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Habnronenue CrijionHoro U IMHEHYaToro CleKTPOB



BBEJIEHUE

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

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

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

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

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

BeinonHenne npakTuueckux U J1abopaTOpHbIX paboT obecreunBaeT JOCTHKEHHE 00yqatoIMMUCS
CIIEYIOIUX Pe3yabTATOB:

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

COBPEMEHHOW HAay4HOW KapTHHE MHpa, O CHUCTEMOOOpasyiomieid poiu (U3NKA B Pa3BUTUH

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

yueHbIX-(DU3UKOB B pa3BUTHE HAYKH; TIOHUMaHUE (PU3NUECKOM CYIIHOCTH HAOII01aeMbIX SIBJICHHUH

MUKpOMHpA, MaKpoOMHpa M Meramupa; IOHMMaHHE pOJIM AaCTPOHOMHMM B IIPAKTHYECKOMN

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

dopMUpOBaHUM Kpyrozopa U (QYHKIUOHAJIBHOM TIPaMOTHOCTU YEJOBEKa I pEIllIeHus

IIPAKTUYECKUX 3a7a4;

° [1P62 chOpMHUPOBAHHOCTh YMEHHUH pPACro3HaBaTh (hM3WYECKHE SBICHHS (IIPOLECCHI) U

OOBSICHATh WX Ha OCHOBE M3YyYCHHBIX 3aKOHOB: pPAaBHOMEPHOE U PaBHOYCKOPEHHOE

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

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

OpOYHOBCKOE JBUKEHHE, CTPOEHHUE KUIKOCTEH U TBEPJBIX TEJ, U3MEHEHHEe oObema Tel IpH

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

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

TEIUIOBOTO JIBUKEHHS MOJIEKYJ C aOCOJIFOTHOM TeMIlepaTypoi, MOBBILIEHHWE JABJIEHUS rasa Ipu

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

U30IIpoLeccax; MEKTPU3ALHNS TEJ, B3aUMOJICHCTBUE 3apsii0B, HArPEBaHUE NPOBOJHUKA C TOKOM,

B3aMMO/JICIICTBME MAarHMTOB, J3JEKTPOMAarHUTHas WHAYKLUSA, JEHCTBME MAarHUTHOIO TOJS Ha

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

MpSIMOJIMHEIIHOE  pAcIpOCTpaHEHHWE CBETa, OTPaXXEHHE, IMpesloMIIEHHuEe, HHTepPEepeHLIns,

audpakiuus U TOJSpU3alisl CBeTa, JAUCIEPCUst CBeTa; (POTOINEKTpHUuecKuil >pdexr, cBeToBoe

JaBJIeHHE, BO3HHUKHOBEHHE JIMHEHYaToro CHeKTpa aroMa BOJOpPOJAA, €CTECTBEHHas U

HCKYCCTBEHHAs paiMOAKTUBHOCTH;

e [IP63 BiaJeHUWE OCHOBOMOJAramIUMU  (U3NYECKUMU TOHATUAMU U BEJIMYHMHAMU,
XapaKTepU3yIOIUMH  (U3NUYECKUE MPOIECChl (CBA3aHHBIMU C MEXaHHYECKUM JIBH)KEHUEM,
B3aMMO/JICIICTBUEM TeEJI, MEXaHMYECKMMH KOJeOaHUSMU M BOJHAMHU; aTOMHO-MOJEKYJISPHBIM
CTPOEHHEM BEILECTBA, TEIUIOBBIMHM IPOLIECCAMHU; JJIEKTPUUECKHM W MAarHUTHBIM IIOJISIMH,
ANEKTPUYECKUM TOKOM, DJEKTPOMAarHUTHBIMU KOJEOAHUSMHU U  BOJHAMH; ONTHUYECKUMU
SIBICHUSIMU; KBAaHTOBBIMU SIBIICHUSIMH, CTPOEHHEM aTOMa M aTOMHOTO sJIpa, paJlOaKTUBHOCTHIO);
BJIQJICHHE  OCHOBOMNOJAralOU[MMH  AaCTPOHOMHYECKMMH  IOHSTHIMH, MO3BOJISIIOIIUMU
XapaKTepu30BaTh IPOLECCHI, MPOUCXOASIIME Ha 3B€3/1aX, B 3BE3JHBIX CHUCTEMax, B
MeXTaJaKTHYeCKOU cpefie; ABMKEeHNE HeOECHBIX Tell, IBOJIIOLINIO 3Be3/1 U BeenenHnoii;



[TP6G4 Bi1aJIeHUE 3aKOHOMEPHOCTSIMH, 3aKOHAMU U TEOPUSMHU (3aKOH BCeMHUpPHOro Tsarotenus, I, 11
u III 3axkonbl HplOTOHA, 3aKOH COXpaHEHUS MEXAHWMYECKOW HHEPruHu, 3aKOH COXPaHEHHUS
HMITYJIbCA, MPUHLHUI CYNEPIO3UIMN CWUJI, MPUHIIMI PABHOIPABHOCTH HHEPLUHAIBHBIX CHCTEM
OTCUETa; MOJEKYJISIPHO-KMHETHYECKYI0 TEOPUIO CTPOEHHUS BEIIECTBA, ra30BbI€ 3aKOHBI, MEPBbIN
3aKOH TEPMOJMHAMUKH; 3aKOH COXPAHEHUs 3JIEKTPUUYECKOro 3apsaa, 3akoH Kynona, 3akoH Oma
JUISl y4acTKa Lenu, 3akoH OMa /1711 OJTHOM 3JIEKTPUYECKOH 1enH, 3akoH [xoyns - JIeHna, 3akoH
AJEKTPOMArHUTHOM  WHIYKIMU, 3aKOH COXPAHEHUS JHEPrud, 3aKOH MPSIMOJIUHEUHOIO
pacnpocTpaHEHHUs CBETA, 3aKOH OTPaKEHMS CBETA, 3aKOH MPEJIOMIICHHS CBETA; 3aKOH COXPAaHEHUs
SHEPruM, 3aKOH COXPAHEHHs HMIIYJIbCA, 3aKOH COXPAHEHMs 3JIEKTPUYECKOro 3apsjia, 3aKOH
COXpaHEHHS MAacCOBOTO 4YMCIa, MOCTYNaThl bopa, 3aKOH pajiMOAaKTUBHOIO paclaja); yBEpEeHHOE
MCIOJIb30BaHUE 3aKOHOB M 3aKOHOMEPHOCTE! NpH aHainmu3e (PU3MUECKUX SBICHUHN U MIPOIIECCOB;
[IP65 yMeHHE YYUTHIBATh TPAHULIBI TPUMEHEHUS HU3YYEHHBIX (PU3UUYECKUX MOJENeH:
MaTepuaabHas TOUKa, MHEpLUAIbHAsA CUCTEMA OTCUETa, WCANIbHBIN I'a3; MOAEIU CTPOEHUS ra3os,
KUJKOCTEH U TBEPABIX TEJ, TOUCUHBIN FJIEKTPUUECKUN 3apsij, sIepHas MOJENIb aTOMAa, HYKJIOHHAs
MOJIeTTb ATOMHOTO siJIpa IMPH PEIICHUH (PU3NICCKHIX 33]1aY;

[IP66 BiaJeHHE OCHOBHBIMH METOJaMH HAYYHOTO IIO3HAHUS, WCIONb3yeMbIMH B (HU3UKE:
MPOBOJIUTH MPSIMbIE M KOCBEHHBIE M3MEpPEHUs (PU3NYECKUX BEITUYMH, BHIOMpAsk ONTHMAaIbHBINA
crocod H3MEpPEeHUs U HUCIOJIb3Yys HW3BECTHBIE METOJbl OIEHKU MOTPEIIHOCTeH H3MEPEHUH,
MIPOBOJNTH HCCIICIOBAaHUE 3aBUCUMOCTEH (U3NYCCKUX BEIUYUH C HUCIOJIB30BAHUEM IPSMBIX
U3MepeHuil, OOBACHATh TMOJNyYEHHBIC PE3yIbTaThl, HCIOIB3Ys (PU3UUYECKHE TEOpUH, 3aKOHBI U
MOHATHUS, W JeJaTh BBIBOJBL, COOJIOAATH MpaBHja O€30HacHOTO TpyJda NpPU TPOBEIACHUU
UCCIIEIOBAaHUM B paMKax y4eOHOTO SKCIIEPUMEHTa U Y4eOHO-HCCIIe0BATENbCKOM AESITETbHOCTH C
WCTIOJIB30BaHNEM HHU(POBBIX H3MEPUTEIHLHBIX YCTPOWCTB M J1aOOpaTOPHOTO 0O0OPYHOBaHUS;
c(hOpMHUPOBAHHOCTH MPEACTABICHUI O METOJaX MOJYUYEeHUs HAyYHBIX aCTPOHOMUYECKUX 3HAHUM;
[Pyl cpOopMUPOBAHHOCTh TMOHMMAHUS POJH (U3NKH B SKOHOMHUYECKOW, TEXHOJOTHYECKOH,
COLIMAJILHOW U ATHUYECKOH cepax NeaTeIbHOCTH YeI0BeKa; POJid U MecTa (PU3UKU B COBPEMEHHOM
Hay4YHOW KapTUHE MHUpPA; POJU aCTPOHOMHHU B TMPAKTHUUECKOW JCATEIHHOCTH YelIOBeKa U
JanbHENIIeM HayYHO-TEXHUYECKOM Pa3BUTHH;

[TPy2 chOpMHUPOBAHHOCTh CUCTEMBI 3HAHUN O (PU3NYECKUX 3aKOHOMEPHOCTSIX, 3aKOHAX, TEOPHUSIX,
JEHCTBYIONUX HA YPOBHSAX MUKPOMHpA, MAaKpOMHUpPAa M Meramupa, MpeacTaBlIeHHl 0 BceoOiemM
xapakrepe (pU3MUecKUX 3aKOHOB; MIPEJICTABICHUN O CTPYKTYpeE MOCTPOEHUsI (PU3HUECKON TeopuH,
YTO TO3BOJUT OCO3HATh POJib (YHIAMEHTAIBHBIX 3aKOHOB W TPHUHIIMIIOB B COBPEMEHHBIX
MPEACTABICHUSAX O TPUPOJE, TMOHATh TPAHUIIBI MPUMEHHUMOCTH TEOPHM, BO3MOXKHOCTH WX
MIPUMEHEHUS JIJIs1 OTIMCAHUS €CTECTBEHHOHAYYHBIX SBJICHHI U MPOIECCOB;

ITPy3 chopMUPOBAHHOCTh YMEHUS pa3inyaTh YCIOBHUSI MPUMEHUMOCTU MoJieNel (PU3NIecKux Tel
W TpoleccoB  (SBICHWI): HWHEpIUaNbHAas cHCTeMa OTcueTa, MaTepuajbHas  TOYKa,
PaBHOYCKOpDEHHOE JIBW)KEHHE, CBOOOJHOE TMaJieHue, adCoJTHO yrpyras jaedopmarus,
a0CONIOTHO ympyroe M aOCOJIOTHO HEYNPYroe CTOJKHOBEHMS, MoJeNeill rasa, >KUIKOCTH U
TBEPAOro (KPUCTAJUIMUECKOT0) Teja, WJEAIbHOrO ra3a, TOYEUHBIM 3apsl, OJHOPOJIHOE
JNEKTPUYECKOE  TIOJie, OJHOPOAHOE MArHUTHOE TMOJie, TapMOHUYECKHE  KoJeOaHus,
MaTeMaTUYeCKUil MasTHHUK, WJICATbHBI TPYKWHHBI MAaATHUK, TapMOHHMYECKHE BOJHBI,
UJealbHBIN KoNleOaTebHbI KOHTYP, TOHKas JIMH3a; MOJIENIe aToMa, aTOMHOTO s1/ipa M KBaHTOBOU
MO/JIETIN CBETA;

[TPy4 copMUPOBAHHOCTh YMEHUSI OOBICHATH OCOOCHHOCTU MPOTEKAHMS (UIUUYECKUX SBICHHIA:
MEXaHUYECKOe JBUKEHHME, TEIJIOBOE [BHIKEHHE YacTUI[ BEIeCTBA, TEIUIOBOE paBHOBECHE,
OpoyHOBCKOE JABIKEHUEe, MudGy3us, UCMNapeHHe, KHUIIEHHEe W KOHJEHCAIUs, IIJIaBICHUE U
KpUCTAJIJIN3alMsl, HAlPaBJICHHOCTh TEIUIONEepenaun, 3JEKTPU3alUU TeJ, IKBUIIOTEHIINAIbHOCTH
MOBEPXHOCTU 3aPSHKEHHOIO MPOBOJHHUKA, JJIEKTPOMArHUTHOM WHAYKIUH, CAMOWHIYKIHWU,
3aBUCUMOCTH COIIPOTUBIIEHUS MOJYIPOBOJHUKOB "p-" M "n-THUNOB" OT Temmeparypsl, pe30HaHCa,
uHTepQepeHITnN BOJH, UPpaKIUU, TUCTIEPCUH, TIOJTHOTO BHYTPEHHETO OTpaxeHus, GoTodPdexKT,



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

[TPy5 chOopMHUPOBAHHOCTh YMEHHH MPUMEHSTH 3aKOHBI KJIACCHYECKONH MEXaHUKH, MOJICKYISIPHOM
(GU3UKM U TEPMOAMHAMUKH, SJIECKTPOJUHAMUKY, KBAHTOBOW (DU3MKU JIJIsl aHAINU3a U OOBSICHEHUS
SABJICHUA MMKPOMHpPA, MAaKpOMHUpPa M MEramupa, pa3iuyarb YCJIOBHs (TpaHUIBI, 00IacTH)
MPUMEHUMOCTH (U3NYECKUX 3aKOHOB, IOHMMATh BceoOUMil XapakTep (yHAaMEHTATIbHBIX
3aKOHOB (3aKOH COXpaHEHMsS MEXAHUYECKOW SHEPruM, 3aKOH COXPAaHEHUS HMIIyJbCa, 3aKOH
BCEMHUPHOI'O TATOTEHUs, NEPBBIM 3aKOH TEPMOAMHAMHUKH, 3aKOH COXPAHEHUS SJIEKTPUUYECKOIO
3apsifa, 3aKOH COXPAHEHHs HHEPrMHM) M OrPAaHUYEHHOCTb HCIIOJIb30BAHUS YACTHBIX 3aKOHOB;
aHAJIM3UPOBaTh (PU3MUYECKHE TMPOLIECChl, MHCIONb3Ysl OCHOBHBIE TOJOXKEHUS, 3aKOHbI U
3aKOHOMEPHOCTH; OTHOCHUTEIIbHOCTh MEXAaHMYECKOTO JBIDKCHHS, (OPMYJIbl KHHEMaTUKU
PaBHOYCKOPEHHOT'O JBHKEHHMsI, mpeoOpa3zoBanus ['amuies aias CKOPOCTH U MEpeMelIeHUs, Tpu
3akoHa HbIOTOHA, NMPUHIMI OTHOCUTENIBHOCTH [ 'anuiies, 3aKOH BCEMUPHOI'O TATOTEHHUS, 3aKOHBI
COXpAaHEHUS WMITyJIbca U MEXaHMYEeCKOW »SHEpruM, CBs3b pabOThl CHUIBI C HM3MEHEHHEM
MEXaHUUYECKON 3HEPIruu, yCIOBHsI paBHOBECHUS! TBEPJOrO Teja; CBS3b JABJICHMS MJI€AIbHOIO ras3a
CO CpeHEeH KMHETUYECKOM 3Heprueil TENI0BOro ABMXKEHUS U KOHLUEHTpAIUME €ro MOJIEKYJ, CBA3b
TeMIepaTypbl BEIIECTBA CO CPEAHEW KWUHETHMYECKOM HDHEPrUed €ro 4YacTHll, CBSA3b JABJICHUS
WJICAIbHOIO Ta3a C KOHIIEHTPALMEeW MOJEKYJ1 U €ro TeMIlepaTypod, ypaBHeHHUE MeHpeneeBa-
Knanelipona, mnepBblii 3aKOH TEPMOJAMHAMHUKH, 3aKOH COXPAHEHHS SHEPrUM B TEIUIOBBIX
mpoleccax; 3aKOH COXPaHEHHs DSJIEKTPUUYECKOro 3apsaa, 3akoH KynoHa, NOTEHLHMAIbHOCTH
ANEKTPOCTATUYECKOTO I0JI, MPUHLUI CYHEPIO3ULIUU 3JIEKTPUUECKUX MoJiel, 3akoHa Kynona;
3akoHbl OMa JJIs ydacTKa LEeNU U Ul 3aMKHYTOM 2JIEKTpUYECKOW 1en, 3akoH J[xoyns-Jlenna,
3aKOH 3JIEKTPOMAarHUTHOM MHIYKIUH, MNpaBuiao JleHua, mnocTynarel ClEUUaIbHOW TEOpUU
OTHOCHUTENIHOCTH OHWHINTEHHa, ypaBHeHuEe DiHIITeiiHa Wi doTtodddekrta, mepBolii U BTOPOM
noctynarel bopa, mpuHmMI HeompeaeneHHOCTH [eii3eHOepra, 3aKOH COXpaHEHUS 3apsna,
MacCOBOI'0 YMCJIA U SHEPTHUH B SIACPHBIX PEAKIUAX, 3aKOH PAIMOAKTUBHOIO pacraja;

[TPy8 chopMHUpOBaHHOCTH MPEACTABICHUN O METOJaX MOJy4YEeHHUS HayYHBIX aCTPOHOMHYECKHX
3HaHUi; BIaJleHMEe YMEHHUSIMHU CaMOCTOATENbHO (POPMYIMPOBATH LIENb MCCIeI0BaHUs (IIPOEKTa),
BBIIBUTATh TMIIOTE3bl HA OCHOBE 3HaHMSI OCHOBOMOJAralmoluX (PU3MUECKUX 3aKOHOMEPHOCTEH u
3aKOHOB, IIPOBEPATH MX OSKCIEPUMEHTAIBHBIMM CPEJICTBAMH; IUIAHUPOBAaTh M IPOBOJWTH
¢u3nyecKne SKCHEPHUMEHTHI, ONUCHIBATh M AHAIW3UPOBATH IOIYYEHHYIO IpPU BBINOJIHEHUU
HKCHEPUMEHTa HHPOPMALIUIO, ONPEEATh JOCTOBEPHOCTh MOJIyYEHHOTO Pe3yIbTaTa;

[TPy 11 oBnaneHue pa3nuyHbIMU criocodamu paboThl ¢ HHGopMalueil (U3NIECKOro coiepKaHus
C UCHOJb30BAHUEM COBPEMEHHBIX HWH(POPMALIMOHHBIX TEXHOJIOTHH, pa3BUTHE yMEHUH
KPUTHUYECKOIO aHAJIN3a U OIIEHKH JIOCTOBEPHOCTH MOJIydyaeMoi nHpopmanuy;

[IPy 12 oBnageHue OpraHU3alMOHHBIMM M IIO3HABATEIbHBIMH YMEHHUSMH CaMOCTOSITEIIBHOTO
NpUOOpETEeHUsT HOBBIX 3HAaHUM B  TMpollecce  BBIMOJIHEHHMS] TPOEKTHBIX U yuyeOHO-
HCCIIEIOBAaTENIbCKUX pPabOT, YMEHHSAMM 3aHATHETh B TPYIIE C BHIIOJHEHUEM PA3JINYHbIX
COLIMAJIbHBIX POJIEH, TUIAHUPOBATh PabOTy IPYyMIbl, PAlMOHAIBHO PACHPENENATh NesSTEIbHOCTh B
HECTaHJApPTHBIX CUTYallUsAX, aJ€KBAaTHO OLIEHMBATh BKJIAJ KaXKJOTO0 W3 YYaCTHMKOB TIPYMIBI B
pelieHre paccMaTpuBaeMon IpoOIIeMBl;

MP 8 cniocoOHOCTb ¥ TOTOBHOCTH K CAMOCTOSITEIbHOMY ITOMCKY METOJIOB PELIEHHUS MPAKTUYECKIX

3aJ1a4, MPUMEHEHUIO Pa3IMYHbIX METOJIOB MIO3HAHNUS;
MP 9 Bnanerb HaBbIKAMU IMOJNYyYeHHMS HMH(POpPMAIMM U3 HCTOYHHKOB PpA3HBIX THIIOB,
CaMOCTOSITEJIbHO ~ OCYIIECTBJISITH ~ NOUCK, AaHAIW3, CHUCTEMATU3AalMI0 W  HHTEPIPETALHIO
nH(OpMaIUY Pa3IMYHBIX BUJOB U (OPM Ipe/ICTaBICHHUS;

MP 10 c¢opmupoBaHMe HAay4yHOrO THNA MBIIIJICHUS, BJaJeHHE HAyYHOW TEPMUHOJOTHEH,
KJIFOUEBBIMH MOHATUSIMHU U METO/IaMU;
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e MP 21 BBISBIATH NPUYMHHO-CIECACTBEHHBIE CBSI3M M aKTyaJu3UpOBaTh 3aJady, BBIJIBUraTh
TUIIOTE3Y €€ PEHICHUs, HAXOJAUTh apTyMEHTHI ISl JJOKA3aTeNIbCTBA CBOMX YTBEPXKJICHHM, 3a/1aBaTh
rapameTpbl U KpUTEPUU PEILICHNUS,

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

e MP 13 oBnanenue BUgaMH JESTEIBHOCTH IO MOJIYYEHHIO HOBOTO 3HAHUS, €r0 MHTEPIpPETAIUH,
peoOpa30BaHUIO U MPUMEHEHHUIO B Pa3IMUHbIX YU€OHBIX CUTYalUIX, B TOM YHCIIE [IPH CO3AaHUU
y4eOHBIX U COIMAIbHBIX TPOEKTOB;

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

e JIP 14 oco3HaHMe TUYHOIO BKJIaJa B IOCTPOEHUE YCTOMYMBOIO Oy yILIEro

JIP 23 rOTOBHOCTB K TPYyZly, OCO3HaHHE IEHHOCTH MacTepCTBa, TPYJOI00HE;

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

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

IIK 1.1 OcymiecTBIATh OpraHU3AIMIOHHO-TIPOU3BOJICTBEHHBIC PaOOTHI I TIOJTOTOBKHA COOPKHU U
MOHTa)ka IPOMBIIIJICHHOTO (TEXHOJIOTMYECKOr0) 000py0BaHUs.

IIK 1.3 IIpon3BOAHTH OLIEHKY COCTOSIHHSI MPOMBIIUIEHHOTO (TEXHOJOTHYECKOT0) 000pyIOBaHUS
10CJI€ BBIIOJIHEHUS HAJIaJ04YHbIX paboT, KOHTPOJIb TEXHUYECKOI'O COCTOSIHUSL 000pYy10BaHHUs IIPU BBOJIE B
AKCILTyaTaIHIo.

A Tak:ke POPMHUPOBAHMIO 0OULUX KOMNEMEHYUIL.

OK 01 Boi6upats crioco0Obl penieHus 3agad NpoecCHOHAIbHON NeSTEIbHOCTH MPUMEHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM.

OK 02 Vcnionb30oBaTh COBPEMEHHBIE CPE/ICTBA MIOUCKA, aHAJIM3a U MHTEpPHpEeTaluy UHpopMaluu u
MH(pOPMAaIMOHHbIE TEXHOJIOTUH [T BBIMOJIHEHHS 3a/1a4 MTPO(eCCHOHATBHON AEATENbHOCTH

OK 03. IlnanupoBath U peaan30BbIBaTh COOCTBEHHOE MPOPECCUOHANBHOE U IUYHOCTHOE PA3BUTHE,
IPEINPUHIMATENbCKYIO IEATEIBHOCTh B MPO(ECCHOHANBHOM cepe, UCIob30BaTh 3HAHUS 110 MPaBOBOI
1 (PMHAHCOBOM IT'PAMOTHOCTH B Pa3JIMYHbIX KU3HEHHBIX CUTYaIUIX

OK 04 D¢ddexTuBHO B3auUMOICHCTBOBATh U pabOTaTh B KOJUIEKTHBE U KOMaH/IE

OK 05 OcymiecTBiasiTh YCTHYIO U NUCHbMEHHYIO KOMMYHHKAIIMIO Ha TOCYJIapCTBEHHOM SI3bIKE
Poccuiickoit @enepanuu ¢ yueTroM 0COOEHHOCTEN COLIMAIIBHOTO U KYJIbTYPHOI'O KOHTEKCTA

OK 06. IlposBasaTs TIpa)xIaHCKO-NATPUOTHYECKYIO IIO3ULUI0, JIEMOHCTPHUPOBATh OCO3HAHHOE
MIOBE/ICHUE Ha OCHOBE TPAJAMUIIMOHHBIX POCCHUICKUX yXOBHO-HPABCTBEHHBIX LIEHHOCTEH, B TOM YHCIE C
y4ETOM TapMOHHU3ALMN MEXHALMOHAIBHBIX W MEXPEIUTMO3HBIX OTHOIICHUN, NPHUMEHATH CTaHAApThI
AHTUKOPPYIIIMOHHOTO NTOBE/ICHUS

OK 07 CopeiicTBOBaTh COXpPAHEHHUIO OKpYXKalOIIeH Cpeibl, pecypcocOepereHHI0, MPUMEHSThH
3HaHHUA 00 M3MEHEHHM KIuMaTa, IPHUHILMUIIBI OEpeXxIIMBOro MPOU3BOACTBA, 3PPEKTUBHO JIEHCTBOBATH B
Ype3BbIUANHBIX CUTYAIHSIX

OK 09 Ilonp3oBaThcs mpodeccnoHaNbHOM JOKYMEHTAlMe Ha rOCYAapCTBEHHOM W MHOCTPAHHOM
A3BIKaX.

BrimonHenne o0ydaronuxcsi MPakTUUECKUX M JIA0OPATOPHBIX padOT MO Y4EOHOW MHUCIMILINHE
«Pu3uKa» HAMPaBJICHO Ha:

- 0000meHne, CcHUCTeMaTH3allMi0, YIayOJeHue, 3akperyieHHue, pa3BUTHE W JACTAIU3AIUIO
MOJTyYEHHBIX TEOPETUYECKUX 3HAHUI 110 KOHKPETHBIM TeMaM y4eOHOM JUCIUIUINHBL,

- (hopmupoBaHMEe yMEHHI NMPUMEHSATH MOJTYYECHHbIE 3HAHHS Ha MPAKTHKE, pealn3allii0 €IUHCTBA
MHTEJUIEKTYAJIbHOU U ITPAKTUYECKOU NeATEIbHOCTH;
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- (opMupoBaHuE M pa3BUTHE YMEHM: HAOII0JaTh, CPaBHUBATh, COIMOCTABISAThH, AHAIU3HPOBATH,
JenaTh BBIBOABI W OOOOIIEHHUS, CAMOCTOSATENLHO BECTH HCCIEIOBAHMSA, IOJIB30BATHCS PA3THYHBIMU
pueMaMH U3MEPEeHUH, 0(OPMIIATE Pe3yJIbTaThl B BUJE TaOJIHUI], CXEM, Tpa(HKOB;

- npuoOpeTeHrne HaBBIKOB Pa0OTHI C pa3IMYHBIMU NPUOOpaMH, ammapaTrypod, yCTaHOBKaMHU M
JIPYTUMH TEXHUYECKUMHU CPEICTBAMH IS TPOBEICHUS OIBITOB;

- pa3BUTHE WHTEIUICKTYaJbHBIX yMEHMH Yy OygymMX CHEHHUAIMCTOB: AHAJUTHYECKUX,
MPOEKTUPOBOYHBIX, KOHCTPYKTHBHBIX U JIp.;

- BBIpaOOTKY IPH PEIICHUH MOCTABICHHBIX 3a1a4 MPO(ECCHOHANBHO 3HAYMMBIX KQ4eCTB, TAKUX KaK
CaMOCTOSITENIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPUECKAsI HHULIUATHBA.

[TpakTrueckue nim 1a00paTOPHBIE 3aHATHS MIPOBOJSTCSA B PAMKaX COOTBETCTBYIOIIECH TEMBbI, TIOCIIE
OCBOCHHUS JNUIAKTHUECKUX €IUHHII, KOTOphIe 00ECHEeunBAIOT HAIMYHE 3HAHWHA, HEOOXOIMMBIX U €e
BBITIOJTHEHUSL.
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2. METOANYECKHUE YKA3ZAHUA

Tema 2.1. Kunemaruka

IIpakTuyeckoe 3ansaTue Nel

Pemienue 3a1a4 mo KHHEMATHKE. ypaBHeHHH ABHUKCHHUS.

]_[e.m,: HAayUUThCA pas3jindaTb BUABI MCXAHUYCCKOI'O JABWKCHHA B 3aBUCHUMOCTU OT q)OprI
TPACKTOPUU U CKOPOCTU IEpPEMEIEHUsl Teja, PACCUMTHIBATh €ro MapaMeTpbl, HAyYUThCS H300pakaTh
Fpa(l)I/I‘IeCKI/I Pa3jIndHbIC BUAbl MCXaHUYCCKUX I[BPI)KGHI/Iﬁ, 3aIlIMCbIBAaTh YPABHCHUA JABUKCHUSA, pa3jIndaThb
€ro OTHOCHUTENIbHOCTb, HAY4YHTbCS (OPMYIUPOBATH CICAYIOUINE MOHATUSA: MEXAaHMYECKOEe IBUKECHHE,
CKOpPOCTH U YCKOPCHHE, CUCTEMA OTCUCTA, MeXaHNM4YeCKUHU IMPUHIHUIT OTHOCUTCIILHOCTH.

IIpakTuyeckasi padora popmupyert: [1Py5, I1py9, [1Pyl13, I1P62, ITP66, I1PG7,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Brinosinenue padorsl cnocodocTByer popmupoBannio: OK 01, OK 02, OK 03, OK 09, OK 06
MarepuanbHoe obecrieyenne:

WHAUBUAYAIbHOE 33/1aHUEe, KOHCIIEKT JICKIIHIA, CIPaBOYHbBIC MaTEPHAIIBI.

Yka3zanue:

[IpakTuueckass paboTra COCTOUT M3 ABYX 4YacTed — TeopeTudeckod U mnpaktudeckoid. [locne
U3Y4YEHUs] TEOPETUUYECKOr0 MaTepuaiga MOXXHO IPUCTYNATh K BBIIOJHEHHUIO IMpakTHUecKod uyactu. OHa
COCTOHMT M3 ABYX M Oosiee 3a1ay Al CaMOCTOSITENBHOTO BbINONHEHHUs. He 3a0biBaiiTe 0 mMpaBUIbLHOM
oopmiennu pemenus. Ha BeimoHeHHe MPaKTUYECKOH OTBOIUTCS JIBa aKaJEMHUECKUX daca.

3aganme:

1. IIncbMeHHO OTBEThTE HA CJIeYIOIHeE BOMPOCHI:

e Kunemartuyeckuil 3aKOH JBUKEHUS JJI1 KOOPIUHATHOTO CIIOCO0a OMpeeNieHUs TBUKEHUS
MAaTepHaIbHON TOYKH.

e KuneMaTnueckuili 3aKOH JBUIKEHHUS MdJII E€CTECTBEHHOI'O JABWXKEHUS IJIsi BEKTOPHOTO
crioco0a onpe/eeHus ABUKECHUSI.

e Kunemarnyeckuil 3aKOH JBIKEHUS AJIs1 €CTECTBEHHOTO CII0C00a OMpPEe/IeIeHUs IBUKECHHUS.

e Kak HallTM BEKTOp CKOPOCTU JJIsi KOHKPETHOI'O, BEKTOPHOTO M €CTECTBEHHOI'O CIOCO0O0B
onpeereHus ABUKEHUA?

e Kak HailTu BEKTOp YCKOpPEHUs AJis pa3HbIX CIIOCOOOB OINpeNeIeHUs IBUKEHUS?

2. Hcnoan3ys ¢opmyJibl VISl pacyeTa NapaMeTpPoB JABHKEHHs TeJl, pelIMTh 3aJa4H.
3. Ipoananu3upoBath rpa@uKy IBHKEHHS TeJl, OMUCATH XapaKTep JABH:KEHMS.

IMopsiniok BbINOJIHEHUS PadOTHI:
1. TloBTOPUTH OCHOBHBIE BONPOCHI KHHEMATHKH.
2. Pemmth 3amaun o BapuaHTaMm.
3. OdopMuUTH OTUET B TETPAAU JJIs MPAKTUUYECKUX padoT.
Xox pa0doThI:
1. TeopeTnyeckasi yacThb
OnHomepHoOe IBHXeHHE. J[BUKeHne ¢ MOCTOSIHHOM CKOPOCTHIO.

HYCTB TCJIO ABHUIKCTCS B HAIIPABJICHUH OCH X C IOCTOSIHHOM CKOPOCTBIO V 1 32 BpeMsI At =t —t, IIPOXOIUT

nyThb Ax =
A
VCP—E

x —x,. Cpenssist ckopocTb

[
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V = const

JIBH>KEHUE € IEPEMEHHON CKOPOCTBHIO. Y CKOPEHHE

Ecin Teno aBmkeTcs HampaBleHUU 4, V ocu Xc

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

0 | |

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

Vckopenwue (d) — CKOpOCTh H3MEHEHHUSI CKOPOCTH.

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

x(t) = xy + VoAt +

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

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

v3(1) - V%

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

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

ITycth Teno OpolIeHO M3 Hayana KOOPJMHAT IMOJ YIJIOM K TOPU30HTY C HayallbHOW CKOPOCTBIO v, . U3
rpaduKa BUJHO, YTO V, = Vyy + Vo, (IBYMEpHOE JBM)KEHHE MOYKHO pacCMaTpHUBATh, KAK HAJIOKEHHUE JAPYT

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

9 2, Vo,

2. [IpuMepsI pelieHus 3a1a4

1. MMaccaxxupckuit moe3n uAeT co ckopocTb 72 km/d. Ilo coceqHeMy MyTH JBMXKETCS HaBCTpEuy
ToBapHbIN noe3 ynHoN 140 M co ckopocThio 54 km/4. CKOJIBKO BpEMEHU NacCakup, CTOSIINN Y
OKHa, OyZIeT BUJIETh MPOXOIAIINIl MUMO HEro TOBapHbIN moe3?

14



Jano: CHU Pewenue:

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

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

140
20+15 4c.

[Toacrasnsem mauusie: ¢ =

Omeem: 4 c.

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

Omnpenenuts BpeMs mpoOera Mo MnocagoyHoN MoJIoce U YyCKOPEHHE CaMoJIeTa, CUuTas JBUKCHHE
paBHO3aMEIJICHHBIM.

Jano: CH Pewenue:
Vo= 135 km/u

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

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

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

vo,.2

3% 2§ 2500

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

27
Omeem: 27 ¢, - 1 4 m/c’.

v=0wm/c

t-7,a-"?

3. Teno, nBUrasch paBHOYCKOPEHHO M3 COCTOSIHUSA MOKOSI, 3a MATYIO CEKYH]y MPOLUIO MyTh 18 M.
YeMy paBHO YCKOpPEHHE U KaKOM IyTh TEJIO MPOILIO 3a 5 ¢?

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

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

Omeem: 4 w/c%; 50 m.

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

Jlano: Pewenue:

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

v I t-1)?

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

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

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

5. Kamens nmagaer B maxry. Uepes 6 ¢ ClbllIeH yaap KaMHs O JHO maxTel. OnpeaenuTs IIyonHy
IIaXThl, €CJIM CKOPOCTh 3ByKa 330 m/c.
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Hano: Pewenue:

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

h= WES 148 m

Omeem: 148 m.

3aganus 1J151 CAMOCTOATEILHON padoThI
Bapuant Ne 1
1. Camoner WJI — 86, nBurasch paBHOMEpPHO cO cKopocThio 900 km/4, B Te4eHHE 9C COBEPIIII
TaKoe ke MepeMernienue, 9ro u camonet Sk — 42 3a 10 c. Onpexnenure ckopocts Sk — 42.
2. I'paduku xakux OBMKEHHMM Ten mokazaHbl Ha puc. 1? Ilo rpaduky ompenenute: 1) B kakoii
MOMEHT BPEMEHHU TeJla BCTPETUIINCH; 2) KaKUe IyTH TeJla MPOILJIN 10 BCTPEUH.

¥, Mt

puc.l.

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

4. 3a kakoe BpeMsi aBTOMOOWJIb, IBUTasICh ¢ yckopeHnuem 0,4 m/c? YBEJIIMYUT CBOIO CKOPOCTH C 12
1o 20 m/c?

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

6. Tero, IBUTasch MPAMOIMHEHHO C YCKOPeHHEM 5 M/c’, MoCTHIIO ckopocTd 30 Mm/c, a 3ateM,
JIBUTAsICh paBHO3aMEeIJIEHHO, OCTaHOBMIIOCH uepe3 10 c. Onpenenute nyTb, IPOWIeHHBINA TEIOM.

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

Bapuant Ne 2

1. Cpennee paccrossaue mexay 3emiieit u Comrnem 1 actpoHomuueckas enuuauna (1 a.e. = 1,496
1011 m). Onpenenure Bpems npoxoxaeHus ceera oT Connua 10 3emiin. CKOPOCTh CBETa B BaKyyMe ¢ =
3- 108m/c.

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

3. BenocuneaucT aBWKeTCsA MoJ YKIOH ¢ yckoperuem 0,3 m/c 2 . Kakyro CKopocTh mpHOOpeTeT
Benocuriequct yepes 20 ¢, eciiu ero HadanbHasi CKOPOCTh paBHA 4 M/c?

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

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

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

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

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

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

Tema 2.1. Kunemaruka

IIpakTHyeckoe 3ansaTHE No2

Pemenue 3aga4 Ha mapaMeTpbl BpamaTeJIbHOro ABUKCHU S

Iesb: HayunTHCS pemaTh 3a/1a4y Ha MapaMeTpbl BpallaTeIbHOTO ABHKEHHS

IIpakTnueckas padora ¢popmupyer: [1PyS, [Ipy9, [1Py13, I1P62, ITP66, ITP67,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
Boinosnenue padorsl cnocodocTByeT hopmupoBannio: OK 01, OK 02, OK 03, OK 09
MarepuaibHoe o0ecniedyeHHe: WHAMBHUIYyalbHOE 3a/laHUe, KOHCMIEKT JIeKIHUH, CHpaBOYHBIE

MaTepuabl.
3aganue:

1 OTBeTbTE HA CJIeAYIOLIME BONPOCHI:
o Kakyro (GopMysy MOKHO HMCHOJIB30BAThH JJIS HAXOXKJIEHHS MyTH, €CIM TOYKA MPOIUIa IpU
KPHUBOJIMHENHOM JBUKEHUU?
o Jlokaxxute (popMyiy, CBA3BIBAIOILYIO BEKTOPHI IMHEHHOM U yrIIOBON CKOPOCTH.
e [loueMy paBHBI BEKTOpbl TaHI€HIIMAIBHOTO U HOPMAJIBHOTO YCKOPEHUS B Ciydae
KPUBOJMHEWHOTO JBMKEHUS MaTepuabHOM Touku? Kak HalTH MOIYNTH 3TUX BEKTOPOB?
e UYeMy paBHBI BEKTOPHl TAHT'€HLIMAJIHLHOTO W HOPMAIBHOTO YCKOPEHMS] U UX MOAYIH JUIS
BpalaTeIbHOT O IBKEHHUS MaTepHaTbHON TOUKH?
e Kak cBs3aH BEKTOp MOJHOTO YCKOPEHHsI ¢ BEKTOpPAaMHU YTJIIOBOTO YCKOPEHMSI U YIIJIOBOM
CKOPOCTH ISl BpAIlaTeIbHOTO JBMKEHUS?
Ilopsinok BbINOJHEHHSI padOThHI:
1. OtBerbTe NMCbMEHHO Ha BOIPOCHI, IIPEICTABICHHBIE BHIIIIE.
2. Pemmte camocrosTenpHyI0 padoTy. OpopMuTe pernieHne MMCbMEHHO B TETPAJIH.
Xon paborsr:
Teopernyeckas 4acTb
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[TycThb Teno ABMXKETCS MO OKPY>KHOCTHU paanyca R ¢ OCTOSHHOM 10 3HAUEHUIO0 CKOPOCTHIO V
(MuHEHHOM CKOPOCTBIO) U 3a BpeMsi At mepemMecTiioch Ha AS u3 T. A B T. B. Bektop V HampasieH mo
KacaTeIbHON K OKPYKHOCTH M MEHSIET HAIPaBIIEHUE, T.€. MOXKHO TOBOPUTH 00 M3MEHEHUU CKOPOCTH

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

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

Ornpenenum =a

acp op -

N3 nono6us tpeyronpaukoB OAB u CBD = Av _

Av  v-AS
acp = —=
At RAt

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

BekTop ¢ HanpapJieH [0 paauycy K HEHTPY OKPYKHOCTH.

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

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

T

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

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

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

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

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

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

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

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

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

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

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

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

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

®opma npeacTaBiaeHus pe3yabTara:
BoinmonHuTh 3aaHue B TETpaay s MPAKTUYECKUX padoT.
Kpurtepuu ouenku:
3a npaBUIIbHO BBIMOJIHEHHOE 33J]aHUE BBICTABIIAETCS MOJIOKUTEIbHAS OlleHKa — 1 Oas.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATEIbHAS o1leHKa — () OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 2.2. 3akonsl mexanuku HeroTona
IIpakTnueckoe 3ansaTue Ne3
Pemenue 3a1a4 no reMe «Buabl cuJ1 B MeXaHHKe.
CunJjia TpeHus NOKOSI, CKOJIbKeHUsI, KAYeHH s, BPALLleHUsI»

Ilem,: PACKPBITh COACPIKAHUEC 3aKOHOB HproToHa ¥ 0COOCHHOCTH CHII paBHH‘IHOﬁ npupoAbl; 3aKPCIIUTH
YMCHHA U HAaBBIKU PCIICHUS 3a1a1 Ha BTOpOI>'I 3aKOH HBIOTOHa, Koraa Ha TC€J1o ,ZLCIZCTB}'TOT HCCKOJIBKO CHJI.

IIpakTnueckas padora popmupyert: [1PyS, [Ipy9, [1Py13, ITP62, I[1P66, ITPG7,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Beinosnenne padorsl cnocodcTByeT (popmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepuaibHoe of0ecnedyeHHe: TeTpagb IS MPaKTHYECKUX paldoT, pydyka, METOAWYECKHE

PEKOMEH/IallMH IO BBHIIOTHEHHUIO pa0OThI, TUHEIKA, KapaHJaIll.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M MPAKTUYECKOM.
[Tocne u3yueHus TEOPETHUECKOr0 MaTepraga MOKHO IPUCTYNATh K BBHITOJIHEHUIO TPAKTUYECKOW YacTH.
Ona cocTouT U3 ABYX U OoJiee 3a1ad sl CaMOCTOSITENIbHOTO BhIMoJHEeHUs. He 3a0bIBaiiTe 0 npaBUIIbHOM
odopmiieHnu penieHus. Ha BeIMOTHEHNE TPAKTUYECKON OTBOIUTCS JIBA aKaJIEMHUYECKUX Yaca.

IMopsiiok BbINOJIHEHUS] PA0OTHI:

1. PaccMoTpuTe TEOpPETHYECKMHA MaTepuaa 10 TeMe W TMPUMEpPHl pemeHus 3amad  (CMOTpHU
METOAMYECKOE ITOCOOHE).
2. Pemute camocTosTenbHYI0 padoty. Odopmute penieHne MICbMEHHO B TETPAIH.

Xon paborsr:

1. TeopeTnyeckas yacTb
Junamuxa. OcHOBHbIE NOHAMUSL

Nuepuuss — sABIEHUE COXPAHEHHS CKOPOCTH JIBMIKEHHS Teja IMPU OTCYTCTBUHU
BHEIIIHUX BO3JICHCTBUN.

I/IHepTHOCTB — CBOMCTBO TCJI, NPOABIIAOIICCCSA B TOM, YTO HIpPU OJHWHAKOBBIX

R S
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BHEUTHUX BO3JEHCTBUAX pa3HbIE TEIa MPHUOOPETAIOT pa3Hble YCKOPEHUS.

Macca (m) — mepa ueprHocTH Ten.  [M]=1kr. [a, m,

a2 1
3a sranon macchel (1 Kuiorpamm) MpHHSTA Macca MEXTyHapOIHOTO HPOTOTHITA
KHJIOTpaMMa.

W3 ombiTOB HU3BCCTHO, 4YTO YCKOPCHUSA, IIOJIy4daCMbIC TCJIaMH IIpU BSaHMOHeﬁCTBHH, O6paTHO
MIpOoImopurOHaJIbHbI UX MAaCCaM: .

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

KT m,;-a,;
[P] = 173 Mipas =2 >
M Arpaa
[TnoTHOCTH Tena (V) — OTHOIICHHE MacChl Teaa M m| K eroodbemy V.
pP= v
Cuna (F) — Mepa MeXaHHYECKOTro JeiCTBHs OJIHOTO Tena Ha Jpyroe.

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

Cuna BCCrJa MPUIIOKCHA K TOMY TCIIY, HA3BAHHWC KOTOPOro CJICAYCT B MPCAJIOKCHHUH IIOCIIC MPCAJiora
«Ha».

Cunosoe nosue — 0coOblil BU MaTEPUH, IOCPEICTBOM KOTOPOTO Nepetacrces AeHCTBUE CUIIBI.

—

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

JlaBienue (p) — OTHOIIGHWE CWJIBI K IUIOMQMU TOBEPXHOCTH, Ha KOTOPYIO OHa JICHCTBYyeT B
MEPIEHIUKYIISIPHOM HaIIPaBICHUN.

[P =17 -

oF
S

1 ITa — mackanb

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

Wmnynbe cumbl ( F-Ar) — BEKTOpHAsE Mepa JEUCTBUS CHIIbI, paBHAsl TMPOM3BEJACHUIO CHIIBI Ha BpeMs e€
neuctBus. [F-At] =1 H-c.

3axkonsl HeroTOoHA

O606H_II/IB PE3YyIbTAaThl CBOUX HCCIIeI0BaHUM H, yUTd pa60Ty Tlamunes «O ABWIKCHUU TCJI IO UHCPLUNY,
Heroton C(I)OpMy.]'IPIpOBaJI 3aKOHYCHHOC ITOJOKCHUEC, N3BCCTHOC KaK HCpBLIfI 3akoH HrroTOHA:
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CyIecTBYIOT CHCTEMBI OTCYETa, OTHOCUTEIBHO KOTOPBIX TE€JIO HAXOAUTCA B IOKOE JINOO IBHIKETCS
IIPSAAMOJIMHENHO ¥ PABHOMEPHO, €CJIM PAaBHOIECHCTBYIOIIAsl BCEX MIPUIIOKEHHBIX K HEMY CHJI PaBHA HYJIIO.

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

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

Bropoii 3akon Herotona padoraer tonpko B MCO u mpu ycioBHM, YTO Macca Tejla U JCHCTBYIOIIUE Ha
HEro CHJIbI IIOCTOSIHHBI.

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

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

Tpernii 3axkoH HproTOHA:

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

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

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

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

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

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

Cunsl B mpupone -

Cuna T1sokectu (£, ) — Ccuia, cooOImaromas Temy

TSK

—

Fowe = M0

yCKOpeHHe CBOOOHOTO TMaeHHs. T

=

TAXK

Cuna TsbKecTH HaIlpaBJICHa BEPTUKAJIbLHO BHU3 (HCpHeHI[I/IKyJ'IHpHO KacaTelIbHOM K TTOBEPXHOCTHU 3eMJ'II/I).

Peaxuus( N ) — cuna JelcTBHS omops! (II0JBECa) Ha TeJO.
Bec tena (P) — cuia, ¢ KOTOPOii Teo JeiCTBYeT Ha ONOpY MM MOJBEC BCIEACTBUE IPUTSKEHUS K 3eMIIe.
HeBecomocTs — ricue3HOBEHHE Beca Tejla MPH JBIKEHUH OMOPHI C YCKOPEHHEM CBOOOTHOTO TaICHUS.

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

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

3aKkoH ['yka: cuiia yrpyrocTs, BO3HUKAIOMIAs Ipu Ae(opMaliiy Tenia, mpornopuuoHaibHa ero a0COMIOTHOM
nedopManuu 1 HarpaBjieHa B CTOPOHY, TPOTHUBOIIOJIOKHYIO IEPEMEIIEHUIO YAaCTHIL Tela:

Cuna Tpenns noxos (7, ) — CHJIa, BO3HUKAIOIIAs HA TPAHMIE CONPUKOCHOBEHUS TEN IPH OTCYTCTBHH UX

JBUKEHHSI OTHOCUTENBHO JIPYT Apyra.

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

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

Yckopenne cBoboaHoro maneHust 3aBucHT oT: 1) R 3emmm (reorpaduueckoid mmpotsl): yeM R
3emun 1 (9kBatop), TeM g | 2) h — BBICOTHI Tela HaJ MOBEPXHOCTHIO 3emun: 4em h |, tem g |. s
ar06oro kocmudeckoro tena Frsox 1= G Ml /([1+0]) [

MuHnumanbHas CKOpOCTb, KOTOPYIO HY>KHO COOOIIUTH TEIy, YTOOBI OHO MOTJIO JIBUTAThCS BOKPYT
3emuu o kpyroBoit opoute (MC3) - mepBas kocMuueckast ckopoctb v1 = 7,9 km/c.

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

Ckopoctb, Ipu KOTOpoil Teno mpeonosieBaeT npursbkeHue ConHua u nokuaaer CoMHEYHYHo
CHCTEMY — TPEThsl KOCMUYECKast CKOpocTh L3 = 16,7 km/c.

Cujia TpeHHsi: BO3HHMKAET BJOJb IMMOBEPXHOCTH IBYX TPYLIMXCS TeN H3-3a AedopMaruu 3THX
MOBEPXHOCTEH M HaIlpaBlieHa BAOJb IMOBEPXHOCTH MPOTUB cMmelleHus. [Ipupoma — anekTpomMarHuTHasl.
tp = uw N, rae N — cuna peakuuu onopsl, L — ko3dduuuent tpenus. Cuna TpeHus ObIBAeT: MOKOS,
CKOJIb)KEHUS, KaUeHUs U JKUAKoe TpeHue. Ecnu TpeHue mosie3Ho — ero yBelIW4YHMBaloT (IIypyIbl, MECOK,
IIMITOBKY, PYKaBHIIbI U T.JI.), @ €CJIM BPEIHO — YMEHbIIAIOT (MOALIMITHUKHY, CMa3Ka, o0TekaeMas (hoopma u
T.1.). Cuna ynpyrocta — Bo3HUKaeT npu aedopmaruu tei. [lpupoaa — anekrpoMarHuTHast.

Hedopmarust ObiBaeT ympyras (pacTsDKeHHE - CKaTue, W3Tu0, CIOBUT — Cpe3, KpydeHue) u
TUTACTHYECKas (He MCUYe3aeT Mocie MPEeKpaieHus: BO3ICHCTBHSL.

Jns ynpyroit aedopManiu BBIIOTHIETCS 3aKOH ['yKa: cuila yIpyrocT IpsMo MpONOPIHOHATIBHA
ymmnennto tena: F = — kAl, roe k — sxectkocTs Tena, Al — ero yuymmHeHue. 3HaK «—» yKa3bIBaeT, YTO
Fymp HampaBieHa npoTHBOIOIOKHO CMELIEHUIO YaCTHI] Tea.

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

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

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

2. IIpumepsl pemieHus 3a1a4

1. ABTOOYC, Macca KOTOpPOTO C IMOJIHOM Harpy3koi paBHa 15 T, Tporaercsi ¢ Mecta ¢ yckopenuem 0,7
M/c 2 . Haiitu cuity Tsru, ecnu ko3 (GUIUEeHT CopoTHBIEHH IBIKeHUIo paBeH 0,03.
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Marno: Pewenue:
m=157=15-103kr

S

a=0,7m/c? % Fp+N+F+mg=md
M =0,03 Fmg, _4_:,2_.-%?:; OT;(' -E +F=rfa
F-? el
: = OY:N-mg=0->N=mg
f _,  Ep=MN-FE,=pmg

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

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

Hano: Pewenue:

m = 50 kr & s Ty

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

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

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

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

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

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

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

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

Bapuant Ne 1

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

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

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

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

BapuanT Ne 2

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

2. Ha HaKkJIOHHOW IUIOCKOCTU C yriaoMm HakiioHa 30° Haxomutcs Teno Maccoil 20 kr. Onpenenute
CHJTy, HAIlPaBJICHHYIO BJOJb IUIOCKOCTH, KOTOPYIO HEOOXOAMMO MPHJIOKHTH K TEIy, YTOOBI €ro
paBHOMEpHO ABUTATh BHU3. KoadduumenT Tpenus Tena o miockocts 0,6.

3. Ha miHype, mepekuHyTOM uepe3 HEeMmOABMKHBIA OJIOK, moABerieHs! rpy3bl maccamu 0,3 u 0,2 Kr.
C kakuM yCKOpeHHeM ABMXKYTCS rpy3bl? KakoBa cuia HaTsyKeHUS IIHYpa BO BpeMs JBUKECHUS?

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

dopma npeacTaBJieHus pe3yabTaTa:

BreimonHuTh 3asaHue B TETPAAM [Tl MPAKTUYECKUX paboT.

Kputepun onenkn:
3a npaBUJIbHO BBINOJIHEHHOE 331aHHUE BBICTABIISIETCS MOJIOKUTENbHAS OI[eHKa — 1 Oau.
3a HelpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIIAETCS OTpULaTeNbHas olleHKa — () 6aioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumensroy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenxa «Heyoosiemeopumenbvhoy svicmagiiemcs 3a Mmenee 60% nmpaBUIHLHBIX OTBETOB.

Tema 2.3 3aKkoHBI COXpaHEHHS B MEXaHHKe

IIpakTuyeckoe 3ansaTue Ne4

3aKoHbI COXpaHEeHHUsI B MeXaHUKe U UX PUMeHeHHne
Ienb: 3aKpenuTh yMEHHS U HABBIKU PEUICHMS 3a/1a4 HAa 3aKOHBI COXPAHEHUS

IIpakTnueckas padora popmupyert: [1PyS, [Ipy9, [TPy13, I1P62, ITP66, ITP67,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
BoinosiHenue padorsl ciocodcTByeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09
MatepuanbHoe o0ecniedeHue: TeTpab g MPAKTUYECKUX paboT, pydka, METOAMUYECKUE
PEKOMEH/IalliH IO BBHIIIOJTHEHHUIO pabOThI, TMHEIKA, KapaH/Jalll.

Ykazanue:
[IpakTrueckass paboTa COCTOMT W3 JBYX YacTed — TeopeThueckod u mpaktudeckou. Ilocne

U3Y4YEHHs] TEOPETUYECKOr0 MaTepuajga MOXHO IPHUCTYNaTh K BBIIOJIHEHHUIO IPakTHUecKoM dactu. OHa
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COCTOWT W3 ABYX M Ooyiee 3amay A CaMOCTOSITENBHOTO BhINONHEHHUS. He 3a0biBaiiTe 0 mMpaBUIBHOM
oopmiennu pernrenus. Ha BeITOTHEHHE IPAKTUYECKOH OTBOJUTCS JBA aKaJeMUYECKHX Yaca.

Ilopsiiok BbINOJTHEHHS PA0OTHI:

1. PaccMoTpuTe TEOpEeTHYECKHI MaTepuall 10 TeMe W TNPUMEphl pelleHUs 3anaqy (CMOTpH
METOAMYECKOE IIOCOOHE).

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

Xon padoThl:

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

= . K2'M
P=m-v,

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

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

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

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

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

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

C

MorHocTh (N) — cKkOpoCTh COBEpIICHHUST paOOThL. — BATT

JHeprus

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

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

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

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

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

Kunernyeckasi s3Heprus

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

E, = 2 CHJIa COBEpLIACT IMOJIOKHUTENbHYIO paboTy, TO

KMHETUYECKasl SHEPIHs Tejla BO3pPACTaeT, 1 00paTHoO.

ITorenuuanbHAast SHeprUs

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

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

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

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

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

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

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

-]

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

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

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

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

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

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

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

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

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

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

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

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

|B,+ P, = P; + P} 26




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

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

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

3aKOH COXpaHEHMS UMITyJIbca mpuMeHuM ToJibko B CO.

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

2. llpuMepnI pelieHus 3a1a4

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

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

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

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

Puc, 3.2

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

Mano: Pewenue:

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

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

v - ,? my +mj

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

CTOJIKHOBEHHS BarOHbI OCTAHOBATCS.
Omeem: v=10

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

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

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

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

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

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

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

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

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

Bapuanr 2

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

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

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

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

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

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

dopma npeacTaBJieHus pe3yabTaTa:

BeImotHATE 3a/aHue B TETpaay s MPAKTHYECKUX padoT.

Kpurtepun onenkmn:
3a npaBUWIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTENbHAS OlleHKa — 1 Oau.
3a HelpaBWJIBHO BBIMIOJTHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISIETCS OTpUIaTeNbHAs omleHKa — () 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenxa «HeyoosiemeopumenbHoy svicmagisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB
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Tema 2.3 3aKkoHBI COXpaHEHHS B MeXaHHKe

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

Iesb: 3aKpenuTh YMEHUS M HAaBBIKM pEIICHHs 3a7ad Ha (opMysbl paboThl, MOIIHOCTH, 3aKOHBI
COXPAaHEHHUS
IIpakTnyeckas padora popmupyert: [1PyS, [Ipy9, [1Py13, ITP62, [1P66, ITP67,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
Beinosinenue padorsl cnocodcTByeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepuaibHoe of0ecnedyeHMe: TeTpagb M IPAKTHYECKMX paldoT, pydka, METOIUYECKHE

PEKOMEHIALlH 110 BBIIOJIHEHUIO Pa0OTHI, JIMHEHKA, KapaH Jarll.

Yka3anmue:

[IpakTuyeckas paboTa COCTOMT M3 JIBYX YacTe — TeOpeTHuYecKoil u mpaktudeckoil. Ilocre
U3Y4YEHHs TEOPETUYECKOr0 MaTepuaga MOXXHO IPHUCTYNATh K BBIIOJHEHHUIO IPAakTHYecKOoN udacth. OHa
COCTOMT M3 JBYX W Ooyiee 3amad Jjisi CaMOCTOSITENILHOTO BBHIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
oopmienuu pemnienus. Ha BelosHEHHE NPaKTUYECKOM OTBOJUTCS JBa aKaJeMUYECKHX Yaca.

Ilopsinok BbINOJHEHHS PadOThI:

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

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

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

Pabora — cxansipHas Benu4MHA, paBHas IPOU3BEICHUIO MOIYJIEH CUIIBI U TIEpEMEIIEHMSI Tela Ha COS
yria MEeXAy HUMMU.

Pa6ota mocrosuuo#M cuibl I

.4—4;':-5—1’"-5-';05{:’}1;1(

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

19

MEPEMEIIICHHS.

Puc.1

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

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

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

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

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

2. Pabora cuiibl ynpyrocTtu.
A=FS,

F =k X, + X,

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

S =X; - X2 — CMEILEHUE.

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

Mowmnocmo

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

f , [Ix/c = Bt — Barr],

rae A — pabora, [[1x]
t—Bpems, [c]

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

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

mu; o muy

2 2

A

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

E,=mgh, [[lx]

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

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

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

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

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

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

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

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

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

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

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

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

-

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

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

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

—
p=y2gh.
9

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

10 m/c

- 2mu
F=mg+—
Hcnonb3ys BEIpaKEHUE: AF

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

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

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

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

Hano: Pemesne:

my=2,4-10* xi

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

vy, = IM/c

Voo - ?

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

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

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

I Vo5 — CKOPOCTH TUTAT(OPMEI TIOCIIE CIICTTKH.

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

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

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

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

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

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

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

Hano:

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

PucyHnok:

g=9,8 m\c? X

a=0

A-?

Atp-?

Pemenne

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

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

Frogmi 4 F, 4N = 0

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

A

»=-19,6- 10° [k

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

1.

10.

11.

12.

CamocrosiTesibHas padora

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

® 1) MOAHMMAET C 3eMJIU TPY3,

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

® 3) MOAHMMET I'Py3 C 3eMJIM U Cpa3y OMYCTHUT €ro Ha 3eMJIio.
Teno maccoit 20 kr cBoOOHO NagaeT B TeueHue 6 ¢. Haiinure paboTy CUITbI TSKECTH.
Kakyto paboTy MOKET COBEpLIMTH OO OCTAHOBKHM Teio Maccoil 1000 kr, nBmxkyIeecss co
CKOpPOCTHIO 36 KM/Y ?
Haiitu paboTy, KOTOpYI0 HaJ0 COBEPIIUTH, YTOOBI CXaTb MPYKUHY, KECTKOCTh KOTOpo# 29,4
H/cm, Ha 20 cMm.
Pe3unoBslit mHyp [unHOM 1 M nof neiictBueM rpysa 10 H yrmnuncs va 10 cm. Haiiaure paboty
CHJIBI YIIPYTOCTH.
Ha xakyro BeicOTy 3a MuHyTy MOxeT nojaHsATe 400 M?> Boxbl HAacoC, pa3BUBAIOIINN MOLIHOCTh
210° xBr?
Omnpeznenure MOLTHOCTh TEIUIOBO3a, 3HAs, YTO NMPHU CKOPOCTH JBMXKEHUS 43,2 KM/4 cuia TATH
pasHa 105 kH.
[Toe3n maccoit 1200 T ABMIKETCS IO TOPU3OHTAILHOMY ITYTH C IIOCTOSHHOM CKOPOCTBIO 54 KM/4.
Omnpenenure KOA3PGUIUEHT COMPOTHUBICHUS IBUXEHHIO, €CIIM TEIUIOBO3 PAa3BUBAET IOJIE3HYIO
MoIHocTh N= 882 - 10° Br.
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13. Wmmynbc Tena paBeH § Kr M/c, a KuHeTHueckas sHeprusa 16 Jx. Onpenenure Maccy U CKOPOCTh
Tena.
14. Canu maccoii 60 Kr, CKaTUBIIMCH C TOPBI, TPOEXAIH MO0 TOPU3OHTAIBHOMY y4acTKy aoporu 20 m.
Haiinure paboty cuibl Tpenus, ecnu p = 0,02.
15. TloabeMHBIHM KpaH C ABUTAaTEIeM MOIIHOCTHIO 8 KBT mogHMMaeT rpy3 ¢ MOCTOSSHHOU CKOPOCTBIO 6
M/muH. KakoBa macca rpysa?
16. Kakas paborta coBepiiaercsi Ha THAPOCTAHIUH B TEUYEHUE T0Ja, €CIU CPEIHSSI MOIIHOCTh
reHeparopa pasHa 2,5 MBT?
17. Yenosek maccoit 70 Kr cryckaercs mo JiecTHulle JiuHou 20 M, pacmoioxkeHHou o yriaom 30° k
ropu3oHTty. Haiinute paboTy CUJIbI TSKECTH.
18. Bpruncnute paboTy CHiIbl YIPYTOCTH NPU U3MEHEHHHU Ae(opMaruu MpyXKUHBI *KecTKOCThio 200
H/Morx; =2cM gox; =6 cM.
dopma npeacTaBJieHus pe3yabTaTa:
BoinonuuThe 3asaHue B TETpaau JUIsl MPAKTUYECKUX padoT.
Kputepuu onenkmu:
3a npaBUIIbHO BBIMOJIHEHHOE 331aHKUE BBICTABIISIETCS MOJIOKUTENbHAS OIleHKa — 1 Oa.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS olleHKa — () OaioB.
Oyenxa «omauunoy svicmagisemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 2.4 CTaTuka ¥ THAPOCTATHKA

IIpakTnueckoe 3ansaTne Ne6

PaBHoOBecue a0COJIIOTHO TBEPABIX TeJl.

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

IIpakTnueckas padora popmupyert: [1PyS, [Ipy9, [1Py13, I1P62, ITP66, ITP67,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Boinosinenue padorsl cnocodcTByeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepunanbHoe obecniedeHue:

WHIUBUAYAJIbHOE 331aHHEe, KOHCIIEKT JIEKIIUH, CIIPaBOYHbIE MaTepHAJIbI.

Yka3anmue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX 4YacTeld — TEOPETHMYECKOM M mpakTthdeckou. Ilocne
U3Y4YEHHs] TEOPETUYECKOr0 MaTepuanga MOXXHO IPUCTYNATh K BBIIOJHEHHUIO NMPaKTHUecKoN udacTh. OHa
COCTOMT M3 JABYX M Oosiee 3a1ay Al CaMOCTOSITENbHOrO BbllojHeHUs. He 3a0biBaiiTe 0 mpaBUIbLHOM
opopmienun pemenus. Ha BbIIOTHEHHE MPAKTUYECKOTO 33JaHUS OTBOJAMTCS YEThIpE aKaJeMHUYECKHUX
qaca.

3amanme:

O3HaKOMBTECH C KPATKUMH TEOPETUUECKUMHU CBEJIEHUSIMU IO CCBLIKE
https://znanium.com/catalog/product/1012153, ctp 47-53,

CocraBbTe KpaTKHii KOHCIIEKT OTBeUasi Ha BOIPOCHI K naparpady, ctp 53, 54.

Beimumire ocHOBHBIE (OPMYITBI

Pemmre 3a1aun caMocTOATENBHO

Kparkue TeopeTnyeckue cBeeHHs
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HazBaunue Enunnna

O6o03HaueHne ®opmyna
BEJIMYHHBI U3MEpEHUS
H
Cuna F F1|1: F2|2
M
Ilneuo cunwt |
Momenm
M Hw M = FI
cunl
IIpumepsbl pemieHus 3aaa4
3amaua 1. PaGouuii mpunogauMaet rnpu nomomry peraara muty maccoit 100 xr. Kopotkoe mieduo
peryara pasuo 0,8 m, a mmuHoe — 1,2 M. KakoBa cuiia, KOTOpYIO JOJDKEH HPWIOKHTH pabouuii K

OonpleMy iedy peryara?

[axo: PeweHue: Touxa onops
Fi b
=100 ===
gt F 1
g=98
Fi=P=mg.
I=08m
P I
= 1' o —
k 2w F: L
F; -7 F2=P"“‘=mg!“-
1l 12

T : HO08m_
F>=100kr- 9.8 K 1om 653,3 H.

Orser: F2=653,3 H.

2. 3azaga 2.017 mogpéma Ipyza MO HAKIOHHOH IIIOCKOCTH NPHIOKHIH CHIY. HaNPaETeHHVIO EJOTb HAKIOHHOH

m1ockocTH H paeHyio 300 H. Hafizute Maccy rpyza. ecas H3BeCTHO, 4TO AIHHA HAKTOHHOM IUTOCKOCTH pasHa 1.3 M, a eé
BEICOTA PaBHa 1 M.
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Lawxo: PeweHwue:
F=300H Fruw=mg.
I=15m
h=1m Fiw: 1
g=10-:7 A 4
m -7

Frax _ 450 H _
m-T TO.F-“-”“
Kr

Orser: m = 45 kr.

P_u7 —
[ T
—
=
i —

rt ‘

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

Mano: A

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

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

0 B
| 7 A

Haiimu:
M-="?

Pewenue:

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

F,
T;' = ;‘I- Orciona BbipasuM Fy:

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

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

Omeem: Bonbluiee nieyo pslyara paBHo 75 cm.

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

Jano: ';.-’2 ‘ Pewenue:

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

B L T

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

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

Pemurhb 321241 caMOCTOATEIbHO

1. MowmeHT cuibl, AelcTBYIOLIeH Ha pbryar, paseH 20 H*m. Haiitu niiedo cunel 5 H, ecnu peruar
HaXOJUTCS B PABHOBECHH.

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

3. Cucrema 6J10KOB HaXOAUTCs B paBHOBecuH. OnpesienuTe Bec npaBoro rpysa. (Bec 6510xoB u cuiry
TPEHUS HE YUUTHIBATD).

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

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

dopma npegocTaBieHus pe3yabTaTa
BeimonHeHHBIE 3a1a4¥ B TETPAH IS IPAKTUYECKUX PadoT.

Kpurepum ouneHku:

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

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

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

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

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

IIpakTuyeckoe 3ansaTue Ne7/

OcnoBbl MKT. Pemienue 3a1a4 Ha ypaBHeHUe COCTOSIHUS HI€AJTbHOI0 raza

Henb: 3aKkpenuTh yMEHMS U HAaBBIKY BBIYHUCIICHUS IAPAMETPOB COCTOSIHUS Ia3a, UCIOJIb3Ys T'a30Bble
3aKOHbI U ypaBHeHHE MeHeneeBa - KnalinepoHa.
IIpakTunuyeckas padora popmupyert: [1PyS, [Ipy9, [1Py13, ITP62, [1P66, ITP67,
JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
Boinosinenue padorsl cnocodcTByer popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06 I1K
1.1,LIIK 1.3

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

Yka3anue: [Ipaktuueckas paboTa COCTOMT M3 ABYX 4YacTeii — TEOPETUYECKON M MPAKTHUECKOM.
ITocne u3yueHuss TEOPETUUECKOTO MaTepralla MOYKHO MPUCTYNATh K BBIIOJHEHUIO IIPAKTUYECKOM YacTH.
Omna cocrouT U3 ABYX U OoJiee 3a/1a4 JJIsl CaMOCTOSATENbHOIO BhINOJIHEHUS. He 3a0biBaiiTe 0 npaBuIbHOM

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

ITopsinok BbINOJIHEHUs padoOThI:
1. PaccMoTpuTe TeopeTHUecKHil MaTepuan MO TeME U MpPUMEpbl pelieHus 3aaad (CMOTpHU
METOAMYECKOE MTOCOOHE).
2. Pemmre camocrositensHyt0 padoty. Odopmure perieHne MICbMEHHO B TETPAIH.
Xox pabdoThI:
1. TeopeTnyeckas yacTb
Jlisl XapaKTepUCTUKU COCTOSIHUS T'a3a BBOAST CHelMaIbHbIE (PU3MUECKUE BEJIMYMHBI, Ha3bIBAEMblE
rapaMeTpamMu COCTOsIHUS. B kauecTBe nmapamMeTpoB COCTOSIHUSI BHIOMPAIOT TPU BEIMUUHBL: 00beM rasza(V)
,TeMiieparypy ero T° n nasienue P, mpon3BoauMoe ra3oM Ha CTEHKH COCyZa ,B KOTOPOM OH 3aKJIIOYEH.
DTO AaBjeHUE OOBSICHACTCS YAapaMH JIBIXKYIITUXCS MOJIEKYJI.
2. Ilpumepsl pemieHus 3a1a4
1. B razoBom Oamnone emkocthio 0,01 M3 Haxomutcs ra3 mon aasiaeHueM 20 kr/cm2 .Kakoit o0beM

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

Hano: Pewenue:

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

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

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

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

Omeem: V>=0.2 M.

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

Aano: Pewenue:

Vi=0,15m ITo 3akony boiins-Mapuorra P1V=P>Vs. Ho p>=pi+ Ap,
V2>=0,10m" y ., moaTomy p|V1=§P| +A P)V,, otkyna Py = %P*Vgcvl-V3;
AP=2 kr/cm =2*0,98*10"u/m~  P;=2%0,98*%10°*0,10/0,15-0,10 = 3,9%10° (H/m")

P,=? Omeem: P\=3,9%10°I1a.

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

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

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

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

JaBjaeHUs 7 Kr/cM2, eciii KoMIpeccop BcachiBaeT 5,5 M 3 armocdepHOro Bo3ayxa B MHUHYTY IpHU
nasnennu 1 kr/cm2 ? TemnepaTypy CUUTaTh HOCTOSTHHOM.

Jano:

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

Pewenue:

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

nassenue crano pa. Ha ocnoBanuu 3akona boiinsa-Mapuotra

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

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

Omeem: t =380 c.

5. OTkpbITas cTeKIsiHHAs TpyOka AnnHor0 40 cM HamoOJOBHHY MOTpyXeHa B pTyTh. Korna Bepxuuit

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

Hano: Pewenue:
1=40 cMm

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

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

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

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

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

CamocrosiTeibHAs paboTa
Bapuanr 1

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

2. VneanbHbli ra3 cHayana u300apHO pacIIMPWIIM, a 3aTe€M M30TEPMUYECKH CKaJlM 0 MPEXKHEro
obwvema. 306paszute 3tu mporecchl B koopauHatax Pu V; PuT; Vu T.

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

4. Tlpu ckaTuM HEW3MEHHOTO KOJIMYECTBA HJICATBHOTO ra3a o0BbeM YMEHBIIWICS B 2 pasza, a
TeMIiepaTypa yBeaudmiach B 2 pa3a. Onpeaenure, Kak U3MEHWIOCH JaBJI€HUE Tra3a.

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

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

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

4. Temneparypa V1=2 Monp kucimopoja ,Haxozsmerocs B cocyne, pasia T1=300 K. Onpenenure
temriepatypy T2 Bomopoaa, HaxXOHSAIIETOCs B COCyA€ TOH K€ BMECTUMOCTH IPU TOW K€ JIaBJICHHH,
B34TOr0 B KOJIMUECTBE V2=2 MOJIb.

dopma npeacraBieHus pe3yjabrara:

BreinmonHuTh 3asaHue B TETPaau U MPAKTUYECKUX padoT.

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

Tema 3.2 Tepmoannamuka. TenjioBble MaIIMHBI
IIpakTnyeckoe 3ansaTne Ne8

JaBjieHue skuaKocTeil U TBepAbIX Tesl. 3akoH [lackans

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

IIpakTnueckas padora popmupyert: [1PyS, [Ipy9, [1Py13, ITP62, I[1P66, ITPG7,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Beinosinenue padorsl cnocodcrByer popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06 IIK
1.ILIIK 1.3

MarepunanbHoe obecrniedeHue:

WH/IMBUIYAIbHOE 3aJ]aHUe, KOHCIIEKT JISKITUH, CIIPaBOYHBIE MaTEPHAIbI.

Yka3anmue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX YacTed — TEOPETHYECKOM M mpakTthdeckou. Ilocne
U3yYeHHs] TEOPETUYECKOr0 MaTepuaia MOXKHO HPUCTYHAaTh K BBIMOJHEHHUIO MpakTHueckod vactH. OHa
COCTOMT W3 JABYX M Oojiee 3ajad Il CaMOCTOSITEIILHOTO BBITIONHEHUs. He 3a0pIBaiiTe 0 mMpaBMIBHOM
oopmienun pemienus. Ha BeImosHeHNE TPAaKTUYECKOTO 3a/1aHUS OTBOJIUTCS /IBA aKaJEMHUECKUX Yaca.

3aganue:

1. O3zHakoMbTECh C KPATKUMH TEOPETUUECKUMHU CBEICHUSIMHU
2. Pemmre 3amaum, caMOCTOSITENFHO HCHOJNB3Yys IMPHUMEPHl M KPAaTKHE TEOPETUYECKHE
CBEIICHHSL.
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Iopsinok BbINOJIHEHHSI PAa0OTHI:
1. W3yuuTte u BeIUIIKATE GOPMYIIBI IO JAHHOH TEeMe:
2. Pazbepure mpuMepbl PEIICHHBIX 3a1a4
3. Pemmre camocTosATENHHO 3aa9U

Kp AaTKHUE TCOPETHYECCKUEC CBECACHUSA

JlaBiieHnE TBEpAOTO TENa

TBepmoe Tenmo, Haxojnsmieecs Ha — OIOpE, F| AelcTByeT Ha Omopy ¢ CHIIOH, KoTopas
S

pacripeacii€ia 1mo MmoBEPXHOCTH OCHOBAaHHUA TEJa. I[J'IH p= OIMMCAaHUsA TaKUX PACHPCACICHHBIX CHUII

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

[laBnenue (p) — OTHOIIEHHE CHIIBI K IUTOMIATU TOBEPXHOCTH, Ha KOTOPYIO OHa JICHCTBYET B
H
M2
JlaBiaeHue B )KUAKOCTIX

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

OCHOBHBIM OTJIMYUEM JKUIKOCTEH OT TBEPIBIX (YIPYrux) TeN SBISAETCS CIIOCOOHOCTH JIETKO
WU3MEHSTH CBOIO (hOpMYy.

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

npyra. [ToaToMy RUIKOCTh IPMHUMAET (OPMY COCYIA, B KOTOPBIH OHA HAIIUTA. I I
. 2y 2,
Ha Teso, morpyeHHOE B JKUIAKOCTh W Ta3, JEUCTBYIOT CUIIBI, PACIIPEIECHHBIE
M0 TOBEPXHOCTH Tena. Jlus ONMCAaHWs TaKWX PACIPENENEHHBIX CHJI  TaKKe
UCTIONB3YETCA (PU3MUECKas BEJMUMHA — Oas/leHue. 2

3akon ITackais: AABJICHUC B JKUIAKOCTH WM Ta3c¢ ICpeaacTca BO BCEX
HaITpaBJICHUAX OAUHAKOBO U HEC 3aBUCHUT OT OPUCHTALIUU TIIOIIAAKHU, HA KOTOPYIKO OHO I[eﬁCTByeT.

Jnst moumrocTpanun 3akoHa [lackans Ha pucyHKe n3o0paskeHa HeOOJbIIast MPSMOYTOJIbHAS TIPU3Ma,
MOTPYXKEHHAas B KUIKOCTh. Eciu mpeAmnonokuTh, 4To MIOTHOCTh MaTepuasa MPU3Mbl paBHA MIOTHOCTU
KHUJIKOCTH, TO TIPH3Ma JIOJDKHA HaXOAHUTHCS B JKUIKOCTH B COCTOSSHHU O€3pa3IMYHOTO PAaBHOBECHS. DTO
O3HA4YaeT, YTO CHJIbI JABJICHHUS, JACUCTBYIOIINE HA TPAHU MPU3MBI, TOKHBI OBITh YPaBHOBEIICHBI. JTO
MPOU30UIET TOJIBKO B TOM CIydae, €CIi JIABJICHUs, T. €. CHJIBL, JCHCTBYIOIIME HAa €AMHHUILY TUIOIIAIH
MOBEPXHOCTU KaXKAOW TpaHu, OMHAKOBEIL: P1 = P2 = P3 = P.

JlaBiieHre KUJIKOCTH Ha THO WJIM OOKOBBIE CTEHKH COCYJa 3aBUCUT OT BBICOTHI CTOJI0A >KUIKOCTH.
JlaBiieHne cToJ0A JKUIKOCTH p HAa3bIBAIOT T'HIPOCTATHYCCKHM JlaBieHWeM: h =p-g-h r1ae p —

IJIOTHOCTB KUJIKOCTH, h — BBICOTa cTOI0A KUIKOCTH.

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

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

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

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

€CJIM CPEeHsS IJIOTHOCTD Tea P, OOJIBIIE IMJIOTHOCTU KUAKOCTH (Wiu Taza) p (pr > p), Teno Oynuer
OITYCKAaThCs Ha JIHO;

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

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

2 ——p—
) o

I'mppasinueckuii npece

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

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

[Tpunimn paboThl MPOCTEHIINX TUAPABIUIECKUX MAIIUH

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

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

— l:l'l

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

P, = 154

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

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

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

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

3TOM MMOBCPXHOCTHU HA BCIUMYHUHY T'HAPOCTATUICCKOI'O JaBJICHHA B €€ HCHTPC TAKCCTHU.
CJ'ICI[CTBI/ICM ABJIACTCA OOKA3aTCJIBCTBO T'MAPOCTATUYCCKOrI'O IapaaoKca, BIICPBLIC ITOJTYUEHHOC ITackanem.

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

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

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

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

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

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

BHemHee rUIpOCTATHYECKOE JABICHUE pg PABHOMEPHO IMEPEAacTCs )KUAKOCTBIO TI0 BCEMY ee 00beMy.
OtmnokuB B Maciitabe Ha TEPICHIMKY/ISpax K pacCMaTpUBaeMOM IUIOCKOW CTEHKE B €€ BEpXHEH H
HIDKHEHW YacTH po W COEJWHHB KOHIBI BEKTOPOB TNPSAMOM JIMHHEH, MMOIYyYHM IMPSMOYTOJbHHUK-3ITIOPY
HOPMAJIbHBIX HANpPSOKEHH, BBI3BIBAEMBIX BHEIIHMM JaBJICHUEM. M30BITOYHOE THAPOCTATHYECKOE
JaBJIEHUE M3MEHSETCS 110 TIIyOHHE 0 3aKOHY IPSAMOM, mpryeM oHO paBHO 0 Ha CBOOOHOM MOBEPXHOCTH
KHUKOCTH U MakCUMasibHO — y 1Ha (pgH).

Takum  00pa3oMm, OMIOPEl  HOPMAJIBHOTO  HW30BITOYHOTO  THAPOCTATHYECKOTO
HAMpsDKEHUs UMEIOT (POopMy MPSIMOYTOJILHOTO TPEYroJibHUKa. DMIopa HOPMAaJIbHOTO
a0COIFOTHOTO THAPOCTATUICCKOTO HAIMPSDKCHUS TOJIYYaeTCsl B PE3yJIbTaTe CIOKEHUS
MPeIbIAYIINX ABYX S0P U UMeeT (hopMy Tpameriu.

AHaAJIOTUYHO CTPOATCA SHIOPbBI HOPMAJIBHOI'O0 THUAPOCTATUYCCKOTO HAIIPSKCHUA B

cilydae HakJIOHHOW cTeHKH. C TMOMOIIBIO MOJOOHBIX OHHIOP MOXKHO Tpaduuecku CyMMHUPOBATh
HOPMAJIbHOC TUAPOCTATUYCCKOC HAIIPSAKCHUC TIPHU }IeﬁCTBHH OAHOPOJAHBIX HMJIKW PASHOPOIHBIX )KI/I,I[KOCT@ﬁ
C IBYX CTOPOH IJIOCKOW CTEHKH.

C MMOMOIIBIO 3MIOPbl HOPMAJIBHOT'O THUAPOCTATUYCCKOTO HAIPSKCHUA MOKCT OBITh nmoacCyruTaHa Cuia
THAPOCTATUYCCKOr0 JaBJICHUSA HA IJIOCKYIO IMOBEPXHOCTH, IMOCKOJIBKY 00BeM Takol SIMIOPbI YUCIICHHO
paBC€H BCINYHUHC 3TOM CHIIBI. HpI/I‘leM ChJia OABJICHUSA Ha IJIOCKYIO IMOBCPXHOCTH MPOXOAUT UCPE3 LHCHTP
TAKCCTH SIIOPEI, IMTOJIOKCHHUE KOTOPOIo JJIA TpaneuepmanLHoﬁ SMIOPbI HOPMAJIBHOTO THAPOCTATHUICCKOIO
HAaIPsKCHUA HAa IPAMOYTOJIBHYIO CTCHKY MOXKET OBITh OIIPCACIICHO rpa(bnqecm/l HJIU 110 (bopMynaM.

IIpuMepsl pelieHus 3aaa4
1. Onpenenuth maBieHue OEH3WHA HA JHO IMCTEPHBI, €CIM BbICOTa CTOJI0Aa OeH3mHa 2,4 M, a ero
wioTHOCTE 710 Kr/nm®.,

Jlano: Pewenue.

h=24mM p = pgh

p = 710 kr/m’ p =710 kr/m® « 10 H/xr+2,4 m
g= 10 H/kr p = 17040 Ila= 17,04 klla
p—? Omeem: 17.04 xI1a

2. Kaxkas ®KuaKocTh HaXOJUTCA B cocye, eciu ctosd BeicoTol 0,3 M okasbiBaeT fgasinenue 5400 I1a?
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HHawno: Pewernue:

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

= 1800 kr/m’

e 10 H/xkr - 0,3 m

Omeem: Cepuas KUcJ1oTa

p—2?

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

Jdanao: ,

Fa=Fs 2 i

Sn=9M 1

p. = 1000 =L e ] }h—?
= —t = == —[=;

h_ 2 ———S— |

PemmeHH"e:

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

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

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

JMaBimeHue > KHUAKOCTH Ha DOKOBYIO MIOBEPXHOCTH cOCyaa

. h

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

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

h

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

OrTBeT: 2z =1.5 .

4. B cocyn, umeromuii popmy mummHapa ¢ paguycom 10 cm, Hamumu 3,14 Kr mOJCOTHEYHOTO Macia
(cM. pucyHoK). OnpenenuTh 1aBleHUE Macia Ha THO COCyaa.
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JlaHO: CH e
R =10 cm O,1 ™
m=3,14 xr

_ rer —
p = 800 F
P—?

PeumreH ue:

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

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

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

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

PTYTh (CM. pUCYHOK). BbicoTa kaxkaoro ciost 5 cM. OnpenenuTs JaBlIeHUE KUIKOCTEeH Ha THO
cocyza u Ha riayoune 7,5 cM.

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

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

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

P, =p_gh, — nasnenue cronba BOAbI;

P, =p _gh, — naBneaune cronba maca.

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

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

.

IMToacrasus B hOpMYJIY YUCIOBEIE JaHHLIE, IOJAYIHM:

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

HHA cTonba Macia | AaBJI€HHSA IIOJIOBHHBI CTOJNOBI BOABIZ

= 1
R =P 4 2P,,.

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

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

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

6. Konunueckas nmpoOka nepekpbIBaeT cpasy JiBa OTBEPCTHUS B INIOCKOM COCY/IE, 3aII0OJIHEHHOM
xuakoctbio npu nasiaeHuu 2000 I1a (cm. pucynok). Paanyc otBepctuii R =2 cm, r =1 cm.
Onpenenuts cuily, AEUCTBYIONIYIO HAa MPOOKY CO CTOPOHBI KUIKOCTH.

A ano: CH

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

F-? |

Pemmenmwue:

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

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

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

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

IToacTasue B GOPMYJIY YHCIOBLIE€ JaHHbBIE, [TOJIYYHM:

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

OrTBeT: F=1,884 H.
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10.

11.

12.

13.

14.

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

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

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

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

BOJIBIIIOl MTOPIICHB THAPABIMYECKOro IPECca IIoma b0 180 cM? IEHCTBYET Ha IPECCYEMOE TEJIO ¢
cunoit NkH. C kakoil cuioil JEeUCTBYET MAclIo B MPECCe Ha Majblil MOPIIEHb, €CJIM €ro IIoaab
paBHa 4 cM??

OnpenenuTh naBiieHHEe OCH3WHA HA JTHO LUCTEPHBI, €CJIM BBICOTa cToJI0Aa OeH3wHa 2,1 M, a ero
mwiotHoCTh 710 KI/M™M°
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BbIYHCIIATE NABICHUE M CHILY AABJICHHS KEPOCHHA HA JHO Oaka Iuiomazpro 50 am?, eci BhICOTa
cTON0a KepocHHA B OaKe NCM.
Pacmmmpsisic, ra3 mepemectws mnopiieHb Ha paccrosHue 0,5m. Ilnomans nopmas 0,02m2,
atmocdepHoe nasinenue HopMmaiabHoe (101,3 klla). Onpenenute: paboTy ra3a Mo MPOTAIKUBAHUIO
MOPUIHS; KOJMYECTBO TEIUIOThI, OTHaHHoe razy HarpeBatenem. Cuwmraiite KIIJ[ nHarpeBarens
paBHBIM 1, a TpeHHEM IIpeHEOpEruTe.
B cranenuteitHOM MpOM3BOACTBE «HU3JIOKHUIICH) HA3BIBACTCA UYT'YHHBIM CTaKaH
0e3 1Ha, B KOTOPBIM BBUIMBAIOT PACIUIABICHHBIA MeTaJll. BepxHee oTBepcThe Jﬁ,&.
W3JIOKHULIBI HEMHOTO MEHBIIE HI)KHETrO0 I TOro, 4YTOObI MOKHO OBLIO L" 1]
W3JIOKHUILY CHSITh C OTBEPJEBINEIO CIUTKA, KOTJA OCTHIHET MeTaul. UToObI U_‘.l (1
METaJIJ CHU3y HE BBUIMBAJCS, W3JIOKHUIIBI CTAaBIT Ha IUIOCKOE OCHOBAHHE U L
JIENal0T WX OYeHb MacCUBHBIMH. Ha puCyHKe cieBa M300pa)ke€Ha H3JIOKHUIIA, ! 1l
CIpaBa — TMOABEM U3IOXKHUIBI € OTIUTOro ciuTtka. Omnpenenure Cuiry Uy
TABJICHUS, KOTOPYIO MPOW3BOIUT HA TIOJUIONKKY HW3IIOKHHUIIGI HAIWTHIA YYyTyH,
€ClIi BhICOTa M3JIOKHHIBI 1,5 M, a mmomans HwkHero ocHoBaHus 1600 cm”. [ImoTHOCTH uyryHa
7000 xr/™m°.

Bo ckonpko pa3 naBieHue BOJbI HA JHO KOQeilHnKa OOoMbIle, 4UeM Ha JHO YailHHKa, €CIIA BBICOTA
crosiba Bojbl B koeitHuke 30 cm, a B yaitnuke — 12 cm?

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

BricoTa cronba Bonbl B cTtakane 8 cM. Ha ckonbko maBieHHE PTYyTH Ha
JTHO cTakaHa ObLIO OBl OOMbINe, ecii OBl PTYTh HAJWIMA B CTaKaH 10 TOTO
ke ypOBHs?
Hnuna akBapuyma 40 cm, mmpuna — 20 cm, Beicota — 30 cMm (cMm.
pucynok). C Kakoil CHIJION BOJia IaBUT HA JHO akBapuyma? Boja Huke BepXHETo Kpas akBapuyMma
Ha 2 cM
. Cocyn nmeer maccy 15 kr. Korga B Hero noBepxy I0OJuiau BoJbl, Macca ctana 40 kr, a korja B

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

paBHOU 45 kr. OmpenenuTs JaBI€HUE HEU3BECTHOIO pPACTBOpAa HA JTHO ==\ 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 HA Ba3wl HA 4 cM, a TouKa (2)
—Ha 10 cM (cMm. pucyHnok). KakoBa BbicoTa BojbI B Baze?
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15. B cocya, miomaas NONepeyHOTr0 CEUYEHHs] KOTOPOTrO YMEHBIIAETCS B
HaMpaBJIEHUU OT JHA K BEPXHEW 4acTH, HAJIUTA KUIKOCTh Maccoil 1,6 \ /
Kr (cM. pucyHOK). O0BbeM JKUAKOCTH paBeH 2 JI. BpicoTa XHUIKOCTH B i
cocyne paBHa 20 cM. HaliTn naBieHue )XMIKOCTH Ha THO cocyza. h

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

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

Tema 3.2 OcHOBBI TepMOAMHAMUKH. TeNI0BbIe MAIIMHBI

IIpakTnyeckoe 3ansaTue Ne9

AGCO/IIOTHBIE U OTHOCHTEIbHBIE Ae()opMallii TBEPAbIX Tesl

Lesb: HAYIUTHCS MPUMEHSATH 3aKOH ['yKa K peIIeHHI0 HEKOTOPhIX (U3NYECKUX 3a/1a4, HAYIUTHCS

OTJIMYaTh a0COIIOTHOE U OTHOCUTENILHOE Y/UIMHEHHE.

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

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Boinosinenue pa6orsl cnocodcTByet popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06 I1K
I.ILIIK 1.3

MarepuanbHoe o0ecniedyeHHe: TETPaab IS IPAKTHUECKUX padoT, pyyka, METOJUYECKHE PEKOMEH AN
IO BBIMOJIHEHUIO paboThl, TMHEHKA, KapaHaalll.

Yka3zanme: [lpaktuueckass paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M NMPaKTUYECKOM.
[Tocne n3yueHs! TEOPETUYECKOTO MaTeprana MOXKHO MPUCTYNATh K BBIMOJHEHHUIO MPAKTUYECKON YaCTH.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATENbHOIO BhINOJIHEHUS. He 3a0biBaiiTe 0 npaBuibHOM
oopmienun pemieHus. Ha BbinmosHeHNe MpakTUYECKON OTBOAMTCS JiBa akajeMudeckux yaca. [lopsaok
BBITIOJTHEHUS paOOThI

ITopsinok BbINoJIHEeHUs padoThI:

1. PaccMoTpuTe TeopeTHMUECKMH MaTepuaq IO TeMe U NpUMEphl pelieHus 3anad (CMOTpu
METOUYECKOE 1ocodue).
2. Pemmre camocrosiTensHyI0 padoty. OdopmuTe pereHne MICbMEHHO B TETPAIH.
Xoa padoThi:
1.Teopus.

Buasl negpopmanun. 3akon I'yka.
Heghopmayueri Ha3pIBalOT U3MEHEHNE (HOPMBI TN 0ObeMa Tena.

YprZOﬁ Ha3bIBarOT I[C(I)OpMaI_II/IIO, KOTOpasA MOJIHOCTBIO HCUC3ACT IIOCJIC IMPCKPALICHUA JIeicTBUA
BHCIIHUX CHUIJIL.

Heynpyzoii (nnacmuueckoii) Ha3bIBalOT JedopMalnio, KOTOpas HE HCYe3aeT IMOcCie MpeKpamieHHs
JENCTBUS BHEIIHUX CHJI.
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Cuna, BO3HMKaoIIas B pe3ynbraTte JeQopMaluy Telna MW HANpaBlICHHas B CTOPOHY,
MIPOTUBOIMOJIOKHYIO NEPEMEIIEHUIO YaCTUIL Tela MpH edopMaliiy, Ha3bIBACTCS CUNLOU YNPY2OCU.

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

Buner nedopmanun
Hedopmarus pacTspkeHHS (CHKATHS)

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

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

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

ﬂi::-!“

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

Al

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

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

m

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

CMCHICHUIO YaCTHI TCJIa U3 MMOJIOKCHUSA PABHOBCCHA.

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

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

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

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

rae x = Al — yniuHeHue Tena, M. _E:L

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

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

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

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

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

Bec mena. Heeecomocmob J [ s

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

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

F

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

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

Bec Tena — 310 cnna ynpyrocTtH, NpuIOKeHHAs K IIOABECY.

2. Ilpumep pemenus 3axay

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

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

I[:aHo:
m=10 kr
x=0,5 mm 0|5-10° m

k-?

CHu Pemenne:

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

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

mg 10-9.8 H

k= » ; k=510 2106000 »

H

Otser: 196 - 10° o

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

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

21.

T , SOU30HTAIBHOM JOpPOXKKE. 32 3 C MX CKOPOCTh
yYMEHbIIWIACh Ha 6 M/C CI/ma TpeHus caHok o gopoxky 12 H. KakoBa macca caHok?
22.  Macca ciopTuBHOTO si7jpa okosio 7 kr. C Kako# CHUiIoi ero mpuTAruBaeT 3emiis?
dopma npeacTraBJieHus pe3yJabTarTa:
BbImonHUTE 3a1aHue B TETpaau A MPaKTHUECKUX padoT.
Kpurepun oneHku:
3a mpaBUIIHLHO BBITOJHEHHOE 33JaHHE BHICTABIIETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHKE BBICTABIIACTCS OTpUIaTeNbHas olleHKa — () 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenra «Heyoosiemeopumenbhoy svicmagisiemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.2 OcHoBbI TepMOAUHAMUKH. TenjioBbie MAIIMHBI

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

KII/I TenioBbIX ABUTaTe e

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

IIpakTnueckas padora popmupyert: [1PyS, [Ipy9, [1Py13, ITP62, I[1P66, ITPG7,
JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Beimosinenue padorsl cnocodcrByer popmupoBanuio: OK 01, OK 02, OK 03, OK 09, OK 06 IIK
1.1,LIIK 1.3
MarepuaibHoe o0ecnedyeHue:  WHAMBHUIYyaIbHOE 3aJaHMe, KOHCHEKT JIEKIHH, CIpaBOYHBIE
MaTepuabl.

Yka3anmue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX YacTed — TEOPETHYECKOM M mpakTthueckou. Ilocne
U3yYEHHs] TEOPETUYECKOro MaTepuaia MOXKHO HPUCTYNaTh K BBIMOJHEHHUIO MpakTHueckod vactH. OHa
COCTOMT M3 JABYX M Oosiee 3a1ay Al CaMOCTOSITENBbHOIO BbINoMHEHHUs. He 3a0biBaiiTe 0 mpaBUIBHOM
oopmienun pemienus. Ha BbINoHEHHE MPAKTHUECKOTO 33JaHHUS OTBOAMTCS yYembvlpe aKaJAeMUYECKUX
qaca.

3aganme:

1. O3HakombTech ¢ KPaTKUMHU TEOPETUYECKUMU CBEACHUSIMU
2. Pemmre 3a1a4n, CaMOCTOSTENILHO UCIIONB3Ysl IPUMEPBI U KPAaTKHE TEOPETUUECKUE CBEJICHHS.

ITopsinok BbINoJIHEHUs padoOThI:
1. Wsyuwre u Bomumute GOpMYIIbI 110 TaHHOHN TeMe:
2. Pa30epute npuMepsl pelIeHHBIX 3a/1a4
3. Pemmre camocTosTeNnbHO 3a0aUu
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Kparkue TeopeTuueckne cBe1eHHs
TennooOmeH (Teruionepeaada) — 0OMEH BHYTPEHHEH dHeprueii 6e3 COBEpIICHUs] MEXaHUYECKOW PaOoTHI.

KonunuecTtBo termnotsl (Q) — 3Heprusi, nepefanHas B pe3yabTaTe TeriooOMeHa.

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

0 _ Qo Ax
KOO o= =1k

— ypaBHEHHE TEIJIOBOTO OaaHca.

[EQu >0

3 |0

lopenue: . g=

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

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

“rm) [r=Q| =12
Q=r-m| |r [r] = -

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

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

1= m=1e

m KI'

VY enpHas TerioTa iaBieHus (A) — KOJUYECTBO TEILUIOTHI, HEOOXO0UMOE TS TJIaBJIeHUs | KT BelecTBa
MIPU TEMIIEpaType MIIaBJICHMUS.

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

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

AU =Q+ A

HpI/IMeHeHI/Ie NIEPpBOTO HaA4Yaj1a TCPMOAMHAMHKHU K U30IIpoHeccamM

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

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

=
I
]
L)
I
s

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

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

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

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

L-T

nmax - Ti

IIpumepsl pemieHus 3aaa4

1. B anmtromunueByro kactprosto Maccoit 0,15 kr HanuTo 1,2 Kr BoJsl Iipu 20° C. CkonbKo KUIIATKY
HYKHO JIOJIUTh B KACTPIONIO, 4To0bl TeMieparypa Boasl crana 50° C? [ToTepsMu TeIuia B OKPY/KAOLIYIO
cpeny npeHeOpeys.

Hano: Pemenne:

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

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

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

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

0 = 50°C M= (em, +mc)(@ -t,) =

=920 Jx/xr°C
cs= 4200 JIx/kr’C
m, —?

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

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

~ 0,74k2

paboty 1,2 MJIx. MI3mMeHwmIack v BHYTPEHHSISI SHEpTHUs Ta3a? Harpencs ra3 uim oXJiaauics.

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

AU-?

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

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

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

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

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

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

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

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

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

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

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

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

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

Omegem: 1,7%10° [k

6. Temnepatypa HarpeBatenss wujeanbHOM TeroBo  MammHbel  TH=500 K,Temmepatypa
xonoaunbHuka Tx=300 K. Omnpenenure KIIJl temnoBoit mamuHbel 1 U Temioty Q H, MOJYyYEHHYIO OT
HarpeBaTelis, €CJIM 3a OJWH IIUKJI MaliruHa coBepiiaeT padoty A=400 JIx.

Jlawo: Pewenue:

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

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

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

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

Pemntsb 3a1aun caMoCcTOSITEIbHO

B ycnoBum 3amay orcyTcTBYIOT 1IM(phl. 3HaueHUsT GU3NISCKUX MApaMEeTPOB ATUX 3a7a4 HEOOXOIUMO
Opath w3 TaOMUIBI 1: MO BEPTUKAIHHOM CTPOKE yKa3aH HOMEpP BapHaHTa, MO TOPU3OHTAILHONW — HOMEp
3a/1a4H.
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1.  Bonay maccoit m Harpenu ¢ temneparypsl T1 10T,. Kakoe koan4ecTBO TEIUIOTHI 3aTpaTUIM NPU
Harpese. (C;=4200/]x\kr-K)

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

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

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

5. Onpenenuth KOIWYECTBO TEIIOTHI, HEOOXOAMMOE IJIsl PACIUIaBICHHS  OJIOBSHHOTO CIIHMTKA
maccoir M. (A= 0,59 M]Jx/kr). Kakoe KOJWYECTBO TeIUIa BBIACIUTCS TMPH OXJIAKICHUU ITOTO
pacIuIaBJIeHHOTO CJIUTKA?

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

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

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

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

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

1 2 3 4 5 6 7 8

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

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

11. KakuMm crocoOoMm — coBepuieHHeM padOThl WM TEIUIoNepenayeid M3MEHSeTCs] BHYTPEHHSS YHEPIHs
JIeTaIM B CIEAYIONNX Ciydasx: 1) cTporanue jeTany; 2) HarpeBaHUe JI€Talu B IEYH Mepe]] 3aKalkoii;
3) OrICTpOE OXJAKICHHUE JETAIH B BOJIE (3aKanka)?

12. Paboune ropsYMX LEXOB HOCAT KOMOWHE30HBI, TOKPBITBIE METAIMUYECKUMH  OJICCTIIIUMHU
yemryikamu. [loueMy OHM XOpOIIO 3aIIMINAIOT YEI0BEKA OT JKaphl?

13. TenmoBas 3nexTpocTaHius MoiurHocThio 2400 MBT motpebnsser 15001 yris B wac. Kakos KIIJ
cTaHuu?

14. JIns TOBBIMIEHHS TBEPAOCTH M IPOYHOCTH CTAJIBHBIX M3JEIUI NPUMEHSIOT 3aKalKy (HarpeB n0
HEKOTOpPOM TeMIepaTypbl C MOCIEAYIOIUM OBICTPhIM OXJIaxaeHueM). Kakoe KOJTU4ecTBO TErIOThI
HE00X0IMMO, YTOOBI HATPETh CTANLHOM MONOTOK Maccoit S00r ot 17 mo 817°C? Beruucnure, Kakoe
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15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

KOJIMYECTBO TEIUIOTHI BBIAENSET MOJIOTOK, €CJIM €r0 OXJIAXKIAIOT B )KUJIKOM KHCIIOPOAE, TEMIIEpaTypa
kotoporo -183°C. Y aenbHas TemnoemMkocTs crainu 460 [Ix/ kr-°C.
Kakyto maccy kokca motpedyercs cxxeub, yTo0bl HarpeTs 10T uyryna na 10°C?
B mnaBunbnayto neus 3arpy3win 2000 kr uyryHa, B3garoro npu 20°C. Kakoe KoJIMYeCTBO TEIIOTHI
3aTpayeHo B Hel Ha ero 1uiaBieHue? CKoOJbKO Jba, B3sToro npu 0°C, MokHO ObUIO OBl pacIljIaBUTh
3a CYeT ITOr0 KOJUYECTBA TEILIOTHI?
B mnaBunbHOM meud 3a onHY IWIaBKy nonydwin 250 Kr amoMuHHS npu Temrieparype 660°C.
Omnpenenure, HACKOJIbKO HW3MEHWJIACh BHYTPEHHSSI OSHEPrus allOMUHUSA, €CIM €ro HadalbHas
temneparypa 6puta 20° C. Y nenpHast TerioTa TiaBIeHus amoMunus 3,9 MJx/kr.
UyryH B JIMTEHHBIX IIeXaxX IUJIaBAT B IeyaxX, Ha3blBaeMbIX BarpaHkamu. OrmnpeaenuTe KOJIU4YeCTBO
TEIJIOTHI, HEOOXOAMMOE Uil IUIaBKM OT 4YyryHa, JOBEAEHHOTO JI0 TEeMIIepaTyphl IJIaBJICHHS.
VnenpHas TermoTa miasiaeHus cruiasa 138 270 Jhx/kr.
JIoM 4epHBIX METAJJIOB MEPEIUIABIAIOT B CTAJIb B MAPTEHOBCKUX Iedax. Kakoe KOJM4ecTBO TEIIOThI
HeoOX0IMMO ISl HarpeBaHus U paciuiaBieHus 10 T cTagbHOro jJoMa, €clii HavajabHas TemIiepaTrypa
ero 20°C? Temneparypa miasnenus ctanu 1400°C.
Kakyro paboTy coBepuiua HIcalbHBII OJHOATOMHBIM Tra3 W Kak MpPH 3TOM H3MEHHIACh €ro
BHYTPEHHSS dHEPrusl npu M300apHOM HarpeBaHuM AByX Mousied rasa Ha 50 K? Kakoe xonnuectBo
TEIUIOTHI MOJIYYUJI Ta3 B Mpoliecce TermiooomMeHa?
[Tpu agnabaTHOM pacmIMpeHuH Bo3ayxa Obiia coBepineHa padora 200 J[x. Uemy paBHO M3MEHEHHE
BHYTpPEHHEH 3Hepruu Bo3ayxa?
WneanbHplil Ta3 HarpeBajicd MpU MOCTOSHHOM JaBJIEHUH, IIOTOM €r0 JaBJIEHUE YBEIUYWIOCH IIPU
MOCTOSSHHOM O00OBeMe, 3aTeM Mpu IOCTOSHHONW TeMIlepaType MAaBlIeHWE ra3a yMEHBUIWIOCH [0
nepBoHavanbHOr0. HapucoBats rpaduk B KOOpAHMHATHBIX Ocsx P-V.
WneanpHblii ra3 nomyunn konudectBo TerioTel 300 Ik u coeprmn padoty 100 JIx. I[Ipu sTom kak
M3MEHWIACh €T0 BHYTPEHHSS DHEPTUs?
Temneparypa xonoaunbHuka TeruioBod MamuHbel 300 K, temneparypa narpeBarens Ha 300 K
OoJplIIe, YeM y X0JIoauiIbHuKa. YUemy paBeH MakcuMaabHO Bo3MOxHBIN KI1J[ TermoBoit mammHb?
Uemy paBHA BHYTPEHHSIS SHEPTHs 5 MOJIb OJTHOATOMHOTO MI€AJIbHOTO ra3a npu temneparype 47°C?
dopma npeacTraBjeHus pe3yabTara:
BrinmonHuTh 3a1aHKe B TETPAIH IS MPAKTUYECKUX PaboT.
Kpurtepun onenku:

3a IpaBHIBLHO BBITIOIHEHHOE 33/1aHNUE BBICTABIISETCS TTOJIOKUTENbHAS OlleHKa — 1 Oa.

3a HeMpaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — ) 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 «Heyoosiemeopumenvno» svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.1 DuekTpocTaTnuka

IMpakTunyeckoe 3ansaTue Nel2, 13

daekrpocratuka. CoeJuHeHHe KOHIEHCATOPOB B 0aTapero

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

IIpakTnueckas padora ¢popmupyert: [1PyS, [Ipy9, [TPy13, I1P62, ITP66, ITP67,
JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10

Boinosnenue padorsl cnocodocTByeT popmupoannio: OK 01, OK 02, OK 03, OK 09
MarepuanbHoe olOecneyeHHe: HHIMBHAYyaJbHOE 3aJaHUE, KOHCHEKT JIEKIHM, CIpaBOYHbIE

MaTcpHraJbl.

Yka3zanue:
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[IpakTueckoe 3aHATHE COCTOMT U3 [BYX YacTed — TEOPETHUYECKOM M IpakThueckou. Ilocie
U3Y4YECHHs TEOPETUYECKOr0 MaTepuanga MOXKHO IPHUCTYNATh K BBIIOJHEHHUIO IPAKTHYECKOM 4dacTh. OHa
COCTOMT U3 JABYX M Oojee 3ajad IJIsi CaMOCTOSATENIBHOro BbINOJHEHHs. He 3a0bIBaiiTe 0 mMpaBUIBHOM
oopmienun pemienus. Ha BbIOJHEHHE MPAKTUUECKOTO 3aJaHUs OTBOJUTCS uemblpe aKaJeMHUYECKHX
qaca.

3aganue:
1. O3HAaKOMBTECH C KPATKUMH TEOPETUYECKUMHU CBEIEHUSIMU
2. Pemnre 3a1a4un, caMOCTOSTENBHO UCTIONB3YS IPUMEPBI U KPATKHUE TEOPETUUECKUE CBEJICHMSL.

ITopsinok BbINOJIHEHHUSI PAa0OTHI:
W3yuute 1 BeIMUMMATE GOPMYIIBI IO JAHHOH TEeMe:
Pa3bepute npumepsl pelIeHHbIX 3a1a4
3. PemmuTe caMOCTOATENBHO 3a/1a41
Kparkue Teopernueckue cBeeHHsA

™=

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

-
3akoH KynoHna B cpene:

£
HaHpH)KeHHOCTL QJICKTPHUYCCKOI'O ITOJIA: @

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

A
@1- gy =Ag

Pa3zHOCTh TOTEHLIMAJIOB:

@0 o

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

CoenuHeHne KOHJIEHCATOPOB:

[TocnenoBarenbHOE COETMHEHNE KOHIEHCATOPOB — COSIMHEHHE, TIPYU KOTOPOM TOCTIE 3apsIKH
OTpHUIATENHHO (MTOJIOKUTENBHO) 3apsKeHHast 00OKIIaAKa MPeIbIIyIIero KOHASHCATOpa COSMHEHA C
MOJIOKUTEIHHO (OTPUIIATENEHO) 3aPsHKEHHOM 00KIIaAKOM MOCIEYIOIIETO.

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

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

JIPYTOMu.

Co=2.C C.

| T

- (._|| +"1 == {._‘“

Mpumepbl peweHns 3agay
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1.-Kaxyio-padoTy coBeplliaeT Tlolle IpH IepeMellleHEH -sapana-2- 10 k-

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

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

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

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

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

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

. JIBe ogrHaKoBbIe HEOObIIINE TOBEPXHOCTH MPU TPAHCIOPTUPOBKE JeTallel OMYYMIN 3apsIbl
6*10°Kn u -12*10°Kx, maxonmsiimecs Ha pacCTOSHHM N cM Apyr oT apyra. ONpeneinTe CHITy
B3aUMOJICHCTBUS MEXy HUMH.

. Ilpn nepememennu 3apsina 2 Ki1 B 2JIeKTpHUECKOM TOJIE CHITBI, IEHCTBYIOIIME CO CTOPOHBI 3TOTO TOJIS,
coepuimiin padotry 8 JIx. Uemy paBHa pa3HOCTb MOTEHLUANIOB MEXIY HaudalbHOM M KOHEYHOM
TOYKAMHU ITyTH?

. Ilpu nepemMereHuu MEeKTPUUECKOro 3apsia MeX1y ¢ TOUYKaMH C Pa3HOCTbIO MOTEHIMaIoB 8 B cuisl,
JENCTBYIOIME HA 3apsifi CO CTOPOHBI DJIEKTPUUECKOTO ToJisl, coBepiuian padoty 4 JIx. Uemy paBen
3apsan?

. Hampsbxkenne mexmy AByMsl TOpU3OHTAIBHO pacmojiokeHHbIMU TutactuHamu 600 B. B mone stux
IJIACTUH HAXOJUTCS B PaBHOBECHM 3apsDKEHHAs MBUIMHKA Maccoi 3*10°®r. Paccrosimne MEXTy
ractTiHaMu N MM. OnipeenuTe 3apsil TBUTHHKH.

. Konnencarop emkoctbio 0,02 MKk®D COEAMHUIN C HCTOYHUKOM TOKA, B pE3yJIbTaTe 4ero OH MpHoodpes
3apsn 10°Ko. Ornpenenure 3HaY€HUE HAMPSHKEHHOCTH TOJISI MEK/TY TUIACTUHKAMHU KOHJIEHCATOPa, €CITN
paccTosiHiE MEeXAY HUMU N MM.

. B HekoTopoit TouKe AnmekTpuyeckoro moist Ha 3apsan q = 5 HKi pefictByer cuna F = 4-10-7 H. Haiitu
HAMPSKEHHOCTH MO £ B TaHHOM TOYKE.

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

. Ha paccrossHum r = 5 cM Apyr OT Jpyra B BaKyyMe paclONOKEHBI IPOTHUBOMOIOXKHEIE 10 3HAKY

3apsaael BenmumHOW || = 7HKn. HaiiTm HanpspkeHHOCTB 9JeKTpudeckoro mois E B TOUKe,
HAXOJIAIIEHCS HA PACCTOSHUM, @ = 3 CM OT TOJIOKHUTEIBHOTO 3apsiaa u B b = 4 ¢cM OT OTpHUIIATEIBHOTO
3apsiaa.

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

[Ipu HanpspKeHUU MeXay TuIacTUHaMu KoHAeHcaTopa 200B pazHOMMEHHBIE 3aps/ibl HA INTACTUHAX
paBubl 10 Ki. YeMy paBHa 571€KTPOEMKOCTh KOHAEHCATOPA?
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12.Beraucriure SHEPTHIO SJIEKTPUIECKOro MO KOHASHCATOpa MIEKTPOSMKOCThIO 10 MKD, 3apsKEeHHOTO 110
HanpspkeHus 10B.

13. Kaxkast pabora coBepmiaercs npu nepemerieHun 3apsiga 4,6 MKKII B 3J€KTPUYECKOM I0J€ MEXIy
TOYKaMU C Pa3HOCThIO noTeHIuanoB 260 kB?
14. B oaHOpOAHOM 3JIEKTPUUECKOM I0JI€ ¢ HANPSKEHHOCTHIO 18-10° H_ nepeMeniaeTcs 3apsija 7.10°®
Kn

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

15. Omnpenenutb eMkocTh 6atapen Cg,r, eciiu kKoHAeHcaTopbl ¢ emMkocTsiMu C1=10 n®, C,=15 n® u
C3=20 n® coenuHUIN: a) TOCIENOBATENIBHO; 0) mapamienbHo. CXeMbl COSAMHCHHS KOHICHCATOPOB
HAYEepPTHUTh.

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

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

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

Oyenxa «omauunoy svicmagnsemcs 3a 90 — 100% npaBUIbHBIX OTBETOB

Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB

Oyenxa «yoosnemeopumensvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

Oyenka «HeyoosiemeopumenbHoy svicmasisemcs 3a Mmeaee 60% nMpaBUIBLHBIX OTBETOB

Tema 4.2 3aKOHBI NOCTOAHHOI0 TOKA
IIpakTnueckoe 3ansaTue Nel4, 15

3akonbl Oma. ConporusJiienne. CMelIaHHOE coeJUHeHHEe IIPOBOIHUKOB

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

IIpakTnueckas padora popmupyert: [1PyS, [Ipy9, [1Py13, ITP62, I[1P66, ITP67,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP§, MP10
Beinosinenne padorsl cnocodcTByeT (popmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepuajnbHoe o0ecnieyeHue:

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

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

I[opsaok BbINOJIHEHUS PA0OTHI:

1. PaccMoTpuTe TEOpPETHYECKHMU MaTepuaq M0 TeMe W TMPUMEPHl pemeHus 3aaad  (CMOTpHU
METOINYEeCKOe TOCcoOue).
2. Pemmte camocTosTensHy0 padory. OdhopmuTe pereHne MICbMEHHO B TETPAJIH.
Xon padoTsr:
TeopeTuyeckue cBeeHUs
1.DnekTpudeckuii TOK-HANpaBlIEHHOE [BUKEHHE CBOOOMHBIX 3apsaoB. Cumoii Toka (I) Ha3wpIBaercs
BEITMYMHA, YMCICHHO PaBHAs AJIEKTPUUCCKOMY 3apsiday, MPOXOIAIIEMYy UYepe3 CeueHHe MPOBOJHHUKA B
eauHuLy BpemeHnu: I = g/t, [=n*q*s

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

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

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

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

IIpumepsl pelienus 3agau

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

Jlano: Pewenue:

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

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

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

Hano: Pewenue:

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

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

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

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

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

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

Omeem: 60B

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

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

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

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

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

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

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

R;*R5/R;+R>=8 Om: R; R,=400 Om: R;+ R5,=50 OMm: R; R,=400 Owm;
3uauut: R;=10 Om; R>=40 Om.
Omeem: R1=10 Om; R,=40 Om
CamocrosiTesibHast padoTa
BapuanTt 1
1. Yepe3 ceueHue NpoBOAHMKA 3a HIpoMexyTok BpeMmeHH At=10c mpoxomut 3apsan AQ=25 K.
Omnpenenure cuiny Toka | B mpoBoaHUKe.
2. Hanpsxenue Ha ywactke umenu U = 5 B, a ero anekrpuyeckoe comportuBieHue R = 10 Owm.
Omnpenenure cuiny Toka [ Ha 3TOM ydacTke LieMu.
3. IIpu mepememenue 3apsga Q=2Ku BHYTpHM HCTOYHMKA TOKA CTOPOHHHE CHJIBI COBEPINAIOT PabOTy
A=20 [Ix. Onpenenure I/1C ucTouHHuKA.
4. Kak MOXHO TOJIy4UTh COTPOTUBICHUS R, coennHss BCeMH BO3MOKHBIMHU CIIOCOOAMHU TPU PE3HCTOpa
conpotuBieHrneM R=6 OM KaxabIii?
Bapuanr 2
1. Cuna toka B mpoBomHuke I = 1,5 A. Onpepenure 3apsa AQ, NpOTEKaOIIUA yepe3 ceyeHue
IIPOBOJHMKA 3a BpeMst At=2c.
2. Onpenenute Hanpsbkenue U Ha pesuctope conportuiienneM R=10 kOm npu cune toka B Hem [=0,5
MA.
3. Cuna Toka B jammoyke kapmanHoro Qonapuka [=0,28 A npu nHanpsoxkenun U=3,5B. Omnpenenute
COIPOTHBIIEHUE R HUTH TaMIIOUKH.
4. Bo ckonpko comportuBieHne R1 mpum mocnemoBarensHoM coemuHenun 10 pesuctopoB (n=10)
conpotusieHueM no R=10 Om Gonsiie, yem ux conportusiaeHre R2 nmpu napaaienabHOM COeAMHEHUN?
dopma npeacraBjIeHus pe3yabTara:
BoeinonHuTh 3asaHue B TETPAAM JUIsl MPAKTUYECKUX padoT.
Kputepun onenkmn:
3a npaBUJIbHO BBIMOJIHEHHOE 33aHUE BBICTABIISETCS MOJIOKUTENbHAS OL[eHKa — 1 Oau.
3a HeMmpaBUIIbHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIISIETCS OTpHUIlaTeIbHas olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensbHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenxa «Heyoosiemeopumenbvhoy svicmagisemcs 3a Menee 60% nmpaBUIBHBIX OTBETOB

Tema 3.2 3aK0HBLI MOCTOAHHOI'O0 TOKA

IIpakTnyeckoe 3ansitue Nel6

PabGora, MOIIIHOCTH M CONPOTHBJICHHE JJIEKTPUYECKOI0 TOKA
Henab: HayunThCs pemiaTh 3a7a4u, UCTOIb3Ya GOpPMysbl pabOTHI TOKA U MOIIIHOCTH
IIpakTnueckas padora popmupyert: [1PyS, [Ipy9, [1Py13, I1P62, [1P66, ITP67,
JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Beinosinenue padorsl cnocodcTByeT (popmuposanuro: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe o0ecredeHue: TeTpaab s MPAKTUYECKUX padoT, pydyka, METOAMYECKUE
PEKOMEHIalUHU T10 BHITIOJHEHUIO pa0OThI, THHEIKA, KapaHall.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUECKON M MPAKTUYECKOM.
[Tocne n3ydeHuns: TEOPETUUECKOTO MaTepraia MOKHO MPUCTYNATh K BBIMOJHEHUIO MPAKTUYECKON YacTH.
Omna coctouT U3 ABYX U Ooliee 3a/1ad JJisi CaMOCTOSTEIHHOTO BBIMOIHEHUs. He 3a0biBaiiTe 0 nmpaBUIbHOM
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odopmiiennn pemieHusi. Ha BBIOTHEHUE TMPAKTHYECKON OTBOAMTCS JBa akageMuveckux daca. [lopsmox
BBITIOJTHCHUS PAOOTHI

Ilopsiiok BbINOJTHEHHS PA0OTHI:

1. PaccMoTpuTe TeOpeTHUECKUH MaTepual IO TeMEe U NpUMEphl pelleHus 3axad (CMOTpuU
METOAUYECKOE IIOCOOHE).
2. Pemute camocTosTensHy0 padoty. Odopmure perieHue NUCbMEHHO B TETPAIH.
Xon padoTsl:
TeopeTuyeckue cBeIeHUs

1.IToBTOpUTH OpMYIIBI pabOTHI U MOLTHOCTH TOKa. PaboTa 1 MOUTHOCTH TOKa
PaboTy cuil 3MEeKTpUYECKOro MO, CO3JAOLIEro YIOPSJA0YEHHOE ABM)KEHUE 3apsSIKEHHBIX YacTHUI[ B
MIPOBOHHUKE, T. €. SJCKTPUUECKUH TOK, HA3BIBAIOT pabOTOH TOKA:
A =T*U*t,
rae A — paboTta 3JIeKTpUUECKOro TOKa Ha ydacTke nenu, JIx;
| — cuna Toka Ha TaHHOM y4YacTKe Leny, A;
U — HanpspKeHHE Ha ydacTke 1enw, B;
t — BpeMsi IPOXO0XKACHUS TOKA MO YYaCTKY LIETIH, C.
riae P — mommocTs TOKa, BT.
Ecin Ha yd4acTKe LemM BCS SHEPrHs MEPEXOAUT BO BHYTPCHHIOI
SHEPTUI0 MPOBOJIHUKA (HE COBEpIIACTCS MeXaHu4yeckas pabdora), To Q =
IRt — 3akon Ixoyns-Jlenua.
Q — KOTMYECTBO TEIUIOTHI, BBIICTUBIICECS B TPOBOIHUKE, JXK.

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

CornacHo 3akony OMa nans ydacTka L€MU, HampsDKeHHe Ha
npoBojgHuke U = I'R. Pabota cTOpoHHUX CUI Acm. = Apomp. T Aucem.

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

"M

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

BHYTPU UCTOYHHKA TOKA:
£

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

3axkon Oma ona eceii yenu: cuja TOKa B 3JIEKTPUUECKOM menu mpsMo mponopuuoHansHa DJ[C
HCTOYHUKA TOKA U 00paTHO MPOIMOPLUHOHATIEHA MIOJTHOMY COIPOTUBIICHUIO LIETIH.

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

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

R + r — momHOE compotuBieHue nemnu, Om.
&=

F =

AR

B anexTpuueckoil ienu BO3HUKAET KOPOTKOE 3aMblKaHue, eciu R=0: o r

PaboTy cuit 371eKTpUYECcKOro Mosis, CO3/1aI0IET0 YIOP04eHHOE IBIKEHUE 3apsKEHHBIX YacTHUIl B
MPOBOJHUKE, T. €. IEKTPUIECKUI TOK, Ha3bIBalOT paboroii Toka: A = I-U-AE,

rae A — paboTa AIeKTpUYEeCcKoro Toka Ha yJacTke 1enu, JIx;

| — cuna Toka Ha JTaHHOM y4acTKe LenH, A;

U — HanpskeHHe Ha yyacTke 1end, B;

At — BpeMs IIPOXOKIEHHSI TOKA 110 YYacCTKY LIEMH, C

p=2op=1.U
t , rne P — momHocTs TOKa, BT.

Ecnn Ha ywacTke IienmM BCsl PHEPrusi NEPEeXOJUT BO BHYTPEHHIOIO SHEPrHI0O IPOBOJHMKA (HE

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

IIpumeps! pemienus 3a1a4
1. Dnexrpuyeckuid nBurareiab padboraer 5 4. oT cetu ¢ HampspkeHueM 380 B mpu cuie Toka 35 A.
Comnportusnenune oomotku asuratens 0,5 OMm. OnpenenuTs W3pacXoIOBAHHYIO SJIEKTPHUYECKYIO
SHEPTrHUI0, KOJIUYECTBO TEIUJIOTHI, BbIIECJICHHOW B OOMOTKE 3a 3TO BpeMs M COBEPILICHHYIO
JIBUTATEJIEM MEXaHUYECKYIO paboTy.

Hano: CH PemeHne: BrraucaeHng

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

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

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

A —7?

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

2. Ilpwm 3ambIkaHuM UCTOYHMKA dJeKTpudeckoi sHeprun ¢ D/IC 4,2 B HUKEINHOBBIM MTPOBOJIHUKOM
mmHon 10 M wm ceuenmeMm 1,0 MM° cHa TOKa B nenu Obwia 0,6 A. Haiitu BHyTpeHHee
COMPOTHUBIICHNE HCTOYHUKA DJIEKTPUUECKOW DSHEPrHH. Y ACIBbHOE COMPOTUBICHHE HUKEIWHA
4,2:107Om-Mm.

CamocrosiTesibHas padoTa
1. DaexTpoaBUTaTENh, CONMPOTHBICHHE 00MOTKH KOoTOporo 0,4 OM, paboTaeT OT CeTH C HAIPSHKCHHEM

300 B mpu Toke 50 A. Omnpenenure KayecTBO H3PAcXOJIOBAHHOW PHEPrHMM 3a 5 Y., COBEPLICHHYIO
JBUTATEJIEM MEXAaHUYECKYIO pabOTy U KOJIMYECTBO TEILUIOTHI, BbIIEJIEHHON B OOMOTKE.
2.ABroMoOuIBHBIA cTapTep 3a 10 ¢ paborel morpebdnser snepruro 6,0-104 JIx. KakoBa cuma Toka,
IIPOXOJSAIIETO YEPE3 CTapTEP BO BpPEMs 3aIlyCKa ABUTATENS, €CIIM HAIIPSDKEHHUE Ha €ro KieMMax 12 B?
3.CpapounbIM anmnaparoM. Paborarommm ot cetu HanpspkeHueM 45 B 3a 20 MUHYT ObLIO M3pacx0J0BaHO
5.4xBt*4ac snepruu. I[Ipu kakoii cuiie Toka npoTekaia Iyropas cBapka ?

4.Onextpuyeckuil yrior MourHocthio 800 Bt pabGotaer ot cetn 220 B .Omnpepenuth cuiay TOKa B
HarpeBaTeIbHOM 3JIEMEHTE U €ro COINPOTUBJIEHHE B paboyeM cocTosHUU yTiora. CKOJBKO SHEpruu
OyneT u3pacxo0BaHo 3a 1,5 yaca HempepbIBHON paboTHI yTiora ?

5.B cetp HampsbkenueM 120 B mocnenoBaTenbHO € 3JIEKTPUUECKON Tyroi BKIOYeH peoctar . [lagenue
HanpsDKeHUsT Ha ajekTpoaax ayru 45 B ,cunma toxka B menu 12 A. OmnpenenuTs MOIIHOCTb
,JIOTPEOIIAEMYIO 1YTOM U K.I1.JI. YCTAaHOBKH.

6.Pe3ucTop moakiIoueH K MCTOYHHMKY TOKA, HalpspKeHUe Ha 3axuMax kortoporo 6 B. Kakas paborta
coBepuiaerca TOkoM, eciu 3a 0,5 MuHYT uepe3 pesucrtop npoxomut 3apsa 24 Kn? Omnpenenutsb
MOIIIHOCTb TOKa ¥ COIIPOTUBJIEHUE PEZUCTOPA.

7.Kakasg MOLIHOCTh MOTpeOIsieTcs IYroBOM CTalleIUIaBWIBHON Ieublo, paboTaromeil OT HMCTOYHHKA
HamnpsbkenueM 220 B npu cune Toka 30000 A? Onpenenute CTOMMOCTb AJIEKTPUYECKON SHEPTUH
M3PaCcX0/I0BAHHOMN 3aM 5 4acoB pabOTHI UM, 1O ACHCTBYIOIIEMY Tapudy.

8.Hanpspkenne Ha 3akuMax reHeparopa 132 B, a y morpebutens - 127 B. Omnpenenutb najaeHue
HaNpsDKEHUE B MAarucTpalibHbIX MPOBOJAX U COMPOTUBIIEHHE , €CJIM MOIIHOCTh TOKa y MOTpEeOuTENs
paBHa 5 kBT.

dopma npeacraBjIeHus pe3yabTara:
BeInmonHuTE 3a1aHue B TETpaau AJs MPaKTHUECKUX padoT.
Kpurtepun onenkmn:
3a IpaBUIIbHO BBIIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJI0XKUTENbHAS OLleHKa — | Gasu.

66



3a HeMPaBUIIbHO BBITOJHEHHOE JCHCTBHE, 3aJaHUE BHICTABIISICTCS OTPUIIATEIbHAS OlleHKa — () 6asuIoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB

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

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

Oyenxa «HeyoosiemeopumenbvHoy svicmasgisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

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

DJIeKTPUYECKUI TOK B Pa3JIMYHbIX Cpeaax

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

IIpakTuueckas padora popmupyer: [1PyS, [Ipy9, [TPy13, I1P62, ITP66, ITPG7,
JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
Boinosnenue padorsl cnocodocTByeT popmupoBannio: OK 01, OK 02, OK 03, OK 09

MaTtepuajibHOe o0ecneyeHue:

UHIUBHIYAIbHOE 3aIaHKEe, KOHCIIEKT JICKIHiA, CIIPABOYHbBIC MATEPHAJIbI.

Yka3anue:

[TpakTHYecKOe 3aHATHE COCTOMT W3 JBYX 4YacTe — TeOpeTHYecKoW W mpaktudeckoi. Ilocie
M3YUYCHHUS] TEOPETHYCCKOTO MaTepHajga MOYKHO HPUCTYIATh K BBIMOJIHEHHIO MpakTHueckou wacth. OHa
COCTOUT W3 JIBYX M 0OoJjiee 3ajad JJIsi CaMOCTOSTEIBHOTO BBINOJHEHUs. He 3a0biBaiiTe O MpaBUIBHOM
oopmienuu perrenus. Ha BeIoMHEHHE IPAKTHYECKOTO 3aIaHUS] OTBOIUTCS JIBa aKaICMHUECKUX Jaca.

3aganmue:

O3HaKOMBTECh C TECOPETUUCCKUMHU CBEICHUSIMUA HUCIIOJB3Ys CCHUIKY
https://znanium.com/catalog/product/1012153. Ctp 133, 134. «3aBUCHMOCTE COIIPOTHBJIECHHS
METAJUINYECKOTO IPOBOAHUKA OT TEMIIEPATYPHD)

Kparkue Teopernyeckue cBeeHUs
DIEeKTPUUECKHUI TOK B )KHUJIKOCTSIX

PaCTBopI)I " pacCIiiiaBbl, IPOBOJAIINC BJICKTpI/I‘IeCKI/Iﬁ TOK, Ha3bIBAIOTCS 3JI€KMPOJIUMAaAMU.

CobepeM 3IIEKTPUUYECKYIO IIeTThb, B KOTOPO# COSTUHUM COCY/T C TUCTH/UTHPOBAHHON BOIOM
3HeKTpI/I‘—IeCKy10 .]'IaMHO‘-IKy U NCTOYHHK TOKaA. B COCY}I OHYCTI/IM IIaCTUHBI, CO3Jar0IUE B X KUIKOCTH
AIIEKTPUUYECKOE TI0JI€. DTH TUIACTHHBI HA3bIBAIOTCS DJIEKTPOAAMHU. DIIEKTPO/, COSAMHEHHBIN C
MOJIOYKUTEIIBLHBIM TOJIFOCOM TOKA, HA3bIBACTCS AHOOOM, @ DIIEKTPOJI, COSIMHEHHBIN C OTPHUIIATEIIBHBIM
MOJIOCOM — KAmoOOOM.

3aMKHYB 1IeTlb, YOeTUMCsl, YTO JIAaMIIOYKa HE CBETUTCS, TO €CTh TUCTUIUIMPOBAHHAS BOJIa TOK HE
npoBoauT. Jlo6aBum B Boxy noBaperHyro coib (NaCl). Jlamna HaunHaeT cBETUTHCS, T.€. PAaCTBOP
MIPOBOJIUT DJIEKTPUIECKUH TOK, T.€. B HEM MOSBIIIMCH CBOOOHBIE 3apsKEHHBIC YaCTHIIHI.

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

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

IIpy Xxa0THYECKOM JBUKEHUN MOJIEKYJI PACTBOPEHHBIX BELIECTB U PACTBOPUTEIIEH IIPOUCXOIAT UX
CTOJIKHOBEHUS, KOTOPBIE IIPUBOJIAT K pacaly MOJIEKYJ Ha OTACIIbHbIC PA3HOMMEHHBIE 3apsKEHHBIE
HOHBI. DTOT IPOLIECC HA3BIBACTCS INEKMPOIUMULECKOU OUCCOYUAYUEI.

[IpoxoxkaeHune Toka yepes 3AEKTPOJIUT COMPOBOKAAECTCS BBIICIEHUEM Ha JIEKTPOIaX COCTABHBIX
4acTeil paCTBOPEHHOT0 BELIECTBA. DTOT IIPOLIECC HA3BIBAETCS 3JIEKTPOIN30M. [lonoxurenbHo
3apsKEHHbIE MOHBI (KAaTUOHBI) ABIKYTCS K KaTOy U IPUOOPETAIOT HAa 3TOM 3JIEKTPOE HEJOCTAOIINE
31eKTPOHBL. OTPUIIATENIBHO 3apsXKEHHbBIE HOHBI (AHUOHBI) OT/IAI0T aHOJTY JIUIITHUE JIEKTPOHBI. Takum
o0pa3zom, Ha aHO/Ie IPOMCXOUT PEAKIINS OKHCICHHS, @ Ha KaTOJIe — BOCCTAHOBJICHUSI.

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

KonnyecTBeHHBIE XapaKTEPUCTUKHU DIIEKTPOJIN3A ONPEESIIIOTCS 3aKOHOM 3JICKTPOJIN3a (3aKOHOM
dapanes):

Macca eewjecmea, gvloenusguie2ocs Ha 21eKmpooe, NPAMONPONOPYUOHATILHA 3apsa0Y, NPOULeOUeMy
uepes 31eKmpoum.

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

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

tabnuie), X .
Kn

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

rae | — cua Toka B ANEKTpouTe, A;

At — IpOIOJIKUTENBHOCTD AJIEKTPOIIN3A, C.

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

HpuMeHeHue NeKmpoJuza 6 mexHukKke

1. 1711 04MCTKH METAJLIOB OT HEOONIBIIOTO Kou4ecTBa mpumeceii (papunuponanue). [lomyuenue
YHCTBIX: MEIU, cepedpa U 30J10Ta. ITOT MPOLIECC Ha3bIBACTCS PAPUHUPOBAHUEM.

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

3. TTokpbiTHE OTHOTO METAJLIA CJIOEM JPYroro Metauia (HUKeIMPOBaHUE, XPOMUPOBAHKE | T. I1.).
DTOT npoliecc Ha3bIBae€TCs raJIbBAaHOCTETHEH.

4. TlonyueHnue konuii peiabeHBIX H300pakeHuH (TaabBaHOIIIIACTHKA).
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S. Iyt CHSTHS EPOXOBATOCTH M3IETUH (JIEKTPONOJIUPOBKA) U .
DJIEKTPUUYECKUIN TOK B METaJIJIe
HarpeBanue npoBoHHKA MPU TPOXOXKICHUH 10 HEMY MTOCTOSHHOTO TOKA MOYKHO OOBSICHUTH TEM,

YTO KMHETUYECKAasi SHEPT U AIEKTPOHOM IIEPENAETCS PU CTOJIKHOBEHUH HOHOB KPUCTANINYECKON
PELIETKH.

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

o — TeMrepaTypHbIid KO3 (OUIUEHT COTPOTUBIICHHS METaa, 1

k
Bo3pacranue ynenmpHOTO COMPOTHBICHUS MOXKHO OOBSCHUTH TEM, YTO C POCTOM TEMIIEPATyphl
aMIUIUTyJa KoOJeOaHUM HMOHOB KPUCTAUIMYECKOM pELIETKM METaUIOB YBEJIMUYMBACTCS U BO3pacTaeT
BEPOSATHOCTh MX CTOJIKHOBEHHS C 3NIEKTpoHaMU. [Ipu CTOJIKHOBEHMH ¢ MOHAMU 3JIEKTPOHBI TEPSIOT CKOPOCTh
HAITPaBJIEHHOTO JIBMYKEHHUS. DTO U MIPUBOJUT K BO3PACTAHUIO YIEIIBHOTO CONPOTHUBIICHHUSI.

HJ'ISI BCEX METaJJI0B ¢o>1 M Majo MEHseTCA IprU UBMCHCHUU TEMIICPATYPBHI. HJ'ISI YUCTBIX MCTAJJIOB O

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

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

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

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

JaHo: Pemenue:

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

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

k=1,12:10°%

-7

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

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

W;=10,4 3B = 16,64-10° 15B=1,6-10"11%

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

E., paBHOW SHEpruv MOHU3ALIMU:

E.=W, umu wzwi’

e M — Macca dJICKTPOoHa,

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

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

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

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

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

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

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

g - ForRoa(l ¥ eat)(1 ¥ apt)

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

Ry R
R = 014%02

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

i Ryy0ty + Ry 09
Ry, + Ry,

”n
.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Oyenxa «HeyoosiemeopumenbHoy svicmasgisemcs 3a Mmenee 60% nmpaBUIBHBIX OTBETOB

Tema 4.4 MarauTHoe 1moJjie
IpakTunyeckoe 3ansaTue Nel8, 19

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

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

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

I1PyS, Ipy9, I1P62, TIPG6, ITP67,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10

MatepuajibHoe o0ecnieyeHue:

WH/IMBUIYAIbHOE 33aJ]aHNe, KOHCIIEKT JICKITUH, CIIPaBOYHBIC MaTEePHAIIbI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX YacTed — TEOPETHMYECKOM M IpakThdeckou. Ilocie
M3y4eHHs] TEOPETHUYECKOI0 MaTepHuaja MOKHO HPUCTYNaTh K BBINOJIHEHUIO MpakTHueckod yacth. OHa
COCTOMT M3 JABYX M Oosiee 3a1ay Al CaMOCTOSITENbHOIO BbINoJHEHHUs. He 3a0biBaiiTe O MmpaBUIBHOM
oopmienun pemienus. Ha BBINOJTHEHHE NMPaKTHUECKOTO 3aJaHUs OTBOAMTCS Yemblpe aKaJAeMHUYECKHUX
qaca.

3aganue:

O3HaKOMBTECH C TEOPETUIECKUMHU CBEJICHUSIMU HUCTIOIB3YS CCHUIKY
https://znanium.com/catalog/product/1012153, §43,44, BemmucaB GopMyibl OTMEYEHHBIE CKOOKaMH,
Hanpumep( 43.1)

Pemmre 3a1a4n, caMOCTOSTENFHO UCTIONB3Ysl IPUMEPHI U KPAaTKHE TEOPETUUECKUE CBEJICHHS.

ITopsinok BbINOJHEHHS PadOTHI:

1. N3yunte n BeImummTe GOpMyJibl IO JAHHOW TeMe B BUJE KPATKOIO KOHCIIEKTa
2. PazbepuTte npuMepsl pelIeHHBIX 33129
3. Pemnre camocToATENRHO 33024

IIpumeps! pelieHus 3aga4

1. IIpoBOIHUK C CHIION TOKa 5A NOMEIIEH B OAHOPOJHOE MarHUTHOE T0JI€ C MHIYKIMEH 1-10°TA.
VYTon MeX/y HalpaBlIeHHusIMH ToKa 1 11015t 60°. onpeenuTe IIMHY IIPOBOIHUKA, €CIIH TI0JIE IEHCTBYET Ha
Hero cuoi 2+107H.

JaHo: Pemenue
I=5A F=BI-{ sino. =>(=__F ;
B=1-10°TA B-1sina
a =60°
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https://znanium.com/catalog/product/1012153

F=2-10"H (=  2107H

72—@0,46
1.107°TA-0.87-5A

-2

sin 60°~0,87
’ OtBet: £=0,46Mm.

2. Kakas cuna JelCTBYeT Ha 3JIEKTPOH, JIETALIUI B OJHOPOJHOM MAarHUTHOM IIOJIE€ C MHAYKLHEH

1-10 TA mepreHIuKy/ISPHO THHAAM MATHATHOR MHAYKIMK CO cKopocThio 3-10°° m/c, sapsix snekrpona
e=-1,6-10" K.

Hano «CH» Pemenue
v=3-10%m/c Ha »snektpoH, JBWXKyHIUWACS B
B=1-10TA MAarHUTHOM MOJIe, JICHCTBYET cuia
a=90° Jlopenua:
e=-1,6:10"° K.

FA=B:[g|-U-sina
FA=1-102TA1,6: 10 ° K1-3-10°w/c=
4.8-10°H

F=

Ortser: 4,8 10%°H

PemuTh 32124 caMoOCTOATENILHO (N - HOMep auieco 8apuUaAHmMa NO CNUCKY)

1. Ha npsamonuHeiiHbIH TPOBOJAHUK C TOKOM 1,5 A B 0JTHOPOJHOM MarHWTHOM IoJsie ¢ MHAyKuuen 0,4
TA neiicteyer cuiaa n H. Onpezenure JUIMHY MPOBOJAHKMKA, €CIIM OH PACHOJIOKEH moja yriiom 30° K
CHJIOBBIM JIMHUSIM.

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

3. aiite ompeneneHne MarHUTHOM WHIYKIWWA. B Kakux eIWHUIIAX OHA H3Mepsercs? 3anuiuTe
€IMHUIY MATHUTHOW MHAYKIIMY Yepe3 OCHOBHBIE €IMHULIBI U3MepeHus B cucteme CU.

4. DnexTpoH IBHXKETCS B BakyymMe co cKopocTeio 3:106 M/c B OJHOpPOAHOM MAarHUTHOM IMOJ€E C
naaykuued B = 0,1 Tin. Yemy paBHa cuina F, neicTByromas Ha 3JIEKTPOH, €CIM YIOJN MEXKIY
HaIpaBJIEHUEM CKOPOCTH U JIUHUSIMH MarHUTHOM MHAYKLUU paBeH 9007

5. IpsmonuHelHBI MPOBOJHUK, MO KOTOPOMY HJET TOK cwioil 10 A, momeuieH B OAHOPOIHOE
MarHMuTHOe Tmoje, UHAYKIUs Kotoporo 0,3Tn. Yrom Mexay HampaBlIeHHEM TOKa M BEKTOPOM
MarHuTHOM uHAykuuu paseH 300. C kakoi cwinoi F nelicTByeT MarHMUTHOE IOJE Ha y4acTOK
MPOBOJIHUKA JUTUHOW N M?

6. OmpenenuTe MArHUTHBIA MOTOK, MPOXOISIINI Yepe3 MPSIMOYTOJIBHYIO paMKy CO CTOPOHAMH 2X5 cM,
€CJIM OHAa IIOMEILEHA B OJHOPOAHOE MAarHUTHOE IOJE€ C MHIAYKLUEH 4-10°TA nox yrom 30° x
JUHUSAM UHIYKIUHU TOJIS.

7. B oxHOpomHOE MarHUTHOE MOJIE, HHAYKIUS KOTOPOTO 1,26:10° TA, nomeren IIPSIMOM IIPOBOJHUK
JUIMHOW n cM. Ompenenure cuily, ACMCTBYIOLIYIO Ha MPOBOJHMK, €CIM IO HeMy TedeT ToK 50 A, a
yroJl MeX/1y HallpaBJI€HUEM TOKa BEKTOPOM MHAYKLHHU cocTaBiseT 30°.

8. TlpoBomHuK ¢ crioi Toka 5,0 A TTOMeIIeH B 0JTHOPOJHOE MAarHUTHOE T0JIe ¢ MHAYKIen 1,0- 102 TA.
VYron mexny HanpasileHUsAMHU TOKa U nonst 60°. OnpeaenuTe akTUBHYIO JUIMHY NPOBOJHHUKA, €CIH
MoJie AEUCTBYET HA HETO CHIION 2 102 H.

9. Kakyo paboty coBepIraetT 0 JHOPOJHOE MarHUTHOE MoJie MHAyKuueH 1,5 107 TA IIPU NIEPEMEILIEHUN
Ha paccrosiHue 0,2 M IpOBOJHHMKA JUIMHOW 2M, IO KOTOpoMy TeueT ToK 10 A; ecnu mepemMenieHune
IIPOUCXOUT B0 AeiicTBUs cui? IIpoBonHuK pacnionoxeH nof yriom 30° Kk HanpaBJIEHUIO MOJIS.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

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

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

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

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

Brinosinenue padoTsl cnocodcTByeT GOPMHUPOBAHMIO:

[1PyS5, Ilpy9, I1P62, I1PG6, I1PG7,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10

MarepuanbHoe obecrneyeHue:

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

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX YacTe€d — TEOPETHUYECKOM M IpakThdeckou. Ilocie
W3YYEeHUS TEOPETUYECKOr0 MaTepuaia MOXXHO MPUCTYNATh K BBIIOJHEHHUIO MpakTHueckoil uyactu. OHa
COCTOMT M3 JBYX W Ooyiee 3amad Jjisi CaMOCTOSITENIbHOTO BBHIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
odopmiiennn pemeHus. Ha BbIMOTHEHHE MPAKTUYECKOTO 3aJaHUSl OTBOIUTCS uembvlpe aKaleMHUYeCKUX
Jaca.

3aganue:

1. OsHakombTeCh C KPATKUMHU TEOPETUUECKUMU CBEACHUSIMU HCIIONb3Ys CChUIKY
https://znanium.com/catalog/product/1012153 ,52§ u kpaTKyto 3arnuchk GOpMyII HHUXKE
2. Pemmre 3a1a4um, CaMOCTOSTEIEHO UCIIONB3YsI IPUMEPHI U KPATKHE TEOPETUICCKUE CBEICHHS.

HOpﬂlIOK BBINNOJTHCHUSA paﬁon:
N3yuute u BeIMUIINATE GOPMYJIBI IO JJAHHOM Teme:
Pas3bepute npumepsl pelieHHbIX 3a/1a4
Pemute caMoCcTOsATEIIBHO 3aJa4uun
OtBethbTe Ha Bompockl Tecta https://znanium.com/catalog/product/1012153, ctp331.

PwnE

Kparkue TeopeTnueckne cBeeHHs
3aKOH 3JICKTPOMArHUTHOM WHIYKITUH

O/JIC uHAYKIIMK B 3aMKHYTOM KOHTYpPE paBHA MO MOIYJIIO CKOPOCTH M3MEHEHHSI MAarHUTHOTO MOTOKA
AD| tre g — DJC uHayKiuu, B; AD= ©-O; —

4yepe3 MOBEPXHOCTh, OMPAaHUYEHHYIO KOHTYPOM:

U3MCHCHHUC MAarHuTHOI'O ITOTOKAa, B6, At — MMPOMECIKYTOK BPEMCHH, B TCUCHUC KOTOPOIro IMPOHU3O0ULIO

A®| _ ckopoCTh N3MEHEHHs MATHHUTHOTO [OTOKA, 50 .

c

JaHHOE U3MCHCHMUE, C;

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

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

, rme N — gncito BUTKOB.

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

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

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

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

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

WHIYKUMH PaBHA! g = _L%, TK. g = ‘f,

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

il — CKOPOCTb UBMCHCHUSA CUJIBI TOKA, A .

At c

2
OHeprusi MarHUTHOT'O OISt MPOBOJHUKA C TOKOM: \v,, = L1 [Tx]
2

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

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

2. 3a Kxakoil ImpOMEXYyTOK BpPEMEHHM MarHuTHBIA MOTOK M3MeHmics Ha 0,01 BO, ecnn B KoOHType
Bo3zHuKaeT DJIC unaykiuu n B?

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

4. Omnpenenure 3HEPIUI0, 3alacaéMyl0 B MarHUTHOM IIOJI€ MHJYKTOpa, KOTOPBIM HCIOJB3YyeTCs B
YCTAaHOBKE T MArHHT HMIYTECHBHOTO (opMmoBanus. MuaykTuBHOCTh Karymkn 7,0-107 T, cuma
paspsiaHoro Toka 1,45- 10° A.

5. Kakoif moTOK MarHUTHOM MHAYKIIMHM CO3/1a€TCS B KOH Type 3JEKTPUYECKUM TOKOM, €CIH MpPU €ro
yMeHblIeHuu 10 Hymst 3a 0,01 ¢ B KOHType BO3HHKAET 3¢ caMOMHAyKIuu paBHasa 30 B?

6. OmpenenuTe SHEPTHI0 MarHUTHOTO TOJSI KATYIIKH, B KOTOPOW TNpH CHJIe TOKa 6,8 A MarHWUTHBINA
noTok pasen 2,5-107° BG.

7. 3a KakoW MPOMEXYTOK BPEMEHHM B KaTylIke ¢ MHAYKTUBHOCTHIO 0,28 I' mpomcxoaut HapacTraHue
CHJIBI TOKA OT HYJIA 10 9,6 A, eciii pu 3TOM BO3HUKAET CPEIIHSS 31C CAMOMHAYKIIUH, paBHas 38,4 B?

8. IIpoBomHUK UIMHOW N M TEpEeMEIIaeTcsi B OJHOPOJHOM MarHuTHOM mosne ¢ mHaykmuei 0,2 TA.
JIBI>KeHHE MPOBOJAHMUKA MPOUCXOAUT cO cKopocThio 10 M/c moa yriom 45° K MarHUTHBIM CHJIOBBIM
nuHuAM. HaliguTe 31¢ MHIyKIIMY, BOSHUKAIOIIYIO B IPOBOJHUKE.
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9. Kakoif MarHMTHbBIMI TMOTOK NPOHU3BIBAET KOHTYp, €CIM IPH PAaBHOMEPHOM HCUYE3HOBEHUU

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

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

noiist 0,24 TA, eciiu HopMaJib, K TIOBEPXHOCTH PACIIOOkKeEHA 110/ yriaoM 60° K BEKTOpY MHIYKIUH.

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

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

12. B npoBognuke mmmHoN 0,5 M, ABMXKYIIEMCS CO CKOpPOCThio 3,0 M/C MEpPIEHIUKYISIPHO CHIIOBBIX

JIMHUM OJHOPOJHOTO MArHUTHOTO Toyisi, Bo3Hukaer OC 6,0 102 B. Onpenenure HWHIYKIUIO

MarHMTHOTO TOJIS.

13. Onpenenute MarHUTHBIM MOTOK, MPOXOISIINN Yepe3 MPSMOYroJbHYIO IUIOMIAIKY CO CTOPOHAMHU

20x40 cwm, eciii oHa MTOMEIIEHa B OJHOPOAHOE MAarHUTHOE T0Jie ¢ MHAYKIuen 5,0 10% TA mox yriom 60°

K JIMHUSIM UHIYKIIUH TTOJIS.

14. Omnpenenure D/1C uHayKIMH, BO30YXIaeMylo B KOHType, eciau B HeM 3a 0,01 ¢ MarHUTHBIN TOTOK

paBHOMepHO ymenbInaercs 0,5 1o 0,4 BO, uro6sr B koHTYpe Bo30Oyxaanack DJ]C nnnykuuu 3,8 B.

15. Ompepenute NPOMEXYTOK BPEMEHH, B TEUEHHE KOTOPOTO MArHUTHBIA IMOTOK, MPOHU3BIBAIOIINI

KOHTYP, oikeH yBenunuutbes ot 0,01 mo 0,20 B6, uyto6s1 B KoHTYpe Bo30Oyxnanacy DJC unaykiuu n B.

16. Ompenenute D/]C MHAYKIMK HAa KOHIIAX KPHUILEB CaMOJIeTa, UMEIOIIUX JIIMHY 12 M, ecii CKOpPOCTh

€ro Mmpu TOPU3OHTAIBLHOM ToJjieTe 250 M/c, a BepTUKaIbHAS COCTABJISIONIAS MArHUTHOW WHIYKIIUU

3eMHOT0 Marserusma 5,0 10° TA.

17. B ogHOpOAHOM MarHMUTHOM mojie moja yrioM 30° K HampaBiIEHUIO BEKTOpa MHAYKIUHU, BETUYHHA

kotoporo 5,0-10-3 TA, aABMXeTcs MPOBOIHKUK CO CKOPOCTHIO 10 M/C; BEKTOP CKOPOCTH MEPIICHANKYIISAPCH

MpoBOAHUKY. Onpeaenure JIMHY NPOBOJHMKA, ecii B HeM HaBoautcs D/C, paBHas 2,5- 102 B.

18. Tpaktop o6Omero nasHaueHuss K-700 wumer co ckopocteio 28 km/4. Ormpenenute pa3sHOCTh

MOTEHI[MAJIOB HAa KOHIAX MEpPEeAHENl OCH, €CIM [JIMHA €€ OKOJO 2,6M, BepTHUKalbHas COCTaBJISAOLIAs

MarauTHOro mojs 3emiau 5,0- 10° TA.

19. Yemy pasna DJIC caMOMHIyKIMH, BO3HMKAIONIAs B KaTylIKe C HHIYKTUBHOCTbIO 2,0 10T, B

KOTOPOH TOK crioi 7,5-102 A ncuesaer 3a n ¢?

20. MarnuTHOE 1oJe KaT yniku ¢ nHayktuBHOCTRIO 0,1 I oOmamaer sneprueit 0,8 k. Uemy paBHa cuiia

TOKa B KaTyIIKe?

21. TIpoBomouyHasi mpsiMOyrosibHas pamka co cropoHamu 20 m 30 cM pacroynoxeHa B OZHOPOJIHOM

MarHUTHOM I10JI€ ¥ NMEePHNEHIUKYISIpPHA CUIOBBIM JIMHUAM. Onpeaenute NHAYKIUIO 3TOro MoJis, €Clu Mpu

ero ucuesHoeHnn 3a 1,2:107 ¢ B pamke HaBoautcs cpennss J/C 3,5 mB.

22. Yemy paBHA HHIYKTUBHOCTH KaTYIIKH, €CITU MIPOTEKAOIIUI 10 Hel Tok cuiioit 0,15 A co3zmaeT moTok

MarHMTHON MHIyKIUH 7,5 10 B6?

23. Yemy paBHa WHAYKTUBHOCTH ITPOBOJIHUKA, B KOTOPOM IPH BO3pacTaHuu Toka ot 1,5 mo 1,8 A3anc

Bo30Oyxmaercs D1C camonnaykiuu 0,9 B?

24. 3a xakoif MPOMEXYTOK BPEMEHU B KOHTYPE WHAYKTUBHOCTHIO 2,0 10°T IIpY U3MEHEHUH Toka Ha 0,5

A Boznaukaet DJIC camonnnykuuu 10 B?

25. OmpenenuTe MHIAYKTUBHOCTh KaTYIIKH, ecid mnpu Toke 3,0 A 0 /

MarHMTHOE MoJie B Hel o0nanaeT suepruei 6,0- 102 Jx

26. DnexkTpuyeckas Ienb coOpaHa TO CcXeMme, IMPEJICTAaBICHHONW Ha
pucynke. CONpoOTUBIEHUE y4acTKa LIENMH | paBHO CONMPOTHBIIECHUIO

\

yuacTka nenu 2. CpaBHATE TOKH, KOTOPBIE TOKAXYT aMIEPMETPHI A1
u A, cpa3y IocJIe 3aMbIKaHUs KIII04a.

27. BcTaBUTh MPOIYIIEHHBIC CIIOBA:
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1. Pabota snexrporeyn 0OCHOBaHA Ha 3aKOHAX TOKa U (ha30BBIX MTPEBpAILCHUI.

I'paduToBBIC IEKTPOIBI AIEKTPHUUECKON MEYH C BHICOKOHM TeMIepaTypoi, COCTOSAIINE U3 OMPEIeICHHOTO
KOJIMYECTBA CErMEHTOB, MOTPYKalOT B METAUIMYECKYI0 HIMXTY (EMKOCTh € MeTaioiomoMm). UYepes
OIIpe/IeIEHHOE BpEMS COJIEPKUMOE MEPEXOAUT U3 TBEPAOro arperaTHOro COCTOSHUS B JKHMJIKOE, TaK Kak
OKa3bIBaeTCs JeiiCTBHE TOKA.

2. CymiecTByeT Takoe COCTOSIHUE OJCKTPUUYECKOM Ienu, Hpu KOTOPOM TOK MPOXOJUT IO
HEJOMYCTUMOMY MaplIpyTy, Ha KOTOPOM OOBIYHO MPAKTUYECKH OTCYTCTBYET (WJIM OYEHb HH3KOE)

SJICKTPHUYCCKOC COIMMPOTUBJICHUC. Takoil TOK OKa3bIBacT PaspymIrTCIbHBIC I[CﬁCTBPISI 1 Ha3bIBACTCA - TOK

KOPOTKOI'O 3aMbIKaHUS . ILHH 3alUTBI SJICKTPOSHCPICTUYCCKUX CUCTCM OT 3TOI'O ABJICHHUSA HMCIIOJIB3YHOTCA

yCTpOMCTBa-

Pa3znea 5 Kose0anus 1 BOJTHEBI
Tema 5.1 MexanunyecKkue KoJIe0aHUA M BOJIHBI
IIpakTuyeckoe 3ansaTHe No22

MexaHu4ecKkne KoJe0aHUsA U NX XapaKTePUCTHKHI

Heasn: chopmupoBaTh HOHUMaHKUE PoiH (HU3UKK B (POPMUPOBAHUU KPYro3opa U (HyHKIHOHATEHOU
IPaMOTHOCTH YEJOBEKa JUI PEIICHHs NMPAKTHYECKUX 3a4ad;, sl OOBSICHEHHS YCIOBUH MPOTEKAaHUS
(bU3NYECKUX SIBICHHUA, YMEHU BBITIOIHITH PacueTHBIC U rpadudecKue 3a1aun

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

[TPyS5, Ilpy9, I1P62, ITPG6, ITPG7,
MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP§, MP10

MatepuajbHoe obecnieyeHue:

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

Ykazanmue:

[TpakTHueckoe 3aHSATHE COCTOMT W3 JIByX 4YacTe — TeopeThdeckod M mpakrtudeckou. [locie
M3YyYEHHS] TEOPETHYECKOTO MaTepHaja MOXKHO MPUCTYNAaTh K BBITIOJIHEHUIO MpakThdeckoi dactu. OHa
COCTOHMT W3 JIBYX M Oojee 3a1ad JJIsi CaMOCTOSITENILHOTO BBHIMONHEHMs. He 3a0biBaiiTe 0 MpaBUIIBEHOM
oopmiennu pemrenus. Ha BeIOTHEHHE IPAKTUIECKOTO 3aIaHMUS OTBOJIUTCS JIBA aKaJEMHUECKUX Jaca.

3aganue:

O3HaKOMBTECH C TEOPETUICCKUMHU CBEJICHUSIMUA HUCTIONB3Ys CCHUIKY
https://znanium.com/catalog/product/1012153, §47, 48,49 BeimucaB GopMyIibl OTMEUYEHHBIE CKOOKAMH ,
Hanpumep( 47.1)
Pemure 3a1aun, caMOCTOSTEBHO UCTIONB3YSI IPUMEPHI I KPATKHE TEOPETUIECKUE CBEIACHHUS.
IMopsaok BbINOTHEHHSI PAGOTHI:
W3yunre 1 BRIMUIIUTE GOPMYIIBI 10 JAHHOW TEME B BHJIE KPATKOTO KOHCIIEKTA
PazbepuTe nmprMepsl penIeHHBIX 3a/1a4
Pemure camocTosiTenbHO 321291
BrimonanTs Tect https://znanium.com/catalog/product/1012153, ctp 328
IIpumeps! pemieHus 3aga4

PwnpE

1. YpaBHeHue rapmoHuveckux kojeOanuit Touku x=0,4cosmt. Haiitu ammiutymy, mepuoa u
cMmenieHue Touku uepes 0,5 c.
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JaHo: M. T. «CHN» Pemienue

x(t)=0,4cosnt x=Acosmt

1,=0,5 ¢ x(t)=0,4cosmt

A=? T=? x(t)=? W o 2
v=" T ®

1
v=—
T

Brruucnenusa: A=0,4 m; o=,

T=2%_2()
T

1
v=—=0,5T1
2

1 b
x(0,5) = 0,4-cosm - E = 0,40055 =0

2 I'pys maccoii 0,4 kr comepmiaer KojeOaHWS B TOPU3OHTAIBHOW IUIOCKOCTH Ha TMPYKHUHE
XKecTKocThio 250 H/M. aMIIUTyAa KoleOaHuil rpy3a 15 cM. HAWTH MOJHYI0 MEXaHHYECKYI0 SHEPTHIO
Kose0aHuil 1 HauOOIBIIYIO0 CKOPOCTh ABMKEHUA. TpeHrneM npeHeopeys.

. 2 250-0,152
Jano: Epzk,:\ E, =0 E- 222 — 2.8«
MPY>KUHHBIN v =0,15_| ii? =0,15-25=
MasTHHUK E=E,+E.~E, ’
M
=3,75~38%
C
m=0,4 xr k
2 2
mo‘ =kA"=>v=A|—
k=250 n/m m
A=0,15m
E=?, Umax="?

PemnThb 321241 caMOCTOSITEbHO (N - HOMEp 6auie2o 8apuanma no CRUCKY)

1. Hanumure ypaBHeHHE TapMOHMUYECKMX KOJeOaHHMH ¢ aMIIMTYIOM 5 ¢cM M HaudanbHOU (a3oi 45°,
ecnu B 1 MuHyTy coBepuiaercs 150 konebanuii.

2. AMmmTyna TapMOHHYECKMX KoyeOaHWii MaTephalbHOW TOYKHM N oM, nepuon 4 c. Haiinure
MaKCHMaJbHbI€ CKOPOCTH M YCKOPEHHUE U HAMUIINTE YpaBHEHNE TAPMOHUYECKUX KOJICOaHUH.

3. Maremarndyeckuii MasTHHK JUIMHOW 56 cM 3a N MuHYT coBepmaer 40 TOJMHBIX KOJeOaHWH.
Omnpenenure nepuos KojaeOaHUW MasTHHKA U YCKOpPEHHE CBOOOJHOTO NaJeHHsS B TOM MECTE, IIe
HaxOJIUTCS MASITHUK.

4, MarepuanpHast Touka kojebnercs ¢ yactrotoir v=10 k', Onpenenure nepuo, 4UCiIo KojeOaHui B
MHHYTY U IUKJIMYECKYIO YaCTOTY.

5. Omnpenenute nepuo, 4acToTy, HUKINYECKYIO YaCTOTY FTaApMOHUYECKHX KOJIEOAHNN MaTeMaTHYeCKOro
MasTHHUKA JuiiHOW 1 M, eciim ¢g=9,81 M/c?. Bo cKOJBKO pa3 ¥ Kak HaJl0 U3MECHUTH JJINHY MasATHUKA,
YTOOBI TIEPUOJ KOJICOAHMI YBEIUYWIICS B 2 pa3a.

6. AMIUIMTYAa rapMOHUYECKUX KOJIEOaHMH MaTeMaTHYecKOro MasTHUKa AauHoM 50 mM, mepuox 4 c,

T > >
HadaJlbHas (I)asa — . Hanmmmre YPaBHCHUC 3TOTO KoJIeOaHus U HauJUTC CMCIICHUC KOJ'IC6J'IIOH.ICI/ICH
4

TOYKH OT MOJIOKEHUs paBHOBecus npu t =0 u t=1,5 c.

80



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

(T 7z .
YpaBHEHHE TOYKHU x=0,02S|n(t+]. Halinure nepuon, MakCUMaJbHOE 3HAYEHHE CKOPOCTH U
2 4

YCKOpEHHUE.
Omnpexpenure JUIMHY MaTeMaTHYECKOTO0 MasTHUKA, COBEPILAIOLIETO OJHO MOJIHOE KojiebaHue 3a 2 c,
ecin §=9,81 M/c’. Bo CKOIBKO pa3 HYXKHO H3MEHHTh [IMHY MAsTHHKA, YTOOBI 4acTOTa €ro
KoJieOaHUH yBeInuuiach B 2 paza?

YpaBHeHue rapMoHHYeckoro konedanus x=0,4sin5xt. Onpepenure aMIIUTY Ly, IEPHOJI, CMEIICHHE
npu t=n c.

Ornpeieniute XKECTKOCTh MPYXKHUHBI, YaCTOTYy, LUKIMYECKYIO0 4YacTOTy, eciii Teno maccor 0,5 Kr,
MOJIBEILICHHOE K ATOM MpyKUHE, coBepiuaeT kojedanus ¢ nepuoaom 0,2 c.

MarepuanpHasi TOYKa COBEpIIIACT rapMOHUYECKHe Kosiebanus ¢ ammumtyaoun 0,03 M u mepuogom
0,2 c. CocTtaBbTe ypaBHeHHUE KoeOaHus U onpeaenute cmemnienue npu t = 0,1 c.

[To any cepuyeckoii yanIku coBepiiaeT CBOOOTHBIE KoNeOaHHs 0e3 TPeHHs] MAJICHbKHl IIapuK.
Omnpenenure nepuo/ KojeOaHus MapuKa, €CIu pagnyc KPUBU3HBI YalIKH 2,45 M.

CocraBbTe ypaBHEHHE TAapPMOHHYECKUX KOJICOaHUM MAaTEeMaTUYECKOTO MasTHHUKA JUIMHOU 2,45 M u
amrutynoi 0,1 m.

Teno coBepiaer rapMoHHUYECKHEe KojiebaHus 1o 3akoHy X = 20sinnt. Onpenenute cKOpocTh Teja
nputp=05cut,=4c.

YckopeHue cBOOOAHOTO MajeHHsl Ha MOBEpXHOCTh JIyHbI 1,6 M/c?. KaKoil JUIMHBI JOJIKEH GBITH
MaTeMaTHYeCKU MasgTHUK, YTOOBI €ro rnepuoj konedanus Ha JIyne Opi1 1 ¢?

[ToctpoiiTe Tpaduk TrapMOHHUYECKOTO KOJICOAHWS YacTOTHI MO TapaMeTpaM: aMmIUIUTyAa 2 CM,
nepuon 0,4 ¢, HavanpHas (asa 0. 3anummre ypaBHEHHE 3TOTO KOJICOAHHUS.

Teno coBepinaer konedanus Mo 3akoHy X = 60Sin2xt. Onpenenure ckopocts Tenanpu t1=1cuty =
2,5c.

Teno maccoll N rpaMM MOJBENIEHO Ha MPYKUHE, KECTKOCTh KOTOPOU 2:10° u/m. Omnpenenure
4acTOTY, MEPUO]], IIUKIUIECKYIO YaCTOTY CBOOOHBIX KOJICOaHUI 3TOTO Tejla Ha MPYKUHE.
MarepuanbHasi TOUKa COBEpIIAET FapMOHUYECKHE KOIe0aH!s ¢ aMIUIUTYI0i 4 CM U TeproaoM 2 c.
Hanummre ypaBHEeHUE NBUKEHUS TOUKH, ECIIN €€ IBUKEHUE HAUNHAETCS U3 TOJIOKEHUS X0 = 2 CM.
KakoBa yacToTa 3BYKOBBIX KOJIEOAHUH B cpenie, €ciaM CKOpOCThb 3Byka B 3Toil cpene 500 m/c, a
muiHa BostHbI 2M? (OTBeT faiiTe B repiax.)

Ha paccrossauu N M ot Habmoaarens paboune BOMBAIOT CBau ¢ MOMOIIbI0 Kompa. KakoBo Bpems
MEXy BUJIMMBIM YJapOM MOJIOTa O CBAIO M 3BYKOM yJiapa, yCiblaHHbIM Habmonarenem? (OTBeT
naiite B cekyHaax.) CkopocTh 3Byka B Bo3ayxe 330m/c. Okpyriure OTBET C TOYHOCTBIO JI0
JECSITHIX.

CkopocTb 3ByKa B Boje 1,5 km/c. Uemy paBHa JIMHA 3BYKOBOM BOJIHBI, pacIpOCTpaHSIOIIEHCS B
BOJIe, pH yactoTe 3Byka 3 k['u? (OTBer naiite B MeTpax.)

®opma npeacTraBjIeHUd pe3yabTara:
BbInonHuTE 3a1aHUE B TETPAAU AJIs MPAKTHUECKUX padoT.
Kpurepum ouenku:

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

3a HeMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNEe BHICTABIISIETCS OTPUIIATEIbHAS OlleHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

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

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

Oyenka «HeyoosiemeopumenvbHo» svicmasisencs 3a menee 60%0 mpaBUIBHBIX OTBETOB
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Tema 5.2 DileKTpOMarHuTHbIE KOJIeOAHUSI H BOJTHBI

IIpakTuyeckoe 3ansaTue Ne23, 24, 25
Pemenne 3a1a4 Ha BHAbI CONPOTHBJIEHUI B IeNsIX NEPEMEHHOT0 TOKA.
IlepeMeHHBIN JIeKTPUYECKUI TOK

®opmyJabl TpanchopmaTopa

Henab: chopMupoBath NOHUMaHUE posid PU3UKU B (HOPMHUPOBAHUH KPYro3opa U (pyHKIIHMOHATHHON
IPAaMOTHOCTH 4YEJOBEKa JUJIsi pEUICHUs MPAKTHUECKUX 3a]ad; JUIsi OOBSICHEHHUS YCIOBHM IMpOTEKaHUs
(bu3nyecKux SBJICHUN, YMEHUS BBINOJHATH pacyeTHble U TrpadUyecKue 3aqauyd, U3y4UTbh CBOOOIHBIC
3JIEKTPOMArHUTHBIE KOJIEOAHUS B KOHTYPE, BUJIbI CONPOTUBIICHUS B LIEIH MIEPEMEHHOT0 TOKA, UX OTINYUS
1 OCOOCHHOCTH.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

[TPyS, Ipy9, I1P62, ITP66, T1P67,
MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP§, MP10
MaTtepuajbHoe obecnieyeHue:
VHIMBHIyaJIbHOE 3a/IaHKe, KOHCIICKT JICKIHI, CIIPaBOYHbIE MaTEepPHAIbI.
Yka3anmue:
[IpakTHueckoe 3aHATHE COCTOMT W3 JIBYX 4YacTed — TeopeTudeckod M mpakrtudeckoud. [locie
U3Y4YCHUSI TEOPETUYCCKOr0 MaTepraja MOXHO MPUCTYIATh K BBIMOJHCHUIO MPaKTH4ecKoil dactu. OHa
COCTOMT W3 JIBYX M Oojiee 3a1ad JJIsi CaMOCTOSTENILHOTO BBINONHEHMs. He 3a0biBaiiTe 0 MpaBUIBHOM
oopmiieHnn perieHus. Ha BBINOMHEHNE MPAKTUYECKOTO 3alaHUsl OTBOIUTCS yYemblpe aKaJIeMHUSCKHX
Jaca.
3ananne:
O3HAKOMBTECH C TEOPETUICCKUMH CBEJICHUSMH HCIOJIb3YS CCBUIKY
https://znanium.com/catalog/product/1012153, §54,55, 56 Bbinucas GopMyIibl OTMEUEHHbBIC CKOOKAMH ,
Hanpumep( 54.1)
PemuTe 3a1a4n, caMOCTOSATEIHHO MCIONB3YSI TPUMEPBI M KPATKHE TEOPETUICCKUE CBEIACHUS.

IMopsaaok BbIMOTHEHHS] PA0OTHI:

1. U3yuwure u BeinumuTe GOPMYJIBI 110 JAHHOW TeME B BUJIE KPATKOT'O KOHCIIEKTA
2. Pa30Gepute mpuMephl pelieHHbBIX 3a/1a4
3. Permure caMOCTOSTENLHO 3a1a9n
4, Bremoauuts TecT https://znanium.com/catalog/product/1012153, ctp 334 —IlepemenHslil TOk; c1p 336
Tpancdopmarop
Kparkue Teoperuyeckue cBeleHUs
Tpancdopmarop
BUIBI IOBBIIIAIOIIHHN TOHM KON
Omnpenenenne TpanchopmaTop, y KOTOPOTO YHCIO | TpaHChopMaTop, y KOTOPOTO
BUTKOB BO  BTOPUYHOH  OOMOTKE | UMCJIO BUTKOB BO BTOPHYHOM
0oJIbIIle, YeM B TIEPBUYHON oOMOTKE  MeEHbIle, YeM B
IIEpBUYHON
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Pucynok 3 3 g
Koadpdpunment n<l n>1

rpaschopa e e U IS,

e o, U, 1, §
KM P

Al Tpancpopmaropa Docgonsps = -100% =~ 99%
. P,

ComnpoTHUBICHUS B LIEMU IEPEMEHHOTO TOKa
[TpuGopsr Pesucrop Karymky naayktuBaocteto L | Konaencatop emkocteio C

conpoTuBiieHneM R

Cxema R L I C
o
U o =0
C QO ~ O -
njia TOKa 1) = 1gdSan |(t) _ Sln(a)t—*) I(t):CUocosin(a)t+E)
Cnsur da3 9=0 Y,U usmensierca B HaHpsDKeHI/Ie onepexaer Tok | HanpsbkeHue oTcraer ot
OJJNMHAaKOBBIX Cpa3aX, adJl. | ga p== _900 TOKa HA ¢ =— _900
SHEprus pacxoJMUThCsA Ha
TEMI0BOE JIEUCTBHE TOKA
Comnpotusine
HH L 1
c R:p_0(1+ogt) X=—
1. popmyna S X =o L we
2. 3aBHCHUMOC R 4 R
Th L R.
CONIPOTHUBJIEH
5010] oT 0 -
4acTroTa ® : > -

CTO E 0 ()} O ©
AKTHBHOE — COIIPOTUBJICHHUE, Evnuvinue -
CONIPOTUBJICHHUC 00yCIIOBJICHHOE SIBJICHUEM CONIPOTUBIICHHE,

3. noTpeduTers, CaMOMHIYKIHU 00YCIOBIEHHOE HAIMYUEM
omnpeacicHue peoOpa3yrouiero EMKOCTH B IICIIH
MOJBOJMMYIO K HEMY
SHEPTHUIO B JPYrUe€ BUBI
SHEPrUuu
3akoH Oma U U
10=24 =Y L~ Yo
XL X C

— T
[TosHOE CONPOTUBIIEHHE ENHU TIEpeMeHHOro Toka: Z= VR? + (wlL — E)

3akon Oma AJI aMIUTUTYJHBIX 3HAYEHMI CUJIBI TOKa |o W HalIPSI’KCHUSA Uo B OCTIM IEPEMEHHOT'O TOKA!

lo= Uo/\/ﬁ + (oL — ﬁ)z

PeakTHBHOE — CONTPOTUBIICHNE MOTPEOUTENS, HE MPeoOpa3yIoIIero MOABOJUMYIO K HEMY SHEPTHIO B
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Apyrue Buasl sHepruu (H-p pakera) X=X -X.=ol- % ;

X >X¢ — MHIYKTUBHBIN XapakTep; X| =X, — pe30HaHC; X>X| — EMKOCTHBINA XapaKTep

JleiicTByIOlllee 3HAYEHHME MOINHOCTH TEpPeMeHHOro Toka (P) — BelWYMHA, YUCICHHO paBHAs
MOIITHOCTH TIOCTOSTHHOTO TOKa Ppocr, MPH YCIOBHH, YTO 00a TOKa 3a OJMHAKOBOE BpEMs, paBHOE
MepUOJy NMEPEMEHHOro ToKa 7, Ha paBHBIX pe3ucTopax R BBIAEIAT paBHbIE KOJIUYECTBA TEIUIOTHI Q.

IR I 2 o
P:OT:OT%:ZZJ—;. JleiicTBytolliee 3HA4YEHHWE MOIHOCTH TIEPEMEHHOTO TOKAa YacTO Ha3bIBAIOT

AKTHBHOI MOIIHOCTHIO.

IIpumepsbl pemieHus 3aaa4

1. Karymka nHnyktuBHOCTBIO 0,1 ['H M akTUBHBIM comnpoTuBjieHueM 25 OM BKJIIOYEHA B CETh
MIPOMBIIIJICHHOTO MEPEMEHHOT0 TOKa CO CTaHAapTHOW yactoToil. Ompenenure TOK B KaTyIIKe, €CiIH
HanpsbkeHue Ha ee BBogax 120 B.

JlaHo: KaryIka |=§; x =+/25% +(4-3,14-50-0,1) =
=4/625+986 = /1611 = 40,10M
L=0,1 TH X=R®+ X} =
=+R? + (wlL)? = |g:@~3A
R=25 Om — JR? + 2m)? 401
v=50T11
U=120B
14=7

2. Ha KONXO3HYI MOACTaHIMIO IMOCTYyNMaeT TOK HampspkeHueMm 6600 B. mepBuuyHas oOMoTka
TpaHncpopmaropa nojactanuuu umeer 3300, a Bropuunas 110 ButkoB. Onpenenute padbouee HanpsiKeHUe
B KOJIXO3HOH 3JIEKTPOCETH W MOTPeOIIeMyI0 MOIIHOCTh cuila Toka B ceTd 200 A moTepsiMu SHEPruH B
TpaHcpopmaTope npeHeopeyb.

Jano: TpanchopmaTop o _ U u, = 6600-110 _ 55

0, U 3300
U;=6600 B U, = U, 0,

oo P,=220-220=44-10°B1=44 kBT

®1=3300 B

P2:U2-|2
®,=110
1,=200 A
Uz, Pzz?

3. Karymka mnayktuBHocThio 0,1 I'H M akTUBHBIM comnpoTuBieHueM 25 OM BKIIOYEHa B CETh
MIPOMBIIIJIEHHOTO MEPEMEHHOT0 TOKa CO CTaHAApTHOM yacTtoToi. OmpenenuTe TOK B KAaTyIKe, €CIH
HanpspkeHue Ha ee BBogax 120 B.

}lago]: KaTyllKa I — ”-. - \:.'25_- Fi4-3.14-50.0.1)
L=0,1TH b4

R=25 OM « h."l{ . % I W B25O8A w61 A1 O
v=50 T — . 120 <14

U=120 B SV RT el = 40l

I =? VR + (2mvl)’ ¢
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4. Cuna Toka B nepBuUHON 00MoTKe TpaHchopmaropa 0,5 A, HanpspkeHue Ha ee koHIax 220 B, Bo

BTOpUYHOI 00MOTKEe cooTBeTCTBeHHO 8 A 1 12 B. Onpenenute KI1J] Tpancdopmaropa.

aHo: TpaHcpopMaTopa 2.8
ﬁ:o,sAp (opmatop . L o0z | m= z:ln o5 100% = 87%
1,=8 A ' '
U;=220 B .,
Ur12B = —22.100%
n=? U,

10.

11.

12.

13.

14.

Pemurh 3agaun (n - HOMeEDp sauieco eapuauma no CI’lMCKy)

Cunia Toka B mepBHYHOM oOMOTKe TpaHchopmartopa 0,2 A, HampspbkeHue Ha kiemmax 220 B.
Onpenenure HamnpsHKeHHME M CHIy TOKa BO BTOPUYHOM OOMOTKe TpaHcdopmaropa, eciu
kod¢pdurnment rpanchopmaruu 0,2.

[lepBuunas obmotka TpaHcdopmaropa comepkuT 800 ButTkoB, BropuuHass 3200. Omnpenenute
Kod(unmeHT TpanchopMaIum.

Cuia Toka B CeTH M3MEHsieTcs 1o 3akoHy | = 8,5 sin o t. Kakoe KOIMYECTBO TEMJIOTHI BBIACIUT
AIIEKTPOKAMUH 3a 2 "aca paboThl, eciu ero conpotusieHue 80 Om?

Cuiia Toka B epBUYHOM 00MOTKe TpaHchopmatopa 0,6 A, HanpsbkeHue Ha ee koHmax 220 B; Bo
BTOpHUYHOI 00MOTKe 6 A 1 14 B. Onpenenute KIT/l Tpancdopmaropa.

B mepBuuHOil 00MOTKE mOBBImIarOIMEro Tpanchopmaropa 80 BuUTKOB, a Bo BTopmuHOU 1280.
Hanpspxenne Ha koHIax nepBuaHoi oOMoTku 120 B, a BenmmunHa Toka Bo BTopruHOi 0OMoTke 0,25
A. Ompeenure MoJIe3HYI0 MOIIIHOCTh TpaHchopmaropa.

Jlyis TpaHCIAUMU paauonepeaad MPUMEHSIOT MOHMKAIOMIM TpaHcopmaTop ¢ HanpsikeHuem 480
B o 30 B. Onpenenure momuocts Tpancdopmatopa ¢ KII/1 96%, ecnu x Hemy noaxmoueHo 100
penpoaykTopoB, norpedmustonux Tok 0,008 A.

Omnpeznenure yrosa noBOpoTa BUTKA B OAHOPOJHOM MAarHUTHOM IIOJIE, 3HAs, YTO MaKCHUMAaJIbHOE
3HaueHue Toka 1002 A, a Tok B 1aHHbIIf MoMeHT 100 A.

Ompenenure kodPuUIIUEHT TpaHCHOpMAIIMK 3BOHKOBOTO TpaHChoOpMaTopa, MUTAEMOTO CETEBBHIM
TOKOM c HanpspkeHueM 220 B, ecnu npeoOpa3oBaHHbBIN TOK UMEET HamnpskeHue 2 B.

[lepBuuHasg 0OMOTKa MOBBIMIAOLIETO TpaHchopMmaTopa uMeeT 45 BUTKOB, a BropuyHast 900 BUTKOB.
IlepBuuHas KaTyllka BKJIIOYAaeTcsd B CETh INEPEMEHHOro Toka ¢ HampsbkeHuem 120 B. Kakoe
HanpspkeHue OyieT Ha 3a)KMMax BTOPUYHON 0OMOTKH?

DnekTpruyeckasl ayra J0JbKHa ropeTb noja Hanpsbkenwem N B, a B cetn 220 B. CKOJIbKO BUTKOB
JIOJDKHA CoJiepXKaTh BTOpHYHas OOMOTKA, €CIM B MEPBUYHONW OOMOTKE, BKIIOUYEHHOW B ce€Th, 385
BUTKOB?

B nepBuuHOi1 00MOTKE MOBBIIIAIONIETO TpaHchopmaTopa N BUTKOB, BO BTOpuyHON — 2000 BUTKOB.
Kakoe HampshbkeHne Ha 3aXUMaX BTOPHUYHOM OOMOTKM MOHO TIOJyYUTh, €CJIH BKJIIOYHUTH
TpaHcpopmaTop B ceThb ¢ HanpskeHuem 110 B?

Karymka mnayktuBHOCTRIO 20 MI'H BKJIIOYEHA B CETh IMEPEMEHHOIO0 TOKa € yacTtotod N I'm.
Onpenenure UHAYKTUBHOE CONIPOTUBIIEHUE KATYIIKH.

Konnencatop eMKOCTbIO 8-10'4(1) BKJIFOYEH B CETh MepeMeHHOoro Toka ¢ yactoroit 50 I'u. Onpenenuts
CHJIy TOKa Ha Y4acTKe IIeTH ¢ KOH/IEHCATOPOM, €CIM CONPOTUBIIEHHE MOABOISAIIMX MpoBoaoB N OMm, a
HanpsDKEHHWE Ha BceM ydacTke nenu 12 B.

Kak m3MeHuTCs MHIYKTUBHOE CONMPOTUBIICHHE KATYIIKH, €CJIM €€ BKJIIOYHUTH B LM IEPEMEHHOIO
Toka ¢ yactotod 10 xI'11, BMecTo 50 I'1?
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15.

16.

[lepBuunas obmotka TpaHchopmartopa comepxkut 800 BuTkoB, BropmuHas 3200. Omnpenenute
KO3 GHULIHEHT TpaHchOpMAaILIHU.

Karymka uHAYKTUBHOCTBIO N ['H, aKTUBHBIM comnpoTuBieHHeM 25 OM BKIIOYEHAa B CETh
IIPOMBIIIJIEHHOT'O IIEPEMEHHOIO TOKA CO CTAHJAPTHOM 4acTOTON. OIpenenuTe TOK B KaTyLIKe, €CIIN
HanpspkeHue Ha ee BBogax 120 B.

®opma npeacraBjeHus pe3yabTara:
BbInonHuTh 3a1aHue B TETpaan AJs MPAKTHUECKUX paloT.
Kpurepun onenkmn:

3a MpaBUIILHO BBITOJIHEHHOE 33JJaHHE BHICTABIISICTCS TTOJIOKUTENbHAS OlleHKa — | Oasu.

3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTpUIIATEIbHAS olleHKa — () OaioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUILHBIX OTBETOB

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

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

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

Tema 5.2 DileKTpOMarHuTHbIE KOJICOAHUS U BOJHBI
IIpakTuyeckoe 3ansaTue Ne26

JIeKTPOMATHUTHBIE KOJIe0aHWsI U BOJIHbBI

Henab: chopmupoBath NOHUMaHuE poiu GPU3UKU B (popMHpOBaHUH Kpyro3opa v (HyHKIIMOHATHLHOU

rpaMOTHOCTH YCJIOBCKA I PCHICHUA IMPAKTUYCCKUX 3adad; YMCHHA BBIIIOJIHATH PpPaCYCTHBIC U
rpa(bﬂqecm/le 3aaavu, HU3Y4YUTb CBO6OI[HI:>IC QJICKTPOMAroHuTHLIC KoieOaHusI B KOHTYpPC, BHUIBI
COIMPOTHUBJICHHSA B LCIIU IICPEMCHHOI'O TOKA, UX OTIINYHA U OCOOCHHOCTH.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

I1PysS, Ipy9, I1P62, TTPG6, ITP67,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
MarepunanbHoe obecnedeHue:

MHAMBUAYaJIbHOE 33/1aHUE, KOHCIIEKT JIEKIIUHA, CIIPaBOYHbIE MaTepHaIIbI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT W3 JBYX YacTe€d — TEOPETHUYECKOM M IpakThueckou. Ilocne

HU3YUCHUS TCOPECTUUYCCKOIO MAaTCpHala MOXHO HNPUCTYIATH K BBIITOJIHCHUIO HpaKTH‘ICCKOﬁ yactu. OHa
COCTOUT U3 IOBYX H Ooiee 3a/a9 JJI9 CaMOCTOSATSIBHOI'O BEITONHEHHS. He 3a0bIBaliTe O IMpaBHUJIIBHOM
O(I)OpMJ'IeHI/II/I peuicHus. Ha BrimonHeHue MMPaKTUYCCKOI'O 3alaHUs OTBOAUTCA 0sa AKaJICMHUYCCKHUX Jaca.

3ananmue:

O3HaKOMBTECH C TEOPETUICCKIMH CBEICHUSIMU HCIONB3Ys CChUIKY
https://znanium.com/catalog/product/1012153, §57 BeimucaB GopMyIibl OTMEUCHHBIE CKOOKAMH ,

Hanpumep( 57.1) u t.14.
Permute 3a1a4n, caMOCTOSATEIBHO UCIIONB3YSI TPUMEPHI M KPATKHE TEOPETUIECKUE CBEICHHUS.

PwihPE

Ilopsinok BbINOJHEHHSI padOThHI:
I/I3y‘{I/ITC U BBIITUIIINTEC (bOpMyJILI 10 I[aHHofI TEMC B BUJIC KPATKOI'O KOHCIICKTA
Pa30epute npumepsl pelIeHHbIX 3a1a4
Pemmte camocTosTEIEHO 3aJaduu
Bemmonauts  Tect https://znanium.com/catalog/product/1012153, ctp 337 «DneKTpOMarHUTHBIE
BOJIHBI»

Kparkue TeopeTnueckue cBe1eHHsI
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JJIeKTPOMArHUTHbIE KOJIe0aHUs

cooctBennble DMK

E,=Ey; vo=const
cu? L

2 2
CU?=L/?

Ornpenenenue Hesaryxaromue koyiebaHus, BOSHHKAIOIIME MO JCHCTBHEM BHEITHEH
nepuonyecku n3menstonercs IC e=goCosmt
[Tpouecc [Ipouecc, mpu KOTOPOM BJIEKTPOMATHUTHOE IIOJE IEPHOIUYECKU
W3MEHSIETCS 10 BpeMEHU
Ycnosue ITocnenoBarenpbHOE COCTMHEHUE:
BO3HUKHOBEHUS 1) koHAeHCaTOpa, HAKATUIMBAIOIIETO SHEPTHUIO AJIEKTPUUECKOTO OIS,
Kosie0aHui 2) KaTyIIKU HaKaIJIMBAIOIIEH SHEPTUI0 MAarHUTHOTO TOJIS;
3) BO3HMKHOBEHHE CBOOOJHBIX KOJICOAHHH B KOHTYpe OOYCJIOBJICHO
SIBJICHEM CAaMOMHIYKIIMHI
[Tpumep DnekTpuueckas ILenb, COCTOAIAs W3 KOHAEHCATOpa W KaTYIIKH, B
KOTOpPOM 3HEprusi 3JeKTPUYECKOIro I0JIs IMPEBpaIlaeTCsi B SHEPIHUIO
MarHMTHOT'O MOJIsl K 0OpaTHO
3aKoHBI
T=27JL-C — + l
dopmyna Tomcona S—
Vo = ! , i
2zLC R—Q
oL
JLC 1. BI)IHy)KIleHHBIe kosnebanus. Kitou B «1» — 3apsikaercs KOHIAEHCATOP.
2. CoOctBennble kosieOanus. Kiou «2» 3leKTpuyeckoe IMone
MarHuTHoe mojie. YacTh SHEpPTruM TPATUTCSA HA HArpeB MpoBojoB R—Q
KoJe0aHus 3aTyXarolue.
Jlia mopaep kaHus He3aTyXaroIIUX KojeOaHUW MepeBoauM KIou  «1»,
3aTeM B «2». BeIHYKJIeHHBIE — He3aTyXalue KoueoaHus
OHeprus [IpeoOpa3oBanue HHEPrUM  BJIEKTPUYECKOTO TMOJsl B  DHEPTHUIO
MarHMTHOTO TIOJISl 1 HA00OPOT MO TapMOHUYECKOMY 3aKOHY E,«»E,
Rnp:0 - : = c—— “‘;’* 'A"u;.

Y =
LERY! = = 1

el | 3
i =

BHGKTpOMaFHHTHBIe BOJIHbI

Onexmpomaznumnasn 6orna (OMB) — pacnpocTpaHEHUE 3JIEKTPOMArHUTHOTO MOJIS B NPOCTPAHCTBE C

TCYCHHUEM BPCMCHU.

cAt

paccrosinue ot paguonokaruonnoit cranuuu (PJIC) no oowekra: AS = -

OMB (B 3aBHCHMOCTH OT JJIMHBI BOJHBI A) JACNAT HA JUANa30HbI:

1) mmuaEBIe A > 1000 M;

2) cpennue 100 < A <1000 m;

3) xopotkue 10 < A <100 wm;

4) ynerpakoporkue A < 10 m.

CKOpOCTB BOJIHBI B CPEAC 3aBUCUT OT SJICKTPUICCKUX U MAIrHUTHBIX CBOICTB CpCAbl:

c _c,
9 ==

C
—= v Eu=n>1- onrrryeckasi MIOTHOCTH CPEIbI
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9
JlmuHa BosHbI A=9*T = — B CpeJie; Juii Bakyyma Ag=c *T =

C

v

2
270; c- cKopocmb IMé 6 6aKyymy unu 6 6o3dyxe- 3*108mu/c

IIpumepsl pemienus 3agaq

1. Cuna ToKa B ceTH M3MEHseTCs 1O 3akoHy 1=4,2 Sinmt. Kakoe KOJWYeCTBO TEIUIOTHI BBIICIUT

ANEeKTpoKaMuH 3a |1 4 paboThl, eciu ero conpotusienue 70 Om?

Hano:
SJICKTPOKaMUH
i=4,2 sinwt
t=3,6-10° ¢

R=70 Om

Q=2

lg

Q=I° 4Rt
iI=Insinmt

L

0,707-1_

Ny

lm=4,2A
,=0,707-4,2=3A
Q=3270-3,6-10°~2,3-10% [Ix=

=2,3 M/Ix

2 B ycraHoBKax ISl 3JIEKTPOTHAPABIMYECKON 00paOOTKM MaTepualioB KOHIEHCATOPHI pabouero

KOHTYpa

SABJIAIOTCA

CMKOCTHBIMHM  HAKOIIUTCIIIMHU

OHCPI'Uu.

Onpenenure

HauOOJIBIIYIO  CHITY

KpaTKOBPECMCHHOI'O TOKad, BOZHHUKAIOMICTO B LCIIM IIPpHU HpHMOﬁ paspsAaaAKEe TaKOro KOHACHCATOpa Ha

IIPpOBOAHUK, €CJIIN U3BCCTHO, UTO 3aHCCCHHAA SHCPIruia B KOHACHCATOPEC 10 KI[)K, HHAYKTUBHOCTb KOHTYpa

0,03 MxI'H.

JlaHO: K — KOHTYD

E=10* Ik
L=310%Tn
Imax =?

Ean:EM 4
2.10
Imax = ———g =0,66-10*8 =
U 3.10
-08-10% =8.10%A
2
Ew =i
g 2
U
£,
mCY L

Pemmurs 3apaum (N - Homep sauieco 8apuarnma no cnucky)

1. Byayr nu HacTpoeHBI B PE30HAHC KOHTYPHI MepefaTunka U IprueMHuKa, eclii ux napamerpsl C; = 200
I[ID, Ly =2 mIw; C, =100 I1D; Ly =4 mI'u?

KonebarenbHbiit KOHTYp COCTOUT M3 KOHACHCATOpAa CMKOCTBIO SMK®D un KaTylIIKU UHAYKTUBHOCTBIO

0,2 I'n. Onpenenure MakCUMaIbHYIO CHJIYy TOKa B KOHJEHCATOpE, €CIM MaKCUMallbHasi pa3HOCTh

MOTEHITMAIOB Ha 00KIaaKax kKoHaeHcaTopa 90 B. [Torepsmu Ha HarpeBaHue MPOBOOB MPEHEOPEYb.

OJIC uHAyKIHMM, BO3HHMKAKOIIAs B paMKe IMPH BpAlICHUU €€ B OJHOPOAHOM MATrHUTHOM IIOJIE,

U3MEHsETCS 1Mo 3aKoHy e = 12 sin100 nt. Onpenenute aMIIMTYAHOE | JAciicTByroIee 3Hauenue D/1C,

Mepuo, 4acToTy, MrHoBeHHoe 3Hauenne DJIC mpu t =n c.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

MarHuTHBII MOTOK B paMKe, PaBHOMEPHO BpalAIONIMHCA B OJHOPOJHOM MAarHUTHOM TIOJIE,
U3MeHseTcs 1o 3aKkoHy @ = 3 - 10% cos157t. Haiigute 3aBHCHMOCTh MIHOBEHHOTO 3HaueHus DJIC
MHIYKIMM, BO3HUKAWOIIEH B pamke, OoT BpeMeHHM. Omnpenenure MakCUMalbHOE M JEHCTBYIOLIEE
3Hauenue DJIC, mepro U 4acToTy TOKA.

B pamke, paBHOMEpHO Bpalarouieiics B OAHOPOJHOM MAarHUTHOM IIOJ€, HWHIYLUPYETCS TOK,
MI'HOBEHHOE 3HAYE€HHE KOTOPOTO BBIPAXKAETCs (POpMYII0ii

i = 3 sinl57t. OnpeaenuTe aMIUITUTYAHOE, ACUCTBYIOIIEE 3HAUCHUE TOKA, MTHOBEHHOE 3HAYCHUE TOKA
ripu 0,N ¢, mepuoa 1 4acTory.

Ornpenenute MakCUMaJIbHOE U JIeHCTBYIONIee 3HaUYeHue nepeMeHHo DJIC, BO3HUKAIOIIEH B paMKe MpHU
ee PABHOMEPHOM BPAIICHHH B OHOPOIHOM MATHHTHOM IIOJIE, CC/IM MPH YIJIe [TOBOPOTA PaMKH Ha 45°
MraoBeHHoe 3HadeHue JJIC 156 B.

Onpenenure makcumanbhyto J/(C, 3nas, uro npu 30° OC unaykuuu 110 B.

B xonebaTtenpHOM KOHTYpE C WHIYKTHMBHOCTBIO N MI'H MakcMManbHOE HampspKeHHE Ha OOMOTKax
koHgeHcaropa 200 B. ompeaenute mepuon KoieOaHWM CBOOOAHBIX DJIEKTPOHOB B KOHTYpE, €CIIU
MaKCUMaJlbHas cuiia Toka B KoHType 0,2 A.

Omnpenenure cuily TOKa B KoJiebaTeIbHOM KOHTYPE B MOMEHT IMOJIHOM pa3psaIKku KOHAEHCATOpa, €ClIU
SHEPIrys MAarHUTHOTO MOJS KaTYIIKH 4,8-10'3 Jx, a unnyktuBHOCTD 0,24 T'H.

Onpenenure 3HEPTUIO AIEKTPUUECKOrO TOJIS KOHJAEHcaTopa eMKOCThio N MK®D, ecnu HarnpskeHue Ha
ero ooxiaakax 400 B.

Omnpenenure MepuoJl U YaCTOTYy COOCTBEHHBIX AJIEKTPOMATHUTHBIX KOJeOaHWN KOHTypa, €CIH €ro
MHIYKTUBHOCTH 1 MI'H, a emkocTh 100 HO.

Omnpenenure cuily TOKa B KoJiebaTeJIbHOM KOHTYPE B MOMEHT MOJIHOM pa3psAIKu KOHAEHCATOpa, €ClIU
SHEPTUsi MAarHUTHOTO 1oJist KaTymku N M/[x, a unayktuBHOoCTh 0,12 I'H.

NunyktuBHOCTH KoJebaTenbHOro KOHTYypa 500 MKI'H, Kakyl0 €MKOCTh CIEAyeT BBIOpaTh, UYTOOBI
HAcCTPOUTH ero Ha yactoTy 1 mI'm?

B ycranoBkax misi 3JEKTPOTHIPaBIMYECKON OOpaOOTKM MaTepualioB KOHAEHCATop padoyero KOHTypa
SIBJISIETCS EMKOCTHBIM HaKoMuTesneM 3Hepruu. Onpenenure HauOOMbIIYI0 CHUITy KPaTKOBPEMEHHOIO TOKa,
BO3HHMKAIOILIETO B LIEMH IPU MPSAMOM pa3psiike TaKOoro KOHJEHCATopa Ha MPOBOJIHMK, €CIIN M3BECTHO, YTO
3anaceHHast 3Heprus B konaeHcarope 10 k/x, naayktuBHOCTh KOHTYpa 0,03 MKI H.

KonebarenbHbIil KOHTYP COCTOMT M3 KOHJAEHCATOpa eMKOCThI0 3 MK® M KaTyIIKH WHAYKTUBHOCTBIO
2102 I'n. Onpenennure COOCTBEHHYIO YaCTOTY 3JI€KTPOMAarHUTHBIX KOJeOaHUI B KOHTYpE.

B karymike MHAYKTUBHOCTBIO N 102 I'n COBEpIIAIOTCS JIEKTPOMArHUTHBIE KOJIEOaHUs C MEPHOJOM
107 ¢. OnpeenuTe eMKOCTb CHCTEMBL.

KonebarenbHblil KOHTYp COCTOMT U3 KoHAeHcaTopa emkocThio 0,601 Mk® M KaTymku c
uraykTHBHOCTEI0 10 TH. Omnpenennrte mepHoi, 4YacToTy COGCTBEHHBIX 3IEKTPOMATHHTHBIX
KoJIeOaHUH KOHTYpa.

Konnencarop eMKoCTbIO 3.10° MK®, 3apsHKEHHBIM 10 HEKOTOPOro MOTEHIHMANa, pa3psiKaeTcs, 3aTeM
3apspKaeTcsl uepe3 KaTylmiky ¢ MHAYKTUBHOCTHIO 1,8 MkI'H. Ompenenure mepuon xonedanuit. [Touemy
Ka)X70€ Tocienyroliee koiebaHue 1aeT Ha OOMOTKaX KOH/IGHCATOpa MEHBIIYI0 Pa3HOCTh MMOTEHIIMAJIOB,
4yeM npenplayniee?

Omnpenenure mepuoJl U YaCTOTy COOCTBEHHBIX KoyieOaHHWN 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 4acTtoTy COOCTBEHHBIX KOJeOaHM B KOHType ¢ compotuBieHneM (0 Owm, eciu
WHIYKTUBHOCTH B 3TOM KOHTYype 12 MI'H, a emkxocTh 0, 88 Mx®. Kak n3MeHUTCS 9acToTa KOJIeOaHMi,
€CJIM MOCIEA0BATENIbHO BKJIIOYUTH B KOHTYP €Ile N TakuxX *e KoHAeHcaTopa?

UYemy paBeH Meproji COOCTBEHHBIX KOJICOAHWH B KOHTYpE ¢ MHAYKTUBHOCTBIO 2,5 MI'H u emkocTbio 1,5
MK®D? Kak u3MEHUTCS mepuo] KojeOaHwid, eCli MmapauieibHO K KOHICHCATOPY MPUCOSAUHUTH eIle 3
TaKHX e KOoHAeHcaTopa?

Pe3onanc B kosnebarenbHOM KOHTYpe HacTymaeT npu vactore 4,2 kl'm. Onpenenute WHIYKTHBHOCTh
KaTYIIKH, €CJIM EMKOCTh KOHIeHcaTopa 2,2 MKD.

B xonebarensHOM KOHTYpe ¢ MHAYKTHBHOCTHIO 0,4 'H U €eMKOCTBIO 2:10° @ aMIUIUTYJTHOE 3HAYCHUE
toka 0,1 A. Kakum Oyner HanpspkeHHE B KOHJAEHCATOpEe B TOT MOMEHT, KOIZIa AHEPrUH
ANEKTPUYECKOTO W MarHuTHoro mosied OyayT oauHakoBbel? KoneGaHusi KOHTypa CuUMTaTh
HE3aTyXaloLUMH.

Omnpenenuts JUIMHY BOJHBI, eciiu ee Ga3oBas ckopocth 1500m/c, a yactora koiebanuit N I'm.

Kakoii myTs npoiinet dasza BonHoBoro amkenus 3a 0,02c, ecnu yactorta konebanuii 2MI 11, a nnuHa
BOJIHBI 150M.

OnpenenuTy 4acTOTYy M3JIy4YeHHUs YJIbTPA3BYKOBOTO T€HEpPATOpa, €CIIM MOCBUIAEMBbI MM HMITYJIbC,
conepxammii 100 BomH, mpogoxkaeTcs N. ¢

Ornpenenuth JJIMHY BOJHBI YJIBTPa3BYKOBOTO T'€HEpAaTOpa B aIIOMUHUU, €CIIU YaCTOTa YJIbTPa3ByKa
3MTI'w, a ckopocTh B anfoMuHmH 5,1%10% M/c.

Panuonepenarunk padoraet Ha yactote 6 MI'i. Ckosibko BOJH HaxoauTcs Ha pacctosHuU 100kM 1o
HaIlpaBJICHUIO PaCIPOCTPAHEHHUs paJuoCcUrHana’?

®opma npeacTaBeHus pe3yabTara:

BbInonHuTh 3a1aHue B TETpaau AJs MPAKTUUECKUX paloT.
Kputepuu onenkmn:

3a IpaBHIIBLHO BBITIOIHEHHOE 33/1aHNUE BBICTABIISICTCS TIOJIOKUTEIbHAS OIIeHKa — | Oa.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIATEIbHAS o1leHKa — () OaioB.
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

3aKOHBI reOMeTPUYEeCKOi ONITHKHU

Heasn: chopmupoBaTh NOHUMaHUE PoiH (PUUKU B (POPMUPOBAHUU KPYro3opa U (hyHKIIMOHAIEHOU

rpaMOTHOCTH Y€JIOBCKa JIsA PCIICHUA MPAKTUYCCKUX 3aaa4d, U3YYHUTH 3aKOHBI PACIIPOCTPAHCHUA CBETA.
XO,Z[ ﬂyqeﬁ. 3aKOHEI OTpAXXCHUSA U MPCIIOMJICHHUA U IPUMCHATH UX ITPU PCIICHUHN

BbinosiHeHue pa6oTsl crioco0cTBYeT (POPMUPOBAHUIO:

[1PysS, Ipy9, I1P62, TTPG6, I1P67,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
MarepuaibHoe of0ecreyeHHe: TeTpagb IS MPAaKTHYECKHX paldoT, pydka, METOIUYECKHe

PEKOMEHIAlUH 110 BHITIOJHEHUIO pa0OThI, THHEIKA, KapaHIall.
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Yka3zanue: [Ipaktuueckas paboTa COCTOMT U3 ABYX YacTeid — TEOPETUYECKOH M NPaKTHUECKOM.
ITocne n3yueHuss TEOPETUUECKOTO MAaTepHalla MOYKHO MPHUCTYNATh K BBITOJHEHUIO IIPAKTHYECKOM YacTH.
Ona cocTouT U3 IBYX U Oojee 3a7ay Al CaMOCTOSATENbHOTO BhionHeHus. He 3a0biBaiiTe 0 npaBUiIbHOM

oopmiieHnn pemeHus. Ha BeIIONHEHHE MPaKTHYECKOH OTBOAMTCS ABa akajJeMHuYecKux daca. [lopsmgok
BBITTOJIHEHUS pabOTHI

HOpﬂ)IOK BbIITOJTHCHU A paﬁoTBl:

1. PaccMOTpUTE TEOPETHYECCKHI MaTepual II0 TeMe€ W TNPUMEPHl pelmicHHs 3agad  (CMOTPH
METOAUYECKOE IIOCOOHE).

2. Pemmute camocrosaTensHyto padoty. OdopmuTte pereHne TMCbMEHHO B TETPAJIH.
Xox padoThl

1. Teopus.
3aKOHBI TEOMETPUUECKON OMTUKHU

|. 3akon npsamonunetinoco pacnpocmpaneHus ceema. céem 6 0OHOPOOHOU cpede PACnPOCMPAHAECMCs
NPAMOTUHEUHO.

JIyu — n1HUsA, BAOJIB KOTOPOH paclpOCTPaHAETCs CBETOBAsI DHEPTHsL.
Hoxazamenvcmeo:

1) oOpa3oBaHue TeHEH U MOIyTEHEH OT IPEIMETOB;
2) TMOIJIOIICHUE CBETA HEMPO3PaYHBIMHU IIPEAMETAMH.

Us oo = 3:10° Mle=c; 0,y o = 2,25-10° M/C; Uy emeae = 2:10° m/c.

Il. 3axon nezasucumocmu ceemogwix yueli: 1yuu Npu nepecedenuy He 803mMywaiom opye opyea.

1. 3axon ompaosicenus ceema.

Veon naoenus (@) (ompasxicenust y)— yroi, o0pa3soBaHHBIA nadarowum (OMpaxceHHvim)

a v
Jy4OM | TIEPIEHIUKYIISIPOM, BOCCTAHOBJICHHBIM K ITOBEPXHOCTH B TOYKE MaJICHUS JTyda
(puc. 12).
Puc. 12. Naparoupiin 1. Tladatowuil u ompasicennvlil ayuu aexcam 6 00OHOU NIOCKOCMU ¢ NEPNEHOUKVIAPOM,

B60CCMAHOGICHHbIM 8 MOYKe NAOEHUS Jyua.
OTPaKEHHbIW Nyyu.

2. Yeon naoenus pasen yeny ompasicenus (o= y).

Cnedcmeue: «Obpamumocms ay4deli»: ECAv nagatrowmin nyd NycTMTb NO HaNpPaBAEHMIO OTPAXKEHHOrO, TO HOBbIM
OTparkKeHHbI y4 NONAET No HanpasAeHUIo NajatoLwero.

3epKanbHoe OnddysHoe
2/ 1” 2" ’ 1!’

1 1' "
3epranbHoe — oTpaxkeHue npu Kotopom | AugpgysHoe — oTpaxkeHue, npu
OTpayKeHHble nyum OCTalOTCA | KOTOPOM B OTPAXKEHHbIX Jly4ax HeT
napanienbHbIMu nopsaaxa (Matosas NOBEPXHOCTb)
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Tabnunua 12

IV 3aKoH npenomneHus ceema.
o

N“ BO3AyX

y 7 IIpenomnenue céema — U3MEHEHNE HAIIPABJICHUS JIyda CBETA IIPU IIEPEXOIE

7 PN 7 U3 OIHOW cpenbl B apyryto. Yeon npenomnenus (B) — yrom Mexmy
BO34yX

“37\ Y HPEJIOMJICHHBIM JY4OM U HNEPHEeHIUKYIISIPOM, BOCCTAHOBIEHHBIM U3 TOUKU

MaJieHus JTy4ya K TpaHuIe IBYX Cpel.

Puc. 13. NpenomneHune cBeTOBOrO /yya.

1) nay4u, nadarowulli u npesnomaeHHoll, nexcam 8 00HOU MA0CKOCMU C MnepreHOUKYASPOM,
80CCMAHOB/IEHHbIM U3 MOYKU MAOEHUA ay4Ya K nogepxHocmu pasoesna 08yx cpeo;

2) ommnowenue SIN yena nadenuss K SIN yena npenomaeHuss Onsi OAHHbIX CPed eChib GeluduHd
NOCMOAHHAA, U HA3bleAemcs ONMHOCUMENbHbIM noxKasameilem npejiomieHusl emopoﬁ cpedbz OomHocumeslbHoO
nepeoll.

sina, no2N_v

21

sinp n, v,

Cneocmeue.: «Obpamumocms nyueiiy: Eciu najaromuii 1yy HarpaBUTh 1O MYTH TPETOMIIEHHOTO, TO
IIPEJIOMIJIEHHBIN JIy4 UAET 10 IIYTH NaJaroIlero.

Ilonnoe enympenne ompadicenue — SBICHUE, INIPU KOTOPOM CBETOBOE W3JIyYEHUE IIOJHOCTBIO
OTpa)kaeTcst OT MOBEPXHOCTH pa3jiena Mpo3pauHbix cped (puc. 14).

npeAenbHbIi 1) npu T (o B T;
L B 2) B =90° — CKOJB3MT 10 'PAHHUIIE Pa3eia ABYX CPEl — NpedeibHblll yeor,
pu sosax  3) T q, B>90° = B — MOTHOCTBIO OTPAKAETCS TIO 3AKOHY OTPAKEHHS.

Vi Ve

nonHoe
77 VZa

V2
BHYTPEHHEE

Puc. 14. NonHoe BHYTpeHHee
oTpaKeHue. 33213‘11/1 ISl CAMOCTOATEC/ILHOI'O PCIICHUA

1. JIyu cBeTa majaer Ha MOBEPXHOCTh BOJBI MOJ YIJIAMHU 40°. Tlox kakuMm YIJIOM JOJDKEH YIacTh JIy4 Ha
MOBEPXHOCTh CTEKJIA, YTOOBI YTOJI MPEJTOMIICHHUS OKA3aJICsl TAKUM Ke?

2. Jlydn cBeTa majaloT Ha IMOBEPXHOCTh pa3zena BoAbl M Bo3ayxa moj yriom 50°. Haiiaure yron
npenomsieHus: syded. llokazarens mnpemomuieHuss Boxabl 1,33. EcTe 1M 1ojHOE BHYTpEHHEE
oTpaxeHue?

3. Haiigure npenenbHbIN yrod NajeHus JIyda Ha TPaHuIly pa3zeiia CTEKJIa U BOJBI.
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4. CBeToBbIC BOJIHBI B HEKOTOPOM KUAKOCTH uMeroT aauHy 600 HMm u wactoty 5-10™ ' Onpenenute

W

aOCOIIOTHBIN TOKA3aTeNb MPETOMIICHUS KUAKOCTH.

. Onpenenure aOCOJIOTHBINA MOKA3aTellb MPEIOMIICHUS U CKOPOCTh PACIPOCTPAHEHUs CBETa B CIIOJE,

€CIIM TIPH yTJIe majieHus cBeta 54° yron npenomienus 30°.

8 .
6. B ammasze cBer pacmpocTpassercs co ckopocTthio 1,22:-10° m/c. Ompenenute TpeneinbHBIA yToJ

MIOJIHOTO BHYTPEHHETO OTPaXKCHUs CBETa B ajiMas3e MpHU IMEpPexoje CBETOBOro Myd4yKa W3 ajlMasa B
BO3YX.

CBeTOBOM My4YOK IEPEXOIUT M3 BO3JyXa B BOAYy. YToa maaeHus 76°, yrona mpenomiieHus 47°.
Omnpenenure CKOPOCTh CBETA B BOJIE.

0 0
8. Yrom nmajgaHus Jiyda cBeTa Ha IOBEPXHOCTh MOJCOJHEYHOro Mmacia 607, a yrona mnpeiaomieHus 36°.

Haiitu noka3zarenp npesoMiaeHus macia.

9. ®OTOH BBIICTACT W3 BOABI B BO3YX. Brinerur au CI)OTOH M3 BOJbI B BO34YX, €CJIM OH IAaAacT Ha

10.

11.

12.

13.

14.

15

16.

17.

18.

IpaHuIly pa3jelia Boabl ¥ Bo3ayxa mox yrioM 50°? Tlogemy?

Jlyu cBeTa mepexoauT co CTeka «JIerkuit kpon» n=1,57 B Bogy. Yroma najneHus yBenuuuBaioT. Kakos
MpeieJbHBINA YroJl TOJTHOTO BHYTPEHHETO OTPAKECHHUS?

BrruncnuTe npefenbHblil yroi MOJHOTO BHYTPEHHETO OTpaKEHUS JAJIs alMas3a Ha TPpaHulle ¢ BOJOH,
3Has, 4TO aOCOTIOTHBIN TOKa3aTesb mpeioMieHus anmasa 2,417, a Boasr 1,333.

Onpenenure OTHOCUTENBHBIM MMOKa3aTelh MPEIOMIICHHS, eciii yroil naacaus 30°, a MpeoMIICHUS
20°.

Jlyun COJTHEYHOTrO CBETa MaJar0T Ha MOBEPXHOCTh BOABI moj yriaoMm 74°. Ilox kakum, yriom K
TOPU30HTY BOJ10J1a3, OIIYCTUBLINIICS B BOY, OYJET BUAETH COJMHIE?

Omnpenenurte moka3aTesb MPEJIOMIICHUS BEUIECTBA, €CIIH MPEAETbHBIN Yol MOJHOTO OTpaXkeHus 42°.

. .Hy‘l CBCTA MAaJICT Ha INIOCKOIMAPAJJICIIbHYIO CTCKIIAHHYIO IIJIACTUHKY ITOJ YIJIOM 60°. KakoBa TOJIIIMHA

TJTACTUHKH d, €CIU MpH BBIXOJIE U3 Hee JIyd cMecTiics Ha 20 mm?

Jlyd cBeTta majaer Ha IUIOCKYIO CTEKJIIHHYIO IJIACTUHKY ToimuHOoW  d = 3 cm mox yriom 70°.
Omnpenenurte cMelIeHUe JTy4a BHYTpHU TiacTuHKH. [Tokazarens npenomieHus crekia 1,5.

VYrom mageHusi CBETOBOTO ITyYKa, MIYIIET0 M3 CTEKJIa C MOoKas3aTeleM IMperomieHus crekna 1,67 B
BOJY C TIoka3atesieM npesiomiienus 1,33, pasen 60°. Ha kakoi yroi OTKIOHSIETCS CBETOBOM MMy4OK Ha
rpaHulle, TO )K€ MpH yrie najaexHus 53°7

MOHOXpOMATHUYECKUI JIyd IMajaeT HOPMAJbHO Ha TPaHb MPU3MBI, MOTNEPEUYHOE CEYCHHE KOTOPOU
PaBHOCTOPOHHHM TPEyroJbHUK: MMOKa3aTens npenomieHus 1,1. OnpenenuTe yroia OTKIOHEHUS Jiyda
MIPH BBIXOJIE U3 MPU3MBI OT €T0 MIEPBOHAYATIHLHOTO HAIIPABJICHUS.

®opMma npeacTraBJIeHud pe3yabTara:
BbInonHuTh 331aHue B TETPAAX AJIs MPAKTUUYECKUX paloT.
Kpurepum ounenku:

3a mpaBUIILHO BBIIOJHEHHOE 33JaHHE BBICTABIISAETCS IMOJIOKUTENIbHAs OlleHKa — 1 Oasu.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNe BBICTABIISIETCS OTPUIIATEIbHAS onleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosn1emeopumensHoy svicmasisiemcs 3a Mmenee 60% mpaBHITEHBIX

Tema 5.3 OnTuka

IpakTnyeckoe 3ansitue Ne 28

3aK0HbLI BOJTHOBOI ONTHKH
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Heasn: chopmupoBaTh HOHUMaHKUE POl (HU3UKU B (POPMUPOBAHUU KPYro3opa U (HyHKIIMOHATEHOU
IPaMOTHOCTH YeJIOBEKa JJI PEUICHHs MPaKTUYECKUX 3a7ad, U3yYUTh 3aKOHBI PAaCIPOCTPAHEHUS CBETA,
KaK BOJIHBI U IPUMEHSATH UX MIPH PEIICHUN

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:

[1PysS, Ipy9, I1P62, TTPG6, I1P67,
MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10

MarepuajibHoe of0ecreyeHHe: TETpagb IS MPAKTHYECKHX paldoT, pydka, METOIUYECKHE
PEKOMEH/IalliH 10 BBIIOJHEHHUIO pa0OThI, TMHEIKA, KapaHJalll.

Yka3anue: [Ipaktuueckas paboTa COCTOMT M3 ABYX 4YacTeii — TEOPETUYECKON M MPAKTHUECKOM.
[Tocne u3yueHus: TEOPETUYECKOT0 MaTepHralia MOXKHO MPUCTYNATh K BBHIIOJHEHUIO MPAKTHUECKON YacTH.
Omna coctouT U3 AByX M OoJiee 3a/1a4 JJIsl CAMOCTOSTENILHOTO BBINIOJHEHUs. He 3a0bIBaiiTe 0 MpaBMIBHOM
odopmiiennn peuieHusi. Ha BbIoHEHUE MPaKTUYECKOM OTBOAMTCA JBa akageMuueckux vaca. [lopsmox
BBITIOJIHEHUS pabOTHI

ITopsinok BbINMOJIHEHHSI PA0OTHI:
W3yuuth KpaTkue TeopeThyeckue cBeieHus —https://znanium.com/catalog/product/1012153, Beinucas
dbopmy1bl ¢ naparpados 65, 66 . oTMedueHHbIe ckoOkamu, Harpumep (66.1)
Pazo0patb mpuMepsl pemeHus 3a1aq
OTtBeTuTh Ha BOIpOCkl TecTa https://znanium.com/catalog/product/1012153, k §64,65,66,67.
IIpumepsI pemienus 3a1a4
1 B Boze nHTEp(EPHPYIOT KOrepEHTHBIC BOTHBI 4acToTol 5 - 10 I'ii. Yenmurest nnn ocnabuer cer B
TOYKE, €CJIM TeOMETpUUECKasi pa3HOCTh X0/a Jiyuel B Hell paBHa 1,8 MxMm? [TokazaTenb npeaomiieHUus
BoAasl 1,33.

Hano:
2. KorepeHtH. ucr.
i " 21,3350 800"
v=5-10%TIy Ar=n-AS=2 m= 3108 =
ﬂ
AS=18-10%m [=2¥ = 7,98 = 8 — yeTH. —
m 2emAS
n=1,33 = max yCUJICHUE CBeTa
c=3-10% m/c
m _?

2. Onpenenure 4 HaMMEHBIINE TOJIIMHBI MPO3PAYHOM IUIEHKHM ¢ ONTHYECKOW MIJIOTHOCTBIO 1,5, 4TOOBI
IIPU OCBEIIEHUU MX NEPHEHAUKYISIPHBIMU KPACHBIMHU JydyaMu ¢ JUiMHON BoiHbI 750 HM oHuM Oblin
BHUJIHBI B OTPAKEHHOM CBETE KPACHBIMU.
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10.

Iamo: rIeHxa _ 4dn 750 750
n=1.5 A, ,L‘ : d, == = — 125HMm
). = 750 Haz < 4-15 £
k=0123 TP e B =3-125 =375 Hx
do. d,. da. 4-n d, = 5d, = 625 Hn
d; —2 o 2 3 = 7do = 875 Eix
= 4n
e
d, = 3d
4an
d,= 5d,
d_; — 7dc

3. CepeToBasa BOIHA OIEHOH 530 Hy nanaeT OepIeHIHEVIIAPHO HA IPOIPIIHVIO
OHEOPAKOHOHHVIO pPeIOeTKy. IIIOCTOSHHAaa KoTopodE 1.8 wmxmvm OmnopemenHETe  VIOI
OEOPAKOHEHE. [0 KOTOPEIM OOpPasveTrcs max HaHOOIBIISTIO HOPAIKA.

Jdamo: gadpaxkaHas y) 1.8-10° 1800
2=530-10%n sin @ = S =1 e <—— ! — = — = 3.4
d=1.8-10%x d 530-10 530
e DXL 2y g2l Ko =3
P d A " 3-520-1077 =
= singp = ————— = 0_883
< _ Ko - A 1.8-107"
2D)sing = ———
d @ = 62°

3anauu JUIsl CaMOCTOSATEIBHOTO PEILICHUS
KakoBa onTuueckasi pa3HOCTb X0/a JBYX KOT€PEHTHBIX MOHOXPOMAaTHYECKHX BOJIH B BELIECTBE C
MoKazaTesieM npeaomiieHus 1,6, eciiu reoMeTpuyeckasi pa3HOCTh X0/1a ayuei 2,5 cm?
Ha Tonkyro mieHKy ¢ mokazaTeseM IpesioMileHus 1, 5 mepneHauKyaspHO €€ IMOBEPXHOCTH NaaaeT
NapajuieJbHbII My4YOK KENThIX Jydyeil ¢ juuHor BonHbl 600 Hwm. Ilpu kakoil HauMeHbIIeH TOJILIUHE
IUIEHKH OHA B OTPAXEHHOM CBeTe OyJeT Ka3aTbCs )KeATON?
JIBa KorepeHTHBIX Jiyda ¢ anuHamu BoiaH 404 HMm mepecekarorcs B ogHOW TOYKEe Ha 3kpaHe. Urto
Oyzner HaONIOAaThCS B 3TOM TOUKE — YCHJIEHHE WM OCIa0JIeHUuE CBETa, €CJIM ONTHYECKas pa3HOCTb
xona imyuen 17,17 Mkm?
Bo ckoibpKO pa3 yBenmMUMTCS PAacCTOSHHUE MEXAY COCEIHWMHU MHTEPPEPEHLMOHHBIMHU IMOJIOCAMU Ha
sKkpaHe B onbiTe FOHra, ecnu 3eneHpli cBeTOQUIbTP € JUIMHON BOJIHBI 25+ 107 cM 3aMeHnTH KpacHBIM
¢ JJIMHOM BOJIHEI 6,5 - 107 em?
B HEKOTOpyl0 TOUKYy MpOCTpPaHCTBA MNPUXOIAT JABE KOTEPEHTHBIE BOJIHBI C T€OMETPUYECKOU
pasHoCThIO X07a 1,2 MKM, AnmHa KOoTopeIxX B Bakyyme 600 Hm. Onpenenure, 4To Ipou30MAET B 3TOM
TOUKE BCJIEACTBUE UHTEp(EepeHLInU B Bo3ayxe, B Boze (1,33), B crekie (1,5).
Pa3nocTh x0/1a myuei ByX KOT€PEHTHBIX HCTOYHUKOB CBETA C JUIMHOW BOJHBI 6 107 M, CXOJSIIIMXCS
B HEKOTOPOU TOUKe, paBHa 1,5: 10° M. Veunenne wm ocnaGlieHne ceera Oyner B 3TOM TOukKe?
Ecnu cnexTpbl TpeTbero M 4YETBEPTOro MopsAaka Mpu audpakuuy Oenoro cBera, HOPMAJIbHO
MaJAoIIero Ha TUPPAKIMOHHYIO PEIIETKY, YACTHYHO TEPEKPHIBAOTCS, TO HA JUIMHY BoJHBI 780 Hm
CIIEKTPA TPETHETO MOPSJIKA HAKIIAABIBAETCS IJINHA BOJHBI ... CIIEKTPA YETBEPTOTO MOPSAKA.
Hudpakimonnas pemerka umeeT 50 mrpuxoB Ha MM. [1oJ KakUMU yriamMu BUJHBI max MEpPBOTO U
BTOPOT'0O MOPSAAKOB MOHOXPOMATUYECKOTO U3JIydeHus ¢ AauHou BosHbl 400 Hm?
Onpenenure ONTHYECKYIO pa3sHOCTh Xoda BosH jainuHoM 540 Hwm, mnpomenmmx uepes
TUGPAKIMOHHYIO peIeTKy U 00pa30BaBIIMX max BTOPOTO MOpsIIKa.
Omnpenenure ONTHYECKYIO PA3HOCTh XOJa BOJIH, MPOLIEIIINX Yepe3 NU(pakIMOHHYIO PEIIETKY, eCIH
MaKCUMaJIbHOE YCUJIEHUE BOJIH BUIHO MO yIiioM | 1°. Hocrostuuast PELIETKN 2 MKM.
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11.

12.

13.

14.

Judpakuronnas pemerka ¢ nmoctossHHoi 0,004 MM ocBemaeTcsi CBeToM ¢ JJIMHOW BoJH 687 Hwm.
[Ton kakuM YrioM K pemieTke HY>KHO IMPOM3BOAUTH HAOMIONEHHs, YTOObI BHICTH M300pa’keHHE
CIEKTpa BTOPOro mopsiaka?

Omnpenenute MOCTOSHHYIO AU(PPAKIMOHHONW PEIIETKH, €CIH MPU €€ OCBEIICHHH CBETOM C JJIUHOMN
BOJIH 656 HM criekTp BTOpPOro nopsiika BUAEH O] YIJIOM 15°.

Omnpenenurte JUIMHY BOJIHBI ISl JIMHUK B TU(GPAKLIUOHHOM CHEKTpe 3-TO MOpsIKa, COBMAAIOIEH C
JIMHUEH B CIIEKTPE YETBEPTOIro MOpsiiKa ¢ JIMHON BOIHBI 490 HM.

Kaxoit HanOobIIuil OPSAIOK CIIEKTpa MOXKHO BUACTHh B AUPPAKIIMOHHON perieTke, nMeromiei 500
IITPUXOB HAa | MM MpHU OCBEILIEHUH €€ CBETOM C JUIMHOM BOHBI 720 H

®opma npeacTaBiaeHusi pe3yJabTara:

BeImonHuTh 3a1aHKe B TETPaIy Ui IPAKTUYECKUX PAOOT.

Kpurepumn oueHku:

3a IpaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKUTEIbHAS OlleHKa — 1 Oa.

3a HeMpPaBWIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNUE BHICTABIISCTCS OTPUIIATEIbHAS olleHka — 0 0auoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB

Oyenxa «xopoutoy svicmasinsiemcs 3a 80 — 89%0 npaBUITBHBIX OTBETOB

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

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

Paszpnen 7 KBantoBasi pusuka
Tema 7.1 KopnycKkyJIsSIpHO-BOJTHOBOM 1yaJIu3M
IIpakTnyeckoe 3ansiTue Ne29

3akonbl poroddpdexra. YpaBHeHue JifHIITeHA

Heab padoTbl: chopMupoBaTh MOHUMAaHKUE POJIM (U3UKU B (POPMHUPOBAHUHM KPYro3opa BilaJIeHUE

OCHOBOIIOJIararonmumMun (1)I/ISI/I‘I€CKI/IMI/I MOHATHUAMHU, 3aKOHOMCPHOCTSAMHU, 3aKOHAMHU U TCOPUAMH, YMCHUA

BBIITOJIHATDH paCYCTHBIC U rpaq)nqecm/le 3aga4uu

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

[TPyS, Tlpy9, I1P62, I1PG6, TTIP67,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
MarepuajnbHoe o0ecnieyeHue:

WHJUBUIyaJIbHOE 33/1aHK€, KOHCIIEKT JICKIIUI, CIPABOYHBIE MaTEpHUAIIbI.

Yka3anue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX YacTed — TeopeTH4eckoil u mnpakrtuueckou. Ilocne

HU3YUCHUSA TCOPECTUUYCCKOro Marc€pHajia MOXHO HNPUCTYyIaTb K BBIITOJIHCHUIO HpaKTquCKOﬁ gactu. OHa
COCTOUT U3 IBYX U Ooiee 3agad JJjii CaMOCTOATCIBHOI'O BBIIIOJTHCHUA. He 3a0biBaiiTe o MMpaBHUJIbHOM
OCbOpMJ'IeHI/II/I peIICHU. Ha BrimonmHeHmMe IMPAKTUYCCKOr'o 3aJaHUs OTBOAUTCA ABAa AKaACMHNYCCKUX Haca.

3aganme:

(O3HaKOMBTECH C TECOPCTUUCCKUMU CBCACHUAMU
Pemmte 3aaa4u, CaMOCTOATCIIbHO UCHIOJIB3Ys NPUMEPBI U KPATKUC TCOPECTUICCKUC CBCICHUA.

N

ITopsinok BbINOJHEHHS PadOTHI:
W3yunte n BemumuTe GopMyJsibl O JaHHOW TeMe B BUJE KPATKOIO KOHCIEKTa
Paz6epute npuMepsl pelIeHHbIX 3a/1a4
Pemmre camocTosTeNnbHO 3a0a4n
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4.  Bemonnutsk Tect https://znanium.com/catalog/product/1012153, ctp 346 «Dotoadpdexr. Dopmyna
[Tnanka»

Kparkue Teopernueckue cBeeHHA
DHeprusi KXo MOPLUH MPSIMO MIPOIOPIHOHANIbHA YacToTe 3ayueHus — V. E=hv [ Ix],

rae h — mocrosunas ITnanka, h = 6,63-10 [dx-c].
[TOrIOTUTHCSA MOKET BCS IIOPLHS LIETUKOM.

DHeprusi cBeta hv umaer Ha coBepiieHHe pabOThl BbIXOJA A, M Ha COOOINCHHE 3IICKTPOHY

2 2 2
. m m m
KHHETHYECKOil SHeprun — — 2, hy=4,+ 2 ;. 1Y —p
2

2 F

Jiis kaxoro BerectBa Goroddhdekt HadIr0aaeTCs, €CIIM YacToTa V> Vinin = hv > A. [Ipenensuyio

. N A
YACTOTY Vinin WIM Amax HA3BIBAIOT KpacHOU rpanuieii pororddexra. vimin =« ,rae 4, — paboTa BbIXOAa
h

anexktpona [[Ix]. I»B = 1,6 10 ITore.

®DoTOH 00J1a/1aET MOPLIUEH SHEPTHH: E — he _ hv, e v—u4acrota [I'i];
A

h — nocrosunas [lnanka, 6,63-10° [dx-c].

hv

C2

Macca oTtona onpenensieTcsi: m=——, IJie ¢ — CKOPOCTh CBETa, c=3-10% m/c.

®oTOH HE HMMEET MAaCCHI IMMOoKOosA, T.C. HC CYHIECTBYET B COCTOAHHU IIOKOS. I/IMHYJ'II)C (i)OTOHa

hv h
OMpeNeNsieTcs: p=mC=— = n
C

IIpumenenne porodpdexra

CaoiicTBO (hoTOTOKA 3aKiIrOUaeTCss B TOM, YTO €ro CHJa MPsIMO MPOHNOPIMOHAIbHA MOTJIOIEHHON
SHEPTUM CBETA, HAXOJUT MPUMEHEHNE B MpUOopax-(hoTO3IEMEHTAX, B KOTOPHIX SHEPTUs CBETA YIIpaBIIsIeT
SHEpruen IeKTPUIECKOro TOKa MU Ipeodpa3yercs B Hee.

Pa3HooOpa3zHoe npUMEHEHHWE HaxOOuT BHYTpeHHUil (oTodddekT B MONynpoBOJHUKAX. ITO
SIBJICHUE UCTIOJIb3YETCS:

1) B oTOCONPOTUBIEHUAX — IPUOOPAX, CONPOTUBIIEHNE KOTOPBIX 3aBUCUT OT OCBELIEHHOCTH;

2) B TMOJYNPOBOJAHMKAX — TNpUOOpax, MpeoOpa3ylolMX CBETOBYIO JHEPrHi0 B JHEPTUIO
ANIeKTpUYecKoro Toka. Takue mnpuOOpHl CiIyKaT MCTOYHUKAaMH Toka. CyllecTBYIOT SIBJICHUS,
00BbsICHAEMbIE KBAaHTOBBIMH CBOMCTBAMH U3ITyYCHHUS.

1. /lagnenue ceema. IlepBbie onbiThl ObuTH TIposenanbl B 1900 1. pycckum dusukom JlebeneBbim
[1.H. Beruucnenus MakcBemia mokasajiy, 4TO Ha 3eMJie COJHEUHBIM CBET JaBUT HAa KBAAPATHBIA METP
YEpHOU MTOBEPXHOCTH, PACTIONIOKEHHON EPIEHANKYIISIPHO JIydaM C CHIION 4,5®10° H.

2. Tennosoe Oeiicmeue ceéema. llpu TOTIOMEHUM UW3IY4YEHUS TEJIOM BCErJa IPOUCXOAUT
MpeBpalIeHIe SHEPTUU U3TYUCHHs BO BHYTPEHHIOIO SHEPTHUIO Tea.

ConHeuHble JIydd NOpUHOCAT execeKyHAHO 1370 Jk sHeprum Ha KaXIbli KBaJpaTHBIM METp
MOTIEPEYHOT0 CEUEHUS 3eMIIH.

3. Xumuuecxoe Oeticmeue ceéema. XUMHUYECKUE TPOLIECCH, MPOMUCXOJAIIUE TOJ JIEHCTBHEM
W3JIYYCHHS, UMEIOT OOJIbIIIOE 3HAYCHHWE B TMPHUPOJIC, HAYKE M TEXHUKE: (DOTOCHMHTE3, CIOCOOCTBYIOT
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BO3HUKHOBEHHUIO 3PUTEIBHOIO OIIYIIEHUS Yy YEJIOBEKAa U >KMBOTHBIX U JAIOT BO3MOYKHOCTH pa3inyaTrh
1BeTa, noixydeHue pororpaduu.
XUMHYECKOE NEHCTBUE U3IIYUYEHUSI OYE€Hb XOPOLIO OOBSACHAETCS KBAaHTOBOW TEOpPUEH CBETA.
[Tornomenue GOTOHOB yBETUUMBACT SHEPIHIO MOJIEKYJI IPOUCXOIAT XMMUUYECKHE ITPOLIECCHI.
IIpumepsl pemieHus 3aaa4

1. Ompenenure MakKCHUMAJBHYIO CKOPOCTh BbUJICTa JJCKTPOHOB M3 Kajus, paboTa BbIXOna
AJIEKTPOHOB U3 KOTOPOTO paBHa 2,26 3B, mpu ocBeneHn: ero yiIbTpa(uoIeTOBBIM U3ITyYSCHHEM C JUTHHOM
31
BostHBI 200 HM. Macca anektpona 9,1-10°" kr.

Hano:

A =200 um CH Pemenne:

A,=2,26 3B 200-10°° W3 ypaBHeHUs DUHIITEITHA 1J1 BHEIIHETO
m =9,1-10% kr  2,26-1{6-10" JIxc horosdexra:

ch mo? 2(ch—JA_);
c=3-10%w/c A*A“” 2 :“:\/ am, '

h=6,62-10* Ix-c

v—"7?

-118-100° %

2(3-10°-6,62-10  —2-107-2,26-16-10 )  [(19,86—7,232)-10 7°
v= - 91.10°% c

2.107.91-10°*
OTBeT: v = 1,18-106 Mm/c.
Pemmntsh 3a1auu caMocToATEAbHO (N - HOMED 6awe20 sapuanma no CHUCKY)

1. PaGota BBIXOJa PNEKTPOHOB y okcuaa Meau 5,15 sB. BezoBer mu Gorodddext ynpTpaduoneToBoe
n3nydenue ¢ yacrorou 0,01 .10Y I'u?

2. PaGoTa BBIX0/1a HIEKTPOHA ¢ TIOBEPXHOCTH 1esust paHa 1,6-10™° k. C kakoif CKOPOCTBIO BBLIETAIOT
BJIEKTPOHBI M3 LIE€3Usl, €CIIM METAJJI OCBEIICH EIThIM CBETOM C JJIMHOW BOJIHBI 0,6-10'6 M; Mg =
9,1-10° xr?

3. Haiigure Maccy i uMiyibe pOTOHOB utst mH(pakpackbix (V= 107 T) u pentreHoBeknx (v=10% ')
JIy4en.

4. Haiigure UIMHY M YacCTOTY M3Iy4eHHs, Macca (POTOHOB KOTOPOT'O paBHA Macce MOKOs JIEKTpoHa (Mg

=9,1-10 k).

KakoB ummynbsc ¢poToHa, 3HEpPrusi KOTOPOro paBHa 6-10™° Jix?

Onpenenure UMITYJIHC (POTOHOB PEHTTC€HOBCKUX JIyde A = 410" m.

KakoBa macca oTOHa, €cii ero 3Heprusi paBHa 2,76-10™ Jix.

DHeprusi KBaHTa CBETa paBHA 1,98-10"%!. Kakoe 310 n3Iy4yeHue?

© o No o

Omnpenenurte sHepru0 (OTOHOB, COOTBETCTBYIOIINX Haubosee AMUHHBIM (A = 0,76 MKM) U HauOomee
KopoTkuM (A = 0,4 MKM) BOJTHAM BUJIMMOM YacTH CIIEKTpa.

10. Kakoii 4acTOTHI CBET ClIeIyeT HANPaBUTh HA TOBEPXHOCTh IUIATHHBI, YTOOBI MAKCHMaJIbHAsI CKOPOCTh
(hoTO2IeKTPOHOB OBLIa paBHA N KM/C pabOTOM BBIXOJa IS IJIaTHHBI paBHA 6,3 2B?
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11.
12.
13.
14.

15.

16.

17.
18.

19.

20.

[Touemy nosiBnenue Gpororpapuueckux CHUIMKOB MPOU3BOAUTCS MTPU KPAaCHOM cBeTe?

MosxHo 11 ¢otorpadupoBaTh MPEIMETHI B COBEPIICHHO TEMHOW KOMHATE?

Onpenenure UMITYJIbC OTOHA BUMMOTO CBETA C JUTMHOM BOJIHBI 500 HM.

Omnpenenurte ATUHY BOJHBI (JOTOHA, UMITYJIBC KOTOPOTO PABEH UMITYJLCY AJIEKTPOHA, MPOJIETEBIICTO
YCKOPSIOUIYIO Pa3HOCTh ITOTEHLHAIOB N B.

Onpenenure 3HEPrUI0 M3IMY4YCHUs, Macca (DOTOHOB KOTOPOTO paBHA Macce IMOKOS 3JEKTpoHa Mg =
9,110 kr.

Boruncnute sHepruto (ortoHa Buaumoro ceera A = 0,4 MKM U cpaBHUTE ee C dHeprueil ¢orona
yIBTPAPUOIETOBOTO U3MYUYCHHSI KBAPIEBOM TaMIibl A = 0,25 MKM.

[Ipu xakoi nuHE JIEKTPOMAarHUTHOM BOJIHBI dHEeprus (hoToHa ObLTa ObI paBHA 2,8:10% JIx?
Omnpenenure paboOTy BbIXOAA DJIEKTPOHA C TOBEPXHOCTH IIUHKA, €CIM HAWOOJNbIIAs JTMHA BOJHBI
(dotona, Be3bIBatomias Gotodddext — 0,3 MKMm.

KakoBa mMakcumanpHasi CKOPOCTh (POTODNIEKTPOHOB, €CIM (POTOTOK MPEKpaIlaeTcs MpU 3auparoniem
Hanpspkennu 0,6 B (me = 9,1.10°% KT, e = 1,6-101° Ki)?

Omnpenenure kpacHyro rpanuily Gorodddexra ans meTamia ¢ padoToi Bexoaa N 3B.

®opma npeacTaBiaeHus pe3yJbTaTa:

BBIMOTHUTE 3a/1aHUE B TETPAIN IS IPAKTHYECKUX PadoT.

Kpurtepuu onenku:

3a MpaBUIIbHO BBIOJHEHHOE 33JJaHHE BBICTABIISICTCS TIOJIOKHUTEIbHAS OLleHKA — | Oasu.

3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATEIbHAS o1leHKa — ) OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB

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

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

Tema 7.2 CTpoeHue atoma

IIpakTnyeckoe 3ansitue Ne30

3anuce aaepHbIix peakuuii. CTpoeHne aTOMOB M ATOMHBIX siiep. 3aKOH PaJHOAKTHBHOIO pacnajaa

Hean padoTbl: chopMupoBaTh MOHMMAaHUE POy (GU3UKUA B (POPMHUPOBAHUM KPyro3opa BIaJeHUE

OCHOBOIIOJIararonmmuMun (bPISI/I'-IeCKI/IMI/I MMOHATHUAMU, 3aKOHOMCPHOCTAMHU, 3aKOHAMU W TCOPHAMU, YMCHUSA

BBIITOJIHATE paCYC€THBIC U rpaq)nqecxne 3aga4un

Brinosinenue padorsl cnoco6cTBYeT GOPMUPOBAHMIO:

[1PyS5, Ilpy9, I1P62, I1P66, I1PG7,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
MarepuanbHoe o0ecrieyeHme:

WMHAVBHUAYAJIBHOE 331aHUE, KOHCIIEKT JIEKIIMH, CIIPABOYHbBIE MaTEpHaJIbI.

Ykazanmue:

[IpakTHueckoe 3aHATHE COCTOUT U3 ABYX YAacTel — TeopeTHueckoll M npaktuueckoil. Ilocie

HU3YUCHUSA TCOPECTUYCCKOro Marc€pHajia MOXHO HNPUCTYyIIaTb K BBIITOJIHCHUIO HpaKTquCKOﬁ gactu. OHa
COCTOUT U3 IABYX U Ooiee 3aga4 JJid CaMOCTOATCIBHOI'O BBIITOJTHCHUA. He 3a0riBaiiTe o MMpaBHUJIIbHOM
O(bOpMJ'IeHI/II/I pEUICHUA. Ha BrimmonHeHne IMPAKTUYCCKOr'o 3aJaHus OTBOAUTCA ABAa aKaACMHNYCCKUX Haca.
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3amanmue:

1. O3HaKOMBTECh C TCOPETUUCCKUMHU CBEICHUIMHU
2. Pemure 3a1a4n, cCaMOCTOSTEIBHO UCIIONIB3YsI IPUMEPHI M KPATKHE TEOPETUUECKUE CBEICHMSL.
3. BeImonHUTH TECT
ITopsinok BbINOJIHEHHSI PAa0OTHI:
1. Wsyuwnte KpaTKHe TEOPETUIECKUE CBEICHHS
2. Pas0epute mpuMepsl peIICHHBIX 3a1a4
3. Pemure caMOCTOATENBHO 3a1a91
4. Bemoaauth TecT https://znanium.com/catalog/product/1012153, crp 347 «CtpoeHue aromMa u

ompeJieJieHue ero cocraBa mo Tabmuue MenpaeneeBa», ctp 349, « SnepHas peakuus. YpaBHEHUE
SICPHON peakun», «PaaroakTHBHOCTD. SIIepHbIC CHIIBI» K YKa3aHHBIM Haparpadam

Kparkue Teopernueckue cBeeHHsA
[Ipu paaroakTUBHOM paciiajie MPOUCXOAUT MPEBPAILEHNE OJTHOTO si/ipa B APYroe, KOTOPOE MOAYMHAETCS

IIpaBuJIaM CMCUICHUA, C(i)OpMy.]'II/IpOBaHHBIMI/I COI[I[I/IZ

1. o-pacmax: ;X —.7Y+ He — usnydenue siaep remusi.

2. PB-pacmax: X —,2Y+ e — u3ilydeHHE 3JIEKTPOHA.
CtpoeHue aTOMHOTO siipa
lIpomonno-netimponnas mooensb amoma — s,APO COCTOUT U3 HEUTPOHOB U MPOTOHOB, BOKPYT 1O OpOUTamM

BpallarTcs MEeKTpoHbl. O01ee Ha3BaHUE IPOTOHOB U HEUTPOHOB — HYKIOHbL.

IIpomoHn (p) UMeeT NONOKUTEIbHBIN 3apsill, PaBHBIN 3apsAy 3JIEKTPOHA M MacCy HOKOs My = 1,6726:10%
KT.

. . . -27
Hetimpon (n) — HeliTpaibHas YaCTHIIA C MACCOM TTOKOst M, = 1,6749-10™" k.
Maccosoe uucno A — ob1iee 9nuciio HyKIOHOB B aTOMHOM SI/Ipe, T.€. CyMMa HEUTPOHOB U IIPOTOHOB.

3apsaoosoe uucno Z — 4UCIIO MPOTOHOB B SJIPE€, COBIMAJAIONIEE C MOPSIKOBBIM HOMEPOM XUMHUYECKOTO
3JIEMEHTA B IEPUOANYECKON CUCTEME PTIEMEHTOB MeHieneeBa.

ATOM XMMHUYECKOT'0 3JIEMEHTa 0003HAYAIOT ZAX .

Hanpumep, ;U , B KOTOPOM COAEPKUTCS Z — IIPOTOHOB H YIEKTPOHOB, T.¢. Z = 92 i A — MaccoBOe 4HCIIO,

koTopoe paBHO 235. N — mpotoHoB, T.e. N =4 —Z = N =235-92=143. 4 =Z + N

Aoephvie cunvl — CUITBI, KOTOPBIMH HYKJIOHBI YACPKUBAIOTCA B siipe. UTOOBI pa3eiiuTh apo Ha
COCTaBJISIONINE HYKJIOHBI HEOOXOAMMO 3aTPATUTh OOJBIIIYIO SHEPTHIO — YHEPSUIO AMOMHBIX s10ep —
paboTa, KOTOPYI0 HEOOXOIUMO COBEPIITUTH ISl pa3/iesIeHUs s/ipa Ha HYKJIOHBI. E ., = Amc? e Am = Zmp
+ N-mj — M,9p0 — BedEKT Macchl.

OHepeemuueckum 6blx000M SICPHON peaKIIUU HA3bIBAIOT PA3HOCTh SHEPTHM IMOKOS SIIeP ¥ YaCTHUIL JI0
2
peakiuu u mocie Hee, To ecth:AE = (Zm; - Zm;)-c*,

r7Ie XMj — CcyMMa Macc 4acTHIl 0 PEaKInH,
2Mm; — cymMMa Macc 4acTHI] TIOCIIC PEaKIIUH.
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Ecau Xm; >2m;, TO peakuus UIeT ¢ BBIACIECHUEM YHEPTUH, €CIM XM <XMj, TO peaKUus UAET C
MOIJIOIIEHUEM SHEPIHUU.

Hoepuas peaxyusi — IpeBpaICHUE aTOMHBIX sSIEP MPU B3aUMOICHCTBUU C JIEMEHTAPHBIMH YaCTHUIIAMHU.
SnepHble peakiuy MPOTEKAIoT MO-Pa3HOMY, T.€. C UCITYCKAHUEM PA3JIMYHbBIX YACTHII:

9 4 12 1
,Be+,He—C+/n '

3axon coxpanenus 21eKmpuyecKux 3apsa008 U Macco8ulx yucea: CyMMa 3apsoB (MAaCCOBBIX UHCEIN) sAep
Y 4aCTUll, BCTYNAIOUIUX B SJEPHYIO PEAKIINIO, paBHA CyMME 3apsii0B (MacCOBBIX YHCEI) KOHEUHBIX
IIPOJYKTOB (si1ep M yacTul) peakuuu. Hanpumep: i Al+on—;Na-+;He .
Z (o peakiuu) = 13 + 0 Z (mocne peakruu) = 11 + 2
A (no peakuun) =27 + 1 A (mocie peakuun) = 24 + 4

IIpumepsl pemienus 3agaq

1. Kyna cMemiaercst moJrydeHHBIN 3JIeMEHT B TaOsuie MeHeneesa B pe3ysbTaTe MsITH o-paciagaoB?
o-pacnag — 3To NOTOK Ajep reavs — :He, T.K. X 5=

Z(5*He) = 5-2 = 10 — 3apsa; A(5*He) = 5-4 = 20 — maccoBoe

OtBeT: 2neMeHT Y OTHOCUTEIBHO X CMEILAETCs Ha AECATh KIETOK K Haually TaOJIuIbl.
5. 3aKOHYMTE ANEPHYIO PEAKLUIO: B+ 1n —2+]Li.

[To 3aKOHYy COXpaHEHUs 3apsia U MacChl:
1o peakuu Z = 5 + 0; mocie peakiuu Z =5 — 3 = 2;
no peakuu 4 = 10 + 1; mocne peakuuu 4 = 11 -7 =4,

[lomy4aeTcs 31€MEHT ¢ 3aps/1oM JI0 peakiuu Z = 2 u Maccod 4 =4 — ‘He.
OrtBeT: ! B+n—>, He+,Li -

1. Onpeodenume snepeemuueckuii 8b1x00 A0EPHOU peaKyuti
“N,+*He,=""0O,+'H,

1 cnoco6

1) onpedenumov maccy saopa u uacmuy ml 0o peaxyutl
2) onpedenums maccy a0pa u yacmuy m2 nocjie peakyuil
3) onpedenums usmenenue maccol m ml m?2

4 E=m¥*c*
)pacc'mmamb U3MEeHeHUue 3Hep2uu.
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M, =14,00307 5 ¢ m+4,00260 a.c.m ==18,00567 a.e.m.
[locne peaknumn:

M, =16,99913 a.e.m.+1,00783 a.e.m.=18,00696 a.e.m.
m=""""2=_0.00129 a. ¢. m.

DHeprus norjaowmaercs, T.k. m < 0
E=(-0,00129)*931 M»>B.=-1,2 M»B.

2 crocod

Jlano: Pewenue:

By 108,653 M»sB DHeprust CBS3u paBHa HYJIO, HOITOMY

E, =282937, . E=E,—(E,+E,,

o —I5014 M»B E= 131,754 MaB —(104,653+28,2937)M»B= -1,2M»1B
E-? Omeem: 1,2 MaB

Pemurhb 331241 caMOCTOATEIbHO

KaxkoBo cTpoenue sigpa aToMoB: 6opa YB; oepuLus LBe; a30Ta N ; alOMUHHSA S Al ?
Yem oTaHMYArOTCS SA/Ipa U30TOIOB BoAopoaa 'H , *H, *H ? Kak onu HaspBaroTcs?

Kyna cmemaercs anement Y B pe3yibTaTe o-, B-pacnaaa B Tadbmuiie Menueneena?
a) X >3l +Y; 0) XX He t Je +Y;

B) ZAX —)Z;He + 3726 + Y, r) ZAX —);He + 3je +Y.

ITpu GomOapaupoBKe HM30TOMa a3ora ‘N HEMTPOHAMM MOJIYYaTcs M30TOIN Yriiepojaa 'C, KOTODBIH
OKa3bIBaeTcs -pauoakTUBHBIM. HanuimuTte ypaBHEHUS sIEPHBIX peaKiuii.
B pesynbrare 3axBaTa HEWTPOHA AJPOM M30TOMNA a30Ta YN 0OpasyeTcsi HEU3BECTHBINA DJIEMEHT U OL-

yactula. Hanummre peakiyio U onpeaennTe HeM3BECTHBINA JIEMEHT.
Haiinure mpoayKT peakuuu npu 60MOapAMPOBKE SI€p M30TONA MarHus Mg O-4acTUIAMH, €CITH
U3BECTHO, YTO B 3TOM PEAKIIUH BBIAEIISAIOTCS HEUTPOHBI.
3anumure cXeMmy SJepHOM peaklMHU W OIpeNeIuTe HEU3BECTHBIH 3JIeMEHT, oOpasyloluiics mpu
0OMOapIMpOBKe sA/IEp HU30TONOB ATKOMUHHUS Al O-4aCTUI[AMH, €CJIH M3BECTHO, 4YTO OJUH W3
IIPOJYKTOB PEAKIIUN HEUTPOH.

T 7 2 2
DJIEMEHT Kyp4aTOBMH MONYYMiId, OONydYas IUIyTOHMH *7Py sjapamu HeoHa ?Ne. Hamwmwre

PEAKIINIO, ECITM U3BECTHO, YTO B PE3YIILTATE 00PA3yeTCs Ellle YEThIPE HEWTPOHA.
Hamimmre HerocTaronye 0003Ha9€Hus B CIIETYFONIMX STEPHBIX PEAKIIUSX:
a) ZZAl+mn — ?+;He; 0) 2+ H—>2Na+,He;

B) *Mn+?—Fe+.n; ) ZAl+ y—2Mg +?;

1) YB+n—>2+a; €) 2 Mn+p —>2+.n;
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10.

11.
12.

13.

14.

15.

16.
17.

K) ILi+ He >2+He;  3) ZH +y —>2+.n.

[IporakTinuil **'Pg o-paanoakThBeH. ONpenennTe, KaKol 3JIEMEHT MOJNYYaeTCsi ¢ TIOMOIIBIO 9TOTO
pacrniaga?

B kako# 371€MeHT NpeBpamaetes U mocie AByX [-pacragos u OJHOro o-pacmaja’?

Slnpo u3oTona BUCMyTa 2B MOJIYy4UIIOCH U3 APYTOro spa nocie o-pacnana u B-pacnazna. Yro sro 3a
SApo?

B pesynbrare 3axBaTa O-4aCTHLbI AJPOM H30TONA a30Ta N 00pasyeTcss HEM3BECTHBIM DIIEMEHT M
pOTOH. Hanummre peakuuio U onpeneanTe HEU3BECTHBINA JJIEMEHT.

BosmoxkHa 15u  peakuus, MOpoucXoismias Npu OoMOapIMpOBKE QIIOMHHHS —O-4aCTUIAMH U

COTPOBOXK/TAOIIYIOCS BbIOMBAaHUEM HEHWTPOHOB, €CIM B PE3yJbTaTe MOJYYaeTCs SAPO KPEMHUS C
MaccoBBIM unciaoMm 307?

[lpu nenennn siapa U BBIIEISCTCS SHEPTHS 3,2-10 Jx (200 M»sB). Paccuuraiite sHepruio,

KOTOpasi BBIICIUTCS MIPU CTOPAHUU ypaHa KOJIMYECTBOM BelecTBa 1 MOJIb.
Ornpenenure SHEPTUIO, BBIJICISIONIYIOCS B X0/I€ TEPMOSIICPHON PEaKIINU H+H—,He.

U3oron renus He nojy4aeTcs B pesyiibrare 60MOapIMPOBKH SI€p TPUTUSA *H TpoToHamu. Hakinure

SHEPreTUYECKUN BBIXOJ 3TOU PEaKLUH.

®opma npeacrapiaeHus pe3yJabTara:
BeInonHuTh 3a1aHue B TETpaau AJs MPAKTUUECKUX paloT.
Kputepun onenkmn:

3a IpaBHIIBLHO BBITIOIHEHHOE 33/I1aHUE BBICTABIISETCS TTOJIOKUTEIbHAS OIleHKa — | Oa.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — 0 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 «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Pa3nes 8 DiieMeHTHI aCTPOHOMMH U ACTPO(PHU3NKH

Tema 8.1 DiieMeHTBI ACTPOHOMMH U ACTPOPHU3NKH

IIpakTnyeckoe 3ansitue Ne31

Crpoenne u coctaB ConHeuHoii cucremsbl. ['anakTuku. Padora ¢ kaproii 38é31H0ro Heba

Heab: M03HaKOMUTHCS C MOABMXKHON KapToil 3BE31HOT0 HEOA, HAYUUTHCS OMPEENATh YCIOBUS

BUJHUMOCTH CO3B€3Z[I/II71, HAaY4YUTHCA OMPECACIIATL KOOPAUHATHI 3BC3 1 I1O KapTEe

Boinosinenue padorsl cnocodocTByeT GOPMUPOBAHUIO:
1. TIPG1; ITPG2; TT1P63; I1P064; ITPG6; TIPGS;
2. TIPyl; ITPy2; I1Py3; ITPy4; ITPy5; I1Py9;
3. MP§MP9,MP10,MP21,MP17, MP13
4. JIP 26,JIP 14,J1P 23,JIP 13

MarepuanbHoe o0ecnedeHue: TeTpaab I TMPAKTHYECKUX padOT, pydKa, METOIUYECKHE

PEKOMEHIAaLlH 110 BHIIOJIHEHUIO PA0OTHI, JIMHEHKA, KapaH Jarll.
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Yka3zanue: [Ipaktuueckas paboTa COCTOMT U3 ABYX YacTeid — TEOPETUYECKOH M NPaKTHUECKOM.
ITocne u3ydeHuss TEOPETUYECKOr0 MaTeprala MOXKHO IIPUCTYNATh K BBIIIOJHEHUIO IPAKTUYECKON YaCTH.
Omna cocTtouT U3 AByX U OoJiee 3a/1a4 JJIsl CAMOCTOSTENILHOTO BBINIOJHEHUs. He 3a0bIBaiiTe 0 MpaBUIIBHOM
oopmienun peuieHus. Ha BblnosHeHHe MpakTUYECKONH OTBOAMTCS JiBa akaJeMudeckux daca. [lopsaok
BBITTOJIHEHUS pabOTHI

ITopsinok BbINOJIHEHHSI PAa0OTHI:

1. PaccMoTpuTe TEOpeTHMUECKMHM MaTepual IO TeME€ U NpUMEphl pelleHus 3axad  (CMOTpu
METOAMYECKOE ITOCOOHeE).
2. Pemmre camocrosiTensHyto padoty. Odopmure perieHne NiCbMEHHO B TETPAIH.

Xox padoThI:

Teopus.

Bun 3Bé3aHoro Heba m3aMeHsieTcs M3-3a CyTOYHOTO BpaleHus 3emiu. M3MeHeHune Buaa 3BE31HOTO

HeOa B 3aBHCHMOCTH OT BPEMEHHU Tojia MPOUCXOAWT BCICACTBUE oOpamieHus 3emiin BOKpyr ComHIa.
Pabota nocpsiieHa 3HaKOMCTBY CO 3BE3/IHBIM HEOOM, PELICHUIO 3a/1a4 Ha YCJIOBHS BUIMMOCTH CO3BE3IUi
U OIIpe/ieNIEHU UX KOOpAMHAT.
Ilepen Hauanom paOoThl pacmedyaTaTh NMOJBH/KHYI0 KapTy 3Be3JHOr0 He0a, OBaJ HAKJIaJHOIO Kpyra
BBIpE3aTh 10 JIMHUHM, COOTBETCTBYIOLICH Teorpaduueckol mupoTe Mecra HaOmoaeHus. JInaus Bipes3a
HaKJIaJHOro Kpyra OyaeT n300pakaTh JIMHUIO TOPU30HTA. 3BE3AHYIO KapTy U HAKJIAQJAHON KPYr HaKJIEUTh
Ha kapToH. OT (ora K ceBepy HaKJIAJAHOIO Kpyra HaTSHYTh HHUTb, KOTOpas MOKaKET HaIlpaBJICHUE
HeOeCHOro MepuauaHa.

Ha kapre:
® 3BE3/bI IOKa3aHbl YEPHBIMU TOUKAMM, Pa3MEPbl KOTOPBIX XapaKTEPU3YIOT IPKOCTb 3BE3;
® TYMaHHOCTHU 0003HAYEHBI IITPUXOBBIMU JIMHUSIMU;
® CEBEpHBII MOII0C MUpa N300pakEH B LIEHTPE KAPTHI;
[ ]

JIMHHAHU, UCXOJISIINE OT CEBEPHOTO TOJIF0CA MHUPA, TOKA3bIBAIOT PACTIOIOKEHNE KPYTOB

ckioHeHus. Ha 3B&31HOM KapTe Ams ABYX OMMKaWIINX KPYTroB CKIOHEHUS YTIIOBOE

paccrosinue paBHo 1 u;

e HeOecHbIe nmapauienu HaHeceHsl yepe3 30°. C ux moMoIIbio MOKHO MTPOU3BECTH OTCUET
CKJIOHEHHUE CBETHII J;

® TOYKH IEPECCUYCHUA SKITUIITUKH C DKBATOPOM, I KOTOPBIX IIPAMOC BOCXOXKIACHUC Om12 4.,
Ha3bIBAIOTCS TOYKAMU BeCeHHETo g 1 W paBHOJECHCTBUI;

® IO Kparo 3Bé3)IHOI71 KapTbl HAHECCCHBI MECALILI M YMCJId, 4 HAa HAKIIAJTHOM KPYIe — 4acChbl;

® 3CHHT PACIMOJIOKEH BOJIM3H IIEHTPa BhIpe3a (B TOUKE NepeceueHus] HUTH, N300pakaronien

HeOECHBIN MepuIraH ¢ HeOECHOH mapaenblo, CKIOHEHHE KOTOPOil paBHO reorpaduueckoit

UpOTEC MCCTAa Ha6J'IIOI[eHI/ISI).
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Jis1 onpeaesieHUs1 MeCTOIOJI0KEHUSI HEOECHOT0 CBETHJIAa He00X0IMMO Mecsill, YMCJI0, YKa3aHHOe HA
3BEé31HOM KapTe, COBMECTUTh C 4acOM HA0JII0leHUs HA HAKJIAJHOM Kpyre.

HebecHrblil 3xkBaTOp — 6o1bUi0l Kpye HebecHOU cghepbl, NIOCKOCIMb KOMOPO20 NePRneHOUKYIAPHA OCU
mupa u cognadaem ¢ niOCKOCMblo 3eMH020 dKkeamopa. HebecHbIN dKBaTOp nenuT HeOeCHYIO cdepy Ha
JIBa TIOJTYIIAPHS: CEBEPHOE MOJYIIApHE, C BEPIINHONW B CEBEPHOM IOJIOCE MHpPA, M FOXKHOE MOJIyIIApHUE, C
BEPIIMHOH B 10)KHOM Moyroce Mupa. Co3Be3usi, 4epe3 KOTOPhIC MPOXOIUT HEOSCHBIH SKBATOP, HA3bIBAIOT
AKBaTOPHAIBLHBIMU. Pa3ndaroT co3Be3/usl 10)KHbBIC U CEBEPHBIE.

CoszBe3ngust CeepHoro mnonymapus: bonbmas u Manas Measeaunnl, Kaccuones, Lledeit, [Ipaxon,
Jlebenp, JIupa, Bonomnac u ap.

K roxxsbIM oTHOCATCes FOxHbIM Kpecr, Llenrap, Myxa, )KeprBennuk, FOxHb1i1 TpeyroapHuk.

IMosoc Mupa — mouka Ha HebecHOU cghepe, B0Kpy2 KOMOPOU HPOUCXOOUM BGUOUMOE CYMOUHOe
osudcenue 36630 uz-3a epawjeHusi 3emau 6oxpye ceoeti ocu. Hanmpasinenne Ha CeBepHBIN MoJIIOC Mupa
COBIIAJIaeT C HaNpaBlieHWEM Ha reorpaduyeckuii cesep, a Ha HOXHBIN MOTIOC MUpa — C HaNpaBICHUEM
Ha reorpaduueckuii ror. CeBepHBI TOJIOC MHUpa HAXOAUTCS B cO3Be3auu Mamoit MeaBeauiisl ¢
MOJIAPUCCUMON (BUIMMAs sipKasi 3Be3/ia, HaXOAsIascss Ha ocu BpaieHus 3emin) — [lonsipHoii 3Be310H,
FO’KHBIA — B c03Be3/Iuu OKTaHT.

TyMaHHOCTD — yuacmox medxHc36€30HOU cpeobl, 8blONAOUUIC CBOUM USTYYEHUEM UTU NO2TIOUjeHUeM
uznyuenus Ha obwem ¢pone neda. PaHee TyYMaHHOCTSMU Ha3blBaJM BCAKHHM HEMOJBIKHBIA Ha HebOe
mpoTsDKEHHBIA 00beKT. B 1920-¢ TOABI BBISICHUIIOCH, YTO CpPEId TYMaHHOCTEH MHOTO TaJIaKTHK
(narmpumep, TymaHHOCTH AHApomensl). [lociie 3TOro TepMHH «TYMaHHOCTB» CTall MMOHUMAThCs Oosiee
y3KO0, B YKa3aHHOM BBIIIE CMbICIIe. TYMaHHOCTH COCTOSIT U3 ITBLIH, Ta3a U TUIa3MEI.

DKJIUNTHKA — 00abUOU Kpye HebecHoU cghepvl, N0 KOMOPOMY HPOUCXOOUM BUOUMOE 200UYHOE
osudcenue Connya. TIIOCKOCTh SKIMNTHKA — IJIOCKOCTh oOpatieHus 3emiun Bokpyr CouHIa (3eMHOM
OpOUTHI).

B 3aBucuMocTH 0oT MecTa HabmoaTeNns Ha 3emiie MEHsIeTCs BUJ 3BE3HOr0 Heba M XapakTep CYyTOYHOTO
nBKeHus 3Be3ql. CyTOYHbIC MyTH CBETUJI Ha HEOECHOU chepe — 3TO OKPYKHOCTH, TUIOCKOCTH KOTOPBIX
napajuieNbHbl HEOECHOMY SKBAaTOPY.

PaccmoTpuM, kak M3MeHsAETCs BUJ 3B€3JHOr0 Heba Ha mosrocax 3emid. [loiaroc — 3To Takoe mecto Ha
3eMHOM IHIape, TJIe OCh MUpa COBIMAJAET C OTBECHOM JIMHHEH, a HEOECHBIN YKBATOP — C TOPU3OHTOM.
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st nabnromarens, Haxosmerocss Ha CeBepHoM noitoce 3emuu, [lomsipras 3Be3na OyneT pacnojaraTbes
B 3€HUTE, 3BE3/Ibl OyAyT JBUIaThCs 10 Kpyram, napauieIbHbIM MaTeMaTHUYeCKOMY FOPU30HTY, KOTOPBIi
COBIIQJAET ¢ HEOECHBIM 3KBATOPOM. [Ipu 3TOM Hajx ropu30HTOM OYAYT BUAHBI BCE 3BE3IIBI, CKIOHEHUE
KOTOPBIX MOJIOXKUTEIBHO (Ha FOxHOM nosmtoce, HA000poT, OyAyT BUIHBI BCE 3B€3/Ibl, CKIIOHEHUE KOTOPBIX
OTPHIIATENIFHO), @ UX BBICOTA B TEUCHHE CYTOK HE OYAET U3MEHSTHCA.

[TepemecTMcsi B IPUBBIYHBIC IS HAC CPEIHUE IIUPOTHL. 3/I€Ch YK€ OCh MHpa M HEOSCHBIA IKBATOP
HAKJIOHEHBI K TOpu3oHTY. [loaTOMy M cyTOouHble MyTH 3BE3M Takke OyAyT HAKJIOHEHBI K TOPU3OHTY.
CrnemoBaTellbHO, HA CPEJHHUX MIMPOTAX HAOJIONATEb CMOXET HaOII0JaTh BOCXOMISINNE W 3aXOJSIINE
3BE3/IBL.

HO}] BOCX010M nornumaemcs sejleHue nepeceyeHus Cceemuiom 80CMOYHOU Yacmu UCMUHHO20
copuzonma, a noa 3axoaoM — 3anaoHol Yacmu 3mo2o copuzonma.

IToMmumMmo 9TOro, 4acCTb 3Bé3I[, pacmnojiararommuxcsa B CCBEPHBIX OKOJIOIMOJIAPHBIX CO3BE3AHAX, HUKOT A HE
6yI[YT OITyCKaTbCA 3a TOPU30HT. Takwue 3BE31b1 IIPUHATO HA3bIBaTh HE3aXOAAIMMMU.

A 3BE371BI, pacmonokeHHble OKono FOKHOro momroca Mupa A HaOJIroAarens Ha CPeAHHX MIMPOTax
OyIyT SBISATHCS HEBOCXOAAIUMM.

OTtnpaBuMcs Janblile — Ha 3KBaTOp, reorpaduyeckas MUpPoTa KOTOPOTrO paBHA HYIO. 3/1€Ch OCh MHpa
COBIIAJIAET C MOJYACHHON JIMHUEH (TO €CTh pacmoiaraeTcs B MIIOCKOCTH TOPU30HTA), a HEOECHBIN YKBATOP
MIPOXOAUT Uepe3 3CHUT.
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CyrouHble yTH BCeX, 0€3 MCKIIOYEHUs, 3BE3]l MEPHEHAUKYISIPHBI TOpu30oHTY. [loaTomMy Haxomsch Ha
9KBATOpE, HAOIIOJATENIb CMOKET YBUJIETh BCE 3BE3/IbI, KOTOPHIE B TEYCHHE CYTOK BOCXOAT U 3aXOJAT.

BOO6H_IC, JJIA TOro, YTOOBI CBETHIIO BOCXOJWJIO M 3aXOOAUJI0, €I0 CKIIOHCHHUE II0 a0COIIOTHON BEJINYHMHE

16] < 90°— ¢
JOJI’KHO OBITH MCHBIIEC, YEM .
16| = 90°— ¢ .
Ecnu , To B CeBepHOM MONyIIapuu oHa OyAeT ABIAThCA Hezaxoasamen (s KOxunoro —
HEBOCXOJISIIIEH).
6] <90°— ¢
Torma oueBWIHO, YTO TE€ CBETHJIA, CKIIOHEHHUE KOTOPBIX , SIBJISIFOTCS. HEBOCXOJISIIMHU

i CeBepHoOro noiymapus (Win Hezaxoaaummu Juist FOxHoro).

3KB3TOpI/IaJ'[bHaﬂ CucremMa KoopaAuHaAT — 09mo cucmema HebeCHbIX KoopduHam, OCHOBHOU
njiocKkocmsio 6 Komopoﬁ ABNIAEMCs NIOCKOCb HebeCH020 oKeamopa.

3KBaT0pHaJ’[LHBIe HeOecHbIE KOOpAUHATBI:

1. Ckaonenue (0) — yenogoe paccmosanue ceéemuna M om nebecnozo 3keamopa, uzmepeHHoe 600.b
kpyea ckionenus. OGBIUHO BRIpAaXaeTCHA B I'paflycaX, MUHYTaxXx U CEeKYHJax AYI'H.
CKJIOHEHHE NIOJIOXHNTEJNBbHO K CeBepy OT He6EeCHOI'0 BKBaTopa U OTPUILATEJIbHO
K ory or Hero. O6BeXT Ha He6eCHOM 5HKBaTope HMeeT CKJOHeHue 0°.
CkxIOoOHEeHHEe CeBEepHOro mnoJmwca Heb6ecHou codeprr paBHO +90° CrioOHeHUe
IOXHOT'O moJiroca paBHo —90°.

2. Ilpsamoe BocxoOXkaeHHe cBeTWJa (0) — )Y2r1080e paccmosiHue, UumMepeHHoe 6007b HebeCH020
oKeamopda, om mo4Ku 6eCeHHeco pa8H00€HCWl6uﬂ 00 MoyKuU nepecederus Hebecnoz2o aKkeamopa ¢ Kpyeom
CKIIOHEeHUsL C8emud.

ITocsienoBaTeIbHOCTH BBINIOJHEHHS MPAKTHYECKOH padoThI:
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3agauyu npakTH4ecKoii padoThl:

3apaua 1. Onpenenute s3kBaTopuaibHbie KoopAauHaTel AnbTaupa (o Opna), Cupuyca (o bonbmoro [1ca)
u Beru (a JIupsr).

3anaua 2. Mcnonw3ys kapTy 3BE3HOTO HeOa, HaWIUTE 3BE3 /Ty M0 €€ KoopauHataM: 0 = +350; o = 14 6Mm.

3agaua 3. Onpenenure, Kakoi sBisieTcs 3Be31a 6 CTpenbiia, s HAOI01aTels, HaXOISAIIeTr0 Ha IUPOTe
550 15'. OnpenenuTh, BOCXOMSIICH WJIM HEBOCXOIAIICH SBIsETCS 3Be3da ABYMS CIIOCOOaMH: C
MCIOJIb30BAHNEM HAKIIQJHOTO KPyra IMOABMKHOW KapThl 3BE3HOTO HEOAa W C MCIOJIb30BaHUEM (hopmyi
YCJIOBHSI BUTTUMOCTH 3BE3]I.

IpakTuyecknii cmocod. PacrnosiaraeM MOABMKHBIA KpYyr Ha 3BE3HOM KapTe W INPU €ro BpalleHUU
oTpesieNisieM, SIBJISIETCS 3B€3/1a BOCXOIAICH MITM HEBOCXOISALICH .

TeopeTuyeknm cnocob.

Hcnonb3yem GpopMyIIbl YCIOBHSI BUIUMOCTH 3BE3/:

181 <90°—¢

Ec , TO 3B€3/a SABISAETCS BOCXOMAIIEH U 3aX0IIIIEH.

JIPI|5|1_:=9'[]| —@

Ec , TO 3B€3/1a B CeBepHOM MoJIymapuu sBJISICTCA He3axoAsIeH

_181<90°— ¢

Ec , TO 3Be3/1a B CeBEpHOM IOJIyILIAPHUH SIBIISIETCS HEBOCXOISILIEH.

3agaua 4. YCTaHOBUTH MOJBMXKHYIO KapTy 3BE3MIHOTO He0a Ha JeHb M 4ac HAONIOJIEHUS W Ha3BaTh
CO3BE3/IMsI, PACIIOJIOKEHHBIE B FO)KHOW 4YacTH Heba OT TOPU3OHTA JI0 TOJI0CAa MHUPA; Ha BOCTOKE — OT
TOPU30HTA JI0 MOJII0Ca MUPA.

3anaua 5. Haiitu co3Be3qus, pacroyio’keHHbIE MEX/ly TOUKaMU 3amaja u cesepa, 10 oxts0ps B 21 yac.
[IpoBepuTh NpaBUIBLHOCTH ONPEAEIEHUS BU3YAIbHBIM HAOIIOACHUEM 3BE3THOTO Heoa.

3agaua 6. Haiitu Ha 3BE3QHON KapTe co3Be3/Usl C 0003HAYEHHBIMU B HUX TYMaHHOCTSIMU U TPOBEPUTb,
MO’KHO JIM UX HaOJI0JIaTh HEBOOPYKEHHBIM IJIa30M IJ1a30M Ha JIeHb M 4Yac BBIMTOJHEHHs J1a0OpaTOpPHOM
paboTHI.

3agaua 7. Onpenenutb, OynyT iu BUAHBI co3Be3aus JleBwl, Paka. BecoB B monHoub 15 centadps? Kakoe
CO3BE3/IME B OTO KE BpeMs OYJeT HaXOUThCs BOJIU3H rOpU30HTA HA ceBepe?

3anaua 8. OnpenenuTh, KakKue U3 EPEUNCICHHBIX co3Be3auit: Manas Mensenuna, Bomonac, Bo3zauumii,
OpuoH - 115 Baieil MUpOTHl OyIyT HE3aXOAAITUMU?

3agaua 9. Ha kapre 3BE3aHOrO Heba HAWTHU MATH TIOOBIX NEPEUYUCIEHHBIX co3Be3nuid: bombimas
Mensenunia, Manas Mensenuna, Kaccuones, Auapomena, Ilerac, Jlebenp, JIupa, I'epkynec, CeBepHas
KOpPOHA — W ONpPEAETUTh NPUOTMKEHHO HEOECHBIE KOOPIUHATHI (CKIOHEHHE, U MIPSIMOE BOCXOXKIEHHE) a-
3BE3] DTUX CO3BE3IUN.

3agaya 10. Ompenenuth, Kakue co3Be3nusi OyayT HaxoAuTbess BOIM3M ropusoHTa Ha Cesepe, lOre,
3amane u BocTtoke 5 Mas B ITOJIHOYB.

KOHTpOHbHLIe BOIIPOCHI JISH 3aKPEIUVICHUA TEOPETUYECCKOI0 MaTepuaja K IPaKTHYECKOMY
3aHATHIO:

1. Uto Takoe 3B&31HOE HEOO? (3BE3THOE HEOO - MHOXKECTBO HEOCCHBIX CBETHJI, BUAUMBIX C 3€MIIH HOYBIO,
Ha HeOSCHOM CBOJIe. B sICHYIO HOYB YeJIOBEK C XOPOIIMM 3pSHHEM YBHJIUT Ha HeOOCBoJe He Ooee 2—3
TBICSY MEPIAIOIINUX TOYeK. ThICAYM JIET Ha3aJ IPEBHUE ACTPOHOMBI pa3leiWid 3Be3AHOEC HEOO Ha
ABCHaAIlaTb CCKTOpOB 158 HpI/II[YMa.HI/I UM UMCHAa U CUMBOJIBI, 110, KOTOprMI/I OHH U3BCCTHHI U HOHI:IHG.)
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2. YUro takoe co3pe3aus? (Co3Be3aus - y4acTKH, HAa KOTOpBIE pa3jerieHa HebecHas cepa aist ynodcrsa
OPHEHTHPOBAHMS Ha 3BE3MHOM HeOe. B mpeBHOCTH CO3BE3AMSMH HA3BIBAINCH XapaKTEpHbIC (QUTYPHI,
o0pa3zyemble SpKUMU 3BE3IAMU. )

3. CkoJIbKO Ha ceroAHsHui aeHb co3pe3auit? (Ceronns ecth 88 co3Beznuil. Co3Be3nus pa3ivyHbl 110
3aHMMaeMOH IUI0IaAn Ha HeOecHO! cdepe M KOIMYECTBY 3B€3/ B HUX.)

4. IlepeyrcnuTh OCHOBHBIE CO3BE3USI WU T€, KOTOpHIE Bbl 3HaeTe. (CyliecTBYIOT OOJIBbIINE CO3BE3TUS U
Masienbkre. K mepBeiM oTHOcsATcs bonemas Mensenuna, I'epkynec, lIlerac, Boponei, Bouomnac,
Annpomena. Ko BropeiMm - FOxnbiii Kpect, Xameneon, Jleryuas Priba, Mansiii [1éc, Paiickas Iltumna.
KoHnewHo, Mbl Ha3BaJM JIMIIH MY TOJIMKY, HAaOOJIee U3BECTHEIE. )

5. Yro Takoe kaprta Heb6a? ( OTo n3o0pakeHue 3BE3AHOrO Heba WK ero 4acTu Ha rockocT. Kapry Heba
aCTPOHOMBI pa3JeJIMIIU Ha 2 YaCTH: F0XKHYIO U CEBEPHYIO (110 aHAJIIOTMHU € TOJIYIIApUSIMU 3EMIIH. )

6. UYrto Takoe wHeOecHbli skBarop? (bompmoi kKpyr HeOecHOW cdepbl, IUIOCKOCTh KOTOPOTO
NEePIEeHUKYIIIPHA OCH MUPA U COBHAJIAET C INIOCKOCTHIO 36MHOT'O 9KBAaTOPA.

®dopma npeacTaBiaeHusl pe3yJabTarTa:
BrimmonHuTh 3aaHueC B TCTpaaAu IJIA IPAKTUUICCKHUX pa60T.

Kputepuu onenkmu:
3a MpaBUIIbHO BBITOJHEHHOE 33JJAHHE BHICTABIISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpPaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATEIbHAS onleHKa — 0 OaioB.
Oyenxa «omauunoy svicmagisemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasgisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

JlaGopaTopHbie paGoThI
Tema 2.1 Kunematuka
JlaGopaTopHoe 3ausitue Nel

OmnpenesieHne NJIOTHOCTH BeLIeCTBA
Heb: DKcnepruMEHTATBHO OMPEACIUTD ITOTHOCTH KUJIKOCTH U TBEPIOTO TETa.
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09, IIK 1.1, TIK 1.3
MartepuanbHoe o0ecriedeHmne:
BECHI C pa3HOBECAMU; JIMHEMKA MaclITaOHas; IITaHTeHIIUPKYJb;, MEH3ypKa; BEIIEeCTBO, IJIOTHOCTD
KOTOPOT'0 HYKHO ONPEIEIIUTD.
3ananue:
1. O3HaKOMbBTECH C TEOPETHUECKUM MaTEPHAIIOM IO TEME.
2. OnpenenuTe Maccy U 00bEM HCCIIETyeMOTO BEIIECTRA.
3. BeraucnuTe mioTHOCTH BEIIECTBA.
4. CocTaBbTe OTUET 110 JIA0OPATOPHOU padoTe.
Ilopsinok BbINOJTHEHHS PA0OTHI:
O3HaKOMBTECH C TEOPETUYECKUM MATEPUATIOM TI0 JAHHOH TeMe.
Onpexnenure MIOTHOCTb TBEPAOTO TeENA..
Brruucnute aOCOMOTHYIO U OTHOCUTETBHYIO TTOTPEITHOCTH U3MEPEHUH.
Jlannblie 3aHecuTe B Tadmuiry Nel
Ompenenure 1EHY ETIEHNS MEH3YPKH.
Omnpenenure MIOTHOCTH BOABI HEOOXOIMMO.
Boruncnute aGCOMOTHYIO M OTHOCUTEIBHYIO MOTPEIIHOCTH U3MEPEHUN

ocoagkrwdEE
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7. PesynbraThl OnbiTa 3aHECUTE B TAOIUITYNo2.
8. OTBeTbTE Ha KOHTPOJIbHBIE BONIPOCHI:

KoHTpoJibHBIE BOOPOCHI

9.

1.

W3 nByX pa3HBIX METaUIOB HM3TOTOBJIECHBI OJMHAKOBBIE IO pa3MepaM KyOuku. BiapemnBanue
MoKa3aJio, YTO Macca OJTHOTO KyOHuKa 0oJIbIlie Macchl Apyroro B 2 pasza. OiMHAKOBA JIU TUNIOTHOCTh
Metauia? Eciu HET, TO BO CKOJIBKO pa3 OTJINYAIOTCS IJIOTHOCTU?
Tpu neranu — MejHas1, Kelle3Hash U ATIOMUHKUEBAs — UMCIOT OJTMHAKOBbIe 00bEMBI. Kakast meranb
MMeeT HaMMEHBIIYIO Maccy, Kakas HanOomnpIryro? [IycToT B geTansx Her.

3
Kycok meramna o6semom 150 cm™ umeet maccy 750 r. OnpenenuTe mioTHOCTh MaTepuara.

Ha gamku ypaBHOBEIIEHHBIX BECOB MOCTABIIECHBI OJJMHAKOBBIC CTakaHbl. [locie Toro, kak B OJUH
CTaKaH HAJWIA MOJIOKO, a B IPYIOl — MOJCOJHEYHOE MAaCjI0, pABHOBECHE BECOB HE HAPYIIUIIOCH.
OO0BEM KaKO# U3 KUIKOCTEH OOJIbIIE?
3anoIHUTE OTYET 1O J1abopaTOPHOM padoTe COryIacHO TPeOOBAHHUSIM.

Xoa paGoTsI:

Yacrte 1. /15 onpeneneHus INIOTHOCTH TBEPJOTO Tela BBIYUCIUTE €r0 00BEM.
O0BeM NpsAMOYTOIBHOTO MapajuIesIeHIIe1a BBIYUCINTE O GopMyIIe:

V=abh,

rJie a — JyInHa, M; b — mupuHa, M; h — BeIcoTa, M.

2.

3.

© Nooa &~

O0beM MWIMH]IPA BEIYUCIUTE 110 (OpMyIIe:
h — BeIcOTa 1IMIIMHApA, M; d — €ro AUaMeTp, M.

mi®
4

h

Ecnu TBepmoe Teslo uMeeT HENpaBWIbHYIO (OpMy, TO €ro o0BbEM OINpeNeIuTe C MOMOILBIO
MEH3YPKH, B KOTOPYIO OH MOKET OBITh TIOTPYKEH.

ypaBHOBeCBTe BEChI UCITIOJIB3Y: ITpaBUJIa B3BCIIMBAHUAA.

Onpenenure maccy Tena.
ITo popmyne p=m/v BBIYHCIUTE IUIOTHOCTH TBEPJOTO Tea.
Pesynbrarel usmepenunii 3anecute B Ta0nuiy Nel u crienaite BEIUMCICHUS.

Yactp Ne2. I[J'I}I OIPEACIICHUSA IITIOTHOCTHU BOJAbI HCO6XOI[I/IMOI

1. HaiiTu Maccy Tapbl, B KOTOPYIO HY>)KHO IIOMECTUTh BOAY U OIPENEIUTh Maccy BOJbI 0e3

Tapsbl.

2. Ompepaenute MeHY JEICHUS MCH3YPKU U HAIUTE 00BHEM B3BEIIICHHOW YKHUIKOCTH (BOIBI).
3. PesynbTaThl ombiTa 3aHecuTe B TaOmuUIry No2.

Tabnuma Nel. Pe3ynbTaTsl H3MEepeHUH.

Ne Bewec | mmpu | qumaa | BeIcOT | 0058M, | Macca | IIOTHOCTH pmab| Ap
TBO Ha. , b(M) a, V( , pl’lp(KZ/M3)
a(M
() hv) || mxr)
Tabnuma Ne2. Pe3ynbpTaThl BEIYUCICHUN.
No | BemectBo Macca Taphl , Macca 00BEM, IJIOTHOCTD pmab
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m1(xr) KUIAKOCT | V(u3) pnp(xe/
u, Mm3)
m2(kr)

dopma npeacTaBJeHus pe3yabTaTa:
PaboTa nomkHa ObITH BBITIOJHEHA B TETPAIH IS JTaOOPATOPHBIX PadoT.
Kputepuu onenkmu:
3a MpaBUIIHLHO BBITOJIHEHHOE 33JJaHHE BHICTABIISICTCS TTOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTpHUIIATENbHAs olleHKa — () OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmagniemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 2.3 3aKkoHbI COXpaHEHHS B MeXaHHKe

JlaGopaTopHoe 3aHsiTue Ne2

Omnpenesienne KO3IPPUIMEHTA )KECTKOCTH YIIPYIoro reJia

Henb: M3yuuth 3aBUCUMOCTh CHJIBI YIPYroCTH OT JIMHEWHON JedopManuu; Ha IpUMEpe
neopManuy pacTsDKEHHs SKCIIEPUMEHTAIbHO MOATBEPAUTD CIIPaBEIIMBOCTb 3aKoHa ['yka; onpenenuTs
pacuéTHeIM U rpaduyecKkuM crnocodamu KodGULIUEHT YIPYrocTH (KECTKOCTb) MPYKUHBI (PE3UHBI).

Boinosinenue padorsl cnoco6cTBYeT GOPMUPOBAHUIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09, I[IK 1.1, TIK 1.3

MatepuanabHoe obecneyenue: IlltatuB ¢ mydTol U nepkaTensiMH, JUHAMOMETP C UCCIEAyeMOM
NPYKUHOW U 3aKPBITOM IIKaNOW (MM MCCIIEyEeMBbIil JIOCKYT pe3MHBbI), JTWHEHKa, Yalia OT BECOB, HA0Op
rpy30B ¢ u3BecTHBIMU Maccamu (1o 100 u 50 rpaMMoB).

Ilopsinok BbINOJHEHHS padOThI:

1. O3HakoMbTech ¢ TEOPeTHYECKUM MaTePHAJIOM.

B nanHo#l naboparopHoil paboTe paccmaTpuBaeTcs ynpyras JUHEWHas aeopmanusi pacTsKeHUs
OPY)XUHBl (MM DPE3UHBbI), CBA3aHHAs C OSTUM CHJIa YOPYrOCTH, H, COOCTBEHHO, caMa CBs3b,
BBIPAKAFOIIAsICS B U3BECTHOM 3akoHe ['yka, KOTOphIid (6€3 ydeTra pa3HOHAINPaBIEHHOCTH JedOopMaIii |
CHJIBI YIIPYTOCTH ) MO>KHO 3aIlUCaTh B CIEAYIOLIEM BUJE:

Bl =k-x

rae: F y — abGcomoTHoe 3HaueHue cuitbl yrpyrocty; [ — koadduunent ynpyroctu (KECTKOCTh); [
— aOCOIOTHOE yIJTMHEHHE.
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sl bl beladadalalals

Inin

&2

To ectb ¢ pocrom aedopManuu MOAYNb (3HaYEHHE) CHJIBI YHPYrocTdu (B Mpenesax YHpyrux
nedopmaruii) pacter npsmo nponopuroHanbHo. Koaddumuent ynpyroctu u3 3akona ['yka Jierko HaTu,
yuuThIBasi 4uCiIeHHOe paBeHCTBO (mo Ill-my 3akony HbroToHa) cuibl ynmpyrocTd W Beca Telna,
HATSATHBAIONIETO MPYXUHY (pe3UHY):

mg
k = —
-
rae: K — xodd¢unment ynpyroctu (KECTKOCTb) NMPYKUHBI (pE3WHBI); M — macca rpysa; g—
YCKOpEHHE CBOOOAHOTO MAJCHUS; X — aOCOIIOTHOE YJUIMHEHUE MIPYKUHBI (PE3UHBI).
C npyroii cTopoHBl U3 Trpaduueckoil Gpopmbl ypaBHeHUS Kod(DdUIMEHT k MOXHO HaWTH, Kak
TaHTeHC yria HakioHa Jiy4da /Fy/(x) k ocu abcuuce.
2. O6a 3HaveHust k ciemyer CpaBHUTb, M 1O PE3yJibTaTaM 3TOTO CPaBHEHHs CHENaTh BBIBOJ O

MIPOJIeJIaHHO padoTe.

Xox padoTsI:
1. BuumarenbHO MPOYUTATh ONUCAHUE PaOOTHI U AITOPUTM JIEHCTBUM;
2. CobOpaTtb M 3apUKCUPOBATh YCTAaHOBKY (CM. PHCYHOK) TakK, 4TOOBI 3aKpeljeHHas K NpYy>KUHe
(pe3uHe) mycTas yalia BECOB HE3HAUUTENIBHO pacTAruBalia IpyXUHY (PE3UHY);
3. Crnenatb OTMETKY «HYJIEBOT'O» YPOBHS HPYKUHBI (PE3UHBI), OT KOTOPOro OYAYT OTCUHUTBHIBATHCS
JTMHEWHBIC Y/UTMHEHHS,
4. TlonmokuTh Ha YaIly BECOB I'Py3 IPOU3BOJILHONW MacChl;

5. TlpomsBecTn M3MEpeHUs CIEMYIOIIMX BEIWYHH: [] — Macca rpy3a (CymMma Macc Tpy30B B Halie
BecoB); [ | — abCOMIOTHOE yUIMHEHUE NIPYKUHBI (PE3UHBI);
6. IloBTOPUTH ABAXKIBI

7. Ilpom3BecTH MNPOMEXKYTOUYHBIE BBIYMCICHUS OCHOBHOM BEJIMYMHBI [UI1 KaXJ0ro M3 TpeEX
n3Mepenuit: [11; ATJ2; [ — koappumnmeHTs! ynpyroctu ()KECTKOCTh) IPYKUHBI (PE3UHBI) ;

8. IlpousBecTH NPOMEXYTOUHbIE BBIYMCICHUS CleAyoumx BenuuuH: [lcp; Allcp; [ep (mo
MPUHATHIM TPAaBUJIaM BBIYUCICHUIA U HAXO0XKICHUS ITOTPEITHOCTEH );

9. 10. Ha Onanke oTyera Ha4epTUThb | YETBEPTh CUCTEMbI KOOPAMHAT C OChblO abcumcc - [] —
abCoMIOTHOE YIJIMHEHUE; U ocbio opauHaT - F y — abcomoTHOe 3Hau€HHWE CHUJIbI YIPYTOCTH.
BriOpath MacTabbl eAMHULL U3MEPEHUS JUTs JaHHBIX OCE Tak, YTOObI MaKCUMaJIbHbIE 3HAYECHHUS
W3MEPEHHBIX W BEIYUCIICHHBIX BETMUMH HE BBIIILTH 32 MPEIENbl CHCTEMbI KOOPAMHAT;

10. Ha xoopauHaTtHO# tuiockocTH oTMeTuTh Touku: A(x1;|FY1)); B(x2;|FY2|); C(x3;|FY3|); rme: xn —
OJIHO W3 3HAUEHUH YAJIMHEHUS NMPY>KUHBI (PE3UHBI) 110 U3MEPEHUSIM AaHHOTO anroputma; [FYn| -
OJIHO M3 3HAYEHMM CHJIbI YIIPYTrOCTH, YNCIEHHO PaBHOM Becy Ipys3a mng, Iie Macca — U3MEPEHUE
JTAHHOT'O aJIrOPUTMa;

11. ITpoBectu mpsimyto uepe3 Touku A, B, C (ecin TOUKM He JeXaT Ha OJHOM MpsAMON — MpPOBECTH
MPSMYIO TakK, YTOOBI TOUKH PaBHOYAAIEHHO HAXOIUIUCH IO 00€ CTOPOHBI OT MPSIMOM).
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12. ITpousBecTu u 3apUKCUPOBATH B yHKTE 5. OaHka oTyéra 3HaueHue korddunmenta k’, paBHOTO
TaHIeHCY YIJla HaKJIOHA 3TOM MPsIMOM K OCH abcuuce (IPpU BEIYUCICHUH tg o< 0053aTEIbHO
HEO0OXOMMO YUUTHIBATh MacIITaObl M OCH a0CITUCC, M OCH OpAMHAT!);

13. CpaBHUTH KOAPPUIUEHTHI YIIPYTOCTH (3KECTKOCTH ), KOTOPBIC BEIYUCTSUTUCH. ClIenaTh BEIBOI.
KoHnTpoJibHbIE BOIPOCHI
1) B uém 3akmrouaercs 3akoH ['yka?

2) Uto Takoe ynpyras aedopmanus?
3) Korna Bo3HuKaeT cuiia yrnpyroctu?
4) Uto 03HauaeT 3HaK «—» B 3akoHe ['yka?
5) Ot yero 3aBUCUT KOAPDUIMEHT YIPYrocTu?
6) Kak pomkeH nBuUratbcs TUHAMOMETP, YTOOBI, HECMOTpPSA Ha IOJBELICHHBIH K HEMY TIpy3,
MpYXHHA OCTaBaJlaCh HEPACTIHYTON?
7) )KecTKOCTh MPY>KUHBI U KECTKOCTh MPOBOJIOKH, U3 KOTOPOH OHA COCTOUT — 3TO OJHO U TOXKe?
[Touemy?
®opma npeacTaBJieHus pe3yabTarTa:
Pabora momkHa ObITH BBIIOJIHEHA B TETPAAH IS JIAOOPATOPHBIX paboT.
Kpurepun oneHku:
3a mpaBUIIHLHO BBIMTOJHEHHOE 33JaHHE BHICTABIIICTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeNpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISIETCS OTpHUIIaTeNIbHAs olleHKa — () 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopouioy svicmasinsiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% nmpaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenbhoy svicmagisiemcs 3a menee 60% nmpaBUIBLHBIX OTBETOB

Tema 2.3 3aK0oHbI COXpAHEHHUS B MEXaHUKeE

JladopaTopHoe 3ansitue Ne3

N3ydenne nepopmanum pacrsakeHust

Heab: onpenenuts MOAYNIb YIPYTOCTH PE3UHBI IPH PACTSKEHUH.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

I1P62, I1P66, I1PGS, I1Py3, Ilpy7, I1PyS8, I1Pyl0, I1Py12, 11P610, Ilpy2, I1Pyl12, 1TP610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepuanbHoe oOecneyeHHe: WHAMBUAYyaJIbHOE 3aJjaHHE, KOHCIEKT JIEKIIUH, CIpaBOYHbIE
MaTepuaibl, pe3UHOBBIM MHYp AauHOM 25—30 cm u ceuenuem 4— 10 MM, Habop rpys3os no 0,1 xr,
LITaTUB, JTUHEWKA, IITAHTEHIIUPKYIb UJIK MUKPOMETD.

Yka3anmue:

JIaGoparopHasi paboTa COCTOMT M3 JABYX vacTed — TeopeTHuecko M mpakrtuyeckoi. Ilocme
M3y4YEHUsI TEOPETHUYECKOr0 MaTepraja MOKHO IPUCTYINATh K BBINOJHEHHIO MpPAaKTH4YecKoW yacTh. OHa
COCTOMT M3 JBYX W Oosiee 3ajauy Al CaMOCTOSITENIbHOTO BbIMONHeHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
odopmiiennu pemeHus. Ha BbImogHeHNE MPaKTHYECKOW OTBOJUTCS /1B aKaIeMUYECKHX Jaca.

MarepunanbHoe obecrnieyeHue:

3aganue:

1. O3HaKOMHTBCS C TEOPETUYECKUM MaTEPHATIOM.
Teopus
IIpu ycraHoBuBHIEHCS ynpyroi aedopManuu paBHOAEHCTBYIOUIAs BCEX BHYTPEHHUX CHII
YIOPYTOCTH, BO3HHMKAIOIIMX B Tejie B JIIOOOM €ro CEeYeHHH, YpaBHOBEIIMBACT BHELIHUE CHJIBI,
JENCTBYIOIIUE Ha TEO.
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CormacHo 3aKOHY FyKa, HAIMpsoKCHUE o0 W BBI3BAHHOC UM OTHOCHUTCIBHOC & YIJIMHCHUC
nponopiuoHansHbl: 0=E ¢, rne E— mMoayne ynpyrocrtu.
[Tocne mpeoOpazoBaHUs ITOTO BBIPAKCHHS TOTYIHM:

F- 3 dmgl

S Al md*(1-1,)

HJ’IH OKCIICPUMCHTAJIBHOT'O OIIPCACIICHUA MOAYJIA YHPYIOCTH HYXHO HU3MEPUTH BCC BCIMYMHBI:

2
S (S=—-)
nedopmupyromyto cuny F (F=mg), ceuenne obpasma S 4 , €ro TIEPBOHAYAIBHYIO
mny 10 u yuymmaenue 1.
Xox padoTbI:
N3yuenue nedpopmanum pacrskeHust
1. V3MepuTh C MOMOIIBIO INTAHTEHUUPKYIS WIM MHKPOMETpa TONIIMHY IIHYpa U BBIYUCIUTH
TIJIOIIA/Ib €ro MOMEPEUYHOTO CeYCHUS S.
2. TlogBemmBas k mHYypy rpy3sl maccoit 0,1 kr, 0,2 kr, 0,3 Kr, U3MEpPUTh COOTBETCTBYIOILLINE
a0COTFOTHBIC Y/UIMHECHUS IITHYPA: U BEIYUCIUTH OTHOCUTENBHBIC YIJIMHEHUS IITHYPA.
3. Ilo pe3ynpTaTam U3MepeHHil BEIUUCIUTh MOIYJb YIIPYTOCTH pe3uHbl E U OIIEHUTh MOrpenIHoCTH
IKCIIEPUMEHTA:
Am Al Ad Al
&= + +2—+ -
m d [-l

AE=FE-¢
- a0COJIIOTHAS TIOTPEITHOCTb.
5. Pe3ynbTarhl U3MEPEHUI U BHIYUCIICHHI 3aHECTH B TAOIHILY:

- OTHOCUTCJIbHAA MOTPCIIHOCTD

H3MCPCHO BBIYHUCIICHO
N;g mokr | d,m | S,m? | Lo m Lm | ALm| F,H |E, Ila Ee, AE, g, %
n/m Ila Ila
1
2
3

6. Cruenatb BBEIBOJIL.
KoHnTpoJsbHbIe BOnpockl.
Kakue Bub! neopmanuii Bel 3HaeTe?
W3mensieTcs a1 BHYTPEHHSSI SHEPrus AeOPMUPOBAHHBIX TeJ?
3. Kak u3meHuTcs yuIMHEHUE IPOBOJIOKH, €CIIH, HE MEHsIsI Harpy3KH, €€ 3aMeHUTH APYTroil U3 TOro
e MaTepuaa, ToH ke JUIMHBI, HO C B/IBO€ OOJIBIIUM AUaMeTpoM?
4. Kaxoii nuaMeTp UMeeT CTepKeHb, €CIIN MO IeHCTBHEM CHIIBI 2 10°H B HEM BO3HHKAET
MexaHnuyeckoe Hanpspkenue 160 MIla?
ITon neficTBreM Kakoil cuibl npyxuHa xéctkoctbio 100 H/M yummamnace va 0,02 merpa?
6. Ilon metictBuem cwibl 4 H npyxuna yamuamnacsk Ha 0,02 M. KakoBa kECTKOCTB TPYKUHBI?

N

o

dopma npeacTaBiIeHus pe3yabTaTa:
Pabota nomkHa OBITH BBINOJIHEHA B TETPAIU JUIS JJAOOPATOPHBIX padoT.
Kpurepum ouenku:
3a IpaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISIETCS TTOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HeNpaBUIIBHO BBIITOJHEHHOE EHCTBHE, 3a/laHHE BHICTABIISIETCS OTpHLIATEbHAs OleHKa — ) 6ayuioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB
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Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIbHBIX OTBETOB

Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbvHoy svicmasisemcs 3a Mmenee 60% nmpaBUIBLHBIX OTBETOB
gvicmasnaemcs 3a Menee 60% npaBUIIBHBIX OTBETOB

Tema 3.1 OcHOBBI MOJIEKYJIAPHO-KMHETHYECKOH TeOpuH

JlabopaTopHoe 3ansitue Ned

IIpoBepka razoBbIX 3aKOHOB

Henpb: M3yunTs B3auUMOCBSI3b MAaKPOCKOIIMYECKUX [1aPaMETPOB ra3a 3aJaHHOM MacChl; OIIBITHBIM
nyTéM yOequTcs B CIpaBeATIMBOCTH 3aKoHa boiins-Mapuotra.

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:

OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.11IK 1.3
MarepunanbHoe obecneyeHue:

CunpdoH (aTIOMUHHEBBI TEPMETUYHBIH IMIUHAP C TOQPUPOBAHHBIMU CTEHKAMH, IIKAIOH
YCJIOBHBIX €/MHUI], MOPIIHEM C BEPTHKAIbHBIM BUHTOM), BO3yXOBOJHBIH COEAMHUTENIbHBIA IUIAHT,
MaHOMETp, 0apOMETp, UCIBITYEMBIN Ta3 3aJaHHOH MacChl — BO3/YX.

3aganme:
1.IToBTOpUTH O0OBEANHEHHBIN ra30BbINA 3aKOH.
2.IIpoBeputh Ha IpaKkTHKE coOII0IeHHEe 3akoHa boitns-Mapuorra.

Ilopsinok BbINOJHEHHS Pa0OTHI:
Teopernveckue cBeIeHUS

B nanHoli naGopaTopHOil pabore paccmarpuBaercs coOmoaeHne 3akoHa boitns-Mapuorra,
CIpPaBEIJIMBOIO JUIsI M30TEPMHMUYECKOrO Ipolecca i JaHHOM Macchl rasza. M3 oOiero ypaBHEHHs
MenpeneeBa-Knanelipona 3akoH boiiss-MapruoTrra MOXKHO 3aIIMcaTh Tak:

Vnpn — C

rre: V— o0beM 3a/1aHHON Macchl T'a3a B N-OM COCTOSIHUM; [ | — aBJIeHUe 3aJaHHOM Macchl rasa B n-
OM COCTOSIHUH;

] — nocTosHHBINA K03 PULIMEeHT (KOHCTaHTA).

[Ipu ucnionb3oBaHuu B pabOTe TaHHOW YCTAaHOBKH (CM. pUCYHOK) OOBEM Traza yA00HO U3MEPSThH B
YCIOBHBIX enuHHIax obvema — y.e.0. (1 y.e.0.=0,1Vo, rne Vo — monublii o0bem cuwibdona 1 ), a
JaBJIEHUE — Kak aTMoc(epHOe NaBlieHHE C JIOMOJHUTENbHBIM (0€3 JOMOJHUTENBHOI0) JaBieHus (1o
MaHOMETPY) C NEPEBOAOM HEOOXOIUMBIX €AMHUI] aBieHus B cuctemy CU.

2 . 3amava CBOOUTCA K HAXOXKACHUIO KOHCTaHTHI Cn IS Ka)XXIOTO COCTOSIHHS OJHOW M TOW JKe
Macchl rasa:

Cn == Vn "Po (1 i = Apn)

rae3 : [J — KOHCTaHTa N-TO COCTOSIHUA (B YCJIOBHBIX €IMHHUIIAX KOHCTAHTHI — y.€.K.); [1— o0beM
3aJJaHHOM Macchl Ta3a B N-OM COCTOSIHUM (B YCJIOBHBIX €IMHHUIIAX 0o0bema — y.e.0.); [ | — aTMocdepHoe
nasnenue (B [Tackamsax — [1a); Al — qonomHUTENBHOE TaBIeHUE MaHOMETpa (B aTMocdepax — aTm).

Yem TouHee u Ommxe APYr K Apyry Oyaytr Haxoautbes koHcTanThl Cl, C2, C3 — Tem Oonee
TOYHBIM OKXKETCS HKCIIEpUMEHTAIbHOE MOITBEpKAeHUE 3aKoHa boiinsa-MapuoTra.

3 - MPUMEHSETCSI 3HAK «+)» - €CIH JaBIIEHUE PACTET, U 3HAK «-» - €CJIHM JABJIICHUE TaIaeT.

p.s. - 1.YcroiiunBas paboTta cuiib()OHa BO3MOKHA IIPU YCIOBUM U3MEHEHUs] 00beMa BO3lyXa B HEM
ot 0,5 10 0,9 y.e.o.

2. - Juid pacy€ToB eIMHUIIBI JaBJeHUs OapoMeTpa - MM.PT.CT.(MHJUIMMETP PTYTHOTO CTO0JI0a),
MOXXHO BOCTIONB30BaThCs eauHuIamu nepesoa B [la (Ilackamsax) mo dopmyne: 1 mm.pt.ct=133,33 Ila.
[TepeBoa moka3zanuit MaHOMETpa HE TpeOyeTcs.
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Xon paboThr:

1. 1. BEHuMaTenpHO MPOYNTATh ONUCAHUE PAOOTHI M aJITOPUTM JACHCTBU;
2. 3. U3meputb aTMOC(epHOE AaBICHHUE B JaHHBI MOMEHT € TIOMOIIBIO 6apoMeTpa;
3. 4. IlpousBectu u 3apukcHpoBaTh B OJIaHKE OTUYETA MPEABAPUTEIbHBIE U3MEPEHUsI aTMOC(HEPHOTO

JaBJIEHUS (C MEpeBOIOM B eMHULbI cucteMbl CH);
4, 5. CoOpaTh yCTaHOBKY (CM. PHUCYHOK) Tak, 4TOObl 00a KJIallaHa MaHOMETpa HaxOJWIHNCh B
OTKPBITOM COCTOSIHWH, a IOPIIEHb CUIb(OHA — B CAMOM BEPXHEM IOJI0KECHUH;

o

3aKpbITh BHEIIHUN KJIallaH MAHOMETPA;
6. C momouipbio BpaIAIOLIErocs MOPLIHS YCTaHOBUTH BBICOTY LMJIMHApPA CUIb(OHA Ha OJHOM U3
Tpéx ormeTok: 0,6; 0,7; 0,8.
7. IlpousBectH M 3auKcUpoBaTh B OJIaHKE OTUYETA MPEABAPUTEIbHBIC U3MEPEHUsT 00beMa 3alaHHON
MacChl Ta3a B OJIHOM U3 TPEX COCTOSHUM (B YCIOBHBIX €IMHUIIAX 00BEMA — y.€.0.);
8. Cpa3zy xe mpousBecTH U 3aUKCHpOBaTh B OJaHKE OTYeTa MpEIBApUTENIbHBIE W3MEPEHUs
JOTIOJTHUTEIHLHOTO JIABJICHHS] MAaHOMETPA OJHOTO U3 TPEX COCTOSHMI rasa (B arMocdepax - atMm);
9. Bbruucnuthk aOCOMOTHYIO U OTHOCUTEIBHYIO IOIPEIIHOCTH U3MEPEHU.
KoHnTpoJsbHbIe BOnpockl.
1) Ilpu xakom ycnoBuu cripaBeAauB 3akoH boiuis-Mapuorra?
2) Eciu ipu U30T€pMHUECKOM MpOIlECcce JaBICHHUE MAAAET, YTO MPOUCXOAUT C 00bEMOM?
3) IIpou3BoaUT 1M ra3 1aBI€HUE B COCTOSTHUM HEBECOMOCTH?
4) I[loueMy noy4eHHbIE Pe3YyIbTAThl B padOTe HE HI€aTbHO PAaBHBI MEX]y COOOM?
5) Uto BiuseT Ha TOYHOCTh U3MEPEHUH B TaHHOM paboTe?
6) MO>HO 71 OIIpeIeNTh YCIOBHYIO €IMHUILY KOHCTaHThI B eauHuLax CHU?
7) KakoBa mMacca Bo3yxa B ayAUTOPHUH IIJIOIAAb0 64 M2 , BeIcOTOM 3 M, pu Temnepatype 25 oC
Y JaBJeHUU 725 MM.pT.CT.?
dopma npeacraBjIeHus pe3yabTara:
PaboTa nomkHa ObITH BBITIOJHEHA B TETPaAM JJIs Ta0OPaTOPHBIX padoT.
Kpurtepun onenkmn:
3a npaBUWIILHO BBIMOJIHEHHOE 331aHHE BBICTABIIAETCS MOJIOKUTEIbHAS OlleHKa — 1 Oau.
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
Oyenra «Heyoosiemeopumenbhoy svicmagisemcs 3a Menee 60% nmpaBUIBHBIX OTBETOB

Tema 3.3 ArperaTHble COCTOSIHUS BellleCTBa U (pa30BbIe Mepexo/bl
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JladopaTopHoe 3ansiTue Neb

Onpezle.nelme K03(1)(l)I/IIII/IeHTa HOBerHOCTHOﬁ IJIOTHOCTH KUAKOCTH METOA0M OTPLIBA Kall€/Ib

eab: onpenennTs NOBEPXHOCTHOE HATSKEHUE BOABI M MBUIBHOI'O PaCTBOpPAa METO/IOM OTpPbIBA KaIlellb
BoinosineHne padoTsl cioco0CTBYeT (POPMUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,IIK 1.3
MarepuajibHoe o0ecnieyeHue:

HITPHI] JUIS YUCTOW BOJBI, LIMPHI] JUISI MBUIBHOTO pacTBopa (0o6bemoM 5—10 muir), cTakaHYMK C
YUCTOM BOJOW, CTAKaHYMK C MBUIBHBIM pPACTBOPOM, IITAHTCHUUPKYJIb WIA MHKPOMETP, OCTpPO
OTTOYCHHBIN KapaH/alll.

3aganue:

1 O3HaKOMBTECH C TEOPETUUECKUM MATEPUATIOM.

Ha kammo, BUCSIIYI0 HAa KOHIIE Y3KOM TpyOOUKH, JEHCTBYIOT JIB€ CHJIBI: CHJIa TSDKECTH mg
HalpaBJieHHAsT BEPTUKAJIbHO BHU3, M CHJIa TIOBEPXHOCTHOTO HATHKEHUs JKujakoctu F moB
pacmpesienieHHass BAOJb TPAHUIBI KUIAKOCTH C KpaeM TpPYyOKM M HampaBlieHHas IO KacaTelbHOH K
MMOBEPXHOCTHU KUIKOCTH MEPIICHIUKYISPHO ITON TPAHULIE.

Fros

»
myg

Cuiia MOBEpXHOCTHOTO HATSKCHUSI, ICHCTBYOMIAas Ha HEOOJNBIION YyY4acTOK IpaHuIbl AnuHON Al
paBHa o |, rae 6 — K03 (PULMEHT TOBEPXHOCTHOI'O HATSKEHUS KUIKOCTH.

VYcioBue paBHOBeCHs Kaluld Ha KOHIE TPYOOUKHM COCTOMT B TOM, YTO BEKTOpHAas CymMMa CHII,
JEHCTBYIOIIMX Ha OT/AEIbHBIE D3JEMEHTHl TpaHMIIbI, paBHA IO MOAYJIIO U TPOTHUBOIOJIOXKHA IO
HAIPABJICHUIO CUJIE TSKECTH.

Benuunna oA | mo mepe yBenmueHHs MacChl Kalljll OCTA€TCsl HEU3MEHHOM, HO B paBHOBECUU Karljis
IPUHUMAET Takylo (GopMy, YTO YroJl HakJIOHa CHJIbI MOBEPXHOCTHOTO HATSDKEHHsS K BEPTUKAIH O
YAOBJIETBOPSIET YCIOBUIO lo cos = mg , rie | — aiiMHa rpaHuilbl )KUJIKOCTH C TPYOOUKOH.

C yBesnnyeHreM Macchl Kalulyd yrojl 0. YMEHBIIAETCS U, HAKOHEL, JOCTUTaeT HyJIs, a cosa = 1 .

[Ipy nanpHeIeM yBEIWYEHHMM MAacChl YCJIOBHE pPaBHOBECHUSI KAaIUIM YK€ HE MOXET ObITh
BBITIOJIHEHO, U KaIUIsSl OTPHIBAETCS.

Orcrona, npunumasi, uto l=r d , rae d — BHyTpeHHUI quameTp TpyOOuKkH, nmoiaydaem: d om= mg
oL

ey
Xoxa padoTsl

1.U3meputh BHyTpeHHUN nuamerp d HakoHeuyHuWKa wmmpuna. Jlng u3MepeHus: MOXKHO
BOCIIOJIB30BaTbCs OCTPO OTTOYECHHBIM KapaHaamoMm. BceraBuB KapaHJall B HAaKOHEYHUK JO YIIOpa,
IIOMEThTE T'PAHUI]y CONPUKOCHOBEHMSI HAKOHEYHMKAa C KapaHaamoM. J[mamerp kapaHjaama Ha ypOBHE
9TOM TPAHULBI MOXKHO IIPUHATH 32 BHYTPCHHUN JUAaMETP HAKOHEYHHUKA U U3MEPUTH €r0 C IOMOIIbIO
IITAaHTCHIIUPKYJIS UM MUKPOMETPA.

2.Ha6patp B mmpuil 4—5 M1 BOJBI H, JIepKa €ro BEPTUKAIBLHO M TUIABHO HAXXKMMasi Ha TIOPIICHb,
BBUTUTH 3—4 MJI B CTaKaHYMK, cundTas Kamiau. M3MepeHne kojmuecTBa Kameiab N MPOBECTH HE MEHEE TPeX
pa3, 3areM 1o oO0miel macce BBITEKIIEH BOABI 00Hm[ m (MONB3YyHTECh INKANOW HA mmpwuie!) HalTH
CPEIHIOI0 MacCy Karljld m U MOTPEIIHOCTh ee onpeaeneHuss Am. Pe3ynbTarsl 3aHeCTH B TaOIUILy
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Tabauya Nel

uzmepero 8bIUUCIEHO
Ne N m m d A o Ao €
m e m,e ecp | me eep |, mm | d wmm, | Hm
oow

3.ITonp3ysace dopmynoii (1), paccuntaTh K0I()PHUIMEHT MOBEPXHOCTHOTO HATSIKCHHS BOJIBI U
a0COJTIOTHYIO TIOTPEIIHOCTD €TI0 ONPEIACICHHS

Ao =lo,, -0

uim ma6a| *

4. BolYMCIUTh OTHOCUTEIBHYIO MTOTPEIIHOCTh U3MEPEHUN

A .
g=—2_.100% "
o.m.u'n

5. AnanmormuHeiM 00pa3oM oOmpenenuTh KOdPPHUIHUEHT MOBEPXHOCTHOTO HATSIKECHUS MBUILHOTO
pacTBopa (I10JIb30BaThCs OTAEIbHBIM LIMPULIEM U ITOCY0U!).

H'iMCpCHO BBIYUCJICHO
Ne|m,.2| N me | m,.e | Ame | Am,e d, mm| Ad, mm O-_f%l AG’[%! &)

o

6. CnenaTb BBIBOJ M 3aMucaTh MOJy4eHHOE 3HaYeHHE K03(pPUILlmeHTa HOBEPXHOCTHOTO HATSKEHUS
C YYETOM MOrPELIHOCTU

KoHnTpoJsbHbIe BONIPOCHI:

1. Koaddunment noBepxHoctHoro HaTskeHus kepocuna 0,024 u/m. bonbIie nian MeHblie Macca
KaIlJIi KEpOCHHA 110 CPAaBHEHHUIO C KAIlJIEH BOJBI, ECIIN KaNlaTh U3 OJHOM U TOM K€ MUIETKU?

2. O6bsicHUTE TOAPOOHO, TOUEMY MaJIeHbKHE KalleIbKU )KUJIKOCTH MOTYT JI0JITO BUCETh HE
OTpPBIBASICH.

3. [Touemy, mpexie 4eM MOKPBITh IITYKATYPKy MACIISTHOW KPACKOM, MPEABAPUTEIBHO ITPOU3BOIAT
I'PYHTOBKY ONU(ON?

4. IlpuBenute CBOU NMPUMEPHI JEHCTBHSI CHIIBI IOBEPXHOCTHOTO HATSKEHUS

dopma npeacraBjIeHus pe3yabTara:

PaGota nomkHa ObITH BHIMOJIHEHA B TETPAIU AJIs JJaDOpaTOPHBIX padoT.

Kpurtepun onenkmn:
3a npaBUWIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTENbHAS OlleHKa — 1 Oa.
3a HeMpaBWIILHO BHITIOJIHEHHOE JIEHCTBHE, 3aJ]aHNe BHICTABIIIETCS OTpHUIIaTeNbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIBLHBIX OTBETOB
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Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenxa «HeyoosiemeopumenbHoy svicmasisemcs 3a Mmenee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.3 ArperaTHLIe COCTOAHUS BelleCTBa U (l)a30B]>Ie nmepexoabl

JlaGopaTopHoe 3aHsiTue Ne6

OnpenesieHne BJIAKHOCTH BO31yXa U aTMOC(EpPHOro 1aBIeHUs
Leab: U3MEpUTH OTHOCUTEIHHYIO BIIAXKHOCTh BO3/yXa B JIA0OpaTOpuu PU3UKH
BoinosineHne padoTsl cnioco0CTBYET (POPMUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,IIK 1.3
MarepuasbHoe o0ecniedeHue: rurpomerp ncuxpomerpuueckuit BUT — C, crakaH ¢ KUIISTYEHOM BOAOM
3aganue
1. O3HakoMbTech C TEOPEeTHYECKUM MATEPHAJIOM:

B armocdepe 3emnm Bcerga coaepkarcsa BoAsHble mapbl. WX copepkaHHe B BO3IyXe
XapakTepu3yercs abCOMOTHOM U OTHOCUTENIBHOW BIIaXKHOCTHIO. AOCOJIIOTHAs BJIAXKHOCTh ONPEIEIIETCS
IUIOTHOCTBIO BOJSHOTO TMapa pa, HaxXOoHAILIerocs B arMocdepe, WM ero MaplHalbHbIM JaBICHUEM PII.
[TapumansHBIM JaBJIGHUEM PI HA3BIBACTCS JABJIICHHWE, KOTOPOE MPOU3BOIMI OBl BOISIHOW Iap, €Cl ObI
BCE Jpyrue rasbl B BO3JyXe OTCYTCTBOBaJU. OTHOCUTENIBHON BIAXHOCTHIO () HA3bIBACTCS OTHOIICHHE
MapuuaIbHOTO JABJICHUS PI BOJSHOIO Iapa, COACPIKAIIETOCS B BO3JyXE, K JABICHUIO HACBIIIEHHOTO
napa pH.I., Ipu AaHHON TemmepaType. OTHOCUTENbHAs BIAXHOCTh () TIOKA3bIBAET, CKOJIBKO MPOIIEHTOB
COCTABJISIET TapIHAIBHOE JABJICHHE OT JaBJICHUS HACBHIIIEHHOTO Iapa MpU JaHHOW TeMIeparype M
omnpezensercs no hopmye:

Q= p_‘ -100%
,)Hll

[TapunanpHOE aBIEHKME PII MOKHO PacCUUTATh 110 ypaBHEHUIO MeHzeneesa - Knaneiipona uiu no
TOYKE POCHI.

Touka pochl - 5TO TeMIlepaTypa, IPU KOTOPON BOIASHOM Iap, HAXOMALIUNCA B BO3AYXE CTAHOBUTCS
HachleHHbIM. OTHOCUTENIbHYIO BJIA)KHOCTH BO3[yXa MOYKHO ONPEIENIUTh C MOMOIIBI0 CHEIHaIbHbIX
pUOOPOB — MICUXPOMETPA U TUTPOMETPA.

IIcuxpomerp

IIcuxpoMeTp COCTOUT U3 CYXOr0 U BJIAYKHOI'O TEPMOMETPOB.

PaccmoTpuTe ncuxpoMeTp U OIpeaennTe I1e CyXon U BIaXXHbIM TEPMOMETPBI.

a) U3MEPUTH TIOKA3aHUS CYXOr'0 U BIaKHOTO TEPMOMETPOB:

0) MCIOJIb3Yysl MCUXPOMETPUUECKYIO TaONMIlY, ONpPENEIUTh OTHOCUTEIbHYIO BJIAXKHOCTH BO3/yXa.
BHuMmarenbHO MOCMOTpUTE Ha MCHUXPOMETPUYECKYI0 Tabiuiy. B mepBoM BepTHKanbHOM CTONIOIE
HalIUTe TOKAa3aHMs BalllEr0 CyXOro TEPMOMETpPA, B NEPBOM TOPU3OHTAJIBHOM CTPOKE HAWAUTE Bally
Pa3HOCTH MOKA3aHUM CyXOr0 U BIAXXHOIO TEPMOMETPOB. TO 4MCII0, KOTOPOE HAXOAUTCS HA MEPECCUCHUHN
CTOJIONA U CTPOKH U SBJISIETCS 3HAUEHHEM BJIaKHOCTH BO3]lyXa.

N306pakenue, cxema, pUCyHOK SKCIIEpUMEHTA:
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Pucynox 1. YcranoBka ajist 1abopatopHoi padoThl N5

Cyxont

- |mepyovenp||E

Baawnwil

R ) meprosemp X

2. BemonauTe padoTy.
3. OTBeThTE HAa KOHTPOJILHBIC BOIIPOCHI.
4. 3amoJIHATE OTYET I10 JIA0OpaTOpPHOU padoTe.

Ilopsinok BbINOJHEHHS PadOTHI:

1.Hanuth B nmUTaTENb KUMSTYCHYIO BOMY.
2. Jlatp ¢uTwno nponuTarbess BoaoM M uepe3 10-15 MHMHYT NOpUCTYNHUTH K ONpEAENCHUIO

BJIa’)KHOCTH.

3.0npenenuTs NOKa3aHMs CyXOro U YBIQXXHEHHOTO TEPMOMETPOB.
4.TToBopaumBasi TUMO C KpacHOH OIU(PPOBKOW, COBMECTUTH IIOKAa3aHHUS CYXOro TEPMOMETpa
(xpacHble IU(PBI) C TOKA3aHUSMU YBIAKHEHHOTO (YE€pHBIE LIUQPHI).
5.0mnpenenuTb OTHOCUTENBbHYIO BIaKHOCTb 110 KPACHOM CTpEJIKE.
6.Pe3ynbpTaThl UI3MEpEeHUId U BHIUMCIICHH 3aHECTU B TaOIHILY:

Tabmuia Nel
Ioxa3anus TepMoMeTPOB Pa3noctn OTHocuTebHAs
NMOKa3aHMil BJI2KHOCTH BO3/1yXa @,
TEPMOMETPOB %
At=tcyx-tBJ
Ccyxoro teyx BJIAJKHOI O tBJI
Tabmurma Ne2
Temnepary | Touka Hasnenue | [lapuumansn | OtHocuten | IlnotHocTh | AGCONIOTHA
pa pOCHlI, °c HACBILLIEHH | 0€ bHas HACBIIICHH | s
OKpYXaro oro mnapa, JIaBJICHUE BJIQXXKHOCTh | OTO 1apa, BJIAXKHOCTh
IETO Ila BOJISIHOTO BO3/aYXa, %0 2 BO3/IyXa
BO3yXa, napa, Ila at
0
C

7. C)IeJ'IaTI) BBIBOJI, 3aIUCaTh IIOKa3daHUA THI'POMETpa W AaTb PCKOMCHOAIMU 110 MOAACPKAHUIO
BIIQXKHOCTH B TAOOPATOPHH B MpeieaX HOPMBI.
KoHTpoJibHbIE BOIPOCHI:
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1. Kaxoil map Ha3bIBaeTCsl HACHILIEHHbIM? YTO Takoe AMHAMHUYECKOE PABHOBECUE, TOYKA POCHI,
NnapuraibHOE AaBjaeHue?
[Touemy moka3aHusi CMOYEHHOTO TEPMOMETPA MEHBIIIE, YEM CYyXOro?
Kak, 3Has1 TOUKY pOChI, MOXHO OTPEACIUTh NapluuaibHOE 1aBlIeHUE?
4. Cyxoil 1 BIaXHBIH TEPMOMETPHI IICUXPOMETPA MMOKA3bIBAIOT OJIMHAKOBYIO TemmepaTypy. Kakosa
OTHOCHTEJbHAs BIaKHOCTh BO3/1yXa?
®opma npeacTaBieHus pe3yabTara:
Pabota nomkHa OBITH BBITIOJHEHA B TETPaAM s TaOOpaTOPHBIX padoT.
Kpurtepuu ouenku:
3a npaBUIIbHO BBIMOJIHEHHOE 33JaHHUE BBICTABIIAETCS MOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTpUIIATENbHAs olleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopoutoy evicmagnsemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvhoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

wmn

Tema 3.3 ArperatHble COCTOSIHUS BelllecTBa U (pa3oBble Nepexoabl

JlaGopaTopHoe 3ansitue Ne/

OmnpenesieHne yaeabHOM TENJI0EMKOCTH BelleCTBA

Henb: ONBITHBIM MyTEM ONPEACIUTH BEJIWYUHY YJEIbHON TEIJIOEMKOCTH BEIIECTBA M BBIICHUTH
(bu3nuecKuil CMBICT YpaBHEHHS TEIJIOBOTO OaliaHca.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,ITIK 1.3
MarepuanbHoe obGecrniedeHHe: BEChl ONTHYECKUE HaA INTATUBE; Pa3HOBEC; MCCIEAYEMOE BEIIECTBO;
KaJIOPUMETP; TEPMOMETD; IIEKTPOIUIUTKA; COCYJ] C BOJOM;
3aganue
1. 3anucate B TeTpaap Ha3BaHUE PaOOTHI, LIEeTdb PaOOTHI, MPHUOOPHI U MPUHATICKHOCTH.
2. Haueptuth TaOaMILy AJIs 3aMIUCH PE3YJIbTATOB U3MEPEHUN U BHIYMCICHUH.
3. BBIYMCIICHUS IPOBECTU COTJIACHO (OPMYIIaM:

Temnora, oTraHHast FOPSTYUM TEIOM: Qo =M1 C1(t1- )

Temora, morydeHHass KaTOPUMETPOM: Q orx =M2C2(0-12)

Terutora, mony4deHHast BOIOU: Qyon5. =M3C3(0-13)

YpaBHenue temmoBoro 6ananca: Qo= Quon  M1C1(t1- 0)= maCo(6-t2)+ M3c3(0-t3)
mM1C1(t1- 0)=( 6-t2)( MaC2+ M3Cs)

Tak Kak t,=t3, (0-t2)=(6-t3)  c1=(8-t2)(M2Co+m3C3)/(My(t1-0))Ix/(xr-°K).
4, OnpeaenuTh MOTPEUTHOCTH A=|Cra6,-C1| - @0CONMIOTHAS TIOTPEIIHOCTD; 6=(A/c)100%.

IMopsiiok BbINOJIHEHUS] PA0OTHI:
1. OmnpenenuTh Maccy UCCIEIyEMOTO TeJla my;

2. OmycTUTh UCCIIEAYEMOE TEJIO B COCY/l C BOAOH M HArpeTh BOJY 710 KUTICHHS;
3. OmnpenenuTs Maccy KaJopuMeTpa moy;
121



N o g s

Hanute 10 MoNOBUHEI BOABI B KAJJOPUMETP U OIPENEIUTh MACCy BOJBI M3,
N3mepuTs HaYalbHYIO TEMIIEpATypPy KaJoOpuUMeTpa ¢ BoAou try=ts;
OnycTUTh HarpeToe TeJIo B KAJIOPUMETP C BOJOW U U3MEPUTH TEMIIEpaTypy cmecu 0;

Pe3ynbrarhl u3MepeHUN W BBIYMCICHHH 3aHECHTE B TaOJMIy W cienaiTe BbIBOA. [lo okoHuUaHuuM
paboThI MPUHAICKHOCTH, TETPAIh M TAHHOE PYKOBOJCTBO C/IATh MPETMOaBaTEIO.

Tadoauuma Nel
1. macca TBEepIdOIrO TeIaa, KI my
2. Temaeparypa Temxa, °C 2
3. Mmacca KajJTopmMeTrpa. KT mo>
4. mMacca BOIBI. KT ms
5. Temmoeparypa BOXBI I KaJdopiImMeTrpa. L=t
EE
6. Temmoeparypa cMecri. °C (S
7= vIerasHast TeINIOeMKOCTS c>
KagdopMerTpa. Jx/(xr-°K)
S.yvaemxesHAasT TeIDIOSeMKOCTE BOIBI, Cs
T/ (1~ =K
9. vyvmemdepHAas TITeIlNIOeMKOCTHEB TBepIOoIo c1
Terxa. Jx/(xr-°K)
10. Tadomammaaoe IHageHIIS VISeIaBHOI Ccr
TEeIDNIOSEMKOCTII TBEepIOIO TEeIIa,
JIx/(xr-°K)
11. orgHOCIITEeIsHAsS [IOoIpenrHocTs, 26 o

KoHTpoJsbHbBIE BONIPOCHI:

1. KakoBa pa3zHuia Mex/ay TEINIOEMKOCTBIO TeJa U YIEIbHOU TEMI0EMKOCTBIO?

2. B yem cwmeIch YpaBHCHHA TCIIJIOBOT'O OanaHca M Kakoe OTHOIICHHE OHO HMMEET K

3aKOHY COXpaHCHUA SHCPTHUHU.

C[)opMa NnpeacraBjacHusd pedyjabTara:

Pab6ora JOJDKHa OBITh BBHITIOJTHEHA B TETpaau Il J'Ia60paTOpHLIX pa60T.

Kpurepuu onenkmn:

3a mpaBUIIHLHO BBIIOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHE BHICTABIISIETCS OTpUIAaTEIbHAS OmleHKa — () 0aioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB

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

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

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

Tema 3.3 ArperaTHbie cOCTOSIHMS BewiecTBa U (a3oBbie nepexoabl

JlaGopaTopHoe 3ansiTue Ne8

Onpenenenne Moay/Isl yIPYTrOCTH Pe3HHBI

Henap: OnpenenuTs MOAYIb YIPYTOCTH PE3UHBI IIPU PACTKEHUH.
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Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

[1P62, I1PG6, I1PGS, I1Py3,

[py7, ITPyS, I1Py10, ITPy12, I1P610, IIpy2, [1Py12, TTP610, MP3, MP5, MP15, MP28, MP31, MP32,
MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepunanbHoe olecnieyeHre: pe3nHOBBIA MWIHYp UIMHON 25—30 cMm u ceuenuem 4— 10 MM, Habop
rpy3oB 1o 0,1 kr, 1kr, 1,5kr, 2 Kr., ITaTUB, JMHEHKA, IITAHT€HIUPKYJb WA MUKPOMETP.

Buumanue! H3zbezaiime naodenusn 2py3oe c paooueii nogepxuocmu. Cneoume 3a noJ0zHCeHUEM
wmamuea!l

3aganue:
1. O3HaKOMHTBHCS C TEOPETUUECKUM MaTEPHUATIOM.
Teopus.

[Ipu ycranoBuBIIelcs ynpyroi aedopManuy paBHOACWCTBYIOIIAS BCEX BHYTPEHHUX CHII
yIPYrocTH, BO3HUKAIOUIMX B Tejle B JIIOOOM €ro CEeYeHHM, YpPaBHOBELIMBAET BHEIIHUE CHJIBI,
JIEHCTBYIOLIME HA TEJIO.

CornacHo 3akoHy ['yka, HampsokeHME ¢ M BBI3BAHHOE MM OTHOCHUTENBHOE & YJ/UIMHEHHE
ponopuuoHaNbHbL: 0=FE ¢ , rae E— mMoaysb ynpyrocru.

E- _-1_ i T dmgl,

S Al szz(/ ol )
Iocne mpeo6Gpa3oBaHUs STOTO BEIPAKEHHUS HOTYIHM:
JIns SKCHEepUMEHTANIBHOTO ONpPEaeIeHHs MO/ YIPYTOCTH HYXKHO H3MEPUTH BCE 2
BesmumHbL  aegopmupyiomyo cwty F o (F=mg), ceuenne obpasma S, ero § (§="-),
TepBOHAYANIBHYIO ATHAY 10 1 yumaenue |. 4

Xox padoTbI:
N3yuenne nepopmanum pacrskeHus.
1. 3mMepuTh ¢ MOMOIUBIO IUTAHTCHUUPKYJS WIM MHUKPOMETpA TOJLIMHY IIHYpa U BBIYUCIUTH
IUIOINAb €r0 IONEPEYHOro ce4eHus S.
2. IlopsemmBas k mHypy rpy3sl maccod 0,1 kr, 0,2 kr, 0,3 kr, U3MEpUTH COOTBETCTBYIOLINE
a0COIOTHBIE Y/UIMHEHUS HIHYPA: U BBIUUCIUTH OTHOCUTENbHbBIE YJIMHEHUS IIHYPA.
3. Ilo pe3ynpTaTaM U3MEpPEHHUI BBIUUCIUTD MOLYJIb YIIPYTOCTH pe3UHbI E 1 OIIEHUTH MOrpenIHoCT!
HKCIEPUMEHTA!
Am Al Ad Al
&= + +2—+ -
m d [I-1],

AE=F-&
- a0COJIOTHAs IOTPELIHOCTb.
5. Pe3ynbTarhl n3MepeHuil U BBIYUCIIEHUH 3aHECTH B TaOJIUILY:

- OTHOCHUTCIIbHAs NOTPCHIHOCTDb

H3MCPCHO BBIYHCIICHO
:fgn mkr | d,m | S,m® | lom | Lm [ AlLm| F,H |E, Ila %;’ ‘&HE’ £. %
1
2
3

6. Cenars BBIBO.

KoHTpoJsbHbIe BONIPOCHI.
1. Kakwue Buasl nehopmariuii Bel 3HaeTe?
123



N

V3meHsieTcs 11 BHYTPEHHSS SHEPTUs Ae(hOpMUPOBAHHBIX TE?

Ot KakKux nmapameTpoB 3aBUCUT MOayIb FOHra?

4. Kaxoro Bupa nedopmanms HaOIogaeTcs NpU YeKaHkKe, MpH (OPMUPOBAHUHM COCTaBa, MNpPHU
UCIIOJIb30BaHUM JJOMKpaTa JJIsl TPAHCIIOPTHOTO CpeZCcTBa?

W

®dopma npeacTaBiaeHusi pe3yJabTara:
Pabora nomkHa ObITh BBINOIHEHA B TETPAIH Ul JTa0OPaTOPHBIX paboT.
Kpurepumn oneHku:
3a mpaBUIIHLHO BBIITOJHEHHOE 33JaHHE BHICTABIIAETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS olleHKa — 0 0auoB.
Oyenxa «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHoy svicmasisencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 3.3 Arperarubie cocTosiHHSI BelllecTBa. @a30BbIe Mepexoabl

JlabopaTopnasi paGora Ne 9

Haobmoaenue POCTa KPUCTAJLJIOB U3 pacTBopa

Ilenv pabomwi: HabmOAEHNE 32 MPOIECCOM POCTa KPUCTANIOB M3 PAacTBOpa B JTaOOPAaTOPHBIX
YCIIOBUSIX, CPABHEHHE CKOPOCTH POCTA KPUCTAILIA B PA3TUYHBIX HAIIPABJICHUAX

BoinosiHeHune padoTsl cioco0cTBYeT GOPMHUPOBAHUIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,IIK 1.3
MarepunanbHoe o0ecniedeHne: CTakaH, BOJIa, KACTPIOJIsA, KapaHall, HUTh, COJb.

3ananue

Hayuurtbcs rOTOBUTE HACBILLIEHHBIA PACTBOP COJIM.

[Iponaburonath 3a MPOLECCOM KPUCTAIIITN3ALIUY.

Onpenenutsb ycnoBHsl, IPU KOTOPBIX IPOUCXOJUT POCT KPUCTAILIOB.

I'paduuecku n306pa3uTh KPUCTAILIBI, TOSIBUBIINECS B MPOIECCE KPUCTAILTAZAIINHU, CPABHUTH UX.
Iopsiaok BbINOJIHEHUS PA0OTHI

PwnE

B3sate 2 wactu Bosbl ¥ 1 9acTh COMU, pacTBOP TIIATEILHO MIEPEMENIATh B KACTPIOJIE.
Harpets pactBop.

[Iepenuts pacTBOp B CTaKaH.

[TpuBsi3aTh K KapaHAaINly HUTh, YTOOBI OHA OITYCTHIIACH B PACTBOD.

[TonoxuThk KapaHaI CBEPXY CTaKaHa.

OcTaBUTh cTakaH Ha HECKOJILKO JHEH.

[TocmoTpeTh, uTO 00pa30BAOCh Ha HUTH (M300Pa3UTh TPaPUIECKH).

OneHuTth pazMepsl U GOpMy KPUCTAIIIOB.

Pesynbrarel HabOmtomeHMA, 3aHECTH B TaOnUIly 1, coOmromas MOPSAIOK ACHCTBUS W aHAIH3UPYS
pe3yibTar.

Cnenatp BBIBOJ 11O paboTe.

©CoNo~WNE

[EY
©

dopma npegocTaBieHus pe3yabTaTa

Tabmuma 1

| Nen/n | Oetictame Pe3ynbTaT AencTeua
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KOHmp0Jleble 80npPOCol

=

Uto Takoe kpucTami?
Yro Takoe aHU30TPOITUS KPUCTAILIIOB?
CpaBHUTE CKOPOCTH pOCTa KpHCTaUIa B TOPU3OHTAIBHOM M BEPTUKAJILHOM HANpaBICHUSIX.
Pasnuyarorcs nu onn?
Kak Ha3piBaeTcs siBIeHHE 3aBUCUMOCTH (PU3MUYECKUX CBOWCTB KPUCTAJLIa OT HANPaBJICHUS?
Yro Takoe arperaTHble COCTOSIHUS BEIIECTBA U ero (a3p?
KaxkoBbI XxapakTepHble CBOMCTBa ra3000pa3Hoi (hasbl BemecTna?
KakoBbI xapakTepHble CBOWCTBA KUAKOH (a3bl BemecTBa?
KaxkoBbl XxapaktepHble CBOMCTBa TBEPAOH (Da3wl BemecTBa?
[Touemy TBEpOE TENIO TPYIHEE CKATDH, YEM KHUIKOCThH?
dopma npeacTaBJieHus pe3yabTaTa:
Pabora momkHa ObITh BBIIOIHEHA B TETPAAH IS JIAOOPATOPHBIX paboT.
Kpurepun oneHku:
3a mpaBUIILHO BBHIITOJHEHHOE 33 JaHHE BBICTABIISIETCS TOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HenmpaBUJIbHO BBINIOJIHEHHOE JIEHCTBHE, 3a/1aHUE BBICTABIISETCS OTpULIaTeIbHast oreHka — (0 6aios.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasinsiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenbvhoy svicmasgisiemcs 3a Mmenee 60% nmpaBUIBLHBIX OTBETOB
gvicmasnsemcs 3a menee 60% npaBUIBHBIX OTBETOB

wn

© N A

Tema 4.2 IlocTOSIHHBIN YJIEKTPUYECKHH TOK

JlaGopatopHoe 3ansiTue Nel0

Onpe)le.ﬂeﬂne YACJABHOI0 CONMPOTUBJICHUS ITPOBOAHUKA

Henab: onpenenenre yaeabHOro COMPOTUBIICHUS TPOBOIHUKA SKCIIEPUMEHTABHBIM ITyTeM
Boinosinenue padorsl cnoco6cTBYeT GOPMUPOBAHHUIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,I1K 1.1,IIK 1.3
MarepunanbHoe ofecrniedeHHe: HCTOYHHK TOKA, amIepMeTp, BOJBTMETP, COEIUHUTEIbHbIE
MPOBOJA, KIIOY, IMITAHTCHIMPKYNb, JTUHEHKa, KyCOK IMPOBOJA, YIEIbHOE COMPOTHUBIECHHE KOTOPOTO
oTpesensercs.
3ananue:
1. CamocTosTeNnbHO COOPATh AIEKTPUUECKYIO IEMb M0 CXEME.
2. CHATH IOKa3aHUS aMIIepMETPa U BOJILTMETPA.
3. Hcnonp3ys IITaHTEHIMPKYIb W JIMHEHKY, HAyYUTHCS OIPENENATh TEOMETPUYECKHE pa3Mepbl

el N =

MPOBO/IHUKA.
4. OmupenennThb BETMYHUHY YAETBHOIO COMPOTHBIIEHHS METAILIA. - Bt
ITops/I0K BHINOJHEHHST PAGOTHI: ~ ],
Co6parth Lienb 110 cXeMe M T10Ka3aTh AJs MPOBEPKU PYKOBOAUTENO. ==
3aMKHYTb L€Tb U CHATH MIOKA3aHUs aMIIEPMETPA U BOJILTMETPA. T /
BBIYKCINTE CONPOTUBIEHHE MPOBOIHUKA 110 (GOPMYIIE.
U3MepUTD JUIMHY ¥ BEIYMCIUTE TUIOIIA b MONEPEYHOTO CEYEHHUS]
MIPOBOJIHUKA TIO popmyIie:
mw-d’ L
_ S=— R=
, Tjie - nuaMeTp mpoBOAHKMKA 4 !
p= R-S 125



5. BbIUUCIHTH yAETHHOE COTPOTHBIICHUE TIO (hopMyIie:
6. JlanHbie 3aHecTH B TabuIy 1.

7. Bprauciuth a0CcomoTHYIO (A) M OTHOCUTENBHYIO (€) OTPEITHOCTA U3MEPEHHH 0 hopMyIIam:

A ,
A =\Prisn = Promv. & =——"100%
Prasr.
8.Caenarp BBIBOJ IO padoTe.
TaommmaNel

U.B I. A R.On| (v | d.m S P,

A, Oar
p i

On-
M

0/
E.70

BEMECTBO

KoHTpoJibHbIE BOPOCHI
1. Or xkakux BeNMYMH M KaK 3aBUCUT CONPOTHUBIIEHUE MPSMOJIMHEHHOIO METAJTIMYeCKOIro
MPOBOJIHUKA?
2. JlBa MeIHBIX NPOBOJHMKA MMEIOT OJUHAKOBYIO JUIMHY, HO Pa3jIMYHYIO IUIOIIAAb MOMEPEYHOTO
ceuenns.:1,6 mm*u 0,8 Mm?. Kakoid MPOBOJHUK UMEET MEHbBIIIEE CONTPOTUBIICHUE U BO CKOJILKO pa3?
3. CKOJNBKO METPOB HUKEIMHOBOIO MPOBOJA ILIOMAABI0 Honepednoro ceuerus 0.1 Mm° morpebyercs
JUIsL W3TOTOBJIEHMS peocTara C MaKCUMalbHbIM compotuBieHueM 180 Owm?  VYnaensHoe
conpoTuBiieHne Hukenuna 0,42 10°0M M.
®opma npeacTaBiaeHus pe3yJbTara:
Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU AJIs 1a0OpaTOPHBIX padoT
Kputepun onenkmn:
3a npaBUIIbHO BBINOJIHEHHOE 331aHHUE BBICTABIISIETCS MOJIOKUTENbHASI OL[eHKa — 1 Oau.
3a HeMmpaBUJIbHO BHITIOJIHEHHOE JEHCTBHE, 3aJJaHNe BBICTABIISETCS OTpULIaTeIbHast olleHKa — 0 0aoB.
Oyenxa «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensbHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 4.2 ITocTOSIHHBII 3/1eKTPUYECKUH TOK

JlabGoparopHoe 3ansaTue Nell

JKCNEPUMEHTAJIBbHAS NIPOBEPKA 3aKOHOB NAPAJLICIbHOI0 M MOC/Ie10BATEIbLHOI0 COeIMHECHUS
NPOBOJHMKOB

Henp: M3y4UuTH MOCJIEJ0BATEIbHOE H NIApa/LIeIbHOE COeIHHEHHS IPOBOIHHKOB
BeinosiHenune padoTsl crnoco0cTBYeT (JOPMUPOBAHUIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,IIK 1.3

MarepunanbHoe obecrnieyeHue:

HcTouHUK A/IeKTpUYecKOd PHEPruM ¢ TMOCTOSHHBIM HampsbkeHuem (He Bwilie 25B); BoiabTMeETp
IIKOJIHBIN;  aMIepMeTp  UIKOJIbHBIM, Ha0Op  JEMOHCTPAIlMOHHBIX PE3UCTOPOB C  pa3HbIMHU
CONPOTHUBIICHUSAMH, KJIFOY, COEMHUTENBHBIE TPOBO/IA.

3ananmue:

1. O3HakoOMBTECH C TEOPETUYECKUM MaTEPHATIOM:
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Teopus
[TocnenoBarenpsHOE W TAPAIEIHPHOE COSAUHEHUS B DJIEKTPOTEXHHKE — JIBa OCHOBHBIX CIIOCO0a

COCJIMHEHMS BJIEMEHTOB 3JIeKTpuueckod 1menu. [Ipu mociaenoBaTenbHOM COEIUHEHUM BCE DJIEMEHTHI
CBSI3aHBI JIPYT C APYTOM TakK, YTO BKJIIOUYAIOIINNA UX YYACTOK IIeNy He uMeeT (puc.l) Hu 0HOTO y3Ja.
[Tpu napamieTbHOM COeAMHEHUU (PUC.2) BCE BXOJAIINE B LIEIb dJICMEHTH O0BEAMHEHBI ABYMS Y3JIaMU U
HE UMEIOT CBSI3€HM C IPYrMMHU y3JaMH, €CJIM 3TO HE MPOTHUBOPEUYMUT ycioBHio. [Ipu mociegoBaTenbHOM
COC/IMHEHUM TMPOBOJHUKOB CHJIa TOKAa BO BCEX IPOBOJHUKAX ojuHaKkoBa. [Ipu mociegoBaTeibHOM
COCIMHEHHH MPOBOJHUKOB CHJIa TOKA B JIFDOBIX YaCTAX IEMH OJTHA U Ta XKeE:

=1 = I D
[lonHoe HampspkeHHWE B LENM TPU MOCIEI0BATEIIbHOM COCJMHEHWH, WM HANpsKEHWE Ha IOJrcax
HMCTOYHHMKA TOKA, PABHO CYMME€ HaIPsKEHUN HA OT/IETbHBIX YYaCTKaX IEIH:

U=U; + U,
Puc.1.
R1 RZ R"
R=Ri+Ry+-+R,

HpI/I napaujicJibHOM COCAUHCHHUU IMAACHUC HAIIPSIKCHUA MCKAY ABYMS Yy3JIaMHU, O6T>C,HI/IH$II-OH_[I/IMI/I
9JICMCHTBI ICIIHN, OAMHAKOBO JJI1 BCEX 3JICMCHTOB.
HpI/I 3TOM BCJIMYHHA, 06paTHa;1 O6H.ICMy COIIPOTUBJICHUIO HCIH, paBHAa CYMME BCIIMYUH, O6paTHBIX
COIMPOTUBJICHHUAM IAPAJUICIIbHO BKIKOUYCHHBIX ITPOBOAHWKOB. Cuja Toka B HGp&?:BCTBJIGHHOﬁ qacTu 1 CITH

HaHpﬂ)KeHI/IC Ha y4JaCTKax Ienu AB u Ha KOHIAX BCEX MapalyiCJIbHO COCAMHCHHBIX ITPOBOAHUKOB OAHO 1
TO XKC:

U=U, = U,

PI/IC‘.Z.

Ry H; Hy

Jlig [ByX mapasuieIbHO COEIMHEHHBIX PE3UCTOPOB X 00Illee CONPOTHUBIEHUE PABHO:
1

RiR,
R=
Ry + R,

Rl:H2:R3:---:Rn

Ecimn , TO 00I1Iee COPOTHUBIIEHUE PABHO:

_ Ry

n.

[Ipu napamienbHOM COEAMHEHHUU PE3UCTOPOB UX 00Iee CONMPOTHUBIIEHUE OYJEeT MEHbIE HAaUMEHBIIETO
W3 CONPOTUBJIEHUN.
2. CHsB MOKa3aHWs HAMPSDKEHWA W CHJI TOKA Ha KaKJOM M3 YYacCTKOB II€MH, HEOOXOAMMO CBEPHTH
COOTBETCTBYIOIIIME HM3MEPEHHbIE M BBIUYMCIECHHBbIE (M3WYECKHE BEIMYUHBI, a M0 pe3ysibTaTaMm
TaKoOW CBEPKH — CZeNaTh BBIBOJ O IIPOeIaHHOM paboTe
Xon paborsr:
1. ITocneooseamenvrnoe coedunenue npoeoOHUKOS.
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1. Cobparts nens mo cxeme (puc. 1):

puc. 1
2.  V3Meputb HampsiKeHUE, CHITy TOKa Ha IIEPBOM PE3HCTOPE.
3. /3MeHHMTH cCXeMy YCTAaHOBKM W H3MEpPUTh HANpsHKEHHE Ha BTOpOM pesucrope. Cxemy
HapHUCOBaTh B TETPAb.
4.  Beramcnutb cymmy Hanpspxernid U1+U2 .
5.  HM3MeHuTh cXxeMy YCTaHOBKHU M U3MEPUTH o0lIlee HaMpsDKeHNEe Ha ABYX conpoTuBieHusx Ul2 .
6. IIpoBeputb, BeImomHsETCS 1 paBeHcTBo: U12=U1+U2.
7. TIpoBepuTh CHpaBeIMBOCTH PABEHCTB
Rix=R+R, u 21 = &2
U, R

II. ITapajienbHOE cOeIMHEHHE IIPOBOJHUKOB.
1. CoOpats uens no cxeme (puc. 2):

puc. 2
2. M3mepuTh HampspKEHUE, CHITy TOKa Ha TIEPBOM PE3UCTOPE.
3. M3MeHWTHh cXeMy YCTaHOBKM M HW3MEPHUTh CHJIy TOKa Ha BTOpOM pesuctope. Cxemy
HapUCOBAaTh B TETPA/b.
4. Bprauciuts cymmy TokoB 11+12 .
W3MeHHUTh cXeMy YCTaHOBKHM M U3MEPUTH OOIIYI0 CHly ToKa B 1enu 112 .
[TpoBepuTh, BBITTOJIHSETCS JIK paBeHCTBO: 112=11+12.
[TpoBepuTh cripaBeIMBOCTh PAaBEHCTB

Nou

1/Ri1>=1/Ri+1/Ra2 m 1_1 - &
I, R

2 1
KoHnTpoJsbHbIE BONIPOCHI:
1. Kaxkoe coennHeHne CONPOTHUBIEHUI Ha3bIBA€TCS MOCIEA0BaTENbHBIM? UeMy paBHBI
COIIPOTHBIIEHUE, CHUJIA TOKA, HANPSYKEHUE B LIETIM IIPU TAKOM COEUHEHUU?
2. Kakoe coennHeHrEe COPOTUBIICHUH Ha3bIBaeTCs MapaiieTbHbIM? YeMy paBHBI
COIIPOTHBIIEHUE, CUJIA TOKA, HAPSHYKEHUE B LIETIM IIPU TAKOM COEUHEHUH?
3. HazoBuTe murockl 1 MUHYCHI TAPAIIIETFHOTO U ITOCIIEI0BATEIFHOTO COSTMHEHUH
IIPOBOJHUKOB?
4. TlpuBenure mpuMepbl NapauIeIbHOTO U MOCIE0BATEIHLHOTO COeIMHEHNUS IPOBOIHUKOB.
dopma npeacraBjIeHus pe3yabTara:
PaboTa momkHa OBITH BBITIOJIHEHA B TETPAIH ISt 1a00OpaTOPHBIX padoT
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Kpurtepun onenkmn:
3a MpaBUIILHO BBHITOJIHEHHOE 33JJaHHE BHICTABIISICTCS TIOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE ACHCTBUE, 3aJJaHUE BBICTABIIACTCS OTpUIIaTeIbHAas oeHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbvHoy svicmasisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 4.2 IloCcTOSIHHBIN YJIEKTPUIECKHH TOK
JlabGoparopuasi padora Ne 12
IIpoBepka 3axkoHa Oma IJIsl y4aCcTKA HeNnu

Heap padoTbl: U3MEpEeHHE TOKA M HANPSDKEHUS J1a0OPaTOPHBIMU NPUOOpaMU, IKCIEPUMEHTAIbHAS
IIPOBEpPKa BBINOIHEHUS 3aKk0Ha OMa.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

I1P62, T1P66, I1PGS, I1Py3, Ilpy7, I1Py8, I1Pyl10, ITPy12, I1P610, IIpy2, I1Py12, ITP610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MartepuanbHoe olecnieueHne: amrepMeTp J1abOpaTOPHBINA, BOJIBTMETP JIa0OPATOPHBINA, UCTOUYHUK

MUTaHUs, HaA0Op U3 TPEX pe3ucTopoB compotuBieHUsIMU 4 Om, 6 OM, 12 Om, peocTar, K04
3aMbIKaHUS TOKA, COEAMHUTEIbHBIC TPOBOA.

3aganue
1. Tlpaktuyecku yoenutcs B (pu3nUeCKOi CymHOCTH 3aKkoHa OMa Ui yyacTKa Lemnu.
2. YCTaHOBUTbH Ha ONBITE 3aBUCUMOCTb CHJIBI TOKA OT HANpsKEHUS U CONPOTUBIICHUS.

ITopsinok BbINOJHEHHS PadOTHI

3J'I€KTpI/I‘-I€CKI/II\/'I TOK MW HaAOPsHKCHUC SABJIAIOTCA OCHOBHBIMHU (1)I/I3I/I‘I€CKI/IMI/I BCJIMYUMHaMU,
XapPaKTCPUIYIOUMU SJICKTPOMArHUTHBIC IMPOLCCCHI B BHGKTpH‘ICCKOﬁ OCIIH.

Hampsbxkenne Ha yyacTke AJIEKTPUYECKON LENMU M3MEPSETCS] BOJBTMETPOM, BKIIFOUEHHBIM MEXKIY
JBYMs TOYKaMHU LETH MapaJJIEIbHO 3TOMY YYaCTKY.

Toxk menu HU3MEPACTCA aMIICPMETPOM, BKIIFOUYCHHBIM ITOCJICA0BATCIIBHO C LCIIBIO.

Cxema BKiTIOueHus BoinsTMerpa V 1 ammepMeTpa A MoKa3aHa Ha PHCYHKAX:
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Tok u HAIIPSPKCHUE Ha Y4YaCTKE SHCKTpI/I‘IeCKOﬁ ey € pE3UCTHUBHBIM 3JICMCHTOM R cBs3anbl

3akoHoM OmMma: || = —

1. HccaenoBanue 3aBUCHMOCTH CHJIBI TOKA OT HaNPSAKCHUA HA TAHHOM YYaCTKe L ECINn.
Bxknrouute TOK. HpI/I oMo pe€ocCTaTa AOBCAUTC HAIIPAKCHUC HA 3a)KUMaAX IIPOBOJIOYHOI'O pE3UCTOPA 10

1.5 B, 3arem 10 2 B 1 1o 3 B. Kaxxplii pa3 npu 3TOM U3MepsiiTe CUTy TOKa M pe3yJbTaThl 3alChIBATE B
Tabm. 1.

Al

Tabauua 1. 08

U, B
Hanpsi’KeHne

I, A

CHJIA TOKA U [B]

[TocTpouts rpaduk 3aBUCUMOCTHU CUJIBI TOKA OT HAPSKEHUSI

2. WccaenoBaHue 3aBUCMMOCTH CHJIBI TOKA OT CONPOTHBJIEHHS YYACTKA LEeNU MPHU NMOCTOSHHOM
HANPSAKEHUN HA ero KOHIAX.

BxmrounTe B 11€mb MO TOM K€ cXeMe MPOBOJIOYHBIN PE3UCTOP CHavasia conpoTuBiecHueM 4 OMm, 3ateMm

6 Om u 12 Om. ITpu moMorm peocTara ycTaHABIMBAHTE HAa KOHIIAX YYacTKa KOKIBIA pa3 OJHO U TO XKe

HanpspDKeHue, Hampumep, 2 B. M3wmepsiite mnpu

5TOM CHJIy TOKa, pe3yJbTaThl 3amuchiBaiite B | '™ 1
Tabnuiy 2. 08
Tabnuma 2. as
04

R, Om
02

CONPOTHBJICHHE
0

U 8]
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I, A

CHJIAa TOKA

HOCTpOI/ITB Fpa(l)I/IK 3aBUCUMOCTH CHUJIbI TOKA OT COIIPOTHUBJICHUA

1. Pe3ynbTarhl U3MEpeHUN U BBIYMCICHUN 3aHECTH B TaOMMIBI | ¥ 2 ¢ MOCTPOCHHEM COOTBETCTBYIOIINX

rpa¢uKoB.

2. CpenaTh BBIBOJ 11O padoTe.

KOHTpOJ’[LHbIe BOIIPOCHI

1. Hampspkenue Ha 3akuMax ayiekrpuueckoro ytiora 220B, ConpoTuBiieHHEe HarpeBaTeIbHOIO 3JIEMEHTA

ytiora 50 OM. Yemy paBHa cuiia TOKa B HArpeBaTEIbHOM AJIEMEHTE?

2. Cuna Toka cnupanu snekrpudeckoi nammsl 0,7A, comporusienue gammnbel 3100M. Ompenenute

HaIIPsAKCHUE, 110 KOTOPBIM HAXOAWUTCA JIaMIIa.

3. MoHO JI1 BKJIIOYHUTH B CeTh ¢ HanpspkeHneM 220BoabT peoctat, Ha KOTopoM Hammcano: a) 300m, SA;

6)2000 Om, 0,2 A.

. Manbl rpaduku 3aBUCUMOCTH CHITBI TOKA OT HAMIPSHKEHUS TS KaXI0TO U3 JIBYX MapajuieIbHO
COEMHEHHBIX MPOBOAHUKOB (cM.puc.l). OnpeaenuTs cuily TOKa B HEPa3BETBIEHHON YacTH, LENH,
KOI'Jla HalpsKeHUE Ha KOHLAX ydacTka. 2 B.

N

T(A)

5
4
3
2
1

A

1

2 3 4

5

.
U(®B)

J(A)‘

il

.
U (B)

5. JlaHbl rpaduKky 3aBUCHMOCTH CHJIBI TOKA OT HANPSKEHUS IBYX Y4acTKOB 1ienu (cM.puc.2). Ha kakom
y4acTKe COMPOTUBIIEHUE OOJIBIIE U BO CKOJIBKO pa3?

(I)opMa NnpeacraBJCHus pe3yjabTara:
PaGora JOJIDKHa OBITh BEHITIOJIHCHA B TETpaau IJIsd J'Ia60paT0pHBIX pa60T.

Kpurtepum ounenku:

3a MpaBWJIBHO BBHIMOJTHEHHOE 33/1aHKE BBICTABIISIETCS TIOJIOKUTENbHAS OIleHKa — 1 Ga.

3a HeTpaBWJILHO BHITIOJTHEHHOE JICHCTBHE, 33aHNE BBICTABIISIETCS OTpUIIATEIbHAS OlleHKa — 0 0aioB.
Oyenka «omauunoy evicmasisiemcs 3a 90 — 1009 nmpaBUIBHBIX OTBETOB

Oyenka «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenxa «yoosnemeopumensvho» svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

Oyenka «neyoosnemeopumenbHoy svicmasisiemcs 3a menee 60% MpaBUIBLHBIX OTBETOB
svicmagnaemcs 3a MeHee 60% paBUILHBIX OTBETOB

Tema 4.2 ITocTOSAHHBIN 3J1eKTPUYECKUH TOK

JlabopaTopHoe 3ansitue Nel3
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HN3ydenue padorsl mysabTuMerpa. Onpenesenue J/1C u BHyTpeHHEro CONpoOTUBJICHUSA UCTOYHUKA
3JIeKTPUYECKOIl IJHEePTrumn

Leab: HAyYUTHCS MOIB30BATHCS MYJIBTUMETPOM ISl PA3HBIX PEKUMOB pabOThI

BoinosiHeHue pa6oTsl cnocodcTBYeT (POPMUPOBAHUIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,ITK 1.3
MartepuajbHoe o0ecrnedyeHue: MYJIbTUMETP, HaOOp PpE3UCTOPOB, IUOIBI, TPHOMABI, MCTOYHHUK TOKA,
peocTar, COeAMHUTENbHBIE TPOBO/IA, KITFOY.
HNHCcTpyKIus 10 NPpUMEHEHUI0 MYJIbTHUMETPA
IHepexiouaTesb pexxuMa U IMANA30HA U3MEPEHM .
[epexmtouarenp pexuMa U JUana3oHa U3MEPEHH HCIIONB3YETCs Uil BKIIOUSHHS IPUOOpa, a TaKXKe JUIs
BBIOOpA JKeJTaeMoro pexkuma paboThl U mpefena usmepenus. g yBenuueHus: cpoka ciy:k0bl OaTapeu,
NepeBoANTE Mepekiovaress B noioxenue «OFF», mocie BeImoHeHUsT U13MEpPEHUH.
HN3mepenue HanpsizKeHUS MOCTOSIHHOIO M IIEPEMEHHOI0 TOKA.
1.IToaxntounte KpacHbIl pa3beM B rHe310 «VQmAY, uepHblil pazbeM B rHe3710 «COM»
2.YCcTaHOBUTE MEPEKIIOUATENb PEKUMaA U3MEPEHUI HA JKeJIaeMbli 1MaNa30H U3MEPEHUs HAIIPSKEHUs , B
Cllydae €clIdi HEU3BECTHO IPUMEPHOE 3HAUEHUE HANpSHKEHUs , YCTAHOBUTE IEpEKIIoYareib Ha
MaKCUMaJlbHOE 3HAUEHHUE U CHIDKANTE Mpeesn U3MEPEHUS 10 MOIYYEHUs ONTUMAIbHOTO 3HAYEHUS .

Pexum [Tar usmepenus IorpemnocTs

200 MB 100 MB +0,5 % ns 3ro 3Haka
2000 mB 1 MB +0,8 % s 2ro 3Haka
20B 10 MB

200B 100 MmB +1,0 % mu1s 2ro 3Haka

3. IlpukocHutech NMpoOHUKAMU K YCTPONCTBY WMJIM TOUYKAM 3JIEKTPUUECKON CXeMbl . rne Tpelyercs
U3MEPUTH HANPSKEHUE.

4. B cnyyae HanmuuMsl HarpsKEHUsI IPUOOP MOKaXKET HANPSHKEHNE U MOJISIPHOCTbD.

HN3mepeHue NOCTOAHHOIO TOKA

1.IToaxntounte KpacHb MPOOHUK K pazbeMy «VQmAy». UepHsblil k pazpemy «COM»(iga nzmepeHus
TokoB 0T 200MA 10 10 A ucnons3yiite pazbeMm «10A»)

2 VYcraHOBHTE NEpeKtoYaTeNlb BbIOOpAa peXMMa HM3MEPEHHH Ha JKeJlIaeMbll Mpenen H3MepeHus
IIOCTOSIHHOT'O TOKA .

3.Pa3beiuHuTe M3MEPSIEMYIO0 3JEKTPUUECKYIO LIE€Nb M TOJCOEIUHUTE MPOOHUKH TMOCIEI0BATENbHO C
Harpy3Kou.

4. Ha nucninee nosiBUTCS 3HAYEHUS TOKA.

6. Pazpem «10A» mnpenHasHaueH I HEYACTOrO HCIIOJIB30BaHMS. BpeMs u3MepeHHs HE JOJDKHO
npeBbIlIaTh 15 CceKyHJ, a MeXay H3MEpEeHUSIMH HEOOXOIMMO BBLIEPKHBATh HECKOJIBKO CEKYH]I BO
n30exaHue MOBPEeXIeHUs proopa.

HN3mepenue conpoTuB/ICHUSA

1.IIpucoenunuTe KpacHblii IPOOHUK K pazbeMy «VQmAy. UepHslii k pazbeMy «COM».

2.YcraHOBUTE TIEpeKItoyaTellb BbIOOpa peXHMMa H3MEPEHHMH Ha JKelaeMblii TMpenes H3MEpeHUs
COIIPOTHBIICHUS.

3. Ilpunoxure npoOHHMKH K H3MepseMOMy oOpa3ly, AWUCIIEH OTOOpasUT MpU O3TOM 3HAUEHUE
COINIPOTHBIIEHUS .

Pexxum MHoxuTenb Tlorpemnoctp
200Q 0,1 +(1.0% mst 10ro 3Haka)
200002 1

20KO 0 +(1.0% ms 4ro 3HaKa)
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200KQ 100
2000KQ 1000

IIpoBepka quonos
1.IloakmrounTte KpacHbI MPOOHUK K pazbeMy «VQmA., yepHbIil K pazbeMy «COM».
2. YcraHOBHTE NIEpEKIIOUaTeNh BBIOOpA peKuMa U3MEPEHUI Ha 3HAYOK |[1ruoja
3. CoenMHHATE KpACHBIA TPOOHUK C aHOJIOM (P) TECTUPYEMOTO THO/IA, @ YSPHBIM MPOOHUK ¢ KaToAoM (1)
4. Jlucninel mokakeT 3Hau€HUE HalpspkeHus B MB. ecnm moisisspHOCTh 1Mona mepemyTraHa , JUCIUIeH
0oTo0Opa3uT «1».
N3mepenue Temnepatypbl
1.ITpucoeaunure Tepmomnapy k pazbeMy «VQmA» u k pazbeMy «COM».
2.YcTaHOBUTE NEPEKII0YATENb BBIOOpA pexrMa U3MEPEeHN Ha u3mepenue temnepaTtypsl « TEMID»
3. Iucnineit oTo0pa3uT 3HaUeHUE TEMIIEpaTyphl B rpagycax Llenbcusi.
3ByKoBasi NPO3BOHKA
1.IToaxrounTte KpacHbI MPOOHUK K pazbeMy «VOQmA». UepHsiii k pazbemy «COM».
2.YcTaHOBUTE MEPEKII0YATENb BIOOpA pexXrMa U3MEPEHUN Ha 3BOHOK
3.IIpucoenuuute mpoOHUKH K MPO3BAHUBAEMOW cxeme, npu compoTtuBieHun menee 30 Om momaercs
3BYKOBOM CUTHAIL.
IHopsaok BbINOJIHEHUS PA0OTHI:
[Ipounraiite TEOPETUUECKUI MaTEPHUAIL:
Teopernueckuii MaTepuas:
Tonynpoeoonukoswiii 0uoo

Huon  comepXkuT  p-N-mepexon,  3aKIOYEHHBIM B | ol

IEPMETUYECKMI KOPIYC W COEJMHEHHBIH C METAUIMYECKMMH |
BbIBOJIaMU. BbIBOJ OT p-o0jacTu HA3bIBAIOT aHOAOM, OT n- e
00JIaCTH — KaTOIOM. =

JAuoa- TOMYNPOBOAHUKOBBIM TpUOOp, TMpEeAHA3HAUEHHBIM Ui yCUJICHHS MpeoOpa3oBaHUS
TEHEPUPOBAHUS HTEKTPUUECKUX KOJICOAHHUI pa3IMuHON YaCTOTHI.

Tpan3ucTOp COCTOUT U3 TpexX obyacTell ¢ pa3TUYHON MPOBOAUMOCTHIO. Pa3nuuaroT TpaH3UCTOPHI
Ttuna p-N-p u n-p-n. Cpeansisi 30Ha Ha3bIBaeTcs 6azou. TonmmuHa 6a3bl A0HKHA OBITH MEHBIIE JJIUHBI
cBoOOAHOrO Mpobera snekTpoHa. B TpaH3ucTope mMMeroTcs nBa p-N-mepexona. JleBwlil p-n mepexon
SIBJISIETCS TIPSIMBIM U OTJENSIET 0a3y OT 00JIaCTH ¢ IPOBOJUMOCTBIO P-THUIIA, HA3bIBAEMYIO omummepom. B
ATON 00JIACTH aKIENTOPHOM MPUMECH B COTHHU pa3 Oosibliie, 4eM JOHOPHOH mpuMecHu B 0ase, T. €. ABIPOK B
SMUTTEPE 3HAYUTEIHHO OOJbINE, YeM JJIEKTpOHOB B Oa3ze. [lpaBblil mepexop sBIseTCs OOpaTHBIM U
otaensieT 6a3zy OT 00JIaCTH C MPOBOJIUMOCTBIO P-THIIA, HA3BIBAEMOU KOLIEKMOPOM.

- 1 N i — — i F | _—
3 K 3

Xoa pa6oThl:
1.M3y4nTh MHCTPYKIIHIO 110 SKCIUTyaTaluy Mpuoopa.
2. I3MepuTh COPOTHBIICHUS PE3UCTOPOB, TAaHHBIE 3aIMCATh B TAOIHUILY
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Ne n/m ConpoTtuBJjenue, OM

3.Cobparh 11emb 10 CXeMe

4.3aMKHYTb 1I€Tb, IPU HEUCIIPABHOCTH L[EMU TPO3BOHUTH 1I€Ib, HAWTH HEUCITPABHOCTD.
5.M3MepuTh HampsuKeHUE Ha OaTapeiike U peocrare.

6. PasoMkHyTh 11eTib. I3MEepUTH TEMITEpaTYpy PE3UCTOpA U peocTaTa.

7.3MepuTh CONPOTUBIIEHUE PE3UCTOPA U PEOCTAaTa, IaHHBIE 3alK1caTh B TAOIUILY

HaumeHoBaHue Conporusiaenue, Om Hanpstkenue, B Temnepatypa, °C

Pesuctop

Peocrar

WUcTtoyHuk TOKAa | eeme-

8. [ToBTOpUTH TEOpETUYECKHUIT MaTepHrall IO MOJIYIPOBOJIHUKOBBIM MpUOOpam: TUOAY U TPAH3UCTOPY.
9. [IpoBepuTh AMOBI (UCIIPABHOCTD, TIOJIIPHOCTH ).
10. Tpauzucropsl. OmnpeaenuTs BBIBOJBI TpaH3UCTOpa (KOJUIEKTOpP, 0a3a, SMUTTEP) U THUM TPAH3UCTOpa
(p-n-p) miu (n-p-n)
11. 3anucarh BBIBOA IO paboOTE, OTBETUB Ha BOMPOCHI.
KoHTpoJibHbIE BONPOCHI:
Kak BeISCHUTB, 4TO 1roja HeucnpaBeH? 2. Kak BBISCHUTH P- U N- KOHTAKTHI qHOaa?

1
2. Kak onpenenuts 6a3y y TpaH3UCTODA.

3. HasoBure riaBHble CBOICTBA AMOAA U TPAH3UCTOPA.
4. VYcTpoiicTBO 1M0/a U TPAH3UCTOPA.

Yacrs 2. U3yueHnne siBj1eHUS 3JIeKTPOMATHUTHOM MHAYKIMH
Ilesqb paGoThI: ONBITHBIM NMyTeM YOEAMTHCS B MOSBICHUM WHAYKIIMOHHOIO TOKAa U MPOBEPUTH 3aKOH
Jlenna.
OOopynoBanmue: MUUIMAMIIEPMETP, UCTOUYHUK MHUTAHUs, KaTYIIKH C CEpJeYHUKAMH, AYrooOpa3HbIi
MarHmr, BBIKIFOYATEIb KHOTIOYHbIN, COeIMHUTEIbHBIE POBO/Ia, MAarHUTHAS CTpeKa (KOMIIac), peocTart.
Teopernyeckas 4acThb!

SIBneHue DIEKTPOMArHUTHOW WHAYKIUU 3aKIIOYaeTCs B BO3HUKHOBEHHMM JIJIEKTPUYECKOIO TOKA B
MIPOBOJSIIEM KOHTYpE, KOTOPBIM JINOO MOKOUTCS B NMEPEMEHHOM BO BPEMEHH MAarHUTHOM IoJie, JH00
JBMDKETCSI B TIOCTOSSHHOM MAarHMTHOM II0JI€ TakKUM OOpa3oM, YTO YHMCIO JIMHUN MarHUTHOW MHIYKLUH,
MIPOHU3BIBAIOIIMX KOHTYp, MeHseTcs. B Hamem cimydae pasymHee ObUIO ObI MEHSTh BO BPEMEHU
MarHuTHOE MOJie, TaK KaK OHO CO3aeTcs IBIKYIIUMHCS (CcBOOOAHO) MarHUTOM. COriacHo MpaBMily
JleHna, BO3HHMKAOMMII B 3aMKHYTOM KOHTYpPE WHIYKIMOHHBI TOK CBOMM MAarHUTHBIM I10JIEM
IIPOTUBOJECUCTBYET TOMY U3MEHEHHIO MarHUTHOI'O IOTOKA, KOTOPBIM OH BbI3BaH. B JaHHOM cilydae 3TO
MBI MO’KEM Ha0JII0/1aTh MO OTKJIOHEHHUIO CTPEJIKU MUJLTHaMIIEPMETpa.

ITopsinok BbINOJHEHHS padOTHI:

1. BcTaBbTe B OJJHY U3 KaTyLIEK JKEJIE3HBIN CEPCUHHUK, 3aKpENHB €ro raiikoi. Iloaxmrounre 3Ty Karymky
yepe3 MWUIMaMIIEPMETP, PEOCTaT M KIIOY K MCTOYHMKY NHMTAHHA. 3aMKHUTE KIIOY U C I[OMOUIBIO
MarHMTHON CTpeiKu (KoMmIaca) OMpeNeiInTe PacloyoKEHHE MAarHUTHBIX MOJIIOCOB KAaTYIIKH C TOKOM.
3adukcupyiiTe, B KaKyl0 CTOPOHY OTKJIOHSETCSI IIPU 3TOM CTpeika MuuMammnepmerpa. B pambHeiimem
IIpU BBIMOJIHEHUH PabOThI MOKHO OYyJIeT CYyAWUTh O PACHOJOKEHUU MarHUTHBIX IOJIOCOB KaTYIIKH C
TOKOM I10 HAIIPABJICHUIO OTKJIOHEHHUs CTPEIKA MUJUIMAMIIEPMETPA.

2. OTKJIIOUUTE OT LIEMHU PEeOoCcTaT U K04, 3aMKHUTE MUJUIMAMIIEPMETP Ha KaTYyIIKY, COXPAHUB MOPSI0K
COCIMHEHMS UX KIIEMM.
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3. [IpucraBbTe CepACUHUK K OHOMY U3 TIOIIOCOB YyroOOpa3HOrO MarHWTa W BABUHBTE BHYTPh KATYIIKH,
HaOJI01ast OTHOBPEMEHHO 3a CTPEIKON MIIITHAMIIEPMETPA.
4. [ToBTopuTe HAOIIOICHNE, BBIABHUIas CEPACYHUK U3 KATYIIKH, a TAK)KE MEHSIS MOJIF0CAa MarHUTA.
5. 3apucyiiTe cxemy OIbITa U MPOBEPHTE BHIMOJIHEHHE MTpaBuia JIeHIIa B KaXKIOM ClTydae.
6. Pacnonoxute BTOPYIO KaTyIIKY PSJIOM C IIEPBOM TaK, YTOOBI UX OCH COBIAIAIIH.
7. BcraBpTe B 00€¢ KaTyIIKH JKEJIE3HBbIC CEPACYHUKH W TPHUCOSAMHUTE BTOPYIO KATYIIKY uYepes
BBIKJTIOYATEh K UCTOYHHUKY MTUTAHUSI.
8. 3ambIkas ¥ pa3MbIKas K04, HAaOI0IalTe OTKIIOHEHUE CTPEIIKU MIJUIAMIIEpMETpa.
9. 3apucyiiTe cxeMmy omnbiTa U MPOBEPHTE BBHINIOJHEHUE TpaBuiia JIeHna.
KoHTpoJibHBIE BOIPOCHI:
1.B dem 3akitouaercs SBJICHUE 3JIEKTPOMArHUTHOM UHTYKIUU?
2.Kak noimKeH JBHTraTtbCs 3aMKHYTBHIA MPOBOISIIMKA KOHTYP B OJHOPOJHOM MAarHUTHOM IIOJIEM . HE
3aBUCSAIIEM OT BPEMEHH, MTOCTYIATELHO WK BPaIaTeIbHO, YTOOB B HEM BO3HUK MHIYKIIMOHHBIH TOK?
3.Metammm4eckoe KOJIbIIO0 MOXET CBOOOTHO JBUTAThCS IO CEPACYHUKY KATYIIKH, BKIIOYCHHOW B IICTh
MOCTOSTHHOTO TOKa. YTo OyAeT MPOUCXOJUTh B MOMEHT 3aMbIKAHHSI U Pa3MbIKAHHS LETH?
®dopma npeacTaBiaeHusl pe3yJabTarTa:
Pabora momkHa OBITH BBIOJIHEHA B TETPAAH ISl IAOOPAaTOPHBIX paboT
Kpurepun oneHku:
3a mpaBUIIHLHO BBIITOJHEHHOE 33JaHUE BHICTABIIIECTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeMpPaBWIIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNUE BBICTABIISCTCS OTPHUIIATEIbHAS OlleHKa — 0 0aJlIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89% npaBUITBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% nmpaBUIBHBIX OTBETOB
Oyenka «Heyoos1emeopumebHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 4.2 IlocTOSIHHBII 3/1eKTPUYECKUH TOK
Jladoparopnasi padora Neld

HccnenoBanue 3aBUCHMOCTH MOIIIHOCTH, HOTpeﬁﬂﬂeMOﬁ JaAMIIOH HAKAJIMBAHUS OT HaANPSAKCHUS Ha
€€ 3a’KuMax

Ilem, paﬁoTbI: HnCCjaca10BaTb 3aBUCUMOCTH MOIITHOCTH, HOTpC6J’I$I€MOfI JIaMIION HaKaJIWBaHUA OT
HAIIPSPKCHUA Ha €€ 3aXKuMax

Boinosinenue padorsl cnocodcTByeT GOpMHPOBAHMIO:

I1P62, 11P66, 11P68, ITPy3, Ilpy7, I1Py8, I1Py10, I1Py12, I1PG10, IIpy2, ITPy12, TTP610, MP3, MPS5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepuanbHoe obecniedenue: 6aTapes akKyMyJITopa, JJIEKTpUYecKas JJaMIouKa ¢ HaTpOHOM, peocTar

CO CKOJIB3AIINM KOHTAKTOM, aMIICPMETP, BOJIBTMETP MOCTOAHHOTO TOKAa, COCAMHUTCIIBHBIC ITPOBOJA,
KJIIO4.

3ananue

1. BBISICHUTBH, KaK 3aBUCUT MOIIIHOCTb 3JIEKTPHUUYECKOTO TOKA OT HANPSKEHUS M CHJIBI TOKA B LIEIIH.
2. DKCIIepUMEHTAILHBIM IYTEM MTOITBEPIUTH ITY 3aBUCHMOCTbD.
IHopsaoK BbINIOJIHEHHS PA0OTHI

1. Cobpatp 1ens o cxeme.
J | — +
—
OO~

.I_
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2. 3aMKHYTH LIETTh U U3MEPUTH HAauOOJIbIlIee HANIPSHKEHUE HA 38KMMaX JIAMIIbI M BEIMUMHY TOKA B IICTIH, a
3aTEM BBIUUCINTH MOILIHOCTEL TOKa P=I-U.

3. YMCHBIINTD HaMpsKCHUC Ha 3a’)KUMax JIaMIIbl C IOMOIIBIO pC€OCTaTa U UBMCPUTH CUJTY TOKA B LICIIH, A
3aTEM BbBIYHMCIINTH MOIIHOCTDH TOKA.

4. IIpousBecTy ONBIT elI€ pa3, YMEHBIINB HANPSHKEHUE HA 3aKUMaXx.
5. Pe3ynbTarhl Bcex M3MepeHU U BEIYMCIICHUH 3anucaTh B Ta0imiy 1.

6. [Ipoananu3upoBaTh U3MEHEHUE MOLIHOCTH, NOTPEOIISIEMON JIaMITON HaKaJIIMBAaHUSL, IPU U3MEHEHUU
HaIpsDKEHUS Ha €€ 3aKuMax.

7. Cnenatb BBIBOJ 1O paboTe.

®opma npegocTaBJieHHs pe3yJabTaTa

Tabmuna 1.

\i1 Cwuia Toka, A Hanpsokenue, B MomntHocTh, BT

KonTposbHbie BOonpochl

=

UYTo Ha3bIBAIOT MOIHOCTBIO U KaK €€ paccuuTaTh?
2. Yro mpuHUMAIOT 3a eAUHUILY MOITHOCTH? Kak BhIpa)kaeTcsi eMUHHIIIA MOLTHOCTH Yepe3 eINHUIIBI
HanpsOKEHUs ¥ CUJIbI TOKa?
Kakne enHUIBI MOIITHOCTH UCTIONB3YIOT B MPAKTHKE?
4. B uens c HanpsbkeHueM 127 B BkiIroueHa 3JeKTpuyecKas lamma, cuiia Toka B koropoit 0,6A. Haiitu
MOIIIHOCTh TOKa B JIAMIIE.
5. DnekTpomuTKa paccuuTaHna Ha HanpsbkeHue 220B u cumy Toka 3A. Onpenenute MOITHOCTh TOKA B
TUTHTKE.
®opma npeacTraBiaeHus pe3yJabTara:
Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU JJIs JIaDOpaTOPHBIX padoT.
Kputepun onenkmn:
3a npaBUIIbHO BBINOJIHEHHOE 33aHHUE BBICTABIISETCS MOJIOKUTENbHAS OLleHKa — 1 Oau.
3a HeMmpaBUIIbHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIISIETCS OTpHUIlaTeIbHas olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyooenemeopumenvHoy svicmagisiemcs 3a MeHee 60%0 npaBUIbHBIX OTBETOB
gvicmasnsiemcs 3a menee 60% mpaBHIIBHBIX OTBETOB

w

Tema 4.2 ITocTOAHHBIN 3JIeKTPUYECKUH TOK

JlabopaTopHoe 3ansitue NelS

Onpenesienue TemneparypHoro kodgduuuenra Meau
Leab: packpbITh BIAUSHUE TEMIIEPATypPhbl HA AJIEKTPUUYECKOE CONMPOTUBIECHUE METAIOB; OMBITHBIM
nyTéM  ompeneiuTh  Kod(OUUHUEHT TEPMUYECKOrOo  COMPOTHBICHHUS  MEAW; TOCTPOUTH IO
OKCIICPUMCHTAJIbHBIM JJaHHBIM rpa(bmc 3aBUCHUMOCTHU COMMPOTHUBJICHUA OT TCMIICPATYPhI.
BoinosiHeHne padoThl cioco0CTBYET (POPMUPOBAHMIO:

136



OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,IIK 1.3

MarepuanbHoe oOecneyeHue: TPUOOP JUISI ONPEACIICHHS TeMIeparypHoro KoddduiumeHTa
CONPOTHUBIIECHUS Melid, TepMomeTp TexHuueckuid ot 0 1o 100°C ¢ uenoit aenenus 1°C, omMeTp, BHELIHUMA
COCYyJl KaJIOpUMETpa C BOAOH, AJIEKTPOIUINTKA, K04, COCAUHUTENbHBIC MMPOBO/A, MITATUB ¢ My(TOH U
JIAIIKOM.
Teoperuuecknii maTrepuas:

DNEeKTPUUECKOE COMPOTHUBIEHUE 3aBUCUT OT TemmepaTypbl. OObsCHSIETcs 3TO TeM, UTO
YIOPSAOYEHHOMY JBM)KEHHMIO CBOOOJHBIX JJIEKTPOHOB AJIEKTPUYECKHM TOK 3TO YIHOPSJOYEHHOE
JBUKEHHUE 3apsHKEHHBIX YaCTHUI] - 3JEKTPOHOB) OKa3bIBAIOT MPOTHUBOJCIHCTBHE (COMPOTHUBIIEHNE) aTOMBI
KPUCTAJUTMYECKON PEIIETKHA, THTEHCUBHOCTH TEIUIOBOTO JBMXKEHUS KOTOPBIX U3MEHSETCS] C U3MEHEHUEM
TEMIIEPATypHI.

VY XMMHUYECKH YUCTBIX METAJJIOB C MOBBIIIEHHEM TeMieparypsl Ha 1°C conpoTUBIeHHE BO3pacTaeT
npumepno Ha 0,004 (1/273) conpotusnenus npu 0°C 1 BeIpaskaeTcst TMHEHHONW 3aBUCUMOCTBIO

Rt =Ro(1+0aAt), rae

Ro—conportusnenue meramia npu 0°C,

At- pa3HOCTB TemIiepaTyp (KOHEYHON U HayaJIbHON);

o - TeMIrepaTypHblid KOd((PUIMEHT COMPOTUBIICHUS, MTOKA3BIBAIONINMI, HA KAKyI0 4acTh HAYaJIbHOTO
conpotusiieHus npopoauuka npu 0°C (273K) usmeHseTcss conpoTUBIIeHHE MpU HarpeBanuu Ha 1°C uiun
1K.

0=A R/ RoAt mmu o=A R/ RoAT
AR= Rt -R 0-
OnBITHBIM MTYTEM MOKHO OMPEAENUTh 0, HE Mpuberas K U3MepeHuto comnpotuBieHus Rg. Jlis storo
HEOOXOAMMO JIBAXKIIBI M3MEPHUTH COIMPOTHBIIEHHE HccieqyeMoro Matepuania Ri; m Ry mpm pasHbix
TeMIeparypax ty 4 to.

Ilopsinok BbINOJIHEHHS PadOTHI:

1. Cocyn ¢ Bofo¥ MOCTaBUThH HA AJIEKTPOIIIUTKY U BKIIIOUUTH €€ B CETb.

2. OnpenenuTs LEHY JIeIEeHUsT OMMETpa.

3. N3meputs conpoTuBieHne Ry MeTHON MPOBOJIOKK IPYU KOMHATHOM TeMIiepaType ti.

4. OnycTuTh MpuOOp B BOJY, YCTAHOBUTH B HEM TepMoMeTp. [Ipu HekoTopol Temrieparype ta U3MEpUTh
conpotusieHue Ry neenexyeMoi npoBOJIOKH.

5. OnbIT MOBTOPUTH HECKOJIBKO Pa3.

6. Beramcauth 2 — 3 pasa a, uCnojb3ys cooTHoleHue: o= R, - R/ (R1t; — Ry ty).

7. OnpenenuTh CpefHEe 3HAUEHUE O, U CPABHUB IOJIYUYEHHBIH pe3yiapTaT ¢ TaOIMYHBIM 3Hau€HHEM

TEMIIEPATYPHOT0 KO3PPUIIUEHTA CONPOTUBIICHUS MEIH, BEIUNCIUTH OTHOCUTENBHYIO OTPEIIHOCTD.
8. Pe3ynbTarhl M3MEpEeHUH U BEIUMCIICHUH 3anucaTh B TaOIMILYy.

Temnepary Conporu Temnepar Cpennee TO. OTtHocuTeNbH
Ne pa BJICHHE YPHBIii 3HA4YeHHe 3HaYeHHe as
MeTHOI MeTHOI k03¢ dpunn TeMIeparyp TeMIeparyp NOIPEelIHOCTh
MPOBOJIOKH NMPOBOJIOK eHT HOT0 HOTO
t, °C u R, Om COIIPOTHBJI k03¢ dpunue k03 dpunue
eHust HTA HTA o, %
a, (°C)* conpoTHuBJIe CONMpoTHBIE
HUS HUS
acp.
1
2
3
4
5
6
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9.Ucnonb3ysi naHHBIE HKCIIEPUMEHTA, MOCTPOHUTH IrpaduK 3aBUCHUMOCTH R; OT t, OTKIambIBas MO OCH
abcuucc — remneparypy B °C Ha OCH OpJIMHAT — COTIPOTHBIICHUE.

10.Cnenatp BBIBOA 1O pabdoTe.

KoHTpoJibHbIE BONIPOCHI:

KaxoBa ¢usudeckasi CylmHOCTb 3JIEKTPHUECKOT0 COMPOTUBIICHUSA?

Kak 0OBSICHUTH YBEIMUYEHUS COMTPOTUBIICHUS METAJUIOB IIPHU HArpEeBaHUN?

OO0bsacHUTD (HOpMYITy, 10 KOTOPOU ONpeAeNsieTcs TeMIIepaTypHbIi KOOPGUIIUEHT COMPOTUBIICHUS.

[Touemy TemriepaTypHbIidi KOAPOUITUEHT CONPOTUBICHUS TSI SJICKTPOIUTOB OTPUIATSIBHBIN?

KaxkoBo conportusnenue 0,5 kxr megaHo npoBosioku quamerpom 0,3 mm?

VYkazarb npakTuyeckoe MpUMEHEHHE 3aBUCUMOCTH CONPOTUBIICHUS TPOBOJHHUKA OT TEMIIEPATYPhl.

dopma npeacTaBJieHus pe3yabTaTa:

Pabota momkHa OBITH BBITIOJIHEHA B TETPAIH I 1a00paTOPHBIX padoT

Kputepuu onenkmu:

3a npaBUJIbHO BBIMOJIHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENbHAS OIleHKa — 1 Oa.

3a HelpaBWIBHO BBIMIOJTHEHHOE JICHCTBHUE, 3a/IaHUE BBICTABIISIETCS OTpHUIIATeIbHAs olleHKa — () 0ayuioB.

Oyenxa «omauunoy svicmagngemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB

Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89%6 npaBUIBLHBIX OTBETOB

Oyenxa «yoosnemeopumensvhoy svicmasnsemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

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

ook wdE

Tema 4.2 IlocTOSIHHBIN YJIEKTPUIECKHH TOK

JladopaTropnoe 3ansTue Nel6

OnpenesneHue cCONPOTUBIECHHUS Pe3UCTOPA METOAOM MAPKHPOBKH

Lean: onpenenuTe HOMUHAIBHOE COPOTUBIIEHUE PE3UCTOPOB METOJOM MapKUPOBKHU; ONIPENEIUTH
JOTTYCTUMOE 3HaUY€HUE CUJTBI TOKA JIJISl JAHHBIX PE3UCTOPOB MPH M3BECTHOM HOMHUHAJIE MOIIIHOCTH.
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,I1IK 1.1,IIK 1.3

MarepuanbHoe o0ecnmeueHue: HaOOp PE3UCTOPOB pPa3HBIX COMPOTHBICHUH, TabIUIlA 3HAKOB
MapKUPOBKH.

3ananue.

1. O3HaKOMHUTBLCS C TEOPETHYECKMM MATEPUAJIOM.

Teopernyeckunit marepuan:

[Ipu onpenenenun pexxuma padoThl PE3UCTOPA CIEAYET YUUTHIBATH MAKCUMAJIBHO JOMYyCTUMOE J1JIs1
Hero 3HAa4YeHHe CHJIbI TOKA, KOTOPOE OMPENEISIETCS 3HAUEHHEM €ro CONPOTUBIIECHUS M MOIIHOCTBIO.
MapkupoBka HOMHHAJIA PE3UCTOPA OCYIIECTBIISIETCS IBETOBHIM KOJOM B BHJI€ YETHIPEX I[BETHBIX TOJIOC,
HaHECEHHBIX Ha €r0 KOpITyCe.

[Ipu >TOM 3HAYEHME COMPOTUBIICHUS PE3UCTOpa yKa3biBaeTcss B OMax JByMs MEPBBIMHU MOJIOCAMU U
MHOHUTENEeM (TpeThs monoca) 10n, rae n - 1r060e 1ennoe Ynucio ot - 2 A0 + 9.

MapkupoBOYHBIC 3HAKH CIIBUTAIOT K OJHOMY M3 TOPIIOB PE3UCTOpA, HAPUMEP, K JIEBOMY, U 3aTE€M
pacrojaraoT cieBa HaIpaBo B CIIEAYIOIIEM MOPSIKe: TIepBast ojioca - repsas 1udpa HOMUHATA, BTOpast
moyioca - BTOpas IMdpa HOMHUHANA, TPEThbs MOJOCAa - MHOXKWTENb, YETBEpTas Iojoca - JOMYCK Ha
OTKJIOHEHHE (DaKTHUECKOTO COMPOTUBIEHUS OT HOMHUHana. Ecim pa3Mepsl pe3ncTopa HE TO3BOJSIOT
Pa3MeCTUTh LIBETHBIE MOJOCHI HECUMMETPUYHO, T. €. OJMKe K OJIHOMY U3 TOPLIOB PE3UCTOpa, TO TMepBas
T0JIOCA BBITIONTHSAETCS O0JIee MHPOKOH.

[[BeTa 3HAKOB MapKUPOBKH HOMHUHAIBLHOTO COMPOTUBIEHUI B OMaxX U TOMYCKOB B % MpUBEICHBI
B TabnuIe:
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omyc
[BeT 3HaKa IlepBas nuudpa Bropas ungpa MHoxHuTENb i[ B "}/70
CepebpucTblii -- -- 10° 10
3010THCTHIN -- -- 1071 5
YepHsrii -= 0 1 -
Kopuunessrit 1 1 10 1
KpacHsrit 2 2 10° 2
OpaHKeBbIit 3 3 10° --
Kenreriit 4 4 10° -
3enenbiit 5 5 10° 0,5
Comy6oit 6 6 10° 0,25
DuroneToBeIi 7 7 107 0,1
Cepbiit 8 8 10° 0,05
Bensrit 9 9 10° -

HOpﬂIlOK BbIITOJTHCHU A paﬁoTbl .

1. Paznoxuth Ha pabodeM CToJIe KOMILJIEKT PE3UCTOPOB.
2. BHuMaTenpHO mpoYMTaTh yKa3zaHHE K padore.
3. OdopMuTh MapKUPOBKY PE3UCTOPA B TETPAIH IO 00pasILy
4. 3anoyHUTH TaOIUILY:
Pesucrop Homunansnoe conporusienue R | MouHocts pesuctopa (Bt)| Cuia Toka)
(A)
1. 0,25
2. 0,25
3. 0,25
4. 0,25
5. 0,25
6. 0,25
7. 0,25
8. 0,25

5. Paccunrath cuity TOKa Ipy N3BECTHOM MOIIHOCTH TOKa.

6. Cnenatb BBIBOJ IO padoTe.

KoHnTpoJsbHbBIE BONIPOCHI:

1. B uyeM 3akio4aeTcst METOJl MApKUPOBKH.

2. Jlns 4ero Hy»KHO 3HaTh CONPOTUBIIEHUE PE3UCTOPA MPU BKIIOUEHUH €r0 B CXeMy?
3. Ot 4ero 3aBUCUT MOITHOCTH TOKA, TEKYIIETO MO PEe3UCTOpPY?

®opma npeacTaBiaeHus pe3yJabTara:
PaboTa nomkHa ObITh BBIMOJIHEHA B TETPAAM ISl JIAOOPATOPHBIX paboT
Kpurepum ounenku:
3a mpaBUIIHLHO BBITOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAsS OlleHKa — | Oasu.
3a HeMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNe BHICTABIISIETCS OTPHUIIATEIbHAS onleHKa — ) OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX 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

Tema 4.2 ITocTOSIHHBIN 3/1eKTPUYECKUH TOK
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JlaGoparopHoe 3ansTHe Nel7

Onpenenenue KII/I narpeBareieit
Henab: HayuuThbCsd MPAKTUYECKH OMpPENESATh TEIUIOBYIO OTIady AJIEKTPUYECKOrOo HarpeBaTess
m000ro0 THIIA.
BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:

OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,JIK 1.1,JIK 1.3
MarepuanbHoe obecnieueHue: 2 FICKTPUUCCKUX HArpeBarTess, COCY T ISl KUISTYeHUs BOJbI, BO/IA,
TEPMOMETP, CEKYHIOMED (Yachl), CIPABOYHHK 1O (PU3HKE.
3ananmue.
1. O3HAaKOMHTBCS C TECOPETUUECKUM MATEPHUATIOM
Teoperuuecknii marepuas:

KOB(l)(bI/II_[I/IeHT IIOJIC3HOTO HeﬁCTBHH HarpeBaTemI CBA3aH COOTHOLICHUECM .
i
K111, = — +100% (1)

Q - mose3Has Temwiora u onpeaensercs mo popmyne Q=C*m(T,-T1) (2)

rJie C — yJeNbHAas TeIJIOEMKOCTh KHJIKOCTH,
M — Macca KHUJIKOCTH, KOTOPYIO KHIIATSAT,

T, — HavaybHAs TEMIIEPATypa KHUJIKOCTH,

T, — KOHEYHas TeMITepaTypa KHUIKOCTH,

Q3 — KOJIMYECTBO TEILIOTHI, KOTOPYIO BBIIEISIET HArpeBaTeIb

(3aTpadeHHas TEIJIOTA) U onpeaeisiercs mo Gopmyne: Q3 =P -t (3),

rae P — MOIIHOCTH 3JIEKTPHUYECKOTO HArpeBaTels,

t — HHTEpBAJ BpEeMEHH, 32 KOTOPBIH 3aKHUIIeNa KUIKOCTb.

MOIIHOCTh JIEKTPUYCCKOTO HATPEBATENS OMPEACISETCS IO IMACIOPTHBIM JaHHBIM, YKa3aHHBIM Ha
npudope.

Bpewmsi, 3a KOTOpOE 3aKHITHAT KHUJIKOCTh, ONPEACACTCS YacaMu. Y IeNIbHAs TETUIOEMKOCTh BOJIBI
OTIpEIETISETCS 0 CIIPABOYHHKY.

Ilopsinok BbINOJHEHHS Pa0OTHI:

1. [ToaroToBUTH TAOMMITY AJIS 3aMKUCU PE3YIHTATOB, ONPEAETAEMBIX B X0OA€ PabOTHI.
Ornpenenurhb Brrauciants
Cs m T, T, P t K.ILA.
K K Bt C %
Jonc\ke K KL
2. 3aHecTd B Ta0NMIly CIPaBOYHBIC MAHHBIE YAECNBbHON TEIIOEMKOCTH BOIBI.
3. 3anucarh B TaOJUITy HOMUHAJIBHYIO MOIIIHOCTh JJICKTPUYCCKOT0 HarpeBarelis, yKa3aHHYIO Ha
npuoope.
4, B cocyn mns xunsuenus Bonabl HamuTh 200 r BOIBI.
5. OnpenenuTh HAYaIBHYIO  TEMIIEPATypPy BOJIBI.
6. BxrounTs HarpeBarenb OJHOBPEMEHHO C CEKYHIOMEPOM (dacamm).
7. OcTaHoBUTh CEKyHAOMEp (Yackl) B MOMEHT OYpHOTO KHIEHHUS BOJbI. Bpewms, 3a koTopoe
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3aKHUIICIa BOJ4, 3aHCCTHU B TaGHI/IHy.

8. Boruucnuts K.I1.JI. anexkTprudeckoro HarpeBarTes.
0. [TOBTOPUTH OMBIT C APYTUM HarpeBaTesieM.
10.  YuyuThiBasg notepu 3HEpruu cHOpPMyIUPOBATH BHIBOJ.

KoHTpoJibHBIE BOIPOCHI:
1. Veemmuutcsa wunum ymenbmutces KUILJ[. snektpuyeckoro wyaiiHMKa, €CIM Ha €ro CTEHKax
MOSIBUJIACH HAKUITb (OTIIOKEHUE COJIeit)?
2. 3aBucut ym KIIJI 37€KTpUYeCKOTO YalHWKAa OT TOTO OTKPBIT OH HJIM 3aKPBIT?
dopma npeacTraBJieHus pe3yabTarTa:
Pabota momkHa OBITH BBITIOJIHEHA B TETPAIH It 1a00paTOPHBIX padoT
Kputepuu onenkmu:
3a npaBUJIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HelpaBWJIBHO BBIMIOJTHEHHOE JICHCTBUE, 3a/IaHUE BBICTABIISETCS OTpPHUIIATeIbHAs olleHKa — () 0ayioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasgisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvroy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.3 DyiekTpUUYeCKHUil TOK B Pa3JIHYHBIX cpeaax

JladopaTropnoe 3ansitue Nel8
Onpenenenue 3JeKTPOXUMHYECKOI0 IKBUBAJIEHTA Me/IU B MpoLecce 3J1eKTPoIu3a cyabdara Mmeau

Henab: onpenenuts MEKTPOXUMUYECKUIN SKBUBATIEHT MEIHN SKCIIEPUMEHTAIbHBIM ITYTEM.
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,I1K 1.1,IIK 1.3
MarepunanbHoe olecnedeHue: BECBI W Pa3HOBECHI; aMIIEpMETpP; 4achl; AJIEKTPOIUINTKA;
aKKyMYJIITOpHasi OaTapesi; peocTaT; KJIH04; MEIHbIE IEKTPOAbI (2 I1IT).) CO BCTaBKOW; COEAMHUTEIbHBIE
IIPOBO/A; IJIEKTPOIUTHYECKAS] BaHHA C PACTBOPOM MEJHOTO KyIopoca.
3aganue:
1.ITponaGmro1aTh SBICHHUE AJIEKTPOIN3a MEIN U3 PACTBOPA MEHOIO KyIopoca.
2. HayuuTbcs onpeaensiTh 3JIEKTPOXUMUYECKHI SKBUBAJIICHT IO PE3yJbTaTaM dKCIIEpUMEHTA.
ITopsinok BbINOJHEHHS PadOTHI:
1. OuncTuTh HAXIAYHON OyMaroil KaToAHYIO MJIACTUHKY, — | | | | I +

OTIpEENUTh B3BEIIMBAHUEM MAcCCy IJIACTUHKU (m,).

2. CocTaBuTh DJEKTPUYECKYIO IIemb 1o cxeme. llpum
COCTaBJIEHUH LI€NHU B3BEIIEHHBIN 3JIEKTPOJI COSMHUTS C
OTPHIIATEIIEHBIM TOJFOCOM HCTOYHHKA DJICKTPUIECKOM ~ [

_ T N2
SHEPIUH. PN =
3.3aMKHYTB 1IeTh ¥ 3aMETHTh BPEMs BKIIFOUCHUS TOKA.
4.Yepes 15-20 MUHYT pa30MKHYTb IIETIb.
5. BeIHYTh KaTOHYIO TUTACTHHKY, IPOMBITH U TIPOCYIITHUTh.

6. B3BemmBaHueM OnpeeuTh Maccy KaToaa (m-) nocne MPOIYCKaHUS TOKA.

B B m=m,—m
7. Haiitu maccy (m) BBIJICTIUBIIICHCS HA KaTO/Ie MIPH AJIEKTPOIH3E 10 hopMyIe: 2 !
rJie m;- Ha4ajJbHast Macca TUTACTHHKH, KT; Mp- KOHEYHAst Macca TUTACTHHKH, KT.

8. Berurcnurh SHCKTPOXI/IMI/I‘-ICCKI/Iﬁ OKBHUBAJICHT MCIH U3 (I)OpMyJ'IBIZ

e m- Macca BBIACIUBIIEr0OCs BEIIECTBA, KT m
I- cuna Toka, A;  t- BpeMs DIIEKTpOIIn3a, C. K=—-
9.Pe3ynbraThl M3MEpeHUH W BHIYMCICHUN 3amucaTh B TaOuiy 1. -t

10. CpaBHHTH MOTYyYEHHBIN PE3yJabTAT C TAOJIUYHBIM.
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11.

Boruncnuth aOCoNMOTHYI0 A ¥ OTHOCUTEIBHYIO € MOTPEIIHOCTH U3MEpPEHUH Mo hopMyiam:

Cnenath BBIBOJ 1O paboTe.

Tabmmma 1
Ne| Macca mexn, | Bpems BemmumHa| DneKTpoxnMi-| AGCOmoT- OtHOcHTenbHasA
OTJIOKHBIIEH | IPOMyC CILTEI JeCKIII Has IIOTPelIHOCTh
cs Ha Katole | KaHIIA TOKa SKBIBAJIEHT IorpemHocTy &£.,%
m. K2 —_— 1. A MeZIl A K2
g = Ka-c
Ki-c

agrwdpE

~No

10.

11.

KoHnTpoJsbHbIe Bonpocsl
YeM 00yCIIOBIIEH 3JIEKTPOXUMUYECKUN TOK B AJIEKTPOJINTAX ?
Kak paccunrtars Maccy BbIAETMBLIETOCS BEILIECTBA HA 3JIEKTPOE?
OT 4ero 3aBUCHT IIEKTPOXUMHUYECKHUI SKBUBAJICHT?
Kakoit ¢pusnaeckuii CMBICT 3JIEKTPOXUMHYECKOTO SKBUBAJICHTA?
Kakoe o0opynoBanue M uU3MepUTENbHblE MPUOOPHl HYKHO HMETb, 4YTOObI BBIYMCIHUTH
ANEKTPOXUMUYECKUIN SKBUBAJIEHT?
Ha3Batb pabouyto Gpopmyity JUIsl BHIYUCIEHUS 3JIEKTPOXUMUUECKOT0 SKBUBAJICHTA.
Ha xakoM u3 371eKTpo/10B BbIIEISIETCSI MEIb B YUCTOM BUJE U [TOUYEMY?
B 31eKTpoauTHYECKYyl0 BaHHY IMOMECTMM MEIHYIO IUIACTHHKY, CIIyXkallyro aHoxoM. Ilnactmuka
IIOKPBITa BOCKOM, HAa KOTOPOM HalapamnaH pUCYHOK. YTO MOIy4MTCS IOCIIE MPOIYCKAaHUS TOKa U
yJlaJ€HMs BOCKA C IUIACTUHBI?
UYro Takoe rajibBaHOCTETHUs, TaJIbBaHOIIACTHKA.
Yepes pactBop menHoro kymopoca mnpouuto 20 xKu snexrpuuectBa. IIpum 3ToM Ha ogHOM H3
AJIEKTPO/IOB BBIIESETCSl B UUCTOM BHJIe Maccoil 6,6 rpamMMm Meau. OnpenenuTh 3JIeKTPOXUMUYECKHMA
SKBHUBAJIEHT MEJIH.
CKOJbKO HMKEJS BBIACTUTCS MPU JIEKTpoiau3e 3a 1 yac mpu cuie Toka 5 Ammep, eciau U3BECTHO,
4TO MOJIIpHast Macca Hukens 58,71 r/Moib, a BJIGHTHOCTb paBHa 2.

12. Onpenenure Maccy cepedpa, BBLISIUBIIETOCS HA KaTOJIe MPH AIIEKTPOIIN3E a30THOKUCIIOTO cepedpa B

TeducHUe 2 4JacCoB, €CJIM K BAHHEC ITPUIIOKCHO HAIIPSKCHHUC 1,2 B, a COIMMPOTUBJICHUC BaHHLIL 5 Om.

13. DytekTpoIM3 METHOTO KyImopoca MPOXOaWI Mpu Toke S5 Ammep B TeueHue S50 munHyT. Kakoe

-~ s Ko
k., =3.3-10
KOJIMYCCTBO ME€AH BBIACIIMIIOCH HAa KaTOAC, €CIIN Kn .

®opma npeacTaBiaeHus pe3yJabTara:
Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU AJIs 1a0OpaTOPHBIX paboT
Kpurtepun onenkmn:

3a mpaBUIIHLHO BBIMTOJHEHHOE 33/JaHHME BBICTABIISIETCS TIOJIOKHUTENbHAS OlleHKa — | Oasu.

3a HeMpaBWIILHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BHICTABIISICTCS OTpHUIIaTeNbHAas 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% mpaBUIBLHBIX OTBETOB

Oyenka «Heyoosiemeopumenbhoy svicmasgisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 4.3 DeKTpHUUeCKHii TOK B Pa3JIHYHBIX cpeaax

Jla6opaTopHoe 3aHsiTue Nel9

3aBMCHMOCTDH CONPOTHBJIEHHSA OT TeMIIEPaTypPbl 00pa3L0B MeTAJLJIA U MOJIYNIPOBOIHUKA
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Ienb: wu3MEpSATh CONPOTUBIEHUE MPOBOJHHMKA OMMETPOM; YCTAaHOBUTH  3aBUCHUMOCTH
COIIPOTHBIICHUE METAJUIA U TIOJIYITPOBOJHUKA OT TEMIIEPATYPHI.

BoinosiHeHune padoTsl criocodcTBYeT (POPMUPOBAHUIO:

OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,IIK 1.3

MartepuajibHoe o0ecrieyeHHe: MYJIBTUMETp, HOPUOOPHl Ui  HM3Y4YCHUS  3aBUCHUMOCTHU
COIIPOTHBJICHUSI MeTajllla W IOJIYIPOBOAHMKA OT TEMIIEPATYpPbI, TEPMOMETpP, JJIEKTPUYECKas IUINTKA,
IITaTUB C IPUHAIICKHOCTAMH, K0J10a C BOOM.

3aganue

1. O3HAKOMHUTBHCH C TEOPeTHYECKHMM MaTEPHAJIOM.

Teopernyeckuii MaTepuas:

Ecin mponycTuTh 3JEKTPUUECKUH TOK 4YEpe3 CTaJbHYIO CIUpalb, a 3aTEM €€ Harperb, TO
aMIIepMETp IOKa)KeT YMEHBIIEHUE CHJIBl TOKAa. OTO O3HAYaeT, 4YTO C HU3MEHEHUEM TeMIIepaTyphl
COIIPOTHBIICHUE METAJLIA MEHSETCS.

Bce Mertamnel — KpHUCTAJUIMYECKHE Tela, B y3J1axX KPHUCTAUIMYECKOM PEIIeTKH KOTOPBIX
pacrojaraercsi IOJOXUTEIbHO 3apsyKEHHbIE HOHBI. MeXIy KOJIeOIIOUIMMUCS HOHAMHU JBUTAIOTCA
CBOOOJHBIE JJIEKTPOHBI. BenuumHa >3JIEKTPUYECKOr0 CONPOTHBIIEHUS MeTalsla 3aBUCUT OT 4YHcia
CTOJIKHOBEHUH KOJEOMIOMUXCS HWOHOB M CBOOOIHBIX 3JIEKTPOHOB. [Ipw yBenndeHHH TemIeparypsl
MeTajula YBEJIMYMBAETCS aMIUIMTY1a KojeOaHUi MOHOB. DTO MPUBOJUT K YBEIMUYEHHUIO CTOJIKHOBEHUH, a
3HAYUT U K YBEIMUEHUIO CONPOTUBIICHUS MeTallIa.

B nonynpoBogHUKE NPH yBETUUYEHUHN TEMIIEpaTypbl YBEIUYHBAETCS YUCIO CBOOOIHBIX HOCUTENEH
3apsija, MOSBUBILKXCS IPU pa3pblBe KOBAJIECHTHBIX CBsI3€d. DTO MPUBOAMT K YBEJIMYEHHUIO CUJIBI TOKA B
IIOJIYTIPOBOJIHUKE U K YMEHBILIEHUIO CONIPOTUBIICHUS IIPOBOIHUKA.

Ilopsinok BbINOJHEHHS PadOTHI:

1. IlogroroBsTe K paboTe OMMETP:

a) BCTaBbTE MITHIPHKHU MPOBOIHUKOB B THE3/1a, 0003HaYeHHBIE «OQ» 1«00 COM.»;

0) moctaBbTe NepeKIoUaTenb Ha udpy «10»;

B) CO€JMHUTE CBOOOIHBIE IITHIPHKU MPOBOJIHUKOB U PYUKOH «yCT. 0» MOCTaBUTH CTPENKU Ha «0».

2. Ha osnexkTpuyeckyro IUIUTKY HOMecTHTe Koinly ¢ Bojgod. Bo mu3bexxanue majgeHus KoyObl
MIOMECTUTE B KOJbBIIO, 3aKpEIJIEHHOE B IITaTHUBE. B konly omycTuTe mpoOMpKY, ¢ OMEUIEHHOW B HEl
KaTyLIKOW U3 MEIHOTro MpoBoJia. OCTOPOKHO OMYCTUTE B IPOOUPKY TEPMOMETP.

3. CBOOOIHBIE ITHIPHKM OMMETPA COEAUHUTE C KIIEMMaMU MEAHON KaTYyIIKH.

4. BxurounTe WIHYp IUIMTKA B PO3€TKY M M3MEPHTE CONPOTUBIEHHE KATYIIKH NPH Pa3IMYHBIX
3HAYEHUSIX TEMIIEPATYPHI.

5. BHecute u3mepeHus B Ta0nuily.

ITpoBoaHuUK (Meqb)
t’,C
R, OMm

6. Ha ocHoBe m3mepenuit moctpoiite rpadux. ChaenaiiTe BbIBOJ, KaK COMPOTUBIICHUE MPOBOIHHUKA
3aBUCHUT OT TEMIIEPaTYpBHI.

7. TloctaBpTe mepekitoyaTenb ommeTpa ¢ uudpel «10» Ha uudpy «100» U mocraBbTE CTPEIKY
oMmMmeTpa Ha «0» (Cm. myHKT 1-B).

8. 3amenure B Koi0e MPOOUPKY C METAIJIOM HAa MPOOHUPKY C MOIYIPOBOAHUKOM (TEPMHUCTOPOM).
Omnycture B npoOupky Tepmomerp. K kinemMmam tepmMucTopa rnojicoeIMHIUTE OMMETP.

9. I3mepbTe cOMpOTUBIICHNE TIOIYIPOBOJHHUKA ITPH PA3IMIHBIX 3HAYEHUSX TEMITEPATYPHI.

10. Baecute nu3mepenus B Ta0nuily.
IHonynpoBoaHuk

t°C

R, Om

11. IMoctpotite rpaduk R(t).
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12. Cpenaiite BbIBOJ, KaK CONPOTHUBIIEHUE MOJIYIPOBOJHUKA 3aBUCUT OT TEMIIEPATYPHI
KoHTpoJibHbIE BOIPOCHI:

1. DnexTpudeckuil TOK B METaNIax — 3TO YINOPSA0UYEHHOE JIBUKECHUE ... .

2. C TOYKM 3peHHs DJIEKTPOHHOM TEOpPUU JJIEKTPUYECKOE COMPOTHBICHHUE OOYCIOBICHO
COYIIapEHUSIMH ... .

3. C noBBILLIEHUEM TEMIIEPATYPbI CONIPOTHUBIICHUE METAJIA ...

dopma npeacTaBJieHus pe3yabTaTa:

Pabota momkHa OBITH BBITIOJIHEHA B TETPAIH I 1a00paTOPHBIX padoT

Kputepuu onenkmu:
3a npaBUJIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTEIbHAS OlleHKa — 1 Oau.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIIACTCS OTpULIaTeIbHAast orieHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvhoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.3 DyekTpUUYeCKUH TOK B Pa3JIHYHBIX cpefax
JlabGoparopHasi padora Ne2(
H3yuyeHue 3JIeKTPpUYECKHX CBOICTB MOJIYNPOBOIHUKOB

Lesn padoThi: yrayOUTh MOHUMaHKUE (PU3UYECKOTO CMBICIIA TIOHATHS MOJYITPOBOJIHUK U
MEXaHU3Ma €ro IPOBOJUMOCTH.

Boinosinenue padorsl cnocodcTByeT GOPMHPOBAHMIO:
[1P62, T1P66, T1PGS, ITPy3, Ilpy7, I1PyS8, I1Pyl10, ITPy12, ITP610, Ilpy2, [1Py12, TIP610, MP3, MPS5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MartepuanbHoe o0ecnedeHre: UICTOUHUK TOKA, aMIIEPMETP, PEOCTaT, K04, U0/,

COEIMHUTEIIbHBIE TPOBO/IA.
3amanmue

1. U3yuuth cBOHcTBa  3JEKTPOHHO-IBIPOYHOIO  IE€pexoja U  HUCIOIb30BaHUE €ro B
MOJIYTIPOBOJTHUKOBBIX MTpHOOpax.
2. YMeTb Ha4epTUTh IIEKTPHUECKYIO CXeMY M OOBSICHUTh NPUHLMI JEHCTBUS BBHINPAMUTENS U
YCWJIMTEIS TOKA HA MOIYIPOBOJHUKOBBIX JUO/IAX U TPUOJAX.
ITopsinok BbINOJHEHUs PadOThI

[TonynpoBOIHUKYM XapaKTEpU3YIOTCS OTJIWYHOW OT MPOBOJHUKOB IMPOBOAMMOCTBHIO: COOCTBEHHOM,
JBIPOYHOM (p-TUIIA) U ANEKTPOHHOH (N-THUMA).

[TonynpoBOHUKK MOTYT HMETh JBa THUIA MPUMECHOM MPOBOJMMOCTU: AJIEKTPOHHYIO (N-THM),
OOyCIIOBJICHHYIO JTOHOPHBIMH MPUMECSMHU, U ABIPOYHYIO (p-THUII), OOYCIIOBJICHHYIO aKLENTOPHBIMU
npuMecsMH. B n-rmonynpoBOIHMKE OCHOBHBIE HOCUTENH 3apsifia — JJIEKTPOHBI, a B P-IIOJIYIIPOBOIHUKE -
neIpku. KpoMe OCHOBHBIX HOCHTENEH 3apsiia B KAKJIOM BEIIECTBE B 3HAUUTEIIBHO MEHBIIEM KOJIMYECTBE
COJZIEP/KAaTCsl U HEOCHOBHBIE HOCHUTENIM 3apsia IPOTHBOIOJIOXKHOIO 3Haka. OHM BO3HMKAIOT 3a CYET
pa3pyllIeHNs KOBAJICHTHBIX CBSA3EH.
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Ecnn nBa npoBOAHMKA ¢ MPOBOJMMOCTBIO Pa3HOTO POJa IMIPUBECTH B KOHTAKT, TO HA MECTE KOHTAKTa
o0pasyeTcs 3alHUparoui CJI0H, KOTOPBIH XOPOIIO MPOBOIUT TOK B OJHOM HANpaBICHUH U MPAKTUYECKH
HE IPOBOJIUT TOKA B IPYTOM. DTO CBOMCTBO HUCII0JIb3YETCS B IIOJIYIIPOBOJHUKOBOM TEXHHKE.

I'panuna CONPUKOCHOBEHUS IBYX IOJYIPOBOJHUKOB, OJHWH U3 KOTOPBIX HMMEET 3JEKTPOHHYIO, a
JPYroil — IbIpOYHYIO IPOBOAMMOCTD, Ha3bIBaeTCs p-n nepexoaoM. Ilpakrnuecku p-n nepexos co3gaercs
HE MEXaHMYECKUM KOHTAaKTOM [IByX IIOJIYIIPOBOJHHUKOB, a BHECEHMEM JIOHOPHBIX M aKLENTOPHBIX
npuMeced B pa3MYHblE  YacTU  YHUCTOIO
MOJIYIPOBOJHUKA. DT  INEpPEXOAbl  SBJISAIOTCS | ‘ ;T :

OCHOBHOM OOJIBLIIMHCTBA COBPEMEHHBIX | | ; D‘ ;
HOJIYIIPOBOJITHUKOBBIX ITPUOOPOB. ' !

IIpoBepka 0JHOCTOPOHHEN MPOBOAUMOCTH IHoaAa.
1.  CocraButh LIeMb IO CXeME PUCYHKA 1. v
2.  Jluox /12 BKJIFOYHTH B IPSIMOM (TIPOITYCKHOM ) m

HAIpPaBIEHUU: OTMETKA «+» JOJHKHA OBITH A

oOpartiena k nostocy ucrounuka IJ1C. Puc.1

3aMKHYTh [[EeNb U OTMETHTD MMOKA3aHUS
amriepmerpa. Llens pa3soMKHYTb.
3. Juox /12 BxirounTh B 00paTHOM HampaBlieHUH (3amopHoM). Llenb 3aMKHYTh U YOeIUTHCS B
OTCYTCTBHH TOKa B 1ienu. L{ernb pa3oMKHYTb.
4.  Pesynbrarhl HAOMIOACHMI 3aHECTH B TabnuIty 1.
CHsATHE BOJIbTAMIIEPHON XapPaKTEePUCTUKHU AHO/AA.

=

CocTaBHTH IIEMb IO CXE€ME PUCYHKa 2: rTTTTTo !
Jlyoa BKITIOYUTH B MPOITYCKHOM HAlpaBICHUH.
3. 3amknyth mems. [logobpars momoxxesme [ | | |1
JBUKKA PeocTara Tak, YTOObI BOIBTMETP
MoKasaJ camoe Majoe HanpsbkeHue. CHAITh - <> <>
MOKAa3aHUsl U3MEPUTENbHBIX TPUOOPOB.
4.  TlepememaTh MOCTENICHHO ABMKOK peocTaTa U
CHSITh HE MEHee 7 3HaUCHUH HaNpsSKEHUs U
CWJIBI TOKA. Pa30MKHYTH 1IETIb.
Pe3ynbrarel u3mepeHuii 3aHecTH B Ta0HILy 2.
6. Iocrpouts rpaduk 3asucumoctu I(U). ITo ocu 0X
orknansBath U (B), mo ocu OV - | (A).
7. Crhenatb BBEIBOJL.

no

v

Puc.2

o

@®opma npeaocTaBIeHHs pe3yabTaTa
Tabmuna 1

HpOBCpKa OHHOCTOpOHHCﬁ IpOBOAUMOCTHU AUOAA.

Ne Crioco6 BKITIOYEHUS ITokazanus amnepmerpa
o\

Tabmumna 2

CHsATHE BOJIbTAMIIEPHOU XapaKTEPUCTUKHU AUOA.
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~

Ne Toxk, MpoXoasIIHil yepe3 AUOo, Hanpsoxenue, mojanHoe Ha THO/I,
m\n I (A) U (B)

KonTposbHbIe BONPOCHI

B 4ém paznuuune npoBOJMMOCTH MPOBOTHUKOB M TIOJIYTIPOBOTHHKOB?
Kakoii Tum nonynpoBoJHHKA MTOJIYYUTCS, €CITUH K TepMaHuIo 100aBUTh pumech dochopa?
Kakoii THIT TOITyIIPOBOJHUKA MOJTYYUTCS, €CIIA K TEPMAHHIO JOOaBUTh IPUMECh HHIMS?
Kakoe siBieHre HaOII0aeTCs MPU BCTpeue CBOOOIHOTO 3JICKTPOHA C IBIPKOW B TIOTYIIPOBOTHUKE?
Kak MOXHO yCHJINTh HHTEHCHBHOCTh T€HEPALIUH TIAp «3JICKTPOH-/IbIPKay
Kak 00BsICHUTP yBeJIMUEHHE YICIBHOTO COMPOTUBIICHHS MOTYITPOBOIHUKA IPH YMEHBIICHUN
TEMIEPATypbl?
Yro sBIISIETCS B CXEME TPUOJIa BXOTHOM IIETIBIO, @ YTO — BBIXOIHON?
KaK CJIe/IyeT BKJIIOYHTH B LIEb TPAH3UCTOP, YTOOBI OH JICHCTBOBAJ U KaK U0 B TIPSIMOM
HanpaBjieHUU?
YTo moka3bIBaeT BOJIbT-aMIICPHAsl XapaKTePUCTHKA 10/a?
®dopma npeacTaBiaeHusl pe3yJabTarTa:
Pabora momkHa OBITH BBIOJIHEHA B TETPAAH IS JIAOOPATOPHBIX paboT.
Kpurepun oneHku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS TTOJIOKUTEIbHAS OlIeHKa — 1 Oa.
3a HeMpaBWIBHO BBITIOJIHEHHOE JICUCTBHE, 3aJ]aHNE BHICTABIISCTCS OTpUIIATEIbHAsI OlleHKa — 0 0aJuIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyooenemaopumensvHoy svicmagisencs 3a Meaee 60%0 mpaBUIBLHBIX OTBETOB
gvicmasnsemcs 3a menee 60% MpaBHIIBHBIX OTBETOB

Pa3gen 5 Kojie0anusi M BOJIHBI
Tema 5.1 Mexannyeckue KoJe0aHUA M BOJHBI

JlaGopaTopHoe 3aHsiTHe Ne2l

IIpoBepka 3aK0HOB KO0JIeOaHUII MATEMATHYECKOT0 MASITHUKA

Leab: yCTaHOBUTh MaT€MAaTUYECKYI0 3aBUCUMOCTh NEPHOJIa HUTSHOIO MAasTHUKA OT JUIMHBI HUTH
MasITHHKA.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,ITK 1.3

MarepunanbHoe obecrnieyeHue:

AJIEKTPOHHBIA CEKYHAOMEp, H3MEPUTEIbHAS JICHTA, IIAPUK C OTBEPCTUEM, HUTh, MITATUB ¢ My(PTOM
H KOJIBIIOM.

Teopus.

MaremMaTnueckuM MasTHUKOM Ha3bIBA€TCS MaTepuabHas TOYKA, MOJIBEIICHHAss HA HEBECOMOW M
HEPaCTSHKUMON HUTH. MOJIETTbI0 MOXKET CIY>KUTh TSDKEJBINA IIapUK, pa3Mepbl KOTOPOTO BEChbMa MaJIbl 110
CPaBHEHHUIO C JUIMHHOW HUTH, HA KOTOPOH OH MOJABEIIEH (HE CpPaBHUMBI C PACCTOSTHUEM OT LIEHTpa
TSDKECTH JIO TOYKH TTOJBECA).

VYuenple [amuneit, HeptoToH, beccenb u Ap. YCTaHOBUIM CIEAYIONIHME 3aKOHBI KojeOaHUs
MaTEeMaTHIEeCKOTO MasTHHKA:

1.ITepuon koneOaHusT MaTEMAaTHMYECKOTO MAasTHUKAa HE 3aBHUCHT OT MAacChl MasTHHKAa M OT
aMIUTATYJIbI, €CJIM YyToJ pa3Maxa He npesbiiaeT 10 rpagycos.
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2.Ilepuon konebaHUs MaTEeMaTHYECKOTO MAasTHUKA MPSMO MPOMOPIIMOHATICH KBAJPAaTHOMY KOPHIO
U3 JUIMHBl MasTHUKAa UM OOpaTHO NPONOPIUOHAJIEH KBaJpPaTHOMY KOPHIO U3 YCKOpPEHUS CBOOOIHOIO
HaJCHMUSL.

Ha ocHoBaHMM »3THX 3aKOHOB MOXHO Hamucath ¢GopMyly [uisl mepuoja KojeOaHui

/

r=2nr|—"
g
MATEMATHYECKOTO MAsITHUKA:

I/ICHOJIB?;YSI MOACIb MW 3aKOHBbI KOJIeOAHMI MaTEeMaTHYECKOIrO MasTHHKaA, MOXHO HpOHa6JIIOl[aTB
CBO6OI[HBI€ KOHC63HI/IH, a TaKXKC C UX IIOMOLIBIO ONPEACIUTE YCKOPECHHUEC CBOGOI[HOFO naacHus aJjis cBOcH
MCCTHOCTH U CPABHHUTL CO CIIPABOYHBIM 3HAYCHHUCM Z.

2 [.y'\" -

-

I

g=4r
YckopeHnue cBOOOAHOTO MaJACHUSI MOXKET OBITh BHIYUCIICHO O (popmyrie
Xoa pa6oTsI:
1. 3akpenuTh HUTh MAaATHUKA B JiepKaTelie IITaTuBA.
2. Usmeputh anuHy MasTHUKA (IJIMHA MasTHUKA CUMTAETCA OT TOYKM MOJBECA JI0 LICHTPA TSIKECTH
IIapHKa).
3. OTKIOHUTH TIAPUK Ha yroi He 6osnee 10° ¥ OTITYCTUTS.
4. OnpenenuTs BpeMs, 3a KOTOpoe MasiTHUK coBepii 20 koneOaHuil.
5. Beruucauts nepuoj konebanus MasiTHUKA, UCTIONb3ys hopmyny Nt T .
6. [ToBTOpPUTH OMBIT e11e TPH pa3a, yMeHbIIast (WM YBEIMUNBas) ATUHY HUTU MasTHHUKA.
7. Pe3ynbrarel 3aHECTH B TaOJIULLY.

Tabmuma Nel
Ne JmHa HUTH MasiTHHKA |, M Yucno nmonHsIx Bpewms xonebanuii | Ilepuon
kosieOanuii N t,c koseOanmii T, ¢
1 20
2 20
3 20
4 20

8. Cnenatb BBIBOJ O 3aBUCUMOCTHU NIEpUO/Ia HUTSHOTO MasTHUKA OT JJIMHBI €0 HUTH.
KonTpoabHbie BONPOCHI.
UYro Ha3bIBAIOT EPUOIOM KOJIeOaHUH MasiTHUKA?
UTto Ha3bIBAIOT 4acTOTOM KoseOaHuii MasiTHIKA? KakoBa euHuUIIA YaCTOTHI KOJIeOaHU?
OT KaKMX BEJIMYMH U KaK 3aBUCHUT MEpUO]] KOoJIeOaHUI MaTeMaTHYeCKOT0 MasiTHUKA?
OT KakuX BEJIMYUH U KaK 3aBUCUT Mepuo/ KoieOaHu NpyKUHHOTO MasiTHUKA?
N300pa3ute MaTeMaTHYECKUI MasTHUK B KpaiiHel MpaBoi TOUKE M MOKAXHUTE HA YepTEeXKe CUJIB,
JIEWCTBYIOIIME HA IIAPUK B TAHHOUW TOouke TpaekTopuu. Hapucyiite paBHOAEHCTBYIONIYIO CHJL.
Kak MeHsieTcs Benu4yMHa U HaIllpaBlieHHE PaBHOACHCTBYIOLIEH CHII B TeUEHHE Nepruoia?
®opma npeacTaBieHus pe3yJbTara:
PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAU ISl JAOOpaTOPHBIX paboT
Kpurepum ounenku:
3a mpaBUIILHO BBIITOJHEHHOE 33/JaHHE BBICTABIISIETCS MOJIOKUTENNbHAs OlleHKa — | Oasu.
3a HeTMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISIETCS OTPUIIATEIbHAS OonleHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

AR A

o
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Oyenka «HeyoosiemeopumenbHoy svicmasgisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 5.1 Mexannueckue KoJe0aHUA M BOJHBI

JladopaTropHoe 3ansiTue Ne2?2

I/I3y'1e}me 3aKOHOB IIPYKUHHOI'O MasiTHUKA

Heab: IKcepuMeHTANbHO YCTAaHOBUTH 3aBHUCUMOCTH IEpHOJa KOJeOaHUN MPY>KUHHOTO MasTHUKA OT

KECTKOCTHU MPYKHHBI M MAaCCHI TPpy3a

BoinosineHne padoTsl cioco0CcTBYeT (POPMUPOBAHMIO:

OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,IIK 1.3

MartepuaibHoe o0ecriedeHne: MTATUB ¢ My(TOH U JIalKOW, HAOOp MPYKUH Pa3HOM JKECTKOCTH, HaOOp

I'pPy30B pa3HOM Macchl, CEKyHIOMEpP

Ilopsinok BbINOJIHEHHS PadOThHI:

Onpedenenue 3a8UCUMOCMU NEPUOOA KOJIeOAHULL OM MACChbL 2PY3d

1. CoGepure npyXHUHHBIA MasTHUK, HCIIOIb3Yys BbIIAHHOE 000PYAOBaHUE.

2. BeiBenmure MasSTHHK W3 TIOJIOKEHUS PAaBHOBECHS, BKIIIOUMTE CEKYHIOMEpP W OTCUYHTAUTE JECATh
koseOanuil. Mcmonb3ys moka3aHUs CEKyHIOMEpa, pacCuuTaiTe mepuoj KosieOaHWil W 3amoHUTE
MEPBYIO CTPOKY TAOJIUIIBL.

Ne ombiTa N t,c T,C m, K& m™ kr’ k ,u/™m

1
2
3
4
5
3. TloBropure sxcniepuMeHT emi€ 4 pasa, yBenu4uBas MacCcy HO, He MeHss MPY>KUHBL. [lo momydeHHBIM
JTAHHBIM 3aIIOJTHUTE TaOIHILY.
[Toctpoiite rpaduk 3aBucumMoctu nepuoaa konedbanuit (T) oT kBagpaTHOrO KOpHS U3 Macchl (m
ITo popme rpaduka onpeaeaTuTe BUI 3aBUCHMOCTH MEXKIY IEPUOJIOM U KOPHEM KBaJIPATHBIM H3
MAacCCHI.
Onpedenenue 3a8UCUMOCIU NEPUOOA KOJICOAHULE OM HCECMKOCMU NPYHCUHBL
1. Cobepute npyKMHHBIN MasTHUK, UCIIOJIb3YS BBIIAHHOE 00OPYIOBaHHE.
2. BwiBemuTe MasSTHUK W3 TIOJOXKEHHUS PABHOBECHS. BKIIFOUHTE CEKYHJIOMEP M OTCUUTAUTE JECATHh
KoJie0aHui.
3. Hcnonp3ys moka3aHus CEKyHIOMepa, pacCUUTalTe Tepro 1 KoJeOaHNi 1 3aTIOJTHUTE IEPBYIO CTPOKY
TaOJIUIIBL.

1/2
)-

S

Ne ombiTa N t,c T,c m, KT k,H/m Km,(H/M)”2

Al W N

5

4. Tlosropute skcrnepuMeHT eni€ 4 pasza,yBenuunBas KOd((UIHUEHT *KECTKOCTH HO, HE MEHsSI Maccy
rpy3a. [1o mosy4yeHHbIM JaHHBIM 3aM0JIHUTE TaOJHILY.

5. Tloctpoiite rtpaduk 3aBucumMocTH mepuoma kosiebanuii (T) OT KBaApaTHOTO KOpHSA W3
koo umenta xécrroctu. (k72).
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6. Ilo ¢opme rpaduka omnpeaenuTe BHUI 3aBUCUMOCTH MEXIY NMEPUOAOM M KOPHEM KBaJpPaTHBIM W3
koa(durmenTa XKECTKOCTH.
7. CpenaiiTe BBIBOJ O 3aBUCUMOCTH TIepuoJa KojeOaHM OT Macchl Tpy3a U Kod(pQuUIMeHTa
JKECTKOCTHU.
KoHTpoJibHbIE BONPOCHI:
1. B kaxoMm MoJIO)KCHUH MasiTHUKA CKOPOCTh OyJIeT MaKCUMaJIbHOW?
2. B KxakoM MoJ0KEHUU MAsITHHKA CKOPOCTh paBHA HYITIO.
3. VYBenu4wIM WIM YMEHBIIWIN MAacCy rpysa, MOABEIICHHOTO K MPYKHHHOMY MasTHUKY, €CIIU: a)
nepuo; ero konedbanuii cHavana owu1 0, 4 ¢, a mocie u3mMeHenus maccel cran 0, 2 c;
0) yacToTa ero koyiebaHuii BHadase Obla paBHa 6 ['11, a moTom ymenbpmmiace 10 S5 ['?

®opma npeacTaBiaeHusi pe3yJabTara:
Pabora nomkHa ObITh IPECTaBICHA B TETPAIH s Ta0OpaTOPHBIX padoT
Kpurepun oneHku:
3a IpaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS TTOJIOKUTENIbHAS OlleHKa — 1 Oa.
3a HeMpaBWIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNUEC BHICTABIISCTCS OTpULIATEIbHAsI OlleHKa — 0 OaJuIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasinsiemcs 3a 80 — 89%0 npaBUITBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 5.2 DnekrpomMaruuTHbIE

JlaGopaTopHoe 3aHsiTHe Ne23
YcrpoiicTBo TpaHc(hopMaTopa U reHeparopa
Henab: n3yunTh YCTPOICTBO U MPUHLIKI paOOTHI TpaHC(HOpPMaATOpa U reHEPaTopa.

BbinosiHeHune pa6oTsl crioco0cTBYeT (POPMUPOBAHUIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,IIK 1.3
MarepuajnbHoe o0ecnieyeHue:
TpaHcpopMmaTop J1abOpaTOPHBINA, Jamra HaKallMBaHUSA, KIIOU 3aMbIKaHUS TOKA, KOMIUIEKT MPOBOJIOB
COCONHUTCIBbHBIX.
3amanne
1. U3yuuTth cTpoeHue, Ha3HAYEHWE W MPUHIIUI ASUCTBUS TpaHchopmaropa
2. V3yuuTh CTpOCHHE, HA3HAYCHHE W MPUHIUN JACUCTBUS TeHepaTopa.

ITopsinok BbINOJIHEHHS PadOTHI
H3yuenue ycmpoiicmea mpancgopmamopa

Tpanchopmarop npeodbpazyeT nepeMeHHbI TOK OJHOTO  HAaIPsHKEHUsS NIPU HEH3MEHHOM 4acToTe.
OH cocroMT M3 3aMKHYTOIO CEpAEYHMKA, M3TOTOBIEHHOTO W3  CHEUUAIBHOM  JINCTOBOM
TpaHCQOPMATOPHOU CTall, Ha KOTOPOM paclojiaraloTcs JABE KaTyIIKH (MX Ha3bIBAlOT OOMOTKAaMH) C
Pa3HBIM YMCIIOM BHUTKOB U3 MEIHOM MPOBOJIOKH.

Opna wu3 OOMOTOK, Ha3bIBaeTCid IMEPBUYHOM,  MOAKIIOYAETCS K MCTOYHHUKY MEPEMEHHOIO
HanpsDKeHUs. YCTPOMCTBA,  MOTPEONAIONIME  3JIEKTPOIHEPTHIO, MOJIKJIFOYAIOTCS K BTOPUYHOMN
00MOTKE, UX MOXET OBITh HECKOJIBKO.

[Ipu BbIMOMTHEHMH pabOTHl CIENyeT H3YyYUTh YCTPOMCTBO TpaHC(hOpMaTOpa, BKIOUYUTH €T0 B
ceTh TmepeMeHHOro Toka (36 B). B pexxmme xomocToro xoga M3MEpUTh HaNpsDKEHHUE HAa OOMOTKax U
BBIUUCIIUTH KO3 duuueHt tpanchopmanmu, a npu pabore TpaHCPoOpMaropa «IOX  HATPY3KOM»
YCTAHOBUTBH CBSI3b MEXKJAY TOKAMHU M HANpsHDKEHUEM B OOMOTKax.
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TpancdopmaTop cocToUT U3 ABYX KaTylleK U cepaeyHuka. CepJeuHUK COCTOMT U3 JBYX MOJIOBHH,
KOTOpbIE
BCTaBIIIOT B KATYyIIKy M C TOMOINBIO  CKOOBI
3aKpEIUISIOT HA OCHOBAHUH.

e} ~— PR Xoa padoTsl

1. Paccmorpute  yctpoiicTBO  TpaHcdopmaropa.
Onpenenure TNEpPBUYHYIO OOMOTKY  (KI€MMBI  C

e Haanuchlo: 36 wim 42 B) u 1Be BTOPUYHBIX KJIEMMBI 2,2

: B u 4,4 B)

2. HauepTuTe 351eKTpUUECKyIO cXeMy TpaHchopMaropa.

3. Paszbepute tpancopmatop. s 3TOro moBEepHHUTE

$ €ro OCHOBAaHHMEM BBEPX M OTKPYTUTE JBE Traiku
KpEIUICHHUS CKOOBI. BBIHBTE CepJCUHUK U PACCMOTPHUTE

€ro yCTPOMCTBO.
4. CobGepure Tpanchopmarop. s 3TOro BCTaBbTE CEPACYHHK CO CKOOOW B KATYIIKH. Y CTAaHOBHTE
TpaHcGopMaTop Ha OCHOBAHUE U 3aKPEIUTE €ro raiKkamu.

N3y4denne ycTpoiicTBa renepaTopa.

I'enepatop moctosiHHOro TOKa (puc. 1) COCTOMT M3 JBYX YacTeil: HEMOJABMKHOW M BpallarolIeics.
HenonemwxkHasi dacte (cTaTtop) sIBISETCS OCTOBOM MAIMHBI U OJHOBPEMEHHO CIYKUT AJIS CO3/IaHUA
MarHuTHOTO TIOTOKAa. Bo Bpamiaromieiicss 4dactu, Ha3bIBaeMOW SKOpEM (POTOPOM), HHIYLHPYETCS
aneKTpoABIKYyIIas cuia - DJ1C.

KoHcTpykius renepaTopa ocTOSHHOTO TOKa (CM. puc.2).

HenonBuwxkHasi yacTb COCTOMT U3 cTaHUHBI (1), TTIaBHBIX MONMIOCOB (2) ¢ 0OMOTKOIM BO30YxeHus (3) u
JOTIOTHUTEIBHBIX TOJIFOCOB (4), YMEHBIIIAEMbIX UCKPEHHUE TO]T IIIETKAMU.

SIkopb UMeeT cepieuHHUK (5), HaOpaHHBIA U3 TOHKUX CTAJIbHBIX JIUCTOB, OOMOTKY SIKOpsI (6), 3a10)KEHHYIO
B ma3bl cepieyHuka u kosuiektop (7). Ha moBepXHOCTh KOJIEKTOpA HAJOKEHBI YroJbHO-TpaduTOBLIE
metku (8), obecreynBarolIe CKOJB3SIIMM KOHTAaKT ¢ OOMOTKOHM Bpatmatomierocs sikops. Komiaektop
uMeeT GopMy LUIMHAPA U BBITOJIHAETCS U3 M30JIMPOBAHHBIX MEIHBIX IUIACTHH - JIaMeJlel - K KOTOPBIM
MIOJICOE€ZIMHEHBI CeKIMH SKOpHOM 00MOTKH. Bparasck BMecTe ¢ 00MOTKOM, KOJJIEKTOP BBIIOJIHSET POJIb
MEXaHUYECKOTO BBITTPSIMUTEIIS.

OOMoTka BO30OYXIEHMS  CO3[aeT IJIaBHbIM MarHUTHbIM mnoTok @ mnomocoB. B reHeparopax c
HE3aBHCUMBIM BO30Y)K/IEHHEM OHa TNHUTAeTCd OT IIOCTOPOHHEr0 MCTOYHHMKA IIOCTOSHHOTO TOKa
(BBIIpAMUTENSA, aKKyMyssiTopa U T.1.). C TeHepaTopoM C MapajulelbHBIM BO30YXJIeHHEM OOMOTKa
TJIaBHBIX MOJIIOCOB MOJIKIIIOYEHA K ITIaBHBIM LETKaM, T.€. MapajuieJIbHO LEeNU sKops. B cBs3u ¢ aTuM ans
BO3HUKHOBEHUS MarHUTHOro moroka u DJIC HeoOXoauM XoTs Obl ci1alblii OCTAaTOYHBIM MarHUTHBIN
noTtok. brarogaps Hamu4MiO OCTATOYHOTO MarHeTU3Ma BO3HMKAeT MPOIECC CaMOBO30YXACHUS
re’eparopa.
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Puc.1. Puc.2.
Xox padoTbI:
1. Ctpoenne TpanchopmMaTopa - HAYEPTUTh, COCTABHBIE YaCcTH YyKaszaTb, (pOpPMynbl 3amucaTth, Ha
KOHTPOJIbHBIEC BOITPOCHI OTBETHUTh.
2. CTpoeHne reHepaTopa - HAYEPTUTh, COCTABHBIC YACTH YKa3aTh, (DOPMYJIbI 3aIMCaTh, HA

KOHTPOJIbHBIE BOITPOCHI OTBETHUTh.

KoHTpoJibHbIe BONIPOCHI
1 BapuanT
1.YTo Ha3bIBalOT UHAYKIMOHHBIMU T€HEPATOPAMHU?

2.Kakoii TpaHchopMaTop Ha3bIBAIOT IOBBIIIAOIINM, & KAKOW TOHMKAOIINM?

3.Yrto Takoe XomocToi xo Tpanchopmaropa’?

4.ITouemy cepJeuHUK TpaHCHOpMaTOpa U3TOTABIUBAIOT U3 CTAlM, a HE U3 MeaAu?

5.B mepBuyHON 00MOTKE TpaHCPOpMAaTOpa, BKIFOUYEHHOH B ceTh ¢ HampspbkeHuem 380B. Copepkutcs
1320 BuTkOB. Onpenenuts HaAIpsDKEHUE Ha BTOPUYHOM 0OMOTKe, eciiu oHa coaepkut 300 ButkoB. Bun
TpaHcopmaTopa yKka3arh, OTBET IMOSCHUTH.

2 BapuMaHT

1. HazoBuTe OCHOBHBIE YaCTHU reueparopa rIepcMCHHOIr0 ToKa.

2.  Jlokasatb, 4TO y NOBBIIIAIOIEr0 TpaHchopmaTopa K>1.

W3mensier 1u TpanchopMaTop 4acToTy IIpeodpa3yeMoro NepeMeHHOro Toka?

[Touemy cepredHuK TpaHchoOpMaTOpa COOMPAIOT U3 OTICIBHBIX IIACTUH?

Ecnu Ha mepBuuyHYyl0 OOMOTKY TpaHc(opmaropa nojaaercs HampspbkeHue 220B, To Ha BTOpUYHOMH
0OMOTKE MpHU XOJIOCTOM XOJie nosydaercss HanpsbkeHue 130B. Unceao BUTKOB NEPBUYHOM OOMOTKH
paBHo 400. OmnpenenuTh YMCIO BUTKOB BO BTOpHMYHOW oOMoTKe. Bun tpanchopmaTtopa ykasats,
OTBET TOSICHUTb.

3 BapuaHT

o s w

1.  KaxoBa posnb HHAYKTOpA U SIKOPsL B YCTPOUCTBE reHepaTopa NePEeMEHHOT0 TOKa?

2. Uro Takoe noHwxaromuii Tpancpopmarop?

3. Tlouemy cepaednHuk TpaHcopmaTopa JeNaloT He CIUIOMIHBIM. A U3 MHOKECTBA TUTACTHH,
M30JIMPOBAHHBIX APYT OT Jpyra?

4.  TloyeMy MOIIHOCTH, MOTpeOsieMas OT BTOPHYHONW OOMOTKH, MEHBIIIE MOITHOCTH, TTOJIBOJTUMON K
NEepPBUYHON 0OMOTKE?

5. CkonbKO BUTKOB [IOJDKHA HMETh BTOpUYHas OOMOTKa TpaHchopMaTopa Uil TOHMKEHUS
HanpspkeHus ¢ 12000 go 120B, ecnu mepBuuyHas oOmotka coaepxuTr 4000 Butkos? Bun
TpaHcopmaTopa ykas3arb, OTBET MOSICHUTb.
®opma npeacTaBiIeHus pe3yJibTaTa:

PaboTa nomkHa ObITH BBIMOJIHEHA B TETPAAU ISl JAOOPaTOPHBIX padoT
Kpurepum oueHku:

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

3a HeTMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISIETCS OTPUIIATEIbHAS OonleHKa — 0 OaioB.

Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB

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

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

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

Tema 5.3. OnTuka
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JlaGoparopHoe 3ansiTue Ne 24

Onpene.ne}me InmoxKasarteJisa nNpeJIOMJICHUA CTEKJIa

Heﬂb pt160mbl.’ OIIPECACIIUTD IMOKA3aTCJIb MPEIOMIICHHUA CTEKIIA SKCIICPUMCHTAJIbHBIM ITYTCM.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,IIK 1.3
MatepuajbHoe ofecrieyeHMe: MIACTUHKA C MapaJUIeIbHBIMU TpaHsIMK; OyJaBKU; YUCTHIN JUCT Oymaru;

JUCT KapTOHA; TPAHCIOPTHUP; MOABEMHBII CTOJHUK; TAOINIA 3HAUYSCHHS] TPUTOHOMETPUYECKUX (PYHKIUH.

™=

=

N O

9.

3aoanue

[TocTpouth X0J1 CBETOBOI'O JIy4a Yepe3 CTEKJISHHYIO TUIACTUHY.

[Ipoananu3upoBaTh X0 CBETOBOTO Jyya Yepe3 CTEKISTHHYIO IJIACTHHY.

Onpenenuts Mokasareib MPEJIOMICHUS CTEKIIa U pacCUUTaTh OIPEIIHOCTh SKCIIEPUMEHTA.
Iopsiaok BbINOJHEHUS PA0OTHI

Ha nmogbeMHbIii CTONHMK TOJI0KUTh YUCTHIN JIUCT OyMaru ¢ MoJI0AKEHHBIM CHU3Y KaPTOHOM.

C onHO# CTOPOHBI CTEKJIa HAKOJOTh ABE OynaBku 1 u 2 Tak, 4TOOBI IpsMas, IPOXOIIIas yepes
HUX, COCTaBJIsIa YTOJ 04 C MEPHEHAUKYISIPOM K IUIOCKOCTH IUIACTUHKU (puc. 1).

[TonHATH PUCYHOK Ha YpOBHE TJ1a3 M, HAOIIOAas Yepe3 MIIACTUHKY, HAKOJIOTh JIBE Apyrue OynaBKu
TaK, YTOOBI BCE YEThIPE OYIIABKU OKA3aJIMCh HA OJTHOU MPSMOI.

Crexsio u OynaBKH CHSITh, MECTa HAKOJIOB OTMETUTh Toukamu 1,2,3,4 u depe3 HUX MPOBECTH
npsIMbIE JIMHUM O TepecedyeHus: ¢ rpanumamu crekia (puc. 2). IlpoBectu udepes touku 2 u 3
neprneHauKynapsl k rpanunam cpex AB u CD.
TpancnopTUpOM U3MEPUTH YIJIbI TTAJIEHUS O U YTJIBI PEJIoMIIeHUS 3. sina
[To Tabnuile 3HaYECHUI CUHYCOB OMPEEIUTh CHHYCHI HU3MEPEHHBIX yTIIOB.
Boruncnute K03QGUIUEHT MpesioMiIeHus 1o Gpopmyie:

OnbIT NOBTOPUTH TPH pasa.

———=n
sin g

Puc. 1. Puc. 2

P C3YJIbTAThI HSMCpCHHﬁ, BBIYUCIICHHH U TaOJIMYHbBIC JaHHBIC 3allMCaThb B Ta6n1/1uy 1.

10. BeruuciauTh a0COMOTHYIO (A) M OTHOCHTEIBHYIO (€) TOTPEITHOCTH IO (hOopMYyJIam:
11. Cpnenatp BbIBOJ 1O paboTe

E= A -100% A=|n

maon.
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Tabmuma 1

No  |Vron manenusi Yrommnpe- | Koaddu- 2 - ©
S <~ < <] R o
OIBITa | CBETOBOTO JIOMJICHUS IUEHT = : £ B 5 2 s “
=N ) © O T 5 A
yda CBETOBOTO | MPENOM- S E = = £ O g g 5 g
) Q ) o &
= B = = N =) o
. JIy4a JICHUS 9 g % E g g ma S 05) § 5
(D]
) = = 5 ® & S & T o
B n Q 2 g S E < o 5 5
1 8 E = =
1
2
3

©CoNoO~WNE

KOHmpOJleble 60NRPOCHL

UTo Ha3BIBAIOT CBETOBHIM JIy4OM?

Chopmynupyiite 3aK0H OTpakeHUs CBETA.

KakoB ¢usnueckuii cMbICl OKa3aTesl NpeoMiIeHUs cBeTa?

YeMm oTnnyaercst aOCOMOTHBIN MOKA3aTelb IPEIOMIIEHUS CBETA OT OTHOCUTEIHHOI0?
Chopmynupyiite 3aK0H MPETOMIICHHS CBETA.

Yto Ha3BIBAIOT MOJIHBIM OTPAKEHUEM CBETA?

KakoBa ckopocTh pacipocTpaHeHus CBeTa B Bakyyme?

Yro Ha3pIBacTCA ONTUYECKOH INIOTHOCTBIO BellecTBa?

Jlyu cBeTa nepexoamT U3 cpebl ONTUYECKU OoJiee MJIOTHOM B Cpely ONTUYECKH MEHEE IJIOTHYIO.
Kak n3Mensiercs npu 3ToM 4acToTa KoJieOaHui U JUIMHA BOJIHBI?

10. B ugewm coctouT npuHnuI [ rolirenca?
11. Jly4 mepexoauT W3 BOJBI B CTEKJIO. YTOI MaJACHHS 0O = 30°. Haiitu yron npenomiieHus (N; = 1,3; Ny

=1,6).

12.  Vron npenomiieHus cBeTa B INIMLEPUHE 45°. Haiin yroJl majieHus B Bo3ayxe (N, =1.47).
13. Jlyu magaer Ha moBepxHOCTh BOAbI mox yriom 30°. Toj KakimM YrioM JOIDKEH YIacTh Jyd Ha

MOBEPXHOCTh alMasa, YTOObI Yroi MpeloMiIeHHs ocTaics TaKUM Ke? (Nposn= 1, Npoxu=1,33, Nam.=
2,42).

14. Haiitu pa3HOCTh CKOPOCTEH CBETA B BOJIE U CTEKIIE, €CIH Npory=1,33, Nerex. =1,5.
15. Omnpenenuth NpeaebHBIA yroj TOJHOTO OTPaXKEHHs I BOIBI, CTekia, anmaza. (Ne.= 1,6;

nBOI[BI:1|33; Nam.= 2,42) (OTB.Z 0(01:490, 0(02:400, a03:240).
®opMa npeocTaBIeHus pe3yJabTara

BrITIOTHEHHBIHM OTYET B TETPaAIH I Ja0OPATOPHBIX padoT.
Kpurepun ouenku:

OI/;QHKCZ «omaudHo» evicmaendemcs: TIPABUIIBHO BbIIIOJIHCHBI BCC 3adaHUs B COOTBCTCTBHUU C
Tpe6OBaHI/I$IMI/I, MMPaBUJIbHO BBINIOJIHCHBI JOIOJHUTCIBHBIC 3aJaHHsA, CBOCBPEMCHHO IIPEAOCTABIICH
OTYECT O BBIITOJTHCHHUH pa6OTI)I.

Oyenxa «xopowioy evicmasnsemcs: TPABUIBHO BBIIIOJIHEHBl BCE 3aJlaHUs B OCHOBHOM YacTH,
JIOTIOJTHUTEILHBIC 3aJ]aHWs BBIMOJTHEHBI HE B MOJTHOM OOBEME, MPEIOCTaBIEH OTYET O BBIMOJTHEHUHU
paboTel, MO0 B ClIy4ae HECBOEBPEMEHHOI'O TMPEJOCTaBICHHUS OT4eTa WWIA C HaJTdYUEeM
HECYIIECTBEHHBIX OIIMOOK B BHIMOJIHEHUH 3a/1aHUS.
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Oyenka «y0061emeopumenbHo» 8blCmMasisemcs: BHIIIOIHEHBI He Bce, HO Oosee 50% 3amanuii paboThl,

JOIMMOJIHUTCIIBHBIC 3aJlaHus HC BbIIIOJIHCHBI, HECCBOCBPCMCHHO MNPCAOCTABJICH OTYCT O BBIIIOJHCHHUU

paboTHI.

OL;@HKCZ «HeydoejzemeopumeﬂbHO» gvlcmaeisemcs: BBIIOIHEHO MeHee 50% pa60TbI, HC BBbIIIOJIHCHBI

JOITIOJIHUTCIIbHBIC 3aJaHusl, OTYCT O BBIIIOJJHCHHUHN pa6OTBI HC MPCAOCTAaBJICH.

Tema 5.3 OnTuka
JlabopaTopnasi paGora Ne25

Hao0mnaronenne narepdepennnu u 1udpakumnu cBera

Heab padoThl: SKCIIEPUMEHTAIBHBIM TyTEM MPOHAOII0IaTh UHTEP(HEPEHLINIO U TUPPAKINIO CBETA

Boinosinenue padoTsl cnocodcTByeT GOPMHPOBAHMIO:

[1P62, 11P66, 11P68, ITPy3, Ilpy7, I1Py8, 11Py10, I1Py12, I1PG10, Ilpy2, ITPy12, 1TP610, MP3, MPS5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepuanbHoe o0ecnieyeHMe: TIJIACTUHBI CTEKJISHHbIE — 2 INT., JlamMIa C IPsIMOM HUTHIO HaKaa,

LITAHT€HIUPKYJIb.
3ananne

1. TIponaGmronaTh ¥ U3y4UTh HHTEP(HEPECHIIMOHHBIC KAPTUHBI.

2. IlponaGaronate ¥ U3y4UTh AU(PAKIIMOHHBIE CIIEKTPBI.

ITopsinok BbINOJHEHHS PadOTHI
Ha0nronenne narepdepennnu cera.

1. CreknsHHBIE IUTACTUHBI TIIATEIBHO MPOTEPETH, CJIOKUTH BMECTE U CKATh MaJbI[aMH.

2. PaccmoTpeTh MIIacTHHBI B OTPaXXEHHOM cBeTe Ha TEMHOM (oHe (pacrosiaraTh UX HaJO0 Tak, YTOOBI
Ha MOBEPXHOCTU CTEKJIAa HE OOpa30BBIBAINCH CIUIIKOM SIPKHE OJUMKH OT OKOH WM OT OelbIX
CTEH).

3. B oTmenpHBIX MecTax COMPUKOCHOBEHHMS IJIACTUH HAOIIOMATh SPKUE paay KHbIE KOJIbIIeOOpa3HbIe
WJIM HETIPaBUWJIBHON (POPMBI MTOJIOCHI.

4. 3ameruTh U3MEHEHHME (OPMBI M PACHOJOKEHHUS IOJYYEHHBIX HMHTEP(EPEHLUOHHBIX MOJOC C
M3MEHEHUEM HaKUMa.

5. TlombITaThes yBUAECTH HHTEPPEPEHIIMOHHYIO KAPTUHY B IPOXO/AIIEM CBETE.

Hao0maronenne nuppakuum ceera.

1. VYcraHoBUTH MEXAY I'YOKaMU IITAaHT€HIMPKYJIS HIeNb IUPUHOH 0,5 MM.

2. TlpucraBuTh LIeNb BIUVIOTHYIO K IJ1a3y, PacloyIOKUB €€ BEPTUKAIBHO.

3. CMOTpsl CKBO3b IIENTb HA BEPTUKAITBHO PACIOJOKECHHYIO CBETSIIYIOCS HUThH, HAOMIONATh IO 00e
CTOPOHBI HUTHU PaY>KHbIE MOJIOCHI (AU(PPAKIIUOHHBIE CTIEKTPHI).

4. Wamenss mwmpuny menu ot 0,5 go 0,8 MM, 3aMeTuTh, Kak 3TO BiIMSET Ha IU(paKIHUOHHBIE
CIIEKTPBI.

5. 3anonHuTh Tabnuy 1, caenaTs BBIBOJ MO HAOIIOJaEMbIM SIBICHUSIM.

dopma npegocTaBIeHus pe3yabTaTa

Tabnura 1

uHTepPepeHus T paKus
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m\o | Haxarue Bun naTepdepeHmoHHbIX Pazmep Bun
10JI0C IEJIU, MM T(PPaKIUOHHOTO
CIIEKTpa

1 CWJIBHOE 0,5

2 cpenHee 0,6

3 ciraboe 0,8

KonTposbHbIe BONPOChI

1. Kak nomyyaroT KOrepeHTHbIE CBETOBBIE BOJIHBI?
2. B uém cocrour siBneHue uuTepdepeHuu ceera?
3. C kakoi (pU3NUECKO XapaKTePUCTHKON CBETOBBIX BOJIH CBS3aHO pa3jinyue B IBeTE?
4. Tlocne yaapa KaMHEM 110 IPO3pAYHOMY JIbJly BO3HUKAIOT TPEILMHBI, IEPETUBAIOILNECS BCEMU

S.
6.
7.

Kpurepun onenkmn:

useramu panyru. [louemy?

[lepeuncnure OCHOBHBIE MPUMEHEHUS HHTEPHEPEHIINH.

UYro HazpIBaroT qudpakuueii ceera? Korna ona mabmogaercs?
Chopmynupyiire npunmun [ 'toiirenca-Openes.

dopma npeacrabiieHus pe3yJbTara:

PaGota gomkHa OBITH BHIMOJIHEHA B TETPAIu AJIs JIaDOpaTOPHBIX padoT.

3a IMPpaBUJIbHO BBIIIOJHCHHOC 3a1aHUEC BBICTABIIAACTCA ITIOJIOKUTCIIbHAA OLICHKA — 1 6amn.

3a HCIIPABUJIbHO BBIIIOJIHCHHOC IIGI\/JICTBI/IG, 3a1aHUC BBICTABJISICTCS OTPHULATCIIbHAA OLICHKA — 0 0aoB.

Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB

Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB

Oyenxa «yoosnemeopumensvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvHoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB
gvicmasnsaemcs 3a Menee 60% mpaBUILHBIX OTBETOB

Tema 5.3 OnTuka
JlaGopaTopnas padora Ne26

Onpenaenenue AJIHHBI CBETOBOM BOJIHBI € IOMOIIBIO 1M (PPAKIIUOHHON peleTKH

Heanb padoThl: n3ydeHue BIeHUS TU(PaKLIUU U ONPEIeIeHUs JUIMHBI BOJHBI CBETA

Boinosinenue padoTsl cnocod6cTBYeT GOPMUPOBAHMIO:
[1P62, T1PG6, TTP68, I1Py3, Ilpy7, I1Py8, I1Pyl10, I1Py12, I1P610, Ilpy2, ITPy12, T1P610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepuanbHoe obecniedeHue: UGPaAKIIMOHHAS PEIIETKA, HCTOYHHUK CBETA, YCTAHOBKA JUIS

HaOroAeHus T (PAKIIMOHHON KapTHHBI

3aganue

5

1. B xoxe ’kcrniepuMeHTa NpoHadI0aaTh
TG PaKIUIO CBETA.
2. OnbITHBIM IYTEM BBIYUCIUTH JUTUHY
CBETOBOH BOJIHBI.
IHopsiioK BHINIOJIHEHHS PA0OTHI

Cxema yCcTaHOBKH
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VYcranoBka myis HaOmoaeHus AUGPAKIMOHHONW KApTUHBI COCTOMT W3 JICPEBSIHHOW pEWKH, Ha
KOTOpO# ykpemieHa nudpaknronHas pemérka J[P. [To peiike nepememnaercs mutok 11 ¢ y3koi miensio u
JTUHEHKOW ¢ MWJUIMMETPOBOH mmKanod. Ponb JHMH3BI BBIMONHSAET XpycTanuk riaza XP. M3o0paxenue
menu obpasyercst Ha ceryarke riaza CI' n HaGmonaercs Ha poHe MUIITUMETPOBOI mIKanbl. Pazmepamu
TJIA3HOTO SI0JI0KA U PACCTOSTHUEM OT IJ1a3 JI0 PEMIETKH MOKHO MPEeHeOpedh M0 CPABHEHHIO C PACCTOSIHHEM
or memu a0 pemérku L. Illenp ocBemaercs snexkrtpuyeckoit nammoukoi JI. Ecnmm cMoTpers Ha
OCBEILIEHHYIO CBETOM IEJb Yepe3 Mu(pakiuOHHYIO PEemETKY, TO KpoMe IeHTpainbHoro L] nzo0paxenus
ey B 6esioM cBeTe 1o 00e CTOPOHBI BUAHBI €€ CUMMETPUYHbIE paaykHble n3o0pakenus PU (cekTpsl).
VYron nudpakuuu ompenensercs Mo MOJOXKEHUI0 MUPPAKIUOHHOTO MaKCHUMyMma Ha MHJITUMETPOBOM
IKane.

U3 reomerpuueckux mnoctpoenuit sicuo, uto |/L=tg@, rme l-paccrosnue ot menTpansbHOro

uzoopakenus mend (K= 0) 10 ogHOro u3 60KOBBIX H300paKeHHMIA; L— paccTosHHE OT PEHIETKY [0 IIEIH.

VuursiBas, uto {gQ =~ sin (P 111 MaNbIX YII0B AU PAKIUH, HOITYIUM I / L ~sin ()
(1)
Hcnons3ys ¢opmyny (1) u ycnoBue IiIaBHOrO MakCHMyMa MHTEHCHBHOCTH CBETA, MPOIICIIIErO
CKBO3b PEIICTKY csin Pp= KA,
e ¢ — TOCTOSHHAS permeTky (uau apyroe Haspauue — nepuon pemetku) K =0, +1, +2... — nomep

WIN TOPSIIOK MaKCUMyMa, IMOJyYMM BBIPQKEHHE JUIsS BBIYUCICHHUS UIMHBI BOJHBI A, B KOTOPOM BCE
I-c
BEJIMYMHBI JIETKO U3MEPSIOTCS HA YCTaHOBKE: A=—— (2

k-L

BeinosiHenune padboTsl

=

BxirounTte ycTaHOBKY B CETb.

2. Tpubmm3uB 17123 K AUQPaKIHOHHON pemETKe, HAllpaBbTe NPHUOOP HA MCTOYHHK CBETA TaK, YTOOBI
ObUIM BUJIHBI 10 00€ CTOPOHBI OT LIEJIM Ha MIUTKE AU(PaKIIMOHHBIE CTIEKTPHI 1-T0 U 2-I0 MOPSIIKOB.
3amepbTe paccrosinue L- ot muTka 10 AMPpakIinoOHHON pemeéTKe .

4. 3amepwTe paccrosHue | — OT cepeAnHBI HEHTPAIBHOIO MAaKCHMyMa [0 CEpeIUHbI MaKCHMyMa
MIEPBOTO MOPSAJIKA CUHETO IIBETA.

w

5. Tlo ¢popmyne (2) BEIYUCIHUTE AJIMHY BOJTHBI CHHETO IIBETA.
6. OmbIT mpoaenaiTe UIsl BTOPOTO MOPSIKA CUHETO 1BeTa. [lorydeHHbIe TaHHBIC 3aHECUTE B TAOIHILY.
7. AHanoru4Hble M3MEPEHUS MPOBEIUTE ISl JKEITOTO, 3€JIEHOTO M KPACHOTO I[BETOB IO YKa3aHHIO
MPEno1aBaTelIs.
8. PaccuuTaiiTe OTKJIOHEHHE OT CPETHETO Al =—2—2 y 3anecute B Tabnuiy 1.
Tabmwuma 1.
IBer k | cm A, HM <A>, HM A\, HM

CUHUU 1

2
3€eJIEHBIN 1
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2
HKEITHIN 1
2
KpacHBIN 1
2

9. Cnenaiite BbIBOA 11O paboTe.
®opma npegocTaBieHHs pe3yJibTaTa

1. 3anomHuTh Tabnuy 1, crenaB HeOOXOAMMBIE pacyEThl MO TAOIHUIICH.

IBer Kk | cm A, HM <A>, HM A\, HM

CUHUH 1

3€JICHBIN 1

JKENTHIN 1

KpacHBIN 1

2

2. CpenaiiTe BBIBOJ IO padoTe.
KoHTpobHBIE BONIPOCHI.

1. Yro takoe audpaxuus? B kakux KOHKPETHBIX SBJICHHUSIX OHA MPOSIBIIAETCA?
2. Kak ¢opmynupyercs npunimn I roiirenca-dOpenens?

3. Yro Takoe rinaBHble MakcUMyMbl? Kak oHM BO3HUKAIOT?

4. Yro takoe audpaxiuonHbie MUHUMYMbI? KakoBa ux npupozga?

5. YUto mpoucxoauT ¢ qudpakiMOHHON KapTUHOMW nipH yBenudeHuu urcia meneid N? (IlosicauTh
rpaduyeckn).

6. Uto Takoe audpakunonHas pemerka? Kak ona usroraBnuBaercs?
7. Kak 3anucath 1 00BACHUTH (OPMYITY TJIABHBIX MaKCUMYMOB ((hopmyny AU pakIIMOHHOMN pereTku)?

8. Kakast kapTuHa HabmIOaeTCsA Ha DKpaHe NP OCBEIICHUH PEIIETKH OENIbIM CBETOM, CBETOM PTYTHOU
JIAMIIBI?
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9. HauwnHas ¢ kakoro nopsika M nepekpsiBaioTcs JuGpakMOHHbIE CIIEKTPhI BUAUMOTO cBeTa?

10. KakoBa poJib JIMH3BI 3pUTEIIBHON TPYOBI B 00pa3oBaHuu JTU(PAKIIMOHHON KapTUHBI? MOKHO JIn
JUH3Y 3aMEHUTD I1a30M?

11. Ha xakoM pacCTOSIHUU OT JIMH3BI 3pUTEIbHOMN TPYOBI CIIeAyeT YCTAHOBUTH SKpaH JJisi HAOI0IeHUS
T (PaKIIMOHHON KapTHUHBI?

12. Kakoe npuMeHeHHE UMeeT Tu(paKius B HAyKe U TEXHUKE?

13. O0bsicHUTE BOSHUKHOBEHUE O€JI0H MOJIOCH B IEHTPE AU(PPAKIIMOHHON KapTUHBI IIPU OCBEIIEHUH
O€JIbIM CBETOM.

14. KakoB nopsiI0K clieZIOBaHUs [[BETOB B TU(DPAKIIMOHHBIX CIIEKTpax?

®opma nmpeacTaBJieHUs pe3yJbTara:

Pabora momkHa ObITH BBIIOJIHEHA B TETPAAH IS JIAOOPATOPHBIX paboT.

Kpurepun oneHku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS TTOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HeNpaBUIILHO BBIITOJHEHHOE EHCTBHE, 3a/laHHE BHICTABIICTCS OTpHULIATEIbHAs olleHKa — () 6auioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasinsiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyooenemaopumensvHoy svicmasiiencs 3a Menee 60%0 npaBUIBLHBIX OTBETOB
gvicmasnsemcs 3a menee 60% npaBUIBLHBIX OTBETOB

Tema 5.3 OnTuka
JlaGopaTopnas padora Ne27

HabmioneHnne CNUIONIHOTO M JIMHEHYATOr0 CIeKTPOB

Heab padoThl: SKCIIEPUMEHTATBHBIM TyTEM IPOHAOIIIOIATh CIIEKTPHI UCITyCKAHUS U MOIJIOIIEHUS
IIPEIIaraéMbIX BEIIECTB.

BbinosiHeHune pa6oTsl crioco0cTBYeT (POPMUPOBAHUIO:

I1P62, TIPG6, ITP6S, I1Py3, Ilpy7, I1Py8, I1Py10, I1Py12, I1P610, Ilpy2, ITPy12, I1P610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepuanbHoe obGecrneyeHue: MPOCKIMOHHBIN ammapar, CIEeKTpalbHbIE TPYOKH C BOJIOPOJIOM,

HCOHOM HJIK T'CIIHNECM, BBICOKOBOJIBTHBIN HUHAYKTOD, 6aTape${ AKKYMYJIATOPOB, IITATHB, COCANHUTCIIbHBIC
mpoBoaa (0611_[1/16 Ha aYI[I/ITOpI/IIO), CTCKIISIHHAA IJIaCTHHA CO CKOIICHHBIMU I'PaHAMU (BBII[aéTCSI Ka)K,Z[OMy).

3ananne

1. TIponaGmronaTh 0Opa3oBaHKE CIIEKTPOB UCIYCKAHUS U MOTJIOIIECHUS.
2. BpBUTH MpUUUHY 00pa30BaHHS CIIEKTPA.
IHopsiok BhINOJIHEHHS PA0OTHI

Ecnu n3nydenne nCTOYHMKA CBETA HAIIPABUTh HA CTEKJITHHYIO IPU3MY, Ha IIyTH MPOLIEAIINX Yepe3
MpU3My Jydeil MOCTaBUTh IKpaH, TO Ha HKpaHe MOXHO HaO0/aTh HAOOp LBETHBIX MOJOC — CHEKTP.
[IprurHa HaOII0JaeMOT0 SBJIEHUSI COCTOUT B TOM, YTO CBETOBBIE JIYYH UMEIOT OJAMHAKOBYIO CKOPOCTh C B
BaKyyMe, a B Jpyroi cpeze, (Hampumep, B CTEKJIE) UX CKOPOCTh HEOJAMHAKOBA W 3aBUCUT OT YacTOTHI
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kosneOanuil. Tak kak Ko3((UIMEHT MpeloMIIEHUs 3aBUCUT OT CKOPOCTHU PACHpPOCTPAHEHHUS CBETOBBIX

BOJIH, TO JIy4YH Pa3HbIX YacCTOT OIPEAEISAIOTCS 0-Pa3HOMY.

1.

o

Pacronoxuth mIacTUHY TOPHU3OHTANBHO mepea ria3oM. CKBO3b T'PaHU, COCTABISIONIAE YTOJ 45°,
HAO0JII0JIaTh CBETIYIO BEPTHUKAJIBHYIO IIOJIOCKY Ha JKpaHe — H300paKECHUE pa3JBHIKHOW IIIETH
MIPOEKIIMOHHOTO aIapara.
BbIIeTUTE OCHOBHBIC IIBETA IMOJIYYCHHOI'O CIUIOIIHOIO CIIEKTpa M 3amucaTh MX B HAOJIOIaeMOM
IIOCJIE0BATEILHOCTH.
[ToBTOPHUTH OIBIT, pacCMAaTPUBAast IOJOCKH Yepe3 IpaHu, 00pa3yIoNIre yroj 60°. 3amcars pa3auuus B
BHJIE CIICKTPOB.
HaGimoate JiMHeHYaThle CHIEKTPhl BOAOPOJA, TClMsS WM HEOHA, paccMaTpuBas CBETAIIMECS
CHEKTpaJIbHBIC TPYOKH CKBO3b T'paHU CIEKTPAIBHOUN IJIACTHHBI. 3amucarh HauOojee SpKUe JTUHUU
CIICKTPOB.
Pesynprarhl HaOMOAeHUI IPEACTaBUTH B TaOIUIE 1.
Craenathb BBIBOJ 110 padoTe.
®opma npeaocTaBJieHHs pe3yJabTaTa
Tabnuma 1
Ne | Pacmonoxenue HaGmonenue JImHeiuarwIit JImneituareiii | JInHeHYaTHIN
o\l | rpaHel IIACTHH CILJIOIIIHOTO CIIEKTpP BOJIOPO/IA CIIEKTp CIIEKTP
10JT YTJIOM CIICKTpa renust HEOHa
1 45°
2 60°
KoHTpoJibHbIE BOMPOCHI
1. KakoBa npuuuHa pasznokeHusi 6eIoro cBera mpu3Moii?
2.  Kak 0OBSICHUTH IPOUCXOXKICHUE JINHEHIATHIX CIIEKTPOB?
3. B uéwm paznuune 1udpakiMOHHOTO U TUCTIEPCUOHHOTO CIIEKTPOB?
4.  Tlouemy IO CTIEKTpaM 3BE3]] MOXKHO OTPEICIIUTh UX XUMHUYECKHIA COCTaB?
5.  HM3meHutcs nu 1BeT 3eJIEHOTO JTyda MPH mepexojie u3 Bo3ayxa B Boay? Ilouemy?

®opma npeacraBiaeHus pe3yJbTara:
PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAM ISl JJaOOPaTOPHBIX padoT.
Kpurepuu onenkmn:

3a IpaBHIBLHO BBITIOIHEHHOE 33/IaHUE BBICTABIISIETCS TTOJIOKUTEIbHAS OlleHKa — | Oa.

3a HEeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATEIbHAS onleHKa — () OaioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 1009 npaBUIBHBIX OTBETOB

Oyenxa «xopoutoy svicmasinsiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB

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

Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB
gvicmasnsiemcs 3a menee 60% mpaBHIIBHBIX OTBETOB
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