTUBHOCTHIO);
BJIQJICHHE  OCHOBOMNOJAralOU[MMH  AaCTPOHOMHYECKMMH  IOHSTHIMH, MO3BOJISIIOIIUMU
XapaKTepu30BaTh IPOLIECCHI, MPOUCXOASIIME 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 COXpPaHEHUS] MEXAHUYECKOW SHEPruu, 3aKOH COXPaHCHHS
HMMITYJIbCA, MPUHLUI CYHEPIO3UIUU CHJI, TMPUHIIMI PABHOMPABHOCTH HHEPLUHAIBHBIX CHCTEM
OTCUETa; MOJEKYJISIPHO-KMHETHYECKYI0 TEOPUIO CTPOEHHUS BEIIECTBA, ra30BbI€ 3aKOHBI, MEPBbIN
3aKOH TEPMOJMHAMUKU; 3aKOH COXPAaHEHUS 3JIEKTPUUYECKOTo 3apsijaa, 3akoH Kyiona, 3akoH Oma
JUISl ydacTKa Lenu, 3akoH OMa /1711 OJTHOM 3JIEKTPUYECKOH 1en, 3akoH Jkoyind - JIeHna, 3akoH
AJEKTPOMArHUTHOM  WHIYKIMU, 3aKOH COXPAHEHUS JHEPrud, 3aKOH MPSIMOJIUHEUHOIO
pacIpoCTpaHEHHUs CBETA, 3aKOH OTPa)KEHMS CBETA, 3aKOH IPEJIOMJICHUS CBETA; 3aKOH COXPAHECHUS
SHEPruM, 3aKOH COXPAHEHHs HMIIYJIbCA, 3aKOH COXPAHEHMS JJIEKTPUYECKOIO 3apsAja, 3aKOH
COXpaHEHHS MAacCOBOTO 4YMCIa, MOCTYNaThl bopa, 3aKOH pajiMOAaKTUBHOIO paclaja); yBEpEeHHOE
UCIOJIH30BAHME 3aKOHOB M 3aKOHOMEPHOCTEN MpH aHann3e PU3MUECKUX SBICHUN U MPOIECCOB;
[IP65 yMeHUE Y4YUTHIBAaTh TPaHUIBI NPUMEHEHUS HW3YYCHHBIX (PU3NYECKUX MOJEIIeH:
MaTepuaabHas TOUKa, MHEpLUAIbHAsA CUCTEMA OTCUETa, WCANIbHBIN I'a3; MOAEIU CTPOEHUS ra3os,
KUJKOCTEH U TBEPABIX TEN, TOUYCUHBIN FIEKTPUUECKUN 3apsil, sIepHasi MOJIEIb aTOMa, HyKJIIOHHAs
MOJIeTTb ATOMHOTO siJIpa IMPH PEIICHUH (PU3NICCKHIX 33]1aY;

[IP66 BiaJeHHE OCHOBHBIMH METOJAaMH HAy4YHOTO IO3HAHMS, MHCIOJIb3yeMbIMH B (HU3UKE:
MPOBOJIUTH MPSIMbIE M KOCBEHHBIE M3MEpPEHUs (PU3NYECKUX BEITUYMH, BHIOMpAsk ONTHMAaIbHBINA
croco®d H3MEpeHUs U HCIONIb3ysd HW3BECTHBIE METOJbl OIEHKU MOTPEIIHOCTEH H3MEpEeHUH,
MIPOBOJMTh HCCIICIOBAaHUE 3aBUCUMOCTEH (M3MYECKUX BEIMYHH C WCIOJIH30BAHUEM IPSMBIX
U3MepeHuil, OOBACHATh TMOJNyYEHHBIC PE3yIbTaThl, HCIOIB3Ys (PU3UUYECKHE TEOpUH, 3aKOHBI U
MOHATHUS, W JeJaTh BBIBOJBL, COOJIOAATh MpaBuia OE30MacHOTO TpyJda NpHU TMPOBEIACHUU
HCCIIEIOBaHHM B paMKax y4eOHOIo SKCIIEpUMEHTa U y4eOHO-HCCIeA0BaATEIbCKOM AeSITENFHOCTH C
WCTIOJIB30BaHNEM HHU(POBBIX H3MEPUTEIHLHBIX YCTPOWCTB M J1aOOpaTOPHOTO 0O0OPYHOBaHUS;
c(hOpPMUPOBAHHOCTH MPEACTABIECHUI O METOJaX MOJIYYCHUS HAYYHBIX aCTPOHOMHUUYECKUX 3HAHUI;
[Pyl cpOopMUPOBAHHOCTh TMOHMMAHUS POJH (U3NKH B SKOHOMHUYECKOW, TEXHOJOTHYECKOH,
COLIMAJILHOW U ATHUYECKOH cepax NeaTeIbHOCTH YeI0BeKa; POJid U MecTa (PU3UKU B COBPEMEHHOM
Hay4YHOW KapTUHE MHpa; POJU AaCTPOHOMHH B TPAKTUUECKOW JCSITEIIBHOCTU 4YEJIOBEKa H
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; MPEICTABICHUN O CTPYKType MOCTPOEHUS (PU3NUECKON TEOpUH,
YTO TO3BOJUT OCO3HATH POJib (YHIAMEHTAIbHBIX 3aKOHOB M TMPUHIIMIIOB B COBPEMEHHBIX
MPEACTABICHUSAX O TPUPOJE, TMOHATh TPAHUIIBI MPUMEHHUMOCTH TEOPHM, BO3MOXKHOCTH WX
MIPUMEHEHHUSI JIJ1s1 OIMCaHUs €CTECTBEHHOHAYUYHBIX SIBJIEHUH U IIPOLIECCOB;

ITPy3 chopMUPOBAHHOCTh YMEHUS pa3inyaTh YCIOBHUSI MPUMEHUMOCTU MoJieNel (PU3NIecKux Tel
W TpoleccoB  (SABICHWI): HWHEpIUalbHAas CcHCTeMa OTcueTa, MaTepuaibHas  TOYKa,
PaBHOYCKOpDEHHOE JIBW)KEHHE, CBOOOJHOE TMaJieHue, adCoJTHO yrpyras jaedopmarus,
a0COJIOTHO ympyroe U aOCOJIOTHO HEYNPYroe CTOJKHOBEHMs, MOJeNed Trasza, KMIKOCTH U
TBEPAOro (KPUCTAJUIMUECKOTO) Teja, WICAIbHOrO Tas3a, TOYEYHBIH 3apsl, OIJHOPOIHOE
JNEKTPUYECKOE  TIOJie, OJHOPOAHOE MArHUTHOE TMOJie, TapMOHUYECKHE  KoJeOaHus,
MaTeMaTUYeCKU MasTHHUK, WJCaJbHbI TPYKWHHBIA MasSTHUK, TapMOHUYECKHE BOJIHBI,
UJealbHBIN KoNleOaTenbHbIA KOHTYP, TOHKAs JTMH3a; MOJIeIe aToMa, aTOMHOTO s/Ipa U KBAHTOBOH
MO/JIETIN CBETA;

[TPy4 copMUPOBAHHOCTh YMEHUSI OOBICHATH OCOOCHHOCTU MPOTEKAHMS (UIUUYECKUX SBICHHIA:
MEXaHUYeCKOe JBHKEHHE, TEIJIOBOE [IBWKEHHE 4YacTHIl BEIIeCTBA, TEIJIOBOE paBHOBECHE,
OpoyHOBCKOE JBIKeHUE, AudQy3usi, UCNapeHue, KWUIICHWE W KOHJEHCAIWs, TUIaBICHHE W
KpUCTAJIJIN3alMsl, HAlPaBJICHHOCTh TEIUIONEepenaun, 3JEKTPU3alUU TeJ, IKBUIIOTEHIINAIbHOCTH
MOBEPXHOCTU 3apPSXKEHHOI0 MPOBOJIHMKA, JJIEKTPOMArHUTHOW WHIYKUHUHU, CaAMOMHAYKIIUH,
3aBUCUMOCTH COIIPOTUBJIEHUS MOJYIPOBOJHUKOB "p-" M "n-TMNOB" OT TeMmmeparypsl, pe30HaHca,
uHTepQepeHITnN BOJH, UPpaKIUU, TUCTIEPCUH, TIOJTHOTO BHYTPEHHETO OTpaxeHus, GoTodPdexKT,



¢u3nvecKre MPUHIMIBI CIEKTPATbHOTO aHAIM3a U paboTH Jlazepa, "anbga-" u "Oera-" pacmasl
a11ep, raMMa-u3JIydeHue sSaep;

[TPy5 chOopMHPOBAHHOCTh YMEHHI MPUMEHSATH 3aKOHBI KJIACCHYECKON MEXaHUKH, MOJIEKYISIPHON
(GU3MKN U TEPMOJUHAMUKHM, IEKTPOJUHAMUKHU, KBAHTOBOM (DM3UKHU AJIs aHAIU3a U OOBSICHEHUS
SABIICHUA MMKpPOMHpPA, MAKpOMHUpa W MeEramupa, pasjiuyarbh YCJIOBHsS (TpaHUIBI, 0O0IaCTH)
IPUMEHUMOCTH (PU3MYECKMX 3aKOHOB, IOHMMAaTh BCEOOLIMI XapakTep (yHIaMEHTaJIbHBIX
3aKOHOB (3aKOH COXpaHEHMsS MEXAHUYECKOW SHEPruM, 3aKOH COXPAaHEHUS HMIIyJbCa, 3aKOH
BCEMUPHOI'O TATOTEHUs, IEPBBIA 3aKOH TEPMOAMHAMUKH, 3aKOH COXPAaHEHUS DIIEKTPUYECKOIrO
3apsifa, 3aKOH COXPAHEHHs HHEPrMHM) M OrPAaHUYEHHOCTb HCIIOJIb30BAHUS YACTHBIX 3aKOHOB;
aHAJM3UPOBaTh (PU3MUECKUE IPOLECCHl, MCIONb3YS OCHOBHBIE IIOJOXKEHUS, 3aKOHBl U
3aKOHOMEPHOCTH; OTHOCHUTEIIbHOCTh MEXAaHMYECKOTO JBIDKCHHS, (OPMYJIbl KHHEMaTUKU
PaBHOYCKOPEHHOI'O JIBUXKEHUs, IpeoOpa3oBaHus 'anuiest Aas CKOPOCTH M MEpEeMELIeHUs, TpU
3akoHa HbIOTOHA, NMPUHIMI OTHOCUTENBHOCTU [ anuies, 3aKOH BCEMUPHOI'O TATOTEHUS, 3aKOHbI
COXpaHEHMs HMIYIbca W MEXAaHUYECKOM SHEepruu, cCBs3b pPabOThl CUJIBI C HM3MEHEHUEM
MEXaHUYECKOM YHEPTHH, YCIOBHs PaBHOBECHUS TBEPAOIrO TEJA; CBS3b JABJICHUs MJICAIBHOIO rasa
CO CpellHEN KMHETUYECKOW YHEPrUel TEIJIOBOrO ABMKECHMS U KOHLIEHTPALUEN €r0 MOJIEKYJI, CBA3b
TeMIepaTypbl BEIIECTBA CO CPEAHEW KWUHETHMYECKOM HDHEPrUed €ro 4YacTHll, CBSA3b JABJICHUS
UJCAIBHOTO ra3a ¢ KOHILIEHTpalued MOJIEKYJ M €ro TeMIlepaTypoW, ypaBHeHue MeHeneeBa-
Knanelipona, mnepBblii 3aKOH TEPMOJAMHAMUKH, 3aKOH COXPAHEHUS DJHEPIHMM B TEIIOBBIX
Ipoueccax; 3aKOH COXPaHEHHMs DJJIEKTPUYECKOro 3apsna, 3akoH KysnoHa, noTeHIManbHOCTh
3JIEKTPOCTATHYECKOrO IIOJIsI, NMPUHLUII CYIEPIO3UIMHU JJIEKTPUUYECKUX IOJeH, 3akoHa KyiloHa;
3akoHbl OMa I ydacTKa LEeNu U Ul 3aMKHYTOM 2JIEKTpUYeCcKOW Lenu, 3akoH Jxoyinsa-Jlenna,
3aKOH 3JIEKTPOMAarHUTHOM MHIYKIUH, MNpaBuiao JleHua, mnocTynarel ClEUUaIbHOW TEOpUU
OTHOCUTEJIBHOCTU DWHIITeHa, ypaBHeHHe OiHIITeHHa s ¢otodddexra, nepsbiii U BTOpoH
noctynarel bopa, mpuHmMI HeompeaereHHOCTH [eif3eHOepra, 3akoH COXpaHEHHs 3apsja,
MacCOBOI'0 YHCJIA M SHEPTHUHU B AJEPHBIX PEAKLUAX, 3aKOH PAJIUOAKTUBHOIO pacrania;

[1Py8 chopMHUpOBaHHOCTH MPEACTABIECHUN O METOJAX IMOJIyY€HUs HAyYHBIX aCTPOHOMUYECKUX
3HaHUi; BIaJleHMEe YMEHHUSIMHU CaMOCTOATENbHO (POPMYIMPOBATH LIENb MCCIeI0BaHUs (IIPOEKTa),
BBIIBUTATh TMIIOTE3bl HA OCHOBE 3HaHMSI OCHOBOMOJAralmoluX (PU3MUECKUX 3aKOHOMEPHOCTEH u
3aKOHOB, IIPOBEPATH MX OSKCIIEPUMEHTAIBHBIMM CPEICTBAaMH; IUIAHUPOBAaTh M INPOBOJIUTH
¢u3nyecKne SKCHEPHUMEHTHI, ONUCHIBATh M AHAIW3UPOBATH IOIYYEHHYIO IpPU BBINOJIHEHUU
HKCHEpUMEHTa HHPOPMALIUIO, ONPEAEIIATh JOCTOBEPHOCTH MOJIYYEHHOT'O pe3yJIbTara;

[TPy 11 oBnaneHue pa3nuyHbIMU criocodamu paboThl ¢ HHGopMalueil (U3NIECKOro coiepKaHus
C UCMOJb30BAHUEM COBPEMEHHBIX HH(GOPMAIIMOHHBIX TEXHOJIOTUH, pa3BUTHE YMEHUH
KPUTHUYECKOI0 aHAJIN3a U OLIEHKH JIOCTOBEPHOCTH 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 PA3JINYHbIX
COLIMAJIbHBIX POJIEH, TUITAaHUPOBATh PabOTy IPYMIbI, PAllMOHAIBHO PACHPENENITh EATEIbHOCTh B
HECTaHJApPTHBIX CUTYallUsAX, aJ€KBAaTHO OLIEHMBATh BKJIAJ KaXKJOTO0 W3 YYaCTHMKOB TIPYMIBI B
pelieHre paccMaTpuBaeMon IpoOIIeMBl;

MP 8 cnocoOHOCTb ¥ TOTOBHOCTH K CAMOCTOSITEIbHOMY MTOMCKY METO/IOB PEIIEHUs TPAKTHYECKUX

3aJ1a4, IPUMEHEHHIO Pa3IMYHbIX METOJIOB MTO3HAHNUS;
MP 9 Bnanerb HaBbIKAMU IMOJNYyYeHHMS HMH(POpPMAIMM U3 HCTOYHHKOB PpA3HBIX THIIOB,
CaMOCTOSITEJIbHO ~ OCYIIECTBJISITH ~ NOUCK, AaHAIW3, CHUCTEMATU3AalMI0 W  HHTEPIPETALHIO
nH(OpMaIUY Pa3IMYHBIX BUJOB U (OPM Ipe/ICTaBICHHUS;

MP 10 c¢opmupoBaHMe HAay4yHOrO THUIA MBIIIJICHNUS, BJaJE€HUE HAYYHOW TEPMUHOJIOTHEMH,
KJIFOUEBBIMH MOHATUSIMHU U METO/IaMU;



e MP 21 BBISBIATH NPUYMHHO-CIECACTBEHHBIE CBSI3M M aKTyaJu3UpOBaTh 3aJady, BBIJIBUraTh
TUIIOTE3Y €€ PEHICHUs, HAXOAUTh apTyYMEHTHI JUIsl JOKA3aTelIbCTBa CBOMX YTBEPKCHUM, 3a]1aBaTh
rapameTpbl U KpUTEPUU PEILICHUS,

e MP 17 ymerb mnEepeHOCUTh 3HAHUA B T[O3HABAaTEIbHYI0 M MPAKTUYECKYIO 00J1acTu
KU3ZHEIESITCIIbHOCTH;

e MP 13 oBnanenue BUgaMH JESTEIBHOCTH IO MOJIYYEHHIO HOBOTO 3HAHUS, €r0 MHTEPIpPETAIUH,
MpeoOpa30BaHUI0 M MPUMEHEHUIO B PA3IMYHBIX YUYEOHBIX CUTYAUsX, B TOM YHCIIE IIPH CO3AaHUU
y4eOHBIX U COIMAIbHBIX TPOEKTOB;

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

e JIP 14 oco3HaHMe TUYHOIO BKJIaJa B IOCTPOEHUE YCTOMYMBOIO Oy yILIEro

JIP 23 rOTOBHOCTB K TPY.ly, OCO3HaHHE LIEHHOCTH MacTepCTBa, TPYI0I00HE;

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(ECCHOHATFHOTO MOAYJSl TPOTpaMMBbl TMOATOTOBKM  CIICIMATIMCTOB CPEIHEr0 3BEHA TI0
CIIELIMATIbHOCTH Y OBJIA/ICHUIO HPOeCCUOHAILHBIMU KOMPEMEeHUUAMU:

I1K 1.2 BbIIOaHATE pacyeThl 1 KOHCTPYUPOBAHUE CTPOUTENbHBIX KOHCTPYKIUH.

A Tak:ke POPMHUPOBAHMIO 0OULUX KOMNEMEHYUIL.

OK 01 Bribupats criocoOsl pemeHus 3a1a4 npohecCHOHATBHON JeSITeIbHOCTH TPUMEHHUTEIBHO K
Pa3IUYHBIM KOHTEKCTAM.

OK 02 Hcmonb30BaTh COBpEMEHHBIE CPEICTBA TIOMCKA, aHAIM3a U UHTEPIPETAuU HHOPMAIHN U
MH(OPMAaLMOHHbIE TEXHOJIOTHH JUIs BBIMOJIHEHU 3a/1a4 IPOpeCCHOHATIBHOM 1€ TeIbHOCTH

OK 03. IlnanupoBath 1 peaan30BbIBaTh COOCTBEHHOE MPOPECCUOHANBHOE U TUYHOCTHOE PA3BUTHE,
HNPEINPUHIMATENbCKYIO IEATEILHOCTh B MPO(ECCHOHANBHOM cepe, UCIob30BaTh 3HaHUS 110 MPaBOBOI
1 (PMHAHCOBOM T'PAMOTHOCTH B Pa3IMYHBIX KU3HEHHBIX CUTYaLUSIX

OK 04 D¢ dexTrBHO B3auMO/IeCTBOBAaTh U pabOTaTh B KOJIJIEKTUBE U KOMaH/1e

OK 05 OcymiecTBiasiTh YCTHYIO U NUCHbMEHHYIO KOMMYHHKAIIMIO Ha TOCYJIapCTBEHHOM SI3bIKE
Poccuiickoit @enepaniuu ¢ yueToM 0COOEHHOCTEH COLMAIBHOTO U KYJIbTYPHOTO KOHTEKCTa

OK 06. IlposBasTh TIpaxaaHCKO-NATPUOTHYECKYIO IO3UIIMIO0, JIEMOHCTPUPOBATH OCO3HAHHOE
IIOBE/ICHUE HAa OCHOBE TPAJMLIMOHHBIX POCCHUICKUX ITyXOBHO-HPAaBCTBEHHBIX LIEHHOCTEH, B TOM YHCIE C
Y4E€TOM TapMOHH3AlMHU MEXHAIMOHAIbHBIX M MEKPEIUTHO3HBIX OTHOLIEHHUH, NMPUMEHSITh CTaHIApPThI
AHTUKOPPYNIIMOHHOIO TIOBEJIEHUS

OK 07 CopneiicTBOBaTb COXPAHEHHUIO OKpYKAIOUIEH Cpelbl, pecypcocOepekeHHI0, NMPUMEHSATh
3HaHHUA 00 M3MEHEHHM KIuMaTa, IPUHILHUIBI OEpeXxIIMBOro MPOU3BOACTBA, 3PPEKTUBHO JIEHCTBOBATH B
Ype3BbIYAIHBIX CUTYaIUAX

OK 09 Ilonp3oBaThcs mpoheccCHOoHANBbHON TOKYMEHTAalMel Ha roCcyapCTBEHHOM M MHOCTPAHHOM
A3BIKAX.

BoinonHenue oOyyaronuxcsi MPakTUYECKUX M JIAOOpPaTOpHBIX PabOT MO y4yeOHOW IUCIUIUIMHE
«®Pu3KKa» HaIPaBJIEHO HA:

- 0000meHne, CcHUCTeMaTH3allMi0, YIayOJeHue, 3akperyieHHue, pasBUTHE U JACTAIU3AIUIO
MOJTyYEHHBIX TEOPETUYECKUX 3HAHUI 110 KOHKPETHBIM TeMaM y4eOHOM JUCIUIUINHBL,

- (hopmupoBaHNEe yMEHHI NMPUMEHSATH MOTYYECHHbIE 3HAHUS Ha MPAKTHKE, pealn3alluio €IUHCTBA
MHTEJJIEKTYAJIbHOM U MTPAKTUYECKON AESITEIbHOCTH;

- (opMUpOBaHHE W pa3BUTHE YMEHM: HaOIIOJaTh, CPaBHUBATh, COIMOCTABIIATH, aHAIU3UPOBATH,
JenaTh BBIBOJBI M OOOOLIEHMS, CAMOCTOSITEILHO BECTH HCCIEIOBaHMS, MOJIb30BATHCSA PA3TMUYHBIMU
IprUeMaMy U3MepeHuil, ohopMIISTh pe3yNbTaThl B BUIE€ TaOIUL, CXEM, IPa(pUKOB;
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- NpUOOpPETEeHHE HABHIKOB pabOTHI C pPazIMYHBIMU MpHOOpaMH, ammapaTypoil, yCTaHOBKaMH U
IPYTMMH TEXHUYECKUMH CPEJICTBAMH JUIS POBECHNUS OIBITOB;

- Ppa3BUTHE UWHTE/UIGKTYaJbHBIX YMEHHUH y OyAylIlMX CHEHHAIMCTOB: aHAJTUTHYECKHX,
POEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIP.;

- BBIPAaOOTKY MPH PEIIEHUH MMOCTABICHHBIX 337a4 MPO(EeCCHOHANTBHO 3HAYUMBIX KauyeCTB, TAKUX KaK
CaMOCTOSATENILHOCTD, OTBETCTBEHHOCTH, TOYHOCTh, TBOPUECKAsl MHUIINATHBA.

[IpakTryeckue Uiy J1adOpaTOpHBIC 3aHATUS POBOJATCS B PAMKaX COOTBETCTBYIOILIEH TEMBI, ITOCIE
OCBOCHHSI JUAAKTUYECKUX EIMHUI], KOTOpble OOECHEeYMBAIOT HAJIMYME 3HAHWH, HEOOXOAMMBIX JUISI ee
BBITTOJIHEHUSI.

11



2. METOANYECKHUE YKA3ZAHUA

Tema 2.1. Kunemaruka

IIpakTuyeckoe 3ansaTue Nel

Pemienue 3a1a4 mo KHHEMATHKE. ypaBHeHHH ABHUKCHHUS.

I_[e.m,: HAayUUThCA pas3jindaTb BUABI MCXAHUYCCKOI'O JABWKCHHA B 3aBUCHUMOCTU OT q)OprI
TPACKTOPHU H CKOPOCTHU MEPEMEIICHUA TECJIa, PACCUHUTBIBATH €TI0 IIapaMETpbl, HAYUYUTHCA I/I306pa}KaTB
Fpa(l)I/I‘IeCKI/I Pa3jIndHbIC BUAbl MCXaHUYCCKUX ,Z[BPI)KGHI/Iﬁ, 3aIlIMCbIBAaTh YPABHCHUA JABUKCHUSA, pa3jIndaThb
€r0 OTHOCHUTCIIbHOCTb, HAY4YHUTBLCIA q)OpMYJ'H/IpOBaTL CICAYIOMIUE IIOHATHUA: MEXaHUYCCKOE IBHKCHHUC,
CKOpPOCTH U YCKOPCHHE, CUCTEMA OTCUCTA, MEXaHUYECKUH MPUHIMUIT OTHOCUTCIIbHOCTH.

IIpakTuyeckas padora popmupyert: [1PyS5, [Ipy9, [1Py13, I1P62, [1P66, ITP67,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Boinosinenue pa6orsl cnocodcTByet (hpopmuposanuto: OK 01, OK 02, OK 03, OK 09, OK 06
MatepuajbHoe o0ecnieyeHue:

MHAMBUYaJIbHOE 33/1aHUE, KOHCIIEKT JIEKIIUH, CIIPAaBOYHbIE MaTepHaJIbI.

Ykazanue:

[IpakTuueckas paboTra COCTOMT M3 JABYX 4YacTedl — TeopeTudeckod M mnpakrtudeckoi. [locie
U3yYeHHs] TEOPETHUYECKOI0 MaTepHajga MOKHO HPUCTYNATh K BBIIOJIHEHUIO MpakTHuecKod uyactu. OHa
COCTOMT M3 JABYX M Oojsiee 3a1ay Al CaMOCTOSITENbHOIrO BblojHEHUs. He 3a0biBaiiTe 0 mpaBUIIbHOM
oopmienun pemienus. Ha BelosHEHUE IPAaKTUYECKOM OTBOJUTCA JBa aKaJeMUYECKHX Yaca.

3aganue:

1. IImcbMeHHO OTBeThTE Ha CJIeAYHOIIMe BONPOCHI:
e KuHeMmaTnyeckuil 3aKOH JBHUKEHUS JJI1 KOOPJIMHATHOTO CIIoco0a ONpeesieHus IBUKEHUS
MaTepHabHOW TOYKH.
e KuHeMaTH4ecKHil 3aKOH JBHXKEHHUS JUIs E€CTECTBEHHOTO JBMKEHHS MJii BEKTOPHOTO
crioco0a onpeaeaeHns ABHKEHHS.
o Kunemarnyeckuil 3aKOH JIBUKEHUS JJIs1 ECTECTBEHHOI'O CII0C00a ONpeieNieHus ABMKEHNUS .
e Kak HaliTM BEKTOp CKOPOCTH JJIsi KOHKPETHOI'O, BEKTOPHOI'O U €CTECTBEHHOI'O CIOCOO0B
ompeeseHUs IBUKEHNS?
e Kak HailTu BEKTOp YCKOPEHMS Ul Pa3HbIX CIIOCOOOB ONpENEIeHuUs ABUKEHNA?
2. Hcnoan3ys ¢opmyJibl ISl pacyeTa NapaMeTpoB JABHKEHHs TeJl, pelluTh 3a1a4M.
3. Ilpoananu3upoBaTh rpauKy IBH:KEHHS TeJsl, OUCATH XapaKTep ABHKEHHS.

ITopsinok BbINOJHEHHS PadOTHI:
1. TloBTOpUTH OCHOBHBIE BOIPOCHI KHHEMATHUKH.
2. Pemmth 3a1auM 110 BapuaHTaM.
3. OdopMUTH OTUET B TETPAAX IJIS PAKTUIECKUX PadoT.
Xon paborhr:
1. TeopeTnyeckas yacTb
OnHoMepHOe nBM>XKEHUE. [[BUKEHUE ¢ TOCTOSSHHOW CKOPOCTBIO.

[1ycTh TENO IBUKETCA B HAIIPABIECHUU OCH X C ITOCTOSTHHOW CKOPOCTBIO V U 32 BpeMsl Af =t —f, TIPOXOIUT

MyTh Ax = x — x,. CpeaHssi CKOPOCTh

Ax
Vep = = | X)) = xo + VAL
At
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V = const

JIBH>KEHUE € IEPEMEHHON CKOPOCTBHIO. Y CKOPEHHE

Ecin Teno aBmkeTcs HampaBleHUU 4, V ocu Xc

V —— —
nepeMeHHol ckopocTteio (1), To, v j rpaduku X(t) u v(t) UMEIOT BHI:

0 | |

I[Ipy »TOM TrOBOpAT, YTO TEJO th t T JIBWKETCS ¢ yCKOPEHUEM.

Vckopenwue (d) — CKOpOCTh H3MEHEHHUSI CKOPOCTH.

U—_vU_\u ~ AV M
Ecym 3a Bpemsi At =t—t, n3MeHenue ckopoctn AV=V—V; 10 cpennee yckopenue: |a,, = [a]l=1—.
C
V-V, _
N3 a= X = v = v, +aAt WIH| V() = v +alt
t
aAt?

x(t) = xy + VoAt +

Ecau \70 ua COHAIIpaBJICHbI, TO CKOPOCTb ABMIKCHHA TCJIa BO3PACTACT, a HMCCT

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

v3(1) - V%

Ecnu Bpems aBukeHust At HEM3BECTHO, TO |x(7) = x, + 5
a

MHOFOMepHOC JABWKCHUC. I[BI/I)KCHI/IG TCIIa, 6pOIHCHHOFO o1 yrjioM K ropu3oHTy

ITycth Teno OpolIeHO M3 Hayana KOOPJMHAT IMOJ YIJIOM K FOPH30HTY C HayaJbHOM CKOPOCTBIO v . M3
rpaduKa BUJHO, YTO V, = Voy + Vo, (IABYMEpHOE JABM)KEHHE MOXKHO pacCMaTpHUBATh, KAK HAJIOKEHHUE JAPYT

Ha JIpyra IBYX OAHOMEPHbIX — 110 ocsiM X 1 Y).

9 2, Vo,

2. [IpuMepsI pelieHus 3a1a4

1. MMaccaxkupckuit moe3n UAET co ckopocTh 72 km/4. Ilo coceqHeMy MyTH ABHXKETCS HaBCTpEUy
ToBapHbIN noe3 ynHoN 140 M co ckopocThio 54 km/4. CKOJIBKO BpEMEHU NacCakup, CTOSIINN Y
OKHa, OyZIeT BUJIETh NPOXOSAIIMI MUMO HEro TOBAapHBIH moe3n?

13



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 MOKOS, 3a MATYIO CEKyHAy IpOoIuIo nyTh 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 ¢ cibliieH ynap KaMHs O JHO maxThl. ONpeaenuTs ryouHy
IIaXThl, €CJIM CKOPOCTh 3ByKa 330 m/c.
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Hano: Pewenue:

t=6¢ Ecnu 0003HauuTh Hepes t; BpeMs najieHust KAMHs, TO BpeMsi pacIpOCTPaHeH s
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;

h= WES 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.

¥, Mt

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 BpeMsi aBTOMOOWUJIb, ABUTrasich ¢ yckopeHuem 0,4 m/c? YBEJIIMYUT CBOIO CKOPOCTH C 12
1o 20 m/c?

5. Ilyna B crBone aBToMara KanalmHuMKOBa IBHXKETCS C yCKOpeHHEM 616 m/c? . KaxoBa CKOPOCTb
BBUIETA ITYJIH, €CIIU JuTiHa cTBojia 41,5 cm?

6. Tero, IBUTasch MPAMOIMHEHHO C YCKOPeHHEM 5 M/c’, MoCTHIIO ckopocTd 30 Mm/c, a 3ateM,
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. Cpennee paccrossaue Mexny 3emiieid u Comniem 1 actponomuueckast enunanma (1 a.e. = 1,496-
1011 m). Onpenenute Bpems mpoxoxaeHus ceera ot Connua 10 3emiu. CKOPOCTh CBETa B BaKyyMe € =
3- 108m/c.

2. Ha puc. 2. npencraBineH rpaduk 3aBUCHUMOCTH KOOpAMHATHI Tena oT BpeMmeHHu. Ilo rpaduxy
ornpezaenuTe: 1) CKOIbKO BPEMEHHU TEJIO HAXOAWJIOCh B IBUKEHHUH; 2) UEMY PaBHO €ro MepeMelieHue.
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puc.2.

3. BenocuneaucT aBWKeTCs Mol YKIOH ¢ yckoperuem 0,3 m/c 2 . Kakyro CKopocTh mpHoOpeTeT
Benocuriequct yepes 20 ¢, eciiu ero HadanbHasi CKOPOCTh paBHa 4 m/c?

4. Ckopocth noesna 3a 20 ¢ ymensimiack ¢ 72 g0 54 km/4. Hammcare GopmMyily 3aBHCHMOCTH
cKopocTH OT BpeMeHH [Ix([]) 1 mocTpouTh rpaduK 3TOi 3aBHCUMOCTH.

5. Ilpu aBapuifHOM TOPMOXEHUU aBTOMOOWJIb, IBHIKYIIHICS CO CKOPOCTBIO 72 KM/4, OCTaHOBHUJICS
yepes 5 ¢. Halitu TOpMO3HOM ITyTb.

6. Yxion mmuHoi 100 M sippxHUK mipomien 3a 20 ¢, aBurasck ¢ yckopenuem 0,3 m/c 2 . Kakosa
CKOPOCTb JIBDKHHMKA B HaYaJle U B KOHIIE YKJIOHA?

7. Teno cBoboHO magaeT B TeueHue 4 ¢. OnpenenuTe BHICOTY, C KOTOPOH IMajlaeT TeIo, U CKOPOCTh
B MOMEHT y/1apa 0 3eMJII0.

(I)opMa NpeacraBjJacHusd pedyJjabTara:
BremonauTh 3agaHu€ B TCTpaau JJIA IMPAKTUUCCKHUX pa60T.

Kpurepun oneHku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS TIOJIOKUTEIIbHAS OIICHKA — | Oa.
3a HeMpaBWIBHO BBITIOJHEHHOE JICUCTBHE, 3aJ]aHNUE BHICTABIISICTCS OTPHUIIATEIbHAS OolleHKa — 0 0aJuIoB.
1. Oyenxa «omauunoy» evicmagisemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB
2. Oyenxa «xopouioy svicmasnsemcs 3a 80 — 89% npaBuIbHBIX OTBETOB
3. Oyenxa «yoosnemeopumenvnoy svicmagisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
4. Oyenka «Heyoosenemeopumenvhoy svicmasgisiemcs 3a Mmenee 60% npaBUIBLHBIX OTBETOB

Tema 2.1. Kunemaruka

IIpakTHyeckoe 3ansaTHE No2

Pemenue 3aga4 Ha mapaMeTpbl BpalaTeJIbHOIr0 ABUKCHUS

Iesb: HayunTHCS pemaTh 3a/1a4y Ha MapaMeTpbl BpallaTeIbHOTO ABHKEHHS
IIpakTnueckas padora popmupyer: [1Py5, ITpy9, [1P62, [1PG6, [1PG7,

MP1, MP3, MP8, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Boinosnenue padorsl cnocodocTByeT popmupoBanmnio: OK 01, OK 02, OK 03, OK 09
MarepuaibHoe o0ecniedyeHHe: WHAMBHUIYyalbHOE 3a/laHUe, KOHCMIEKT JIeKIHUH, CHpaBOYHBIE

MaTepuabl.
3aganue:

1 OTBeTbTE HA CJIeAYIOLIME BONPOCHI:
o Kakyro (GopMysy MOKHO HMCHOJIB30BAThH JJIS HAXOXKJIEHHS MyTH, €CIM TOYKA MPOIUIa IpU
KPHUBOJIMHENHOM JBUKEHUU?
o Jlokaxxute (popMyiy, CBA3BIBAIOILYIO BEKTOPHI IMHEHHOM U yrIIOBON CKOPOCTH.
e [loueMy paBHBI BEKTOpbl TaHI€HIIMAIBHOTO U HOPMAJIBHOTO YCKOPEHUS B Ciydae
KPUBOJMHEWHOTO JBI)KEHHS MaTepualibHOW TOUKU? Kak HallTH MOySTH 3TUX BEKTOPOB?
e UeMy paBHBI BEKTOpbl TAaHT'€HIIMAJIHLHOTO W HOPMAJIBHOIO YCKOPEHHUS M UX MOIYIH IS
BpalaTeIbHOT O IBKEHHUS MaTepHaTbHON TOUKH?
e Kak cBs3aH BEKTOp MOJHOTO YCKOPEHHsI ¢ BEKTOpPAaMHU YTJIIOBOTO YCKOPEHMSI U YIIJIOBOM
CKOPOCTH ISl BpAIlaTeIbHOTO JBMKEHUS?
Ilopsinok BbINOJHEHHSI padOThHI:
1. OtBerbTe MMCEMEHHO Ha BOMPOCHI, IPECTABICHHbIE BhIIIIE.
2. Pemmte camocrosTenpHyI0 padoTy. OpopMuTe pernieHne MMCbMEHHO B TETPAJIH.
Xon paborsr:
Teopernyeckas 4acTb
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[TycThb Teno ABMXKETCS MO OKPY>KHOCTHU paanyca R ¢ OCTOSHHOM 10 3HAUEHUIO0 CKOPOCTHIO V
(MuHEHHOM CKOPOCTBIO) U 3a BpeMsi At mepemMecTiioch Ha AS u3 T. A B T. B. Bektop V HampasieH mo
KacaTeIbHON K OKPYKHOCTH M MEHSIET HAIPaBIIEHUE, T.€. MOXKHO TOBOPUTH 00 M3MEHEHUU CKOPOCTH

R, _ AV
AV =Vg —V,, OTNIMYHOM OT HyJs. OTcrona: a = It =0,

LleHTpOoCcTpEeMUTENBHOE YCKOPEHHUE (d ) — CKOPOCTh M3MEHEHUSI HAIPABJICHHST BEKTOPa CKOPOCTH.

Ornpenenum =a

acp op -

N3 nono6us tpeyronpaukoB OAB u CBD = Av _

Av  v-AS
acp = —=
At RAt

AS v?2
,HpHAt—)Oacp_)aI/I E—)V:> CZZT.

BekTop ¢ HanpapJieH [0 paauycy K HEHTPY OKPYKHOCTH.

[Tepurona obparieHust TOYKH M0 OKpY)HOCTH () — Bpemsl, 3a KOTOPOE TOYKA OMUCHIBACT OTHY
OKPYHOCTb.

2R
_7\/ 2 2R - 47[2 .

T

Yacrota O6paH_[eHI/I$I TOYKH I10 OKPYKHOCTHU (V) — KOJIMYCCTBO IMOJTHBIX O60pOTOB, COBCPHIACMBIX TOYKOM

1 Lo, -V 2.2
. == =1—; |v= =4 R
B €UHUILY BpEMEHU v = [v] o TR k=4 v

VYrioBast CKOPOCTh 00pAIIEHHs TOYKH MO OKPYXHOCTH () — CKOPOCTh U3MEHEHHUS yIJia IOBOpoTa Aol

pan 2
panuycaR, COeIMHAIOMIEr0 TOUKY ¢ HEHTPOM Aa| OKPYKHOCTH. [w]=12=|w= -
w="—
At -
2 22
T ey SRR, o- 20 ol
T R R

2. Pemiure 3a1a4M 1JIs1 CAMOCTOATE/ILHOM PadoTHI.

1. ABTOoMOOWIIb IBMIKETCS IO 3aKpyTiIeHUI0 paguycoM 100 MeTpoB co CKOpOCTHIO 36 KM/4.
OmnpenenuTsd ero HEHTPOCTPEMUTENbHOE YCKOpeHue. (0TB.: 1 M/c)

2. ABTOMOOWJIL JBWKETCS IO 3akpyryieHuto paamycoM 80 METpOB €O CKOPOCThIO 54 KM/4.
OmnpenenuTs ero HEeHTPOCTPEMUTENIBHOE YCKOPEHHUE.

3. ToummeHbIA Kpyr pamuycoM 10 cM nemaer oamH obopot 3a 0,2 c. Haiiaure ckOpocTh TOYEK,
HaunboJee y1aJeHHbIX OT OCH BpaIlIECHUSI.

4. Camonét, BBIXOJS U3 TIHKE, IBIKETCS 110 TPACKTOPUH, KOTOpasi B HIDKHEH 9acTH SIBISIETCS TyTrOn
okpykHocTH paguycoM 800 M. Berumcnure yckopeHue camos€ra MpH ero JBHKEHHUHU, €CIIU €ro
CcKOpOCTh paBHa 720 km/4. (0TB.: 50 M\c?)

5. CnyTHHK JIBHXeTcs IO KpyroBoit opoute Ha BbicoTe 630 kM. [lepuon oOpamienus crnytHuka 97, 5
MuHyT. Ompenenute ero JWHEHHYIO CKOPOCTh M IEHTPOCTPEMHUTENBHOE YCKOpeHme. Pammyc
3emin 6370 km. (O1B.: 7514 M/c; 8,1 M/c?)
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6. Bpewms ogHOoro 06opora BOKpyr ocu paBHO 24 yaca. Beraucnure yrioByro M JIMHEHHYIO CKOPOCTH
BpaleHusl Touek Ha skBaTope. Pagnyc 3emnu cuntath paBHbIM 6400 kM (oTB.: 0,0007 pan/c; 448
M/C).

7. Tlepuon oOpaleHus MepBOro KOCMUYECKOro Kopabus — cryTHuka 3emin «BocTok» paBHscs 90
MuHyT. CpenHss BbICcOTa CIyTHMKA HaJ 3emuéi Obuta paBHa 320 kM. Paguyc 3emuu 6400 xm.
Brruncnute ckopocth Kopals.

8. KakoBa cKOpoCTh ABMKCHHS aBTOMOOWIS, eclii ero kojeca pamuycom 30 cm agemator 600
000pOTOB B MUHYTY?

9. Jlyna nBuxercst BOKpYT 3emin Ha pacctossauu 380000 kM oT He€, coBepias oauH 00opoT 3a 27,3
CYTOK. Brruncnure neHTpocTpeMuTelnbHoe yeckopenue JIyHbl.

®opma npeacTaBiaeHus pe3yabTara:
BoinmonHuTh 3aaHue B TETpaay s MPAKTUYECKUX padoT.
Kpurtepuu ouenku:
3a npaBUIIbHO BBIMOJIHEHHOE 33J]aHHE BBICTABIIACTCS MOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATEIbHAS o1leHKa — () OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 100% 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 2.2. 3akonsl mexanuku HeroTona
IIpakTnueckoe 3ansaTue Ne3
Pemenue 3a1a4 no reMe «Buabl cuJ1 B MeXaHHKe.
CunJjia TpeHus NOKOSI, CKOJIbKeHUsI, KAYeHH s, BPALLleHUsI»

Heab: packpbiTh coaepkaHne 3aKOHOB HbIOTOHA M OCOOCHHOCTH CHJI PAa3IMYHOM MPUPOIBI; 3aKPETUTh
YMEHUS U HaBBIKM PELIEHUs 3a/1ay Ha BTOpOH 3akoH HbprOoTOHA, KOTJja Ha TEJIO AEMCTBYIOT HECKOIBKO CHII.
IIpakTnueckas padora popmupyer: [1Py5, ITpy9, [1PG2, [1PG6, [1PG7,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Boinosinenue padorsl cnocodcTByeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepuanbHoe oOecnedyeHue: TeTpaab Ui TMPAKTHYECKUX paboOT, pydyka, METOJAUYECKHE

PEKOMEH/IallMH TI0 BHIIOTHEHHUIO pa0OThI, TUHEIKA, KapaHaIll.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M MPAKTUYECKOM.
[locne u3yyeHus TEOPETUUECKOTO0 MaTepuasga MOKHO MPUCTYNaTh K BBIIOJHEHHUIO MPAKTUYECKON YacTH.
Ona cocTouT U3 ABYX U Oolee 3a/1ad AJisi CaMOCTOSATEIHHOTO BBIMONHEHUs. He 3a0biBaiiTe 0 npaBUiIbHOM
odopmiieHnn penieHus. Ha BRIMOTHEHNE TPAKTUYECKON OTBOIUTCS JIBA aKaJIEMHUYECKUX Yaca.

IMopsiiok BbINOJIHEHHS] PA0OTHI:

1. PaccMoTpuTe TEOpPETHYECKMH MaTepuaa 10 TeMe W TPUMEPHl peleHus 3amad  (CMOTpHU
METOAMYECKOE ITOCOOHE).
2. Pemute camocTosTenbHYI0 padoty. Odopmute penieHne MICbMEHHO B TETPAIH.

Xoa padoThi:

1. TeopeTuyeckas yacTb
Lunamuxa. OcnosHvle noHamus

Nuepuuss — sABIEHUE COXPAHEHHS CKOPOCTHU JBWKEHHUS Teja IPU OTCYTCTBUHU
BHEIIIHUX BO3JIEHCTBUN.
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WHepTHOCTh — CBOWCTBO TeJI, MPOSIBISAIOLIEECS B TOM, YTO IpPHU OJAMHAKOBBIX BHEHIHHMX BO3JEHCTBHAX
pasHbIe Tela NPUOOPETaIOT Pa3Hble YCKOPEHHUSL.

Macca (M) — Mepa MHEPTHOCTH Tell.  [M] = 1 kT. a m,

a‘Z ml
3a stanon macchl (1 KuiorpamMmm) mpHUHSTa Macca MEXTYHApOIHOTO MPOTOTHUIIA
KWJIOTpamma.

W3 omwiToB HN3BCECTHO, 4YTO YCKOpPCHH:A, IOJYy4YaeMbIC TCIaMHU IIpU BSaHMOHeﬁCTBHH, 06paTHO
MIpOoInopuroOHaJIbHbI X MAaCCaM: .

Ecmu Maccy KaKoro-inoo tena IIPUHATH 3a 3TAaJIOH, TO MOXHO U3MCPUTH MAaCCy APYIrux TCII:

KT m,;-a;
[P] = 173 Migpn = >
M Arpaa
[TroTHOCTH Tena (V) — OTHOIICHHE MAacChl Teaa M m| Kerooobsemy V.
pP= V
Cuna (F) — Mepa MEXaHHYECKOTO JICHCTBHS OJTHOTO Tena Ha Jpyroe.

[F]=1H — uproTOH.
Cuila uMeer HarpaBJI€HUE, T. €. CUNA-8EKMOp .

Cuia BCCTJa IMPUIIOKCHA K TOMY TCIIY, HA3BAHHUC KOTOPOIr'o CICAYCT B MPCIJIOKCHUHU IIOCIIC MPCAJIora
«Ha».

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

—

PaBHOzelicTByIomas (pe3ynsTupyromas) cul ( R ) —cuima, paBHAas BEKTOPHOH cyMMe MaHHBIX cun F .
R=YF

Z[aBJ'IeHI/Ie (p) — OTHOHICHHUEC CHJIBI K IUIOIaJAu IOBCPXHOCTH, HA KOTOPYHO OHa HeﬁCTByeT B

NEPNCHAUKYIIIPHOM HAIIPABJICHUH.

v
rn_»

H
p:E [pl=1—= T
S M

1 ITa — mackanb

Wmnynbe Tena ()— BEKTOPHAs Mepa MEXaHHUYECKOTO JIBUKCHUsS, paBHAs MPOU3BEICHUIO MAacChl Teja Ha
. — KI' M
€r0 CKOPOCTb. M[ pl=1
pocts. |p=m-¥| ;

Wmnynbe cumbl ( F-Ar) — BEKTOpHAsE Mepa JEHCTBUS CHIIbI, paBHAsi TPOM3BEICHUIO CHIIBI Ha BpeMms ef
neiicteus. [F-At] =1 H-c.

3axkonsl HeroTOoHA

OO6001mKB pe3ynbTaThl CBOMX UCCIENOBAHUN U, yuTs padory [anmunes «O ABUKEHUM TN MO MHEPIHI,
HeroToH chopmynupoBai 3akOHICHHOE MOJI0KEHHE, N3BECTHOE KaK MEepBhIi 3akoH HproToHa:

19



CyIlecTBYIOT CHCTEMBI OTCYETa, OTHOCUTEIBHO KOTOPHIX TEJIO HAXOIUTCA B IOKOE JHOO JBMXKETCS
IIPSAAMOJIMHENHO ¥ PABHOMEPHO, €CJIM PAaBHOIECHCTBYIOIIAsl BCEX MIPUIIOKEHHBIX K HEMY CHJI PaBHA HYJIIO.

WNueprmanshas cucrema orcuéra (MCO) — cuctemMa OTCYETa, B KOTOPOM BBIMOIHSAETCS
nepBbii 3aK0oH HploToHA. F=m-a
- Ap  mAV - o
N3 F= ~ = A, = ™ TIONy9aeM BTOPOH 3aKOH Herorona:
t t

JJIA T€l1a IMOCTOSTHHOM MacChI CKOPOCTb U3MCHCHUSA UMITYJIbCA paBHA IIPOU3BCACHNIO MAaCChl HA YCKOPCHHE.

Bropoii 3akon Herotona paboraer tonbko B MCO u npu yclIOBHH, YTO Macca Tejla U JeHCTBYIOIIUE Ha
HEro CHJIbI IIOCTOSIHHBI.

Bropoii 3akon HproTOHa crnpaBemyvB Uil PaBHOACUCTBYIOIIEM R BCEX CHJI, NPWIOKEHHBIX K TeIly,

MMO3TOMY, MPEKAC YCM PCIIaTh 3aga4u C €ro IMPUMCHCHUCM, HA0 OIIPEACIIUTD R.
F=-F,

Tpernii 3axkoH HproTOHA:

Cuibl, ¢ KOTOPHIMH [Ba Tena ACHCTBYIOT [PYr Ha [pyra, YHCICHHO DPaBHBl U HAMpPaBICHBI B
IIPOTUBOIIOJIOKHBIE CTOPOHBI 110 OJHOMU ITPSIMOM.

Tperuii 3akon Hetotona padotaer Tonsko B NCO.
3aKOH BCEMUPHOTO TATOTEHUS

[Tonaras, uro Bce Tena Beenennolt B3auMHo nputsruparorcs, Hetoton B 1682 r. copmynupoBan 3akoH
BCEMUPHOI'O TSATOTEHMSI: BCE TEJA MPUTATUBAIOTCA JPYT K APYry C CHJIAMH, IPSIMO IPONOPLUOHAIBHBIMU
MIPOU3BEACHUIO UX Macc U 0OpaTHO MPONOPLUUOHAIBHBIMU KBAaJPATy PACCTOSHUS MEXIY HUMH.

y-m,-m
F, = F\,lz 2

rae Fip — cuiia B3aMMHOTO MPUTSIKEHUS TEJI Macc My U My;

¥ — IpaBUTALlMOHHAS TIOCTOSIHHAS. ‘y: 6,6720 - 10™ HMZ/KFZ‘.

Cunsl B mpupone -

Cuna T1sokectu (£, ) — Ccuia, cooOImaromas Temy

TSK

—

Fowe = M0

yCKOpeHHe CBOOOHOTO TMaeHHs. T

=

TAXK

Cuna TsbKecTH HalrpaBJICHa BEPTUKAJIbHO BHU3 (HepHeHI{I/IKy.H}IpHO KacaTelIbHOH K MMOBCPXHOCTU BCMHI/I).

Peaxuus( N ) — cuna JelcTBHS omops! (II0JBECa) Ha TeJO.
Bec tena (P) — cuia, ¢ KOTOPOii TeNo AeiiCTBYeT Ha ONOpPY MM MOJBEC BCIEACTBHE IIPUTSKEHUS K 3eMIle.
HeBecomocTs — ricue3HOBEHHE Beca Tejla MPH JIBIKEHUH OMOPHI C YCKOPEHUEM CBOOOHOTO MaICHHUS.

[leperpy3ka — yBennueHue Beca Teja Ipy JIBHXKEHHH OMOPhI C YCKOPEHUEM BBEpPX.

F, = k%
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Cuna ynpyroct ( 7, ) — CuIa, BOSHUKAIOWIAs B TENE NPH AepOopManuu.

3aKkoH ['yka: cuia yrnpyrocTH, BO3HUKAIONIAs Ipu AeopMariuy Tena, IporopLuruoHaIbHa ero adCOIOTHOM
nedopManuu 1 HarpaBjieHa B CTOPOHY, TPOTHUBOIIOJIOKHYIO IEPEMEIIEHUIO YAaCTHIL Tela:

Cuna tpenns noxos (7, ) — CHJIa, BOSHUKAIOIIAs HA TPAHMIIE COMPUKOCHOBEHHS TEN MPU OTCYTCTBHH HX

JBUKEHHSI OTHOCUTENBHO JIPYT Apyra.

§ — xodpduuuent Tpenus (3aBucuT OT |F_ =uN| MarepuanoB TPYIMXCs MOBEPXHOCTEH).

Cuna TsDKeCTH — 9TO TPaBUTALMOHHAS CUJIa, C KOTOPOH 3emiis mpuTATruBaeT Kk cede tena: F = mg,
r7ie g€ — YCKOpPeHHe CBOOOTHOTO majaeHus, g = 9,8 m/c2. .

Yckopenne cBoboaHoro maneHust 3aBucuT oT: 1) R 3emum (reorpaduyeckoit mmpotsr): yem R
3emin 1 (9kBatop), TeM g | 2) h — BBICOTHI Teja HaJ MOBEPXHOCTHIO 3emuu: yem h |, tem g |. Jlns
ar06oro kocmudeckoro tena Frsox 1= G Ml /([1+0]) [

MuHumanbHas CKOPOCTb, KOTOPYIO HY>KHO COOOIIUTH Ty, YTOOBI OHO MOTJIO JBHTaThCS BOKPYT
3emiu o kpyroBoii opoute (UC3) - mepBas kocmuueckas ckopocTs b1 = 7,9 km/c.

MuHumanbHas CKOpPOCTb, NMPU KOTOPOM TENO MPEOoJI0JIeBaeT 3€MHOE MPUTSHKEHHWE U CTaHOBUTCS
cinytaukoM ComHia (opbuta = nmapaboia) — BTopasi KocMUYecKas CKopocth v2 = 11,2 kwm/c.

Ckopoctb, Ipu KOTOpoil Teno mpeonosieBaeT nputrsbkeHue CosHua u nokupaer CoJHEUHYRO
CHCTEMY — TPEThsl KOCMUYECKast CKOpocTh L3 = 16,7 km/c.

Cujia TpeHHsi: BO3HHMKAET BJOJb IMMOBEPXHOCTH IBYX TPYLIMXCS TeN H3-3a AedopMaruu 3THX
MOBEPXHOCTEH M HaIlpaBlieHa BAOJb IMOBEPXHOCTH MPOTUB cMmelleHus. [Ipupoma — anekTpomMarHuTHasl.
O1tp = u N, rme N — cuna peakuu omnopsl, | — ko3 uiueHT Tpenus. Cuna TpeHus ObIBaeT: MOKOs,
CKOJIb)KEHUS, KaUeHUs U JKUAKoe TpeHue. Ecnu TpeHue mosie3Ho — ero yBelIW4YHMBaloT (IIypyIbl, MECOK,
IIUTIOBKH, PYKABUIIBI U T.JI.), @ €CIIU BPEAHO — YMEHbINAIOT (MMOAIIUITHUKY, CMa3Ka, o0Tekaemas ¢hopMa u
T.1.). Cuna ynpyrocta — Bo3HUKaeT npu aedopmaruu tei. [lpupoaa — anekrpoMarHuTHast.

Hedopmarust ObiBaeT ympyras (pacTsDKeHHE - CKaTue, W3Tu0, CIOBUT — Cpe3, KpydeHue) u
IiacTUyeckas (He UCYe3aeT MOcIie MPEeKpalleHus] BO3AEHCTBHUS.

Hns ynpyroit neopmaniuu BhITIONHSIETCS 3aKoH ['yka: cuiia ynmpyroctu mpsiMo mponopiuoHaibHa
ymmnennto tena: F = — kAl, roe k — sxectkocTs Tena, Al — ero yuymmHeHue. 3HaK «—» yKa3bIBaeT, YTO
Fymp HampaBieHa npoTHBOIOIOKHO CMELIEHUIO YaCTHI] Tea.

Bec tena — 310 cuia, ¢ KOTOpPOi TeJo, BCIEACTBHE €ro MPUTSDKEHUS K 3emile, JeHCTBYET Ha ONopy
i noasec: P = mg, rae P — Bec Tena, g — yckopeHue cBoOOHOTO najieHus, g = 9,8 m/c2 .

B sTOoM cinyuae omopa WM HOJABEC HAXOIATCSA B COCTOSIHUM PAaBHOMEPHOTO MPSIMOJMHEHHOTO
JBIDKEHUS] OTHOCUTEThHO 3emuin. OHaKO, BEC MOXKET OBITH OOJBINE WM MEHBIIE CHJIBI TsDKECTH. Ecim
OTI0pa WJIH MOJBEC JBMKYTCS YCKOPEHHO BHU3, TO Bec P = m(g—a).

Ecnu omopa win moaBec OBHUXKYTCS YCKOPEHHO BBEpX, TO Bec P = m(g+a), Teno HCHbITHIBaET
neperpy3ku. Ecnm Temo IBMXKETCS TOJBKO MO ACWCTBHEM CHIIBI TSDKECTH, TO OHO HAaXOJISITCS B
cocrostanm HeBecomoctu (P = 0).

2. IIpumepsl pemieHus 3a1a4

1. ABTOOYC, Macca KOTOpPOTO C IMOJIHOM Harpy3koi paBHa 15 T, Tporaercsi ¢ Mecta ¢ yckopenuem 0,7
M/c 2 . Haiitu cuity Tsru, ecnu ko3 (GUIUEeHT CopoTHBIEHH IBIKeHUIo paBeH 0,03.

21



Marno: Pewenue:
m=157=15-103kr

S

a=0,7m/c? % Fp+N+F+mg=md
M =0,03 Fmg, _4_:,2_.-%?:; OT;(' -E +F=rfa
F-? el
: = 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- 103kr-1 m/c? =
15-10°H
Omeem: 15-103H

2. Ha HakIoHHOM MJIOCKOCTH JUIMHOW 5 M U BBICOTOM 3 M Haxoautcs rpy3 maccoit 50 kr. Kakyro
CHJTY, HAalIPaBJICHHYIO BIOJb IUNIOCKOCTH, HAJI0 MPHIIOKUTH, YTOOBI YAEP)KATh ITOT TPY3, €CIH TSIHYTH €T0
c yckoperueM 1 m/c 2 ? Koapdunuent tperns 0,2.

Hano: Pewenue:

m = 50 kr & s Ty

a =1 m/c? Y g CoCTaBuM ypaBHEHHE JIBHKEHNS Tena:
M = 0,02 s '& / Fy+N+F +mg=ma

[=5m \M ;{_ \Z 4 [ Haiizem npoekumm cur Ha ocm:

;{ ,3 M - > Oce OX: -F,, + F - mgsina = ma

Oc OY: N ~mgcosa =0 —= N =mg cosa
Ey, =MN = E, = Mmg cos a
[Tojcrasne Bropoe ypasHeHHe B 1EPBOE, MOJYUHM
-mmgcos @ + F - mgsin a= ma
Haxoaum npou3BoaHyIo BeJIMUHHY:
F = mmgcos a- mgsina + ma nin
F=m(a + mgecos a + gsin a)
[To onpeaeneHnio cuayca nMeem
sina =2 sina=2==0,6
{ 5M™

H3 0CHOBHOTO TPHIOHOMETPHYECKOTO TOAIECTBA
sina? +cosa’=1,
cosa=v1- sina’=y1-036=0,64=08
Buraucanm HCKOMYE) BETHYHHY:
F = 50 xr(0.2:10 s/ 08 + 10 w/c* 061 s/c?) = 430 H
Omeem: 430 H.
3. Ha mHype, nepeknHyTOM uepe3 HemoABMKHBIN OJI0K, moaBeneHsl rpy3sl Maccamu 0,3 u 0,2 Kr.

C xakum YCKOPCHUECM NBUKYTCSA pr3I>I? KakoBa cuia HaTsSHKEHUS BO BpEMs I[BI/I)I(CHI/IH?

Hano! Pewenue:!
my = 0,2 kr 'y Atbamerye pe s COoCTaBUM YPABHCHUE JIBHIKCHUS JUIS
my = 0,3 kr Mk 1 - T JABYX Te:
a-7T-? o - | i {m,_ij+T. = may
™) 4 / " - ud ~ees?
V7 ¢ mydg + T, = mya,

Hatinem npoekuun e na ock OY:
Ty —myg = mya,y
{—7'2 +myg = myay’
Tk, Tena eBa3anbl OAHOH HUTLIO, TO
Ty=T,=Tua, =az =aq,
Torna, {—1"]‘ +n7171g =g
28 = mpa
CHOMHUM 9TH YPABHCHWSA
—myg +mag - (my + my)a man
glmy —my) = (my +my)a
Petmmm 510 ypaBHEHHE OTHOCHTECIBHO HEWIBCCTHOI BCIIMHMMHBI
- g(".z_"’l).[‘hl‘lllc.’"'lM i an 10 M/(f((i.3K|:—().2K|') 2 M/C2
mym; 0,3er4-0,2xr
Cuty HATHKCHNS HAfiIeM UX nepsoro ypasienus: T = my (g + a)
Buiuneanm: T = 0,2kr(10 m/¢? + 2m/c?) =24 H
Omeaem: 2 m/c?; 2.4 H
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CamocrosiTeqbHasi padora

Bapuant Ne 1

1. Bpycok maccoii 0,2 Kr paBHOMEpPHO TSHYT C IOMOIIBIO JIMHAMOMETpa MO TOPU30HTAIBHOU
wiockoctu croina. [Tokazanue quaamomerpa 0,4 H. Onpenennre ko3 puiimeHT TpeHUs CKOIBKEHUS L.

2. Ha HaxJIOHHOM IJIOCKOCTH C yIJIoM HakjoHa 20° Haxomutcs Teno maccoi 20 kr. Onpenenure
CHIly, HaIlpaBJICHHYIO BJOJb IUIOCKOCTH, KOTOPYIO HEOOXOJMMO MPUIIOKUTH K Telly, 4TOOBbl €ro
paBHOMEpHO aBUTaTh BBepX. Koapduuuent tpenus tena o miaockocts 0,4.

3. Ha HuTH, IEpEeKUHYTOM Yepe3 HeMOABMIKHBIN OJI0K, moaBemieHbl Tpy3bl Maccamu 0,3 u 0,34 xr.
3a 2 ¢ mocie Havajia ABMYKEHMS Kaxbli rpy3 npouen nyTh 1,2 M. [Io 1aHHBIM OmbITa HAWTU YCKOPEHUE
CBOOOJHOIO NaICHHUS.

4. DneKTpoBO3, TPOTasiCh C MECTA, pa3BUBAET MaKcuMaibHyto cuiny taru 650 kH. Kakoe yckopenue
OH COOOIIHUT XKeNe3HOIOPOKHOMY cocTaBy maccoil 3250 T, ecnu KOA(pUIIMEHT CONPOTUBICHUS PaBeH
0,005?

BapuanT Ne 2

1. Kakywoo cuily Hago NPUIOKUTH AJIA NMOJAbEeMa BaroHeTKH macco 600 Kr mo 3crakane ¢ yriiom
HaksioHa 20°, eciii K03 PUITUEHT CONMPOTUBIICHUS ABMXKeHUIO paBeH 0,057

2. Ha HaKkJIOHHOW IUIOCKOCTU C yriaoM HakjioHa 30° Haxomutcs Tteno maccoil 20 xr. Onpenenure
CHJTy, HAIlPaBJICHHYIO BJOJb IUIOCKOCTH, KOTOPYIO HEOOXOAMMO MPHJIOKHTH K TEIy, YTOOBI €ro
paBHOMEpHO ABUTATh BHU3. KoadduumenT Tpenus Tena o miockocts 0,6.

3. Ha miHype, nmepekuHyTOM uepe3 HeMOABMKHBIN OJIOK, moABenieHs! Tpy3bl maccamu 0,3 u 0,2 k.
C kakuM yCKOpeHHeM ABMXKYTCS rpy3bl? KakoBa cuia HaTsyKeHUS IIHYpa BO BpeMs JBUKECHUS?

4. ABromobuns «Kurynu» maccoit 1 T, Tporasce ¢ mecrta, qocturaet ckopoctu 30 m/c uepes 20 c.
Haiitu cuny taru, eciau kodddumment conporupneHus pasex 0,057

dopma npeacTaBJieHus pe3yabTaTa:

BreimonHuTh 3asaHue B TETPAAM [Tl MPAKTUYECKUX paboT.

Kputepun onenkn:
3a npaBUJIbHO BBINOJIHEHHOE 331aHHUE BBICTABIISIETCS MOJIOKUTENbHAS OI[eHKa — 1 Oau.
3a HelpaBWJIbHO BBINOJIHEHHOE JIEUCTBUE, 33JaHUE BBICTABIIAETCS OTpHUIaTeNbHas olleHKa — () 6anoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumenvhoy svicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenra «Heyoosiemeopumenbvhoy svicmasiiemcs 3a Mmenee 60% nmpaBUIHLHBIX OTBETOB.

Tema 2.3 3aKkoHBI COXpaHEHHS B MEXaHHKe

IIpakTuyeckoe 3ansaTue Ne4

3aKoHbI COXpaHEeHHUsI B MeXaHUKe U UX PUMeHeHHne

Ienb: 3aKpenuTh yMEHHS U HABBIKU PEUICHMS 3a/1a4 HAa 3aKOHBI COXPAHEHUS

IIpakTnueckas padora popmupyert: [1PyS, [1py9, ITP62, TTP66,

I1P67, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP§, MP10

BoinosiHenue padorsl ciocodcTByeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09

MatepuanabHoe o0ecniedeHue: TeTpab U MPAKTUYECKUX paboT, pydka, METOAMYECKHE

PEKOMEH/IalliH IO BBHIIIOJTHEHHUIO pabOThI, TMHEIKA, KapaH/Jalll.

Ykazanue:

[IpakTrueckass paboTa COCTOMT W3 JBYX YacTed — TeopeThueckod u mpaktudeckou. Ilocne
U3Y4YEHHs] TEOPETUYECKOr0 MaTepuanga MOXHO IPHUCTYNaTh K BBIIOJHEHUIO IpakTHUYecKod yacTh. OHa
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COCTOWT W3 ABYX M Ooyiee 3amay A CaMOCTOSITENBHOTO BhINONHEHHUS. He 3a0biBaiiTe 0 mMpaBUIBHOM
oopmiennu pernrenus. Ha BeITOTHEHHE IPAKTUYECKOH OTBOJUTCS JBA aKaJeMUYECKHX Yaca.

Ilopsiiok BbINOJTHEHHS PA0OTHI:

1. PaccMoTpuTe TEOpETHYECKHI MaTepuall 10 TeMe W NpUMEphl pelieHus 3amad (CMOTpU
METOAMYECKOE IIOCOOHE).

2. Pemnte camocrositenpHyto padoty. Odpopmute perieHue MucCbMEHHO B TETPAJIH.

Xon padoThl:

1. TeopeTuyeckasi 4acThb
3aKOHBI COXPAaHEHUS UMITYJIhCa, MOMEHTA UMITYJIbCA, JHEPTHH U Jp. ICUCTBYIOT B 3aMKHYTBIX CHCTEMaX.
3amkuymou Ha3bpIBaeTCS CUCTEMa TeJ, B3aMMOJCHCTBYIONIMX TOJBKO JPYr C JPYrOM U He
B3aMMOJICHCTBYIONIUX C JPYTUMHU TEIAMHU.
Hmnynvce cunvl — BEKTOpHAS BEIMYMHA, SBISIONIASACS MEPOM JICHCTBUS CHIIBI 32 HEKOTOPBIH MTPOMEKYTOK
BPEMCHH.
I'=F-t, | —uvmymsc cunsl F 3a Bpems t
Wmnynbe Tenma (KOJIMYECTBO IIBUKCHHUS) — BEKTOpHas (M3MYecKas BEIMYWHA, SBISIOMIASCS MEpoi
MEXaHHYECKOTO JIBFKCHUSI:

= . K2'M
P=m-v,

C
Bropoii 3akoH Hpr0TOHa MOXKHO 3aIIMCBIBAaTh B BUJIE:
Ft = mv, — mv;
P — MMIyJIbC TeTa MAcCOi M, ABMKYIIEr0Cs CO CKOPOCTBIO U .
3aKOH COXpaHEHUs UMITYJIbCa - BEKTOPHAsl CYMMa UMITYJIbCOB TEJ, COCTABISAIOIINX 3AMKHYTYIO CUCTEMY,
0CTa€TCsI HEM3MEHHOM.
Mo, + M0, = M, +m,U,
M1, M2 — Maccel Tell,
01, D2 — CKOPOCTH TEN 10 B3aUMOJICUCTBUS,
U1, Uz — CKOPOCTH TEJI MOCJIE B3aUMOJICHCTBUA.
Ecnu cymma BHEIHHMX CWJ, JAEHCTBYIOLIMX HA Tela CHUCTEMBI, PaBHA HYJII, TO UMIIYJbC CUCTEMBI
COXpaHsETCA:

P =muo, + m,, + Mo, = const

KonuuecTBo moTpebisieMoii SHEPTUM — OJIMH W3 TJIaBHBIX TOKAa3aTellell TEXHUYECKOrO Pa3BUTHS OOIECTRA.
[Tpou3BonCTBO, pachpeneieHre U MOTpeOIeHNe SHEPIMM HEBO3MOXKHO 0e3 e€ mpeoOpa3oBaHMs U3 OJHOTO

BUJA B Apyroi. Eciom mon neicTBHeM MOCTOSIHHOW £ CHIBI F TET0 COBEPUIMIO MepeMelieHue S,
TO TOBOPSIT, UTO CUJION COBEpIIIeHA paboma.
o -

Pabora (4) —  ckamspHOE — [IPOM3BEJEHNUE BEKTOPOB CWIBI F W
riepeMenIeHus § . / S

rie a — yroua N _ﬁ Memnyﬁ u 5; Fs =F-cosa — mpoekuus F
A:‘FHS‘-cosa:F-S-cosa:FSS Ha " At| HampaBieHHE.
[4] =1 H-m = Ik — mx0ynb [N]=1IL’K=1]3T

C

MorHocTh (N) — cKkOpoCTh COBEpIICHHUST paOOThL. — BATT

JHeprus

Mexanudeckas CMCTeMa — COBOKYITHOCTh MAaT€pUATbHBIX TOYEK, B3aUMOJCHCTBYIOIIUX JIPYT C APYTOM U
TeJaMU, HE BXOJSIIUMHU B 3TY COBOKYITHOCTb.

[Tocne comepmieHus paboOTHl CUCTEMa TMEPEUIET W3 OJHOTO COCTOSHUA B Apyroe. Torma pabora —
¢dbu3nueckas BENUYHMHA, XapaKTEPU3YIOIIAs #poyeccrepexola MEXaHHMYECKOH CHUCTeMBl W3 OJHOTO
COCTOSIHHS B IPYTOE.
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MO>XHO TOBOPHUTB, YTO CYILECTBYET HEKHMM IapamMeTp MEXaHUYECKOM CHCTEMbI, U3MEHEHHUE KOTOPOIO
paBHO COBEpIIEHHON paboTe 4.
Mexanuueckas sHeprus (E) — mapaMeTp MEXaHHYECKOW CHUCTEMbI, M3MEHEHHUE (az) KOTOPOTO pPaBHO

cosepuéHHoit pabote (A). az = A. [E]=1 Jox

rae E1 — MexaHudeckasi SHEpPTUsi CUCTEMbI B HAYaJIbHOM COCTOSIHUM;
E> — MexaHndeckast 3HEPTrUsi CUCTEMbI B KOHEYHOM COCTOSIHUM.
M3MeHeHue SHEPTHU Az MOKET OBITH KaK MOJIOKUTEILHBIM, TAK U OTPULATENLHBIM, T. €. AE = £|AE| .

W3 (*) BeITeKaeT: paboTa — Mepa U3MEHEHUS] MEXaHUYECKOH SHEPIHU CUCTEMBI.

Kunernyeckasi s3Heprus

Kunernueckast sHeprus (Ey) — MOJIOBUHA ITPOM3BEICHUSI MACChI TEJIa Ha KBAJpaT €ro CKOPOCTH.
Kunernueckass »Heprus — dHeprus mv2 | ZABHXKEHHUS.

E, = 2 CHJIa COBEpLIACT IMOJIOKHUTENbHYIO paboTy, TO

KMHETUYECKasl SHEPIHs Tejla BO3pPACTaeT, 1 00paTHoO.

ITorenuuanbHAast SHeprUs

[MoTentmansHas sHeprust (£,;) — SHEprusi B3aUMOJICHCTBHS T HJIM YacTel Tea.

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

HyneBoil ypoBeHb NOTEHUMAIbHOM »JHEPruM B3aumonencTBus Tena c¢ 3emnéd (HVYIID3) —
rOpPU30HTANIbHAS MJIOCKOCTh, HA KOTOPOH npuHUMaeTcs E, cuctemsl Teno—3emiis paBHO HYIIIO.

I[Tycth Teso Macchl M MO ACHCTBUEM CHIIBI TSDKECTH £, TIEPEMECTHIIOCH C BBICOTHI N1 10 BBICOTHI hy Oe3

U3MEHEHUs ckopoctH. Pabora cwmibl Tskectm A= F,, S =mg(h —h,) = mgh, —mgh, = —(mgh, —mgh,) =

[ToreHnuanbHast 3HEpPrusi B3aUMOJEHCTBHS tena ¢ 3emseit (E;) — npousBeneHue CHIIbI
TSOKECTH Tella Ha BBICOTY N TOJOXKEHHS LEeHTpa Macc Tena oTHocurenbHo HYIID3.
[ToTeHumansHOI SHEPrUuel B3auMOACHCTBHUS YacTeil Tesa 001a1aroT ynpyro AeopMUpOBaHHbIE Tela
[loTeHunaneHass SHEpPrus  yOpyro kx| nmebopmupoBannoro Tema (E,) —  monoBuHa

npousBeneHus keéctkoctu K Terma Ha E, = o | KBaapar ero abcoaroTHOM JedopMaIyu X.

-]

3aKoHBI COXpaHEHHsI B MEXaHHKe AT
OHEprus HMHTEPECYeT 4YeloBEYeCTBO i X X, X Ha BCEM TYTH €ro pa3BUTHs. Bexamu jromu
IIBITAJIUCH u300pecTd  MalluHy («seunvlii  Osucamensvy), TMO3BOJSAIOIIYIO
MOJTy4YaTh YHEPTHUIO U3 KHUOTKYIA».

3aKOH COXpaHEHMs M TMpeBpalleHus sHepruu (1m.3.2) 3amperraer CyllecTBOBaHME BEYHOIO JBHUTraTels,
OJTHAKO BpEMs OT BPEMEHU IOSIBIISIOTCS JIIOIH, OOBSBIISIONINE O CO3JaHUN OUePETHON eT0 MOIEIH.
3aKoH coOXpaHeHHs] MeXaHUYeCKOM IHepPruu

BHenrHne cuibl — CHITBI, IEUCTBYIOIINE CO CTOPOHBI TEII, HE BXOSIINX B JAHHYIO CUCTEMY.

3aMKHyTass MEXaHUYEeCKasi CUCTEMa Tell — CUCTeMa, Ha KaKJ0e U3 Tell KOTOPO He NeHCTBYIOT BHEIIHUE
CHJIBI MM PABHOJCHCTBYIOIIAs BCEX BHEIIHUX CUJI paBHa HYJIIO, T.¢. S°F,

-0.
1.6new
PaccMoTpuM 3aMKHYTYI0O MEXaHMYECKYIO CHCTEMY TEJ, 3HAYEHUs] MOTEHIHUAIBHOW SHEPruh KOTOPOW B

HA4aJIbHOM M KOHEYHOM COCTOSIHUSIX PaBHBI Eyn U Eppp, KHHETHYECKOU: Ex U B! |Eg + Ey = Eg + Ep

Ilonmas mexanndeckas OHEPTUsaA CUCTEMBI — CyMMa KHHETHYECKON U HOTeHI_[I/IaJ'II)HOI/I OHEPTHUU TEII 3TOM
CUCTCMEI.

3aKOH COXpaHEHHs MEXaHWYECKOU SHEPIHM: IIOJHAs MEXaHW4YeCKas >SHeprus
3aMKHYTOM MEXaHHYECKOU CHUCTEMBI | T€l, B KOTOPOM JEHCTBYIOT TOJIBKO CHIIBI
TSDKECTU UM YIPYTOCTH, OCTaE€TCs E(EKJFE")i = const HEU3MEHHOM.

OtnenpHO OT Tena OTCYETA HU OJHO TEJIO He 00J1aZlaeT MeXaHHUUECKOM YHepruei.
3aKOH COXpaHEHUs NMITYJIbCa

Ilycte nBa Tema macc My U My COCTaBJISIIOT 3aMKHYTYIO MEXaHUYECKYK) CHUCTEMY,

n o_, o — -
ABHKYTCs HABCTpCHy APYT APYTY H Z p, =const| B3aUMOJCHUCTBYIOT C CHIAMHU F} U F, .
IIo Tperbemy 3axkoHy HeroToHa |[i=L

F, =—F, . J10 B3aMOJEICTBUS UMITYJIbCHI TeNl ObUIH

|B,+ P, = P; + P} 25




P, U p,, MOCIE B3aUMOJIECUCTBUS P; U P .

T.€. BEKTOPHBIE CYMMBbI UMITYJIbCOB T€JI JI0 U I10CJIE€ B3aUMOJCHCTBUS OJJUHAKOBBI.

DyH/IaMEHTAJIbHBINA 3aKOH COXPAHEHUs UMITYJIbCA: FEOMETpUUYECKasi CyMMa UMITYJIbCOB T€J 3aMKHYTOM
MEXaHUYECKOW CUCTEMBI OCTAETCS HEM3MEHHOM.

3aKOH COXpaHEHMS UMITyJIbca mpuMeHuM ToJibko B CO.

Anzopumm pewrenus 3aoau
Cnenaiite 4epTEx I KaK0T0 Teja, IOKAXUTE BEKTOPbI UMITYJIbCOB;
PaccmoTpuTe XapakTep ABMKEHHS TEI U YCTAHOBUTE, SIBJISIETCS JIU IaHHAsi CUCTEMa 3aMKHYTOI;
3anuiuTe 3aKOH COXPaHEHUS UMITYJIbCA B IPOEKIUAX HA OCH;
3anumure npu HE0OXOUMOCTH JONOJHUTENbHbIE (POPMYJIIbl U3 KUHEMATUKU U TMHAMUKH;
Pemnre cucreMy ypaBHEHM, IPOAHATIU3UPYUTE OTBET.

2. llpuMepnI pelieHus 3a1a4

1. Monekyna maccoit m = 3- 10—23 r, noanereBiias K CTEHKE cocya noj yriaom o = 60°, ynpyro
ynapsiercsi o Hee co ckopocTbio v = 500 M/c u otieraer. Onpeaenure uMIysbe cuiibl F+ AL, momy4eHHbIH
CTEHKOM.

Jano: Pewenue:
m=3 10726 kr W3menenne uMnynbca MOJEKYJbl PaBHO
a = 60° =% uMnynscy cuiel: Ap = FAt

: [lycts 0Ch OX HanpaBieHa
v = 500 w/c g1~ P
FAt -9 MepreHANKYIsIpHO CTEHKE,  TOrja

M3MEHEHNE MMIY/IbCa MOJEKylabl Ap =
Ap, = my, - ( - mv,) = 2mu,, rae v, =
VCOS @, oTKyaa Ap =2mvcos a.
[Toacrasus opmyny B ypaBuenue, nonyunm FAt = 2mucos a.
Boruncnenns:
FAt =2-3- 10726 kr- 500%- cos% =1,5-10"23(kr- m)/c
Omeem: 1.5+ 107> kr wm/c.

Puc, 3.2

2. JIBa TOBapHBIX BaroHa JABIKYTCSI HABCTpPEUY APYT APYry co ckopocTsmu [11 =04 m/cu [12=0,1
M/c. Macchl BAroHOB COOTBETCTBEHHO paBHbI [11 =12 T, [12 = 48 1. Onpeaenure, ¢ KaKOW CKOPOCTHIO V U
B KAKOM HaIlpaBJICHUU OYAYT ABUTaThCS BarOHBI MOCIE CTOJKHOBEHUS. Y Iap CYUTATh HEYIPYTHM.

Mano: Pewenue:

v, =04 m/c WUcnonb3yeM 3aKOH COXpaHEHHMS MPOEKLMH MMITY/IbCA HA OCh
v, =0,1 m/c OX, nonoxurensHoe HampaBaeHue ocn OX coBmagaer ¢
my =12:103 kr HAIMpPABJICHNEM JIBIKEHHS NIEPBOI0 BaroHa:

m, =48 10% kr myv; - myvy = (my + my)v. Otkyaa v = L

v - ,? my +mj

) _12:10% kr0,4 M/c- 48:10% kr0,1m/c _ o
Beuucnenus: v = 3 3 = 0. Ananmu3: v = 0, cnenoBaTeNbHO, MOCHIE
12+107 kr + 48-10° kr

CTOJIKHOBEHHS BarOHbI OCTAHOBATCS.
Omeem: v=10

3. [IBa Heympyrux Tena, Macchl KOTOPBIX 2 M 6 KI, JBHXKYTCA Ha BCTpedy APYr K APYry co
cKopocTsMH 2 M/c Kaxaoe. OnpenenuTs MOAYNIb U HAalPaBJICHUE CKOPOCTH KAXAOT0 U3 ATHX TN Mocie
ynapa. CuenaTb pUCYHOK CAMOCTOSITENBHO.
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Jaro: myU; +myt, = (my +my) U. B npoekumsix Ha oChb:

OX: myuy - myvp =- (Mg + my)v
_muy - "22112.

my = 2 Kr 1 +ita)
= - (m1 +m2
Iy = rkr . _ 2kr2M/c— 6Kr2M/c _ 2 _
U = vy =2mMlc Breruucngem: v = - ==m/c=0,25 M/c.
Kl ’ ! — (2Kr+6kKr) 8
Imeem: 0,25 m/c.
CamocrosiTeIbHas padoTa
Bapuanrt 1

1. ABTOMOOUITE Maccoi 1 T. ABHIKETCSI CO CKOPOCThIO 72 kM/4. Onpenenure, 4epe3 Kakoe BpeMst OH
OCTAHOBMTCSI, €CJIM BBIKIIFOUNTH JBUTaTeNb. CpeaHss cuila conpoTuBieHus aprxennto 200 H.

2. Msu maccoit 200 r. magaeT Ha TOPU3OHTAIBHYIO IUIOMIAAKy. B MOMEHT ynapa CKOpOCTh Msiya
paBHa 5 M/c. Onpeaenure U3MEHEHUE UMITYJIbCA IIPU a0COIIOTHO YIPYTOM yape.

3. JIBa mapa maccamMu 2 W 8 KI' ABIJKYTCS HABCTpedy JIPYr Ipyry co ckopoctsmu 10 u 2 m/c
cooTBeTCTBeHHO. C Kakoil CKOPOCTHIO OHU OyAyT MPOJOJKATh ABMKEHHE MPU aOCOJIIOTHO HEYHPYTOM
yaape?

4. Tenexxka Maccoit 80 Kr JBUKETCS cO CKOPOCThIO 4 M/c. Ha He¢ BepTUKaJIbHO Ma/laeT TPy3 Maccoi
20 xr. OnpenenuTe CKOPOCTh, C KOTOPOW CTAaHET JBUTAaThCs TEIEKKA.

5. Cuapsan maccoii 50 Kr, JeTsIui BI0JIb pelabcoB co ckopocThio 600 m/c, momagaeT B miuaTdopmy
¢ meckoM Maccoi 10 T u 3actpeBaer B necke. CKOPOCTh CHapsia B MOMEHT MajeHus oOpasyeT yrou 45° ¢
ropu30HTOM. YeMy paBHa CKOPOCTH IIATGOPMBI MOCIE MOMaJaHus CHapsiia, eciu Iatopma JABHKETCS
HABCTpedy CHapsAIy co cKopocTbio 10 m/c?

6. Jlonka cTOUT HEMOJABMKHO B CTOs4Yel Boje. UenoBek, HAXOISIIUNCA B JIOAKE, IEPEXOTUT C €€
Hoca Ha KopMmy. Ha kakoe paccTosiHue nepeMecTUTCs JIoJKa, €Ciu Macca dyeioBeka 60 Kr, Macca JOJKU
120 xr, nnuHa noaku 3 M? ConpoTUBIIEHHE BOJIbI HE YUUTHIBATD.

Bapuanr 2

1. JIBUrasicb U3 COCTOSTHUSI ITIOKOSI 110 TOPU30HTAIBHOMY IIyTH, aBTOMOOMIIL Maccoit 1,5 T uepes 20 ¢
mocjie Hayana JABM)KeHUs jaocturaer ckopoctu 30 m/c. IlpeneOperast conmpOTUBIEHMEM ABMKEHHUIO,
OTIPEICTTUTE CUITY TATH JIBUTATEs.

2. Tenexka maccoit 100 r, nBKyIIascs co CKOPOCThIO 3 M/c, ynapsiercs o cTeHKy. Omnpemenure
M3MEHEHHE UMITYJIbCa TEJIeKKHU, €CIIU MOCNIe CTOJKHOBEHHUS OHA CTajia JABUTaThCS B MPOTHUBOMOJIOKHYIO
CTOPOHY CO CKOPOCTbBIO 2 M/C .

3. Baron maccoit 10 T ABMXKETCSI cO CKOPOCTBIO 1 M/C U CTaJIKMBaeTCs ¢ HEMOABMKHON TIIaTPOPMOI
Maccoii 5 T. YeMy paBHa CKOPOCTbh UX COBMECTHOTO JIBH)KEHUS MTOCIIE TOr0, Kak cpaboTaeT aBTOCIenKa?

4. KakoBa CKOpPOCTh OTJa4d BUHTOBKHU, HETMOJBMKHON MPHU BBICTpEINE, €ClIM Macca BUHTOBKU 4 KT,
Macca rmynu 8 T, ckopocTh yau 600 m/c?

5. Ha HenmoABM)XKHOMN >KeJIe3HOIOPOKHON MiaTdopMe ycTaHOBIEHO opyaue. Macca miat@opmsl ¢
opyauem 15 1. Opyame ctpenser mox yriom 60° k ropuzoHTy. C Kakoil CKOPOCTBIO TMOKATHTCS
iatgopma, eciim Macca cHapsiia 20 KT ¥ OH BBUIETaeT co ckopocTbio 600 m/c?

6. [Tpu B3pbIBe KaMEHb pa3phIBAeTCs HA TPU YacTH. J[Ba OCKOJIKA JIETAT O] MPSMBIM YTIIOM APYT K
apyry: Maccoit [11 = 1 kr co ckopocThio 12 M/c u Maccoit [12 = 2 Kr co ckopocThio 8 M/c. Tpetuii Kycok
otyieTaeT co ckopocThio 40 m/c. KakoBa Macca TpeThero 0CKOJIKa U B KAKOM HaIlpaBJIEHUW OH JICTUT?

dopma npeacTaBJieHus pe3yabTaTa:

BeImotHATE 3a/aHue B TETpaay s MPAKTHYECKUX padoT.

Kpurtepun onenkmn:
3a npaBUWIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTENbHAS OlleHKa — 1 Oau.
3a HelpaBWJIBHO BBIMIOJTHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISIETCS OTpUIaTeNbHAs omleHKa — () 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
Oyenxa «HeyoosiemeopumenbHoy svicmagisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB
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Tema 2.3 3aKkoHBI COXpaHEHHS B MeXaHHKe

IIpakTuyeckoe 3ansaTue NeS
Pemenne 3axa4y Ha popmyJibl padoTsl cuii. PadoTa u MOIHOCTB. DHeprus, ee BU/IbI.
3aKOH cOXpaHeHHs JHEPTUH

Iesb: 3aKpenuTh YMEHUS M HAaBBIKM pEIICHHs 3a7ad Ha (opMysbl paboThl, MOIIHOCTH, 3aKOHBI
COXPAaHEHHUS

IIpakTnuyeckas padora popmupyer: IIPyS, Ipy9, [TP62, ITP66, ITPG7,

MPI1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10

Beinosinenue padorsl cnocodcTByeT (hopmupoBanuro: OK 01, OK 02, OK 03, OK 09

MarepuaibHoe of0ecnedyeHMe: TeTpagb M IPAKTHYECKMX paldoT, pydka, METOIUYECKHE
PEKOMEHIALlH 110 BBIIOJIHEHUIO Pa0OTHI, JIMHEHKA, KapaH Jarll.

Yka3anmue:

[IpakTuyeckas paboTa COCTOMT M3 JIByX YacTe — TeOopeTHuYecKoW W mpakTuueckoil. Ilocie
U3Y4YEHHs TEOPETUYECKOr0 MaTepuajga MOXHO IPHUCTYNAaTh K BBIIOJHEHUIO IIPAKTHYECKOM 4dacTH. OHa
COCTOMT M3 JBYX W Ooyiee 3amad Jjisi CaMOCTOSITENILHOTO BBHIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
oopmienun pemnienus. Ha BelosHEHNE IPAaKTUYECKOM OTBOJUTCSA JBa aKaJeMUYECKHX Yaca.

Ilopsinok BbINOJHEHHS PadOThI:

1. PaccMmoTpuTe TeopeTMYECKM MaTepual IO TeMe€ U IpUMephbl peleHHus 3agad (CMOTpHU
METOAUYECKOE IIOCOOHE).
2. Pemmre camocrosiTensHyto padoty. Odopmure perieHne NMCbMEHHO B TETPALIH.
Xoa paGoTsI:
1.Teopus.
Padora u MmomHOCTB. DHeprusi, ee BUJbI.
3aKoH cOXpaHeHHsI JHePrum

OHnepeuss — camas BaKHAsi COXPAHSIOMIAsCA BEIIMYMHA HE TOJIBKO B MEXaHHWKE, HO U B (U3UKE
BOOOIIlEe. DHEPrusi TECHO CBsA3aHa ¢ paboToil. Bce Mbl, kak M moOble ABUraTeny, coBepiiaeM padoTy,
MIPUBOJIUM B JABM)KEHUS TeJla, OJAEPKUBAEM 3TO JIBIKEHUE WU K€ MPeKpallaeM ero.

JleiicTBus cun Ha Tena, NPUBOMALIME K M3MEHEHHIO MOIYJSA MX CKOPOCTEH, XapaKTEpU3YIOTCs
BEJIMYMHOM, 3aBUCSIICH KaK OT CUJI, TaK U OT MEePEMEIICHUN TeJl, Ha KOTOPBIE 3TH CHJIBI IEUCTBYIOT. DTy
BEIMUUHY HA3bI8AIOM pAOOMOL.

Pabora — cxansipHas Benmu4MHA, paBHAs IPOU3BEICHUIO MOYJIEH CHIIBI U IEPEMEIICHHMS Tella Ha COS
yria MEeXAy HUMMU.

Pa6ota mocrosuuo#M cuibl I

.4—4;':-5—1’"-5-';05{:’}1;1(

rae S — mepemMenieHue Tena,
0L — Yrol MeXAy HampaBlICHUEM JEHCTBHA CHJIBI W HalpPaBIECHUEM

19

MEPEMEIIICHHS.

Puc.1

Ecnu BennumHa CWIbl, AEMCTBYIOIIEH Ha TENO, 3aBUCHUT OT KOOPAMHATHI X, TO paboTa ATOW CHIIBI
YUCJICHHO paBHa IIomaay noja rpagukoM pyakmmn F(x).

Enuauier paboTsr: A =1H - 1M = JIx = JI)x0ynb.
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Iicoyns — pabota, coepriaemast cuiord | H Ha mepememenue 1 M, eciu HampaBleHUE CHUIIBI U
nepeMeleHNe COBMaatoT.
1. PaGoTa cuiibl TSKECTH.

PaGoTa cHBl TS)KECTH HE 3aBHCHT OT TPACKTOPHUHU ABUXXCHUSA TCJIa U BCEria
paBHa U3MCHCHUIO HOTGHHH&HBHOﬁ OHCpPIruu TCJIa, B3ATOMY C IMPOTHBOIIOJOXHBIM
3HAaKOM.

A=08=mg(h1-hy)=-(mgh - mgh)=-(I1-I1;)
A=-(I1-11y)

Ecnu cuna TsKeCcTH COBEpIIaET OTPHLATENBHYIO paboTy, To E, —
yBennuuBaercs. IIpu coBeplieHnn Mo0KUTENbHON paboThl — E, yMeHbIIaercs.

2. Pabora cuiibl ynpyrocTtu.
A=FS,

F =k X, + X,

rae 2 _ cpenHee 3HAYCHHE CHIIBI YIPYTOCTH MPH W3MEHEHWH JUTMHBI TPY>KUHBI OT X1
HO X2,

S =X; - X2 — CMEILEHUE.

PabGora cuibl ynmpyroctd paBHa W3MEHECHHIO TMOTCHIIMATBHOW HSHEPTHH, B3STOMY C OOpaTHBIM
3HAKOM:

Mowmnocmo

Mownocms — ckansipHas (u3MUecKas BEIUYMHA, XapaKTepu3yrollas OBICTPOTY COBEpIICHHS
paboThl, KOTOpast YMCICHHO paBHa padoTe, COBEpIIaeMOi 3a €AMHUILY BPEMEHHU:

f , [Ix/c = Bt — Barr],

rae A — pabora, [[1x]
t—Bpems, [c]

Onepaus
Ecnu Teio wim crcteMa Tell MOTYT COBEpIaTh paboTy, TO TOBOPSAT, YTO OHH 00JIa1at0T SHEPTHEN.
DHeprusi B MEXaHHKE — BEIMUYMHA, OMpPEeisieMas COCTOSHHEM CHCTEMbl — MOJOKEHUEM Tel U UX
CKOPOCTSIMH; M3MEHEHHUE SHEPTHU TPH TIEPEXO0/IC CUCTEMbI M3 OJHOTO COCTOSHHS B PYroe paBHO paboTe
BHEIIHUX CHUIL.
1. Kunemuueckas (Kinema — nBIKCHHE) — SHEPrHs MEXAHUYECKOTO JIBMIKCHHUS CHCTEMBI Tell,
YHCIICHHO PaBHA MMOJOBUHE MPOM3BEIACHHS MACChI Tella Ha KBAJIPaT €ro CKOPOCTH.

29



Eo— mu

e =
= aﬂ}K'
Teopema. PabGora paBHOACWCTBYIOIIMX CHJ, TPHJIOKEHHBIX K HEMY, paBHAa W3MEHCHHIO
KMHETUYECKOW SHEPruu Tea.

mu; o muy

2 2

A

= A= A Ex (pa6oTa — U3MeHEHUE DHEPIrUH)
A=FExy - Exq =A Fx
2. I[lomenyuanvnas (potentia — BO3SMOKHOCTB) — SJHEPTUS B3aUMHOTO PACIIONIOXKECHHUS TEJT HIIH YacTel
OJIHOTO M TOTrO K€ Tela, YUCIEHHO paBHA MPOMU3BEACHHUIO MAacChl m Tejla HAa YCKOPEHHE CBOOOTHOTO
MaJICHUS g ¥ BBICOTY h Ha/l MOBEPXHOCTHIO 3eMJIH.

E,=mgh, [[lx]

A = -(mgh, - mghy)
>A= —A4E,
A:'(Ep2 ‘Ep[}: ‘—AEP

Ilomenyuanvnas suepeus — SHEpPrus, OOYCIOBJIEHHAs B3aUMOICHCTBUEM pAa3JIMYHbIX TeN WU
yacTel OJHOro M Toro ke Tenaa. OHa 3aBUCHUT OT B3aMMHOI'O PacOJIOKEHUS TEJ WIM BEJIUYUHBI YIPYron
nedopmarum Tena.

[lorenumaneHas sHeprus tena | [loreHunanbHas sHeprus | [lorenuumanbHas JHEprus
MIOJHATOrO Ha BBICOTY, | CXKaTOU W PacCTAHYTOH | TPAaBUTALlMOHHOIO B3aUMOJCHCTBUSA
HaMHOI'O MEHBIIYIO paauyca | Ipy>KHHbI MaTepUaIbHBIX TOYEK WIH
3emiu OJIHOPOJHBIX 1IaPOB
E,=mgh v I
m P9 - __Mm
E =-G R
Hynesoii
. R N YPOBEHB
a ! COOTBETCTB
yeT R — o0
y Ep =
Hyneoit _ YPOBCHb Hynesoi YPOBEHb
cooTsercTByeT h =0 coorBerctByer X = 0
(nenedopMupoBaHHAS
MpYy>KHUHA)

3axon COXPAHEHUSL OHEP2UU 6 MEXAHUKE
B BaMKHYTOﬁ CHUCTEMCEC TCJ IMOJOXKHUTCIIbHAA paGOTa BHYTPCHHUX CHWJI YBCIIMYUBACT KUHCTUUYCCKYIO
OHEPTUI0O W YMCHBUIACT ITOTCHIHAJIBHYIO. OTpI/IHaTeJ'IBHaSI pa60Ta YBCIUYMUBACT NOTCHUOUAJIBHYHO M
YMCHBIIACT KUHCTUUYCCKYHO OJSHCPIHUIO. HMmenHo 6.118.1"0,[[8.})5{ 9TOMY BBIIIOJJHACTCA 3aKOH COXpPaHCHHA

SHEPTHUH.
1.4 = AE,
= AE, = -AE,
2.4=-AE,

E = E, + E, —nonHas MEXaHUYECKasi DHEPIUsl CUCTEMBI, BEJIMYMHA, PABHAsA CYMME KMHETUYECKOH 1
ITOTEHIMATIbHON SHEPIUil CUCTEMBI.
3akon coxpanenus noIHOU MEXaAHUYECKOU SHepeuu
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B 3aMKHYTOH cucTEMe MEXaHUYECKast SJHEPIUs COXPAHAETCH.
E=E, +E, =const E,; +Eq =Ep +Eq
Ilpumeuanue: Eciu B 3aMKHYTOM CHCTEME €CTh CHJIbl TPEHHUS, TO MEXAHUYECKAsl SHEPrus He
COXpaHseTcs, T.K. 4acTh €€ ePEXOIUT BO BHYTPEHHIOKO.
3axon coxparnenus snepeuu
OHeprusi HE CO3/1aeTCsd M HE MCYE3aeT, a JUlIb INEepelaeTcs OT OJHOTO Tena K JIpyromy WIH
mpeBpaliaeTcs u3 OAHON (GOPMBI B IPYTYIO B PABHBIX KOJIMYECTBAX.
2. llpakTuyeckas padora
Anzopumm pewrenus 3a0au

1. Crenaiite 4epTex.
2. Bri6epure Hynepoii yposens E, (E,; = 0).
3. VYcTaHoOBHUTE HauaJIbHOE U KOHEYHOE MOJIOKEHUE Tena (CUCTEMBI Te).
4. Omnpenenure MOJHYI0 MEXaHHMUYECKYIO SHEPTHIO Tesl (CHCTEMBI T€lT) B HAYAJIbHOW M KOHEYHOM
TOUKaX.
5. 3anuiuTe 3aK0H COXPaHEHUS SHEPTUU.
a) A 3aMKHYTBIX cucteM: £y = E; wiu E + E,; =Eo + Ep),
0) Tpu mepexo/ie CUCTEMBI U3 HAYaJIbHOTO TIOJI0KEHHUSI B KOHEYHOE, ITPU ACUCTBUHM BHEIIHUX CHIT: A
= Ez - El
6. [Tpu HeoOXxonuMoOCTH 3amuuIuTe OPMYITBI U3 KHHEMATHKH:
v=vy +at S=ut +at’/2 F=mg F=-kx F=uN A=FScosa
7. Pemnre cucreMy ypaBHEHUH.

3. llpuMepsI pelieHUs 3a1a4
1. ABTOMOOMJIb Maccoil 2 T HAYMHAET Pa3TOHSITHCA U3 COCTOSIHUS MOKOS 10 TOPU30HTAIBHOMY ITYTH
MoJ JeHCTBUEM MOCTOSIHHOM cuiibl. B Teuenue 10 ¢ oH mpuoOperaer ckopocTh 43,2 km/4. Onpenenursb
BEJIMYMHY UMITYJIbCA U BEIUUUHY JEHCTBYIOIIEH CUIIBI.

Hano: CH: Pemrenue:
m=2T 2-10°kr 1. Onpenenym BETMYMHY UMITYJIbCA!
v =0 P=m-v ,U — COBIIAJAET C OCBIO X,
t=10c B CKaJIIpHOH (hopMe ypaBHEHUE MPUMET BU:
v= 43,2 xMfu 12 M/c p=mv =2-10%-12 = 24-10°, P [xr -m/c]
p—7? 2. YuuteiBas BTOpoi 3akoH HetoToHa: Ft = mv — mug
F-?, TK.Vg =0 Ft=mv — F=mv/t
L

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

2. CranpHolt mapuk wmaccoi 0,05 kr mamaer ¢ BBICOTBI 5 M Ha cralnbHylo mmrty. [locie
CTOJIKHOBEHMS LIAapUK OTCKAaKMBAaeT OT IUIMTHI C TaKOM K€ MO MOIYJI0 cKopocTbro. Haiinure cumy,
JEUCTBYIOLIYIO Ha IUIMTY IIPH yJape, cuuTas ee NocTosHHOW. Bpems coynapenns pasno 0,01 c.

Hano: cn Pucynox Pemenne
m=0,05 kr .:) IIpu ynape map u rmra JeHCTBYIOT IpYyr Ha
h=5wm ! JIpyra ¢ CWJIaMH, pPaBHbIMH IO MOAYJIO, HO
At=0,01 ¢ F1-? IIPOTUBOIIOJIOKHBIMU o HaIIpaBJICHUIO.
(’) Onpenenus cuily, IEMCTBYIONIYIO Ha IIApPHK CO
CTOPOHBI IUIUTHI, MBI TEM CAMBIM HalJEM CHILY,

-

C KOTOpPOH IIapWK JEHCTBOBaJ Ha IUIMTY 3a
Bpems At. Bo BpeMs coymapeHus Ha IIapuK
JICUCTBYIOT JIB€ CHJIBI: CHJIA TSDKECTH — ", U

cuna F' co cTOpoHBI MITHTEL
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Cornaco ypasenmuio; AP = F - At Ap=(F +mg)- At
OV: muv,—(-mv;) = (F— mg) At

Y4uTBIBas, UTO V2 = V1 =V, MOJIYYHUM IOCIIE Psiia IPeoOpa30OBaHUIA: i

—
p=y2gh.
9

Moynbs CKOPOCTH IIapHKa MpH MaJleHUH €ro ¢ BBICOTHI h onpeaensercs no ¢popmysne: V=

10 m/c

- 2mu
F=mg+—
Hcnonb3ys BEIpaKEHUE: AF

2-0,05-10
F=0,05-10+ —I =0,2+100=100,5H

ITo Tperhemy 3akony Herotona: I =- F' | cienosatensno, F1 = 100,5 H, cuiia npuiioskeHa K IUIATE U
2 2 2 9

HarpaBJieHa BHU3.
Otser: F = 100,5H .

o 4
3. Bo BpeMs MaHEBPOB Ha KEJIE3HOAOPOKHOU CTAHIMH ABE MaTdhopmbl MaccamMu mp = 2,4 - 10 kr
4
num; = 1,6 - 10" Kr ABUraNHCh HABCTPEUY APYT APYTY CO CKOPOCTSIMHU, MOAYIIH KOTOPBIX paBHBI V7 = 0,5
M/c 1 vy = 1 M/c. Haiinute cKOpoCTh UX COBMECTHOTO JIBUYKEHUS TOCJE TOT0, KaK CpaboTaeT aBTOCLEIIKA.

Hano: Pemesne:

my=2,4-10* xi

my=1,6 - 10* xr e =
vy = 0,5 M/c *

vy, = IM/c

Voo - ?

N300pa3um cxeMaTU4HO AEHCTBYIOLINE CUIIbI Ha ABMOKYIIMECs miaaTdopMbl. B mpoekunn Ha och X:

Nymogy Nom. cunbl B3aMMHO yPaBHOBELIEHBI.
MOHO PUMEHHUTH 3aKOH COXPAHEHHUS UMITYIIbCA:

Ly, m_.u': (e, +m, ]!.-'.1_
H

I Vo5 — CKOPOCTH TUTAT(OPMEI TIOCIIE CIICTTKH.

B mpoexkiusix Ha och X: my Vix + My Vax = (Mg + My) Voox

T.K. D1x="V1, Vox = - V2, TO Voex = -0,1 M/cC

3Hak (-) MOKa3bIBaET, UTO CKOPOCTH VOO HAMpaBJIeHa MPOTUBOMOIOKHO OcH X (CIpaBa — HAJIEBO).

4. Kakyio CKOpPOCTh OTHOCHTEJIHHO PAaKETHHUIIBI MpuoOperaer pakera maccoi 600 T, ecnu rasbl
Maccoii 15 r BeuteTaroT u3 Hee co ckopocthio 800 m/c?

JlaHo: CU: |Pemenue:
m;=600r [ 0,6 kr |CoryiacHO 3aKOHY COXPaHEHHS UMITYJIbCA:
Mz =15T 15 - 103111“ M, + MLy = my +my 0= moy s mg,
Ll L5107 800 3

P T e =-20>
Uz =800 m\c 08 ¢
v1=v2 =0 3HaK (-) MOKAa3bIBAET, YTO I'a3bl JBUKYTCS B CTOPOHY,
-7 POTHBOIOJIOXKHYIO HAIIPABJICHUIO PAaKETHHIIBI.

OTBelTI - 20 M/c.
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5. BaroHetky maccoil 2 T 0 TOPU30HTAJILHOMY IyTH PaBHOMEPHO IepemMernaeT padbounii. Kakyto
paboty oH coBepmuT Ha Tyt 100 M U Kakyro pabOTy COBEpIIAECT CHJIa TPEHUS, €ClIM KOI(PUIIUECHT
TpeHus paseH ,017

Hano:

m=2Tt
S=100m
p=0,01

PucyHnok:

g=9,8 m\c? X

a=0

A-?

Atp-?

Pemenne

Ha BAroHETKY HCﬁCTBYIOT 4 cUNBL: CUJIA TAKECTH — M , ChJIa pCAKIIUH OIIOPbI — & )

cuma TarH Fr — , cuna Tpenus — '« . ITo BTopomy 3akony Hetotoma X+ =0

Frogmi 4 F, 4N = 0

B npoexuuu Ha ocu: OX: F, —F, =0; F,=F;, OY:N-mg=0; N=mg
A=F-Scosa, 2a=0, cosa =1,cn-H0,A=F - S,F=F,=F,=puN=pumg
Paborta cuibl TpeHHs HalpaBiIeHa MPOTUB PA0OTHI CHJIA TSATH — A = -ATp .

A

»=-19,6- 10° [k

Otsetr: A =19,6 x/Ix; ATp = - 19,6 x/Ix.

1.

10.

11.

12.

CamocrosiTesibHas padora

ABTOMOOMIIP MAacCOM 2 T IBUKETCSI CO CKOPOCTBIO 36 km/4. Kakoe Bpems TpeOyeTcs 10 MOTHON
OCTaHOBKM aBTOMOOMJISI IIPU BBIKJIIOUEHHOM JIBUTATeElIE, €CIIU CHJla TPEHUs KOJIEC O JI0OpOry paBHa
5880 H?
Tenexxka maccoit 150 Kr ABMKETCSI IO TOPU3OHTAIBHOM Jopore co ckopocThio 1 M/c. HaBcTpeuy
el 0exuT yesoBeKk Maccoi 75 kr. UenoBek mpeiraet Ha TeNexKy. [locie 3Toro Tenexxka BMecTe ¢
4eJI0BEKOM ocTaHaBiuBaeTcs. C Kakoi CKOpOCThIO Oerkall 4eaoBeKk?
[Ipu BepTHKAIBLHOM TMOABEME TeJla Maccol 2 KT Ha BeICOTy 10 M coBepmieHa padora 240 JIx. C
KAaKUM YCKOPEHHEM IOIHUMAIH Ipy3?
Teno, maccoit 20 Kr mogHUMAalOT BepTUKalbHO BBepx c cuioi 400 H, nampaBieHHOH MO
nskeHuto. Kakas pabora coBepuaercs Ha mytu 10 m?
Byner nu BenuunHa 1none3Hol MEXaHUYECKON pabOThl OTIMYHA OT HYJISA, €CJIM MTOAbEMHBIA KpaH:

® 1) MOAHMMAET C 3eMJIU TPY3,

® 2) OyneT ep:kaTh €ro HEKOTOpPOe BpeMsl Ha BECY B IOKOE,

® 3) MOAHMMET I'Py3 C 3eMJIM U Cpa3y OMYCTHUT €ro Ha 3eMJIio.
Teno maccoit 20 kr cBoOOHO NagaeT B TeueHue 6 ¢. Haiinure paboTy CUITbI TSKECTH.
Kakyto paboTy MOKET COBEpLIMTH OO OCTAHOBKHM Teio Maccoil 1000 kr, nBmxkyIeecss co
CKOpPOCTHIO 36 KM/Y ?
Haiitu paboTy, KOTOpYI0 HaJ0 COBEPIIUTH, YTOOBI CXaTb MPYKUHY, KECTKOCTh KOTOpo# 29,4
H/cm, Ha 20 cMm.
Pe3unoBslit mHyp [unHOM 1 M nof neiictBueM rpysa 10 H yrmnuncs va 10 cm. Haiiaure paboty
CHJIBI YIIPYTOCTH.
Ha xakyro BeicOTy 3a MuHyTy MOxeT nojaHsATe 400 M?> Boxbl HAacoC, pa3BUBAIOIINN MOLIHOCTh
210° xBr?
Omnpeznenure MOLTHOCTh TEIUIOBO3a, 3HAs, YTO NMPHU CKOPOCTH JBMXKEHUS 43,2 KM/4 cuia TATH
pasHa 105 kH.
[Toe3n maccoit 1200 T ABMIKETCS IO TOPU3OHTAILHOMY ITYTH C IIOCTOSHHOM CKOPOCTBIO 54 KM/4.
Omnpenenure KOA3PGUIUEHT COMPOTHUBICHUS IBUXEHHIO, €CIIM TEIUIOBO3 PAa3BUBAET IOJIE3HYIO
MoIHocTh N= 882 - 10° Br.
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13. Wmmynbc Tena paBeH § Kr M/c, a KuHeTHueckas sHeprusa 16 Jx. Onpenenure Maccy U CKOPOCTh
Tena.
14. Canu maccoii 60 Kr, CKaTUBIIMCH C TOPBI, TPOEXAIH MO0 TOPU3OHTAIBHOMY y4acTKy aoporu 20 m.
Haiinure paboty cuibl Tpenus, ecnu p = 0,02.
15. TloabeMHBIHM KpaH C ABUTAaTEIeM MOIIHOCTHIO 8 KBT mogHMMaeT rpy3 ¢ MOCTOSSHHOU CKOPOCTBIO 6
M/muH. KakoBa macca rpysa?
16. Kakas paborta coBepiiaercsi Ha THAPOCTAHIUH B TEUYEHUE T0Ja, €CIU CPEIHSSI MOIIHOCTh
reHeparopa pasHa 2,5 MBT?
17. Yenosek maccoit 70 Kr cryckaercs mo JiecTHulle JiuHou 20 M, pacmoioxkeHHou o yriaom 30° k
ropu3oHTty. Haiinute paboTy CUJIbI TSKECTH.
18. Bpruncnute paboTy CHiIbl YIPYTOCTH NPU U3MEHEHHHU Ae(opMaruu MpyXKUHBI *KecTKOCThio 200
H/Morx; =2cM gox; =6 cM.
dopma npeacTaBJieHus pe3yabTaTa:
BoinonuuThe 3asaHue B TETpaau JUIsl 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 svicmagisemcs 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 2.4 CTaTuka ¥ THAPOCTATHKA

IIpakTnueckoe 3ansaTne Ne6

PaBHoOBecue a0COJIIOTHO TBEPABIX TeJl.

HeJ'IBZ yTJ'IY6I/ITB U KOHKPCTU3UPOBATH IMPCACTABIICHHA O 3HAYUMOCTH 3aKOHOB COXPAHCHUA.
HAaY4YUTBCA HCIIOJIB30BAaTh NPHUIIOKCHHUA 3aKOHA COXPAHCHUS MEXaHUYeCKOH OHCPIrun Ui BBIITOJIHCHUA
MPAaKTUYCCKUX 3aJJaHuM.

IIpakTnueckas padora popmupyer: I1PyS, ITpy9, I1P62, [1P66, T1P67,
MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP§, MP10
Boinosinenue padorsl cnocodcTByeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09

MarepunanbHoe obecniedeHue:

WHIUBUAYAJIbHOE 33JaHie, KOHCIIEKT JIEKIHM, CIPaBOYHbIE MaTepHaIIbI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX 4YacTed — TEOPETHYECKOM M mpakTthueckou. Ilocne
U3Y4YEHHs] TEOPETUYECKOr0 MaTepuanga MOXXHO IPUCTYNATh K BBIIOJHEHHUIO NPaKTHUecKoN yacTh. OHa
COCTOMT M3 JABYX M Oosiee 3amay JJii CaMOCTOSATEIbHOrO BbIMOJIHEHUs. He 3a0bIBaiiTe 0 mpaBUIIBHOM
oopmienun pemenus. Ha BbIIOTHEHHE MPAKTUYECKOTO 33JaHUS OTBOJMTCS YEThIpE aKaJEeMHUYECKHUX
Jaca.

3aganue:

O3HaKOMBTECH C KPATKUMH TEOPETUUECKHUMHU CBEJIEHUSIMU TI0 CCBLJIKE
https://znanium.com/catalog/product/1012153, ctp 47-53,

CocrtaBbTe KpaTKUi KOHCIEKT OTBeuasi Ha BOMPOCHI K naparpady, ctp 53, 54.

Boinummre ocHOBHBIE (POPMYITBI

Pemmre 3anaun caMoCTOATENBHO
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Kpartkue Teopernyeckne cBegeHus

Hazsanue Eannuna
O6o3HaueHue dopmyna
BEJINYUHBI HU3MEPECHHS
H
Cuna F F1|1: F2|2
M
ITneuo cunw I
Momenm H
M
M M = FI
cunl

IIpumepsI pemienus 3aga4
3agaua 1. PaGouuii npunogHumaet rnpu nomouy peruara miauty maccoit 100 xr. Kopotkoe miedo
pbryara paBHo 0,8 M, a mmHHOe — 1,2 M. KakoBa cuiia, KOTOpyIO JOJDKEH HPUIOKHUTH pabouuil K

OosplIeMy IJIedy pblyara?

Lawo: PeweHue: O —
Fy b
=100 —_—
m Kr ol
g=98H
Fi=P=mg.
[=08m
= P I
L=12M Fz—lt‘
F; -7 Fz=P£=mg-’i.
I I
b 2 HO08m =
F>=100kr- 9,8 12 m 653,3 H.

Orser: F2=653,3H.

2 3azaga 2.[l1% mogpéma Ipy2a MO HAKIOHHOH IITOCKOCTH NPHIOKHIH CHIY. HaNPaEISHHVIO EJOTE HAKIOHHOH

m1ockocTH H paeHyio 300 H. Hafiaure Maccy rpysa, ecau H3BECTHO, ¥TO AIHHA HAKTOHHOH IUTOCKOCTH pasHa 1.3 M. a eé
BEICOTA paBHa 1 M.
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Lawxo: PeweHwue:
F=300H Fruw=mg.
I=15m
h=1m Fiw: 1
g=10-:7 A 4
m -7

Frax _ 450 H _
m-T TO.F-“-”“
Kr

Orser: m = 45 kr.

P_u7 —
[ T
—
=
i —

rt ‘

1. Ha pucynke n300paxxeH pblyar, UMErOInii ock BpamieHus B Touke O. ['py3 kakoil Maccsl Hazl0
HOJBECUTD B TOUKE JUIsl TOTO, YTOOBI pblyar OblJI B paBHOBECUH?

Mano: A

m, = m,=100r=0,] xr ... 17
1, = 4 ep. uimnnt Q

L =2 en. st
g=10 H/xr

0 B
| 7 A

Haiimu:
M-="?

Pewenue:

IMonb3ysick pUCYHKOM, OTIPEAENNM TUICYH CWI, BEIPaXCH-
HBIE B YCJIOBHBIX EAMHULIAX JUIUHBIL.
1. Haiigem cuiy, ZeiCTBYIOLLYIO HA pblYar B TOuke A:
Fi=m-grem=m +m,
F,=(0,1+0,1) - 10=2H.
2. Haiinem cuny F, mpuMeHAA YCIOBHE PABHOBECHs pblyara:

F,
T;' = ;‘I- Orciona BbipasuM Fy:

F, = -F'—l:l—' s B= -274 =4H.
3. Onpenenum Maccy rpysa U3 Gopmyst:
F=M-g= M--l;—;;Mrl%-OAm‘.
Omeem: Ilo?)n:.)) MOABECUTHL B TOoukKe B rpy3 mMaccoit 0,4 kr (wiu

4.Ha menblee tuiedo poruara aevictyer cuia 300 H, na 6onbsinee — 20 H. /Inuna menbiero mieva 5
cMm. Onpenenure JIMHY OOJBIIETO TIIeYa.
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Hano: Pewenue:
F =300 H CaenaeM 4eprex K 3agaye /1o 0
£=20H Ilo ycnoBuio paBHOBECHS phlyara: /),,
L =5¢cMm F L r
5 _b Fp
K
Haiimu: Hajinem Gonbluee ruteyo peryara: F,
L—? F -1, H-cm
h="F &= @ "
3005
L= >0 = 75 c™m

Omeem: Bonbluiee nieyo pslyara paBHo 75 cm.

5 Peryar pymnOM 60 cM HaxoauTcs B paBHOBecHu. Kakas cuiia npuioskeHa B Touke B?

Jano: ';.-’2 ‘ Pewenue:

=60 cm 0 IMneun chun onpeseauM U3 PUCYHKA, NPUHKUMAA BO BHU-
P=F=2H i.'_‘_/j; —=B MaHHE, YTO JUIMHA Beero peryara 60 cm.
L =10cMm 1. IMo yC/0BHIO paBHOBECKS phitiara:
1
hL=30cwMm IZHI Y P 1, ¥

B L T

2-10 2
Haimu: h==% =3~%HN

£=? Omesem: K touke B npunoxena cuna = (0,7 H.

Pemurhb 321241 caMOCTOATEIbHO

1. MowmeHT cuibl, AelcTBYOLIeH Ha pbryar, paseH 20 H*m. Haiitu niiedo cunst 5 H, ecnu ppruar
HaXOJUTCS B PABHOBECHH.

2. Kakoe ycunne He00X0IMMO MPUIIOKUTb, YTOOBI TOIHATE Tpy3 1000 H ¢ momonibso mo1BUKHOTO
6noka? Kakas coBepiutcs pabota npu nogabeme rpysa Ha 1 m? (Bec 6510ka u TpeHue He
YUUTHIBATh).

3. Cucrema 6J10KOB HaXOAMTCS B paBHOBecuH. OnpeenuTe Bec mpaBoro rpysa. (Bec 6;10xoB u cuiry
TPEHUS HE YUUTHIBATD).

4. Tlpu momoIu NOoJBMKHOrO GJIOKA MOAHUMAIOT Ipy3, npuiaras cuity 105 H. Onpenenure cuiny
TpeHus, eciu Bec 6yoka pasen 20 H, a Bec rpy3a 180 H.

5. Macca aeranu TpaHcnopTHOro cpenctsa m = 50 kr. Paguyc 6apabana, Ha KOTOPBI HAMATBHIBAIOT
nenb, R = 0,2 M, ;uinHa Kaxa0# u3 qByX pydek Bopota | = 1 M. Kakyro cuiy Hy)KHO IPUIIOKHUTD K
KaX/101 U3 HUX, YTOOBI MOJIHATH JIeTallb HA HEOOXOIMMYIO BETHUUHY?

dopma npegocTaBieHNs pe3yabTaTa
BeimonHeHHBIE 3a1a4¥ B TETPaIH IS IPAKTUYECKUX PA0OT.

Kpurepum ouneHku:

3a mpaBUIIHLHO BBIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — 1 Gasu.

3a HeMpaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHAE BBICTABIISIETCS OTpUIAaTEIbHAS OrleHKa — () 0aioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB

Oyenxa «yoosnemeopumenvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

Oyenka «HeyoosiemeopumenvbHo» svicmasisencs 3a menee 60%0 mpaBUIBHBIX OTBETOB
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Tema 3.1 OcHOBBI MOJIEKYJISIPHO-KHHETHYECKO TEOPUH

IIpakTuyeckoe 3ansaTue Ne7/

OcnoBbl MKT. Pemienue 3a1a4 Ha ypaBHeHUe COCTOSIHUS HI€AJTbHOI0 raza
Llesb: 3aKkpenuTh YMEHHSI U HABBIKU BBIUMCIICHUS TAPAMETPOB COCTOSHUS Ta3a, UCIIOJIb3YsI Ta30BbIC
3aKOHbI U ypaBHeHHE MeHeneeBa - KnalinepoHa.
IIpakTuyeckas padora popmupyer: I1PyS, ITpy9, [1Py13, ITP62,I1P66, I1PG7,
JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
Beinosinenue padorsl ciocodcTByer opmuposanmio: OK 01, OK 02, OK 03, OK 09, OK 06
K 1.2

MarepunanbHoe oOecnedyeHue: TETpaab Ui IPAKTUYECKUMX padoT, pydyka, METOAMYECKUE
PEKOMEHIALIMU 110 BBIIOJIHEHUIO PA0OTHI, JIMHEHKa, KapaHJalll.

Yka3anue: [Ipaktuueckas paboTa COCTOMT M3 ABYX 4YacTeii — TEOPETUYECKON M MPAKTHUECKOM.
ITocne u3yueHuss TEOPETUUECKOTO MaTepralla MOKHO IPUCTYNATh K BBITOJHEHUIO IPAKTUYECKON YacCTH.
Omna coctout U3 AByX U 0Oojiee 3a1ad Al CAaMOCTOSTENILHOIO BbINOJAHEHUs. He 3a0bIBaiiTe 0 IpaBUIBHOM

oopmienun peuieHus. Ha BbinmosiHeHNe MpakTUYECKON OTBOAUTCS JiBa akajeMudeckux yaca. [lopsaok
BBITIOJTHEHUS paOOThI

Ilopsinok BbINOJHEHHS PadOTHI:
1. PaccMoTpuTe TEOpETHUYECKHI MaTepuan MO TeMe W MPUMEPHl pPelIeHUs 3aaad (CMOTpHU
METOAMYECKOE MTOCOOHE).
2. Pemmte camocTosTenbHYO padory. OdhopMuTe pemeHne MICbMEHHO B TETPAJIH.
Xox pabdoThI:
1. TeopeTHyeckas 4acThb
JlJi XapaKTepUCTUKU COCTOSIHUS Ta3a BBOJAT CHElHalbHbIe (PU3UYECKHE BETUYHHbBI, HA3bIBAEMbIE
rapaMeTpamMu COCTOsIHUS. B kauecTBe nmapamMeTpoB COCTOSIHUSI BHIOMPAIOT TPU BEIMUUHBL: 00beM rasza(V)
,TeMiieparypy ero T° u maBnenue P, mpous3BoguMoe ra3oM Ha CTEHKH COCYZAa ,B KOTOPOM OH 3aKJIIOYEH.
DTO AaBjeHUE OOBSICHACTCS YAapaMH JIBIXKYIITUXCS MOJIEKYJI.
2. Ilpumepsl pemieHus 3a1a4
1. B razoBom Oamnone emkocthio 0,01 M3 Haxomutcs ra3 mon aasiaeHueM 20 kr/cm2 .Kakoit o0beM

3aiiMeT ra3, €clii ,He U3MEHSSl €ro TEMIEPaTyphl , OTKPBITh BEHTUJIh 0aiuioHa? OKOHYATEeNbHOE JIaBJICHHE
1 kr/ecm2.?

Hano: Pewenue:

Vi=0,01n" ) ITo ycnoButo 3aaa4uu Temneparypa ra3a He MEHseTCs,

P1=20 kr/em’=20%0,98*10° H/M* MOITOMY NPOMCXOIUT H30TEPMHHECKOE H3MEHEHUE

Po=1 kr/em™=0,98*10° H/m" cocrosinus raza. Ucnone3ys 3axon boitns-Mapuorra
p1Vi=p2V2 naxoaum Vo= p1 Vi/pa.

Va-? Beramcnenns: Vo= 20%0,98%10°%0,01/0,98%10°=0,2(x")

Omeem: V>=0.2 M.

2. I'a3 u3oTepMuyecku cxat OT nepBoHadaabHoro oosema 0,15 m 3 10 o6wvema 0,10 m 3 .J{aBneHue
€ro Mpu 3TOM MOBBICKIIOCH Ha 2 Kr/cM2 . KakoBo nepBoHauaibHOE AaBlieHUE ra3a?

Aano: Pewenue:

Vi=0,15m ITo 3akony boiins-Mapuorra P1V=P>Vs. Ho p>=pi+ Ap,
V2>=0,10m" y ., moaTomy p|V1=§P| +A P)V,, otkyna Py = %P*Vgcvl-V3;
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%10°I1a.

3. Kak Benuko armocdepHOe AaBiIeHHE, €CIH MPH JUIMHE PTYTHOro ctojbuka 12,5¢M B TOHKOU
TpyOKe IJiMHa CTOJIOHMKA BO3/yXa B TIEPBOM TOJIOKEHHUE 7CM,a BO BTOPOM — 5 cM?
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Jano: Pewenue:

h=12,5¢cm B nepBom ciyuae naBnenue Bo3ayxa BHyTpyu Tpyoku P=Psny-h. Bo BTopom
1,=Tcem ciyyae pr=paryth. 1o 3akony boitns-Mapuorra P, V,=P,V, rae V,=SL,,
12=5CM V?.:SLZ- TOF,IIZI (Par.\l'h)z(pa1:\|+h)SL2_~ OTKYAa paTmzh(Ll+L2)/Ll'L2

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

4. Cxarblii BO3yX TOJAETCS B rasrojbpaep oovemMom 5M3 . 3a kKakoe BpeMs €ro HaKadawT JI0

JaBJeHUss 7 Kr/cM2, ecii KOMIIPeccop BcachiBaeT 5,5 M 3 armMocdepHOro BO3ayXa B MHUHYTY IpHU
nasnennu 1 kr/cm2 ? TemnepaTypy CUUTaTh HOCTOSTHHOM.

Jano:

V3=5n13
Po=Tkr/cm*=7*0,98*10°u/m>
V,=5,5m/mun=1,1/12m"/c
P=1 kr/em>=0,98*10°u/m°

Pewenue:

Jlns HakaumBaHMs BO37yXa B ra3roiabjaep 10 aAasineHus P,
KoMmnpeccop paboraer B Teuenue Bpemeru t. Oobem
3acaceiBaemoro Bosayxa V'\=V, npu nasnenue p;. Koraa
BO3/YX HAKa4yaiy B ra3rojbaep, OH 3aHsn 00veM V; u ero

nassenue crano pa. Ha ocnoBanuu 3akona boiinsa-Mapuotra

t-? P,V'\=P>,V; unn P,V t,=P,V,, OTKyAa t,=P,V,/P,V,

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

Omeem: t =380 c.

5. OtkpbITas cTeKIsiHHAs TpyOka AnuHoro 40 cM HamoJOBHHY MOTpyXeHa B pTyTh. Korna BepxHuit

KOHEI[ TPYOKHU 3aKpBUIA U MOJHSUIA €€ 10 YPOBHS PTYTH B COCYJIE, TO BBICOTA YPOBHSI PTYTH B TPYyOKe
okasasiach paBHOH 15 cM. KakoBo armocepHoe naBieHre BO BpeMsl OIbITa?

Hano: Pewenue:
1=40 cMm

ITo 3axony boiins-Mapuorra P,V ,=P,V; rae p,=H-paBnoe armocdepromy
l,=15¢cm

JABICHHE BO3yXa HAaJ PTYTHIO 10 3aKpbITHs oTBepcTHs, a V=L/2S-ero odnem;

P = P-l; V,=(L-L,)S-cooTBeTcTBEHHO AaBieHHe U 00BEM BO3AYXA HAJl PTYThIO

H-? MOCJIE TOrO, KaK €€ 3aKpbUIH U MOJHSIIN 10 YPOBHS PTYTH B cocyae. B npeasiayume
Beipakenus P, V,=P,V,Bmecro P|,P, V| V, noacrasum ux 3nauenus:

HL/2S=(H-L,)(L-L,)s. Orcroaa H=21,(1-1;)/1-21; H=30%*25/10=75(c™m pt cT).
Omeem: 75 cM pT CT.

CamocrosiTesibHAs paboTa
Bapmuanr 1

1. Hauepture rpaduku ©30TepMUYECKOT0, N300aPHOTO U U30XOPHOTO MPOILIECCOB B KOOpAUHATax P
uV;PuT;TuV.

2. VneanbHbli ra3 cHayana u300apHO pacIIMPWIIM, a 3aTe€M M30TEPMUYECKH CKaJlM 0 MPEXKHEro
obwvema. 306pasute 3t mporecchl B koopaunatax Pu V; Pu T; Vu T.

3. B cocyne naxomutcs m=14 kr azota npu T=300 K u naBnenuun p = 8,3*104 Ila. Onpenenure
oobeM V cocyna.

4. Tlpu ckaTuM HEW3MEHHOTO KOJIMYECTBA HJICATBHOTO ra3a o0BbeM YMEHBIIWICS B 2 pasza, a
TeMIiepaTypa yBeaudmiach B 2 pa3a. Onpegenure, Kak U3MEHWIOCH JaBJICHUE Ta3a.

Bapmuanr 2
1. Ha pue.1
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M300paxKeHbl ABE U30TEPMBI OJHON U TOMU ke Macchl ra3a. Yem OTJIMYAIOTCSl COCTOSIHHE ra30B, €CIIU
ra3pl oauHakoBbie? UYUem oOTIMUYalOTCS Tra3bl, €CIM TEMIIEpaTypbl Ta30B OJIMHAKOBBIE? YKa3aHUE:
BOCIIOJIb3YiiTECh YpaBHeHUEM Knaneiipona-Menpeneena.

2. WneanpHbll ra3 cHavajlla HarpeBalics MpPU IMOCTOSHHOM JIaBJICHUM, TOTOM €ro JIaBJICHHE
YMEHbIIAJIOCh IPU OCTOSIHHOM 00beMe, 3aTeM IMPH MOCTOSHHOW TeMmrepaType 00beM raza yMEeHbIIUICS
710 TIepBOHAYAIILHOTO 3Ha4YeHus. [locTpouts rpaduk B KOOPAMHATHBIX Ocsx V-T.

3. B cocyne Bmectumocthio V=0,83 M 3 HaxoauTcs m=2 Kr azoTta npu aasieHuu p = 2*105 Ila.
Omnpenenure Temrepatypy T azora.

4. Temneparypa V1=2 Monp kucimopoja ,Haxozsmerocs B cocyne, pasia T1=300 K. Onpenenure
temrepatypy T2 BoAopoaa, HaXONAIIETOCS B COCYAE TOH K€ BMECTUMOCTH IPU TOW K€ JIaBJIICHUH,
B34TOr0 B KOJIMUECTBE V2=2 MOJIb.

dopma npeacraBieHus pe3yjabrara:

BreinonHuTh 3asaHue B TETPAAH [T MPAKTUYECKUX PadoT.

Kputepuu ounenkmu:
3a npaBUIIbHO BBIMOJIHEHHOE 331aHUE BBICTABIISICTCS MOJIOKUTENbHAS OI[eHKa — 1 Oa.
3a HelpaBWJIBHO BBIMIOJTHEHHOE JICHCTBUE, 3a/IaHUE BBICTABIISETCS OTpPHUIIATEeIbHAs olleHKa — () 0ayuioB.
Oyenxa «omauunoy svicmagisemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenbhoy svicmasisemcs 3a Mmeaee 60% nMpaBUIBLHBIX OTBETOB

Tema 3.2 Tepmoannamuka. TenjioBbie MaIIMHBI
IIpakTnyeckoe 3ansaTne Ne8

JaBjieHue skuaKocTeil U TBepAbIX Tesl. 3akoH [lackans

Heanb: Ha npuMepe pemieHns 3a1a4 M3y4nuTh XapakTep AaBICHUS )KUAKOCTEH U TBEPABIX TEJ, UX
MPUMEHEHHE U YUYET, 3aKOHBI, 00BICHSIOIINE 3TH SIBICHUSI.

IIpakTnueckas padora popmupyer: I[1PG1; [TP64; ITP67; ITP6S; I1Py3; [1Py4; IIPy9; I1Py10;
MPg§, MP9, MP10, MP21, MP17, MP13; P 26, JIP 14, JIP 23, JIP 13

Boinosinenue padorsl cnocodcTByer popmuposanuro: OK 01, OK 02, OK 03, OK 09, OK 06
IIK 1.2

MarepuanbHoe o0ecnieyeHme:

WHAVBUAYAJIbHOE 331aHUE, KOHCIIEKT JIEKIIMH, CIIPABOYHbBIE MaTEpHAJIbI.

Yka3anmue:

[IpakTHueckoe 3aHATHE COCTOMUT M3 JABYX YacTel — TeopeTHueckodl M mpaxktuueckoil. Ilocie
M3YYEHUs] TEOPETUYECKOro MaTepuaia MOXHO IMPUCTYNATh K BBITOJHEHHUIO MpakTHueckoil uyactu. OHa
COCTOMT M3 JBYX W Oosiee 3ajauy Al CaMOCTOSITENIbHOTO BbIMONHeHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
odopmiiennu pemeHus. Ha BbImosHeHNE MPaKTUYECKOTOo 3a/1aHus OTBOJIMTCS JIBa aKa/IEMUYECKUX Yaca.

3aganme:

1. O3HakombTech ¢ KPaTKUMHU TEOPETUYECKUMU CBEACHUSIMU
2. Pemmre 3amaum, caMOCTOSTEIBHO HCHONB3YysS MPUMEPHl M KpPaTKUE TEOPETHYECKUE
CBEJICHMS.
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Iopsinok BbINOJIHEHHSI PAa0OTHI:
1. H3zyuute u BeUmuMTe GOPMYIIBI 110 TAHHOK TeMe:
2. Pazbepure mpuMepbl PEIICHHBIX 3a1a4
3. Pemmre camocTosATENHHO 3aa9U

Kp AaTKHUE TCOPETHYECCKUEC CBECACHUSA

JlaBiieHnE TBEpAOTO TENa

TBepmoe Tenmo, Haxojnsmieecs Ha — OIOpE, F| AelcTByeT Ha Omopy ¢ CHIIOH, KoTopas
pacmpezielieHa 0 MOBEPXHOCTH OCHOBaHMs Temna. J[is p_§

OIMMCAaHUsA TaKUX PACHPCACICHHBIX CHUII

BBOJIUTCS] HOBasl (PM3UUECKAs BEIMUNHA — Od6/1eHUe.

Z!aBJ'IeHI/Ie (p) — OTHOIICHHC CWJIbI K IUIOIAaAW ITOBEPXHOCTH, Ha KOTOPYHO OHa ﬂeﬁCTByeT B
H
M2

MIEePIEeHIUKYIIPHOM HalpaBieHuu. [p]=1— = 1 [la — [Tackanp

JlaBiaeHue B )KUAKOCTIX

OCHOBHBIM OTJIMYUEM JKUJIKOCTCH OT TBEPIBIX (YIPYrHX) TeJ SIBISETCS CIIOCOOHOCTH JIETKO
WU3MEHSTH CBOIO (hopMy.

YacTtu KUJIKOCTHU MOT'YT CBO60,I[HO CABUI'aTbCA, CKOJIb3A APYr' OTHOCHUTCIBHO

npyra. [ToaToMy RUIKOCTh IPMHUMAET (OPMY COCYIA, B KOTOPBIH OHA HAIIUTA. I I
. 2y 2,
Ha Teso, morpyeHHOE B JKUIAKOCTh W Ta3, JEUCTBYIOT CUIIBI, PACIIPEIECHHBIE
[0 TOBEPXHOCTH Tena. Jls ONMCAaHWS TaKUX PACIpPENENEHHBIX CHJI TaKKe
UCTIONB3YETCA (PU3MUECKas BEJMUMHA — Oas/leHue. 2

3akon ITackais: AABJICHUC B JKUIAKOCTH WM Ta3c¢ ICpeaacTca BO BCEX

HaITpaBJICHUAX OAUHAKOBO U HEC 3aBUCHUT OT OPUCHTALIUU TIIOIIAAKHU, HA KOTOPYIKO OHO I[eﬁCTByeT.

Jnst mumrocTpanun 3akoHa [lackans Ha pucyHke n3o0paskeHa HeOOIbIIast MPSMOYTOJIbHAS TIPU3Ma,
MOTPYXKEHHAas B KUIKOCTh. Eciu mpeAmnonokuTh, 4To MIOTHOCTh MaTepuasa MPU3Mbl paBHA MIOTHOCTU
KHUJIKOCTH, TO TIpU3Ma JIOJDKHA HaXOJHUTHCS B JKUIKOCTH B COCTOSIHUU O€3Pa3IMYHOTO PAaBHOBECHS. ITO
O3HA4YaeT, YTO CHJIbI JaBJICHUSA, JCUCTBYIOIIME HAa TPAaHU MPU3MBI, TOJKHBI ObITh YPAaBHOBEIICHBI. JTO
MPOU30UIET TOJIBKO B TOM CIydae, €CIi JIABJICHUs, T. €. CHJIBL, JCHCTBYIOIIME HAa €AMHHUILY TUIOIIAIH
MOBEPXHOCTU KaXKAOW TpaHu, OMHAKOBEIL: P1 = P2 = P3 = P.

JlaBiieHre KHJIKOCTH Ha JTHO WJIM OOKOBBIE CTEHKH COCYJa 3aBUCUT OT BBICOTHI CTOJIOA >KUIKOCTH.
JlaBiieHne cToJ0A JKUIKOCTH p HAa3bIBAIOT T'HIPOCTATHYCCKHM JlaBieHWeM: h =p-g-h r1ae p —

IJIOTHOCTB KUJIKOCTH, h — BBICOTa cTOI0A KUIKOCTH.

Ecnmu KUAKOCTh HAXOAWTCS B IMJIMHIPE TOJA TMOPIIHEM, TO JEHCTBYS Ha IMOPIICHb HEKOTOPOU
BHEIIHeW cwiioil F, MOXXHO co3/aBaTh B JKUJAKOCTH JOMOJHUTENbHOE AaBieHue Po = F / S, rme S —
TUTOIIAb TTOPIITHS.

Takum 0Opa3om, MOJTHOE AAaBICHUE B )KUIKOCTH Ha TITyOMHE h MOKHO 3amucath B
Buze: P = P +ogh

Ha teno, morpykeHHOEe B )KHJIKOCTh WM Ta3, ICHCTBYeT BBITAIKHBAOIIAS CHJIA —
cuna Apxumeoa.

ApXuMeioBa CHJIA, JCHUCTBYIOMIAs HA MOTPYKCHHOE B JKUAKOCTH (MJIM Ta3) TEJo,
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paBHA BeCy XKUIAKOCTH (WU ra3a), BHITECHEHHOW TeIOM FApx il . WV o

€CJIM CPEeHSS IJIOTHOCTD Tela P, OOJIBIIE IJIOTHOCTU KUAKOCTH (Wiu Taza) p (pr > p), Teno Oynuer
OITYCKAaThCs Ha JIHO;

e cciu pr < p, TEJO OYJCT IJIaBaTh HA MOBEPXHOCTH KUJIKOCTH;
® CCIIM Py = P, TO TEJIO MOXKET ILIABATh B TOJIIE YHUJIKOCTH Ha JIF000H ITyOnHe.
3aKoH COOOIIAIOIIMXCHA COCYA0B: OdsieHUe 8 000U MouKe Ha 0OHOM U MOM _‘?l S
Jice YyposHe 8 COOOWAIOWUXCSL COCYOAX 0OUHAKOBO: p,= P, |3 “ﬂ
(1]
A Py

rac pi1 U po — JAaBJICHHUA HA OJHOM MW TOM K€ YPOBHC B IICPBOM M BTOPOM KOJICHC ‘
coo61ua101ueroc;1 cocyaa COOTBETCTBCHHO. ‘ | l

2 ——p—
) o

I'mppasinueckuii npece

Ecnu 06a BepTUKAILHO PACIIONIOKECHHBIX IMIMHIPA COOOITAOIIIXCS
COCYZIOB 3aKpBITh MOPIIHSAMH, TO C T[OMOIIBIO BHEIIHUX CHII,
IMPUIIOKCHHBIX K IMOPHIHAM, B XHJIKOCTHU MOXHO CO31aThb 0o0JIBIIOE
JaBJICHUE P, BO MHOTO pa3 MPEBBIIIAOIICE THAPOCTATHIESCKOE JaBICHUE
pgh B m0060#1 Touke cucTeMbl. Ecii MOPIIHK UMEIOT pa3HbIC TUIOMIAIN

S1 1 Sy, TO HA HUX CO CTOPOHBI KHMAKOCTH JEHCTBYIOT pasHble bl Fp =
pSl uk,= pSz [Tpu S,>>S,, To Fo >> F.
YCTpOﬁCTBa TAaKOI'o poJia Ha3bIBArOT ZuopaGﬂuquKuMu MmMauwilunamu

[Tpunimn paboThl MPOCTEHIINX TUAPABIUIECKUX MAIIUH

To 06CTOATENBCTBO, YTO KUJIKOCTH OYyAY4YHM NMPAKTUYECKH HEC)KMMAEMbIM M, pABHOMEPHO MepeaaroT Mo
BCEMY CBOEMY O0bEMY BHEILIHEE JIaBJICHUE, IIMPOKO HCIOJIB3YEeTCsS B Pa3IMUYHBIX OTPACIAX TEXHUKH (B
TUIPOTIPUBO/IaX, THAPOABTOMATHKE, THAPABINYECKMX TOPMO3aX M YCHUJIMUTENSAX U T.I.). DTO CBOHCTBO
KHUJIKOCTH Takke H(PQPEKTUBHO NPUMEHSAIOT B TAKMX NPOCTEHINMX MAallWHAX, KaK THpaBIMYECcKHe
JIOMKpAaThl (OTbEMHHUKHN) U MIPECCHI.

[Tpuniun ux paboThl OCHOBAH Ha CIIEIYIOLIEM: UMEIOTCS JIBa COOOLIAIOIINXCS
Mexay co0oil nunuHApa pasHoro nuamerpa [Ipuiaras K MOPIIHIO MEHBIIETO
13 IWIMHIPOB KaKyl-TO BHELIHIOIO CHIy Pi, MBI TeM caMbIM co37acM Ha

— l:l'l

P = .
MOBCPXHOCTU KUAKOCTH B O3TOM HWJIHMHAPC JaBJICHHUC I , KOTOpOC
pPaBHOMEpHO TEpeaacTcsi BO BCe TOYKU MPOCTPAHCTBA, 3aMOJHEHHOTO KUAKOCTHIO. Toraa Ha mopIieHb
OompIiero W3 MWJIMHIAPOB (0€3 ydeTra morepsh) OyJeT ACHCTBOBATH MOAbEMHAs CHIIA Py =PS2

P, = 154

51, Takum oOpa3om, yeM OOoJblle Pa3HATHCS MEXAYy COOOU IMIIOIIAIN TOMEPEYHOTO CeUeHUs
[WJIAHIPOB, TeM OOJIBINYI0 (MOIBEMHYIO, CKHUMAIONIYIO, TICPEMEIIAFONIYI0) CHIIY MBI TIOJy4aeM B TaKHX
THJIPaBIMYECKUX YCTPOHCTBAX.

Crarndeckoe JAAaBJICHUC KUAKOCTU Ha IIJIOCKYIO MOBEPXHOCTD. rPI,Z[pOCTaTI/IquKI/Iﬁ mapaaokc
,HJ'ISI OMpPEaACICHUA CUJIBI JaBJICHUSA KUAKOCTH P Ha IJIOCKYIO IMOBEPXHOCTD, INIOIIAb KOTOpOfI PaBHACTCA

S, pa3o0beM ee TPOU3BOJIBHBIM 00pa3oM Ha OECKOHEYHO Maible Tuiomanu ds. /laBieHue >KUIKOCTH Ha
MMOBEPXHOCTh OMPENEITUTCS KaK CyMMa CHJT JIaBJICHUI Ha OTH AJIEMEHTApHbIE TUTOIAIKH.
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PaccMOTpuM 351eMEHTApHYIO IIIOIAAKY, LEHTP
KOTOPOM pacroyioXkKeH Ha INyOuHe ypoBHs,
MIPOXOAALIETO Yepe3 LIEHTP TSKECTH Beel Iomany T.
JlaBjieHHE B IEHTPE TSHKECTU ATOM IUIOIALU
0003Ha4uM p,. Torna rugpocTaTUYECcKOe JaBICHUE B
LIEHTPE IEMEHTAapHOH IUIOIAJKHA PABHO

= +{) @ - =
P=P:THEM  Okonuarensno momydnm P =D,S
Takum 0o0Opazom, cuiia IaBIEHHS JKUIKOCTH Ha IUIOCKYIO HMOBEPXHOCTh PaBHA IMPOU3BEACHUIO IIOIMIAIN

3TOM MMOBCPXHOCTHU HA BCIUMYHUHY T'HAPOCTATUICCKOI'O JaBJICHHA B €€ HCHTPC TAKCCTHU.
CJ'ICI[CTBI/ICM SABJIICTCA OOKA3aTCIIBCTBO T'MAPOCTATUYCCKOrI'O IapaaoKca, BIICPBEIC ITOJTYUECHHOC ITackanem.

Benwuuna cribl BECOBOTO JAaBJICHUSA XKUAKOCTH Ha JHO pE3CpBYyapa 3aBUCHUT TOJIBKO OT IJIOTHOCTHU 3TOM
KHUAKOCTH, IIoIaiu AHa H l"J'Iy6I/IHLI €T0 IMOIPpY>KCHUA 101 CBO6OI[HOI7[ ITOBCPXHOCTLIO. HpI/I 3TOM BE€C
KHUOKOCTHU, HAJIUTON B COCyd, MOXET OTIMYATHCA OT CHUJIbI JABJICHUS, OKAa3blBACMOI'o €0 Ha JHO, T.C.
CHUJIbl HABJICHUA KHUJIKOCTH Ha OHO PE3CpByapa HE 3aBUCAT OT €ro (1)OpMLI 1 KOJIHNYCCTBA XUAKOCTHU

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

1) 2 3) 2)
TaK B paCH_II/IpHIOIJ_II/IXCH KBepxy cocynax CHJia BCCOBOI'O AaBJICHHA Ha JHO MCHBIIC BECa KHMIAKOCTH, B
III/IJ'II/IHI[pI/ILIeCKI/IX OHH OJHMHAKOBBI, a B CY)KI/IBaIOHH/IXCSI KBerY — CHJIa JOaBJICHUSA 6OJ'II>HIC BECa
3aKJ'IIOLICHHOI7I B COCY,[[ KHUIOKOCTH.

Tak kak HalileHHas CuJia SBJIIETCS PaBHOJEHCTBYIOIIEH, TO MOMHUMO €€ BEIMYHMHBI HEOOXOAUMO
ONPENEIUTh U TOYKY €€ IMPHUIIOKEHUs, Ha3bIBAEMYIO LICHTPOM JaBiieHMs. LIeHTp TskKecTH coBmamaer ¢
LEHTPOM JaBJE€HUS TOJBKO TOIZA, KOIJA paccMaTrpuBaeMasl IUIOCKas IOBEPXHOCTb JIEXKHUT B
TOPU30HTAIILHOM TUIOCKOCTH.

[TockoIbKY THAPOCTATUYECKOE AABICHUE p ABJISIETCS MOAYJIEM THAPOCTATUYECKOTO HANPSIKEHUS, SITFOPBI
HOPMAaJbHOTO THAPOCTATUYECKOTO HANPSDKEHUS MOTYT OBITh MOCTPOEHBI C  HCIOJb30BAHHEM
3aBUCMMOCTH ¥ TIPUMEHEHBI [JIs OMNpEJeieHUS BEIMYMHBI B JIFOOOW TOYKE paccMaTpuBaeMoun
MOBEPXHOCTHU. [Ipy 3TOM clieyeT IOMHHUTB, YTO 3TO HAIPSIKEHUE HANIPABICHO IO HOPMAJIU K IUIOLIAAKE
e CTBHS.

PaccMoTpuM  NOpSAZOK  IOCTPOEHMST DIIOPbl  HOPMAIBHBIX TMAPOCTATUYECKUX HAIPSDKCHUM Ha
BEPTUKAIBHYIO CTEHKY, YPOBEHb )KHJIKOCTH B KOTOPOU H.
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Onropvl HOPMANLHBIX 2UOPOCMAMUYECKUX HANPAICEHUL

BHemHee ruapocTaTHuecKoe JABICHUE Py PABHOMEPHO MEPENacTCs )KUAKOCTHIO MO BCEMY e 00beMy.
OtmnokuB B Maciitabe Ha TEPICHIMKY/ISpax K pacCMaTpUBaeMOM IUIOCKOW CTEHKE B €€ BEpXHEH H
HIDKHEHW YacTH po W COEJWHHB KOHIBI BEKTOPOB TNPSAMOM JIMHHEH, MMOIYyYHM IMPSMOYTOJbHHUK-3ITIOPY
HOPMAJIbHBIX HANpPSOKEHHH, BHI3BIBAEMBIX BHEIIHMM JaBjeHHEM. H30BITOYHOE THAPOCTATHYECKOE
JaBJIEHUE M3MEHSETCS 110 TIIyOHHE 0 3aKOHY IPSAMOM, mpryeM oHO paBHO 0 Ha CBOOOHOM MOBEPXHOCTH
KHUKOCTH U MakCUMajbHO — y 1Ha (pgH).

Takum  oOpazoM, OSMmIOPBl  HOPMAJIBHOTO  M30BITOYHOTO  THIPOCTATHYECKOTO
HANpsDKEHUs UMEIOT (OpMy MPSMOYTOJIBHOTO TPEYrojibHUKa. DMIOpa HOPMAaJIbHOTO
a0COIFOTHOTO THAPOCTATUICCKOTO HAIMPSDKCHUS TOJIYYaeTCsl B PE3yJIbTaTe CIOKEHUS
MPeIbIAYIINX ABYX SII0p U UMeeT (popmy Tpamnenuu.

AHaAJIOTUYHO CTPOATCA SHIOPbBI HOPMAJIBHOI'O0 THUAPOCTATUYCCKOTO HAIIPSKCHUA B

cillydae HakJIOHHOW cTeHKd. C MOMOIIBI0 TMOAOOHBIX JMIOP MOXHO Tpauuecku CyMMHPOBATh
HOPMAJIbHOC TUAPOCTATUYCCKOC HAIIPSAKCHUC TIPHU HCﬁCTBHI/I OAHOPOJAHBIX HMJIKW PASHOPOIHBIX )KI/I,I[KOCT@ﬁ
C IBYX CTOPOH IJIOCKOW CTEHKH.

C MMOMOIIBIO 3MIOPbl HOPMAJIBHOT'O THUAPOCTATUYCCKOTO HAIPSKCHUA MOKCT OBITh nmoacyuTadHa cCulia
THAPOCTATUYCCKOr0 JaBJICHUSA HA IJIOCKYIO IMOBEPXHOCTH, IMOCKOJIBKY 00BeM Takol SIMIOPbI YUCIICHHO
paBC€H BCINYHUHC 3TOM CHIIBI. HpI/I‘leM ChJia OABJICHUSA Ha IMJIOCKYHO IOBCPXHOCTH IPOXOAUT YC€PEC3 LCHTP
TAKCCTH SIIOPEI, IMTOJIOKCHHUE KOTOPOIo JJIA TpaneuepmanLHoﬁ SIMIOPbI HOPMAJIBHOI'O TUAPOCTATUYCCKOT' O
HAaIPsKCHUA HAa IPAMOYTOJIBHYIO CTCHKY MOXKET OBITh OIIPCACIICHO rpa(bnqecm/l HJIU 110 (bopMynaM.

IIpuMepsl pelieHus 3aaa4
1. Onpenenuth maBieHHe OEH3MHA HA JHO IMCTEPHBI, €CIU BbICOTa cToJI0Aa OeH3mHa 2,4 M, a ero
wioTHOCTE 710 Kr/nm®.,

Jlano: Pewenue.

h=24mM p = pgh

p = 710 kr/m’ p =710 kr/m® « 10 H/xr+2,4 m
g= 10 H/kr p = 17040 Ila= 17,04 klla
p—? Omeem: 17,04 klla

2. Kaxkas ®KuaKocTh HaXOJUTCA B cocye, eciu ctosd BeicoTo 0,3 M okasbiBaeT gasinenue 5400 I1a?

44



HHawno: Pewernue:

/t = 0,3 m - . P
»=5400 Ila RS S o
& = 10 Her 5400 Tla

= 1800 kr/m’

e 10 H/xkr - 0,3 m

Omeem: Cepuas KUcJ1oTa

p—2?

3. B Gounbmioit cocys ¢ KBapaTHBIM JTHOM IUIOMAALI0 9 M2 U BEpTUKAIBHBIMUA CTEHKAMU HAJIUTA
Boza (cM. pucyHOK). KakoBa BeICOTa YpOBHS BOJBI B COCY/IC, €CIIM CUJIA €€ JaBJIeHUsI HAa OOKOBYIO
MMOBEPXHOCTh COCY/Ia PaBHA CHJIC IaBJICHUSI HA JTHO?

Jdanao: ,

Fa=Fs 2 i

Sn=9M 1

p. = 1000 =L e ] }h—?
= —t = == —[=;

h_ 2 ———S— |

PemmeHH"e:

Jdasienue BOABI HA AHO cocyaa pasHO: P, =p gh.

IImomans gEHa cocyma paBHa: S = a2, rne a — cTOpOHA
KBaagpara.

Cuna nasireHHs Ha AHO cocyaa pasHa: F, =P, S = pgghaz;
F,=p.gha®.

JMaBimeHue > KHUAKOCTH Ha DOKOBYIO MIOBEPXHOCTH cOCyaa

. h

yvOBIBaeT ¢ BBICOTOM OT /i, moaTOMy B cpeanHem F, = pBgE.

ITlromans OOKOBOMH MOBEPXHOCTH COCYAAa, HCOBITHIBAIO-
mel maBjieHHe, paBHAa: S; = 4dah, a cuiia gasJIeHUusI Ha DOKO-

h

BYIO HNOBEPXHOCTHL paBHa: F;, = F.S; = pBgE4ah .
ITo ycnosmio 3anaun F, = F,, Toraga p.gha® = pBg%4ah.
Coxpamas Ha p_, &£, h, a, nonygaem: a = 2h, Torga iz = %, HO
a =/S.
OTcrooga caenyerT, 94To |z = % .
IToncTaBmB B QOPMYyJIY SHCIOBBIE JaHHBIE€, [MOJAYVYIHAM:
o= ?9 = % =1,5 .

OrTBeT: 2z =1.5 .

4. B cocyn, umeromuii popmy mumuHapa ¢ paauycoMm 10 cm, Hamwunum 3,14 KT OICOTHEYHOTO Maciia
(cM. pucyHoK). OnpenenuTh 1aBleHUE Macia Ha THO COCyaa.
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JlaHO: CH e
R =10 cm O,1 ™
m=3,14 xr

_ rer —
p = 800 F
P—?

PeumreH ue:

JaBineHHue >XHAKOCTH HA AHO COCYAa PABHO OTHOIIEHHWIO
CHWJIBI TSKEeCTH >KHAKOCTH K IJIOIIaaH JHAa cocyiaa.

Tak kaxk F = mg — ciia TA>KeCTH Macja, a S = nR? — ono-

F
maabs AHa cocyaga, moayvaum: P = S
OTcoaa caeanyer, garo [P = mgf;. ;
IToagcraBue B GOpPMYyJay YHCIOBLIE JaHHBIE, IIOJIYIHMM:
Seld-49 . 10 1000 Ila.

~ 3,14-(0,1)°> 0,01
OrTBeT: P=1000 Ila.
5. B COCYAC HAXOJATCA OOUH 3a APYI'UM TPH CJI0A HCCMCIINBAIOIINXCA )KI/II[KOCTGIZZ BOJa, Maclio,

PTYTh (CM. pUCYHOK). BbicoTa Kaxxaoro ciost 5 cMm. OnpenenuTs 1aBiIeHUE )KUIKOCTeH Ha THO
cocyza u Ha riayoune 7,5 cM.

daHuo: CcH
hl = h2 = h-3 =5cm |0,05 M :::::::::
h=17.5cMm 0,075 m ;:htﬂic%fﬂ)%_; h,
p, = 1000 =L —— — — —
x —

- 000 XL ——=SBoaap. — | rh
Po = 43 —_
p, = 13600 X% —Pivisp, —| Fh,
P—? -
DB
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Pemenmne:

OnpeaenuM gaBjeHHE HA JHO KaKA0MH KHUIKOCTH:
P, =p,gh, — nasnenue croaba pryTu;

P, =p_gh, — nasnenue cronba BOAbI;

P, =p _gh, — naBneaune cronba maca.

Obmee naBnenmne Ha AHO cocyzaa Gyaer pasHo: P= P, +
+ P, + P3, Tak Kak hy = hy, = h, P=p gh, + p,gh, + p,ghs =
- ghl(pp + pn + pu)'

Orciona caeayer, uro |P = gh,(p, +p, +p,.)

.

IMToacrasus B hOpMYJIY YUCIOBEIE JaHHLIE, IOJAYIHM:

P=10-0,05-(13 600+ 1000 +900)=0,5-15 500 =
= 7750 Ila.
Jasnernue Ha riiyomHe 7,5 cM CKIaABIBaeTCH H3 AaBlie-

HHA cTonba Macia | AaBJI€HHSA IIOJIOBHHBI CTOJNOBI BOABIZ

= 1
R =P 4 2P,,.

Orciozaa caeayer, uro |B, = p, 8ghy + %p_ghz .

IToacrasus B (hopMyTy YHCIOBEIE JaHHBIE, TOJAYYHM:
P, =900-10-0,05+1-1000-10-0.05 = 450 + 250 =

2
= 700 Ila.
OrsBeT: P= 7750 Ila; P, = 700 Ila.

6. Konunueckas nmpoOka nepekpbIBaeT cpasy JiBa OTBEPCTHUS B INIOCKOM COCY/IE, 3aII0OJIHEHHOM
xuakoctbio npu nasiaeHuu 2000 Ila (cm. pucynok). Pannyc otBepetuit R =2 em, r =1 cm.
OnpenenuTts cuily, AEUCTBYIONIYIO HAa MPOOKY CO CTOPOHBI JKUIKOCTH.

A ano: CH

P = 2000 Ila 0,02 m
R=2cm 0,01 m
r=1cm

F-? |

Pemmenmwue:

Cuna, necTByIOIIasi Ha NTPOOKY B O0JABIIOM OTBEPCTHH,
pasHa: F; = PS,, rae S, — naomanak 60JII0TO0 OTBEPCTHSA;
S, = nR?, Toraa F, = PrnR>.

Cuina, geiicrByoinas Ha NpoOKYy B MaJIOM OTBEepCTHH,
pasua: F, = PS,, rae S, — naomaak MaJOro OTBepcTHusA;
S, = nr®, Torna F, = nPr-.

Cuia, neicTBYOIIAasa HA TPOOKY CO CTOPOHEI JKUAKOCTH,
pasuaa: F = F, — F,; F = nPR? — nPr’ = nP(R? — ).

Orciona cneanyer, urto |F = nP(R* — r?)|.

IToacTasue B GOPMYJIY YHCIOBLIE€ JaHHbBIE, [TOJIYYHM:

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

OrTBeT: F=1,884 H.
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10.

11.

12.

13.

14.

PemmnTh 32124 caMOCTOSTEIBLHO
Uemy paBHa apXuMenoBa CHUiia, JCHCTBYIOIIAs B BOJAE HA MaHEIh MAacCOM N KI U3 CTEKJa, MPOOKH,

ATTFOMUHMA, CBHHIA? (pCTeKﬂa= 1200kr/ MS; Prpo6i, =240kr/ M3, paniOMuﬂuﬁ=2700KF/ M3,
Pesma=11300Kkr/Mm°)
[Tnomaae Majaoro IMOPIIHS THUAPABIMYECKOro mpecca paBHa 10 cm?, Gompmoro — 50 cm’. Ha

MaJIbli TOPIICHb MOMECTHIM TUp0 Maccod 1 kr. Kakoil rpy3 HYy)XHO NMOMECTUTh Ha OOJIBIION
MOPILIEHb, YTOOBI )KUIKOCTh OCTajJach B paBHOBECUU?

Hacoc narneraer Macio B rujpaBiIMyecKuil mpecc mnoa naaBieHuem NMIla. DT1o naBieHue
nepenaeTcss Ha OOJBIIMIT MOpIIEHb, IUTomans Kotoporo 800 cwm®. Kakyio cuily aaBieHHs
UCIBITHIBAET 3TOT MOPIIEHB?

BOJIBIIIOl MTOPIICHB THAPABIMYECKOro IPECca IIoma/pio 180 cM? IEHCTBYET Ha IPECCYEMOE TEJIO ¢
cunoit NkH. C kakoil cuioil IEeUCTBYET MAclio B MPECCe Ha MaJibld MOPIIEHb, €CIU €ro IIOAb
paBHa 4 cM??

OnpenenuTh naBiieHHEe OCH3WHA HA JTHO LUCTEPHBI, €CJIM BBICOTa cToJI0Aa OeH3wHa 2,1 M, a ero
mwiotsocts 710 kr/m®
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BbIYHCIINTE NABICHUE M CHILY AABJICHHS KEPOCHHA HA JHO Oaka Iuiomazpio 50 am%, ecid BhICOTa
cTON0a KepocHHA B Oake NCM.
Pacmmmpsisic, ra3 mepemectws mnopiieHb Ha paccrosHue 0,5m. Ilnomans nopmas 0,02m2,
atMocdepHoe nasinenue HopmaiabHoe (101,3 kIla). Onpenenute: paboTy rasa mo MpOTaIKUBAHUIO
MOPIIHS; KOJMYECTBO TEIJIOTHl, OTHaHHoe razy HarpeBareneMm. Cuwmraiite KIIJ[ HarpeBatens
paBHBIM 1, a TpeHHEM IIpeHEOpEruTe.
B cranenuteitHOM MpOM3BOACTBE «HU3JIOKHUIICH) HA3BIBACTCA UYT'YHHBIM CTaKaH
0e3 1Ha, B KOTOPBIM BBUIMBAIOT PACIUIABICHHBIA MeTaJll. BepxHee oTBepcThe Jﬁ,&.
W3JIOKHULIBI HEMHOTO MEHBIIE HI)KHETrO0 I TOro, 4YTOObI MOKHO OBLIO L" 1]
W3JIOKHUILY CHSITh C OTBEPJEBINEIO CIUTKA, KOTJA OCTHIHET MeTaul. UToObI U_‘.l (1
METaJIJ CHU3y HE BBUIMBAJCS, W3JIOKHUIIBI CTAaBIT Ha IUIOCKOE OCHOBAHHE U L
JIEMal0T WX OYeHb MacCUBHBIMH. Ha pucCyHKe cieBa n300pa)xkeHa H3JIOKHUIIA, ! 1l
CIpaBa — TMOABEM U3IOXKHUIBI € OTIUTOro ciuTtka. Omnpenenure Cuiry Uy
TABJICHHS, KOTOPYIO MPOW3BOIUT HA TIOJUIOKKY HW3IIOKHUIIGI HAIWTHIA YYyTyH,
€ClIi BhICOTa M3JIOKHHIBI 1,5 M, a mmomans HwkHero ocHoBaHus 1600 cm”. [ImoTHOCTH uyryHa
7000 xr/™m°.

Bo ckonbko pa3 maBieHue BoJbI Ha JHO KodeiHnka OoJbIlle, YeM Ha JIHO YailHHMKa, €CIIU BBICOTA
crosiba Bojbl B koeitHuke 30 cm, a B yaitnuke — 12 cm?

Onpenenuth BBICOTY YPOBHS BOJBI B BOJOHANOpPHOW OaliHe, eciu
MaHOMETp, YCTAaHOBJICHHBI y €€ OCHOBaHMs, MOKa3bIBaeT JaBieHue 220
klla.

BricoTa cronba Bonbl B cTtakane 8 cM. Ha ckonbko maBieHHE PTYyTH Ha
JTHO cTakaHa OblIo Obl OoMblie, ecinu Obl PTYTh HAWIM B CTaKaH JI0 TOTO
ke ypOBHs?
Hnuna akBapuyma 40 cm, mmpuna — 20 cm, Beicota — 30 cMm (cMm.
pucynok). C Kakoi CWJIOH BOJia IaBUT Ha JHO akBapuyma? Bojga HUke BepXHEro Kpas akBapruyMma
Ha 2 cM
. Cocyn nmeer maccy 15 kr. Korga B Hero noBepxy A0JWiId BOJbI, Macca crana 40 kxr, a Korja B

9TOT K€ COCYJ HAJIWUIU AOBEPXY HEU3BECTHBIM pacTBOp, TO Macca craja ﬂ

paBHOM 45 kr. OmpenenuThs AaBICHUE HEU3BECTHOIO pacTBOpa Ha JHO ==\ 1
cocyJa, ecly BbIcoTa cocya pasHa 0,5 m. E h
B uBerounyto Ba3y Hanuta BoAa. [laBinenue Boasl B Touke (1) Oosblie, uem % '

B Touke (2), B 1,6 paza. Touka (1) oTcTOUT OT HA Ba3wl HA 4 cM, a TouKa (2)
—Ha 10 cM (cMm. pucyHnok). KakoBa BbicoTa BojbI B Baze?
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15. B cocya, miomanas NONepeyHOro CEYeHHUs] KOTOPOrO YMEHBILAETCs B
HaMpaBJIEHUU OT JHA K BEPXHEW 4acTH, HAJIUTA KUIKOCTh Maccoil 1,6 \ /
Kr (cM. pucyHOK). O0BbeM JKUAKOCTH paBeH 2 JI. BpicoTa XHUIKOCTH B i
cocyne paBHa 20 cM. HaliTn naBieHue )XMIKOCTH Ha THO cocyza. h

16. Kakyto cuity 1aBieHuUs UCTIBITHIBACT CTEHKA akBapuyMa JIHHOH 40 cm,
ecnu yrojl ee HakioHa 60°, a BbeIcoTa Bojabl B akBapuyme 20 cMm (cM. puCyHOK)? ATmocdepHoe
nasinenue 105 Ila.

dopma npeacTaBJieHus pe3yabTaTa:
BbImoTHUTE 3a/1aHUE B TETPAIN IS IPAKTHYECKUX padoT.
Kputepuu ounenku:
3a MpaBUIILHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTpUIIATENbHAs olleHKa — 0 OaioB.
Oyenka «omauunoy svicmasusiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasniemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «Heyoosiemeopumenvroy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.2 OcHOBBI TepMOAMHAMUKH. TeNI0BbIe MAIIMHBI

IIpakTuyeckoe 3anaTue Ne9

AOCOJIIOTHBIE M OTHOCHTEJIbHBbIE 1e()OPMALMU TBEPABIX TeJ

Lenab: HAyYUTHCSA MPUMEHATH 3aKOH ['yKa K PEIICHUIO0 HEKOTOPBIX (PU3UYECCKHUX 331a4, HAyIUThCS
OTINYaTh a0COJIIOTHOE U OTHOCUTEIFHOE YATUHEHHE.

IIpakTuuyeckas padora popmupyer: [1P61; [TP64; [1P67; ITP6S; ITPy3; [1Py4; ITPy9; I[1Py10;
MP8&, MP9, MP10,MP21,MP17, MP13; JIP 26,JIP 14,JIP 23,JIP 13
Boinosinenue pa6orsl cnocodcTByet (popmuposanuto: OK 01, OK 02, OK 03, OK 09, OK 06 I1IK 1.2
MarepuanbHoe o0ecniedyeHHne: TETPaab IS IPAKTHUECKUX PadoT, pyyka, METOJUYECKHE PEKOMEHIAINH
10 BBITIOJTHEHUIO pa0OTHI, JIMHEHKA, KapaHIalll.

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

IMopsiiok BbINOJIHEHUS PA0OTHI:

1. PaccMoTpuTe TEOpeTHUECKHH MaTepual IO TeMe W TpUMEphl pelleHus 3aaad (CMOTpHU
METOAMYECKOE MTOCOOHE).
2. Pemute camocTosTenbHYIO padoty. Odopmute pemieHne MICbMEHHO B TETPAIH.
Xox pa0doThI:
1.Teopus.

Buasl negpopmanun. 3akon I'yka.
Jlepopmayueri Ha3pIBAIOT M3MEHEHUE (POPMBI Wi 0ObeMa Tea.

Ynpyeoii nazpiBatoT Aeopmalifio, KOTopas MOJTHOCTBIO HCYE3aeT IOCHE IMpeKpalleHus: IerCcTBUS
BHEILIHUX CHIL.

Heynpyeoti (nnacmuueckou) Ha3bIBalOT jAeopmaiuio, KOTOpas HE HCYe3aeT IOociie MpeKpaleHus
JIEMCTBUS BHEITHUX CHIL.
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Cuna, BO3HMKaoIIas B pe3ynbraTte JeQopMaluy Telna MW HANpaBlICHHas B CTOPOHY,
MIPOTUBOIMOJIOKHYIO NEPEMEIIEHUIO YaCTUIL Tela MpH edopMaliiy, Ha3bIBACTCS CUNLOU YNPY2OCU.

HpH‘IHHOﬁ ,Z[e(l)OpMaI_[I/II/I TCJ1a ABJIACTCA NBUKCHUC OI[HOﬁ HYaCTH OTHOCHUTCIIBHO prrOﬁ, a CJICACTBUEM
I[e(bopMam/m TCJIa ABJIACTCA BOSHUKHOBCHHE CHUJIBI YIIPYT'OCTH.

Buner nedopmanun
Hedopmarus pacTspkeHHS (CHKATHS)

- 3T0 nedopmalus, Ipu KOTOPOH U3MEHSIETCS PACCTOSIHUE MEX]y NMapauIeIbHBIMU CIOSIMU YIPYTOTro
TBEP/OIO Tea.

[Tpu nepopmaru pacTsHKeHHs yBETHUMBAIOTCS pa3Mephl Tea.
[Tpu nedopmarinu ckaTrs yMEHbIIAIOTCS Pa3MeEphI Tela.
Jedopmarus pacTskeHHs (CKATHI) XapaKTepU3yeTcst a0COTIOTHBIM YATUHEHUEM.

AOCONIOTHOE YAJIMHEHHE II0Ka3blBaeT HA CKOJIBKO HW3MEHSETCS JUIMHA Tejla 10 CPaBHEHHIO C
IepBOHAYaJIbHOM IIMHOM o0Opa3ua.

ﬂi::-!“

A'1> 0 nepopmarnus pactsxenus A 1 < 0 nepopmanust cxxaTus
OTHOCHUTEIBHBIM YAJTMHEHNEM Ha3bIBAIOT (PU3MUECKYIO BETMUUHY, PABHYIO OTHOIIEHUIO a0COIIOTHOTIO
YAJIUHEHUS K IepBOHAYaIbHON JUIMHE o0pasua.

Al

L
Hedopmarus u3ruda
Jedopmaruu nzruba noasepraeTcs Teno, 3aKPEIUIEHHOE C ABYX CTOPOH M HarpyeHHOE MocepeuHe,
1100 TeNo, 3aKPEIIeHHOE C OTHOM CTOPOHBI U HATPY>KEHHOE C APYToi CTOPOHBI.
[Tpu nedopmanyu n3ruda BorHyTask 4acTh Teja MOoABEpraeTcs AeGopMaiii cxKaThs, BRITYKIas 4acTh
TeJa nmojBepraercs 1eopMalnuy pacTsHKEHUS.
YtoObl TeN1a MEHbIIIE MO/IBEPTaATUCH, 1ehopMaliiy U3ruda, ux AenaT TpyOdaThIMHU.
Hedopmarus ciapura
- 9TO0 Takas nedopmarus, TP KOTOPOM MPOUCXOIUT CMEIIeHUE (CIBUT) MapauIeIbHBIX CIIOCB
YIPYToro TBEPAOro Teja IPYyr OTHOCUTEIBHO ApPYTa.
Jedopmarus KpydeHust
Hedopmarun KpydeHus: oJBEpraeTcsi Teno, OJWH KOHell KOTOPOTro 3aKperieH, a K APYyroMy KOHILY
MIPUJIO’KEHBI JIBE€ CUJIBI, pAaBHBIE 10 MOYJIIO ¥ POTUBOIIOJIOKHbIE 10 HAIIPABIECHUIO.
3axoH ['yka
Cuna ynpyroctu, BO3HUKAIOLIAs IPU MajbIX Ae(opManusx Tesa, IponopUuoHaIbHa YIJIMHEHUIO Tela
Y Hanpasji€Ha B CTOPOHY, IPOTUBOIOJIOKHYIO HAaIIpaBJICHUIO IEPEMEIIEHNI YaCTHUL TeNa.
Fy=-kX

£
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K - >xecTkOCTB Tela, 3aBUCHT OT (JOPMBI M pa3MEpOB Tella, U OT MaTrepualia, U3 KOTOPOrO H3TOTOBICHO
TeJIO, X - CMELICHHUE.

m

Cuna ynpyeocmu
CuJibl yOpyrocTy BO3HUKAIOT MPH JiehOpMaIIiU Tela U HAPABJICHBI B CTOPOHY, IPOTHBOIOJIOXKHYIO

CMCHICHUIO YaCTHI TCJIa U3 MMOJIOKCHUSA PABHOBCCHA.

3akon I'yka
Hnst maneix ynpyrux naeopMmanuii pacTsbKeHHsT W CKAaTHsS BBIIOJNHSCTCS 3akon [yka: cuna

YIPYTrOCTH MPAMO MPONOPLUUOHAIBHA YIJIMHEHUIO TEla U HaIlpaBJIieHA B CTOPOHY, IPOTHUBOIIOJIOKHYIO
HAIPABIICHUIO MTEPEMEIICHUI YaCTHI] TeJa MpH JeHopMaIiu:

F=k ‘|41,
rae kK — kosddurment xectkoctu, H/m;
Al — ynnuHeHue Tena, M.

IIpu npoeknuu Ha ock X 3aK0H ['yka mpyuHUMAET BUL:
I:Y =- ]OC: ‘ [{’.

rae x = Al — yniuHeHue Tena, M. _E:L

(x > 0 ipu neopManum pactspkeHus, x < () mpu neopmaruu cxaTus).
[Tprumepsl CHUITBI yIPYTOCTH. 1P

Cuuta peakiuu onopsl (Cuia, AeHCTBYOINas CO CTOPOHBI OMOPhI Ha Teo) — V.

Cuna HopMaJIbHOTO JaBlIeHUsI (Tela Ha OIopy) — me. m

Cuna peakuuu OHOpPbl M CHUJAa HOPMAJIBHOTO JABJIEHUS HAIPABIICHBI Puc. 8
NEePIEHIUKYIISPHO TOBEPXHOCTH COMPUKOCHOBEHMS Tel (puc.8).

Cuna HaTsDKeHUs — HallpaBJieHa BAOJIb HUTH (Tpoca U T.11.) — 7.

Bec mena. Heeecomocmob J [ s

Bec mena — cuna, ¢ KOTOPOil TeJo, BCIEACTBHE €r0 MPUTSDKCHUS K 3eMie, </ JF
JEHCTBYET Ha OMOPY WIIH MTOIBEC. T

Bec tena, 0003HaueHHbII OyKBON — P, 1o MOJYJIIO PAaBEH CHUJIE TSHKECTH: *T e

F

Ho 3710 He 3HauuT, uto '+ u F - OMHO U TOXKE.

Cuna tsoxectn (1+) — 3T0 rpaBUTALMOHHAS CHITA, TIPUIOKEHHAS K TEITy.

Bec Tena — 310 cnna ynpyrocTtH, NpuIOKeHHAs K IIOABECY.

2. Ilpumep pemenus 3axay

Ha Tonkoi mpoBosioke noasenieH rpy3 Maccoi 10 kr. [Ipu 3ToM ayinHA MPOBOJIOKM YBETMYMIIACH HA

0,5 mM. UeMy paBHa K€CTKOCTh TPOBOJIOKHU?

I[:aHo:
m=10 kr
x=0,5 mm 0|5-10° m

k-?

CHu Pemenne:

I'py3, moBEIIEHHBIN HAa IPOBOJIOKE, HAXOAUTHCS B TIOKOE. 3HAUUT F ypp 11O MOAyIIIO paBHa Fm.
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";_I m=M 1"r ; "L ynp.:'kx
B ckansapnoit popmyine ock OY: Fp-Fyy,=0
Fn=Fymp= mg=kx =k

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

mg 10-9.8 H

k= » ; k=510 2106000 »

H

Otser: 196 - 10° o

CamocrosiTeibHas padora.
Teno maccoil 2 Kr TAHYT MO INIAJKOM AOCKE C IOMOIIBIO NPYKUHBI, KOTOpas NpU IBUKCHHUU
pactsnynach Ha 2 cM. JKectkocte mpyxunbl 200 H/M. OnpenenuTe yCKOpPEHHE, C KOTOPHIM
JIBUKETCSI TEIO.
bpycok TAHYT MO TOpPU30HTAIBHON TIJIaJKOW MOBEPXHOCTH C IOMOIIBIO NPYXKUHBI, )KECTKOCTBIO
150 m/c?. Onpenenuth Maccy Opycka eciiu JJIMHA TPYKUHBI TIOCTIE JBYKEHUS W3MEHHMIIACh Ha 3
CM, a yckopeHue Opycka coctaBuio 1,5 m/c??
Yenosek maccoir 70 Kr mogHuUMaeTcs B IUQTE, IBUKYIIEMCS PaBHO3aMEIJICHHO BEPTUKAIBHO
BBEPX C yCKOpeHHeEM 1 m/c?. Onpenenuts CHJTy J1aBJICHHsI YesloBeKa Ha Mo KaOUHbI JIn(Ta.
I'py3 maccoil 45 kr nepemeriaercs M0 TOPU30HTAIBHON MIOCKOCTU NOJ AeicTBUEM cuiibl 294 H,
HaIlpaBJIEHHON MOJ yIiIoM 30° x ropu3oHTy. Koaddumuent tpenus rpysa o miockocts 0,1.
OIPEAEIUTh YCKOPEHUE JBUKEHUS TPYy3a.
Teno CKONB3UT PAaBHOMEPHO IO HAKIOHHOM IUIOCKOCTH C YIJIOM HAKJIOHA 40°. Omnpenenute
KO3 PHUIMEHT TPEHHUs O TUIOCKOCTH (2=0).
Ilox AeiicTBIEM MOCTOSHHOMN crsl 1,2-107 H. MarepuanbHas Touka npouuia nyts 30M 3a nepabie
10 c. OnpenenuTs Maccy TOUYKH.
Ha nBa tena neiictByroT paBHble cuibl. IlepBoe Tesno umeer Maccy 50 I ¥ IBUYKETCS C YCKOPEHUEM
1 m/c®. Bropoe Tero aBmkeTcs ¢ yekopernrem 1 m/c’. Uemy paBHa Macca BTOPOTo Tela?
ABTOMOOMIL Macca 3 T JBUXKETCS C€O CKopocThio 28,8 km/4. [lpu TOpMOXKEHHH OH
ocTaHaBiuBaeTcs uepes 6 ¢. OnpeaenuTs CHIIy TOPMOKEHHUSL.
Baron, macca xotoporo 11 T, uaér co ckopoctbto 18 km/4. KakoBa momkHa OBITH cuia
TOPMO>KEHHUS, YTOOBI OCTAHOBUTH BaroH Ha paccTossHuu 250 M OT TOUKH Havajia TOPMOKEHUS?
Haiitu BenuumHy TOpMO3siIIEd CUibl JEHCTBYIOIIEH Ha Tenexky Mmaccod 500 kr, ecnu mpu
ckopocTH BukeHus 40 M/c TOpMO3HOM MyTh ObLT paBeH 70 M.
Kakoil nyTb nmpu TOPMOXKEHUU NMPOUJET MOTOLMKI, UMesl HaYaJIbHYIO0 CKOpocTh 120 7 xm/4, ipu
macce 250 xr u cusne Topmoxenus 4 kH.
IToe3n cuna, TsKECTH KOTOpOro 3,92- 10® H, emxercs co CKOpOCThIO 54kM/4. OrnpenesnnTh Cuity
TOPMOXKEHHUS, €CIIM MyTh, KOTOPBIN MOE3/1 MPOIIEN OT Hayaiaa TOPMOXKEHHUS 1O OCTaHOBKH, PaBEH
200 m.
Teno maccoit 500 kr moABecHJIM Ha KaHATe, U OHO JIBUXKETCSI paBHOIIEPEMEHHO BHHU3. 3a MEpBbIE
10 ¢ oT Hauana JBUKEHUM TEJIO MPOXOIUTh MyTh 20 M. UeMy paBHa cuiia HaTsSHKEHUsI KaHaTa?
Kanar moxer Bbiaepkate Harpy3ky 2,5 kH. C kakuM MakCUMalbHBIM YCKOPEHHMEM MOXHO
nogHUMath Tpy3 200 Kr, yTOOBI KaHAT HE pa3opBaics?
Teno maccoit 0,2 xr. [lagaer BepTUKAIBHO BHU3 C yCKOpeHueM 9,2 M/c?. Uemy paBHa cpenHss
CHUJIa CONPOTHUBIIEHNUS BO3yXa?
Teno IBMXETCS CO CKOPOCThIO 6 M/C M OCTaHABIIMBAETCS TIPU TOPMOXKEHUHU uepe3 3¢. Uemy paBeH
K03 puLneHT TpeHus?
ITox neiictBueM cuibl 10 H npyxuna ynnuaunace Ha 0,1 M npu nnuae B 1 M. KakoBa xxecTkocTb
PYXHUHBI?
Teno paBHOMEpPHO IBUXETCSA MO HAKIIOHHOW MIockocTu. Ha Hero peicTByroT cuna tsokectu S0 H,
cuna tperns 30H u cuna peakuuu onopsl 40 H. Kakos koaddunuent tpeaus’?
Ha npyxxune noasemena rupst maccoir 200rp., koTtopas, 1ehopMupys NMpy>KUHY, pacTSITUBAET €€
Ha 5 cM. Yemy paBeH K03 (HUIIUEHT KECTKOCTU TPY>KUHBI.
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20.  JlBe TeneXKH, MPWXKATHl APYr K APYry M CXKUMAaKOIUE NpyxkuHy, ormyctwiu (puc. 5). Korma
MpY)KWHA pachpsMuiIach, TeJEKKa Maccod 5 Kr mpuoOpena ckopocth 3 M/c. KakoBa ckopocTh
BTOPOI1 TeneXKu maccoit 2,5 kr?

my,= 2,5 Kr m,; =5 Kr

21.

T , SOU30HTAIBHOM JOpPOXKKE. 32 3 C MX CKOPOCTh
yYMEHbIIWIACh Ha 6 M/C CI/ma TpeHus caHok o gopoxky 12 H. KakoBa macca caHok?
22.  Macca ciopTuBHOTO si7jpa okosio 7 kr. C Kakoil CuiIoi ero mpuTAruBaeT 3emiis?
dopma npeacTraBJieHus pe3yJabTarTa:
BbImonHUTE 3a1aHue B TETpaau A MPaKTHUECKUX padoT.
Kpurepun oneHku:
3a mpaBUIIHLHO BBITOJHEHHOE 33JaHHE BHICTABIIETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHKE BBICTABIIACTCS OTpUIaTeNbHas olleHKa — () 0aoB.
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
Oyenra «Heyoosiemeopumenbhoy svicmagisiemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.2 OcHoBbI TepMOAUHAMUKH. TenjioBbie MAIIMHBI

IpakTuyeckoe 3anaTue NelO, 11
OcHoBbI TepMoaUHAMUKH. [IpiMeHeHNe MePBOro HAYAIA TEPMOTMHAMHUKH K H30MPOLIECCAM.

KII/I TenioBbIX ABUTaTe e

Henb: Ha npumepe pemieHUs 3a4ad HU3YYUTh 3aKOH COXPAHEHHUS SHEPIUHM NPUMEHUTENBHO K
TEIUIOBBIM TIpolleccaM, MyTSIX W3MEHEHHWs BHYTPEHHEHW SHEpruu Tell, aauadaTHuecKoM Ipolecce,
MpUHLIMIIE PaOOTHI TEMJIOBOW MAlIMHBbI.

IIpakTnueckas padora popmupyer: [1PyS, [Ipy9, [1Py13, I1P62,I1P66, I1P67,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Boinosinenue padorsl cnnocodcTByet (hpopmupoBanuio: OK 01, OK 02, OK 03, OK 09, OK 06

IIK 1.2

MarepuanbHoe olOecneyeHue: HWHIWBHAYAIbHOE 3aJaHUE, KOHCIEKT JIEKIMH, CIpPaBOYHBIC
MaTepHuabl.

Yka3anue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX YacTed — TeopeTH4eckoll u mnpakrtuueckou. Ilocne
M3y4YEHUsI TEOPETHUYECKOr0 Mareprajga MOKHO IPHUCTYINATh K BBINOJHEHUIO MPaKTH4YecKol dactu. OHa
COCTOWT W3 ABYX M Ooyiee 3amay Al CaMOCTOSITENHHOTO BhITIONHEHHUs. He 3a0biBaiiTe 0 MpaBUILHOM
opopmiiennn pemieHus. Ha BBIMOTHEHHE MPAKTUYECKOTO 3aJIaHUS OTBOJUTCS uembipe aKaJIeMUUYECKHX
yaca.

3ananue:

1. O3HakoMbTeCh C KPATKUMHU TEOPETUUECKUMU CBEIACHUSIMH
2. Pemmre 3a1a4un, CaMOCTOSTENILHO UCTIONB3Ys IPUMEPHI U KPATKHE TEOPETUIECKUE CBEIICHHSI.

Ilopsinok BbINOJHEHHSI padOThHI:
1. Wsyuute u BeIMUIUTE GOPMYIBI IO TAHHOW TEME:
2. Pazbepure mpuMepbl PEIICHHBIX 3a1a49
3. Permnre caMoCTOATENBHO 3a1a4n
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Kparkue TeopeTuueckne cBe1eHHs
TennooOmeH (Teruionepeaada) — 0OMEH BHYTPEHHEH dHepruei 0e3 COBEPIICHHUs] MEXaHHYECKOW paboTHI.

KonunuecTtBo termnotsl (Q) — 3Heprusi, nepefanHas B pe3yjbTare TeriooOMeHa.

VY nenpHas TEI0EMKOCT (¢) — KOJIMYECTBO TEIJIOThI, HEOOXOAUMOE JUIsl HarpeBaHus 1 Kr BelecTBa Ha 1

0 _ Qo Ax
KOO o= =1k

— ypaBHEHHE TEIJIOBOTO OaaHca.

[EQu >0

3 |0

lopenue: . g=

VY nenpHas Temiora cropanust (() — KOJIMYECTBO TEIUIOTHI, BBIICIIEMOE ITPHU CrOpaHuH | KT TOILIMBA.

Hapoo6pa3013aHHe-nepex0)1 BC€HICCTBA U3 X KUJKOI'O COCTOSIHHS B ra3006pa3Hoe.

“rm) [r=Q| =12
Q=r-m| |r [r] = -

VY nenbHast Teriora mapoobpaszoBanus (I) — KOJIMYECTBO TEIIOTHI, HEOOXOIUMOE IS ITpeBpaleHus B map 1
KT JKUJKOCTH TPH MOCTOSTHHON TeMIiepaType.

IInaBneHme — nepexon B€uieCTea nus3 TBép)IOFO COCTOSIHHA B ) KHJIKOC.

1= m=1e

m KI'

VY nenpHas TerioTa iaBieHus (A) — KOJUYECTBO TEIUIOTHI, HEOOX0IUMOe TS TUIaBJIeHus | KT BelecTsa
MIPU TEMIIEpaType MIIaBJICHMUS.

[TepBbIit 3ak0H (HAYaJI0) TEPMOAMHAMUKHI: U3MEHEHHE BHYTpeHHeW sHeprun AU cucteMbl paBHO CyMMe

KOJIMYECTBA TEIUIOTHI Q, mepejaHHOTO CUCTEME, U padoThl 4, COBEpLICHHON HAJl HEW BHEIIHUMH CHUJIaMH

AU =Q+ A

HpI/IMeHeHI/Ie MEPBOro Hayajia TCPMOANMHAMUKHU K U30IIpoHeccamM

| Horepumaecsni nponece, | H3oxopnsdi mpomecc, | Hso0apabil mpomecc, | AIHadaTH9ecKHE OPOLEE,

% 2 SR o
T =con V =const F=cons 0=0

=
I
]
L)
I
s

4_=0 = Q=AU 0=AU=4 4 =-AU

TennoBas MamMHa — MalIMHA, COBEPIIAIONIAs MEXaHWYECKYI0 paboTy 3a Cu€T BHYTpPEHHEH SHEprHH

TOTLTNBA.
Pabouee Teno — ras, coBepiamnuii paboTy B TEIJIOBON MallluHE.

HarpeBatenb — ycTpoicTBO, coobIIaroiee padodueMy Teny KOJTUIECTBO TeIUIOTHI Q1 pu Temmeparype 7.
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XOJNOUIBHUK — YCTPOMCTBO, OTHUMAIOIIEE OT PA0OUEro Teja KOJIMIECTBO TEIIOTEH Q IPH TEMIIEPATYPE
T>. I

L-T

nmax - Ti

IIpumepsl pemieHus 3aaa4

1. B anmtromunueByro kactprosto Maccoit 0,15 kr HanuTo 1,2 Kr BoJsl Iipu 20° C. CkonbKo KUIIATKY
HYKHO JIOJIUTh B KACTPIOJIIO, Y4TOGHI Temieparypa Boisl crana 50° C? [ToTepsMu TeIuia B OKPY/KAOLIYIO
cpeny npeHeOpeys.

Hano: Pemenne:

m,=0,15 xr nonydeHHoe Termno Q1=C,My(0-ty); Qo=CoMy(0-ty)

my=1,2 kr oraanHoe Temno Qz=C,.m; (t-0)

t=20°C ypaBHeHue TeroBoro 6ananca Q;+Q2=Q3

t=100°C Co My, (0-t,)+M,.Ca (6-t)=C,m; (t-6)

0 = 50°C M= (em, +mc)(@ -t,) =

=920 Jx/xr°C
cs= 4200 JIx/kr’C
m, —?

C. (tr - 9)
(4200-1,2 + 0,15 - 920) - (50 — 20)
4200 - (100 — 50)
Otser: 0,74 kr

2 B mporecce uzobapHoro pacumpenus ra3y nepenano 6 MJx temnotsl. [Ipu 3ToMm ras coBepiaet

~ 0,74k2

paboty 1,2 MJIx. MI3menwnnack i BHYTpEeHHSISI SHeprus ra3a? Harperncs ra3 v oXJiaguics.

NlaHo: «C» PeweHune: | BeluncneHnums:
AL MAK J6.1050%  [AU= QA" | AU=610° [1k-1,2-10° [ =
Q=6 M7 1,2-10° [ = 4,8-10° 1

AU-?

3 Onpenenure MmakcuManpHblid KIIJ[ TemoBol MalnHbI, €CIM TEMIEPATYpa €ro HarpeBaTels 227°C, a
TEMIIEPATYPA XOJOIUIbHUKA — 27°C.

. Cn PeweHue:
I[aHO' PewweHue:
T,-T

t,=227°CT1=500 K | n,,=-1 2 _
—1 T1 nmax: 7500]5(0013(001( = 0,4

t,=27° ¢ T>=300 K
T]max—?
4, Bomopona maccoii 4r, 3anuMas repBoHadasibHbI 00beM V 1=0,1M3, pacmmpsiercs 10 oobema

V2=1m3 . Onpenenurte: 1) Al-paboty raza npu nzo0apHom mporiecce, 2) A2-paboTy raza npu
n3oTepmuyeckom npoiecce. HauansHas temnepatypa raza T1=300K.
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Jano: Pewenue:

m=4r=4*10"kr 1) I1pu u306aprom pacumpennu (p;=const) ra3 copepiuaer padory
V,=0,1m’ A=pi(V2-Vy) (1)
V=1’ JlaBnenue rasa onpenensem u3 ypasHenns Knaneiipona-Menzeneesa:

M=2*10kr/monb P,\Vi=m/MRT, orciona p;/=m/M*RT,/V,(2)
R=8,3 1 mx(mons*K) [Toacrasum popmyny(2) B (1)nonyuum: A;=m/M*RT,/V(V,..V)) (3).

T,=300K 2) I1pu n30TepMuyECKOM paciIMpEeHUE ra3 copepuaet padory
Az-? A3=m/MRT|InV3N| (4) (In10=2,3)
A-? Brruncnenus:

1) A;=4*10"kr*8,3 1 mk/(Mons*k)*300K/2% 10~ kr/moms*0, Im**(1m°-0, 1m°)=4.5% 10" [k
2) A;=4*10"kr/2* 10" kr/monb*8,3 1 [lx/(Mons*k)*300K*In In*/0, In=11,5%10° 1.
Omeem: A= 4,5%10*11x, A= 11,5%10°[Ix

S. Ornpenenure u3MeHeHUE BHYTpeHHEHW snepruu AU Jibia Maccoit m=5 KI' B IPOLIECCE €ro TasHHs
(TnaBJeHMs ) TP HOPMATIBHBIX YCIOBUSX.

Hano: Pewenue:
m=>5 Kr W3menenne BHyTpeHHeH SHEPriyu U3 NepBOro 3aKOHA TEPMOANHAMHKH:
A=3,35%10°Jlx/kr  Q=AU+A. Orciona AU=Q-A. Jinst Tassus Heodxomuma Temnora Q=Q,, =
Pi=1,01*10"Tla Am, A-yaenbHas TennoTa niasnenus. Macca o6pazoBasueiicss BOABI My,
T=273K Oyzer paHa mMacce nbaa m. O6wem Boabl V, 00pazoBasuniics u3 abja
p:=0.9%10"kr/m’* V1, Oyzer MeHble, TaK Kak IIOTHOCTb BOJBI Py2o 00MIBLIE MIIOTHOCTH JIb/1a
pr2o=10kr/a’ pa. Ilpu nnasnennn nbaa cosepiaerces pabora A=po( V- V).

YuntsiBas, uto p=m/V,onpeaensem Vo=puo: Vi=m/p, CneagosarensHo,
AU-? A=po(m/pr20-m/p1n)=Po m(pa-pr20/psprz0) Beruncnenus:

Q=3,35*10°mk/kr*5xr=1,7*10 1.
A=1.01*10°TTa*Skr*0,.9%* 10*kr/m*- 10 kr/p’/0,9% 10 kr/m 10 kr/m’=-55 1%
AU=1,7*10°Ix-(-55a%)=1,7*10% [T

Omegem: 1,7%10° [k

6. Temnepatypa HarpeBatenss wujeanbHOM TeroBo  MammHbel  TH=500 K,Temmepatypa
xonoaunbHuka Tx=300 K. Omnpenenure KIIJ[ TermnoBoil mMamuHbl 1 U TemaoTy Q H, NOJYYEHHYIO OT
HarpeBaTelis, €CJIM 3a OJWH IIUKJI MaliruHa coBepiiaeT padoty A=400 JIx.

Jlawo: Pewenue:

T,=500K Kos¢uument nonesnoro AeiicTBis TeNNOBOI MALIKHBI ONPEALNSLTCS 10

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

A=400/1x U3 dopmynsi 2 cnenyer, uro Qu=A/

-7 Qu-? Boruncnenns: n=500K-300K/500K=0,4; Qu=400/1x/0,4=10001x=1x I
Omeem: = 0,4; Qu= Ix/lx.

Pemntsb 3a1aun caMoCcTOSITEIbHO

B ycnoBum 3amay orcyTcTBYIOT 1M(phl. 3HaueHUsT GU3NIECKUX MAapaMeTPOB ATUX 3a7a4 HEOOXOIUMO
Opath w3 TaOMUIBI 1: MO BEPTUKATHHOM CTPOKE yKa3aH HOMEP BapHaHTa, IO TOPU30HTAIBHOW — HOMEpP
3a/1a4H.
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1.  Bonay maccoit m narpenu ¢ temneparypsl T1 10T,. Kakoe koan4ecTBO TEIUIOTHI 3aTpaTHIIA MIPH
Harpese. (C;=4200/]x\kr-K)

2. OmpenenuTh Maccy HarpeTou Bojibl, eciu i e€ Harpea Ha AT 3aTpaTwiiv KOJIMYECTBO TETUIOTHI
Q. (C, = 4200 Jix/xr - K)

3. OmpenenuTh Maccy CropeBIIer0 KaMEHHOTO YIJIA, €CIIU MPU CropaHuu Beiaenuwiock Q Jlxoyneit
Ter1oThl. (=29MJIX/KT)

4. Cnupt Maccoit m ucnapuics. OnpenenuTh KOJIMYECTBO TEIUIOThI, 3aTPAYCHHOE JIJIsl BhIMTAPUBAHUS
cnupta. (r=0,85 MJIx/kr)

5. OmpenenuTh KOJIWYECTBO TEIUIOTHI, HEOOXOJMMOE MIJIsi pacijIaBIeHUs]  OJOBSHHOTO CIUTKA
maccoir M. (A= 0,59 MJx/kr). Kakoe KOJWYECTBO TeIUIa BBIACIUTCS TPU OXJAKICHUU ITOTO
pacIuIaBJIeHHOTO CJIUTKA?

6. T'a3 moxg maBinenmem P; m300apHO pacmmpuics u coBepmmia padory 25 JIx. Ha ckonbko
yBeNU4UIICS 00beM raza?

7. Tepmonunamuyeckoii cucreme nepenano Q JIx remnorsl. Kak U3MEHUTCS BHYTPEHHSST SHEPTHs
CHCTEMBI, €CJIM OHa coBepImia padory A?

8. Ilpum wuzorepmuyeckoMm pacmupenun (T=const) razom Obuta coBepiieHa pabora A. Kakoe
KOJIMYECTBO TEIIOTH Q co00IIeHO razy?

9.  Bseruucauts KIIJ| TennoBoii MaminHel, eciiv TeMiiepatypa Harpesatens T1, xonoauibauka Ts.

10. Kako#l nomxkHa ObITh TemmepaTypa HarpeBaTens Ti, uroObl KIIJl nBuratens cocraBisiia 1 npu
TeMIepaType XonoauiabHuKa To?

1 2 3 4 5 6 7 8

m [T, | T, |AT]| Q Q m [ m T | Ts T,

kr | °C | °C | K |xIx|MJ r r |xIla| °C | °C n °C
1 1 5 8 | 10 | 100| 10 [ 200 20 | 100] 100| 20 | 0.9 10
2 2 10 | 90 [ 20 [ 200 | 20 | 400| 40 | 200|200 30 | 0,8 | 20
3 3 151 95| 30 | 300 30 | 600 60 | 300|300 40 | 0,7 | 30
4 4 20 [ 100 | 40 | 400 | 40 | 800 | 80 [ 400 100| 25 | 0,6 | 40
5 5 5 85 | 50 | 500 50 [ 100 10 | 500]200| 35| 0,5 | 50
6 6 10 | 90 [ 60 | 600| 60 | 200| 12 | 600|300 45 | 04 | 60
7 7 151 95| 70 | 700 70 | 300 14 | 700 100 | 30 | 0,95 | 70
8 8 20 [ 100 80 | 800 | 80 | 400| 16 | 800 | 200| 40 | 0,85 80
9 9 5 85 | 90 | 900 | 90 | 500 ] 18 | 900 | 300| 50 | 0,75 | 90
10 1 10 | 90 [ 100 | 100 | 100 | 600 | 20 | 100 | 400 60 | 0,35 | 100

11. KakuMm crocoOoMm — coBepuieHHeM padOThl WM TEIUIoNepenayeid M3MEHSeTCs] BHYTPEHHSS YHEPIHs
JIeTaly B CIEYIONNX ciIydasx: 1) cTporanue netany; 2) HarpeBaHue JIeTalu B IIeYH Mepe]] 3aKalKou;
3) OrICTpOE OXJAKICHHUE JETAIH B BOJIE (3aKanka)?

12. Paboune TropsYMX LEXOB HOCAT KOMOWHE30HBI, TMOKPBITBIE METAIMUYECKUMH OJIECTIIIUMHU
yemryikamu. [loueMy OHM XOpOIIO 3aIIMINAIOT YEI0BEKA OT JKaphl?

13. TenmoBas snekTpocTaHis MourHocThio 2400 MBT mnotpebmser 1500t yras B uvac. Kakos KITJ
cTaHuu?

14. JIns NOBBIMIEHHS TBEPAOCTH M NPOYHOCTH CTAJBHBIX M3AEIUN NPUMEHSIOT 3aKajKy (HarpeB n0
HEKOTOpPOM TeMIepaTypbl C MOCIEAYIOIUM OBICTPhIM OXJIaxaeHueM). Kakoe KOJTU4ecTBO TErIOThI
HE00X0IMMO, YTOOBI HATPETh CTANLHOM MONOTOK Maccoit S00r ot 17 go 817°C? Berumncnure, kakoe
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KOJIMYECTBO TEIUIOTHI BBIAENSET MOJIOTOK, ECIM €r0 OXJIAKIAAIOT B XKUJIKOM KHCIOPOZE, TEMIIEpaTypa
kotoporo -183°C. Y aenbHas TemnoemMkocTs crainu 460 [Ix/ kr-°C.

15. Kakyro maccy Kokca motpedyercs cxxeub, yTo0bl HarpeTs 10T uyryna na 10°C?

16. B miaBunbpHyto neub 3arpy3uiu 2000 xr uyyryna, B3sroro npu 20°C. Kakoe KOJWYECTBO TEIJIOTHI
3aTpayeHo B Hel Ha ero 1uiaBieHue? CKoOJbKO Jba, B3sToro npu 0°C, MokHO ObUIO OBl pacIljIaBUTh
3a CYeT ITOr0 KOJUYECTBA TEILIOTHI?

17. B muiaBwibHOM Te4yW 3a OAHY IUIaBKY mnonyuuiu 250 kr amomMuHusg npu Temieparype 660°C.
Onpenenure, HACKOJIbKO HW3MEHWJIACh BHYTPEHHSIS DHEPIrusl AIIOMHHUS, €CIU €ro HadalbHas
temneparypa 6puta 20° C. Y nenpHast TerioTa TiaBIeHus amoMunus 3,9 MJx/kr.

18. UyryH B JIMTEHHBIX IleXaxX IUIaBAT B Ie4yaX, Ha3blBaeMbIX BarpaHkamu. OrmpeaenuTe KOJIUYEeCTBO
TEIJIOTHI, HEOOXOAWMOE Ui IUIaBKM OT 4YyryHa, JOBEIEHHOIO JI0 TEeMIIepaTypbl IUIaBJICHUS.
VnenpHas TermoTa miasiaeHus cruiasa 138 270 Jhx/kr.

19. Jlom 4epHBIX METaIOB MEPEILIABIAIOT B CTAlb B MApTEHOBCKUX Ie4yax. Kakoe KoJMyecTBO TEIIOThI
Heo0X0IMMO ISl HarpeBaHus U paciiaBieHus 10 T cTaabHOro JoMa, €clii HadajbHas TemIepaTrypa
ero 20°C? Temneparypa mnasnenus crtanu 1400°C.

20. Kakyro paboTy coBepmmi uaeadbHbIH OJHOATOMHBIA Ta3 M KaK MPU 3ITOM HM3MEHWIACh €ro
BHYTPEHHSsl SHEPrusl npu M300apHOM HarpeBaHuu AByx Moused rasa Ha 50 K? Kakoe xommnuecTtBo
TEIUIOTHI MOJIYYUJI Ta3 B Mpoliecce TermiooomMeHa?

21. Ilpu agmaGaTHOM pacmmpeHuu Bo3ayxa Obuia coBepmiena padora 200 k. YUemy paBHO M3MEHEHHE
BHYTpPEHHEH 3Hepruu Bo3ayxa?

22. VneanbHblil ra3 HarpeBajcsl IpU MOCTOSHHOM JaBJIEHWH, [TOTOM €ro JaBJI€HHE YBEIMYUIIOCH IPU
MOCTOSSHHOM O00OBeMe, 3aTeM Mpu TMOCTOSIHHONW TeMIlepaType MJaBlIEHWE raza yMEHbBIIUJIOCH J0
nepBoHavanbHOr0. HapucoBats rpaduk B KOOpAHMHATHBIX Ocsx P-V.

23. WneanbHblit ra3 nomy4mi konnyectBo TermtoTsl 300 Ik u coBepurmn padory 100 [Ix. Ilpu aTom kak
M3MEHUJIACh €T0 BHYTPEHHSSI SHEprus?

24. Temneparypa xonoaunbHuka TteruioBod Mamuubel 300 K, temneparypa narpeBarens Ha 300 K
OoJplIIe, YeM y X0JIoauiIbHuKa. YUemy paBeH MakcuMaabHO Bo3MOxHBIN KI1J[ TermoBoit mammHb?

25. Uemy paBHa BHYTPEHHSIsI SHEPTUs 5 MOJIb OAHOATOMHOT'O MI€aJIbHOTO ra3a npu temuneparype 47°C?

dopma npeacraBjieHus pe3yabTara:
BrimonHuTh 3a1aHKe B TETPAIH A7 IPAKTUUECKUX padoT.
Kpurepuu onenkmn:

3a nNpaBUIIBHO BBIIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — 1 Gasu.

3a HelpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHKE BBICTABIISAETCS OTpHUIIaTeIbHas olieHKa — () 6anoB.

Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenka «yooenemeopumensroy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

Oyenka «Heyoosiemeopumenvno» svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.1 DuekTpocTaTnuka

IMpakTunyeckoe 3ansaTue Nel2, 13

daekrpocratuka. CoeJuHeHHe KOHIEHCATOPOB B 0aTapero

He.ﬂbZ C(l)OpMHpOBaTB YMEHUA TPUMCHATH IMOJTYYCHHBIC 3HAHWA IJIA PCIICHUA IMPAKTUYCCKUX 3a1a4.

IIpakTnueckas padora popmupyer: IIPyS, Ipy9, [TPG2, ITP66, ITPG7,
MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP§, MP10
Boinosinenue padotsl ciocodcTByeT (hpopmupoBanuro: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe ofGecneyeHue: HWHIWBHAYAIbHOE 3aJaHUE, KOHCIEKT JIEKIMH, CIPaBOYHBIC
MaTepHabl.
Yka3zanmue:
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[IpakTueckoe 3aHATHE COCTOMT U3 [BYX YacTed — TEOPETHUYECKOM M IpakThueckou. Ilocie
U3Y4YECHHs TEOPETUYECKOr0 MaTepuanga MOXKHO IPHUCTYNATh K BBIIOJHEHHUIO IPAKTHYECKOM 4dacTh. OHa
COCTOMT U3 JABYX M Oojee 3ajad IJIsi CaMOCTOSTENILHOIO BbIMOJIHEHMs. He 3a0biBaiiTe 0 MpaBUIIBHOM
oopmienun pemienuss. Ha BbIIIOJHEHHE MPAKTUYECKOTO 3aJaHMsl OTBOJAUTCS uemblpe aKaJeMHUYECKHX
qaca.

3aganue:
1. O3HAaKOMBTECH C KPATKUMH TEOPETUYECKUMHU CBEIEHUSIMU
2. Pemnre 3a1a4un, caMOCTOSTENLHO UCTIONbB3YS IPUMEPBI U KPATKUE TEOPETUUECKUE CBEICHMSL.

ITopsinok BbINOJIHEHHUSI PAa0OTHI:
W3yuute 1 BeIMUmuTe GOPMYIIBI 110 TAaHHON TeMe:
Pa3bepute npumepsl pelIeHHbIX 3a1a4
3. PemmuTe caMOCTOATENBHO 3a/1a41
Kparkue Teopernueckue cBeeHHsA

™=

F=phd_ 49
3akon Kynona B Bakyyme: re AnE g
, hY; q,4,
A Y
er 4ree g

-
3akoH KynoHna B cpene:

£
HaHpH)KeHHOCTL QJICKTPHUYCCKOI'O ITOJIA: @

HarnpsiskeHHOCTB 2JIEKTPUYECKOr0 MOJIs TOYEYHOT 0 3apsa:
3aKOH COXpaHEHMsI AJIEKTPUUECKOTO 3apsiia: § = g1+ Qo+ ... + O,

A
@1- gy =Ag

Pa3zHOCTh TOTEHLIMAJIOB:

@0 o

[Toreniman TouevyHoro 3apsja: WReE,r  EF
E A
CBs13b OTEHLIMAJIA U HATIPSKEHHOCTH od
C=—1
DJEeKTPOEMKOCTh KOHJICHCATOpa: =0
W - q(o"lj @) qu"
DHeprus 3apsHKEHHOT0 KOHIEHCATOpa: ‘ 2

CoenuHeHne KOHJIEHCATOPOB:

[TocnenoBarenbHOE COETMHEHNE KOHIEHCATOPOB — COSIMHEHHE, TIPYU KOTOPOM TOCTIE 3apsIKH
OTpHUIATENHHO (MTOJIOKUTENBHO) 3apsbKeHHas: 00KIIaAKa MPebIIyIero KOHAeHcaTopa COeIMHEHa ¢
MOJIOKUTEIHHO (OTPUIIATENIEHO) 3aPsSKEHHON OOKIIAKON TTOCIIETYIOIIETO.

1 1 1 I
cTotettte ® @i
I:-I;“ CI C'. L . |;.'|| i=| i

HapaJ'IJ'ICJ'ILHOC COCIUHCHUEC KOHACHCATOPOB — COCAUHCHUC, ITPU KOTOPOM ITOCJIC 3apsAaKH BCC
IMOJIOKHUTECIIBHO 3apsKCHHBIC 06KJ'I3)IKI/I CO6paHI)I B OJIUH Yy3€J1I, BCC OTPULATCIIBHO 3apsS’KCHHBIC — B

JIPYTOMu.

Co=2.C C.

| T

- (._|| +"1 == {._‘“

Mpumepbl peweHns 3agay

59



1.-Kaxyio-padoTy coBeplliaeT Tlolle IpH IepeMellleHEH -sapana-2- 10 k-

H3-TOYKH-C TIOTeHITHATOM- 7 00-B -B-To4uKy-¢ ImoTeHIHAToM -2 00B M|
BrrauciaeHHEe

Jamo] Pemenme
=2-108-Kun" A A=-2-1{':"3-KJ'I-(?DO-B—2 00B)-=1
9= o= === T[ =-1-10-5- ="
@1 -=-700BY q
@=200BY A=(p —¢:)-g
17 42
. A 1

2_-B-ogHOpPOIHOM - 3IeKTPHISCKOM - IIOJIE- C - HAOPHEeHHOC TR - 6- 10°- E -
Kn
nepeMentaeTca-3apan-7- 102K -Ha-paceroganne -8 -cM-nog-yriaomM - 607 K- -
HaOpoEeHHOCTH. -ONpedelHTs-padoTy TIo-NepeMelleHHIO -3ToTo-3apaaa ¥

Jamo] «CHn Pemenme | -
F—6-10° H T b A=F-5-cosa; -F=E-q,;-5=£; -A=E-q-f-cos-cf
Kno |1 A=710°K1610° 2 810200,5=7
g=7-10°Ku] | T K
£=8-cn- 8-107MY| —1 68 103 T:x=1.68M &
=60 o e
A7 Otser:-A=1 68MILxT O
jo) jo3

Pemmuth 3anaum (N - Homep 6auie2o eapuanma no cnucky):

. Hampspkenue mexny momrocamu O6ataper akkyMynsTopoB N kB. kakoii 3aps MOMyduT KOHAEHCATOP
eMKOCThI0 500 MK®D, eciti ero COeTUHUTH C MOJIFOCAMHU ITOW OaTtapen?

. JIBe ogrHaKoBbIe HEOObIIE TOBEPXHOCTH MPU TPAHCIOPTUPOBKE JICTANCH MOIYUHITH 3aps/Ibl
6*10°Kn u -12*10°K, maxonmsiimecs Ha pacCTOSHHM N M ApYyr oT apyra. ONpEeNeinTe CHITy
B3aMMO/ICHCTBUS MEKy HUMHU.

. Ilpn nepememniennu 3apsina 2 Ki1 B 2IeKTpHUECKOM TOJIE CHITBI, ISHCTBYIOIINE CO CTOPOHBI 3TOTO TOJIS,
coepuimiin padotry 8 JIx. Uemy paBHa pa3sHOCTh MOTEHIMAIOB MEXIY HAdyaJbHOH M KOHEYHOMH
TOYKAMHU ITyTH?

. Ilpu nepemMereHuu MEeKTPUUECKOro 3apsia MeX1y ¢ TOUYKaMH C Pa3HOCTbIO MOTEHIMaIoB 8 B cuisl,
JEHCTBYIOIME HA 3apsifi CO CTOPOHBI DJIEKTPUUECKOTo Mo, coBepimim padoty 4 J[x. Uemy paBeH
3apsan?

. Hampsbxenne mexmy AByMsl TOpU3OHTAIBHO pacmojokeHHbIMU TutacTuHamu 600 B. B mone stux
IJIACTUH HAXOJUTCS B PaBHOBECHM 3apsDKEHHAs MBUIMHKA Maccoi 3*10°®r. Paccrosimne MEXTy
ractTiHaMu N MM. OnipeenuTe 3apsil TUTHHKH.

. Konnencarop emkoctsio 0,02 MK®D COEIMHMUIN ¢ UCTOYHUKOM TOKa, B pe3ysbTaTe Yero oH mpuoOpesn
3apsn 10°Ko. Ornpenenure 3HaY€HUE HAMPSHKEHHOCTH TOJISI MEK/TY TUIACTUHKAMHU KOHJIEHCATOPa, €CITN
paccTosiHiE MEeXAY HUMU N MM.

. B HexoTopoit Touke AnmekTpuyeckoro moist Ha 3apsaa = 5 HKi pefictByer cuna F = 4-10-7 H. Haiitu
HAMPSKEHHOCTH MO £ B TaHHOM TOYKE.

. Kakas HanpspkeHHOCTP 2JIEKTpHUecKoro moust E co3maercs 3apsaom sapa HeoHa (Ne) ( = 1,6:10™8 Kz
Ha PacCTOSIHUU r=10"" mor LeHTpa sapa’?

. Ha paccrossHum r = 5 cM Apyr oT Jpyra B BaKyyMe€ pacIiOJIOKEHBI MPOTHUBOIIOJIIOXKHBIE 10 3HAKY

3apsaasl BenmmumHOW || = 7HKn. HaiiTm HanpspkeHHOCTB ieKTpudeckoro mois £ B TOUKe,
HAXOJIAIIEHCS HA PACCTOSHUM, @ = 3 CM OT TOJIOKHUTEIBHOTO 3apsiaa u B b = 4 ¢cM OT OTpHUIIATEIBHOTO
3apsiaa.

B 01HOpPOIHOM 3IJIEKTPUYECKOM IOJIE PACCTOSHUE MEXIY ABYMS TOYKAMH BJIOJIb CHJIOBOM JIMHUU
I =N cMm, a pasHOCTh noTeHIuanos Mexay HuMu 100 B. Onpenennre HanpsyKeHHOCTh N0 E.

[Ipu HanpspKeHUU MeXay TuIacTUHaMu KoHAeHcaTopa 200B pazHOMMEHHBIE 3aps/ibl HA INTACTUHAX
paBHBI 10 K. Uemy paBHa 3J1EKTPOEMKOCTh KOHJEHCaTopa?
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12.Berauciute SHEPTHIO IIEKTPUIECKOTo MO KOHAEHCATOPa AEKTPOEMKOCTBIO 10 MKD, 3apsKEHHOTO 710
HanpspkeHus 10B.

13. Kaxkast pabora coBepmiaercs npu nepemerieHun 3apsiga 4,6 MKKII B 3J€KTPUYECKOM I0J€ MEXIy
TOYKaMU C Pa3HOCThIO NoTeHIanoB 260 kB?
5 -8
14. B ogHOpoaHOM 351eKTpHUecKoM Tosie ¢ HamnpspkeHHocThio 18-10° A mepememtaercs 3apsia 7-10
Kn

K Ha paccrosHme N oM mox yriaoM 60° K JHHHMSAM HampspkeHHOCTH. OIpeenuTh paGoTy IIo
MEPEMEIICHUIO ATOTO 3apsija.

15. Omnpenenutb eMkocTh 6atapen Cg,r, eciiu kKoHAeHcaTopbl ¢ emkocTsiMu C1=10 n®, C,=15 n® u
C3=20 n® coenuHUIU: a) TOCIENOBATENbHO; 0) mapamienbHo. CXeMbl COSAMHEHHSI KOHICHCATOPOB
HAYEepPTHUTh.

dopma npeacTaBJeHus pe3yabTaTa:
BoinonHuTh 3a1aHKe B TETPaau IS MPAKTUYECKUX padoT.
Kputepuu onenkmu:

3a npaBUIIHHO BBIMOJIHEHHOE 331aHKUE BBICTABIISICTCS MOJIOKUTENbHAS OlleHKa — 1 Oa.

3a HelpaBWIBHO BBIMIOJTHEHHOE JICHCTBUE, 3a/IaHNUE BBICTABIISETCS OTpHUIIATeIbHAs onleHka — () 0ayuioB.

Oyenxa «omauunoy svicmagnsemcs 3a 90 — 100% 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 4.2 3aKOHBI NOCTOAHHOI0 TOKA
IIpakTuyeckoe 3ansaTue Nel4, 15

3akonbl Oma. ConporusJiienne. CMelIaHHOE coeJUHeHHEe IIPOBOIHUKOB

Heab: 3aKkpenuTh YMEHHUS W HABBIKA BBIYUCIICHHS CHJIBI TOKA, HANPSDKCHHS, CONPOTHBIICHHUS IO
ONpEeNEICHUIO U 10 3aKoHy OMa JuIsl ydacTKa LU, a TaKKe C YYETOM 3aKOHOB Pa3jIuYHOrO COEIMHEHUS
MTPOBOIHUKOB.

IIpakTnueckas padora popmupyer: I1PyS, ITpy9, I1P62, [1P66, T1P67,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Beinosinenne padorsl cnocodcTByeT (popmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepuajnbHoe o0ecnieyeHue:

TeTpajb I MPaKTUYECKUX paboT, pydka, METOAMYECKHUE PEKOMEH IAIIUHU IO BBIITOJIHEHUIO PabOTHI,
JIMHEMKa, KapaHanl.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M MPAKTUYECKOM.
[Tocne u3yueHus TEOPETHUUECKOT0 MaTepraga MOKHO MPUCTYIATh K BBHITTOJIHEHUIO TTPAKTUYECKONW YaCTH.
Ona cocTouT U3 ABYX U Oolee 3a/1ad AJisi CaMOCTOSATEIBHOTO BhIMONHEHUs. He 3a0biBaiiTe 0 npaBUIbHOM
odpopmiieHnu pemieHus. Ha BeIMOTHEHNE TPAKTUYECKON OTBOIUTCS Yemblpe aKaJeMUIECKUX Jaca.

I[opsaok BbINOJIHEHUS PA0OTHI:

1. PaccMoTpuTe TEOpPETHYECKHMH Marepuaa 10 TeMe W TPUMEphl penieHus 3amad (CMOTPH
METOINYEeCKOe TOCcoOue).
2. Pemmte camocTosTensHy0 padory. OdhopmuTe pereHne MICbMEHHO B TETPAJIH.
Xon padoTsr:
TeopeTuyeckue cBeeHUs
1.DnekTpudeckuii TOK-HANpaBlIEHHOE [BUKEHHE CBOOOMHBIX 3apsaoB. Cumoii Toka (I) Ha3wpIBaercs
BEITMYMHA, YMCICHHO PaBHAs AJIEKTPUUCCKOMY 3apsiday, MPOXOIAIIEMYy UYepe3 CeueHHe MPOBOJHHUKA B
eauHuLy BpemeHnu: I = g/t, [=n*q*s

3akon Oma s yyactka nenu: [=U/R

dopmyna conporusnenusi: R=p*l/S, rue p - yneiapHOe CONPOTUBICHKE, 3aBHUCSINEE OT PO/a MPOBOTHUKA;

|-nmuHA TPOBOJIHUKA; S - MIIOIIAh CEUCHUSI.
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[Ipu mnocnepoBarenbHOM coequHeHUU NpPoBOAHMKOB: R=RI1+R2 [=[1=I2=const U=UI1+U2 Ilpu
napauieabHoM coeauHeHnn mpoBogHukoB: U=UI1=U2=const [=I1+I2 1/R=1/R1+1/R2, eciu R1#R2
R=R1/N, rae N- yuciio 0AMHAKOBBIX COMPOTUBICHUH, T.e. R1=R2=...RN.

3akon Oma mist monHo# nenu: [=¢/R+r,rue € - 3/1C ucrounuka Toka, [€]=B, R-BHemHee conpoTuBiieHne
[R]=Om, r-BHyTpEHHEE CONPOTUBIIEHUE WJIN CONPOTUBIIEHUE UCTOUHUKA TOKa [r]=OMm

IIpumepsl pelienus 3agau

Cuiia ToKa M IVIOTHOCTH TOKA
1. Ompenenure 4YMUCIO N AJIEKTPOHOB, KOTOPBIE MPOXOMAAT 4YEpe3 MOMEPEYHOE CEYCHUE MPOBOJIHHKA
IJIOIIAABIO s=1Mm? 3a t=2 MHH, €CJIM TUIOTHOCTh TOKa B MPOBOJIHUKE j=150A/CM2

Jlano: Pewenue:

S=1mm*=10"m’ Uucno neKTpoHOB, NPOXOAALIMX Hepe3 NONepeHHOe CeUeHUE
t=2 mun=120c MPOBOJHHMKA, PABHO OTHOILCHHIO IEKTPHYECKOTr0 3apsija,
j=150A/cM™=1,5%10°A/M"  npome/umero yepes JaHHOE MOMEPEUHOE CeUEHNE, K 3apsiy
n-? snextpoHa:n=Q/e (1). Yuurnisas, uro Q/t = I5S (2), nonyunm:

3a Bpems t 4epe3 ceueHne NpoBOAHMKA Mpoiiaer n= jSt/e.
n=1,5*10"A/M>*10°m**120¢/1,6*10 " °Kn=12*10"
Omeem: 1,2*102'

2. DnexTpudeckas 1ermnb, cocrosas u3 pesuctopoB R1=100 Om,R2=200 Om R3=300 Om, noaxiroyeHa K
JIBYM HMCTOYHHMKaM noctosiHHoro Hanpsbkenus Ul u U2=100B. IIpu kakom Hanpsbxkenune Ul cuia toka I1
yepes pesuctop R1 Oyner paBHa HyI0?

Hano: Pewenue:

R;=100 Om Ecnu gyepes pesuctopR; Tok e uzer, 1.e. [,=0, cienosarensho, I}R,=0. Toraa

R,=200 Om Hanpszkenue Uz Ha pesucrope R3 nomkno Obith paBro Uy, T.e. Us=U;=;R;3 (1).

R3=300 Om B srom ciyuae pesuctopst R, u Rz Bkimodensl nocnenosarensto. [Tostomy

U2=100B CHJIa TOKa BO BCex vacTax uenu oauHaxkosa: [;=L=I. [lanenue nanpsxenus

[,=0 U, = IR,+IR3, otkyaa cneayer, uro I= U,/ (Ry+R3) (2)

U,=? Yuntsisas, uto IR;=U;=U; nmeem, U,=U; Ry/R,+R;3+U,. Ilocne npeobpa3zoBanus
nonyaum U;=R;3/R,+R3*U,. U;=300 Om/200 Om+ 300 Om*100B=60B.

Omeem: 60B

3akon Oma 1151 IOJTHOM Lenu
3. Onpenenute cuity Toka kopoTkoro 3ambikanusi IK3 6arapeu, 3JIC kotopoit € = 15 B, ecnu npu
MOAKJIIOUEHUH K HEeH pe3uctopa conpotuBiaeHneM R=3 Om cuia Toka B 1ienu cocTtaniseT [=4A

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

[=4A I= ¢-IR-1, otkyza r = &-IR/1 (2). [Toacrasum dopmyany (2) B popmyny (1)
I3 -? k3= e/R=¢el/e-IR.  Ixk3=15B*4A/15B-40*3 Om=20A
Omeem: 20A

O/1C ucrounuka sexkrpuueckoit sHeprun 12 B. Kakoii ¢pusznueckuii cMbICT 3TOTO BBIpaXKEHUS?
CoeanHeHue NPOBOJIHUKOB
4. K cern nanpsokenmem U=200 B npucoegunensl nBa pesucropa. llpum mx mnocnepoBarenbHOM

coequHenun [1=4,4 A, a npu nmapamnensHoMm - [2= 27,5 A. Omnpenenure comporusieHue R1 u R2
PE3UCTOPOB.
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Jarno: Pewenue:

U=220B [Ipn nocnenoBarensHoM coequHeHUM R oo = Ry + Ry TI=U/R o000 » OTKY 1A
[,=4,4A Rioenn= U/IL. Pacuersr: Rnocna=220B/4,4A=50 Om.

L,=27.5A IIpu napannensuom coeanuenun: Ryapa, = Ri*Ro/(R) + Ry), L=U/Rapaq, 0TKYy 2
R,-? R»-? Rpapan =U/L. Pacuerni: R qpa,=220B/27,5A=8 Om.

R;*R5/R;+R>=8 Om: R; R,=400 Om: R;+ R5,=50 OMm: R; R,=400 Owm;
3uauut: R;=10 Om; R>=40 Om.
Omeem: R1=10 Om; R,=40 Om
CamocrosiTesibHast padoTa
BapuanTt 1
1. Yepe3 ceueHue NpoBOAHMKA 3a HIpoMexyTok BpeMmeHH At=10c mpoxomut 3apsan AQ=25 K.
Omnpenenure cuiny Toka | B mpoBoaHUKe.
2. Hanpsxenue Ha ywactke umenu U = 5 B, a ero anekrpuyeckoe comportuBieHue R = 10 Owm.
Omnpenenure cuiny Toka [ Ha 3TOM ydacTke LieMu.
3. IIpu mepememenue 3apsga Q=2Ku BHYTpHM HCTOYHMKA TOKA CTOPOHHHE CHJIBI COBEPINAIOT PabOTy
A=20 [Ix. Onpenenure I/1C ucTouHHuKA.
4. Kak MOXHO TOJIy4UTh COTPOTUBICHUS R, coennHss BCeMH BO3MOKHBIMHU CIIOCOOAMHU TPU PE3HCTOpa
conpotuBieHrneM R=6 OM KaxabIii?
Bapuanr 2
1. Cuna toka B mpoBomHuke I = 1,5 A. Omnpenenute 3apsg AQ, NpOTEKAIOIINI 4Yepe3 CEueHUe
IIPOBOJHMKA 3a BpeMst At=2c.
2. Onpenenute Hanpsbkenue U Ha pesuctope conportuiienneM R=10 kOm npu cune toka B Hem [=0,5
MA.
3. Cuna Toka B jammoyke kapmaHHoro Qonapuka [=0,28A npu nampsokennn U=3,5B. Omnpenenure
COIPOTHBIIEHUE R HUTH TaMIIOUKH.
4. Bo ckonpko comportuBieHne R1 mpum mocnemoBarensHoM coemuHenun 10 pesuctopoB (n=10)
conpotusieHueM no R=10 Om Gonbiiie, yem ux conportuBieHre R2 npu napanienbHOM COeTUHEHUH?
®opma npeacrabjieHus pe3yJbTara:
BoeinonHuTh 3asaHue B TETPAAM JUIsl MPAKTUYECKUX padoT.
Kputepun onenkmn:
3a npaBUJIbHO BBIMOJIHEHHOE 33aHUE BBICTABIISETCS MOJIOKUTENbHAS OL[eHKa — 1 Oau.
3a HeMmpaBUIJIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNE BBICTABIIAETCS OTpULaTeabHas olleHKa — 0 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensbHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenxa «Heyoosiemeopumenbvhoy svicmagisemcs 3a Menee 60% nmpaBUIBHBIX OTBETOB

Tema 3.2 3aK0HBLI MOCTOAHHOI'O0 TOKA

IIpakTnyeckoe 3ansitue Nel6

PaGora, MOIITHOCTH M CONPOTHUBJICHHE JJIEKTPUUYECKOI0 TOKA
Henab: HayunThCs pemiaTh 3a7a4u, UCTOIb3Ya GOpPMysbl pabOTHI TOKA U MOIIIHOCTH
IIpakTnuyeckas padora popmupyer: I1PyS, ITpy9, I1P62, [1P66, T1P67,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP§, MP10
Beinosinenue padorsl cnocodcTByeT (popmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepuanbHoe oOecnedeHue: TeTpajab I MPaKTUYECKUX paboT, pydka, METOAMYECKHE

PEKOMEHIALIUH 110 BBIIOJIHEHUIO Pa0OTHI, JIMHEHKa, KapaH Jarll.

Yxka3zanme: [Ipaktuueckass paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M MPAKTUYECKOM.

[Tocne u3yueHHs! TEOPETUYECKOTO MaTeprana MOXHO MPUCTYNATh K BBHITOJHEHUIO MPAKTUYECKOM 4acTH.

Omna coctouT M3 ABYyX U Oojee 3a1ad jsl CAMOCTOSTENILHOTO BbINOJIHEHUs. He 3a0biBaiiTe 0 mpaBUIBHOM
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odopmiiennn pemieHusi. Ha BBIOTHEHUE TMPAKTHYECKON OTBOAMTCS JBa akageMuveckux daca. [lopsmox
BBITIOJTHCHUS PAOOTHI

Ilopsiiok BbINOJTHEHHS PA0OTHI:

1. PaccMoTpuTe TeopeTHUECKUH MaTepuaq IO TeMEe U NpUMEphl pelleHus 3axad (CMOTpuU
METOAUYECKOE IIOCOOHE).
2. Pemute camocTosTensHy0 paboty. Odopmure perieHne NTMCbMEHHO B TETPAIH.
Xon padoTsl:
TeopeTuyeckue cBeIeHUs

1.IToBTOpUTH POpMYIIBI pabOTHI U MOLTHOCTH TOKa. PaboTa 1 MOUTHOCTH TOKa
PaboTy cuil 3MEeKTpUYECKOro MO, CO3JAOLIEro YIOPSJA0YEHHOE ABM)KEHUE 3apsSIKEHHBIX YacTHUI[ B
MIPOBOJHHUKE, T. €. DJCKTPUUECKUIN TOK, Ha3bIBAIOT PabOTOM TOKA:
A =T*U*t,
rae A — paboTta 3JIeKTpUUECKOro TOKa Ha ydacTke nenu, JIx;
| — cua Toka Ha TaHHOM y4YacTKe Lenu, A;
U — HanpspKeHHE Ha ydacTke 1enw, B;
t — BpeMsi IPOXO0XKACHUS TOKA MO YYaCTKY LIETIH, C.
riae P — mommocTs TOKa, BT.
Eciu Ha yd9acTKe LemM BCS SHEPrHs MEPEXOAUT BO BHYTPCHHIOW
SHEPTUI0 MPOBOJIHUKA (HE COBEpIIACTCS MeXaHu4yeckas pabdora), To Q =
IRt — 3akon [Ixoyns-Jlenua.
Q — KOTMYECTBO TEIUIOTHI, BBIICTUBIICECS B TPOBOIHUKE, JXK.

Cobepem 1ieMb, COCTOALIYIO U3 MCTOYHHKA TOKAa U MOTPeOUTENs —
JIEKTPUYECKON SJHEPIUH.

CornacHo 3akony OMa nans ydacTka L€MU, HampsDKeHHe Ha
npoBojgHuke U = I'R. Pabota cTOpoHHUX CUI Acm. = Apomp.+ Aucm.

Anomp. — pabOTa 2IEKTPUYECKOrO MOJIS 110 MEPEMEILEHUIO 3apsaa OT
TOUKH A Kk Touke B;

"M

Anomp.= q'U = q'I'R.
Hcrounnk Toka oOnamaeT BHYTPEHHUM COINPOTHBICHHEM I. PaboTa mo mepemenieHuio 3apsaa

BHYTPU UCTOYHHKA TOKA:
£

Aen=1rq Am=¢q Tornaeq=qlR+Irqume=IR+I[r nm E+r.

3axkon Oma ona eceli yenu: cujga TOKa B 3JEKTPUYECKOM 1enu mpsMo npornopuuoHanbHa DJIC
HCTOYHUKA TOKA U 00paTHO MPOIMOPLUHOHATIEHA MIOJTHOMY COIPOTUBIICHUIO LIETIH.

R — BHemHee compoTHBIEHHE Lenu (0O0Iiee CONpPOTUBJICHUE IOTpeOUTENeH 3IEKTPUUECKOM
sHeprum), Om;

I' — BHYTpEHHEE CONPOTUBIIEHHUE LIENH (CONPOTUBIIEHUE UCTOYHHKA ToKa), OMm;

R + r — monHOE compotuBieHue nemnu, Om.

&=

AR

B snexTpuueckoii iernu BO3HUKAET KOPOTKOE 3amMblkanue, eciu R=0: o #”

Paboty cuit 27eKTpUUECKOTo MoJis, CO3AA0IIETO YIOPSI0UYEHHOE IBIKEHUE 3aPsKEHHBIX YaCTHIL B
MIPOBOJIHUKE, T. €. JJICKTPUICCKUN TOK, Ha3bIBaIOT padboToii Toka: A = 1-U-At,

rae A — paboTa MEeKTPUIECKOro TOKa Ha yJacTke mend, JIx;

| — cuna Toka Ha JaHHOM y4YacTKe IenH, A;

U — HanpspKeHHe Ha ydacTke 1ienw, B;

At — BpeMs IPOXO0KJICHHSI TOKA M0 YYaCTKY IETH, C

p=A_p_t.U
t , rne P — momHocTs TOKa, BT.

Ecnm Ha ydacTke 1enu Bes DHEPTUs MEPEXOIUT BO BHYTPEHHIOI SHEPTUIO NMPOBOAHHMKA (HE

coBepIIaeTcs MexaHuueckas pabora), To Q = I°RAt — 3axom Jxoyns-Jlenna.
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Q — KOJIMYCCTBO TCIIJIOTHI, BBIACIIMBIICCCS B IIPOBOJIHUKCE, I[)K

IIpumeps! pemienus 3a1a4
1. Dnextpuyeckuii nBurareiab padboraer 5 4. oT cetu ¢ HampspkeHueM 380 B mpu cumite Toka 35 A.
Conportusnenune oomotku asuratens 0,5 OMm. OmpenenuThs U3pacxoJOBAHHYIO AJIEKTPUUECKYIO
SHEPTrHUI0, KOJIUYECTBO TEIUJIOTHI, BbIIECJICHHOW B OOMOTKE 3a 3TO BpeMs M COBEPILICHHYIO
JIBUTATEJIEM MEXaHUYECKYIO paboTy.

Hano: CH PemeHne: BrraucaeHng

U'=380B A=ITUAf A=35A-380B-18000c¢c =
I=35A O =FRAt =2.4-10 *Ix

R=0,50m du=4A-0 0 =(35A)-0,50M-18000C =
Af=51 18000 ¢ =0,1-10% I:x

A-=7 A =241 Tx—0.1-10° Tx =
-2 =23-10 'Ix

A —7?

Oteer: A =24-10° &, 0 =0,1-10° T A, =2.3-10° &

2. Ilpwu 3ambIkaHuM UCTOYHMKA deKTpudeckoit sHeprun ¢ D/C 4,2 B HUKETUHOBBIM TPOBOJHUKOM
mmHon 10 M wm ceuenmeMm 1,0 MM° cHa TOKa B nenu Owbuia 0,6 A. Haiitu BHyTpeHHee
COINPOTHBIIEHUE HCTOYHHKA JJIEKTPUUYECKOW DSHEPruu. YIEJIbHOE CONPOTHBICHUE HHUKEINHA
4,2:10'OmM.

CamocrosiTesibHast padoTa
1. DnexTpoasurarenb, conporuBieHne ooMoTku koroporo 0,4 Om, paboTaeT OT CeTU C HaIpsHKEHHEM

300 B nmpu Toxe 50 A. Omnpenenure KadyecTBO H3PACXOJOBAHHOW PHEPIMM 3a 5 Y., COBEPUICHHYIO
JBUTATEJIEM MEXAaHUYECKYIO pabOTy U KOJIMYECTBO TEILUIOTHI, BbIIEJIEHHON B OOMOTKE.
2.ABToMOOMIBHBIN cTapTep 3a 10 ¢ pabGoter morpebmser suepruto 6,0-104 J[x. KakoBa cuia Toka,
IIPOXOJAIIETO YEPE3 CTapTEP BO BPEMs 3aIlyCKa ABUTATENs, €CIM HANPSDKEHHUE Ha ero Kiemmax 12 B?
3.CpapounbIM anmnaparoM. Paborarommm ot cetu HanpspkeHueM 45 B 3a 20 MUHYT ObLIO M3pacx0J0BaHO
5.4xBt*4ac snepruu. I[Ipu kakoii cuiie Toka npoTekana Ayropas cBapka ?

4.Onextpudyeckuil yrior MomHocThio 800 Bt paGortaer or cerm 220 B .OmpenenuTh cuily Toka B
HarpeBaTeIbHOM 3JIEMEHTE U €ro COINPOTUBJIEHHE B paboyeM cocTosHUU yTiora. CKOJBKO SHEpruu
OyneT u3pacxo10BaHo 3a 1,5 yaca HempepbIBHOM pabOTHI yTIOTA ?

5.B cetp HamnpsbkenueM 120 B mocnenoBaTenbHO ¢ 3JIEKTPUUYECKON Tyrod BKItOUYeH peocrtar . [lamenue
HanpsDKeHUsT Ha ajekTpoaax ayru 45 B ,cunma toxka B menu 12 A. OmnpenenuTs MOIIHOCTb
,JIOTPEOIIAEMYIO 1YTOM U K.I1.JI. YCTAaHOBKH.

6.Pe3ucTop moJKiIOueH K MCTOYHHMKY TOKa, HamlpspKeHHEe Ha 3axuMax kortoporo 6 B. Kakas pabota
coBepuiaercd TOkoM, eciu 3a 0,5 MuHyT 4depe3 pe3uctop mnpoxomut 3apsan 24 Kn? Onpepenuth
MOIIIHOCTb TOKa ¥ COIIPOTUBJIEHUE PEZUCTOPA.

7.Kakasg MOIIHOCTh MOTpeONseTcs IYroBOM CTaJeIUIaBUIBHOM Ieublo, paboTarolieil OT HCTOYHHMKA
HamnpspkenueM 220 B npu cune Ttoka 30000 A? Onpenenuite CTOMMOCTb AJIEKTPUYECKON SHEPIHH
M3PaCcX0/I0BAHHOMN 3aM 5 4acoB pabOTHI UM, 1O ACHCTBYIOIIEMY Tapudy.

8.Hanpspkenune Ha 3akuMax reHeparopa 132 B, a y morpebutens - 127 B. Omnpenenutbh najaeHue
HalpsDKEHUE B MAarucTpalibHBIX MPOBOAAX M COMPOTUBIIEHHE , €CIM MOIIHOCTh TOKa y MOTpeduTens
paBHa 5 kBT.

dopma npeacraBjIeHus pe3yabTara:
BeInmonHuTE 3a1aHue B TETpaau AJs MPaKTHUECKUX padoT.
Kpurtepun onenkmn:
3a IpaBUIIbHO BBIIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJI0KUTENIbHAS OLleHKa — | Gasu.
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3a HEeMPaBUIIbHO BBIOJHEHHOE JCHCTBHE, 3aJaHHE BHICTABISICTCS] OTPHIIATEIbHAS OlleHKa — () 6asuIoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB

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

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

Oyenra «HeyoosiemeopumenbvHoy svicmasisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 4.3 DiieKTpUYECKHUIl TOK B Pa3JIMYHbIX cpeaax
IMpakTnyeckoe 3ansitue Ne 17

DJIeKTPUYECKUI TOK B Pa3JIMYHbIX Cpeaax

Henab: chopMupoBath NOHUMaHUE posid PU3UKU B (HOPMHUPOBAHUH KPYro3opa U (pyHKIIMOHATHHON
IPaMOTHOCTH 4YeJIOBEKa JUIsl PEUICHHS MPAaKTHYECKUX 3ajad; A OOBSCHEHUS YCIOBUN MPOTEKaHUs
(bu3MYeCKUX SIBICHUN, YMEHUS BIMOIHATH pacueTHbIe U rpaduyeckue 3a1auu

IIpakTuueckas padora popmupyer: [1Py5, IIpy9, I[1P62,I11PG6, T1P67,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
Brinosinenue padorsl cnocodocTByer popmupoBannio: OK 01, OK 02, OK 03, OK 09
MarepuanbHoe obecrieyeHnne:

WHAUBUAYaAIIbHOE 33/1aHU€e, KOHCIIEKT JICKIIHIA, CIPaBOYHbIC MaTEPHAIIBI.

Yka3anue:

[IpakTHueckoe 3aHSATHE COCTOMUT U3 ABYX YacTell — TeopeTuueckoil W mpaktuueckoil. I[locne
M3Yy4YEHHUs TEOPETUUECKOr0 MaTepraja MOKHO MPHUCTYINATh K BBIMOJHEHUIO MpaKTH4YecKor udactu. OHa
COCTOHMT M3 ABYX M Oosiee 3a1ay A CaMOCTOSITENBHOTO BbINONHEHHs. He 3a0biBaiiTe 0 mMpaBUIBHOM
opopmiiennu perieHus. Ha BeIMoTHEHNE TPAKTUYECKOTO 3a/IaHKsI OTBOJIUTCS JIBAa aKaJIEMHUYECKUX yaca.

3aganue:

O3HaKOMBTECH C TEOPETUYECKUMH CBEACHUSMHU UCTIOIB3YS CCHUIKY
https://znanium.com/catalog/product/1012153. Ctp 133, 134. «3aBUCHMOCTE COIIPOTUBJICHMS
METAINYECKOr0 IPOBOJHUKA OT TEMIIEPATYPhI»

Kparkue Teopernueckue cBeeHUs
DIEeKTPUUECKHUI TOK B )KUJIKOCTSIX

PaCTBopI)I " pacCIiiiaBbl, IPOBOJAIINEC SHCKTpI/ILIeCKI/Iﬁ TOK, HA3BIBAKOTCSA 3JI€KMpPOJIUMAaAMU.

CobepeM 3IIEKTPUUYECKYIO IIeTThb, B KOTOPO# COSTUHUM COCY/T C TUCTH/UTHPOBAHHON BOIOM
AJIEKTPUYECKYIO JIAMITOUKY M UCTOYHHK TOKa. B cOCyIl OIyCTUM IIaCTHHBI, CO3/IAIOIINE B )KUIKOCTH
AJIEKTPUUECKOE TI0JIe. DTH IJIACTUHBI HA3bIBAIOTCS SJICKTPOAaMU. DIIEKTPOJI, COSTUHEHHBIH C
MOJIOKUTEIILHBIM TTOJIFOCOM TOKA, HA3bIBACTCS AHOOOM, a DIIEKTPOJI, COSIMHEHHBIN C OTPHUIIATEIIBHBIM
MOJIOCOM — KAmMOOOM.

3aMKHYB 1IeTlb, YOeTUMCsl, YTO JIAaMIIOYKa He CBETUTCS, TO €CTh TUCTUIUIMPOBAHHAS BOJIa TOK HE
npoBoauT. Jlo6aBum B Boy noBaperHyro coib (NaCl). Jlamna HaunHaeT CBETUTHCS, T.€. PACTBOP
IIpOBOAUT BHCKTpI/I'—IeCKI/Iﬁ TOK, T.€C. B HEM ITOABUIINCH CBO60)IHI>I€ 3apAKCHHBIC YaCTUIIBI.

OT0 00BsICHIETCS TEM, YTO MOJICKYJIbI PACTBOPHUMBIX BCIICCTB COCTOAT U3 HOHOB
IMPOTHUBOITIOJIOKHOT'O 3HAaKa, KOTOPBIC YACPKUBAIOTCA APYT OKOJIO ApYyTa JICKTPUICCKUMU CUJIaMU
MPUTSKCHUA.
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BSaHMOHeﬁCTBHe 9THUX MOJICKYJ C IMOJIIPHBIMHA MOJICKYJIaMH BOJbI IPUBOAXUT K YMCHBIICHUIO CHJIBI

2
MIPUTSKEHUS. MOHOB B MOJIEKYNax (F — kq > U1 BOJIBI € = 81).
e-R

IIpy Xxa0THYECKOM JBUKEHUH MOJIEKYJI PACTBOPEHHBIX BELIECTB U PACTBOPUTEIIEH IIPOUCXOAAT UX
CTOJIKHOBEHUS, KOTOPBIE IIPUBOJAT K pacaly MOJIEKYJ Ha OTAC/IbHbIE PAa3HOUMEHHBIE 3aPSyKEHHbIE
HOHBI. DTOT IPOLIECC HA3BIBACTCS INEKMPOIUMULECKOU OUCCOYUAYUEI.

[IpoxoxaeHune Toka yepes3 3AEKTPOJIUT COMPOBOKAAECTCS BBIICICHUEM Ha JIEKTPOJAX COCTABHBIX
4acTeil paCTBOPEHHOT0 BELIECTBA. DTOT MIPOLIECC HA3BIBAETCS JIEKTPOIN30M. [1os10KuTENIBHO
3apsKEHHbIE MOHBI (KAaTUOHBI) ABIKYTCS K KaTOy U IPUOOPETAIOT HAa 3TOM 3JIEKTPOE HEJOCTAOIINE
31eKTPOHbL. OTPULIATENILHO 3aps>KEHHbBIE MOHBI (AHMOHBI) OTJIAI0T aHOY JUIIHUE 3JIEKTPOHBI. Takum
00pa3om, Ha aHO/I€ IPOUCXOJUT PEAKIINS OKUCICHHSI, a Ha KaTOJ€ — BOCCTAHOBJICHUSI.

9Jl€Kmp0]lu30M HAa3bIBAKOT IMPOLECCC BBIACIICHNA Ha 3JICKTPOJaxX BCUICCTB, CBSI3aHHBIH C
OKHCJIIMTCIbHO-BOCCTAHOBUTCIIbHBIMU PCAKIIUAMMU.

KonnyecTBeHHBIE XapaKTEPUCTUKHU ICKTPOJIN3a OMPECIISIOTCS 3aKOHOM JICKTPOJIH3a (3aKOHOM
dapanes):

Macca eewgecmea, gvloenuguie2ocs Ha 21eKmpooe, NPAMONPONOPYUOHATILHA 3apA0Y, NPOULeOueMy
uepes 31eKmpoum.

m=k-q,
r7ie M — Macca BeIECTBa, BBIJCIMUBIIETOCS Ha JJIEKTPOJIE, KT;
g — 3aps, OpoLeaInid yepes 3ekTposut, Ki;

K— 3HeKTpOXI/IMI/I‘leCKI/Iﬁ OKBHUBAJICHT BCIICCTBA (XapaKTepI/ICTI/IKa BCIICCTBA, OIIPCACIACTCA 11O

tabnuie), X .
Kn

Tax kak | =3 = q=1-st=m=k-4t —3akon Papajes,
at

rae | — cua Toka B ANEKTpouTe, A;

At — IpOIOJIKUTENBHOCTD AJIEKTPOIIN3A, C.

Bemmunny k = _# HaspiBaior srexmpoxumuueckum sxkuganenmom [k]= << .
F-n Kn

HpuMeHeHue NeKmpoJuza 6 mexHukKke

1. 1711 04MCTKH METAJLIOB OT HEOONIBIIOTO Kou4ecTBa mpumeceii (papunuponanue). [lomyuenue
YHCTHIX: MEIU, cepedpa U 30J0Ta. ITOT MPOLIecC Ha3bIBaeTCs padhuHUPOBAHUEM.

2. JIns moy4eHusl METAIJIOB U3 pacTBopa (IIMHK M HUKENb). DTOT MPOLECC HAa3bIBAETCS
AIEKTPOIKCTPAKIUEH.

3. [ToxpbITHE OJHOTO METaNIa CI0OEM JPYroro MeTauia (HUKeJIMpOBaHUEe, XPOMUPOBAHHE U T. I1.).
DTOT npoliecc Ha3bIBae€TCs raJIbBAaHOCTETHEH.

4. TlonyueHnue Komuii peiabeHBIX n300pakeHuH (TaabBaHOIIIIACTHKA).
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S. Iyt CHSTHS EPOXOBATOCTH M3IETUH (JIEKTPONOJIUPOBKA) U .
DJIEKTPUUYECKUIN TOK B METaJIJIe
HarpeBanue npoBo/IHUKa MpU MPOXOKACHUH 10 HEMY ITOCTOSIHHOT'O TOKA MOKHO OOBSICHUTH TEM,

YTO KMHETUYECKAasi SHEPTUs FJIEKTPOHOM IIEPENAETCs IPU CTOJIKHOBEHUU MOHOB KPUCTANINYECKOU
PELIETKH.

p=po(L+at),
ITJI€ p,— YASIBHOE CONpOTHBiIeHHE MpoBoanuKa pu 0°C, OM-M;
t — remneparypa mo mkaine Lenscus, °C;
p — YAEIbHOE COMpPOTHUBIICHUE TpH TeMmeparype t, Om-Mm;

o — TeMrepaTypHbIid KO3 (OUIUEHT COTPOTUBIICHHS METaa, 1

k
Bo3pacranue ynenmpHOTO COMPOTHBICHUS MOXKHO OOBSCHUTH TEM, YTO C POCTOM TEMIIEPATyphl
aMIUIMTyJa KoJeOaHUl HMOHOB KPUCTAUIMYECKON pELIeTKH METaUIOB YBEJIMYMBACTCS M BO3pacTaeT
BEPOSATHOCTh MX CTOJKHOBEHHS C 3IeKTpoHamMH. [Ipu CTOJIKHOBEHMH ¢ MOHAMU 3JIEKTPOHBI TEPSIOT CKOPOCTh
HAITPaBJIEHHOTO JIBMYKEHHUS. DTO U MIPUBOJUT K BO3PACTAHUIO YIEIIBHOTO CONPOTHUBIICHHUSI.

HJ'ISI BCEX METaJJI0B ¢o>1 M Majo MEHseTCA [IpU U3SMCHCHUU TCMIICPATYPhI. I[J'ISI YHUCTBIX MCTAJIJIOB O

~_ 1, s o5neKTpoanToB 0<0 ¥ C YBEIMYEHUEM TEMIIEPATYPhI YMEHBIIAETCS.
273K

MHorue npOBOJHMKHM 00JaJal0T CBOMCTBOM CBEPXIPOBOJUMOCTH
COCTOSIILIEM B TOM, YTO HUX CONPOTHUBIIEHHWE CKAYKOM IaJaeT O HYJIS IpH
OXJIAKJCHUM HHKE ONPEEICHHON KPUTHUECKON TEMIIEPATYyphl, XapaKTEPHON
i naHHoro BemectBa. B 1911 r. rommannckuit gusuk X. Kamepnunr-
OuHec 00OHAPYKHJI, YTO MPU MOHWKEHUH TeMiepaTypsl prytu 10 4,15° K ee
yZlelbHOE CONpOoTUBIIeHUE najaer 1o 0.

IIpumeps! pelnenus 3agay
ITpu cepebpennu uzaenus Ha kato[ 3a 30 MUH. OTIOXKHUIIOCH cepedpo Maccoit 4,55 r. Onpenenute

o -6 Kr |
CUJTY TOKa TIPH JIEKTPOIH3e. DIEKTPOXUMHUECKUHN dKBUBAICHT cepebpa 1,12-107 —
Kn

JaHo: Pemenue:

m=4,55r=4,55-10" | 3anumem 3akoH riekrponun3a dapanes:
3

KT
m = xlIAt = |:i
At =30 muH. = KAt
103
1,8-10°c | ~2.26 A

k=1,12:10°%

-7

DHeprusi MOHU3aIuu aToMoB pTyTH paBHa 10,4 3B. Kakoli HaMMeHbIIe CKOPOCTBIO TOJIKEH

001a1aTh NIEKTPOH, YTOOBI TPOU3BECTH MOHU3AIMIO aTOMA PTYTH yAapoM?
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Hano: Pemenne:

W;=10,4 3B = 16,64-10° 15B=1,6-10"11%

19
K
a [ Toro, yToOBl HIOHU3UPOBATH
-31
m=9,1-10""kr aToOM PTYTH, JJIEKTPOH JOJIKEH
e 7 007a1aTh KUHETUYECKOU SHEpTUeit
min— -

E., paBHOW SHEpruv MOHU3ALIMU:

E.=W, umu wzwi’

e M — Macca dJICKTPOoHa,

Umin — HAMUMCHbIIIAss CKOPOCTh 3JICKTPOHA, ITPpU KOTOpOfI BO3HHKACT MOHU3allHA.

OTtkyna vmin = W ! Omin= 1,9'106%'
m

JIBa mpoBOHUKA C TeMIepaTypHbIMU Kod(duunenTamu conpoTtusieHus ol u o2 umerot npu 0 °C
conpoTuBiieHUs Ro1 11 Rgp. UeMy paBeH TemmeparypHbiidi KO3()PHUIUEHT CONMPOTUBICHUS IPOBOAHNKA,
COCTaBJICHHOT'O U3 JIBYX JaHHBIX POBOJTHUKOB, COSMHECHHBIX: @) nociedosamenvho, 0) napaiieibHo?

Pemenue. CornacHo cooTHomeHuO (2.5.1) conpoTUBIEHUS TPOBOJHUKOB IPU TEMITEpaType t
COOTBETCTBCHHO PaBHBbI:

R1=Roi(1 + ast),
Rz = Roa(1 + aat)
a) IIpu nocnenoBaTeTsHOM COEIMHEHHH, cOTJIacHO dopmyrie (2.8.6), obIiee COpoTHBICHUE
R =R1+ R2=Ro1 + Roz + (01R01 + 02Rp)t
C apyroii cTOpOHBI, MO’KHO HAIMUCATH:
R =Ro(1 + a't),

rae Rop = Ro1 + Rz, a o' — nckoMblil TeMmiepatypubiit koddduiuent. Otcroaa
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r_ Bo1y + Rpp0tp
Roy + Ry

6) ITpu nmapatiensHOM coeauHeHHH, coracHo dopamyie (2.8.13), obmee conpoTHBIcHHE

g - ForRoa(l ¥ eat)(1 ¥ apt)

- R01(1 +a1t)+R02(l +a2t) =RO(] + o t)’

Ry R
R = 014%02

Ro1 + Ry : °C 5
rge — COIIPOTHEICHHE NapalIcIbHO COCOJHHCHHEBIX IIPOBOJHHKOE IIPH 0 °C. Hpexieoperaﬂ YICHaMH,
IPONOPIHOHAIRHBIMHE NPOH3IBCICHIAM TEMIICPaTYPHBIX KO3¢)¢HHH€HTOE: KaK MaJIbIMH. ITOTYYTHM:

i Ryy0ty + Ry 09
Ry, + Ry,

”n
.

Pemnth 3a1a4u CaMOCTOATETbHO
-2
1. [Ipu snexTposnse cepHOKUCIOro HUHKAa B TeueHue 5,0 u Beigenunoch 3,06-10 kr nmHKa.

Omnpenenure CONPOTUBIICHUE IEKTPOJINTA, €CIIM AIESKTPOJIN3 POXOIW pu Hanpspkenuu 10 B.

2. [Ipu snexkTponuse pacTBopa CEpHOKUCIIONO IMHKA B TeueHue | 4 Bbaenuiock 2,45 107 kr muHKa.
Haiinure BenmuumHy CONpOTUBIICHHUS, €CITM BOJIBTMETD MoOKa3biBaeT 6,0 B,

3. Kaxkoe konmmuecTBO cepedpa BhIICIACTCS MPpHU dJIeKTponu3e B TedeHue 0,5 4, ecau ConpoTUBIICHHE
3JIEKTpOJIUTHYECKOM BaHHbI 2,0 OM, a HanpspkeHue Ha ee 3axumax 3,0 B?

4, B snexrponmutrueckoid MenHoM BaHHe 3a 40 MHMH BBLIEIHIIOCH 1,98-10‘3 kr meau. Onpenenure 3Jc
Oatapen, HEOOXOIUMYIO ISl MUTAHHUS TOKOM BaHHBI, €CIM COMpPOTHBIEHUE pacTtBopa .1,3 OM, BHyTpeHHee
conpotusienue darapen 0,3 Om.

5. Keneznple TpyOKH paamaTopa OXJXKICHHUS JIBUTaTelii TPaKTOpa IMOKPHIBAIOT MEJbIO
TaJIbBAHUYECKUM CTIocoOoM. OmpenenuTe TOMIMIMHY CI0si MEAW Ha TPyOKe, €ClIM MOKphITHE Benercs 1 9
15 MHH IIpH TUIOTHOCTH TOKa 30 A/M.

6. Jns  npupaHus  OOJBIION HPOYHOCTH
CTEpXKHSM, COEIUHSIOIIUM TyCEHHUIbl TPaKTOpa, MX TIOBEPXHOCTb XPOMHPYIOT TallbBAaHUYECKUM
ciocoboM. TommuHa cnos Xxpoma JI0JI’KHa COCTaBJIATh 5,0-10° M. III0THOCTH TOKA paBHa 2,6 10°A/.
CKonpKO BpeMeHHU OYJeT MPOTeKaTh MPOIECC XPOMUPOBAHUS, €CIIM XPOM IIECTUBATICHTHBIN?

7. Conpotupienue MenHoro nposoaa npu Temmeparype 0° C paBro 4 Owm. Haiiqure ero
conporusienue npu 50° C, ecnu TemnepatypHblii kospuuuent conporusienus meau (TKC) o=4,3*10-
3K-1

8. Conpotusienue nposogauka npu 20° C pasro 25 Owm, a npu 35° C - 25,17 Om. Haiigure
TeMIepaTypHbIi KOAPOHUIIMEHT CONPOTUBIICHHUS.
9. ConpoTHBIEHHE CTATLHOTO MPOBOAHKKA Tpy Temreparype t1=10?C R1=10 Owm. Haiinure npu

KaKOM TeMmepaType ero compoTusieHue yBeauuutTcs Ha 1%. TemnepaTypHblii KO3 pHUIHEHT
conpoTuBiieHus cramu 6*10-3 K-1

10. ComnpoTupjieHue Bomb()paMoBoil HUTH nammbl HakamuBanus npu 20° C pasmo 20 Owm.
TemmnepatypHsiit K03 dunmenT conporusienus Bonbhpama 4,6*10-3 K. Haiimure TEeMIIepaTypy HUTH
HakaJja JIaMIIbl [IPY BKJIOYEHHUH €€ B CeTh ¢ HanpskeHueM 220 B u cuioit Toka 1 A

dopma npeacraBjIeHus pe3yabTara:
BrmogHNUTE 3aIaHUC B TCTpaaUu AJId NPAKTHICCKUX pa60T.
Kpurtepun onenkmn:
3a IpaBUIIbHO BBIIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJI0KUTENIbHAS OLleHKa — | Gasu.
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3a HelpaBWJIBHO BBIMOJTHEHHOE JICHCTBUE, 3a/IaHNE BBICTABIISETCS OTpHUIIATeNbHAs OrleHKa — () 0ayioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

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

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

Oyenxa «HeyoosiemeopumenbHoy svicmasgisemcs 3a Mmenee 60% nmpaBUIBHBIX OTBETOB

Tema 4.4 MarauTHoe 1moJjie
IpakTunyeckoe 3ansaTue Nel8, 19

MarHuTHoe moJie H ero XapPaKTEePUCTUKU. I[eﬁCTBHe MAarHuTHOI'0O IOJISI HA 3apsa]

Henab: chopMupoBath NOHUMaHUE poiiu GPU3UKU B (HOPMHUPOBAHUH KPYro3opa U (yHKIIMOHATHHON
IPaMOTHOCTH 4YeNIOBEKa JUIsl PEUICHHS MPAaKTHYECKUX 3ajad; A OOBSCHEHUS YCIOBUN MPOTEKaHUs
(bu3MYECKUX SIBICHUN, YMEHUS BBIMOJIHATH pacueTHbIe U rpaduyeckue 3a1auu

IIpakTuueckas padora popmupyer: [1Py5, IIpy9, I[1P62, I1P66, I1P67,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Beinosinenue padorsl cnocodocTByer popmupoBanmio: OK 01, OK 02, OK 03, OK 09
MaTtepuajbHoe obecnieyeHue:

WHAUBUAYAIbHOE 33/1aHHEe, KOHCIIEKT JICKIIHIA, CIIPAaBOYHbBIC MaTEPHAIIBI.

Ykazanmue:

[IpakTHueckoe 3aHATHE COCTOMT U3 ABYX YacTell — TeopeTuueckodl u mpaktuueckoil. I[locne
M3yYeHHs] TEOPETHYECKOT0 MaTepHaia MOXKHO HPUCTYNATh K BBHIMOJHEHHUIO MpakTHYeckod dacth. OHa
COCTOUT M3 JBYX W Oosiee 3ajauy Al CaMOCTOSITENIbHOTO BbIMONHeHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
oopmiennn pemrenusi. Ha BBITIOTHEHHE MPAKTUYECKOTO 3aJaHHsI OTBOJHUTCS Yemblpe aKaIeMUYECKHX
qaca.

3aganue:

O3HaKOMBTECH C TEOPETUUECKUMHU CBEJICHUSIMU UCIIOIb3Ys CCHUIKY
https://znanium.com/catalog/product/1012153, §43,44, BeimucaB GpopMysibl OTMEUEHHBIC CKOOKaAMH,
Hanpumep( 43.1)

Pemmire 3ama4n, caMOCTOSATENLHO UCTIONB3Ys IPUMEPHI U KPATKHE TEOPETUIECKUE CBEICHHUS.

HOpﬂ}IOK BbIITOJTHCHU A paﬁon:

1. W3yuute 1 BeIMUIIATE (GOPMYIIBI IT0 JAHHON TeMe B BUJI€ KPATKOIO KOHCIIEKTa
2. Pa30epute npumepsl pelIeHHbIX 3aa4
3. Pemmre camocrosTenbHO 3a0aun

IIpumeps! peieHus 3aga4

. o 2

1. ITpoBogHUK ¢ criioi ToKa SA TOMEIeH B OJTHOPOJHOE MarHuTHOE moJie ¢ uHaykimen 1-107°TA.
VYron Mex/1y HanpaBleHUsMH Toka U 11osist 60°. onpeenuTe AIUHY IPOBOIHUKA, €CIIH T0Ie eiCTByeT Ha
Hero cwioii 2-10H.

Hano: Pemenue
I=5A F=B-I-{ sino. =>{=_F
B=1-10"TA B-lIsina
o =60°
F=2-10"H
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https://znanium.com/catalog/product/1012153

_ 102
(= 210°%H 0,46

22 1-102T»-0.87-5A

sin 60°~0,87

OtBer: €=0,46Mm.
2. Kakas cuia JelCTBYET Ha AJIEKTPOH, JIETALUIMN B OJHOPOJHOM MAarHUTHOM II0JIE€ C MHIYKIMEH

1-10% TA MEePIECHANKYJISIPHO JIMHUSIM MarHUTHOW MHAYKIHUHA CO CKOPOCTBHIO 3-10° m/c, 3apsij SJIEKTPOHa
e=-1,6:10" Ku.

Hano «CH» Pemenne
v=3-10%w/c Ha »snexTpoH, ABWXKyIIHiACS B
B=1-10°TA MAarHUTHOM MOJIe, JACHCTBYET cuia
0=90° Jlopenna:
e=1,6:10"Ku.

Fa=B:[g]-U-sina
Fr=1-102TA-1,6: 10 Ki-3-10°m/c=
4.810°H

F=2

OrtBer: 4,8-10'15H

PemuThb 3a1a4i caMOCTOSITEIbHO (n - HOMep sauile2o eapuanma no cnuCKy)

1. Ha npsamonuHeiiHbI TPOBOJAHUK C TOKOM 1,5 A B 0JTHOpPOJHOM MarHMTHOM Iosie ¢ MHAyKuuen 0,4
TA neiicteyer cuina n H. Onpezenure JUIMHY MPOBOJAHKMKA, €CIIM OH PACHOJIOKEH o yriiom 30° K
CHJIOBBIM JIMHUSIM.

2. Kakas cuna neficTByeT Ha MPOTOH, JETSIIUN B OJHOPOJHOM MarHUTHOM moje ¢ MHaykuued 4-103
TA nepneHAMKYISPHO JMHMUSIM MAarHUTHOW MHAYKIHMHU €O ckopocTbio 2-105m/c. 3apsin mporoHa
q=1,6-10-19KA.

3. aiite ompeneneHne MarHUTHOM HWHIYKIWWA. B Kakux eIWHUIIAX OHA H3Mepsercs? 3anuiuTe
€IMHUIY MATHUTHOW MHAYKIIMY Y€pe3 OCHOBHBIE €IMHULIBI U3MepeHus B cucteme CU.

4. DnexTpoH IBHXKETCS B BakyymMe co cKopocTeio 3:106 M/C B OJHOPOAHOM MAarHUTHOM IOJE C
naaykuued B = 0,1 Tin. Yemy paBHa cuina F, neiicTByromas Ha 3JIEKTPOH, €CIM YIOJN MEXKIY
HaIpaBJIEHUEM CKOPOCTH U JIUHUSIMH MarHUTHOM MHAYKLMU paBeH 9007

5. [IlpsmonuHelHBI MPOBOJHUK, MO KOTOPOMY HJET TOK cwioil 10 A, momemeH B OJHOPOIHOE
MarHMuTHOe moje, UHAYKIUs Kotoporo 0,3Tn. Yrom Mexay HampaBlIeHHEM TOKa M BEKTOPOM
MarHuTHOM uHAykuuu paseH 300. C kakod cwinoi F nelicTByeT MarHUTHOE TOJE€ Ha y4acTOK
MIPOBOIHUKA JJIMHOW N M?

6. OmpenenuTe MArHUTHBIA MOTOK, MPOXOISIINI Yepe3 NPSIMOYTOJIEHYIO paMKy CO CTOPOHAMH 2X5 cM,
€CJIM OHAa TMOMENIEHAa B OJIHOPOJAHOE MAarHUTHOE MOJIE C MHAYKIHEH 4-10°TA TOJ YIJIOM 30°
JUHUAM UHIYKLIUU TOJIS.

7. B oIHOpOAHOE MarHUTHOE IOJ€, UHIYKIUS KOTOPOIro 1,26:10° TA, nomeren PSIMOM TPOBOJTHUK
JUIMHOHN n cM. Onpenenure cuily, AEUCTBYIOLIYIO Ha MPOBOJHUK, €CIM MO HeMy TedeT Tok 50 A, a
YTOJI MEX/1y HallpaBJIE€HUEM TOKA BEKTOPOM MHAYKIIMH cocTaBiisteT 30°.

8. IIpoBonHuk ¢ cuioit Toka 5,0 A MOMEIIEeH B 0JTHOPOJJHOE MarHUTHOE IoJie ¢ uHAyKuuei 1,0 102 TA.
Yronm mexay HampaBieHUsAMH Toka M nosig 60°. OnpenenurTe akTUBHYIO JJIMHY NPOBOJHMKA, €CIIU
oJie IEUCTBYET Ha HEro CUJION 2 102 H.

9. Kakyio paboTy coBepIiaeT OJHOPOIHOC MArHUTHOE TI0JIe MHAYKIHeH 1,5 102 TA MIPHA NIEPEMEIEHNHT
Ha paccrossHue 0,2 M IpOBOAHMKA JUIMHOM 2M, 10 KOTOpoMy TeueT Tok 10 A; ecnu nmepeMenieHue
MPOUCXOAUT BIOJb AeicTBUs cui? [IpoBogHUK pacnosioxkeH mnoj yriaom 30° K HampaBJICHUIO TTOJIS.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Haitgure MHIYKIMIO MarHUTHOTO I0JIs, B KOTOPOM MaKCHUMAaJbHbIA MOMEHT CHUJI, ACHUCTBYIOIIMX Ha
paMKy ¢ TokoM B 3,0 A, pasen 1,5 H-M. Pazmepsl pamku 0,05x0,04 M, 41Cci10 BUTKOB paBHO .
B onHopoaHoM marautHoM nosie ¢ uHaykuueil 0,25 TA HaxoguTcst NpsIMOJIMHEHHBIA MPOBOIHUK
nuHon 1,4 M, Ha kotopeii aeiictByer cuia 2,1 H. Onpenenute yron Mexay MNPOBOJHUKOM H
HaIlpaBJIEHUEM BEKTOpPa MHIYKIIMA MarHUTHOTO TOJIs, €CIU CHJIa TOKA B MPOBOAHMKE 12 A.
Uemy paBHa cuia TOKa B MPSMOM HPOBOAHUKE JIMHOM 1,0 M, NOMEIIEHHOM B OJHOPOAHOE
MAarHUTHOE MOJIE C UHIAYKLIHUEH 1,5-10° TA, ecnu Ha sTOT MPOBOJHUK CO CTOPOHBI MOJS JECUCTBYET
cuna 2,1-10° H? Vroxn MEXK]1y HAMpaBJIECHUEM BJIEKTPUYECKOIO0 TOKA M BEKTOPOM HMHIYKIIMU PaBEH
45°,
Ha oOMoTKy poTOpa 31eKTpoABUraTess MpH MPOX0XKIEHUH 10 MPpoBoay Toka 20 A neilcTByeT cuia B
40 H. Onpenenure BeIWYMHY MarHMTHOM MHAYKLIMHM B MECTE PACIOIOXKEHHUS IPOBOJAA, €CIHU €ro
mHa 20 cM. OOMOTKa COEPIKUT N BUTKOB.
DNEKTPOH ONMMCHIBAET B MAarHUTHOM I10JI€ OKPYXHOCTh paanycoM 4,0-10-3 M. CkopocTh JBUKEHUS
3JIeKTPOHOB paBHa 3,5-106 M/c. HaliquTe WHIYKIIMIO MATHUTHOTO TTOJISL.
[Iporon nBmxkeTcs co ckopocThio 1,0-106 M/c mepreHAUKYISIPHO OTHOPOJHOMY MATHUTHOMY ITOJTO C
unaaykuuen 1,0 TA. Haligure cuity, 1eHCTBYIONIYIO HA POTOH, U PaJuyC OKPY>KHOCTH, IO KOTOPOI
OH JIBHXKETCS.
DONEeKTpOH BJIETAaeT B OJHOPOJHOE MAarHUTHOE Moje, UHAYKIUsS Kortoporo 2,0:104 TA,
NEPIEHANKYISIPHO CHIIOBBIM JIMHHUSM €O cKopocThio 1,0 106 M/c. Berancnure pagmyc OKpyKHOCTH,
10 KOTOPO# Oy/AeT ABUTAThCS ANEKTPOH.
Kakas cuna nelicTByeT Ha 3JIEKTPOH, JETSAIIUN B OJHOPOJHOM MarHUTHOM 1oJie ¢ uaaykuuei 1,0-10-
2 TA neprneHIuKyIapHO JUHUSAM MarHUTHOW MHAYKLIUU cO cKOpocThio 3,0-106 m/c?
DONeKTpoH, ABUTASCh CO CKOpOCThiO 3,54 10° wm/c, momamaer B OJIHOPOJIHO€ MArHUTHOE TIOJIE C
uaaykuuen 2,0-10-5 TA nepneHauKynsipHO K €ro CUJIOBBIM JIMHUSM M MPOJOJIKAET JABUKEHHUE IO
OKpyXHOCTH paauycoM 10 cMm. HalinuTte ynenbHbIN 3apsij 3JIEKTPOHA, T.€., OTHOLIEHUE €ro 3apsaa K
Mmacce.
[IpoToH, nMeronMii CKOPOCTH 4,6~105 M/C, BIETAET B OJHOPOJHOE MArHUTHOE TOJIE€ C MHAYKIIHEH
0,30 TA mepneHAUKYyJIIpHO MATHUTHBIM CHJIOBBIM JIMHUAM. PaccumTaiiTe pagmyc OKpY>KHOCTH, IO
KOTOPOM Oy/ieT ABUTAThCS TTPOTOH.
[IpoToH nBHXKETCS B OAHOPOJAHOM MAarHUTHOM mojie ¢ uHaykuaued 3,4-10-2TA B miockocTH,
MEePIEHUKYISIPHON K CHJIOBBIM JTUHUSAM. OnpeieinTe painyc TpaeKTOPUM MPOTOHA, €CITU JBUKEHUE
IIPOUCXOJUT B Bakyyme 3,3 10° m/c.
B oxpHOpomHOE MarHuTHOE Mojie ¢ MHAYKIMEen 8,5 10 TA Bneraer AJIEKTPOH CO CKOPOCTHIO 4,6 10°
M/C, HaIllpaBJICHHOHN MEPNEeHIUKYISIPHO K CHIIOBBIM JHUHUSIM. Ompenenurte cuily, NeWCTBYIONIYIO Ha
9JIEKTPOH B MAarHUTHOM T10JI€ U PAJNYC TyTH OKPY>KHOCTH, TIO KOTOPOM OH JBUKETCSI.
B marnutHoe mone ¢ unaykuueit 0,5 TA B HampaBieHUH, COCTaBJIAIOIIEM Yroia 45° ¢ JIMHHUSIMHU
WHJIYKIIAU, BIETAET DJIEKTPOH CO CKOPOCTHIO 2,0- 10° m/c. Onpenenure cuity, AHUCTBYIONIYIO Ha HETO.
B marauTHOe moje B HampaBlIeHUH, MEPHEHIUKYISIPHOM JIMHUSAM WHIYKIUHU, BIETAET MPOTOH CO
CKOpOCThIO 3,2 10° m/c. Haiiaute WHAYKIUMIO 3TOTO MOJIS, €CIM MPOTOH OMUCAT OKPYKHOCTh
paauycom 10 cm.

3aga4yu Ha MOCTPOECHUA:
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DnpedendTe HaNnpaeNeHHe AEW¥EHWA NPOEOAHHKS C TOKOM (cuMna Amnepa)
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®opma npeacTaBiaeHus pe3yJabTara:
BbInonHuTE 3a1aHUE B TETPAaU AJIs MPAKTHUECKUX padoT.
Kpurepum ouenku:
3a mpaBUIILHO BBIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BBICTABIISIETCS OTpUIAaTEIbHAS OmleHKa — () 0aioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisenmcs 3a menee 60%0 mpaBUIHHBIX OTBETOB
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Tema 3.5 DyieKTPOMArHUTHAS UHAYKIIHS
IIpakTuyeckoe 3ansitue Ne20, 21

3HeKTp0MaFHHTHaﬂ HHAYKIUA. 3akoH 3J'IeKTp0Mal"HHTHOﬁ HHAYKIUH. CaMOI/IH)IyKIIHH

Heas: cdopmupoBaTh MNOHMMaHUE poiu (U3MKA B (OPMHUPOBAHUHM Kpyrosopa BIaJCHHUE
OCHOBOIOJIAraIOMIMMU (PU3UUECKUMH TOHSATHIMH, 3aKOHOMEPHOCTSIMH, 3aKOHAMH U TEOPHSIMU; YMEHHS
BBITIOJIHSATH PAaCUETHBIC M TpauyecKue 3a/1a9u

IIpakTnuyeckas padora popmupyer: IIPyS, Ipy9, [TP62, ITP66, ITPG7,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Boinosinenue padotsi ciocodcTByeT (hpopmupoBanuio: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe obecrneyeHue:

MHAMBUAYaJIbHOE 33/1aHUE, KOHCIIEKT JIEKIIUH, CIIPAaBOYHbIE MaTepHaJIbI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX YacTed — TEOPETHMYECKOM M IpakThdeckou. Ilocie
M3YYEeHUS] TEOPETUYECKOr0 MaTepuaia MOXXHO MPHUCTYNATh K BBIIOJHEHHUIO MpakTHueckoi uyactu. OHa
COCTOMT M3 JBYX W Ooyiee 3amad Jjsi CaMOCTOSITENILHOTO BBHIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
odopmiiennn pemeHus. Ha BbIMOMHEHHE MPAKTUYECKOTrO 3aJaHUsl OTBOIUTCS uemvlpe aKaleMUYeCKUX
Jaca.

3aganme:

1. OsHakombTeCh C KPaTKUMU TEOPETUUECKUMU CBEACHUSIMU HCIIONb3Ys CChUIKY
https://znanium.com/catalog/product/1012153 ,52§ u kpaTKyto 3a1uch GOpPMYIT HIKE
2. Pemmre 3a1a4um, CaMOCTOSATENBHO UCIIOIB3YS IPUMEPHI H KPATKHE TEOPETUIECKUE CBEICHUSI.

HOpﬂlIOK BBINNOJITHCHUA paﬁon:
W3yuute u BeIMUIINATE GOPMYJIBI IO JJAHHOM Teme:
Pa3bepute npumepsl pelieHHbIX 3a/1a4
Pemute caMocTOSATEIIBHO 3aJa4uu
OtBethbTe Ha Borpockl Tecta https://znanium.com/catalog/product/1012153, ctp331.

PwnE

Kparkue TeopeTnueckne cBeeHHs
3aKOH 3JICKTPOMAarHUTHOW WHIYKITUH

SHC WHAYKIOWH B 3aMKHYTOM KOHTYPE€ paBHaA IO MOJAYJIO CKOPOCTU U3MCHCHUSA MAarHUTHOT'O ITOTOKA

yepe3 IOBEPXHOCTb, OrPaHMYEHHYI0 KOHTYpoM: . —[AP| rae & — DJAC unaykiuu, B; AD= ®,-d; —

U3MCHCHHUC MAarHuTHOI'O ITOTOKAa, B6, At — MMPOMECIKYTOK BPEMCHH, B TCUCHUC KOTOPOIO ITPOU3OULIO

A®| _ ckopoCTb H3MEHEHHs] MATHUTHOTO [OTOKa, 50 .

c

JaHHOE U3MCHCHMUE, C;

C YUYCTOM HaAlIpaBJICHUSA HHAYKIIMOHHOI'O TOKA 3aKOH 3aIIUCBIBACTCA TAK: g, = _@_
! At

Eciu SaMKHYTBIﬁ KOHTYp COCTOUT U3 N OCICI0BAaTCIbHO COCIMHCHHBIX BHTKOB (HaHpI/IMep, B
AD
At

, TAC N — 4KCIIO BUTKOB.

COJICHOU/IE) g =-N-
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Pasnocte moreHnuagoB U Ha KOHIAX MPSAMOJIMHEHHOTO MPOBOJHHMKA JUIMHOW |, JBHXKyImerocs co
CKOPOCTBIO O B OJIHOPOIHOM MarHuTHOM mosie U = Blvsina ,

rac o — yroj MExay HallpaBJICHUAMHA BEKTOPOB CKOPOCTU U U MarHuTHOM HHAYKIIUH B

DJNEeKTPUYECKUH TOK, MPOXOISAIIMNA TIO0 TPOBOJHHUKY, CO3AeT BOKPYI HEro MarHUTHOE IIOJIC.
MarHuTHBII TOTOK CKBO3b IUIOIIAAb MOBEPXHOCTH, OTPAHUYCHHYIO CAMHM KOHTYPOM, TIPOTIOPIIMOHAJICH
cujie Toka B KoHType: @=L-I.

Koadduument nponopunonansuoctu L HaswpiBaeTcst unoykmuenocmoio Koutypa: [L] :{12} =—-=1In
(renpm).

3HaueHne WHAYKTUBHOCTH 3aBHCHUT OT pa3MepoB U (OpMBI MPOBOJHUKA, a TAKKE OT MATHUTHBIX
CBOMCTB cdepbl, B KoTopoil oH Haxoautca. OJ[C caMOMHAYKIMU IO 3aKOHY 3JIEKTPOMArHUTHON

WHIYKUMH PaBHA! g = _L%, TK. g = ‘f,

rae A1=l,-1; — u3MeHeHHe CUITbl TOKA B IPOBOJIHUKE, A
At — Bpems ero u3BMeHEHus, C;

il — CKOPOCTb UBMCHCHUSA CUJIBI TOKA, A .

At c

2
OHeprusi MarHUTHOT'O OISt MPOBOJHUKA C TOKOM: \v,, = L-1° [Tox]
2

PemnThb 321248 caMOCTOSITELHO (N - HOMEp 6auie2o 8apuanma no CRUCKY)

1. Ha ckoibko M3MEHWJIACh CHJIa TOKa B MPOBOJHMKe, eciau 3a 0,1 ¢ B mMpOBOJHHUKE, MHIYKTUBHOCTb
kotoporo 4 I'n, noasuiace 3/1C camonHaykiuu pasHas 12 B?

2. 3a Kakoil ImpOMEXyTOK BpPEeMEHHM MarHuTHbBIH MoTok u3MeHwica Ha 0,01 BO, ecnmu B KoOHType
Bo3zHuKaeT DJIC unaykiuu n B?

3.  MaruuTHOe MmoJie KaTymku ¢ HHIyKTHBHOCTHIO 0,2 ['H oOmanaer sueprueit 0,4 J[x. Uemy paBHa cuiia
TOKa B KaTyIIKe?

4. Omnpenenure 3HEPIUI0, 3alacaéMyl0 B MarHUTHOM IIOJI€ MHJYKTOpa, KOTOPBIM HCIOJB3YyeTCs B
YCTAaHOBKE T MAarHWT HMIIYTCHBHOTO (opmoBanus. WHaykruHOCTh Karymkn 7,0-107 T, cuma
paspsiaHoro Toka 1,45- 10° A.

5. Kakoif moTOK MarHUTHOM MHAYKIIMHM CO3/1a€TCS B KOH Type 3JEKTPUYECKUM TOKOM, €CIH MpPU €ro
yMeHbleHuu 10 Hyist 3a 0,01 ¢ B KOHType BO3HHKAET 3¢ caMOMHAYKIMHU paBHast 30 B?

6. OmpenenuTe SHEPTHI0 MarHATHOTO TOJSI KATYIIKH, B KOTOPOH INpH chie TOoKa 6,8 A MarHWUTHBIHN
noTok pasen 2,5-107° BG.

7. 3a KakoW MPOMEXYTOK BPEMEHHM B KaTylIke ¢ MHAYKTUBHOCTHIO 0,28 I' mpomcxoaut HapacTraHue
CHJIBI TOKA OT HYJIA 110 9,6 A, eciii pu 3TOM BO3HUKAET CPEIHIS 31C CAMOUHAYKIMHU, paBHas 38,4 B?

8. IIpoBomHUK UIMHOW N M TEpEeMEIIaeTcsi B OJHOPOJHOM MarHuTHOM mosne ¢ mHaykmuei 0,2 TA.
JIBI>KeHHE MPOBOJAHMUKA MPOUCXOAUT cO cKopocThio 10 M/c moa yriom 45° K MarHUTHBIM CHJIOBBIM
muHuAM. HaliguTe 31¢ MHIYKIUHY, BO3HUKAIOLIYIO B IPOBOJHUKE.
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9. Kakoif MarHMTHbBIM TOTOK TPOHU3BIBAET KOHTYp, €CIM IpPH PaBHOMEPHOM HCUE3HOBEHUU

MarHuTHOTO TOJIS B TEUEHHUE N C B KaTYIIIKE HHAYLHUpYyeTcs 3¢, paBHas 0,02 B?

10. Kakoii MarHUTHBIN MOTOK MPOHHU3BIBAET TUIOCKYIO IMOBEPXHOCTH IJIOMIAABI0 3 CM2 MPU WHIYKIIUU

noiisg 0,24 TA, eciiu HoOpMaJib, K TOBEPXHOCTHU PACIIONIOKEHA 101 yriioM 60° K BEKTOPY MHIYKIIUH.

11. OmpenenuTe MHIYKTHBHOCTb KATYIIKH, €CIH IPH YBETMYCHHH TOKa B Hell Ha 2,2 A 3a 50-107%

MOSABJISIETCA CPEIHSIA 3AC CAMOMHYKIIMH, paBHas 1,1 B.

12. B npoBognuke mmmHou 0,5 M, ABMXKYIIEMCS CO CKOpocThio 3,0 M/C MEpPINEHIUKYISIPHO CHIIOBBIX

JIMHUM OJHOPOJHOTO MArHUTHOTO Toyisi, Bo3Hukaer OC 6,0 102 B. Onpenenure HWHIYKIUIO

MarHMTHOTO TOJIS.

13. Onpenenute MarHUTHBIM MOTOK, MPOXOISIINN Yepe3 MPSMOYroJbHYIO IUIOMIAIKY CO CTOPOHAMHU

20x40 cm, eciii oHa MTOMENIEHAa B OJJHOPOJHOE MAarHUTHOE I0Je ¢ MHAYyKIueHn 5,0 102 TA oz yriom 60°

K JIMHUSIM UHIYKIIUH TTOJIS.

14. Omnpenenure D/1C uHayKIMH, BO30YXIaeMylo B KOHType, eciau B HeM 3a 0,01 ¢ MarHUTHBIN TOTOK

paBHOMepHO ymeHbInaercs 0,5 1o 0,4 BO, uro6s! B koHTYpe Bo3Oyxnanacy DJC unaykiuu 3,8 B.

15. Ompepenute HNPOMEXYTOK BPEMEHH, B TEUEHHE KOTOPOTO MArHUTHBIA MOTOK, MPOHU3BIBAIOLIUIL

KOHTYP, oikeH yBenunuutbes ot 0,01 mo 0,20 B6, uyto6s1 B KoHTYpe Bo30Oyxnanacy DJC unaykiuu n B.

16. Ompenenute D/IC MHAYKIMU Ha KOHIIAX KPBUILEB caMoOJIeTa, UMEIOIUX JIUHY 12 M, eclii CKOpOCTh

€ro Mmpu TOPU3OHTAIBLHOM TojeTe 250 M/c, a BepTUKaIbHAS COCTABISONIAS MArHUTHOW WHIyKITUU

3eMHOT0 Marserusma 5,0 10° TA.

17. B ogHOpOAHOM MarHMUTHOM mojie moja yrioM 30° K HampaBiIEHUIO BEKTOpa MHAYKIUHU, BETUYHHA

kotoporo 5,0-10-3 TA, aBuXeTcs MPOBOJHUK CO CKOPOCTHIO 10 M/C; BEKTOpP CKOPOCTH TMEPIIECHANKYISAPCH

MpoBOAHUKY. Onpeaenure JIMHY NPOBOJHMKA, ecii B HeM HaBoautcs D/C, paBHas 2,5- 102 B.

18. Tpaktop o6Omero nasHaueHuss K-700 wumer co ckopocteio 28 km/4. Ormpenenute pa3sHOCTh

MOTEHIIMAJIOB HAa KOHIAX MEpPEeJAHEN OCH, €CIM JIJMHA €€ OKOJIO 2,6M, BEpTUKaJIbHAs COCTABJISIOLIAS

MarauTHOro mojs 3emiau 5,0- 10° TA.

19. Yemy pasna DJIC caMOMHIyKIMH, BO3HMKAIONIAs B KaTylIKe C HHIYKTUBHOCTbIO 2,0 10T, B

KOTOPOH TOK crioi 7,5-102 A ncuesaer 3a n ¢?

20. MarnuTHOE 1oJe KaT yiku ¢ nHayktuBHOCTRIO 0,1 T oOmamaer sneprueit 0,8 k. Uemy paBHa cuiia

TOKa B KaTyIIKe?

21. TIpoBomouyHasi mpsiMOyrosibHas pamka co cropoHamu 20 m 30 cM pacroynoxeHa B OZHOPOJIHOM

MarHUTHOM I10JI€ ¥ NMEePHNEHIUKYISIpPHA CUIOBBIM JIMHUAM. Onpeaenute NHAYKIUIO 3TOro MoJis, €Clu Mpu

ero ucuesHoeHnn 3a 1,2:107 ¢ B pamke HaBoautcs cpennss J/C 3,5 mB.

22. Yemy paBHA HHIYKTUBHOCTH KaTYIIKH, €CITU MIPOTEKAOIIUI 10 Hel Tok cuiioit 0,15 A co3zmaeT moTok

MarHMTHON MHIyKIUH 7,5 10 B6?

23. Yemy paBHa WHAYKTUBHOCTH ITPOBOJIHUKA, B KOTOPOM IPH BO3pacTaHuu Toka ot 1,5 mo 1,8 A3anc

Bo30Oyxmaercs DIC camonnaykiuu 0,9 B?

24. 3a xakoif MPOMEXYTOK BPEMEHU B KOHTYPE WHAYKTUBHOCTHIO 2,0 10°T IIpY U3MEHEHUH Toka Ha 0,5

A Boznaukaet DJIC camonnnykuuu 10 B?

25. OmpenenuTe MHIAYKTUBHOCTh KaTYIIKH, ecid mnpu Toke 3,0 A 0 /

MarHMTHOE MoJie B Hel o0nanaeT suepruei 6,0- 102 Jx

26. DnexkTpuyeckas Ienb coOpaHa TO CcXeMme, IMPEJICTAaBICHHONW Ha
pucynke. CONpoOTUBIEHUE y4acTKa LIENMH | paBHO CONMPOTHBIIECHUIO

\

yuacTka nenu 2. CpaBHATE TOKH, KOTOPBIE TOKAXYT aMIEPMETPHI A1
u A, cpa3y IocJIe 3aMbIKaHUs KIII04a.

27. BcTaBUTh MPOIYIIEHHBIC CIIOBA:
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1. Pabota snexrporeyn 0OCHOBaHA Ha 3aKOHAX TOKa U (pa30BBIX MIPEBpAILICHUI.

I'paduToBBIC IEKTPOIBI AIEKTPHUUECKON MEYH C BHICOKOHM TeMIepaTypoi, COCTOSAIINE U3 OMPEIeICHHOTO
KOJIMYECTBA CErMEHTOB, MOTPYKalOT B METAUIMYECKYI0 HIMXTY (EMKOCTh € MeTaioiomoMm). UYepes
OIIpe/IeIEHHOE BpEMS COJIEPKUMOE MEPEXOAUT U3 TBEPAOro arperaTHOro COCTOSHUS B JKHMJIKOE, TaK Kak
OKa3bIBaeTCs JeiiCTBHE TOKA.

2. CymiecTByeT Takoe COCTOSIHUE OJCKTPUUYECKOM Ienu, Hpu KOTOPOM TOK MPOXOJUT IO
HEJOMYCTUMOMY MaplIpyTy, Ha KOTOPOM OOBIYHO MPAKTUYECKH OTCYTCTBYET (MU OYEHb HH3KOE)

SJICKTPHUYCCKOC COIMMPOTUBJICHUC. Takoil TOK OKa3bIBacT PaspymIrTCIbHBIC I[CﬁCTBPISI 1 Ha3bIBACTCA - TOK

KOPOTKOI'O 3aMbIKaHUS . ILHH 3alUTBI SJICKTPOSHCPICTUYCCKUX CUCTCM OT 3TOI'O ABJICHHUSA HMCIIOJIB3YHOTCA

yCTpOMCTBa-

Pa3znea 5 Kose0anus 1 BOJTHEBI
Tema 5.1 MexanunyecKkue KoJIe0aHUA M BOJIHBI
IIpakTuyeckoe 3ansaTHe No22

MexaHu4ecKkne KoJe0aHUsA U NX XapaKTePUCTHKHI

Heasn: chopmupoBaTh HOHUMaHKUE PoiH (HU3UKK B (POPMUPOBAHUU KPYro3opa U (HyHKIHOHATEHOU
IPaMOTHOCTH YEJOBEKa JUI PEIICHHs NMPAKTHYECKUX 3a4ad;, sl OOBSICHEHHS YCIOBUH MPOTEKAaHUS
(bU3NYECKUX SIBICHHUA, YMEHU BBITIOIHITH PacueTHBIC U rpadudecKue 3a1aun

IpakTuuyeckas padora popmupyer: IIPyS, Ipy9, [TP62, ITP66, ITPG7,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP§, MP10
Boinosinenue padorsl cnocodcTByeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepunanbHoe obecrniedeHue:

MHAMBUAYaJIbHOE 33/1aHUE, KOHCIIEKT JIEKIIUHA, CIIPaBOYHbIE MaTepHaIIbI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT W3 JBYX YacTe€d — TEOPETHUYECKOM M IpakThueckou. Ilocne
M3y4eHHs] TEOPETUYECKOr0 MaTepuaia MOXKHO HPUCTYNaTh K BBIMOJHEHHUIO MpakTHueckod vacTH. OHa
COCTOMT M3 JABYX M Oosiee 3a1ay Al CaMOCTOSITENbHOIrO BblNojHEHHUs. He 3a0biBaiiTe 0 mpaBUIBHOM
oopmienun pemienus. Ha BeImosHeHNE NPaKTUYECKOTO 3a/1aHUsS] OTBOJIUTCS /IBA aKaJEMHUECKUX Yaca.

3aganue:

O3HaKOMBTECH C TEOPETUYECKUMU CBEIEHUSMHU HUCIIOJIBb3YS CCBUIKY

https://znanium.com/catalog/product/1012153, §47, 48,49 BbinucaB GopMyIibl OTMEUYEHHBIC CKOOKAMH ,

Hanpumep( 47.1)

Pemmre 3anaun, caMOCTOSATENBHO UCTIOIB3YsI IPUMEPHI 1 KPATKHE TEOPETUUECKHUE CBEICHUSI.

ITopsinok BbINoJIHEHUs padoOThI:

W3yunrte n BeImumuTe GopMyJsibl IO JaHHONW TeMe B BUJE KPATKOIO KOHCIEKTa

PazGepute npuMepsl pelIeHHbIX 3a/1a4

Pemmre camoctosiTenbHO 3a1aun

Bemonnuts tect https://znanium.com/catalog/product/1012153, ctp 328

IIpumeps! pelenus 3agay

Awnh e

1. YpaBHeHue rapMoHuveckux KojeOanuit Touku x=0,4cosmt. Haiitu ammiutyay, mepuon u
cMmenieHue Touku uepes 0,5 c.
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JaHo: M. T. «CHN» Pemienue

x(t)=0,4cosnt x=Acosmt

1,=0,5 ¢ x(t)=0,4cosmt

A=? T=? x(t)=? W o 2
v=" T ®

1
v=—
T

Brruucnenusa: A=0,4 m; o=,

T=2%_2()
T

1
v=—=0,5T1
2

1 b
x(0,5) = 0,4-cosm - E = 0,40055 =0

2 I'pys maccoii 0,4 kr comepmiaer KojeOaHWS B TOPU3OHTAIBHOW IUIOCKOCTH Ha TMPYKHUHE
XKecTKocThio 250 H/M. aMIuTyAa KoiebaHuil rpy3a 15 cM. HalTH TMOJHYI0O MEXaHUYECKYI0 SHEPTHUIO
Kose0aHuil 1 HauOOMBIIYIO0 CKOPOCTh JABIKEHUS. TpeHuem npeHedpeyb.

. 2 250-0,152
Jano: Epzk,:\ E, =0 E- 222 — 2.8«
MPY>KUHHBIN v =0,15_| ii? =0,15-25=
MasTHHUK E=E,+E.~E, ’
M
=3,75~38%
C
m=0,4 xr k
2 2
mo‘ =kA"=>v=A|—
k=250 n/m m
A=0,15m
E=?, Umax="?

PemnThb 321241 caMOCTOSITEbHO (N - HOMEp 6auie2o 8apuanma no CRUCKY)

1. Hanumure ypaBHEHHE TapMOHHYECKUX KOJEOaHHH ¢ aMIUIMTYIOW 5 ¢M M HayaibHOW (a3oit 45°,
ecnu B 1 MuHyTy coBepuiaercs 150 konebanuii.

2. AMmmTyna TapMOHHYECKMX KoyeOaHWii MaTephalbHOW TOYKHM N oM, nepuon 4 c. Haiinure
MaKCHMaJbHbI€ CKOPOCTH M YCKOPEHHUE U HAMUIINTE YpaBHEHNE TAPMOHUUYECKUX KOJICOaHUH.

3. Maremarndyeckuid MasTHHK JUIMHOW 56 c¢M 3a N MuHYT coBepmaeT 40 TOJMHBIX KOJeOaHWH.
Omnpenenure nepuos KojaeOaHUW MasTHHKA U YCKOpPEHHE CBOOOJHOTO NaJeHHsS B TOM MECTE, IIe
HaxOJIUTCS MASITHUK.

4, MarepuanpHasi Touka kKojebnercs ¢ yactotoir v=10 k', Onpenenure nepuo, 4UCiIo KojeOaHu B
MHHYTY U IUKJIMYECKYIO YaCTOTY.

5. Omnpenenute nepuo, 4acToTy, HUKINYECKYIO YaCTOTY FTaApMOHUYECKHX KOJIEOAHNN MaTeMaTHYeCKOro
MasiTHUKA JuIMHOM 1 M, ecim 0=9,81 m/c?. Bo CKOJIBKO pa3 4 Kak HaJ0 U3MEHUTH JJIMHY MasTHUKA,
YTOOBI TIEPUOJ KOJICOAHMI YBEIUYWIICS B 2 pa3a.

6. AMIUIMTYAa rapMOHUYECKUX KOJIEOaHMI MaTeMaTHYecKOro MasTHUKa AauHOM 50 mM, mepuox 4 c,

T > >
HadaJlbHas (I)asa — . Hanmmmre YPaBHCHUC 3TOTO KoJIeOaHus U HauJUTC CMCIICHUC KOJ'IC6J'IIOH.ICI/ICH
4

TOYKH OT MOJIOKEHUs paBHOBecus npu t =0 u t=1,5 c.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

(T 7z .
YpaBHEHHE TOYKHU x=0,02S|n(t+]. Haiinure nepuon, MakCHMMallbHOE 3HAYEHHUE CKOPOCTH U
2 4

YCKOpEHHUE.
Omnpexpenure JUIMHY MaTeMaTHYECKOTO0 MasTHUKA, COBEPILAIOLIETO OJHO MOJIHOE KojiebaHue 3a 2 c,
ecin 0=9,81 M/c’. Bo CKOIBKO pa3 HYKHO H3MCHHTH JUIMHY MAasTHHKA, YTOOBI YacToTa ero
KoJieOaHUH yBeInuuiach B 2 paza?

VYpaBHeHue rapMoHnuyeckoro konedanus x=0,4sin5xt. Onpepenure aMIIUTY Ly, IEPHOJI, CMEIICHHE
npu t=n c.

Ornpeieniute XKECTKOCTh MPYXKHUHBI, YaCTOTYy, LUKIMYECKYIO0 4YacTOTy, eciii Teno maccor 0,5 Kr,
MOJIBEILICHHOE K ATOM MpyKUHE, coBepiuaeT kojedanus ¢ nepuoaom 0,2 c.

MarepuanpHasi TOYKa COBEpIIIACT rapMOHUYECKHe Kosiebanus ¢ ammumtyaoun 0,03 M u mepuogom
0,2 c. CocTtaBbTe ypaBHeHHUE KoeOaHus U onpeaenute cmemnienue npu t = 0,1 c.

ITo any cepuyeckoii yamku coBepiiaeT cBOOOHbIE KoueOaHUs 0e3 TpeHUs MaJeHbKUU MIapUK.
Omnpenenure nepuos KojaedaHus MapuKa, eciid pajnyc KpUBU3HBI Yalllku 2,45 M.

CocraBbTe ypaBHEHHE TAapPMOHHYECKUX KOJICOaHUM MAaTEeMaTUYECKOTO MasTHHUKA JUIMHOU 2,45 M u
amrutynoi 0,1 m.

Teno coBepiaer rapMoHHUYECKHE KosiebaHus o 3akoHy x = 20sinnt. Onpemenute cKOpoCTh Teja
nputp=05cut,=4c.

YckopeHue cBOOOAHOTO MajeHHsl Ha MOBEpXHOCTh JIyHbI 1,6 M/c?. KaKoil JUIMHBI JOJIKEH GBITH
MaTeMaTHYeCKU MasgTHUK, YTOOBI €ro rnepuoj konedanus Ha JIyne Opi1 1 ¢?

[ToctpoiiTe Tpaduk TrapMOHHYECKOTO KOJIEOAHMS YacTOTHI IO TapamMeTpaM: aMmIUIUTyAa 2 CM,
nepuon 0,4 ¢, HavanpHas (asa 0. 3anummre ypaBHEHHE 3TOTO KOJICOAHHUS.

Teno coBepinaer konedanus Mo 3akoHy X = 60Sin2xt. Onpenenure ckopocts Tenanpu t1=1cuty =
2,5c.

Teno maccoil N rpaMM MOJBEMIEHO HA MPYKUHE, )KECTKOCTh KOTOPOU 2:10° u/m. Omnpenenure
4acTOTY, MEPUOJI, IIUKIUIECKYIO YaCTOTY CBOOOHBIX KOJICOaHUI 3TOTO Tejla Ha MPYKUHE.
MarepuanbHasi TOUKa COBEpIIAET FapMOHUYECKHE KOIe0aH!s ¢ aMIUIUTYI0i 4 CM U TeproaoM 2 c.
Hanummre ypaBHEeHUE NBUKEHUS TOUKH, €CJIM €€ IBM)KEHNE HAUNHAETCS U3 TI0JIOKEHUS Xo= 2 CM.
KakoBa yacToTa 3BYKOBBIX KOJIEOAHUH B cpenie, €ciM CKOpOCThb 3ByKa B 3Toil cpene 500 m/c, a
muiHa BostHbI 2M? (OTBeT faiiTe B repiax.)

Ha paccrosHuu N M ot HaOmoaarens paboune BOMBAIOT CBau ¢ MOMOUIbIO Kompa. KakoBo Bpems
MEXy BUJIMMBIM YJapOM MOJIOTa O CBAIO M 3BYKOM yJapa, yCJbIIIaHHBIM HaOmogaTenem? (OTBer
naiite B cekyHaax.) CkopocTh 3Byka B Bo3ayxe 330m/c. Okpyriure OTBET C TOYHOCTBIO JI0
JECSITHIX.

Ckopoctb 3ByKa B Boje 1,5 km/c. Uemy paBHa JIMHA 3BYKOBOM BOJIHBI, pacIpOCTpaHsIOIIeHcs B
BOJIe, pH yactoTe 3Byka 3 kI'i? (OTBeT maiite B MeTpax.)

®opma npeacTraBjIeHUd pe3yabTara:
BbInonHuTE 3a1aHUE B TETPAAU AJIs MPAKTHUECKUX padoT.
Kpurepum ouenku:

3a mpaBUIIHLHO BBIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — 1 Gasu.

3a HeMpaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BBICTABIISIETCS OTPUIIATEIbHAS OlleHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB

Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

Oyenka «HeyoosiemeopumenvbHo» svicmasisencs 3a menee 60%0 mpaBUIBHBIX OTBETOB
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Tema 5.2 DyleKTPOMarHuTHble KOJ1e0AHUS U BOJHBI

IIpakTuyeckoe 3ansaTue Ne23, 24, 25
Pemenne 3a1a4 Ha BU/IbI CONPOTHBJICHUI B LeNsIX IEPEMEHHOI0 TOKA.
IlepeMeHHBIH JJIEKTPUYECKHUH TOK

®opmy.isl TpanchopmaTopa

Heasn: chopmupoBaTh HOHUMaHKHE POSH (HU3KUKK B (POPMUPOBAHUU KPYro3opa U (HyHKIIMOHATLHOU
TPaMOTHOCTH YEJIOBEKa JUIsl PEUICHHS MPAKTHUECKUX 3a1ad; s OOBSICHEHUS YCIOBUU IMPOTEKAHUS
(bU3NYECKUX SIBIICHWI, YMCHHS BBIMIOJHATH PacyeTHbie W rpadUyecKue 3ajadd, U3YYUTh CBOOOHBIC
AJIEKTPOMArHUTHBIC KOJICOAHUS B KOHTYPE, BUIBI COITPOTUBIICHUS B IIETH MIEPEMEHHOT'O TOKA, HX OTIUYHS
1 OCOOCHHOCTH.

IIpakTuueckas padora popmupyer: [IPy5, Ilpy9, [1P62, [1P66, T1P67,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP§, MP10
Boinosnenue padorsl cnocodocTByeT popmupoBannio: OK 01, OK 02, OK 03, OK 09

MatepuajibHoe o0ecnieyeHue:
WHIMBUIYAIbHOE 33aJ]aHNe, KOHCIIEKT JICKIUH, CIIPaBOYHBIC MaTEPHAIIbI.
Ykazanue:
[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX YacTe€d — TEOPETHUYECKOM M IpakThdeckou. Ilocie
M3yYeHHs] TEOPETUYECKOI0 MaTepuaia MOXKHO IPUCTYHAaTh K BBINOJHEHHUIO MpakTHYeckod vacth. OHa
COCTOMT M3 JBYX W Ooyiee 3amad sl CaMOCTOSITENILHOTO BhHIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
oopmienun pemienus. Ha BbINOJIHEHHE NMPaKTHUECKOTO 3aJaHMsI OTBOAMTCS yYemblpe aKaJAEMUYECKUX
qaca.
3aganue:
O3HaKOMBTECH C TEOPETUIECKUMHU CBEIEHUSMH UCIIONB3YS CCHUIKY
https://znanium.com/catalog/product/1012153, §54,55, 56 Bbimucas GopMyIbl OTMEUYEHHBIE CKOOKAMH ,
Hanpumep( 54.1)
Pemmre 3a1a4un, caMOCTOSATENBHO UCIONB3Ysl IPUMEPHI U KPAaTKUE TEOPETUUECKUE CBEICHMSL.

IMopsiniok BbINoOJIHEHUS padOTHI:

1. Uyuwre u BemumuTe GOPMYIBI IO JTAHHOW TeMe B BUJE KPATKOTO KOHCIIEKTa
2. Pa30epute mpuMephl peNICHHBIX 3a/1a4
3. Pemmre caMOCTOSTENBHO 31249l
4. Bemonuuts Tect https://znanium.com/catalog/product/1012153, ctp 334 —IlepemenHslii TOK; c1p 336
Tpaucdopmarop
Kparkue Teopernyeckue cBeleHUs
Tpancdopmarop
BUIBI HOBBIIIAIOIINHN MOHMKAIOIIUI
Onpenenenue TpaHncopmarop, y KOTOpPOro dHCIO | TpaHChOpMATOp, Yy KOTOPOTO
BHUTKOB BO  BTOPUYHOM  OOMOTKE | YMCJIO BHUTKOB BO BTOPHYHOMN
0oJbIIe, YeM B TIEPBUYHOMN OOMOTKE  MeEHbIIE, YEM B
MIEpBUYHON
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Pucynok 3 3 g
Koadpdpunment n<l n>1

rpaschopa e e U IS,

e o, U, 1, §
KM P

Al Tpancpopmaropa Docgonsps = -100% =~ 99%
. P,

ComnpoTHUBICHUS B LIEMU IEPEMEHHOTO TOKa
[TpuGopsr Pesucrop Karymky naayktuBaocteto L | Konaencatop emkocteio C

conpoTuBiieHneM R

Cxema R L I C
o
U o =0
C QO ~ O -
njia TOKa 1) = 1gdSan |(t) _ Sln(a)t—*) I(t):CUocosin(a)t+E)
Cnsur da3 9=0 Y,U usmensierca B HaHpsDKeHI/Ie onepexaer Tok | HanpsbkeHue oTcraer ot
OJJNMHAaKOBBIX Cpa3aX, adJl. | ga p== _900 TOKa HA ¢ =— _900
SHEprus pacxoJMUThCsA Ha
TEMI0BOE JIEUCTBHE TOKA
Comnpotusine
HH L 1
c R:p_0(1+ogt) X=—
1. popmyna S X =o L we
2. 3aBHCHUMOC R 4 R
Th L R.
CONIPOTHUBJIEH
5010] oT 0 -
4acTroTa ® : > -

CTO E 0 ()} O ©
AKTHBHOE — COIIPOTUBJICHHUE, Evnuvinue -
CONIPOTUBJICHHUC 00yCIIOBJICHHOE SIBJICHUEM CONIPOTUBIICHHE,

3. noTpeduTers, CaMOMHIYKIHU 00YCIOBIEHHOE HAIMYUEM
omnpeacicHue peoOpa3yrouiero EMKOCTH B IICIIH
MOJBOJMMYIO K HEMY
SHEPTHUIO B JPYrUe€ BUBI
SHEPrUuu
3akoH Oma U U
10=24 =Y L~ Yo
XL X C

— T
[TosHOE CONPOTUBIIEHHE ENHU TIEpeMeHHOro Toka: Z= VR? + (wlL — E)

3akon Oma AJI aMIUTUTYJHBIX 3HAYEHMI CUJIBI TOKa |o W HalIPSI’KCHUSA Uo B OCTIM IEPEMEHHOT'O TOKA!

lo= Uo/\/ﬁ + (oL — ﬁ)z

PeakTHBHOE — CONTPOTUBIICHNE MOTPEOUTENS, HE MPeoOpa3yIoIIero MOABOJUMYIO K HEMY SHEPTHIO B
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Apyrue Buasl sHepruu (H-p pakera) X=X -X.=ol- % ;

X >X¢ — MHIYKTUBHBIN XapakTep; X| =X, — pe30HaHC; X>X| — EMKOCTHBINA XapaKTep

JleiicTByIOlllee 3HAYEHHME MOINHOCTH TEpPeMeHHOro Toka (P) — BelWYMHA, YUCICHHO paBHAs
MOIITHOCTH TIOCTOSTHHOTO TOKa Ppocr, MPH YCIOBHH, YTO 00a TOKa 3a OJMHAKOBOE BpEMs, paBHOE
MepUOJy NMEPEMEHHOro ToKa 7, Ha paBHBIX pe3ucTopax R BBIAEIAT paBHbIE KOJIUYECTBA TEIUIOTHI Q.

IR I 2 o
P:OT:OT%:ZZJ—;. JleiicTBytolliee 3HA4YEHHWE MOIHOCTH TIEPEMEHHOTO TOKAa YacTO Ha3bIBAIOT

AKTHBHOI MOIIHOCTHIO.

IIpumepsbl pemieHus 3aaa4

1. Karymka nHnyktuBHOCTBIO 0,1 ['H M akTUBHBIM comnpoTuBjieHueM 25 OM BKJIIOYEHA B CETh
MIPOMBIIIJIEHHOTO MEPEMEHHOT0 TOKa CO CTaHAapTHOW vacTtoTod. OmpenenuTe TOK B KaTyIIKE, €CIH
HanpsbkeHue Ha ee BBogax 120 B.

JlaHo: KaryIka |=§; x =+/25% +(4-3,14-50-0,1) =
=4/625+986 = /1611 = 40,10M
L=0,1 TH X=R®+ X} =
=+R? + (wlL)? = |g:@~3A
R=25 Om — JR? + 2m)? 401
v=50T11
U=120B
14=7

2. Ha KONXO3HYI MOACTaHIMIO IMOCTyNMaeT TOK HampspkeHueM 6600 B. mepBuuHas oOMoTka
TpaHncpopmaropa nojactanuuu umeer 3300, a Bropuunas 110 ButkoB. Onpenenute padbouee HanpsiKeHUe
B KOJIXO3HOH 3JIEKTPOCETH W MOTPeOIIeMyI0 MOIIHOCTh cuila Toka B ceTd 200 A moTepsiMu SHEPruH B
TpaHcpopmaTope npeHeopeyb.

Jano: TpanchopmaTop o _ U u, = 6600-110 _ 55

0, U 3300
U;=6600 B U, = U, 0,

oo P,=220-220=44-10°B1=44 kBT

®1=3300 B

P2:U2-|2
®,=110
1,=200 A
Uz, Pzz?

3. Karymka mnayktuBHocThio 0,1 I'H M akTUBHBIM comnpoTuBieHueM 25 OM BKIIOYEHa B CETh
MIPOMBIIIJIEHHOTO MEPEMEHHOT0 TOKa CO CTaHAapTHOW vacTtoTod. Ompenenure TOK B KaTylIKe, €CiH
HanpspkeHue Ha ee BBogax 120 B.

}lago]: KaTyllKa I — ”-. - \:.'25_- Fi4-3.14-50.0.1)
L=0,1TH b4

R=25 OM « h."l{ . % I W B25O8A w61 A1 O
v=50 T — . 120 <14

U=120 B SV RT el = 40l

I =? VR + (2mvl)’ ¢
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4. Cuna Toka B nepBuUHON 00MoTKe TpaHchopmaropa 0,5 A, HanpspkeHue Ha ee koHIax 220 B, Bo

BTOpUYHOI 00MOTKE cooTBeTCTBeHHO 8 A 1 12 B. Onpenenute KIIJ[ Tparncdopmaropa.

aHo: TpaHcpopMaTopa 2.8
ﬁ:o,sAp (opmatop . L o0z | m= z:ln o5 100% = 87%
1,=8 A ' '
U;=220 B .,
Ur12B = —22.100%
n=? U,

10.

11.

12.

13.

14.

Pemurh 3agaun (n - HOMeEDp sauieco eapuauma no CI’lMCKy)

Cunia Toka B mepBHYHOM oOMOTKe TpaHchopmartopa 0,2 A, HampsbkeHue Ha kiemMmax 220 B.
Onpenenure HampspkeHHWE M CHIy TOKa BO BTOPUYHOM OOMOTKE TpaHcopmaropa, eciu
kod¢pdurnment rpanchopmaruu 0,2.

[lepBuunas obmotka TpaHcdopmaropa comepkuT 800 ButTkoB, BropuuHass 3200. Omnpenenute
Kod(unmeHT TpanchopMaIum.

Cuia Toka B CeTH M3MeHsieTcsi mo 3akoHy | = 8,5 sin o t. Kakoe KOIMYECTBO TEMJIOTHI BBIACIUT
AIIEKTPOKAMUH 3a 2 "aca paboThl, eciu ero conpotusieHue 80 Om?

Cuiia Toka B epBUYHOM 00MOTKe TpaHchopmatopa 0,6 A, HanpsbkeHue Ha ee koHmax 220 B; Bo
BTOpHUYHOI 00MOTKe 6 A U 14 B. Onpenenure KITJI Tparncdopmaropa.

B mepBuuHOil 00MOTKE mOBBIIarOmeEro tpanchopmaropa 80 BuUTKOB, a BO BTopmuHOU 1280.
Hanpspxenne Ha koHIax nepBuaHoi oOMoTku 120 B, a BenmmunHa Toka Bo BTopruHOi 0OMoTke 0,25
A. Ompeenure MoJIe3HYI0 MOIIIHOCTh TpaHchopmaropa.

Jlyia TpaHCIAUMU paauonepeaad MPUMEHSIOT MOHUXKAMMi TpanchopMaTop ¢ HamnpsokeHuem 480
B o 30 B. Onpenenure momuocts Tpancdopmatopa ¢ KII/1 96%, ecnu x Hemy noaxmoueHo 100
penpoaykTopoB, norpedmustonux Tok 0,008 A.

Omnpeznenure yroia NnoBOpOTa BUTKA B OJHOPOJHOM MAarHUTHOM IIOJIE, 3Has, YTO MaKCHUMAaJbHOE
3HaueHue Toka 1002 A, a Tok B 1aHHbIIf MoMeHT 100 A.

Ompenenure kodPuUIIUEHT TpaHCHOpMAIIMK 3BOHKOBOTO TpaHChoOpMaTopa, MUTAEMOTO CETEBBHIM
TOKOM c HanpspkeHueM 220 B, ecnu npeoOpa3oBaHHbBIN TOK UMEET HamnpskeHue 2 B.

[lepBuuHasg 0OMOTKa MOBBILIAIONIETO TpaHchopMaTopa uMeeT 45 BUTKOB, a BTopudHast 900 BUTKOB.
IlepBuuHas KaTyllka BKJIIOYAaeTcsd B CETh INEPEMEHHOro Toka ¢ HampsbkeHuem 120 B. Kakoe
HanpspkeHue OyieT Ha 3a)KMMax BTOPUYHON 0OMOTKH?

DnekTpuyeckasl ayra J0JbKHa ropetb noja Hampsbkenuem N B, a B cetn 220 B. CkoIbKO BUTKOB
JIOJDKHA CoJiepXKaTh BTOpHYHas 0OMOTKA, €CIM B MEPBUYHONW OOMOTKE, BKIIOUYEHHOW B Ce€Th, 385
BUTKOB?

B nepBuuHOi1 00MOTKE MOBBIIIAIONIETO TpaHchopmaTopa N BUTKOB, BO BTOpuyHON — 2000 BUTKOB.
Kakoe HampspkeHne Ha 3aXHMaX BTOPUYHOM OOMOTKM MOYXHO TMOJYYHTb, €CIU BKIIIOUUTH
TpaHcpopmaTop B ceTh ¢ HanpskeHuem 110 B?

Karymka mnayktuBHOCTRIO 20 MI'H BKJIIOYEHA B CETh IMEPEMEHHOIO0 TOKa € yacTtotod N I'm.
Onpenenure UHAYKTUBHOE CONIPOTUBIIEHUE KATYIIKH.

Konnencatop eMKOCTbIO 8-10'4(1) BKJIFOYEH B CETh MepeMeHHOoro Toka ¢ yactoro 50 I'u. Onpenenurs
CHJIy TOKa Ha Y4acTKe IIeTH ¢ KOH/IEHCATOPOM, €CIM CONPOTUBIIEHHE MOABOISAIIMX MpoBoaoB N OMm, a
HanpsDKEHHWE Ha BceM ydacTke nenu 12 B.

Kak m3MeHuTCs MHIYKTUBHOE CONMPOTUBIICHHE KATYIIKH, €CJIM €€ BKJIIOYHUTH B LM IEPEMEHHOIO
ToKka ¢ yactotoi 10 xI'1, BMecTo 50 I'11?
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15.

16.

[lepBuunas obmotka TpaHchopmatopa comepxkut 800 BuTkoB, BropmuHas 3200. Omnpenenute
KO3 GHULIHEHT TpaHchOpMAaILIHU.

Karymka uHAYKTUBHOCTBIO N ['H, aKTUBHBIM comnpoTuBieHHeM 25 OM BKIIOYEHAa B CETh
IIPOMBIIIJIEHHOT'O IIEPEMEHHOI0 TOKA CO CTAaHJAPTHOM 4acToTOM. Onpenenure TOK B KaTyIIKE, €CIIU
HanpspkeHue Ha ee BBogax 120 B.

®opma npeacraBjeHus pe3yabTara:
BbInonHuTh 3a1aHue B TETpaan AJs MPAKTHUECKUX paloT.
Kpurepun onenkmn:

3a MpaBUIILHO BBITOJIHEHHOE 33JJaHHE BHICTABIISICTCS TTOJIOKUTENbHAS OlleHKa — | Oasu.

3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BBICTABIIACTCS OTpUIaTeIbHas oeHka — 0 0aioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUILHBIX OTBETOB

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

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

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

Tema 5.2 DileKTpOMarHuTHbIE KOJICOAHUS U BOJHBI
IIpakTuyeckoe 3ansaTue Ne26

JIeKTPOMATHUTHBIE KOJIe0aHWsI U BOJIHbBI

Heab: chopmupoBath NOHUMaHUE poiiu PU3UKU B (HOPMHUPOBAHUH KPYro3opa U (yHKIIMOHATHHON

rpaMOTHOCTH YCJIOBCKA I PCHICHUA IMPAKTUYCCKUX 3adad; YMCHHA BBIIIOJIHATH PpPaCYCTHBIC U
rpa(bﬂqecm/le 3aaavu, HU3Y4YUTb CBO6OI[HI:>IC QJICKTPOMAroHuTHLIC KoieOaHusI B KOHTYpPC, BHUIBI
COIMPOTHUBJICHHSA B LCIIU IICPEMCHHOI'O TOKA, UX OTIINYHA U 0COOEHHOCTH.

IIpakTnueckas padora ¢popmupyert: [1Py5, ITpy9, [1PG2, [1PG6, [1PG7,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
Boinosinenue padorsl cnocodcTByeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepunanbHoe obecnedeHue:

WMHAMBUYaJIbHOE 33/1aHHE, KOHCIIEKT JIEKIIMH, CIIpaBOYHbIE MaTepUalbl.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX YacTed — TEOPETHUYECKOM M IpakThueckou. Ilocne

HU3YUCHUSA TCOPECTUUYCCKOIO MAaTCpHala MOXHO HNPUCTYIATH K BBIIIOJIHCHUIO HpaKTH‘ICCKOﬁ yactu. OHa
COCTOUT U3 IABYX H Ooinee 3ajad JJI9 CaMOCTOSATSIBbHOro BEIMOIHEHUS. He 3a0kIBaiiTe 0 IIpaBHUJIBHOM
O(I)OpMJ'IeHI/II/I peuICHus. Ha BrimonHeHue MMPAaKTUYCCKOI'O 3alaHUs OTBOAUTCA 0sa AKaJICMHUYCCKHUX Jaca.

3ananmue:

O3HaKOMBTECH C TCOPECTUYCCKHUMU CBCACHHUAMMU HCIIOJIB3YA CCBLIKY
https://znanium.com/catalog/product/1012153, §57 BeimucaB (HopMyIibl OTMEUCHHBIE CKOOKAMHU ,

Hanpumep( 57.1) u t.14.
Perute 3a1a4n, caMOCTOSATEIBHO UCIIONB3YsI TPUMEPBI M KPATKHE TEOPETUIECKUE CBEICHHS.

PwihPE

Ilopsinok BbINOJHEHHS PadOThHI:
I/I3y‘{I/ITC U BBIITUIIINTEC (bOpMyJILI 110 I[aHHofI TEMC B BUJC KPATKOI'O KOHCIICKTA
Pa30epute npumepsl pelIeHHbIX 3aa4
Pemmte camocTosATEIEHO 3aJaduu
Bemmonauts  TecT https://znanium.com/catalog/product/1012153, ctp 337 «DneKTpOMarHUTHBIE
BOJIHBI»

Kparkue Teopernuyeckue cBeieHHsA
JIEKTPOMarHiuTHbIe KoJieOaHust
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Onpenenenne Hesaryxatomue konebaHuUs, BO3HHMKAIOIIWE MO/ JEHCTBHEM BHEITHEH
nepuoanuecku nzMenstonieiics IJ1C e=gycoswmt
[Tpouecc [Ipouecc, mpu KOTOPOM BJIEKTPOMATHUTHOE IIOJE IEPHOIUYECKU
W3MEHSIETCS 10 BpeMEHU
Ycnosue [TocnenoBarenbHOE COETMHEHUE:
BO3HUKHOBEHUS 1) koHAEeHCaTOpa, HAKATUIMBAIOIIETO SHEPTHUIO AJIEKTPUUYECKOTO OIS,
Kosie0aHuit 2) KaTyIIKY HaKaIJIMBAIOIIEH SHEPTUI0 MarHUTHOTO TOJIS;
3) BO3HMKHOBEHHE CBOOOJHBIX KOJICOAHHWH B KOHTYpe OOYCJIOBJICHO
SIBJICHUEM CAMOWHIYKIINH
[Tpumep DneKTpuuecKas Iemb, COCTOSAMAs W3 KOHACHCATOpAa W KATYIIKH, B
KOTOpPOI JHEprusi 3JEKTPUUYECKOro IOJIs MPEBpallaeTcsi B JHEPTHUI0
MaI‘HI/ITHOI‘O nonﬁ 1 00paTHO
3aKOHbI
T=2zJL-C — ul l
dbopmyna Tomcona —
Vo = t i
2zLC R—Q
oo L
JLC 1. BI)IHy)KIleHHBIe kosebanus. Kimou B «1» — 3apsbkaercst KOHASHCAaTop.
2. CoOctBennble kosieOanus. Kiou «2» 3leKTpuyeckoe IMone
MarHuTHoe moJjie. YacTh SHEpPTruM TPATUTCSA HA HArpeB MpoBojoB R—Q
KoJe0aHus 3aTyXarolue.
Jlis mojiep kaHus He3aTyXarIUX KojueOaHuH MmepeBoauM KItod  «1y,
3aTeM B «2». BoIHY)KJIeHHBIEC — He3aTyXarolue Koue0aHus
DHeprus [IpeoOpa3oBaHre DHEPTHUM  JJCKTPUUYECKOTO TOJS B JHEPTHUIO
MarHMTHOTO TIOJISt 1 HA00OPOT MO TapMOHUYECKOMY 3aKOHY E,«»Ey
RHPZO - 3 “'u = — *‘5’;‘3‘:.
cooctBeHHsle DMK C ' = ‘-:;':}‘aj.'?
E,=E.; vg=const
our_u* L= 7
I,I],IA, = —_ :'Iis_ﬁs;.'}’

2 2
CU?=LI?

3HeKTp0MaFHI/ITHbIe BOJIHBI

Onexmpomaznumnasn 6orna (OMB) — pacnpocTpaHEHUE 3JIEKTPOMArHUTHOTO MOJS B NPOCTPAHCTBE C

TCYCHHUEM BPCMCHU.

cAt

paccrostHue ot paauosokanuonHoi craniuu (PJIC) no oOwekra: AS = B

OMB (B 3aBHCHMOCTH OT JJIMHBI BOJHBI A) ACNIAT Ha JUANa30HBbI:

1) mmuaEBIe A > 1000 M;

2) cpennue 100 < A <1000 m;

3) xopotkue 10 < A <100 wm;

4) ynerpakoporkue A < 10 m.

CKOpOCTB BOJIHBI B CPEAC 3aBUCUT OT SJICKTPUICCKUX U MAIrHUTHBIX CBOICTB CpCAbl:

c
w/su_n

9
JlnmuHa BosHbI A=9*T = — B CpeJie; Juii Bakyyma Ag=c *T =

. C
;  — = 4/eu=n>1- onTyeckas MIOTHOCTh CPEIbI
n

C

<
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c y!
A= = 270; c- cKopocmb IMé 6 6aKyymy unu 6 6o3odyxe- 3*108mu/c
IIpumepsI peeHus 3a1a4

1. Cuna TOoKa B ceTH M3MEHsieTcsl 1o 3akoHy i1=4,2 sinot. Kakoe KOJIMYECTBO TEIUIOTHI BBIICIHUT
AJIEKTPOKaMUH 3a 1 4 paboThl, eciiu ero conpotuBieHue 70 Om?

JlaHo: Q=I° Rt Im=4,2A

JIEKTPOKAMUH i=lsinot 1,=0,707-4,2=3A

i . _2 3 5 2100 Mare

i=4,2 sinot p='ln _o707.y. | Q=37703,610%2,310° k=
, V2

t=3,6-10° c =2,3 M/Ix

R=70 Om

Q=2

2 B ycraHOBKax st 3JCKTPOTUAPABIMYECKON OOpaOOTKM MaTepHaioB KOHJICHCATOPHI pabodero
KOHTypa SBJSIOTCS €MKOCTHBIMU HAKOMUTENSAMH dSHeprud. Onpenenutre HauOONBIIYIO — CHIY
KPaTKOBPEMEHHOTO TOKa, BO3HHMKAIONIETO B MM IPH NPSIMOW pa3psaKke TAaKOro KOHACHcAaTopa Ha
MIPOBOHUK, €CJIM U3BECTHO, YTO 3aHECCHHAs dHeprus B KoHAeHcarope 10 k/[, MHIYKTUBHOCTh KOHTYpa
0,03 MxI'H.

JlaHo: K — KOHTYp E.=E. 5.10%
Imax = ———5 =0,66-108 =
E=10" Ix U 310
~0,8-10% =8.10%A
L=310°Tn oL
"=
U
L [2E.
™\ L
Imax =7

Pemurs 3anaum (N - Homep sauieco sapuanma no cnucky)

1. Bynyr a1 HacTpOEHBI B PE30HAHC KOHTYPHI MepeaTyuka U NMpHUeMHHKa, eciy ux napamerpsl C; = 200
[, Ly =2 mI'w; C2 =100 [1D; Ly =4 mI'H?

2. KonebarenpHBIN KOHTYp COCTOMT M3 KOHJAECHCATOpa eMKOCThIO SMK®D M KaTyIIKH WHIYKTHBHOCTBHIO
0,2 I'n. Onpenenure MakCUMaIbHYIO CHJIYy TOKa B KOHJEHCATOpE, €CIM MaKCUMallbHasi pa3HOCTh
MOTEHITMAIOB Ha 00KIaaKax koHaeHcaTopa 90 B. I[Torepsmu Ha HarpeBaHue MPOBOOB MPEHEOPEYb.

3. DJIC uHaykuMu, BO3HUKaIOUlas B paMKe INpH BpalleHHMH €€ B OJHOPOJHOM MAarHuTHOM IIOJE,
U3MEHseTCs 1Mo 3aKoHy e = 12 Sin100 nt. Onpenenure ammumTyaHOe U AeiicTByomee 3HaueHne D/C,
IIEpHOJ, YacTOTy, MrHOBeHHOe 3HaueHue DJIC npu t =n c.

4. MarHuTHBli TOTOK B paMKe, PaBHOMEPHO BpAIlAIOIIUNCA B OJHOPOJHOM MAarHUTHOM TOJE€,

n3MeHsercs mno 3akony @ = 3 - 102 cos157t. Haitgure 3aBucHUMOCTh MrHOBeHHOTO 3HadeHus DJIC
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

WHAYKI[MY, BO3HUKAIOIIEW B pamke, OT BpemeHU. Omnpenenutre MakCUMalbHOE W JEHCTBYIOIIEE
3Hauenue DJIC, mepro U 4acToTy TOKA.

B pamke, paBHOMEpHO BpamlarOUIeiics B OJHOPOAHOM MArHUTHOM IIOJIE, WHIYLUPYETCS TOK,
MT'HOBEHHOE 3HAYEHHUE KOTOPOTO BBIPAYKACTCS (POPMYIIO

I = 3 sin157t. Onpeaenure aMIUIUTYAHOE, ACUCTBYIOIICE 3HAUCHUE TOKA, MTHOBEHHOE 3HAYCHUE TOKA
mipu 0,N ¢, MepHoJ U YacTOTYy.

Ornpenenute MakCUMaJIbHOE U JIeHCTBYIONIee 3HaUYeHue nepeMeHHo DJIC, BO3HUKAIOIIEH B paMKe MpHU
€e PaBHOMEPHOM BpallleHUH B OJHOPOJHOM MAarHUTHOM TOJIE, €M IMPU yIjie IOBOPOTa PaMKU Ha 45°
mraoBeHHoe 3HaueHue JJIC 156 B.

Onpenenure makcumanbhyto J/C, 3Has, uro npu 30° OC unaykuuu 110 B.

B konebarensHOM KOHTYpe € WHIYKTHBHOCTHIO N MIH MakCHMMallbHOE HANpSHKEHUE Ha OOMOTKax
koHneHcaropa 200 B. ompenenute mepuon KosieOaHWN CBOOOMHBIX 3JICKTPOHOB B KOHTYpE, €CIU
MaKcHMaslbHas cuiia Toka B KoHType 0,2 A.

Omnpenenure cuily TOKa B KoJiebaTeJIbHOM KOHTYPE B MOMEHT IMOJIHOM pa3psaIKu KOHAEHCATOpa, €ClIU
SHEPIrus MAarHUTHOTO MOJS KaTYIIKU 4,8-10'3 Jx, a unnyktuBHOCTD 0,24 T'H.

Ornpeenute HEPTUIO AIEKTPUUECKOTO MO KOHJIEHCATOpa eMKOCThI0 N MKD, eciii HanpspKeHUE Ha
ero ooxiaakax 400 B.

Onpenennure MEpuoOJl U YaCTOTYy COOCTBEHHBIX IJICKTPOMATHUTHBIX KOJeOaHWN KOHTypa, €CIH €ro
UHIYKTUBHOCTDH 1 MI'H, a emkocTs 100 HO.

Omnpenenure cuily ToKa B KoJiebaTeJIbHOM KOHTYPE B MOMEHT IMOJIHOM pa3psaIKu KOHAEHCATOpa, €ClIU
SHEPTHUsi MAarHUTHOTO o Katymku N MK, a uagykrusHocts 0,12 I'H.

NunyktuBHocTs KosebaTenbHOro koHtypa 500 MkI'H, Kakyl0 €MKOCTh ClIeIyeT BbIOpaTh, UTOOBI
HACTPOUTH €ro Ha yactoTy 1 mI'm?

B ycraHoBkax st 3JEKTPOTHIPaBIMYECKON OOpaOOTKM MaTepualioB KOHAEHCATop padoyero KOHTypa
SIBJISIETCS EMKOCTHBIM HaKOMHTENNeM 3Hepruu. Onpeaenure HauOOMbIITYI0 CHITY KPaTKOBPEMEHHOTO TOKa,
BO3HMKAIOILIETO B IEMU TPU MPSMOM paspsIKe TaKOro KOHJEHCATOpa Ha MPOBOJHUK, €CJIM W3BECTHO, YTO
3anaceHHas Heprus B konzgeHcarope 10 kJ[x, naayktuBHOCTh KOHTYpa 0,03 MKI H.

KonebaTenbHbIit KOHTYP COCTOUT U3 KOHJEHCATOpa eMKOCThI0 3 MK®D M KaTyIIKU WHIYKTUBHOCTHIO
2102 I'n. Onpenennure COOCTBEHHYIO YaCTOTY 3JI€KTPOMAarHUTHBIX KOeOaHUI B KOHTYpE.

B karymike MHAYKTUBHOCTBIO N 102 I'n COBEpIIAIOTCS JIEKTPOMAarHUTHBIE KOJIEOaHUs C MEPHOJOM
107 ¢. OnpeenuTe eMKOCTb CHCTEMBL.

KoneOarenbHblii KOHTYp COCTOMT U3 KOHAeHcaTopa eMmkocTbio 0,601 Mxk® u Karymku c
WHTYKTUBHOCTBIO 10* Tn Onpenenure TEPHOJ, YACTOTY COOCTBEHHBIX JJEKTPOMArHUTHBIX
KoJje0aHuil KOHTYpA.

Konnencarop eMKoOCTbIO 3.10° MK®, 3apsHKEHHBIM 10 HEKOTOPOro MOTEHIHMANa, pa3psiKaeTcs, 3aTeM
3apspKaeTcsl uepe3 KaTylmky ¢ MHAYKTUBHOCTHIO 1,8 MkI'H. Ompenenure mepuon xonedanuit. [Touemy
KaXJ10€ Tocleayollee Kouedanue AaeT Ha 0OMOTKaX KOHJIEHCATOpa MEHBIIIYIO Pa3HOCTh MOTEHIUAJIOB,
4yeM npeapiayee?

Omnpenenure MeproJ M YacTOTYy COOCTBEHHBIX KojeOaHWW B KOHType mpu emkoctd 2,2 MKD u
unayktuBHoctu 0,65 MIH.

Breruncnute 4actoTy cOOCTBEHHBIX KoleOaHWii B KOHType ¢ comportuBieHunem 0 Owm, ecnu
WHIYKTUBHOCTH B 3TOM KOHTYype 12 MI'H, a emkxocTh 0, 88 Mx®. Kak n3MeHuTCS 9actoTa KoyieOaHmi,
€CJIM MOCJIEA0BATENIbHO BKIIOYUTH B KOHTYp €lle N TakuxX *e KoHAeHcaTopa?
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22. Yemy paBeH Nepro]T COOCTBEHHBIX KOJIEOAHUH B KOHTYPE ¢ MHIYKTHBHOCTHIO 2,5 MI'H U eMKocThiO 1,5
MK®D? Kak U3MEHUTCS Mepuo] KoieOaHwid, eClii MapauieibHO K KOHICHCATOPY MPUCOSAUHUTE eIle 3
TaKuX ke KoHjaeHcaropa?

23. Pezonanc B kosiebaTenbHOM KOHType HacTymaeT npu dactore 4,2 kl'u. Omnpeaenure MHIYKTUBHOCTh
KaTyIIKH, €CIM EMKOCTh KOH/ieHcaTopa 2,2 MKD.

24. B xonebaTenbHOM KOHTYpe ¢ HHAyKTHBHOCTBI0 0,4 I'H i eMkocTsio 2-10° @ aMminTyaHOE 3HAYCHIE
toka 0,1 A. Kakum Oyner HanpspkeHHE B KOHJAEHCATOpEe B TOT MOMEHT, KOIZIa DHEPrUH
AJIEKTPUYECKOTO M MAarHUTHOTO Tmoliedl Oyayr onuHakoBbl? KomebaHus KOHTypa CUMTATh
HE3aTYXAIOIUMH.

25. OnpenenuTs ATUHY BOJIHBL, ec ee (pa3oBast ckopocth 1500M/c, a wacTora konebanuit N I'm.

26. Kakoit myts npoiiaer ¢asza BonHOBOro aAsmxkeHus 3a 0,02¢, ecnu yacrota konebanuit 2MI 1, a niouHa
BOJIHBI 150M.

27. OnpenenuTs YacTOTy H3IIyY€HHUs YJIbTPa3BYKOBOI'O T€HEPATOpa, €CIU MOCHUIAEMBbId UM HMITYIbC,
coaepxammuii 100 BoaH, mpoaoxkaercs N. ¢

28. OnpenenuTs UIMHY BOJHBI YJIbTPA3BYKOBOTO I'€HEpaTOpa B AIIFOMHHHH, €CIU 4acTOTa YJIbTpa3ByKa
3MTI'w, a ckopocTh B anfoMumH 5,1%10% M/c.

29. Pagmonepenatunk padoraer Ha yactore 6 MI't. CkoabKO BOJIH HaxoauTcsl Ha pacctossHun 100kM 1o
HaIPaBJICHUIO PACIPOCTPAHEHUS paJHOCUTHAIIA?

®opma npeacTaBieHUs pe3yabTara:

BbImonHuUTE 3a1aHKe B TETPAIH VIS IPAKTUIECKUX PAOOT.

Kpurepun oneHku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS TIOJIOKUTEIIbHAS OIICHKa — | Oaw.
3a HeNpaBUIILHO BBIITOJHEHHOE JIEHCTBHE, 3a/JaHHE BHICTABIIICTCS OTpHLIATEIbHAs OlleHKa — () 6asuioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIBHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyooenemeopumensvHoy svicmasgisiencs 3a Menee 60%0 mpaBUIBLHBIX OTBETOB

Tema 5.3 OnTuka
IIpakTuyeckoe 3ansitue Ne 27

3aKkoHBbI FeOMeTpI/I‘leCKOﬁ OIITUKHU

Heasn: chopmupoBaTh NOHUMaHKUE PoiH (HPUUKU B (POPMUPOBAHUU KPYro3opa U (hyHKIIMOHAIEHOU
IPaMOTHOCTH YeJIOBEKa JJI PelIeHHUs] NMPaKTUYECKUX 3ajad, U3y4UTh 3aKOHBI PACIpPOCTPAHEHUS CBETa.
Xox myueil. 3aKOHBI OTPAXKEHUSI U ITPETOMIIEHUS ¥ IPUMEHSATD UX IIPU PELLICHUN

IIpakTnueckas padora ¢popmupyert: [1Py5, ITpy9, [1P62, [1PG6, [1PG7,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10

BoinosiHenue padorsl cniocodcTByeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe oOecniedeHue: TeTpajab I MPaKTUYECKUX paboT, pydyka, METOAMYECKHE
PEKOMEHIAllH 110 BBIIOJIHEHUIO Pa0OTHI, IMHEHKA, KapaHarll.

Yxka3zanme: [Ipaktuueckass paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M MPAKTUYECKOM.
ITocne u3yueHuss TEOPETUUECKOTO MaTepHalla MOYKHO MPUCTYNATh K BBIIOJHEHUIO IPAKTUYECKOM YacTH.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 JJisl CAMOCTOSTEILHOTO BhINoIHeHHs. He 3a0biBaiiTe 0 MpaBUILHOM
oopmienun pemienus. Ha BbinmosHeHHe MpakTUYECKONH OTBOAMTCS JIBa akaaeMudeckux uaca. [lopsmaok
BBITIOJTHCHUS PAOOTHI
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Iopsinok BbINOJIHEHHSI PAa0OTHI:

1. PaccMoTpuTe TEOpETHUECKHMI Marepwal O TeMe W TPHUMEPhl pemieHus 3anad (CMOTpH
METOAMYECKOE ITOCOOHeE).

2. Pemmre camocrosiTensHyto padoty. Odopmure perieHne NiCbMEHHO B TETPALIH.
Xox pa6oTsl

1. Teopus.
3aKOHbBI TEOMETPUUECKON ONTUKHU

|. 3axon npsamonunelino2o pacnpocmpanenus ceema. céem 8 0OHOPOOHOU cpede pacnpoCMPaHAEnCsl
NPAMOJIUHEUHO.

JIyu — nuHus, BIOJB KOTOPOU pacripoCTpaHsIeTCs CBETOBAs SHEPTHsl.
Hoxazamenvcmeo:

1) oOpa3oBanue TeHEl U MOyTEHEH OT MPEAMETOB;
2) TIOIJIOLICHUE CBETA HEIIPO3PAYHBIMHU MPEIMETAMH.
Vs sos0 = 3-10° M/c=c; 0, 5 = 2,25:10° M/C; Uy emerre = 2-10° W/c.

Il. 3axon nezasucumocmu ceemosvix yueil: 1yyu npu nepeceveHuu He 803mywarom opye opyada.

1. 3axon ompasicenusn ceema.

Veon naoenus (@) (ompadicenust y)— yroiu, oOpa3oBaHHbBIH nadarouum (OmpanceHHvim)

a |y
JTy4OM W TEPIEHINKYISIPOM, BOCCTAHOBIEHHBIM K IMOBEPXHOCTH B TOUKE MaJICHUS JTyda
(puc. 12).
Puc. 12. Magatowmii n 1. Haoarowuii u ompasicennwlil 1yuu aexcam 6 0OHOU NIOCKOCMU C NEPREHOUKYISPOM,

60CCMAHOGICHHbIM 8 MOYKE NAOCHUS Jyua.
OTpa)KeHHbII‘;I nyyun.

2. Yeon nadenus pasen yeny ompasxcenust (a6 = y).

Cnedcmeue: «Obpamumocme nyyeli»: Ecnn nagatowmin yd NnycTuTb No HaNpPaBAEHWUIO OTPAXKEHHOTO, TO HOBbIM
OTParKeHHbIN Iy4 NONAET NO HanNpPaBJAEHWUIO NaatoLero.

3epKanbHoe OnddysHoe Tabnuua 12
2’ 1” 2"
1
3epKanbHoe — OTpaKeHWe npu KoTopom | JugphysHoe — OTpaxeHue, npw
OTpaXkeHHble nyum OCTalOTCA | KOTOPOM B OTPasKEHHbIX Nyyax HeT
napannenbHbIMK nopA/Ka (MaToBas NoBepPXHOCTb)

IV 3aKoH npenomneHus ceema.

\\g\
» BO34yX

Ilpenomnenue ceema — U3MEHEHUE Harpas/IcHus i CBET3 TIPH [IEPEXOIC
U3 OJHOW cpedsl B ApPyryro. Yeon npeﬂOWemgz‘ \(B) Z yroxn MEXIY

BO34yX
*‘37\ 90

Puc. 13. MNpenomneHune cBeTOBOrO /yya.



MMPEIIOMIICHHBIM JIY4YOM H MNEPICHAUKYIAPOM, BOCCTAHOBJICHHBIM M3 TOYKH
nagcHusA Jiyda K rpaHuIe AByX CpCu.

1) nay4u, nadarowuli u npesnomsaeHHoll, nexam 8 O00HOU MA0CKOCMU C nepreHOUKYAAPOM,
80CCMAHOB/IEHHbIM U3 MOYKU MAOEHUA ayYa K nogepxHocmu pasoesna 08yx cpeo;

2) ommnouwtenue SIN yena nadenusi Kk SIN yena npenomieHuss Onsi OAHHbIX CPed eChib GeludUHd
NOCMOSIHHAS, U HA3bLBAEMCSl OMHOCUMETbHLIM NOKA3amenem npeioMieHUust Mopotl cpeobl OMHOCUMETbHO
nepeoll.

sina. I n, v,

21

sinp n, v,

Cneocmeue.: «Oopamumocms nyueriy.: Ecny nafaromui 1yd HanpaBUTh MO MyTH IPEJIOMIIEHHOTO, TO
NIPEIOMJICHHBIN JIy4 UJET MO MyTH MaaoLIero.

Ilonnoe 6Hympenne ompadiceHue — SBJICHUE, MPH KOTOPOM CBETOBOE H3IyYEHUE TMOIHOCTHIO
OTpakaeTcs OT MOBEPXHOCTH pa3Jielia MPOo3payHbIX cpel (puc. 14).

npenenbHbIi 1) Ipu T Q, B T,
L B 2) B =90° — CKOJIBL3UT 110 TPAHHMIIE Pa3eia IBYX CPELl — NPedenbhblil YOI,
pu sosavx  3) T q, B>90° = B — NOTHOCTBIO OTPKAETCA TIO 3AKOHY OTPAKEHHS.

Vi Ve
nonHoe
Ve Ve

4
BHYTpPEHHee

Puc. 14. NonHoe BHYTpeHHee
oTpaxeHue. 33[{3‘[1/1 AJISA CAMOCTOATECJILHOI0 PCIICHU S

1. Jly4 cBeTa majaet Ha moBepXHOCTb BOAbI o yriamu 40°. TIox KakuM yrioM JOIDKEH YIacTh JIyd Ha
MOBEPXHOCTh CTEKJIA, YTOOBI YToJl MPETOMIICHHUS OKa3aics TAKUM Ke?

2. Jlyun cBeTa majgaloT Ha TOBEPXHOCTh pa3ziena BOJAbl M Bo3ayxa moxa yriaom 50°. Haiinure yron
npenomiieHus sydeid. Ilokasatens mpemomiienus Boabl 1,33. EcTe 1M monmHOE BHYTpEHHEE
oTpaxkeHue?

(98]

. Halimnre npenenbHbIN yroul MajgeHns Jy4da Ha TPaHMIly pa3Jiena CTeKIa U BOJBI.
. 14
. CBeToBbIE BOJIHBI B HEKOTOPOH kuakoctu umeroT iuHy 600 Hm u wacroty 5-10™" T'u. Onpenenure

I

a0COJIIOTHBIN MOKa3aTeNb IPEIOMIICHUS KUIKOCTH.

N

. Omnpenenurte abCONMIOTHBINA MOKA3aTeNlb MPETOMIICHUS M CKOPOCTh PaclpOCTPaHEHMs CBETa B CIIIOJE,

€CITU TIpH yTJIe najieHus ceera 54° yron npenomiaeHus 30°.

6. B anmase cBeT pacnpocTpaHseTcss CO CKOPOCTBIO 1,22:10° wm/e. Onpenenure NpeneNbHBIN yroiu
IIOJIHOTO BHYTPEHHETO OTPAXEHMsI CBETA B aJIMa3e NpPHU IEPEXOJE CBETOBOrO MyYKa M3 ajiMasa B
BO3/YX.

7. CBeTOBOW My4YOK MEPEXOJUT W3 BO3MyXa B BOAYy. YTON maaeHus 76°, yron mpenomieHus 47°.

Omnpenenure CKOPOCTh CBETA B BOJIE.
. YroJs majgaHus Jiyda CBETa HAa MOBEPXHOCTh IOJCOIHEYHOIO Macia 60°, a YroJ1 NpPesOMIICHUS 36°.

o0

Haiitu nmokaszarens npeaomieHus mMacia.
9. ®oTOH BBUIETAET U3 BOJBI B BO3AyX. BbuleTuT nu (OTOH M3 BOABI B BO3/AYX, €CIM OH MajaeT Ha
rpaHUIly pa3zesna BoAbl U Bo3ayxa noj yriom 50°? [Touemy?
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10. Jly4 cBeTa mepexoauT co CTEKIIA «JIeTKUui KpoH» n=1,57 B Boay. YToJ najgeHus ypeanunBaroT. Kakos
IIpeIEeIbHBIN YroJl IOJTHOTO BHYTPEHHETO OTPAXKEHUSI?

11. Beluncnure npenenabHblid yroJl MOJIHOTO BHYTPEHHETO OTPa)KEHUs Ul ajaMa3a Ha TPaHUIE C BOJOW,
3Hast, YTO aOCONFOTHBIN TIOKa3aTeNb mpenomiieHus anmasa 2,417, a Boasr 1,333.

12. OmpenenuTe OTHOCHTENBHBIN MOKa3aTeNb MPENOMIICHUA, ecau yroi mnaneHus 30°, a mpenomiieHus
20°.

13. Jlyuyn CcOJHEYHOro CBETa MaJal0T Ha MOBEPXHOCTh BOJBI moj yrioMm 74°. Ilom kakum, yriom K
TOPU30HTY BOJI0JIa3, OIYCTUBLIUIICS B BOAY, OYJET BUAETH COMHIE?

14. Onpenenure mMoka3aTeNb MPETOMIICHHS BEIISCTBA, €CIIUA MPEACIbHBIA YTOJ MOJHOTO OTpaXkeHus 42°.

15. JIyd cBeTa majer Ha IJIOCKONApAILIENIbHYIO CTEKIISTHHYIO IJIaCTUHKY 1o yriiom 60°. KakoBa TonmuHa
TUTACTUHKH d, €Cly Ipy BBIXOJIE U3 Hee Jyd cMecTriics Ha 20 Mm?

16. Jlyd cBeta mamaeT Ha IJIOCKYIO CTEKISHHYIO IUIACTUHKY TommuHoW  d = 3 cm mox yrimom 70°.
Omnpenenure cMelleHUE JTy4ya BHYTpHU I1acTUHKH. [lokaszarens npenomienus crekia 1,5.

17. Yron majgeHus: CBETOBOrO My4yKa, MIYIIErO M3 CTEKJa C MoKa3aTelieM mpenomieHus ctekia 1,67 B
BOAY C moka3ateneM npenomienus 1,33, paBen 60°. Ha kakoil yroi OTKIOHSIETCSI CBETOBOM My4YOK Ha
rpaHulle, TO K€ MpH yrie najaexus 53°7?

18. MoHOXpOMaTHYECKHid JIyd MaJaeT HOPMAajdbHO Ha TpaHb MPHU3MBI, MOMEPEYHOE CEYCHHE KOTOPOMU
PaBHOCTOPOHHUI TPEYroJbHUK: NOKa3aTenb npenomieHus 1,1. Onpenenute yros oTKIOHEHUS Jydya
IIPY BBIXOJIE U3 MPU3MBI OT €TI0 IEPBOHAYAIBLHOTO HAIIPaBJICHUS.

®opma mpeacTaBJieHus pe3yJbTarTa:
BbImonHUTE 3a1aHUE B TETPAAX AJISl PAKTHUECKUX padoT.
Kpurepun oneHku:
3a mpaBUIILHO BBIMTOJHEHHOE 33JaHHE BHICTABIIIECTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMmpaBUWJIbHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIISETCS OTpUIlaTeIbHas olleHka — 0 OaoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyoosnemeopumenvHoy svicmasisiemcs 3a Menee 60% mpaBUIBHBIX

Tema 5.3 OnTuka

IIpakTnyeckoe 3ansitue Ne 28

3aKkoHbI BOJTHOBOM ONTHKH

Heab: chopMupoBath NOHUMaHuE poi GU3UKU B (HhOPMHUPOBAHUH KPyro3opa v HyHKIIMOHATBHOM
rPaMOTHOCTH YEJIOBEKA JJISl PEIICHUs MPAKTUYECKUX 3a7ad, U3YUUTh 3aKOHBI pACHpPOCTPAHEHUsI CBETA,
KaK BOJIHBI U IPUMEHSTh UX MPU PELICHUN

IIpakTnueckas padora ¢popmupyert: [1Py5, ITpy9, [1P62, [1PG6, [1PG7,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
BoinosiHenue padorsl ciocodcTByeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepuanbHoe o0ecnedeHue: TeTpaab IJs MPAKTUYECKUX paboT, pydyka, METOAMYECKUE

PEKOMEHIAlUH 110 BHITIOJHEHUIO pa0OThI, THHEIKA, KapaHIall.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUECKON M MPAKTUYECKOM.
[Tocne n3ydeHuss TEOPETUUECKOr0 MaTepraia MOKHO MPUCTYNATh K BBIMOJHEHHUIO MTPAKTUYECKOW YACTH.
Omna coctouT U3 ABYX U OoJiee 3a/1ad JJisi CaMOCTOSATEIBHOTO BBIMONHEHUs. He 3a0biBaiiTe 0 nmpaBUIbHOM
opopmiieHun pernieHus. Ha BbIMoMHEHNE MPAaKTHYECKOW OTBOJUTCS JBa akajgeMu4eckux daca. [lopsoox
BBITIOJTHEHUS paOOTHI

ITopsinok BbINOJIHEHUSI PadOTHI:

92



HSy‘-II/ITI: KpaTKUuC TCOPCTUUCCKUC CBCACHUA

https://znanium.com/catalog/product/1012153, BwIimIHCcaB

dhopmynsl ¢ maparpados 65, 66 . oTMedeHHBIE ckoOKamMu, Harpumep (66.1)
Pazo0pathk mpuMepsI pemeHus 3a1aq
OTtBeTuTh Ha BOMPOCH TecTa https://znanium.com/catalog/product/1012153, k §64,65,66,67.

IIpumepsl pemienus 3agaq

1 B Boze untepdepupyroT KOrepeHTHBIE BOJIHBI YaCTOTOH 5 - 10™ I'u. Yeunurest nim ocnabHer ceer B
TOYKE, €CJIM FTEOMETPpUUECKasi pa3HOCTh X0/a Jiyuel B Hell paBHa 1,8 mxM? [lokazaTenb npeaomiieHUus

BoAnl 1,33.
Hano:
2. KorepeHTH. UcCT.

v=5-10%Tn

AS=18-10%m |==V

n=133
c=3-10% m/c

m _7

2.1,33.5.10" 18107

i
3108 =

=17,98 = 8 — yeTH. -

t max YCHUJICHUC CBCTa

2. Onpenenute 4 HAUMEHBILINE TOJIIMHBI NMPO3PAYHON MIIEHKU C ONTHYECKOH IMIOTHOCTHIO 1,5, 4TOOBI
IIPY OCBEIIEHUU MX NEPHEHAUKYISPHBIMU KPACHBIMHU JydyaMu ¢ JUiMHON BoiHbl 750 HM oHuM Obuin
BHJIHBI B OTPAKEHHOM CBETE KPACHBIMHU.

n=1.5

= 750 Haz
k=0123
dy. d;. d»

d; —72

A,

d

4dn 750 750 _
- = e d, = _ = — 125HMm
2k + 1 4-1.5 6
> $ -2
=2t 1) -2 d,=3-125 = 375 Haxs
4-n d, = s5d, = 625 Hxs
A d: = 7do = 875 Hu
- “4n
34
, Z =3d
4an
= 54,
= 7d,

3. CeeToBaxA BomHA AmHEHOH 530 Hy magaeT OepOeHOHKYIIAPHO HA OIPOIPIAIHVIO

DEOPaAKOHOHHVIO peIOeTKy. ITOCTOSHHAaA KoTopodE 1.8 xmxva OmnopenesrEre VIOI
DEOPAKOEE. 10D KOTOPEIM OOpasveTrcs maxX HaHOOIBIISTO HOPAIKA.
Jano: audparis : KA 1.8-10 ° 1800  _
2=530-10°n singg =——=1 k = — > = —= = 3.4
d=18-10%x d 530-10 330
k@:zk:’max 1 kc;. FEw ;l k, . = _)q . A

E4 " 3 . D_ Xz -9

= sing = S0 = 0.883
- — a7 I.8-107"
2)sin @ =
d @ = 62°

38.,[121‘-11/1 AJI1 CaMOCTOATCIIBHOTO PCIICHU A

KakoBa onTuueckas Pa3HOCThL XO04a ABYX KOTCPCHTHBIX MOHOXPOMATHYCCKUX BOJIH B BCHICCTBC C

II0Ka3areseM npesnomieHus 1,6, eciu reomeTpudeckas pa3HOCTb X0Aa Jydeit 2,5 cm?
Ha ToHKyI0 mieHKy ¢ mokaszaTesieM IpejomiieHus 1, 5 meprneHauKynspHO €€ MOBEPXHOCTH IMaJaeT

MapaIebHbIA MYYOK JKENThIX JIyded ¢ mrHou BosiHbl 600 HM. [Ipu kakol HauMeHbIIEH TOJIIIMHE

TIJIEHKA OHA B OTPaKEHHOM CBETE OYyJIET Ka3aThCs KENTON?

JIBa KorepeHTHBIX Jy4da ¢ JiuHamMu BoiaH 404 Hwm mepecekaroTcss B OJTHOW TOYKE Ha 3KpaHe. UTo

6y,Z[CT Ha6JHOIlaTLC}I B OTO#l TOYKE — YCUIICHUEC WA ocrnabieHue CBETAa, CCJIM ONTHYCCKAA PA3SHOCTb

xona ayueit 17,17 Mxm?
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10.

11.

12.

13.

14.

Bo ckoibKko pa3 yBenmMUMTCS PAacCTOSHHUE MEXAY COCEIHMMHU HHTEPPEPEeHLMOHHBIMU MOJOCAMU HA
sKpane B onbiTe FOHTa, ecnu 3enenblid cBeTOGUIBTP C ATMHON BOJIHBI 25 107 cM 3aMeHnTH KpPaCHBIM
¢ JJIMHOM BOJHEI 6,5 10 em?

B HekoTOpyl0 TOUKY MpOCTPaHCTBA NPUXOIAT JABE KOTEPEHTHBIE BOJHBI C T'€OMETPUYECKOI
pa3HOCThIO X01a 1,2 MKM, IyinHa KOTOphIX B Bakyyme 600 Hm. Onpenenure, 4To NPOU30MIET B 3TOU
TOYKE BCIIEACTBUE HHTEepdepeHIuu B Bo3ayxe, B Boje (1,33), B crekite (1,5).

PaznocTh x0/1a myueit ByX KOr€pEeHTHBIX MCTOYHUKOB CBETA C JJIMHOW BOJIHBI 6 10”7 M, CXOISALINAXCS
B HEKOTOPOii Touke, pasHa 1,5-10° M. Veunenne wim ocnabienne cera 6yaer B 9T0i TouKe?

Ecnu cHekTphl TpPEThero M YETBEPTOro MOpsAAKa Hpu TUGpakmuyd Oenoro CBeTa, HOPMAaJIbHO
Ma/1af0Iero Ha AU(PaKIHOHHYIO PEIIeTKY, YAaCTHYHO MEePEKPhIBAIOTCA, TO HA JUIMHY BOJHBI 780 Hm
CIIEKTPA TPETHETO MOPSI/IKA HAKIIAABbIBACTCS AJIMHA BOJIHBI ... CIEKTPa YETBEPTOTO MOPSAIKA.
Judpakiuonnas pemerka umeetr 50 mrpuxoB Ha MM. [log kakuMu yriamMu BUAHBI max MEpBOTO U
BTOPOT'O MOPSAKOB MOHOXPOMATHYECKOTO U3JIydeHHUs ¢ AnuHoM BoHbI 400 Hm?

Onpenenure ONTHYECKYIO pPa3HOCTh XoAa BoiH januHoW 540 Hwm, mpomenmmx —uepes
TG PaKIIMOHHYIO PEeHIeTKY U 00pa30BaBIIMX Max BTOPOTO MOPsIIKa.

Omnpexpenute ONTUYECKYIO Pa3HOCTH X014 BOJIH, MPOIIEAIINX Yepe3 AU(PPAKIHOHHYIO PEIIETKY, €CIIN
MAaKCUMaJIbHOE YCUJIEHUE BOJIH BUIHO IO YIJIOM 11°. Tocrosamas PELIETKH 2 MKM.
Hudpakuonnas pemerka ¢ nocrosHHoi 0,004 MM ocBeriaercsi CBETOM ¢ JUHON BoH 687 Hw.
[lon xakuM YrioM K pemeTrKe HYKHO MPOU3BOAUTH HAOMIONEHHs, YTOOBI BHIETh HM300pa’keHHE
CIEKTpa BTOPOro mopsiaka’?

Omnpenenure MOCTOSHHYIO TU(PAKIMOHHON PEUIETKH, €CIU MPU €€ OCBEIICHWU CBETOM C JJIMHOM
BOJIH 656 Hm criekTp BTOpOro nopsiika BUJIEH MO/ YTIIOM 15°.

Omnpexnenurte JJIMHY BOJIHBI JUIS JUHUU B AU(PPAKIUOHHOM CHEKTpe 3-ro Mopsjaka, COBMATAIOIIEH C
JIMHUEH B CIIEKTpEe YETBEPTOro MopsiKa ¢ AMuHOM BoHBI 490 Hwm.

Kaxoit HaubompIuii MOpsI0K CIIEKTpa MOXKHO BUACTHh B AUPPAKIIMOHHON perieTke, nmerotniei 500
LITPUXOB Ha | MM IIpH OCBEIIEHUH €€ CBETOM C JITMHON BosHbI 720 H

®opma npeacTaBiaeHus pe3yJbTara:

BeImonHUTE 3a1aHUE B TETPAIN IS TIPAKTHYECKUX padoT.

Kputepun onenkmn:

3a mpaBUIILHO BBIMTOJTHEHHOE 33JaHUE BHICTABIISIETCS TTOJIOKHUTENNbHAS OlleHKa — | Oasu.

3a HeMpaBUWIIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIISETCS OTpUIlaTeIbHas olleHKa — 0 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIEHBIX OTBETOB

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

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

Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a menee 60%0 nmpaBUIbHBIX OTBETOB

Pa3znen 7 KanToBasi pusuka
Tema 7.1 KopnyckyJIsipHO-BOJTHOBOM 1yaau3M
IIpakTnyeckoe 3ansitne Ne29

3akonbl poTorpdexra. YpaBHeHue JWHIITEHHA

Heab paGoTbl: chopMupoBaTh MOHUMAaHKUE POJIM (U3UKU B (POPMHUPOBAHUHM KPYro3opa BiaJleHUE

OCHOBOIIOJIararommuMun (1)I/I3I/ILICCKI/IMI/I IMMOHATHAMHA, 3aKOHOMCPHOCTAMHU, 3aKOHAMHU U TCOPUAMH, YMCHUSA

BBINOJIHATE PacueTHBIE U TpadruecKue 3a1a4u
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IIpakTuyeckasi padora gopmupyer: [1Py5, [1py9, I1P62, I1P66, T1PG7,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Boinosinenue padotsl ciocodcTByeT (hpopmupoBanuio: OK 01, OK 02, OK 03, OK 09
MarepunanbHoe obecrnieyeHue:

WHAUBUAYAIbHOE 33/1aHUEe, KOHCIEKT JIEKIIUA, CIIPaBOYHbIC MaTepHAIIbI.

Yka3anue:
[IpakTHueckoe 3aHSITHE COCTOMT M3 JABYX YacTel — TEOpEeTHMYECKOM W mpaktuyeckoul. I[locie

U3Y4YEHUs] TEOPETUUECKOI0 MaTepuaga MOXXHO IPUCTYNATh K BBIIOJHEHHUIO IPaKTHUecKod uyacTh. OHa
COCTOUT M3 JABYX U Oosiee 3ajau Al CaMOCTOSATENIbHOrO BbINOJHEeHUs. He 3a0biBaliTe 0 mpaBUIIBHOM
oopmienun pemrenus. Ha BeIomHEHNE TPAKTUYECKOTO 3a1aHUS OTBOJIUTCS JIBA aKaJEMHUECKUX Yaca.

3aganue:

O3HaKOMbBTECH C TCOPCTUUCCKUMU CBCACHUAMU
Pemmre 3aaa4yu, CaMOCTOATCIIbHO UCIIOJIb3Ys IIPUMEPBI U KPAaTKUE TCOPETUUCCKHUE CBEACHU .

NS

KHHETHYECKOMN SHCPTHUHU —

IMopsinok BbINoJIHEHUs PadOTHI:

W3yuute 1 BeIMUmATe GOPMYIIBI 10 JAaHHON TeMe B BHJI€ KPATKOrO KOHCIIEKTa

Pazbepute nprMepsl pelICHHBIX 3a/1a4

Perre caMoCTOSITEIBHO 312491

Bemonnute Tect https://znanium.com/catalog/product/1012153, ctp 346 «®otoaddexr. Dopmyna
[Tnanka»

Kpartkue Teopernyeckue cBegeHHs
DHeprus KaKI0# MOPIUH MPSIMO MPOIOPIHOHATbHA YacToTe M3ayueHus — V. E=hv [Ix],

rae h — nocrosiunas ITnanka, h = 6,63-10 [Tx-c].
[TOrJIOTUTBCS MOYKET BCS TIOPIHS IISTUKOM.

Dueprus csera hv wmaer Ha coBepuienre paOoOThI BbIXoga A, W Ha COOOLIEHHE DIEKTPOHY

2 2 2

mo mo’ . mo

— . hv=A4,+ : =F..
2 2

Jnis xaxoro BeriectBa Goroddhdekt HadIF0aaeTCs, €CIIM YacToTa V> Vinin = hv > A. [Ipenensuyio

. . A
YaCTOTY Viin WIH Amax HA3BIBAIOT KpacHOU rpanuniei Gororddexra. vipin =< ,rae A, — paboTa BbIXoaa
h

anektpona [[x]. 12B = 1,6 10 e

®oToH o0sazaeT Nopurei SHEPTun: £ = % =hv, Tae v—uacrora [I'nj;

h — nocrosunas [nauka, 6,63-10°4 [k-c].

hv

~, TIIe C — CKOPOCTb CBETa, ¢=3-10% m/c.
c

Macca oTtona onpeensercs: m =

®DOTOH HEe HMMEET MacChl IOKOS, T.e. HE CYIMECTBYET B COCTOSHHH TOKOs. Mmmynbe ¢oToHa
hv h

onpeaAeiseTeda: p=mCc=——=—

c A

IIpumenenne porodpdexra
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CBoiicTBO (poTOTOKA 3aKIIOYAETCST B TOM, YTO €ro CHJIa MPsIMO MPOMOPIIMOHAIBHA MOTJIOMIEHHON
SHEPTUU CBETA, HAXOUT PUMEHEHHUE B MPUOOpax-hoToITEeMEHTaX, B KOTOPBIX SHEPTUs CBETA YIpaBIIsieT
SHEpruei MEKTPUIECKOTO TOKA HITH Ipeodpa3yercs B Hee.

Pa3nooOpa3zHoe mnpuMeHeHHWEe HaxoOuT BHYTpeHHUil (oTodddekTr B MOIynpoBOJHUKAX. ITO
SIBJICHUE UCIOJIb3YETCS:

1) B oTOCONPOTUBIEHUAX — IPHUOOPAX, CONPOTUBIICHNE KOTOPBIX 3aBUCUT OT OCBELIEHHOCTH;

2) B TMOJNYNpPOBOJAHHMKAX — NpUOOpax, MpeoOpa3ylolmx CBETOBYIO JHEPrHi0 B JHEPTHUIO
ANEKTpUYEeCKOoro Toka. Takue mnpuOOpHl CIyKaT MCTOYHMKAMH Toka. CyllecTBYIOT SIBJICHUSA,
00BsICHEMbIE KBAaHTOBBIMH CBOMCTBAMH U3ITyUCHHS.

1. Jlasnenue ceema. IlepBbie onbiThl ObuTH TIposenanbl B 1900 r. pycckum dusukom JlebeneBbiM
IL.LH. Beruncnenuss MakcBeiia noka3aiu, 4TO Ha 3eMJI€ COJIHEUYHBIM CBET JAaBUT Ha KBAaJAPATHBIM METp
YEpPHOU MOBEPXHOCTH, PACIOJIOKEHHON NEPIEHIUKYIIAPHO JydaM C CUIION 4,5®10° H.

2. Tennosoe Oeiicmeue ceéema. llpu TOTTIOMEHUH W3IYYEHUS TEIOM BCErJa IMPOUCXOAUT
MIPEBPAILICHUE SHEPTUU U3ITYUYECHUSI BO BHYTPEHHIOK YHEPTHUIO Tea.

ConHeyHble JIy4d TNPUHOCAT eXeceKyHAHO 1370 [k sHepruu Ha KaXKIbli KBaapaTHBIA METP
MIONEPEYHOI0 CEYEHUS 3EMIIH.

3. Xumuuecxoe Oeticmeue ceéema. XUMHUECKUE TIPOLECCH, MPOHMCXOJAIINE TIOJ JACHCTBHEM
U3ITy4eHUsl, UMEIOT OOJbIIOE 3HAUEHHE B MPUPOJE, HAyKe M TEXHUKE: (POTOCHHTE3, CIIOCOOCTBYIOT
BO3HUKHOBEHHUIO 3PUTEIBHOIO OIIYIIEHUS Yy YEJIOBEKa U >KMBOTHBIX M JAlOT BO3MOKHOCTb pa3inyaTrh
1BeTa, noixydenue Gororpaduu.

XUMHYECKOE JEHCTBUE U3IIYUYEHUS OYE€Hb XOPOIIO 00BACHAETCS KBAHTOBOM TEOpUEH CBETA.

[Tornomienre GOTOHOB YBEIUYMBAET SHEPTUIO MOJIEKYJI MPOUCXOAAT XUMHUECKUE MTPOIECCHI.

IIpumepsl pemenus 3agaq

1. Ompenenure MakCHMAJIBHYIO CKOPOCTh BBUJIETa 3JEKTPOHOB M3 Kajus, padoTa BbIXOna
AJIEKTPOHOB U3 KOTOPOTo paBHa 2,26 3B, npu ocBelleHnu ero yiabTpadruoNeTOBbIM U3JIyY€HUEM C ITTUHON
1
BosHBI 200 HM. Macca anextpona 9,1 -10% kr.

Jano:

A =200 um CH Pemrenne:

A,=2,26 5B 200-10°° W3 ypaBHeHus DWHINTEHA 1Sl BHEILIHETO
m =9,1-10% kr  2,26-1{6-10" JIxc (boroopexra:

ch my?* 2(ch—JA,.) ;
oA Y _ o
¢ =3.10%w/c P R T

h = 6,62-10°* IIx-c

v—"7

- =118-10° %
9,1-10 c

oo |23:10°-662:10*~2.107 2,26-16-10 ") _ |(19.86-7,232)-10
2.107.91.10%
OTBeT: v = 1,18~106 Mm/c.

Pemurhb 321244 caMOCTOATEIbHO (n - HoOMep sauleco eapuanma no CI’lMCKy)

1. PaGota BBIXOJa PNIEKTPOHOB y okcuaa Meau 5,15 sB. BezoBer mu Goroaddext ynprpaduonaeToBoe
n3iyderue ¢ yactotoi 0,01 .10Y I'u?
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11.
12.
13.
14.

15.

16.

17.
18.

19.

20.

PaboTa BbIXO/1a 3JIEKTPOHA C TOBEPXHOCTH 1€3Us paBHA 1,6-10™"° k. C kakoit CKOPOCTBIO BBIJIETAIOT
SJIEKTPOHBI M3 IE3Hs, €CIIM METAMI OCBEILICH JKEITHIM CBETOM ¢ mHOH BouHbl 0,6-10° m; me =
9,110 kr?

Haiinure maccy u umnyinbe GOTOHOB A1 MHMpaKpacHbIX (V= 1021 ) 1 PEHTTeHOBCKUX (v =10 I'1)
JIy4eH.

Haiinute anuHy 1 4acToTy U3Iy4eHHUs, Macca (JOTOHOB KOTOPOTO paBHA Macce MOKOs IEeKTpoHa (Me
=9,1.10" k).

KakoB HMITy/16¢ (hOTOHA, SHEPrHst KOTOPOro pasHa 6-10™° Jix?

Onpenenure UMITYJIbC (POTOHOB PEHTICHOBCKUX JIy4ed A = 410" m.

KakoBa Macca (hOTOHa, eciIu ero sHeprus pasHa 2,76-10™° Jix.

DHeprus KBaHTa CBETa paBHA 1,98-10%L. Kaxoe 310 u3inyyeHue?

Omnpenenure sHEPrHI0 (JOTOHOB, COOTBETCTBYIOIMX Hanbosee MMHHBIM (A = 0,76 MKM) 1 Haubosee
KOpoTKuM (A = 0,4 MKM) BOJIHAM BHJIMMOM YaCTH CIEKTpa.

. Kakoii yacToTh! cBeT CJICAYCT HAIIPpABUTh HA IIOBCPXHOCTD IIJIATUHBI, YyTOOBI MaKCHUMaJIbHAas CKOpPOCTBb

($0T0371eKTPOHOB ObLIA paBHA N KM/C paboTOM BbIX0/1a /A1 MJIaTHHBI paBHa 6,3 5B?

[Touemy nosiBaenue gpororpaduyeckux CHUIMKOB IIPOU3BOIUTCS IIPU KPACHOM cBeTe?

MoxHo 511 ¢pororpadupoBaTh NpeAMETh B COBEPIIEHHO TEMHOM KOMHaTe?

Onpenenrre UMITYIILC (POTOHA BUAMMOTO CBETA € JUTMHOM BOJIHBI 500 HM.

Omnpenenure AIMHY BOJIHBI (JOTOHA, UMIYJIBC KOTOPOI'O PAaBEH UMITYJIBCY 3JIEKTPOHA, [IPOJIETEBIIErO
YCKOPSIIOIIYIO Pa3HOCTh IMOTEHIMAI0B N B.

Omnpexpenute >HEPTUI0 M3IyUeHHs, Macca (POTOHOB KOTOPOTO paBHA Macce IMOKOS 3JEKTpOHAa Mg =
9,1.10°% kr.

Beruucnure sHepruto ortonHa Buaumoro csera A = 0,4 MKM M CpaBHHUTE ee ¢ dHepruei (HortoHa
yIbTpauOJIETOBOTO U3IY4YEHUs KBaplLeBoil Jammbl A = 0,25 MKM.

[Ipu xakoil 1IMHE 31EKTPOMarHUTHOM BOJIHBI 3HEPIUsl (poToHA Oblia Obl paBHA 2,8-10™" J1x?
Omnpenenure paboTy BbIXOAA DJEKTPOHA C MOBEPXHOCTH ILUHKA, €CIM HauOoJsbllas JJIMHA BOJIHBI
¢dotoHa, Be3bIBatomas Gpororpdext — 0,3 MKMm.

KakoBa MakcuManbHasi CKOPOCTh (POTOIIEKTPOHOB, €ciid (POTOTOK MpEeKpaliaeTcs Ipu 3amuparoinieM
Hanpspkennu 0,6 B (me = 9,1.10°% KT, e = 1,6-101° Ki)?

Omnpenenurte KpacHyto rpanuny ¢porodddexra ans meramia ¢ paboToii Bexona N 3B.

®opma nmpeacTaBJieHUs pe3ybTaTa:

BeInonHuTh 3a1aHUe B TETpaau AJIs MPAKTHUECKUX padoT.

Kpurepum ouneHku:

3a mpaBUIIHHO BBIOJHEHHOE 33JaHHE BBICTABIISIETCS TIOJI0KUTENbHAs OLleHKa — 1 Oasu.

3a HeMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — () 0aioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

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

Oyenka «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIIBHBIX OTBETOB

Oyenka «neyooenemeopumenvHoy svicmagisiemcs 3a MeHee 60%0 npaBUIBHBIX OTBETOB
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Tema 7.2 CTpoeHue aToma
IIpakTnyeckoe 3ansitue Ne30

3anuchk SAACPHBIX peaKum”I. CTpoeHne aTOMOB U aTOMHBIX €. 3akoH PaAH0aKTUBHOI0 pacmaaa

Heas padoTsl: chopMupoBaTh MOHUMAHUE POy (GU3UKKA B (POPMHUPOBAHUH KPyro3opa BIIaJCHUE
OCHOBOIIOJIATAIOMIMMU (PU3UUECKUMH TOHATHIMH, 3aKOHOMEPHOCTSIMH, 3aKOHAMHU U TEOPHSIMH; YMEHHS
BBINOJIHATh pacyeTHbIE U IrpaduuecKue 3a1a4u

IIpakTuyeckas padora popmupyer: [1PyS5, IIpy9, I[1P62, ITPG6, I1P67,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP§, MP10
Beinosinenue padorsl ciocodcTByeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09
MatepuajibHoe o0ecnieyeHue:

MHAMBUAYaJIbHOE 33/1aHUE, KOHCIIEKT JIEKIUM, CIPaBOYHbIE MaTEPUAIIbI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX YacTe€d — TEOPETHUYECKOM M IpakThdeckou. Ilocne
M3y4eHHs] TEOPETUYECKOI0 MaTepuaia MOXKHO IPUCTYNATh K BBINOJHEHHUIO MpakTHueckod vactu. OHa
COCTOMT M3 JBYX W 0Oojiee 3ajad JJisi CaMOCTOSITENIBHOTO BBINOJMHEeHUs. He 3a0piBaliTe 0 MpaBUIBHOM
oopmienun pemienus. Ha BolosHeHNE IPAaKTUYECKOTO 3a/1aHUsI OTBOJIUTCS /IBA aKaJEMHUECKUX Yaca.

3ananne:

1. O3HakoOMbTECH C TEOPETUYECKUMHU CBEIEHUSIMU
2. Pemmre 3a1aum, CaMOCTOSATEBHO UCTIOB3YS IPUMEPHI U KPAaTKHE TEOPETUIECKUE CBEICHUS.
3. Bbmonnuts Tect

ITopsinok BbINoJIHEeHUs padoThI:
W3yunTe KpaTKue TeOPETHUECKUE CBEACHUS
PazGepute npuMepsl pelIeHHbIX 3a/1a4
Pemmite camocTosITeIBHO 331241
Bemonaute Tect https://znanium.com/catalog/product/1012153, ctp 347 «CtpoeHue aTtoma H
olpesiefieHue €ro cocrasa no tabmuue MennaeneeBay, ctp 349, « SnepHas peakuus. YpaBHEHHE
SAJICPHON peakuun», «PaaroakTUBHOCTh. SIiepHbIe CHIIbD) K YKa3aHHBIM Iaparpadam

PwbhPE

Kparkue Teopernyeckue cBeeHHs
[Ipu paanoakTHBHOM pacmajie MPOUCXOIUT MPEBpAILlEHNE OJJTHOTO si/ipa B Ipyroe, KOTOPOe MOTUNHSIETCS

npaBujiaM cMenieHus1, chopmyaupoBaHHbiME COIIN:

A

1. a-pacman: ;X —7Y+,He — usnyueHue siaep reius.

2. PB-pacmanm: X —,5Y+ e — u3ilydeHHe 3JIEeKTPOHA.

Crpoenue aTOMHOrO sapa
IIpomonno-netimponnas mooensb amoma — s,APO COCTOUT U3 HEUTPOHOB U MPOTOHOB, BOKPYT 1O OpOUTaM

BpalarTcs MeKTpoHbl. O01ee Ha3BaHUE MPOTOHOB U HEUTPOHOB — HYKIOHbL.

IIpomon (p) nMeeT NONOXKUTEIbHBIN 3apsill, paBHBII 3apsay 3JIEKTPOHA U MacCy HOKOs My = 1,6726-10%
KT.

Heiimpon (N) — HelfTpallbHasi YaCTHIIA C MACCOiT TTOKOst My, = 1,6749-107%7 kr.

Maccosoe uucno A — ob1iee 9ucao HyKJIOHOB B aTOMHOM SIpe, T.€. CYMMa HEUTPOHOB M IIPOTOHOB.
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3apsaoosoe uucno Z — 9UCIIO MPOTOHOB B SI/IPE, COBMAMAIOIICE C MOPSAKOBBIM HOMEPOM XHMHYECKOTO
3JIEMEHTA B IEPUOANYECKON CUCTEME 3JIEMEHTOB MeHieneeBa.

A
ATOM XMMHUYECKOT0 3JIEMEHTa 0003HAYAIOT 7 X.

Hanpumep, U , B KOTOPOM COIEPIKUTCS Z — IIPOTOHOB M 3JIEKTPOHOB, T.€. Z = 92 i A — MaccOBOE 4HCIIO,

kotopoe paBHO 235. N — mpotoHoB, T.e. N =4 —Z = N =235-92=143. 4 =Z + N

Hoepnvie cunvl — CUIBL, KOTOPHIMU HYKIIOHBI YJIEPKUBAIOTCS B sfipe. UTOOBI pa3ienuTh SIpo Ha
COCTaBJISIONINE HYKJIOHBI HEOOXOAMMO 3aTPATUTh OONBIIIYIO SHEPTHUIO — YHEP2UIO AMOMHBIX sl0ep —
paboTa, KOTOPYIO HEOOXOAMMO COBEPIIHUTH JIUIS pa3/ICICHUS pa HAa HYKJIOHBL. F . = Amcz,rz[e Am =Z-m,
+ N-mp — Mygpq — AedexT Maccsl.

OHnepeemuueckum 6bix000M SIIEPHOI peaKkIMM Ha3bIBAIOT Pa3HOCTh SHEPIUI TIOKOS sIIep U YACTHIL 10
2
peakuuu u mnocie Hee, To ecth:AE = (Zm; - 2m;)-c”,

rac Zmi — CyMMa MaccC 4aCTHull 10 pCaKInu,
Zmi — CyMMa MaccC 4acCTull IOCJIC pCaKI1H.

Ecmm 2m; >Xm;, To peakiys UJET C BBIACICHUEM 3HEPTUH, €CIIH XM; <XM;, TO peaKIus UIET C
MOIJIOIIEHUEM SHEPTHUH.

Hdepnaﬂ peaxkyusd — MMPEBPAlICHUC aTOMHBIX AACP IIPU BSaHMOHeﬁCTBHH C OJICMCHTAPHBIMU YaCTULIAMMU.
Hz[eprIe peaKknuuu MpoOTCKAaroT IMMO0-pasHOMY, T.C. C UCITYCKAHUECM PA3JIMYHBIX YaCTHUII:
. Be+,He—7C+,n

H

3akon coxpanenus s1ekmpuieckux 3apsa008 U Macco8vlx duce: CyMMma 3apsaa0B (MacCOBBIX YHCEN) AAep
Y YaCTHII, BCTYTAIOIIUX B SACPHYIO PEAKIINIO, paBHA CYMME 3apsiI0B (MACCOBBIX YHCEN) KOHEYHBIX
MPOAYKTOB (siiep U YacTull) peakuuu. Hampumep: i Al+on—;Na+;He .
Z (o peakiuu) = 13 + 0 Z (mocne peakiuu) = 11 + 2
A (no peakuun) =27 + 1 A (nocne peakuun) = 24 + 4

IIpumeps! pelenus 3agay

1. Ky;[a CMCIIAcCTCA HOHy‘-IGHHLIﬁ JJICMCHT B Ta6J'II/II_[e MCHI[CJ'ICCBB. B PC3YJIbTATC IIATU (x-pacnaz{OB?
o-pacnag, — 3To NOTOK A4ep reams — :He, T.K. UX 5=

Z(5*He) = 52 = 10 — 3apag; A(5*He) = 54 = 20 — maccoBoe

OtBeT: aneMeHT Y OTHOCUTEIBHO X CMEIIAETCs Ha AECATh KIETOK K Haualry TaOJIuIbl.
5. 3aKOHYMTE ANEPHYIO PEAKLUIO: B+ 1n —2+]Li.

IIo 3aKOHY COXpAaHCHUA 3apAaa U MaCChI:

no peakiuu Z =5 + 0; mocne peakiuu Z =5 — 3 = 2;
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1o peakuu A = 10 + 1; mocne peaknuu 4 =11 -7 = 4.

[Tosryqaercst 31eMEHT € 3apsIoM 110 peakiun Z =2 1 Maccod 4 =4 — ‘He.
OtBeT: ! B+n—>, He+,Li -

1. Onpeodenume snepeemuueckuii 8b1X00 10epHOU peaKyutl
“N,+*He,=""O,+'H,

1 cnocoo

1) onpedenumov maccy sopa u uacmuy ml 0o peaxyutl
2) onpedenums maccy s0pa u yacmuy m2 nocie peakyuil
3) onpedenums usmerenue maccol m ml m2

E=m*c’
4) paccuumamo usmenenue dHepulL.
M, =14,00307 ; o m+4.00260 a.e.m.==18.00567 a.e.m.
[locne peakuumn:

M,-16,99913 a.e.m.+1,00783 a.e.m.=18,00696 a.e.m.
m=""""=_0,00129 a. e. m.

DHeprus norjaomaercs, T.K. m < (
E=(-0,00129)*931 M»>B.= -1,2 M»B.

2 crocoo

Hano: Pewenue:
E, =104,653 M>B DHeprus CBS3M PaBHA HYIIIO, MOITOMY
E, =282937 , o E=E,~(E,+E,

1e)
E, =131,754 MsB E= 131,754 MaB —(104,653+28,2937)M»>B= -1, 2M>»B
E-? Omeem: 1,2 M»B

PemuTh 3a1a4i CaMOCTOSATEIbHO

AKOBO CTPOCHHUC sApa aTOMOB: 0O0Opa ., OCpPUIIIINA e, a30Ta , AJTFOMUHU S !

K 6opa B 6 ’Be; YN 2Al17?
. €M OTJIMYAKOTCA A4pa U30TOIIOB BOAOpOda , y ! dK OHHU HA3BbIBAKOTCA !

2. 4 'H,’H,'H 7K ?

3. Kyna cmemnraercs anemenT Y B pe3yabrate o-, f-pacnana B Tabnuie MenaeneeBa?
a) X >3 +Y,; 0) XX > He t+ Je +Y;

B) ZAX —)224]—]3 + 3_23 + Y, l") ZAX —);He + 3_2@ +Y.

4. Tlpn GombapaupoBKe M30TONa a30Ta N HEWTPOHAMH MOJIY4aTCs M30TOIN yIJepojaa /C, KOTOPBIH

OKa3bIBaeTcs 3-paguoakTUBHBIM. HanmummuTte ypaBHEHUS SIEPHBIX peaKIuil.

S. B pesymprare 3axBaTa HEWTPOHA AAPOM M30TOMNA a30Ta YN 0OOpa3yeTCs HEM3BECTHBIA DJIEMEHT U COi-

yactula. Hanummre peakiuio u onpeaennTe HeM3BECTHBINA JIEMEHT.
1 2
6. Haiimure npoayKT peakuuu npu G0MOapAMpOBKE sI€p M30TONA MarHus Mg O-4acTULIAMH, €CIH

U3BECTHO, YTO B 3TOU PEAKLUU BBIICISIOTCS HEUTPOHBI.
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10.

11.
12.

13.

14.

15.

16.
17.

3anummMTe CXeMy SIICPHOM peakuu M OMNPENSTUTE HEW3BECTHBIM AJIEMEHT, OO0pa3yroIIuiics Mpu
0OMOapIMPOBKE s/IEp U30TOIOB ATKOMUHUS Al O-4aCTHUI[AMH, €CJIM W3BECTHO, YTO OJUH U3

MIPOJYKTOB PEaKIIUU HEUTPOH.
DJIEMEHT KypYaTroBMH MONy4id, OOiydas IUIyTOHWH *7Py sjapamu HeoHa ’Ne. Hamuiuwre

peaxiuio, eclii U3BECTHO, YTO B pe3ylibTaTe 00paszyeTcs ellle YeThlpe HEUTpoHa.
Hammmmre HepocTaromwe 0003HaYeHHS B CIICTYIONIHUX SICPHBIX PEAKIIUSIX:

a) 7 Al+n — 2+ He; 0) ?2+H—>*Na+ He;

B) *Mn+?—2Fet,n;  T) ZAl+y—5Mg+7?;
1) YB+n—>2+a; €) S Mn+p —>2+.n;
K) ILi+,He >2+He;  3) ZH +y —>2+.n.

[IporaktiHuil *'Pg o-paanoaktiBeH. ONpenennTe, Kakoi 3JIEMEHT MOJNy4aeTesi ¢ TIOMOIIBIO 9TOTO
pacnana?

B kako# 51€MeHT IpeBpamaeTcs U mocie AByX [-pacramos u OJHOIO o-pacmaja’?

Slnpo n3oTona BUCMyTa 2?Bi MOJIYy4HIIOCH U3 APYTOro spa nocie o-pacnana u B-pacnazna. Yro sro 3a
sapo?

B pesynbrare 3axBara o.-4aCTHIBI AIPOM H30TONa a30Ta N 00pasyercs HEU3BECTHBIA JJIEMEHT W
npoToH. HanummmTe peakiuio u onpeneanTe HEM3BECTHBINA IJIEMEHT.

BosmoxkHa 15M  peakius, MPOUCXOAAIIas Tpu OOMOapIMPOBKE ANTIOMHUHHS O-4aCTUIIAMH U
COIMPOBOXKAAIOIIYIOCS BHIOMBAHWEM HEUTPOHOB, €CIU B pe3yJbTare MOJy4daeTcs SApO KPEeMHHsS C
MaccoBbIM unciiom 307

[lpu nenenun siapa U BBIAEISETCS SHEPTHS 32-10 JIx (200 M»sB). Paccuuraiite sHepruio,
KOTOpasi BBIICTUTCS MIPU CTOPAHUU ypaHa KOJIMYECTBOM BelIecTBa 1 MOJIb.

Onpezienire SHEPIUIO, BBIIEIAIOIIYIOCSA B XO/I€ TEPMOSIIEPHOM peakinu 'H+H—,He.

U3oron renus He nojy4aeTcs B pe3ynbrate 60MOapIMPOBKH SI€p TPUTUSA *H TpoToHamu. Halinure

SHEPreTUYECKUN BBIXOJ 3TOW PEaKIUH.

®opMma npeacTraBJIeHud pe3yabTara:
BbInonHuTh 3a1aHUE B TETPaAaU AJIs MPAKTHUECKUX padoT.
Kpurepum ounenku:

3a mpaBUIIHLHO BBIIOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAs OlleHKa — 1 Gasu.

3a HeTMpaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNEe BBICTABIISIETCS OTPUIIATEIbHAS onleHKa — 0 0aioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB

Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

Pa3nes 8 DiieMeHTHI aCTPOHOMMY U ACTPOPHU3MKH

Tema 8.1 DileMeHTHI ACTPOHOMMH U ACTPOPU3NKH
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IIpakTuyeckoe 3ansaTue Ne31l

Crtpoenue n coctaB CoiHeuHo# cuctembl. ['ajtakTuku. Padora ¢ kapToi 3Bé31HOI0 Heda

Leab: M03HaKOMUTHCS C MOABMXKHOM KapToil 3BE31HOT0 HEOA, HAYUUTHCS OMPEENIATh YCIOBUS
BUJIUMOCTH CO3BE3/I1H, HAYYUTHCS ONPENEsATh KOOPAUHATHI 3BE3/] IO KapTe
IIpakTuyeckas padora ¢popmupyer: I1P61; ITP62; ITP63; ITP64; ITPG6; TIPOS;
[IPy1; I1Py2; I1Py3; I1Py4; I1PyS; ITIPy9;
MP8,MP9,MP10,MP21,MP17, MP13 JIP 26 JIP 14,JIP 23.JIP 13
Boinosinenue padotsl ciocodcTByet (hpopmupoBanuio: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe oOecnedyeHue: TeTpaab I MPAKTUYECKUX paboT, pydyka, METOAMYECKHE
PEKOMEH/IAllMH TI0 BBITIOJTHEHHUIO pa0OThI, TMHEHKA, KapaHIaIll.

VYka3zanme: [IpakTudeckas paboTa COCTOMT M3 JIBYX 4YacTed — TEOPETHUYECKOM M MPAKTHYCCKOM.
[Tocne u3yueHus TEOPETUUECKOTo MaTepraga MOKHO MPUCTYNATh K BHIIOJIHEHUIO MTPAKTUYECKON YaCTH.
Omna coctouT U3 ABYX U OoJee 3a/1a4 AJisi CaMOCTOSATEIbHOIO BhINOIHEHUs. He 3a0biBaiiTe 0 npaBuiIbHOM
odopmiteHnun pemieHusi. Ha BBITIOTTHEHUE TPAKTHYECKON OTBOJMTCS JBa aKageMUYeckux daca. [Topsmox
BBITIOJTHEHHS paOOTHI

IMopsiiok BbINOJIHEHUS PA0OTHI:

1. PaccMoTpuTe TeopeTHUECKHH MaTepual IO TeMe U TpUMEphbl pelleHus 3axad (CMOTpHU
METOAHYECKOE IIOCOOHE).
2. Pemute camocTosTensHy0 padoty. Odopmure pemieHne NUCbMEHHO B TETPAIHU.

Xoa paGoThI:

Teopus.

Bun 3B€31HOrO0 HEOa M3MEHSAETCS U3-3a CYTOUHOTO BpauleHus: 3emid. M3MeHnenue Buaa 3BE3HOTO

Heba B 3aBHCHMOCTH OT BPEMEHHU Tojia MPOUCXOAMUT BCIEACTBUE oOpamieHus 3emyid BOKpyr CoiHIa.
Pabota mocesiieHa 3HaKOMCTBY €O 3BE3THBIM HEOOM, PELICHHIO 3a/1a4 HA YCIOBHS BUIUMOCTH CO3BE3/IHI
Y ONPENIETIEHUU UX KOOPAUHAT.
[lepen HauanoM paboThl pacmedyaTaTh NMOABUKHYIO KapTy 3Be3IHOT0 Heda, OBajJ HaKJIAJHOIO Kpyra
BBIpE3aTh MO JMHHUH, COOTBETCTBYIOIIEH reorpaduueckoil mupore mecta HaOmroAeHus. JIuHUS BhIpesa
HaKJIaJIHOTO Kpyra OyAeT n3o0paxarh JMHUIO TOPU30HTA. 3BE3THYIO KApPTy U HAKJIAJHOU KPYT HAKJIEUTh
Ha kapToH. OT 1ora K ceBepy HaKIAJAHOTO Kpyra HaTSHYTh HHUTb, KOTOpas TMOKaKET HaIlpaBJICHUE
HEeOECHOTO MepHINaHA.

Ha xapre:
® 3BE3/bI NOKA3aHbl YEPHBIMU TOUYKAMHU, pa3MEPbl KOTOPBIX XapaKTEPU3YIOT SIPKOCTh 3BE3;
® TYMaHHOCTH 0003HAYEHBI IITPUXOBLIMH JTUHUSMU;
® CEBEpHBII MOIIOC MHUpa N300paKEH B IEHTPE KAPTHI;
(]

JIMHUH, UCXOJAIINE OT CEBEPHOTO IOJIFOCA MUPA, TOKA3bIBAIOT PACIIOJIOKEHUE KPYTOB
cxioHeHus1. Ha 3BE31HOM KapTe st ABYX OMMDKAWIINX KPYTrOB CKIIOHEHUS YTII0BOE
paccrositHue paBHO 1 4;
e HeOecHble napasienu HaneceHsl uepe3 30°. C ux MOMOIIbI0 MOKHO MTPOU3BECTH OTCUET
CKJIOHEHHE CBETHI O;
® TOYKHU MEPECEUCHUS] IKIUNTUKU C SKBATOPOM, JIJIsl KOTOPBIX MpsAMoe BocxoxaeHue 0 u 12 .,
Ha3bIBAKOTCS TOYKaMU BECEHHETO g 1 W paBHOJEHCTBH;
® [0 Kparo 3BE3/IHOM KapThl HAHECEHBI MECALIbI U YHUCIIA, 3 HA HAKJIAJHOM KPYTe — Yachl;
® 3CHHT PACIMOJIOXKEH BOIM3M LIEHTpa BbIpe3a (B TOUKE NepeceueHus! HUTH, n300pakaromien
HeOECHBIN MepHINaH ¢ HEOECHOW MapasuIeNblo, CKIIOHEHHE KOTOPOW paBHO TeorpapuyecKoit
IIUPOTE MECTa HAOIIOACHUS).
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s onpe/esieHUs] MeCTOMNOJI0KEeHUs] He0ECHOI0 CBEeTHJIa HeE00X0IMMO Mecsill, YHCJI0, YKA3aHHOe Ha
3BE31HOM KapTe, COBMECTUTH C 4aCOM HAOJII0leHHsl HA HAKJIATHOM KpYyTre.

HebGecHbIlt 2KBaTOp — 6016UL0U KpYe HebeCHOU cghepbl, NIOCKOCIb KOMOPO20 NePReHOUKYIAPHA OCU
MUpa u cognaoaem ¢ niIOCKOCHbio 3emMH020 3xeamopa. HebecHblil skBaTOp AenUT HebecHyro cdepy Ha
7IBa TIOJTYIIAPHS: CEBEPHOE MOJYIIApHe, C BEPIINHONW B CEBEPHOM IOJIIOCE MHpPA, M F0)KHOE TTOJIyIIapue, C
BEPIIUHON B 10)KHOM Motoce Mupa. Co3Be3usi, 4yepe3 KOTOPhIe MPOXOIUT HEOECHBIH SKBATOP, Ha3bIBAIOT
9KBATOPHATBHBIMU. Pa3u4aroT co3Be3/1Us FO’KHBIC U CEBEPHEIE.

CosBesnus CeepHoro mnomymapusi: bonbmas u Mamas Mensenuubl, Kaccuomnes, Lledeit, [Ipakow,
JleGenp, JIupa, Bononac u np.

K roxxubivM otHOCsaTes FOxnbiit Kpecr, LlentaBp, Myxa, XKeprBennuk, FOxubiil TpeyroabHUK.

IMoamroc MMpa — mouka Ha Hebecholi cghepe, GOKpye KOMOPOU NPOUCXOOUM GUOUMOE CYMOYHOE
osudicerue 36€30 u3-3a epaujenus 3emau 6okpye ceoeu ocu. HampaBnenune Ha CeBepHBIN MONIOC MHpa
COBIIAJIA€T C HAlpaBJIEHUEM Ha reorpaduueckuil cesep, a Ha FOKHBINM NOIIOC MUpa — C HaIpaBICHUEM
Ha reorpadudeckuil tor. CeBepHbIM MMOJMIOC MHMpa HAaxOIUTCA B co3Be3nuu Manoil Measenuisl c
MOJIAPUCCUMON (BUIMMAs sipKasi 3Be3/ia, HaXoAs1ascs Ha ocu BpameHus 3emin) — [lonsipHoil 3Be310M,
I0’KHBIM — B c03B€31MU OKTaHT.

TymaHHOCTD — yuacmok mexc36€30HOU cpeobl, 8bIOEAIOWUUCA CBOUM UZTYUEHUeM UL NO2T0UjeHuUeM
usnyyenusi Ha obwem ¢pone neba. PaHee TyMaHHOCTSMH Ha3bIBAIM BCSIKUN HEMOJBMKHBIA Ha HeOe
npoTsDKEHHBI 00bekT. B 1920-e rojpl BBIICHHUIIOCH, YTO CpPeAM TYMAHHOCTEH MHOIO TaJaKTHK
(manpumep, TymanHocTb AHapomensl). [locne 3TOro TepMHH «TYMaHHOCTBY» CTall MOHUMAThCsS OoJee
Y3KO, B YKa3aHHOM BbIILIE€ CMBbICIIE. TYMaHHOCTH COCTOAT U3 MbUIN, Ta3a U IUIa3MBbl.

OKJIMINTUKA — OO0IbUOU Kpye HeDeCHOU cghepvl, NO KOMOPOMY HPOUCXOOUM BUOUMOE 200UYHOE
osudicenue Connya. TIMOCKOCTh SKIMNTHKN — IUIOCKOCTh oOpameHust 3emnn Bokpyr ConHia (3eMHOM
OpOUTHI).

B 3aBucuMocTH oT MecTa HaboaTeNs Ha 3emiie MEeHsIeTCs BUJ 3Be3JHOro Heba U XapakTep CYyTOYHOIO
nBukeHust 3Be3. CyTOUHbIE MTyTH CBETHII Ha HEOECHOH cepe — 3TO OKPYKHOCTHU, IMIIOCKOCTH KOTOPHIX
napajuiesibHbl HEOECHOMY SKBaTOPYy.

PaccmoTtpum, Kak U3MEHsIETCs BUJ] 3B€3IHOTO Heba Ha momtocax 3emuu. [lomoc — 3To Takoe MecTo Ha
36MHOM IIIape, TJe OCh MUPa COBIAAET C OTBECHOM JTUHUEH, a HEOSCHBIN IKBATOP — C TOPU30HTOM.
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st nabnromarens, Haxosmerocss Ha CeBepHoM noitoce 3emuu, [lomsipras 3Be3na OyneT pacnojaraTbes
B 3€HUTE, 3BE3bl OYAYT JBUIaThCs 110 Kpyram, napauieIbHbIM MaTeMaTHUYeCKOMY FOPU30HTY, KOTOPBIi
COBIIQJAET ¢ HEOECHBIM 3KBATOPOM. [Ipu 3TOM Hajx ropu30HTOM OYAYT BUAHBI BCE 3BE3IIBI, CKIOHEHUE
KOTOPBIX MOJIOXKUTEIBHO (Ha FOxHOM nosmtoce, HA000poT, OyAyT BUIHBI BCE 3B€3/Ibl, CKIIOHEHUE KOTOPBIX
OTPHIIATENIFHO), a X BBICOTA B TEUCHHE CYTOK HE OYAET U3MEHSTHCA.

[TepemecTMcsi B IPUBBIYHBIC IS HAC CPEIHUE IIUPOTHL. 3/I€Ch YK€ OCh MHpa M HEOSCHBIA IKBATOP
HAKJIOHEHBI K TOpu3oHTY. [loaTOMy M cyTOouHble MyTH 3BE3M Takke OyAyT HAKJIOHEHBI K TOPU3OHTY.
CrnemoBaTelibHO, HA CPEIHUX MIMPOTAX HAOJIONATENb CMOXET HAaOII0aTh BOCXOMISINNE W 3aXOJSIIUE
3BE3/IBL.

HO}] BOCX010M nornumaemcs sejleHue nepeceyeHus Cceemuiom 80CMOYHOU Yacmu UCMUHHO20
copuzonma, a noa 3axoaoM — 3anaoHol Yacmu 3mo2o copuzonma.

[TomMuMo 3TOTO, YaCTh 3BE3/, PACIIONIATAIOIINXCS B CEBEPHBIX OKOJIOIMOJSPHBIX CO3BE3AUSIX, HUKOTJA HE
OyIyT OIyCKaThCs 3a TOPU30HT. Takue 3BE3/1bI MPUHATO HA3HIBATH HE3AXOAS IIIUMH.

A 3BE371BI, pacmonokeHHble OKono FOKHOro momroca Mupa A HaOJIroAarens Ha CPeAHHX MIMPOTax
OyIyT SBISATHCS HEBOCXOAAIIUMH.

OTtnpaBuMcs Janbliie — Ha 3KBaTOp, reorpaduyeckas MHUPOTa KOTOPOTrO paBHA HYIO. 3/1€Ch OCh MHpa
COBIIAJIAET C MOJYACHHON JIMHUEH (TO €CTh pacmoiaraeTcs B MIIOCKOCTH TOPU30HTA), a HEOECHBIN YKBATOP
MIPOXOAUT Uepe3 3CHUT.
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CyrouHble yTH BCeX, 0€3 MCKIIOYCHHS, 3BE3] MEPIEHANKYIIPHBI TOPU30HTY. [loaTOMY Haxomsch Ha
9KBATOpE, HAOIIOJATENIb CMOKET YBUJIETh BCE 3BE3/IbI, KOTOPHIE B TEYCHHE CYTOK BOCXOAT U 3aXOJAT.

BOO6H_IC, JJIA TOro, YTOOBI CBETHIIO BOCXOJWJIO M 3aXOOAUJI0, €I0 CKIIOHCHHUE II0 a0COIIOTHON BEJINYHMHE

16] < 90°— ¢
JOJI’KHO OBITH MCHBIIIE, YEM .
16| = 90°— ¢ .
Ecmu , To B CeBepHOM MOIyIIapHH OHA OYAET ABIAThCA Hezaxoasuen (s KOxuoro —
HEBOCXOJISIIIEH).
6] <90°— ¢
Torma oueBWIHO, YTO TE€ CBETHJIA, CKIIOHEHHUE KOTOPBIX , SIBJISIFOTCS. HEBOCXOJISIIMHU

i CeBepHoOro noiymapus (Win Hezaxoaaummu Juist FOxHoro).

3KB3TOpl/IaJ'lI)Haﬂ CuCreMa KoopaAuHAT — 09mo cucmema HebecHbIX KoopduHam, OCHOBHO
njiocKkocmsio 6 Komopoﬁ ABNIAEMCs NIOCKOCb HebeCH020 oKeamopa.

3KBaT0pHaJ’[LHBIe HeOecHbIE KOOpAUHATBI:

1. Ckaonenue (0) — yenogoe paccmosanue ceéemuna M om nebecnozo 3keamopa, uzmepeHHoe 600.b
kpyea ckionenus. OGBIUHO BRIpAXaeTCA B I'pafycax, MUHYTaX M CeXyYHJax AYru.
CKJIOHEHHE NIOJIOXHNTEJNBbHO K CeBepy OT He6EeCHOI'0 BKBaTopa U OTPUILATEJIbHO
K ory or Hero. O6BeXT Ha He6eCHOM 5HKBaTope HMeeT CKJOHeHue 0°.
CkIIOHEeHHEe CeBEepHOro mnoJrwca He6ecHou coeprr paBHO +90° CxJIoHeHHe
IOXHOT'O moJiroca paBHo —90°.

2. Tlpsimoe BocxoKaAeHHEe CBeTHJAa (0) — )2n080e pAacCmosiHue, UMepPeHHOe B00/b HeDecH020
oKeamopda, om mo4Ku 6eCeHHeco pa8H00€HCWl6uﬂ 00 MoyKuU nepecederus Hebecnoz2o aKkeamopa ¢ Kpyeom
CKIIOHEeHUsL C8emud.

ITocsienoBaTeIbHOCTH BBINOJHEHHUA NPAKTHYECKOH padoThI:
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3agauyu npakTHYecKoil padoThI:

3apaua 1. Onpenenute s3kBaTopuaibHbie KoopAauHaTel AnbTaupa (o Opna), Cupuyca (o bonbmoro [1ca)
u Beru (a JIupsr).

3anpauva 2. Mcnonw3ys kapTy 3BE3HOTO HeOa, HAWIUTE 3BE3/Ty MO €€ KoopauHataM: 0 = +350; o= 14 6Mm.

3agaua 3. Onpenenure, Kakoi sBisieTcs 3Be31a 6 CTpenbiia, s HAOI01aTels, HaXOISAIIeTr0 Ha IUPOTe
550 15'. OnpenenuTh, BOCXOMSIICH WJIM HEBOCXOIAIICH SBIsETCS 3Be3da ABYMS CIIOCOOaMH: C
WCIOJIb30BAaHNEM HAKIIQJHOTO Kpyra MOABM)KHON KapThl 3BE3IHOTO HEOA M C MCMOJIb30BaHHEM (HOPMYIT
YCJIOBHSI BUTTUMOCTH 3BE3]I.

IpakTuyecknii cmocod. PacrnosiaraeM MOABMKHBIA KpYyr Ha 3BE3HOM KapTe W INPU €ro BpalleHUU
oTpesieNisieM, SIBJISIETCS 3B€3/1a BOCXOIAICH MITM HEBOCXOISALICH .

TeopeTuyeknm cnocob.

Hcnonb3yem GpopMyIIbl YCIOBHSI BUIUMOCTH 3BE3/:

181 <90°—¢

Ec , TO 3B€3/a ABIIETCS BOCXOIAIIEH U 3aX0IAIIEH.

JIPI|5|1_:=9'[]| —@

Ec , TO 3B€3/1a B CeBepHOM MoJIymapuu sBJISICTCA He3axoAsIeH

_181<90°— ¢

Ec , TO 3Be3/1a B CeBEpHOM IOJIyILIAPHUH SIBIISIETCS HEBOCXOISILIEH.

3agaua 4. YCTaHOBUTH MOJBMXKHYIO KapTy 3BE3MIHOTO He0a Ha JeHb M 4ac HAONIOJIEHUS W Ha3BaTh
CO3BE3/IMsI, PACIIOJIOKEHHbIE B FO)KHOW 4YacTH Heba OT TOPU3OHTA JI0 TOJII0CAa MHUPA; HAa BOCTOKE — OT
TOPU30HTA JI0 MOJII0Ca MUPA.

3agaua 5. Haiitu co3Be3ausi, pacrofio>KeHHbIE MEXAy TOYKaMu 3amafa u cesepa, 10 oktsaOps B 21 yac.
[TpoBepuTh MPaBMIIHLHOCTH ONPEIETICHUS BU3YAIbHBIM HAOII0IEHUEM 3BE3THOTO Heda.

3agaua 6. Haiitu Ha 3BE3QHON KapTe co3Be3/Usl C 0003HAYEHHBIMU B HUX TYMaHHOCTSIMU U TPOBEPUTb,
MOJKHO JIM MX HaONI0/IaTh HEBOOPYKEHHBIM IJIa30M IJ1a30M Ha JIeHb M 4Yac BBINOJIHEHHUs J1a00paTOpHOi
paboTHI.

3agaua 7. Onpenenuts, OyayT nu BUAHBI co3Be3nus [leswl, Paka. BecoB B monHOoYb 15 cenTsaopsa? Kakoe
CO3BE3/IME B OTO KE BpeMs OYJeT HaXOUThCs BOJIU3H rOpU30HTA HA ceBepe?

3anaua 8. OnpenenuTh, KakKue U3 MEPEUUCIEHHBIX co3Be3auii: Manas Mensenuna, Bomonac, Bozauumii,
OpuoH - 115 Baieil MUpOTHl OyIyT HE3aXOAAITUMU?

3agaua 9. Ha kapre 3BE3aHOrO Heba HAWTHU MATH TIOOBIX TEPEUYUCIEHHBIX co3Be3nuid: bombimas
Mensenunia, Manas Mensenuna, Kaccuones, Auapomena, Ilerac, Jlebenp, JIupa, I'epkynec, CeBepHas
KOpPOHA — M ONpPEAETUTh NPUOTMKEHHO HEOECHBIE KOOPINHATHI (CKIOHEHHE, U MIPSIMOE BOCXOXKIEHHE) a-
3BE3] DTUX CO3BE3IUN.

3agaya 10. Ompenenuth, Kakue co3Be3nusi OyayT HaxoAuTbess BOIM3M ropusoHTa Ha Cesepe, lOre,
3amane u BocTtoke 5 Mas B ITOJIHOYB.

KOHTpOHbHLIe BOIIPOCHI JIA 3aKPEIJICHUA TEOPETHUYECKOr0o MaTepuaga K IPAKTHYECCKOMY
3aHATHIO:

1. Uto Takoe 3B&31HOE HEOO? (3BE3THOE HEOO - MHOXKECTBO HEOCCHBIX CBETHJI, BUAUMBIX C 3€MIIH HOYBIO,
Ha HeOSCHOM CBOJIe. B sICHYIO HOYB YeJIOBEK C XOPOIIMM 3pSHHEM YBHJIUT Ha HeOOCBoJe He Ooee 2—3
TBICSY MEPIAIOIMNUX TOYEeK. ThICAYM JIET Has3aj IPEBHUE ACTPOHOMBI pa3eiviu 3BE3JHOEC HEOO Ha
ABCHaAIlaTb CCKTOpOB )41 HpI/IILYMaJII/I UM UMCHa U CUMBOJIbI, 110 KOTOpBIMI/I OHH U3BCCTHHBI U HOHLIHG.)
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2. YUro takoe co3pe3nus? (Co3Be3aus - y4acTKH, HAa KOTOpBIE pa3zierneHa HebecHas cdepa st yao0cTBa
OPHEHTHPOBAHMS Ha 3BE3AHOM HeOe. B MpeBHOCTH cO3BE3AMSAMH HA3BIBAIHCH XapaKTEepHbIE (QUTYpBHI,
o0pa3zyemble SpKUMU 3BE3IAMU. )

3. CkoJIbKO Ha ceroAHsHui aeHb co3pe3auit? (Ceronns ecth 88 co3Beznuil. Co3Be3nus pa3ivyHbl 110
3aHMMaeMOH IUI0IaAn Ha HeOecHO! cdepe M KOINYeCcTBY 3BE3/1 B HHX.)

4. IlepeyrcuTh OCHOBHBIE CO3BE3IUS UIIH T€, KOTOpHIE Bbl 3HaeTe. (CyliecTBYIOT OOJIbIINE CO3BE3IUS U
Masienbkre. K mepBeiM oTHOcsATcs bonemas Mensenuna, I'epkynec, lIlerac, Boponei, Bouomnac,
Annpomena. Ko Bropeim - FOxubiit Kpect, Xameneon, Jleryuas Pwi6a, Manbiii I1€c, Paiickas [Ituma.
KoHnewHo, Mbl Ha3BaJM JIMIIH MY TOJIMKY, HAaOOJIee U3BECTHEIE. )

5. Yto Takoe kapta HeOa? ( D10 n300pakeHue 3BE3THOTO Heba UM €ro YacTH Ha IiockocTu. Kapry Heba
ACTPOHOMBI pa3/IeNUIIN Ha 2 YacTH: I0KHYIO U CEBEPHYIO (110 aHAJIOTUH C MOTYIIApUsIMU 3EMJIH. )

6. UYrto Takoe neOecHbi skBarop? (bompmoi kpyr HeOecHOW cdepbl, IUIOCKOCTH KOTOPOTO
NEePIEeHUKYIIIPHA OCH MUPA U COBHAJIAET C INIOCKOCTHIO 36MHOT'O 9KBAaTOPA.

®dopma npeacTaBiaeHusl pe3yJabTarTa:
BrimmonHuTh 3aaHueC B TCTpaaAu IJIA IPAKTUUICCKHUX pa60T.

Kputepuu onenkmu:
3a MpaBUIIbHO BBITOJHEHHOE 33JJAHHE BHICTABIISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpPaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATEIbHAS onleHKa — 0 OaioB.
Oyenxa «omauunoy svicmagisemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

JlaGopaTopHbie paGoThI
Tema 2.1 Kunematuka
JlaGopaTopHoe 3ausitue Nel

OmnpenesieHne NJIOTHOCTH BeLIeCTBA
Heb: DKcnepruMEHTATBHO OMPEACIUTD ITOTHOCTH KUJIKOCTH U TBEPIOTO TETa.
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09
MarepuanbHoe ofecrneyeHue:
BECHl C pa3HOBECAMU; JIMHEWKA MaclITaOHas; IITaHTEeHIIUPKYJb, MEH3ypKa; BEIIECTBO, IJIOTHOCTh
KOTOPOT'0 HYKHO ONPEIEIIUTD.
3ananue:
1. O3HaKOMBTECH C TEOPETUIECKUM MATEPUAIIOM TI0 TEME.
2. OnpenenuTe Maccy U 00bEM HCCIIETyeMOTO BEIIECTRA.
3. BeraucnuTe mioTHOCTH BEIIECTBA.
4. CocraBbTe OTYET 110 JJabopaTOpHOU padoTe.
Ilopsinok BbINOJTHEHHS PA0OTHI:
O3HaKOMBTECH C TEOPETUIECKUM MATEPUAJIOM T10 JJAHHOU TeMe.
Onpexnenure MIOTHOCTb TBEPAOTO TeENA..
Brruucnute aOCOMOTHYIO U OTHOCUTETBHYIO TTOTPEITHOCTH U3MEPEHUH.
Jlannblie 3aHecuTe B Tadmuiry Nel
Ompenenure 1eHY E€TIEHUS MEH3YPKH.
Omnpenenure MIOTHOCTH BOABI HEOOXOIMMO.
Boruncnute aGCOMOTHYIO M OTHOCUTEIBHYIO MTOTPEIIHOCTH U3MEPEHUN

ocoagkrwdEE
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7. PesynbraThl OnbiTa 3aHECUTE B TAOIUITYNo2.
8. OTBeTbTE Ha KOHTPOJIbHBIE BONIPOCHI:

KoHTpoJibHBIE BOOPOCHI

9.

1.

W3 nByX pasHBIX METaUIOB HM3TOTOBJICHBI OJMHAKOBBIE MO pa3MepaM KyOuku. BiapemmBanue
MOKa3aJio, YTO Macca OJTHOTO KyOHKa 0OJIbIlie Macchl Ipyroro B 2 pa3a. OiMHaKoBa JIM TUIOTHOCTh
Metauia? Eciu HET, TO BO CKOJIBKO pa3 OTJINYAIOTCS IJIOTHOCTU?
Tpu neranu — MejHas1, Kelle3Has U ATIOMUHUEBAs — UMCIOT OJTMHAKOBbIe 00bEMBI. Kakasi neranb
MMeeT HaMMEHBIIYIO Maccy, Kakas HanOomnpIryro? [IycToT B geTansx Her.

3
Kycok meramna o6semom 150 cm™ mmeet maccy 750 r. OnpenenuTe mIoTHOCTh MaTepuara.

Ha gamku ypaBHOBEIIEHHBIX BECOB MOCTABIIECHBI OJJMHAKOBBIC CTakaHbl. [locie Toro, kak B OJUH
CTaKaH HAJWIA MOJIOKO, a B IPYrol — MOJCOJHEYHOE MAaCj0, pABHOBECHE BECOB HE HAPYIIUIIOCH.
OO0BEM KaKO# U3 KUIKOCTEH OOJIbIIE?
3anoIHUTE OTYET 10 J1a00paTOPHOM padoTe COriIacHO TPeOOBAHUSIM.

Xoa paGoTsI:

Yacrte 1. /15 onpeneneHus INIOTHOCTH TBEPJOTO Tela BBIYUCIUTE €r0 00BEM.
O0BeM NpsAMOYTOIBHOTO MapajuIesIeHIIe1a BBIYUCINTE O GopMyIIe:

V=abh,

rJie a — JyInHa, M; b — mupuHa, M; h — BeIcoTa, M.

2.

3.

© Nooa &~

O0beM MWIMH]IPA BEIYUCIUTE 110 (OpMyIIe:
h — BeIcOTa 1IMIIMHApA, M; d — €ro AUaMeTp, M.

mi®
4

h

Ecnu TBepmoe Teno uMeeT HeNpaBWIbHYIO (OpMY, TO €ro 00bEM OIpPENeIUTE C IOMOIIBIO
MEH3YPKH, B KOTOPYIO OH MOKET OBITh TIOTPYKEH.

ypaBHOBeCBTe BEChI UCITIOJIB3Y: ITpaBUJIa B3BCIIMBAHUAA.

Onpenenure maccy Tena.
ITo popmyne p=m/v BBIYHCIUTE IUIOTHOCTH TBEPJOTO Tea.
Pesynbrarel usmepenunii 3anecute B Ta0auiy Nel u crenaiite BbIUNCICHMUS.

Yactp Ne2. I[J'I}I OIPEACIICHUSA IITIOTHOCTHU BOJAbI HCO6XOI[I/IMOI

1. HaliTu Maccy Tapbl, B KOTOPYIO HY>KHO IIOMECTUTbh BOJAY M OIPENEIUTh Maccy BOAbl Oe3

Tapsbl.

2. Ompepaenute MeHY JEICHUS MCH3YPKU U HAIUTE 00BHEM B3BEIIICHHOW YKHUIKOCTH (BOIBI).
3. PesynbTaThl ombiTa 3aHECUTE B TaOmuiry No2.

Tabnuma Nel. Pe3ynbTaTsl H3MEepeHUH.

Ne Bewec | mmpu | qumaa | BeIcOT | 0058M, | Macca | IIOTHOCTH pmab| Ap
TBO Ha. , b(M) a, V( , pl’lp(KZ/M3)
a(M
() hv) || mxr)
Tabnuma Ne2. Pe3ynbpTaThl BEIYUCICHUN.
No | BemectBo Macca Taphl , Macca 00BEM, IJIOTHOCTD pmab
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m1(xr) KUIAKOCT | V(u3) pnp(xe/
u, Mm3)
m2(kr)

dopma npeacTaBJeHus pe3yabTaTa:
PaboTa nomkHa OBITH BBITIOJHEHA B TETPaIH IS JTaOOPATOPHBIX PadoT.
Kputepuu onenkmu:
3a MpaBUIIHLHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TTOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTpHUIIATENbHAs olleHKa — () OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasnsemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 2.3 3ak0oHBI COXpaHEHHS B MeXaHHKe

JlaGopaTopHoe 3aHsiTue Ne2

Omnpenesienne K03 PUIHEHTA )KECTKOCTH YIIPYIOro reJia

Heab: M3yunTh 3aBUCHMOCTH CHJIBI YINPYTOCTH OT JIMHEHHOH jaedopManuu; Ha IpuUMepe
nedopManuy pacTsHKEHHS SKCIIEPUMEHTAIBHO TIOATBEPAUTH CIIPaBEeIIMBOCTh 3aKoHa ['yka; onpenenuTs
pacu€THBIM U TpapUUECKUM criocobaMu K03(HGUIMEHT yIpYrocTH (3kECTKOCTh) MPYKHUHBI (PE3UHBI).

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MatepuanabHoe obecneyenue: IlltatuB ¢ mydTol U nepkaTensiMH, JUHAMOMETP C UCCIEAyeMOM
NPYKUHOW U 3aKPBITOM IIKaNOW (MM MCCIIEyEeMBbIil JIOCKYT pe3MHBbI), JTWHEHKa, Yalia OT BECOB, HA0Op
rpy30B ¢ u3BecTHBIMU Maccamu (1o 100 u 50 rpaMMoB).

Ilopsinok BbINOJHEHHS padOThI:

1. O3HakoMbTech ¢ TEOPeTHYECKUM MaTePHAJIOM.

B nanHo#l naboparopHoil paboTe paccmaTpuBaeTcs ynpyras JUHEWHas aeopmanusi pacTsKeHUs
OPY)XUHBl (MM DPE3UHBbI), CBA3aHHAs C OSTUM CHJIa YOPYrOCTH, H, COOCTBEHHO, caMa CBs3b,
BBIPAKAFOIIAsICS B U3BECTHOM 3akoHe ['yka, KOTOphIid (6€3 ydeTra pa3HOHAINPaBIEHHOCTH JedOopMaIii |
CHJIBI YIIPYTOCTH ) MO>KHO 3aIlUCaTh B CIEAYIOLIEM BUJE:

Bl =k-x

rae: F y — abGcomoTHoe 3HaueHue cuitbl yrpyrocty; [ — koadduunent ynpyroctu (KECTKOCTh); [
— aOCOIOTHOE yIJTMHEHHE.
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sl bl beladadalalals

Inin

&2

To ectb ¢ pocrom aedopManuu MOAYNb (3HaYEHHE) CHJIBI YHPYrocTdu (B Mpenesax YHpyrux
nedopmaruii) pacter npsmo nponopuroHanbHo. Koaddumuent ynpyroctu u3 3akona ['yka Jierko HaTu,
yuuThIBasi 4uCiIeHHOe paBeHCTBO (mo Ill-my 3akony HbroToHa) cuibl ynmpyrocTd W Beca Telna,
HATSATHBAIONIETO MPYXUHY (pe3UHY):

mg
k = —
-
rae: K — xodd¢unment ynpyroctu (KECTKOCTb) NMPYKUHBI (pE3WHBI); M — macca rpysa; g—
YCKOpEHHE CBOOOAHOTO MAJCHUS; X — aOCOIIOTHOE YJUIMHEHUE MIPYKUHBI (PE3UHBI).
C npyroii cTopoHBl U3 Trpaduueckoil Gpopmbl ypaBHeHUS Kod(DdUIMEHT k MOXHO HaWTH, Kak
TaHTeHC yria HakioHa Jiy4da /Fy/(x) k ocu abcuuce.
2. O6a 3HaveHust k ciemyer CpaBHUTb, M 1O PE3yJibTaTaM 3TOTO CPaBHEHHs CHENaTh BBIBOJ O

MIPOJIeJIaHHO padoTe.

Xox padoTsI:
1. BuumarenbHO MPOYUTATh ONUCAHUE PaOOTHI U AITOPUTM JIEHCTBUM;
2. CobOpaTtb M 3apUKCUPOBATh YCTAaHOBKY (CM. PHCYHOK) TakK, 4TOOBI 3aKpeljeHHas K NpYy>KUHe
(pe3uHe) mycTas yalia BECOB HE3HAUUTENIBHO pacTAruBalia IpyXUHY (PE3UHY);
3. Crnenatb OTMETKY «HYJIEBOT'O» YPOBHS HPYKUHBI (PE3UHBI), OT KOTOPOro OYAYT OTCUHUTBHIBATHCS
JTMHEWHBIC Y/UTMHEHHS,
4. TlonmokuTh Ha YaIly BECOB I'Py3 IPOU3BOJILHONW MacChl;

5. TlpomsBecTn M3MEpeHUs CIEMYIOIIMX BEIWYHH: [] — Macca rpy3a (CymMma Macc Tpy30B B Halie
BecoB); [ | — abCOMIOTHOE yUIMHEHUE NIPYKUHBI (PE3UHBI);
6. IloBTOPUTH ABAXKIBI

7. Ilpom3BecTH MNPOMEXKYTOUYHBIE BBIYMCICHUS OCHOBHOM BEJIMYMHBI [UI1 KaXJ0ro M3 TpeEX
n3Mepenuit: [11; ATJ2; [ — koappumnmeHTs! ynpyroctu ()KECTKOCTh) IPYKUHBI (PE3UHBI) ;

8. IlpousBecTH NPOMEXYTOUHbIE BBIYMCICHUS CleAyoumx BenuuuH: [lcp; Allcp; [ep (mo
MPUHATHIM TPAaBUJIaM BBIYUCICHUIA U HAXO0XKICHUS ITOTPEITHOCTEH );

9. 10. Ha Onanke oTyera Ha4epTUThb | YETBEPTh CUCTEMbI KOOPAMHAT C OChblO abcumcc - [] —
abCoMIOTHOE YIJIMHEHUE; U ocbio opauHaT - F y — abcomoTHOe 3Hau€HHWE CHUJIbI YIPYTOCTH.
BriOpath MacTabbl eAMHULL U3MEPEHUS JUTs JaHHBIX OCE Tak, YTOObI MaKCUMaJIbHbIE 3HAYECHHUS
W3MEPEHHBIX W BEIYUCIICHHBIX BETMUMH HE BBIIILTH 32 MPEIENbl CHCTEMbI KOOPAMHAT;

10. Ha xoopauHaTtHO# tuiockocTH oTMeTuTh Touku: A(x1;|FY1)); B(x2;|FY2|); C(x3;|FY3|); rme: xn —
OJIHO W3 3HAUEHUH YAJIMHEHUS NMPY>KUHBI (PE3UHBI) 110 U3MEPEHUSIM AaHHOTO anroputma; [FYn| -
OJIHO M3 3HAYEHMM CHJIbI YIIPYTrOCTH, YNCIEHHO PaBHOM Becy Ipys3a mng, Iie Macca — U3MEPEHUE
JTAHHOT'O aJIrOPUTMa;

11. ITpoBectu mpsimyto uepe3 Touku A, B, C (ecin TOUKM He JeXaT Ha OJHOM MpsAMON — MpPOBECTH
MPSMYIO TakK, YTOOBI TOUKH PaBHOYAAIEHHO HAXOIUIUCH IO 00€ CTOPOHBI OT MPSIMOM).
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12. ITpousBecTu u 3apUKCUPOBATH B yHKTE 5. OaHka oTyéra 3HaueHue korddunmenta k’, paBHOTO
TaHIeHCY YIJla HaKJIOHA 3TOM MPsIMOM K OCH abcuuce (IPpU BEIYUCICHUH tg o< 0053aTEIbHO
HEO0OXOMMO YUUTHIBATh MacIITaObl M OCH a0CITUCC, M OCH OpAMHAT!);

13. CpaBHUTH KOAPPUIUEHTHI YIIPYTOCTH (3KECTKOCTH ), KOTOPBIC BEIYUCTSUTUCH. ClIenaTh BEIBOI.
KoHnTpoJibHbIE BOIPOCHI
1) B uém 3akmrouaercs 3akoH ['yka?

2) Uto Takoe ynpyras aedopmanus?
3) Korna Bo3HuKaeT cuiia yrnpyroctu?
4) Uto 03HauaeT 3HaK «—» B 3akoHe ['yka?
5) Ot yero 3aBUCUT KOAPDUIMEHT YIPYrocTu?
6) Kak pomkeH nBuUratbcs TUHAMOMETP, YTOOBI, HECMOTpPSA Ha IOJBELICHHBIH K HEMY TIpy3,
MpYXHHA OCTaBaJlaCh HEPACTIHYTON?
7) )KecTKOCTh MPY>KUHBI U KECTKOCTh MPOBOJIOKH, U3 KOTOPOH OHA COCTOUT — 3TO OJHO U TOXKe?
[Touemy?
®opma npeacTaBJieHus pe3yabTarTa:
Pabora momkHa ObITH BBIIOJIHEHA B TETPAAH IS JIAOOPATOPHBIX paboT.
Kpurepun oneHku:
3a mpaBUIIHLHO BBIMTOJHEHHOE 33JaHHE BHICTABIIICTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeNpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISIETCS OTpHUIIaTeNIbHAs olleHKa — () 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopouioy svicmasinsiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% nmpaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenbhoy svicmagisiemcs 3a menee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.1 OCHOBBI MOJIEKY IS PHO-KHUHETHYECKOI TeOpHH

JlaGopaTopHoe 3ansitue Ne3

IIpoBepka ra3oBbIX 3aKOHOB

Heun: M3y4nTs B3aMMOCBA3b MAKPOCKONIMYECKUX MAPAMETPOB I'a3a 3aJaHHON MAaCChI; ONBITHBIM
nyTéM yOoeauTcs B CpaBeAIMBOCTH 3aKkoHa boiins-Mapuotra.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuanbHoe obecnedyeHue:

CunbdoH (aJIOMUHHEBBII T€PMETUYHBIM IMIMHAP C TO(QPUPOBAHHBIMU CTEHKaMHM, IIKaIOH
YCIIOBHBIX E€IMHMII, MOPUIHEM C BEPTUKAJIBHBIM BHHTOM), BO3/JYXOBOJHBIM COEAMHUTEIbHBIA IUIAHT,
MaHOMETp, 0apOMeTp, UCIBITYEMBbIN Ta3 3aJaHHON Macchl — BO3/YX.

3ananne:
1.IToBTOpUTE OOBETMHEHHBIN Ta30BBINA 3aKOH.
2.IIpoBepuTh Ha MpakTUKe cobtoeHne 3akoHa boins-Mapuorra.

Ilopsinok BbINOJHEHHS Pa0OTHI:
TeopeTuyeckue cBeieHUs

B nannoif naGopaTopHoil pabore paccmarpuBaercs coOmtofeHue 3akoHa boitns-Mapuorra,
CHpPaBEUIMBOrO JJII M30TEpPMUYECKOro Mpolecca Juisi JaHHOM Macchl rasza. M3 obmero ypaBHeHUs
MenpeneeBa-Knanelipona 3akoH bolins-Mapuorra MOKHO 3anucaTh Tak:

Vnpn = C

rae: V— o0beM 3a1aHHON MAacChl Ta3a B N-OM COCTOSTHUH, [ | — IaBJIeHUE 3aJaHHOW MacChl ra3a B n-
OM COCTOSIHUU;
] — mocTostHHBIN KOA(h(PHUITMEHT (KOHCTAHTA).
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[Tpu ucnonb3oBaHuM B paboTe JaHHOW yCTAaHOBKH (CM. PUCYHOK) 00BEM raza yJoOHO U3MEpATH B
YCIIOBHBIX eAauHuIax oobema — y.e.0. (1 y.e.0.=0,1Vo, rae Vo — monnbiii o0veM cunbpona 1 ), a
JaBlieHHEe — Kak aTMoc(epHOe MaBICHHE C JOMOJIHUTENbHBIM (0€3 TOMOJHUTEIHHOr0) AaBICHHUS (IO
MaHOMETPY) C IEPEBOJJOM HEOOXOAMMBIX eIMHHMII 1aBieHus B cuctemy CH.

2 . 3amava CBOOUTCA K HAXOXKACHUIO KOHCTaHThI Cn Ui Ka)KIOTO COCTOSHHSI OJHOM M TOM XKe
Macchl rasa:

Cn = Vn "Po - (1 L Apn)

rae3 : ] — KOHCTaHTa N-TO COCTOSIHUS (B YCJIOBHBIX €IMHHIAX KOHCTaHTHI — y.€.K.); [I— oObem
3aJJaHHOI MaccChl ra3a B N-OM COCTOSIHUU (B YCJIOBHBIX €IMHHUIAX o0bema — y.e.0.); [ — arMocdepHoe
nasnenue (B [lackamsax — [1a); ALl — nonmoaHUTEIBLHOE IaBIeHUE MaHOMETpa (B aTMocdepax — aTm).

Uem TouHee u Omke Apyr K JIpyry Oyayt Haxoauthes koHctatel Cl, C2, C3 — Tem Ooinee
TOYHBIM OKa)KETCs KCIIEpUMEHTAIbHOE MOATBEPkKAeHHE 3aKkoHa boins-Mapuorra.

3 - IPUMEHSETCS 3HAK «+» - €CIIU JaBIICHUE PACTET, M 3HAK «-» - €CIIU JaBIICHUE I1aJIacT.

p.s. - 1.YcroituuBas pabora cuibhoHa BO3MOXKHA MIPH YCIOBUH U3MEHEHUSI 00beMa BO3/lyXa B HEM
ot 0,5 10 0,9 y.e.o.

2. - nus pacy€ToB €IUHUIBI JaBJeHHs OapoMeTpa - MM.PT.CT.(MHJUIUMETP PTYTHOTO CTOJOa),
MOKHO BOCIIOJIb30BaThCs enuHuniamMu niepeBoga B Ila (ITackamsax) mo dopmyme: 1 mm.pr.ct=133,33 Ila.
[lepeBon mokazaHuii MaHOMETpa HE TpedyeTcs.

Xoa paGoTsI:

1. 1. BuumarenbHO MpOYUTATh OMUCAHUE PAOOTHI U AITOPUTM JIECUCTBUK;
3. U3meputh aTMoc(hepHOE TaBIeHUE B JAHHBII MOMEHT C ITOMOIIBIO OapoMeTpa;
4. ITpousBectu u 3adUKCUPOBATh B OJIaHKE OTYETA IIPEIBAPUTEIBHBIE U3MEPEHHS aTMOC(PEPHOTO
naBieHus (C mepeBo oM B eAuHuUIbI cuctembl CH);
4. 5. CoOparb ycTaHOBKY (CM. PHCYHOK) Tak, 4yToObl 00a KjamaHa MaHOMETpa HaXOAWIUCH B
OTKPBITOM COCTOSTHUH, a TIOPIICHb CHIL(OHA — B CAMOM BEPXHEM IOJIOKCHUH;

wmn

R |

o

3aKphITh BHEIIHUI KJIallaH MAaHOMETPA;

6. C momouipblo BpaIIAIOUIErocs MOPIIHS YCTaHOBHUTH BBICOTY LMJIMHApPA CUIb(OHA HA OJHOM M3
Tpéx otmerok: 0,6; 0,7; 0,8.

7. TlpomsBectH u 3auKcHpoOBaTh B OJIaHKE OTUETa MpeABAPUTEIbHBIE U3MEPEHUsI 00beMa 3aJaHHOM
MacChl Ta3a B OJTHOM U3 TPEX COCTOSHUM (B YCIOBHBIX €IMHUIIAX 00BEMA — y.€.0.);

8. Cpa3zy xe mpousBecTH U 3aUKCHpPOBaTh B OJaHKE OTYETa MpPEABAPUTENIbHBIE W3MEPEHUs
JIOTIOJIHUTENBHOTO JaBI€HNS MaHOMETPa OJHOTO U3 TPEX COCTOsIHUI ra3a (B arMocdepax - aTMm);

9. Bpruncnuth aOCOMOTHYIO U OTHOCUTEIBHYIO TIOTPEIIHOCTH U3MEPEHU.

KoHTpoJibHBbIE BOIIPOCHI.

1) Ilpu xakoM ycnoBuM cripaBeaauB 3akoH boiis-Mapuorra?

2) Ecnu mipu ©30TEepMHYECKOM TMPOIIECCE TABJIICHHE MMAaIaeT, YTO MIPOUCXOIUT C 00BEMOM?
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3) [Ipou3BoauT i1 ra3 JaBjie€HUE B COCTOSIHUU HEBECOMOCTH?
4) TloueMy moJTydeHHBIE PE3YJIBTATHl B paO0OTE HE UACATHHO PaBHBI MEXTY CO00M?
5) Uto BiMseT Ha TOYHOCTh U3MEPEHUH B TaHHOH padoTe?
6) M0XHO 71 OTIpEICTNTh YCIOBHYIO €AMHUITY KOHCTAHTHI B equHuiiax CHU?
7) KakoBa Macca BOo3yxa B ayJUTOpUH IUIOIMIAAb0 64 M2 , BbICOTOH 3 M, pu Temneparype 25 oC
Y JIaBJICHUU 725 MM.pT.CT.?
dopma npeacTaBJieHus pe3yabTaTa:
Pabota nomkHa OBITH BBITIOJHEHA B TETPaAM s TaOOpaTOPHBIX padoT.
Kputepuu onenkmu:
3a npaBUIIbHO BBIMOJIHEHHOE 33JaHHUE BBICTABIIAETCS MOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HelpaBWIBHO BBIMIOJTHEHHOE JICHCTBUE, 3a/IaHUE BHICTABIISETCS OTpPHUIIATeIbHAs olleHKa — () 0ayioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopoutoy evicmagnsemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvhoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.3 ArperaTHLIe COCTOAHUS BelIeCTBaA " (1)330Bl)le nmepexoabl

JlabopaTopHoe 3ansiTue Ned

Onpenenenue kK03(pPUIIHEHTA NOBEPXHOCTHOI MJIOTHOCTH KUAKOCTH METOI0M OTPbIBA KaneJ/b

Henanb: onpenenuts NOBEPXHOCTHOE HATSHKEHHUE BOJbI U MBUIIBHOTO PACTBOPA METO/IOM OTPbIBA KAaIlellb

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 05, OK 07, OK 04, OK 09
MarepunanbHoe obecrnieyeHue:

HIMPUIL JJI1 YUCTOW BOJBI, WIMIPHIl I MBUIBHOTO pacTBopa (o0bemoMm 5-10 wmil), cTakaHuuK C
YUCTOW BOJOW, CTaKaHYMK C MBUIBHBIM DPACTBOPOM, INTAHTEHIMPKYJIb WIA MHKPOMETP, OCTpPO
OTTOYEHHBIN KapaHaalll.

3aganue:

1 O3HaKOMBTECH C TEOPETUUECKUM MAaTEPUATIOM.

Ha xammro, BUCAIyl0 Ha KOHIIE y3KOW TpyOOYKH, JEHCTBYIOT JBE CHJIBL: CHJIA TSOKECTH mg
HalpaBJ€HHAs BEPTUKAJIbHO BHU3, M CHJIa TIOBEPXHOCTHOTO HAaTsKEHUsA JKujakocth F moB
pacrmpesiefieHHass BIIOJIb TPAHUIIBI KUJIKOCTA C KpaeM TPYOKHM W HampaBJIeHHas MO KacaTelbHOW K
MMOBEPXHOCTHU KUIKOCTH NEPIICHINKYIISIPHO 3TON IPAHHUIIE.

>
FNIU

»
myg

Cuila IOBEpXHOCTHOTO HATSDKCHUS, ISHCTBYIOIIAs Ha HEOOJBIION Y4aCTOK TPaHUIlbl [MHON Al |
paBHa o | , rie 6 — K03 (PUIIMEHT TOBEPXHOCTHOT'O HATSXKEHUS KU JIKOCTH.

VYcnoBue paBHOBecHsl KalulM Ha KOHIIE TPYOOUYKHM COCTOMT B TOM, YTO BEKTOpHAasi CymMMa CHII,
JNEUCTBYIOIMX HA OTAEIbHBIE D3JEMEHTHl TIPAHMIBI, paBHA [0 MOJAYJIIO W IPOTHUBOIOJIOXKHA IO
HaITPaBJICHUIO CHJIE TSKECTH.

Bennuuna o4 1 mo Mepe yBenuyeHHs Macchl KaIlllM OCTAe€TCsl HEM3MEHHOM, HO B paBHOBECHH Karuis
IPUHUMAET TaKyl0 (OpMY, YTO YroJl HakJIOHa CHJIbI MOBEPXHOCTHOIO HATSKEHHMs] K BEPTUKAIH O
YIIOBJIETBOPSIET yCIOBHIO lo cos = mg , rae | — anmuHa rpaHuIbl )KUAKOCTH ¢ TPyOOUKO.
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C yBenu4eHreM MacChl Karlld yroJl 0. YMEHBIIAeTCs U, HAKOHEII, JOCTUTaeT Hys, a coso = 1 .

[lpn panpHEWIIEM YBETWYEHWH MAacChl YCJIOBHE paBHOBECHs KalUIM YK€ HE MOXET OBITh
BBITIOJTHEHO, U KaIUTS OTPHIBACTCS.
Orcrona, npuauMas, uto I=n d , rae d — BHyTpeHHU quameTp Tpyoouku, moiaydaeMm: d om= mg
mg |

=

Xoa pa6oTsl

1.13meputs BHyTpeHHUH auamerp d HakoHeyHMKa mmmpuna. Jlis W3MEpeHHus MOXKHO
BOCITIOJIB30BaTbCS OCTPO OTTOYEHHBIM KapaHaamoMm. BcTaBuB KapaHJalml B HAaKOHEYHUK JIO YIOpa,
IIOMETHTE T'PAHUILY COIPUKOCHOBEHMsS HAKOHEUHHMKA C KapaHaamoM. /[mameTp kapaHjaiia Ha ypOBHE
9TOM TPaHULIBI MOKHO INPUHATH 32 BHYTPEHHUW MaMETP HAKOHEUHHWKA U WU3MEPHUTh €ro C IOMOUIbIO
LITAHTEHIUPKYJISI MM MUKPOMETpA.

2.Hab6patp B mmpuil 4—-5 M1 BOJbI U, JIep’Ka €ro BEPTUKAIBLHO M IUIABHO HAXKMMasi Ha TOPIIEHb,
BBUIUTH 3—4 MJI B CTAaKaHUYHWK, cuuTas Kariu. 3mepenue koiaudecTa Kameiib N IpOBECTH HE MEHEE TpeX
pa3, 3areM 1o oOmiel macce BBITEKIIEH BOABI 00I m (MONB3YyHTECh IMIKANOW Ha mimpuie!) HalTH
CPEJHIOI0 MacCy KallJld m U MOTPEIIHOCTb e onpeaeneHuss Am. Pe3ynbrarsl 3aHecTy B Ta0IUILly

Tabnuya Nl

UMepeHo BbIYUCTECHO

No N m m d A o Ao £
m e m,e ecp  |me ecp |, mm | d mm, | Hm
oo

3.Ilonw3ysick popmynoit (1), paccuutarh KOIPPUIUEHT MOBEPXHOCTHOTO HATSKEHUS BOABI U
a0COIOTHYIO MTOTPEIIHOCTH €T0 ONPEIEICHUS

Aazjcr -0

uim maéa| ®

4. BpuncauTh OTHOCUTEIBHYIO ITOTPENTHOCTh U3MEPEHUIN

e=2% 1001
g

madia

5. AnHanmormuHelM 00pa3oM oOIpenenuTh KO3(pPUIMEHT MOBEPXHOCTHOTO HATSHKEHUS MBUIBHOTO
pacTBopa (I10JIb30BaThCs OTAEIBHBIM LIMPULIEM U TTOCYI0M!).
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H3MEPCHO BBIYUCJICHO
N me |'m .2 | Am,2 Am,,,2 d, mm| Ad, mm 0‘[%1 Ao, [%{ &Y

No | m

2
ohu?

P

6. CnenaTh BBIBOJ M 3aIMCaTh MOJyYCHHOE 3HaYCHHE K03(pPULlMeHTa TOBEPXHOCTHOTO HATSKEHHS
C YYETOM MOrPEUIHOCTH

KonTposabHbie BONpochkl:

1. KoaddunueHnt nmoBepxHocTHOTO HaTsKeHUs kepocuHa 0,024 v/m. Bornbie nim MeHbIe Macca
Karuii KEpOCHHA M0 CPAaBHEHUIO € Karulel BOJIbI, €CIIH KaraTh U3 OJJHOM U TOM K€ MUIETKU?

2. O0bsicHUTE OAPOOHO, TOUEMY MaJIeHbKHE KalleIbKU )KUIKOCTH MOTYT JI0JITO BUCETh HE
OTPBIBASCH.

3. [Touemy, mpex/e 4eM MOKPHITh IITYKATYPKy MACISTHOM KpacKoH, MpeABapUTEIbHO MTPOU3BOISIT
IPYHTOBKY 0J11(oit?

4. [IpuBeauTe CBOU MPUMEPHI ICUCTBUS CUIIBI TIOBEPXHOCTHOTO HATSKEHUS

®opma npeacTaBieHus pe3yJbTara:

PaGota gomkHa ObITH BHIMIOJIHEHA B TETPAIu AJIs 1a0OpaTOPHBIX PadoT.

Kputepuu ounenkmu:
3a npaBUJIbHO BBIMOJIHEHHOE 331aHUE BBICTABIISICTCS MOJIOKUTENbHAS OIleHKa — 1 Oa.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATENbHAS o1leHKa — 0 OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvno» svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.3 ArperatHble cOCTOSIHUS BellecTBa U (pa3oBble nepexoabl

JlabopaTopHoe 3ansitue NeS

Onpenenenue BJIAKHOCTH BO31YyXa H aTMOC(EPHOT0 JaBJICHUSA
esb: u3MEpUTHh OTHOCUTENIBHYIO BIIAYKHOCTh BO3/lyXa B JJAOOpaTOpun (PU3UKHU
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09
MarepunanbHoe obecniedenne: rurpomerp ncuxpomerpuueckuit BUT — C, crakaH ¢ KunsueHon Bo1on
3aganue
1. O3HakoMbTech € TeOpPeTHYECKUM MaTepPHAJIOM:

B armocdepe 3emnm Bcerma coaepxkarcs BoJAsSHbIe mapbl. WX comepxkaHHe B BO3IyXe
XapakTepu3yercs a0COMOTHOM U OTHOCUTENBHOM BIIaKHOCTHIO. AOCOJIIOTHAs BJIAXKHOCTh OMPEEIseTcs
IUIOTHOCTBIO BOJSHOTO Tapa pa, HaXOHAIIErocs B artMocdepe, WIH ero MapiHalbHBIM JaBICHHEM PII.
[TaprmansHBIM JaBIEHUEM PIT HA3bIBAETCS JIABJICHHE, KOTOPOE MPOW3BOIMI OBl BOASHOW Tap, €ciiu Obl
BCE JIpyrue ra3bl B BO3/lyX€ OTCYTCTBOBaIM. OTHOCHUTENHbHON BIAXXHOCTHIO () HA3BIBAETCS OTHOLIECHUE
MapluUaJbHOTO JaBJIEHUS PII BOJSHOTO Mapa, COJEpiKallerocsi B BO3JyXe, K JIaBJICHHIO HACBIIIEHHOTO
napa pH.I., Ipu AaHHON TemmepaType. OTHOCUTENbHAS BIAXHOCTh () TIOKAa3bIBAET, CKOJIBKO MPOIIEHTOB
COCTaBJISIET TApIHAIBHOE JABJICHHE OT JaBJICHUS HACHIIIEHHOTO IMapa MPU JaHHOW TeMIeparype M
orpeenseTcs 1no Gpopmyie:

o =L 100%
pllll
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[TapruaneHoe naBIeHUE PII MOKHO paccuuTaTh 10 ypaBHeHUI0 MeHnneneesa - Kianeiipona unm no
TOYKE POCHI.

Touxka pochl - 3TO TEMIIEpATYpa, PU KOTOPOM BOJASHOM Iap, HAXOIALIMICS B BO3AyXE CTAHOBUTCS
HAaChIIEHHBIM. OTHOCUTENBHYIO BJIAXKHOCTh BO3/1yXa MOXHO OIpPEACIIUTh C IOMOIIBIO CIEHHATBHBIX
npuOOPOB — MCUXPOMETPA U TUTPOMETPA.

IIcuxpomerp

IIcuxpomeTp COCTOUT U3 CYXOr0 U BJIAJKHOI'O TEPMOMETPOB.

PaccmoTrpuTe ncuxpomMeTp U onpenenuTe Iae CyXon U BIaXKHbIM TEPMOMETPBI.

a) U3MEPUTH NIOKa3aHUs CyXOI'o U BIaXKHOTO TEPMOMETPOB:

0) KCIOJNIb3Yysl TICUXPOMETPUYECKYIO TAOJIHILY, ONpPEAETUTh OTHOCUTEIbHYIO BIIXXHOCTH BO3yXa.
BHuMaTrenpHO MOCMOTpUTE Ha MCHUXPOMETPUYECKYIO Tabiuiy. B mepBoM BepTHKanbHOM CTOIOIE
HalIuTe MOKAa3aHMs Balllero CyXOro TEPMOMETpPA, B NEPBOM TOPU3OHTAIBHON CTPOKE HAWAUTE Bally
PA3HOCTh MOKA3aHMUM CyXOr0 M BJIAXXHOTO TEpMOMETPOB. To 4MCII0, KOTOPOE HAXOAUTCS HA IIEPECEUCHUH
CTOJIOLIa U CTPOKH U SIBJISIETCS 3HAYCHUEM BIIXKHOCTHU BO3yXa.

N3o6pakenue, cxema, pUCYHOK SKCIIEPUMEHTA:

Cwoot |4k
mepmosemp| =g

X | Bawwn |2
) mepaosenpm R

Pucynox 1. YcranoBka aist maboparopHoii padotsr Ne5
2. Bromonaure paboty.
3. OTBeThTE Ha KOHTPOJIEHBIE BOIIPOCHI.
4. 3anoiHMTE OTYET 1O JIabopaTOopHOI padoTe.
Ilopsinok BbINOJHEHHS padOTHI:
1.Hanute B nmuTaTenb KUISTYEHYIO BOLY.
2. Jlatp ¢uTHI0 nponuTaThcs BomoM U uepe3 10-15 MHHYT NPUCTYNUTH K OMNpPENETIECHUIO
BIIQ)KHOCTH.
3.0mnpenenuTs NOKa3aHMs CyXoro ¥ YBIa)KHEHHOT'O TEpPMOMETPOB.
4.IloBopaunBast 1MMO C KpacHOM OIM(POBKOW, COBMECTHUTH IIOKAa3aHUS CYXOro TepMOMeTpa
(xpacHble IU(PBI) ¢ TOKa3aHUSAMU YBIA)KHEHHOTO (YE€pHbIE LIUPPBHI).
5.0mnpenenuTb OTHOCUTENBHYIO BIaKHOCTb 110 KPACHOM CTPEJIKE.
6.Pe3ynbpTaThl N13MEpEeHUI U BBIUMCICHHUM 3aHECTU B TaOIHILY:

Tabmuia Nel
Ioka3anus TepMOMETPOB Pa3nocTh OTHocHuTEILHAS
MOKA3aHUI BJIA’KHOCTb BO3yXa @,
TEepPMOMETPOB %
At=tcyx-tBJj
cyxoro tcyx BJIAKHOTO tBJI
TaOmuma Ne2
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Temnepary | Touka Hasnenue | [Maprmanen | OtHocuten | IlmoTHOCTh | AGCOMIOTHA
pa pOCBI, o°c HACBIIICHH | O€ bHas HACBIILIEHH | 5

OKpPYKaro Oro mnapa, JlaBJICHUE BJIAYKHOCTB | OrO Iapa, BJIAKHOCTh
1Iero [la BOJSTHOTO BO3yXa, % | < BO3/1yXa
BO3/yXa, napa, I1a at

°c

7. Cnenatp BBIBOJ, 3allMCaTh IMOKAa3aHHWs TUTPOMETPa W JaTh PEKOMEHIAIMH IO MO KaHUIO
BJIIAXHOCTH B JJaOOPATOPHH B TIpeJIesiaX HOPMBI.
KonTpoabHbie Bonpochkl:
1. Kaxoii map Ha3bpIBaeTcsi HachleHHBIM? UTO Takoe TUHAMHYECKOE paBHOBECHE, TOYKA POCHI,
napuuagbHOE JaBjieHue?
[Toyemy nokazaHusi CMOYEHHOT'O TEPMOMETPa MEHbIIIE, YEM CYXOro?
Kak, 3Hast TOUKy pOCBHI, MO’KHO OTIPEACTIUTh NapUuaIbHOE AaBIICHHE?
4. Cyxol M BIaXHBIH TEPMOMETPHI IICUXPOMETPA MOKA3bIBAIOT OJMHAKOBYIO TemIiiepaTypy. Kakosa
OTHOCHUTEIIbHAS BIIAYKHOCTH BO3ayXa?
®opma nmpeacTaBJieHus pe3yJbTarTa:
Pabora momkHa ObITh BBIIOJIHEHA B TETPAIH JUIS JJA0OPATOPHBIX padoT.
Kpurepun oneHku:
3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIIICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeNpaBUIILHO BBIITOJHEHHOE JEHCTBHE, 3a/laHUE BHICTABIIACTCS OTpHULIATEIbHAs OlleHKa — () 6asuioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenra «Heyoosiemeopumenbvhoy svicmagisemcs 3a Mmenee 60% nmpaBUITBLHBIX OTBETOB

wmn

Tema 3.3 ArperatHblie COCTOSIHUSI BelecTBa U (pa3oBble mepexoabl

JladopaTopHoe 3ansitue Ne6

Onpenenenue yaeJbHOH TENJIOEMKOCTH BeIeCTBa
Henb: ONBITHBIM MyTEM ONPEACIUTH BEJIUYUHY YIEIbHON TEIJIOEMKOCTH BEIIECTBA M BBIICHUTH
(bu3nyecKuil CMbICT ypaBHEHHS TEIJIOBOIO OaiaHca.

Brinosinenue padorsl cnocod6cTByeT (POPMUPOBAHNIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuanbHoe olOecrnedyeHue: BEChl ONTUYECKUE HA INTATUBE; PAa3HOBEC; MCCIEAYEMOE BELIECTBO;
KaJIOPUMETP; TEPMOMETD; DJIEKTPOIUIUTKA; COCY]l C BOAOU;

3aganue

1. 3anucatp B TeTpab Ha3BaHHE PAOOTHI, 1eNb PaOOTHI, MPUOOPHI U MPUHATIEKHOCTH.

2. Haueptuth TaOaMILy AJIs 3aMIUCH PE3YIbTATOB U3MEPEHHUI U BHIYUCICHUIA.

3. BBIYHMCIICHUS IPOBECTU COTJIACHO (POPMYIaM:

Temora, oTmaHHast TOPSTYUM TEIOM: Qo =M1 C1(t1- )

TemoTa, mosydeHHas: KaqopuMETPOM: Q on x =M2C2(0-t2)
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Terota, nmosydeHHass BOIOM: Qo5 =M3C3(0-13)
VYpasaenue TerioBoro 6ananca: Qo= Qnox
M1C1(t1- 0)= maCa(6-t2)+ M3C3(0-ts3)

mM1C1(t1- 0)=( 0-t2)( MaC2+ M3Cs)

Tak xak ty=t3, (0-t)=(0-t3)
c1=(0-t2)(M2Ctmsc3)/ (M1 (t1-0)) dox/(xr- °K).
4. OnpenenuTs NOTPEUTHOCTH

A=|Crag-C1| - @OCONIOTHAS TIOTPEITHOCTb;

0=(A/c)-100%.
IMopsinok BbITIOJIHEHHSI PA0OTHI:
Onpenenuts Maccy UCCIEeIyeMOro Teua my;

OnycTuTh UCCIEe1yEMOE TEJIO B COCY/l C BOJOW U HArPETh BOJY /10 KUIICHHUS;
Onpenenuts Maccy KaJlopuMeTpa my;

Hanute 10 n0710BUHBI BOABI B KAJOPUMETP U ONPEAEIIUTH MACCy BOAbI M3;
N3Meputh HaYaIbHYIO TEMIIEPATYpPy KAJIOPUMETPA C BOAOH tp=13;

OnycTUTh HArpeToe TEJIO0 B KAJIOPUMETP C BOJOU U U3MEPUTH TEMIIEpATypy cMecH 0

Pe3ynbTartel M3MepeHU M BBIYUCICHUN 3aHECHTE B TaONMIly W chaenaiite BbiBoA. [lo oxoHUaHUU
paboTHl MPUHAIICKHOCTH, TETPAIh U JAHHOE PYKOBOJICTBO CAAaTh MPETOaBATEIIO.
Taoauma Nel

No gk~ owDdPE
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1. macca TBEepIOITO Tera, KI m;
2. TeMmaeparypa Temxa, °C
3. Mmacca KaJTopamMeTpa. KT m-
4. mMacca BOIOBI, KT ms
5. Temmeparypa BOXIBI II KajJopiImMmeTrpa, L=t
bl S

6. TemMmraeparypa cMmecii. °C (S
F= vVIeasHas TeIITIOeMKOCTSE c>
KagopIiMeTpa. J/(xr-°K)

S.yvoemasHAasT TeIDIOEeMKOCTE BOIBI, Cs
/A xr-"K)

9. ymemdsHAasi TeIlllIOeMKOCTIHB TITBepIoro ci
Terxa., Jx/(xr-°K)

10. TaOmmIraHOoOe IHagIeHIIS YVIeIBHOII Ccr
TEeIINIOESeMKOCTII TBEepIOIO TEeIIia,

I/ (xr -7 K)

11. orHOCIITEeIEHAS [IOIpPenrHoCcTs., 26 o

KoHTpoJibHbIE BOPOCHI:

1. KakoBa pa3zHuna Mex/Jy TEINIOEMKOCTBIO TeJa U YIEIbHOU TENJI0EMKOCTBIO?

2. B yem cmeIch YpaBHCHHA TCIIJIOBOT'O OalaHca M Kakoe OTHOIICHHE OHO HMEET K

3daKOHY COXpaHCHHA SHCPTHUU.

C[)opMa NpeacraBjJacHusd pedyjabTara:

Pabora JOJDKHa OBITH BBHITIOJTHEHA B TETpaau IJIsd J'Ia60paTOpHLIX pa60T.

Kpurepuu onenkmn:

3a MpaBUJILHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS MOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HeMpaBWIIBHO BBITIOJHEHHOE JICHCTBUE, 3aJJaHNE BBICTABIISIETCS OTpUIIaTeIbHAs omeHKka — () 6aioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB

Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenxa «yoosnemeopumenvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

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

Tema 3.3 ArperaTHbie cOCTOSIHMS BewiecTBa U (a3oBbie nepexoabl

JlaGopaTopHoe 3ansiTue Ne/

Onpenenenue MOYJIsl YIPYTOCTH Pe3UHBI

Hean: Onpenennts MOAYJb YIPYTOCTH PE3UHBI ITPH PACTKECHUH.
Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MartepunanbHoe ol0ecniedeHre: pe3nHOBBIA MWHYp UIMHON 25—30 cMm u ceuenuem 4— 10 MM, Habop

rpy3oB 1o 0,1 kr, 1kr, 1,5kr, 2 K., ITATUB, TMHEHKA, IITAHT€HIUPKYJIb HIK MUKPOMETP.
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Buumanue! H3zobezaiime nadenus 2py3oe c pabdoueii noeepxuocmu. Cneoume 3a non0IiceHuem
wmamuea!

3ananme:
1. O3HaKOMHTBCS C TECOPETUUECKUM MATEPUATIOM.
Teopus.

[Ipu ycraHoBuBINEHCS ynpyrod aedopMmarid pPaBHOACUCTBYIOIIAS BCEX BHYTPEHHUX CHII
YIPYroCTH, BO3HUKAIOUIMX B Tele B JIIOOOM €ro CEeYeHHH, YypPaBHOBEIIMBAET BHEIIHUE CHUJIBI,
JEHCTBYIOLIME HA TEJIO.

Cornacio 3akony ['yka, HampspkeHME O M BBI3BAHHOE UM OTHOCHUTENIBHOE & YAJIMHEHHE
nponopiuoHansHbl: 0=E € , rne E— mMoayne ynpyrocrtu.

r[i WA E = M
S Al md*(1-1l,)

E =

[Tocne nmpeoOpazoBaHus ATOTO BBIPAXKEHUS MOTYIUM:

JIist SKCTIIEPUMEHTAIHOTO OTIPENIEICHUsT MOJYISI YIIPYTOCTH HY)KHO M3MEPHTH BCE 2
BenuuuHbl  Aedopmupyromyio cuny F (F=mg), ceuenme obpasma S, ero § (S _— ),
nepBOHAYANbHYIO ey 10 n yamuaenue |. 4

Xoa paGoTsI:

HN3y4denue gepopmanum pacTssKeHus.

1. U3mepuTh C MOMOIIBIO INTAHTCHUUPKYJS WIM MHKPOMETpa TOJIUIMHY IIHYpa U BBIYUCIUTH
IUIOIIA/b €r0 IONEPEYHOro ceyeHus S.

2. llopeemmBas k mHypy rpy3sl maccoi 0,1 kr, 0,2 kr, 0,3 Kr, U3MEpUTb COOTBETCTBYIOIINE
a0COJIIOTHBIE YAJMHEHUS IIHYpa: U BBIUUCINTh OTHOCUTEIbHBIC YAIUHEHUS IIHYpa.

3. Ilo pe3ynpTaTaMm U3MEPEHUI BBIUMCIUTD MOJYJIb YIIPYTOCTH pe3uHbl E U OIIEeHUTh MOrpenIHocT!
HKCHEPUMEHTA!

Am Al Ad Al
= + +2—+ -
m d [-l

AE=E-¢
- a0COMIOTHAS TIOTPELTHOCTb.
5. Pe3ynbraTel n3MepeHuil U BRIYUCICHUN 3aHECTH B TaOJHILY:

- OTHOCHUTECJIbHAs NOTPECIIHOCTD

H3MEPECHO BBIYHUCIICHO
J\{g mxr | dom | S.m® | lgm | Lm |[ALm| F,H |E. Ila Eq, | AE, £, %
/o [la Ila
|
2
3

6. CienaThb BBIBOJL.

KoHTpoJibHBbIE BONIPOCHI.
Kakue Buzp! neopmanuii Bel 3HaeTe?
W3mensiercs a1 BHYTPEHHSSI SHEPTUs AeOPMUPOBAHHBIX Te?
Ot kakux mapamMeTpoB 3aBUCUT MOIyb FOHra?
Kakoro Buma nedopmanus HaOdrofaeTcs Npu YekaHKe, Mpu (OPMUPOBAHMM COCTaBa, MpU
HCIIOJIb30BaHNHU JOMKpAaTa JUIsl TPAaHCIIOPTHOTO CpesicTBa?

el A

®opma npeacTaBJieHus pe3yabTaTa:
PaboTa nomkHa OBITH BBITIOJHEHA B TETPaAM JIJIs TaOOPaTOPHBIX PadoT.
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Kpurtepun onenkmn:
3a mMpaBUIILHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATENbHAs olleHKa — () OaioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIbHBIX 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 IlocTOSIHHBIN YJIEKTPUIECKHH TOK

JlaGopaTopHoe 3ansiTue Ne§

Onpenenenue y1eJbHOT0 CONMPOTUBJIEHUS MIPOBOIHUKA

He.]'lb: OMnpeaACICHUEC YACIbHOI'0 COIMPOTHUBJIICHUA MMPOBOAHHKA SKCIICPUMCHTAJIbHBIM ITYTCM
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09
MarepuanbHoe o0ecrniedeHHe: HCTOYHHK TOKA, AamIepMeTp, BOJIBTMETP, COEIUHUTEIbHbIC
MPOBOJIA, KIIIOY, IITAHTCHIUPKYJb, JIMHEWKA, KyCOK IPOBOJA, YICIHHOE COMNPOTHBICHHUE KOTOPOTO
oTpeaensercs.
3ananue:
1. CamocrosiTensHO cOOpaTh MEKTPUUECKYIO IIEMb 10 CXEME.
2. CHATBH TIOKa3aHUS aMIIEpPMETPa U BOJILTMETPA.
3. Hcnonb3ys MTaHTEHIUPKYIb U JHHEWKY, HAYYUTHCS OMPEIENATh T'€OMETPUUYECKUE pa3Mepbl

MIPOBOJIHUKA.
4. Omnpenenuth BEIUYHUHY YICIBHOTO CONPOTUBICHUS METaslIa. RNt
IMopsiiok BbINOJIHEHUS PA0OTHI: — .
1. Co6paTh Lienb 10 cXeMe U MOKa3aTh I IPOBEPKU PYKOBOIUTENO. ==
2. 3aMKHYTb LI€TIb U CHATH MOKa3aHUs aMIIepMETPa U BOJBTMETPA. T _
3. BBIUUCIHTH COMPOTHRIICHHE TPOBOAHUKA 11O (hOpMYIIE.
4. W3MepuTh IIUHY U BBIYUCIUTH TUIOMIA/Ib MTOTIEPEYHOTO CEUCHUS
MIPOBOJIHUKA TI0 popmyIie:
wed” U
_ S=— R=
, Tae - mnamerp npoBOIHHKA 4 !
5. BpluucnuTh yaenbHOe COMPOTHUBIICHHE 1O (hopmyIie: R-S
6. Jlanubie 3aHecTd B TabmuIy 1. P = /
7. Beraucnuth aOCOMIOTHYIO (A) M OTHOCUTENBHYIO (€) MOTPEIIHOCTH U3MEpeHuil o Gopmyrnam:
A ,
A=1Prigr. = Proavy. £ =——100%
Praga.

8.Cnenath BBIBOJ 1O padore.
TabmmaNel
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U.B 1. A R,On| [bwm | d.ou S P, A, O
,J

p My

Oam-
M

. s
E.70

BECIIECTBO

KoHTposbHbIE BONPOCHI
1. Or kakux BENUYMH M KaK 3aBUCUT COMNPOTHUBIICHHWE MPSMOJIMHEHHOTO METAIIIMYEeCKOro
MPOBOIHUKA?
2. JIBa MenHBIX MPOBOAHHKA MMEIOT OJMHAKOBYIO JJIMHY, HO PAa3IMYHYIO IUIONIA[b IOMEPEUHOTO
ceuennsi.:1,6 mm’ 1 0,8 Mm?. Kakoid MIPOBOJIHUK UMEET MEHbIIIEE COIMPOTUBICHUE U BO CKOJIbKO pa3?
3. CKOJIBKO METPOB HUKEIMHOBOIO POBOJA ILIOMIA/AbI0 MONEpedHoro ceueHus 0.1 Mm’ notrpedyercs
JUIsL W3TOTOBJICHUSI peocTara C MakKCUMalbHBIM compotuBieHrnemM 180 Owm?  VYnaenbHoe
conpoTuBiieHue HukenuHa 0,42 10°0M'm.
dopma npeacTaBJeHus pe3yJbTara:
PaGota gomkHa ObITH BBIMIOJTHEHA B TETPAIU AJIs Ta0OPATOPHBIX padoT
Kputepuu onenkmu:
3a npaBUJIbHO BBIMOJIHEHHOE 331aHKUE BBICTABIISICTCS MOJIOKUTENbHAS OI[eHKa — 1 Oa.
3a HelpaBWIBHO BBIMIOJIHCHHOE JICHCTBHUE, 3a/IaHUE BBICTABIISICTCS OTPHUIIATEeNIbHAsS olleHKa — () 0ayuioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasgisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.2 ITocTOAHHBIN 31eKTPHYECKUH TOK

JlaGopaTopHoe 3ansiTue Ne9

3KCHepHMeHTaJ'lLHaH MpPpOBEPKa 3aKOHOB MAPAJJICJIBHOI'O U IMMOCJIEA0BATEC/ILHOI0O COCANHCHU S
NMPOBOJIHUKOB

Heab: u3y4uTh nocjiegoBaTebHOE U NapauieibHOE COeJMHEHHUs TPOBOHUKOB
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuanbHoe o0ecnieyeHue:

VICTOYHUK 3JIEKTpUUYECKOW SHEPruM C IMOCTOSHHBIM HampsokeHHeM (He Bbimie 25B); BOJBTMETP
IIKOJIbHBIM;  ammepMeTp IIKOJbHBIA, HAO0Op JIEMOHCTPAllMOHHBIX PE3UCTOPOB C  pa3HBIMU
COIIPOTHBIIEHUSIMH, KIJIIOY, COEJUHUTENBHBIE IPOBOA.

3ananue:

1. O3HaKOMBTECH C TEOPETUYECKUM MAaTEPHATIOM:
Teopus

[TocnenoBarenbHOe U MapajielibHOE COEAMHEHUS B JJEKTPOTEXHHMKE — JBa OCHOBHBIX CIIOCO0a

COEIMHEHHS AJIEMEHTOB 3JeKTpuuyeckol nenu. Ilpu mocrnenoBaTeNbHOM COEIMHEHUU BCE SJIEMEHTHI
CBSI3aHBI IPYT C IPYIOM TakK, YTO BKJIIOYAOIIMM UX Y4aCTOK LN HE nMeeT (puc.l) Hu ogHOro y3i1a.
[Ipu napamieabHOM CO€AMHEHUHU (PHC.2) BCE BXOJAIINE B LIEb 3JI€MEHTH 00bEAMHEHbI ABYMS Y3JIaMU U
HE MMEIOT CBA3EH C JAPYrUMH y3JaMH, €CJIM 9TO HE NPOTUBOPEUUT ycioBuio. IIpu nmocinenoBareiabHOM
COEIMHEHUH TPOBOJHUKOB CHJIa TOKa BO BCEX IMPOBOJHUKAX oOJauHaKoBa. llpu mocrnemoBarerbHOM
COEIMHEHUH MTPOBOIHUKOB CHJIa TOKA B JTFOOBIX YACTSX IEMH OJHA U Ta XKe:

1211 — IQ_
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ITonHoe HAIllpsAKCHUEC B ICNIM IPHU HOCICAOBATCIIBHOM COCAWMHCHUHN, WM HAIPSKCHUC Ha IOJIOCax
HNCTOYHHKA TOKA, pPaBHO CYMMCE HaprI}KeHI/Iﬁ Ha OTACJIIBHBIX YJaCTKax LCIIn:

U= L‘r1 + U,Q-
Puc.1.
R1 RZ Rn
e = - R=R1+R2+'°'+Hﬂ

[Ipu mapanieabHOM COEAMHEHUU TMaJieHHE HAMPSKEHUs] MEXKIY IBYMS y3JIamMH, 00beIUHSIOIUMU
3JIEMEHTHI LIETIH, OAMHAKOBO JJIs1 BCEX JIEMEHTOB.
[Ipu sToM BenmuuHa, oOpaTHas OOIIEMY COINPOTHUBICHHUIO LEMHU, PaBHA CyMME BEJIMYMH, OOpaTHBIX
COMPOTHUBIICHUSAM TMapaJUICIbHO BKIIOYEHHBIX MTPOBOJHUKOB. Cuila TOKa B HEPA3BETBICHHOW YacTH LIEH

Me c¥
I=I, + I,

HaHpH)KeHI/Ie Ha y‘IaCTKaX menn AB M Ha KOHIIaX BCECX HapaJIJIeJILHO COCONHCHHBIX HpOBOIIHI/IKOB OOdHO U
TO XK€:

U=U, = U,

PI/IC;2.

I[J'IH ABYX IapaJlJICJIbHO COCAUHCHHBIX PE3UCTOPOB UX 06mee COIIPOTUBJICHHUEC PABHO!
1

R R,

R,
n.

Ry =0, =fy= o=, R

Ecnu , TO 00IIIee COMPOTUBIICHUE PABHO:

[Ipn napamienbHOM COEAMHEHUU PE3UCTOPOB UX 00Iee CONMPOTHUBIIEHUE OYJET MEHbIIE HAaUMEHBIIETO
W3 CONPOTUBJICHUN.
2. CHsB MOKa3aHWs HAMPSDKEHWH W CHJI TOKAa HA Ka)KJIOM U3 YYaCTKOB IIENH, HEOOXOAUMO CBEPHUTH
COOTBETCTBYIOILIIME HM3MEPEHHbIE M BBIUYMCIECHHBbIE (M3WYECKHE BEIMYUHBI, a M0 pe3ysbTaTaMm
TaKoOW CBEPKH — CZeNaTh BBIBOJ O IPOeIaHHOM paboTe
Xox padoTsi:
1. ITocneooseamenvroe coedunenue npoeoOHUKOS.
1. Cobparts niens mo cxeme (puc. 1):
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puc. 1
W3mepuTh HanpskeHHe, CUITY TOKAa Ha IEPBOM PE3UCTOPE.

V3MeHUTh CXeMy YCTaHOBKM M W3MEPUTh HANpsDKEHHE Ha BTOpPOM pesuctope. Cxemy
HapHUCOBAaTh B TETPAb.

Boraucnute cymmy Hanpspkenuit Ul+U2 .

W3MeHUTh CXeMy YCTaHOBKHU U U3MEPUTH 00lIee HaMPsHKeHHE Ha ABYX conpoTuBieHusx Ul2 .

[IpoBepuTs, BeIMONHSETCS i paBeHcTBO: U12=U1+U2.
[TpoBepuTh cripaBeJIMBOCTH PABEHCTB

w N

No ok

] "
Ri»=R+R, (L_ _ 5

II. IapajutesibHOE cOeIMHEHUE TPOBOAHUKOB.
1. CoOpartp nemnb mo cxeme (puc. 2):

puc. 2
2. M3mepuTh HanpspKEHUE, CUITy TOKa Ha TIEPBOM PE3UCTOPE.
3. H3MeHHWTH cXeMy YCTaHOBKM M HW3MEPHUTh CHIIy TOKa Ha BTOpOM pesucrope. Cxemy
HapUCOBATh B TETPA/b.
4. Bprauciuts cymmy TokoB 11+12 .
V3MeHUTh cXeMy YCTaHOBKHM U U3MEPUTH OOLIYI0 cuily Toka B menu 112 .
[TpoBepuTh, BBITTOJIHSETCS JIK paBeHCTBO: 112=11+12.
[TpoBepuTh cripaBeIMBOCTh PAaBEHCTB

N oo

1/Ri>=1/Ri+1/R2 u l_‘ - _&
I, R

2 1
KoHTpoJsbHbBIE BONIPOCHI:
1. Kakoe coenmuHeHHe CONTPOTHBIICHIH HA3bIBACTCS MOCIIEA0BaTeNbHBIM? YeMy paBHBI
COIIPOTHBIIEHUE, CHJIAa TOKA, HAMIPSDKEHHE B LIEMH IIPU TAKOM CO€AMHEHUU?
2. Kakoe coennHeHHe COPOTUBIICHUI Ha3bIBaeTCs apayienbHbIM? YeMy paBHBI
COIIPOTHBIIEHUE, CUJIA TOKA, HAIIPSDKEHHUE B LIENH IIPU TAKOM CO€AMHEHUU?
3. HazoBuTe murockl 1 MUHYCHI TAPAIIIETHFHOTO U ITOCIIEI0BATEIHLHOTO COSTMHEHUH
IIPOBOJHUKOB?
4. TlpuBenuTe MpUMEPHI MAPAIUIETHLHOTO U ITOCIEA0BATEILHOTO COSAMHEHUS TPOBOTHUKOB.
®opma npeacTaBiaeHus pe3yJabTara:
Pa6ota gomkHa ObITH BBIMOJIHEHA B TETPAIu AJIs 1a0OpaTOPHBIX paboT
Kpurtepun onenkmn:
3a MpaBUIIHLHO BBITOJIHEHHOE 33JJaHHE BHICTABIISIETCS TIOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICWCTBUE, 3aJJaHUE BBICTABIIACTCS OTpULaTeIbHas oleHka — 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
Oyenra «Heyoosiemeopumenbhoy svicmagisemcs 3a Menee 60% nmpaBUIBHBIX OTBETOB
Tema 4.2 ITocTOSAHHBIN 3J1eKTPUYECKUH TOK

JlaGoparopHoe 3ansTue Nel(
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HN3y4denue padorsl mysabTuMerpa. Onpenesnenue J/1C u BHyTpeHHEro cCOnNpoTUBJIEHUS HCTOYHUKA
3JIEKTPUYECKOI IHEPTrumn

Leab: HAyYUTHCS MOIB30BATHCS MYJIBTUMETPOM ISl PA3HBIX PEKUMOB pabOThI
BoinosiHeHune padoTsl criocodcTBYeT (POPMUPOBAHUIO:

OK 01, OK 02, OK 05, OK 07, OK 04, OK 09
MartepuajbHoe o0ecrnedyeHue: MyIbTHMETP, HaOOp PE3UCTOPOB, OUOJIBI, TPHUOMABI, UCTOYHUK TOKa,
peocTar, COeAMHUTENbHBIE TPOBOJA, KIIFOY.
HNHcTpyKuus no npuMeHeHHI0 MyJIbTHMeETPA
IHepexiouaTesb pexxuMa U IMANA30HA U3MEPEHM .
[epexmtouarenp pexuMa U JUana3oHa U3MEPEHH HCIIONB3YETCs Uil BKIIOUSHHS IPUOOpa, a TaKXKe JUIs
BBIOOpA JKeTaeMoro pexxuma paboThl M Ipeaena usmepenus. s yBenauueHus cpoka ciyxObl Oarapew,
NepeBoANTE Mepekiovaress B noioxenue «OFF», mocie BeImoHeHUsT U13MEpPEHUH.
HN3mepenue HanpsizKeHUS MOCTOSIHHOIO M IIEPEMEHHOI0 TOKA.
1.IToaxntounte KpacHbIi pa3beM B rHe310 «VQmA», yepHblil pa3beM B rHe310 «COM»
2.YCcTaHOBUTE MEPEKIIOUATENb PEKIUMa U3MEPEHUN Ha KEJIaeMblil IMaNa30H U3MEPEHUS HAIIPSKEHUs , B
CIy4a€ €CJIA HEHW3BECTHO NPUMEPHOE 3HAYEHUE HAIPSOHKEHUs , YCTAaHOBHUTE IIEPEKIIIoYareiab Ha
MaKCUMaJIbHOE 3HAUEHHUE U CHIDKANTE Mpeen U3MEpPEeHHs A0 MOTYyYEHUsI ONTUMAIbHOTO 3HAYEHUS .

Pexum [Tar usmepenus IorpemnocTs

200 MB 100 MB +0,5 % ns 3ro 3Haka
2000 mB 1 MB +0,8 % s 2ro 3Haka
20B 10 MB

200B 100 MmB +1,0 % mu1s 2ro 3Haka

3. IlpukocHutech NMpoOHMKAMU K YCTPONCTBY WJIM TOUKAM 3JIEKTPUUECKOH CXEMbI . rie Tpedyercs
U3MEPUTH HANPSKEHUE.

4. B cnyyae Hanmu4Ms HaNpsKEHMs! IPUOOP MOKaXeT HaIPsHKEHHUE U TOJSIPHOCTD.

HN3mepeHue NOCTOAHHOIO TOKA

1.IToaxntounte KpacHb MPOOHUK K pazbeMy «VQmAy». UepHsblil k pazpemy «COM»(iga nzmepeHus
ToKOB 0T 200MA 110 10 A ncnons3yiite pazseM «10A»)

2 VYcraHOBHTE NEpeKtoYaTeNlb BbIOOpPA pEXKMMa HU3MEPEHHH Ha JKElIaeMblid Mpefesn H3MEpeHUs
IIOCTOSIHHOT'O TOKA .

3.Pa3beiuHuTe M3MEPSIEMYIO0 3JEKTPUUECKYIO LIE€Nb M TOJCOEIUHUTE MPOOHUKH TMOCIEI0BATENbHO C
Harpy3Kou.

4. Ha nucninee nosiBUTCS 3HAYEHUS TOKA.

6. Pazpem «10A» mnpegHasHaueH a8 HEYAcTOrO MHCIIOJIB30BaHMs. Bpems n3MepeHuss He JOJIKHO
npeBbIlIaTh 15 CceKyHJ, a MeXay H3MEpEeHUSIMH HEOOXOIMMO BBLIEPKHBATh HECKOJIBKO CEKYH]I BO
n30exaHue MOBPEeXIeHUs proopa.

HN3mepenue conpoTuB/ICHUSA

1.IIpucoenunuTte KpacHblii IpoOHUK K pazbeMy «VQmMAY. UepHsiii k pazbemy «COM».

2.YcraHOBUTE TIEpeKIIoyaTeNlb BbhIOOpa peXHMa H3MEpPEeHMH Ha IKelaeMblil Tpenen H3MEepeHUs
COIIPOTHBIICHUS.

3. Ilpunoxure npoOHHMKH K H3MepseMOMy oOpa3ly, AWUCIIEH OTOOpasUT MpU O3TOM 3HAUEHUE
COINIPOTHBIIEHUS .

Pexxum MHoxuTenb Tlorpemnoctp
200Q 0,1 +(1.0% mst 10ro 3Haka)
200002 1

20KO 0 +(1.0% ms 4ro 3HaKa)
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200KQ 100
2000KQ 1000

IIpoBepka quonos
1.IloakmrounTte KpacHbI MPOOHUK K pazbeMy «VQmA., yepHbIil K pazbeMy «COM».
2. YcTraHOBHTE TIEpEKITIOUaTeNh BBIOOPA peKUMa U3MEPEHUN Ha 3HAYOK |Iroa
3. CoenMHHATE KPACHBIA TPOOHUK C aHOJIOM (P) TECTHPYEMOTO JAMO/IA, @ YePHBII MPOOHUK ¢ KaTo10M (Nn)
4. Jlucninel mokakeT 3Hau€HUE HalpspkeHus B MB. ecnm moisisspHOCTh 1Mona mepemyTraHa , JUCIUIeH
0oTo0Opa3uT «1».
N3mepenue Temnepatypbl
1.ITpucoeaunure Tepmomnapy k pazbeMy «VOmMA» u k pazbemy «COM».
2.YcTaHOBUTE NEPEKII0YATENb BEIOOpa pekuMa U3MepeHnil Ha n3mMepenue Temrneparypsl « TEMID»y
3. Iucnineit oTo0pa3uT 3HaUeHUE TEMIIEpaTyphl B rpagycax Llenbcusi.
3ByKoBasi NPO3BOHKA
1.IToaxmrounte KpacHbI TPOOHUK K pazbemy «VOQmAy. UepHsiii k pazbemy «COM».
2.YcTaHOBUTE MEPEKII0OYATENb BBIOOpA pexXruMa U3MEPEHNN Ha 3BOHOK
3.IIpucoenuuute mpoOHUKH K MPO3BAHUBAEMOW cxeme, npu compoTtuBieHun menee 30 Om momaercs
3BYKOBOM CUTHAIL.
IHopsaok BbINOJIHEHUS PA0OTHI:
[Ipounraiite TEOPETUUECKUI MaTEPHUAIL:
Teopernueckuii MaTepuas:
Tonynpoeoonukoswiii 0uoo

Huon  comepXkuT  p-N-mepexona,  3aKIOYEHHBIM B | ol

IEPMETUYECKMI KOPIYC W COEJMHEHHBIH C METAUIMYECKMMH |
BbIBOJIaMU. BbIBOJ OT p-o0jacTu HA3bIBAIOT aHOAOM, OT n- e
00JIaCTH — KaTOIOM. =

JAuon- TONYNPOBOJHUKOBBIM TpuOOp, MpeAHAa3HAUYEHHBIM JUIS yCUJICHHS MpeoOpa3oBaHUS
TeHEPUPOBAHUS HTEKTPUUECKUX KOJICOaHUH Pa3IMUHON YaCTOTHI.

Tpan3ucTOp COCTOUT U3 TpexX obyacTell ¢ pa3TUYHON MPOBOAUMOCTHIO. Pa3nuuaroT TpaH3UCTOPHI
Tuna p-N-p u n-p-n. Cpegnsisi 30Ha Ha3bIBaeTcs 6azou. TonmmHa 6a3bl H0HKHA OBITh MEHBIIE JITTUHBI
cBoOOmHOrO Mpobera snekTpoHa. B TpaH3ucTope mMMeroTcs aBa p-N-mepexoma. JleBwlil p-n mepexon
SIBJISIETCS TIPSIMBIM U OTJENSIET 0a3y OT 00JIaCTH ¢ IPOBOJUMOCTBIO P-THUIIA, HA3bIBAEMYIO omummepom. B
3TON 00JACTH aKIENTOPHOM MPUMECH B COTHHU pa3 Oosibllie, 4eM JOHOPHOM mpruMecH B 0ase, T. €. IBIPOK B
SMUTTEPE 3HAYUTEIHHO OOJbINE, YeM JJIEKTpOHOB B Oa3ze. [lpaBblil mepexop sBIseTCs OOpaTHBIM U
otaensieT 6a3zy OT 00JIaCTH C MPOBOJIUMOCTBIO P-THIIA, HA3BIBAEMOU KOLIEKMOPOM.

- 1 N i — — i F | _—
3 K 3

Xoa pa6oThl:
1.M3y4nTh MHCTPYKIIHIO 110 SKCIUTyaTaluy Mpuoopa.
2. I3MepuTh CONMPOTHBIICHUS PE3UCTOPOB, JaHHBIE 3aMICATh B TAOINILY
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Ne n/m ConpoTtuBJjenue, OM

3.Cobparh 11emb 10 CXeMe

4.3aMKHYTb LI€TIb, IPY HEUCIIPABHOCTH LIETIH [TPO3BOHUTD LI€1b, HANTH HEUCIIPABHOCTD.
5.M3MepuTh HampsuKeHUE Ha OaTapeiike U peocrare.

6. PazoMkHyTh 1ienib. MI3MepuTh TEMIIEPATYpy PE3UCTOPA U peocTaTa.

7.3MepuTh CONPOTUBIIEHUE PE3UCTOPA U PEOCTAaTa, IaHHBIE 3alK1caTh B TAOIUILY

HaumeHoBaHue Conporusiaenue, Om Hanpstkenue, B Temnepatypa, °C

Pesuctop

Peocrar

WUcTtoyHuk TOKAa | eeme-

8. IloBTOpUTH TEOPETUUECKHI MaTepHal MO MOJIYIPOBOJIHUKOBEIM MPUOOpaM: TUOAY U TPAH3UCTOPY.
9. [IpoBepuTh AMOBI (UCIIPABHOCTD, TIOJIIPHOCTH ).
10. Tpauzucropsl. OmnpeaenuTs BBIBOJBI TpaH3UCTOpa (KOJUIEKTOpP, 0a3a, SMUTTEP) U THUM TPAH3UCTOpa
(p-n-p) miu (n-p-n)
11. 3anucaTh BBIBOJ 1O paboTe, OTBETUB Ha BOMPOCHI.
KouTtpoJbHble BOonpochI:
Kax BeIsicHUTb, uTO 110 HeucnpaBeH? 2. Kak BBISICHUTH P- U N- KOHTAKTHI 1uoa?

1
2. Kak onpenenuts 6a3y y TpaH3UCTODA.

3. HasoBure riaBHble CBOICTBA AMOAA U TPAH3UCTOPA.
4. VYcTpoiicTBO 1M0/a U TPAH3UCTOPA.

Yacrs 2. U3yueHnne siBj1eHUS 3JIeKTPOMATHUTHOM MHAYKIMH
Ilesab paGoThI: ONBITHBIM NyTeM YOEAUTHCS B MOSBICHMM MHAYKIIMOHHOIO TOKAa U MPOBEPUTH 3aKOH
Jlenna.
OOopynoBanue: MUUIMAMIIEPMETP, UCTOUYHUK MHMTAHUs, KaTYIIKKM C CepACUYHUKAMH, AYrOOOpa3HbIH
MarHmr, BBIKIFOYATEIb KHOTIOYHbIN, COeIMHUTEIbHBIE POBO/Ia, MAarHUTHAS CTpeKa (KOMIIac), peocTart.
Teopernyeckas 4acThb!

SIBneHue DIEKTPOMArHUTHOW MHAYKLIMHU 3aKI0YacTCs B BO3HUKHOBEHHMM JJIEKTPUYECKOIO TOKA B
MIPOBOJSIIEM KOHTYpE, KOTOPBIN JINOO MOKOUTCS B NMEPEMEHHOM BO BPEMEHHM MarHHUTHOM Iojie, JTIMOO
JBMDKETCSI B TIOCTOSSHHOM MAarHMTHOM II0JI€ TakKUM OOpa3oM, YTO YHMCIO JIMHUN MarHUTHOW MHIYKLUH,
IIPOHU3BIBAIOIIUX KOHTYp, MeHsercs. B Hamem ciydae pazymHee Obulo Obl MEHSATH BO BpPEMEHHM
MarHuTHOE MOJie, TaK KaK OHO CO3/aeTcsl IBMKYIIUMHCS (cBOOOAHO) MarHUTOM. COTJacHO MpaBHITy
JleHna, BO3HHMKAOMMII B 3aMKHYTOM KOHTYpPE WHIYKIMOHHBI TOK CBOMM MAarHUTHBIM I10JIEM
MIPOTUBOJECUCTBYET TOMY U3MEHEHHUIO MarHUTHOI'O IOTOKA, KOTOPBIM OH BbI3BaH. B JaHHOM citydae 3TO
MBI MO’KEM Ha0JII0/1aTh MO0 OTKJIOHEHUIO CTPEJIKH MIJJTHAMIIEpMeTpa.

ITopsinok BbINOJHEHHS padOTHI:

1. BcTaBbTe B OJJHY U3 KaTyLIEK JKEJIE3HBIN CEPCUHHUK, 3aKpENHB €ro raiikoi. Iloaxmrounre 3Ty Karymky
4yepe3 MWUIMaMIEpPMETP, PEOCTaT M KIIOY K HCTOYHUKY NUTAHWs. 3aMKHHUTE KIIOY U C IOMOIIBIO
MarHMTHON CTpenKu (KoMIlaca) OIpelesuTe pPacIoyioKEHHEe MArHUTHBIX IOJIOCOB KAaTYIIKH C TOKOM.
3adukcupyiiTe, B KaKyl0 CTOPOHY OTKJIOHSETCSI IIPU 3TOM CTpeika MuuMammnepmerpa. B pambHeiimem
IIpU BBIMOJHEHUH PAaOOThI MOKHO OyIeT CyAMTbh O PACHOJIO)KEHWH MAarHUTHBIX IOJIFOCOB KaTYLIKU C
TOKOM I10 HaIIPABJICHUIO OTKJIOHEHMS CTPEIKH MUJUIMAMIIEPMETPA.

2. OTKJIIOUUTE OT LIEMHU PEeOoCcTaT U K04, 3aMKHUTE MUJUIMAMIIEPMETP Ha KaTYyIIKY, COXPAHUB MOPSI0K
COCIMHEHMS UX KIIEMM.
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3. [IpucraBbTe CepACUHUK K OJHOMY U3 TOJOCOB TyrooOpa3HOro MarHUTa W BABUHBTE BHYTPh KATYIIKH,
HaOJI01ast OTHOBPEMEHHO 3a CTPENIKON MIJUTHaMIIepMETpa.
4. [ToBTopuTe HAOIIOICHNE, BBIABHUIas CEPACYHUK U3 KATYIIKH, a TAK)KE MEHSIS MOJIF0CAa MarHUTA.
5. 3apucyiiTe cxemMy OIbITa U MPOBEPHTE BHIMOJIHEHKE MTpaBuia JICHIIa B KaXKIOM CiTydae.
6. Pacnonoxwute BTOpYIO KaTyIIKy PSIOM C TIEPBOM TaK, YTOOBI X OCH COBIIAIAIH.
7. BcraBpTe B 00€¢ KaTyIIKH JKEJIE3HBbIC CEPACYHUKH W TPHUCOSAMHUTE BTOPYIO KATYIIKY uYepes
BBIKJTIOYATEh K UCTOYHHUKY MTUTAHUSI.
8. 3ambIkas ¥ pa3MbIKas K04, HAOII0IalTe OTKIIOHCHHUE CTPEIIKA MUJLTHAMIIEPMETPA.
9. 3apucyiiTe cxeMmy omnbiTa U IPOBEPHTE BBHIIOIHEHUE MTpaBuiia JIeHa.
KoHTpoJibHBIE BOIPOCHI:
1.B dem 3akitouaercs SBJICHUE 3JIEKTPOMArHUTHOM UHTYKIUU?
2.Kak noimKeH JBHTraTtbCs 3aMKHYTBHIA MPOBOISIIMKA KOHTYP B OJHOPOJHOM MAarHUTHOM IIOJIEM . HE
3aBUCSIIEM OT BPEMEHH, MTOCTYIATEILHO WM BPaIaTeIbHO, YTOOB B HEM BO3HUK MHIYKIIMOHHBIH TOK?
3.Metammm4eckoe KOJIbIIO0 MOXET CBOOOTHO JBUTAThCS IO CEPACYHUKY KATYIIKH, BKIIOYCHHOW B IICTh
MOCTOSTHHOTO TOKa. YTO OyAET MPONCXOIUTh B MOMEHT 3aMBIKaHUS M Pa3MBIKAHUS LIETTH ?
®dopma npeacTaBiaeHusl pe3yJabTarTa:
Pabora momkHa OBITH BBIOJIHEHA B TETPAAH ISl IAOOPAaTOPHBIX paboT
Kpurepun oneHku:
3a mpaBUIIHLHO BBIITOJHEHHOE 33JaHUE BHICTABIIIECTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBWIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNUE BHICTABIICTCS OTpUIIATEIbHAsI OlleHKa — 0 0aJuIoB.
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 «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 npaBUIBHBIX OTBETOB

Tema 4.2 IlocTOSIHHBII 3J1eKTPUYECKUH TOK

JladboparopHoe 3ansaTue Nell

Onpenesnenue TemneparypHoro kodgduumnenra Meau
He.l'lb: PACKPBITE BIIUAHUC TEMIICPATYPBI HAa SJICKTPHYCCKOC COIIPOTUBJIICHHUEC MCTAJIJIOB, OIIBITHBIM
nyréM  ONpeAeNuTh  KOXPPHUIMEHT TEPMUYECKOTO  CONPOTUBICHHUS  MeId; IOCTPOUTH IO
9KCIIEPUMEHTAIBHBIM JAHHBIM I'pauK 3aBUCUMOCTH COIIPOTUBIIEHUS OT TEMIIEPATYPHI.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuanbHoe obOecnedeHue: MpHOOp Ui ONpPENENECHUS TEMIEpaTypHOro ko3dduimenra
COMpOTHUBIIEHUs Meau, TepMomeTp Texaudeckuit ot 0 10 100°C ¢ uenoit nenenus 1°C, omMeTp, BHEIIHUN
COCy/l KaJJOpUMETpPa C BOAOH, 3JEKTPOIUIMTKA, KIIIOY, COCTMHUTENbHbBIE MTPOBOJA, MITATUB ¢ My(pTOH U
JIAIIKOU.

Teoperuyeckunii marepuas:

DJEeKTpUYECKOe CONMPOTUBJICHUE 3aBUCUT OT Temmeparypbl. OOBICHSETCS 3TO TeM, 4YTO
YIOPSAOYEHHOMY JBM)KEHHIO CBOOOJHBIX JJIEKTPOHOB JJIEKTPUYECKHM TOK 3TO YHOPSJO0YEHHOE
JBUKEHHE 3apsyKEHHBIX YacTHUI] - JJIEKTPOHOB) OKa3bIBAIOT NMPOTUBOJECHCTBHE (COMPOTHUBIIEHUE) aTOMBI
KPUCTAIIIMYECKON PEIIETKH, UHTEHCUBHOCTD TEIJIOBOTO JBUKEHHSI KOTOPHIX U3MEHSETCS C U3MEHEHUEM
TEMIIEPATYPHI.

Y XMMHYECKH YHCTBIX METAJIJIOB C IOBBILIEHUEM TeMIiepaTypsl Ha 1°C conpoTUBIIEHHE BO3PAaCTaET
npumepHo Ha 0,004 (1/273) conpotusnenus npu 0°C u BeIpaskaeTcs JIMHEWHOMN 3aBUCUMOCTBIO

Rt =Ro(1+0aAt), toe

Ro—conportusnenue meramia mpu 0°C,

At- pa3HOCTB TEMIEpaTyp (KOHEUYHOW U HavyaIbHOM);
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0 - TeMIepaTypHbIi KO3((UIIMEHT CONPOTUBICHUS, MTOKA3hIBAIOIINHM, Ha KaKyl0 4acTh HA4YaJIbHOTO
conpotusieHus nposoaHuka npu 0°C (273K) nsmensiercs conpoTuBiieHue Ipu HarpeaHuu Ha 1°C wnm
IK.

0=A R/ RoAt mm o=A R/ RoAT
AR=R;—-Ry.
OnbBITHBIM TTyTEM MOKHO OIPENECNIUTh 0, He mpuleras K U3MepeHuto conpoTusieHust Ro. s sToro
HEOO0XOAUMO JIBaX]bl WM3MEPUTh COIPOTHBIIEHHE HccieqyemMoro Mmartepuana R; m Ry mpu pasHbIx
TeMIeparypax ty 4 to.

HOpﬂ)IOK BbIITOJTHCHU A paﬁoTBl:

1. Cocyx ¢ BO/IO# TOCTaBUTH HA 3JIEKTPOILUIUTKY U BKIKOUUTH €€ B CETh.

2. OnpenenuTh HEHY JIEICHUS OMMETPA.

3. M3meputs compoTuBIcHHE Ry MeIHON IPOBOIOKHU IIPH KOMHATHOM TEMIIEPATYPE t1.

4. OmyctuTth pudOp B BOLY, YCTAHOBUTH B HEM TepMoMeTp. [Ipr HEKOTOPO# TemIeparype t, H3MEPUThH
COMpOTHBJIEHHE Ry MccieryeMoii IPOBOJIOKH.

5. OnbIT MOBTOPUTH HECKOJIBKO Pa3.

6. Boeruucouthb 2 — 3 pasa a, UCroiib3ys cootHorieHue: o= R, - Ry/ (R1t — R tp).

7. Onpenenutb cpeiHEe 3HAYEHHUE Ogp, U CPaBHUB MOJIYYEHHBIH pe3yibTaT ¢ TAOJWYHBIM 3HAYECHHEM
TeMIepaTypHOro Ko GUIMEeHTa CONPOTUBICHNUS MEIU, BBIYUCIUTh OTHOCUTENIbHYIO IOTPELIHOCTD.
8. Pe3ynbTaThl M3MEpEHUH U BEIYMCIICHUH 3aMcaTh B TAOJIHILY.

Temnepary Conporu Temnepar Cpennee T0. OTHOCUTENbH
Ne pa BJICHUE YPHBIii 3HaYeHHue 3HaYeHne ast
MeIHOI MeIHOI K03 (ppuuu TeMIepaTyp TeMIeparyp NOrpPelHOCTh
NPOBOJIOKH NPOBOJIOK eHT HOT'0 HOT0
t, °C u R, Om CONMPOTHUBJ ko3 dunue ko3 punue
eHus HTa HTa 0, %
a, (°C)* COMpoOTHBJIE CONpPOTHBIIE
HHUS HHUS
acp.
1
2
3
4
5
6

9.Ucnonb3ys naHHBIE HKCIIEPUMEHTA, MOCTPOUTH IpadUK 3aBUCUMOCTH R OT t, OTKiajabiBas MO OCH
abcrucc — remrepatypy B °C Ha OCH OpAMHAT — COMTPOTUBJICHHE.

10.Cnenats BBIBOJ 1O paboTe.

KoHTpoJbHbIE BONIPOCHI:

KaxoBa ¢usndeckasi CymHOCTb 3JIEKTPUUYECKOTO COMPOTUBIICHUS?

Kak 00BsiICHUTD yBETHUEHHS CONPOTUBIICHUS METAJJIOB ITPH HAarpeBaHUU?

O0BscHUTD (HOPMYITY, IO KOTOPOH OMPEEsIeTCs] TEMIEPATYPHBIH KO3 GUIIUEHT COMTPOTUBIICHHUS.

[Touemy TemmnepaTypHblii KO3()GUIMEHT COMPOTUBIEHUS ISl AIEKTPOIUTOB OTPULIATEIIBHBIIN?

KaxkoBo conporusnenue 0,5 xr megHoM npoBosioku quamerpom 0,3 mm?

VYka3aTb NpakTU4ecKoe MPUMEHEHNE 3aBUCUMOCTH COIIPOTUBIIEHUSI TIPOBOJHHUKA OT TEMIIEPATYPBHI.

dopma npeacraBJjieHUs pe3yabTara:

PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAU ISl JAOOPaTOPHBIX padoT

Kpurepum ounenku:

3a mpaBUIIHHO BBIIOJHEHHOE 33 JaHHE BBICTABIISETCS MOJIOKUTENIbHAS OlleHKa — 1 Gasu.

3a HeMpaBWJIbHO BBIMOJIHEHHOE JIEHCTBUE, 3a/1aHNE BBICTABIISIETCS OTpHUIIaTebHas olleHka — () GaoB.

ook wdE
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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 4.2 ITocTOSIHHBII 3/1eKTPUYECKUH TOK

JlaGoparopHoe 3ansiTue Nel2

OnpenesneHue cONPOTHBJIEHUS Pe3UCTOPA METOAOM MAPKUPOBKHU

Ieub: onpenenuTs HOMMHAJIBHOE CONIPOTUBIICHUE PE3UCTOPOB METOJOM MApKUPOBKU; OIIPENEIUTD
JOMYCTUMOE 3HAYCHHE CUJIBbI TOKA JUISl TaHHBIX PE3UCTOPOB MIPHU U3BECTHOM HOMHUHAJIE MOIIHOCTH.

BoinosiHeHHe padoThl cocoOCTBYET GOPMUPOBAHUIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MatepuajbHoe obGecrieyeHHe: HAaOOp PE3UCTOPOB Pa3HBIX COMPOTHBIICHUH, TaOIUIAa 3HAKOB
MapKUPOBKH.

3aganme.

1. O3HAaKOMHUTBHCSH C TEOPETHYECKHMM MAaTEpPUAJIOM.

Teoperuyeckunii Mmarepuan:

[Ipu onpenenennu pexxuMa pabOThl PE3UCTOPA CIAEAYET YUUTHIBATH MAKCMMAJILHO I0IYyCTHMOE I
Hero 3HaueHue CHJIbI TOKA, KOTOPOE ONMPEAEISIETCS 3HAYEHUEM €r0 COMPOTHUBIICHUS M MOIIHOCTHIO.
MapkupoBKka HOMHHAJIA PE3UCTOPA OCYLIECTBIISAECTCS IIBETOBBIM KOJIOM B BUJIE YETHIPEX LIBETHHIX IOJIOC,
HAHECEHHBIX Ha ero KOopITyce.

[Ipu 5TOM 3HaUEHUE COMPOTHUBICHUS PE3UCTOpa yKaszbiBaeTcs B OMax JIByMs MEPBBIMU MOJOCAMU H
MHOXHUTENEM (TpeThs mosioca) 10n, rae n - 1060e 1enoe Yucio ot - 2 10 + 9.

MapKupoBOUYHbIE 3HAKU CIABUTAIOT K OJHOMY U3 TOPIOB PE3HCTOpPA, HAIPUMEP, K JEBOMY, U 3aTEM
pacrioyiararoT cjieBa HalpaBo B CIEIYIONIEM TOPSIKE: IepBast moyoca - nepsas nudpa HOMHUHATA, BTOpast
moyioca - BTOpas Idpa HOMHUHANA, TPEThsl MOJOCA - MHOXKUTENb, YETBEpTas IOJOoca - JOMYCK Ha
OTKJIOHEHHE (DaKTUIECKOTO COMPOTUBIICHUS OT HOMHHAia. Eciu pa3Mepbl pe3ucTopa HE MO3BOJSIOT
Pa3MeCTUTh LIBETHBIE MOJIOCH HECUMMETPUYHO, T. €. OJIKe K OJIHOMY U3 TOPILIOB PE3UCTOpa, TO TMepBas
0JI0Ca BBITIOIHSETCS O0JIee IMUPOKOH.

[[BeTa 3HaKOB MapKUPOBKH HOMHUHAIBHOTO COMPOTHUBIIEHUSI B OMax U JOMYCKOB B % MPHUBEACHbI
B Ta0HIIe:

omyc

LBer 3Haka HepBas uudppa Bropas undpa MHoKuTeNb ;E[ B "yA)
CepeOpucThrit -- -- 107 10
30JI0TUCTBIH -- -- 10" 5
YepHslii -- 0 1 --
Kopuunessrii 1 1 10 1
KpacHsrii 2 2 10° 2
OpaHxeBbIi 3 3 10° --
Kentorit 4 4 10* --
3eeHbIi 5 5 10° 0,5
Tomy6oit 6 6 10° 0,25
duoneToBuIi 7 7 107 0,1
Cepbiit 8 8 10° 0,05
Bebrit 9 9 10° -

Ilopsinok BbINOJHEHHS Pa0OTHI:
1. Paznoxuth Ha paboueM CcToJie KOMILJIEKT PE3UCTOPOB.

2. BHuMaTenpHO mpoYMTaTh yKa3zaHHE K paboTe.
3. OdopmMuTh MapKUPOBKY PE3UCTOPA B TETPAIH IO 00pa3Iry
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4. 3anoJHUTH TAOIHILY:

Pesucrop Homunansnoe conporusienue R | Momnocts pesuctopa (Bt)| Cuia Toka)

(A)

0, 25
0, 25
0,25
0,25
0, 25
0, 25
0,25

8. 0,25
5. Paccunrars cuiy TOKa pU U3BECTHOM MOIIIHOCTH TOKa.

No|a LN =

6. Cnenatb BbIBOJ 110 padoTe.

KoHTpoJibHbIE BOIPOCHI:

1. B uem 3akitoyaeTcsi METO MapKUPOBKH.

2. Jlns yero Hy»KHO 3HAaTh CONPOTHUBJICHUE PEIUCTOPA MPHU BKIIOYCHHUH €r0 B CXeMY?
3. Ot 4ero 3aBUCUT MOITHOCTh TOKA, TEKYIIIETO M0 PE3UCTOPY?

®dopma npeacraBjieHus pe3yabTara:
PaGota gomkHa ObITH BHIMIOJIHEHA B TETPAIU AJIs Ta0OPATOPHBIX padoT

Kputepun onenkmn:
3a MpaBUWIILHO BHINTOJHEHHOE 3aJaHUE BBICTABIISICTCS ITOJIOKUTEIbHAsI OLleHKa — 1 Gasu.
3a HeNpaBUIILHO BBIITOJHEHHOE JEHCTBHE, 3a/JaHHE BHICTABIIICTCS OTpHLIATEIbHAs OlleHKa — () 6asuioB.
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 svicmagisencs 3a Menee 60%0 mpaBUIBLHBIX OTBETOB

Tema 4.2 ITocTOSIHHBII 3J1eKTPUYECKUH TOK

JlabopaTopHoe 3ansitue Nel3

Omnpenesnenue KII/I narpeBareseit

Henb: HayunuTbCs MPAKTHYECKH OMpPENESITh TEIUIOBYIO OTIAdy AJIEKTPUYECKOTO0 HarpeBaTess
JT000r0 THMA.

Brinosinenue padorsl cnocod6cTByeT (POPMUPOBAHNIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MatepuajabHoe obecneyeHHe: 2 3IEKTPUUECKUX HarpeBaTessi, COCy Ul KUISTYeHHUsI BObI, BOA,
TEPMOMETP, CEKYHAOMED (Yachl), CIPAaBOYHUK IO (PHU3UKE.

3ananmne.

1. O3HaKoOMHTbHCS C TEOPETHUECKUM MaTepUaIoM
Teopernyecknii marepuan:

Koad¢uimenT nonesHoro neiicTBusi HarpeBarTess CBA3aH COOTHOILIEHUEM:

K.I1.J.= — +100% (1)

Q . - mone3nas Temnora u onpeaensercs mo popmyne Q,=C*m(T,-T1) (2)
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rac € — yAciibHad TCIJIOCMKOCTD X KUIAKOCTH,

M — Macca )HIKOCTH, KOTOPYIO KHUIISTSAT,

T1— HaganpHas TemMnepaTypa KUJKOCTH,

T, — KOHeuHas TeMIiepaTypa XHIKOCTH,

Q3 — KOJMYECTBO TEIJIOTHI, KOTOPYIO BBIIEISIET HArpeBaTeb

(3aTpaueHHast TEIUIOTA) U onpeaensiercs mo popmyne: Qz =P -t (3),

rae P — MOIIHOCTH 3JIEKTPUYECKOro HarpeBares,

t — MHTEpBa BpEMEHH, 38 KOTOPBIN 3aKHUIIETa JKUIKOCTb.

MOIIIHOCTh BJICKTPUUECKOr0 HarpeBaTessi ONMpPEAesIeTCsl 1O MaclOPTHBIM [TaHHBIM, yKa3aHHBIM Ha
pudope.

Bpewmsi, 32 KOTOpOE 3aKUIHT KUAKOCTh, OMPEICIIACTCS YacaMu. Y IeIbHAs TEIIOEMKOCTh BOIbI
OMPEIEISCTCSI O CIIPABOYHHUKY.

HOpﬂIlOK BbIITOJTHCHU A paﬁoTbl .

1. [ToAroTOBUTH TAOIMITY JJIS 3aIUCH PE3YIHTATOB, ONMPEACIEMBIX B X0OC PaOOTHI.
Ornpenenurb Boruuciants
Cp m T, T, P t KHI[
K K Bt c %

Vic\ke K K&

2. 3aHecTu B TaOIMIly CIIpaBOYHBIE JAHHBIE YAENBbHON TEIIOEMKOCTH BOJBI.

3. 3anucath B TaOJUIy HOMUHAJIBHYIO MOIIHOCTh AJIEKTPUYECKOTO HarpeBaTess, yKa3aHHYIO Ha
npubope.

4, B cocyn s kunsiuenus Boawsl HaimuTh 200 r BOMBL

5. Onpenenuth HayalbHYI0  TEMIEpaTypy BOJIBI.

6. BxirounTh HarpeBaTeNb OJJHOBPEMEHHO C CEKYHIOMEPOM (Yacammu).

7. OcTaHOBUTH CceKyHIOMEp (uYackl) B MOMEHT OypHOro KuImeHus BoJbl. Bpems, 3a koropoe
3aKHIesa BO/a, 3aHECTU B TaOJIHUILY.

8. Berancnouts K.I1.JI. anexTprudeckoro HarpeBaTes.

9. ITOBTOPHUTH ONBIT C APYTUM HarpeBaTENIEM.

10.  YuuTsIBas noTepu 3HEpruu cHopMyIHMpoOBaTh BEIBOJ.

KoHTpoJsbHbIE BONIPOCHI:
1. VBemuuurcs wim ymensiutces K.ILJ. snekrpuueckoro 4YaiHUKa, €cIM Ha €ro CTEHKax
MOSIBUJIACH HAKUITH (OTIIOKEHUE COJIeii)?
2. 3asucut mu KII/| snekrpuueckoro 4ailHMKa OT TOTO OTKPHIT OH HIIM 3aKPHIT?
®opma npeacTaBiaeHus pe3yJabTara:
PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAU ISl JAOOPaTOPHBIX padoT
Kpurepum ouenku:
3a mpaBUIIHLHO BBITOJHEHHOE 33JaHHE BBICTABIISIETCS TIOJI0XKUTENbHAs OLleHKa — 1 Gasu.
3a HeTMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNe BHICTABIISIETCS OTPHUIIATEIbHAS onleHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHo» svicmasisiencs 3a menee 60%0 mpaBUIBHBIX OTBETOB
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Tema 4.3 DileKTPUYECKHUI TOK B Pa3JIMYHbIX cCpeaax

JlabopaTopHoe 3ansitue Nel4

Onpeuenenne JICKTPOXUMHUYECCKOI'0 IKBUBAJICHTA MEIM B IIPOLIECCE IJICKTPOJIU3A cy.nu[)aTa MEaHn

Heﬂb: OIpCACIINTh 3JICKTp0XHMPI‘-I€CKPII>1 OKBUBAJICHT MCH SKCIICPUMCHTAJIbHBIM ITYTCM.
BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuanbHoe olecnedyeHue: BECBl U Pa3HOBECHI; amMIIepMeTp; 4achl; 3JIEKTPOIUIMTKA;
aKKyMYJIATOpHas OaTapesi; peocTaT; KJII04; MEeIHBIC 3JIEKTPOAbI (2 MIT).) CO BCTABKOW; COCTUHHUTEIbHbIC

MPOBOJIA; AJCKTPOJIUTUYECKAS BAHHA C PACTBOPOM MEIHOIO KYIopoca.
3ananme:
1.ITponabntonaTh SBJICHHUE NEKTPOIU3a MEU U3 PACTBOPA METHOTO KyIopoca.
2. Hay‘-II/ITI)Cﬂ OHpeI[eJIﬂTI) SHCKTPOXI/IMI/I‘-IGCKI/II?I OKBUBAJICHT 110 pe3y.]II)TaTaM 3KCHepI/IM€HTa.
IMopsinok BbINOJIHEHHSI PA0OTHI:

1. OuncTuTh HAXIAYHON OyMaroil KaToAHYIO IJIACTUHKY, — | | | | I +

OIIpEAEIUTh B3BEIIMBAHUEM MACCY IJIACTUHKU (m,).

2. CocTaBuTh DJEKTPUYECKYIO IIemb Mo cxeme. llpm
COCTaBJICHUH LIETIH B3BEIICHHBIH AJIEKTPO]] COSTUHUTDH C
OTPHIIATEIIEHBIM TOJIOCOM HCTOYHHMKA 3JICKTPUYECKOM ~ K]

SHEPIrHUH. i i 1
3. 3aMKHYTb LIeTb U 3aMETHTh BPEMs BKIIFOUCHUS TOKA.
4.Yepe3 15-20 MUHYT pa30MKHYTb II€TIb.

5. BbIHYTh KaTO/IHYIO IUIACTUHKY, IPOMBITH U IIPOCYIIUTb.

6. B3BemmBaHueM ONpeeuTh Maccy KaToaa (m:) nocne MIPOIYCKaHUS TOKA.

B B m=m,—m
7. Haiitu maccy () ppinennseiics na katone IpU JIEKTPOJIN3e 1o popMmyie: 2 '
rJie mj- HayajabHasi Macca INIACTUHKH, KT, M- KOHEYHAs! Macca IIACTUHKH, KT.

8. BEIUHCIUTD 3JICKTPOXUMHUSCKUAN SKBUBAJICHT MEI U3 (hOPMYJIBL:

rJ€ m- Macca BbIIETUBILIErOCs BEIIECTBA, KT; m
I- cuna Toka, A;  t- BpeMs dJIEKTPOIIn3a, C. K=——
9. PesynbTarel M3MepeHU U BHIYMCIECHUN 3anucaTh B Tadnuiy 1. /-t

10. CpaBHHTH MOJXYYEHHBIN PE3yNbTAT C TAOITHMYHBIM.

11. BsryncauTh aOCOMIOTHYI0O A ¥ OTHOCUTEIBHYIO € TMOTPEUTHOCTH U3MEPEeHHUI 1Mo Gpopmyram:

Cnenatp BbIBOJ IO paboTe.

Tabmmma 1

Ne | Macca mexn, | Bpems Bemmmumnaa| DnekTpoxnMil-| AOCOmIOT- OTtHOCHTEeNBHAA
OTJIOXKHBHIEH | IPOMYC CILIEI JeCKIIIT Has IIOTPEeNIHOCTh
cd Ha Katojle | KaHIIA TOKa 3KBHBAJIEHT MIOTPentHOCTH &£.%

m. ke —— 1.4 MeII A Ke
g X Ka-c
Ki-c

KoHTpoJibHBbIE BONIPOCHI
YeM 00yCIIOBIICH AIIEKTPOXUMUYECKUNA TOK B AJIEKTPOJIUTAX ?
Kak paccunrtars Maccy BbIIETUBIIETOCS BEIIECTBA Ha 3JIEKTPoe?
OT yero 3aBUCHT AIIEKTPOXUMHUYECKHI SKBUBAJIEHT?
Kaxkoit ¢pu3uveckuii CMBICIT 3JIEKTPOXUMHYECKOTO SKBUBAJICHTA?

HPwnh e
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5. Kakoe oOopynoBanue © H3MEpPHUTEIbHBIE MNPUOOPHI HYKHO HMMETh, YTOOBI BBIYUCIUTH

AJIEKTPOXUMHUYECKUIN SKBUBAJICHT?

HasBatb pabouyro Gpopmyity JUIst BHIYUCICHUS SJIEKTPOXUMUYECKOTO SKBUBAJICHTA.

Ha xakoM u3 351eKTpOoA0B BBIAEIAETCS MElb B YUCTOM BUJE U TIOYeMy?

8. B 3JeKTpoNMTHYECKYI0 BaHHY MOMECTHM MEAHYIO IUIACTHHKY, CIyXKallylo aHojoM. Ilmactunka
IIOKpPbITa BOCKOM, Ha KOTOPOM HalapanaH pUCYHOK. UTO MOJIyduTCs mocie MpoIrycKaHWs ToKa U
yZaJIeHUs BOCKA C MJIACTUHBI?

9. Yro Takoe rajJpBaHOCTETUs, raJIbBaHOIJIACTUKA.

10. Yepes pactBop Memnoro kymopoca mnponuio 20 kKn snexrpuuectBa. Ilpm 3TOM Ha omHOM U3
3JIEKTPOJIOB BBIJIENAETCS B UUCTOM BHJIEe Maccoil 6,6 rpamm Meau. OnpeaenuTs 31eKTPOXUMHYECKHUH
SKBHUBAJICHT MEJIH.

11. CkoabKo HUKeJs BBIIEIUTCS MPH MIEKTPOiIM3e 3a 1 yac mpu cuie Toka 5 Amiep, eciid U3BECTHO,
9TO MOJIIpHast Macca HuKens 58,71 r/Moib, a BAJIGHTHOCTH paBHa 2.

12. Onpenenute Maccy cepebpa, BBIACIUBLIETOCA HA KaTOJ€ IPU IEKTPOJIM3€ a30THOKKCIIOro cepedpa B
TE€YEeHHE 2 YacoB, €CJIM K BaHHE NMPUIIOKEHO HanpsbkeHue 1,2 B, a conpotuBnenue BanHbl 5 OM.

13. DnexTponu3 MenHOro Kymopoca mnpoxoawsi npu Toke 5 Ammep B TedeHue 50 munyt. Kaxkoe

- - K&
ke, =33-107 =
KOJIMYECTBO MEIU BBIACINIIOCH Ha KaToA€e, €CIIU Ka

~No

®opma npeacTaBiaeHus pe3yJbTara:
PaGora momkHa OBITH BBIMOJIHEHA B TETPAIH IS JIAOOPATOPHBIX padoT
Kpurepuu onenku:
3a MpaBUIIbHO BBITOJHEHHOE 33JJAHHE BHICTABIISICTCS TOJIOXKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATEIbHAS onleHKa — 0 OaioB.
Oyenxa «omauunoy svicmagisemcs 3a 90 — 1009 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 4.3 DyiekTpUUYECKHUIl TOK B Pa3JIHYHBIX cpeaax

JlabopaTopHoe 3ansiTue NelS
3aBMCHMOCTDH CONPOTHBJICHHUSA OT TeMIIEpPaTypbl 00pa30B MeTAJIA U MOJIYNIPOBOJIHUKA

He.]'lb: HN3MCPATH COIIPOTHUBJICHUEC IIPOBOAHHKA OMMCTPOM; YCTAaHOBUTH 3aBUCUMOCTDH
COIIPOTHBIIEHUE METAJUIA U TIOJIYITPOBOJHUKA OT TEMIIEPATYPHI.

Boinosinenue padorsl cnocodocTByeT (OPMUPOBAHUIO:

OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuanbHoe ofecrnieyeHHe: MYJIbTUMETpP, MNPUOOPHl A HU3YyYEHUS  3aBUCHMOCTHU
COINIPOTHBIIEHUSI MeTajlyla W TOJIYIPOBOAHHMKA OT TEMIIEPATypbl, TEPMOMETpP, DJIEKTPUYECKasl IUINTKA,
IITaTUB C MPUHAJIEKHOCTSIMH, K0J10a ¢ BOJIOM.

3ananne

1. O3HaKOMHUTBHCA C TEOPeTHYECKHMM MaTEepUAJIOM.

Teopernyeckunit marepuan:

Ecnu mponycTuTh 3J€KTpUYECKUH TOK 4Yepe3 CTajJbHYI0 CHOUpalb, a 3aTeM €€ Harperb, TO
aMIepMeTp NOKa)KET YMEHBIIEHUE CHJIBI TOKAa. OTO O3HAYaeT, 4YTO C H3MEHEHUEM TeMIIEpaTypbl
COIPOTHBIIEHUE METAJLIa MEHSETCSI.

Bce wMetamnel — KpUCTANIMYECKHE Tela, B y3/1aX KPUCTAJUIMUECKOM pEIIeTKH KOTOPBIX
pacrojaraercsi MOJOXUTEIbHO 3apsyKEHHbIE HOHBI. MeXIy KOJeOMIOUIMMUICS HOHAMHU JBUTAIOTCS
CBO60,Z[HBI€ OJICKTPOHBEIL. Bennuuna QJICKTPHUYCCKOI'0 COIPOTHUBJICHUSA MCTAJUIa 3aBUCHUT OT 4YHCJIA
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CTOJIKHOBEHHH KOJEOMIOMUXCS HWOHOB M CBOOOIHBIX 3JIEKTPOHOB. [IpH yBelIWYeHHH TeMIepaTypsl
MeTalljla YBEIMYMBAETCS aMIUTUTYy1a KoJieOaHUi MOHOB. DTO MPUBOAMUT K YBEITUUYECHUIO CTOJKHOBEHUH, a
3HAYUT U K YBEJIMUEHUIO CONPOTUBIICHUS METalLIa.

B nonynpoBoiHUKE MIPH YBEIMUYECHUH TEMIIEPATyphbl YBEINYUBACTCS YMCIO CBOOOTHBIX HOCUTENEH
3apsija, MOSBUBIIKXCS IPU Pa3pblBE KOBAJIECHTHBIX CBSI3€d. JTO MPUBOAMT K YBEJIMYEHHUIO CUJIBI TOKA B
MTOJIYITPOBOJIHUKE M K YMEHBIIEHUIO CONIPOTUBIICHUS IPOBOIHHKA.

Ilopsinok BbINOJHEHHS padOThI:

1. IToaroroBbTE K paboTe OMMETP:

a) BCTaBbTE MITHIPHKHU MPOBOIHUKOB B THE3/1a, 0003HaYeHHBIE «Q» 1«00 COM.»;

0) mocTaBbTe MepeKovares Ha udpy «10»;

B) COeIMHUTE CBOOOIHBIC IITHIPHKU MPOBOJHUKOB M PYUKOH «yCT. 0» MOCTaBUTH CTPENIKH Ha «0».

2. Ha nsnexTpuyeckyio IUIMTKY HoMecTUTe KoilOy c Bojoil. Bo m3bexanue maaeHusi KOJOBI
MIOMECTHTE B KOJIBLIO, 3aKPEIUICHHOE B mTaTuBe. B K0a0y omycTtute mpoOHpKy, ¢ MOMEIIEHHONW B HEH
KaTyIIKOW U3 MeTHOTo MpoBoAa. OCTOPOKHO OMyCTUTE B IPOOUPKY TEPMOMETP.

3. CB0OOIHBIEC IITHIPEKK OMMETpA COSTMHUTE C KIIEMMaMH MEIHOHN KaTYIIKH.

4. BxirouuTe MHYp IUIUTKM B PO3ETKY M HU3MEPHTE CONPOTHUBICHHE KATYIIKH IMPU PA3THYHBIX
3HAYEHUSAX TEMIIEPATYPHI.

5. BHecute u3mepeHus B TaOIUILy.

ITpoBoaHuUK (Melb)
t’,C
R, OMm

6. Ha ocHOBe m3mepeHwuii mocrpoiite rpaduk. Chemaite BBIBOJ, KaK COMPOTUBICHUE IMPOBOIHUKA
3aBUCUT OT TEMIIEPaTypBhI.

7. IlocraBeTe mepexmoyarenb ommerpa ¢ mudpsl «10» Ha nmudpy «100» U mocraBbTe CTPEIKY
oMmMmeTpa Ha «0» (Cm. myHKT 1-B).

8. 3amenure B K010e NMPOOUPKY C METAIJIOM HAa MPOOHMPKY C MOIYIPOBOAHUKOM (TEPMHUCTOPOM).
Omnyctute B mpoOupky Tepmomerp. K kiemmam tepMucTopa rnojicoeJUHUTE OMMETP.

9. U3MmepbTe CONPOTUBIICHHE MOJIYIPOBOIHUKA [IPH PA3IUYHbBIX 3HAYCHUSIX TEMIIEPATYPHI.

10. Buecute n3mepenus B Tabnuily.
IHonynpoBoaHuK

t°C

R, Om

11. TTocrpoiite rpadux R(t).

12. CnenaiiTe BBIBOJI, KaK COMPOTHBIICHHE MOTYITPOBOIHUKA 3aBUCHUT OT TEMITEPATYPHI
KoHTpoJsbHbBIE BONIPOCHI:

1. DaeKkTpu4eCcKuil TOK B METAJJIAX — 3TO YIOPSAJOYCHHOE ABUKEHHUE ... .

2. C TOYKM 3pEHHUS DOJEKTPOHHOM TEOPHM DIEKTPUUYECKOE COMPOTHUBICHHE OOYCIOBJICHO
COYIIapECHUSMH ... .

3. C noBbllIEHHEM TEMIIEpaTyphl COPOTUBIICHUE METAILIA ...

®opma npeacTaBiaeHus pe3yJabTara:

PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAU ISl JJaOOPaTOPHBIX padoT

Kpurepum ounenku:
3a mpaBUIIHLHO BBITOJHEHHOE 33JaHHE BHICTABIISAETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.
3a HeTMPaBWIIBHO BHITIOJHEHHOE JCHWCTBUE, 3a]JaHHE BBICTABIISICTCS OTpUIIAaTEIbHAs OlleHKa — ) OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmassiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmasgiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvHo» svicmasisiencs 3a menee 60%0 mpaBUIBHBIX OTBETOB
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Pa3gen 5 Kojed0anusi M BOJIHBI
Tema 5.1 Mexannueckue KoJe0aHUA M BOJHBI

JlabGoparopHoe 3ansiTue Nel6

IIpoBepka 3aKOHOB KO0JIEOAHUIT MATEMATHYECKOT0 MAITHUKA

Heﬂb: YCTAHOBUTH MATCMATUUYCCKYIO 3aBUCUMOCTD IIEPHOAAa HUTAHOI'O MAATHHUKA OT IJIMHBI HUTU
MasATHHKA.

BoinosiHeHune padoTsl criocodcTBYeT (POPMUPOBAHUIO:

OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepunanbHoe obecrnieyeHue:

ANEKTPOHHBINA CEKYHJIOMEpP, U3MEPUTENIbHAS JICHTA, IIApPUK C OTBEPCTUEM, HUTh, IITATUB ¢ MyPTOU
U KOJIBLIOM.

Teopus.

MaremaTHdeckuM MasTHUKOM Ha3bIBACTCS MaTcpHraJibHasd TO4YKa, IMOABCHICHHAA Ha HEBECOMOH H
HEpaCTSKUMON HUTU. MOJIENIbI0O MOXKET CIYKUTh TSKEJbIA IIAPUK, pa3Mepbl KOTOPOr0 BECbMa MaJlbl 110
CPaBHEHHIO C JJIMHHOW HUTH, HA KOTOPOH OH MOJBEIICH (HE CpaBHUMBI C PAacCTOSIHUEM OT LEHTpa
TSKECTH JI0 TOUKH MOJBECA).

Vuensie Tlanmumneir, HptoToH, beccenr u ap. ycTaHOBWIM CJEAYIOIIME 3aKOHBI KOJI€OaHUS
MATEMATHYCCKOI'O MassiTHHUKA.

1.Ilepron koneGaHUsT MATEeMAaTUYECKOTO MasTHUKAa HE 3aBHCUT OT MacChl MasTHHKAa U OT
aMIUIATYIbl, €CJIM YTOJ pa3Maxa He npesbimaet 10 rpaaycos.

2.Ilepuon konebaHUs MaTeMaTHYECKOTO MasTHUKA MPSMO MPOMOPIMOHATICH KBAJPaTHOMY KOPHIO
U3 JUIMHBl MasTHUKAa U OOpaTHO NPONOPLUOHAJIEH KBAaJPAaTHOMY KOPHIO U3 YCKOpPEHHUS CBOOOIHOIO
MaJCHUsl.

Ha ocHoBaHMM »3THX 3aKOHOB MOXHO Hamucath GopMyly s Iepuojna KoyieOaHH

r=2x[|—"
g
MAaTEMAaTHYECKOTO MAasTHUKA:  _

I/ICHOJ'IIBYH MOJCIb M 3aKOHBI KOJIEOAHHH MaTeMaTHYECKOTO MassTHHKA, MOXKHO HpOHa6J'H'OI[aTL
CB06OHHBIG KOJ'IC6aHI/I${, a TaKKC C UX IOMOLIBIO ONPEACINTE YCKOPCHUEC CBO6OI[HOF0 nmaacHus ajist cBOECiH
MCCTHOCTH U CPABHUTH CO CIIPABOYHBIM 3HAYCHHUEM &Z.

2 1."\" =
g=4r" —
I

VYckopeHne cBOOOAHOIO MAJACHUSI MOXKET OBITh BHIYUCIIEHO IO (popmyIie
Xox padoTsI:

1. 3akpenuTh HUTH MasATHUKA B JieprKaTelie MITaTUBA.

2. V3MepuTh UIMHY MasTHHKa (AJIMHA MasTHHKA CUMTAETCA OT TOYKHM IOJBECAa O LEHTpPa TSHKECTU

1apuKa).

3. OTKJIOHUTSH IIAapHK Ha yrou He Oonee 10° U OTIYCTUTD.

4. OnpenenuTs BpeMs, 32 KOTOPOE MaATHHUK coBepmui 20 KojaeOaHmil.

5. BeruucnuTh nepuoa KosebaHus MasiTHUKA, UCronb3ys popmyny Nt T .

6. [ToBTOpPUTH OMBIT €11e TPU pa3a, yMeHbIIast (WM YBEIMUNBasi) AJTUHY HUTH MasTHHUKA.

7. Pe3ynbTarel 3aHECTH B TaOJIMILY.

Tabmmma Nel
Ne JlinHa HUTH MasiTHUKA |, M Hucno monHsIx Bpewms konebanuii | Ilepuon
kosreOanmii N t,c koneOanmii T, ¢
1 20
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2 20

3 20

4 20

8. Chenatp BBIBOJI O 3aBUCUMOCTH MEPUO/Ia HUTSHOTO MasgiTHUKA OT JIJIMHBI €70 HUTH.
KouTpoJbHbIe BOPOCHI.
Urto Ha3bIBAIOT MEPUOIOM KoJieOaHUu MasiTHUKA?
Urto Ha3bIBAIOT YaCTOTOM KoJieOanmii MasTHUKA? KakoBa eMHMIIA YaCTOTHI KOJIeOaHui?
OT KakuX BEJIMYUH U KaK 3aBUCUT MEepUOJI KoeOaHU MaTeMaTHu4ecKoro MassTHuKa?
OT KaKuX BEJIMYUH M KaK 3aBUCUT MEPUOJT KOJICOAHUH MPYKUHHOTO MAsITHUKA?
N3o0pasure MaTeMaTHYECKU MAaITHUK B KPalHEHW MPaBON TOYKE M MOKAKUTE HA YEPTEKE CHIIBI,
JICHCTBYIOLIME HA IIAPUK B JAHHOW TOUYKE TpacKkTopuu. Hapucyiite paBHOAEHCTBYIONIYIO CUJL.
Kak mensieTcs BenmuunHa U HamnpaBleHUE PAaBHOACHUCTBYIONICH CUJI B T€YSHHE reproa?
dopma npeacTaBieHus pe3yjabrara:
PaGota gomkHa ObITH BHIMIOJTHEHA B TETPAIU AJIs Ta0OPATOPHBIX padoT
Kpurtepun ounenku:
3a npaBUJIbHO BBIMOJIHEHHOE 33JaHUE BBICTABIISICTCS MOJIOKUTENbHAS OIleHKa — 1 Oas.
3a HelpaBWIBHO BBIMIOJTHEHHOE JICHCTBUE, 3a/IaHUE BHICTABIISETCS OTpPHUIIATeIbHAs OoleHKa — () 0ayioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasgisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvhoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

orwdPE

o

Tema 5.1 Mexannueckue KoJe0aHUA M BOJHBI

JlabopaTopHoe 3ansiTne Nel7

I/I3yqe}me 3aKOHOB IIPYKUHHOI'0O MasiTHUKA

Heapb: IxcnepuMeHTAJbHO YCTAaHOBUTH 3aBHCHMOCTH IE€pHOJa KOJeOaHUN MPYKUHHOTO MasTHUKA OT
KECTKOCTHU MPYKUHBI U MacChl rpy3a
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09
MartepuanbHoe o0ecriedeHue: MTATUB ¢ My(TON M JIANKOM, HA0Op MPYXKUH PA3HOM KECTKOCTH, HaOOp
IPY30B pa3HOW MacChl, CEKyHI0MEpP
IMopsiiok BbINOJIHEHUS PA0OTHI:
Onpedenenue 3asucumocmu nepuooa Koiebanutl om Maccul epy3a
1. CoOepure npyXHHHBIN MasiTHUK, UCTIOJIb3Yys BBIIAHHOE 000pYyI0OBaHHE.
2. BeiBenure MasSTHHK W3 TIOJNIOKEHHUS PAaBHOBECHUS, BKIIIOUHUTE CEKYHJIOMEp M OTCUUTATE AecsaTh
KoneOanui. Vcmonp3ysi ToKa3aHus CEKyHJIOMEpa, pacCUUTalTe IMepruoja KOoJeOaHW W 3aroJHUTE
MIEPBYIO CTPOKY TaOIHUIIBI.

Ne omrwiTa N tc T, m, KT m* xr k ,u/™m

1

2

3

4

5

3. ToBropure sxcnepuMenT emé 4 pasza, yBeIUYuBas Maccy HO, HE MEHsS MPYXUHBL. 110 moiydyeHHBIM
JAHHBIM 3aII0JIHUTE TaOJIMILy.
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4. Tloctpoiite rpaduk 3aBucuMocTH neproaa konedanuit (T) oT kBagpaTHOro KOpHS U3 Macchl (m
5. Ilo popme rpaduka onpeaenute Bua 3aBUCUMOCTH MEXAY IEPUOAOM U KOPHEM KBAJAPaTHBIM U3

MacCcChI.

Onpeodenenue 3a8UcUMOCmuy nepuooa Koiebanuti om HcECmMKOCmuU NPYHCUHbL

1. Cobepure npyXKHUHHBII MasTHUK, UCIIOJIB3Ys BbIIaHHOE 00OPYAOBaHHE.

12
).

2. BBIBGI[I/ITC MasATHUK H3 IIOJOXKCHHSA pPaBHOBCCHUA. BKIIIOYUTE CCKYHIAOMEP H OTCUHTANTE JCCATb

KOJIeOaHUIA.

3. Hcnonb3ys mokasaHusi CeKyHOMepa, pacCuuTainTe nepruo KojaeOaHui 1 3ar0JTHUTE NEPBYIO CTPOKY

TaOIALIBL.

Ne ombITa

t,c

T,C

k,z/m

Kllz,(H/M)llz

Al W N

5

4. TloBropure sKcriepuMeHT emé 4 pasa,yBenuunBas KOd(QOUIMEHT KECTKOCTH HO, HE MEHSS Maccy

Ipy3a. ITo MOJIYUCHHBIM JAaHHBIM 3aIlIOJIHUTC Ta6J'II/II_Iy.

5. Tocrpoiite rTpaduk 3aBucumoctu mepuoaa konebanuii (T) oT KBagpaTHOrO KOPHS

koa(duimenTa XKECTKOCTH. (kll 2).

nus3

6. Ilo ¢opme rpaduka onpenenuTe BHUJ 3aBHCHUMOCTH MEXAY MEPHOJOM U KOPHEM KBaJIpaTHBIM M3
koa(durmenTa KECTKOCTH.
7. CphemaiiTe BBIBOJA O 3aBUCUMOCTH TIepHoJa KojeOaHMl OT Macchl Tpy3a M Kod(pUIMeHTa

KECTKOCTH.

KoHnTpoJsbHbBIE BONIPOCHI:
1. B kaxom MoJIO)KeHUH MasiTHUKAa CKOPOCTh OyJIeT MaKCUMaJIbHOW?
2. B xakoMm MOJ0KEHUU MasTHHKA CKOPOCTh PaBHA HYIIIO.

3. VYBenmum4wiv WM YMEHBIIHIN MacCy Tpy3a, MOJBEIICHHOTO K MPYKHHHOMY MasiTHUKY, €CIIH: a)
nepuoJ ero konedbanuii cHavana 0w 0, 4 ¢, a mocie usmMeHeHust maccel cran 0, 2 c;

0) yacToTa ero kosiebaHuii BHauase Ob1a paBHa 6 ['11, a moTom ymenbmunace 10 S5 I'u?

CDopMa MpeacTaBJICHUsA pe3yJabTarTra:
Pabora JOJDKHa OBITh MMpEaACTaBJICHA B TCTpaAu IAJId J'Ia60paT0pHBIX pa60T

Kpurtepuu onenku:
3a nIpaBUIIBHO BBIIIOJHEHHOE 33 JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — 1 Gasu.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNe BBICTABIISIETCS OTPUIIATEIbHAS onleHKa — () 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

Heab: u3y4nTh YCTPOICTBO U MPUHLIUIT pabOTHI TpaHCHOpPMaTOpa U reHepaTopa.

JlaGoparopHoe 3ansaTHe Nel8

Tema 5.2 DieKTpoMarHuTHbIE KOJ1e0AHUS U BOJHbI

YcrpoiicTBo TpaHchopMaTopa U reHeparopa
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BoinosiHeHne padoThl cioco0CTBYET (POPMUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09
MarepuajibHoe o0ecnieyeHue:
TpaHcopMaTop JIaOOpATOPHBINA, JamIa HAKAJIMBAHUS, KIFOY 3aMBIKaHUS TOKA, KOMIUIEKT MPOBOIOB
COETUHUTENbHBIX.
3ananue
1. UByuuth cTpoeHue, Ha3HAUYECHUE U MPUHIUI JEeHCTBUS TpaHchopMaTopa
2. VI3yuuTh CTpOCHHE, HA3HAYCHHUE W MPUHIUI JICUCTBUS TeHEepaTopa.

Iopsaok BbINOJHEHUS PA0OTHI
H3yuenue ycmpoiicmea mpancgopmamopa

Tpancdopmarop npeobpaszyeT NepeMEeHHbI TOK OAHOTO HAIPSDKEHUS NPU HEM3MEHHOH yacToTe.
OH cOoCTOMT U3 3aMKHYTOTO CEpAEYHMKA, HW3TOTOBJIEHHOIO M3  CIELUAJIBHOM  JHMCTOBOH
TpaHc(OPMATOPHOI CTamM, Ha KOTOPOM pAacHojararoTcs ABE KaTyHIKH (MX Ha3bIBAalOT OOMOTKaMu) ¢
Pa3HbIM YUCIIOM BHUTKOB U3 MEJIHOM MPOBOJIOKH.

OnHa U3 OOMOTOK, Ha3blBaeTCsl IEPBUYHOM,  MOJKIIOYAETCS K MCTOYHMKY IE€PEMEHHOrOo
HalpsDKEHUs. YCTpOICTBa,  MOTPEOJSIONIME  DIIEKTPOIHEPIHUIO, MOAKJIKOYAIOTCA K BTOPUYHOU
00MOTKE, MX MOXKET ObITh HECKOJIBKO.

[Ipu BBIOMHEHMH pPabOTHl CIENYyEeT H3YyYUTh YCTPOMCTBO TpaHC(HOpMaATOpa, BKIKOYHUTH €T0 B
ceTb nepeMeHHoro Toka (36 B). B pexxume xonocToro xozna H3MEpuTh HalpshkeHUE Ha OOMOTKax U
BBIUUCIIUTE KO3 duuument tpanchopmammm, a npu pabore TpaHCPoOpMaropa <«IIOX  HATPY3KOM»
YCTQHOBUThH CBSA3b MEXJY TOKAaMH W HaIpsDKEHHEM B OOMOTKaXx.

Tpanchopmarop cOCTOUT U3 IBYX KaTylleK U cepaeyHuKa. CepeUHUK COCTOUT U3 ABYX IOJIOBUH,
KOTOpBIE

BCTaBISIOT B KAaTymIKy ¥ C IOMOULIbIO  CKOOBI
sewana 3aKpEIUISIOT HA OCHOBAHMH.

N, stnce

Nepamann
Tie

——
'

Sropiewes Xoa padoTsl

+

— 1. Paccmorpute  ycTpoiicTBO  TpaHcdopmaTopa.
Onpenenure NEpPBUYHYIO  OOMOTKY  (KJIEMMBI ¢
Haamuchio: 36 unu 42 B) 1 1Be BTOPUYHBIX KIEMMBI 2,2
' Bu4,4B)
== 2. HagepTuTte snekTprueckyro cxemy Tpanchopmaropa.
3. Pa3Gepute Tpancdopmarop. s 3TOrO MOBEpHUTE
% €r0 OCHOBAaHHMEM BBEpPX M OTKPYTUTE [IB€ TalKu
KperyieH!s: CKOObl. BBIHBTE CeplIeYHUK U PacCMOTPUTE

TR0

nArpEa e

€ro yCTpOMCTBO.
4. Cobepure Ttpanchopmatop. s 3TOro BCTaBbTE CEPACYHUK CO CKOOOM B KATYIIKH. Y CTaHOBHUTE
TpaHcGopMaTOp Ha OCHOBAHUE U 3aKPEMUTE €ro raiKamHu.

N3y4deHnue ycTpoiicTBa reHeparopa.

I'enepatop moctossHHOro TOKa (puC. 1) COCTOMT M3 JBYX YacTeil: HEMOJABMKHOW M BpalarolIeics.
HenoasmxkHas yacth (cTaTop) SBISETCS OCTOBOM MAIIMHBI U OJHOBPEMEHHO CIYKUT Ui CO3JaHUs
MarHuTHOTO TIOTOKAa. Bo Bpamiaromieiicss dacTtu, Ha3bpIBaeMOW SKOpPEM (POTOPOM), HWHIYIHPYETCS
anexTpoaBrkymas cuna - S/1C.

KoHcTpykius renepatopa nocTOSHHOTO TOKa (CM. puc.2).

HenonBmwxkHas yacTh COCTOUT M3 cTaHUHBI (1), TIaBHBIX TOMOCOB (2) ¢ 0OMOTKON BO3OY)aeHUs (3) U
JOTIOTHUTEIIHHBIX TIOJFOCOB (4), YMEHBIIIAEMBIX HCKPEHHE TTO]T IIIETKAMH.

SIkopb UMeeT cepieuHHUK (5), HaOpaHHBIA U3 TOHKUX CTAJBHBIX JIUCTOB, OOMOTKY SIKOpsI (6), 3a10)KEHHYIO
B Ma3bl cepiaeyHuka u kojuiekTop (7). Ha moBepXHOCTh KOJIIEKTOpa HaJIOXKEHbI YroJbHO-TpapUTOBHIE

139



metku (8), obecreynBaOe CKOJIB3SIIUN KOHTAaKT ¢ OOMOTKOHM Bparmatouierocs sikops. Kommektop
umeer (HopMy LWINHAPA U BBINOIHAETCS U3 U30JIMPOBAHHBIX MEAHBIX IUIACTHH - JIaMeJleH - K KOTOPBIM
MOJICOCAMHEHBI CEKIMH SKOPHOW 00MOTKHU. Bpaiasice BMecTe ¢ 0OMOTKOM, KOJJIEKTOP BBIMOJIHSAET POJIb
MEXAHUYECKOTO BBIIPSMUTEIIA.

OOMoTKa BO30YXKIEHHS  CO3MaeT TJaBHBIM MarHuUTHBIA TOTOK @ momocoB. B reneparopax c
HE3aBUCHMbBIM BO30YXJIEHUEM OHa IHTaeTcd OT IIOCTOPOHHErO0 MCTOYHUKA IIOCTOSTHHOI'O TOKa
(BBIIpAAMUTENS, aKKyMylsiTopa W T.i.). C TeHepaTopoM C MapaieIbHBIM BO30YXJIEHHEM OOMOTKa
IJIABHBIX MOJIKOCOB NOJKIIIOYEHA K ITIaBHBIM IETKaM, T.€. IapajuIeIbHO LENH SKOpA. B ¢BA3M ¢ aTUM Aiis
BO3HUKHOBEHUS MarHutHOro motoka u DJIC HeoOXomuMm XOTs Obl CHaObIii OCTATOYHBIA MAarHUTHBIN
NOTOK. bilarojapss HanMuuio OCTATOYHOIO MarHeTU3Ma BO3HHMKAeT IPOLECC CaMOBO30YXIEHUS
reHeparopa.

Puc.1. Puc.2.

Xon padoTsr:
1. Crpoenne tpancdopmaropa - Ha4YepTHUTh, COCTaBHBbIC YAaCTH YKa3aTh, (POpMyIbl 3amucaTh, Ha
KOHTPOJIbHBIE BOIIPOCHI OTBETUTb.
2. CTpoeHue reHepaTopa - HA4EePTUTh, COCTABHBIC YaCTH YKa3aTh, (OPMYIIBI 3a1McaTh, Ha

KOHTPOJIbHBIC BOIIPOCHI OTBETUTD.

KonTposabHbie Bonpockl
1 BapuanT
1.Yto Ha3pIBarOT MHIYKIMOHHBIMHU I'€HEPATOpaMu?

2.Kakoii TpaHchopMaTOp Ha3bIBAIOT MOBBIMAOIIMM, @ KAKOW MOHMKAIOLIMM?

3.Uto Takoe x0JI0cTOM X0 TpanchopmaTopa?

4.Tlouemy cepaeyHHUK TpaHCc(hopMaTOpa U3rOTAaBIMBAIOT U3 CTAJIH, a HE U3 MeJu?

5.B nepBuuHOli 00MOTKE TpaHcopmaropa, BKIIOUEHHOH B ceTh ¢ Hampsbkenuem 380B. Coxepkutcs
1320 ButkoB. OnpenenuTts HanpspkeHUEe Ha BTOPUYHOW 00MOTKe, eciau oHa cojepxHuT 300 BUTKOB. Bun
TpaHnchopmaTopa yKazaTh, OTBET MOSICHUTb.

2 BapuaHT

1. HazoBute oCHOBHBIE YacTH reHeparopa N€pEeMCHHOI'O TOKaA.

2.  JlokasaTb, 4TO y MOBBIIIAIONIETO TpaHchopmaTopa K>1.

W3mensietr nu TpaHchopMaTop 4acToTy Mpeodpa3yeMoro MnepeMeHHOro ToKa?

[Touemy cepneuHuk Tpanchopmaropa coOOMparOT U3 OTAEIBHBIX TUIACTUH?

5.  Ecnu Ha mepBuuHyr0 0OMOTKY TpaHchopMmaTopa mojaercss HanpsokeHue 220B, To Ha BTOPHYHOM
00OMOTKE MPHU XOJOCTOM X0Jie Tosryqaetcsi HanpsokeHue 130B. Ynciio BUTKOB MEPBUYHON OOMOTKH

»w
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paBHo 400. OmpenenuTs YUCIO BUTKOB BO BTOPHUUYHONW oOMOTKe. Bun tpanchopmaTtopa ykasatsb,
OTBET MOSICHUTb.

3 BapuaHT

1.  KaxoBa posb HHAYKTOpA U SIKOPSL B YCTPOUCTBE reHEpaTOpa NEPEMEHHOTO TOKa?

2.  Yro Takoe MOHMXKAIOUINI TpanchopmaTop?

3. Ilouemy cepneunuk Tpanchopmaropa JeialT He CIUIOMIHBIM. A U3 MHOXECTBA IJIACTHH,
M30JIMPOBaHHBIX JAPYT OT Apyra?

4.  TloueMy MOIIHOCTB, MOTpeOIsieMasl OT BTOPUUHON OOMOTKH, MEHBIIIE MOIIIHOCTH, MOJABOJUMOMN K
MEePBUYHON 0OMOTKE?

5. CkonmbKO BHUTKOB [O0JDKHA HMETh BTOpPHUYHAas OOMOTKa TpaHcpopmaTopa [Uisl MOHMKEHUS

Hanpspkenus ¢ 12000 go 120B, ecnm mepBuuHast oOmotka conepxutr 4000 ButkoB? Bun
TpaHc(hopMaTopa yka3aTb, OTBET MOSICHUTb.

®opma npeacraBjeHus pe3yabTara:

PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAU ISl JIAOOPAaTOPHBIX padoT

Kputepun onenkmn:

3a MpaBUIIbHO BBITOJHEHHOE 33JJAHHE BBICTABIISICTCS TIOJIOKHUTEIbHAS OLleHKA — | Oasu.

3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS o1leHKa — () OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB

Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% nmpaBUIBLHBIX OTBETOB

Oyenxa «yoosnemeopumensvhoy svicmasnsemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

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

Tema 5.3. OnTuka
JlaboparopHoe 3ansaTue Ne 19

Onpezle.nelme nmoxKasareJist NpeJIOMJICHUSA CTEKJIA

l[eﬂb paﬁombl: OIIPECACIINUTD IMOKA3aTCIIb MPCIIOMIICHHA CTCKJIA SKCIICPUMCHTAJIbHBIM ITYyTCM.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 05, OK 07, OK 04, OK 09
MarepuanbHoe oGecniedeHue: MJIACTUHKA C NapajUIeIbHBIMU T'paHsAMU; OyJaBKH; YUCTHIN JUCT Oymaru;

JIUCT KapTOHA; TPAHCIOPTHUP; NOIBEMHBIN CTOJMK; TaOJIUIA 3HAUEHUS TPUTOHOMETPUUYECKUX (PYHKIINH.

N

=

3aoanue

ITocTpouTh X0 CBETOBOIO JIy4a Y€Pe3 CTEKIIIHHYIO TUIACTUHY.

[Ipoananu3upoBaTh X0 CBETOBOIO JIy4d YEPE3 CTEKIIIHHYIO INIACTUHY.

Onpenenuts MoKasaresb MPEJIOMICHHS CTEKIIA U PACCUUTATh IIOTPEITHOCTD HKCIIEPUMEHTA.
IHopsiiok BhINOJIHEHHS PA0OTHI

Ha noabsemMHblii CTOIMK TOJI0KUThH YUCTHINA JTUCT OyMard ¢ MOJI0KEHHBIM CHU3Y KapTOHOM.

C onHOH CTOPOHBI CTEKJIa HAKOJIOTh ABE OynaBku 1 U 2 Tak, yToObI MpsiMasi, MPOXOAsIIas Yepe3
HUX, COCTaBJIsJIA YTOJI 0 C IEPIEHANKYIIAPOM K MIIOCKOCTH MIIACTUHKU (puc. 1).

[TogHsATH pUCYHOK HA YPOBHE TJa3 M, HAOIIO1as Yepe3 TUIACTHHKY, HAKOJIOTh JIBE APYTrHe OyIaBKU
TaK, YTOOBI BCE YEThIpE OyIIaBKU OKA3aIHCh HA OJTHOU MPSMOIA.

Crexno u OyllaBKM CHSITh, MECTa HAKOJIOB OTMETHTHh TOoukamMu 1,2,3,4 W depe3 HUX MPOBECTH
npsiMble JIMHUM JI0 TepeceueHusi ¢ rpaHunamu crekia (puc. 2). [IpoBectu depes Touku 2 u 3
NepHeHANKYIISIPHI K Tpanutam cpea AB u CD.
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o No O

9.  PesynbraThl U3MEpPEHUIl, BEIYUCICHUH U TaOIMYHBIE TaHHBIE 3aicaTh B Tabuiy 1.

TpaHCIOPTUPOM U3MEPHUTH YTIIbI MAJACHHS O U YTIIBI TIPETOMIICHHS [3.

[To Tabnwiie 3HaYEHUI CHHYCOB OMPECITUTh CHHYChI N3MEPEHHBIX YTJIOB.
Boeraucnuth K03QGUIUEHT npeoMieHus mo Gopmyse:

OnBIT MOBTOPHUTH TPU pa3a.

Puc. 1. Puc. 2

10. Bseruucnuth aOCOMOTHYIO (A) M OTHOCUTEIBHYIO (€) MOTPEIIHOCTH 0 (opMyTIam:
11. Cnenats BeIBOJ IO paboTe

A
- . 0 p— —
£ = - 100% A=n_ .
maba.
Tab6muna 1
Ne  |Vron manenuns| VYronmpe- | Koaddu- 2 . } - .
< S
OTBITA | CBETOBOTO JIOMJICHUS IIUCHT 5 £ o = 5 g ©
NI} C o = = 4
ay4a CBETOBOTO IpeIoM- = = = = = 0 g Q 5 §
o o (@) o= =
ayda JIEHUS 3 £ 5 ) § Ny = g = E
° 3]
@ ZEE FEL S = |28
By n 282 SE | <g |§5
1
2
3

N~ WNE

KOHmpOJleble 60RPOCobL

UTo Ha3bIBAIOT CBETOBBIM JTIy4OM?

Chopmynupyiite 3aK0H OTpaKeHUs CBETA.

KakoB ¢u3nueckuii cMbICl moKa3aTesst MpeoMiIeHus cBeTa’?
YeMm oTinyaercst aOCOMOTHBIN MOKa3aTeNb MPETOMIIEHHUS CBETA OT OTHOCUTEIHHOI0?
ChopmynupyiiTe 3aK0H NMPEIOMIICHUS CBETA.

YTo Ha3bIBAIOT MOJIHBIM OTPAKEHUEM CBETA?

KakoBa ckopocTh pacnpocTpaHeHus cBeTa B Bakyyme?
Uro Ha3pIBaeTCA ONTHYECKOH MNIOTHOCTHIO BElleCTBA?
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9.

10.
11.

12.

Jlyd cBeTa mepexoAuT U3 CPeAbl ONTUYECKU OoJiee MIIOTHOW B CPeAy ONTHYECKU MEHEE IJIOTHYIO.
Kax n3mensieTcst mpu 3ToM 4acToTa KojaeOaHuit U IJIMHA BOJTHBI?

B uem cocrout npunuun I'toiirenca?

Jlyd mepexoauT u3 BOABI B CTEKJIO. YTOJ MaJCHUS O = 30°. Haittu yroxa npenomieHus (N, = 1,3; Nep
=1,6).

VYo npenomMiIeHus CBeTa B TNIMIICPUHE 45°. Haiiru yroj majacHus B Bo3ayxe (Ny; =1.47).

13. Jlyu majaer Ha MOBEPXHOCTH BOJBI IMOJ YIJIOM 30°. Tox KakuMm YIJIOM JIOJDKEH YIAcTh JIyd Ha

MOBEPXHOCTh ajiMasa, YTOOBI yroJI MPeOMIICHHS OCTalICs TaKUM Xe? (Nposp= 1, Npoxu=1,33, Ny =

2,42).

14. HaiiT pa3HOCTh CKOPOCTEH CBETA B BOJIC U CTEKIIC, €CIH Nyony=1,33, Nere =1,5.

15. Omnpenenuth NpeneNbHBIA yroj IOJHOTO OTPaXECHHs IS BOIbI, CTekia, anmaza. (N, = 1,6;
Naom=1,33, Nam. = 2,42) (OTB.: 0101=49°, 0102=40°, 0195=24°).

dopma npeaocTaBiieHust pe3yJbTaTa

BrITIOTHEHHBIH OTYET B TETPAIH [Tl TaOOPATOPHBIX paboT.
Kpurepum ouenku:

OueHKa «OMmaudYHoO)») evicmaendemcs: TIPABUJIBHO BbIIIOJIHCHBI BCC 3adaHUsA B COOTBCTCTBHU C
Tp€6OBaHI/I$IMI/I, MMPaBUJIbHO BBIMIOJIHCHBI JOIMOJHUTCIBHBIC 3aJaHHsdA, CBOCBPEMCHHO IMPCAOCTABIICH
OTYCT O BBIITOJIHCHHUH pa6OTI)I.

Oyenka «xopouwioy evlicmasnsemcs: TPABUIBHO BBIIIOJIHEHbI BCE 3aJlaHUSl B OCHOBHOM 4acTy,
JIOTIOJIHUTEIbHBIC 3aJJaHUsl BBINOJIHEHBI HE B IMOJHOM O0BEME, IPEIOCTaBIEH OTYET O BBINOJTHECHUHU
paboTel, MO0 B CilIy4a€ HECBOEBPEMEHHOI'O IIPEJOCTABICHUS OT4YE€Ta WIA C HAIUYUEM
HECYIIIECTBEHHBIX OMMOOK B BHIMIOJTHEHUH 33/IaHUS.

Oyenka «y0081emeopumesibHo» 8blCMAG/IsieMcs: BBITIOIIHEHBI HE Bce, HO Oosiee 50% 3amanuii paboThI,
JIOTIOTHATEIFHBIC 3aJlaHUsl HE BBIMOJTHCHBI, HECBOCBPEMEHHO IPEIOCTABICH OTYET O BBIMOJTHCHHUH
paboThL.

Oyenka «Hey0081emeopumesbHo» 8vicmasisemcs. BoimodHeHo meHee 50% paboThl, HE BBHITOIHEHBI
JIOTIOTHATEIIHHBIC 3a]JaHHsI, OTYET O BBITIOJTHEHUH PAaOOTHI HE TIPEIOCTABIICH.
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