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1 BBEJAEHUE

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

CoctaB U cojep)aHHe MPAKTUYECKUX U JIA0OPATOPHBIX 3aHATHI HANPABJICHBI HA PeaH3alHIo
denepanbHOr0 rocyapCTBEHHOIO0 00pa30BaTENbHOIO CTAaHJApTa CpeiHero ooiiero oOpa3oBaHuUs C
Y4ETOM I0JTy4aeMOM CIELHAIbHOCTH.

Benymeli aupakTHueckod  LeNbI0  IPAKTUYECKMX — 3aHATUH  sABJIsleTcss  (OpMHUpOBAHUE
npoeCCUOHATBHBIX MPAKTUYECKUX YMEHUH (YMEHHIA BBIOJIHATH OINpEesICHHbIE JCHCTBUS, ONEpaluy,
HE0O0XO/AMMBIE B IOCIEAYIOIEM B IMPO(ECCHOHAIBHONW NIEATENbHOCTH) WM Y4eOHBIX HMPAKTUYECKUX
YMEHUH pemiath 3a1a4u 1o (pusnke, HEOOXOAUMBIX B MOCIEAYIOMEH Y4eOHON AeATEIbHOCTH.

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

B cootBeTcTBUMM C pabouedl mporpamMmoi ydeOHOW MUCHMIUIMHBI «DHU3MKa» MPEayCMOTPEHO
IIPOBEJICHUE MPAKTUYECKUX U JTa0OPATOPHBIX 3aHATHI.

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

ITP61_OVII.06 chopmupoBaHHOCTH MPEACTABICHUN O pOiU U MecTe (U3UKH U aCTPOHOMHH B
COBPEMEHHOW HayYHOW KapTHHE MHUPA, O CHCTEMO0Opa3yoomei ponn GU3NKA B pa3BUTHU €CTECTBEHHBIX
HayK, TEXHUKH U COBPEMEHHBIX TEXHOJIOTUH, O BKJIaJ€ POCCUHCKUX U 3apYOEkKHBIX YUEHBIX-(DU3UKOB B
pa3BUTHE HAyKH; MOHUMaHUE (PU3NUECKON CYITHOCTH HAOIIOIAEMbIX SBJICHHH MUKPOMHUPA, MAaKPOMHpA
MeraMmpa; INOHMMAaHHE DPOJIM ACTPOHOMHUHM B IPAKTHUYECKON NEATEIbHOCTH 4YEJIOBEKAa W JAJIbHEHIIEM
HAYYHO-TEXHHUYECKOM Ppa3BUTUH, POIH (U3UKH B (POPMHUPOBAHUHU Kpyro3opa M (PYHKIHMOHAIHHOM
IPaMOTHOCTH Y€JIOBEKa JIJIsl PELICHUs] IPAaKTUYECKUX 3a]1a4;

[1P62_OVII.06 chopmupoBaHHOCT, YMEHUH pacro3HaBaTh (GU3WUECKHUE SIBICHUS (TPOIIECCHI) U
OOBSICHATh MX HAa OCHOBE HM3YyUYCHHBIX 3aKOHOB: PaBHOMEPHOE M PAaBHOYCKOPEHHOE NPSMOJUHEHHOE
JBUKEHHE, CBOOOJHOE TMaJeHUE TeJ, JBUKEHHE I0 OKPYXHOCTH, WHEpPLHs, B3aUMOJEHUCTBUE Tell,
KosiebaTenbHOe JIBKEHHME, DPE30HAHC, BOJIHOBOE JBIKeHHE;, auddys3usi, OpOyHOBCKOE JBUKEHHE,
CTPOEHHE KUJIKOCTEN M TBEPBIX TEJ, U3MEHEHHE 00beMa Tell MPU HarpeBaHUHU (OXJIaKIECHUH ), TEIIIOBOE
paBHOBECHE, UCIApEHUE, KOHJEHCALUs, IUIABICHHWE, KPUCTAJUIM3ALUs, KUIIEHHE, BIAXKHOCTh BO3/1YyXa,
CBSI3b Cpe/HEeH KMHETHYECKOW 3HEpPrHM TEIUIOBOTO JIBUXKEHUS MOJIEKYJ ¢ aOCOJIIOTHON TeMIlepaTypoi,
MOBBIIICHUE JABJICHUS Ta3a IPU €ro HarpeBaHUM B 3aKPbITOM COCYIE, CBSA3b MEXIY MapaMeTpaMu
COCTOSIHMS Ta3a B M30IpoLieccax; dJEKTPU3alusl Tel, B3aUMOJIEHCTBUE 3apsA0B, HArPEBAHNUE NTPOBOIHUKA
C TOKOM, B3aUMOJACUCTBME MarHWTOB, IEKTPOMAarHWTHas WHIYKIUS, NEHCTBME MAarHUTHOrO IO Ha
MIPOBOJHUK C TOKOM U JIBWXKYIIMHCS 3aps]l, JIEKTPOMarHUTHbIE KOJeOaHUsI U BOJIHBI, NMPSAMOJIMHEHHOE
pacrpocTpaHeHHEe CBeTa, OTpaKeHHe, IpeIoMiIeHne, MHTepepeHns, MdpaKkus 1 Noaspu3aIus CBera,
aucrepcusi cBeTa; (OTOdNIEKTpUUecKuil 3(p@exT, cBeToBoe [aBlieHHWE, BO3HHUKHOBEHHE JIMHEIUaToro
CIIEKTPa aTOMa BOAOPOJa, €CTECTBEHHAs! M UCKYCCTBEHHAs PaJUOAKTUBHOCTB;

[1P63 OVII.06 BrageHre OCHOBOMOJATAIOIIMMU (PU3UYECKUMH MOHATHSIMH W BEIUYHHAMH,
XapaKTepu3yloImuMl  (u3nyeckue  mporecchl  (CBSA3aHHBIMM € MEXAaHHYECKMM  JIBXKCHHEM,
B3aMMOJICHICTBUEM TeJl, MEXaHUYECKUMHU KOJIEOAHUSIMU U BOJIHAMHU; aTOMHO-MOJIEKYJISIPHBIM CTPOEHHEM
BELIECTBA, TEIUIOBBIMHU IIPOLIECCAMM; JJIEKTPUUECKUM M MArHUTHBIM IOJIAIMH, JIEKTPUYECKHM TOKOM,
AJIEKTPOMAarHUTHBIMU KOJIEOAHUSIMU W BOJIHAMH; ONTHYECKUMHU SIBJICHUSIMU; KBAHTOBBIMH SIBJICHHUSIMHU,
CTPOEHMEM aroMa M aTOMHOIO $1pa, pPaJUOAKTUBHOCTBIO); BIAJACHHE OCHOBOIOJATAIOIINMU
ACTPOHOMUYECKUMU MOHITHIMH, TO3BOJSIOUIMMH XapaKTepPU30BaTh MPOIECCH], MPOUCXOASIINE Ha
3BE3/1aX, B 3BE3HBIX CUCTEMAX, B MEXTaJIAKTUUECKOH cpejie; IBMKEHNEe HEOECHBIX Tell, SBOJIIOIMIO 3BE3]T
u Bcenennoi;

[1P64 OVIIL.06 BrnasgeHue 3aKOHOMEPHOCTSIMH, 3aKOHAMH W TEOPUAMH (3aKOH BCEMHPHOIO
tarotenus, I, II u III 3axonsl Her0TOHA, 3aKOH COXpaHEHUSI MEXAaHUYECKOW dHEPIHH, 3aKOH COXpPaHEHUs
UMITyJIbCA, TPUHLUII CYNEPHO3ULUN CHJI, IPUHLHUII PaBHOIIPAaBHOCTH MHEPLMAIBHBIX CHCTEM OTCUETA,
MOJIEKYJISIDHO-KUHETHYECKYI0 TEOPHIO CTPOEHHUS BEIECTBA, Ta30BbIE 3aKOHBI, IIEPBBIM  3aKOH
TEPMOJMHAMMKH; 3aKOH COXPaHEHMsI IEKTPUUECKOro 3apsaa, 3akoH Kynona, 3akoH OMa Ui ydacTka
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1eny, 3akoH OMa JuIst ITOJIHOM 3JIEeKTpUYecKor 1enu, 3akoH Jlxoyns - JIeHna, 3aK0H 3J1eKTpOMarHuTHOU
UHIYKIMH, 3aKOH COXPAHCHHsA DHEPruM, 3aKOH IPSAMOJMHEHHOrO paclpOCTPAaHEHHUS CBETA, 3aKOH
OTpPa)XEHUs CBETA, 3aKOH IIPEIIOMIICHUS CBETA; 3aKOH COXPAHEHUs SHEPIUH, 3aKOH COXPAaHEHUs UMITYJIbCa,
3aKOH COXPAaHEHHs IEKTPUYECKOrO 3apsifa, 3aKOH COXPAaHEHHUs MAacCOBOIO 4ucia, nocrynarel bopa,
3aKOH paJMOAaKTHUBHOIO paclaza); yBEpEHHOE UCIIOJIb30BAaHUE 3aKOHOB U 3aKOHOMEPHOCTEN IIPU aHaIU3e
(bU3NYECKUX SIBICHUH U MPOLIECCOB;

I1P65 OVYIIL.06 ymeHue yduTHIBaTh TIPAaHUIBI NMPUMEHEHHUS H3YYEHHBIX (U3NYECKUX MOJIENICH:
MaTepuaabHas TOYKA, MHEpLMajIbHAs CUCTEMa OTCYETa, HMACAJIbHBIA ra3; MOJAEIU CTPOCHMS Ta30B,
KUIKOCTEH M TBEPABIX TEJ, TOYECUHBIM JJICKTPUYECKUU 3apsl, sAlepHas MOJIENIb aToMa, HYKIOHHas
MO/IeJIb aTOMHOT'0 si/ipa IPpH peleHUH (PU3NYECKUX 3a/1a4;

[TP66_OVII.06 Bnasenne OCHOBHBIMH METOJJAMH HayYHOT'O O3HAHUS, UCIIOJIb3YEeMBIMH B (PH3UKE:
IIPOBOJIUTH NpPSIMbIE U KOCBEHHBbIE M3MEPEHUs (PU3MUECKUX BEIMYUH, BBIOMpas ONTHMAaJbHBIN CIIOCOO
U3MEPEHUS] U MWCHOJb3YyS W3BECTHBIE METOJAbl OLICHKHA IOTPEIIHOCTEH HM3MEPEHUH, IIPOBOJIUTH
UCCIIeIOBAaHUE 3aBUCUMOCTENH (PU3NYECKUX BEIMYMH C UCHOJIb30BAHUEM IPSIMBIX U3MEPEHHH, OOBICHATH
[IOJIyYEHHBIE PEe3YyibTaThl, UCHOJIb3Ys (PU3MUECKHE TEOPHUM, 3aKOHBl U IOHATHUS, U J€NaTh BBIBOIbL;
coOmogaTh IpaBuia O€30MaCHOrO Tpyda HOpPU NPOBEIEHUM HCCIEAOBAaHMM B paMmMKax ydeOHOro
OKCHEpUMEHTa W  Y4eOHO-HCCIENOBATENbCKONH  JESITEIBbHOCTH C  HCIOJIB30BAaHHEM  LU(POBBIX
M3MEPUTENIbHBIX YCTPOMCTB M J1aOOpaTOPHOro 00O0pyAOBaHMS; C(HOPMUPOBAHHOCTH MPEICTABICHUH O
METOAAX MOJIYYEHUS HAyYHbIX ACTPOHOMUYECKUX 3HAHUN;

[TP67 OVIIL.06. cdhopMUpPOBAaHHOCTH yMEHHUS pelIaTh pacyeTHhIE 3a/a4ydl C SBHO 3aJlaHHOU
¢bu3n4ecKoil MOAENbIO, UCHONB3Yd (DU3MUYECKHE 3aKOHBI W NPUHIUIBI; HA OCHOBE AaHAIHM3a YCIOBHS
3aJjauu BbIOUPATh (PU3MUYECKYIO MOJAEIb, BBIIACIATh (PU3NYECKHE BEITUYMHBI U (POPMYIIbl, HEOOXOAUMBbIE
IVl €e pelIeHHsI, TPOBOIUTH pacueThl M OICHWBATh PEAbHOCTh MOJTYYCHHOTO 3HAYCHHS (DU3MYECKOM
BEJIMYMHBI; DPELIAaTh KAYECTBEHHBIC 3aadyM, BBICTpaWBas JIOTMYECKH HENPOTUBOPEUMBYIO LEHNOYKY
paccyXJIeHHi ¢ ONOPOH Ha N3YUEHHBIE 3aKOHBI, 3aKOHOMEPHOCTH U (PH3UUECKUE SBIICHHUS,;

I1P68 OVII.06. chopMUpPOBaHHOCTh YMEHHS NPUMEHATH MOJIYYEHHbIE 3HAHUSA A OOBACHEHUS
YCIIOBUM MpPOTEKaHUS (PU3MYECKUX SBJICHUM B NPUPOJAE U JUIsl NMPUHATHS MPAKTUYECKUX DPELIEHUI B
MOBCEHEBHOM kM3HM A1 oOecrieyeHus 0e30MacHOCTH NMpH OOpalieHHu ¢ OBITOBBIMH IpUOOpaMH U
TEXHUYECKUMH YCTPOWCTBAMHU, COXPAHEHHUS 3/I0POBbS U COOJIIO/IEHUS HOPM 3KOJIOTMYECKOIO TOBEIEHUS
B OKpYXarolei cpene; MOHMMaHHe HEOOXOIUMOCTH MPUMEHEHUs JOCTHKEHUH (PU3MKH U TEXHOJIOTH
JUTsL parmoHanbHOro npupoaonoas3oBanus;[IP69 OVIL.06. chpopMupoBaHHOCTE COOCTBEHHOW MO3UIUU
[0 OTHOWIEHHIO K (U3n4eckoil uHpopMalnuu, MOJy4yaeMoil U3 pa3HbIX MCTOYHHUKOB, YMEHUH
UCIOJIb30BaTh  IIU(PPOBbIE TEXHOJOTUM JUIsl [OMCKA, CTPYKTYPUPOBaHHUS, WHTEpHpETaluu U
IpeJCTaBIeHNs yueOHOM U HayYHO-TIONYJISIpHON MH(OPMAlLIMKU; Pa3BUTHE YMEHUN KPUTUYECKOTO aHaIu3a
noJiyyaeMoil nadopmanuy;

ITPG9 _OVII.06. chopMUPOBAHHOCTH COOCTBEHHOW TMO3UIMHU IO OTHOIICHHIO K (QHU3NYECKOn
nH(popMalLn, TOJy4aeMOl U3 pa3HbIX UCTOYHHMKOB, YMEHHMH HCIIOJIb30BATh HU(POBbIE TEXHOIOTUN IS
MIOUCKA, CTPYKTYpHUPOBAaHMS, HHTEPIPETALMU U NPEACTaBICHUs Y4eOHOW M Hay4yHO-MOMYJISPHOH
nH(pOpMaLIUK; Pa3BUTHE YMEHUI KPUTUYECKOTO aHaIN3a ojlyyaeMoil nHdopmanuu;

I1P610_OVIIL.06. oBnajgeHue yMeHHsSMH paOOTaTh B TPYIIE C BBITOJHEHUEM PAa3JIMYHbBIX
COLIMAJIbHBIX PpOJIEH, IUTAHUPOBAaTh pabOTy TPYIIbL, PAUOHAIBHO pacHpeiensiTh IesSTeNIbHOCTh B
HECTaHJAapPTHBIX CUTYalUAX, aJIEKBaTHO OLICHMBATH BKJAJ KaXKI0TO M3 YYaCTHHUKOB T'PYIIIBl B pELICHHE
paccMaTpuBaeMoi IPOOIeMBI;

MPS8 crmocoOHOCTh U TOTOBHOCTh K CaMOCTOSITEIbHOMY MOMCKY METO/I0B PELICHUS MPaKTHYECKUX
3a/1a4, IPUMEHEHUIO Pa3INYHbIX METO/IOB ITO3HAHHUS;

MP9 BnaseTs HaBbIKAMU MOJTY4YEHUS HHPOPMALMU U3 UCTOUHUKOB Pa3HbIX THIIOB, CAMOCTOSITEIHHO
OCYILIECTBIISATh MOUCK, aHAJIN3, CUCTEMATH3alUI0 U UHTEPIIPETalui0 HH(GOPMAIlUU pa3IUYHbIX BUAOB U
¢dbopMm npencTaBieHUs;

MP10 ¢opMupoBaHue HAay4HOrO THWIIAa MBIIUICHUS, BIIAJ€HUE HAyYHOM TEPMUHOJIOTHEH,
KJIFOUEBBIMM MTOHATUSAMHU U METO/IaMU;



MP21 BBIABISATH NPUUUHHO-CIIECACTBEHHBIC CBSA3M U aKTYyaJM3UPOBATh 337a4y, BBIIBUTATh THIIOTE3Y
€e pelIeHUs, HaXOIAUTh apryMEHTHI JAJIs J0Ka3aTeIbCTBAa CBOUX YTBEP)KIEHUH, 3a/1aBaTh MapaMeTpbl U
KpUTEPUHN PELLEHUS;

MP17 ymeTh mNepEeHOCUTh 3HAaHUA B I[IO3HABATEIBHYHD W  MPAKTHYECKYI0  00JIaCTH
KHU3HEEATEIbHOCTH;

MP13 oBnaneHue BHIaMU JAEATEILHOCTH MO TMOJYYEHUIO HOBOI'O 3HAHUS, €r0 WHTEPIPETAIHH,
npeoOpa3oBaHUI0 U MPUMEHEHHIO B DPA3IUYHBIX y4YeOHBIX CHUTYyallMsX, B TOM YHCJE TPU CO3JaHUH
y4eOHBIX U COIUAIBHBIX TPOEKTOB;

JIP13 TOTOBHOCTH M CHOCOOHOCTH K OOpa30BaHMI0O M CaMOOOpa30BAHUIO HAa MPOTSDKEHUH BCEH
KHU3HU;

JIP14 oco3HaHue JIMYHOTO BKJIaJia B IOCTPOEHUE YCTOWYMBOrO Oy 1yILEro

JIP23 roTOBHOCTH K TPYAy, OCO3HAHHE IICHHOCTH MAacTEPCTBA, TPYI0JIIO0HE;

JIP26 cniocoOHOCTB OLIEHMBATh CUTYALMIO U IPUHUMATh OCO3HAHHBIE PEIICHUS], OPUEHTUPYICh Ha
MOpaIbHO-HPABCTBEHHbIE HOPMBI U IIEHHOCTH;

ConepaHue NpaKTUUECKUX U JJAOOPaTOPHBIX 3aHATUI OPUEHTHPOBAHO Ha IIOATOTOBKY O0yYaroIuXxcs K
OCBOCHHIO TPO(ECCHOHATFHOTO MOAY/SI TPOTpaMMBbl TOATOTOBKM — CIICIMATIMCTOB CPEIHEr0 3BEHA TI0
CIIELIMATIbHOCTH 1 OBJIA/ICHUIO HPOeCCUOHAIbHBIMU KOMPEMEeHUUAMU:

IIK 1.1. OcymecTBiiTh OpraHM3AIMOHHO-TIPOU3BOACTBEHHBIC PA0OTHI U TIOATOTOBKH COOPKU H
MOHTa’ka TUJIPABJIMYECKUX M [THEBMAaTUUECKUX YCTPOICTB U CUCTEM

A Takxke pOpMHUPOBAHMIO 0OU{UX KOMNEMEHUUIL:

OK 01 Bri6upats crocoObl pemeHus 3a1a4 npoecCHOHAIbHON AEATEIbHOCTH MPUMEHHUTENIBHO K
Pa3IMYHbIM KOHTEKCTaM.

OK 02 Hcnonb30BaTh COBPEMEHHbIE CPEICTBA MIOMCKA, aHAJIM3a U UHTEPIPETaluu UH(POpMALMU U
MH(POPMAIMOHHBIE TEXHOJIOTHH IS BBITIOJIHEHUS 3a/1a4 TPO(PECCUOHATIBHOMN 1S TETbHOCTH

OK 03 IlnanupoBath U peaqnu30BbIBaTh COOCTBEHHOE MPO(PECCHOHANTBHOE U JTMYHOCTHOE pa3BUTHE,
MpeANPUHUMATEIBCKYIO JESTENIbHOCTh B MPOoQeccCHOHANbHOM cdepe, UCIO0Nb30BaTh 3HAHUS 110 TPaBOBOM
1 (MHAHCOBOM IPAMOTHOCTHU B PA3IMUHBIX )KU3HEHHBIX CUTYaIUAX

OK 04 3¢ddexTrBHO B3auMOACHCTBOBATH U pPaOOTaTh B KOJUICKTUBE U KOMaH/Ie

OK 05 OcymecTBiATh YCTHYIO M HHCbMEHHYIO KOMMYHMKAIIMIO Ha TOCYIApCTBEHHOM S3bIKE
Poccuiickoit @enepanuu ¢ yueTroM 0COOEHHOCTEN COLIMANIBHOTO U KYJIbTYPHOI'O KOHTEKCTA

OK 06 IIposBisTs TIpakAaHCKO-NATPUOTHUYECKYIO MO3MIIMIO, JIEMOHCTPUPOBATh OCO3HAHHOE
MIOBE/ICHUE Ha OCHOBE TPAJAMIIMOHHBIX POCCHUICKUX YXOBHO-HPAaBCTBEHHBIX LIEHHOCTEN, B TOM YHCIE C
Y4ETOM TapMOHM3AlMM MEKHAIIMOHAIBHBIX M MEXPETUTHO3HBIX OTHOIIEHUH, MPUMEHSATh CTaHIApThI
AHTUKOPPYIIIUOHHOTO TTOBEICHHS

OK 07 CopeiicTBoBaTh COXpPAHEHUIO OKpY’KaloIIel Cpeibl, pecypcocOepekeHHI0, MPUMEHSThH
3HaHHUA 00 M3MEHEHMM KJIMMaTa, MPUHIMIBI OEepeXIMBOr0 MPOU3BOJACTBA, F(P(HEKTUBHO JIEHCTBOBAThH B
Ype3BbIUAHBIX CUTYAIHIX

OK 08 Mcnonb3oBaTh cpeAcTBa GU3NUECKON KYIbTYpHI ISl COXPAHEHUS U YKPEIIEHUS 310POBbSI B
nporecce MpoecCHOHATBPHOW JEATETbHOCTH M TOJEpKaHUs HEOOXOJUMOro YpOBHA (HU3UUYECKOMH
MO/ITOTOBJIEHHOCTH

OK 09 ITonp3oBarbest mpoecCHOHATBHON JOKYMEHTAIMe Ha rocyJapCTBEHHOM M MHOCTPAaHHOM
SI3BIKAX.

BeimonHenue o0ydaromuxcs MPaKTUYECKHX M J1TAOOpaTOpHBIX paboT Mo y4eOHOW TUCHMILUIMHE
«®Pu3HKa» HAIPaBIIEHO HA:

- 00o0meHne, CcUCTeMaTH3alMIo, YIJIyOJieHHe, 3aKpeIuleHHue, pa3BUTHE M JIeTaTU3alHIo
MOJTyYCHHBIX TEOPETUYECKUX 3HAHUH 110 KOHKPETHBIM TeMaM y4eOHOW JUCIUTUTHHEL,

- (hopMUpOBaHME YMEHHUH NMPUMEHSATH MOJyYCHHbIE 3HAHUS Ha MPAKTHKE, pealu3aluio €IMHCTBA
MHTEJJIEKTYaJIbHON U MPAKTUYECKON JAESITETbHOCTH;

- (opMmupoBaHuEe M pa3BUTHE YMEHMi: HaOII0JaTh, CPaBHUBATh, COMOCTABIAThH, AHAIU3HPOBATH,
JenaTh BBIBOJBI M OOOOILIEHMS, CAMOCTOSITEIBHO BECTU MCCIEIOBAHMUSA, IOJIB30BAaThCS Pa3IUYHBIMU
npueMaMH U3MEPEHUH, 0OPMIIAT pe3yabTaThl B BUJE TaOJIUI], CXEM, Tpa(HKOB;



- NpUOOpPETEeHHE HABHIKOB pabOTHI C pPazIMYHBIMU MpHOOpaMH, ammapaTypoil, yCTaHOBKaMH U
IPYTMMH TEXHUYECKUMH CPEJICTBAMH JUIS POBECHNUS OIBITOB;

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

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

[IpakTryeckue M 1a0OpaTOpHBIC 3aHATHS MPOBOIATCS B PaMKaX COOTBETCTBYIOIIECH TEMBI, MOCIE
OCBOCHHSI JMAAKTUYECKUX EIMHUI], KOTOpble 00ECHEeYMBAIOT HAIMYME 3HAHWH, HEOOXOAMMBIX IS ee
BBITTOJIHEHUSI.



2. METOAUYECKUE YKA3AHUSA
IpakTnyeckue padoThl

Tema 2.1. Kunemaruka

IIpakTuyeckoe 3ansaTue Nel
Pemienue 3a1a4 no KUHeMaTUKe. Y PABHEHUS IBUKEHHS.

]_[e.m,: HAayUUThCA pa3jindaTb BUAbI MCXAHUWYCCKOTO JBUKCHHA B 3aBUCHUMOCTU OT (bOpMBI
TPAEKTOPUU U CKOPOCTHU IE€PEMEIIEHUS Tella, PACCUUTBHIBATh €r0 IapaMeTpbl, HAY4YUThCS H300pakaTh
Fpa(l)I/I‘IeCKI/I pPas3jIMuHbIC BHUAbBI MCEXAHUYCCKUX ,Z[BH)KGHI/Iﬁ, 3alMUCbIBaTh YpPaBHCHUIA JBHXKXCHUA,
pasnuyaTth €ro OTHOCHUTENIBHOCTb; HAYYUThCS (DOPMYIMPOBATH CIEAYIOIIME MOHATHS : MEXaHWYECKOoe
ABHUKCHUC, CKOPOCTb U YCKOPCHUEC, CUCTEMA OTCUCTA, MEXaHWUYCCKUMN IMPUHOUIT OTHOCHUTCIIbHOCTH.

Bouinosinenue padorbl cnocodocTByeT (GopmupoBanmiw: I[1P62 OVIL.06, IIP69 OVII.06,
I1P67_OVIIL.06, [TP63_OVYII.06

MatepuajibHoe o0ecnieyeHue:

WHIUBUAYAJIBbHOC 3aJIaHUC, KOHCIICKT JICKHI/Iﬁ, CIIPAaBOYHBIC MAaTCpHUAJIbI.

Yka3zaunue:

[IpakTuueckass paboTra COCTOMT M3 JABYX 4YacTed — TeopeTudeckod M mnpakrtudeckoi. [locie
U3yYeHHs] TEOPETHUYECKOI0 MaTepHaiga MOKHO HPUCTYNATh K BBIIOJIHEHUIO MpakTHuecKod uyactu. OHa
COCTOMT M3 JBYX W Ooyiee 3amad Jjisi CaMOCTOSITENIbHOTO BBHIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
oopmienun pemnienus. Ha BelosHEHHE NIPAaKTUYECKON OTBOJUTCA JBa aKaJeMUYECKHX Yaca.

3aganme:
1. IIncbMeHHO OTBEThTE HA CJIeYIOIHe BOMPOCHI:

e KuHeMaTHYeCKHil 3aKOH JABIKEHHUS [UIsi KOOPAMHATHOTO CHoco0a OMpeNesieHus IBUKCHHS
MaTepHaIbHON TOYKH.

e KuHemaTHuecKuil 3aKOH JIBIKEHUS JUISI €CTECTBEHHOTO JABIDKEHHUS ISl BEKTOPHOTO Crocoba
ONPEACIICHUS TBHKEHUS.

e KuHeMaTHYeCKHil 3aKOH JBUKEHHS JIJIsl €CTECTBEHHOTO CIIO0co0a ONpeIeTIeHUS IBHKEHUS.

e Kak HallTH BEKTOp CKOPOCTH I KOHKPETHOTO, BEKTOPHOTO M ECTECTBEHHOI'O CIOCOOOB
onpeereHus: ABUKEHUA?

o Kak HaliTH BEKTOP YCKOPEHUS JIJIsl Pa3HbIX CIIOCOOOB OMpeeTeHuUs IBUKEHNS?

2. Hcnoan3ys ¢opmyJibl ISl pacyeTa NapaMeTpPoB JABHKEHHs TeJl, pelluTh 3a1a4Mu.
3. Ilpoananu3upoBaTh rpauKy IBHKEHHS TeJsl, OUCATH XapaKTep ABHKeHHs.

ITopsinok BbINOJHEHHS PadOTHI:
1. TloBTOpUTH OCHOBHBIE BOIPOCHI KHHEMATHUKH.
2. Pemmth 3a1auM 110 BapuaHTaM.
3. OdopMUTH OTUET B TETPAAX IJIS PAKTUIECKUX PadoT.

1. TeopeTnyeckas yacTb
OnHoMepHoOe IBM>KeHUE. [[BH>KeHUE ¢ TOCTOSSHHOM CKOPOCTBIO.

[TycTh TE€NO OBMXKETCS B HANPaBJIEHUU OCH X C MOCTOSIHHON CKOPOCTBIO V U 33 BpeMs Af =7~y MPOXOAUT
nyTh Ax =x—X,. CpeiHsAs CKOPOCTh

_ Ax
ch_A_t

JIBr>KEeHUE ¢ IEPEMEHHON CKOPOCTBIO. Y CKOPEHHE



Ecnu teno nBuxKeTCs HanpaBIeHUH OCH XC
nepeMeHHoi ckopocThio V(t), To, rpaduku X(t) u v(t) uMeroT Bu:
IIpu 3TOM roBOpPST, YTO TEJIO ABUIKETCS C YCKOPEHUEM.

Yckopenue (d) — CKOpOCTh M3MEHEHHUST CKOPOCTH.

= AV M
YT 8y =—|la] =15
Ecmu 3a Bpemsa At=t-1, y3MeHEHHE CKOPOCTH AV=V-V, , TO CpeIHee YCKOpeHue: | At ¢’
\ VO
a= =V =v,+alt
U3 At 0 v V() = Vo +alt

2
alAt
x(t) = xy + VoAt +

Eciu Vo H&COHaHpaBHeHBI, TO CKOPOCTh ABMIXXCHUSA TEJla BO3pACTACT, a UMECT 3HAK
«tH»; B IIPOTHUBHOM CJIy4a€ CKOPOCTh YMEHBIIACTCA U @ UMECT 3HAK «—».

2 2
vi()—v
x(t) = xy + —( )= Vo
Ecmm Bpems neuxenus [t Hen3BecTHO, TO 2a

2. lIpumepsl penieHus 32124

1. Maccaxkupckuit moe3n uAeT co ckopocTb 72 km/4. Ilo coceqHeMy MmyTH ABHXKETCS HaBCTpedy
ToBapHBIN noe3n AmuHON 140 M co ckopocThio 54 kM/4. CKOJIBKO BPEMEHH MTaCCaXKUP, CTOSIIIHA Y
OKHa, OyZ1eT BUJIeTh POXOAIIUI MUMO HEro TOBapHbIi moe3an?

Jano: CH Pewenue:

v =72 km/4 20 m/c | OTHOCHTEIbHAS CKOPOCTh ABHIKEHHS 000MX MOE3/10B V = Uy + V5.

V2 = 54 KkM/4 15 m/c CnenoBarensHO, BpeMs, B TEHEHHE KOTOPOTO MUMO MACCAKUPCKOTO
" N !

=140 ™ 10e3/a NpoiIeT TOBApHBIii, onpeaenum no popmyne: ¢ = =

b 140
[Toacrasnsem gauusie: 1 = =4c
20+15

Omeem: 4 c.

2. TlocagouHass CKOpPOCTh MaccakHpckoro camodieta 135 km/4, a jmHa npodera ero 500 M.
Omnpenenuts BpeMsi MpoOera mo mocagoyHol MoJoce U YyCKOPEHHE CaMoJieTa, CUuTas JBUKCHHE

paBHO3aMEIJIEHHBIM.

Hano: CH Pewenue:
Vo= 135 km/u | 37,5 m/c| Bpems npoGera camonera np nocajke HaXoauM 13 opMyIbl myTH

i _ _at?
S=500m S=vygt+ = T/Ie @ 115l PABHO3AME/UICHHOTO JIBIIKCHHS OTIPE/ICHTCS

v
v=0wm/c 13 opmynbel: V = Vg + at uma = -—tg'. CnepoBatesbHo,
vo,.2

, : Tt 2§ 2500

t-?7,a-? S=yt —‘T, OTKyma t=—=. [loacrasnsiem gauube: ¢ = — 27¢
0 ,
v 37,5
Yckopenne a = - To; ks 1,4 m/c?

Omeem:27c¢,-14 M/,

3. Teno, nBurasch paBHOYCKOPEHHO M3 COCTOSIHUS MOKOS, 3a MATYIO0 CEKYH]ly IPOILIO MyTh 18 M.
Uemy paBHO yCKOpEHHE U KaKOM IyTh TEJIO MPONUIO 32 5 ¢?



Pewenue:

IU"N

2
- v Y t t
[1yTb, IpOiiAEHHbII TETOM 3a MATYIO CeKYHAY § = S5 — S == — “T“
218

[~}

2§
— - ». p—vg g / 2'
Orcrona a T 3= 4 mlc
e G at? 425
[lyts, npoitaenHslii Tenom 3a 5 cexkyna S5 =—; Ss = 5 50 m.

S5-?,(1-?

Omegem: 4 m/c%; 50 m.

4. B nocienHIO0 CeKyH1y CBOOOJHO Majaroliee Tejo MPOLUIO MOJOBUHY cBOero mytu. CKoIbKO
BPEMEHU U C KaKO! BBICOTHI IIaAAI0 TEI0?

Hawno: Pewenue:
1 v = B
h, — hy_1= -z-h,, [TyTs, npoiizenHsiii 3a Bce Bpems nageHus: h, = gz—.
2 w hy _ g(t—1)>
g=98wm/c Jlo nocneaxeii ceKyH/IbI TE0 MPOLLIO MYTh Ty
. ‘ t
t-7 h,-? CrnenoBatensHo, gT =g(t—1)% um t?2-4t+2=0.

9,8-3,42
Orciona t=2++2 = 3,4 c. Buicotamagenns h, = T 37m
Omeem: 3,4 ¢; 57 m.

5. Kamenp nazmaer B maxty. Yepe3 6 ¢ cibllieH yaap KaMHs O JHO maxThl. OnpeaenuTs riryouny
[IaXTHI, €CITH CKOPOCTH 3ByKa 330 m/c.

Hano: Pewenue:
t=6¢

v =330 M/c

Ecnu 0003Ha4uTh Hepe3 ty BpEMA MAJICHUA KaMHs, TO BpEMS paClipoOCTPAHCHHUSA

. . t
3ByKa f- t; . [lyTs, npoiinennsii kamaem npu co6oaHOM nagernn h = ng. a

2
g=9.8 m/c? | 3BykoM — h = v (t - t;). CiienoBatensHo, %= v(t-t)umgt? +20t,-20t=0
2
h-? Pewwus oannoe ypasuenue, nonyuum t; = 5,5 c. 'mybuna maxter h = L1,
2
h=222 = 148 m

Omeem: 148 m.

3aganus 1J19 CaMOCTOSITEIbHOM PadoThI
Bapuant Ne 1

1. Camoner WJI — 86, nBurasch paBHOMEpPHO €O CKOpocThio 900 km/4, B TeueHHE 9C COBEPIIII
TaKoe ke repeMerieHue, 4ro u camoner Sk — 42 3a 10 c. Onpexnenure ckopocts Sk — 42.
2. I'paduxu kakux ABMKEHMM Ten mokasaHbl Ha puc. 1? Ilo rpaduxy ompenenure: 1) B kakoi
MOMEHT BPEMEHHM Te€Jla BCTPETUIINCH; 2) KaKUE ITYTH TeJla MPOIIIN 10 BCTPEUH.

\,MY




3. [oe3n uepes 10 ¢ nmocne Hayana ABMkeHUs mpuobOperaeT ckopocth 0,6 M/c. Uepes kakoe Bpems
OT Hauaja JBM)KCHHS CKOPOCTh MOe3/1a CTaHeT paBHa 3 m/c?

4. 3a Kakoe BpeMs aBTOMOOMIIb, IBUTasCh ¢ yckopenueM 0,4 M/c2 , yBEeIUYHUT CBOIO CKOPOCTH C 12
110 20 m/c?

5. Ilyns B cTBone aBromara KamamHukoBa aBmkeTcs ¢ yckopeHuem 616 m/c2 . KakoBa cKOpOCTb
BbLJIETA IYJIU, €CJIU JyinHa cTBojia 41,5 cm?

6. Teno, nBUTAsICh MPAMOIUHEHHO C yCKOpeHHeM S5 m/c2 , mocturiio ckopoctu 30 M/c, a 3atewm,
JIBUTAasICh PaBHO3aMEIJIECHHO, OCTaHOBWIOCH uepe3 10 c¢. Onpenenute nyTb, IPOUICHHBIN TEIOM.

7. Teno cBoOonHO maznaer ¢ BeIcOTHl 125,5 M. Onpenenure Bpems MajieHUsS U CKOPOCTh Tejla B
MOMEHT yziapa 0 3eMJIIo.

Bapuant Ne 2

1. Cpennee paccrosaue mexay 3emiieid 1 Comrnem 1 actpoHomuueckas enuuauna (1 a.e. = 1,496
1011 m). Onpenenute Bpems npoxoxaeHus ceera or ConHua 10 3eMian. CKOpocTh CBETAa B BaKyyMe € =
3- 108wm/c.

2. Ha puc. 2. npencraBieH rpaduK 3aBHCHMOCTH KOOPAMHATHI Tena oT BpemeHu. llo rpaduky
onpeaenute: 1) CKOIBKO BPEMEHU TEJIO HAXOAWIOCh B IBUYKEHUH; 2) UEMY PAaBHO €ro MmepeMelieHue.

X, M4
|

!

puc.2.

3. Benocunenuct aBmxercs noj ykioH ¢ yckopenuem 0,3 m/c 2 . Kakyto ckopocTs mpuoOperer
Benocunenuct yepes 20 ¢, ecim ero HayajibHasi CKOpOCTb paBHa 4 m/c?

4. Cxopoctb noe3na 3a 20 ¢ ymensiiniach ¢ 72 no 54 km/4. Hanucare ¢opMyny 3aBUCHMOCTH
CKOPOCTH OT BpeMeHH UX(t) ¥ MOCTPOUTH rpapyK 3TON 3aBUCUMOCTH.

5. Ilpu aBapuitHOM TOPMOXEHUHM aBTOMOOMIIb, IBUXKYIIIUICS CO CKOPOCThIO 72 KM/4, OCTAaHOBUJICS
yepes 5 ¢. Halitu TOpMO3HOM ITyTh.

6. Yxnon gmuHoi 100 M nmepkHuK npomren 3a 20 ¢, nBurasck ¢ yckopenuem 0,3 m/c 2 . Kakosa
CKOpOCTb JIBDKHUKA B Ha4yajie U B KOHIIE YKJIOHA?

7. Teno cBoboaHO nagaet B TeueHue 4 ¢. OnpenenuTe BHICOTY, C KOTOPOH MagaeT Telo, U CKOPOCTh
B MOMEHT yz1apa 0 3eMJIIo.

®opma nmpeacTasJieHus! pe3yJbTara:
BrmogHNUTE 3aaaHueC B TCTpaAaAu IJIA NPAKTUICCKUX pa60T.

Kpurepum ouenku:
3a mpaBUIIHLHO BBIMIOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.
3a HeTMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISIETCS OTPUIIATEIbHAS OonleHKa — 0 OaioB.
1. Oyenxa «omauuno» evicmasnaemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
2. Oyenxa «xopouroy svicmasisemcs 3a 80 — 89% npaBUIBHBIX OTBETOB
3. Oyenxa «yoosnemeopumenvnoy svicmagisemcs 3a 60 — 79% npaBUILHBIX OTBETOB
4. Oyenka «neyooeemeopumenvhoy svicmasisemcs 3a Menee 60%0 MpaBUIBHBIX OTBETOB

Tema 2.1. Kunemaruka
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IIpakTnueckoe 3ansaTne Ne2
Pemienne 3a7a4 Ha mnapaMeTpbl BPalIaTeJIbHOTO ABHKEHHUS

Ienb: HayunThCA pelIaTh 3a7a4y Ha IApaMETPhI BPALIATEIbHOTO IBHKEHUS
Boinosinenue padotrbl cnmocodcTByer ¢GopmupoBanuio: [1P62 OVIIL.06, I1P69 OVII.06,
I1P67_OVII.06, ITP61 OVII.06
MarepunanbHoe o0ecnmeyeHHe: WHAMBUAYAJIbHOE 3aJaHUE, KOHCIIEKT JIEKLIMH, CIpaBOYHbIC
MaTEepHaJIbL.
3ananme:
1 OTBeTbTE HA CJIeAYIOLIE BONPOCHI:
e Kakyro popMylly MOKHO HMCHOIB30BATH JJISI HAXOXKJIEHHS MyTH, €CIM TOYKA MPOIUIA TPU
KPUBOJIMHEHOM JIBUYKEHUU?
o Jlokaxxute hopMyiTy, CBA3BIBAIOIIYIO BEKTOPHI TUHEHHOM U yrIIOBOH CKOPOCTH.
e [loueMy paBHBI BEKTOpbl TaHICHIMAJIBHOTO W HOPMAJIBHOIO YCKOPEHHUS B Cilydae
KPUBOJIMHEWHOTO JIBUYKEHUS MaTepuanbHON Touku? Kak HaliTH MOy M 3TUX BEKTOPOB?
e UYeMy paBHBI BEKTOpBl TAaHI'€HLIMAJIBHOIO U HOPMAJIbHOI'O YCKOPEHHUS M UX MOIYJIH IS
BpAaIllaTeIbHOIO JBUKEHHS MAaTEPHAIbHON TOUKU?
e Kak cBs3aH BEKTOp MOJHOIO YCKOPEHMsI C BEKTOPAaMHU YIJIOBOTO YCKOPEHMsI U YIJIOBOU
CKOPOCTH JUIsl BpaLaTeIbHOTO JIBUYKEHUS?
ITopsinok BeINOJHEHHS PadOTHI:
1. OrBerbTe NMCHMEHHO Ha BOIIPOCHI NPEACTABIICHHBIE BHIIIIE.
2. Pemnte camocrosTenbHyto padoTy. OdopMute perieHne NucbMeHHO B TeTPaAIH.

Kpamxkue meopemuueckue céedenusn:
[TycThb Teno ABMXKETCS IO OKPYKHOCTHU pajauyca R ¢ HOCTOSTHHON IO 3HAUEHUIO CKOPOCTBIO V

(7TMHEHHOM CKOPOCTHIO) ¥ 3a BpeMsi [t mepemecTuinock Ha AS u3 T. A B T. B. Bektop v HampasiieH 1o
KacaTelbHON K OKPYKHOCTH M MEHSIET HallpaBJIEHUE, T.€. MOXKHO TOBOPUTH 00 U3BMEHEHUHU CKOPOCTH

_ AV~
et a=—=0
AV = Vg =V, OTIMYHOM OT HyJs. OTcrona: At
LleHTpOCTpEMUTETBHOE YCKOPEHHE (4 ) — CKOPOCTh U3MEHEHHUS HATIPABJICHHS BEKTOPa CKOPOCTH.
Onpenenum [“ep| = %ep
Av AS v-AS
—=—=Av=
W3 nonpo6us tpeyronsuukoB OABu CBD = v R R
Av  v-AS AS v?2
Ap =~ = — > Vola=—
At RAt ;mipult —0 ap, > ay At R |

Bekrop d HampaBiieH 10 paginycy K MEHTPY OKPYKHOCTH.

[Tepro oOpalieHust TOYKH 10 OKPYKHOCTH (1) — Bpemsi, 3a KOTOPOE TOYKa OMHUCHIBAET OHY
OKPYKHOCTb.
T= 27R V2 27R 472'2 R
- a = — = — a=—-—:"
V| [T]=1c U3 R U T = !
YacTora 0OpaIeHust TOUYKH 10 OKPYKHOCTH ([]) — KOJTUYECTBO MOTHBIX 000POTOB, COBEPIIAEMBIX TOUKOMH

1 1 v
V=— [V]:l__ V=— 2.2
B ¢IUHUILY BpCMCHHU. T C, 2R |a =4z v R]|.
VYriosas CKOpPOCTH 06pal]_[eHI/I$I TOYKH 110 OKPYKHOCTHU (w) — CKOPOCTb U3BMCHCHHA yIJia
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noBopota [1[J paguyca R, coeIUHSIOMIEr0 TOUKY C LIEHTPOM OKPY>KHOCTH.

e [Tl T ks W=AA—‘f lv=wRl|v=2mR[ ‘"R " T =

[w]=1@w=2—” v v v w2R2

a=wR|

2. Pemuure 3a1a4M JJIs1 CAMOCTOSATEJILHOM PadoTHI.

1. ABTOMOOWJIB IBMXKETCS MO 3aKpyriieHHI0 paganycoM 100 MeTpoB co CKOpPOCThIO 36 KM/d.
OmnpenenuTsd ero HEeHTPOCTPEMHUTENbHOE YCKOpeHue. (0TB.: 1 M/c)

2. ABTOMOOWJIb JBWXKETCS IO 3aKpyrJieHHIO paauycoM 80 METpoB CO CKOpPOCTBhIO 54 Km/d.
Onpenenuts ero HEHTPOCTPEMUTEIIBHOE YCKOPEHHUE.

3. Toumnbnbl Kpyr paaunycoM 10 cM aemaer oawH obopot 3a 0,2 c. Haitnure ckopocTh TOYEK,
HanboJiee yIaJeHHbIX OT OCH BpAIICHUSI.

4. Camon€r, BBIXOJS U3 MTUKE, ABMXKETCS M0 TPACKTOPUH, KOTOpasi B HIKHEH 4acTH SBISETCS Tyroi
okpyxHOocTH paguycoM 800 M. Brrunciure yckopeHue caMosiéTa Ipy ero ABMKEHUHU, €CIIH €r0 CKOPOCTh
paBHa 720 km/d4. (01B.: 50 M\c?)

5. CnyTHHMK JBUXETCsl IO KpyroBoi opoute Ha Bbicote 630 kM. Ilepuon obpamenus cnytHuka 97,
5 munyT. Onpenenure ero JUHEHHYIO CKOPOCTh U LIEHTPOCTPEMHUTEIbHOE yckopeHue. Paamyc 3emiu
6370 kM. (O1B.: 7514 Mm/c; 8,1 M/c?)

6. Bpemss onmnoro oGopora BOKpyr ocu paBHO 24 wyaca. Beluuciure yrioByl0 U JIMHEHHYIO
CKOpPOCTH BpalICHUsI TOYEK Ha 3kBaTope. Paamyc 3emnu cuurare paBHbM 6400 kM (oTB.: 0,0007 pan/c;
448 m/c).

7. Ilepuon oOparieHust IEpBOr0 KOCMHYECKOTO KOpadiist — crryTHUKa 3emin «BocToky paBHsiics 90
MuHyT. CpeaHsist BbIcoTa ciiyTHHKA Hall 3emiéil Obuta paBHa 320 kM. Paguyc 3emmu 6400 kM. Beruncnure
CKOpPOCTb KOpaoJIsl.

8. KakoBa ckopocThb IBHMXKEHHUS aBTOMOOWIIA, eciu ero koieca pamuycom 30 cm genator 600
000pOTOB B MUHYTY?

9. Jlyna nBuxercss BOKpyr 3emun Ha pacctosHuu 380000 kM oT He€, coBepiias OJUH 000pOT 3a
27,3 cyTok. Beruncnute eHTpOCTpeMUTEBbHOE yeKopeHue JIyHbI.

®opma npeacTaBieHus pe3yabTara:
BeimonHuTe 3a7aHue B TETPAM ISl IPAKTUYECKUX PadoT.
Kpurtepuu onenku:
3a IpaBHIBLHO BBITIOIHEHHOE 33/I1aHUE BBICTABIISETCS TTOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BBICTABIISIETCS OTPUIIATEIbHAS onleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumenshoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

Tema 2.2. /Innamuka

IIpakTHyeckoe 3anATHE No3
Pemenue 3aga4 mo reme « Buabl cHJ1 B MEXaHHKE.
Cujia TpeHus NMOKOs, CKOJIbKEHUSI, KAUeHUs, BPAIleHH D)

Heab: packpbITh coaepkaHue 3akoHOB HbrOTOHA M OCOOEHHOCTH CHIJI Pa3IMYHON MPUPOAbI;
3aKpenuTh YMEHUS W HABBIKM pEIleHHs 3aJad Ha BTOpOM 3akoH HbIOTOHa, KOrja Ha TeJlO JeHCTBYIOT
HECKOJIBKO CHII.

BoinosiHenue padorbl cnocodcTByer ¢GopmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
I1P68_OVII.06
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MartepuajibHoe of0ecreyeHMe: TETpagb IS MPAaKTHYECKUX paldoT, pydka, METOIUYECKHE
PEKOMEHIALIUY 110 BBIIOJIHEHUIO PA0OTHI, JIMHEHKA, KapaHJalll.

Yka3anue: [IpakTuueckas paboTa COCTOMT U3 ABYX 4YacTeii — TEOPETUYECKON M NMPAKTHUECKOM.
ITocne u3yueHuss TEOPETUUECKOTO MaTepHalla MOYKHO IIPUCTYNATh K BBIIOJHEHUIO IIPAKTHYECKOM YacTH.
Omna cocTouT U3 AByX M Oojiee 3a7ay JJisi CaMOCTOSATENIBHOTO BhINoMHeHNs. He 3a0bIBaiiTe 0 mpaBUIbHOM
oopmienun pemtenus. Ha BploHEHUE IPAaKTUYECKON OTBOJUTCA JBa aKaJeMUYECKHX Yaca.

Ilopsinok BbINOJHEHHS padOThI:

1. PaccMmoTpuTe TeopeTHUYECKM MaTepual IO TeMe€ U IpUMephbl peleHHus 3agad  (CMOTpHU
METOAUYECKOE IIOCOOHE).
2. Pemmre camocrosTensHyto padory. Odopmure perieHne NMCbMEHHO B TETPaIH.

Kpamkue meopemuueckue ceeoenus:
Jlunamuxa. OcHo8Hble NOHAMUSL
WNHepuusi — gBIEHHE COXPaHEHUS CKOPOCTH JBMXKEHHS Tejla MpPU OTCYTCTBUU
BHEIITHUX BO3JICHCTBHIA.
NHepTHOCTh — CBOMCTBO TeJI, MPOSBISIONICECS B TOM, YTO MPU OJMHAKOBBIX
BHEIIIHUX BO3JICUCTBUIX Pa3HbIC TEJIa MPUOOPETAIOT pa3HbIE YCKOPECHHUS.

Macca (M) — Mepa uHepTHOCTH Tel. [M]=1kr. |a m,

a‘Z ml
3a sranon maccel (1 kuimorpamMm) mpuHsITa Macca MEXIYHAPOJIHOTO MPOTOTHUIIA
KHJIOTpamMma.

W3 onbpITOB W3BECTHO, 4YTO YCKOPCHHS, IOJydaeMble TEIaMH TIPH B3aUMOJICHCTBUHU, OOpaTHO
MIPOIMOPLIMOHANIBHBI UX MacCaM: .
Ecnu maccy kakoro-nmu6o Tena NpuHATH 32 3TaJIO0H, TO MOKHO U3MEPUTH MACCy APYTUX TEIl:

KI M -a,r
[p]zlig Mppay =2 >
M Arpaa
[TnotHocTs Tena ([J) — OTHOLICHHE MAcchl Tena |, = M m k ero o6bemy V.
7 . \
CI/IHa (F) — MEpa MCXaHHUYCCKOI'0 ACUCTBUS OJHOTO TCIa Ha Apyroc.

[F]=1H — HbproTOH.

Cuiia uMeet HarpaBJI€HUE, T. €. CUNA-8EKMOp .

Cuna Bcerja npuiio’)keHa K TOMY Telly, Ha3BaHME KOTOPOTro CJENyeT B NPEIJIOKEHUH IOCie Mpeiora
«Hay.

CunoBoe nojyie — 0co0bIi BUJ MaT€pUH, IOCPEICTBOM KOTOPOTO Nnepenaéres NeiCTBUE CUJIBL.

—

PaBHogzeiicTBytommast (pesysaprupyromas) cun ( R) —cuna, paBHas BEKTOpHON CyMMe TaHHBIX CHII F.

R=>F
I[aBJ'IeHI/Ie (p) — OTHOHICHHUC CHJIBI K IUIOIIaJu TOBCPXHOCTH, HA KOTOPYHO OHa HeﬁCTByeT B
NEePHCHANKYJIIPHOM HAIIPABJIICHHUM.

H
p=— [p]=1F= 1 Tla — mackanb

Wmnynbe Tena (P)— BEKTOpHAS Mepa MEXaHMUYECKOTO JBUKEHHUS, paBHAas MPOU3BEICHHIO MAacChl Teja Ha
-1 KI'-M

€ro CKOpPOCTb. [p] ¢

WmMiynbe cuitbl ( 7 - Ar) — BEKTOpHAs Mepa JEHCTBUS CHIIbI, PaBHAs MPOU3BEICHUIO CHJIBI HA BPEMs €€

newictus. [F-[t] =1 H-c.

3akonbl HeroToHa

O6001MB pe3ynbTaThl CBOUX MCCIENOBAHUN U, yuTsa padoty ['amuies «O IBWKEHHH TEN 10 WHEPLIUN,

HeroToH chopMynupoBai 3aKOHUEHHOE TIOJIOKEHHE, N3BECTHOE KaK MEepBhIi 3aK0H HbhloToHA:!
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CyIIecTBYIOT CHCTEMBI OTCYETa, OTHOCHUTENHHO KOTOPBIX TEJIO HAXOIUTCA B TMOKOE JIMOO IBHKETCS
MIPSIMOJIMHENMHO U PaBHOMEPHO, €CJIM PaBHOIEHCTBYIOIAsL BCEX MPUIIOKEHHBIX K HEMY CHJI PaBHA HYJIIO.

WNuepuuanshas cucrema orcuéra (MCO) — cucTemMa OTCUY€Ta, B KOTOPOM BBIITOJHSAETCS
nepBblid 3akoH HproTOHA.

- Ap  mAV -

F=22 " .
"3 At At [oJIy4aeM  BTOpPOH 3aKkoH HproTOoHa:

JJIA  TClla MOCTOSHHOM MacCHI CKOpPOCTb HU3MCHCHHA HUMITYJIbCAa paBHA IMMPOU3BCACHUIO MACChl Ha
YCKOPEHHE.

Bropoii 3akon Heiorona padotaer tosnbko B UCO u mpu yclioBUH, 9TO Macca Tella U JCUCTBYIONINE Ha
HETr0 CHUJIbI IOCTOSIHHBI.

Bropoii 3akon HproTOHA cripaBeyiuB Ui paBHOAEMCTBYIOMER R BCeX CWJI, NPUIOKEHHBIX K TEINY,

MIO3TOMY, ITPEKIIE YEM PEIIaTh 33/1a4H C €ro IPUMEHEHHUEM, HAJI0 ONPEAEIUTh R,
Tperuii 3akon HproToHa: E—_F
CHiIbl, ¢ KOTOPHIMH 1IBa TeNa IEiCTBYIOT — 2 ipyr Ha Ipyra, YHCIEHHO PABHBI X HAIPABJICHE
B IPOTUBONOJIOKHBIE CTOPOHBI 110 OJHOU MPSMOIA.

Tperuii 3akon Herotona padotaer Tosbko B UCO.

3aKOH BCEMUPHOTO TATOTEHUS

[Tonaras, uro Bce Tena Beenennoit B3aumHo niputsaruBarotcs, Hetoton B 1682 r. copMynupoBan 3akoH
BCEMHUPHOI'O TATOTEHHUS: BCE TeJla MPUTITUBAKOTCA APYT K APYry € CHIIAMH, IPSIMO IPONOPLHMOHATBHBIMU
IIPOM3BEICHUIO X MacC U 00paTHO NPONOPLUUOHATIBHBIMU KBaJIpaTy pacCTOSIHUS MEXKIY HUMHU.

F — 7/ ) ml i m2
rne Fi; — cwia  B3ammHOro | R? MPUTSDKEHUS Tell Macc My U My;
[J — rpaBUTAIlMOHHAS MTOCTOSIHHAS. []1= 6,6720 - 10" Hm?/kr?.
Cunsl B mpupone
Cuna  mokectH  (Fum) —  CHIA, coo01maromas Ty [
YCKOpEHHE CBOOOIHOTO MaiCHHA. F...=Mg
Cuna TsDKeCTH HalpaBiIeHa BEPTHKAIBHO BHU3 (MepneHauKyIsIpHO

KacaTelbHON K MOBEPXHOCTU 3€MIIH).
Peaknusi( N ) — cuia geicTBHs Omopsl (I0BECa) Ha TEIIO.

Bec tena (P) — cuita, ¢ KOTOPO#i TENIO JEUCTBYET Ha OMOPY WITH ITOIBEC BCIIEACTBUE MIPUTSHKEHHS K 3EMITE.
HeBecomocTs — ricue3HOBEHHE Beca Tejla MPH JBIKEHUH OMOPHI C YCKOPEHHWEM CBOOOTHOTO TaICHUS.

Heperpy31<a — YBCIIMUCHUC BECA TCJIa IPU ABHUIKCHUU OIIOPBI C YCKOPCHHUEM BBCPX.

F, =—ks

Cuna  ympyroctm (%) —  cuna, BO3HHUKAIOIIASI B TEJIE TIPH JIe€POpPMAIIHH.

3akoH ['yka: cuia ynpyroctu, BO3HUKaIOLIas Npu AeGopMaiiu Tea, NpornopuroHanbHa ero abCoaoTHON
nepopMaIui 1 HallpaBJieHa B CTOPOHY, IPOTHUBOIOJIOKHYIO IEPEMELIEHUIO YaCTHUI] Tela:

Cwua TpeHust OKOSI ( Frpn.) — CHIIA, BO3HUKAIOLIAS HA TPAHKIE CONPHUKOCHOBEHHS TEN IIPH OTCYTCTBHU MX
JBUKEHHSI OTHOCUTENBHO JIPYT pyTra.

# — xoadguiment Tperns (3aBucut ot |Fp =4N| marepumanos Tpymmxcs moepxHocTei).
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Cuna TSHKECTH — 3TO TPaBUTAIMOHHAS CHJIA, ¢ KOTOPOW 3emils MpUTATUBaeT K cede Tena: F = mg,
r7ie g — YCKOpeHue CBOOOIHOTO najeHus, g = 9,8 m/c2. .

Yckopenne cBoboaHoro maneHust 3aBucHT oT: 1) R 3emmm (reorpaduueckoid mmpotsl): ueM R
3emnm 1 (9kBaTop), TeM g | 2) h — BBICOTHI Tena Haa MOBEPXHOCThIO 3emiu: ueMm h |, tem g |. Jlusa
ar060ro kocMuueckoro tena Frsok o = G Mmim /(R+h) 2

MuHuMalbHasE CKOPOCTh, KOTOPYIO HY>KHO COOOIIUTH TEITY, YTOOBI OHO MOTJIO JIBUTAThCS BOKPYT
3emun o kpyrooii opoute (MC3) - mepBast kocMudeckas ckopocTh v1 = 7,9 km/c.

MuHHMManbHasE CKOPOCTb, MPHU KOTOPOW TEJNO MPEOJO0JIeBACT 36MHOE NPUTSHKEHHE M CTAaHOBUTCS
cnyraukoM CosHila (opbuta = mapaboiia) — BTopast KocMHYecKasi CKopocTh v2 = 11,2 km/c.

Ckopoctb, Ipu KOTOpOil Teno mnpeonosieBaeT npursbkeHue ConHua u nokuaaer CoMHEYHYHO
CHUCTEMY — TPEThsl KOCMUYECKasi CKOPOCTh V3 = 16,7 km/c.

Cuwiia TpeHHsl: BO3HHMKACT BJIIOJIb MOBEPXHOCTH JIBYX TPYIIMXCA Ted H3-3a JIedOopMaldd ITHX
MOBEPXHOCTEH M HaIlpaBlieHa BAOJb IMOBEPXHOCTH MPOTUB cMelleHus. [lpupona — anekTpomMarHuTHas.
Ftp = pn N, rae N — cuia peakuuu onopsl, (L — ko3dduuuent tpenus. Cusa TpeHus ObIBaeT: MOKOA,
CKOJIb)KEHUSI, Ka4eHHs M JKUJIKOe TpeHue. Eclii TpeHue Moje3HO — ero YBEJIMYMBAIOT (LIypYIbl, ECOK,
IIUTIOBKH, PYKABHUIIBI U T.JI.), @ €CJIA BPEIHO — YMEHBIIAIOT (MMOAMUITHUKY, CMa3ka, o0Tekaemas (hopma u
1.4.). Cuna ynpyroctu — Bo3HUKaeT npu aedopmanuu tei. [Ipupoaa — snekrpomarHuTHasl.

Hedopmarust ObiBaeT ympyras (pacTskeHHUE - CKaThe, W3TU0, CIBHT — Cpe3, KpydeHue) |
rIacTUyecKas (He ucye3aeT Mocie MpeKpalieHus: BO3ACHCTBHUS.

Jlist yripyro#t nedopManiy BBITONHICTCS 3aKOH ['yKa: chiia yIpyrocTd MpsMoO MPOMOPIHOHATBHA
ynnuHenuto Tena: F = — kAL, roe k — xecTkocth Tena, Al — ero yaymHeHue. 3HaK «—» yKa3bIBaeT, UTO
Fynp HanpapieHa NpoTUBOIOI0KHO CMEIIEHUIO YaCTHIL Tea.

Bec tena — 3To0 cuia, ¢ KOTOpO# Tejo, BCAEACTBHE €ro MPUTSHKEHUS K 3emiie, IEHCTBYET Ha OMopy
i noasec: P = mg, rne P — Bec Tena, g — yckoperue cBoOOHOTO majeHwus, g = 9,8 m/c2 .

B stom ciiydae omopa wiM MOABEC HAXOAATCA B COCTOSIHUM PABHOMEPHOTO MPSMOIUHEHHOTrO
JBIKEHUS OTHOCUTENBHO 3emuid. OJIHaKO, BEC MOXKET OBITh OOJIbIIIE MM MEHBIIE CHIIBI TsKeCcTH. Ecnu
OTIOpa WJIM MOJABEC IBUKYTCSA YCKOPEHHO BHM3, TO Bec P = m(g—a).

Ecnu omopa win moasec OBUXKYTCS YCKOPEHHO BBEpPX, TO Bec P = m(g+a), Telo HCHBITHIBAET
neperpy3ku. Ecnu Temo ABHKETCS TONBKO TMOJA JEHCTBUEM CHIIBI TSDKECTH, TO OHO HAaxoJsATCS B
cocrosinnu HeBecomoctu (P = 0).

2. Ilpumepsl pemieHus 3a1a4

1. ABTOOYyC, Macca KOTOPOTO C MOJHOM Harpy3koi paBHa 15 T, TporaeTcs ¢ mecta ¢ yckopenuem 0,7
M/c 2 . Haiftu cumy Tsru, ecinu Kod(hGUIMEeHT conpoTUBIeHHs ABMKeHuto paBeH 0,03.

Jlano: Pewenue:

m= 157 =15-103kr “ /'1';';’

a =07 m/c? = 47 7 x  Ey+N+F+mj=md

v =003 e T7"" 3  OX:-Fy+F=ma

F-? . OY:N-mg=0-N=mg
,‘/// S E, =mN - F, = mmg

-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 HaKJIOHHOM IJIOCKOCTH JUIMHOW 5 M M BBICOTOM 3 M Haxoautcs rpy3 maccou 50 kr. Kakyro
CHJTy, HalIPaBJICHHYIO BJOJb IUIOCKOCTH, HAJI0 MPHIIOKUTH, YTOOBI YAEPKATh ATOT TPY3, €CIIH TSIHYTH €ro
¢ yckopenueM 1 m/c 2 ? Koapduuuent tpenus 0,2.
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Hano: Pewenue:

m = 50 kr i s ” .
N r .

a=1wm/c? N R CocTaBuM YPaBHEHHE JABNKEHUS Tela:

i XN / A - "
M= 0,02 20 L0 [ Fp+N+F+mg=mad

1 X" -9 > | -

[=35m iz V7 | Haiiaem npoexkumm cuit Ha ocH:
:" )3-" Ock OX: <F, + F - mgsina = ma

Ocs OY: N -~mgecosa =0 —= N=mg cosa
Fy = MN = E, = Mmg cos a
IlojcTrasne BTOpOE YPaBHEHNE B IEPBOE, MTOJIYHUNUM
-mmgcos a + F - mgsin a= ma
HaxoauMm nponiBoaHyio BeIMUHHY:
F = Mmmgcos a- mgsina + ma nau
F=m(a + mgcos a + gsin a)
ITo onpeaeneHnio cHayca umMeem
sina =% sina 2‘. 0,6
{ 5™

H3 OCHOBHOIO Tpnrono.\terpuqecxom TOXKACCTBA

sina +cosa’=1,
cosa=v1—sina’=y1-036=0,64=08

BrraucanM HCKOMYI0 BETHHHHY:

F =50 xn(02:10 w/c® - 08 + 10 w061 m/c?) = 430 H
Omsem: 430 H.

3. Ha miHype, mepeKuHyTOM 4epe3 HEMOIBMKHBIN OJIOK, MoABeNIeHb Tpy3sl Maccamu 0,3 u 0,2 Kr.
C kakuM yCKOpeHUeM ABUXKYTCs rpy3bl? KakoBa cuiia HaTs»KE€HUs BO BpeMs IBUKECHHUS?

Hano Pewene.
my =02k \ Cocraminm ypasacinee Iniaccinmm Lins
m; =03 ux anyx Tea
a-TT-7 myg + T = mya;
mafd + T3 = myls

Haltzem aopoekiane cua ua ocs OY':
Ty =mg = ma,
~Ta2 4 mag = mzay’
I e coesang 0ol nnrso, 1o
T T, Tuay =a;=a
t T—mg =ma
Tocan,
-T+myg = ma
Cacoum i ypannenns
—my g+ myg = (my + myla wm
wmy —my) = (my + my M\
Feannse 310 yPaspenine OTnoCiTaILmo HesssecTisod sean
gimy-my) LU w0/ (0, Ser 0 2y )

BT ANM 8 e D
myemy O 3xr40 dur

a

Cany sarsckenis waliges ux nepnoro ypasseuss: T -m, (g + a)
Barernse T = 0,2xr(10 st/ 4 2m/c?)=24H
Omeem: ZM/c=: 24 H

CamocrosiTesibHast padoTa

Bapuant Ne 1

1. bpycok maccoit 0,2 Kr paBHOMEPHO TSHYT C MOMOIIBIO JUHAMOMETpPA MO TOPHU3OHTAIBHOMN
riockoctu croina. [Tokazanue nuaamomerpa 0,4 H. Onpenennre ko3 puiineHT TpeHUs CKOIbKEHHS L.

2. Ha HakJIOHHO# TJIOCKOCTH C yriioM HakjoHa 20° Haxomautcs Teno maccou 20 kr. Ompenenurte
CHJTy, HAaIlpPaBJICHHYIO BJOJb IUIOCKOCTH, KOTOPYIO HEOOXOAMMO MPHUJIOKHUTH K TeIy, YTOOBI €ro
paBHOMEpHO aBUTaTh BBepX. Koapduuuent tpenus tena o miaockocts 0,4.

3. Ha HuTH, IepeKnHyTON 4epe3 HeMoJBMKHBIN 010K, nojaBemieHsl rpy3sl Mmaccamu 0,3 u 0,34 kr.
3a 2 ¢ mocie Havajga ABMKEHHS KaXAbli rpy3 npoien nyTh 1,2 M. [lo 1aHHBIM OIbITa HAWNTH YCKOpEHUE
CBOOOJTHOTO TaJICHHS.

4. DneKkTpoBO3, TPOTAsACh C MECTA, pa3BUBAET MakcuMaibHyto cuiy Taru 650 kH. Kakoe yckopenue
OH COOOIIHUT KeNe3HOIOPOKHOMY cocTaBy Maccoil 3250 T, ecnmu KOA(PQPHUIIMEHT CONPOTUBICHUS paBEeH
0,005?

Bapuant Ne 2
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1. Kakyro cuity Hajo NpUIIOKHUTH U1 MOAbeMa BaroHeTkn maccoil 600 Kr mo 3crakaje ¢ yriiom
HaksioHa 20°, ecni KodDPUITMEHT CONMPOTUBIICHUS ABMXKeHUIO paBeH 0,057

2. Ha HakJIOHHOH IJIOCKOCTH ¢ yrioM HakioHa 30° Haxoautcs Teno maccod 20 kr. Omnpenenurte
CHIly, HaIpaBJICHHYIO BJOJb IUIOCKOCTH, KOTOPYIO HEOOXOJUMO MPUIIOKUTH K Telly, 4TOOBbl €ro
paBHOMEpHO ABUTaTh BHU3. KoadduuuenT Tpenus Tena o miockocts 0,6.

3. Ha miHype, MepeKnHyTOM uepe3 HEMOABMKHBIA OJIOK, oABEIIeHBI Tpy3bl Maccamu 0,3 u 0,2 Kr.
C KakuM yCKOpeHHEM ABMXKYTCS Tpy3bl? KakoBa cuia HaTsKEeHUs IIHYpa BO BpeMs ABM)KEHUA?

4. ABToMOOMIL Maccor 1 T, Tporasick ¢ mecta, gocturaet ckopoctu 30 m/c yepe3 20 c. Haiitu
CHJTY TSTH, eciii Kodpuiuent conporusieHus pasex 0,05?

dopma npeacTraBJieHus pe3yJabTarTa:

BbImonHUTE 3a/aHue B TETpaau JJIs IPAKTHUECKUX padoT.

Kpurepun oneHku:
3a mpaBUIIHLHO BBITOJHEHHOE 33JaHHE BHICTABIIETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHKE BBICTABIISETCS OTpHUIIaTeIbHas oleHka — () 0aos.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenxa «Heyoosiemeopumenbvhoy svicmasgiiemcs 3a Mmenee 60% npaBUIBLHBIX OTBETOB.

Tema 2.3 3ak0oHBI COXpaHEHHS B MeXaHHKe

IIpakTHyeckoe 3anaTue Ned
3aKOHBI COXpAaHEHHS B MEXaHMKe M UX IPUMEHEHHUe

Ilenp: 3aKkpenUTh yMEHHS U HABBIKU PELICHMS 3a/1a4 HAa 3aKOHbI COXPAHEHUS

Boinosinenue padotrbl cnmocodcTByer (opmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
I1P61 OVIIL.06, ITP61_OVII.06, ITP65 OVIIL.06, ITP68 OVII.06

MarepuanbHoe oOecnedeHue: TeTpaab I TMPAKTHYECKUX padOT, pydKa, METOIUYECKUE
PEKOMEHIaLlMH 110 BBIIOJIHEHUIO PA0OTHI, JIMHEHKa, KapaH/Jarll.

Yka3anmue:

[TpakTuyeckas paboTa COCTOMT M3 JIByX 4acTe — TeopeTHueckoid u mpaktudeckoil. Ilocre
U3Y4YEHUsI TEOPETUYECKOro MaTepuaia MOXHO IPUCTYNATh K BBIIOJHEHHUIO MpakTHuecKoi uyacth. OHa
COCTOUT M3 JBYX W Oosiee 3ajau Al CaMOCTOSITENIbHOTO BbIMOiHeHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
odopmiiennu pemeHus. Ha BbImogHeHHE MPaKTUYECKOW OTBOJUTCS JIBAa aKaJJeMHUUECKHUX Yyaca.

ITopsinok BbINOJHEHHS PadOTHI:

1. PaccMoTpuTe TeopeTHueckMii MaTepuad MO TeME€ M IMpPUMEpbl pelleHus 3agad (CMOTpHU
METOJINYeCcKOoe ocooue).

2. Pemute camocrosTenbHyto padboTy. OpopMuTe perieHre NucCbMEeHHO B TeTPaIu.

1. TeopeTuyeckas 4acThb

3aKOHBI COXPAHEHUSI UMITYJIbCa, MOMEHTA UMITYJIbCA, SHEPIHH U p. AEUCTBYIOT B 3aMKHYTBIX CUCTEMAX.
3amxnymou Ha3bpIBaeTCid CHCTEMa TeJ, B3aMMOJICHCTBYIOIIUX TOJBKO Jpyr C JApyroM U He
B3aMMOJEHCTBYIOIUX C JPYTUMHU TEIAMH.
Hmnynec cunvl — BEKTOpHAs BEIMYHMHA, SIBISIFOIIASICSI MEPON NEHCTBUS CUJIbI 32 HEKOTOPBIN MTPOMEKYTOK
BPEMEHH.
I =E-t, | — nvmynse cunst F 3a Bpemst t
Nmnynbe Tena (KOMMYECTBO JIBUKEHHUS) — BEKTOpHas (u3nyecKas BeIMYUHA, SBISIOMIASACS Mepoi
MEXaHUUYECKOTO JIBUIKEHUS:

KM
P=m-o; ¢
Bropoii 3akoH Hbr0TOHa MOXKHO 3aIIUCHIBATh B BUJIE:
Ft=mv, —mv
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P — yMmysibe TeTa Macco m, JBMIKYIIETOCS CO CKOPOCTBIO U .

3aKOH COXpaHEHMS UMITYJIbCa - BEKTOpPHAs CyMMa UMITYJbCOB TEJI, COCTABJISAIONINX 3aMKHYTYIO CUCTEMY,
0CTa€TCs HEU3MECHHOI.

rnlal + mz‘jz = rnlljl + mzuz

M3y, My — Macchl TeI,

01, 02 — CKOPOCTH T€J A0 B3aUMOJICHCTBHS,

U1, Uz — CKOPOCTH TEJI MOCJIE B3aUMOJICUCTBUA.

Ecnu cymma BHEmIHHX CWI, ACHCTBYIOIIMX HA Tela CHUCTEMBbI, paBHa HYJIIO, TO HUMIYJbC CHCTEMBI
COXpaHSIETCS:

P =mo, +m,0, + mu, = const

KonuyecTBo mnoTpeOnsieMoil 3HEpruM — OAMH W3 TJIABHBIX I[OKa3aTeliell TEXHUYECKOTrO pa3BHTHS
obmecrBa. [Ipou3BonCTBO, pachpefeieHue | MOTPEOJICHHMEe JSHEPrUM  HEBO3MOXHO 0e3  eé
npeoOpa3oBaHusl U3 OJHOTO BH/A B apyroii.  Ecmu  moxm  jeiictBreM
mocrostHHOl  cuiusl P Teno COBEPIIMJIO  MEpPeMENmeHHe §, TO
TOBOPST, YTO CHJIOH COBEpIICHA paboma.
Pabota (4) —  ckaspHOe NPOM3BENCHHE BEKTOPOB CHIbl P m
MICPEMECIIICHHUS § .

rae [J — yromn M@)K;IyIE u §; Fs=F-cosa — mpoekius F
A=‘I3H§‘~c08a=F~S~COSa=FSS Ha N :A% HarpaBJICHHUE.
[4] =1 H-Mm = [Ix — mxoynb [N]:lﬂ—mleT

C

MoraocTs (N) — CKOpoCTh COBepIieHHS PabOThI. — BATT

JHeprus

MexaHnuecKasi CUCTeMa — COBOKYITHOCTh MaTepUANIbHBIX TOUEK, B3aUMOACHCTBYIOLIUX APYT C JPYrOM U
TeJIaMH, HE BXOJSIIMMHU B 3Ty COBOKYITHOCTb.

ITocne coBepuieHHss pabOThl cUCTeMa MEPEHIET M3 OAHOTO COCTOsHUS B Jpyroe. Torma pabora —
¢u3nueckass BEIUYMHA, XapaKTEpU3YIOIIas #poyeccuepexoa MEXaHMYeCKOM CHCTeMbl U3 OIHOIO
COCTOSIHMS B IpYTO€.

MOXHO TOBOPHUTH, UTO CYHIECTBYET HEKHI MapaMerp MEXaHMYECKOH CUCTEMbl, U3MEHEHHE KOTOpOTo
paBHO COBepLIEHHOI paboTe A.

Mexanndeckasi sHeprusi (£) — mapamMeTp MEXaHHYECKOW CHUCTEMbI, M3MEHEHHE (AE) KOTOPOTO pPaBHO

coBepII€HHON padote (A). a8 = A, [E]=1 Tk

rac El — MCXaHHNYCCKas SHECPIrUust CUCTEMbI B HAYaJIbHOM COCTOSAHUU
E2 — MCXaHHUYECKas SHEPIrusa CUCTEMBI B KOHCYHOM COCTOSHUMU.

V3MeHeHNE SHEPTHU AE MOYKET OBITh KaK MOJIOKUTENBHBIM, TAK M OTPULIATENBHEIM, T. €. AE = HAE|
U3 (*) BbITekaeT: paboTa — Mepa U3MEHEHUSI MEXaHUYECKOW YHEPTUU CUCTEMBI.

Kuneruyeckasi 3Heprus

Kunernueckast sHeprus (E,) — MOJOBUHA TPOM3BEICHNS MACChI TeJIa Ha KBAApaT €ro CKOPOCTH.
Kunernueckass sHeprus — DHeprus mv2 | JABHOKEHUS.

Torma |4=Ee—Ea| nml4=2E] 1. e. = 2 | ecnaum cuia COBEpIIACT IOJIOKHUTENBbHYIO pabory,
TO KHUHETHYECKas SHEPTHUs Tejla BO3pacTaeT, U 00paTHO.

IHoreHunaabHas IHEPrus

[MotennmnansHas sueprus (Ey,;) — SHEPTUs B3aMMOICHCTBUSI TSI HIIH YacTel Tea.

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

HyneBoit ypoBeHb TOTCHIHMAIBHOW SHEPruM B3aumonaeucTBusi Tena ¢ 3emnén (HYIID3) —

TOPU30HTAIIBHAS IUIOCKOCTh, HA KOTOPOW MpUHUMaeTcs E, cucteMbl Teno—3emiis paBHON HYJIIO.
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ITycTh T€I0 Macchl M IO AEHCTBUEM CHIIBI TSIKECTH Fiy,e TIEPEMECTHIIOCH C BBICOTHI Ny 10 BBICOTHI hy Ge3
U3MEHEHHUsI CKopocTH. PabGora cmibl TskecTH A= FrayS =mg(hy —hy) =mgh —mgh, = —(mgh, —mgh,) =

=—(En2 —Eqy) I/IJ'II/I.

[ToreHmanpHass 3HeEprus B3aUMOJCUCTBUS E,=mgh| Tema ¢ 3emieit (E;) — mpousBencHHE CHITBI

TSOKECTH Tella Ha BBICOTY h mososkeHus LIEHTpa Macc Tesna oTHocuTensHo HYTIO3.
[ToTeHnmManpHOIM YHEPTUEH B3aUMOICHCTBUS YacTel Tella 001a1aloT ynpyro 1eGopMUpoOBaHHBIC TENIa
[loTrenuuanpHass 2HEpPrus  yOpyro kx| nmebopmupoBannoro Tema (E,) —  mosnoBuHa
npousBeicHus kécTkoctu K Tena Ha E, = "o | kBaapar ero abCoOTHON AedopMalyy X.

3aKoHBI COXpaHEHHsI B MEXaHHKe

DHeprus UHTEpecyeT YeI0BEUYeCTBO Ha BCEM MyTH ero pa3Butus. Bexamu moau
IIBITAJIUCH nzobpectu MalIuHy («6eynvlti  0gucamensv), MO3BOJIIOLLYIO
MOJIy4aTh YHEPTHIO U3 «HUOTKYIa».

3aKOH COXpaHEHHs W TpeBpalieHus: dHepruu (1.3.2) 3ampeniaeT CyleCTBOBAaHUE BEUHOIO JIBUTATEs,
OJITHAKO BpPeMsI OT BPEMEHU MOSIBISIFOTCS JIIOIU, OOBABIIAIONINE O CO3JaHIUH OYEPEIHON €ero MOJIEIH.
3aKOH cOXpaHeHHsI MeXaHMYeCKOH IHepruu

BHemrnue cuiel — CUITbl, JEMCTBYIOIIUE CO CTOPOHBI TEJI, HE BXOJALIUX B JAHHYIO CUCTEMY.

3aMKHYyTas MEXaHUYeCKas CUCTEMa TeJl — CUCTEMA, Ha KaXJ0€ U3 TeJl KOTOPON He JeHCTBYIOT BHEILIHUE

CHJIBI MJIN paBHOHeﬁCTBYIOHIaH BCCX BHCIIHUX CUJI paBHA HYIIIO, T.C. Z Fisnew =0 .
PaCCMOTpI/IM 3aMKHYTYIO MCXAaHUYCCKYHO CUCTEMY TCJI, 3HAUCHUA NOTEHIMATLHOU OHCPI'un KOTOpOfI B

HAYaJIbHOM M KOHEYHOM COCTOSIHUSAX PaBHBI Ey M Eyp, KHHETHYECKOM: By U B B + Eni = Eg + Enp |,
[TonHas MexaHWUYECKast SHEPTUsl CUCTEMBI — CyMMa KMHETHYECKOW U MOTECHIIMATIBHON SHEPTHU TEJ ITOH
CUCTEMBI.

3aKOH COXpaHEHUS MEXaHMYECKON JHEPIUM: IIOJIHAS MEXaHUYyeCcKas DJHEprusd

3aMKHYTOM MEXaHUYECKOM CUCTEMBI | (E +E ), = const T€I, B KOTOPOM JEHUCTBYIOT TOJBKO CHIIBI
. + — o

TOKECTH M YHOPYTrocTH, oCTagres &t i HEU3MEHHOM.

OtnensHO OT Tejla OTCYETa HHU OTHO TEJI0 HE 00JIa/laeT MEXaHUYECKOM YHEpTUeH.
3aKOH COXpaHEHUsl UMITYJIbCa
[Iyctp nBa Tema Macc Mp u My

" COCTaBJIAIOT 3aMKHYTYIO MCXAaHUYCCKYIO CHUCTEMY,

_ —

JBUXKYTCSL HaBCTpedy APYr IpYry U Z p, =CONnst| B3aMMOAECHCTBYIOT C CHIIaMH 7 U F .
i=1

I[To Tperremy 3akoHy HrsroToHa |pl+p2= p+py) FAi=-F>. Jlo B3auMonelCTBUS HMITyIbCHl Tel

OBLIN Py ubp,, ocJIe B3auMOIeHCcTBUSA P1 1 P> .

T.€. BEKTOPHBIE CYMMBI UMITYJICOB TEJI 10 U MOCIIE B3aUMOJIECUCTBUS OJJUHAKOBBI.

OyHAAMEHTAIBHBIN 3aKOH COXPAHEHHS] MMITYJIbCA: TEOMETPUYECKAS] CyMMa MMITYJIbCOB T€Jl 3aMKHYTOM
MEXaHUYECKOH CUCTEMBI OCTAETCSI HEM3MEHHOMM.

3aKOH COXpaHEHUs NMITyJIbca npuMeHuM ToJibko B MCO.

Anzopumm pewienus 3a0au
Cnemnaiite 4epTEx I KaX0T0 Tea, TOKAKUTE BEKTOPbI UMITYJIbCOB;
PaccmoTtpuTe XapakTep ABMKEHMSI TE€1 U YCTAaHOBUTE, SIBJIIETCS JIM JaHHAs CUCTEMA 3aMKHYTOM;
3anuiuTe 3aKOH COXPaHEHUS UMITYJIbCA B MMPOEKIIUAX HA OCH;
3anummre Npu HeOOXOUMOCTH JOMOIHUTENbHbIE (POPMYJIIbl U3 KWHEMATUKU U TUHAMUKHY;
Pemnre cucreMy ypaBHEHMI, IpOAHAIIU3UPYHUTE OTBET.

2. IIpumepsl pemieHus 3a1a4

1. Monekyna maccoit m = 3+ 10—23 r, nojereBmas K CTEHKE cocyJa noJ yrioM o = 60°, ynpyro
yaapsieTcsi o0 Hee co cKopocThio U = 500 m/c u oTieraer. Onpenenute UMIyIbC CHIbl F- At, momy4deHHbII
CTEHKOM.
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Jlano: Pewenue:

m=3 10726 gr W3meHeHne MMnynbca MOJEKY/Ibl PaBHO

a = 60° :% umnynbscy cuibl: Ap = FAt
0 = 500 M/c _ Ilycers 0Ch OX HarpaseHa
FAE -9 ' mepneHauMKyaspHO CTEHKe,  TOraa

M3MEHEHME MMIYJIbCa MONeKyasl Ap
Apy = mv, — ( - mv,) = 2muv,, rae v,
VCOS @, 0TKyAa Ap =2mucos a.
[loacrasus opmyny B ypaBuenue, nonyuum FAt = 2mucos a.
Brruncnenus:
FAt =23 10726 kr- 500§ : cos§ =1,5-10"23(kr-m)/c
Omesem: 1,5« 10 kr m/c.

Puc. 3.2

2. JIBa TOBapHBIX BaroHa JBUXKYTCS HaBCTpeuy APYT Ipyry co ckopoctsimu vl = 0,4 m/c m v2 = 0,1
M/c. Macchl BArOHOB COOTBETCTBEHHO paBHBI m1 =12 1, m2 = 48 1. Onpenenure, ¢ KaKOW CKOPOCTHIO V U
B KAKOM HaIlpaBJICHUU OYyAYT ABUTaTHCS BaroHBI MOCJIE CTOJKHOBEHHUS. Y 1ap CUUTATh HEYIPYTUM.

Hano: Pewenue:

v =04 m/c Wcnonb3yem 3akoH COXpaHEHMS MPOCKLMHM MMITYJIbCa HA OCh
v, =0,1 /e OX, mnonoxwurensHoe Hanpasnenue ocn OX coBnagaer c
my =12:103 kr HAMPaBICHUEM JBHIKCHHUS NEPBOTO BArOHa:

m, = 48-10° kr myvy - myvy = (my +my)v. Otkyna v = %

v-?

" e 12:10° k0,4 M/c— 48103 kr0,1M/c _ . -
Beruucnenus: v = = 0. Ananmu3; v = (), ciaea0BaTeNbHO, MOCHIE
12-103 kr + 48-103 kr

CTOJIKHOBEHHS BarOHbI OCTAHOBATCH.
Omeem: v =10

3. JlBa Heympyrux Tejla, MacChl KOTOPbIX 2 U 6 KI, ABHXKYTCS Ha BCTpeuy IpYyr K JIpyry co
cKopocTsMH 2 M/c kKaxjoe. OnpenenuTs MOAYNIb U HAIPaBICHUE CKOPOCTH KAXAO0T0 U3 ITHX TN Mocie
ynapa. CaenaTb pUCyHOK CaMOCTOSITENIBHO.

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

OX: mquq - myvy =- (Mg + my)v
_mvug - 77121!2.

iy =i (my +mz)’
my = 6 Kr B2 .
2kr2M/c— 6kr2Mm/c 2
U, = vy =2 M/c Beiuucngem: v = / - o2 M/c = 0,25 m/c.
et — (2Kr+6kKr) 8

IOmeem: 0,25 m/c.

3. CamocroniTesbHasi pa6oTa

Bapmuanr 1

1. ABTomMoOMITE Maccoi 1 T. ABMIKETCS CO CKOPOCThIO 72 kM/4. Omnpenenure, yepe3 Kakoe BpeMs OH
OCTAHOBHTCSI, €CJIM BBIKIIIOUUTD JIBUTaTENb. CpeaHss cuiia conpotuBieHus npmxennto 200 H.

2. Msa maccoit 200 1. mamaer Ha TOPU3OHTAIBHYIO IUIOMIAAKY. B MOMEHT ynapa CKOpOCTh Msiya
paBHa 5 M/c. OmnpenenuTe U3MEHEHUE UMITYJIbCa ITPH a0COIIOTHO YIIPYTOM yJape.

3. IBa miapa maccamu 2 U 8 KI' JABHXKYTCSl HaBCTpeuy IpYr Apyry co ckopoctsimu 10 m 2 m/c
coOTBETCTBEHHO. C Kakoi CKOPOCTbIO OHHM OYyIYT MpPOAOIDKATh JABMXKEHHE NMPH aOCOIIOTHO HEYHPYrom
ynape?

4. Tenexxka maccoii 80 Kr IBUKETCS CO CKOPOCThIO 4 M/c. Ha He¢ BepTHKAIbHO MaiaeT TPy3 Maccoi
20 xr. OnpenenuTe CKOpOCTh, ¢ KOTOPOM CTAHET IBUTaThCA TEJICKKA.
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5. Cuapsin maccoit 50 Kr, JeTALIHMA BAOJIb PEbCOB CO cKOpocThio 600 M/c, momagaer B miaTgopmy
¢ meckoM Maccoi 10 T u 3acTpeBaer B necke. CKOpPOCTh CHapsia B MOMEHT MaJeHus oOpasyeT yroi 45° ¢
rOpU30HTOM. UeMy paBHa CKOPOCTH IIaT(HOPMBI ITOCIIE MOMAJaHus CHAPsIIA, €CIH TIaTopMa ABHKETCS
HaBCTpEYy CHapsIy co CKopocThio 10 m/c?

6. Jlogka CTOMT HEMOJBUXKHO B CTOsued Boje. UelnoBeK, HAXOIAIIUNCA B JIOJIKE, IEPEXOAUT C €¢
HOca Ha KopMmy. Ha kakoe paccTtosiHue mepeMecTUTCs JIoJKa, eciu Macca 4yeloBeka 60 Kr, Macca JOJIKU
120 kr, aynHa oaxu 3 M? ConpoTUBIIEHUE BOJIbI HE YUUTHIBATD.

Bapuanr 2

1. JIBurasch u3 COCTOSIHHS TTOKOS TTO TOPU30HTAIBHOMY ITyTH, aBTOMOOMIIL Maccol 1,5 T yepe3 20 ¢
nocje Hayana JBWXKEHHs nocturaetr ckopoctu 30 wm/c. IlpeneOperass cOmpOTHBICHHEM JBH)XKEHUIO,
OTIpECTTUTE CUITY TATH JIBUTATEIs.

2. Tenexxka maccoit 100 r, nBHXKyIIascs cO CKOPOCThIO 3 M/c, ynapsiercss o creHky. Omnpenenure
M3MEHEHUE UMITYJIbCa TEJIEKKHU, €CIIU MOCJIe CTOJKHOBEHHUS OHA CTajia JABUTaThCS B MPOTHUBOMOJIOKHYIO
CTOPOHY CO CKOPOCTBIO 2 M/C .

3. Baron maccoii 10 T ABHXKETCS CO CKOPOCTHIO 1 M/C M CTaIKHUBAETCS C HETOABMXKHOM TIIIaT(H) OPMOMA
Maccoi 5 T. YeMy paBHa CKOPOCTb UX COBMECTHOT'O JIBUJKEHUS IIOCIIE TOT0, Kak cpaboTaeT aBToclLenkKa?

4. KakoBa CKOpPOCTh OTJa4d BUHTOBKHU, HEMOJBMKHON MPHU BBICTpEIIE, €ClIM Macca BUHTOBKU 4 KT,
Macca myn 8 T, ckopocTtb myim 600 m/c?

5. Ha HenmoaBM>XHOM >KeNe3HOJOPOKHOM MIargopMe yCTaHOBIEHO opyaue. Macca miaaTgopMsl C
opyauem 15 1. Opyaue ctpenser mox yriom 60° k ropuzoHTty. C Kakoil CKOPOCTBIO MOKATHTCS
maTdopma, eciau Macca cHapsaa 20 KT ¥ OH BBUIETaeT O CKOpocThio 600 m/c?

6. I[Ipu B3pbIBE KaMEHb pa3pbIBAETCs HAa TPU YacTU. [[Ba OCKOJIKA JIETAT MOJ MPSIMBIM YIJIOM APYT K
apyry: maccod ml = 1 kr co ckopocThio 12 M/c 1 Maccoit m2 = 2 Kr co CKopocThio 8 mM/c. TpeTuii Kycok
otieTaer co ckopocThio 40 M/c. KakoBa Macca TpeThero OCKOJIKa U B KAKOM HalpaBICHUU OH JIETUT?

dopma npeacraBjieHus pe3yJjbTara:

BeImoHATE 3aaHue B TETpaau s MPAKTHYECKUX padoT.

Kputepun onenkn:
3a npaBUJILHO BBINOJIHEHHOE 331aHHUE BBICTABIISIETCS MOJIOKUTENbHASI OL[eHKa — 1 Oau.
3a HeMpaBUWIIbHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIIETCS OTpHUIlaTeIbHas olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBHUIBHBIX OTBETOB
Oyenka «xopouto» evicmasnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 2.3 3aKkoHBI COXpaHEHHS B MEXaHHKE

IIpakTuyeckoe 3ansitue NeS
Pemienue 3agau Ha ¢gopMyJibl padoThl cuil. Pa6oTa 1 MOIHOCTBL. DHeprus U ee BUAbL. 3aKOH
COXpPaHEHMS JHePruu

Iesb: 3aKpenuTh YMEHUS M HABBIKM PELICHHS 33734 Ha (GOpMyIbl pabOThl, MOIIHOCTH, 3aKOHBI
COXpaHEHHUS

BoinosiHenue pa6orsl cnocodcTByeT (opmupoBanuro: [1P62 OVIL.06, T1P69 OVII.06,

I1P61 _OVIIL.06, [TP61_OVYII.06, [TP65 OVIIL.06, [TP68 OVYII.06

MarepuajibHoe of0ecreyeHHe: TeTpagb I MPAKTHYECKHX paldoT, pydka, METOIUYECKHe
PEKOMEH/1alliu 10 BHITIOJIHEHHIO padoThl, TMHEHKa, KapaHJalll.

Ykazanue:

[TpakTnueckass paboTa COCTOMT M3 JIByX YacTel — TeopeTHueckod u mnpaktuyeckoil. I[locne
U3Y4YEHHs] TEOPETUYECKOr0 MaTepuajga MOXXHO IPUCTYNATh K BBIIOJHEHUIO NPaKTHUecKOoN udacTh. OHa
COCTOUT M3 JABYX U Oosee 3ajad A CaMOCTOSTENIBHOrO BbINOJMHEHMsA. He 3a0biBaliTe 0 mpaBUIBHOM
oopmienun perrenus. Ha BeIoTHEHNE TPAKTUYECKOH OTBOJUTCA JBa aKaJeMUYECKHX Yaca.
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IMopsinok BbINOJIHEHUs PA0OTHI:
1. PaccMOTpUTE TEOPETHYCCKHI MaTepual II0 TeMe€ W TNPUMEPHl pemicHHs 3agad  (CMOTPH
METOAHYECKOE IIOCOOHE).
2. Pemmre camocrostenpHyto padory. Odopmure pelieHne MICbMEHHO B TETPAIH.

1. Kpamkue meopemuueckue ceedenusn:

PaGora 1 MOIIHOCTH. DHEPrus, ee BU/bI.
3aKoH coXpaHeHHUsI JHePIruu

Omnepeus — camasi BaKHas COXPAHSIOLIASCS BEJMYMHA HE TOJILKO B MEXaHHKE, HO U B (pusmke
BOOOIIE. DHEPrusi TECHO CBs3aHa ¢ paboToil. Bce Mbl, Kak M mo0Oble ABUraTeny, CoBepliaecM padoTy,
MPUBOJIUM B JABMXKECHUS TeJla, OJACPKUBAEM 3TO JIBHXKEHUE HIH JK€ MPEKPAIAEM €ro.

JelicTBug cuil Ha Tena, NPUBOIAIIME K M3MEHEHUIO MOAYJS HMX CKOPOCTEHN, XapaKTEpU3YHOTCS
BEJIMYMHOM, 3aBUCAIIECH KaK OT CHJI, TaK U OT MEePEMEILIEHUH Tel, Ha KOTOPbIE 3TH CUJIBI JEHCTBYIOT. DTy
BEJIMUUHY HA3b18aI0OM paOOMOI.

Pabora — ckansipHasi BeJIM4KHA, paBHAs MPOU3BEICHUIO MOJYJICH CHIIbI M TIEpEMEICHHs Tella Ha COS

yria MCXKIy HUMU.
2]

PaGoTa mocTostHHO#M chitbl £ :

B

A=F-§=F §-cosa Jx

rae S — nepemMenieHue Tena,
0 — YroJl MEXKJY HalpaBICHUEM JIEHUCTBUS CHJIBI M HaIPaBJICHUEM
nepeMenIeHusl.

Puc.1

Ecnu BenmuumHa cuiibl, AEHCTBYIONIEH HA TEJO, 3aBUCUT OT KOOPJMHATHI X, TO pabdoTa 3TOW CHIIBI
YHCJIEHHO paBHa IUI0IIAH 11oj rpadukoM GyHkuuu F(X).

Enunauter paboTsr: A =1H - 1M = JIx = [I)x0ynb.

Lorcoyny — pabora, copepiiaemas cuioil 1 H Ha mepememienue 1 M, eciu HampaBieHHE CHUIIBI U
nepeMeleHNe COBIaatoT.

1. PaGoTa cuiibl TXKeCTH.

PaGoTa cHIBI TSXKECTH HE 3aBHCHT OT TPACKTOPUU ABHUXKXCHUSA TCJIa U BCEraa

= I paBHA U3MEHEHUIO MOTEHUMAIBHOW 3HEPIUH TENA, B3SITOMY C IPOTHUBOIIOIOKHBIM
Q =mg 3HAKOM.

A=08=mg(h1-hz)=-(mgh - mgh)=-(11>-I1y)
A :-(Hz-Hl)

Ecnu cuna TskecTd coBepIIaeT OTPULATENbHYIO paboTy, To E, —
yBennuuBaetcs. IIpu coBeplieHnn Moy1oKuTeNnbHON padboThl — E, yMeHbInaercs.
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2. PaboTa cuiibl ynpyrocTu.
A=FS,

F,=kn"2

rae 4 — cpenHee 3HAYCHHE CHJIbI YIIPYTOCTH MPH M3MEHEHHUH JUTMHBI IPYKHHBI OT X1
HO X2,

S =X; - Xy — CMEILEHUE.

PabGorta cuibl ynpyroctd paBHa H3MEHEHHUIO IMOTEHLUAIBHON 3HEPruu, B3SITOMY C OOpaTHBIM
3HAKOM:

- 22 foa ER
A=k 3 0 (o pliT®) "‘}__|"'i_"i (T~ 1T
2 - 2 2 2 ) R

Mowmnocmo

Mownocms — ckansipHas ¢uU3MUecKas BEIMYHMHA, XapaKTEePU3YIOIIas OBICTPOTY COBEPIICHUS
paboThl, KOTOpast YMCICHHO paBHa paboTe, COBEPIIAEMOi 3a €AMHUILY BPEMEHHU:
.4 _rF.5 1@
N = = =F-u
! ¢ , [Ix/c = Bt — Barr],

rae A — pabora, [1x]
t —Bpems, [c]

Onepeus
Ecnu Teno unm cuctema Teln MOTYT COBEpIIaTh paboTy, TO TOBOPST, YTO OHU 00JIaIal0T YHEPTUEH.
OHeprusi B MEXaHUKe — BEJIMYHMHA, OIpeJiesiseMasi COCTOSHUEM CHUCTEMbI — MOJIOKEHUEM Tel U UX
CKOpOCTSIMH; U3MEHEHHE SHEPIHHU NPH MEePeX0/1€ CUCTEMbI U3 OJIHOTO COCTOSHUS B JPYyroe paBHO padboTe
BHEIIHUX CHIL
1. Kunemuuecxas (Kinema — ABW)XEHHE) — DHEPrHs MEXaHHMYECKOTO JIBH)KCHHUS CHUCTEMBI Tel,
YHCJIEHHO pPaBHA MOJIOBHHE MPOU3BEICHHS MacChl Tela Ha KBaJpaT €ro CKOPOCTH.

2
muw

-2 , JIK.

Teopema. PabGoTa paBHOACHUCTBYIOIIMX CHJ, TPHIOKEHHBIX K HEMY, paBHAa HW3MEHEHHIO
KUHETUYECKON SHEPIrUu Tena.
_ .I'.‘i'?!.": _ .'.'JIJl'-L
2 2
= A = A Ex (paboTa — u3MeHEHHUE SHEPTHH)
A=FEx, - Exi1 =A Ex

2. [Tomenyuanvnas (potentia — BO3SMOKHOCTD) — SHEPTUS B3aUMHOTO PACIIONIOKEHUS T HIIH YacTei
OJTHOTO W TOTO € Tela, YUCICHHO paBHA MPOM3BEIEHHIO MacChl m Tejla Ha YCKOPEHHE CBOOOJHOTO
najJeHust g ¥ BHICOTY h Ha/l MOBEPXHOCTHIO 3€MITH.

E,=mgh, [[lnc]

= -(mghz - mghy)
>4=-AE,
A= -(Epg -Ep1) = -AEP
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Ilomenyuanvnas snepeusi — dHEprus, OOYCIOBJIICHHAs B3aMMOJCHCTBHEM Ppa3IUYHBIX TET WU
gacTel OJHOro M Toro ke Tena. OHa 3aBUCHT OT B3aMMHOI'O PACIOJIOKEHHUS TEJ WM BEJIMYUHBI YIIPYTOn
nedopmaluu Tena.

ITorennuanrHas IlorennuanrHas ITorennuanpHas
SHEprus TeJa | SHEPrust CXKaTOM | PHEPTUsi
MOJHSATOTO Ha | WM paCTSHYTOW | IPABUTALIMOHHOTO
BBICOTY, HAaMHOTI'O | PYKUHBI B3aNMOJICHCTBHA
MEHBLIYIO MAaTEpUAIbHBIX TOYEK
paauyca 3emian U OJTHOPOJIHBIX
. 1apoB
E,=mgh g k™
g 2
m @
‘ . Mm
E,F =— R
h ,/ \W
/ I
r“‘x—"t

S Hynesoi YPOBEHb
cooTBeTcTBYeT R —
o0

E, =0

Hynesoit ypoBeHb
Hynegoii ypoBeHb COOTBETCTBYET X =
cooTBEeTCTBYeT h 0

=0 (renedopmupoBaH

Hasi IpY>KUHA)

3axon coxpanenusi SHepeUuU 8 Mexanuxe

B 3amMkHyTOM cHucTeMe Ten MOJIOKHUTENbHAsT paboTa BHYTPEHHUX CHUJI YBEIHMYMBACT KUHETUUECKYIO
SHEPTUI0 W yMEHBIIAeT MOTeHIHaNbHyI. OTpunarenpHas padoTa yBEIMYMBAET MOTEHIUATBHYIO U
YMEHBIIIAeT KUHETUYECKYI0 sSHepruto. MMeHHO Onaromaps STOMY BBIMOJHSETCS 3aKOH COXpPaHEHUs
SHEPTUH.

E = E, + E,—1onHasg MEXaHU4YeCKasi SJHEPTUS CUCTEMBI, BEJIMYMHA, paBHAsA CyMMe KUHETHYECKON U
MTOTEHIIMATIBHON SHEPTUI CUCTEMBI.

3axon coxpaneHnus NOIHOU MEXAHUYECKOU IHEPSUU
B 3aMKHYTO# cucTeMe MEXaHHYeCKas SHEPTUsi COXPaHSETCS.

E=E, +E, =const
Epl + E :Epg + Eo

Illpumeuanue: Ecnm B 3aMKHYTOM CHCTEME €CTh CHJIbI TPEHUS, TO MEXaHUYECKas DHEPrusi He
COXpaHsieTcs, T.K. 4acTh €€ MePEeX0/IUT BO BHYTPEHHIOKO.
3axon coxpanenus snepeuu
DOHeprusi He CO3/aeTcs M HE HMCYe3aeT, a JUIIb NepelaeTcs OT OJHOrO Telna K JAPYyroMy WiIu
MpeBpaIniaeTcs u3 0AHON (OPMBI B IPYTYIO B PABHBIX KOJUYECTBAX.
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2. lIpakTnyeckas padora
Anzopumm pewienus 3aoau
Crenaiite 4epTex.
Bribepure HyneBoii yposens E, (E,; = 0).
VYcraHoBUTE HaYaIbHOE U KOHEUYHOE TOJIOKEHHUE Tella (CUCTEMBI Tell).
Onpenenure NOJHYIO MEXaHUYECKYIO SHEPTHUIO Tell (CUCTEMBI Tel) B HaYaJIbHOWU U
KOHEYHOM TOYKax.
5. 3anuinuTe 3aKOH COXPAaHEHHS SHEPTUH.

a) s 3aMKHYTBIX cucteM: By = Ep min Ey + E,; = Eo + Ep),

0) mpu nepexo/ie CUCTEMbI U3 HAYAIBHOTO MOJIOKEHHs] B KOHEUHOE, PU JCHCTBUY BHEIIHUX CHIL: A
= E2 - Ej_
Pemmte cucremy ypaBHEHUH.
3. lIpumepsl penieHus 32124

1. ABTOMOOMJIb Maccoit 2 T HAYMHAET PA3TOHITHCA U3 COCTOSIHUS MOKOS [0 TOPU30HTAIBHOMY ITYTH
MOJI ACUCTBUEM IMOCTOSIHHOM cuiibl. B Teyenne 10 ¢ o mpuoOperaer ckopocth 43,2 kM/4. OnpenenuTsb
BEJIMYMHY UMITYJIbCA U BEJIMUUHY JEHCTBYIOIIEH CUIIBI.

NS

Jano: CH: Pemenue:

m=2Tt 2 - 10% kr 1. Onpenenum BETMYUHY UMITYJIbCA!

v =0 Peme ,U — COBIIAJIAET C OCBIO X,

t=10c B CKaJIsIpHOH (hopMe ypaBHEHUE MPUMET BU:
v=43,2 xM/4 12 m/c p=mv=2-10%-12 = 24.10°, P [kr-m/c]

p—7? 2. YuuteiBas BTOpoi 3akoH HeroToHa: Ft = mv — mug
F-7, TXK.vg =0 Ft=mv — F=mvu/t

a, L]
ez '.ﬂ 12 g it
14

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

. 4

3. Bo Bpemsi MaHEBPOB Ha KEJIE3HOAOPOKHOU CTAHIIMH ABe MaaTdopmbl Maccamu my = 2,4 - 10 kr

nmy=1,6 - 10* kr Burammce HABCTpEUy JIPYT APYTY CO CKOPOCTSIMH, MOJTYIU KOTOPHIX paBHBI V1= 0,5
M/c 1 vz = 1 M/c. Haliure ckopocTh X COBMECTHOTO JBMIKEHUS MOCJE TOT0, KaKk CpabOTaeT aBTOCIIENKA.

[aHo: Pemenue:

my=2,4-10* kr : :
my=1,6 - 10* kr == e
vy = 0,5 m/c

vy, = IM/c

Vo6 = ?

N300pa3um cxeMaTHyHO JAECHCTBYIOLINE CHUIIBI Ha JABWXKYIIHMecs miatdopmsel. B mpoekuuu Ha och X:
wl ol .

] i} ] =]
Ny mymy N e E CHITBI B3AaMMHO YPaBHOBEIIICHBI.

MoxHo MNPUMCHUTH 3aKOH COXPAHCHUA UMITYJIbCA:

P e, = (e
H

T7I€ Vo — CKOPOCTH TUIAT(HOPMBI TTOCTIE CIICTIKHU.
B mpoekiusax Ha och X: My Vix + M2 Vo = (M1 + M3) Voox
T.K. Vix="V1, Vox = - V2, TO Vosx = -0,1 M/C

3Hak (-) MOKa3bIBAET, UTO CKOPOCTh VOO HaNpaBJIeHa MPOTUBOMNOJIOKHO ocH X (CIpaBa — HAJIEBO).

4. Kakyio CKOpPOCTh OTHOCHTEIBHO PAKETHHUIIBI MpuoOperaer pakera maccod 600 T, ecnm rasbl
Maccoii 15 r BeuteTaroT u3 Hee co ckopocthio 800 m/c?
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JlaHo: CU:  Pemenue:
m;=600r 0,6 kr CoriiacHoO 3aKOHY COXPaHEHHS UMITYJIbCA:

m,=15t 15 - 10%kr U, + my, —Hil,i_l-i: +J'.F?31:-i:i (= wu +m,
Lo, 15107800 .
b =-—t= : =-20=
Uz = 800 m\c 06 ‘
v1=v2 =0 3HaK (-) MOKa3bIBAET, YTO T'a3bl IBUXKYTCS B CTOPOHY,
th —? MPOTUBOIIOI0KHYIO HAIIPABJIICHUIO PAKETHULIBL.

Ortser: - 20 M/c.

5. Baronerky maccoii 2 T 10 TOPH30HTaJILHOMY ITYTH PaBHOMEPHO mepememniaer padouunii. Kakyro
paboty oH coBepmuT Ha myTd 100 M ¥ Kakyio pabOTy cOBepIIaeT cuja TPEHUs, eclu KOIPPHUIHUCHT
Tpenus pasen 0,017
HaHo: Pucynoxk:
m=2T
S=100m
n=0,01
g=19,8 m\c?
a=0

l‘
l

A-7?
Atp-?
Pemenne .
Ha BaroHeTKy ACHCTBYIOT 4 CHIIBL: CHJIA TSDKECTH — mi | CHIIa PeaKIuK OHopsI —
cnna Ay i — , cuna TpeHus — . ITo BTOpOMY 3aKkoHy HptoTona X F=0
g mi s Bog ¥ =
B npoekuun Ha ocu: OX: F,—F, =0; F, =F;, OY:N-mg=0; N=mg
A=F-Scosa, 2a=0, cosa =1,cim-v0, A=F - S, F=F,=F,=puN=pmg
Pabora cuiibl TpeHus HampaBieHa MPOTUB PabOThI CUIa TATH — A = -ATp .
Ap=-19,6 - 10° Ik
Otser: A =19,6 x/Ix; ATp =- 19,6 k/[x.
CamocrosiTesibHast padoTa
1. ABTroMOoOuWIBL Maccoil 2 T IBUIKETCS cO CKOpOCThIO 36 kMm/4. Kakoe Bpems TpedyeTcs 10 MOTHON
OCTaHOBKH aBTOMOOWJISI IPU BBIKJIIFOUEHHOM JIBUTaTelle, €CIH CHIa TPEHHS KOJIEC O I0pOry paBHa
5880 H?
2. Tenexka mMaccoit 150 Kr ABMKETCS TIO TOPU3OHTAIBHON JIOpOre co CKOpocThio 1 m/c. HaBcTpeuy
eil OexxuT yenoBek Maccor 75 kr. YenoBek mphiraeT Ha Tenexky. [lociie 3Toro Tenexka BMECTE C
YeJIOBEKOM ocTaHaBimBaeTcs. C Kakoi CKOPOCTHIO O€Kall 4eToBeK?
3. Ilpu BepTHUKambHOM MOJBEME Teda Maccoi 2 Kr Ha BeicoTy 10 M coBepmieHa padora 240 Ix. C
KaKUM YCKOpPEHHEM MOJIHUMAIH rpy3?
4. Teno, maccoit 20 Kr MOAHMMAIOT BepTHKaTbHO BBepx ¢ cuioi 400 H, HampaieHHOH ™o
neuxkenuto. Kakas padora coepuiaercs Ha mytu 10 m?
5. Byner nu BennurHa MONE3HON MEXaHMYECKON paOOThI OTJIMYHA OT HYJIS, €CIU MObEMHBIN KpaH:
® 1) mogHUMAET ¢ 3eMJIU TPY3,
e 2) Oyner aepxaTh €ro HEKOTOpOoe BpeMs Ha BECy B MOKOE,
e 3) MOJHUMET IPY3 C 3eMJIU U Cpa3y OMYCTUT €ro Ha 3eMIIio.
6. Teno maccoit 20 kr cBoOOHO MasiaeT B TeueHue 6 c¢. Haiinute paboTy CHIIBI TSXKECTH.
7. Kakyro pa®oTy MOXXET COBEpPLINTH A0 OCTaHOBKM Teiao Maccoi 1000 xr, nBuxKymieecss co
CKOpOCTBIO 36 KkM/4 ?
8. Haiitu paboTy, KOTOpPYIO HaJ0 COBEPIIUTH, YTOOBI CKATh MPYKHHY, KECTKOCTh KOTOpou 29,4
H/cm, ma 20 cm.
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9. PesunoBblil mHYp mumHON | M mox neiictBueM rpysa 10 H ynnununcs va 10 cm. Haiiaure paboty
CHJIBI YIIPYTOCTH.

10. Ha xakyro BBICOTY 32 MHHYTY MOeT mojaHsATh 400 M* BOJBI HAcOC, pa3BHBAIOIINI MOIIHOCTh
210° xBr?

11. Ompenenute MOIIHOCTH TEIUIOBO3a, 3HAs, YTO MPHU CKOPOCTH IBIKEHUS 43,2 KM/4 cuja TITU
pasHa 105 kH.

12. Tloe3n maccoii 1200 T ABMXKETCS MO TOPU3OHTAIILHOMY ITYTH C TIOCTOSTHHOW CKOPOCTHIO 54 KM/4.
Omnpenenure KO3PGUIUEHT COMPOTUBICHUS IBUXKCHHUIO, €CIIM TEIUIOBO3 PAa3BUBAET IOJIE3HYIO
MoIHocTh N= 882 - 10° Br.

13. Umnynsc Tena paBeH 8 Kr M/c, a KuHeTndeckas 3Heprusa 16 k. Onpenenure Maccy ¥ CKOPOCTh
Tena.

14. Canu maccoii 60 Kr, CKATHBIIMCH C TOPBI, TPOEXaAJIH 0 TOPU3OHTAIBHOMY Y4acTKy aopord 20 m.
Haiinure paboty cuisl Tpenus, ecnu L= 0,02.

15. TlogbeMHBII KpaH C ABUTATEIEM MOIIHOCTHIO 8 KBT MogHMMAET Tpy3 € MOCTOSSHHON CKOPOCTHIO 6
m/mMuH. KakoBa macca rpysa?

16. Kakas pabora coBepiiaeTcsi Ha THAPOCTAHLMU B TEUYEHHE TOJa, €CIU CpPEAHSS MOIIHOCTH
resepaTtopa pasHa 2,5 MBT?

17. Yenoek maccoit 70 Kr crmyckaercs M0 JiecTHUIE AnuHoi 20 M, pacrnonoxeHHon noa yriaom 30° k
ropu3oHTty. Haiiiute paboTy CHiIbl TSKECTH.

18. Boruncnute paboTy CUIIBI YOPYTOCTH MPU U3MEHEHUU JAeopMaliu MpyKUHBI KeCTKOCThIo 200
H/Morx:s =2cM 10Xy =6 cM.

@dopma npeacTaBJieHus pe3yabTarTa:
BrinonHuTh 3a7anue B TETpaau sl MPAKTHYECKUX padoT.
Kpurepun oneHku:
3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BBICTABIISIETCS TIOJOKHUTEIbHAS OLleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISIETCS OTpHUIIaTeIbHas olieHka — () 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopoutoy evicmagnsemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% mpaBUIBLHBIX OTBETOB
Oyenra «Heyoosiemeopumenbvhoy svicmasgisiemcs 3a Menee 60% nmpaBUITBLHBIX OTBETOB

Tema 3.1 OcHOBBI MOJICKYJISIPHO-KHHETHYECKOM TEOPUH

IIpakTnueckoe 3ansaTne Ne6
Pemenue 3apa4 no reme «OcuoBsl MKT. YpaBHeHne cocTOSIHUSI HI€AJBLHOTO ra3a

Leab: 3aKpenuTh yMEHUS U HAaBBIKU BBIYMCIIEHUS TAPAaMETPOB COCTOSIHUS ra3a, UCIIONb3Ysl Ta30BbIE
3aKOHBI U ypaBHeHUE MenneneeBa - KnaiinepoHa.

BoinoiHenue padorbl  cnocodcTByeT ¢opmupoBanmio:  I[1P62 OVIL.06, ITP66 OVII.O6,
I[1P67_OVII.06

MarepuanbHoe o0ecriedeHue: TeTpaab s MPAKTUYECKUX padoT, pydyka, METOAMYECKUE
PEKOMEH/Ialli! 10 BBHIIOJHEHHUIO pabOoThI, TMHEIKA, KapaH/JaIll.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUECKON M MPAKTUYECKOM.
[Tocne u3yueHus: TEOPETUUECKOTO MaTepHralia MOKHO NMPUCTYNATh K BBITOJIHEHUIO TPAKTHUECKON YacTH.
Omna cocTouT U3 ABYX U Oolee 3a/1a4 JJisi CaMOCTOSTEIHHOTO BBIMONIHEHUs. He 3a0biBaiiTe 0 npaBUIbHOM
opopmiieHnn pernieHus. Ha BbIMoMHEHNE MPAaKTHYECKOM OTBOJUTCS JBa akajgeMuveckux vaca. [lopsaox
BBITIOJTHEHUS paOOTHI

IMopsiiok BbINIOJIHEHHS PA0OTHI:

1. PaccMoTpuTe TeopeTHYECKHil MaTepuan MO TeMe U MPUMEphl pelieHus 3aaad (CMOTpHU
METOAMYECKOE MTOCOOHeE).
2. Pemmre camocrosiTensHyto padoty. Odopmure perieHne NiCbMEHHO B TETPALIH.
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1. TeopeTnyeckas yacThb

JUisl XapaKTepUCTUKU COCTOSIHUSA T'a3a BBOASAT CHELMaIbHbIC (PU3MUECKUE BEIMYMHBI, Ha3bIBAEMbIE
napamMeTpamMH COCTOSIHUS. B KadecTBe mapaMeTpoB COCTOSHUS BHIOMPAIOT TPH BEIUYMHBL: 00beM raza(V)

,TeMiieparypy ero T° u naBnenue P, mpous3BoaumMoe ra3oM Ha CTEHKH COCYZa ,B KOTOPOM OH 3aKJIIOYEH.
DT0 NaBieHUE OOBICHICTCS yIapaMy JBUKYIIIXCS MOJICKYIT.

2. llpuMepnI pelieHUs 3a1a4

1. B razosom Oamrone eMkocthio 0,01 M3 mHaxomurces ras nox gasienneM 20 kr/cm2 .Kaxoii 00bem

3aiiMeT ra3, €Clii ,He U3MEHSS €ro TEMIIEPATYPhl , OTKPBITh BEHTU/Ib 0ayutoHa? OKOHYATEIbHOE JIaBJICHHE
1 xkr/cm2.?

Hawno:

V1=0,01n"

P1=20 kr/em*=20%0,98%10° H/m’
P=1 KF/CN{2=0,98* 10° H/m®

Pewenue:

ITo ycnoBuio 3aaun Temneparypa raza He MEHSIeTCs,
HOITOMY NPOHCXOUT H30TEPMHHYECKOE H3MEHEHNE
cocrosHus ra3a. Ucnone3ys 3axon boiins-Mapuorra
p1Vi=p2Va naxomum Vo= piVi/pa.

Boruncnenns: Vo= 20%0,98*10°*0,01/0,98%10°=0,2(m’)
Omeem: V=02 M.

Vy-?

2. I'a3 U30TepMUYECKHU CKAT OT MepBoHaYaIbHOro oobeMa 0,15 M 3 1o oobema 0,10 m 3 .JlaBieHue
€ro MPHU STOM MOBBICKIIOCH Ha 2 Kr/cM2 . KakoBo mepBoHaYaIbHOE JAaBJICHUE Ta3a?

JHano:
Vi=0,15m" I'lo 3axony boiins-Mapuorra P1V,=P2V2. Ho p>=pi1+ Ap,
V3=0,10M3 MOATOMY p|V1=(§P| +A P)V>, otkyaa Py = AP*V,/V-Va;
AP=2 kr/cm’=2*0,98*10°u/m>  P;=2%0,98*10°*0,10/0,15-0,10 = 3,9*10° (H/m>)

P=? Omeem: P\=3,9%*10°I1a.

Pewenue:

3. Kak Benmuko armocepHoe AaBieHHE, €ClId MPHU JIMHE PTYTHOTO CTOJMOMKa 12,5¢M B TOHKOM
TpyOKe A/MHa CTOJI0MKa BO3/lyXa B IEPBOM MOJIOKEHHE 7CM,a BO BTOPOM — 5 cM?

Jlano: Pewenue:
h=12,5cm B nepBom ciyuae gaBnenue Bo3ayxa BHyTpH Tpyoku P1=Pspy-h. Bo BTOpom
1,=Tem ciyyae pr=panth. [1o 3akony boiins-Mapuorra P,V,=P,V; rae V,=SL,,
IL,=5¢cm V,=SL,. Toraa (parm-h)=(parnth)SL,, oTkyaa py=h(L1+L2)/L;-L;

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

4. Cxatblil BO3IyX TOJIaeTCsA B Tasroyipep oobemoM 5M3 . 3a Kakoe BpeMs €ro HakKadarT 0

naBieHust 7 Kr/cM2, eciad KoMIpeccop BcachiBaeT 5,5 M 3 arMoc(epHOro BO3JyxXa B MHUHYTY IpHU
nasineHuu 1 kr/em2 ? Temneparypy cuuTaTh MOCTOSIHHOM.

Jano:

3=5M3
P,=Tkr/cm’=7*0,98*10°1/m°
V|=5,5M3/MHH=1 1/12M° e
P =1 kr/cm’=0,98*10u/m>

Pewenue:

JLis HakaumBaHUS BO31yXa B ra3roibjaep 10 AasineHus P,
KoMmpeccop pabotaer B TeueHue Bpemeru t. Oobem
3acaceiBaemoro Bosayxa V' =V, npu nasnenue p;. Korna
BO3/1yX HAKa4yallM B ra3roibaep, OH 3aHsn o0vem V) u ero

nasieHue crano pa. Ha ocnoBanuu 3axona boins-Mapuorra

t-? P[V'1:P2v3 WM P1V|t|:P2V2 s OTKYyAa t|:P2V‘_>/P] V|

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

Omeem: t = 380 c.
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5. OTKpbITast CTeKIsiHHAs TpyOKa amuHO0 40 cM HAIMoOJIOBHHY HOTpyKeHa B pTyTh. Korna BepxHuii
KOHell TPYOKH 3aKpbUIM U MOJHSUIA €€ J0 YPOBHSA PTYTH B COCYJIE, TO BBICOTA YPOBHSI PTYTH B TpyOKe
oka3zanach paBHOi 15 cM. KakoBo atMocdepHoe 1aBlieHre BO BpeMsl OIbITa?

Hano: Pewenue:
=40 cm [lo 3akony boiins-Mapuorra P,V,=P,V; rae p,=H-paBnoe armocdepHomy
l,-15¢cm  naBnenue BO3ayXa HajA PTYThIO A0 3aKpbITHs OTBepeTHA, a V=L/2S-ero o6nem;
P = P-1, Vo=(L-L,)S-cooTBeTcTBEeHHO AaBieHHe U 00bEM BO3AYyXa HAl PTYThIO
H-? MOCJIe TOro, KaK €€ 3aKpbUIK M MOJHSIN 0 YPOBHS PTYTH B cocyae. B npeabiayime
Belpaxkenus P,V,=P,V;Bmecro P,,P, V|, V;, noacrasum nx 3nauenus:
HL/2S=(H-L,)(L-L,)s. Orcroaa H=21,(1-1,)/1-21; H=30%*25/10=75(cm™ pr cT).
Omeem: 75 cm pT CT.
CamocrosiTesibHasi padoTa
Bapuanr 1

1. Haueptute rpadguku H30TEPMHUIECKOTO, U300apHOTO U M30XOPHOT'O MPOIECCOB B KOOpaAuHaTax P
unV;PuT;TuV.

2. WneanbHbld Ta3 cHavasa M300apHO PACIIMPUIIN, a 3aT€M H30TEPMHUYUCCKH CXKATH 10 MPEKHErO
obwvema. 306pasute 3tu nporecchl B koopauHatax Pu V; PuT; Vu T.

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

4. Ilpu cxatum HEU3MEHHOro KOJMYECTBAa HJACAIbHOIO raza o0beM yMEHBLIMJCS B 2 pa3a, a
TeMIlepaTypa yBeauumiachk B 2 paza. Onpenenure, Kak U3MEHUIIOCH JIaBJICHUE rasa.

Bapuanr 2
1. Ha puc.1

P
A T, < Ty

\“'.
o T

\_,Il

'

n300pakeHbl IBE N30TEPMBbI OJJTHON U TOH ke Macchl ra3a. YeM OTIMYaAOTCs COCTOSIHUE T'a30B, €CIU
razpl oguHaKoBele? Yem oTaMYaOTCS Tas3bl, €CIM TEMIIEpaTypbl Tra3oB OJMHAKOBBIE? YKa3aHHeE:
BOCIIOJIB3YHTECHh YpaBHeHHEM Kianeiipona-MeHieneesa.

2. WpeanpHplil Ta3 cHayajga HarpeBajicsi MpPH IOCTOSHHOM JABJIEHUHU, IMOTOM €ro JaBJIEHUE
YMEHBIIAJIOCh MPH MOCTOSHHOM 00beMe, 3aTeM IpU MOCTOSTHHON TeMIepaType 00beM raza yMEHbUIHIICS
710 IepBOHavyallbHOTO 3HaueHus. [loctpouts rpaduk B koopanHATHBIX ocsx V-T.

3. B cocyne Bmectumocthio V=0,83 M 3 HaxoauTcs m=2 Kr a3oTa npH jasieHuu p = 2*105 [la.
Onpenenute Temnepatypy T azora.

4. Temneparypa V1=2 Monp kuciopozaa ,Haxozsmerocsa B cocyze, pasHa T1=300 K. Onpenenure

Temriepatypy T2 Bomopoaa, HaXOHSAIIETOCS B COCY/A€ TOW K€ BMECTUMOCTH TNPH TOW K€ JIaBJICHHH,
B3ATOT0 B KOJIMYECTBE V2=2 MOJIb.

®opma npeacTaBieHus pe3yJbTara:
BhIMoNHUTE 3aaHKe B TETPaIu IS MPAKTHYECKUX PadoT.
Kpurepum ouenku:
3a IpaBIIBLHO BBITIOJIHEHHOE 33/1aHUE BBICTABIISIETCS TTOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHAE BBICTABIISICTCS OTpUIATEIbHAS OmleHKa — () 0aioB.
Oyenka «omauunoy svicmasisiemca 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
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Oyenka «HeyoosiemeopumenbHoy svicmasgisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.2. OcHoBBI TepMOANHAMUKH. TenioBble MAIIMHBI.

IIpakTuyeckoe 3ansiTue Ne7

Pemenue 3ana4 no reme «OCHOBbI TEPMOAUHAMMKH.
«3akoHbl TepMoauMHaMuKkH. [I[pyMeHeHMe MEPBOro HAYAJIa TEPMOJAMHAMMKH K U30IPOIIeCcCaM.
KII/I TenJioBBIX ABUTATEIEI))

Ieab: 3aKkpenuTs yMEHUs W HaBBIKA PELICHUS 3a/ad Ha IepBOoe Hadano TepMoauHaMuku u KIIJI
TEIUIOBOTO JABUTaTEIs.

BoinosiHenue padorbl crnocodcTByer ¢opmupoBanmio: [1P62 OVIL.06, I1IP66 OVIIO6,
I1P67_OVII.06

MarepuanbHoe oOecnedyeHue: TETpaab I NPAKTUYECKUX padOT, pydKa, METOJIUYECKUE
PEKOMEHIALIMU 110 BBIIOJIHEHUIO PA0OTHI, JIMHEHKa, KapaHJalll.

Yxka3zanme: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M NMPAKTUYECKOM.
ITocne u3yueHuss TEOPETUUECKOTrO MaTeprala MOXKHO IIPUCTYNATh K BBIIIOJHEHUIO IPAKTUYECKON YacCTH.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 JJIsi CaMOCTOSATENbHOIO BhINIOJIHEHUS. He 3a0biBaiiTe 0 npaBuibHOM
oopmienun pemienus. Ha BelosHEHUE IPAaKTUYECKOM OTBOJUTCA JBa aKaJeMUYECKHX Yaca.

Ilopsinok BbINOJIHEHHS PadOThI:

1. PaccMmoTpuTe TeopeTMYECKM MaTepuas IO TeMe€ W IpUMepbl peleHus 3ajxad (CMOTpHU
METOAHYECKOE IIOCOOHE).
2. Pemnte camocrosTenbHyro padoTy. OdopMute perieHne NucbMeHHO B TeTPAIH.

Kpamkue meopemuueckue ceedenusn:

OCHOBY TEpMOAMHAMMKH COCTABJISAIOT 1BA 3aKOHA (MJIM HA4aJia).

IlepBoe Hauano TepmoaMHamMuMkM: l3MeHeHue BHYTpPEHHEW HHEpruM Tejla PaBHO Pa3HOCTU
COOOIIEHHOTr0 TeNly KOJIMYEeCTBA TEIUIOTHl M MPOU3BEACHHON HaJl HUM MeXaHHueckoi paboTel AU=Q+A,
AU- u3menenue BHyTpeHHen sHepruu, [AU] = [Ix, A-pabora BHemHuX cui (Wim rasza), [A] = JIx, Q-
KOJIMYECTBO TEIIOTHI, [Q]= [Ix.

1) AU=3/2*m/M*R*TA-u3smMeHenne BHYTpEHHEW »HHepruu i onHoaroMHoro raza (He)
AU=5/2*m/M*R*AT-usmMeHenue BHYTpeHHEH »SHepruu s JAByxaromHoro raza (02, H2, N2)
AU=7/2*m/M*R*AT-BHyTpeHHss1 sHeprus 1Jid Tpex u Oosiee aToMHoro rasza (CO2)

2) A=P(V2-V1), A>0, ecnn paGota rasa, A<0, ecim paGota BHemHMX cmi. 3) KommuecTso
TEITIOTHI, HEOOXOAUMOTO (BBIIEIAEMOTO) I HarpeBaHus (mpu oxyaxaeHuu) tena Q=c*m(T2-T1), roe
C-yzenbHas TEII0OEMKOCTh BEIIeCTBa

KonuuecTtBo TemynoTsl mpH IuiaBieHUM (Kpuctaumzauuu): Q=A*m, rae A-ynenbHas TemoTa
riaBneHus. KonmdecTBo TemnoTsl mpu mnapooOpazoBaHuu (KoHAeHcauuu): Q=L*m, rae L-ynenbHas
TeII0Ta mapooOpa3oBaHMsI.

IIpumeHeHne MepPBOro 3aK0HA TEPMOJAMHAMMKH K H3onpoueccam 1. M3orepmudeckuii nporecc:
T=const, m3mensercs oobem (V) um naBnenue (P). I[lockonpky Temmeparypa HE HW3MEHSETCS, HE
U3MEHSETCS U €r0 BHYTPEHHsIA 3Heprus, T.e. AU=0, torna Q=A.

2. W3oxopubii mnpomecc. OOBbeM Tra3a oOcCTaeTcsi MOCTOSHHBIM, MEHSIOTCSI €ro JaBlieHHe u
TeMneparypa, 3Hauut A=0, Torna Q=AU.

3. WM3obGapubiii mnpouecc. JlaBneHWe ocTaeTcs IOCTOSHHBIM, M3MEHSAIOTCS €ro oO0beM |
temneparypa. Q=AU+A'.

4. AnnabaTtHbIi Mpolece — MpoLecc, MPOUCXOAAINI 6e3 TeII000MEHa ¢ OKPYKAIOIUMH TeJIaMH.
AU=A". TemnoBoii JBHraTeIb MpeACTaBISIET COO0H YCTPOUCTBO, MPEBpaIIaroliee BHYTPEHHIOK YHEPTHUIO
TOIJIMBA B MEXaHUYECKYIO.

Kosdduuuent mnonesnoro neiictBus (KIIJ): n=QH-QX/QH*100%, wiu n=A/Qu*100%, rue
A=Qu-Qx KIIJI wuneanpHOU TemnoBoi wamuHbel: M=TH-Tx/TH*100%, Tme TH - Temmeparypa
HarpeBatens U TX — X0JIOAUIbHUKA.
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2. Ilpumepsbl pelieHus 3a1a4
BHyTpeHHSs JHeprus

1. Onpenenute CpeHIO KUHETHYECKYIO dHEPTHi0 <E> MONEKyIbI KUCIOPOa, HAXOISAIIETOCS TIPH
temneparype t=17°C.

Mawo: Pewenue:

T=(174273) K=290 K 'V aByxaromHoii MOneKy/Ibl KHCIOPOAA YHCAO CTeneHeit cBo0OHbI
=5 [=3. Cpennss kunernyeckas sueprus monexynsl <E>=1/2kT,
k=138*10" kK <E>=52*138*10°w/K*290 = 1*10° [l

<p>-? Omeem: 1¥10™ [x

2. OnpenenuTe CpPEenHIO KHHETUYECKYIO SHEPTHIO BpAIATENbHOTO JBM)KEHHUS BCEX MOJICKYI,
cozepxalmxca B m=4 r kuciopoza npu remmeparype t=17°C

Jano: Pewenue:

m=4r=4*10"kr BpawarensHomy ABHKEHHIO ABYXaTOMHOI MOJIEKYJIbI IPHITUCHIBAKT

M=32%10"kr/Mons  Z1Be cTEMeHH CBOGOBI, T.€. i=2. JHEprits BPALIATE/LHOTO JIBHKCHIS

T=(174273)K=290K  ommoii moneky:si kucnopoaa <Ey> =1/2kT=kT. Cpenuss

NA=6,02¥10"mon”  KiHeTHUeCKAs YHEPIHA BPAIIATELHOTO ABIKEHIS BCEX MOEKYII

k=1,38*10Jlx/K <Eyy>=n<E;>=nkT, rae n-uncno monekyn:n=vNy (1)

<Egp>-? Yucno moneit v=m/M, nosromy n=m/MNjy (2). [loacrasum(2) u (1),
nonyduM <E>=m/N,kT, umu <E>=m/MRT, tak kax N,k =R, rze
R=8,31/x/(monp*K).

<Eyp>=4*107kr*6,02%10"moms™*1,38* 10 Jlw/K*290K/32* 10" kr/mons=301 L,

<E>=4*10kr*8 31 [I/(mons*K)*290K/32* 10 kr/mons=301 k.

Omeem: 301 /1x

3. B kanmopuMeTpe CMENIMBAIOTCSA TPU XMMHMUYECKH HE B3aMMOJACHUCTBYIOLIME JKUIKOCTH MaccaMu
ml=1 kr m2=10 kr m3=5 Kr,umeronme COOTBETCTBEHHO Temmeparypsl t1=6°C, t2=-40°C, t3= 60°C u
ynenbHble Temnoemkoctu 2000 Jx/(kr*K). Ompenenurte Temmnepatypy cmecu © u Ttemiory Q
HEOOXOIUMYFO ISl IIOCIICTIYIOIIETo HarpeBaHus cMecH Jio t=6°C.

Jlano: Pewenue:

m=lkr W13 ypaBHenus Tennosoro OanaHca cieayer, uto anredpandeckas
m>=10xkr CYyMMa MOJY4EHHBIX ¥ OTJAaHHBIX JKHIKOCTAMU KOJIHYECTB TEIIOTHI
m3=5Kr paeHa Hymo: micy (0-T1) + maca(O-T2) + m3e3(©-T3) =0
T1=(6+273)K=279K PewuB 910 ypaBHEeHHE OTHOCHTENBHO O ,nOmydHM:

T>=(-40+273)K=233K ®=m,c,T+mzc>T> +ms3e;T3/mici+m cotmscs
T3=(60+273)K=333K YrtoOb! Harpers cMech /10 TeMnepartypsl T, He0OX0aMMO TernIoTa:
¢1=2000/x/(xkr*K) Q=mci(T-0)+maca(T-O)+msc3(T-O)=(mjci+macartmscs)(T-0)
¢2=4000/Lx(xkr*K) O=1kr*200/x/xr K*279K+10kr*4000/x/xr K*233K+5kr*2000
¢3=2000/1x(xr*K) Jlx/xkr K¥333K/1kr*2000/x/xr K+10xkr*4000mx/kxrK+5xr*2000
T=(6+273)K=279K Jox/kr K=254 K
0-7Q-?
Q=[2000/1x/(kr*K)* 1 kr+4000x/(xr*K)*10xr+ 2000/ 1x/(kr*K)*5kr]
*(279-254)K=1.3*10° =1.3 M/
Omeem: 1.3 M]x

I'IepBoe Ha4vYa/J10 TEePpMOANHAMHUKHA
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1. Bogopox maccoil 4r,3anumasi nepBoHayaibHbId 00beM V1=0,1M3 ,pacmmpsiercs a0 oObema
V2=1m3 . Ompenenute: 1) Al-pabGoty raza mpu uzobapHOM mporecce, 2) A2-paboTy rasa mnpu
n3oTepMuueckoM mpoiiecce. Hauansuas temmneparypa raza T1=300K.

Zano; K

=42 107y 1) Hlpw nsofapros pacumpesst (py~const) ras cosepuset padory
Vel Iw’ ArFpiVaVicl)

Vo=In' Jlarncame raza onpeacases wy ypasnens Knanefipona-Meweneena
M=2*10xr/mons P Vi=m/MRT, orcioma p=m/M*RT,/V,(2)

R=8 3 | ma{sons*K) Hogcranum popayay(2) s ( Doonyie: A=mM*RT/V(V.V) (3)
I =300K 2) Hpst o repmuseckos pacampenne i cosepiaet pabory

Ay-? A=m/MRT InVy/V, (4)  (Inl0=2,3)

Ay-? Briewenns

1) A4 107 kr*8 3 L o 1) * 300K/ 2% 107 kr/sonn*0, I *{ a0, 1na"j=4.5010° 1

2) A4 107k 2% 10 wrivoan* 8 3 | s (voms k) 300K * In a0, 1m*=11,5%10° Jbs

Omaem; A= 4,510 766, A= 11,510 1x

2. Onpenenvre U3MEHEHHE BHYTpeHHEH Heprun AU Jb1a Maccoil m=>5 Kr B MPOIIECCe ero TastHUS
(TnaBJeHMs ) IPH HOPMATIBHBIX YCIOBUSX.

Hano: Pewenue:
m=5 kr W3menenne BHyTpeHHe JHEPriy U3 NepBOro 3aKOHA TEPMOJAHHAMHKH:
A=3,35*%10/kr  Q=AU+A. Orciona AU=Q-A. Jns Tasuus Heodxoamma tennora Q=Q,, =
Pi=1,01¥10°Tla Am, A-yaenbHas TennoTa niasnaenus. Macca obpasoBasuueiics BOAbI My,
T=273K Oyner pasaa macce nba m. O6beM Boasl V; 00pa3oBasiuniics U3 nbja
p=0.9%10°kr/M® V), GyeT MeHble, TAK KaK IIOTHOCTb BOBI Py2o OOMIBLIE IIOTHOCTH JIb/d
pr2o=10kr/a’ pa. Ilpu nmnasnenun nbaa cosepuaerces padotra A=po( V- Vi).

YuutsiBas, uto p=m/V,onpeaensem Vy=puo: Vi=m/p, CnegoarensHo,
AU-? A=po(m/pr20-m/pn1)=Po m(ps-pr20/pspr20) Berumcnenns:

Q=3,35*10"wx/kr*Skr=1,7*10°JIx.

A=101* lOSHa*SKr*O,‘)* 10°kr/v-10°kr/m/0,9%10° kr/m® 103Kr/M3=-55ﬂ)K
AU=1,7*10°k-(-55 1k )=1,7* 10°Isx.

Omegem: 1,7%10% 1k

Xo0J10ANJIbHAasI MAIlIMHA

1. Temmneparypa HarpeBarens wunaeanbHo TeruioBoil MamuHel TH=500 K,remmneparypa
xonoauinbHuka Tx=300 K. Omnpenenure KIIJI temnoBoit mamuHbel 1 U Temioty Q H, MOJYyYEHHYIO OT
HarpeBaTelisi, €CIIM 3a OJMH ITUKJI MalinHa coepiaeT padoty A=400 Jx.

Jlano: Pewenue:

T,=500K Ko duunent nonesnoro AelicTeis Tenn0Boi MalMHb! Onpeensercs no

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

A=400/1x U3 dopmynst 2 cnenyer, uto Qu=A/

1-? Qu-? Borunenenns: n=500K-300K/500K=0 4; Qu=400/Lx/0,4=1000x=1x/x.
Omeem: = 0,4; Qu= Ix/lx.

2. CamocrosiTeqbHasi padoTa
Bapmuanr 1
1. Ins uzobapuoro HarpeBanus 800 monb raza Ha 500 K emy cooburmmu 9,4 MJIX TemiaoTHL.
Ompenenure paboTy ra3a 1 K3MEHEHHE €T0 BHYTPEHHEH dHEPTHH.
2. OpHOAaTOMHBIA HMaeanbHBIA ra3 Maccoil 20 © mpu pacuipeHun 0e3 TerIoo0MeHa COBEPIIMI
paboty 249 JI). Ha ckoibpKo TpaycoB H3MEHMUIIACh TeMIlepaTypa rasa?
3. KakoBa BHyTpeHHs4 sHeprus 20 Moab 0JHO0aTOMHOrO rasa npu 37°C?
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4. Azot maccoii 280 r Ob1 Harpetr mpu noctosHHOM naBieHun Ha 100 K. Ompenenurte paboty,
KOTOPYIO COBEpILIAET T'a3 NP PaCIIMpPEHUH.

5. HMpeanpHbll ra3 CcHadajga OXJIAXKIAICS IPU IIOCTOSHHOM JABJICHWM, IIOTOM €r0 JIaBJICHHUE
YBEJIMUMBAJIOCh IMPU TIOCTOSIHHOM OOBeMe, 3aTeM IpU IOCTOSHHOM Temiieparype oObema rasa
YBEJIMYMJIICS 10 IEPBOHAYAIbHOTO 3HaYeHus. HapucoBaTh rpaduk B KOOpAWHATHBIX ocsiX V-T.

6. Ecniu naeanbHbli ra3 Moiaydudl KoanuecTBo TerioTel 100 [k, U mpu 3TOM BHYTPEHHSISI SHEPTHS
raza ysenuuniach Ha 100 [k, To Ta3 B 3TOM mpoliecce Kakyro padoTy CoBepIIni?

7. Temnepatypa xonoauiabHuKa TerioBord Mamuubl 400 K, Temneparypa nHarpeBarens Ha 200 K
OoJbIe, 4eM y xonoauiabHuKa. Haiitn MakcuManbHO Bo3MOxHBINA KI1/] MamuHsbL.

Bapuanr 2

1. Kak u Ha CKOJIBKO M3MEHMJIACh BHYTPEHHSISI SHEPTUs Ta3a, €ClM MpH ero aguabaTHOM CKaTUU
HaJ| HUM ObLIa coepieHa padora 200 Jx.

2. Kakywo paboTy coBepIIHJI HACaIbHBIA OJHOATOMHBIA Ta3 W KaK IPHU ITOM H3MEHWIACH €ro
BHYTPEHHSISI SHEPrusi Nnpu HM300apHOM HarpeBaHuW JBYX Mouiei raza Ha 50 K? Kakoe komudectBo
TEIUIOTHI IOJIYYHII T'a3 B MMPOLIECCE TETI00OMeHa?

3. Ilpu ammabatHOM pacuiMpeHuu Bo3ayxa Obuia coBepiieHa pabora 200 [Ix. Yemy paBHO
W3MEHEHNE BHYTPEHHEHN 3HEpruu Bo3ayxa?

4. VneanbHbl Ta3 HArpeBajcs MpU MOCTOSHHOM JIaBJICHUH, IIOTOM €T0 JIaBJICHHE YBEITUYUIIOCH IPU
IIOCTOSSHHOM 00OBEME, 3aTeM IMpU IOCTOSHHOW TeMIlepaType JAaBJIEHWE Tra3a YMEHBIIWIOCH 10
nepBoHavanbHoro. Hapucosats rpaduk B KOOpAUHATHBIX ocsax P-V.,

5. WneanbHblil ra3 nonyuus koiaudectBo TemioTsl 300 [k u cosepummit padoty 100 Ix. ITpu atom
KaK U3MEHWJIACh €r0 BHYTPEHHSS SHEPTrHs?

6.Temneparypa xononuibHuka TersioBord Mammubl 300 K, temmneparypa narpesarens Ha 300 K
0oJblle, 4eM y XxoloauiabHuKa. Yemy paBeH MakcumanbHO Bo3MOKHBIH KIT/] TermnoBoii Marmab1?

7. UeMy paBHa BHYTPEHHSSI 3HEPrUsl 5 MOJb OJHOATOMHOTO HJEAJbHOrO ra3a Impu TEMIIeparype
47-C?

dopma npeacraBjeHus pe3yabTara:

BeInmonHuThE 3a1aHue B TETpaau A MPaKTHUECKUX padoT.

Kpurepuu onenkmn:
3a nNpaBUIIBHO BBIIIOJHEHHOE 33 JaHHE BBICTABIISETCS MOJIOKUTENIbHAs olleHKa — 1 Ga.
3a HelpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIIaTeIbHas olieHKa — () 6aoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumensroy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.3 ArperatHble cOCTOSIHUS BelllecTBA U (pa30Bble Mepexobl

IIpakTnyeckoe 3ansaTne Ne8

JlaBjieHue skuaKocTeil U TBepAbIX Teq. 3akoH Ilackauns.

He.ﬂb: HAYUYUTBCA BBIYUCIIATH JABJICHHUE B XUAKOCTAX W TBEPABIX TEJIAX. HayIII/ITI)CSI MEPEBOAUTDH
€IMHULIBI U3MEPEHNUS B PA3JIMUHBIE CUCTEMBI

BoinosiHenue padotrbl cnocodcTByer ¢GopmupoBanmio: [1P62 OVIL.06, I1P65 OVII.06,
ITP66_OVYII.06, ITP68_OVII.06, [TP61 OVII.06, ITP69 OVYII.06
MarepuanbHoe o0ecniedyeHne: TETPaab IS IPAKTHUECKUX padoT, pyyka, METOJUYECKHE PEKOMEH AN
IO BBITMOJIHEHUIO paboThI, TMHEHKA, KapaHaalll.
Yka3anme: [IpakTuueckas pabota COCTOMT U3 JABYX HacTed — TeopeTHdeckod u mpaktuyeckoil. Ilocie
U3Y4YEHHsI TEOPETUYECKOr0 MaTepuajna MOXKHO IPHUCTYNAaTh K BBINOJIHEHUIO NpakTHdeckod vactu. OHa
COCTOMT M3 JABYX M Oojsiee 3a1ay Al CaMOCTOSITENbHOIO BbINoMHEHUs. He 3a0biBaiiTe 0 mpaBUIIBHOM
odopmiieHnn pemieHusi. Ha BBIOTHEHUE TMPAKTHYECKON OTBOAMTCS JBa akageMudeckux daca. [lopsmox
BBITIOJTHCHUS PAOOTHI
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IMopsinok BbINOJIHEHUSI PA0OTHI:
1. PaccMOTpUTE TEOPETHYCCKHI MaTepual II0 TeMe€ W TNPUMEPHl pemicHHs 3agad  (CMOTPH
METOAHYECKOE IIOCOOHE).
2. Pemmre camocrositensHyio padoty. OdopmuTe pereHne MICbMEHHO B TETPAIH.

I(pamkue meopemuueckue ceedenHus:
JaBiaenne. Atmocepnoe naBiaenue. 3akon [lackans. 3akoH Apxumena

Benuuunna, paBHas OTHOLLIEHUIO CUJIbI, JEMCTBYIOLIEH NEPIEHIMKYIAPHO NOBEPXHOCTH, K IUIOLIAIN 3TOU

MOBEPXHOCTH, Ha3bIBaeTcs oaesnenuem. OOo3Havyaercs OykBoi wimPu um3Mmepsiercs B mackamsix ([1a).
PaccuuthiBaercs mo gopmyie

F
K
Ammocgheprnoe Oaenrenue — 3TO JaBIEHHE BCEW TOJIIIM BO3AYyXa Ha 3€MHYI0 MOBEPXHOCTb U Tea,

HaxoJsImecs Ha Hel. ATMocdepHoe NaBieHHe, paBHOE JaBICHHUIO CTONI0a PTYTH BBICOTOM 760MM mpu
temneparypel°C, maspiBaerca HOpManbHBIM aTMOCEPHBIM JABICHUEM.

HopmansHoe atmocdeproe gaBnenne pasao 101300 ITa = 1013 rlla.
Kaxapie 12 M naBnenue ymensinaercs Ha IMM. pt. cT. (win Ha 1,33 rlla)

3akon Ilackand: oaenenue, npoussooumoe Ha HCUOKOCMb UU 2A3, Nepeoaemcs 6 JII00VI0 MOUYKY
00UHAKOBO B0 8CEX HANPABNCHUSIX.

3akoH ApxuMeJa: Ha Telno, NOTPY)KEHHOe B JKUAKOCTh (WIM Ta3, WIM IUla3My), JEWCTBYeT
BBITAJIKUBAIOIIAs cUila (Ha3blBaeMasi CUJIoH Apxumena)

it -
Fy=—-pgV
r7ie p — IJIOTHOCTh KUAKOCTH (Taza),

— YCKOpeHHEe CBOOOJHOro majeHus, a V — 00BbEM morpykEHHOro Tena (MM 4YacTh 00bEMa Tena,
HaXOJSMIasicsl HIDKE MOBEPXHOCTH). BhITankuBaromias cuia (Ha3bIBaeMasi TakkKe apXUMEIOBON CHIION)
paBHa MO MOAYNIO (M TPOTHUBOMOJOXKHA IO HANpPAaBICHUIO) CHJIE TSDKECTH, ICHCTBOBABIIEH Ha
BBITECHEHHBIH TeTIOM 00beM KHJIKOCTH (Ta3a), U MPHIOKEHA K IEHTPY TSHKECTH 3TOro o0bema.

Cnenyer 3aMeTUTh, YTO TEJO JOJDKHO OBITH MOJHOCTBIO OKPYXKEHO >KHMJIKOCTBIO (JIMOO Tmepecekarbes
MOBEPXHOCTBIO JKUAKOCTH). Tak, HampuMmep, 3aKOH ApXumena Helb3sl MPUMEHUTh K KyOHKY, KOTODBIH
JISKUT Ha JIHE pe3epByapa, TePMETHYHO Kacasich JIHA.

Coobmarmmecst cocyabl

PayIETa
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PaCCMOTpHM coonaroumecx COCybl, 3alOJIHCHHBIC HCCMCIIMBAOMIMMUCA KHUIKOCTAMHU C pa3H0p”1

IUIOTHOCTBIO. J[JIsi KaKJIOH JKUIKOCTH B OTAEIBHOCTH CIIPaBEIMBO ypaBHeHme Pz —Pi +pgh
Hcnonbe3yem ero mjis onpeeneHus BoIcoT cTosiooB hy u hy. PaccMoTpuMm ciydaii, koraa Ha cBOOOTHOM
MMOBEPXHOCTH KHJIKOCTEH JaBJICHUS OJIMHAKOBBI M PaBHBI Po . Tak Kak BCE TOYKH IMOBEPXHOCTH pa3jiena
MPUHAJICHKAT OJHOPOTHON KHIKOCTH, TO 3Ta MOBEPXHOCTD SIBIIACTCS OJHOBPEMEHHO M MOBEPXHOCTHIO
PaBHOTO JIABJICHHMSL.
IMpuHImMn padoThl NPOCTEHIMX IMAPABINYECKHX MALINH

To 00CTOATENBCTBO, YTO KHJIKOCTH OYAY4YH MPAKTHYSCKH HEC)KMMAEMbIM M, PABHOMEPHO MEpEAaroT 10
BCEMY CBOEMY 00bEMY BHEIIIHEE JABJICHUE, IIMPOKO HCIONIB3YETCS B PA3IMUHBIX OTPACIISIX TCXHUKHU (B
THJIPONIPUBOJIAX, THIPOABTOMATHKE, THAPABINYECKMX TOPMO3aX W YCHIUTEIAX W T.I.). DTO CBOMCTBO
KHUJIKOCTH TaKke SPPCEKTUBHO NMPUMEHSIOT B TAaKMX IMPOCTEHINMX MAaIlWHAX, KaK THUIPaBIMUYCCKHE
JIOMKpaThI (IMTObEMHHUKH) U TIPECCHI.

[TpunHiMn ux paboThl OCHOBAH Ha CIEAYIOIIEM: UMEIOTCS JIBa COOOIIAIOIIUXCS MEXIY co00i HUIUHIpa
paszHoro nuamertpa [Ipunaras kK HOPIIHIO MEHBIIETO U3 MWIMHAPOB KaKyIO-TO BHEIIHIOW cuily P1, MbI Tem

_P
™ _5_
CaMbIM CO3/1a€M HA MOBEPXHOCTU KUIKOCTU B 3TOM LWJIMHJPE JaBICHUE 1 | KOTOpO€ paBHOMEPHO
nepeaeTcsl BO BCE TOYKH MPOCTPAHCTBA, 3aMIOJTHECHHOTO KUAKOCTHIO. Torna Ha MOpIIeHb OOJIBIIETO U3
5
P:.! = Pl 22
IMIMHIPOB (0e3 ydyera motepb) OyneT AeiicTBOBaTh MOIBEMHAS CHIIA Py =pis; 178)0%1 51 Takum

oOpa3oM, ueM OOJbIIEe Pa3HATHCA MEXIYy COOOM TIJIOMIATU TOMEPEYHOr0 CEYCHHS LMIUHIPOB, TEM
00NBIIYIO (MTOABEMHYIO, CKMMAIOIIYIO, TIEPEMEIIAIONIYIO) CHITY MBI TIOJy4aeM B TaKUX THIPABINYECKUX
YCTPONCTBAX.

Benuuuna cuiibl BeCOBOTO JABJICHHS JKUJIKOCTH Ha JIHO pe3epByapa 3aBUCUT TOJIBKO OT IUIOTHOCTH ATOU
KHUJKOCTH, TJIOUIAAN JHA U TTyOMHBI €ro MOTpy>KEHUs Moja cBOOOJHOM MoBepxHOCTHIO. [Ipu 3TOM Bec
KUJKOCTH, HATUTOW B COCYJl, MOKET OTJIMYATHCS OT CHJIBI JIaBJIEHUS, OKa3bIBAEMOTO €0 Ha JHO, T.C.
CWJIBI JaBJICHUS KUIKOCTH Ha JIHO pe3epByapa HE 3aBUCAT OT €ro (opMbl M KOJHYECTBA KUIKOCTH

P =pg +pghn; P =(p, +psgh,)s,

1 2) 3) 2)
TaK B paCH_H/IpHIOH_II/IXCH KBerY COCYI[aX CHJIa BCCOBOI'O OaBJICHHA Ha JHO MCHBIIC BE€CA KUJIKOCTHU, B
]_[I/IJ'H/IH,Z[pI/IquKI/IX OHU O]II/IHaKOBBI, a B Cy)KI/IBaIOH_H/IXCH KBery — CHJIa HOaBJICHUSA 60.]-H)H_Ie BECa
3aKHIOquHOI>’I B COCY,Z[ KHUIOKOCTH.

Tak kak HaWJIeHHas CWIa SBIAETCS PABHOACUCTBYIONICH, TO TIOMHMO €€ BEITWYMHBI HEO0OXOIUMO
ONPEACIINTh U TOUKY €€ NPUIJIOKEHHUS, HA3bIBAEMYIO LIEHTPOM JaBiieHUs. LIeHTp TshkecTH coBmagaer C
LIEHTPOM JaBJICHHS TOJBKO TOrJa, KOTJa paccMaTrpyuBaeMasl IUIOCKash TOBEPXHOCTh JIEKHUT B
TOPU30HTAIILHOM IIIIOCKOCTH.
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[TockoIbKY THAPOCTATUYECKOE JABIICHUE p SBIACTCSA MOAYJIEM THAPOCTATHUYECKOIO HAIIPSIKEHHUS , SITFOPBI
HOPMAJIBHOTO THUIPOCTATHYECKOTO HAMPSDHKEHUS MOTYT OBITh TIOCTPOCHBI C  HMCIOJIb30BaHUEM
3aBHUCHMOCTH W TIPUMEHEHBI MJIs OIpEACTCHUs] BEIUYMHBI B JII0OOOW TOYKE paccMaTpUBaEMOM
noBepxHocTu. [Ipu 3TOM clielyeT MIOMHUTB, YTO 3TO HANPSIXKEHUE HAIPABJICHO MO HOPMAJIU K IUIOMIAJKE
JICHCTBUS.

PaccMoTpuM 1HOpSAIOK IOCTPOCHHS OIHIOPHl  HOPMAIBHBIX T'MAPOCTaTUYECKMX HAIPSDKEHHH Ha
BEPTUKAIBHYIO CTEHKY , YPOBEHb JKUJIKOCTU B KOTOPOH f.

lé’ A,
=13
ks
A
| =
TFIII fc’) ﬂ g H ,Q*ﬁ_r? /!/
a ] 6 2

Onropvl HOpMATLHBLIX 2UOPOCTNAMUYECKUX HANPSIHCEHUL

BHemHee rUapoCTaTHYECKOE JABICHUE pg PABHOMEPHO IMEPEHAcTCs )KUAKOCTHIO TI0 BCEMY ee 00beMy.
OT170XKMB B MacmiTabe Ha MEPIEeHAMKYIIpaXx K pacCMaTpUBaeMOM IUIOCKOW CTCHKE B €€ BEpXHed u
HIDKHEHW YacTH po W COEJWHHB KOHIBI BEKTOPOB TNPSAMOM JHMHHEH, MOJYyYHM IPSMOYTOJIBHUK-3ITIOPY
HOPMAJIbHBIX HANpPSOKEHHH, BHI3BIBAEMBIX BHEIIHMM JaBjeHHEM. H30BITOYHOE THAPOCTATHYECKOE
JaBJIEHUE U3MEHSETCS 110 TIIyOHHE 0 3aKOHY IPSAMOM, mpryeM oHO paBHO 0 Ha CBOOOIHOM MOBEPXHOCTH
KHUKOCTH U MakCUMasbHO — y 1Ha (pgH).

TakuM oOpa3om, 3MIOpbl HOPMAIBHOI'O M30BITOYHOTO THIPOCTATHUECKOTO HAMpPSIKEHUS UMEIT (hopmy
IPSIMOYTOJIBHOTO TPEYroJIbHUKA. DII0pa HOPMAJIBHOTO abCOMIOTHOIO THAPOCTATHUYECKOTO HAIPSKEHUS
MIOJIY4aeTCs B pe3ysIbTaTe CIOXKEHUS MPEAbIIYLINX IBYX 0P U UMEET POpMY TpareLUH.

AHAJIOTMYHO CTPOSATCS 3MIOPbl HOPMAJIBHOTO THAPOCTATUYECKOIO HAMNPSIKEHUS] B CiIydae HAKJIOHHOU
creHku. C TMOMONIIBIO TOJOOHBIX DJMIOP MOXHO TrpadUyecku CyMMHPOBaTh HOpPMaJbHOE
TUAPOCTATUYECKOE HAIpPSHKEHUE MPU JEHCTBUUM OJHOPOAHBIX WJIM PA3HOPOJHBIX >KMJIKOCTEH C JABYX
CTOPOH IUIOCKON CTEHKH.

C MMOMOIIBIO 3MIOPbl HOPMAJIBHOT'O THUAPOCTATHUYCCKOI'O HAIIPSAKCHUA MOKCET OBITh noacyuTaHa Cujia
THAPOCTATUYCCKOr0 JaBJICHUSA Ha IJIOCKYIO IMOBEPXHOCTH, IMOCKOJIBKY 00BeM Takol SIMIOPbI YUCIICHHO
PpaBCH BCINYHUHC 3TOU CHIIBI. HpI/I"ICM CHJIa NAaBJICHUSA Ha IMJIOCKYIO MOBCPXHOCTH MPOXOJUT UCPE3 LCHTP
TAXKCCTH SIIOPEI, IMTOJIOKECHHUE KOTOPOIo JJIA Tpaneuemlam,ﬁoﬁ SIMIOPBI HOPMAJIBHOI'O TUAPOCTATUYCCKOTI' O
HaIPsKCHUA HAa IPAMOYTOJIBHYIO CTCHKY MOXKCT OBITh OIpCaACIICHO rpa(bnqecxn WIIH 110 (I)OpMy.]'IaM.

1. Ilpumepsl peuieHus 3a1a4
1. Ompenenuth naBleHWe OEH3WHA Ha JIHO LMCTEPHBI, €CIM BBICOTAa cToy0a OeH3mHa 2,4 M, a €ro
WIOTHOCTH 710 Kr/Mm”.

Jano: Pewenue.

h=24m™m p=pgh

p=710kr/M" | p=710 kr/m’ « 10 H/kr+2,4 M
g =10 H/kr p = 17040 Ila= 17,04 klla
p—? Omeem: 17,04 klla
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2. Kakast KHJIKOCTh HaXOAUTCS B COCY/E, ecu cToi0 BbicoTol 0,3 M oka3biBaet nasnenue 5400 I1a ?

Hawno: Pewernue:
/i=0,3m B ; 2]
p = 5400 [la p=pgh p= e
i =—230011a _, 460 wivae?
P 10 H/xr« 0,3 m
Omeem: CepHas KHCIIOTA

3. B 607b1110ii cocy1 ¢ KBaIpaTHBIM JHOM IUIOMAABI0 9 M2 U BepTHKAIBHBIMU CTEHKAMHU HAJIUTA BOJA
(cM. pucynok). KakoBa BbicoTa ypoBHS BOJIbI B COCY/I€, €CTIU CHJIA €€ JaBJICHHUsS Ha OOKOBYIO

IIOBEPXHOCTh COCY/Ia paBHA

CHUJIE JIaBJICHUS HA THO?

dano: ;

F, =F, T

S, =9 :

p, = 1000 % :;—E:E:_ }h — ¥

h— 7 ~——Ss 3
Pemernue:

JlaBienue BOABI Ha AHO cocyaa pasHO: P, = p gh.
ITnomans gAHAa cocyna paBHa: S = @, Tge a — CTOPOHA
KBazapara.

Cuina

AaBIe€HHUs Ha AHO cocyja pasHa: F,=P,S= p.gha’;

F,=p.gha®.

II&BJIeHHe FHKHIOKOCTH Ha 60KOBYIO IIOBEPXHOCTEL COCyaa

yOBIBaeT ¢ BeICOTOMH OT h, moaTomy B cpennem P, =p g

h
5"

IInomanes 60KOBOH MOBEPXHOCTH COCYAA, UCIBITHIBAIO-
meH gaBiIeHHe, paBHa: S; = 4ah, a cuna gaBiIeHusa Ha DOKO-

BYIO IOBEPXHOCTh paBHa: F; = F,S; = pBg%4ah.

h

ITo ycnosuio 3anaun F, = F,, Toraa pugha2 = p.g4ah.

2

Coxpamas Ha P, &, I, a, nory4gaem: a = 2h, Torna h = %, HO

a=+S.
Orciona crexpyer, uto |h = @ .
IlogcTaBuB B (hOpMYJIy YHCIOBEIE AaHHBIE, IMOJIYIHM:
9 _ 3
h=>===1,6mM.
2 2

OrBeT: h=1.5m.

4. B cocyn, umeromuii popmy mrimmHapa ¢ paguycom 10 cm, Hamuam 3,14 KT MOACOTHEYHOTO Macia
(cM. pucyHok). OnpeenuTh JaBlieHHe Maciia Ha JTHO COCy/a.

37



HaHo: CHA R
R=10cm 0,1m ﬁ
m= 3,14 xr

p=800K_§ e

PE— NN
P2

Pemernne:

JaBieHne JKHAKOCTH Ha JHO COCYyJa PABHO OTHOIIEHHUIO
CHJIBI TSIKECTH JKHAKOCTH K ILIOIIaAH JHA COCYyAa.

Tak kak F = mg — cuia TakecTn Macaa, a S = nR* — mwio-

F
maask AHa cocyaa, moaydum: P = —

5
m
Orciona cnenyer, uto [P = n;z P
IToacTraBus B GOpMY.Iy YHCIOBLIE JaHHBIE, IOJYIUM:
3,14-10 _ 10 _ 1000 TIa.

T 3,14-(0,1 0,01
OrseT: P=1000 Ila.

5. B cocyne HaxoasTCs OAMH 32 JPYTUM TPHU CJI0S HECMEIIUBAIOIIUXCS KUIKOCTEH: BOJa, Macjo, pPTYTh
(cm. pucyHoK). Beicota kaxxoro cinos 5 cm. OnpenenuTsb JaBieHre KUIKOCTEH Ha IHO cocya U Ha
riyoune 7,5 cMm.

JHano: CH
hl = hz = h3 =5cm (0,05 M :::::::::
h=17,5cm 0,075 m ;;%ic%o_t)i-j h,
p, =1000 =% —— ——

; e
P = o s o
p, =13600 X% —=Piymep, —| Fh,
P-? -
Ph = ?

6. Konmdeckas mpoOka mepeKphIBaeT Cpasy JIBa OTBEPCTHUS B TUNIOCKOM COCYJIE, 3aITOJTHEHHOM
xuakocteto npu gasiaeHuu 2000 I1a (cMm. pucynok). Paguyc otBepctuit R =2 cm, r =1 cm.
OrnpenenuTts CUiTy, IEHCTBYIONIYIO Ha MMPOOKY CO CTOPOHBI KUIKOCTH.

Hano: CH
P=2000IIa (0,02 m
R=2cmM 0,01l m
r=1cm

F-?

38



Pemeunmne:

Cuana, aeiicreyiomasi Ha npoOky B 60J1L110M OTBEPCTHH,
pasua: F, = PS,, rne S, IomaabL 6OALIIIOro OTHEPCTMN;
S, = nR?, Torpa F, = PrR*.

Cuna, aeiicreyomas ua npobky B MAJIOM OTBEpCTHM,
pasua: F, = PS,, rne S, MJIOMALL MAJIOro OTBEPCTHA;
S, = nr®, Torna F, = nPre.

Cuna, aeiicreyomas Ha npodKy CO CTOPOHLI JKHJIKOCTH,
pasna: F=F, — F,; F = nPR* — nPr’ = nP(R* - r*).

Orcoaa cnenyer, 9410 [ "= tP( R*—p* )].

IMoacranus B PopMyny HMCJAOBLIE AAHHLIE, TOJYHHNM!:
F=2000-3,14 - (0,0004 - 0,0001) = 6280 - 0,0003 =
= 1,884 H.

Oreer: F=1,884 H.

CamocrosiTesibHas padora.

1. Bo ckonbko pa3 naBieHHe BOJbI HA JHO KodelHuKa 0omblile, 4eM Ha JTHO YaifHUKa, €Clid BhICOTA
cTo6a Boabl B kKodeinuke 30 cM, a B gaitHuke — 12 cm?

2. Onpenenuth BBICOTY YPOBHS BOJBI B BOJIOHANIOPHOM OalHe, eclii MaHOMETP, YCTAHOBIECHHBIN Y
ee ocHOBaHus, okaspiBaeT Aasienue 220 klla.

3. Boicorta cronba Bonbl B cTakaHe 8 cM. Ha ckoibKko JaBieHue pTyTH Ha JTHO CTakaHa ObLIO ObI
0oJIbIIIe, €cli OBl PTYTh HAJWIM B CTAKaH JI0 TOTO YK€ YPOBHSI?

4. Inuna akBapuyma 40 cMm, mupuna — 20 cm, BeicoTa — 30 cM (cM. pucyHok). C Kako# cuioi Bojaa
JABUT Ha JHO akBapuyma? Boja HIke BEpXHEro Kpas akBapuyma Ha 2 ¢M

R
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5. Cocyn nmeer maccy 15 kr. Korga B Hero nosepxy AJoawiIn Boabl, Macca crana 40 kr, a korna B
9TOT K€ COCYJl HAJIMJIM JOBEPXY HEM3BECTHBIA PAcTBOp, TO Macca craja paBHou 45 «kr. Ompenenutsb
JIaBJICHWE HEU3BECTHOI'O pacTBOpa Ha JHO COCYJa, €CIIM BbICOTa cocyza paBHa 0,5 M.

6. B uBerounyro Ba3zy HanuTa Boja. JlaBneHue Bozbl B Touke (1) Oonbiue, yem B Touke (2), B 1,6

pa3a. Touka (1) orcTout oT nHa Basbl Ha 4 cM, a Touka (2) — Ha 10 cm (cMm. pucyHok). KakoBa BeicoTa
BOJEI B Base?

7. B cocyn, miomaap nNonepevyHoro ce4eHuss KOTOporo yMEHbIIAeTCsl B HAIIPaBJIEHUH OT JTHA K BEpXHEH
4acTH, HAJIWTA >KUJIKOCTh Maccod 1,6 kr (cM. pucyHok). O6beM kuAKocTH paBeH 2 . BeicoTta
KHJIKOCTH B cocye paBHa 20 cm. Haiitu naBneHue ®uIKOCTH Ha THO cocyna. h

8. Kaxkyro cuiy JaBlieHUs HCIIBITHIBACT CTEHKA akBapuyMa JutnHOU 40 cM, ecim yroi ee HakioHa 60°, a
BbICOTa BOJIbI B akBapuyMe 20 cM (cM. pucyHok)? Atmocdepnoe nasnenue 105 Ila.
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dopma npeacTaBJieHus pe3yabTaTa:

BeImonHUTE 3aaHue B TETpaIy s IPAKTHYECKUX PadoT

Kputepuu onenkmu:
3a mpaBUIIHLHO BBIMTOJHEHHOE 33JJaHHE BHICTABIISICTCS TOJIOKUTEbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHUE BBICTABIIACTCS OTpUIIaTeIbHAas oieHKa — 0 6aioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 npaBUIBHBIX OTBETOB

Tema 4.1 DuekTpocraTuka

IIpakTnueckoe 3ansaTne Ne9

Pemenne 3apa4 mo reme «iekTpocrarnka. CoeTnHeHne KOHJAEHCATOPOB»

Lesb: U3yyuTh 3IEKTPUUECKOE T10JI€, 3HaTh €r0 MPUPOJLY, €r0 ACHCTBUE HA SJIEKTPUUECKHUE 3aPs/Ibl
U JpyrHe dJeKTpuueckue mnois. HayuuTeces pemars 3aaun Ha COeIMHEHNE KOHEHCATOPOB.

BoinosiHenue padorbl cnmocodcTByer ¢GopmupoBanuio: [1P62 OVIL.06, I1P65 OVII.06,
I[TP66_OVII.06, ITP68 OVII.06, ITP61 OVII.06, [TP69 OVIIL.06

MarepuanbHoe ofOecneyeHHe: WHIMBHUIYyAIbHOE 3aJaHUE, KOHCHEKT JIEKLHM, CIIpaBOYHBIC
MaTepHuabl.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M MPAKTUYECKOM.
[Tocne u3yueHus TEOPETUUECKOr0 MaTeprajga MOXKHO MPUCTYNATh K BHITTOJIHEHUIO MPAKTUYECKON YacTH.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 AJIsi CaMOCTOATEIHHOTO BhINONMHEHUs. He 3a0biBaiiTe 0 mpaBUiIbHOM
odopmiieHnu penieHus. Ha BhIMOTHEHNE TPAKTUYECKON OTBOIUTCS JIBA aKaJIEMHUYECKUX Yaca.

IHopsaok BbINOJIHEHUS PA0OTHI:

1. PaccMoTpute TEOpPETHYECKHMUA MaTepuan 10 TeMe W TMPUMEPHl pelieHus 3amad  (CMOTpU
METOAMYECKOE ITOCOOHE).
2. Pemmte camocTosTensHY0 padory. OdhopMuTe pereHne MICbMEHHO B TETPAJIH.

Kpamkue meopemuueckue ceeoenus:

HannektpusoBanHoe TeJ0 — TeJ0, 001a1atolee CBOWCTBAMU, MPOSBIISIONIMMUCS B SJIEKTPHUECKUX
SIBJICHUSX.
HeoOxonnMa KonyecTBEHHAsI Mepa CBOWCTB HAXJIEKTPU30BAHHOTO TENa.
Dnexrpudeckuii 3apss (Q; q) — Mepa CBOMCTB HAYIEKTPU30BAHHBIX TEJI, TIPOSIBIIAIOIIMXCS B
anekTpuueckux sBiaeHusx [Q] =1 K — kynon.
B3aumoeicTBus Ha3IEKTPU30BAHHBIX T€JI OTHOCAT K 271eKMPOMASHUMHBIM 83AUMOOELCTNEUSIM.
DneKTpu3aIys — IpoIecc cOOO0IeHHs Teny (Iudo mepepacupeesieHrs MeX/1y YacTsIMU Tela)
AJEKTPUYECKOTO 3aps/a.

e OJHUM U3 CIOCOOOB AIEKTPU3ALIUU SBISETCS TPEHHE.

® 113 OmpITOB M3BECTHO, YTO CYIIECTBYET JBa BUAA AJIEKTPUUECKUX 3apsAnoB. VX yCIOBHO Ha3bIBAIOT

MOJIOKUTEIBHBIMHA U OTPULIATEIIbHBIMU.

Todeunslit 3apsi — 3apsl, PacOIOKEHHBIA Ha TEJe, pa3Mepbl KOTOPOTO MTPEHEOPEKUMO MaJTHI.
W3 onbITOB U3BECTHO:
1) onHOMMEHHBIE 3apsi/ibl OTTANIKUBAIOTCS, pa3HOUMEHHBIE — IPUTATHUBAIOTCS;
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2) HauMEHBIINH (JIEMEHTAPHBII) ANEKTPUUYECKUH 3apsi]l, CYIIECTBYIOLMI B IPUPOJIE — 3aps]l JJIEKTPOHA
¥

e= L6 107Ky

e 3apsn tena g = N-e, rae N — KoIMuecTBO 3IeMEHTapHbIX 3aps/10B e B 3apsje (.
3aKOH COXpaHEeHHUs HIEKTPUUYECKOr0 3apsA/a: B EKTPUUECKU 3aMKHYTONW CUCTEME TeJ MOJIHBIN
ANEKTPUYECKUH 3apsil (CyMMa BEIMUYUH IOJOKUTEIBHOTO U OTPULIATENBHOIO 3apsii0B) OCTAETCS
IIOCTOSIHHBIM.
3HaYNT, YIEKTPUUYESCKHUNA 3apsi]l He BOZHUKACT U3 HUYETO M HE Mcye3aeT OeccIeTHO U MOXKET IepEX0IUTh
OT OJJHOT'O TeJia K Ipyromy npu - _ 94, OUCKTPOMArHUTHBIX B3aUMOJICHCTBHUSAX.

" j'?
3akon KyJsona: snekrpuueckast (KyJIOHOBCKas) cuna F, B3auMoOAeWCTBUS JBYX TOYECUYHBIX

ANICKTPUYECKHUX 3apsyioB (; U (, B BaKyyMe NPsSMO MPOIMOPIMOHATbHA IMPOU3BEICHUIO MX BEIMYMH, 00paTHO
MPOTOPITMOHATBHA KBAaIPaTy PACCTOSHUS I' MEX Ty HUIMHU M HallpaBlieHa BIOJb MPSIMOM, COETUHSIONIEH 3TH 3apsIbl.

.{i=':;'-l|.\|~}H-M__Iq F :A.ql"'-?‘: l 44
Kon® - " r drz,  #° KOA(P(OUIUEHT MPOMOPIHOHATBHOCTH.
B psane cnywaeB mns yIpoIeHus pacu€éToB K ya00HO MPeaCcTaBiATh B
k=—bt
BUJIE: dmey Torna:

- a3 K_Hw

£y =885-10 " ——

DneKkTpudecKast MoCTOsHHAs — KO3 HUITHEHT H-wm"
e Cua B3aMMOJAEHCTBUS 3apsA0B B Cpe/ie MEHbIIIE, YEM B BaKyyMe.

OrHocuTtenpHas JUDJICKTPHUYCCKAad MPOHUIACMOCTb CPCAbL (8) — BCJIMYHKHA, ITOKa3bIBaromias, BO CKOJIBKO

pas cuia B3auMoeiicTBus 3apsaaos B cpene (F.) Menbiue, yem B Bakyyme (£+).

AOcomoTHAS AUAIIEKTPHUYECKast TPOHUIIAEMOCTD CPEJIbl — IPOU3BEICHUE £g°E.

DIEKTPUUECKOE T0JIe — OCOOBIN BHJl MAaTEPHH, TIPOSBIISIFOIIMIICS BO B3aUMOJICHCTBUH C dJICKTPHUECKUMU
3apsamMH., CYIIECTBYET BOKPYT KaXKJIOTO 3apsia M 3apsabl B3aUMOJICHCTBYIOT APYr C Jpyrom
MOCPEICTBOM ATOTO TIOJIS. _

Hanpsok€HHOCTh dnekTpudeckoro mojst (£) — BekropHas pusndeckas BeMYMHA, YUCICHHO paBHas CHUIIE,
C KOTOPOM TOJI€ NEUCTBYET HA €AMHUYHBIA TOUYCUHBIA MOJIOKUTEIbHBIN 3apsijl, MOMEMIEHHBIN B TaHHYIO
TOYKY TIOJIS.

H F H B
=t [E]ls1==1= Q
g Kn M £ - cunopas K =4k - XapakTEpUCTHUKA TOYKHA DJJIEKTPUYECKOTO
gers
T10JIAL.
PaGota nosist mo nepeMmenieHuto 3apsaaa
A=q E-Ax , e AX — pa3HOCTh KOOPJIMHAT KOHEYHOTO U HAaYaJIbHOTO MOJIOKEHUN 3aps/a.

A=q-lp =02} rpe #1792 - pa3HOCTH MOTEHIMATIOB.

Cssi3b HANPAKCHHOCTH U PA3HOCTH MOTCHIUAJIOB

£ (g —174) [E]—'IE
Ad M, T. €. HATPSHKEHHOCTH OJHOPOIHOTO HIEKTPHIECKOTO TIOJIS YUCIEHHO PaBHA PA3HOCTH

MMOTEHIIMAJI0B Ha €AUHMIIEC AJIMHBI CUJIOBOM JIMHUH.

DrekTpudecKas eMKoCTh nmpoBoanuka (C) — f) OTHOIIeHHE 3apsiya Q MPOBOJIHAUKA K
K C=—
[cl=1=2 =10 o
ero NOTEHIHANY ¢. B — dapan

Konnencarop — cuctema AByX MPOBOTHUKOB (OOKIIAI0K), pa3ieNIEHHBIX CII0OEM UAJIEKTPUKA,
MpeHa3HauYeHHAas 71 HAKOTUICHUS ¥ XpaHEHUs 3apsia.

EMKoOCTB nockozo kouaeHcaTopa (00KIaIKK — MIIOCKHE TIACTHHBI) ONMPENeNsoT no Gopmyie: , e S —
IOIab 00KIIaAKK; 0 — paccTosiHIEe MEXTy OOKIIaIKaMu

CoennHenue KOHACHCATOPOB:
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ITocnenoBarenbHOE COEINHEHUE KOHIEHCATOPOB — COEUHEHHE, ITPU KOTOPOM I10CIIE 3apsAIKU
OTPULIATENIBHO (TIOJI0XKUTENIBHO) 3apsKeHHast 0OKJIa/iKa MPeabIIYIIero KOHAEHCaTopa COeAMHEHa ¢
MOJIOKUTEIBHO (OTPUIIATENBHO) 3apsHKEHHON 00K IKOM MMOCIETYIOIIETO.

L1 | B
: =—1.+—_+...——_ Cr:l:l_ Z__.CI

HapannenLHoe COCIMHCHNEC KOHACHCATOPOB — COCAUMHCHUEC, ITPU KOTOPOM ITOCJIC 3apsAaAKH BCE
IMMOJIOKHUTCIIBHO 3apsA’KCHHBIC OGKH&I[KI/I C06paHH B OJIUH Y3€JI, BCC OTPULUATCIILHO 3apsS’KCHHBIC — B

JPYrOi.

E{ Copr =C, +..+C,

CamocTrosiTesbHasi padora

1.

2.

10.

C kako# cuioi B3aMMOJCHCTBYIOT JBa 3apsija (1M (2, HAXOSMIIMECS HA PACCTOSHUU T B CPElIE C
TUDIIEKTPUUECKON TPOHUIIAEMOCTHIO €7

Ha kaxom paccrosiHMM Ipyr oT napyra 3apsabl i 2 B3auMoOJeicTByloT ¢ cuioi F, ecinu
OTHOCHUTEIbHAS AUAJIEKTPUUECKask MPOHUIIAEMOCTh cpelbl €7 (q1,02 U € U3 3aauun Nel)
OrnpeenuTh BEIMYMHY KaXI0TO M3 ABYX OJMHAKOBBLIX 3apsiiOB, €CIH B Cpelie ¢ OTHOCUTEIbHOMN
JIUDJIEKTPUYECKON MPOHUIIAEMOCTBIO Cpelbl € Ha PACCTOSIHUM T Jpyr OT Jpyra OHHU
B3aUMOJCUCTBYIOT C criIon F.

Onpenenuts HaMpPsHKEHHOCTH MOJIS B TOYKE, TAE ACHCTBYET anekTpuueckas cuwia F Ha mpoOHbIH
3apsn q.

Haiiti HanpsbkeHHOCTH MO, 00pa3oBaHHOTO TOYeYHBIM 3apsiioM =10 MxKi.Ha paccTosiHuM T B
Cpede C OTHOCUTEIbHOM JUANEKTPUUECKON MTPOHUIIAEMOCTBIO €.

B 0#HOpPOIHOM 3JIEKTpUYECKOM TOJI€ HANPSKEHHOCThIO E mepemMemniaercss mo CUIIOBOM JIMHUM
3apsan q=10 mMxKin. Omnpenenure paboTy 3JEKTPUUECKOTO TOJIS, €CJIU MEePEMENIEHUE COCTaBUIIO
AX.

Hamnpsbkenne mMexay TOYKaMH 3JEKTPUYECKOTO MOJsl MO CHUIIOBOW JimHMHM paBHO U, paccTosiHue
Mexay HuMu AX(u3 3amgaun Ne6). KakoBa HanpsiKeHHOCTD MOJIs?

Kakyro paboTy Hy)HO COBEpIIUTH JJIsg TOTO, 4ToObI 3apsan q=10 vHKn nmepemecTwics U3 Touku
MoJisi C TMOTEHUUAJIOM @1 B TOUKY C NOTEHHHAIOM@2?CxeMy TMepeMelleHus 3apsaa B
AJEKTPUYECKOM T0JI€ U300pa3uTh rpauyecKu.

KakoBa €MKOCTh MPOBOJHWKA, MOTEHIIMAT KOTOPOTO H3MEHseTCS Ha A@Q TMpU COOOIIEHHH eMy
3apsana q=9 uKu ?

Omnpenenutb eMkocTh 6atapen Cgr, €ciiu KoHAeHcaTopbl ¢ eMKocTsiMu C1=10 n®, Co=15 n® un
C3=20 nd® coemuHWIM: a) TOCIEAOBaTeNbHO; ©0) mapamnenbHo. CXeMbl COCTUHEHUS
KOHJICHCATOPOB HAYEPTHUTh.
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Ne | 2 3 - J ! 6 7 | s
Ba q Q@ r £ F £ r F F q 1 £ E AX | U | o 0
p HK | BK | oM mH cmM | MH | MH | 58Ka | o |HK|ecm | B |B

1 1 a BI
1 1 1 2 81 10 1 2 S0 10 5 I 1 | 10 35 | 110 | 100 | 500
2 2 2 4 (2,1 20 2 - 80 20 10 1 2 20 | 34 | 220 | 200 | 400
3 3 3 6 2.5 30 3 6 70 30 15 1 3 30 33 | 330 | 300 | 350
4 4 4 8 2,1 40 - 8 60 40 20 1 4 40 32 | 110 | 400 | 200
5 h 5 10 6 50 5 2 50 50 25 1 5 50 | 31 | 220 | 500 | 100
6 6 6 2 7 60 6 - 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 S 2.5 90 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

®dopma npeacTaBiaeHusl pe3yJabTarTa:
BeImomHUTE 3aaHue B TETPAAH [ PAKTUYCCKUX PadOT.
Kpurepun oneHku:
3a mpaBUIILHO BBIMTOJHEHHOE 33JaHHE BHICTABIIIECTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJHEHHOE JICHCTBHUE, 3aJJaHNE BHICTABIISICTCS OTpUIIaTeIbHAs oneHKa — () 6aioB.
Oyenxa «omauunoy svicmagngemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvHoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.2 3aK0oHBI MOCTOAHHOI'0 TOKA

IIpakTyeckoe 3ansaTue Nel0
Pemenue 3a1a4 «3axkoH Oma 1111 yyactka nenu. Conporusienne. CMelIaHHOe cOeIUHEHHe
NMPOBOIHUKOB

He.]'lb: 3aKpCIUTh YMCHUSA W HABBIKW BBIYMCICHHUA CUJIBI TOKA, HAIIPSXKCHUA, COIIPOTUBIICHHUA I1O
OIIPEAEIIEHUIO U 1O 3aKOHY OMa JuIsl yJacTKa LEIH, a TAK)KE C YIETOM 3aKOHOB Pa3JIMYHOIO COEAMHEHUS
IMPOBOAHHKOB.

BoinosiHenue padorbl  cnocodcTByer ¢opmupoBanmio:  I[1P62 OVIL.06, ITP66 OVII.06,
ITP67_OVII.06

MarepunanbHoe obecnedeHue:

TETpadb IJId MPAaKTUICCKHUX pa60T, pydkKka, MECTOANYCCKUE PECKOMCHAAIIWH IO BBIITOJIHCHUIO pa6OTI)I,
JMHENKa, KapaH/Jalll.

Yxka3zanme: [Ipaktuueckass paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M MPAKTUYECKOM.
ITocne u3yueHuss TEOPETUUECKOTO MaTepHala MOXKHO MPUCTYNATh K BBIIOJHEHUIO IPAKTUYECKON YacCTH.
Omna coctout U3 AByX M Oojiee 3a1ad sl CAMOCTOSITENILHOTO BbINIOJIHEHUs. He 3a0bIBaiiTe 0 MpaBUIBHOM
oopmienuu pemienus. Ha BeIosHEHNE TPAKTUYECKO OTBOJUTCA JBa aKaJeMUYECKHX Yaca.

ITopsinok BbINOJHEHHS PadOThI:
1. PaccMoTpuTe TeEOpeTHUECKHH MaTepHal IO TeMe€ W MpHUMEphl pelieHus 3aaad  (CMOTpU
METOUYECKOe 11ocodue).
2. Pemmre camocrosiTensHyI0 padoTy. OdopmuTe pereHne MICbMEHHO B TETPaIH.

1. Teopus

1.DnexTpudeckuil TOK-HAMpaBICHHOE MIBM)KEHHE CBOOOIHBIX 3apsnoB. Cunoil Toka (I) HasbiBaeTcs
BEIMYMHA, YUCJIIEHHO pPaBHas 3JIEKTPUYECKOMY 3apsly, NMPOXOJsIEeMYy 4Yepe3 CedYeHUEe NMPOBOJHUKA B
enuHUIly BpeMenu: I = g/t, [=n*q*s

3akon Oma g yyactka nenu: [=U/R
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®opmyna conpoTtuBieHus: R=p*l/S, rne p - yaeiapHoe COMPOTHBIICHHE, 3aBUCALIEE OT poJia MPOBOTHHUKA,;
|-yMHA MPOBOAHMKA; S - TUIOMIAAL CEUCHHS.

[Ipu mnocnepoBarenbHOM coequHeHUU NPoBOAHMKOB: R=RI1+R2 I[=[1=I2=const U=UI1+U2 Ilpu
napajuieabHoM coeauHeHnn npoBogHukoB: U=Ul=U2=const [=I1+I2 1/R=1/R1+1/R2, ecniu R1#R2
R=R1/N, rae N- 4ncio 0/MHAKOBBIX COMPOTHBIICHUH, T.e. RI=R2=...RN.

3akon Oma mist monHo# nenu: [=¢/R+r,rue € - 3/1C ucrounuka Toka, [€]=B, R-BHemHee conpoTuBiieHne
[R]=Om, r-BHyTpEeHHEE CONPOTUBIIEHUE I CONPOTUBIIEHUE UCTOYHHMKA TOKA [1r]=Om

2. IlpuMepsI penieHus 3a1a4

CuJja Toka M INIOTHOCTh TOKA

1. Ompenenure 4YMCIO N AJIEKTPOHOB, KOTOPBIE MPOXOJAAT 4Yepe3 MOMNEPEYHOE CEYEHUE IMPOBOJIHHKA
1060 s=1MM2 3a t=2 MUH, €CJIM TUNIOTHOCTh TOKa B MpoBoAHUKE j=150A/cM2

Hano: Pewenue:

S=1mm’=10"m? YUucn0 3MeKTPOHOB, MPOXOAALIMX HEPE3 MONEPEHHOE CEUCHHE
t=2 mua=120c MPOBOIHMKA, PABHO OTHOLICHHIO IEKTPUUECKOr0 3apsa,
i=150A/cm’=1,5%10°A/M>  mpoureIero yepes AaHHOE MOMEPEHHOe CeYeH e, K 3apsly
n-? snextpoHa:n=Q/e (1). YuursiBas, uro Q/t = I5jS (2), nonyunm:

3a BpeMsi t yepe3 ceyeHue NpoBOAHMKA npoiiaer n= jSt/e.
n=1,5%10°A/M*10"°M**120¢/1,6%10"’Kn=1,2*10*"
Omeem: 1,2* 107!

2. DnexTpuyeckas 1ermnb, cocrosias u3 peauctopoB R1=100 Om,R2=200 Om R3=300 Om, noxakiroueHa x

JIBYM HMCTOYHHMKaM noctosiHHoro Hanpsbkenus Ul u U2=100B. IIpu kakom Hanpsbkenune Ul cua toka I1
yepes pe3uctop R1 Oyner paBHa HyI0?

Hano: Pewenue:

R;=100 Om Ecinu uepes pesucropR, Tok He uzer, T.e. [;=0, cnenosarensho, I;R,=0. Toraa

R>=200 Om Hanpsukenne Us Ha pesuctope R3 nomkno Obith pasuo Uy, .e. Us=U;=L|R; (1).

R3=300 Om B stom ciyuae pesuctopst Ry n R3 Bimouensr nocnenosarensto. [losromy

U2=100B CHJIa TOKA BO Beex yacTax uenu oauHakosa: [;=1,=1. [laxenne nanpsxenus

[,=0 U, = IR, +IR;, otkyaa cnenyer, uto I= U,/ (Ry1R;3) (2)

U,=? Yuutsisas, uto IR;=U;=U; nmeem, U,=U; Ry/Ry+R;3+U,. [locne npeoGpazoBanus
nony4uM U;=R3/Ry+R;*U,. U;=300 Om/200 Om+ 300 Om*100B=60B.

Omeem: 60B

3akon OMa 1151 MOJTHOM Iermn
3. Onpenenute cuiny Toka KopoTkoro 3ambikanus IK3 Garapeu, DJIC koropoit € = 15 B, ecnu npu
MOJIKJIFOUEHUH K Hell pesucropa conporuBieHueM R=3 Om cuia Toka B 1ienu coctanisier [=4A

Hano: Pewenue:
e=15B  Cuny Toka KOpOTKOro 3aMblkanus onpeznensem no popmysne Ixz=€/R (1), rae
R=30m r-BHyTpeHHee conpotusienue datapen. CornacHo 3akony Oma s nonHoii nenu:

[=4A I= g-IR-1, otkyna r = e-IR/ (2). [loacrasum dopmyny (2) B hopmyny (1)
Ix3-? Ik3=e/R=el/e-IR.  Ix3=15B*4A/15B-40*3 Om=20A
Omeem: 20A

O/1C ucrounuka snexkrpuueckoit sHeprun 12 B. Kakoii ¢pusznueckuii CMbICT 3TOTO BBIpaXKEHUS?
CoenuHeHue NPOBOHUKOB

4. K ceru nHanpsokenueM U=200 B mnpucoenuHeHsl nBa pesucropa. [Ipu uxX mociegoBaTeabHOM
coequHenuu [1=4,4 A, a npu napamnensHoMm - [2= 27,5 A. Omnpenenure comporusieHue R1 u R2
PE3UCTOPOB.
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Jano: Pewenue:

U=220B [Ipu nocnenosarensuom coeaunennn Ry, = Ry + Ry; [;I7U/R 000, 0TKYAQ
[,=4,4A Ryoenn= U/, Pacuersi: Rmocnp=220B/4,4A=50 Om.
;=27 5A [1pu napannensrom coeunennn: Ry, = Ri*Ro/(R; + Ry), L=U/Rjapas, 0TKY 1

R;-? Ry-? Rapan =U/Lp. Pacuernt: Ry, =220B/27,5A=8 Om.
R*Ro/Ri+R5=8 Om; R; R,=400 Om; Rj+ Ry=50 Om; R; R;=400 Owm;
3uaunt; R;=10 Om; Ry;=40 Om.
Omeem: R;=10 Om; R,=40 Om

CamocrosiTesibHast padoTa

BapuanTt 1

1. Yepe3 ceueHue NpoOBOAHMKA 3a HIpoMEXYyTOK BpeMeHH At=10c npoxomut 3apan AQ=25 K.
Onpenenure cuity Toka | B mpoBoaHUKe.

2. Hanpsbxenue Ha ywactke unenu U = 5 B, a ero anekrpuyeckoe comportusieHue R = 10 Owm.
Omnpenenure cuity Toka | Ha 3TOM ydacTke Lemnu.

3. IIpu mepememenue 3apsga Q=2Ki BHYTpHM HCTOYHHMKA TOKA CTOPOHHHE CHJIBI COBEPIIAIOT PadoOTy
A=20 JIx. Onpenenure I/]C ucTouHuKa.

4. Kak MOXHO TOJIy4UTh CONPOTUBICHUS R, coennHss BCeMH BO3MOKHBIMHU CIIOCOOAMHU TPU PE3UCTOpa
conpotuBieHrueM R=6 OM Kaxablii?

Bapuanr 2

1. Cuna toka B mpoBomHuke I = 1,5 A. Onpepenure 3apsa AQ, NpOTEKAOIIUA yYepe3 ceueHue
IIPOBOJHMKA 3a BpeMs At=2c.

2. Onpenenute Hanpsbkenue U Ha pesuctope conpotuiienneM R=10 kOm npu cune toka B Hem [=0,5
MA.

3. Cuna Toka B Jlammouke kapmaHHoro ¢onapuka [=0,28 A npu nHanpsokenun U=3,5B. Omnpenenure
COIPOTHBIIEHUE R HUTH TaMIIOYKH.

4. Bo ckombko compoTtuBieHrne R1 npu mocnemoBatenbHOM coenuHeHnu 10 pesucropos (n=10)
cornpotusieHueM no R=10 Om Gonsiie, yem ux conporusiaeHre R2 nmpu napanieabHOM COeAMHEHUN?
dopma npeacraBjeHus pe3ybTara:

BoeinonHuTh 3asaHue B TETPAAM JUIsl MPAKTUYECKUX padoT.

Kputepun onenkmn:

3a npaBUIIbHO BBINOJIHEHHOE 331aHHUE BBICTABIISIETCS MOJIOKUTENbHAS OL[eHKa — 1 Oau.

3a HeMmpaBUJIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIISETCS OTpUIlaTeIbHas olleHKa — 0 OaoB.
Oyenxa «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB

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

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

Oyenra «HeyoosiemeopumenbHoy svicmasgisemcs 3a Menee 60% nmpaBUIBHBIX OTBETOB

Tema 4.2 3aK0OHBLI MOCTOAHHOI'0 TOKA

pakTnyeckoe 3ansitue Nell

Pemenue 3a1a4 mo reme ((PﬂﬁOTa, MOIIHOCTHb U COIMPOTUBJCHHUE IJICKTPUICCKOI'0O TOKa»

Heab: HAyYUTHCS peliaTh 3aJa4u, UCTIONB3Yysa (GOPMYIBI pabOTHI TOKA U MOIIIHOCTH

BoinosiHeHue padoTrbl cmocodcTByeT GopmupoBanmio: [1P62 OVIL.06, I1P66 OVII.06,
I1P67_OVII.06

MarepuanbHoe o0ecniedeHue: TeTpaab I TMPAKTHYECKUX padOT, pydKa, METOIUYECKHE
PEKOMEH/IAllMY TI0 BBIIOJTHEHHUIO pa0OThI, TMHEHKA, KapaHIaIll.

VYka3zanme: [IpakTudeckas paboTa COCTOMT M3 JBYX YacTed — TEOPETHUYECKOM M MPAKTHYCCKOM.
[Tocne u3yueHus TEOPETUUECKOro MaTepuasga MOKHO MPUCTYNATh K BHIIOJHEHUIO MPAKTUYECKON YacTH.
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Omna coctouT U3 ABYX U OoJiee 3a/1ad JJisi CaMOCTOSTEIHHOTO BBIMONHEHUs. He 3a0biBaiiTe 0 nmpaBUIBHOM
oopmiennn pemenus. Ha BbimoHeHHE MPaKTHYECKOH OTBOAMTCS JIBa akajaeMudeckux daca. [lopsmaok
BBITIOJIHEHUS pabOTHI
ITopsinok BbINOJIHEHHUSI PA0OTHI:
1. PaccMoTpuTe TEOpETHUECKHMI MaTepwal IO TeMe U TpPHUMEphl pelIeHus 3anad (CMOTpHU
METOAMYECKOE ITOCOOHeE).
2. Pemmure camocTosTensHy0 padory. Odopmure pemeHne TUIChbMEHHO B TETPAIH.

1. Kpamkue meopemuueckue ceedenun:

1.IToBTOPUTH hOpMYIBI PAOOTHI K MOILITHOCTH TOKA.
PaboTa 1 MOLTHOCTH TOKa
PaboTy cuil 3MEeKTpUYECKOro TMOJs, CO3JAOLIEro YIOPSJA0YEHHOE ABM)KEHHUE 3apsKEHHBIX 4YacTHUI B
MIPOBOJIHUKE, T. €. YIEKTPUUECKHUIA TOK, HAa3bIBAIOT pa0OTON TOKA:
A =T1*U*t,
rae A — paboTa 3JIeKTpUUECKOro TOKa Ha ydacTke 1enu, JIx;
| — cuna Toka Ha TaHHOM y4YacTKe ey, A;
U — HanpspbkeHHe Ha yJacTKe 1emnu, B;
t — BpeMsi IPOXOXKACHUS TOKA MO YYaCTKY LIETIH, C.
riae P — momuoCTE TOKA, BT.
Ecnu Ha ydacTke 1menu BCsi JHEPTHsl MEPEXOJUT BO BHYTPEHHIOK SHEPTHIO MTPOBOJAHKKA (HE COBEPILIACTCS
MexaHuueckas padota), To Q = [IRt — 3akon Ixoyns-Jlenua.
Q — KOIMUYECTBO TEIJIOTHI, BbIICTUBIIEECS B TPOBOAHUKE, J[XK.

Cobepem 1emnb, COCTOSIIIYIO M3 HCTOYHHMKA TOKA W MOTPEOUTENsS
ANEKTPUUYECKOMN SHEPTUU.

CornacHo 3akoHy OMa Juisi ydyacTka ILelM, HampspkeHue Ha mnpoBogHuke U = [-R. Pabora
CTOPOHHUX CUN Ay, = Apomp.+ Auem.

Anomp. — paboTa MEKTPHUUECKOTO OIS [0 IEPEMELIEHHIO 3apsiia OT TOUKU A K Touke B;

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

HcTounuk Toka 00jagaeT BHYTPEHHUM colpoTuBieHueM I. Pabora mo mepemerieHuio 3apsjaa
BHYTpPHU UCTOYHHKA TOKA:

Aqu.: Ii’q
Aem. = €.
Tornaeq=qI'R+Irqume=1R+Ir nm
= £
R+r.

3axon Oma 0na 6cetli yenu: CUIa TOKAa B DIIEKTPUYECKOW IeMU MpsMo mpomnopuroHansbHa DJIC
HMCTOYHHMKA TOKA U 00paTHO MPONOPIIMOHATBHA TTOTHOMY COTIPOTHBIICHUIO TICTIH.

R — BHemiHee CcOMpPOTHBICHHE IleNMH (0OIIEe COMPOTHBICHHE MOTPEOUTENECH DIEKTPUUECKOM
sHeprum), Om;

I — BHyTpEHHEE CONMPOTUBIICHHE IEMH (CONMPOTUBICHNE UCTOYHHUKA TOKa), OMm;

R + r — momHOE compotuBieHue nemnu, Om.

B snektpuueckoil nenu BOZHUKAET KOPOTKOE 3aMblkaHue, ecinu R=0:

-

[, =

= .

Paboty cuit 57eKTpUUeCcKOTo MoJis, CO3AA0IIETO YIOPSI0UYEHHOE IBIKEHUE 3apsKEHHBIX YaCTHIL B
MIPOBOJIHUKE, T. €. JJICKTPUUECKHUI TOK, Ha3bIBAIOT PabOTO TOKa:
A =1UA4t,
rae A — paboTa 3JEKTPUYECKOTO TOKa Ha ydacTke 1enu, Jk;
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| — cuna Toka Ha TaHHOM y4YacTKe 1enu, A;
U — HampsbKeHue Ha yJacTKe 1enw, B;
At — BpeMsi MPOXOXKACHHS TOKA MO Y4aCTKY LIETIH, C.
A ,
P=lop=fU
t
i)

rae P — momnocts Toka, BT.

Ecnm Ha yyacTke 1enu Bes DHEPTUs MEPEXOIUT BO BHYTPEHHIOK SHEPTHUIO MPOBOAHHMKA (HE
CoBepIIaeTcs MexaHu4deckas pabora), To Q = I*RA¢ — 3akon Jxoyns-Jlenua.

Q — KOJIMYECTBO TEIUIOTHI, BBIJICIMBIIICECS B IPOBOIHUKE, JIK.

IIpumepsl pemenus 3aaa4
1. DnexTpuueckuil ABHraTenb padoTtaer 5 4. oT cetu ¢ HampspkeHueM 380 B mpu cuie toka 35 A.
ComnporuBnenre oOMoTku apurarens 0,5 Om. OmnpeaenuTs U3pacxoJOBAaHHYIO AJICKTPHUYECCKYIO
SHEPrUl0, KOJUYECTBO TEIUIOTHI, BBIIECICHHOW B OOMOTKE 3a 3TO BpeMs M COBEPLICHHYIO
JIBUTATEJIeM MEXaHUYECKYIO paldoTy.

Hano: CH PenreHne: BrrauciaeHng

'=380B A=IUAf A=35A-380B-18000c =
I=35A Q =FRAt =2.4-10 *Ix

R=050um Au=4-0 O =(35A)-0,50M-18000C =
At=51 18000 ¢ =0,1-10% &

A-=7 Ay =241 0 —0.1-10° T =
0-° =23-10 ' IIx

A —7?

OtBetT: A =2.4-10° x; 0=0,1-10° Tx; A,,.. = 2,3-10° [Tk

2. Ilpwu 3ambIkaHUM UCTOYHMKA dJeKTpudeckoit sHeprun ¢ D/C 4,2 B HUKETUHOBBIM TPOBOJHHKOM
ot 10 M 1 ceuenmem 1,0 mm® cmia Toka B memu Gbuta 0,6 A. Haiitu BHYTPEHHEE
COIIPOTHBIIEHUE HCTOYHHMKA JJIEKTPUYECKOW DHEPruU. Y IEIbHOE CONPOTHBIICHHE HHUKEINHA
4,2-10"Omm.

CamocrosiTesbHast padora
1. DnexTpoaBurarenb, conpoTuBieHne oOMoTku kotoporo 0,4 Om, paboTaeTr OT CeTH C HampsHKEHHEM
300 B nmpu Ttoke 50 A. Omnpenennure KauecTBO HM3PACXOJOBAHHOM JHEPIrUU 3a 5 Y., COBEPIICHHYIO
JIBUTATEJIEM MEXaHUYECKYIO pabOTy M KOJIMYECTBO TEIUIOTHI, BbIIEJIEHHONW B OOMOTKE.
2.ABToMOOUIBHBIN cTapTep 3a 10 ¢ pabGotel morpebnser sHepruto 6,0-104 Jx. KakoBa cmia ToKa,
MPOXOJISIIETO Yepe3 CTapTep BO BpeMs 3alyCcKa ABUTATEINS, €CITU HaNpshKeHUE Ha ero kiemMmax 12 B?
3.CpapounbIM anmnaparoM. Paboratommm ot cetu HanpspkeHueM 45 B 3a 20 MUHYT OBIJIO H3pacxo/lI0BaHO
5.4xBt*yac snepruu. IIpu xakoil cuiie Toka npoTekana Ayropas cBapka ?
4.Onextpuyeckuil yrior MourHocthio 800 Bt pabGotaer ot cetn 220 B .Omnpepenuth cuiay TOKa B
HarpeBaTeJIbHOM AJIEMEHTE U €0 CONPOTUBJIEHHUE B paboueM cocTOSTHUU yTiora. CKOJIBKO dHEpruu OyaeT
M3pacxoJI0BaHo 3a 1,5 yaca HenmpepbIBHON pabOTHI yTiora ?
5.B cetb HanpspkenueM 120 B mocienoBaTenbHO € 3IEKTPUYECKONW Tyroi BKIOUYEH peoctar . [lagenue
HanpsDKeHUs Ha 3JekTponax ayru 45 B ,cuna Toka B nienu 12 A. Onpenenuts MOUTHOCTb ,TOTPEOIIeMYI0
JyTOW U K.II.Jl. YCTAaHOBKH.
6.Pe3ucTop moakiIOueH K MCTOYHHMKY TOKa, HaNpspDKeHHE Ha 3axuMax koroporo 6 B. Kakas pabora
COBepIIaeTCs TOKOM, eciu 3a 0,5 MUHYT uepe3 pe3ucTop npoxoaut 3apan 24 Kn? Onpeaenuts MOITHOCTh
TOKa ¥ COIIPOTUBJIEHUE PEZUCTOPA.
7.Kakast MOIIHOCTh TOTPEOSETCS IYrOoBOM CTaJCIUIaBMIIBHOW TIeubio, paboTaromieid OT HCTOYHHKA
HanpspkeHueM 220 B mpu cune toka 30000 A? OmnpenenuTs CTOMMOCTb IEKTPUYECKOW IHEPIHUM ,
M3PaCXO0J0BAHHON 3aM 5 9acoB pabOTHI TI€UH, 1O JEHCTBYIONIEMY Tapudy.
8.Hanpspkenue Ha 3axumax rereparopa 132 B, a y morpebutens - 127 B. Ompenenuth mnaneHue
HanpsDKEHWE B MarkMCTPAIbHBIX IPOBO/IAX U COIPOTHUBIIEHHE , €CIIM MOIIHOCTh TOKA Y IOTPEOUTENS paBHA
5 kBr.

®opma npeacraBiaeHus pe3yJabTara:
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BhIMoONHUTE 3alaHKe B TETPaIu JJIs IPAKTHUECKUX PadoT.
Kpurepun oneHku:
3a mpaBUIILHO BBITOJHEHHOE 33JaHHE BHICTABIIECTCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpPaBWIIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS OlleHKa — () 0auIoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 4.4 MaruurtHoe 1moJie

IIpakTnyeckoe 3ansaTue Nel2
Pemenne 3aga4 nmo reMe «MarHuTHoOe 1oJjie M ero XapaKTePUCTUKH

Hesb: 3aKpenuTh YMEHUS W HABBIKM BBIYMCICHHS BEIWYHH C WCIOJIB30BAHMEM 3aKOHA AMIiepa,
dbopMyI [uis onpesieNeHusl MarHUTHOTO 1OTOKa, cuiibl JIopeHna

BoinoiHenue padorbl cnocodcTByer ¢opmupoBanmio: [1P61 OVIL.06, I1P62 OVIIL.O06,
I1P65 OVII.06, ITP68 OVII.06, ITP69 OVII.06

MaTtepuajbHoe obecnieyeHue:

TeTpaab JUIsl IPAKTHUECKUX padoT, pyuka, METOAMUECKUE PEKOMEHAIUHU MO BBIIOJIHEHUIO Pa0OTHI,
JINHEMKA, KapaHanl.

Ykazanue: [IpakTuueckas paboTa COCTOMT U3 JABYX 4YacTeil — TEOPETUYECKOH M NMPaKTHUECKOM.
[Tocne n3ydeHMs] TEOPETUYECKOTO MaTeprana MOXHO MPUCTYNATh K BBHIOJHEHUIO TPAKTUIECKON 4acTH.
Omna coctout U3 AByX U OoJjiee 3a/1a4 JJIsl CAMOCTOSTENIbHOTO BbINOJHEHUs. He 3a0bIBaiiTe 0 mpaBUIIBHOM
oopmiennu pemrenusi. Ha BeIoTHEHNE PAaKTUYECKOH OTBOJUTCS JBa aKaJeMUYECKHX Jaca.

ITopsinok BbINoOJIHEHUs padoOThI:

1.PaccMoTpuTe TEOpETHYECKHI MaTepuaj 10 TeMe W TpUMephl pemeHdus 3afad (CMOTpH
METOJINYeCcKOe ocooue).

2. Pemute camocrosiTenbHyto padboTy. OpopMuTe perieHne NucCbMEeHHO B TeTPaIu.

Teopus
Paccmompum pucynok 1.
|

4

>

B

Puc. 1.

BenuunHa cuibl, AEHCTBYIOMIEH CO CTOPOHBI MAarHUTHOIO MOJsS HA MPOBOJHMK IiauHOM L, 1o
KOTOpOMY HJeT TOK cuioil I, onpexnensiercs no ¢popmyine Ammnepa: Fa = BXLxIxsina, rae B - monyns
MarauTHOM mHnykuui, [B] =Tn, L — nouna npoBoanuka [L] = m, I — cuma Toka, [[] =A. MarautHoe
IIOTOKOM 4Yepe3 IUIOUIaZKy S Ha3bIBAIOT YMCJIO CHUJIOBBIX JIMHUM, NMPOXOAAIMX uepe3 miomanky: @ =
BxSx cos a, rne @ — marautHbIN TOTOK [D] =BO6.
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L 2

P
@~ ( n; B) - yron mexay Bekropom HopManu
/ / / / / (h L S) u BekTOPOM MArHHTHOI HHYKLLHMii

Benuuuna cuibl, JEWCTBYIONMIEH CO CTOPOHBI MAarHUTHOTO TOJISI Ha 3apsHKEHHYIO YacTHILY,
onpeaensiercs no ¢opmyne Jlopenua: Fi = Bxqxvx sin a, rae q — 3apsa 4acTull, vV - CKOPOCTh JBUKCHHUS

4acTHll, B — MarHuTHas UHAYKUUS. 3apsSKEHHbIE YaCTULIBI JBUXKYTCS B OJHOPOJHOM MAarHUTHOM II0JIE 110
OKPY>KHOCTH, paanycoM R.

R — panuyc okpyxnoctu [R] = M, m — macca dactun, [m] = Kr, q - MOJyJb 3apsiia YacTHIIbL, [q] =

Ki. Bpemsi, 3a KOTOpoe YacTHUIIBI JENAIOT MOJTHBIA 000poT (mepuon obOpameHus) paBHo: T = 2nR/v
2ntm/qB.

IIpumeps! pemenus 3agaq

1. Onpenenute cuily, I€UCTBYIOIIYIO HAa MPOBOAHMK IMHOW 20 CM MOMENIEHHBI B MarHMTHOE

nosie, HHAyKIMs Kotoporo 5Tn, ecnu cuna toka B nmpoBoaHuke 10 A u o oOpasyer yrox o = 30° ¢
HaIpaBlIEHUEM TOJIS.

Jlano: Pewenue:

L=20cm=0.2m Ha npoBoziHuK ¢ TOKOM €O CTOPOHBI MATHHTHOTO 1O/ ACHCTBYET CiUTa
B=5Tn Awmnepa: F=B*[*L*sin q, F=5%0,2*10*1/2 =5 (H).

[=10a

0= 30°

F-? Omeem:5 H.

2. Ilnockas pamka miomaasio S = 80 cM2 , umeromas N=40 BUTKOB, paclojio’k€Ha B OJJHOPOJHOM
MarHuTHoM nose uaaykuueid B=0,1 Tin. Onpenenure MarHuTHbIN NOTOK @ CKBO3b PAMKY, €CIIM HOPMAJIb
K Hel OCTaBIIseT Yroji o = 1/6 ¢ BEKTOPOM MarHUTHOM MHIYKIIH.

Jlano: Pewenue:

S =80 cm’=§*10° w* Marnutbiit notok yepes oaus Butok O = BS cos o
N=40 Maruuthiit notok uepe3 paviky @= N, = NBS cos a
B=0,1 Tn Berancrerms: © = 40%0,1 Tr*8¥10°n*0,87 = 2,8*10° BG
a=m/b

O0-? Omaem: 2,8*10° B6
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3. C Kkaxkoll CKOpOCTBIO BBUIETAET O- YacTHIA M3 PaJMOaKTUBHOIO S7pa, €CIM, Ionaaas B
OJIHOPOJHOE MarHuTHoE MnoJje ¢ uHaykuuet B = 0,5 Tin nepneHAnKyIsspHO €ro CUJIOBBIM JIMHHUSIMHU, OHA
JBUXKETC 110 1yre OKpyx)HocTu paguyca R=0,3 m?

Hawno: Pewenue:
sl
Q=+2p=3,2*10""Kn o — 4acTHUIIa — PO aTOMA TeIns a=,He. 3apsin sapa
B=0,5 Tn Q=2p, rae p — 3apsaa nporona. Macca o — yactun
R=0,3m m paBHa Macce aToMa resms
M AF107K s
m=—= et MOTb = 6,64%107% ke
M, = 4%10° Erfici N, 6,02*107 monw
my’ mv-
Q\)B —
Na 6,02><1023 MoB R ,rae R LEHTPOCTPEMHTEIIbHAS CHIIA.
BR M
fra B e y — OBRN
i m N, ) M
3.2*%10"° K2*0,5T2*0,3m*6,02 * 10 mons ™'
U= : =7,2%10° %/
4%107 K2
MOJlb

Omeem: 7,2*10° %

2. CamocrosiTesqibHAst padoTa

Bapuanr 1

1. KpyroBoii BuTOK 1momaasto 0.8 M2 pacrnonokeH B OAHOPOAHOM MarHMTHOM I0JI€ C UHIYKIUEN
0,5 Tn. Haiigure MarHUTHBIA MOTOK, NPOHU3BIBAIOLIUMN IJIOCKOCTh BUTKA, €CJIM YIOJ MEX]Y BUTKOM
MarHuTHOM MHAYKIMH U OChIO BUTKA paBeH 600 .

2. IllpoBoanuk mmHoM 1,5 M ¢ TokoM 2A MOMeEIIEH B OJTHOPOJHOE MAarHUTHOE TOJIe C MHIYKIIUEH
0,1 Tn. Haiitu cuiy, NEHCTBYIOIIYIO Ha INPOBOJHUK C TOKOM, €CIM BEKTOP MAarHUTHOM HMHIYKLIUU
MEePIEHUKYIISIPEH HAIPaBIEHUIO TOKA.

3. IlpoBogHUK AIMHOM 3M U TOKOM 5A MOMEIIEH B OJIHOPOJIHOE MarHUTHOE ToJie ¢ uHAyKIuei 0,2
Tn. Haiity cuiy, JEWCTBYIOIIYIO Ha MPOBOAHUK C TOKOM, €CIM YIOJl MEXKIY BEKTOPOM MAarHUTHOM
MHAYKUIMU U cuioi 8 MH. OnpenenuTs miomaas BUTKa.

4. TlpoBomHuk nnuHOW 0,2 M TMOMEIIEH B OJHOPOJHOE MarHWTHOE Mmose ¢ MHAyknued 2 T
MEePNEHAUKYISIPHO JTUHUAM MarHUTHOW MHAYKUMHU. HaliTu cuily TOKa B MPOBOJHHUKE, €CIH CO CTOPOHBI
MarHuTHOTO TIOJII Ha HeTo JieicTByeT cuia 2 H.

5. B 0AHOPOJIHOM MArHUTHOM IIOJIE€ PACIOJOKEH IMPOBOJAHUK C TOKOM TaK, YTO YroJ MEXIY
HaIpaBJICHUEM TOKAa U BEKTOPOM MarHuTHOM mHAykuuu paBeH 300 . Bo ckoibko pa3 yBelIMYMBAETCS
cuiia, IEMCTBYIOIAsl Ha TPOBOJIHUK, €CJIM yroa yBenuuusaercs 10 900 .

6. DIJIEKTPOH BIIETaeT B OJHOPOJHOE MAarHMUTHOE TOJie B BaKyyMe cO ckopocTthio 10 Mwm/c,
HaIpaBJIEHHON MNEPNEeHAUKYISAPHO JUHUIM HHAyKUMH. HailTu cuily, NelCTBYIOIIYIO Ha 3JEKTPOH CO
CTOPOHBI MATHUTHOTO TIOJISI, €CITM WHIYKITUS oISt paBHa 2 T,

7. Ilpunnka, 3apsg kotopoir 10-5 Kin u macca 1 wmr, Bietaer B OAHOPOAHOE MarHUTHOE IOJE C
unaykuuen 1 Ti u neuxkercs no okpy:kHOCTH. CKOJIbKO 000pOTOB c/ieNlaeT MbUIMHKA 3a Bpems 3,14c¢ ?

8. DnexTpoH BlleTaeT B MArHUTHOE MOJI€ MEPHNEHIUKYISIPHO JUHUSM MarHUTHOW WHIYKIUU CO
ckopocThio 107 M/c. HalinTe MHAYKIIMIO OIS, €CIU AJIEKTPOH OMKCAN B TOJIE OKPYKHOCTH paguycoM 1
CM.

9. B npoBOgHUKE C JJIMHOM aKTUBHOM 4YacTh 8 cM cuiia Toka paBHa S0A. OH HaxoauThCsA B
OJTHOPOJIHOM MarHuTHoM noisie uHayknue 20 mTn. Kakyro pa®oTy coBepiinia UCTOYHHK TOKa, €CIIU
MPOBOJIHUK NiepeMecTriics Ha 10 cM nepreHIuKyasspHO JTUHUSAM UHIYKIIHUH.

Bapmuanr 2
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1. KBagpatHass pamka, W3rOTOBJICHHAasT M3 TOHKOIO IPOBOJHMUKA J/JIMHOM 2M, IOMEIIEHA B
OJIHOPOJHOE MarHuTHOe mosie ¢ uHAyKuued 1 Ti. JIMHMM MarHUTHOM WMHAYKIIMK TEPHEHIUKYJISIPHBI
IJIOCKOCTH paMKu. HalTh OTOK MAarHUTHOM MHIYKIUU IIPOHU3BIBAIOLIUN PAMKY.

2. Ompenenute UIMHY AaKTUBHOM 4YacTH MPOBOJHHKA, MOMEIIEHHOIO B MAarHUTHOE II0JIe C
unaykuuen 400 T, ecou npu cuse Toka 2,5 A Ha Hero nerctyet cuia 100 H. IIpoBoaHuk pacnosnoxen
noj yriaoMm 300 K JIMHUAM MarHUTHOM MHITYKIIUH.

3. B ogHOpoiHOM MarHMTHOM Mmoje ¢ uHAyKuued 12 Tn napaiienbHO JMHUAM HMHIYKIUU
pacnonoxeH MpoBoAHUK muHOM 0.2M. Ilo mpoBOgHUKY TedeT TOK paBHbId SA. Onpeaenuts cuiy,
JEMCTBYIOLIYIO Ha IPOBOJHUK C TOKOM

4. ITeuunka c 3apsinom 0,2 K Bieraer B BakyyMe B OJJHOPOJHOE MarHUTHOE IOJIE CO CKOPOCTHIO
500 m/c mepneHAMKYISPHO JHMHUSAM MAarHUTHOM WHAYKIUH. BennumHa MHAYKIMH MarHUTHOTO TIOJIS
paBHa 6 Tin. Onpenenure cuity, JEHCTBYIOUIYIO HA MBUIUHKY.

5. Ilpsmoii npoBox IMHOM 1 M, IO KOTOpoMy TeueT TOK cuioil 20A, HaxoaAuTCA B OJHOPOJHOM
MarHuTHOM noje ¢ uaaykuueit 0,01 Tin. OnpeaenuTs yroia Mexay HanpaBJICHUEM I0JI U HAPABICHUEM
TOKa, €C/IM Ha MPOBOJHUK AeiicTByeT cuna 0,1 H?

6. [IpsiMoii MPOBOJHUK C TOKOM PACIIOJIOKEH B OAHOPOJHOM MAarHUTHOM MOJIE TaK, YTO YTOJ MEXKIY
HaIPaBJICHUEM BEKTOpPA MAarHUTHOW MHIYKIIMM M HampasieHueM Toka paBeH 300 . Uemy noikeH ObITh
paBeH 3TOT YroJ, 4ToObl cuiia AMIiepa, IeiCTBYIOIas Ha MPOBOJIHUK C TOKOM, YBEIUYHIIACh B 2 pa3a?

7. B 0oJHOpOIHOM MarHUTHOM IOJe, MHAYKIUs KoToporo paBHa 0,2014 Tn, mo OKpyXHOCTH
paBHOMEpHO BpaiaeTcs npoToH. OnpeaenuTe pagnyc OKpy>KHOCTH, €CIIH CKOPOCTh MpoToHa paBHa 3200
KM/C.

8. KakoBa MHAYKIIMS MarHUTHOTO MO, B KOTOPOM Ha MPOBOAHMK C JUIMHON aKTUBHOM 4acTH 5 cM
neiicreyet cuna 50 MH? Cuna toka B nmpoBoanuke 25 A. IIpoBOAHUK pacmnoioXeH NepHeHIuKYISIPHO
BEKTOPY MarHUTHOM UHIYKIIHH.

9. DneKkTpoH ABUXKETCA B OJHOPOAHOM MAarHUTHOM mnosne uHaykuueil 4 mTn. Haiitu nepuon
oOparmenus anekTpona. Otuer o pabote: Pemienue 3a1au caMocTOSTENbHOM pabOThI B TETPaIu.

@dopma npeacrabjieHus pe3yabTara:

BbInmonHuTe 3aaHue B TETpaau A MPaKTHUECKUX padoT.

Kputepun onenkmn:

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

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIaTeIbHAs oneHka — 0 OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB

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

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

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

Tema 4.5 DyieKTpOMarHuTHAsE MHAYKIUS

IIpakTnyeckoe 3ansaTue Nel3
Pemenue 3aga4 nmo reMe «JIEeKTPOMATHUTHASA HHAYKIHA. 3AKOH 3JIEKTPOMATHUTHOM
uHAYKIUH. CaMOMHIYKIH S

Leab: u3y4nTh SIBIEHUE JIEKTPOMATHUTHON MHAYKIIMH, paBuiio JIeHia, sBlIeHre CAaMOMHIYKIIMI
Y HAYYUTHCS pelIaTh 3a1a4H.
Boinosinenue padorsl cmocodcTByer (opmupoBanuio: [1P61 OVIIL.06, I1P62 OVII.06,
ITP65 OVII.06, ITP68 OVII.06, ITP69 OVII.06
MarepuanbHoe o0ecnedeHHe:TETPaab I TPAKTHUYECKUX padoT, pydka, METOTUYECKHE
PEKOMEHIallUH T10 BBITIOIHEHUIO paOOThI, THHEIKA, KapaHIall.
Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUECKON M MPAKTUYECKOM.
[Tocne u3ydeHus: TEOPETUUECKOr0 MaTepraia MOKHO MPUCTYNATh K BBIMOJHEHHUIO MTPAKTUYECKOW YACTH.
Omna coctouT U3 ABYX U OoJiee 3a/1ad JJisi CaMOCTOSTEIHHOTO BBIMONHEHUs. He 3a0biBaiiTe 0 nMpaBUIBHOM
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odopmiiennn pemieHusi. Ha BBIOTHEHUE TMPAKTHYECKON OTBOAMTCS JBa akageMuveckux daca. [lopsmox
BBITIOJTHCHUS PAOOTHI
IMopsinok BbINOJIHEHUS PA0OTHI:
1. PaccMoTpuTe TEOpETHYECKHI MaTepuall 1O TeMe U TNPUMEphl pelmieHHs 3agad  (CMOTpHU
METOAUYECKOE IIOCOOHE).
2. Pemmre camocrositensHyt0 padory. OdopmuTte penieHne MICbMEHHO B TETPAIH.

1. Kpamkue meopemuueckue ceedenusn:

SIBJjieHMe JIEKTPOMATHUTHON UHAYKIIUYU
B 1831 romy anrmumiickuii ¢usuxk M. Dapazeil cepueil ONBITOB IOKa3aj, YTO C IOMOIIBIO
IIEPEMEHHOI0 MAarHUTHOI'O I0JII MOKHO CO3/1aTh B 3aMKHYTOM IPOBOJSIIEM KOHTYpE 3JIEKTPUUECKUI
TOK.

Henenue 2nekmpomazHumnol UHOYKYuu — BO3HUKHOBEHHE 3JIEKTPUYECKOTO TOKA B 3aMKHYTOM
MIPOBOJAIIEM KOHTYpPE IPH M3MEHEHHH MArHUTHOTIO IIOTOKA, IPOHU3BIBAIOLIETO KOHTYp. TOK,
BO3HUKAIOIIUKA B KOHTYpE, Ha3bIBaeTCs uUHOVKYuoHHbiM (HABEOEHHbIM), a co3gawomyo ero I/1C
Ha3biBatOT I/ C unoykyuu.

[lepBoHayasibHO MHIYKIMS OblJa OTKpbITA B HEMOABMXKHBIX JIPYI OTHOCHUTEIBHO Jpyra
MIPOBOJHMKAX MPU 3aMBbIKaHUHM W pa3MbIKaHUU LIETIH OJHOW M3 KaTymiek (puc.l. a) mpu U3MEHEHUU CUJIbI
TOKa B OJIHOM M3 KaTyILIEK, MArHUTHOE I10JI€, KOTOPOE NIPOHU3BIBAET BTOPYIO KATYILIKY, B HEH BO3HUKAET
WHAYKIMOHHBIA TOK (puc. 1. 0) MHAYKIMOHHBIA TOK BO3HHKAET TAK)KE B MPOBOJOYHOM KaTyIIKe MpU
JBMKEHUH ITOCTOSITHHOTO MarHWTa BHYTPb KaTYIIKU U IIPU BBIABUTaHUU MarHuTa u3 Hee (puc. 1. B).

3aKOH 3J1eKTPOMArHUTHON MHAYKIMU:

OJIC mHOyKIMM B 3aMKHYTOM KOHTYpE paBHa IO MOAYJIO CKOPOCTH M3MEHEHHS MarHUTHOTO
ITIOTOKA 4Yepe3 MOBEPXHOCTh, OTPAHUYEHHYIO KOHTYPOM:
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rae &— IJC unnykuuu, B;

AD= ©,-D; — u3MeHeHre MariuTHOroO MoToKa, BO;

At — TPOMEXYTOK BPEMEHH, B TEYEHHE KOTOPOTO MPOU30IIIO0 JAHHOE U3MEHEHHE, C;

Al BS
At _ CKOpOCTB N3MCHCHHUA MAarHUTHOI'O ITIOTOKA, s
. Al
C YUYCTOM HANIpaBJICHUSA UHAYKIITMOHHOT'O TOKA 3aKOH 3aIlIMCBbIBACTCA TaAK!: i A

Ecnu 3aMKHYTBI KOHTYp cocTOMT M3 N MOCHe0BaTeNbHO COEIMHEHHBIX BUTKOB (HampuMmep, B

COJICHOU/IE)

g ==N Sl
Al

rae N — 91ciio BUTKOB.

Hampaprienne MHIYKIIMOHHOTO TOKa B 3aMKHYTOM IPOBOJHHKE MOXXHO ONpPENEIUTh MO MpPaBUITY,
ycraHoBieHHOM B 1833 roay pycckum ¢usukom 3.X. Jlennem. Cornacuo npasuny Jlenya:

WHAYyKIMOHHBIM TOK, BO3HUKAIOIMIMM B 3aMKHYTOM KOHTYpPE, CBOMM MAarHUTHBIM IOTOKOM
IPEMSATCTBYET TOMY U3MEHEHUIO MATHUTHOT'O ITOTOKA, KOTOPBIM OH BBI3BaH.
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Puc. 2 Puc. 3. Onsit, nyutroctpupytonuii npasuio Jlenua

Camounaykuus. 3AC camouHayKIUH
Camounoykyusa — Bo3HHKHOBeHHEe OJIC HWHAYKIMM B MPOBOJSIIEM KOHTYpEe B pe3yJbTaTe
W3MEHEHUsT B HEM CWIbl Toka. [lOSBISIONIYyIOCS AJIEKTPOJBIKYIIYIO cuiry HasbsiBaloT J3/[C
camoundykyuuy. 1lpu M3MEHEHUM TOKAa B KOHTYpE MEHSETCS MarHUTHBIA MOTOK Yepe3 MOBEPXHOCTb,
OTPaHWYEHHYI0O JITHM KOHTYpOM, B pe3yibTare 4Yero B HeM Bo30yxmaercs OJIC caMOWHAYKIIHH,
HampaBlieHuEe KOTOPOU ompezensercs npasuiom JleHa.
SIBieHMe CaMOMHIYKIIMM MOXKHO HaOIr0/aTh, COOpaB AIIEKTPHUECKYIO II€Tb, W300pakKeHHYIO Ha

puc. 47.

' mj | _
R K L
R = i [ [
Puc. 4. SIBnenue caMOMHIYKIIUU Puc. 5. SIBnenne caMOMHIYKIIMU TIPU 3aMBIKAaHUH LENN

IIpU pa3MbIKaHUH LIETIN

OneIT NOKa3bpIBacT, 4TO NMpH 3amblkaHuK Kiaroya K jmamma JIp 3aropaercss HECKOJIBKO IO3KE, YEM
nammna JIj. 3To 0ObsICHsIETCS BOSHUKHOBEHHEM B KaTylike 3HauuTenbHol DJIC caMOMHAYKIIMU, KOTOpas,
cornacHo mpaBuwiy JleHna memiaer OBICTPOMY HapacTaHHWIO TOKAa B MOMEHT 3aMbIkaHus uenu. [lox
neiicrueM O/1C MHAYKIIMU B KOHTYpE MOSIBISIETCS MHAYKIMOHHBINA TOK (TOK CAaMOMHAYKLIMHN), KOTOPBIH,
HaKJIaJbIBasICh Ha OCHOBHOM TOK B KOHTYpE, 3aMEIJIsieT €ro BO3pacTaHHe. DHEpPrusi UCTOYHHMKA TOKa,
3aTpadyeHHas Ha ero npeojoJieHue nporusoaencTeud JC caMOMHIYKIINY, HAKAIUIMBAETCS B MATHUTHOM
I10JIe 3TOM LIeNU — BHYTPH KaTYIIKU ¢ cepJeyHuKkoM. Korja cuia Toka B LIENU CTaHOBUTCS TOCTOSTHHOM,
TO W SHEPTUsl MarHUTHOTO IOJIS LIETIH HE U3MEHAETCS.

OOBsICHU CaMOCTOSATEIHHO TTPOIIECCHI, BO3HUKAIOIIUE TIPH pa3MbIKaHUU 1eMu (puc. 4).

ONEKTPUUECKUH TOK, MPOXOASIIMN IO IMPOBOJHUKY, CO3JAET BOKPYI HEr0 MAarHUTHOE IIOJIE.
MarauTHbIM MOTOK CKBO3b ILIOLIA/Ab MOBEPXHOCTH, OTPAHUYEHHYIO CAMUM KOHTYpPOM, MPOIOPIIHOHAJIEH
CHJIE TOKa B KOHTYpE:

D=L-I.
Koaddutnment nponoprrioHanbHOCTH L Ha3bIBaeTCs UHOYKMUBHOCHbIO KOHTYpA:
@ B6
= [T vl
. =TI'" (rerpm).

3HaueHHUE WHAYKTHBHOCTHU 3aBUCUT OT pa3MCpPoOB U (bOpMI)I IMPOBOAHMKA, 4 TAKXKC OT MAarHUTHBIX

CBOUCTB c(epbl, B KOTOPOW OH HAXOJIUTCS.
O1C caMOMHIyKIIUU 110 3aKOHY 3JI€KTPOMarHUTHON MHIYKIIMHN paBHa:
Al p Ad

g, =-L— i
I3 15
A TK. A
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rae AI=1>-11 — u3MeHeHue CUibl TOKa B IPOBOJHUKE, A;
At — BpeMsi ero u3MEeHeHu, C;
Af A

Ar — CKOPOCTh U3MCHCHHUSI CUIIBI TOKA, .
3Hepr1/151 MAarauMTHOIO ITOJIAA MPOBOAHHKA C TOKOM!

L-1°
Wy = ——
¥

2. lIpumepsl penieHus 3a1a4

1. Yg<a>KHTe HaIpaBJICHUE BEKTOPa MarHUTHOW MHAYKIIMU B TOUKE A.
»

A.

I
a) 6)

Pewenue:
Hanpapnenue BeKTOpa MarHUTHON MHIYKIIUH OIpEesieTcs Mo MpaBuily OypaBuHKa:

B a) BeIOMpaeM I0JIOKeHHE HaOJroAaTeNs €clid CMOTPETh Ha MPOBOJHUK CBEPXY, TO

31 TOK HallpaBJIeH IPOTUB 4acoBoW cTpesnku. llo HampaBieHHMio TOkKa BpallaeM pYyUKy

@ OypaBumMKka, Torga cam OypaBYMK OyJIeT JBUIaTbCs BBEPX, CJEIOBATENbHO, BEKTOP
! I MarHUTHOM MHIYKIMU HAIIPaBJIEH CHU3Y BBEPX;

0) C HampaBle€HUEM MPSAMOJIMHEHHOr0 TOKAa JOJDKHO COBMAJaTh HaIpaBICHUE

_, A ] TOCTYmarenbHOro NBHKEHUS OypaBuMKy, TOI/la HallpaBJICHUE BpalllEHUs DPYKOSTKU B

u@ TOYKE A IOKaXET HAlpaBICHHE BEKTOpa MArHUTHOW MHAYKIMH. TOo €cTb B TOuke A

BEKTOP BBIXOJUT U3 IJIOCKOCTU PUCYHKA.

" . -2

2. IIpoBoHUK ¢ CHJION TOKa SA MOMEIIeH B OJHOPOJAHOE MarHuTHoOE moJjie ¢ uHaykiuen 1-107°TA.
Yoy Mex1y HarpapJeHUsAMU Toka u nons 60°. onpenenuTe AIMHY OPOBOJHUKA, €CIIM MOJIE JIeHCTBYET Ha
Hero cuoit 2-10™H.

F
F=B-I-{ sino,. = 0=#-1sine;
L-”_ =146
{=1-107 T4 08754 M.

3. Kakas cuna neiicTByeT Ha AJIEKTPOH, JIETAIIUN B OJHOPOJHOM MarHUTHOM MOJi€ C MHAYKLHEH
1-102 TA HNEPIEHANKYJISPHO JIMHUSAM MArHUTHOM MHAYKIUU CO CKOPOCTBIO 3-10° m/c, 3apsA] JIEKTPOHA
e=-1,6-10" Ku.

Ha snexTpoH, IBHKyIIHNCS B MATHUTHOM I10J1€, IEUCTBYET cuia JIopeHua:

Fa= H-lq -L-sin o
FA=1-102TA-1,6-10° Ki-3-10°m/c=-4,8-10°H

4. Ha ckonpKO M3MEHUJIach CHJIa TOKa B MPOBOJHMKE, eciiu 3a 0,2 ¢ B MPOBOJIHUKE, HHIYKTUBHOCTh
kotoporo 1 I'n, nogsunace 3/1C camonnaykinuu pasHas 10 B?
ITo 3aKkOHY CaMOMHAYKIUU:

gy - Ly = (Al = L.i'.z

T 0,20

|as| = -
1iw

=24
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5. 3a KakoWl MPOMEXYTOK BPEMEHH MarHUTHBIA moTok u3MeHutcs Ha 0,04 BO, ecnu B KOHType
Bo3HukaeT DJIC nnnykuuu 16 B?
ITo 3aKOHY 3JIEKTPOMArHUTHOW MHAYKIIMHU:
=£::- At =ﬂ: At —M
At £ 168
6. MarauTHoe nosie Katymku ¢ uHAykTuBHOCThIO 0,1 I'H oOnagaer sueprueit 0,8 JIx. Uemy paBHa

CUJia TOKA B KaTyIIKe?

& =25.107 %

DHeprus MarHUTHOT'O T10JIS1 IPOBOJIOYHOM KaTYIIKU paBHA:

5 |
e Y o I 208 O
”'.|=L { NE _..f” 2Wn j |

- = . VI6AT — 44
: L TV V017

1. OnpenenuTe MarHUTHBIN TOTOK, MPOXOAIIUN Yepe3 MPAMOYTOJbHYIO TUIOMIAAKY CO CTé)pOHaMI/I
20x40 cMm, ecnu OHa MOMEIIEHAa B OJHOPOJHOE MarHUTHoe mnose ¢ uHaykuuei 5-10°TA non
yriaom 60° K JIMHUSAM WHITYKI[MH [TOJISL.

2. MarHuTHbIi TOTOK, MPOHU3BIBAIOIINIA KaKyI0-TO TUIOIIAIKY PABEH: ®=B-S cosa, T.K.
MJIOIIAIKA PSMOYTOJIbHAS,  S= a8,
T7Ie 0 — YTOJI MEeXAY HOPMAJbIO K MMOBEPXHOCTH U BEKTOPOM MArHUTHOW MHIYKIMH (WU JTUHUSIMU
MarHuTHON MHIYKIIMH).
Jns nanHoro ciyyas:
a=90°-8; 0=30°.

3uaunt @ =5-107 TA-0,2m-0,4m c0s30°=
5 2 asan
5-10° TA-0,2m:0,4m 2 Bo6

2. CamocTosiTesibHAs padoTa

1. Omnpenenute UHAYKTUBHOCTh KAaTYILIKH, €CJIM MPH YBEJIMYEHUH TOKA B Hel Ha 2,2 A 3a 50- 10%
nosiBisiercs cpenusas DJ1C camonnaykuuu, pasHas 1,1 B.

2. B mnposomnmke mmuHOU 0,50 M, aBMXKymEMcs co ckopocThio 3,0 M/C MepHeHAUKYISIPHO
CUJIOBBIM JIMHUSIM OJTHOPOJHOTO MarHUTHOrO moiisi, Bo3Hukaet IC 6,0- 102 B. Onpenenure MHAYKIHUIO
MarHUTHOTO TIOJIA.

3. Ompenenute MarHUTHBIN MMOTOK, MPOXOASAIIUN Yepe3 MPSIMOYTOIbHYIO MIIOMAAKY CO CTOPOHAMU
20x40 cm, ecnii OHA TIOMEIIIEHA B OJTHOPOJTHOE MAarHUTHOE TI0JIe ¢ HHAYKIHEH 5,0 102 TA nox yriaom 60°
K JTUHUSAM HHTYKITUH TTOJISL.

4. Omnpenenure DJIC uHAYKINH, BO30YX)IaeMyl0 B KOHType, ecinu B HeM 3a 0,01 ¢ MarHUTHBIH
MOTOK paBHOMepHO ymenbInaercs 0,5 mo 0,4 BO, utoOs! B koHTYpe Bo30ykaanack J/1C unaykuuu 3,8 B.

5. Ompenenure MPOMEXYTOK BPEMEHHU, B TEUEHNUE KOTOPOTO MAarHUTHBIN MOTOK, MPOHU3BIBAIOIINN
KOHTYp, AoibkeH yBennuutbes ot 0,01 mo 0,20 B6, utoObl B koHTYpe Bo30Oyxnanace I/C unnykiuu 3,8
B.

Lh

6. Omnpenenute D/IC MHAYKIMM Ha KOHIIAX KPBUIbEB camoJieTa, UMEIOUIMX JIUHY 12 M, eciu
CKOPOCTh €r0 TpHU TOpU3OHTAIBHOM mojeTe 250 M/c, a BepTHKajdbHAs COCTABJISAIONIAs MAarHUTHOMN
WHJYKIUW 36MHOTO Maruerusma 5,0- 10° TA.

7. B ogHOpOIHOM MarHWTHOM moJje noj yriioM 30° K HampaBJIEHUIO BEKTOpa HHAYKIIMU, BETUYUHA
KoToporo 5,0 10 TA, mBukercs MIPOBOJIHUK CO CKOPOCTHIO 10 M/C; BEKTOP CKOPOCTH MEPIIEHIANKYISAPEH
MpoBOAHUKY. OnpenennuTe JJIMHY MPOBOJHNUKA, eciii B HeM HaBoauTtcs DJIC, paBHas 2,5- 102 B.

8. Tpakrtop obmero nHasHaueHus K-700 mmer co ckopocThio 28 KM/4. OINpeaenuTe pa3sHOCTh
MOTEHIIMAJIOB Ha KOHIAX MepeaHel OCH, eClId JJMHA €€ OKOJO 2,6 M, a BepTUKAJIbHAs COCTABIISIOIIAS
MarHMTHOTrO nos 3emiun 5,0 10° TA.

9. UYemy paeHa DJIC caMOWHIYKIIMH, BOSHHUKAIOIIAS B KaTYIIKE ¢ MHIYKTHUBHOCTHIO 2,0-10‘2 I',B
KOTOPOU TOK cuiou 7,5 10 A ucuesaer 3a 2,0 102 ¢?
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10. MarautHoe none Karymku ¢ HHAykTuBHOCTHIO 0,1 I' oOmangaer sueprueit 0,8 x. Uemy paBHa
CHJIa TOKA B KaTylke?

11. [IpoBonoyHas npsMoyroJibHas pamka co cropoHamu 20 u 30 cM pacnosioxeHa B OJHOPOJIHOM
MarHMTHOM I10JI€ U MEePHNEHAUKYIISIPHA CUIIOBBIM JIMHUAM. OnpeaenuTe HHAYKLIUIO 3TOTO OIS, €CIU MPU
ero ucuesHosenun 3a 1,2-107% ¢ B pamke HaBoautcs cpenusis DJC 3,5 mB.

12. Yemy paBHA MHIYKTUBHOCTH KATYIIIKH, €CJIM MPOTEKAIOIMINN 10 HeW Tok cuion 0,15 A cozmaer
MOTOK MarHuTHOM nHaykimn 7,5-107° B6?

13. Yemy paBHa MHIYKTUBHOCTH IMPOBOJIHUKA, B KOTOPOM IPU BO3pacTaHuu Toka ot 1,5 no 1,8 A 3a
0,02 ¢ Bo30yxnaerca /1C camonnnykuuu 0,9 B?

14. 3a kako¥i TPOMEKYTOK BPEMEHU B KOHTYpPE MHAYKTUBHOCTHIO 2,0- 10°T NPy U3MEHEHUHU TOKa
Ha 0,5 A Bo3znukaet DJ1C camounnykuuu 10 B?

15. Onpenenure MHAYKTUBHOCTh KaTYIIKH, €Ciu mpu Toke 3,0 A MarHuTHOE IMOJie B HE o0JyiamaeT
sHeprueit 6,0 107 k.

@dopma npeacTraBJieHus pe3yabTarTa:

BbinonHuTh 3ajaHue B TETPAAM JUIsl IPAKTUYECKUX padoT.

Kpurepun oneHku:
3a mpaBUIILHO BBITOJHEHHOE 33JaHHE BHICTABIIICTCS TTOJIOKUTENIbHAS OLleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIIaTebHas olieHka — () GaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenbhoy svicmasisemcs 3a Mmenee 60% npaBUIBLHBIX OTBETOB

Tema 5.1 Mexann4yeckue KoJe0aHUA ¥ BOJHBI

IIpakTuyeckoe 3anaTue Nel4
MexaHnnuyecKkue KoJ1e0aHUS M X XapAKTEPUCTUKH

Hesab: 3akpenuTb yMEHHs W HaBBIKM BBIYMCICHHMS MapaMeTpoB KojeOaTeNbHOro JIBUKEHUS,
XapPaAKTCPUCTHK MCXAHUYCCKHUX BOJIH.

BoinosiHenue padorbl  cnocodcTByer ¢opmupoBanmio:  [1P62 OVIL.06, I1P66 OVII.06,
ITP68_OVYII.06, ITP610 OVYII.06

MatepuajbHoe obecnieyeHue:

TETpadb IJId MPAaKTUUICCKHUX pa60T, pydkKka, MCTOANYCCKUEC PECKOMCHAAIIWH IO BBIITOJITHCHUIO pa6OTI)I,
JTMHENKa, KapaHaall.

Yka3zanme: Ilpaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M NMPAKTUUYECKOM.
ITocne n3yueHst TEOPETUYECKOTO MaTeprana MOXKHO MPUCTYNATh K BBHIMTOJHEHHUIO MPAKTUYECKON YaCTH.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATENbHOIO BhINOJIHEHU. He 3a0biBaiiTe 0 npaBuiIbHOM
oopmieHnn pereHusl.

Ilopsinok BbINOJHEHHSI padOThHI:

1. PaccMmoTpuTe TeOpeTHYECKHi MaTepual N0 TeMe U IpUMephl pelieHHus 3agad  (CMOTpH
METOJAMYECKOE TTOCOOHE).
2. Pemmre camocrosiTensHyto padoty. Odopmure perieHne NUCbMEHHO B TETPALIH.

1 Kpamkue meopemuueckue ceedenusn:

[lepuonnueckue KomeOaHUs MEXaHWYECKUE JBMKCHUS WM (U3HUYECKHE TMPOIECCHI,
MTOBTOPSIFOLIMECS BO BPEMEHHU.

[Mapmonnueckne konebaHus — KoJieOaHUs, TMPHU KOTOPHIX (pU3MUECKas BEIIMUYMHA TMEPHUOIUYECKU
H3MEHSCTCS C TEUCHHEM BPEMEHM 10 3aKOHAM CHHYyca WM KOCHHyca. X = xm - sin(wt + ¢0) xm -
aMIUTUTY/1a, MAaKCUMaJIbHOE OTKJIOHCHHE OT TOJIOKEHHUS PaBHOBECHs (PU3UUYECKON BEIMYHMHBL. T- mepuon
KojeOaHuil, HaWMMEHBIIMA TPOMEXKYTOK BpPEMEHH, B TEUEHHE KOTOPOTO COBEPINAETCS OIHO TOJTHOE
konebanue: T = t N , rae N - uncno xonebanwmid, t — BpeMs, t = ¢, eauHuIa u3mepenus: T = ¢ (CekyHa).
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Jliis marematudeckoro mastauka T = 2n I g , tioe | - mmHa HATH, | = M, g - YCKOpeHHE CBOOOHOTO
nageHus, g = 9,8 m/c 2 JInsg npy>KMHHOTO MasiTHUKA, iepuoA paBeH: T =2t m k , rae m - Macca rpy3a m
= kr, k — ko3ddunuent xectkoctu npyxkuusl k = H/Mm Yacrora xonebanuii v - 4ucio koseOaHUil B
eauHuIly Bpemenu: v=N t ,

Yacrora u nepuon B3ammooOpaTHbie BenmuuuHbl: Vv = 1 T wm T = 1 v @0 - navanbnas dasa
Kosiebanuii — aprymeHnT @0 rapMoHudeckoit GpyHkiun: y = Asin (wt + @0) , onpeaensiomuii COCTOSHHAE
Tela B HAYalbHbII MOMEHT BpemeHH t = (0. ®- KpyroBas dYacTOTa, YMCJIO IOJHBIX KOJeOaHUN
BBIPQKECHHBIX B pajaHHOM (YIJI0BOW) Mepe, 3a Bpemsit=1c,w=panco=2nT =2nv

2. lIpumepsI peneHus 3a1a4

1. TapmMoHHMueckre KoseOaHWs BEIMYMHBI X OINHUCHIBAIOTCS ypaBHeHHMeM X = = 0,2sin 2mt M .
Ompenenure: aMIiuTyny A KoseOaHMH; ITUKIUYECKYI0 4acTOoTyw( ; 4acToTy KojieOaHWUH V; TEPHOJT
konebanuii T; x1 B MomeHT Bpemenu t =T 2 .

Hano: Pewenue:
x = 0,2sin 27t [M] CpaBHUB ypaBHEHHE TaPMOHHYECKHX KonebaHuii
, wo, Vv, T, xp -7 x = Asi C AaHHBIM B 3aja4e, HaxoauM 4 = 0,2 M;
A, wy T, X1 ? Asin wot + @g a 4=0,2
-2 . szt o | o R I
wy=2mc ,V—E,OTKyndv—lFu,I—;,OTKyAdI—lc.

: T

[lO,’lCTaBHB 3HA4YCHHUE [ = ; B ypaBHeHue, JAdHHOC B YCJIOBHH 3a1a4H, OﬂpCﬂeﬂﬂCM Xll
. 2m 4

X; = 0,2sm—2- =0.2sinm =0 m.

Omeem: A =02m, wg=2nmc ;v=1T; T=1¢; %, =0m.

2. HanwmuTe ypaBHEHHE TapMOHHMYECKHX KOJICOAHWH, €ClM aMIUIMTyna KosebaHnuid A = 2 oM,
HavanbHas ¢aza xonedbanuit @0 = 30° u 3a t= 10 c coBepmaercst n = 20 TOTHBIX KOJICOAHHH.

Mano: Pewenue:
A=2cm=0,02m VYpaBHeHue  rapMOHMYECKMX  KoneOaHuii  uMmeer  BUJ
@ =30° :% Asin (wgt + ¢@q). Ilepnon konedanunii 7' — Bpems, B TeueHHe
s ; t ;

t=10 KOTOPOro coBepuiaercs oaHO konedanue: T = = 3uas 7,
n= 20 2 2mn

: onpeensieM UMKIHHECKYIO0 HaCTOTy: g = ——, WM Wy = ——
x(1) - ? 2120

= = 4.

10¢
YpaBchuc JAaHHBIX TAPMOHHYCCKHX KonebaHuit Gy,ZICT HMETh

By x = (),02sin (47rt + %) [m]
Omeem: x = (),02sin (471’t + %) [Mm]

3. Ilepuon xonebanuit maremaTnueckoro mastHuka Ha Jlyne Tn = 10 c. Omnpenenure nepuon
konebanuit T aTOoro masarHuka Ha 3emie. Y ckopeHue cBoOofHOro najaeHus Ha Jlyne g=1,6 m/c 2.

Jano: Pewenue:
T,=10c [Tepnoab! konebanuii Maremaruyeckoro mastHuka Ha Jlyne T
g 2
g,=1,6mlc - L I
u3demne I: T, =2n [— T=2mx |-.
g=9.8 m/c? e LTy g’ g
T-? Pa3nenuB nepBoe ypaBHEHHE HA BTOPOE YPaBHEHHE, MOTYHHM:

T Ba " gn
—= |=omkypa ' =T, |=
Ty \/ g Y “\‘ g

1,6 m/c?
Beiuucnenus: ' = 10c e - 4c¢
9,8 m/c?

Omeem: T =4 ¢
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4. MareMaTH4ecKuil MasTHUK, JUIMHa HUTA Kotoporo | = 0,5 M, coBepmiaeT rapMOHUYECKHE

Konebanus ¢ ammumutynod A = 5 cm. OnpenenuTe MakCUMaJbHYIO CKOPOCTh Umax KOJIeOIroImencs
MaTepHalbHOW TOUYKH.

Haro: Pewenue:

[=0,5m Maremarndeckuii  MasTHHK  COBEPLIAET TapMOHHHYECKHE

A=5em=0,05m Konebanusi no ypaBHeHuio Asin (wot + @), TIe @) -—
92 ~ 20 iy

Umax - * COOCTBEHHas UMKIMYECKAs 4acToTa, Wy = — T — nepuon

~ ) pm I
Kojebanuit mastHuka, I = 2 L}— CIEAOBATENBHO, Wy = %

MakcumainbHas CKOPOCTb MaTEPUANbHON TOUKH Uy = AWy =
9,8 m/c2
.4\/%. Beruucnenus: vy, = 0,05 m T: =0,22 m\c
Omeem: Vg = 0,22 M\
CamocrosiTesibHas padoTa
BapuanTt 1
1. HutsiHO# MasTHUK coBepmni 25 konebanwmii 3a 50 ¢. Onpenennure nepuoa u 4acToTy KoJaeOaHU .
2. Omnpeznenute, Ha KAKOM PACCTOSIHUU OT HaOrofarens ynapuia MoiHus. Eciii oH yciblman rpom depes
3 ¢ moce Toro, Kak yBUAEN MOJTHHIO.
3. o rpaduxy

r, ™}

| —_
0,41 —

/ / \
0 —* S— / L \

(0.1 0.2\.0,3,/040,5 0,6 [¢

0,4 . =D

OTpesieNIuTe aMIUIUTYly, IEPUOJT M YacTOTY KoJeOaHH.

4. KakoBa ajnuHa MaTeMaTHYECKOrO MAasTHHKA, COBEPIIAIOIIEr0 T'apMOHMYECKHE KOJeOaHUs C
gacroroit 0,5 I'l Ha moBepxHocTH JIyHBI? YCcKOpeHHEe CBOOOAHOTO MajeHus Ha nmoBepxHocTH JIyHsbl 1,6
M/c 2 . 5. Jlnuna Mopckoi BosHBI paBHa 2 M. Kakoe komudectBo kosiebanuii 3a 10 ¢ coBepuIuT Ha He
MIOTIJIABOK, €CJIU CKOPOCTh PaclpOCTPaHEHUs BOJIHBI paBHA 6 M/c.

6. Kak Hy)XHO W3MEHHUTbH JUIMHY MaTeMaTHUYeCKOro MasiTHUKA, YTOOBI MEpPHOJ ero KosieOaHui
YMEHBIIUTH B 2 paza’?

7. Onpenenure JUIMHY MAaTeMaTH4YE€CKOro MasTHUKA, KOTOphI 3a 10 ¢ coBepmiaeT Ha 4 MOIHBIX
Kosie0aHUs MEHbIIIE, YeM MaTeMaTHUeCKUH MasgTHUK JAIUHOM 60 cMm.

8. OnuH MaTeMaTHUYeCKUi MasTHUK UMeeT nepuo koiedanuii 3 ¢, a apyroi — 4c. Kaxoii nepuoj
KoJIeOaHUH MaTeMaTHYeCKOT0 MasgTHUKA, JJIMHA KOTOPOrO paBHA CyMMeE JUIMH YKa3aHHBIX MasTHUKOB? 9.
UeMmy paBHa AJMHA BOJIHBI Ha BOJIE, €CJIM CKOpPOCTb pacHpelieleHus BoJH paBHa 2,4 m/c, a Teno,
IU1aBarolee Ha Bojie, coepiuaet 30 konebanuit 3a 25 ¢?

Bapmuanr 2

1. MasTtauk coBepmna 50 konebGanuit 3a 25 c. Ompenenutre Hepuoa M 4YacTOTy KoseOaHui
MasiTHHUKA.

2. Pannobyit B Mope kosebieTcst Ha BoJIHaxX ¢ nepuojioM 2 c¢. CkopocTh MOpckux BoiH 1 m/c. Uemy
paBHa JJIMHA BOJIHBI?

3. ITo rpaduxy
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OTpeeNIUTe aMILTUTYTy, IEPUOJ] U YaCTOTY KojeOaHUH.

4. Ha Hen3BecTHOM MaHeTe MasTHUK JiHOM 80 cM coBepiini 36 MOiHBIX KojeOaHui 3a 1 MuH.
Uemy paBHO yCKOpEHHE CBOOOHOTO MMaieHUs Ha 3TOM aHere?

5. Ompenenute ATUHY BOJHBI, PACIPOCTPAHSIIONICHCS CO CKOPOCThIO 2 M/C, B KOTopoii 3a 20 c
npoucxoauT 10 KoneOaHmid.

6. KakoBa jyimHa MaTeMaTHYeCKOTO MasTHUKA, COBEPILAIOIIETO 4 MOJHBIX KoeOaHus 3a 8 ¢?

7. Kak u3MeHuTCs 4yacToTa KojJeOaHuil HUTSIHOTO MasTHUKA JUIMHOHN 0,5 M, eclu yBEJIUYUTh UTUHY
HUTH Ha 1,5 M?

8. Ha o3epe B Oe3BeTpeHHYIO MOTOAY C JIOIKH OpOCHIN TKENBIN sikopb. OT MecTa OpocaHus
MOILIM BOJMHBI. YenoBek, cTosuii Ha Oepery, 3aMeTus, 4TO BOJHA Jouuia A0 Hero dyepe3 50 c,
paccrosiHue Mexay cocenHuMu ropoamu BosH 50 cM, a 3a 50 ¢ 6s110 20 BeruieckoB o Geper. Kak nanexo
oT OGepera HaxouIach JoaKa?

9. K mortonky mojBelIeHbl JBa MasTHUKA. 3a OJAMHAKOBOE BpEeMs OJUH MAasTHUK COBEPIIHI 5
KoseOaHui, a qpyroi — 3 konebanus. KakoBa yiiHA Ka)K0T0 MassTHUKA, €CIIH PAa3HOCTh UX JUTHH 48 cM?

dopma npeacTaBJieHus pe3yabTarTa:

BbinonHuTh 3ajaHue B TETPAAM JUIsl IPAKTUYECKUX padoT.

Kpurepun oneHku:
3a mpaBUIIHLHO BBITOJHEHHOE 33JaHHE BHICTABIIIECTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHHE BBICTABIIACTCS OTpUIaTeNbHas olleHKa — () 0anoB.
Oyenxa «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenra «Heyoosiemeopumenbvhoy svicmagisiemcs 3a Mmenee 60% nmpaBUIBHBIX OTBETOB

o]

Tema 5.2 DileKTpOMarHuTHbIC KOJICOAHUSI U BOJTHBI

IIpakTuyeckoe 3ansTue NelS
Pemenne 3aga4 Ha BUAbI CONPOTHBJICHUI B LENSIX IEPEMEHHOI0 TOKA.
Pacuer nenn tpancopmaropa

He.]'lb: HU3YYUTH CBO6OI[HI)IC SJICKTPOMArdHMTHBIC KojeOaHus B KOHTYPC, BUJbl COIIPOTUBJICHHUA B
LENH EPEMEHHOT0 TOKa, UX OTJINYHS U OCOOCHHOCTH.

BoinoiHenue padorbl cnocodcTByer ¢GopmupoBanmio:  [1P61 OVIL.06, I1P62_ OVII.06,
[1P65_OVIIL.06, ITP66_OVII.06, ITP68 OVII.06, ITP69 OVII.06
MarepunanbHoe o0ecnieyeHre: TETPaab ISl MPAKTUUECKUX paboT, pyyKka, METOINYECKUE PEKOMEHIAlUN
0 BBITTOJIHEHUIO paboThl, TMHENHKa, KapaH/alll.

Yka3zanue: [Ipaktuueckass paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M MPAKTUYECKOM.
[Tocne n3yueHs] TEOPETUYECKOTO MaTeprana MOXKHO MPUCTYNATh K BBHIOJHEHHUIO MPAKTUYECKON YaCTH.
Omna cocTouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATENbHOIO BhINOJIHEHUS. He 3a0biBaiiTe 0 npaBuibHOM
oopmienun pemrenus. Ha BbinmosHeHNe MpakTUYECKONH OTBOJAMTCS JiBa akajeMudeckux yaca. [lopsaok
BBITIOJTHEHUS paOOTHI

ITopsinok BbINoJIHEHUs padoOThI:

1. PaccMoTpuTe TeopeTHUECKHH MaTepuaq IO TeMe U TpUMEephbl pelleHus 3anad (CMOTpu
METOAMYECKOE TIOCOOHE).
2. Pemmute camocrosaTenbHyto padoty. OdopmuTe pereHue TMCbMEHHO B TETPAJIH.
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Kpamkue meopemuueckue ceedenun:
«IlepeMeHHBIH TOK»

E
— =
& »

IlepemeHHBII TOK — BBIHYKJEHHbIE TAPMOHNYECKHE HJIEKTPOMArHUTHbIE KOIeOaH!s B IPOBOIHUKE.
BcenenctBue 31eKTpOMarHUTHOM MHIYKIUMM B paMKe BO3HMKAeT rapmMoHuyecku Menstomascs IC

£=-0'=8-5 o sinut yope = gy -sinot

(e0= BS @ — ammuryna DJ1C MHAYKIMK) ¥ MOXHO FOBOPHTD, YTO MOJYYCH TIEPEMEHHBIH TOK.

e [lepemMeHHBIN TOK OBITOBOM 3JIEKTpOCcCeTH UMeeT YacToTy v =50 I'n u w = 27v = 1007z [pan/c].
PesucTop B enu nepeMeHHoOro Toka

5 U; I U
VANA
’

N ’

E

T~

Bxitourm pesucrop conporuBieHus R B ceTh nepemennoro toka Hanpspkenus U(t) = Ugsinwt (*). B
KKl KOHKPETHBI MOMEHT BPEMEHH MTPOXO0KICHHUE IIEPEMEHHOTO TOKA B PE3UCTOPE KAUYECCTBEHHO
=20
HUYEM HE OTIIUYACTCS OT MPOXOKCHHS IIOCTOSTHHOTO | IMOAYMHSETCS 3akoHy OMa: R Torma
U, .
1{t) = =2 sinat .
(®) R ! () = 1gsinet
I'paduku I(t) u U(t), B omxHOM crcTeMe KOOpAWHAT, MMEIOT BU/L:
e Bcs moaBoauMast K pe3rcTOpy JIEKTpUYEcKas SHEPTHs IPEBPAIAeTCs B TEIUIOBYIO, T. €. OH 00Jamaer
AKMUBHBIM CONPOMUBTICHUEM.
AxTtuBHoe (omuueckoe) conpoTuBieHue (R) — compoTuBiieHne pe3ucropa 6e3 yuéra ero EMKOCTH U
WHIYKTUBHOCTH.
EMKOCTB B 11€n1 IEPEMEHHOTO TOKa

M3BecTHO, 4TO KOHJICHCATOP MOCTOSIHHBIN TOK HE MPOBOIUT (LIeMh MEXY OOKIaIKaMi pa30MKHYTA).
Bxirounm konmeHcatop emkoctu C B 1iemb nepeMenHoro Toka Hanpspxenust U(t) = Ugsinwt (*).
I'paduxu I(t) u U(t) B ogHOI cucTeMe KOOpAWHAT, UMEIOT BUJI:

|  — eMKOCTHOE COTPOTHBJICHHE IMEPEMEHHOMY TOKY.

X, =
w( @ Xc ymens1iaercst ¢ poctom @ u C
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Hor=om, o)

I

| It}
L, _,//-. | =

|
I/IH,HYKTI/IBHOCTB B OCTIM IIEPEMEHHOI'O TOKa
I~ L

BxitrourM Katymiky HHAYKTUBHOCTH L B iens mepemenHoro Toka Hanpspkenus U(t) = Ugsinot (*)
(akTUBHOE CONMPOTHBIICHUE MPOBO/A KaTyiiku R~ 0).

I'pacduku I(t) u U(t) B ogHOI cricTeMe KOOPMHAT, UMEIOT BH/I:

X

{ =L

— MHAYKTHBHOE COIIPOTUBIICHHE MEPEMEHHOMY TOKY. (X pactet ¢ poctoMm @ u L).
HeﬁCTByIOHlee 3HAUYCHHUEC MOIIHOCTHU IICPEMECHHOI'O TOKA (P) — BCJIMYKWHA, YUCJIICHHO paBHAasA MOIMHOCTH
MIOCTOSIHHOTO TOKA Pyocr, IPU YCIOBHUHU, YTO 00a TOKA 32 OAMHAKOBOE BPEMsI, paBHOE IEPUOAY
MNEPEMCHHOI'O TOKa T, Ha paBHBIX PE3HUCTOpaAxX R BBIACIIAT PaBHBIC KOJIMYCCTBA TCIIJIOTHI Q

1R Iy Ug
W3P=PpuUg=IpR> 2 2 2R,
[ ] HeﬁCTByIOIHee 3HAYCHHUEC MOIIHOCTHU IICPEMCHHOI'O TOKA YaCTO HA3bIBAIOT AKTUBHOH MOIIHOCTBIO.
JleficTByrOIIICE 3HAUCHHUE CHJIBI TIEpeMEHHOT0 ToKa (1) — BelnunHa, YUCIICHHO paBHasi CUJIE TIOCTOSHHOTO
TOKa |H0CT, IIpu yCJIOBHUH, YTO o00a Toka 3a OANHAKOBOC BPEM:I, PABHOC IICPUOAY NTEPEMCHHOI'O TOKA T, Ha
PaBHBIX pe3ucTOpax R BBIAENIAT paBHbIE MOLTHOCTH.

iRy _lo
U3 P = Pror= lrowR =17-R 2 = W2
JleficTByrOIIICE 3HAUCHHE HAIPSDKEHUS epeMenHoro Toka (U) — BennduHa, YMCIeHHO paBHas
HAIPsPKCHUTO MMOCTOAHHOT'O TOKA UHOCT, IIpu yCJIOBUH, YTO 063 TOKa 3a OIUHAKOBOC BPEMs, PABHOC
NepHoy IEPEMEHHOT0 TOKa 7, Ha paBHBIX pe3ucTopax R BBIIEIAT paBHbIE MOIIIHOCTH.

2 2 T
P_F,:,:,,T_U—”_U— u=|—,£
U3 “"2R R > J2

e Ha mpakTuke Hac peIKo MHTEPECYIOT aMIUTUTYIHbIC WM MTHOBEHHBIC 3HAUEHUS CHUJIbI, HATIPSKEHUS

WJIM MOIIIHOCTH IIEPEMEHHOr0 TOKa. MIHTepec npeAcTaBIsIoOT uxX deticmeayioujue 3Ha9YeHHUsL.

3akon Oma 1719 IepeMEeHHOr0 TOKa

jo - o
=24
I/ISBeCTHO, 4TO B OCIAX NIEPEMEHHOI'0 TOKA: a) JJI1 aKTUBHOT'O COIIPOTUBJICHUA R: R ;
U U
==L Jp=—X
Xe X

6) niia emkoctu C: ; B) A7 UHAYKTUBHOCTH L:

iy U
Vurs, uto =1 MEI/IU” u “z,nonytH/IM

pe3ucropa, EeMKOCTH M UHIYKTUBHOCTH: {= 2
Pe3oHaHC B 1ienu nepeMeHHoro Toka

T
L@j

3akoH Oma AJId TICPEMCHHOTI'O TOKa JJIA
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Cobepem 1enb U3 KaTyIku WHIYKTUBHOCTHU L, KoHIeHcaTopa C, aMrepMeTpa mepeMeHHOTO
TOKa A ¥ NCTOYHHKA = " mepemennoro Hanpsukenus U = Ug-Sinwt ¢ u3mensieMoii yacToToi
@. AKTUBHOE X, compoTHBJIEHHE TPOBOAOB U KaTyIIKU HHAYKTUBHOCTH R~ 0.
@Duxcupys Up = const u U3MEHSIS 4acTOTy @ OT 0 10 MaKCUMaJIbHO BO3MOKHOT'O 3HAUEHHUS,
1
ey = —
CHMMEM 3aBUCHMOCTb CHJIBI JIeHCTBYIOIIEro Toka B 1ienu |(w). Okaszanock, 4To Ha 4acToTe vLC

Ha6J'IIOIIaeTCH PE3KOEC YBEIIMYCHUE TOKA.
Pe3onanc — sBieHue PE3KOTro BO3paCTaHusA aMIUIUTY bl BBIHYKICHHBIX 3JICKTPOMAIrHUTHBIX KoJe0anui

IIpU COBIIaACHUHN YaCTOThI BBIHYKAAIOIICT'O HAIIPSKCHUA C COOCTBEHHOH 4acTOTOH KoJIeOaHui KOHTYpa.
I

Fy<=Ra:=R,;

I »

Ui, e

DNEKTPOMArHUTHBIN pe30HaHC (KaK M MEXaHWYECKHI) HACTYIACT IIPH COBIAJCHUH YaCTOTHI BHEIITHUX
BO3JICHCTBUI ¢ COOCTBEHHOI YaCTOTOM KOJIeOaHUN CUCTEMBI, IIPU ITOM aKTUBHOE COMPOTUBIICHUE
JCHCTBYET aHAJIOTUYHO CUJIC TPCHHSI — MIEPEBOIUT YHEPTHIO KOJICOAHHH B SHEPTHIO MTOTEPH (TEILIO).
Jst pasubix R (mpu mocrosaubix L, C) kpussie |(w) umeroT Bu:
e [Ipu 3HAYUTENBHBIX R pe30HaHC MOXKET OBITh TPAKTHYCCKH HE3aMETHBIM.
e Pe30HAHC MIMPOKO HCIONB3YIOT B PAJMOTEXHUKE (IIPH HACTPOIIKE KOHTypa paJuonpuéMHUKA Ha

4acTOTy BBHIOpaHHOM PaIUOCTAHIINH | TIP.).

POTOP

I'enepaTop nepemennoro toka (I'TIT)

[Ipocreitmmii I'TIT cocTOUT M3: MOCTOSHHBIX MAarHUTOB |; KOHTYpa 2; KOHTAKTHBIX KoJiel 3; METOK 4.
[Ipu BpaiieHUM KOHTYpa € YIJIOBOM CKOPOCTBIO (0 €r0 MAarHUTHBIN MTOTOK
® = BS-coswt u IJIC ¢ = ~¥' = gy-sinwt. Jlnst KOHTYpa U3 N BUTKOB & = N-gp-Sinet.
Koncrpyktusao I'TIT cOcTOMT M3 ABYX OCHOBHBIX 4acTeil: HEMOJABMKHOW — CTATOpPa M Bpalarolencs —
pOTOpa, U3rOTOBJIEHHBIX U3 AJIEKTPOTEXHUUECKON CTaJIH.
o C nenwto yBenuueHust KI1J[ reneparopa (6osee mogHOTO MCIOIB30BAHUS MarHUTHOTO TOTOKA) 3230
MEXy CTaTOPOM U POTOPOM JI€JIal0T MUHUMAJIbHBIM.
3HAYUTEIBHO YIIYUYIIAITCS.
Tpauncdopmarop

A= = Vi

Tpanchopmarop — yCTpoHCTBO, IpeIHA3HAYCHHOE /TSI HK3MEHEHUSI 3HAUCHUN HATTPSHKEHUS U CHITBI

MEPEMEHHOTO TOKA.

e Tpanchopmarop ObuT ckoHCTpyHpoBaH B 1876 1. Ilerpom Hukonaesuuem S1010ukoBbiM (1847-1894,
Poccus).
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[Tpocreiimmii TpanchopMaTop COCTOUT U3 3AMKHYTOT'O CTATHHOTO CEPJICYHHUKA U IBYX HAACTHIX HA HETO
Karymiek ¢ oomotkamu. OgHa 0OMOTKA — TIEPBUYHAS — MOAKIIOUAETCS K UICTOYHUKY TIEPEMEHHOTO
HaNpsDKCHHUS, Ipyras — BTOPUYHAs — K MOTpeOuTento. TOK mepBU4HOM 0OMOTKH CO3/1a€T B CEPICUHUKE
MNEPEMEHHOC MAaroHuTHOC I10JI€, KOTOPOEC ITPOHU3BIBACT BUTKH BTOpH‘IHOﬁ 0OMOTKH U HaBOJAUT B Hel BZ[C
HHIYKIUU. )

[TycTh mepBuvHas 0OMOTKA COACPKUT N1 BUTKOB, unL_ 5L BTOpUYHAsI — N2 BUTKOB U K IEPBUYHON
00MOTKE IPUIIOKEHO NepeMeHHoe Hanpspkenue U, v, 1
£ Uy Ny _
g Uy N,

, Te K — ko3 dunuent tpanchopmanmm.
e Eciu No>N;, To TpanchopmaTop Ha3bIBAIOT MOBBIMAIIINM, No</N7 — TOHMKAIOIIHM.
°
CamocTrosiTesbHasi padora
1. DOJAC uHayknuu, BO3HUKAIOLIAS B PAMKE IPHU BPALEHUU €€ B OJHOPOJHOM MArHUTHOM IIOJIE,
u3MeHsieTcs o 3akoHy eg(t)=ep-Sinwt. Ompenenuts ammuutyaHoe 3Hadenue DJC, MrHOBEHHOE
3Hauenue DJC npu t=0,002¢c, nepuon u 4aCToTy TOKa.

2. MarautHelii TOTOK B paMKe, PaBHOMEPHO BpAIIAOUICHCS B OJHOPOJHOM MAarHHUTHOM IIOJIE,
u3MeHsiercss 1o 3akoHy P=dcos6280t. Haittu 3aBucumocts DJIC MHIyKIMH, BO3HUKAIOLIEH B
pamKe, OT BpeMeHM 6 OmpeAeNuTh aMIUIMTyIHble U JeiicTByromue 3HadeHus DJ(C, mepuon u
4acTOTY TOKA.

OrmnpenenuTh ASHCTBYIOIIEE 3HAUYCHUE CHJIBI TOKa, M3MEHSIOIIEerocst o 3akony I(t)=Ig-sin 54t.
Onpenenuts 4aCTOTy IEPEMEHHOIO TOKA, LUKJINYECKasi 4yacToTa KoToporo pasHa 110m.

5.  KonaeHcaTop eMKOCTBIO 10™ ® BKIKOUEH B CETH nepeMeHHoro Toka ¢ yacrorout 50 I'. Onpeaenuts
€MKOCTHOE COIIPOTHBIIEHUE KOHJIEHCATOPa.

6. Konpgencatop emkocTtbio C BKIIOYEH B CETh IMPOMBILIUIEHHOIO ToKa. OmpeaenuTb €MKOCTHOE
COIIPOTHUBIICHUE.

7. Karymka umnaayktuBHocThi0 0,5 I'H BKIIIOYEHa B ceThb MEPEMEHHOro Toka ¢ uactotoi 50 I'm.
Onpenenutb HHAYKTUBHOE CONPOTHUBIIEHUE KATYLIKH.

8. Karymka nHIyKTUBHOCTBIO L BKJIIOUEHa B ceTh epeMeHHoro Toka ¢ yactoroil 50 I'y. Onpenenutsb
MHAYKTUBHOE COIPOTUBIICHUE KaTYIIKH.

9. HampspkeHus nepBUYHOM U BTOpUUHOM 00MOTOK Tpanchopmaropa Us u Uy cooTBeTcTBeHHO. Hncio
BUTKOB BTOpUYHOM 0O0MOTKM Nj. OmpenenuTh: YHUCIO BHUTKOB TEPBUYHOM OOMOTKH Ny,
kodpduuuent tpancopmanun K u Bua Tpanchopmaropa (HOBBILIAIOIINMNA WM TOHMKAIOIINN),
OTBET MOSICHUTb.

10. OmpenenuTh MOLIHOCTH MEPBUYHOM M BTOpHYHON wemneil TpaHcdopmaropa P; u Py, ecnu
u3BecTHhl: HanpspkeHust Uy u Uz, Tok Iy mepBuuHO#l 0OMOTKH. Paccumtath k03 duireHt
Tpanchopmanuu K 1 ykazate Bua TpaHcgopmaropa (MOBBIIAIOINN WM TOHUKAIOIIU ), OTBET
MOSICHUTb.
dopma npeacraBjIeHus pe3yabTara:

BoeimonHuTh 3asaHue B TETpaau JUIsl MPAKTUYECKUX padoT.
Kpurtepun onenkmn:
3a mpaBUIIHLHO BBIMIOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JIEHCTBUE, 33/1aHKE BBICTABIISETCS OTpHUIIaTeIbHas olieHKka — () 6aoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

> ow

Tema 5.2 DyieKTpOMarHuTHbIe KOJe0aHUs M BOJHBI

IIpakTyeckoe 3ansaTHe Nel6
Pemenne 3aga4 no reme «JIeKTPOMATHUTHBIE KOJIeOAHUA U BOJIHbI. DopmyJibl Tomcona»
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Heab: wu3yunTh CBOOOIHBIC JIEKTPOMArHUTHBIE KOJeOaHUs B KOHTYpE, paclpocTpaHEHHE BOJIH,
BU/JIbI BOJTH UX OTIHYHSL.

Boinosinenue padorbl cmocodcTByer ¢GopmupoBanuw: I[1P61 OVIL.0O6, I1P62 OVII.06,
I1P65 OVIIL.06, ITP66_OVYII.06, [TP68 OVIL.06, ITP69 OVYIL.06

MarepuanbHoe oOecnedyeHue: TeTpaab I MPAKTUYECKUX paboT, pydyka, METOAMYECKHE
PEKOMEH/IAllMH TI0 BBITIOJTHEHUIO pa0OThI, TMHEHKA, KapaHIaIll.

VYka3zanme: [IpakTudeckas paboTa COCTOMT M3 JIBYX YacTed — TEOPETHUYECKOM M MPAKTUYCCKOM.
[Tocne u3yueHus TEOPETUUECKOro Marepuasia MOKHO MPUCTYNATh K BHIOJHEHUIO MPAKTUYECKON YacTH.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATENbHOIO BhINoNHEeHUs. He 3a0piBaiiTe 0 npaBuIbHOM
odopmiiennn pemieHusi. Ha BbITOMHEHUE TMPAKTHYECKON OTBOAMTCS JBa akageMudeckux daca. [lopsmox
BBITIOJTHEHHS paOOTHI

Ilopsiiok BbINOJTHEHHS PA0OTHI:

1. PaccMoTpuTe TeopeTHUECKHUH MaTepual IO TeMEe W NpUMEphl pelleHus 3axad (CMOTpHU
METOAHYECKOE IIOCOOHE).
2. Pemute camocTosTensHy0 paboty. Odopmure perieHne NTMCbMEHHO B TETPAIH.

1. Teopmus. [IoBTOpUTH TEOPETUUECKUI MAaTEpUaI 10 KOHCIIEKTY JICKIH.
2. Ilpumeps! peleHus 3a1ad4.
1. UapykTHBHOCTH KosiebaTesnbHoro kourypa 500 Mkl Kakyro eMkocTh ciieyeT BbIOpaTh, 4TOOBI
HACTPOUTH €ro Ha yactoTy | MI'y?

JaHo: —— . |

R L= 3 4 6.2
Ko0J1€0aTeIbHbI . | 43047 51077 (107
i KOHTYp Yo T At e | |

. | - 4412 8
4 0= z z 2098596 10 197.192 .10
L=5-10"Twn R SRR 2 1
=(,005- 107 " =510 " = 50/
6

v=10"T'11
C=?

2. B YCTAHOBKax IJIsd SHCKTpOFHHpaBHquCKOﬁ 06pa6OTKI/I MaTCepHraJIOB KOHACHCATOPLI pa60qero
KOHTYpa ABJIAIOTCA CMKOCTHBIMHM  HAKOIIUTCIAMU  SHCPTHHU. OHpCI[GJ'II/ITe HaI/I6OJ'H)IHy10 cuity
KpaTKOBPEMCHHOI'O TOK4, BO3HHUKAOOICTO B LCIH IIPU HpHMOI\/'I pa3psaaKe TaKOIro KOHJACHCATOpa Ha

MIPOBOIHUK, €CJIM U3BECTHO, YTO 3aHECEHHAs dHeprus B KoHAeHcaTtope 10 k/[, MHIYKTUBHOCTh KOHTYpa
0,03 MxI'H.

Hano: k= — Esn=Ey 20t T 448
KOHTYP - || T = V0,66:10
U V310
_ 1t i
E=10"JIx . —08.10% =8.10° A
p L
—_ -8 T 2
L=310"THu
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—
1 =
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3.0mpenenuTe mMepuo U 4acTOTy COOCTBEHHBIX KoNeOaHwii KOHTypa mHAyKTHBHOCTH 0,05M I'H 1
MOCJICIOBATEIFHOTO COCIMHEHHS TPEX KOHACHCATOPOB €MKOCTHIO 110 6 MKD.

I[aHOI L | om®

T=2314,310 =

K
IIOCJICAO0BATCIbH
0€ COCIUHECHUEC

628410007 - 62841071

= 2810 %

L=0,05m I'm=5 cccC v ‘W-ﬂ-li‘*m?nr =161
10°Tu

Ci=6mxd=6 10" | 0= "
° @ . [ ey

N=3

T,y-?

4. Cusa TOKa B CETH M3MEHSETCS 10 3akoHy 1=4,2 sinot. Kakoe KOJIMYeCTBO TEIUIOTHI BBLICITUT
ANEeKTpoKaMuH 3a 1 4 paboThl, eciu ero conpotusienue 70 Om?

Jano: Q=I° Rt In=4,2A

JJIEKTPOKAMUH i=lsinmt 1,=0,707-4,2=3A

i=4,2 sinot B f+ 0707, rm Q=3%70-3,6-10%2,3-10% k=
t=3,6-10% ¢ l, A2 =2,3 M/

R=70 Om

Q=?

5. Karymka uaayktuBHocThio 0,1 I'H M akTUBHBIM compoTHBieHHeM 25 OM BKIIIOYEHa B CETb
IIPOMBIIIJIEHHOTO NEPEMEHHOI0 TOKAa CO CTaHAAapTHOW 4YacToTod. OmnpenenuTe TOK B KaTyILIKe, €CIIU
HanpsbkeHue Ha ee BBogax 120 B.

6. Ha KOJIXO3HyI0O MOJCTaHIMIO MOCTYMAeT TOK HampsbkeHueM 6600 B. mepBuunas oOMoTKa
TpanchopmaTopa noactaniuu umeet 3300, a Bropuunas 110 ButkoB. Onpenenure pabouee HaNPsHKEHNE
B KOJIXO3HOH 3JIEKTPOCETH U MOTPeOIIeMyI0 MOIIHOCTh cuiia Toka B cetd 200 A MOTepsMHU SHEPIruu B
TpaHcpopmaTope npeHedpeyb.

Jano: TpaHcdopMarop w1 6600110 _

! u U, = - =220 B
U=6600 B B3 z 3300

1 _ I.-| '|:':|:
023300 B T P,=220-220=44-10°Br=44 kBT
®,=110 Py=Uyl;
1,200 A
Uz, P2:?
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7. Cuna Toka B mepBUYHOM 00MOTKe Tpanchopmaropa 0,5 A, HanpspkeHne Ha ee koHiax 220 B, Bo
BTOpUYHOI 00MOTKE cooTBeTCTBeHHO 8 A 1 12 B. Onpenenure KI1J[ Tpancdopmaropa.

. 3.
Jano: TpaHchopmaTopa B I;:I 100% = n = 12-8 100%% — RT9%
n=—4 - 1Wha= 220-0,5

1,=0,5 A F,

- U, .
=8 A = =22 100%

{ | .||r|

U,=220B
U,=12B
n=?

CamocrosiTesibHasi padora.

1. MarHuTHBI NOTOK B paMKe, paBHOMEPHO BpalIalOIIMICS B OJHOPOJAHOM MAarHUTHOM IIOJE,
u3MeHsieTcs 1o 3akoHy @ = 3 - 102 cosl57t. Haiigure 3aBucuMocTh MrHOBeHHOro 3HaudeHus OJIC
WHIYKIMH, BO3HUKAIOLIEH B paMKke, OT BpeMeHH. Onpeenure MakCUMaJIbHOE U JIEHCTBYIOIIEE 3HAUEHUE
O/1C, nepuoa 1 4aCcTOTy TOKa.

2. B pamke, paBHOMEpHO BpAaLIAOUICHCS B OJHOPOJHOM MAarHWTHOM IIOJIe, MHIYLUPYETCS TOK,
MI'HOBEHHOE 3Hau€HHE KOTOPOIro BhIpakaeTcst popmyIioif 1= 3 sin157t. Onpexnenure aMIIUTYAHOE,
JeiicTByOlllee 3HaUYE€HUE TOKA, MTHOBEHHOE 3HaueHue Toka rnpu 0,01 C, nepuon u yacrory.

3. Onpenenure MakcuManbHOE U JieiicTByroliee 3HaueHue nepemeHHod OJIC, Bo3HHKaroLed B
pamMKe Ipu €€ paBHOMEPHOM BpAalllEHWU B OJHOPOAHOM MAarHUTHOM IOJI€, €CIU IpH yIje MOBOpPOTa
pamku Ha 45~ mruoBenHoe 3Hauenue JJC 156 B.

4. Cuna Toka B nepBUYHOM oOMoTke TpaHchopmaropa 0,2 A, HanpspkeHue Ha kiaemmax 220 B.
Omnpenenure HaNpsDKEHUE U CHILY TOKa BO BTOPUYHOM 0OMOTKe TpaHcdopmaTopa, eciau Kod(ppHULUEeHT
tpanchopmaruu 0,2.

5. Hanummure ypaBHeHHE 1151 MTHOBEHHOTO u3MeHeHus DJC MHIyKIMH, BO3HUKAIOIIEH B BUTKE
IIpM pPaBHOMEPHOM €ro BpalleHWH B OJHOPOJHOM MarHUTHOM Tojie, eciu dyepe3 1/600 c¢ mocie
IIPOXOKJEHUSI BUTKOM MOMeEHTa, mnpu KotopoM OJIC paBHa Hymo, MrHoBeHHoe 3HaueHune OJIC
cranoButcs 5 B. [lepuon Bpamenus sutka 0,02 c.

6. Karymka uHaykTuBHOCTBIO 20 MI'H BKIIIOYEHA B CETh NEPEMEHHOro Toka ¢ yactoToi 50 I'm.
Onpenenure UHAYKTUBHOE COIPOTUBIIEHUE KATYIIKH.

7. KonzaeHcaTtop €MKOCTBIO 8-10'4(1) BKJIIOYEH B CE€Th IEpeMEHHOro Toka ¢ yactotod 50 I'm.
Onpenenuth cuily TOKa Ha Yy4YacTKE LEMHU C KOHJIEHCATOPOM, €CIH CONPOTHUBIIEHUE IOABOJSIINX
mpoBozoB 5 OM, a HanpsHKEHUE HAa BCEM ydacTke 1enu 12 B.

8. Kak wu3MeHHTCS WHIYKTUBHOE CONPOTHBICHHE KaTYIIKH, €CIM €€ BKIIOYUTh B IEMb
nepeMeHHoro Toka ¢ yacroroit 10 kI'n, BMecto 50 I'u?

9. IlepBuunast oOMoTKa TpaHcopmaropa coaepxkut 800 BuTkoB, BTopmuHas 3200. Ompenenure
KO3 GHUIHUEHT TpaHCHOpMAIIHH.

10. Cwira Toka B ceTH M3MEHSIETCS 110 3aKoHY 1 = 8,5 sin o t. Kakoe KOJIM4ecTBO TEIUIOTHI BBIJCIIAT
3JIEKTPOKAaMUH 3a 2 yaca paboThl, eciiu ero conportusienue 80 Om?

11. Cuna Toka B nepBuuYHOI 00MOTKe TpaHchopmaTtopa 0,6 A, HanpsikeHHe Ha ee KoHIax 220 B;
BO BTOpU4HOI 0OMoTKe 6 A 1 14 B. Onpenenure KI1J] Tpanchopmaropa.

12. B mepBu4HOI 00MOTKE TOBHIMIaromiero tpanchopmaropa 80 BUTKOB, a BO BropuuHOi 1280.
Hanpsokenne Ha KoHIax nepBuyHoit ooOmMoTku 120 B, a BenmuunHa Toka BO BTOpU4yHOM oOmoTke 0,25 A.
Omnpenenure MoJIe3HY0 MOITHOCTh TpaHc(opmaropa.

13. Jns TpaHCHAUMHU paguonepenad NPUMEHSIOT MOHWKAIOMUN TpaHCHOPMATOp ¢ HANPSIKECHUEM
480 B no 30 B. Onpenenute momHocTh Tpanchopmaropa ¢ KIIJ[ 96%, ecnu k Hemy noakimrodero 100
penpoaykTopoB, norpednstonmx Tok 0,008 A.

14. Omnpenenure MmakcumanbHyro IJ1C, 3Has1, 4TO NpH 30°D1C uaaykiuu 110 B.

66



15. Omnpenenure yroj moBOpoTa BUTKA B OJTHOPOJIHOM MAarHUTHOM TOJI€, 3Hasi, YTO MAaKCUMAaJIbHOE

3HayeHue Toka 10042 A, a Tox B JaagHbIM MoMeHT 100 A.

16. Onpenenute KodpduUUEHT TpaHCHOPMAIMM 3BOHKOBOIO TpaHCPOpMaropa, MUTAEMOTO
CETEBBIM TOKOM ¢ HampspbkeHueM 220 B, eciiu mpeoOpa3oBaHHBIN TOK UMeEET HanpsbkeHue 2 B.

17. TlepBuyHas oOMOTKa MOBBIIIAIOIIETO TpaHcopmaropa umeeT 45 BUTKOB, a BTopuuHas 900
BUTKOB. [lepBrHuHas KaTylka BKIJIIOYAETCS B CEThb IEPEMEHHOro Toka ¢ HamnpsbkeHuem 120 B. Kakoe
HanpspKeHue OyeT Ha 3a)KMMax BTOPUYHON 0OMOTKH?

18. Dnekrpuueckas ayra nopkHaA ropeTh moj Hanpsokenuem 40 B, a B cetn 220 B. Ckoibko
BUTKOB JIOJDKHA COZIEP)KaTh BTOPUYHAs OOMOTKA, €CJIM B MEPBUYHON OOMOTKE, BKIIFOUYCHHOH B CeTh, 385
BUTKOB?

dopma npeacTaBJieHus pe3yabTaTa:

BoinonHuTh 3asaHue B TETpaaM JUIsl MPAKTUYECKUX padoT.

Kputepuu onenkmu:
3a npaBUJIbHO BBIMOJIHEHHOE 331aHUE BBICTABIIAETCS MOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS o1leHKa — 0 OaioB.
Oyenxa «omauunoy svicmagngemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvHoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 5.3. OnTuka

MpakTnyeckoe 3ansitue Nel7
3aKoHBI OTPa:KeHUs U NpeToMiIeHHs cBeTa. DopmyJia TOHKOM JIMH3BI.

Hean: [Ippumenenne 3aK0HOB OTPaKEHUS U IPEJIOMIICHHS CBETa IIPU PELICHUU 3a/1a4.

BoinosiHenue padorbl  crnocodcTByer ¢opmupoBanmio:  I[1P62 OVIL.06, ITP66 OVII.06,
ITP67_OVII.06

MarepuaibHoe o0ecnmedeHUe:TETpaab s MPaKTHUYECKUX pabdoT, pyyka, METOJUYECKUe
PEKOMEHJIalluM TI0 BBIMOJHEHUIO pabOThI, JWHEHKa, KapaHjaml. TaOnuna 3HaYeHUHW OCHOBHBIX
TPUTOHOMETPUUYECKUX (YHKLUMH

Yka3zanme: [lpaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M NMPAKTUYECKOM.
ITocne n3ydeHns TEOPETUUECKOrO MaTeprana MOKHO IIPUCTYNATh K BBIIOJHEHUIO IPAKTUYECKON YacTH.

Kpamkue meopemuueckue ceeoenus:

3akoH orpakenus cBera OTpa)KEHHBIN JIyd JIEKUT B OJHOM IJIOCKOCTH € NAJAIOLIUM JIydOM U
HOPMAJIbIO K ITOBEPXHOCTH, BOCCTAHOBJICHHOM M3 TOYKH IIaacHus. VYron OTPpAKCHHA paBCH YTy MaACHUA:
. YTJbl NaJeHus U OTPAXECHMsI M3MEPSIOTCA MEX]y HAIpaBJICHUEM JIyda M HOPMaJblO0 K IIOBEPXHOCTH
(puc. 2). 3aK0H OTpaKEHHS CBETA CIPABEIUB U VIS MIEPOXOBATOM MOBepXHOCTHU. [lapayienbHbpIi mydoK
CBeTa oTpaXkaercs oT Hee TU(PY3HO, OTHAKO KaXK/bIN JIyd OJUUHAETCS 3aKOHY OTPasKEeHHS.

3akoH npenomiienus csera. Ilokaszarenb npesomiieHusi. [IpeOMIEHHBIN Tyd JIEKUT B OJHOU
IJIOCKOCTH C MaJarolUM JIy4OM U HOPMasblo K IIOBEPXHOCTH, BOCCTAHOBJIEHHOW U3 TOYKHM NaJACHUS (pHC.
2). OTHOIlIEHNE CHUHYyCA YIJla MaJeHusi K CUHYCY yrja IMpeIOMJIEHHsS €CTh BEIMYMHA MOCTOSHHAS JUIs

JIaHHOM IIapbl BCIICCTB:
SIna

sin /3

Yroa Mexay HOpPMaidbl0 W TQJAIONIAM JIYYOM HA3bIBaCTCS YIJIOM IAJeHUS. YTONI MEXIy

HOpMAJIbI0 U MPCIOMJICHHBIM JIYYOM HA3BIBACTCA YIJIOM IPCIOMIICHUS. IloctossHHasg BenmyuHa n2l
HAa3bIBACTCA OTHOCHUTCIIBHBIM IIOKAa3aTCJICM ITPCIOMIICHUSA BTOpOﬁ Cp€abl OTHOCUTEIIBEHO HepBOﬁ.

[Tokazarenb MpenoMIIeHUsI CpeAbl OTHOCUTEIHHO BaKyyMa Ha3bIBaeTCs aOCOMIOTHBIM MOKa3aTelleM
npenomiieHus. Kak rmpaBuiio, 3Ty BETUUYMHY Ha3bIBAIOT MPOCTO MOKa3aTesIeM MPeIoMIICHHS.

=n,, = const. (1)
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BonHoBasg Teopus yCTaHaBIMBAET IPOCTYIO CBS3b IOKa3aTes IpejaomiieHus n2l co CKOpOCThbIO

pacnpocTpaHEHHs CBETOBBIX BOJH B JIBYX Cpeliax

cM

%

¥2

Puc. 2. 3akoHbI OTpakeHUs U NPEIOMIICHUS CBETa

IIpakTHyeckasi 4acTh.
3agaum ISl CAMOCTOSITEJILHOTO PellleHus
1. Ha xako# yroJ nmoBepHeTcs OTPaKEHHBIN OT 3epKajia COJTHEUYHBIN Jyd IIPH OBOPOTE 3epKaja
2. Ilpenmet Haxoauics Ha paccTossHUM 20 CM OT IJIOCKOTr0 3e€pKajia. 3aTeM ero OToABUHYIU Ha 10

3. B miockocTu sKkpaHa HaXOJIUTCA UCTOYHHUK CBETA, UCITYCKAIOIINMA Y3KUH ITy4OK Jy4del Mo yIriioM
4. OT MoaBEMHOTO KpaHa, OCBEIIEHHOTO COJTHIIEM, Ma/IaeT TeHb JUTMHOU 75 M, a TEHb OT

BCPTHUKAJIBHO

5. JIyd cBeTa najiaeT Ha CUCTEMY JIBYX B3aUMHO MEPHEHAUKYISIPHBIX 3€pKajl. Yo najieHus

6. Hag nentpoM kpyrioro 6acceiiHa paguycom 5 M, 3aIMTOTO 10 KpaeB BOJOM, BUCUT JIaMIIa

7. Boicora Connua Haja ropuzoHToM 38°. 1o KakuM yriloM K TOPU30HTY HAJI0 PacloIOKUTh

8. ConHeuHbl Ty4, IPOXOA[IINNA Yepe3 OTBEPCTHE B CTABHE, COCTABIISET C MOBEPXHOCTHIO CTOJIA
9. Heb6ob11101 peMeT pacioioKeH MEXKIY JABYMs INIOCKUMU 3epKaiaMH, 00pa3yroIluMHU yroJl
10. Ha kaxoii BbICOTE€ HAaXOJUTCS a9pOCTaT, €Ciu ¢ OamHu BbicoToi 20 M OH BHJIEH TOJ yriioMm 45°
11. KakoBa nomkHa ObITh MUHUMAJIbHAS BBICOTA BEPTUKAIBLHOTO 3€pKalia, B KOTOPOM YEJIOBEK

12. [IpeameT noMeneH Mexay AByMsl B3aUMHO NEPHEHANKYIAPHbIMU 3epKasiaMu. CKOJIBKO

13. Ilog KakuM yrioM K MOBEPXHOCTH CTOJIAa HA/I0 PACIOJIOKUTh IIIOCKOE 3€pKallo, YTOOBI

MOJIYYNUTDb

14. Yenogek, crosmiuii Ha Oepery o3epa, BUIUT Ha II1aAKON MOBEPXHOCTH BOJIBI H300paKEHHE

COJIHI[A

15. Ceetsmasicst Touka MpUOTUKAETCS K IIIOCKOMY 3€pKaly co CKOpocThio 4 M/c. C kakou

CKOPOCTBIO

16. IlpenmeT HaXOAUTCS OT TIOCKOTO 3epKaiia Ha pacctosauu 30 cMm. Ha kakoMm paccrossHumn

17. ToueuyHbIl ICTOYHUK CBETA OCBeIlaeT TOHKUM quck nuamerpom 0,2 m. IIpu sTom Ha 3Kkpane

18. I'opu30oHTaNBHBIN JTy4 MaJaeT Ha MJI0CKOE BEPTUKAIBHO PACIoOioKeHHOe 3epkano. Ha kakoit

19. BepTukanbHo cTosiumii mect BeicoToit 1,1 M, ocBeneHHbIi ConHIleM, 0TOpachIBaeT

20. Ha ropn30HTaIBHOM CTOJIE ITO MPSIMOM IBHKETCA MapHK. [1oa KakuM yriioM K INTIOCKOCTH CTOJIA
21. IInockoe 3epkano AB nBrkeTCs HOCTYNATeIbHO CO CKOPOCThIO VI=2 M/C, a TouKa S JIBHKETCS
22. CreTsmiascs TOYKa paBHOMEPHO JABHKETCS IO MPSAMOi, obpasyromiend yroi 30° ¢ MI0CKOCTBIO.

KoHTpoJibHBbIE BONIPOCHI
1. CdopmynupyiiTe 3aKOHBI TEOMETPHUECKON ONTUKU. Y KKUTE I'PAHHIIBI TPUMEHUMOCTH 3THX
3aKOHOB.
2. Jlaiite onpenenenue aOCOIIOTHOTO U OTHOCUTEIBHOTO MTOKAa3aTeNs MPEIIOMIICHHS U TIOKAXHUTE
CBSI3b MEXKIY HUMMU.
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3. KakoB ¢usnueckuii CMBICI ITOKa3aTeNst MPEIOMIICHHUS C TOUYKH 3pEHHS BOJIHOBOW TE€OpUHU CBeTa?
YcTraHOBHTE CBSI3b MEXKIY TIOKa3aTeeM MPEeOMIICHUS U JUTMHOW BOJHBI B BAKYyME U CpeJie.
4. VYKaxuTe OCHOBHBIE IPUUMHBI IOTPEIIHOCTEN U3MEPEHUI

®opma npeacTaBiaeHusl pe3yJabTara:

BbImonHUTE 3a1aHue B TETpaau A IPAKTHUECKUX padoT.

Kpurepun oneHku:
3a mpaBUIILHO BBITOJHEHHOE 33 JaHHE BHICTABIIETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpPaBWIBHO BBITIOJHEHHOE JICHCTBUE, 3aJ]aHUE BBICTABIISICTCS OTpUIIATEIbHAS OlleHKa — () 0asuioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoos1emeopumenbHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 7.1 KopnycKyJISIpHO-BOJHOBOM Jyaju3M.

IIpakTnyeckoe 3anaTue Nel8

Pemienue 3apa4 nmo teme «3akonsbl Gporodpdexra. YpaBHeHue JiMHIITEHHA»

Heab: U3yunts 3akonsl CroneroBa s poroaddexra. Hayuntbes pemars 3aaud Ha ypaBHEHUE
DWHINTEHHA.

BoinosiHenue padorbl cnmocodcTByer ¢GopmupoBanuio: [1P62 OVIL.06, I1P66 OVII.06,
I1P67_OVYII.06

MarepuanbHoe o0ecnedeHHMe:TeTpalb [UIsI TMPAKTUYECKUX paboOT, pydka, METOAUYECKUE
PEKOMEHIALINH TI0 BBIIOJTHEHUIO PA0OTHI, JIMHEHKA, KapaH arll.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M MPAKTUYECKOM.
[Tocne u3ydeHus: TEOPETUUECKOTO MaTepHalia MOXKHO MPHUCTYNATh K BBITOJHEHUIO TPAKTHYECKON YaCTH.
Omna cocTouT U3 ABYX U Oolee 3a/1ad JJisi CaMOCTOSATEIHHOTO BhIMONHEHUs. He 3a0biBaiiTe 0 npaBUiIbHOM
opopmiieHnu perieHus. Ha BbIMoHeHNE MPaKTHUECKOM OTBOJUTCS JBa akajgemMuveckux 4vaca. [lopsoox
BBITIOJTHEHHS paOOTHI

IMopsiiok BBINOJTHEHHUS PA0OTHI:

1. PaccMoTpuTe TEOpeTHUECKHN MaTepual MO TeMe U TpUMEphl pelieHus 3axad (CMOTpHU
METOAMYECKOE MTOCOOHE).
2. Pemute camocTosTenbHYI0 padoty. Odopmute pemieHne MICbMEHHO B TETPAIH.

1. Teopus.
Buemnuii gorodppexT U ero 3aKoHbI
B pasButuun mpejacraBieHuil o NMpHpoJie cBeTa BaKHBIM IIar ObLI cenaH MpU U3y4EeHHH OJIHOTO
3aMeyaTeNbHOTO ABJIEHUS, OTKPBITOro I'. I'epiieM u TIaTenbHO UCCIIEJOBAHHOTO BBIJAIOLUIMMCS PYCCKUM
yueHbIM A.I'. CToneToBbIM. SIBJIeHHE TOIYUYHIIO Ha3BaHUE (DOTORIEKTPUUYECKOTo 3P deKTa.
®dorosnexTpruueckuii 3¢ ekt OpIBaeT BHEITHUM (HA TOBEPXHOCTU METAJUIOB) U BHYTPEHHUM
(BHYTpH NOJIYIIPOBOJIHUKOB).

Brnewmnuti ¢oomosgpghexm — BBIpBIBAaHHE DIIEKTPOHOB C MOBEPXHOCTH BEILECTBA MOJ JEHCTBHEM
AJIEKTPOMAarHUTHOro U3iyudeHus (puc. 1).

Puc. 1. SInenue potorddexra
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3akonsbl poTodrdpexra

1. Cuna Toka Haceimenus — |, mpsMo TpomopIMoHANbHA TMANAIIMIEMy Ha JJIEKTPOJ CBETOBOMY

2.

U3IIy4EHUIO.

M HC 3aBUCUT OT MOIIHOCTHU CBETOBOT'O U3JTYUCHUA.

€ro TIOBEPXHOCTH.

MakcuManbHasd KMHETHYeCKas OHCPTIuAa (bOTOSJ'IeKTpOHOB JIMHEHHO BO3pacTacT C JacTOTOM CBeTa

Kpacnas rpanuna ¢ororddexra omnpenensercs TOIbKO MaTepuaioM 3JIEKTPOJAa U COCTOSTHUEM

Ecnu gactora cBeta MEHbIE HEKOTOPOI ONpENEeNCHHON sl TAaHHOTO BEIIECTBA MUHHMAIbHOW
YaCTOTHl Vmin — HaMMeHbIIas yactota OMB, Bbi3biBaromet potorddexr, To doroadpdexr He

HaCTyIIacT.

3akoHbl (poTordderTa Henp3ss OOBSICHUTH Ha OCHOBE BOJHOBOW Teopuu cBeTa. OObscHEHHE

dborodddekra Obuto maHo DuHIITEHHOM, pasBuBmUM B 1905 1. umenm Ilnanka o mpepbIBUCTOM
WCITyCKaHHUH CBETA.

Hemenkuii ¢usuk M. IlmaHk — oCHOBaTelb KBAaHTOBOH TEOPHUU TMPEIAIOIOKHUI, UYTO aTOMBI

HCITYCKAIOT SHCPTHUIO OTACIIBHBIMHA ITOPUUAMHA — KBAHTaAMMU.
mv2| — ypaBHeHue DifHIITEIHA 17151 poTodddekTa.
h V = AB]:IX + 2

-34 31
h=6,63-10"* JIx-c;me=9,1-10™ kr; C=3-10% m/c
CJ'IeI[OBaTeJ'ILHO, pa60Ta BbIXOJa — Ag 3aBUCUT TOJIBKO OT pOJa BCUICCTBA, ITIO3TOMY AJIFd PA3HBIX BCIICCTB
pasjinuHa.

[Tpu ucmyckanum cBeT BeaeT ceds Mo J00HO MOTOKY YaCTHIL C SHEPTUEH.

CBolicTBa CB€Ta, O6Hapy>I(I/IBaCMLIe IIpH U3JTYYCHHUU U MOTJIOIICHHUU HA3bIBAIOT KOPITYCKYIIIPHBIMH.

CBeToBast YacTHIIA HA3BIBACTCS (YOMOH WIIH C8EMOBOU KEAHM.
®oToH o0nagaeT nopuuen SHepruu:

o fe —hy

rae v —uacrora [I'u];
h — mocrosinnas ITnanka, 6,63-10'34 [[Ix-c].
Macca oTtona onpezensercs:

M —-—

rZie C — CKOPOCTh CBETa
@DOTOH HE UMEET MacChl MOKOS, T.€. HE CYIIECTBYET B COCTOSIHUM MTOKOSI.
WNmnynbe poToHa onpeaessiercs:

rie l — JJIMHA BOJIHBI U3JIy4YeHUs [M].
Hampasnen umnynsc ¢oTOHA IO CBETOBOMY TTy4y.

dopma npeacrabieHus pe3yJbTara:

BremoaHNUTE 3aaaHue€ B TCTpaaAu JJIA IPAKTUUCCKHUX pa60T.
Kputepun onenkmn:

3anp
3a HCIIPABUJIBHO BBITIOJIHCHHOC I[Gf[CTBHG, 3a1aHUC BBICTABJISICTCS OTPULATCIIbHAA OLICHKA — 0 6amnoB.

ABHJIBHO BBIIIOJITHCHHOC 3aJaHHUEC BBICTABIIACTCA ITOJIOXKUTECIIbHAA OLICHKA — 1 6amn.
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Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoos1emeopumenbHoy svicmasisiencs 3a menee 60%0 npaBUIBHBIX OTBETOB

Tema 7.2. CTpoeHue aToma.

IIpakTyeckoe 3ansaTue Nel9
Hoctyaarel Bopa. JHepreTuyeckne ypoBHH.

Hean: NM3yunts nocrynatel bopa. HayunTecs pemare 3a1adyu ¢ y4eTOM IEpexoda aTOMOB C OJJHOM
OpOUTHI HA IPYTYIO.

BoinoiHenue padorbl cnocodcTByer ¢opmupoBanmio: [1P61 OVIL.06, I1P62 OVIIL.O06,
[1P63_OVII.06, ITP64 OVIIL.06, ITP65 OVII.06, [TP66 _OVIIL.06, ITP68 OVIIL.06, ITP69 OVII.06

MarepunanbHoe obecrnieyeHue:

TeTpajib U MPAKTUYECKUX padoT, pydKa, METOANYECKUE PEKOMEH IAIIMHU IO BBIOJIHEHUIO PaOOTHI,
JIMHEMKA, KapaHanl.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M MPAKTUYECKOM.
[Tocne n3ydeHns TEOPETUUECKOr0 MaTeprasa MOKHO IIPUCTYIATh K BBITOJIHEHUIO ITPAKTUYECKON YACTH.
Omna cocTouT U3 ABYX U OoJiee 3a/1ad JJisi CaMOCTOSATEIbHOIO BhINOIHEHUs. He 3a0biBaiiTe 0 npaBuiIbHOM
oopmienun pemrenus. Ha BeIoTHEHNE TPAKTUIECKOH OTBOJUTCA JBa aKaJeMUYECKHX Yaca.

Kpartkas Teopust
Mogzens atoma Pezepdopaa npoTUBOPEUUT KIacCUYECKOH 3eKTpoanHaMuke Makcseiia. Beixon u3
cioxuBIIencs cutyaiuu 0wt HaitieH Hunbcom bopom. B 1913 rony on nonosnnun moaens Pesepdopaa
JBYMS TIOCTYJIaTaMH, Ha3bIBAEMbIMHM KBAaHTOBBIMU 11ocTysaTaMu bopa. Ilepswiti nocmynam bopa
(nocmynam cmayuoHapHblx COCMOAHUL):
B aTome cymiecTByOT CTallMOHAPHBIE OPOUTHI, IBUTASCH IO KOTOPHIM JIEKTPOH HE U3Ty4aeT.
Bmopou nocmyaram (npasuno wacmom): V3nydenne u NOTJIONIEHUE YHEPTUH POUCXOIUT MPHU TEPEX0]Ie
3JIEKTPOHA C OJTHOW CTALlMOHAPHOM OpPOUTHI HA APYTYIO.
DHeprus U3y4eHHOTO WJIH MOIJIOIIEHHOT0 (JOTOHA paBHA Pa3HOCTH SHEPTUN CTAI[MOHAPHBIX COCTOSHUN
hv = EKk - En;
Yacrota usnyuenus pasua: V = (Ek - En) / h
Wnu, nnvHa BOJTHBI U3Ty4YEHUS A paBHa:
A = hc/ (Ek - En), rae h — nocrosinnas [1nanka, ¢ — CKOPOCTh CBETa B BaKyyMe.
Ecnu EK > En, To npoucxomut usiydenue porona, eciau EK < En, To mporcxoauT norJiomeHune
¢oToHa, TpU KOTOPOM aTOM MEPEXOAUT U3 OJTHOTO CTALIMOHAPHOTO COCTOSIHUS B Ipyroe. DHeprus
AJIEKTPOHA, KaK U CKOPOCTh U paguyc OpOUTHI, MPUHUMAIOT AUCKPETHBIA HAOOp 3HAUYEHUH, T. €.
KBaHTYIOTCS. PacueTsl 4aCcTOT EPEX0/10B C SHEPTETUYECKUX YPOBHEH /I aTOMa BOJIOPOAA JAtOT
3HAYEHUS, COBIAJAIONINE C IKCIIEPUMEHTAIbHBIMU BEIMUMHAMU CIIEKTpa BOJAOPO/IA.
Vcnonb3ys NOHSATHE SHEPreTUUYECKUX YPOBHEH B aTOMaX ObUIO OTKPHITO SIBIEHUE UHIYIIUPOBAHHOTO
U3ITy4yeHus. DTO SBJIEHUE UCIIONB3YETCs B JIa3epax, yCTPOICTBaX, KOTOPhIE AAIOT MHIYLIUPOBAaHHOE
U3yYEeHUE B pa3IMYHBIX JUAara30Hax 3JEeKTPOMArHUTHOTO U3TyUYEeHHUS.

IIpakTuyeckast yacTb. Pa30op TpeHUPOBOYHBIX 32 JaHUM.

BriOepure npaBUIIbHBINA OTBET.
KaxoBa sneprus ¢oToHa, U3IydaeMoro aToMOM IpHU NEPexo/ie U3 BO30YKAEHHOTO COCTOSHUS C SHEpTuei
E1 B ocHOBHOE cocTosiHMe ¢ sHeprueit E0?
BapwnaHTbl 0TBETOB:
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1) El}:EO

E;, + E;
2) h
3) E1—Eo
4) E1+ Eo

[TpaBusIbHBIN BapHaHT/BapHaHThI (MM MTPaBHIbHBIE KOMOMHANUHU BapruanToB): 3) E1— EOQ.
[Tonckaska: BcmoMHUTE BTOPOid moctyiaT bopa.

2.PeunTts 3anauy: «MakcuManbHasi 1JMHA BOJIHBL, U31y4aeMol B cepun banbmepa paBHa  HMY.
Pewenue:

ITo popmyne banbmepa-Pundepra:

i 5
(5—.:— ..).TOGCTb'z—..—:—_;—:' %
PO o =656+ 1077 =656
max = P = 10973732-5 RS

R =10973732 m-1.

OrBer: Amax = 656 HM

3agauu 419 CaMOCTOSITEILHOIO PellIeHHs:

1. Beruucnuts 3Hepruto E doToHa, ncmyckaeMoro npu nepexoje 3JIeKTpOHa B aTOME BOJIOpOJAa C
TPETHETO SHEPreTUUECKOr0 YPOBHS Ha MEPBBIi.

2. Haiinure MakcuManbHYIO JUIMHY BOJIHBI, U31y4aeMoii B cepuu banbmepa.

3. Tlpu mepexoje dJCKTpOHA B aTOME W3 CTAI[MOHAP-HOTO COCTOSHUS C JHeprued — 4,8 3B
u3nydyaercss (OTOH, 3Hep-rus Koroporo paBHa 3,1 5B. Omnpeaenute 3HEPrUI0 KOHEUHOTO
COCTOSIHHSI DJIEKTPOHA.

4. Ormpenenuts u3MeHeHue >Hepruu AE snekTpoHa B arome BOJOpOJa MPHU HM3IYYEHHH aTOMOM
¢dorona ¢ yacrotoit 3=6,28-1014 I'u. OTBeT AaTh B JIEKTPOH-BOJIbTAX.

5. Ha ckonbko M3MEHWIACh KMHETUYECKAsi SHEPrus 3JEKTPOHA B aTOME BOAOPOJA MPH H3ITYyYEHHH
aToMOM (OTOHA C JUTMHOM BOJIHBI A=486 HM?

KoHnTpoJsbHbIe BONpochI

Cdhopmynupyiite moctynarsl bopa.

B kaxom ciyuyae 3Heprus MorjaomaeTcst aToMoM, a B KaKOM HCITycKaeTcs?

Kakue npotuBopeuns ects B Teopuu bopa?

Uemy paBHa »HHepruss (OTOHA, HCIyCKAEMOrO0 aToMOM TIpU TMepexofe B Ipyroe
JHEPreTUYECKOE COCTOSIHUE?

5. Moser 11 aToM M31y4aTh U TOTJI0MAaTh (DOTOHBI € JTFOOO0M 4acTOTOMU?

Eall el
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®opma npeacTaBiaeHus pe3yibTaTa:

BbImonHuTE 3a1aHue B TETPaIy sl IPAKTHYECKUX padoT.

Kpurepun oneHku:
3a mpaBUIIHLHO BBIITOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpPaBWIIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS olleHKa — 0 0auIoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHoy svicmasisiencs 3a menee 60%0 nmpaBUIBHBIX OTBETOB

Tema 7.2 @u3ukKa aToMa M1 AaTOMHOI'0 siAPa

IIpakTyeckoe 3ansaTue Ne2(

«3anuck sigepHbIX peakuuidi. CTpoeHHe aTOMOB M ATOMHBIX si/iep. 3aKOH PaAHOAKTHBHOI0
pacnaga».

Lesb: 3akpenuTh YMEHHS M HaBBIKM BBIYMCICHHS SHEPTUH CBS3U SApa, a TAK)Ke MPAaBUIHHOTO
HalMCaHUs SIEPHOM peakiy ¢ MCIOJIb30BAaHUEM 3aKOHOB COXPAaHEHHsI MACCOBOT'O M 3apsA0BOr0 YUCEN
(3CM3Y) u BbIYMCIIEHUS SDHEPTETUYECKOTO BBIX0/IA SIIEPHON peaKIuy.

BoinosiHenue padorbl  cnmocodcTByer ¢GopmupoBanuio: [1P61 OVIL.06, I1P62 OVII.06,
[1P63_OVIIL.06, [TP64 OVYII.06, [TP65 OVII.06, [TP66_OVII.06, [TP68 OVII.06, [TP69 OVII.06

MatepuajibHoe o0ecnieyeHue:

TeTpaab U MPAKTHUECKUX padoT, pydka, METOAMYECKUE PEKOMEH AN IO BBITIOJTHEHUIO PaOOTHI,
JMHENKa, KapaHaall.

Yxka3zanme: [Ipaktuueckas paboTa COCTOUT U3 JABYX YacTed — TEOPETHUYECKON M NMPAKTUYECKOM.
ITocne n3yueHs! TEOPETUYECKOTO MaTeprana MOXKHO MPUCTYNATh K BBHIMOJHEHHUIO MPAKTUYECKON YaCTH.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATENbHOIO BhINOJIHEHUs. He 3a0biBaiiTe 0 npaBuibHOM
oopminenun pemrenus. Ha BeImosHEHNE TPaKTUYECKO OTBOJUTCA JBa aKaJeMUYECKHX Yaca.

IMopsinok BbINoOJIHEHUs padOTHI:

1. PaccMmoTpuTe TeopeTMYECKM MaTepual IO TeMe€ W THpUMephl peleHus 3ajxad  (CMOTpHU
METOAMYECKOE MTOCOOHE).
2. Pemmre camocrosTenbHyto padoty. Odopmure perieHne NMCbMEHHO B TETPAIH.

Kpamkue meopemuueckue céedenus:
OHeprus CBA3M fJipa paBHa TOM SHEPruu, KOTOPOHl BbIAENAETCSs NpuU OOpa3oBaHUM sapa U3
OTJEIbHBIX YaCTHULL
3

E=mc"

3Hepr1/1$1 CBs3H — OTO DSHEPrus, KOTOpas H606X0)II/IMa IJI paCcHICIUICHUS dapa Ha COCTABJIAKOIINEC
1

ero yactuipl. EcB = (Zmp +Nmn - MSI)*C
SnepHpIMM peaklUMSIMHU Ha3bIBAIOT HM3MEHEHUS aTOMHBIX sIep IpH B3aUMOJEHUCTBUU HX C
3JIEMEHTaMH YaCTULAMU WU APYT C IPYTOM.

Ty ] 4 4
Li,+'H,=*He,+'He,
DHEepreTHYeCKUM BBIXOJIOM SIJIEPHOM peakIMy Ha3bIBACTCS PA3HOCTh SHEPTHM MMOKOS Spa U YaCTHII
710 peaKIUH | MOCTIe PEaKIIHH.

DOHepreTUYecKUii BBIXOJ] SAJCPHONW PEAaKLUU MOXKHO ONpeNeNuTh: 1) mo nedexTy Macchl sAepHOM
peakiuy; 2) Io pa3HOCTH CYMMapHOW SHEPTUHU CBSI3U 00Pa3yIOIUXCS U UCXOIHBIX Aep.
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2. Ilpumepsl pemieHus 3aga4
1. Onpeodenume snepeemuueckuii 8biX00 A0EPHOU PeaKyuli

“N,+'He,="0y+'H,

1 cnocoo

1) onpedenumov maccy sopa u uacmuy ml 0o peaxyuti
2) onpedenums maccy s0pa u yacmuy m2 nocie peakyuil
3) onpedenums usmenenue maccol m ml m2

E=m¥%¢’
. =m-c
4) paccuumamo usmeHeHuUe IHEPLULL.

M, =14,00307 , o m+4.00260 a.e m.==18.00567 a.e.m.
Ilocne peakuumn:

M, =16,99913 a.e.m.+1,00783 a.e.m.=18.,00696 a.e.m.
m=""""2=.0,00129 2. ¢. m.

DHeprus norjaouaercs, T.K. m < ()
E=(-0,00129)*931 M»sB.=-1,2 M3B.

2 cnocod
Jlano: Pewenue:
£, =104,653 M>B DHepris CBA3M PaBHA HYIIIO, OITOMY

Ehe = 28’2937 M5B E= E() _ (Eu ¥ Eht’)

E,=131754 MsB E= 131,754 MaB —(104,653+28,2937)M3B= -1,2M»B

E-? Omeem: 1,2 MaB
CamocrosiTesbHast padoTa
Bapmuanr 1

Lraprricuas: x

16

1. Onpeenure YHEPruto CBA3M HYKIOHOB B fpe H30TOMma  °
Vi
i
2. Onpeziennte SHEPTHIO CBA3M P M YACAbHYIO SHEPrHIO CBA3M IS IMTHSA: ~ °
235
" gl &
3. CKO/IBKO NPOTOHOB W HEHTPOHOB COACPIKUT AAPO M30TONa 2 ?

4 m
4. OnpenenuTe SHEPrHI) CBS3M HYKIOHOB B SAPE TPHTHS A ( 7=1,00728 a.e.m.,, .

100866 a.e.m., T 301605 a.e.m.).

Bapmuanr 2
BapHAHT Z

I'l

1. OnpeennTsb SHEPruo CBA3M HYKIOHOB B Spe H30TONA yriepoaa:

27
2. Onpenenntsb SHEPrUIO CBA3M AAPA H YACTbHYIO SHEPTHIO CBA3M IS AMOMUHMA

2
3. CKONbKO MPOTOHOB M HEHTPOHOB COACPIKHUT SAPO U30TONA ulNag

7 AR 4 0
4. Kaxas sHeprus BbACNACTCA NPH SACPHOI peakunu slit H=>2 Z(mb =T1,01601 a.em.

m, =100728 . m,, =4,00260

a.e.m. a.e.m.)

dopma npeacTaBJieHus pe3yabTaTa:
BrimoHUTE 3a7aHue B TETPAIU IS IPAKTUIECKUX PabOT.

Kpurepun onenkmn:



3a MpaBUJILHO BBIOJHCHHOE 33/JaHHE BHICTABJISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPHUIIATEIbHAS OlleHKa — ) OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

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

Oyenka «Heyoos1emeopumebHo» svicmasisiencs 3a Menee 60%0 mpaBUIBHBIX OTBET

75



Tema 2.1. KunemaTuka

JlaGopaTopHoe 3ansitue Nel
«OmnpeaesieHne MIIOTHOCTH TeJI Pa3jJIM4HOH (POpMBbD)

Henab: sKCrIEpUMEHTAIEHO ONPEISIUTD IIIOTHOCTH KHUAKOCTH U TBEPAOIO TEIa;

*  ONpEACTUTH LIEHY JCICHUS U3MEPUTEIBHBIX TPUOOPOB, U3MEPUTH TEOMETPHUECKUE Pa3MEphI Tell,
ONpEeAENUTh HMX MAaccy, pacCcuuTarb OO0OBEM, pe3ylbTaT CPaBHUTh C TAOJWYHBIMU 3HAYCHUSIMH U
YCTaHOBUTH MOTPEIIHOCTH IKCIIEPUMEHTA

Boinosinenue pa6orbl cnocodocTByeT (opmupoBanmiw: I[1P62 OVIL.06, IIP69 OVII.06,
I1P67_OVYIIL.06, ITP61_OVYII.06

MarepuanbHoe olecnedeHue: BEChl C pa3HOBecaMH; JHMHEIKa MacmTaOHas; IITAaHT€HLUUPKYIb;
MEH3YpKa; BEIIECTBO, INIOTHOCTh KOTOPOTO HYKHO ONPEIEIUTh
3aganue:

1. O3HaKOMBTECh C TEOPETHUYECKUM MATEPHAIIOM IO TEME.

2. Omnpenenute Maccy U 00beM UCCIIEyeMOTo BEIIECTBA.

3. BeiuucanTe mioTHOCTH BEIIECTBA.

4. CocTaBbTe OTYET I10 JIJAOOPATOPHOU padoTe.

IMopsiiok BBINOJTHEHHS PA0OTHI:
O3HaKOMBTECh C TEOPETUYECKUM MATEPUAIIOM 110 JaHHOU TeMe.
Omnpexpenute IIOTHOCTH TBEPAOTO TENA..
Boruncnute aGCOMOTHYIO M OTHOCUTEIBHYIO MTOTPEIIHOCTH U3MEPEHUH.
Jlannble 3aHecuTe B Tadiuuiy Nel
Omnpenenure 1eHy JeIEHUs MEH3YPKH.
Omnpexpenute IUIOTHOCTD BOJIBI HEOOXOAMMO.
Boruncnute aGCOMOTHYIO M OTHOCUTEIBHYIO MOTPEIIHOCTH U3MEPEHUN
Pe3ynbrate! onbita 3aHecute B TaOIUIryNe2.

. OTBeThTE HAa KOHTPOJIbHBIE BOIIPOCHI:

KoHTpoJIbHBIE BOPOCHI

e 113 nByX pa3HBIX METAIJIOB M3TOTOBJICHBI OJMHAKOBBIE MO pa3MepaMm KyOuku. B3BemmBanwue
MI0Ka3ajo, 4TO Macca OJHOro KyOuka Ooiblie Macchl Apyroro B 2 pasa. OaMHaKkoBa JIM IUIOTHOCTh
Metanna? Ecnu HeT, TO BO CKOJIBKO Pa3 OTIMYAIOTCS TUIOTHOCTH?

e Tpu neramu — MeaHAs, )KeIIE3HAS U ATIOMUHUEBAs — UMEIOT OJIMHAKOBBIE 00BhEMBI. Kakast neranb
MMeeT HaUMEHBIYI0 Maccy, Kakasi Hanbobiryto? I1ycToT B qetansax Her.

e Kycok meramia oobemom 150 cM® nmeer Maccy 750 r. Onpeaenure miIoTHOCTh MaTepuara.

e Ha yamku ypaBHOBEIICHHBIX BECOB MTOCTABIIEHBI OJMHAKOBBIEC cTakaHbl. [locie Toro, kak B OUH
CTaKaH HaJMIN MOJIOKO, a B IPYTOi — MOJCOTHEYHOE Maciio, paBHOBECHE BECOB HE HApYIIMIOCh. OO0BEM
KaKoi 13 )KuaKocTel 60biie?

9. 3amosHUTE OTYET IO JJAOOPATOPHOI PadOTe COTIIACHO TPEOOBAHUSIM.

ONoarWONEPRF

Yacrp 1. Jlng onpeneneHus MIOTHOCTHA TBEPOTO Tella BEIYUCIUTE €r0 00HEM.
1. OO6beM npsAMOYTOIBHOTO MapauIeNenuIeia BEIYUCIUTE 10 GopMyIIe:
V=abh,

r7e a — JyinHa, M; b — mmpuna, M; h — BeicoTa, M.

2.  OO0BeM nuIuHApa BEIYUCIHUTE TI0 hopmyrie: 4
h — BeicOTa 1MIIMHApA, M; d — €ro AUamMeTp, M.

3. Eciam TBepioe Tello HMMeeT HENpaBWIbHYIO (OpMy, TO €ro o0bEeM ONpEICIIUTE C ITOMOIIBIO
MEH3YPKH, B KOTOPYIO OH MOET OBITh MOTPYXKEH.

4. YpaBHOBEChTE BEChl UCMOJb3Ysl MPaBUiIa B3BELINBAHUS.
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Omnpenenure maccy Tena.
ITo dhopmyse p=m/v BBIYUCIUTE TUIOTHOCTH TBEPJIOTO TEIA.
Pesynbrarel u3mepenuii 3anecute B Ta0auiy Nel u crienaiiTe BEIYUCICHHMS.

© ~No o

Yacte Ne2. Jlnsa onpeneneHus IIOTHOCTH BOJIbI HEOOXOIUMO:

1. mnaiiTu mMaccy Tapbl, B KOTOPYIO HYXXHO MOMECTHTh BOAY U ONPENEIUTh MacCy BOIbI 0e3
Tapsbl.

2. Ompepnenute MeHY JETICHUS MEH3YPKU U HAIUTE 00BHEM B3BEIICHHON YKHUIKOCTH (BOIBI).

3. PesynbTaThl omnbiTa 3aHecuTe B TaOIHITy No2.

Tabnuua Nel. Pe3ynbTarsl u3MEepeHUH.

Ne Bemec | mmpu | qymHa | BeICOT | 00éM, | Macca | miotHocTs | pTab| dp | o

TBO o ,bm) |a V( pnp(kr/m3)

200 hm) |[™ | m(xr)

Tabnuua Ne2. Pe3ynbrarsl BEIYUCICHUM.

Ne [ Bemectso | macca Tapsi, macca 00BEM, IJIOTHOCTD pTab o
m1(kr) xunkoct | V(M3) pup(kr/
", M3)

m2(Kr)

®opma npeacTaBiaeHus pe3yJabTara:
Pabota nomkHa OBITH BHIMOJIHEHA B TETPAIH s JIaDOpaTOPHBIX padoT.
Kpurtepun onenkmn:
3a mpaBUIIHLHO BBHITOJIHEHHOE 33JJaHHME BHICTABIISIETCS TIOJIOKUTENIBbHAS OlleHKa — | Oasu.
3a HeMpaBUWJILHO BHITIOJIHEHHOE JIEHCTBHE, 3aJjaHle BBICTABIIAETCS OTpULlaTeIbHast olleHKa — 0 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 2.3. 3aK0HBI COXpaHEHHS B MEXaHHKE

JladopaTopHoe 3ansitue Ne2
N3y4deHnne BbITAJIKHMBAKOIIEH CHIbI (CHIbI ApXuUMe/a).
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Hean pabdoThI: Ucciien0BaTh CBOWCTBA CHIIBI ApXUMeEa.

Boinosinenue padorbl cnocodocTByeT ¢opmupoBanuw: I[1P62 OVIL.06, I1P66 OVII.06,
[1P67_OVIIL.06

MarepuanbHoe obGecredeHue: IUHAMOMETP, OpYCOK IUIACTUIIMHA, METATMYECKHE IUIHHIIPHI
OJIMHAKOBOTO 00BEMa M pa3HOW MAacChl, U3MEPHUTEIbHBIA IMIIMHAP C BOJOH, CTaKaH C HACHIIICHHBIM
pPacTBOPOM COJIM, HUTb.

IIpaBujia TeXHUKH 0€30I1ACHOCTH.

CobnroaiiTe 0OCTOPOKHOCTH TIpH paboTe ¢ Bogon. Ocreperaiite mpubOopsl oT naaeHus. Ha cTone He
JOJDKHO OBITh HUKAKUX JUIIHUX TpeaMeToB. [Ipu paboTe co CTEKISHHOW MOCya0i OyAbTe aKKypaTHBI.

Ecnm crexmsiHHas mocyaa pa3ouiack, TO COOOIMTEe 00 ATOM YYHUTENI0 U HM B KOEGM cilydyae He yOoupainTe
OCKOJIKH pykamu!

Onucanue padoThbI:
CornacHo 3akOHY ApXuMeia Ha MOrPy>KEHHOE B XKMJIKOCTh TEJIO JeHCTBYET BBITAJIIKUBAIOLIAs CHJIa
Fa, paBHast Becy MQ BHITECHEHHON KHUIKOCTH:
Fa= mg. (1)

Ecnu Teno nnasaert, To apxumenosa cuia FA paBHa Becy P Tena (ycioBue riaBaHue Tel):
FA =P.

s cpaBHEHMsI apXMMEIOBOW CHIIBI C BECOM Tejla HYKHO M3MEpUTh Bec Tena P ¢ momolisio
TUHAMOMETpPA U BBIYUCIUTH apXUMENIOBY cUIy Fa. apxumenoBa cuia Fa onpenensiercs mo dopmyie:

Fa=mg =pAVg (),

r7e p - IIOTHOCTH BobI (p = 1000 KF/M3), AV - 00beM BBHITECHEHHON TEJIOM BOJBI, {J - YCKOPEHHE
cBoBoxHOro manenus (g = 9,81 m/c?).

O6beM AV BBITECHEHHOM BOABI MOKHO H3MEPHUTHh C TMOMOIIBI) M3MEPHUTEIBHOTO HHUIUHApPA Kak
Pa3HOCTb YPOBHS BOJIbI IPY NOTPYKEHUH B HETO UCCIIEyEMOro Tena u 0e3 Tena.

ApxumenoBy cuny FA, neiicTByrolero Ha Tejo, TOHYIIEe B BOJE, MOKHO HAWTH, HM3MEpHUB C
MIOMOIIBIO TUHAMOMETpA Bec Tena P B Bo3ayxe U CUITy Pyona, YACPKUBAIOIIYIO TEJIO B PABHOBECUH MPHU
MOTPY>KEHUH €T0 B BOAY:

PBo3z(yx = I:A + PBoz{aa I:A = PBOSI[yX - PBoz{a- (3)

3ananue |
HccaenoBanue 3aBUCMMOCTH CHJIbI APXHMeAa 0T MACChI TeJia.

1. Wsmepbre Bec P mumuHApa ¢ MOMOLIBIO
JTUHAMOMETpA.

2. Onycture UWIMHAP B  HW3MEPUTEIbHBIN
HWIMHIP W u3MepbTe ero odovem AV
BBITECHEHHON JKUJIKOCTH TpU IUIaBaHUU
LIWIMH]pPA B BOJE.

3. Berumcnute 3HauCHHE apXUMETOBOW CHIIBI
CpaBHMTE 3HaueHHE Beca P JepeBsIHHOTO
HWIMH]IpA U apXUME0BOM CHIIBI. v vV !

4. CpaBHHUTE pacyeTHOE M IKCIIEPUMEHTAIHLHOE
3HAYEHUS apXUMEI0BOM CUJIBL.

5. 3anummre pe3ynbTarhl B TadmuIly 1.

Lo

A

3amaunue ll:
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HccnenoBanue 3aBUCHMOCTH CHJIbI Apnge;[a OT IIJIOTHOCTH ’KMJIKOCTH

1. Tloxsecwre M000i U3 MWIMHAPOB HA HUTH K IMHAMOMETPY. 3alUIIUTE [TOKa3aHHE Beca Tela Ha
BO3/yXE.

2. OmycTuTe WIUHIP B BOAY TaK, YTOOBI OH MOJHOCTBIO OKA3aJICs MOTPYKEHHBIM B )KUIAKOCTb.

3anummuTe MoKa3aHue Beca Telia B BOJIC.

Haiigure cuny Apxumena. (3)

[IponenaiiTe aHaIOrMYHBIN OMBIT C PACTBOPOM COJIU B BOJIE.

3anummure pe3yabTaThl B Ta0IUILy 2.

ok w

OTt4yernast Tadauua 1.

Buas! Tea m, Kr Bec B Bec B AV, Cuia Apxumena,
BO3IyXE, | Boje, Fa, H
PB03}1., H Pnoua, H

Jlerkuit mpenmer

Tspxensiit mpeqMeT

OTtueTHaa Ta0aNNA 2.

Buasl :xxuakocreii Bec B Bo31YyXe, Bec B Boze, Cuna Apxumena,
Poos H Poxa H Fa H

Boxa, p = 1000 kr/m°

PactBop comu B Boze, p= 1030 kr/m°

Caenaiite BBIBOJ IO POZETIAHHON padoTe.

JladopaTopHoe 3ansitue Ne3

HcciaenoBanue 3aBUCHMOCTH CHJIbI TPEHUSA CKOJBbKCHHUSA 0T BE€Ca TEJIa

Leas padoThbi: 1. BBISICHUTH, 3aBUCHUT JIM CHJIA TPEHHUS CKOJIBKEHHS OT CHIIBI HOPMAaJIbHOTO
nasneHus. 2. Onpenenuts K03(QPUIMEHT TPEHUS JIepeBa Mo ABYM ITOBEPXHOCTSIM.

BoinosiHeHue padorbl  cmocodcTByer ¢Gopmupoanuio: [1P62 OVIIL.06, I1P69 OVII.06,
I1P67_OVIIL.06, ITP61_OVII.06

MarepuanbHoe odecniedeHue: JUHAMOMETD, JEPEBSIHHBIN OPYCOK, TUIOCKOCTD C JBYMSI
MOBEPXHOCTAMH, HaOop rpy30B 1o 100 r.

Xox padoTsl
1. OnpenenuTts LeHy AeNeHUs MIKaIbl JUHAMOMETpA.
Ilena nenenust AMHAMOMeTpa:
(2H-1H)/10 nex = 0,1H/nen
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2. Onpenenuth Maccy Opycka. CHavasna 1mojBecuB OpyCOK K AMHAMOMETPY HalTH Bec Opycka
P6pycka= H

3Has, uto P=mg u g=10M/c2 HOJXYYUM Mgpyexa=P/0

Mepycka™ KI'

3.OnpenensiemM oOuMii Bec Tena (CHIIy HOPMAJIBHOTO JABJICHUS 110 (popMyIie:

P=N=(ml+m2)-g

1.P=N= H
2.P=N= H
3. P=N= H

4.IIpoBecTy ¢ TOMONIbIO IMHAMOMETPA H3MEPEHUE CUIIBI TPEHUS (C OHUM, ABYMS, U TPEMs Ipy3aMu 10
[JIaJIKOU OBEPXHOCTH).
4. Tabnuna aJis1 3aMKCH Pe3yIbTaTOB U3MEPEHUM U BHIYMCIICHUN:

Ne Macca | Macca OO6mmid Cuaa Ko>xpdpuumnent |(Cpennee 3HaueHue
onbiTa| Opycka, | rpysa, BecC TeJia TpeHusl, TPeHus, ko3(pPpuunenrta
My, k2 | My, kr | (cuwia HopmajabHoro | Fpp, H Hu TPeHMs,
JAaBJICHUS), (onbIT) Hep

P=N=(m;+my)g, H

1 0,1

2 0,2

3 0,3

4 0,1

5 0,2

6 0,3

= i

7. B KaXJ10M OIIbITE paccUUTaTh KOA(GUIMEHT TpeHus 1o hopmyie: N
-
.

8. Pe3ynbraThl pacuéToB 3aHECTH B TAOJIUILY.

9. Beruncauts cpeHee 3HaueHUE KO3()PUIIMEHT TPEHUS:

Mep—_

9.1lo pe3yiibTaTam I/I3MepeHI/II71 MMOCTPOUTH Fpaq)I/IK 3aBUCUMOCTH CUJIBI TPCHHUA OT CHUJIBI HOPMAJIbHOI'O
JaBJICHUA:

v

10. IToBTOPUTH ONBIT € APYIOii MOBEPXHOCTHIO
11 CnenaThb BLIBOJBI:
1. Kak cujia TpEeHUs 3aBUCUT OT CHJIBI HOPMAJILHOTO J1aBJICHUS
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2. KoaduuumeHT TpeHus nepesa no AepeBy NOTYUHIICS paBeH

KonTtposabHbie Bonpocsl.
1. Yto Ha3bIBaeTCA CHIJIOW TPEHUS?
2. KaxoBa npupoga cui TpeHus?
3. HazoBuTe OCHOBHBIE IPUUYUHBL, OT KOTOPBIX 3aBUCUT CHJIA TPEHUS?
4. Ilepeuncnure BUIbI TPEHHUSL.
5. MOXHO 71 cuuTaTh siBJIeHUE TpeHus BpeaubmM? [louemy?

JlaGopaTtopHoe 3ansiTue Ne 4
Onpenenenne KII/{ HaK/IOHHOM IJI0CKOCTH

Bouinosinenue paborbl cnocodcTByer opmupoBanui: [1P62 OVIL.06, IIP66 OVII.06,
I1P67_OVII.06

MarepuanbHoe o0ecreuyeHue: HAKIOHHAS TUIOCKOCTH (JIOCKA), IMHAMOMETp, JHHEHKa, OpYCOK,
ITaTUB ¢ My(PTOH U JIAMIKOH.

3ananmue:
1 U3y4YuTh NPUHIUN JAEUCTBUS IPOCTHIX MEXaHU3MOB

HOpﬂIlOK BbIIIOJTHCHU A paﬁon:

1. CoOpatb ycTaHOBKY /JIsl IPOBEJACHUS SKCIIEPUMEHTOB.
2. IlpousBecTn HEOOXOAMMBIE U3MEPEHUS.
3. Caenath BBIBOJ IO paboTe.

T
1. OmpenenuTh C MOMOIIBI0 TUHAMOMETpPA sary ML

Bec Opycka.
2. 3akpenuTe JOCKy B JlallKe INTaTHBa B
HAaKJIOHHOM I10JIOKEHUH.
3. Tlonoxwute Opycok Ha TOCKY, IPUKPETTHB
K HEMY JUHAMOMETP.
IlepemernaiitTe Opycok ¢ MOCTOSHHON CKOPOCTBIO BBEPX 110 HAKJIOHHOW JOCKE.
N3mepbTe ¢ MOMOIIBI0 JIMHEWKH TYTh S, KOTOPBIN Tpojenan OpyCcOK, U BBICOTY HAKJIOHHOM
mwiockoctu h.
6. Wsmepsre cuy Tsru F.

7. Berumcnure mnonesHyo pabory no ¢opmyne A, =P-h , a sarpaueHnyio —mo dopmyre
A4, =F-S

f F,=gm=F (Bec)

ok~

8. Ompenenute KII/l HaKIIOHHON TUIOCKOCTH: 7] = An -100%

3
9. PesynbraThl H3MEpPEHHIA U BBIYUCICHUI 3aHECHTE B TAOIUILY.
Tabmmia 1

h,m P,H Ay, Ik S,m F.H A, Ik A,
A, =Ph A, =F.5 |77 100%

10. lonmotHUTEILHOE 3a/aHHE:
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1. Hcnonb3ys «3070TOE€ MpaBWIO» MEXAHUKH, PACCUUTANTE, KaKOW BBIUIPHIL B CHJIE JAAET
HAKJIOHHAA IIJIOCKOCTh, €CJIM HE YUYNUTHIBATh TPCHHUE.
2. V3MeHuTe BBICOTY HAKJIIOHHOHM IJIOCKOCTH M JUIsi He€ ONpeNeNuTe IMOJIE3HYI0, MOJIHY paboTy u
KIL.
®opma npeacraBJIeHUs pe3ybTara:

Tadauuna 1
h,m P, H Ay, ok S,m F.H A, [k A, 100%
— -FE. n=—": 0
A, =Ph A, =F-S A,
KoHuTpoJbHbIe BOPOCHI:
1. 3adeM y mogbEeMHOTO KpaHa JeNaloT MPOTUBOBEC?
2. Kaxue mpocThie MEXaHU3MBI JTAI0T BBIUTPHIII B CHIIC?
3. Kaxkue mpocTbie MEXaHU3MBbI JAIOT BHIUTPHIII B paboTe?
4. T'ne oOBIMHO MPUKPEIUISIOT ABEPHYIO pyuky? [ToueMy HE 0KOJIO meTems?
5. 3ayeM KCIOJNIb3YIOT HEMOABMXKHBIN OJIOK, BEb BBIUTPHIIIA B CUJIE OH HE JaeT?
6. Kakoii BRIMTPBIII B CHIIE AAa€T MOABIKHBINA O0J10K? A B paboTe?
7. Moxer au KITJI mexanu3ma Ob1Th paBen 120%, 200%, 0%? ITouemy?
8. Uro HazpBaroT peryarom? YTO HA3BIBAIOT IJICYOM phlyara?
Kpurepun oueHku: cm.cTp.
JlaboparopHoe 3ansTHe Ne 5
«IIpoBepka 3aK0HA COXpPAHEHUSI MEXaHUYeCKOH IHEePIruu J A E

INPpHA IBHKCHUHA TeEJIa IMOX JEeHCTBHEM CHJI TSKECTH U yYapyrocTtm».

Leas pabGorbl: HaOmOJaTh IBM)KEHHE Teja TOJ JCHCTBHEM CHUJ TSXKECTH H
VIIPYTOCTH; CHENaTh BBIBOJ O BBHIMOJHEHHH 3aKOHA COXPAHEHHS IOJHOW MEXaHHYECKOU
SHEpPIuu; IMPOBEPUTH CIIPABEUIMBOCTh 3aKoHa ['yka, yOeauTbcs, 4TO CHJIa YOPYTrOCTH
MPONOPIIMOHAIIFHA MACCe HATPY3KH, OTPEIEITUTD )KECTKOCTh MPYKUHBI.

BbinoiHenue  padorsl  cnocodcrByeT  (popmupoBanmio:  [IP62 OVII.06,
[1P66_OVII.06, [TP68 OVYII.06, [TP61_OVYII.06

MarepuanbHoe obecnieuenne:  HaGop mo mexanuke (Xumiaa0o): mTatuB ¢ MyQpTaMu Jankowu,
Ha0oOp CHUpaTbHBIX MPYXKUH, JUHAMOMETP, HAOOp rpy30B Maccoit 100 r, nuHElKa ¢ MUJUTUMETPOBBIMU
JeNICHUSIMU.

HOpﬂ)IOK BbINNOJTHCHU A paﬁoTbI

OIIBIT 2 OnpenesieHue sKeCTKOCTH NMPYKUHBI

1. 3akpenuTe Ha IITAaTUBE KOHEI] CIIUPAIHHON MPYXUHBI (IPYroil KOHEI Mpy>KUHBI CHAOXKEH CTPEeIKOMn-
yKazaTeJleM B KPIOYKOM).

2. Psayiom ¢ npyXuHOW MM 3a HEW yCTaHOBUTE JIMHENKY C MUJUIMMETPOBBIMU JIETICHUSAMMU.

3. OTmMeThTE W 3alIUIIUTE TO JEJIECHHWE JINHEWKH, IMPOTHB KOTOPOIrO NPUXOAHUTCS CTpENKa-yKas3aTelb
MIPYKHUHBIL.

4. IlonBechTe K NPy KUHE TPY3 U3BECTHOM MACChI M U3MEPHTE BBI3BAHHOE UM YJUIMHEHUE TIPYKUHBI.

5. K nepBomy rpy3y no0GaBbTe BTOPOH, TPETHii, 3alHChIBast Kaxblil pa3 yanuaenue Al mpyxussl. [To
pe3yibpTaTaM U3MEPEeHUM 3aM0JIHUTE Ta0uIy 1:

No Maccarpy3a | Cwuna TsoxecTu Y nnuuenue KecTtkocThb K H
OIbITa m, KI F=m-'g, H Al, M MPY>KUHBI P
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S

0,1
0,2
0,3

0,1
0,2
0,3

WINFRP|WIN -

6. Ilo pe3ynabTaram uU3MepeHH MocTpoiite rpaduK 3aBUCHMOCTH CHJIbI YIPYIOCTH OT YIJIMHEHHUS W,
MOJIB3YSICh UM, OTIPEICIIUTE CPeiHee 3HAUeHNe KeCTKOCTH MIPY>KUHBI U ClIeJIaliTe BBIBOJI.

OIIBIT 1 IlpoBepka 3aKkoHa COXpPaHEHHS! MeXaHHYECKOHl JHEPIruM IPH ABHKEHMH Tesa IOJ
AeHCTBHEM CHJI THKECTH U YIPYTOCTH

Xoa padoThl.

1) 3akpenure TUHAMOMETP BEPTUKAIBHO C MOMOIIBIO MTaTHBA. [l0BEChTE K IPpy3 K TUHAMOMETPY.

2) IoanepxuBas Tpy3 JaJ0HBIO, YCTAHOBUTE yKa3aTelb IPYKUHBI HA HYJIEBOE [ICJICHUE JUHAMOMETPA.

3) Yoepure nagoHp M IOCTapaiTech 3aMETUTH JEJICHWE Ha MIKale IUHAMOMETpa, 0 KOTOPOTro
MaKCUMaJIbHO OTKJIOHSETCS yKa3aTesb MPYKUHBI IPU NazeHuu rpysa. IIpu HeoOXoauMOCTH MOBTOPUTE
OIIBIT HECKOJIBKO Pa3.

4) V3MepbTe TMHEHKOH YIATHHEHUE IPYXKHUHBI 110 MIKAJIe THHAMOMETpA.

5) UsmepbTe nunelikoii yaunenue npyxkuabl Al o mxane munamomerpa.

6) Beicora manenus rpysa h pasna yammuenwio npysxkunbsl Al . Tlotennmansnas sneprus rpysa E1 npu
NaJCHUH [IEPEXOUT B NOTEHIMAIBHYIO SHEPIUIO PACTAHYTOHN NpPYKUHBI E2.

3 ) KAI?

7) Paccuwnraiite £, = mgh, rae g = 9,8 m/c4 — yCKOpeHHe CBOOOAHOrO majgenus, u £, = 5

sHauenns okpyrimre g0 0,001,

8) PesynbTarhl 3aHECHTE B TAOIHILY 2:

Ne Ompita | K, H/m Macca VY mimmHeHue BricoTa ITorennuanepHas | IloTennuansHas
rpy3a MIPY>KUHBI aJeHus SHEPTHs Tpy3a SHEprus
m, Kr Al ,m rpy3a h, m El, Ix MPY>KUHBI

E2, JIxx

AIWN|F-

9) CpaBuure 3nauenust E1 u E2, ¢ yuérom abconmtoTHo# norpemHocT namepenus sueprin 0,001 [Ix (To
ecTh, pazauna mexay E1 u E2 moxer nocturars 0, 002 /I B mpenenax morpenrHOCTA U3MEPEHUS).
10)  Cnenaiite BbIBOJ 110 paboTe.

JlaGoparopHoe 3aHsTHE Ne 6
N3yuyeHue ycj10BHS PABHOBECHS PblYyara

He.]'Ib: INpOBCPUTH HaA OIBITC, MPU KAKOM COOTHOHNICHHWHU CHUJII U HUX IIJICY pbldar
HAaXOJUTCsA B paBHOBCCHUH; IIPOBCPUTH HA OIIBITC ITPABUJIO MOMCHTOB.

s,
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BoinoiHenue padorbl cnocodcTByer ¢QopmupoBanuio: I[1P61 OVIL.06, I1P62 OVIILO6,
I1P63_OVII.06, ITP64 OVII.06, ITP65 OVII.06, ITP69 OVII.06

MatepuajbHoe o0ecmedyeHHe: pblYar Ha INTaTHBE, HA0Op TPYy30B, M3MEpUTENbHas JHHEHKa,
JMHAMOMETD.

3aganue: .OnpenenuTh yCI0BHs paBHOBECHS pblyara.

Kparkue Teoperuueckue cBeJeHH:

Poruar-tBepnoe Tenno, cnocoOHOE BpamaTrbcs BOKPYT HEMOABHKHOM OTIOPBI.

Pazimyalor 1Ba BHAA PbIYAroB. Y pblyara IepBOro poa TOYKa OMOPbl HAXOAUTCS MEXIY
JUHUAMHU JTEHCTBUS MPHIOKEHHBIX CHUJ. Y pblyara BTOPOTO pojJia TOYKa OMOPHI PACIIONIOKEHA IO
OJIHY CTOPOHY OT HHX.

Hcnonp3ys pbruar, Mbl MOXKEM HOJYYHTh BBIUTPHINI B CHJIE U MOJHATH HEMOIBEMHBIH TPY3.
PaccrosHue OT TOYKM ONOpPHI 1O TOYKM HPUIOKEHHUS CHUJIbl HA3bIBAIOT IIJIEYOM CHJIBL
[Tpuyem, MOKHO paccUMTaTh paBHOBeCHEe CHJI HA pblyare no cijieaywouleii popmy.ie:

F1/F2: |2/|1,

rie Fiu Fp — cuitbl, ieficTByromye Ha poryar, a | u |y — mreun stux cui.

3aKkoH paBHOBecHsI pblYyara: pbluar HaXOAMTCS B PABHOBECHM TOT/A, KOTJa JIEHCTBYIOLIME
Ha HETO CHJIBI 00pPAaTHO MPOTOPIIMOHAIBHBI TIJIEYaM 3TUX CHIL

OTOT 3aKOH ObUI yCTaHOBJIEH ApXMMEIOM €Ille B TpeTbeM Beke A0 Hamied spel. M3 Hero
CJIETyeT, YTO MEHBIICH CHJIOH MOXHO yYpPaBHOBECHTH OOJbIIyr0. /st 3TOro HE00X0aIuMO, 4TOObBI
IUIe40 MEHbIIEeH cuibl ObUIO OoJiblIe Iieya OOJbLICH CHIIBI. A BBIMIPBINI B CHJIE, ITOJIY4aeMblil €
MOMOIIIBIO PhIYara, OMpeeIIIeTCsl OTHOIIEHUEM IIIeY MPUIIOKEHHBIX CHIL.

ITopsinok BbINoOJIHeHUs padoOThI:
1. VYpaBHOBecuTh phIuar, Bpamias TaKd Ha €ro KOHIAX TaK, YTOOBI OH PAacIOJIOKHUIICS
TOPU30HTAIIBHO.
2. W3mensist Maccy rpy30B U pa3Mep Ijied, IPOBEPUTH 3aKOH PaBHOBECHS phlyara.

1. Paccmotpute usmepurenbHble TpuOOphI, Haxoasdmuecs Ha crojie. OnpenenuTe LEeHy HX
neneHust. Pe3ynprarsl 3anummre B Tabnumy 1.
Tabnuna 1
Ha3zBanue npubopa 1IeHA JICIICHHUS
JIunelika
JnnamomeTtp
2. VYpaBHOBEChTE C IMOMOLIBIO Ta€K pblYar B T'OPU30HTAIBHOM e
TIOJIOKEHHH. O R S
3. JUig 3TOrO MoOJBECHTE JBa I'py3a Ha JIEBOM 4YacTH phlyara Ha ".‘t; -
PacCTOSAHUM, MPUMEPHO PAaBHOM 12 cM OT ocu BpamieHus. ONBITHBIM B b :f’i "
nyTéM yCTAaHOBMTE, HA KaKOM PACCTOSHMM BIPABO OT OCH BpalleHUs =
HaJ0 TOJABECUTH: a) OJUH Ipy3; O) ABa rpys3a; B) TpU Ipy3a, YTOOBI e — %
pBlyar NpuILéEN B paBHOBECHE. @
4. Cunras, 4yro Kaxaplii rpy3 BecuT 1H, 3anummrTe naHHble M M3MEpPEHHBIE BEINYMHBI B
Ta0IHITy
Taomauna 1
Ne Cuia Fyna Ilnedo /, Cuna F, na ITneyo OTHOILIIEHHE CHIT
ONbITa | JIEBOM 4acTH ,CM IIPaBOM 4acTu (., cM U TUIeY
peruara, H ppraara, H F, g_l
F, l,

1.

2.

3.
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o. Boruucnure OTHOIIEHUE CHII M OTHOLLIEHHUE TIJIeY ISl KaXKI0TO U3 OMBITOB U MOJIyYCHHbIE
pe3yNbTaThl 3AMUIIUTE B MOCIETHUIN CTOIOMK TaOIUIIBI.

6. IIpoBepbTe, MOATBEPKAAIOT JIM PE3YJbTATHl ONBITOB YCIOBUE PABHOBECHE pblYara II0J
JEICTBUEM NMPUIIOKEHHBIX K HEMY CHUJI M IPABUJII0 MOMEHTOB CHIL
1. JlononHUTENBHOE 3a1aHUE.

A) TloxBechTe TpH Ipy3a ClpaBa OT OCH BpallleHHMs pblyara Ha paccTosaud 5 cm. C
MIOMOIIIBIO JMHAMOMETPA ONPEICIUTE, KAKYIO CHIY HY)KHO MPUJIOKUTH Ha PACCTOSHUH
15 ¢M OT ocu BpalleHHs IpaBee IPy30B, YTOOBI yIEPKHUBATh PhIUar B PaBHOBECHH.
Kak HampaBiieHbI B 3TOM CJy4ae CHIIbI, ACHCTBYIOIIUE HA phlyar? 3aluIinTe JUTHHY
ey 3Tux cuil. Beraucinure otHornenue cui Fy / Fo m w meu 1, / 1,1t sT0ro cirydas
Y CIIEJIaTe COOTBETCTBYIOLIMMI BBIBO/IL.

B) C momompl yCTaHOBKH, KOTOPYIO BBl HCIOJB30Bad B JlabopaTopHoil pabore,
U3MEPHTE MACCy KaKoro-HuOyIb Tena. ONMUIIUTE OMBIT.

dopma npeacTaBJIeHUs pe3yabTaTa

Taoauna 1
Ne Cuita Fyna Ilnedo /, Cuita F, na ITneyo OTHoOLIIEHHE CUIT
OIBITa | JIEBOM YacTH oM MIpaBoOM YacTH ()M U 1ie4
M
ppraara, H ppraara, H F, g_l
F, l,
1.
2.
3.
KoHTpoJibHbIE BOPOCHI:
1. Y10 HA3LIBAIOT IJICYOM CHJIBI?
2. Kakyro puzndeckyro BenTUUMHy Ha3bIBAIOT MOMEHTOM CHJIIBI?
1. KakoBo ycnoBue paBHOBecCHs Tela, UMEIOIIETO 3aKPETUIEHHYIO OCh BpalleHus?
2. Uro Takoe prryar? Kakoe cBOMCTBO pbyara Bbl SKCIIEPUMEHTAILHO BBISICHUIH?

Kputepun onenku: cMm. cTp.

Tema 3.1 OCHOBBI MOJICKYJISIPHO-KHHETHYECKO TEOPUH

JlabopaTopHoe 3ansitue Ne 7, 8
“UccnenoBanne H30TePMUYECKOr0 1 M30XOPHOT'0 NMPOLECCOB”

Henapb: N3yunts B3auMOCBSI3b MAaKPOCKOIIMUYECKUX NTapaMETPOB rasza 3aJJaHHOM MacChl; OIBITHBIM
nyTéM yOoeauTcs B CIpaBeAIMBOCTH 3aKkoHa boiins-Mapuotra.

BoinosHenue padorbl cnmocodcTByer dopmupoBanmio: [1P62 OVIIL.06, I1P65 OVII.06,
I1P66_OVII.06, [TP68 OVII.06, [TP610_ OVII.06, ITPG9 _OVII.06

MarepuanbHoe o0ecnieyeHme:

Cunb(oH (aJIOMUHHEBBII TEPMETUYHBIM IMIUHAP C TOQPUPOBAHHBIMU CTEHKaMM, IIKAIOH
YCIIOBHBIX E€IMHMII, MOPUIHEM C BEPTUKAJIBHBIM BHHTOM), BO3JYXOBOJHBIM COEAMHUTEIbHBIA IUIAHT,
MaHOMETp, 0apOMeTp, UCIBITYEMBbIN Ta3 3aJaHHOH MacChl — BO3/IYX.

3aganme:

1.IToBTOPUTH OOBENNHEHHBIN ra30BbINA 3aKOH.

2.IIpoBepuTh Ha MpakTUKe cobM0eHNe 3aKoHa bolnsa-Mapuorra.
Ilopsinok BbINOJHEHHSI padOThHI:
Teopus.
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B nanHoii naGopaTopHoil paboTe paccmarpuBaercs cobOmiogeHue 3akoHa boitns-Mapuorra,
CTIPaBEVTMBOTO JUI M30TEPMUYECKOTO Ipolecca sl JaHHOM Macchl rasa. M3 oOmiero ypaBHEHUS
Menpeneesa-Knanelpona 3akoH boniss-MapruoTrra MOXKHO 3aIIucaTh Tak:

Vnpn — C

rae: V— o0beM 3ajaHHOM MacChl ra3a B N-OM COCTOSTHUH; P — JaBJCHUE 3aJIaHHOM MaccChl Ta3a B Nn-
OM COCTOSIHHM;

C — mocTosiHHBIN K03 (HUIIMEHT (KOHCTAHTA).

[Ipu ucnosnp3oBaHny B pab0OTE JaHHON YCTaHOBKH (CM. pUCYHOK) 00BEM ra3a yao0HO M3MEpSTh B
YCIIOBHBIX eauHHIax oobema — y.e.0. (1 y.e.0.=0,1Vo, rne Vo — monueiii 006beM cuibpona 1 ), a
JaBJeHUE — KaK arMoc(epHOe NaBJICHHE C JIOMOJHHUTEIbHBIM (0€3 MOMOJHUTEIBHOTO) JaBiieHus (1o
MaHOMETPY) C IIEPEBOAOM HEOOXOIUMBIX eIUHUIL AaBiieHus B cucremy CH.

2 . 3agaya CBOOUTCS K HAXOXXIEHUIO KOHCTAHTHI Cn UIT KaXXKIOT'0 COCTOSHUS OOHOM U TOM K€
MaccEhl rasa:

Cn = Vn "Po- (1 = Apn)

rae3 : C — KOHCTaHTa N-TO COCTOSHUS (B YCJIOBHBIX €IMHMIIAX KOHCTAaHTBI — y.€.K.); V— o0beM
3aJJaHHON Macchl Ta3a B N-OM COCTOSIHUU (B YCJIOBHBIX €IMHHIAX O00beMa — y.€.0.); p — arMochepHoe
nasnenue (B [lackansax — [1a); Ap — nonmoHUTENBHOE JaBJIeHUE MaHOMETpa (B aTMochepax — aTMm).

Yem TouHee u Ommke Apyr K Apyry Oyayr Haxomutbes koHcTantel Cl, C2, C3 — tem Oonee
TOYHBIM OKQKETCSl SKCIEPUMEHTAIBHOE MOATBEPKACHUE 3aKoHa boinsi-MapuoTra.

3 - IPUMEHSETCS 3HAK «+» - €CIM JJaBJIEHUE PACTET, U 3HAK «-» - €CJIM JaBJICHUE Ma/aeT.

p.s. - 1.YcroiiunBas paboTa criib()OHa BOZMOKHA IIPU YCIIOBHM M3MEHEHUsS] 00beMa BO3yXa B HEM
ot 0,5 10 0,9 y.e.o.

2. - nus pacy€TOB CIUHUIBI JIABJICHHS OapoMerpa - MM.PT.CT.(MHJUIUMETP PTYTHOTO CTOJIOA),
MO>KHO BOCIIOJIb30BaThCs equHunaMu nepesoja B Ila (ITackansax) mo ¢opmyne: 1 mm.pt.ct=133,33 Ila.
[lepeBon nokazaHuii MaHOMETpa HE TpedyeTcsl.

1. 1. BuumarenbHO NMpoOYUTaTh ONMUCAHUE PAOOTHI U AITOPUTM JIEUCTBUM;

3. U3meputh atmMmochepHOe aBlIeHUE B JaHHBII MOMEHT C TOMOIIBIO OapoMeTpa;

4. ITpousBectu U 3apUKCHPOBATH B OJIaHKE OTYETA IPEABAPUTEIbHBIE U3MEPEHHSI aTMOC(PEPHOTO

JaByieHus (C mepeBofoM B enquHHIbI cucteMbl CH);

4. 5. CoOpaTh yCTaHOBKY (CM. PHUCYHOK) Tak, 4TOObI 00a KJlallaHa MaHOMETpa HaxOJWIHCh B
OTKPBITOM COCTOSIHUH, a OPILIEHb CUIb(OHA — B CAMOM BEPXHEM IOJI0KEHUY;

wmn

o

3aKpbITh BHEIIHUN KJIallaH MAHOMETPA;
6. C moMOIIbI0 BPAIIAOIIETOCs MOPIIHSA YCTAHOBUTH BBICOTY IMJIMHIpPA CHIL(OHA HA OJHOW W3
Tpéx ot™meTok: 0,6; 0,7; 0,8.
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7. TlpoumsBectH U 3auKCUpOBaTh B OJIAHKE OTUYETA MPEABAPUTEIbHBIC U3MEPEHUsI 00beMa 3a1laHHOM
MacChl Ta3a B OJTHOM U3 TPEX COCTOSHUM (B YCIOBHBIX €IMHUIIAX 00BEMA — y.€.0.);
8. Cpazy xe mpousBecTH U 3aUKCHpPOBaTh B OJaHKE OTYETa TPEABAPUTEIBHBIC H3MEPCHHS
JIOTIOJIHUTEIBHOTO JaBICHUS MAaHOMETPa OJHOTO U3 TPEX COCTOsIHUI ra3a (B arMocdepax - aTMm);
9. Brruucnuts aOCOMOTHYIO U OTHOCUTEIBHYIO TIOTPEIIHOCTH U3MEPEHUH.
KoHTpoJibHBIE BOIPOCHI.
1) IIpu xakoMm yciioBUU cIpaBeUIUB 3akoH boitng-Mapuotra?
2) Ecnu nipu ©30TepMHUECKOM MpoIiecce JaBlIeHHUE MaJaeT, 4YTO MPOUCXOAUT C 00bEMOM?
3) IIpon3BoauUT Jiu Ta3 1aBJIEHUE B COCTOSSHUN HEBECOMOCTH?
4) [loueMy noay4eHHbIE Pe3YyIbTAThl B padOTe HE HI€aTbHO PaBHBI MEXLY COOOM?
5) Uto BiuseT Ha TOYHOCTh U3MEPEHUH B TaHHOH padboTe?
6) M0XHO 71 OTIpEICTUTh YCIOBHYIO €AMHUITY KOHCTAHTHI B equHuiiax CHU?
7) KakoBa Macca BO31yxa B ayJUTOPUH IUIOIIAAb0 64 M2 , BbICOTO 3 M, npu Temneparype 25 oC
Y JIaBJICHUU 725 MM.pT.CT.?
®opma npeacTaBieHus pe3yJbTara:
PaGota gomkHa OBITH BHIMOJIHEHA B TETPAIU AJIs JJa0OpATOPHBIX padoT.
Kpurepuu onenku:
3a npaBUIIbHO BBIMOJIHEHHOE 331aHUE BBICTABIISICTCS MOJIOKUTENbHAS OI[eHKa — 1 Oa.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3a]aHNE BHICTABIISICTCS OTPUIIATEIbHAS o1leHKa — 0 OaioB.
Oyenxa «omauunoy svicmagngemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvHoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.3. ArperaTHble COCTOSIHHSA BeliecTBa. Pa3oBble Mepexo/bl.

JlabopaTopHoe 3ansitue Ne 9
Onpenenernue ko3(pPUIIHEHTA MOBEPXHOCTHOI MJIOTHOCTH KUTKOCTH METOI0M OTPbIBA Kanelb

Heﬂb: OMpPCACIINTL MOBCPXHOCTHOC HATAXKCHUC BOJAbI W MBUIBHOTO pacTBOpa METOAOM OTpPhIBA
Karienb

BoinosiHeHue padorbl cnmocodcTByer GopmupoBanuio: [1P62 OVIIL.06, I1P66 OVII.06,
TIP68_OVTL06, [TPG1_OVIL06

MarepuanbHoe o0ecneuyeHMe: IUMPHUI] A8 YUCTOM BOABI, WINPHI] A7 MBUIBHOTO pacTBOpa
(o0beMoM 5—-10 MiT), CTaKaHYHMK C YUCTOW BOJOM, CTAKAHYMK C MBUIBHBIM PACTBOPOM, IITAHTCHIUPKYITh
WM MUKPOMETP, OCTPO OTTOYEHHBIN KapaHaIll.

3aganue:

1 O3HaKOMBTECH C TEOPETUIECKUM MAaTEPUATIOM.

Ha xarutio, BHCAIIYI0O Ha KOHIE Y3KOW TPYOOUKH, AEHCTBYIOT JIBE CHJIBL: CHJAa TSDKECTH mg
HallpaBJI€HHAs BEPTUKAJIbHO BHU3, M CWJAa TOBEPXHOCTHOIO HAaTsKEHUs JKHIAKocTH F moB
pacripesieieHHasi BJOJb TPAaHUIBl KUAKOCTH C KpaeM TPYOKM M HamlpaBieHHAas IO KacaTeNbHOW K
MTOBEPXHOCTHU KUIKOCTH MEPIICHIUKYISIPHO 3TON TPAaHHULIE.

2

’?’lll
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Cuiia MOBEpXHOCTHOTO HATSHKEHUS, IEHCTBYIOIIAs Ha HEOOJBIIOW yJ4acTOK TpaHMIlbI JunHOM Al |
paBHa ¢ 1, rae 6 — KO3 PHUITUEHT MOBEPXHOCTHOTO HATSHKEHUS KUIKOCTH.

YcnoBue paBHOBECHS KalUld Ha KOHIIE TPYOOYKHM COCTOMT B TOM, YTO BEKTOpHAsh CyMMa CHII,
NCHCTBYIOIUX HAa OTJAEIbHBIE DJIEMEHTHl TPAaHMIIBI, paBHA IO MOAYJIIO U TPOTHUBOIOJIOXKHA IO
HaIPaBJICHUIO CUJIC TSKECTH.

Benuunna oA | mo Mepe yBenuueHUs MaccChl KaIlljld OCTaeTCsl HEM3MEHHOM, HO B PAaBHOBECUU Karlis
MPUHUMAET TaKyl (opMy, YTO Yroj HaKJIOHA CHJIbl TOBEPXHOCTHOTO HATSIKCHHS K BEPTHUKAIU O
YIOBJIETBOPSIET YCIOBUIO lo cos =mg , rae | — niauHa rpaHuibl )KUIKOCTH ¢ TPYOOUKOM.

C yBenM4YeHHEM MACChl KaIlIM YToJl 0. yMEHbBIIIAETCS M, HAKOHEII, JIOCTUTAaeT HyJs, a cosa = 1 .

[Ipu nanpHeiIeM yBEIWYEHHUH MAacChl YCJIOBHE pAaBHOBECHsI KaIlUIM YK€ HE MOXET ObITb
BBITIOJIHEHO, U KaIlJisi OTPHIBACTCSI.

Orcrona, npuauMas, uto I=nr d , rae d — BHyTpeHHU quameTp TpyooukH, moiaydaeM: d om= mg
o= ME |

G Ey

1.13meputs BHYyTpeHHUH JuameTp d HakoHeyHHMKa Immpuua. Jlis H3MEpPEeHHs MOXKHO
BOCIIOJIB30BATBCA OCTPO OTTOYCHHBIM KapaHJallloM. Bcrasus KapaHjgam B HAKOHCYHUK OO0 YIIopa,
IIOMEThTE T'PAHUIy CONPUKOCHOBEHMS HAKOHEUHHMKA C KapaHjaanioMm. J[mamerp kapaHjaiia Ha ypOBHE
ITOH rpadvibl MOXXHO HNPHUHATH 3a BHYTpeHHI/Iﬁ ANaMCTPp HAKOHCYHHUKA U HU3MCPUTH €ro € IMOMOIIBIO
IITAHT'€HLUPKYJIS WIK MUKPOMETpA.

2.Habpatp B mmpuil 4—-5 M1 BOJBI H, JepKa €ro BEPTHKAIBHO M IJIABHO Ha)KMMasi Ha MOPIICHb,
BBUIUTH 3—4 MJI B CTaKaHYMK, CUUTas Karuii. MI3MepeHue konuyecTBa Kameinb N IPOBECTH HE MEHEE TPex
pa3, 3aTeM Mo oOmieil Macce BBITEKIIEH BOABI OOl m (TMONB3yHTECh MIKANOW Ha mmpuie!) HalTh
CPEAHIOI0 MacCy KaIuld M U MOTPEIIHOCTh ee onpeneneHus Am. Pe3ynbTarsl 3aHeCTH B TaOIMILy

Tabauya Nel
usmepeno 8bIUUCTIEHO
Ne N m m d A o Ao €
m 2 m,e ecp | me ecp |, mm | d oum,
oow H/m

3.ITonb3yscy ¢opmynoit (1), paccuutarh KO03()(UIMEHT MOBEPXHOCTHOTO HATSIKEHUS BOJBI H

a0COJIIOTHYIO MTOTPEITHOCTH €T0 OTpPeIeICHUS
Ao = }0' -0

uim maéa| *

4. Berauciauthb OTHOCHUTCJIbHYIO IMOI'PCIIHOCTD H3MCpCHPII>i
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Ao .
E=—2 100 *
g

madiy

5. AHanoruuHeIM 0Opa3oM OIpeaesuTh KOI()GUIMEHT MOBEPXHOCTHOIO HATSHKEHUS MBLIBHOIO
pacTBopa (I10J1b30BaThCs OTAEIbHBIM LIIPULIEM U ITOCY0M!).

l'l?.MCpCHO BBIYUCJICHO
No m,.2| N m,e m_.2 | Ame Am,,2 d, mm| Ad, mm o. f%l Ao, [%{ &

@

6. CnenaTh BBIBOJ M 3aIMCaTh MOJyYCHHOE 3HaYeHHE K03(pPULleHTa TOBEPXHOCTHOTO HATSKECHHS
C YYETOM MOTPEUIHOCTH

KonTpoabHbie Bonpochi:

1. Koadpdunment noBepxHOCcTHOTO HaTsbkeHHs kepocwHa 0,024 w/M. Boible uiym MeHbIe macca
Karuii KEpOCHHA M0 CPAaBHEHUIO C Karlel BOJIbI, €CIIM KaraTh U3 OJJHOM U TOH )K€ MUIETKU?

2. OObsicHUTEe MOAPOOHO, MOYEMY MAaJIEHbKHE KamelbKH >KUIKOCTH MOTYT JIOJITO BHCETh HE
OTPBIBASCH.

3. [Touemy, mpex/e 4eMm MOKPBITh MITYKATYPKY MAacCsIHOW KpacKoi, MpeABapUTEIbHO MPOU3BOIST
IPYHTOBKY 0J11(oit?

4. [IpuBeauTe CBOM MPUMEPHI ICUCTBUS CUIIBI TIOBEPXHOCTHOTO HATSKEHUS

®dopma npeacTaBiaeHus pe3yJbTara:

PaGota gomkHa OBITH BHIMOJIHEHA B TETPAIu AJIs JIaDOpaTOPHBIX padoT.

Kpurepuu onenku:
3a npaBUIIHHO BBIMOJIHEHHOE 331aHKUE BHICTABIISICTCS MOJIOKUTENbHAS OIleHKa — 1 Oa.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BBICTABIISIETCS OTPUIIATEIbHAS onleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagiiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «neyoosiemeopumenvno» svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.3. ArperatHble COCTOSIHMS BelllecTBA U (pa3oBble Mepexoabl

JlaGopatopHoe 3anstue Ne 10

Onpe)le.neﬂne BJIQKHOCTH BO3/1yXa H aTMOC(l)epHOFO JAAaBJICHUSA

esib: U3MEPUTHh OTHOCUTENIBHYIO BIIAYKHOCTH BO3/TyXa B JJAOOpaTOpUH (PU3UKHU
BoinoiHenue padorbl  crnocodcTByer (opmupoBanuio: [1P62 OVIL.06, ITP66 OVII.O6,
[1P68 OVII.06, [TP61_OVYIIL.06, [TP610_OVIIL.06
MarepunanbHoe obecniedeHue: rurpomerp ncuxpomerpuueckuii BUT — C, crakaH ¢ KUIISTYEHOU
BOJIOU
3ananmne:
1. O3HakombTech ¢ TeOpPeTHYECKUM MATEPHAJIOM:

2. Kpamkue meopemuueckue ceedenus:
B atmocdepe 3emim Bcerga conmepxarcst BOAsHbIE mapel. VX comepikaHue B BO3AyXE XapaKTepU3yeTCs
aOCONIOTHOW M OTHOCUTENBHOW BIAKHOCTHIO. AOCOIIOTHAs BJIAKHOCTb ONPEAENSeTCs IUIOTHOCTHIO
BOJISTHOTO TIapa pa, HaXOoJSIIErocsi B aTMocdepe, Wik ero MapiualbHbIM JIaBjieHneM pi. [lapmuansHeiM
JaBJICHUEM PII HAa3bIBAETCS IaBJICHUE, KOTOPOE IPOU3BOIMII OBl BOJSHOM Map, eciu Obl BCe Ipyrue rasbl B
BO3/lyXe OTCYTCTBOB&IM. OTHOCHTENBFHON BIIQKHOCTHIO () HA3BIBACTCA OTHOIICHHE MapIHaIbHOTO
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JABJICHUSI Pl BOASHOTO Mapa, COAEPXKAIIerocss B BO3AYyXe, K JaBICHUIO HACBIIIEHHOrO Mapa pH.I., Ipu
naHHON Temneparype. OTHOCHUTENbHAs BIIAXKHOCTh () TOKAa3bIBA€T, CKOJBKO IPOLIEHTOB COCTAaBISAET
MapUHAIBHOE JIaBJIEHUE OT JABJICHUS HACBIIEHHOIO Iapa NPy JAaHHOW TEMIIEPATYPE U ONPEAEIAECTCS 110

dhopmyire:
o =L .100%
pll.ll

[TapunanpHOE naBiIeHHE PI MOKHO paccuuTaTh IO ypaBHeHHIO MenneneeBa - KilamelipoHa uinu 1o
TOYKE POCHI.

Touka pocsl - 3TO TeMmmeparypa, Ipu KOTOPOM BOISHOW Nap, HAXOIALIMKICS B BO3AYXE CTAHOBHUTCS
HachlEHHbIM. OTHOCUTENIbHYIO BJIAXKHOCTb BO3/lyXa MOYKHO ONPEIENIUTH C IOMOIIBIO CIEHUAIBbHBIX
IpUOOPOB — ICUXPOMETPA U TUTPOMETPA.

IIcuxpomerp
IIcuxpomeTp COCTOUT U3 CYXOr'0 U BJIAYKHOTO TEPMOMETPOB.
PaccmoTpuTe ncuxpomMerp u OnpeAesuTe II€ CyX0l U BIAaXKHBIA TEPMOMETPHI.

a) U3MEPUTH MIOKA3aHUS CYXOr'0 U BIAKHOI'O TEPMOMETPOB:

0) MCTIOJIB3YS IICUXPOMETPUYECKYIO TaOJIHITy, OTIPEIEIUTh OTHOCUTENIBHYIO BIQ)KHOCTh BO3/1yXa.
BHumarenbHO HOCMOTpUTE Ha ICUXPOMETPUUECKYIO Tabnully. B nepBoM BepTuKaibHOM cTo0LE
HalIMTe NOKAa3aHMUs BalIEro CyXOro TEPMOMETPA, B IEPBOM TOPU30HTAIBHOM CTPOKE HAIUTE Bally
Pa3HOCTb ITOKA3aHUH CyXOr'0 U BIAXKHOIO TEPMOMETPOB. TO 4KCII0, KOTOPOE HAXOAUTCS HAa IEPECEUCHUN
CTOJIOIA ¥ CTPOKH U SIBJISIETCS] 3HAUEHUEM BIKHOCTH BO3JyXa.

N300pakenue, cxema, pUCyHOK SKCIIEpUMEHTA:

Cypoont |
mepsoxempl|

& | Baawnnn |-
) mepaosemp R

Pucynoxk 1. YcranoBka ains naboparopHoit paboTs! Ne5
3. BemonauTe padoTy.
4. OTtBeTbhTe HAa KOHTPOJIbHBIE BOIPOCHI.
5. 3amojHUTE OTYET IO JIabopaTopHO padoTe.
Ilopsinok BbINOJHEHHS padOThI:
1.HanuTe B nUTaTENh KUISTYEHYIO BOIY.
2. latp ¢uTmmo mponuTathess Boxod M yepe3 10-15 MHMHYT OPHUCTYNUTh K ONPEAEICHUIO
BJIQ)KHOCTH.
3.0mnpenenuTs NOKa3aHus CyXxoro M YBIa)KHEHHOTO TEPMOMETPOB.
4.IloBopaunBass MO € KpacHOW OIU(PPOBKONM, COBMECTHUTH TOKA3aHHs CYXOro TEPMOMETpa
(xpacHble IM(}pPBI) ¢ TOKa3aHUSAMHU YBIXKHEHHOTO (YepHbIe LU (PHI).
5.0npenenuTh OTHOCUTENBHYIO BIAXKHOCTD 110 KPACHOM CTpETIKE.
6.Pe3ynpTaThl U3MEpeHU U BBIYMCICHUN 3aHECTU B TaOJIUILY:

Tabmma Nel
IToka3anusi TepMOMeETPOB Pa3noctn OTtHocuTebHAS
MOKa3aHui BJIA’KHOCTH BO31yXa ¢,
TEePMOMETPOB %
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At=tcyx-tBJ

Ccyxoro teyx

BJIAKHOIO tBJI

Tabmuma Ne2
Temnepaty | Touka HaBnenne | Ilapumansa | OtHocuTen | ITnotHOoCTh | AGCOMIOTHA
pa pocsr, °C HACBIIIEHH | O€ bHasl HACBIILIEHH | A
OKpY KaroIi oro mapa, JaBlieHUE | BIAXHOCTh | OTO IMapa, BJIIAKHOCTh
ero ITa BOJASHOIO | BO3ayxa, % | & BO3JlyXa
BO3/yXa, napa, [1a M
°C

7. Cnenatp BBIBOJ|, 3alMCaTh IIOKa3aHWs TUIPOMETpa W JaTh PEKOMEHIALMU IO MOAJEP>KaHHIO
BJIQKHOCTH B 1a0OpaTOpHUH B IIpeesiax HOPMBI.
KoHTpoJibHbIE BOIPOCHI:
1. Kaxoil map Ha3bIBaeTCsl HAchlIEHHbIM? UTO Takoe AMHAMHMYECKOE PAaBHOBECUE, TOYKA POCHI,
napuuanbHoe JaBieHue?
2. Tlouemy mokazaHus CMOYEHHOTO TEPMOMETPA MEHBIIIE, YEM CyXOro?
Kak, 3Hast TOUKY pOChl, MOXKHO ONpPEAEIUTh NaplualbHOE AaBIeHHE?
4. Cyxoil 1 BIaXHBI TEPMOMETPHI IICUXPOMETPA MMOKA3BIBAIOT OJIMHAKOBYIO TemrmepaTypy. Kakosa
OTHOCHUTEJIbHAs BIIAXKHOCTb BO3AyXa?
®opma npeacTaBiaeHus pe3yJabTara:
PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAM ISl JJaOOPaTOPHBIX paboT.
Kpurtepuu onenku:
3a mpaBUIIBHO BBINIOJHEHHOE 33JaHHE BBICTABIISIETCS TOJI0XKHUTENbHAs OLleHKa — 1 Gasu.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% nmpaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

w

Tema 3.3 ArperaTHblie cCOCTOSIHMS BewiecTBa U (a3oBbie Mepexoabl

JlabopaTopHoe 3ansitue Ne 11

OnpenesieHne yaeabHON TENJI0eMKOCTH BelleCTBA

]_le.]]b: OIIBITHBIM ITYTEM OIIPCACIINTE BCIUYNHY YJIGHBHOﬁ TCINIOEMKOCTH BE€IICCTBA W BBIICHUTH
(bu3MUECKHii CMBICT YpaBHEHUS TEIIOBOTO OajaHca.

BoinosHenue pa6otel cnocodcTByeT hopmupoBanuio: [1P62_OVIIL.06, [TP66_OVII.06,
ITP68 OVII.06, [TP61_OVIIL.06, ITP610_OVIL.06

MarepuajabHoe ofecnedyeHue: BEChl ONTHYCCKHE Ha LITATHBE; PA3HOBEC; HCCIIETyEeMOE BELIECTBO;
KaJIOPUMETP; TEPMOMETD; ICKTPOILIUTKA; COCY]I C BOJIOM;
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3aganue

1. 3anucarp B TeTpaap Ha3BaHUE PAOOTHI, IIeTb paOOTHI, MPHUOOPHI U MPHUHAICKHOCTH.
2. HauepTuTh TabNuIly I 3aIIUCH PE3YJIbTaTOB U3MEPEHHUI M BBIUMCIICHUH.

3. BBIYHMCIICHUS TPOBECTU COTJIACHO (hOPMYIIaM:

Temora, oTnaHHast TOPIYUM TEIOM: Qo =M1C1(t1- 0)

TeroTa, mosydeHHass KaTopUMETPOM: Q on . =M2C2(0-t2)

Terota, nmosydeHHas BOIOM: Qo5 =M3C3(0-13)

VYpasaenue TerioBoro 6ananca: Qo= Qnox

mlcl(tl- 9)2 m2C2(6-t2)+ mgCg(e-tg)

m1Ca(ti- 0)=( 0-t2)( M2Co+ M3C3)

Tak kak ty=t3, (0-t2)=(0-t3)

c1=(0-t2)(M2Co+m3c3)/(My(t1-0)) Ix/(xr-°K).

4. OnpenenuTs NOrpeIHOCTH

A=|Cra65-C1| - aOCOMIOTHAS TIOTPELTHOCTb;

5=(A/c)-100%.

HOpﬂlIOK BbIITOJTHCHU A paﬁon:

NogakrowhE

Taoauma Nel

>

ol

9

1.

B.yilensHas

TEINNOEeMKOCTIIE

MACCH TRSPJIOTO TeJan, K
rTeMriepaTypa Tena, “C
r\n:u‘c":l k“—l—'—‘,l"”\h—"p“. Kr
MBaCCH BOLUBY, K)

TeMIICPATYPA ROJMLT 11

o TeMIICpaTypa cMecCosr, e

VAL I A

KamopimMerpa, JRK/(kr - "K)

I/ (xy -"K)

Kastopiasmacrpa,

TENNOeMRKOCTL

TSeINMOoOeMEOCT ROJLET,

Vil an TLIDIOOMEBEOCTE rBepliaoro

Tenn, Jlad(xr “K)

10. rabnimmoe IS

Jlac/(xr CIK)

KoHTpoJibHbIE BOPOCHI:

e ViSO

ITBepPIOro rTern,

11, OTHOCHTANLIINS [TOTPEIINOCTL, Yo

Omnpenenuts Maccy UCCIENYEMOrO TENa my;
OnycTuTh UCCleyeMOoe TEJIO0 B COCY C BOAON U HArpeTh BOAY A0 KUIIEHUS;
Onpenenuts Maccy KaJlopuMeTpa mp;
Hanuth 10 nonoBuHBI BOABI B KaJOPUMETP U OINPENEIUTh MAcCy BOJbI M3;

N3MepuTh HauanbHYIO TEMIIEPATYPY KAJIOPUMETpa C BOAOH to=ts;

OnycTuTh HarpeToe Tejlo B KAJIOPUMETP C BOAOH U U3MEPUTh TEMIIEpaTypy cMmecu 0;

Pe3ynpTaThl M3MepeHUN W BBIUMCIEHUI 3aHecuTe B TaOnMIly M craenaite BbBoJ. Ilo okoHuaHMM
paboThl MPUHAIEKHOCTH, TETPAb U TaHHOE PYKOBOJCTBO CAATh MPENOaBaTEINIO.

o
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1. KaxoBa pazHuIIa MEXy TEINIOEMKOCTBIO T€Ja U yAEIbHON TEIIOEMKOCTHIO?
2. B 4eMm cmbIcn ypaBHEHMs TEIUIOBOrO OanaHca M Kakoe OTHOIIEHHE OHO HMMEET K
3aKOHY COXPaHEHMs SHEPIUU.

®opma npeacTaBiaeHus pe3yJabTara:
Pabora nomkHa ObITh BBIMOJIHEHA B TETPAAH ISl JIAOOPATOPHBIX paboT.
Kpurepun oneHku:
3a mpaBUIIHHO BBHITOJHEHHOE 33JaHHE BHICTABIISAETCS IOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpPaBWIIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS olleHKa — () OauoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvHoy svicmasisencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 3.3 Arperatuble cOCTOsIHMS BellecTBAa U (ha30BbIe Mepexoabl

JlabopaTopHoe 3ansitue Ne 12

Omnpenesienue MOaYJIsl YIPYrocTu pe3urbl (MoayJas FOuHra)

Heapb: OnpenenuTs MOAY/Ib YIPYTOCTH PE3UHBI IPU PACTIKEHUH.

BoinoiHenue padorbl cnocodcTByer ¢opmupoBanmio: [1P62 OVIL.06, I1P66 OVIIL.06,
[1P68_OVIIL.06, ITP61_OVIIL.06, ITP610_OVII.06

MarepuanbHoe ofecnedeHne: HUTKA (JE€CKa), pE3UHOBBIN MHYpP IIuHON 25—30 cM U ceueHrem
4— 10 mM2 , HaGop Tpy30B 1o 0,1 Kr, MITaTUB, TMHEWKA, IITAHTCHIIUPKYIIb LU MUKPOMETD.

3aganme:

1. O3HaKoOMHTbHCS C TEOPETUUECKUM MaTEPUATIOM.

Kpamxkue meopemuueckue ceedenusn:
[Ipu ycraHoBuBHIElca yrpyrod nedopMalnuu paBHOAEWUCTBYIOIIAs BCEX BHYTPEHHUX CHII
YIPYrOCTH, BO3HHUKAIOIIMX B Telle B JIOOOM €ro CeYeHWH, YPaBHOBEIIMBAET BHEIIHHUE CHJIBI,
JIEWCTBYIOIIME HA TEJIO.
CornacHo 3akoHy ['yka, HampspkeHME ¢ W BBI3BAHHOE MM OTHOCHUTEIBHOE & YJUIMHEHHE
nponopuuoHanbHel: 0=F ¢ , rae E— mMoayns ynpyrocru.
[Tocne mpeoOpa3oBaHus 3TOTO BHIPAKEHUS OTYUHM:

F dmgl,

T e e

JI1st SKCIIEpUMEHTAIIBHOTO OINPEAEIICHNsT MOAYJSl YIPYTOCTH HYKHO HW3MEPUTh BCE BEIMYHMHBI:

S,
nedopmupyromyto cury F (F=mg), ceuenne obpasma S 4 , €r0 TIEPBOHAYATBLHYIO
nnuny 10 u yanmunenue 1.

1. U3y4yenue nepopManmu pacTsizKeHHs.

1. M3MepuTh ¢ NMOMOIIBK IITAaHTCHIMPKYJS WIM MHKPOMETpPA TOJIIMHY IIHYpa W BBIYHMCINTH
IUIOUIA/Ib €r0 NOMEPEYHOro CEUeHUs S.

2. TlopgemmBas k mHYpy rpy3sl maccort 0,1 kr, 0,2 kr, 0,3 Kr, U3MEpPUTh COOTBETCTBYIOINE
a0COJIOTHBIE YAJIMHEHUS IIHYPA: U BBIUUCIUTH OTHOCUTEIbHBIE YATMHEHUS IIHYpa.

3. Ilo pe3ynpTaTaM U3MEpPEHNUH BBIYUCINUTD MOJYJIb YIIPYTOCTH PE3UHBI E M OLIECHUTH TOTPENIHOCTH
JKCIIEPUMEHTA:
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Am Al Ad Al
£= + +2—+ -
m d [-l

AE=F-¢
- a0COJIIOTHAS TIOTPEIIHOCTb.
5. Pe3ynbrarel n3MepeHuil U BBIYUCIEHUHN 3aHECTH B TaOJINILY:

- OTHOCHUTCJIbHAs NOTPCIIHOCTDb

H3MECPCHO BEIYHCIICHO
N;g mxkr | dom | S.m® | lom | Lm | ALm| F,H | E, Ila Ew, | AE, £,%
/o Ila Ila
1
2
3

6. Cnenarb BBIBOI.
KoHTpoJibHBIE BOIPOCHI.
1. Kakue Buzbl nedopmanuii Bel 3Haete?
2. U3mensieTcs iy BHYTPEHHSIS SHEPTUs Ae(POpMUPOBAHHBIX TEJI?
®opma npeacTaBieHus pe3yJbTara:
PaGoTa momkHa OBITh BBIMOJIHEHA B TETPAIH IS JIAOOPATOPHBIX paboT.
Kputepuu ounenkmu:
3a mpaBUIIbHO BBITOJHEHHOE 33JJAHHE BHICTABIISICTCS TOJIOKUTEIIbHAS OLIEHKA — | Oasu.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS o1leHKa — () OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.3. ArperaTHble COCTOSIHMS BellleCTBA U (pa30BbIe Mepexo/bl.

JlabopaTopHoe 3ausiTue Nel3

Onpenenenue ko3(pPpUIIHEHTA YIPYTOCTH M MOYJIl YIPYTOCTH NPH AeopManium pacTsaKeHUs U
cKaTusA

Hean: omnpenenenune kodpduuuMeHTa YOPYrocTH U MOAYIS YIPYrocTH Hpu  JAepopManuu
pacTtsKeHus..

BbinosiHenue padorbl  crnocodcTByer ¢opmupoBanmio:  [1P62 OVIL.06, ITP65 OVII.06,
ITP66_OVYII.06, ITP68 OVII.06, ITP61 OVIIL.06, ITP69 OVIIL.06

MatepuaiabHoe o0ecniedeHue: BupTyanbHas Jlaboparoproe 3ansatue 1.09 Onpenenenue korpdu-

LMEHTa YIPYTOCTH U MOAYJISI YIPYTOCTH IpU JepopMaIii pacTsHKEHUS

http://mediadidaktika.ru/mod/page/view.php?id=13

Kpamkue meopemuueckue céedenus:

B Tteopum ymnpyroctu moj cioBoM «iedopMaiys» MOHUMAIOT BCSKOE M3MEHE-HHE B OTHOCHUTEIHHOM
PacrojoKEHUU YacTUIl TBEpJOro Teja, Bo3HUKaromiee moj/ Cpeaum MHOXKECTBAa pPazIUYHBIX BUIOB
neopManuu cieayeT OTMETUTh Mpo-cTeliue: nedopmanus pacTsbkeHus (cxaTus) u aedopmarus
capura. Bce ocranb-Hble BuAbl JedopManuu UMEIOT Oojee WM MEHee CIOXKHBIM xapakTtep. B
ciyyae,eciii  eopMallud  Manbl, TO MOXHO JIOOyI0 JedopMalnio paccMaTpuBaTh VKAKCyMMY
HEKOTOpBIX pacTsbkeHud u cauroB.llpu mobom Buie nedopmanuu, €cid oHa HE OYEHb BEJIMKa I10
CPaBHEHUIO Cpa3MepaMy caMOro Teja, BOSHUKAET CHJIa, KOTOPasi CTapacTCsl BEPHYTh TEJIO B Tj COCTOSIHHUE,
B KOTOPOM OHO OBbUIO 110 JepopMaliui. DTa CUjla U Ha3bIBAETCS CUIION

ynpyroct. Cuja ynpyrocTH ¢ BeI3BIBAIOLIEH ee qedopmalneii cBsizaHa:
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Fynp=- kx,31ecb k — k03¢ duIpieHT nponopruoHaIbHOCTH, Ha3bIBAEMBIH JKECTKOCTBIO TEIa,

Paccmorpum nedopmanuro pactsbkenus. I[lox aeiicTBueM cunbl TsDKeCTH Trpy-3a F mpoBosioka wim
CTepKEeHb JUIMHOM L momepeuHoro cedenust S pactaruBa-eTcsi Ha BenuuuHy L . CBsA3b Mexay
YAJIMHEHUEM NPOBOJIOKU L m critoilF = mg , BBI3BIBAIOLIEH 9TO YUIMHEHUE, BBIpa)KaeTcsl 3aKOHOM ['yka

AL __F
=K —,
L S
roe K — KOB(l)d)I-/ILII/IeHT YIIPYTOCTH;
AL
=&
L — OTHOCHUTENbHas edopmanus,
F
s 7
‘ ycmine (MeXaHH4eCKOe HalpsDKeHHE).
CrnenoBaTeibHO,
k=BLoS
L F

Koadduumentom ynpyroctu Ha3piBaeTcs (pr3nyeckasi BEIMUUHA, YUCICHHO
paBHast OTHOCUTEIBHOMY YUIMHEHUIO ITPU J€HCTBUN YCHIIUS PaBHOTO €AMHULIE.
Torna monyns ynpyroctu (Mmoaynb FOura) paBen

_ 1 _ L:F

K AL-S’
CnenoBarenbHo, Monynap HOHra 4YHCIEHHO paBeH OTHOUICHMIO HANPSDKEHHMST K OTHOCHTEIbHOMY
yanuHeHuto. Jpyrumu ciaoBamu, Moayib FOHra 4muciieHHO paBeH TOMY HaNpsDKEHHIO, IPU KOTOPOM
JUIMHA pacTAruBaeMoro obpasua yasousach Obl (ecau Obl MPHU TAKUX HANPSIKEHUAX TEJIO OCTABAIOChH
YOPYTUM M IPOAOJDKAIO Clie-A0BaTh 3aKoHY ['yka). B neiicTBUTENnbHOCTH ropas3io paHblle, YeMm OyAeT
JOCTUT-HYTO TaKO€ HaIPsDKEHUE, TEJIO UCHBITACT IUIACTHUECKYIO 1e(OpPMAaIIMIO U pa30-pBETCS.
Jlnia kaxknoro marepuana Mmoaysb FOHra umeer nocrosiuaoe 3Hauenue. Mo-nynes FOura B8 CU nsmepsior B
ennHunax naasiaeHus H/m2. Ilpu pacTsokeHMM CTEp)KHS WIM TPOBOJOKM pPaboTa BHELIHEW CHIIBI
YBEJIMUYUBAET SHEPTUIO YIIPYTOPACTIHYTONW MTPOBOIOKH.

Onucanune YCTAaHOBKH U ME€TOAAa U3MEPECHUSA

Pracywox 1

Jlnst paboThI MCIIONB3YETCsl YCTAHOBKA, NMOKa3aHHAasi HAa pUCYHKE 1, KOTOPYI0 HEOOXOAMMO 3allyCTUTh 110
CCBUIKE C MopTaja. Y cTaHOBKa MPEACTaBIIsIEeT cOO0M HATAHYTYIO TPOBOJIOKY AJIUHON L, K HIXKHEMY
KOHIlYy KOTOPOH IIPUKPEIUIAETCS TPy3 Maccoil m. B BepXHeM IpaBoM yri1y pacro-

JIO’)KEH MHIMKATOP, YKA3bIBAIOIINN BEMYUHY Je(OpMallui pacTsKEHUs! B COTBIX JOJSX MUJUTMMETPOB. B
HIDKHEM IIPaBOM yIily uMeercsa mnaHenb «llapaMmerpel ycTaHOBKM». B Hel MOMKHO 3a/1aBaTb 3HAYEHUs
auameTrpa M JUIMHBI NMpoBOJOKM d u L, COOTBETCTBEHHO, MacCy TIpy3a, BBI3bIBAIOLIETO JedOopMalnio
pacTsDKeHus, m U

YIJIMHEHHUE MPOBOJIOKH L .

ITopsinok BbINOJIHEHHUS PadOTHI
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1 Beeaure nykHbie napamerpsl d, L (BBIOpaTh caMuM WIIM BBECTHU 33JJaHHBIC

Mpeno/IaBaTesieM) 1 3alMIINTE UX 3HaueHus repes Tadbmunen 1 Paccunraiite

TUIOMIA/Ib MTOTIEPEYHOTO CEUCHUs TPOBOJIOKH S. Brimmmte B Tabiuiy 1

2 Mensis 3Hauenust macchl oT 0 10 10 Kr ¢ marom 1, 3anumuTe B TaOJIHILY TT0-

kazanus L.

3 Beruucnure 3Ha4eHUs IeUCTBYIOMEH criibl F.

4 Jlnsi KaKJIOro 3HAYEHUS HATPY3KH ONPEISIUTE CPEAHIO BennduHy Kod(d-dummenta K u Momynb
ynpyroctu E .

5 OueHuTe NOrpeuIHoCTh NOAYyYEHHOT0 3HaueHus1 Ecp KOCBEHHBIX U3MEPEHUH.

6  HMcnmonwp3yidiTe  TONy4deHHBIE  pe3yiabTaThl  JJIsi  TOCTpOEHUs  Trpaduka  3aBUCH-MOCTH
abcomoTHOrOYATMHEHUS OT TpmiokeHHoW cunbl L =f(F). Chemaiite BBIBOJ O MPUMEHUMOCTH 3aKOHA
['yka nipu 3TUX Harpyskax.

HavajabHas n1jimHa nposBoJioku L =

JAmnamerp npoBosioku d=

Il1omaap nonepevyHoOro ceyeHusi MPOBOJIOKH S =

Tabnuua 1.
Haipy3ka | | OrHock- E cp,
> Ha nposo- | HANPIKE | has ;o2 " H/ve | H/MS
Ne AL, M| joxy Hueo, | " | K,»H | E,H/™m M
Y H/n2 aAedopma-
m, ke F,H & LA, E1

(39

3

7. Ilo pe3ynpraTamMm U3MEPEHUN ONpEeNIUTe MaTepual, u3 KOTOPOro U3roTOB-
JIEHa NPOBOJIOKA.

KoHTpoJibHBIE BOIIPOCHI
1. Kakoit Bua negopmanuu MMeeT MecTo B JaHHOM pabore? 3amummre 3akoH ['yka Juig 3Toro Buza
nedopmariiu.
2. KakoB ¢wusuueckuit cmbicn moayns HOura? 3anummre ¢Gopmyny, M0 KOTOPOWMOMKHO PACCUUTATh
mMonyinb FOHra.
3. Kakue nedopmaruu HazpiBatoTcs ynpyrumu? UYTo HazbIBaeTCsl MPEAeaoM MpO-MOPLUOHATIBHOCTH U
npenenoM npouyHoctu? Hapucyiite nuarpaMmy HanmpsoKeHHH Ui KaKOTO-HHOY/h BEIIECTBA W HA HEM
MOKa)KUTe 00JIACTH, COOTBETCTBY-IOIIME MPEeNy MPONOPLUUOHATBHOCTH, IPEeNy YIPYTroCTH, Mpeaeny
TEKYUYECTH U TIpe/IeTy TPOYHOCTH.
4. BeiBenute hopMyny Ui pacdyera SHEpruu ynpyrou aedopmaru.
5. OOBsicHHTE SIBICHUE ePOPMALIUN C TOUYKU 3PCHUS CTPOCHUS MOJIEKYIL.
6. [IpuBeanTe MpuMephl TEXHUYECKOTO MPUMEHEHHS IBJICHUS JepopMaIium.

®opma npeacTaBiaeHus pe3yJabTara:

PaboTa nomkHa ObITH BBIMOJIHEHA B TETPAAM ISl JJaOOPaTOPHBIX paboT.

Kpurepum ounenku:
3a mpaBUIIHLHO BBIIOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENbHAs OLleHKa — 1 Oasu.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHAE BHICTABISICTCS OTpUIATEIbHAS OlleHKa — () 0asioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoos1emeopumebHoy svicmasisiencs 3a Mmeaee 60% MpaBUIBHBIX OTBETO
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Pasnen 4. daekTpoanHaMuka
Tema 4.1. DaekTpocTaTnka

JladopaTopHoe 3ansiTue Ne 14
OnpenenerHue 3eKTPUIECKOI eMKOCTH KOHIEHCATOPA

Hesan padoThI: HAYIUTCS U3MEPATH MIIEKTPOSMKOCTh KOHJICHCATOPA.
Boinosinenue paborbl cnocodcTByer dopmupoBanui:. [IP61 OVIL.06, I1P62 OVII.06,
I1P65_ OVIIL.06, [TP66_OVYII.06, [TP68 OVII.06, [TP610 OVIL.06, ITP69 OVII.06

MarepuanbHoe odecnneuenue: Habop xonaencaropos, MukpoammnepmeTp, VICTOUHHUK ITOCTOSHHOTO
ToKa, CoeIMHUTEIBHBIE IPOBOJA.

Teopust

Baxneiimielr xapakTepuCcTUKON JTI000T0 KOHJIEHCATOpa SIBJISETCS €ro dJeKTpuyeckas eMkocTs C.
DJEeKTPOEMKOCTh TPOBOJHUKA TTOKA3hIBACT 3aBHCHUMOCTH 3apsjia HAdJICKTPH30BAHHOTO IPOBOJHHUKA OT
pazMepoB, (popMbl MPOBOAHMKA U BHEHIHUX yciioBui. 3mepsieTcs oTHomeHreM 3apsiaa C KoHIeHcaropa K
paszHocTH noteHuanoB U Mex Ty ero 0OKIaIKaMu:

Beipaxxaercst C B papanax(d).

Konpencatop - 1o mpubop yis HakoruieHUs 3apsiioB U 3Hepruu .Dopmyna eMKOCTH IJIOCKOTO
KOHJIEHCATOpa

C=¢c¢S/d (2)

T7ie €0~ AUAJIEKTPUYECcKasi MPOHUIIAEMOCTh BaKyyMa, €- JUDJIEKTPUUECKasi MPOHUIIAEMOCTb Cpefpl , S -
TUIOIIA T OOKIIAIKH KOHJICHCATOpa, d - paccTosHUE MEXIy OOKIaIKaMK KOHICHCATOpa.
EMKOCTh KOHJIEHCATOpa MOXKHO ONPEAETUTD OINBITHBIM ITyTEM.

Eciu 3apsbkaTh KOHIEGHCATOP MOCTOSIHHOW €MKOCTH OT OIHOrO MCTOYHHKA TOKH, a 3aTeM PaspsKaTh
ero uepes raJbBaHOMETP, TO CTPEJIKa ralbBAHOMETPA BCAKHUIA pa3 OyIer oTOpachBaThCs IO MIKAJIE Ha
OJIHO U TO K€ YHCIO ACNCHHH. Y KOHICHCATOpa JIPYroil eMKOCTH OTOPOC CTPEJKH rajibBaHOMETpa
Oyzet uHbIM. MIMest KOH/ICHCATOPhI M3BECTHOM EMKOCTH, MOXHO YOEIHUTBCS, YTO EMKOCTh KOHJICHCATOpa
IPSIMO MPOTIOPLIMOHATbHA YHCITY JETICHHUH 1, Ha KOTOPOE 0TOPAChIBAETCS CTPEJIKa rallbBaHOMETpa:

n=kC  (3)

ITopsinok BbINoJIHEHUs PadoOTHI
1. CocTaBUTh IEKTPUUECKYIO IIeNb o cxeMe (puc. 1) B nienu ycTaHOBUTH OIUH U3
KOH/IEHCAaTOPOB U3BECTHOM EMKOCTH.

2. 3apsaMTh KOHACHCATOP, 3aTe€M OBICTPO PA3psINTh €T0 Ha raJbBAHOMETP U 3aMETaTh TI0 €ro MIKaje
MaKCHMaJIbHOE OTKJIOHEHUE CTPEJIKH, OTCUNTHIBASI YUCIIO ACIEHUH N.

3. OmbIT MOBTOPUTH A1 60JIee TOUHOTO ONpeIeNICHUs YKcIa JeJieHuit 2-3 pa3a 1 Hail- TH
OTHOILICHUS HAlJIEHHOTO KOJIMYECTBA AEIEHUN K U3BECTHOM €MKOCTH B3ATOr0 KOHJIEHCATOpa

k=n/C (4
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4. BBINOJHUTG ONBIT C KOHAEHCATOPOM HEU3BECTHOM EMKOCTH, HAUTH €€, NCIIob3ysl (hopMyITy:
Cx=nx/k (5)
5. Pe3ynbrarel u3MepeHuil U BBIYMCIIEHUH 3alIUCaTh B OTYET.

KoHTpoJibHBIE BOIPOCHI
Bapmuanr 1

1. KoHnpaeHcatop B epeBoJie - «crycTutTenby. [1o kakol mpuuuHe npudopy 1aHo Takoe Ha3BaHHE?
2. Tloyemy eMKOCTb KOHJEHCATOpa MOCTOSHHA?
3. Ortuero u KaK 3aBHCHUT ¢MKOCTh IPOCTEHIIIEro KoHAeHcaTopa? 3anumute GopMyiy TOH eMKOCTH.

4. Kax m3MeHHTCS 3JIEKTPOEMKOCTh KOHJIEHCATOpa, €CIM YMEHBUIUTD IUIOMIAh OJHON M3 TO OOKiIa-
JIOK B JIBa pa3a, a pacCTOSHUE MEXK]ly OOKJIaJKaMH B Tpu paza?

5. Opna W3 MIacTHH IUIOCKOTO KOHAEHCATOpa COEAMHEHA C JJIEKTPOMETPOM, BTOpas 3a3eMJICHA.
Kak w3MeHATCS TOKa3aHWs SIIEKTPOMETPOM @)TIpH COJNIMIKCHWW IUTACTHH;, O) TpU BBEIACHUU JH-
AIEKTPHUKA.

Bapuant 2

1. Kakoii koHJeHcaTop Ha3bIBaeTcs MIOCKUM? Yemy paBHA €ro eMKOCTh?

2. Kakyro omacHOCTh MpPEACTaBISAIOT co00i 00eCTOUYEHHBIE LENU ¢ MMEIOUIMMHUCS B HUX KOHJICH-
catopamu?
3.  H3MeHuThCS TU Pa3HOCTh MOTCHIIMAJIOB TUIACTUH TUIOCKOTO KOHJICHCATOPA, €CIIM OJHY M3 HUX
3a3eMJIUTH?
4.  JlBa xKoHAEHcaTOpa eMKOCThbIO 5 u 7 MK®D mocneaoBaTelbHO MOACOSAUHEHBI K UCTOYHHUKY C pas-
HocThi0 moTeHnuanoB 200 B. KakoBbl Oyayt 3apsiapl U pa3HOCTb IMOTEHIMAJIOB OaTtapeu, eciu
KOHJIEHCATOPbl OTCOEUHUTH OT UICTOYHUKA U COCANHUTH NapaljiebHO?
5. OpHa U3 MIIaCTUH TUIOCKOTO KOHJEHCATOpa COSANMHEHA C JIEKTPOMETPOM, BTOpas 3azemieHa. Kak
W3MEHSTHCA TMOKa3aHUs AJIEKTPOMETpa TMPHU IMEepPEMEIICHUN OJHOW W3 TUIACTUH MapajuIesIbHO JIPYrou
IJIacTUHE?

Tema 4.2 3aK0oHbI IOCTOSIHHOTO TOKA

JlaGopaTopHoe 3ansiTue Nel5

Onpe)le.ﬂeﬂne YACJABHOI0 CONMPOTUBJICHUS ITPOBOAHUKA

He.l'lb: OMNpeaACIICHUEC YACIbHOI'0 COIMPOTHUBJICHUA MPOBOAHHUKA SKCIICPUMCHTAJIbHBIM ITYTEM

BoinosiHeHue  padorbl  cmocoO0cTByer  ¢oopmupoBanuio.  [IP62 OVIL.06, IIP66 OVII.06,

ITP68_OVII.06, ITP610 OVII.06

MarepunanbHoe oOecredyeHHe: HWCTOYHMK  TOKA, aMIIEPMETP, BOJIBTMETDP, COEAMHUTEIbHBIE
MPOBOJA, KJIIOY, IITAHTCHIHUPKYNb, JUHEIKa, KyCOK IPOBOJA, YIEIbHOE COMNPOTHUBIEHHE KOTOPOTO

onpeensieTcs.
3ananue:
1. CamocTosTensHO cOOpaTh MEKTPUUECKYIO IIEMb IO CXEME.
2. CHATH TIOKa3aHUS aMIIEpMETPa U BOJILTMETPA.

3. Hcnonp3ys IUTaHTeHIUPKYJIb M JIMHEHKY, HAay4UThCS OIpPENeNiTh TIeOMETPUYECKHE pa3Mepbl

IIPOBOJIHHKA.
4. OrmpenenuTs BEIMYUHY YAEIHHOTO CONPOTUBICHHS METaJlIa.
Ilopsinok BbINOJHEHHS padOThHI:
1. CoOlpatb Lenb 1o cxeme U MoKazaTh JUIsl IPOBEPKH PYKOBOIUTEIIIO.

+
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2. 3aMKHYTbH LI€TIb M CHATH [TOKa3aHHs aMIIEpMETpa U BOJILTMETPA.
3. BplYMcIuTh CONPOTHBIICHUE POBOIHUKA 11O (hOPMYIIE.
4. W3MepuTh IIMHY ¥ BBIYUCIUTH TUTOMIA (b IOTIEPEYHOTO CEUYCHHUS TPOBOAHMKA 110 (hOpMYIIe:

, Tae ¥ - nuameTp NpoOBOJHHUKA.

g Toel” p I
L = { -—
4 I
5. BbBIUMCINT yIEIBHOE CONPOTUBIIEHUE 110 POPMYIIE:
, RS
{

6. JlanHbie 3aHecTH B Tabiuiry 1.

7. Bbruuciautb abCOMOTHYIO (A) M OTHOCUTEIBHYIO (€) MOTPEIIHOCTH U3MEpPEHU o hopmynam:

A
A =|Prsr. — Promvy & =——-100%
Pragi.
8. Cnenatb BBIBOJ 1O padoTe.
TabaniaNel
U.B I. A R.On| [v | d.ou N A, O
S s M F P i £.%
Owmt-
M

ECIISCTEBO

KonTpoabHbie Bonpochl

1. Or kakux BENUYMH M KaK 3aBUCUT COMPOTHUBICHUE MPSMOIUHEHHOTO0 METaUTMYECKOTO
MPOBOJTHUKA?

2. JIea MeAHBIX TMPOBOJHUKA HWMEIOT OJWHAKOBYIO JJIMHY, HO pa3IUYHYIO IUIOIIA/b
MOMEepevyHoro cedyenwus.:1,6 mvm® u 0,8 v’ Kaxoii IIPOBOJTHUK HMEET MEHbIIIEE
COIIPOTHUBIIEHUE U BO CKOJIBKO pa3?

3. CKOIbKO METpPOB HHUKEIMHOBOTO IPOBOJA IUIOMAAbI0 TonepedHoro cedenus 0.1 MM
noTpedyeTcst JIsl M3TOTOBIEHUS peocTara C MaKCHMalbHBIM compoTuBieHueM 180 Owm?
VYnenbHoe conpoTrBieHne HuKkeanHa 0,42 10°0m M.

dopma npeacTaBJieHus pe3yabTaTa:
Pabota nomkHa ObITH BBIMOJIHEHA B TETPAIU AJIs 1a0OpaTOPHBIX padoT
Kpurtepun onenkmn:
3a mpaBUIIHLHO BBITOJIHEHHOE 33JJaHHE BHICTABIISIETCS TIOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeTMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNe BHICTABIISIETCS OTpUIIATeIbHAast orleHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

2

Tema 4.2 3aK0HLI MOCTOSHHOI'O0 TOKA
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JlaGopaTopHoe 3ansTHe Nel6

JKcnepuMeHTAIbHAasI MPOBEPKa 3aKOHOB MAapaJlJIeJIbHOT0 M MOCJeI0BATEILHOT0 COeTUHEHH S
NPOBOIHHKOB

Heab: u3y4nTh MoCIeI0BAaTEIbHOE U MAPAICIBHOE COSAMHEHHS TPOBOAHUKOB

BoinosiHenue pa6oTsl  cnocodcTByeT (opmupoBanuio: I1P62 OVIL.06, I1P66 OVIILO6,
[1P68_OVYII.06, ITP610 OVYII.06

MarepuanbHoe odecnedenne: VICTOYHMK DIICKTPUYECKON SHEPTHU C MOCTOSHHBIM HAINPSHKEHHEM
(e BBIIIE 25B); BONBTMETP IIKOJIBHBIN; aMIEPMETp LIKOJIBHBINA, HA00P IEMOHCTPALIMOHHBIX PE3UCTOPOB C
Pa3HBIMU CONPOTUBIICHHUSMH, KIIFOY, COSIMHUTEIbHBIC TIPOBO/IA.

3aganue:

1. O3HakombTeCh C TEOPETUUECKUM MATEPUATIOM:

Kpamxue meopemuueckue céedenusn:

[TocienoBarenbHOE M MAPAUICNIBHOE COEIMHEHUS B DJIEKTPOTEXHHKE — JBa OCHOBHBIX CIOCO0a
COEJIMHEHUS BJIEMEHTOB 3JIEKTpUueckod wnenu. IIpum mocienoBaTenbHOM COEAMHEHUHM BCE 3JIEMEHTHI
CBSI3aHBI JIPYT C IPYT'OM TakK, YTO BKJIIOYAIOIIMM UX Y4aCTOK LENU He UMeeT (puc.l) HU OJHOrO y3ia.

ITpu napasuienbHOM COeAMHEHUH (pHC.2) BCe BXOJAIINE B LIENb JIEMEHThl OObEJUHEHBI IBYMsI y3JIaMH U
HE WMEIOT CBSI3€U C JAPYTUMH y3JIlaMH, €CIH 3TO HEe NMPOTHBOPEYHT ycioBuio. [Ipu mociemoBarenbHOM
COEJIMHEHUM IPOBOJHUKOB CHJIa TOKa BO BCEeX INPOBOJHMKAX oOAuHaKkoBa. [Ipu mnocienoBaTenbHOM
COEJIMHEHUH MTPOBOJIHUKOB CHJIa TOKA B JIFOOBIX YaCTSIX IETH OJTHA U Ta XKe:

=1 = I D
[lonHoe HampspkeHue B LN IPU IHOCIEIOBATEIBHOM COEIMHEHMH, WM HalpsDKEHUEe Ha MOJrocax
MCTOYHHKA TOKA, PABHO CyMME HAaIPsDKEHUH Ha OTACTBHBIX YUaCTKaX IETH:

U=U; + U,
Puc.1.
R, R, R,
~ T R:R1+B’2+"'+Rn

HpI/I napauieJibHOM COCAWHCHUU MAACHUC HANPSKCHUA MCKAY IABYMA Y3JIaMU, O6T>C,I[I/IH$IIOH_II/IMI/I
9JICMCHTBI ICIIH, OAMHAKOBO JJIsI BCEX 3JICMCHTOB.

HpI/I OTOM BCJIHMYHHA, 06paTHa;1 O6H.ICMy COIIPOTUBJICHUIO HCIH, paBHa CYMMC BCIIMYUH, 06paTHBIX
COIMPOTUBJICHHUAM MAPAJUICIIbHO BKIKOYCHHBIX ITPOBOAHHUKOB. Cuna Toka B HepaSBCTBHGHHOﬁ qaCcTHu I CIH

Me Ch
=] 1 + I 2

HaHpSI)KeHI/Ie Ha y4JaCTKax Ienu AB u Ha KOHIIax BCCX MapalICIbHO COCANHCHHBIX ITPOBOJHUKOB OJHO U
TO Ke:

U=U, =U,

PI/ICl.z.

H]_ HE H3

Jlyig 1BYX mapajuieIbHO COeIMHEHHBIX PE3UCTOPOB UX 001ee CONTPOTUBICHUE PABHO:
1

~ RyR,
Ry + R;,
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_ Ry

n.

!

Ecnu , TO 00IlIee COMPOTUBIICHUE PABHO:

R1:H2:R3:...:Rn R

[Ipu mapamienbHOM COEIMHEHHH PE3UCTOPOB MX 0OIIee CONPOTUBICHUE OyIeT MEHbIIE HAUMEHBILIETO
U3 CONPOTHUBIICHUN.
2. CHsB MOKa3aHMs HANPSDKEHWH M CHJI TOKA HA KaKJIOM U3 YYacCTKOB LIENH, HEOOXOAUMO CBEPHUTH
COOTBETCTBYIOILIME HM3MEPEHHbIE M BBIUYMCIEHHBbIE (M3MYECKHE BEIMUYUHBI, a 110 pe3ysbTaTaM
TaKOW CBEPKH — CJIeNIaTh BBIBOJ O MPOJICIaHHON paboTe

1. Ilocneoosamenvnoe coedunenue nposoOHUKOE.
1. Cobparts nemns no cxeme (puc. 1):

puc. 1
N3meputs HanpspKeHHE, CUITy TOKA Ha TIEPBOM PE3UCTOPE.
N3mMeHuTh cxeMy YCTaHOBKM U HW3MEPUTh HaNpsHDKEHHME Ha BTOpoM pesucrope. Cxemy

wmn

HApUCOBAThH B TETPAIb.
Boraucnute cymmy Hanpsokenuit Ul+U2 .
W3MeHuTh cXeMy YCTaHOBKH M M3MEPHTH 00IIIee HaNpsKeHUE Ha IBYX conpoTuBieHusx Ul2 |
[TpoBepuTh, BhIMONHAETCS 1 paBeHcTBO: U12=U1+U2.

[IpoBepuTh CripaBeITMBOCTH PABEHCTB

No ok

J
Ri=Rr+Ry 1t b=

II. ITapajyienbHOE cOeIMHEHHE ITPOBOIHUKOB.
1. CoGpats tens no cxeme (puc. 2):

puc. 2
2. M3mepuTh HampspKEeHUE, CHITy TOKa Ha TIEPBOM PE3UCTOPE.
3. H3MeHHWTHh cXeMy YCTaHOBKM W W3MEPHTh CHIIy TOKa Ha BTOpOM pesuctope. Cxemy
HapUCOBATh B TETPA/b.
4. Bprauciuts cymmy TokoB 11+12 .
W3MeHuTh cxeMy YCTaHOBKM M U3MEPHUTH OOIIYIO CUTy TOKa B 1ienu 112 .
[TpoBepuTh, BBITIONHSETCS JIK paBeHCTBO: 112=11+12.
[IpoBepuTh CripaBeIMBOCTh PAaBEHCTB

Nou

1/Ri>=1/Ri+1/R> u 1.‘_ s _&
I, R

2 1
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KoHTpoJsbHbBIE BONIPOCHI:
1. Kakoe coeauHeHUE COMPOTUBIICHNI HA3bIBACTCS MOCAeA0BaTeIbHBIM? UeMy paBHBI
COIPOTHUBIICHUE, CHUJIA TOKA, HAPSHKEHUE B IIETIA IPH TAKOM COCTUHEHHH?
2. Kakoe coennHeHre COPOTUBIICHUI Ha3bIBaCTCs NapaiiebHbIM? YeMy paBHBI
COIPOTHUBIICHUE, CHUJIA TOKA, HAPSHKEHUE B IIETIA IPH TAKOM COCTUHEHHH?
3. HazoBute murockl 1 MUHYCHI TAPAIISITBLHOTO U ITOCIIEI0BATEILHOTO COSIMHECHUM
IIPOBOJHUKOB?
4. TlpuBenuTe MpUMEpPHI MAPAILICTHLHOTO U ITOCIIEA0BATEILHOTO COSAMHEHUS TPOBOIHUKOB.
dopma npeacTaBJieHus pe3yabTaTa:
Pabota momkHa OBITH BBITIOJIHEHA B TETPAIH I 1a00paTOPHBIX padoT
Kputepuu onenkmu:
3a MpaBUIILHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE ACHWCTBUE, 3aJJaHUE BBICTABIIACTCS OTpUIaTeIbHAas oeHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasniemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «Heyoosiemeopumenvroy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.2 3aK0oHBI MOCTOAHHOI'0 TOKA

JladopaTropnoe 3ansitue Nel7

N3yuyenue padoThl MyJIbTHMETPA.

Llesib: HAYYIUTHCS MOJIB30BATHCS MYJIBTHMETPOM JUTS PA3HBIX PEKUMOB PaOOTHI

BoinosiHenue padorbl cnocodcTBYeT ¢opmupoBanuw. I1P61 OVIL.06, I1P62 OVII.06,
[1P65 OVIIL.06, [TP66_OVYII.06, [TP68 OVII.06, [TP610_OVII.06, ITP69_OVII.06

MatepuaiabHoe obecrieyeHre: MyJIbTUMETP, HAOOp PE3UCTOPOB, AMOABI, TPHO/bI, HCTOYHUK TOKA,
peocTaT, COeIMHUTEIbHbIE IPOBO/IA, KITIOY.
HNHcTpyKuus N0 NPUMEHEeHUI0 MyJIbTHMETPA
Ilepektouare/ib peskuMa M IMANA30HA U3MEPEHHI.
[lepexmtouarens pexuma U Juana3oHa U3MEpEeHHH HCIIONb3YeTCs Ul BKIIOUEHHs IPUOOpa, a TaKxKe JUIs
BBIOOpA JKETAaeMOro pekuma paboThl U Tipezesia u3MepeHus. s yBenudeHus: cpoka CiyKObl OaTapeu,
NepeBOIUTE Nepekitoyarensb B nongoxenne «OFF», nmocne BoINOIHEHNS U3MEPEHUI.
N3mepenne HaNpsizKeHUs MOCTOSTHHOTO M MePeMEHHOI0 TOKA.
1.Iloaxnrounte KpacHsIil pa3beM B rHE310 «VQmA», uepHbIi pa3beM B rHe310 «COM»
2.YCTaHOBUTE TEPEKIIoUaTesh PeXIMa H3MEPEHHA Ha JKeJTaeMblid THana30H U3MEPEHUS HAIPSDKEHHS , B
cllyya€ €CJId HEHU3BECTHO NPUMEPHOE 3HAUYEHUE HANpsHKEHHUs , YCTAHOBUTE MEpeKIoYarelb Ha
MaKCHUMaJIbHOE 3HAUYECHUE U CHIDKANTE TIpeieNl H3MEPEHHS 10 TIOJTYIEeHUS ONTHMAIHHOTO 3HAUCHHUS .

Pexum Iar nu3mepenus IMorpemnocTts

200 mB 100 MB +0,5 % ms 3ro 3HaKa
2000 mB 1 MB +0,8 % s 2ro 3Haka
20B 10 MB

200 B 100 MB +1,0 % mu1s 2ro 3HaKa

3. IlpukocHuTech MPOOHMKAMH K YCTPOWCTBY MJIM TOYKAM 3JIEKTPHUECKOW CXEeMbl . Tne Tpedyercs
U3MEPUTH HANPSDKEHUE.
4. B cnyuae HanuuMsl HalpsDKEHUsI PUOOP MOKAXKET HANPSHKEHHUE U TOJISIPHOCTD.
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HN3mMepeHue NOCTOAHHOIO TOKA

1.Ilogkmrounte KpacHbId MPOOHUK K pazbemy «VOmAy». YepHsiii k pazbemy «COM»(isa u3mepeHus
ToKOB 0T 200MA 110 10 A ucnosns3yiite pazseM «10A»)

2 VYcraHoBHTE INEpeKitoyaTellb BbIOOpa peXKMMa HM3MEPEHHUH Ha JKeJaeMblil Mpeaen H3MEpeHUs
IIOCTOSIHHOT'O TOKA .

3.Pa3zbenunuTe M3MEpSEMYIO0 SJEKTPUYECKYIO LI€Tb M TMOJCOCIUHUTE MPOOHUKH TMOCIEI0BAaTENbHO C
Harpy3Kou.

4. Ha pucrnnee nmosiBUTCS 3HAYEHUS TOKA.

6. Pazbem «l10A» mnpegHa3HaueH i HEYACTOrO UCIOJIb30BaHUA. Bpemsi u3MepeHuss HE OHKHO
mpeBbllaTh 15 cekyHI, a Mexay H3MEepEeHUsIMH HEOOXOIHWMO BBLIEPKHBATh HECKOJIBKO CEKYH]I BO
n30exaHue MOBPESKICHIS TPUOOPA.

HN3mepeHue cONpOTUBJICHUS

1.IIpucoenunuTe KpacHslii IpOOHUK K pazbeMy «VQmAY. YepHsiii k pazbemy «COM».

2.YcraHOBUTE IIepeKitoyaTeslb BbIOOpa pEeXHMMa HM3MEPEHH Ha JKelaeMblii TMpenesl H3MEpeHUs
COIPOTHBIICHUS.

3. Ilpunoxure npoOHUKH K HU3MepseMOMYy oOpa3lly, AWUCIICH OTOOpa3sUT MpU OSTOM 3HAUCHUE
COIPOTHBIICHUS .

Pexum MHoxuTenb ITorpemnocts
200Q 0,1 +(1.0% ms 10ro 3Haka)
2000Q 1
20KQ 10
+(1.0% s 4ro 3Haka)
200KQ 100
2000KQ 1000

IIpoBepka 1uon0B
1.TloakmrounTte KpacHbIA TPOOHUK K pazbeMy «VQmA., uepHbIil K pazbeMy «COM».
2. YcraHOBHTE TIepeKiIouaTeNb BBIOOpa pekuMa U3MEPEeHUI Ha 3Ha4YOK |Iroa
3. CoeauHNTE KpacHBIN MPOOHUK C aHOAOM (p) TECTUPYEMOTO U0/1a, @ YEPHBIN MPOOHUK C KaToJ0M (1)
4. Jlucnnell mokakeT 3HaUYEHWE HaNpsDKeHHs B MB. eciau mosisspHOCTh 1uona NepemyTraHa , JUCIUIEH
oTo0pa3uT «1».
HN3mepenue TeMnepatypsl
1.IIpucoenunute Tepmonapy k pazbemy «VQmA» u k pazbemy «COM».
2.YcTaHOBUTE NEpEKIII0YaTelb BEIOOpa peskuMa u3MepeHuii Ha u3mepenue Temmeparypsl « TEMID»
3. lucnineit oTo0pa3uT 3HaUeHNE TEMIIEpaTyphl B rpagycax Llemnscusi.
3ByKoBasi NPO3BOHKA
1.IlogkmrounTte KpacHBI MTPOOHUK K pazbeMy «VQmAY. UepHsrii k pazbseMy «COM».
2.YcTaHOBUTE NEPEKII0YATENb BEIOOpa pekuMa U3MEPEHHUH Ha 3BOHOK
3.IIpucoenuuute nMpoOHUKH K MPO3BAaHMBAaeMoW cxeme, npu compoTtuBieHun menee 30 Om momaercs
3BYKOBOW CUTHAJI.

Ilopsinok BbINOJHEHHs padOThI:

1. TIlpouuraiiTe TeOpETHUECKHI MaTepHall:
Kpamkue meopemuueckue ceedenusn:
Tonynpoeoonukoswiii Ouoo

JlMon comepX uT p-N-NEpEexo]l, 3aKIIOYEHHBIH B TE€PMETHUECKUN KOPIYC M COEIMHEHHBIM C

METATTIMYECKUMHU BbIBOJAaMU. BBIBOM OT p-00s1acTi HA3bIBAIOT aHOJOM, OT N-00JIACTH — KaTO/I0M.
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Juoa- TONYNPOBOJHUKOBRIA TpHOOp, MpeAHA3HAUYCHHBIM JUIS YCUJICHHS MPeoOpa3oBaHUS
TeHEPUPOBAHUS AIEKTPUUECKUX KOJIEOAHUN Pa3InYHON YacTOTHI.

TpaH3ucTop COCTOUT U3 TpeX 00JIaCTel ¢ Pa3IUYHOM MPOBOAMMOCTHIO. PaznnyaioT TpaH3UCTOPHI
Tumna p-n-p u n-p-n. Cpeansist 30Ha Ha3bIBaeTcs O6azoui. TonmuHa 6a3bl JOKHA ObITH MEHbINE JUIUMHBI
cBOOOJHOTO mpoOera 3ieKkTpoHa. B TpaH3ucrope mmerorcsi nBa p-hN-mepexona. JIeBwlid p-n mepexon
SBJICTCS MPSMBIM M OTJEJIAET 0a3y OT 00JIaCTH C MPOBOJUMOCTBIO P-TUIIA, HA3bIBAEMYIO dMummepom. B
3TOW 00JIACTH aKIENITOPHOUN MPUMECH B COTHHU pa3 OoJibIle, 4eM JOHOPHOM ImpruMecH B 0ase, T. €. IBIPOK B
SMUTTEpPE 3HAYUTENBHO OOJIbIIE, YeM JJIEKTpOHOB B 0Oaze. IIpaBblif mepexon sBIsieTCs OOpAaTHBIM H
otaensieT 6a3zy oT 001aCTH C MPOBOJIUMOCTBIO P-THIIA, HA3BIBAEMON KO/LIEKMOPOM.

—tRER N | B e R P | B
3 K 3 K

e <

1.M3y4nTh HHCTPYKILIMIO 110 SKCIUTyaTalluy puodopa.
2. I3MepuTh CONPOTUBIICHHSI PE3UCTOPOB, JTaHHbIE 3aMUCaTh B TaOIHILY

Ne i/ Conporusiaenue, Om

3.Cobparthb 1ens o cxeme

4.3aMKHYTb LI€Tb, IPU HEUCIIPABHOCTH LENU IPO3BOHUTH LENb, HAUTH HEUCIIPABHOCT.
5.M3meputh HanpspkeHue Ha OaTapeiike U peocrare.

6. PazomkHyTh 11enb. MI3MepHUTH TeMIepaTypy pe3ncTopa U peocTara.

7.3MepuTh CONPOTHUBIIEHHE PE3UCTOPA U PEOCTAaTa, JaHHbIE 3aMucaTh B TaOIHILy

HaumenoBanue Conporusinenue, | Hanpsixenune, B | Temneparypa,
Om °’c

Pesucrop
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Peocrar

WUctoynuk Toka | 00 -----

8. IloBTOpUTH TEOPETUUECKHI MaTepHal MO MOJYIPOBOIHUKOBBIM PUOOPaM: TUOAY U TPAH3UCTOPY.

9. [IpoBepuTh AMO/IBI (UCIIPABHOCTD, OJIIPHOCTH ).

10. Tpauzucropsl. OmnpeaenuTs BbIBOJBI TpaH3UCTOpa (KOJUIEKTOpP, 0a3a, SMUTTEP) U THUI TPAaH3UCTOpa
(p-n-p) wiu (n-p-n)

11. 3anucaTh BBIBO 1O pabOTE, OTBETHB Ha BOTIPOCHI.

KouTpoJbHbIle BOnpochI:

Kak BbIsicHUTb, UTO oA HeuctipaBeH? 2. Kak BBISICHUTB P- M N- KOHTaKThl JUoaa?

Kak ompenenuts 6a3y y TpaH3HCTOpA.

HazoBuTe riaBHbIe CBOMCTBA [10/1a M TPAH3UCTOPA.

VYcerpoiicTBO 1M01a ¥ TPAH3UCTOpA.

el N =

Tema 4.2 3aK0oHBI MOCTOAHHOI'0 TOKA

JladopaTropnoe 3ansiTue Nel8

Omnpenaesienue TemneparypHoro kodgduumuenra Mmeau

Leb: pacKpeITh BIUSHUE TEMIIEPATypPhl HA AJIEKTPUUYECKOE CONMPOTUBICHUE METAJIOB; OMBITHBIM
nyTéM  ompenenuTh  KodGUIHUEHT TEPMUYECKOrO0  COMPOTHBICHHUS  MEAH; TOCTPOUTH IO
AKCIIEPUMEHTAIILHBIM JaHHBIM rpauK 3aBUCUMOCTH COTIPOTUBIICHUS OT TEMIIEPATYPHI.

BoinosiHenue padorbl cnoco0cTBYeT ¢opmupoBanuw: I1P61 OVIL.06, I1P62 OVII.06,
[1P65_OVIIL.06, [TP66_OVYII.06, [TP68 OVYII.06, [TP610 OVII.06, ITP69 _OVIIL.06

MarepuanbHoe ofecrieyeHue: TMpUOOp Ui ONpeAeNeHUS TeMIIepaTypHOro koddduimenrta
COMPOTHUBIIEHU MeNn, TepMoMeTp TexHudeckuit ot 0 10 100°C ¢ nenoit nenenus 1°C, oMMeTp, BHEITHUN
COCy/l KaJOpUMETpa C BOAOMU, DIEKTPOIUIMTKA, KIIOY, COCTUHUTENbHbBIE MPOBOJA, IMITATUB C My(PTOH U
JIATKOM.

Kpamkue meopemuueckue céedenus:

DJNEeKTpUYECKOe CONPOTUBJIEHHWE 3aBUCUT OT TemmepaTypbl. OObsCHAETCS 3TO TeM, 4YTO
YIOPSAOYEHHOMY JBM)KEHHMIO CBOOOJHBIX JJIEKTPOHOB JJIEKTPUYECKHM TOK 3TO YHOPSJOYEHHOE
JBMDKEHUE 3apsKEHHBIX YACTHIL - 3JIEKTPOHOB) OKA3bIBAIOT NMPOTUBOJICHCTBHE (CONMPOTUBIIEHNUE) aTOMBI
KPUCTAIJINYECKON PEIIETKH, NHTEHCUBHOCTD TEIJIOBOTO JBUKEHHSI KOTOPHIX M3MEHSETCS C N3MEHEHHUEM
TEMIIEPATYPHI.

YV XUMHUYECKH YUCTHIX METAJLJIOB C MOBBLIIICHHEM TemmepaTypsl Ha 1°C conpoTHBIECHHE BO3pACTAET
npumepHo Ha 0,004 (1/273) conpotusnenus npu 0°C u BbIpaxkaeTcst TMHEHHOI 3aBUCUMOCTBIO

Rt =Ro(1+0aAt), toe

Ro—conporusnenue meramuia npu 0°C,

At- pa3HOCTB TemriepaTyp (KOHEYHON U HaYaJIbHOMH);

o - TeMIepaTypHbIi KO3((UIIMEHT CONPOTUBIECHUS, MTOKA3hIBAIOIINH, Ha KaKyl0 4acTh HA4aJbHOTO
conpotusieHus npopoguuka npu 0°C (273K) usmensiercs conpoTuBiieHue Nnpu HarpeBaHuu Ha 1°C wnn
IK.

0=A R/ RoAt umn o0=A R/ RoAT
AR= Rt -R 0-
OnBITHBIM MYTEM MOKHO ONPEAENUTh 0, HE MpuoOeras K M3MepeHuto conpotuBieHus Rg. Jlis storo
HEOO0XOAMMO JIBaXJIbl M3MEPHUTh COINPOTHBIIEHHE HccieqyeMoro Matepuana Ri m Ry mpum pasHbix
TEeMIIEpaTypax ty u tp.

Iopsinok BbINOJIHEHUSI PadOTHI:
1. Cocyn ¢ Bofo¥ MOCTaBUTh HA 3JIEKTPOIIUTKY U BKIIIOUUTH €€ B CETb.
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wn

Onpenenuts LEHy JAeJIeHNs OMMETpa.
Nsmeputs conpotuBieHue Ry MmeHON MPOBOIOKU TP KOMHATHOM TeMIieparype t,

4. OnycTuTth MpuOOp B BOLY, YCTAHOBUTH B HEM TepMomeTp. [Ipu HekoTopol Temneparype ty H3MEpUThH
conportusiieHue Ry nuccnenyemMon MpoBOIOKH.

o o

OnpIT OBTOPUTH HECKOJIBKO pas.
Berauciuts 2 — 3 pasa o, Hcmois3ys cooTHorrenue: o= Ry - Ri/ (Rt — Ry ty).

7. OnpenenuTh CpelHee 3HAUYEHUE O, U CPABHUB IOJIYUYEHHBIH pe3yabTaT ¢ TAOIUYHBIM 3HAUYCHHEM
TEMIIEPaTypPHOTO K03((DUIMEHTa CONPOTUBICHHUS MEH, BEIYUCINTH OTHOCUTEIBHYIO TOTPEITHOCTD.

8. Pe3ynbTarhl M3MEpEeHUH U BEIYMCIICHUH 3aMKcaTh B TaOJIHILY.

Temmnepary Conporus Temmnepar Cpennee TO. OTtHoOcUTENbH
pa JieHue YPHBIi 3HAYeHHe 3HaYeHHne ast
Ne MeIHOI K03 (ppunu TeMIeparTyp TeMIeparyp
MEIHOU MPOBOJIOK eHT HOT'0 HOTO TOrpemHocTsL
NIPOBOJIOKH u R, Om CONPOTHBJI k03¢ unue k03¢ dunuen
eHHus HTa Ta
o
t,°C L CONIPOTHBJIE CONpPOTHBJIE
a, (°C) HUA HUSA
o,
ocp. 3, %
1
2
3
4
5
6

9.Ucnonb3ys naHHBIE SKCIIEPUMEHTA, TOCTPOUTH Tpaduk 3aBUcUMOCTU Rt 0T t, oTKI1abIBAS 110
ocu abcuuce — temiieparypy B °C Ha ocu OpAMHAT — COPOTUBJICHHE.
10.Cnenath BBIBOJ O padoTe.

KoHTpoJibHbIE BONIPOCHI:

1.
2.
3.

o ok

KaxoBa ¢usndeckasi CymHOCTb 3JIEKTPUUYECKOTO CONPOTUBIIEHUS?

Kak 00BsiICHUTD yBETHUEHHS CONPOTUBIICHUS METAJJIOB ITPH HArpeBaHUU?
OO0bscHUTh  GopMyny, TIO KOTOPOW  OIpeaensieTcss  TeMIepaTypHbII
COIIPOTHBIICHUS.

[Touemy TemmnepaTypHblii KOAPGUIUEHT CONPOTUBICHUS ISl 3JIEKTPOIUTOB OTPUIATENbHBIN?
KaxoBo conporusnenue 0,5 Kr MegHON IpoBOJIOKK AuaMeTpoM 0,3 mm?
VYka3aTb NpakTUYeCKoe TPUMEHEHHE 3aBUCUMOCTH  CONPOTHUBIICHUS
TEMIIEPATYPHI.

K03 duIueHT

IIPOBOAHUKA oT

®opma npeacTraBjIeHUd pe3yabTara:
PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAU ISl JAOOPaTOPHBIX padoT
Kpurepum ounenku:

3a MpaBUJIbHO BBIOJHEHHOE 33/JaHHE BBICTABJISICTCS TOJIOKUTENbHAS OlleHKa — | Oasu.

3a HeMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNEe BBICTABIISIETCS OTPHUIIATEIbHAS onleHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
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Oyenka «HeyoosiemeopumenbHoy svicmasgisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 4.2 3aK0oHBI MOCTOAHHOI'O0 TOKA

Jladoparopnoe 3ansiTue Nel9

Onpe}leﬂelme CONIPOTUBJICHHUSA PE3UCTOPA METOA0OM MAaPKUPOBKH

Lesb: onpenenuTs HOMHHAIBHOE COMPOTUBIICHUE PE3UCTOPOB METOI0M MAPKUPOBKHU; OIIPEICIIUTh
JOIMYCTUMOE 3HAYCHUE CUJIBI TOKA ISl JAHHBIX PE3UCTOPOB IPH U3BECTHOM HOMHHAJIE MOIITHOCTH.

BoinosiHenue pa6orsl  cnocodcTByeT ¢opmupoBanuio. I1P61 OVIL.06, I1P62 OVIILO6,
I1P65 OVYIIL.06, ITP66 OVII.06, ITP68 OVII.06, [TP610 OVII.06, [TP69 OVIIL.06

MarepunajbHoe ofecreyeHue: HAOOp PE3UCTOPOB pPa3HBIX CONPOTUBIICHHWH, TabiaHIa 3HAKOB
MapKUPOBKH.

3aganmue.
1. O3HaKOMHUTBLCS € TEOPETHYECKMM MATEPUAIOM.
Kpamkue meopemuueckue ceedenusn:

[Tpu ompenencHuy pexuma padOTHI PE3UCTOPA CIEAYET yYYUTHIBATH MAKCHMAJIBHO JIOIMYCTHMOE
JJIS1 Hero 3HaYeHne CHJIbI TOKA, KOTOPOE OMPEICAETCs 3HAYUCHHEM €0 COTIPOTUBIICHUS U MOITHOCTHIO.
MapkupoBka HOMHUHAJIA PE3UCTOPA OCYIIECTBIIETCS IBETOBBIM KOJOM B BHJE YETHIPEX LBETHBIX IOJIOC,
HAHECEHHBIX Ha ero KopIryce.

[Ipu 3TOM 3HAUEHME COMPOTHUBIICHUS PE3UCTOPa yKa3bpiBaeTcss B OMax JByMs MEPBBIMHU MOJIOCAMU U
MHOXHUTENEM (TpeThs mmosioca) 10n, rae n - 1r00oe 1menoe Ynucio ot - 2 10 + 9.

MapkupoBOYHBIC 3HAKK CIBHUTAIOT K OJHOMY W3 TOPIIOB PE3UCTOpa, HAIPUMEP, K JIEBOMY, U
3aTEM pacmoJiararot cilieBa HaIpaBo B ClIeTyIoIIeM MOPsIJIKE:
repBas 1moJioca - rnepas nudpa HOMUHAJA, BTOpas MoJjioca - BTopas Iudpa HOMUHANIA, TPEThS ToJIoca -
MHOKUTENb, YETBEPTas MOJIOCA - JOMYCK HA OTKIOHEHHE (DAKTHUECKOTO COMPOTHUBIECHUS OT HOMHHANA.
Ecnm pasmeps! pesuctopa HE TO3BOJISIOT PA3MECTHTH IIBETHBIE TOJIOCHI HECUMMETPUYHO, T. €. OJIFKE K
OJTHOMY U3 TOPIIOB PE3UCTOpa, TO TIEpBast MOJIOCA BBIMOIHAETCS 00JIee ITUPOKOH.

[{BeTa 3HAKOB MAapKUPOBKH HOMHUHAIBHOTO COMPOTHUBJICHUSI B OMax U JOMyCKOB B % MpPUBEICHBI
B Ta0IHIIE:

Honyck B
LiBeT 3HaKka Mepaas Bropas MHoxuTeNB %
undpa undpa

CepeOpucTsIit -- -- 10 10
30J0THCTHIH -- -- 101 5
YepHsIit - 0 1 --
Kopurunesslii 1 1 10 1
KpacHsrii 2 2 10° 2
OpaHxeBblit 3 3 10° --
Kenrorit 4 4 10* --
3eNeHbIi 5 5 10° 0,5
TosyGoit 6 6 10° 0,25
duoneToBwIi 7 7 107 0,1
Cepbrit 8 8 10° 0,05
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Benprit 9 9 10° -

IMopsiToK BbINOJITHEHHS PA0OTHI:
1. Pa3noxuth Ha pabodeM CTOJIe KOMILJICKT PE3UCTOPOB.
2. BHuMaTenpHO MPOYMTATh YKa3aHHE K paboTe.
3. OdopMuUTh MapKUPOBKY PE3UCTOPA B TETPAIH 110 00pas3iry
4. 3anoJHUTH TAOIHILY:

Pesucro HomunannHoe MoIHOCTh Cuia Toka
p conpotusiienue R | pesucropa (BT) (A)

0,25

0,25

0,25

0,25

0,25

o o & w N

0,25

0,25

0,25

5. PaccuuTarh cuily TOKa IPU U3BECTHOM MOLIHOCTH TOKA.

6. Cnenatb BBIBOJ 1O paboTe.

KouTtpoJbHble BOnpochI:

1. B uem 3akimtouyaeTcsi METO MapKHUPOBKH.

2. Jlns gero Hy)KHO 3HATh CONMPOTHUBJICHUE PE3UCTOPA MPHU BKIIOYCHHUH €TI0 B CXEMY?
3. Ot 4ero 3aBUCUT MOITHOCTh TOKA, TEKYIIETO IO PE3UCTOPY?

®opma npeacTraBiaeHus pe3yJabTara:
Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU AJis J1abOpaTOPHBIX paboT
Kputepun onenkmn:

3a IpaBHIIBLHO BBITIOJIHEHHOE 33/1aHHE BBICTABIISIETCS ITOJIOKHUTENbHAS OlleHKa — 1 Oa.

3a HCIIPABUJIBHO BBITIOJIHCHHOC HeﬁCTBHC, 3aIaHUC BBICTABJIAICTCS OTPHULIATCIIbHAA OLICHKA — 0 6amoB.

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

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

Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 4.2 3aK0oHBLI MOCTOAHHOI'O0 TOKA

Jla6opaTopHnoe 3ausitue Ne 20

Omnpenenenue KII/I narpeBaredeit

He.]'Ib: HaYYUTBCA HNPAKTUYCCKU OIPCACIIATH TCIUIOBYIO OTHAYY OJBJICKTPUUCCKOTO HArpeBaTeiIsa

JIF000r0 THIIA.

BbinoiHenue pa6orsl  cnocodcTByeT (popmupoBanuio: I1P61 OVIL.06, I1P62 OVII.O6,

ITP65 OVII.06, ITP66_OVII.06, ITP68 OVII.06, ITP610 OVII.06, ITP69 OVYII.06

MarepunanbHoe o0ecnedyeHne: 2 dJIEKTPUUECKUX HarpeBarelsl, COCyA sl KHIISIYEHUS BOJBI,

BOJIa, TEPMOMETP, CEKyHI0MEp (Yachl), CIIPAaBOYHUK IO (HU3HKE.
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3aganu

c.

1. O3HakoMHTBCS ¢ TEOPETUUECKUM MaTEPUATIOM
Teopernueckuii MaTepuas:

Koadduument moneznoro AeWCTBUS HarpeBaTess CBsI3aH COOTHOUICHUEM:
Qn

Q ;- moJie3Has TEIJIOTa U OIpEeaeIAeTCs Mo Gopmyiie
Q“:C*m(Tz-Tl)

C — yAcCibHas TCIIIOEMKOCTD JKUJAKOCTH,
M — Macca )XUIKOCTH, KOTOPYIO KHUIIATAT,

T, — HadanpHas TE

MIIEpaTypa KHUIKOCTH,

T, — KOHe4Hast TeMIieparypa KHJIKOCTH,
Q3 — KOJIMYECTBO TEIIOTHI, KOTOPYIO BBIIEISIET HArpeBaTeb
(3aTpayeHHast TEIJI0Ta) U Onpeaensercs no Ggopmyse:

roe P — momHoCT

Q3 =P -t (3),

b JJICKTPUUCCKOI'O HArpeBaTeiid,

t — MHTEpBaJI BpEMEHH, 3a KOTOPBIM 3aKHIIENA KUIKOCTD.
MOoOIHOCT 3JIEKTPUYECKOrO HArpeBaTens OIpPENeiseTcs IO IAaclOPTHBIM JAaHHBIM, YKa3aHHBIM Ha

pudope.

BpeMH, 3a KOTOPOC 3aKHUIIMT JKHUIAKOCTb, OIPCACIACTCA YaCaMMU. YiaenbHas TEMIOEMKOCTh BOJIbI

OIPCACIIACTCH 110

CIIPaBOYHMKY.

HOpﬂ)IOK BbIITOJTHCHU A paﬁoTLI .

1. TloaroroButh TaOIUILY JJIS 3aAMMMCH PE3YIHTATOB, OMPEACIIIEMBIX B X0J1€ PAOOTHI.

OnpenenuThb Boramciants
Cs m T, T, P t K.II.
.
KT K K Bt C %
Jorc\x
e K

2. 3aHectn B TaONMIy CHpPaBOYHBIE NAaHHBIC YIEIHHOW TEMJIOEMKOCTH BOJBI.
3. 3ammcarh B TaOJIHIly HOMUHAIBHYIO MOITHOCTB AJIEKTPUYECKOTO HarpeBaTess, yKa3aHHYIO Ha mpudope.
4. B cocyn mis kunsiueHuss BoAbl HaimuTh 200 r BOBL.

5. Omnpenenuthb

Ha4YaJIbHYIO TEMIICpAaTypy BOJBI.

6. BxrounTh HarpeBare b OJHOBPEMEHHO C CEKYHIOMEPOM (Yacamm).
7. OcTaHOBUTH CEKyHAOMEp (4achl) B MOMEHT OYpHOrO KHIIEHHUs BOJIBI. Bpewms, 3a KoTopoe 3akurmena

8. Broryucnure K.I1.

BOJIa, 3aHECTHU B TaOIHUILy.
J1. BIeKTpHUECKOro HarpeBaTes.

9. TloBTOPHUTH OMBIT C IPYTUM HArpeBaTEIIEM.
10. YuuTsIBas moTepu 3HEpPruu cHoOpMyIHpPOBATh BBIBOJ.
KoHTposibHbIE BONPOCHI:
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1. Veemmuurca wmm ymenbmmtcs KUILJI. anexktpudeckoro uailHMKa, €CIIM Ha €ro CTEHKax
MOSIBIJIACh HAKUTIb (OTIIOKEHHE COJICH)?
2. 3aBucut nmu KIIJl sneKTpuYecKkoro 4aHWKA OT TOTO OTKPBIT OH WIIM 3aKpPBIT?
@dopma npeacTaBJieHus pe3yabTarTa:
PaboTa nomkHa ObITH BBIIOJIHEHA B TETPAAU ISl IAOOPaTOPHBIX paboT
Kpurepun oneHku:
3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIISAETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHKE BBICTABIISETCS OTpHUIIaTebHas oleHka — () 0aos.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosnemeopumenbvhoy svicmasgisiemcs 3a menee 60%0 npaBUIBLHBIX OTBETOB

JlaGopaTopHoe 3ansitue Ne 21

HccaenoBanue 3aBUCUMOCTH MOIIHOCTH JaMIIOH HAKAJIMBAHUS OT HANPAXKCHUA HA €€
3aKuMax

Heab: yrmyOuTh MOHUMaHUE (PU3MUECKOTO CMBICIIA PACXOAYEMON MOIIHOCTH U MPAKTHYECKH €€
U3MEPUTH

BoinosHenue pa6oTsl  cnocodcTByeT (opmupoBanuio. I1P61 OVIL.06, I1P62 OVIILO06,
I1P65 OVIIL.06, ITP66_OVII.06, ITP68 OVII.06, [TP610 OVII.06, ITP69 OVII.06

MarepuanbHoe obecnedeHne: JJaMIIOYKa, UCTOYHUK MTOCTOSTHHOTO HAPSDKEHUsI, peOCTaT, KoY,
aMIICpMETpP, BOJILTMETP, KIIIHOY, COCAUHUTCIIBHBIC ITIPOBOAA

Ilopsinok BbINOJTHEHHS PA0OTHI:

=

Omnpenenuts LEeHy IeNeHus IpudopoB

CocTaBUTH IEKTPUUECKYIO CXEMY, COOII0Aast MOISIPHOCTh TPUOOPOB

3. Ilocie mpoBepKM CXeMbl MperojaBaTeNieM Ienb Pa3oMKHYTb. C IMOMOIIBIO peocTaTa BBICTABUTH
MUHHMaJIbHOE HanpspkeHre. CHATh MOKa3aHUs U3MEPUTENbHbBIX IPUOOPOB

[TocTeneHHO MEHSTH MOJIOKEHUS peocTaTa U CHATH 7-8 MoKa3aHHUil mpudopoB

JUis KaXZoro 3HA4YEHUs HAIpPsDKEHUs II0CYUTATh MOIMHOCTH — JIAMIIBl, & TaKKe JIOIOJHUTEIBLHO
paccYuTaTh CONPOTUBIICHUE JIAMITBI ITPH PA3HBIX TOKAX W HANPSKEHUAX

Pe3ynbpTaThl pacueToB U U3MEpPEHH 3amucarh B TaOIHILY.

IHocTpouTs rpadguk 3aBUCMMOCTH MOIIHOCTH JIAMIIBI OT HANIPSIZKEHHUs HA ee 3a:KUMaX.

8. Hamnucatb BbIBOJ 11O pabOTe U OTBETUTH MUCHbMEHHO HA KOHTPOJIbHBIE BOIIPOCHI

o s no

~N o

Ne ombiTa Hanpsizkenue, Cunia Toka, A MouHocTh Conporusienue
B Jaamnsbl, BT HUTH Hakaja, OM
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KoHTpoJsbHbBIE BONIPOCHI:

1. 3anumure ¢opmynsl pabOThl TOKa M MOIIHOCTH TOKa Yepe3 HalpsHKeHHe, CUIy TOKa Hu
COIIPOTHBIICHUE.

Enununs! usmepenus paboThl 1 MOLUTHOCTH TOKa. UYTO 03HayaeT equHuia usmepenus 1 kBr*u.
Omnpenenenue u popmyina 3akona Jxoyns — Jlenna.

UYro Takoe KOpoTKoe 3aMblkaHue? UeM OHO BpeHO U Kak ero u3dexarnb?

UYro Takoe npenoxpanutens? [ 4ero ero UCMoab3yr0T U Kak 0003HaYaeTcs B IETH.
Ilepeuncnure nose3HbIE U BPEAHBIE TEIIOBBIE JIEHCTBUS TOKA.

SRS RN

JlaGopaTopHoe 3ansTue Ne 22

"3aBHCHMMOCTD 3J1eKTPUYECKOI0 CONPOTHUBJIEHNUS NPOBOIHUKA OT €ro JJINHbI, IJIOIAH
NONEepPeYHOro ceyeHus U marepuaJa"

Heab: BBISABUTH 3aBHCUMOCTH DJIEKTPHUUYECKOTO COMPOTHBICHHS TPOBOJHUKA OT €ro JUIMHbBI |,
TUTOIIAIH TTOTIEPEYHOT0 CeUeHHsI S U MaTepraia (yaelIbHOTO COPOTUBIICHUS ).

BoinoiHenue pa6orsl  cmocodcTByeT (popmupoBanuio. I1P61 OVIL.06, I1P62 OVII.O6,
I1P65_OVII.06, ITP66_OVIIL.06, ITP68 OVII.06, [TP610_OVII.06, [TP69 OVII.06

MarepuaibHoe o0ecnmedyeHHe: HCTOYHMK TOKAa, COCJMHMUTENbHBIE MpPOBOJA, ammepMmerp (¢
npeaenoM uMepeHus 3 A), BoiabTMETp (C mpeaenomM m3MmepeHus 6 B), kmrou, HaOOp MPOBOJOYHBIX
PE3UCTOPOB Pa3IMYHOMN JJIMHBI, CEUEeHUs], MaTepuaa (Habop pe3rucTOpoB), peocTart.

Teopus
OTHo1renne HAIPsSXKCHUA U MCXKIY KOHIAMH MCTAJUIMYCCKOI'O IPOBOJHHKA, ABJIAIOMIECTOCA YYAaCTKOM

BHGKTpH‘IeCKOﬁ OCIn, K CUJIC TOKa Is N €CTh BCIIMYMHA IIOCTOSHHAA- CONMPOTHUBJICHHE.

R_U
T
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OnbIT MOKAa3bIBACT, YTO SJEKTPUUYECKOE COMPOTHUBIICHHE MPOBOJHUKA MPSAMO MPOMOPHUOHAIBHO €ro
mmuHe | 1 06paTHO MPOMOPIIMOHATBHO IIOMIAIU S MOMEPEYHOr0 CCUCHHS MPOBOIHUKA!
pl
R = —.
S
[TocTostHHBIM 11 JTaHHOTO BEIIECTBA TapaMeTp P HA3bIBACTCS  VOEIbHbIM  INeKMPUUeCKUM
conpomuenenuem eeujecmsa. Y iebHOE COPOTUBIIEHUE u3Mepserca B OM « MM 2 /M.

Ilopaook evinonnenusn pabomot:
1. Cobepute 1emnb, COCTOSIIYIO U3 MOCIEI0BATEILHO COCIMHEHHBIX MCTOYHMKA TOKA, KJIHOYa, MaHEIH
pe3uctopoB, ammepMmerpa. K kimemmam pe3uctopa i HM3MEPEHHUs HANPSIKEHHUS] TOJIKIIOYHUTE
napaiesibHo BosibTMeTp. He 3a0biBaiiTe coOm0AaTh MOMSPHOCTH MPH MOJIKIIOYEHUH aMIepMeTpa U
BOJIbTMETpA K 1enH. 2. Paccunraiite 1ieHy AeeHus ¥ MOrPElIHOCTh U3MEPUTEIbHBIX PUOOPOB.
3. Hauepture B Terpamu Tabnuily, B KOTOpYIO OyneTe 3amuChIBaTh 3HAUYEHUS (DPU3MUYECKUX BEITUYUH,
M3MEPEHHBIX U BHIYMCICHHBIX B X0JI€ BBINIOJHEHUS J1JAOOPaTOPHON pabOTHI.

Bun MIPOBOJIOYHOT'O Cuiia Hanpsioxenue CornpoTuBieHue
pesucropa TOKa Ha Pe3UcTope R = 2, Om
I, A U, B
OnbIT MPOBOJHUK €  MaJIOH
Nel JUIMHOW MPOBOJIOKH
cTaIb

MPOBOAHUK ¢  Oousblieit
JUTMHOM TTPOBOJIOKH

CTaJIb
Buvi1600: Ilpu ysenuyenuu onunvt | nposoonuka, e2o conpomugnenue
OnebIT IIPOBOJHUK C IIPOBOJIOKOM
Ne2 MEHBILIETO0  IONEPEYHOIO
CeueHus

nuxpom (0,05 mm? )

MIPOBOJIHUK C TPOBOJIOKOM
0O0JbIIEr0  MONEPEYHOro

CEYCHUS
nuxpom (0,10 mm? )
Bwioo:  Ilpu  ysenuuenuu — niowaou — NONEPEUHO20  CeYeHusi S NPOBOOHUKA, €20
conpomugienue
OnbIT NPOBOJAHUK C MEHBIIUM
Ne3 YACIbHBIM
CONPOTUBIICHHUEM
CTaJllb
NPOBOJAHUK C  OONBIINM
yIEIbHBIM
CONPOTUBIICHUEM
HHUXPOM
Bb1600: IIpu yeenuueHuu Y0enbHo2o COnpomueneHus: p NpoB8OOHUKA, e2o
conpomuenenue

4. TIpoBeeHuE OIBITOB:
a) Onvim Nel MO OmNpeneNeHUuI0 3aBHCHMOCTH SJIEKTPUUYECKOTO COIMPOTHUBIICHHS TPOBOJHUKA OT €ro
uHE | :
e [logkirouuTe B 1IETb TPOBOAHUK C MAJIOW JJIMHOW MPOBOJIOKU. ONpeenTe S3KCIEePUMEHTAIBHO C
MOMOUIBI0 aMIepMeTpa cuily Toka | B memu, MpH MOMOIIM BoJbTMETpa HampsbkeHue U Ha
UCCIIelyeMOM MPOBOJAHUKE U 3aIHUIIUTE MTOKa3aHUs IpUOOPOB B TAONHILY.
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. U
e PaccuwnTaiiTe 3HaUCHUE CONPOTHBICHUS R 3TOro mpoBoAHMKa 1o Gopmyne R = 7 Bce pacuertsr

COIPOTHUBIICHUS TUCATh B COOTBETCTBYIOIIEM CTOJIOIE TaOIUIIbI.
e 3aMeHHWTE MPOBOJHUK Ha JPYroi ¢ OosbIed JUIMHON MPOBOJOKH, HO M3 TOTO e MaTepuana u
TaKOMU e TUIOLIAAN CEUCHUSI, U IOBTOPUTE OIBIT.
e (CpenaiiTe BBIBOJ O 32aBUCUMOCTH 3JIEKTPUUYECKOTO COMPOTUBIIEHUS ITPOBOIHUKA OT €r0 JIJIMHBL.
0) Onvim MNe2 10 ONPENENCHUIO 3aBUCHUMOCTH 3JEKTPUUECKOIO COMPOTUBJICHHS OT IUIOUIAAd
MOTIEPEYHOTO CEUYCHUS S MPOBOTHUKA
e 3aMEHMTE PEe3UCTOP B MPEAbIAYIIECH HENU Ha IMPOBOJHHK C MPOBOJIOKOM MEHBIIErO MONEPEYHOro
ceuenus. OnpenenuTe SKCIEPUMEHTAIFHO C MOMOIIBIO aMIepMerpa cuily Toka | B uenu, npu
MOMOIIIM BOJIbTMETpa HampsbkeHne U Ha uccienyeMoM MPOBOJHUKE U 3alMIIUTE MMOKa3aHUS
MPUOOPOB B TAOJIHILY.
e PaccunTaiiTe 3HaUCHUE CONPOTHBICHUS R 3TOro mpoBoaHuKa 1o Gopmyse R = % Bce pacueTsi

COIPOTHBIICHUS MMUCATh B COOTBETCTBYIOIIEM CTOJIOIE TaOIHIIBI.
e 3aMCHHTE MPOBOJHUK HA JPYroi C MIPOBOJIOKON OOJBIIETO MOMEPEUYHOTO CEYCHHUS, HO U3 TOTO JKe
MaTepuasa U TaKOH K€ JUJIMHBI, U TIOBTOPHUTE OTIBIT.
e (CrenaiiTe BBIBOJ O 3aBUCUMOCTHU AJIEKTPUYECKOTO COMPOTUBICHUS MTPOBOAHHUKA OT €T0 JIJTHHBIL.
B) Onwvim Ne3 1o omnpefeneHuI0 3aBUCHUMOCTH SJEKTPHUYECKOrO COMPOTHUBICHUS MPOBOJHHUKA OT €ro
YAETHLHOTO CONPOTUBIICHHS P
e 3aMEHHTE PE3UCTOp B MPEABLAYIICH e Ha MPOBOJAHHUK C MPOBOJIOKOM MEHBIIETO yIEIbHOIO
conpotuieHus. OnpeaenuTe 3KCIEePUMEHTAIBHO ¢ MMOMOIIBI0 aMIepMeTpa cuily Toka | B memnu,
IIPY ITOMOIIY BOJBTMETpa HanpspkeHre U Ha MccleayeMoM MTPOBOAHKUKE M 3aMUIIUTE MTOKA3aHUS
pruOOpOB B TAOIUILY.
e PaccuuTaiiTe 3HaUeHHE CONMPOTHBIICHUS R ATOr0 MPOBOAHMKA 1O dopmyie R = % Bce pacuersl

COIIPOTUBJICHUS ITUCATh B COOTBETCTBYIOIIICM CTOJ'I6LIC Ta6J'II/II_IBI.

e 3aMeHHTE MPOBOJAHUK HA IPYTOM C MPOBOJIOKOW OOJIBIIETO YACIHHOTO COMPOTUBIICHUS, HO TOM ke
JUTUHBI U CEYEHUSI, U IOBTOPUTE OMBIT.

e (CnenaiiTe BBIBOJ O 3aBUCUMOCTH JJIEKTPUYECKOTO CONPOTHBIIEHUS TPOBOJHUKA OT poAa
MaTepHaia (€ro yaeabHOro COPOTHBIICHHS).
5. Haueptute cXeMy 3JIEKTPUYECKOMN LEIH.
6. 3anuIuuTe BHIBOJI O IPOJIENIaHHON padoTe.
ITIpudop aJist AeMOHCTPaLMK 3aBUCHMOCTH CONPOTHBJICHHS NMPOBOJHUKA OT €ro JUINHBI, IJIOIAIH
MOIEePEeYHOro ceYeHUus1 M MaTepuaJia

HUXPOM  S=005mv’ o
HUXPOM  S=010mv g

cTanb S =0,10 mm’ ©

PDP00

TURASCR SN 8 AONC THALIN IAIACMAAOC T i COORO | WRNE St NPOO0GNMAA
J OF E10 2000, 1UMRGALE CEVEMAA 1 MATEFVARA

T —————————— =

i

JlabopaTopHoe 3ansitue Ne23

Onpenenenne /IC 1 BHyTpeHHEro CONPOTHBJICHUS] HCTOYHHKA TOKA
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Heanb padorsr: n3meputsh I/{C 1 BHYTpEHHEE CONPOTUBIEHUE HUCTOYHHUKA TOKA.

Boinosinenue pabotrbl cnocodcTByer (opmupoBanuio. [IP61 OVIL.06, T1P62 OVII.06,
I1P65 OVIIL.06, [TP66_OVYII.06, [TP68 OVII.06, [TP610 OVIL.06, ITP69 OVII.06

IIpnGopsl U MaTepHAaJIbl: aMIEPMETP, UICTOUHUK TOKA, PE3UCTOP, KIIH0Y, COeAUHUTEIbHbIE
IIpOBOAA.

Yka3anus k padore.
1.Cobepute 11emb, H300PAKEHHYIO Ha PUCYHKE.
(o)

LN NG

2.13meprre D/IC ncTouHUKa, MONB3YICh TEM, UTO HAMIPSIKEHUE MEXK/TY €0 MOJIF0CaMU MaJjlo OTJIMYAETCA
ot DJIC, ecntu R >> r.

3.3aMKHUTE KJIIOY, U3MepbTe cuily Toka | u Hanpsokenue U.

4. Paccuuraiite, ncnonb3ys 3akoH Oma J1j1s y4acTKa [Iend, BHELIHee conpoTuBiaeHue R.

5.Paccunraiite BHyTpeHHEe COMPOTHBICHUE UCTOYHHUKA TOKa 10 popmyne: I = 1 R

6. Pe3ynbrarel u3MepeHuil 3aHecuTe B TA0IMILY.

OJ1C ucrounuka Cuiia Toka Hanpsoxenune ConporuBrienune Bnytpennee
,B LA U,B R, Om CONIPOTUBJICHUE
r,B

7. Cnemnaiite BBIBOJL.

Tema 4.3 DyiekTpUUYECKUH TOK B Pa3JIHYHBIX cpefax

JladopaTopHoe 3ansitue Ne 24

Onpeuene}me IJTEKTPOXUMHUHYECCKOI'0 IKBUBAJICHTA MEAM B IMPOLECCE ITTCKTPOJIU3a Cy.]'lb(l)aTa Meau.

Lesan: onpenenuTh IEKTPOXUMHUYCSCKHI SKBUBATICHT MEIU SKCIIEPUMEHTATLHBIM ITYTEM.

BoinosiHeHue padoThl cnocodcTBYeT (opmupoBanuw. I[1P62 OVIL.06, I1P66 OVII.06,
I1P68_OVIIL.06, [TP61_OVII.06

MarepuajbHoe oOecriedeHHe: BEChl M PA3HOBECHI,  aMIEPMETp; 4Yachl, AJIEKTPOILTUTKA;
aKKyMYJISITOpHasi OaTapesi; peocTaT; KJI0U; MEIHbIE 3JCKTPOJbI (2 MIT).) CO BCTABKOW; COCTUHUTEIbHBIC
MPOBOJIA; JCKTPOJIUTHYESCKAs BAHHA C PACTBOPOM MEIHOTO KYyIopoca.

3ananue:
1.  IIponabmronaTh SBICHHE AJIEKTPOJIM3a MEIU M3 PACTBOPA MEAHOTO KyIopoca.
2. Hay‘-II/ITI)CSI OHpe)IeJ'ISITI) SHCKTPOXI/IMI/ILIGCKI/Iﬁ OKBHUBAJICHT I10 pe3ynLTaTaM 3KCHepI/IMeHTa.
Iopsaok BbINOJIHEHUS PA0OTHI:
1. Ounctuth HAXITAYHON OyMaroil KaToAHYIO IJIACTHHKY, ONMPEISTUTh B3BEITUBAHUEM MacCy

rutactumku ),
2. CoCTaBHTH DIIEKTPHUYECKYIO IeTh 10 cxeme. [Ipu cocTaBieHny e B3BEIIEHHBIH 3JIEKTPOT
COCIMHUTH C OTPULATENBHBIM ITOJIKOCOM UCTOYHHUKA DJIEKTPUYECKON DHEPTUN.
3. 3aMKHYTH IIETb ¥ 3aMETUTh BPEMsI BKJIFOUSHHSI TOKA. CuSO
4

il

——

- +
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Uepes 15-20 MUHYT pa30MKHYTH LICTIb.
BriHyTh KaTOIHYIO IACTUHKY, IPOMBITH U POCYIIHUT.

SIS

B3BemuBanuem onpenenuTb Maccy Karoaa (.} noce IIPOITYCKaHUs TOKA.
o . m=m., —-m
7. Haiitu maccy (422 BBIICTIUBIIICICS] HA KaTO/I€ MIPH JICKTPOIH3E IO (hopMyIie: ‘
IrJie mj- HavYaJdbHAsg Macca IUNIACTHHKH, KTI; My- KOHEYHAs Macca IUIACTHHKH, KT.

8. BBIUMCIUTD INEKTPOXUMUYECKUI IKBUBAJICHT MEU U3 (OPMYJIbI:

€ M- Macca BbIAEIUBIIETOCS BEMIECTBA, KT; i m
I- cuna Toka, A;  t- BpeMs 3JIEKTpOJIn3a, C. K=—-
9. PesynbTaThl M3MEPEHUI U BBHIYMCICHHIA 3aMucaTh B TabIuIy 1. I-1

10. CpaBHUTD MOTYYEHHBIH pE3yIbTaT C TAOJUYHBIM.
11. BeraucnuTh aOCONIOTHYIO A ¥ OTHOCHTEIBHYIO € TIOTPEUTHOCTH U3MEPCHHM 110 PopMyiam:
Crnenatb BbIBOJ 110 paboTe.

Tabmima 1
Ne| Macca mexn., | Bpems BemmaiHa| DneKTpoXiMiI-| AGCOmOT- OTHOCHTeIbHAA
OTJIOKHBIIEH | HPOIYC CILTEI JeCKIIT Has IIOTPEeNIHOCTh
cs Ha KaTrole | KaHIA TOKa SKBIBAJIEHT IIOIPEIHOCTH £,%
m. ke L I.4 MeIl A, Ke
K = Ka-c
Kai-c

KonTpoabHbie Bonpochl
1. Yem 00ycioBiIeH 3JIEKTPOXUMHUECKUNA TOK B JIEKTPOIUTAX?
2. Kak paccuntars Maccy BBIICIHMBIIETOCS BEUIECTBA HA AIEKTpoze?
3. OT uero 3aBUCHT HIEKTPOXUMHUYECKUN SKBUBAJICHT?
4. Kakoil ¢puznueckuil CMbICI 3JIEKTPOXUMHUYECKOT0 SKBUBajIeHTa?
5. Kakoe oOopynoBaHune W H3MEpHUTENbHbIE NPUOOPHI HY)XHO HMETb, YTOOBI BBIYUCIUTH

JIEKTPOXUMHUYECKHI SKBUBAJICHT?

HasBatp pabouyro ¢popmyiry JUIst BRIYUCIEHUS dJIEKTPOXUMHUIECKOTO SKBHBAJICHTA.

Ha xakoM u3 311eKTpOA0B BBIAEISAETCA ME/Ib B YUCTOM BUJE U MOYeMy?

8. B oamekTponuTHYecKyl0 BaHHY IIOMECTHM MEIHYIO IUIACTUHKY, CIY)Kallyl0 aHOIOM.
[TnacTMHKa MOKpHITA BOCKOM, Ha KOTOPOM HalapamaH pPHCYHOK. UTO MOJyduTCs Mocie
MIPOIYCKaHMs TOKA M yJIAJIeHUS] BOCKA C IJIACTUHBI?

9. Yro Takoe raJbBaHOCTETHS, raJIbBAHOIIACTHKA.

10. Yepes pactBop MemaHoro kynopoca mpornio 20 kKt anekrpudectsa. [Ipu 3ToM Ha 0THOM H3
9JIEKTPOJZIOB BBIACISETCS B UYUCTOM BHJE Maccol 6,6 rpamm wMeau. OrmnpenenuThb
AIIEKTPOXUMUYECCKHI DKBUBAIICHT MEIH.

11. CkonbKO HUKENs BBIIENIUTCS MpHU dJEKTposinze 3a 1 yac mnpu cuiie Toka 5 Awmmep, eciu
W3BECTHO, YTO MOJISIpHAsi Macca HuKens 58,71 r/Moib, a BAIGHTHOCTD paBHa 2.

12. Onpenenure Maccy cepedpa, BBIIEIMBIIETOCS Ha KaToJE MPU AIIEKTPOJIM3E a30THOKUCIIOTO
cepebpa B TeueHue 2 4acoB, €CliM K BaHHE MPHUJIOKEeHO HampsbkeHue 1,2 B, a conportuBnenue
BaHHBI 5 OMm.

13. DirekTposIM3 MEIHOTO KyIopoca MPOXOAMI MpH Toke S Ammep B TeueHue S0 muuyTt. Kakoe

ke =33-107 2=
KOJIMYECTBO MEJIH BBIICIHIIOCH Ha KaTo/ie, €CIH K,

~No

®opma npeacTaBJieHNus pe3yabTaTa:
PaboTa momkHa OBITH BEITIOJIHEHA B TETPAIH I 1a00paTOPHBIX padoT
Kpurepun onenkmn:
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3a MpaBUJILHO BBIOJHCHHOE 33/JaHHE BHICTABJISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPHUIIATEIbHAasK olleHKa — 0 0aioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

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

Oyenka «HeyoosiemeopumenvHoy svicmasisencs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.3 DieKTPUYECKHUIl TOK B Pa3JIMYHbIX Cpeaax

JladopaTopHoe 3ansitue Ne 25

3aBMCUMOCTDH CONPOTHBJIEHHS OT TeMIIEPATYPbl 00Pa3L0B MeTAJLJIA U MOJIYIIPOBOIHUKA

Heab: w3MEpsATh CONPOTHBIICHHE IPOBOJHUKA OMMETPOM; YCTaHOBUTH  3aBUCHMOCTB
COIPOTHBIICHUE METAJUIA U TIOTYITPOBOJHUKA OT TEMIICPATYPHI.

BoinosiHenue padoTbl cnoco0cTBYeT (opmupoBanuw. I1P62 OVIL.06, I1P66 OVII.06,
I1P68 OVIIL.06, [TP61 OVYII.06

MarepuanbHoe oOecrieueHue: MyJIbTHMETp, IPUOOPHI ISl U3YYCHUSI 3aBUCUMOCTH COTIPOTUBIICHUS
MCTAJJIa W IOJYIIPOBOAHHMKA OT TEMICPATYpPhbl, TCPMOMCETP, OJICKTPUUCCKAA IIJIMTKA, IITATHB C
MPUHAISKHOCTSIMH, K0JI0a C BOJIOH.

3aganue
1. O3HaKOMHUTBHCH C TEOPeTHYECKMM MaTEepHAJIOM.

TeopeTnueckuii MaTepuas:

Eciu mponycTuTh 3JEKTpUYECKUH TOK 4Yepe3 CTajlbHYIO CHOUpab, a 3aTeM €€ Harperb, TO
aMIepMeTp IOKa)KeT YMEHBIIEHUE CHJIBl TOKAa. OTO O3HA4YaeT, 4TO C H3MEHEHUEM TeMIIepaTypbl
COIPOTHBIIEHUE METAJLIa MEHSETCSI.

Bce Metamnel — KpHUCTaNIMYECKHE Tela, B y3/axX KPHUCTAUIMUECKOM PEIIETKH KOTOPBIX
pacrojaraercsi IHOJOXUTEIbHO 3apsyKEHHbIE HOHBI. MeXIy KOJeOMIOIUMUCS HOHAMU JIBUTAOTCS
CBOOOJHBIE JJIEKTPOHBI. BenMumHa >3JIEKTPUYECKOrO COMPOTHBIEHUS MeTalsla 3aBUCUT OT 4YHcia
CTOJIKHOBEHHI KOJIEOMIOIMXCSI MOHOB M CBOOOJHBIX 3JIEKTPOHOB. [Ipu yBennmueHuu TeMIeparypbl
MeTajula YBEIMYMBAETCS aMIUIMTY1a KojJeOaHUi MOHOB. DTO MPUBOJUT K YBEIMUYEHHUIO CTOJKHOBEHHUH, a
3HAYUT U K YBEJIMUEHUIO CONPOTUBIICHUS MeTallja.

B nonynpoBogHUKE NPH yBETUYEHUHN TEMIEpaTypbl YBEJINYUBAETCS YUCIO CBOOOHBIX HOCHUTENEH
3apsija, MOSBUBIIKXCS NPU pa3pblBe KOBAJICHTHBIX CBsI3€d. JTO MPUBOAMT K YBEJIMYEHHUIO CUJIBI TOKA B
MIOJIYIIPOBOJIHUKE U K YMEHBILIEHUIO CONIPOTUBIICHUS IIPOBO/IHUKA.

Ilopsinok BbINOJHEHHS padOTHI:

1. IToarotoBbTe K paboTe OMMETD:

a) BCTaBbTE MITHIPHKU MPOBOJIHUKOB B THE3/a, 0003HaueHHbIE «OQ» 1 «061r COM.»;

0) mocTaBbTe NepekiroUaTesb Ha nugppy «10»;

B) COEIMHUTE CBOOOIHBIE ITHIPHKU MPOBOJIHUKOB U PYUKON «yCT. 0» MOCTaBUTh CTPENKH Ha «0».

2. Ha snekTpuueckylo IUIMTKY IMOMecTuTe KoinOy ¢ Boxoi. Bo m3bexxaHum maneHus KoJObl
MIOMECTUTE B KOJBIIO, 3aKpeIJIEHHOE B IITaTHUBE. B konly omycTuTe mpoOUpKY, ¢ MOMEUIEHHONW B Hel
KaTyIIKOW U3 MEIHOTO MpoBoia. OCTOPOKHO OMYyCTUTE B IPOOUPKY TEPMOMETP.

3. CBoOOIHBIE ITHIPHKK OMMETpPA COEAUHUTE C KIIEMMaMU MEAHON KaTYyIIKH.

4. BxurounTe WIHYp IUIMTKA B PO3ETKY M HM3MEPHTE CONPOTUBIEHHE KATYIIKH IMPH Pa3IMYHBIX
3HAYEHUSIX TEMIIEPATYPHI.

5. BHecure usmepeHus B TaOIHILy.

IIpoBoaHuUK (Meab)

t’,C

R, Om
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6. Ha ocHoBe m3mepenuit moctpoiite rpaduk. CrenaiiTe BbIBOA, KaK COMPOTHUBIICHUE MPOBOIHUKA
3aBUCUT OT TEMIIEPATYPHI.

7. TlocraBbTe mepekitouaTenb ommerpa ¢ mudper «10» Ha udpy «100» U mocraBbTe CTPEIKY
ommerpa Ha «0» (Cm. myHKT 1-B).

8. 3aMeHuTe B KOJIOE MPOOHMPKY C METAUIOM Ha MPOOUPKY C MOJYIPOBOTHUKOM (TEPMUCTOPOM).
Onycrute B mpobupky Tepmometp. K kiieMmam TepMHUCTOpa MOJACOSAUHUTE OMMETP.

9. U3mepbTe CONPOTUBIICHHE MOIYIPOBOIHUKA [IPH PA3TUYHBIX 3HAYCHUSIX TEMIIEPATYypPHI.

10. Buecurte usmepeHus B TaOJIHILY.
IHoaynpoBoaHuK

t°C

R, Om

11. Ioctpoiite rpaduk R(t).

12. CpenaiiTe BbIBOJ, KaK COIPOTHUBIIEHUE MOITYIPOBOAHHUKA 3aBUCUT OT TEMIIEPATypPhl
KoHTpoJibHbIE BOPOCHI:

1. DneKTpuUecKuil TOK B METAIaxX — 3TO YINOPSA0UYEHHOE IBHUKECHUE ... .

2. C TOYKM 3peHHs OJIEKTPOHHOH TEOPUH DICKTPHUUECKOE COIMPOTHBICHUE OOYCIOBICHO
COYIapeHUSIMH ... .

3. C nOBBILLIEHUEM TEMIIEPATYPbI COITPOTHUBIEHUE METAIIA ...

®opma nmpeacTaBJieHus pe3yJbTarTa:

Pabora momkHa OBITH BBIOJIHEHA B TETPAAH ISl IAOOPAaTOPHBIX paboT

Kpurepun oneHku:
3a mpaBUIILHO BBIITOJHEHHOE 33/JaHHE BBICTABIISIETCS TIOJIOKUTENNbHAS OlleHKa — | Oasu.
3a HeMmpaBUWIJIbHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIISETCS OTpUIlaTeIbHas olleHKa — 0 OaoB.
Oyenxa «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIIBHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 5.1 Mexannueckue KoJe0aHUA M BOJHBI

Jladoparopnoe 3ansTue Ne26

IIpoBepka 3aK0HOB K0JIeOAHMI MATEMATHYECKOI0 MASITHUKA

Heab: ycTaHOBUTH MaTeMaTHYECKylO 3aBUCHMOCTh TEPHO/Ia HUTSHOTO MAasTHUKA OT JJIMHBI HUTH
MasTHHKaA.

BoinoiHenue pa6orsl  cnmocodcTByeT (opmupoBanuio: I1P62 OVIL.06, I1P66 OVII.O6,
ITP68 OVTII.06, ITP610 OVII.06

MartepuanbHoe ofecmedeHHe: SIICKTPOHHBIH CEKYHIOMEp, HM3MEpUTENbHAs JIEHTa, IIApUK C
OTBEpPCTHEM, HUTh, IITATUB C MY(PTOH U KOJBIIOM.

Teopus.

MaremaTrnuecKuM MasgTHUKOM HAa3bIBAE€TCS MAaT€pHalbHas TOYKA, MOJBEIIEHHAs: Ha HEBECOMOW U
HEpACTSHKUMOM HUTH. MOJENBI0O MOXKET CIYKHUTh TSDKENBIM IIAPUK, pa3Mepbl KOTOPOrO0 BECbMa MaJIbl MO
CPaBHEHUIO C JJIMHHOW HUTH, HA KOTOPOH OH TOJBEIICH (HE CPaBHUMBI C PACCTOSHHEM OT IEHTpa
TSDKECTH JIO TOYKH TTOJBECA).

VYuenbie [amuneit, HrproToH, beccenb u Ap. YCTaHOBUIM CIEAYIONIHME 3aKOHBI KojeOaHUs
MaTEeMaTHYEeCKOTO MasTHHKA:
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1.Ilepuon koneOaHusT MaTEMATHYECKOTO MAasTHUKA HE 3aBUCHUT OT Macchl MasTHHUKA H OT
aMIUTATYIbI, €CJIH YToJ pa3Maxa He npesbimaeT 10 rpamycos.

2.Ilepuon koneGaHUsT MaTEMAaTUYECKOTO MAasSTHUKA MPSIMO MPOIOPLUUOHAIECH KBaIPaTHOMY KOPHIO
U3 JUIMHBI MasTHUKAa U OOpaTHO NPONOPIMOHAJIEH KBAaJpPaTHOMY KOPHIO U3 YCKOpPEHUS CBOOOIHOIO
MaJCHMUSL.

Ha ocHoBanuu »3THUX 3aKOHOB MOXHO Hamucath ¢opMyny Juisi mepuoia KojeOaHwHi
MaTEMaTHYECKOI0 MasiTHUKA!

!
r'=2x[|—"
g
Hcnonb3yst MoJenb W 3aKOHBI KOJeOaHWH MaTeMaTH4ecKOro MasTHHUKA, MOYKHO IMPOHA0II0ATh
CBOOO/IHBIC KOJICOAHHS, a TAK)KE C UX TIOMOIIBIO ONPEICIUTh YCKOPEHUE CBOOOTHOTO MaICHUs I CBOCH
MECTHOCTH ¥ CPABHUTH CO CIIPABOYHBIM 3HAYCHHUEM g.

YckopeHne cBOOOIHOTO MAJACHHSI MOXKET OBITh BEIYMCIICHO TI0 (hopmyIie
p 2 l.”\" =
g=4r —
I

1. 3akpenuTh HUTh MAaATHUKA B JieprKaTelie IITaTUBA.

2. U3meputh iMHy MasiTHUKA (JUIMHA MAsSTHUKA CYUTAETCS OT TOUYKH IMOJABECA /IO LIEHTPA TSHKECTH
IIapHKa).

3. OTKJIOHUTH IAPHUK Ha yroJ He 6osee 10° u OTIYCTHUTH.

4. OnpenenuTsb BpeMs, 32 KOTOPOE MaITHUK coBepiuil 20 KojaeOaHmil.

5. Beraucnuth nmepuo 1 koeOaHusi MasTHUKA, HCTTONIb3ys opmymy Nt T .

6. [ToBTOpHUTH OMBIT €111e TPU pa3a, yMeHbIast (WM YBEIMUNBas) ATUHY HUTH MasTHHUKA.

7. Pe3ynbTaThl 3aHECTH B TaOJIHUILY.

Tabnuna Nel
Ne JlinHa HUTH MasiTHUKA |, M Yucio nosHbIX Bpewms xonebanuii | Ilepuon
KosicOanmii N t, C koneOanmii T, ¢
1 20
2 20
3 20
4 20

8. Cnenath BBIBOJI O 3aBUCUMOCTH TEpHO0/1a HUTSHOTO MasiTHUKA OT JIIMHBI €70 HUTH.
KonTpoJsbHbIe BONpockl.
1. Yro Ha3bIBalOT MEpUOIOM KOJIeOaHUN MasiTHUKA?
2. Yro Ha3bIBaIOT YacTOTOM KonebaHuii MasiTHHKA? KakoBa eJMHMIIA YaCTOThI KOJIeOaHU?
3. OT KaKuX BEJIMYUH U KaK 3aBUCHUT MEPHUOJI KOJIEOAHNH MaTeMaTH4eCKOro MasiTHUKa?
4. Ot KakuX BEJIMYUH U KaK 3aBUCUT MEPHOJ KOJIeOaHUH MPYKUHHOTO MassTHUKA?
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5.

6.

N300pa3ute MaTreMaTHYECKU MasTHUK B KpailHeW MpaBol TOUKE M MOKAXHUTE HA YEPTEKE CHUJIB,
JICHCTBYIOIIME HA IIAPUK B TAHHOM TOUYKE TpaeKkTopuu. Hapucyiite paBHOACHCTBYIONIYIO CHUJI.
Kak meHsieTcs BenuuMHAa U HAaIpaBJIEHUE PaBHOACHUCTBYIOLIEH CUJI B TEUEHUE nepuoia’?

dopma npeacTaBiaeHus pe3yJabrara:

PaboTa nomkHa ObITH BBIIOJIHEHA B TETPAAU ISl IAOOPaTOPHBIX paboT

Kpurepun oneHku:

3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIISAETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HeMpaBWIIBHO BBITIOJHEHHOE JICHCTBUE, 3aJJaHNE BBICTABIISICTCS OTpUIIATEIbHAS OlleHKa — 0 0auoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

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

Oyenka «Heyoos1emeopumenbHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 5.1 Mexann4ueckue KoJe0aHUA ¥ BOJHBI

JladopaTropHoe 3ansiTue Ne27

I/I3yqe}me 3aKOHOB IIPYKUHHOI'0O MasiTHUKA

Henab: 3KcmepMMEHTANbHO YCTAaHOBUTh 3aBHUCHUMOCTh Il€pHOfa KOJE€OaHWM  IPYKUHHOTO

MasiTHUKA OT )KCCTKOCTU MPYKUHBI 1 MACChI I'Py3a

BoinosiHeHue padoThl cnocodcTBYeT (opmupoBanuw. I[1P62 OVIL.06, I1P66 OVII.06,

I1P68_OVIL.06, [IP610_OVIL06

MarepuanbHoe ofecrieyeHue: MTATHB ¢ My(QTOH M JIALIKOW, HAOOP MPYKUH Pa3HOM KECTKOCTH,

HaOOp rPy30B Pa3HOM MACChl, CEKYHIOMED

IMopsinok BbINoJIHEHUs PA0OTHI:
Onpedenenue 3a8UcCUMOCmu nepuooa KoieobaHuti om Maccol epy3a

1. Cobepute npyKUHHBIN MasTHUK, UCIIOJIb3Ys BbIIaHHOE 000OPYIOBaHUE.

2. BrBenuTe MasTHUK W3 TOJIOKEHHS PABHOBECHS, BKIIOUUTE CEKYHJIOMEP M OTCUHTANTE NECSThH
KosnebaHui. Mcronp3ys moka3zaHusl CEKyHJOMepa, paccuuTaiiTe nepuos KojaeOaHUi U 3aloIHUTe
MIEPBYIO CTPOKY TAOIUIIBI.

71
Ne N t,c T, m,kr | mPxr” | k.,m/m
OTbITa 2
1
2
3
4
5

3. TloBropure skcrmepuMeHT emE 4 pasa, yBenIW4YMBas Maccy HO, HE MeEHsSsS NpyXuHBL [lo
MOJTyYEHHBIM JJAHHBIM 3aITOJIHUTE TaOIHILy.

4. Tlocrpoiite rpaduk 3aBUCHUMOCTH mepuoja konedanuit (T) OoT KBaJpaTHOrOo KOPHSI M3 MacChl
(m1/2)'

5.

ITo dhopme rpaduka onpeaenuTe BUI 3aBUCUMOCTH MEXKTY TIEPHOIOM M KOPHEM KBaJIpaTHBIM U3
MAaCCBI.

Onpeodenenue 3asucumocmu nepuooa KOieOaHutl Om HCECmMKOCMU NPYHCUHDL
1. Cobepure npyXKUHHBII MasTHUK, UCIIOJIBb3Ys BbIIaHHOE 00OPYIOBaHHE.

119



2. BBIBG,Z[I/ITG MassTHUK H3 TIOJOKCHHUS PABHOBCCHUA. BKIIIOYUTC CCKYHIAOMCD U OoTCUHTaliTe JCCATHb

KOJIeOaHMi.
3. Hcnonb3ys nokazaHus CeKyHAOMEpa, pacCUMTaiTe Iepro KoJIeOaHHU 1 3alIOJHUTE MIEPBYIO CTPOKY
TaOJINLIBL.
Ne ombiTa N t,c T,c m, KT k,u/™m K2 (/)Y
2
1
2
3
4
5

4. TloBTOpuTe SKcriepuMeHT emE 4 pasa,yBenuunBas KOd(QQOUIIMEHT KECTKOCTH HO, HE MEHSS Maccy
rpy3a. [1o momy4yeHHbIM JaHHBIM 3aMOJIHUTE TAOJHILY.
5. Iloctpoiite rpaduk 3aBucumMocTH mnepuona kosebanuii (T) OT KBaaApaTHOrO KOpPHSA W3
koo uumenta xécrroctu. (k¥2).
6. Ilo ¢opme rpaduka onpenesuTe BUJ 3aBUCUMOCTH MEXIY MEPHOJOM U KOPHEM KBaJPATHBIM M3
KO3 duUIMeHTa KECTKOCTH.
7. CphenaiiTe BBIBOJ O 3aBUCUMOCTH TIiepuoja KojieOaHWil OT Macchl Tpy3a H Kod(hduimeHra
JKECTKOCTHU.
KoHTpoJibHbIE BOPOCHI:
1. B kakoMm MoJI0)KeHUH MasiTHUKA CKOPOCTh OyJeT MaKCUMaIIbHOW?
2. B xakoMm MOJ0KEHUU MasITHUKA CKOPOCTh PaBHA HYIIIO.
3. YBenmuuwiu WM yMEHBIIWIA MacCy Tpy3a, MOJIBEHICHHOTO K NMPYXHMHHOMY MasiTHHKY, €CIH: a)
nepuoJ ero konedbanuii cHavana 0w 0, 4 ¢, a mocie usmMeHeHust maccel cran 0, 2 c;
0) yacToTa ero kosiebanuii BHauase Ob1a paBHa 6 ['11, a motom ymenbmunace 10 S5 I'u?

®opma npeacTaBiaeHus pe3yabTara:
PaGota gomkHa OBITH IPEICTaBICHA B TETPAIH AT JIaOOPATOPHBIX paboT
Kputepuu onenkmu:
3a nMpaBUIIHHO BBIMOJIHEHHOE 331aHKUE BHICTABIISIETCS MOJIOKUTENbHASI OI[eHKa — 1 6a.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNEe BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — ) OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

Tema 5.2 DaeKTpoMarHUTHBIE KOJI€OAHUS M BOJTHBI

JlabopaTopHoe 3ansiTHe Ne28

YcrpoiicTBo TpaHchopMaTopa U reHeparopa

Heab: u3yunTh yCTPOICTBO U IPUHLIUIT pabOTHI TpaHCHOpPMaATOpa U reHepaTopa.

BoinoiHenue pa6orsl  cnmocodcTByeT (popmupoBanuio: I1P62 OVIL.06, I1P66 OVII.O6,
ITP68_OVYII.06, ITP61 OVII.06, ITP610 OVII.06

MarepuajibHoe obecnedeHHe: TpaHCPOpPMATOp J1A0OPATOPHBINA, JlaMIa HaKaJIMBaHUA, KIIOY
3aMBIKaHUS TOKA, KOMIUIEKT IPOBOJOB COCANHUTEIbHBIX.
3ananue
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1. WByuuth cTpoeHUe, HA3HAUYCHUE W MPUHIUN AEHCTBUS TpaHcopmaropa
2. V3yuuTh CTpOE€HME, HA3HAYCHHUE U MPUHIUN JAeUCTBUS T'eHepaTopa.

IMopsinok BbINOJHEHHUS PA0OTHI

H3yuenue ycmpoiicmea mpancghopmamopa

Tpanchopmarop mnpeoOpasyeT NEpPEeMEHHbIH TOK OJHOTO HANPSHKCHUS PU HEM3MEHHON 4acTOTe.
OH COCTOMT U3 3aMKHYTOI'O CEp/ACYHHKa, W3TOTOBJICHHOTO W3  CIIEUUAIBHOW  JIUCTOBOU
TpaHCOPMATOPHOU CTajdHM, Ha KOTOPOM pAacIojiararoTcsl JBe KaTYIIKH (MX HA3bIBAlOT OOMOTKAaMH) C
Pa3HBIM YMCIOM BUTKOB M3 MEJHOM MPOBOJIOKH.

OnHa 3 0OMOTOK, HA3bIBACTCS NMEPBUYHOM, ITOJIKIIOYACTCS K MCTOYHHMKY MEPEMEHHOTO HAINpPSDKCHUS.
YcrpoiicTBa, MOTPEOISAIOMNE DIEKTPOIHEPTUIO,  MOJAKIIOYAIOTCA K BTOPUYHONW OOMOTKE, UX MOXKET
OBITh HECKOJIBKO.

[Ipu BbIMONHEHUH pabOTHl ClEAyeT H3YyYUTh YCTPOWCTBO TpaHchOpMaTopa, BKIOYHUTH €r0 B CETh
nepemeHHoro toka (36 B). B pexumme Xxomocroro xoma HM3MEpUTh HampsDKeHHE Ha OOMOTKax |
BBIUUCIIUTh KO3 duuument tpanchopmammm, a npu pabore TpaHCPopMaropa <«IIOX  HATPY3KOM»
YCTAaHOBHUTH CBSI3b MEXKAY TOKAaMH U HAalpsDKCHUEM B
00MOTKax.

Tpanchopmarop COCTOMT M3 JABYX KaTyHIeK M CEpleYHHKA.
Ceplie4HUK COCTOUT M3 ABYX IOJIOBHH, KOTOPBIE BCTABIISIOT B
KaTYIIKY U C TOMOIIbIO CKOOBI 3aKPEIUISAIOT Ha OCHOBAHHHU.

Xoa Padornl

1. Paccmotpute ycTpoiicTBo Tpanchopmaropa. Omnpenenure

MEPBUYHYI0 OOMOTKY (KJIeMMbl ¢ Haanuceio: 36 wiu 42 B) u

JIBE€ BTOPUYHBIX KiIeMMbI 2,2 B 11 4,4 B)
$ 2. Haueprute s5eKTpHYECKyIO CXEMY TpaHCpOpMAaTopa.

3. Paz6epure Tpanchopmarop. s 3TOro MOBEpHHUTE €O
OCHOBAaHHEM BBEpPX M OTKPYTHMTE JBE railku KperieHus CKOObl. BBIHbTE CepleuHUK U PacCMOTPUTE €ro
YCTPOMCTBO.

4. Cobeputre Tpancdopmartop. ljis 3TOro BCTaBbTE CEPAEYHMK CO CKOOOM B KaTyIIKHU. YCTAaHOBUTE

TpaHcGopMaTOp Ha OCHOBAHKE U 3aKPEIUTE €ro raikamu.

H3yuenne Ycrpoiicrea I'eneparopa.

I'enepatop moctosiHHOro TOKa (puC. 1) COCTOMT M3 JBYX YacTeil: HEMOJABMKHOW M BpallarolIeics.

HenoasuxkHas yacTh (cTaTop) SBJISETCS OCTOBOM MAIIMHBI U OJHOBPEMEHHO CIIYKUT JUISL CO3/IaHUS

MarHuTHOTO TIOTOKAa. Bo Bpamaromieiicss 4dacTtu, Ha3bIBaeMOW SKOpPEM (POTOPOM), HWHIYLHPYETCS

anexkTpoaBrkyas cuia - S/1C.

KoHcTpykius renepaTopa nocTOSHHOTO TOKa (CM. puc.2).

HenonBmwxkHas 4yacTh COCTOMT M3 CTaHUHBI (1), TIaBHBIX MOMOCOB (2) ¢ 0OMOTKOM BO30YyxkaeHus (3) u

JIOTIOJTHUTENBHBIX MOJIOCOB (4), YMEHbIIAEMbIX UCKPEHHUE O] IIETKAMH.

SIkopb MMeeT cepieuHHUK (5), HAOpaHHBIA U3 TOHKUX CTAJIbHBIX JIUCTOB, OOMOTKY SIKOpsI (6), 3a10)KEHHYIO

B ma3bl cepiaeuHuka u Koyuiektop (7). Ha moBepXxHOCTh KOJUIEKTOpa HAJOXKEHBI YTOIbHO-TpadUTOBBIE

metku (8), obecreynBaroNIe CKOJB3AIIMM KOHTAaKT ¢ OOMOTKOHM Bparmatomierocs sikops. Kommextop

uMeeT GopMy LMIMHAPA U BBITOJIHAETCS U3 M30JIMPOBAHHBIX MEIHBIX TUIACTHH - JIaMeJlel - K KOTOPhIM

MIOJICO€IMHEHBI CeKIMH SKOpHOW 00MOTKHU. Bpaimasice BMecTe ¢ 00MOTKOM, KOJJIEKTOP BBIMOJIHAET POJIb
MEXaHUYECKOTO BBITPSIMUTEIIS.
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KoHTpoJsbHbBIE BONIPOCHI

1 BapuanT

1.YT0 Ha3bIBAIOT MHAYKIIMOHHBIMH T'€HEepaTopaMu?

2.Kakoii TpaHchopMaTop Ha3bIBAIOT IMOBBIIIAIOIINM, & KAKOW TOHMKAFOIIIM?

3.Yto Takoe X0J0cToi X0/ Tpanchopmaropa’?

4.ITouemy cepJieUHUK TpaHChOpMaTOpa U3TOTABIUBAIOT U3 CTAU, a HE U3 MeaAu?

5.B mepBuyHOi 00MOTKE TpaHChOpMaropa, BKIIOUEHHOW B ceTh ¢ HampsbkenueM 380B. Conepxutcs
1320 BuTkOB. OnpenenuTh HaNpsHKEHWE HAa BTOPUYHOW 0OMOTKe, eciu oHa conepkut 300 BUTKOB. Buj
TpaHcopmaTopa yka3aTh, OTBET MOSCHUTD.

2 BapMaHT
1. Ha3oBuTe 0OCHOBHBIE YaCTH r€HEPATOPA IIEPEMEHHOTO TOKA.
2. Jloka3zatp, 4TO y moBblaromero tpaachopmaropa K>1.
3. UW3menser au TpaHchopMaTop 4acToTy peodpa3yeMoro MnepeMeHHOro Toka?
4. Tlouemy cepaeuyHHK TpaHc(opmaTopa cOOMPAIOT U3 OTACIBHBIX IUTACTHH?
5. Ecnu Ha nepBuuHyro oOMOTKY TpaHcopmaropa nojaercs HanpsbkeHue 220B, To Ha
BTOPUYHOM OOMOTKE IpPH XOJOCTOM XOj€ moiy4aercs HanpspkeHue 130B. Yucno
BUTKOB INepBUYHONH 00MOTKH paBHO 400. OmnpenesnnTh YUCIO BUTKOB BO BTOPUYHOMH
obmoTke. Bun Tpancdopmaropa ykasarb, OTBET MOSICHUTb.
3 BapuaHT
1. KaxoBa poJib HHIYKTOpPA U SIKOPSI B yCTPOMCTBE reHEpaTOpa NEPEMEHHOro ToKa?
2. Yro Ttakoe nmoHmxaromuii Tpanchopmarop?

3. Tlouemy cepaeunuk TpancopmaTopa JeNaroT HE CIUIOIIHBIM. A U3 MHOYKECTBA TUIACTHH,
M30JIMPOBAHHBIX APYT OT JIpyra?

4. Tlouemy MOITHOCTB, MOTpeOIsieMass OT BTOPUYHONH OOMOTKH, MEHBIIIE MOLTHOCTH,
MTOJABOJIMMOM K IMIEPBUYHON 0OMOTKE?

5. CKOIbKO BHUTKOB JIOJKHA MMETh BTOpUYHAsE 0OMOTKa TpaHcpopMmaTopa JUisi MOHMKEHUs
Hanpspkenus ¢ 12000 no 120B, ecnu nmepBuyHas oOMoTka conepkut 4000 ButkoB? Bun
TpaHnchopmaTopa yKa3aTh, OTBET MOSCHUTD.

®opma npeacTaBiaeHus pe3yJabTara:
Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU AJIs J1aDOpaTOPHBIX paboT
Kputepun onenkmn:
3a npaBUJIbHO BBIMOJIHEHHOE 33aHUE BBICTABIISETCS MOJIOKUTENbHAS OL[eHKa — 1 Oau.
3a HeMpaBUWIJIBHO BBIIIOJIHEHHOE AEHCTBHE, 3aJJaHNE BBICTABIIAETCS OTpULaTeIbHAas olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensbHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

Pa3gen 5. OnTuka

Tema 5.1. OcHOBHBIE 3aKOHBI ONITHKH.

JlaGoparopHoe 3aHsaTHE Ne29

«Omnpenenenne nmoxkasaressi NpPeJJOMJICHUS CTEKIA».
Heaw: 1. HaGmronate nmpenomiieHne CBETa B peabHbIX YCIOBUSX.
2.Hayuutbcs MCHOIb30BATh 3aKOHBI MPEJIOMIICHHS JUIs pacyeTa MoKa3aTels IpeIoMIIeHuUs.

BoinosiHenue padorbl  cnocodcTByer ¢opmupoBanuio: [1P62 OVIL.06, [1P66 OVIILO06,
ITP68 OVII.06, ITP61_OVII.06

122



OoopynoBanme 1. CrexnsiHas ractuHka. 2. Tpu uriel. 3. Tpancnoptup. 4. Kaprosn. 5. Tabnuna
CHHYCOB.

HHOPAAOK BBIITOJIHEHUSA PABOTbI

3aganue 1. BcraBbTe npomyiieHHbIE c10Ba B (OPMYIUPOBKY 3aKOHOB MPEIOMIICHHS CBETA:

a) OrtHoweHue yria najeHus K CUHycy yria €CTb BEJINYMHA
JUISL IBYX JAHHBIX CpEJ.
b) Tlanaromimii jiyy, Jy4 ¥ HOpMAJIb K rpaHuLe JIBYX Cpell B TOUKE
MaJeHUs JIEXKAT B IJIOCKOCTH.

3ananmue 2. [IpuBenuTe npuMepsI SIBICHUS MPEIOMIICHHUS B TEXHUKE U OOBIYHON KU3HH.

3anganmue 3. 13 npeyio)keHHBIX BAPUAHTOB BHIOEPUTE KaKoi OyKBOW 0003HAaYaeTCsl IOKA3aTeib
IIPETOMIICHUS:
1) vy 2) n 3)N 4) Q

3anganne 4. OTBETHTE HA BONPOC: B YeM (DPU3UUYECKHI CMBICI IPEJIOMIICHUS cBeTa?

3ananue 5. BcnoMHHMTE OCHOBHBIE PABUWJIA TEXHUKHU 0€30MIACHOCTH M 00paTuTe 0c000€ BHUMAHME,
YTO0 HE00X0IMMO:

1. [IpuctynaTh K BBITOJIHEHHIO 33JIaHUSI MOYKHO TOJIBKO MOCJIE pa3pelieHus IPernoaBaTers.

2.Ilocne oxoH4aHus pabOTHl CIEAyeT NMPUBECTH B MOPAIOK pabodee MECTO, cAaThb BCe MPUOOPHI U
MIPUHAJIC)KHOCTH.

3aganue 6. ONBITHBIM U PACYETHBIM MYTEM OINpeae/uTe MOKA3ATeIb MPEeJOMJICHHS CTEKJIA.
Xox padoTsl

LIAT 1. [TonoXuThk pa3BepHYTYyIO T€Tpaab Ha KapToH. Ha mucT TeTpanu niuamms moJoXKuTh CTEKIITHHYIO
MJIACTUHKY M OOBECTH KapaH/IalllOM €€ KOHTYPBI. n

HIAT 2. C ogHOM CTOPOHBI CTEKJISIHHOM IJIACTUHKHU BKOJIOTh JIBE WIJIbI (b1

TaK, 4TOOBI OJIHA U3 HUX PACIIOJIOKUIIACH HA BEPXHEU IpaHy TUIACTUHKH, a
BTOpas MPOM3BOJILHO, HO TaK, YTOOBI MpsiMasi, MPOXOAIIas Yepe3 ITH

WIJIbI HE COBIAJIajia ¢ MEPIECHANKYIISIPOM K BEpXHEU I'paHH.

|2,
IIATI 3. [ToxHATH KapTOH Ha ypPOBEHb TJa3 W, TSI Yepe3 CTEKIIO, '
BKOJIOTb TPCTBIO MUIJTYy B HMWXHIOIO TIpaHb KOHTypa CTCKIIIHHOH
TUTACTUHKH TaK, 9YTOOBI OHA 3aKphliia cO00i N300pakeHHe IBYX MEePBHIX J
U (CMOTPH PUCYHOK). B

| 3

AT 4. CTeksi0o ¥ UTIJIbl CHATH C JIMCTA, MECTa MIPOKOJIOB 0003HAUUTD
toukamMu 1, 2 u 3. Yepes Touku 1,2 m 3 mpoBeCTH NpsIMbIE JINHUU 10
IIepeceyeHmsl ¢ KOHTypaMH cTekia. Yepes TouKy 2 IpOBECTH NEPIEHIUKYISAP K FPAHULIE pa3fesa JBYX
Cpell: BO3AyX — CTEKJIO.
HIAT 5. 3MepuThb yroi majaeHus i ¥ yroi npeinoMieHus f. 3Ha4eHUs] CHHYCOB 3THUX YIJIOB OIIPEIEIIUTh
o TabJIuIle, OKPYTJIMB 10 COTHIX.
AT 6. OnbIT MOBTOPUTH €I1I€ JIBA pa3, MEHSISI KX pa3 yroJ MmajieHus jJyJa i.
IHAT 7. JIns KakI0T0 OMBITa BBIYUCIIUTH TIOKA3aTeIb MPEJIOMIICHUS 110 opMyIie:

sinti |

sin g’

n, =

n2=
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n3=

HIAT 8. OnpenenuTh NOrpenHoCTh H3MEPEHH METOAOM CpeiHel aprupMEeTUIECKOH.

_ n, +n2 +n3_
cp — 3 -
HIAT 9.0npenenute aOCOMOTHYIO MOTPEITHOCTS:

n

An, = |ncp — n1|=
An, = |ncp — n2|:
Anz = |ng, —ns|=
Ang, = An1+A:2+An3 _

HIAT 10.0Onpenenure OTHOCUTEIBHYIO MTOTPEITHOCTD:

Sp = %100% :

Pe3ynpTaThl BceX M3MEpeHMid ¥ BBIYMCIICHHUH 3aHECUTE B TAOJIHUILY.

Ne| Vron VYron IToxazar | Cpennee AbcomotHa | Cpennss OTtHOCHTENBH
NaJIeHu | IpejoMie | eib 3Ha4YeHUe s abcomoTHast | as
A HUA MMpEJIOMII IIoKasarTeiisa IIorpeuHoC NOrp€IIHOCTb | MOTrPCITHOCTDH
eHUs npejgoMyIeHust | Tb
i B n Nep An Ang, ép
I'pan. I'pan. - - - - %
1
2
3

AT 11. Caenaiite BbIBOA. Y JaJIOCh JIU BaM OIPEAETUTH MOKa3aTeb npeaoMieHus crekyia. O0bsicHUTE

oueMy.

Pa3nen 6. ®usuka aToMa 1 AaTOMHOIO SI/APA.

Tema 6.1. Pa3BuTne npeacraB/jieHuil 0 MpUpoIe aTOMa

JlabopaTopHnoe 3ansitue Ne 30
H3y4yenue TpeKoB 3apssKeHHbIX YaCTHI 10 TOTOBBLIM (poTorpapusam

He.ﬂb: O0BACHUTH TPACKTOPUIO U XaApPaKTEP ABHUKCHUA 3apPSKCHHBIX YaCTHUII.

BbinosiHenue padoThI
ITP68 OVII.06, ITP61 OVII.06

MarepunanbHoe obecniedenue: gpororpadguu TPEKOB 3apsHKEHHBIX YaCTHIL.

3aganue:
1. N3yunTh TpacKTOPUM 3apsKECHHBIX YaCTHILI.
2. [Tpoananm3upoBaTh XapakTep ABUKEHUS YACTHUI] M KX XapaKTEPUCTHKH.

cnocodcTByer (QopmupoBanuw: [1P62 OVIL06, IIP66 OVIIL.06,
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Kpartkne TeopeTtudeckne cBeleHUs:

1. Tpeku 3apsOKEHHBIX 4YacTUIl B KaMmepe BuibcoHa MNpEACTaBISIOT COOOM  IETOYKH
MUKPOCKOITMYECKUX KaIleIeK XKUAKOCTH (BOIBI WIIH CIIHPTA), 00pa30BaBIIUXCS BCICICTBUE KOHACHCAIIUN
MIEPECHIIIEHHOTO Tapa 3TOi >KUJIKOCTH HAa HOHAX, PACIOJIOKEHHBIX BJOJIb TPACKTOPUHU 3apsyKEHHOU
YacTHUIbl, B Iy3bIPbKOBOM KaMmepe — LEMNOYKH MHMKPOCKOMHYECKUX MY3bIPHKOB Mapa IeperpeTon
KHUJKOCTH, 00pa30BaBIIMXCS Ha HOHAX. [pEKH IOKa3bIBAIOT TPACKTOPUIO ABMKEHUS 3apsHKEHHBIX
YacTHII.

2. JlnuHa Tpeka 3aBUCUT OT HauyaJIbHOW SHEPTUU 3apsSHKEHHOW YaCTHIIBI U IJIOTHOCTH OKPY KoL
Cpelbl: OHA TeM OOJIbIIe, YeM OOJbIIe YHEPTHs YaCTUIIBI U YeM MEHBIIE IIOTHOCTH cpenbl. 3. Tommuna
TpeKa 3aBUCHUT OT 3apsiia U CKOPOCTH YaCTHUIbI: OHA TeM OoJibllie, YeM OOJIbIIe 3apsiji YacTUIBl U YeM
MEHBIIIE €€ CKOPOCTh.

4. Ilpn nBUXKEHUH 3apsSHKEHHOW YaCTUIBI B MArHUTHOM I10JI€ TPEK €€ MOJIy4yaeTCcsi HCKPUBIICHHBIM.
Panuyc xpuBH3HBI Tpeka 3aBUCUT OT MAaCChl, 3apsja, CKOPOCTH YaCTULBI U MOAYIS WHIYKIUU
MarHMTHOT'O MOJIS: OH TeM Oosibllie, yeM OOoJIble Macca U CKOPOCTh YaCTHUIbl U YeM MEHbIIe e€ 3apsij U
MOMYJIb UHIYKIIUU MAarHUTHOTO TOJIS.

5. [1o u3mMeHeHHIO pagnyca KpUBU3HBI TPEKAa MOXKHO ONPEACTUTh HAlPaBIeHUE JABMKEHUS YaCTHIIBI
Y U3MEHEHUE e€ CKOPOCTU: Havajo €€ IBIXKEHHS U CKOPOCTh OOJIBINE TE€M, T/I€ OOJIbIIE PaguyC KPUBU3HBI
TpeKa.

IMopsiok BbINOJIHEHUS PA0OTHI:

1. TIpoBenute aHanmu3 TPEKOB 3apsSHKEHHBIX YACTHIL MO (poTorpaduu
Nel, oTBeuas Ha cienyroue BOIPOCHL:

B kakoM HampaBieHMHM JBUTAIHCH  alib(ha-4acTUIIbI?

2) Tllouemy pgnuHAa TPEKOB aib(a-4acTUI] MPUMEPHO

OJIMHAKOBO?
3) [loyemy TonmmHa TPEKOB aib(a —4acTHUI] K KOHILY ITpodera
HEMHOTO YBEJIMYUBACTCS?

TOJIBKO B KOHIIE  CBOETrO
npobera?

2. TlpoBemuTe aHAIM3 TPEKOB 3apsDKEHHBIX YacTHI[ T10
¢dororpaduu Ne2, oTBeyast Ha ClieAyIOIINE BOIIPOCHL:
1) Ilouemy Tpek »dnexkTpoHa wumeer ¢opMmy crnupanu?
2) B  xakom = HampaBl€HMM  JBUTAICS  DJIEKTPOH?
3) Kak Obu1 HampaBieH BEKTOp MAarHUTHOM MHIYKIUH?

3. IlpoBeaute aHamM3 TPEKOB
3apsDKEHHBIX ~ YacTHIl IO
¢dotorpadpun Ne3, oTBeuas Ha

CIIEYIOIINE BOIIPOCHI:

1)[Touemy Tpeku siiep aTOMOB UMEIOT Pa3HYIO TOJIIIUHY?
2)Kakoit Tpek NpUHAUICKHUT SAPY aToMa MarHus, KaubLus U
xenesa?

3)Kakoii BbIBO/I MOXKHO CJIeNIaTh U3 CPABHEHUS TOJIIIMHBI TPEKOB
sJIep aTOMOB Pa3JIMYHbIX JJIIEMEHTOB?

4. YeM OTIMYAIOTCS TPEKU YACTHII, MOJydYeHHBbIE B (OTOAIMYJIBCUH, OT TPEKOB YAaCTHIl B KaMmepe
Bunbscona n ny3sIppKoBOii kamepe?

dopma npeacTraBJeHus pe3yIbTaTa: MMCbMEHHBIN OTYET 10 NMPEATOKEHHBIM BOIIPOCAM.
Kputepun oneHnkn: cm. cTp.
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0)
B)
r)

1)
a)

0)
B)

6)

B)
r)

1)

6)
B)

KPUTEPUU OLIEHKUA

O1eHKA «OMAUYHO)» CTABUTCS, €CIIU CTYJICHT:

BBITIOJHIWI paboOTy B MOJHOM 00beMe C COONIOJACHHUEM HEOOXOIMMOMN IOCIIEAOBATSIBHOCTH MPOBEACHUS
OTIBLITOB Y U3MEPEHUI;

B MPEJICTABIICHHOM OTYETE MMPABMIIEHO M aKKYypPaTHO BBITIONHUII BCE 3aIHCH, TAOJIHITY, BEIYUCICHUS U CAEIaI
BBIBO/IBI;

MPABUJILHO BBITIOJHIII aHAJIN3 TIOTPEITHOCTEHH;

coOroan TpeboBaHMs 0€30MMaCHOCTH TPYAa;

OTBETUJI HA KOHTPOJBHBIC BOMPOCHI (YCTHO MJIM MUCHMEHHO).

OI1eHKA «X0pOoui0» CTAaBUTCS B TOM CIIy4ae, €CJIM BBIOJIHEHBI TPEOOBAHUS K OIICHKE «OTIMYHOY», HO:
OTIBIT TIPOBOAMJICS B YCIOBUSX, HE 00ECTIEYNBAIOINX IOCTATOYHON TOYHOCTH U3MEPEHUH;

JOTIYIIIEHO Ba-TPH HEI0UeTa, WK He Ooiiee 0JHON HErpyOor OMMOKHN U OJTHOTO HEJO0YeTa;
OTBETUJI Ha KOHTPOJbHBIC BOMPOCHI (YCTHO MM MUCHMEHHO).

OneHka «yoosnemeopumenvHo» CTaBUTCS, €CIM PabOTa BBINONHEHA HE IOJHOCTHIO, HO O00BEM
BBITIOJTHEHHOH YaCTH TaKOB, YTO MO3BOJISIET IMMOTYYHUTH MTPABIIIBHBIE PE3YIBTAThl U BBIBOIBI, MIIA €CJIH B XOJIE
MPOBEJICHUSI ONbITA M U3MEPECHUI OBUIH JOIMYIIEHBI CIICAYIONIUE OIIMOKH:

OMBIT MPOBOAMJICS B HEPAIMOHAIBHBIX YCJIOBHSAX, YTO IMPHBEIIO K TMOJYYCHHUIO PE3yJIbTATOB C OOJIbIICH
MIOTPEITHOCTHIO;

WIM B OTYETe OBUIM JOMYIICHBI B OOIIEH CIOXHOCTH He Ooyiee JBYX OMIMOOK (B 3alMCAX CIUHMIIL,
M3MEPEHUSIX, B BEIYUCIICHHUAX, TAOIMIIAX, aHAIM3E TIOTPEITHOCTEH | T.J.), HE IPUHIMITHATIBHOTO JUIS TaHHOU
paboThI XapakTepa, HO TOBJHSBIINX HA PE3yJIbTAT BHITOITHEHUS;

WJIM HE BBITTOJIHEH COBCEM HITH BBIITOJIHEH HEBEPHO aHAIIN3 MTOTPEITHOCTEH;

Wik paboTa BBINOJHEHA HE IOJHOCTHIO, OJHAKO OOBEM BBHINIOJHCHHOM YacTH TaKOB, YTO IO3BOJISIET
MIOJTyYUTh MPABUIIbHBIE PE3YIBTAThl M BBIBOJBI II0 OCHOBHEIM, IPHHIIUITHAIBHO BRKHBIM 33/1a4aM paOoTEHI;
YaCTHYHO OTBETHJI HAa KOHTPOJIbHBIE BOMPOCH (YCTHO WIJIM MMUCHMEHHO).

O1ieHKA «HEy0061eme0pUmMeIbHO» CTAaBUTCS B TOM CITy4ae, eClIu:
paboTa BBITIOJHEHA HE TOJHOCThIO, W OOBEM BBIMOJIHEHHOW 4YacTh pabOThl HE IO3BOJISIET CHEJIaTh
MTPaBUIIbHBIX BHIBOJIOB;

WJIM OTIBITBI, U3MEPEHUS, BBIYUCIICHUS, HA0JIOICHUS POU3BOIMIINCH HETIPABUIIBHO;
HE OTBETUJI HA KOHTPOJIbHBIE BOITPOCHI.
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BUBJIUOTPA®UYECKHAN CIIMCOK

OcHoBHas1 JInTepaTypa

Kysnenos, C. . ®u3uka. OCHOBBI 3JIEKTPOAMHAMUKH. DJICKTPOMArHUTHBIC KOJCOAHUS M BOJIHBI
[@nexTponHBI pecypc]: yuebnoe mocodue / C. W. Ky3nenos. — 4-¢ u3a., ucnp. U Ao — M.:
BysoBckmit  yueOnuk: HUIL[ HWHOPA-M, 2015. - 231 ¢ - Pexum pgocryma:
http://znanium.com/catalog.php?bookinfo=424601
Ousuka. Teopus ¥ MpakTHKaA [3JIEKTPOHHBIN pecypc]: yueOHoe mocobdue / moxa pexa. mpod. C. O.
Kpamaposa. — 2-e¢ uzn., mon. u nepepad. — M.: U1l PUOP, HUL] UHDOPA-M, 2016. — 380 c. —
Pexxum noctyna: http://znanium.com/catalog.php?bookinfo=522108
[Tunckuii, A. A. ®usuka [neKkTpoHHBINA pecypc]: yueoHuk / A. A. Ilunckui, I'. FO. I'pakoBckuii ;
o oom. pea. FO. W. luka, H. C. IlypseimeBoit. — 4-¢ u3n., ucunp. — M.: ®OPYM: UHOPA-M,
2017. — 560 c. — Pexxum mocryma: http://znanium.com/catalog.php?bookinfo=559355
JonosHUTeILHAS JUTEpPaTypa

KysnemoB, C. WM. Kypc neknmii 1o ¢Qusmke. Omekrpocratuka. [lOCTOSHHBIM  TOK.
OnexrpoMaruetu3Mm. KonebaHus 1 BOJNHBI [3J€KTpOHHBIN pecypc]: yueOHoe nocobue / Kysueros C.
HU., Cemxuna JI. U., Poro3un K. U. — Tomck: U3a-Bo Tomckoro noiautex. yausepcurera, 2016. —
290 c. — Pesxum mocryma: http://znanium.com/catalog.php?bookinfo=675264

Kysnemnos, C. U. ®usuka. BonHosas ontuka. KBanToBas npupojia u3irydeHust. DJIeMEeHThl aTOMHOM
U siiepHON (PU3UKU [37eKTpoHHBINH pecypc]: yueb. moc. / C. U. Kysunenos, A. M. Jlugep — 3-e u3z.,
nepepad. u jmon. — M.: Byszos. yue6.: HUL[ MHOPA-M, 2015. — 212 c. — Pexum pgocryma:
http://znanium.com/catalog.php?bookinfo=438135

HNuTepHeT-pecypesl

www.fcior.edu.ru (denepanbHblii HEHTP HHGOPMAIIMOHHO-00pPA30BATEIBHBIX PECYPCOB).
www.dic.academic.ru (Akagemuk. CoBapy ¥ SHIIUKIONCINH).

www.booksgid..com (Books Gid. DiexkrponHas 6ubimnoTeka).

www.globalteka.ru (I'mobanteka. I'mobanpHass OUOIMOTEKA HAYYHBIX PECYPCOB).
www.window.Edu.ru (EanHoe okHO J0cTyIa K 00pa3oBaTelIbHBIM pecypcam).
www.stbooks.ru (JIyuiast yueOHast ureparypa).

www.school.edu.ru (Poccuiickuii 0o0pa3oBaTenbHbI TMOpTal. JlOCTYIMHOCTh, KadecTBo,
3¢ PEeKTUBHOCTB).

www.ru/book (DnektporHas 6ubIMOTEYHASI CHCTEMA).

www.alleng.ru/edu/phys.htm (O6pa3oBaresnbHbie pecypebl MHTepHeTa Dusnka).
www.school-collection.edu.ru (Exunast kosuteknusi 1iudpoBbIX 00pa3oBaTEIbHBIX PECYPCOB).
www.n-t.ru/nl/fz (HoGenesckue naypeatsl o Gpu3nke).

www.nuclphys.sinp.msu.ru (SInepHas ¢pusuka B MHTEpHETE).

www. college. ru/fizika (IToaroroBka k EI'D).
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