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BBEJIEHUE

BaxHyl0o dYacTp TEOpETHMYECKOM W  NPOPECCHOHATBHON  MPAKTHYECKOW  MOATOTOBKU
00y4aroIuXCsl COCTABIIAIOT MPAKTUYECKUE U TaOOpaTOpHbIEC 3aHATHSL.

CocraB u copepx’aHUe NPAKTUUYECKUX M JIA0OPATOPHBIX 3aHATHM HaIpaBiIEHbl HA PEaTU3aLUI0
®denepallbHOTO TOCYIAPCTBEHHOIO 00pa30BaTEIbHOIO CTAaHAApTa CPEIHEro OO0IIero oO0pa3oBaHUS C
Y4ETOM I0JTy4aeMOM CIELHAIbHOCTH.

Benymeit  aunakThyeckoll  1€NbI0  MPAKTUYECKUX 3aHATUNA  ABiseTcs  (GOpMUpOBaHUE
npoeCCHOHATBHBIX MPAKTUYECKUX YMEHUH (YMEHUH BBINOIHAThH ONpEACICHHBIC ICHCTBHS, ONEpaIuH,
He0oOXOIMMBIE B MOCJHEAYIOIIeM B IPO(EeCCHOHANBHON NEeSTENIbHOCTH) WM Y4YeOHBIX MPAKTHUYECKUX
YMEHUH pemiath 3a1a4u 1o (pusnke, HEOOXOAUMBIX B MOCIEAYIOMEH Y4eOHON AeATEIbHOCTH.

Benymeit nupaktudeckoil 1Lenbi0 J1a0OpAaTOPHBIX 3aHSATHI SIBISIETCA HKCIEPUMEHTAJIbHOE
IIOATBEPK/ICHUE U POBEPKA CYILIECTBEHHBIX TEOPETUUECKUX 3aKOHOB, 3aBUCUMOCTEH.

B cootBercTBUM ¢ pabodyeil mporpamMmoin ydeOHON JUCHMIUIMHBI «DU3HKa» MPEeTyCMOTPEHO
IIPOBEJICHUE MPAKTUYECKUX U JTa0OPATOPHBIX 3aHATHI.

BremmonHenne — mpakThyeckux U Ja00opaTopHbIX  pabOT  oOecrneyuBaeT  JIOCTHKEHUE
00yJaroIUMHUCS CIEIYIONINX Pe3yabTaToB:

e [IP61 cdopMupOBaHHOCTH MPENCTaBICHUM O POJAM U MecTe (PU3UKM U acTPOHOMHH B
COBPEMEHHOM Hay4yHOU KapTUHE MHpa, O CUCTEMOOOpA3yIOLIe poiu GU3UKHU B pa3BUTUU €CTECTBEHHBIX
HayK, TEXHUKH ¥ COBPEMEHHBIX TEXHOJIOTHH, O BKJIaZIe POCCUUCKUX U 3apYOEKHBIX YUCHBIX-(PU3HKOB B
pa3BUTHE HAYKHU; IOHUMaHUE (HU3HUECKON CYIIHOCTH HAOII0aeMbIX SBICHHI MUKPOMUpPA, MaKpOMHUpPA
U Merammpa; OHMMaHHUE POJIM aCTPOHOMUHU B MPAKTUYECKOM JEATEIbHOCTH YEIOBEKa U JajbHeHIeM
HAyYHO-TEXHUYECKOM pPAa3BUTUH, poiid (U3MKU B (HOPMHUPOBAHHHM KPYrozopa U (QyHKIHOHAIBHON
IPaMOTHOCTH Y€JIOBEKa JIJIsl pEeLIeHUsI IPAaKTUYECKUX 33]1a4;

e [IP6G2 cdopMUPOBAHHOCTh YMEHHI pacro3HaBaTh (QHU3WYECKHe sBIEHUS (TPOIECChl) U
OOBSICHATh MX HAa OCHOBE M3YyYCHHBIX 3aKOHOB: PaBHOMEPHOE M PABHOYCKOPEHHOE IMPSIMOJIMHEHHOE
JBIKEHUE, CBOOOJHOE MaJeHUE Tel, ABM)KEHUE MO OKPYXKHOCTHM, MHEpLHUs, B3aUMOJEHCTBHE Tel,
Koje0aTeNbHOE JBUKEHHE, PE30HAHC, BOJHOBOE JABM)KEHUE; IUPPy3us, OpOyHOBCKOE MABMKEHUE,
CTPOEHHUE JKUIKOCTEH M TBEpIBIX Tel, M3MEHEHHEe o0beMa Tel NpU HarpeBaHUM (OXJIAXKACHUU),
TEIJIOBOE paBHOBECHE, HCIAapeHue, KOHACHCAllUs, IUIaBJIeHHe, KPUCTAJUIM3AllHs, KUIIEHUE, BIAaXKHOCTh
BO3/yXa, CBSI3b CpEIHEHl KUHETHYECKONW HHEpPruu TEIJIOBOIO MABMIKEHHMSI MOJIEKYJ € aOCONIOTHOM
TEMIIEPATypOi, MOBBIIIEHUE JAaBJICHUS ra3a IpHU €ro HarpeBaHWU B 3aKPBITOM COCYJE, CBSI3b MEXIY
napaMeTpamMM COCTOSIHUS Ta3a B M30IpOLEccax; HJIEKTpU3alus Tell, B3aUMOJEHCTBUE 3apsioB,
HarpeBaHue MPOBOJIHMKA C TOKOM, B3aUMOJIEHCTBIE MarHUTOB, JIEKTPOMArHUTHAsI MHTYKIHS, IEHCTBUE
MarHuTHOTO TOJSl HAa MPOBOJHUK C TOKOM M JBHXKYIIMHCS 3apsill, 3JIE€KTPOMAarHUTHbIE KojeOaHHs U
BOJIHBI, MPSIMOJIMHEHHOE pacIpOCTpaHEHWE CBeTa, OTpa)XeHHe, IPeOMJIEHUE, WHTepepeHus,
auQpakLus 1 MoJIIpu3alus cBeTa, TUcrepcHs cBera; GoToaaekTpuueckuit 3pdexr, cBeToBoe J1aBieHue,
BO3HMKHOBEHHE JIMHEHYAaTOro CIEeKTpa aToMa BOAOPOJA, €CTEeCTBEHHass M  HCKYCCTBEHHas
pPaZMoaKTUBHOCTb;

e [IP6G3 BijazeHUWE OCHOBOIOJIATAIOIIMMU  (U3NYECKUMHU TMOHATHSAMH U BEIUYMHAMU,
XapaKTepu3ylImuMH  (QU3MYeCKHe Tpolecchl  (CBSI3aHHBIMM € MEXaHHYECKUM  JIBUXKECHHUEM,
B3alMO/JICIICTBUEM TeJl, MEXaHMYECKUMHU KOJIeOaHUSAMU U BOJTHAMH; aTOMHO-MOJIEKYJIIPHBIM CTPOCHHUEM
BELIECTBA, TEIUIOBBIMH IPOLIECCAMU; IEKTPUUECKMM M MAarHUTHBIM IOJISIMH, SJIEKTPUYECKUM TOKOM,
AJIEKTPOMArHUTHBIMU KOJIEOAHUSIMU U BOJIHAMH; ONTHYECKUMHM SIBICHUSIMH; KBAaHTOBBIMHU SBIICHUSIMU,
CTPOEHMEM aroMa M AaTOMHOIO fJpa, pPaJAMOaKTUBHOCTBIO); BIIAJIEHUE OCHOBOIOJIATAIOUIMMHU
ACTPOHOMUYECKUMU TMOHSTHUSIMH, IO3BOJISIOINIMMU XapaKTEpU30BaTh IPOLIECCHl, MPOUCXONAIINE Ha
3BE3/1aX, B 3BE3JHBIX CHUCTEMaX, B MEXIaJaKTHUECKOW cpele; ABMKEHHE HEOECHBIX Tell, 3BOJIOIHIO
3Be3] 1 BeceneHnnoi;

e [IP64 BiaficHHE 3aKOHOMEPHOCTSIMH, 3aKOHAMU U TEOPHUAMM (3aKOH BCEMUPHOTO TATOTEHMS, |,
IT u 1T 3akoHbl HpIOTOHA, 3aKOH COXpAaHEHUS MEXAHUYECKON PHEPryU, 3aKOH COXPAHEHUsI MMITYJIbCa,



IPUHLMII  CYNEPHO3ULMM CWUJI, NPUHLUI PABHOINPABHOCTHM HMHEPLUHUAIBHBIX CHCTEM OTCYETA,
MOJICKYJISIPHO-KMHETUYECKYI0 TEOPHIO CTPOEHHUS BELIECTBA, TIa30Bbl€ 3aKOHBI, IIEPBBIM 3aKOH
TEPMOJMHAMMKH; 3aKOH COXPAHEHHUs AIEKTPUYECKOro 3apsaaa, 3akoH Kynona, 3akon Oma s yyacTka
nenu, 3akoH OMa JiJ1s TOJIHOM 3JIEKTPUYECKOM 1enu, 3akoH J[>oyns - JleHua, 3aKk0H 3J1€KTpOMarHuTHOM
UHAYKIUH, 3aKOH COXPAHEHMs] 3HEPIMM, 3aKOH IPSMOJMHENHOrO0 paclpOCTPAaHEHUS CBETa, 3aKOH
OTPAKEHMsI CBETA, 3aKOH IIPEJIOMJICHHs CBETa; 3aKOH COXPAaHEHHs HSHEPIUH, 3aKOH COXpPaHEHUs
UMITYJIbCA, 3aKOH COXPAHEHUs JJIEKTPUUYECKOTO 3apsiia, 3aKOH COXPAHEHUS MacCOBOIO 4YHCIA,
nocrynarsl bopa, 3akOH paJMOAaKTUBHOIO paclaja); YBEPEHHOE HCIOJIb30BaHUE 3aKOHOB H
3aKOHOMEPHOCTEH MpH aHann3e (PU3HUECKUX SIBJICHUN U MPOIIECCOB;

e [IPG5 yMeHHE Y4YUTHIBaTh TPAHUIBl IPUMEHEHHUS U3YYCHHBIX (U3NYECKUX MOJIENICH:
MaTepuabHas TOYKA, MHEpPLUAIbHAs CHCTEMa OTCYETa, WJCAbHBIM Ia3; MOJAEIU CTPOEHUs Ta3os,
KHMJIKOCTEH M TBEpPIBIX TeJ, TOUEUHBIH AJIEKTPUUYECKUH 3apsii, sJepHas MOJAEIb aTOMa, HYKJIOHHAs
MO/IEJIb AaTOMHOT'O Si/Ipa MPH peleHNH (PU3NIECKHX 3a/1a4;

e [IPG6 BiIaZicHHE OCHOBHBIMM METOJAMM HAY4YHOI'O IO3HAHMs, HCIOJIb3YyeMbIMH B (HU3HUKE:
MPOBOJIUTH NPSMBIE M KOCBEHHBIC M3MEPEHHS (PU3NUECKUX BEIWYHMH, BHIOMpAs ONTUMAIBHBIA CIIOCOO
U3MEPEHUsT W UCHOJIb3YyS HW3BECTHBIE METOAbl OLIEHKU MOTPEUIHOCTeH H3MEpEeHUuH, NPOBOJUTH
UCCIIEIOBAaHUE 3aBUCUMOCTEH (U3MUECKUX BEIMYMH C UCIOJIb30BAaHUEM IPAMBIX H3MEPEHUH,
OOBSICHATH TOJYYEHHBIE PE3yJbTaThl, UCHOJb3Yd (PU3NYECKHE TEOPHUH, 3aKOHBI U IOHATHS, U JIeNaTh
BBIBOJIBI; COOTIOIATh IIpaBMiIa 0€30MacHOro Tpy/a MpHU MPOBEACHUN UCCIEIOBAaHUA B paMKax y4eOHOTO
JKCHEpUMEHTa U  y4yeOHO-MCCIENOBATENbCKOM JAEATENbHOCTH C  HUCIHOJIb30BAHHEM  IU(PPOBBIX
M3MEPUTENBHBIX YCTPOWCTB U JIaOOpaTOpHOTO 000pYyIOBaHUs; CPOPMHPOBAHHOCTH NPEACTABICHUN O
METO/AX MOJIY4YEHUs] HAyUYHBIX ACTPOHOMUYECKUX 3HAHUM;

e [IPyl chOpMUPOBAHHOCTh TMOHMUMAHUS POJH (PU3HKH B SKOHOMHYECKOH, TEXHOJIOTHYECKOM,
COLMAJIBHOW M 3TUYECKOM cdepax NesTeTbHOCTH 4YelIOBEKa; poju M MecTa (PM3UKM B COBPEMEHHOMU
HAay4yHOM KapTHHE MHPA; POJIM ACTPOHOMHUH B MPAKTUYECKOM AESITEIbHOCTU Y€lIOBEKa U JalbHEUIIEM
Hay4YHO-TEXHUUYECKOM Pa3BUTUH;

e [IPy2 cOpMHPOBAHHOCTH CHCTEMbl 3HAaHUI O (PUINYECKUX 3aKOHOMEPHOCTSX, 3aKOHaX,
TEOpHUsAX, ACUCTBYIOIIMX Ha YPOBHAX MHUKPOMHMpA, MakpoOMHpa U MeEraMmpa, NIpEICTaBICHHH O
BceoOIIeM xapakTepe (PU3NYECKUX 3aKOHOB; IMPEJICTaBICHUM O CTPYKType NMOCTPOEHHS (pU3MuecKoin
TEOPHUH, YTO TO3BOJUT OCO3HATh POJIb (YHIAMEHTAIbHBIX 3aKOHOB M IPHUHLUIIOB B COBPEMEHHBIX
MIPEJICTABICHUSIX O MPUPOJE, NOHITHh IPAHULIBI IPUMEHUMOCTH TEOPH, BO3MOXKHOCTH UX MPUMEHEHUS
JUIS. OIIMCAHMSI €CTECTBEHHOHAYUHBIX SIBJIEHUH U NIPOLIECCOB;

e [IPy3 cOopMUPOBAaHHOCTb YMEHHMS pazIndaTh YCIOBHUS MPUMEHUMOCTU Mojenel pusnueckux
TeJ U MPOLIECCOB (SBJICHUI): MHEpIMabHas CCTeMa OTCYeTa, MaTepuajIbHasi TOUKa, paBHOYCKOPEHHOE
JBIDKEHUE, CBOOOIHOE TajieHue, adCOMIOTHO ynpyras aedopmariusi, aOCOIOTHO YIPYroe U adCOIIOTHO
HEYIpPYroe CTOJKHOBEHMS, MOJIeJIeH ra3a, *KUJAKOCTH U TBEPAOro (KpUCTAJUIMYECKOr0) TeNa, U1eaIbHOTO
rasa, TOYEYHBIH 3aps], OJHOPOJHOE DJJIEKTPUYECKOE T0J€, OJHOPOJHOE MAarHUTHOE IIOJIE,
rapMOHUYECKHE KoyeOaHHsd, MaTeMaTHYeCKUi MAasTHUK, WJCaIbHBIH MNPYXKUHHBIA MAasTHUK,
rapMOHHYECKHE BOJIHBI, HJCANIbHBIN KoJie0aTeNbHbIM KOHTYp, TOHKAs JIMH3a; MOJie]e aToMa, aTOMHOTO
A]lpa 1 KBAaHTOBOM MOJIENIN CBETA,

e [IPy4 cpopMUPOBAHHOCTb YMEHHS OOBICHATH OCOOCHHOCTH MPOTEKaHUs (PUINUECKUX
SBJICHUI: MEXAHUYECKOE [IBJKEHHUE, TEIUIOBOE IBM)KEHHME YACTHUI] BELIECTBA, TEIUIOBOE PABHOBECHE,
OpOyHOBCKOE JBMXKeHHE, AUPPy3us, HUCHApeHHe, KUNEHHE U KOHJIEHCAIUs, IUJIaBICHUE W
KpUCTAJIIIN3alMsl, HAlpPaBICHHOCTh TEIUIONEPEAAU, DSJIEKTPU3ALUUU TEJ, OSKBUIOTEHLUAIbHOCTH
MOBEPXHOCTHU 3apsXKEHHOT0 MPOBOJIHMKA, 3JIEKTPOMAarHUTHON MHAYKIIMH, CAMOMHAYKIIUH, 3aBUCUMOCTH
COIIPOTHBIICHUS] TOJIYHNPOBOJHUKOB "p-" M "n-TUMOB" OT TemmepaTypbl, pe3oHaHCa, MHTEePPEepeHIINU
BOJIH, JAu(pakuuy, IUCHEPCHUH, TOJTHOTO BHYTPEHHEro oTpaxeHus, ¢otorddekr, duznyeckue
NPUHIUIBI CIIEKTPAJIbHOTO aHaiM3a W paboThl Jazepa, "anmbda-" u "Oera-" pacmansl siiep, ramMma-
U3ITy4eHUe sIep;

e [IPy5 c¢OopMHpPOBAaHHOCTb YMEHHMH TPUMEHSTHh 3aKOHBI KJIACCHUYECKOM  MEXaHUKH,
MOJICKYJISIPHOM (M3MKM M TEpPMOJMHAMMKH, SJIEKTPOAMHAMHUKHU, KBAHTOBOM (DM3MKM Ul aHAIM3a U
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OOBSICHEHUS SIBJICHUN MUKPOMHUpA, MAKpOMHpA U MEraMupa, pa3inyaTh ycIoBHUs (IpaHHIbI, 00IacTH)
MPUMEHUMOCTH (U3MUYECKUX 3aKOHOB, MOHHMMATh BCEOOIIMN XapakTep (yHIaMEHTAIbHBIX 3aKOHOB
(3aKOH COXPAaHEHHS MEXAaHUYECKOM HHEPruM, 3aKOH COXPAHEHHUS HMIIYJbCA, 3aKOH BCEMUPHOTO
TATOTEHUS, NEPBBIA 3aKOH TEPMOIMHAMMKH, 3aKOH COXPAaHEHHUS OJJIEKTPUYECKOro 3apsjia, 3aKOH
COXPAHEHHs DOHEpPruuM) M OrPAaHUYEHHOCTh HCIOJB30BAaHUS YAaCTHBIX 3aKOHOB; aHAJIU3UPOBATh
¢bu3nuecKkue MpOIEeCChl, HUCIHOJb3YS OCHOBHBIE TIOJIOKEHUS, 3aKOHbI M  3aKOHOMEPHOCTH;
OTHOCHUTEIIFHOCTh MEXaHHUYECKOTO IBMXKEHUS, (OPMYIJIbI KHHEMAaTUKH PAaBHOYCKOPEHHOTO JBHKCHHS,
npeoOpazoBanus [amunes A7is CKOpPOCTH W TMepeMelleHus, Tpu 3akoHa HbIOTOHA, NPUHIUI
OTHOCUTENBHOCTU [anuiuesi, 3aKOH BCEMHMPHOIO TSATOTEHMS, 3aKOHbl COXPAaHEHUs MWMIIyJbca H
MEXaHUYECKON SHEpruu, CBsi3b pPAOOTHI CHUIBI C M3MEHEHHEM MEXaHUYECKOW HHEpPruH, YCIOBHS
paBHOBECHsI TBEPJOrO TEJA; CBA3b JABJIEHUS WCAIBHOTO Ta3a CO CpelHEN KMHETUYECKOM 3Hepruei
TEIUIOBOTO JIBIDKEHHS W KOHIICHTpAIMEel ero MOJIEKYJ, CBSI3b TeMIIepaTyphl BEIECTBA CO CpeIHEel
KMHETUYECKOM 3HEpPIrUel ero 4acTHll, CBSI3b JABJICHMS MJI€aJIbHOIO ra3a ¢ KOHLEHTPALUEH MOJIEKYI U
ero TeMmIeparypoil, ypaBHenue MeHnneneeBa-Kianelipona, mepBblid 3aKOH TEPMOIAMHAMHUKH, 3aKOH
COXPAHEHHUs JHEPrMM B TEIUIOBBIX IPOLIECCAX; 3aKOH COXPAaHEHUsS 3JIEKTPUUECKOIO 3apsjia, 3aKOH
Kynona, moOTeHIMANBHOCTh SJIEKTPOCTATHUECKOTO TMOJs, MNPUHIMI CYHEPIO3UIUN DIEKTPHUUECKUX
noJiel, 3akoHa Kynona; 3akonsl OMa 115 y4acTka LEenH U JUIsl 3aMKHYTOM 2JIEKTPUYECKON 1eNH, 3aKOH
Jlxoyns-JleHna, 3aKOH 3JIEKTPOMArHUTHOW HHIYKIMHM, MpaBuio JleHIa, mocTynaTthl CHElHalbHON
TEOPUH OTHOCUTEIBHOCTH DWHIITEWHA, ypaBHeHUe DifHmTelHa 111 (HoTodddexTa, MepBhIil U BTOPOi
noctynatel bopa, mpuHuun HeomnpeaeneHHocTu ['elizenOepra, 3aKOH COXpaHEHUS 3apsaa, MacCOBOTO
YuCclla ¥ SHEPTUHU B SJIEPHBIX PEAKIHAX, 3aKOH PAIMOAKTUBHOIO pacnaa;

e [IPy8 cdopmupoBaHHOCTH  TpPENCTaBICHH O  METOJAaX  MOJYYCHHUS  HAYYHBIX
ACTPOHOMUYECKUX 3HAHUIL; BIaJIeHUE YMEHUSIMHU CaMOCTOSITENIbHO (POPMYJIMPOBATH LIE€Ib UCCIIEI0OBAHUS
(mpoekTa), BBIIBUraTh THUIOTE3bl HA OCHOBE 3HAaHUSA  OCHOBOIMOJAraloUMX  (U3HUYECKUX
3aKOHOMEPHOCTEM M 3aKOHOB, NPOBEPSITh MX SKCHEPHUMEHTAIbHBIMU CpPEACTBAMH; IUIAHUPOBATh U
MPOBOANTH (PU3UUECKHE SKCIIEPUMEHTHI, ONMUCHIBATh U aHATM3UPOBATh MOJYYCHHYIO MIPHU BBIOJIHEHUU
SKCIIEPUMEHTA HH(OPMALIMIO, OTIPEAEIIATh JOCTOBEPHOCTD MOJIyUEHHOTO PE3YNbTara;

e [IPy 11 oBinageHue pa3nuyHbIMH cHocoOamMu paboTel ¢ uHpopMauuen (uznyeckoro
COJIEp’KaHUsl C HCIOJb30BAaHUEM COBPEMEHHBIX HH(OPMALMOHHBIX TEXHOJOTHMH, pa3BUTHE YMEHUU
KPUTHYECKOT'O aHaJIM3a U OLIEHKHU JI0CTOBEPHOCTH MOTyd4aeMoi HHPOpPMaLIUY;

e [IPy 12 oBnaneHue opraHu3allMOHHBIMU U MO3HABATEIbHBIMH YMEHUSIMHU CaMOCTOSITEIbHOTO
NpUOOpPETeHUs] HOBBIX 3HAHMH B MpOIECCe BBIMOJHEHMS MPOEKTHBIX U y4eOHO-MCCIIEOBATENbCKUX
paboT, yMEHUSIMU 3aHSATUETH B TPYIIIE C BHIMOJIHEHUEM PA3IMUHBIX COLUAIbHBIX POJIEH, MIIAHUPOBATh
paloTy TpyYIIBl, PAlMOHATIBHO PACIpPEeNATh AeITeIbHOCTh B HECTAHAAPTHBIX CUTYAIUIX, aJEKBATHO
OLIEHMBATh BKJIAJ] KAX/I0TO U3 YYACTHUKOB I'PYIIIBI B PEILIEHUE paccMaTpUBaeMOi MpoOIeMBl;

e MP 8 cnocoOHOCTH M TOTOBHOCTh K CaMOCTOSTEIbHOMY IIOMCKY METOJOB pELIeHUs

MPaKTUYECKUX 3aJ]]a4, IPUMEHEHUIO Pa3IMUHbIX METOJOB ITO3HAHUS;

e MP O Biagerp HaBbIKAMM TMOJXy4e€HUS HWHGPOPMALMKM W3 HMCTOYHUKOB PA3HBIX THIIOB,
CaMOCTOSITENTHO OCYIIECTBJISATh IMOMCK, aHAIM3, CUCTEMAaTH3allMI0 W HHTEepHpeTanuio HH}opMaiuu
Pa3NUYHBIX BUAOB U (POPM NPEICTABICHUS;

e MP 10 dbopmupoBaHue Hay4HOTO THIA MBIIUICHUS, BJIQJCHUE HAYYHOW TEPMHUHOJIOTHEH,
KJIFOUEBBIMH MOHATUSIMHU U METO/IaMU;

e MP 21 BBIABIATH NPUUYUHHO-CIEACTBEHHBIE CBS3M M aKTyalM3UPOBaTh 3a/lady, BbIJIBHIaTh
TUIOTE3Y €€ pEeIleHUs, HaXOAUTh apryMEHThl Ui JI0Ka3aTeIbCTBAa CBOMX YTBEP)KIEHUH, 3aJaBaTh
napaMeTpbl U KPUTEPUU PEICHMUS,;

e MP 17 ymerb mNepeHOCHTh 3HAHHWS B II03HABATEIbHYI0 U IPAKTHUYECKYIO 0O0IacTH
KHU3HEIEATEIBHOCTH;



e MP 13 oBnageHue BHAAMH [JI€ITEIBHOCTA MO TIOJYYEHHUIO HOBOTO 3HAHUA, €ro
MHTEPHpPETAINH, TPEOOPA30BAHUIO U TPUMEHEHHUIO B PA3IIMYHBIX YIEOHBIX CUTYaIlUsIX, B TOM YHCIIE IPU
CO31aHnNn y‘-Ie6HLIX 1 COIIMAJIBHBIX HpOeKTOB;

e JIP 13 roTOBHOCTH M CIIOCOOHOCTH K 0Opa30BaHUIO M CAMOOOPA30BAHUIO HA MPOTSHKEHUHU BCEH
KU3HH;

e JIP 14 oco3HaHue TUYHOTO BKJIaJa B TOCTPOEHUE YCTOMYUBOTO Oy IyIIETO

e JIP 23 roTOBHOCTH K TPY/y, OCO3HAHUE IIEHHOCTH MAaCTEPCTBA, TPYAOIIO0HE;

e JIP 26 cmnocoOHOCTh OLIEHWBAaTh CHUTYallMl0 M MPUHUMATh OCO3HAHHBIE pELICHUS,
OPUEHTUPYSICh HA MOPAJIbHO-HPABCTBEHHBIE HOPMBI U [IEHHOCTH;

ConeprxaHue MpaKTUIECKUX U JTaO0PATOPHBIX 3aHATUI OPUEHTUPOBAHO HA MOATOTOBKY 00YYaIOIINXCS
K OCBOGHHIO MPO(PECCHOHATBHOIO MOAYJS MPOrpaMMbl IOATOTOBKM CHELUAIMCTOB CPEJHEr0 3BEHa II0
CIIELMAILHOCTY U OBJIAJICHUIO HPOPeCCUOHATbHBIMU KOMNEMEHUUAMU:

I1K 1.2 BbInoAHATH cCTaHJapTHBIE (TUIIOBBIE) PACU€Thl CTPOUTENBHBIX KOHCTPYKIHIA.

I[IK 2.4 IlpoBoauTh ONEPATUBHBI y4eT OOBEMOB BBINOJHIEMBIX pabOT U  Pacxoj]oB
MaTepHaJIbHBIX PECYPCOB

KontponupoBars cobironeHue TpeOoBaHUN OXPaHbI TPyAa, OE30MaCHOCTH JKU3HEACATEIHbHOCTH
U 3aIIUTYy OKpY’Kalolled Cpebl IpU BBITOJHEHUU CTPOUTENIBHBIX pabOT Ha OOBEKTaX KalUTaJbHOTO
CTPOMUTENBCTBA, PEMOHTA U PEKOHCTPYKLIUU 3/1aHUH.

A Tak:ke POPMHUPOBAHMIO 0OULUX KOMNEMEHYUIL.

OK 01 Beibupars criocoObI pemmeHus 3a1a4 NpoQecCnoHaIbHON AEATENbHOCTH TPUMEHUTEIHHO K
Pa3IUYHBIM KOHTEKCTAM.

OK 02 Hcmons30BaTh COBPEMEHHBIE CPENICTBA IMOMCKA, aHAIIN3a U HHTEPIIPETalui HHOpMaIu 1
MH(OPMAaLMOHHbIE TEXHOJIOTUH JUIsl BBIMOJIHEHU 3a/1a4 IPO(PECCUOHATILHOMN 1eATeNbHOCTH

OK 03 IlnanupoBaTh M pealu30BbIBaTh COOCTBEHHOE MPO(ECCHOHATBHOE U JIMYHOCTHOE
pa3BUTHE, MPEINPUHUMATENBCKYIO IeSTeIbHOCTh B NMPO(ecCHOHAIBHONW cdepe, UCIOoNb30BaTh 3HAHUS
10 MPaBOBOW U (PMHAHCOBOM TPAMOTHOCTH B PA3JIMYHBIX KU3HEHHBIX CUTYalUsIX

OK 04 D¢ddexTuBHO B3aUMOICHCTBOBATh U pabOTaTh B KOJUIEKTHBE U KOMAaH/IE

OK 05 OcyuiecTBisTh YCTHYIO U NHCbMEHHYIO KOMMYHHUKALMIO Ha TOCYJIapCTBEHHOM SI3bIKE
Poccuiickoit @enepaniuu ¢ yueToM 0COOEHHOCTEH COLMAIBHOTO U KYJIbTYPHOTO KOHTEKCTa

OK 06 IlposBasTh Trpa’kIaHCKO-NIATPUOTUYECKYIO IO3UIIMI0, JEMOHCTPUPOBATh OCO3HAHHOE
IIOBE/ICHUE HA OCHOBE TPAJULIMOHHBIX POCCUNCKUX JyXOBHO-HPABCTBEHHBIX LIEHHOCTEH, B TOM YHCIE C
Y4€TOM TapMOHHU3AIMKM MEXHAI[MOHAJIBHBIX M MEXPEJIUTHO3HBIX OTHOLIEHUH, MPUMEHSATh CTaHIapThl
aHTUKOPPYILMOHHOIO IIOBEICHUS

OK 07 CopnelicTBOBaTh COXPAHEHUIO OKPY’KAIOLIEH CpPEIbl, PecypcocOepereHUI0, MPUMEHSTh
3HaHUS 00 M3MEHEHMM KJIMMaTa, MPUHLUIBI OepeKIUBOTO NMPOU3BOACTBA, 3()(PEeKTUBHO NeiicTBOBATh B
Ype3BbIYAIHBIX CUTYaIUIX

OK 09 ITonb30BaThest TpodeccuoHaNbHON JOKYMEHTAIMEeH Ha roCcyJapCTBEHHOM U MHOCTPAHHOM
SI3BIKaX.

BrinmonHenue o0ydaromuxcs NMPaKkTHUECKUX M JaOOpaTOPHBIX paboT MO yuyeOHOH AMCHUIIINHE
«®Pu3HKa» HAPaBIIEHO HA:

- 0000meHne, CUCTEeMaTH3alMI0, YIIyOJIeHHe, 3aKperyieHWe, pa3BUTHE U JAETaIHU3aLUI0
MOJIYYEHHBIX TEOPETHUECKUX 3HAHUH 110 KOHKPETHBIM TeMaM y4eOHON AUCLUIIIINHBL,

- (popMupoBaHUEe YMEHUI MPUMEHSTH MOJy4YEHHbIE 3HAHUS HA MPAKTUKE, peau3aluio eINHCTBA
MHTEJJIEKTYaIbHOM U MPaKTUYECKON AESITeTbHOCTH;

- ¢opMHpOBaHUE U pa3BUTHE YMEHMH: HaOIIOJaTh, CPABHUBATH, COMOCTABIATh, aHAIM3UPOBATH,
JieNiaTh BBIBOJIBI M OOOOIIEHMS, CaMOCTOSITEIbHO BECTH HCCIIEOBAHMS, IOJIb30BAThCS PA3TUYHBIMU
npueMaMH U3MEpEeHUH, 0OPMIIATh pe3yabTaThl B BUJE TaOIUI], CXeM, IpahuKoB;

- MpHOOpeTeHHe HaBBIKOB pabOThl C Pa3IUYHBIMU MPUOOpaMHM, amnmapaTypod, YCTaHOBKaMH U
JIPYTMMH TEXHUUYECKUMU CPEJCTBAMU JJIsl IPOBEACHHUS OIBITOB;
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- pa3BUTHE MHTEIUICKTYQJIbHBIX YMEHHH Yy OyaylmIMX CIEHUAIUCTOB: aHAIUTUYECKUX,
[IPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIP.;

- BBIpa0OTKY IpPU pEIICHUH TMOCTABJICHHBIX 3a/1a4 NMPO()EeCCHOHAIBHO 3HAYMMBIX KAa4eCTB, TAKHX
KaK CaMOCTOSATENIBHOCTb, OTBETCTBEHHOCTDb, TOUHOCTh, TBOPYECKAs MHULMATUBA.

[IpakTuyeckne uaM J1aOOpaTOpPHBIC 3aHATHS TPOBOAATCA B paMKaxX COOTBETCTBYIOIEH TEMBI,
1I0CJIE OCBOEHUS TUAAKTUYECKUX €IMHUILI, KOTOPble 00€CIEUNBAIOT HAIMUNE 3HAHUH, HEOOXOIUMBIX IS
€€ BBIIOJHEHHUS.



2. METOANMYECKHUE YKA3AHUA

Tema 2.1. Kunemarnka
IpakTnyeckoe 3ansitue Nel

Pemenue 3aga4 1o KHHEMAaTHKE. YPaBHeHI/Iﬂ JABHKCHUSA.

Heab: HAyYUTHCS pa3nUyaTh BHIbI MEXaHUYECKOTO MABM)KCHHUS B 3aBHCHMOCTH OT (HOPMBI
TPACKTOPUU U CKOPOCTH IMEpEeMELICHUs Teja, PACCUUTHIBATH €ro MapaMeTpbl, HAYYUTHCS U300pa’kaTh
rpadUyYecKyd pa3U4YHbIE BUABl MEXaHWYECKUX JBM)KCHHUW, 3alUCBhIBAaTh YypPAaBHEHUS JIBYDKCHUS,
pa3iauyaTh €ro OTHOCUTENIbHOCTb, HAy4UThCS (POPMYIUPOBATH CIEAYIOIIUE IMOHSATHS: MEXaHHYECKOoe
JBKEHUE, CKOPOCTh U YCKOPEHHUE, CUCTEMa OTCYETa, MEXaHUUYECKUH TPUHIIUI OTHOCUTEIHLHOCTH.

Boinosinenue padorsl cnocodcTByeT popmupoBanuio: OK 01, OK 02, OK 03, OK 09, OK 06

MarepunanbHoe obecrnieyeHue:

VMHJUBUIyaJIbHOE 3a/1aHK€, KOHCIIEKT JIEKIUI, CIPABOYHbIE MaTEPHUAIIbI.

Ykazanue:

[IpakTuueckass paboTa COCTOMT M3 JBYX 4acTell — TeopeTnueckoil u mpaktuyeckoil. Ilocme
M3y4YeHUs TEOPETUUYECKOTO MaTepHaia MOKHO MPHUCTYIATh K BBINOJIHEHUIO MpPaKTH4YeCKor yactu. OHa
COCTOHT U3 JBYX U Ooiiee 3a7au JJIsl CaMOCTOSTENBHOIO BBIMONHEHUS. He 3a0biBaiiTe 0 MpaBUILHOM
odopmitennu pemenus. Ha BEIIOTHEHNE MPaAKTUYECKOW OTBOJUTCS JIBA aKaIEMUIECKIX Jaca.

3aganme:

1. IIncbMeHHO OTBEThTE HA CJIeYIOIHeE BOMPOCHI:
e Kunemartnyeckuil 3aKOH [BIDKEHUS [UISI KOOPAMHATHOTO croco0a OmpesesieHus
JBKEHUSI MATEPUATLHON TOUKH.
e KunemaTnueckuil 3aKOH JBUKEHHUS ISl €CTECTBEHHOI'O ABUKEHUS /JII BEKTOPHOIO
crioco0a ompeeIIeHUs TBUKCHHSL.
e Kunemartnyeckuil 3akoH [JBWKEHHUS [UIsI €CTECTBEHHOTO crocoba ompeseneHus
JIBUKEHUS.
e Kak HaliTu BEKTOp CKOPOCTHU JJIsi KOHKPETHOTO, BEKTOPHOTO M €CTECTBEHHOT'O CIIOCOO0OB
ompeieTICHUs IBUKEHNS?
e Kak HaifTu BEeKTOp YCKOpEHUs AJis Pa3HbIX CIIOCOOOB OMpeIeeHHs IBHKEHUS?
2. Hcnoan3ysi popMyJisl AJisl pacyeTa mnapaMeTpoB IBHKEHUsI TeJl, PEIIUTD 3aa4H.
3. Ilpoananu3upoBaTth rpadguku IBHKEeHUS Tej, ONUCATH XapaKTep ABHKEHH.

ITopsinok BbINOJHEHHS PadOTHI:
1. TloBTOpPUTH OCHOBHBIE BOIIPOCHI KHHEMATHUKH.
2. Pemmth 3a1aun 1o BapuaHTaMm.
3. OdopMuUTH OTUET B TETPAAN IJIS MPAKTUIECKUX PadoT.

1. TeopeTnyeckas yacTb
OpnHOMepHOE IBUKEHUE. J|BUKEHUE C TOCTOSHHOM CKOPOCTHIO.
Ilycts Teno ABMXKETCS B HANpaBICHMM OCH X C IOCTOSHHON CKOPOCTBIO V U 3a BpeMsl Ar=t—1,

MIPOXOJUT MYTh Ax = x — x, . CpenHsst CKOpocThb

Ax




V = const

JIBM>KEHUE € IEPEMEHHON CKOPOCTBIO. Y CKOPEHUE

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 JaBWKETCS ¢ yCKOPEHUEM.

Yckopenue (@) — CKOpOCTh M3MEHEHHUST CKOPOCTH.

AV

Ecin 3a Bpemsi At =t—t, m3menenne ckopoctu AV=V—V; 10 cpemnee yckopenue: @ =

V—YV
U3 a= A 0 = v=v,+aAt WU V(t) = v, +aAt
t

ant?

Q.
—
=,
Il
-
o=

x(t) = xy + VoAt + Ecau {’/0 ua COHAIIpaBJICHbI, TO CKOPOCTb ABMIXCHHA TCJIa BO3PACTACT, d HUMCCT

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

Vi) - v

Ecnm Bpems aBmkeHust At HEU3BECTHO, TO [x(7) = x, + 5
a

MHoromepHoe ABrxeHue. J[BrkeHne Tena, OpoIeHHOro Mo/ YIioM K TOPU30HTY
[Tycth TEno OpomieHo M3 Havanda KOOPAMHAT MOJA YIJIOM K TOPU30HTY C HadaJbHON CKOPOCTHIO v, . M3

rpaduka BUIHO, YTO V, = V,y + Voy (ABYMEpPHOE ABUKEHHE MOKHO pacCMaTpHUBaTh, KaK HAIOXKEHUE APYT

Ha JIpyra JIBYX OJJHOMEPHBIX — o ocsiM X 1 Y).

9 2, Vo .

—_—
+ ~

/ I
_
: uem)(x = L\}\\“

U Vg X

2. [IpuMepsI pelieHus 3a1a4

1. IMaccaxxupckuit moe3n uueT co ckopoctb 72 km/4. Ilo cocemnemMy myTu ABMKETCS HaBCTPEUy
TOBapHBIN moe3 1 1mruHou 140 M co ckopocThio 54 km/4. CKOJIBKO BPEMEHU MACCaXXKHP, CTOSITUN
y OKHa, OyIeT BUJIETh MPOXOISIIUNA MUMO HEro TOBAPHBIN moe3/?
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Hano: CH Pewenue:

V1 = 72 kM/y 20 m/c | OTHOCHTE/IBHAS CKOPOCTD JABHXKEHHS 000MX MOE3/10B U = Uy + Up.
V2 = 54 kM/4 15 m/c CnenoBarenbHo, BpeMs, B TEYEHHE KOTOPOrO0 MUMO MACCaKHPCKOTo
" " !
=140 m 1noe3/a NpoiaeT TOBapHbIii, onpeaeanm no gpopmyie: ¢ = =
140
[Toacrasnsem nauubie: 1 = =4c
A A 20+15

Omeem: 4 c.

2. TlocamoyHasi CKOPOCTh MacCaXUPCKoro camosera 135 km/4, a mouHa mpobera ero 500 wm.
Omnpenenuth BpeMs mpodera Mo mocagoyHol MoJI0oce U YCKOPEHHE CaMOJIeTa, CUUTAas IBHKCHHE

PaBHO3aMEJICHHBIM.
Hano: CHU Pewenue:
v =135 km/u | 37,5 m/c| Bpems npoGera camonera npu nocajake HaxoauM 13 Gopmynsl myTu

at?
S =500 m S =vgt + ==, r/1e @ /1A PABHO3AME/UICHHOTO IBUIKCHHS ONPE/IC/TCS
v
v=0wm/c u3 opmynel: V= Uy + at uma=- T° CnenoBatesbHO,

, 7 L2 28 2500
t-?,a-? S=vt —=5—» OTKyna t=v—. [ToacraBnsem gauubie: t = b 27:¢,
0 ’
v 37,5
Vekopenne a = -T"; a=—=-14wm/c?

27
Omeem:27¢,-14 m/c’.

3. Teno, nBurasch paBHOYCKOPEHHO M3 COCTOSHUS IOKOS, 33 IATYIO CEKYHAY MpOLUIo MyTh 18
M. Uemy paBHO yCKOpEHHUE U KaKOM MyTh TEJIO0 MpouuIo 3a 5 c?

Jano: Pewenue:
2 2
“ - Y t t
ts-t4=1c [1yTs, npoiiaeHHbI TEIOM 3a MATYIO CeKYHAY S = S5 — Sy = % - “T"
B 25 218 2
S=18m Orciona a -7 %" 5o 4 m/c.
. v G at? 425
t=5c¢ [lyTs, npoitaeHHslii Tenom 3a 5 cekyna Ss == S5 = = 50 m.

Ss-?,a-?

Omeem: 4 m/c%; 50 m.

4. B mocnenHO CeKyHIy CBOOOJHO Majarolliee Tea0 MNpPOII0 MOJOBHHY CBOEro IYTH.
CKOJIBKO BpeMEHH M C KaKOH BBICOTHI TTaJAJI0 TEJIO?

Jano: Pewenue:

1 ., = t?
hy— Ryqi= Eh" [lyTs, npoiizennsiii 3a Bce Bpems nagenus: h, = gT‘

@ i t-1)%

g=9.8 m/c? Jlo nocnesHeit cexyHbI TEIO MPOLLIO NYTh ;—" = ‘%
tz

t-? h,-? CrnenoBarenbHo, gT =g(t—1)% umm t?-4t+2=0.

9,8:3,42
Orciona t=2++2 = 3,4 c. Buicotanagenns h, = s 37 m

Omeem: 3,4 ¢; 57 m.

5. Kamenp nagaer B maxty. Yepes 6 ¢ cibllIeH yaap KaMHS O JHO IaxThl. OnpeaenuTs ryouHy
IIaXThl, €CJIM CKOPOCTh 3ByKa 330 m/c.

10



Jano: Pewenue:
t=6¢ Ecnn 0003HauuTh yepes t; BpeMs najieHus KaMHsi, TO BPeMsi paClpOCTPaHeHHs
2
- i 3 gty
v =330m/c | 3Byka t-t,. [lyrs, npoiifnennslii kamaem npu cBoGoaHOM mageHnn h==—,
2

a

t
g=9.8m/c? | 3BykoM — h = v (1 - t;). ClieoBaTensHo, ng= o(t-ty)wmgt? +20t;-20t=0
2
e - t
h-? Pewwg dannoe ypasnenue, notyyum t; = 3,5 c. [nyouna maxtet h = ng;
9,85,5%
h==—=—=148m
Omeem: 148 wm.

3agaHusA 1J151 CAMOCTOAITEILHOMH padoThI
Bapuanr Ne 1
1. Camoner WJI — 86, nBurasicb paBHOMEPHO co ckopocThio 900 km/4, B TeueHue 9¢ coBepiimi
Takoe ke nepemelnieHune, yto u camoiet Sk — 42 3a 10 c¢. Onpegenute ckopocth Sk — 42.
2. I'padpukn kakux ABMKEHHWH Ten moka3aHbl Ha puc. 1? Ilo rpaduky ompexenure: 1) B Kakoii
MOMEHT BpEMEHH TeJla BCTPETUIINCH; 2) KaKue MMyTH Tella MPOIILIU 10 BCTPEUH.

¥, mt
|

puc.l.

3. [Moe3n uepe3 10 ¢ mocne Havana ABMXEHUS TproOpeTaeT ckopocTh 0,6 M/c. Uepes kakoe BpeMs
OT HavaJa IBUKEHHs CKOPOCThb M0€3]1a CTaHeT paBHa 3 M/c?

4. 3a xakoe BpeMsi aBTOMOOUITb, IBUTAsAICH ¢ ycKopeHueMm 0,4 M/c? YBEJIUYHUT CBOIO CKOPOCTH C 12
1o 20 m/c?

5. Ilynst B cTBONE aBTOMaTa KamamHnkoBa IBrkercs ¢ yckopenneM 616 m/c® . KakoBa ckopocTb
BbUIETA IYJIH, €ClIU JuInHa cTBojia 41,5 cm?

6. Teno, nBUTasich MPSIMOJIMHEHMHO C YCKOPEHHEM 5 M/c?, OCTHIIO ckopoctu 30 m/c, a 3aTem,
JIBUTasiCh paBHO3aMeJIEHHO, OCTaHOBMIIOCH yepe3 10 c¢. Onpenenure myTh, IPOHAECHHBINA TETOM.

7. Teno cBoOoaHO majgaeT ¢ BbICOTHI 125,5 M. Onpenenure BpeMs Naj€HUS U CKOPOCTh Teja B
MOMEHT yz1apa 0 3eMJIIO.

Bapuant Ne 2

1. Cpennee paccrosiaue mexay 3emneit u Conanem 1 actponomudeckas enununa (1 a.e. = 1,496-
1011 m). Onpenenute Bpems npoxoxaeHus ceera ot Comnia 10 3emian. CKOpOCTh CBETa B BaKyyMe € =
3- 108wm/c.

2. Ha puc. 2. npezacrasieH rpaduk 3aBUCUMOCTH KOOPAMHATHI Tena oT BpemeHH. [lo rpaduky
orpenenuTe: 1) CKOIBbKO BpeMEHH TEJI0 HaXOUIIOCh B ABMXKEHHM; 2) YEMY PaBHO €ro MepeMelleHue.
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puc.2.
3. Benocumnenuct ABMKETCS MO YKIOH ¢ yckopenuem 0,3 m/c 2 . Kakyro ckopocTh mpuoOperer

BesocuneaucT uyepes 20 ¢, eci ero HayajibHasi CKOPOCTh paBHa 4 m/c?

4. Cxopocts noesna 3a 20 ¢ ymensmmiack ¢ 72 10 54 km/4. Hamucats Gpopmyiy 3aBUCHMOCTH

ckopocTH oT BpeMeHu [x([)) u mocTpouTh rpaduk 3TON 3aBUCHUMOCTH.

5. Ilpu aBapuitHOM TOPMOKEHUU aBTOMOOMIIb, IBUKYIIUUACS CO CKOPOCTBIO 72 KM/4, OCTAHOBUJICS

yepe3 5 ¢. Halitu TopMO3HOM MyTb.

6. Yxion mpmuao# 100 M mepkHEK npomen 3a 20 ¢, neurasick ¢ yckopenuem 0,3 m/c 2 . Kakosa

CKOPOCTD JIBIDKHUKA B HA4YaJIC 1 B KOHIIC YKJ'IOHa?

7. Teno cBobonHo majgaer B TedeHue 4 c. Ompenenure BHICOTY, ¢ KOTOPOW MNadaeT TeJo, U

CKOpPOCTb B MOMCHT yJapa O 3emi1o.

®dopma npeacTaBiaeHusl pe3yJabTarTa:
BrimmonHuTh 3alaHuC B TCTpaau AJId NPAKTHICCKUX pa60T.

Kputepun onenkmn:

3a IMPaBUJIbHO BLIIIOJHCHHOC 3a1aHUEC BBICTABIIAACTCA ITOJIOKUTCIIbHAA OLICHKA — 1 6amn.
3a HCIIPABUJIbHO BBIIIOJIHCHHOC Ilel\/JICTBI/Ie, 3a1aHUC BBICTABJIAICTCA OTpULATCIIbHAA OLCHKA — 0 0aoB.

1.

2.
3.
4

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

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

Oyenka «yoosnemeopumenvhoy svicmagiiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB
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Tema 2.1. Kunematuka
IIpakTnyeckoe 3ansitue Ne2

Pemenue 3aga4 Ha mapaMeTpbl BpalaTeJIbHOT0 ABUKCHUA

Ieab: HaydnThCA penaTh 3a1a4d Ha IapaMeTpbl BPAILATEIbHOTO ABUKECHUS
Boinosinenue padotsl ciocodcTByeT (hopmupoBanuio: OK 01, OK 02, OK 03, OK 09
MarepunanbHoe o0ecnmeyeHMe: HWHAMBHUIYAJbHOE 33JaHHME, KOHCHEKT JIEKIUH, CIpPaBOYHbIE
Marepuabl.
3aganmue:
1 OTBeTbTE HA CJIeAYIOLIME BONPOCHI:
o Kaxkyro ¢popMyiTy MOKHO UCIOIIB30BATh I HAXOXKJICHHS ITyTH, €CJIM TOYKa MpPOIa Mph
KPUBOJIMHENHOM JBUKEHUU?
o Jlokaxxute hopMyiTy, CBA3BIBAIOIIYIO BEKTOPHI IMHEHHON U yrIIOBOH CKOPOCTH.
e JlouemMy paBHBI BEKTOpPbl TAHTCHLHMAIBHOIO W HOPMAJIBHOIO YCKOPEHHUS B Ciyyae
KPUBOJIMHEWHOTO JIBU)KEHUS MaTepuanbHOi Toukn? Kak HallTH MOJyJIM 3TUX BEKTOPOB?
e Uemy paBHBI BEKTOPbl TAHTCHLIMAIBHOIO U HOPMAJBHOIO YCKOPEHUS U MX MOIYJIU IS
BpAIllaTeIbHOIO JBUKEHHSI MAaTEPHAIbHON TOUKHU?
e Kak cBsi3aH BEKTOpP IOJHOIO YCKOPEHMS C BEKTOPAMHU YIJIOBOI'O YCKOPEHUS MU YIJIOBOM
CKOPOCTH /ISl BPAIlATEIbHOTI'O JIBUKEHUA?
Ilopsinok BbINOJHEHHS PadOThI:
1. OrtBerbTe NUCHMEHHO Ha BOIPOCHI, IPEICTABICHHBIC BHIIIIE.
2. Pemmute camocTosTenbHYIO padboTy. OdopMuTe penieHne MICEMEHHO B TETPAJIH.

TeopeTuyeckas 4acTb

[TycTh Te0 ABMXKETCS O OKPYKHOCTHU paanyca R ¢ MOCTOSTHHOM 10 3HAYEHUIO CKOPOCTBIO V
(TMHEHHOM CKOPOCTBIO) | 3a BpeMs At mepemecTunoch Ha AS u3 T. A B T. B. Bektop V HampapjieH mo
KacaTeJbHOH K OKPYKHOCTHU U MCHSCT HallpaBJICHUEC, T.C. MOXKXHO 'OBOPHUTH 00 U3MEHEHUH CKOpOCTHU

S, _ AV
AV =V =V, , OTIMYHOM OT HyJs1. OTCcroa: a = " #0.

HeHTpOCTpeMI/ITCHLHOG YCKOPECHUC ((i) — CKOPOCTb UBMCHCHU HAIIPABJICHUA BEKTOPA CKOPOCTHU.

Onpenenum |d.,| = a, .
W13 nono6us tpeyroasHukos OAB u CBD = Av_ A—RS = Ay = A5
\'
_Av _V-AS AS v2

= = mpu At = 0 H— 2> V> la=—
Y= T rRa 0P Gep = @5y

BekTop ¢ HanpaslieH 10 paguyCy K LEHTPY OKPYKHOCTH.

[Mepron obparieHust TOYKH M0 OKpYX)HOCTH () — Bpemsl, 3a KOTOPOE TOYKA OMUCHIBACT OJIHY

OKPY’KHOCTb.
2 2 27R 47°
T=2R| [M=1c Usa=¥ uv="2olo -4 gl
Vv R T T
YacToTa 06palIeHHs TOYKH MO OKPYKHOCTH (V) — KOJMYECTBO TIOIHBIX 060POTOB,
o 1 v
COBEpHIAEMbIX TOUYKOH B €IMHHITY ,- 1| Bpemenn. [v]=1—; |v= pyrey i 47*v’R)|,
T ¢ =
Yry0Bas CKOpocTh 0OpanIeHns TOYKH MO OKPYKHOCTH (1) — CKOPOCTh H3MEHEHHS yIiia
Aa
w="—""
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O0BOpOTa Ao paanycaR, COEMHSIOMETr0 TOUYKY C IIEHTPOM OKPYKHOCTH. W=1"{w="|=

[r=20] we2r st - X sfv = wRE [v = 20R] = - R o]
Tt

1.

2.

R

2. Pemmre 3a1a4M 1JIsl CAMOCTOSITEJIbHOM PadOThI.
ABTOMOOWIIb IBMXKETCS 110 3aKpyTaeHuto paguycom 100 METpoB co CKOPOCThIO 36 KM/4.
Onpenenutsb ero HEHTPOCTPEMUTENIbHOE YCKOpeHue. (0TB.: 1 M/c)
ABTOMOOWJIBb JBHXKETCA IO 3aKpyrJeHHuio paamycoM 80 METpoB €O CKOpPOCThIO 54 Kwm/4.
Onpenenuts ero HEHTPOCTPEMUTENBHOE YCKOPEHHUE.
TounnbHbIi Kpyr paauycom 10 cm gemaer oxuH obopot 3a 0,2 c. Haiinute ckopocTh TOYEK,
HauboJee yAaJIeHHbIX OT OCH BpallleHUsl.
Camonér, BBIXOS U3 MHKE, ABMKETCS 110 TPACKTOPUH, KOTOPAsk B HUYKHEW YaCTH SIBIISICTCS TyTron
okpyxHocTd paguycom 800 M. BeruncinuTte yckopeHue camoiéTa Mpu ero JBUKEHHH, €CIIU ero
cKOpoCTh paBHa 720 km/4. (0TB.: 50 M\c?)
CnyTHHK JBUXKETCS MO KpyroBoil opoute Ha BeicoTe 630 kM. [lepron obpamienus crnytHuka 97,
5 MunyT. OnpenenuTe ero JUHEHHYI0 CKOPOCTh M LIEHTPOCTPEMHTENIbHOE yCKopeHue. Paamyc
3emmu 6370 kM. (OtB.: 7514 M/c; 8,1 M/CZ)
Bpemsi onHoro oGopora BOKpyr ocu paBHO 24 wyaca. BelumcinuTe yIiioByl0 M JIMHEHHYIO
CKOpPOCTH BpallleHUsI ToueK Ha skBaTope. Panunyc 3emnu cunrath paBHbIM 6400 kM (oTB.: 0,0007
pan/c; 448 m/c).
[Tepuon obpareHus MepBOro KOCMUYECKOT0 Kopadiis — cimyTHuka 3emiu «Boctok» paBHsuics 90
MuHyT. CpeaHsst BpICOTa CITyTHHKa Haj 3emuiéit Obuta paBHa 320 kM. Pagmyc 3emim 6400 xwm.
Boruncnute ckopocTh Kopals.
KakoBa ckopocTh ABMXKEHUsI aBTOMOOWIS, eciu ero kojeca pamuycom 30 cm npenmator 600
000pOTOB B MUHYTY?
Jlyna nBuxercs Bokpyr 3emun Ha paccrostHuu 380000 kM oT He€, coBepuiasi ouH 000pOT 3a
27,3 cyTok. Beruncnure neHTpocTpeMuTeNnbHOE yeKopeHue JIyHBI.

®opma npeacTaBiaeHus pe3yabTara:

BeInonHuTh 3a1aHue B TETpaau AJs MPAKTHUECKUX paloT.

Kpurtepuu onenku:

3a IpaBHIIBLHO BBITIOIHEHHOE 33/I1aHNUE BBICTABIISETCS TTOJIOKUTEIbHAS OlleHKa — | Oa.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcs 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
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Tema 2.2. 3axonsl Mmexanuku Holorona
IpakTuyeckoe 3anaTue Ne3
Pemenue 3apa4 mo reme «BHABI CHJI B MEXaHHKeE.
Cuiia TpeHus MOKOs1, CKOJIbKeHHsI, KAYeHHUs, BPallleHHs»

Heab: packpbITh colep:kanre 3akoHOB HbI0TOHA M OCOOEHHOCTH CUJI Pa3IMYHON MPUPOJIbI; 3aKPEMUTh
YMEHHUS U HaBBIKM PELICHMS 3a]la4 Ha BTOPOH 3akoH HpIOTOHA, KOTJa Ha TENo JEHCTBYIOT HECKOJIBKO
CHIL

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

MarepuajibHoe o0ecrieyeHHe: TETPagb Ui TNPAKTHUYECKUX paboOT, pydyka, METOAMYECKHUE
PEKOMEH/IalliH IO BBIIOJHEHHUIO pa0OoThI, TMHEIKA, KapaHJalll.

Yka3zanme: [Ipaktuueckas paboTa COCTOMT M3 JBYX YacTe — TEOPETHUYECKOW M MPAKTHUYECKOM.
[Tocne n3ydeHus TeOpeTUIECKOro MaTepruana MOXKHO MPUCTYIAThH K BHITOJHEHUIO TPAKTHUECKON YacTu.
Ona coctouT W3 AByX U Ooree 3amad JUisi CaMOCTOSITENIBHOTO BhIMONHEHHs. He 3abbiBaiite o
NPaBUIHLHOM O(GOpPMIICHHH pelieHrs. Ha BBINOJIHEHHE MPAKTUYECKONH OTBOIMTCS JIBAa aKaJIEMHUYECKUX
Jaca.

IMopsiTok BBINOJTHEHHS PA0OTHI:

1. PaccMmoTpuTe TEOpeTHUECKMH Marepual 10 TeMe M TNPUMEphl pemeHHs 3aaad (CMOTpH
METOAMYECKOE ITOCOOHE).
2. Pemute camocTosTensHy0 padoty. Odopmure pemieHne NUCbMEHHO B TETPAIHU.

1. TeopeTuyeckas 4acThb

Junamuxa. OcrnogHuvle nonamus

WNHepuusi — siBJI€HUE COXPAHEHHUs CKOPOCTH JBUKEHHUS Tella MPU OTCYTCTBUU
BHEITHUX BO3JICHCTBHIA.

NHepTHOCTH — CBOMCTBO TeJl, MPOSBIAIONIEECS B TOM, YTO IMPH OJMHAKOBBIX
BHEIITHUX BO3/IEHCTBUIX Pa3HbIE Tesla MPUOOPETAIOT Pa3HbIE YCKOPEHHUS.

. Macca (M) — Mepa HHepTHOCTH Tent.  [M] =1 kr. a m,
3a srtanon maccel (1 KwiorpamMm) MpUHSATA Macca MEXKIYHApOIHOTO atzﬁ MPOTOTHUIIA
KWJIOTpaMMa.

N3 ombITOB M3BECTHO, 4YTO YCKOPEHUs, IMOJy4aeMble TellaMH TIPH B3aMMOJIEUCTBHH, OOpaTHO
MPONOPLUMOHAIBHBI UX MaccaMm: .
Ecnm maccy kakoro-iu6o Tena mpuHsTH 3a 3TAIOH, TO MOKHO U3MEPHUTH MAacCy APYTUX TeIl:

KI M. -a,r

— 17 m _ E) E)
3 ™ Macchl Tesa M K ero oosemy V.

- M . Arpaa .

Cuna (F) — Mepa MEXaHUYECKOTO Y] JEHCTBUSL OJJHOTO Tejla Ha JAPYToe.
[F]=1H — HbtoTOH.
Cuna uMmeer HampaBlieHUE, T. €. CUNA-8EeKMOp.
Cuna Bcerjga npuiiokeHa K TOMY Tely, Ha3BaHME KOTOPOTO CIENYET B MPEAJIOKEHUHU IOCIE Ipeiora
«HaY.
CunoBoe nosie — 0coObIi BU MaTEpHH, TOCPEICTBOM KOTOPOTO nepenacrces AeUCTBUE CUIIBI.

[TnoTHOCTH Tena () — OTHOIIEHHUE [e]

PasHozelicTByromias (pesynsrupyromas) cui ( R ) —cuia, paBHast BEKTOPHOM cymMe JaHHbIX cun F .

R-3F

JlaBnenue (p) — OTHOIIEHWE CWJIBI K IUIOMIAJd TIOBEPXHOCTH, HA KOTOPYK) OHa JIEHCTBYeT B
MIePIEHNKYJISIPHOM HaIlpaBJICHUH.
Y
H m
_F [pl=1—= -
p—g M
R oo




1 ITa — mackanb
Wmnynbe Tena (j)— BEKTOpHAs Mepa MEXaHWYECKOTO JIBIKCHHSI, PaBHAas MPOU3BEIACHUIO MAcChl Teja

— — KI'-M
Ha er0 CKOPOCTb. [p]1=1
C

Umnysbe cuitsl ( F - Az ) — BEKTOPHAs Mepa JEHCTBHS CUJIbI, PaBHAs NPOU3BEICHUIO CHIIBI HA BPEMS €&
neuictBus. [F-At]=1 H-c.

3akoHbl HproTOHA

O0600uIMB pe3ynbTaThl CBOMX MCCIEA0BAaHMUNA U, yuTs padory [anmnes «O IBMKEHUH TEJ IO UHEPLUNY,
HeroToH chopmynupoBai 3aKkOHYEHHOE MTOJIOKEHHUE, U3BECTHOE KaK MepBbli 3akoH HproToHA:
CymIecTBYIOT CHUCTEMBI OTCYETa, OTHOCUTEIIHO KOTOPBIX TEJIO HAXOIUTCA B MOKOE JHOO JBHKETCS
IPSIMOJINHEIHO ¥ PaBHOMEPHO, €CIIM PaBHOAECHCTBYIONIAs BCEX MPUIOKEHHBIX K HEMY CHJI paBHa HYJIIO.

WNuepuumansuas cucrema orcuéra (MCO) — cUCTeMa OTCYETAa, B KOTOPOW BBINOJHAECTCS
nepBblid 3akoH HeroTOHA.
U3 F-p_mav_ g II0JIy4aeM  BTOpPOH 3akoH HeroTOHA:!

At At
JUIs Tela TIOCTOSTHHOM MacChl CKOPOCTh HM3MEHEHHUS WMITYJIbCa paBHA IPOU3BEIICHUIO MacChl Ha
YCKOpEHHUE.

Bropoii 3akor Hetorona padoraer Tobko B MCO u mpu yclIoBHH, 94TO Macca Telia B ACHCTBYIONIUE Ha
HETrO CUJIbI IOCTOSIHHBI.
Bropoii 3akon HploToHa cnpaBemyiuB 171l paBHOJIEHUCTBYIOIIEH R BCEX CUJ, NMPUIIOKEHHBIX K Tely,

[I03TOMY, IIPEX A€ YEM pelIaTh 3a/1a4i C €ro IPUMEHEHUEM, Ha/l0 ONPEAETUTh R .
Tpernii 3axkoH HproTOHA: E-_F
Cunpl, ¢ KOTOpBIMH JBa Tela ACHCTBYIOT - 2 Ipyr Ha Jpyra, 4HCICHHO paBHBI U
HaIpPaBJIEHbI B IPOTHUBOIIOJIOKHBIE CTOPOHBI [0 OAHON IPSIMOM.

Tperuit 3akon Heiotona padotaer Tonsko B NCO.

3aKOH BCEMUPHOTO TATOTCHUSI

[Tonaras, uto Bce Tena BeenenHnoit B3anMHO nputaruBatorcs, Hetoton B 1682 1. copmynupoBan 3akoH
BCEMHPHOTO TSTOTEHHUS: BCE Tejda NPUTATHBAIOTCS JAPYr K JpPYry C CHJIAMH, TIPSIMO
MPOMOPLIMOHABHBIME TPOU3BEIEHUIO UX MACC U 0OpaTHO MPOMOPLUHUOHAIEHBIMHA KBAPATy PACCTOSHUS

MCXKIY HUMHU.

= m, -m,

rae | D) — cujia B3auMHOT'O 12 R? NPUTSHKCHUS TEII MAcC My 1 My,
y — TpaBUTAILlMOHHAs] MOCTOSHHAS. ‘6,6720 .10 HMZ/KFZ‘.

Cunsl B mpupoe _
Cuna Taxectn (F,,) — CuIa, N cooluarommas Teiny —
yCKOpeHHe CBOOOHOTO TIa/ICHHUS. ¢ F e = MG
Cuna TSHKECTH HarpaBJieHa 7 = BEPTUKAJIBHO BHU3
(mepneHANKYyIsIpHO  KacaTelbHOM K Frmx MOBEPXHOCTU 3€MJIN).

Peaxuus( N ) — cuna JelcTBHS omops! (II0JBECa) Ha TEJIO.

Bec Tema (P) — cuma, ¢ KOTOPO# Teno JEHCTBYET HAa ONOPY MM TIOABEC BCIEACTBHE TPHTSHKEHHS K
3emuie.

HeBecomocTs — ricue3HOBEHHE Beca Tejla MPH JIBIKEHUH OMOPHI C YCKOPEHHEM CBOOOTHOTO Ta/ICHUS.
[leperpy3ka — yBenuueHue Beca Tea npu ABHKEHUH OMOPbI C YCKOPEHHUEM BBEPX.

Cuna  ympyroctu (7)) —  cuia, BO3HHUKAIOIIASI B TEJIE TIPH JIePOpPMaIIH.

F, =—kx
3aKOH I'yka: cuia YIIPyrocTy, — BO3HHUKAIOIass  npu  jaedpopMmanuu  Tena,

MPOIMOPLMOHANIbHA €ro a0COoNMIOTHOW JedopMallid W HampaBlieHa B CTOPOHY, MPOTHUBOMIOJIOKHYIO
MepEMENICHUIO YaCTHI] TeJla:
Cuna Tpenus nokos (7 ) — CHJIa, BOSHUKAIONIash HA TPAHMIIE COMPHKOCHOBEHMS TEN MPH OTCYTCTBHH

UX JIBYKEHUS] OTHOCUTEIHHO JAPYT ApPyTa.
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f — xodpduument Tpenus (3aBucut ot |F = uN| MarepHalOB TPYIIMXCS OBEPXHOCTEH).

Cuna TSKECTH — 3TO rpaBUTAllMOHHAS CHUJIAa, C KOTOpOoW 3emis
MPUTATHBACT K cebe Tena: F =mg, rue g — yckopenue cBoOoiHOTO najeHus, g = 9,8 m/c2. .

Yckopenue cBoOoHOTO TazeHust 3aBUCUT oT: 1) R 3emmnu (reorpaduueckoit mmpotsl): yem R
3emmm 1 (9kBatop), TeM g | 2) h — BeICOTHI Tena Haj MOBEpXHOCThIO 3emuu: yeM h |, Tem g |. [lns
ar060ro kocMuueckoro teina Frsok = G Mol /((1+0]) [

MuHuMalbHAs CKOPOCTh, KOTOPYIO HYKHO COOOIIUTH TEITY, YTOOBI OHO MOTJIO JIBUTAThCS BOKPYT
3emiu 1o kpyrosoit opoute (MC3) - mepBas kocMuyeckast ckopoctb v1 = 7,9 km/c.

MuHuMaibHas CKOPOCTb, TP KOTOPOM TEJIO MPEOJO0JEBAET 3€MHOE NPUTSIKEHUE U CTAaHOBUTCS
cnyraukoM CouHia (opburta = mapaboiia) — BTopas KocMU4ecKkasi ckopocts V2 = 11,2 km/c.

CkopocTb, MmpH KOTOpoW Teno mpeonaosneBaeT nputsxkeHue Connua u nokugaer ColHEYHYIO
CHUCTEMY — TPEThsI KOCMUYECKasi CKOPOCTh V3 = 16,7 km/C.

Cuiia TpeHmMsi: BO3HUKAET BJOJIb MOBEPXHOCTH JIBYX TPYIIUXCS TeN H3-3a Aedopmanuu 3TUX
MOBEPXHOCTEH W HampaBlieHa BAOJb MOBEPXHOCTH MPOTHUB cMeleHus. [Ipupona — sneKTpoMarHuTHas.
Otp = u N, rae N — cuiia peakiuu oropsl, L — KodpduuueHT Tpenus. Cuna TpeHust ObIBACT: MOKOS,
CKOJIbJKEHUSI, KaueHUs U KUJAKOe TpeHue. Eciau TpeHue moje3Ho — ero yBeJIMYMBAIOT (LIypYIIbl, MECOK,
IIUTIOBKY, PYKABHIIBI U T.J.), a €CIIM BPEIHO — YMEHBIIAIOT (IMOAIIUITHUKY, CMa3ka, o0TekaeMast popma
u 1.71.). Ciiia ynpyroctu — Bo3HUKaeT mpu Aedopmarun tein. [lpupoaa — anekrpoMarHuTHast.

Hedopmarust ObiBaeT ympyras (pacTsDKeHHE - CKaThe, M3Tul, CIOBUT — Cpe3, KpydeHue) u
rIacTUYecKas (He uc4e3aeT Mocie MpeKpaeHus: BO3ACHCTBUS.

Jns ynpyroit aeopmaiiiu BeIOIHSETCS 3aKoH ['yka: cuja ynpyroctu npsiMo mpornopLroHaibHa
ynmuHenuto tena: F = — kAL raoe k — xkectkocts Tena, Al — ero y/uinHeHue. 3HaK «—» yKa3bIBaeT, YTO
Fynp nanpapieHa npoTHBOIIOIOKHO CMEIIEHUIO YaCcTHUI Tea.

Bec tena — 310 cuna, ¢ KOTOpO# TeI0, BCIEACTBUE €T0 MPUTSHKEHHS K 3eMIle, IeUCTBYET Ha ONopy
unu noneec: P = mg, rne P — Bec Tena, g — yckopenue cBoO6oHOTO TageHus, g = 9,8 m/c2 .

B »3TOM cnyyae omopa WM MOABEC HAXOAATCS B COCTOSSHMM PAaBHOMEPHOIO MPSMOJIMHENHHOTO
JBIKEHUS OTHOCUTENHHO 3emuid. OTHAKO, BEC MOKET OBITh OOJIBINIE WIJIM MEHBIIE CUJIBI TshKECTH. Ecin
OTIOpa WJIHM MOJABEC IBUKYTCSA YCKOPEHHO BHM3, TO Bec P = m(g—a).

Ecnu omopa wnu moaBec NBUXKYTCS YCKOPEHHO BBEpX, TO Bec P = m(g+a), Teno UCHBITHIBAET
neperpy3ku. Ecnu Teno OBUXKETCS TONBKO TOJ JEHCTBHEM CHIIBI TSDKECTH, TO OHO HAXOHIATCA B
cocrostHuM HeBecomocTu (P = 0).

2. [Ipumepsl penieHust 3a1a4

1. ABTOOYC, Macca KOTOPOTO C MOJHOW HAarpy3Kkoi paBHa 15 T, Tporaercs ¢ MecTa ¢ yCKOPEHHEM
0,7 m/c 2 . HaiiTu cuity T4ru, eciam ko3 QUIMEeHT conpoTuBieHus ABrkeHuto pasex 0,03.

JHano: Pewenue:
m =151 =15-103kr il
a =07 m/c? Tis {L F KX ﬁTp +N+F+mg=ma
v = 0,03 TefF 1773 OX:-Fp+F=ma
B T . OY:N-mg=0-N=mg
Y . FEp=MN-E,=pmg
-mmg + F =ma

F=ma + Mmmg = m(a + mg)

F =15 103Kr(0,7 m/ct + 0,03:10 m/c?) = 15-103kr-1 m/c? =
15-10°H

Omeem: 15-103H

17



2. Ha HaKJIOHHOW TIJIOCKOCTU JUTMHOM 5 M M BBICOTOM 3 M HaxoauTcs Tpy3 maccoil 50 kr. Kakyro
CUJIY, HANPABJICHHYIO BJOJIb IJIOCKOCTH, HAJ0 MPHIOKUThH, YTOOBI YAEp>KaTh 3TOT IPy3, €CIU TSIHYTh

ero ¢ yckopenuem 1 m/c 2 ? Koaddunuent tpenus 0,2.

Hano: Pewenue:

m = 50 kr Y —» R

a=1wm/c? " 4 . X 1; CoCTanuM ypaBHEHHE JIBHIKEHUS TeNa:
M= 0,02 yr %! |  Ep+N+F+mg=mad

[=5m 3 : 'l’,w’ Haiiaem npoexkumm cuir Ha ocH:

’{ '3 M = 3 Ocwk OX: -F, + F - mgsina = ma
F-? Oc OY: N ~mgecosa =0 — N =mg cosa

Fy, = MN = E, = Mmmg cos a

[lojcrasne Bropoe ypasHeHne B lEPBOE, MOJIYUHM
-mmgcos a + F - mgsin a= ma

HaxoauMm nponisoanyio BeJInUnHy:

F = mmgcos a- mgsina + ma nan

F=m(a + mgcosa + gsin a)

[To onpeaeneHnio cuayca nMeem

K 3
sina = -l'— sina = —s— 0,6

5

W3 ocuosrOrO Tpl!I'OHOMETPH‘lECKOI"O TOXKIACCTBA
sina® +cosa’=1,
cosa=vV1—sina?=y1-0,36=+0,64=08
BH’-U[CJH.\( HCKOMVEH) BCITHYHHY.
F =50 xr(02:10 wc?- 08 + 10 wic?0.6:1 wic?) = 430 H
Omsem: 430 H.
3. Ha minype, nepekuHyTOM 4Yepe3 HeMOABIKHBIN 010K, moiBenieHs! rpy3sl Maccamu 0,3 u 0,2 kr.

C kakum YCKOPCHUCM NBUKYTCSA pr3I>I? KaxoBa cuia HaTshKeHHS BO BpCM: ,Z[BI/I)KGHI/ISI?

Hano! Pewenue;
my = 0,2 kr gTone 2 COCTaBUM YPABHCHUE JIBHIKCHUSA JUIS
my = 0.3 kr Nk JIBYX Te
a-?7T-? "l g o myg+T, = may
NH ) . “
myg + T, = mya;

Hatinem npoexuun cni na ock OY:

Ty —myg = myay

=Ty +myg = myay’
T.k. Tena CBasaHbl OAHOH HUTLIO, TO
T|=T2=THG|=(]2 a,
- T—mg=ma

lUIJlil.{ ¥ 19 & e

=T+ myg = mya

CHOMHUM 9TH YPABHCHWA
—myg +mag ~ (my + my)a nan
glmy —my) = (my +my)a
Pemmm 510 ypaBHEHHE OTHOCHTEIBHO HEHIBCCTHOI BCIM UMD

plmy—my) 10 M/ (0,361 —0,2K1) v
as= 4.“])|‘|||C!|IIM a Gage Ly 5 WYy~ P Omac 2 M/(.'z
0,3ukr402Kr

mydmy
Ciuty HaTsREHMS HATAEM NX nepBoro ypasuenus: T =my (g + a)
Buiupennm: T = 0,2kr(10 m/¢? + 2m/¢?) =24 H
Omeem: 2 m/c?; 2.4 H

CamocrosiTeibHass padora

Bapuant Ne 1
1. Bpycok Mmaccoil 0,2 Kr paBHOMEpPHO TSHYT C IOMOILBIO AMHAMOMETpPA 10 IOPU30HTAIBHOU

iockoctu croina. [Tokazanue nuaamomerpa 0,4 H. Onpenennre ko3 puiineHT TpeHUs CKOIbKEHHS L.
2. Ha HakJIOHHOM IUIOCKOCTH C yrioM HakijioHa 20° Haxomgutcs Teno maccoi 20 kr. Onpenenute

CHIly, HAINpaBJCHHYIO BJOJIb IUIOCKOCTH, KOTOPYIO HEOOXOAMMO MPWIOXKUTH K Tely, YTOOBl €ro
paBHOMEpHO aBUTaTh BBepX. Koapduuuent tpenus tena o miaockocts 0,4.
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3. Ha HuTH, MEepeKMHYTON Yepe3 HEeMOABIXHBINA OJI0K, mojBemieHsl Tpy3bl Maccamu 0,3 u 0,34 kr.
3a 2 ¢ nmocie Hayasla ABMKEHMSI KX bl rpy3 mpouiesn nyTh 1,2 M. Ilo jaHHBIM onbITa HAMTH yCKOpEHUE
CBOOOJHOIO NaICHHUS.

4. DneKTpoBO3, TPOTasCh C MecTa, pa3BUBaeT MakcuMmaibHyl cuiny Taru 650 kH. Kakoe
YCKOpPEHHE OH COOOIIUT JKENIE3HOJOPOKHOMY coctaBy wmaccod 3250 T, ecnmm  kodddumueHt
conpotusieHus pasex 0,005?

BapuanT Ne 2

1. Kakyto cuily Hajio MPUIOKHUTh JI MOJAbeMa BaroHeTku Maccoi 600 Kr mo s3cTakazie ¢ yriom
HaksioHa 20°, eciii KO3 PHUITUEHT CONMPOTUBIICHUS ABMKEHUIO paBeH 0,057

2. Ha HakinoHHOH miiockocTu ¢ yriiom HakioHa 30° Haxogutces Teno maccoi 20 xr. Onpenenute
CHJTy, HANpaBJICHHYIO BJIOJIb IUIOCKOCTH, KOTOPYIO HEOOXOAMMO TPHIOXKUTH K TEIy, YTOOBI €ro
paBHOMEpHO ABUTaTh BHU3. KoadduuueHT Tpenus Tena o miockocts 0,6.

3. Ha mHype, mepeknHyTOM 4epe3 HelOABMKHBIN OJI0K, oABeIIeHb Tpy3bl Maccamu 0,3 u 0,2 kr.
C kakuM yCKOpeHHeM ABUXKYTCS rpy3bl? KakoBa cuia HaTsHKEHUS IIHYpa BO BpeMs JBUKCHUS?

4. ABromo6mib «Kurynu» maccoit 1 1, Tporasice ¢ Mecta, gocturaer ckopoctu 30 m/c uepes3 20
c. Haiitu cuny 1sru, ecnu koo dunment conporusienus pasex 0,05?

®opma npeacTaBJieHus pe3yabTarTa:

BbinonHuTh 3ajaHue B TETPAAM JUIsl IPAKTUYECKUX padoT.

Kpurtepun ounenku:
3a mpaBUIILHO BBIMTOJHEHHOE 33JaHHE BHICTABIIICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJHEHHOE JACWCTBUE, 3aJJaHNE BBICTABIIACTCS OTpUIIAaTEIbHAs omleHKa — () OaioB.
Oyenxa «omauunoy svicmagngemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIBHBIX OTBETOB
Oyenka «yooenemeopumensroy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenra «Heyoosiemeopumenvhoy svicmasiiemcs 3a Mmenee 60% nmpaBUIHLHBIX OTBETOB.

Tema 2.3 3aKkoHBI COXpaHEHHS B MEXaHHKE
IpakTuyeckoe 3anaTue Ned

3aKOHBI COXpaHEeHHUsI B MEXaHUKe M NX IPHUMEHECHH e

Ieb: 3aKpenuTh YMEHHSI U HABBIKU PEIICHUS 3a71a49 HA 3aKOHBI COXPAHEHUS

Beinosinenne padorsl cnocodcTByeT (popmuposanuro: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe obecniedeHHe: TETPaIb s IPAKTUUECKUX padoT, pyuyKa, METOINYECKUE

PEKOMEHIALIUH 110 BHIIOJIHEHUIO Pa0OTHI, JIMHEHKa, KapaHarll.

Yka3anmue:

[IpakTuyeckass paboTa COCTOMT M3 JBYX dYacTell — TeopeTHyeckod M mpakThueckoid. I[locme
M3y4YEHUsl TEOPETUYECKOr0 MaTepHala MOKHO IPHUCTYIATh K BBITOJIHEHUIO NMPAaKTHYeCKOW dactu. OHa
COCTOUT U3 JIByX M OoJiee 3ajay sl CaMOCTOSTENIBHOrO BhINONHEHHUs. He 3a0biBaiiTe 0 MpaBUILHOM
odopmiiennu pemeHus. Ha BoImosHEHNE MpaKTUYECKOW OTBOJIUTCS /IBa aKaIeMUYECKUX yaca.

ITopsinok BbINOJHEHHS PadOTHI:

1. PaccmoTpute TeopeTHYecKHM MaTepuaja IO TeMe U MpUMephl peleHus 3anad (CMOTpH
METOIUYECKOE 110codue).

2. Pemute camocrosTenbHyto padoTy. OdopMuTe penieHre NucbMeHHO B TETPaIu.

1. TeopeTnyeckas yacTb
3aKOHBI COXPAHEHUSI UMITYJIbCa, MOMEHTA UMITYJIbCA, JHEPTHH U Jp. AEUCTBYIOT B 3aMKHYTBIX CCTEMAax.
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3amKkHymoli Ha3BIBAETCS CHCTEMA Tel, B3aHMOJEHCTBYIOMMX TOJBKO JAPYr C JAPYrOM H He
B3aHMOJIEHCTBYIOIINX C APYTHMH TETaMH.

Hmnynsc cunvt — BEKTOPHAS BETMUMHA, ABJISIONASCA MEPOii TeHCTBUS CHIIBI 33 HEKOTOPBIH IIPOMEKYTOK
BpEMEHH.

I =F-t, | —uMmynbc cuasl F 3a Bpems t

Nmmnysse Tena (KOJMYECTBO JBMIKEHHS) — BEKTOpHAs (DU3MYECKas BEIWYMHA, SBIAIOIIASICS MEPOM
MEXaHHYECKOTO JIBIKEHHUS:

b= —~. KM
P=m-0,

C
Btopoii 3akon HetoTOHA MOKHO 3alUChIBaTh B BUJIE:
Ft = mv, — mv;
P — UMITyJIbC TelIa Maccoil M, JIBUKYIIErocs o CKOPOCThIO O .
3aKOH COXpAHEHHS UMIIyJIbCa - BEKTOpHAs CyMMa HUMIIYJIbCOB TEJ, COCTABIISIIONIUX 3aMKHYTYIO
CUCTEMY, OCTAETCSI HEU3MEHHOM.
rnlal + mzljz = rnlljl + m2U2
M1, My — MAcChl TEJI,
01, 2 — CKOPOCTHU T€J 10 B3aUMOJICUCTBHUS,
U1, Uz — CKOPOCTH TEJI MOCJIE B3aUMOJICUCTBUA.
Ecin cymMMa BHEMIHMX CWJ, JEHCTBYIOLIMX HA Te€Ja CUCTEMbl, paBHA HYJIO, TO HUMILYJIbC CUCTEMBI
COXpaHsETCS:

P =mg, + mu, + mu, = const

KonuecTBo moTpeOIisieMoii SHEPriy — OJIMH U3 TJIaBHBIX MMOKa3aTesIeld TEXHUYECKOTO Pa3BUTHsI OOIIECTBA.
[Tpou3BOICTBO, pacipeielicHue 1 NOTPeOIeHUE SHEPTUH HEBOZMOXKHO Oe3 e€ npeoOpa3oBaHKs U3 OHOTO

BUa B Jpyroi. Ecim moj aeicTBHEM TOCTOSIHHON g CuIbl F TEJNO COBEPLIMIIO MEPEMEILECHHE §
TO TOBOPST, UTO CUJION COBEpIIIEHA paboma.
(04 -

Pabota (4) —  ckamspHOe — MIPOU3BECHNE BEKTOPOB CHIBI F U
nepeMenieHus § . S

rge a — Yyrou A Me>1<zLyIE )54 S; Fs =F-cosa — mpoeknus F

— — N = —
Az‘FHS‘-cosa:F-S-cosa:FsS Ha At| HampaBiieHHE.
[4] =1 H-m = Jx — mxoynb [N]=1I[—>K=lBT
C

Mourrocts (N) — CKOpPOCTh COBEpILIeHUs pabOTHI. — BATT

JHeprus

MexaHnueckasi CUCTEMa — COBOKYITHOCTh MaT€pHaJIbHBIX TOUYEK, B3aMMOEHCTBYIOLINX IPYT C APYTOM U
TeJaMU, HE BXOJSIIUMHU B 3TY COBOKYITHOCTb.

[Tocne coBepiieHuss pabOTHI cUcTeMa TMEpPEeHAET M3 OAHOTO COCTOSHUSA B japyroe. Torma pabora —
¢u3nyeckas BeIMYMHA, XapaKTEpU3YIOIas npoyeccrepexoa MEXaHHUYECKOM CHUCTeMBbl U3 OJIHOTO
COCTOSIHUSI B JIpYTO€.

MOKHO TOBOpPHUTH, YTO CYIIECTBYET HEKHI NapaMeTp MEXaHWYECKOW CUCTEMBI, U3MEHEHUE KOTOPOTO
paBHO COBEpIIEHHON paboTe A.

Mexanuueckasi sHeprus (E) — mapamerp MEXaHUYECKOH CHUCTEMbI, U3MEHEHHE ( Az ) KOTOPOTO PAaBHO

coBepmi€HHON padote (A). az = A. [E]=1 Tk
- =2 1

rac E]_ — MCXaHMYECKas SHEPIrUusd CUCTEMbI B HAYaJIbHOM COCTOAHUU,
E; — mexannueckas OHCPIUs CUCTEMBI B KOHCUYHOM COCTOSTHUH.
H3menenue OHEPTHUU AE MOXKCT OBITH KaK IMMOJIOKUTCIIBHBIM, TaAK U OTPULATCIIBHBIM, T. €. AE = ilAEl .
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U3 (*) BeITeKAeT: paboTa — Mepa M3MEHEHUSI MEXaHUIEeCKOW SHEPTHU CHCTEMBI.

Kunernuyeckasi s3Heprus

Kunernueckas sueprust (Ey) — N0J0BHHA MPOU3BEICHHS MACChI TejIa Ha KBAJAPAT €ro CKOPOCTH.
Kunernueckass D2Heprus —  DHEprus mv2 | JBIDKEHHS.

E, = 2 CHJIa COBEpILIAeT MOJIOKUTEIbHYI0 paboTy, TO

KMHETUYECKasl SHEPIHs Tella BO3pPACTaeT, U 00patHo.

IMoTeHnuanbHAS IHEPTUSA

[MoTrentmansHas sHeprust (£,;) — SHEprusi B3aUMOJICHCTBHS Tl HJIM YacTeH Tea.

HyneBoli ypoBeHb NOTEHIIMATBHOM SHEPIMHU — COCTOSIHUE CUCTEMBI, B KOTOpoM £, = 0.

HyneBoil ypoBeHb MOTEHUMANBbHOM J3HEpruuM B3auMoneWcTBua Ttena ¢ 3emnéd (HYIID3) -
rOpU30HTAIbHAS MIJIOCKOCTh, HA KOTOPOH npuHUMaeTcs E, cuctemsl Teno—3emiis paBHO HYIIO.

[TycTp Teso Maccsl M MOA EHCTBUEM CHIIBI TSDKECTH F,, TIEPEeMECTHIIOCH ¢ BEICOTHI N1 10 BBICOTHI hy

TSOK

0e3 m3MeHeHUs ckopoctu. Pabora cumbl TshkectH A= F, S =mg(h —h,) =mgh —mgh, = —(mgh, —mgh,) =

= _(En2 - Er|1) HHH'

[ToreHnuanbHass 3HEPrusi B3aUMOJEHCTBUS tena ¢ 3emseidl (E;) — mpousBeneHUE CHITBI
TSOKECTH Tella Ha BBICOTY N TOJOXKEHHS LeHTpa Macc Tena oTHocurenbHo HYIID3.
[ToTeHumansHOI SHEPruel B3auMOACHCTBUS YacTeil Tesa 001a1aroT ynpyro AeopMUpOBaHHbIE Tela
[loTreHunanpHass 2HEpPrus  yOpyro kx| nmedopmupoBannoro tema (E;) — momoBuHa

npousBefeHus kécTtkoctu K Tena Ha E,= o | KBazapar ero abcoaroTHOM JedopMaryy X.

3aKOHBI COXpaHEHHUsI B MEXaHUKe A T

OHEprus HHTEPECYeT 4YelOBEYECTBO i X ¥, x Ha BCEM TYTH €ro pa3BHTHsA. Bekamu
JIOU TBITAIUCH W300PECTH MAIIUHY («8eunvlli  0sucamensy»), TO3BOISIOUIYIO
MOJTy4aTh YHEPTHIO U3 «HUOTKYIA.

3aKOH COXpaHEHUs U MpeBpalleHus dHepruu (1m.3.2) 3ampeniaeT CylecTBOBaHHE BEYHOTO JBUTATENs,
OJTHAKO BPEeMs OT BPEMEHH TIOSIBIISIFOTCS JTFO/IU, OOBSBIISIONINAE O CO3IaHIH OYEPEAHOIN €ro MOJIEIH.
3aKoH coXpaHeHHs] MeXaHUYeCKOil YHepruu

BHemHue CHIThI — CHITBI, JICHCTBYIONTUE CO CTOPOHBI TEJI, HE BXOIANINX B JAHHYIO CUCTEMY.

3aMKHyTas MEXaHUYecKasi CHCTeMa TeJl — CHCTeMa, Ha KaKJ0€ U3 Tell KOTOPOil He AeHCTBYIOT BHEITHUE
CHJIBI MJIM PaBHOJICHCTBYIOIIAs BCEX BHELIHUX CUJI PaBHA HYIIIO, T.€. S°F,, .. =0

l.enew
PaccMoTpuM 3aMKHYTYH0O MEXAHUYECKYIO CUCTEMY TEJ, 3HAUYCHHS MOTCHIMAIbHON SHEPTrUU KOTOPOH B
HA4aJIbHOM M KOHEYHOM COCTOSIHUSIX PaBHBI Ey; U Eppp, KHHETUUECKOU: £y U Bl |Egq + Ey = Ep + Ep |.

[TonHas MexaHW4eCcKasi SHEPrUsl CUCTEMbI — CYMMa KUHETUYECKON U MOTEHIUAIIBHON SHEPTUU TEN ITOU
CUCTEMBI.

3akoH COXpPaHCHUA MeXaHNYeCKOH OHCPIrUHr: TIIOJHAA MCXaHMYCCKass OJHCEPIrud
3aMKHYTOM MEXaHUYECKOW CHUCTEMBI | T€JN, B KOTOPOM NEHCTBYIOT TOJIBKO CHIIBI
TSXKECTH M YIPYrocTH, OCTaércs ; (E,+E,); = const HEU3MEHHOI.

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

Ilycte nBa Tema macc My w My COCTaBIISIOT 3aMKHYTYIO MEXaHUYECKYIO CUCTEMY,

n o__, o — —
ABHKYTCs HABCTpCHy APYT APYTY H Z p, =const| B3aUMOJCHCTBYIOT C CHIIAMU 7} U F, .
IIo Tperbemy 3axkoHy HeroToHa |[i=L

F,=-F,. Jlo B3aMMOJEHCTBUS HMITYJIbCHI TEI

ObLIN [ Up,, nocJie | p,+ P, =P+ P,| B3aUMOAECUCTBHUA P; U P5.

T.€. BEKTOPHBIE CyMMbI UMITYJILCOB T€J J0 U TIOCIIE B3aUMOJICHCTBHS OJTMHAKOBBI.

DyHIaMEHTAIbHBIA 3aKOH COXPAHEHUs UMITYJIbCa: T€OMETPUUECKAsl CyMMa MUMITYJIbCOB TEJl 3aMKHYTOM
MEXaHNYECKOM CUCTEMBI OCTAETCS HEN3MEHHOM.

3aKOH COXpaHEHMsI UMITyJIbca TpuMeHUM ToJibko B CO.
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Anzopumm pewienusn 3a0ay
Chenaiite 4epTEx Ui KaXKI0T0 Teja, MOKaXUTE BEKTOPbI UMITYJIbCOB;
PaccmotpuTe xapaktep ABUMKEHUS T U YCTAHOBUTE, SIBJIACTCA JIM JaHHAsI CUCTEMA 3aMKHYTOM;
3anuiuTe 3aKOH COXPaHEHUS UMITYJIbCA B MPOEKIIUAX HA OCH;
3anumuTe mpu HEOOXOAMMOCTH TOTIOTHUTENbHBIC (DOPMYIIBI U3 KHHEMATUKH U JTUHAMUKHY;
Pemmre cucremy ypaBHEHUM, IpoaHATU3UPYHUTE OTBET.

2. IlpumMepnI penieHus 3a/1a4

1. Monekyna maccoit m = 3+ 10—23 r, nojyieTeBIas K CTEHKE cocyza mnoj yriiom o = 60°, yrnpyro
ymapsietcsi 0 Hee co ckopocthio v = 500 M/c m otneraer. Ompenenure UMITYNIbe CHiIbl F- Al
MOJYYECHHBIN CTEHKOM.

Hawo: Pewenue:
m=3 10726 gr W3meHeHHe MMIyabca MOJEKYIIbl PAaBHO
a=60°==C umnynscy cuisl: Ap = FAt
2 Il
CTh 0Ch 0X HarpaBieHa
v =500 m/c q Y p
FAf -9 ‘ MEPHEeHANKYISPHO CTEHKE, TOrAa

M3MEHEHNE WMIYJIbCa MONIeKyasl Ap =
Apy = my, — ( - mv,) = 2mu,, TAE Uy =
VCOS @, 0TKyAa Ap =2mucos .
[loacrasus opmyny B ypaBHenue, nonyunm FAt = 2mucos a.
Brruncnenus:
FAt =2-3- 10726 kr- 500 cos% =1,5-10"23(xr- M) /c
Omesem: 1,5+ 107> xr w/c.

Puc. 3.2

2. JIBa TOBapHBIX BaroHa JBIXKYTCS HAaBCTpEUy IpYr Apyry co ckopoctsmu [11 = 0,4 m/c u [12 =
0,1 m/c. Maccel BaroHoB COOTBETCTBeHHO paBHBI [11 =12 T, [12 = 48 T. Onpeaenure, ¢ Kakou
CKOPOCTBIO V M B KaKOM HaIlpaBJICHUU OyIyT JABUTATHCA BaroHbI MOCJE CTOJIKHOBEHHUA. YJIap CUMTAThH
HEYNPYTHM.

Jano: Pewenue:

v, =04 m/c Hcnonb3yem 3aKOH COXpPaHEHMA MPOCKLMH MMMYJbCAa HA OCh
v, =0,1 M/c OX, nonoxurensHoe Hampasienue ocn OX coBnmamaer ¢
my =12:103 kr HAMPaBICHUEM JBHKEHUS MIEPBOTO BAroHa:

my =48 10° kr myvy - mpvy = (my +my)v. Otkyma v = %

v-?

. e 12103 kr-0,4 M/c— 48-10° kr0,1m/c _ : .
Beuucnenusa: v = = 0. AHaimu3: v = (0, cnea0BaTenbHO, MOCie
12+103 kr + 48-103 kr

CTOJIKHOBEHHS BarOHbI OCTAHOBSATCS.
Omegem: v=10

3. JIBa Heynpyrux Tena, Macchbl KOTOPBIX 2 M 6 KI, JBMXKYTCA Ha BCTpeuy APYr K APYry co
cKopocTsMH 2 M/c Kaxaoe. OnpenenuTs MOyIb U HalpaBJIEHUE CKOPOCTH KaXJIOTO U3 3TUX TeJ MOcIe
ynapa. CuenaTh pUCYHOK CaMOCTOSITENBHO.

Jaro: myU; +myt, = (my + my) U. B npoekuusx Ha OChb:

OX: myuy - myuy =- (Mg + my)v
_Mmiv; = mavz

my =2 Kr PR
5o - (m1 +m2
my = 6 Kr
2kr-2M/c— 6kr2Mm/c 2
U = v, =2 M/ Beiuncngem: v = / fe_2 M/c = 0,25 m/c.
bt — (2Kr+6kKr) 8

Imeem: 0,25 m/c.
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CamocrosiTeibHass pabora

Bapuanrt 1

1. ABTOoMOOWIE Maccoii 1 T. IBMIKETCS CO CKOPOCThIO 72 KM/4. Ompenenure, 4epe3 Kakoe BpeMs
OH OCTaHOBUTCS, €CJIU BBIKJIIOUUTH ABUratenb. CpeaHss cuiia conpotuBieHus apwkenuto 200 H.

2. Msa maccoit 200 r. majiaeT Ha TOPU3OHTANIBHYIO IJIOMIAAKY. B MOMEHT ymapa CKOpocTh Msida
paBHa 5 M/c. Onpeaenure U3MEHEHUE UMITYJIbCA IIPU a0COIIOTHO YIPYTOM yape.

3. JIBa mapa maccamu 2 U 8 KI JBIJKYTCS HAaBCTpedy APYr Apyry co ckopoctsmu 10 m 2 m/c
cooTBeTCTBeHHO. C KakoW CKOPOCTHIO OHHM OyayT MPOAOJDKATh ABMXKEHHE IPU aOCOJIIOTHO HEYNPYroM
yaape?

4. Tenexka maccoir 80 Kr IBHIKETCA CO CKOpPOCThIO 4 M/c. Ha He¢ BepTHKaNbHO MajaeT rpys
Maccoi 20 kr. OnpeaenuTe CKOpoCcTh, ¢ KOTOPO CTAaHET ABUTATHCS TEIEKKA.

5. Cuapsn Maccoit 50 Kr, JETSIIHMN BIAOJb PEIBCOB cO cKopocThio 600 M/c, monaaaet B riarGopmy
¢ meckoM maccoit 10 T u 3acTpeBaeT B nnecke. CKOpOCTh CHapsla B MOMEHT NajieHusi o0pasyet yroia 45°
c ropuzoHTOM. Yemy paBHa CKOpPOCTh IUIaT(OPMBI IOCIE MOMaJaHusl CHapsna, eciu miargopma
JBIIKETCSI HABCTPEUY CHapsILy cO CKOpocThio 10 m/c?

6. Jlogka CTOMT HEMOABHKHO B cTOsiUel Boje. UelnoBek, HaXOASIIUNCS B JIOJAKE, IEPEXOIUT C e
Hoca Ha KopMmy. Ha kakoe paccrosiHue nepemecTuTcs JioJiKa, €clii Macca yenoseka 60 Kr, macca JIOAKU
120 xr, nnuHa noaku 3 M? ConpoTUBIIEHHE BOJIbI HE YUUTHIBATD.

Bapuanr 2

1. JIBurasce U3 COCTOSIHUS TIOKOS 110 TOPU3OHTATILHOMY IyTH, aBTOMOOMIIb Maccoil 1,5 T uepes 20
C Tmoclie Hayaja JBM)KEeHHUs pocturaer ckopoctd 30 m/c. IIpeneOperasi cOnpOTHBICHHEM JBIKEHHIO,
OTIPEACTUTE CUITY TATH JIBUTATEs.

2. Tenexka maccoi 100 r, IBIXKYIIAsACSA CO CKOPOCThIO 3 M/c, ymapsiercs 0 creHKy. Onpenenure
M3MEHEHHE UMITYJIbCa TENIEXKKH, €CIIH T0CTIe CTOJKHOBEHHUS OHA CTajla JIBUTaThCS B IPOTUBOMOIOKHYIO
CTOPOHY CO CKOPOCTBIO 2 M/C .

3. Baron maccoii 10 T aBMXKETCS CO CKOPOCTBIO 1 M/C M CTalKWBaeTCsS C HEMOJBHYKHOM
mwiaropmoii Maccoit 5 T. Yemy paBHaA CKOPOCTb UX COBMECTHOI'O JBUKEHHSI MOCJIE TOTr0, Kak cpaboTaeT
aBToclemnka?

4. KakoBa CKOpPOCTb OT/Ia4ll BUHTOBKH, HEMIOJBUKHOW MPHU BBICTpEIIE, €CJIM Macca BUHTOBKH 4 KT,
Mmacca myiu 8 r, ckopoctb myau 600 m/c?

5. Ha HenoABM>XHOM Kene3HOJOPOKHOM MmaTdopMe yCTaHOBIEHO opyaue. Macca miaTdhopMsl ¢
opyauem 15 1. Opynue crpenser moj yriom 60° k ropu3oHTy. C Kakod CKOPOCTBIO MOKATUTCS
mwiardopma, eciu Macca cHapsaaa 20 Kr ¥ OH BbUIETAeT co cKopocThio 600 m/c?

6. I[Ipu B3pbIBE KaMEHb pa3pbIBaeTCs HA TPHU YacTU. J[Ba OCKOJKA JETAT MOJ MPSMBIM YIJIOM IPYT
K JIpyry: Maccoi [J1 =1 kr co ckopocThto 12 M/c u maccoit [12 = 2 xr co ckopocTbio 8 m/c. Tperuit
KYCOK OTJIeTaeT co ckopocThio 40 M/c. KakoBa mMacca TpeThero ockojika M B KaKOM HalpaBJIEHUU OH
netur?

®opma npeacTaBiaeHus pe3yabTara:

BoeinmonHuTh 3asaHue B TETpaaM JUIsl MPAKTUYECKUX padoT.

Kpurtepun onenkmn:
3a npaBUWIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTENbHAS OlleHKa — 1 Oau.
3a HeMpaBWIILHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BHICTABIISICTCS OTpHUIIaTeNbHAs olleHka — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a menee 60%0 nmpaBUIbHBIX OTBETOB
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Tema 2.3 3aKkoHBI COXpaHEHHS B MEeXaHHKeE

IpaxkTnyeckoe 3ansiTue NeS
Pewenue 3a0au na gpopmynst pabomet cun. Paboma u mowgnocms. Inepzus, ee 6uobvl.
3akon coxpanenus Inepeuu

Llesb: 3aKkpenuTh YMEHUS U HaBBIKA PEIICHHS 3a/1a4 Ha (HOpMYJbl pabOThI, MOIIHOCTH, 3aKOHBI
COXpaHEHUS

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

MarepuanbHoe o0ecredyeHue: TeTpaab s MPAKTUYECKUX pabOT, pydka, METOJUYECKHE
PEKOMEHIALIH 110 BBIIOJIHEHUIO Pa0OTHI, JIMHEHKA, KapaH Jarll.

Yka3zanmue:

[IpakTuyeckas paboTa COCTOMT M3 JABYX YacTeld — TEOpeTHYecKoil M mpaktuueckoil. [locme
M3YYEHUS TEOPETUYECKOr0 MaTepualia MO>KHO MPUCTYNaTh K BBIMOJHEHHUIO IMpakTHueckol yactu. OHa
COCTOUT W3 JIBYX M OoJiee 3a/1a4 Jjsi CaMOCTOSATENBHOTO BhIMosiHeHHs. He 3a0bIBaiiTe 0 mpaBHIbHOM
odopmiiennu pemeHus. Ha BbIMoaHEHNE MPAaKTUYECKOW OTBOJUTCS JIBa aKaJJeMUYECKHX daca.

IMopsinok BbINoOJIHEHUS PadOTHI:

1. PaccMoTpuTe TeOpeTHMYECKHI MaTepuan MO TeMe U MpUMEpPhl pelleHus 3aaad (CMoTpH
METOAHYECKOE IIOCOOHE).
2. Pemute camocTosTensHy0 padoty. Odopmure pemieHne TUCbMEHHO B TETPAIH.

1.Teopus.

Paboma u mowgnocms. Inepzus, ee uobl.
3aKkoH coxpanenus Inepzuu

OHnepeusi — camas BaKHasi COXPAHSIONIASICS BEIUYMHA HE TOJILKO B MEXaHUKE, HO U B (PU3UKE
BoOOIIIe. DHEPrusi TeCHO CBsi3aHa ¢ paboToil. Bece Mbl, Kak U I00BIE BUTATENH, COBEpIIaeM padoTy,
MPUBOJIMM B JIBH>KEHUS TEJa, MOAACPKUBAEM 3TO JIBHKEHUE WIIN K€ MPEKPAILAEM €TO.

JenicTBusa cun Ha Tena, NMPUBOAAIIME K MU3MEHEHUIO MOAYJS UX CKOPOCTEHM, XapaKTEpHU3YIOTCS
BEJIMYMHOM, 3aBUCAIIEH KaK OT CHJI, TaK U OT MEPEMEILICHUI TeJl, HA KOTOPBIE 3TU CUJIBI IEUCTBYIOT. DTy
BEJIMUUHY HA3b18a10M paOOMOI.

PabGota — ckansipHasi BeMYMHA, paBHAs MPOU3BEICHUIO MOAYJICH CHIJIBI U MEPEMEIICHUs Tella Ha

COS yrijia MCXKJy HUMU.
2]

Pa6ota mocrosuuo# cuibl F

(39 i

.4=F-S=F-L‘:?-ctmrx’}1>1<

rae S — nmepemMenieHue Tena,
0 — YroJd MeXAy HampaBlIeHHEM ICHCTBUS CHUIBI W HampaBlIeHHEM

MEPEMEIIICHHS.

Puc.1

Ecnu BenmunHa Cuitbl, NEHCTBYIOIIEH Ha TENO, 3aBUCUT OT KOOPAHMHATHI X, TO PaboTa TOW CHIIBI
YUCJICHHO paBHAa IIomaau noja rpagukoM Gyakmmn F(x).

Enunuier paboTsr: A =1H - 1M = [Ix = JI)x0ynb.
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Iicoyns — pabota, coBeprraemast cuioii 1 H Ha mepemenienne 1 M, eciii HarpaBJICHUE CHUIIBI U
nepeMeleHNe COBMaatoT.
1. PaGoTa cuiibl TSKECTH.

PaboTa cuibl TSHKECTH HE 3aBHCHUT OT TPACKTOPUHU ABMIXCHUS TCJIa U BCCra

= i paBHa U3MEHEHUIO OTEHUMAIBHOW SHEPTUH TENA, B3ITOMY C POTUBOIOJI0KHBIM
Q =mg 3HAKOM.

A ZQSng(hl-hg):(mgh 2= mghl):-(Hz-Hl)
A=-(H2-H1)

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

Puc. 2.

2. Pabora cuiibl ynpyrocTtu.
A=FS,

F,=kn"%

rae <4 — cpemHee 3HAYCHUE CWIIbI YIIPYTOCTH NMPU U3MEHEHUU JUIMHBI MPYKHHBI OT X1
HO X2,

S =X; - X2 — CMEILEHUE.

PaGora cuibl ympyrocT paBHa W3MEHCHHIO TOTEHIIMAIBHON YHEPTHH, B3STOMY C OOpAaTHBIM
3HAKOM:

qop X

I iyl 1
kX, (x, —x7) foey kg
(x, —x,)=h———=—- ———|=—(I,- 1],
2 P 2 Lz 2 ) (=)

Mowmnocms

Mownocms — ckansipHas (usnyeckas BEIMYMHA, XapaKTepU3yollas OBICTPOTY COBEPILIEHUS
paboThl, KOTOpasi YUCIEHHO paBHA paboTe, COBEPIIAEMON 3a €JMHUILY BPEMEHHU:
A _F.8 1E
N = = =F-u
f t , [Ix/c = Bt — Barr],

rae A — pabora, [1x]
t—Bpems, [c]

OHepeus
Ecinu Teso wim cuctema Tell MOTyT COBepIaTh paboTy, TO TOBOPSAT, YTO OHU 00JIaJat0T SHEPTUCH.
DHeprusi B MEXaHWKe — BEJIMYMHA, OTpeesieMas COCTOSHUEM CHCTEMBI — TTOJIOKEHHUEM Tl i UX
CKOpPOCTSIMH; M3MECHEHHUE SHEPIMHM NPU TEPEXO/ie CHUCTEMBbI U3 OJHOTO COCTOSIHUS B JIPYrO€ pPaBHO
paboTe BHEIIHUX CHJI.
1. Kunemuueckas (Kinema — JBW)XEHHWE) — SHEPrHsl MEXaHHUYECKOTO JBIIKCHHSI CHCTEMBI TE,
YHCJCHHO paBHA MTOJIOBHHE TIPOM3BEICHHUS MAaCChI Tela Ha KBaJpaT ero CKOPOCTH.
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Teopema. Pabota paBHOACHUCTBYIOIIMX CHII,

KMHETHYECKON YHEPIuu Telna.
1= .I'.‘i'f!.": _ .'.'JIJF
' 2 2

A=FExy - Exq =A Ek

1
mu

S 2 Tk

= A = A Ex (paboTta — n3mMeHeHwune 3Heprnm)

IIPUIOKEHHBIX K HEMY,

paBHa HU3MCHCHHIO

2. Ilomenyuanvuas (potentia — BO3MOKHOCTb) — DHEPrHsl B3aUMHOTO PACIIOIOXKEHHUS TN WU
yacTeid OJHOrO0 M TOrO K€ Tejla, YMCIEHHO pPaBHA IPOM3BEJIEHUIO MAcChl M Tella HAa YCKOPEHHE
cBOOOIHOrO Na/IeHUs g U BBICOTY h Ha/l MOBEPXHOCTHIO 3EMIIH.

A = -(mgh, - mghy)

A:'(EpZ ‘EpI): -/ Ep

E,=mgh, [[oc]

HOmeHl{uaﬂbHClﬂ OHepeuAd — SHEPTru-d, 06YCJIOBJI€HH8,$I B3aMOJCHCTBHEM Pa3JIMYHBIX TEJI HIIN
YacTel OJHOTO U TOIO Ke TeJa. Omna 3aBHCHUT OT B3aMMHOI'O PAaCIIOIOKCHHA TCI UM BEJIMYUHBI ynpyroﬁ

nedopManuu Tena.

[lorennmaneHass 3Heprus Tena
MOJHATOrO Ha BBICOTY,
HAaMHOTO MEHBIIYI0 paauyca
3emuu

E,=mgh
m @
h
Hynesoit YPOBEHD

cooTBeTcTBYyeT h =0

SHEprus

ckaron U1 paCTHHYTOﬁ I'paBUTAalMOHHOI'O BSaHMOHeﬁCTBHH

ITorenumanbHas sHeprus | [loreHnmanbHas
PYKUHBI MaTepHaIbHBIX
Lk
Ko=—
[ 2 E —

OJHOPOJHBIX HIapOB

e
P
E,=0
Hynesoi YPOBEHb
coorBercTByeT X = 0
(nenedopMupoBaHHAS

pYyXHUHA)

R
>

yeT R — o0

AR 2 CPR

TOYCK NN

Hynesoii
YPOBEHB
COOTBETCTB

3akon COXPAHEHRUA IHEPSUU 6 MeXAHUKE

B 3amKkHyTO# cucTeme Ten MoJoXKuTellbHas paboTa BHYTPEHHUX CHJI YBEJIMYUBAET KMHETUYECKYIO
SHEPIUI0 U YMEHBIIAEeT NOTeHHMadbHyro. OTpHuarenbHas paboTa yBEIMYMBACT MOTCHUUAIBHYIO U
YMEHbIIIAeT KUHETUYECKYI0 HSHepruto. ViMeHHo Onaromapsi 3TOMY BBINOJHSETCS 3aKOH COXpPaHEHHS

SHEPIUH.
1.4 = AE,
= AE, = -AE,
2.4=-AE,
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E = E, + E,—nonHasg MEXaHUYECKas DHEPrUs CUCTEMBI, BEIMYMHA, PABHAsI CYMME KMHETHUECKOM
Y MOTEHIMATIbHON SHEPTUN CUCTEMBI.
3axon coxpanenus noIHOU MEXAHUYECKOU IHEPSUU
B 3aMKHYTOH cUCTEME MEXaHUYECKask SHEPTHs COXPaHAETCS.
E=FE, + Ep = const Ep] +Eg = Epg + E
Ilpumeuanue: Ecam B 3aMKHYTOH CHCTEME €CThb CHJIBI TPEHHUs, TO MEXAaHUYECKas SHEPrus He
COXpaHsieTcs, T.K. 4aCTh €€ NEePEXOAUT BO BHYTPEHHIOHO.
3akon coxpanenus snepeun
OHeprus He CO3JacTCsl U HE UCYE3aeT, a JMIIb IEpeJacTcss OT OJHOI0 Tela K JPyroMy WM
npeBpaliaercs u3 oAHOoN GOpMbI B IPYTYIO B PaBHBIX KOJIMYECTBAX.
2. lIpakTnyeckas padora
Anzopumm pewrenus 3aoay

1. Crenaiite yepTex.
2. Bri6epure nHyneBoii yposens E, (Ey; = 0).
3. YcraHoBUTE HaYAIbHOE U KOHEUHOE TI0JIOKEHHE Tella (CUCTEMBI TE).
4, Omnpenenure NOTHYIO MEXaHUMYECKYIO DHEPTHIO Tel (CUCTEMBI Tell) B HayalbHOW M KOHEYHOU
TOYKaX.

5. 3anuimTe 3aKOH COXPaHEHHSI SHEPTUH.

a) 1S 3aMKHYTBIX cucteM: E1 = Ep min Ey + E,; = Eo + Ep),

0) mpu repexoie CUCTEMbI U3 HAYaIIbHOTO MOJIOKEHHSI B KOHEYHOE, TIPU JCHCTBUH BHEITHUX CHIT:

A=E; -E;

6. [Ipu HEOOXOAUMOCTH 3anUIINTE POPMYIIBI U3 KHHEMATHUKH:

V=0vp +at S=oet + at?/2 F=mg F=-kx F=uN A=FScosa
7. Pemmte cuctemy ypaBHEHU.

3. [IpumepsI pelieHus 3a1a4
1. ABTOMOOWIb Maccoil 2 T HAYMHAET PA3rOHATHCS W3 COCTOSIHHUS TMOKOSI MO TOPH30HTAILHOMY
MyTH TOJA JEUCTBUEM TMOCTOSIHHOW cuibl. B Tewenwe 10 ¢ oH mpuoOperaer ckopocTh 43,2 Km/d.
Onpenenuts BETUYUHY UMITYJIbCA U BETMUUHY JEHCTBYIONIEH CHIIBI.

Jano: CH: Pemenue:
m=2Tt 2 - 10% kr 1. Onpenenum BETUYUHY UMITYJIbCA!
v =0 Pomei ,U — COBIIAZIA€T C OCBIO X,
t=10c B CKaJIsipHOH (hopMe ypaBHEHUE MPUMET BU:
v= 43,2 km/Y 12 mfc p=mu=210312 = 2410 P [kr-m/c]
p—7? 2. YuuteiBas BTOpoi 3akoH HetoToHa: Ft = mv — mug
F-?, TK.Vg =0 Ft=mv — F=mv/t
202

i 2 4xiT
A 10
Oter: 2,4 - 10" xr - M/c ; 2,4 xH.
2. CranpHoil mapuk maccoi 0,05 kr mamaer ¢ BBICOTBI 5 M Ha crajlbHyr mmTy. [locie

CTOJIKHOBEHMS IIAPUK OTCKAKMBAET OT IUIUTBHI C TaKOW e M0 MOIYJI0 cKopocThro. Haiinure cumy,
JEUCTBYIOLIYIO Ha IUIMTY IIPH yJape, cuuTas ee NocTosHHOW. Bpems coynapenns pasno 0,01 c.
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HaHno: cn Pucynok Pemenue
m=0,05 kr c:) [Ipu ynape map v mmTa AEHCTBYIOT APYr Ha
h=5wm ! JIpyra ¢ CWIaMH, PaBHbIMH I10 MOAYJIO, HO
At=0,01 c F1-? MPOTUBOIOJI0KHBIMU o HaIpaBJICHUIO.
g‘z Omnpenenus cuity, IEHCTBYIOIIYIO Ha LIAPUK CO
l CTOPOHBI IIJIUTHI, MBI TEM CaMbIM HalJIeM CUITY,
" C KOTOpOW INAapuK JEHCTBOBAl Ha IUIMTY 32
Bpems At. Bo Bpems coynapeHus Ha LIapuK
JNEHCTBYIOT JIBE CUJIBL: CHJIA TSDKECTH — ™, W
[&]
cuna £ co cTOpOHBI MIIMTEL
Ml
CoryacHo ypaaenuto: & =F -Ac Ap =(F +mg) Al
OY: mvy—(-mvg) = (F-mg) A t
Zmin
L F=me+ -
YuuThIBast, 4T0O V2 = V1 = L, MOJIYYUM TOCIIE Psifa MPeoOPa3OBAHUMA: At
Motyiib CKOPOCTH IIApHUKa MPH MaJCHUHM €ro ¢ BBICOTH h onpemensercs no popmyse: '~ y2gh .y
=10 m/c
Zmuw
F=mg+
Hcrnionb3ys BEIpaKEHHE: AL

F=005-10+

2-0,05-1

) 0.5+100=100,5H

"
] [x]

ITo Tperbemy 3akoHy HerotoHa: F=-F  cnenosarensno, F1 = 100,5 H, cuna npuiosxeHa K IanuTe

Y HampaBJicHa BHU3.
Otsetr: F = 100,5H.

o 4

3. Bo Bpemsi MaHEBpOB Ha >KEJIE3HOIOPOKHOM CTaHIMH JIBE MIaTdopmbl MaccamMu mp = 2,4 - 10
Krump,=1,6 - 10* kr nBuramucs HaBCTpeuy JIPYT APYTY CO CKOPOCTSAMHU, MOJIYJIM KOTOPBIX PaBHBI V1 =
0,5 m/c u v, = 1 m/c. Haitnure cCKOpOCTh WX COBMECTHOTO JABHKEHHUS TOCIE TOro, Kak cpaboTaer

aBTOCLIENKA.
Jano:
mi=2,4-10* xi
mz=1,6 - 10* kr
vy = 0,5 m/c

vy, = 1Mm/c

Voo - ?

Pemienmne:

~ M300pasumM cxeMaTH4HO NEHCTBYIOIME CUIIbI Ha JABMKYIIMECS mIaTtdopmel. B npoexunu Ha och

Q@ w o E
X: Mgy Moo s cunmpl B3aMMHO YPAaBHOBEIICHBI.
MO0’KHO IPUMEHUTH 3aKOH COXPaHEHUS UMITYJIbCa:

L L, = (w0
i)

I'JI€ Vo — CKOPOCTH MIIaT(HOPMBI ITOCTIE CHEMKH.

B npoekrusix Ha och X: My Vix + My Vax = (M1 + M2) Vosx

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

3Hak (-) MOKa3bIBAET, UTO CKOPOCTh VOO HalpaBJIeHa MPOTUBOMOJIOKHO ocu X (CIpaBa — HAJIEBO).

4. Kakyio CKOpOCTh OTHOCHUTENILHO PaKeTHHUIIbI MpuobOperaeT pakera mMaccoi 600 r, eciu rasbl
Maccoit 15 r BeuteTarot u3 Hee co ckopocthio 800 m/c?
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Hano: CH: Pemenne:
m;=600r 0,6 kxr CorjacHo 3aKOHY COXpPaHEHUS UMITYJIbCA:

m,=15r 15 - 103kr MU, + my, = .'n,a_'-:: +:}r:i-:;i (= muy +mu,
L 3. . .
v man ][JF B0 20 M
Uz =800 m\c ho ‘
v1=v2 =0 3HaK (-) IOKAa3bIBAET, YTO I'a3bl JBUXKYTCS B CTOPOHY,
-7 MPOTUBOIIOJI0KHYIO HAIIPABJICHUIO PAKETHHIIBI.

Ortser: - 20 M/c.

5. BaroneTrky maccoii 2 T 110 TOPU30HTaJILHOMY IIYyTH PaBHOMEPHO INepemernaer padounii. Kakyro
paboty oH coBepmmT Ha myTH 100 M 1 Kakyto paboTy cOBepLIAeT CUJa TPEHUs, €ClIu KOdPPUIHUEHT
TpeHus paseH ,017
JlaHo: PucyHnok:
m=2T
S=100m
n=0,01
g=9,8 m\c? X

l |
l

a=0

A-7?
Atp - ?
Pemenne .

Ha BaroHeTKy JeHCTBYIOT 4 CHIIBI: CHJIA TSKECTH — ™ | CUJIa PEAaKIUM OIOPhI — **

cuna TsrH *i —, cuta Tpenns — v, Io Bropomy 3akony HeloTona X F=0
-"_':,'..+ e 4 .}F + N =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-v0, A=F - S,F=Fy=F,=puN=pumg
PaGora cunbl TpeHus HampaBiieHa POTUB PpabOTHI cuila TATH — A = -ATp .
Ap=-19,6 - 10° Ix
Otsetr: A =19,6 x/Ix; Atp =- 19,6 xJIx.
CamocrosiTeibHas padora

1. ABromoOuibp Maccoi 2 T ABMKETCS cO CKOpocThio 36 km/4. Kakoe Bpemst TpeGyeTcst 10 moJIHOH
OCTaHOBKM aBTOMOOWJIS NPHU BBIKIIOYEHHOM JIBUTATENE, €CIIM CHJa TPEHUs KoJec O JOopory
paBHa 5880 H?

2. Tenexka maccoit 150 Kr IBMXKETCS IO TOPU3OHTAIIBHOM 1opore co ckopocThio 1 m/c. HaBeTpeuy
et OeXKUT ueoBeK Maccoi 75 kr. UenmoBek mphiraeT Ha TelIexkKy. [locie 3Toro tenexka BMECTe ¢
YeJIOBEKOM ocTaHaBiMBaeTcs. C Kakoi CKOpOCThIO Oekall 4eaoBeK?

3. Tlpum BepTHUKAIHLHOM TOJIBEME TeJIa Maccoi 2 KT Ha BbicoTy 10 M coBeprieHa padora 240 JIx. C
KAaKUM YCKOPEHHEM IOIHUMAIH Ipy3?

4. Teno, maccoir 20 Kr MOJAHMMAIOT BEpTHKaIbHO BBepx ¢ cmiod 400 H, mampaBieHHOW 1O
nskeHuto. Kakas pabora coBepuaercs Ha mytu 10 m?

5. Byner nu BennunHa MoJjie3HON MeXaHNYECKON pabOThI OTJIIMYHA OT HYJIS, €CJIU MObEMHBIN KpaH:

® 1) MOAHMMAET C 3eMIIU TPY3,
® 2)OyneT nep:kaTh €ro HEKOTOpPOe BpeMsi Ha BECY B MOKOE,
® 3) MOAHMMET I'Py3 C 3eMJIM U Cpa3y OMYCTHUT €ro Ha 3eMIIio.

6. Teno maccoii 20 kr cB0OOHO Ta1aeT B TeueHue 6 ¢. Haliure paboTy CHITBI TSIKECTH.

7. Kakyio paboTy MOMET COBEpIIUTH JI0 OCTaHOBKM Teso Maccoil 1000 kr, aBmxkyiieecs co
CKOpOCThIO 36 KM/4 ?
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8. Haiitu paboTy, KOTOPYIO HaJ0 COBEPIUUTH, YTOOBI CXKATh MPYKUHY, KECTKOCTh KOTOpoi 29,4
H/cm, Ha 20 cMm.

9. PesunoBblil mHyp amuHOW 1 M mox aeiictBuem rpysa 10 H ymnmunuics va 10 cm. Haiinure
paboTy CUIIBI YIIPYTOCTH.

10. Ha kaxyro BBICOTY 3a MUHYTY MOXxeT moausaTh 400 M® BOAbI HAcOC, pa3BUBAIOIINN MOITHOCTb
210° xBr?

11. Ompenenute MOIIHOCTH TEIJIOBO3a, 3HAS, YTO MPHU CKOPOCTH IBWKEHUS 43,2 KM/4 cuja TATH
pasHa 105 kH.

12. Tloe3n maccoit 1200 T nBHXKETCS MO TOPU3OHTAIBLHOMY MYTH C MOCTOSHHOW CKOpPOCThIO 54
kM/4. Onpenenure ko3 ULIKMEHT COMPOTUBICHUS MABM)KEHHIO, €CJIHM TEeIJIOBO3 pa3BUBAET
noJsie3Hyro MomHocTh N= 882 - 10° Br.

13. Mmnynbc Tena paBeH 8 Kr M/c, a kuHeTHdeckas sneprust 16 k. Onpenenure Maccy ¥ CKOPOCTh
Tena.

14. Canu maccoit 60 Kr, CKAaTHBIIUCH C TOPBI, MPOEXaJI M0 TOPU30HTAIILHOMY Y4acTKy noporu 20
M. Haiinure paboty cunel Tpenus, ecau | = 0,02.

15. TloaweMHBI KpaH ¢ JBUTATEIEM MOIIHOCTHIO 8 KBT mogHMMaeT rpy3 ¢ MOCTOSSHHOM CKOPOCTHIO
6 M/mMuH. KakoBa Macca rpysa?

16. Kakas paboTa coBepliaercs Ha THUAPOCTAHIIMM B TEYEHHUE TOJla, €CIH CPEHSS MOIIHOCTb
resepaTtopa pasHa 2,5 MBT1?

17. Yenoek maccoii 70 Kr ciyckaeTcs 1o JiecTHuUIle anuHoi 20 M, pacnoioskeHHoM mof yriom 30°
K ropu3oHTy. Haliaure paboTy CHIIBI TSKECTH.

18. Boruncnute paboTy CHIIBI YIIPYTOCTH MPU U3MEHEHUHU JehOpMallu MPYKUHBI )KECTKOCThio 200
H/Morx:s =2cM 10Xy =6 cM.

dopma npeacTaBJieHus pe3yabTaTa:
BbinonHuTh 3ajaHue B TETPAAM JUIsl IPAKTUYECKUX padoT.
Kpurepun oneHku:
3a npaBUJIbHO BBINOJIHEHHOE 33/1aHUE BBICTABIIAETCS MOJIOKUTEIbHAS OLleHKa — 1 Oau.
3a HeMmpaBUIJIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIIETCS OTpHUIlaTeIbHAs olleHKa — 0 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% mpaBUIBLHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 npaBUIbHBIX OTBETOB

Tema 2.4 CtaTuka ¥ rUAPOCTATHKA
IIpakTnyeckoe 3ansaTHe Ne6

PaBHoOBecue a06COJIIOTHO TBEPABIX TeJl.

Heab: yrnyOuTh W KOHKPETU3UPOBATH MPEJCTABICHHUA O 3HAYMMOCTH 3aKOHOB COXPaHEHMS.
HAY4YUTBHCA HCIIOJIB30BAaTh MPHIIOKCHUA 3aKOHA COXPAaHCHUA MeXaHUYeCKOH OHEPTUH [JIA BBIIIOJHCHUA
MPAKTUYECKUX 3a/1aHUM.

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

MarepuanbHoe o0ecnieyeHme:

MHIVBUAYAJIBHOE 331aHUE, KOHCIIEKT JIEKIIMH, CIIPABOYHbIE MATEPHAJIBI.

Ykazanmue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX 4YacTed — TEOpeTHYecKOM M mpaktudecko. Ilocne
M3y4YEHUsl TEOPETUYECKOr0 MaTepHala MOKHO IPHUCTYIATh K BBITOJIHEHUIO NMPAKTHYEeCKOW dacTh. OHa
COCTOMT U3 JIByX M OoJiee 3ajau JjIsl CaMOCTOSTENBHOrO BhIONHEHHUs. He 3a0biBaiiTe 0 MpaBUILHOM
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odopmiieHnn penienus. Ha BBIMONIHEHNWE MPAKTUYECKOTO 3aJaHMsI OTBOJUTCS YETHIPE aKaJeMHUYECKHX
Jaca.

3ananmue:

O3HaKOMBTECh C KPATKUMH TEOPETUUECKHUMHU CBEJICHUSIMU TI0 CChLIKE
https://znanium.com/catalog/product/1012153, ctp 47-53,

CocraBbTe KpaTKHi KOHCIIEKT OTBeYasi Ha BOIPOCHI K maparpady, ctp 53, 54.

Beimummre ocHOBHBIE (hOpMYITBI

Pemmre 3anaun caMocTOATENHHO

KpaTkue TeopeTnueckne CBeleHus

Hazsanue Ennnuna
O6o3HaueHUE dopmyna
BEJIMYUHBI HU3MEPECHUS
Cuna F H F1|1: F2|2
ITneuo cunwm | M
Momenm cunoi M Hwm M = FI

IIpuMepsl peleHus 3aaa4
3amaua 1. Pabounmii mpumogHuMaer npu momomnm peraara miuty maccord 100 kr. Kopotkoe
rutedo peraara pasro 0,8 m, a mmuaHOE — 1,2 M. KakoBa cuia, KOTOpyro TOJDKEeH MPHIIOKUTH pabouuii K

0o0JIbILIEMY IIJIEUY pblyara?
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[faxo: Pewenue: Touxa onopet
F b
m =100 —_—m,
o F L
£2=98 %
Fi=P=mg
L=08m
= £ob
L=12m o
il ey
F2-? Fz-Ph-mgb.
F:=100x-98 1 32M - 65331
Orser: F2=653,3H.
2. 3azava 2.1 nozpéMa rpysa N0 HAKIOHHOH ILTOCKOCTH NPHIOKHIH CHIY, HANpaBIeHHVIO BIOTh HAKIOHHOH

1ockoctH B paeayio 300 H. Hafinnte Maccy rpyza, eciid H3BECTHO, 9TO JTHHA HAKIOHHOM IUIOCKOCTH paeHa 1,5 M, a eé
BBICOTA paBHa 1 M.

Aakxo:

F=300H
I=15m
h=1m

£=10

Orser: m = 45 xr.

1. Ha pucynke n3o0paxeH pbryar, UMEIOINA och BparieHus B Touke O. ['py3 kakoil Macchl HA0
MO/IBECUTDH B TOUKE ISl TOTO, YTOOBI phIyar ObLI B paBHOBECUU?
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Marno:

[, = 4 en. wmusl
L =2en mmus
g=10 H/xr

A
m,=m,=100r=0,1 xr /A i

0 B Pewenue:

7R 7/ ITonb3ysach pUCYHKOM, OTIPEAETHM TUICUH CHII, BEIPaXECH-
HBIE B YCJIOBHBIX EMHULAX JIUHBIL.

1. Haiizem cuty, ZEHCTBYIOLLYIO HA pblYar B TOUKe A:

> Fi=m-grecm=m +m,

W F=(0,1+0,1) - 10=2H.

2. HaiineMm cuny F,, npUMeHAA YCIOBHE paBHOBECHS phlyara:
Haiimu: £ | o .
M—2 E = 7[- CIO/Ia BbIpa3UM )
F-h . 24
F==iR===4H.

3. Onpepenum Maccy rpysa u3 GOpMybI:

12 4
F=M-g=» Mn-j;M=-l-6-0.4xr.

Omeem: Hano monsecutsh B Touke B rpy3 maccoir 0,4 xr (viu
400 r).

4.Ha menbmiee tuiedo peraara aevictyet cuia 300 H, na 6onpmee — 20 H. /Inuna menbmiero mieva 5
cM. Ompenenure UMHY OOJIBIIEro IJeya.

Mano:
F, =300 H
F,=20H
[ =5c™m
Haimu:
L—2?

Pewenue:

CaenaeM yepTex K 3agaye {’1 0 f 2
Ilo ycnoBmio paBHOBECHS phlyara: A
E _4 A
E7T, 2
Hajinem Gonplliee reuo peiuara: |-'1

F- H-cMm
l2 — T s ll = H =CM

3005
L= S 75 cM.

Omesem: Bonbliee nie4o pbiyara paBHoO 75 cM.

5 Peruar mmnoii 60 cm HaxoauTcs B paBHOBecHH. Kakas cuia mpuioxeHa B Touke B?

Hano: E: Pewenue:
2
1= 60 cm 0 TTneyn cun onpesesinM U3 PHCYHKA, TIPHHHMAA BO BHM-
P=F=2H i‘—ji, - B MaHHe, YTO THHA Beero puryara 60 oM,
L =10 cu ' S 1. Tlo ycnoBHIO paBHOBCCHA pHIvara:
h=130cm |2H| F._’z,,,-_"a"._
2:-10 2
Haiimu: hev—" 3=07H.
F=? Omsem: K touke B npwioxena cuna = 0,7 H.

PemnTh 32124 caMOCTOSITEILHO

1. MoMeHT cuiibl, IeHCTBYIONIEH Ha phruar, paBeH 20 H*wm. Haiitu nnedo cunet 5 H, ecnu peraar
HaxOJIUTCS B PaBHOBECHH.

2. Kakoe ycunme He00X0IMMO MPUIIOKUTE, YTOO0BI MOAHATH Tpy3 1000 H ¢ moMoIp1o moaBuKHOTO
osoka? Kakast coBepiutcst pabota npu moabseme rpysa Ha 1 m? (Bec 6moka 1 TpeHue He
YUUTBIBATB).

33



3. Cucrema 010KOB HaXoaUTCs B paBHOBecuu. OmpenenuTe Bec mpaBoro rpysa. (Bec 6:10koB u
CHIIy TPEHUS HE YUUTHIBATh).

4. Tlpu moMomIy MOABMKHOTO OJIOKA TIOJHUMAIOT Tpy3, puiaras cuny 105 H. Onpenenure cuiny
TpeHus, eciu Bec O6soka pasen 20 H, a Bec rpy3a 180 H.

5. Macca aerajim TpaHcnopTHoro cpeactsa m = 50 kr. Paanyc 6apadana, Ha KOTOPbIii
HAMATBHIBAIOT Henb, R = 0,2 M, JJMHA KaXkK10ii U3 ABYX pydek Boporta | = 1 m. Kakyio cuiy
HY?KHO MPHJIOKUTH K KAMKA0H U3 HUX, YTOObI MOTHATH €TAJb HA He00X0TUMYI0
BeJIMYMHY?

®dopma npenocTaBJieHus pe3ybTaTa

BeimonHeHHBIE 3a1a4¥ B TETPAIH ISl IPAKTUYECKUX PadoT.

Kpurepum oueHku:

3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKUTEIbHAS OlIeHKa — 1 Oa.

3a HeMpaBWIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS olleHKa — 0 0auoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB

Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB

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

Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 npaBUIBHBIX OTBETOB

Tema 3.1 OCHOBBI MOJIEKYJISIPHO-KHUHETHYECKOI TEOpUHU
IIpakTuyeckoe 3ansiTue Ne/

OcHoBbl MKT. Pemienne 3a1a4 Ha ypaBHeHHE COCTOSIHUSI M1€AJILHOTO ra3a

Henb: 3akpenuTh yMEHUS M HaBBIKM BBIYUCIICHHS NapaMETPOB COCTOSHUS Tra3a, HCIONb3ys
ra3oBbl€ 3aKOHBI U ypaBHeHHne MenneneeBa - Knalinepona.

Boinosinenue padorsl ciocodcTByeT hopmupoBanuro: OK 01, OK 02, OK 03, OK 09, OK 06
K 1.2

MarepuanbHoe oOecnedyeHue: TeTpaab s NPAKTHUYECKUX pabOT, pydka, METOJUYECKHE
PEKOMEHIALlMH 110 BBIIOJIHEHUIO Pa0OTHI, JIMHEHKa, KapaH/arll.

Yxka3zanme: [IpakTrueckas paboTa COCTOUT U3 ABYX YacTed — TEOPETUYECKOM M MPaKTUYECKOM.
ITocne n3ydeHns TeopeTHYECKOro MaTepruasa MOKHO IPUCTYNATh K BBIIIOJHEHUIO TPAKTUYECKON YaCTH.
Ona cocrout u3 AByX M Oojee 3ajgad JUlsl CaMOCTOSTENILHOro BhlmoyHeHHs. He 3a0biBaiiTe o
NPaBUIBHOM O(GOpMIIEHHH pelleHrs. Ha BBINOJIHEHHE MPAaKTUYECKOH OTBOAMTCS JIBAa aKaJIeMHUECKUX
yaca. [Topsnok BeionHEeHNs paboThI

ITopsinok BbINOJHEHHS PadOTHI:

1. PaccmoTpuTe TeopeTmyeckuil Marepuall MO TeMe U NMPUMEPHI pelleHus 3aiad (CMOTpU
METOIUYECKOE 1ocodue).
2. Pemmre camocrosTenpHyIO padoty. OdopmuTe pereHne MICbMEHHO B TETPaIH.

1. TeopeTnyeckas yacTb

J71s XapaKTepUCTUKU COCTOSIHUS ra3a BBOJAT CHEIHAlbHbIE (PU3NYECKIEe BETMYUHBI, HA3bIBAEMbIE
nmapamMeTpamMu COCTOSIHUSA. B KadecTBe mapaMeTpoOB COCTOSIHHS BBIOMPAIOT TPU BEIHMYHHBI 00BEM
raza(V) ,remneparypy ero T° u naBneHue P, mpou3BoamMoe ra3oM Ha CTEHKH COCyla ,B KOTOPOM OH
3aKJTI0YEH. JTO TaBJIICHUE OOBSICHSIETCS yIapaMu JBIKYIIMXCS MOJIEKYII.

2. IIpumepsl pemieHus 3a1a4

1. B razosom Oammone emkocteio 0,01 m3 maxomutes ras moxa nasiaeHueMm 20 kr/cm2 .Kaxoi
00BEM 3aiiMeT ra3, eciu ,He U3MEHsS €r0 TeMIIepaTyphl , OTKPHITh BEHTHIH OamuioHa? OKOHYATeNbHOE
nasienue 1 xr/cm2.?
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Harno:

Pewenue:
3
V1=0,01m 1o ycnoButo 3agaun TemnepaTypa ra3a He MEHseTCs,
2 5 2
P1=20 kr/cm=20*0,98*10° H/m MOATOMY NPOMCXOUT H30TEPMUHECKOE H3MEHEHIE
2 5 2 2
P>=1 kr/em™=0,98*10" H/m cocrosiHus raza. Mcenone3ys 3akon boiinsg-Mapuorra
p1Vi=p2Vz Haxomum Vo= p1Vi/pa.
V-2

Boruucnenus: Vo= 20*0,98"‘105*0,01/0,98*105=0,2(M3)
Omeem: V>=0.2 M.

2. T'a3 M30TEepMHUECKH CKaT OT MepBoHadaigbHOro obdwvema 0,15 m 3 mo obwvema 0,10 m 3
JlaBieHue ero nmpu »ToM MOBBICKIIOCH Ha 2 Kr/cM2 . KakoBo nepBoHavalibHOE JaBJICHHUE ra3a?

Jawno: Pewenue:
V1=0,15M; ITo 3axony boitns-Mapuorra P1V=P2V>. Ho p>=pi1+ Ap,
V2=0,10m

MO3TOMY p|V1=(5P| +A P)V,, otkyaa P1 = AP*V,/V-V2;
P1=2%0,98*107*0,10/0,15-0,10 = 3,9%10° (H/m")
Omeem: P,=3.9%10°[1a.

AP=2 kr/cm’=2%0,98*10°u/m"
P 1 =7

3. Kak Benuko armocdepHoe JaBieHHEe, €Cld MpH JJIUHE PTYTHOro croibuka 12,5¢cM B TOHKOM
TpyOKe JJinHa CTOJI0MKa BO3/1yXa B IEPBOM I10JIOKEHHE 7CM,a BO BTOPOM — 5 cM?

Jlano: Pewenue:
h=12,5¢cm B nepBom ciyuae naBnenue Bo3ayxa BHyTpu Tpyoku Pi=Pany-h. Bo BTopom
1,=Tcem ciyyae pr=pansth. 1o 3axony boitns-Mapuorra P, V,=P,V, rge V,=SL,,
1,=5¢cm V,=SL,. Toraa (paTsl'h)z(pa75|+h)SL2.~ OTKYyaa paTM=h(L1+L2)/LI'LZ

Pare =12,5*12/2=75(cm pr cT).
Par=? Omeem: Py, = 75 cm pr CT.

4. CxaTblii BO3yX IMOJAETCS B Ta3rojbiep oobemoM Sm3 . 3a Kakoe BpeMsi €ro HakaydaroT J0

JaBieHust 7 Kr/cM2, eclii KOMIIpeccop BcachiBaeT 5,5 M 3 aTrmochepHOro Bo3Jyxa B MUHYTY NpHU
nasineHuu 1 kr/em2 ? Temneparypy cuuTaTh HOCTOSTHHOM.

Jano:

V3=5M3
P2=7KF/CM2=7*0,98* 10°0/m°
V,=55m/mun=1,1/12m"/c

Pewernue:

Jlnst HakauMBaHMs BO37yXa B ra3rojasaep A0 aasineHus P
KoMrpeccop paboraer B TeueHue BpeMenu t. Odnvem

3acaceiBaemoro Bosayxa V' 1=V, npu nasnenue p;. Koraa
2 5 2
P=1 kr/em™=0,98*10"1/m" BO3/IyX HAKayallu B ra3rojbjaep, OH 3aHs1 o0beM V; U ero
nasneHue crano p;. Ha ocnoBanuu 3akona boiina-Mapuorra
t-?

P\V'1=P>V; unu P,V t,=P,V,, OTKyJaa t,=P,V-»/P,V,
t =7%0,98*%10°*5%12/0,98010°*1,1=380(c).
Omeem: t = 380 c.

5. OtkpelTas cTeKIsHHas TpyOka anuHO0 40 CM HamoJOBUMHY MOTpykeHa B pryTb. Koraa

BEPXHUI KOHEIl TPYOKH 3aKpbUIU U MOJHSIIN €€ JI0 YPOBHS PTYTH B COCYJI€, TO BBHICOTA YPOBHS PTYTH B
TpyOke okazanack paBHOU 15 cMm. KakoBo aTMocdepHoe naBiieHHe BO BpeMs OIbITa?
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Hano: Pewenue:
=40 cm [lo 3akony boiins-Mapuorra P,V,=P,V; rae p,=H-paBnoe armocdepHomy
l,-15¢cm  naBnenue BO3ayXa HajA PTYThIO A0 3aKpbITHs OTBepeTHA, a V=L/2S-ero o6nem;
P = P-1, V,=(L-L,)S-cooTBeTcTBeHHO AaBieHHe U 00bEM BO3AYyXa HAl PTYThIO
H-? NOCJIe TOro, KaK €€ 3aKpbulH U MOJHSIH 10 YPOBHS PTYTH B cocyae. B npeasiayime
Belpaxkenus P,V,=P,V;Bmecro P,,P, V|, V;, noacrasum nx 3nauenus:
HL/2S=(H-L,)(L-L,)s. Orcroaa H=21,(1-1,)/1-21; H=30%*25/10=75(cm™ pr cT).
Omeem: 75 cm pT CT.
CamocrosiTesbHasi padoTa
Bapmuanr 1
1. HauepTute rpaduku M30TepMUYECKOro, H300apHOr0 U M30XOPHOIO MPOIIECCOB B KOOPIMHATAX
PuV;PuT;TuV.
2. WneanbHblil ra3 cHauajga n300apHO paCIIMPUIIM, a 3aTeM M30TEPMHUUYECKU CHKAIU JI0 MPEKHETO
obwsema. 306pasute 3tu nporecchl B koopaunatax Pu V; PuT; Vu T.

3. B cocyne naxonutcs m=14 xr azora npu T=300 K u gaBnenuu p = 8,3*104 Ila. Onpenenute
o6wvem V cocyna.

4. Ilpu cKaTuM HEU3MEHHOI'0 KOJIMYECTBAa HJEAIbHOIO raza oO0beM yMEHBIIMJICS B 2 pasa, a
TeMmIlepaTypa yBeauuuiack B 2 paza. Onpenenure, Kak M3MEHUIIOCH IaBICHUE Ta3a.

Bapuanr 2
1. Ha puc.1

P
A T, < Ty

\“'.
o T

\_,Il

L'

n300pa’keHbl 1B€ M30TEPMBbl OJHOM M TOM ke Macchl ra3a. UeM OTJIMYAIOTCA COCTOSHHE T'a30B,
€ClIi Ta3bl OJMHaKoBble? UeM OoTiHuaroTcs Ias3bl, €CIU TEMIIEpaTypbl ra30B OJIMHAKOBbIE? YKa3zaHUE:
BOCIIOJIB3YiTECH YpaBHeHUEM Kianeiipona-MeHeneesa.

2. WpeanpHblil ra3 cHavajga HarpeBajicsi IPU IOCTOSHHOM JIaBJICHHM, MOTOM €ro JaBJeHHE
YMEHBILIAJIOCh IPU IOCTOSSHHOM 00beMe, 3aTeM IIPU MOCTOSIHHOW TemIiepaTtype 00beM raza yMeHbIINUJICS
710 IepBOHavYalIbHOTO 3HaueHus. [loctpouts rpaduk B koopanHaTHBIX ocsx V-T.

3. B cocyne Bmectumocthio V=0,83 M 3 Haxoautcs m=2 Kr a3oTa npu aasieHuu p = 2*105 Ila.
Onpenenure Temnepatypy T azoTa.

4. Temneparypa V1=2 monp kuciaopoja ,Haxozserocs B cocyae, pasHa T1=300 K. Onpenenure
temneparypy T2 Bojopona, HaXOZSIIErocs B COCyNE TOM k€ BMECTHUMOCTH MpH TOH K€ JaBJIeHHH,
B35ITOIO B KOJIMYECTBE V2=2 MOJIb.

dopma npeacraBJjieHUs pe3yabTara:

BeInmonHuTE 3a1aHue B TETpaau A MPaKTHUECKUX padoT.

Kpurepum ouenku:
3a mpaBUIILHO BBIIOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAs OlleHKa — 1 Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JIEUCTBUE, 3aJJaHHE BBICTABIIAETCS OTpULaTeNbHas olleHka — () 0aios.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmasgiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB
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Tema 3.2 Tepmoaunamuka. TennoBbie MAIIMHBI
IpakTnyeckoe 3ansitue Ne§

JlaBjieHue JKUAKOCTel U TBepAbIX Tel. 3akoH [lackans

Heab: Ha npumepe perenus 3aay U3y4uTh XapakTep JaBICHUS KUAKOCTEH U TBEPIBIX TEl, UX
IMPUMCHCHUC U y‘-IéT, 3aKOHBI, O6'b$ICHSIIOIJ_II/IC OTH SABJICHHA.

Bbinosinenue padorsl cnocodocTByer popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06
K 1.2

MarepuajibHoe o0ecnieueHue:

WHIUBUAYAJIBHOC 3aJIaHUC, KOHCIICKT JICKI_IPII;'I, CIIPAaBOYHBIC MATCpPHUAJIbI.

Yka3zanmue:

IIpakTrueckoe 3aHATHE COCTOMT M3 JABYX YacTed — TEOPEeTHYECKOM M mpaktudeckou. Ilocie
U3YYEHHS TEOPETUYECKOro Marepualia MO>KHO MPHUCTYNAaTh K BHIMOJHEHHUIO MpakTHUecKkol yactu. OHa
COCTOMT U3 JBYX U Oosiee 3a7au sl CaMOCTOSATEIbHOrO BbIMoOiIHEHUs. He 3a0biBaiiTe 0 mpaBUIIbHOM
odopmiiennu pemieHus. Ha BbIMOTHEHNE MPAKTUYECKOTO 3a/1aHUsl OTBOJIUTCS JIBa aKaIEMUYECKUX Yaca.

3aganue:

1. O3HakombTech ¢ KPATKUMHU TEOPETUYECKUMU CBEACHUSIMH
2. Pemmre 3amadm, CaMOCTOATEIBHO HCIOIB3YS NMPUMEPHI M KPATKUE TCOPETHUECKUE
CBEJICHHUS.

ITopsinok BeINOJIHEHHS PadOTHI:
1. H3zyuute u BeIUIIKATE GOPMYIIBI IO JAHHOH TEMe:
2. Pa30epute npuMepsl pelIeHHBIX 3a/1a4
3. Pemmre caMoCTOATENBHO 3a/1a4U

Kpartkue TeopeTrnyeckue cBeleHUs1
JlaBiieHue TBEpIOrO TENa

TBepmoe Teno, Haxonsdlieecs Ha  OIOPE, F| AelcTByeT Ha oOmopy ¢ CHIOH,
KOTOpasi pachpesielieHa IO IOBEPXHOCTH OCHOBAHMS p—g tena.  Jlna  omwMcaHMs  TakMX
pacrpeieieHHbIX CHUJT BBOAWTCS HOBas (Quandeckas BEIIMYMHA — 0d6/1eHUe.

Jlapnenue (p) — OTHOUICHWE CHWIIBI K IUIOMIAAM TOBEPXHOCTH, Ha KOTOPYIO OHA JICHCTBYEeT B

NEPIEHINKYIIIPHOM HallpaBJICHUH. [p] = IE2 = 1 Ila — ITackanb
M

JlaBieHne B KUAKOCTAX

OCHOBHBIM OTJIMYMEM KHJIKOCTEH OT TBEPABIX (YNPYrux) Ten SBISETCS CHOCOOHOCTH JIETKO
U3MEHATH CBOIO (hOpMy.

Yactu XHUJIKOCTH MOTYT CBOOOJHO CABHUIaThCS, CKOJb3s JAPYr OTHOCUTENbHO Apyra. [loatomy
KHJIKOCTh IPUHUMAET (opMy cocya, B KOTOPHII OHa HaJIMTA. I I

Ha Tteno, morpyxeHHoe B )KMJIKOCTh WJIM Ta3, IEHCTBYIOT CHIIbI, paclpe/ielIeHHbIE 7
[0 TOBEPXHOCTH Tena. [l omnMucaHus TakuUX PpACHpPElENIEHHbIX CHJI  TakKke
UCIOJIb3YyeTCs PU3nUecKas BeIMUuHA — 0de1eHue.

3akoH [Ilackans: paBieHHME B JKUIKOCTM WM Tra3e IEpelaeTcss BO BCEX
HaIpaBJIEHUSAX OJUHAKOBO M HE 3aBUCUT OT OPUEHTAIMH IUIOMIAJKH, HA KOTOPYIO OHO
JICHCTBYET.

Jua wnmoctpanuu 3akoHa [lackansg Ha pHCyHKe H300paxkeHa HeOosbIlas NPSMOYrojbHas
IIpU3Ma, NOrpyKEHHasl B JKMJIKOCTh. EcCiiM MpeamnonaokuTh, 9YTO IJIOTHOCTh MaTepuaia IpU3Mbl paBHA
IUIOTHOCTU JKUAKOCTH, TO MPU3MA JIOJDKHA HAXOAUTHCA B KUJIKOCTH B COCTOSHUM O€3pa3nYHOIO
paBHOBecHs. DTO 03HAYaeT, UYTO CHJIbI JABJICHUS, JACUCTBYIOLINME HA TPaHU NPHU3MBI, JOJKHBI OBITh
ypaBHOBEUIEHBI. DTO MPOU30IIET TOJIBKO B TOM CiIydae, €Clid JaBJIEHUs, T. €. CHIIbI, JeHCTBYIOIME HA
€IMHHUILY IJIOIAAHN IOBEPXHOCTH Ka)KJI0OM IPaHU, OJUHAKOBBL: P1 = P2 = P3 = P.
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,HaBJ'ICHI/Ie KHUIKOCTHU Ha AHO HMJIN OOKOBBIE CTECHKHU CoCyaa 3aBUCHUT OT BBICOThGI cToj0a KHUOKOCTHU.

,HaBJ'ICHI/Ie cTojba JKMIKOCTH p HA3BIBAOT I'MAPOCTATMYECCKUMM AABJICHUEM. h = p-g- h roc p —
IINIOTHOCTD XHUAKOCTH, h — BeIcoTa cTONI0A KHUIKOCTH.

Ecnmu sxuaKocTh HaxXoIuTCs B IWIIMHAPE IO/ MOPIIHEM, TO JIEHCTBYS HA MOPIIEHb HEKOTOPOU
BHEIIHEH cuiol F, MOXKHO cO3/1aBaTh B JKHAKOCTH JIOMOJIHUTENIbHOE aaBieHue Po = F /S, rme S —
TUTOIIAb TOPIITHS.

Takum 00pa3oM, MOJIHOE JaBJICHHE B )KUIKOCTU HA TIyOMHE N MOXXHO 3amucaTth B
Buze: P = p,+pgh

Ha teno, nmorpyxeHHOE B )KHJKOCTh WJIH Ta3, IEHCTBYET BBITAIKUBAIONIAS CHJIA —
cuna Apxumeoa.

ApXuMeioBa CHJIA, JICHCTBYIOIIAs HA MOTPY)KEHHOE B HJIKOCTh (WM Ta3) TEIo,
paBHa BeCy >KMIKOCTU (MIIM ra3a), BhITeCHEHHOH Tenom F Apx =P

€CJIM CpEeIHssA IUIOTHOCTh Tella p; OOJIbIIE IJIOTHOCTH >KUAKOCTH (Wi rasza) p (pr > p), TEIO
OyzeT oycKaThes Ha JTHO;
e cciu p; < p, TEJO OYJIET IJIaBaTh HAa MOBEPXHOCTH XKUIKOCTH,;
® ¢€ClH Py = P, TO TEJIO MOXKET IIABaTh B TOJIIIIE YKUIKOCTH Ha JIF000ii riryOuHe.
3aKoH COOOUIAIIUXCS COCYAOB: dasieHue 6 1000l MouKe Ha 0OHOM U MOM
Jice yposHe 6 CO0OWArOWUXCsl cocyoax 00uHaKoso: P, = p,

JKUL gVTena

rZie p1 U po — JABJIEHUS HA OJHOM U TOM K€ YPOBHE B IEPBOM M BTOPOM KOJIEHE
COOOIIAIOIIETOCS COCYAa COOTBETCTBEHHO.
I'mppaBnnyeckuii mpecc

Ecmu o6a BCPTHUKAJIbHO PACIIOJOKCHHBIX HMUJIMHAPA COO6H_[aIOH_[I/IXC${
COCYyOB 3aKpbITb IMMOPHIHAMH, TO C IIOMOWILIO BHCIIHUX CHII,
MNPUIIOKCHHBIX K IMOPHIHAM, B KHIKOCTHU MOKHO CO344aTh 0oJIbIIIOE
JAaBJICHHUE P, BO MHOTO pa3 MPEBLIMAIOIICE THAPOCTATUYCCKOC NJaBJICHUE
pgh B JII000# Touke cuctembl. Ecin MOPpIIHU UMCKOT PA3HBIC TUIOMIAAN

S; 1 Sy, TO HA HUX CO CTOPOHBI XHMIKOCTH JAEHCTBYIOT pasHble CHIIbI F1 =
pSl uk,= pSz HpI/I 52>>Sl, T0o Fp >> F4. == uru F =F
VeTpoiicTBa TaKOro PO/ia Ha3bIBAKOT 2UOPACAULECKUMU MAWUHAMU 5 5 S,

[Tpunun paboThl NPOCTEUIINX THPABIMYECKUX MAIIUH

To o6cToaTenbCeTBO, UTO KUAKOCTH OYAYUM MPAKTUUYECKU HEC)KUMAEMbIM U, PABHOMEPHO NEpeatoT Mo
BCEMY CBOEMY 00beMy BHEIIHEE JaBJICHHE, IIUPOKO MCMOIb3YETCS B Pa3IMYHBIX OTPACISAX TEXHUKH (B
THJIPONPUBOJIAX, THAPOABTOMATUKE, THIPABIMUYECKUX TOPMO3aX M YCHIIUTENSAX U T.II.). DTO CBOHUCTBO
KHUAKOCTU Takke 3((PEKTUBHO MPUMEHSIOT B TAaKMX MPOCTEHIIMX MallMHaX, KaK THUIPaBINYECKUE
JIOMKpaThl (MOTbEMHHUKHN) U MIPECCHI.

[Mpunuun ux paboThl OCHOBAaH Ha CIEAYIOIIEM: HUMEITci  [JBa
cooOmaronmxcss Mexay coboil nuiauHApa pazHoro auamerpa llpumaras k
MOPIIHIO MEHBIIET0 U3 IMIMHJIPOB KaKylO-TO BHEIIHIOW cuiy Pi, Mbl TeM
CaMbIM CO3JJa€M Ha MOBCPXHOCTHU KHUJAKOCTU B 3TOM HUIMHAPEC IABJIICHUC

, KOTOpOe PaBHOMEpHO IMepenaeTcs BO BCE TOYKU MPOCTPAHCTBA,
3aMO0JIHEHHOTO JKUJKOCThI0. Torjga Ha MopuIeHb OOJBIIEro W3 UWIMHIAPOB (0€3 ydera morepb) OyneT
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P, =P 22
JEHCTBOBATh MOAbEMHAs CHJIA P, =pi52 TN 51 . Takum o0pa3zom, 4eM OOoJbIIe Pa3HATHCS
MEXy co00M MmiIoaam NonepeyHoro CeYeHUs LMIMHIPOB, TEM 00JIbIIYIO (ITOBEMHYIO, CKUMAIOILYIO,
IIEPEMELIAIONIYI0) CHILY MbI IIOJIy4aeM B TaKUX THAPABIMYECKUX YCTPONUCTBAX.

Cratudeckoe AaBJIeHUE )KUJIKOCTH Ha IJIOCKYIO IOBEPXHOCTh. I MapocTaTHUeCKU Iapaioke

ILJIH ONpCaACICHUA CHJIBI OAaBJICHUA KUAKOCTHU P Ha IJIOCKYI0 TOBCPXHOCTH, IJIOMIAAb KOTOpOfI
paBHACTCA S, paSO6I)CM €€ IMPOU3BOJIbHBIM O6p330M Ha OECKOHEYHO Maible miomaaun ds. HaBJ’IeHI/IC
KUJIKOCTHU Ha NOBCPXHOCTD OIPCACIIMTCA KaK CyMMa CUJI l[aBJ]eHI/Iﬁ Ha 3TH 3JICMCHTAPHBIC IJIOHIAIKH.

PaccMoTpuM 351€eMEHTapHYIO IUIOIAJKY, LIEHTP
KOTOPOH pacroiiokeH Ha IyOuHe ypOoBHS,
IIPOXOJALIETO YEPE3 LIEHTP TSHKECTH BCEH IIOLAAN
T. JlaBiieHHE B LIEHTPE TAKECTU ITOU ILJIOIIAN
o0o03HauuM p,. Toraa ruipocTaTnyeckoe JaBjieHuE B
LEHTPE IEMEHTAPHO! IUIOIAJAKH PABHO

P=P:*P B OkonuarenpHO HOMyUNM

Takum 06pa30M, CyJia AaBJICHUA KUAKOCTU Ha INUIOCKYIO IOBCPXHOCTH paBHA MPOU3BCACHUIO ITIOIIAIN
ITOH MMOBCPXHOCTU HA BCIIMIUHY T'HAPOCTATUICCKOI'O JaBJICHHUA B €€ HECHTPC TAKCCTU.

CrnencTBueM  SIBIISIETCA  JOKA3aTENbCTBO THJIPOCTATHYECKOTO IMApaJOKCa, BIEPBBIE MOJIYYCHHOE
ITackanem.

Benuuuna cuiel BECOBOTO JaBJICHUS KUJIKOCTH HA JTHO pe3epByapa 3aBUCUT TOJIBKO OT TUIOTHOCTH ITOU
KHUJKOCTH, TUIOIIAIN JTHA ¥ TITyOMHBI €ro MOrpyKeHHsI 1MoJ cBOOOTHOM moBepxHOCThIO. [Ipu 3TOM Bec
KUJKOCTH, HAJTUTOM B COCY/, MOXKET OTJIMUATHCS OT CHJIbI JABJICHHS, OKa3bIBAEMOTrO €0 Ha JIHO, T.€.
CWJIBl JIABJICHUS JKUJKOCTH Ha JTHO pe3epByapa HE 3aBUCAT OT €ro (OPMBI M KOJIMYECTBA KUIKOCTHU

P =po +Pghy. P =(py +pghy)s,

1 2) 3 2)
Tak B PaCIIUPAOIINXCA KBEPXY COCyaAax CHJiIa BECCOBOI'0 AABJICHWA HAa JHO MCHBIIC BECAa XKHUJIKOCTHU, B
WINHAPUYECKUX OHM OJUHAKOBBI, a B CYXHBAIOIIMXCS KBEpXy — CHJIa JIaBJIeHUs OoJiblle Beca
3aKJIIOYEHHOM B COCYJ JKHUJIKOCTH.

Tak kak HailileHHas cuia SBJSIETCS PABHOJCHCTBYIOIIEH, TO MOMHUMO €€ BEITHYMHBI HE0OXOJIUMO
OTIPEICNIUTh U TOUKY €€ MPUIIOKEHHS, Ha3bIBAEMYIO LIEHTpOM AaBiieHus. LleHTp TsbkecTu coBmanaer ¢
LIEHTPOM JIaBJIEHMS TOJBKO TOIZA, KOIZIa paccMaTpuBaeMas IUIOCKas IIOBEPXHOCTh JIEKHUT B
TOPU30HTAIBHOMN TUIOCKOCTH.

HOCKOHBKy UAPOCTATUYCCKOC JaBJICHUC p SABJSCTCA MOAYJIICM THAPOCTATUYCCKOI'O HAIPSKCHUA,
SIMIOPbI HOPMAJIBHOI'O THAPOCTATHYCCKOI'0 HAIIPSAKCHHUA MOTYT OBITE IMOCTPOCHBI C HCIIOJbB30BAHUEM
3aBUCUMOCTH W TMPUMCHCHBI IJId OHPCACICHUA BCIMYUHLBI B 000 TOYKE paCCManHBaeMOﬁ
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HOBerHOCTI/I. HpI/I 3TOM CJIGI[yeT IIOMHUTB, YTO OTO HanpsmceHHe HaHpaBJICHO 110 HOpMa.III/I K IJTOIIaAKE
JIEUCTBUSL.

PaccMoTpuM MOpSAIOK IOCTPOEHMSI JMIOPHl HOPMAlbHBIX T'MAPOCTATUUECKUX HANpPSDKEHUN Ha
BEPTUKAJIBbHYIO CTEHKY, YPOBEHB XKUJIKOCTU B KOTOPOH /1.

A B
— N
rde Ll 'ao"’ ﬁgﬂ ': . g-}-ﬂ_&f{

a 7] it 2

Onropvl HOPMATLHBIX 2UOPOCMAMUYECKUX HANPANCEHUL

BHeninee rugpocTaTiyeckoe JaBieHUe py PABHOMEPHO MEPENAECTCS XKHUIKOCTBIO TI0 BCEMY €€ 00bEMY.
Ot0xuB B Maciitabe Ha MEPIEHANKYIAPaX K PacCCMaTpPUBAEMOM TIOCKON CTEHKE B
€e BEpXHEH M HWKHEHW YacTH po M COCIMHUB KOHIIBI BEKTOPOB IPSAMOM JIMHHEH,
MOJIYYUM MPSIMOYTOJIbHUK-3ITIOPY HOPMAaIbHBIX HAIIPSHKEHUH, BHI3BIBAEMBIX BHEITHHM
napjieHreM. M30BITOYHOE THAPOCTATHYECKOE JaBJIICHHE M3MEHACTCS IO TIIyOMHE IO
3aKOHY MpPSMOMU, mpudeM OHO paBHO O Ha CBOOOJHOW IMOBEPXHOCTH JKHIAKOCTH H
MakcHMasibHO — y aHa (pgH).

Taxum o0Opa3om, 3II0pbl HOPMATIBHOTO M30BITOYHOTO THIAPOCTATUYECKOT0 HANpsKEHUs UMEIT hopMmy
IPSIMOYTOJIBHOTO TPEYToJIbHUKA. DII0pa HOPMAJIBHOTO aOCOIIOTHOTO THAPOCTATUYECKOTO HANPSHKEHUS
MIOJIY4aeTCs B pe3yjIbTaTe CIOXKEHUS MPEAbIIYLINX IBYX S0P U UMEET POopMY TpareLUH.

AHAJIOTUYHO CTPOSITCS 3MIOPHl HOPMAJIBHOTO THAPOCTATUYECKOTO HAIpPSKEHUS B CIy4ae HAKJIOHHOU
creHku. C TOMOIIBI0 TMOJOOHBIX OMIOP MOXHO TrpadUueckd CYMMHPOBAaTh HOPMaJIbHOE
TUAPOCTATUYECKOE HAIPSIKEHUE MPU ACHCTBUU OJHOPOIHBIX WIIM PA3HOPOAHBIX JKUIKOCTEH C JBYX
CTOPOH IUIOCKON CTEHKH.

C moMoIIpI0 AMIOPEl HOPMAIBHOTO THAPOCTATUYECKOTO HAMPSIKEHUS MOXKET OBITh MOJICUMTaHa CHila
THAPOCTATUYCCKOr0 OaBJICHUA Ha IJIOCKYIO IMOBEPXHOCTH, ITOCKOJIBKY 00beM Takoi OIIOPbI YHUCIICHHO
paBeH BeluurHe 3Tol cuJiibl. [IprueM cuna naBneHus Ha TUIOCKYIO MMOBEPXHOCTh MPOXOAUT Yepe3 IEHTP
TAXKECTU OIIIOPHI, TIOJIOKCHHUEC KOTOpOro JJISL TpaneueI/I):[am)Hoﬁ OITIOPbI HOPMAJIBHOT'O
THIPOCTaTUYECKOTO HAMPSDKEHUS Ha MPSIMOYTOJIBHYIO CTEHKY MOXET OBITh OMpPENeNeHO TpadudecKu
uu 1o popmyam.

IIpumeps! pemieHus 3aga4
1. Onpenenuth naBieHrne OEH3WHA HA JHO IMCTEPHBI, €CIIM BBICOTA CTOJI0A OeH3mHa 2,4 M, a ero
wioTHOCTE 710 Kr/Mm®.,
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Jano: Pewenue:

h=2,4Mm P = pgh

p=710kr/™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 xI1a

2. Kakas )XUJIKOCTh HaXOJUTCS B cOCyze, ecinu cToyi0 BeicoToi 0,3 M okasbiBaeT naBieHue 5400
I1a?

Hano: Pewernue:

h=0,3m _ ‘ P
p = 5400 Ila P=pan o=
£ =10 H/xr 5400 TIa

= 1800 kr/m’

= 10 H/xr - 0,3 m

Omeem: Cepnas KHcJ/1oTa

p—2

3. B 0Gonbmioii cocyn ¢ KBaApaTHBIM JHOM ILIOMIAAbI0 9 M2 U BEPTHKAIbHBIMU CTEHKaAMH HaJIUTa
BoJa (cM. pUCYHOK). KakoBa BbicOTa YpOBHS BOJBI B COCY/I€, €CIIH CHJIAa €€ JaBJICHUs Ha
OOKOBYIO TIOBEpXHOCTh COCY/Ia paBHA CUJIC IaBIICHUS Ha THO?

J aHxo: :

T —En 2 '

S, =9 m .

p., = 1000 =% ———— | }h—?
- = == —|=

- S —F

PemmeHH"e:

dasirenue BOABLI HA AHO cocyna pasHO: P =p gh.

IInmomans mHAa cocyma paBHa: S = a“, roge a — cTOpOHAa
KBaagparTa.

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

JdaBireHHne >KHAKOCTH Ha DOKOBYIO MOBEPXHOCTH COCyaa

- h
yvOBIBaeT ¢ BBICOTOM OT /2, moaTOMY B cpeaHem F, = png-
ITromanesr OOKOBOH HNOBEPXHOCTH COCYOAAa, HCHOBITHIBAIO-

mel naBiaeHHe, paBHa: S; = 4ah, a cuia gaBjJeHHUsI Ha DOKO-

BYIO HNOBEpPXHOCTEL paBHa: F, = F.S_ = pBg%4ah.
ITo ycaosmuio 3anaun F, = F,, Toraa p.gha® = psg%4ah.
Coxpamas Ha P, &, h, a, nonygaem: a = 2h, Torga iz = %, HO

a =/S.
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OTcooga caengyer, 94TO

=

NS

2

TTlomcTaBuB B QOPMYJIY YHCIOBBIE JAaHHBIE€, MOJAYVYIHAM:

OrBeT: 2 =1.5 n1.

4. B cocyn, umeronmii popmy mumuHapa ¢ paguycom 10 cm, Hamumu 3,14 Kr moCOTHETHOTO
Macina (cM. pucyHok). OnpeaenuTs AaBlieHUe Maciia Ha THO COCy/a.

JdaHO: CcHha
R=10cm O, 1m
m = 3,14 xkr

KU
P—?

PemmeHHne:

=

=

JlaBrmeHHWe >JKHAKOCTH HAa AHO COCYAa PABHO OTHOIIIEHUWIO
CHJIIBI TSIPKECTH JKHUAKOCTH K ILJIOIIIaaM JHa cocyiaa.
Tak kak F = mg — cujia TA>KeCcTH Macja, a S = nR? — ono-

F
manas AHa cocyaa, nmoayaum: P = 5
OTcrooga caenyeT, 9TO = :;gz P
ITopcTaBuB B QOPMYJIY YHCJIOBHIE HJaHHBIE, MOJIYIHM:
3,14-10 10
= a = = 1000 Ila.
3,14 -(0,1)* 0,01

OrTBeT: P=1000 Ila.

5. B cocyne HaxomsTCst OJIMH 3a IPYTUM TPH CIIOST HECMEITUBAIOIINXCS KUIKOCTEN: BOjIa, MAcCIo,

PTYTh (CM. pUCYHOK). BbicoTa Kaxkaoro cios 5 cMm. OnpenenuTh JaBJIeHHE KUAKOCTEH Ha THO

cocy/na u Ha rimyoune 7,5 cM.

Hanao:
hl=h2=h-3=5CM
h=7,5cm

= 1000 =L
pn ';5'

KT
Pu =PO0 S
pp=13600§§-
P-7
Ph_?
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Pemenmne:

Onpeznenum gaBjaeHue HA JHO KasKJAOH KHUIKOCTH!:

P, =p,gh, — nasnenue croaba pryru;

P, =p gh, — nasnenue cronba Boasl;

P, =p gh, — nasneane cronba macaa.

Ob6mee nasnenme Ha AHO cocyja Oyaer pasHo: P = P, +
+ P, + P3, Tak Kak hy = h, = hy, P=p gh, + p,gh, + p,gh3 =
- ghl(pp + p- + px)'

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

Iloacrasus B hopMyJIYV YUCIOBLIE JaHHLIE, MOJYIHM:

P=10-0,05-(13 600 + 1000 +900)=0,5-15 500 =
= 7750 Ila.
JaBnerue Ha riiyomHe 7,5 CM CKJIaABIBaeTCs M3 JaBJiie-

HHA cTos0a Macjia ¥ AaBJI€HHA MMOJOBHHBI CTOJIOBI BOABI:

1
B, = P, +3P,.

Orcloaa caeayer, uro |B, = p, ghy + %p.ghz A

IMToacrasus B (hOpMyTy HHCIIOBRIE JaHHBIE, HOAYYHUM:

B, =900-10-0,05+-1--1000-10-0,05=450+250=

2
= 700 Ila.
OrBeT: 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.
Onpenenuts cuily, AEUCTBYIONIYIO HAa MPOOKY CO CTOPOHBI KUIKOCTH.

Jlano: CH

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

F—? |

Pemenmue:

Curna, neficTByoniasi Ha TpoOKy B 60IBIIIOM OTBEpPCTHH,
paBHa: F; = PS,, rae S, — nanomans 60100 OTBEPCTHA;
S, = nR?, Toraa F, = PrR>.

Cuina, geiicTByoOIias Ha NpobKy B MaJIOM OTBEepCTHH,
pasra: F, = PS,, rae S, — mjgomaabs MaJIOro OTBEPCTHA;
S, = nr’, Torna F, = nPr-.

Cniia, neficTByOIasa HA IPOOKY CO CTOPOHEI JKHJKOCTH,
pasua: F = F, — F,; F=nPR? — nPr® = nP(R* — ).

Orciona cneayer, uto |F = nP(R? — r?)|.

IToacrasue B GOPMYJY YHUCIOBLIE JaHHBIE, MOJYYHUM:

F=2000-3,14 - (00,0004 — 0,0001) =6280 - 0,0003 =
= 1,884 H.

OrTsBeT: F=1,884 H.
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10.

11.

12.

13.

14.

PemmTsh 3a1a4M caMOCTOSATEIBHO
Uemy paBHa apXHMeI0Ba CUIa, JICUCTBYIOIIAs B BOJC Ha MMaHEIb MAacCOM N KT M3 CTEKJIa, IPOOKH,

amoMunns,  CBUHIA?  (Perew=1200KT/M°,  Puposin.  =240KT/M°,  Pamosnumni=2700KT/M,
Pesma=11300Kkr/Mm°)
[Tnomaae Majoro MOPIIHS THAPABIXYECKOro mnpecca paBHa 10 cM?, Gombimoro — 50 cm’. Ha

MaJIblii TOPIIEHb MOMECTHIIM TUpto Maccor 1 kr. Kakoil rpy3 HY)XKHO NMOMECTUTHh Ha OOJBIION
MOPILIEHb, YTOOBI )KUIKOCTh OCTajJach B paBHOBECUU?

Hacoc narnmeraer macino B TUApaBIMYECKUd mpecc mnoxa JaasieHueM NMIla. DTto naBienue
nepenaeTcss Ha OOJBIIMIT IOpUICHb, MUIomans Kotoporo 800 cm’. Kakyio cuiy naBieHus

|
|
|

()1
A4 44
Ill4

'YRARRRRA
'\: ‘|| | 1
|;|||

UCIBITHIBAET 3TOT MOPIIEHB?
BOJIBIIIOl MOPIIEHb THAPABIHYECKOTO Ipecca miomansio 180 cM? IeHCTBYET Ha IPECCyEMOoe TeIIo
¢ cuitort NkH. C kakoii cuioil 1elCTBYEeT Maciio B IPECCe Ha MaJIblid MOPILEHb, €CIU €ro oAb
paBHa 4 cM??
Onpenenuth naBjieHWe OCH3WHA HA JIHO ITMCTEPHBI, €CIIM BBICOTAa cToy0Aa OeH3uHa 2,1 M, a ero
mwiotsocts 710 kr/m®
BbIYHCIIHTE JABICHHE U CHITy JaBICHHS KSPOCHHA Ha JHO Gaka miomansio 50 1M, eciiu BbICOTa
cTON0a KepocHHA B Oake NcM.
Pacmmpsisic, Ta3 nepemectun nopiieHb Ha paccrosiHue 0,5M. Ilnomane nopmas 0,022,
atmocdepHoe masienne HopMmaibHoe (101,3 klla). Onpenenure: paboTy rasa 1Mo NPOTATKHUBAHUIO
MOPUIHS; KOJUYECTBO TEIUIOTHL, OTAaHHOe ra3zy HarpeBareneM. Cumraiite KIIJ narpeBatens
paBHBIM 1, a TpeHHEM IIpeHEOpEruTe.
B cranenuteitHOM MpOM3BOACTBE «HU3JIOKHUIICH) HA3BIBACTCA UYT'YHHBIM CTaKaH
0e3 1Ha, B KOTOPBIM BBUIMBAIOT PACIUIABICHHBIA MeTaJll. BepxHee oTBepcThe d’ﬁl“
W3JIOKHULIBI HEMHOTO MEHBIIE HI)KHETrO0 I TOro, 4YTOObI MOKHO OBLIO Il |4
W3JIO)KHUILY CHSITh C OTBEPJAEBINEIO CIUTKA, KOTJA OCTHIHET MeTaul. UToObI k‘_lj | il'
METaJIJ CHU3y HE BBUIMBAJCS, W3JIOKHUIIBI CTAaBIT Ha IUIOCKOE OCHOBAHHE U )
JIEMal0T WX OYeHb MacCUBHBIMH. Ha pucCyHKe cieBa n300pa)xkeHa H3JIOKHUIIA, )‘rf
CIpaBa — TMOABEM U3IOXKHUIBI € OTIUTOro ciuTtka. Omnpenenure Cuiry
TABJICHUS, KOTOPYIO MPOW3BOIUT HA TIOJUIONKKY HW3IIOKHUIIBI HAJTWTHIA YYyTyH,
eCIIM BHICOTA M3JIOXKHHMIBI 1,5 M, a mIomans HkHero ocHoanus 1600 em”. IL1oTHOCTS YyyryHa
7000 kr/m®.

Bo ckonbko pa3 gaBieHue BOAbI Ha THO KoQeitHnKa Oobllie, 4eM Ha JHO YailHUKa, €CJIM BhICOTA
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 OOJbINe, eclii OBl PTYTh HAJWIN B CTakaH JI0 TOTO
ke ypOBHs?
Hnuna akBapuyma 40 cm, mmpuna — 20 cm, Beicota — 30 cMm (cMm.
pucyHok). C kakoii cuiioif Bojia JaBUT Ha JAHO akBapuyma? Boja Huke BEpXHEro Kpas akBapuyma
Ha 2 cM
. Cocyn numeet maccy 15 kr. Koraa B Hero goBepxy AOJWINA BOJIbI, Macca ctana 40 kr, 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 Bofa. /laBienue Bojsl B Touke (1) Oosnblie, uem % :

B Touke (2), B 1,6 paza. Touka (1) oTcTOuT OT AHA 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
KI (cM. pucyHOK). OOBeM XHUIKOCTH paBeH 2 . BeicoTra xkuakoctu B ==
cocyne paBHa 20 cM. HaliTn naBieHue )XMIKOCTH Ha THO cocyza. h =

16. Kakyro cuity n1aBieHuUs HCTIBITHIBACT CTEHKA akBapuyma JUIHHOH 40 cwm,
ecnu yron ee HakiaoHa 60°, a BeicoTa BOJbI B akBapuyme 20 cM (cM. pUCYHOK)? ATMocdepHoe
nasinenue 105 Ila.

|

W
'i'll
]

|
I
|

|
|
]
|

dopma npeacTaBJieHus pe3yabTaTa:
BbImoTHUTE 3a/1aHUE B TETPAIN IS IPAKTHYECKUX padoT.
Kputepuu onenkmu:
3a MpaBUIILHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISCTCS OTpULIaTeIbHAast orieHKa — 0 0aioB.
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 TepMOAUHAMUKH. TenioBbie MAIIHHBI
IIpakTuyeckoe 3ansaTue Ne9

AO0COJIIOTHBIE H OTHOCHTEJIbHBIE 1e()OPMALIMH TBEPABIX TeJl

Iesb: HayuuThCS NPUMEHATH 3aKOH ['yKa K pelIeHuI0 HEeKOTOPBIX (PU3NYECKUX 33714, HAyUYUThCS
OTINYaTh a0COIIOTHOE U OTHOCUTEIILHOE YIJTMHEHHE.

Beimosnenue padorsl cnocodcTByer popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06 IIK 1.2
MarepuanbHoe oOecnedyeHHe: TETpaab Ui TPAKTUYECKHX paldOT, pydka, METOJIUYECKHE
PEKOMEHIaLlH 110 BBIIOJIHEHUIO PA0OTHI, JIMHEHKa, KapaH/Jarll.

Yxka3anme: [IpakTrueckas paboTa COCTOUT U3 ABYX YacTed — TEOPETUYECKOM M MPaKTUYECKOM.
ITocne n3ydeHns TeopeTHYECKOro MaTepruasa MOKHO IPUCTYNATh K BBITIOJHEHUIO TPAKTUYECKON YaCTH.
Ona cocTouT W3 JAByX U Oozee 3agad Ui CaMOCTOSITENIbHOTO BbINONHEHUsA. He 3a0biBaiite o
NPaBUIBHOM O(GOpMIIEHHH pelleHus. Ha BBINOJIHEHHE MPAaKTUYECKOH OTBOAMTCS JIBa aKaJIEeMHUECKUX
yaca. [Topsnok BeinonHEeHNs pabOThI

ITopsinok BbINOJHEHHS PadOTHI:

1. PaccMoTpuTe TeopeTHMUECKHIl MaTepuan MO TEeMe U IpUMEpPbl pelleHus 3aaad (CMOTpH
METOAMYECKOE ITOCOOHE).
2. Pemmre camocrosiTensHyI0 padoty. OdopmuTe pereHne MICbMEHHO B TETPAIH.

1.Teopus.
Buasl negpopmanun. 3akon I'yka.
Heghopmayueri Ha3pIBalOT U3MEHEHHE (HOPMBI MIIM 00bEMa Tea.

Ynpyeoii nazpBatoT nedopMaiuio, KOTopas MOJHOCTHIO MCUE3aeT IMOCHe MPEKpalleHus AeHCTBUS
BHEIITHUX CHJL.

Heynpyeoui (nnacmuueckoti) Ha3biBaloT JedopMaliiio, KOTOpas HE HCYe3aeT MOcje MpeKpallieHus
JIEMCTBUS BHEITHUX CHIL.
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Cuna, BO3HHMKamIIas B pe3ynbraTe JedopMalldd Tela M HaNpaBieHHas B  CTOPOHY,
MIPOTUBOIMOJIOKHYIO NEPEMEIIEHUIO YaCTUIL Tela MpH edopMaliiy, Ha3bIBACTCS CUNLOU YNPY2OCU.

[TpuuuHoil nedopmanuu Tena SBISETCS JBMKEHHE OJIHOM YacTh OTHOCHTEIBHO JApYroi, a
clecTBUEM ehopMaIiy Tea SBIISETCS BOSHUKHOBEHUE CHIIBI YIIPYTOCTH.

Buner nedopmanun
Hedopmarus pacTspkeHHS (CHKATHS)

- 9T0 aedopMalysi, IOpU KOTOPOM H3MEHSEeTCS pPACCTOSHUE MEXAY MapajuleiIbHBIMU CIOSMU
YIIPYroro TBEPAOro Tela.

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

AOCONIOTHOE y/UIMHEHUE IIOKa3bIBACT HA CKOJBKO HM3MEHSETCS JJIMHA Tela 10 CPaBHEHHIO C
IepBOHAYaJIbHOM IIMHOM o0Opa3ua.

A!z"'(:]

A'1>0 nepopmarnus pactsxenus A 1< 0 nepopmanust cxxaTus
OTHOCUTENBHBIM ~ y/UIMHEHHUEM Ha3bIBAlOT (U3MYECKYI0 BEIMYUHY, pPaBHYIO OTHOLICHHIO
a0COJIIOTHOTO YJIMHEHHS K TIEPBOHAYAILHOM JUTMHE 00pa3Iia.

Al

L
Hedopmarus u3ruda
Hedpopmanuun u3ruba moaBepraeTcsl TeNo, 3aKpPEIUIEHHOE C JABYX CTOPOH M HarpyXeHHOe
nocepeHe, JINO0 TeJo, 3aKPENICHHOE ¢ OJJHOM CTOPOHBI U HAarpy>kKeHHOE C IPYTroil CTOPOHBI.
[Tpu nedopmarnmm m3ruba BOTHYTas 4acTh Teja MojaBepraercs AedopMalluu CHKaTus, BBITYKJas
4acTh TeJa MmoJBepraercs Ae(GopMaru pacTsKeHUS.
YtoObl Tesa MEHbIIIE OIBEPTATUCH, 1ehopMalliy U3ruoda, ux JIenaT TPyOUaThIMHU.
Hedopmarus ciapura
- 9T0 Takas JedopMmanusi, IpU KOTOPOH NPOUCXOAMUT CMEUIeHHE (CIABUI) MapaJljIe/IbHBIX CIIOEB
YIPYToro TBEPAOro Teja IPYyr OTHOCUTEIBHO ApPYTa.
Jedopmarus KpydeHust
Jedopmaruu KpydeHus NOJBEPraeTcs Teja0, OJUH KOHELl KOTOPOro 3aKperyieH, a K IpyroMy KOHILY
NPUIIOKEHBI JIBE CUJIBI, paBHBIE 110 MOAYIIIO U POTHUBOMOJIOKHBIE [0 HATIPABJICHUIO.
3akoH ['yka
Cuna ynpyroctd, BO3HUKAIOUIas MPH MalbIX JeGopManusx Tena, MPONOpPHUOHANIbHA YUIMHEHHIO
TeJIa ¥ HaIllPaBJIeHa B CTOPOHY, IPOTUBOIOJIOKHYIO HAIIPABICHUIO NIEPEMEIIEHUI YacTHIL Tela.

£
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Fy = -kX
K - ’KecTKOCTh Tella, 3aBUCHT OT (OPMbI U pa3MepoB Tejia, M OT Marepuayia, U3 KOTOPOTO
U3TOTOBJICHO TEJIO, X - CMEIICHHE.

m

Cuna ynpyeocmu
Cunpl  ympyrocTH BO3HHMKAIOT IpH  JedopMalMyd Tela W HANpaBiI€Hbl B  CTOPOHY,
MIPOTUBOMNOJIOKHYIO CMEILIEHUIO YaCTHUIL TeJa U3 MOJIOKEHUS PAaBHOBECHS.
3axon I'yka
Jns maneix ynpyrux nedopMmanuii pacTsyKEHUS M CKATHsl BBINONHSETCS 3axoH [yka: cuna
YIOPYTOCTH HPSAMO IPONOPLUOHANIBHA Y/UIMHEHUIO T€la U HalpaBjeHa B CTOPOHY, MPOTHUBOIOJIOXKHYIO
HaIpPaBIICHUIO MTePEeMEILEHUI YacTHIl TeJa npu aedopmanuu:

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

IIpu npoeknuu Ha ock X 3aK0H ['yka mpyuHUMAET BUL:
FY = - /OC, jl ";'&

rae x = Al — ynnuHeHue Tena, M. _Dl

(x > 0 npu nedpopmaruu pactskeHus, x < () Ipu 1eopMaluu CHKATH).
IIpumepsI cuibl yOpyrocTH. (P
Cuna peakuuu onopsl (cuiia, JeMCTBYIONIAs CO CTOPOHBI OMOPHI Ha TEJI0) —

Cuna HOpMaJIbHOTO /1aBJIeHUS (Tela Ha ornopy) — M 2

Cuna peakiuu OIOPbl M CHJIa HOPMaJbHOIO JABJEHMS HAampaBiICHbI Puc. 8
NEePIEHIUKYIISIPHO TOBEPXHOCTH COMPUKOCHOBEHMS Tel (puc.8).

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

Bec mena. Hesecomocmo
Bec mena — cuna, ¢ KOTOpOH Telo, BCIEACTBUE €r0 MPUTSHKEHUS K 3emiie,
JICWCTBYET Ha OMOPY WJIU MOJBEC.

Bec Tena, 0603HaueHHEII OyKkBOI — #, 10 MOZYITFO PaBEH CHIIE TSHKECTH:
P=m¥&,
Ho 7T0 He 3Ha4uT, uto ©» U P - 01HO U TOXeE.
[

Cuna tsoxectn (¥1) — 3T0 rpaBUTALMOHHAS CHTA, IPUIIOKEHHAS K TEITy.

Bec tena — 310 cwita ynpyrocTy, NpuioKeHHas K MOJIBECY.

2. Ilpumep pemenus 3axay

Ha Tonkoi1 npoBosioke nojasemieH rpy3 Maccod 10 kr. [Ipu aToM uyiHA POBOJIOKH YBEIMYNIIACH
Ha 0,5 MMm. UeMy paBHa KECTKOCTb IPOBOJIOKH?
Hano: cn Pemenue:
m=10 kr
x=0,5 MM 0[5-10° m
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k-?

10.

11.

12.

13.

14.

15.

16.

17.

I'py3, MOABEIIECHHBIN HA IPOBOJIOKE, HAXOAUTLCS B IIOKOE. 3HAYUT # yyp 110 MOIYIIIO paBHa Fm.

¥ m=M [:.'; JI':ynp.:'kx

B ckansapnoit popmyine ock OY: Fp-Fyy,=0

Fn=Fyup = mg=kx =k
mg 10-9.8 H
k= x ; k= 05107 =2196000
H

Otser: 196 - 10° w

CamocrosiTesibHast padora.
Teno maccoil 2 Kr TAHYT IO IJIaJKOM JOCKE C IOMOIIBIO MPYXHUHBI, KOTOpas HpU JBUKEHUU
pactsnynace Ha 2 cMm. JXKectkocte mpyxuasl 200 /M. Omnpexnenure YCKOpeHHE, ¢ KOTOPHIM
JIBUDKETCS TEJO.
bpycok TAHYT 110 TOpU30HTAIbHON IJIAAKOW MOBEPXHOCTU C MOMOIIbIO IPY>KUHBI, )KECTKOCTHIO
150 m/c”. Onpenenuts Maccy Opycka €ciii JUIMHA IPYKUHBI 110CIe IBH)KEHUS U3MEHMIACh Ha 3
CM, a yCKOpeHHe Opycka coctaBmio 1,5 m/c??
Yenosek maccoil 70 Kr moagHuMMaercs B JUQTE, IBUXKYIIEMCS PaBHO3aMEAJICHHO BEPTHKAJIBLHO
BBEPX ¢ yckoperuneM 1 M/c%. OmpeeuTh CHy JaBICHHS YeI0BEKa Ha 1107 KaOHHBI TH(T.
I'py3 maccoii 45 kr nepemeniaeTcs 1o rOPU30HTAIBHOM INIOCKOCTH MMOJ AeicTBUEM cuiibl 294 H,
nanpasiennoit mog yriaoM 30° k ropusonty. Kos¢uument tperuns rpysa o miockocts 0, 1.
OIpENIeNIUTh YCKOPEHHE JBIXKEHUS IPy3a.
Teno CKONB3HT PABHOMEPHO IO HAKIOHHOH IUIOCKOCTH ¢ yriom Hakmona 40°. Ompenxennte
KO3(PHUIMEHT TPEHHS O TIIIOCKOCTh (a=0).
Ilox nmelcTBHEM IMOCTOSIHHON CHIIBI 1,2'10'2 H. MarepuansHas Touka mpounuia nyts 30M 3a
nepsbie 10 c. OnpenenuTs Maccy TOUKH.
Ha nBa Tena pelictByrorT paBHble cuibl. IlepBoe Teno mmeer maccy 50 © M JBUXKETCS C
yckopeHuem 1 M/, Bropoe teno aBuxkercsa ¢ ycKopeHueM 1 m/c?, Yemy paBHa Macca BTOpPOTO
Tena’?
ABTOMOOMIB Macca 3 T JABMXKETCS cO ckopocthio 28,8 km/u. [lpum TOpMOXKEHUH OH
ocTaHaBIuBaeTcs uepes 6 ¢. OnpeaenuTs CHIIy TOPMOKEHHUSL.
Baron, macca xotoporo 11 T, unér co ckopocteio 18 km/u. KakoBa momxnHa OBITH cuia
TOPMO>KEHHUS, YTOOBI OCTAHOBUTH BaroH Ha paccTossHuu 250 M OT TOUKM Havajia TOPMOKEHUS?
HaliTu BenmuMHY TOpMO3SIEN CHIIBI ACUCTBYIOWIEH Ha Tenexky maccod 500 kr, ecnu npu
ckopocTH BukeHus 40 M/c TOpMO3HOM MyTh ObLT paBeH 70 M.
Kakoil nmyTs npy TOpMOXKEHUH NMPONHAET MOTOLMKII, UMEsI HadaJIbHYI0 CKOpocTh 120 7 km/4, mpu
macce 250 xr u cusne Topmoxenus 4 kH.
IToe3n cuna, TskecTH KoTOporo 3,92 10® H, aBmxercs co CKOpOCTBIO S4KkM/4. OnpeaenuTh CUIy
TOPMOXKEHHUS, €CIIH MyTh, KOTOPBIH MOE3]T MPOLIeN OT Hauaiaa TOPMOKEHHS O OCTAaHOBKH, paBEeH
200 m.
Teno maccoi 500 Kr mogBecuan Ha KaHaTe, U OHO JIBUJKETCS PAaBHOIIEPEMEHHO BHU3. 3a IEpBbIE
10 ¢ oT Hauana JBUKEHUM TEJIO MPOXOIUTh MyTh 20 M. UeMy paBHa cuiia HaTsSHKEHMsI KaHaTa?
Kanar moxer BbiiepxkaTh Harpy3ky 2,5 kH. C kakuM MakCHMaJIbHBIM YCKOPEHHEM MOKHO
nogHUMaTh Tpy3 200 Kr, yTOOBI KaHAT HE pa3opBaics?
Teno maccont 0,2 kr. [lagaer BepTHKaIbHO BHU3 C YCKOpEHHEM 9,2 M/c?. UYemy paBHa cpenHss
CHUJIa CONPOTHUBIIEHNUS BO3yXa?
Teno nBWXETCS CO CKOPOCTHIO 6 M/C M OCTaHaBIMBAETCS TPH TOPMOXKEHUHU yepe3 3c. Uemy
paBeH K03 puuueHT TpeHus?
ITox nevicrBuem cuibl 10 H npyxuna yymmamnace Ha 0,1 M npu juiee B 1 M. KakoBa xecTkocTs
PYXHUHBI?
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18.

19.

20.

21.

22,

Teno paBHOMEPHO JBUXKETCA MO HAKJIOHHOM IiockocTH. Ha Hero meicTByroT cuia Tsxectu S50
H, cuna tpenus 30H u cuna peakuuu onopsl 40 H. KakoB ko3¢ duninent tpeHus?
Ha npyxune nonsemieHa rupst maccoit 200rp., kKotopas, 1eopMupys Mpy>KUHY, pacTsITUBaeT eé
Ha 5 cM. Uemy paBeH K03 (PUIMEHT KECTKOCTHU MPY>KUHBI.
JIBe Tenexku, MpUKaThl APYr K APYry U CKUMAIOIIME MPYKUHY, oTiycTuiau (puc. 5). Korna
NpYyXHHA paclpsMIIIach, TEJIEKKa Maccoil 5 Kr mpuobpena ckopocth 3 m/c. KakoBa ckopocThb
BTOPOI1 TeneXKu maccoit 2,5 kr?

my= 2,5 Kr m; = 5 r

N SSSSp30HTANBPHON AOpOXKE. 3a 3 ¢ UX CKOPOCTh
yMeHBH_II/IJ'IaCb Ha 6 M/C CI/ma TpeHus caHok o Jopoxky 12 H. KakoBa macca caHok?
Macca criopTuBHOTO sifjpa 0K0j10 7 Kr. C Kakoil CHIION ero mpuTsAruBaeT 3emis?
@dopma npeacTraBJieHus pe3yabTarTa:
BrinonHuTh 3a7aHue B TETPaad sl MPAKTHYECKUX padoT.
Kpurepun oneHku:

3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKUTEIbHAS OlICHKa — 1 Oa.

3a HeMpaBWIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BBICTABIISICTCS OTpUIIATEIbHAst OlleHKa — 0 0auIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB

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

Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 3.2 OcHoBbI TepMOAUHAMUKH. TenioBbie MAIIMHBI
IIpakTuyeckoe 3ansaTue Nel(, 11

OcHOBBI TePpMOAMHAMHUKH. HpnMeHeHne MNEepBOro HavyaJjia TCPMOAMHAMHUKH K
u3iomnpoueccam.

KII/I TenioBbIX ABUTaTe ICH

He.]'lb: Ha ODpuMepe pCIICHUA 3aJad HM3YUYWUThb 3aKOH COXPAHCHUA OHEPIUH MPUMCEHUTCIIBHO K

TEIUIOBBIM IIpolleccaM, MYTSAX H3MEHEHUS BHYTPEHHEH HHEepruu Tel, aauadaTH4ecKoM Ipoliecce,
NPUHIUIE PaOOThI TEIIOBON MAIMHBI.

Boinosnenue padorsl cnocodcTByetr opmupoBanuio: OK 01, OK 02, OK 03, OK 09, OK 06

[IK 1.2

MarepuanbHoe ofecnedeHHMe: WHIUBUAYAITbHOE 3aJaHUE, KOHCIICKT JICKIIUH, CIPaBOYHBIC
MaTepuabl.

Yka3anue:

[IpakTHdeckoe 3aHATHE COCTOMT W3 JIBYX 4acTe — TeopeTHdeckod u mpaktudeckou. Ilocme

W3YyYEHHUSI TEOPETUUYECKOTO MaTepraia MOXHO MPUCTYIATh K BBIOJHEHUIO MPAaKTHYeCKOW yacTu. OHa
COCTOHT U3 JBYX W OoJiee 3a7au JJIsl CaMOCTOSITEIHHOTO BBIMOTHEHUs. He 3a0biBaiiTe 0 MpaBUILHOM
opopmiiennu perieHus. Ha BbIMOMHEHNE MPAKTHYECKOTO 3aJ]aHusI OTBOJUTCS uYemblpe aKaJIeMHUIECKUX

gaca.

3aganue:

1. O3HakoMbTECH C KpaTKUMH TCOPCTUICCKUMU CBCIACHUAMU
2. Pemmre 3aaa4u, CaMOCTOATCIIbHO UCIIOJIB3Ys NPUMEPHI U KPATKUC TCOPETUICCKUE CBCICHH .

Iopsinok BbINMOJIHEHUSI PAa0OTHI:
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1. H3yuuTte u BeIUIIKATE GOPMYIIBI IO JAHHOH TeMe:
2. Pazbepute mpuMepbl PEIICHHBIX 3a71a4
3. Pemmre camocTosATENHHO 3aa9U
KpaTkue TeopeTnyeckue cBeeHUs
TennooOmeH (Teruionepenada) — OOMEH BHYTPEHHEHW SHeprueil 0e3 COBEpIICHUS MeXaHUYECKOMH

paboTHL.

KonuuectBo termnotsl (Q) — 3Heprus, nepefanHas B pe3yjbTaTe TeriooOMeHa.

y,Z[CJ'IBHaH TEIIOEMKOCTD (C) — KOJIMYECTBO TCIIJIOTHI, HGO6XOI[I/IMOC AJIs1 Harp€BaHuA 1 xr BE€IICCTBa Ha

__Q [c]=1 AL
mAT kr - K

1K (1°C).|c

— YpaBHEHHE TEIJIOBOTO OaJlaHca.

|2 Qurn = > Quon

lopenue: . gq=

VY nenpHas Temiora cropanus (() — KOJIMYECTBO TEIUIOTHI, BBIICISIEMOE TP CrOPaHUH | KT TOILIHBA.

3 |0

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

-2 m=15"

m Kr

VY nenbHast TerioTa napoodpasoBanus () — KOJIUYECTBO TEIIOTHI, HEOOXOAUMOE ISl IPEBPAIIICHHUS B TIap
1 Xr )UAKOCTH IIPU TTOCTOSIHHOM Temreparype.

IInaBneHme — nepexoa B€uieCTea nus3 TBép)IOFO COCTOSIHHA B ) KHJIKOCE.

7 _ Q=g B
2-Qpn-1

KT

V nenbHast TEIIoTa IUIaBiIeHus (A) — KOJIMYECTBO TEILUIOThI, HEOOXOAUMOE JUIS TUIABJICHHs | KT BemecTBa
IIpU TEMIIEpaType IMIaBICHHUS.

[TepBbIit 3aK0H (HAYaJI0) TEPMOIMHAMUKHU: U3MEHEHNE BHYTpeHHeH sHeprun AU cuctemsl paBHO CyMMe

KOJIMYECTBa TEeIIOTHI , epelaHHoro cucreMe, U paboThl 4, COBEPILIEHHOM HaJl HEll BHEIIHUMU CHJIaMU
AU =0Q+ A

HpI/IMCHCHHC MEpBOro Havajia TCPMOAUHAMUKHU K U30IIpoHcccaM

| H3oTepumaeckni npomece, | H3oxopmsdi mpomecc, | Hso0apHbil mpomece, | AJImadaTH9ecKHEE mpomect.
T =const ¥ =const P =const 0=10

AU=0 =

-]

,~
fac
fa

I

1l
[{ =
I
L

211 “ama

’

TemioBas MalMHa — MallllHA, COBEPIIAIONIAs MEXaHUUYECKyl0 paldoTy 3a CYET BHYTPEHHEW »HEpruu
TOIJIUBA.
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Pabouee Teno — ra3, CoOBepIIaAOIIHi padoTy B TEIIJIOBOW MaIlIUHE.

HarpeBarenb — ycTpoiicTBO, cool1iaroiiee paboueMy Teiay KOJIHMYECTBO TEIIOThl Q1 mpu Temmeparype
Ti.

XOJIONUIBHUK — YCTPOWCTBO, OTHHUMAaoIIee OT pabodero Teja KOJMYECTBO TEIIoThl Q2 mpu
temneparype 1. |
Ti — T2 Hra oo
Trax ZT iR
N

IIpumepsl pemenus 3aaa4

1. B amomunueByro kactpronto Maccout 0,15 xr Hanuto 1,2 Kr BoAbl pu 20° C. Ckonbko KUIIATKY
HYKHO JIOJIUTh B KaCTPIOJIIO, YTOOBI TEMIIEpaTypa BOJbI cTaia 50°C? [ToTepsiMu Teruia B OKpPYKaIOIIYIO
cpeny npeHeopeyb.
Hano: Pemienue:
m,=0,15 xr nonaydeHHoe Termno Q1=C,M,(0-t); Q2=C,My(0-ty)
my=1,2 kr oraanHoe Temno Qz=C,.m; (t-0)
t=20°C ypaBHeHuUe TeroBoro 0amnanca Q;+Q2=Q3
t=100°C Co:M, (0-1,)+M4.Ca (0-t,)=C,.m; (£-0)
6 =50°C m,=(em, +m,e,)(@-t) =
=920 Jix/kr’C c,{t, —0)
c,= 4200 l[;K/KrOC (4200 12+015-920)(80-20) _ .,
m, —? 4200 - (100 —50) '
Ortsert: 0,74 kr

2 B mporecce uzobapHoro pacumpenus ra3y nepenano 6 MJx temnotsl. [Ipu 3ToM ra3 coBepiiaet
paboty 1,2 MJx. U3menunace in BHyTpeHHsIs SHepTUs ra3a? Harpescs ra3 wim oxJiaauics.

NlaHo: «CN» PeweHune: | BuiuncneHums:
ATL2IMAR 16.10%  |AU=Q-A" | AU=610° fx-1,2:10° [k =
Q=6 M7 1,2-10° [ = 4,8-10° 1

AU-?

3 Onpenenure MakcuManbHblid KIIJ[ TennoBoi MaluHbl, €CIM TEMIIEpaTypa €ro HarpeBaTels 227°C, a
TEMIIEPATypa XOJOINIbHUKA — 27°C.

cun PeweHwue:

I[aHO' PewweHue:

t1=2270 CT]':SOO K T]max: Tl _ T2
- Tl MNmax™

500K —300K _

0,4
500K

t,=27° ¢ T>=300 K

n max—?
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4. Bonopoa maccoii 4r, 3anumast nepBoHauanbHblii 00beM V1=0,1M3, pacmmpsiercs 10 o0bema
V2=1m3 . Onpenenure: 1) Al-paboty raza nmpu uzod6apHoM mpoiecce, 2) A2-paboTy raza npu
n3oTepMuueckoM mpoiiecce. Hauansuas temmneparypa raza T1=300K.

Jawo: Pewenue:

m=4r=4*10"kr 1) Ilpu u306aprom pacumpennu (p;=const) ra3 copepiuaer padory
Vi=0,1m° A=pi(Va-Vy) (1)

Vo=1n’ Jasnenue raza onpeznensem u3 ypasuenus Knaneitpona-Menjeneesa:

M=2*10kr/mone P,V,=m/MRT, orcwozna p/=m/M*RT,/V,(2)
R=8.31 mx(mons*K) [Toacrasum opmyny(2) B (1)nonyuum: A;=m/M*RT,/V(V,..V)) (3).

T,=300K 2) [pn u3oTepmudeckoM paciuupeHue ra3 copepiaer pabory
Ay-? A;=m/MRT,InV,/V, (4) (Inl10=2,3)
A-? Brruncnenus:

1) A;=4*10"kr*8,3 1 mk/(Moms*K) *300K/2% 10~ kr/moms*0, I *(1m°-0, 1m%)=4.5% 10" [k
2) A,=4*10"kr/2*10 kr/monb*8,3 1 I/ (Mons*x)*300K* In 1n/0, In°=11,5%10° 1.
Omeem: A= 4,5%10*I1x, A= 11,5%10° [Ix

5. Onpenenure usmeHeHne BHyTpeHHel sHeprun AU sibia Maccoil m=5 KI' B MPOLIECCE €T0 TastHUS
(n1aBieHMs ) TP HOPMAJIBHBIX YCIOBHUSX.

Mawno: Pewenue:
m=5 kI W3MeHenne BHYTPEHHEH HEPriu U3 nepBoro 3ak0Ha TePMOANHAMUKH:
A=3,35*%10°Jx/kr  Q=AU+A. Orciona AU=Q-A. Jlns Tasuus neodxoauma tennota Q=Q,, =
Pi=1,01*10°TIa Am, A-yzenbHas Tennota niasnesns. Macca obpa3soasuieiicst BObI My,
T=273K Oyner pasHa macce nbaa m. O6bem Boasl V; 00pa3oBasiuniics U3 bja
p.=0,9* 10°kr/m’° Vi, Oyzer MeHbl1e, TaK Kak IIOTHOCTb BOJIBI Py2o 00IBLIE MIIOTHOCTH JIb/1d
pr20=10"kr/w’ ps. [lpn nnasnennn nbaa cosepiuaercsa padbora A=py( V- Vy).

YuutsiBas, uto p=m/V,onpeaensem Vo=puo: Vi=m/p, CneaosarensHo,
AU-? A=po(m/pr20-m/pn)=Po m(ps-pr20/pspr20) Beruncnenns:

Q=3,35*10"wi/xr*Skr=1,7*10° [k

A=1.01*10°TTa*Skr*0.9* 10°kr/m*- 10 kr/p/0,9% 10 kr/n’ 103KF/M3=-55,£[)K
AU=1,7*10%IT-(-55mx)=1,7*10°[Tk.

Omeem: 1,7*10° [l

6. Temnepatypa HarpeBaTens wujeanbHOM TemoBo MammHbel  TH=500 K,Temneparypa
xonoaunbHuka Tx=300 K. Onpenenute KIIJl TennoBoi mMamuHbl n U TEWIOTYy Q H, NOJYYEHHYIO OT
HarpeBaTelIs, €CIIM 3a OJNH IIUKJI MaIiinHa coBepiaeT padoty A=400 JIx.

Jlawo: Pewenue:

T,=500K Ko duument none3noro AeicTBis TENI0BOH MLIMHb ONpeNseTcs 1o

T=300K opmyne : N=Ty-Tx/Tw (1) wma n=A/ Qu (2).

A=400/1x U3 dopmynst 2 cnenyer, uro Q=AM

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

PemnTh 32124 caMOCTOSITEIbHO
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B ycnoBuu 3amay orcyTcTBYIOT HUQPBI. 3HaUeHUS PU3NYECKUX IMApaMETPOB ATHUX 3a/1a4 HEOOXOAMMO
Opatb u3 TabnMubl 1: MO BEPTHKAIBHOW CTPOKE yKa3zaH HOMEp BapHaHTa, 110 TOPHU3OHTAIBHOM — HOMEp
3a/1a4H.

1. Boay maccoit m narpenu ¢ temneparypsl T1 10T, Kakoe KOIMYECTBO TEMIOTHI 3aTPATHIIM MPH
Harpese. (C;=4200/x\kr-K)

2. OmnpenenuTh Maccy Harperod BoAbl, eciud il €€ HarpeBa Ha AT 3aTpaTWiM KOJUYECTBO
temwtoTsl Q. (C, = 4200 [x/xr-K)

3. OmpenenuTs Maccy CropeBLIEro KAMEHHOTO YIJIsl, €CJIU MPU cropaHuu Beiaenmiock Q Jlxoysneit
Ter1oThl. (=29MJIx/Kr)

4,  Cmoupr wMaccoili M wucnapwics. OnpenenuTs KOJIMYECTBO TEIUIOTHI, 3aTpPady€HHOE s
BbimapuBanus cnupta. (r=0,85 MJx/kr)

5. OmpenenuTh KOJUYECTBO TEIUIOTHI, HEOOXOAMMOE [Isl PACIUIaBICHUSI  OJIOBIHHOTO CIIMTKa
Maccod m. (A= 0,59 MJlx/kr). Kakoe KOIWYECTBO TeIUIA BBIACIUTCA MPH OXJAKICHUU STOTO
pacIuIaBJIeHHOTO CJIUTKA?

6. l'a3 moxm maBnenumem P; m300apHO pacmmpmica u cosepmi paboty 25 k. Ha ckonbko
yBEJIMUMICS 00beM raza?

7. Tepmoamnamuueckoit cucteme nepenano Q JIx temnorsl. Kak u3MeHHUTCS BHYTPEHHSST SHEPrUs
CHCTEMBI, €CJIM OHa coBepImia padory A?

8. Ilpm wum3orepmuueckom pacmupenun (T=const) razom Obuta coBepmieHa pabora A. Kakoe
KOJIMYECTBO TEIIOTH Q co00IIeHO razy?

9.  Beruncnute KII/] TemioBoit MammHel, eciau Temneparypa Harpesarens T, XonoaunsHuka To.

10. Kakoii nomxkHa ObITh Temrneparypa HarpeBatens Ti, uroosr KIIJ{ nBuratens coctaBisul 1 npu
TeMIlepaType XoaoauiabHuKa To?

1 2 3 4 5 6 7 8

m T, T, | AT| Q Q m m T, | T, T,

kr | °C | °C | K [xIxMJx 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 15| 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 | 0,4 | 60
7 7 15| 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 |1 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. Kakum ciocoOoM — COBEPIICHHEM padOTHl WIIHM TEIUIONEpeiaueii N3MEHSICTCS] BHYTPEHHSISI SHEPTUS
JeTald B CIENYIIIUX ciaydasx: l) crporanue neTanu; 2) HarpeBaHue JeTald B IEYU Tepen
3aKajakoi; 3) ObICTpOE OXJIAKICHHUE ETAIH B BO/IE (3aKanka)?
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12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

PaGoune ropsumx 1E€XOB HOCIT KOMOWHE30HBI, IOKPBHITHIE METAUNIMYECKUMU OJICCTAIINMHU
yemyiikamu. [Touemy oHM XOpOII0 3alIMINAI0T Y€JIOBEKa OT Kaphl?
Ternosast anextpoctaniuss MourHOCTh0 2400 MBT motpebsisser 1500t yrnst B wac. Kakos KII/|
cTaHuu?
JU11 TOBBILIEHUS] TBEPIOCTH U INPOYHOCTH CTAJIBHBIX M3JAEIUN NMPUMEHSIOT 3aKaJlKy (HarpeB A0
HEKOTOpOM TeMIlepaTyphl C MOCIEAYIOIIMM OBICTPBIM OXJIaxkaeHueM). Kakoe KoIn4ecTBO TErIOThI
He00X0IMMO, 4TOOBI HATPETh CTATBHON MOJIOTOK Maccoi S00r ot 17 mo 817°C? Beruuciure, kakoe
KOJMYECTBO TEIUIOTHl BBIAETSET MOJIOTOK, €CIH €ro OXJaXKTAlT B JKUIKOM KHCIOPOJE,
Temreparypa koroporo -183°C. Y aenpHas TeruoeMkocTs ctanu 460 J[x/ xr-°C.
Kakyro Maccy kokca nmorpedyercst cxedb, uTo0bl HarpeTh 10T uyryna na 10°C?
B mnaBunbayo neus 3arpysuwian 2000 kr yyryna, B3sitoro npu 20°C. Kakoe KOIUYeCTBO TEIIOTHI
3aTpayeHo B Hel Ha ero 1uiaBineHue? CKoJIbKO Jibaa, B3sToro mpu 0°C, MokHO ObLII0 OBl pacIuIaBUTh
3a CYET 3TOr0 KOJMYECTBA TEILIOTHI?
B nnaBwibHON meun 3a oAHY MUIaBKy nodydwin 250 Kr amoMuHusa npu temieparype 660°C.
Onpenenure, HACKOJIbKO WM3MEHWIACh BHYTPEHHSISI SHEPrusl alIOMUHUSA, €CIU €ro HadajabHas
temmeparypa osi1a 20° C. Y aenpHas Temiora riaBineHus anoMuaus 3,9 MJBx/kr.
UyryH B JUTEHHBIX L€XaxX IUIABAT B I€4yaX, Ha3bIBa€MbIX BarpaHkamu. OIpenenuTe KOJINYECTBO
TEIUIOThI, HEOOXOAMMOE Ui ITUIaBKH OT 4YyryHa, JOBEIEHHOTO 10 TEeMIIepaTyphl ILIaBICHHUS.
VY aeneHas TeruioTa riasieHus criasa 138 270 Jx/kr.
JIoM 4epHBIX METAJIJIOB MEPEIIABISAIOT B CTAIb B MAPTEHOBCKHX Mevax. Kakoe KoIN4ecTBO TEIIOThI
HE00XO0AMMO JUTsl HarpeBaHUs U paciuiaBieHus 10 T CTaqpHOTrO JIOMa, €ClI HadallbHasl TeMIieparypa
ero 20°C? Temneparypa mnasnenus cranu 1400°C.
Kakyro pabory coBepmwin waealnbHBIA OJHOATOMHBIM Ta3 W Kak MPU ITOM HM3MEHWIACH €ro
BHYTPEHHSIS SHEPTUs MpU M300apHOM HarpeBaHuM AByX Moieit ra3za Ha 50 K? Kakoe xomuyectBo
TEIUIOTHI TOJIYYHII T'a3 B MPOLIECCE TeTI000MeHa?
[Ipu agnabaTHOM paciirpeHuu Bo3ayxa Obuia coBepiieHa padora 200 k. Uemy paBHO U3MEHEHHE
BHYTpPEHHEH 3HEpruu Bo3ayxa?
WneanbHblil ra3 HarpeBalicd MPHU MOCTOSHHOM JIaBJIEHUH, TIOTOM €r0 JABJICHHE YBEIUYHIIOCH MPU
IIOCTOSIHHOM 00beMe, 3aTeM IpU TOCTOSHHOW TemIepaType JaBleHHE ra3a YMEHbBIIUJIOCH 0
nepBoHavyanbHoro. Hapucosats rpaduk B KOOpAMHATHBIX Oocsix P-V.
Nneanpusbiil ra3 nomyuni koaudecTBo TemioTel 300 [Ix u coBepmmi padoty 100 JIx. [Ipu sTom xak
M3MEHUJIACh €r0 BHYTPEHHSIS SHEPrus?
Temneparypa xonomwibHuKa TerioBoil Mamuubel 300 K, temmeparypa narpeBarens Ha 300 K
Oosblie, YeM y XOJIOoAMIbHHUKA. YeMy paBeH MakcuMaibHO Bo3MoxHbIN KII/] TernoBoii MammHbl?
UeMy paBHA BHYTPEHHSIS SHEPTUsS 5 MOJIb OJIHOATOMHOTO MJI€AIbHOTO Ta3a npu Temmneparype 47°C?
dopma npeacTaBiaeHus pe3yJabrara:
BoinonHuTh 3a1aHKE B TETPaH IS MPAKTUYECKUX padoT.
Kputepun onenkn:

3a mpaBUIIHLHO BBITOJTHEHHOE 33/JaHHE BHICTABIISIETCS TIOJIOKHUTENbHAS OlleHKa — | Oasu.

3a HeMpaBWIIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJ]aHNe BHICTABIISICTCS OTpHUIIaTeNbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

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

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

Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 4.1 DnexkTpocraTnka
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IIpakTnyeckoe 3ansiTue Nel2, 13

duekTpocTraTtuka. CoeluHeHUEe KOHIEHCATOPOB B OaTapero

I_[e.m,: C(bOpMI/IpOBaTL YMCHHUA MPUMCHATDH ITOJTYUCHHBIC 3HAHUA 1JIA PCIICHUSA ITPAKTHUYCCKUX

3azad.
Boinosinenue padotsl ciocodcTByet (hpopmupoBanuio: OK 01, OK 02, OK 03, OK 09

MaTepnanbnoe obecmeueHue: WHAUBUAYAJIbHOC 3aJaHUC, KOHCIICKT HGKHHI;'I, CIIpaBOYHBIC

MaTepHabl.

Yka3anmue:
IIpakTrueckoe 3aHATHE COCTOMT M3 JABYX YacTed — TEOPEeTHYECKOM M mpaktudeckou. Ilocie

HU3YUCHUA TCOPECTHUUYCCKOro Mar€purajia MOXHO IPUCTYIATh K BBIIIOJIHCHUIO HpaKTquCKOﬁ gactu. OHa
COCTOUT U3 ABYX H Ooitee 3aJa4 IJs CaMOCTOSTEIbHOIO BhIIOJHEHMSA. He 3a0kBIBaliTe O IIpaBHUJIbHOM
O(bOpMJ'IeHI/II/I pEIICHUS. Ha BrImonrnenue IMPAKTUYCCKOI'0 3aJaHusl OTBOAUTCA ¥emblp€ aKaJCMHUYCCKUX

gaca.

1.
2.

™=

3aganue:
O3H3KOMBTCCI> C KpaTKI/IMI/I TGOpeTI/I‘-IeCKI/IMI/I CBCIACHUSIMHU
Permure 3ama4un, caMOCTOSTENBHO UCTIOIB3YsI IPUMEPHI I KPATKHE TEOPETUIECKUE CBEICHUS.

ITopsinok BeINOJIHEHHS PadOTHI:
W3yunte 1 BeIMUMMATE GOPMYIIBI ITO JAHHOH TEeMe:
PazGepute npuMepsl pelIeHHbIX 3a/1a4
Pemnre camMocTosITENBHO 3a1a4n
Kparkue Teopernyeckue cBeieHUsA
4,43 44>

F=k

3

3akoH KynoHna B Bakyyme: re AmE s

Fop iy

3axoH KynoHa B cpene: e’ AMEE,r

HaprI)KGHHOCTB QJICKTPHUYCCKOTO ITOJIA:

&

Bas s Gy 4

HarnpsiskeHHOCTB 2JIEKTPUYECKOT0 MOJIs TOYEYHOTO 3apsja: e LR
3aKOH COXpaHEHMsI SJIEKTPUUECKOTO 3apsiia: § = g1+ Qo+ ... + O,

Pa3zHOCTE TOTEHIIMAJIOB:

[ToTeHIal TOYEYHOTO 3aps/ia: AneE,r €T

@ @2 =A@

CBs3b IMNOTCHIIMAaJIa 1 HAIIPSIZKECHHOCTH: d

3J'ICKTpOCMKOCTB KOHACHCATOpa:

3HCpFI/I$I 3apAKCHHOTI'O KOHACHCATOpA: 2 =

- g
C=—-
o, — 1,

W= q( @, —0.) - _([_(‘_

2

CocauHeHUe KOHACHCATOPOB:

ITocnenoBarenbHOE COEIMHEHUE KOHIEHCATOPOB — COEUHEHHE, ITPU KOTOPOM I10CIIE 3aps KU
OTpHULATENHHO (MTOJIOKUTENIBHO) 3apsbKeHHast 00KJIaKa MPebIIyIIero KOHAEHCATOpa COeMHEHa C
MOJIOKUTETBHO (OTPHULIATENBHO) 3apsSHKEHHONW 00KIaIKOM MOCIeTyIOIEro.

' 1wl
=—t—+...FtT— = — =/
S T

55



[MapannensHOE COeMHEHNE KOHICHCATOPOB — COSIMHEHHE, IIPH KOTOPOM TIOCIIE 3apsIIKH BCE
MOJIOYKUTEIIBHO 3apsHKEHHbBIC 00KIIAJIKK COOpPaHbI B OJIMH Y3€II, BCE OTPUIIATEIbHO 3apsHKECHHBIC — B

JAPYTOi.
Co = :E:"I: Cﬁa‘ =C +..+ {_-.

Mpumepbl pewweHuns 3agau
1.-KaKyo-patoTy -COBSpINaeT Tole TIPH TIepeMeImeHHH 3apaaa-2- 10 K-

H3 TOYKH-C TIOTeHIHATOM- 700 -B-B-To49Ky -¢c IoTeHIHAToM -2 00B
Brrmmcnesse: |

Haso Pemenme
PAOENN P A=2-10-8K1(700-B—200B)=1
g=2-10"Kaf a-o === 1 =-1-105- ]
@1=T00BT q
@=200B7 A=(p —w)-g
T —?
¢ A 1

2_-B-omgHOpOOHOM 3IeKTPHYSCHOM - II0J8- ¢- HaOpaeHHOCTRIO - 6- 10°- E -
Fo
nepemMemaerca-3apan-7- 10211 -Ha-paccrognme - § -cM 1108 - YraoM - 600K -TIHHI M-
HaNpmieHHOCTH. -ONpegeIHTE paboTy Mo -HepeMelleHHI0 3T0r0 -3apana |

Hamo] «CH» Permmenre )
F < 6.10° H T 1 A=F-5-cosa,; -F=E-q,-5=£; - A=E-q-f-cos-of
Ko |9 A=T10°K16-10° 2 §1020,5=7
g=7-108 K1 . K
£=8-cnm- 8-107"MY| —1 68 103 Tox=1,680 T
o=600 o o
A9 Oteer:-A=1_68MIIxT -
o o

Pemnthb 3anaun (N - Homep sawie2o 6apuanma no CRUCKY):

1. HampspkeHune Mexay MmojirocaMu 6atapen akKyMyJsTopoB N KB. kakoif 3apsi MoJyuyuT KOHJIEHCATOP
eMKocThi0 500 MKD, eciii ero COeMHUTH C TIOJIF0CaMH 3TOW OaTapen?

2. JIBe oHAaKOBbIe HEOOJbIINE TOBEPXHOCTH IIPU TPAHCIIOPTUPOBKE JI€TaJICH MOIYUMIIN 3apsi/ibl
6*10°Kxn u -12*10°Kn, nHaxomsmmecs Ha paccTossTHUU N cM Apyr OT Apyra. Omnpenenute CUITy
B3aMMOJECHCTBUS MEKYy HUMHU.

3. Ilpu mepemeriennu 3apsiaa 2 Kir B 9J€KTPUYECKOM TOJIE CHIIBI, JIEHCTBYIOIINE CO CTOPOHBI 3TOTO
noJisi, copepuniu padoty 8 /x. Uemy paBHa pa3HOCTh NOTEHIMATIOB MEXy HaualbHON M KOHEUHOI
TOYKaMu myTu?

4. Tlpu nepeMeneH!H MEKTPHUUECKOTr0 3apsaaa MEX ]y ¢ TOUKaMH C Pa3HOCTHIO MOTEHUIUAIOB 8 B cHlbI,
JEHUCTBYIOIIME HA 3apsij CO CTOPOHBI AIEKTPHUUECKOTO TO0JIsA, coBepmniau padoty 4 [[x. Uemy paBen
3apsan?

5. Hampspkenue Mexay IByMsI TOPH30HTAIBHO pacmoyiokeHHbIMH TuiactTuHamu 600 B. B mone stmx
IJJACTUH HAaXOAUTCS B PABHOBECUM 3apsKEHHAsl MBUIMHKA Maccou 3*10®r. PaccrosHue MEXIY
wiacTuHaMu N MMm. OnipeaenuTe 3apsii NbUTUHKY.

6. Konnencarop emkocthio 0,02 Mk® coeAMHUIN ¢ HCTOYHUKOM TOKa, B PE3YJIbTATE YEro OH MpHoodpen
3apsan 10K Onpenennre 3HAYEHUE HANPSHKEHHOCTH TOJIS MEXy IUIACTUHKAMH KOHAEHCATOopa,
€CJIM PACCTOSIHUE MEXAY HUMHU N MM.

7. B HEKOTOpOIi TOUKE EKTpUIecKoro noist Ha 3apsin = 5 K neiictByer cuna F = 4-10-7 H. Haiitu
HaIpsHKEHHOCTH N0JIsA £ B TaHHOM TOYKe.
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8. Kakas HampspKEHHOCTh AJIEKTpUYEcKoro mois £ co3maercs 3apsaoM sapa HeoHa (Ne) ( = 1,6:1078
Kn na paccrosinun r=10" m or 1eHTpa sapa?

9. Ha paccrostHum I = 5 cM JIpyr OT JApyra B BaKyyMe€ PaclOJOKEHBI MPOTHUBOIOJIOXKHBIC MO 3HAKY
3apsabl BeawuuHOW || = 7uKi. HaiiTh HanpssKeHHOCTh 3JEKTPUYECKOro mmoiisi E B TOUKE,
HAXOMAIICHCS HAa PAcCTOSHUM, @ = 3 CM OT IMOJOXKUTEIBHOrO 3apsga U B b = 4 cm or
OTPHULIATENILHOTO 3apsijia.

10. B ogHOpOIHOM 3JIEKTPUYECKOM TOJIE PACCTOSIHUE MEXKIY ABYMSI TOYKAMH BIOJb CHIIOBOU JTHHUH
I =N cM, a pa3HOCTh NOTeHIIMANIOB Mexay HUMHU 100 B. Onpeaenure Hanps>keHHOCTH oS E.

11. [Tpu HampspkeHUH Mexy IIacTuHaMu KoHaeHcaropa 200B pasHouMeHHbIe 3aps/ibl Ha
IJIACTUHAX PABHBI 10 K. UeMy paBHa 3JIE€KTPOEMKOCTh KOHJIeHCaTopa?

12.Berauciire SHEPTHIO JIEKTPUIECKOro MO KOHISHCATOpa MIEKTPOSMKOCThIO 10 MKD, 3apshKeHHOTO 110
HanpspkeHus 10B.

13. Kaxkast paGora coBepiiaercs mpu nepemMeriennu 3apsina 4,6 MKKi1 B 3J€KTpUYECKOM TI0JIE MEXITY
TOYKaMM C Pa3HOCThIO noTeHIuanoB 260 kB?

14. B oHOpOIHOM 3JIEKTPHUUECKOM T0JI€ C HAPSKEHHOCTHIO 18-10°> H_ nepeMeniaeTcs 3apsi 7-10°®
Kz

Kn Ha paccrosHue N cM mox yriom 60° k JIMHMAM HAnpsDKeHHOCTH. OpPENCIHTH paboty Mo
MEPEMEIEHHUIO 3TOTO 3apsia.

15. Omnpenenutb eMKOCTh 0aTapen Ce,r, eciiu KoHAeHcaTopsl ¢ eMkocTsaMu C1=10 nd, C,=15 n® u
C3=20 n® coemuHWIM: a) TOCIENOBATEIILHO; 0) mapauieabH0. CXeMbl COSAMHCHHSI KOHIEHCATOPOB
HAYEePTUTh.

®opma npeacTaBiaeHus pe3yJbTara:
BrinmonHuTh 3a1aHKe B TETPAH IS MPAKTUYECKUX PaboT.
Kputepuu onenkmu:

3a npaBUJIbHO BBIMOJIHEHHOE 33J]aHKUE BBHICTABIIACTCS MOJIOKUTEIbHAS OlleHKa — 1 Oa.

3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATEIbHAS onleHKa — ) OaioB.

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

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

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

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

Tema 4.2 3aK0HBI MOCTOAHHOTO TOKA
IIpakTyeckoe 3anaTue Nel4, 15

3akonbl Oma. Conporusiienne. CMelIaHHOe coeJUHeHHE NIPOBOIHUKOB

Hean: 3aKkpenuTh YMEHUS M HABBIKM BBIYHUCICHUS CHJIBI TOKA, HAMPSHKEHUSI, COPOTHBIICHUS IO
omnpefeleHn0o U o 3akoHy Oma s ydacTKa ILenH, a TaKKe C Yy4eTOM 3aKOHOB Pa3IMYHOIO
COCIMHEHHMS TIPOBOHUKOB.

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

MarepuanbHoe o0ecnieyeHme:

TETpajap JUIS TPAKTUYECKUX pPa0dOT, pydyka, METOAUYECKHE PEKOMEHJAIMU IO BBIMOJIHEHUIO
paboTHI, JIMHEWKA, KapaHIall.

Yka3anmue: [IpakTrueckas pabota COCTOUT U3 ABYX YacTeld — TEOPETUYECKOW M MPAKTHUECKOH.
[Tocne n3ydeHus: TEOPETUIECKOTO MaTepraia MOKHO MPUCTYIATh K BBHITIOJIHEHUIO TPAKTUYECKON YacTH.
Ona cocTouT W3 JAByX W Ooree 3amad Ui CaMOCTOSITENILHOTO BBIMONHEHUs. He 3a0biBaiite o
npaBUJIbHOM  oopmieHuH pemieHus. Ha  BBIMOJHEHWE TPAKTUYECKON  OTBOIUTCS  uemvipe
aKaJIeMHYSCKHMX Yaca.

IMopsiiok BbINOJIHEHUS] PA0OTHI:

1. PaccMoTpuTe TEOpETHMYECKHI MaTepuan MO TeMe U MPUMEpPHl pelieHus 3aaad (CMOTpH
METOAMYECKOE ITOCOOHeE).
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2. Pemmre camocrosiTenbHyIo padoty. Odopmure perieHne NiCbMEHHO B TETPALIH.

Teopernyeckue cBeieHUs!

1.9neKTpuvecKuil TOK-HAIpaBJIEHHOE ABMXKEHHE CBOOOMHBIX 3apsnoB. Cwioi Toka (I) Ha3biBaercs
BEJIMYMHA, YUCJICHHO PaBHAs AJICKTPUUYECKOMY 3apsiiy, MPOXOSIIEMY Yepe3 CeYCHUE MPOBOJIHHMKA B
equHuIly Bpemenu: I = g/t, [=n*q*s

3akon Oma miis yuactka renu: [=U/R

®opmyna conpotuBienus: R=p*l/S, rme p - yneiabHOe CONPOTHUBIECHUE, 3aBHUCSIIEE OT poia
MPOBOHKKA; |-/UTMHA TPOBOHMKA; S - TJIOMIAb CEUCHHUS.

[Ipu mnocnepoBaTenbHOM coeauHeHUH MNpoBOAHMKOB: R=RI1+R2 I=[1=[2=const U=UI+U2 Ilpu
napajuienbHoM coenuHeHuu npoBogHukoB: U=Ul=U2=const [=[1+12 1/R=1/R1+1/R2, ecnmu R1#R2
R=R1/N, rae N- uucio ogMHaKOBBIX CONPOTHUBIICHHH, T.e. R1=R2=...RN.

3akon Owma mans momuo memu: I=¢/R+rrme € - DJC wucrounuka Toka, [€]=B, R-BHemHee
conpotuBiieHue [R]=Owm, r-BHyTpeHHEE CONPOTUBIICHUE UM COPOTUBIIEHNE UCTOYHHKA TOKA [r]=Om

IIpuMepsl pereHnst 3a1a4
Cuiia ToKa ¥ IJIOTHOCTH TOKA
1. Onpenenure YUCIO N AJIEKTPOHOB, KOTOPBIE MPOXOAST Yepe3 IOMEPEUHOE CEYCHHE MPOBOIAHHKA
[UIOMa b0 s=1MM? 3a t=2 MUH, €CIIM ILIOTHOCTb TOKA B MIPOBOJTHUKE j=lSOA/CM2

Jano: Pewenue:

S=1mm™=10"n’ Yucno 3MeKTPOHOB, NPOXOAALIMX YEPE3 MONEPEHHOE CEYEHHE
t=2 mua=120c MPOBO/IHMKA, PABHO OTHOLICHHIO 3IEKTPHYECKOro 3apsija,
i=150A/cM™=1,5%10°A/M”  mpomeIero Yepes JaHHOE MONEPEYHOE CeueHNe, K 3apsy
n-? ynextpora:n=Q/e (1). YuursiBas, uro Q/t = IS (2), nonyunm:

3a Bpems t yepe3 ceueHne NpoBOAHMKA npoiiaer n= jSt/e.
n=1,5%10"A/M**10°m**120¢/1,6%10"Kn=1,2%10"
Omeem: 1,2*10%!

2. DnekTpuyeckas 1ensb, cocrosmas u3 peauctopoB R1=100 Om,R2=200 Om R3=300 Om, noak;iroyeHa

K JIByM HCTOYHHMKaM noctostHHoro HanpspkeHus Ul u U2=100B. IIpu kakom Hanpsokenue Ul cuita Toka
I1 gepes pesuctop R1 Oyner paBHa HyI0?

MHawno: Pewenue:

R;=100 Om Ecnu gepes pesuctopR, Tok He uzer, T.e. [;=0, cnenosarensho, I;R,;=0. Toraa

R>=200 Om Hanpsbkenue Us Ha pesucrope R3 gomxno Owith paBuo Uy, T.e. Us=U;=,R; (1).

R3=300 Om B stom ciyuae pesuctopst Ry 1 Rj Brnrodensr nocnenosarensHo. [lostomy

U2=100B CHJIa TOKA BO Bcex wacTax uenu oauHakosa: [;=L=I Ilaxenne nanpsxenus

Il:O Ug = IR2+1R3. OTKYyada CICAYCT, 4HTO I= Ug/ (R3+R3) (2)

U,=? YuuteiBas, uto IR;=U;=U; nmeem, U,=U; Ro/Ry+R;3+U,. [locne npeoGpazoBanus
nonyuum U;=R;/Ry+R3*Us,. U;=300 Om/200 Om+ 300 OM*100B=60B.

Omeem: 60B

3axoH OMa 1191 MOJTHOH Lenu
3. Omnpenenure cuimy Toka kopoTtkoro 3ambikanus IK3 Gartapemn, DJIC koropoit € = 15 B, ecnu npu
MOJIKJIFOUEHUH K Hell pesucropa conporuBieHneM R=3 Om cuia Toka B 1ienu coctanisier [=4A
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JHano: Pewenue:
e=15B  Cuny Toka KOpOTKOro 3aMbikanus onpeaensem no popmyne Ixz=e/R (1), rae
R=30m r-BHyTpeHHee conportusienue Oatapen. CornacHo 3akony Oma uist NONHOM Henu:
[=4A [= g-IR-r, orkyza r = &-IR/ (2). [loacrasum opmyny (2) B hopmyny (1)
lm -? lm = a/R=sl/£-lR. l]('; =15B*4A/15B-40*3 Om=20A

Omeem: 20A

OJ1C ucrounuka snexkrpudeckoit s3aepruun 12 B. Kakoit ¢puzndeckuii CMBICT 3TOTO BBIpAKEHUs?
CoeguHeHne NPOBOAHUKOB

4. K cern Hanpspkenuem U=200 B npucoenuHeHbl aBa pesucropa. llpum ux mnociaemoBarebHOM

coequnenuu 11=4,4 A, a npu napamiensHom - 12= 27,5 A. Omnpenenure conporuienue R1 u R2

PE3UCTOPOB.

Jano: Pewenue:

U=220B [Ipn nocnenoBarensHoM coeauHeHnu Ry .., = Ry + Ra; [1=U/R 10040, OTKY A
[,=4,4A Rioenn= U/l . Pacuersr: Rnocna=220B/4,4A=50 Om.

=27, 5A [Tpu napannensnom coeanuenun: R p0, = Ri*Ry/(R) + Ry), L=U/Rjapa0, OTKYA
R,-? R,-? Rapan =U/L. Pacuerni: Ryqpa=220B/27,5A=8 Om.

R *R5/R;+R>=8 Om:; R; R,=400 Om; R+ R,=50 OMm; R; R>=400 Om;
3uauut: R;=10 OMm; R>=40 Om.
Omeem: R;=10 Om; R,=40 Om
CamocrosiTesibHas padora
Bapuant 1

1. Yepe3 cedyeHwe npoBOJHMKA 3a NPOMEKYTOK BpemeHn At=10c mpoxomut 3apan AQ=25 Ki.
Onpenenure cuity Toka [ B IpoBOoHUKE.

2. Hanpsokenue Ha ywactke uenu U = 5 B, a ero snekrpuueckoe comporusieHue R = 10 Owm.
Omnpenenure cuity Toka [ Ha 3TOM ydacTke Liemu.

3. IIpu nepememenue 3apsna Q=2Ki BHyTpH HCTOYHMKA TOKAa CTOPOHHHE CHJIBI COBEPILAIOT paboTy
A=20 Ixx. Onpenenure I/]C ncrounuka.

4. Kax MOKHO MOJIyYUTh CONPOTHUBIEHUS R, cOeTMHSs BCeMH BO3MOXKHBIMU CIIOCOOAMU TPU PE3UCTOPA
conpotuiienneM R=6 Om kaxapiii?

Bapmuanr 2

1. Cuna Toka B mpoBomHuke I = 1,5 A. Onpenenure 3apsan AQ, mnpoTekaromuil 4yepe3 cedeHHe
IIPOBOJHMKA 32 BpeMs At=2c.

2. Onpenenure Hanpsbkenue U Ha pesuctope conpotusieHneM R=10 kOM npu cuine Toka B Hem [=0,5
MA.

3. Cuna Toka B JnaMrouke kapmaHHoro ¢onapuka [=0,28A npu nHanpspkenun U=3,5B. Omnpenenute
COINIPOTHBIIEHUE R HUTH TaMIIOYKH.

4. Bo ckonbko comportuBieHnue R1 mpu mocnenoBarenbHoM coeauHeHun 10 pesuctopoB (n=10)
compotuBieHueM nmo R=10 Owm Oomnpiie, uyeM HuX compoTuBieHHe R2 mpu mnapaniensHOM
COCIMHEHUU?

dopma npeacraBjeHus pe3yabTara:

BoeimonHuTh 3ajaHue B TETPaaM JUIsl MPAKTUYECKUX padoT.

Kputepun onenkmn:

3a npaBUWIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTENbHAS OlleHKa — 1 Oau.

3a HeMpaBWIILHO BHITIOJIHEHHOE JIEHCTBHE, 3aJ]aHNe BHICTABIISICTCS OTpHUIIaTeNbHAs olleHKa — 0 OaoB.

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

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

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

Oyenra «Heyoosiemeopumenbhoy svicmasgisemcs 3a Menee 60% nmpaBUIBHBIX OTBETOB
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TeMma 3.2 3aK0OHELI NOCTOAHHOI'0 TOKA
IIpakTuyeckoe 3anaTue Nel6

P360T3, MOIIHOCTDb U CONMMPOTUBJICHHUE 3JICKTPUIECKOI'0O TOKA

Henab: HayunThCs pemiaTh 3a7a4u, UCIOIb3YS GOpMysbl pabOTHI TOKA U MOIIIHOCTH

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

MarepuanbHoe o0ecmedyeHue: TeTpaab s MPAKTUYECKUX pabOT, pydka, METOJUYECKHE
PEKOMEHIALlH 110 BBIIIOJIHEHUIO Pa0OTHI, JIMHEHKA, KapaH Jarll.

Yka3zanme: [Ipaktuueckas paboTa COCTOMT M3 JBYX YacTe — TEOPETHUYECKOW M MPAKTHUYECKOM.
[Tocne n3ydeHus TeopeTUYecKOro MaTepruasga MOKHO IPUCTYINATh K BBIIIOJHEHUIO IIPAKTUYECKOM YacTH.
Ona coctouT M3 JAByX U Ooree 3agad Juis CaMOCTOSITENIbHOTO BbINoNHEeHUsA. He 3a0biBaiite o
IpaBWIbHOM OopopMieHUH pelieHus. Ha BbinonHeHHe NpakTUYECKON OTBOJUTCS JBa aKaJeMHUUYECKUX
yaca. [Topsnok BeinonHeHus paboTh

IMopsinok BbINoOJIHEHUS PadOTHI:

1. PaccMoTpuTe TeOpeTHYECKHI MaTepuan MO TeMe U MpUMEpPbl pelleHus 3aaad (CMOTpH
METOAHYECKOE IIOCOOHE).
2. Pemute camocTosTensHy0 padoty. Odopmure pemieHne NUCbMEHHO B TETPAIHU.

Teopernyeckue CBeIeHUA
1.IToBTOpUTE OpMYIBI pabOTH 1 MOITHOCTH TOKa. PaboTa 1 MOIIHOCTH TOKa
PaGoty cun anmekTpudeckoro mojs, CO3AAIOIIET0 YHOPSAIOYEHHOE JBIKEHUE 3apsHKEHHBIX YacTHIl B
MIPOBOJTHUKE, T. €. DIIEKTPUIECKUN TOK, HA3bIBAIOT pabOTON TOKA:
A =T1*U*t,
rae A — paboTa 3JIeKTpUUECKOro TOKa Ha ydacTke 1enu, JIx;
| — cuna Toka Ha TaHHOM y4YacTKe IeMnu, A;
U — HanpspKeHHe Ha yJacTKe 1emnu, B;
t — BpeMsi IPOXO0XKACHUS TOKA MO YYACTKY LIETIH, C.
riae P — momaocTh TOKa, BT.
Ecnu Ha yuyacTke Lemu BcS SHEPrus MEPEXOAUT BO BHYTPEHHIOKO

SHEPTHIO MMPOBOJHMKA (HE COBEpIIACTCS MeXaHndeckas pabora), To Q = A 5 }_I_
IRt — 3axon Ixoyns-Jlenua. rt
Q — KOTMYECTBO TETUIOTHI, BBIJSIMBIIEECS B IPOBOAHUKE, JK.
CobepeM 1iemb, COCTOSIYIO U3 MUCTOYHHKA TOKA M MOTPEOUTENS —

ANEKTPUYECKON SJHEPTUH.

CormacHo 3akoHy Oma Juisi y4yacTKa LEMU, HampspDKEHUE Ha
nposoaHuke U = I'R. Pabota cTOpOHHUX CUIT Ay, = Apomp.+ Auem.

Anomp. — pabOTa SNIEKTPUYECKOTO OIS 110 NEPEMEINEHUIO 3apsia
OT TOYKH A K Touke B;

Anomp.= q'U = q'I'R.

Hcrounnk Toka 00siajjaeT BHYTPEHHUM CONpOTHBICHHEM I. PaboTa mo mepemMenieHuto 3apsja

BHYTPH UCTOYHHUKA TOKA:
&

I =
Aen=1rq Am=¢q Tornaeq=qlR+I1rqume=IR~+I[r num R+r.

3axon Oma 0714 6celi yenu: cuja TOKa B DIEKTPUYECKOW Iemu MpsiMo mpornopiimonansHa 3JC
HMCTOYHUKA TOKA M 0OPATHO MPOITOPIIMOHAIIEHA TIOJTHOMY COTIPOTHBIICHHIO IICTIH.

R — BHemHee compoTuBlieHHe Menu (oOliee CONMPOTUBJICHHE MOTPEOHUTENEH >IEKTPHUECKON
sHeprumn), OwMm;
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I — BHyTpEHHEE CONPOTUBIIEHHUE LIENHU (COIPOTUBICHUE HCTOUYHUKA TOKA), OM;

R + r — monmHOE conpoTtuBieHue memnu, Om.

B sneKTprYeckoil ey BO3HUKAET KOPOTKOE 3aMbIKanue, ecii R=0: 7 o

PaGoTy CHJI 3JIEKTPUYECKOTO TI0JISI, CO3JAIOIET0 YIOPSIOUYCHHOE ABHKEHHE 3aPsKEHHBIX YaCTHIL

B IIPOBOJIHMKE, T. €. SJICKTPHUYCCKUI TOK, Ha3bIBaIOT padoToi Toka: A = /-U At

rie A — paboTa 3J1eKTpUYECKOro TOKa Ha ydacTke nen, Jx;
| — cuna Toka Ha TaHHOM y4YacTKe 1eny, A;
U — nampspKeHne Ha yJacTke 1end, B;
At — BpeMsl TPOXOKACHHS TOKA 110 YYaCTKY LICIH, C
p=tapoyu
t , Tae P — MommHoCTh TOKa, BT.

Ecnu Ha ywacTke memu BCSL SHEPTUsl MEPEXOAUT BO BHYTPEHHIOI SHEPTUIO NMPOBOJHHMKA (HE
CoBepLIAeTCs MeXaHudeckas pabora), To Q = 12RA¢ — 3axon Jlxoyis-Jlenria.

Q — KOJIMYECTBO TEIUIOTHI, BBIICIMBIICECS B IPOBOAHUKE, [IK.

IlpuMepsl pereHnst 3a1a4
1. Dnekrpuyeckuil nurarenas padoraer 5 4. oT cetu ¢ HanpsbkeHueMm 380 B mpu cune toka 35 A.
Conportusinenue oOmotku asurarens 0,5 Om. OnpenenuTs U3pacXoA0BaHHYIO AJIEKTPUUYECKYIO
SHEPIUi0, KOJMYECTBO TEIUIOTHI, BBIIEICHHOW B OOMOTKE 3a 3TO BpeMS M COBEPIICHHYIO
JBUTATEJIEM MEXaHHUECKYIO padoTy.

Hano: CH Pemenne: BrraucoeHng

[’'=380B A=TITAf A=35A"380B-18000¢c =
I=35A O = FRAt =2.4-10 ¥ Ix

R=0,50m A =4A-0 0 =(35A)"0,50M-18000C =
At=51 18000 ¢ =0,1-10* I

A-=-7? A =2410Tx—0,1-10° Ik =
0-? =23-10 'IIx

A —7

OtBeT: A=24-10°&: 0=0,1-10° I A,..=23-10"Ix

2. Tlpwu 3aMbpIKaHUM UCTOYHHUKA deKTprdeckoit sHepruu ¢ J/1C 4,2 B HUKETMHOBBIM POBOTHUKOM
ot 10 M u ceuenmem 1,0 Mm? cuia Toka B uenn 6buia 0,6 A. Haiirn BHYTpPEHHEE
CONPOTHBIIEHUE HMCTOYHHMKA DJIEKTPUUYECKON HHEPruH. YEeIbHOE CONPOTHUBIECHUE HHUKEIMHA
4,2:10'Om-m.

CamocrosiTeibHass pabora
1. DnekTponBUraTenp, ConpotTuBieHrne ooMoTku kotoporo 0,4 Om, paboTaer OT ceTu C HaNpsSKECHUEM

300 B npu toke 50 A. Omnpenenure KayecTBO HM3PACXOIOBAHHOW SHEPTUU 3a 5 Y., COBEPLIECHHYIO
JIBUTATEJIEM MEXaHUYECKYIO0 paboTy U KOJIMUYECTBO TEIUIOTHI, BbIIEICHHONW B 0OMOTKE.
2.ABroMoOuUIBHBIN cTapTep 3a 10 ¢ paborel motpebaser snepruto 6,0-104 k. KakoBa cuna Toxa,
IIPOXOJSAIIETO YEPE3 CTapTEP BO BpPEMs 3aIlyCKa ABUTATENs, €CIIM HAIIPSDKEHHUE Ha €ro KieMmax 12 B?
3.CBapounbiM ammaparoMm. PaGortatomuM oT cetu HampsbkeHueM 45 B 3a 20 muHYyT OBLIO
u3pacxooBaHo 5.4xkBr*uac sHepruu. Ilpu xakoii cuiie Toka mpoTekaina Jyropas cBapka ?
4.DOnextpudeckuil ytior MourHocthio 800 Bt paboraer ot cerm 220 B .OmnpenenuTh cuily TokKa B
HarpeBaTeIbHOM 3JIEMEHTE M €ro CONPOTHUBIIEHHE B paboyeM COCTOSIHMM yTiora. CKOJBKO SHEPruu
OyneT u3pacxom0BaHo 3a 1,5 yaca HempepbIBHOK pabOTHI yTioTa ?
5.B cetp HanpsbkenueM 120 B mociegoBaTenbHO € 3JIEKTPUYECKONM Tyrod BKIKOYEH peocrtat . [lagenne
HalpsDKEHUsT Ha JyekTpojax nyru 45 B ,cmima Toka B nenm 12 A. OmpenenuTs MOIIHOCTH
,JIOTPEOIIAEMYIO YTOH U K.I1.JI. YCTAHOBKH.

61



6.Pe3ncTop MoOAKIOUEeH K MCTOYHUKY TOKA, HampspDKeHHE Ha 3axkuMax kotoporo 6 B. Kakas paGora
coBepulaercsa TOKoM, ecau 3a 0,5 MuHyT uepe3 pe3ucrop npoxoaut 3apsan 24 Kn? Onpenenutsb
MOIIIHOCTb TOKa ¥ COIIPOTUBIIEHUE PE3UCTOPA.
7.Kakass MOIIHOCTh TOTPEOISAETCS JAYTOBOM CTAJICIUIABMIIBHON TEYbI0, pa0OTaloNIeil OT HMCTOYHUKA
HanpspkeHueM 220 B npu cune Ttoka 30000 A? OnpenenuTs CTOUMOCTb JIEKTPUYECKOW SHEPTHUH ,
M3pacXoJ0BaHHOI 3aM 5 4acoB palboOTHI MeuH, M0 ACHCTBYIOLIEMY TapU]y.
8.Hampspbkenue Ha 3akuMax reHeparopa 132 B, a y morpebutens - 127 B. Onpeaenuth maneHue
HANpPsDKEHUE B MAaruCTPalibHBIX MPOBOJAX M COMPOTHUBIEHHUE , €CIM MOUIHOCTh TOKa Yy MOTpeOUTEeNs
paBHa 5 kBT.
dopma npeacTaBieHns pe3yJabTara:
BbImonHUTE 3aaHue B TETpaau s MPaKTHUECKUX padoT.
Kpurtepun onenku:
3a mpaBUIILHO BBITOJHEHHOE 33JaHHE BBICTABIISIETCS TIOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISIETCS OTpHUIIaTeNIbHas olieHka — () 0aoB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopouioy svicmasinsiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasnsemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvHoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.3 DiiekTpUUYecKH TOK B Pa3JIHYHBIX cpeax

IIpakTuyeckoe 3ansaTue Ne 17

3.11e1chuqecKm71 TOK B Pa3/iIM4HbIX Cpeaax

Heab: copmupoBaTh mNOHMMaHME poiu (U3MKK B  (QOPMHUPOBAHMHM Kpyrosopa H
(YHKIIMOHAJIBPHOW TPAaMOTHOCTH 4YEJIOBEKA Ui pELIeHUs NPAaKTUYECKUX 3a4ay; sl OObSICHEHUS
yCIOBUN NPOTEKAHUS PU3NUECKUX SABJICHUN, YMEHMS BBIMOIHATH pacueTHbIE U rpaduyeckue 3a1auu

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

MatepuajbHoe obecnieyeHue:

WH/IMBUIYAIbHOE 3aJ]aHUe, KOHCIIEKT JICKITUH, CIIPaBOYHBIE MaTEePHaIbI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX 4YacT€ — TEOpEeTUYECKOM M mnpaktudeckoil. Ilocie
U3yUYEHHs] TEOPETHUECKOro MaTepualla MOXKHO MPUCTYNAaTh K BBITOJHEHHUIO NMpakTHueckoi yactu. OHa
COCTOUT W3 JIByX W OoJiee 3ajad JJIsl CaMOCTOSITEIILHOTO BBIMONHEHHs. He 3a0biBaiiTe 0 MpaBHILHOM
oopmienun pemienus. Ha BeImosHeHNE TPAaKTUYECKOTO 3a/1aHMs OTBOJIUTCS /IBA aKaJEMHUECKUX Yaca.

3aganue:

O3HaKOMBTECH C TEOPETUUECKUMHU CBEICHUSIMU UCIIOIb3Ys CCHUIKY
https://znanium.com/catalog/product/1012153. Ctp 133, 134. «3aBHCUMOCTH CONTPOTHUBIICHUS
METAJUINYECKOT0 MPOBOAHUKA OT TEMIIEPATYPhD»

Kparkue Teopernueckue cBeIeHHs
DJIEKTPUIECKUN TOK B )KUIKOCTAX

PaCTBopBI " pacCIiljiaBbl, IPOBOJAIINC BJICKTpI/I‘-IeCKI/Iﬁ TOK, HA3BIBAKOTCS SJI€KMPOIUmMAaAMU.

CobepeM 2IeKTPUIECcKYIO 1eMb, B KOTOPOH COSTMHUM COCY]I C TUCTUILIMPOBAHHOMN BOJIOM
AIEKTPUIECKYIO JIAMIIOUKY U UCTOYHHK TOKA. B COCY/T OIMyCTHUM IIJIACTHUHBI, CO3/IAIOIIHE B )KUIKOCTH
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ANEKTPUYECKOE MOJIe. DTH TUTACTUHBI HA3BIBAIOTCS DJICKTPOIaMU. DJIEKTPO, COCTUHECHHBIN C
MOJIOKUTEITHHBIM TIOJIFOCOM TOKA, Ha3bIBACTCS AHOOOM, A STIEKTPOI, COSTMHEHHBIN ¢ OTPUIATEIILHBIM
IIOJIKOCOM — KAmMoOOM.

3aMKHYB OcIlb, y6em/1Mcs1, 4TO JIaMITIO4YKa HC CBCTUTCA, TO €CTh JUCTHIIJIMPOBAHHAA BO/Ida TOK HC
npoBoauT. Jlo6aBuM B Boy noBapernyto cosb (NaCl). Jlamia HauMHAET CBETUTHCS, T.€. PACTBOP
MIPOBOMT 3IEKTPUUYECKUH TOK, T.€. B HEM MOSIBIJIUCH CBOOOAHbIE 3aPsKEHHbIE YaCTHIIBI.

OT0 00BsICHAETCS TEM, YTO MOJICKYJIbI PACTBOPHUMBIX BCIICCTB COCTOAT U3 HOHOB
IIPOTHUBOITIOJIOXXHOI'O 3HaKa, KOTOPBIC YACPKUBAKOTCA APYT OKOJIO ApyTa JICKTPUICCKUMU CUJIaMU
IIPUTAXKCHUA.

BBaHMOHeﬁCTBHe 9TUX MOJICKYJ C IMOJAPHBIMA MOJICKYJIaMHU BOJIbI IPUBOJUT K YMCHBIICHUIO

2
CHJIBI IPUTSKEHUS. MOHOB B MOJIeKyJax (E — kq 5 JUIs BobI € = 81).
¢-R

[Ipu xaoTHYECKOM JBUIKEHUU MOJIEKYJI PACTBOPEHHBIX BEIIECTB U PACTBOPUTEIICH TPOUCKXOISIT UX
CTOJIKHOBEHUSI, KOTOPBIE MPUBOST K pacnaay MOJIEKYJ Ha OTAENbHbIE Pa3HOMMEHHbIE 3aPsKEHHBIE
MOHBL. JTOT MPOLECC HA3BIBACTCS 2JIeKMPOIUMULECKOL OUCCOYUAYUET.

IIpoxoxaeHne TOKa Yepes3 3IEKTPOJIUT COIIPOBOKAACTCS BBIIECIECHUEM Ha JIEKTPOIAX COCTABHBIX
4acTel PaCTBOPEHHOI'O BELIECTBA. JTOT MPOLIECC HA3bIBAECTCs AIEKTpon30oM. IlonoxurensHo
3apspKEHHBIC MOHBI (KaTHOHBI) JBYXKYTCS K KaTOy U MPUOOPETAIOT HA 3TOM IEKTPOJI€ HEAOCTAIOIIUE
ANEeKTpOoHBL. OTPULIATENIBHO 3apsKEHHBIE HOHBI (AHMOHBI) OTJIAIOT aHOY JIMILHUE 3JIEKTPOHBI. Takum
00pa3oM, Ha aHOJIE TPOMCXOANUT PEaKIUs OKUCIICHHS, a Ha KaTOJle — BOCCTAaHOBJICHHS.

3Jl€Kmp0]lu30M HAa3bIBAIOT IMMPOLECC BBIACIICHNA Ha 3JICKTPOJaX BEUICCTB, CBSI3aHHBIH C
OKHCJIIMTCIIbHO-BOCCTAHOBUTCIIbHBIMU PCAKIIUAMMU.

KonuuecTBeHHBIE XapaKTEPUCTHKH DIIEKTPOIHN3a ONMPEACIISIIOTCS 3aKOHOM 3JIEKTPOIIN3a (3aKOHOM
dapanes):

Macca BCIIECCTBA, BBIACIMBIICTOCS HA 3JICKTPOAC, ITPAMOIIPOIIOPIIMOHAJIbHA 3apiaay, IIPOMCAIICMY
qCpe3 DJICKTPOJIUT.

m=Kk-q,
rae m-— macca BCIICCTBA, BBIACIMBLIICTOCS HA JJICKTPOJLC, KI';
g — 3apsiz, OpOLIEIIINHA yepe3 aneKTponuT, Ki;

K — IIeKTpOXMMHUYECKH Il SKBUBAJICHT BEIIECTBA (XapaKTEPUCTHKA BEIIECTBA, OMPEICIISACTCS 110
Tabnuie), K .
Kn

Tak kak | :&3 q=1-st=m=kut —3axon Dapanes,
at

rae | — cuna Toka B 9JeKTpoauTe, A;

At — MPpOAOJIKUTCIILHOCTD 3JICKTPOJIN3a, C.

Bemmunny k — —# Ha3BIBAIOT 21€KMpPOXUMULECKUM DKEUBATIEHINOM [k]=2.
F-n Kn
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Hpu/vzeHeHue IJIEKMPOJIU3a 6 mexHuke

1. Iyi1 09MCTKH METAJLIOB OT HEOOJIBIIOTO KoJm4ecTBa mpumeceit (papunuposanue). [lomyuenue
YHUCTBIX: MEIH, cepedpa 1 30J10Ta. ITOT MPOLECC HAa3bIBACTCS PahUHUPOBAHHEM.

2. Jlns mosiy4eHusi METaJIOB U3 pacTBOpa (LIMHK ¥ HUKEJh). ITOT MPOILIECC HA3bIBACTCS
JIEKTPOIKCTPAKLUEH.

3. [ToxpbITHE OJHOTO METaIIa CI0OEM JPYroro MeTauia (HUKeIMpOBaHUEe, XPOMUPOBAHHE U T. I1.).
DTOT Mpoliecc Ha3bIBACTCS raJIbBAHOCTETUEH.

4. TlonyueHnue Konuii peiabeHbIX H300pakeHuH (TaaIbBaHOIIIIACTHKA).
5. JIyst cHSITHSI IEPOXOBATOCTH M3ACIHA (3JICKTPOIIOJIMPOBKA) H JIP.

DJIEKTPUUYECKUIN TOK B METaJIe

HarpeBanue npoBoiHUKa NTPU NPOXO0KIEHUU 110 HEMY ITOCTOSSHHOTO TOKa MOYKHO OOBSCHUTH TEM,
YTO KMUHETUYECKAsl SHEPTHsI DJIEKTPOHOM MEPEIAETCS IPU CTOJKHOBEHUU MOHOB KPUCTAIIIMYECKOM
PELIETKY.

p=po(1+at),
€ p,— YASIBHOE CONpoTHBiIeHHe mpoBoanuka npu 0°C, Om-M;
t — remneparypa no mxane Lenscus, °C;
p — YAENbHOE CONMPOTHUBICHUE TpH Temmeparype t, Om-Mm;

0. — TeMIepaTypHbId KO3 (QULMEHT CONPOTUBIICHHS METaIa, L

k
Bospacranue ynenbHOro CONpPOTHUBIEHUS MOYKHO OOBSICHUTH TEM, YTO C POCTOM TEMIIEpaTyphbl
aMIUIMTyJa KoJIeOaHUl HMOHOB KpPHUCTAIMYECKOM pEIIeTKH METAIOB YBEIWYMBAETCd U BO3PACTaeT
BEPOSITHOCTh MX CTOJKHOBEHMs C D3JEKTpoHaMHu. [Ipy CTOJIKHOBEHMHM C HMOHAaMH 3JIEKTPOHBI TEPSIOT
CKOPOCTB HAITPABJIECHHOTO IBM)KEHUSL. DTO U IPUBOJUT K BO3PACTAHUIO YAEIBHOIO COIIPOTUBIICHUSL.

Jlnst Bcex MeTamioB o>1 1 Mano MEeHseTCsl pYU U3MEHEHUH TeMeparypsl. J{Jis 4uCThIX METaIoB

a ~_ 1 nnssnextponutoB a<0 U ¢ yBeJIUUEHHEM TEMIEPATYPhl YMEHBIIAETCH.
273K

MHorue mNpOBOJHUKU 0O0JaJal0T CBOWCTBOM CBEPXIPOBOIUMOCTU
COCTOSAIILIEM B TOM, YTO UX CONPOTHUBIICHHE CKAUYKOM MaJaeT 10 HYJIS MpU
OXJIQXKJCHUM  HWXKE  OMNPEACNICHHOM  KPUTHUYECKOM  TeMIepaTyphl,
XapakTepHOW st gaHHOro BemectBa. B 1911 r. romnmanackuii gusuk X.
Kamepnuar-Onnec oOHapyX ui, 4TO MPHU MOHWKEHUU TEMIEPaTypbl PTYTH
10 4,15° K ee ynenbHoe conpoTubienue mamgaet 1o 0.

IIpuMepsl peleHus 3aaa4
[Tpu cepebpennn uzaenus Ha kKatoj 3a 30 MUH. OTIOXKHUIOCH cepedpo Maccoit 4,55 r. Onpenenute
CHIIy TOKa IIPH 3JIEKTPOIN3E. DIEKTPOXUMUUECKHI SKBUBaIEHT cepebpa 1,12- 100X
Kn

[aHo: Pemenue:
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m=4,55r=4,55-10" | 3anumem 3akoH riekrponn3a dapanes:
3

KT o
m = «xIA -—
At=30 mun. = KIAL= 1 At
1,8:10%
| ~2,26 A

k=1,12:10"=

-2

OHeprus noHU3alMKu aToMoB pTyTH paBHa 10,4 3B. Kakoii HanMeHbIIEH CKOPOCTBIO JOJIKEH
00J1a1aTh NIEKTPOH, YTOOBI IPOM3BECTU HOHU3AIMIO aTOMA PTYTH yrapom?

[aHo: Pemenue:

W;=10,4 3B = 16,64-10° 15B=1,6-10"11%

19 Tk
[ Toro, yToOBl HIOHU3UPOBATH
-31
m=9,1-10""kr aTOM PTYTH, JIEKTPOH JOJKEH
I 007a1aTh KHHETUYECKOM SHEpTUeit
min— -

E,, paBHOW 3HEpPTUY HOHUBAIIUM:

2 -
E.=W,, wiy Mo min__.\

2 I
e M — Macca 3JICKTPOHa,
Umin — HAUMCHBIIIass CKOPOCTh 3JICKTPOHA, ITPpU KOTOpOfI BO3HHKACT MOHU3AllHA.

Otxyna omin = |20 omin= 1,9-10°%
m

JIBa mpoBo/IHKKa ¢ TeMIepaTypHbIMU KO3 dunineHTamu conpotusieHus al u a2 umerot npu 0
°C conpotusieHus Ro1 1 Rgp. UeMy paBeH TemnepaTypHblid KO3 (OUIUEHT COTPOTUBICHUS
IIPOBOJHMKA, COCTABJIIEHHOTO U3 IBYX JIAHHBIX IPOBOJIHUKOB, COETUHEHHBIX: @) NOC1e008amenbHo; 0)
napanienbHo?

Pemenne. CornacHo cooTHomeHuo (2.5.1) conpoTrBieHus NPOBOIHUKOB IIpU TeMneparype t
COOTBETCTBEHHO PaBHBI:

R1 = Ro1(1 + oat),

R, = R02(1 + Otzt)
a) [Ipu mocnenoBaTeTLHOM COETMHEHHH, COTJIacHO dopmyrie (2.8.6), obIiee COnpoTHBICHUE

R =R1+ R2=Ro1 + Ro2 + (01R01 + 02Rp2)t
C npyroii CTOpOHBI, MOKHO HAlMCaTh:
R =Ro(1 + a't),

rie Ro = Ro1 + Ro2, @ o' — rickombIil TemnepatypHbiid kodddurment. OTcrona
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, _ Bor0y + Rop0ty
Roy + By

0) IIpu napaaieasHOM coeauHeHHH, coraacHO opmye (2.8.13), odOmee conpoTHeIcHNS

R = RolRoz(l 2 a-lt)(l + a2t)
" Ry (1 + ayt) + Ryp(1 + ayt)

= Ry(1 + at),

Ry Ry

Bor + Ry : 0°C. Hpescs
rae COIIPOTHEICHHE NapalIcIbHO COEJHHEHHEBIX IIPOBOIHHKOE IIPH - lipeHeoperas WICHaMH,
IPONOPIHOHATIBHEIMH NPOH3BEICHMIAM TEMIIEPATYPHEIX KOS@(bHIIHCHTOB, KaK MaJBIMH. IIOTYVTHM!

R, =

”n

i Ryp0ty + Ryy0p

Ry + Roy -~
Pemuthb 3a1a4u caMOCTOATEIHHO
1. [Ipu smekTposiu3e CEpHOKHUCIOro LMHKAa B TedeHue 5,0 4 BBIACIUIOCH 3,06-10‘2 KI' I[MHKA.
Omnpenenure CONPOTUBIIEHUE DIIEKTPOIUTA, €CIIH IEKTPOIU3 MPOXOANT Mpu HanpsokeHuu 10 B.
2. [Ipu snekTponuse pacTBOpa CEpPHOKHCIOIO IIMHKA B TeYeHHWE | 4 BBIACIMIOCH 2,45:10% kr

uuHkKa. Haiinure BenuunHy cONpoOTUBIIEHHUS, €CIIM BOJIBTMETP MoKa3biBaeT 6,0 B,

3. Kakoe xonmuuectBo cepebpa BblAenseTrcs Ipu dJiekTpoiauze B TeueHue 0,5 4, eciu
COMPOTHUBIICHUE ANEKTPOIUTHYECKOM BaHHbI 2,0 OM, a HanpsbkeHue Ha ee 3axkumax 3,0 B?

4. B alIeKTpoHTHIeCKOi Me/HOM BanHe 3a 40 MuH Boytemmuiock 1,98-10% kr memn. Onpenemre e
Oarapen, HEOOXOIMMYIO JUIsl MUTAHUSI TOKOM BaHHBI, €CIIM CONPOTHBIEHHE pacTBopa .1,3 OM, BHyTpeHHee
conpotusienue 6arapeu 0,3 Om.

5. Xenesnble TpyOKM paavaTropa OXJAKACHUS JIBUTATEIsl TPAaKTOpa TIOKPHIBAIOT MEAbIO
rajJbBaHMUYECKUM criocoOoM. OmnpeaenuTe TONMUHY €105 MM Ha TpyOKe, eciii MOKphITHE BeaeTcs 1 u
15 MHH IIpH TUIOTHOCTH TOKa 30 A/M.

6. Jia npunanus OOJBLIOW TPOYHOCTH
CTEpXKHSM, COCIUHSIONIUM TYCEHHUIBI TpPaKToOpa, HX HOB_G&Z)XHOCTI: XPOMHUPYIOT FaJILBaHI/I‘lgCKI/H;/I
criocobom. Tommuua cinost Xxpoma JoiikHa coctaBiarh 5,0-107 m. [ImoTHOCTH TOKa paBHa 2,6 10°A/M”.
CKonpKO BpeMeHHU OYyIeT MPoTeKaTh MPOIIECC XPOMUPOBAHUS, €CITH XPOM IIECTUBATICHTHBIN?

7. ComnpoTuBienue MenHoro npoBoga npu Temneparype 0°C paBuo 4 Owm. Haitnure ero
compotuBienne npu 50°C, ecnu TemnepaTypHblii kKoapduuueHt conpotuieHus wmenu (TKC)
a=4,3*10-3 K-1

8. Comnpotusnenne npoogHuka npu 20°C paBHo 25 Owm, a npu 35°C - 25,17 Owm. Haiigure
TeMIIepaTypHbIi KO3(PPHUIHEHT COMPOTUBIICHUS.
0. ConpoTuBJIeHHE CTaIbHOTO MPOBOAHUKA mpu Temmepatype t/=10°C R1=10 Om. Haiigute npu

Kakoll TeMIlepaType ero compoTuBieHue yBenuuutcss Ha 1%. Temmeparypubiii kodpduueHT
conpotuBneHus cranu 6*10-3 K-1

10. Conportusienre BoJdb(GpamMoOBON HUTH JaMmnbl HakanuBaHus npu 20°C paBao 20 Owm.
TeMmepaTypHsIil K03 QHIEEHT COmpoTHBICHUS Bobhpama 4,6%10-3 K. Haitaute TEeMIIepaTypy HUTH
HakaJja JJaMIbl [IPH BKJIIOYEHUH €€ B ceTh ¢ HanpsbkeHueM 220 B u cuitoil Toka 1 A

®opma npeacTraBjIeHUd pe3yabTara:
BbInonHuTE 3a1aHUE B TETPaaX AJIs MPAKTHYECKUX padoT.
Kpurepum ouenku:
3a nmpaBUIIHHO BBIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — 1 Oasu.
3a HenmpaBWJIBHO BBIIIOJHEHHOE AEHCTBHE, 3aJJaHUE BBICTABIIAETCS OTpULaTeIbHAs olleHKa — 0 O6aoB.
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Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX 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 4.4 MarautHoe moJjie
IIpakTuyeckoe 3ansaTue Nel8, 19

MarHuTHoOE 1oJie M ero XapakTepucTuKu. JlelicTBMe MATHUTHOTO MOJISI HA 3apsi/

Heab: cdopMupoBate mOHMMaHWe poiau GU3MKK B (OPMUPOBAHUH  Kpyrozopa u
(GYHKIIMOHATIBHOM TPaMOTHOCTH YeJIOBEKa /Uil PELICHUS NpPAaKTHUECKHX 3ahad; A OOBSICHEHHS
YCIIOBHH NpOTEeKaHHUs (PU3NUECKHX SIBIICHUH, yMEHHS BBIIIOJIHATH pacyeTHBIC U Tpadudeckue 3agauu

Brinosinenue padorsi cnocodocTByer popmupoBannio: OK 01, OK 02, OK 03, OK 09

MaTtepuajbHoe obecnieyeHue:

VHIMBHIyaJIbHOE 3a/1aHKEe, KOHCIIEKT JISKIMiA, CIIPAaBOYHbBIC MaTEpPHAIIbI.

Yka3anue:

[TpakTHueckoe 3aHATHE COCTOMT M3 JBYX 4YacTeld — TeopeTHdyeckoil m mpakTtuyeckoil. I[locie
U3y4YCHUS] TEOPETUYECKOr0 MaTeprasa MOKHO MPUCTYNATh K BBIIOJHEHHUIO NMpakTHdeckoi yactu. OHa
COCTOHMT M3 JIBYX W OoJiee 3ajad Ui CaMOCTOSITEIBHOTO BbIMONHEHHs. He 3a0biBaiiTe O MpaBUIBHOM
oopmiieHnn pemeHus. Ha BhINONTHEHHE MPAaKTHYECKOTO 33aJaHUSI OTBOJUTCS Yemblpe aKaIeMUYECKUX
Jaca.

3aganme:

O3HAaKOMBTECh C TEOPETUICCKUMH CBEIICHUSMH HCIOJb3Ys CChUIKY
https://znanium.com/catalog/product/1012153, §43.44, BemucaB GpopMyibl OTMEYEHHBIE CKOOKaMH,
Hanpumep( 43.1)

Pemure 3a1aun, caMOCTOSTETHHO UCIIONB3YSI IPUMEPHI M KPATKHE TEOPETUIECKUE CBEICHHS.

ITopsinok BbIMOJTHEHHS Pa0OTHI:

1. N3yunte n BeImumuTe GOpMyJsibl IO JAHHONW TeMe B BUJE KPATKOIO KOHCIIEKTa
2. Pa3zbepute nmpuMepsl pelIeHHBIX 33124
3. Pemmmre caMmocCTOATEIILHO 3a1a4n

IIpumeps! pemenus 3agaq

. . 2

1. ITpoBOAHMK ¢ CUJION TOKA SA TOMEIEH B OJTHOPOTHOE MarHuTHOE moJje ¢ uHaykiuei 1-10“TA.

Yron MexkIy HalpaBleHUs MU ToKa U mons 60°. ornpenenuTe JIMHY IPOBOIHKMKA, €CJIU MOJe AeHCTBYeET
Ha Hero cutoif 2-1072H.

Hano: Pemenue
I=5A F=B-I-{ sino, > (= F
B=1-10°TA B-1sina
a =60°
F=2-10%H (=_ 200°H o0

1-1072T»-0.87-5A
e-7
sin 60°~0,87

OtBet: €=0,46Mm.
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2. Kakas cuna AeicTBYeT Ha DJIEKTPOH, JIETSAIIUMHA B OJJHOPOJHOM MAarHUTHOM MOJI€ C MHAYKIHEH

1-10 TA mepreHauKy/IPHO JIMHHSM MATHATHOM HHAYKIIMH co cKopocThio 3107 M/c, 3apsin snexrpoma
e=-1,6-10" Ku.

Hano «CH» Pemenue

v=3-10%m/c Ha »snekTtpoH, JBWXKyHIUHACS B
B=1-10TA MAarHUTHOM MOJIE, JIEHUCTBYET cuia
a=90° Jlopenua:

-19
=-1,6-10"" Ko FA=B-|g-U-sina

F=? FA=1-10?TA-1,6:10° K1-3-10°m/c=

10.

4.8-10°H
OrtBer: 4,8-10'15H

Pemurhb 3a1a4u caMOCTOATEIbHO (n - HOMeEDp sauleco eapuauma no cnuczcy)

Ha npsimonuHeiHbli NpOBOJIHUK C TOKOM 1,5 A B 0OJTHOPOJIHOM MarHUTHOM IoJie ¢ uHAykuuen 0,4
TA neiictByet cuna n H. Onpezenure 1MHy MPOBOAHKMKA, €CIIM OH PACIIONOXKEH Mo yrioM 30° K
CHJIOBBIM JIMHUSIM.

Kaxkas cuna neiicTByeT Ha POTOH, JIETAIIUNA B OHOPOJHOM MarHUTHOM Ioje ¢ uHaykuuen 4-103
TA nepneHauKyIsIpHO JMHHUSIM MarHUTHOW MHIYKIMH CO CKOpOCThIO 2-105M/c. 3apsin mpoToHa
q=1,6-10-19KA.

JlaiiTe ompezaelnieHHMe MarHUTHOM HMHIYKUMHM. B KakuxX eIuWHUIIAX OHA H3MepseTca? 3amuiinTe
€IMHUIlY MATHUTHOW MHAYKIIMY Yepe3 OCHOBHBIE €IMHUIIBI n3MepeHus B cucreme CH.

DNEeKTPOH ABUXKETCS B BaKyyMe €O CKOpocThio 3-106 M/C B OJHOPOJHOM MAarHMUTHOM IIOJE C
naaykuued B = 0,1 Tun. Yemy paBHa cuia F, neiicTByromiass Ha JIEKTPOH, €CIIA Yrojl MEXAY
HaIpaBJIEHUEM CKOPOCTH U JIMHUSIMH MarHUTHOM MHAYKLMU paBeH 9007

[IpssmMonuHENHBI NPOBOAHMK, IO KOTOPOMY HAET TOK cwiod 10 A, moMmemeH B OJHOPOAHOE
MarHuTHoe noisie, MHAyKuus kotoporo 0,3Tn. Yrom Mexay HampaBlI€eHHMEM TOKa M BEKTOPOM
MarHuTHON mHAykuuu paseH 300. C kakoil cunoi F pelicTByeT MarHMTHOE IOJIE€ HA Y4acTOK
MPOBOIHUKA JJIMHOW N M?

Omnpenenute MarHUTHBIA MOTOK, MPOXOJAIINN yepe3 MPSAMOYTOJbHYIO PaMKy CO CTOPOHaMM 2x5
CM, €CJIM OHA TIOMEIEHa B OJJHOPOIHOE MArHUTHOE moje ¢ uHaykuuen 4-10°TA mox yriaom 30° k
JUHUAM UHIYKLIUU TOJIS.

B onHOposnHOE MarHUTHOE MOJIe, MHAYKIMS KoToporo 1,26- 10 TA, nomerren MIPSIMOM NMPOBOJAHUK
JUIMHOM n cM. Onpenenure cuily, AEUCTBYIONIYIO Ha MPOBOJHUK, €CIIU 10 HEMY TeueT Tok 50 A, a
YTOJI MEX1Y HaIllpaBJIE€HUEM TOKA BEKTOPOM MHAYKIIMH cocTaBiisgeT 30°.

IIpoBognuk ¢ cuitoil Toka 5,0 A moMelnieH B 0OJHOPOAHOE MarHUTHOE MoJe ¢ MHAYKuuen 1,0- 107
TA. Yron Mexnay HanpaBieHHsIMHU ToKa U 1o 60°. Onpenenure akTUBHYIO JUIMHY IPOBOJHHUKA,
€CJIN T10JI€ IEUCTBYET HA HETO CHIION 2 102 H.

Kakyro paboTy coBepmiaeT OJHOPOJHOE MAarHMUTHOE TIoJie WHAyKiuen 1,5 102 TA pH
nepeMelneHn Ha paccrossuie 0,2 M IpOBOAHMKA JUIMHOM 2M, 110 KOTOpoMy TedeT Tok 10 A; ecinu
MEepeMEIICHUE MPOUCXOAUT BAOJb AeicTBUS cui? IIpoBomaHuK pacmnosiokeH moxa yriaom 30° k
HaIpPaBJIEHUIO MOJIS.

Haiigute MHIYKIMIO MarHUTHOTO T0JIsI, B KOTOPOM MaKCHUMAaJIbHBIII MOMEHT CHJI, IEHCTBYIOIIUX HA
pamKky ¢ TokoM B 3,0 A, pasen 1,5 H-m. Pasmepst pamku 0,05x0,04 M, uncio BUTKOB paBHO N.
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23.

24,

B ognopogHoMm marHuTHOM nose ¢ uHayknuen 0,25 TA HaxoauTcs NpsAMOJMHEHHBIA POBOJHUK
nuHou 1,4 M, Ha Kotophelil aerctByeTr cuna 2,1 H. Onpenenure yrosq mMexay TPOBOJAHUKOM H
HaIpaBJIEHUEM BEKTOpA MHIYKIIMA MarHUTHOTO TOJIsA, €CJIM CUJIa TOKa B MPOBOJHUKE 12 A.
Uemy paBHa cujla TOKa B NPSAMOM NPOBOJHUKE MIMHOKW 1,0 M, MOMENIEHHOM B OJHOPOJIHOE
MarHuTHOE MoJie ¢ UHAyKuuen 1,5- 10 TA, eciu Ha sToT MPOBOJHUK CO CTOPOHBI MOJIA JEUCTBYET
cuna 2,1-10° H? Yron MEXK]1y HAIlpaBJICHUEM JJICKTPUUECKOTO TOKAa U BEKTOPOM HMHIYKIIMU PaBEH
45°.
Ha 006MoTKYy poTopa 351eKTpoABUraTes Mpy MPOXOKISCHUH 0 MPpoBoay Toka 20 A nelicTByeT cuiia
B 40 H. Onpenenute BeIMUMHY MarHUTHONW MHAYKLMU B MECTE PACIIOJIOKEHUSI IIPOBOJA, €CIIU €T0
mHa 20 cM. OOMOTKa COZIEP)KUT N BUTKOB.
DNEKTPOH ONMCHIBAET B MArHUTHOM I10JI€ OKPYKHOCTh paanycoM 4,0-10-3 M. CkopocTh IBUKEHUS
3JIEKTPOHOB paBHa 3,5-106 M/c. HaliiuTe WHIYKIIMIO MATHUTHOTO TTOJISL.
[Tporon mBmxketcst co ckopocthio 1,0-106 M/c mepneHANKYISIPHO OTHOPOJHOMY MAarHUTHOMY TIOJTEO
¢ unnykuuerd 1,0 TA. Halinure cuiny, JEHCTBYIOLIYIO HA NPOTOH, U PaguyC OKPY>KHOCTH, IO
KOTOPOU OH JABUXKETCS.
DNEeKTpOH BJIETa€T B OJHOPOJHOE MAarHUTHOE ToJie, HHAyKUUs KoToporo 2,0-104 TA,
MEPIIEHANKYIISIPHO CHIIOBBIM JIMHUSAM €O cKopocThio 1,0 106 m/c. Beruncnute paanyc OKpyKHOCTH,
0 KOTOPO# Oy/IeT ABUTaThCS AJIEKTPOH.
Kakas cuna nedicTByeT Ha SJEKTPOH, JIETSIIMA B OJHOPOJHOM MAarHMUTHOM IIOJIE€ C WHIYKLIHUEH
1,0-10-2 TA neprneHIuKyIsipHO JTUHUSM MarHUTHOM UHIYKIMH cO ckopocThio 3,0-106 m/c?
DNEeKTPOH, JBUTAsCh CO CKOPOCTHIO 3,54-10° m/c, momajaer B OJIHOPOJIHO€ MarHUTHOE TIOJIE C
naaykuuen 2,0-10-5 TA neprneHauKyaspHO K €ro CHUIJIOBBIM JIMHUSIM U IPOJOJIKAET ABUKEHUE IO
OKpYy>XHOCTH paguycom 10 cm. Halinure ynenbHbIi 3aps]l 2JIEKTPOHA, T.€., OTHOIIEHUE €ro 3apsaa K
Mmacce.
[IpoToH, nMeromuii CKOPOCTh 4,6'105 M/C, BJIETaeT B OJHOPOJHOEC MATHUTHOE IOJIC ¢ MHIYKIIHCH
0,30 TA neprieHaUKYISIPHO MarHUTHBIM CHJIOBBIM JIMHMSM. Paccuuraiite paanyc OKpy>KHOCTH, 110
KOTOpPOU Oy/IeT ABUTATHCS TTPOTOH.
[IpoTOoH ABMXETCS B OAHOPOJAHOM MAarHUTHOM Tmosne ¢ uHaykumen 3,4-10-2TA B mimockocTw,
MEePIEHIUKYISIPHOW K CHJIOBBIM JIMHUSAM. OImpeAenure paauyc TPAeKTOPUU TMPOTOHA, €CIIH
IBUKEHHE ITPOUCXOJUT B Bakyyme 3,3 10° m/c.
B ogHOpogHOE MarHuTHOE TIOJIE ¢ UHIYKIIUEH 8,5+ 10 TA Bneraer AJIEKTPOH CO CKOPOCTHIO 4,6° 10°
M/C, HaNpaBJICHHON MEPIEHANKYISIPHO K CHIOBBIM TUHUSAM. OnpenenuTe cuily, AeHCTBYIONIYIO Ha
9JIEKTPOH B MAarHUTHOM T10JI€ U PAJNYC TyTH OKPY>KHOCTH, TIO KOTOPOM OH JBUKETCSI.
B marnutHoe none ¢ unaykuueit 0,5 TA B HampaBineHuu, cocTaBisitonieM yroi 45° ¢ TUHUAMH
WHJIYKIIMU, BIIETAET AJIEKTPOH CO CKOPOCTHIO 2,0-10° m/c. Onpenenure cuily, NEUCTBYIOIIYIO Ha
HETO.
B MarnuTHOE 10JI€ B HampaBJICHUH, MEPIEHINKYISIPHOM JIMHUSM HHIYKIIMH, BJIETAET MPOTOH CO
CKOpocThio 3,2 10° m/c. Haiiure WHIYKIUIO 3TOTO IMOJs, €CIAU MPOTOH OMHCAI OKPYXHOCTh
panuycom 10 cwm.

3ajaun Ha TOCTPOEHUS:
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CnpenenrTe HANPAENEHHE NEHXEHHWA NPOBOAHWES C TOKOM (CHia AMnepal
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®opma npeacraBiaeHus pe3yJbTara:
BbInonHuTE 3a1aHUE B TETPAaU AJIs MPAKTHUECKUX padoT.

Kpurepum ouenku:

3a mpaBUIILHO BBIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNEe BHICTABIISIETCS] OTpUIIATeNbHAast orleHKa — () 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
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Tema 3.5 DiieKTpOMarHuTHasi HHAYKIWS
IIpakTuyeckoe 3ansaTue Ne20, 21

3.]'[eKTp0Mal"HI/ITHaH HHAYKIUS. 3akon 3HeKTp0MaFHI/ITHOﬁ HHAYKIUH. CaMOI/IH)IyKIII/Iﬂ

Heab: cdopmupoBarb NOHUMaHUWE poiUd (QHU3UKU B (QOPMHUPOBAHUHM KpPyrozopa BiaJleHUE
OCHOBOTIOJIATralOMUMU (PHU3NICCKUMH TTOHITHSIMH, 3aKOHOMEPHOCTSIMH, 3aKOHAMHU U TCOPHSIMH; YMCHHUS
BBITIONHSATH pacyeTHBIE U TpadUuecKre 3a1a9u

Boinosinenue padotsl ciocodcTByet (hpopmupoBanuio: OK 01, OK 02, OK 03, OK 09

MarepunanbHoe obecrnieyeHue:

WHAUBUAYaAIbHOE 33/1aH1Ee, KOHCIEKT JIEKIIUA, CIIPaBOYHbIC MaTepHAIIbI.

Ykazanue:

[IpakTuueckoe 3aHATHE COCTOMT M3 JIBYX 4acTell — TeopeTudeckod W mpaktuueckou. [locme
U3Y4YEHUs TEOPETUYECKOT0 MaTepHallia MO>KHO IPUCTYNATh K BBINOJIHEHHUIO MpakTHUYecKoil yactu. OHa
COCTOHT U3 JBYX U OoJsiee 3a7au A CaMOCTOSATEIHHOrO BbIMOJIHEeHUs. He 3a0biBaiiTe 0 mpaBHIbHOM
oopmiennn pemenus. Ha BbimosHeHNe MPaKTHYECKOTO 3aaHusl OTBOJHUTCS uembipe aKaJleMHUUECKUX
Jaca.

3aganue:

1. O3HakombTech ¢ KPaTKUMU TEOPETUUECKUMU CBEACHUSIMH HCIIONb3YS CCHLIKY
https://znanium.com/catalog/product/1012153 ,52§ u kpaTkyro 3amuch GOpMyJT HUKE
2. Pemwre 3aa4u, CAaMOCTOSITENILHO UCIIONIB3Ys IPUMEPHI U KPATKHUE TEOPETHUECKUE CBEACHHUSL.

IMopsaaok BbINOTHEHHS] PA0OTHI:
W3yuute n BeIMUIIKATE POPMYIIBI IO JAHHOH TeMe:
Pa3bepute nmpuMeps! pereHHbIX 3a/1a4
Pemmre camocTosTENBHO 32/1a9H
OtBetbTe Ha Borpockl Tecta https://znanium.com/catalog/product/1012153, ctp331.

NS =

Kparkue Teopernueckue cBeeHUs
3aK0H JIEKTPOMArHUTHON MHIYKIIUU

9I[C HHAYKIIUKX B 3aMKHYTOM KOHTYPC paBHA IIO MOAYIIHO CKOPOCTU HU3MCHCHUSA MArHUTHOI'O

, riae & — DJC uanykuuu, B; AD= D,-

TI0TOKA Yepe3 HOBEPXHOCTh, OPAHUYEHHYI0 KOHTypoM: . _ [AP

| At
CDl — U3MCHCHHMEC MAaroHuTHOI'O I1IOTOKaA, B6, At — MMPOMECIKYTOK BPEMCHHU, B TCUCHUEC KOTOPOT'O IMTPOU3O0IILIIO
JaHHOC U3MECHCHUCE, C, AD| _ CKOPOCTb U3MCHCHUS MAarHUTHOI'O IIOTOKaA, %
At c
C yuyeToM HamnpaBiieHUs HHAYKIMOHHOTO TOKA 3aKOH 3allMChIBACTCS TaAK: g — _AD,
! At

Ecnu 3aMkHyTBIH KOHTYp cocTouT U3 N mocienoBaTenbHO COETMHEHHBIX BUTKOB (Hampumep, B
AD
At

, TAC N — 4KCIIO BUTKOB.

COJICHOU/IC) ¢ =—N -

PasHocte moteHiuanoB U Ha KOHIAX MPSIMOJIMHEHHOrO MPOBOTHHMKA JIMHON |, aBrKymerocs co
CKOPOCTBIO O B OJIHOPOJTHOM MarHuTHOM mosie U = Blvsina ,

rac o — yroj MExay HallpaBJICHUAMHA BCKTOPOB CKOPOCTU U U MarauTHOMN WHAYKOUH B
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https://znanium.com/catalog/product/1012153
https://znanium.com/catalog/product/1012153

ONEeKTpUYECKUi TOK, MPOXOISIIUI MO MPOBOJHUKY, CO3/JaeT BOKPYT HEro MarHUTHOE IHOJe€.
MarHuTHBIN NOTOK CKBO3b IUIOIIA/Ib TOBEPXHOCTH, OTPAHUYEHHYIO CAMUM KOHTYPOM, ITPONOPLIMOHAIEH
cuiie ToKa B KoHType: @=L:I.

Koa¢ppunuent nponopuronansHoct L HazeiBaeTcs undykmugnocmuio KOHTypa: [L]= [12} = BT? =In

(renpm).

3HaueHUEe WHIYKTUBHOCTH 3aBHCHT OT pa3MepoB U (hOPMBI IPOBOJIHHKA, & TAKKE OT MATHUTHBIX
cBOHCTB cepbl, B kKoTopod oH Haxomutcs. DJIC caMOMHIYKIIMM IO 3aKOHY 3JIEKTPOMAarHUTHOMW

MHJYKUMH PaBHA: ¢ = _L%, TK. g = Zf,

rae A1=l,-1; — u3MeHenue cuibl TOKa B MPOBOJHUKE, A
At — BpeMs ero u3MeHeHus, C;

il — CKOPOCTb UBMCHCHUS CUJIbI TOKaA, é .

At c

2
DHeprus MarHMUTHOTO MO MPOBOHMKA ¢ TOKOM: \, — b1~ , [JIk]
2

Pemmuth 3a1a4m caMoCTOATENILHO (N - HOMep auie20 8apuanmMa no CNUCKY)

1. Ha ckoibKko M3MEHMIach cUjla TOKa B MPOBOJHMKE, eciu 3a 0,1 ¢ B IpOBOJHUKE, UHAYKTUBHOCTh
kotoporo 4 I'n, nossuiace 3/1C camonHaykuu pasHas 12 B?

2. 3a kakoW NPOMEXYTOK BpPEMEHM MarHuTHbIA moTok m3MmeHwics Ha 0,01 BO, eciu B koHType
Bo3zHuKaeT DJ1C unaykiuu n B?

3. MarnuTtHOe moje Karymku ¢ HHIyKTHBHOCTRIO 0,2 ' obmamaer sueprueit 0,4 J[x. Uemy paBHa
CUJia TOKA B KaTyIIKe?

4. Omnpenenure >HEPruio, 3aMacaeMyl0 B MarHUTHOM I10J€ HWHIYKTOpa, KOTOPBIM HCIOJIB3YyeTCsl B
YCTAaHOBKE JUIsi MATHHT HMITYJIbCHBHOTO (opmoBanus. MuaykruHocts Karymku 7,0-107 T, cuma
paspsaHoro Toka 1,45- 10° A.

5. Kakoif moToKk MarHUTHOM MHIYKLIMU CO3J1a€TCA B KOH TYPE JIEKTPHUUECKUM TOKOM, €CJIM MPU €ro
yMeHblIeHuu 10 Hyist 3a 0,01 ¢ B KOHType BO3HHKAET 3¢ caMOMHAyKIuu paBHasd 30 B?

6. OmpenenuTe YHEPTUI0 MAarHUTHOTO TIOJISI KATYIIKH, B KOTOPOW MPH CHJIe TOKa 6,8 A MarHWUTHBIHA
noTok pasen 2,5-107° BG.

7. 3a Kakoil MpOMEeXYTOK BpEeMEHHU B KaTyllke ¢ MHAYKTUBHOCTHIO 0,28 I' mpoucxoaut HapacTaHue
CHJIBI TOKA OT HYJIA 110 9,6 A, eciii pu 3TOM BO3HHMKAET CPEIIHSSA HAC CAMOMHAYKIUH, paBHas 38,4 B?

8. IIpoBomHUK AJIMHON N M NepeMerIaeTcs B OJHOPOJHOM MarHMUTHOM mose ¢ muaykmuei 0,2 TA.
JIBI>KeHHE MPOBOJHUKA MPOUCXOAUT cO ckopocThio 10 M/c mox yriom 45° K MarHUTHBIM CHIJIOBBIM
nuHuAM. HaliquTe 51¢ MHIYKIIMY, BOSHUKAIOUIYIO B IPOBOJHUKE.

9. Kakoif MarHuUTHBII MOTOK MPOHU3BIBAET KOHTYpP, €CIH TMPU PABHOMEPHOM HCUYE3HOBEHHUH
MAarHUTHOTO TOJISl B TEYEHHE N C B KaTylIKe HHAYIUpPYeTcs 3¢, paBHas 0,02 B?

10. Kakoii MarHUTHBIA MOTOK MPOHHU3BIBAET IIOCKYIO TIOBEPXHOCTH IUIOMABI0 3 ¢cM2 MPH MHIAYKIIUU
nonst 0,24 TA, eciiu HOpMaJib, K TOBEPXHOCTH pacnosiokeHa noja yriiom 60° Kk BEKTOpY HHAYKIUH.
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11. Omnpenenure WHAYKTUBHOCTH KATYIIKH, €CJU TPHU YBEIMYCHHH TOKAa B HeW Ha 2,2 A 3a 50-107%¢
MOSIBIISIETCA CPEAHSIS AC CAMOUHIYKIIMH, paBHas 1,1 B.

12. B npoBognuke jmHOU 0,5 M, ABIXKYLIEMCS CO CKOpPOCThIO 3,0 M/C MEPHEHAUKYISPHO CHUIIOBBIX
JUHUANA OJHOPOJHOTO MAarHUTHOTO 1ojsi, Bo3HuKaer JIJ[C 6,0-102 B. Onpenenure HWHIYKIHUIO
MarHMTHOI'O HOJIS.

13. Ompepenute MarHUTHBIA MOTOK, MPOXOISIIMIA Yepe3 MPSMOYTOJbHYIO IUIOIMIAIKY CO CTOPOHAMU
20x40 cM, eciid OHA MOMEIIEHa B OJJHOPOJIHOE€ MarHUTHOE TOJI€ C UHIYKIIUEH 5,0-10‘2 TA non yriom
60° K TUHUSAM UHIYKIIUHU TOJIS.

14. Omnpenenure SAC uHAYKIIMH, BO30YXTaeMyI0 B KOHTYpe, eciii B HeM 3a 0,01 ¢ MarHUTHBIN MTOTOK
paBHOMepHO ymenbInaercs 0,5 1o 0,4 BO, uro6sr B koHTYpe Bo3Oyxaanack DJ]C nnnyknnu 3,8 B.

15. Omnpenenure npoOMEXYTOK BPEMEHH, B T€YEHHME KOTOPOI'O MATrHUTHBIA MOTOK, IMPOHU3bIBAIOIIUI
KOHTYp, JoipkeH yBenmuuutbes oT 0,01 o 0,20 BO, uyToOsl B KOHTYpe Bo30yxaanack D/{C MHAYKIIHH n
B.

16. Ompepenute D/IC MHAYKIMU Ha KOHIIAX KPBUIHEB CaMoOJIeTa, MMEIOMMX AIuHy 12 M, eciu
CKOPOCTbh €ro MpH TOpPU3OHTAIbHOM mosiere 250 M/c, a BepTHKalbHAs COCTAaBIISIIOIIAS MarHUTHON
WHJYKIWU 36MHOT0 Maruerusma 5,0- 10 TA.

17. B opHOpOogHOM MarHWTHOM mojie moA yrioM 30° K HampaBlICHHIO BEKTOpAa MHAYKLWHU, BETUYHHA
kotoporo 5,0-10-3 TA, nBuxercs TNPOBOAHUK C€O CKOpocThio 10 M/c; BEKTOp CKOPOCTH
NEPIEeHIUKYIIApEH IPOBOAHUKY. OmpenenauTe IIMHY IPOBOIHUKA, eciid B HeM HaBoauTcs D/IC, paBHas
2,5-10%B.

18. Tpaktop o6mero HazmadeHus K-700 wmaer co ckopocteio 28 kM/4. OmpenenuTe pa3HOCTH
MMOTEHIMAJIOB HA KOHLAX IEepeJHEH OCH, €CIM JJIMHA €€ OKOJIO 2,6M, BEepTUKalIbHAsl COCTABJISAIOILAS
MarauTHOTo mojs 3emiau 5,0- 10° TA.

19. Yemy paBna DJIC caMOMHAYKIMM, BO3HUKAIOLIAs B KaTyHIKE C MHAYKTUBHOCTBIO 2,0:10% T, B
KOTOpPOM TOK CHJIOHN 7,5 10 A ucuesaer 3a n ¢?

20. MarHuTHOe moJie KaT ymkHu ¢ uHAyktuBHocThio 0,1 T obnanaer sueprueit 0,8 Ix. Uemy paBHa
CUJia TOKA B KaTyIIKe?

21. TIpoBomouHasi mpsMOyToyibHasi pamka co cropoHamu 20 m 30 cM pacroyio’keHa B OJHOPOTHOM
MarHMTHOM MOJI€ U NEepPHIEeHIUKYISIpHA CUJIOBBIM JIMHUAM. Onpenenure MHAYKLIUIO 3TOro MO, €Clu
npu ero ucdesnoBennn 3a 1,2-107 ¢ B pamke HaBomures cpemsis IJIC 3,5 MB.

22. YeMy paBHAa MHAYKTUBHOCTH KaTYILIKH, €CIIU MpOTEKaroUnii mo Hell Tok cuioi 0,15 A cozmaer
IIOTOK MarHUTHOW MHIYKLIMH 7,5 10° B6?

23. Yemy paBHa MHAYKTUBHOCTb IIPOBOJHHKA, B KOTOPOM IpHU BO3pacTaHuu Toka ot 1,5 1o 1,8 A3anc
Bo30yxnaercsa I/1C camonnykuuu 0,9 B?

24. 3a xakoW MPOMEKYTOK BPEMEHHU B KOHTYpEe MHIYKTHBHOCTHIO 2,0 10°T IIpU U3MEHEHUN TOKa Ha
0,5 A Bosamkaetr J/[C camounnyknuu 10 B?

25. OmpenenuTe WHIYKTUBHOCTh KaTYyIIKH, eciu mpu Toke 3,0 A /

MarHuTHOE TI0JIe B Hel obnagaeT sHepruei 6,0- 102 JIx

26. DnexkTpuyeckas IleNmb coOpaHa TO CcXeMme, TMpeACTaBIeHHOW Ha
pucynke. COnpoOTUBIEHUE y4acTKa LIENMH | paBHO COMPOTHUBIECHUIO
yudactka uenu 2. CpaBHUTE TOKH, KOTOPbIE TOKAXYT aMIEPMETPHI A1
1 A cpa3y nocie 3aMbIKaHMs KITIova.

27. BcTaBuTh MPOITyIICHHBIE CIIOBA:
1. Pabora snexTporneyn OCHOBaHA Ha 3aKOHAX TOKa U (ha30BBIX MPEBPAIICHUH.
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I'paduToBBIC AMEKTPOIBI SIEKTPUUYECKOW TI€YM C BBICOKOH TEMIEpaTypo, COCTOSIIHE W3
OMPEJICJICHHOTO KOJIMYECTBA CETMEHTOB, MOTPYKAIOT B METAUIMYECKYI0 IIMXTY (€MKOCTh C
MeTaymojaoMoM). Uepe3 ompeneneHHOe BPEMsl COAECPKHUMOE NEPEXOIUT U3 TBEPAOIO arperatHoro
COCTOSIHMSI B )KHJIKO€, TaK KaK OKa3bIBAETCS JEHCTBHE TOKA.

2. CymiecTByeT Takoe COCTOSHUE DJEKTPUUECKOH LenH, IpU KOTOPOM TOK IPOXOAMUT IIO
HEIOMYCTUMOMY MAapuIpyTy, Ha KOTOPOM OOBIYHO IMPAKTHYECKH OTCYTCTBYET (WM OYEHb HHU3KOE)

QJICKTPHUUYCCKOC COIIPOTHUBJICHHC. Tako¥ TOK OKa3bIBaCT PaspyLIUTCIbHBIC JICHCTBHS M Ha3BIBACTCS - TOK

KOPOTKOI'0  3aMbIKaHMUS . I[J'ISI 3aIlUTBI  DJICKTPOSHCPIETUYCCKUX CHUCTCM OT O3TOro  ABJICHHUA

HCIIOJIB3YIOTCS YCTPOMCTBA-

Pa3gen 5 Koje0anusi M BOJIHBI
Tema 5.1 Mexannueckue Ko1e0aHusI U BOJIHDI
IIpakTuyeckoe 3ansaTHe Ne2?2

MexaHnveckue KoJieDaHUsI M UX XapaKTEePUCTHKH

Heab: cdopmupoBaTs MOHMMaHHE poilu (U3MKK B  (QOPMHPOBAHMHM Kpyrosopa U
(GYHKIIMOHATBPHOW TPAMOTHOCTH 4YEJIOBEKA I pELICHUs NPaKTUYECKUX 3a1ay; s OObSICHEHUS
yCIOBUI MPOTeKaHUs PU3NIECKUX SBJICHUHN, YMEHUS BBIOIHITH pacueTHbIC U TpadudecKue 3a1auu

Brinosinenue padorsl cnocodocTByer popmupoBanmio: OK 01, OK 02, OK 03, OK 09

MarepunanbHoe obecrnieyeHue:

WHJUBUIyaJIbHOE 3a/1aHH€, KOHCIIEKT JIEKIUI, CIPABOYHbIE MaTEPHUAJIbI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOUT M3 JIBYX 4YacTe — TeopeTudeckond M mpaktudeckou. ITocme
U3Y4YEHHUs TEOPETUYECKOT0 MaTepHallia MO>KHO IPUCTYNATh K BBIMOJIHEHUIO MpakTHUyecKoil yactu. OHa
COCTOUT U3 JIBYX M OoJiee 3ajau JjIsl CaMOCTOSATENIBHOrO BhINONHEHHUs. He 3a0biBaiiTe 0 MpaBUIbLHOM
odopmiiennu pemieHus. Ha BbIoOTHEHNE PAaKTUYECKOTO 3a/1aHusl OTBOJIMTCS JIBa aKaJIEMUYECKUX Yaca.

3aganue:

O3HaKOMBTECH C TEOPETUYECKUMU CBEICHUSMHU HCIIOJIb3YS CCHUIKY
https://znanium.com/catalog/product/1012153, §47, 48,49 BeimucaB GopMyibl OTMEUYEHHBIE CKOOKAMH ,
Hanpumep( 47.1)
Pemmre 3anaum, caMOCTOSATENBHO UCTIOIB3YsI IPUMEPHI U KPATKHE TEOPETUUECKHUE CBECHUS.
Ilopsinok BbINOJHEHHS padOThI:
W3yuute 1 BeIMUIINATE GOPMYIIBI I10 JAHHON TeMe B BUJI€ KPATKOI'O KOHCIIEKTa
Pa30epuTte npumepsl pelIeHHbIX 3a/1a4
Pemmre camocrosTenbHO 3a0aun
Bemomauts Tect https://znanium.com/catalog/product/1012153, crp 328
IIpuMmepsI pelieHus 3aaa4

PwnE

1. YpaBHeHue rapmoHuueckux KosneOaHuil Touku x=0,4cosmt. Haiitu ammiuryay, nmepuon u
cMelenne Touku yepes 0,5 c.

JaHo: M. T. «CIN» Pemenue
x(t)=0,4cosnt x=Ac0Ssot
t,1=0,5 ¢ x(t)=0,4cosnt
A=? T=? x(t1)=? w2
v="? T ®
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v=_—
T

Brruucnenusa: A=0,4 m; o=,

T=2—n=2(c)
T

1
v=—=05 T
2

1
X(0,5) =04 - cosn-— = 0,4cos§ -0

2 I'py3 maccoii 0,4 xr coBepiiaer KojeOaHUS B TOPHU3OHTAIBHOW IUIOCKOCTH Ha TPYKUHE
KeCcTKOCThI0 250 H/M. amIuTyna kojeOaHuil Tpy3a 15 cM. HAWTH MOJNHYI0O MEXaHHMYECKYIO IHEPTHUIO
Kosie0aHUH 1 HauOOJIBLIYI0 CKOPOCTh IBUXKEeHUA. TpeHreM npeHeopeus.

. 2 250.0,152
Hano: Ep:k'; JE, =0 E:fzz,sztm
NPY>KUHHbBIN O = 0,15@015. 25 =
MasTHHUK E=E,+E.~E, '
M
=3,75~38%
C
m=0,4 kr k
mo? kA2 =>v=A|—
k=250 u/m m
A=0,15M
E=?, Umax="

Pemmuth 32124 caMoCTOATENBHO (N - HOMep auie2o 8apuUaAHmMa no CNUCKY)

1. Hanumwure ypaBHEHHE rapMOHHYECKHUX KOJIEOAHMM ¢ aMILTUTYJ0W 5 ¢M M HadalbHOH (aszoit 45 °
ecnu B 1 MuHyTYy coBepuiaercs 150 konebanuii.

2.  AMmuMTyna rapMOHHMYECKHMX KoyieOaHuUM MaTepualbHOW TOukd N cMm, nepuoa 4 c. Haiinute
MaKCHUMaJIbHbIE CKOPOCTH U YCKOPEHHUE U HAIMIINTE ypaBHEHUE FrapMOHUYECKUX KOJIeOaHuH.

3. Maremarndyeckuii MasTHUK JUIMHOH 56 cM 3a N MuHYT coBepuiaeT 40 MOJNHBIX KoJeOaHUM.
Omnpenenure nepuos KoiaeOaHUN MasTHUKA U YCKOpPEHHE CBOOOJIHOTO MaJIeHUsI B TOM MECTE, I'/ie
HaXOJUTCSI MAATHUK.

4.  MarepuanbHas Touka kojebnercs ¢ yactoroit v=10 k['u. Onpenenure nepuos, 4uciio Koaedanuit
B MUHYTY U IUKJINYECKYIO YaCTOTY.

5. Ormpenenure MNEepUOi, YACTOTy, IHMKIMYECKYIO  YacTOTy TapMOHHUYECKUX  KoJeOaHUi
MaTeMaTHYeCKOro MasTHHKA JUTHOH 1 M, ecin g=9,81 m/c%. Bo ckombko pa3 1 Kak HaJl0 U3MEHUTh
JUIMHY MasiTHUKA, 4TOOBI NEpUO/T KoJIeOaHui yBEeIUUYMIICs B 2 pa3a.

6. AMIUMTYAa TapMOHUYECKHX KOJICOAHHMI MaTeMaTHIECKOT0 MasTHHKA JuHOW 50 MM, epuon 4 c,

vl “ o~
HauanpHas (aza — . Hanummre ypaBHeHHe 3TOro KojaeOaHus U HaliInTe CMEIEHNe KOIeOIIomencs
4
TOYKH OT MOJI0KeHUs paBHOBecus npu t =0 u t=1,5 c.

. (T o
7.  VYpasaenue Touku x=0,02sin| —t+— |. Haligure mepuon, MakcUMallbHOE 3HAYE€HHE CKOPOCTH U
2 4

YCKOpEHHE.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Onpenenure JUIMHY MaTeMaTUYECKOr0 MasTHHKA, COBEPIIAIOLIETO OJHO IMOJHOE KosebaHue 3a 2
¢, ecnu 0=9,81 M/c?. BO CKOIBKO pa3 HY)KHO M3MCHHTH JUIMHY MAasSTHHKA, YTOOBI 4acTOTa €ro
Koje0aHuil yBeauuuiach B 2 pasza?

VYpaBHeHHe rapMoHHYecKoro kosebanus x=0,4SinSxt. Omnpeaenure aMIUIUTYydy, IEPHOI,
cMenieHue mpu t=n c.

Omnpenenure KeCTKOCTh MPYKUHBI, YACTOTY, IUKIMYECKYIO YacTOTy, €ciu Teno maccoit 0,5 kr,
MOJIBEIIEHHOE K ATOH MpYXKHHE, coBepIaeT Konebanus ¢ nepuoaom 0,2 c.

MarepuanbHasi TOUKa COBEpIIaeT rapMoHUYeckue Konebanus ¢ ammutyaoit 0,03 M u nepuogom
0,2 c. CocraBbTe ypaBHEHHE KosieOanus U onpeaenute cmemenue npu t = 0,1 c.

ITo nuy chepudeckoil Jamku coBepiiaeT CBOOOAHBIC KoieOaHus 0e3 TPEHUST MAJICHBKUH MIapHK.
Omnpenenure nepuoj KojaebdaHus mapyka, eciii paanyc KpUBU3HBI Yalllku 2,45 M.

CocTaBbTe ypaBHEHUE TAPMOHHUYECKUX KOJIeOaHUN MaTeMaTHUYECKOro MasgTHUKA ATUHON 2,45 M u
amrutynoi 0,1 m.

Teno cosepiaeT rapMOHHUYECKHE KoJeOanus mo 3akoHy x = 20sinzt. Onpenenure CKOPOCTh TeIa
mputy=0,5cut,=4c.

YckopeHrne cBOOOTHOTO TaJACHHUS Ha MOoBepxHOCTh JIyHEI 1,6 M/c?. KaKoil JUIMHBI JOJIKEH OBITh
MaTeMaTHYeCKUl MasTHUK, YTOOBI ero nepuo konedanus Ha Jlyne Ob11 1 ¢c?

[Toctpoiite rpaduk rapMOHMYECKOro KojeOaHUs YacTOTHl MO MapaMeTpaM: aMIUTUTyAa 2 cM,
nepuop 0,4 ¢, HauanbHas (asza 0. 3anuIuTe ypaBHEHHE 3TOTO KoJIeOaHusl.

Teno coBepiraeT kojiebanus 1Mo 3akoHy X = 60Sin27t. Onpenenure CKOpocTh Tena npu 1= 1c u tp
=25c.

Teno maccoit N rpaMMm MOJBENIEHO HAa MPY)KHHE, KECTKOCTb KOTOPOM 2:10% w/M. Ompegenute
4acTOTy, EPUO/I, UKIUIECKYIO0 YACTOTY CBOOOHBIX KOJIEOaHH STOTO Tea Ha MPYKHUHE.
MarepuanbHasi TOUKa COBEPIIIAET TAPMOHUYECKHE KOJICOaHUsI C aMIUIUTYA0U 4 CM U TIEpUOJIOM 2
c. Harmmmre ypaBHEHHE NBWKEHHS TOYKH, €CIIH €€ IBUKCHUE HAUMHACTCS M3 MOJIOKEHUS Xo = 2
CM.

KakoBa dactoTa 3ByKOBBIX KoOJIeOaHUW B cpejie, €Clu CKOpOCTh 3ByKa B 3Toi cpene 500 m/c, a
muiHa BostHbI 2M? (OTBeT faiiTe B repiax.)

Ha pacctossHuu N M ot HabmogaTens paboune BOMBAIOT CBau ¢ MOMOIIBIO Korpa. KakoBo Bpems
MEXIy BUANMBIM yapOM MOJIOTA O CBAIO U 3BYKOM yJapa, ycabllaHHbIM HaOmonatenem? (OTBeT
naiite B cekyHnax.) CkopocTe 3Byka B Bo3ayxe 330m/c. Oxpyriaure OTBET ¢ TOYHOCTBIO [0
JECSITHIX.

Ckopoctb 3ByKa B Boze 1,5 kM/c. Uemy paBHa JyIMHA 3BYKOBOM BOJIHBI, PACIIPOCTpaHSIONIEHCS B
BoJIe, mpu yacToTte 3ByKa 3 K['11? (OTBeT maiite B MeTpax.)

dopma npeacraBjIeHus pe3yabTara:
BrmogHNUTE 3aIaHUC B TCTpaau AJId NPAKTHICCKUX pa60T.
Kpurepun onenkmn:

3a mpaBUIIHLHO BBHITOIHEHHOE 33JJaHHME BHICTABIISIETCS TIOJIOKUTENbHAS OlleHKa — | Oasu.

3a HeMpaBUWIILHO BHITIOJIHEHHOE JIEHCTBHE, 3aJ]aHNe BHICTABIIAETCS OTpULIaTeIbHast olleHKa — 0 0aioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIEHBIX OTBETOB

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

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

Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 5.2 DyleKTPOMarHuTHbIe KOJIe0AHUS U BOJHBI
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IIpakTuyeckoe 3ansaTue Ne23, 24, 25
Pemenne 3a1a4 Ha BU/IbI COMPOTUBJICHUI B IeNSIX MEPEMEHHOT0 TOKA.
IlepeMeHHBIH JIeKTPUYECKUI TOK

®opmy.sl TpanchopmaTopa

Heanb: cdopmupoBare nNOHUMaHME ponu (U3MKH B (HOPMUPOBAHMU Kpyrozopa u
(GYHKIMOHATBPHONM T'PaMOTHOCTH YEJOBEKA JUIA DEUICHHs NPAKTUYECKUX 3ajad; sl OOBSCHEHHUs
YCIOBUM NPOTEKAHUS (PU3MUECKUX SIBICHUH, YMEHUS BBIIOJHATH pacueTHbIE U rpaduueckue 3amaud,
U3YYUTh CBOOOJHBIE JJIEKTPOMArHUTHBIE KOJEOAaHUS B KOHTYpE, BUJABI CONPOTHUBICHHS B IEMH
IIEPEMEHHOI'0 TOKa, UX OTJIMYUSA U OCOOCHHOCTH.

Boinosinenue padorsl ciocodcTByeT (hopmupoBanuro: OK 01, OK 02, OK 03, OK 09

MatepuajibHoe o0ecnieyeHue:

WHIMBUIYAIIbHOE 33aJ]aHNe, KOHCIIEKT JICKIIUH, CIPaBOYHBIC MaTEPHAJIBI.

Ykazanue:

[IpakTrueckoe 3aHATHE COCTOMT M3 JABYX YacTed — TEOPEeTHYECKOM M mpaktudeckou. llocie
M3y4YeHHs] TEOPETHUECKOro MaTepualla MOXHO HMPUCTYNATh K BBIIOJHEHMIO MpakTHueckoi yactu. OHa
COCTOUT W3 JIBYX W OoJiee 3a/1ad JJIsl CaMOCTOSITEIBHOTO BHIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIBEHOM
oopmienun peuieHus. Ha BbinosiHeHNe MPakTUYECKOrO 3a7jaHusl OTBOJUTCS uembipe aKaJleMHUECKUX
Jaca.

3aganue:

O3HaKOMBTECH C TEOPETUIECKUMHU CBEIECHUSMH UCIIOIB3YS CCHUIKY
https://znanium.com/catalog/product/1012153, §54,55, 56 BbinucaB GopMyIibl OTMEUEHHBIE CKOOKAMH ,
Hanpumep( 54.1)
Pemmre 3a1a4un, caMOCTOSATENBHO UCIONB3Ysl IPUMEPHI U KPAaTKUE TEOPETUUECKUE CBEICHMS.

IMopsinok BbINOJIHEHUS PadOTHI:
W3yuute 1 BeIMUIIMTE GOPMYIIBI I10 JAHHOM TeMe B BUJI€ KPATKOIO KOHCIIEKTa
PazbepuTe npuMepsl penIeHHbIX 3a/1a4
Pemmre camocTosITeNbHO 331241
Bemmonuautes Tect https://znanium.com/catalog/product/1012153, ctp 334 —IlepeMeHHBIH TOK; CTp
336 Tpancdopmarop

el NS

KpaTmle TECOPETUIECCKHUE CBCACHUA

Tpancdopmarop
BHIBI MOBBIIIAIONINN MMOHIDKAIOIINHN
Ornpenenenue TpancpopmaTop, y KOTOPOTO 4YHCIO | TpaHChOpMAaTop, Yy KOTOPOTO
BUTKOB BO  BTOPHUYHOW  OOMOTKE | YUCIIO BUTKOB BO BTOPHUYHOU
OosbIlie, YeM B IEPBUYHOM OOMOTKE  MeEHbIIE, YEM B
MIEpBUYHON
Pucynok g‘ g %‘
Koaddunuent n<l n>1

77


https://znanium.com/catalog/product/1012153
https://znanium.com/catalog/product/1012153

TpaHcdopmannu &g o U 1, S
& w, U, 1 §
KNA tpaHcdopmaTopa P
ﬂ' P d) P P n;npancgi)opumopa =_t 100% ~ 99%
: P
CornpoTHBiIeHHS B LMY IEPEMEHHOTO TOKA
[TpuGopsr Pesucrop Karymky naayktuBaocteto L | Konaencatop emkocteio C

conpoTusiieHueM R

Cxema R L c
E SR
U r
U 0 ~0 L =
C O~ 0
nja TOKa I\L) = 1gSuian I(t) = °sm(a)t——) 1(t)=Can)sin(a)t+%)
Cnpur a3 ¢»=0 Y,U usmensercs B | Hampsbkenue onepexaer Toxk | Hanpspkenue orcraer ot
OJIMHAKOBbIX (a3zax, a oil. | ga y== _900 TOKa Ha ¢ =— _900
SHEPTUsI PACXOIUTHCA Ha
TEIJI0BOE IENCTBUE TOKA
Compotusiie
I4 1
te R=£% (1+at) Xe=—
1. popmymna S X =o L wc
2. 3aBHCHUMOC R R
Thb L R,
COTPOTHUBIICH
HIO oT 0 >
JacToTa ® | - -
A E 0 w 0 ')
KTHUBHOC — COIIPOTHUBJICHUE, Emnucinue -
CONIPOTUBJICHAC 00YCIJIOBIICHHOE SIBIICHUEM COIIPOTUBIICHHUE,
3. MoTpeouTers, CaMOMHAYKIUU 0OYCJIOBIICHHOE HAIHYHUEM
onpejenenye | IPeOOPasyoIero EMKOCTH B LIETIH
MOABOAUMYIO K HEMY
SHEPTHUIO B APYTHUE BUbBI
SHEPTUH
3akoH Oma U U
I(t) = U(I) Iy =—% I, = —2°
XL X C

- 1
[TosHOE CONPOTHUBIIEHHE LENHU TIEpeMEHHOro Toka: Z= VR? + (wL — E)Z

3akon Oma AJI aMIUTUTYJHBIX 3HAYEHHUI CUJIBI TOKa |o W HalIPSI’KCHUSA Uo B OCTIM IEPEMECHHOT'O TOKA!

lo= Uo/\/ﬁ + (oL — ﬁ)z

PeakTHBHOE — COITPOTUBIICHHUEC HOTpe6I/ITeJ'I${, HE HDGO6D33VIOHIGFO IMOABOAUMYIO K HEMY DHEPIUIO B

Apyrue Buabl sHepruu (H-p pakera) X=X -X.=ol- L ;

X|_>XC -

@C

WHIYKTUBHBIN Xapakrep; X=X, — pe30oHaHC; X>X| — EMKOCTHBIN XapakTep

JleiicTByIOlIlee 3HAYEHHE MOINHOCTH TepeMeHHOro Toka (P)

BCJIIMYMHA, YHUCJICHHO pPaBHas

MOIITHOCTH TOCTOSSHHOTO TOKa Ppocr, MPH YCIOBHH, YTO 00a TOKa 3a OJMHAKOBOE BpEMs, paBHOE
TIEPHOJy TEPEMEHHOr0 TOKa 7, Ha PaBHBIX PE3MCTOpax R BBIJACIAT paBHBIC KOJWYECTBA TEIUIOTHI Q.
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2 2
P:%:L;JO:(ZJ_;{, I[eﬁCTByIOIHCC SHAYCHUC MOIINHOCTU MNEPCMCHHOIO TOKa 4YaCTO HAa3bIBAIOT

AKTHBHOI MOIIHOCTBIO.

IIpumepsl pemenus 3agaq

1. Karymika nanyktuBHOCTBIO 0,1 ['H M akTHUBHBIM conpoTuBieHMeM 25 OM BKJIIOYE€Ha B CETh
MIPOMBIIIJICHHOTO MEPEMEHHOI0 TOKa CO CTaHAapTHOM udacToToil. OmpenenuTe TOK B KaTyIKe, €CIU
HanpspkeHue Ha ee BBogax 120 B.

JlaHo: KaTyIKa = §; X =+/252+(4-314 -50-0,1) > =
=4/625+986 = /1611 = 40,1 Om
L=0,1 I'n X =JR?+ ¢ =
=JR? + (wl)? = |,=120 .
R=25 Om —JR? + @r)? 401
v=50TT
U=120 B
1 ,=?

2. Ha KOmXO03HYIO MOACTAHIHMIO MOCTYyMaeT TOK HampsbkeHuem 6600 B. mepBuunas oOMoTka
Tpanchopmaropa mnonacranuuu umeer 3300, a Bropmunas 110 ButkoB. Omnpenenute pabouee
HaIpsHKEHUE B KOJIIXO3HOM 3JIEKTPOCETH M MOTPEOIIIEMYIO MOIITHOCTh cuia Toka B cetu 200 A nmorepsimMu
SHEPrUM B TpaHchopMaTope MpeHeOpedb.

Hano: Tpancdopmarop o Uy u, = 6600 -110 _ 220 B

0, U, 3300
U;=6600 B U, = Yo

27, P,=220-220=44-10°Br=44 kBT

®1=3300 B

Po=Uy 1,
=110
1,=200 A
U2, sz?

3. Karymka waayktuBHOCTRIO 0,1 'H M akTHBHBIM compoTuBieHHeM 25 OM BKIIOYEHA B CETh
IIPOMBIIIJIEHHOTO NEPEMEHHOIO TOKA CO CTAaHAAPTHOM 4YacToTod. OmpenenuTe TOK B KaTyIKe, €CIU
HarpsDKeHue Ha ee Beojax 120 B.

JaHo: Karymika L % =425 +(4-3,14.50.0.1)" =
L=0,1 Tn X ) .
R=25 Om = II.R Pt — =y H25+0EA = 1611 = A1
v=50 T’y - . 120 o

) =3
U=120 B VR (el T
|a:? | =-.\_|'R" +1’2'JL'.'I.‘!I-\ 9

4. Cuna Toka B nmepBuuHON 0OMOTKe TpaHchopmaTopa 0,5 A, HanpspkeHune Ha ee KoHmax 220 B,
BO BTOpUYHOI 00MOTKe cooTBeTcTBeHHO 8 A 1 12 B. Onpexnenute KII/] Tpanchopmatopa.
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Jano: Tpanchopmaropa P . 12-8 -
1,=0,5 A N="2100%= | "7 330.05 100% = 87%,
1,=8 A P

U,=220 B .

S 2B LT

n=? U,

Pemuts 3apaum (N - Homep sauieco 8apuanma no cnucky)

1. Cuna Toka B mepBuuHON 0OMOTKe TpaHchopmatopa 0,2 A, HampspkeHue Ha kiemmax 220 B.
Onpenenure HampsHkeHHE W CUIy TOKa BO BTOPHYHOM 0OMOTKe TpaHchopmaropa, eciu
kod(urment tpanchopmanuu 0,2.

2.  llepBuunas o6moTka TpaHchopmaropa coaepxut 800 ButkoB, BTopuuHas 3200. Omnpenenute
Kkod(durmeHT Tpanchopmanum.

3. Cwua ToKa B ceTH M3MeHseTcs 1o 3akoHy | = 8,5 sin o t. Kakoe KOJIMYECTBO TEIUIOTHI BBIACITUAT
AIIEKTPOKAMUH 3a 2 "aca paboThl, eciu ero conpotusieHue 80 Om?

4,  Cua ToKa B IepBHYHON 00MOTKe TpaHcopmaropa 0,6 A, HanpsbkeHue Ha ee KoHiax 220 B; Bo
BTOpUYHOI 06MOTKE 6 A U 14 B. Onpenenute KITJl Tpancdopmaropa.

5. B mepBuuHO#l 00MOTKe mMmoBbImaroniero tpanchopmaropa 80 BUTKOB, a BO BTopu4HOM 1280.
Hanpsokenne Ha koHuax nepBuyHoid oomorku 120 B, a BenmuunHa TOKa BO BTOPUYHOM OOMOTKE
0,25 A. Onpenenure MOIE3HYIO MOITHOCTh TpaHchopmaropa.

6. i TpaHCIAIMU pajHonepenad MPUMEHSIOT MOHKAIINN TpaHcopmarop ¢ HampspkeHueM 480
B o 30 B. Onpenenure montaocTh Tpanchopmaropa ¢ KITJ[ 96%, ecnu k Hemy moakirodeHo 100
penpoaykTopoB, norpedmstonux Tok 0,008 A.

7. Omnpenenute yroj MOBOPOTa BUTKA B OJHOPOJHOM MAarHUTHOM IIOJIE, 3HAs, YTO MaKCHMaJbHOE
3HaueHue Toka 1002 A, a Tok B 1aHHbIIA MOoMeHT 100 A.

8.  Ompenenure ko3 dunueHT TpanchopManuu 3BOHKOBOTO TpaHC(HOpPMATOpa, TUTAEMOTO CETEBBIM
TOKOM c HanpsbkeHueM 220 B, ecnu npeoOpa3oBaHHbBIN TOK UMEET HanpskeHue 2 B.

9. IlepBuunas oOMOTKa TOBBIIaroNero tpanchopmaropa umeer 45 BUTKOB, a BropuuyHas 900
BUTKOB. [lepBuuHasi kaTylIka BKJIIOYAETCS B CETh MEPEMEHHOro Toka ¢ HampspbkeHuem 120 B.
Kakoe HampspkeHue OyaeT Ha 3a)KkuMax BTOPHUHOU OOMOTKH?

10. DnexTpuueckas Jyra I0JDKHA ropeTh moJ HampspkeHueMm N B, a B cetu 220 B. CkolbKkO BUTKOB
JIOJDKHA COZIepKaTh BTOpUYHAsi 0OMOTKa, €CJIM B IEPBUYHOM O0OMOTKE, BKIIFOUEHHOH B ceTh, 385
BUTKOB?

11. B nepBuuYHOI 0OMOTKE MOBBIIAIONIETO TpaHCPopMaTopa N BUTKOB, BO BTOpUyHOM — 2000 BUTKOB.
Kakoe nHanpsbkeHume Ha 3aXMMax BTOPHUYHONM OOMOTKHM MOYKHO NOJYYUTh, €CJIM BKIIIOUUTH
TpaHcpopmaTop B ceThb ¢ HanpskeHuem 110 B?

12. Karymka wHIykTHBHOCTRIO 20 MI'H BKIIIOYEHa B CETh MEPEMEHHOTO TOKa ¢ 4YacToTod N .
Onpenenure UHAYKTUBHOE CONIPOTUBIIEHUE KATYIIKH.

13. KoHaeHcaTop eMKOCTHIO 8-10'4(1) BKJTIOUYEH B CETh MepPeMeHHOro Toka ¢ yactotor 50 ['m. Onpenenuth
CHJTy TOKa Ha y4acTKe IIeTIH C KOH/IEHCATOPOM, €CIIM COMPOTUBIIEHHE MOABOASIIMX poBo1oB N OM, a
HanpsDKEHHE Ha BceM ydacTke nenu 12 B.

14. Kak u3MeHUTCS HHIYKTUBHOE COMPOTHUBIICHNUE KATYIIKH, €CJIM €€ BKIIOYUTH B LIEMb IEPEMEHHOTO
ToKa ¢ yactotoi 10 xI'1, BMecTo 50 I'11?

15. TIlepBuunas obmotka TpaHcdopmaropa coaepxuT 800 ButkoB, BropuuHas 3200. Onpenenute
KO3 PHULIHEHT TpaHChHOpMAaIIHH.
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16. Karymka HHAYKTHBHOCTHIO N ['H, akTUBHBIM comnpoTuBicHHEM 25 OM BKIIOYEHA B CETh
MIPOMBIIIIJICHHOTO MEPEMEHHOTO TOKa CO CTaHJIAapTHOM vactoToil. Ompenenure TOK B KaTyIIKe,
€CJIM HanpspbKeHue Ha ee BBojax 120 B.

®opma npeacTaBiaeHusi pe3yJabTara:
BbImonHUTE 33/1aHUE B TETPAAX AJIS MPAKTHYECKUX padoT.
Kpurepun oneHku:
3a mpaBUIIHLHO BBIITOJHEHHOE 33JaHHE BHICTABIIAETCS MOJIOKUTENIbHAs OlleHKa — 1 Gar.
3a HeMpPaBWIIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS OlleHKa — () 0auIoB.
Oyenxa «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 5.2 D1eKTPOMarHuTHbIE KOJIeOAHUS M BOJIHbBI
IIpakTuyeckoe 3ansitue Ne26

JIeKTPOMATHUTHBIE KOJIe0aHUsI U BOJIHbBI

Heasb: cdopmupoBats nOHMMaHue ponu GU3MKH B (QOpMUpOBAHMHM  KpPyrozopa u
(GYHKIMOHATIBHOM TPaMOTHOCTH 4YeJIOBEKa JUI PELIeHMs MPAKTUYECKHX 3aay; YMEHHs BBIIOIHSTH
pacueTHble U TpaduUecKue 3a7ad, M3y4UTb CBOOOJHBIC AIIEKTPOMArHUTHBIE KOJeOaHUS B KOHTYpE,
BUJIbI CONPOTHUBIICHUSI B LIEMH IEPEMEHHOI'0 TOKA, UX OTJINYHS U OCOOEHHOCTH.

IIpakTnueckas padora ¢popmupyer: [1Py5, ITpy9, [1PG2, [1PG6, I[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:

WHAMBUAYaJIbHOE 33/1aHHE, KOHCIEKT JIEKIIMHA, CIIPaBOYHbIE MaTepHaIIbI.

Ykazanmue:

[IpakTHueckoe 3aHATHE COCTOMT W3 JABYX YacTed — TEOPEeTHYECKOM M mpaktudeckoi. Ilocie
M3yYEHHs] TEOPETHUECKOro MaTepualla MOXKHO MPUCTYNaTh K BBITOJHEHHIO MpakTHuecko yactu. OHa
COCTOMT U3 JBYX U OoJsiee 3a7au Ijs CaMOCTOSATEIbHOTO BbIMoiIHEeHUs. He 3a0biBaiiTe 0 mpaBHIIbBHOM
oopmienun pemtenus. Ha BeImosHEHNE TPAaKTUYECKOTO 3a/1aHUS] OTBOJIUTCS 08a aKaJIeMUYECKUX Jaca.

3ananne:

O3HaKOMBTECH C TEOPETUYECKUMU CBEIEHUSMHU HUCIIOJIBb3YS CCBUIKY
https://znanium.com/catalog/product/1012153, §57 BeimucaB GopMyIbl OTMEUCHHBIE CKOOKAMH ,
Hanpumep( 57.1) u T.4.

Pemmre 3anaun, caMOCTOSATENBHO UCTIOIB3YsI IPUMEPHI U KPATKHE TEOPETUUECKHUE CBEICHUSI.

Ilopsinok BbINOJHEHHSI padOThHI:
I/I3y‘{I/ITC U BBIIMUIIINTC (bOpMyJILI 110 I[aHHofI TEMC B BUJIC KPATKOI'O KOHCIICKTA
Pa30epute npumepsl pelIeHHbIX 3a1a4
Pemmte camocTosTEIEHO 3aJaduu
Bemonuauts Tect https://znanium.com/catalog/product/1012153, crp 337 «DieKTpOMarHUTHBIE
BOJIHBI»

PwnpE

Kpartkue Teopernueckue cBe1eHust
DJIeKTPOMArHUTHBIE KOJIe0aHusl

\ Onpenenenne \ Hezaryxatomue konebaHuWs, BOHHMKAIONINME IO JEHCTBHEM BHEITHEH
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nepuonyuecku n3menstomercs JC e=gocosmt

[Ipouecc [Ipouecc, mpu KOTOPOM DIIEKTPOMATHUTHOE II0JIE€ MEPHUOJUUYECKH
M3MEHSETCS 110 BpEMEHU

Ycnosue [TocnenoBarenbHOE COETUHEHUE:

BO3HUKHOBEHHUS 1) KoHAEHCAaTOpa, HAKAIUIMBAOILIETO SHEPTHUIO AIEKTPUUECKOTO OJIS;

Kosie0aHuit 2) KaTyIIKH HaKaIUIMBAOIIEH YHEPTHUI0 MATHUTHOTO TOJIS;

3) BO3HUKHOBEHHUE CBOOOJHBIX KOJICOAHWI B KOHTYpEe OOYCIIOBIEHO
SIBIICHHEM CAaMOWHTYKITHH

[Tpumep DJNeKTpudecKas IeMb, COCTOSIAs W3 KOHACHCATOpa M KATYIIKH, B
KOTOPOU JHEPrusi 3JIEKTPUYECKOTrO IOJISI MPEBPAIaeTCs B JHEPTHUIO
MarHUTHOTO TOJISI U 0OOpaTHO

3aKOHBI
T=2zJL-C —
dopmyna Tomcona =
1 -T
o= 27JLC R—)Q
1

| +

Wy =—F—
JLC 1. BLIHY)K,I[GHHBIG kojeOanus. Kimou B «1» — 3apsbkaeTcst KOHASHCATOP.
2. CobctBennble koneOanus. Kiou «2» snekTpuueckoe mone &
MarHuTHoe mnoje. YacTb SHepruu TpaTUTCs Ha HarpeB mpoBoaoB R—Q
KOJIeOaHUs 3aTyXaroIIue.
Jlia mopaep:kaHusi He3aTyXaroIUX KojeOaHul mepeBoauM Kiod  «1»,
3aTeM B «2». BEIHYKICHHBIC — He3aTyXalIIne KoJIeOaHus
OHeprus [Ipeobpa3oBanue FHEPTUH SACKTPUUECKOTO OIS B SIHEPTUIO MATHUTHOTO
110JI1 1 HA00OpOT 0 rapMOHUYECKOMY 3aKoHY E,«<>E,
— . cad ot
Rnp—O — | Hk = r—'—*‘%1 T
it --J Ll
cobcteeHHbIe DMK =1 T
E,,=E.; vo=const
CU2 _ le ) —3 ,'.' “
2 2 Mt 3 £ 3m)
2 2 L / T 43
CU“=LI

3J'IeKTp0Mal"HI/ITHI)Ie BOJIHBI

Onexmpomaznumnasn éonna (OMB) — pacnpocTpaHeHUE 3JEKTPOMAarHUTHOIO MOJISI B MPOCTPAHCTBE C
TEYEHHEM BPEMEHHU.

. At
paccrosinue ot paguonokanuonnoit cranuuu (PJIC) no ob6wekra: AS = CT ,

OMB (B 3aBHCHMOCTH OT JJIMHBI BOJHBI A) JACNAT Ha JUANa30HbIL:

1) anmunnbie A > 1000 Mm; 3) xopotkue 10 <A <100 m;

2) cpenuue 100 < A <1000 m; 4) ynberpakopoTtkue A < 10 m.

CKOpOCTh BOJIHBI B CPEJI€ 3aBUCHUT OT DJEKTPUUECKUX M MATHUTHBIX CBONCTB CpPEbI:

C C
\/S__;’ ; =4/ S‘Ll:n>1- OIITHYCCKAad IMJIIOTHOCTb CPCIAbL
U

9
Jmuna BosiHbl A=9*T = — B CpeJie; 1T BaKyyma Ay=c *T = 5
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c y!
A= = 270; c- cKopocmb IMé 6 6aKyymy unu 6 6o3odyxe- 3*108mu/c
IIpumepsI pereHus 3a1a4

1. Cuna ToKa B CeTH U3MEHsETCs 1o 3akoHy i=4,2 sinmt. Kakoe KOJIMYECTBO TEIIOTHI BBIICIHUT
3JIEKTPOKaMUH 3a 1 4 paboThl, eciii ero conpotuBierue 70 Om?

JlaHo: Q=I° Rt Im=4,2A

JIEKTPOKAMUH i=lsinot 1,=0,707-4,2=3A

. . a2 3.9 2106 Muee
i=4,2 sinmt | I, 0,707 1 Q=3%70-3,6-10°~2,3-10° Ik

, 2
t=3,6-10% ¢ =2,3 M

R=70 Om

Q=2

2 B ycraHoBKax JUIsl 3J€KTPOTUAPABINYECKON 00pabOTKH MaTepHajaoB KOHAEHCATOPhI pabovyero
KOHTYpa SBJSIOTCS €MKOCTHBIMM HakonurTensMu HsHepruu. Ompenenure HauOOJBIIYIO CHITY
KpaTKOBPEMEHHOI'O TOKa, BO3HUKAIOIIETO0 B LEMU MPU HPSIMON pa3ps/IKe TAaKOro KOHJEHcAaTopa Ha
IIPOBOJHMK, €CIM M3BECTHO, YTO 3aHECEHHas 3Heprus B KonaeHcarope 10 /X, MHIYKTHUBHOCTH
koHTypa 0,03 Mk['H.

JlaHo: K — KOHTYp E.=E. 5.10%
lmax = ———5 =1066-10%*% =
E = 10" JIx I 310
-08-10% —8.10%4
L=310%TH ol
.=y
U
. [2E,
max L
Imax =7

Pemmurs 3anaum (N - Homep saueco sapuanma no cnucky)

1. Byayr 1u HaCTpOEHBI B pE30HAHC KOHTYPHI MepeiaTuiKa U MpUeMHUKa, ecu ux napamerpsl C1 = 200
D, Ly =2 mI'w; C, =100 [1dD; Ly =4 mI'u?

2. KomebarenbHBII KOHTYP COCTOUT M3 KOHJIEHCATOpPA €MKOCThI0O SMK®D WM KaTYIIKH WHIYKTHBHOCTHIO
0,2 T'n. Onpenenute MakKCUMAJIBHYIO CHJIy TOKAa B KOHJEHCATOPE, €CIM MaKCUMallbHas pa3HOCTh
MOTEHITMAIOB Ha 00KIaaKax koHaeHcaTopa 90 B. [Torepsmu Ha HarpeBaHue MPOBOOB MPEHEOPEYb.

3. DJIC wHayKnuW, BO3HUKAMOIIAS B paMKe INMPH BPANICHUH €€ B OJHOPOJHOM MAarHHTHOM TIOJIE,
HU3MeHseTCs 1Mo 3akoHy e = 12 sin100 nt. Onpenenure aMIIMTYAHOE W JACHCTBYIOIICE 3HAYCHHE
S/1C, nepuon, yactoTy, MrHOBeHHOE 3HaueHue JJIC npu t =n c.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

MarHuTHBII MOTOK B paMKe, PaBHOMEPHO BpAIAIONIMKCS B OJHOPOJAHOM MAarHUTHOM IIOJIE,
U3MEHsieTcs 110 3aKoHy @ = 3 - 102 cos157t. HaiinuTe 3aBHCHMOCTh MIHOBEHHOTO 3HaueHus DJIC
MHIYKIMM, BO3HUKAIOIIEH B paMKe, OT BpeMeHH. OIpenenuTe MakCUMalbHOE W JIEHCTBYIOILEE
3Hauenue DJIC, mepro U 4acToTy TOKA.

B pamke, paBHOMEpHO Bpalarouieiics B OJHOPOAHOM MAarHUTHOM II0Ji€, MHAYLHUPYETCS TOK,
MI'HOBEHHOE 3HAU€HHE KOTOPOTO BbIpaXkaeTcsi GopMyIoi

i = 3 sinl57t. Onpenenute aMIUTUTYIHOE, ICHCTBYIOIIEE 3HAYCHHUE TOKA, MTHOBEHHOE 3HAYCHHUE
Toka npu 0,N ¢, mepuoa u 4acTory.

Onpenenute MakCuMabHOE U JEHCTBYIONIECE 3HaUeHHue nepeMeHHor DJIC, BO3HUKAIOIIEH B paMKe TpU
ee PABHOMEPHOM BPAIICHHH B OHOPOXHOM MATHHTHOM IOJIE, €C/IH IPH YIIie OBOPOTA PaMKH Ha 45°
MraoBeHHoe 3HadeHue JJIC 156 B.

Onpenenure makcumanbhyto J/(C, 3nas, uro npu 30° OC unaykuuu 110 B.

B koneGareqbHOM KOHTYpe € MHAYKTUBHOCTBIO N MI'H MakCHMalbHOE HamlpspKEHHE HAa OOMOTKAx
koHgeHcaropa 200 B. ompenenurte mnepuoa KoleOaHUil CBOOOAHBIX SJIEKTPOHOB B KOHTYpE, €CIH
MaKCUMaJlbHas cuiia Toka B KoHType 0,2 A.

Omnpenenure cuily TOKa B KoyeOaTelbHOM KOHTYpPE B MOMEHT MOJHOW pa3psAKd KOHAEHCaTopa,
€CJIM DHEPIrusi MArHUTHOTO TOJIS KaTYIIKU 4,8-10'3 JIx, a uaykTUBHOCTD 0,24 T'H.

Onpenenure 3HEPTUIO IEKTPUUECKOIO MO KOHAEHCATOpa eMKOCThI0 N MKD, eciiu HalpshKeHue
Ha ero obkiazakax 400 B.

Omnpenenure mepuos M 4acTOTy COOCTBEHHBIX SJIEKTPOMArHUTHBIX KOJIEOaHWM KOHTYpa, €Clid ero
MHIYKTUBHOCTH 1 MI'H, a emkocTs 100 HO.

Omnpenenure cuily TOKa B KoyeOaTeIbHOM KOHTYpPE B MOMEHT MOJHOW pa3psAKd KOHAEHCaTopa,
€CJIM SHEepPIrusi MAarHUTHOTO NoJis Karymku N Mk, a uaayktuBHOCTh 0,12 I'H.

NunyktuBHOCTh KOsNeOaTenpHOro KoHTypa 500 MKI'H, Kakyl0 €MKOCTh CJIEAyeT BBIOpaTh, YTOOBI
HAcCTPOUTH ero Ha yactoTy 1 mI'm?

B ycraHoBkax uisi 2MEKTPOTHAPABIMUECKON 00pabOTKH MaTepHalioB KOHJEHCATOp pabouyero KOHTypa
SIBJISIETCS EMKOCTHBIM HakonureseM sHepruu. Onpenenure HauOobIIYI0 CHITy KpaTKOBPEMEHHOTO TOKa,
BO3HHMKAIOILIETO B LIEMH IIPU MPSMOH pa3psaKe TaKOro KOHAEHCATOpa Ha NMPOBOAHUK, €CIIM U3BECTHO, YTO
3anaceHHast 3Heprus B konaeHcarope 10 k/x, naayktuBHOCTh KOHTYpa 0,03 MKI H.

KonebarenbHbIil KOHTYp COCTOUT U3 KOHJEHCATOpa eMKOCThIO 3 MKD U KaTyIIKH UHIYKTUBHOCTbHIO
2102 I'n. Omnpenennure COOCTBEHHYIO YAaCTOTY 3JE€KTPOMAarHUTHBIX KOJIE€OaHUN B KOHTYpE.

B karymke MHAYKTUBHOCTBIO N 102 T COBEpIIAIOTCS 3JIEKTPOMAarHUTHbBIE KOJEOaHUs C MEPUOIOM
107 ¢. OnpeenuTe eMKOCTb CHCTEMBL.

KonebarenbHblil KOHTYp COCTOMT W3 KOHAeHcatopa emkocThio 0,601 Mk® u karymku c
uHayKTHBHOCTEI0 10 TH. Onpemennte NepHOI, YacTOTy COOCTBEHHBIX IEKTPOMATHHTHBIX
KoJIeOaHUH KOHTYpa.

Konnencarop eMKOCTBIO 3.10° MK®D, 3apsHKeHHBIM 10 HEKOTOPOTO MOTEHIUANA, Pa3psKaeTcs, 3aTeM
3apspKaeTCsl uepe3 KaTyliKy ¢ HHIyKTUBHOCTBIO 1,8 MKI'H. Onpenenute mepuos xonedanuii. [logemy
Ka)X70€ Mocieayoliee KojedaHue 1aeT Ha 0OMOTKaxX KOH/IEHCATOpa MEHBIIIYIO pa3HOCTh MOTEHIHAJIOB,
4yeM npenplayniee?

Omnpenenure mepuoa M YacTOTy COOCTBEHHBIX KojieOaHWH B KOHType mpu eMKocTd 2,2 MKD u
unayktuBHoctu 0,65 MIH.
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21.

22.

23.

24,

25.
26.

27.

28.

29.

Brruuciure 4WactoTry COOCTBEHHBIX KoOJeOaHM B KOHType ¢ compoTuBieHuem 0 Owm, ecnu
UHIYKTUBHOCT, B 3TOM KoHType 12 MI'H, a emkoctes 0, 88 Mx®. Kak wu3meHurca wyacrora
KoJ1e0aHui, €Cliu MOCJIEe10BaTENIbHO BKIOYUTh B KOHTYP €Ill€ N TaKUX )K€ KOHJeHcaTtopa?

UYemy paBeH Meproji COOCTBEHHBIX KOJICOAHUH B KOHTYpPE C MHAYKTUBHOCTBIO 2,5 MI'H 1 eMKocThIO 1,5
Mk®D? Kak u3MeHuTCs Tiepro1 KojeOaHuid, eClii NMapaiellbHO K KOHJIEHCATOPY MPUCOCAUHUTH emle 3
TaKHX e KOoHAeHcaTopa?

Pe3onanc B xonebarenbHOM KOHType HacTymaer npu 4yactore 4,2 kl'i. Onpenenute UHIYKTUBHOCTD
KaTYIIKH, €CJIM EMKOCTh KOHIeHcaTopa 2,2 MKD.

B konebGarensHOM KOHTYype ¢ HMHAYKTUBHOCTHIO 0,4 I'H M eMKOCTbIO 2:10° @ aMIUIUTYJHOE
3nayenue Toka 0,1 A. Kakum Oyner HampspkeHHEe B KOHJIEHCATOpE B TOT MOMEHT, KOTJa HEPTUu
ANEKTPUYECKOTO0 M MarHuTHOro mojeil OynyT oxuHakoBbl? KoneGaHus KOHTypa CUMTaTh
HE3aTyXaloLUMH.

Omnpenenuts JUIMHY BOJHBI, eciiu ee Ga3oBas ckopocth 1500m/c, a yactora koiebanuit N I'm.

Kakoii myts npoiigeT ¢aza BonHoBoro asuxenus 3a 0,02¢, ecnu yacrora koiebanuit 2MI'1, a anuna
BOJIHBI 150M.

Onpenenuth 4acToTy M3Iy4YEHHUS YIbTPa3BYKOBOI'O I'€HEPATOpPa, €CIIM MOCHUIAEMBIH UM HUMIIYJIbC,
conepxammii 100 BomH, mpogoxkaeTcs N. ¢

Onpenenuts JJIMHY BOJIHBI YIbTPa3BYKOBOI'O I'€HEpPATOpa B AJIFOMUHMM, €CJIM YAaCTOTa yJIbTPa3ByKa
3MTI'w, a ckopocTh B anfoMuHmH 5,1%10% M/c.

Pamuonepenarunk pabotaer Ha yactote 6 MI'. Ckoabko BoJiH HaxoauTcs Ha paccTossHu 100kM
10 HAIIPABJICHUIO PACHPOCTPAHEHUS paluOCUTrHAIA?

®opma mpeacTaBjieHus pe3yJbTara:

BbInonHuTh 3a1aHue B TETpaau AJs MPAKTUUECKUX paloT.
Kputepuu onenkmn:

3a IpaBHIIBLHO BBITIOJIHEHHOE 33/I1aHUE BBICTABIISETCS TTOJIOKUTENbHAS OlleHKa — | Oa.

3a HeMpPaBWIIBHO BBITIOJHEHHOE JICHCTBHUE, 3aJJaHNE BBICTABIISICTCS OTpUIAaTEIbHAS omeHka — 0 0aioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

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

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

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

Tema 5.3 OnTuka
IIpakTnyeckoe 3ansitue Ne 27

3aK0HBI reOMEeTPHYECKOI ONITUKHU

Heasb: cdopmupoBaTe mOHUMaHMEe ponu (U3MKH B (HOPMUPOBAHMM Kpyrozopa u

(YHKIIMOHATBFHOM TPAMOTHOCTH YeEJIOBEKAa Il PEIICHHUs] TPAKTHYECKUX 3a7ady, H3Y4YUTh 3aKOHBI
pacnpocTpaHeHus cBeTa. XOJ Jiydei. 3aKOHBI OTPAXEHUS M MPEIOMIIEHUS U TMPUMEHATh UX MpHU
pereHnn

Boinosnenue padorsli cnocodocTByeT popmupoanmio: OK 01, OK 02, OK 03, OK 09
MarepuanbHoe o0ecrnedyeHue: TETpPaab s TMPAKTHUYECKUX pPabOT, pydka, METOTUYECKHE

PEKOMEHIAlUH 110 BHITIOJHEHUIO pa0OThI, THHEIKA, KapaHIall.

Yka3anmue: [Ipaktrueckas pabota COCTOUT U3 ABYX YacTeld — TEOPETUYECKOW M MPAKTHUECKOH.

[Tocne n3ydeHus TeoOpeTUUECKOro MaTepruasa MOKHO MPUCTYNATh K BBHITIOJHEHUIO MPAKTUYECKON YacTH.
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Ona cocTouT W3 JAByX W Ooriee 3amad Ui CaMOCTOSTENILHOTO BBIMONHEHUs. He 3a0biBaiite o
MpaBWIbHOM OohopMIIeHUH pelieHus. Ha BbImoiaHeHHe MpaKTHUYecKO OTBOIUTCS JIBa aKaJeMHUYECKHUX

qaca. [Topa10K BBIIOTHEHUS paOOTHI

HOpﬂ)IOK BbIITOJTHCHU A paﬁoTBl:

1. PaccMoTpuTe TeopeTHMUECKHIl MaTepuan MO TeMe U MpUMEpPbl pelleHus 3aaad (CMOoTpH

METOAMYECKOE IIOCOOHE).
2. Pemmre camocTosTensHy0 padory. OdhopMuTe pelieHrue MUCbMEHHO B TETPAJIH.
1. Teopus.

3aKOHBI FEOMETPUUYECKON ONTUKH

|.  3akon nmpamonuneiinoco  pacnpocmpaneHusi céema. ceéem 6  OOHOPOOHOU
PAcnpoCmpansemcsi NpAMOIUHENHO.

JIyy — n1HUsA, BAOJIB KOTOPOH paclpOCTPaHAETCs CBETOBAst DHEPTHsL.
Hoxazamenvcmeo:

1) oOpa3oBaHue TEHEW U MOJIyTEHEH OT MPEIMETOB,;
2) IIOIJIOICHHUEC CBCTA HCIIPO3PAYHbIMU ITPCIAMCTAMMU.
Us sos0 = 3-10° M/c=c; 0, o =2,25:10° M/C; Uy emerre = 2:10° mc.

cpede

Il. 3axon nezasucumocmu ceemogvix nyueli: 1yuu NpU nepecedenuy He 603mMywaiom opye opyea.

1. 3axon ompaosicenus ceéema.

Veon nadenus () (ompadsicenus y)— yroi, 00pa3oBaHHbIN nadarowum (Ompaxcenmvim)

a v
Jy4OM U NIEPIIEeHUKYIIPOM, BOCCTAHOBJIEHHBIM K IOBEPXHOCTH B TOUKE MaCHHS JIyda
(puc. 12).

Puc. 12. Nagaroupiin 1. [ladarowuii u ompasicennvlil 1y4uu nexcam 6 0OHOU NIOCKOCHU ¢ NEPNEHOUKYIAPOM,

B60CCIMAHOGICHHbIM 8 MOYKe NAOEHUS Jyua.
OTPaKEHHbIV Ny4u.

2. Yeon nadenus pasen yeny ompaicenus (o = ).

Cnedcmeue: «O6pamumocme sy4eli»: ECIM NaaaloLmit 1yd NycTUTb Mo HanpaBaeHUIO OTPaXKEHHOrO, TO

HOBDbIM OTpa)KeHHblﬁ nyd I'IOVILI,GT Nno HanpaBaAEeHUIO NadatoWero.
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Ilpenomnenue ceéema — W3MEHEHHE HAlpaBICHUs Jiyya CBeTa IpuU
nepexojie U3 OJHOW Cpeibl B Apyryro. Yeon npenomnenus (B) — yron
MEXy MPETOMIICHHBIM JIy4OM M MEePHeHIUKYISIPOM, BOCCTAHOBICHHBIM
13 TOYKH MMaJICHUs Jyda K TPaHHULIE IBYX CpPe.

Puc. 13. NpenomneHune cBeTOBOro /yya.

1) nayyu, nadarowuli u npenomsaeHHoll, nexam 6 00HOU MA0CKOCMU C repreHOUKYAAPOM,
B80CCMAHOB/AEHHbIM U3 MOYKU NAdeHUs /1y4a K Nos8epxHocmu pasoena 08yx cpeo;

2) ommowenue SiN yena nadewus k SIN yenia npenomieHust ONisi OAHHbIX CPed echmb GelUHUHA
NOCMOSHHAS, U  HA3bIGAEMCs.  OMHOCUMENbHLIM — NoKazameneMm NpeloMleHus 8mopol  cpeobvl
OMHOCUMETIbHO nepeoﬁ.

sina n
——=n,, _2 _ "1
sinB n )

Cneocmeue: «Odpamumocms nyuetiy: Ecnu manaronyii 1yd HallpaBUTh MO IMyTH MPETOMIICHHOTO,
TO TPEJIOMJICHHBIN JTy4 UET IO MYTH MaIal0IeTo.

Ionnoe emympenne ompadgcenue — SBICHUE, TPU KOTOPOM CBETOBOE U3IyUEHHE TOJHOCTHIO
OTpakaeTcs OT MOBEPXHOCTH pa3Jielia MPOo3payHbIX cpel (puc. 14).

npeAenbHbIii 1) npu T Q, B T,
L B 2) B = 90° — CKOIB3MT 10 TPAHUIIE Pa3fielia JABYX CPEN — Npedenbblil
BO3A4yX yeo 1
V4 o
cas 7 3) T a, B >90° = B — MOTHOCTBIO OTpaKAETCs TI0 3AKOHY OTPAKEHHS.
Ve VZa
S V4 )

BHyTpeHHee

Puc. 14. NonHoe BHYTpeHHee
OTparkeHue. 321213‘11/[ JIA CAMOCTOHATE/IBHOI'0 PECIICHUS

1. JIyd cBeTa majgaer Ha MOBEPXHOCTh BOJBI O] YTJIAMH 40°. Mox kaknm YIJIOM JOJDKEH YNacTh JIyd Ha
MOBEPXHOCTb CTEKJIa, YTOOBI YroJl IPETOMIICHHUS OKa3aJcs TaKUM XKe?

2. Jlyun cBeTa MaJar0T Ha MOBEPXHOCTH pas3zeiia BOJALI M Bo3ayxa moj yriaoM 50°. Haitnure yron
npenomsieHuss aydeil. I[lokasarens npenmomisienuss Boabl 1,33. EcTe 1M mosHOe BHYTpEHHEE
oTpaxeHue?

3. Haiigure npenenbHbIN yrod NajeHus JIydya Ha TPaHuILly pa3zeiia CTEKJIa U BOJBI.

4. CBeTOBbIE BOJIHBI B HEKOTOPOW >kKMIKOCTH nMeroT anuHy 600 Hm u wacroty 5-10" ', Omnpenenure
aOCOJIOTHBIN MOKa3aTeNb MPETOMIICHUS KUAKOCTH.

5. Onpenenute aOCONIOTHBIN MOKa3aTeIh MPEIOMIICHUSI U CKOPOCTh PACIPOCTPAHEHHUS CBETa B CIIOJIE,
€CJIH TIpH yTJie najeHus cBera 54° yrou npeaomiienus 30°.

6. B amMasze cBeT pacmpocTpaHSETCs CO CKOPOCTBIO 1,22-10® m/c. Onpenenure NpeneabHbIA Yrou
MIOJIHOTO BHYTPEHHEr0 OTPa)KeHHs CBETa B aJMa3e IMpH IMEpexoj/ie CBETOBOIO MydYKa M3 ajaMmasa B
BO3IYX.

7. CBeToBOM MYyYOK MEPEXOIUT W3 BO3AyXa B BOAY. YTroia mageHus 76°, yron mnpenomieHus 47°.
Omnpenennure CKOPOCTh CBETA B BOAE.
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8. Yron magaHus jiyda cBeTa Ha MOBEPXHOCThH MOJCOJHEYHOrO Macia 60° a YToJ MpeIOMIICHUS 36°,
Haiit nokasarens npesoMIIeHHs Macia.

9. ®oTOH BBUIETACT M3 BOJBI B BO3AYyX. BbuleTHT 11 (OTOH M3 BOJBI B BO3IYX, €CJIM OH IMajgaeT Ha
TpaHUIly pa3jelna Boabl ¥ Bo3ayxa moa yrioM 50°? Tlouemy?

10. Jlyu cBera mepexoauT €O CTEKJIa «IErkuil KpoH» n=1,57 B Boay. Yros najgeHusl yBEIMYMBAIOT.
KaxoB npeaenbHbIi yroJi MoJIHOr0 BHYTPEHHETO OTPaXKEHUS?

11. Boruncnute npeneabHbld Yrojl MNOJHOTO BHYTPEHHETO OTPaKEeHUs JIJIs ajMas3a Ha TpaHHIle C BOJOH,
3Has, 4TO aOCOTIOTHBIN TOKa3aTelb mpeioMieHus anmasa 2,417, a Boasr 1,333.

12. OnpenenuTe OTHOCUTEIBHBIN MOKa3aTeNlb MPETOMIICHHS, eciii yroy najaeHus 30°, a nmpeaoMIIeHus
20°.

13. Jlyun COJTHEYHOTO CBETa MaJar0T Ha MOBEPXHOCTh BOJIBI mox yrioMm 74°. Ilom kakum, yriom K
TOPU30HTY BOJ10J1a3, OIIyCTUBLIUIICS B BOY, OYJET BUAETH COJMHIE?

14. OmpenenuTe moka3aTenb MPEIOMIICHHS BEIECTBA, €CIH MPEASIIbHBIA yroJl MOJIHOTO OTpakeHus 42°.

15. Jlyd cBera majierT Ha IUIOCKOMApaUICNbHYIO CTEKISHHYIO IUIACTHHKY mojn yriaom 60°. Kakoma
TOJIIMHA IIACTUHKY d, €CIIM IPH BBIXOJIE U3 Hee JTyd cMecTuics Ha 20 Mm?

16. Jlyuy cBera majaeT Ha IJIOCKYIO CTEKJISHHYIO IMJIACTUHKY TonmuHo  d = 3 oM mox yrimom 70°.
Omnpenenure cMelIeHUe JTy4ya BHYTpHU MiacTuHkH. [Tokazarens npenomienus crekia 1,5.

17. Yron majgeHusi CBETOBOrO IMy4Ka, WAYIIETO M3 CTEKJIa ¢ MOKa3aTeleM IpeomieHus ctekia 1,67 B
BOAY C Tokasarernem npenomieHus 1,33, pasen 60°. Ha kakoil yroy OTKJIOHSICTCSI CBETOBOM ITy4OK
Ha TPaHUIIE, TO XKe MPH yrie najeHus 53°7?

18. MoHoXxpoMaTH4ecKuil Jyd majaeT HOPMAJIbHO HAa IPaHb IMPU3MBI, MOMEPEUYHOE CEUEHHE KOTOPOM
PaBHOCTOPOHHUH TPEYroJbHUK: MOKa3aTenb npeiaomieHus 1,1. Onpenenute yroa OTKIOHEHUS Tyda
IIPY BBIXOJIE U3 MPU3MBI OT €T0 MEPBOHAYAIBLHOTO HAIIPABJICHUS.

®opma npeacTaBiaeHus pe3yJabTara:
BeimonHuTE 3a1aHMe B TETpaIy Il TPAKTHYECKUX PadoT.
Kpurtepuu onenku:
3a IpaBHIIBLHO BBITIOIHEHHOE 33/I1aHUE BBICTABIISETCS TTOJIOKUTEIbHAS OlleHKa — | Oa.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIATEIbHAS o1leHKa — () OaioB.
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 «neyooeemeopumenvhoy svicmasisemcs 3a Menee 60%0 npaBUIBHBIX

Tema 5.3 OnTuka

IIpakTuyeckoe 3ansiTue Ne 28

3aKOHBI BOJJHOBOW ONTHKHU

Heab: copmupoBaTe mNOHMMaHME poiu (U3MKK B  (QOPMHPOBAHMHM Kpyrosopa U
(GYHKIMOHATIBHON T'PaMOTHOCTH YEJOBEKa ISl PELICHHs MPAaKTUYECKUX 3a/ad, H3YYUTh 3aKOHBI
pacrnpocTpaHEeHHs CBETA, KaK BOJHBI U IPUMEHATh UX MPHU PELICHUH

Beinosinenue padorsl cnocodcTByet (popmuposanuro: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe ofecnedyeHue: TeTpaab s MPAKTUYECKUX pabOT, pydka, METOJUYECKHE
PEKOMEHIALlH 110 BHIIOJIHEHUIO Pa0OTHI, JIMHEHKa, KapaH Jarll.

Yka3anme: [IpakTrueckas paboTa COCTOUT U3 ABYX YacTed — TEOPETUYECKOM M MPaKTUYECKOM.
ITocne n3ydeHns TeopeTH4ecKoro MaTepruaga MOKHO MPUCTYIATh K BBHIIIOJHEHUIO IPAKTUYECKON YacTH.
Ona cocrouT W3 JBYX M OoJyiee 3amad JJis CaMOCTOSITEIIBHOTO BBIMOJIHEHUs. He 3a0wiBaiiTe o0
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NpaBUIBLHOM O(opMIIEHHH pelleHus. Ha BBINOJIHEHHE MPAKTUYECKONW OTBOIMTCS JIBa aKaJEMHUYECKUX
qaca. [Topa10Kk BBIOIHEHUS pabOThI

HOpﬂlIOK BbIINOJTHCHUSA paﬁoTbI:

W3yuuth KpaTKHe TeopeThdeckwe cBeieHus https://znanium.com/catalog/product/1012153, Beimucas
dbopMmyiibl ¢ aparpadoB 65, 66 . oTMeUeHHBIe ckoOkamu, Hanpumep (66.1)

Pazobpate mpumepsl pemieHus 3a1aq
OtBeTHTh Ha Bompockl Tecta https://znanium.com/catalog/product/1012153, k §64,65,66,67.

IIpumepsl pemenust 3axa4

. 14
1 B Bozie nHTEpPEpUPYIOT KOTEPEHTHBIE BOJIHBI 4acToTOM 5 - 107" I'l. Ycunutest uinm ocabHET CBET B
TOYKE, €CJIM TeOMEeTprUUecKas pasHOCTh X0/1a Jiydel B Hell paBHa 1,8 mxkm? [lokazaTens npenomieHus

BoAsl 1,33.
Hano:
2. KorepeHTH. UCT.

v=5-10"Tn

AS=1,.8-10%m

n=133
c=3-10%m/c
mo_9

- HAR

i

2-1.33-5-10" 50070
310"

Ly

=798 =8 - yetH. -

max YCHUJICHUC CBCTa

2. Onpenenute 4 HAMMEHBIINE TOJIIMUHBI PO3PAYHON MJICHKH C ONTHYECKOHW IIOTHOCTBIO 1,5, 4TOOBI
IIPU OCBELEHUU UX MEPIEHIUKYISIPHBIMU KPAaCHBIMU Jy4aMu ¢ AJUHON BojHbI 750 HM oHM ObLIM
BUJIHBI B OTPAXEHHOM CBETE KPACHBIMHU.

Jdam=o: mrIeHKa i 4dn 750 750
n=1.5 . e d, = = — 125HMm
=750 Hxa (‘l\~ . 4-1.5 6
k=0.1273 o e d, =3-125 =375 Hx
do. d;. da. 4-n d, = 5d, = 625 Hu
d; —72 d ~ dz: = 7dp = 875 Hwm
- 4n
3A
d, DA = 3d,
4an
&=5d,
ds = 7d,

3. CeeToBasa BOIHA ATHHEOHR 530 Hiyv namaeT ODepIeHIHEVIISPDHO HA IIPOIPIIHVEO

OEOPAIKOTHOHHVIO pPeIOeTKy.

IIOoCTOAHHAA KoTopoH 1.8 xxova OmpemerrHETe VIoad
OEOPAKOHEE. IO KOTOPEIM OOpasveTrcd maxX HaHOOIBINSeIC HOPAIKA.
Hano: aadpaxroms : kA 1.8-10° 1800 =
2=530-10°"n sin¢g = =1 k= — — = — = 3.4
d=1.8-10% s d 530-10° 530
k=k kA 7 k =:3
=7 D= k&= A ’2 S20-10~
: = L 3 .53 - et
A sing = e L 0.883
- max: - A I.8-107"
2)sing@ =
d @ = 62°

321,[[3.‘-11/1 AJI CaMOCTOATCIIBHOT'O PCILICHU A

KaxoBa onruyeckas pa3HOCTh X0/a JIBYX KOT€PEHTHBIX MOHOXPOMAaTHYECKHX BOJH B BEILECTBE C
IOKa3aTeseM NpeaoMiIeHus 1,6, ecim reoMeTpuyeckas pa3HOCTh X0/ Jyden 2,5 cm?

Ha TOHKyIO IIIEHKyY C MoKas3aTeneM NnpenoMieHus 1, 5 mepneHauKyIsipHO €€ MOBEPXHOCTU MaJaeT
MapauyIeabHbIN IMYYOK KENThIX Jydei ¢ JuHoi BoiaHbl 600 HM. [Ipu kakoil HaMMeHbIIe TOJIINHE
IJICHKH OHA B OTPa)KEHHOM CBETe OYyJeT Ka3aThCs KeNnTou?
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10.

11.

12.

13.

14.

JIBa xorepeHTHbIX Jy4da ¢ anuHamMu BosH 404 Hm mepecekaroTcst B OJIHOM TOUYKE Ha 3KkpaHe. UTo
Oyzaet HaOIIOJaThCS B ATOM TOYKE — YCHUJICHHE WM OCIabJIeHUE CBETa, €CIIM ONTHYECKask Pa3HOCTh
xopa jyueit 17,17 mxm?

Bo cKkoJIbKO pa3 yBeTUUHUTCS PACCTOSTHUE MEXKY COCEAHUMHU MHTEP(HEPEHIIMOHHBIMU MOJIOCAaMH Ha
sKkpaHe B ombiTe FOHra, ecim 3eneHblii CBETOQMIBTP C JIMHOM BOJHBI 25-10° cM 3aMeHHTB
KPACHBIM C JUIHHOM BOIHEL 6,5 - 107 cm?

B HEKOTOpYy!0 TOYKY IpOCTpPaHCTBA HIPUXOIAT JIBE KOTEPEHTHBIE BOJIHBI C TE€OMETPUYECKOMN
pasHocTbiO X012 1,2 MKM, JyiMHAa KOTOpbIx B Bakyyme 600 Hwm. Omnpenenute, 4to npou3onJeT B
9TOM TOYKE BCleAcTBHE HHTEpdepeHnn B Bo3ayxe, B Boje (1,33), B crekie (1,5).

Pa3nocte xoma myued JBYX KOT€PEHTHBIX HCTOYHHUKOB CBE€Ta C JIJIMHOM BOJHBI 6° 107 M,
CXOJAIIMXCSL B HEKOTOPOM TOUYKE, paBHA 1,5-10° m. Ycunenne mm ocnabienue cera Oyzer B 3TOM
TOYKe?

Ecnu cnekTpsl TpeThero M UETBEPTOro mopsaka mpu Audpakuuu Oenoro cBera, HOPMaIbHO
MaJaroIero Ha AUPPAKIMOHHYIO PEHIeTKY, YaCTUYHO NEPEKPHIBAIOTCS, TO Ha JUTHMHY BosiHbl 780 Hm
CIEKTpPa TPETHETO MOPSIKA HAKIIAABIBACTCS IJIMHA BOJHBI ... CIIEKTPA YETBEPTOTO MOPSAKA.
Hudpakuonnas peurerka umeeT S0 mTpuxoB Ha MM. [log KakuMu yriiaMu BUJHBI Max MEPBOTO U
BTOPOTO MOPSIKOB MOHOXPOMATHYECKOTO U3IIydeHHs C IITuHOM BosHbI 400 Hm?

Onpenenure ONTUYECKYIO pa3HOCTh XoAa BoiH JummHOM 540 HwMm, npomemmux uepes
TU(GPAKIUOHHYIO peUIETKY U 00pa30BaBIIMX Max BTOPOro MOpsiIKa.

Omnpenenure ONTUYECKYIO PAa3HOCTh XOJa BOJH, MPOMIEANINX 4Yepe3 MUGPAKIUOHHYIO PEIIETKY,
€CJIM MaKCUMaJIbHOE YCUJICHHE BOJIH BUIHO MO YoM 1 1°. HocTosiHHAs PELIeTKH 2 MKM.
Judpakuronnas pemietka ¢ nocrosaaor 0,004 MM ocBemiaeTcsi CBETOM ¢ JJIMHOW BOH 687 Hw.
ITon KakMM yrjoM K pelieTke HYXHO MPOU3BOAWUTH HAOIIOAEHUS, 4TOObI BHJETh M300paKeHHE
CIEKTpa BTOPOTO Mopsiaka?

Omnpenenure MOCTOSHHYIO TUGPAKIIMOHHON PELIETKH, €CIIU MPH €€ OCBELIEHUH CBETOM C JTMHON
BOJIH 656 HM CrieKTp BTOPOro mopsiika BrieH mox yriom 15°.

Onpenenurte AIUHY BOJHBI AJIS IUHUHU B AU(PPAKIIMOHHOM CHEKTpe 3-ro MopsijiKa, COBIajatouel ¢
JIMHUEHN B CIIEKTPE YETBEPTOro MopsAKa ¢ JIMHOU BOJIHBI 490 HMm.

Kakoii HanOonpIIHii MOPSIIOK CIIEKTPa MOKHO BUIETHh B TUGPAKIIMOHHOI perieTke, umeroriei 500
LITPUXOB Ha | MM IIPH OCBEILEHNH €€ CBETOM C JIMHON BoiHbl 720 H

®opma npeacTaBiaeHus pe3yJbTaTa:

BreimonHuTh 3a1aHKe B TETPAIH IS MPAKTUYECKUX PaboT.

Kpurtepuu onenku:

3a mpaBUIIBLHO BBITOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNe BBICTABIISIETCS OTPUIIATEIbHAS onleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX 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
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Pa3nesn 7 KBanroBasi pusznka
Tema 7.1 KopnycKyJIsIpHO-BOJHOBOM 1yaIu3M
IIpakTuyeckoe 3ansitue Ne29

3akonbl Gporoddpdexra. YpaBHeHre JMHIITEHHA

Leab padorsi: chopMupoBaTh MOHUMAHKUE POJIK PU3UKHU B (POPMHUPOBAHUU KPYro3opa BIlaJicHHUE

OCHOBOIIOJIararonmumMun (1)I/IBI/II-ICCKI/IMI/I MNOHATHUAMHU, 3aKOHOMCPHOCTAMHU, 3aKOHAMU U TCOPUAMU,; YMCHHA

BBIITOJHATD paCYCTHBIC U rpaqmqecxne 3aga4u

Boinosinenue padotsl cniocodcTByeT (hopmupoBanuio: OK 01, OK 02, OK 03, OK 09
MarepunanbHoe obecrnieyeHue:

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

Ykazanmue:

[IpakTrueckoe 3aHATHE COCTOMT M3 JABYX YacTed — TEOPEeTHYECKOM M mpaktudeckou. llocie

HU3YUCHUS TCOPCTUUYCCKOI'O MaTcpHrajia MOXHO IPUCTYIATh K BBIIIOJIHCHUIO HpaKTHHGCKOﬁ yactu. OHa
COCTOMT U3 ABYX H Ooitee 3amad Iy CaMOCTOSATEIBHOrO BhIMOIHEHUSI. He 3a0bIBaliTe O [MpaBUJIbHOM
O(bOpMHGHHI/I PpEIICHUS. Ha Brimonnenue MMPAaKTUYCCKOI'O 3aaHrA OTBOJUTCA ABA aKaAJICMUYCCKHX YacCa.

3ananmue:

(O3HAaKOMBTECH C TCOPCTUICCKHUMU CBCACHHUAMU
Pemmte 3aaa4u, CaMOCTOATCIIbHO UCIIOJIB3YS NPUMEPBI U KPATKUC TCOPETUICCKUC CBCACHMA.

PwnE

KMHETUYECKOM SJHEPTUU —

Ilopsinok BbINOJIHEHHS padOThHI:

W3yuute 1 BeIMUmMTE GOPMYIIBI I10 JAHHON TeMe B BUJI€ KPATKOI'O KOHCIIEKTa

Pa30epurte npumepsl pelIeHHbIX 3a1a4

Pemnre caMOCTOATENBHO 3a1a4u

Bemmonauts  TecT  https://znanium.com/catalog/product/1012153, ctp 346 «DoTodddexT.
®opmyina [Lianka»

KpaTkue TeopeTrnyeckue CBeIeHHs
DHeprus KaKI0# MOPIUH MPSIMO MPOIOPIIHOHATbHA YacToTe M3ayueHus — V. E=hv [Ix],
rae h — nocrosiaaas [nanka, h = 6,63-10°%* [[Ix-c].
[TOrJIOTHUTHCS MOKET BCS TIOPIHS [IETAKOM.

3Hepr1/1;1 ceera hv HICT Ha COBCPHICHUC pa6OTLI BbIXOJa Ag n Ha COO6H_I6HI/IC OJICKTPOHY
2
mo

2 2
. hV=A6+—m: ; m; =E,.

Jns xaxmoro BemectBa (GoTodddekT HabmMomaeTes, €Cld dYactota Vv > Vpn = hv > A,

. . A
[IpenenbHyI0 9acCTOTY Viin WM Amax Ha3bIBAIOT KpacHOW rpaHuiieil pororddexra. vimin =% ,rae A, —
h

pabota BeIxoaa anekrpona [/Ix]. I»B = 1,610 e

®oTOH 00J1a/1a€T OPIIUEH SHEPTHUH: E = % =hv,Tae v—uyacrota [[1];

h — nocrosiunas [Inauka, 6,63-104 [k-c].
hv

8
~, T ¢ — CKOpocTh cBeta, ¢=3-10" m/c.
c

Macca (I)OTOHE[ OMNpPCACIIAACTCA: m =
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@OTOH HE MMEET MacChl IOKOS, T.. HE CYIIECTBYET B COCTOSHHMU TOKos. Mmmynbsc (oToHa

hv h
ONPENEIICTCS: p=MC =— = n

Ipumenenne gporordpdexra

CBoCTBO ()OTOTOKA 3aK/IIOYACTCA B TOM, YTO €ro CHJIa MPsIMO IPONOPLUOHATIbHA MOMIOIEHHON
SHEPIUU CBETa, HAXOIWT NPUMEHEHHE B MpuOOopax-(OTO’IEMEHTaX, B KOTOPBIX SHEPrus CBETa
YIpaBIIET SHEPrUeH MEKTPUUECKOro ToKa UM IIpeodpa3yeTcs B Hee.

PazHooOpazHoe mpuUMeHEeHHe HaxXOIUT BHYTpeHHUH ¢Gorodddekr B mHOTynmpoBOJHHKAX. ITO
SIBJICHUE UCTIOJb3YeTCsL:

1) B poToconpoTuBICHUAX — MPUOOPAX, COMPOTHBIICHHE KOTOPBIX 3aBUCUT OT OCBEILICHHOCTH;

2) B TOJNYNPOBOJHHMKAaX — HpHOOpax, NpeoOpasyloliX CBETOBYKD SHEPrHI0 B OJHEPrHIO
AJIEKTPUUYECKOTO TOKa. Takwe mnpuOOpsl CIOyXaT HWCTOYHMKaMU Toka. CyIIecTBYIOT —SBIICHUS,
00BbsICHAEMbIE KBAaHTOBBIMU CBOMCTBAMH U3JTyUCHHUSL.

1. /lagrenue ceema. TlepBbie onbiThl ObuM Tipoaenanbl B 1900 r. pycckum ¢usukom JlebeneBbim
I1.H. Beruucnenuss MakcBesia MOKa3ajil, 4YTO Ha 3eMJle COJHEUHBIH CBET JaBUT Ha KBAJpPATHbBIN MeTp
4epHOI MOBEPXHOCTH, PACTIONOKEHHOM TIEPIEHIUKY/ISPHO JTydam ¢ crtoi 4,510 H.

2. Tennogoe oeiicmsue ceema. Ilpu TOINOIIEHUU U3ITYYEHUS TEJIOM BCErjla IPOUCXOAUT
MIpeBpaIleHe YHEPTUN U3ITYIECHHUS BO BHYTPEHHIOIO YHEPTHUIO TEla.

CousiHeuHbIe JTy4M HOpPUHOCAT execeKyHAHO 1370 JIx sHeprum Ha KaxAblii KBaJIpaTHBIA MeETp
MIOTIEPEYHOT0 CEYCHHS 3EMITH.

3. Xumuueckoe Oeiicmeue ceéema. XUMHYECKHE IPOLECCHl, HPOUCXOIAIINE MOJ JeicTBUEM
U3IYy4YCHUsI, UMEIOT OOJBIIOE 3HAYEHHE B TPUPOJAE, HAyKe W TEXHHKE: (OTOCHHTE3, CIIOCOOCTBYIOT
BO3HUKHOBEHUIO 3PUTENILHOIO OIIYLIEHHs y YeJIOBEKa M KHBOTHBIX M JAlOT BO3MOXKHOCTb pa3inyarhb
1[BeTa, oJdy4eHue Gororpaduu.

XUMHUECKOe AeHCTBUE U3ITyYSHHsI OU€Hb XOPOIIO OOBSICHAETCS] KBAHTOBOM TeopHel cBeTa.

[Tornomenne GOTOHOB YBETUYNBACT SHEPTHIO MOJIEKYJI TPOUCXOIAT XUMHUYECKHE MTPOIECCHI.

IIpumeps! pemenus 3agaq

1. OmpenenuTe MaKCHUMalbHYIO CKOpPOCTh BBIJIETa SJEKTPOHOB M3 Kanus, paboTa BBIXOAa
AJIEKTPOHOB M3 KOTOpPOTO paBHa 2,26 3B, mpu ocBemeHnu €ro yabTpadUOIETOBBIM H3IYYCHHEM C
nnHou BoaHbI 200 HM. Macca anektpona 9,1 103 kr.

Jano:
A =200 am CH

Pentenue:
A,=2265B 200-10°°

W3 ypaBHeHus DWHIITEIHA 1Sl BHEILIHETO

m =9,1:10% kr  2,26-16-107° JIx¢

c=3-10%w/c dorosddexra:

] A ) |
h=6,62-10 34 Jx-c %:AﬁmﬁmT‘)éU: %'
v—"7?

-118.10°
Cc

[2(3-10° .6,62-10* —2.107|2,26-1,6-10 )  [(19,8¢ —7,232)-10 %
2107-91-10* 9110

OTtBeT: v = 1,18~106 Mm/c.

PemuThb 3a1a4i CaMOCTOSITEIbLHO (n - HOMEp sauleco eapuauma no cnucxy)

92



© ©® N o w

11.
12.
13.
14.
15.
16.

17.
18.

19.

20.

Pabota BrIx0/ma 251eKTPOHOB y okcuaa menu 5,15 sB. BeizoBet nu pororddext ynprpaduoneroBoe
u3iyderue ¢ yactoroi 0,01 .10Y I'u?

PabGora BbIXOJa 3JEKTpOHA C TIOBEPXHOCTH II€3Us paBHA 1,610 Jx. C kaxoii CKOPOCTBIO
BBUICTAIOT HJICKTPOHBI M3 IIE3HsI, €CIIH METAll OCBEILICH JKENTBIM CBETOM ¢ IIHHOI BOMHBI 0,6-107
M; Me = 9,1-10° kr?

Haiigute Maccy 1 uMiynse (potoroB s uadpakpacubix (v=10%Ti) n pertreHoBekux (v =10 ')
JIy4en.

Haiigure anmuny ¥ 4actoTy u3iaydeHwus, Macca ()OTOHOB KOTOPOTO paBHA Macce MOKOS 3JEKTPOHa
(Me =9,1:10° k).

KakoB UMITy/16¢ (hOTOHA, SHEPTHs KOTOPOro pasHa 6-10™° Jix?

Omnpenenure UMIyabC POTOHOB PEHTTEHOBCKUX JTydel A = 410" m.

KakoBa macca hoToHa, eciii ero SHeprus paBHa 2,76-10™%° Iix.

SHeprust KBaHTa cBera paBHa 1,98-10%%. Kakoe 310 n3nyuenne?

Omnpenenure sHeprut0 (OTOHOB, COOTBETCTBYIOIIMX HambOonee mMHHBIM (A = 0,76 MKM) u
Haunbonee KopoTkuM (A = 0,4 MKM) BOJTHAM BUAMMOI YacTH CIIEKTpa.

. Kakoit dacToTel cBeT CJICAYCT HaIpaBUTb Ha IMOBCPXHOCTH IIJIATHHBI, yTOoOBl MaKCHUMaJbHast

CKOpOCTH (POTOIIEKTPOHOB OblIIa paBHA N KM/C pabOTOI BBIXO/IA JUIs IJIATUHBI paBHA 6,3 5B?
[Touemy nosiBnenue Gpororpadguyeckiux CHUIMKOB IIPOU3BOIUTCS MIPU KPACHOM CBeTe?

MosxHo 11 ¢otorpadupoBath MpeIMEThl B COBEPIICHHO TEMHOM KOMHATE?

Onpenenure UMITYJIbC (OTOHA BUUMOTO CBETA C JUTMHOM BOIHBI 500 HM.

Omnpenenure JUIMHY BOJHBI (POTOHA, UMITYJIEC KOTOPOTO PAaBEH UMITYIBCY SJEKTPOHA, IPOJIETEBIIETO
YCKOPSIOIIYIO Pa3HOCTh MOTEHIMaNoB N B.

Omnpexpenute YHEPTHIO M3ITyYSHHsI, Macca (POTOHOB KOTOPOTO paBHA Macce MOKOsS AJIEKTPOHA Mg =
9,1-10° xr.

Boeruucnure snepruto porona Bugumoro cera A = 0,4 MKM U cpaBHUTE €€ C dHeprued (oToHa
yIbTPauOJIETOBOTO N3IYUYEHUs KBapLeBOi Jammbl A = 0,25 MKM.

[Tpu kakoit JUTMHE 3JIEKTPOMArHUTHOM BOJIHBI SHEprus (oTOHA ObLIa ObI paBHA 2,8-10™ Jik?
Omnpenenure paboOTy BBIXOJA JEKTPOHA C MOBEPXHOCTH LIMHKA, €CJIM HAuOOJbIIas JAJMHA BOJIHBI
¢dotoHa, Be3bIBatomas Gpororpdext — 0,3 MKMm.

KakoBa MakcumaibHast CKOPOCTh (POTOIIEKTPOHOB, €Cli (POTOTOK MPEKPAIIASTCS MPH 3aITHPAIOIIEM
Hanpspkenuu 0,6 B (me = 9,1-10'31 KT; ¢ = 1,6~10'19 Ki)?

Omnpenenure kpacHyto rpanuily Gporoaddexra ais Meramia ¢ paboToi Bbxoaa N 3B.

®opma npeacTaBiaeHus pe3yJbTara:

BEIOTHATE 3a/1aHUE B TETPAIN IS TIPAKTHYECKUX padoT.

Kputepun onenkmn:

3a MpaBUIILHO BBHITOJTHEHHOE 33JJaHHE BHICTABIISIETCS TIOJIOKUTENbHAS OlleHKa — | Oasu.

3a HeMmpaBUWIILHO BBITIOJIHEHHOE JICHCTBHE, 3aJJaHNe BHICTABIISICTCS OTpHUIIaTeIbHAas olleHKa — 0 0aoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBMIIbHBIX OTBETOB

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

Oyenka «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIIBHBIX OTBETOB

Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB
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Tema 7.2 CTpoeHue aTroma
IpakTuyeckoe 3ansaTue Ne30

3anuch siiepHbIX peaknuii. CTpoeHHe aTOMOB M AaTOMHBIX sijiep. 3aKOH paJlHOAKTHBHOIO
pacnaaa

Hean padoTsi: chopMHUPOBATH MOHUMAHUE PONIK (PU3UKH B (POPMUPOBAHUH KPYTro30pa BiiaJieHUE
OCHOBOIIOJIAralOIMMU (PU3NUECKUMHU NOHATUSAMHU, 3aKOHOMEPHOCTSIMH, 3aKOHAMU U TEOPUSMHU; YMEHHUS
BBINOJIHATB pacyeTHbIE U IrpaduuecKue 3a1a4u

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

MarepunanbHoe obecrnieyeHue:

WH/IMBUYalIbHOE 3aJ]aHUe, KOHCIIEKT JICKIUH, CIIPAaBOYHBIC MaTEPUAIIbI.

Yka3zanue:

[IpakTHyeckoe 3aHATHE COCTOMT W3 JBYX YacTel — TEOPETHUECKOW M mpakThyeckoi. [locne
W3YYCHHS TEOPETUICCKOr0 MaTepHralia MOKHO NPHUCTYIATh K BBHIMOJTHEHUIO MpakTu4eckor dactu. OHa
COCTOUT W3 JIBYX M OoJiee 3aja4 JijIsl CAMOCTOSITEIILHOTO BBINOJIHEHHs. He 3a0biBaiiTe 0 MpaBHILHOM
odopmitennu pemeHus. Ha BEITIOTHEHNE MPAKTUISCKOTO 3a/IaHUsT OTBOJIUTCS JIBA aKaIEMUYCCKUX Yaca.

3ananmue:

1. O3HaKOMBTECH C TECOPETUYECKUMH CBEICHHUSIMU
2. Pemmre 3a1a4m, CaMOCTOSTEIILHO UCIIOJIB3YsI IPUMEPBI U KPATKHE TEOPETUICCKUE CBEIICHHS.
3. BbImomHUTE TECT

IMopsiiok BbINOJIHEHUS PA0OTHI:
N3yunte KpaTkue TEOPETUYECKUE CBEICHUS
Paz6epute npumMepsl perieHHbIX 33124
Pemmre camocrosiTensHO 3a0a4n
Bemonaute Tect https://znanium.com/catalog/product/1012153, ctp 347 «Ctpoenue aroma u
ompejieNieHue ero cocrasa mo Tabiuie MenaeneeBay, ctp 349, « fAnepnas peakuus. YpaBHEHHE
SIIEPHON peakiuny, «PaanoakTUBHOCTD. SIepHbIe CHIIbI» K YKa3aHHBIM maparpadam

PwnE

Kparkue Teopernueckue cBeleHHs
[Tpu pannoakTHBHOM pacmajie MPOUCXOUT MPEBPAICHNE OJHOTO S/Ipa B IPYTroe, KOTOPOE MO TINHSAETCS
IpaBUJIaM cMeleHus, chopMynupoBaHHbIMU Colau:
LA Adyy | 4
1. a-pacman: X—,7 Y+, He — nsnydenue sanep renus.
_ . A A 05 _
2. PB-pacmanm: 2X—,AY+ % — M3TyueHUE IEKTPOHA.
Crpoenune aTOMHOrO sapa
IIpomonno-neiumponnas mooenb amoma — SAPO COCTOMT U3 HEHTPOHOB M IPOTOHOB, BOKPYT IIO
opOuTaM BpamaroTcs 31eKTpoHbl. O0Iee Ha3BaHWE TPOTOHOB M HEUTPOHOB — HYKJIOHDL.
Igpomon (p) UMeeT NOJI0XKUTENbHBIN 3apsj, paBHBIN 3apsily MIEKTPOHA U Maccy Mokos M, = 1,6726-10
2
KT

Heitimpon (n) — HefiTpaibHas YaCTHIIA C MACCOM TTOKOS My, = 1,6749-10% kr.

Maccosoe uucno A — ob1iee 4nucio HyKJIOHOB B aTOMHOM Si/Ipe, T.€. CyMMa HEUTPOHOB U MPOTOHOB.
3apsioosoe yucio Z — 9uCIO TPOTOHOB B SIIPE, COBIAAOIIEE C MOPSIIKOBBIM HOMEPOM XHMHUYECKOTO
JJIEMEHTa B TIEPUOJMUYECKON crcTeMe IIeMeHTOB MeH/ieneena.

ATOM XMMHYECKOr0 dJIeMeHTa 0003Ha4aroT | X .
Hanpumep, *;U , B KOTOPOM COIEP)KUTCS Z — IPOTOHOB M 3JIEKTPOHOB, T.e. Z = 92 u A — MaccoBoe

9gucio, kotopoe paBHO 235. N — mpotoHoB, T.6. N =4 —Z = N = 235-92=143. 4 =Z + N
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Hoepnvie cunvl — CUIBL, KOTOPHIMU HYKIIOHBI YIEPKUBAIOTCS B sfipe. UTOOBI pa3ienuTh SIpo Ha
COCTaBJISIONINE HYKJIOHBI HEOOXOAUMO 3aTPATUTh OOJIBIIIYIO SHEPTUIO — IHEP2UIO AMOMHBIX s0ep —
paboTa, KOTOPYIO HEOOXOAMMO COBEPIIHUTH JIJISl PA3/ICIICHUS s/Ipa Ha HYKJIOHBL. E . = Amcz,rne Am =
Z-my + N-mp — M, — AeexT Macchl.
Dnepeemuueckum b1X000M SACPHON peakly Ha3bIBAIOT PA3HOCTh YHEPTUN MOKOS sIIep U YaCTHUIL JI0
peaxIuu u mocie Hee, 7o ectb:AE = (Zm; - Zmi)-cz,
rjae XM;j — cyMMa Macc 4acTUl 0 PEaKluy;
2Mj — CyMMa MaccC YacTULL MTOCJIE PEAKIIUU.
Ecnu Xm; >Zm;, To peakuus UIeT ¢ BBIACICHUEM YHEPTUH, €CIM XM <XMj, TO peaKUus UAET C
MOTJIOIICHUEM SHEPTUH.
Hoepnas peaxyus — IpeBpaIIeHUE aTOMHBIX SIEP MPU B3aUMOICHCTBUHU C JIEMEHTAPHBIMH YaCTHUIIAMHU.
SnepHble peakuy MPOTEKAIOT MO-PA3HOMY, T.€. C UCIIYCKAHUEM PA3JIMYHbIX YaCTHUILL:
.Be+,He—C+.n |
3axkon coxpaneHus dINeKmpudecKux 3apsaoos8 U Maccosslx yuceil. CyMMa 3apsiioB (MacCOBBIX UMCEN) siAep
Y YaCTUll, BCTYNAIOUIUX B AAEPHYIO PEAKIINIO, paBHA CyMMe 3aps0B (MAaCCOBBIX YHCEN) KOHEUHBIX
IIPOJYKTOB (si1ep M yacTul) peakuuu. Hanpumep: 123? AI+01 n_)lzf Na+24 He .

Z (o peakiuu) = 13 + 0 Z (mocne peakiuun) = 11 + 2

A (no peakuun) =27 + 1 A (nocne peakuun) =24 + 4

IlpuMepsl pereHnst 3a1a4

1. Kyna cMemiaercst moJrydeHHBIN 3JIeMEHT B TaOsuiie MeHeneesa B pe3ysbTaTe MsITH o-paciagaoB?
I[aHo; ZAX —>5;‘He+§Y o-pacnag — 3To NOTOK AAep renma — :He, T.K. UX 5=

Z(5 ;‘He) =5.2=10-3apag; A(5 :He) =5.4 = 20 — MaccoBoe 4ncno.

OtBert: snemeHT Y (JTHOCI/ITGJII:HO X cMemaeTcs Ha AeCITh KJIETOK K Ha4ally TaOJUIIb.
5. 3aKOHYUTE SIIEPHYIQ )Pe_a)lél,lﬁlé(_)’_l;\_l;@+én — 2+,Li -
4 2 -10

[To 3aKkoHY coXpaHEHHS 3apsaa U MaCCHI:
1o peakuu Z = 5 + 0; mocie peakiuu Z =5 — 3 = 2;
no peakiuu 4 = 10 + 1; mocne peakiuu A = 11 -7 = 4.
[omy4aercs a1eMeHT ¢ 3aps/ioM JI0 peakiuu Z =2 v Maccoil 4 =4 — ‘He.
OtBeT: *B+in—>;He+]Li-

1. Onpeodenume snepeemuueckuii 8b1x00 A0EPHOU peaKyuti

“N,+*He,=""O,+'H,

1 cnoco6

1) onpedenumov maccy aopa u uacmuy ml 0o peaxkyutl
2) onpedenums maccy s0pa u yacmuy m2 nocjie peakyuil
3) onpedenums usmenenue maccol m ml m2

p E=m¥*c’
)pacc'mmamb U3MeHeHUue 3Hep2uu.

M, =14,00307 5 & 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=""""2=_0,00129 a. ¢. m.

DHeprus norjaoumaercs, T.K. m <

E=(-0,00129)*931 M»sB.=-1,2 M1B.

2 crmocoo
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10.

11.
12.

13.

14.

Hawo: Pewenue:

E, =104,653 i -
» MsB DHeprus CBS3M PaBHA HYIIIO, I0ITOMY
E, =282937 , . E=E,—(E,+E,

ne)
E, =131,754 MsB E= 131,754 MaB —(104,653+28,2937)M»>B= -1, 2M>B
E-? Omeem: 1,2 MaB

Pemuth 3aJavdu CaMOCTOATEJIBHO

KakoBo cTpoenue sapa aTOMOB: 60pa 1: B ; Oepriuius 49 Be; a3oTa 19“N ; aﬂmMHHHﬂf§A| ?
UeM oTimyarorcs sigpa M30TONOB BOAOpOAA 'H,H,?® H ? Kak onu Ha3rpiBaroTca?
Kyna cmemaercs snement Y B pe3yibTare o-, B-pacnaja B Tabauie Menneneena?

A 0 . A 4 0 "
a)ZX—>3fle+Y, 6)ZX—>2He+7le+Y,
B) ;X—)2;He+3fl)e +Y, r) ;X—):He+3j1)e +Y.
ITpu GomOapaupoBKe M30TONA a30Ta “N HEHTPOHAMH MOJY4aTCs U30TOIl YIiepoja “C, KOTOPbIA
OKa3bIBaeTCs 3-paauoakTUBHBIM. HanmummTe ypaBHEHUS SIEPHBIX PEaKIuii.
B pesysbrare 3axBata HEUTPOHA SAPOM M30TOMA a30Ta “N 00pa3yeTcs HEU3BECTHBIN IEMEHT U OL-
yacTuua. Hamummure peakiuio U onpeaeanTe HEM3BECTHBIN JJIEMEHT.

1 24 -
Haiizure npoaykr peakuuu mnpu O00MOapAMPOBKE sAEp M30TONA MArHus Mg O-4acTULAMHM, €CIH
MU3BECTHO, YTO B 3TOM PEAKLIUU BBIJEISIOTCS HEUTPOHBI.
3anuiuTe CXeMy SJIEpHON peaklMd M ONpPEeAEIUTE HEU3BECTHBIM AJIEMEHT, oOpa3yroluiica npu
0oMOapaMpoBKe sjiep M30TOIOB ANIOMUHES 2 Al O.-4aCTHULIAMH, €CJIA U3BECTHO, YTO OJUH U3
IIPONYKTOB PEAKLIMU HEUTPOH.
DONeMeHT KypuaTOBMH MOJNy4ywsId, oOOJIydas IUTYTOHHM “:Pu AIpaMu HEOHA **Ne. Hanumure

PEaKIHIo, €CIIM U3BECTHO, YTO B pE3yJbTaTe 00pa3yeTcs elie YeThIpe HeHTPOoHa.
Harmmmmmre HemocTarore 0003HaYeHHs B CIESAYIOIHX SIEPHBIX PEaKIHX:

a) ZAl+n — 2+ He; 0) 2+H—%Na+ He;
B) ®Mn+?—SFe+in; ) ZAl+y—*Mg+7?;
1) “B+n—>2+a; €) EMn+lp —>2+.n;
K) TLi+He >2+He;  3) H+y—2+n.

[porakTunuil 2'pg O-paarnoakTBeH. ONpenenure, Kakoi SJIEMEHT MOTyJaeTCst ¢ TIOMOMLIBIO 9TOrO
pacniaga?

B kako# >JIeMEeHT TIpeBpaliaeTes 24 Mocie JAByX [3-pacrajios U OJHOTO o-pacmaja?

Slnpo uzoroma BuCMyTa “°Bj MOIYYUIIOCH U3 IPYTOrO spa mocie o-pacnazia u B-pacnana. Yro sto
3a s1po?

B pesynbrate 3axBaTa 0.-4acTUIBI AJPOM M30TONA a30Ta “N 00pasyeTcsi HEU3BECTHBIN JIIEMEHT U

MPOTOH. Hamummre peakiuio u onpeIeIuTe HEN3BECTHBIA AJICMEHT.

BosmoxkHa M peakuus, NPOUCXOAAIIAs MPH OOMOApIUPOBKE ATIOMUHHUS O-9acTULAMH H
COIPOBOXKAAIOIIYIOCS BHIOMBAaHHEM HEUTPOHOB, €CIH B PE3yJbTaTe IMONYYaeTCs AP0 KPEMHHS C
MacCcoBBIM ynciioMm 307
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15. Tlpu penenun siapa U BBIACTACTCSA DHEPrUS 3,2.10™ Jix (200 MsB). Paccunraiire SHEPTHUIO,

KOTOpasi BBIICIUTCS MIPU CTOPAaHUU ypaHa KOJIMYECTBOM BelllecTBa 1 MOJb.
16. Onpezenure SHEPrUIO, BBIAEISIOULYIOCS B X0/I€ TEPMOSIIEPHOM PEAKIUH 'H +°H — He-

3 3
17. W3oton remust *He mONy4aercss B pesyibTare OOMOApIMPOBKU sAEP TPUTUS °H NPOTOHAMH.

Haitaure sHEepreTnyeckuil BBIXO/ 3TOM PEaKLUH.

dopma npeacTaBJieHus pe3yabTaTa:
BbImoTHUTE 3a/1aHUE B TETPAIN IS IPAKTHYECKUX padoT.
Kputepuu onenkmu:
3a MpaBUIILHO BBIITOJHEHHOE 3aJJaHKE BBICTABIISICTCS TIOJIOKHUTEIbHAS OLleHKa — | Oasu.
3a HeMpaBWIILHO BBITIOJIHEHHOE JICHCTBHE, 3a]aHNE BHICTABIISICTCS OTpUIIATENbHAs olleHKa — 0 OaioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUILHBIX 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

Pa3nen 8 DiieMeHTHI ACTPOHOMHUM U ACTPOPU3MKH

Tema 8.1 Di1eMeHTBI ACTPOHOMMH U ACTPOPUZNKH

IIpakTuyeckoe 3ansitue Ne31l

Crpoenne u coctaB CosnHeuHoii cucremsl. I'anakTuku. Padora ¢ kaproii 38é31H0r0o Heba

Iesib: MO3HAKOMMTBCS C MOJBUKHOMN KapTOH 3BE3THOTO He0a, HAYYUThCS ONPENENATh YCIOBUS
BUIUMOCTH C03B63I[I/II71, HAYYHUTBHCA OIIPCACIIATE KOOPAWHATEI 3BE3/1 10 KapTEe
Beinosnenne padorsl cnocodcTByer (popmuposanuro: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe o0ecrnedyeHue: TeTpaab AN MPAKTUYECKUX pPabOT, pydka, METOTUYECKHE
PEKOMEHIallUU T10 BBITIOJHEHUIO pa0OThI, TMHEIKA, KapaHIall.

Yka3anmue: [IpakTuueckas paboTta COCTOUT U3 ABYX YacTe — TEOPETUUYECKOM M MPAKTUYECKOU.
[Tocne n3ydeHus: TEOPETUUECKOTO MaTepUalia MOKHO MPUCTYNATh K BBIITOJTHEHUIO TPAKTUYECKOW YaCTH.
Ona cocTouT W3 JAByX W Ooree 3amad Ui CaMOCTOSITENLHOTO BbIMONHEHUsA. He 3a0biBaiite o
npaBUJIbHOM oopmieHun pemieHus. Ha BIMOTHEHNE MPAKTUYECKON OTBOAMTCS JIBa aKaJIEMHYECKUX
qaca. [Topsimok BeIonHEeHUs paboThI

IMopsiiok BbINOJIHEHUS PA0OTHI:

1. PaccMoTpuTe TEOpeTHYECKHI MaTepuan MO TeMe W MPUMEpPHl pelieHus 3aaad (CMOTpH
METOAMYECKOE ITOCOOHE).
2. Pemute camocTosTenbHYIO padoty. Odopmure pereHrne TUCbMEHHO B TETPAIH.

Teopus.

Bun 38€3aH0T0 HEOA M3MEHSIETCS M3-3a CYTOYHOTO BparieHus 3emin. Mi3MeHenne Bua 3BE3JHOTO
Heba B 3aBHCHMOCTH OT BPEMEHHM ToJia MPOUCXOIUT BcleAcTBHE oOpaieHus 3emiau Bokpyr ComHIa.
PabGora mocBsmeHa 3HAKOMCTBY CO 3BE3THBIM HEOOM, DEIICHHUIO 3aJad HAa YCIOBUS BUIUMOCTH
CO3BE3/MI U ONPEACIICHUH UX KOOPIMHAT.
[Tepen Havamom paboOTHl pacnmeyaTraTh MOABHKHYK KapTy 3Be3HOr0 He0a, OBaJI HAKJIAJHOTO Kpyra
BBIpE3aTh IO JIMHUHU, COOTBETCTBYIOIIEH reorpaduueckoil mmupore Mecta HaOmoaeHus. JInHus BeIpes3a
HaKJIaJIHOTO KpyTa OyaeT n300paXkaTh JMHUIO TOPU30HTA. 3BE3MHYIO KapTy M HAKJIATHON KPYT HAKJICUTh
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Ha KapToH. OT ora K ceBepy HaKIQJHOTO Kpyra HATSHYTh HHTh, KOTOpas TMOKAXKET HaIpaBJICHHE
HEOECHOTO MEpHINaHA.

Ha xapre:
® 3BE3/bI IOKAa3aHbl YEPHBIMUA TOYKAMU, PA3MEPhI KOTOPBIX XAPAKTEPU3YIOT IPKOCTH 3BE3;
® TYMaHHOCTH 00O3HAYCHBI IITPUXOBBIMU JIUHUSIMH;
® CEBEpHBIH MOMI0C MUPA N300PaXKEH B ICHTPE KapThI;
°

JIMHUHU, UCXOJIAIIME OT CEBEPHOIO MOII0CA MUPA, TOKA3BIBAIOT PACIIONIO0KEHHUE KPYTOB

ckioHeHus. Ha 3BE3HOM KapTe st ABYX OMMKaWIINX KPYroB CKIIOHEHUS YTIIOBOE

paccrosinue paBHoO 1 u;

e HeOecHble mapaienu HaHeceHbl yepe3 30°. C uX MOMOIIBIO MOXHO MTPOU3BECTH OTCUET
CKJIOHEHHE CBETHUII O;

® TOYKHU MEPECEUCHUS IKIUNTUKH C SKBATOPOM, JJII KOTOPBIX IpsiMoe Bocxoxkaenue 0 u 12
Y., HA3bIBAIOTCS TOYKaMU BeCeHHEro g 1 W paBHOJCHCTBUIA;

® 110 Kparo 3BE3HON KapThl HAHECEHBI MECSIIbI U YUCIIA, 3 HA HAKJIATHOM KPYyTre — 4achl;

® 3CHHT PACIOJIOKCH BOJM3U IICHTPA BhIPE3a (B TOUKE TIEPECCUCHUS HUTH, H300paKaroIIeit

HeOeCcHbIN MepuIiaH ¢ HeOEeCHOH mapaienbio, CKIOHEHUE KOTOPOi paBHO

reorpaduyeCKOl MMPOTE MECTa HAOIIOACHUS ).

DOAMEEAS KAFTA INEAANN G nrks PAKKARNOA AFFY & NARTE BMAANS O HERA

- .

e

J1si onpenesieHUsl MeCTOIOJIOKEHHUsI He0eCHOro CBeTHJIa He00X0AMMO Mecsil, YUCJI0, YKa3aHHOe
HA 3BE3IHOM KapTe, COBMECTHTh € YacOM HA0JII0eHHS HA HAKJIAHOM Kpyre.

HeGecHb1it skBaTOp — 60abULIOL KpYe HebeCHOU chepbl, NI0CKOCHb KOMOPOo2o NePReHOUKYIAPHA OCU
mupa u cognadaem ¢ niI0CKOCMblo 3eMH020 sKk6amopa. HebecHbIl 3KkBaTop 1enuT HeOecHyI0 cepy Ha
7IBa TIOJTYIIAPHSL: CEBEPHOE IMOITyIIapue, C BEPUIMHON B CEBEPHOM TOJIIOCE MHPA, M I0)KHOE TOITyIIapue,
C BEPIIMHOW B IOKHOM montoce mupa. Co3Be3nus, 4yepe3 KOTOpble MPOXOTUT HEOeCHBIH SKBaTOp,
HA3BIBAIOT PKBATOPUATHHBIMU. Pa3iidaroT co3Be3us I0)KHBIC U CEBEPHBIC.

Cossesnus CesepHoro mnoaymapus: bombmas u Manas Measeaunsl, Kaccuones, Iledei, JIpakon,
Jlebens, JIupa, Bonomnac u np.
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K roxxnbIM oTHOCATes FOxnbIit Kpecr, LlentaBp, Myxa, )KeprBennuk, FOxHbIil TpeyroiabHuK.

IMosroc Mupa — mouxa Ha HebecHOU cghepe, BOKpYe KOMOPOU NPOUCXOOUM BUOUMOE CYMOYHOE
osudiceHue 3630 u3-3a epawjeHus 3emau okpye ceoell ocu. Hanpasnenue Ha CeBepHBIN MOJIOC MUpa
COBIIAJIaeT C HAIPABJICHUEM Ha Teorpadudeckuii cesep, a Ha KOKHBIN MONII0C MUpa — C HApPaBICHUEM
Ha reorpaduueckuii ror. CeBepHBIH MOJIOC MUPA HAXOJIUTCA B co3Be3nuu Manolr MeaBeauisl ¢
NOJIApUCCUMON (BUAMMAs IpKas 3Be3/1a, HaXoAs11asicst Ha ocH BpauieHus 3emin) — [lonspHoii 3Be3101,
FO)KHBIA — B co3Be3auu OKTaHT.

TyMaHHOCTb — yYacmok medc368E30HOL cpedbl, BblOEAIOWUNCA CEBOUM UZTYUEHUEM UTU NO2TNOUWEHUEM
uznyuenus ma oowem ¢one neba. Panee TyMaHHOCTSMHU Ha3bIBaJM BCSKWN HETOABIDKHBIA Ha Hebe
NpoTsDKEHHBIA 00BekT. B 1920-¢ rompl BBIACHWIOCH, YTO CpPeAM TYMAaHHOCTEH MHOTO TaJaKTHUK
(manmpumep, TymanrocTs AHIpoMennl). [lociae 3TOro TepMUH «TYMaHHOCTB)» CTall MOHUMATHCS Oosee
y3KO, B YKa3aHHOM BbIIII€ CMBbIcTIE. TyMaHHOCTH COCTOST U3 MbUIU, Ta3a U IUIa3MBbl.

DKJIUNTHKA — OONbWOU Kpye HebecHOU cepbl, no KOmMoOpoMy NPOUCXOOUM BUOUMOE 200UYHOE
osudcenue Connya. [110CKOCTh SKIMNTUKA — TUIOCKOCTh oOparienus 3emin Bokpyr ComHila (3eMHOMN
OpOUTHI).

B 3aBucumocTu ot Mecta HabroaTens Ha 3eMiie MeHSIeTCsl BU 3BE3JHOrO HeOa M XapakTep CyTOYHOTO
nBukeHust 38e31. CyTouHbIe yTH CBETHII HA HEOECHOH cdhepe — ITO OKPYKHOCTH, MIIOCKOCTH KOTOPBIX
napajuiesibHbl HEOECHOMY KBaTOPYy.

PaCCMOTpI/IM, KaK M3MCHACTCA BUJ 3BE3IHOTO HeOa Ha mojrocax 3emiu. [Tomoc — 3T0 Takoe MECTO Ha
3€MHOM HIape, rA€ OCb MUpa COBIIaAacT C OTBECHOM HHHI/Ieﬁ, a HeOeCHBIN 9KBATOP — C T'OPHU30OHTOM.

Jns  waOmromatens, Haxopmsmierocss Ha CeBepHoMm momtoce 3emuu, [lonspHas 3Be3ma  Oyaer
pacmosarateCsi B 3€HHUTE, 3BE3NBI OyAyT ABUTaThbCA MO Kpyram, HapauiebHbIM MaTeMaTHYeCKOMY
TOPU30HTY, KOTOPBIH COBIajaeT ¢ HeOeCHbIM 3KBaTOpoM. IIpu 3TOM Hax ropu3oHTOM OYyAyT BUIIHBI BCE
3BE3/IbI, CKJIIOHEHHE KOTOPBIX MONOXHUTEeNbHO (Ha HOkHOM momtoce, HaoOOpOT, OyIyT BUIHBI BCE
3B€31bl, CKIIOHCHHC KOTOpI)IX OTpI/ILIaTeJ'H)HO), a UX BbBICOTA B TCUCHUC CyTOK HEC 6y)1eT NU3MCHATHCA.

[lepemecTMcsi B TIPUBBIYHBIC NI HAC CPEHUE MIMPOTHL. 37ECh YK€ OCh MHUpa U HEOECHBIH IKBATOP
HAKJIOHEHBI K ropu3oHTy. [loaToMy M cyTouHble myTH 3BE3JA Takke OyAyT HAKJIOHEHBI K TOPU3OHTY.
CrnemoBaTenbHO, Ha CPEIHUX IIMPOTAX HAONIIONATENb CMOXKET HAONIOAAaTh BOCXOMSIIUE W 3aXOJISIIHE
3BE3/IBI.
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HOH BOCX0A0M norumaemcs sejlenHue nepecedenust Cceemujiom B60CIMOYHOU Yacmu UCMUHHO20
copuzoHma, a moja 3ax0a10M — 3anaoHol Yacmu 3mo2o copuzonma.

[Tomumo 3TOTO, YacTh 3BE3]I, pACHOJIATAIOIIUXCS B CEBEPHBIX OKOJIOMOJISPHBIX CO3BE3/IUSAX, HUKOTJa HE
OyIyT OITyCKAaThCs 3a TOPU30HT. Takue 3BE3/1bI MPUHATO HA3HIBATH HE3AXOAS IIIUMH.

A 3BE37bI, pacmoyiokeHHble 0koo FOxHOro momroca mupa ais HaOmogaTens Ha CPEOHHX HIMPOTax
OyIyT SBIATHCS HEBOCXOASIIIIMMM.

OTnpaBuMcs nanbpliie — Ha SKBATOp, reorpaduueckas MHUPOTa KOTOPOro paBHA HYIMIO. 37€Ch OCh MUpa
COBIAJIaeT C MOJYACHHON JHMHUEH (TO €CTh pacrojaraercsi B IJIOCKOCTH TOPHU30HTA), a HEOECHBII
9KBATOP MPOXOUT YEPE3 3CHHUT.

CyrouHble MyTH BceX, 0€3 UCKIIOYEHHUs, 3BE3]] MEPIEHANKYISIPHBI TOpU30HTY. [loaTOMY Haxomsch Ha
9KBATOpE, HAOIIOJATENIb CMOKET YBUJIETh BCE 3BE3/IbI, KOTOPHIE B TEYCHHE CYTOK BOCXOAT U 3aXO/SAT.

BOO6H.IC, JJIs1 TOro, 4TOOBI CBETHIIO BOCXOJWJIO M 3aX04HUJI0, €0 CKIIOHCHHUE 110 a0COJIFOTHOW BEIIMUMHE

16] < 90°— ¢
JOJI’KHO 6I)ITI) MCEHBIIIE, YHEM .
|6] =90°—¢ y
Ecamn , To B CeBEepHOM MONYIIApUU OHA OyJeT ABIAThbCA He3axosmien (uist KOxHoro
— HEBOCXO/IAIICH).
16] =90°— ¢
Torma oueBHIHO, YTO T€ CBETUJIA, CKIIOHEHHE KOTOPBIX , SIBJISTFOTCS. HEBOCX OJISIIIMMHU

i CeBepHOTro noiymapus (Win Hezaxoasaummu Juist FOxHoro).

:‘)KBaTopI/IaJILHaﬂ CUCTeMa KoopavMHaT — J9mo cucmema HebecHblX KoopduHam, OCHOBHOL
njiockocmslio 6 Komopoﬁ A615emcsl NI0CKOCb HebeCH020 aKeamopa.

JKBATOPHAIbHBbIE HEOECHbIe KOOPANHATHI:

100



1. Ckaonenue (0) — yenogoe paccmosnue ceéemuna M om Hebecnoeo 3Kkeamopa, usmepeHHoe 600.b
Kkpyea cknoneHus. OOBIMHO BBIpaKaeTcsi B Tpaaycax, MHUHYTaX M cekyHaax nayrd. CkJoHeHue
MIOJIOKUTETBHO K CEBEPY OT HEOECHOTO IKBATOPa M OTPHUIATEIHHO K 0Ty 0T Hero. OObeKT Ha HeOeCcHOM
skBaTope uMeeT ckioHeHue 0°. CkIOHEHHME CEeBEepHOro mojitoca HebecHoW cdepbl paBHO +90°
CKJIOHEHHE F0KHOTO ToJroca paBHo —90°.

2. Ilpsmoe Bocxo:kaeHUE cBeTWIA (0) — yenosoe paccmosiHue, uUsMepeHHoe B6001b HeOeCHO20
9K6AMOpa, Om MOYKU BECEHHEe20 PABHOOEHCMEUs 00 MOYKU NnepeceyeHus HeDecHo20 2Keamopa ¢
KpY20M CKIIOHEHUs cemua.

IHocienoBaTe IbHOCTH BBINOJHEHHUS PAKTHYECKOH padoThI:
3agaum npakTU4ecKoil padoThbl:

3agaua 1. Onpenenute 3KkBaTOpHAIbHBIE KOOpAUHATHL AjbTanpa (o Opna), Cupuyca (o bonbioro Ica)
u Beru (a JIupsr).

3agaua 2. VMcnons3ys kapTy 3BE3MHOTO Heba, HaiiuTe 3Be3ay mo e€ koopauHatam: O = +350; o = lu
6M.

3apaua 3. Ompenenurte, kakod sBisercss 3Be3na O Crpenblia, A HaOMIOIATENs, HAXOJAIIETO Ha
mpoTe 550 15'. Onpenenuts, BOCXOIAIIEH WM HEBOCXOMAAIIEH SBISETCS 3Be3/1a IByMs CIIOCOOaMHU: C
WCIOJIb30BAaHNEM HAKJIATHOTO Kpyra IMOJABWKHON KapThl 3BE3THOTO HeOa U ¢ UCTOIL30BaHUEM (POpMyIT
yCIOBUSI BUANMOCTH 3BE3/I.

IIpakTnyecknii cmocod. PacnomaraeM NMoABMXKHBIA Kpyr Ha 3BE3JHON KapTe M IPHU €0 BPALLEHUU
OIpelensieM, SIBIAETCS 3B€3/1a BOCXOIALIEH UM HEBOCXOIALIEHN.

Teoperuyeckuii cnnocooO.

Hcnonb3yem GopMyIbl YCIOBHSI BUIUMOCTH 3BE3/:

6] < 90°— ¢ . .
Ecimn , TO 3B€3/1a SIBJISIETCA BOCXO/SIIEH U 3aXOIIeH.

|6] =90°— ¢ 5
Ecnu , TO 3Be€371a B CEBEpHOM MOJYIIApUH SBIISIETCS HE3aXOASIIEH

|6] = 90°— ¢ .
Ecnu , TO 3B€371a B CEBEpHOM MOJYIIAPHUH SIBJISIETCS HEBOCXOIAIICH.

Sanaqa 4. YCTaHOBUTH IMMOABUKHYIO KapTy 3BE3THOTO HeOa Ha JCHb W 4acC Ha6JIIOIICHI/I$I N Ha3BaTb
CO3BE31M, PACIIOJIOKCHHBIC B FO)KHOM 4YacTu Heba oT TOpHU30HTa OO0 IMOJrOCa MHpa;, Ha BOCTOKE — OT
rOpHU30HTAa 40 IIOJr0Ca MUpa.
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3anauva 5. Haiitu co3Be3aus, pacroyiokeHHbIE MEXy TOUKaMHU 3araja u cesepa, 10 okTs0ps B 21 yac.
ITpoBepuTh MPaBUIIBHOCTD OIPEAECIICHUS BU3YyalbHBIM HAOOACHNEM 3BE3JHOTO Heba.

3agaua 6. Haiitu Ha 3BE31HOI KapTe co3Be3/1us ¢ 0003HAUCHHBIMU B HUX TYMaHHOCTSIMH M TIPOBEPHUTD,
MOJKHO JIM UX HaOJII0/IaTh HEBOOPYKCHHBIM TJIa30M TJ1a30M Ha JICHb M 4ac BHITIOJHEHUS J1a00paTopHOi
paboTHI.

3apauya 7. Onpenenutb, OyayT au BuAHBI co3Be3qus [leBbl, Paka. BecoB B momHOYbs 15 ceHTs0ps?
Kakoe co3Be3nue B 3T0 ke Bpems OyIeT HaXOUThCs BOJU3U TOPU30HTA Ha ceBepe?

3agaua 8. OnpenenuTh, Kakhe W3 MEPEUUCICHHBIX co3Be3aui: Manas Meneauna, Bomomnac,
Bozunuuii, OpuoH - a5 Baiiel MupoTs OyAyT HE3aX0AAIIUMU?

3agauya 9. Ha xapre 3BE3aHOro HebOa HAUTH MATH JIOOBIX NEPEUUCICHHBIX CO3Be3auil: bosbiias
Mensenuna, Manas Mensenuna, Kaccuones, Auapomena, [lerac, Jlebens, Jlupa, I'epkynec, CeBepHas
KOpOHA — U OTPEICIIUTh TPHOIMKEHHO HEOSCHBIC KOOPAMHATHI (CKIIOHCHHE, U TIPSIMOE BOCXOXK/ICHHE) a-
3BE3/ 3TUX CO3BE3IUM.

3agaua 10. OnpenenuTh, Kakue co3Be3nusl OyOyT HaXxoauThcs BOMM3u ropuszoHTa Ha Cesepe, HOre,
3anane u BocTtoke 5 Mast B ITOJIHOYb.

KonTpoabHbie BOmpochbl [Jisi 3aKpeIUIEHHs] TEOPETHYECKOr0 MaTepuaia K HNPaAKTHYECKOMY
3aHATHIO:

1. Yto Takoe 3BE&3mHOe HEO0? (3BE3qHOE HEOO - MHOKECTBO HEOECHBIX CBETWJI, BUIUMBIX C 3eMIIH
HOYBIO, HA HEOECHOM CBOJie. B SICHYI0O HOYb YEIOBEK C XOPOIIUM 3PCHHUEM YBHIUT Ha HeOOCBOJE HE
Oosee 2—3 THICAY MEPHAIOIINX TOYEK. THICSAYM JIET Ha3aJ IPEBHUE aCTPOHOMBI Pa3/ICiHIN 3BE3IHOE
HeOO Ha JBEHAIIATh CEKTOPOB M MPHIyMald UM UMEHA U CHMBOJIBI, I10JI KOTOPHIMH OHU H3BECTHBI U
TIOHBIHE. )

2. Yto Takoe co3Be3aus? (Co3Be3ausi - y4acTKu, Ha KOTOpbIE pa3jerneHa HebecHas cdepa st y1oocTBa
OpUEHTHPOBaHUS Ha 3BE3AHOM Hebe. B ApeBHOCTH CO3BE3MMSAMU HA3bIBAIUCH XapaKTEepHBIE (PUTYPHI,
oOpa3yeMble SIpKUMHU 3BE3aMHU. )

3. CxonbKO Ha cerofHsAMHUN neHb co3Be3auil? (Ceroans ects 88 cospe3nuil. Co3Be3aus pa3inyHbl 1O
3aHMMaeMOil MIoIaau Ha HeOECHOM cdepe U KOJIMYECTBY 3BE3/ B HUX.)

4. IlepeynciuTh OCHOBHBIE CO3BE3USI UM T€, KOTOpbIe BbI 3Haere. (CylIecTBYIOT OOJIbIINE CO3BE3IUSL
n Manenbkue. K mepBeiM oTHocsTcs bonpmas Measeauna, ['epkynec, Ilerac, Bogomneii, Bomomnac,
Anpapomena. Ko Bropeim - FOxubiit Kpect, Xameneon, Jleryuas Poi6a, Mansiit [1éc, Paiickaa IItuna.
KoHeuHo, MBI Ha3Bau JIMIIb MAJIYIO TOJUKY, HanboJiee U3BECTHBIE. )

5. Yto Takoe kapra HebOa? ( DTO mM300parkeHHe 3BE3HOrO Heba MM €ro 4acTu Ha miaockoctu. Kapry
He0a acCTPOHOMBI pa3AeIIi Ha 2 YacTU: I0KHYIO M CEBEPHYIO (II0 aHAJIOTUU C MOJyHIapUsaMH 3eMJIN.)

6. Uto Ttakoe HeOecHbli dkBaTop? (bombmol kpyr HeOecHOW cdepbl, IUIOCKOCTh KOTOPOTO
MEPIICHAUKYIISIPHA OCU MHUPA U COBHAJAET C MIJIOCKOCTHIO 36MHOI'0 3KBATOPA.

®opma npeacraBiaeHus pe3yJabTara:
BbInonHuTe 3a1aHue B TETpaIy JUIs MPaKTUYECKUX padoT.

Kpurtepun onenkmn:
3a MpaBUIILHO BHINTOJHEHHOE 3aJaHUE BBICTABIISICTCS ITOJIOKUTEIbHAsI OLleHKa — 1 Gasu.
3a HeNpaBUIILHO BBIITOJHEHHOE JICHCTBHE, 3a/JaHHE BHICTABIISICTCS OTpHLIATEIbHAsS OlleHKa — () OasuioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouwto» evicmagngemcs 3a 80 — 89% npaBUILHBIX OTBETOB
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Oyenka «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHoy svicmasisiencs 3a menee 60%0 mpaBUIBHBIX OTBETOB

JlaGopaTopHbie padoThI
Tema 2.1 KunemaTuka

JlaGoparopHoe 3ansiTue Nel

OnpenesneHue NJIOTHOCTH BellecTBa
Heab: DKCEpUMEHTATBHO ONMPEACTUTh TUIOTHOCTH JKUIKOCTH U TBEPJIOTO Tela.
BoinosineHne padoThl cioco0CcTBYET (POPMUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09
MarepuasibHoe o0ecnieyeHue:
BEChI C pa3HOBECAMHU; JIMHEIKa MacITaOHas; IITaHTCHIIUPKYJIb; MEH3ypKa; BEIICCTBO, IJIOTHOCTh
KOTOPOTO HY>KHO OIPEACTUTh.
3aganue:
1. O3HaKOMBTECH C TEOPETUUECKUM MATEPUAIIOM 10 TEME.
2. Onpenenute Maccy U 00beM HCCIIEyeMOTr0 BEIIECTRA.
3. BeruncnauTe mioTHOCTH BEIIECTBA.
4. CocraBbTe OTYET 110 JIaOopaTOpHOU padoTe.
Ilopsinok BbINOJIHEHHS PadOTHI:
O3HAaKOMBTECh C TEOPETUICCKUM MATEPUAIIOM TI0 JaHHOU TEMeE.
Omnpenenure MWIOTHOCTh TBEPIOTO TETA..
BerarcnuTe aOCOMOTHYIO M OTHOCHTEIHHYIO MTOTPEITHOCTH H3MEPEHUH.
Jlannble 3aHecute B Tadbnuiry Nel
Ornpenenure 1EHY €TEHUS MEH3YPKH.
Omnpenenurte MIOTHOCTH BOABI HEOOXOIMMO.
Brruncnute aGCOMOTHYIO M OTHOCUTEIBHYIO MOTPEIIHOCTH U3MEPEHU
Pesynbrate! onbita 3aHecute B TaOIUIryNe2.
OTBeThTE Ha KOHTPOJIbHBIE BOTIPOCHI:
KoHTpoJIbHBIE BOPOCHI

ONoGRWNEPE

e 113 nByX pa3HBIX METAIJIOB M3TOTOBJICHBI OJMHAKOBBIC IO pa3MepaMm KyOuku. B3BemmBanue
MoKa3aJlo, 4TO Macca OJIHOro KyOumka Oonble Macchl Jpyroro B 2 paza. OJuHaKoBa I
TUTOTHOCTH MeTayuta? Ecii HeT, TO BO CKOJIBKO pa3 OTIMYAIOTCS TUNIOTHOCTH?

e Tpu neranu — MeaHas, XKeJae3Has U aTFOMUHHUEBas — UMEIOT OJJuHaKoBble 00bEMBI. Kakas neranb
MMeeT HaNMEHBIIYIO Maccy, Kakas HanOompIryro? [IycToT B geTansx Her.

e Kycok Meramma oGbemoM 150 cm® mMeer Maccy 750 r. OnpeenuTe mIoTHOCTh MATEPHAIA.

e Ha yamku ypaBHOBEIICHHBIX BECOB ITOCTABJICHBI OJIMHAKOBBIC CTakaHbl. [locie Toro, Kak B OJMH
CTaKaH HAJIWJIM MOJIOKO, a B IPYTOi — MOJICOIHEYHOE MACJI0, PABHOBECHE BECOB HE HAPYIINUIIOCH.
O0BEM KaKOH M3 KUIKOCTEH OobIIe?

9. 3amonHuTe OTUET MO JAOOPATOPHOI paboTe COrIacHO TPEOOBAHUSIM.

qaCTL 1 I[JIH OHpCIleJ'IeHI/ISI IIJIOTHOCTHU TBepJIOFO TCJIa BBIYUCIIUTEC €TI0 06’beM.
1. OO6beM npsAMOYToIbHOIO MapajuiesenuIe/1a BBIMUCIUTE 110 GopMyJIe:
V=abh,

rJie a — JIMHA, M; b — mupuHa, M; h — BeicoTa, M.

2. OO0beM mWIMHIpA BEIYUCTUTE TIO PopMyIIe: 4
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h — BeicoTa 1IMIIMHApA, M; d — €ro AUaMeTp, M.

3. Ecnm TBepmoe Teno uMeeT HENpaBWIbHYIO (OpMY, TO €ro 00bEeM OINpEeAeTUTe C MOMOIIBIO
MEH3YPKH, B KOTOPYIO OH MOKET OBITh TIOTPYKEH.

ypaBHOBeCBTe BCChI UCIIOJB3Y: ITpaBUjia B3BCIIMBAHUAA.

Omnpenenure maccy Tena.
[To popmyne p=m/v BBIYUCINTE TUIOTHOCTH TBEPOTO TEJA.
Pesynbrarel u3mepenuii 3anecute B Ta0auiy Nel U crienaiiTe BEIYUCICHHMSL.

®© Noa &~

Yacte Ne2. Jlnsa onpeneneHus IIOTHOCTH BOJIbI HEOOXOIUMO:

1. HaiiTu mMaccy Tapbl, B KOTOPYIO HY>KHO MTOMECTUTh BOJIY H OINPEACIUTh MacCy BOJBI 0e3
Tapsbl.

2. Ompepnenute MeHY JETICHUS MEH3YPKU U HAIUTE 00BHEM B3BEIICHHON YKHUIKOCTH (BOIBI).

3. Pe3ynbraThl onbiTa 3aHeCUTE B Ta0uily No2.

Tabnuma Nel. Pe3ynbTaTsl U3MEpeHUH.

Ne Bewec | mmpu | numHa | BBICOT | 00béM, | Macca | MIOTHOCTH pma6| Ap o
TBO Ha. ,b(m) | a, V( pnp(re/m3)
a() hv) || mxr)

Tabnuia Ne2. Pe3ynbTaTsl BEIYMCIICHUM.

No | BemectBo | macca Tapsl , Macca 00BbéM, IJIOTHOCTh pmab o
m1(xr) xuakoct | Vu3) prp(re/
" Mm3)
m2(Kr)

®opma npeacTaBieHus pe3yJabTara:
Pabota gomkHa OBITH BHIMOJIHEHA B TETPAIH s JIaOOpaTOPHBIX padoT.
Kpurepun onenkmn:
3a mpaBUIIHLHO BBHITOJTHEHHOE 33JJaHHME BHICTABIISIETCS TIOJIOKUTENNbHAS OlleHKa — 1 Gar.
3a HeMpaBUWIIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BHICTABIISICTCS OTpHUIIaTENbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 2.3 3ak0oHbI COXpAHEHUS B MEXaHUKE
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JlabopaTopHoe 3ansiTue Ne2

Onpenesienne k03 PUUMEHTA )KeCTKOCTH YIIPYIoro reja

Heanb: M3yunTh 3aBHUCUMOCTH CHJIBI YHOPYTOCTH OT JIMHEWHOW jaedopmalryu; Ha mpumepe
nedopMaIuu pacTsHKEHUS YKCIIEPUMEHTAIBHO MOITBEPAUTD CIIPABEATUBOCTD 3aKOHA ['yKa; onpenenuThb
pacyE€THBIM U TpagUIECKUM criocodbamu K03 GUIUEHT yrIpyrocTu (KECTKOCTH) MPYKUHBI (PE3UHBI).

BoinosiHeHue padoThl cnoco0cTBYET (POPMUPOBAHUIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuanbHoe obecnieuenue: llItatu ¢ MydTO# U AepKaTSISIMU, TUHAMOMETP C UCCIIETYEeMOM
IPYKUHOW M 3aKPBITON MIKAJION (MM UCCIIETyEeMbIH JIOCKYT pPE3UHbI), JUHENKA, yallla OT BECOB, HAOOP
rpy30B ¢ u3BecTHbIMU Maccamu (1o 100 u 50 rpammoB).

Ilopsinok BbIOJHEHHS padOThI:

1. O3HakoMbTech ¢ TeOPeTHYECKUM MATEPHAJIOM.

B nannoii naboparopHoii paboTe paccMaTpuBaeTcsl ynpyrasi JuHeiHas nedopManus pacTsHKEHUS
NpYXUHBl (WM PE3UHBI), CBSA3aHHAasg C OSTUM CHJIa YIOPYrOCTH, U, COOCTBEHHO, caMa CBS3b,
BBIpa)Karoulasics B M3BECTHOM 3aKoHe ['yka, KoTopslii (6e3 ydera pasHOHANPaBIEHHOCTH AehopMaIiy 1
CHJIBI YIIPYTOCTH) MOYKHO 3aIlMCaTh B CIEAYIOIIEM BUJIE:

B =k-x

rae: F y — abcomoTHOe 3HAaUeHHEe CHIIBI YIIPYrocTH; [ — K03 PHUIHEHT yrpyrocTu (KECTKOCTD);
] — abCOIOTHOE YIJTMHEHHE.

NARANANRAITAN

Inin

&2

To ectb ¢ pocrom nedopmManuu MOIydb (3HAUEHUE) CUJIBI YNPYrocTH (B Mpenesax YOpyrux
nedopmarnuii) pacrer npsmo mnpomnopuunoHanabHo. Koaddumnuent ynpyroctu u3 3akoHa ['yka yerko
HaWTH, yuyuThIBasg dnciaeHHoe paBeHCTBO (1o III-my 3axony HbroTOHa) cuibl ynpyrocTu u Beca Tena,

HATSATHBAIONIETO MPYXUHY (pPE3UHY):

mg
k =—
X
rae: K — koadduimeHT ynpyroctu (KECTKOCTh) MPYKUHBI (PEe3WHBI); M — Macca rpy3a; g—
YCKOpEHHE CBOOOAHOTO MaJCHUS; X — aOCOIIOTHOE YJUTMHEHUE MPYKHUHBI (PE3UHBI).
C npyroii ctopoHbl U3 rpaduyeckoil (GopMbl ypaBHEHHS KOdPPUIUEHT K MOXHO HalTH, Kak

TaHTeHC yria HakJoHa ny4a /Fy/(x) k ocu abcuucc.
2. O6a 3HavyeHHUs k ciemyeT cpaBHHTBH, W MO pe3yjbTaTaM 3TOTO CPAaBHEHUS CIIENaTh BBIBOJ O

npojieTIaHHo paboTe.
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BHumarenbHO mpounTaTh OnrcaHue padoThl U aJITOPUTM JIEHCTBHIA;

CobOpath u 3apUKCHUpPOBATh YCTAaHOBKY (CM. PHCYHOK) TakK, 4TOOBI 3aKpeIljieHHas K TMPY>KUHE
(pe3uHe) mycTast yala BECOB HE3HAUUTENBHO PACTATUBANA IPYKUHY (PE3UHY);

Crnenatb OTMETKY «HYJIEBOT0» YPOBHSI IPYKHUHBI (PE3UHBI), OT KOTOPOTO OyIyT OTCUUTHIBATHCS
JMHEWHBIC YIUIMHEHHUS;

[TonoxuTh Ha Yally BECOB IPy3 MPOU3BOJIBHON MacChl;

[IpousBecTn M3MepeHHs CIEAYIONMX BEIMUYMH: [] — Macca rpys3a (cyMMa Macc Tpy30B B Haie
BECOB); [ | — aOCOIFOTHOE Y/UIMHCHHUE TIPYKUHBI (PE3UHBI);

[ToBTOPUTH ABAXKIBI

[IpousBecT NPOMEKYTOUHBIE BBIYMCICHUS OCHOBHOW BENUYUHBI ISl KaXJOro U3 TPEX
m3Mepenuit: [11; ALJ2; [1 — koappuuueHTs! ynpyroctu (KECTKOCTh) IPYKUHBI (PE3UHBI) ;
[TpousBecTn MNpPOMEXKYTOUHBIE BBIYHCICHUS CIEAyIOUMX BenuuuH: [icp; Allep; Lcp (mo
MPUHATHIM TPABUJIaM BBIYUCICHUNA U HAXO0XKICHUS MTOTPEITHOCTEH );

10. Ha OGmanke ordyera HayepTuTh | 4eTBepTh CHCTEMBbI KOOPAMHAT C OChIO adcmuce - [ —
abCONIOTHOE Y/UIMHEHHE; U OChlo opAMHAT - F y — a0CcoiroTHOE 3HauYeHHWE CWIIBI YIPYTOCTH.
BreiOpates Macmitabbl €AMHHII WU3MEPEHHUS MJs JaHHBIX Ocel TakK, 4YToObl MaKCHUMallbHbIE
3HA4YCHUsI U3MEPEHHBIX U BBIYMCIICHHBIX BEJIMYMH HE BBIILIH 32 MPEIENIbl CUCTEMbI KOOPAMHAT;

10. Ha koopaunaTHOU miockoctu oTMeTuth Touku: A(x1;|FY1|); B(x2;[FV2|); C(x3;|FY3)); rme: xn

— OIHO M3 3HAYCHUH YIUTMHEHUS TPYKUHBI (PE3UHBI) 110 H3MEPEHHUSIM JaHHOTO ainroputma; |[FYn|
- OJAHO W3 3HAYEHMW CHUJBl YNPYrOCTH, YKMCICHHO PAaBHOM BeCy Irpy3a mng, Iie Macca —
U3MEPEHUE TAaHHOIO aJIrOpPUTMa;

11. IIpoBectu mpsimyto yepe3 Touku A, B, C (ecnu Touku He Jiexar Ha OJHOU NPSIMON — MPOBECTU

MPSIMYIO TaK, YTOOBI TOUKHU PaBHOYAAJIEHHO HAXOJWINCH IO 00€ CTOPOHBI OT MIPSIMOM).

12. IIpoussectu 1 3apUKCUPOBATEL B IYHKTE 5. OJaHKA OTYETA 3HAYEHUE KOD HUIIMCHTA k’, paBHOTO
3

TAHT'CHCY yTJIa HAaKJIOHA ATOH MPSIMOM K OCH abciuce (Ipy BBIYHUCICHHH tg X 00s3aTebHO
HEO0XO0/IMMO YUUTHIBATh MAacCIITA0bI M OCH abCIUCC, U OCH OpauHart!);

13. CpaBHUTB K0 DUITMEHTHI YIIPYTOCTH (KECTKOCTH), KOTOPBIE BRIYUCISUTACEH. CIenaTh BBIBOJ,.

KoHnTpoJsbHbIe BONPOCHI
1) B uém 3akmtouaercs 3axoH ['yka?
2) Yto Takoe ynpyras aedpopmarus?
3) Korna Bo3HuKaer cuiia yrnpyroctu?
4) Yo o3HauaeT 3HaK «—» B 3akoHe ['yka?
5) Ot uero 3aBUCUT KOA(P(ULIUEHT YIPYyrocTu?
6) Kak nomkeH ABUraTbcs JWHAMOMETP, YTOOBI, HECMOTPS Ha MOJBEIIEHHBIH K HEMY TIpy3,
MpYXWHA OCTaBaJlaCh HEPACTIHYTON?
7) XKecTKoCTh NMPYKHUHBI U )KECTKOCTh MPOBOJIOKHU, U3 KOTOPOI OHA COCTOUT — 3TO OJIHO U TOXKe?
[Touemy?
®opma npeacTaBiaeHus pe3yJabTara:

PaGota nomkHa OBbITH BHIMOJIHEHA B TETPAIu AJIs JIaDOpaTOPHBIX padoT.
Kpurtepun onenkmn:
3a mpaBUIIHLHO BBITOJTHEHHOE 33JJaHHE BHICTABIISIETCS TIOJIOKHUTENBbHAS OlleHKa — | Oasu.
3a HeMpaBUWIILHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BHICTABIISICTCS OTpHUIIaTeNbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 3.1 OcHOBBI MOJIEKYJISIPHO-KHHETHYECKOH TeOpHH
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JlabopaTopHoe 3ansiTue Ne3

IIpoBepka ra3zoBbIX 3aKOHOB

Heab: M3yunTh B3aMMOCBS3b MAKPOCKOIIMYECKHUX MTAPAMETPOB I'a3a 3aJJaHHON MacChl; OIBITHBIM
nyTéM yOequTcs B CripaBeNIMBOCTH 3akoHa boitnsa-MapuoTra.

Brinosinenue padorsl cnoco6cTBYeT GOPMUPOBAHHUIO:

OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepunanbHoe obecrnieyeHue:

CunbhoH (aIIOMHUHHMEBBIH TE€PMETUYHBIA IUIMHAP C TOQPUPOBAHHBIMH CTEHKAaMH, IIKAJION
YCJIOBHBIX €JMHHUII, MOPIIHEM C BEPTUKAIBbHBIM BHHTOM), BO3JYXOBOJHBIA COCIMHUTENbHBIN HUIAHT,
MaHOMETp, 0apOMeTp, UCIIBITYEMbIH T'a3 3a/IaHHOI MacChl — BO3IYX.

3aganmue:
1.IloBTOpUTH 00BETMHEHHBIN Ta30BBIA 3aKOH.
2.IIpoBeputh Ha MpaKTUKE coO0IeHHEe 3akoHa boinsg-Mapuorra.

IHopsiaok BbIMOIHEHHS PA0OTHI:
Teopernyeckue cBeieHUs!

B nanHoii mabGoparopHoii paboTe paccMmarpuBaeTcs coOMroJeHuEe 3akoHa boins-Mapuorra,
CIPaBEUIMBOrO JUIsl M30TEPMHUYECKOIrO Ipoliecca A JaHHOM Macchl rasa. M3 oOmiero ypaBHEHHs
MenaeneeBa-Knanelipona 3akon boitiisi-MapuoTTa MOXHO 3anucaTh Tak:

Vnpn — C

rae: V— o0beM 33JaHHOM MacChl Ta3a B N-OM COCTOSHUM, [ | — JaBJICHHE 3a/IaHHOW MacChl Taza B
N-OM COCTOSIHUH;

] — mocTosiHHBINA K03 PunmeHT (KOHCTaHTa).

IIpu ucnons3oBaHUM B pabOTe JaHHOW YCTaHOBKH (CM. PUCYHOK) 00BEM Iaza yaoOHO U3MEpSTh B
YCJIOBHBIX €IuHUIIaX o0bema — y.e.0. (1 y.e.0.=0,1Vo, rme Vo — monneii o6bem cuibdpona 1 ), a
JaBlieHHEe — KaK aTMoc(epHOe JaBlI€HUE C JONOJHUTENbHBIM (6€3 JOMOJHUTEIBHOI0) JaBiieHus (o
MaHOMETpY) C MEPEBOIOM HEOOXOUMBIX eIMHUIL 1aBiieHus B cucremy CH.

2 . 3agada CBOJUTCS K HAXOXKJIEHUIO KOHCTAaHThI Cn I KaKJOTO COCTOSIHMSI OJTHOM W TOMW e
Macchl rasa:

Cn = Vn "Po (l a s Apn)

rae3 : [J — KOHCTaHTa N-TO COCTOSIHMS (B YCJIOBHBIX €IMHUIIAX KOHCTaHTHI — y.€.K.); [|— 00bemM
3aJJaHHOI Macchl raza B nN-OM COCTOSIHUM (B YCJIOBHBIX €JMHMIIAX 00BbeMa — y.e.0.); [] — armochepHoe
nasnenue (B [lackansax — [1a); Al — qonmoaHUTEIBHOE IaBIEHHE MaHOMETpa (B aTMocdepax — aTm).

Yem TOuHee M Onmxe Apyr K Apyry Oyayr Haxoautbess koHcTanThl Cl, C2, C3 — Tem Oonee
TOYHBIM OKAKETCS IKCIEPUMEHTAIBHOE TOATBEPKACHUE 3aK0oHa boiurss-Mapuorra.

3 - IPUMEHSETCS 3HAK «+» - €CIIM JJaBJIEHUE PACTET, U 3HAK «-» - €CJIHM JaBJIICHUE MaJ/IaeT.

p.s. - 1.YcroituuBas pabora cuinb(oHa BO3ZMOXKHA MPH YCIOBUM U3MEHEHMsI o0beMa BO3/yXa B
HéM ot 0,5 10 0,9 y.e.o.

2. - s pacu€TOB EJMHMIIBI JaBJICHHUS OapoMeTpa - MM.PT.CT.(MAJUIMMETP PTYTHOTO CTOJIOA),
MOKHO BOCIIOJNIb30BaThes enuHuiiamu nepesoaa B Ila (ITackamsx) mo popmyne: 1 mm.pr.ct=133,33 Ila.
[lepeBoa nokazaHuii MaHOMETpa HE TpedyeTcsl.

1. 1. BuumarenbHO MpoYUTATh ONMUCAHUE PAOOTHI U AITOPUTM JIEUCTBUK;

3. U3meputh atmMmochepHOe aBIeHUE B JAaHHBII MOMEHT C MTOMOIIbIO 0apoOMeTpa;

4. IlpousBecTH U 3aUKCUPOBATH B OJIaHKE OTYETa MIPEIBapUTENbHbIE U3MEPEHUsl aTMOCc(hepHOTro

naBieHus (C mepeBogoM B equHHIbI cucteMbl CH);

4. 5. CobOparp ycTaHOBKY (CM. pPHCYHOK) Tak, 4yToObl 00a KiamaHa MaHOMETpa HaxXOJWIHCh B
OTKPBITOM COCTOSIHWH, a IOPIIEHb CUIIL()OHA — B CAMOM BEPXHEM IOJI0KECHUH;
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3aKphITh BHEIIHUH KJIallaH MaHOMETPa;
6. C moMomIpI0 BpAIAIOUIETOCs TMOPUIHS YCTAHOBUTH BBICOTY LWJIMHIpPA CHIb(pOHA HA OIHOU W3
Tpéx otmerok: 0,6; 0,7; 0,8.
7. TlpomsBectn M 3aduKcUpoBaTh B OJIAHKE OTYETa IMpEIBAPUTENbHBIE H3MEpeHHs o0beMa
3aJlaHHOM MacChl ra3a B OJTHOM U3 TPEX COCTOSHUH (B YCIOBHBIX €AMHHIIAX 00bEMA — y.€.0.);
8. Cpazy xe mpomsBecTd W 3apUKCHpPOBAaTH B OJIAHKE OTYETA IMPEIABAPUTEIBHBIC H3MEPEHHUS
JIOTIOJIHUTEIBHOTO JABJICHUS MaHOMETPa OJJHOTO U3 TPEX COCTOSHUII raza (B arMocdepax - aTMm);
9. Bepruncnuts aOCOMOTHYIO U OTHOCUTEIBHYIO TIOTPEIIHOCTH U3MEPEHUH.
KoHTpoJibHBIE BOIPOCHI.
1) IIpu xakoMm yciioBUU cipaBeUIUB 3akoH boitnsa-Mapuotra?
2) Ecnu ipu ©30TepMHUECKOM MPOIECCe JaBICHHUE MAJAeT, YTO IPOUCXOAUT ¢ 00BEMOM?
3) IIpou3BoauUT Jiu Ta3 1aBJICHUE B COCTOSSHUN HEBECOMOCTH?
4) ITouemy moydeHHbIE pe3yJbTaThl B paboTe HE HJIealIbHO PaBHBI MEXy c000ii?
5) Uro BiusieT Ha TOUHOCTh U3MEPEHU B TaHHON paboTe?
6) MO>XHO 1T OIPEeTTUTh YCIOBHYIO €IUHHILY KOHCTaHThI B equHunax CU?
7) KakoBa macca Bo3ayxa B ayJUTOpPUH IJIOMaAb0 64 M2 , BEICOTOH 3 M, mpu Temieparype 25
oC u naBneHuu 725 Mm.pT.cT.?
®opma npeacTaBieHus pe3yJbTara:
PaboTa nomkHa ObITH BBINOJIHEHA B TETPAAM ISl JJaOOPaTOPHBIX paboT.
Kpurtepuu onenku:
3a mpaBUIIBHO BBIITOJHEHHOE 33/JaHHE BBICTABIISIETCS MOJIOKUTENNbHAs OlleHKa — 1 Gasu.
3a HeMpaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTpUIIAaTeIbHAs omleHKa — () 6aioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89%0 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

Tema 3.3 ArperaTHble cOCTOSIHUS BellecTBa U Ga30BbIe Mepexoabl
JlabopaTopHoe 3ansiTue Ned

Onpenesienne k03¢pGUUNEHTA NOBEPXHOCTHOM MJIOTHOCTH KUIKOCTH METOIOM OTPbIBA KameJib

He.ﬂb: OMpeACIIMTh MOBEPXHOCTHOC HATAXKCHHUE BOJAbI U MBIJILHOI'O paCTBOpPAa METOAOM OTPbBIBA KaIlCjIb
Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09
MarepunanbHoe obecnieyeHue:
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IITPHIL A1 YUCTOW BOJBI, LIMPHI] A MBUTBHOTO pacTtBopa (o0bemom 5—10 mir), cTakaHYHK C
YUCTOM BOJOW, CTAKAHYUK C MBUIBHBIM pAacTBOPOM, INTAHICHLMPKYJIb WIA MHKPOMETpP, OCTPO
OTTOYCHHBIN KapaH/alll.

3aganue:

1 O3HaKOMbTECH C TEOPETUUECKUM MaTEPUATIOM.

Ha xamro, BUCSILIYI0 Ha KOHLE Y3KOM TpyOOUKH, IEHCTBYIOT JIB€ CHJIBL: CHJIa TSDKECTH mg
HaIpaBJICHHAs BEPTUKAJIBHO BHU3, M CWJIAa IOBEPXHOCTHOI'O HATsKEHUs JKuiakoctw F moB
pacrpesielieHHasl B/IOJIb I'paHMIbI JKUIAKOCTH C KpaeM TPYOKM M HaIlpaBlieHHas 0 KacaTelbHOH K
MIOBEPXHOCTHU KMJIKOCTH MEPIEHAUKYIISIPHO 3TON IpaHUIIE.

an

mg

Cuita MOBEPXHOCTHOTO HATSHKEHHUS, JACHCTBYIONIAs HA HEOOJBION YIaCTOK IpaHuLbl JiiHOU 4l
paBHa o |, rie 6 — K03 (PUIIUEHT TOBEPXHOCTHOTO HATSIKEHHS KU IKOCTH.

VYcioBue paBHOBECHs Kaluld Ha KOHIE TPYOOUKHM COCTOMT B TOM, YTO BEKTOpHas CymMMa CHUI,
JCUCTBYIOIIUX HAa OTHENbHBIC JJIEMEHTHI TPaHUIIBl, paBHA MO MOIYII H MPOTHBOIOJIOXKHA IO
HAIPaBJICHUIO CHJIE TSDKECTH.

Bennunna o4 1 mo Mepe yBelWYeHHUS MacChl Kaluld OCTAeTCS HEM3MEHHOW, HO B PaBHOBECHH
Karuis IPUHUMAET TaKyio ()OPMY, YTO yroJl HAKJIOHA CHJIBI TOBEPXHOCTHOTO HATSKEHUS K BEPTUKAIH O
YAOBJIETBOPSIET YCIOBUIO lo cos = mg , rie | — aiiMHa rpaHuIlbl )KUJIKOCTH C TPYOOUKOH.

C yBennueHHeM Macchl Kalliy YToJl 0. YMEHbIIaeTCsl M, HAaKOHEL!, IOCTUTaeT HyJIs, a cosa = 1 .

[lpn nanpHeieM yBETMYEHUH MAacChl YCIIOBHE PABHOBECHS KaIllIM YK€ HE MOXET OBITh
BBINOJIHEHO, U KaIlJIsl OTPHIBAETCS.

Orcrona, npunuMas, uto l=n d, rae d — BHyTpeHHuUll nuameTp TpyOouku, nomydaem: d om= mg
mg

ey

1.3meputh BHYTpeHHHH auamerp d HakoHeyHUKa wmmpuna. Jias wu3MepeHus MOXKHO
BOCIIOJIb30BATHCSI OCTPO OTTOYEHHBIM KapaHIalmoM. BceTaBuB KapaHaaml B HAaKOHEYHUK [0 yIOpa,
MOMETHTE TPAHMIy CONMPUKOCHOBEHHUSI HAKOHEUHUKA C KapaHjamoM. J[mameTp kapaHjamia Ha ypOBHE
9TOM TPAaHUIBI MOKHO IPUHATH 32 BHYTPEHHHUU NTHAMETP HAKOHEUHHMKA U U3MEPUTH €r0 C IOMOILIBIO
IITAHTCHIIUPKYJISI LM MUKPOMETpA.

2.HaGpatp B mmpuiy 4—5 M1 BOJBI U, JepKa €ro BEPTUKAIBHO U TUIABHO Ha)KMMasl Ha MOPIIEHB,
BBUIUTh 3—4 MJI B CTaKaH4YWK, cuvTas Karum. M3MepeHune konumdecTBa Kameiab N MpPOBECTH HE MEHEE
Tpex pas, 3aTeM Mo 00Iel Macce BBITEKIIEH BOJBI 001 m (MOIB3yHTEeCh MIKAIOW Ha MImpwHile!) HalTH
CPEIHIOI0 MacCy Karljld m U MOTPeIIHOCTb ee onpeaeneHuss Am. Pe3ynbTarsl 3aHeCTH B TaOIUIly

Tabauya Nel
UBMEPEHO BbLIUUCTIEHO
Ne N m m d A o Ao £
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m 2 m,e ecp  |me ecp |, mm | d mm, | Hm
obw

3.Monb3ysace dopmynoii (1), paccuntarh KO3((GUIMEHT MOBEPXHOCTHOTO HATSHKCHHSI BOJBI U
a0COJTIOTHYIO TIOTPEIIHOCTD €TI0 ONPEACICHHS

Ao =lo,, -0

uim maaa| *
4. BBIYHCIUTH OTHOCHTEIBHYIO TIOTPEIIHOCTD H3MEPEHUI
Ao

g=—-100
(e

madiy

5. AHamoru4HbIM 00pa3oM ONpeAeTuTh KOI(P(OHUIMEHT MOBEPXHOCTHOTO HATSKEHHUS MBUIBHOTO
pactBopa (I10JIb30BaThCs OTACTBHBIM IIIPHUIIEM U TOCY 0 !).

H3MEPEHO BBIYHCJIEHO
Ne|m,.2| N me | mg,e | Ame | Am,,e d,mm| Ad, mm (,_i% A“’HA &)

6. CnenaTb BBIBOJ M 3alUcaTh MOJYyYEHHOE 3HaUeHHE K03((PUIMeHTa TOBEPXHOCTHOTO
HaTSKEHMSI C yUE€TOM MOTPEIIHOCTH

KoHTpoJsbHbBIE BONIPOCHI:

1. Koaddunment nosepxHocTHoro HaTskeHus kepocuna 0,024 /M. bonbiie nian MeHblie Macca
KaIlUIM KePOCHHA [0 CPABHEHUIO C Karjie BOJIbl, €CIIU KanaTh U3 OJHOM M TOW K€ MUMETKU?

2. O6bsicHUTE TOAPOOHO, TOUEMY MaJICHbKUE KalleIbKU KHIKOCTH MOTYT JI0JITO BUCETh HE
OTpPBIBASICh.

3. [louemy, mpexe 4eM NOKPBITh IITYKaTYpKy MacasiHOM KpacKoH, peABapUTENbHO IPOU3BOISAT
I'PYHTOBKY OJTU(OH?

4. IlpuBenute CBOU NMPUMEPHI JEHCTBHSI CHIIBI IOBEPXHOCTHOTO HATSKEHUS

®opma npeacTaBieHus pe3yJabTara:

PaGota gomkHa ObITH BBINOJIHEHA B TETPAIH JJIs JJaDOpaTOPHBIX padoT.

Kpurtepun onenkmn:
3a npaBUWIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTENbHAS OlleHKa — 1 Oa.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNe BHICTABIISICTCS OTpHUIIaTeNbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenra «HeyoosiemeopumenbHoy svicmasisemcs 3a Menee 60% nMpaBUIBLHBIX OTBETOB

Tema 3.3 ArperatHblie cCOCTOSIHUSI BelecTBa U (a3oBble Mepexoabl
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JlabopaTopHoe 3ansiTne NeS

OnpenesieHne BJAKHOCTH BO31yXa M aTMOC(EpPHOro 1aBjieHUs
Llesib: H3MEPUTH OTHOCUTENIBHYIO BIQXKHOCTh BO3AyXa B JIAOOPaTOpUH (PU3UKH
BoinosineHne padoTsl cioco0CTBYeT (POPMUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09
MarepuasibHoe o0ecnieueHue: rurpomerp ncuxpomerpuueckuit BUT — C, crakaH ¢ KUIISTYEHOM BOAOM
3ananue
1. O3HakoMbTech ¢ TeOpPeTHYECKUM MATEPHAJIOM:

B armocdepe 3emnm Bcerma coaepikarcs BoAsHble mapbl. WX copepkaHue B BO3AyXe
XapaKkTepu3yeTcs: aOCOIIOTHON M OTHOCUTEIBHOMN BIAXKHOCTHIO. AOCONIIOTHAS BIAKHOCTH OIPEENIACTCS
IUIOTHOCTBIO BOJASIHOTO Mapa pa, HaXxoJsmierocs B aTMocdepe, WM ero mapiuuaibHbIM JaBICHUEM PII.
[TapumanbHBIM TaBICHUEM PII Ha3bIBACTCS JABICHHE, KOTOPOE MPOM3BOIMI ObI BOASHON map, eciau Obl
BCE JIpYTrHe Ta3bl B BO3AyXE OTCYTCTBOBAIH. OTHOCUTENBHON BIAKHOCTBHIO () HA3bIBACTCS OTHOILICHUE
NapLUHUaIbHOTO JAaBJICHUS PII BOJASHOIO Iapa, COAEPIKAIIErocsi B BO3AYXE, K JaBJIECHUIO HACHIIIEHHOTO
napa pH.IL., Ipu JaHHOU TeMreparype. OTHOCUTeNbHAs BIaKHOCTh () TIOKA3bIBAET, CKOJIBKO MPOILIEHTOB
COCTaBJISIET MapLMaIbHOE JaBICHUE OT JABJICHUS HACBIIIEHHOI'O Mapa MpU JaHHOM Temmeparype U
omnpezensercs no hopmye:

q)zﬂ-lOO%
pIUl

[TapunanpHOE JaBIEHHE PII MOXKHO PAcCUMTATh IO ypaBHEHMIO MeHneneesa - Kianeiipona wim
10 TOYKE POCBHI.

Touka pocel - 3TO TeMmieparypa, IpH KOTOpOH BOISHOM Iap, HaxXOIAIIMKCA B BO3JyXe
CTAHOBUTCSl HACBIIIEHHBIM. OTHOCHUTEIBHYIO BJIAXKHOCTh BO3AYXa MOXHO ONPEIEIUTh C IOMOILBIO
CIEeLUAbHBIX MPUOOPOB — IICUXPOMETPA U TUTPOMETPA.

IIcuxpomerp

IIcuxpoMeTp COCTOUT U3 CYXOT0 U BJIAXKHOTO TEPMOMETPOB.

PaccmoTpuTe mcuxpoMerp u OnpeAesUTE TI€ CyXOH U BIIAKHBIA TEPMOMETPBHI.

a) U3MEPUTH MIOKA3aHUS CYXOr'0 U BIaKHOTO TEPMOMETPOB:

0) KCIONIb3ysl MCUXPOMETPUYECKYIO TAOIMILY, ONPEAETUTh OTHOCUTENIBHYIO BIa)KHOCTh BO3/1YyXa.
BHumarenbHO MOCMOTpUTE Ha INCHXpOMETpHUYEecKyro Talbnuiy. B mepBoMm BepTHKaabHOM cTONOLE
HalJIUTe MOKa3aHUs BAILLIErO0 CyXOro TEPMOMETpa, B NEPBOW FOPU3OHTAIBHOW CTPOKE HAWIUTE Bally
pPa3HOCTb IIOKAa3aHWM CyXOro M BJI@XKHOTO TEpMOMETpOB. ToO 4HCIIO, KOTOpPOE HaXOAWTCA Ha
NepeceyeHn  cToI0a U CTPOKH U SBJISIETCS 3HAUEHUEM BIIaXKHOCTH BO3/1yXa.

N300pakenue, cxema, pUCyYHOK SKCIIEpUMEHTA!

Cyont |
mepmonempl={

X | Bravonan |2§:
) mepaosemp R

Pucynoxk 1. YcranoBka amns naboparopHoit paboTst Ne5
2. BemosauTE padory.
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3. OTBeThTE Ha KOHTPOJIbHBIE BOIIPOCHI.
4. 3amoJHUTE OTYET IO JJabopaTopHOM padorTe.
Ilopsinok BbINOJHEHHS padOThI:
1.HanuThk B muTaTenb KUMSAYCHYIO BOAY.
2. latp ¢utunro mponurtathest Bomod u uepe3 10-15 MUHYT HpHUCTYNUTH K OIpPENEICHUIO
BJIQKHOCTH.
3.0mpenenuTs NOKa3aHus CyXoro M yBIa)KHEHHOI'O TEPMOMETPOB.
4.IloBopaunBas aMMO C KpacHOM oOLM(POBKOH, COBMECTUTh IOKa3aHHUA CYXOTro TEpMOMETpa
(xpacHble H(}PBI) ¢ TOKA3aHUAMHU YBIXKHEHHOTO (YepHBbIE U (PHI).
5.0npenenuTb OTHOCUTENIBHYIO BIA)KHOCTh 10 KPACHOM CTpEJIKe.

6.Pe3ynbTaThl N3MEpeHHIA U BBIYMCICHUN 3aHECTH B TAONIUILY:
Tab6mua Nel

IHoxka3anus TepMoMeTPOB Pa3nocth OTHocuTebHas
NMOKa3aHuil BJIA’KHOCTb BO3yXa @,
TEpMOMETPOB %
At=tcyx-tBJ
cyxoro teyx BJIAJKHOTIO tBJI
Tabmuma Ne2
Temnepary | Touka Hasnenue | [lapumansn | Otocuten | [lnotHOCTh | AGCONIOTHA
pa pOCHI, °c HACBIILIEHH | O€ bHasI HACBILIECHH | o
OKpY>Karolil Oro Irapa, JIaBJICHUE BJI&KHOCTH | OO mapa, BJIAXKHOCTh
€ro ITa BOJISHOTO BO31yXa, %o BO3/yXa
BO31yXa, napa, Ila At
°c

7. Caenatb BBIBOJ, 3alMCaTh MOKa3aHUS TMTPOMETpa U J1aTh PEKOMEHAALUU IO MOAJIEPKAHUIO
BJIQKHOCTH B TaOOpaTOPHH B TIpeiesiaX HOPMBI.
KoHnTpoJsbHbBIE BONIPOCHI:
1. Kakoif map Ha3pIBaeTCs HachIeHHbIM? UTO Takoe NWHAMHYECKOE PaBHOBECHE, TOYKA POCHI,
napuuanbHoe JgaBieHue?
[Touemy moka3aHusi CMOYEHHOTO TEPMOMETPA MEHBIIIE, YEM CYyXOTr0?
Kak, 3Hast TOUKy pOChl, MO’KHO ONPEAETIUTh NaplualbHOE AaBlIeHHE?
4. Cyxoil 1 BIaXKHBIM TEPMOMETPHI ICUXPOMETPA MOKA3bIBAIOT OJIMHAKOBYIO Temmepatypy. Kakosa
OTHOCHUTEJIbHAs BIAXKHOCTh BO31yXa?
®opma npeacTaBieHus pe3yJbTara:
PaboTa nomkHa ObITH BBINOIHEHA B TETPAAM ISl JJAOOPaTOPHBIX paboT.
Kpurepum ounenku:
3a mpaBUIILHO BBIIOJHEHHOE 33JaHHE BBICTABIISAETCS IMOJIOKUTENIbHAs OlleHKa — 1 Oasu.
3a HeTMpaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNEe BBICTABIISIETCS OTPUIIATEIbHAS onleHKa — 0 0aioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

wmn
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Oyenxa «HeyoosiemeopumenbHoy svicmasisemcs 3a Mmenee 60% mpaBUIBHBIX OTBETOB

Tema 3.3 AFpeFaTHLIe COCTOAHMSA BeLIECTBA A (])a30|3[,1e nepexoabl

JlabopaTopHoe 3ansitue Ne6

Onpenesienne yaejabHON TENJI0eMKOCTH BelleCTBA
I_[e.m,: OIIBITHBIM HyTeM OHpeI[eJII/ITB BeJII/I‘-II/IHy y,[[CJIbHOfI TCIINIOCMKOCTHU BCUICCTBA U BBISICHHUTH
(bU3UYECKUI CMBICI YpaBHEHHUS TEIUIOBOTO OaslaHca.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuanbHoe o0ecnedyeHHe: BEChl ONTHYECKHE HA INTAaTHBE; PA3HOBEC; UCCIEIYEMOE BEILECTBO;
KaJIOPUMETP; TEPMOMETD; IIEKTPOIUIUTKA; COCYJ] C BOJOM;

3aganue

1. 3anucarp B TeTpaj b Ha3BaHUE PadOTHI, LiEdb padOThI, IPUOOPHI U MPUHAIEKHOCTH.

2. HaueptuTh TabuuIly AJIs 3a1IUCH PE3Y/IbTaTOB U3MEPEHUHN U BHIUMCIICHUI.

3. BBIYMCIICHUS IIPOBECTH COTTIACHO (OPMYJIaM:

Temnora, oTganHas ropsauM TEIOM:Qy=M1C1(t1- 0)
Terora, monydeHHass KaaopuMETPOM: Q on . =M2C2(0-t2)
Terora, mony4yeHHas BOIOM: Qx5 =M3C3(0-13)
VYpasaenue TernoBoro 6ananca: Qo= Qnox

mM1C1(t1- 6)= myCy(0-t2)+ M3C3(0-13)

m1C1(t1- 0)=( 6-t2)( M2C+ M3C3)

Tak kax ty=t3, (6-t2)=(6-t3)
c1=(8-t2) (M2Co+mscs)/(My(t1-0)) I/ (kr- °K).
4. OnpenenuTs NOTPENTHOCTH

A=|Cra7-C1| - AOCOTFOTHAS TTIOTPEITHOCTE;

0=(A/c)-100%.
ITopsinok BbINoJIHEHUs padoOThI:
OnpenenuTs Maccy MCCIETyeMOro Tejla my;

OnycTuTh UCCIIETyEMOE TEJIO B COCY/l C BOJOW M HAIPETh BOY /10 KUIICHHUS;
Omnpenenuts Maccy KaJJopuMeTpa my;

Hamuts A0 ITOJIOBHHBI BOJABI B KAJIOPUMETP U OMPECACIINTD MACCy BOJAbL mas,
N3mepuTs HaYampHYIO TEMIIEpaTypy KaJopuMeTpa ¢ BOJOH tr=t3;

o g wn e

OmycTUTh HArpeToe TEJIO B KAIOPUMETP C BOJOU U U3MEPHUTH TEMIIEpaTypy cMecH 0
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7. Pe3ynpTaThl U3MEPEHUI M BBHIYHCICHUI 3aHECHTE B TAONWIy W caenaiite BbIBOA. [lo oxoHUaHUU
paboTHl MPUHAIIICIKHOCTH, TETPAIh U JAHHOE PYKOBOJICTBO CAAaTh MPETOIaBATEIIO.
Taoauma Nel

1. macca TBepIOTrO Teaa., KI my,
2. TeMmaeparypa Temaa, °C

3. Mmacca KaJTopitmMeTrpa. KT m->
4. Macca BOIBI. KT s
5. Temmeparypa BOXIBI II KaJdopiImMeTrpa. tL=t3
b

6. Temraeparypa cMmecii, °C (S

= yaenasHasi TeILTOSEMKOCTE c>

KadopIiiMeTpa. J>x/(xr-°K)

8. yaemsHAas TeIDIOSEMKOCTE BOIBL, Cs3
I/ (xr-"K)
9. yomemsHas TeILIOSeMKOCTEB TIBEepIOoIo | Ci

Terxa. JIx/(xr-°K)

10. TabOmaIrgaHOe IHagYeHIIS VISeIBHOII Ccr
TEeILIIOEeMKOCTII TBEepIOIO Tera,
Jix/(xr-°K)

11. orHOCITeadsHAsA [IoIpenIrHocTs, 2o

(o]}

KoHnTpoJibHbIE BONIPOCHI:
1. KakoBa pa3zHuiia Mex/Jy TEIUNIOEMKOCTBIO Teja U YIAeIbHOU TeMI0eMKOCThIO?
2. B uem cwmpIcn ypaBHEHHs TEIJIOBOTO OajaHca M KaKoe OTHOUICHWE OHO MMEET K
3aKOHY COXpPaHEHUS YHEPIHUH.

®opma npeacTaBiaeHus pe3yJabTara:
Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU JJIs JIaDOpaTOPHBIX padoT.
Kputepun onenkmn:
3a mMpaBUIIHLHO BBIMTOJHEHHOE 33JaHHE BHICTABIISIETCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMmpaBUWIILHO BBINIOJIHEHHOE AEHCTBHE, 3aJJaHNE BBICTABIIAETCS OTpULaTeabHas oeHka — 0 6aos.
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 «Heyoosiemeopumenbhoy svicmasgisemcs 3a Menee 60% nmpaBUIBHBIX OTBETOB

Tema 3.3 ArperatHblie COCTOSIHUSI BelecTBa U (pa3oBble mepexoabl

JlaGopaTopHoe 3ansitue Ne/

Onpenenenue Moay Il YIPYTOCTH pPe3UHBI

Henan: OnpenenuTs MOAYIb YIPYTOCTH PE3UHBI IIPU PACTKEHUH.

Boinosinenue padoTsl cnocodcTByeT GOPpMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09
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MarepunanbHoe obecnedeHHe: pe3nHOBBIA MHYpP IMHON 25—30 cm u ceuenueM 4— 10 MM, Habop
rpy3oB 1o 0,1 kr, 1kr, 1,5kr, 2 Kr., IITaTUB, JUHEHKA, IITAHTCHIUPKYJIb WA MUKPOMETP.

Buumanue! H3zoezaiime nadenusa 2py3oe c paboueii nogepxnocmu. Ciedume 3a nojoxHceHUem
wmamuea!

3aganue:
1. O3HaKOMHTbHCS C TEOPETUUECKUM MaTEPHUATIOM.
Teopus.

[Ipu ycraHoBuBLIEHCS YHpyroi aegopManuy paBHOJACHCTBYIOIIAS BCEX BHYTPEHHUX CHII
yIPYrocTH, BO3HHMKAIOIIUX B Tele B JIIOOOM €ro CEYEHHWH, YpPaBHOBELIMBAET BHEIIHUE CHIIBI,
JIEHCTBYIOLME HA TEJIO.

CornacHo 3axkony ['yka, HampsokeHME 0 M BBI3BAHHOE€ WM OTHOCHUTENBHOE & YIJIMHEHUE
nponopuuoHaneHel: 0=E ¢ , rne E— mMoayinb ynpyrocru.

ITocne npeoOpa3oBaHus 3TOTO BBIPOKCHUS MOy YU M:
F dmgl,
S Al md*(1-1,)

JIist SKCTIIEPUMEHTAIHOTO OTIPENEICHUsT MOYJSI YIIPYTOCTH HY)KHO M3MEPHTH BCE 2
BennuuHbL  jgedopmupyomyro cuny F (F=mg), ceuenne obpasua S, ero § (S —_—— ),
nepBoHavabHyo JuiHy 10 u yummnenwue 1. 4

HN3y4denue gepopmanum pacTsasKeHus.
1. V3meputh ¢ MOMOIIBIO IITAHTEHIUPKYISI WIM MHUKPOMETpa TOJIIIMHY IIHYPAa W BBIYUCIHUTH
IUIOIIA/b €r0 IONEPEYHOro ceyeHus S.
2. TlogsemmBast k wHYypy rpy3sl mMaccoit 0,1 xr, 0,2 xr, 0,3 Kr, U3MEpUTh COOTBETCTBYIOIIIHE
a0COJIOTHBIE YAJMHEHUS IIHYpa: U BBIYUCIUTh OTHOCUTEIbHBIE YAJIMHEHNS IIHYpa.
3. Ilo pesynpTaTaM W3MEpPEHHUH BBIYMCIUTH MOJYJb YOPYrocTH pe3uHbl E U oueHuth
MOTPEIIHOCTH SKCIIEPUMEHTA:
Am Al Ad Al
£= + +2—+ -
m d [-l

AE=F-¢
- a0COJIIOTHAS MOTPEIIHOCTb.
5. Pe3ynbrarel n3MepeHuil U BBIYUCIIEHUH 3aHECTH B TaOJIUILY:

- OTHOCHUTCJIbHAs NOTPECIIHOCTD

H3MCPCHO BBEIYHUCIICHO
N;g mxr | doM | S,m* | lom | Lm |ALm| F,H |E. Ila Ew, | AE, £, %
/i Ila [la
1
2
3

6. CrenaThb BBIBOJL.

KoHTpoJibHbIE BONIPOCHI.
1. Kakue Buabl nedopmanuii Bel 3Haete?
2. UV3meHsieTcs 1 BHYTPEHHSS SHEPTUS Ae(POpPMUPOBAHHBIX TEI?
3. OT Kakux mapaMeTpoB 3aBUCUT MOAYNb FOHra?
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el NS

5
6

7

4. Kaxoro Buzma aedopmanus HaOMIOJaeTCs MpH YeKaHKe, NpU (OPMHUPOBAHUHU COCTaBa, MPHU
UCTIOJIF30BAHUH JJOMKpaTa JJIsl TPAHCIOPTHOTO cpeacTBa?

®opma npeacTaBiaeHusl pe3yJabTara:
Pabora nomkHa ObITH BBIMOJIHEHA B TETPAAH ISl JIAOOPATOPHBIX paboT.
Kpurepun oneHku:
3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIISAETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpPaBWIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BBICTABIISICTCS OTpUIIATeIbHAast OlleHKa — 0 OauoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoos1emeopumenvHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 4.2 IlocTOSAHHBII 3JIeKTPUYECKUH TOK

JlaGopaTropHoe 3ansiTue Ne§

Onpelleﬂelme YA€JBHOI0 COIIPOTUBJICHUSA IIPOBOIHUKA

He.]'lb: OMnpeaACICHUEC YACIbHOI'0 COIMPOTHUBJIICHUA MMPOBOAHNKA SKCIICPUMCHTAJIbHBIM ITYTCM
Brinosinenue padorsl cnnocod6cTBYeT GOPMUPOBAHUIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09
MarepuanbHoe o0ecredeHHe: HCTOYHUK TOKa, aMIIEPMETP, BOJBTMETP, COEIUHUTEIbHbBIE
MPOBOJIA, KJIIOY, IITAHTEHUUPKYJb, JUHEHKA, KyCOK MPOBOJA, YACIBHOE COMPOTHUBICHUE KOTOPOTO
oTpeAensiercs.
3ananue:
1. CamocrosTensHO cOOpaTh MEKTPUUECKYIO IIEMb 0 CXEME.
2. CHATH TIOKa3aHUS aMIIEpPMETPA U BOJILTMETPA.
3. Hcmonp3ys MTaHTEHIUPKYIb W JUHEHKY, HAyYUTHCS OIpENesTh N€OMETPHUYECKHE pa3Mephbl

MIPOBOHHKA.
4. OrmpenenuTs BEIUYUHY YAEIbHOTO CONPOTUBIICHUS METaIa. RNt
Ilopsinok BbINOJHEHHS padOThI: ~— N
Co0parth 1IeNb 10 CXEME M MOKA3aTh [ NPOBEPKH PYKOBOJMTEN0.  -=—
3aMKHYTb LIENb U CHSTH [TOKA3aHUs aMIIepMETpa U BOJIbTMETPA. T .
BbruucnuTh conpoTuBiIeHHE TPOBOHUKA 110 (popMmyIe.
W3MepuTh IIUHY ¥ BBIYUCINUTD IIJI0LIA/1b TONEPEYHOr0 CEUEHUS
IPOBOJIHUKA 110 opMmyIie:
| g T . U
, TIe - nmameTp MpOBOJHHUKA 4 iy
. Bbraucnute yaensHOE CONpOoTHBIIEHHE 0 (hopmyie: RN
. JlanHbie 3aHeCTH B TaOHIy 1. Q= ;
. Berancimuts abconmoTHy0 (A) M OTHOCUTENBHYIO (€) TOTPEITHOCTH U3MEPEHUH 0 hopMyIam:
A =|Prigr. ~ Promvy &= A 100%
Prag.

8.Cnenatpb BBIBOJ IO pabdoTe.
TabmumaNel
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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

KoHTpo/bHbIE BONPOCHI

1. Or xakux BeJIMYMH U KaK 3aBUCUT COMNPOTHUBICHHWE MPSAMOJIUHEHHOTO METaNInYeCKOro
IIPOBOJHUKA?

2. JIBa MeaHBIX MPOBOJHUKA MMEIOT OJMHAKOBYIO JUIMHY, HO PA3JIMYHYIO IUIOIIAJb TOMEPEUYHOTO
ceenns.: 1,6 Mmm® 1 0,8 mm?. Kaxoii IIPOBOJTHUK MMEET MEHBIIEE COIPOTUBIECHUE U BO CKOJBKO
paz?

3.  CKOJNBKO METPOB HHKEIMHOBOTO MPOBOJIA IUIOMIABI0 ITonepednoro cedenus 0.1 MM’ motpeGyercs
JUIsL W3TOTOBJIEHUS peocTaTa € MaKCUMalbHbIM conportuBieHuem 180 Owm?  VYaenbHoe
conpoTuBiieHne Hukenuna 0,42 10°0M M.

@®opma npeacTaBJieHus pe3yJbTara:
PaboTa momkHa OBITH BBIIOJIHEHA B TETPAAH ISl IAOOPAaTOPHBIX paboT
Kpurepun oueHku:
3a mpaBUIIHLHO BBHIMTOJHEHHOE 33JaHHE BHICTABIISIECTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISETCS OTpUIlaTeNbHas orieHka — () 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasinsiemcs 3a 80 — 89% npaBUITBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 4.2 IlocTOSAHHBII 3JIeKTPUYECKUH TOK

JlabopaTopHoe 3ansitue Ne9

3KCHepl/IMeHTaJIbHaﬂ IMPOBEPKA 3aKOHOB MAPA/IJICJILHOI'0O M IOCJIE€A0BATEC/IBHOI0 COCIUHCHUSA
NMpPpOBOAHUKOB

Ienpb: M3y4uTh MOCJIeI0BaTENIbHOE M NApa/IeJIbHOE COeIMHEHNS IPOBOIHNKOB
BbinosiHeHune pa6oTsl crioco0cTBYeT (POPMUPOBAHUIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuanbHoe o0ecrieyeHue:

VIcTOUHUK 3IEKTPUUYECKON 3HEPTUU C MOCTOSHHBIM HalpspkeHHeM (He Bbille 25B); BOJbBTMETp
IIKOJIbHBIM; amMIepMeTp IIKOJbHBIM, Ha0Op JEMOHCTPALMOHHBIX PE3UCTOPOB C  pPa3HBIMHU
COIIPOTHBIIEHUSIMH, KIJIIOY, COEJUHUTEIBHBIE IPOBOA.

3ananue:

1. O3HaKOMBTECH C TEOPETUYECKUM MAaTEPHATIOM:
Teopus

[TocnenoBarenbHOE M MapajuleIbHOE COSAMHEHUS B DIIEKTPOTEXHUKE — J[BA OCHOBHBIX Crioco0a
COEMHEHMS 3JIEMEHTOB 3JIeKTpHueckod nenu. [Ipu mocrienoBaTebHOM COEIMHEHHWH BCE 3JIEMEHTHI
CBSI3aHBI IPYT C IPYIOM TakK, YTO BKJIIOYAOIIMKM UX Y4aCTOK LN HEe nMeeT (puc.l) HU oaHOrO y31a.
[Ipu napamiensHOM coeuHEeHUH (pHc.2) BCe BXOMAAIIUE B LENb 3JIE€MEHThl 00bEANHEHBI IBYMS Y3JIaMU
U HE UMEIOT CBS3€H C APYTMMU y3J1aMH, €CJIM 3TO HE IPOTUBOPEUUT ycioBHIO. IIpu nocnenoBaTenbHOM
COEIMHEHUH TMPOBOJHUKOB CHJa TOKa BO BCEX IMPOBOJHUKAX oJuHaKoBa. llpu mocienoBaTerbHOM
COEIMHEHUH MTPOBOIHUKOB CHJIa TOKA B JTFOOBIX YACTSX IETH OJHA U Ta XKe:
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ITonHoe HaIlpsKCHUE B LCIH IIPU IMOCICAOBATCIIBHOM COCAMHCHHWH, WM HANPS)KCHUC Ha ITOJIF0Cax
HCTOYHHKA TOKA, pPaBHO CYMMC HaHpH)KeHI/Iﬁ Ha OTACJIBHBIX YYaCTKax LCIIU:

U=U { I UY?-
Puc.1.
R1 R2 R“
- e = - — '—R:R1+R2+"+Rn

[Ipu napamiensHOM COSTUHEHUH NaJIeHUE HAMPSHKEHUSI MEXy ABYMS y3JIaMU, 00beTUHSIOIIIMHI
3JIEMEHTHI LIETIH, OAMHAKOBO JJIsI BCEX JIEMEHTOB.
[Ipu »ToM BenuumHa, oOpaTHas OOILIEMY CONPOTUBIICHHIO LIEMH, paBHA CyMME BEJIMYMH, OOpaTHBIX
COMPOTHUBIICHUSAM IMApaLIETBbHO BKIIIOUEHHBIX MPOBOAHUKOB. Cuila TOKAa B HEPA3BETBICHHON YacTH LIETTH

Haprl)KeHI/Ie Ha y4JacCTKax LCIn AB u na KOHIaX BCEX MapaJluICIIbHO COCANMHCHHBIX IMPOBOAHUKOB OJHO
H TO XKC:

U=U, = U,

PI/IC;2.

Jlig [ByX mapasuieIbHO COEIMHEHHBIX PE3UCTOPOB X 00Illee CONMPOTHUBIEHUE PABHO:
1

R R

R,
n.

By =R, =Ry= .= R, R=

Ecin , TO 00I1Iee COPOTUBIIEHUE PABHO:

[Ipu mapamienbHOM COeTMHEHUH PE3UCTOPOB UX 00IIee CONMPOTURICHUE Oy/IeT MEHBIIIE HAUMEHBIIIETO
W3 CONPOTUBJICHUN.
2. CHAB ITOKa3aHusa HaHpH)KeHI/Iﬁ " CHUJI TOKA Ha KaXXIOM M3 YYaCTKOB LCIIH, HeO6XO)II/IMO CBCPUTH
COOTBETCTBYIOIIME HM3MEPEHHBIC M BHIUYUCICHHBIE (PU3MYECKHE BEIMYMHBI, a TI0 pe3ylbTaraM
TaKoOW CBEPKH — CZeNaTh BBIBOJ O IPOeIaHHOM paboTe

L. ITocneooseamenvroe coedunenue npoeoOHUKOS.
1. Cobparts niens mo cxeme (puc. 1):
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puc. 1

2.  V3meputs HampsiKeHHUE, CHITy TOKa Ha TIEPBOM PE3UCTOPE.

3. H3meHutp cxemMy YCTAaHOBKM U HU3MEpPUTh HamNpsyKeHHE Ha BTOpoM pesuctope. Cxemy
HApUCOBAThH B TETPA/Ib.

4.  Beruaucauth cymmy Hanpspkennin Ul+U2 .

5.  M3MeHuTh cxemy YCTaHOBKU M M3MEPHTH OO0IIee HANPsDKEHUE Ha IBYX comnpoTuBieHusx Ul2 .

6. IIpoBeputs, BeIMoJHsAETCS U paBeHcTBO: U12=U1+U2.

7. IlpoBepuTh CIIpaBeIMBOCTH PABEHCTB

J
Ri»=R;+R> 57 =

I1. ITapanyeabHOE cOeTUHEHNE TPOBOTHUKOB.
1. Cobpartp nemnb 1o cxeme (puc. 2):

puc. 2
2. H3mepuTs HampspKEHUE, CHITY TOKa Ha TIEPBOM PE3UCTOPE.
3. H3MeHHTHb cXeMy YCTAaHOBKM M M3MEpPHUTh CHIIy TOKa Ha BTOpOM pe3ucrope. Cxemy
HApUCOBAThH B TETPAIb.
4. Bpruaucnuts cymmy TokoB 11+12 .
N3MeHuTh cXeMy yCTaHOBKHM M U3MEPHTH OOIIYIO CHTy TOKa B 1iern 112 .
[TpoBepuTh, BhIMONHSETCS U paBeHCTBO: 112=11+12.
[TpoBepuTh CrIpaBeITMBOCTH PAaBEHCTB

No o

R=1/R Ry = K
I, R

2 1

KoHTpoJibHBIE BONIPOCHI:
1. Kakoe coenuHeHHne CONPOTHBICHUH Ha3bIBaETCs MOCieA0BaTeNbHbIM? YeMy paBHBI
CONPOTHUBIIEHUE, CUJIA TOKA, HAIIPSKEHUE B LIENU IIPU TAKOM COECIMHEHHUH?
2. Kakoe coennHeHre COTPOTUBIICHUI Ha3bIBaeTCs NapaysienbHbIM? YeMy paBHBI
CONPOTHUBIIEHNE, CUJIA TOKA, HAIIPSKEHUE B LIENU IIPU TAKOM COECIMHEHHUH?
3. HazoBute mmochl 1 MUHYCBHI TApAJIIIETBHOTO U ITOCIEI0BATEILHOIO COEAMHEHUH
MIPOBOJTHUKOB?
4. TlpuBenute MpUMepsl MapaIeTBLHOTO U MOCIEA0BATEILHOIO COEAMHEHUS TPOBOIHUKOB.
dopma npeacraBiaeHus pe3yabrara:
PaboTa nomkHa ObITh BBIMOJIHEHA B TETPAAU ISl JAOOPaTOPHBIX paboT
Kpurepumn oneHku:
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3a MpaBUJILHO BBIOJHCHHOE 33/JaHHE BHICTABJISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBUE, 3a]JaHUE BBICTABIISICTCS OTpUIIATEIbHAs OlleHKa — ) OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvHoy svicmasisencs 3a menee 60%0 mpaBUIBHBIX OTBETOB
Tema 4.2 IlocTOSIHHDBII JIEKTPUYECKH A TOK

JlaGopaTopHoe 3ansiTue Nel(

N3y4venne padorbl myabTuMerpa. Onpenesenue I/1C u BHyTpeHHEro cCONpoTUBJICHUSA HCTOYHUKA

JIEKTPUYECKOM IJHePrumn
Leab: HAy4YUTHCS MOIB30BATHCS MYJIBTUMETPOM JUIsl PA3HBIX PEKUMOB pabOThI
BoinosiHeHune pa6oTsl crioco0cTBYeT (POPMUPOBAHUIO:

OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuanbHoe oGecneyeHue: MYJIbTUMETP, HAOOp PE3UCTOPOB, AMOJBI, TPUOABI, UCTOUHHUK TOKA,

peocTar, COeAMHUTENbHBIE IPOBO/IA, KIIFOU.

HNHcTpyKuus no npuMeHeHHI0 MyJIbTHMeETPA

Ilepexarouyaresb pexumMa U JUANA30HA U3MEPEeHHUil.

[lepexmtouarens pekuMa M Juana3oHa W3MEpPEHUI HCIIONIb3YeTCs JUIsl BKIKOYEHMs MpUOopa, a Takxke

JUIS BBIOOpA KellaeMoro pexkuma padoThl M mpeaena uMepeHus. s yBenmudeHHs] Cpoka CIykKObI

Oarapew, IepeBoIUTE Mepekodarens B nojoxenue «OFF», mocie BITIOMTHEHUS N3MEPCHHIA.

HN3mepenue HanpsizKeHUs MOCTOSIHHOTO M NIEPEMEHHOI0 TOKA.

1.IToaxntounte KpacHbIi pa3beM B rHe310 «VQmA», uepHblil pa3beM B rHe310 «COM»

2.YCcTaHOBUTE MEPEKIIIOYATENh PEKUMA U3MEPEHHI Ha KeJIaeMblid AUana3oH U3MEpPEHUs HalpsHKEHUS |,

B CJIy4ae €CJId HEU3BECTHO IPUMEPHOE 3HAYEHUE HAIPSDKEHUS , YCTAHOBUTE IMEpEKIIovaTesb Ha

MaKCHMAaJIbHOE 3HAUYEHUE U CHUKAKNTE Mpee U3MEPEHUS 10 NOJy4EHUS ONITUMAIbHOIO 3HAYEHUS .

Pexum ITar usmepenus ITorpemnocTs

200 mB 100 MmB +0,5 % mu1s 3ro 3HaKa
2000 mB 1 MB +0,8 % ms 2ro 3Haka
20B 10 MB

200 B 100 MB +1,0 % s 2ro 3HaKa

3. IlpukocHuTech MPOOHMKAMU K YCTPOMCTBY MJIM TOYKAM 3JIEKTPUYECKOM CXEMbI . rae Tpebyercs
U3MEPUTH HAINPSKEHUE.

4. B cnyuyae Hanmu4Ms HaNpsHKeHUs! IPUOOP MOKaXeT HaIPsHKEHHUE U OIS PHOCTD.

HN3mepeHue NOCTOAHHOIO TOKA

1.Iloaxmrounte KpacHbId MPOOHUK K pazbeMy «VQmAy. Uephsblil k pazbemy «COM»(1ist u3MepeHust
ToKOB 0T 200MA 110 10 A ncnone3yiite pazseM «10A»)

2 VYcraHOBUTE MepeKoYaresab BbIOOpa peXUMa H3MEpEeHUN Ha JKeJaeMbld Npenes H3MepeHus
IIOCTOSIHHOT'O TOKA .

3.Pa3zbenunuTe M3MEPSAEMYIO AJIEKTPUYECKYIO LENb U MOJCOCTUHUTE MPOOHHMKHU IMOCIEAOBATEIBHO C
Harpy3Kou.

4. Ha nucruiee moIBUTCS 3HAYECHUS TOKA.

6. PazeeM «10A» mnpegHasHaueH Uil HEYACTOTO MCIONb30BaHMs. BpeMs u3MepeHHs HE JO0HKHO
npeBbIlIaTh 15 CeKyHA, a MEXIy H3MEpPEHUSIMU HEOOXOIMMO BBIIEPKUBATH HECKOJIBKO CEKYHJ BO
n30exaHue MOBPeXIeHUs prodopa.
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HN3mepenue conpoTuBIeHUA

1.IlpucoeauuuTe KpacHbI MpoOHUK K pazbeMmy «VQmAy. UepHbiii k pazbemy «COM».

2.YCTaHOBUTE TEpeKIouaTeNlb BHIOOpAa pEeXMMa H3MEPEHHMH Ha JKENAeMbIi Mpenesl H3MEepeHHs
COIPOTUBIICHUSI.

3. Ilpunoxwure NpoOHUKK K HU3MEpseMoMy o00pasily, IHCIJIeH OTOOpa3uT NpU 3TOM 3HAYCHHE
COIPOTHUBIICHUS .

Pexum MHoxuTensb ITorpemnocTs
200Q 0,1 +(1.0% mns 10ro 3Haka)
2000Q 1
20KQ 10
+(1.0% nns 4ro 3HaKa)
200KQ 100
2000KQ 1000

IIpoBepka nnomaoB
1.ITonkmrounTe KpacHbIA MPOOHUK K pazbemMy «VQmAY., 4epHbIi K pazbemy «COM».
2. YcTraHOBHTE IEpEeKIIoUaTesb BBIOOPA pexXUMa H3MEPEHNI Ha 3HAYOK |[A1oAa
3. CoeauHuTE KpacHbIN MPOOHUK C aHO/IOM (p) TECTUPYEMOTO 1M0/1a, @ YEPHBIN MPOOHUK C KaToA0M (n)
4. lucruiell mokakeT 3HauU€HUE HanpshKeHHWs B MB. eciin MOJISpPHOCTH AMOJa MepenyTaHa , AUCIUIeH
otobpazut «1».
HN3mepenue remnepaTrypbl
1.IIpucoenunute Tepmonapy k pazbemy «VQmA» u k pazbemy «COM».
2.YcTaHOBUTE NEPEKIII0YaTeNb BbIOOpa pexnuMa u3MepeHnii Ha u3mepenue temrneparypsl « TEMIDy
3. ucnineit oTo0pa3uT 3HaUeHNE TeMIIepaTyphl B rpagycax Llemnbcusi.
3ByKoBasi NPO3BOHKA
1.IToaxntounTte KpacHbI TPOOHUK K pazbeMy «VOmAy. UepHsliii k pazbemy «COM».
2.YcTaHOBUTE MEPEKIII0YaTeNb BEIOOpa pekuMa U3MEepeHH Ha 3BOHOK
3.IlpucoenuHuTe NpoOHUKU K MPO3BAHUBAEMOW cxeme, Mpu compotuBieHH MeHee 30 OM mopaercs
3BYKOBOW CUTHAJI.
ITopsinok BbINOJIHEHUS PadOTHI:

[Ipounraiite TEOPETUUECKUN MaTEPHUAIL:
Teoperuyeckunii marepuasn:
Tlonynpoeoonuxoswiii 0uoo
Juon  comepkuT  P-N-mepexon,  3aKIKOYEHHBIA B |
TEPMETUYECKUN KOPIIYC M COEOUHEHHBI C METaUIMYEeCKUMU
BbIBOJIaMU. BbIBOJ OT p-00jacTu Has3bpIBalOT aHOJOM, OT n-
00J1aCTH — KaTOA0M.

Jlnoa- TOTYNpPOBOJHUKOBBIM MHpUOOp, MNpeiHAa3HAYEHHBIH JUIs YCHJIEHUS MpeoOpa3oBaHUs
TeHEpUPOBAHUS AIEKTPUUECKUX KOJIEOaHUN Pa3InYHON YacTOTHI.

TpaH3ucTop cocTouT U3 Tpex obaacTell ¢ pa3IMYHON MPOBOJAUMOCTHIO. Pa3znuyaroT TpaH3UCTOPHI
tuna p-n-p u n-p-n. Cpeausst 30Ha Ha3bIBaeTcs 6azou. TounmuHa 6a3bl JOKHA OBITH MEHBIIE JJTMHBI
cBOoOOJHOrO mpodera aniekTpoHa. B TpaH3ucrope nmerorcsa asa p-N-mepexona. JleBslit p-n mepexon
ABIISICTCA TPSMBIM M OTIEINsET 0a3y OT 00JacTH C MPOBOJUMOCTBIO P-THUIIA, HA3BIBAEMYIO IMUMINEPOM.
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B aT0if obnacTu akuenTopHOi MpuUMecH B COTHHU pa3 0oJjblle, 4YeM TOHOPHOW mpuMecu B Oase, T. €.
IBIPOK B AMHTTEPE 3HAUYUTEIBHO OOJbIlle, YeM 3JeKTpoHOB B Oasze. IIpaBblii mepexon sBisercs
OOpaTHBIM U OTAENSAET 06a3y OT 00JIACTH C IPOBOAUMOCTBIO P-TUIIA, HA3BIBAEMON KOLIEKNOPOM.

— 1 N i — — 0 F B —
K 3 K

mmne o o

1.M3y9nTh MHCTPYKIIHIO 110 SKCILTyaTalluy Mpuoopa.
2. I3MepuTh CONPOTUBIICHHSI PE3UCTOPOB, JaHHbIE 3aMIUCaTh B TAOIHILY

Ne ni/m Conporusienune, Om

3.Cobparth 1ens o cxeme

4.3aMKHYTb 1I€TIb, IPU HEUCIIPABHOCTH LIETIH TPO3BOHUTH LI€Mb, HAUTH HEUCIIPABHOCTbD.
5.M3meputh HampspkeHue Ha OaTapeiike U peocrare.

6. PazoMkHyTh 11enib. I3MepuTh TEMIIEPATYpY PE3UCTOPA U peocTaTa.

7.M3MepUTh CONTPOTHUBIICHHE PE3UCTOPA U PEOCTaTa, JaHHbIE 3aMncaTh B TaOIHILY

HaumenoBanmue ConporuBJjenue, Om Hanpsxenue, B Temneparypa, °C

Pezucrop

Peocrart

WUcroyauk Toka | eeee-

8. IToBTOpPHUTH TEOPETUUECKUN MaTepHal 1o MOJIYIPOBOAHUKOBEIM IPUOOpaM: AUOAY U TPAH3HUCTOPY.
9. IIpoBepuTh 11MOABI (UCIIPABHOCTD, MOJSPHOCTD).

10. Tpanzuctopsl. OnpenenuTth BBIBOJBI TpaH3UCTOpa (KOJIIEKTOpP, 6a3a, IMUTTEp) M TUI TPAH3UCTOPA
(p-n-p) wmit (n-p-n)

11. 3anmucaTh BBIBOJ 1O paboTe, OTBETUB Ha BOTIPOCHI.

KoHTpoJibHBIE BONIPOCHI:

1. Kak BeISICHUTS, 4TO ArOJ HeucnpaBeH? 2. Kak BBIICHUTH p- U N- KOHTAKTHI quoaa?
2. Kak onpenenuts 0a3y y TpaH3UCTOpA.

3. HazoBure riaBHBIC CBOMCTBA JIMO/A U TPAH3UCTOPA.

4. YcTpolCcTBO IMO/AA U TPAH3HUCTOPA.

Yacrtp 2. U3yueHue siBjieHHS JJIeKTPOMATHUTHON HHIYKIMHU
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Lleanb pabdoThI: ONBITHBIM ITyTeM yOEIUTHCS B MOSBICHUU WHAYKIIMOHHOI'O TOKA U NPOBEPHUTH 3aKOH
Jlenna.

OOopynoBanme: MUUIMAMIIEPMETP, UCTOUHUK NUTAHUS, KATYIIKH C CEpACYHHUKAMM, AYrooOpa3HbIi
MAarHuT, BBIKJIIOYATEb KHOIIOYHBIN, COEIMHUTEIbHbIE IPOBO/Ia, MArHUTHAS CTpEJIKa (KoMIac), peocTar.
Teopernueckas 4acTh:

SIBiieHNe 3JIEKTPOMArHUTHON MHAYKLMM 3aKIH0YaeTCs B BO3HUKHOBEHHMHU 3JIEKTPUYECKOrO0 TOKA B
MPOBOJIAIIEM KOHTYpE, KOTOPBIH JHOO MOKOUTCSA B MEPEMEHHOM BO BPEMEHHM MAarHMTHOM IIOJIE, OO
JBMDKETCSI B IIOCTOSSHHOM MarHUTHOM I0JI€ TAaKUM 00pa3oM, YTO YMCIIO JIMHUNA MarHUTHOM MHIYKLUH,
MPOHU3BIBAIONINX KOHTYp, MEHseTcs. B HameMm ciydyae pazymHee OblI0 Obl MEHSATH BO BpPEMEHHU
MarHuTHOE I0JIe, TaK KaKk OHO CO3JaeTcsl JBHXKYIIMMHUCS (CBOOOIHO) MarHUTOM. COIJIacCHO NMpaBHIy
Jlennia, BO3HUKAOIMHA B 3aMKHYTOM KOHTYpPE HWHIYKIMOHHBIM TOK CBOMM MArHUTHBIM IIOJIEM
IPOTUBOJEHCTBYET TOMY U3MEHEHHIO MArHUTHOI'O IMOTOKA, KOTOPBIM OH BbI3BaH. B 1aHHOM citydae 310
MBI MOYKEM HaOJI0aTh MO OTKJIOHEHUIO CTPENIKA MIJUTHAMIIEPMETPa.

IMopsinok BbINOJIHEHHUSI PA0OTHI:
1. BcraBpTe B OJHY M3 KaTyLIEK JXEJIE3HBIM CEpIECYHUK, 3aKpenuB ero rakou. [logkmroumre Ty
KaTylIKy 4epe3 MUUIMaMIEepMeTp, peocTaT M KUY K HUCTOYHHUKY NHUTAaHUSA. 3aMKHUTE KIOY U C
ITOMOLUIbI0 MArHUTHOM CTPEJIKH (KOMIIaca) ONPEEIUTE PACIION0KEHNE MATHUTHBIX MOJIIOCOB KaTYIIKU C
TOKOM. 3adukcupyiiTe, B KaKyl0 CTOPOHY OTKJIOHSETCS IPH 3TOM CTpeiKa MUulMammnepmerpa. B
JaJIbHENIIEM MPU BBIIOJHEHUHM paOOThl MOXKHO OYJET CYIUTh O PAcIOiIOKEHUH MarHUTHBIX HOJIOCOB
KaTyILIKU C TOKOM IO HalpaBJIEHUIO OTKJIOHEHMS CTPEJIKH MUJLTHaMIIEPMETPA.
2. OTKII0YMTE OT LIETIH PEOCTAT U KIIIOU, 3aMKHUTE MUJJIMAMIIEPMETP Ha KaTYLIKY, COXPAHUB MOPSI0K
COEZIMHEHUS UX KJIEMM.
3. IlpucraBpTe CEepACYHMK K OJHOMY M3 TMOJIOCOB JYrOOOpa3sHOTO MarHuTa W BIBHHBTE BHYTPb
KaTyILIKH, Ha0Jr0Jasi OTHOBPEMEHHO 3a CTPEIKOM MUIIITMaMIIEpMETpa.
4. [loBTOopuTE HAOMIOAECHNE, BBIIBUTasl CEPACUHUK U3 KATYIIKH, a TAK)KE MEHSS IOJI0CAa MarHuTa.
5. 3apucyiiTe cxemy OIbITa U POBEPHTE BINOJIHEHHE MTpaBuia JIeHIa B KaXJOM cllydae.
6. PacrnosioxuTe BTOPYIO KaTYyIIKY PSIZIOM C TIEPBOM TaK, YTOOBI KX OCH COBITAIaJIH.
7. BcraBpTe B 00€ KaTYyHIKH >KeJ€3HbIE CEpIACUYHUKHM U MPUCOEIMHHUTE BTOPYIO KaTyIIKy dYepe3
BBIKJTIOYATEIh K HICTOUHUKY MTUTAHUS.
8. 3ambIKas ¥ pa3MblKas K04, HaOMr01aiiTe OTKIIOHEHUE CTPETIKU MUJUIHaMIIepMeTpa.
9. 3apucyiiTe cxemy OmbITa U MPOBEPHTE BHINIOJIHEHHE MTpaBuiia JleHua.
KoHnTpoJsbHbBIE BONIPOCHI:
1.B dem 3akitouaercs SBICHHUE dJIEKTPOMArHUTHOM UHTYKIIUN?
2.Kak momkeH NBUTaThCs 3aMKHYTHI MPOBOJSAIIMN KOHTYP B OJAHOPOJHOM MAarHUTHOM IIOJIEM . He
3aBHCSILEM OT BPEMEHH, TOCTYNATEIHO WIIM BpaIllaTeIbHO, YTOObI B HEM BO3HUK MHYKIIMOHHBIN TOK?
3.Merannnueckoe KOJIbIO MOXKET CBOOOIHO ABUraThCs MO CEPJCUHUKY KaTYIIKH, BKIIOYEHHOW B IIETb
MIOCTOSIHHOTO TOKa. YTo OyJeT MpOMCXOAUTh B MOMEHT 3aMbIKaHUS U pa3MbIKaHUS LENu?

®opma npeacTaBiaeHus pe3yJabTara:

Pa6ota gomkHa ObITH BBIMOJIHEHA B TETPAIu AJIs 1a0OpaTOPHBIX paboT

Kpurtepun onenkmn:
3a npaBUWIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTENbHAS OlleHKa — 1 Oau.
3a HeMpaBWIILHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BHICTABIISICTCS OTpHUIIaTeNbHAs olleHka — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyooenemeopumenvHoy svicmasiiemcs 3a MeHee 60%0 npaBUIBHBIX OTBETOB

Tema 4.2 ITocTOSIHHBI 3IEKTPHUYECKUI TOK

JlabopaTopHoe 3ansitue Nell
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Onpenenenue TemneparypHoro ko3¢ duunenra Meau
Ilenb: pacKpeITh BIMSAHHAE TEMIIEPATYPHI HA IEKTPUYECKOE CONPOTUBIICHHE METAJIOB; OIBITHBIM
nyTéM  ompenenuTh  KOI(D(HUIMEHT TEPMHUYECKOTO  COMPOTUBICHHUS  MEIW; IOCTPOUTH IO
HKCIEPUMEHTAIbHBIM JaHHBIM I'paUK 3aBUCUMOCTH CONIPOTUBIIEHUS OT TEMIIEPATYpBhI.
BoinosiHenune padoTsl crioco0cTBYeT GOPMUPOBAHUIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuanbHoe obecrnedyeHue: TpuOOp A ONpeAeNieHUs TeMIepaTypHoro KoadduiueHTta
CONpOTHUBJICHUST Meau, TepMomeTp TexHuueckuid or 0 mo 100°C ¢ uenort genenus 1°C, ommerp,
BHEUIHUI COCy/ KaJlOpUMETpa ¢ BOJOW, 3JIEKTPOILJIUTKA, KIIOY, COEAUHUTENbHbIE IIPOBO/A, IUTATUB C
My TOH U JIATTKOM.

Teopernuecknii maTrepuas:

DNEeKTPUUECKOE COMPOTUBIEHUE 3aBUCUT OT TeMmmeparypbl. OObACHSETCS 3TO TEM, 4TO
YIOPSAOYEHHOMY JBUKEHHMIO CBOOOJHBIX 3JEKTPOHOB AJIEKTPUYECKUI TOK 3TO YIOPSI0YEHHOE
JBUKEHHE 3apsKEHHBIX YaCTHIL - DJIEKTPOHOB) OKA3bIBAIOT MPOTUBOACHCTBHE (COMPOTHUBIICHNE) aTOMBI
KPUCTAJUTMYECKON pelIETKU, UHTEHCUBHOCTD TETUIOBOTO JABUKEHUS KOTOPBIX U3MEHSIETCS C H3MEHEHHEM
TEMIIEPATYPHI.

Y XUMHYECKM YHCTHIX METajUIOB C TMOBBIIIEHHEM Temieparypsl Ha 1°C  compoTuBlieHHE
Bo3zpacraer mnpumepHo Ha 0,004 (1/273) comporuBnenus npu 0°C u BeIpakaeTcs JTHMHCHHON
3aBUCUMOCTBIO

Rt =Ro(1+0aAt), rae

Ro—comnporuBnenne meramia npu 0°C,

At- pa3HOCTB TemriepaTyp (KOHEYHON U HaYaJIbHON);

0. - TeMIIEPaTypHBIA KOA(PPUIIMEHT COMPOTUBICHNUS, TOKA3bIBAIONINI, HA KAKyI0 9aCTh HAYaJIbHOTO
cornpotusiieHus nposoauuka npu 0°C (273K) nsmensiercs conpoTuBieHe npu HarpeBanuu Ha 1°C unm
1K.

0=A R/ RoAt umu o=A R/ RoAT
AR= Rt -R 0-
OnBITHBIM MYTEM MOXHO OIpPENeTuTh 0, He mpuberas K u3MepeHuro comnpotunneHus Ro. [lns storo
HEe0OXOIMMO JABaX]bl U3MEPHUTh CONPOTHUBIIEHUE HccienyeMoro marepuana Ri u Ry mpu pasHbix
TeMIeparypax ty 4 to.

HOpﬂ}IOK BbIITOJTHCHU A paﬁon:

1. Cocyn ¢ BOAO# MOCTaBUTh Ha AMEKTPOIUIUTKY U BKIIOYHUTD €€ B CETh.

2. OmpenenuTh IEHY JEICHUS OMMETPA.

3. N3meputs conpoTuBieHre Rq MeTHON MpOBOJIOKK MpU KOMHATHOM TeMIepaType ti.

4. Onyctuth npuOop B BOJy, YCTaHOBUTh B HEM TepMomerp. [Ipu HexoTopoil Temmeparype t;
U3MEpUTh conpoTHBIIeHHE Ry ncciaenyemoil mpoBosioku.

5. OnbIT MOBTOPUTH HECKOJIBKO Pa3.

6. Beraucmuts 2 — 3 pasa a, ucronb3ys cootHomreHue: o= Ry - Ri/ (R1t2 — Rz t1).

7. OnpenenuTth cpeHee 3HAUCHHUE O¢p, U CPABHMB IOJIyYEHHBIH PE3yNbTaT ¢ TaOIMYHBIM 3HAYEHUEM
TEMIIEPaTypHOro  KOA(p@UIMEHTa  CONPOTHUBICHHUS  MEAM,  BBIYUCIUTH  OTHOCHTEIBbHYIO
MTOIPEIIHOCTb.

8. Pe3ynbTarhl M3MEpEHUH U BHIUMCIICHUH 3anucaTh B TAOIUILY.
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Temnepaty Conporus Temnepart Cpennee ToO. OTHocUTeNbH
Ne pa JIeHHe YPHBI 3HaYeHHe 3HaYeHHe ast
MeIHOMH MeIHOMH K03 (punu TeMIeparyp TeMIeparyp NOrPelHOCTh
MPOBOJIOKH NPOBOJIOK eHT HOT'0 HOT0
t, °C u R, Om CONPOTHBJI K03 (ppuuue k03¢ unueH
eHHs HTa Ta 9, %
0, (°C)* CONpOTHUBIIE COMpOTHUBJIE
HHUS HUSA
acp.
1
2
3
4
5
6

9.Hcnonb3ysl aHHBIE YKCIEPUMEHTA, MOCTPOUTHh IpaduK 3aBUCUMOCTH R OT t, OTKIaapIBas Mo Ocu
abcuucc — remneparypy B °C Ha OCH OpJIMHAT — COTIPOTHUBIICHUE.

10.Cnenatp BBIBOA 1O paboTe.

KoHTpo/bHbIE BONIPOCHI:

KakoBa pusudeckast CylmHOCTb 3JIEKTPHUUECKOT0 COIPOTUBIICHUS?

Kak 00BsICHUTD yBETHMUEHHS COMPOTUBIICHUS METAJIOB ITPH HATPEBAHUU?

OO0bsacHUTD (HOpMYITy, 10 KOTOPOU ONpeAeNsieTcs TeMIepaTypHbIi KOOPGUIIUEHT COMPOTHBICHUS.

[Touemy TemmepaTypHbIii KO3()HUIIMEHT COMTPOTHUBIICHUS TSI AIEKTPOIUTOB OTPULIATEIIBHBIIN?

KakoBo conpotuienue 0,5 Kr MeHOM TpoBoJIOKH Auamerpom 0,3 Mm?

VYkazaTe MpaKTHUECKOE MPUMEHEHHE 3aBUCUMOCTH COTIPOTUBIICHUS IIPOBOAHUKA OT TEMIIEPATYPHI.

®opma npeacTaBiaeHus pe3yJbTara:

Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU AJIs 1aDOpaTOPHBIX paboT

Kputepun onenkn:

3a mMpaBUIIHLHO BBITOJHEHHOE 33JaHHE BHICTABIISIETCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HeMmpaBUWJIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIISETCS OTpUIlaTeIbHas olleHKa — 0 OaoB.

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

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

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

Oyenra «Heyoosiemeopumenbvhoy svicmagisiemcs 3a Menee 60% nMpaBUIBLHBIX OTBETOB

Sk~ wd PR

Tema 4.2 IlocTOSAHHBII 3JIeKTPUYECKUH TOK

JlaGopaTopHoe 3ansitTue Nel2

Onpenenenue cONpOTUBIEHHUS PE3UCTOPA METOAOM MAPKHMPOBKH

Henb: onpenenuT HOMUHAIBHOE COIPOTUBIIEHUE PE3UCTOPOB METOIOM MAPKUPOBKU;
OMPEACIINTb JOIMTYCTUMOC 3HAYCHHUEC CHUJIbI TOKA IJId JaHHBIX PE3NUCTOPOB IIPH NU3BECTHOM HOMHUHAJIC
MOIIHOCTH.

BbinosiHeHue pa6oTsl crioco0cTBYeT (POPMUPOBAHUIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuanbHoe olecnedyeHue: HaOOp PE3UCTOPOB PaA3HBIX COMPOTUBIICHWM, Tabiulla 3HAKOB
MapKHUPOBKH.

3ananue.

1. O3HaKOMHUTBCH C TEOPETHYECKMM MATEPHATIOM.
Teoperuyeckunii marepuas:
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[Ipu ompenenenun pexxuma pabOTHI PE3UCTOpA CIEAYET YUUTHIBATH MAKCHMAJIBHO JOMYCTHMOE
AJIsi Hero 3HavyeHHe CHJIbI TOKAa, KOTOPOE ONpPENeseTCs 3HAYCHHEM €ro CONPOTHBICHUS U
MOIIHOCThIO. MapKupoBKa HOMHHAJIa PE3UCTOPA OCYILECTBIIAETCS I[BETOBBIM KOJIOM B BHUJIE YETHIPEX
IIBETHBIX T10JIOC, HAHECCHHBIX Ha €r0 KOpITyCe.

[Ipu 3TOM 3HaUEHKE COMPOTUBIICHUS PE3UCTOPA YKa3bIBaeTcsi B OMax ABYyMs NMEPBBIMH MOJIOCAMHU U
MHOXHUTENEM (TpeThs mmosioca) 10n, rae n - 1r000e 1meoe Ynucio ot - 2 10 + 9.

MapkupoBOUHbBIC 3HAKH CIBUTAIOT K OJHOMY M3 TOPIOB PE3UCTOpA, HAPUMED, K JIEBOMY, U 3aTeM
pacroJiararoT CcjaeBa HalpaBo B CICIYIONIEM IMOPSJKE: MepBas IoJjioca - meppas Iudpa HOMHHAIIA,
BTOpAs M0JIOCA - BTOpasi U(pa HOMUHAJIA, TPEThS TI0JI0CA - MHOKUTEb, YETBEPTAs MOJIOCA - IOMYCK Ha
OTKJIOHCHHE (PaKTHYECKOTO COMPOTHUBIIECHUS OT HOMHUHaia. Eciu pasmepsl pe3ucrtopa HE MO3BOJISIOT
Pa3MeCTUTh I[BETHBIC MOJOCHI HECUMMETPHUYHO, T. €. OJFKe K OJTHOMY M3 TOPIIOB PE3UCTOPA, TO MepBast
10JI0Ca BBITIOJIHSIETCS O0JIee IMUPOKOH.

[IBeTa 3HAaKOB MapKUPOBKM HOMHHAJIBHOIO cONpoTHBICHHS B OMax U JI0myckoB B %
MIPUBEJICHBI B TAOJIHUIIC:

Homyc
BeT 3HAKa IlepBast undpa Bropas nudpa MHoxuTeIb KB %
I P P P P
CepeOpucTorit -- -- 10 10
30JI0TUCTBII -- -- 10T 5
YepHsrii -- 0 1 --
KopuuneBsiit 1 1 10 1
Kpacusrii 2 2 10° 2
OpanxeBblii 3 3 10° -
Kenrerit 4 4 10° -
3eeHbIin 5 5 10° 0,5
TonyGoit 6 6 10° 0,25
DuoneToBLIit 7 7 10’ 0,1
Ceppiii 8 8 10° 0,05
Bensrit 9 9 10° -
ITopsinok BbINOJIHEHHS PadOTHI:

1. Paznoxuth Ha pabodeM CcToJie KOMILJIEKT PE3UCTOPOB.

2. BHuMaTenbHO mpoYMTaTh yKa3zaHHE K padore.

3. OdopMUTE MAPKHPOBKY PE3UCTOPA B TETPAIH 110 0OPA3ILY

4. 3anoJHUTH TAOIHILY:

Pesuctop Homunansnoe conporusnerne R | MomnocTts pesuctopa (Bt)| Cuna Toka
(A)

1. 0,25
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2. 0,25
3. 0, 25
4. 0, 25
S. 0, 25
6. 0, 25
7. 0,25
8. 0,25

5. PaccuuTarh cuily TOKa IPpU U3BECTHOM MOILHOCTH TOKA.
6. Cnenatb BbIBOJ 110 padoTe.

KoHTpoJibHbIE BOIPOCHI:

1. B uem 3akitoyaeTcsi METOJ MapKHUPOBKH.

2. Jlns yero Hy»KHO 3HAaTh CONPOTHUBJICHUE PEIUCTOPA MPHU BKIIOYCHHUH €r0 B CXeMY?
3. Ot 4ero 3aBUCUT MOITHOCTh TOKA, TEKYIIIETO M0 PE3UCTOPY?

®opma npeacraBjieHus pe3ybTara:
PaGota nomkHa ObITH BBIMIOJTHEHA B TETPAIU AJIs Ta0OPAaTOPHBIX padoT

Kputepun onenkmn:
3a MpaBUWIILHO BHINTOJHEHHOE 3aJaHUE BBICTABIISICTCS ITOJIOKUTEIbHAsI OLleHKa — 1 Gasu.
3a HeNIpaBUIILHO BBIITOJHEHHOE JEHCTBHE, 3a/JaHHE BHICTABIISICTCS OTpHLIATEIbHAs OlleHKa — () 6asuioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyooenemaopumensvHoy svicmagisencs 3a Meaee 60%0 mpaBUIBLHBIX OTBETOB

Tema 4.2 IlocTOSAHHBII 3JIeKTPUYECKUH TOK

JlaGopaTopHoe 3ansitue Nel3

Onpenenenne KIIJI narpesaresneit

]_[e.nb: HAYUYUTBCA NPAKTHYCCKH ONPEACIATE TCIJIOBYIO OTAAYY JJICKTPUYCCKOTO HArpeBaTCIIsd
M000ro THIA.

Boinosinenue padoTsl cnocodcTByeT GOPMIUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuanbHoe obecnmeyeHHe: 2 DIIEKTPUYECKUX HArpeBaress, COCYJ Ul KHUIISTYEHHS BOMBI,
BOJIa, TEPMOMETP, CEKYHIOMEp (4achl), CIIPAaBOYHHK 110 (PHU3HUKE.

3ananue.

1. O3HaKOMHTBCS C TEOPETUYECKHM MaTepHaIoM
Teoperuyecknii marepuas:

KoaddunmeHT mosie3HOro JAeicTBUS HArPEeBaTENs CBA3aH COOTHOIICHHEM:
it
K.I1.]].= = *100% (1)
Q . - mone3nas Temwora u onpenensercs mo Gopmyne Q,=C*m(T,-T1) (2)
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I7I€ ¢ — yJelbHas TEIUIOEMKOCTb KUJIKOCTH,

M — Macca *KUAKOCTH, KOTOPYIO KUIIATHT,

T1— HaganpHas TemMnepaTypa KUJKOCTH,

T, — KoHeuHast Temneparypa >KUJKOCTH,

Q3 — KOJMYECTBO TEIJIOTHI, KOTOPYIO BBIIEISIET HArpeBaTeb

(3aTpaueHHast TEIUIOTA) U onpeaessiercs mo popmyne: Qs =P -t (3),

rae P — MOIIHOCTH 3JIEKTPUYECKOr0 HarpeBaTes,

t — HHTEpBAJI BpEMEHH, 32 KOTOPbIi 3aKHIIEa KUIKOCTb.

MOIIIHOCT JIEKTPUYECKOTO HArpeBaTelisl ONMPEICNACTCsA [0 MACOPTHBIM JAHHBIM, YKa3aHHBIM Ha
npuoope.

Bpewmsi, 32 KOTOpOE 3aKHUITHT KUAKOCTD, OTPEICIIACTCSA YacaMu. Y IeIbHAs TEIIOEMKOCTh BOJIBI
OIIPEICIIIETCS 110 CIIPABOYHHKY.

Ilopsinok BbINOJIHEHHUS PadOTHI:

1. [ToaroToBUTH TaOMMILY AJIS 3aMUCU PE3YIHTATOB, ONPEAETSEMBIX B X0€ PabOTHI.
Onpenenutb Brruucnuth
Cs m T, T, P t KHI[
K K Bt c %
Jlnc\ke K K&
2. 3aHecTd B Ta0NWIly CIIPaBOYHBIC JAHHBIE YAENBbHON TEIIOEMKOCTH BOIBI.
3. 3anucarh B TaONUIly HOMHHAIBHYIO MOITHOCTB JIEKTPUYECKOTO HAarpeBaTels, YKa3aHHYIO Ha
npubope.
4, B cocyn ana kunsiueHuss BoAbl HanuTh 200 r BOABL
5. Omnpenenutb HaYallbHYIO  TEMIEPATYpPy BOJBI.
6. BxurounTh HarpeBaTellb OTHOBPEMEHHO C CEKYHIOMEpPOM (dacaMu).
7. OcTaHOBUTH CEeKyHJIOMEp (4achkl) B MOMEHT OYpHOrOo KHUIIEHHUS BOJbl. Bpems, 3a koTopoe
3aKuIIeNa BO/Ia, 3aHECTU B TAOJHILY.
8. Berancnouts K.I1.JI. anexTprudeckoro HarpeBaTes.
9. [ToBTOPUTH OMBIT C IPYTUM HArpeBaTEIEM.
10. YuuTteiBas noTepu dHEPTun cHOPMYIUPOBATH BHIBO/I.

KoHTpoJibHBIE BONIPOCHI:
1. Veemmuutcs wnm ymenbiiutcs K.UILJ[. snektpuyeckoro uaiiHuMKa, €ciaM Ha €ro CTEHKax
MOSIBUJIACH HAKUIIb (OTIIOKEHUE COeit)?
2. 3asucut mu KIIJ| smekrpuueckoro 4aHMKa OT TOTO OTKPHIT OH WM 3aKPHIT?
®opma npeacTaBieHus pe3yJabTara:
Pabota momkHa ObITH BBITIOJIHEHA B TETPAIH I 1a00OpaTOPHBIX padboT
Kpurtepun onenkmn:
3a mMpaBUIIHLHO BBITOJIHEHHOE 33JJaHUE BBICTABIISIETCS TIOJIOKHUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBUWIIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BHICTABIISICTCS OTpHUIIaTENbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
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Oyenka «HeyoosiemeopumenbHoy svicmasgisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 4.3 DilekTpryecKnii TOK B pa3JIMYHBIX cpeaax

JlabGoparopHoe 3ansiTue Nel4

Onpeneﬂe}me JICKTPOXUMHYECCKOI'O IKBUBAJICHTA MEM B IIPOLIECCE ITICKTPOJIU3A Cy.]'lb(l)aTa MEaHn

Heﬂb: OIpCACIINTh 3JICKTp0XHMH‘-I€CKPIfI OKBUBAJICHT MCIH SKCIICPUMCHTAJIbHBIM ITYTCM.

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:

OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuasibHoe oOecneyeHue:

BECbI MW Pa3HOBECHI, aMIIEpMETPp, Yachl,

OJICKTPOIIJIMTKA,

aKKyMYJIATOpHAs Oarapes; peocTar; KJII04; MEAHbIE 3JEKTPOIbI (2 IIT).) CO BCTaBKOI; COCAMHUTEIILHBIC
IIPOBO/JIA; JEKTPOJUTHYECKAsI BAHHA C PACTBOPOM MEIHOI0 KyIopoca.

1. OuncTuTh HAX1AYHON OyMaroil KaToAHYIO IJIACTHHKY, d

ONPEACIINTD B3BEIIMBAHUEM MACCy TUIACTUHKHU [, ),

2. CocTaBUTh DJIIEKTPUYECKYIO Iemb 1Mo cxeme. [lpwu
COCTABJICHHH IICTTH B3BEIICHHBIN JIEKTPOJI COSAUHUTD C
OTPHULIATEILHBIM TIOJIOCOM MCTOYHHMKA SJICKTPUUYCCKOMN
SHEPTHH.

3. 3aMKHYTH LIETb U 3aMETUTh BPEMsI BKIIFOUCHHS TOKA.

3ananmue:
1.ITpoHaGro1aTh SIBIICHKUE JICKTPOJIM3a MEIM U3 PACTBOPA MEHOTO KYIOpOCa.

2. Hay‘-II/ITI)Cﬂ OIpPCaACIIATh SHGKTPOXI/IMI/I‘-IGCKI/II?I OKBUBAJICHT 110 pPE3yJibTaTaM SKCIICPUMCHTA.

Ilopsinok BbINOJIHEHHS PadOTHI:

4.Yepe3 15-20 MUHYT pa30MKHYTb II€TIb.
5. BbIHYTh KaTOHYIO IUIACTUHKY, IPOMBITH U POCYIIUTb.

6. B3BemmBaHueM ONpeeuTh Maccy KaToaa () mocne MPOIyCKaHUsI TOKA.

7. Haiitu maccy ) BBIJICJIUBIIICHCS HA KATOJIE TIPH AJIEKTPOIU3E 10 hopMyIie:

/e mj- Ha4yajJbHas Macca IJIaCTUHKH, KI; My- KOHEYHasi Macca IJIaCTUHKH, KT.
8. BBIYMCIUTD JIEKTPOXUMUYECKUN SKBUBAIIEHT MEIH U3 (OPMYIIBI:

rac

I- cuna Toka, A;

m- Macca BBIJICTUBIIETOCS BEIIECTBA, KT
t- Bpems 3JCKTpOJIN3a, C.

9. Pe3ynpTaTel M3MEPEHUI U BRIYUCICHH 3arucarh B Ta0muiy 1.

CudQ),

m= HI: —m-_

10. CpaBHUTbH OTYYEHHBIH Pe3yabTAT C TAOIUUHBIM.
11. BsruucauTh aOCOMIOTHYIO A U OTHOCUTENIBHYIO € TOTPEITHOCTH U3MEPEHUH 10 popmyiam:
Cnenatb BBIBOJ 1O paboTe.
Tabmmma 1
Ne | Macca menn, | Bpems Bemmmumaa| SmekTpoxmmil-| AGCOTIOT- OTHOCHTEenbHAA

OTIOXKHBIIEH | MPOIyc CILIEBI 9eCKIHIT Has MOTPEIIHOCTh

Csi Ha KaTole | KaHIIA TOKa SKBHBaJIeHT MOTPemHOCTY £.%

m.xe TOKa e I1.A4 MeIr A - Ke

K. Ke Ka-c
Ki-c

KoHTpoJibHBbIE BONIPOCHI

1. Yem 00ycrioBIIEH 2JIEKTPOXUMHUUECKUH TOK B 3JIEKTPOIUTAX?
2. Kak paccuntars Maccy BBIICTHBIIErOCS BEIIECTBA Ha JIEKTPoIe?
3. OT uero 3aBUCHT HIEKTPOXUMHUYECKUN IKBUBAJICHT?

129



Kakoit ¢pusndeckuii cMbICIT 3JEKTPOXUMHUECKOTO SKBUBAJICHTA?

Kakoe o6opynoBanue u u3MepUTENbHbIE MNPUOOPHI HYKHO HWMETh, YTOOBI BBIYHCIUTH

ANEKTPOXUMUYECKUIN 3KBUBAJIEHT?

6. HasBatp paGouyto Gpopmyiy JUisl BBIYMCIEHUS JIEKTPOXUMUYECKOTO SKBUBAJICHTA.

Ha xakoM u3 3/1eKTpo/10B BBIIEISAETCS MEJIb B YUCTOM BUJE U ITOUeMy?

8. B aJeKTpoiauTHYECKYI0 BaHHY MOMECTHM MEAHYIO IUIACTHHKY, CIyXKallyio aHoaoM. Ilnactunka
IIOKPBITA BOCKOM, Ha KOTOPOM HalaparaH pUCyHOK. UTO MOIyduTCcs MOCiIe NPOIYCKaHMs TOKa U
yllajgeHus BOCKa C IUIaCTUHBI?

9. UYro Takoe raqpBaHOCTETHS, FAJIbBAaHOIIACTHKA.

10. Yepes pactBop meaHoro kymopoca mporuio 20 kKn smekrpuuectBa. Ilpu 3TOM Ha OomHOM u3
JJIEKTPOJIOB  BBIJEIAETCS B UYUCTOM BHJe Maccod 6,6 rpamm wmeau. OrnpenenuTb
ANEKTPOXUMUYECKUI SKBUBAJICHT MEIH.

11. Ckonbko HMKENs BBIIEIUTCS IPU 3JIEKTpoau3e 3a 1 yac mpu cuie Toka 5 AMmmep, eciau U3BECTHO,
YTO MOJISIpHAs Macca HuKens 58,71 r/Mob, a BAIGHTHOCT paBHA 2.

12. Onpenenute mMaccy cepedpa, BBIACTUBIIETOCS HA KaTOME MPH IEKTPOJIN3E a30THOKHUCIOro cepedpa
B T€UEHUE 2 4acoB, €CJIM K BaHHE MPUJIOKEHO HanpsbkeHue 1,2 B, a conporuBieHue BaHHbI S OM.

13. DirekTpoM3 MEIHOTO KyIlopoca Mpoxonui mpu Toke 5 Ammep B tedenwe 50 mmuyT. Kakoe

- Mt

ko =33-107
Or T e -
KOJIMYCCTBO MEIM BBIACINIIOCH HAa KaToA€C, €CIIN Ka

SRR

~

®opma mpeacTaBieHus pe3yJbTarTa:
Pabora momkHa OBITH BBIIOJIHEHA B TETPAAH ISl IAOOPAaTOPHBIX paboT
Kpurepun oneHku:
3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIIICTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeNpaBUIILHO BBIITOJHEHHOE JEHCTBHE, 3a/laHHE BHICTABIICTCS OTpHULIATEIbHAs olleHKa — () 6auioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasnsemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyooenemaopumensvHoy svicmagisiencs 3a Menee 60%0 mpaBUIBLHBIX OTBETOB

Tema 4.3 DuleKTpH4YecKHil TOK B Pa3JIMYHBIX cpeaax
JlaGopaTopHoe 3ansitue NelS

3aBHCHMOCTDH CONPOTHBJICHHSA OT TeMIIEePaTypbl 00Pa3LOB MEeTALIA M MOJYNIPOBOAHUKA

Ienb: u3MEpSATh CONPOTUBICHHE IPOBOJHUKA OMMETPOM; YCTaHOBUTb 3aBHCHMOCTH
COIPOTHBIIEHUE METAJUIa U TIOTYIPOBOJHUKA OT TEMIIEPATYPHI.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuaibHoe o0ecrnedyeHHe: MYJIbTUMETp, HpUOOpPBI Ui  H3YYEHHUS  3aBHUCUMOCTH
COIMPOTUBJICHUA MCTaJlJIa U HOJYIIPOBOAHHKA OT TEMIICPATYPBI, TCPMOMETP, IJICKTPHUUYCCKad IIJIMTKA,
IITaTUB C IPUHAIICKHOCTAMH, K0J0a ¢ BOOIA.

3ananue

1. O3HaKOMHUTBCH C TEOPETHYECKMM MATEPHATIOM.

Teoperuyeckunii marepuas:

Ecin mponycTUTh 3NEKTPUYECKHMH TOK Yepe3 CTajbHYIO CIHpallb, a 3aTEM €€ Harperb, TO
aMIICpMETP IMOKAXET YMCHBIICHUE CHJIBI TOKaA. 3T10 O3Ha4acT, 4TO € HU3MCHCHUCM TEMIICPATYPhI
COIIPOTHBIIEHUE METAJIA MEHSETCSI.

Bce Meramnbl — KpUCTAIMYECKHE Tena, B Y3JaX KPHUCTAUIMYECKOM pEeHIeTKH KOTOPBIX
pacnoyiara€Tcs IMOJIOKHUTCIBHO 3aps’KCHHBIC HWOHBI. MC)KILy KOJIG6JIIOH_II/IMI/IC$I HOHaAMM JABHUI'AIOTCA
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CBOOOJHBIC 3JIEKTPOHBL. BenuunmHa 3IEKTPUYECKOr0 CONPOTHUBICHHMS METaljla 3aBUCHUT OT YHUCIa
CTOJIKHOBEHHUI KOJEOIIOMMXCS MOHOB M CBOOOJHBIX 3JIEKTPOHOB. llpu yBennueHuUu TeMmieparypbl
MeTajula yBEIMYMBACTCA aMIUIUTY/Ja KoJeOaHU HOHOB. DTO MPUBOJAUT K YBEIMUYCHHUIO CTOJIKHOBEHUH, a
3HAYUT U K YBEJIMYEHUIO CONIPOTUBIICHUS METAJLIIA.

B nonynpoBoiHuKE IpU YBEIMUYSHUH TEMIIEPATYPhl YBETUYUBACTCS YMCIIO CBOOOIHBIX HOCUTENEH
3aps/ia, NOSIBUBLIMXCS IPHU pa3pblBE€ KOBAJEHTHBIX CBA3EH. JTO MPUBOJAUT K YBEJIMUYEHHUIO CHUJIbI TOKA B
IIOJIYTIIPOBOJIHUKE U K YMEHBILIEHUIO COIPOTUBIICHUS IIPOBOIHUKA.

ITopsinok BbINOJIHEHHSI PAa0OTHI:

1. [ToarotoBbTE K pabOTE OMMETP:

a) BCTaBbTE LITHIPHKU MPOBOJIHUKOB B THe3/1a, 0003HaueHHbIE «» 1 «o01 COM.»;

0) mocTaBbTe NepekIrouaTesb Ha nuppy «10»;

B) COEIMHUTE CBOOOHBIC ITHIPHKU MPOBOJIHUKOB U PYUKOH «yCT. 0» MOCTaBUTH CTPENKH Ha «0».

2. Ha »JIeKTpUYECKYyI0 IUIMTKY MOMECTHUTEe KO0y ¢ Boaod. Bo m30ekaHue majeHus KOJIObI
MIOMECTUTE B KOJIBbIO, 3aKpeIJIeHHOE B mTaTtuBe. B konby omyctute mpoOUpKy, C MOMEIICHHON B Hel
KaTyIIKOW U3 MeJHOTO MpoBoAa. OCTOPOKHO ONYCTUTE B IPOOUPKY TEPMOMETP.

3. CBoOOIHBIE ITHIPHKK OMMETPA COEAUHUTE C KIIEMMaMU MEAHON KaTyIIKH.

4. BrirouuTe HIHYp IUIUTKU B PO3ETKY M M3MEPHTE CONPOTHUBIIEHHWE KATYIIKHU NPU PA3IUYHBIX
3HAQUYEHUSIX TEMIIEPATYypPHI.

5. BHecuTe usmepeHus B TabIuULLy.

IIpoBoaHuK (Meab)
t’,C
R, Om

6. Ha ocnoBe uzmepenuii nocrpoiite rpaduk. Craenaite BEIBOM, KaK COMPOTHUBICHHUE MPOBOIHUKA
3aBHCHUT OT TEMIIEPATYPHI.

7. IlocraBbTe mepekioyaTens oMMeTpa ¢ mudpel «10» Ha nudpy «100» u mocraBbTE CTpENKy
ommeTpa Ha «0» (CM. myHKT 1-B).

8. 3ameHuTe B KoJIOe MPOOUPKY C METAIJIOM Ha MPOOUPKY C MOJYNPOBOJAHUKOM (TEPMHUCTOPOM).
Onycrute B npodbupky repmometp. K kinemmam tepMucTopa noacoeuHUTE OMMETP.

9. U3mepbTe CONPOTUBIECHUE OJYIPOBOJHUKA MPU PA3ITUYHBIX 3HAYEHUSAX TEMIEPATYPHI.

10. Buecute usmepeHust B TaOJIHILY.
IHoaynpoBoaHuk

t°C

R, Om

11. IMoctpotite rpaduk R(t).

12. Cnenaiite BBIBOJI, KaK COPOTHBIICHHE MOTYITPOBOIHUKA 3aBUCUT OT TEMIIEPATYPHI
KoHTpoJibHBIE BONIPOCHI:

1. DnekTpuUecKuil TOK B METaIaX — 3TO YIMOPSAA0YCHHOE JBIKEHUE ... .

2. C TOYKM 3pEHHUS DJJIEKTPOHHOW TEOPHUU DIEKTPUYECKOE COIMPOTUBIECHHE OOYCIOBIEHO
COYJIapEHUSMH ... .

3. C NOBBIIIEHNEM TEMIIEPATypPbl COIIPOTUBIIEHNE METAIIA ...

®opma npeacTaBieHus pe3yJabTara:

Pabota nomkHa ObITH BBIMOJIHEHA B TETPAIU AJIs 1a0OpaTOPHBIX padoT

Kpurtepun onenkmn:
3a mpaBUIIHLHO BBITOJTHEHHOE 33JJaHHE BHICTABIISIETCS TIOJIOKHUTENBbHAS OlleHKa — | Oasu.
3a HeMpaBWIILHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BHICTABIIAETCS OTpULIaTeIbHast olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
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Oyenka «HeyoosiemeopumenbHoy svicmasgisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Pa3nen 5 Kosied0anusi ¥ BoJIHBI
Tema 5.1 Mexanunueckue KoJe0aHUA U BOJHBI

JlabGoparopHoe 3ansiTue Nel6

IIpoBepka 3aK0OHOB KOJIe0aHUIT MATEMAaTHYeCKOT0 MASTHUKA

Ieab: yCTaHOBUTHh MAaTEMAaTUYECKYHO 3aBUCUMOCTbD [IEPUO/Ia HUTSHOTO MASITHUKA OT JJIMHBI HUTU
MasTHHKA.

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuajibHoe o0ecnieyeHue:

ANEKTPOHHBIN CEKYHIIOMED, U3MEPHUTEIbHAS JICHTA, IIAPUK C OTBEPCTHEM, HUTH, IITATHB C MY TOM
U KOJIBLIOM.

Teopus.

MarteMaTnyecKUM MasTHUKOM Ha3bIBAa€TCS MaTepHalIbHAsl TOUKA, TOJBELUICHHAs HA HEBECOMOU U
HEPaCTSKUMOIN HUTH. MOJIEIBI0 MOXKET CIIYKHUTh TSKEJBIN MIAPHUK, pa3Mephl KOTOPOTO BEChbMa MaJlbl 110
CPaBHEHUIO C AJTUHHOW HHUTH, HA KOTOPOM OH MoOjJBEIIeH (HE CPaBHHUMBI C PACCTOSHUEM OT IIEHTpa
TSDKECTU JIO TOYKHU TOJBECA).

VYuenbie ['anuneit, HpioroH, beccens u Ap. ycTaHOBWIM CHEAYIOIIUME 3aKOHBI KOJICOAHHUS
MaTeMaTUYeCKOro MasiTHUKA:
1.Ilepriog koneGaHus MaTeMaTUYECKOTO MAasTHUKA HE 3aBHCUT OT MAacChl MasTHUKa M OT
aMIUIATY/Ibl, €CJIM YTOJ pa3Maxa He npesbimaeT 10 rpanycos.

2.Ilepuon konebaHUs MaTEMAaTHYECKOTO MAsITHUKA MPSAMO MPOMOPLHUOHANIEH KBaIPATHOMY KOPHIO
W3 JUIMHBI MasiTHUKA W OOpaTHO MPONOPLMOHATICH KBAAPAaTHOMY KOPHIO U3 YCKOPEHHUSI CBOOOJIHOTO
MaJeHUsl.

Ha ocHoBanMM »9THX 3aKOHOB MOXKHO Hamucatb QopMylly i Tepuoaa KojiebaHui

77. = 24‘? i A

g
MATEMAaTHUYCCKOIro MassTHHKaA: -

Hcnonb3ys MoJenb M 3aKOHbI KOJeOaHMH MaTeMaTHYeCKOro MasiTHHKA, MOYXHO MPOHAOII0ATh
cBOOO/IHBIE KOJIE0AHUS, a TaKXKe C MX IOMOIIBI0 ONpPENEIUTh YCKOPEHHE CBOOOJHOTO MajeHUs IS
CBOEH MECTHOCTH M CPABHUTH CO CIIPABOYHBIM 3HAYCHHUEM g.

2 [.‘I\";

-

I

g=4r
YckopeHnue cBOOOTHOTO MaJIeHUsI MOXKET OBITh BEIYHCIICHO IO JopMyIie

1. BakpenuTh HUTh MasATHUKA B IepKaTesie MITaTUBA.

2. 3meputh JUIMHY MasTHUKA (AJMHA MasTHUKA CUUTAETCS OT TOYKH IOJBeca A0 LEHTPa TAKECTH
[IAPHKA).

3. OTKJIOHUTH MAPUK Ha yroJ He 6osee 10° U OTIyCTHUTS.

4. OnpenenuTb Bpems, 3a KOTOpoe MasiTHUK coBepini 20 KoneGaHui.

5. Beraucnauts nepuos konebanusi MasTHUKA, UCTIONb3ys hopmyny Nt T .

6. IIoBTOPUTD OMBIT €11le TPU pa3a, yMEHbIIAs (WM YBETUUMBAs) [UIMHY HUTH MasiTHUKA.

7. Pe3ynbTatrhl 3aHECTH B TaOJIUILY.

Tabnuia Nel
Ne JlnuHa HUTH MasiTHUKA |, M Yucno monHsIx Bpewms xonebanuii | Ilepuon
koyieOanuii N t,c koseOanmii T, ¢
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1 20

2 20
3 20
4 20

8. Chenatp BBIBOJI O 3aBUCUMOCTH MEPHO/Ia HUTSHOTO MasgiTHUKA OT JIJIMHBI €70 HUTH.
KoHTpoJibHbIE BONPOCHI.
UTto Ha3BIBAIOT NMEPHOJIOM KOJIeOaHUI MasiTHUKA?
Urto Ha3bIBAIOT YaCTOTOM KoJieOanmii MasTHUKA? KakoBa eMHUIIA YaCTOTHI KOJIeOaHu?
OT KakuX BEJIMYUH U KaK 3aBUCUT MEepUOJI KoeOaHU MaTeMaTH4ecKoro MasiTHuKa?
OT KaKuX BEJIMYUH M KaK 3aBUCUT MEPUOJT KOJICOAHUH MPYKUHHOTO MAsITHUKA?
N3006pa3ute MaTeMaTHUeCKUl MagTHUK B KpaliHel IpaBoi TOYKE U MOKAKUTE HAa YEPTEKEe CHIIBI,
JICHCTBYIOIME HA IIAPUK B JAHHOW TOYKE TpaeKTopuu. Hapucyiite paBHOAEHCTBYIONIYIO CHUJL.
Kak mensieTcs BenmuunMHa U HamnpaBleHUE PAaBHOACHUCTBYIONICH CHJI B T€YCHHE Ieproa?
dopma npeacTaBJeHus pe3yabTaTa:
PaGota gomkHa ObITH BHIMIOJTHEHA B TETPAIU AJIs Ta0OPATOPHBIX padoT
Kputepuu onenku:
3a npaBUIIbHO BBIMOJIHEHHOE 331aHKUE BBICTABIISICTCS MOJIOKUTENbHAS OI[eHKa — 1 Oas.
3a HelpaBWIBHO BBIMIOJTHEHHOE JICHCTBUE, 3a/IaHUE BBICTABIISCTCS 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 «Heyoosiemeopumenvhoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

orwdPE

o

Tema 5.1 MexaHH4YecKHe KOJI€0aHUA U BOJTHBI
JlabopaTopHoe 3ansitue Nel7

I/I3yqelme 3aKOHOB MPYKUHHOI'0O MasiTHUKA

Leab: 3xciepuMeHTAJBHO YCTAHOBUTH 3aBUCUMOCTD NEpHUoa KojeOaHUN MPYKUHHOTO MasTHUKA OT
KECTKOCTHU MIPYKUHBI U MacChl rpy3a
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09
MartepuanbHoe obecnedyeHue: MTaTUB C MyQTOM U JanKol, HA0Op MPYKUH Pa3HOM KECTKOCTH, HAOOP
IPy30B pa3HOM Macchl, CEKyHIOMEpP
IHopsiaok BbINIOJIHEHHUS PA0OTHI:
Onpedenenue 3a8ucumMocmu nepuooad Koieobanuti om maccwvl epy3a
1. CobepuTte npy>KMHHBIA MAITHUK, UCIIOJIB3YsI BBIIAHHOE 000PYy/I0BaHNE.
2. BeiBenure MasTHUK U3 TIOJOXKEHUS DPABHOBECHS, BKIIOYUTE CEKYHJOMEP U OTCUUTANTE IECsTh
koJjiebanuit. VMcnone3ys moka3aHus CEKyHIOMEpPa, PACCUMTAUTE MEePHOa KOoJeOaHUN M 3aroJTHUTE
MEPBYIO CTPOKY TAOIHUIIBI.

Ne ompiTa N t,c T,Cc m, KT mY2 xr? k ,u/m
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3. TloBropure 3xcriepuMeHT emé 4 pasa, yBeIUYUBast MacCy HO, He MEHss IPyKUHBI. 110 momydeHHbIM

JaHHBIM 3aIIOJIHUTC Ta6m/1uy.

SRR

MacCBhl.
Onpedenenue 3a8ucumocmu nepuooa Koieoanuti om HCECMKOCMU NPYHCUHDL
1. Cobepure npyXHUHHBIH MasTHHUK, UCIIOJB3Yys BbIIAHHOE 000PYAOBaHHE.

[Tocrpoiite rpaduk 3aBucumoctu nepuoaa konedbanuii (T) oT kBaxpaTHOrO KOPHS U3 MacChl (M
[To popme rpaduka onpenenuTe BUI 3aBUCUMOCTH MEXAY EPHUOJAOM U KOPHEM KBaIPATHBIM U3

12
)

2. BBIBGI[I/ITC MAasATHUK H3 IIOJOXKCHHA PAaBHOBECHUSA. BKIIIOYHUTEC CCKYHIAOMED H OTCUHMTAalTE JACCATH

KOJIcOaHUIA.

3. I/ICHOHBBYSI IMOKa3aHugd CCKYHIOMCEpa, pacchTaﬁTe nepuon KoJe0aHUi M 3aloJIHUTE IEpBYHO

CTPOKY

TaOIALIBI.

No ombiTa N t,c T,C m, KT k,z/m

Kllz,(H/M)llz

5

4. TloBTOpuTe 3KCrIepUMEHT eulé 4 pas3a,yBenuuuBas KOdQQOHUIMEHT KECTKOCTH HO, HE MEHs Maccy

rpy3a. [1o mosy4yeHHBIM TaHHBIM 3aIIOJIHUTE TAOJHILY.
5. Toctpoiite rpaduk 3aBucumoctd mnepuoga konebanuir (T) or KBagpaTHOrO
, 12
koo uumenta xécrroctu. (k¥2).

KOpHA nus3

6. Ilo ¢opme rpaduka onpenenure BUA 3aBUCUMOCTH MEX]y MEPUOJOM M KOPHEM KBaJpaTHBIM U3

KO3 puImeHTa )KECTKOCTH.

7. CpnenaiiTe BBIBOJ O 3aBUCUMOCTH Iepuoja KojeOaHWil OT Macchl Ipy3a M KodpQuuHUeHTa

JKECTKOCTH.
KoHnTpoJsibHbBIE BONIPOCHI:
1. B kakom MoJI0)KeHUH MasiTHUKA CKOPOCTh OyJIeT MaKCUMaJIbHON?
2. B xakoM MoJI0KEHUU MasTHHKA CKOPOCTh PaBHA HYIIIO.

3. VYBenmuYuIM WM YMEHBIIWIN MacCy Ipy3a, MOJIBEUICHHOTO K MPYKUHHOMY MAasTHHUKY, €CIIU: a)
nepuos ero konebanuit cuavdana 6wu1 0, 4 ¢, a mocie u3MeHeHust maccel cran 0, 2 c;

0) yacToTa ero kKonebanuil BHayase Obu1a paBHa 6 'y, a morom ymensimmiach 10 5 ['n?

®opma mpeacTasJieHus pe3yJbTara:
Pa6ota nomkHa ObITH IPECTaBICHA B TETPAIH AJIs JIaOOpAaTOPHBIX paboT
Kpurtepun onenkmn:
3a MpaBUIILHO BHIMTOJHEHHOE 3aJaHUE BBICTABIISICTCS ITOJIOKUTEIbHAsI OLleHKa — 1 Gasur.
3a HeNpaBUIILHO BBIITOJHEHHOE JICHCTBHE, 3alaHHE BHICTABIISIETCS OTPHULIATEIbHAS OIICHKA
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagngemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
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Oyenka «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyo0eemeopumenbHoy svicmasisemcs 3a Mmeaee 60% MpaBUIBLHBIX OTBETOB

Tema 5.2 DaekTpoMarHuTHbIE KOJIEOAHUA H BOJTHBI

JlabGoparopHoe 3ansiTue Nel8

YcrpoiicTBo TpanchopmaTopa U reHeparopa
Llesb: U3y4nTh YCTPOHCTBO M MPUHLIUT pabOTHI TpaHc(hopMaTopa U reHepaTopa.

BoinosiHeHHe padoThI c1IOCOOCTBYET (POPMUPOBAHUIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09
MarepuanabHoe odecrneyeHue:
TpaHcopMaTop 1a00OpAaTOPHBIM, JaMmIia HaKaJIMBAHHS, KU 3aMbIKAHUS TOKA, KOMILIEKT IPOBOJIOB
COCONHUTCIbHBIX.
3amanne
1. WByuuTh cTpoCHUE, HA3HAYCHUE W MPUHITUI JICHCTBUS TpaHchopMaropa
2. W3yuuth cTpoeHUE, HA3HAUCHHUE W MPHUHIIMII JICHCTBHSI TeHEpPaTopa.

Ilopsinok BbINOJTHEHHS PA0OTHI
H3yuenue ycmpoiicmea mpancgopmamopa

Tpancopmarop npeodpa3yeT nepeMeHHbIN TOK OJTHOTO HANPsHKCHHS TPU HEM3MEHHOU 4acToTe.
OH cocrouT W3 3aMKHYTOTO CEpJCYHMKA, M3TOTOBJIEHHOIO U3  CIEUHUAIBHOM  JINCTOBOM
TpaHcGOpPMATOPHOU CTaJIM, HA KOTOPOM PACIIOJIATAFOTCS JIBE KATYIIKU (MX HAa3bIBAIOT OOMOTKAMH) C
Pa3HBIM YUCJIOM BUTKOB U3 MEIHOMN MPOBOJIOKH.

Onmna w3 OOMOTOK, Ha3bIBAETCS TEPBUYHOM,  TMOJKIIOYAECTCS K HMCTOYHUKY TEPEMEHHOTO
HampsDKeHUs. YCTpPOWCTBA,  MOTPEOMNSIONINE  AJIEKTPOIHEPTHIO, MOAKIIOYAIOTCS K BTOPUYHOU
0OMOTKE, UX MOXKET OBITh HECKOJIBKO.

[Ipu BeIMONHEHWH pPaAOOTHI ClEAyeT HW3YYUTh YCTPOMCTBO TpaHcopMaTopa, BKIKOUUTH €ro
B CeTh TMepeMeHHOTro Toka (36 B). B pexxume XomocToro xona HU3MEpHUTh HANPsHKEHUE HA 0OMOTKaX U
BBIUUCTUTH Kod(hduimeHT TpaHchopmaiuu, a npu pabote TpaHchopMaTropa «IOJ HArpy3Kou»
YCTAaHOBUTH CBSA3h MEXKAY TOKAMH M HANPSHKEHUEM B OOMOTKaX.

Tpanchopmarop cOCTOUT U3 ABYX KaTylIeK U cepaedHruka. CepJeuHrUK COCTOUT U3 JIBYX MOJOBHH,
KOTOpBIE
BCTaBJISAIOT B KAaTyIIKy M C TIOMOMIIbIO CKOOBI
3aKpEIUISIIOT HA OCHOBAHUH.

N, wmitece

—
:?—': '- | ‘-]m;:.u-u
N - o 1. Paccmorpure  ycTpoiicTBO  TpaHchopMaTopa.
'“” —— ! Onpenennte TMEepPBUYHYID OOMOTKY (KI€MMBI C
— { o e Haanucelo: 36 uimn 42 B) n 1Be BTOPUYHBIX KJIEMMBI
L - = o O 2,2Bu4.4B)
—¥__ - 2 HauepTture JJIEKTPUYECKYIO cxemy
> ) TpaHchopmaTopa.

Ty $ 3. Pas0epute TpancdopmaTop. s 3TOro MOBEPHHUTE

€r0 OCHOBAaHMEM BBEPX WU OTKPYTHTE [BE TalKH
KpeIuieHHs CKOObI. BBIHBTE CepIeYHHK U pACCMOTPUTE €T0 YCTPOMCTBO.

135



4. Cobepute Tpanchopmarop. Jis 3TOr0 BCTaBbTE CEPACUYHUK CO CKOOOM B KATYIIKH. YCTaHOBUTE
TpaHc(hopMaTOp HAa OCHOBAHUE U 3aKPEIHTE €Tro FaiKaMHu.
N3yuenne ycTpoiicTBa reneparopa.

I'enepaTop NMOCTOSHHOTO TOKa (pUC. 1) COCTOMT M3 JBYX 4acTeil: HENOABM)KHOM M Bpalllarolleiics.
HenonewxkHas yacth (cTtaTop) SIBISETCS OCTOBOM MAIIMHBI U OJHOBPEMEHHO CIYXKHUT IJI CO3JaHUs
MarHuTHOTO TOTOKa. Bo Bpamaromiedics yacTu, Ha3bIBaeMOM SIKOpeM (pOTOpOM), HMHAYLUPYETCA
3eKTpoaABKYIIas cuia - S/C.

KoHcTpykius renepaTopa oCTOSHHOTO TOKa (CM. puc.2).

HemoasuxkHast 4acTh COCTOMT M3 cTaHUHBI (1), rIaBHBIX MOMIOCOB (2) ¢ 0OMOTKON BO30OY)eHus (3) u
JOTIOJTHUTEIBHBIX MOJIIOCOB (4), YMEHBIIIAEMbIX HCKPEHUE T0]1 IETKAMH.

Axopsr uMmeer cepacuHHMK (5), HaOpaHHBIA W3 TOHKHMX CTaJbHBIX JIMCTOB, OOMOTKY sikops (6),
3aJI0’KEHHYIO B Ma3bl cepieuyHuKa 1 KoyiekTop (7). Ha moBepXHOCTh KOJIJIEKTOPa HAJIOKEHBI YTOJIBHO-
rpadguToBbIe METKH (8), 00eCIeYnBaIOIINE CKOIB3SIIUA KOHTAKT C OOMOTKOW BpPAIAlOIIETOCs SKOPSI.
Komrekrop umeer ¢popMy IIWIHHIIPA U BBITIOIHSASTCS U3 U30JIMPOBAHHBIX MEIHBIX IUIACTHH - JIAMEJICH -
K KOTOpBIM MOJICOCIMHEHBI CEKLUU SKOPHON 0OMOTKH. Bpamasice BMecTe ¢ OOMOTKOW, KOJIEKTOP
BBITIOJTHSIET POJIb MEXaHHYECKOTO BBITTPSIMHUTEIIS.

OOmoTKa BO30OYXKICHHsS  CO3JaeT IJIaBHBI MarHuUTHBIA MOTOK @ momrocoB. B reneparopax c
HE3aBUCHMBIM BO30YX/JICHHEM OHAa IUTACTCS OT IOCTOPOHHETO HCTOYHHUKA IIOCTOSHHOTO TOKa
(BBIIpSIMUTENSA, aKKyMmyisiTopa U T.1.). C reHepaTopoM C MapajuielbHbIM BO30YyKIeHHEM OOMOTKa
TJIAaBHBIX MTOJIFOCOB MOAKITIOYECHA K TTIABHBIM IIETKaM, T.€. apaliesIbHO LENH IKops. B cBsi3u ¢ aTuM 1is
BO3HUKHOBEHUS MarHUTHOro notoka u DJIC HeoOxoaum XOTs Obl ciaalblil OCTATOYHBIM MAarHUTHBIN
NOTOK. bmarogapss HaqM4Mi0O OCTaTOYHOTO MAarHeTH3Ma BO3HHMKAET TIPOIECC CaMOBO30YXKICHUS
re’eparopa.

Puc.1. Puc.2.

1. Ctpoenue TtpancopmaTropa - Ha4depTHTb, COCTaBHbIE YAaCTH yKa3aTb, (pOpPMyIbl 3amucarb, Ha
KOHTPOJIbHBIE BOTIPOCHI OTBETUTb.
2. CTpoeHue reHepaTopa - Haue€pTUTh, COCTABHBIE YaCTH YKa3aTh, (OPMYIIBI 3aMucaTh, Ha

KOHTPOJIbHBIE BOIIPOCHI OTBETUT.
KoHnTpoJbHbBIe BOpOCHI

1 BapuanT

1.YTo Ha3BIBAIOT MHIYKIIMOHHBIMH T€HEpaTOpaMu?

2.Kakoil TpaHcopmaTop Ha3bIBalOT MOBBILIAIOIINM, & KAKOH MMOHMKAIOIINUM?
3.Yto Takoe xomocToi xo Tpanchopmaropa’?
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4.Tlouemy cepaeuHHK TpaHCc(hopMaTOopa U3rOTABIMBAIOT U3 CTAJIH, A HE U3 MeJu?

5.B nepBuuHOit 00MOTKe TpaHchopmaTopa, BKIIOUEHHOH B ceTh ¢ HampspbkeHueM 380B. Comepxutcs
1320 ButkoB. OnpenennuTs HalpsHKEHUE Ha BTOPUYHON 00MOTKe, eciii oHa coaep kUt 300 BuTkoB. By
TpaHc(hopMaTopa yka3aTb, OTBET OSICHUTb.

2 BapuaHT

1. HazoBute OCHOBHBIE YaCTH reHepaTopa NEPEMEHHOTO TOKa.

2.  JlokasaTb, 4TO y MOBBIIIAIONIETO TpaHchopmaTopa K>1.

W3mensier 1u TpanchopMaTop 4acToTy MpeodpazyeMoro NmepeMeHHOTo Toka?

[Touemy cepneunuk Tpanchopmaropa coOUparOT U3 OTAEIbHBIX IUIACTUH?

Ecnu Ha mepBuuHyr0 0OMOTKY TpaHchopmaropa momaercs Hanpspkenue 220B, To Ha BTOpUYHOM
00MOTKE TPH XOJIOCTOM X0JIe moydaeTcs HanpspkeHue 130B. Uuciio BUTKOB TEPBUYHON OOMOTKH
paBHo 400. OnpeaenuTs YUCIO0 BUTKOB BO BTOPUYHON 0OMOTKe. Bun Tpancopmaropa ykasarsb,
OTBET IMOSICHUTb.

3 BapuaHt

o~ w

1.  KakoBa pojb HHAYKTOpA U SIKOPS. B YCTPONCTBE T€HEpaTopa NePEMEHHOI0 TOKa?

2.  Yro Takoe MOHMXKAIONINI TpaHchopmaTop?

3. ITlouemy cepneunuk Tpanc(hopMaTopa AENaloT He CILIOMIHBIM. A 3 MHOKECTBA IIACTHH,
M30JIMPOBAHHBIX JAPYT OT Apyra?

4.  Tloyemy MOIIHOCTB, MOTpeOIIsieMas OT BTOPHYHOI OOMOTKHM, MEHBIIIE MOIIHOCTH, IOJBOANMON K
NEPBUYHON 0OMOTKE?

5. CkKombKO BHUTKOB JOJDKHAa HMETh BTOpHYHAas OOMOTKa TpaHchopmaropa Ajisl HOHWKEHHS
HanpspkeHus ¢ 12000 no 120B, ecnu mnepBuunHas obmotka conepxkuT 4000 Butrkos? Bupg
TpaHcdopMaTopa yKa3zaTb, OTBET MOSCHHTH.
®opma npeacTaBiaeHus pe3yJbTara:

PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAU ISl JAOOPaTOPHBIX padoT
Kpurtepuu onenku:

3a nNpaBUIIBHO BBIIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAS OLleHKa — 1 Gasu.

3a HeMpaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — ) OaioB.

Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB

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

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

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

Tema 5.3. OnTuka
JlabopaTopHoe 3ansitue Ne 19
Onpenenenue noka3areis NpeJOMJIEHUS CTEK/Ia
Ilens padomui: onipeenuTh MOKa3aTeNb NPEIOMIIEHUS CTEKJIA SKCIIEPUMEHTAIbHBIM MTyTEM.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09
MarepuanbHoe olecreyeHue: TUIACTUHKA C MapaUIENbHBIMH TpaHsAMHU; OyIaBKH; YUCTBIA JIUCT

Oymaru; JUCT KapTOHA; TPAHCIOPTHUP; MOABEMHBIN CTOJMK; TaOIMLA 3HAYEHUS TPUTOHOMETPHUUECKUX
GyHKIHH.

3aoanue

1.  IloctpouTb XOJ CBETOBOTO Jiyya Yepe3 CTEKISHHYIO IJIaCTHHY.
2.  Ilpoananu3upoBaTh X0/ CBETOBOTO Jy4a Yepe3 CTEKISHHYIO TUIACTHHY.
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Omnpenenuts Mokasarenib NPEJIOMIIEHHS CTEKIIA U pacCUUTaTh MOIPEIIHOCTD SKCIIEPUMEHTA.
IHopsinok BbIMOTHEHHS PA0OTHI

1. Ha nogbeMHBIH CTONMK MOJOXKUTH YACTHIN JTUCT OyMaru ¢ MoJIJI0KEHHBIM CHU3Y KapTOHOM.

2.  C oHOI CTOPOHBI CTEKJIa HAKOJIOTH JBE OyimaBku 1 u 2 Tak, 9T0OBI psiMasi, IPOXOASINas Yepe3
HUX, COCTaBIIsJIa YTOJ 04 C MEPHEHAUKYISIPOM K IIIOCKOCTH IUIACTUHKY (puc. 1).

3. TlomusATeh pUCYHOK HAa YpPOBHE Tja3 W, HAONIOAas 4Yepe3 IUIACTHHKY, HAKOJOTh JIBE JAPYTUe
OyJaBKHU Tak, 4TOOBI BCe YeThIpe OyJIaBKH OKA3aJIMCh HA OJJHOU MPSIMOH.

4. Crewio u OylaBKH CHSTh, MECTa HAKOJOB OTMETHTHh TO4YKamH 1,2,3,4 u depe3 HUX MPOBECTU
npsiMble JIMHUU JI0 TiepecedeHus ¢ rpaHunaMu crtekna (puc. 2). Ilposectu yepe3 Ttouku 2 u 3
nepreHIuKyIsIphl K rpanunam cpen AB u CD.

5. TpancnopTupoM U3MEPHUTbH YIJIbl MAJACHUS O U YIJIbI IPETOMIICHUS 3. sin a

6. Ilo TabmuIiie 3HAYCHHI CHHYCOB OMPEACIUTh CHHYChI U3MEPEHHBIX yIJIOB. | ——— =N

7.  Boruucauts ko3 puIueHT npeaomieHus no Gopmyie: sin 3

8.  OnbIT MOBTOPHUTH TPH pasa.

’,,-4“ _\
o2 N
A 7E \
,’I' 1\\ \
“ 2
\
\
Puc. 1. Puc. 2

9.  PesynbraThl U3MEPEHUIi, BEIYUCICHUH U TaOIMYHBIE TaHHBIE 3aKicaTh B Tabauiy 1.

10. Beruucnuth aOCOMOTHYIO (A) M OTHOCUTEIBHYIO (€) MOTPEIIHOCTH 1O (OopMyTIam:

11. Caenats BbIBOJ 1O paboTe

A 100% A=]|n n
&= ’ 0 — " 'mabn cp
nmaﬁ,’L
Tabmumna 1
No  |Vrom magenusii Yromnpe- | Koaddu- 2 o ©
< 2 < < R o
OTBITa | CBETOBOTO TOMJICHUS IIUEHT 5 & i =l S 4 s ©
=N D) L o T 3 0
my4a CBETOBOTO peIoM- S = = S s 2 E 3 5 §
) v ) o e
E 5 = = n.L =
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Konmponsnusie éonpocut

UTo Ha3BIBAIOT CBETOBBIM JIy4OM?

CdopmynmpyiiTe 3aKOH OTpaKEHHs CBETA.

KakoB ¢u3uueckuii CMbICT OKa3aTeNs MPeJIOMIICHHUs CBeTa?

Yem oTnmyaeTcs aOCOIIOTHBIN MOKa3aTeNb IPEJIOMIICHUS CBETA OT OTHOCUTEIBLHOT0?
Chopmynupyiite 3aK0H MPETOMIICHUS CBETA.

Uto Ha3bIBAIOT MOJIHBIM OTPa)KEHUEM CBeTa?

KakoBa ckopocTh pacipocTpaHeHUs CBETa B BaKyyme?

Yo Ha3bIBaE€TCS ONTUYECKOMN IIJIOTHOCTHIO BEIlecTBa?

Jlyu cBera nepexoauT U3 Cpelibl ONTUYECKU 00Jiee MJIOTHOM B CpeAy ONTHUUECKH MEHEE ILIOTHYIO.
Kak u3mensiercs npu 3ToM yacTora KosueOaHUi U IJIMHA BOJTHBI?

10. B uewm coctouT npuHnui [ rolirenca?
11. Jlyu mepexoauT U3 BOABI B CTEKJIO. YTOJ MaJACHUS O = 30°. Haiitu yron npenomiueHus (N, = 1,3;

Ner = 1,6).

12.  VYron npenomieHUs CBETa B INIMIICPUHE 45°. Haiitu gron najaeHus B Boayxe (N, =1.47).
13. Jlyu magaetr Ha moBepxHOCTH BoAbI noj yrioMm 30°. [log kKakuM yrioMm JIOJDKEH ynacTb JIyd Ha

MOBEPXHOCTh aliMa3a, YTOOBI YroJl MpeloMIIeHUs ocTancs TakuM Ke? (Nposy= 1, Npopu=1,33, Ny =
2,42).

14. HaiiT pa3HOCTh CKOPOCTEH CBETA B BOJIC U CTEKIIC, €CIH Nyony=1,33, Nere=1,5.
15. Ompenenuts NpeACTbHBIA yroj IMOJHOTO OTPAXEHHUS sl BOJBI, cTekia, anmasza. (Ne.= 1,6;

Nso=1,33, Name.= 2,42) (OTB.: 0101=49°, 012=40°, 0195=24°).
dopma npenocTaBiieHHs pe3ybTaTa
BrITIOTHEHHBIH OTYET B TETPAIH TSI TaOOPATOPHBIX PaboT.
Kpurepun onenkn:
Oyenxa «omauyHoOy» 6vlcmaeisiemcsi: TPABUIBLHO BBHITIOJHEHBI BCE 3a/JaHUS B COOTBETCTBHH C
TpeOOBaHUSIMU, MPABUIBHO BBHIMOTHEHBI JIOMOJHUTENbHBIE 3aJlaHUsl, CBOEBPEMEHHO MPEI0CTaBICH
OTYET O BBITIOJTHCHUH PAOOTHL.
Oyenxa «xopowioy evicmaensemcs: TPABUIBHO BBIMOJTHEHBI BCE 3aJaHUS B OCHOBHOW YacTH,
JIOTIOTHATEIHHBIC 3a/IaHUS BBITOJIHCHBI HE B TIOJHOM 00BEME, MPEIOCTABIICH OTYET O BBITOJHEHUU
paboTel, MO0 B CiIy4ae HECBOEBPEMEHHOTO TMPENOCTAaBIEHUS OTYeTa WIM C HaJIUYUEM
HECYIIECTBECHHBIX OMIMOOK B BHITIOJTHCHHUH 3a/IaHUS.
Oyenra «y00871emeopumenbHo» 8blcmasisiemcs: BEIIOTHEHBI He Bce, HO Oonee 50% 3amanuii paboThl,
JIOTIOTHATEIBHBIC 33/IaHUsI HE BBIOJIHEHBI, HECBOEBPEMEHHO IPEJIOCTABICH OTYET O BBINIOJHECHUHU
paboTHI.
Oyenka «Hey008IemeopumenbHoy evlicmaeisemcs: BoIONHEHO MeHee 50% paboThl, HE BHITIOJIHEHBI
JOTIOTHUTEIIBHBIC 3a]JaHHsI, OTUYET O BHITIOJTHEHUH PAOOTHI HE IPEOCTABIICH.
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