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Meroandeckue yka3zaHus I MIPaAKTUUECKUX padoT mo aucuuiuimae «OU3uKa» COCTaBJICHBI B
cootBercTBUU ¢ TpeboBanusiMu DPI'OC CIIO, mpeaHazHayeHBI Ui CTYACHTOB, OOYYAIOIIUXCS TIO

cnenuanbHocTH 43.02.16 Typu3M U rocTenpuUMCTBO.



Hoacnumenvnan 3anucka

Meroanueckue PpEeKOMEHIALMM TPU3BaHbl OKa3blBaTh IOMOINb CTYACHTaAM B HM3y4YE€HUU
OCHOBHBIX TOHSITUM, WJICH, TEOPUH U TOJIOKECHHH IUCHUIUIMHBI «DHU3UKa», U3y4aeMbIX B XOJe€
KOHKPETHOT'O 3aHATHS, CIIOCOOCTBOBATh PAa3BUTHIO HUX YMEHUM, HABBHIKOB M SBJISIOTCS OJHUM W3
C1oco0O0B MTPOBEPKHU 3HAHHUH CTYICHTOB.

BrinonHeHne yqamumMucs IpakTHYECKUX padoT HAPaBIEeHHO Ha!

- 00001IeHHe, CHCTEeMAaTH3alMI0, YIIIyOJIeHUE, 3aKPEIUICHUE IOJYyYEeHHBIX TEOPETUYCCKUX
3HAHUM IO KOHKPETHBIM TEMaM;

- (opMupoBaHue yMEHHH NPUMEHSTH TOJYYCHHBIC 3HAHUS HA TPAKTUKE M PeaTU3aluio
€JIMHCTBA MHTEJUICKTYaJIbHON U MIPAKTUYECKOMN JEATEIHHOCTH;

- pa3BUTHE WHTEIUICKTYaIbHBIX YMEHHH Yy OyAyIIUX CHCIHAINCTOB: aHAJTUTHYCCKUX,
MPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX H JIP.;

- BBIpAOOTKY IpPH pPEUICHUH TOCTaBJICHHBIX 3a7ad TaKUX MPO(ecCHOHANBHBIX KauecTB, Kak
CaMOCTOSITEJIbBHOCTh, OTBETCTBEHHOCTh, TOUHOCTh, TBOPUECKAsi HMHUIIMATHBA.

Meroanueckue peKOMEHJAlMU IPU3BaHbl OKa3blBaTh MOMOUIb CTYAEHTAM B H3Y4YEHHUH
OCHOBHBIX MOHATUW, UAECH, TEOPUUA U TOJOKEHUUA AUCUUIUIMHBI, U3YYAa€MbIX B XOJ€ KOHKPETHOIO
3aHATHA, CIOCOOCTBOBATH PA3BUTHIO MX YMEHUMN, HABBIKOB U MPO(eCcCHOHATBHBIX KOMIETEHIIHA.

B pesynbpTraTe ocBoeHMs yueOHOM TUCHUTIITUHBI 00 yUaIOIIHICS JOJKEH YMETh:

1) onmuceiBath U OOBACHATL (PU3MYECKUE SBJIEHHUSA M CBOMCTBA TEI: JBHMKEHHE HEOECHBIX
TeT ¥ HWCKYCCTBEHHBIX CIYTHUKOB 3€MJIM; CBOMCTBAa Ta30B, JKHUJIKOCTEM W TBEPIBIX TEI;
3JIEKTPOMAarHUTHYIO WHAYKLHIO, PACHPOCTPAHEHUE 3JIEKTPOMATHUTHBIX BOJIH; BOJHOBBIE CBOMCTBA
CBETa; U3JIyYCHHE U MOTIIONICHNE CBETa aTOMOM; (hOTOIPPEKT;

2)  OTIMYATHL TUIOTE3bI OT HAYYHBIX TEOPHIi;

3)  nenarhb BHIBOJBI HA OCHOBE DKCIIEPMMEHTAIBHBIX JTaHHbIX;

4)  NpUBOAUTHL NPUMEPHI, MOKA3BIBAIONINE, YTO: HAOIIOJAEHUS U DKCIEPUMEHT SBISIOTCS
OCHOBOM [IJISl BBIIBMIKEHHUSI THIIOTE3 M TEOPHH, MO3BOJISIIOT MPOBEPUTHh UCTHHHOCTh TEOPETHUYECKUX
BBIBOJIOB; (hM3HUECKas TEOpHsl J1aeT BO3MOXKHOCTh OOBSCHSATH W3BECTHBIC SIBICHUS MPUPOABI U
Hay4dHbIe (DaKThI, TPEICKA3BIBATH €111€ HEU3BECTHHIC SIBJICHUS;

5)  npuBOIMTH NMPUMEPHI MPAKTUYECKOTO HCIONbL30BaHUs (DU3MYECKUX 3HAHWM: 3aKOHOB
MEXaHUKH, TEPMOJMHAMUKH W  DJIGKTPOJWHAMUKH B  DHEPreTUKE; pa3IUYHBIX  BHUJOB
AIIEKTPOMATrHUTHBIX W3MYYCHHH JJIS Pa3BUTHS Paguo U TEICKOMMYHHKAIMH, KBAaHTOBOU (PU3UKU B
CO3JITaHUU SJIEPHON SHEPTETUKH,Ta3€POB;

6)  OPUMEHATH MOJTyYEHHBIE 3HAHMS IS PELICHUS (PU3UYECKUX 3a/1a4;

7)  wu3MepATh pAn GUIMUECKMX BEIUYMH, NMPEICTaBJIAS PE3YIbTAThl H3MEPEHHIT C YIETOM
WX MOTPEIIHOCTEN;

8)  ucmonb30BaTh MPUOOPETEHHBIE 3HAHUS M YMEHHWsS B NPAKTUYECKOH NEATEIHLHOCTH M
MMOBCEIHEBHOM KU3HHU,

B pe3ynbTare ocBoeHMs yaeOHOM TUCIUTUTHHBI 00YJalOIIUNACS TOKEH 3HATh:

1) cmbicn moHsATHMIi: (U3MYECKOe SBIEHWE, THIOTE3d, 3aKOH, TEOPHsA, BEUIECTBO,
B3aUMOJICHCTBUE, DJIEKTPOMArHUTHOE T0JIe, BONHA, (DOTOH, aTOM, aTOMHOE SAPO, MOHU3UPYIOIIHE
W3IIy4eHMs, TUIAHETa, 3B€3/1a, rajJjakTuka, BeceneHHnas;

2)  cmbIcn GU3MYECKHUX BENWYMH: CKOPOCTh, YCKOPEHHUE, MAcca, CHIla, UMITYJIbC, pabora,
MEeXaHWYeCKasi dHEPrusi, BHYTPEHHSs dHEprus, aOCONIOTHAs TeMIleparypa, CpelHss KHHETUYecKas
SHEPTHUSI YACTHI] BEIIECTBA, KOJUYECTBO TETUIOTHI, SJIEMEHTAPHBIA dJIEKTPUICCKUN 3apsiT;

3) cMbicn (DU3HMYECKHMX 3aKOHOB KJIACCHYECKOW MEXAHMKH, BCEMUPHOIO TATOTEHHS,
COXPAHEHHUSI SHEPIHH, UMITYJIbCa M 3JEKTPUUYECKOrO 3apsiia, TEPMOJIMHAMUKH, 3JIEKTPOMArHUTHOMU
UHIYKIUU, GoTodddexra

Oco6oe 3HaUYeHNE TUCIUTIINHA UMEeT NTPH (POPMHUPOBAHUH U PA3BUTUU OOITUX KOMIETEHITUN
B cooTBeTcTBUM ¢ DI'OC:

OK O0I. BseiGupats cnocoObl pemieHus 3aaad  Mpo(EecCHOHATBHOU  JIEATEIbHOCTH
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IPUMEHHUTEIBHO K Pa3IMYHBIM KOHTEKCTaM;

OK 02. Kcnonws3oBaTh COBPEMEHHBIE CpEIACTBA IIOMCKAa, aHalW3a U HMHTEpPHpETaluu
uHpopMaluuu, U HHOOPMAIMOHHBIE TEXHOJIOTUU [UI BBIIOJHEHMs 3a7ad IMpo(decCHOHATbHON
NeSITeIbHOCTH;

OK 04. Db dexTrBHO B3auMOACHCTBOBATH U PaOOTaTh B KOJUICKTUBE U KOMAH/IE;

OK 07. CopneiicTBOBaTh COXPaHEHHIO OKpYXKAlOIIEH Cpedbl, pecypcocOepekeHulo,
NPUMEHATHh 3HAHUS 00 M3MEHEHWH KJIMMaTta, MPUHLUIBI OEpPEeKIMBOTO MPOU3BOACTBA, F(P(PEKTUBHO
JICCTBOBATH B UPE3BbIYANHBIX CUTYaLUsX.

B pamkax nporpammsl y4eOHOW AMCLIUILUIMHBI OCBAaUBAIOTCS JTMYHOCTHBIC, METApEIMETHBIE
U TIpEIMETHBIE pe3yabTaThl B cOOTBeTCcTBUU ¢ TpeboBanusimu @I'OC cpennero obuiero oopazoBanusi.

[Inanupyemble pe3ynbTaTbl OCBOEHMS IUCLMIUIMHBI JudHOCTHBIe (JIP), MerampenamerHble
(MP), npenmeTtnslie ans 6a3oBoro ypoBHs uzyueHus (I1P).

JIP 01 Poccuiickyro rpa1aHCKyt0 HIEHTUYHOCTb, IaTPUOTU3M, YBaXKEHUE K CBOEMY Hapoay,
YyBCTBA OTBETCTBEHHOCTH Iepe] PoamHo#, ropaoctu 3a cBoil kpail, cBoro Poauny, npomwioe u
HACTOSIIIEE MHOTOHAIMOHAIBHOTO Hapona Poccum, yBakeHHE TroCynapCTBEHHBIX CHMBOJIOB (Tepo,
¢unar, ruMH).

JIP 02 T'paxnaHCKyr0 MO3ULUI0 KaK AKTUBHOTO M OTBETCTBEHHOI'O WIEHAa POCCUMCKOIO
oOuiecTBa, OCO3HAIOIIETO CBOM KOHCTUTYL[MOHHBIE IpaBa U OOS3aHHOCTH, YBaXKaroOIIEro 3aKOH U
IPaBOMNOPSIOK, 00IaJal0Iero YyBCTBOM COOCTBEHHOI'O JIOCTOMHCTBA, OCO3HAHHO NPUHHUMAIOLIETO
TPaJULMOHHbIE HAIlMOHAJIbHBIE W OOLIEYe]IOBEYECKUE TI'yMaHHUCTUYECKHE M JIEMOKpAaTHYECKue
LIEHHOCTH.

JIP 03 I'0TOBHOCTS K city’keHuI0 OTe4ecTBY, €ro 3alluTe.

JIP 04 CdopMupoBaHHOCTb MHPOBO33PEHHUS, COOTBETCTBYIOLIETO COBPEMEHHOMY YPOBHIO
Pa3BUTHS HAYKU U OOIIECTBEHHOM MPAaKTUKH, OCHOBAaHHOI'O HA JIMAJIOre KYJIbTYpP, @ TAKXKE Pa3IMuHbIX
¢dbop™M 0OIIECTBEHHOTO CO3HAHHUS, OCO3HAHNE CBOET0 MECTA B MOJUKYIHTYPHOM MHUPE.

JIP 05 CdhopmMupoBaHHOCTH OCHOB CaMOPA3BUTHUSI M CAMOBOCIHTAHHUSI B COOTBETCTBUU C
00111e4eIOBEYECKUMH LIEHHOCTSIMU U UealaMy I'PakJaHCKOTro 00I1eCTBa; TOTOBHOCTh U CIIOCOOHOCTH
K CaMOCTOSITEJIBHOM, TBOPUECKON Y OTBETCTBEHHOM AESTEIBbHOCTH.

JIP 06 TonepaHTHOE CO3HaHME M TOBEJEHHE B MOJUKYJIbTYPHOM MHUpE, TOTOBHOCTb M
CHOCOOHOCTh BECTH JAWANIOT C JIPYTMMH JIOAbMH, JOCTHraThb B HEM B3aUMOIIOHMMAaHUs, HAXOJHUThb
o0mue Lea U COTPYJHHYATh Uil MX JIOCTH)KEHHUS, CHOCOOHOCTh INPOTHUBOCTOSITH HJICOJOTHH
HKCTpPEMH3Ma, HalMOHATU3Ma, KCEeHO()OOMH, AMCKPUMHMHALMU IO COLUUAIbHBIM, PEIUTHO3HBIM,
PacoBBIM, HAITMOHAIBHBIM MTPU3HAKAM U IPYTHM HETATHBHBIM COITMAILHBIM SIBIICHUSIM.

JIP 07 HaBbIku COTpYJHHUYECTBA CO CBEPCTHUKAMU, IETHbMHU MJIAJIIIETO BO3PACTA, B3POCIBIMU
B 00pazoBaTelbHOM, OOIIECTBEHHO IOJIE3HOM, y4eOHO-MCCIEI0BATEIbCKOM, MPOEKTHOW U JIPYrHX
BUJAX JI€ATEIBHOCTH.

JIP 08 HpaBcTBeHHOE CO3HAHUE M IOBEIEHHE HAa OCHOBE YCBOEHHs OOIIEUEIOBEYECKUX
LIEHHOCTEMN.

JIP 09 T'oToBHOCTh M cHOCOOHOCTH K 0Opa3oBaHHIO, B TOM YHCIE CaMOOOpa30BaHMIO, HA
MPOTSKEHUH BCEH JKM3HH; CO3HATENbHOE OTHOILIEHHE K HENPEphIBHOMY OOpa30BaHHIO KAaK YCIOBHIO
yCIENHOM MpodeccuoHalIbHON U 00IIeCTBEHHOM e TeIbHOCTH.

JIP 10 DcreTmveckoe OTHOIIEHHE K MHpPY, BKJIIOYas OCTETUKY OBITa, HAy4YHOTO H
TEXHUYECKOT0 TBOPUYECTBA, CIIOPTa, OOLIECTBEHHBIX OTHOIIECHUH.

JIP 11 IlpuHATHE M peanu3alUio IIEHHOCTEH 3A0pOBOro M 0O€30MacHOro oOpasa KHU3HH,
noTpeOHOCTH B (PU3MYECKOM CaMOCOBEPIICHCTBOBAHHMM, 3aHATHSX CIIOPTHBHO-0310POBUTEIHHOM
NeSITeTbHOCTBIO, HEMPUATHE BPEIHBIX MPUBBIYCK: KYPEHUS, YIOTPEOICHUS aJIKOT0JIsl, HAPKOTUKOB.
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JIP 12 bepexxHoe, OTBETCTBEHHOE M KOMIICTGHTHOE OTHOLICHHE K (u3nuecKkoMy u
IICUXOJIOTHYECKOMY 3/I0POBbIO, KAK COOCTBEHHOMY, TaK U APYTUX JIOAEH, YMEHHE OKa3bIBaTh I1EPBYIO
IIOMOIIb.

JIP 13 Oco3nanHblii BbeIOOp Oyaymieit mnpodeccun W BO3MOXHOCTEH peanu3aiuu
COOCTBEHHBIX JKM3HEHHBIX IUIAHOB; OTHOLIEHHE K NPOPECCUOHATIBHON JAEATENBHOCTH Kak
BO3MOYXHOCTH Y4aCTHsl B PEIICHUH JINYHBIX, OOIIECTBEHHBIX, TOCYAaPCTBEHHBIX, OOIIEHAIIMOHATBHBIX
pooJIeM.

JIP 14 ChopMHpPOBAaHHOCTH SKOJIOTUYECKOTO MBIIIICHHS, TOHUMAHUS BIUSHUS COLHUABHO-
HKOHOMHYECKUX IPOIECCOB HA COCTOSHUE MPUPOAHON M COLMAIBHOM Cpelbl; MPUOOPETECHHE OMbITa
9KOJIOT0-HAMPABICHHON JCSATEIBHOCTH.

JIP 15 OTBeTCTBEHHOE OTHOUIEHUE K CO3/JaHUI0 CEMbU Ha OCHOBE OCO3HAHHOI'O MPUHATHUSA
EHHOCTEH CEMENHOMN KU3HU.

MP 01 CamocTosTenbHO (OPMYIUPOBATh U AKTYaJIM3UPOBATH MIPOOJIEeMy, paccMaTpUBaTh €€
BCECTOPOHHE.

MP 02 VcranaBnuBaTh CYLIECTBEHHBIH NPU3HAK WJIM OCHOBAaHUSA U1 CpaBHEHMS,
KJIAaCCU(UKAUU U 00OOIICHHUS.

MP 03 Onpenensits Leau 1esTeNbHOCTH, 3a/1aBaTh IapaMETPbl U KPUTEPUU UX JOCTUKEHHUS.

MP 04 BpIsBisITh 3aKOHOMEPHOCTH U IPOTUBOPEUUS B PACCMATPUBAEMBbIX SIBJIICHUSIX.

MP 05 BHOCUTB KOPPEKTUBBI B I€ATEIBHOCTD, OLIEHUBATh COOTBETCTBUE PE3YJIbTATOB LIENISIM,
OLICHUBATh PUCKU MOCIEACTBUN AESITEIBHOCTH.

MP 06 Bnagetr HaBbIKaMH Yy4eOHO-HCCIIEOBATENBCKOH U MPOEKTHOM JeATeIbHOCTH,
HaBBIKAMU pa3peleHust npoodiem.

MP 07 CnocoGHOCTh W TOTOBHOCTH K CAMOCTOSATEIBHOMY IIOMCKY METOJOB pEIICHUS
MIPaKTUYECKUX 3a/1a4, IPUMEHEHHUIO Pa3JIMYHBIX METOJIOB ITO3HAHMS.

MP 08 Osnagenue BuUJaMU JACSATEIBHOCTH IO TOJYYEHHUIO HOBOTO 3HAHHS, €T0
UHTEpIIpETalluy, TPEoOpPa30BaHUI0 U MPUMEHEHHUIO B PAa3IMUHBIX YU4EOHBIX CUTYaIUsX, B TOM YHUCIIE
IPU CO3/IaHUM YYEOHBIX M COLIMATBbHBIX POEKTOB.

MP 09 ®opmupoBaHHE HAay4yHOTO THUIIA MBIIUIECHUS, BIaJCHUE HAYYHOH TEPMHHOJIOTHEM,
KJIFOUEBBIMU MTOHATUSIMA U METOJIAMHU.

MP 10 CraButb u popMynupoBaTh COOCTBEHHBIE 331a4l B 00pa30BaTEIbHON J1E€ATEILHOCTH
Y )KMU3HEHHBIX CUTYaLlHsIX.

MP 11 BbIABIATE NPUUMHHO-CIEACTBEHHBIE CBS3M W AKTYaJIM3WpOBATh 3a7ady, BBIIBUIATh
TUIIOTE3y €€ pEelIeHUs, HaXOAUTh apryMEHThI JUIs JOKa3aTelIbCTBAa CBOMX YTBEP)KICHMM, 3a/1aBaTh
napaMeTpbl U KPUTEPUU PEIICHHUS.

MP 12 Amnanu3upoBaTh MOJYyYEHHBIE B XOJE PEIIEHUs 3aJadd Pe3ylbTaTbl, KPUTHUYECKH
OLICHUBATH UX JOCTOBEPHOCTb, IPOTHO3UPOBATH U3MEHEHUE B HOBBIX YCIIOBHSIX.

MP 13 [laBaTh OlIeHKY HOBBIM CUTYyallUsIM, OLIECHUBATh IPUOOPETEHHBIH OIBIT.

MP 14 Bnaners HaBbIKAaMU MOJY4YeHHs HMH(OpMAIMM W3 HCTOUYHUKOB PA3HBIX THIIOB,
CaMOCTOSITENIFHO OCYIIECTBJIATh MOMCK, aHAJU3, CUCTEMATU3ALMI0 U MHTEPIIpPETAlU0 HH(DOpMaIK
pa3IMYHbIX BUJOB U (POPM IMpecTaBICHHUS.

MP 15 Co3pnaBarh TEKCThl B pa3lMyHbIX (popMarax ¢ y4yeToM Ha3zHaueHUs MH(POpMaluu U
LIEJIEBOM ayTUTOPUH, BBIOMPAsi ONTUMAIbHYIO (JOPMY MPEACTABICHUS M BU3YyaJIN3aLUH.

MP 16 OrmenuBarh JIOCTOBEPHOCTh, JIETUTUMHOCTh HWH(GOPMAIIMH, €€ COOTBETCTBHE
IIPABOBBIM M MOPAJIbHO-3TUYECKUM HOpPMaM.

MP 17 Hcnonb3oBarh cpeAcTBa MHGOPMALMOHHBIX U KOMMYHUKAIIMOHHBIX TEXHOJOTHH B
pELICHUH KOTHUTHBHBIX, KOMMYHUKATUBHBIX M OPTaHU3alMOHHBIX 33/1a4 ¢ COOII0IeHeM TpeOoBaHUH
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HPrOHOMHUKH, TEXHUKH 0€30MaCHOCTH, TUTUEHBI, peCypcocOepeeHHs, MPAaBOBBIX U STHUECKUX HOPM,
HOpM UH(GOPMAITMOHHOM 0€30MacCHOCTH.

MP 18 Brnanets HaBbIKaMU pacro3HaBaHHMS W 3alUTHl WHMOpMaIu, WHOOPMAITMOHHON
0e30MacHOCTH JIUYHOCTH.

ITP 01 CdopmupoBaHHOCTh MPEJCTABICHUNW O POJM U MecTe (U3UKH M aCTPOHOMHUHU B
COBPEMEHHOM HayyHOW KapTHHE MHpa, O cucTeMooOpasyromeil poinu (U3MKH B Pa3BUTHH
€CTECTBEHHBIX HAyK, TEXHHKH U COBPEMEHHBIX TEXHOJIOTHH, O BKJIAJE POCCUUCKUX U 3apyOexHBIX
yUEHBIX-(DU3UKOB B pa3BUTHE HAYKH; MOHMMaHHE (PU3MUECKON CYIIHOCTH HAOIIOJAEeMBIX SIBICHUH
MUKpPOMHpA, MAKpOMHpA U MEraMupa; OHUMaHUE POJIM aCTPOHOMHUU B MIPAKTUUECKOMN EATEIbHOCTH
YeJI0BEKa U AaJbHEHIIeM HayYHO-TEXHUYECKOM Pa3BUTHH, POJIH (pU3NKH B POPMUPOBAHUH KPYro3opa
U QYHKIIMOHAJIBHOU IPaMOTHOCTH Y€JIOBEKa JUIsl pELICHHs] TPAKTUYECKUX 3a]1a4.

TP 02 CdopmupoBaHHOCTh YMEHUH pacmo3HaBaTh (U3MYECKUE SBIICHUS (IIPOLIECCHI) U
OOBSCHATH X HA OCHOBE M3YYCHHBIX 3aKOHOB: PaBHOMEPHOE U PaBHOYCKOPEHHOE MPSIMOIHMHEWHOE
JBUKEHHE, CBOOOJHOE MaJeHHE Tell, JBIKEHUE MO OKPYKHOCTH, WHEPLHs, B3aUMOJCHCTBUE TeIl,
KoyiebaTenbHOe JIBUKCHUE, PE30HAHC, BOJHOBOE IBMKEHHE; Auddy3us, OpOyHOBCKOE IBMKEHUE,
CTpPOCHHE >KMJIKOCTEH M TBEpIAbIX TeJ, M3MEHEHHE oO0beMa Tell MpPU HarpeBaHuM (OXJIaXIACHUM),
TEIUIOBOE PABHOBECHE, UCIIAPEHNE, KOHCHCALNS, IIJIaBI€HNUE, KPUCTAIIN3alUsl, KHIICHHUE, BIIaXXHOCTh
BO3/lyXa, CBSI3b CpPEAHEN KWHETUYECKOW SHEPruu TEIUIOBOTO JBMKEHHUS MOJEKYJI € aOCOJIOTHOM
TEMIIEpaTypOH, MOBBIIICHUE AABJICHUS ra3a MpU €ro HarpeBaHUM B 3aKPHITOM COCYAE, CBSA3b MEKIY
napamMeTpaMu COCTOSIHMSL Ta3a B M30IpOLIEccax; 3JIEKTpU3alus TeJ, B3aUMOJCICTBUE 3apsoB,
HarpeBaHUE€ IPOBOJIHUKA C TOKOM, B3aUMOJEUCTBHE MAarHUTOB, 3JIEKTPOMAarHUTHAs WHIYKLHS,
JENCTBUE MAarHUTHOTO IIOJISI HAa MPOBOJHUK C TOKOM M ABWXKYLIMMCS 3apsill, 3JIEKTPOMArHUTHBIE
KojeOaHusT W BOJIHBI, MPSAMOJIMHEHHOE paclpOCTpPAaHEHUE CBETa, OTpPaXKCHHE, NPEIOMIICHHE,
uHTepdepeHus, Tudpakuus U MoJsIpu3alus CBeTa, JUCIEepPCUs CBeTa; (POTOIIEKTpUUECKU 3P QexT,
CBETOBOE JAaBJICHUWE, BO3HUKHOBEHHME JIMHEMYaTOro CIHEKTpa aToMa BOJOPOJa, €CTECTBEHHas H
HCKYCCTBEHHAsl paJiMOaKTUBHOCTb.

I[IP 03 BrageHue OCHOBOMOJIATAIOMUMH (U3NYECKUMU TOHATUAMU U BEJIMYUHAMH,
XapakTepU3yIOIUMH  (U3NYEeCKUe Mpolecchl (CBI3aHHBIMH C MEXaHWYECKHM  JIBUXKECHHUEM,
B3aUMOJICHICTBHEM TeJ, MEXaHWYECKMMHU KoJeOaHMsIMHU M BOJHAMHU; aTOMHO-MOJIEKYJISIPHBIM
CTPOCHHEM BEILIECTBA, TEIUIOBBIMM IPOLIECCAMU; DJIEKTPUYECKMM W MAarHUTHBIM  IIOJSIMH,
AJIEKTPUUYECKUM TOKOM, HJIEKTPOMArHUTHBIMHM KOJICOAHUSAMHU U BOJHAMH; ONTHUYECKHUMHU SIBICHUSIMU;
KBAaHTOBBIMH SIBJICHUSIMHM, CTPOEHHEM aToMa M aTOMHOIO S1pa, PaJlOaKTUBHOCTHIO); BIIaJIEHUE
OCHOBOIIOJIATAlOIIMMU ~ aCTPOHOMHYECKMMH  TOHATHUSMHU,  TO3BOJSIIOIIMMH  XapaKTepU30BaTh
MPOLECCHl, MPOUCXOIANIME Ha 3BE3/aX, B 3BE3AHBIX CHCTEMax, B MEXIaJaKTUYECKOW cpeje;
JIBIDKEHHE HEOECHBIX TEM, SBOMIOLHIO 3Be3/] U BeeaeHHOM.

1P 04 Brnagenue 3akOHOMEPHOCTSIMH, 3aKOHAMHU M TEOPUSMHU (3aKOH BCEMUPHOTO TATOTCHHS,
I, I u III 3akoHbl HbrOTOHA, 3aKOH COXpaHEHUs MEXAHMYECKOM HHEPIrUH, 3aKOH COXPAHCHUS
UMITYJIbCa, IPUHLUII CYNIEPIO3UIMH CHJI, IPUHLIMII PAaBHONIPABHOCTH MHEPIUAIBHBIX CUCTEM OTCYETA;
MOJIEKYJISIPHO-KUHETUUECKYI0 TEOPUI0 CTPOECHMsI BEIIECTBA, Ta30Bbl€ 3aKOHBI, IE€PBBIM 3aKOH
TEPMOJMHAMUKH; 3aKOH COXPaHEHHUsI dJIEKTPUUECKOTO0 3apsiia, 3akoH KyrnoHa, 3akon OMa asis yyacTka
nenv, 3akoH Owma uisi TOJIHOW BJIEKTPUYECKOM 1enu, 3akoH Jxoyma - JleHma, 3akoH
JJEKTPOMAarHUTHOW  MHIAYKLIWH, 3aKOH  COXPAHEHUs  SHEPIUM, 3aKOH  HIPSIMOJMHENHOTO
pacupoCTpaHEHUs1 CBETAa, 3aKOH OTPAKEHMsI CBETA, 3aKOH NPEJIOMIICHHS CBETA; 3aKOH COXPAHECHMS
DHEPruM, 3aKOH COXPAaHEHMs] HUMIIyJbCa, 3aKOH COXPAHEHHUS JJIEKTPUYECKOTO 3apsiia, 3aKOH
COXpaHEHMsI MacCOBOIO YHMCIA, IMOCTYJNaTbl bopa, 3aKOH paJnOaKTUBHOTO paclazaa); yBEPEHHOE
UCIIOJIb30BaHUE 3aKOHOB M 3aKOHOMEPHOCTEH MpH aHanu3e (PU3NYECKUX SBICHUH U MPOIECCOB.
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I[IP 05 YmeHHe YYMUTHIBATH TPAHUIBI MPUMEHEHHS M3YYEHHBIX (U3NYECKUX MOJeneil:
MaTepuaibHas TOYKA, WHEpLUUAJIbHAs CHCTEMa OTCYETa, MICAJIBHBIM Ia3; MOAEIU CTPOEHUS Tra3oB,
KUAKOCTEH U TBEPABIX TEJl, TOYECUHBIA NIEKTPUYECKUH 3apsl, sSAepHas MOJEIb aTOMa, HYKJIOHHAas
MO/I€JIb aTOMHOT'0 5i/ipa MPH pellleHNH (PU3NYECKHX 3a1a4.

[P 06 Brnagenue OCHOBHBIMH METOJAMH HAay4HOTO I[MO3HAHUS, UCIOJIb3YEMBIMU B (PU3UKE:
NPOBOJUTH NPSMbIE U KOCBEHHBIE U3MEPEHUS (PU3UUECKUX BEIUYHMH, BHIOUPAst ONTUMAIIBHBINA CIIOCO0
U3MEPEHUS] U HCIOJb3ysl M3BECTHBIE METOJbl OLEHKH IMOIPEUIHOCTEN W3MEpPEHUH, NpPOBOIUTH
UCCIIC/IOBAaHUE 3aBUCHUMOCTEH (U3NYECKUX BEIMYUH C HCIIOJIB30BAaHUEM TMPSAMBIX H3MEPEHUH,
OOBSICHATH TOJTYYECHHBIE PE3YJIbTAThl, UCIONB3Ys (PU3UUECKUE TEOPUH, 3aKOHBI U MOHATHS, U JeJaTh
BBIBOZIBI; COONIO/ATh MpaBuia O€30MacHOTO Tpyda IpH NPOBEACHUM HCCIEIOBAaHMNA B pPaMKax
y4eOHOr0 3KCIEPUMEHTa U y4eOHO-UCCIIEA0BATENbCKOM 1EATEILHOCTH C CII0JIb30BaHUEM LIU(POBBIX
U3MEPUTENIbHBIX YCTPOUCTB U J1abOpaTopHOro 000pyA0BaHus; c(POPMUPOBAHHOCTH MPEICTABICHUNA O
METO/aX MOJIy4E€HHs HayUYHbIX aCTPOHOMHUUYECKUX 3HAHUM.

IIP 07 CdopMHUpOBaHHOCTE yMEHHUS pellaTh pacyeTHbIE 3aJayd C SBHO 3aJlaHHOH
(bu3nYECKOl MOJIENBIO, UCIIONIBb3YSl (PU3NYECKUE 3aKOHbI U IMPUHLUIIBI, HA OCHOBE aHAJIM3a YCJIOBUS
3aJaud  BBIOMpATh (PU3MUECKYI0O MOJIENb, BBIACIATh (U3UYECKHUE BEITUYMHBI W (POPMYIIBI,
HEOOXOJUMBIE JJIsi €€ pELIEHUs, MPOBOJUTH pacueTbl M OLEHUBAThb PEAJbHOCTb IOJyYEHHOTO
3HaYeHHUs (PU3MUECKOW BEIMYMHBI, peIIaTh KadeCTBEHHBIC 3aJaud, BBICTPAaWBasi JIOTHUECKU
HENPOTUBOPEUYMBYIO LIETIOYKY PACCYKICHHM C ONOPON Ha M3YyYEHHBIE 3aKOHBI, 3aKOHOMEPHOCTH H
bu3nyeckue siBICHUS.

IIP 08 CdopMHPOBAHHOCTb YMEHMS HPUMEHSTH IOJYyYEHHbIE 3HAHUS Uil OOBSICHEHUS
YCIOBUH MPOTEKaHUs (PU3UUECKUX SIBICHUI B MPUPOAE U JUISl MPUHATHUS MPAKTHUECKUX PEICHUH B
MOBCEIHEBHOM >KU3HM ISl oOecrieueHus: 6e30MacHOCTH MpU OOpallleHuH ¢ OBITOBBIMM NMPUOOpaMH U
TEXHUYECKUMHU YCTPOICTBaAMM, COXpPaHEHHUS 3/I0pOBbS U COOJIIOJIEHUS HOPM SKOJOTHYECKOIo
MOBE/ICHUS B OKpYXaloIlel cpe/ie; MOHMMaHHe HEOOXOAUMOCTH IPUMEHEHUSI JOCTHKEHUN (PU3UKU U
TEXHOJIOTHH JIIsl pallMOHAIBHOTO MPUPOA0NOJIE30BaHUS.

IIP 09 CdopmMupoBaHHOCTb COOCTBEHHOM TMO3UIMM IO OTHOIIEHUIO K (U3NYECKON
uHpOpMalLUK, TOTYy4aeMOl U3 Pa3HbIX MCTOYHHKOB, YMEHHUH HCHOIb30BaTh LU(POBBIE TEXHOJIOTUU
JUI TIOUCKA, CTPYKTYPUPOBAHUS, HHTEPIIPETALlMN U MPEACTaBICHUs Y4eOHOW M HayYHO-IOMYJIIPHOM
UH(OPMAaLINK; Pa3BUTHUE YMEHUN KPUTHUYECKOTO aHAIN3a MOJydaeMoi nH(popManuu;

I1P 10 OBnanenue yMeHUsIMU paboTaTh B IPYIMIE C BHIIOIHEHUEM pa3IMYHBIX COLUAIBHBIX
poJiei, TIaHupOoBaTh paboTy TPYMIIBI, PALIMOHAIBHO paclpedessiTh IeATENIbHOCTh B HECTaHIapTHBIX
CUTyallusiX, aJIeKBaTHO OLIEHWBAaTh BKJIAJ KaXJOT0 M3 YYaCTHUKOB TPYIIbl B pEUICHHUE
paccMaTpuBaeMoi TPOOIEMBI.

[P 11 Opnanenue (chopMHUPOBAHHOCTh MPECTABICHUIN) MpaBUIaMH 3aIUCH (PUINUECKUX
dbopmyn penbedHO-TOUEUHOI cucTeMbl oOo3HaueHuit JI. bpaitng (s cnenbix U CIaOOBUASIINX
00yJaromuxcs).



IIpakTuueckass padora Ne 1
Tema 3ansaTHs: BBeleHUEe B MEXaHUKY.
OCHOBBI TMHAMHKH.
Heab padoThI: 3aKpENUThH MOJTYYEHHBIE TEOPETUUECKUE CBEICHUS 110 TEME
pelIeHreM 3a/1a4, BbIpadoTaTh MPaAKTUYECKUE HABBIKHU O PEIICHUIO 33]1ay.
Teopernueckasi 4acThb:

[Ikana (;aT. scala — JECTHHIIA) — YacTh MOKA3bIBAIONIETO YCTPOHCTBA
CpelicTBa U3MEPEHUH, MPECTaBIAIOMIAs COOON YHOPSATOUESHHBIN Psii OTMETOK
BMECTE CO CBA3aHHOM C HUMH HyMEPALMEN WM TEXHUYECKAsi OTMETKA Ha LIKaJIe
U3MepUTeNbHOTo npubdopa. Lllkanel MOTYT pacnosiaratbCs o OKPY>KHOCTH, TyTe
WM IpsAMoM uHUU. [loka3aHMsl OTCUUTHIBAIOTCS HEBOOPYKEHHBIM IJ1a30M MPU
PACCTOSIHUSIX MEXAY JeaeHussMu A0 0,7 MM, IpU MEHBIIUX — MPU MOMOIIH JTYTIbI
WJIM MUKPOCKOTIA, JJIS JI0JIE€BOM OIIEHKH JICJICHUN MPUMEHSIOT JOTOJHUTEIbHbIC
IIKAJIbl — HOHUYCHI.

CrnemyeT 3aMEeTUTh, YTO TEPMUH «IIIKaJIa» B METPOJIOTHUECKON MTPAKTUKE
HMMEET, 110 KpailHEN Mepe, ABa Pa3IMYHbIX 3HaYeHUs. Bo-nepBbIX, MIKAIO0M WIIH,
TOYHEE, IIKAJION u3MepeHui (1Kanon GU3NIecKoi BEIMUYMHBI) Ha3bIBAIOT
MPUHSTHIN 110 COTJIAIICHUIO TIOPSIOK OMpe/eIeHUs 1 0003HAYEHUSI BCEBO3MOKHBIX
MPOSIBJIICHUM (3HAUYEHUI ) KOHKPETHOTO CBOMCTBA (BEIMYMHBI). BO-BTOPBIX, HIKAIOM
Ha3bIBAIOT OTCUETHBIE YCTPOUCTBA AHAJIOTOBBIX CPEACTB U3MEPEHUM, 3TO 3HAUYCHHE
UCIIOJIb3YETCS B JAHHOM CTaThe.

KpyroByto nikainy 4acoB, KypBUMETPOB U HEKOTOPBIX APYTUX NprOOPOB
Ha3bIBAIOT LU(EepOIaTOM.

N3meputenbHbIi Tpubop - Haubosee pacIpOCTPAHEHHOE CPEJICTBO
U3MEPEHUs, MPeHA3HAYEHHOE /IS BRIPaOOTKU U3MEPUTEIIbHON HH(GOpPMAIIUU B
dbopme, TOCTYITHOM AJisi BOCIIpUATHUS HaOmoaareneM (oneparopom). Paznuyaror
aHaJoroBble, IU(PPOBbBIE, MOKA3BIBAIOIIUE, PETUCTPUPYIOIINE CAMOTTUIITYIIINE,
neyaTaroie, UHTErpupyroiye, CyMMUPYIOIIUE, CPABHEHUS.

OTtcyeTHOE yCTPOMCTBO (IIKaJIa U CTPEIIKA).

OTcUeTHOE YCTPONCTBO - YaCTh KOHCTPYKIIMU CPEICTBA U3MEPEHUS,
npeaHa3HaueHHas g OTCYeTa oKazaHuil. MoxeT ObITh B BUIE IIKAJbI,
yKazaTels, JUCIUIes, SKpaHa ociuiuiorpada u T.11.

[IIxana - 4acTh KOHCTPYKITUU OTCUETHOTO YCTPOUCTBA, COCTOSIIAS U3
OTMETOK M YHCEJ, COOTBETCTBYIOIIUX ITOCIICIOBATEILHBIM 3HAUYECHUSAM U3MEPSICMOM
BeTMYUHBI. OTMETKH MOTYT OBITh B BUC YEPTOUEK, TOUCK, 3yOIIOB U TIP.
VYka3zarenu MOTYT OBITh B BHJI€ KaIlUICBUIHBIX, HOXKEBUIHBIX U CBETOBBIX CTPEJIOK.

Bunp! mikai, 1ieHa aeacHus
[[Ixanpr MOTYT OBITH OTHOCTOPOHHHUE U ABYXCTOPOHHHUE, B 3aBUCUMOCTH OT

nosioxkeHust HyJis1. Ecnu «0» HaxonuTes B LIEHTPE LIKAJbL, TO Takasi ABYCTOPOHHSIS
LIKaJIa Ha3bIBaeTCA CUMMETpUYHOM. [1Ikanbl XapakTepu3yroTcss YMCIOM JIEJICHNH,



JUIMHOM AENEeHUs, IEHOM AENEeHUs, QUalla30HOM MOKa3aHUM, AUana3oHoM
WU3MEPEHUN U TIPEAEIaMU U3MEPEHUM.

Jlenenue - 3T0 MPOMEKYTOK MEXIY JBYMS COCETHUMHU OTMETKAMU IIKAJIbI.
JlnuHa neneHus - 3TO pacCTOSHUE, U3MEPEHHOE MEXITY OCEBBIMHU JIBYX COCETHUX
OTMETOK IO BOOOpa)kaeMoil TIMHUM, MPOBEICHHON Yepe3 CepeIMHbI CaMbIX
KOPOTKHX OTMETOK IIKAJIbI.

JlnamasoH moKa3aHuii - 3TO 001aCTh 3HAYCHUH IIKAJIBI, OTPAHHYCHHAS
HaYaJIbHBIM U KOHEYHBIM 3HAUCHUSMU. J[Mama3oH u3aMepeHuit - 3o 00JIacTh
3HAYEHUH BEJIMYUH, JJIs1 KOTOPO HOPMUPOBAHA MPEIENbHAS JOMYCTUMAs
norpemHocTh. [Ipeaen uamepenus - 3To HauOOJIbIlIEe UM HAMMEHBIIIEE 3HAUYCHUE
nuanasoHa u3Mepenus. Ha kaxxom auana3zoHe npubop UMeeT JBa mpejena: -
BEPXHUU IIPEEII, -HUKHUM TTPeIelL.

LleHa neneHus - 3TO Pa3HOCTh 3HAYEHU BEJIMYHUH, COOTBETCTBYIOLIUX JABYM
COCEJJHUM OTMETKaM IIIKaJIbI.

[lepen Tem, Kak HAXOAUTH LICHY JCJICHUSI, BHUMATEILHO PACCMOTPUTE CaM
puOOp: UTO OH U3MEPSET, B KAKUX CAMHUIAX, €T0 UCIIPABHOCTh. ITO MO3BOJIUT
HapUCOBATh MOJIHYIO KAPTUHY MPOBOMMOIO OIbITA 110
ONPENECTICHHUIO TOW WJIM MHOM BeNMYUHBI. HaiiauTe Ha mikane
JIBa OIDKANUIIUX IITPUXA, BO3JIE KOTOPHIX HAMMMCAHBI
YUCJIOBBIE 3HAYEHUS BEIMUUHBI. [locunTaiiTe CKOIBKO MEXKIY
HUMH JICJICHUH (HO HE IITPUXOB).

Ha sTom pucynke B kpyrmHoM maciiTabe rmokasaHa
nIKkajia MeH3ypku. OnpenennuM HeHy IeJICHUs] MEH3YPKH.

a) BbIOMpaeM orudpoBaHHbIie mTpuxu 16 u 12

0) MeXIy HUMU 4 nieneHust (MpOMEeXyTKOB) 0

B) BbruncisgeM: (16 - 12) : 4nenenus = 1 /nen.
Otger: 1ieHa Aenenuii = 1 /nen.

16|

12

IO

[lena neneHuii MIKaJbl W3MEPUTETBLHOTO NpHOOpa - BakHas (QuanyecKas
BenuunHa. C Hel Bbl Oy/ieTe CTaIKUBAThCS O4E€Hb YacTo. [loaTtoMy chopmynupyem
IIPABUJIO JJIsl €€ BBIYMCIICHUS.

YToOb! NOJCYUTATD LIEHY ACJICHUH IIKAJIbI, HY>KHO:

a) BBIOpATh HA IIKaJIe JABa OMMKANIIMX OnU(pPOBAHHBIX MITPUXA;

0) cocuuTaTh KOJUYECTBO JCICHUN MEXKIY HUMHU;

B) Pa3HOCTb 3HAYEHUH OKOJO BBHIOPAHHBIX IITPUXOB pa3leUTh Ha
KOJIMYECTBO JICJICHUM.
3ajjaHns K peleHmIo:
Onpenenurte XapaKTEPUCTUKH MITKAJT CIETYIONTUX U3MEPHUTEIBHBIX TPUOOPOB:
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Petienrie pekoMeHAyeTCsl TPOU3BOIUTD B CIEAYIONIEH MTOCIEA0BATEIbHOCTH:
1. IleHna geneHus MIKAJIbI

2. ITpenenbl mikaibl

3. IlorpenrHoCcTh U3MEPEHUS

4. 3anummTe pe3ysbTaT U3MEPEHUN

OTBeThTE HA CJIeAyIOLIE BONIPOCHI:

1. Yro Takoe mkana u3MepuTeIbHOro mpubdopa?

2. Kakue uzmepurenbHble MPUOOPHI U3 MIKOJIBHOTO Kypca ¢pu3nku Bl 3Haete
(Ha30BUTE HAUMEHOBAaHUE MPUOOPA U KaKyI0 (PU3NYECKYIO BEIMYUHY UM
U3MEPSIOT);

Ha xakue aBe rpynmsl MOKHO pa3/ieIUTh BCE U3MEPUTENIbHbIE TPUOOPHI?
Kak onpenenuts 1eHy AelieHus U3MEPUTEIBLHOro pudopa?

UTo Takoe MOrpenHoCTh?

Kak onpenenuts norpemHocTb U3MEPUTENLHOTO pudopa?

U W

IpakTnueckass padora Ne 2

Tema 3aHsaTusa: (OCHOBBI

KMHEMATHKH.
Leab paboThl: 3aKpenuTh NOJYYCHHbIE TEOPETUYECKHUE CBEICHHUS 10 TEME
peleHneM 3aj1ad, BIpaboTaTh MPAKTUYECKUE HABBIKU MO PEIICHUIO 3ajad.
Teopernyeckas yacrTb
KunemaTuka — pasfen MEXaHUKH, W3YYalIIUd MaTeMaTH4ecKoe OIMUCaHHe
(cpeacTBaMM TE€OMETpPUH, aireOpbl, MaTEMaTHYECKOrO aHajiu3a...) JIBUKCHHS
UJCANIM3UPOBAHHBIX Tesl (MaTepualibHas TOYKa, aOCOJIOTHO TBEPAOE TEo,
ujieanbHasi )KUJIKOCTb), 0€3 pacCCMOTPEHUS TPUYMH JIBHXKEHHSI (MACChl, CUJI U T. 11.).
HcxonHble MOHATUS KUHEMATHKUM — IPOCTPAHCTBO M Bpems. Hampumep, ecnu
TEJO JABUXKETCA 10 OKPY>KHOCTH, TO KMHEMAaTHKa IpeICcKa3blBaeT HEOOXOAUMOCTb
CYILIECTBOBAHMS IIEHTPOCTPEMUTEIIBHOTO YCKOPEHUsI 0€3 yTOUHEHHS] TOT0, KaKylo
OpUPOAY UMEET CWiIa, €ro nopoxjpawomas. [IpyunHaMu BO3HUKHOBEHHS
MEXaHUYECKOTO JIBMXKCHHS 3aHUMAETCA APYrod pa3fes MEXaHUKH — JIMHAMHKA.
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I'maBHOM 3amadeli KHMHEMATHMKU SIBJISIETCSI MaTE€MaTHYECKOE (ypaBHCHI/ISIMI/I,
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rpa¢pukamMy, TabIUUAMU U T. I1.) OIpPENEICHHE IOJIOKEHHUS U XapaKTEepPHUCTHUK
JIBUKEHMSI TOUYEK WIM Tel BO BpeMeHHU. JIro0oe IBMKEHMsI paccMaTpuBaeTCs B
ONPENENIEHHON CHUCTEME OTCYETa. TakKe KHHEMAaTHKa 3aHUMAETCs HU3Y4EHUEM
COCTABHBIX JBWKEHUU (IBHKEHUW B JBYX B3aHMMHO MEPEMEIIAIOIINXCSA CHUCTEMAX
OTCUETA).

YCKOPEHME. PABHOYCKOPEHHOE JABUKEHUE

Pasnoyckopennvim Ha3bIBA€TCs IBUKEHUE, P KOTOPOM CKOPOCTb TeJa 3a JII00bIe
paBHBIE IPOMEKYTKH BPEMEHU U3MEHSETCS OJMHAKOBO.

Ycrkopenuem mena Ha3bIBaIOT OTHOLIEHUE U3MEHEHUS CKOPOCTH TeJla KO BPEMEHH,
3a KOTOpPOE 3TO U3MEHEHHE ITPOU30LLIO.

Yckopenue xapakTepusyeT ObICTPOTY U3MEHEHHUS CKOPOCTH.
7-7,

IJ, (1)
ale M
[a]= =—

i i
YCKOpCHHe - BCKTOpHAas BCIIMYHWHA. Ono ITOKAa3bIBACT, KaK U3MCHACTCA

MIHOBEHHAs CKOPOCTh TEJNA 3a €AUHHIY BPEMEHH.
3Hasi Ha9aIbHYIO CKOPOCTH TelIa H er0 yCKopeHue, 13 Gopmyist (1) MOXKHO HaifTh
CKOPOCTB B JIF000H MOMEHT BpeMeHH: ¥ = Fo + & (2

JIJ1st 5TOrO ypaBHEHHE HYKHO 3aIHMCATh B IPOEKIHUAX HA BHIOPAHHYIO OCh:
Vi=Voxt axt

I'paduKOM CKOPOCTH IIPH PABHOYCKOPEHHOM [BUKEHUM SBIISETCS

=11

ay>0

C \HN f

npsmast

NEPEMEIIEHUE U TYTh IIPU NIPSIMOJIMHEHHOM

PABHOYCKOPEHHOM /IBUKEHUUA

[Ipeanonokum, 4To TENO COBEPUIMIIO MEPEMEILEHUE 3a BPEMS t, JIBUTasCh C

yckopenueM . Eciu ckopocTh u3MensieTcs oT Yoo Fu yuuThIBas, uTo,

¥ =¥, + @ onyunm

*T'?u + FT:: +c2r“.tr_ 2?},:+.§£2
2 2

Lo ar
P+ —.
2

a,=0

Ll
]

E

Ncnonb3yst rpaduk CKOpOCTH, MOKHO ONPEICTUTh MPONIECHHBIN TEIOM 3a
M3BECTHOE BPEMS MYTh - OH YMUCIIEHHO PABEH IUIONIAN 3aIITPUXOBAHHOU
TTIOBEPXHOCTH.
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CBOBO/IHOE HAZ[EHI/IE TEJI

JIBrokeHure Ten B 0€3BO3TyIIHOM MTPOCTPAHCTBE MO/ ICHCTBUEM CHIIBI TSHKECTH
Ha3BIBAIOT C60000HbIM NAOCHUEM.

CB0001HOE TIaJICHHE - 3TO PABHOYCKOPEHHOE JIBMKEHHUE. Y CKOPEHHE CBOOOIHOTO
MaJIcHUSA B JAaHHOM MeCTe 3eMJIM ITIOCTOSHHO JJIS BCEX TEJI U HE 3aBUCHUT OT MAcCChI
HajaroIero Tena: g = 9,8 m/c?

Jlns permeHust pa3IMyHbIX 3a7a4 u3 paszjaena "Kunemarnka" HeoOX0 UMbl B
YpaBHEHHS:

(T

3amayalNel: Teno, ABUTasch paBHOYCKOPEHHO U3 COCTOSTHUSA IOKOSI, 32 IIATYIO
CEKYHly IpouuIo nyTh 18 M. UemMy paBHO YCKOPEHHME M KaKOU MyTh MPOIIIO TEJIO
3a5c?

a Uy Vi
Vo =0) 00 —= | —= —
s =drc, - Ses" S.- %
t5=5c ' ST
F=15a, g : -
a-735-7 ) | 0 ; S5 x
pr t at
X=Xy +v,t+ |:|=T

3a MATYIO0 CEKYH/Iy TEJIO MPOILIO IYTh S = S5 - S4 M S5 U S4 - PACCTOSHHSI,
IPOWICHHBIE TEJIOM COOTBETCTBEHHO 32 4 U 5 C.
5= £—£=5(3§ —:f):me%.
2 1 2 Y
218
2567 —1he

2 2
5% =4M.I"C 250 _ 50ag

=daic?

OTBeT: Telo, JABUrasch ¢ yCKopenueM 4 m/c?, 3a 5 ¢ mpouwuio 50 wm.
3ajjaHns K peleHmIo:
1. JIBmxkeHue Ten 3a1aHo ypaBHEHUsIMU: X =3t, X, =130-10t. Korga u rne onun
BCTPETATCS?
2. [Ipy paBHOYCKOPEHHOM NPSIMOJIMHEHMHOM JBI)KEHHU CKOPOCTh KaTepa
yBenuumnack 3a 10 ¢ ot 2 m/c g0 8 m/c. UeMy paBeH IMyTh, IPOIACHHBIHI
KaTepoM 3a 3TO BpeMs?
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3. YckopeHue 1maiobl, COCKaIb3bIBAIOIICH C IJIaJKOW HAKJIOHHOW MIOCKOCTH,
pasuo 1,2 m/c> . Ha sToM crmycke €€ CKOpPOCTh yBeIMYMIach Ha 9m/c.
OnpenenuTe NOJHOE BpeMsi CITyCKa Mai0bl C HAKIIOHHOM MIOCKOCTH.

4. KameHb OpoIIeH C HEKOTOPOMl BBICOTHI BEPTUKAIBHO BHU3 C HaYaJIbHOM
ckopocThio 1M/c. KakoBa ckopocTh kamHs depe3 0,6 ¢ mocie Opocanus?

5. MOTOUMKIUCT, IBUTASCh MO XOPOIIEH JOPOre ¢ MOCTOSIHHOM CKOPOCTBIO
108 km/4, nmpoexan 4/7 Bcero mytu. OCTaBIIYIOCA YacTh IYTH IO TJIOXOM
JIOpore OH TMpoexall co ckopocThio 15 M/c. KakoBa cpenHssi CKOpPOCTb
MOTOIMKIINCTA HA BCEM ITyTH?

6. ABTOMOOWJIb JBUTAJICS 1O OKPYXKHOCTH. [10JIOBUHY JTMHBI OKPY>KHOCTH OH
poexaj co CKOpocThio 60 KM/4, a BTOPYIO — €Xal cO CKOpocThio 40 Km/d.
Yemy paBHa CpeaHssE CKOPOCTh aBTOMOOUJIS?

IIpakTnueckasi padora Ne 3
Tema 3ansiTusi: 3aKOHBI COXpPAHEHUSI B MEXaHUKE.

Ienb padoThI: 3aKpEeNUTHh IOJYYECHHBIE TEOPETHYECKUE CBEIEHUSA [0 TEME
pelIeHreM 3aa4, BbIpaboTaTh MPAKTUUECKHUE HABBIKHU 110 PELIECHUIO 3a/au.
Teopuruyeckas 4yacrpb

JluHamuka ucclieqyeT NpUYMHBI JBWKEHUs Ten. W3BecTHO, uro moboe Telo
U3MEHSET CBOK CKOPOCTh B PE3YyJIbTAaTE B3aUMOACUCTBUSA C ApyruMH Tesamu. Cuiia
€CTh XapaKTepUCTHKa B3aumojercTBus. O0byHO cuia obo3Havaercs OykBoil F .
Ecnan Ha Temo AEHCTBYET HECKOJIBKO CHJI, TO OHU CKJIAJBIBAIOTCS KAaK BEKTOPBI.
CyMMa Bcex CWII IEHCTBYIOIIUX Ha TEJI0, Ha3bIBAETCA PABHOAEHCTBYIOMIEH R

R=F+F,+F+..

Macca ectb xapaktepuctuka HHEpTHOCTH. OOBIYHO Macca 0003HauYaeTcsi OyKBOMU
m. Macca — CcyThb CKaJIsIp, CWjla — CyTh BEKTOpP. B OCHOBE JIMHAMUKU JIe)KaT TpU
3akoHa HerotoHa. IlepBriit 3akoH HbprOTOHA yTBEpXKIAeT, UYTO CYIIECTBYIOT TaKHE
CHUCTEMBI OTCUETA, B KOTOPBIX, €CIM HAa TEJIO HE JCUCTBYIOT HUKAKHE BHELIHUE
CUJIbI, OHO JABHJKETCS PAaBHOMEPHO M NPSMOJMHENHO. Takue CUCTEeMBI OTCUETa
HAa3bIBAIOT MHEPLMAIbHBIMU. BTOpoi 3ak0oH HbIOTOHA yTBEpKIAeT, YTO, €CIM Ha
TeJs0 Maccor m nerctByeT cuna F, To yckopenue tena, a Oyet paBHO

I
a=—.
m
Tperuit 3akoH HploTOHAa yTBEp»KIaeT, 4ToO, €CJIM Ha TeI0 A CO CTOPOHHI Tena B

neuncTByer cuna Fga, To Ha Teno B co croponsl Tena A pgeictByer cuna Fyp,

Ipr4YeM Fpa =~ Fap

Buasbl cui:

1. Cuna ynpyeocmu. ITa cuiia BOZHUKAET Mpu aedopmaluu Tena. CBONCTBO CUITBI
ynpyroctu F  TakoBo, uTo mnpu HeOonpmmx aepopmanusx Ax , F

MPONOPIMOHANIEHO AX U HampasyieHa npoTuB aedopmanuu. Koapdunuent
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MPOMOPIMOHATILHOCTH K HOCHUT Ha3BaHue Kod(d@uilMeHTa >xecTkocTu. Takum
o0Opa3zom,

F =-kAx
2. I pasumayuonnas cuna. U3BeCTHO, 4TO BCE TeJla MPUTATUBAIOTCA JPYT K APYTY C
cwioi F mponopiimonanbHol Macce KaXKIoro Tejla m; U my U 00paTHo
MPOTMOPIMOHANILHOM KBaJIpaTy paccTOsIHUS R Mexy Tenamu.

F=GgA2

R2

G =6,672-10""! Hm?/xr?.
rae Ry — pamuyc 3emnu, M — macca 3emiin. Y cKopeHre CBOOOJHOTO MaJCHUS g
HE 3aBUCUT OT MAaCChl MPUTATMBAEMOIO TeJjla, MOATOMY BCE Tela MNajarT ¢
OIMHAKOBBIM yckopeHueM. Ha moepxnoctu 3emnm, rae H paBHo Hymo, g<9,8
m/c?.
3. Bec mena. Becom Tena P HazpIBaloT cuily, KOTOpas AAaBUT Ha OINOpPY WIH
pacTAruBaeT MojBEC. JTa Cuia BOOOIIE MPUIIOKEHA HE K TEely, a K ONOpe WU
MOJIBECY; Ha TeJO >Ke JCHCTBYeT HOpMalbHAs pEakius OMOphl HIM CHIIA
HaTsDKeHUS HUTU. Bec Tema MokeT OBbITh paBeH CHIIE TSKECTH, @ MOXKET OBITh U HE
paBeH. Hanpumep, ecinu Teno JeXUT Ha TOPU3OHTAIBHOM IIOCKOCTH, TO BEC TeNa
pPaBEH CUJIE TSKECTH, a €CJIM Ha HAKJIIOHHOM, TO HET.
4. Cuna mpenus. Cunoit Tpenus Frp Ha3pIBalOT Cuily, KOTOpas HpPENATCTBYET
JBUKEHMIO, T.€. HAallpaBJIeHa IPOTUB CKOPOCTH, U paBHA

Xoa padoThI:

3amava. ['py3bl oauHakoBOW Maccel (m;=m,=0,5 Kr) COEAMHEHbI HUTHIO W
NEPEKNHYTHl Yepe3 HEBECOMBIA OJIOK, YKPEIUIeHHbIH Ha KOHIE ctoia (puc. 2.1).
Koaddumment tpenus rpysza m, o cron u =0,15. IIpenedperas tpenuem B O10Ke,
OTNPENETUTh: a) YCKOPEHHUE, ¢ KOTOPBIM ABMKYTCS TPY3bl; 0) CHIIy HATSDKCHUS
HUTH.

HMano: m;=m»=0,5 xr; u =0,15.

Hayitu: a, T.

N
Pemienne %
T
I1o BTOpOMYy 3akOHY HbIOTOHA ypaBHEHHMS Fe [
JIBWKEHHUS TPY30B UMCIOT BUJ: T
L
ma=mg-T, m,g
mya =T —/m,g;
m]ﬂ+mza:m‘gfﬂrn2g’0TKyﬂa mg
Fuc. 2.1 1
a= (ml _an )g _ (0,5 - 0’15 ) 0!5)9:8 =417
m, +m, 0,5+ 0,5 M/Cz;

T=m(g—-a)=0509,8-417)=282 11
OrtsBer: a=4,17 m/c?, T=2,82 H.

15



Conep:xanue or4yera, ¢opma wu npaBuiaa odopmieHusi oT4era o
BBINOJIHEHHOH padoTe: ycTHoe coobmieHue. [1oAroToBka ycTHOTO COOOIIEHUS.
O1eHKa pelIeHHbIX 3a7a4.
[{ens paboThI:
— Hay4YUTHCS CaMOCTOSITEIIEHO no0upaTh uHpOpMaIHIo,
CUCTEMATU3UPOBATH U OPOPMIIATH B BUE COOOIIEHNUS 10 33JJaHHOU TeMe;
- MOJIYYUTh OIBIT YMEHUS MyOJIUYHO BHICTYIATh.

3aHaHHH H BOIPOCHI JIA (l)Ole/IpOBaHI/ISI H KOHTPOJA BJAACHHUA
KOMIICTCHIIUAMM.

3aiaHud K pelieHuIo:

1. Ilocne ynapa TEHHUCHOW PAKETKOM MSYHMK MAacCOU 5 T MOJYyYHJI YCKOPEHHE
12 m/c* Kaxkosa cuna ynapa?

2. JIBe cuusl mo 200 H xaxknas Hanpasiaensl nox yriaom 120° gpyr k apyry.
Haitgure paBHOAEHCTBYIONIYIO CUITY.

3. Ilox neiicTBEM HEKOTOPOU CHIIBI IEPBOE TEJIO MPUOOPETAET YCKOPEHUE a.
ITon neiicTBUEM BABOE OOJIBIIICH CHIIBI BTOPOE TEJIO MPHOOpETACT
YCKOpEHHUE B 2 paza MeHblIIe, 4eM nepBoe. Kak 0THOCUTCS Macca mepBOTo
TeJia K Macce BTOPOro?

4. Ecnu npyKrHa U3MEHWJIA CBOIO JIJIMHY Ha 6 CM MOJI IEUCTBUEM I'py3a
Maccoi 4 Kr, To Kak Obl OHa pacTsAHYyJIach MO IEUCTBUEM Ipy3a Maccou 6
Kr?

5. Cuna 10 H coobmaer teny yckopenue 0,4 m/c? . Kakas cuna cooOmur
3TOMY XK€ Tely ycKopeHue 2 m/c? ?

6. Manbunk Maccoi 50 Kr, CKATUBIIMCh HAa CAHKAaxX C TOPBI, IpOEXal 1o
TOPU30HTAIBHOM Jopore 10 octaHoBKU 20 M 3a 10 ¢. Haiigure cuity TpeHus.

IIpakTnueckas padora Ne 4 Tema 3anATHS: 3aKOHBI COXPAHEHHS B MEXaHUKE.

eab padoTbI: 3aKpENUTh TOJYYECHHBIE TEOPETUUECKUE CBEIACHHUS 110 TEME
pelieHneM 3a7ad, BbIpaboTaTh MPAKTUYECKHUE HABBIKU 110 PEILICHUIO 3a/ay.

Teopurnueckasi 4acThb
JHeprusi — yHUBEpCaJbHas Mepa pPa3IMYHbIX (POPM JBUKEHHUS MAaTepUabHBIX
O00OBEKTOB M MX B3auMozeicTBusA. KomumuecTBEeHHON XapaKTepUCTHUKOW mpolecca
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oOMeHa Hepruer Mexay B3auMOJAECHCTBYIOUIMMH TeJaMH SIBISIETCS (pU3nUecKast
CKaJIsIpHasl BEJIMYHMHA — padoTa CHUI.
MomHocTh — ¢u3nyeckas CKalspHas BEJIMYMHA, XapaKTePU3YIOIIas CKOPOCTh
COBEpIIEHUS PAaOOTHI:

_da

dt

MomHoCTh, pa3BuBaeMas CHJIOW B~ JAaHHBI MOMEHT BPEMEHH, paBHA
CKaJSIPHOMY IPOM3BEICHHUIO BEKTOpa CHJIBI HA BEKTOP CKOPOCTH, C KOTOPOHU
JBHYKETCS TOUKA MPUIIOKEHHS 3TON CUIIBL:
KoncepBaTtuBHasi cuja — cujia, paboTa KOTOpOW IpU MEPEMELIEHUH U3 OJHOTrO
IIOJIOXKEHUS B IPYTrO€ HE 3aBUCHUT OT TPACKTOPHUM NIEPEMEILECHHUS, 4 3aBUCUT TOJIBKO
OT HA4YaJIbHOIO M KOHEYHOro IosiokeHud Ttena. CuiaoBoe 1moisie, B KOTOPOM
KOHCEPBAaTHUBHBIE CHJIBI COBEPIIAIOT pPabOTy, HA3BIBACTCA MOTEHUHMAJIbHBIM
oJIeM.
KuneTnyeckass »3Heprusi - MEXaHHMYECKash DSHEPIHUs BCSIKOIO CBOOOIHO
JOBIKYLIETOCsl  Tejla, YHCIEHHO paBHasg paboTe, KOTOPYIO  COBEpLIAIOT
JNEUCTBYIOIIUE HA TEJIO CUIIBI ITIPH €0 TOPMOKEHUHN 10 TIOJTHOU
OCTaHOBKH:

2
Ek:A:

IloTeHnUaJbLHAA DJHEPrUsi — OITO MEXaHWUYECKAas DHEPIHsl CHUCTEMBI Ted,
ompenessgeMasl X B3aUMHBIM PacIiOI0OKEHUEM U XapaKTepOM CUJI B3aUMOJICHCTBUS
MEXKTy HUMHU.

Ortcroma, Kak 4acTHBIE CIIy4yad, OTPENCIIIIOTCS: a) MOTCHIIMAIbHAsl dHEPrus Teja
MaccCo m Ha BBICOTE A

E, = mgh:
0) nmoTeHIMaIbHAS SHEPTUS YIIPYTroAe(POPMUPOBAHHOTO TeIA
kxz
E,6 = ,

" 2
riae k — ko3 @UuImeHT ynpyroctv (Iuisi Ipy>KHUHbI — 5KECTKOCTb ).
IHoHast 3Heprusl MEXaHWYECKOM CHUCTEMbl — paBHA CyMME€ KHHETUYECKOU U
MOTEHUHUATIBHON SHEPTUU: w — £ + £,
MexaHn4uecKkue CUCTEMBI, Ha Te€la KOTOPBIX JEMCTBYIOT TOJIBKO KOHCEPBATHBHBIC
CWIbl (BHYTPEHHUE U BHEIIHUE) HA3bIBAIOTCS KOHCEPBATUBHBIMHU cucTeMamu. B
TaKUX CHUCTEMAaX BBINOJHAECTCS 3aKOH COXPAHEHHMS] MEXaHMYECKON IHEPIruu:
E.+ E, =W = const,
T.C. MOJIHAA MeXaHH4YecKasi JHePrus KOHCEPBATUBHOM CHCTEMBbI CO BpeMEHeM
He U3MEeHseTCs.

Xoa padoThI:

3agaua 2. ABToMOOMIb Maccol 1,8 T nBHXKETCS B TOpY, YKJIOH KOTOPOM
cocraBimsier 3 M Ha kaxzasie 100 m mytu (puc. 2.3). Omnpenenutsb: a) paboTy,
COBEpIIIAEMYIO JBUTATEIEM aBTOMOOUIIS Ha MMyTH 5 KM, eciii KO3 (OULIUEHT TpEeHUs
paBeH 0,1;

0) pa3BUBaeMylO JBHUTaTelIeM MOIIHOCTh, €CIU H3BECTHO, YTO ATOT IYTh OBLI
IIPEOIOJIEH 3a 5 MHUH.
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HMano: m = 1800 kr; sina =0,03; s = 5000 m; u=0,1;
t=300c.

Haiitu: 4, P.

Pemenue

A= Fls -+ FmpS, FI[G

A
F, =mgsina, F,, = #mg cos &; A =mgs(sin & + 4 cos &); A = mgs(sin & + 1 cos &); ¢
[ToxcTaBiss YUCIOBBIE JaHHbIE, momyuum: 4 = 11,5-10° Ik, P = 38,3-10° Br.
OtBer: A= 11,5 M]Ix, P = 38,3 kBT.

Conep:xxanue ot4yera, ¢opma u mnpaBwia oQopMJIeHHUSI OTYeTa O
BBINIOJIHEHHOIH pafore: ycTHOe cooOuieHue. [loAroToBka ycTHOTO COOOIIECHUS.
OneHka penieHHbIX 3a/1a4.
[enb paboOTHI:
- HAay4YUTHCS CaMOCTOSITEIIEHO noa0upaTh uH(popMaIuIo,
CUCTEMATU3UPOBATH U ODOPMIISATH B BUJIE COOOIIEHUS 10 3aJaHHOUN TeME;
- HOJIyYUTh OIBIT YMEHUSI yOJIUYHO BBICTYIATh.

3aganuss W Bompochbl st  (POPMHUPOBAHUSI W KOHTPOJISL  BJIaJIeHUSA
KOMIIETCHIUSIMH.

3ajaHns K peleHmIo:

1. /IBa miapuka maccamu 2 U 4 KT IBUTAIOTCS CO CKOPOCTSIMU COOTBETCTBEHHO
5 u 7 m/c. OnpeaenuTs CKOPOCTU LIAPOB MOCJIE MPSMOTo HEYIIPYroro yjaapa
B Clly4asix: a) OOJbIIMI Iap JOTOHSET MEHBbIIWN; O) MIapbl JABUTAIOTCS
HaBCTpeuy APYT IPYTY.

2. Onpenenuth paboTy, COBEpIIAEMYIO MPHU MOAbEME rpy3a maccoi 50 Kr mo
HAKJIOHHOM IIOCKOCTH ¢ yrioM HakioHa 30° k ropusonTy Ha paccrosaue 4
M, €CJIi BpeMs MoJbeMa cocTaBiisier 2 ¢, a koaddunuent tperus 0,06.

3. C OamHu BbICOTON 35 M rOpU3OHTaNbHO OpolleH kameHb maccoit 0,3 kr.
[IpeneOperasi CONpOTHBICHUEM BO3/AyXa, OIPENEIUTb: a) CKOPOCThb, C
KOTOpPOM OpoOIIeH KaMeHb, €ClIM 4epe3 | ¢ Iocje Havalla JBHXKCHHS €ro
KUHeTH4Yeckas sHeprus paBHa 60 J[x; 0) MOTEHIMATIBLHYIO YPHEPTUIO KaMHS
yepes | ¢ mociie Hayalia IBUKEHUS.

4. Tlyns maccoit 10 1, jereBmIass rOPU30HTAIBLHO cO ckopocThio 500 wm/c,
MomaaaeT B OAJUTMCTUYSCKUNA MAasATHUK JIJIUHOM 1 M M Maccodt 5 kr w
3acTpeBaeT B HeM. OnpeeNuTh yrojl OTKIIOHEHHS] MasSTHHKA.

5. Kamenn maccoii 0,2 kr Opocunu o yriaoMm 60° Kk roOpU30HTY €O CKOPOCTBIO
15 m/c. HaliTi KuHETHYECKYI0, MOTEHIIMAIBHYIO U MOJIHYIO SHEPTHIO KaMHSL:
a) cnyctsa 1 ¢ mocie Hadana JABMKEHHS, 0) B BBICIIEH TOYKE TPACKTOPHUH.
ConpoTHBIeHHEM BO3yXa MPEeHEOpEUb.

6. Teno maccoil 5 kr nmagaer ¢ BbICOTH 20 M. OnpenenuTs MOJHYI 3HEPTHUIO
TeJla B TOUYKE, HAXOAILIEHCS OT MOBEPXHOCTH 3€MJIM Ha BBICOTE 5 M.
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Tpennem Tena o Bo3ayx TmpeHeOpeub. CpaBHUTH 3Ty DHHEPIrUIO C
MEpPBOHAYATILHON DHEPTUEH TEa.

IIpakTHuyeckas padora Ne 5
Tema 3ansaTusi: OCHOBBI MOJIEKYJISAPHO-KHHETHYECKOW TeOpUH.

He.]'[b pa60T1>1: 3aKPCIIUTD IMOJIYYCHHBIC TCOPCTUICCKUC CBCACHUA 110 TCMC
pemICHUCM 3a1a4, BBIpa6OTaTB MMPAKTHUYCCKNEC HABBIKHA 10 PCIICHUIO 3a1a4.

Teopurnueckasi 4acThb
B ocHOBe MOJIEKYyIApHO-KMHETHYECKOM TEOPUH JICKAT TPU OCHOBHBIX MOJIOKCHUS
1. Bce BemiecTBa — *KUAKKUE, TBEPbIC U Fa3000pa3HbIe — 00pa30BaHbl U3
MEJIbYANIINX YaCTHUI] — MOJICKYJI
2. ATOMBI M MOJIEKYJIbI HAXOIATCS B HETIPEPHIBHOM XaOTHYECKOM JIBHKCHHH.

Macca oHO0# MOJIEKYJIbI My BbIpaxkaeTcs (hopMynoi

5 — M

0 - i
Ny

KoyimuecTBOM BellleCTBa V Ha3bIBAETCA OTHOIICHUE YKCIIa MOJIEKYI N K UMCITy
ABorajipo Nj :

v=—o.

N A

KonnenTparueii MoJIeKysI n Ha3bIBa€TCS OTHOIIICHHUE YKcia MOJIeKya N B 00beMe

V k aTomy 00beMy V:

N
H=—,
Vv

JlaBneHue p MO>XKHO BBIPa3uTh ciieayromei Gopmymoi
1 2
p=—myn (v >
3
OTO ypaBHEHHE HOCUT Ha3BaHUE OCHOBHOT'O YPAaBHEHUS MOJIEKYJISIPHO
kuHetnyeckoil Teopun (MKT) razoB. 310 ypaBHEHHE MOKHO MEpENUCaTh B BUJIE

CpeI[HHﬂ KHHCTHUYCCKAA SHCPI'uA

3
(EK>:EkT ,

rae k—mocrosiHHas bonbiimana.
ypaBHeHUe MeHeneeBa-Knaneiipona

v :%RT . R=kN, =831

MombxK
rae — YHUBepcajbHas ra3oBas

IIOCTOsAHHAs.

Xoxa pabdoThI:
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Kaxkoit 06bem 3anumarot 100 mosb pTyTH?
Jano: p = 0,2kr/moinb, p = 13600 kr/m?, v = 100 mosb. Haiitu: V
Pemenue.

oWV _ 0,2 kr/mMmo75 - 100 MOTH
p 13600 kr/m’

_ 3
m:pV:u\/; ~0,0015 v

Otser: V = 0,0015 m°.

Conep:xxanue ort4yera, ¢opma u mnpaBwia oQopMJIeHUsI OTYeTa O
BBINIOJIHEHHOH padoTte: ycTHoe coobuieHue. [1oAroToBka ycTHOTO COOOILIEHUS.
OneHka penieHHbIX 3a/1a4.
[enb paboOTHI:
- HAy4YUTHCS CaMOCTOSATEIIBHO no0upaTh UH(pOpMaIHIO,
CUCTEMATHU3UPOBATh U OPOPMIISITH B BUJIE COOOLIEHMUS 110 33JJaHHON TEME;
- MOJIYYHUTh OIBIT YMEHUS MyOJINYHO BHICTYNATh.

3aganuss u  Bonmpochl i (OPMUPOBAHMS M KOHTPOJS  BJAJeHUs
KOMIIETCHLIUSIMH.

3ajaHns K peleHuIo:

1. B 6annone naxomutcs 600 r Bogopoaa. Kakoe KOTUYECTBO BEIIECTBA 3TO
COCTAaBJISIET?

2. CpenHsst KHHETUYECKAst SJHEPTUS MOJIEKYJI NEaJIbHOIO ra3a yBEJIN4YWIACh B
4 paza. Kak nipu 3TOM U3MEHWIOCH AABJICHHUE ra3a Ha CTEHKH cocyna?

3. CpaBHUTE MacChl aproHa 1 a30Ta, HaXOASAIIMECS B COCyAax, €CIU COCYAbI
coJiep>KaT paBHbIE KOJIMYECTBA BEIIECTB.

4. B cocyne A Haxonutcs 14 r MosiekynsipHOTro a3ota, B cocyae B — 4 r renus.
B kakom cocyne HaxoauTcst 60JbIIee KOJIMYECTBO BEIIECTBA?

5. O6béM 12 Mok azota B cocye mpu temmeparype 300K u napnenunn 10° Tla
paBeH V| . Uemy paBeH 00bEM 1 MoJIs a30Ta IPU TaKOM K€ JaBJICHUM ra3a u
BJIBOE OOJIBINIEH Temmeparype?

6. Omnpenenure Maccy BO3/lyXa B KJIaCCHOM KOMHaTe pa3mepamu 5x12x3 M npu

temnepatype 25° €. IIpuHATE IIOTHOCTH BO3ayXa paBHOM 1,29 kr/m> .
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IIpakTnueckas padora Ne 6

Tema 3ansaTusi: OCHOBBI TEPMOTUHAMUKH.

He.]'[b paﬁoTbI: 3aKPCIIUTD IMOJIYYCHHBIC TCOPCTUICCKUC CBCACHUA 110 TCMC
PCIICHUCM 3a14a4, BI)Ipa6OTaTI> IMPAKTUYICCKUC HABBIKU 110 pCUICHUTIO 3a/1a4.

Teopernyeckas yacrTb

BHYTpeHHSIﬂ SHCPIrusg NACAJIBbHOIO OAHOATOMHOI'O I'a3a IIpAMO HPOIIOPIHMOHATIbHA

ero abcooTHOM TeMrieparype. PaboTa BHEITHEN CHUJTbI, H3MEHSIOIECH 00hEM ra3a

pasra 4 = PAV  PaGora camoro rasa, rue p - ganenue rasa. [lepsbiit 3akoH
TEPMOJIMHAMMKU: U3MEHEHUE BHYTPEHHENW SHEPTUH CUCTEMBI IIPH MTEPEXOJE €€ U3
OJTHOTO COCTOSIHUS B PYTrO€ paBHO CyMMeE paOOThI BHEIIHUX CUJI U KOJIMYECTBA
TemnoTsl, nepeaanHoro cucreme: AU = A + ¢

BHyTpeHHsI SHEpTUsl CUCTEMBI TNl U3MEHSETCS IPU COBEPLICHUH paObOThI U IPU
nepeaaye KoJaM4ecTBa TeIIOThl. B KaX/10M COCTOSHUM cucTeMa 00J1ajaeT
ONPENEIIEHHON BHYTPEHHEN DHEPTHUEM.

Buasl nuzonpoueccos: 1. 3oTepMuyeckuil - BHyTPEHHSSI SHEPTUS HE MEHSETCS; 2.
N30x0pHbI — 00bEM raza He MEHSIETCS M IOATOMY paboTa ra3za paBHa HYJIIO;
3.1300apHbIii-iepeaBaeMoe ra3y KOJUYeCTBO TEIUIOThI UAET HA U3MEHEHHUE €ro
BHYTpPEHHEH 3HEPTUHU U Ha COBEpLICHHE pabOThl PU NOCTOSHHOM JaBJIeHUU; 4.
AnnabaTHBIN — py aAMabaTHOM IMPOIIECCE KOTUYECTBO TEIJIOTHI PABHO HYJIIO.

Xoxa padoThI:

3agaua:

[Ipu yBenuuenuu aasienus B 1,5 paza o0beM raza ymensimics Ha 30 mut. Halitu
MEePBOHAYAIILHBIN 00BEM.

JaHo: Pemenne.

BV =P,V -AV);
S V=B -av)

BV =15B(V -AV); V =1,5V =1,5AV ;
AV =30Mmm 0,5V = L5AV . ¥ =3AV =3-30 w1=90 ML,
Hawtn: V . OtBet: V=90 mi1.
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Conep:xanue or4yera, ¢opma wu npaBuiaa odopmieHusi oT4era o
BBINOJIHEHHOH padoTe: ycTHoe coobmieHue. [1oAroToBka ycTHOTO COOOIIEHUS.
O1eHKa pelIeHHbIX 3a7a4.
[{ens paboThI:
— Hay4YUTHCS CaMOCTOSITEIIEHO no0upaTh uHpOpMaIHIo,
CUCTEMATU3UPOBATH U OPOPMIIATH B BUE COOOIIEHNUS 10 33JJaHHOU TeMe;
- MOJIYYUTh OMBIT YMEHUS MTyOJIUYHO BHICTYIATh.

3aganuss u Bonmpochl i (OPMUPOBAHMS M KOHTPOJS BJAJEHUSs
KOMIIETEHIUSIMH.

3aj1aHns K pelleHuIo:

1. Ha ckonpkO n3MeHHTCSI BHYTpEHHSS dHepru reaus maccou 200 r pu
yBenu4eHun Temmneparypbl Ha 20° C?

2. Kak u3meHsieTcsi BHyTPEHHsISl JHEPTHUsl OTHOATOMHOTO rasa npy u300apHOM
HarpeBaHUM? MPHU U30XOPHOM OXJIAXKAECHUU? MIPU U30TEPMUUYECKOM CHKATUU?

3. Kakyto paboty coepmimi Bo3ayx maccoit 200 T npu ero n300apHom
HarpeBannu Ha 20K? Kakoe KoJIM4ecTBO TETUIOTHI €My ITPU 3TOM COOOIIHIIN?

4. JIns n300apHOT0 HArpeBaHUs raza, KOJMYEeCTBO BemiecTBa KoToporo 800 MoJb.
Ha 500K emy coobummiu konudecTBO TermioTsl 9.4M k. Onpenenuts padoTy raza
U TIpUpalieHue ero BHyTPeHHEN SHEPTUH.

5. O6BéM Kkucnopoza maccoii 160 r, remmneparypa koroporo 27° C, npu uzo6apHoM
HarpeBaHUM yBeJIUuwWics BABoe. Halitu paboTy ra3a npu pacuiupeHumu.

6.Ckouibko J1poB Hao cxedb B ieuke ¢ KI1/ 40%, uro6sl momyunts u3 200 Kr

cHera, B3aToro npu temmueparype -10° C, somy mpu 20° C?

IIpakTnueckasi padora Ne 7
Tema 3aHATHA: DiIeKTPHUYECKOE MMOJIE.

Heab padoThl: 3aKpENUTh NOJIYYEHHBIE TEOPETHUECKUE CBEACHUS 110 TEME
pelIeHreM 3aja4, BEIpab0oTaTh MPAKTUYECKUE HABBIKU TI0 PEIICHUIO 3a/1a4.

Teopurnyeckas yacTb
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IIpu noxoe 3aps10B UX B3aMMOJEHCTBAE HAa3bIBAKOT JIEKTPOCTATUYECKUM
(anexTpuueckuMm). [Ipu ABMKEHUU 3apsiI0B UX B3aUMOJIEHCTBUE OyIET OTINYATHCA
OT JIEKTPOCTATUYECKOTO. JIOMIOIIHUTENBHOE B3aUMOACUCTBHE 3aps0B,
00yCIOBJICHHOE UX JIBI)KEHUEM, Ha3bIBA€TCS MAarHUTHBIM. B 001iem ciaydae npu
JBUKEHUU 3apsAI0B UX B3aUMOJEICTBUE SBISIETCA DIEKTPOMArHuTHEIM. Cuia
B3aMMOJICUCTBHS IBYX TOUEUYHBIX JIEKTPUUECKHUX 3apAI0B IPSIMO
MPONOPIMOHANIbEHA BETMYMHE 3apsAA0B U 0OpaTHO MPOMOPLHOHATIbHA KBaApaTy
PACCTOSIHUS MEXY HUMMU.

K 4,4,

r* , rae qq - BenuuuHa nepsoro 3apsaa (Ki), q; - BeauunHa BToOporo
3apsaa (Kn), r - paccrosinue mexay 3apsaamu (M), k - koapdunment
nponopuuoHansHoctr (k = 9-10° H-Mm? / Ki?).

VYcnoBus 1 BeInoJiHEHUA 3aKoHa KyioHa:
1. J{oyKHBI OBITh TOYEUHBIE 3aPS/IbI
2. 3apsKeHHbIE TeNa JOKHBI ObITh HENOBUKHBIMU.
HanpsKeHHOCTB 3JIEKTPUYECKOTO ITOJIsI PABHA OTHOILIEHUIO CHIIBI, C KOTOPOU I10JIE
JCUCTBYET Ha TOYCHUHBIN 3apsi/ K STOMY 3apsiny.
. F

F:

q.
OJIEKTPOEMKOCTbD
- XapaKTepHU3yeT CIIOCOOHOCTh ABYX MPOBOJHUKOB HAKATUIMBATDH YJIEKTPUUCCKUN
3apsij.
- He 3aBucuT oT q 1 U.
- 3aBUCHUT OT FT€OMETPUUYECKUX pa3MepPOB MPOBOJHUKOB, UX (POPMBI, B3AUMHOTO
PACIIOJIOKEHMS, FJIEKTPUIECKUX CBOMCTB CPEeJIbl MEK1y TPOBOIHUKAMM.

C = ((’ = const

q q
U P =9

Enununst usmepenus B CU: ( @ - dapan )

DJIEKTPOEMKOCTh IIOCKOTO KOHICHCATOPA

8805
d

BxroueHue KOHACHCATOPOB B JIEKTPUUECKYIO 1IETIh MapalijieIbHOe U
MOCJICIOBATEIHHOE

Torna o6mias anexkTpoemMkocTh (C):

MIPY MMapajuIeIbHOM BKIIFOUCHUH

C =

C=C, +C,

IIpH IIOCJICAJO0BATCIbHOM BKIIOUCHHUN
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{ 1 |
C G G

OHEPI'MA 3APAXKEHHOI'O KOHIAEHCATOPA
KonneHncaTop - 3To cucTeMa 3apsbKeHHBIX Tell U 00J1a/1aeT SHEPrUeH.
DHeprus J1I000ro KOHJIEHCATOpa:
W= cuU? a (/2
2 2C

DHeprus KOHAEHcaTopa paBHa paboTe, KOTOPYIO COBEPIIUT SIEKTPUUECKOE MOJIe
npu cOMMKEHUU TUTACTUH KOHJIEHCATOPAa BILUIOTHYIO,

WM paBHA paboTe MO pa3/IesIeHUIO MOJOKUTEIbHBIX U OTPULIATEIBHBIX 3apsJIOB ,
HEO0OXOAMMOM TMPH 3apsAKe KOHJIEHCATOopa.

Xoa padoThi:

3amaya. C xakoil cuioi B3auMOJIEUCTBYIOT ABa 3apsiaa 2 o 10 uKu,
HaXOJAIIMECS HA PACCTOSIHUM 3 CM APYT OT Apyra?

Jano: Pemenue:
-9z 2 19-8 -3
r=3cMm= - Kor® (3»10‘3M)“'
=310 m. =10"H=1wmH.

Haiitu F.

Otset: F'=1 MH.

Conepxkanue orvera, ¢opma u mnpaBwia opopMieHUss OT4eTa O
BBINIOJIHEHHOH padoTte: ycTHoe coobuieHue. [1oAroToBka ycTHOTO COOOIIEHUS.
OueHka penieHHbIX 3a7a4.
[ens paboThI:
— Hay4YUThCA CaMOCTOSITEIIEHO noaoupaTh uH(pOopMaIuIo,
CUCTEMAaTHU3UPOBATh U OPOPMIISITH B BUJIE COOOIICHHUS 110 3aJaHHOU TEME;
- MOJTYYUTH OIBIT YMEHHSI yOJINYHO BBICTYIIATh.

3agjanuss W BONpoOChHI A (POPMHUPOBAHMS M KOHTPOJSA BJIAJACHUS
KOMIICTCHUMSIMM.

3ajjaHns K peleHunIo:

1. Ha xakom paccrosgHuu apyr ot apyra 3apsiasl 1 MxKn u 10 aKn

B3aUMOJICHCTBYIOT ¢ cuiioil 9 MmH?
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2. B0 CKOJIBKO pa3 cuiia 3JIEKTPUUYECKOTO OTTAJIKUBAHUS MEXKAY JBYMSI
ANEKTPOHAMHU OOJIBIIIE CHIIBI UX TPABUTALIMOHHOIO MPUTSHKEHUS APYT K
apyry?

3. B HexoTopoi Touke nosist Ha 3apan 2 HKi gelictByer cuia 0,4mkH. Halitu
HaNpsHKEHHOCTD MOJIS B 3TOM TOUKE.

4. C KakuM yCKOPEHHEM JIBHXKETCSI SJIEKTPOH B MOJI€ HAIPSHKEHHOCTHIO
10xB/m?

5. Tlnomaas Kaxmoi IIaCTHHEI IIIOCKOro KoHaeHcaropa 401 cm? . 3apsn
mactul 1,42 MxKi. Hality HanpsiKEHHOCTH TOJISE MEXKAY TJIACTUHAMM.

6. Bo CkOaBKO pa3 U3MEHUTCS EMKOCTh KOHJEHCATOPA MPY YMEHBIICHUN
paboueit TIoMAAM MIACTHUH B 2 pa3a U YMEHbBIIIEHUH PACCTOSIHUS MEXKITY
HUMH B 3 paza?

7. TInockuii KOHAEHCATOP COCTOMT U3 JBYX ILIACTHH ILIOMIAABI0 S0cM?
Kakaas. Mexay miiacTHHaMU HaXOJIUTCS CJION cTekia. Kakoit HanOobIIniA
3apsii MOKHO HAaKOMUTh HA ’TOM KOHJIEHCATOPE, €CIIU IIPU HANIPSAKEHHOCTH

nosst 10MB/M B ctekiie mpoucxoauT nmpoOoi KoHaeHcaTopa?

IIpakTnuyeckas padora Ne 7
Tema 3anaTHsA: 3aKOHBI NOCTOAHHOI'0 TOKA. JJIEKTPUYECKHUI TOK B
Pa3jIMYHBbIX Cpeaax.

I.Ie.m; paﬁoTLI: 3aKPCIIUTDh NOJTYYCHHBIC TCOPECTUICCKUC CBCIACHUS 110 TCMC
pCHICHUCM 3a/1a4, BI)Ipa6OTaTB IMPAKTHYCCKUC HABBIKU 110 PCUHICHUIO 3a/1a4.

Teopurnuyeckasi 4acThb

3akon Oma yuTaeTcs TakK: Cu1a moKa 6 yuacmke yenu npiamo nponopuuoHailbHa
HANPAICEHUIO HA KORUAX IM 020 yuacmkKa u 06pamu0 nponopuuoOHaibHa €20

CONRPOMUGIEHUI).
I U
R

3nech | — cuna Toka B yyacTtke nenu, U — HalpssKeHUE Ha 9TOM y4yacTke, R

— CONPOTHUBJICHUE yYaACTKA.
3akoHa OMa 1 MOJIHOM LENU - cuia moxa npamo nponopyuonaivha cymme IC
yenu, u 00PaAmMHO NPONOPYUOHANLHA CYMMeE CONPOMUBLEHUL UCIMOYHUKA U Yenu
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rae E — 3J1C, R- conpoTtuBneHue 1Enu, r — BHyTPEHHEE COPOTUBIICHUE
VMCTOYHHKA.
E

" r+R
DIEKTPUYECKUN TOK - 3TO YIOPSAI0YEHHOE ABMKEHUE 3apsSAKEHHBIX yacTull. Cuia
TOKA paBHa OTHOILIECHMIO 3apsi/ia, IEPEHOCUMOE Yepe3 MOMEPEUYHOE CEUEHNE
MIPOBOJIHHMKA 332 UHTEPBAII BPEMEHH, K 3TOMY MHTEPBAILy BpeMeHU. Eciu cuia Toka
CO BPEMEHEM HE MEHSIETCSI, TO TOK Ha3bIBAETCS MOCTOSIHHBIM. /{711 BOSHUKHOBEHUS
U CYILECTBOBAHMS DJIEKTPUUYECKOTO TOKa B BellecTBe. Heobxoammo, Bo-mepBbIX,
HaJIM4KMe CBOOOHBIX 3apsHKEHHBIX YACTHIL, BO-BTOPBIX, HEOOX0IMMA CUJIA,
JEUCTBYIOIAsl HA HUX B OINPEIEIIEHHOM HampasiieHUU. Ha 3apskeHHbIe YaCTULIB

JNEUCTBYET AneKkTpuueckoe nojie ¢ cuino F=qE. ConpoTuBieHne npoBogHUKA

!
R=p-
o S. Eqununa conpotusnenus — Om. 3akoH Oma miis yuactka nenu: [=U/R.

HpI/I YHOPAAOUYCHHOM ABMKCHHUHN 34PSIKCHHBIX YACTHIL SJICKTPHUUYCCKOC I10JIC

coBepmaeT paGoTy, eé MPUHATO HA3BIBATH PaboTOil ToKa. Pabora Toka A = [UAL |
MoMIHOCTh TOKa paBHA OTHOIIICHUIO PaOOTHI TOKA 32 BPeMs K STOMY HHTEPBATY

-

A . U
P=—=IU=I"R =—
BPEMEHH. at R

Xoxa padoThl.

B npoBonHuke conpotusiienreM 2 Om, noakiatoueHHoM K annementy ¢ J/1C 1,1 B,
cuia Toka paBHa 0,5 A. KakoBa cuiia Toka npyu KOPOTKOM 3aMbIKaHUH dJI€MEHTA?

JHano: Pemenue.
R=2 Om
— IR .

[ & . _E . f=te d __ LIBO3A _s55A.
_ R+r ¥ r ¢—IR 11B-05A-20m
e=1,1 B
[=0,5A
Haiitu I3. Otset: I3 = 5,5 A.

Conep:xkanue ordera, ¢opmMa u mnpaBwia odopMiIeHHusT OT4YeTa O
BBINIOJIHEHHOH padore: ycTHOe cooOuieHue. [loAroToBka yCTHOTO COOOIICHUS.
OueHka peneHHbIX 3a1ay.
[enb paGOTHI:
— Hay4YUThHCS CaMOCTOSITEIIbHO nooupaTh uHpOpMAIHIO,
CHUCTEMATU3UPOBATH U O(POPMIIATH B BUE COOOIIECHHUS 10 33]JaHHOUN TeME;
— MOJIYYHUTh OMBIT YMEHUS MTyOJINYHO BBICTYIIATh.
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3agaHusi W Bompochbl I (OPMUPOBAHHUSI W KOHTPOJSA BJIAJEHUS
KOMIIETCHIIUSIMH.

3aaHus K penieHunIo:

1. OOMoTka peoctara conportuBiieHreM 84 OM BBIOJHEHA U3 HUKEIIMHOBON
IPOBOJIOKH C IIOLIAILI0 TonepedHoro ceuenus 1 mm? . Kakosa quna
IIPOBOJIOKHU ?

2. KakoBa HanpskEHHOCTH NOJISI B A IFOMUHUEBOM IPOBOJHUKE ceueHue 1,4
MM’ Ipu cuite Toka 1 A?

3. Kwucrounuky ¢ 9/IC 12 B 1 BHyTpeHHMM conpoTuBieHueM | Om
MOAKIIFOUEH peocTar, COnpoTuBiIeHue kotoporo 5 Om. Halitu cuimy Toka B
LENH U HANPSHKEHUE HA 3aKMMaX UCTOYHHMKA TOKA.

4. Ilpu nuranuM JJaMnoudku ot 3yeMmenTa 1,5 B cuna Toka B nenm pasna 0,2 A.
Haiitu paboTy CTOPOHHUX CHJI B 3JIEMEHTE 3a | MUH.

5. DnekTpoaBuraTenb NoabEMHOTO KpaHa padoTaeT noj Hanpsokenuem 380 B,
P 3TOM cuJia Toka B ero ooMoTke paBHa 20 A. Kaxo KII/] ycranoBkw,
€CJIM Tpy3 Maccoil 1T KpaH noHUMAET Ha BbICOTY 19 M 3a 50 c?

6. Tpomneitdyc maccoit 11 T ABUX)eETCS paBHOMEPHO CO CKOPOCTHIO 36 Km/4.
Haiitu crry Toka B 0OMOTKE ABUTATENS, €CIU HampshbKkeHrne paBHO 550 B u

KT 80%. Koaddutment conpotuBnenus apuxeHuto pasex 0,02.

IIpakTnuyeckas padora Ne 8
Tema 3ansiTusi: MarHuTHOE MoJie. DJIEKTPOMATHUTHAS MHAYKIHUS.

Heab padoThl: 3aKpENUTh NOJIYYEHHBIE TEOPETUUECKUE CBEACHUS 110 TEME

PCUICHUEM 3a1a4, BBIpa6OTaTB IMPAKTUYCCKHUEC HABBIKU 11O PCIICHUIO 3a/1a4.

Teopurnuyeckasi 4acThb

Cuna, Oeucmeyowas co CMOPOHbL, MASHUMHO20 NOAA HA NPOBOOHUK C
MOKOM, NPAMO NPONOPYUOHAIbHA CUNe MOKA. OJUHe NPOBOOHUKA 8 MASHUMHOM
nojie u nepneHOUKyJIAPHOU COCMAasasgiouell 6eKmopa MacHUMHOU UHOYKYuu. ITO |
ecTb (hopMyIHpoBKa 3aKoHA AMIepa, KOTOPBIN 3anuceiBaetcs Tak: Fa=1/ B sin .

27



Hanpasnenue cuibl AMIiepa OnpeaensioT Mo MpaBuiry
JIeBOU pyKH. Eciu nesyro pyKy pacnonoxcums mak, 4umoovl
yemovlpe naibya  NOKA3BIGANU  HANpAGIeHue  MoKd,
NEepneHOUKYIAPHAs COCMABNAIOWA BEeKMOPA MASHUMHOLL
UHOYKYUU 6X00ula 8 Aa0OHb, mo omocHymsli Ha 90°
OonbUWOU naney nokaxcem HanpasieHue cuivl Amnepa

(puc. 4).

B=Bsin a.

Cuna,  gelcTByromas Ha JBHKYILHICS
AJEKTPUYECKUN 3apsi/i B MAarHUTHOM TIOJI€, Ha3bIBaeTCs cuiou JlopeHya W paBHA
MPOM3BEICHUIO MOJYJIM 3apsAjia, MOIYJS €ro CKOPOCTH, MOAYJS BEKTOpa
MarHUTHOM WHIYKIIMA W CHHYCa yIjla MEXJIY BEKTOPOM CKOPOCTH M BEKTOPOM
MarHUTHOM UHAYKIIUU:

F,= |q|~B~U -sin o

Hanpagnenune cunbl JIopeHa i MOJOKUTEIBHOTO
3apsifia ONpeessieTCs Mo MpaBUITy JIEBOM PYKU: ec/iu eyt
PYKU  pACnoodcums — makx, 4moovl  COCMAGIAIOUA

Puc. 4

MACHUMHOU UHOVKYUU B , NEPNEeHOUKYIAPHASL CKOpOCMmU
3aps0a, 6xXo0uld 8 1a0oHb, a emvlpe 8blMAHYMbIX NAIbYA

ObLIU  HANPABNIEHbL NO  OBUNCEHUIO  NOJOHCUMETbHO2O
3apsoa (npomue OBUICEHUS OMPUYAMETbHO20), MO
omozHymulil Ha 90° 00IbWOU naney yKax)cem HanpaeieHue oeucmsyruel Ha
3aps0 cunvl Jlopenya F,.

- -

DJeKTpUYeCKOe Tojie JAcicTByeT Ha 3apsag ¢ ¢ cwioll F,=q-E.
CrietoBaTenibHO, €CJIM €CTh M DJIEKTPUYECKOE M0JI€, U MarHUTHOE II0JIE, TO
CyMMapHas cuia F, ACUCTBYIOIIAS HA 3apsl, paBHA: F =F,, + F, .

PaCCMOTpI/IM ABWKCHUC YaCTULBI C 3apsagoM g B OJHOPOJHOM MAarHuTHOM
I10JIE é, HaIIPpaBJICHHOM IICPIICHAUKYJIAPHO K HavyaJbHOU CKOPOCTHU YaCTHUIBI v .

F,=F,. Cormacio I 3akony  HsloToHa
2
Y —lglv-B. = R=P
lal- B

Bpems, 3a kotopoe dacTuia JAeaaeT IIOJHbIN
2n - R

000poT (mepuoj odpareHus ), paBHo: T =

MarHuTHBIM MOTOKOM 4Y€pe3 3aMKHYThIN KOHTYP IUIOMIAJbI0 S HA3bIBAIOT
(bU3MYECKYI0 BEIMYHMHY, PABHYIO MPOU3BEACHUIO MOAYJISl BEKTOPAa MAarHUTHOU
WHIYKIUU B Ha TU10111a/]1b KOHTYpa S U Ha KOCUHYC YIJIa a MEX/1y HalpaBiIeHUEM
BEKTOpa MarHUTHON MHAYKIIMU U HOPMAJbIO K muiomanu Kourypa. @ = BS cos a
(puc. 3).

OnBITHBIM ITyTEM OBLT YCTAaHOBJIEH OCHOBHOM 3aKOH
aneKkTpoMarHuTHOM uHayKuuu: I C uHAyKIUM B
3aMKHYTOM KOHTYpe PaBHA 110 BeJIMYMHE CKOPOCTH
W3MEeHEeHHMS] MATHUTHOIO NMOTOKA Yepe3 KOHTYP. & =
AD/At.
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Ecnu paccMaTpuBath KaTyliky, COAEPKAILyIO # BUTKOB, TO pOpMyJia OCHOBHOTO
3aKOHA JIEKTPOMArHUTHOM MHAYKIIUU OYJET BRITJISACTh Tak: & = n AD/At.
Enunanna namepenns marautHoro notoka @ — Bebep (B6): 1B6 =1B - c.
HnoykyuonHwlti mox umeem maxkoe HanpasieHue, npu KOmopom e20 Ma2HumHoe
noJjie cmpemumcs CKOMHNEHCUpPo8ams UsMeHeHUe GHeuHe20 MA2HUMHO20 NOMOKA
yepe3z KOHmMYp.

SIBneHnEe cCaMOMHAYKIIUH 3aKiIr0yaeTcs B nosiBiaeHnn JJ{C MHIyKIIMU B CaMOM
MIPOBOJAHUKE MPU U3MEHEHUU TOKA B HEM.

IAC caMOMHAYKIIUM NPSAMO NPONOPHUOHAIBHA CKOPOCTH U3MEHEHHS TOKA B
npoBoaHuke. & =-L AI/At.

KoaddumumenT nponoprimonanbHOCTH L Ha3bIBAIOT HHAYKTHBHOCTHIO.
NHayKTUBHOCTH — 3TO BeM4MHA, paBHas D/]C caMOMHAYKIIMM TPU CKOPOCTHU
M3MEHEHUs ToKa B MpoBogHuKe 1 A/c. UnaykTUBHOCTE U3Mepsiercs B renpu (['H).
1 Tu=1Bc/A.

Xoxa padooThI.

3ajaua 1.

Jano: Pemrenwue.

B=10mMTn=0,01Tn,

il peilili ate F = BILSIn0=0.01 Tx - 50 A - 0.1 m
o= 90°. SIn90° = 0,05 H.

Haiitu F. OtBer: F=0,05H

3agaua 2.

Jano: Pemenue.

At=5mMc=510"c¢, A .
AP D, -d 9-10°B6-4107B6 _

@, =9 MB6 =9:10° BG. ==t T
®, =4 MB6 =410 ° B6. “1B.
Haiitn €. OtBeT: € =1 B.

Haiitu I3. Otset: I3 =5,5 A.

Conep:xkanue orvera, ¢opma u mnpaswia odopmieHHuss OT4YeTa O
BBINIOJIHEHHOI pafore: ycTHOe cooOuieHue. [loAroToBka yCTHOTO COOOIIEHUS.
OneHka penieHHbIX 3a1a4.
[enb paboOTHI:
- HAy4YUTHCS CaMOCTOSATEIIBHO noa0upaTh UH(pOpMaIHIO,
CUCTEMAaTHU3UPOBATh U OPOPMIISITH B BUJIE COOOIICHHUS 110 3aJaHHOU TEME;
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- IMOJIYUUTD OIIBIT YMCHUA HY6HI/I‘{HO BBICTYIIATh.

3aganuss u  Bompochl s (GOPMHUPOBAHMS M KOHTPOJS  BJIaJeHHUS
KOMIIETEHIUSIMH.

3aaHus K pelieHunIo:

1. IIpsAmoit npOBOAHUK NIMHOW 15cv TMOMENIEH B OJJTHOPOJHOE MATHUTHOE TTOJIE C
uHaykuuen 400 u7Tn, HanpaBiIeHHOW MEPHEHAUKYISAPHO HAMpPABICHUIO TOKA.
Cuiia Toka, MPOTEKAOUIET0 MO MPOBOJAHUKY, 5A4. Haittu cuiny Awmrmepa,
JEUCTBYIOIIYIO HA IIPOBOJAHUK.

2. Ha npsamonuHedHbI  npoBOAHMK  JiMHOM 40 cm,  pacHONOXKEHHBIU
MEPIIEHAUKYJIIPHO JIMHUSAM HHAYKUWM OJHOPOJHOIO MArHUTHOIO IOJI,
neictByer cwia 0,12 H . OnpeaenuTs MarHUTHYIO MHIYKIIUIO, €CJIM CUjla TOKA B
POBOJHUKE 3 4.

3. DJEKTpOH JBHKETCS B OAHOPOJHOM MArHUTHOM I0JIe, MOAYJIb HWHIYKIUU
koroporo B = 0,05 T, nepnesaAuKyasspHO JUHUASAM MATHUTHOW MHAYKIMH. Ero

ckopocth V = 107 m/c. Haiigure BpeMst 0JJHOr0 000pOTa DJIEKTPOHA.

4. DJIeKTPOH JBWXKETCA B OJAHOPOJHOM MAarHUTHOM IIOJIE CO CKOPOCTBIO,
HaIIPaBJIICHHOW NEPNEHANKYJIIPHO BEKTOPY MarHUTHOW UHAYKIWHA U PABHOU S -
10° m/c. Monmyns BexTopa MarauTHOM mHaykiuuu 0,02 Tin. Uemy paBHa cuia
Jlopenua? Onpenenure paanyc OKpy>KHOCTH, IO KOTOPOW JBHKETCS SJICKTPOH.

5. MaruutHsbiil notok 40 MBO yepe3 KOHTYyp yMEHBIIAETCS pABHOMEPHO 10 HYJIS
3a 0,02 c. Onpenenmure DC WHAYKIMH M CHIY TOKA4, BO3HHMKAIOIIYIO B
KOHTYpPE, €CJIM COMPOTUBIIEHUE KOHTYpa 5 OM.

6. Bprauciaure sHEPTUI0 MATHUTHOTO IO KaTYIIKH, HHAYKTUBHOCTB KOTOpOi1 0,8
['n npu cuie Toka 4 A.

7. Karymika u3 200 BUTKOB HaAXOJWTCA B MAarHUTHOM MOJI€, UHIYKIHSI KOTOPOTO
paBHOMEpHO yBenuumBaercss oT 1 go 5 Tm 3a 0,1 c. Onpenenure DC
MH/IYKI[MH, BOSHUKAOIIYIO B KATYIIKeE, €CIIU IUIoIaab BuTka 0,6 cm>.

IIpakTnueckas padora Ne 9
Tema 3ansTusi: Mexannueckue KoJieOaHusl M yIIpyrue BOJIHbI.

eab padoThl: 3aKpENUTh MOJYYECHHBIE TCOPETUUECKUE CBEACHUS 110 TEME

PCUICHUEM 3a1a4, BBIpa6OTaTB IMPAaKTHYCCKHUEC HABBIKH 110 PCIICHUIO 3a1a4.

Teopurnueckas yacTb

Konebanus, paccmaTpuBaemMble B pasene «MexaHuka», Ha3bIBalOTCS

MCXaHUYCCKUMU, IIPU KOTOPBIX paCCMATPUBAIOTCA N3MCHCHUA HOHOX(GHHﬁ,
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CKOPOCTEH, YCKOPEHUHN U SHEPTHil KaKuX-JIM0O0 TE WA UX YacTeH.

BHILI K0JTe0aHHI

el ! T

CBRO 60,[[1—]]:18 BbIHYJCHHbIC aBToKONeOaHHA

Konebamms, KonebaHs, KonebaHms,

[P OHCXOASITHE T10] [P OHCXOASITHE 101 NP OHCXOASIIHE [PH
BO3A€HCTBHEM TOJIBKO | BO3AeHCTBHEM BHEIHEH |[TepHOAHIeCKOM

OJHOH BO3Bpallaolei |mepHoIHIeCKH MOCTYIUTEHHH 3HEPTHH OT
CHIIBI (TIEPEOHAMATLHO | H3MEHMIOIMEHCA CHIbl - |HCTOMHHKA BEHYTPH
cOODIEHHOH YHEePTHH). |(BBIHYEaroMleH CHIbI). |KonebarerhbHOH CHCTeMBL

Cuiy, noj neiicTBUEM KOTOPOW MPOUCXOAUT KoJeOaTeabHbIN MPOIECC, HA3bIBAIOT
BO3BpALAIOLIECH CUIION.

HpOCTCI?II]IHM BHIOM IICPHUOJUYICCKHUX KOJICOAHUH SIBIISIOTCS TapMOHHNYCCKUC

KOHC6aHI/I5I, IMPOUCXOAAIIHNC 110 3aKOHY CHHYCa UM KOCHHYCA.
FapMOHquCKaH KosieOaTeIbHasI CUCTEMaA (CI/ICTeMa TCJI, COBCPIIAOIINX
KOHe6aHI/IH) O0OBIYHO UMEET OJHO ITOJIOKCHHC, B KOTOPOM MOXKCT HpC6BIBaTB CKOJIb

YI'OAHO OO0JITO — IIOJOKCHHUC PABHOBCCHUA 0.

OTKJIOHEHUS OT MOJ0KCHUS PaBHOBCCHA HA3bIBAOT CMCIIICHHUCM, U o0o03HayaeTcs

X, a HamOonwIee cmenienne (Touku B nnm C) Ha3bIBaeTCA aMILTUTYI0U

KOJICOaHUS U 0003HAYaeTcs A.
[Teproanyeckre KoeOaHusT COBEPIIAIOTCS ITUKINYHO. [IBIDKCHHE B TEUCHUE
OJTHOTO ITMKJIA (KOT/1a TeJ0, IPOUIS BCE MPOMEKYTOUHBIC TTOJIOKECHHUS,

BO3BPAILIAETCS B UCXOJIHOE) Ha3bIBAETCs MOJIHBIM Kodebanuem (O-C-O-B-0).

BpeMH OAHOI'O ITOJIHOI'O KOJIEOAHHST Ha3bIBAETCS IHepuoaomM KoJIeOaHHs

(o6o3nauaetcs T). Ecnu Tesno 3a Bpemsi t coBepIaeT n MOJHBIX KOJEOaHUI TO

=y
M HA3bIBAETCS 4aCTOTOU KoJicOaHui. Uucio kojicbanuii 3a 27

1]
T= -
t

2|~

1
,a T
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€IMHUI] BPEMEHH HA3bIBACTCS LUKINYECKON (KPYTroBOil) 4acTOTON M 0003HAaYaeTCs

m: W= 27TW
Matemartuyeckas 3anich TapMOHHUYECKOTO KOJICOaHUS:

X = Acos{mt +¢p,) = A cosq
X = Asmfcot + ;) = Asin o,

roe P~ Wb+ ¢y _ daza konebanus (pusznueckas BeJIMUUHA, ONIPEASIIAIONIas

MOJIOKEHHUE KOJIEOATENbHOM CUCTEMBI B IAHHBIA MOMEHT BPEMEHM ),(Po — HAUaJIbHAs

daza xoaebaHus
[TpocreiitmmmMu Koie0aTeIIbHBIMU CHCTEMAMU SIBJISIFOTCS:

a) MaTEMaTUYCCKMI MASITHUK — MaTcpualibHasa TO4YKa, IIOABCIICHHAA HA HEBECOMOU

HepaCTH)KHMOﬁ HHUTHU U COBCPIIArOIIass KOJIeOaHHMS Imona IIGP'ICTBHGM CHIJIBI TAXKCCTH.

[lepuon konedanust onpeaensieTcs: ypaBHEHUEM:

T=2n E

5
HepI/IO,Z[ T 3aBUCHUT JIMIIb OT JJIUMHBI MAasITHUKA U MCCTOIIOJIOKCHUA (y'I[aJ'IéHHOCTI/I
OT LIEHTpa 3eMJIH WM JIPYroro HeOECHOIo Teja), KOTOPOEe OMPEACIISCTCS

M
8= Tr—g
BEJIMYMHON YCKOPEHUsI CBOOOIHOTO Ma/IeHUs

0) Npy>KUHHBIA MasITHUK — MaTepUalibHas TOUKa, 3aKperui¢HHas Ha aOCOIOTHO

YOPYTOH IIPYyKHUHE.

[lepuon xonebanust onpeaenseTcss ypaBHEHUEM: .

m
T=2m. | —
K

KaxoBa macca rpys3a, KoJIeOmIoIerocs: Ha mpyxuHe skectkoctbio 0,5 kH/M, ecun nmpu
aMILTUTY A€ KOJIeOaHui 6 CM OH UMEET MaKCUMAJIbHYIO CKOPOCTh 3 M/C?

JlaHo: Pemienue.
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m? x? x ¥
k =0,5xH/™M = 500 H/m, 2 2 v? v
=5 = 2
% =B =00, =500 T [ 20 M| 202 kr
v =23 M/C. 3m/c
Haiiti: m OtBetr: m = 0,2 k.

3aganuss u  Bompochl i (GOPMUPOBAHMS M  KOHTPOJS  BJIaJeHHUS
KOMIIETEHIUSIMH.

3aiaHus K pelieHunIo:
1. Haittu maccy rpy3a, KOTOpbIid Ha TIpy)uHe KECTKOCThI0 250H/M nenaet 20

KoJebanwmii 3a 16 c.

2. I'py3, noaBenieHHbI Ha npykuHe xeEcTkocThio 600H/M, coBepiiaeT
rapMoHuYecku Kojiebanus. Kakoii 1omkHa OBITH KECTKOCTH MPY>KUHBI, YTOOBI
4yacToTa KoJeOaHuil yMeHbIIUIach B 2 pasza?

3. [Ipy>xuHHBIN MassTHUK Maccoi 0,16 Kr coBeplaeT rapMOHUYECKUE KOJIEOAHHUS.
Kakoit moikHa cTaTh Macca 3TOro MasiTHUKA, YTOOBI MEPUO/] KoJeOaHu!
yBenuuuics B 2 pa3a’?

4. Kak u3MeHUTCS Mepro]l KojieOaHU MaTeMaTUUEeCKOTO MasSTHUKA, €CITU JITTUHY
HUTH YBEJIMYUTH B4 pasa, a Maccy rpy3a yMEHbIINUTH B 4 pa3a?

5. Pe16osoB 3ameTwi, uto 3a 10 ¢ mormiaBok coBepiui Ha BostHax 20 konebanuit, a
PACCTOSIHME MEX]y COCeTHUMHU rpeOHaMH BoJH 1,2 M. KakoBa ckopocTh
pacupoCcTpaHECHUs BOJIHbBI?

6.110 MOBEPXHOCTH JKUJIKOCTU PACTIPOCTPAHSIETCS BOJIHA CO CKOPOCTHIO 2,4 M/C TIpH
gactoTe 2 ['i. KakoBa pasHocTh a3 ajisg ToUek, Jexalux Ha OJTHOM JIyde U
OTCTOSILIUX JAPYT OT apyra Ha 90 cm?

7. Ilpu cBOOOIHBIX KOJICOAHUSIX MPY>KHHHOTO MasiTHUKA MaKCUMaJIbHOE 3HAYCHUE
ero noTeHunanbHOM sHeprun 10 /I, MakCMMalbHOE 3HAYEHUE €T0 KUHETUUYECKOU

sHeprun 10 [Ix. KakoBa moiHas MexaHU4YeCKasi SHEPTUsS IPy3a U NPY>KUHBI?

IIpakTnyeckas padora Ne 10
Tema 3ansiTUS: DJIEKTPOMATHUTHBIE KOJIe0OaHUS U BOJIHBI.
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He.]'[b pa60T1>1: 3aKPCIIUTD IMOJYYCHHBIC TCOPCTUICCKUC CBCACHHUA 110 TCMC

peICHUCM 3a1a4, BBIpa6OTaTB MMPAKTHUYCCKMC HABBIKHU I10 PCIICHUTIO 3a1a4.

Teopurnueckasi 4acThb

$ Ilpu pacnpoCTpaHEHUHU PIEKTPOMArHUTHON BOJIHBI
BEKTOPBI HANPSKEHHOCTH £ M1 MAarHUTHOM MHIYK-
uuu B nepneHuKysipHbl HallpaBICHUIO
pacnpocTpaHEHUs! BOJIHBI U B3AHMHO
NEepPHEHANKYJIIPHBI MEX Iy co00ii (puc. 2).
B03MOXXHOCTh IPAKTUYECKOTO TPUMEHEHUS HIIEK-
TPOMAarHUTHBIX BOJIH JUIsl yCTAHOBJICHUS CBSI3U 0€3
Puc. 2 MPOBOAOB MPOJEMOHCTpUpoBail 7 mast 1895 r.
pycckuii pusuk A. ITonos. DTOT 1eHb CUUTAETCS
JTHEM pOKIEHUS paauo. JJis ocyliecTBIECHUS paJuoCBsI3u HEOOX0AMMO
00€ecreynuTh BO3MOXHOCTb U3TyYEHUs AJIEKTPOMAarHUTHBIX BOJIH. Eciu
AJIIEKTPOMArHUTHBIE BOJHBI BO3HUKAIOT B KOHTYPE U3 KaTYIIKU U KOHJIEHCATOPa, TO
NEPEMEHHOE MAarHUTHOE T0JIE OKA3bIBAETCS CBSI3aHHBIM C KATYIIKOH, a
NEPEMEHHOE JEKTPUUECKOE M0JI€ — COCPETOTOUYEHHBIM MEXY TUIACTUHAMHU
KOHJIeHcaTopa. Takoi KOHTYp Ha3bIBAETCS 3aKPBITHIM (puc. 3, a).
3aKphITHIN KOJIEOATEIbHBIN KOHTYP MPAKTUYECKU HE U3TYUYaeT AIEKTPOMArHUTHBIC
BOJIHBI B OKPY’KaroIllee MPOCTPAHCTBO. ECIM KOHTYp COCTOUT U3 KaTyIIKH U ABYX
IUTACTHH TUIOCKOTO KOHJIEHCATOPa, TO MO YeM OOJIBIIUM YIJIOM Pa3BEPHYTHI ATH
IUTACTHHBI, TeM Oosiee CBOOOAHO BBIXOAUT JIEKTPOMArHUTHOE MOJIE B
OKpY’Karolee MpocTpaHcTBO (puc. 3, 6). IIpenenbHbIM cilydaeM pacKphITOTO
K0J1€0aTeIbHOTO KOHTYpa ABJISETCS YJaJleHUE MIIACTUH HA TPOTHUBOIIOIOKHBIE
KOHIIbI KaTylIKHU. Takast cucteMa Ha3bIBAETCS OTKPBITHIM K0J1e0aTeJIbHbIM
KOHTYpOM (puc. 3, B). B 1eliCTBUTETLHOCTH KOHTYP COCTOUT U3 KATYIIIKU U
JUTMHHOTO MPOBO/Ia — AHTEHHBI.

DHeprus u3iydaembix (IpU MOMOILIM FeHepaTopa He3aTyXarouX KojieOaHui)
AJIEKTPOMATHUTHBIX KOJICOAHWUN TPH OJIMHAKOBOW aMIUIUTYAE KOJIEOAHWUN CHUIIBI
TOKa B aHTCHHE IMPOIMOPITMOHAIEHA YETBEPTON CTETMEHH 4YacTOThl KoyieOanuid. Ha
4acTOTax B JECATKH, COTHM H JaXe ThICAYM TIepll HHTEHCUBHOCTh
AIIEKTPOMArHUTHBIX KOJIeOaHUN HUYTOXKHO Maja. [losToMmy s ocyiiecTBiICHHS
paavo- W TEJIEBU3HMOHHOM CBSI3W HCIOJB3YIOTCA 3JIEKTPOMAarHUTHBIE BOJIHBI C
YaCTOTOM OT HECKOJIBKMX COTEH ThICAY I'epll JO COTEH Merarepu.
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IIpu mepenaye mo paguo peyu, My3bIKM U JPYI'MX 3BYKOBBIX CHUIHAJIOB
OPUMEHSAIOT pa3iU4YHble BHJbl MOAYJSIMM  BBICOKOYACTOTHBIX (HECYIIHX)
koneOanuii. CyTh MOAYJSALMHM 3aKIIOYACTCSI B TOM, UYTO BBICOKOYACTOTHBIC
KoyieOaHusi, BbIpaOAThHIBAEMBIE TEHEPATOPOM, HM3MEHSIOT [0 3aKOHY HH3KOM
4acToOThl. B 3TOM M 3akmroyaercs OOuH M3 NPUHLHUIOB paguonepenayu. Jpyrum
OPUHIMIIOM  SIBISIETCA  OOpaTHbI npouecc — JAeTekTupoBanme. llpu
paguonpueMe U3 NPUHATOTO AHTEHHOW IIPUEMHHMKA MOIYJHPOBAHHOIO CUTHAIA
HY>KHO OTQUIBTPOBATH 3BYKOBBIE HU3KOYACTOTHBIEC KOJIEOaHUSI.

3agaua.

KonebarenbHbIi KOHTYp COIEPKUT KOHAEHCATOP eMKOCThI0 800 nd u KaTymky
WHIYKTUBHOCTU MHAYKTUBHOCTBIO 2 MKI 'H. KakoB nepno coOCTBEHHBIX
KoJieOaHu KOHTYpa?

Jamo: Pememms:

C = 8001—[(1} = 8 ) 1{]_10‘1} FopuymaToumoma: L = ZT[ . "','f'E
L=2mMklE=2-10"°TH | = 7. 3,14 - w.-'z -1075-8-10-1° = 0,25- 1075 (¢)
L = 0,25 (MKc)

T-7
Oreet: 0,25 [:MKC)

Conep:xkanue orvera, ¢opma u mnpaswia odopmieHHuss OT4eTa O
BBINIOJIHEHHOI pafore: ycTHOe cooOuieHue. [loAroToBka yCTHOTO COOOIIECHUS.
OueHka penieHHbIX 3a7a4.
[ens pa®oThI:
— HAY4YUTHCS CaMOCTOSITEITBHO noaOUpaTh uHpopmaruto,
CUCTEMATU3UPOBATH U O(POPMIISTH B BUE COOOIIEHHUS 110 3aJaHHOU TEME;
— MOJIYYUTh OMBIT YMEHUS MyOJIUYHO BHICTYNATh.

3aganuss W Bompochbl st  (POPMUPOBAHUSI M KOHTPOJISL  BJIa/IeHUA
KOMIIETEHLIUSIMH.

3ajjaHns K peleHunIo:

1. Curnan pamuonokaTopa BO3BpaTHjCsA OT oObekra uepes 3 - 10* c. Kakoe
paccTosiHue 10 00beKTa?

2.  Yemy paBHa JIMHA BOJIHBI, U3JIy4aeMOU MEPEIATUYMKOM, €CITU TTEPUO/T
xoje0anuii pasen 0,2 ¢ 107 ¢?

3. KakoBa ajivHa BOJHBI TEJIEBU3MOHHOTO CUTHAJIA, €CJIM HECYIIAasl YacTOTa
paBHa 50 MI'u?

4. Omnpexpenure Nepuo] U 4acTOTy paauorepeaaTunka, paboTaromero Ha BOJHE
nnHou 30 M.

5. Onpenenute 4acTOTy W JUIMHY BOJHBI paguonepeaaTurKka, €Ciau Mepuo/i ero
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SJIEKTPUYECKHX KoeOanuii pasen 1076 ¢
6. CKOJBKO KOJ€OaHUI MPOUCXOIUT B AEKTPOMATHUTHOMN BOJIHE C JUTMHOU
BoJHBI 300 M 3a Bpemsi, paBHOE miepro1y Koiaebanuit ¢ yactotoit 2000 I'q?

IIpakTu4yeckas padora Ne 11
Tema 3ansaTus: Ilpupoaa csera.

He.]'lb pa60T1>1: 3aKPCIIUTD IMOJTYYCHHBIC TCOPCTUICCKUC CBCACHUA 110 TCMC

peICHUCM 3a1a4, BBIpa6OTaTB IMPAKTUYCCKHUEC HABBIKU 110 PCHICHWIO 3a/1aY.

Teopurnueckasi 4acThb

,,,,,,,,,,,,,,,,,,,,,,,,,, e |
I&opnycxy AAphas C‘neT - tmc-mu} | K_Bd HTOBBIE cnoncnzai
'[EO HA CBETA | - cBeTa }
{pioToH) ! (rtepenc-c BEHRIECT Bd) . (IIpM M3TYUEHWH 1 |

- B R HOFJIOIHCHHH)

S o i i e i e m e e e T -
Bosmosast | | P .aJleKTDOMarHHTHdH |

. Teopus CBETa ;—-- Cret ~ BOJIHBL ;H--, TEOPHUHA CBETA ;
i Toftresey (Mchﬂenn - XIX B. )

Ckopocts cBeTA BaKyyme ¢ = 300000 m™m/c

3AKOH OTPAXXEHMNA CBETA
D B |

. — YTOJI TIaBeH W1
c Y — VION TIPEROMIEHMST
O6GparnMOoCTh X044
CBETOBBKIX fyucii

3AKOH NMPENOMNEHWA CBETA

— AC, CB, DE- B 0Ol1IHOH TNIOCKOCTH

Sln o
— = M — OTHOCHTENBHBIT NOKAZATSI b

sin

b MpeJIOMIICHUS
v, — CKOPOCTDb CBeTa B 1 cpene
U, — CKOpPOCTh CBETA BO 2 Ccpeje

—AC, CB, DC - B 0OJ1HOH IVIOCKOCTH

nl = ==
g n, Lot
— =t o D1
n, ==X ny U,
7]
? n < n,
cpena 1
OTTHYCCKH MCHEE NAoTHAS
AOCOIOTH LI INoanoe OTPANEHKRE
[IOKA3ATSIb TIPENOMICHUA . e
=90 | sinag=F

C, — DPEAeNbHLIH YroJl
fIOJIHOTO OTPAXKeHUs
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OK_1L.13 NUH3A

npo3pauHoe meno, 02PpanuverHoe cd)epuuecxmu HOBEPXHOCMAMU

/ Brmt sna
\
o™ Touxas mn3a: Pacceusaionise
JHH3B _ y
BBITTYKJIbIE TOJLIMHA HHHBI AB<<R uR,

A

I

O — onmwaeckuii nenrp uu3si; 0,0, — riasaasg onTnyeckas och
0,0, — noGounas onTHIECKas OCh

F

. OF — $oKycHOe pacCTOsTHHE =y
I7TABHBIA POKYC TJIaBHBIA HOKYC
IIH'HS%)I ®Y® 4B — (oxanbHast IIOCKOCTb THH3bI (MHAMBLA)
OnTHvecKkasi CHIA JIMH3bI ITocTpoenue M306paKeHus B JHA3AX
. 1 - N N
P I T~
[D]= 1 amrp (auonTpus) 3.3 | 5
1 anTp — onrTHYECKas cuia > ’
NUH3BIC F=1M ¥ v
D >0 — nuH3a cobuparoras; D <0 — auH3a paccenBaromas
@opmyJia TOHKO# JIHH3bI JInneiinoe ysemmaenne an3bl ()
H |fl
d f fl|ld | h o |d|
2 H — BBICOTA N300paxeHus
h — BBICOTA IIpeaMeETa
F H
d S N
ol :~ yf'. o~ \
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3ajgaua. CBeva HaxXOAUTCA HA pacCTOSHHUM 12,5 cM 0T cobuparomieii TMH3bI,
omnThyeckas cuia kotopoii pasHa 10 nntp. Ha kakom paccTosiHUM OT JTUH3BI

MOJIYYUTCS] U300pakKeHHe U KaKuM OHO Oynet?
JlaHo: Pemienue

D=10antp D=1/d+1/f, 1/f=D-1/d
d=12,5cm=0,125 m 1/£=10-1/0,125=10-8=2
-7 £=1/2=0,5 m OtBert: 0,5 M

3auamm H BOIIPOCHI JIsA (l)OpMI/IpOBaHI/IH H KOHTPOJHA BJaJACHUA
KOMIICTCHIINAMM.

3aiaHud K pelieHuIo:

1. Jly4 OT mOABOJHOTO MCTOYHHKA CBETA NAJAET HA IOBEPXHOCTH BOJBI MO
yriioM 25°. Onpenenure nojJ KaKuM yTiioM 3TOT JIyd BBIMAET B BO3IyX.

2. Onrtudeckas cuia JuH3bI paBHa 5 antp. Haliqute pokycHoe paccTosinue
JIMH3BI.

Haiitu ¢oxycHoe paccTosiHue, ecliu ONTHYEeCKasi Cujla JIMH3bI paBHa 3,5 AnTp.

4. Ha ckoJbKkOo onTuYecKas cuiia JUH3bI ¢ (POKyCHbIM paccTossHueMm F; = 0,5 m
OO0JIBIIIE ONTUYECKOM CHIIBI JIMH3BI ¢ (POKYCHBIM paccTtosiHueM Fr = 100 cm?

5. Ha kakom paccTosiHUM OT coOuparole JUH3bI ¢ POKYCHBIM paccTtosinueM 10
cM OyZIeT HaXOIUThCS U300pakeHre IpeIMeTa, €CIIU caM MPEeAMET HaXOIUTCS
Ha pacctosiHuu 20 cm?

6. CxopocTh pacmpocCTpaHEeHus Jiyda »enaToro ceera B Boje 225 000 km/c, a B
crekiae — 198 200 xm/c. OmpenenuTh MoKa3aTedb MPEIOMIICHUS CTEKJIa
OTHOCHUTEIBHO BO/JIBI.

7. Cger mnuHoil BonHbl 600 HM pacnpocTpaHsercs B Bozayxe. Hailtu mimny

BOJIHBI B BOAC.
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IIpakTuuyeckasi padbora Ne 12
Tema 3auaTusa: BoaHoBbIe cBOMCTBA CBETA.

Heab padoThI: 3aKpENUTH MOJTYYEHHBIE TEOPETUUECKUE CBEICHUS 110 TEME

pelIeHreM 3a/iay, BbIpadoTaTh MPAKTUYECKUE HABBIKU MO PEIICHUIO 3aja4.
Teopurnueckasi 4acThb

Hucnepcus csera (HeotoH )
3a8UCUMOCMb 1 CPedbl OM V C8EMOB0Il 80AHbL

Onepiret HeloTona

benbiit
' Kak ny Oy n, v
OpHaX b1 \ /
XKak

3BOHApH U, >V = Ny >N, => JACHEPCHSA
TI'oponckoit
Ciioman

* POoHaph

Wnrepdepennus cBera
nepepacnpeoenerue UHMeHCUBHOCIU C8emd 8 Pe3yAbmame HAN0HCEHUS
HECKOAbKUX KO2EPEHMHBIX C8EMOBbIX BONH

Korepen'mue HCTOYHMKH BOJIH — MMECIOT OJMHAKOBYIO V A(poOIlSt.
Korepelmiue HCTOYHHKH = KOr¢peHTHbIC BOJIHbI.

Ad = d, —d, — pa3HOCTb X012 BOJIH

Yciaosne MAKCHMYMOB

Ycnoue MuHEMYMOB

Ad=+k\ k=0,1,2,..  , Ad=(2k+1)A/2
A

! \ ! \
1 1 ! \
§
\ 1 t
\ 1]
[ ]
3 4
\ /
-

ugpparkyus céema - OTKIOHEHUE CBETA OT MPSMOJIMHENHOTO PaCpOCTPAHEHUSI B
Cpele ¢ pe3KUMH HeOAHOpoAHOCTIMU. CretyeT 0OpaTUTh BHUMAaHHUE Ha TOT (aKT,
YTO sIBJICHUE TU(PAKIUU TPOSIBISIETCS B TOM, YTO MIPH MPOXOKICHUH CBETOBOM

BOJIHBI B HEOJHOPOIHOM CPEAE MPOUCXOIUT MEPEPACTPEAETICHUE UHTCHCUBHOCTH -
MOSIBJICHUE MECT C OOJIBIIION MHTEHCUBHOCTHIO (MAKCMYMOB) U MaJIOH
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WHTEHCUBHOCTBIO (MUHUMYMOB). SIBNieHHne nudpakiunu HabJIHOgaeTCs 71 BOJIH
10001 ipupoibl. TpyaHOCTH HAOIIOACHHS TU(PAKIIUU CBETOBBIX BOJIH
3aKJIFOYAIOTCSA B TOM, YTO BCIIEICTBUE MAJIOW JJIMHBI CBETOBOM BOJIHBI
nHTEepPEPEHITMOHHBIE MAKCUMYMBI PACIIONaratoTcs 0OUeHb OJIM3KO0 IPYT K APYTY, a
WX HHTCHCUBHOCTH OBICTPO yOBIBaCT.

Jlugppaxkyuonnasn pewremka - COBOKyITHOCTh TapaJUICIBHBIX IPYT APYTY MIeei
OJIMHAKOBOMW IIUPUHBI @ M PACIIOIOKEHHBIX Ha OJJUHAKOBOM PACCTOSTHUU b IpyT OT
npyra. Beanunaa d = a + b Ha3pIBaeTCsA MEPUOIOM JTHPPAKITMOHHOW PEIICTKH.
[Tpu paccMoTpeHun AUdpPaKIUK IJIOCKOW BOJIHBI, MaJArOIICH MEPICHINKYIIPHO
pemieTke, HeoOXOJMMO VYHMTHIBaTh HMHTEp(epeHInio N CBETOBBIX BOJIH,
MPOIICAIINX Yepe3 Ieau. MakcuMyMbl cBeTa OyayT HaOJI0aaThCs MOJA YIIIOMY,
OTpEICTIIEMBbIM YCIIOBUEM

d sin o= ih,

TJIe k - MOPSAAOK MaKCUMyMa, & = 0, £1, £2, ..., ¢p- yroa nudpakium.

Xoa padoThl.

3agaua. /[Be korepeHTHBIE BOJIHBI ProsieToBoro cBera A = 400 HM JOCTUTAIOT
HEKOTOPOM TOYKH C pa3HOCTHIO X01a A = 1,2 MKkM. UTO IpOU30MAET B TOM TOUKE:
YCUJICHHE WM OCJIa0JIeHUE BOJIH?

Jano: Pemenue:
B nanHoMm ciyuae
A=1,2 MKkMm
A =400 HM
Az —? A= 3}\4,

CJIEIOBATENBHO MPOU30MIET
UHTEP(PEPEHITMOHHBIN MAKCUMYM.

OrtBer:
m=3 =
OyneT HabJII01aThCsl MAKCUMYM OCBEIIIEHHOCTH

Conepxkanue orvera, ¢opma u mnpaswia opopmieHuss OT4YeTa O
BBINOJIHEHHOH paboTe: ycTHOe coobmieHue. [loAroToBKa yCTHOTO COOOIIEHUS.
Ouenka penieHHbIX 3a7a4.
[enb paGoOTHI:
— Hay4YUThCS CaMOCTOSITEJIBHO o0MpaTh nHpopMmaruio,
CUCTEMATU3UPOBATH U OPOPMIIATEH B BUE COOOIIEHNUS 10 33JJaHHON TeMe;
- MOJIYYHTh OMBIT YMEHUS MTyOJINYHO BBICTYIIATh.

3agaHusi W Bompochbl A (OPMHUPOBAHUSI M KOHTPOJSA BJIAJEHUS
KOMIIETeHIUSIMH.
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3aiaHus K penieHunIo:

1. Kaxoil HaubGonmpIIMI MOPSIIOK CHEKTpa MOXHO BHUICTh B AU(PPAKIMOHHOU
pemerke, umeromeit 500 mTpuxoB Ha 1 MM, IPU OCBELIEHUH €€ CBETOM C
JIUTMHOU BOJIHBI 720 HM?

2. Pa3HOocTh XO#a mydeil OT ABYX KOIE€PEHTHBIX MCTOYHHKOB CBETa C JJIMHOU
BOJIHBI 600 HM, CXOJAIIMXCS B HEKOTOPOM TOYKE, paBHa 1,5 - 1076 M. byner nu
HaAOJI0IaThCSl YCUIICHUE WIIH OCJIa0JIeHHEe CBETa B 3TOM TOUKe?

3. Judpakmumonnas pemeTrka comgepkut 100 mTpuxoB Ha 1 MM JIJIMHBL
Onpenenure UIMHY BOJIHBI MOHOXPOMAaTHYECKOTO CBETA, MMAJAOLIEro
NEPHEHANKYIAPHO HAa TU(GPAKIIMOHHYIO PEIIETKY, €CIU YTOJd MEXIY IBYMS
MaKCUMyMaMH TIEPBOTO MOPSIKA paBeH 8°.

4. ]JIBe KOTepEeHTHBIC CBETOBBIC BOJIHBI KpacHOTo cBeTa (A= 760 HM) TOCTUTAIOT
HEKOTOPOM TOYKHM C Pa3HOCTHIO X0Aa 2 MKM. UTO MPOU30MIET B 3TOM TOUKE:
YCUJICHHE WM OCJIa0JIeHHe BOJIH?

5. Halgutre onTHYECKYI0 PAa3HOCTh XOJa IJIOCKHMX MOHOXPOMATHYECKHUX BOJIH,
JAIOIIUX TPU MPOXOKICHUU uepe3 AUPPAKIIMOHHYIO PEHIETKY ¢ MEePUoIoM 3
MKM MaKCUMYyM TIipH yriie qudpakiuu 30°.

6. Ha jaudpakuuoHHyro  pemerky ¢ nepuogoM 3 MKM  Majaaer
MOHOXPOMAaTHYECKUH CBEeT ¢ UIMHOM BoiHBI 650 HM. YeMy paBeH
HanOOJbIINHN NOPAIOK AUPPAKIUOHHOTO MaKkcuMyMa?

7.  Hdudpaknuonnas pemierka umeeT 50 mrpuxoB Ha 1 mMm amunbl. [log kakum
YIJIOM BHJIEH MAaKCUMYM BTOPOTO MOPS/IKa CBETA C IIUHON BOIHBI 400 HM?

IIpakTnueckas padora Ne 13
Tema 3ansaTus: KBantoBas onruka. ®U3nMKa aroMa 1 aTOMHOI'0 s1APA.

Heab padoThI: 3aKPENUTH NOJIYYEHHBIE TEOPETUUECKUE CBEACHUS 110 TEME
peIIeHreM 3aJ1a4, BEIpa0oTaTh MPAKTUIECKHE HABBIKHU IO PEIICHUIO 3a71a4.

Teopurnyeckasi 4acThb

B 1900 r. nemeukuit ¢usuxk Makc Ilmank BbICKazanm THUIIOTE3Y: CBET

U3ITydaeTcs W TOIJIONIACTCS OTACIBHBIMA TIOPIUSIMH — KBaHTaMH (WM
dboroHamu). DHeprusi Kaxaoro ¢GoroHa onpenensercs Gopmynoit £ = hv, rae h —
nocrosiHHas [lnanka, pasHas 6,63 - 10°* JIxk - ¢, v — 4acToTa CBerTa.

['mmore3a Ilnanka OOBSCHWIA MHOTHE SBIICHUS: B YaCTHOCTH, SIBJICHHE

dboroaddexra, oTkpeiToro B 1887 1. Hemenkum yudeHbIM ['eHpuxom ['epuem u

U3YYEHHOTO SKCMEPUMEHTAIBHO PycCKUM yueHbIM A. I'. CTONETOBBIM.
Domoaghghekm — HTO SIBICHUE HCIYCKAHUS DIJIEKTPOHOB BEIIECTBOM MO/

JIEICTBUEM CBETA.

B pesynbrare uccienoBaHuii ObLIM yCTaHOBJIEHBI TpH 3aKoHa poTorddekTa:
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a) Cwuna Toka HACHIIIEHUS MPSMO MPOMOPIIMOHAIbHA HHTEHCUBHOCTH CBETOBOTO
U3ITyYEHHUs], M1aJIal0IIEro Ha MOBEPXHOCTh Tea;

0) MakcuMalbHass KHHETHYECKas SHEPTUS (POTOAIEKTPOHOB JIMHEHHO BO3paCTaeT
C 4aCTOTOM CBETA U 3aBUCUT OT €r0 MHTCHCUBHOCTHU;

B) €CJIHM YacTOTa CBETa MEHbBIIE HEKOTOPOW ONPEAEICHHOW [UIsl JIaHHOTO
BEI[ECTBA MUHUMAJIBHON 9acTOTHI, TO (OTOA(DPEKT HE TPOUCXOIUT.

3aBUCHMOCTH (hOTOTOKA OT HANPSDKEHHSI TIOKa3aHa

Ha puUCyHKe 1.

Teopuro hororddexra co3aan HeMEIKU yueHbIN

A. DunireiiH B 1905 r. B ocHOBe Teopuun

OUHIITENHA JIKUT MOHSATUE paOOThI BHIXO/IA

"7 7 3JIEKTPOHOB U3 METaJlIa U MOHATUE O KBAHTOBOM
N anpone u3ydeHuu cBeta. [1o Teopun DiHIITEHHA
doToapdext nmeer cienyromiee 0ObICHEHHE:
Puc. 1 MOTJIOMIast KBAaHT CBETA, DJIEKTPOH MPHUOOpETaeT

sHepruto Av. [Ipu BeuleTe U3 MeTalIa SHEPTUs
Ka)XJIOT0 JIEKTPOHA YMEHBIIIAETCS Ha ONPEACICHHYIO BEIMUUHY, KOTOPYIO
Ha3bIBAIOT padoToil BbIX0aa (Ag,x). PaboTa BbIxoa — 3T0 paboTa, KOTOPYIO
HE0OXOMMO 3aTPATUTh, YTOOBI YAAIUTH IEKTPOH U3 MeTaJlla. MakcuManbHas
SHEPrys JIEKTPOHOB MOCIIE BhLUIETa (€CIIM HET APYTHX IOTEPD) UMEET BUA: mV>/2 =
hv - Agyx, ITO ypaBHEHHE HOCUT Ha3BaHUE YPABHEHHUsI DHHIITeHHA.
Ecimu v < Agyx TO GoTOdD(PEKT HE TPOUCXOIUT. 3HAUUT, KPACHAS 2PAHUYA
Gdomosgpexma paBHA Vi = Agyx/h
[Tpubopsl, B OCHOBE MPUHIIHIIA ISHCTBHS KOTOPBIX JIGKUT siBJieHHE (poTodddekTa,
Ha3bIBAIOT (poTOIIeMeHTaMu. [IpocTeluM Takum mprubopoM SBISIETCA
BaKyyMHbII (oToanemeHT. Hepocratkamu Takoro (oTo3aeMeHTa SBISIOTCS:
caObli TOK, MaJiasi YyBCTBUTEIBLHOCTD K JJIMHHOBOJIHOBOMY U3JTYYEHHUIO,
CJIO’)KHOCTh B U3TOTOBJICHUHU, HEBO3MOKHOCTh MCIIOJIb30BAHUS B LIETISX
nepeMeHHoro Toka. [IpuMensieTcss B poToMETpUM 1J11 U3MEPEHUSI CUJIbI CBETA,
SPKOCTH, OCBEIICHHOCTH, B KUHO JIJIs1 BOCIIPOU3BEICHUS 3BYKa, B (hoToTenerpadax
u oroTenedoHax, B ynpaBiIeHUN MPOU3BOICTBEHHBIMHU MPOIECCAMM.

3apaua. Kpacnas rpanuna gorosddexra nns Hukens paBHa 0,257 mxm. Haiitu
JUTMHY BOJIHBI CBETA, MAJalOIIero Ha HUKEJIEBBIM 2JIEKTPO/T U HaYaJbHYIO0 CKOPOCTh
BBIPBHIBAEMBIX 3THM CBETOM (POTORICKTPOHOB, €CJIM (POTOTOK MpEeKpaiaeTcs mpu
3a/IepKUBAIOIEH PA3HOCTH MOTEHIMAIOB, paBHOil 1,5 B.

Tano: b =257107 0.0 1o

Havmu: ~, o- .
Pewenue
CornacHo ypaBHEHHUIO DUHINTEHHA Il BHEITHETO (GoTod(ddeKTa, SJHEPTHs
MOTJIOIIEHHOTO KBaHTA TPATUTCS HA COBEPIICHHE (DOTOIIEKTPOHOM PabOThI
he
o —=A+E
BBIX0/1a A ¥ IPUJAHUE EMY KNUHETHYECKON dHEpruu £: 4 :
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Ecim (I)OTOKaTOIL OCBE€IIATh CBCTOM C ,IIJII/IHOfI BOJIHBI, paBHOﬁ KpaCHOﬁ Ir'paHUIC,
BCs DHEPTUA ITOTTIOIICHHOT'O q)OTOHa HACT Ha COBCPIICHUC pa6OTI>I BbIXOJd4:
hc

== A
A

K

Kunetnueckyro sHepruto (poTo3JIeKTPOHOB MOKHO HAWUTH Yepes3 3aepKUBAIOIIYIO
Pa3HOCTb MOTEHIMAIOB: Pa3 (POTOAIEKTPOHBI 33ACPKUBAIOTCS Pa3HOCTHIO
MOTEHIMAJIOB ©7. , TO UX KUHETHUYECKasi SHEPTHUs MOJHOCTHIO PACXOIyeTCs Ha
padboTy NPOTUB CUJI TOPMO3SIILIETO OIS, CIEJOBATENBHO, = - <U.  TJI€ e — 3apsi]
AIEKTPOHA.

hc _ hc
—=—+eU,
Torna ypaBHeHne DHIITEHA MOXKHO TIEpeNucaTh B Buae * A
-1
A= [i + eU3 J
Otcroa HailieM JJIMHY BOJIHBI MAIA0LIET0 CBETA: Ao he
[ToicTaBUB YMCIIEHHBIE 3HAYCHUS, TTOTYUUM:
-19 -1
A= 1 . 1,6-10" " Ka-1,5B ~1.96-107 m
2,57-10 "m  6,62-10 % Iouc-c-3-10°m/ ¢
2
m,u
. E=—%=eU,
Haiinem HayalbHYI0 CKOPOCTH (POTORIEKTPOHOB: 2 ,

2elU,
U(.’ =
\ m
OTKYIa ¢ , e m.— Macca IIOKOA JJICKTPpOHA.
[Toxcrapisiss YMCITICHHBIC 3HAYEHUS, TTOJTYYUM:

=7,26-10°m/c

o — |2:1,6:107°Kn-1,58B
‘ 9,11-10* ke

Orger: U = 7,26:10°m/c

3aganuss u  Bompochl s (GOPMUPOBAHMS M KOHTPOJS  BJIaJeHHUS
KOMIIETEHIUSIMH.

3ajjaHns K peleHmIo:

1. Onpenenute B AJIEKTPOHBOJIBTAX DHEPIUIO ¢doToHa,
COOTBETCTBYIOLIETO M3yUEHHUIO ¢ yacToTol 101 I
2. Ha mmactTuHy W3 HUKENs IMagaeT 3JIeKTPOMarHUTHOE W3IIyYCHHE,

sHeprusd (OoToHOB KoTtoporo paBHa 9 »B. Ilpu sToM B pe3ynbTare
dborodddexra HU3 TMIACTUHBI BBUICTAIOT JJIEKTPOHBI C MaKCUMaJbHOMU
sHeprueii 4 3B. Uemy paBHa paboTa BbIX0Aa 3JIEKTPOHOB U3 HUKES?

3. K xakomy Buay clieyeT OTHECTH JIy4YH, JHEprusi (POTOHOB KOTOPBIX
paBHa 2,07 3B?

4. Haiimute wummynsc ¢ortoHa
yIbTPaprOIETOBOTO U3ITyYEHHUS C 4acTOTOM
1,5-10" I'm.

5. KakoB nmnynbsc poToHa, sHEeprus KOToporo pasHa 3 3B?
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6. KakoBa kpacHas rpanuna dorodddexra nias 3050Ta, e€cid padoTa
BBIXOJIa AJIEKTPOHOB paBHa 4,59 »B?

7. PaboTa BhIxo/a 3JIEeKTPOHOB U3 IIMHKa paBHa 4 3B. KakoBa ckopocTtb
(OTORIIEKTPOHOB TIPU OCBEIIEHWU IIMHKOBOM TIUIACTHHBI H3IYYCHHEM C
JTIuHOM BotHBL 200 HM?

IIpakTuyeckas padora Ne 14
Tema 3ansaTUsA: DU3NKA ATOMHOIO SIAPA.

He.]'[b paﬁoTbl: 3aKPCIIMTDh IMOJYYCHHBIC TCOPCTHUYCCKUC CBCACHUA 110 TCMC
PCIICHUCM 3a/1a4, BI)Ipa6OTaTI) IMPAKTUYCCKUC HABBIKH I10 PCIICHUIO 3a1a4.

Teopurnyeckasi 4acTb

B 1932 r. anrnmmiickuit pusuk Jxeiimc YeaBUK OTKPBUT YaCTUILIBI C HYJIEBBIM
ANEKTPUYECKUM 3aPSAI0OM U €AMHUYHOW MacCOM. DTH YaCTHIIbl HA3BaJI HEMTPOHA-
mu. O6o3Hauaetcs HeUTpoH x. [locne oTkpbiTUs HelTpoHa usuku /. /1.
NBanenko u Bepuep ['eitzenOepr B 1932 r. BRIABUHYIU TPOTOHHO-HEUTPOHHYIO
MOJIeJb aTOMHOTO sipa. COorjlacHO 3TOM MOJENH SIIPO aToma JIF000ro BEIEeCTBa
COCTOMT U3 MPOTOHOB U HEUTPOHOB. (OO1ee Ha3BaHUE NPOTOHOB U HEUTPOHOB —
HYKJIOHBL.) YU CII0 MPOTOHOB paBHO 3apsily s/ipa U COBIAAAET C HOMEPOM AJIEMEHTA
B Tabnuue Menaeneea. Cymma uncia NpOTOHOB U HEHTPOHOB paBHA MaCCOBOMY
16
S R SR G PR
HEUTPOHOB.
XUMHYECKHUE BEIIECTBA, 3aHUMAIOLIIE OJHO U TO )K€ MECTO B TaOJIUIIE
MeneneeBa, HO UMEIOILIME PA3HYI0 ATOMHYIO MAaCCy, Ha3bIBAIOTCS M30TONAMMU.
Snpa n30TONOB OTIAMYAKOTCS YUCIOM HEUTPOHOB. Hanpumep, BOgopoa UMeeT Tpu
M30TOIA: IPOTHN — SJIPO COCTOUT U3 OJTHOTO MPOTOHA, JCUTEPUN — STPO
COCTOMT U3 OJHOT'O IIPOTOHA U OJHOTO HEUTPOHA, TPUTUH — SIAPO COCTOUT U3
OJIHOTO IPOTOHA U ABYX HEUTPOHOB.
Ecnu cpaBHUTH Macchl SAEP C MACCaMU HYKJIOHOB, TO OKa)ETCs, YTO Macca sapa
TSKEJIBIX DJIEMEHTOB 0OJIbIIIE CYMMbI MAacC MMPOTOHOB U HEUTPOHOB B SApPE, a JUIs
JIETKHUX AJIEMEHTOB Macca siipa MEHbIIIE CYMMbI MACcC MPOTOHOB U HEUTPOHOB B
anpe. Ciie1oBaTesnbHO, CYHIECTBYET PA3HOCTh MACC MEK/y MAacCOM sIpa U CyMMOM
Macc MPOTOHOB U HEUTPOHOB, Ha3bIBaeMas AedeKTomM Macebl. M =M, - (M, +
M,).
Tax Kak MEXIy MAaCCOM U DHEPTUEN CYILECTBYET CBA3b £ = mc?, TO NPH JEICHUN
TSKENBIX SIIEP U IIPU CUHTE3€ JIETKUX 1€ JOJKHA BBIICIIATHCS SHEPT U,
CyLIEeCTBYIOIIas U3-3a JeeKTa Macc, U 3Ta SHEPTUsl HA3bIBACTCS IHEPruei CBI3N
aTOMHOIO sapa. E., = mc?. Belgenenue 5Toi SHEPIUr MOXKET IPOUCXOIUTH IIPU
AICPHBIX PEAKLIHSIX.
SnepHasi peakuusi — 3TO NPOLIECC U3MEHEHUS 3aps1ia sIAPa U €r0 MacChl,
MPOUCXOIALINN IPU B3aUMOJICUCTBUU SAIpa C APYTUMU AIpaMU WA
AJIEMEHTAPHBIMU YacTulaMu. [Ipyu npoTekaHum iAEpHBIX PEAKIIUI BBITTOIHSAIOTCS
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3aKOHBI COXPAHEHUS AIEKTPUUECKUX 3apsiIOB U MACCOBBIX YUCEIN: CYMMA 3aPA008
(Maccoswvix yucen) si0ep u yacmuy, CMynarouux 8 I0EpHyI0 peakyuio, pagHa
cymme 3apsi008 (MAcco8blx Yuces) KOHeUHbIX NPOOYKMO8 (s0ep u yacmuy,)
peaxyuu.

Hennasi peakums JeJJeHUs — 3TO sJ€pHAs peaKkusl, B KOTOPOH YaCTHULIBI,
BBI3BIBAIOIINE PEAKIUIO, 00pa3yloTCs KakK MPOAYKThI 3T0i peakuuu. Heooxonu-
MBIM YCJIOBUEM JUISl pa3BUTHS LIEMTHOM peaKInK IeTICHUs sBIAeTCsS TpeOoBaHue k >
1, tne k -— ko3P dunmeHT pa3MHOKEHUSI HEUTPOHOB, T. €. OTHOILIIEHUE YUCIIa Hel-
TPOHOB B JAHHOM ITOKOJIEHWU K UX YHCITY B IPEABIIYIIIEM TOKOJIEHUU.
CrocoOHOCTBIO K LIEMHOM SAepHOM peakiuu obnagaeT uzoron ypana > U. [lpu
HaJIMYHUH ONPENEIEHHBIX KPUTUYECKHUX apaMeTpoB (KpuTuueckas Mmacca — 50 kr,
mapoBasi (popma paguycom 9 cM) Tpu HEUTPOHA, BBIJICUBIINECS MPU JICTICHUN
NEPBOTO SApa MONAAAI0T B TPH COCEIHUX, A1pa U T. 1. [Ipouecc uaer B Bujae
LEMHOM peaKIuu, KOTopasi IPOTEKAeT 3a JI0JIM CEKYH/Ibl B BUJIE SJIEPHOTO B3PbIBA.
Heymnpasnsemas sigepHas peakius IpUMeHseTcsl B aTOMHbIX OoMOax. BriepBbie
pemIn 3a/1auy 00 yIpaBiIeHUU LIEMHOW peakiueil neneHus saep Gu3nk IHpUKO
®epmu. M ObLT M300peTeH sinepHbIi peaktop B 1942 1. Y Hac B cTpaHe peakTop
ObL1 3amyiieH B 1946 r. mox pykoBojictBoM U. B. Kypuarosa.

3apaua. Onpenenuts unciio N sijiep, pacmnaiamiuxcs B TeueHue Bpemenu: 1) t=1
MHuH; 2) =5 CyT. — B paguoakTuBHOM u3otone pocdopa 32;sP maccoit m=1 mr.

m=1mr JAEHCHMOCTE YHOIA aTOMOE 0T BpEMEHH!
_ AT

t1=1 mun HN=kye

t2=>5cyr Tucno pacHaBlIHECA ATOMOE 38 BEPEMA b

T1p=14.3 cyr =M (1-e™) | roe 3=ln2/T1; — mocToAEHaA pacmama, Iy — 9HCOIO ATOMOE HadalmbHEIR
Mi=7

MOMEHT BpeMeRH =0
Nz="1 ITo oopemgenenutc My=m>Iafw, toe m-wacca obpasuma, My-gucoe Ascragpo paBHOE
£.023% 10% mone™!, L-MonApHad Macca (B HAIEM clIyHae L=320MoNEb AnA focdopal

Toma, coﬁnpaﬁ ECE BMECTE, HAXOOHM YHCIC PAacHaBlTHHECA ATOMOE 33 BREnMd t

[ In2 H
1—exp| —t = _
T1r2

Ilogcraemaen 9Hcaa (NepeBoma ONHOEREMEHHO BCE BEMHYHHE B cHoTeMy (CIT).

mxMa "

M=HMyg x[l—exp—lxt-]:

-6 3 -1
by = X107 ke x 6,023 10 moms ™ 1—exp(—1><60c>< 0.693 j=
32% 10 kr / moms 14.3% 24 % 3600¢

=6,3x 1014

~f 43 -1
iy = 1107 kr x 6,023 %107 moms, Xl—exp[—5X24><3tSUUc:>< 0.693 Jz
32% 107 gr f moms 14 3% 24 % 3600c

=4 1x10'%.
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3ajaHns K peleHmIo:

10.

11.
12.

13.

14.

15.

Hamucate HegocTaromupe 0003HaYCHUS B CICTYIOIICH sIIEPHOMN peaKITiu:

?+ 1H1 —> 24Mg12 + 4H62

Hanucatp sinepHyto peakiuio, IpOUCXOoIIy0 Tpu 00MOapIMpOBKE JTUTHUS
’Liz mpOTOHAMH ¥ COIPOBOXKIAIOILYOCS BHIOUBAHUEM HEUTPOHOB.

Yepes kakoe BpeMs pacnajnerca 80% aTOMOB paJliOaKTUBHOTO U30TONA
xpoma °'Crys, ecriu nepuof mosaypacnana 27,8 cyrok?

OrnpesennTe HEPTUIO CBA3K B sape atomMa *Najj, eciu Macca MOCiIeTHErO
22,99714 a.e.m.

Hanucate HegocTaromye 0003Ha4eHMs B CJIEYIOIIECH sIIepHOM peaKInu:

? +%He, — 1°Bs + 'ng

Uepes kakoe Bpemsi pacnagercs 80% pamoHa, mepuoa moypacrana
KOTOPOTO cocTaBisieT 3,8 CyTOK?

OnpeenuTe SHEPTUIO CBA3U Aapa atoMa ypana 2>>Uy,.

Hanucate HegocTaromye 0003Ha4eHMsl B CJIEYIOIIECH sIIepHOI peaKInu:

2H1 + Y — ?+ 11’10

[Ipu GomOapaupoBke 6Gopa ''Bs OBICTPO ABMKYIUMMHCS IIPOTOHAMH
HaOroAaeTCsl MpyU OJAMHAKOBBIX Tpeka oOpa3zoBaBiuxcs yacTull. Kakue 31o
yacTulbl? Hanummure siaepHyo peakiuio.

Kakas mois paavoakTUBHBIX sjaep m3oroma “Cy pacmamaercs 3a 100 er,
€CIv ero nepuoj noiypacmnazaa 5570 net?

Brruucnure gedekt Maccesl sapa uzorona *“Nejo.

HamnucaTes HegocTaroye 0003HaueHusl B CJICAYIONMIECH sIASPHOM peaKIuu:
652113() + 11’10 — 7?7+ 4H€2

Hanucate HegocTaromye 0003HaueHusl B CJICAYIONICH sIICPHON peaKIuu:
8Hggo + 'ng — P8 Auze + ?

OnpenenuTh IEPUO MOIypaciaia paaoHa, €CIU 3a OOHH CYTKU u3 10°
aromoB pacnagaercs 1,75 - 10° aromoB.

Haiitu nedext macc ais sapa FCoy7.
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16. Hamucars HemocTamonye 0003HaY€HNs B CIEAYIOLIEH SIEPHON PEAKIUM:
K9+ 2?2 > MCax + 'Hy

17.  Bo uro npespatuthes 28Uy, mocie a-pacnana u AByxX B-pacnanos?
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Jlutreparypa

1. OcHoBHas quTEpaTypa:

1. IMTanpiruHa, A. B. ®usuka [ DnekTpoHHBIN pecypc] : madopatopHsiid npaktukym s CITO / A.
B. [Taneirnaa. — DneKTpoH. TeKcToBbIe nanHbie. — Capatos : [IpodoOpazoBanue, 2019. — 84
c. — 978-5-4488-0331-4. — Pexxum nocryma: http://www.iprbookshop.ru/86155.html

2. Jleryra, C. H. ®usuka [DnekTpoHHbIH pecypc] : yaeoHoe mocodbue / C. H. Jleryra, A. A.
Yakak. — DJEKTPOH. TeKCTOBbIe AaHHbIe. — OpenOypr : OpeHOyprckuii rocy1apcTBeHHBIN
ynupepcutet, ObC ACB, 2018. — 307 c. — 978-5-7410-1575-9. — Pexum nocryma:
http://www.iprbookshop.ru/78852.html

3. ®usuka. Mexannueckue konebanus. COOpHUK 3a/1a4 ¢ pelIeHUsIMU [ DIIeKTPOHHBIN pecypc] :
3agaunuk st CITO / coct. B. K. JlanTeHKOB. — DNEKTPOH. TEKCTOBBIE NaHHBIE. — Caparos :
[TpodobpazoBanue, 2019. — 164 c. — 978-5-4488-0391-8. — Pexxum gocryma:
http://www.iprbookshop.ru/86468.html

4.PomanoBa, B. B. ®usuka. [Ipumeps! perenus 3aaa4 [DneKTpoHHBIN pecypc] : yueOHoe
nocobue / B. B. PomanoBa. — DneKTpoH. TEKCTOBbIE JaHHbIe. — MuHCK : PecrryOnukanckuii
UHCTUTYT npodeccuonanbHoro oobpazoanus (PUIIO), 2018. — 348 c. — 978-985-503-737-9.
— Pexxum noctyna: http://www.iprbookshop.ru/84903.html

2. JlonoJIHUTEIbHAS JIUTEpaTypa:

1. Ky3nenos C.U. CnpaBounuk mo ¢usuke [DIEKTpOHHBIN pecypc]: ydeOHOe mocolue ist
CIIO/ CMH. Ky3ueuoB, K.M. Porosun— DOnekTpoH. TeKcToBble gaHHble.— CapaTos:
[TpodobpazoBanue, 2018.— 219 c— Pexum JI0CTyTa:
http://www.iprbookshop.ru/66399.html.— 9bC «IPRbooks»

2. HuxepoB, B.A. ®usuka 115 By30B: MEXaHUKa M MOJEKyJspHas ¢usuka : yueOHuk / B.A.
Hukepos. - Mocksa : M3narenscko-toprosast kopnopanus «J/lamkos nu K°», 20178. - 136

c. :tabn., rpad., cxeM. - ISBN 978-5-394-00691-3 ; To xe [DnekTpoHHBIN pecypc]. -
URL:http://biblioclub.ru/index.php?page=book&id=450772

3. Ky3pmuueBa B.A. Kypc nexuuit no obmeit ¢usuke. Yacte 1. Mexanuka u MosexkynspHas
¢uszuka [Dnexrponuslii pecype] / B.A. Ky3pmuuesa, O.A. [ToHoMopeB. — DIEKTPOH. TEKCTOBbIE
naHHble. — M.: MockoBckas rocyJjapCcTBEHHas akajieMusi BOJHoOro TpaHcnopra, 2019. — 107 c.
— 2227-8397. — Pexum goctyna: http:// www.iprbookshop.ru/65845.html

3. UnTepHeT-pecypcebl:

www.alleng.ru/edu/phys.htm - oGpa3oBarenbHbie pecypchl HHTepHeTa — Dusnka.
www.nuclphys.sinp.msu.ru - simepHas pu3ruka B MHTEPHETE
www.school-collection.edu.ru - enuHas koyuteKuus TU(PPOBBIX 00pPa30BATENBHBIX PECYPCOB.
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