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1 BBEAEHUE

BaxHyro dYacTh TeopeTHueckod U NpPO(EeCCHOHAIBHOM  MPAKTUYECKOH  MOATOTOBKU
00yYaroImuXxcs COCTaBIAIOT MPAKTUYECKHE U JTAOOPATOPHBIE 3aHITHS.

CoctaB U copep)kaHue NPAKTUYECKUX U JAOOPATOPHBIX 3aHATUN HAIpPaBJICHbI Ha Pean3aLUI0
denepanbHOTO TOCYAAPCTBEHHOTO 00pa30BaTEIbHOTO CTaHIApTa CPEAHEro oOmero oOpa3oBaHHS C
Y4eTOM IOJIy4aeMOM CHEeHaIbHOCTH.

Benymeld augakTHuecKoW IENbI0  IPAKTUYECKUX 3aHATUH  sBiseTcss  (OpMUpPOBaHHE
npoeCCHOHATBHBIX MPAKTUYECKUX YMEHUHN (YMEHUI BBIMOIHATH ONpEACICHHbIC ICHCTBHS, ONEpaluy,
HE0O0XO/JMMBIE B MOCIENYIOIEM B INPOPECCHOHATBHON NEATEIbHOCTH) WIM YYEOHBIX NMPAKTHYECKUX
YMEHHUH pemiath 3a1a4u 1o (pusnke, HEOOXOAUMBIX B MOCIEAYIOMIEH YI4eOHO! AeATEIbHOCTH.

Benymelh aupakTMueckol IeNbl0 J1aOOPATOPHBIX 3aHATUH SABISAETCS HKCIEPUMEHTAIbHOE
MIOTBEP>K/IEHUE U POBEPKA CYIIECTBEHHBIX TEOPETUUECKUX 3aKOHOB, 3aBUCUMOCTEH.

B cootBercTBUM ¢ paboueil mporpammoii yueOHON aucuMIinHbl «®Dusnka» mnperycMOTpeHO
IIPOBEJICHUE NMPAKTUYECKUX U J1a0OPAaTOPHBIX 3aHATHH.

BbimonHenne  mpakTHYecKMX M J1a0OpaToOpHBIX — paboT  o0ecrneuyuBaeT — JIOCTHXKEHUE
00yYaroIUMHUCS CIEIYIOMIX Pe3yaIbTaToB:

e [IPOl cdopMHPOBAHHOCTH MPEICTABICHUH O POIU W MecTe (HU3UKA W aCTPOHOMHUHU B
COBPEMEHHOW HAyYHOH KapTHHE MUPA, O CHCTEMOOOpa3yomei poian (GU3NKH B Pa3BUTHN €CTECTBEHHBIX
HayK, TEXHUKH 1 COBPEMEHHBIX T€XHOJIOTHH, O BKJIaJle POCCUHCKUX U 3apyOeXHbIX YUEHBIX-(PU3HKOB B
pa3BUTHE HAYKH; MOHUMaHHE (PU3NIECKON CYIIHOCTH HAOJII0JaeMbIX SBJICHHI MHUKPOMHpPA, MAKPOMHPA
U Meramupa; NOHUMaHHE POJIM ACTPOHOMHUM B MPAKTUYECKOM EATENbHOCTH YelIOBeKa U JajbHEeHIIeM
HAYYHO-TEXHHUYECKOM DPAa3BUTHH, POJM (U3UKKA B (POPMHPOBAHWUU Kpyrozopa u (PyHKIHMOHAIBHOU
IPaMOTHOCTH Y€JIOBEKa JIJIsl pELICHUs] IPAaKTUYECKUX 33]1a4;

° ITP62 chOopMUPOBAHHOCTh YMEHMM pPACIiO3HABaTh (PU3MYECKHE SIBJICHHUS (IIPOLECCH) U
OOBSCHATh MX Ha OCHOBE M3YYEHHBIX 3aKOHOB: PAaBHOMEPHOE M PAaBHOYCKOPEHHOE MPSMOJIMHEHHOE
JBI)KEHUE, CBOOOJHOE MaJeHUE Tell, JBM)KEHUE IO OKPYXHOCTH, MHEPLHs, B3aMMOJEHCTBHE TeI,
Koje0aTeNbHOE JBUKEHHE, PE30HAHC, BOJIHOBOE JBIKEHUE; IudPy3us, OpOyHOBCKOE BHKEHUE,
CTPOEHHUE JKUIKOCTEH M TBEpHABIX Tel, M3MEHEHHEe o0beMa Tel NpU HarpeBaHuu (OXJaKICHUN),
TEIJIOBOE paBHOBECHE, MCIapeHue, KOHACHCAllUs, IUIaBJIeHHe, KPUCTAJUIM3AIlHs, KUIIEHUE, BIAaXKHOCTh
BO3/yXa, CBSI3b CpelHEHl KUHETHYECKOH HHEPIruu TEIJOBOTO JABMXKEHHMS MOJIEKYJ] € abCONIOTHOM
TEMIIEpPaTypol, MOBBIIICHUE JAaBJICHUS ra3a IpHU €ro HarpeBaHWU B 3aKPBITOM COCYJE, CBSI3b MEXIY
IapaMeTpamMM COCTOSHHS Ta3a B HM30IpoLeccax; 2JIEKTpU3alUs Tel, B3aUMOJAEHCTBHE 3apslioB,
HarpeBaHue MPOBOJIHMKA C TOKOM, B3aUMOJEHCTBHE MarHUTOB, 3JIEKTPOMAarHUTHAsI UHIYKIHS, IEHCTBUE
MarHuTHOTO TOJS HAa MPOBOJHUK C TOKOM M JBWXKYIIMHCS 3apsijl, 3JIEKTPOMAarHUTHbIE KOJeOaHUS U
BOJIHBI, MPSIMOJIMHEHHOE pAacCIpOCTpaHEHUE CBETa, OTpa)XXeHHe, MpesloMIIeHne, HHTeppepeHIus,
auQpakus 1 MoJspu3alus cBeTa, JUcrepcus cBeta; GoToanekTpuueckuit 3pdexr, cBeToBoe JaBieHue,
BO3HMKHOBEHHE JIMHEHYAaTOro CIEeKTpa aToMa BOAOPOJa, €eCTECTBEHHass M  HCKYCCTBEHHas
PaivoOaKTUBHOCTb;

° [TIP63 BnazeHHWE OCHOBOIOJNATAIOUIMMH (U3MUYECKUMU TIOHATUSMU M BEIHMYHMHAMU,
XapaKTepu3ylIUMu  (QuU3NYeckre Tpouecchl  (CBA3aHHBIMM C  MEXaHHMYECKUM  JIBHOKEHUEM,
B3alMO/JICIICTBHEM TeJl, MEXaHUYECKUMHU KOJeOaHUSIMU U BOJTHAMH; aTOMHO-MOJIEKYJISPHBIM CTPOCHHUEM
BELIECTBA, TEIUIOBBIMH IPOLIECCAMU; IEKTPUUECKMM M MAarHUTHBIM IOJISIMH, SJIEKTPUYECKUM TOKOM,
AJIEKTPOMArHUTHBIMU KOJIEOAHUSIMU U BOJTHAMH; ONTHYECKUMHM SIBJICHUSIMH; KBAaHTOBBIMH SIBJICHUSIMU,
CTPOEHMEM aTroMa M AaTOMHOIO sJpa, paJAMOAaKTUBHOCTBIO); BIIAJIEHUE OCHOBOIOJIArAIOLIMMHU
aCTPOHOMHMYECKMMH IOHATUSAMH, IO3BOJIAIOUIMMU XapaKTepU30BaTh IPOLECCHI, MPOUCXOASIINE Ha
3BE3/1aX, B 3BE3IHBIX CHUCTEMAaX, B MEXTaJIaKTHUYECKOW Cpefle; IBHKEHHE HEOECHBIX TeJ, JBOJIIOLHUIO
3Be3 1 BeeneHnnoi;

° [IP64 BnazeHuUE 3aKOHOMEPHOCTSMH, 3aKOHAMH U TEOPUSAMH (3aKOH BCEMHPHOTO
tsrorenus, I, I u 111 3akonsl HeloTOHA, 3aKOH COXpaHEHHSI MEXaHUYECKOW YHEPTHH, 3aKOH COXPaHEHUS
HMITyJIbCA, IPUHLIUAI CYNEPIIO3ULUN CUJI, IPUHIUI PABHOIIPABHOCTU HMHEPLMAIBHBIX CUCTEM OTCUETA,
MOJICKYJIIPHO-KMHETUYECKYI0 TEOPHIO CTPOEHHUS BELIECTBA, TIAa30Bble 3aKOHBI, IEPBBIM 3aKOH
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TEPMOJMHAMUKH; 3aKOH COXPAHEHUs AJIEKTPUUYECKOTO 3apsaa, 3akoH KynoHa, 3akoH Oma sl yyacTka
nenu, 3aKkoH Oma 1 TOJTHOM AJIEKTPUYECKO 11enH, 3akoH Jkoyns - JIeHna, 3aKkoH 3JIeKTPOMarHuTHOM
WHJYKUHUH, 3aKOH COXPAHEHHUS DHEPrUH, 3aKOH MNPSIMOJMHEWHOIO paclHpOCTPAaHEHHUS CBETa, 3aKOH
OTPa)KEHUsI CBETA, 3aKOH IIPEJIOMJICHUS CBETA; 3aKOH COXPAHEHUs HSHEPIrUM, 3aKOH COXpaHEHUs
UMITyJIbCA, 3aKOH COXPAHEHUs DJJIEKTPUUECKOTO 3apsia, 3aKOH COXPAHEHMs MacCcOBOIO 4YHCIA,
noctynatel bopa, 3akOH pagMOaKTHBHOTO pachaja); YBEPEHHOE UCIOJIb30BaHUE 3aKOHOB U
3aKOHOMEPHOCTEH MpH aHamu3e (PU3HUECKUX SIBJICHUN U MPOIIECCOB;

e [IPG5 yMeHHME YYHUTHIBaTh TPAHULBl TPUMEHEHUS HW3YYCHHBIX (U3MUYECKUX MOJIENCH:
MarepuaibHas TOYKA, MHEPLHUAIbHAs CUCTEMa OTCYETa, WJCAIbHBIM Ia3; MOJEIU CTPOEHUs Tra3oB,
KUJKOCTEH M TBEPHBIX TEJ, TOUYCUHBIA AJIEKTPUUECKUU 3apsj, siAepHas MOJENb aToMa, HYKJIOHHAas
MOJIeJIb aTOMHOTO siJIpa MPU pelieHn: (PU3NIEeCKUX 3aay;

e [IPG6 BIaJiCHHWEC OCHOBHBIMH METOJAaMU HAy4HOTO MO3HAHUS, WCIONB3yeMbIMU B (H3UKe:
MIPOBOAUTH MpPSIMbIE U KOCBEHHBbIE M3MEpEHUs (U3MUYECKUX BEIUYMH, BHIOMpAs ONTUMAIbHBINA CIIOCOO
M3MEPEHHUSI U UCIOJIb3Ysl HW3BECTHBIE METOAbl OILICHKH TIOTPEIIHOCTEH H3MEpPEHUM, MPOBOAUTH
UCCJIEIOBAaHUE 3aBUCUMOCTEH (U3MUECKUX BEIMYMH C UCIHOJIb30BAaHHEM TPSMBIX H3MEpPEHUH,
OOBSICHATH TIOJTYYCHHBIC PE3YJIbTAaThl, HCIONB3Yys (PU3UYECKHE TEOPWH, 3aKOHBI U TIOHATHS, M JIENATh
BBIBOJIbI; COOMIOAATH MpaBuiia OE30MacHOr0 TpyJa MpH MPOBEACHUH HCCIEA0BaHUI B paMKax y4eOHOTro
IKCIIEPUMEHTa ©  y4eOHO-HCCIICIOBATEILCKON  JEATCIIBHOCTH C  HWCIOJB30BAaHUEM  IH(PPOBBIX
M3MEPUTENIbHBIX YCTPOUCTB U J1a0OpaTopHOro o0opyAoBaHus; cHOPMHUPOBAHHOCTH MPEICTABICHUN O
METO/ax MOJYYEHUsI HAYyYHBIX aCTPOHOMUYECKUX 3HAHUI;

e [Pyl chopMHpOBaHHOCTh MOHUMAHUS POJd (UBUKH B DKOHOMUYECKOM, TEXHOJIOTMYECKOM,
COLIMAJILHOW W ITHYECKOW cdepax esATSIBHOCTH YeNIOBEKa; POJM W MecTa (PU3UKH B COBPEMEHHOM
Hay4YHOW KapTUHE MHPA; POJIM aCTPOHOMHH B IPAKTUUYECKON JEATEIbHOCTH YEJIOBEKAa U AalIbHEHIIeM
Hay4YHO-TEXHUYECKOM Pa3BUTHUH;

e [IPy2 cdopMUPOBAHHOCTh CHUCTEMBl 3HAHMH O (U3MUECKUX 3aKOHOMEPHOCTSX, 3aKOHaX,
TEOpHSX, JCHCTBYIONIMX HA YPOBHSIX MHUKPOMHpA, MaKpoOMUpa W Meramupa, MpeACTaBICHUNA O
BceoOIeM xapaktepe (pU3MYEecKHX 3aKOHOB; MPEJCTaBICHHUNA O CTPYKType MOCTPOCHHS (HU3HUECKOi
TEOPHUH, YTO TO3BOJHUT OCO3HATH POJIb (PYHIAAMEHTAIBHBIX 3aKOHOB U TPHUHIIUIIOB B COBPEMEHHBIX
MPEACTABICHUSAX O MPUPOLIE, MOHATh TPAHULBI IPUMEHUMOCTH TE€OPHd, BO3MOKHOCTH UX NMPUMEHEHHUS
JUTSI OTIMCAHMS €CTECTBEHHOHAYYHBIX SIBJICHHUH U MPOIIECCOB;

e [IPy3 chopMUPOBAHHOCTh YMEHHUS pa3IU4aTh YCIOBUS MPUMEHUMOCTH Mojeiell (u3MuecKux
TEJ U TIPOIIECCOB (SBJICHHI ): HHEpIMAIbHAS CUCTEMa OTCUeTa, MaTepuaibHas TOUKa, paBHOYCKOPEHHOE
IBUKEHHE, CBOOOIHOE MajieHne, abCOMOTHO yrpyras aedopMmaiiusi, abCOIOTHO yIpyroe U abCoIOTHO
HEYIPYroe CTOJIKHOBEHHUSI, MOJIEJIEH ra3a, )KUJIKOCTH U TBEPAOTO (KPUCTAITMYECKOTO) TeJa, UACaIbHOTO
ra3a, TOYEYHBIA 3apsl, OJHOPOAHOE DIIEKTPUUECKOE TI0JIe, OJHOPOJHOE MAarHUTHOE IIOJeE,
FapMOHUYECKHE KOJieOaHUsl, MaTeMaTHYECKUH MAasSTHUK, WJCaTbHBIM TPYKUHHBIA MAasTHUK,
TapMOHHYECKHE BOJHBI, UCAbHBIN KOeOaTeNbHbI KOHTYD, TOHKAs JIMH3a; MOJIeTe aToMa, aTOMHOTO
siIpa U KBAHTOBOM MOJEJIH CBETA;

e [IPy4 copMHUPOBAHHOCTb YMEHHUS OOBSICHITH OCOOCHHOCTH MPOTEKaHUs PU3NIECKUX SIBICHUIA:
MEXaHWYECKOE JBIKEHUE, TeTJIOBOE ABMKEHNE YACTHUIl BEIIECTBA, TETUIOBOE PaBHOBECHE, OPOYHOBCKOE
neuwxkenne, nuddysus, ucmapeHwe, KUNEHHE U KOHJICHCAIMS, IUIABJICHHE U KPUCTAILIU3AIuS,
HaIlpaBJIEHHOCTh  TEIUIONEPENayu, dDJEKTPU3AIUU  TeJl, JKBHUIIOTEHIIMATBHOCTH  IOBEPXHOCTH
3apSUKEHHOTO0  MPOBOJHUKA,  AJEKTPOMAarHUTHOW  MHAYKIHMH, CAMOMHAYKIMHM,  3aBHCHUMOCTHU
COINPOTHUBIIEHUS TMOJYIPOBOJHUKOB "p-" M "n-TUMOB" OT TeMIeparypbl, pe30oHaHca, UHTepdepeHIun
BOJIH, Au(pakiuu, ITUCIEPCUU, TOJTHOTO BHYTPEHHEro oOTpaxeHus, ¢oTtodddekr, duznyeckue
MIPUHIUIIBI CTICKTPAIPHOTO aHaln3a M paldoThl jasepa, "ambda-" m "Oera-" pacmanbl saep, ramMmma-
W3IIy4eHHE S7ep;

e [IPy5 cOpMHPOBAHHOCTh YMEHHH TPUMEHATH 3aKOHBI  KJIACCHYECKONW  MEXaHHKH,
MOJICKYJISIPHON (PU3UKH U TEPMOJIWHAMUKH, DIJIEKTPOJWHAMUKU, KBAHTOBOW (DM3WKHU [Js aHAU3a U
OOBSCHEHHS SIBIICHH MUKPOMHpPA, MAaKpOMHUpa U METaMHpa, pazinyaTh YCIOBHS (TpaHHIIBI, 00JIACTH)
MPUMEHUMOCTH (DU3MUECKUX 3aKOHOB, TOHMMATh BCEOOIIMU xapakTep (QyHAAMEHTaIbHBIX 3aKOHOB
(3aKOH COXpaHEHHS MEXaHMYECKONW HHEPruM, 3aKOH COXPAHEHHS HMITYJIbCa, 3aKOH BCEMUPHOTO
TATOTEHUs, TEPBbI 3aKOH TEPMOJMHAMUKH, 3aKOH COXPAHEHHUS JJIEKTPUYECKOTO 3apslia, 3aKOH
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COXpaHEHHUs] DHEPruu) U OrPAHUYEHHOCTh HCIOJIb30BAHMUSI YACTHBIX 3aKOHOB; aHAIM3HPOBATH
¢dbu3nyecKkue MpoIecChl, HCHOJb3YysS OCHOBHBIE TIOJIOKEHUS, 3aKOHbI M  3aKOHOMEPHOCTH;
OTHOCHUTEIIbHOCTh MEXaHUYECKOTO JBUKCHHS, (OPMYJIbI KHHEMATHKU PABHOYCKOPEHHOTO JIBHIKEHHUS,
npeoOpazoBanusa [amwies Afs CKOpPOCTH W TMepeMelleHus, Tpu 3akoHa HbOTOHa, NpUHIUI
OTHOCUTENbHOCTH ['anuies, 3aKOH BCEMHUPHOIO TATOTEHHS, 3aKOHBlI COXPAHEHUs HUMIIyJIbca U
MEXaHMYECKON SHEepruu, CBsi3b pPAaOOTHI CHUIBI C M3MEHEHHEM MEXaHUYECKOW HHEpPruH, YCIOBHS
paBHOBECHSI TBEPJOIO TENA; CBSA3b JABICHUS HJICAIBHOIO ra3a CO CpeAHEW KHUHETUYECKOW JHEpruei
TEIJIOBOTO JABWKEHUS M KOHLIEHTpAUUEWd €ro MOJEKYJ, CBs3b TEMIEpPaTypbl BELIECTBA CO CpPEAHEH
KMHETUYECKOM AHEPruer ero 4acTull, CBsA3b JABJICHUS MUJICAJIBbHOIO ra3a ¢ KOHUEHTpAaIUeld MOJIEKYJ U
€ro TeMIIepaTypoil, ypaBHeHue MeHneneeBa-Kianeipona, mepBblid 3aKOH TEPMOIAMHAMHUKH, 3aKOH
COXpaHEHUsl PHEPruU B TEIUIOBBIX IMpOIECCaX; 3aKOH COXPAHEHMS SJEKTPUYECKOIrO 3apsla, 3aKOH
KysioHa, moTeHIManbHOCTh 3JIEKTPOCTATUYECKOrO TOJIS, NPUHLHUI CYNEPHO3ZULHUHU JIEKTPUUYECKUX
nosieit, 3akoHa Kynona; 3akonsl OMa JJid ydacTka LENU U U1 3aMKHYTOH 3JI€KTPUYECKOH LIeTH, 3aKOH
Jxoyina-JIeHna, 3aKOH 3JIEKTPOMAarHMTHOW WHAYKLIHMH, TpaBWwiIo JIeHIa, MOCTYyJaThl CHEUHAIBHOMN
TEOPUU OTHOCUTENBHOCTH DWHINTEWHa, ypaBHeHUEe DWHIITeHa s poTodddekTa, nmepBelid U BTOPOH
noctynatel bopa, mpuHIUIT HeonpeaeneHHocTH I 'elizenOepra, 3aKOH COXPAaHECHHS 3apsia, MacCOBOTO
YHUCJIA U SHEPTHUH B SIACPHBIX PEAKIUAX, 3aKOH PaInOaKTUBHOIO pacraja;

e [IPy8 chopmupoBaHHOCTH MPEACTABICHUI O METO/IaX TOMYyUEHUSI HAYIHBIX aCTPOHOMHUYECCKUX
3HAHUW; BIJIAJICHUE YMEHHUSMU CaMOCTOSTENbHO (OpPMYIUpPOBaTH I1€lb HCCIEAOBaHUSA (IIPOEKTA),
BBIBUTATh THIIOTE3bI HAa OCHOBE 3HAHUS OCHOBOTMOJArarmomux (QH3MYecKnX 3aKOHOMEPHOCTEH U
3aKOHOB, MPOBEPATHh WX IKCIEPUMEHTAIBHBIMU CPEICTBAMU; IUIAHUPOBATH U MPOBOJIUTH (PU3NUYECKUE
SKCIEPUMEHTBI, OMNMUCHIBATh W AHAJU3UPOBATh IOJYYECHHYK) T[PH BBIIOJHEHHH SKCIIEPUMEHTA
nH(OpPMAILIKIO, OTIPEAEIIATh JOCTOBEPHOCTD MOJIYYEHHOTO pPe3yybTarTa;

e [IPy 11 oBmageHWe pasnTUYHBIMHA crioco0amMu paboTel ¢ uHpopManuend QU3NIECKOTO
COJIEp’KaHUsl C HCIOJB30BaHWEM COBPEMEHHBIX HH()OPMAIMOHHBIX TEXHOJOTHH, pa3BUTHE YMEHU
KPUTUYECKOTO aHaJIN3a M OIEHKH JIOCTOBEPHOCTHU MOTy4aeMoi HHGOpMAIIHH;

e [[Py 12 oBnaneHue OpraHM3alMOHHBIMU M TMO3HABATEJIbHBIMU YMEHHSIMHU CAMOCTOSITEIBHOTO
MpuOOpeTEeHNsT HOBBIX 3HAHWUWM B TIPOLIECCE BBIMOTHEHUS MPOCKTHBIX U YYEOHO-MCCIEIOBATEIHCKUX
paboT, yMEHUSIMU 3aHATUETH B TPYIINE C BHIMOJIHEHUEM PA3IUYHBIX COIUMANBHBIX POJIEH, MIaHUPOBATh
paboTy TpYMIBI, PAMOHAIBHO PACTIPEACNISITh AEATEILHOCTh B HECTAHAAPTHBIX CUTYAIUSAX, aJ€KBAaTHO
OLICHMBATh BKJIAJ] KQXKJIOTO M3 YYACTHUKOB TPYIIIHI B PEIIEHNE pacCMaTpUBAeMO TIPOOIIEMBI;

e MP 8 cmocoOHOCTP W TOTOBHOCTh K CaMOCTOSITEIbHOMY TIOMCKY METOJIOB pelIeHUs
MPAKTUYECKUX 3a]a4, IPUMEHEHHUIO PAa3JIMYHBIX METOI0B ITIO3HAHUSI;

e MP 9 Bmamerp HaBbIKaMHM TIOJyYeHHS HH(POpPMAIMA €3 MCTOYHUKOB pa3HBIX THUIIOB,
CaMOCTOSITENTFHO OCYIIECTBISATh IMOMCK, aHAIN3, CHUCTEMAaTH3allMI0 M HHTEPIPETaluio HHPOpPMAIHH
Pa3IUYHBIX BUJIOB U (HOPM MPEICTABICHNUS,

e MP 10 ¢dopmupoBaHHe HaydHOTO THUIA MBINUICHHS, BIaJCHUE HAYYHOW TEPMHUHOJOTHEH,
KJIFOYEBBIMH MOHATUAMHU U METOJAMU;

e MP 21 BBISABIATH NMPUUMHHO-CIEACTBEHHBIE CBA3M W aKTyalU3UpPOBATh 3a/1auyy, BBIIBUTAThb
TUTIOTE3y €€ PEIICHUS, HAaXOIUTh APTYMEHTHI IS JOKA3aTelbCTBA CBOUX YTBEP)KICHWH, 33JaBaTh
MapaMeTpbl U KPUTEPUU PELLIECHUS,

e MP 17 ymerp mepeHOCHTh 3HAHUS B TO3HABATEIbHYI0 M MPAKTUUECKYIO 00J1acTu
KU3HEIEATEIIbHOCTH;

e MP 13 oBnageHue BUaMH AEATEIBHOCTH IO MOJTYYECHUIO HOBOTO 3HAHMS, €r0 MHTEPIPETALINH,
MpeoOpa3oBaHUI0 U MPUMEHEHHUIO B PA3IMYHBIX YYEOHBIX CHTYaIUsSX, B TOM YHCIE MPU CO3JIaHUU
y4eOHBIX M COIUAIBHBIX TPOEKTOB;

e JIP 13 roToBHOCTH M CIIOCOOHOCTH K 00pa30BaHUIO U CaMOOOPa30BAHUIO HA MPOTHKEHUH BCel
KU3HH;

e JIP 14 oco3naHue TMYHOTO BKJIa/Ia B TOCTPOCHUE YCTOMYMBOTO OYIyIIETO

e JIP 23 TOTOBHOCTH K TPY/y, OCO3HaHHE IICHHOCTH MacTEPCTBa, TPYA0It00ue;

e JIP 26 criocoOHOCTh OIICHUBATH CUTYAIUIO U IPUHUMATh OCO3HAHHBIC PEIICHUS, OPUECHTUPYSCH
Ha MOPAJIbHO-HPABCTBEHHBIE HOPMBI U [IEHHOCTH;



ConeprxaHue MpaKTUIeCKUX 1 J1a00PaTOPHBIX 3aHATUI OPUEHTUPOBAHO HA MOATOTOBKY 00YYaIOIINXCS
K OCBOGHHIO MPO(ECCHOHATBHOIO MOYJISi MpOrpaMMbl MOJATOTOBKU CHEHHAINCTOB CPEJHEr0 3BEHA IO
CIIELMAIBLHOCTY U OBJIAJICHUIO HPOPeCCUOHANbHBIMU KOMNEMEHUUAMU:

IIK 1.5 OGecneunBaTh W KOHTPOJUPOBATH COOJIO/ICHHE PAOOTHUKAMU TPeOOBaHMI OXpaHbBI
TpyAa, IOXKapHOU, MPOMBIIIUIEHHOW U 9KOJIOTUYECKOI 0€30MacHOCTH.

[IK 2.1 BbInonHATh pacueTsl MapaMeTpoB TEXHOJOTMYECKUX MPOIECCOB 00pabOTKM METaIIOB
JaBlieHHEM, pabOThl 000PYIOBAHUS, XapPAaKTEPUCTHUK UCXOTHBIX 3arOTOBOK U METAJLIONPOIYKIINH.

[1K 2.2 OcymuiecTBasTh MEPONPUATHS 10 MOATOTOBKE 3aTOTOBOK K Ipolieccy 00paboTKH METaJIJIOB
JTABJICHUEM.

A Takike OPMUPOBAHMIO 00UUX KOMBEMEHYUIL:

OK 01 Bp16upats croco0bl pemeHust 3a1a4 npohecCHOHATBHOM IeATeIbHOCTH TPUMEHUTEIBHO K
Pa3IMYHbIM KOHTEKCTaM.

OK 02 Hcnonb30BaTh COBPEMEHHBIE CPEACTBA MOMCKA, aHAJIN3a U HHTEpIpETalui UHGOpMaLuU U
MH(OPMAIMOHHBIE TEXHOJIOTHH IS BBITIOJIHEHUS 3a/1a4 TPOPECCUOHATIBHOMN 1S TeIbHOCTH

OK 03 IlnanupoBaTh ¥ pealu30BbIBaTH COOCTBEHHOE MpOo(ecCHOHATbHOE W JMYHOCTHOE
pa3BUTHE, MPEIIPUHUMATEIBCKYIO JIEATEILHOCTh B MPO(EeCcCHOHANBHON cdepe, MCIoIb30BaTh 3HAHUS
10 MHAHCOBOM IPAMOTHOCTHU B PA3JIMYHBIX JKU3HEHHBIX CUTYaLIUAX

OK 09 ITonb30BaThCst TpodecCHOHANBHON JOKYMEHTAIMEl Ha rOCy1apCTBEHHOM U HHOCTPAHHOM
SI3BIKAX.

Brinonnenue o0ydaromuxcs MPaKTHYECKUX U JIAOOPATOPHBIX padOT Mo y4yeOHOH IUCIUILINHE
«Du3KKay HAIMPABICHO HA:

- 0000meHne, CUCTEeMaTH3alMIo, YIIyOleHue, 3aKperyieHWe, pa3BUTHE U JACTAIHU3ALHUI0
MOJIyYE€HHBIX TEOPETHUECKUX 3HAHUHN MO KOHKPETHBIM TeMaM y4eOHOW JUCIUILINHBL,

- (poopMuUpOBaHUE YMEHUN NMPUMEHSTH MOJIYUYEHHbIE 3HAHUS HA MPAKTHKE, PEaTU3alUI0 €IUHCTBA
MHTEJIEKTYAJIbHOM U TPAKTUYECKOM AEATEIbHOCTH;

- (opMHpOBaHME U PA3BUTHE YMEHMI: HAOIOAaTh, CPAaBHUBAThH, COMOCTABIATh, aHAIM3UPOBATD,
JenaTh BBIBOJBI U OOOOIIEHUS, CAMOCTOSITEIBHO BECTH HCCIIEAOBAHUS, IOJIb30BAaThCS Pa3IUYHBIMU
IpHUeMaMU U3MepeHull, 0QOpMIISTh pe3yibTaThl B BUIE TaOIUL, CXEM, IPAPHUKOB;

- mpuoOpeTeHre HaBBIKOB paOOThI C pa3IMYHBIMM NpUOOpaMH, ammapaTypoi, yCTaHOBKaMH H
JIPYTUMU TEXHUYECKUMU CPEJCTBAMU JIJIsl IPOBEACHUSI OIIBITOB;

- pa3BUTHE MHTEJUIEKTYQJIbHBIX YMEHHMH Yy OyIylIIMX CHIEHUATUCTOB: aHAIUTUYECKHUX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JP.;

- BBIpa0OTKY IpPU pEIIEHUH MOCTABIEHHBIX 3a/1a4 NMPO(eCcCHOHAIBHO 3HAYMMBIX KAaueCTB, TAKHX
KaK CaMOCTOSATEIbHOCTh, OTBETCTBEHHOCTb, TOUHOCTb, TBOPUYECKAsi MHUIATHUBA.

[IpakTryeckre MM J1TaOOpAaTOpPHBIE 3aHATHS MPOBOAATCS B paMKaX COOTBETCTBYIOIIEH TEMBI,
MIOCJIE OCBOEHUS AUIAKTUUECKUX €IMHUL], KOTOPbIE 00ECIeUnBAIOT HAJTMUUE 3HAHUN, HEOOXOUMBIX IS
€€ BBIIIOJIHEHUS.



2. METOANYECKUE YKA3ZAHUSA
IIpakTuyeckue padoThI

Tema 2.1. Kunematuka
IIpakTyeckoe 3ansaTue Nel
Pemenne 3ana4 no knHeMaTuke. Y paBHEeHUs ABUKEHUS.

Heab: HayuuThCcs pa3nuyaTh BHUJBI MEXaHUYECKOTO MABM)KEHHUS B 3aBHUCHUMOCTH OT (DOPMBI
TPACKTOPUU M CKOPOCTHU MEPEMEIICHUs Tela, PACCUUTHIBATh €ro MapaMeTpbl, Hay4YUThCA U300paxkarhb
Fpa(l)I/I‘IeCKI/I Pa3iIMiHbIC BHUIAbBI MCXAHUYCCKUX ﬂBH)KCHHﬁ, 3alMCbIBAThL YPAaBHCHUA JABMOKCHUA,
pa3ianyaTh €ro OTHOCHTEIbHOCTh; HAyUUTHCS (OPMYIHUPOBATH CIEAYIOIIME MOHSITHS : MEXaHHUYECKOe
ABHUKCHUC, CKOPOCTb U YCKOPCHUEC, CUCTEMA OTCUCTA, MEXaHUYECKUU MNPpUHOUIT OTHOCHUTCIIBHOCTH.
Boinosinenue padorsl cniocodcTByet popmupoBanuio: OK 01, OK 02, OK 03, OK 09, OK 06

MarepuanbHoe o0ecrieyeHnne:

WHAUBUAYAIbHOE 33J]aH1E, KOHCIIEKT JICKIIHIA, CIPaBOYHbIEC MaTEPUAIIBIL.

Yka3zanue:

[IpakTuueckass paboTa COCTOMT M3 JBYX 4YacTed — TeopeTuueckoil u mpaktuyeckoil. Ilocme
HU3YYCHUA TCOPCTUUCCKOro Marcpurajia MOXHO IMPUCTYIIATh K BBIITOJHCHUIO HpaKTI/I‘-ICCKOI\/JI gactd. OHa
COCTOMT U3 JBYX U Ooyiee 3a7au IJs CaMOCTOSTEIbHOrO BhIMOIHEeHUs. He 3a0biBaiiTe 0 mpaBHIbHOM
oopmiennu pemenus. Ha BeIoHEHHE TPAKTUYECKON OTBOIUTCS J[Ba aKaJEMHUYECKIX Yaca.

3aganue:
1. TIMcbMeHHO OTBETHbTE HA CJIeYIOIIHe BOMPOCHI:
e KwuHeMaTWyecKWd 3aKOH JIBWDKCHUS JUIS KOOPIAMHATHOTO CIOCO0a  OMpeeIIeHUs
JBUKEHHS] MaTePHATbHON TOUKH.
[ KHHeMaTHq€CKHﬁ 3aKOH ABWXCHUSA O C€CTCCTBCHHOI'O IAIBWXXCHHUA IJIA BGKTOpHOFO
crocoba ompeseNneHus IBUKECHHUS.
e KwuHemarnyeckuii 3aKOH JBW)KCHHS JUISI €CTECTBEHHOTO crocoba  ompeselieHus
JBHKEHUS.
e Kak HaliTH BEKTOpP CKOPOCTHU JIJII KOHKPETHOTO, BEKTOPHOT'O ¥ €CTECTBEHHOT'O CIIOCOO0OB
oTIpeieTICHUS IBIKEHUS?
e Kak HailTh BEeKTOP YCKOPEHUS I Pa3HBIX CIIOCOOOB ONPEICTICHUS IBIKECHUS ?
2. Hcnoub3ys ¢opmy.abl 1Jis1 pacyeTa NapaMeTpoB JABHKEHHS TeJl, PeLIUTh 3a1a4H.
3. IIpoananu3upoBaTh rpaguKu ABHKEHHS TeJl, ONMMCATH XapaKTep ABUKEHHSI.

Ilopsinok BbINOJIHEHHsI padOTHI:
1. IloBTOpPUTH OCHOBHBIE BOIIPOCHI KHHEMATHKH.
2. PemmnTh 3a1aum o BapuaHTaMm.
3. OdopMuUTH OTUET B TETPAAU IJIs MPAKTUUYECKUX padoT.

1. TeopeTnueckasi 4acThb
OnHoMepHOe nBHXKEeHUE. [[BUKEHUE C TOCTOSTHHOW CKOPOCTBIO.

[IycTh TeNO ABWIKETCS B HANpaBIeHHH OcH X C TIOCTOSAHHOW CKOPOCTBIO V M 3a Bpems AL =!—1l

IPOXOIHUT MyTh AY =¥ = %o CpeaHsis CKOPOCTh

_ Ax
VCP—E

JIBH>KEHUE ¢ IEPEMEHHON CKOPOCTBHIO. Y CKOPEHUE

Ecnu Teno aBukeTcst HanpaBJIeHUU OCH XC



MEPEMEHHOI CKOPOCTHIO V(£), TO, Tpaduku X(¢) u v(f) UMEIOT BU/:

HpI/I OTOM I'OBOPAT, UTO TEJIIO ABUKETCA C YCKOPCHUEM.

Yckopenue (@) — CKOPOCTh U3MEHEHHUS CKOPOCTH.

_ AV=V-V Aep =
Ecnu 3a Bpems A7 =7~ p3meHeHHE CKOPOCTH V=V=Y , TO CpelIHee YCKOpEHHeE:
V=YV
a= 0 = v =v,+aAt
Us At ol YO = Vo +alt

aAt?

x(t) = xy + VoAt +

3HaK «t»; B IPOTUBHOM CJIy4ae CKOPOCTb YMEHBIIAECTCSA U d UMEET 3HAK «—».

v? () - V(z)

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

Ecan BpCM: JIBUKCHHA [t HCU3BCCTHO, TO

2. llpuMepnl pelieHus 3a1a4

ﬁ
1N
S
Il
-
o=z

Ecmu Vo udcoHanpaBleHbl, TO CKOPOCTh JBHKECHHS TeJla BO3PACTAET, d HMEET

1. ITaccaxxupckuii moe31 UAET co CKOpocTh 72 kM/4. Ilo cocemHeMy IyTH JBHXKETCS HaBCTPEUy
TOBapHbIi noe3a anuHoi 140 M co ckopocThio 54 kM/4. CKOJIBKO BPEMEHU MACCaKUp, CTOSALIUI

y OKHa, OyJIeT BUAETh MIPOXOSAIINI MUMO HETO TOBapHBIi moe3n?

Hano: CH Pewenue:
v1 =72 km/y 20 m/c | OTHOCHTENBHAS CKOPOCTE IBUKEHUS 0DOMX MOE310B U = Uy + Us.
v2 = 54 km/y 15 m/c CnenosatensHo, BpEMS, B TEYEHHE KOTOPOT0 MHMO MACcCakHPCKOTO

55 . 1
=140 ™ Moe3/a MnpoiaeT TOBapHeIi, onpeaeanm no Gopmyse: = -

140
t-7 [loacragnsiem nanueie: t = —— =4 ¢
o a 20415
Omeem: 4 c.

2. IlocagouyHas CKOpOCTb Maccakupckoro camosera 135 km/4, a amuHa npobGera ero 500 wm.
Omnpenenuts Bpems mpodera Mo MocaJovHON M0JIOCE U YCKOPEHUE caMOoJIeTa, CUnTasl ABHIKEHHUE

paBHO3aMENJIEHHBIM.
Hano: CH Pewenue:
vo =135 km/u | 37,5 m/c| Bpema npobera camosieTa npu nocajake HAX0MM |3 (hOpPMyIIBI TyTH
S=500m S=uypt+ ﬂ;, e @ IS PABHO3AMEIUICHHOTO IBUSKCHUS ONPEIENUTCS
v=0m/c w3 dopmynsr: U = vy + at unna=- Ut—”' CneoBarensHo,
up .2
t-?,a-? S=ypt- % , OTKymat =i—j. Iloacrasnsiem nauuble: f = % =27c.

_ 375

_ 2
T 1.4 m/c

Up
Yckopenue a =- 5 a
2
Omeem: 27 ¢, - 1.4 m/c”.

3. Teno, nBUrascr paBHOYCKOPEHHO M3 COCTOSIHHS TTOKOS, 3a MATYIO CEKYHIy MPOIUIO MyTh 18

M. Yemy paBHO yCKOpEHHUE U KaKOH IyTh TEJIO0 MPOoLuIo 3a 5 ¢?



Hano: Pewienue:

2 2
e . ate at
ts—ty=1c¢ [TyTs, npoiineHHBI TETOM 32 IATYIO CeKYHAY S = S5 — 54 = = - T“
25 218
S=18m Orcrona a = S a= = 4 m/c?.
A t2-t3’ 25-16
. . at? 425
t=5¢ [1yTs, npoiineHHsIii TENOM 3a 5 ceKyH] S5 == Sc = -~ - 50m.

Omesem: 4 m/c%; 50 m.

4. B mocnemHIOl0 CeKyHAy CBOOOJHO MAJarollee TEeJNO MPOIUIO TOJOBHHY CBOETO IMYTH.
CKOJIBKO BPEMEHHU U € KAKOW BBICOTHI MA1AJI0 TEIO0?

Hano: Pewenue:
1 . . t2
h, — h,_1= Eh'" [IyTs, npoiigenHslii 3a Bce Bpems nagenus: h, = QT.
2 " hy _ g(t-1)
g=98 m/c Jlo mocneaHeit cexyH/Ibl TENO MPOLLIO MyTh ST
2z
¥ ¥ r
t-? h, -? CnenoBarensHo, gT =g(t—1)?% wm t>-4t+2=0.

.2 42
Orcona =2 ++2 =34 c Buicoranagenus h, = 9323,4 =57 M
Omeem: 3,4 ¢, 57 m.

5. Kamenp nagaer B maxry. Uepes 6 ¢ ciblilieH yap KaMHs 0 JHO maxThl. OnpenenuTs riayonny
IIaXThl, €CJIU CKOPOCTh 3ByKa 330 m/c.

Hano: Pewenue:
t=6¢ Ecnu 0603HaunT uepes ¢ BpeMmst naJeHHA KAMHS, TO BPEMs PaCpOCTPaHEHHUs

o " t
v =330m/c | 3Byka f-t;. Ilyrs, npoiinennsiii kamHem npu cBoOOIHOM nageHun h = 2L,

2
g=98m/c? | 3BykoM — h = v (1 - t;). CnenoBaTensHo, %= vft-ty)umn gt? + 20ty -20t=0

2
) .- t
h-? Pewue oannoe ypaguenue, noayuum t; = 3,5 ¢. ['myduna waxtet h = 971;
985,57
h= Tz 148 m
Omeem: 148 m.

3agaHusA 1J1s1 CAMOCTOSITEILHOM PadoThI
Bapuanr Ne 1

1. Camoner WNJI — 86, nBurasce paBHOMEPHO €O CKOpocTbio 900 KM/4, B TeueHHE 9C COBEPIINI
TaKoe e nepemenieHue, uro u camonet Ak —42 3a 10 c. Onpenenure ckopocts Ak — 42.
2. I'papuku Kakux ABMKEHHM Ten moka3zansl Ha puc. 1? Ilo rpaduky onpenenute: 1) B Kakoit
MOMEHT BpEMEHH TeJla BCTPETHIINCH; 2) KaKue IMyTH TeJla MPOIILIU 10 BCTPEUH.

puc.1.

3. IMoe3n uepes 10 ¢ mocne Havana ABMXKEHUs IprodpeTaer ckopocth 0,6 M/c. Uepes kakoe Bpems
OT Hauaja JBM)XCHHS CKOPOCTh MOe3/1a CTaHeT paBHa 3 m/c?



4. 3a kakoe BpeMsi aBTOMOOWIIb, ABUTasich ¢ yckopenueM 0,4 M/c2 , yBETMUUT CBOIO CKOPOCTH C 12
1o 20 m/c?

5. Ilyns B crBosnie aBromara KanamHukoBa IBIKETCS ¢ yckopenueM 616 m/c2 . KakoBa ckopocTh
BbLJIETA IyJIM, €CJIU JyIMHa cTBojia 41,5 cm?

6. Teno, nBUTAsCH MPSIMOIMHEHHO C YCKOpeHHeM 5 m/c2 , mocturio ckopoctu 30 m/c, a 3atem,
JIBUTasICh PaBHO3aMEIJIEHHO, OCTaHOBWIOCH uepe3 10 ¢. Onpenenure myTh, MPOUICHHBIN TEJIOM.

7. Teno cBoOoaHO magaer ¢ BbICOTHI 125,5 M. Onpenenure BpeMs NaJE€HUS U CKOPOCTh Teja B
MOMEHT y1apa 0 3eMJIIo.

BapuanT Ne 2

1. Cpennee paccrosinue mexay 3emieil u Connnem 1 acrponomuueckas eaununa (1 a.e. = 1,496-
1011 m). Onpenenute Bpems npoxoxacHus ceera oT Comnia 10 3emiau. CKOpOoCTh CBETa B BAKyyMe C =
3- 108m/c.

2. Ha puc. 2. npeacrasieH rpaduk 3aBUCUMOCTH KOOPAMHATHI Tesna oT BpeMmeHH. [lo rpaduxy
ornpeaenuTe: 1) CKoJIbKO BPEMEHHU TEJNO HAXOAUIIOCh B IBUKEHHUH; 2) UEMY PaBHO €ro MepeMeIEHUE.

X, M4

puc.2.

3. Benocuneauct ABmxkercs ol YkiIoH ¢ yckopenuem 0,3 m/c 2 . Kakyroo ckopocTs mpuodpeTeT
BenmocuneaucT uepes 20 ¢, eciu ero HadalibHasi CKOPOCTh paBHA 4 M/c?

4. Cxopocth noesna 3a 20 ¢ ymensimuiace ¢ 72 1o 54 km/4. Hamucats ¢popmyiy 3aBUCUMOCTH
CKOPOCTH OT BpeMeHH UX(t) U MOCTPOUTH rpapuK 3TON 3aBUCUMOCTH.

5. Ilpu aBapuitHOM TOPMOKEHUH aBTOMOOMJIb, IBMXKYIIUIACS CO CKOPOCTBIO 72 KM/4, OCTAaHOBHUJICS
yepes 5 ¢. HaliTu TOpMO3HOM IyTh.

6. Yxion pauHoit 100 M nepkHUK npomen 3a 20 ¢, nBurasick ¢ yckopenuem 0,3 m/c 2 . Kakosa
CKOPOCTb JIBDKHUKA B Ha4aJle ¥ B KOHIIE YKJIOHA?

7. Teno cBobogHo majgaer B TeueHue 4 c. OmpenenuTe BBICOTY, ¢ KOTOPOH Majaer Teo, W
CKOpPOCTb B MOMEHT yZiapa 0 3eMJIt0.

®opma npeacTraBiaeHus pe3yJbTaTa:
BhInonHUTE 3a/aHue B TETpaau JJs MPaKTHUYECKUX padorT.

Kpurepun onenkmn:
3a npaBUWIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTENbHAS Ol[eHKa — 1 Oa.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJ]aHNe BHICTABIISETCS OTpULaTeIbHAs olleHKa — 0 OaoB.
1. Oyenxa «omauunoy svicmagnsemca 3a 90 — 100% npaBUIbHBIX OTBETOB
2. Oyenxka «xopowioy svicmasnsiemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
3. Oyenxa «yoosnemeopumenbnoy» gvicmasniemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
4. Oyenxa «neyooenemeopumenvhoy evicmasisiemcs 3a Menee 60% npaBUIbLHBIX OTBETOB

Tema 2.1. Kunemaruka

IpakTnyeckoe 3ansitue Ne2
Pemenue 3aaa4 Ha mapaMeTpbl BPAlATeJIbHOT0 IBUKEHUS

I_[e.m,: HAY4YUTHCA pCIIATDh 3a1a4r Ha IMapaMCTpPhl BPpallaTCIbHOI'0 ABUIKCHUS



BeinosiHenne padorsl cnocodcTByeT hopmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepuasibHoe o0ecnedyeHue: WHIWBUAYAIbHOE 3aJaHUE, KOHCIEKT JIEKIUW, CIpaBOYHBIE
MaTepUabl.
3aganue:
1 OTBeTbTE Ha CiIeAYIOIIHE BONPOCHI:
o Kakyto (popMyiy MOKHO UCIOJIB30BATh Ul HAX0XKJIEHHS ITyTH, €CJIM TOYKa IPOoIyia Npu
KPUBOJIMHEWHOM JIBUKEHUU?
o Jlokaxute hopMyiTy, CBA3BIBAIOILYIO BEKTOPHI IUHEHHOM U YITIOBOM CKOPOCTH.
e [loueMy paBHBI BEKTOPBl TAHTCHLUMAIBHOIO M HOPMAJIBHOIO YCKOPEHHUs B Cllydae
KPUBOJIMHEWHOTO JIBUKEHUS MaTepuanbHoi Toukn? Kak HaliTU MOJyJIM 3TUX BEKTOPOB?
e UYeMy paBHBI BEKTOPbI TAHI'€HIIMAIBHOTO M HOPMAJIBHOIO YCKOPEHHUS U UX MOIYJIH AJIS
BpAaIllaTeIbHOIO JBUKEHHS MAaTEPHAIbHON TOUKHU?
e Kak CBf3aH BEKTODP MOJHOIO YCKOPEHHUS ¢ BEKTOPAMHU YIJIOBOI'O YCKOPEHHS U yIIIOBOU
CKOPOCTH ]ISl BPALAaTEIbHOTO IBUKEHUS?
Ilopsinok BeINOJIHEHHs PadOTHI:
1. OTBeTbTE MUCHMEHHO Ha BOMPOCHI IPEICTABICHHBIE BBIIIIE.
2. Pemmre camocrosTensHyto padory. Odopmure penieHne NMCbMEHHO B TETPAIH.

Kpamxkue meopemuueckue céedenusn:

[TycThb Teno ABMXKETCS MO OKPYKHOCTU pajanyca R ¢ IOCTOSTHHOW IO 3HAUEHUIO CKOPOCTBIO V
(TMHEHHOM CKOPOCTBIO) | 3a BpeMs [1f mepemectuiioch Ha AS u3 T. A B T. B. BexTop V Hanpasien 1o
KacaTelbHON K OKPYKHOCTU M MEHSIET HAaIIPaBJIEHUE, T.€. MOXKHO F'OBOPUTH 00 M3MEHEHNUU CKOPOCTH

_ AV~
AV = Ve T a=—=0
V'=Vp = Va, oTIMYHOM OT HyJs. OTcrona: At

HGHTPOCTpeMI/ITeHBHOC YCKOpCHHC ((_j) — CKOPOCTb UBMCHCHH HAIIPABJICHUS BEKTOPAa CKOPOCTH.

Onpenenum @ep| = ep
Av AS v-AS
e o Avs
W3 nomo6ust tpeyronapankoB OABu CBD = v R
Av V- AS AS v2
Ay =—=—— — o vla=—
At RAt ;HpHAf—)Oacp_)aH At R |

BekTop ¢ HampasleH MO paanycy K HEHTPY OKPYKHOCTH.

[lepuon obparieHust TOUKH 10 OKpYKHOCTH (7) — Bpemsi, 3a KOTOPOE TOUKa OMHCHIBAET OJHY
OKPYXHOCTb.

:@ V2 27R 471'2
v = =—— |a=—+"R

a=— 'V >
[T]=1c U3 R u T = T
YacToTa oOpalieHus: TOYKH 10 OKPYKHOCTH ([]) — KOTUYECTBO MOJTHBIX 000POTOB, COBEPIIIAEMBIX

T

1 1 v
. v=— vi=1- v=o— ﬁ‘
TOYKOW B €AMHHILY T| BpPEMEHH. c; 2R |a =477V R|,
VYri0Bast CKOpoCTh 0OpaIeHusI TOUYKHU 0 OKPY>KHOCTH (w) — CKOPOCTh U3MEHEHUS yTriia moBopoTa [[]
a, 2r
Aa [W] — 1p_'u w=—
paauyca R, COEIMHSIONIErO TOUYKY C HEHTPOM W=-1/| OKpyXHOCTH. C T

B L_l _VZ_WZRZ
T e W s o7 S ey Py

2. Pemunre 3a1a4u ISl CAMOCTOSITEJIbHOM PadOThL

10



1. ABTOMOOMIIB IBHXKETCS IO 3aKpyriieHHIo paanycoMm 100 MeTpoB co cKOpocThio 36 KM/U.
OnpenenuTpb ero MeHTPOCTPEMHUTENIBHOE yCKOpeHue. (OTB.: 1 M/C)

2. ABTOMOOWIIb JBWIKETCS TO 3aKpyriaeHWio paamycoM 80 MeTpOB CO CKOPOCTBIO 54 Km/d.
Onpenenurtsb ero HEHTPOCTPEMUTENBHOE YCKOPEHHE.

3. ToumneHbId Kpyr paguycoMm 10 cm memaer omamua 06opoT 3a 0,2 c. Haiigute ckopocTh TOYEK,
HauboJee yAaleHHbIX OT OCH BpallleHUs.

4. Camounér, BBIXOIs U3 MHKE, IBUKETCS 110 TPAEKTOPUU, KOTOpasi B HU)KHEW 4acTH SBJISIETCS Ayroi
okpyxHocTH paguycoMm 800 M. Briunciure yckopeHue caMoliéTa Mpu ero IBUKEHUH, €CIIH €ro
ckopocTh paBHa 720 kM/4. (0TB.: 50 M\c?)

5. ChoyTHHK JABHXETCS 1O KpyroBoit opoute Ha BeicoTe 630 kM. Ileproz obparenus cnyTHuka 97,
5 munyT. OmnpeaenuTe ero JUHEHHYIO CKOPOCTh U IIEHTPOCTPEMHUTENbHOE yckopeHue. Paauyc
3emmu 6370 km. (OTB.: 7514 m/c; 8,1 m/c?)

6. Bpems omHoro obGopora BOKpyr ocu paBHO 24 yaca. Bplyuciure yriioByr0 W JIMHEHHYIO
CKOpPOCTH BpallleHUs! ToueK Ha 3kBaTope. Panunyc 3emnu cunrats paBHbIM 6400 kM (o1B.: 0,0007
pan/c; 448 m/c).

7. Tlepuon oOpamieHus IEPBOTO KOCMHYECKOT0 KOpaduis — ciryTHUKa 3emun «BocTok» paBHsuics 90
MunyT. CpenqHsisi BbicoTa cnyTHUKA Haj 3emiéil Obuta paBHa 320 kM. Paguyc 3emmu 6400 k.
Brruucnure ckopocts Kopabiis.

8. KakoBa ckopocTh IBIKEHHUS aBTOMOOWIIA, eciu ero kojeca paaumycom 30 cm apenatrot 600
000pOTOB B MUHYTY?

9. Jlyna mBwxercs Bokpyr 3emuu Ha paccrosiHuu 380000 kM oT He€, coBepias OoAHH 00OpOT 3a
27,3 cyToK. Beruncinure ieHTpOoCTpEMUTENBHOE YCKOpeHue JIyHblI.

dopMma npeacTaBieHus pe3yJbTaTa:
BrImonHUTE 3a1aHue B TETpaay JJIs MPAKTHYECKUX PadoT.
Kpurepun onenkn:
3a npaBUIIbHO BBINOJIHEHHOE 33/1aHHUE BBICTABIISIETCS MOJIOKUTENbHAS OL[eHKa — 1 Oa.
3a HeMpaBWJIbHO BBIMIOJTHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISIETCS OTpHUIIaTeNbHas olleHka — () 0anoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 —100% npaBUIbHBIX OTBETOB
Oyenxa «xopowioy svicmasnsiemcs 3a 80 — 89% NpaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumenvnoy svicmasisemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «neyooeremeopumenvbHoy svicmasisemcs 3a Mmenee 60% npaBUIIbHBIX OTBETOB

Tema 2.2. JInnamuka
IIpakTuyeckoe 3ansaTue Ne3
Pemenue 3aga4 no reme «Buabl cui1 B MeXaHHuKe.
Cuia TpeHus MOKOs, CKOJIbKEeHH I, KAUeHUs, BPaIlleHHs»

Leab: packpbITh cosiep:kaHre 3aKOHOB HbI0TOHA M OCOOEHHOCTH CUJI PA3IMYHON MPUPOJIBI; 3aKPEMUTh
YMEHUS ¥ HaBBIKHA pPEIISHUs 3aj7a4 Ha BTOpPOH 3akoH HploTOHA, KOrJa Ha TENO JEHCTBYIOT HECKOJIBKO
CHIL.

Boinosinenue padoTsl cnocodcTByeT (opMHUPOBAHMIO:

OK 01, OK 02, OK 03, OK 09

MarepunanbHoe o0ecredeHue: TeTpaab I TNPaKTHUYECKUX paboOT, pydka, METOJIUYECKHE
PEKOMEH/IallMH TI0 BBITIOTHEHHUIO pa0OThI, TMHEHKA, KapaHaIll.

Yka3anme: [Ipaktrueckas paboTa COCTOUT U3 ABYX YacTe — TEOPETUYECKOM M MPaKTUYECKOM.
[Tocne u3ydeHus: TEOPETUYECKOTO MaTepuaia MOKHO MPUCTYNATh K BHIITOJIHEHUIO TPAKTUYECKON YacTH.
Ona coctouT W3 JBYX HW Ooyiee 3amad JJis CaMOCTOSITEIBHOTO BBIMOJIHEHUs. He 3a0wiBaiiTe o0
NpaBUIBLHOM O(GOpPMIICHHH pelieHrs. Ha BBINOJIHEHHE MPAKTUYECKONH OTBOIMTCS JIBAa aKaJIEMHUECKUX
yaca.

IHopsiaok BbINOIHEHUS PA0OTHI:

1. PaccMoTpuTe TeOpeTHUECKHi Marepuaid 10 TeMe€ W MPUMEPhl pEImIeHHs] 3amad  (CMOTpH
METOAMYECKOE IIOCOOHE).
2. Pemmure camocTosTenbHyt0 padoty. Odopmute penieHrne MMCbMEHHO B TETPAIH.

11



Kpamkue meopemuueckue ceedenus:
Hunamuxa. OcHoBHbLE NOHAMUS
WNuepuus — siBJIeHUE COXpPAHEHUSI CKOPOCTH JIBHXKEHHS Tejla MPH OTCYTCTBUU
BHEIIIHUX BO3IECHCTBUH.
NHepTHOCTH — CBOMCTBO TeJI, MPOSBIIAIONICECS] B TOM, YTO IPHU OJMHAKOBBIX
BHEIITHUX BO3JICHCTBHIX Pa3HbIE TeJIa MPUOOPETAIOT pa3HbIC YCKOPCHUSI.

Macca (m) — mepa uHepTHOCTH Tel. [m] =1 K. a, m,

a, m
3a stasioH Macchl (1 kwiorpamm) HnpuHsTa Macca MEX1yHapOJIHOI O IIPOTOTHIIA
KWJIOTpaMMa.

N3 onbITOB M3BECTHO, 4YTO YCKOPEHUs, IMOJIy4YaeMble TeJIaMH TPU B3aUMOJECUCTBUH, OOpaTHO
MIPOIMOPLIMOHAIIBHBI UX MacCaM: .
Eciu maccy kakoro-nubo Telia IpUHSTH 33 3TAIOH, TO MOXXHO U3MEPUTH MAacCy IPYTHX TEI:

KT m - d,p
[P] =l— Mipap = —
M TEAA
IlnotHocts Tena (L)) — oTHOWIEHHE Macchl Tena |p="1| m K ero oGbemy V.
5 o vV
Cuma (F) — mepa MexaHHUYECKOro AEHCTBHs OJIHOTO Tena Ha JIpyroe.

[F]=1H — HblOTOH.

Cuna uMeer HampaBJIEHUE, T. €. CUNA-8EKMOP .

Cuiia Bcerja npuiiokeHa K TOMY Tely, Ha3BaHHE KOTOPOTO CIEAYET B MPEIOKEHUHU MOCIE Ipeaaora
«HAY.

CunoBoe nojie — 0cOObIN BUJ MaT€PHH, IOCPEICTBOM KOTOPOTO MepeaaéTcs AeCTBUE CUIIBL.

. R . F
PaBHonelicTByromas (pe3ynbtupytomias) cui (/X ) —cuma, paBHas BEKTOPHOM CyMMe JaHHBIX CHJI ~ i .
R=YF
JlaBnenve (p) — OTHOIIEHHWE CHJIBI K IUIOHIAJM TOBEPXHOCTH, HAa KOTOPYIO OHAa JEHCTBYeT B
MEePIEHUKYISIPHOM HaIlpaBJICHUH.

H
p=¢| PN
N

1 I1la — mackaip

I/IMHYJ'IBC TCIIa (p)— BCKTOpHAd MCpa MCXAHUYCCKOTO ABUIKCHUA, PpaBHAA MPOU3BCACHHUIO MACChI TCJIa

[ ] 1 KI'*M
———lpl=
Ha €ro CKOPOCTh. c

Nmnynsc cumsl (m) — BEKTOpHas Mepa JEUCTBUS CUJIbL, paBHAs MPOU3BEAEHUIO CUJIbI HA BpeMs €€
newicteus. [F-[t] =1 H-c.

3akonsl HeroTOHA

O060061mUB pe3yiabTaThl CBOMX HCCIEA0BAaHUHN U, yuTs paboty [anunes «O IBUKEHUH Tell 10 WHEPLUNY,
HeroToH chopmynrpoBan 3aKOHUEHHOE TTOJIOKEHHIE, M3BECTHOE KaK MEPBHIA 3aK0oH HproTOHA:

CYH_IGCTBYIOT CUCTEMBbI OTCYECTA, OTHOCHUTCIBHO KOTOPBIX TECJIO0 HAXOJAUTCA B IIOKOC h11%(s10) JABUXKETCA
HpHMOHHHeﬁHO " PpaBHOMCPHO, €CJIN paBHOHCﬁCTBymmaH BCCX IMPUIIOKCHHBIX K HEMY CHJI paBHA HYJITO.

WNuepuumanshas cucrema otrcuéra (MCO) — cUCTeMa OTCYETa, B KOTOPOW BBINOJHAECTCS
nepBblid 3akoH HproTOHA. F=m-a

= A mAv -

F= X _ =ma .
U3 At At nmoJry4aeM BTOpo# 3akoH HeroToHa:

JUIsL Tela IOCTOSIHHOM MAacChl CKOpPOCTb H3MEHEHHUs HMMIIYJIbCAa pPAaBHA IPOM3BEACHHUIO MACChl Ha
YCKOpEHHUE.

Bropoii 3akon HptoToHa pabotaer Tosibko B MCO u mpu yClIoBUM, YTO Macca Tesa U IEeHCTBYIOLINE Ha
HETO CWJIBI IOCTOSIHHBI.
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Bropoii 3akoH HploTOHA cripaBeyiuB I PaBHOACUCTBYIOLICH BCEX CWIJI, IPUJIOKEHHBIX K TEIY,

MOATOMY, MPEXK/IC UM PEIIATh 33/1a4H C €ro MPUMCHEHHUEM, HAI0 OmpeaeuTs k.
Tpetuii 3akon HerotoHa: F =-F,
Cunpl, ¢ KOTOpPBIMU JiBa Tejla JIEHCTBYIOT Ipyr Ha Jpyra, 4YHMCIEHHO paBHbl U
HaIpaBJIEHbI B IPOTHUBOIIOJIOKHBIE CTOPOHBI IO OAHON IPSIMOH.

Tpetnii 3akon Hetotona pabdoraet Tonsko B UCO.

3aKOH BCEMUPHOTO TATOTEHUS

[Tonaras, uto Bce Tena Beenennoit B3auMHoO nputsaruBaorcs, HetotoH B 1682 1. chopmymupoBan 3akoH
BCEMUPHOI'O TATOTEHHUS: BCE Tela MPUTATUBAIOTCS JpYyr K JApyry C CHJIaMH, MpSIMO
MPONOPIMOHATIFHBIMU POU3BEACHUIO X MacC U 0OpaTHO MPOMOPIHUOHATIBHBIMHI KBaJpaTy PacCTOSHUS
MEX1y HUMH.

_y-m-m,
=
rie Fi» - cuima  B3auMHOIO NPUTSKEHUS TEJT MacC M| U my;
[] — rpaBUTaIlMOHHAs MOCTOsIHHAA. [1= 6,6720 - 107" Hm?/xr.

£,

Cunbl B mpupoe

Cuna  TSDKECTH (o) —  cwuia, cooO01aroas TEIy .
YCKOpPEHHE CBOOOTHOTO TTaICHHS. B e =ME
Cuna TsKeCTH HampapjieHa BEPTUKAIBLHO BHH3 (mepneHAuKyISIpHO

KacaTelbHON K MOBEPXHOCTU 3€MJIN).
Peakuumsi( N ) — cuna neicTBUs omopsl (MMOABECA) HA TENO.

Bec tenma (P) — cmima, ¢ KoTopoit Temo AEHCTBYET Ha OMOpPY WIIM IMOIBEC BCIECACTBHE NMPHUTKEHUS K
3emute.

HepecomocThs — HCUE3HOBEHHE Beca Tella IIpU ABUKCHUHA OIIOPBI C YCKOPCHHUEM CBO60)IHOFO naaCHUA.

Heperpy31<a — YBCIIMUCHHUC BE€CA TCJIa IPU ABHUIKCHUU OIIOPBI C YCKOPCHUCM BBCPX.

(Fv) -  cuna, F=-k

Cuna  ympyroctu BO3HHUKAIOIIAs B TeJe MpH J1ehopMalnu.

3akoH ['yka: cuma ympyrocTd, BO3HHKAiomias mpu jAeopmamnuu Tena, MPOMOPIHUOHATBHA €ro
abcomoTHON AegopMaliK U HalpaBlieHa B CTOPOHY, IPOTHUBOIOJIOKHYIO TIEPEMEIICHHUIO YAaCTHI] TeJa:

Cuiia Tpenus mokosi (fwn) — cuila, BO3HUKAIOIIAs HA TPAHHIIE COMPHUKOCHOBEHHUS TEJT MPU OTCYTCTBHU
UX JIBUKEHUS OTHOCUTEIBHO APYT Ipyra.

F — xodddumment tpenms (3aBucut ot |Ip =HN| marepmanoB TpymMXcs TIOBEPXHOCTEH).

Cuna TsKecTd — 3TO I'paBUTALlMOHHAS CUJIa, ¢ KOTOPOH 3eMiis MpUTATUBaeT K cebe Tena: F = mg,
r7ie g — YCKOpeHue CBOOOIHOTO TajeHus, g = 9,8 m/c2. .

Yckopenue cBoOoaHOrO maneHus 3aBucutT or: 1) R 3emmu (reorpaduueckoit mmpotsi): yem R
3emmm T (3xBatop), TeM g | 2) h — BeICOTHI Tena Haj MOBEpXHOCThIO 3emuu: yeMm h |, Tem g |. st
moboro kocMudeckoro tena Frsok mn = G Muim /(R+h) 2

MuHumanbHas CKOPOCThb, KOTOPYIO HY>)KHO COOOIIUTH TEITy, YTOOBI OHO MOTJIO ABUTAThCS BOKPYT
3emiu o kpyrosoit opoute (MC3) - nepBas kocMuyeckast ckopocts vl = 7,9 km/c.

MuHumanbHas CKOpPOCThb, MIPU KOTOPOM TEJIO MPEO0JIeBAET 3€MHOE MPUTSIKEHHE U CTaHOBUTCS
cinytHrkoM ConHila (opbuta = napaboia) — BTopasi KocMU4eckas ckopoctb v2 = 11,2 km/c.
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CkopocTh, Mpu KOTOpOM Teno mpeopoieBaeT nputrsbkenne ConHna v nokuaaer CoOTHEUHYIO
CHUCTEMY — TPEThsl KOCMUYECKasi CKOPOCTh V3 = 16,7 km/c.

Cusia TpeHHsi: BO3HUKACT BJIOJIb TIOBEPXHOCTH IBYX TPYIIUXCS Tell W3-3a ne(opManuud 3TUX
MOBEPXHOCTEH U HampalieHa BAOJb MOBEPXHOCTH MPOTHUB cMeleHus. [Ipupona — aneKTpoMarHuTHas.
Ftp = p N, rne N — cuna peakuuu onopsl, | — kodduuueHt tpenus. Cuia TpeHus: ObIBaeT: MOKOS,
CKOJIbJKEHUSI, KaueHUs U kKujakoe TpeHue. Eciu TpeHue nosiae3Ho — ero yBeJIMYUBAIOT (LIYpYIIbl, MECOK,
IIUTIOBKY, PYKABHIIBI U T.J.),  €CJIM BPEIHO — YMEHBIIAIOT (MOAMIMITHUKY, CMa3Kka, o0TekaeMast popma
u T.1.). Cuna ynpyroctu — Bo3HHKaeT rpu aedopmanuu teu. [Ipupona — snexkTpomarnutHasi.

Hedopmarust ObiBaeT ympyras (pacTsDKeHHE - C)KaThe, M3TH0, CIOBUT — Cpe3, KpydeHue) u
riacTuyecKkas (He uc4e3aeT Mociie MpeKpaleHus: BO3ACHCTBUS.

st ynpyroit e opmariiy BBIOHIETCS 3aKoH ['yka: cuja yrnpyrocTy npsiMo IpOMopIMOHabHA
yanunenuto tena: F = — kAL rne k — xecTtkocts Tena, Al — ero yuinHeHHe. 3HaK «—» yKa3bIBaeT, YTO
Fynp HanpaBiieHa IpOTUBOIIOIOKHO CMEIIEHUIO YaCTHUIL TENA.

Bec Tena — 370 cuna, ¢ KOTOpOii TeJo, BCIEICTBUE €ro NPUTKEHUs K 3emiie, JeCTBYeT Ha Oropy
i noasec: P = mg, rne P — Bec Tena, g — yckopeHune cBoOOHOTO majeHwus, g = 9,8 m/c2 .

B »TOoM cnydae omopa uiu MOABEC HAXOASTCS B COCTOSIHUM PaBHOMEPHOI'O MPSIMOJIMHEWHOTO
JBIKEHUS OTHOCUTENbHO 3emiid. OIHAKO, BEC MOKET ObITh OOJIbINE MIIM MEHBIIE CUJIBI TshKeCTH. Eciu
OTIOpa WJIM MOABEC IBUXKYTCS YCKOPEHHO BHH3, TO Bec P = m(g—a).

Ecnu onopa wnu nojaBec IBUXKYTCS YCKOPEHHO BBepX, TO Bec P = m(g+a), Teno MCHBITHIBAET
neperpy3ku. Ecnu Teno JOBMKETCS TONBKO TMOJ JCHCTBHEM CHIIBI TSHXKECTH, TO OHO HAaxOJIsATCS B
cocrosinnu HeBecomoctu (P = 0).

2. llpuMepnl peleHus 3a1a4

1. ABToOyC, Macca KOTOPOTO C TIOJTHOW HArpy3Kou paBHa 15 T, Tporaercs ¢ MecTa ¢ YCKOPCHHEM
0,7 m/c 2 . Haiitu cuy 14ru, ecinu Ko3QQUIMEHT CONMPOTUBIICHUS ABMXeHUI0 paBeH 0,03.

JHano: Pewenue:

m= 157 =15-103kr ‘>

a=0,7 w/c? = i'b 7T X FEp+tN+F+mg=ma

M 7‘)0*03 %QZ\:}'_ 55 255 . OX: -Fp +F=ma

B =] . OY:N-mg=0->N=mg
"y . Fp=MN-E,=pumg

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

2. Ha HaKJIOHHOW TIJIOCKOCTH JUIMHOM 5 M M BBICOTOM 3 M HaxoauTcs rpy3 maccoil 50 kr. Kakyro
CHJTy, HaIllpaBJICHHYIO BJIOJIb IUIOCKOCTH, HAJ0 MPUIOXKHUTH, YTOOBI yaepXkaTb 3TOT I'py3, €CIIU TAHYTb
ero ¢ yckopenueM 1 M/c 2 ? Koapduuument tpenus 0,2.
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Harno: Pewenue:

m = 50 kr y

a=1wm/c? L CocTaBuM ypaBHEHHE JIBHIKCHUS TeJia:
M = 0,02 Fp+N+F+mg=mad

I=5m Haiigem npoexkuuu CUiI Ha OCH:

;; 7‘,3 M Ocpb OX: -F, + F - mgsina = ma

Oce OY: N—mgcosa =0 - N=mg cosa

Fp =MN — E, = Mmg cos a

IToncraBuB BTOpOE ypaBHEHUE B IEPBOE, MOJIYIUM
-mmgcos a + F - mgsin a= ma

Haxoaum npou3BOAHYIO BEIHYHHY:

F = mmgcos a- mgsin & + ma unu

F = m(a + mgcos a + gsin a)

I'To onpenenenuio cuHyca umMeeM

B h . 3m
sina=— sina=—=0,6
I SMm

H3 ocuosroro TPHIOHOMETPHYCCKOTD TOKICCTBA

sina? 4+ cosa? =1,

cosa=v1 - sina?=+y1-0,36=+0,64=0.8

BbI’-{HCI[[dM HCKOMYH) BCITHHHHY.

F =50 kr(0.2:10 m/c*- 0,8 + 10 m/c® 0,61 m/c?) = 430 H
Omeem: 430 H.

3. Ha minype, nepekuHyTOM 4Yepe3 HeMOABIKHBIN 010K, moBeieHb! rpy3bl Maccamu 0,3 u 0,2 kr.
C kakuM yCcKOpeHueM ABUXKYTCs rpy3bl? KakoBa cuiia HaTsS)KEHUS BO BpeMs JIBUXKECHUS?

Harno: Pewenue:
my; = 0,2 kr jYipmarsceny T CocTaBuM ypaBHEHHME QBUKEHHS U1
my = 0,3 kr e ; r JBYX TeN:
a-7T-2 Sl ! - {m1§+71:m1?1'.
Tl 5 O 3
meg + T = moa;

Haiinem npoexunu ciut Ha oce OY:
{ Ty —mg =ma;
—T, + mpg = mpay’

T.K. Tena cBA3aHBI OHOH HUTBIO, TO
T,=T,=Tua;, =a,=a,
T(Jl",‘:lﬂ,{ T—mg =ma .

—T+myg =mya
CJD)K[/IJH OTH YPaABHCHHA
—myg + myg = (my + my)a unn
g(mp —my) =(my + my)a
Penmnm 310 ypaBHEHHE OTHOCHTENBHO HEH3BECTHOL BEIMYHHbI

My —m 10 m/c? (0,3kr—0,2Kr
= g(z—ﬂ,auqnc:mm q = W OITO2D _ 5 2
my+mz 0,3kr+0,2Kr

Cuny HaTs3KeHUs Haliaem ux nepeoro ypasHenus: T =my(g + a)
Boramenum: T = 0,2kr(10 m/c® + 2 m/c?) =24 H
Omeem: 2 m/c%; 2.4 H

CamocrositeibHass padora

Bapuanr Ne 1

1. Bpycok maccoil 0,2 Kr paBHOMEPHO TSHYT C MOMOILBIO AMHAMOMETpPA 10 FOPU30HTAIBHOU
wiockocTH crona. [Tokazanue nunamometpa 0,4 H. Onpenenure kodhHULIMEHT TPEHUS CKOJIBKEHUS [L.

2. Ha HakJIOHHOM IUIOCKOCTHU C yriioM HakjoHa 20° Haxoautcs Tesno Maccoit 20 kr. Onpenenure
CHIly, HANpaBiICHHYIO BJOJb IUIOCKOCTH, KOTOPYI0 HEOOXOAMMO MPHIOXKHUTHh K Telly, 4TOObl €ero
paBHOMEpHO ABUTaTh BBepX. Koadduuuent Tpenus Tena o miockocts 0,4.

3. Ha uutuy, nepexkuHyToil yepe3 HEMOABMKHBIN 0JIOK, mojaBenieHbl rpy3sl Maccamu 0,3 u 0,34 kr.
3a 2 ¢ mocie Havasla ABMKEHMSI KaXIbI rpy3 mpouieln myTh 1,2 M. Ilo 1aHHBIM onbITa HAMTH yCKOpEHUE
CBOOOIHOTO ITaJECHUS.

4. DneKkTpoBO3, TPOTasch C MecTa, pa3BUBaeT MakcuMmanbHyto cuiy Taru 650 xH. Kakoe
YCKOPEHHE OH COOOIIUT KEeJIEe3HOJAOPOKHOMY cocTtaBy Maccod 3250 1, ecnm  koaddummeHT
conpotusieHus pasex 0,005?

BapuanT Ne 2

1. Kakyro cuily Hago MpUIIOKHUTH AJIs MOAbeMa BaroHeTku Maccoit 600 Kr mo 3cTakaje ¢ yriom
HaksioHa 20°, ecnu K03 PUITMEHT CONMPOTUBIICHUS ABMKeHUIO paBeH 0,057
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2. Ha HakioHHOH mI0CKOCTH C yriioM HakioHa 30° Haxoautcs Teno maccor 20 xr. Onpenenute
CHIly, HAMpaBiCHHYIO BJOJb IUIOCKOCTH, KOTOPYI0 HEOOXOAMMO MPHIOKHUTHh K Telly, 4TOObl €ro
paBHOMEpHO ABUTaTh BHU3. KoadduuuenT Tpenus Tena o miockocts 0,6.

3. Ha miHype, mepeKuHyTOM Yepe3 HEeTOBMKHBIN OJIOK, moaBenieHbl Tpy3bl Mmaccamu 0,3 u 0,2 kr.
C kakuM yCKOpeHUEeM ABUXKYTCs rpy3bl? KakoBa cuiia HaTsSKEHUS IHYpa BO BPEMSI JBUKEHUSA?

4. ABromobOmiib Maccor 1 T, Tporasice ¢ mecta, nmocturaer ckopoctu 30 m/c yepes 20 c. Haiitu
CHJTY TATH, eciii Kod(dduieHt conportusieHus pasex 0,057

dopMma npeacTaBiieHus pe3yJbTara:

BoinonuuThk 3asaHue B TETpaau JUisl MPAKTUYECKUX paldoT.

Kpurtepun onenku:
3a npaBUIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISIETCS MOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTpUIAaTEIbHAs oneHKa — () OaioB.
Oyenka «omauunoy evicmasnsiemcs 3a 90 —100% npaBUIbHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89% npaBUIBHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «Heyooe1emeopumenbHoy svicmasisemcs 3a MmeHee 60% MpaBUIIbHBIX OTBETOB.

Tema 2.3 3akoHbI cOXpaHEeHHsI B MeXaHHKe

IpaxkTnyeckoe 3ansitue Ne4
3aKoHbI COXpaHEHHS] B MeXaHHKe H UX IPUMeHeHue

IeJsb: 3aKpenuTh YMEHHS U HABBIKU PEIICHUS 3a/1a4 HA 3aKOHbI COXPAHEHUS
Boinosinenue pa6orsl ciocodcTByet hopmuposanuro: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe ofecnedyeHue: TETpaab Uil NPAKTUUYECKUX paboOT, pydka, METOJUYECKUe
PEKOMEH/IAIINH TI0 BBIIIOJTHEHUIO Pa0OTHI, JIMHEHKA, KapaH arll.

Ykazanue:

[TpakTrueckast paboTa COCTOMT M3 ABYX HacTed — TeopeThyeckol M mpaktuueckoi. Ilocme
M3YyYEHUsS] TEOPETHUECKOro MaTepuaslia MOYKHO MPUCTYIATh K BBINOJIHEHHUIO NMpakTHUecKkoi yactu. OHa
COCTOMT U3 JBYX U Oosiee 3a7ay JJIsl CaMOCTOSATEIbHOrO BbIMOIHEHUs. He 3a0biBaiiTe 0 mpaBUIbHOM
oopmienun pemtenus. Ha BeloHEHHE TPAKTUYECKON OTBOJUTCS JiBa aKaJeMUUYECKHUX Yaca.

IMopsiiok BbINOJIHEHUS PAdOTHI:

1. PaccmoTrpure TeopeTHUYeCKMi MaTepuayl MO TeMe€ M IpHUMEpbl pelleHHs 3anad (CMOTpH
METOAMYECKOE MTOCOOHe).

2. Pemnte camocrosTenbHy0 paboty. Odopmure pereHue NuCbMeHHO B TETPAIH.

1. TeopeTnueckas yacThb
3aKOHEI COXpaHCHUA UMITYJIbCAa, MOMCHTA UMITYJIbCa, DOHCPIruu U Ap. }IeﬁCTBYIOT B 3aMKHYTBIX CUCTCMax.
3amxnymou Ha3bIBaeTCsl CHUCTEMa TeJ, B3aUMOJICHCTBYIOIIMX TOJBKO JpPyr C JAPYyroM H He
B3aUMOJICVCTBYIOIIUX C IPYTUMU TEIaMHU.
Hmnynoc cunvt — BEKTOpHAs BEJTMUMHA, SBISIFOIIASICS MEPOU JEHCTBHS CUITBI 32 HEKOTOPBIM MMPOMEKYTOK
BpPEMCHH.

7=F-r,] —yvnynsc cunst F 32 Bpems ¢
Mnynbe Tena (KOJMHMYECTBO ABUKEHHS) — BEKTOpHAs (DM3MYECKas BEIMUYMHA, SBJIAIOMAACS Mepoil
MEXAaHUYCCKOT'O ABUXCHUA:

KM

P=m-0; c¢

BTopoii 3akon HptoTOHA MOKHO 3alMChIBaTh B BUJIE:

Ft =mv2 — mu;

P — yMmnysbce Teaa Macco m, JBMIKYIIETOCS CO CKOPOCTHIO U .

3aKOH COXpaHEHUs HMITyJIbca - BEKTOpHas CyMMa HMIIYJbCOB TEN, COCTABIIAIOIIUX 3aMKHYTYIO
CHUCTEMY, OCTAaETCSI HEU3MEHHOM.

muy, +m,v, = nmu, + m,u,
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mj, m2 — Macchl TCI,

01, D2 — CKOPOCTH TEJI IO B3aUMOACHCTBU,

Uj, U2 — CKOPOCTHU TeJ MOCIE B3aUMOJICHCTBHUS.

Ecnm cymMMa BHEmIHMX CHII, JCHCTBYIONIMX HAa Tejda CHCTEMbI, paBHA HYJIO, TO HUMITYJIbC CHUCTEMBI
COXpaHsETCS:

P =mp, + m, + my, = const

KonwdgecTtBo moTpebnsieMoil SHEprHH — OAMH W3 TJIABHBIX IOKa3aTelie TEXHUYECKOTO Pa3BUTHUS
obmectBa. IIpomsBoacTBO, pacmpeneneHue U NOTPEOJIEHUE SHEPrUM HEBO3MOXKHO 0e3  eé

npeobpa3oBaHys U3 OJHOIO BUA B apyroii. Ecam  noxm  geiicTBHeM
nocrosHHOM  cmiel  F Teno COBEpLIMIO IepeMelieHHe S, TO
rOBOPAT, 4YTO CHIJION COBEpIICHA paboma.
PaGota (4) —  ckamsipHoe IPOU3BEICHUE BEKTOPOB CHUJIbI Fou
TepeMenieHus S .

rae [ — yron Mﬁ:)KI[yIE u §; Fs=F-cosa _ ppoekust F
Az‘ﬁHS"-cosa=F-S-cosa=FSS Ha N:% HanpaBJICHHUC.
[4] =1 H-m = Jix — mxoyik (V]1=12% _ 1 By

C
MorutHocTb (V) — CKOPOCTh COBEpIIEHUS PabOThI. — BATT
JHeprus
Mexanudeckas cucteMa — COBOKYITHOCTh MaTepHAIbHBIX TOUEK, B3aUMOJICHCTBYIOIIUX APYT C IPYTOM U
TeJaMU, HE BXOJAIMMHU B 3Ty COBOKYITHOCTb.
[Tocne coBepiieHuss pabOTHl cuUcTeMa MEpeHAET M3 OAHOTO COCTOsSHUS B japyroe. Torma pabora —
¢dbu3nueckas BENUYHHA, XapaKTepU3YIOLIAs npoyeccriepexoia MEXaHUYEeCKOW CHUCTEMBI M3 OJHOTO
COCTOSIHHS B IPYTOE.
MO0OXHO TOBOpPHUTH, YTO CYIIECTBYET HEKHMH MapaMeTp MEXaHMYECKOW CHUCTEMbI, H'3MEHEHHE KOTOPOro
paBHO COBEpIIEHHON paboTe 4.
Mexannueckasi dHeprusi (E) — mapaMeTp MEXaHHMYeCKOH CHCTEMbI, U3MEHEHHE (AE) KOTOPOrO PaBHO

coseplénHoil padote (4). ar = A. [E]=1 JIK

rac E| — MmexaHnueckas OHCPIrusA CUCTEMbI B HAYAJIbHOM COCTOSHUU
E> — mexaandeckas OHEPTUA CUCTEMbI B KOHCYHOM COCTOSAHUH.

VI3MEHEHHE SHEPTHH AE MOYET OBITh KaK MOIOKUTEIBHBIM, TaK K OTPUIATETbHBIM, T. . AF = HAE|
W3 (*) BeITekaeT: paboTa — Mepa U3MEHEHUS MEXaHUYECKON SHEPTUU CUCTEMBI.
Kunernueckas sHeprus
Kunermueckas sneprust (Ex) — IOJOBHHA MMPOU3BEICHHUS MACCHI Tela Ha KBAIPaT €ro CKOPOCTH.
Kunetnueckast »dHeprus — DHeprus mv? | JBIDKEHUS.

A=E,-E A=AE, -

xl

Torma iy , T. e. |~ 2 | ecnu cuia coBepuIaeT MOJIOKHUTEIBHYIO paboTy,
TO KMHETHYECKasi SHEPrus Tea BO3pacTaeT, 1 00paTHO.

IHoreHunaabHAsA YHEPIrUd

[TorenunanbHas 3ueprus (En) — sHeprus B3auMOJCHCTBHS TeJ WK YacTel Tena.

HyneBoll ypoBeHb NOTEHIIMATIBHOM SHEPTUU — COCTOSIHUE CUCTEMBI, B KOTOPOM £y = 0.

HyneBoit ypoBeHb MNOTEHIMANbHOM OSHEpruM B3auMojeWcTBusa Tena c¢ 3emnéi (HYIID3) -
TOPU30HTAIIbHAS TUIOCKOCTh, HA KOTOPOW IPUHUMAETCS En CUCTEMBI TE€10—3€MJISl paBHOM HYJIIO.

[TycTp TE10 Macchl m MoA ACUCTBUEM CHIIBI TSHKECTH oo TIEPEMECTHIIOCH C BBICOTHI /11 10 BBICOTHI /2

6e3 M3MeHEeHHs CKOPOCTH. Pabora cumbl TskecTu A= s =mg(h —hy) =mgh, —mgh, = —(mghy —mghy) =

[ToTeHIManbHAs YHEPIUs B3aUMOJEHCTBHS tena ¢ 3emnel (En) — TpOM3BENEHHE CHIIBI
TSOKECTH Tella Ha BBICOTY /i TIOJOXKEHHUS LIEHTpa Macc Tena oTHocurenbHo HYIIOD3.
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[ToreHanbHON HEPruei B3auMOoIeHCTBHSI YacTel Tena 001aJatoT ynpyro 1e)opMUpOBaHHBIE TeIa
[ToTennuanpHass dSHEPrUsl  yOpPyro k2| mepopmupoBannoro Tema (E;) —  TOJIOBHHA
POU3BEACHUS JKECTKOCTU k Tenma Ha | " 5 | KBaapaT ero abCONIOTHOH JeOopMalIiH X.

3aKoHBI COXpaHEHHsI B MEXaHHKe

DHeprus UHTEPEeCyeT YeIOBEYEeCTBO Ha BCEM ITyTH €ro pa3Butus. Bexamu nroau
TIBITATHCH n3obpectu MaIIuHy («6eunvlil 0sueamensy), TMO3BOJISIIONTYIO
MOJTy4aTh YHEPTHUIO U3 KHUOTKYAa».

3aKOH COXpaHEHWs W IMpeBpalleHus dHepruu (1.3.2) 3amnpemaer CynieCTBOBAaHHE BEYHOTO JIBUTATEIIs,
OJTHAKO BPEMsI OT BPEMEHH TOSIBIISTFOTCSI JIFOTU, OOBSBIIAIONINE O CO3JAHIH OUYEPEIHON €ro MOICIH.
3aKOH coOXpaHeHHMsI MeXaHUYeCKO IHePrumn

BHemHue cuitbl — CHITBI, JCHCTBYIONIUE CO CTOPOHBI TEJI, He BXOSAIINX B JAHHYIO CUCTEMY.

3aMKHyTasi MEXaHU4YeCKasi CHCTEMa TeJl — CUCTeMa, Ha KaXK10€ U3 TeJl KOTOPOH HE JCHCTBYIOT BHEITHHE

CWJIBI MJIM PABHOJICUCTBYIOIIAS BCEX BHEIIHUX CUJI paBHA HYJIIO, T.€. 2 Franew =0
PaccMoTpuM 3aMKHYTYH0 MEXAQHUYECKYIO CUCTEMY TEJ, 3HAUYCHUS MOTCHIIMAIbHON SHEPTrUU KOTOPOW B

HAYaILHOM M KOHEUYHOM COCTOSIHUSAX PaBHBI Eni U Ey, KMHETHUECKOH: Exi 1 Eo: |Fxi + Eni = Fo + Ew |

ITonnas mMexaHudeckas 9HEPTIHUA CUCTCMBI — CYMMa KHHETHYECKON U MOTEHIMAILHOM OHCPIun TCJI 3TOM
CUCTCMBI.

3aKOH COXpaHEHUS MEXaHUYECKON JHEPruy: IOJIHAs MEXAaHHMYECKas SHEeprus
3aMKHYTOM MEXaHU4YEeCKON CHCTEMEI i (E.+E ) = const TEll, B KOTE)pOfI JNEUCTBYIOT TOJBKO CHIIBI
TSOKECTH M YOPYrocTd, ocragres |& ™ HEU3MEHHOM.

OtnenbHO OT Tenla OTCYETa HU OJHO TEJIO He 00J1afjaeT MEXaHUYECKOW YHEPTrUEH.
3aKOH COXpaHEHMsI UMITYJIbCa

Ilycte nBa Tea macc mi U m2 COCTAaBIIAIOT 3aMKHYTYI0 MEXaHUYECKYIO CHCTEMY,

no__, . .
IBWKYTCSL HAaBCTpedy IApYyr IpPYyry H Z p; =const| B3aMMOAEWUCTBYIOT ¢ cujamMu £1 ufz.

i=1

Ilo Ttpetbemy 3akoHy HbroTOHA | D+ D, =D, + D, Fi=-F_ Jlo B3aMMOJEHCTBUS HMITYJIbCHl Tell

ObLIHN P ubz, ocie B3auMOJCUCTBUSL P1 U P2 .

T.€. BEKTOPHBIE CYMMBbI UMITYJILCOB T€JI O U MOCJE B3aUMOJCICTBUSA OANHAKOBBI.

OyHIaMEHTAIBHBIN 3aKOH COXPAHEHUSI UMITYJIbCA: T€OMETPUYECKAs CyMMa UMITYJIbCOB T€JI 3aMKHYTOM
MEXaHUYECKON CUCTEMBI OCTAETCS HEM3MEHHOIM.

3aKoH coXpaHEeHMs UMITyJibca puMeHuM ToJibko B CO.

Anzopumm pewenusn 3a0au
Crenaiite 4epTéx A KaXI0T0 Teja, MOKaXKUTE BEKTOPbI UMITYJIbCOB;
PaccmoTtpuTe XapakTep ABMKEHUSI T€1 U YCTAHOBUTE, SIBJIAETCS JIM JaHHAs CUCTEMa 3aMKHYTOM;
3anummnTe 3aKOH COXPAaHEHUs UMITYJIbCa B MIPOEKIUAX HA OCH;
3anumuTe Npyu HEOOXOAUMOCTH JIONOTHUTENbHbIE (POPMYJIIbl U3 KHHEMATUKH U JUHAMUKHY;
Pemmre cucrtemy ypaBHEHUH, IpOaHAIM3UPYNUTE OTBET.

2. [IpuMepsl pelieHus 3a1a4

1. Monekyna maccoit m = 3- 10—23 r, mojjeTeBIas K CTEHKE cocya oA yriaom o = 60°, yrnpyro
yaapsietcsi o Hee co ckopocTtbio v = 500 m/c m otmeraer. Ompenenure WUMIYIbC CHIbl F- At,
IIOJIyYEHHBIN CTEHKOM.
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Jlano: Pewenue:

m=3 10726 kr U3menenne mmmysnbca MONEKYJbl PaBHO

a = 60° :% umnynbey cunst: Ap = FAt

[Tycts Cb OX HanpasieHa
v =500 m/c - y o p
FAt -9 NEepPreHANKYISIPHO CTEHKe,  TOrja

M3MEHEHHE MMMOYIbca MONeKynsl Ap =
Apy = my, — ( - mv,) = 2mu,, rae Uy =
VCOS @, 0TKyAa Ap =2mucos .

[Toacrasus opmyny B ypaBHenue, nonyunm FAt = 2mucos a.

Boruncnenns:

— -26 M T_ -23
FAt =2-3- 1074° kr 500?- cosz = 1,5- 107 (xr<M)/c
-23 :

Omeem: 1,5+ 10 = kr m/c.

Puc. 3.2

2. JIa TOBapHBIX BaroHa JBIKYTCSI HABCTpedy APYT Apyry co ckopoctsimu vl = 0,4 M/c u v2 =0,1
M/c. Macchl BArOHOB COOTBETCTBEHHO paBHBI M1 =12 1, m2 = 48 1. Onpenenure, ¢ KaKOW CKOPOCTHIO L
U B KaKOM HalpaBJieHUU OyayT ABUraThCS BarOHBI [1OCJIE€ CTOJIKHOBEHUS. Y 1ap CUMTATh HEYIPYTHM.

Jano: Pewenue:

v; = 0,4 m/c Hcnonb3yem 3aKOH COXPaHEHMS NMPOCKLUMH MMIYJbCa Ha OCh
v, =0,1 m/c OX, nonoxwurensHoe Hampasienue ocn OX coBmamaer ¢
my =12:103 kr HANpaBJICHUEM JABHKEHUS MEPBOr0 BaroHa:

m, =48 103 kr myvy - myv, = (Mg + my)v. Otkyga v = W

V- 9 1+mz

12:10% kr0,4 M/c~ 48-10° kr-0,1m/c
12103 kr + 48-103 kr
CTOJIKHOBCHHSA BArOHbI OCTAHOBATCS.

Omeem: v=10(

Beiuucnenus: v =

= 0. Amamm3: v = 0, crenoBaTeabHO, NOCIE

3. IBa Heympyrux Teja, Macchl KOTOPBIX 2 M 6 KI, JBWXKYTCS Ha BCTpeuy Jpyr K JOpYyry co
CKOpOCTAMH 2 M/C Kaxaoe. OnpenenuTs MOyJb U HallPaBJIEHUE CKOPOCTH KaXJI0r0 U3 3TUX Tel MOCIe
yaapa. CaenaTh pUCyHOK CaMOCTOSITENBHO.

Jano: my Uy +myU; = (my +my) U. B npoekuusx Ha ock:
OX: nmyuq - Moty = - (ml + mzj'l_'l
miuq = Mmavz
my, =2 Kr = ﬁ;
_ —(m1 +ma2
mz =6 kr 2ur2m/c— brr-2m/c

2
vy = vy =2wmc Beraucnsem: v = ==mM/c =025 m/c.
-9 = (2Kr+6Kr) 8

Omeem: 0,25 m/c.

3. CamocrosiTesibHast paboTa

Bapmuanr 1

1. ABToMOOMIL Maccoii 1 T. ABMIKETCS CO CKOPOCThIO 72 kM/4. Ompenenure, 4epe3 Kakoe BpeMs
OH OCTAHOBHUTCS, €CJTH BBIKIIOUUTH ABUTATENb. CpeHssl criia conpoTuBiieHus nprkennio 200 H.

2. Msa maccoii 200 1. majiaeT Ha TOPU3OHTANIBHYIO IJIOMIAAKY. B MOMEHT yaapa cKOpocTh msiya
paBHa 5 M/c. Onpeaenure N3MEHEHUE UMITYJIbCa IIPU a0COIIOTHO YIIPYTOM yape.

3. JIBa mapa maccamu 2 U 8 KI' JBHXKYTCS HaBCTpeuy APYT Apyry co ckopoctsamu 10 u 2 m/c
coOoTBeTCTBEHHO. C KakoW CKOPOCTHIO OHHM OyIyT MPOJOJKATh JBH)KEHUE MPU aOCONTIOTHO HEYNPYyrom
yaape?

4. Tenexka maccoit 80 Kr OBHKETCS CO CKOpocThio 4 M/c. Ha He¢ BepTHKaibHO MamaeT rpy3
Maccoi 20 kr. OnpenenuTte CKOpocTb, ¢ KOTOPOH CTAaHET JBUTAThCS TEJIEKKA.
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5. Cuapsan maccoii 50 Kr, JIeTAIIUNA BIOIb PENbCOB O cKopocThio 600 M/c, monanaer B miathopmy
¢ meckoM maccoit 10 T u 3acTpeBaeT B nmecke. CKOpPOCTh CHaps/ia B MOMEHT TMajieHust o0pa3yeT yrou 45°
C ropuzoHTOM. YemMy paBHa CKOpPOCTh IUTAT(OPMBI TMOCIE MOMaJaHUs CHapsaa, ecid Iiargopma
JIBIDKETCSI HABCTPEUY CHApsIy cO CKOpocThio 10 M/c?

6. Jloika CTOUT HEMOABMXXHO B CTOSTYEH Bojie. YenoBeK, HAXOIAUIUNCS B JIOJIKE, IEPEXOIUT C €€
Hoca Ha KopMmy. Ha kakoe paccrosiHue nepemMecTuTcs JIoJiKa, eclii Macca ueroBeka 60 Kr, Macca JIOAKU
120 xr, nnuna noaku 3 M? ConpoTUBIICHHE BOJIbI HE YUYUTHIBATh.

Bapuanr 2

1. [IBurasich U3 COCTOSTHUS MTOKOSI TI0 TOPU3OHTAIILHOMY ITyTH, aBTOMOOMIIL Maccoi 1,5 T uepes 20
C Mocje Havaja JABMKeHHus gocturaer ckopoctu 30 m/c. Ilpenebperas cOnmpoTUBICHHEM IBUKECHHIO,
OIIPEAEIIUTE CUITY TATH JIBUTATENIs.

2. Tenexxka maccoit 100 r, IBHKyIIAscs cO CKOPOCThIO 3 M/c, ynapsiercs o cTeHKy. Onpenenure
M3MEHEHHE UMITYJIbCA TEJIEKKHU, €CIIM IOCIIE CTOJKHOBEHHUS OHA CTajla JABUIaThCs B IPOTUBOIOIOKHYIO
CTOPOHY CO CKOPOCTBIO 2 M/C .

3. Baron wmaccoii 10 T ABWXKETCS CO CKOPOCThIO | M/C M CTajlKWBaeTCs C HEMOIBUKHOU
wiatdopmoii Maccoii 5 T. Yemy paBHA CKOPOCTh MX COBMECTHOT'O JBUKEHHSI MOCJE TOTr0, Kak cpaboTaeT
aBTOCLIENIKA?

4. KakoBa CKOpPOCTh OT/a4ll BUHTOBKH, HEMOJIBHKHOW MPHU BHICTpEJIE, €CITM Macca BUHTOBKU 4 KT,
Macca myiu 8 T, CKopocTh myiu 600 m/c?

5. Ha HenmoJABMKHOM kKeJe3HOJOPOKHOM MIaTgopMe yCTaHOBIEHO opyaue. Macca muaTdopMsl ¢
opyauem 15 1. Opynue ctpensier moj yriiom 60° xk ropu3oHTy. C Kakod CKOPOCTHIO TMOKATUTCA
maTdopma, eciau Macca cHapsaa 20 KT ¥ OH BBUIETaeT co CKOpocThio 600 m/c?

6. IIpu B3pbIBE KaMEHb pa3pbIBAa€TCs HA TP YacTU. /[Ba OCKoJIKa JETAT MO MPSIMBIM YIJIOM ApPYT
K Apyry: Maccoit ml = 1 kr co ckopocTbio 12 M/c 1 Maccoit m2 = 2 Kr co ckopocThio 8 m/c. Tperuit
KYyCOK OTJIeTaeT co ckopocThio 40 M/c. KakoBa Macca TpeThero OCKoJKa W B KaKOM HaIlpaBICHUU OH
neTuT?

dopma npeacTaBieHus pe3yJbTarTa:

BoinonHuTh 3asaHue B TETPaaAM ISl MPAKTUYECKUX paldoT.

Kpurepun onenkn:
3a npaBUIILHO BBINOJIHEHHOE 331aHHUE BBICTABIISIETCS MOJIOKUTENbHAS OlleHKa — 1 Oa.
3a HeMpaBWJIbHO BBIMOJTHEHHOE JIEHCTBUE, 3a/1aHNE BBICTABIISIETCS OTpHUIIaTeNbHas olieHKa — () 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 —100% npaBUIbHBIX OTBETOB
Oyenxka «xopouioy svicmasnsiemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «Heyoosnemeopumenvhoy svicmasnsemcs 3a Menee 60% MnpaBUIbHBIX OTBETOB

Tema 2.3 3ak0oHBI COXpaHEHHs B MEXaHHKe

IIpakTnyeckoe 3ansaTue NeS

Pemenne 3axa4 Ha ¢popmyJinl padorsl cuii. Padbora 1 MOIIHOCTB. JHEPIUs U ee BU/bI.

Henab: 3akpenuTh YMEHUS U HAaBBIKU pEIICHUS 3a/1a4d Ha (GOpMYJIbl pabOThl, MOIHOCTH, 3aKOHbI
COXpaHeHUs

Boinosinenue padoTsl cnocodcTByeT GOPpMHUPOBAHMIO:

OK 01, OK 02, OK 03, OK 09

MarepuanbHoe of0ecnedeHHe: TETpaab Uil NPAKTUUYECKUX paboT, pydka, METOJUYECKUe
PEKOMEHIAaLlH 110 BHIIOJIHEHUIO PA0OTHI, JIMHEHKA, KapaH Jarll.

Yka3anmue:

[IpakTuyeckas paboTa COCTOMT M3 JABYX 4acTeld — TeOpeTHdeckoi M mpaktuueckoil. [locne
U3Y4YECHHs] TEOPETUYECKOr0 MaTepHalla MOKHO MPHUCTYNaTh K BBIIOJHEHUIO IIPAaKTHYecKoM yactu. OHa
COCTOMT U3 JIByX M OoJiee 3ajad JJsi CaMOCTOSTENBHOrO BhIoyiHeHHs. He 3a0biBaiiTe 0 mpaBHILHOM
oopmienun pemenus. Ha BelloHEHNE TPAKTUYECKON OTBOJUTCS JiBa aKaJEMHUYECKUX Yaca.

20



IHopsiaok BbINOIHEHNS PA0OTHI:
1. PaccMoTpuTe TeopeTHMUECKHii Marepuaia 10 TeMe€ W MPUMEPhl pEImIeHHs] 3amad  (CMOTpH
METOAHYECKOE IIOCOOHE).
2. Pemmure camocrosTenbHyto padory. Odopmute perieHre nucCbMEeHHO B TETPajIu.

1. Kpamkue meopemuueckue ceedenus:

Pa6ora u MoIHOCTb. JHEpPrus, ee BU/bI.
3aKoH coOXpaHeHM s JHEPIUH

Onepeuss — camasi BaKHAsI COXPAHSIONIASCS BEIMYMHA HE TOJHKO B MEXaHUKE, HO M B (U3HKE
BoOOIIIe. DHEPrusi TeCHO CBsi3aHa ¢ paboToil. Bece Mbl, Kak U I00BIe BUTATENH, COBeplIaeM padory,
MIPUBOJIMM B JIBH>KEHUS TE€JIA, MOAAECPKUBAEM 3TO JBUKEHUE WM K€ MPEKPALLAEM ETO.

HelicTBUusl cui Ha Tena, NPUBOAAIIME K U3MEHEHHMIO MOJYJIS MX CKOPOCTEH, XapaKTEepPHU3YHTCA
BEJIMYMHOM, 3aBUCAIIEH KaK OT CHJI, TaK U OT MEPEMEILCHUI TeJl, HA KOTOPBIE 3TH CUJIBI IEUCTBYIOT. DTy
BEJIMUUHY HA3b18AI0OM pabOmoll.

PabGota — ckansipHasi BelMuuHa, paBHAsl MPOU3BEICHUIO MOAYJIEH CUJIBI U MEPEMEIECHUS Tella Ha
COS yIJja MeXJly HUMHU.

A
Pa6ota nocTosHHOM cumbl £ :
w 4]
A=F.-§=F-S-cosa | Jx
rae S — nepemMenieHue Tena,

0L — Yrojd MEXIy HAlpaBICHUEM JCHCTBHS CHIIBI W HAlpPaBJICHUEM
MEPEMEIICHUS. F,

Puc.1

Ecnu BenuunHa cuibl, I€HCTBYIOLIEH Ha TEJO, 3aBUCUT OT KOOPAMHATHI X, TO paboTa 3TON CHIIbI
YHCJIEHHO paBHa IUIOIA I Mo rpadpukom GyHkimu F(x).

Enununps! paboTsl: A=1H - Im = JIx = J[)x0yJb.

IDicoyns — pabota, coBeprnaemasi ciiioit 1 H Ha mepemenienne 1 M, ecny HampaBlIeHHE CHIIBI U
IIEpEMEIIEHUE COBIAAIOT.

1. PabGoTa cuiibl TSKECTH.

PabGora cuibl TSHKECTH HE 3aBUCHT OT TPACKTOPUHU ABUIKCHUA TCJIa U BCCTAa
paBHa U3MCHCHUIO HOTGHHI/IaJ'II)HOI\/'I OHEPIUHU TECJIa, B3ATOMY C IIPOTUBOIIOJIOKHBIM
3HaKOM.

A=0S=mg(h1-hz)=-(mgh >- mgh;)=-(I1>-11;)
A=-(I1>-11;)

Ecnu cuna TsokecTu coBepiaeT OTpULaTeabHyto padoTy, To Ep —
yBenuuuBaeTcs. [Ipu coBepiieHHH MOI0KUTEIbHON paboTsl — Ep ymMeHbIaercs.

Puc. 2.

2. Pabora cuibl ynpyrocTu.

21



A=F,S,

X, + X
F, = k%
rae — cpeaHee 3HAYCHHUE CUJIbI YIPYTOCTH MPU U3MEHEHHH JUTMHBI MPYKUHBI OT X/
710 X2,
S =x; - x2— cMellleHHe.
PabGorta cuibl ynpyroctd paBHa HM3MEHEHUIO TMOTEHIMAIBHOW SHEPIHH, B3SITOMY C OOpaTHBIM
3HAKOM:

X +x (x' —x3) Jocd kol
A=k4L53{M—xD=kAJT;£7=—435_7; =—(I1,-II))

Mownocmo

Mownocms — cxansipHas (u3MYecKas BEIWYMHA, XapaKTepHu3yromas OBICTPOTY COBEpPIICHHUS
paloThl, KOTOpas YMCICHHO paBHa padoTe, COBEpILIAeMO 3a AMHUILY BPEMEHHU:

Uhe

7.5 N
NoA_ES g
t t , [[x/c = Bt — Barr],

rae A — pabora, [1x]
t —Bpems, [c]

Onepeus
Ecnu Teno mmm cuctema Telr MOTYT COBEpIIaTh paboTy, TO TOBOPSAT, YTO OHU 00JI1aIal0T SHEPTUCH.
OHeprusi B MEXaHUKe — BEJINYMHA, ONpesessieMas COCTOSHUEM CHCTEMbI — IMOJI0KEHUEM Tell U X
CKOpOCTSIMH; M3MEHEHHE SHEPIHMH TMpPH TEepexoje CHUCTEMBI U3 OJHOTO COCTOSHUS B JIPYroe pPaBHO
paboTe BHEIIHUX CHIL
1. Kunemuueckaa (kinema — IBM)KEHHME) — DHEPIUs MEXaHUYECKOTO IBMIKEHMSI CHUCTEMBI TeJ,
YHCJICHHO paBHa MOJIOBUHE MPOU3BEIEHHUS MacChl Tella Ha KBaJpaT €ro CKOPOCTH.

Teopema. Pabota paBHONEHUCTBYIONIMX CHJI, MPWIOKEHHBIX K HEMY, paBHa HW3MEHEHUIO
KUHETUYECKON YHEPIruu Tena.
_muz2 mo;

2 2

= A = A Ex (paboTa — u3MeHeHHe SHEPIHH)
A =Ex> - Ex; =A Ex

2. Ilomenyuanvrasn (potentia — BO3MOXKHOCTB) — DHEPTUS B3aUMHOTO PACIIOIOKEHUS TEl WU
gacTeld OJHOTO M TOTO K€ Tella, YUCIEHHO paBHA MPOU3BEIEHHUI0 MAacChl M Tejla Ha YCKOpEHHUE
CBOOOTHOTO TaJIEHHsI g M BBICOTY h HaJl TOBEPXHOCTHIO 3EMITH.

Ey =mgh, [llxc]
A = -(mgh> - mgh)

>4=-AE,
A=-(Ep -Ep) =-AEp
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Tlomenyuanvhas sHepeuss — SHEPrUsi, OOYCIOBJICHHAS B3aUMOCHCTBUEM pa3IMYHBIX TEN WM
JacTel OJHOTO U TOro ke Teaa. OHa 3aBHCUT OT B3aUMHOT'O PACIIONIOKEHHSI TSI MM BEIUMYUHBI YIIPYTron
nedopMaruu Tena.

IloTreHuuanrHasg TloTreHuumansrHas I[lorenuunannrHasa
SHEprus TeJla | SHEPrUst CXKaTOM | SHEPrUs
OOJHATOTO Ha | WIN pacTSIHyTOM | TPaBUTALIMOHHOTO
BBICOTY, HAaMHOIO | MPY>KUHbI B3aUMOJIEVCTBUS
MEHBIIYIO MaTepHAIbHBIX TOYEK
paauyca 3eMiu WA OJTHOPOJIHBIX
» 1apoB
E,=mgh E = kx
r 2
m Q—J—
Mm
E =—-G——
/ P R
h
|
<>
Y x
= o
Hynesoii YPOBEHb

COOTBETCTBYCT R —

o0

Ep=0

Hynesoit yposeHb

Hynesol ypoBeHb COOTBETCTBYET X =

cooTBeTcTBYeT h | ()
=0 (HenedopmupoBaH

Hasi IpyKHHA)

3axon coxpaHnenus sHepeuU 8 MEXAHUKE

B 3amkHyTOl crucTeMe Ten MOoJI0XKUTellbHas padoTa BHYyTPEHHUX CHUJI YBEIUYUBAET KUHETUYECKYIO
SHEPIUI0 U yMEHbIIAeT NOTeHHHaIbHyl0. OTpHuarenbHas paboTa yBEIMYUBAECT MOTEHIHUAIBHYIO U
YMEHbBIIIAET KUHETUYECKYI0 HSHepruto. VMIMeHHO Onaromapsi 3TOMY BBINOJHSETCS 3aKOH COXpaHEHUS
SHEPIrUH.

E = E; + E, — 1o1Has MEXaHUYECKasi YHEPTUsl CUCTEMBI, BEJIMYMHA, PaBHAsI CYMME KUHETHYECKOM
Y IOTEHILMAIbHON SHEPTUNA CUCTEMBI.

3axon coxpanenus nOIHOU MEXAHUYECKOU IHEPeUU
B 3amKkHyTOl cUCTEMe MEXaHUUYECKasl YHEPTUS COXPAHAETCS.

E=E. +E, = const
Ilpumeuanue: Eciin B 3aMKHYTOM CHUCTEME €CThb CHJIbI TPEHHUS, TO MEXAHUYECKash DHEPIrUsl He

COXpaHseTCs, T.K. 4aCTh €€ MEePEXOIUT BO BHYTPEHHIOIO.
3axon coxparnenus snepeuu
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OHeprus He CO3JacTCsl U HE HCYE3aeT, a JUIIb IEPEeJacTcsl OT OJHOIO Tejla K IPYroMy WU
npeBpatiaercs u3 oAHON GOpMbI B IPYTYIO B PaBHBIX KOJIMYECTBAX.
2. lIpakTnyeckas padora
Anzopumm pewrenus 3aoay

l. Crnenaiite yepTex.

2. Bri6epute HyneBoii ypoBeHs Ep (Eps = 0).

3. YcraHoBUTE HaYaIbHOE U KOHEUYHOE TIOJIOKEHHUE Tella (CUCTEMBI Tell).

4. Onpenenure MOJHYI MEXaHUUYECKYIO SHEPTHUIO TeJl (CUCTEMBI Tell) B HAaYaJIbHOM U
KOHEYHOM TOYKax.

5. 3anuimuTe 3aKOH COXPAaHEHUS SHEPTUH.

a) UIs 3aMKHYTBIX cucteM: E; = E> umn Ey; + Epr = E2 + Epa,

0) pu nepexojie CUCTEMbl U3 HAYaJIbHOTO MOJOKEHHSI B KOHEYHOE, IIPU JACHCTBUU BHEUTHUX CHJI:
A=E; - E;
Pemmre cucremy ypaBHEHUN.
3. IlpuMepnI peleHus 3a1a4

1. ABTroMOOMIb Maccoil 2 T HAUMHAET PA3TOHATBHCS M3 COCTOSIHMS IOKOSI 110 TOPU3OHTaIbHOMY
MyTH TOJ JAEWCTBUEM MOCTOSHHOW cuibl. B Teuenue 10 ¢ oH mpuobperaer ckopocth 43,2 kM/u.
OrnpenenuTh BEIMYMHY UMITYJIbCA U BETMYNHY JIEHCTBYIOIICH CHJIBI.

Hano: CH: Pemenue:

m=2T 2-10°kr i 1. OnpenenyuM BeNUYMHY UMITYJIbCA:

vo=0 P=m "b;d,v — COBIIQ/IaeT € OChIO X,

t=10c B CKaJISIpHOH (hopMe ypaBHEHUE MPUMET BU:
v=43,2 kM/u 12 m/c p=mv=2-10>12=24-10°, P [kr-m/c]

p—7? 2. YuursiBas BTopoii 3akoH HptoToHa: Ft = mv — muy
F-?, T.K.v0 =0 Ft=mv — F=mv/t

_2:10°-12
10

F =2,4xH

Ortser: 2,4 - 10* kxr - M/c ; 2,4 xH.

3. Bo BpeMsl MaHEBPOB Ha KEJIE3HOJOPOKHON CTAHIUHU ABe MiatGopMbl Maccamu my = 2,4 - 10*
krum; = 1,6 - 10* xr ABMraguCh HaBCTpedy APYT APYTY CO CKOPOCTAMH, MOIYIH KOTOPBIX PaBHBI V] =
0,5 m/c u v2 = 1 m/c. Haiinure cKOpOCTh WX COBMECTHOTO JBMXKEHHUS TOCIE TOro, Kak cpadoTaer
aBTOCIIEIKA.

JaHo: Pemenue:

mi=2,4-10* kr e
my=1,6 - 10* kr = . J..ne
v = 0,5m/c

vy = 1Mm/c

Voo - ?

) I/I306pa3HM CXEMAaTU4YHO I[CﬁCTByTOH.[HC CHJIbI Ha JABUKYIIHUCCH HJ'IaT(I)OpMBI. B MMPOCKIMU Ha OChb

W A
X: Nimgy Ny ma2 cyyipl B3aMMHO YPaBHOBEILEHBL.
MO0’KHO IPUMEHUTH 3aKOH COXPaHEHUS UMITYJIbCa!
(4] ]
b

o
Mo, +myv, = (my +m, v

afl

1€ Vo6 — CKOPOCTH MIAT(GOPMEI IOCIIE CLIEMKH.
B mpoexkiusax Ha och X: M1 Vix + M2 V2x = (M + M2) Vosx
T.K. Vix="1, V2x = - V2, TO Voox = -0,1 M/C

3HaK (-) MOKa3bIBAET, UTO CKOPOCTh VOO HaIpaBeHa MPOTHUBOIIOIOKHO OCH X (CIpaBa — HAJIEBO).
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4. Kakyio CKOpOCTh OTHOCHUTENILHO PaKeTHHUIBI MpuodperaeT pakera maccord 600 r, eciu rasbl
Maccoit 15 r BeuteTaroT u3 Hee co ckopocThio 800 m/c?

Hano: CH: Pemenne:
=600r 0,6 kxr CorjgacHo 3aKOHY COXpPaHEHUS UMITYJIbCA:
] [ ] o _ / /
m=15r 15 - 10°kr mu, +m,0, = my, + myv,  0=my; +m,
, mp,  1,5-107-800 M
v =——22=- =20
Uz =800 M\ m 0.6 ¢
vi=v2 =0 3Hak (-) MOKa3bIBAaET, YTO r'a3bl ABUKYTCS B CTOPOHY,
b —? MIPOTUBOTMOJIOKHYIO HATPABICHUIO PAKETHUIIBI.

Ortser: - 20 M/c.

5. BaroneTtky Maccoii 2 T o TOpH30HTaJILHOMY ITyTH PaBHOMEPHO mepemeriaer padounii. Kakyro
paboty oH coBepmmT Ha ytd 100 M M Kakyro pabOTy cOBepIaeT cuja TPEeHHs, ecliu KodhduimeHT
Tpenus pasen 0,017
JaHo: Pucynok:
m=2T
S=100m
pn=0,01

g=9,8 M\c? i
a=0 o e

A-7?
Atp - ?
Pemenue

w
Ha BaFOHeTKy neicTBytoT 4 CHJIBL: CHJIA TSDKCCTH — mg , CHJIa peakuuu onopm N ,

cnna Taru i — , cuna Tperus — " Tlo BTOLPOMy 3aKOHY HeloTona XF =0
mp_|_mg+F' +N =0

B mpoekumu Ha ocu: OX: Fr—Fip=0; Fr=Fp,OY: N-mg=0; N=mg
A=F-Scosa, 20=0, cosa =1,cn-00,A=F - S, F=F;p=F;=pN = pumg
PabGoTa cunbl TpeHUs HampaBiieHa IPOTUB pabOThI cUila TATH — A = -ATp .
Awp=-19,6 - 10° Ix

Otser: A =19,6 x/Ix; ATp =- 19,6 k/[x.
CamocrosiTeibHas pabora

1. ABTOMOOWIIB Maccoil 2 T ABMKETCS CO CKOPOCThIO 36 kKM/4. Kakoe BpeMst TpebyeTcs 10 MOTHON
OCT@HOBKM aBTOMOOWJIS MpPU BBIKJIIOYEHHOM JBUTATEJIe, €CIM CHJIa TPEHHUs KOJIEC O JOpOry
paBHa 5880 H?

2. Tenexxka maccoit 150 Kr ABMKETCS IO TOPU3OHTAIBHOM JAopore co ckopocThio 1 m/c. HaBctpeuy
eil 6eXuT uestoBeKk Maccoit 75 kr. YenoBek mpbIraeT Ha Teaexky. [locie 3Toro Tenexka BMeCTe ¢
YeJIOBEKOM ocTaHaBimBaeTcs. C Kakoi CKOPOCThIO O€Kall 4eTOBeK?

3. Ilpu BepTUKaNbHOM HOJbEME Tesla Maccoi 2 Kr Ha BbIcOTy 10 M coBepiiena padora 240 k. C
KaKUM YCKOPEHHMEM IMOJHUMAIH Ipy3?

4. Teno, maccoi 20 Kr mogHUMarOT BepTHKaIbHO BBepx c cwiod 400 H, nHanpaBieHHOW 1O
newkennto. Kakas pabota coBepmaercs Ha mytu 10 m?

5. Byger nu Benn4rHAa NOJIE3HON MEXaHUYECKON pabOTHl OTIIMYHA OT HYJIS, €CIIM MOIBEMHBINA KpaH:

® 1) mogHUMAET ¢ 3eMJIU TPY3,

e 2) Oyner nepxaThb €ro HEeKOTOpoe BpeMs Ha BECy B ITOKOE,

® 3) MOJHUMET I'PY3 C 3eMJIM M Cpa3y OMYCTHUT €To Ha 3eMITIO.

Teno maccoit 20 kr cBo60aHO Magaet B TeueHue 6 ¢. Haiiaure paboTy CHITBI TSHKECTH.
7. Kakyro paGoTy MOXXET COBEPIIUTH IO OCTaHOBKM Teno maccod 1000 kr, mBKymeecs co

CKOpOCTHIO 36 KM/ ?

o
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8. Haiitu paboTy, KOTOPYIO HaJ0 COBEPILUTH, YTOOBI CXKATh MPYKUHY, KECTKOCTh KOTOpoil 29,4
H/cm, Ha 20 cMm.

9. PesunoBblil mHYp uMHON 1 M mop nelictBueM rpysza 10 H yanunuics na 10 cm. Haiigure
paboTy CUIIBI YIIPYTOCTH.

10. Ha kakyto BBICOTY 32 MHUHYTY MOXeT NoaHATh 400 M? BOJIbI HACOC, pa3BUBAIOIIUN MOIIHOCTb
210° xBt?

11. OnpenenuTe MOIIHOCTH TEIUIOBO3a, 3HAs, YTO NMPHU CKOPOCTU ABMKEHUsS 43,2 KM/4 cuja TIru
pasHa 105 kH.

12. TToe3n wmaccoit 1200 T ABMKETCS 1O TOPU3OHTAIBLHOMY IMYTH C MOCTOSSHHOW CKOpPOCThIO 54
kM/4. Ompenenute KO3((QUIMEHT CONPOTHBICHHUS JIBUKECHUIO, €CIH TEIUIOBO3 PpPa3BHUBACT
noJje3Hyr MoHocTh N= 882 - 10° Br.

13. Nmmynbce Tena paBeH § Kr m/c, a kuHetndeckas sHeprust 16 Jx. Onpenenure Maccy U CKOpOCTh
Tena.

14. Canu maccoit 60 Kr, CKaTUBILIUCH C FOPBI, IPOEXaIH 110 TOPU3OHTAIIBHOMY y4YacTKy goporu 20
M. Haiinure paGoty cuinsl Tpenus, ecian = 0,02.

15. TlogbeMHBIN KpaH C ABUTaTEIeM MOIIHOCTHIO 8§ KBT mogHUMaeT rpy3 ¢ MOCTOSIHHOW CKOPOCTHIO
6 M/mMuH. KakoBa macca rpysa?

16. Kakasi pabora coBepiiaercs Ha THAPOCTAHIMU B TEUEHUE TOJAa, €CIH CPEAHsIST MOIIHOCTb
reHeparopa pasHa 2,5 MBT?

17. Yenosek maccoii 70 Kr cryckaercst 1o JiecTHuIle aiauHoi 20 M, pacronokeHHo# noja yriaom 30°
K ropu3oHTy. Haiinure paboTy CHIIbI TSXKECTH.

18. Briuuciure paboTy CUiIbl YIPYTOCTH IIPU U3MEHEHHUH Je(popMaliuy Npy>KUHBI )KeCTKOCThI0 200
H/Morx: =2cMmgoxz2 =6 cM.

dopma npeacTrabiieHus pe3yJbTara:
BbInonHuTE 3a/1aHue B TETpaau s MPaKTHYECKUX padoT.
Kpurtepuu onenkmn:
3a mpaBUIIBHO BBINIOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENbHAs OlleHKa — 1 Oasu.
3a HelpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIaTeNbHas olieHKka — () 6anoB.
Oyenxa «omauunoy evicmagnsemca 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89% mnpaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «Heyoosnemeopumenvhoy svicmasnsemcs 3a Menee 60% MnpaBUIbHBIX OTBETOB

Tema 3.1 OcHOBBI MOJIEKY/ISIPHO-KHHETHYECKOH TeopHu

IIpakTyeckoe 3ansaTue Ne6

Pemenue 3agau nmo reme «OcnoBbl MKT» . Penienne 3a1a4 Ha ypaBHeHHe COCTOSTHUS
H1eATbHOI0 ra3ay

Heapb: 3akpenuTh YMEHUS M HaBBIKM BBIUMCICHUS MapaMeTPOB COCTOSHUS Trasza, HCIOIb3Ys
ra3oBbl€ 3aKOHBI U ypaBHeHHEe MenneneeBa - KnaiinepoHa.

Boinosinenue padoTsl cnocodcTByeT GOPpMHUPOBAHMIO:

OK 01, OK 02, OK 03, OK 09, OK 06

MarepunanbHoe o0ecredeHue: TeTpaab I TNPaKTHUYECKUX paboOT, pydka, METOJIUYECKHE
PEKOMEHIALlH 110 BBIIOJIHEHUIO Pa0OTHI, JIMHEHKa, KapaH Jarll.

Yka3anme: [IpakTrueckas paboTa COCTOUT U3 ABYX YacTe — TEOPETUYECKOM M MPaKTUYECKOM.
ITocne n3y4eHns TeopeTHYECKOro MaTepruasa MOKHO IPUCTYIATh K BBHIIIOJHEHUIO IPAKTUYECKOM YacTH.
Ona coctouT W3 JBYX HW Ooyiee 3amad JJIi CaMOCTOSITEIBHOTO BBINMOJIHEHUs. He 3a0biBaiiTe o
NpaBUIBLHOM O(GOpPMIICHHH pelieHus. Ha BBINOJIHEHHE MPAKTUYECKONH OTBOIMTCS JIBAa aKaJIEMHUECKUX
yaca. [Topsnok BeinonHeHus paboThI

Ilopsinok BbINOJHEHHs padOTHI:

1. PaccMoTpuTe TEOpEeTHYECKHMU MaTepHasl M0 TeME W MPUMEPHI perieHus 3a1ad (CMOTpH
METOAMYECKOE IIOCOOHE).
2. Pemmure camocTosTenbHy0 padoty. Odopmute penieHrne MMCbMEHHO B TETPAIH.
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1. TeopeTnueckasi 4acTh

I[HSI XapPaKTCPUCTUKU COCTOSAHUA Ira3a BBOAAT CIICLHIUAJIBHBIC q)HBH‘{GCKI/IC BCJINYHNHBI, HA3bIBACMBbIC
napaMeTpaMH COCTOSIHHMS. B KadecTBe mapaMeTpoB COCTOSIHUSI BBIOMPAOT TPH BEJIWYMHBI: 00BEM
raza(V) ,remneparypy ero T° u naenenue P, npou3Boaumoe razoM Ha CTEHKH COCYZAa ,B KOTOPOM OH
3aKJIIOYCH. DTO aBJIECHHE OOBACHICTCS yIapaMH JBIKYIIUXCS MOJICKYIL.

2. [Ipumepsl pemienus 3aaay

1. B rasosom Oamtone emxocTthio 0,01 M3 Haxomutcsa ras3 mopn gasiieHueMm 20 kr/cm2 .Kakxoit

00beM 3aliMET Ta3, €CIIU ,HE M3MEHSS €ro TEMIIEPAaTyphl , OTKPHITh BEHTHIIb Oaiona? OKOHYATEILHOE
nasienue 1 xr/cm2.?

Hano: Pewenue:

Vi=0,01m" o
P=20 Krfcmz=20*0,98* l{ljof’M‘
Po=1 kr/em=0,98*10" H/m’

[To YCIIOBHHIO 3a1a41H TEMIICpATYpa ra3a HE MCHACTCH,
NO3TOMY INPOUCXOIHT U30TECPMHYCCKOC H3IMCHCHHC
COCTOAHMA T'a3a. HC]’[OHBE}HI 3dKOH BOﬁﬂH—MapHOTTa
p1Vi=p2Vz2 Haxomum Vo= p1Vi/pa.
Va-? Brraucnenms: Vo= 20%0,98%10°*0,01/0,98*10°=0,2(m”)
Omeem: V2= 0,2 v

2. T'a3 wm3oTepMHMUecKH CKaT OT mepBoHavainbHOro oovema 0,15 m 3 go obwvema 0,10 m 3
JlaBienue ero mpu 3TOM MOBBICHIIOCH Ha 2 Kr/cM2 . KakoBo niepBOHaYaIbHOE JIaBJICHHE ra3a’?

Mano: Pewenue:

‘3'/'1=[],15}\.»13 ITo 3axony boiitna-Mapuorra P1V1=P;V2. Ho p=p1+ Ap,
V3=U,10M3 noaromy p1Vi=(P; +A P)V;, otkyna Py = AP*V2/V-Vo;
AP=2 kr/em™=2*0,98*10"n/m"  P;=2*0,98*10°*0,10/0,15-0,10 = 3,9*10° (H/m")

P]Z?

Omeem: P,= 3,9*10°1a.

3. Kak Benuko armocdepHoe JaBieHHE, €ClO MpH UIMHE PTYTHOro cTojouka 12,5¢cM B TOHKOM
TpyOKe JUIMHA CTOJIOMKA BO3yXa B IEPBOM IOJIOKEHUE 7CM,a BO BTOPOM — 5 cM?

Hano: Pewenue:

h=12.5¢em B nepeom cnydae nasnenue Bozayxa BHyTpH TpyOku P1=Psmy-h. Bo Bropom

1,=Tcem ciy4dae pa=panth. [lo 3axony boiina-Mapuorra P, V,=P,V, rge V,=SL,,
I,=5cm V,=SL,. Torna (parm-h)=(parith)SLs, oTKYAA Pary=h(L1+L2)/L;-L;

Pur =12,5%12/2=T75(cm pr cT).
Paru=? Omeem: Py = 75 cm pT CT.

4. CxaTbeli BO3yX MOAAacTCA B Ira3roJIbACP oobemom Sm3 . 3a kakoe BpEMs €T0 HaKa4arOT OO

naBiieHus 7 Kr/cM2, ecid Kommpeccop BcacbiBaeT 5,5 M 3 armocgepHOro BO3[yXa B MUHYTY IpHU
nasneHuu 1 kr/cm2 ? TemnepaTypy cUMTaTh MOCTOSTHHOM.

Hano:

Vy=5Mm"

P,=7kr/cM =7%0,98*10°u/m"
V=550 Mun=1,1/12m"/c
P,=1 kr/em’=0,98*10°1/m°

Pewenue:

Jlna HakaunBaHus BO3/yXa B rasrosjaep 10 aasineHus Py
komnpeccop pabotaer B TeueHne BpeMenu t. Oosem
3acaceiBaemoro sosayxa V'1=V, npu nasnenue p;. Korna
BO3/1yX HAKauaay B rasrojbAep, OH 3aHs 00sem V; u ero

nasyieHne ctano p,. Ha ocnoBanuu 3axona boiins-Mapuotra
PIV‘|=P2V2 HIJTH P1V1t1=P2V2 » OTKYIa tl=P2V2fP1VL
t=7%0,98*10°*5%12/0,98010°*1,1=380(c).
Omeem: t = 380 c.

t-7
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5. OtkpelTas cTekiIsiHHas TpyOka ummHOI0 40 CM HamoJOBHMHY TNOrpykeHa B pTyTh. Korma
BEPXHHI KOHEI TPyOKH 3aKpbUIM U MOJHSIM €€ 10 YPOBHS PTYTH B COCYyJI€, TO BBICOTA YPOBHSI PTYTH B
TpyOKe okazanack paBHOM 15 cMm. KakoBo atMocdepHoe naBiieHre BO BpeMsi OIbITa?

Hano: Pewenue:
=40 cm Mo 3akony boiins-Mapuorra P,V ,=P,V; rne p,=H-pasnoe armochepromy
li-15¢cm  naBnmeHMe BO3AYXa HAJ PTYTHIO A0 3aKpuITHs oTBepceTHs, a V=L/2S8-ero o0beMm;
P = P-l, V,=(L-L,)S-co0TBETCTBEHHO AaBICHHE H 00BEM BO3AYXa HAZ PTYTBIO
H-? MOCJIE TOrO, KaK €€ 3aKPbUIH U NOJHSIN 10 YPOBHA PTYTH B cocyae. B npeasigyume
Beipaskenus P,V ,=P,V;emecro PP, V| V; noacrasum ux sHavenus:
HL/2S=(H-L,)L-L,)s. Orcrona H=21,(1-1,)/1-21; H=30*25/10=75(c™m pT cT).
Omeem: 75 cm PpT CT.
CamocrosiTeibHast padoTa
BapuanTt 1
1. HagepTure rpadmku M30TCPMUICCKOT0, H300apHOTO M M30XOPHOTO TPOIIECCOB B KOOPIMHATAX
PuV;PuT,TuV.
2. neanbHbIi ra3 cHavaga W300apHO PACHIMPHWIIH, a 3aTEM W30TEPMHUYECKU CHKAIU JI0 MPEKHETO
obwema. M3o0pa3ute 3Tu npouecchl B koopaunatax Pu V; Pu T; Vu T.
3. B cocyne naxoaurcss m=14 kr azora npu T=300 K u naBnenun p = 8,3*%104 I1a. Onpenenute
o0wvem V cocyna.
4. Ilpu ckaTuu HEM3MEHHOTO KOJIMYECTBA HICAILHOTO ra3a 00beM YMEHBINWICS B 2 pasa, a
TeMIlepaTypa yBeauymiach B 2 paza. Onpenenure, Kak U3MEHUIIOCH JJaBJICHUE Ta3a.

Bapmuanr 2
1. Ha puc.1

p
& \ T, < T

S

11

>

M300paXkeHbl JIB€ U30TEPMBbI OJHOM M TOM ke Macchl raza. Uem OTIMYAIOTCSl COCTOSIHUE Ta3oB,
€CIIN Ta3bl OJMHAKOBble? UeM oTiMuaroTcs rasbl, €CIM TEMIIEpaTypbl T'a30B OJMHAKOBBIE? YKa3aHME:
BOCIIOJIB3YyHTECH YpaBHeHHEM Knaneiipona-MeHieneesa.

2. WpeanpHbIl ra3 cHayajga HarpeBajics IPHU IIOCTOSHHOM J[aBJIEHUM, IIOTOM €ro JaBJI€HUE
YMEHBIIATIOCH TP MOCTOSHHOM 00beMe, 3aTeM IPU MTOCTOSHHOM TeMIiepaTtype o0beM raza yMeHbIIUIICS
710 IepBOHavYabHOro 3HaueHus. [loctpouts rpaduk B koopauHaTHBIX ocsix V-T.

3. B cocyne Bmectumocthio V=0,83 M 3 HaxoauTcsa m=2 Kr a3oTa npu jaasieHuu p = 2*105 Ila.
Omnpenenure Temnepatypy T azora.

4. Temneparypa V1=2 moinb Kuciopojaa ,Haxozmsuierocs B cocyzae, pasHa T1=300 K. Onpenenure

temrneparypy T2 Bogopoaa, HaXOASIIETOCs B COCYJE€ TOM € BMECTMMOCTHU MpPU TOW K€ JIABJICHUU,
B3SITOr0 B KOJIMUECTBE V2=2 MOJIb.

dopma npeacTaBjieHus pe3yabTara:
BoinonuuTh 3amaHue B TETpaaM Uil MPAKTUYECKUX paldoT.
Kpurtepun onenkmn:
3a npaBUIILHO BBIMOJIHEHHOE 33JaHHUE BBICTABIISIETCS MOJIOKUTENbHAS OlleHKa — 1 Oa.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISCTCS OTpUIAaTEIbHAs olleHKa — () OaoB.
Oyenka «omauunoy evicmasnsiemcs 3a 90 —100% npaBUIbHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89% npaBUIBHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «Heyooe1emeopumenbHoy svicmasisemcs 3a menee 60% npaBUIIbHBIX OTBETOB
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Tema 3.2. OcHOBbI TepMOAUHAMHUKHU. TenjioBbie MAIIMHBI.

IIpakTuyeckoe 3ansaTue Ne7

Pemenne 3apa4 no reme «OCHOBbI TEPMOJAMHAMMKH.
«3akoHbl TepMoanHaMuKu. [IpuMeHeHHe MepBOro Hayajaa TePMOJAMHAMHUKHU K H30MpPoOLeccaM.
KII TenjioBbIX ABUTaTEJI€i»

Ieb: 3akpenuTh YMEHUS U HABBIKM PELICHU 33/1a4 HA IepBOE Hadano TepmoauHamMuky u KII/]
TEIJIOBOTO JABUTATEIIA.

BoinosiHeHue padoTsl cnocodcTBYeT (PDOPMHUPOBAHUIO:

OK 01, OK 02, OK 03, OK 09, OK 06

MarepuanbHoe o0ecriedeHHe: TETpaab s MPAKTHUYECKUX paboOT, pydka, METOJIUYECKUE
PEKOMEH/IAIMH TI0 BBITIOJTHEHHUIO pa0OTHI, IMHEHKA, KapaHIaIll.

Yka3anmue: [Ipaktrueckas pabota cOCTOUT U3 ABYX YAaCTe — TEOPETUUYECKOM M MPAKTUYECKOU.
[Tocne u3ydeHus: TEOPETUYECKOTO MaTepraia MOKHO MPUCTYNATh K BBHITTOJIHEHUIO TPAKTUYECKON YacTH.
Ona coctouT W3 AByX U Oojee 3amad Juisi CaMOCTOSITENILHOTO BbINONHEeHUsA. He 3a0biBaiite o
npaBUIbHOM o(opmieHuu pemieHus. Ha BbIMOTHEHUE MPAKTUYECKON OTBOAMTCS JIBa aKaJIEMHYECKUX
yaca.

IMopsiiok BbINOJIHEHUS PA0OTHI:

1. PaccMmoTpute TeopeTMdyeckuil MaTepuad MO TEeME€ M NpUMEphl pelieHus 3a7ad (CMOTpHU
METOANYECKOE IIOCOOUE).
2. Pemute camocTosTensHyo paboty. Odopmure pemieHne TMCbMEHHO B TETPAIH.

Kpamxue meopemuueckue ceedenusn:

OCHOBY TEPMOAMHAMUKH COCTABJISIIOT 1BA 3aKOHA (MJIM HA4aJjia).

IlepBoe Hauyano0 TepMoAMHAMHUKM: lI3MeHeHHEe BHYTpPEHHEW HSHEPruM Teja PaBHO PAa3HOCTH
COOOIIEHHOT0 TeTy KOJIMYECTBa TEMJIOThl U MPOU3BEACHHON HaJ HUM MeXaHu4eckoil pabotsl AU=Q+A,
AU- u3menenune BHyTpeHHei sueprun, [AU] = JIx, A-pabota BHemHux cui (wim raza), [A] = JIx, Q-
KOJIMYECTBO TEIIOTHI, [Q]= JIx.

1) AU=3/2*m/M*R*TA-u3meHeHne BHYTpeHHEHl »sHepruum i ojgHoaTomHoro rasza (He)
AU=5/2*m/M*R*AT-u3mMenenne BHYTpeHHeW SHeprum Juig jAByxaromHoro raza (02, H2, N2)
AU=7/2*m/M*R*AT-BHyTpeHHsIsl sHeprus i Tpex U 0osiee aToMHOro raza (CO2)

2) AZP(V2—V1), A>0, ecnu paborta raza, A<0, ecnu pabota BHemHuX cui. 3) KomnuuectBo
TEIIOThI, HEOOXOAUMOTO (BBIACISIEMOro) A HarpeBanus (mpu oxiaxkaeHun) tena Q=c*m(T2-T1), rae
C-yZelibHas TEIUIOEMKOCTh BEIlleCTBa

KonuyectBo TemiaoTel mpH IulaBieHUH (Kpuctamauzamuu): Q=A*m, rae A-yJenbHas TermjoTa
nmnaBieHus. KomnuecTBo TermmoTsl mpu mapoobpazoBanuu (koHaeHcanuu): Q=L*m, roe L-yaenpHas
TEIUIOTa NapooOpa30BaHuUsI.

IIpuMeHeHne MNepBOro 3aKOHA TEPMOAMHAMHKH K mu3ompoueccam 1. HM3orepmuueckuit
nporecc: T=const, u3mensercs ooveM (V) u nasnenue (P). [TockonbKy TemnepaTypa He U3MEHSETCs, He
MU3MEHSETCS U €ro BHYTpeHHss sHeprus, T.e. AU=0, Torga Q=A.

2. W3oxopublii mporecc. O0beM rasa OCTaeTCsl NOCTOSHHBIM, MEHSIOTCSI €ro JaBlIeHHE U
TeMneparypa, 3HauuT A=0, Torna Q=AU.

3. H3o0apublii mponecc. JlaBiaeHue ocTaeTcs IOCTOSIHHBIM, HW3MEHSIOTCS €ro o0beM H
temneparypa. Q=AU+A'.

4. AnnabaTHBIN mporiece — Mpoliecc, MPOUCXOAIIIN 06€3 TeMI000MeHa ¢ OKPYKAIOIIUMHU TEIAMHU.
AU=A' . TemnoBoil mBMraTeldb NPEICTABISET CcOOOM YCTPOICTBO, MPEBPAIIAIONICE BHYTPEHHIOIO
SHEPIHUIO TOIUIMBA B MEXaHHUYECKYIO.

Kosddunuent nonesnoro neiictBus (KILJ): n=QH-QX/QH*100%, nmn n=A/Qu*100%, rae
A=Qu-Qx KIIJ wuneanpHoii TteroBoil MamuHbl: N=TH-Tx/Tu*100%, rme TH - Temmeparypa
HarpeBatens U TX — X0JIOAUIIbHUKA.

2. IIpumepsl pelieHus 3a1a4

BuyTpenHsisi 3Heprus

29



1. Omnpenenure CpeAHIO KUHETUUYECKYIO 3HEpruto <E> MOJIeKyJbl KUCIOpOAa, HaXOISIIerocs
npu temneparype t=17°C.

Hano: Pewenue:

T=(17+273) K=290 K 'V 1Byxatomnoii MOMeKy/bI KHCTOPOAA YUCNO CTENEHEi CBOOOHEI
=) [=35. Cpennss kusernyeckas suepris monekynsl <E>=12kT,
k=138*10"LwK  <E>=52%138*10° Lw/K*290 = 1*10° ]I

<E>-? Omsem: 1¥10 [l

2. OnpezpenuTe CpenHIO KWHETUYECKYIO SHEPTUIO BPALIATEIFHOTO JBHMKEHHUS BCEX MOJIEKYII,
coJiepkamxcs B m=4 r kuciopoza npu remmneparype t=17°C

Jano: Pewenue:

m=4r=4*10"kr BpamarensHOMY ABHKEHHIO BYXATOMHOI MOJIEKY/IBI IPHITHCHIBAIOT
M=32*10"kr/Mons 1B CTemeHH cBOGO/EL T.¢. i=2. JHEPris BPAIIATEILHOTO IBHKEHHS
T=(174273)K=290K  oxnoii monexynsl kucnopoaa <Ey> =12kT=kT. Cpennss

N,=6,02¥10"Moms"  KiHeTHueCKas IHEPTHA BPAATELHOTO BHKEHHS BCEX MOTEKY!T
k=1.38*10" /K <Eyp>=n<E,>=nkT, re n-uncno monexyn:n=vNy (1)
<Egp>-7 Yueno moneii v=m/M, nosromy n=m/MN, (2). [loacrasum(2) u (1),

nonydum <E>=m/N,kT, umm <E>=m/MRT, Tak kak N k =R, rze
R=8,31/lx/(monb*K).
<Eap>=4*107kr*6,02* 10" moms ™" *1,38% 10 [Lw/K*290K/32* 10" kr/mons=301 [k, mmm
<E>=4*10"kr*8 3 1 [/ (monp*K)*290K/32*1 0~ kr/mon=301 1.
Omeem: 3011k

3. B xanopumerpe cMeIMBAaIOTCS TPU XUMHUYECKH HE B3aMMOJIECUCTBYIOUIME JKUJIKOCTH MaccaMu
ml=1 xr m2=10 xr m3=5 kr,uMeronme COOTBETCTBEHHO TemnepaTypsl t1=6°C, t2=-40°C, t3= 60°C u
yaenpHble TerioeMkoctd 2000 JDx/(xr*K). Onpenenure Ttemneparypy cmecu ® u temioty Q
HE00XO0IMMYIO JUIs MOCTEyIOIIero HarpeBanus cMecH Jo t=6°C.

Jano: Pewenue:

my=1kr U3 ypaBHeHus TeruioBoro GanaHca crieayert, 4Tto anrebpandeckas
mo=10kr CYMMa TIOJIYYE€HHBIX W OTAAHHBIX JKHIKOCTAMH KOJIMYECTB TEMJIOTEI
m3=5Kr paBHa Hymo: mc; (0-T1) + mac2(©-T2) + m3c3(©-T3) =0
T1=(6+273)K=279K Pewns 310 ypaBHeHHE OTHOCHTENBHO O ,mOTy4HM:

T3=(—4U+273]K=233K B=m;c;Ti+mocaT7 +mac3Tz/mci+m cxtmscs
Ts=(60+273)K=333K  UYroOsl HarpeTs cMech a0 Temnepatypsl T, HeoOxoauMo Teniora:
¢1=2000]/1x/(kr*K) Q=mc1(T-0)+maca(T-O)+mscs(T-O)=(m;c;+macatmsc; )(T-0)
c2=4000]/[x(xkr*K) O=1kr*200/x/xr K*279K+10kr*4000)bx/xr K*¥233K+5xr*2000
¢3=2000/x(xkr*K) Ji/kr K*333K/1xkr*2000/x/kr K+10xr*4000m%/kxrK+5xr*2000
T=(6+273)K=279K Jh/wr K=254 K
-7 Q-?
Q=[2000]Tx/(xr*K)* 1 kr+40001x/(kr*K)* 1 0xr+ 2000 T/ (kr* K)*Skr]
*(279-254)K=1.3*10" =1.3 MJIx
Omeem: 1.3 M]1x

IlepBoe HaYaI0 TEPMOTUHAMUKH

1. Bomopon maccoii 4r,3aHuMasi mepBoHadanbHbeIi 00beM V1=0,1M3 ,pacmupsiercs 10 o0bema
V2=Im3 . Ompenenute: 1) Al-pabory raza mpu uzobapHOM mporecce, 2) A2-pabory raza mpu
n3oTepmuyeckom mnpoiecce. Hauansnas temneparypa raza T1=300K.
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Jano: Pewenue:

m=4r=4*10"r 1) pn u3obaprom paciumpenny (pj=const) ra3 copepiaet padoty
V=0, 1’ A=pi(Va-Vi) (1)
Vo=In’ Jasnenne raza onpenenseM 13 ypastenns Knaneitpona-Menneneesa:

M=2*10kr/monn PVi=m/MRT, otciona pi=m/M*RT,/V,(2)
R=8,31mx(mons*K) [oacrasum dopmyny(2) B (1)momyunm: Ai=m/M*RT,/V,(V..V)) (3).

T=300K 2) [Ipn n30TepMHUYIECKOM PACIIMPEHHE ra3 coBepuIaeT paboTy
Ay? Am/MRT InVo/V; (4) (In10=2,3)
A7 Briumcnenns:

1) A=4*107kr*8,3 Lo/ (moms*k)* 300K/2* 107 kr/moms*0, I (In*-0, 1’ )=4.5% 10* I
2) Ay=4*107kr/2* 107 kr/mo6*8,3 lﬂ)lff(MOﬂb*K}*erOK*InlM}fo,1M}=1 1,5%10° [Tx.
Omeem: Aj=4,5%10*k, A= 11,5%10°x

2. Onpenenure u3MeHeHue BHyTpeHHel sHeprun AU Jiba Maccoi m=5 KI' B MPOIIECCE €ro TastHUs
(T1aBiI€HMS ) TP HOPMATIBHBIX YCIOBHSIX.

Hano: Pewenue:
m=5 Kr W3menenne BHYTpEHHEH SHEPruu U3 NEPBOro 3aKOHA TEPMOAUHAMHKH:
A=3,35*10" /kr Q=AU+A. Otcroga AU=Q-A. JIna Tasuus veobxoauma temnota Q=Q,, =
Pe=1,01%* 10°T1a Am, A-yzenbHas TennoTa nnasneHns. Macca oGpa3soasuieiics Bobl myo,
T=273K Oyner paBna macce nbaa m. O0beMm Boasl V; oOpazoBasuumiicst U3 bja
|:|_T=0,‘3”"103[{n’t\.13 V1, Gyzer MeHbl1e, Tak Kak MI0THOCTb BOJIBI Pio OOMBIIE MJIOTHOCTH JIb/1d
pr20=10"kr/M’ ps. Ilpu nnasnenun nbaa cosepuaerces padota A=po( V2. Vi).

Yunteieas, uto p=m/V,onpenensem V=puo; Vi=m/p, Cnenosarensho,
AU-? A=po(m/pr20-m/pn)=Po m(ps-pr20/papr20) Beruncnenns:

Q=3,35*10" m/xr*5xr=1,7%10°JIx.
A=101*10TTa*5kr*0.9* 10 kr/a-10*kr/m*/0,9% 10°kr/v 10°kr/v’=-55]Tx
AU=1,7*10° Ix-(-551x)=1,7*10° [k

Omeaem: 1,7%10°[Ix

Xo0/10AH/IbHAs MALIMHA

1. Temmneparypa HarpeBarens wuzaeanbHod TeroBoil wmamumHel TH=500 K,Temneparypa
xonogunbHuKa Tx=300 K. Onpenenure KIIJ TerioBoil MamuHbl 1 U TewioTy Q H, MOJIYYEHHYIO OT
HarpeBaressl, €Clii 3a OJMH LUK MalinHa coBepiiaet padoty A=400 [Ix.

Jano: Pewenue:

T:=500K Kos(uument none3soro ACHCTBHA TEMI0BOI MALIMHEI ONPEAEIAETCA 110

T=300K hopmyne : =Tu-Tx/Tu (1) nma n=A/ Qu (2).

A=400]1x U3 gopmynet 2 cneayer, uto Q=AM

n-? Qu-? Beryucnenns: n=500K-300K/500K=0.4; Qu=400/1x/0,4=1000/Tx=1xIx.
Omeem: = 0,4; Qu= 1x/Ix.

2. CamocToniTeIbHAs padoTa
Bapmuanr 1
1. dns nzobapuoro HarpeBanus 800 moinpb raza Ha 500 K emy coobmmmu 9,4 MJIx TenioThI.

Omnpenenure paboTy ra3a U U3SMEHEHHE €T0 BHYTPEHHEH SHEPTUH.

2. OmHOATOMHBIN HeaTbHBIN Ta3 Macco 20 T MpU pacmIMpeHuH 0e3 TEII00OMEHa COBEPIIUI
paboty 249 Jx. Ha ckonbpKko rpaycoB U3MEHHIACH TeMIiepaTypa raza?

3. KakoBa BHyTpeHHss dHeprusa 20 MoJib OTHOATOMHOTO Ta3a npu 37°C?

4. Azot maccoii 280 T Ob11 HarpeT npu nocrostHHoM nasienuu Ha 100 K. Onpenenure paborty,
KOTOPYIO COBEpILIAET T'a3 MPHU PaCHIMPEHUH.

5. WpeanbHplil ra3 CHavajla OXJIAKIAJICA IMPU ITOCTOSHHOM [JAaBJIIEHUM, MOTOM €ro JaBJICHUE
YBEJIMUYMBAJIOCh MpPU TOCTOSHHOM OOBEMe, 3aTeM Ipu I[OCTOSHHOM TemmepaType oObeMa rasa
YBEHUUIICS JI0 IEPBOHAYATBHOTO 3HaueHus. HapucoBarth rpaduk B koopauHaTHBIX ocsx V-T.
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6. Eciiu uneanbHbI ra3 noiay4yust koaudecTBo TemioTsl 100 [k, ¥ npu 3TOM BHYTPEHHSS SHEPrus
ra3a ysenunumiach Ha 100 Ik, To ra3 B 3TOM MpoIiecce Kakyr paboTy COBEPIIHII?

7. Temnepatypa xonoauibHuka TeroBoi MamuHbl 400 K, temneparypa Harpesarenst Ha 200 K
Oombliie, 4eM y XxonoauiabHuka. Haiitn makcuMansHo Bo3MOxHBIA KIT/I mammHbL.

Bapuanr 2

1. Kak 1 Ha CKOJIbKO M3MEHUJIacCh BHYTPEHHSS SHEPTUs Ta3a, €ClM MpH ero aauadaTHOM CKaTHH
HaJ HUM ObLa coBepiieHa padora 200 [Ix.

2. Kakyto paboTy coBepIni HiealbHbI OJHOATOMHBIM ra3 W Kak MPHU 3TOM H3MEHWJIACh €ro
BHYTPEHHSIS SHEPTUsi NMPU H300apHOM HarpeBaHwM JBYX Mojei raza Ha 50 K? Kakoe kommdectBo
TEIUIOTHI MOJIYYrJI ra3 B MPOLECCe TeroooMeHa?

3. Ilpu agmabGaTHOM pacmIMpeHUH BoO3ayxa Obuta coBepmieHa pabdorta 200 k. Yemy paBHO
M3MEHEHNE BHYTPEHHEHN dHEpruu Bo3ayxa?

4. VneanpHblil Ta3 HarpeBajcs MPH MOCTOSHHOM JABJICHUHU, MOTOM €ro JaBJICHHUE YBEITUYMIIOCH
IIpU TOCTOSIHHOM OOBEME, 3aTeM IpU IOCTOSHHOM TeMIiiepaType [aBJE€HHE ra3a YMEHBIIMJIOCH 10
nepBoHavanbHoro. Hapucosats rpaduk B KOOpAHHATHBIX ocax P-V.

5. MneanpHblii ra3z nosyuni koaudectBo Teraotsl 300 Ik u coepiunin padory 100 Ix. [Tpu sTom
KaK U3MEHWJIACh €r0 BHYTPEHHSS SJHEPTHs?

6.Temneparypa xononunbHuka terioBoi Mamuubel 300 K, temmneparypa narpesarens Ha 300 K
0oJble, 4yeM y xoloauabHuKa. Yemy paBeH MakcumalbHO Bo3MoKHBIH KIIJ] TermnoBoii Marmiab1?

7. UeMy paBHa BHYTPEHHsISI SJHEPIHsl 5 MOJIb OJHOATOMHOI'O MJEAIbHOTO Ta3a Mpu TeMIepaType
47-C?

dopma npeacTrabiieHus pe3yJbTara:

BoinonuuTh 3asaHue B TETPaaM Il MPAKTUYECKUX paboT.

Kpurtepun ounenku:
3a npaBUIIHHO BBIMOJIHEHHOE 331aHKE BHICTABIISIETCS TOJIOKUTENbHAS OIleHKa — 1 Oa.
3a HelpaBWIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIIaTeNbHas olieHKa — () 6anos.
Oyenxa «omauunoy evicmagnsiemca 3a 90 — 100% npaBuIbHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89% mnpaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «Heyoosnemeopumenvhoy svicmasnsemcs 3a Menee 60% npaBUIbHBIX OTBETOB

Tema 3.3 ArperatHblie cOCTOsIHUSI BelllecTBa U (pa3oBble Mepexoabl

IIpakTyeckoe 3ansaTue Ne8

JaBJieHne sKuaKocTell U TBepaAbIX TeJl. 3akoH [ackans.

Ienb: HayuynThCS BBIYUCIATH AABJICHUE B KUAKOCTAX M TBEpAbIX Tenax. HayunTecs nepeBoauTh
€IMHULIBI U3MEPEHHUS B Pa3IMYHbIE CUCTEMBI
Brinosinenue padorTsl cnocodocTByeT GOPMHUPOBAHNIO:
OK 01, OK 02, OK 03, OK 09, OK 06
MarepuanbHoe oOecmedeHHe: TeTpaab Ul M[PAaKTHYECKHMX pabOT, pydka, METOAMYECKHE
PEKOMEH/Ialliy 10 BBHIOJHEHHUIO pabOoThI, TMHEIKa, KapaH/aIll.
Yka3zanue: [Ipaktuueckas paboTa COCTOMT U3 JABYX YacTeil — TeopeTHueckoi u mpakrudeckoi. [Tocie
M3YYEeHHs] TEOPETUYECKOT0 MaTepHralia MO>KHO IMPUCTYNaTh K BBIMOJHEHHUIO MpakTHuueckoil yactu. OHa
COCTOMT U3 JIBYX U Oosiee 3a7ay JJIsl CaMOCTOSTEIbHOrO BbIMOIHEHUs. He 3a0biBaiiTe 0 mpaBUIbHOM
oopmienun pemenus. Ha BblnmosiHeHNE MPaKTHUECKONW OTBOJUTCA JIBA akajeMudeckux vaca. Ilopsmok
BBITIOJTHCHUS PAOOTHI
Ilopsinok BbINOJHEHHs padOTHI:
1. PaccMoTpuTe TeOpeTHMUECKHi Marepuaa 10 TeMe€ M MPUMEPhl pEImIeHHs] 3amad  (CMOTpH
METOAMYECKOE ITOCOOHE).
2. Pemmure camocTosTenbHyt0 padoty. Odopmute penieHrne MMCbMEHHO B TETPAIH.

Kpamkue meopemu4ecKkue cee0eHus:
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JaBnenue. Atmocdepnoe nasijenue. 3akoH [lackaus. 3akon Apxumena

BCJ'II/ILII/IHa, paBHasd OTHOLICHUIO CHIIBI, ,Z[CI\/'ICTB}’IOH_[CI‘/'I NEPNCHAUKYJIIPHO IIOBEPXHOCTH, K IIJIOIIAaU

ITOM TOBEPXHOCTH, Ha3bIBaeTCs Oasrenuem. OO03HauaeTcss OykBoi wiavPu u3MepsieTcss B MacKaysix
(ITa). PaccuutsiBaetcs mo ¢popmyiie

_F
P=3

Ammocgeproe Oaerenue — 3TO JaBIEHUE BCEH TONIIM BO3AyXa Ha 3eMHYIO MOBEPXHOCTb M TeJa,
HaxoJsImuecs Ha Hell. ATMochepHOe aBiieHre, paBHOE JABJICHHUIO CTOJI0a PTYTH BbIcOTOH 760MM mpu

temnepatypeD°C, nazpiBaeTca HopManbHBIM aTMOC(hEPHBIM JaBIEHHEM.
HopmanpsHoe atmocdeproe gaBnenne pasuo 101300 ITa = 1013 rlla.
Kaxapie 12 M naBnenue ymeHnsinaercs Ha 1MM. pt. cT. (wnu Ha 1,33 rlla)

3akon Ilackans: oaenenue, npouzsooumoe Ha HCUOKOCMb UMU 2a3, nepedaemcs 6 a0yI0 MOUKY
00UHAKOBO B0 8CEX HANPABTICHUSIX.

3akoH ApxuMmena: Ha TeJo, MOrPYy)KEHHOE B JKMJIKOCTh (WIM ra3, WIM IUla3My), AEHCTBYeT
BBITAJIKUBAIOIIAs cUila (Ha3blBaeMasi CUJIOH Apxumena)

iy 5

Fy=-pg
r7ie p — IJIOTHOCTb KUAKOCTH (Taza),

— YCKOpEHHE CBOOOJHOTO mMmajeHus, a V — 00béM morpykE€HHOro Tena (WM 4acTh oO0bEMa Tena,
HaXOJIIascs HIKe MOBEPXHOCTH). BrlTankuBaromias cuia (Ha3biBaeMasi Takke apXUMEJOBOW CHUIION)
paBHa MO MOIyJ0 (M TMPOTHBOIIOJIOKHA IO HAIPABJICHUIO) CHJIE TSHKECTH, JICWCTBOBABIICH Ha
BBITECHEHHBIH TeJIoM 00beM KHJIKOCTH (ra3a), U MPHUIIOKEeHa K EHTPY TsHKECTH 3TOTO 00beMa.

CrnenyeT 3aMETHTb, YTO TEJO JOJKHO OBITH MOJTHOCTBIO OKPYXEHO KHMJKOCThIO (JINOO mepeceKarbes
MOBEPXHOCTBIO KHUJAKOCTH). Tak, Hampumep, 3aKOH Apxumesa Helb3s NPUMEHUTh K KyOMKY, KOTOPBIH
JIKUT Ha JHE pe3epByapa, TePMETHYHO KacasiCh JHA.

Coobmaromuecst cocyabl

TIOEE[IHIOCTE
payiETa

PaccmotpuM cooOmmaromuecss cOCyAbl, 3alOJHEHHbIE HECMENIMBAIOIUMHUCS KHIKOCTSIMU C pa3HOU

IUIOTHOCTBIO. JUJISI KaKIIOM JKHUJIKOCTH B OTHEIBHOCTH CHPABEIIMBO YPaBHEHUE Py =P +p 8 'h.
Hcnonw3yeM ero ajis onpeaesneHus BICOT cToi00B hi u ha. PaccMoTpum ciydaid, koraa Ha cBOOOIHOM
MMOBEPXHOCTHU KUJAKOCTEH JaBJIEHUSI OJIMHAKOBBI M PaBHBI po . Tak Kak BCE TOUKU MOBEPXHOCTH pazjiesa
MIPUHAJICKAT OJHOPOIHOM JKUIKOCTH, TO ATa MOBEPXHOCTh SBJISICTCS OJHOBPEMEHHO W TTOBEPXHOCTHIO
PaBHOTO JaBJICHUSI.

HpuHuun padéoThl NPOCTEHIIUX TMAPABINYECKUX MALIMH
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To ob6cToATeNnbCTBO, UTO KUAKOCTH OYAyUH MPAKTHUECKH HEC)KUMAEMbIM M, PABHOMEPHO MEpeIaroT 1o
BCEMY CBOEMY O00bEMY BHEIIHEE JaBJIEHUE, IIUPOKO UCHOIb3YETCS B PA3JIMYHBIX OTPACIAX TEXHUKHU (B
TUJIPONIPUBO/IAaX, THIPOABTOMATUKE, IMAPABIMYECKUX TOPMO3aX U YCHJIMTEISAX U T.I.). ITO CBOMCTBO
KHUJIKOCTH Takxke 3()(EeKTHBHO NPUMEHSAIOT B TaKUX MPOCTEHIIMX MallMHAX, KaK TUApaBINYECKHE
JOMKpaThl (ObEMHHUKHN) U IIPECCHI.

[MpuHIMn UX paboTHl OCHOBAH Ha CIIEAYIOIIEM: HUMEIOTCS JBA COOOMIAOIIMXCI MEXILY COOOM LIUIUHIPA
pasHoro jauamerpa Ilpuiaras K MOPIIHIO MEHBIIETO W3 IWJIHHIAPOB KAaKyO-TO BHEIIHIOK CHIY Pi, MBI
P
_5
P1 _s_
TEM CaMBIM CO3Ja€M Ha IOBEPXHOCTU KUAKOCTH B 3TOM LWIMHIPE AaBJIEHUE 1 | KoTOpO€
PaBHOMEPHO IEPENACTCSA BO BCE TOYKH IPOCTPAHCTBA, 3alI0JHEHHOIO HMIKOCTHIO. Toraa Ha MOpIIeHb

Oosblero U3 MWIMHAPOB (0e3 ydera moTeph) OyIeT AeCTBOBATH MOABEMHAs Cuia P, =pis; 1501051

s
P, =P S_z
1, Takum o0Opa3zom, 4em OOJIbIIe Pa3HATHCS MEXKIY COOOH IUIONIANN MOMEPEYHOTO CEUCHUS
WIMHAPOB, TeM OOJIBIIYIO (IOJbEMHYI0, CKMMAIOIIYIO, IEPEMEINAIONIYI0) CHITy MBI TIOJIy4aeM B TaKUX
TUAPABINYECKUX YCTPONUCTBAX.

BennuuHa cuibl BECOBOIO JaBICHUS KUAKOCTU HA THO PE3EpBYyapa 3aBUCHUT TOJIBKO OT IUIOTHOCTH 3TOU
KHUJIKOCTH, TUIOIIAIN JTHA U TIyOMHBI €ro MOrpyKeHHs 1oj cBOOOHOM moBepxHocThiO. [Ipu 3TOM Bec
KUJKOCTH, HAJIUTOM B COCYZ, MOXKET OTJIMYAThCA OT CHJIBI JABJICHHs, OKa3bIBAEMOI'O €10 Ha JHO, T.C.
CWJIbI JIaBJIEHUS >KMJIKOCTH Ha JIHO pe3epByapa He 3aBUCAT OT €ro (popMbl U KOJIUYECTBA JKUJIKOCTH

P =Po +pghy. P =(pg +pghy)sy

2)

Tak B PACIIUPAOIINXCA KBEPXY COCyZaX CUJIa BCCOBOI'O HABJICHUA HA JHO MCHBIIC BCCAa KUJIKOCTHU, B
MUIMHAPUYCCKUX OHHM OJWHAKOBBI, @ B CYXHUBAIOIIHUXCA KBCPXY — CHJIa OaBJICHUSA Oonblle Beca
3aKJIIOUYCHHOM B COCy KUIAKOCTH.

Tak kak HaWJeHHas CWIA SBISETCS PABHOICHCTBYIONIEH, TO MOMHUMO €€ BEIUYHHBI HEOOXOIMMO
ONPEACIIUTh U TOUKY €€ NMPUII0KEHUS, HA3bIBAEMYIO LIEHTPOM JaBiieHUs. LIeHTp TspKecTH coBmagaer ¢
LEHTPOM [IaBJICHUS TOJBKO TOI/a, KOTJIa paccMaTpuBaeMas IUIOCKas TOBEPXHOCTh JIEKHUT B
TOPHU30HTAJILHOMU IIOCKOCTH.

ITockobKy THIPOCTATHYECKOE MABJICHHE p SIBISETCS MOJIYJIEM THAPOCTATHYECKOTO HAMPSDKCHHS
SMIOPbI HOPMAJIBHOTO THJPOCTATUYECKOTO HAMPSKEHUS MOTYT OBbITh IOCTPOEHBI C HCIIOJIb30BAaHUEM
3aBUCMMOCTH W TIPUMEHEHBI I OMNpEACNICHUS BEJIMYMHBI B JIIOOOH TOYKE paccMaTpuBaeMoOu
HOBerHOCTI/I. HpI/I 3TOM CJIGI[yCT IIOMHUTB, YTO 3TO HaHpSI)KeHI/Ie HaHpaBHeHO 110 HOpMaJII/I K I10IIaAKE
JIEUCTBUSL.

PaccMoTpuM  MOpSAAOK IOCTPOCHMST DIHIOPBl  HOPMAJIBHBIX T'MAPOCTATUYECKUX HAIPSOKEHUM Ha
BEPTUKAJIBHYIO CTEHKY , YPOBEHb JKHIKOCTH B KOTOpOM H.

34



=)
A8

7 -

T ,.% il j)gf/ N - g + JO!,?/"/
a 7] b 2

Onropvl HOPMATLHBIX 2UOPOCMAMUYLECKUX HANPANCEHUL

BHeminee ruapocTaTHUECKOE JaBlIEHUE pyg PAaBHOMEPHO IMEPeNaeTcs KHUIAKOCTBIO 110 BCEMY €€ 00BheMy.
OtnoxuB B Macmtade Ha MEPHeHIUKYJSpax K paccCMaTpuBaeMOMl IUIOCKOH CTEHKE B €€ BEpXHEeH u
HUKHEW YacTH pp W COSAWHHMB KOHIIBI BEKTOPOB MPSMOH JIMHHUEH, MOIyYUM MPSMOYTOJIBHUK-IIIOPY
HOPMAJIIbHBIX HAIPSDKCHHM, BBI3BIBAEMBIX BHEIIHHM JaBlieHHEM. 30BITOYHOE TUAPOCTATHUECKOE
JABJICHWE W3MEHSACTCS 10 TIIyOMHEe MO 3aKOHy TpsMOH, mpuiyeM OHO paBHO (O Ha CBOOOIHOI
MOBEPXHOCTH KUJKOCTH M MAaKCUMAIILHO — Y JTHA (pgH).

Takum 06pa3oM, AMIOPEI HOPMATEHOTO W30BITOYHOTO THIPOCTATUYECKOTO HAIPSDKEHUS UMEIOT (GopMy
IPSIMOYT'OJIBHOI'O TPEYTOJIbHUKA. DII0pa HOPMAJILHOTO abCOIIOTHOIO THAPOCTATUYECKOTO HAMPSHKEHUS
I0JIy4aeTCs B pe3yJIbTaTe CIOXKEHUS MPEAbIIYIIUX JBYX AIIOP U UMEET POpMYy TpaINeLHUH.

AHAJIOTUYHO CTPOSTCS JMIOPbl HOPMAIBHOTO THAPOCTATUYECKOTO HAIMPSHKEHUS B Cllydae HAKIOHHON
creHku. C TOMOIIBI0 TMOJOOHBIX DJMIOP MOXHO TpadUueckd CYMMHPOBAaTH HOPMaJIbHOE
TUAPOCTATUYECKOE HAIPSIKEHUWE MpPHU JACHCTBUU OJHOPOJIHBIX WM PA3HOPOIHBIX JKUJKOCTEH C JIBYX
CTOPOH IIOCKON CTEHKH.

C moMoIIpI0 AMIOPHl HOPMAIBHOTO THAPOCTATUYECKOTO HAMPSKEHUS MOXKET OBITh MOJICYMTAHA CHiIa
THAPOCTATUYCCKOr0 OAaBJICHHA Ha IJIOCKYIO IMOBEPXHOCTH, ITOCKOJIBKY 00BEM TaKoOM SIIOPbI YUCIICHHO
paBeH BelnuurHe 3Tol cuiibl. [IprueM cuia naBneHus Ha TUIOCKYIO MMOBEPXHOCTh MPOXOAUT Yepe3 IEHTP
TAXECTU OIIOPHI, TIIOJIOKCHHUC KOTOpOro JJIA TpaHeHCHHaHBHOﬁ OITIOPbI HOpMAJIbHOT'O
THIPOCTaTUYECKOTO HAMPSDKEHUS Ha MPSIMOYTOJBHYIO CTEHKY MOXET OBITh OMpeleleHo Trpadudecku
U 1o popmyiam.

1. IIpumepsl pemenus 3agaq
1. Ompenenuth AaBieHUE OEH3WHA HA JTHO IUCTEPHBI, €CIIM BhICOTA CTON0a OeH3wHa 2,4 M, a €ro
wioTHOCTh 710 Kr/™’.

Hawno: Pewenue:

h=24M p = pgh

p="T10 Kr/m’ p=1710 Kr/M° o 10 H/xkr« 2,4 M
g=10 H/kr p=17040 [1a= 17,04 xIla
p—1 Omeem: 17,04 xI1a

2. Kakas )uaKkocTh HaXOIUTCA B cOCyIe, eciau cToio BeicoToi 0,3 M okasbiBaeT nasiuenue 5400 Ia ?
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Hawno: Pewenue:

/’1:0,3 M . 3. _ P
p =5400 [1a e B
£= L0Hxr 5400 I1a

=1800 kr/m’

p=10 H/xr « 0,3 m

Omeem: CepHas KHCJIOTa

p—2

3. B 6omb1m0ii cocy ¢ KBaApaTHBIM JTHOM IUIOMIAAbI0 9 M2 U BepTHKAIBHBIMU CTEHKAMHU HAJIUTa BOJA
(cM. pucyHok). KakoBa BbIcOTa ypOBHs BOJBI B COCY/IE, €CIIU CUJIa €€ 1aBIeHUs Ha OOKOBYIO
IIOBEPXHOCTb COCYJ1a paBHA CUJIE AABJICHHS HA JIHO?

Hdano: |

F,=F, !

Sﬂ.:gM 1

p, = 1000 =% e }h_?
M :,_L-Z——E—?

h—7? ~—— —=-—p

PemeHnue:

Jlapienue BOAEI HA AHO cocyaa pasHo: P, =p gh.

Ilnmomanes mHa coCvIa paBHa: S = a°, TIe 4 — CTOPOHA
KBaIpaTa.

Cuna ,zllga:aﬂenna Ha AHOo cocyna pasHa: F, =P, S= p,ghaz;
F, =p.gha”.

HasreHde *KHIKOCTH Ha DOKOBYVH IMOBEPXHOCTE COCYIa

h

vOBIBaeT ¢ BeICOTOH OT /i, moaTomy B cpenHem F, = p g—.

2
ITnomans DOKOBOH IMOBEPXHOCTH COCYIA, HCIBITBIBAND-
meill naBneHEHe, paBHa: S; = 4ah, a cuna jaBneHusa Ha BOKO-

BYI0 DOBEPXHOCTE paBHa: F;, = F.S; = ng%-iah.
ITo vemoBHIO 3agadr FJnc = F, Torga pgghaz = pnggdlah.

Coxpamaa Ha p, g, h, @, Doaydaem: a = 2h, Torga h = %, HO

a=+S.

JS

Orcioga cnemgyer, uTo |k = 3 I

IlogcraBuB B hOPMYAY YHCIOBEIE JAHHBIE, MOJIVIHM:

h=N9_3_ 15,

2 2
Oreer: h=1.5 M.

4. B cocyn, umeromuii popmy mummHapa ¢ paguycom 10 cm, Hamwm 3,14 Kr MoACOTHEYHOTO Maciia
(cM. pucyHOK). OmnpenenuTs 1aBIeHHe Macia Ha JHO COCyAa.
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Hanmo: CH A
R=10cm 0,1 m ﬁ

KT
p=800 1%
P-7

Pemenmue:

HaBieHHe ;KHAKOCTH Ha JHO COCYJa PAaBHO OTHOIIEHHID
CHJIBI TAMECTH KUJKOCTH K ILTOMIaAH JHA cOCyAa.

Tak kak F = mg — cuaa TszkecTH Macaa, a S = TR’ — mio-

F

maak JHA cocyaa, moaydum: P = 5
Orcopa caepyer, gro [P = ?TR—E?
IMogcraBue B opMyIy YHCIOBBIE JaHHEIE, TOJTYUHM:

3,14 -10 10
= 2 = = 1000 Ia.
3,14-(0,1° 0,01
OrseT: P=1000 Ila.

5. B cocyne HaxomATcs OQUH 32 APYTMM TPH CJI0S1 HECMEIIMBAIOIIUXCS ) KUAKOCTEM: BOAA, MAcJIo,
PTYTh (CM. pUCYHOK). BricoTa kaxkaoro ciost 5 cM. OnpenenuTts AaBieHHe KUIKOCTEN Ha THO
cocyla u Ha rimyoune 7,5 cM.

JHano: CH
hl = h2 = h3 =5cm (0,05 ™ ::::_-_::::
h=7,5cm 0,075 m ;:¥-cto-p?.; h,
P, =1000 =5 ————
M _——

=900 EL -:-Biiﬂ- - hy
pn . M3 —_——— — —
Py =13600 ~5 —Piynp, —| r,
P-? SE—
Ph S ?

6. Konunueckas mpoOka nepeKpbIBaeT Cpasy JBa OTBEPCTHUS B INIOCKOM COCY/IE, 3aII0JIHEHHOM
xuakoctoio npu nasiaeHuu 2000 I1a (cm. pucynok). Paguyc otBepctuiit R =2 em, r =1 cm.
OnpenenuTts cuily, JEMCTBYIONIYIO Ha TIPOOKY CO CTOPOHBI KUAKOCTH.

NHauo: CH
P=20001Ia [0,02m
R=2cm 0,01 m
r=1cm

F-17
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Pemenwne:

Cuna, meficTByIOIAA HA TPOOKY B GOJBIIOM OTBEPCTHH,
pasHa: F, = PS,, rae S, — nnomaas 601BIIOr0 OTBEPCTHSA;
S, = nR*, Torpa F, = PrR*.

Cuna, gelicTByWINada Ha NPpoOKYy B MaJIOM OTBEPCTHH,
pasHa: F, = PS,, rne S; — naomanas MajJoro OTBepCcTHH;
Sy = nr?, Torna Fy= nPre.

Cuna, neficTBYIOINAA HA NPOOKY CO CTOPOHBI 3} KHAKOCTH,
pasua: F=F, — F,; F=nPR? — nPr’ = nP(R* - r°).

OTrcroga cnenyer, 4TO [F = nP(R® —r® )].

IMogcTasus B hOopMyIy YHCIOBbIE JaHHBIE, IIOJIYYAM:

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

OrTeeT: F=1,884 H.

CamocTrosiTesibHas1 padora.

1. Bo ckonbko pa3 naBieHHE BOABI Ha JHO KOoQeiHWKa Ooibllle, YeM Ha JIHO YalHWKA, eCIH
BBICOTa CTOJ10a BOJIbI B Ko(eiinuke 30 cM, a B yaitHuke — 12 cm?

2. OnpenenuTs BEICOTY YPOBHS BOJIbI B BOJIOHAIIOPHOW OaIlrHe, €ClIi MaHOMETP, YCTAaHOBJICHHBIN Y
ee OCHOBaHMs, IToka3bpiBaeT AasieHue 220 klla.

3. Bricota cronba Boxbl B cTakane 8 cM. Ha ckoibKO AaBiieHHE pTYyTH HA JHO CTakaHa ObUIO OBl
0oJbIiIe, eciii Obl PTYTh HATMIN B CTAKaH J0 TOTO ke YPOBHA?

4. Inuna axBapuyma 40 cm, mmpuna — 20 cM, Bbicota — 30 cMm (cM. pucyHok). C Kakoil cuioi
BOJIa TaBUT Ha JHO akBapuyma? Boja HIbkKe BepXHEro Kpasi akBapuyma Ha 2 cM
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5. Cocyn nmeer maccy 15 kr. Korga B Hero nosepxy nonuiau Bozsl, Macca ctana 40 kr, a korja B
ATOT € COCYJl HAJIMJIU JOBEPXY HEW3BECTHBIN pacTBOp, TO Macca cTaia paBHou 45 «kr. Onpenenutsb
JIaBJICHWE HEU3BECTHOIO pacTBOpa Ha JHO COCYJa, €CIIH BbICOTA cocya paBHa 0,5 M.

6. B uBerounyto Ba3y HanuTa Boja. JlaBnenue Bojsl B Touke (1) Oosbiie, ueM B Touke (2), B 1,6
paza. Touka (1) orcTout ot AHa Ba3wl Ha 4 cM, a Touka (2) — Ha 10 cm (cM. pucyHok). KakoBa BbicoTa
BOJEI B Ba3e?

7. B cocyn, miomanb MONEPEYHOIO CEUYEHHs KOTOPOTrO YMEHBIIAETCS B HANpaBICHUM OT JIHA K
BEpXHEH YacTH, HAJIUTa >XUAKOCTh Maccoil 1,6 kr (cMm. pucyHok). O0BEM KHUIKOCTH paBeH 2 JI.
Bricota xunkoctu B cocyae paBHa 20 cM. Haiftu naBieHue )UAKOCTH Ha THO cocyna. h

8. Kakyro cuny naBieHUs UCTIBITBIBAET CTEHKA akBapuyma JuinHou 40 cM, eciu yrod ee HakioHa 60°, a
BbICOTa BOJIBI B akBapuyMe 20 cM (cM. pucyHok)? Atmocheproe nasienue 105 Ila.
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dopMma npeacTaBiieHus pe3yJbTara:

BrInomHuTE 3aaHue B TETPAAH TSI MPAKTUIECKUX PaboT

Kpurepun oneHku:
3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIIACTCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHKE BBICTABIISIETCS OTpHUIIaTeNbHas olieHka — () 0aoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 —100% npaBUIbHBIX OTBETOB
Oyenka «xopouwoy evicmasnsemcs 3a 80 — 89% npaBuIbHBIX OTBETOB
Oyenka «yooenemeopumenvHoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «neyooe1emeopumenbHoy svicmasisemcs 3a Mmenee 60% rnpaBUIIbHBIX OTBETOB

Tema 4.1 DnekTpocTaTuKa

IIpakTnyeckoe 3ansaTue Ne9

Pemenne 3aga4 mo teme «iiekrpocraTuka. CoeqMmHeHHE KOHICHCATOPOB»

Ieab: M3yduTh SIEKTPUYECKOE II0JIE, 3HATh €ro NPHUPOAY, €ro JEHWCTBHE Ha JJIEKTPUYECKHUE
3apsAAbl U ApyTue dJIeKTpudeckue noss. Hayuntses pemars 3aaud Ha COEJUHEHNE KOHIEHCATOPOB.

Boinosinenue padorsl cnocodocTByeT GOPMHUPOBAHNIO:

OK 01, OK 02, OK 03, OK 09, OK 06

MarepnanbHoe o0ecnedeHHMe: HWHIMBHIYAIbHOE 3aJaHUE, KOHCIEKT JIEKLIUH, CIPaBOYHbIE
MaTepHuasbl.

Yka3zanue: IIpaktuueckas paboTa cOCTOMT M3 ABYX YacTed — TEOPETHUYECKOW U MPAKTHUYECKOH.
[Tocne n3ydeHus: TEOpETUYECKOTO MaTeprana MOKHO IIPUCTYNATh K BBIITOJIHEHUIO TPAKTUYECKON YacTH.
Ona coctouT M3 ABYX W Oojee 3agad JUIsl CaMOCTOSATENLHOro BhIMoiHeHHs. He 3a0bIBaiite o
IpaBWIbHOM OopopMiIeHUH pelieHus. Ha BbiMonHEeHHe NMpakTUYECKON OTBOIUTCS JBa aKaJeMHUUYECKUX
qaca.

Ilopsinok BbINOJHEHUS PadOTHI:

1. Paccmorpure TeopeTMUecKMii MaTepual IO TeMe U IpUMepbl pelleHus 3agad (CMOTpHU
METOAMYECKOE MTOCOOHE).
2. Pemmre camocTosTenbHy0 padoty. OdopMuTe penieHre NMCbMEHHO B TETPaIu.

Kpamkue meopemuueckue céedenus:

HannexrpuzoBanHoe Tej10 — Tej10, 001a1arolee CBONCTBaMU, MPOSIBISIIOIIMMHUCS B 3JIEKTPUUECKUX
SIBIICHUSX.
Heo6xoanma konmdecTBeHHAs MEpa CBOMCTB HAJIEKTPHU30BAHHOTO Tela.
Onextpuueckuii 3apsif (Q; ¢) — Mepa CBOWCTB HAAIEKTPU30BAHHBIX TEIl, TPOSBISIONINXCS B
anekTpudeckux sBiaeHusx [Q] = 1 Ki — kynoH.
B3anmMoneicTBIS Ha’IEKTPU30BAHHBIX TEJI OTHOCAT K 971€KMPOMASHUMHBIM 83AUMOOEUCBUAM.
DneKkTpu3aIus — MpoIecc COOOMIeHH Tely (Ju0o mepepacupeiesIeHUs MKy YaCcTIMU TeJa)
ANEKTPUYECKOTO 3apsa.

e OJHUM U3 CIOCOOOB ANEKTPU3ALINH SBIISETCS TPEHUE.

® 113 onBITOB M3BECTHO, YTO CYIIECTBYET JBA BUJIA AJICKTPUUECKUX 3apsiioB. X yCIOBHO Ha3bIBAlOT

MOJIOKUTEIBHBIMU U OTPUILIATEIHHBIMU.

Toueunslit 3apsi — 3aps/, pacroyioKEHHBIN Ha Tele, pa3Mepbl KOTOPOTo MPEHEOPEKMUMO MBI
W3 onbITOB U3BECTHO:
1) onHOMMEHHBIE 3apsI/Ibl OTTAIKUBAIOTCS, PA3HOUMEHHBIC — MPUTATHBAIOTCS;
2) HAMMEHBIIHNH (3JIEMEHTAPHBIN) ANEKTPUIECCKUH 3apsil, CYIIECTBYIONIUN B IPUPOJIE — 3apsiT

-19
snexTpoHa e = 1010 Ky,
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e 3apsig Tena g = N-e, rae N — KOJIMUECTBO JIEMEHTapHBIX 3apsiioB € B 3apsie ¢.
3aKOH COXpaHEHUs ANEKTPUUECKOTO 3apsa: B JEKTPUUECKH 3aMKHYTOM CHCTEME TeJl OJIHBIN
AIEKTPUUECKUH 3aps]l (CyMMa BEJIMUKH MOJOKUTEIHHOTO U OTPUIIATEIBLHOTO 3apsiIOB) OCTAETCs
IIOCTOSIHHBIM.
3HAYUT, STEKTPHUUSCKUN 3apsi] He BOZHUKACT U3 HUYETO U HE Mcue3aeT OeCCIeTHO M MOXKET MePEXOIUTh
OT OJHOI0 Teja K APYroMy mpu Fo—k % 3JEKTPOMArHUTHBIX B3aUMOJECHCTBHUSAX.

r
3akon KyJsona: snekrpuyeckast (KyJTOHOBCKas) cuna Fy B3aMMOJACHCTBHS JIBYX TOUYEYHBIX
NEKTPUIECKUX 3apsSf0B ¢1 U ¢2 B BaKyyMe IPSAMO HPONOPLHOHAIBHA MPOU3BEACHUIO UX BEJIWYMH, OOpaTHO
MPONOPLMOHANBEHA KBaJApaTy PacCTOSHHSA I' MEKAY HAMH W HalpaBJcHa BIOJb MPIMOM, COSAMHSIOMIEH STH
3apsibL.

2
k:91109H‘I\; F o9 _ I g4,
Kn - F ¥’ 4me,  r’ KOADQUIHEHT IPONOPIHOHATEHOCTH.
B psage ciysaeB mns YIPOIIEHHs Pacu€ToB k yI0OHO MPEICTaBIATh B
k= l

Buge: Vo Torpua:

2

£, =8:85-107" K™

DneKkTpudecKast MoCTOssHHAs — KO3 HUITHEHT H-m

e Cuna BSaHMOﬂCﬁCTBHH 3apAd0B B CPCIC MCHBIIIC, YEM B BAKyyMC.
OrHocutenbHas AUDJICKTPHUYICCKAAd MMPOHUITACMOCTh CPEAbI (8) — BCJIMYKWHA, [TIOKa3bIBaroiiasi, BO CKOJIbBKO

pa3 cuiia B3auMOJICHCTBUS 3apsiioB B cpefie (Fc) MEHbIIIE, YeM B BaKyyMe (£o).

AOCONIOTHAS AUAIEKTPHUYECKAs POHUIIAEMOCTD CPE/Ibl — TPOU3BEICHUE £0°E.

DNEeKTpUUECKOe ToJie — OCOOBId BHUJ MaTepHH, MPOSBISIONIUIICS BO B3aWMOACUCTBUHU C
ANMEKTPUICCKUMU 3apsJIaMu., CYIIECTBYET BOKPYT KKIOTO 3apsaa U 3apsiibl B3aUMOJICHCTBYIOT JIPYT C
JPYTrOM MOCPEACTBOM 3TOTO MOJIS.

w
HanpsoxéaaocTs sexTpuaeckoro nons (£) — BexTopHas (u3nmueckas BeaMYMHA, YUCIEHHO paBHAs
CUJIe, ¢ KOTOPOH MOJIe IEUCTBYET HA €IMHUYHBINA TOYEUHBIM MOJIOKUTEIbHBIN 3apsl, MOMEMIEHHBIN B
JAHHYIO TOYKY IOJISL.
[}

AL
M

‘ Q
q Kn £ — cunoBas E=k—— xapakTepHCTHKa TOYKH DIEKTPUYECKOIO
TIOJIS. er
PaGoTa 1moJis 110 NepPEMEILEHHUIO 3apsia
A=q-E-Ax

, TJie Ax — Pa3HOCTh KOOPAMHAT KOHEYHOTO ¥ HAYaJILHOTO MOJNOKEHUH 3aps/a.
A=4-(1=02) ppe €172 - pasHOCTH MOTEHIHATIOB.

Caa3b HaANPAKEHHOCTH U PAa3HOCTHU MOTCHIIUAJIOB

E ((pl_lPQ) [E]:‘]E

Ad M. T. e. HaPSDKEHHOCTH OJHOPOIHOTO AIEKTPUUECKOTO MOJIS YUCIEHHO PaBHA
Pa3HOCTH MOTCHIIMAIIOB HA €IWHUIIE [UTMHBI CHIIOBOW JIMHUH.
DneKkTpuueckas eMKocTh npoBoaHuka (C) — Q OTHOMeHHE 3apsaaa Q MPOBOJAHMUKA K
Kn c=—
[c]l=1==10 P
€ro MOTEHIUAITY ¢. B — dapan

Kongencarop — cucrema ABYX MPOBOJHUKOB (OOKIIAI0K), pa3/IeJICHHBIX CJIOEM AUAIIEKTPHUKA,
MpeIHa3HaYCHHAs JIJI HAKOIICHUS M XPaHCHUS 3apsija.

EmkocTs ninockozo KOHJIeHcaTopa (0OKIAKH — MIIOCKUE TUTACTUHBI) OMPEACTSIOT 1Mo popMmyne: , Tae S —
TJI0IAIb OOKIAKH; d — PACCTOSIHHE MEKTy OOKJIaTKaMH

CoenuHenne KOHACHCATOPOB:

[TocnenoBarenbHOE COEIMHEHUE KOHIEHCATOPOB — COEAMHEHUE, IPU KOTOPOM IOCIE 3apsAKU
OTpHUIATENHLHO (MTOJIOKUTENBHO) 3apsbKeHHask 00KJIaAKa MPebIIyIEero KOHIeHcaTopa COeMHeHa ¢
MOJIOKUTETHHO (OTPHUIATEIHHO) 3apsHKEHHON 00KIaIKON TTOCTIEAYIOIETO.
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[TapanmiensHoe coelMHEHNE KOHAEHCATOPOB — COETMHEHHE, TPU KOTOPOM TOCJIe 3aps KU BCe
MOJIOKUTEITFHO 3apsKEHHBIE OOKIIAJKU COOpaHbl B OJIMH y3€J, BCe OTPUIATEIILHO 3apsKEHHBIC — B
JIPYTOM.

C. =

Gar

n

C c

Gat

=C/+..+C,

i=1

CamocrosiTesibHasi padoTa

1.

2.

10.

C xakoil cuiIoi B3aMMOJICHCTBYIOT JBa 3apsiia qi¥ (2, HAXOSAIIUECS Ha PACCTOSHUM T B CPEJIE C
TUDIIEKTPUUECKON TPOHUIIAEMOCTHIO €7

Ha xakom paccTosHuM Apyr oT Apyra 3apsibl i 2 B3aUMOJEHCTBYIOT ¢ cuwiod F, ecnu
OTHOCHUTEIbHAS AUAJIEKTPUUECKask MPOHUIIAEMOCTh cpelbl €7 (q1,q2 U € U3 3aaa4uu Nel)
OmnpenenuTs BEMUYMHY KKIOTO U3 JIBYX OJMHAKOBBIX 3apsI0B, €CIIM B CPelie C OTHOCHTEIBHOM
JOUDIIEKTPUYECKON TMPOHMIIAEMOCTBIO CpPEAbl € Ha PACCTOSIHUM T Jpyr OT JApyra OHHU
B3aUMOJCUCTBYIOT C criIon F.

Onpenenuts HAMPSHYKEHHOCTH OIS B TOUKE, T1Ie JEHCTBYET aneKkTpruueckas cuia F Ha mpoOHbIH
3apsn q.

Haiiti HanpspkeHHOCTH 10Ji, 00pa30BaHHOTO ToueyHbIM 3apsigaoM =10 mMxKi.Ha paccTosHuu r
B Cp€JI€ C OTHOCUTEIIBHOM IUAIICKTPUYECKON MPOHUIIAEMOCTBIO €.

B oaHOpOHOM 371€KTpHUECKOM TOJI€ HampspKeHHOCThI0 E mepemeniaercs mo CHUIIOBOW JIMHUM
3apsan q=10 mxKn. Onpenenute paboTy AIEKTPUUECKOTO TOJISL, €CIIU MepEeMENIEHUE COCTaBUIIO
AX.

HanpspkeHne Mexay TOYKaMy IIEKTPHYECKOTO TS MO0 CHIIOBOM JIMHUH paBHO U, paccTosiHue
Mexay HuMu AX(u3 3agaun Ne6). KakoBa HanpsiKeHHOCTb MO ?

Kakyio paGoTy Hy»XHO COBEpIIUTH JJIsi TOro, 4yToObI 3apsn q=10 HKi mepemecTusics U3 TOUYKH
MoJis C TMOTEHIMAJIOM (@ B TOYKY C MOTeHIHAToM@2?CxeMy TMepeMelieHuss 3apsaa B
ANEKTPUYECKOM I10JIe M300pa3uTh rpadudecku.

KakoBa €MKOCTh MPOBOJHUKA, MOTEHIIMAT KOTOPOTO M3MEHSETCS HAa AQ MPU COOOIICHUH €My
3apsna q=9 aKu ?

Omnpenenutb eMKoCcTh 0atapeu Cear, ecniu koHAeHCATOPHI ¢ eMKocTsIME C1=10 n®d, Co=15 n®d u
C:=20 nd coemuHuUIU: a) TMOCIEAOBATENbHO; ©0) mapamienbHo. CXeMbl COETUHEHUS
KOHJICHCATOPOB HAYEPTHUTh.

Ne 1 2 3 4 5 6 7 8
Ba qi Q@ r £ 3 r F F q r € E |AX| U | 0
p BEK | BHK | oM MH cm | MH | mH | 8K1 | cm HK|cqM | B |B
i I i Bl
1 1 1 2 81 10 1 2 90 10 5 1 1 10 | 35 | 110 | 100 | 500
2 2 2 4 2,1 | 20 2 4 80 20 10 1 2 20 | 34 | 220 | 200 | 400
3 3 3 6 2,51 30 3 6 70 30 15 1 3 30 | 33 | 330 | 300 | 350
4 4 4 8 2,1 | 40 4 8 60 40 20 1 4 40 | 32 | 110 | 400 | 200
5 5 5 10 6 50 5 2 50 50 25 1 5 50 | 31 | 220|500 | 100
6 6 6 2 7 60 6 4 40 60 30 5 6 60 | 30 | 330 | 600 | 1000
7 7 7 4 81 70 7 6 30 70 35 5 7 70 | 29 | 110 | 700 | 900
8 8 8 6 2,1 | 80 8 8 20 80 40 5 8 80 | 28 | 220 | 800 | 850
9 9 9 8 251 9 9 2 10 90 45 5 9 90 | 27 | 330 | 900 | 700
10| 10 | 10 10 | 2.1 10 1 4 50 10 50 5 1 10 | 26 | 110 | 100 | 600

®opma nmpeacTaBJieHHsI pe3yJbTaTa:
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BrInonHUTE 3aaHue B TETPAAH TSI MPAKTUIECKUX PaboT.
Kpurepun oneHku:
3a npaBWIIBHO BBIMIOJIHEHHOE 331aHUE BBICTABIISICTCS TIOJIOKUTEIbHAS OIleHKa — 1 6a.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHKE BBICTABIISIETCS OTpHUIIaTeNbHas olieHka — () 0aoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 —100% npaBUIbHBIX OTBETOB
Oyenka «xopouwoy evicmasnsemcs 3a 80 — 89% npaBuIbHBIX OTBETOB
Oyenka «yooenemeopumenvhoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «neyooe1emeopumenvHoy svicmasisemcs 3a Mmenee 60% rnpaBUIIbHBIX OTBETOB

Tema 4.2 3aK0HBI MOCTOSTHHOIO TOKA

IIpakTuyeckoe 3ansaTue Nel(
Pemenue 3anau «3akon Oma A yuactka nenu. ConporusiieHue. CMelIaHHOe COeJHHEHUE

MMPOBOJHUKOB»

He.]'lb: 3aKpCUTh YMCHUA U HABBIKW BBIYMCICHUA CHUJIbI TOKA, HAIMMPAKCHUA, COIIPOTUBIICHHUA 10
ONpEAEICHUI0 U MO 3akoHy OMa Juisl ydyacTKa LENH, a TakkKe C yYEeTOM 3aKOHOB pPa3JIMYHOIOo
COCAUHCHM ITPOBOAHUKOB.

Brinosinenue padorsl cnnocod6cTByeT GOPMHUPOBAHNIO:

OK 01, OK 02, OK 03, OK 09

MarepunanbHoe odecnieyeHue:

TCTpadb MJIA IMPAKTUYCCKUX pa60T, py4dka, METOAWYCCKHUC PCKOMCHAAUWH I10 BBIIIOJHCHUIO
paloThl, TMHENKA, KapaHaall.

Yxka3anme: [IpakTuueckas pabota COCTOUT U3 ABYX YacTed — TEOPETUYECKOM M MPAKTUYECKOU.
ITocne n3ydeHns TeoOpeTHYECKOro MaTepruasa MOKHO IPUCTYIIATh K BBIIIOJHEHUIO IIPAKTUYECKOM YacTH.
Ona cocTouT M3 JAByX U Oojee 3aJad Juisl CaMOCTOSITENIbHOTO BbIosHEHUsA. He 3a0biBaiite o
NPaBUIBHOM O(GOpMIIEHHH pelleHrs. Ha BbINOJIHEHHE MPAaKTUYECKOH OTBOAMTCS JIBa aKaJIEeMHUECKUX
yaca.

IMopsiTok BHINOJTHEHHS PAOOTHI:
1. PaccmoTpute TeopeTHYecKui MaTepuan MO TeMe M TpUMEphl pelieHus 3ajad (CMOTpHU
METOAMYECKOE MTOCOOHE).
2. Pemmre camocrosTenbHyto padoty. OdopmMuTe perieHre nucCbMeHHO B TETpajIu.

1. Teopus

1.DnekTpudeckuii TOK-HaIpaBlIEHHOE JBH)KE€HUE CBOOOAHBIX 3apsanoB. Cuioi Toka (I) HaswiBaercs
BEJIMYMHA, YUCIECHHO paBHAs JJIEKTPUYECKOMY 3apsiiy, MNPOXOASIIEMY 4Y€pE3 CEYEHHE NMPOBOAHMKA B
enunuiy Bpemenu: I = g/t, [=n*q*s

3akon Oma ans yuactka nenu: [=U/R

®opmyna conpotuBieHus: R=p*l/S, rme p - ynenpbHOE CONPOTHUBIEHHE, 3aBHUCSIIEE OT poia
MIPOBOJIHUKA; |-AJTMHA TPOBOJIHUKA; S - TUIONIAAb CEUSHHS.

IIpn mnocnenoBarenbHOM coequHeHHH NpoBOAHUKOB: R=R1+R2 [=[1=I2=const U=Ul+U2 Ilpnu
napajuiensHoM coenuHeHun npoBogHukoB: U=Ul=U2=const [=I1+I2 1/R=1/R1+1/R2, eciu RI1#R2
R=R1/N, rae N- uucio ognHaKoOBBIX conpoTuBieHni, T.e. R1=R2=...RN.

3akon Oma jis momHod nenu: I=¢/R+r,rme € - BJIC wmcrounmka Toka, [€]=B, R-BHemHee
conpotusiieHne [R]=Owm, r-BHyTpeHHEE CONPOTUBIICHUE WJIM COMTPOTUBIICHHE UCTOYHUKA TOKa [1][=Om

2. Ilpumepsl penieHus 3axaq

Cuia Toka M INIOTHOCTh TOKA

1. Onpenenure YUCIO N 3JIEKTPOHOB, KOTOPHIC MPOXOMAT Yepe3 TMOMEPEeYHOE CEUEHUE MPOBOTHUKA
Iomaapo s=1mMm?2 3a t=2 MUH, €CJIH IJIOTHOCTh TOKa B IPOBOAHUKE j=150A/cM2

42



Hano: Pewenue:

S=1mm™=10"n" Yucno MeKTPOHOB, NPOXOJALINX Hepe3 HONepPeHHOe CeueHune
t=2 mun=120c MPOBOJHHKA, PABHO OTHOLICHHIO MEKTPHUECKOTO 3apsi/a,
i=150A/cM™=1,5*10*A/M>  mpowmeaNIEro Yepes AaHHOE MONEPEHHOE CeUeHHE, K 3apaay
n-? anexTpoHa:n=Q/e (1). Yuurepas, uro Q/t = I=5)S (2), nonyunm:

3a Bpemst t 4epe3 ceyeHHe NPOBOAHMKA NpoiizeT n= jSt/e.
n=1,5%10"A/M"*10°M**120c/1,6¥10" Kn=12*10"'
Omeem: 1,2%* 107!
2. DnekTpuyeckas 1ensb, cocrosmas u3 peauctopoB R1=100 Om,R2=200 Om R3=300 Om, noakiroyeHa

K ABYM HMcTOYHUKaM noctogHHoro HanpspkeHus Ul u U2=100B. I1pu kakom Hanpsbkenne Ul cuna Toka
11 uepes pesuctop R1 Oyner paBna Hymo?

Hano: Pewenue:

R;=100 Om Ecnu uepes pesuctopR, ok He uaer, .e. [,=0, cnexoarensro, I|R,=0. Torna

R>=200 Om Hanpsxenue Us Ha pesuctope Rs nomxro Obite paHo Uy, T.e. Us=U;=[;R; (1).

R3=300 Om B srom cnyqae pesuctopst Ry n Ry Brmouens: nocnenosarensuo. [losromy

U2=100B CHJIa TOKA BO BCeX 4acTax nenu oaunakosa: [;=1L=1. [lanenue nanpsxenus

I,=0 U, = IR;+IR;, otkyna cneayer, uto I= Uy / (Ry+R3) (2)

U=? Yuureisag, uro IR;=U;=U; umeem, U,=U; Ro/Ry+R;3+U,. [locne npeobpazosanus
nomy4aum U =R3/Ry+R3*U,. U,=300 Om/200 Om+ 300 OMm*100B=60B.

Omesem: 60B

3akon OMa 1151 MOJTHOM Iermn

3. Omnpenenure cuiy Toka kopoTtkoro 3ambikanus IK3 Gartapeun, 9JIC koropoi € = 15 B, ecnu npu
MOJIKJIFOUEHUH K Hell pesucropa conpotuBieHueM R=3 Om cuia Toka B 1ienu coctanisier [=4A

Hano: Pewenue:
e=15B  Cuny Toka KOpoTKOro 3amsikanus onpeaenseM no Gopmyne Ixz= e/R (1), rae
R=30m r-BHyTpeHHee conpotusnenue Oarapen. Cornaco 3akony Oma 15t nonHoii nenu:

[=4A I= g-IR-r, otkyza r = ¢-IR/1 (2). [loacraum dopmyny (2) B popmyany (1)
lk3 -? lk3=e/R=el/e-IR.  Ix3=15B*4A/15B-40*3 Om=20A
Omeem: 20A

SJ1C ucrounuka snekrpuueckoit sneprun 12 B. Kakoit ¢pusnueckuii cMbIC 3TOTO BEIpaXKEHUS ?
CoeguHeHue NMPOBOIHUKOB

4. K cern nanpssxkenuem U=200 B npucoenunensl nBa pesucropa. Ilpu ux mnocnenoBaTenbHOM

coequnennu 11=4,4 A, a npu napamiensHom - 12= 27,5 A. Omnpenenute conporuBieHue R1 u R2
PE3UCTOPOB.

Nano: Pewenue:
U=220B [1pn nocnenoBarensHoM coenunennn Ry, = Ry + Ry [FU/R oy, , 0TKY A
[,=4.4A Rigens= U/, Pacuersi: Rnocnn=220B/4,4A=50 Om.
[,=27.5A [Tpu napannensuom coequnennn: Rz, = Ri*Ro/(R; + Ry), [L=U/Ryypq,, 0TRY 22
Ri-7 Ry-? R apar =U/Ly. Pacuetsl: Ry =220B/27,5A=8 Om.
Ry*Ry/R+R>=8 Om; Ry Ry;=400 Om; R+ Ry=50 Om; Ry R:=400 Onm;
3uauur: R;=10 Om; Ry=40 Owm.
Omgem: R;=10 Om; R,=40 Om
CamocrosiTesibHast padoTa
Bapmuanr 1
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1. Yepe3 ceueHue MNpOBOAHMKA 3a NPOMEXYTOK BpeMeHM At=10c mpoxomut 3apsg AQ=25 K.
Onpenenurte cuily Toka | B mpoOBOIHUKE.

2. Hanpsxenune Ha ywactke nenu U = 5 B, a ero snexrpuueckoe compotusieHue R = 10 Owm.
Omnpenenure cuiny Toka [ Ha 3TOM ydacTke LIEMu.

3. IIpu nepememenue 3apsaa Q=2Ki BHyTpM HCTOYHHMKA TOKAa CTOPOHHHE CHJIBI COBEPINAIOT paboTy
A=20 [Ix. Onpenenure I/1C ucTouHmka.

4. Kax MOKHO TOJIy4UTh CONPOTUBIICHUS R, cOeTUHsS BCeMH BO3MOKHBIMH CIIOCOOAMHU TPH PE3UCTOpa
conpotuBieHrneM R=6 OM Kaxablii?

Bapuanr 2

1. Cuna Toka B mpoBogHuke I = 1,5 A. Onpenenure 3apan AQ, NpoTEKaroIIUi 4Yepe3 CEeYeHHE
MPOBOJIHUKA 3a Bpems At=2c.

2. Onpenenure Hanpsbkenue U Ha pesuctope conporusieHneM R=10 kOm npu cuiie Toka B Hem [=0,5
MA.

3. Cuna Toka B JnaMrnouke kapmaHHoro (onapuka [=0,28A npu nHanpspkenun U=3,5B. Omnpenenurte
COIPOTHBIIEHUE R HUTH TaMIIOYKH.

4. Bo ckonbko comporuBieHue R1 mpu mocnenoBarenbHoM coeauHeHun 10 pesuctopoB (n=10)
conpotuneHueM no R=10 Om Gombiiie, yem ux conportuieHre R2 npu napanienbHOM coeAMHEHUN?
dopma npeacTabieHus pe3yJbTara:

BoinonuuTh 3asaHue B TETpaau Uil MPAKTUYECKUX PadoT.

Kpurepun onenkmn:

3a npaBUIIbHO BBIMOJIHEHHOE 331aHUE BBICTABIISIETCS MOJIOKUTEIbHASI OlleHKa — 1 Oa.

3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BBICTABIISICTCS OTpUIAaTEIbHAS OoleHKa — 0 OaioB.
Oyenka «omauunoy evicmasnsiemcs 3a 90 —100% npaBUIbHBIX OTBETOB

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

Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB

Oyenka «Heyoosnemeopumenbvhoy svicmasnsemcs 3a Menee 60% npaBUIbHBIX OTBETOB

Tema 4.2 3aK0HBI MOCTOSTHHOTO TOKA

IIpakTnyeckoe 3ansaTue Nell

Pemenue 3anau no teme «Paéora, MOIIIHOCTH M CONMPOTHBJIEHHE IEKTPUYECKOT0 TOKA»
Heab: HAyuyuTHCS peuIaTh 3aJa4u, UCTIONB3Ys POPMYIIbI paOOTHI TOKA U MOIIIHOCTH
Boinosinenue padorsl cnocodocTByeT GOPMHUPOBAHUIO:
1. OKO01, OK 02, OK 03, OK 09
2. IIP64; ITP66; TTPG7,
3. IIPyl; I1Py2; I1Py3; I1Py4; ITPyS; ITPy9; IIPy11;

MarepuanbHoe o0ecredeHHe: TETpPaab s TPAKTHUECKUX pabOT, pydKa, METOIUYECKUE
PEKOMEHIAllUHU 110 BHITIOIHEHUIO pa0OThI, TMHEIKA, KapaHIall.

Yka3anmue: [IpakTrdeckas paboTta COCTOUT U3 ABYX YacTe — TEOPETUUYECKON M MPAKTUYECKOU.
[Tocne n3ydeHus: TEOPETUUECKOTO MaTepraia MOKHO TPUCTYNATh K BBIMOJIHEHHUIO MPAKTUYECKOW YaCTH.
Ona cocTouT W3 JABYX U Oojee 3amad Juisi CaMOCTOSTENILHOTO BBIMONHEHUsA. He 3a0biBaiite o
paBUILHOM o(opmieHuu pemieHus. Ha BhIMOTHEHNE MPAKTUYECKON OTBOAMTCS JIBa aKaJIEMHYECKUX
qaca. [Topsimok BeIoNHEHUs paboTHI

IMopsiiok BbINOJIHEHUS PA0OTHI:

1. PaccMoTpuTe TEOpEeTHUECKMI Marepuad IO TEeME€ M MPUMEphl pelIeHHus 3anady  (CMOTpH
METOAMYECKOE ITOCOOHeE).
2. Pemmre camocrosTenbHyto padory. OpopmMuTe penieHre MucCbMEHHO B TETPaIH.

1. Kpamkue meopemuueckue céedenus:
1.IToBTOpUTH (hOpMYIIBI pAaOOTHI ¥ MOIITHOCTH TOKA.
PaGora u MomrHOCTH TOKA
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PaboTy cui 37MeKTpUYECKOro MOJs, CO3JAIOIMIET0 YIOPSIOUYECHHOE ABIKECHHE 3apsHKEHHBIX YacTHI] B
MPOBOJIHUKE, T. €. JJICKTPUUECKHUI TOK, Ha3bIBAIOT pabOTOM TOKa:
A =T*U*t,
rae A — paboTa 3JeKTpUYECKOro TOKa Ha yyacTke 1end, [Ix;
[ — cuna Toka Ha JTaHHOM y4YacTKe Ienu, A;
U — HanpsbkeHue Ha y4yacTke 1enu, B;
t — BpeMs IPOXOXKAECHUS TOKA I10 yYacTKy LIETH, C.
rae P — momHOCTE TOKA, BT.
Ecnu nHa ywacTke nenu BCS SHEPrus IEpPeXOAMT BO BHYTPEHHIOK SHEPrUI0 IMPOBOJHHKA (HE
coBepiIaercs Mexanuueckas pabora), To Q = IIRt — 3akon [Ixoymns-Jlenna.
Q — KOJIMYECTBO TEIIOTHI, BbIIEIUBIIEECS B IPOBOAHUKE, J[XK.
CobepeM 11emb, COCTOSIIYI0O M3 MCTOYHUKA TOKA U MOTPEOUTEIIS
ANEKTPUYECKOM SHEPTUH.
CornacHo 3akoHy OMa ns ydacTKa LENu, HampsbkeHue Ha npoBogHuke U = [-R. Pabora
CTOPOHHUX CUI Aem. = Anomp.+ Aucm.
Anomp. — paboTa 3IEKTPUUYECKOTO OIS 110 IEPEMEIICHUIO 3apsiia OT TOUKU A K Touke B;

Anomp.: C]U = qIR

HcTounuk TOka 00najaeT BHYTPEHHUM CONPOTHUBIEHUEM 7. PaboTa 1o nmepeMenieHuro 3apsia
BHYTPH UCTOYHHKA TOKA:

Auem.= ]Vq
Aem. = €.
Tornaeq=qI'R+1rqume=IR+ [r,un
&

7R+r,

3axkon Oma ons 6ceul yenu: cUiia TOKA B AJIEKTPUUECKON Ilenmu mpsMo npornopuuoHainsHa D/1C
HCTOYHUKA TOKA U 00paTHO MPOIOPLHOHAIbHA TIOJTHOMY COIPOTUBIIEHUIO IIETIH.

R — BHemHee comnpoTuBieHHME Ienu (00Iee COMpPOTHUBICHHE MOTPEeOHUTENeH HIIEKTPUUYECKON
sHeprum), Om;

7 — BHyTPEHHEE CONPOTHUBIIEHHE LIENH (COMPOTHBIIEHHE HCTOYHUKA TOKa), OM;

R + r — nmonHoe conporuBienue nemnu, Om.

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

PaboTy cui 35eKTpUYEecKoro MoJisi, CO3/IaI0LIET0 YIOPSAA0YEHHOE JIBUKEHUE 3apsHKEHHBIX YaCTHI
B IIPOBOJHUKE, T. €. SJIEKTPUUECKUN TOK, Ha3bIBaIOT pabOTOM TOKa:
A=1UAat,
rne A — paboTa 3JIeKTPUYECKOr0 TOKA Ha ydacTke uemnu, JIx;
[ — cuna TOKa Ha IaHHOM YYacTKe LIETH, A;
U — HanpspKeHMe Ha y4acTKe Lend, B;
At — BpeMs IPOXOKACHUS TOKA IO y4acTKy LIETH, C.

p=Aporu
t

9

rae P — MomuoCTh TOKA, BT.

Ecin Ha ywacTke 1enu Bcs SHEPrus NEPEXOJUT BO BHYTPEHHIOK 3HEPIUIO NPOBOJHUKA (HE
coBepIuaeTcs MexaHuueckas pabora), To Q = PRAt — 3akon J[xoyns-JleHna.

Q — KOJIMYCCTBO TCTIJIOTHI, BBIACIIMBIICCCS B IIPOBOJIHUKCE, I[)K

IIpuMepsl pelieHus 3aaa4

45



1. Dnextpuyeckuii ABuratenas padoraet 5 4. oT cetu ¢ HampspkeHneM 380 B mpu cune toka 35 A.
ComnporuBnenre oOMoTku aurarens 0,5 OMm. Onpenenuts U3pacXo0BaHHYIO JEKTPUUECKYIO
SHEPIui0, KOJMYECTBO TEIUIOTHI, BBIIEICHHOW B OOMOTKE 3a 3TO BpeMS M COBEPIICHHYIO
JIBUTATEJIeM MEXaHUYECKYIO paboTy.

Haro: CH PemeHne: BrrmcieHna

['=380B A=IUA A=35A380B-18000¢c =
I=35A Q={ﬁ@; 22;4-1[!5,,%

R=050m A=A -0 o= (35A)*-0,50M-18000C =
Af=51 18000 ¢ =0,1-10* Ix

A-? A =2410Tx—-0.1-10° T =
o-? =2.3-10 "Ik

Ao —?

Oteer: A=2410°& 0=0,1-10° & 4, =23-10"Ix

2. Ilpu 3aMbIkaHUU UCTOYHMKA 3JekTpuueckoi sHepruu ¢ J/1C 4,2 B HUKETMHOBBIM POBOIHUKOM
mmHOi 10 M u ceuenmeMm 1,0 mm? cuina Toka B nenu Obuia 0,6 A. Haiitn BHYTpEHHEE
COINPOTHBIIEHUE HMCTOYHMKA DJIEKTPUUYECKON HHEPruH. YEIbHOE CONPOTHUBIECHUE HHUKEIMHA
4.2-1070Om M.

CamocrosiTesibHas padora
1. DnexTponBurarens, conpoTuBieHrne 00MoTku kotoporo 0,4 OM, paboTaeT OT CeTH C HaNpPsHKEHHEM
300 B npu toke 50 A. Omnpenenure KadyecTBO H3PACXOJIOBAHHOW 3HEPrUU 3a 5 4., COBEPLICHHYIO
JIBUTATEJIEM MEXAHUYECKYIO pabOTy U KOJIMYECTBO TEIUIOTHI, BBIJIEJIEHHON B OOMOTKE.
2.ABToMOOUNBHBIN cTapTep 3a 10 ¢ paboTel morpedmsier 3Hepruto 6,0-104 JIx. KakoBa cumiia Toka,
MIPOXOJSIIETO Yepe3 CTapTep BO BpeMs 3aIlyCKa JBUTATEIS, €CITM HAIPsKEHUE Ha ero kiemMax 12 B?
3.CBapounbiM amnmapatoMm. PaGoratommM oT cetu HampspkeHuem 45 B 3a 20 muHYT OBLIO
u3pacxonoBano 5.4kB1*uac sueprun. [Ipu kako# cuie Toka npoTekasna Jyroasi cBapka ?
4.DOnextpudeckuil ytior mourHocthio 800 BT paboraer ot cerm 220 B .Onpenenuth cuily TokKa B
HarpeBaTeIbHOM 3JIEMEHTE U €ro COINpPOTUBIEHHE B paboyeM coCcTOSHUHU yTiora. CKOJBKO SHEpruu
OyzeT u3pacxoa0BaHo 3a 1,5 yaca HenpeprIBHOM paboTh yTiora ?
5.B cetp HamnpsbxkenueM 120 B mocnenoBarensHO ¢ 2JIEKTpUUECKOM Ayroi BKiIo4YeH peoctar . [laneHue
HanpspKeHUs Ha onekTpojax nyru 45 B ,cuma toka B memu 12 A. Onpenenuts MOUIHOCTh
,JIOTPEOISIEMYIO TyTrOM U K.I1.J. YCTAHOBKH.
6.Pe3ucTop MoAKIIOYEH K UCTOYHUKY TOKA, HAaNpsHKeHHE Ha 3akumax kotoporo 6 B. Kakas paGorta
coBepuiaerca TokoM, eciau 3a 0,5 MuUHyT uepe3 pesucrop mnpoxoaut 3apsa 24 Kn? Omnpenenutsb
MOIIHOCTb TOKa ¥ COITPOTUBIIEHUE PE3UCTOPA.
7.Kakast MOIIHOCTh MOTPEOJIIETCS AYTOBOW CTaJCIUIaBIJIBHOW TEuYbl0, paboTaromeid OT HMCTOYHUKA
HanpspkeHueM 220 B npu cune Toka 30000 A? Ompenenutb CTOMMOCTH 3JIEKTPUYECKON SHEPTUH
M3PACX0/I0BAHHON 3aM 5 4acoB pabOTHI MIE€YH, MO JEHCTBYIOMEMY Tapudy.
8.Hanpspkenue Ha 3akumax reHepatopa 132 B, a y morpebutens - 127 B. Omnpenenuts mnajgeHue
HanpspKeHWE B MarucTpalibHbIX MPOBOJAX M COMPOTHUBIEHHE , €CIM MOIIHOCTh TOKa y MOTpeduTens
paBHa 5 kBT.

dopma npeacTraBiieHus pe3yJbTara:

BbInonHUTE 3a/aHKe B TETpaau s IPaKTHYECKUX PadoT.

Kpurepum ounenku:
3a mpaBUIIHLHO BBIIOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAS OlleHKa — 1 Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISIETCS OTpHUIIaTeNbHas olieHka — () 0aos.
Oyenxa «omauunoy evicmagisemcsa 3a 90 — 100% npaBuIbHBIX OTBETOB
Oyenka «xopouoy evicmasasemcs 3a 80 — 89% npaBuUIBHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «Heyoos1emeopumenbHoy svicmasiiemcs 3a Mmenee 60% npaBUIIbHBIX OTBETOB

Tema 4.4 MaruurtHoe 1moJjie
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IIpakTnyeckoe 3ansaTue Nel2
Pemienne 3a5a4 no treme «MarHuTHoe 1oJie ¥ ero XapaKTepuCTHKH»

Henp: 3aKkpenuTh YMEHUS U HaBBIKM BBIYMCIICHHS BEJIMYMH C UCIIOJIB30BAHHMEM 3aKOHAa AMIIEpa,
bopMyn U oTIpeieseHns MarHUTHOTO TOTOKa, cuJiibl JlopeHa

BoinosiHeHue padoThl cnocodcTBYeT (DOPMHUPOBAHUIO:

OK 01, OK 02, OK 03, OK 09

MarepuasibHoe o0ecnieyeHue:

TeTpaab JUIA TPAKTHUYECKUX paboT, pydyKka, METOIUYECKHE PEKOMEHJAIMH IO BBIMOJIHEHHIO
paloThl, TMHENKA, KapaHaall.

Yka3zanue: IIpaktuueckas paboTa COCTOMT M3 ABYX YacTe — TEOPETHUYECKOW U MPAKTHUYECKOU.
ITocne n3y4eHns TeOpeTUYECKOro MaTeprUasa MOYKHO IIPUCTYIIATh K BBIIIOJHEHUIO IIPAKTUYECKOM YacTH.
Ona coctouT W3 AByX W Oojee 3ajgad JUIsl CaMOCTOSITENILHOTO BhIMONHEHHs. He 3a0biBaiite o
IIPaBUIBHOM O(GOpMIIEHHH pelleHus. Ha BBINOJIHEHHE MPAKTUYECKONM OTBOAMTCS JIBAa aKaJIEeMHUYECKUX
Jaca.

Ilopsinok BbINOJHEHHS PadOTHI:

1.PaccmoTpute TeopeTHyecKuil MaTepuand IO TEME U IpPUMEpPbl peleHUs 3agad (CMOTpHU
METOAMYECKOE ITOCOOHE).

2. Pemite camocrosTenpHyIo paboty. OdopmuTe pemeHue MiCbMeHHO B TETPA/IH.

Teopus
Paccmompum pucynox 1.
I
A
B,
Fﬂ

SN

Puc. 1.

BenmnunHa cwiibl, NEHCTBYIOIEH CO CTOPOHBI MArHUTHOIO IOJI HA IPOBOJHUK JUIMHOW L, mo
KOTOpOMY UJeT Tok cuioil I, onpenenserca no ¢popmyne Ammepa: Fa = BxLxIxsina, rae B - moxyns
MarHuTHOM wHaykiui, [B] =Tn, L — anuna npoognuka [L] = m, | — cuna toka, [I] =A. MarautHoe
IIOTOKOM 4epe3 IUIOHIAJKY S Ha3bIBalOT YMCIIO CHIJIOBBIX JIMHUM, NPOXOIAIIMX yepe3 iomanky: @ =
BxSx cos a, rne @ — marautHbIN oToK [D] =B6.

>
i
(- ( n; B) - yron Mgty BeKTOpOM HOpMau

/F/ / (h L S)u extopom MarsuTHOI nEyKIMii

BenmnunHa cuiibl, IEHCTBYIOIIEH CO CTOPOHBI MAarHMUTHOIO IIOJIA Ha 3apsDKEHHYIO 4YacTHILY,
ompenensercs no Qopmyne Jlopenma: Fin = Bxqxvx sin o, rae q — 3apsa 4acTUll, V - CKOPOCTb
IOBYOKCHMsI 4acTHll, B — MarHuTHas MHAyKOUA. 3apsDKCHHBIC YacTHIBI ABMXKYTCS B OJHOPOIHOM
MarHUTHOM I10JIE II0 OKPYKHOCTH, paauycoM R.
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R — pannyc okpyxxnoctu [R] = M, m — macca yactuu, [m] = Kr, q - MOAYJb 3apsiia YacTULIbL, [q] =

Ki. Bpewms, 3a koTopoe 4acTHIIBI IeTAI0T MOJHBIM 000poT (mepuona obpamenus) paBHo: T = 2nR/v
2nm/gB.

IIpumepsl pemiennst 3a1a4

1. Onpenenure cuity, ACMCTBYIOIIYIO0 HAa MPOBOAHUK AIUHON 20 CM MOMEIICHHBIA B MarHUTHOE

noJie, MHAYKIMs KoToporo 5T, ecnu cuna toka B mpoBoAnuke 10 A u oH obpasyer yrox o = 30° ¢
HaIpaBJICHUEM TTOJIA.

Jano: Pewenue:

[=20cm=0.2m Ha npoBoHuK ¢ TOKOM CO CTOPOHEI MATHHTHOTO MO AEHCTBYET CHJla
B=5Tn Amnepa: F=B*[*L*sin a, F=5%0,2*10*1/2 =5 (H).

[=10a

0=30°

F-? Omeem:5 H.

2. IInockas pamka momaasto S = 80 cMm2 , umeromast N=40 BUTKOB, pacnoiokeHa B OJTHOPOJTHOM
MarHuTHOM nosne uHaykuumed B=0,1 Tn. Onpeaenute MarHUTHBIA MOTOK @ CKBO3b PAMKY, €CIU
HOpMaJlb K Hel OCTaBJISIeT Yroi o = 71/6 ¢ BEKTOPOM MarHUTHON MHIYKIUH.

Jlano: Pewenue:

S =80 on’ =8*10° MarnuThslit notok wepe3 oqus Butok O = BS cos o
N=40 Maruutnsii notok uepes pamky @= N®, = NBS cos a
B=0,1 Tn Berartcenns: & =40*%0,1 Ta*8%10°w™*0,87 = 2,8*10”* BG
a=n/6

®-? Omeem: 2,810 B

3. C KakoW CKOpPOCTBHIO BBUIETAET (O- YacTHUI[Aa W3 PAJAUOAKTUBHOrO Sapa, €CJIH, momagas B
OJIHOPOJIHOE MarHUTHOE ToJie ¢ uHAykuen B = 0,5 Tn nepneHAnKyIsIpHO €ro CUJIOBBIM JIMHUSIMH, OHA
JBAKETCS I10 1yTre OKpy)HOCTH paguyca R=0,3 m?
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Mano: Pewenue:

4
Q=+2p=3,2*10""Kn 0 — 4aCTULA — AP0 aTOMa resus a=,He. 3apsn saapa
B=0,5 Tn Q= 2p, rae p — 3apsa npotoHa. Macca o — yacTui
R=0,3 m m paBHAa MAacce aroMa reJms
-3 1
Ay 4*107K

J oy o i 4
m=— MO _ — 6 64*1072% k2

= 3 0
My = 4107 kr/Monb N, 6,02*107 mome
OvB = mv’ mv’
Na 6,02x10% Mo , Tae R LEHTPOCTPEMUTENIbHAS CUJIA.
M
u=28 w2, _omRv,
V-2 m . NA . M
3,2*¥10" K2* 0,572 *0,3m* 6,02 10 monn ™"

U= = 7,2%10°%/

4*107° K2 c

MOb
Omeem: 7,2%10° %

2. CamocrosiTesqibHAs padoTa

Bapuant 1

1. KpyroBoii Butok miomaapo 0.8 M2 pacnoysiokeH B OJHOPOJHOM MAarHUTHOM IOJE C
unaykuuei 0,5 Tin. HaliquTe MarHuTHBIN TOTOK, MPOHU3BIBAIOIINMA MJIOCKOCTh BUTKA, €CJIH YTOJI MKy
BUTKOM MarHMTHOW MHIYKUUHU U OCbIO BUTKA paBeH 600 .

2. IlpoBoHuK nnuHOU 1,5 M ¢ TokoM 2A moMelieH B 0JHOPOAHOE MarHUTHOE 0JIE ¢ MHAYKIHEH
0,1 Tn. HaiiTu cuiny, HEHCTBYIOIIYIO Ha INPOBOJHUK C TOKOM, €CJIIM BEKTOP MAarHMTHOM HMHIYKIUH
MEePIEHIUKYIISIPEH HAPABICHUIO TOKA.

3. IlpoBogHUK IIMHON 3M U TOKOM 5A MOMENIEH B OJHOPOAHOE MATHUTHOE MOJI€ C MHIYKIIHEH
0,2 Tn. Haiitu cumy, neHCTBYIONIYIO HA TPOBOJHUK C TOKOM, €CJIM YTOJ MEXIYy BEKTOPOM MAarHUTHOU
MHAyKUMU U cuinoit 8§ MH. Onpenenuts miomaas BUTKa.

4. Tlpooanuk mmHOW (0,2 M TIOMEIIEH B OJHOPOJHOE MAarHUTHOE Mojie ¢ uHaykuuen 2 Tn
MEePHIEHAUKYISPHO JUHUSAM MarHUTHOW MHAYKIUU. HailTu cuily TOka B POBOJIHUKE, €CIIU CO CTOPOHBI
MarHuTHOTO TIOJISI Ha HeTo JieicTByeT cuia 2 H.

5. B OIHOPOJTHOM MarHUTHOM TIOJI€ PACIOJIOKEH MPOBOJHUK C TOKOM TaK, YTO YIOJI MEXAY
HaIpaBJICHUEM TOKa W BEKTOPOM MarHuTHOM mMHAyKuuu paBeH 300 . Bo ckoibKo pa3 yBeJIMYMBAETCS
cuiia, IEMCTBYIOIIAs Ha MPOBOIHUK, €CIIM yroj yBenuuusaercs 110 900 .

6. DIEKTpOH BIIETa€T B OJHOPOJHOE MArHUTHOE T0JI€ B BakyymMe co ckopocthio 10 Mw/c,
HaIpaBJI€HHON MEPNEeHAMKYJISIPHO JUHUSAM HHAYKUMHU. HailTu cuity, NEeHCTBYIOLIYIO Ha 3JEKTPOH CO
CTOPOHBI MATHUTHOTO TIOJISI, €CJTM MHAYKITUs TToJist paBHa 2 T

7. IlpimunHka, 3apsg koropor 10-5 K u macca 1 mr, Bieraer B OJHOPOJHOE MAarHUTHOE MOJIE C
unaykuuen 1 Ti u neuxketcs no okpykHOCTH. CKOJIbKO 000pOTOB c/ieNaeT MbUIMHKA 32 Bpemst 3,14c¢ ?

8. DIEKTpOH BIETAaeT B MAarHUTHOE IOJI€ MEPIEeHIUKYJISPHO JIMHUAM MAarHUTHOM MHAYKIUHU CO
ckopocTbio 107 m/c. Haiinure MHIyKIUIO MOJIs, €CIIK 3JIEKTPOH OINKCAN B MOJI€ OKPYXHOCTU PalyCcoM
I cm.

9. B npoBoJHMKE C JJIMHOM aKTMBHOW 4YacTH 8 cM cwmiia Toka paBHa S0A. OH HaxoAWThCS B
OJTHOPOJHOM MarHUTHOM mone uHaykiueit 20 mTn. Kakyio paboTy coBepuinia MCTOYHUK TOKA, €CIIU
MIPOBOJIHUK TiepeMecTiics Ha 10 cM mepreHIuKyIsIpHO TUHUSM UHTYKIIUH.

Bapmuanr 2

1. KBagpaTHass pamMKa, HM3rOTOBJICHHas M3 TOHKOIO MPOBOJHWKA [JIMHOW 2M, TOMEIICHA B
OJIHOPOJHOE MarHuTHoe noisie ¢ uHaykuuel 1 Ta. JIuHuM MarHUTHOW MHAYKUMM NEPIEHIUKYISPHBI
IJIOCKOCTH paMKku. HaliTh MOTOK MarHUTHON MHYyKIIMM TPOHU3BIBAOIINNA PAMKY .

2. Ompenenure NIUHY aKTUBHOM 4YacTH NPOBOJHUKA, TMOMEIIEHHOTO B MAarHUTHOE IIOJIE C
uaayknuend 400 Tn, ecnu npu cune Ttoka 2,5 A Ha Hero gectByer cwia 100 H. IIpoBogHuk
pacnonoxeH oz yriaom 300 K JIMHUSM MarHUTHOM WHITYKIIUH.
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3. B ogHOpOJHOM MarHMTHOM Iojie ¢ MHAYKUMeW 12 Ti mapamuienbHO JIMHMUSIM HHIAYKIHMH
pacnoyiokeH npoBOAHMK miauHOW 0.2M. ITo mpoBOAHUKY TedeT TOK paBHBIM SA. OmnpeaenuTs CHIY,
JEMCTBYIOILYIO Ha IPOBOJHUK C TOKOM

4. ITsimnnka c 3apsagom 0,2 Ki BneTaer B Bakyyme B OAHOPOJHOE MarHUTHOE T0JIE CO CKOPOCTHIO
500 M/c mepneHAUKYJISAPHO JIMHUSAM MAarHUTHOM MHIYKUMHU. BennunHa MHAYKIUH MarHUTHOTO IOJIS
paBHa 6 Tn. Onpenenure cuity, JEHCTBYIONTYIO HA MBUIAHKY.

5. Ilpsimoii poBoA AsMHOM 1 M, IO KOTOpoMy TeueT TOK cuioi 20A, HaXOIUTCS B OAHOPOJHOM
MarHuTHOM 1oje ¢ wuHaykumed 0,01 Tin. Onpeaenuts yroi MexAy HalpaBlICHUEM IO U
HampaBJI€HUEM TOKa, €CJIM Ha MPOBOJAHUK AeicTByeT cuia 0,1 H?

6. IIpsiMOil MPOBOJHUK C TOKOM DACIIOJIOKEH B OJHOPOJAHOM MAarHUTHOM IIOJI€ TaK, 4YTO YTOJI
MEX/y HarnpaBjIeHHEeM BEKTOpa MarHUTHOM MHIyKIIMU U HarpaBieHrueM Toka paseH 300 . Uemy nomxeH
OBITH PaBEH 3TOT yrojl, YTOObI cuiia Amriepa, AeHCTBYIONIasl Ha MPOBOJAHUK C TOKOM, YBEJIWYHIIACH B 2
paza?

7. B OIHOPOIHOM MarHMTHOM Ioje, MHAYKUus KoTtoporo paBHa 0,2014 Ti, mo okpyKHOCTH
paBHOMEpHO BpamaeTcs mpoTtoH. Ompenenure paanyc OKPYKHOCTH, €CIM CKOPOCTh IMPOTOHA paBHA
3200 xwm/c.

8. KakoBa uHAYKIIMSI MAarHUTHOTO TOJIsl, B KOTOPOM Ha MPOBOJIHUK C JJIMHOM aKTUBHOW 4acTu 5 cM
neiicrByer cwia 50 MH? Cuna toka B npoBognHuke 25 A. [IpoBOJHUK pacronokeH MepueHAUKYIISIPHO
BEKTOPY MarHUTHOM MHIYKITUH.

9. DnexTpoH ABMXKETCS B OJHOPOJHOM MarHUTHOM mnoje uHaykuueil 4 mTn. Haiitu mepuon
oOpartenus anekrpona. Otuer o pabote: Pemenue 3aa4 caMocTOSTENbHOM padOThI B TETPaIu.
dopma npeacTabJieHus pe3yJbTara:

BoinonuuTh 3asaHue B TETPaaH Uil MPAKTUYECKUX padoT.

Kpurepun onenkmn:

3a mpaBUIIBHO BBIIIOJHEHHOE 33 JaHHE BBICTABIISETCS MOJIOKUTENbHAs OlleHKa — 1 Oasu.

3a HelpaBWIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIIaTeNbHas olieHKa — () 6anos.
Oyenxa «omauunoy evicmagnsiemca 3a 90 — 100% npaBuIbHBIX OTBETOB

Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89% mnpaBUIBLHBIX OTBETOB

Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB

Oyenka «Heyoosnemeopumenvhoy svicmasnsemcs 3a Menee 60% npaBUIbHBIX OTBETOB

Tema 4.5 DileKTPOMATHUTHAA UHAYKIMS

IIpakTnyeckoe 3anaTue Nel3
Pemenne 3aga4 no teme «JIeKTPOMATHUTHAsI HHAYKIUS. 3aKOH 3JIEKTPOMATHUTHOM
uHAYKIuH. CaMOMHIYKIH»

He.ﬂb: HN3YYUTH SABJICHHUC BJICKTpOMaFHHTHOfI HWHIAYKIOWH, ITPAaBUIIO .HGHIIa, SIBJICHUEC
CaMOMHIYKIUHM U HAyYNUTHCS PELIaTh 3a4a4u.

Boinosinenue padoTsl cnocodocTByeT GopMHUPOBAHMIO:

OK 01, OK 02, OK 03, OK 09
MarepunanbHoe obecrnedeHHe:TETpaab IS MPAKTHUECKUX paboOT, pydyka, METOJUYECKHE
PEKOMEHIALIUU 110 BBIIOJIHEHUIO Pa0OTHI, JIMHEHKA, KapaH/arll.

Yka3anme: [Ipaktrueckas paboTa COCTOUT U3 ABYX YacTe — TEOPETUYECKOM M MPaKTUYECKOH.
ITocne n3y4eHns TeopeTHYeCKOro MaTepruasa MOKHO IPUCTYIIATh K BBHIIIOJHEHUIO IIPAKTUUECKOM YacTH.
Ona cocTouT M3 JAByX U Oojee 3agad Juisi CaMOCTOSITENIbHOTO BbINoNHEeHUA. He 3a0biBaiite o
NPaBUIBLHOM O(GOpMIIEHHH pelleHrs. Ha BBINOJIHEHHE MPAKTUYECKONH OTBOIMTCS JIBAa aKaJIEMHUECKUX
yaca. [Topsnok BeinonHeHUs paboThI

Ilopsinok BbINOJHEHHs padOTHI:

1. PaccMoTpuTe TeOpeTHMUECKHi Marepuaa 10 TeMe€ W TPUMEPhl pEIIeHHs] 3amad  (CMOTpH
METOAMYECKOE IIOCOOHE).
2. Pemmure camocTosTenbHy0 paboty. Odopmute penieHrne MMCbMEHHO B TETPAIH.

1. Kpamkue meopemuueckue ceedenus:
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SBJIeHHE JIeKTPOMATHUTHOM MHIAYKIIUH
B 1831 romy aurmmiickmii ¢usuk M. Papazneid cepueld ONBITOB MOKa3al, YTO C IOMOUIBIO
IIEPEMEHHOI'0 MarHUTHOI'O IOJISI MOXHO CO3/aTh B 3aMKHYTOM IPOBOJSAIIEM KOHTYpE 3JIEKTPUUYECKHM
TOK.

a 6 B
I — s :

/ %L §/> N

- *Mh—h__’ > rlr-l»:—bq %@

Aenenue s1ekmpomacHumHOU UHOYKYuyY — BOSHHUKHOBEHHE JJICKTPHUUYECKOTO TOKA B 3aMKHYTOM
MPOBOASAIIEM KOHTYype NpH H3MEHEHMH MAarHUTHOTO TIOTOKA, MPOHU3BIBAIOLIETO KOHTYp. TOK,
BO3HHUKAIOIIMK B KOHTYpE, HAa3bIBaCTCS UHOYKYUOHHbIM (HABENCHHBIM), a cozparomryro ero JC
Ha3bBatOT I/[C unoykyuu.

[lepBoHaYalbHO HWHIYKIUS ObLTA OTKPBITA B HEMOJBIIKHBIX JIPYT OTHOCHUTEIIBHO Jpyra
MIPOBOJHHKAX MPH 3aMbIKAaHUU M PA3MbIKaHUU SN OJJHOU U3 KaTyllek (puc.l. a) mpu u3BMEHEHUU CHIIbI
TOKa B OJIHOM U3 KAaTYIIEK, MATHUTHOE I0JIe, KOTOPOE MPOHU3BIBAET BTOPYIO KATYIIKY, B HEH BO3HUKACT
WHIYKIHUOHHBIA TOK (puc. 1. 0) MHAYKIIMOHHBIM TOK BO3HUKAET TAK)KE B MPOBOJIOYHON KaTYIIKE MPU
JBUKCHHUH TTOCTOSIHHOTO MarHUTa BHYTPh KaTYIIKU U IPU BBIIBUTAHUHM MarHuTa u3 Hee (puc. 1. B).

3aKO0H 3JIEKTPOMATHUTHON MHAYKIWH:

OIC WHIYKIMU B 3aMKHYTOM KOHTYpPE paBHA IO MOJIYJIIO CKOPOCTH W3MEHEHUS MarHUTHOTO
MOTOKA Yepe3 MOBEPXHOCTh, OTPAHUUEHHYIO KOHTYPOM:
AD
At

)

£. =
1

9
rae & — DJ1C unaykuuu, B;
AD= D,-D| — u3MeHeHEe MAarHUTHOTO MOTOKa, BO;
At — IPOMEXYTOK BPEMEHH, B TEUEHHE KOTOPOTO MPOU30IILIO JaHHOE U3MEHEHHUE, C;

AD B6
At — CKOpOCTI) U3MCHCHUA MarHuTHOI'O II0TOKa, c
AD
g, =———
C y4eToM HampaBIICHUS! HHIYKIIMOHHOTO TOKA 3aKOH 3alichiBacTest Tak: ' AL

Ecnu 3aMKHYTBI KOHTYp COCTOMT M3 N MOCJEIO0BaTEeIbHO COEAMHEHHBIX BUTKOB (HampuMep, B
COJICHOUJIE)
AP

At ,

riae N — 9HCIIo BUTKOB.

HanpasiieHne MHIYKIMOHHOTO TOKAa B 3aMKHYTOM IPOBOJHUKE MOYKHO ONPEIENINUTh IO IIPABUIY,
yctaHoBieHHOM B 1833 rony pycckum pusukom 3.X. Jlenuem. CornacHo npasuny Jlenya:

WHAYKIMOHHBIM TOK, BO3HUKAIOIMHA B 3aMKHYTOM KOHTYpE, CBOMM MarHUTHBIM IIOTOKOM
MPEMSITCTBYET TOMY U3MEHEHHIO MArHUTHOTO MTOTOKA, KOTOPHIM OH BBI3BaH.

g
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Puc. 2 Puc. 3. Onsit, wimocTpupyromnui npasuio Jlenma

Camounayknus. I/C camouHayKUMH
Camounoykyusa — Bo3HUKHOBeHHME OJIC HMHAYKIMM B NPOBOJALIEM KOHTYpE B pe3yibTare
U3MEHEHMss B HeM Ccuibl Toka. [losiBisronryrocs SIIeKTpOABMKYILIYIO cuily HasbsiBatloT JI/C
camounoykyuu. 1Ipy M3MEHEHUU TOKAa B KOHTYpPE MEHSETCS MarHUTHBII TOTOK 4Yepe3 MOBEPXHOCTH,
OIPaHUYEHHYI0O 3THM KOHTYpOM, B pe3yibTaTe 4yero B HeMm Bo3Oyxpaercs OJIC camomHayKuuw,
HaIlpaBJICHUE KOTOPOM ONpeesseTcs IpaBuioM JleHna.
SIBiieHNe caMOMHAYKIMH MOXHO HaOJIt0JaTh, COOpaB JIEKTPHUUECKYIO LeMb, U300paXKEHHYIO Ha

puc. 47.
A
% [ - ]
L Jl
nj . .
L R L
Puc. 4. SIBnenue caMoMHAyKIUU Puc. 5. SIBneHne caMOMHIYKIMY ITPU 3aMBIKAHUH LIETIN

IIPU pa3MbIKaHUU LEMU

OneIT 1MOKa3bIBaeT, 4TO HpU 3amblkaHuu kimoda K smammna JI; 3aropaercs HECKOJIBKO MO3XKE, YEM
nammna JI;. 370 00bsCHIETCS BOSHUKHOBEHHEM B KaTylike 3HaunTenbHoi 3J[C caMOMHAyKINK, KOTOpas,
corjacHo mipaBuily JleHra memraer ObICTpOMY HapacTaHWIO TOKa B MOMEHT 3aMbIkanus uenu. Ilon
neiicteuem OJIC HHIYKIMU B KOHTYpE TMOSBISETCS HMHIYKIMOHHBIH TOK (TOK CAaMOWHAYKIIUHN),
KOTOPBIM, HAKIJIAJbIBasCh HAa OCHOBHOM TOK B KOHTYpe, 3aMelIjsieT €ro BO3pacTaHue. JHEprus
HMCTOYHMKA TOKa, 3aTpadeHHass Ha ero mnpeojosieHue mnpoTuBoaecTeuss JDJC camMOMHIYKIIHH,
HaKaIuIMBaeTCs B MarHUTHOM I10JI€ 3TOM LIeNH — BHYTPH KaTYLIKH ¢ cepaeuyHukoM. Koraa cuna Toka B
LIETIH CTAHOBUTCS MOCTOSTHHOM, TO ¥ DHEPTHUsI MArHUTHOTO TIOJIS LIETIA HE U3MEHSIETCSI.

OOBsACHU CaMOCTOSTENBHO MPOIIECCHI, BOSHUKAIOIIHE MTPH pa3MbIKaHUU 1enH (puc. 4).

DNEeKTPUYECKU TOK, MPOXOASIINI IO MPOBOJHUKY, CO3JA€T BOKPYTI HEr0 MarHUTHOE TIOJE.
MarHuTHBII NOTOK CKBO3b ILIOIIA/Ib IOBEPXHOCTH, OTPAaHUUYEHHYIO0 CAMUM KOHTYPOM, MPONOPLIMOHATIEH
CHUJIE TOKA B KOHTYpE:

Q=L1.
Koaddunment nponopirionanbHOCTH L Ha3bIBaeTCA UHOYKMUBHOCbIO KOHTYpA!
-] 2] 22
1 4 -y (renpn).

3HaueHue MHAYKTUBHOCTH 3aBUCHUT OT pa3MepoB U (HOPMBI MPOBOIHUKA, a TAKKE OT MarHUTHBIX

CBOMCTB c(ephl, B KOTOPOI OH HaXOIUTCH.
OJ1C caMOMHIYKIIMH MO 3aKOHY 3JE€KTPOMArHUTHOM MHAYKIMU paBHA!
£, = —L£ £, _4e
o ar g, B A
rae AI=1>-1; — "3MEeHeHHe CUITbI TOKa B TIPOBOJTHUKE, A
At — BpeMs ero U3MEHEHUs, C;
Al A
Al — ckOpPOCTH N3MEHEHHS CUIIBI TOKA, € .
DHeprusi MarHUTHOTO MOJIst TPOBOJIHUKA C TOKOM:
LI

W, ==
M=

2. Ilpumepsl pemieHus 3a1a4
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1. Y&camHTe HaIpaBJIEHUE BEKTOPAa MarHUTHON MHIYKIUH B TOUKE A.
»

< A'I

]
11

a) 0)
Pewenue:
Hampasnenue BekTopa MarHuTHOW MHIYKIIMH OTIPEACIISICTCS 110 MPaBUiTy OypaBUHKa:

TOK HAaIlpaBJICH IPOTUB 4YacoBOW cTpenku. [lo HampaBileHHIO TOKa BpallaeM pydKy
OypaBumka, Torga caM OypaBuMK OyJeT IBUTAThCS BBEPX, CIEIOBATEIbHO, BEKTOP
I MarHMTHOM MHIyKLIMU HAIIPaBJICH CHU3Y BBEPX;
0) ¢ HampaBJCHHEM NPSIMOJIMHEHHOTO TOKa JOJDKHO COBIAJATh HalpaBJICHUE
5 A I HOCTYTATEeNILHOTO JBMKEHHsI OypaBuMKy, TOTJa HalpaBiICHUE BpAIIECHUS PYKOSTKU B
B@ TOYKE A ITOKaKET HAlpPaBJICHHE BEKTOpAa MATHUTHOM MHAyKIMH. To ecTh B TOouke A
BEKTOD BBIXOJUT U3 INIOCKOCTU PUCYHKA.

B a) BbIOMpaeM I10JIO)KEHHUE HAOJII0aTeNsl €ClIM CMOTPETh Ha IPOBOJHUK CBEPXY, TO
f#

2. IIpoBoaHMK € CUJION TOKAa SA MOMEUIEH B OAHOPOJIHOE MarHUTHOE MOJI€ ¢ UHAYKIUEH 1-102TA.
VYron Mexay HalpaBJIEHUAMHU TOKa U o 60°. onpenenuTe JUIMHY IPOBOJHUKA, €CIIH 0JIE JEHCTBYET
Ha Hero cwoii 2-102H.

F
F=B-I-{ sina. = L=B-Isina ;
-2
_ 200 46
£=1-107Tx-0.87-5A M.

3. Kakas cuna neiicTByeT Ha 3JI€KTPOH, JETAIMA B OAHOPOJHOM MarHUTHOM IOJI€ ¢ MHAYKLHUEH
1:102 TA nepreHMKyIspHO TMHUSAM MarHMTHON MHAYKIIMU CO CKOpOCThIO 3-1070 M/c, 3apsan snekTpona
=-1,6-10"" K.
Ha snexTpoH, nBrKyImuiicss B MarHUTHOM I0JI€, IeUCTBYeT cuia JlopeHna:

Fa=B-|q|-U sina
Fa=1102TA1,6:10"° Kn-3-10°m/c=-4,8-10""°H

4. Ha ckoibkO HU3MEHWJIAch Cuja TOKa B MpoBoAHUKE, eciu 3a 0,2 ¢ B IPOBOJHUKE,
WHAYKTUBHOCTH KOoTOporo 1 I'n, nossunace 9/1C camonnaykuuu pasHas 10 B?
[To 3akOHYy caMOMHAYKIMH:

Al Esi
£, = L%:ﬁm\ :Tm
‘M‘zloB-O,ZC:ZA

1/n

5. 3a Kakoi MPOMEKYTOK BPEMEHH MAarHUTHBIN MOTOk m3MeHutcs Ha 0,04 BO, ecnu B KOHType
Bo3zHuKaeT DJIC unaykmuu 16 B?
[1o 3aKOHY PJIEKTPOMATrHUTHON UHAYKIIUH:
&'=£:>AZ=Q;AE¢ZM
At &i 16 B
6. MarauTHoOe 1oJie KaTymKu ¢ HHAYKTUBHOCTHIO 0,1 I'H o6manaer sueprueii 0,8 JIx. Uemy paBHa

CHJIa TOKa B KaTylIike?

=25-10 ¢

OHeprus MarHUTHOT'O T10JIS1 IPOBOJIOYHOM KaTYLIKU pPaBHA:

7 2.-08 1
WuzL 1 312=2W”3]: ZWM I= ¢= 16A2=4A
2 L L 0,17H
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1. Ompenenure MarHUTHBIA MOTOK, MPOXOSAIIMIN Yepe3 MPSMOYTOJIbHYIO IJIOMIAKY CO CTOPOHAMHU
20x40 cM, ecnyi OHa MOMEINIEHA B OJHOPOJHOE MAarHUTHOE MOJ€ C MHAYKIUEH 5-102TA ton
yriaom 60° K TMHUSM UHIYKIUH TTOJISL.

2. Mar"auTHbIi TOTOK, MPOHU3BIBAIOIINI KaKYIO-TO IJIOMIAAKY PaBEH: ®@=B-S cosa, TK.
IUIOLIA/IKa IPSIMOYTOJIbHAs,  S= as,
re 00 — Yrojd MeXJIy HOpPMalbl0 K IMOBEPXHOCTH W BEKTOPOM MArHUTHOM WHAYKUMU (WM
JUHUSAMHA MarHUTHOM UHAYKIUN).

JJist maHHOTO CITydast:
a=90°-4; a=30°.

BHaunt @ =5-102 TA-0,2M-0,4M cos30°=
ﬁ ~3,5-107
5102 TA-0,2m0,4m 2 B6

2. CamocrosiTesqibHAs padoTa

1. OmnpenenuTe UHIYKTUBHOCTb KATYLIKH, €CIIM IIPH YBEJIUYEHUH ToKa B Heil Ha 2,2 A 3a 50-1072¢c
nosBisiercsa cpenusis IJ1C camonnaykuuu, papHas 1,1 B.

2. B mpoBomuuke muuHOW 0,50 M, OBMXKYHIEMCS €O CKOpOCThIO 3,0 M/C TEpIEeHIUKYISIPHO
CHUJIOBBIM JIMHUSIM OJIHOPOJHOTIO MAarHUTHOTO 1oJs1, BosHukaeT JJ1C 6,0- 107 B. Onpenenure UHAYKIIAIO
MarHMTHOT'O HOJIS.

3. OmpenenuTe MAarHUTHBIA TOTOK, MPOXOMAAIIMN Yepe3 MPSMOYTOJbHYIO IUIOMIAAKY CO
croponamu 20x40 cM, eclu OHa MOMENIEHA B OJHOPOJHOE MarHUTHOE Toje ¢ uHaykuuei 5,0-102 TA
noJ yriioM 60° K JIMHUSAM UHAYKIUHA MOJIA.

4. Omnpenenute D/IC unayKIuu, Bo30yKaaeMyl0 B KOHType, eciau B HeM 3a 0,01 ¢ MarHUTHBIH
MOTOK paBHOMepHO yMeHnbiaercs 0,5 no 0,4 BO, utoOb1 B koHTYpe Bo30Oyx)aanacy DJIC unaykmuu 3,8
B.

5. Ompenenute OPOMEXYTOK BpEMEHM, B TEUEHHME KOTOPOTO  MAarHUTHBIM  TOTOK,
MIPOHU3BIBAIOLINM KOHTYp, JobKeH yBennuutbes oT 0,01 no 0,20 B6, uroObl B KOHTYpe BO30YXkAantach
OC nanykuun 3,8 B.

6. Omnpenenure OJIC MHAYKIMM Ha KOHIAX KPBUIBEB CaMoJIeTa, UMEIOIIUX JAIUHY 12 M, ecnu
CKOpPOCTh €ro Mpu TOpu30oHTAIbHOM mojiete 250 M/c, a BepTUKaJIbHAas COCTABJISIONIAsS MarHUTHOU
WHJyKIUH 36MHOTO Marietusma 5,0 10~ TA.

7. B onHOpoaHOM MarHMTHOM mnojie moja yriom 30° K HampaBiIeHUIO BEKTOpa HHIYKIUH,
BenMuuHa Kotoporo 5,010 TA, mBukeTcs NMPOBOAHMK CO CKOPOCTHIO 10 M/C; BEKTOpP CKOPOCTH
MEepIEeHIUKYIISIpEH TPOBOAHUKY. OnpeenuTe AIUHY POBOJHUKA, eciid B HeM HaBoauTcs D/IC, paBHas
2,5-107 B.

8. Tpaktop obmero HazHauenust K-700 maer co ckopocThbio 28 KM/4. OompenenuTe pa3HOCTh
MOTEHI[MAJIOB Ha KOHIAX NEpeIHeNl OCH, €CIM JJIMHA €€ OKOJO 2,6 M, a BepTHKaJbHas COCTaBISIOIIAS
MarHuTHOTO 1oiis 3emuu 5,0-107 TA.

9. Yemy paBHa J3/IC caMOMHAYKIIMHU, BOSHUKAIOIIAS B KaTyIIKE C MHAYKTUBHOCTBIO 2,0° 10°T, B
KOTOpOit TOK cunoit 7,510 A ucuesaet 3a 2,0-1072 ¢?

10. MaruuTHOe 1ojie Katymku ¢ nuHaykTuBHocThio 0,1 T o6manaer sueprueit 0,8 Jx. Yemy paBHa
CHJIa TOKA B KaTyIIKe?

11. IIpoBosouHas npsiMoyrojpHas pamka co cropoHamu 20 u 30 cM pacrnosokeHa B OJHOPOIHOM
MarHMTHOM I0JI€ U TEepPHEeHAUKYJIIpHa CUJIOBBIM JMHUAM. Onpenennute UHIYKIUIO 3TOr0 MOJs, €CIU
Tpu ero ucyesHobenu 3a 1,2-107% ¢ B pamke Hapoautes cpenusis IJIC 3,5 MB.

12. Yemy paBHa MHIYKTUBHOCTb KaTYyIIKH, €CIU MPOTEKAIOMNUM 110 Hel Tok cuiioi 0,15 A co3nmaer
TIOTOK MarHuTHOH uHAyKImu 7,5-107 B6?

13. YUemy paBHa MHAYKTUBHOCTH TPOBOJHUKA, B KOTOPOM IPHU BO3pacTaHuu Toka ot 1,5 mo 1,8 A
3a 0,02 ¢ Bo3Oyxknaercs DJIC camonnaykumu 0,9 B?

14. 3a KaKoif IPOMEXYTOK BPEMEHH B KOHTYpPe MHAYKTUBHOCTHIO 2,0-10 ' Ipu n3MeHeHn: Toka
Ha 0,5 A Bo3nukaer DJ1C camounnykuuu 10 B?
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15. Onpenenurte MHAYKTUBHOCTD KAaTYyIIKHU, €CIU MpU Toke 3,0 A MarHUTHOE 1oJie B Hell obianaeT
sHeprueii 6,0-1072 JIx.
dopma npeacTaBjieHus pe3yabTara:
BoinonuuThk 3asaHue B TETpaau Uil MPAKTUYECKUX paldoT.
Kpurtepun onenku:
3a npaBUIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTEIbHAS Ol[eHKa — 1 Oa.
3a HelpaBWIBHO BBIMIOJTHEHHOE JICHCTBUE, 3a/IaHUE BBICTABIISETCS OTpHUIIATeNbHAs olleHKa — () 0ayioB.
Oyenka «omauunoy evicmasnsiemcs 3a 90 —100% npaBUIbHBIX OTBETOB
Oyenka «xopouoy evicmasnsemcs 3a 80 — 89% npaBuIbHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «neyooe1emeopumenvbHoy svicmasisemcs 3a Mmenee 60% rnpaBUIIbBHBIX OTBETOB

Tema 5.1 Mexann4ueckue KoJ1e0aHUA U BOJIHBI

IIpakTHyeckoe 3anaTue Nel4
MexaHn4yeckue KoJe0aHUA M UX XapaKTePUCTUKHU

Henpb: 3akpenuTh yMEHHS W HaBBIKM BBIYMCIEHUS MapaMETPOB KO0JIEOATENBbHOTO JIBUYKEHUS,
XapaKTEPUCTHUK MEXaHUYECKUX BOJIH.

Boinosinenue padorsl cnocodocTByeT GOPMHUPOBAHNIO:

OK 01, OK 02, OK 03, OK 09

MarepunanbHoe obecnieyeHue:

TeTpaab IS MPAaKTHUYECKUX paboT, pydka, METOAMYECKHE PEKOMEHJAIMHU IO BBIMOIHEHUIO
paboThl, TMHEHKA, KapaH/all.

Yka3anmue: [Ipaktrueckas pabota cOCTOUT U3 ABYX YAaCTe — TEOPETUUYECKOM M MPAKTUYECKOU.
[Tocne n3y4eHus TeopeTHYecKoro MaTepruasa MOKHO MPUCTYIATh K BHIOJHEHUIO IPAKTUYECKOM YacTH.
Ona coctouT M3 ABYX W Oojee 3agad JUIsl CaMOCTOSATENbHOro BhIMoiHeHHs. He 3a0bIBaiite o
MIPaBHWJIBHOM O(DOPMIIEHUU PELICHHUS.

Ilopsinok BbINOJHEHHS PadOTHI:

1. Paccmorpute TeopeTHyecKkui MaTepuaa MO TeMe M NpHUMEphl pelieHusl 3ajad (CMOTpHU
METOAMYECKOE TIOCOOHE).
2. Pemute camocTosTenbHyto padoty. Odopmute pelieHrne MMCbMEHHO B TETPAIH.

1 Kpamkue meopemuueckue céedenus:

[lepuonuueckue KosnebaHUs — MeXaHWUYECKHE JIBUKEHHUS WIM (PU3MYECKHE TPOLECCHI,
MOBTOPSIOLINECS BO BPEMEHH.

I'apmonunueckue kojeOaHUs — KoJeOaHUs, MPU KOTOPHIX (PU3MUECKas BEIWYMHA MEPUOTUUECKU
M3MEHSETCS ¢ TEUCHHEM BPEMEHU I0 3aKOHAM CHHYyCa WM KOCHHYyca. X = xm - sin(wt + ¢0) xm -
aMIUTUTY/a, MaKCUMaJIbHOE OTKJIOHEHHE OT MOJIOKEHUS paBHOBECHsI (pU3MUeCcKOl BeNUYHUHBI. T- epro
Koje0aHui, HAUMEHBIINI NMPOMEXYTOK BPEMEHH, B TE€UEHHE KOTOPOTO COBEPIIAETCS OJHO IOJHOE
konebanue: T =t N , rae N - yncno konebanuid, t — Bpems, t = ¢, eauHuIa U3MepeHus: T = ¢ (cekyHma).
s marematnueckoro mMasitHuka T = 2n | g , rne 1 - anuna HutH, | = M, g - yCKOpeHHEe CBOOOIHOTO
najgeHus, g = 9,8 m/c 2 Iy npyXHHHOTO MasTHUKA, iepuos paBeH: T = 2n m k , rie m - Macca rpy3a
m = KT, k — koapduuueHT xectkoctn npyxunsl k = H/mM YacroTa konebanuii v - unucio koneGaHuid B
enuHuIly BpemeHu: v=N t ,

Yacrtora u nepuoa B3auMooOpaTHble BenuuuHbl: V=1 T wmu T = 1 v @0 - HavanbHas ¢daza
Konebanuii — aprymeHT @0 rapMmonuueckod Qynkimu: y = Asin (wt + @0) , onpenensromuit
COCTOSIHME TeJla B Ha4aJIbHbI MOMEHT BpeMeHU t = 0. ®- KpyroBas 4yacToTa, YUCJIO MOJHBIX KoeOaHuil
BBIPQKCHHBIX B paJlaHHOM (YIJI0BOM) Mepe, 3aBpemsit=1c,w =pagco=2nT =2nv

2. [Ipumepsl pemieHus 3aaa4

1. l'apmonuueckre KoyiebaHusi BEIMYMHBI X OMHUCHIBAIOTCA ypaBHeHHeM X = = 0,2sin 2mt ™ .
Ompenenure: aMIuIMTyQy A KoneOaHMH; ITUKIWYECKYI0 4acTOTyw( ; 9acToTy KojeOaHW# V; mepuo
konebanuit T; x1 B MoMeHT Bpemenn t =T 2 .
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Jano:
x = 0,2sin 2wt [M]
A, Wy, vV, T, Xq - ?

Peuienue:
CpaBHuB ypaBHEHHE TapMOHHYECKHX KosebaHuit
x = Asin (wyt + @) ¢ naHHBIM B 330a4e, Haxoaum A4 = 0.2 m;

_ W
wy=2mcliv===L

1
- OTKyIa v = 1 ru;T=;,0Txyz[aT= lc.

T
HU,EI,CTHBHB 3Ha4YeHue r = E B YPABHCHHE, TAHHOE B YCIIOBHH 330441, ONPEacnaeM X!

. 2T .
X, = U,Zsm? =0,2sinm =0 m.

Omeem: A =02 m; wyg=2mc Lv=1Tu; T=1¢; % =0m.

2. Hammmure ypaBHeHHE TapMOHHMYECKHX KOJEOAHWH, €Clu aMIUIMTyJa KojiebaHuid A = 2 cwm,
HauvanbHas ¢aza konebanuit @0 =30° u 3a t = 10 c coBepmaercst n = 20 NOTHBIX KOJIEOAHUH.

Hauo:
A=2em=0,02m
o =30°=¢
t=10

n=20

x(1)-?

Pewenue:

VpaBuenne  rapmoHuueckux — komeGaHuii  MMeeT  BHJI

Asin (wpt + @g). llepuon xonebannii I — Bpems, B TedeHHe
r

KOTOporo cosepuaercs oaHo konebanme: T = — 3uas T,
n

2m 2mn
OonpeaenacM HHKIHYCCKYH HACTOTY. Wy = T, HIH Wy = —

t
220
= = 4.
10¢
YPHBHBHHB JaHHBIX TAPMOHHWYCCKHX KoyeOaHmit 6}’,E[€T HMETh

Bua x = (1,02sin (4n‘t + %) [n]
Omeem: x = (,02sin (4?15[‘ + %) [m]

3. Ilepuon xonebanuii Matemarudyeckoro mastHuka Ha Jlyne Tn = 10 c. Onpenenure nepuon
konebanuit T aToro MmastHrka Ha 3emiie. Y ckopeHue cBoOo1HOTO TageHus Ha Jlyne g= 1,6 m/c 2.

Hano:
T,=10c¢

g, = 1,6 m/c?
g=98m/c
T-?

Pewuenue:
[lepnonsr konebanuii matemarudeckoro mastuuka Ha Jlyne T,

n3emne I: T, = ZTEJgI; T—QnJgT—.

PH'S,E[B.TIHB NEPBOC YPaBHCHUE Ha BTOPOC YPABHCHHE, TIOJTYHHM:

T En g
—= [Zomxynal =T, |=
T, 48 y ”«J g

1,6 M/c2
Beuucnenus: T = 10c [e _ 4c
9,8 m/c?

Omegem: T =4 ¢

4. MatemaTuuecKuii MasTHHK, JJITMHA HUTH Kotoporo 1 = 0,5 M, coBepmiaeT rapMOHUYECKHE
Kojebanusi ¢ ammmtygon A = 5 cm. Onpenenure MakCUMadbHYIO CKOPOCTh Umax KOJEOJFOIICHCs

MaTepHaIbHON TOYKH.

Hano:
[=05m
A=5ecm=0,05m

Vmax - 7

Omeem: Vpay = 0,22 Mic

Pewenue:
Maremaruuecknii  MasTHHK =~ COBEpLIAET  TapMOHHHECKHE

konebanus no ypasHeHHIO Asin (wot + @g), e W@y —
2

cobcTBEHHAS LMKIHYECKAas 4acToTa, ) = - ' — nepuop
[
MakcumanbHas CKOPOCTb MATEPHAIBHOM TOUKH Up,a, = AWy =

2
AJ%. Boramciaenust: vy, = 0,05 m ’% =0,22 m\c

. fi i
konebannii MasTHuka, T = 27 |—, ClENOBATENBHO, Wy = g
g
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CamocrosiTeibHas paGora

Bapuanr 1

1. Hursno#t masTHHK coBepmmn 25 konebanuii 3a 50 c. Omnpexenute NEpUOA U YaCTOTY
KoJieOaHuH. 2. Ompenenurte, Ha KaKOM pacCTOSHUU OT HabOmromaTens ynapuia moiHus. Ecnu on
YCIBILIAN TPOM Yepe3 3 ¢ mocie TOro, Kak yBHJIEI MOJTHHIO.

3. ITo rpaduxy

\,'.'.‘

0.4 l 7 . /-"’_\" 3

0 fF——N X =

0.1 0,.2\.0,3 /0,405 0,6 t,c
0.41 s

ONpEeNIETUTE aMIUTUTY/Ty, IEPUOJ U YACTOTY KOJICOAHUIA.

4. KakoBa JyiMHa MaTeMaTUYECKOTO MAasTHHKA, COBEPIIAIONIETO TapMOHUYECKHE KOoJeOaHus ¢
gactotoi 0,5 ['m Ha moBepxHocTH JIyHBI? Y CcKOpeHrne CBOOOIHOTO MajieHus Ha nmoBepxHoctH JIyHsr 1,6
M/c 2 . 5. JInmHaa Mmopckoi BoyHBI paBHa 2 M. Kakoe konudecTBO kKojiebaHuit 3a 10 ¢ coBepmuT Ha Hel
MOTIABOK, €CIIH CKOPOCTh PAaCIPOCTPaHEHUS BOJIHBI paBHA 6 M/C.

6. Kak HY>KHO W3MEHHUTH JJIMHY MaTeMaTU4YeCKOr0 MasiTHUKA, YTOOBI MEPHUOJ €ro KojeOaHWii
YMEHBIINUTH B 2 paza?

7. Onpenenute AJIMHY MaTeMaTUYECKOro MasTHUKA, KOTOphIid 3a 10 ¢ coBepiiaer Ha 4 MOJHBIX
KOJICOaHHS MEHBIIIEC, YeM MaTEMATHUSCKUHM MagTHUK JIUHOH 60 cM.

8. OnuH MaTeMaTHYeCKU MasTHUK UMeeT nepuoa Konebanuii 3 ¢, a npyroit — 4c. Kakoit nepuon
KOJIeOaHUN MaTEMaTUYECKOTO MasTHUKA, IJTMHA KOTOPOTO paBHA CyMME JIJIMH YKa3aHHBIX MasTHUKOB?
9. UeMy paBHa AnuHA BOJHBI Ha BOJIE, €CIIM CKOPOCTh paclpeieNieHus BOIH paBHa 2,4 m/c, a Teno,
MJIaBarolee Ha Bojie, copepiaet 30 konebanuii 3a 25 ¢?

Bapuanr 2

1. Mastauk coBepmua 50 konebGanuii 3a 25 c. OmpenenuTe NMepHoA U YacTOTy KoJjeOaHMiM
MasATHHKA.

2. PannoOyii B Mope kosebsieTcst Ha BojiHax ¢ nepuojioM 2 c¢. CKopocTh MOPCKUX BOJIH 1 M/c.
Yemy paBHa JJIMHA BOJIHBI?

3. Ilo rpaduxy

104 ~
ol

o]

OTpeAeNuTe aMIUTUTY 1y, IEPHOJ] U YACTOTYy KoJieOaHUH.

4. Ha HensBecTHOH IUIaHeTe MasSTHUK JUTMHOM 80 cM coBepiml 36 MONHBIX KonebaHui 3a 1 MuH.
YeMy paBHO yCKOpEHHE CBOOOHOTO MaIeHUs Ha 3TOH riaHere?

5. Ompenenure JUIMHY BOJHBI, PacIpOCTPAHSIOMIENHCS CO CKOPOCThIO 2 M/c, B KOTOpo# 3a 20 ¢
npoucxoauT 10 xonebanmid.

6. KakoBa jyiHa MaTeMaTHYeCKOT0 MasTHHKA, COBEPINAOIIETo 4 MOJHBIX KoeOaHus 3a 8 ¢?

7. Kak u3MeHUTCS 4yacToTa KOJICOAHWN HUTSHOTO MasiTHUKA THHOU 0,5 M, €ClTi yBETUYHUTh JJIMHY
HUTU Ha 1,5 M?

8. Ha o3epe B 0O€3BETpEHHYIO MOTOMY C JIOAKA OPOCHIN TSXKENBIA skopb. OT MecTa OpocaHus
NOLUIA BOJIHBL. YenoBek, crosmuii Ha Oepery, 3aMeTWws, 4TO BOJHA Jouuia jao Hero vepe3d 50 c,
paccTostHue MeXAy coceqHuMu ropOamu BoiH 50 cm, a 3a 50 ¢ Obuto 20 BcruteckoB o Oeper. Kak
Janeko ot Oepera HaxoauiIach Joaka?
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9. K noTonky mojBelIeHbI Ba MasTHUKA. 3a OJMHAKOBOE BPEMS OJUH MAasTHUK COBEpPLIMI 5
KoJiebaHui, a Apyroi — 3 koneOanus. KakoBa jirHa KaKJI0T0 MasTHHUKA, €CJIM Pa3HOCTh MX JIJIWH 48
cm?

dopMma npeacTaBiieHus pe3yJbTara:

BrInomHuTE 3aaHue B TETPAAH JUTSI MPAKTUIECKUX PaboT.

Kpurepumn oneHku:
3a nmpaBWIIHHO BBIMIOJTHEHHOE 331aHUE BBICTABIISICTCS TIOJIOKUTEIbHAS OIleHKa — 1 6a.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHKE BBICTABIISETCS OTpHUIIaTeNbHas olieHka — () GaoB.
Oyenka «omauunoy evicmasnsiemcs 3a 90 —100% npaBUIbHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89% npaBUIBHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «neyooeiemeopumenbHoy svicmasisemcs 3a menee 60% npaBUIIbLHBIX OTBETOB

Tema 5.2 Dy1eKTPOMArHUTHbBIE KOJI€OAHNUS U BOJHbBI

IIpakTnyeckoe 3ansitue Nels
Pemrenne 3aqa4 Ha BH/IbI CONNPOTHBJICHHI B LeNsIX IEPEMEHHOI0 TOKA.
®opMmybl TpaHchopMaTopa

Heuab: u3yunTh CBOOOIHBIC DJIEKTPOMArHUTHBIE KOJIEOaHHUS B KOHTYpE, BHJIbI COTIPOTUBIICHUS B
LeNH IEPEMEHHOI0 TOKa, UX OTJINYHSA U OCOOCHHOCTH.

Boinosinenue padoTsl cnocodocTBYeT GOPMHUPOBAHNIO:

OK 01, OK 02, OK 03, OK 09
MarepunanbHoe oOecriedeHue: TeTpaab JUId IPAKTUUYECKUX paboOT, pydyka, METOAUYECKHE
PEKOMEH 1Al H 110 BBIIOJIHEHUIO PaOOThl, JIMHEHKa, KapaHall.

Yxka3anme: [IpakTrueckas paboTa COCTOUT U3 ABYX YacTed — TEOPETUYECKOM M MPaKTUYECKOU.
ITocne n3y4eHns TeopeTHYECKOro MaTepruasa MOKHO IPUCTYIIATh K BBIIOJHEHUIO IPAKTUYECKOM YacTH.
Ona cocTouT M3 JAByX U Oojee 3aJad Juisl CaMOCTOSITENIbHOTO BbIosHEHUsA. He 3a0biBaiite o
NPaBUIBHOM O(GOpMIIEHHH pelleHus. Ha BbINOJIHEHHE MPAaKTUYECKOM OTBOAMTCS JIBa aKaJIeMHUECKUX
yaca. [Topsnok BeionHEeHNs pabOThI

Ilopsinok BbINOJIHEHHS PadOTHI:

1. Paccmorpute TeopeTHyecKui MaTepuaa MO TeMe M IpUMEphl pelieHusl 3ajad (CMOTpHU
METOAMYECKOE TIOCOOHE).
2. Pemmre camocrosTenbHyto paboty. OpopmMuTe perieHre NucCbMeHHO B TETPajIu.

Kpamkue meopemuueckue céedenus:
«IlepeMeHHBIH TOK»

E
—a—
Fa >

ITepemeHHBII TOK — BBIHYKJICHHbIE TApMOHUYECKHE dJIEKTPOMAarHUTHbIE KOIeOaH!s B IPOBOTHHKE.
BcenencrBrue 37m€KTpOMarHMTHOM MHAYKIMM B PAMKE BO3HUKAET TapMOHWYECKH MeHstomasacs J/C
&= *(D =B S(l) -Sinwt UIInE = go.sino)t

(¢0= BSw — ammutyna 31C MHAYKIMN) U MO>KHO TOBOPUTB, YTO MOIY4YEH IEPEMEHHBIHN TOK.
o [lepeMeHHBII TOK OBITOBOM AneKkTpoceTn umeet yactory v =50 I'n u w = 2zv = 1007 [pag/c].
Pe3ucTop B lenu nepeMeHHoOro Toka

" U 1 U
TANAN
T Ny
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BximrounM pe3uctop conpoTuBIICHHs R B CETh epeMeHHOro Toka Hanpsbkenus U(t) = Upsinwt (*). B
KKl KOHKPETHBI MOMEHT BPEMEHH MTPOXOXKICHHE MEPEMEHHOTO TOKA B PE3UCTOPE KAYECTBCHHO
1y =40
HUYEM HE OTIUYACTCS OT MPOXOXKACHHUSI IOCTOSIHHOTO | IMOAYMHSETCS 3aKoHy OMa: R Torma
Upy .
I(t) = 2sinwt .
(®) R | @) = 1o sinet
I'paduku I(f) u U(f), B 0nHOM crucTeMe KOOPAMHAT, UMEIOT BUI:
e Bcs moaBoauMas K PE3UCTOpPY dSJEKTPUUECKas HSHEPrusi MpeBpallaeTcs B TEIUIOBYIO, T. €. OH
00JIaZIaeT aKMuUBHbIM CONPOMUBTIEHUEM.
AKTHUBHOE (OMUYECKOE) CONpOoTUBIIEHUE (R) — CONPOTUBIIEHUE pe3rcTopa 0e3 yuéTa ero EMKOCTH U
WHIYKTHBHOCTH.
EMKOCTB B 11€TIM IEPEMEHHOT0 TOKa

W3BecTHO, UTO KOHJEHCATOP MOCTOSHHBIN TOK HE MPOBOIUT (LIETIh MEXTy OOKIaKaMH Pa30MKHYTA).
Bxmrounm konaencatop eMkoctu C B 1IeTb epeMeHHOoTo Toka HanpstkeHus: U(f) = Upsinwt (*).
I'paduku I(f) u U(f) B oaHOM crcTeMe KOOpJMHAT, UMEIOT BUJ:

X - 1 — €MKOCTHOE COTIPOTUBJICHUE TIEPEMEHHOMY TOKY.
T wC e Xc ymensiaercs ¢ poctoM o u C
210
Uet-om, o
|
| It
L | t
I
NHIyKTUBHOCTD B IIETH MEPEMEHHOTO TOKa
I~ L

Bxuttounm KaTymky MHAYKTUBHOCTH L B LIeNb epeMeHHoro Toka Hanpsbkenus U(r) = Upsinwt (*)
(aKTHBHOE COMPOTHUBIICHKE MTPOBOJIA KaTyIku R= 0).

I'padukwu I(f) u U(f) B oaHOM crCTeMe KOOPJMHAT, UMEIOT BU/I:

Xp=o-L_ MHAYKTUBHOE COIIPOTUBJIEHUE INEPEMEHHOMY TOKY. (XL pacTeT ¢ pocToM w U L).
JlelicTByolee 3HAYEHHE MOIIHOCTH IEPEMEHHOT0 TOKa () — BEeIMUMHA, YUCICHHO paBHasi MOIIHOCTH
MOCTOSTHHOTO TOKA Procr, IPH YCIIOBHH, YTO 002 TOKA 32 OJJUHAKOBOE BPEMsI, PABHOE MIEPUOTY

MIEPEMEHHOT0 TOKa 7, Ha paBHBIX pe3ucTopax R BBIIEIAT paBHbIE KOJIMYECTBA TEIUIOTHI Q.
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IGR _ 1o _Ug

N3 P = Puocr 1 Up = lo-R=> g 2 2 2R
[ I[el‘;[CTByIOH_[ee S3HAYCHUEC MOIIHOCTH INIEPEMECHHOI'O TOKA YaCTO HA3bIBAIOT aKTUBHOM MOIITHOCTBIO.
HeﬁCTByIOIlIee 3HAYCHUE CUJIBI IICPEMCHHOI'O TOKA (I) — BCIIMYKWHA, YUCJICHHO paBHAsA CUJIC IIOCTOAHHOI'O
TOKA Inocr, IPH YCIOBHH, 9TO 002 TOKA 33 OJMHAKOBOE BPEMsl, PABHOE IIEPHOy IIEPEMEHHOrO ToKa T, Ha
PaBHBIX PE3UCTOPAX R BBLICIAT PAaBHBIC MOIITHOCTH.

_IR o
I/IgP:PHOCT= ’nzocTRzlz'R_Tz \/E
JleiicTByolIIEe 3HAUEHHE HANPSKEHUS TlepeMeHHOro Toka (U) — BeIMYMHA, YUCIIEHHO paBHas
HAMPSDKEHUIO TIOCTOSHHOTO TOKA Upocr, IPH YCIIOBUH, YTO 002 TOKA 3@ OJJMHAKOBOE BPEMSI, PABHOE
nepuoay nNEPpEMEHHOIO ToKa T, Ha paBHBIX PE3HUCTOpaxX R BBIACIIAT paBHBIC MOIITHOCTH.

ug _u? u-Yo

P:P = =
s noct = 5p R = ﬁ

e Ha npakTuke HAC PeIKO MHTEPECYIOT aMILTUTYIHbIC WJIM MTHOBEHHbIC 3HAYEHUS CUJIbI, HANIPSKEHUS
WM MOIIIHOCTH NIEPEMEHHOI0 TOKa. MIHTepec MpeAcTaBisIoT UX delcmeayioujue 3HaAUCHUS.

3akon OMa J1s IepeMeHHOr0 TOKAa

Ug
lg=—
N3BecTHO, UTO B IENSAX MEPEMEHHOT0 TOKA: a) JJIsi aKTUBHOT'O COITPOTUBIICHUS R: R
Ug Uy
1’0 = Xi I,D = Xi
0) ms emxocTtu C: C; B) Ul MHIYKTUBHOCTHU L: L,
lo=1-2 Ug=U-+2
Vurs, uto u , IOJy4uM {7 3aKOH Oma 1J14 MepeMEeHHOr0 ToKa JJIst
pe3ucropa, EMKOCTH M MHIYKTHBHOCTH: I= 2
Pe3oHaHC B 11enu nepeMeHHoro Toka
U~ L]
1 &7
I

|

[

[

A »
Wl r

Cobepem 1menb U3 KaTylIkua WHIyKTUBHOCTHU L, KoHJIeHcaTopa C, aMIepMeTpa mepeMeHHOTO
TOKa A ¥ HCTOYHHKA = U mepemennoro Hanpsukerus U = Up-sinwt ¢ n3MeHsIeMOi
YacTOTON . AKTUBHOE X CONMpOTHUBIIEHHE TPOBOJOB M KATYIIKU UHIYKTUBHOCTH R= (.
®ukcupys Up = const u M3MEHSA 4acToTy @ OT 0 10 MAaKCUMaJIbHO BO3MOKHOT'O

3HAYEHMsI, CHUMEM 3aBHCHUMOCTh CHJIBI JICMCTBYIOIIETO TOKa B 1ienu /(@). Oka3anoch, 4TO Ha 4aCTOTE
1

0y = —F7—

VLG gaGmomaercs pe3Koe yBeInYeHHE TOKA.

Pe3onaHc — siBeHUE pe3KOro BO3paCTaHMsI AMITITUTYIbI BEIHYKICHHBIX AJIEKTPOMArHUTHBIX KOJeOaHUi

IIPU COBMAJEHUN YacCTOThI BEIHYKAAIOIIETO HAMIPSDKEHUS ¢ COOCTBEHHON 4acTOTON KojeOaHui KOHTYypa.
I

-

Fy<=Ra:=R,;

I »

i, e
DNEeKTPOMAarHUTHBIN pe30HaHC (KaK U MEXaHUYECKUI) HACTYIIaeT IIPU COBIIAJIEHUH YaCTOThl BHEIIHUX
BO3JICUCTBUI C COOCTBEHHON YacCTOTOM KOJIEOAHUI CUCTEMBI, TIPH 3TOM aKTUBHOE CONTPOTUBJICHHUE
JEWCTBYET aHAJIOTHYHO CUJIE TPEHHSI — MEPEBOAUT SHEPTHUI0 KOJIeOaHUI B SHEPTHIO MOTEPh (TEII0).
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Jlnst pa3Hbix R (npu noctosHHBIX L, C) KpuBble /() UMEIOT BUA:

o [lpu 3HaYNTENBHBIX R pe30HAHC MOXKET OBbITh MPAKTHUYECKH HE3aMETHBIM.

e Pe30HAaHC HIMPOKO HUCIHOJIB3YIOT B PaJUOTEXHHUKE (IPU HACTPOMKE KOHTypa paJuONpUEMHUKA Ha
4acToTy BbIOpaHHOMU PaAMOCTaHINH U TIP.).

pPOTOp

I'enepatop nepemennoro toka (I'TIT)

[Tpocreiimmii I'TIT cocTouT u3: MOCTOSHHBIX MAarHUTOB 1; KOHTYpa 2; KOHTAKTHBIX KOJjel 3; HETOK 4.
IIpu BpameHnu KOHTypa € YIJI0BOM CKOPOCTBIO () €r0 MATHUTHBIN IIOTOK

® = BS-coswt u IJIC ¢ = —P" = gp-sinwt. s KOHTYpa U3 1 BUTKOB & = 1-go-SInwt.
Koncrpykrusno I'TIT cocTOMT M3 IBYX OCHOBHBIX YacCTEM: HENOABUKHOM — CTATOPA U BpalaroLIEencs —
pOTOpa, U3TOTOBJICHHBIX U3 AIEKTPOTEXHUYECKOU CTAIIH.
e C nenbto yBenumuenus KIIJ[ renepaTopa (6oJiee moIHOTO MCIIONIB30BAHUS MATHUTHOTO TIOTOKA) 3a30P
MEXJ1y CTaTOPOM M POTOPOM JENAIOT MUHUMAIIbHBIM.
3HAYUTEJIBHO YIyYIlIatoTCS.
Tpancdopmartop

’fil T =2 JE:;{

Tpancdopmarop — ycTpoiCTBO, MpeTHA3HAYCHHOE JJIsl H3MEHEHUS 3HAUCHUI HANIPSHKEHUS U CHITBI

MEPEMEHHOT0 TOKA.

e Tpancpopmatop 661 ckoHCcTpyHpoBaH B 1876 1. [lerpom Hukomnaesuuem SA6moukoBbiv (18471894,
Poccus).

[Tpocrelimmii TpaHCHOPMATOP COCTOUT U3 3aMKHYTOTO CTaJIbHOTO CEPICYHHKA U IBYX HA/IETHIX HA HETO

KaTyuek ¢ ooMoTkamu. OiHa 0OMOTKA — EpBUYHAS — MOJKIIOYAETCS K HCTOYHUKY IIEPEMEHHOTO

HaNpSDKCHUS, IpyTras — BTOPUYHAS — K TOTpeOuTeNto. TOK MepBUYHOW OOMOTKH CO3/Ia€T B CEPJCUHUKE

NEePEMEHHOE MarHUTHOE T0JIe, KOTOPOE MPOHU3BIBAET BUTKU BTOPUYHON OOMOTKHM U HABOJUT B HEH

O C unaykmm.

[TycTs mepBu4Has 0OMOTKA COAEPKUT N1 BUTKOB, U _n BTOpUYHAs — N2 BUTKOB M K IEPBUYHON

0OMOTKe IPUJIOKEHO TIepeMenHoe Hanpsikerne Uy, Y2 /)

g _Up Ny _

g U, N

, rie K — ko3 dunuent tpanchopmanuu.

e Eciu N>>Ni, To TpaHchOpMAaTOp Ha3bIBAIOT MOBBIIAOIINM, N2<N| — IOHMKAIOIIUM.

[ ]

CamocrositeibHas padora

1.  3J1C mHAyKIMH, BO3HHUKAKOIIAs B paMKEe NP BPAIIEHHH €€ B OJHOPOAHOM MAarHUTHOM IIOJIE,
U3MeHseTcs 1Mo 3aKoHY &(t)=eo-sinot. Onpenenuts amrmuutyaHoe 3HaueHue DJ{C, MrHOBEHHOE
s3Hayenue I/1C npu t=0,002c, nepuoa u 4acToTy TOKa.

2. MarauTtHeli IIOTOK B paMKe, PAaBHOMEPHO BpAIAKOLICHCs B OJAHOPOJHOM MarHUTHOM IIOJE,
u3Mensiercs: o 3akony O=®gcos6280t. Haittu 3aBucumocts DJIC MHIYKIMU, BO3HUKAIOLIEH B
paMKe, OT BpeMeHH 6 OompenesuTh aMIUIMTYAHbIe W AeicTByromme 3HadeHus JJIC, nmepuon u
4acTOTYy TOKa.

3. Ompenenuthb IEHCTBYIONIEE 3HAYCHUE CUITBI TOKA, U3MEHSIOMIETocs 110 3akoHy 1(t)=Io-sin 54t.

4. OmnpenenuTh 4acTOTY IEPEMEHHOIO TOKA, IIUKIMUYECKAsl YacToTa KOToporo pasHa 110m.

5.  KonpaeHcatop eMKOCTbIO 10* ® BkIIOYEH B CEThH nepeMeHHoro Toka ¢ 4acrorod 50 I
OnpenenuTb EMKOCTHOE CONPOTUBIIEHNE KOHIEHCATOPA.
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6. Kongencarop emMkocTbt0o C BKIIIOUEH B CETh IMPOMBIIUIEHHOTO TOKa. ONpenennTs €MKOCTHOE
COTIPOTHUBIICHUE.

7. Karymka mHayktuBHOCThIO 0,5 I'H BKJIIOYEHAa B CETh NEPEMEHHOIO Toka ¢ yactoroil 50 I'm.
Onpenenutb UHAYKTUBHOE COMPOTUBIIEHUE KATYIIKH.

8. Karymxka wunayktuBHOCThIO L BKIIOWEHAa B ceTh NEpPEMEHHOro Toka ¢ dvacrotod 50 I'm.
Onpenenutb UHIYKTUBHOE COMPOTUBIIEHUE KATYIIKH.

9. HampspkeHust nmepBUYHOW M BTOPUYHOH 00MOTOK TpaHcopmaropa U; u Uz cOOTBETCTBEHHO.
Ywuciio BUTKOB BTOPUYHOH OOMOTKH N». OmNpenenuTh: YUCIO BUTKOB MEPBHYHOW OOMOTKH Ni,
koa(durment tpanchopmarmu K u Bua tpanchopmaropa (MOBBIIAIONIUN WIIM TTOHMKAFOIIHH),
OTBET IOSICHUTb.

10. OmnpenenuTh MOIIHOCTH TEPBUYHOM W BTOPWUYHOM menei Tpanchopmartopa Pi u Py, ecnm
u3BecTHbl: Hanpspbkenust Uy u Uz, Tok I1 mepBuuHO#l 0OMOTKH. Paccunrtath ko3¢ uUIHEHT
tpancopmanuu K u ykazate Bun TpaHchopmaropa (HMOBBIIAIOIMIWNA WM MOHUKAIOIIHI),
OTBET IOSICHUTb.
dopma npeacTaBieHus pe3yJbTarTa:

BrImonHUTE 3aaHue B TETpaay JJIs MPAKTHYECKUX PadoT.
Kpurepun oneHku:

3a mpaBUIILHO BBIMTOJHEHHOE 33JaHHE BHICTABIISICTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.

3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISIETCS OTpHUIIaTeNbHas olieHKa — () 0aoB.

Oyenka «omauunoy svicmasisiemcsa 3a 90 —100% npaBUIbHBIX OTBETOB

Oyenka «xopouwoy evicmasnsemcs 3a 80 — 89% npaBuIbHBIX OTBETOB

Oyenka «yooenemeopumenvHoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB

Oyenka «neyooe1emeopumenvbHoy svicmasisemcs 3a Mmenee 60% rnpaBUIIbHBIX OTBETOB

Tema 5.2 DeKTpOMaraHuTHbIC K0JIe0AHUS M BOJTHBI

IIpakTnueckoe 3ansaTue Nel6
Pemenne 3aga4 no reme «JIeKTPOMarHuTHbIC KOJIeOAHUS M BOJTHBD»

Heab: u3yunTh CBOOOAHBIE 3JIEKTPOMArHUTHBIE KOJEOAHUS B KOHTYpE, pacpOCTpaHEHUE BOJIH,
BH/IbI BOJIH UX OTJIMYUSL.

Brinosinenue padorsl cnocodocTByeT GOPMHUPOBAHNIO:

OK 01, OK 02, OK 03, OK 09

MarepunanbHoe oOecredeHue: TeTpaab s NPAKTHUUECKUX paboOT, pydka, METOJIUYECKHE
PEKOMEHIaLlH 110 BBIIOJIHEHUIO Pa0OTHI, JIMHEHKa, KapaH Jarll.

Yxka3zanme: [IpakTrueckas paboTta COCTOUT U3 ABYX 4YacTed — TEOPETUYECKOM M MPaKTUYECKOM.
ITocne n3ydeHns TeopeTHYeCcKoro MaTepyuasa MOKHO IPUCTYIATh K BBHIIOJHEHUIO IPAKTUUECKOM YacTH.
Ona cocTouT W3 JAByX U Oojee 3agad Juisi CaMOCTOSITENIbHOTO BbINoNHEeHHsA. He 3a0biBaiite o
NpaBUIBLHOM O(GOpMIIEHHH pelieHrs. Ha BBINOJIHEHHE MPAKTUYECKONH OTBOIMTCS JIBAa aKaJIEMHUECKUX
gaca. [lopsimok BbIOTHEHHS pabOThI

Ilopsinok BbINOJHEHHs PadOTHI:

1. PaccmoTrpute TeopeTHyecKui MaTepuaa MO TeMe M IpUMEphl pelieHusl 3ajad (CMOTpHU
METOAMYECKOE TIOCOOHE).
2. Pemmre camocrosTenbHyto paboty. OpopmMuTe perieHre nucCbMeHHO B TETpaju.

1. Teopus. [loBTOpUTH TEOPETUYECKNI MaTEpUAJI 110 KOHCIIEKTY JICKIUH.
2. IlpuMeps! pemieHust 3aaa4.
1. UaaykTtuBHOCTH KoJeOaTenpHOro KoHTypa 500 mkI'1. Kakyioo emkocTh ciemyeT BBIOpaTh,
4TOOBI HACTPOUTH €ro Ha yacToTy | MI'?
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. 1
daHO: e 1
8 VT 2RdIC €= 2 4 . 6.2
KoJe0aTeIbHBI . 1 4-3,147-5.107 7 -(107)
vi=——a——
1 KOHTYp dm”-LC 1 _ 1
c——1 20-9.8596-10" 12 197.192.10
_z. _4F A4 L -v g oy
L=510"TIn =0,005-10 0 =5.10"'! = 50770
106
v=10°T"11
=2

2. B ycraHOBKax st 3NIEKTPOTUAPABINIECKON 00pabOTKM MaTepuaioB KOHACHCATOPHI pabodero
KOHTYpa SIBISIIOTCSI E€MKOCTHBIMH ~HakonWTelnsiMu dHepruu. Ompenenure HaWOONBIIYIO — CHITY
KPaTKOBPEMEHHOI'O TOKa, BO3HUKAIOIIEIO B ICMU MPH MPSAMON pa3psaKe TaKOro KOHJAEHcAaTopa Ha
MPOBOJIHUK, €CJIM HM3BECTHO, YTO 3aHECEHHas 3Hepruss B KouaeHcatope 10 kK, WHAYKTUBHOCTh
koHTypa 0,03 Mx['H.

Hano: x  — E>n=Ewx ) 2104 pyp—
KOHT max — —g T VYbYe
OHTYP n 3.1078

E = 10* Ix - 08-10° =8.10° A

LI?

E)J = 2

L=310%TH
Imax =? U

2F

[max = =
L

3.0mnpenenute Nepuoa U 4acTOTy COOCTBEHHBIX KojeOaHui KOHTypa UHAYKTUBHOCTH 0,05M I'H 1
IIOCJIE0BATEIBHOIO COEIMHEHUS TPEX KOHJIEHCATOPOB EMKOCTBIO 110 6 MKD.

aHO: L _610°°
A T=2314, 510‘3%:

K =6,28y10107" =6,28y107" =
[I0CJIE0BATEIbH 62810 ¢

0€ COCIMHCHUC
1

v=—-——"=015910"Ty ~ 1,61y

L=0,05m I'n=5 ccc 628107
10°TH Ci

' C6= n
Ci=6mMkd=6 10
X0} T =27+/4C6 =21 ﬂ.'_(’—;"
N:3 1

T

T,vy-?

4. Cusia TOKa B CETH M3MEHSIETCS 10 3aKOoHY 1=4,2 sinwt. Kakoe KoiMM4ecTBO TEIUIOTHI BBIICIUT
3JIEKTPOKaMUH 3a 1 4 paboThl, eciu ero conporusieHue 70 Om?
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Iano: Q=I% Rt In=4,2A

3JIEKTPOKaMHUH i=Imsinot 1,=0,707-4,2=3A

i=4,2 sinot I Q=32-70-3,6-10%=2,3-10%/Ix=
= =0,707-1,

t=3,6-103 ¢ I, \/5 =23 MIx

R=70 Om

Q=?

5. Karymxka uaaykruBHocTsio 0,1 I'H U akTHBHBIM compoTuBiieHHeM 25 OM BKIJIIOYEHA B CETh
IPOMBIIIJICHHOT'O MEPEMEHHOr0 TOKa CO CTaHAApTHOM dacToToi. Ompenenure TOK B KaTyIIKe, €ClU
HanpsbkeHue Ha ee BBogax 120 B.

6. Ha KOMXO3HYIO MOACTaHIMIO IMOCTyIMaeT TOK HampsbkeHuem 6600 B. mepBuunas oOMoTKa
Tpancpopmaropa mnonactanuuu umeer 3300, a BropmuHas 110 ButkoB. Omnpexpenure pabouee
HaMpsDKEHUE B KOJIXO3HOW 3JEKTPOCETH U MOTPEOIIIeMy 0 MOIITHOCTD cujia Toka B cetd 200 A motepsmu
SHEPrUM B TpaHchopMaTope MpeHeOpedb.

Jlaso: parcopmarop o _ Uy _ 6600-110

o U 300 0P
Ui=6600 B U

U, = —1"®2
®1=3300 B ’ S P>=220-220=44-10’Br=44 kBT
=110 P=Uz-I»
=200 A
Uz, P2=?

7. Cuna Toka B nepBUYHON 00MOTKe TpaHchopmaropa 0,5 A, HanpspbkeHue Ha ee KoHax 220 B,
BO BTOpUYHOI 00MOTKe cooTBeTcTBeHHO 8 A M 12 B. Omnpenenute KI1J] Tpancdopmaropa.

Jano: Tpancdopmaropa n="b 100% = — 221(2) g - 100% — 87%
1=0,5 A P, ’
U,I
L=8 A =225 100%
UIII
Ui=220 B
U=12B
n=?

CamocrosiTesibHas padoTa.
1. MarHuTHbII TOTOK B pamMKe, PaBHOMEPHO BpallalOIIUICSd B OAHOPOJHOM MAarHUTHOM IOJIE,
m3MensieTca 1o 3akoHy @ = 3 - 107 cos157t. Haiiaute 3aBHCHMOCTh MIHOBEHHOTO 3HAUEHHS
OJIC uWHAyKIuu, BO3HUKAIOIIEM B paMke, OT BpeMeHu. Ornpenenure MakCUMalbHOE U
neiicrByromee 3HaueHue J/[C, nepuosa 1 4acToTy TOKa.
2. B pamke, paBHOMEpPHO BpalIalolICCcs B OJHOPOJHOM MArHUTHOM MOJi€, HHAYIUPYETCS TOK,
MT'HOBEHHOE 3HA4Y€HHE KOTOPOIO BBIpaXkaeTcs (popmyIoit 1 = 3 sinl57t. Onpenenute
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10.

11

12.

13.

14.
15.

16.

17.

18.

aMIUINTYIHOE, JEMCTBYIOIEE 3HAaYEHHE TOKAa, MTHOBeHHOe 3HaueHue Toka npu 0,01 C, nepuon
U 4acToTy.

Ornpenenure MakCUMalbHOE W JACHCTByollee 3HaueHue nepeMeHHor DJIC, BO3HUKaIIeH B
pamMKe IMpU €€ PaBHOMEPHOM BpalIeHHMH B OJHOPOJAHOM MAarHUTHOM IIOJie, €CJIM NpU yTIie
nosopoTa pamku Ha 45° Mruosennoe 3nauenue DJIC 156 B.

Cwia ToKa B mepBHYHON 0OMOTKe Tpancdopmaropa 0,2 A, HampspbkeHue Ha kiemmax 220 B.
Omnpenenure HanpspDKEHHE W CHJIY TOKa BO BTOPUYHOH OOMOTKE TpaHchopMmaropa, eciu
koddurment Tpanchopmanuu 0,2.

Hanumnre ypaBHeHue s MrHOBeHHOro u3dmeHeHus D/[C MHAYKUMHM, BOSHUKAIOIIEH B BUTKE
[IpU PAaBHOMEPHOM €r0 BpAIllEHUH B OJHOPOJHOM MAarHMTHOM Tole, eciu yepe3 1/600 ¢ mocne
MPOXOKJICHUSI BUTKOM MOMEHTa, pu kotopoMm D/[C paBHa Hyst0, MrHOBeHHOE 3HaYeHue IJ1C
cranoBurcs 5 B. Ilepuon Bpamenus sutka 0,02 c.

Karymka nnaykruBHocThio 20 MI'H BKIIIOYEHA B CETh MEPEMEHHOro Toka ¢ yactoto 50 I'm.
Onpenenure UHAYKTUBHOE CONIPOTUBIIEHUE KATYIIKH.

Konpencarop emxocteio 8:10“%h BKIIOYEeH B ceTh MEPEMEHHOTO ToKa ¢ uacToToi 50 I'm.
Onpenenuts CUIly TOKa HA y4acTKe IeMH C KOHACHCATOPOM, €CIIM COMPOTUBICHHUE MOIBOASIINX
poBo1oB 5 OMm, a HanpsKEHUE Ha BceM ydacTke tenu 12 B.

Kak wu3MeHUTCS WHAYKTMBHOE COINpPOTUBICHHE KATYIIKH, €CIM €€ BKJIYUTh B IIeMb
nepeMeHHoro Toka ¢ yacroroi 10 xI', Bmecro 50 I'y?

[lepBuunas obmoTka TpaHnchopmaropa comepkuT 800 ButkoB, BropuyHas 3200. Ompenenute
KO3 GHUIHeHT TpaHchopMaIny.

Cuna Toka B CETH U3MEHsIeTCs 10 3akoHy 1 = 8,5 sin o t. Kakoe KonMuecTBO TEIOTH BBIASIUT
AJIEKTPOKAMUH 3a 2 yaca paboThl, eciid ero conpotusienue 80 Om?

. Cuta Toka B epBUYHOM 00MOTKe TpaHchopmaTopa 0,6 A, HanpsbkeHne Ha ee KoH1ax 220 B; Bo

BropuuHOi 06MoTKe 6 A 1 14 B. Onpenenute KII/] Tpancdopmaropa.

B nepBuuHOif 00MOTKe moBbIIIaromero Tpancopmaropa 80 BUTKOB, a BO BTopuuyHOH 1280.
Hanpsokenne Ha koHIax nepsuyHoit oOMoTku 120 B, a BennumHa Toka BO BTOPUYHON OOMOTKE
0,25 A. Onpeznenute MoJje3HYI0 MOIHOCTh TpaHc(opmaTopa.

JUia TpaHCHIsAUMU paauornepeaad NPUMEHSIOT MOHWKAOMMKA TpaHCPOopMaTOp C HANpsSKEHHEM
480 B nmo 30 B. Omnpenpenure MomHOCTh TpaHcopmaropa c¢ KIIJ 96%, eciu k Hemy
noaximoueHo 100 penpoaykropos, notpedisitomux Tok 0,008 A.

Onpenenure MakcuMaibhyio DJIC, 3Has, uto npu 30° DJIC unaykuu 110 B.

Omnpenenure yroy MoBOpoTa BUTKa B OJHOPOJHOM MarHMTHOM II0JI€, 3Has, YTO MaKCHMaJIbHOE

3HaueHue Toka 10072 A, a Tox B jaHabIi MoMeHT 100 A.

Omnpenenure KodpPUIMEHT TpaHcHOpMaK 3BOHKOBOrO TpaHchoOpMaTopa, MHUTAEMOTO
CETEeBBIM TOKOM ¢ HanpsbkeHueM 220 B, eciiu mpeoOpa3oBaHHbIN TOK UMeeT Hamnpsikenue 2 B.
[lepBuyHas oOMOTKa MOBBINIAIOIIEr0 TpaHchopmaTopa umeer 45 BUTKOB, a BTopuuHas 900
BUTKOB. [lepBHYHas KaTylka BKJIKOYAETCS B CETh MEPEMEHHOI0 TOKa ¢ HampsbkeHueM 120 B.
Kakoe Hampspkenue OyJeT Ha 3a)KkuMax BTOPUUHOW 0OMOTKH?

DJleKTpuyecKas ayra JoJbKHA ropeTh noj HanpsbkenneM 40 B, a B cetn 220 B. CkonbKO BUTKOB
JIOJDKHA COJIepKaTh BTOPUYHAsA OOMOTKA, €CIM B MEPBUYHON 0OMOTKE, BKIIFOUYEHHOMH B ceTb, 385
BHUTKOB?

dopma npeacraBjieHus pe3yabTara:
BoinonHuTh 3asaHue B TETpaaM Il MPAKTUYECKUX paldoT.
Kpurepun onenkmn:
3a npaBUIIbHO BBIMOJIHEHHOE 33JaHHUE BBICTABIISIETCS MOJIOKUTENbHAS OlleHKa — 1 Oa.
3a HeMpaBWJIBHO BBIMOJTHEHHOE JICHCTBUE, 3a/IaHNUE BBICTABIISETCS OTpHUIIAaTeNbHAs olleHKa — () 0ayioB.
Oyenka «omauunoy evicmasnsiemcs 3a 90 —100% npaBUIbHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89% npaBUIBHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyooe1emeopumenbHoy svicmasisemcs 3a menee 60% npaBUIIbHBIX OTBETOB

Tema 5.3. OnTuka
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IIpakTnueckoe 3ansaTue Nel7
3aKOHBI OTPAKEHUS M NIPeJIoMJIeHHs cBeTa. DopMyJia TOHKOM JIMH3bI.

].[e.m;: HpI/IMeHeHI/Ie 3aKOHOB OTPAXCHHUA U MTPCIOMJIICHUA CBCTA IMPU PCHICHUUA 3a1aY.

Brinosinenue padorsl cnocod6cTByeT GOPMHUPOBAHNIO:
OK 01, OK 02, OK 03, OK 09
MarepuanbHoe o0ecnmedeHHe:TeTPalb Ui MPAKTUYCCKUX paboT, pydka, METOIUYCCKUE
pPEKOMEHJallMd TI0 BBINOJIHEHUIO paboThl, JMHEWKa, KapaHpaam. TaOnuia 3HaYeHH OCHOBHBIX
TPUTOHOMETPUYECKHUX (YHKITUH
Yka3zanme: [Ipaktuueckas paboTa COCTOMT M3 JBYX YacTe — TEOPETHUYECKOW M MPAKTHUYECKOM.
[Tocne u3ydeHust TEOPETUUECKOTO MaTepHalia MOKHO MPUCTYNATh K BHIITOJIHEHUIO TPAKTUYECKON YaCTH.

Kpamkue meopemuueckue céedenus:

3akoH oTpaxkeHusi cBera OTpa)K€HHBIN JIyd JIEKUT B OAHOM IUIOCKOCTH C MAaJaroLIUM JIy4oM U
HOPMaJIbl0 K IOBEPXHOCTH, BOCCTAaHOBJICHHOM M3 TOYKM MAaJeHUSA. YTOJ OTPaKCHUs pPaBEH YIIIy
nafgeHus: . YIUIbl MaJIeHUS] U OTPAKEHUS U3MEPSAIOTCS MEXAY HaIpaBJIECHUEM JIyuya U HOPMAJbIO K
NOBEpXHOCTU (pHC. 2). 3aKOH OTPaKEHUs CBETa CIpPaBEUIMB U Ul IIEPOXOBATONH MOBEPXHOCTH.
[TapannenbHbIid My90K CBETa OTpaxaercs oT Hee MU dy3HO, OTHAKO KKK JTyd MOAUYMHICTCS 3aKOHY
OTpa)KECHUS.

3akoH npesiomiieHus cera. [lokasarenb npesomieHus. [IperomMiieHHBIN TyY JIEKUT B OJHON
IUIOCKOCTH C NaJaroll¥M JYyYOM U HOPMaJIbl0 K IIOBEPXHOCTH, BOCCTAHOBJIEHHOW M3 TOYKM INaJCHUS
(puc. 2). OTHOIIEHNE CUHYCA yIJIa NaJIeHus K CUHYCY YIJIa MPEJIOMJIEHHs] €CTh BEJIMYMHA MOCTOSIHHAS
JJ1s JaHHOM Iaphbl BEILECTB:

s
sin /3

Yroa MexIy HOpMaIbl0 U MAJAlOIIMM JIy4OM HAa3bIBaeTcs YIVIOM MaJeHMs. YTONI MEeXay
HOPMaJIbI0 M NPEJIOMJICHHBIM JIydOM HasblBaeTcsi yriom mnpenomiieHus. [loctosHHas BenmnumHa n2l
Ha3bIBAETCS] OTHOCUTEIBHBIM MTOKA3aTeJIEM MTPEIOMIIEHUS] BTOPOI Cpeibl OTHOCUTENIBHO MEPBOM.

[Toka3arenp mpeIoOMJIEHUS Cpelbl OTHOCHUTENIBHO BaKyyMa HasbIBaeTcsi  aOCOJIIOTHBIM
nokasareneMm npeiomseHus. Kak mpaBuio, 3Ty BeIMUMHY HAas3bIBAlOT IPOCTO IOKa3aTeaeM
IIPETOMIICHUS.

BonHoBast Teopusi yCTaHaBIMBAET IMPOCTYHO CBA3b IOKa3aTess MPeloMIIeHUs n2]1 co CKOPOCThIO
pacnpoCTpaHEHUs CBETOBBIX BOJIH B JIBYX Cpellax

H2| :V—I. {2)

= n,, = const. (1)

n

Puc. 2. 3akoHbI OTpaxeHus U MIPEIOMIICHHS CBETA

IIpakTHYecKkas 4acThb.
3aga4u AJ19 CaMOCTOSTEIbHOIO PELICHHS:
1. Ha xakoii yroy HoBepHETCSl OTPaKEHHBIN OT 3€pKaJla COJTHEUHBIH JIyd IIPH [TOBOPOTE 3epKajia
2. [Tpeamet Haxoaumicst Ha paccTosHUU 20 CM OT IUIOCKOTrO 3epKajia. 3aTeM ero OToABUHYJU Ha 10
cM
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3. B minockocTy 3KpaHa HaXOAUTCS NCTOUYHUK CBETA, UCITYCKAIOIUI Y3KUH MyYOK JIydel 1oJ
yIIoM

4. OT noaBEMHOTO KpaHa, OCBEILIEHHOT'O COJIHIIEM, Ma/IaeT TeHb JUIMHOM 75 M, a TEHb OT
BEPTUKAJIBHO

5. JIyd cBera najaeT Ha CUCTEMY JIBYX B3aUMHO IEPIEHAUKYIISPHBIX 3€pKajl. YT0Jl IaJeHUs

6. Ham ientpom kpyrioro 6acceiiHa paanycom 5 M, 3aJIUTOTO JI0 KpaeB BOJAOW, BUCHUT JlaMIla

7. Boicora Connua Hag ropuzoHToM 38°. [1o/1 KakuM yIJIoM K TOPU30HTY HaJl0 PacloiIOXKUTh

8. ConHeuHblH JIyd, IPOXOSAIIMI yepe3 OTBEPCTHE B CTABHE, COCTABIISIET C IOBEPXHOCTHIO CTOJIA

9. HeGoub1110i1 IpeiMeT pacioyiokeH MEXAy ByMs IIJIOCKUMU 3epKajlaMH, 00pa3yIoMMHU yroil

10. Ha xakoii BEICOTE HaXOAMTCS a3pOCTAT, €CIU ¢ OarHu BeICOTON 20 M OH BUJCH O] YIiioM 45°

11. KakoBa oykHa ObITh MUHUMAJIbHAS BBICOTA BEPTHKAIBHOTO 3€pKajla, B KOTOPOM YEJIOBEK

12. IlpeameT nomeieH Mexay AByMsl B3aMMHO NEPIIEHIUKYIIPHBIMU 3epKajgamu. CKOJIBKO

13. Ilox KakuM YTJIOM K IOBEPXHOCTH CTOJIA HA/10 PACIOJIOKUTh MIIOCKOE 3epKajlo, YTOObI
MOJIyYUTh

14. Yenosek, crosmuii Ha 6epery o3epa, BUIAUT Ha I1aIKOH OBEPXHOCTH BOJIbI H300pakeHue
COJIHIIA

15. Cersiasics Touka NpUOIMKaeTCs K IIIOCKOMY 3epKaily co ckopocThio 4 M/c. C Kakoi
CKOPOCTbIO

16. IIpeqmer HaXoAUTCS OT MJIOCKOTO 3epKaia Ha paccrostHuu 30 cM. Ha kakom paccrostHuM

17. ToueuyHbI ICTOYHUK CBETA OCBEIIAET TOHKUN quck quamerpom 0,2 m. [Ipu sTom Ha sKkpane

18. 'opu30oHTaNBHBIN JIy4 MaJaeT Ha MJI0CKOEe BEPTUKAIBHO PACHOIOXKEHHOe 3epKano. Ha kakoii

19. BepTukanbHO cTOsIIMI mecT BeicoToU 1,1 M, ocBerieHHbIi ColtHiieM, 0TOpachIBaeT

20. Ha ropu30oHTaIBHOM CTOJIE TIO IPSAMON ABMKETCs mapuK. [1oa KakuM yriioMm K MI0CKOCTH
cTojia

21. IInockoe 3epkano AB nBHXkeTcs OCTYINATENbHO CO CKOPOCThIO V1=2 M/c, a TOUKa S JBUXKETCS

22. Ceersmiascs Touka paBHOMEPHO JABUKETCS IO MPAMOU, oOpasyromeid yroi 30° ¢ miIoCKOCThIO.

KonTpoabHbie Bonpochl
1. CdopmynupyiiTe 3aKOHBI FT€OMETPUYECKON ONTHKH. Y KaXUTE TPaHULIBI IPUMEHUMOCTH 3TUX
3aKOHOB.
2. Jlaiite onpezaeneHne abCOMOTHOIO U OTHOCUTEIBHOI'O MOKA3aTelIsl IPETOMIICHHUS U TOKAKUTE
CBSI3b MEXy HUMH.
3. KaxoB ¢usndeckuii cMbICH MTOKa3aTess MpeloMIICHHs ¢ TOUKH 3pEeHHUsI BOJIHOBOM Teopuu cBeTa?
VYcTaHoBHTE CBA3b MEXK/Y [TOKA3aTeIeM MPEIOMIICHUS U JJIMHOW BOJIHBI B BAKyyMe U Cpejie.
4.  VYKaxuTe OCHOBHbIE IPUYMHBI TOTPEITHOCTEH N3MEpEeHU I
dopma npeacTaBiieHus pe3yJbTara:
BrinmonHuTh 3aiaHue B TETPAAH ISl MPAKTUIECKUX PaboT.
Kpurepum ounenku:
3a npaBUIIHHO BBIMIOJIHEHHOE 331aHHE BBICTABIISIETCS TIOJIOKUTENbHASI OIleHKa — 1 Oa.
3a HelpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHKE BBICTABIISETCS OTpHUIIaTeNbHas olieHka — () 6anos.
Oyenxa «omauunoy evicmagnsiemca 3a 90 — 100% npaBuIbHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89% mnpaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «Heyoosnemeopumenbvhoy svicmasnsemcs 3a Menee 60% MnpaBUIbHBIX OTBETOB

Tema 7.1 KopnyckyJIsIpHO-BOJHOBOI JyaJu3M.

IIpakTnueckoe 3ansaTue Nel8

Pemenne 3apa4 no reme «3axkoubl porodrdpdexra. YpaBHeHre IWHIITEHHAY
Hean: N3yunts 3akoHbl CToneToBa ast porodddexta. Hayunrbes pemaTs 3a1aui Ha ypaBHEHHUE
OHHIITEWHA.

Brinosinenue padoTsl cnocod6cTBYeT GOPMHUPOBAHNIO:
OK 01, OK 02, OK 03, OK 09
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MatepuanbHoe o0ecnedeHUe:TETPaab ISl TMPAKTHUECKUX pPabOT, pydyKa, METOJUYECKUE
PEKOMEHIALIUY 10 BBIIOJIHEHUIO PA0OTHI, JIMHEHKA, KapaHJalll.

Yka3zanue: IIpaktuueckas paboTa cOCTOMT M3 ABYX YacTe — TEOPETHUYECKOW U MPAKTHUYECKOU.
ITocne n3y4eHns TeOpeTUYECKOro MaTeprUasa MOKHO IIPUCTYIIATh K BBIIIOJHEHHUIO IIPAKTUYECKOM YacTH.
Ona coctouT W3 AByX M Oojee 3ajgad JUIsl CaMOCTOSITENILHOrO BhIMONHEHHs. He 3a0biBaiite o
IIPaBUIBHOM O(QoOpMIIEHHH pellieHus. Ha BbINOJIHEHHE MPAKTUYECKOM OTBOAMTCS JIBAa aKaJIEMHUYECKUX
yaca. [Topa10K BBIIOTHEHUS paObOTHI

IMopsinok BbINOJIHEHHUS PA0OThI:

1. Paccmorpure TeopeTMUecKMi MaTepuall IO TEeME U IpUMepbl pelleHus 3ajgad (CMOTpU
METOAHYECKOE IIOCOOHE).
2. Pemmre camoctosTenbHy0 padoty. OdopMuTte pereHue NIMCbMEHHO B TETPaIu.

1. Teopus.
Buemnuii gorodppexT U ero 3aKoHbI
B pasButum mpeactaBieHuil 0 IpUPOJIE CBETA BaXKHBIN MIAr ObUI ClIENaH MPU U3YUYEHHH OJHOTO
3aMe4aTesIbHOrO sBJIEHMSA, OTKpbITOoro [. I'epueM M TIATENBHO MCCIEIOBAHHOTO BBIJAIOIINMCS
pycckuMm yueHbM A.I". CToneToBbIM. SIBIeHHE MOIYy4YnIo Ha3BaHUe (POTOIIEKTPUUECKOTO dPdeKTa.
dotoanekrpuueckuii ekt ObIBacT BHEIIHUM (Ha IIOBEPXHOCTH METAJUIOB) U BHYTPEHHUM
(BHYTpH MOIYIIPOBOAHHUKOB).

Brewnuii gpomosghghexm — BBIppIBaHUE SJCKTPOHOB C MOBEPXHOCTH BEUIECTBA O] JEHCTBHEM
ANEKTPOMArHUTHOTO U3nydeHus (puc. 1).

Puc. 1. SIBnenue potorddexra

3akonsl porodrddexra
1. Cuna Toka HachllleHUs — [, TIPSAMO HPONOPLUOHATIBHA MAJAIOIIEMy Ha 3JIEKTPOJ CBETOBOMY
U3ITyYEHHUIO.
2. MakcuManbHasi KWHETHYECKasi S3HEpTUs (POTO3IEKTPOHOB JIMHEHHO BO3pAacTaeT ¢ YaCTOTON CBeTa
Y HE 3aBUCUT OT MOLUTHOCTH CBETOBOI'O U3JTyUEHUSI.
3. Kpacnas rpanuna ¢poroaddexra omnpenensieTcss TOIbKO MaTepruagoM dJIEKTPOAa U COCTOSTHUEM
€ro IIOBEPXHOCTH.
Ecnu wacToTa cBeta MEHbIlE HEKOTOPOIl OMPENEIICHHON ISl TAHHOTO BEIIECTBA MUHUMAJIBHOM
YaCTOThl Vmin — HaMMeHbINass yactora OMB, Bb3bIBatomeil ¢porodddekr, To horoaddexr He
HaCTYyTIaeT.
3akoHbl porodddekra Heab3ss OOBACHUTH Ha OCHOBE BOJHOBOM Teopuu cBeTa. OOBsiCHEHUE
dbotodddekra Ob0 mAaHo OWHIITEHHOM, pa3BuBmmM B 1905 r. umenm Ilmanka o mpepwIBUCTOM
UCITyCKaHUM CBETA.
Hewmenxuit ¢uszux M. Ilmank — ocHOBaTelb KBAaHTOBOM TEOPUH MPEAMNOIONKUI, YTO ATOMBI

HCIYCKAIOT YPHEPTHUIO OTACTHHBIMU MOPIUSIMU — KBAHTaAMH.
mv? | — ypaBHeHHe DiHmTeHHA 11 poTorddexTa.
hv=A4_ + =N

h=6,63-10"** Ixx-c;me=9,1-107" kr; C=3-10% m/c
Cre0BaTeIbHO, paboTa BHIXOAA — As 3aBHCHT TOJBKO OT POJIA BEIIECTBA, I03TOMY JUIS PA3HbIX BEIIECCTB
paziMyHa.
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[Tpu ucmyckanuu cBET BeAeT ceds Mo J00HO MOTOKY YaCTHIL C SHEPTUEH.

CpoiicTBa  cBeTa, OOHapyXKMBaeMble TPH  HW3IyYCHHWH W  TOIJIONIEHUM  HAa3bIBAIOT
KOPITYCKYJISIPHBIMU.

CBeToBast YacTHIIA HA3BIBACTCS (DOMOH WIN C8eMOBOL KEAHM.

®oToH 001agaeT NopIyei SHEPruu:

rae v —yacrora [['u];
h — nocrosaHas [nanka, 6,63-10-* [Ix-c].
Macca ¢oroHa onpeaensieTcs:

IJie C — CKOPOCTb CBETa
@DOTOH HE UMEET MaccChl MOKO, T.€. HE CYILIECTBYET B COCTOSIHUU IOKOSI.
Hmnynbsce poToHA onpeaensercs:

h
c A ,
rae l — JJIMHA BOJIHBI U3Ty4YeHUs [M].

Hanpasnen ummnynbsc GoTOHA 11O CBETOBOMY JTyUy.

®opma npeacTaBiaeHus pe3yJbTaTa:

BEIMONTHNTE 3a/aHue B TETPaIy sl MPAKTHYECKUX PadoT.

Kpurtepun onenkmn:

3a mMpaBUIILHO BBHITOJHEHHOE 33JJaHHE BHICTABIISIETCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HeMpaBUWIJIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIISICTCS OTpULaTeIbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 —100% npaBUIbHBIX OTBETOB

Oyenxa «xopowioy svicmasnsiemcs 3a 80 — 89% mnpaBUIBLHBIX OTBETOB

Oyenka «yooenemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIIbHBIX OTBETOB

Oyenka «neyooeremeopumenvbHoy svicmasisemcs 3a Mmenee 60% npaBUIIbHBIX OTBETOB

Tema 7.2. Ctpoenue aToma.

IIpakTHyeckoe 3ansaTHe Nel9
IToctynarsl Bopa. JHepreTnyeckue ypoBHH.

Hean: W3yunts nocrynarsl bopa. Hayunthes pemaTts 3amauu ¢ yd4eToM Iepexoia aTroMOB C
OJIHOM OpOUTHI Ha APYTYIO.

Brinosinenue padorTsl cnocodcTByeT GOPMHUPOBAHNIO:

OK 01, OK 02, OK 03, OK 09

MarepunanbHoe obecnieyeHue:

TeTpaab Uil MPaKTHUYECKUX paboT, pydka, METOAMYECKHE PEKOMEHJAMHU IO BbIIOJHEHUIO
paloThl, TMHEHKA, KapaHaall.

Yka3zanme: [Ipaktuueckas paboTa COCTOMT M3 JBYX YaCTEH — TEOPETHUECKOW M MPAKTHUECKOM.
[Tocne u3ydeHus: TEOPETUYECKOrO MaTepuaia MOKHO MPUCTYNATh K BBHITTOJIHEHUIO TPAKTUYECKON YacTH.
Ona coctouT W3 JBYX HW Ooyiee 3amad JJIi CaMOCTOSITEIBPHOTO BBINMOJIHEHUs. He 3a0wiBaiiTe o
MPaBIWIBHOM O(OpMIICHUH pelieHus. Ha BhIMOTHEHWe MPaKTUYECKON OTBOJUTCS JBA aKaJIEMHUYECKUX
Jaca.
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Kpartkas Teopus

Monens atoma Pesepdopaa mpoTHBOPEUUT KITACCUYECKOM dIeKTpoarnHaMuke Makcperia. Berxo u3

CIoXUBIIEHcs cutyaruu Obl1 HaiieH Hunbcom bopom. B 1913 roay on monostaun moxaens Pesepdopaa

JBYMSI ITOCTYJIaTaMH, Ha3bIBAEMbIMU KBAaHTOBBIMU TIocTyaTamu bopa. Ilepeawiii nocmynam bopa
(nocmynam cmayuoHapHbIX COCMOAHULL):
B arome cy1iecTBYIOT CTallMOHAPHBIE OPOUTHI, TBUTASICH 10 KOTOPBIM JJIEKTPOH HE U3JTy4aeT.

Bmopoti nocmynram (npasuno wacmom): 3nydyeHue u NOrJIONIEHUE YHEPTUH MPOUCXOIUT MPU IEPEXoie

9JIEKTPOHA C OJTHOW CTALIMOHAPHON OPOUTHI HA APYTYIO.
DHeprus U3My4YeHHOT0 UJIH MOTJIOIIEHHOT0 (JOTOHA paBHA PA3HOCTH SHEPTUN CTAllMOHAPHBIX
COCTOSIHUM
hv = Ek - En;
Yacrora uznyuenus pasHa: v = (Ek - En) / h
Wnu, nvHa BOJHBI U3Ty4YEeHUS A PaBHA:
A =hc/ (Ek - En), tne h — nocrostaaas [lnanka, ¢ — CKOpOCTb CBETa B BaKyyMe.
Ecmu Ek > En, To npoucxoauT u3iaydeHue ¢goTona, ecinu £k < En, TO MPOUCXOIUT MOTJIOIEeHHe
(¢oToHa, IpK KOTOPOM aTOM MEPEXOAUT U3 OJHOTO CTALIMOHAPHOI'O COCTOSIHUSL B JIpyroe. DHeprus
ANEKTPOHA, KaK M CKOPOCTh U paguyc OpOUTHI, MPUHUMAIOT AUCKPETHBIM HAOOp 3HAUYCHUH, T. €.
KBaHTYIOTCA. PacueTsl 4aCcTOT NEPEX0I0B C SHEPreTUUECKUX YPOBHEH /1711 aTOMa BOJOPO/ia Jat0T
3HAUYEHMsI, COBIIA/IAIOIINE C SKCIEPUMEHTAIIbHBIMU BEJIMYMHAMU CIIEKTPA BOJAOPOAA.
Hcnonb3ys NOHSTHE SHEPreTUUECKUX YPOBHEN B aTOMax ObLIO OTKPBITO SBJICHUE UHYLIUPOBAHHOIO
U3IIy4eHUs. DTO SIBJICHUE UCIOJIb3YETCS B JIa3€pax, yCTPOMCTBAX, KOTOPBIE Ial0OT MHAYLUPOBAHHOE
U3JIyYEHUE B Pa3IMYHbIX JUANa30HaX AIEKTPOMArHUTHOIO U3Ty4EHHUSI.

IIpakTnyeckas 4yactb. Pazoop TpeHMpPOBOYHBIX 3aJaHUI.

Bri6epuTe npaBUIbHBINA OTBET.
KakoBa sHeprust poToHa, U3Iy4yaeMOro aToMOM IpH Mepexojie U3 Bo30YKAEHHOTO COCTOSIHUSA C
sHeprueil E1 B ocHoBHOE cocTosinue ¢ sHeprueit E0?
Bapuantsl oTBETOB:

E, —Eo
1) ;

E, + Ep
2) h
3) E1—Eo
4) E1+ Eo

[IpaBuibHBIN BapraHT/BapHaHThI (MU MpaBUiIbHbIE KOMOUHanKU BapuanToB): 3) E1—- EO.
IToxckaska: BCIOMHUTE BTOpPOM noctynar bopa.

2.Pemnts 3a1auy: «MakcuManbHas JJIMHA BOJIHBI, M3Ty4aeMoil B cepun banbMepa paBHa  HMY».
Pewrenue:

[To popmyne banbmepa-Pundepra:

1 1 1
TR GE

OTcropa:
1
4 1

=—0
R G-

MaxkcumannbHas JJInHa BOJIHBI COOTBCTCTBYCT MUHUMAJIbHOMY 3HAYCHUIO PA3HOCTH:
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1 1 1 1 5

— — —),TO ecTb
2< n-

227 327 36
36 36

Anlu_\: = ﬁ = m =656 107" = 656 HM

R =10973732 m-1.

OTBer: Amar = 656 HM

3agaum 1715l CAaMOCTOSITEILHOTO PellleHus :
1. Beruucnuts sHepruto E doToHa, cmyckaeMoro npu nepexoje 3JeKTpoHa B aTOME BOJIOPOJa C
TPETHEr0 IHEPTETUUECKOr0 YPOBHS Ha MEPBBIM.
2. Haiigure MakcUMalbHYIO JITTMHY BOJIHBI, M3JIy4aeMol B cepur banbmepa.
IIpu mnepexone 37I€KTpOHA B aTOME W3 CTAlMOHAP-HOIO COCTOSIHMS ¢ 3Heprued — 4,8 3B
usnydaercss (OTOH, SHep-Tusi KoToporo paBHa 3,1 3B. Omnpenenure SHEPrui0 KOHEYHOTO
COCTOSIHMSI DJIEKTPOHA.
4. Onmnpenenuth n3MeHenue >Heprun AE anekTpoHa B arome BOJOpOJa MPH HU3IYYEHUU aTOMOM
¢doTtona ¢ yactororr 3=6,28-1014 I't. OTBET 1aTh B AJICKTPOH-BOJIbTAX.
5. Ha ckoibKo M3MEHUIIACh KUHETUYECKAsi SHEPTHsl SJIEKTPOHA B aTOME BOJAOPOIA TIPH U3ITyUEHUHU
aToMoM (poToHa C IJTMHOM BOJIHBI A=486 HM?

(98]

KoHTpoJibHbIE BOPOCHI

Chopmynupyiite moctynaTsl bopa.

B kakom ciyyae sHeprus norJiomaeTcs aTOMOM, a B KAKOM HCITyCKaeTcs?

Kakue npotuBopeuns ectb B Teopun bopa?

Yemy paBHa osHeprus (OTOHA, HCIYCKaEMOTO0 aTroMOM IIpH TIepexojie B JApYyroe
SHEpPreTU4ecKoe CoCTosiHue?

5. Moxer a1 aToM U3J1y4aTh U Norjaouarsh (pOTOHHI C J000M YacToTON?

b s

dopma npeacrabiieHus pe3yJbTara:

BoeinonuuTh 3asaHue B TETPaAH TSl MPAKTUYECKUX PaboT.

Kpurtepun onenku:
3a nmpaBUJIHHO BBIMOJIHEHHOE 33JaHKUE BHICTABIISIETCS MOJIOKUTENbHASI OIleHKa — 1 Oa.
3a HelpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIaTeNbHas olieHKa — () 6anos.
Oyenxa «omauunoy evicmagnsemca 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89% mnpaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «Heyoosnemeopumenbvhoy svicmasnsemcs 3a Menee 60% MnpaBUIbHBIX OTBETOB

Tema 7.2 ®u3nka aToMa U AaTOMHOI0 S/Ipa

IIpakTHyeckoe 3ansaTHE Ne20

«3anuch sigepHbIX peakuuil. CTpoeHne aTOMOB M AaTOMHBIX si/iep. 3aKOH PaJMOAKTHBHOIO
pacnaaa».

Iesb: 3aKpenuTh yMEHHS M HABBIKM BBIYMCIICHUS SHEPTHM CBS3U s/Ipa, a TaKkKe MpPaBUIBHOTO
HaMMCcaHMs SAEPHOM peakIK C UCTIOIb30BaHUEM 3aKOHOB COXPAHEHHS] MAaCCOBOIO U 3apsiIOBOTO YHCET
(3CM3Y) u BbIYMCIIEHUS YJHEPTETUUECKOTO BBIXO/1A SIAEPHON pEaKLUK.

BoinosiHeHne padoThI cnoco0cTBYeT (PDOPMHUPOBAHUIO:

OK 01, OK 02, OK 03, OK 09

MarepuasibHoe o0ecnieyeHue:

TeTpaab JUIA TNPaKTHUYECKUX paboT, pydyKka, METOIMYECKHE PEKOMEHIAIMH IO BBIMOJIHEHHIO
paboTHI, IMHEWKA, KapaHaIlll.
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Yka3zanue: IIpaktuueckas paboTa cOCTOMT M3 ABYX YacTel — TEOPETHUYECKOW U MPAKTHUYECKOM.
ITocne n3y4eHns TeOpEeTHIECKOr0 MaTepHUasa MOKHO IPUCTYIIATh K BBIIIOJHEHUIO IIPAKTUYECKOM YacTH.
Ona coctouT M3 AByX W Oojee 3ajgad JUIsl CaMOCTOSITENILHOTO BhIMONHEHHs. He 3a0biBaiite o
IIPaBUIBHOM O(QoOpMIIEHHH pelleHus. Ha BbINOJIHEHHE MPAKTUYECKOM OTBOAMTCS JIBAa aKaJIEMHUYECKUX
yaca.

IMopsinok BbINOJIHEHUS PA0OThI:

1. Paccmorpure TeopeTHyecKMi MaTepuaa IO TeME M IpPUMEpbl pelleHHsl 3ajad (CMOTpHU
METOANYECKOE ITOCOOHeE).
2. Pemmre camocTosTenbHy0 padoty. OdopMuTte pereHue NMCbMEHHO B TETPaIu.

Kpamkue meopemuueckue céedenusn:
DOHeprusi CBSI3M sipa paBHA TOW SHEPTHM, KOTOPOHM BBLAEISAETCS NpU OOpa3oBaHUU sijpa U3
OTJEIBbHBIX YaCTHULL

E=mc~

DHeprust CBA3M — TO DHEPTHUsi, KOTOpasi He0OX0AUMa TSl PACHICIUICHHS sApa Ha COCTABIISIONINE
|
_ +C
ero yactuilel. EcB = (Zmp +Nmn - M)
SnepHbIMH pEaKIUSIMH HA3bIBAIOT HM3MEHEHHS ATOMHBIX SACp INPU B3aUMOJCHCTBHU HX C
JJIEMEHTAMH YaCTHIIAMH HJTH JIPYT C IPYTOM.

Ty- 1 4 4
Li,+H ="He,+ He,
9HepFeTI/I‘leCKI/IM BBIXOJOM HﬂepHOﬁ PCaKIIM HA3bIBACTCA PA3HOCTb BHGPFHﬁ IMOKOsA dapa Hu
JaCTHI 10 pCaKIWH 1 MMOCJIC PCAKINHU.

DOHepreTUYecKUi BBIXOJ SAJEPHON PEeaKLMU MOXHO ONpenenuTh: 1) mo nedexty macchl saepHoOM
peakiuy; 2) o pa3HOCTH CYMMApHOM SHEPTUU CBSA3U 00pa3yIOUIMXCs U UCXOIHBIX SJEp.

2. Ilpumepsnl penieHus 3a1a4
1. Onpedenume snepeemuyeckuil 6b1X00 0EPHOU peaKyuti

“N,+*He,="0,+'H,

1 cnocoo

1) onpedenums maccy aopa u wacmuy ml 0o peaxyuii
2) onpedenums maccy A0pa u wacmuy m2 nocie peaKyutl
3) onpedenumsv uzmenenue maccel m mil m?2

E=m*c’
4) paccuumamov usmMeHeHue IHePeUl.
M, =14,00307 4 o m+4.00260 a.e.m.==18,00567 a.c.m.
l_lncn-:: pCHKLL]v{[»‘] .

M>=16.99913 a.e.m.+1,00783 a.e.m.=18,00696 a.e.m.

m=""""M = _ 000129 a. e. m.
DHeprus noriuomaercs, T.k. m < (0
E=(-0,00129)*931 MaB.=-1,2 MaB.

2 crmocoo
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Nano: Pewenue:

E, =104,653
" MsB DHEprus CBA3M PABHA HYIIIO, MOITOMY
Ehe = 28’2937 MsB E= EU - (E.ll + Efu’)
E,=13L754 MsB E= 131,754 MaB —(104,653+28,2937)MaB= -1,2M3B
E-? Omegem: 1,2 MaB
CamocrosiTesibHas pa6oTa
Bapuanr 1

Lrepresaiann 2

16

1. OH]JC,I[CJIHTC JHEPIrur CBA3H HYKIOHOB B AAPC H30TOIA 8

2. OH]JC,ILC.'IHTC JHCPIrUK) CBA3ZH A4pd H YIACIBEHYH) DJHCPIHEO CBA3ZH 1A THTHA!
235

. U.
3. CKOJIbKO MPOTOHOB M HEHTPOHOB COAEPIKUT S1po uiotona 2+ 7

3 =

m
4. Onpenenure HHEPrui0 CBA3M HYKIOHOB B S/IPE TPHTHS '”( P=1,00728 a.em.,
1,00866 a.e.m., m, :3,01605 a.em.).

Bapuanr 2
BAPHAHT Z
12
1. OnpenenuTs 3HEPrUIO CBA3M HYKJIOHOB B APE H30TONA yriepoaa: — °
27

2. OHIJC,E[CI[HTB JHCPIrHIO CBA3H Apd B YACILHYH JHCPTHIO CBA3H 1714 alllOMHHHA

7
11 Nﬂ b1

Al

3. Ckonbko [IPDOTOHOB H HCﬁT[JOHOB COACPHHUT AP0 H30TOMA

7 .1 4 _
4. Kakas HHeprusi BbIACNACTCH NMPH AACPHOH PeaKnH JLit H=>2 Z(m*’-‘ =7,01601 a.em

My =100728 ; ¢ . M = 400260 a.c.m.)

dopma npeacTrabiieHus pe3yJbTara:
BoinonuuTh 3asaHue B TETPaAH Tl MPAKTUIECKUX PaboT.
Kputepuu onenkmu:
3a nMpaBUJIHHO BBIMOJIHEHHOE 33JaHKUE BBICTABIISAETCS MOJIOKUTEIbHAS OlleHKa — 1 Ga.
3a HeNpaBWJIbHO BBIMOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIIIETCS OTpHUIIaTeNbHas olieHka — 0 0aos.
Oyenxa «omauunoy evicmagnsemca 3a 90 — 100% npaBuIbHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89% mnpaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «Heyoosnemeopumensvhoy svicmagiiemcs 3a Menee 60% npaBUILHBIX OTBET

JlabopaTopHblie padoTbl

Tema 2.1. Kunematuka
JlabopaTopHoe 3ansitne Nel
«OmnpenesieHue IVIOTHOCTH TeJl pa3In4HOi (pOpMBD»
esb: YKCIIEPUMEHTAIBHO ONPEENINTh INIOTHOCTH KUJIKOCTH U TBEPAOTO TENA;

*  ONpEACNUTh LEHY JEJIECHUS HW3MEPHUTEIbHBIX MPHUOOPOB, U3MEPUTH T€OMETPUUECKUE pa3MephbI
TeJ, ONPENENUTh UX MAacCy, pacCuuTaTh OOBEM, PE3yNbTAaT CPaBHUTH C TAOJUYHBIMU 3HAUCHUSIMU U
YCTaHOBUTD MTOTPEIIHOCTD SKCIIEPUMEHTA

BoinosiHeHne padoThI cnocodcTBYeT (PDOPMHUPOBAHUIO:
OK 01, OK 02, OK 05, OK 06, OK 07, OK 04
MarepuasibHoe o0ecnieyeHue:
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BEChl C pa3HOBECAMH; JHHEWKa MaciTaOHas; MITAHTEHIIMPKYJIh; MEH3YpKa; BEIIECTBO, IUIOTHOCTh
KOTOPOTO HY>KHO ONIPEACIIUTh

N QU AW

3aganmue:

1. O3HaKOMBTECH C TEOPETUUYECKUM MATEPUAIOM IO TEME.

2. Omnpenenute Maccy U 00beM UCCIIEAYEMOT0 BEIIEeCTBA.

3. BrluucauTe mIoTHOCTh BELIECTBA.

4. CoctaBbTe OTYET 10 JIAOOPAaTOpHOI padoTe.

IMopsinok BbINOJIHEHHUS PA0OThI:
O3HaKOMBTECH C TEOPETUYECKUM MAaTEPHAIIOM 110 JaHHON TeMe.
OmnpenenuTte IIOTHOCTH TBEPAOTO TENA..
BoruncnuTe aOCOMOTHYIO M OTHOCUTEIBHYIO IMOTPEIIHOCTH U3MEPEHUH.
Jlanneie 3anecute B Tabnuity Nel
Omnpenenure 1UeHy JeJIEHUS MEH3YPKH.
OmnpenenuTe IUIOTHOCTD BOJIBI HEOOXOAUMO.
BoruncnuTe aOCOMOTHYIO M OTHOCUTEIBHYIO MOTPEIIHOCTH U3MEPEHUN
PesynbTats! onbita 3aHecute B TaOIUIyNe2.
OTBeThTE HA KOHTPOJIBbHBIE BOTIPOCHI:

KoHTpoJibHBIE BOOPOCHI

W3 nByx pa3HbBIX METa/NIOB WM3TrOTOBJIEHBI OJUMHAKOBBIE 110 pa3MepaM KyOuku. B3BemmBanue
[I0Ka3aJlo, 4TO Macca OJHOro KyOuka Oosble Macchl Jpyroro B 2 paza. OJuHaKkoBa i
IUIOTHOCTH MeTaiyia? Eciau HeT, TO BO CKOJIBKO pa3 OTJIMYAOTCS TNIOTHOCTH?

Tpu neranu — MenHas, *xene3Has U aTIOMUHHMEBAs — UIMEIOT OJluHaKoBble 00bEMBL. Kakas neraib
MMeeT HaMMEHbIIYI0 Maccy, Kakasi Hanoonbiyto? IlycTor B netansix Her.

Kycok MeTasia o6bemMoM 150 cm® umeet mMacey 750 r. Onpesieute MIOTHOCTh MaTepuana.

Ha vamku ypaBHOBEIIEHHBIX BECOB ITOCTAaBJIEHbI OJJUHAKOBBIE cTakaHbl. [locie Toro, kak B OAUH
CTaKaH HaJIUJIU MOJIOKO, a B IPyTrOoi — IIOJICOJIHEYHOE MacJIo, pABHOBECHE BECOB HE HAPYLIMIOCH.
O0BéMm Kakol U3 xkugKocTel 0obIIe?

3anoyiHUTE OTUET 10 JabopaTOpHOIl paboTe CorlacHO TPeOOBAHUM.

Yacrs 1. I[J'IH OMpEACIICHUA INIOTHOCTH TBEPAOTO TCJIa BBIYUCIIUTE €ro 00BEM.

1. OOBem npsMOYTroJbHOTO MapaljiesenuIea BBIMUCINUTE o hopmyie:

V=abh,
rJie a — JIMHA, M; b — mupuHa, M; h — BeicoTa, M.
7[d2
y="0h

2. O0ObeM HMIUH/IpA BEIUUCIUTE 110 popMyIie: 4
h — BeIcoTa muyMHpPA, M; d — €eTo AnaAMETp, M.

3. Ecnu TBepaoe Teno uUMeeT HEMpPaBWIBbHYIO (OpMY, TO €ro 00BbeM OMNpEIEeTUTE C MOMOIIBIO

MEH3YPKH, B KOTOPYIO OH MOKET OBITh MOTPYKEH.

4. VYpaBHOBECBHTE BECHI UCIOJb3YS MPAaBUJIa B3BEIIUBAHUS.

5. Omnpenenurte Maccy Tena.

6. Ilo popmyne p=m/v BEIYUCIUTE IUIOTHOCTH TBEPOTO TeA.

7. Pesynbrarhl u3MepeHuii 3anecute B Tabauiry Nel u cienaiite BEIYUCICHHS.

8. Yactp Ne2. JIns onpeneneHus INIOTHOCTH BOJIBI HEOOXOIUMO:

1. HalTH Maccy Taphbl, B KOTOPYIO HY>KHO ITOMECTUTh BOAY W ONPEICIUTh MacCy BOJbI 0e3
Tapbl.

2. Omnpenenure EHY JACICHUS] MEH3YPKH U HAaUAUTE 00BEM B3BEIICHHOM KUIKOCTH (BOJIBI).

3. Pe3ynbraTel ombiTa 3aHECUTE B TaOMUIly No2.

Tabmuia Nel. Pe3ynbTaThl H3MEpeHHIA.
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N Bewec | wmpn | qymHa | BeIcOT | 0058M, | Macca | IUIOTHOCTD pTab| Ap o

TBO Ha ,b(M) | a, V( pup(kr/m3)

a0 hw) |™ | m(xr)

Tabnuma Ne2. Pe3ynbTaThl BEIYUCICHUN.

Ne [ Bemectso | macca Tapsi , macca 00BEM, MIOTHOCTh pTab o
m1(kr) xuakocr | V(M3) pup(xr/
" M3)
m2(Kr)

dopma npeacTrasiieHus pe3yJbTara:
Pabota gomkHa OBITH BHIMOTHEHA B TETPAIU AJIs IaDOpaTOPHBIX padoT.
Kputepuu onenkmu:
3a npaBUIIHHO BBIMOJIHEHHOE 331aHKUE BHICTABIISICTCS MOJIOKUTENbHAS OIleHKa — 1 Oa.
3a HelpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIIAETCS OTpULaTeNIbHas olleHKa — () 6anioB.
Oyenxa «omauunoy evicmagniemca 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenka «xopouioy svicmasnsiemcs 3a 80 — 89% mnpaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «Heyoosnemeopumenbvhoy svicmasnsemcs 3a Menee 60% MnpaBUIbHBIX OTBETOB

Tema 2.3. 3aK0HbI COXpAHEHUS B MEXaHUKE

JlabopaTopHoe 3ansitue Ne2
1. OK 01, OK 02, OK 05, OK 06, OK 07, OK 04

Tema: l3yuenue BhITAIKUBAIOIIEH CHITBI (CHITBI ApXuMmena).

[leJib padoThL: HCCIIEA0BATh CBOMCTBA CHIIBI ApXUMeEa.

OO0opy/IoBaHUE: JMHAMOMETP, OPYCOK IUIACTHUIIMHA, METAINIMYESCKHE IIMIMHAPBI OJJMHAKOBOIO 00bEMa M pa3HOU
MAacCChI, U3MEPUTENBHBIN WIHH/P C BOJIOW, CTAKaH C HACBIIICHHBIM PACTBOPOM COJIH, HUTb.

IIpaBuyia TeXHUMKH 0€30MACHOCTH.

CoOurofaiiTe OCTOPOXKHOCTL Tpu padboTe ¢ Bomoil. Ocreperaiite MpuOOPHI OT MangeHus. Ha crone He MOMKHO
OBITh HUKAKKX JIUIIHUX TpeaMeToB. [Ipu pabote co CTEKISHHON MoCcynoi OybTe akKypaTHEL. ECiu CTeKIsIHHAS
mocyja pa3omiack, TO COOOIIUTE 00 3TOM YUHUTENIO U HU B KOEM Cilydae He YOHpaiTe OCKOIKY pyKaMu!

Onucanue padoThI:
CormacHo 3akOHY ApxuMena Ha MOTPY>KEHHOE B JKHAIKOCTH TENIO JIEHCTBYET BBITANKHUBaromas cuma Fa,
paBHasi BeCy mg BBITECHCHHOH JKUIKOCTH:
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Fa= mg. (D)
Ecnu teno miaBaet, To apxuMenoBa cuna FA paBna Becy P Tena (ycnoBue miaBaHue Ten):
Fa=P.

Jns cpaBHeHUS apXWMENOBOM CHJIBI C BECOM Tejla HYXHO H3MEpPUTh Bec Tena P ¢ momomibio
JMHAMOMETpA ¥ BRIYHCIUTH apXuMenoBy cuiy Fa. apxumenosa cuma Fy onpenensiercst mo  hopmyire:

Fa=mg=pAVg (2),

rae p - WIOTHOCTH Boakl (p = 1000 kr/m®), AV - 00beM BBITECHEHHOM TEIOM BOJBI, g - YCKOPEHHE
cBoboanoro mnamenus (g=9,81 m/c?).

O6pemM AV BBITECHEHHOH BOJBI MOKHO U3MEPHUTDH C IIOMOIIBI0 M3MEPUTEIHHOTO LIIMHAPA KaK PasHOCTb
YPOBHS BOJIBI TIPH TOTPY>KEHUH B HETO UCCIIeIyeMoro Tefa 1 6e3 Tena.

ApxumenoBy cuiy FA, meiicTByromero Ha Teno, TOHyIIee B BOJE, MOXKHO HAWTH, W3MEPHB C ITOMOIIBIO
IuHaMoMeTpa Bec Tena P B Bozayxe U cuity Ppoqa, YACPKHBAIOIIYIO TEJNO B PABHOBECHH IIPU MOTPYKEHUHU €0 B
BOJY:

Psosuyx =Fa+ Psona, Fa= Psosuyx — Proga. (3)

3ananue [:
HccnegoBanne 3aBHCHMOCTH CHJIBI APXHMeAa 0T MAcCChI TeJia.
L. M3mepbTe Bec P nuninHapa ¢ MOMOLIBIO TUHAMOMETPA.
2. OnyctuTe TWIMHADP B W3MEPUTENBHBIN IIMHAP W WU3MEphTe ero o0beM AV BBITECHEHHOU

JKUAKOCTH TIPY TUTaBaHUM LIUJIMHIPA B BOJE.

3.  BrpluuciuTe 3HaYeHHE apXUMEZOBOM CHIIBI Fa.
CpaBHuTe 3HaueHHWe Beca P JepeBIHHOro
LWIMHJPA U apXUMEI0BON CHJIBL.

4. CpaBHUTE pacYeTHOE M OSKCIEPUMEHTAILHOE
3HAYEHUS APXUMEJOBON CHIIBL.

5. 3anummre pe3yabTaThl B TAOIMLY 1.

Sanaunne 1I:
I/ICCﬂeHOBaHI/le 3aBUCUMOCTH CHJIBI Apnge)]a OT IIJIOTHOCTH

KUAKOCTH

1. TlonmBeckTe JH00OM U3 WIMHAPOB HA HUTH K
JUHAMOMETpY. 3allHIINTE TOKa3aHUE Beca Tea Ha
BO3/yXE.

2. OmycTrTe IUIUHAP B BOAY TaK, YTOOBI OH ITOJIHOCTBHIO

OKa3ajcs MOTrpyKEHHBIM B )KUAKOCTb. 3aITUIINTE

[TOKa3aHUE BECa TeJa B BOJIE.

Haiimure cuny Apxumena. (3)

4. TlponenaiiTe aHaJOTHYHBINA OTBIT C PACTBOPOM COJIU B
BOJIE.

5. 3anummrte pe3yabTaThl B TA0IUILY 2.

W

OTtuerHas Tadanna 1.

Buabl Tea m, Kr BecB Bec B AV, m? Cuna Apxumena,
BO31YyXe€, BOJE, Fa,H
Poosi, H | Pposa, H
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Jlerkuii npegmer

Tspxensiit mpeaMeT

OTt4yerHast Tadauua 2.

Buabl :xuakocTei Bec B Bo3ayxe,
P503ll. H

Bec B Boze,
Pyoa H

Cuna Apxumena,
Fa, H

Bona, p = 1000 kr/m’

Pactsop conw B Boje, p= 1030 kr/m’

Crenaiite BBIBOJ 110 IPOAGIAHHOM padoTe.

JlabopaTopHoe 3ansitue Ne3

HUccienoBanue 3aBUCHUMOCTH CHJIBI TPEHUS CKOJbKECHUS OT BE€Ca TEJIa

Brinosinenune padorsl cnnocod6cTByeT GOPMUPOBAHNIO:
OK 01, OK 02, OK 05, OK 07, OK 04 OK 09
I1P6 6; I1P6 8; I1P6 10;
1Py 5; I1Py §; ITPy 12 ;

I_[e.m, paﬁoTbI: 1. BbISICHHUTDL, 3aBUCUT JIM CHUJIA TPCHUA CKOJILXKCHUA OT CHUJIBI HOPMAJIbHOI'O

naienus. 2. Onpenenutb KO3 UIIMEHT TPEHUS IepeBa 10 ABYM MTOBEPXHOCTSIM.

IIpudopsl U MaTepuaIbl: TUHAMOMETD, JEPEBSIHHBINA OPYCOK, INIOCKOCTH C JBYMsI IIOBEPXHOCTSIMH,

Habop rpy3oB o 100 r.

Xox padoTsl
1. OnpenenuTh LEHY JIeIeHUs IIKaIbl JUHAMOMETPA.
ena neseHusi ATMHAMOMETPA:
(2H-1H)/10 nen = 0,1H/nen

2. Onpenenutb Maccy Opycka. CHayana 1noaBecuB OpycoK K AMHAMOMETpY HalTH Bec Opycka

POpycka= H
3nas, uto P=mg u g=10M/c’> momy4uM Mepycxa=P/g
Mepycka™ KT

3.Onpexnensem oOLMii Bec Tena (CHITy HOPMAJIBHOTO JaBJIEHU 110 (popMyJie:

P=N=(ml+m2)-g

1.P=N= H
2.P=N= H
3. P=N= H

4.IIpoBecTy ¢ TOMOINIbIO JUHAMOMETPA H3MEPEHUE CUIIbI TPEHUS (C OAHUM, ABYMS, U TPEMs Ipy3aMu

IO TJIaJIKOM TOBEPXHOCTH ).
4. Tabnuma naJs 3aMKMCH pe3yabTaTOB U3MEPEHUN U BHIYMCIICHHN
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Ne Macca | Macca O0mmii Cuniaa Koapdunuenr |Cpennee 3HaueHHE

ombiTa| Opycka, | rpysa, BeC TeJia TPeHHus, TPEeHHus, Ko3pdpuumneHTa
mi, k2 | mz2, Kr | (cuia HopMaJabHOro | Frp, H yZ, TPeHHus,
JaBJIeHus ), (ombIT) Hep

P=N=(mi+m2)g, H

1 0,1
2 0,2
3 0,3
4 0,1
5 0,2
6 0,3

= fry
7. B xaxg0oM omnbITe paccuuTaTh KOAQPHUIIMEHT TpeHus 1o hopmyJie: N
8. Pe3ynbTarhl pacu€ToB 3aHECTH B TaOJIUILY.

9. Beruncnuth cpeanee 3HaueHUE KOI(DPUIIMEHT TPEHUS:
Mep=—

9. Ilo pe3ynbraraM U3MEPEHUH MOCTPOUTH IpaUK 3aBUCUMOCTH CUIIBI TPEHUS OT CHUJIbI HOPMAJIbHOTO
JABJICHUS:

=

10. IToBTOPHUTH ONBIT € APYIrOil MOBEPXHOCTHIO

11 Caenarb BbIBOIBI:

1. Kak cuiia TpeHUs 3aBUCUT OT CUJIbI HOPMAJIBHOTO /1aBJICHUS
2. KoaddunueHT Tpenus aepesa no AepeBy NOIyUUICS paBeH

KoHnTpoJbHbIE BONIPOCHI.
. Uro Ha3bIBaeTCs CHIION TpeHus?
. KakoBa mpupona cui tpeHusi?
. HazoBuTE OCHOBHBIE IPUUMHBL, OT KOTOPBIX 3aBUCUT CHUJIA TPEHUS?
. Ilepeuncinre BUABI TPEHUS.
. MoHO 51 cunTaTh sIBIEHHUE TpeHUs BpeanbiM? [louemy?

DN B W=

JlabopaTopnasi paGora Ne 4
Omnpenenenne KIIJI npu noabéme Tesia o HaAKJIOHHOM MJI0CKOCTH

1. OK 01, OK 02, OK 05, OK 06, OK 07, OK 04
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2. T1P62; ITPGY;
3. IIPy2; I1Py3; I1PyS;
Heab: SKCIEpUMEHTAIBHBIM MTyTEM YOSAUTHCS, YTO TOJe3Hasi paboTa, BBIMOJIHEHHAS C TIOMOIIBIO
MIPOCTOr0 MeXaHU3Ma (HaKJIOHHOW TUIOCKOCTH ), MEHBIIIE MTOJIHOM.

Bbinosinus padory, Bel Oynere:

YMETb:

- OIIPEIENATh NPUHIMII JEHCTBUS IPOCTBIX MEXaHU3MOB;

- yuutsiBaTh KIIJ[ 1pu UCIIOJIB30BaHUU IIPOCTHIX MEXAHNU3MOB.

MatrepuanbHoe ofecnedyeHHe: HAKJIOHHAs IJIOCKOCTh (IOCKA), AMHAMOMETp, JIMHEHKa, OpYyCOK,

MITAaTUB ¢ My(TOH | JIAITKOM.
3aganue:
1 U3y4HTh MPUHIIUI JIEHCTBUSI MPOCTHIX MEXaHU3MOB
IMopsiiok BbINOJIHEHUS PA0OTHI:

1. CoOpaTh ycTaHOBKY Il IPOBEICHUS AIKCIIEPUMEHTOB.
2. TlpousBecTy HEOOXOIUMBIC U3MEPCHHSI.
3. CpnenaTh BBIBOJ 1O paboTe.

i Ay~ B ]

Onpenenuts ¢ MOMOUIbIO AMHAMOMETPA
Bec Opycka.

2. 3akpemnuTe JOCKYy B JIallke IITaTWBa B
HAKJIOHHOM TIOJIO’KEHUHU.

3. Tlonoxwute OpycoK Ha TOCKY, IPUKPEIHUB
K HEMY IHHAMOMETP.

4. TlepememniaiiTe OpyCOK C TOCTOSSHHON CKOPOCTHIO BBEPX IO HAKJIOHHOM JOCKE.

5. H3mepbTe ¢ MOMOMLIBIO JIMHEHKH MyTh S, KOTOPBIN Ipojenan OpycoK, U BBICOTY HAaKJIOHHOU
m10ckocTH h.

6. HMsmepste cuny Taru F.

7. Belumcnute mosie3Hyrwo paboty mo dopmyne A, =P-h , a 3arpayeHHyn —T0 (hopmylie

4,=F-S

E E=gm=P (gec)

8. Omnpenenute KIIJ] HaKIOHHOM TIOCKOCTH: 7] = A—” -100%

3
9. Pe3ynbraThl H3MEpPEHUI U BHIYUCICHHUH 3aHECUTE B TAOIUILY.
Tab6muna 1

h,m P,.H An, [Tk S, M F.H As, [Tk A,

3

10. JonoHUTEIBbHOE 3a1aHNE:
1. Hcnonb3ysa «30JI0TO€ MPaBUIO» MEXAHUKH, PACCUMTAWTE, KAKOW BBIMTPHIII B CHJIE MAET
HAaKJIOHHA MJIOCKOCTb, CCJIN HC YUUTBIBATH TPCHUC.
2. H3MeHuTe BBICOTY HAKJIOHHOM IUIOCKOCTHU W JJIsi HE€ OMpeeNuTe IMOJIE3HYIO, MOJIHY padoTy U
KIIA.
dopma npeacTaBiieHus pe3yJbTarTa:
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Taoauna 1

h,m P, H An, JIx

A, = Ph

F,H As, Ik A

A,=F-S

n =21 .100%

3

KoHTpoJibHbIE BOIPOCHI:

3aueM y MOJABEMHOr0 KpaHa AeNaloT IPOTUBOBEC?
Kaxkue npoctbie MexaHU3MBbI JalOT BHIMTPHINI B CHIIE?
Kaxkue npoctbie MexaHU3MBbI JAlOT BHIUTPHINI B paboTe?
['1e 00BIYHO MPUKPETUIIOT ABEpHYIO pyuKy? [louemy He 0KoJI0 meTesnnb?
3adeM HUCTIOIB3YIOT HETOABUKHBIN OJIOK, BE/lb BHIMTPHIIIA B CHJIE OH HE J1aeT?
Kaxko¥t BEIMTPBIII B CHJIE JaeT MOJBHKHBIN 0JI0k? A B paboTte?
Mosxet nu KITJI mexanusma Ob1Th paBen 120%, 200%, 0%? [Touemy?
Uro Ha3bIBaroT peruaroM? YTo Ha3bIBAIOT IJICYOM pblyara?
Kpurepun oueHku: cm.crTp.

e Ao e

JladbopaTopnasi padora Ne §
«IIpoBepka 3aKoHA COXpPaHEHHUS] MeXaHHYECKOH IHePrun
NPH ABHKEHUH TeJia MOJ JIelCTBHEM CHJI THKECTH U YIPYTOCTH.

Heap paGorpi: HaOMIOOaTh ABWKEHHUE Tela IMOJ JICHCTBUEM CHIJI TSHKECTH M YIPYTOCTH;
ClenaTh BBIBOJ O BBHIMOJIHEHHWH 3aKOHA COXPAHEHHUS IIOJHOW MEXaHWYECKOH SHEepIuu;
IPOBEPUTh  CHPABEAJIUBOCTh 3akoHa [yka, yOeauTbcs, 4YTO cHUJa  YIOPYTOCTH
MPONOPIIMOHAIIFHA MACCe HATPY3KH, OTPEICTHUTD )KECTKOCTh TPYKUHBI.

IIpuGopsl u matepuansl: HabGop nmo mexanuke (Xumiabo): MTaTUB ¢ My(TaMH JIAINKO,
HaboOp CHUpabHBIX NPYXHUH, JIUHAMOMETp, Habop rpy3oB maccod 100 r, nuHelika ¢
MUJITUMETPOBBIMU JETICHUSIMHU.

Iopsiiok BbINoJIHEHUS PadOTHI

OIIBIT 2 OnpenelieHue xKecTKOCTH MPYKUHBI

1. 3akpenuTe Ha MITaTUBE KOHEL CIUPATIBHOM MPYKUHBI (JIpyroil KOHEl NPYXHHbI CHA0OXeH CTPeNKOoii-

yKazaTelaeM B KPIOYKOM).
2. Psagom ¢ npyKMHOM WJIM 32 HEW YCTAHOBUTE JIMHEUKY C MUJUTUMETPOBBIMU JEICHUSIMHU.

3. OTMeTpTe W 3aIUIIUTE TO JEJIEHUE JIMHEWKH, MPOTUB KOTOPOrO IPHUXOAMUTCS CTpEIKa-yKa3aTelb

TPY>KUHBI.

Sy,

4, HOHBGCBTC K IIPY>KHUHE T'PY3 HM3BECTHOM MAacCCHI 1 N3MEPHTE BEI3BBAHHOC UM YIJIMHCHUC ITPYKHUHBI.

5. K mepBoMy rpy3y 100aBbTE BTOPOH, TPETUM, 3alUChIBas KXKbIN pa3 ymummHeHne A/ npyxussl. 1o

pe3yiibTaTaM H3MCp€HPII>i 3aIlOJIJHUTE Ta6J'II/II_Iy 1:

No Macca rpy3a | Cuna Tsbkectu Y nnvnenue KectkocTtb I H
< | OTBITa m, Kr F=m-g, H Al, M IPYKUHBI P
o
: koo
2 M
= 1 0,1
T2 0,2
3 0,3
1 0,1
2 0,2
N 3 0,3
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6. Ilo pe3ynbprataMm U3MEpeHHN MOCTPOiTe rpadMK 3aBUCUMOCTH CHJIbI YIPYIOCTH OT YAJUHEHHUS W,
MOJIB3YSICh UM, ONIPEACIUTE CPeHee 3HAUCHHE KEeCTKOCTH IIPY>KUHBI U C/IeJIaliTe BBIBOI.

OIIBIT 1 IlpoBepka 3aKOHA COXPAaHEHUS MEXAHMYECKOM JHEPruM NPH JABHKEHUHM Tejia IOJ
AelCTBHEM CHJI THAKECTH U YIIPYTrOCTH

Xox padoTsl.

1) 3akpenure AMHAMOMETP BEPTUKAIBHO € OMOILBIO mTatuBa. [logBeckTe K rpy3 Kk JTMHAMOMETDY.

2) IlopnepxuBas Tpy3 JaJ0HBIO, YCTAHOBUTE yKa3aTellb IIPY>KUHBI HA HYJIEBOE JEICHUE TUHAMOMETPA.
3) Y6epure nasoHp U IMOCTapaiTECh 3aMETUThH JIEJICHME Ha IIKaJe IMHAMOMETpa, /10 KOTOpPOIo
MaKCHMaJIbHO OTKJIOHSIETCS yKa3aTelb MPYXKHUHBI IPU MajieHuu rpy3a. [Ipy HeoOXoaMMocTH OBTOPUTE
OIIBIT HECKOJIBKO Pas.

4) V3mepbTe TUMHEUKON yJIMHEHUE MPYKUHBI 10 IIKaJe JUHAMOMETpA.

5) U3mepbTe IMHEHKOM yarHeHne npykuusl Al 1Mo 1mkaie quHaMoMeTpa.

6) Bricora najenus rpysa h paBHa yaiumHenuto npyxubl A/ . [TorennuansHas sueprust rpysa E1 npu
MaJeHUH NIEPEXOIUT B NOTEHIUAIBHYIO SHEPTUIO PACTAHYTON NPy KUHbI E2.

o o) kAL?
7) Paccuuraiite E, =mgh ,tae g =9,8 M/c4 — yckopeHue cBOOOAHOrO naaenus, u £, = 5
3Hayenus okpyriute 10 0,001.
8) PesynbTarsl 3aHecuTe B TabiuLy 2:
Ne Omreita | K, H/m Macca VY ummHeHue Bricota IlorennuansHag | [loreHImanbHas
rpy3a MPYKUHBI naJicHus SHEprus rpysa SHEprus
m, KT Al ™M rpy3a h, M El, Ix IPYKUHBI
E2, JIx

AW (N |—

9) CpaBuute 3HaueHus El u E2, ¢ yuérom abcomtoTHOM norpemnocty usmepenus sxepruu 0,001 Ix
(To ecth, pazHuna mexxay E1 u E2 moxxet nocturats 0, 002 [ B npenienax morpenHoCTH U3MEPEHNU).
10)  CpnenaiiTe BbIBOJ 11O paboTe.

JlaGopaTtopHas padora Ne 6

M3yuyenue ycj10BUsI pABHOBECHS pbluara
Lesab: mpoBepuTh HA OMNBITE, NMPH KAKOM COOTHOIICHWHM CHJI M WX IJIed phlyar
HaXOJIUTCS B PABHOBECHH; IPOBEPUTH HA OTBITE MTPABUIO MOMEHTOB.
Boinosnus padoty, Bel Oyaere:

YMETh: -

- OIPENENSTh YCIOBUSL PaBHOBECUS Tell
-HaXOJUTh COOTHOILIEHHUE CUJI U IIJI€Y, IIPU KOTOPBIX phlUar HaXOUTCS B PABHOBECUU
MatepuanbHoe o0ecnedeHHe: phlyar Ha IITaTHBE, HAOOp TPy30B, M3MEpHUTEIbHAs JIMHEHKA,
JUHAMOMETD.

3aganue: .OnpenennuTs ycaoBUs paBHOBECHS pblyara.
KpaTkue TeopeTnueckue cBeeHHA:

Poruar-tBepioe Te0, CHoCOOHOE BpaIaThCsl BOKPYT HEMOABHKHOM OMOPHI.

Paznuyaror ABa BUAA pbIYaroB. Y pblyara nepBoro poja TOYKa OMOPbl HAXOAUTCS MEXKIY
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JUHUSAMU E€UCTBUS MPUIIOKEHHBIX CHII. Y pbluara BTOPOIrO pojAa TOYKa ONOPBI PaclojokeHa 110
OJIHY CTOPOHY OT HUX.

Wcnonb3ys pbryar, Mbl MOKEM MOJIYYUTh BBIMTPBILI B CUJIE U OJHATH HEMOJABEMHBIN TpYy3.
PaccrossHue OT TOYKM ONOPBI [0 TOYKM MPUIOKEHHS CHIBl Ha3blBaIOT IUIEYOM CHIIBL.
[IpuueM, MOKHO paccUuTATHL PAaBHOBECHE CHJI HA pblyare 1o ciaeaywomei gpopmyie:

Fi/F2=h/h,

rae Fiu F2 — cunbl, neiictBytomue Ha polyar, a l2 u 1y — nieuun 3Tux cuil.

3aK0oH paBHOBeCHS pbIYara: pblyar HaXOJUTCS B PABHOBECHUHU TOTJA, KOrAa AEHCTBYIOLIUE
Ha HEro CUJIbl 00paTHO MPOMOPLUHUOHAIBHBI [IJIeYaM 3THX CHIL

DTOT 3aKOH OBUT yCTAaHOBJIEH ApPXHMMEIOM eIle B TPEThEM BEKe J0 Hamiel spel. M3 Hero
CIIEIyeT, YTO MEHbIIEH CHUIION MOKHO YpPaBHOBECUTH OoJbllyto. Jljis 3TOro He0OX0AUMO, YTOObI
IJICY0 MEHBIIEeH CHITbl ObLTO OOJbINe TIeua OOJIBIICH CHUJIBL. A BBIMTPBINI B CHJIC, TIOTYYaeMblIi C
MIOMOILBIO pPblYara, ONpeieseTcss OTHOLIEHUEM I1J1€Y MPUII0KEHHBIX CHIL.

Ilopsinok BbINOJHEHHs PpadOTHI:
1. VYpaBHOBecHTh pblYar, Bpalias ralki Ha €ro KOHIIaX TaK, YTOObI OH PaCHOJIOKHUIICS
TOPU30HTAIIBHO.
2. W3menssa maccy rpy30B U pa3Mep IUled, IPOBEPUTh 3aKOH PAaBHOBECHS pbluara.

1. PaccmotpuTe m3aMepuTensHbIe MPUOOPHI, Haxoasmmecs Ha croie. OnpenenuTe meHy ux
nenenus. Pesynbrarel 3anumure B Ta0auIy 1.
Tabnmna 1
HasBanue nmpubopa IieHa ACJICHUS
JInneiika
Jlunamomerp
2. VYpaBHOBEChTE C MOMOIIBIO TA€K phlUar B TOPU3OHTAIBHOM
ITOJIOKEHUH.
3. Jlnst 3TOro mojABEChTE /ABa Ipy3a Ha JIEBOM YacTH pblyara Ha

paccTosiHuM, MPUMEPHO paBHOM 12 cMm oT ocu BpamieHus. OnbITHBIM
IyTEM YCTaHOBHUTE, HAa KaKOM PACCTOSHHUU BIIPABO OT OCH BpAallCHHUS
HaJ0 TMOABECUTH: a) OJUH Ipy3; O) JBa Irpys3a; B) TpU Ipy3a, YTOOBI
pBlyuar NpuILEN B paBHOBECHE.

4. Cuuras, 9To Kaxapl rpy3 BecuT 1H, 3amummre naHHble ¥ M3MEpPEHHbIE BEJIUYHHBI B
Ta0NIuILy
Taoauna 1
Ne Cuna F; na Inedo / Cuna F; na IIneuo OTHOIIEHHE CHIT
ONbITAa | JIEBOM YaCTH ,cM IIPaBOM 4aCTH {,,cM U IIeY
ppruara, H ppruara, H F, l,
F, ¢,
1.
2.
3.
5. BrruncinnTe oTHOIIEHNE CHIJT M OTHOLLICHHE TIJI€Y JUISl KaXJ0TO U3 OMBITOB U MOJyYEHHBIE
pE3yJIbTAThI 3AMUIIUTE B MOCICTHUN CTOIOUK TaOJIUIIBI.
6. [IpoBepbTe, MOATBEPKAAIOT JIA PE3YyJIbTAThl ONBITOB YCIOBHME PABHOBECHUE pblyara moj
JIEMCTBUEM MPUIIOKEHHBIX K HEMY CHJI U MTPABUIIO MOMEHTOB CHJI.
7. JlonomHuTEeIbHOE 3aaHUE.

A) IlopBecbTe Tpu rpy3a clpaBa OT OCH BpAaLIEHUS pblyara Ha paccTosHuHu 5 cM. C
IOMOILI0 JTMHAMOMETpPA OINpENEIuTe, KaKyl CHIy HYXHO NPUIOXKHUTH Ha
paccTosHUU 15 cM OT OcH BpallleHHs IpaBee IPy30B, YTOOBI yAEp>KUBATh pbluar B
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paBHOBecuu. Kak HampaBieHbl B 3TOM CiIy4yae CWJIbI, JCUCTBYIOIIME HA pblyar?
3anuiuTe JUIMHY T71ed 3TuX cuil. Berauciaure otHomenue cuit Fi/ F2 m m nutew 12/
l1,7U1 5TOTO City4as U cAellaiiTe COOTBETCTBYIOLIUI BBIBOJ.
b) C momompio yCTaHOBKH, KOTOPYHO BBl HCIOJIB30BAIM B JabopaTopHON pabdorte,
U3MEPHTE MAcCy KaKoro-HuOy.b Teia. OMUIINTE OMBIT.
dopma npeacTaBjieHus pe3yabTaTa

Taoauna 1
Ne Cuna F; na nedo 7, Cuna F; na [Tnedo OTHOIIEHHE CHIT
OmbITa | JICBOM YacTH M MpaBoOM YacTH ,,cM U IIeY
2
ppruara, H peraara, H F, £
F, l,
1.
2.
3.
KoHTpoJibHbIE BOIPOCHI:
1. Yto HA3BIBAIOT IIJICUOM CUJIBI?
2. Kakyro ¢pusndeckyro BeIMYNHY HA3bIBAIOT MOMEHTOM CHJIBI?
1. KakoBo ycnoBue paBHOBecHs Tejla, UMEIOIIETO 3aKPETUIEHHYIO OCh BpallleHus?
2. Uro Takoe prruar? Kakoe cBOHCTBO pblyara Bbl SKCIICPUMEHTAIBHO BBISICHUIIN?

Kpurepun oueHku: cm. crp.

Tema 3.1 OCHOBBI MOJIEKYJISIPHO-KHHETHYECKOH TEOpHHU

JlaGopaTopHas padora Ne 7, 8
“IIpoBepka ra3oBbIX 3aKOHOB. M3yyeHHne H30TEPMHUYECKOr0, H300aPHOT0 M H30XOPHOI0
npoieccon”

Henp: N3yunTs B3aUMOCBSA3b MAKPOCKOIIMUYECKUX MTAPAMETPOB Ia3a 3alaHHOM MacChl; ONIBITHBIM
myTéM yOeauTCs B CpaBeUIMBOCTH 3akoHa boitnsa-MapuoTra.

Boinosinenue padorsl cnnocod6cTByeT GOPMHUPOBAHNIO:

1. OK 01, OK 02, OK 05, OK 06, OK 07, OK 04 OK 09,

MarepunanbHoe obecnieyeHue:

CunbpoH (aJIOMHUHMEBBIH TE€PMETUYHBIA IWIIMHAP C TOPPUPOBAHHBIMH CTEHKAaMH, IIKAJION
YCIIOBHBIX €IMHUI, TMOPIIHEM C BEPTUKAJIbHBIM BHHTOM), BO3IYXOBOJHBIM COEIMHUTEIbHBIN IIJIAHT,
MaHOMETp, 0apoOMeTp, UCIIBITYEMbI T'a3 33JaHHOI MacChl — BO3IYX.

3aganme:
1.IToBTOPUTH O0BEANHEHHBIN ra30BBINA 3aKOH.
2.IIpoBepuTh Ha MpakTUKe cobI0eHNe 3aKoHa bolinsa-Mapuorra.

Ilopsinok BbINOJHEHHs padOTHI:

Teopus.

B nannoit nmabopatopHoil paboTe paccmaTpuBaercs coOunoneHue 3akoHa boins-Mapuorra,
CIpaBEIJIMBOIO JJISi M30TEPMUYECKOro Tpoliecca JUIs JaHHOM Macchl rasza. M3 olmero ypaBHEHHUs
MenneneeBa-Knanelipona 3akoH boiins-MapuoTra MOXHO 3anucaTh Tak:

Vapn =C

rae: V— o0beM 3aaHHOI MacChl ra3a B N-OM COCTOSIHUH; P — JIaBJICHHE 3aJJaHHOM MacChl raza B n-
OM COCTOSIHUU;

C — nocTosiHHBIN K03 PuLmeHT (KOHCTaHTa).

[Ipu ucnons30BaHMM B pabOTe JaHHOW yCTAaHOBKHU (CM. PUCYHOK) 00BhEM ra3a yJo00HO U3MEpsTh B
YCIIOBHBIX enuHuIax oobema — y.e.0. (1 y.e.0.=0,1Vo, rme Vo — monubiii 06beM cunbdona 1 ), a
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JaBJICHHE — KaK aTMOoc(epHOe IaBJICHHUE C JOMOJHUTEIBHBIM (0€3 JOMOJHUTEIHHOI0) JaBlIeHUs (1o
MaHOMETpY) C MEPEBOIOM HEOOXOIMMBIX eIMHUIL 1aBieHus B cucremy CH.

2 . 3ajaya CBOAUTCS K HAXOXACHUIO KOHCTaHTHI Cn JUIsi KaXKJIOTO COCTOSTHUSI OJTHOM W TOH Ke
Macchl raza:

'Cn - EI "Po - (1 + ﬂ‘pn)

rre3 : C — KOHCTaHTa N-TO COCTOSHUS (B YCIOBHBIX €IMHMIIAX KOHCTaHTHI — y.€.K.); V— o0bem
3aJJaHHOI MaccChl Ta3a B N-OM COCTOSHUM (B YCJIOBHBIX €IMHHUIIAX 00beMa — y.e.0.); p — armochepHoe
nasnenue (B [lackanax — [1a); Ap — nonmonHUTENBHOE JaBIeHUE MaHOMETpa (B aTMochepax — aTMm).

Uem TouyHee u Ommke Ipyr K Apyry OyayT Haxomutbes KoHctanThl Cl, C2, C3 — Tem Gonee
TOYHBIM OKa)KETCS KCIIepUMEHTAIbHOE MOATBEpkKAeHHE 3aKkoHa boins-Mapuorra.

3 - IPUMEHSETCS 3HAK «» - €CIH JJaBJICHUE PACTET, U 3HAK «-» - €CIIHM JaBJICHUE Ma/IaeT.

p-s. - 1.YcroituuBas pabora cuibpoHa BO3MOXKHA MPHU YCIOBUM HU3MEHEHUS 00beMa BO3Jyxa B
uém ot 0,5 10 0,9 y.e.o.

2. - ans pacu€ToB €OUHHIIBI JIABJICHHUS OapoMeTpa - MM.PT.CT.(MHJUIUMETpP PTYTHOTO CTOJOa),
MOJKHO BOCIIOJIb30BaThCs enuHuamu nepesoja B Ila (ITackamsx) mo popmyne: 1 mm.pr.ct=133,33 Ila.
[lepeBon mokazaHuii MaHOMETpa HE TpedyeTcs.

—

1. BHUMaTenbHO IPOYUTAThH ONMKMCAaHKE PAOOTHI U aJITOPUTM JCHCTBHIA;

3. U3meputh atmMmoc(epHOE TaBICHUE B JAHHBII MOMEHT C ITOMOIIBI0 OapoMeTpa;

4. ITpousBectH u 3aUKCUPOBATH B OJIAHKE OTYETA MPEBapUTENbHbIE U3MEPEHUsl aTMOCc(hepHOro
naBieHus (C mepeBooM B eauHuUIlbl cuctembl CH);

4. 5. CobOpaTp ycTaHOBKY (CM. PHUCYHOK) Tak, 4ToObl 00a KiamaHa MaHOMETpa HaXOJWIUCH B
OTKPBITOM COCTOSTHUH, a TIOPIICHb CHIL(OHA — B CAMOM BEPXHEM IOJIOKCHUH;

bl

b

3aKphITh BHEIIHUH KJIallaH MAaHOMETPA;

6. C moMoIIbI0 BPAIIAOIIETOCs MOPIIHS YCTAaHOBHTH BHICOTY IIWUIMHIpPA CHIb(OHA HA OJHOU M3
Tpéx otmeTok: 0,6; 0,7; 0,8.

7. Tlpouw3Bectu u 3aduKCUpPOBaTh B OJaHKE OTYETa MpeIBapUTENbHbIE HW3MEpeHHs oObeMa
3aITaHHON MAacChI Ta3a B OJTHOM U3 TPEX COCTOSTHUH (B YCIOBHBIX €IMHUIIAX 00BEMA — y.€.0.);

8. Cpa3y xe mpousBecTd W 3aUKCHpOBaTh B OJaHKE OTUYETa MpEIBAPUTEIILHBIE WU3MEPEHHS
JOTIOJTHUTEIFHOTO JIABJICHHUS] MAaHOMETPA OJHOTO U3 TPEX COCTOSHMM rasa (B atMocdepax - aTm);

9. BBUUCIUTH A0COTIOTHYIO U OTHOCUTENIbHYIO TIOTPEUTHOCTH U3MEPEHHM.

KoHTpoJibHBIE BOIPOCHI.

1) IIpu xakoMm ycioBUU cIpaBeIUB 3aK0oH boitnsa-Mapuotra?

2) Ecnu mpu ©30T€pMHUYECKOM TMPOIIECCE TABJICHHE MAIaeT, YTO MIPOUCXOAUT C 00BEMOM?

3) [Ipou3BoauT i1 ra3 JaBjie€HUE B COCTOSIHUU HEBECOMOCTH?

4) Tlouemy moJTydeHHBIE PE3YJIBTATHl B pab0OTE HE UACATHHO PaBHBI MEXKTy CO00?

5) Uro BiIUseT HA TOYHOCTH H3MEPEHUN B JaHHOU padboTre?

6) MOXHO 71 OTIPEICTUTh YCIOBHYIO €MHUITY KOHCTAHTHI B equHuiiax CU?
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7) KakoBa macca Bo3/ayxa B ayAUTOpPUU IUIOIAAbI0 64 M2 , BBICOTOM 3 M, Ipu TemiiepaType 25
oC u naBneHuu 725 MM.pT.cT.?
dopma npeacTaBjieHus pe3yabTara:
PaboTa nomkHa OBITH BBITIOJIHEHA B TETPaAM JIJIs TabOpaTOPHBIX padoT.
Kpurtepun onenku:
3a npaBUJIbHO BBIMOJIHEHHOE 33J]aHUE BBICTABIIACTCS MOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HelpaBWIBHO BBIMIOJTHEHHOE JICHCTBUE, 3a/IaHUE BBICTABIISETCS OTpHUIIATeNbHAs olleHKa — () 0ayioB.
Oyenka «omauunoy evicmasnsiemcs 3a 90 —100% npaBUIbHBIX OTBETOB
Oyenka «xopouoy evicmasnsemcs 3a 80 — 89% npaBuIbHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «neyooe1emeopumenvbHoy svicmasisemcs 3a Mmenee 60% rnpaBUIIbBHBIX OTBETOB

Tema 3.3. Arperatnuble cocTosiHusl BeniectBa. Ma3oBble Mmepexoabl.

JlaGopaTopHoe 3ausitue Ne 9

Onpenenenue ko3(pPpuHeHTa NOBEPXHOCTHOI MJIOTHOCTH KUAKOCTH METO/IOM OTPbIBA Kalnejb

He.]'lb: ONpCACIIMTDb MOBEPXHOCTHOC HATAKCHHUEC BOJAbI U MBIJILHOT'O paCTBOPAa METOAOM OTPhLIBA
Karemb
Brinosinenue padoTsl cnocodocTBYeT GOPMHUPOBAHNIO:
OK 01, OK 02, OK 05, OK 06, OK 07, OK 04 OK 09,

MarepuanbHoe o0ecrieyeHnne:

HIMPUIL TSI YUCTOM BOJBI, LIMPHIL U1 MBUIBHOTO pacTBopa (00bemoMm 5—10 i), cTakaHYMK C
qUCTOU BOZIOI>'I, CTaKaH4YUK C MBUIBHBIM pPacTBOPOM, MTAHTCHUOUPKYJIb WIX MHUKPOMETP, OCTPO
OTTOYEHHBIN KapaHaIll.

3ananue:

1 O3HaKOMBTECH C TEOPETUUECKUM MATEPUATIOM.

Ha karutro, BUCAIyI0 Ha KOHIIE Y3KOM TpyOOUYKH, NEWCTBYIOT JBE CHJIBL: CHJa TSDKECTH mg
HalpaBJieHHAss BEPTUKAJBbHO BHU3, M CHJIAa TOBEPXHOCTHOTO HATSXKEHMS >KuUAKocTH F moB
pacnpeaciiCHHass BAOJIb T'PaHUIBI XKUAKOCTU C KpacMm Tp}I6KI/I M HaIpaBJICHHAA I10 KacaTelabHOU K
MMOBEPXHOCTHU KUIKOCTH NEPIIEHAUKYIIIPHO 3TOM T'PaHULIE.

Cuna moBepXHOCTHOTO HATSDKEHUS, IEHCTBYIOIIAs Ha HEOOBIION Y4acTOK TPaHUIIbl JUTMHOH Al ,
paBHa o |, rie 6 — K03 (PULIHEHT MOBEPXHOCTHOTO HATSKEHUSI )KUIKOCTH.

YcnoBue paBHOBecHs Kaluld Ha KOHIIE TPYOOUKH COCTOMT B TOM, YTO BEKTOpHAs CyMMa CHII,
HeﬁCTBYIOI]_[HX Ha OTACJIBHBIC DJJCMCHTHI T'pPaHUIBI, paBHA II0 MOAYJIIO W MPOTHUBOIIOJIOXHA I10
HAMPABIICHUIO CUJIE TSKECTH.

Bennunna o4 1 mo Mepe yBeNIWYEHHsT MacChl KalUM OCTAeTCsl HEM3MEHHOW, HO B PaBHOBECHH
KaIulsi IPUHUMAET Takyio (opMy, YTO YroJl HAaKJIOHA CHJIbI TOBEPXHOCTHOTO HATSHKEHUSI K BEPTUKAIH O
YIOBJIETBOPSIET YCIOBUIO lo cos =mg , Trie | — niinHa rpaHuIibl KUAKOCTH C TPYOOUKOH.

C YBCIMYCHUECM MACCHI KaIlJIM YT'OJI 0 YMCHBIIACTCA U, HAKOHCL], JOCTUTACT HYJIA, a4 COSA = 1.

[lpn nanpHeiIIeM yBETMYEHUH MAacChl YCIIOBHE pPaBHOBECHs KaIlIM YXE HE MOXET OBITh
BBIITIOJIHCHO, U KaIlJId OTPBIBACTCA.
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Ortcrona, mpunumasi, uro I=n d, rae d — BHyTpeHHuil quamerp TpyOouku, nomyyaem: d om= mg

mg
md

(1)

1.M3meputh BHYTpeHHUH 1uamerp d HAKOHEYHMKA INIPULA.
BOCIIOJIb30BaThCSl OCTPO OTTOYEHHBIM KapaHaamoM. BcTraBMB KapaHzanl B HAaKOHEYHMK JO YIOpa,
IIOMETHTE TPAHUIy COIIPUKOCHOBEHHUS HAKOHEYHMKA C KapaHjaamoM. /[mamerp kapaHjaiia Ha ypOBHE
9TOW TPaHUIBI MOXXHO IPUHATH 332 BHYTPCHHMM AMAMETP HAKOHEYHHMKA U U3MEPUTH €r0 C IOMOIIBIO
LITAHTEHIUPKYJIS WK MUKPOMETpA.

2.HaGpatp B mmpui 4—5 M1 BOJBI U, JepKa €ro BEpTUKAJIBHO U IJIaBHO HAXKMMas Ha MOPIIEHb,
BBUINTh 3—4 MJI B CTakaHYMK, cuuTas Kamiau. M3mepeHue KosauuecTBa Kamnesib N NpPOBECTH HE MEHee
Tpex pa3, 3aTeM 1o o0Iel Macce BbITEKIIEH BOJblI 001l m (MOib3yHTech MIKaJoW Ha wmpuile!) HalTH

CPEJHIOI0 MacCy Kalljld m U MOTPEIIHOCTb €€ onpeaeneHuss Am. Pe3yiabTarsl 3aHeCTH B TaOiIUIly

Jns  usMepeHus MOXKHO

Tabnuya Nol
uzmepeno BbIYUCTICHO
No N A o Ao
m e m,e 2c m,e 2c v | d, mm,
P P H/m
o0ow

3.Ilonw3ysace ¢opmyroit (1), paccuntaTh KOAIDPHUITMEHT MOBEPXHOCTHOTO HATSKEHHUS BOJBI U
a0COIOTHYIO MOTPEIIHOCTH €T0 OMPEIEICHUS

Ao =|o

R

= ®
FRTT

4. BpIUACIUTH OTHOCUTEIBHYO ITOIPEIIHOCTh U3MEPEHUN

Ao

£=—-100

F

mafin

5. AHalOrMYHbIM O0pa30oM OmpenenuTh KO3()PUIMEHT MOBEPXHOCTHOTO HATSHKEHUS MBLILHOTO
pacTtBopa (I0JIb30BaThCS OTACIBHBIM LITTPUIIEM U OCYAOM!).
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H3MEPEHO BBIYHCJICHO

N me | m Am,2 | Am d, mm| Ad, um ‘7?;%; ﬂU:‘H” &Y

NO - z 2 >
2| My57 pre pr®

6. Cnenatb BBIBOJ U 3aIIUCATh MOJIYYCHHOE 3HaYeHUE K0 (DUIIMEHTa TOBEPXHOCTHOTO
HATSKEHHSI C yYE€TOM MOTPEIIHOCTH

KoHTpoJsbHbIE BONIPOCHI:

1. Koadunment nopepxnoctHoro HatspkeHus: kepocuna 0,024 v/M. bonbIe uimm MeHbIe Macca
Karuii KEpOCHHA M0 CPAaBHEHUIO € Kariel BOJIbI, €CJIHM KalaTh U3 OJJHOM U TOM K€ MUIETKU?

2. OObsacHUTE MOAPOOHO, MOYEMY MAaJCHbKHE KaledbKHU >KUIKOCTH MOTYT JIOJITO BHUCETh HE
OTPBHIBASICH.

3. Ilouemy, mpek/e 4eM MOKPBITh IITYKAaTypKy MaciIsIHOM KpacKoM, IPeIBapUTEIbHO IPOU3BOIST
IPYHTOBKY onnoii?

4. [puBeauTe CBOM NPUMEPHI JCHCTBUS CHITBI TOBEPXHOCTHOTO HATSKEHHS

®opma npeacTaBieHus pe3yJbTaTa:

Pabora momkHa ObITh BBIIOJIHEHA B TETPAAH IS JIAOOPATOPHBIX padoT.

Kpurepun oneHku:
3a npaBUJIbHO BBINOJIHEHHOE 331aHUE BBICTABIISIECTCS MOJIOKUTENbHAS OLIEHKa — 1 Oa.
3a HelpaBWJIbHO BBIMIOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIIaTeNbHAs olleHKa — () 0aoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 —100% npaBUIbHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89% mnpaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «neyooeiemeopumenvbHoy svicmasisemcs 3a Mmenee 60% npaBUIIbHBIX OTBETOB

Tema 3.3. ArperaTHbie COCTOSIHMS BelleCTBA M (pa30BbIe MEPEXoAbl

JladopaTopHoe 3ansiTue Ne 10

Onpenesnenue BJAKHOCTH BO3AyXa H aTMOC()EPHOT0 JaBJICHHUS
[eib: U3MEpUTHh OTHOCUTENIBHYIO BIAXKHOCTh BO3/IyXa B JJAOOpaTOpuu (PU3UKHU
BoinosiHenune padoTsl crnocodcTBYeT (POPMUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04 OK 09
MarepunanbHoe obecniedenue: rurpomerp ncuxpomerpuueckuii BUT — C, cTtakaH ¢ KUnsiueHoOn
BOJIOU
3aganue:
1. O3HaKOMBbTECh ¢ TEOPETHYECKHM MATEPHAIOM:

2. Kpamxue meopemuueckue ceedenus:
B armocdepe 3emnu Bcerna copepkarcst BoAsHble napel. MIX coznepikaHue B BO3yXe XapaKTepusyercs
aOCONIOTHOW M OTHOCHUTENIBHOW BIAXKHOCTBIO. AOCONIOTHAS BIAXHOCTh OINPEIENSeTCS IIIOTHOCTBIO
BOJISIHOTO Mapa pa, HaXoAsIerocs B arMocdepe, Win ero napuuaibHbIM J1aBieHueM pii. [lapiuanbHbiM
JaBJICHHEM PII Ha3bIBaeTCs JaBlieHHE, KOTOPOE MPOU3BOIMII ObI BOJSHON Tap, eciu Obl Bce APYTUe ra3bl
B BO3JyX€ OTCYTCTBOBaIH. OTHOCHUTEIHHOM BIIAXKHOCTHIO () HA3bIBAETCS OTHOILIEHUE MAPIUAIBHOTO
AABJICHUA PII BOAAHOI'O Imapa, COACPKALICTOCId B BO3AYXEC, K NABJICHUIO HACBLIIMICHHOTO IMapa pH.IL., IpA
IaHHOM TemnepaType. OTHOCHTENIbHAS BIAXKHOCTb () IMOKa3bIBA€T, CKOJBKO HPOLIEHTOB COCTaBISET
napuuaJibHOC JAaBJICHUC OT AAaBJICHWA HACBIIICHHOI'O Iapa Mnpu I[ElHHOﬁ TEMIICPATYPEC U OIIPCACIIACTCA 110

dbopmyre:
o =L .100%
;}JH?
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[TapuuansHoe JaBiIeHME PI MOXHO paccuuTaTh 10 ypaBHeHHI0 MeHneneeBa - Kianeiipona win no
TOYKE POCHI.

Touka pocel - 3TO TEMIIEpaTypa, MPU KOTOPOM BOJSHOM Nap, HAXOJSAIIMHCA B BO3AYXE CTAHOBUTCS
HAaChIIEHHBIM. OTHOCUTENBHYIO BIIQ)KHOCTh BO3AYyXa MOXHO ONPEICIUTH C MOMOIUBIO CIIENHAIbHBIX
npuOOPOB — MICUXPOMETPA U TUTPOMETPA.

IIcuxpomerp
IIcuxpoMeTp COCTOUT U3 CYyXOr0 U BIIAJKHOI'O TEPMOMETPOB.
PaccmoTtpuTe ncuxpoMeTp 1 ONpeAeInTe TAe CyXOr U BIaKHBIM TEPMOMETPBI.
a) U3MEPUTh MIOKA3aHUS CYXOT0 U BIaKHOIO TEPMOMETPOB:
0) MCTI0JIB3YS IICUXPOMETPUUYECKYIO TaOJIHILy, OIPEICTUTh OTHOCUTENIbHYIO BIAXKHOCTh BO3/1yXa.
BHuMaTenpHO HOCMOTpUTE HA ICUXPOMETPUUECKYIO TabuuIy. B mepBoM BepTUKaIbHOM CTOJIOLE
HaWJIMTe NIOKa3aHMUs Ballero CyX0oro TEPMOMETPA, B IEPBOM TOPU30HTAIBLHOM CTPOKE HAWIUTE Ballly
Pa3HOCTb ITOKA3aHUN CyXOr'0 U BJIAXKHOIO TEPMOMETPOB. To 4nciao, KOTOpoe HaXOAUTCS Ha
IIepeCceYeHUH CTOJIONA U CTPOKH U SBJIIETCS 3HAUEHUEM BIIQXKHOCTH BO3/1yXa.

I/I306pa)KeHI/IC, CXEMa, pUCYHOK 3KCIICPUMCHTA:

Cyxou
mepMoMemp

Baascnnii
mepMoMenh

Pucynok 1. YcranoBka asns naboparopHoit paboTsl Ne5
3. Beimonnaute padory.
4. OTBeTbTE Ha KOHTPOJIBHBIE BOIIPOCHI.
5. 3amonHUTE OTUET MO JIabopaTopHOU padorte.
Ilopsinok BbINOJHEHHS PadOTHI:
1.HanuTek B nuTaTEIh KUISYEHYIO BOAY.
2. latp Quruaro mponuTaThes BoxoM M uyepe3 10-15 MUHYT NpHUCTYNUTh K OIpEIesICHUIO
BJIAYKHOCTH.
3.0mnpenenuTs NOKa3aHMs CyXoro ¥ YBIa)XKHEHHOIO TEPMOMETPOB.
4.IloBopaunBasi JUMO C KpacHOW OIM(PPOBKOH, COBMECTHTH IOKa3aHUS CYXOro TEepMOMETpa
(xpacHble IM(}pPBI) ¢ TOKa3aHUSAMHU YBIAXKHEHHOTO (YepHbIe U (PHI).
5.0npenenuTh OTHOCUTENBHYIO BIAXKHOCTb 110 KPACHOM CTpEJIKE.
6.Pe3ynbraThl HI3MEpEHH U BBIYMCICHUN 3aHECTH B TaOJIUILY:

T T T I T

Tabmma Nel
IToxa3anust TepMOMeETPOB Pa3noctn OTtHocuTebHAS
MOKa3aHUM BJIA)KHOCTH BO3AyXa @,
TEePMOMETPOB %
At=tcyx-tBJj
Ccyxoro tcyx BJIAJKHOIO tBJI
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Tabauua Ne2

Temnepaty | Touxa Hasnenne | Ilapumansa | OtHocuTen | ITnotHoCcTh | AGCOMIOTHA
pa pocsr, °C HACBHIIIEHH | Oe bHas HACBHIIIEHH | 5
OKpY’KaroII oro mapa, JaBlieHUE | BIQXHOCTH | OTO Iapa, BJIIKHOCTh
ero ITa BOJASHOTO | BO3ayxa, % | ¢ BO3/yXa
BO3/yXa, napa, [1a M

°C

7. Cnenatb BBIBOJI, 3alKcCaTh MOKA3aHUS TMTPOMETPA M JIaTh PEKOMEHAAIMH MO MOAAEPKAHUIO
BJIQXKHOCTH B JJAOOPATOPUHU B NpEEIaX HOPMBI.
KoHTpoJibHbIE BOIPOCHI:
1. Kakoii map Ha3bIBaeTcsl HacbllleHHbIM? UYTO Takoe AMHAMMUYECKOE PABHOBECHE, TOUKA POCHI,
napuuanbHoe JaBieHue?
2. llouemy mokaszaHus CMOUYEHHOT'O TEPMOMETPA MEHBILIE, UEM CYXOro?
Kak, 3Has TOUKY pOCHI, MOXKHO OTPEeNIUTh NapluaibHoe AaBieHue?
4. Cyxo#l U BIaXXHBIM TEPMOMETPBI ICUXPOMETPA OKA3BIBAIOT OJIMHAKOBYIO TeMneparypy. Kakosa
OTHOCHUTEIbHAs BJI&KHOCTh BO3ayxa?
dopma npeacTrasiieHus pe3yJbTara:
PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAM ISl JJaOOPaTOPHBIX padoT.
Kpurtepuu onenkmn:
3a NpaBUIIBHO BBIIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENbHAs OlleHKa — 1 Oau.
3a HelpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIIaTeNbHas olieHKa — () 6anoB.
Oyenxa «omauunoy evicmagnsemca 3a 90 — 100% npaBuIbHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89% mnpaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «Heyoosnemeopumenvhoy svicmasnsemcs 3a Menee 60% mnpaBUIbHBIX OTBETOB

[98)

Tema 3.3 ArperatHblie cOCTOsIHUSI BelllecTBa U (pa3oBble Mepexoabl

JlabopaTopHoe 3ansitue Ne 11

OnpenesieHne yaejabHON TENJI0eMKOCTH BellleCTBA
Ilenb: ONBITHBIM IyTEM OINPEAEIUTH BEJIMYUHY YAEIBbHOW TEIJIOEMKOCTH BEIIECTBA U BBIICHUTH
(bu3nuecKuit CMbICT ypaBHEHHS TEIJIOBOIO OaliaHca.
Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHNIO:
OK 01, OK 02, OK 05, OK 07, OK 04 OK 09
MarepunanbHoe o0ecrnedeHHe: BEChl ONTUYECKHME HA IITATUBE;
BEILIECTBO; KATOPUMETP; TEPMOMETD; SJIEKTPOIUIUTKA; COCY]T C BOAOH;
3amanne
1. 3anucate B TeTpajb Ha3BaHUE PaOOTHI, LIeIb paOdOThL, MTPUOOPHI U MPUHAIEKHOCTH.
2. HauepTuTh TabMuUILy AJ1s 3aIIMCH PE3YIbTaTOB U3MEPEHUH M BHIUMCIICHUH.
3. BBIYMCIICHUS IPOBECTU COIJIACHO (hOPMyIaM:

pa3HOBEC; HCCICAYCMOC

Tennora, ornannas ropstauM TeIoM: Qor=mici(ti- 0)

Tenora, moy4deHHast KamopUMeTPOM: Qronx. =m2C2(0-t2)
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Temnora, momyueHnHast BOI0H: Quoxs.=m3c3(0-13)

VYpaBuenue temioBoro 6ananca: Qora= Quon

mici(ti- 0)= maca(0-t2)+ m3c3(0-t3)

mici(ti- 0)=( 0-t2)( macot+ msc3)

Tak kak to=t3, (0-t2)=(0-t3)
c1=(0-t2)(macotmscs)/(mi(t1-0))Ix/(xr- °K).
4. OnpenenuTs NOrpeIHOCTH

A=|Craga-C1| - aOCONIOTHAS TIOTPEITHOCTb;

0=(A/c)-100%.
Ilopsinok BbINOJIHEHHUS PadOTHI:

1. Ompenenutb Maccy UCCIEAYEMOIO Tela my;
2. OmnycTuTh UCCIeAyEMOE TEJIO B COCY/l C BOAOW U HArPETh BOY 10 KUIICHHUS;
3. Onpenenutb Maccy KaJIOpUMETPa my;
4. HanuTp 10 MOJIOBUHBI BOJBI B KAJOPUMETP U ONPEAEIUTh MacCy BOJbI M3;
5. H3Mepurts HayalbHYIO TEMIEpPATypy KaJOpUMETpA C BOAOU tr=t3;
6. OmycTUTh HarpeToe TeJIO0 B KAIOPUMETP C BOJON M U3MEPUTH TEMIIEpaTypy cMecH 0;
7. PesynbraThl M3MEpEeHUN W BHIYHMCICHUM 3aHECUTE B TAOJMIy W cjenaiite BhIBOA. [lo okoHuaHuu
paboThI MPUHAITICKHOCTH, TETPAIh M TaHHOE PYKOBOJCTBO CAAThH MPEMOaBaTEINIO.
Tabauma Nel
1. nmacca TBSpPpJOoIO Telxa., KI Iy
2. TeMOepaTrypa Texa, “C ty
3. macca FaTopIIMeTpa., KT mi>
4. Mmacca BOIBI. KL Ims
5. TemmeparIypa BOIEBI I KaJlopHMeTpa. =13
“C
6. TeMOepaTrypa cMecH., “C (¢}
7. YaciasHAaA TEIMNMMOSMKOCTE Co

KamoprmmMerpa. JiEA(wr-°K)

| vIoensHas TeIITOSMKOCTE BOIBT, c3
T/ (- =K
9. wvomenmksHas TellTOeMKOCTE TBepPIOoTOo L1

Tema. JiE(xr-"EK)

10 TadmIraHO S IHaTeHIIS VIIeIBEHOIT Cr
TeIrIoeMKOCTIT TBEepPIOTO TEemIa,
T/ (s - =K

11. oTHOCHTSIBHAS MIOTPeIIHOCTE, 2o

o]

KoHnTpoJsbHbIE BONIPOCHI:
1. KaxoBa pazHuIIa MKy TEINIOEMKOCTBIO TEJIa U yIETbHON TEINIOEMKOCTBIO?
2. B uyeMm cwmbICI ypaBHEHHUS TEIUIOBOrO OajaHca M KaKoe OTHOLICHHE OHO MMEET K
3aKOHY COXpPaHEHMsI SHEPTUU.

®opma npeacTaBjeHUs pe3yJbTaTa:

PaboTa nomkHa ObITH BBIMOJIHEHA B TETPAAH ISl JIAOOPATOPHBIX padoT.

Kpurepumn oneHku:
3a mpaBUIILHO BBIOJHEHHOE 33 JaHHE BHICTABIIAETCS MOJIOKUTENIbHAS OlleHKa — | Oas.
3a HeNpaBUIIBHO BBIITOJHEHHOE EHCTBHE, 3a/IaHHE BHICTABIISIETCS OTpHLIATeIbHAs OlleHKa — ) 6ayuIoB.
Oyenxa «omauunoy evicmagnsemca 3a 90 — 100% npaBuIbHBIX OTBETOB
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Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89% npaBUIBHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyooeiemeopumenbHoy svicmasisemcs 3a menee 60% npaBUIIbLHBIX OTBETOB

Tema 3.3 AFpeFaTHLIe COCTOAHMA BeIeCTBa U (l)aSOBbIe nmepexoabl

JlaGoparopHoe 3ansitue Ne 12

Onpenenenue MoayJas ynpyroctu pesunsnl (MoayJsi FOura)

Henap: OnpenenuTs MOAYJb YIPYTOCTH PE3UHBI IIPU PACTIKEHUU.
BoinosiHeHune padoTsl crioco0cTBYeT (POPMUPOBAHUIO:
I. OK01,OK 02, OK 05, OK 07, OK 04 OK 09
MarepunanbHoe obecnieyeHue:
HUTKa (JIecKa), pe3UHOBBIN MHYp AuHON 25—30 cm u ceuenueM 4— 10 MM2 , HabOp TPy30B MO
0,1 kr, MITaTUB, TUHEWKA, IITAHTEHIUPKYJIb WJIK MUKPOMETP.
3aganme:
1. O3HaKOMUTBCS C TEOPETUUECKUM MATEPUAIIOM.
Kpamkue meopemuueckue ceéedenusn:
[Ipu ycraHoBuBLIEHCS ynpyroil aepopmanuu paBHOACHCTBYIOIIAs BCEX BHYTPEHHHMX CHJI
yIPYroCcTH, BO3HUKAIOLIMX B TeJle B JIOOOM €ro CEYeHWHU, YPaBHOBEIIWBAET BHEIHHUE CHUJIbI,
JIEACTBYIOIIUE HA TEJO.
CornacHo 3akoHy I'yka, Hampsok€HHME 0 M BBI3BAHHOE UM OTHOCHUTEIBHOE & YAJIMHEHUE
nponopuuoHanbHel: 0=FE ¢ , rae E— mMoaynb ynpyrocru.
[Tocne mpeoOpa3oBaHus 3TOTO BHIPAKEHUS OTYUHM:
E:E_-f—“ HIIH E:ﬂ.
S Al md?(1-1,)

JI1s1 SKCIEpUMEHTAIBHOTO OINPEJEICHUST MOAYJIl YIPYIOCTH HY’KHO M3MEPUTh BCE BEIWYUHBI:

§(s=""
( 2 ),

nedopmupytomyto cwty F  (F=mg), ceuenue oOpasma S , €ro
nepBoHavanbHyto Anuny 10 u yamnenue 1.

1. U3y4yenne negopmManuu pacTsiKeHHs.

1. 3MepuTh C MOMOIIBIK IITAHTEHUUPKYJS WM MHKPOMETpa TOJIIHMHY IIHYpa YU BBIYUCIUTH
IUIOUIA/Ib €r0 NOMEPEYHOr0 CEUeHUs S.

2. IlopBemmBass k mHypy rpy3sl maccor 0,1 xr, 0,2 kr, 0,3 Kr, U3MEpPUTh COOTBETCTBYIOIUE
a0COJIOTHBIE Y/UIMHEHUS IIHYPa: U BBIYUCIUTH OTHOCUTENbHBIC Y/UIMHEHUS IIHYPA.

3. Ilo pesynpraraM HW3MEpEHUH BBIUNCIUTH MOAYJb YIPYrOCTH pe3WHBl E M OLEHWTH
[IOIPELIHOCTH SKCIIEPUMEHTA!

Am Al Ad Al
+ +2—+ -
m d [-1,

AE=F-g
- a0COIOTHAS TTOTPEITHOCTD.
5. Pe3ynbTaThl U3MEPEHUH M BHIYMCIICHUI 3aHECTH B TaOIUILY:

&=

- OTHOCUTCJIbHAS NOTPCIIHOCTDb
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H3MEPCHO BBIYHCIICHO
:?H mkr | dom | S.m? | lgm Lm | AlLm| F,H |E, Ila %;’ ?’IE, £. %
1
2
3

6. Cnenatp BBIBOJI.
KoHTpoJibHBIE BOIPOCHI.
1. Kakwue Buasl nehopmariuii Bel 3HaeTe?
2. W3mensiercs 1 BHYTPEHHss SHEPrus 1e(opMUPOBaHHBIX TEN?
dopma npeacTaBiieHus pe3yJbTara:
PaGota gomkHa OBITH BHIMOJIHEHA B TETPAIu AJIs JIaDOpaTOPHBIX padoT.
Kputepuu onenkmu:
3a npaBUIIbHO BBIMOJIHEHHOE 331aHUE BBICTABIISECTCS MOJIOKUTENbHAS OlleHKa — 1 Oa.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTpUIAaTEIbHAs oneHKa — () OaioB.
Oyenka «omauunoy evicmasinsiemcs 3a 90 —100% npaBUIbHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89% npaBUIBHBIX OTBETOB
Oyenka «yooenemeopumenvroy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «Heyooe1emeopumebHoy svicmasisemcs 3a menee 60% npaBUIbHBIX OTBETOB

Tema 3.3. ArperaTHble COCTOSIHMS BellleCTBA M (pa30BbIe Mepexo/ibl.

JlabopaTopHoe 3ansitue Nel3

Onpenenenue ko3(ppuuueHTa yNIpyrocTu ¥ MOayJist yIpyrocTa npu aedopmanum pacTsaKeHus H
coKaTUSA

Henb: omnpenenenue koddduumeHta yOpyroctu M MOAYJIS YOPYTOCTH IMpH JedopManuu
pacTsKeHHUs.

Brinosinenue padorsl cnocodocTByeT GOPMHUPOBAHUIO:

OK 01, OK 02, OK 05, OK 07, OK 04 OK 09

MaTtepuanabHoe o0ecnieyeHue:

BUpTyalibHas nabopaTopHas padora 1.09 Onpenenenue kosppu-

[IUEHTA YIIPYTOCTH U MOIYJISI yIIPYTOCTH TPH IeOPMAIIUN PACTSKEHUS

http://mediadidaktika.ru/mod/page/view.php?id=13

Kpamkue meopemuueckue ceeoenus:
B Teopun ympyroctu moj cioBoMm «JiedopMmanus» MOHHUMAIOT BCSIKOE U3MEHE-HHE B OTHOCHTEIHHOM
pacrojoKEeHUU YacTHI] TBEPAOro Teja, Bo3HMKaromiee nmoja/ Cpend MHOMXKECTBA pPazIUYHBIX BHJIOB
neopManuu ciaexyer OTMETHTh Mpo-cTeifimume: nedopmanus pacTspKeHus (cxatus) U aedopmarus
casura. Bce octanb-HBIE BUABI JAedopMany MMEIOT 0ojiee WM MEHEe CIIOXKHBIM xapaktep. B
ciyyae,ecinu eopMalMi Majbl, TO MOXXHO J00yi0 aedopMaiio paccMaTpuBaTh VKaKCyMMY
HEKOTOPBIX pacTskeHuil u cnpuros.llpu mobom Buae nedopmanuu, eciu OoHa HE OYEHb BEJIMKA I10
CPAaBHEHMIO Cpa3MepaMu CaMoro Tella, BO3HMKAeT CHJIA, KOTOpas CTapaeTcs BEpPHYTh TEJIO B Tj
COCTOSIHME, B KOTOPOM OHO OBLIO J10 fedopMaliu. ITa cujia U Ha3bIBaeTCs CHIION
ynpyrocti. Cuja ynpyrocTy ¢ BbI3bIBalOLIeH ee nedopmanneii cpsizaHa:
Fynp=- kx,31eck k — ko3 purmeHT npornopuroHaaTbHOCTH, HA3bIBAEMBbIH )KECTKOCTHIO TEJa;
Paccmotpum nedopmanmio pactsokenus. llog neiictBuem cuibl TskecTH Tpy-3a F mpoBosoka wim
cTepkeHb JIMHOM L momepeuHoro cedeHust S pactsaruBa-eTcss Ha BennunHy L . CBs3b MexIy
YAJIMHEHUEM MPOBOJIOKH L 1 cuioitlF = mg , BBI3BIBAIOIIEH OTO YUIMHEHUE, BBIPAYKAETCA 3aKOHOM ['yka
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AL F
K
L S

rae K — Koatbd)HuHeHT yIPYTOCTH;

AL
=&
L — OTHOCHUTEIbHAs e opmanus,
F
— = G -
S
ycuiue (MeXaHUYeCKOoe HaIpsHKEHUE).
CrnenoBaTeiabHO,
k-ALLS.
L F

Koaddunmentom ynpyroctu Ha3piBaeTcsl Gu3MyuecKas BEIMUNHA, YUCICHHO
paBHAasi OTHOCUTEIHFHOMY YJIMHEHUIO TIPH IEUCTBUH YCUITUSI PABHOTO CAMHUIIE.
Torma monyns ynpyroctu (Moaynb FOHra) pasexn

gl _LF.
K AL-§

CnenoBarenbHo, Monysibs FOHra 4YHCIIEHHO paBeH OTHOLICHUIO HANPSKEHUS K OTHOCHTEIBHOMY
yanuHeHuto. Jpyrumu cinoBamu, Moaysib FOHra 4ucieHHO paBeH TOMY HaIpsDKEHUIO, IPU KOTOPOM
JUIMHA PACTATMBaeMoOro obpasla yaBOWJach Obl (eciau Obl MPHU TAKUX HAMNPSIKEHUAX TEJO OCTaBaJloCh
YIPYTUM U TIPOJIOJDKAJIO CJe-0BaTh 3aKkoHy ['yka). B peiicTBuTebHOCTH TOpa3io paHblie, 4em OyaeT
JOCTUI-HYTO TaKO€ HaNpsDKEHUE, TEJIO UCIBITACT IUIACTHYECKYTO J1eOpMalMIo U pa30-pBETCs.

Jlnia kaxkoro marepuana Moayiab FOHra umeer nocrosHHoe 3HadeHue. Mo-nyns FOura 8 CH uzmepsitor
B eauHuuax nasieHuss H/m2. Tlpu pacTspKeHUM CTEp)KHS WM MPOBOJIOKM paboTa BHEUIHEH CHIIBI
YBEJIMUYUBAET SHEPTUIO YIIPYTOPACTSIHYTOM TPOBOIOKH.

Onucanune YCTAaHOBKH U ME€TOAAa U3MEPECHUSA

Pucynox 1.

Jlnist paboThI UCIIONB3YETCsl YCTAaHOBKA, TOKAa3aHHAasl Ha pUCYHKE |, KOTOPYIO HEOOXOMMO 3aIyCTUTh 110
CCBUIKE C MopTaja. Y cTaHOBKa MPEACTaBIsieT cO00i HATAHYTYIO MPOBOJIOKY AJIMHOM L, K HIDKHEMY
KOHIly KOTOPO# NMPUKpEIUIAETCS Tpy3 Maccol m. B BepxHeM IpaBoM yTily pacmo-

JI0’)KE€H MHJIMKATOP, YKa3bIBAIOIINN BEJIUYUHY Je(POpMaIUU PACTSKEHUS B COTBIX JIOJIIX MUJUTMMETPOB.
B HmxHeM npaBoM yrily nMeercs nasens «llapamerpsl yctaHOBKM». B Hell MOXKHO 3aJaBaTh 3HaUYEHUS
IyaMeTpa U JUIMHBI MpoBOoJokd d U L, COOTBETCTBEHHO, MAacCy Ipy3a, BBI3BIBAIOLIETO JAe(opMaliiio
pacTsDKeHus, m U

YJUTMHEHHUE MPOBOJIOKH L .

ITopsinok BbINOJIHEHHS Pa0OTHI

1 Beenute HyxHbIe TapameTpsl d, L (BEIOpaTh caMUM WM BBECTH 3aJJaHHBIC

IperoiaBaTeNieM) U 3alMIIUTe X 3Ha4eHus nepen tabnune 1 Paccuuraiite

TJIOIA/h TTOTIEPEYHOTO CEYCHHS TPOBOJIOKK S. Brimmurte B Tabnuiry 1

2 Memnss 3Hauenust Mmaccbl ot 0 1o 10 kr ¢ marom 1, 3anummmTe B Ta0IHITY TTO-

kazaHus L.

3 Beruncnute 3HaueHUs AeicTBYOMEN cuilbl F.
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4 JIns KaxJ0ro 3HAUCHUsS HArpy3KH OMpPEISIUTe CPEeIHIOK BennuuHy Kod]-durmenta K u momxyns
yrpyroctu E .

5 O1ieHUTE NOTPENIHOCT MOJIYYEeHHOT0 3HaueHus1 ECp KOCBEHHBIX U3MEPEHHIA.

6 Ucnomp3yliTe  MONy4YeHHbIE  pe3yJNbTaThl  JUId  TMOCTPOECHHS  rpaduka  3aBUCH-MOCTH
abcomoTHOTOYINTMHEHUST 0T mpuioxkeHHou cuibl L =f(F). Chemaiite BBIBOA O MPUMEHUMOCTH 3aKOHA
['yka npu 3TUX Harpys3kax.

HavajabHas n1jimHa nposBoJioku L =

JAmnameTp npoBosioku d=

IiIomaab nMonepevHoro ceveHusi MPOBOJIOKH S =

Tabnuua 1.

HArpy3Ka ) . | Ormnocn- E cp.
- Ha mposo- | HAUPIKE= 1, o an 3 X | HM
Ne AL . M IBriaves HHE G, . K. wH | E.Hwm ™
S H x“—" Aedopma-
m, Ke F.H . LM, E1
|
2
3

7. Ilo pe3ynbTaTaM U3MEPEHUI OMpeeNIuTe MaTepual, u3 KOTOPOTrO U3TOTOB-
JIeHa MPOBOJIOKA.

KonTpoabHbIe BONPOCHI
1. Kakoii Bua gegopmanuu MMeeT MECTO B JaHHOW pabore? 3amummre 3akoH ['yka I 3TOro BHIa
nedopmanuu.
2. KakoB ¢usnueckuii cmbicn monyns FOura? 3anummre Gopmyiy, Mo KOTOPOMMOXKHO paccuuTaTh
Moayab FOura.
3. Kakue nedopmaruu HazpiBatoTcss ynpyrumu? UTo Has3bIBaeTCsl MpenesoM Mpo-MOPHHOHATBHOCTH U
npenenoM npoyHoctu? Hapucyiite nuarpaMMmy HampspKeHUH AU KaKOro-HUOyIb BELecTBa U HA HEM
MOKaXXUTe 00J1aCTH, COOTBETCTBY-IOIINE TPEEIy MPONOPLUOHAIBHOCTH, PEENy YIPYTOCTH, eIy
TEKY4ECTH U IPEJENy IPOYHOCTH.
4. BeiBenuTe GopMydty JUlsl pacueTa S3HEpIUH yIpyrou aedopmanuu.
5. O0ObsicHuTE sIBIEHUE Ie(OPMALIUU C TOUYKU 3PEHUSI CTPOECHUS MOJIEKYI.
6. [IpuBenuTe npuMepsl TEXHUYECKOTO MPUMEHEHUS SIBICHUS JedopMaliny.

dopma npeacTrasiieHus pe3yJbTara:

PaGota gomkHa ObITH BBINOJIHEHA B TETPAIu AJIs JIaOOpaTOPHBIX padoT.

Kpurepun onenkmn:
3a npaBUWIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTENbHAS OlleHKa — 1 Oa.
3a HEeMpaBUWIJILHO BHITIOJIHEHHOE JEHCTBHE, 3aJJaHNE BBICTABIIAETCS OTpULaTeIbHas oleHka — 0 6aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 —100% npaBUIbHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89% npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvnoy gvicmasnsemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «neyooeiemeopumenvHoy svicmasisemcs 3a meHee 60% npaBUIIbHBIX OTBETO
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Pazpnen 4. DaekTpoauHaMunka
Tema 4.1. DieKTpocTaTUKA
JlabopaTopnasi paGora Ne 14
OIIPEJEJIEHUE SJIEKTPUUECKON EMKOCTHU KOHJIEHCATOPA

Leab padoTbl: HAyYUTCS U3MEPSTH AEKTPOEMKOCTh KOHAEHCATOpa.
OobopynoBanue:

1. HaGop xoHmeHCcaTOpOB.

2. Mukpoamnepmerp.
3. HMcTOYHUK MOCTOSIHHOTO TOKa

4. CoeauHUTENIBHBIE MPOBO/IA.
Teopust

Bakneiimieil xapakTepuCcTUKOM JTF000T0 KOHJEHCATOpa SIBISIETCS €ro dJeKTpruueckas eMkocTh C.
DJEKTPOEMKOCTh TIPOBOAHUKA OKAa3bIBAET 3aBUCUMOCTD 3apsa HadJIEKTPU30BaHHOIO MPOBOIAHUKA OT
pazMepoB, popMbI IPOBOTHHUKA M BHEIIHUX ycinoBuil. V3amepsieTcs otHomieHueM 3apsiga C KoHIeHcaropa
K pazHocTH noTeHuanoB U Mex Ty ero 0OKJaiKaMHu:

Beipaxxaetcst C B papanax(d).

Konnencatop - 310 npubop i HaKkoIIeHUs 3apsaoB U sHeprun .dDopmyna eMKOCTH IJIOCKOTO
KOHJIEHCATOpa
C=¢eeS/d (2

TJIe €0- TUAJIEKTPHUYECKasi MPOHUIIAEMOCTh BaKyyMa, €- IUDJIEKTPUYECKast MPOHUIIAEMOCTh CPEabl , S -
TIOIIA T OOKITAIKK KOHCHCATOPA, d - paCCTOSTHUE MEX Ty OOKIIaIKaMi KOHIEHCATOpa.
EMxocTth KOHJZCHCATOpa MOXKHO OIIPECACINTE OIIBITHBIM ITYTEM.

Ecnu 3apsixaTh KOHIEHCATOP MOCTOSIHHON €MKOCTH OT OJTHOTO MCTOYHMKA TOKH, a 3aTeM pa3psiKaTh
€ro 4epes rajJbBaHOMETP, TO CTpEJIKa rajJbBaHOMETpa BCAKUM pa3 OyJeT oTOpachiBaThCs MO IIKale Ha
OJTHO M TO € YUCIIO JeNIeHUH. Y KOHJEHcaTopa APYroi eMKOCTH OTOPOC CTPENKU rallbBaHOMETpPa
Oynet unbIM. MMes KoHAeHCaTOphl U3BECTHOM EMKOCTH, MOKHO YOeTUTHCS, YTO EMKOCTh KOHJIEHCaTopa

IPSIMO MPONIOPIIMOHAIBHA YHCITY JETEeHH N, Ha KOTOpoe 0TOpackIBaeTCs CTPENIKa rabBaHOMETpA!
n=kC 3)

Ilopsinok BeINO/IHEHHS PadOTHI

l. CocTaBUTb 3NEKTPUUYECKYIO LIETIb 110 cxeme (puc. 1) B nenu ycraHoBUTH OUH U3
KOHJICHCATOPOB U3BECTHOIN €MKOCTH.

2. 3apsauTh KOHICHCATOP, 3aTeM OBICTPO pa3psIUTh €T0 Ha TATbBAHOMETP U 3aMETaTh IO €T0 IIIKaJe
MaKCUMaJIbHOE OTKJIOHEHUE CTPEIKU, OTCUUTHIBAS YUCIIO ACJICHU N.

3. OmbIT HOBTOPHUTH [T O0JIee TOYHOTO ONpeeTICH s Yrcia JeJIeHui 2-3 pa3a U Hail- TH
OTHOLIEHMS HAWJIEHHOT'O KOJIMYECTBA JEICHUI K U3BECTHOM €MKOCTH B3TOI0 KOHJIEHCATOpa
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k=n/C 4)
4. BBINOJHUTB OIBIT ¢ KOHIEHCATOPOM HEM3BECTHON €MKOCTH, HAllTH ee, UCTIONb3ys (popMyILy:
Cx=nx/k (5)
5. Pe3ynbrarsl MN3BMEPEHUN U BBIYUCIICHUH 3aIIUCaTh B OTYET.

KonTposbHbIe BONPOCHI

Bapmuanr 1

1.

2
3.
4

Kongencarop B nepeBojie - «cryctutelby. [1o kakoit npuyrHe npubopy JaHO TaKoe Ha3BaHueE?
[ToueMy eMKOCTb KOHJIeHCATOpa MOCTOsTHHA?
OT4ero u Kak 3aBUCUT EMKOCTh IIPOCTEHIIEro Konaencaropa? 3anumure GopMyy TO €MKOCTH.

Kak n3menurcs QJICKTPOCMKOCTE KOHACHCATOpA, €CJIM YMCHBIIUTL IUIOIIAAb OIHOI U3 TO o0OKJIa-

JAOK B [IBa pa3a, a paCCTOAHUEC MCIKIY O6KJ'IaI[KaMI/I B Tpu pa3a‘7

5. OpHa W3 IJIACTHH IJIOCKOI'O KOHJEHCATOpa COEAMHEHA C 3JIEKTPOMETPOM, BTOpas 3a3eMJICHA.
Kak wu3MmeHsTCS ToKa3aHUs 3JIEKTPOMETPOM a)upu COMMKEHUU IUIACTUH; O) MpU BBEACHUU IU-
AIIEKTPHUKA.
BapuanTt 2

l.
2.

Kaxkoit koHzieHcaTop Ha3biBaeTcsa 1ockuM? Yemy paBHaA €ero eMKOCTh?

KaKy}o OIIaCHOCTDL IMPCACTABJIAIOT co00ii 00ecTOYEHHBIE O ¢ UMCIOINMMMHUCA B HUX KOHIACH-

catopamu?

3.

HN3MeHuThCA 11 Pa3HOCTh IMOTCHIUAJIOB IIJIACTUH ITIJIOCKOI'0 KOHACHCATOpPA, €CJIN OAHY U3 HUX

3a3EMJINTE?

4.

JBa konaeHcaTopa eMKOCThIO 5 1 7 MK®D mociea0BaTENbHO NOJACOCIMHEHBI K HICTOYHUKY C pa3-

HocThio moteHImanoB 200 B. KakoBel OynyT 3apsisl M pa3sHOCTh NOTEHIMAJIOB OaTapeu, eciu
KOHJIEHCATOPbI OTCOETUHUTH OT UICTOYHHMKA M COEAMHUTD NapauIeIbHO?

5.

O,Z[Ha N3 IUVIACTHUH IIJIOCKOTO KOHJACHCATOPa COCANHCHA C 3JICKTPOMETPOM, BTOpAd 3a3C€MJICHA. Kak

WU3MEHSTHCA TOKa3aHUsI DJIEKTPOMETpa MPH MEepeMEIIeHUN OJHOM U3 IUIACTUH TapallieIbHO JAPYTon
miactTuge?

1.

Tema 4.2 3aK0HBI MOCTOTHHOTO TOKA

JlabopaTopHoe 3ansaTHe NelS

Onpenesenue yeJIbHOTO CONPOTUBJIEHUS POBOIHUKA

Hesn: onpeneneHne yaeabHOTO COMPOTUBIECHUS MTPOBOHUKA IKCIIEPUMEHTATIBLHBIM TyTEM
Brinosinenue padorTsl cnocodocTByeT GOPMHUPOBAHNIO:
1. OK01,0K 02, OK 03, OK 09
MarepuanbHoe o0ecmedyeHHMe: HCTOYHMK  TOKAa, aMIIEPMETP, BOJBTMETpP, COECIUHHUTEIIbHbBIC
MPOBOJIA, KIIIOY, IITAaHTEHIUPKYJb, JUHEHKA, KyCOK IMPOBOJA, YIEIHHOE COMPOTHUBIECHUE KOTOPOTO
OIIpeAEIIAETCS.
3ananue:
1. CaMoCTOSITENBHO COOPATh ANEKTPUIECKYIO LIETb M0 CXEME.
2. CHAITBh IOKa3aHUS aMIIEPMETPA U BOJIbTMETPA.
3. Hcnonb3ys MITAaHT€HUUPKYJIb M JIMHEWKY, HAYYUTHCS OINPEICISTh T€OMETPUUYECKUE pPa3Mephbl
MIPOBOJIHUKA.
4. OnpenenuTts BEIUUYUHY yAETbHOIO COMPOTUBIICHUS METaJlIA.
Iopsinok BbINOJIHEHHUS PA0OTHI:
Cobpats 11emb 1Mo cXeMe U MOKa3aTh ISl IPOBEPKH PYKOBOIUTEIIO.
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2. 3aMKHYTb LI€b U CHATh IIOKa3aHUs aMIIEpMETPa U BOJIbTMETpA.
3. BBIYHCINUTH COMPOTUBIICHHE MMPOBOAHKUKA TTO (OpMYIIE.
4. W3MepuTh IIMHY U BBIYUCIIUTH TUIOMIA/(b IOTIEPEYHOTO CEUCHUS IPOBOJIHUKA 110 hopMyIIe:

, TAC d. AUaMETP IMPOBOJHUKA.

§="""" r=Y
I

5. BpIuuCIUTH yAEIbHOE CONPOTUBIICHUE 1O HOpMyIIe:

RS
P=

6. JlanHble 3aHecTu B Tabauiy 1.

7. BpucIuTh a0COMOTHYIO (A) M OTHOCHTEIBHYIO (€) MOTPEIIHOCTH H3MEPEHUH TI0  hopMyJiaM:

A
A =1prisn. ~ Promvu. e =——-100%
Prasn.
8. CaenaTh BBIBOJ 110 padoTe.
Tab6mumaNel
U.B I. A R.On| [v | d.ou N A, O
S s M F P i £.%
Owmt-
M

ECIISCTEBO

KonTposabHbIe BONPOCHI

I. OT kakuxX BEJIMYMH M KaK 3aBUCUT COMPOTHUBIICHHE MPSIMOJMHEHMHOTO METaUIMYeCKOTO
IIPOBOJHUKA?

2. Jla MEIHBIX TIPOBOJHUKA WMEIOT OJWHAKOBYIO JUIMHY, HO Pa3IUYHYI0 IUIOMIAIh
nonepeuHoro ceuenus.:1,6 mm> um 0,8 mm?. Kakolf NpOBOJHMK HMEET MeEHbIIEE
CONPOTHUBIIEHHE U BO CKOJIBKO pa3?

3. CKOJIBKO METpPOB HHKEIMHOBOTO MPOBOJAA IUIOUIaAbI0 momnepeyHoro ceueHus 0.1 mm
noTpeOyeTcst AJIT U3TOTOBJICHUSI PeocTaTta ¢ MaKCUMalbHBIM corpotuBieHreM 180 Om?
VaensHOe conpoTubienue Hukenuna 0,42 -10°0m-m.

dopma npeacraBjieHus pe3yabTarTa:
PaGota nomkHa OBITH BHITIOJTHEHA B TETPAIU AJIs Ta0OPATOPHBIX paboOT
Kpurepum ouenku:
3a npaBUIIHHO BBIMIOJIHEHHOE 331aHUE BHICTABIISIETCS TIOJIOKUTENbHAS OIleHKa — 1 Ga.
3a HempaBWIHHO BBHITTOJTHEHHOE JIEHCTBUE, 3a/IaHUE BHICTABIIACTCS OTpHUIATEIbHAs omeHKa — () 0asuioB.
Oyenxa «omauunoy evicmagnsemca 3a 90 — 100% npaBuIbHBIX OTBETOB
Oyenka «xopouoy evicmasagemcs 3a 80 — 89% npaBuUIbHBIX OTBETOB
Oyenka «yooenemeopumenvhoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «neyoos1emeopumenvbHoy svicmasisemcs 3a Mmenee 60% npaBUIIbHBIX OTBETOB

2

Tema 4.2 3aK0HBI IOCTOSTHHOIO TOKA
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JlabopaTopHoe 3ansitue Nel6

IKcnepuMeHTaJbLHAsl MPOBEPKA 3aKOHOB NMAPaJlJIeIbHOTO U MOC/Ie/I0BATEJIbHOI0 COeTUHEHHSI
NMPOBOTHUKOB

Heab: u3y4uTh NOCIEAOBATEIIBHOE U NApAIUIEIBLHOE COSAMHEHUS TPOBOIHUKOB
BoinosiHeHue padoThl cnocodcTBYeT (PDOPMHUPOBAHUIO:

1. OK 01, OK 02, OK 05, OK 07, OK 04 OK 09

2. TIP04; ITP06; ITPO7; ITPO10;

3. IIPyl; I1Py2; I1Py3; I1Py4; ITPyS; ITIPy9; IIPy11;

4. MarepuajbHoe obfecrieueHue:

HcTOYHHK AJIEKTPHUYECKOW SHEPTHH C MOCTOSHHBIM HampspbkeHueM (He Beime 25B); BoibTMeETp
IIKOJIbHBIM; aMIepMeTp IIKOJIbHBIA, Ha0Op JIEMOHCTPAMOHHBIX PE3UCTOPOB C  Pa3HBIMHU
CONPOTUBIICHUSAMH, KJIFOY, COEAMHUTENbHBIE TPOBO/IA.

3aganue:
1. O3HaKOMBTECH C TEOPETUYECKUM MATEPUATIOM:

Kpamxue meopemuueckue ceedenus:

[TocnenoBarenbHOE M IMapaliebHOE COEAMHEHUS B DJIEKTPOTEXHMKE — JIBA OCHOBHBIX croco0a
COEMHEHMS 3JIEMEHTOB 3JIEKTpHUuecKod uenu. IIpu mocienoBaTeIbHOM COEIMHEHHUU BCE 3JIEMEHTHI
CBSI3aHbI APYT C APYrOM TakK, YTO BKJIIOYAIOLIUI UX y4acTOK LeNH He uMeeT (puc.l) H1 0HOrO y3ia.
[Ipu napamienbHOM coeIuHEeHUH (pHc.2) BCe BXOAAIIUE B LENb 3JIEMEHTbI 00bEIUHEHBI IBYMS Y3JaMU
U HE UMEIOT CBSA3EU C APYTUMU y3J1aMH, €CJIM 3TO HE IPOTUBOPEUUT ycaoBHio. IIpu nocnenosatenbHOM
COEMHEHUHM NPOBOJHUKOB CHJa TOKa BO BCEX IPOBOJHUKAX oJuHaKoBa. llpu mocnenoBaTtenbHOM
COEZIMHEHUH ITPOBOIHUKOB CHJIa TOKA B JIFOOBIX YaCTSX LIENH OJIHA U Ta XKe:

I — I 1 — I 2
[TonHoe HampspkeHHE B LENW MPH IOCIEI0BaTENIbHOM COEIMHEHUHU, WIM HANpsDKEHUE Ha IOJrocax
MCTOYHUKA TOKA, PABHO CyMME HaIIPSLDKEHUH Ha OTIENIBHBIX yYacTKax LIETIH:

L-T:L'Tl ‘I— L_Tl
Puc.1.
R, R, R,
- — R=Ri+Ry+--+R,

[Ipu mapamienbHOM COEIMHEHMM TAJCHUE HAMPSOHKEHUS MEXKAY JBYMS y3jaMu, OO0bEIUHSIONUMU
3JIEMEHTHI LIETIH, OAMHAKOBO JJIs1 BCEX AJIIEMEHTOB.

[Ipu sToM BenmumHa, oOpaTHas OOIIEMYy COMPOTHUBIICHHIO IIETIH, paBHA CyMME BEJIMYWH, OOPaTHBIX
COMPOTHUBIIEHUSAM MMAPAIIETbHO BKIFOUEHHBIX MTPOBOAHUKOB. CHila TOKAa B HEPA3BETBICHHOMN YacTH LIETIH

HaHpH)KCHI/IG Ha ydacCTKax Lenu AB u na KOHIIaX BCEX MapaJlICIIbHO COCAUHCHHBIX IMTPOBOAHUKOB OJHO
" TO XKC€:

U=U, = U,

PHq.2.

Jlnist IByX mapajliesIbHO COETUHEHHBIX PEe3UCTOPOB UX 00I1Iee CONPOTUBIICHHE PABHO:
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R R,
R= 12
Ry + R,

Ry=Ry;=R3=..=R, R

Ecnu , TO 00I1Iee COMPOTUBIICHUE PABHO:

_ R

n .

[Tpu napasmieabHOM COSUHEHUH PE3UCTOPOB MX 00Illee COMPOTUBICHHE OyAEeT MEHbIIIE HAUMEHBIIETO
W3 CONPOTHUBJIEHUM.
2. CHAB nmoka3aHusl HANPSHKEHUH M CHJI TOKA HA KaKJOM U3 YYacTKOB I[N, HEOOXOIMMO CBEPUTH
COOTBCTCTBYIOIINEC HM3MCPCHHBLIC W BBIYHMCJICHHLIC (1)I/IBI/II-IGCKI/IG BCJIMYHMHBI, a 11O PC3yJibTaTaM
TaKoOW CBEPKH — CeNIaTh BBIBOJ O IIPOeNIaHHOM paboTe

1. ITocneooseamenvrnoe coeounenue npoeoOHUKOS.
1. Cobpars memns no cxeme (puc. 1):

puc. 1

2. HM3meputb HampshKeHUE, CUIIy TOKA Ha IEPBOM PE3UCTOPE.

3. V3MeHHTH CcXeMy YCTaHOBKM W H3MEpPUTh HAINpsDKEHHE Ha BTOpOM pesuctope. Cxemy
HapUCOBATh B TETPA/lb.

4.  Boruncnuth cymmy Hanpsikenuit U1+U2 .

5. H3MeHuTh cxemy YCTaHOBKU M U3MEPHUTH oOl1ee HanpspkeHue Ha AByX conportusienusx U12 .

6. IIposeputs, BeinonHsiercs iu paseHctso: U12=U1+U2.

7. IlpoBepuTh CIipaBeUIMBOCTb PABEHCTB

U R
Ri=Ri+Rom =2
U, :
I1. ITapajienbHOE cOeIMHEHHE IIPOBOJIHUKOB.
1. CoGpats nens o cxeme (puc. 2):

puc. 2
2. H3meputh HaNpsHKEHUE, CUITY TOKA Ha TIEPBOM PE3UCTOPE.
3. H3MeHuTh cXeMy YCTAaHOBKM M M3MEPUTH CHIIy TOKAa Ha BTOPOM pe3uctope. Cxemy
HapHCOBaTh B TETPAb.
4. Bpruucnuts cymmy Toxkos I1+12 .
5. H3MeHHuTh cCXeMy YCTaHOBKU U U3MEPHUTH OOIIYI0 CHiTy ToKa B 1ienu 112 .
6. IIpoBeputsb, BbiMONHsETCS Jin paBeHCcTBO: 112=I1+12.
7. IlpoBepUTh CIIpaBEIJIMBOCTh PABEHCTB
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1/Ri=1/R1+1/R2 n 1_1: R,
I R

2 1

KoHnTpoJibHbIe BOPOCHI:
1. Kaxkoe coequHeHne CONPOTUBIICHUI HA3bIBAETCS NOCIIE0BAaTENbHBIM? UeMy paBHbI
COMPOTHUBIICHUE, CUJIa TOKA, HAIIPSKEHUE B LIETIH MIPU TAKOM COCIMHEHUU?
2. Kakoe coerHEHHUE CONPOTHUBICHUI Ha3bIBACTCS MapajuiebHbIM? UeMy paBHBI
COMPOTHUBIICHUE, CUJIa TOKA, HAIIPSYKEHUE B LIETIH MIPU TAKOM COCIMHEHUU?
3. HazoBure MII0CH 1 MUHYCHI TAPAIUIEIBHOTO U TOCIEI0BATEIbHOTO COSMHEHHIM
IIPOBOJHUKOB?
4. TlpuBenute mpuMepsbl NapauieIbHOTO U MOCIEA0BATEIBHOIO COETUHEHUS POBOIHUKOB.
dopma npeacTaBieHus pe3yJbTarTa:
Pabota momkHa OBITH BBITIOJIHEHA B TETPAIH I 1a00paTOPHBIX padboT
Kputepuu onenkmu:
3a npaBUJIbHO BBIMOJIHEHHOE 331aHUE BBICTABIISCTCS MOJIOKUTEIbHAS OIleHKa — 1 Oa.
3a HelpaBWJIBHO BBIMIOJIHCHHOE JICHCTBHUE, 3a/IaHUE BBICTABIIICTCS OTpHUIATENIbHAS olleHKa — () 0ayioB.
Oyenka «omauunoy evicmasnsiemcs 3a 90 —100% npaBUIbHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89% npaBUIBHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «Heyooe1emeopumebHoy svicmasisemcs 3a menee 60% npaBUIbHBIX OTBETOB
Tema 4.2 3aK0HBI IOCTOSTHHOT0 TOKA

JlaGopaTopHoe 3ausitue Nel7

H3yuyenne padoThl MyJIbTHMETPA.
Lenb: HayuYnTHCS MOJB30BATHCS MYJIBTUMETPOM JIJISl Pa3HbIX PEXKUMOB PaOOThHI
BoinosiHenune padoTsl crnoco0cTBYeT (POPMUPOBAHUIO:
1. OK 01, OK 02, OK 05, OK 07, OK 040K 09
2. 11P064; I1P66; ITP67; 11PO10;
3. IIPyl; I1Py2; I1Py3; I1Py4; ITPyS; ITIPy9; ITPy11;
MarepuanbHoe ofecriedyeHHe: MYJbTUMETp, HaOOp pPE3UCTOPOB, IMOJBI, TPUOMABI, HMCTOUHUK
TOKa, peocTat, COEMHUTEIbHBIE TPOBOAA, KITIOY.
HNHcTpyKuus mo npuMeHeHHI0 MyJIbTHMETPA
Ilepexktouare/ib peskuMa M JMaNa3oHAa U3MeEpPeHHid.
[lepexmtouarens pexxuMa M AMANa30Ha U3MEPEHHHM UCHONb3yeTcs I BKIIOUEHHs Mpubopa, a Takke
JUIs BbIOOpA KellaeMoro pexuma paboTsl M Ipejaena usMepeHus. s yBenMueHHs CpoKa CIIyKObl
Oarapeu, epeBoANTE MepeKiIoyaTens B nonoxenue «OFFy, mocie BeIMOTHEHUS H3MEPEHUH.
N3mepenue HanpsizkeHUs1 OCTOSIHHOIO U NEePeMEHHOI0 TOKA.
1.IToaxnrounte KpacHsIil pa3beM B rHE310 «VQmAY, uepHbIil pa3beM B rHe310 «COM»
2.YcTaHOBHUTE MEPEKIIIOUaTeNb PeKMMa U3MEPEHUN Ha KeJlaeMblil Juarna3oH U3MEpPEHUs HallpsHKeHUS
B CIIy4ae €CJIH HEU3BECTHO IPUMEPHOE 3HAUEHUE HAIPSDKEHMsI , YCTAHOBHUTE IIEPEKIIIOUaTeNlb Ha
MaKCHMaJbHOE 3HAYEHHUE U CHUXKAMTe Mpeied U3MepeHus 10 NOJyUeHUs! ONTUMAIbHOIO 3HAYCHHUS .

Pexum IIar usmepenns ITorpemHnocTs

200 mB 100 mB +0,5 % m1s 3ro 3HaKa
2000 mB 1 MB +0,8 % s 2ro 3HaKa
20B 10 MB

200 B 100 mB +1,0 % nuist 2ro 3Haka
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3. IlpukocHuTECh MPOOHUKAMH K YCTPOWCTBY HMJIM TOYKaM 3JIEKTPHUECKOW CXEMBI . IJie Tpedyercs
U3MEPUTH HANPSDKEHUE.

4. B ciydae HaJIM4us HANPSDKEHUS TPHOOP MOKAXKET HANPSHKEHUE U TOISIPHOCTb.

H3mepenne moCTOAHHOIO TOKA

1.INonkmounte KpacHblid MPOOHUK K pazbemy «VQmAy. Uepnsiid k pazbemy «COM» (s u3mepeHus
ToKOB OT 200MA 10 10 A ucnons3yite pazbem «10A»)

2 YcTaHOBUTE MEpPEKIIOYaTeN]b BbIOOpa pEeXHMMa H3MEPEHHH Ha JKETaeMbld TpeAes H3MEpEHHS
IIOCTOSIHHOT'O TOKA .

3.PazpeiuHuTE M3MEPSAEMYIO SJEKTPUYECKYIO L€Nb U IMOJCOECJUHHUTE IMPOOHUKU I1OCIIEAO0BATENBHO C
Harpy3Komu.

4. Ha nucruiee nosiBUTCA 3HAYEHUS TOKA.

6. Pazbem «10A» mnpegHazHaueH UIsi HEUACTOTO HCIOJIb30BaHUA. Bpems u3MepeHHs HE JOKHO
IpeBbILIATh 15 CeKyHA, a MeXIy H3MEpEeHUSIMU HEOOXOAMMO BBIIEPKUBAaTh HECKOJIBKO CEKyHI BO
n30exKaHue MOBPESKICHIS PUOOPA.

HN3mepenune cONpPOTHBJICHNS

1.IIpucoenuunTe KpacHbIi MPOOHUK K pazbeMy «VQmAy. UepHslii k pazbemy «COM».

2.YcTaHOBUTE IepeKiIrouaTesb BbIOOpa peXuMa H3MEPEHHUH Ha JKelaeMblil Ipenesl HU3MepeHHs
COIPOTHBIICHUS.

3. Ilpunoxwure nNpoOHUKKM K H3MeEpseMOMy o0paslly, JUCILICH OTOOpa3uT NpU 3TOM 3HAYCHHE
COIPOTHBIICHUS .

Pexum MHoxuTenb ITorpemnocth
200Q 0,1 +(1.0% mnsa 10ro 3HaKa)
2000Q 1
20KQ 10
+(1.0% mns 4ro 3HaKa)
200KQ 100
2000KQ 1000

IIpoBepka n1uoaoB
1.IMonkmounTte KpacHbI NPOOHUK K pazbeMy « VQmMAY., uepHblii K pazbeMy «COM».
2. YcTaHOBHTE MEPEKIII0YaTeNh BEHIOOpA peXKUMa H3MEPEHU Ha 3HAYOK |[IHoja
3. CoenuHKTe KpacHBI MPOOHUK C aHOJIOM (p) TECTUPYEMOTO JU0/1a, @ YEPHBIH MPOOHUK ¢ KaTOAO0M (n)
4. Jlucrimed MOKaXkeT 3HAYeHWE HanpspKeHUs B MB. ecim moJsIpHOCTH AMOJa NEepemnyTaHa , JUCIUIEH
oToOpazut «1».
HN3mepenue TeMnepatypsl
1.IIpucoenuuute Tepmonapy k pazbemy «VQmA» u k pazbemy «COM».
2.YcraHOBHTE MEpeKI0YaTelb BbIOOpa pexxrMa u3MepeHnil Ha usmepenue temnepaTtypsl « TEMID»
3. lucruielt oroOpa3uT 3HaUeHUE TeMuepaTypsl B rpagycax Llenbcust.
3ByKOBasl NPO3BOHKA
1.IonkmrounTte KpacHbI MPOOHUK K pazbeMy «VQmMAY. UepHslit k pazbemy «COM».
2.YcraHOBUTE MEepEeKI0YaTelb BbIOOpa pexnuMa U3MEPEHU Ha 3BOHOK
3.Ilpucoenuuute NMpOOHUKH K MPO3BAaHMBAEMOM cxeme, mpu compotuBieHnH MeHee 30 Om momaercs
3BYKOBOU CUTHAJ.

Ilopsinok BbINOJHEHHs padOTHI:

1. IIpoumTaiiTe TEOPETUUECKUNA MaTEpHUa:
Kpamkue meopemuvuecKue céeoeHus:
Tlonynposoonuxoswiii Ouoo

Jluon COOEpKUT p-N-IIEPEXOJ], 3aKIIOUEHHBIH B TEPMETUYECKUM KOPILYC U COCOUHEHHBIN C

METAJUINYECKUMHU BbIBOAAMU. BBIBO/ OT p-001acTH HA3BIBAIOT AHOIOM, OT N-00J1aCTH — KaTOOM.
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Juon- TOIYNpPOBOJHUKOBBIA MpUOOp, MpelHa3HAYEHHBIA [ YCWIEHHS HpeoOpa3oBaHUs
TCHEPUPOBAHUS MIEKTPUICCKUX KOJICOAHUN Pa3IMIHON YaCTOTHI.

Tpan3ucTop cocToUT U3 Tpex obacTel ¢ pa3IMuHON MPOBOAUMOCTHIO. PaznnyaioT TpaH3UCTOPHI
TUmna p-n-p u n-p-n. CpeaHss 30HA Ha3bIBaeTCs 6a3ot. TonmuHa 0a3bl JOHKHA OBITH MEHBINE JTMHBI
cBoOOAHOrO mpodera ayekTpoHa. B TpaH3ucrope mmeroTcs ABa p-n-mepexonaa. JIeBblit p-n mepexon
ABIISICTCSA MPSMBIM M OTIEISIeT 0a3y OT 00JIACTH C MPOBOJUMOCTBIO P-THIIA, HA3BIBAEMYIO IMUMINEPOM.
B »T0l 06mactu aknenTopHON MpUMECH B COTHU pa3 Oosbllie, YeM JOHOPHOW mpumecH B 6aze, T. €.
IBIPOK B DMHUTTEPE 3HAYMTEIHLHO OOJIbINE, 4YeM J3JIEKTpOHOB B 0Oase. IlpaBelii mepexojn sBIsSETCS
o0OpaTHBIM U OTAeNseT 06a3y 0T 006JaCTH ¢ MPOBOAUMOCTBIO P-TUIIA, HA3IBAEMOU KOJLIEKMOPOM.

— 1 N 1 L — 1 P | _—
] K 3
Is

Is
ﬂ ] @*K 3 &5 o, K
‘ |

1.M3y4nTh MHCTPYKIUIO 110 SKCILTyaTalluu npuodopa.
2. 3mepuTh CONPOTUBIIEHUS PE3UCTOPOB, JaHHBIE 3allMCaTh B TAOIUILY

Ne ni/m Conporusienue, Om

3.Co0paTs 11emb 1Mo cxeme

4.3aMKHYTb LI€TIb, IPU HEUCIIPABHOCTH LIETIH TPO3BOHUTH LIENb, HAWTH HEMCIIPABHOCTbD.
5.M3mepuTh HampsKeHUE Ha OaTapeiike u peocrare.

6. PazoMkHyTh 1enb. MI3MepuTh TEMIIEpATYpy PE3UCTOpA U peocTaTa.

7.3MepuTh CONMPOTUBIIEHUE PE3UCTOPA U PEOCTATa, JaHHBIE 3alMCaTh B TAOJIUILY

HaumeHnoBaHnue ComnporuBienune, | Hanpsikenue, B | Temneparypa,
Om °C
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Pesucrop

Peocrar

WUctoynuk Toka | 00 -----

8. IloBTOpUTH TEOPETUUECKHI MaTepHal MO MOJIYIPOBOIHUKOBBIM MPUOOPaM: TMOAY U TPAH3UCTOPY.
9. [IpoBepuTh AMOJIBI (MCIIPABHOCTD, TTOJISIPHOCTH ).
10. Tpanzuctopsl. Onpenenuth BbIBOJBI TPaH3UCTOPa (KOJUIEKTOP, 6a3a, SIMUTTEP) U TUI TPAH3UCTOpa
(p-n-p) mn (n-p-n)
11. 3anucaTh BBIBO 1O pabOTE, OTBETHB Ha BOIIPOCHI.
KouTtpoJbHble BOpochI:
1. Kak BBISICHUTB, 4TO Ju0/ HeucnpaeH? 2. Kak BBIICHUTD P- M N- KOHTaKThl Juoaa?
2. Kaxk onpenenuts 6a3y y TpaH3uCTOpA.
3. Ha3oBure rnaBHble CBOMCTBA AMOAA U TPAH3UCTOPA.

4.  YCTpOWCTBO AMO/A U TPAH3UCTOPA.
Tema 4.2 3aK0HBI IOCTOSTHHOTO TOKA

JlaGopaTopHoe 3ansitue Nel8

Omnpenesienne TeMepaTypHoro ko3ppuuneHra meau

Heab: packpeITh BIUSIHUE TEMIIEPATYPHI HA JIEKTPUUECKOE COIPOTUBICHUE METAJNIOB; OIBITHBIM
nyTéM  ompenenuTh Ko UIMEHT TEPMUYECKOTO  COMPOTUBJICHHS  MEIW; MOCTPOUTH IO
9KCIIEPUMEHTAIBHBIM JaHHBIM I'pauK 3aBUCUMOCTH COIIPOTUBIIEHUS OT TEMIIEPATYPHI.

Boinosinenue padorsl cnnocod6cTByeT GOPMHUPOBAHNIO:

1. OK01,OK 02, OK 05, OK 07, OK 04 OK 09

2. I1P64; I1P66; I1P67; I1P610;. . .;

3. IIPyl; I1Py2; I1Py3; I1Py4; ITPyS; ITIPy9; [TPy11;

MarepuanbHoe ofecrieyeHue: TpHOOp JUIsl ONMpeNeNeHuss TeMIepaTypHOro Kod(pduuueHTa
compoTuBIieHUs Mmeau, TepmoMerp TexHudeckud or 0 mo 100°C ¢ menoit genenust 1°C, ommerp,
BHEIIHUM COCYJ] KaJIOPUMETPA C BOJOM, ANEKTPOIUIUTKA, KIIFOY, COCJUHUTEIbHBIE TPOBOJA, IUITATUB C
My(QTOH U JIaNKOM.

Kpamkue meopemuueckue céedenusn:

DNEeKTPUUECKOE COMPOTUBIIEHUE 3aBUCUT OT TeMmieparypbl. OObsCHsE€TCd 3TO TeM, 4YTO
YIOPSOYCHHOMY JIBUKEHUIO CBOOOJHBIX 3JIEKTPOHOB OJIIEKTPUYECKHH TOK 3TO YIOPSAIOYEHHOE
JBUKEHHE 3apsDKEHHBIX YaCTHUIL - 3JIEKTPOHOB) OKA3bIBAIOT NMPOTHUBOACHCTBHE (COMPOTUBIIEHNE) aTOMBI
KPUCTAJUTMYECKON pelIETKH, UHTEHCUBHOCTD TEIJIOBOTO ABUKEHUSI KOTOPBIX U3MEHSIETCS C U3BMEHEHUEM
TEMIIEPATYPBHI.

Y XMMHYECKHM YHCTBIX METAJJIOB C MOBBIIEHHEM Temneparypel Ha 1°C  compoTHBIIEHHE
Bo3pactaer mpumepHo Ha 0,004 (1/273) comporuBnenus npu 0°C u BeIpaxaeTcs JIUHEHHOMN
3aBHUCHUMOCTBIO

R: =Ro(1+aAt), roe

Ro—comnporusnenne meramia npu 0°C,

At- pa3HOCTB TemriepaTyp (KOHEYHON U HayaJIbHON);

0 - TeMIEepaTypHbIi KOA((UIIMEHT COMPOTUBIICHHUS, MTOKA3bIBAIOIINN, Ha KAKyI0 YaCTh HaYalIbHOTO
conpotusienus npoBoanuka rnpu 0°C (273K) uzmensercs conpoTusieHue npu HarpeBanuu Ha 1°C nmun
IK.

0=A R/ RoAt wumu o=A R/ RoAT
AR=R¢{—Ry.
OnBITHBIM MYTEM MOXKHO OINpPEAETUTh o, HE Mpuberas K u3MepeHuto conpotusienus Ro. [is storo
HE0OXOIUMO ABAXKIbl W3MEPHUTHh COMPOTHBIICHHE HccienyemMoro marepuana R; m Ro mpu pasHbix
TeMmeparypax ti 4 to.
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Iopsinok BbINOJHEHHUS PA0OThI:

1. Cocyn ¢ BOJI0M IOCTaBUTh HA AIEKTPOIUIUTKY U BKIKOUYUTDH €€ B CETh.

2. OnpenenuTh LEHY JIeICHUs] OMMETpAa.

3. U3meputh conporuBieHre R MeqHONM IPpOBOJIOKK TP KOMHAaTHOW TeMneparype ti.

4. OnyctuTth npubop B BOAY, YCTaHOBUTH B HEM Tepmomerp. [Ipu HekoTopoil Temmeparype t2
HU3MEPUTH CONIPOTUBIICHUE R2 nccnenyeMoin poBOIOKH.

5. OnbIT HOBTOPUTH HECKOJIBKO Pas3.

6. Beruucauts 2 — 3 pasa o, ucnonb3ys cootHomenue: o= Ro - Ri/ (Ri t2 —Ra t1).

7. OmnpenenuTh CpeHEe 3HAUYEHUE Ocp U CPABHUB IMOJYUYEHHBIN Pe3ysbTaT C TAOJIMUYHBIM 3HAYEHHEM
TeMIIepaTypHOro  koddduiveHTta  CONMPOTUBIECHUS  MEOU,  BBIUUCIUTH  OTHOCHUTEIHHYIO
MOTPEUTHOCTbD.

8. Pe3ynbTarhl M3MEepEeHU U BEIYMCIICHUH 3aITUCaTh B TAOJIHILY.

Temnepary Conporus Temnepart Cpennee TO. OTtHocuTenbH
pa JleHHne YPHbIi 3HAYEeHUe 3HAYeHHue as
Ne MeTHOMH k03¢ unu TeMneparyp TeMmneparyp
Me/HOM NPOBOJIOK €HT HOTO HOTO NOrpenrHocTs
poBOJIOKH u R, Om CONPOTHBII ko3 punue K03 punmen
t. °C CHUA HTa Ta
’ CONpPOTHBJIE CONpPOTHBJIE
o)1
a, (°0) HHUA HHUA
0, %
acp.

1

2

3

4

5

6

9.Mcnonb3ys JaHHBIE SKCIEPUMEHTA, TOCTPOUTH IpaduK 3aBUCUMOCTH R¢ 0T t, oTKIa bIBas
1o ocu abcuucc — temneparypy B °C Ha OCH OpJIMHAT — CONPOTHUBIICHHUE.
10.Cnenatp BbIBO IO paboTe.

KoHnTpoJibHbBIE BOIPOCHI:

1. KaxoBa ¢usndeckas CyniHOCTb 3JIEKTPHUECKOTO COMPOTUBICHUS?
2. Kak 00bSICHUTH yBEIMYEHHS COIPOTUBIICHHS METAJJIOB MPU HAarpeBaHUu?
3. OObacHuTh GopMyldy, TO KOTOPOH OIpenensercs TeMIepaTypHbIid
CONPOTHUBIICHHUS.
4. Tlouemy TemnepaTrypHbIi KOXPPHUIUEHT COMPOTUBICHUS IS JEKTPOIUTOB OTPHILIATEIIbHBIN?
KakoBo conportusnenue 0,5 Kr MeHOM TPoBOJIOKH Auamerpom 0,3 Mm?
6. Yka3zaTb NpPAaKTUYECKOE TNPUMEHEHUE 3aBUCUMOCTH  CONPOTHUBIICHUS
TEMIIEPaTypBbl.
®opma npeacTasieHus pe3yJbTara:
PaboTa nomkHa OBITH BEITIOJIHEHA B TETPAIH I Ja00OpaTOPHBIX padboT
Kpurtepun onenkmn:

KOdQPUIHEHT

)]

MPOBOJIHUKA  OT
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3a npaBWIIHHO BBIMIOJHEHHOE 331aHUE BHICTABIISICTCS MIOJIOKUTENbHAS OIleHKa — 1 Oa.

3a HeMpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIIaTeNbHas olieHKa — () GaoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 —100% npaBUIbHBIX OTBETOB

Oyenka «xopouoy evicmasasemcs 3a 80 — 89% npaBuUIbHBIX OTBETOB

Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB

Oyenka «neyooes1emeopumenvbHoy svicmasisemcs 3a Mmenee 60% rnpaBUIIbBHBIX OTBETOB

Tema 4.2 3aK0HBI IOCTOSTHHOI'0 TOKA

JlaGopaTopHoe 3ansitue Nel9

OmnpenesieHue CONPOTUBJICHNUS] PE3UCTOPA METOI0M MAPKHPOBKH
Henab: onpenenuts HOMUHAIBHOE COMPOTUBIIEHUE PE3UCTOPOB METOJIOM MAPKUPOBKU;
OMPEICTUTh JOMYCTUMOE 3HAYCHUE CHIIBI TOKA JJI JAHHBIX PE3UCTOPOB MPU U3BECTHOM HOMHHAJIE
MOIIIHOCTH.
Boinosinenue padoTsl cnocodcTBYET (POPpMUPOBAHMIO:
1. OKO01, OK 02, OK 05, OK 07, OK 04 OK 09
2. [1P64; I1P66; I1P67; I1P610;
3. IIPyl; ITPy2; I1Py3; I1Py4; ITIPy5; I1Py9; [1Py11
MarepuanbHoe o0ecnedeHue: HAOOpP PE3UCTOPOB Pa3HBIX COMPOTUBIICHHM, Ta0iHila 3HAKOB
MapKUPOBKH.
3ananue.
1. O3HAKOMHUTBHCS € TEOPETHYECKUM MAaTEepHAaIOM.
Kpamkue meopemuueckue ceéedenusn:
[Ipu ompenenenun pexxuma pabOTHI PE3UCTOPA CIIETYET YUUTHIBATH MAKCHUMAJIBHO J0IYyCTHMOE
AJIsI Hero 3Ha4YeHHe CHJIbI TOKAa, KOTOPOE ONpENeNseTCs 3HAYeHHEM €ro CONPOTHBICHUS U
MOIIIHOCTBIO.
MapkupoBKa HOMHHAJIa PE3UCTOPA OCYIIECTBIISIETCS IIBETOBBIM KOJAOM B BUJE YETHIPEX LIBETHBIX MOJIOC,
HaHECEHHBIX Ha €r0 KOpITyCe.
[Ipu 5TOM 3HAaUEHKE COMPOTUBIICHHS PE3UCTOPA YKa3bIBaeTcss B OMax ABYyMs MEPBbIMHU MOJIOCAMHU U
MHOXHUTENEM (TpeThs mosioca) 10n, rae n - 1r060e 1enoe Ynucio ot - 2 10 + 9.

MapKkupoBOUHBIE 3HAKK CABUTAIOT K OJHOMY W3 TOPLOB pE3UCTOpa, HApUMEp, K JIEBOMY, U
3aTeM pacnosaraoT cieBa HaIpaBo B CJIeIyIOIeM MOPsI/IKE:
nepBasi mojioca - nmepBas nuQpa HOMHUHANA, BTOpas 1Mojoca - BTopas udpa HOMUHANA, TPEThs MoJoca -
MHOXHUTENb, YETBEPTAsI TI0JIOCA - IOMYCK HAa OTKJIOHEHHE (PaKTHUECKOTO COTPOTUBIICHUS OT HOMHHAIA.
Ecnu pasmepsl pe3uctopa He MO3BOJIIOT Pa3MECTHTh I[BETHBIC MOJIOCHI HECUMMETPUYHO, T. €. OJIMKE K
OJIHOMY M3 TOPIIOB PE3UCTOPA, TO TIEPBast MOJIOCA BHITIOJIHSIETCS O0JIee MUPOKOA.

[IBera 3HAaKOB MapKMPOBKM HOMHMHAJIBHOrO conmpoTuBieHuss B Omax u JgomyckoB B %
MIPUBEJICHBI B TA0JIHUIIE:

Ber 3HaKa Tepsas Bropas MHOKUTETH HO'T;;CK ’
uugpa unppa
CepelOpucrbiii - - 1072 10
30JI0THCTEIH -- -- 10! 5
UepHblii - 0 1 --
Kopurunesslii 1 1 10 1
Kpacubiii 2 2 10? 2
OpansKeBbIit 3 3 103 -
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Kenterit 4 4 10* -
3eneHblit 5 5 10° 0,5
Tony6o0it 6 6 106 0,25
@®uoneTOBBIH 7 7 107 0,1
Cepniit 8 8 108 0,05
Benbrit 9 9 10° -

HOpH}IOK BbIITOJTHCHHU A paﬁoTbI:

1. Pa3noxuth Ha paboyeM cToJie KOMIUIEKT PE3UCTOPOB.
2. BHuMaTenbHO NPOYMUTAThH YKa3aHue K padore.
3. OdopMuTh MApKUPOBKY PE3UCTOPa B TETPAIH 110 00pa3ILy
4. 3amoJIHUTH TaOIUILY:
Pesucro HomunansHoe MomHoCTh Cuna TokKa
p conpotusiieHue R | pesucropa (Br) (A)
1. 0,25
2. 0,25
3. 0,25
4. 0,25
S. 0,25
6. 0,25
7. 0,25
8. 0,25

5. PaccunTaTh cuily TOKa IPU U3BECTHOW MOITHOCTH TOKA.

6. Cnienatpb BBIBOJ IO padoTe.

KoHnTpoJsbHbIE BONIPOCHI:

1. B u4eM 3axioydaercss METOJ MAPKUPOBKH.

2. Jlns 4ero Hy’>KHO 3HaTh COIIPOTUBIIEHUE PE3UCTOPA MPU BKIIOUEHUH €T0 B CXEMY?
3. Ot 4ero 3aBUCUT MOUIHOCTb TOKA, TEKYIIETO 110 PE3UCTOPY?

®opma npeacTaBiaeHus pe3yJbTaTa:
Pabota nomkHa ObITH BBIMOJIHEHA B TETPAIu AJIs 1a0OpaTOPHBIX paboT
Kpurepun onenkmn:

3a npaBUIIbHO BBIMOJIHEHHOE 33JaHHUE BBICTABIISETCS MOJIOKUTENbHAS OlleHKa — 1 Oa.
3a HeMpaBWJIBHO BBIMOJTHEHHOE JICHCTBUE, 3a/IaHNE BBICTABIISETCS OTpHUIIaTeNbHAs onleHKa — () 0ayioB.
Oyenka «omauunoy evicmasnsiemcs 3a 90 —100% npaBUIbHBIX OTBETOB

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

Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «Heyooe1emeopumenbHoy svicmasisemcs 3a menee 60% npaBUIIbHBIX OTBETOB
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Tema 4.2 3aK0HBI MOCTOTHHOI0 TOKA

JlaGopaTtopHoe 3ansiTue Ne 20

Onpenenenne KIIJI narpeBaresiei
Leab: HayuuThCS MPAKTUYECKH OIPEICNATh TEIUIOBYIO OTJIadyy 3JIEKTPUUYECKOIO HarpeBaTeis
m000ro0 THIIA.
BoinosiHeHue padoThl cioco0cTBYET (DOPMUPOBAHUIO:
1. OKO0I, OK 02, OK 05, OK 06, OK 07, OK 04 OK 09
2. I1P64; I1P66; I1P67; I1PG10;
3. IIPyl; ITPy2; ITPy3; I1Py4; IIPyS; IIPy9; IIPy11;
MarepuanbHoe o0ecriedeHre: 2 IEKTPUUECKUX HArpeBaTess, COCYI I KHWIISIYEHUS] BOJbI,
BO/Ia, TEPMOMETP, CEKYHIOMEp (4achl), CIIPABOYHHUK 1O (PU3HKE.
3aganme.
1. O3HaKOMUTBCS C TEOPETUUECKUM MATEPHAIOM
Teopernyeckunii MaTepuas:

KosdduunenT nosneznoro aeiicTBus HarpeBaTells CBs3aH COOTHOLICHUEM:
QI
KILA.= > *100%

Q - moNe3Has TerioTa U ompezensercs no popmyse
Qur=C*m(T2-T1)

C — yZelIbHas TEIIOEMKOCTb JKUJKOCTH,

m — Macca XUAKOCTH, KOTOPYIO KUIIATHT,

T\ — HavanbHas TEMIEpaTypa KHUIKOCTH,

1> — KOHEUYHas TemIiepaTypa JKUIKOCTH,

()3 — KOJIMYECTBO TEIJIOTHI, KOTOPYIO BBIAEISET HArPeBaTEIhb
(3aTpaueHHast TEIUIOTA) U ompeaessiercs no popmyIe:

03=P-t (3),

rae P — MOIIHOCTH 3JIEKTPUUECKOTO HarpeBaTens,
t — MHTEpBaJI BPEMEHH, 34 KOTOPBINA 3aKHIIEIIA KUIAKOCTb.
MOIIHOCTh AMEKTPUYECKOTO HarpeBaTessl OMpEeeNseTcs MO MAcMOPTHBIM JaHHBIM, YKa3aHHBIM Ha
npubope.
Bpemsi, 3a KOTOpoe B3aKWUNUT KHUAKOCTh, OMpEAENsSeTCS dYacamMH. YJeNbHas TEIIOEMKOCTb BO/IBI
OTIPEJIENISIETCS 110 CIIPABOYHHKY.

IHopsinok BbINOJIHEHHUs PA0OTHI:
1. ToxaroroButs TaOMHUIly /Uil 3aITUCH PE3YJIHTATOB, ONPEAEISIEMBIX B X0/1€ paOOTHI.

OnpenenuThb Borunciants
Cs m T1 1> P t K.IL.
.
KI K K Bt C %
JDic\k
e K
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3aHecTH B TaOJUIy CIPaBOYHbBIC JAHHBIC YIECNBbHOW TEIIOEMKOCTH BOJBI.
3anucarp B TaOJIHMIly HOMMHAIBHYIO MOIIHOCTB 3JICKTPUYECKOIO HarpeBaTelis, yKa3aHHYI0 Ha Ipudope.
B cocyn mns kunsuenus Boawsl HanuTh 200 r BOABL
Onpenenutsb HAa4yaJIbHYI0 TEMIIEpaTypy BOJBI.
BxitounTs HarpeBaTesb OJJHOBPEMEHHO C CEKYHJIOMEPOM (4acamu).
7. OcTaHOBUTH CEKyHIOMEp (Yachl) B MOMEHT OypHOro KHIIEHHs BOAbL. Bpewms, 3a koTopoe 3akumerna
BO/Ia, 3aHECTHU B TAOJIHILY.
8. Breruncnute K.IL.JI. anexTpuueckoro HarpeBartessi.
9. IloBTOPUTH OMBIT C IPYTUM HarpeBaTesieM.
10. YuutsiBasg notepu 3HEPTuu choOpMyInpOBaTh BHIBO/I.
KoHTpoJibHbIE BONIPOCHI:
1. VBenmnuurcs wnmu ymenbumtess KUILJI. anexTpuueckoro dvaiiHMKa, €Clid Ha €ro CTEHKaXx
MOSIBUJIACH HAKUIIb (OTJIOKEHHUE CONeit)?
2. 3asucutr siu KIIJ] anexTpuueckoro yailHMKa OT TOrO OTKPBIT OH WM 3aKpPbIT?
®opma npeacTrabieHus pe3yJjbTara:
Pabora nmomkHa OBITH BEIOJIHEHA B TETPAAH ISl JIAOOPATOPHBIX padoT
Kpurepun oneHku:
3a npaBUJIbHO BBINOJIHEHHOE 331aHUE BBICTABIISIETCS MOJIOKUTENbHAS OLIEHKa — 1 Oa.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISIETCS OTpHUIIaTeNbHas olieHKa — () 0anoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 —100% npaBUIbHBIX OTBETOB
Oyenka «xopouwoy evicmasnsemcs 3a 80 — 89% npaBuUIbHBIX OTBETOB
Oyenka «yooenemeopumenvHoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «neyooe1emeopumenvbHoy svicmasisemcs 3a Mmenee 60% rnpaBUIIbHBIX OTBETOB

RIS

JladopaTopHoe 3ansiTue Ne 21

HccaenoBanue 3aBUCHMOCTH MOIIHOCTH JIAMIIOM HAKAJIMBAHHUS OT HaIIPAKCHUSA HA €€ 3a’KuMax

Boinosinenue padoTsl cniocodcTByeT (OPpMUPOBAHMIO:

1. OK 01, OK 02, OK 05, OK 06, OK 07, OK 04 OK 09

2. 11P64; ITP66; I1P67; ITPG10;

3. IIPyl; I1Py2; I1Py3; I1Py4; ITPyS; ITPy9; ITPy11;
Heab: yrmyOuTh NoOHUMaHuE (PU3NYECKOTO CMBICIIA PACXOTyeMON MOIIIHOCTH U IPAKTUUYECKHU €€
U3MEPUTH

OO0opynoBaHme: 1aMIIOYKa, ICTOYHHMK MOCTOSIHHOTO HANPSKEHUS, peocTar, K4, aMIEpMETD,
BOJIBTMETP, KJIIOY, COEJUHUTEIIbHBIE TPOBOAA

ITopsinok BbINOJIHEHHS PadOTHI:

1. OmpenenuTs EHY AeJICHHs TPUOOPOB

2. CocTaBUTH AIIEKTPUIECKYIO CXEMY, COOTIOIast MOISIPHOCTH MPHOOPOB

3. Ilocne mpoBepkHu cxeMbl IpemnojiaBaTesieM Lenb pa3oMKHYTh. C MOMOIIBIO peocTaTa BBICTaBUTH
MUHUMAaIbHOE HanpspkeHne. CHITh MOKa3aHUs U3MEPUTENbHBIX TPHOOPOB

4. TlocTeneHHO MEHSITh MOJIOKEHHSI peocTaTa M CHATH /-8 ToKa3aHuil mpuOopoB

5. JAnd KaXIOoro 3HAa4YeHHs] HaNpsOKEHUS MOCUMTATh MOIIHOCTb JIAaMIIbl, a TaKXe JONOJHUTEIBHO
paccuuTaTh CONMPOTUBIICHHUE JIAMIIbl TP Pa3HBIX TOKAX U HAMPSKEHUSIX

6. Pe3ynbTaThl pacueToB U U3MEPEHHM 3aMMCaTh B TAOIHILY.

7. IlocTtpouth rpaduk 3aBUCMMOCTH MOIIHOCTH JIAMIIbI OT HANIPS’KEHUS HA ee 3a:KUMaX.

8. Hamucarso BBIBO/I 11O pa60Te 1 OTBCTHUTH MMCbMCHHO HAa KOHTPOJIbHBIC BOIIPOCHI
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Ne ombiTa Hanpsikenue, Cuaa Toka, A MourHocTh ConportuBienne
B Jamnbl, B HHUTH Hakajaa, Om

KoHTpoJsibHbIE BONIPOCHI:

1. 3amummure Qopmynsl pabOThl TOKa M MOIIHOCTH TOKa 4Yepe3 HampspDKeHHe, CUIy TOKa W
COTIPOTHUBIICHUE.

Enunanner usmepenus paboThl U MOILITHOCTH ToKa. UTO 03HauyaeT equHuia usmepenus 1 kBr*u.
Omnpenenenue u popmyina 3akona Jxoyns — Jlenia.

Uro Takoe KOpoTKOoe 3aMbikaHue? UeM OHO BPEIHO U KaK ero u30exarn?

UYro Takoe npemoxpanuTens? s 4ero ero HCroib3yroT U Kak 0003HaYaeTcs B IICTIH.

A

Hepe'-H/ICJ'II/ITe IMOJIE3HBIC U BPCIHBIC TCIIJIOBEIC JIGI\/'ICTBI/ISI TOKa.

JlabopaTopHoe 3ansiTHe Ne 22

Tema: ""3aBUCHMOCTBD 3JIEKTPUYECKOI0 COMPOTUBJICHUSI MIPOBOJHUKA OT €ro JJIMHbI, IJIOLIATH
NOINEPEYHOro ceYeHus1 1 MaTepuaJia'
Brinosinenue padoTsl cnocodcTByeT (OpMUPOBAHMIO:
1. OKO01, OK 02, OK 05, OK 06, OK 07, OK 04 OK 09
2. I1P64; I1P66; I1PG7; T1PG10;
3. IIPyl; I1Py2; ITPy3; I1Py4; IIPyS; IIPy9; I1Py11;

Ilens: BBISIBUTH 3aBUCUMOCTD 3JIEKTPUUYECKOTO COMPOTHUBIICHUS MPOBOJIHUKA OT €ro JJIMHBI /, U0 Iu
MOTIEPEYHOT0 CeYeHHs S U MaTtepHaia (yIeJIbHOTO CONPOTUBICHUS p).
Qobopyooeanue: NICTOYHUK TOKA, COSAUHUTEIBHBIC TIPOBOIA, aMIIepMeTp (C mpeaenoM u3Mepenus 3 A),
BOJIETMETP (C mpeaenoM u3mepenus 6 B), kitou, Ha0Op MPOBOJIOYHBIX PE3UCTOPOB PASIUYHOMN JITUHBI,
cedeHwus1, MmaTepuaia (Habop pe3ucTopoB), peocTar.

Teopus
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OTHoleHne HaIps>KCHUA U MCKAY KOHIAMHU MCTAJUIMYCCKOI'0 MPOBOAHHKA, ABJIAIOMICTOCA YUACTKOM

SHGKTpI/I‘IeCKOﬁ OCIu, K CHJIC TOKa Is LEIHU €CTh BEJIMYMHA ITOCTOSHHAA- COITPOTHBJICHHUE!

R_U
T

OnpIT MOKa3bIBAET, YTO JJIEKTPUUYECKOE CONMPOTUBIICHHE MPOBOJHUKA NPSIMO IMPOMOPIHOHAIBHO €ro
miHe [ 1 00paTHO MPONOPLUMOHATIBHO IIOUIAIU S MOEPEYHOr0 CeUEHHsI TPOBOIHUKA!
pl
R = —.
S
IlocTosiHHBIM 17 JAHHOTO BELIECTBA IHapaMeTp P Ha3bIBACTCS  VOENbHbIM  JNEeKMPUUECKUM
conpomuenenuem éewjecmea. Y 1eJIbHOE CONPOTUBJICHKE H3MepseTcss B OM - MM 2 /M.

Ilopsadok evinonnenus padomol:
1. CoGepure 1enb, COCTOSIIYIO M3 TOCIEIOBATEIIFHO COCAMHEHHBIX NCTOYHHUKA TOKA, KIIOYa, ITaHEIH
pe3ucropoB, ammepmerpa. K kiemMmam pesucropa Ui H3MEpPEHHs HANPsDKEHUS MOIKIIOUUTE
napajuielbHO BoJbTMETp. He 3a0biBaiiTe coOmogaTh MOISPHOCTH NPHU TOAKIIOUEHHH aMIlepMeTpa U
BOJIbTMETpa K 1ienH. 2. Paccunraiite 1ieHy JeIeHus ¥ NOrPEeUIHOCTh U3MEPUTEIbHBIX IPUOOPOB.
3. Hageptute B Terpagu Tabnuily, B KOTOPYIO Oy/aeTe 3alKChIBaTh 3HAYCHUS (DU3NYECKUX BEIHYUH,
M3MEPEHHBIX M BBIUUCIECHHBIX B X0JI€ BBIIIOJIHEHUS JJa0OPaTOPHOM pabOTHI.

Bug MIPOBOJIOYHOTO Cuna Hanpsixenue ConpotuBieHue
pesucropa TOKAa Ha PE3UCTOPE R = ﬂ’ Om
1A U B !
OnbiT IIPOBOJHUK  C  MaJlod
Nel JUTMHOW TTPOBOJIOKHU
CTaJb

MPOBOAHUK C  OoJbLIeH
JUIMHOM NPOBOJIOKU

CTAJIb
Bui16o0. Ilpu ysenuuenuu onunsl | npogoonuxa, e2o conpomusietue
OnbiT IIPOBOJIHHUK C IPOBOJIOKOM
Ne2 MEHBUIETO  ITONEPEYHOTO

CCUCHHS

auxpom (0,05 mm?)

MPOBOJHUK C MPOBOJOKOH
0OJBIIET0  MOMEPEYHOTO

CeUeHUs
uuxpom (0,10 mm?)
Buvisoo:  Ilpu  yeenuvenuu  naowaou  nonepeunHo2o  ceuenus S NPOBOOHUKA, €20
conpomuenexue
OnpIT MPOBOJHUK C MEHBITUM
Ne3 yAEIbHBIM
COIPOTHBIICHUEM
cTaAIb
MPOBOJHUK C OOJBIITUM
yAeTbHBIM
COIPOTHBIICHUEM
HHUXPOM
Bv1600: Ilpu yeenuueHuu YOenbH020 conpomuenenus p nPOBOOHUKA, ezo
conpomugnenue

4. [TpoBeneHUE ONBITOB:
a) Onvim Nel 10 ONpPEAENIEHUIO 3aBUCUMOCTU 3JIEKTPUUECKOTO CONPOTHUBIIEHUS NPOBOJHUKA OT €r0
JUTHHEI [ -
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e [logkiroyuTe B 1I€Nb NPOBOJHUK C MAJIOW JJIMHOW MPOBOIOKU. OnpeAenuTe SKCIePUMEHTAIbLHO
C IOMOUIBIO aMIlepMeTpa CHUIly TOKa / B LiENM, IIPU IIOMOIUM BOJIbTMETpa HampsbkeHue U Ha
HCCIIEAYEeMOM ITPOBOJIHUKE M 3aITUIITUTE TTOKa3aHMsI MPUOOPOB B TaOJIHILY.

. U
e PaccuuTaiiTe 3HaYE€HHUE CONPOTUBIICHUS R 3TOTO IMpoBOHKKA 110 popmyse R = 7 Bce pacuetsr

COMPOTHUBIICHHUS MTUCATHh B COOTBETCTBYIOLIEM CTOJIOLE TAOIHIIBI.
e 3aMeHHTE MPOBOJHUK HA JAPYToi ¢ OOJNBIICH UIMHON MPOBOJIOKH, HO U3 TOTO K€ MaTepuana u
TaKOH ke MJIOLAAN CEYCHHUSI, U IOBTOPUTE OTIBIT.
e (CrenaiiTe BBIBOJ O 3aBUCUMOCTHU AJIEKTPUYECKOTO COMPOTUBICHUS TPOBOAHHUKA OT €T0 JJIUHBIL.
0) Oneim Ne2 1O OHpPEAETCHUIO 3aBHCUMOCTH DJIEKTPUYECKOTO COMPOTHUBICHHUS OT IUIOIIAAN
MOTIEPEYHOr0 CEUEHUs S MPOBOTHUKA
e 3aMeHHTE pe3UCTOp B MpEbIAylIed end Ha  MPOBOAHHK C IPOBOJIOKOH MEHBIIETO
nomnepevyHoro ceuenust. OnpeaenuTe 3KCIePUMEHTAIBHO C IOMOIIbIO aMIIepMeTpa CUly TOKa / B
[[ENU, [P IMOMOIIM BOJbTMETpa HampspkeHne U Ha MCCIeIyeMOM TPOBOJHHMKE WM 3AIHIIUTE
MOKa3aHus MpruOOpOB B TAOIUILY.
e PaccuuTaiite 3HaueHuE CONMPOTUBIECHUS R 3TOro MpoBOJHUKA O Gopmynie R = % . Bce pacuetst

COTPOTHUBIICHHUS MTUCATHh B COOTBETCTBYIOIIEM CTOJIOE TAOIHIIBI.
e 3aMeHHTE IMPOBOJHUK Ha APYroi C MPOBOJOKON OOJBIIETO MOMEPEYHOr0 CEUEHUs, HO U3 TOTO
e MarepHalia U TaKou ke JTMHbI, U IOBTOPUTE OIBIT.
e (CrenaiiTe BBIBOJ O 3aBUCUMOCTHU AJIEKTPUUYECKOTO COMPOTUBICHUS TPOBOAHHUKA OT €T0 JTHHBIL.
B) Onvim Ne3 1o ompeNeseHUuI0 3aBUCHUMOCTH JJIEKTPUYECKOTO COMPOTUBIICHUS MPOBOJHUKA OT €ro
yEIBHOTO COMPOTHUBIICHUS P
e 3aMeHHTE PEe3UCTOpP B MPEAbIAYIICH e Ha MPOBOJHUK C MPOBOJIOKON MEHBIIETO yAEeTbHOTO
conpoTusiieHus. OnpenenuTe IKCIEPUMEHTAIBFHO C TTOMOIIBIO aMIiepMeTpa CUily Toka / B 1IenH,
MIpY IOMOILIK BOJIbTMETpa HanpsbkeHue U Ha hcclieyeMOM NPOBOJHUKE U 3aMMIINTE TOKa3aHUs
puOOpPOB B TAOIUILY.
e PaccunTaiiTe 3HaUE€HNUE CONMPOTUBIICHUS R 3TOTO MpOBOIHKKA 110 popmysie R = % . Bce pacuerst
COTPOTHUBIICHHUS MTUCATHh B COOTBETCTBYIOIIEM CTOJIONE TAOIHITBI.
e 3aMeHHTE NMPOBOJAHHUK HAa APYTroi ¢ MPOBOJIOKON OOJBIIETO yIETLHOTO COMPOTUBIICHHUS, HO TOU
K€ JUIMHBI U CEUYECHHUSI, U IOBTOPUTE OIIBIT.
e (CpenaiiTe BBIBOJ O 3aBUCHUMOCTU BJEKTPUUYECKOIO COMPOTUBIICHUSI TMPOBOJHHMKA OT pOJAA
Marepuaia (ero yJaeJabHOTO COPOTHUBIICHUS).
5. Haueptute cxeMy 3JIEKTPUYECKON LIETIH.
6. 3anuImuTe BHIBOJI O MPOJCIIaHHON padoTe.

Hpnﬁop AJIA J€EMOHCTPAIIMMA 3ABUCUMOCTH COINMPOTUBJICHUSA NMMPOBOJHUKA OT €0 AJUHbDbI, IJ0IIAIA
MOMEePEYHOro CCYHCHUA U MaTepuajaa

HUXPOM  S=005mv’ o

HUXPOM S=010mm @

cTanb S =0,10 mm’ ©

200200

MNPSOS SR ENGHC TRALI JABACHOC T COMPO TN 1N NrOoOGeA
OF E10 Z0004, IINOLGATM CEMEMAR 1 MATEFMANA

i
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JlabopaTopHoe 3ansiTne Ne23
Onpenenenune I/1C 1 BHYTPeHHEro CONPOTUBJICHUS HCTOYHUKA TOKA

BoinosiHeHue padoThl cnocodcTBYeT (DOPMHUPOBAHUIO:
1. OK 01, OK 02, OK 05, OK 07, OK 04 OK 09
2. 11P64; I1PG6; ITP67; ITP610;
3. IIPyl; ITPy2; I1Py3; [1Py4; I1PyS; IIPy9; I1Py11
[Ipu ucnonb3oBaHUU JHOOOT0 UCTOYHUKA TOKA HEOOXOIMMO, MPEXIE BCero, 3HaTh ero DJC u
BHYTpPEHHEE comnpoTuBieHue. B pabore paccmarpuBaroTces npocteitimme crocoos! usmepenus 1C u

BHYTPEHHETO CONPOTUBIICHUS UCTOYHMKA TOKA Ha OCHOBE MCIOJIb30BaHMs 3akoHa OMa JijIsl 3aMKHYTOM
LIEMH.

Heab padotbi: uzmeputsh I/[C 1 BHyTpeHHEE CONPOTUBIEHUE HCTOYHHUKA TOKA.
IIpudopsl U MaTepUaJIbI: aMIIEPMETP, UCTOYHHUK TOKA, PE3UCTOP, KIIIOY, COSAUHUTENbHBIE TPOBOA.

Yka3zanus k padore.
1.CoGepure 1eTh, N300paKCHHYIO HA PHCYHKE.
I
'

2.13meprre D/IC ncTOYHUKA, ONB3YSACh TEM, UTO HAIPSHKEHUE MEX/TY €r0 MOJIKCaMU Majlo
otimuaetcs oT D/IC, ecnmu R >> r.

o

3.3aMKHUTE KJIIOY, U3MepbTE cuily Toka [ u Hanpsokenue U.
4. Paccunraiite, ucnoib3ys 3akoH Oma JUIsl ydacTka LIeny, BHEIIHee conpoTuieHue R.

5.Paccunraiite BHyTpeHHEE CONPOTUBICHUE HCTOYHUKA TOKA 110 popMyJie: I = 1 R

6. Pe3ynpTaThl H3MepeHuil 3aHeCUTe B TaOIUILY.

9/1C ucrounuka Cuna Toka Hanpsoxenue Conporusienue Bnytpennee
,B LA U,B R, Om CONPOTHUBJIEHUE
r,B

7. Coenaiite BBIBOJI.

Tema 4.3 DulekTpr4YecKHii TOK B Pa3JIMYHBIX cpeaax

JlaGopaTtopHoe 3ansTue Ne 24

Onpenesnenue 3J1eKTPOXMMHYECKOr0 JKBUBAJICHTA MeAHU B IpoLecce 3JIeKTPoJIn3a cyibdara
Me/IH.
Henab: onpenennuTy MEKTPOXUMUYECKUI SKBUBAJIEHT MEU 3KCIIEPUMEHTAIBHBIM Iy TEM.
Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHNIO:
1. OK 01, OK 02, OK 05, OK 07, OK 04 OK 09
2. 11P64; I1P66; ITPG7;
3. IIPyl; ITPy2; ITPy3; I1Py4; IIPyS; IIPy9; [1Py11 ;

MarepunanbHoe oOecrmedyeHHe: BECHl M DPA3HOBECHI;  aMIIEPMETP; Yachl, JIEKTPOIUINTKA,
aKKyMYJISITOpHasi OaTapes; peocTar; KJII04; MEAHbIE 3JEKTPOIbI (2 IIT).) CO BCTaBKOM; COCAMHUTEIIbHBIC
IIPOBOJA; SJICKTPOIUTHYECKAsI BAHHA C PACTBOPOM MEJHOTO KyIlopoca.

3amanmue:

1. IIponabmronath sBICHUE 3JEKTPOJIN3a MEIU U3 paCTBOPA MEIHOTO KyIopoca.
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2. HayunTbcs onpenensaTh 2IEKTPOXUMUYECKUI 3KBUBAJIEHT 10 PE3yJIbTaTaM 3KCIIEPUMEHTA.
Iopsinok BbINOJIHEHHUS PA0OTHI:

1.

SARNA

7.

OYuCTUTH HAKIAYHOU OyMaroi KaTOAHYIO TUIACTUHKY, ONPEICIUTh B3BEIIMBAHUEM MaccCy

[UIACTUHKA ("”1).
CocCTaBUTh 3JICKTPUYECKYIO IIelb MO0 cxeme. [Ipu COCTaBieHHHM e B3BCUICHHBIM
9JIEKTPOJ] COSTUHHUTD C OTPUIIATEIBHBIM ITOJFOCOM HCTOYHHMKA JJIEKTPHUCCKOM DHEPTUH.
3aMKHYTb LICIIb ¥ 3aMETHTh BPeMsl BKIIFOUCHHUS TOKA. CuSO

4

e

R
R

L 1

Yepes 15-20 MUHYT pa30MKHYTh LENb.
BbIHYTH KaTOAHYIO MJIACTUHKY, IPOMBITH U IIPOCYILIHUTh.
B3BemmBanueM onpenenuTh Maccy karoga 2/ mocie mporyckaHus TOKa.

. ( m) . m=m, —m,
Haittu maccy BBIICTIUBIICICS HAa KaTOJIE TIPH JICKTPOIIH3E 110 GOopMYJIe:

A€ mi- HadaJlbHasd MaccCa IIJIaCTHUHKH, KI'; 112- KOHCYHAas1 MaccCa IIJIaCTUHKHU, KI'.

8

. BBIUMCIHATE AICKTPOXUMUYECKUH IKBUBAJICHT MEIU M3 (OPMYJIBL:

r7Ie M- Macca BhIJICIMBIICTOCS BEIIECTBA, KT
I- cuna Toka, A;  t- BpeMs 3JeKTpoJin3a, C. K =

9
1
1

m
. Pesynbrarel m3MepeHMil U BHIYMCICHH 3amucarh B Tabmuiry 1. -t
0. CpaBHUTb NOJTyYEHHBINH PE3YJIbTAT C TAOJIUYHBIM.
1. Beruncnuth a0CONMIOTHYIHO A W OTHOCHTENBHYH) €  MOTPEIIHOCTH HW3MEpPEeHUi To
dbopmynam:

Crnenatb BBIBOJ 1O paboTe.

Tabmmma 1

Ne | Macca menmn, | Bpems Bemrunma| DnexTpoximil-| AGcomioT- OTHOCHUTeNbRHAS
OTIOXIIBIIEIl | IpoIyc CILTIEI H4eCKIIIl Had [IOTPEIIHOCTE
csi Ha Karole | KaHMA TOKa SKBIBAIeHT [IOTPelTHOCTH &£.%
m, ke Toka ¢ [,4 MeZm A Ke

K, - K-
Ki-e

KoHTpoJibHBbIE BONIPOCHI

1.

Nk

—

YeM 00yCIIOBJICH AIIEKTPOXUMUUYECKUN TOK B AJIEKTPOJIUTAX?

Kak paccuntars Maccy BBIAEIMBIIETOCS BEIIECTBA HA JIEKTpoe?

OT 4ero 3aBUCHT IIEKTPOXUMUYECKHUI SKBUBAJIEHT?

Kakoii puznuecknii cMbICT 3JIEKTPOXUMHUYECKOTO SKBUBaJIEHTA?

Kakoe oOopynoBaHue M H3MepUTENbHBbIE NPHOOPHI HYXXHO HMEThb, UYTOOBI BBIYMCIHUTH
AIEKTPOXUMHUYECKUN SKBUBAJIEHT?

HasBatb pabouyto ¢popMyity 715l BBIYUCICHUS SJIEKTPOXUMUYECKOT0 SKBUBAJICHTA.

Ha xakoM u3 3JIeKTpOIOB BBIIEISACTCA MEb B YACTOM BHUE U II0YeEMY?

B 25IeKTpOIUTHYECKYI0 BaHHY IIOMECTMM MEIHYIO IUIACTUHKY, CIIy’KAlllyl0 AaHOJOM.
[InacTiHKa TOKpBITA BOCKOM, Ha KOTOPOM HalapamaH PUCYHOK. UTO mOJyduTcs mocie
IIPOITYCKaHUs TOKA U yIaJ€HMsI BOCKA C IUIACTUHBI?

Yro Takoe raJbBaHOCTET U, TAJIbBAHOILIACTHKA.

. Uepe3s pactBop MenHoro kynopoca mpouuio 20 kK anekrpuuectsa. [lpu 3ToM Ha ogHOM U3

3JIEKTPOJIOB  BBIACIISIETCSA B YHCTOM BHAE Maccod 6,6 rpamm wMenu. OnpeaenuThb
AIEKTPOXUMHUYCCKHI SKBUBAJICHT ME/TH.
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11. CkonbKO HUKENS BBIAEINTCS MPU DJIEKTpoiau3e 3a |1 yac mpu cuie Toka 5 Amrmep, eciu
W3BECTHO, YTO MOJISIpHAsi Macca HUuKens 58,71 r/Moib, a BAIGHTHOCTh paBHA 2.

12. Ompenenure mMaccy cepeOpa, BBLICIHMBILETOCS HA KaTOAE MPH SJIEKTPOJIU3E a30THOKUCIIOTO
cepebpa B TeueHHUE 2 4acoB, €CJIM K BaHHE MPHIIOKEeHO HanpspkeHue 1,2 B, a conporuBnenue
BaHHBI 5 OMm.

13. DnekTponau3 MeAHOro Kyrnopoca npoxoaui npu Toke 5 Ammep B TeueHue S0 munyt. Kakoe

7 K2
ke, =33-107 2=
KOJINYECTBO MM BBIACINIIOCH HA KAaTOAC, €CIIN A,

dopma npeacTaBieHus pe3yJbTarTa:
PaboTa nomkHa ObITH BBIOJIHEHA B TETPAAU ISl JIAOOPATOPHBIX padoT
Kpurepun oneHku:
3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIISICTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIIaTeNbHas olieHKa — () 0aoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 —100% npaBUIbHBIX OTBETOB
Oyenka «xopouwoy evicmasnsemcs 3a 80 — 89% npaBuIbHBIX OTBETOB
Oyenka «yooenemeopumenvHoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «neyooe1emeopumenvbHoy svicmasisemcs 3a Mmenee 60% rnpaBUIIbHBIX OTBETOB

Tema 4.3 DilekTpHYeCKHH TOK B Pa3JIHYHBIX Cpeax

JladopaTopHoe 3ansiTue Ne 25

3aBHCHMMOCTH CONIPOTHBJICHUS OT TeMIIePaTyphbl 00pa3l0B METAJLIA M NOJYNIPOBOIHUKA

Henb: wu3MepsITh CONPOTUBICHHE IPOBOJHUKA OMMETPOM; YCTaHOBUTh 3aBHCHUMOCTh
CONMPOTHUBIIEHNE METAJIA U MOIYIIPOBOJIHHUKA OT TEMIIEpaTyphI.

Boinosinenue padorsl cnocodocTByeT GOPMHUPOBAHUIO:

1. OK 01, OK 02, OK 05, OK 07, OK 04 OK 09

2. [I1P64; I1P66; I1PG7; I1P610;

3. [Pyl; I1Py2; [TPy3; I1Py4; I1PyS; 11Py9; [1Py11

4. MarepuanbHoe o0ecnedeHHe: MyJbTUMETp, MpUOOPHl AN  M3Y4YEHUS  3aBUCHUMOCTHU
CONPOTHBIIEHUSI MeTaljla U MOJYNPOBOJHUKA OT TEMIEpPaTypbl, TEPMOMETp, 3JIEKTpHUUECKas
TUTUTKA, IITATUB C MIPUHAJIEKHOCTIIMH, KOJI0a ¢ BOJIOM.

3aganue

1. O3HAKOMHTBCS € TEOPETHYECKHM MATEPHAJIOM.

Teoperuyecknii marepuas:

Eciyn mponyCTUTh 3NEKTPUYECKMH TOK Yepe3 CTajbHYIO CIHpallb, a 3aTEM €€ Harperb, TO
aMIepMeTp TMOKaXXET YMEHBIIEHHE CHJIbl TOKa. DTO O3HA4aeT, 4YTO C HU3MEHEHHEM TeMIepaTypbl
COIIPOTHBIIEHUE METAILIA MEHSETCSI.

Bce Meramnbl — KpuUCTaIMYECKHE Tela, B Y3Jax KPUCTAJUIMYECKOM pelIeTKH KOTOPBIX
pacrioyiaraercsi MOJIOKUTENBHO 3apsHKeHHble HMOHBI. MexXy KOJeOIIOMUMUCS HOHAMU JIBUTAIOTCS
CBOOO/IHBIE 3JIEKTPOHBL. BennunmHa 3JIeKTPUYECKOTO COMPOTHBIICHUS MeETajula 3aBHCUT OT 4HCia
CTOJIKHOBEHHM KOJEOIIOMUXCS MOHOB M CBOOOAHBIX 3JEKTPOHOB. [Ipu yBenMUEHHH TeMIlepaTyphl
MeTaljla YBeJIMUMBAETCA aMIUTUTY/1a KoJieOaHUi HOHOB. DTO IPUBOJUT K YBETMUYEHUIO CTOJIKHOBEHUH, a
3HAUYUT U K YBEJIMUYEHUIO CONIPOTUBIICHUS METAJLIA.

B nonynpoBoaHuKe Npu yBETUYEHUH TEMIIEPATYPhl YBETUUUBAETCS YUCIIO CBOOOIHBIX HOCUTENEH
3apsia, NOSIBUBLIMXCS IPU Pa3pbIBE€ KOBAJIECHTHBIX CBS3€H. DTO NPUBOJUT K YBEIMUEHUIO CHJIBI TOKA B
MTOJIYIIPOBO/ITHUKE U K YMEHBIIEHUIO CONTPOTUBIICHUS IPOBOAHMKA.

Ilopsinok BbINOJHEHHs padOTHI:

1. IToaroroBbTE K paboTe OMMETP:

a) BCTaBbTE IITHIPHKU MPOBOIHUKOB B THe3/a, 0003HadeHHBIE «» 1 «0o0uy COM.»;

0) mocTaBbTe Mepekovaress Ha udpy «10»;

B) COEIMHUTE CBOOOIHBIE IITHIPHKU MPOBOJHUKOB M PYUKOH «yCT. 0» MOCTaBUTH CTpesKH Ha «O».
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2. Ha snekTpudeckyro IIUTKY MOMECTHTE KoilOy ¢ Boaod. Bo m3bexanwn maaeHUs KOJIObI
MIOMECTHTE B KOJIBIIO, 3aKpEIUIEHHOE B IITaTHBE. B K010y omycTHTe MpOOUpPKY, C TIOMEIIEHHON B HEl
KaTyIIKOH U3 MEIHOTO MpoBoia. OCTOPOKHO OIyCTUTE B IPOOUPKY TEPMOMETP.

3. CB0OOOIHBIC MITHIPEKK OMMETPA COSIMHUTE C KIIEMMaMH METHOH KaTyIIIKH.

4. BxiarounTe MIHYp IUIMTKH B PO3ETKY M M3MEPHTE COMPOTHBIICHWE KATYIIKH MPU PA3IAIHBIX
3HAYCHUSAX TEMIICPATYPHhI.

5. BHecurte u3mepeHus B TaOIUILy.

IIpoBoaHuUK (Meab)

©,C

R, Om

6. Ha ocHoBe u3mepenuit nocrpoure rpaduk. Cuenaite BBIBOJ, KaK COIMPOTUBJICHUE MTPOBOIHUAKA
3aBUCHUT OT TEMIIEPATypBhI.

7. IloctraBpTe mepeximoyareab omMmeTpa ¢ mudpsl «10» Ha mudpy «100» U mocraBeTe CTPEIKY
ommetpa Ha «0» (Cm. myHKT 1-B).

8. 3aMmeHuTe B K0J0€ MPOOMPKY C METAUIOM Ha MPOOUPKY C MOIYINPOBOIHUKOM (TEPMUCTOPOM).
Omnycture B npoOupky Tepmomertp. K kiiemmam tepMucTopa rnojicoeJUHUTE OMMETP.

9. 3mepbTe cOMpOTUBIICHHUE TOIYIPOBOTHUKA MIPH PA3IMYHBIX 3HAYCHUSX TEMIIEPATYPHI.

10. Buecute nusmepeHus B Ta0IHILy.
IHonynpoBoaHMK

t°C

R, Om

11. Iloctpoiite rpadux R(z).

12. Cnenaiite BBIBOJI, KaK COPOTHBIICHHE MOTYITPOBOIHUKA 3aBUCUT OT TEMIIEPATYPHI
KoHTpoJibHbIE BONIPOCHI:

1. DnexTpuyeckuil TOK B MeTaIaX — 3TO YIOPSAJ0YCHHOE JBI)KEHHUE ... .

2. C TOYKM 3pEHHUS DJJIEKTPOHHOW TEOpPUU DJIEKTPUUECKOE COIMPOTHUBIECHUE OOYCIOBIEHO
COYJIapEeHUsIMH ... .

3. C noBBbILLIEHUEM TEMIIEPATYPbl CONIPOTHUBIIEHUE METAJIA ...

®opma npeacTaBiaeHus pe3yJbTaTa:

Pa6ota nomkHa ObITH BBIMOJIHEHA B TETPAIU AJIs 1a0OpaTOPHBIX paboT

Kpurepun onenkmn:
3a npaBUWIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTENbHAS Ol[eHKa — 1 Oa.
3a HeMpaBWJIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNe BHICTABIIETCS OTpULIaTeIbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 —100% npaBUIbHBIX OTBETOB
Oyenxa «xopowioy svicmasnsiemcs 3a 80 — 89% npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvnoy gvicmasnsemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «neyooeiemeopumenvHoy svicmasisemcs 3a menee 60% npaBUIIbHBIX OTBETOB

Tema 5.1 Mexanunueckue KoJIe0aHUA U BOJHBI

JlabGoparopHoe 3ansiTue Ne26

IIpoBepka 3aK0HOB KOJIEOAHUIT MATEMATHYECKOT0 MAITHUKA
I_[e.m,: YCTAaHOBUTHb MATCMATUYCCKYI0 3aBUCHUMOCTD IMEPpHUOAa HUTAHOIO MasATHUKA OT JJIMHBI HUTU
MasiTHUKA.
Brinosinenue padoTsl cnocod6cTBYeT GOPMHUPOBAHNIO:
1. OK 01, OK 02, OK 05, OK 07, OK 04 OK 09
2. I1P66; I1P610;

115



3. IIPyl; ITPy2; ITPyS; ITPy7; [1Py12;
4. MarepuajabHoe o0ecrieyeHue:
AJIEKTPOHHBIN CEKYHIOMEp, H3MEepUTENbHAas JICHTA, IAPUK C OTBEPCTUEM, HUTH, IITATUB C MyPTOH
U KOJIBLIOM.
Teopus.

MaremaTnyecKuM MasTHUKOM Ha3bIBacTCA MaTepUaibHas TOYKA, MIOJBELICHHAs HA HEBECOMOU U
HEPaCTSHKUMOM HUTU. MOJIEIBbI0 MOXKET CILYXKUTh TSKENBIN IIAPUK, pa3Mepbl KOTOPOT0 BECbMAa MAJIbI 110
CPAaBHEHMIO C JUIMHHOM HUTH, Ha KOTOPOM OH IOJBEIIEH (HE CPaBHUMBI C PacCTOSIHUEM OT LIEHTpa
TSKECTH J10 TOUKHU II0J[BECA).

Vuensie ['anuneit, HpioToH, beccenb u ap. yCTaHOBMJIM CJEIYIOIIME 3aKOHBI KOJEOaHUs
MaTEeMaTHYECKOr0 MasiTHUKA:
1.Ilepuon xoneOaHMsT MATEMaTHYECKOTO MAsATHUKAa HE 3aBHCUT OT MAacChl MasTHHUKAa U OT
aMIUIATYZIbl, €CJIM YroJ pa3Maxa He npessimaet 10 rpamycos.

2.Ilepuon koneOaHUs MaTEMaTHYECKOIO0 MAsITHUKA IPSIMO IMPOIOPLIUOHANIEH KBaIpaTHOMY KOPHIO
U3 JUIMHBI MasTHUKAa U OOpaTHO NPONOPLMOHAIEH KBaJPaTHOMY KOPHIO M3 YCKOPEHHUS CBOOOIHOTO
MTaJICHUS.

Ha ocHOBaHuMM »3THX 3aKOHOB MOXXHO Hamucate (GopMyidy i Iepuoja KojebaHui
MaTeMaTHYeCKOr0 MAsITHUKA:

T=2r |—

£

Hcnonb3yss Mozieb ¥ 3aKOHBI KOJICOAHUH MaTeMaTHYeCKOro MasTHHUKA, MOXKHO MPOHAOIIONATh

CBOOOJIHBIC KOJICOAHUS, a TAK)KE C MX IMOMOIIBI0 ONPEACTUTh YCKOPEHHE CBOOOIHOTO TMAaJCHUS IS
CBOCH MECTHOCTH U CPAaBHUTH CO CITPABOYHBIM 3HAYCHHUEM g.

Yckopenue cBOOOIHOTO TMaJIeHUsI MOXKET OBITh BEIYHCIICHO TIO JopMyIie

-

L IN®
g=4r"

-

t

1. 3akpenuTh HUTH MasATHUKA B JEpKaTeIIC IITAaTUBA.

2. 3mepuTh AJIMHY MasTHHKA (JUIMHA MasTHUKA CUATAETCS OT TOYKHU I0/IBECA JI0 LIEHTPA TAKECTH
[1apuKa).

3. OTKJIOHUTH HIapUK Ha yroi He Oosiee 10° U OTIYCTUTB.

4. OnpenenuTb Bpems, 32 KOTOpoe MasiTHUK coBepiini 20 koieOaHu.

5. BeruucauTthb nepuoj KonedaHusi MasiTHUKa, ucnoinb3ys Gopmyny Nt T .

6. IToBTOpPUTH ONBIT €111€ TPU pa3a, yMeHbIasl (MM YBEIMUNBasA) AJIMHY HUTU MasiTHUKA.

7. Pe3ynbTathl 3aHECTH B TAOJIUILY.

Tabnuma Nel
Ne JlnuHa HUTH MasiTHUKA |, M Yuco noyHbIX Bpewms xonebanuii | [lepuon
KosieOanmii N t, C konebanmii T, ¢
1 20
2 20
3 20
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8. Cnenatp BBIBOJI O 3aBUCUMOCTH IEPUO/Ia HUTSHOTO MasiTHUKA OT JUIMHBI €70 HUTH.
KoHTpoJibHBIE BOIPOCHI.
Urto Ha3BIBAIOT MEPHOAOM KOJIeOaHHi MasTHUKA?
Yro HaA3BIBAIOT YAaCTOTOM KoJieOanuii masTHHUKA? KakoBa equHAIIa YacTOTHI KoneOaHuii?
OT KaKMX BEJIMYMH U KaK 3aBUCHUT IIEPUO]] KOJIeOaHNI MaTeMaTHYECKOTO MasiTHUKA?
OT KakuX BEJIMYUH U KaK 3aBUCUT MEepUOJI KoeOaHUl NMPyKUHHOTO MasiTHUKA?
N300pa3ute MaTeMaTHUYEeCKUN MasTHUK B KpailHEl MpaBoil TOUKE M MOKAKUTE HA YEPTEIKE CUJIBI,
JIEHCTBYIOIIME HA IIAPUK B TAHHOW TOUYKE TpaeKkTopuu. Hapucyiite paBHOACHCTBYIONIYIO CHUJI.
6. Kak MeHseTcs BellMUMHA U HaIlpaBJIEHUE PABHOJEHCTBYIOIIEH CUII B TEUEHUE Tieproaa’?
dopMma npeacTaBieHus pe3yJbTarTa:
Pabora momkHa ObITH BBIOJIHEHA B TETPAAH ISl JIAOOPATOPHBIX padoT
Kpurepun oneHku:
3a npaBUJIbHO BBINOJIHEHHOE 331aHHUE BBICTABIIIECTCS MOJIOKUTENbHASI OLIEHKa — 1 Oa.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIIaTeNbHas olleHKa — () 0aoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 —100% npaBUIbHBIX OTBETOB
Oyenka «xopouwoy evicmasnsemcs 3a 80 — 89% npaBuUIbHBIX OTBETOB
Oyenka «yooenemeopumenvhoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «neyooe1emeopumenvbHoy svicmasisemcs 3a Mmenee 60% rnpaBUIIbHBIX OTBETOB

MRS

Tema 5.1 Mexannueckue KoJ1e0aHUA U BOJIHBI

JlaGopaTopHoe 3ausitue Ne27

I/Isytle}me 3aKOHOB IIPYKHHHOI'0 MasiTHUKA

eab: 3IKcNEPUMEHTANBbHO YCTaHOBUTH 3aBUCHUMOCTb IepHOAa KojeOaHUH  NpyKUHHOTO
MasiITHUKA OT KECTKOCTH IIPYKUHBI U MacChl Ipy3a
Boinosinenue padoTsl cnocodcTByeT (hopMUPOBAHMIO:
1. OK 01, OK 02, OK 05, OK 07, OK 04 OK 09
2. TIP66; I1P610;
3. IIPyl; ITPy2; I1PyS; ITPy7; ITPy12 ;
4. MarepuanbHoe odecneyeHHe: MTATUB ¢ My(PTOil U JIanKoif, HAOOP MPYKUH Pa3HOU KECTKOCTH,
HabOp rpy30B pa3HOM MacChl, CEKyHAOMED
Ilopsinok BbINOJHEHHS PadOTHI:
Onpedenenue 3asucumocmu nepuooa Koaebanutl om Maccul 2py3a
1. Cobepute npyXKMHHBIA MasTHUK, UCIIOJIb3YS BBIIAHHOE 000pY/I0BaHHUE.
BriBenuTe MasTHUK W3 MOJIOKEHUS PABHOBECHS, BKIIFOUUTE CEKYHIOMEpP M OTCUHUTAWTE NECATH
KosiebaHui. Vcronb3ys MoKa3aHusi CeKyHJOMEpa, paccunTaiTe nepruo KoiebaHui 1 3aroIHUTe
MIEPBYIO CTPOKY TaOJIUIIBI.

Ne N t,c T.c m, kr | m"2xr" | k,n/M
OTbITa
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3. IloBropure »skcrepuMeHT em€ 4 pasa, yBeIu4yMBas MacCcy HO, He MeHss npyxuHsl. llo
MOJTy9CHHBIM JIAHHBIM 3aIIOTHATE TaOIHUILY.
4. Tloctpoiite rpaduk 3aBUCUMOCTH Teproja kojebaHui (T) oT KBaapaTHOTO KOPHS M3 MacChl
(1’1’11/2).
5. Tlo ¢opme rpaduka onpenennute Buj 3aBUCUMOCTH MEX/1y MIEPUOIOM U KOPHEM KBAJPaTHBIM U3
MAacchl.
Onpeodenenue 3asucumocmu nepuooa KoieOaHutl Om HeeCmKoCmMuU NPYHCUHDL
1. Colepure npyKUHHBIN MasITHUK, HCIIOJIB3YS BBIIAHHOE 000pYIOBaHUE.
2. BbIBenuTe MasTHUK W3 IIOJIOKEHUS PABHOBECHUS. BKJIIOUUTE CEKYHJOMEpP M OTCUHUTAWUTE JECITh

KoJIeOaHMiA.
3. I/ICHOHEBYH IMMOKa3aHus CCKyHAOMEpa, paCCqHTaﬁTe nepuon KOHe6aHI/II>’I " 3allOJIHUTC IICPBYIO
CTPOKY TaOJIHIIBI.
Ne omsiTa N t,c T,c m, KT k,H/M K2, (a/m)V

2

4. TloBTOopuTe 3KcrepuMeEHT eul€ 4 pa3a,yBenuuuBas Ko3(Q(UIMEHT KECTKOCTH HO, HE MEHAA Maccy
rpy3a. [1o mosry4eHHbIM JaHHBIM 3aII0JTHUTE TAOIUILY.
5. Toctpoiite rpaduk 3aBucuMocTu mnepuona koinebGanuit (T) oT KBagpaTHOro KOpHA U3
kodddurmenta xéctroctu. (k''?).
6. Tlo dopme rpaduka onpenesuTe BUA 3aBUCUMOCTH MEXIY MEPHUOJOM M KOPHEM KBaJpaTHBIM U3
KO3 puImeHTa )KECTKOCTH.
7. CpenaiiTe BBIBOJ O 3aBHCHUMOCTU IepHoAa KojebaHUMl OT Macchl Ipy3a U Kod(p¢uimeHra
KECTKOCTH.
KoHnTpoJibHbIE BONIPOCHI:
1. B kakoM MoJI0’K€HUU MasiTHUKA CKOPOCTh Oy/1eT MaKCUMaJIbHOMN ?
2. B KaxkoM I0JIO)KEHNU MasiTHUKA CKOPOCTh paBHA HYJIIO.
3. VYBenuuwin WM yMEHBIIWIN Maccy Ipy3a, MOJBEUIEHHOIO K MPY>KUHHOMY MAasiTHUKY, €CJIH: a)
nepuoJ ero kosiebanuii cHayana Obu1 0, 4 ¢, a mocie u3MeHeHus maccol crai 0, 2 c;
0) yacToTa ero kosiebaHuii BHadase Ob1a paBHa 6 ['11, a moTom ymenpmmmnace 70 S5 I'u?

dopma npeacrabiieHus pe3yJbTara:
Pa6ota gomkHa ObITH IPECTaBIEHA B TETPAIH IJIs JIaOOPATOPHBIX paboT
Kpurtepun onenkmn:
3a npaBUIILHO BBIMOJIHEHHOE 33JaHHUE BBICTABIISIETCS MOJIOKUTENbHAS OlleHKa — 1 Oa.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHUE BBICTABIIACTCS OTpUIaTeIbHast oleHKa — () 0aioB.
Oyenka «omauunoy evicmasnsiemcs 3a 90 —100% npaBUIbHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89% npaBUIBHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyooe1emeopumenbHoy svicmasisemcs 3a menee 60% npaBUIIbHBIX OTBETOB
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Tema 5.2 DekTpoMarHuTHbIE KOJIEOAHMSI  BOJTHBI

JlabGoparopHoe 3ansiTue Ne28

YcrpoiicTBo TpaHchopMaTopa U reHepaTropa
Llesb: U3y4nTh YCTPOHCTBO M MPUHLIUI pabOTHI TpaHC(hOpMaTopa U reHeparopa.

Brinosinenue padorsl cnocod6cTByeT GOPMHUPOBAHNIO:
1. OKO0I, OK 02, OK 05, OK 07, OK 04 OK 09
2. IIP64; I1P66; IT1P67; TIP610;
3. IIPyl; ITPy2; ITPy3; I1Py4; IIPyS; IIPy9; [1Py11 ;
MarepuasibHoe o0ecnieyeHue:
TparcopmaTop 1a00paTOPHBIN, JaMIia HaKaJIMBAHWS, KIHOY 3aMBIKAHHUS TOKA, KOMIUICKT IPOBOJIOB
COEJIMHUTEIIbHBIX.
3aganue
1. W3yuuTh cTpoeHHE, HA3HAUEHHUE W MPUHIUN JeHCTBUS TpaHchopMaTopa
2. WByuutk cTpoeHMe, Ha3HAYCHHUE U MPUHIIUII JECHCTBUS reHepaTopa.

IMopsiiok BbINOJIHEHHS PA0OTHI
H3yuenue ycmpoiicmea mpancgopmamopa

Tpanchopmarop mnpeoOpazyeT NEpeMEHHBI TOK OJHOTO HAaNpPsOKEHHs MPU HEU3MEHHOHN 4acToTe.
OH CcOCTOUT U3 3aMKHYTOTO CEpACYHUKA, W3TOTOBJICHHOTO M3  CIIEUUAJbHON  JIMCTOBOM
TpaHcGOpMATOPHOU CTaJId, HA KOTOPOM pACIIOJIararoTCs JIB€ KATYHIKH (MX Ha3bIBAlOT OOMOTKamH) C
Pa3HBIM YUCJIOM BUTKOB U3 MCI[HOI\/JI ITPOBOJIOKH.

Opnna U3 0OMOTOK, Ha3bIBAETCS TIEPBUYHOM, MOAKIIOUAETCS K UCTOUYHUKY TMEPEMEHHOTO HAMpsIKEHUS.
VYerpoiicTBa, TOTPEOISIFONTNE  AJIEKTPOIHEPTHIO,  MOAKIIOYAIOTCS K BTOPUYHON OOMOTKE, UX MOXKET
OBITH HECKOIIBKO.

[Ipn BbImomHEHMM pabOTBHl CIEAYEeT M3YyYUTh YCTPOHCTBO TpaHchOpMaropa, BKIIOUYUTH €ro B
ceTb TepeMeHHOro Toka (36 B). B pexxume xoiocToro xoga H3MEpUTh HAMpsHKEHHE HA OOMOTKax U
BBIYUCIUTh KOd(PUIIMEHT TpaHchopMmanmu, a mpu padbore TpaHchopMmaTopa «IOJ HArpy3KON»
YCTaHOBUTH CBSI3b MEXJYy TOKaMH M HamNpsHKEHUEM B OOMOTKAX.

Tpanchopmarop COCTOMT U3 JBYX KaTylIeK |

MNepBuryHan
P BropuuHas

ﬂﬂgj ofmoTKa cepaeuHuka. CeplleYHUK COCTOUT W3 JIBYX IIOJIOBHH,
1 N, BUTKOB
— KOTOPBIE€ BCTABJISIIOT B KaTYIIKY U C MOMOIIBIO CKOOBI
— | Bropmaein 3aKpEIUIAIOT Ha OCHOBAHUMU.
+ |1 TOK
[r——

Mepanroe +

HanpsxeHne

.

T —

Xoa PadoThl

BropuuHoe
HanpsKeHUe 1

PaccmoTpute  ycTpoiicTBOo  TpaHcdopmaropa.
t Onpenenure MNEepBUYHYIO OOMOTKY (KJIeMMBI C
-J Haanucelo: 36 unu 42 B) U 1Be BTOPUYHBIX KJIEMMBI
2,2Bu44B)
$ 2. Hageprure JNEKTPUUYECKYIO CXEMY
Tpanchopmaropa.
3. Paz6epute tpanchopmatop. [y 3TOro MOBEpHUTE €ro OCHOBAHWEM BBEPX M OTKPYTHTE JBE TallKu
KpeIuleHHsI CKOObI. BBIHBTE CeplIeYHHK U pAaCCMOTPUTE €T0 YCTPOMCTBO.
4. Cobepute Tpanchopmarop. lJis 3TOro BCTaBbTE€ CEPACUYHUK CO CKOOOM B KATYIIKH. YCTaHOBUTE
TpaHcGopMaTOp Ha OCHOBAHUE U 3aKpEIUTE €ro raikamu.
H3zyuyenue YcrpoiicTea I'eneparopa.

W W Vv v %

—

Ll

I'enepaTop NMOCTOSHHOTO TOKa (pUC. 1) COCTOMT M3 ABYX 4YacTeil: HENMOABM)KHOM M BpalllarolLIeics.
HenoneuwxHast yacth (cTtaTop) SIBISETCS OCTOBOM MAIIMHBI U OJHOBPEMEHHO CIYXKUT Ui CO3JaHUS
MarHWTHOTO TIOTOKa. Bo Bpamaromieiicss 4acTu, Ha3bIBaeMOW sKOpeM (POTOpOM), HHAYIUPYETCS
ANeKTpoABMKYIIas cuna - IJ(C.
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KoHcTpykuus renepaTopa MocTOsIHHOTO TOKa (CM. pHc.2).

HemnoasukHas 9acTh COCTOUT U3 cTaHUHBI (1), TTIaBHBIX MOMIOCOB (2) ¢ 0OMOTKON BO3OYxkaeHUS (3) U
JOTIOJTHUTENBHBIX MOJIFOCOB (4), YMEHBIIIAEMbIX UCKPEHHUE TO]T IIIETKAMH.

Axopr uMmeer cepacdyHHK (5), HaOpaHHBIM M3 TOHKHX CTaJbHBIX JIMCTOB, OOMOTKY sikops (6),
3aJI0’)KEHHYIO B IMa3bl CepJieUHrKa U KOJuIeKTop (7). Ha mOoBepXHOCTh KOJJICKTOpPA HAJIOKEHBI YTOJIBHO-
rpadguToBbIe METKH (8), 00ECIeYNBAIOIINE CKOIB3SIINA KOHTAKT C OOMOTKOM BpAIIArOIIETOCs SIKOPS.
Komnnekrop umeer ¢hopMy HUIHHIIPA U BBITIOIHSIETCS U3 U30JIMPOBAHHBIX MEIHBIX IUIACTHH - JIAMEJeH -
K KOTOpBIM MOJICOCIMHEHBI CEKLUU SKOPHON 0OMOTKH. Bpamiasce BMecTe ¢ OOMOTKOH, KOJIIEKTOP
BBITIOJHSET POJIb MEXaHUYECKOTO BBITTPSIMUTEIIS.

KoHnTpoJbHbIe Bonpockl
1 BapuanT
1.Yto0 Ha3pIBalOT MHAYKLIMOHHBIMU T€HEPATOPAMHU?

2.Kakoii TpaHchopMaTOp Ha3bIBAIOT MOBBIMAIONIIMM, & KAKOW MOHMKAOIINM?

3.Uto Takoe xoJ0CcToi X011 TpaHchopmaropa?

4.Tlouemy cepaeuHHK TpaHCc(opMaTopa U3roTaBIMBAIOT U3 CTAJU, a HE U3 Men?

5.B nepBuuHOil 00MOTKE TpaHCcpopmaTOpa, BKIIOUEHHOU B ceTh ¢ HampsbkeHueMm 380B. Coxepxutcs
1320 BuTKOB. OnpenenuTh HanpsHKeHne Ha BTOPUUHOW 00MOTKe, eciau oHa coaepxkut 300 BuTkoB. Bun
TpaHcpopmaTopa yKa3aTb, OTBET MOSCHUTD.

2 BapuaHT
HazoBuTe 0OCHOBHBIE YacTH reHepaTopa EPEMEHHOTO TOKA.
2. Jlokasatp, 4TO y MoOBBIIIaOMNIEr0 TpanchopmaTopa K>1.
3. Usmenset nu TpaHchopMaTop 4acToTy NMpeodpazyeMoro MnepeMeHHOro Toka?
4. Tloyemy cepaedHHK TpaHCPopMaTopa COOMPAIOT U3 OTAEIBHBIX IUIACTHH?
5. Ecnu Ha nepBuuHyto oOMOTKY TpaHchopMmaTopa nogaercs Hanpsbkernue 220B, To Ha
BTOpPUYHOM OOMOTKE NpU XOJOCTOM XoJie Moiyyaercs HampsbkeHue 130B. Ywmcrno
BUTKOB MepBUYHOM 00MOTKH paBHO 400. OnpeaenuTs YMCIO BUTKOB BO BTOPUYHOM
oOMoTke. Bua Tpancopmaropa ykazarb, OTBET MOSICHUTb.
3 BapuaHT

KaxoBa posp MHAYKTOpa U SIKOps. B yCTPOMCTBE reHEpaTOpa NEPEMEHHOTO TOKa?

2. Yto Takoe MOHMXAIOMIHA TpanchopmaTop?

3. Tlodemy cepaedHuK TpaHcpopMaTopa JeaaroT He CIUIOMIHBIM. A U3 MHOXECTBA TUTACTHH,
M30JIMPOBAHHBIX APYT OT Apyra?

4. Tloyemy MOIITHOCTB, MOTpeOIIsieMass OT BTOPUYHON OOMOTKH, MEHBIIIE MOIITHOCTH,
MOIBOJIUMOM K MIEPBUYHON 0OMOTKE?
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5. CKOIBKO BUTKOB JOJKHA UMETh BTOPUYHAsE 0OMOTKa TpaHchopMaTopa sl TOHMKEHUS
HanpspkeHnus ¢ 12000 mo 120B, ecnu nepBuunas oomotka coaeput 4000 ButkoB? Bug
Tpancopmaropa ykazarb, OTBET MOSICHUTD.

dopMma npeacTaBiieHus pe3yJbTara:
PaboTa nomkHa ObITH BBIIOJIHEHA B TETPAAU ISl JIAOOPaTOPHBIX padoT
Kpurepumn oneHku:
3a mpaBUIIHHO BBIOJHEHHOE 33 JaHHE BHICTABIIACTCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHKE BBICTABIISETCS OTpHUIIaTeNbHas olieHka — () GaoB.
Oyenka «omauunoy evicmasnsiemcs 3a 90 —100% npaBUIbHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89% npaBUIBHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «neyooeiemeopumenbHoy svicmasisemcs 3a menee 60% npaBUIIbLHBIX OTBETOB
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Pa3zgen 5. Onruka

Tema 5.1. OcHoBHBIE 3aKOHBI OIITHKH.

JlaGopaTopHoe 3ansitue Ne29

«OmnpenesieHue MoKa3aTeJs NPeJTOMJIEHHUS CTEKJIA».
Heab: 1. HaGmroaate npenomiieHne CBETa B peaIbHbIX YCIOBUSX.
2.HayuuTbcs MCIONIB30BATh 3aKOHBI MPEIOMIICHHUS [Tl pacueTa MoKa3aTelis MPeoMIICHUSI.
OobopynoBanue 1. CrexnsnHas mactunka. 2. Tpu uriel. 3. Tpancnoprtup. 4. Kapros. 5. Tabnuna
CHUHYCOB.

HOPAIOK BBIIIOJTHEHUSA PABOTbBI

3aganmue 1. BcraBpTe nporynieHHBIE ¢I0Ba B JOPMYIHPOBKY 3aKOHOB IPEIOMIICHUS CBETA!

a) OTHoIICHNE yIjia maJieHusi K CHHYCY yriia €CTh BEJIMYMHA
JUTSL IBYX JTAHHBIX CPEl.
b) Ilanparommii yy, Jy4 ¥ HOpMaJIb K TpaHUIIe IBYX cpell B
TOYKE TIaJICHHSI JISKAT B TUIOCKOCTH.

3aganue 2. [IpuBeaute npuMepshI SIBICHUS TPEIOMIICHUS B TEXHUKE U OOBIYHOW JKU3HHU.

3aganue 3. 13 npeasioxkeHHBIX BapHAHTOB BBIOEpUTE KaKoil OyKBOI 0003HauaeTCs MoKa3aTelb
MIPETOMIICHUSI:
1) v 2) n 3)N 4)Q

3ananue 4. OTBeTHTE HA BOMPOC: B YeM (U3UUECKUN CMBICII MTPETOMIICHUS CBETa?

3ananue 5. BcnoMHHMTE OCHOBHBIE PABWJIA TEXHUKHU 0€30MaCHOCTH M o0paTuTe 0c000e
BHUMAaHHE, YTO HEOOX0AMMO:

1. IlpuctynaTh K BBIITOJIHEHUIO 33/IaHUSI MOYKHO TOJIBKO MOCIIE pa3pelieHus Ipeno1aBaTels.

2.Ilocne okoHuyaHHs pabOTHI CleAyeT MPUBECTH B MOPSAIOK pabodee MecTo, caaTh Bce MPUOOPHI U
MIPUHAJIC)KHOCTH.

3aganue 6. ONBITHBIM U PACYETHBIM MYTEM OIpeeuTe MOKA3aTeb NPeJOMJICHHUS CTEKJIA.
Xox paboTsl

IIAT" 1. IlonoxuTe pa3BepHYTYyIO0 TeTpaab Ha KapToH. Ha naucT Terpagu miamMs MOJOXKUTh
CTEKJISTHHYO TTACTUHKY U 0OBECTH KapaHJAIIoOM €€ KOHTYPHI. n
HIAT 2. C ogHOI CTOPOHBI CTEKJISIHHOM TJIACTUHKU BKOJIOTH JBE WUIJIbI b
TaK, YTOOBI OJIHA U3 HUX PACTIOJIOKUIACh HA BEPXHEH TpaHU IIACTHHKH,

a BTOpasi MPOU3BOJIBHO, HO TaK, YTOOBI MpsIMast, MPOXOASIIAs Yepe3 ITH

l
UTJIbI HE COBMAa/iaja ¢ MePHeHIUKYIISIPOM K BEpXHEH rpaHH. &
HIATI" 3. [logHATh KapTOH Ha YPOBEHb IJ1a3 M, IS 4Yepe3 CTEKJIO, I
BKOJIOTb TPEThIO WIVy B HIDKHIOIO TpaHb KOHTypa CTEKJISHHOM |
L
|

IJIACTUHKH TaK, 4TOOBI OHA 3aKphlia COO0M M300paKeHHE ABYX MEPBBIX

uri (CMOTpH PUCYHOK).

3
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HIAT 4. CTexio ¥ UIJIbl CHATH € JIMCTA, MECTa MPOKOJIOB 0003HAUNTh Toukamu 1, 2 u 3. Yepes Touku
1,2 u 3 mpoBecTH HpsIMbIE JIMHUU 10 MEPECEUCHUs] C KOHTypaMu cTeksa. Uepe3 TOuky 2 mpoBeCTH

NEPIEHIUKYJISIp K IPaHULE pa3jiena IByX Cpell: BO3yX — CTEKJIO.

LIAT 5. Vi3meputhb yrod nafeHus { ¥ yroJ IpeioMyIeHus . 3HaU€HUs CHHYCOB 3THX YIJIOB

OTIPEACTUTH IO TAOIUIIE, OKPYTIIUB JI0 COTHIX.
AT 6. OnibIT TOBTOPUTH €LIE JBA Pa3, MEHSS KaXKIbIM pa3 yroJi nmajeHus jdyya i.
HIAT" 7. Jlns Ka)XA0ro OMbITa BEIYUCIUTE MTOKA3aTeNb MPEIOMIICHUS 110 popmyrie:
sint .
sin g’

HIAT 8. OnpenenuTh MOTrpenrHoCTh U3MEPEHUI METOIOM CpetHel apruMEeTHIECKOH.

_ Tl1+n2+n3_
Nep =——
HIAT 9.0npenenute aOCOMOTHYIO TOTPELTHOCTD:
An, = |n
Any = |ng, —ny|=
Anz = |ng, —ns|=

An{+An,+An
Ancp — 1 2 3 —
3

HIAT 10.0Onpenenute OTHOCUTEIBHYIO MTOTPEITHOCTD:

8p = “22100% =
Tlcp
Pe3ynbTaThl BceX M3MEpEHU U BHIYMCICHUH 3aHECUTE B TaOJIHMILY.
Ne| Yron VYron IToxazar | Cpennee AbcomotHa | Cpenssis OTtHOocHTENBH
NaJIeHu | IpejoMie | enb 3Ha4YeHUe b abcomoTHast | as
o HUs IpeoMJI | IMOKa3aTess MOTPEIIHOC | IIOTPEUIHOCTh | OTPEIIHOCTD
eHUsl IpEJIOMJICHUSL | Th
i B n Nep An Ang, ép
I'pan. I'pan. - - - - %
1
2
3

HIAT 11. Cnenaiite BbIBOI. Y 1aJ0OCh JIU BaM ONPENIEIUTh MOKa3aTelb MPEIOMIICHUS CTEKIIA.

OOBsicHUTE TIOYEMY.
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Paznen 6. ®uzuka atoMa M1 aTOMHOI0 sIApPA.
Tema 6.1. PazBuTHe npeacTasiieHuil 0 IpUpoJe aTOMa
JlabGoparopHnasi padora Ne 30

HN3y4yeHue TpeKkoB 3apsizKEHHBIX YACTHI 110 TOTOBBIM (poTorpadpusm
Heab: 00BACHUTH TPACKTOPHUIO U XapAKTEP JIBHKCHUS 3aPSKEHHBIX YaCTHII.
Bbinosinus padory, Bel Oynere:
YMCTh: OGT:SICHSITL TPACKTOPUIO IBUKCHHUSA 3aPSIKCHHBIX YaCTHUIL]
MartepuanbHoe obecniedenue: GoTorpadguu TPEeKOB 3apsHKEHHBIX YaCTHUIL.

3aganmue:
1. N3yunTh TpaeKTOpHH 3apsHKECHHBIX YaCTHII.
2. [Ipoananu3upoBaTh XapakTep ABUKEHUS YACTUL U UX XapAKTEPUCTUKU.

Kpartkue Teopernyeckne cCBeJeHHA:

1. Tpeku 3apsOKEHHBIX 4YacTHLl B Kamepe BuibcoHa TPEACTABISAIOT COOOH  LENOYKH
MHUKPOCKOIUYECKUX KareJaeK >KUAKOCTH (BOJbl WJIM CIHUPTA), 0Opa30BaBLIMXCS BCIEICTBUE
KOHJIEHCALIUM MEPECHIIIEHHOI0 Iapa 3TOM JKUIKOCTHM Ha MOHAX, pPaclOJOKEHHBIX BJOJb
TPACKTOPUH 3apSDKEHHOM YacTHLbl; B IIy3BIPBKOBOM Kamepe — LENOYKH MHKPOCKOINYECKHX
My3BIPHKOB Tapa MEPerpeToil >KUAKOCTH, O0Opa30BaBUIMXCS HA HOHAX. TpeKH MOKa3bIBAIOT
TPACKTOPHIO ABHXKCHHUS 3aPSHKCHHBIX YaCTHII.

2. JlnuHa Tpeka 3aBUCUT OT HauyaJlbHOW SHEPruu 3apsKEHHON YaCTHULIbl U IJIOTHOCTHU OKPY Karolen
cpezbl: OHa TeM OoJiblile, YeM OOJbIlle PHEPIUs YACTUIBI U YEM MEHbIE IUIOTHOCTh Cpebl. 3.
TonmuHa Tpeka 3aBUCHUT OT 3apsiia U CKOPOCTU YAaCTUIIBI: OHA TEM OoJblIe, 4eM OOJIbIIe 3aps]
YaCTULBI U YEM MEHBIIE €€ CKOPOCTb.

4. Ilpn nBUKEHUH 3apsHKEHHOW YacTUIbI B MAarHUTHOM I10JI€ TPEK €€ MOJTy4yaeTcs] HCKPUBIIEHHBIM.
Paguyc kpuBHU3HBI TpeKa 3aBUCUT OT MAaccChl, 3apsAia, CKOPOCTH YaCTUIBl U MOIYJI MHIYKIUU
MarHUTHOTO TOJISI: OH TeéM Oouiblie, YeM OOJIbIle Macca U CKOPOCTh YaCTUIIBI U YEM MEHbIIE €€
3apsA U MOAYJIb MHIAYKIIMH MarHUTHOTO I1OJISL.

5. I1o u3MeHeHHIo pagnyca KpUBU3HBI TPEKA MOKHO OINPEAEIUTh HalpaBiIeHUE IBUKEHUS YaCTUIIbI
U U3MEHEHHe e€ CKOPOCTHU: Havyaslo e€ JBM)KEHUS U CKOPOCTh OOJIbIIIE TeM, Iie OOoJIblIe pagunyc
KPUBU3HBI TPEKA.

Ilopsinok BbINOJHEHHS PadOTHI:

1. TlpoBeauTte aHaNINU3 TPEKOB 3apSKEHHBIX YacTHUI 1O ¢oTorpaduu

Nel, oTBeuas Ha cieayromue BOIPOCHI:

B kakoM HampaBieHMM JBUralMCh  ajib(a-yacTHUIIbI?
2) Tlouemy JuMHa TpPEeKOB aib(a-4acTUI] HPUMEPHO
OJIMHAKOBO?

3) IloueMy TomIIMHA TPEKOB ajb(a —4acTHIl K KOHILY Iipodera
HEMHOTO yBeJIUYUBaeTCs?
4) Tlouemy HeKOTOpBIE aib(a-yacTUIBl OCTABJISIOT TPEKH
=K : e TOJNBKO B KOHIIE  CBOETO
e T npobera?

2. IlpoBenuTe aHaIN3 TPEKOB 3aPSIKEHHBIX YACTHUI] IO
dbotorpaduu Ne2, oTBeuast Ha CJIEIYIONINE BOMIPOCH:
1) TIlouemy Tpek onekTpoHa wumeer QopMmy crupaiu?
2) B KaKkoM HaIpaBJICHUU JIBUTAJICA 3JIEKTPOH?
3) Kak Obim HampaBieH BEKTOp MAarHUTHOW WHIYKIHMH?

3. IlpoBeaure aHamu3 TPEKOB
3apsSDKEHHBIX ~ YacTHIl 110
dotorpadpun Ne3, oTBeuas Ha
CIICYIOIIHE BOTIPOCHI:




1)ITouemy Tpeku siiep aTOMOB UMEIOT Pa3HYIO TOJIIIHHY?

2)Kaxoil Tpek NpUHAUIEKUT SApY aToMa MarHus, KaJlbLus U xene3a?

3)Kakoii BBIBOJ MOXHO clielaTh M3 CPaBHEHMsI TOJIIMHBI TPEKOB SIEP aTOMOB DPA3JIMYHBIX
3JIEMEHTOB?

4. YeM OTIMYAIOTCS TPEKU YACTHII, MOJNyYCHHBIE B ()OTOAIMYIBCUHU, OT TPEKOB YACTHI] B Kamepe
Bunbcona v nmy3sIpbkoBO# Kamepe?

®opMma npeacTaBJICHUs Pe3y/IbTAaTA: MMCbMEHHBIN OTYET 10 NPEAJIOKEHHBIM BOIIPOCAM.
Kpurepun oueHku: cm. cTp.
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0)
B)
r)

1)
a)

0)
B)

6)

B)
r)

1)

6)
B)

KPUTEPUU OLUEHKHA

OleHKa «OMAUYHO)» CTABUTCS, €CITU CTYJICHT:

BBITIOJHIWI pabOTy B IMOJIHOM 00beMe C COONIOJACHUEM HEOOXOIMMOMN IOCIIEAOBATEIBHOCTH MPOBEACHUS
OTIBITOB Y U3MEPEHUI;

B MPEJICTABICHHOM OTYETE MPABIJIHO M aKKYPaTHO BBITIONHIII BCE 3aIKCH, TAOIHITy, BEIYUCICHHUS U Ceal
BBIBO/IBI;

MPABUJILHO BBITIOJTHIII aHAJIN3 TIOTPEITHOCTEH;

coOroman TpeboBaHMsI 0€30MTaCHOCTH TPYAa;

OTBETUJI Ha KOHTPOJIbHBIC BOMPOCHI (YCTHO WU MUCHMEHHO).

O1eHKa «X0pouto» CTaBUTCS B TOM CJIydae, €CJI BBITOJIHEHBI TPSOOBAHHUS K OIICHKE «OTIIMYHOY», HO:
OTIBIT TIPOBOIMJICS B YCIIOBHUSX, HE 00ECTIEYMBAIONINX IOCTATOYHON TOYHOCTH U3MEPEHUH;

JOTTYIIEHO Ba-TPU HEI0UeTa, Wi He Ooyiee 0JHON HEerpyOoi OMMOKHN U OTHOTO HEJ0YeTa;
OTBETUJI HA KOHTPOJILHBIC BOMPOCHI (YCTHO MJIH MMUChMEHHO).

OneHka «yoosilemeopumenbHo) CTaBUTCSA, €CIM padoTa BBINONHEHA HE TOJMHOCTHIO, HO O0BEM
BBITIOJTHEHHOH 9aCTH TaKOB, YTO MO3BOJISIET IMOTYYHTh MIPABIIIEHBIE PE3YIBTAThl U BBIBOIBI, MIIA €CJIH B XOJIE
MPOBEJICHUSI ONbITA M U3MEPECHUI OBUIH JOMYIIEHBI CIICAYIONIUE OIIMOKH:

OMBIT MPOBOAWJICS B HEPAIMOHAIBHBIX YCJIOBHSAX, YTO IPHBEIO K IOJYYCHHIO PE3yJbTaTOB C OOJbIICH
MIOTPETTHOCTHIO;

WIKM B OTYETe OBUIM JOMYIICHBI B OOMIEH CIOXHOCTH He Ooyiee JBYX OMIMOOK (B 3alMCAX CIUHMII,
M3MEPEHUSIX, B BEIYUCIICHHUSX, TAOIMIIAX, aHAIM3E TIOTPEITHOCTEH | T.J.), HE IPUHIMITHATIBHOTO JUIS TaHHOU
paboThI XapakTepa, HO TIOBIHUSABIINX HA PE3yJbTAT BHITIOTHEHHUS;

WJIM HE BBITTOJIHEH COBCEM HITH BBIITOJIHEH HEBEPHO aHAIIN3 MTOTPEITHOCTEH;

Wik paboTa BBINOJHEHA HE IOJHOCTHIO, OJHAKO OOBEM BBINIOJHCHHOM YacTH TaKOB, YTO IO3BOJISICT
MIOJTyYUTh TIPABUIIbHBIE PE3YIHTAThl M BHIBOJIBI II0 OCHOBHEIM, MTPHHIMITHAIIEHO BAKHBIM 33]ja9aM PaOoThI,
YaCTHYHO OTBETWJI Ha KOHTPOJIbHBIE BOMPOCHI (YCTHO WIJIM MMUCHMEHHO).

O1icHKA «HEy0081emeopumenbHo» CTaBUTCS B TOM cllydae, eCIH:
paboTa BBITIOJIHEHA HE TOJIHOCThIO, W OOBEM BBIMOJIHEHHOW 4YacTh pa0OThl HE MO3BOJISIET CleJaTh
MTPaBUIIbHBIX BHIBOJIOB;

WJIM OTIBITBI, U3MEPEHUS, BBIYUCICHUS, HAOIIOICHUS POU3BOMIINCH HEPABUIIBHO;
HE OTBETUJI HA KOHTPOJIbHBIE BOITPOCHI.
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OcHoBHas1 JInTepaTypa

Ky3nenos, C. . ®usnuka. OCHOBBI 3JIEKTPOAUHAMUKH. DJICKTPOMAarHUTHBIC KOJEOAHUS M BOJIHBI
[anexTpoHHBIA pecypc]: yueOHoe mocobme / C. U. Kysnenos. — 4-¢ usn., ucnp. u jom. — M.:
By3oBckmit  yue6nuk: HUI[ HWHDPA-M, 2015. — 231 c¢. — Pexum pgocryna:
http://znanium.com/catalog.php?bookinfo=424601
Ousuka. Teopus U MpakTHKa [IEKTPOHHBIM pecypc]: yueOHoe mocobue / moxa pea. mpod. C. O.
Kpamaposa. — 2-e usn., gom. u nepepad. — M.: U1l PUOP, HUI] UHD®PA-M, 2016. — 380 c. —
Pexxum moctyma: http://znanium.com/catalog.php?bookinfo=522108
[Munckmii, A. A. ®usuka [30exTpoHHbIH pecypc]: yueonuk / A. A. IMunckwuii, I'. FO. I'pakoBckuii ;
nmox obm. pea. FO. W. luka, H. C. IlypeimeBoii. — 4-e¢ u3a., ucnp. — M.: ®OPYM: UHOPA-M,
2017. - 560 c. — Pexxum nocryma: http://znanium.com/catalog.php?bookinfo=559355
JonosHUTeIbLHAS JUTEPaTypa

KysnenoB, C. HW. Kypc mnekuuii mno ¢usuke. Onekrpocratuka. [lOCTOSHHBIN TOK.
OnexrpomaraetuszM. KoneOaHus 1 BOIHBI [3JIEKTPOHHBIHN pecypc]: yueOHoe mocodue / Kysnenos C.
., Cemxuna JI. U., Poro3un K. U. — Tomck: U3a-Bo Tomckoro noiaurex. ynusepcurera, 2016. —
290 c. — Pexxum pocryma: http://znanium.com/catalog.php?bookinfo=675264

Kysueuos, C. U. ®uzuka. BoanoBas ontuka. KBantoBas mpupoaa u3iiydeHus. DIeMeHThl aTOMHON
U sIepHON (PU3UKH [7IeKTpOHHBINA pecypc]: yuel. moc. / C. U. Ky3uenos, A. M. Jluxep — 3-¢ u3n.,
nepepab. u npon. — M.: Byzos. yue6.: HUL[ MHOPA-M, 2015. — 212 c. — Pexum gocrymna:
http://znanium.com/catalog.php?bookinfo=438135

HNurepHer-pecypcnl

www.fcior.edu.ru (denepanpHblii LEHTp HHOPMAIMOHHO-00PA30BaTENbHBIX PECYPCOB).
www.dic.academic.ru (Akagemuk. CIoBapy U SHIUKIIONEINH).

www.booksgid..com (Books Gid. DnextponHast OMOIM0TEKA).

www.globalteka.ru (I'mo6anrteka. I'mobanbHas OMOIMOTEKAa HAYUHBIX PECYPCOB).
www.window.Edu.ru (EnnHoe okHO gocTyna K 00pa3oBaTEIbHBIM PECYPCaM).
www.stbooks.ru (JIyumas yueOHas iureparypa).

www.school.edu.ru (Poccuiickuii oOpa3oBaTenbHbI TOpTal. JlOCTYNMHOCTb, Ka4yecTBO,
3 PeKTUBHOCTB).

www.ru/book (DnekTpoHHast OMOIMOTEYHAs CHCTEMA).

www.alleng.ru/edu/phys.htm (OGpazoBarenbHbie pecypcbl UHTepHeTa Pusnka).
www.school-collection.edu.ru (Enunas komtekuusi nudpoBbIX 00pa30BaTEIbHBIX PECYPCOB).
www.n-t.ru/nl/fz (Ho6eneBckue naypeatsl mo Gusnke).

www.nuclphys.sinp.msu.ru (nepras ¢usuka B Uatepuere).

www. college. ru/fizika (ITogroroska k EI'D).
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