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BBEJIEHUE

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

CoctaB U cojep)aHHe MPAKTUYECKUX U JIA0OPATOPHBIX 3aHATHI HANPABJICHBI HA PeaH3alHIo
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
MIOATBEPK/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 CUCTEMO0Opa3yomeil ponu GU3NUKH B pa3BUTHU €CTECTBEHHBIX
HayK, TEXHUKH U COBPEMEHHBIX TEXHOJIOTUH, O BKJIaJ€ POCCUHCKUX U 3apYOEkKHBIX YUCHBIX-(DU3UKOB B
pa3BUTHE HAyKH; MOHUMaHUE (PU3NUECKON CYITHOCTH HAOIIOIAEMbIX SBJICHHH MUKPOMHUPA, MAaKPOMHpA
MeraMmpa; INOHMMAaHHE POJIM ACTPOHOMHUHM B IPAKTHUYECKOH NEATENbHOCTH 4YEJIOBEKa M JalbHEHIEM
HAYYHO-TEXHHUYECKOM pa3BUTUH, POiIH (U3MKA B (POPMHUPOBAHUHM Kpyro3opa U (yHKIHOHATHHON
IPaMOTHOCTH Y€JIOBEKa JIJIsl PELICHUs] IPAaKTUYECKUX 3a]1a4;

[1P62_OVII.06 chopmupoBaHHOCT, YMEHUH pacro3HaBaTh (GU3WUECKHUE SIBICHUS (TPOIIECCHI) U
OOBSICHATh MX Ha OCHOBE HM3YyYCHHBIX 3aKOHOB: PAaBHOMEPHOE U PABHOYCKOPEHHOE HpPSIMOJIMHEHHOEe
JBUKEHHE, CBOOOJHOE TMaJIeHUue TeJ, JBUKEHHE MO OKPYKHOCTH, WHEpLMs, B3aUMOJEWCTBUE Tel,
KosiebaTenbHOe JIBKEHHME, DPE30HAHC, BOJIHOBOE JBIKeHHE;, auddys3usi, OpOyHOBCKOE JBUKEHHE,
CTPOEHHE JKUJIKOCTEN M TBEP/BIX TEJ, U3MEHEHHE 00beMa Tl IPU HarpeBaHUU (OXJIAKIEHUH ), TEIIIOBOE
paBHOBECHE, UCIApEHUE, KOHJAEHCALUs, IUIABICHHE, KPUCTAJUIM3ALUs, KUIIEHHE, BIAXKHOCTh BO3/1YyXa,
CBSI3b Cpe/lHEeH KMHETHYECKOW PHEPrHM TEIIOBOTO JIBU)KEHUS MOJIEKYJ ¢ aOCOJIFOTHOM TeMIlepaTypou,
MOBBIIICHUE JABJICHUS Ta3a IPU €ro HarpeBaHUM B 3aKPbITOM COCYIE, CBSA3b MEXIY MapaMeTpaMu
COCTOSIHMS Ta3a B M30IpoLieccax; dJEKTPU3alusl Tel, B3aUMOJIEHCTBUE 3apsA0B, HArPEBAHNUE NTPOBOIHUKA
C TOKOM, B3aUMOJACHCTBME MarHWTOB, JIEKTPOMAarHWTHAas WHIYKLUS, JEHCTBHE MAarHMTHOIO IIOJISI Ha
MIPOBOJAHUK C TOKOM U JIBWXKYIIMHCS 3apsll, 2JIEKTPOMAarHUTHbIE KOJI€OaHUsI U BOJHBI, MPSIMOJIMHENHOE
pacrpocTpaHeHHEe CBeTa, OTpaKeHHe, IpeIoMiIeHne, MHTepepeHns, MdpaKkus 1 Noaspu3aIus CBera,
aucrepcusi cBeTa; (OTORNIEKTpUUecKuil 3d@exT, cBeToBOE [aBi€HHE, BO3HUKHOBEHHE JMHEWYATOro
CIIEKTPa aTOMa BOAOPO/ia, €CTECTBEHHAs! M MCKYCCTBEHHAs PaJUOaKTUBHOCTb;

[1P63 OVII.06 BrageHre OCHOBOMOJATAIOIIMMU (PU3UYECKUMH MOHATHSIMH W BEIUYHHAMH,
XapaKTepu3yloImuMl  (u3nyeckue  mporecchl  (CBSA3aHHBIMM € MEXAaHHYECKMM  JIBXKCHHEM,
B3alMO/JICHICTBUEM TeJl, MEXaHUYECKUMHU KOJIEOAaHUSIMU U BOJIHAMHU; aTOMHO-MOJIEKYJISIPHBIM CTPOEHHEM
BELIECTBA, TEIUIOBBIMM IPOLIECCAMH; JJIEKTPUUECKUM M MAarHUTHBIM IIOJISIMH, JIEKTPUYECKHMM TOKOM,
AJIEKTPOMArHUTHBIMU KOJIEOAHUSIMH W BOJHAMH; ONTHUYECKUMH SIBICHUSMHU; KBAHTOBBIMU SIBJICHUSIMH,
CTPOEHMEM aroMa M aTOMHOIO $1pa, pPaJUOAKTUBHOCTBIO); BIAJACHHE OCHOBOIOJATAIOIINMU
ACTPOHOMUYECKUMH TOHITHUSIMH, TO3BOJSIOUIMMH XapaKTepU30BaTh MPOIECCH], NPOUCXOASIINE Ha
3BE3/1aX, B 3BE3HBIX CUCTEMAX, B MEXTaJIaAKTUUECKOH cpejie; IBMKEHNE HEOECHBIX Tell, SBOJIOIMIO 3BE3]
u Bcenennoi;

[1P64 OVIIL.06 BnaseHue 3aKOHOMEPHOCTSIMHM, 3aKOHAMH W TEOPUSMH (3aKOH BCEMHUPHOIO
tarotenus, I, II u III 3axonsl Her0TOHA, 3aKOH COXpaHEHUSI MEXAaHUYECKOW dHEPIHH, 3aKOH COXpPaHEHUs
UMITyJIbCA, TPUHLUII CYNEPHO3ULUN CHJI, IPUHLHUII PaBHOIPABHOCTH HMHEPLMAIBHBIX CHUCTEM OTCYETA;
MOJIEKYJISIDHO-KUHETHYECKYI0 TEOPHIO CTPOEHHUS BCIECTBA, TIa30BbIE 3aKOHBI, IEPBBIA 3aKOH
TEPMOJMHAMMKH; 3aKOH COXPaHEHMsI IEKTPUUECKOro 3apsaa, 3akoH Kynona, 3akoH OMa Ui ydacTka
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1eny, 3akoH OMa JUIst TOJIHOM 3JIEeKTpUYecKor 1enu, 3akoH Jlxoyns - JIeHa, 3aK0H 3J1eKTpOMarHuTHOU
MHIYKIMH, 3aKOH COXPAHEHUsA OHHEPrUM, 3aKOH MPSAMOJMHEHMHOIO pPaclpOCTPAHEHUs CBETa, 3aKOH
OTpPa)XEHUs CBETA, 3aKOH IIPEIIOMIICHUS CBETA; 3aKOH COXPAHEHUs SHEPIUH, 3aKOH COXPAaHEHUs UMITYJIbCa,
3aKOH COXPAaHEHHs IEKTPUYECKOrO 3apsja, 3aKOH COXPAHEHMsI MacCOBOIO YHCIA, MOCTyaaTsl bopa,
3aKOH PaJMOAaKTUBHOIO paclaza); yBEpEHHOE UCII0JIb30BAaHUE 3aKOHOB U 3aKOHOMEPHOCTEH IIpU aHalIn3e
(bU3NYECKUX SIBICHUH U MPOLIECCOB;

I1P65 OVYIIL.06 ymeHue yduTHIBaTh TIPAaHUIBI NMPUMEHEHHUS H3YYEHHBIX (U3NYECKUX MOJIENICH:
MaTepuaiabHas TOYKA, MHEpLMajbHAas CHCTEMa OTCYeTa, HMACAIbHBIA ra3; MOJEIU CTPOCHMS Ta30B,
KUIKOCTEH M TBEPABIX TeEJl, TOYECUHBIM DJJIEKTPUUYECKUM 3apsl, sAnepHas MOJENb aTroMa, HYKJIOHHas
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 (PU3MUYECKHX BEJIMYMH, BBIOMpas ONTHUMAJIbHBIN CIIOCOO
U3MEPEHUS] U MWCHOJb3YyS W3BECTHBIE METOJAbl OLICHKHA IOTPEIIHOCTEH HM3MEPEHUH, IIPOBOJIUTH
UCCIIeIOBAaHUE 3aBUCUMOCTEH (PM3UYECKUX BEIUYHMH C UCIOJIb30BAHUEM MPSIMbIX U3MEPEHHUH, OOBACHATDH
[IOJIyYEHHBIE PEe3Y/IbTaTbhl, UCHOIb3Ysl (PU3MUECKUE TEOPHUM, 3aKOHbl M TOHATUSA, U JIeNaTh BBIBOJBL;
coOmogaTh IpaBuia O€30MaCHOrO Tpyda HOpPU NPOBEIEHUM HCCIEAOBAaHMM B paMmMKax ydeOHOro
OKCHEPUMEHTa W  Y4eOHO-HCCIENOBATENbCKONH  JESITEIBbHOCTH C  HCIOJIB30BAaHHEM  LU(POBBIX
M3MEPUTENIbHBIX YCTPOUCTB M J1aOOpaTOPHOro 000pyAOBaHMs; cHOPMUPOBAHHOCTH INPEACTaBIECHUI O
METOAAX MOJIYYEHUS HAyYHbIX ACTPOHOMUYECKUX 3HAHUN;

I[TP67 OVII.06. cdhopMUPOBAHHOCTH YMEHHS pellaTh pPacyeTHbIE 3aJaud C SBHO 3aJaHHON
¢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 OIEHHBATH PEATBHOCTh MOJYYCHHOTO 3HAYCHUS (HU3NIECKOMH
BEJIMYMHBI; DPELIAaTh KAYECTBEHHBIC 3aadyM, BBICTpaWBas JIOTMYECKH HENPOTUBOPEUMBYIO LEHNOYKY
paccyXJIeHHi ¢ ONOPOH Ha N3YUEHHBIE 3aKOHBI, 3aKOHOMEPHOCTH U (PH3UUECKUE SBIICHHUS,;

I1P68 OVII.06. chpopMUpPOBaHHOCTh YMEHHS NPUMEHSTH IOJIY4YE€HHbIE 3HAHUA A OOBSCHEHUS
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/I0POBb U COOIIOACHUS HOPM IKOJIOTMYECKOTO MOBEACHUS
B OKpYXarolei cpene; MOHMMaHHe HEOOXOIUMOCTH MPUMEHEHUs JOCTHKEHUH (PU3MKH U TEXHOJIOTH
JUTsL parmoHanbHOro npupoaonoas3oBanus;[IP69 OVIL.06. chpopMupoBaHHOCTE COOCTBEHHOW MO3UIUU
[0 OTHOWIEHHI0O K (u3n4eckoil uHpopManuu, TMOIy4aeMOd M3 pa3HbIX HCTOYHHUKOB, 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. cdhopMUpPOBAaHHOCTH COOCTBEHHOW TMO3UIIMK IO OTHOIICHHIO K (pu3Mdeckoi
nH(popMalLn, TOJy4aeMOl U3 pa3HbIX UCTOYHHMKOB, YMEHHMH HCIIOJIb30BATh HU(POBbIE TEXHOIOTUN IS
MIOUCKA, CTPYKTYpHUPOBAaHMS, HHTEPIPETALMU U NPEACTaBICHUs Y4eOHOW M Hay4yHO-MOMYJISPHOH
nH(pOpMaLIUY; pa3BUTHE YMEHUI KPUTHUECKOT0 aHalIM3a MoJlydaeMoil uHpopmanuy;

I1P610_OVIIL.06. oBnajgeHue yMeHHsSMH paOOTaTh B TPYIIE C BBITOJHEHUEM PAa3JIMYHbBIX
COLIMAJIbHBIX PpOJIEH, IUTAHUPOBAaTh pabOTy TPYIIbL, PAUOHAIBHO pacHpeiensiTh IesSTeNIbHOCTh B
HECTaH/IApPTHBIX CUTYalUAX, a/IEKBaTHO OLICHMBATh BKJIAJ KaXKIOrO M3 YYAaCTHUKOB I'PYNIbI B PELICHHUE
paccMaTpuBaeMoi IPOOIeMBI;

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

MP9 BnaseTh HaBBIKAMU MOJTY4YE€HUS HHPOPMALIMU U3 UCTOYHUKOB Pa3HbIX THUIIOB, CAMOCTOSATEIEHO
OCYILIECTBIIATh MOUCK, aHAJIN3, CUCTEMATH3alUI0 U UHTEPIpeTalni0 HHGOPMAUU pa3IUYHbIX BUAOB U
¢dbopMm npencTaBieHUs;

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



MP21 BBIABISTH NPUUMHHO-CIICACTBEHHBIC CBSA3U U aKTyaJIHU3UPOBATh 3a/1a4y, BBIIBUTATh TUIIOTE3Y
€e pelIeHUs, HaXOIAUTh apryMEHTHI JAJIs J0Ka3aTeIbCTBAa CBOUX YTBEP)KIEHUH, 3a/1aBaTh MapaMeTpbl U
KPUTEPHH PELICHHUS;

MP17 ymeTh mNepEeHOCUTh 3HAaHUA B I[IO3HABATEIBHYHD W  MPAKTHYECKYI0  00JIaCTH
KHU3HEIECATEIbHOCTH;

MP13 oBnaneHue BHIaMU JAEATEIbHOCTU MO MOJYYEHHIO HOBOTO 3HAHUS, €r0 WHTEPIPETALHH,
npeoOpa3oBaHUI0 U MPUMEHEHHIO B DPA3IUYHBIX y4YeOHBIX CHUTYyallMsX, B TOM YHCJE TPU CO3JaHUH
y4eOHBIX U COIUAIBHBIX TPOEKTOB;

JIP13 TOTOBHOCTH M CIOCOOHOCTH K OOpAa30BaHMIO M CaMOOOpPa30BAaHHIO HA TMPOTSIKEHUU BCEU
KHU3HU;

JIP14 oco3HaHue JIMYHOTO BKJIaJia B IOCTPOEHUE YCTOWYMBOrO Oy 1yILEro

JIP23 roTOBHOCTH K TPYAy, OCO3HAHHE IICHHOCTH MAacTEPCTBA, TPYI0JIIO0HE;

JIP26 cniocoOHOCTh OLIEHMBATh CUTYAlMI0 U IPUHUMATh OCO3HAHHBIE PEIICHUs, OPUEHTUPYSICh Ha
MOpaIbHO-HPABCTBEHHbIE HOPMbI U [IEHHOCTH;

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

IIK 1.1 OmnpenensiTe TEXHUYECKOE COCTOSHHUE CHUCTEM M MEXAHU3MOB IOJBEMHO-TPAHCIOPTHBIX,
JOPOXKHBIX, CTPOUTENIBHBIX MAIIUH C UCIOJIb30BaHUEM CPE/ICTB IUArHOCTUKH.

A Takxke pOpMHUPOBAHMIO 0OU{UX KOMNEMEHUUIL:

OK 01 Bri6upats criocoOsl pemieHus 3a1ad npodecCHOHAIBHON JesITeIbHOCTH IPUMEHUTEIBHO 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 IlnaHnupoBaTh U peaqn30BbIBaTh COOCTBEHHOE MPOPECCHOHATBHOE U JIMYHOCTHOE Pa3BUTHE,
MpeANPUHUMATEIBCKYIO JESTENIbHOCTh B MPOoQeccCHOHANbHOM cdepe, UCIO0Nb30BaTh 3HAHUS 110 TPaBOBOM
1 (MHAHCOBOM IPAMOTHOCTHU B PA3IMUHBIX )KU3HEHHBIX CUTYaIUAX

OK 04 3¢ddexTuBHO B3aUMOACHCTBOBATH U PaOOTaTh B KOJIJIEKTUBE U KOMAH/IE

OK 05 OcymecTBiasaTh YCTHYIO M NUCBMEHHYIO KOMMYHHKAIMI0 HAa TOCYJAapCTBEHHOM SI3BIKE
Poccuiickoit @enepanuu ¢ yueTroM 0COOEHHOCTEN COLIMANIBHOTO U KYJIbTYPHOI'O KOHTEKCTA

OK 06 IIposBiasATh TIpakJaHCKO-NIATPUOTUYECKYIO IIO3ULHI0, IEMOHCTPUPOBATh OCO3HAHHOE
MIOBE/ICHUE Ha OCHOBE TPAJAMIIMOHHBIX POCCHUICKUX yXOBHO-HPABCTBEHHBIX LIEHHOCTEH, B TOM YHCIE C
Y4ETOM TapMOHM3AlMM MEKHAIIMOHAIBHBIX M MEXPETUTHO3HBIX OTHOIIEHUH, MPUMEHSATh CTaHIApThI
AHTUKOPPYNIIMOHHOIO TIOBEJIEHUS

OK 07 CopneiicTBOBaTh COXpPaHEHHUIO OKPYKAIOLIEH Cpelbl, pecypcocOepeXeHUIo, MPUMEHSTh
3HaHHUA 00 M3MEHEHHM KIuMaTa, IPUHLHUIIBI OepexIINBOro MPOU3BOACTBA, 3PPEKTUBHO JIEHCTBOBATH B
Ype3BbIUAHBIX CUTYAIHIX

OK 08 Mcnonb3oBaTh cpeAcTBa GU3NUECKON KYIbTYpHI ISl COXPAHEHUS U YKPEIIEHUS 310POBbSI B
nporecce MpodhecCHOHATBHOW JIEeATETbHOCTH U MOJAEP)KaHUS HEOO0XOIUMOIro YpPOBHS (DU3NYECKOMH
MO/ITOTOBJIEHHOCTH

OK 09 ITonp3oBarbest mpoecCHOHATBHON JOKYMEHTAIMe Ha rocyJapCTBEHHOM M MHOCTPAaHHOM
SI3BIKaX.

BeimonHenue o0ydaromuxcs MPaKTUYECKHX M J1TAOOpaTOpHBIX paboT Mo y4eOHOW TUCHMILUIMHE
«®Pu3KKa» HaIPaBIIEHO HA:

- 00o0meHne, CcUCTeMaTH3alMIo, YIJIyOJieHHe, 3aKpeIuleHHue, pa3BUTHE M JIeTaTU3alHIo
MOJIYYEHHBIX TEOPETHUECKUX 3HAHUI M0 KOHKPETHBIM TeMaM y4eOHO! JUCIUILTUHBL,

- (hopMUpOBaHME YMEHHUH NMPUMEHSATH MOJyYCHHbIE 3HAHUS Ha MPAKTHKE, pealu3aluio €IMHCTBA
MHTEJJIEKTYaJIbHOM U MPaKTUUECKOMN JeSITeIbHOCTH;

- (opMmupoBaHuEe M pa3BUTHE YMEHMi: HaOII0JaTh, CPaBHUBATh, COMOCTABIAThH, AHAIU3HPOBATH,
JenaTh BBIBOJBI M OOOOILIEHMS, CAMOCTOSITEIBHO BECTU MCCIEIOBAHMUSA, IOJIB30BAaThCS Pa3IUYHBIMU
npueMaMH U3MEpEeHUH, 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.

[IpakTuyeckue M 1a0OpaTOpHBIC 3aHATHUS MPOBOIATCS B PaMKaX COOTBETCTBYIOIIEH TEMBI, TOCIHE
OCBOCHHSI JUAAKTUYECKUX EIMHUI], KOTOpble OOECHEeYMBAIOT HAJIMYME 3HAHWH, HEOOXOAMMBIX JUISI ee
BBITTOJIHEHUSI.



2. METOANMYECKHUE YKA3AHUA

Tema 2.1. Kunematuka

IIpakTuyeckoe 3ansaTue Nel
Pemenue 3a1a4 no KHUHeMaTUKe. Y PaBHEHUS IBHKEHU S

]_[e.m,: HAayUUThCA pas3jindaTb BUAbBI MCXAHUYCCKOIO JABWKCHHA B 3aBUCHUMOCTU OT q)OprI
TPACKTOPUU U CKOPOCTU IEpPEMEIEHUsI TeJa, PaCCUUTHIBATh €ro MapaMeTpbl, HAYYUThCS H300paxarhb
Fpa(l)I/I‘IeCKI/I Ppas3jInuHbIC BUAbl MCXaHUYCCKUX I[BPI)KGHHﬁ, 3aIlMCbIBATh YPABHCHUA ABUKCHUA, PA3JINYATh
€ro OTHOCHUTENIbHOCTb, HAY4YHTbCSI (OPMYIUPOBATH CICAYIOUINE MOHATHSA: MEXAaHMYECKOE IBUKECHHE,
CKOPOCTH U YCKOPCHHEC, CUCTEMA OTCUCTA, MEXaHWYEeCKUI IMPUHIUIT OTHOCUTCIILHOCTH.

Boinosinenue padorbl cnocodocTByeT (opmupoBanuiw: I[1P62 OVIL.06, IIP69 OVIIL.06,
I1P67_OVIIL.06, ITP63 OVIIL.06, ITP61 OVYII.06

MarepuanbHoe obecrneyeHue:

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

Yka3zaunue:

[IpakTuueckast paboTra COCTOUT M3 JABYX 4YacTell — TeopeTudeckod M mnpaktuyeckoil. Ilocne
W3YYEeHUS TEOPETUYECKOr0 MaTepuaia MOXXHO MPUCTYNATh K BBIIOJHEHHUIO MpakTHueckoil uyactu. OHa
COCTOMT M3 JBYX W Ooyiee 3amad Jjisi CaMOCTOSITENIbHOTO BBHIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
odopmiiennu pemeHus. Ha BbIMogHeHHE MPaKTUYECKONW OTBOJUTCS /IBa aKaJIEMUYECKUX Yaca.

3aganue:

1. IIucbMeHHO OTBeTHTE HA CJIeAYIOIIHE BONMPOCHI:
o KuHeMaTHuecKuil 3aKOH JABMKEHUS ISl KOOPAMHATHOTO CIIOCO0a OMpPEIeTICHUS IBHKCHHS
MaTepUaIbHONU TOUKH.
[ ] KnnemaTnuecknii 3aKOH ABWXKCHUA OJId CCTCCTBCHHOI'O IABWIKCHHUA [JII BCKTOPHOTI'O
crioco0a onpeaeaeHNs ABHKEHUS.
o KunemaTuueckuil 3aK0OH JABUXXCHUA NJI1 €CCTECTBEHHOI'O crocoba OIPCACIICHUA IBUKCHU.
e Kak HaliTM BEKTOp CKOPOCTH JJIsi KOHKPETHOI'O, BEKTOPHOI'O U €CTECTBEHHOI'O CIIOCOO0B
onpeieTeHUs IBUKEHNS?
e Kak HailTu BEKTOp YCKOPEHHMsI JUI Pa3HbIX CLIOCOOOB ONpPENEICHUS IBHKEHU?
2. Hcnoan3ys ¢opmyJibl ISl pacyeTa NapaMeTpoB JABHKEHHs TeJl, pelluTh 3a1a4M.
3. Ilpoananu3upoBaTth rpadguku IBHKEeHUS Tej, ONUCATH XapaKTep ABHKEHHS.

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

1. TeopeTnyeckas yacTb
OpHOMepHOE IBUKEHUE. J|BUKEHUE C TOCTOSHHOM CKOPOCTHIO.
ITycTh Teno ABMKETCS B HAPABIECHUH OCU X C IOCTOSIHHOW CKOPOCTBIO V U 3a BPEMSI Af =t —f;, IPOXOJUT

nyTh Ax = x —x,. CpeqHss cKopocTb

Ax
Vep = = || x(®) = xo + VAL
At

Vv = const




JIBr>KeHUE ¢ IEPEMEHHON CKOPOCThIO. Y CKOpEHUE

Ecmu Temo ABYIXKCETCs HaIIpaBJICHUU Vv ocu Xc

NepeMeHHOi ckopocTbio V(t), To, _;j rpaduxu X(t) u v(t) umeror Bux;

Vo
] ]
Ipu osTOoM TOBOpAT, uto Temo O ¢ ¢ t JIBHJKETCS C YCKOPEHHEM.

Vckopenue (d) — CKOPOCTh H3MEHEHHSI CKOPOCTH.

U —U_\ = AV M
Ecim 3a Bpems At =t—t, u3MeHenue ckopoctu AV=V—V; 10 cpennee yckopenwue: |a,, = ~ [al=1—.
C
U3 a= V;VO = v =vy+aAt uau[v(t) = v, + aAt
t
aAt?

x(t) = xg + VoAt +

Eciu v, Md cOHampaBlIeHbI, TO CKOPOCTh IBHIKCHHUS TeJla BO3pPACTaeT, d HMMEET

3HAK «t»; B IIPOTHUBHOM CJIY4da€ CKOPOCTb YMCHBIIACTCA U a UMCCT 3HAK «—».

v2 (1) — V(2)

Ecnu Bpems aBukeHust At HEMU3BECTHO, TO |x(f) = x, +
2a

MmuoromepHoe BUKeHuE. [[BuxkeHne Tena, OpOIIeHHOTO O YIJIOM K TOPH30HTY
[Tyctp Temo OpolieHo U3 Havajia KOOpAMHAT MOJ YIJIOM K TOPH30HTY C HAYalbHOW CKOPOCTBHIO v, . U3
rpaduka BUJHO, YTO V, = Voy + Voy (IBYMEPHOE JBMKCHHUE MOYKHO PACCMATPHBATh, KaK HAJOKCHHUE JAPYT
Ha Jpyra JIBYX OJHOMEPHBIX — 10 ocsiM X 1 Y).

Vv
=— 9 -X2+i'X

2. [IpuMepsI pelieHus 3a1a4

1. MMaccaxxupckuit moe3n UAET co ckopocTh 72 km/4. Ilo coceqHeMy MyTH ABHXKETCS HAaBCTpEUy
ToBapHbIN noe3a nHoM 140 M co ckopocThio 54 km/4. CKOJIBKO BpEMEHH NacCakup, CTOSIINN Y
OKHa, OyJIeT BUJIETh MPOXOSAIIUI MUMO HEro TOBapHBINA 1oe3 ?

Jano: CH Pewenue:
V1 = 72 kM/4 20 m/c | OTHOCHTEIbHAS CKOPOCTD ABHKEHHS 000MX MOE310B L = Uy + V5.
V2 = 54 KM/ 15 m/c CnenoBarensHo, BpeMs, B TEHEHHE KOTOPOTO MUMO MACCAKUPCKOTO
o os l
=140 m 10e3/1a Npoii/IeT TOBAapHBIii, onpeaenum no popmyne: ¢ = -
v
i 140
[loacraBnsiem ganHeie: t = —— =
20+15

Omeem: 4 c.



2. TlocamouHasi CKOPOCTh MacCaXHpCKoro camoiera 135 km/4, a mmmHa mpodera ero 500 M.
Omnpenenuts BpeMsi MpoOera Mno mocagoyHoN MoJoce U YyCKOPEHHE CaMoJieTa, CUuTas JBUKCHHE
paBHO3aME/IJICHHBIM.

Jlano: CH Pewenue:

Vo= 135 km/u | 37,5 m/c| Bpems npoGera camonera npy nocajaxe HaxoauM 13 GopMysl myT
2

at
S=500m S=yyt + = T/A€ @ JUIA PABHO3AME/UICHHOTO IBUIKCHHS ONPE/Ie/INTCH
v
v=0wm/c 13 hopmynbel: U = vy + at uma = TO CnepoBatenbHo,
7 % =2 2§ 2500
t-?2,a-? S =yt —=5—» OTKyna t ===, [Toacrasnsem gauusie: t = e 27:¢.
0 )
v 37,5
Vekopenne a = - T°; g i) m/c?

Omeem: 27 ¢c,-14 m/c’.

3. Teno, nBurasch paBHOYCKOPEHHO U3 COCTOSHHSA IOKOs, 3a IATYIO CEKyHY IIPOLUIO IIyTh 18 M.
YeMy paBHO YCKOpPEHHME U KaKOM IyTh TEJIO MPOILIO 3a 5 ¢?

Jlano: Pewenue:
2 2
- - Y t t

ts—ty=1c [lyTb, npoiineHHbII TETOM 3a NATYIO CeKyHAy S = S5 — Sy = aTS = “T“

_ 28 218 _ 2
S=18m Orcrona a 27 %" 5o 4 m/ce.

. : G at? 425
t=5c¢ [lyts, npoitaenHslii Tenom 3a 5 cexyna Ss o S5 = = 50 m.
S5-?,a-?

Omegem: 4 m/c®; 50 m.

4. B mocnenHon CeKyHay CBOOOIHO MaJaloliee TEJO MPOIUIO MOJIOBUHY CBOETO MyTH. CKOJIBKO
BPEMEHHU U C KaKO# BBICOTHI MAaJI0 TEJIO?

Hawno: Pewenue:
1 v = ik
h, — hy_1= Eh'" [lyTs, npoiinennslii 3a Bce Bpems nagenus: h, = gT‘
2 - ha _ g(t-1)>
2=9.8 m/c Jo nocneaHeit ceKyH/IbI TEI0 MPOLLIO MYTh Ty
. ‘ t
t-7 h,-? CrnenoBatensHo, gT =g(t—1)% wm t%-4t+2=0.

242
Orcioma =2 ++/2 = 3,4 ¢. Beicora nazenns h, = 9'823‘4 ~57m
Omeem: 3,4¢; 57 m.

5. Kamens nmagaer B maxty. Uepes 6 ¢ cibllIeH yaap KaMHs O THO IIaxThel. ONpeaenuTs riyOuny
IaXThl, €CJIM CKOPOCTH 3ByKa 330 m/c.

Hano: Pewenue:
t=6¢

v =330 M/c

Ecnu 0003Ha4uTh 4epes t BpEMs NaJAICHNUA KaMHS, TO BPEMS paCripOCTPAHCHHA

2
“ « E
3ByKa f -ty . [lyTs, npoiinennslit kamuem npu cBo60aHOM nagenun h = ng, a

2
g=9.8 m/c? | 3BykoM —h = v (t - t;). CienoBatensHo, % =o(t-t)um gt} + 20t -20t=0
2
h-? Pewwus oannoe ypasnenue, nonyuum t; = 5,5 c. 'mybuna maxter h = £
_9855%
h= —— 148 m

Omeem: 148 m.



3agaHus 118 CaMOCTOSITEIbHON PadoThI
Bapuanr Ne 1
1. Camoner WJI — 86, nBurasick paBHOMEpHO €O CKOpocThio 900 kM/4, B TeueHHEe 9C COBEpIIUIT
TaKoe Ke IepeMeIieHue, uto u camoteT Ak — 42 3a 10 c. Onpenenute ckopocTh Ak — 42.
2. I'paduku xakux IBMKEHUH Ten mokazanel Ha puc. 1? Ilo rpaduky onpenenure: 1) B Kakoi
MOMEHT BPEMEHH TeJla BCTPETHIINCH; 2) KaKUe IYTH TeJla MPOIILIN 10 BCTPEUH.

X, Mt

puc.1.

3. Moe3n uepes 10 ¢ mocne Hayana aBrkeHus npuobperaer ckopocts 0,6 M/c. Yepes kakoe Bpems
OT HavaJla IBUKEHHs CKOPOCTh II0€3]1a CTaHeT paBHa 3 M/c?

4. 3a kakoe BpeMsi aBTOMOOMJIb, IBUTasiCh ¢ yckopeHnueMm 0,4 M/c? YBEJIMYHUT CBOIO CKOPOCTH € 12
1o 20 m/c?

5. Ilyns B cTBOJIe aBTOMaTa KamammnkoBa jBHKeTCS ¢ yckoperneM 616 m/c’ . KakoBa cKopocTh
BbUIETA ITYJIH, €Cliv JuIMHa cTBojia 41,5 cm?

6. Teno, nBUrasch NMPSIMOJIUHEHHO C YCKOPEHUEM 5 M/c?, OCTHIIIO ckopoctu 30 m/c, a 3arewm,
JIBUTasich paBHO3aMEJIEHHO, OCTaHOBMIIOCH yepe3 10 c. Onpeaenute nyTh, IPOWICHHBIH TEJIOM.

7. Teno cBoOonHO manaer ¢ BeICOTHI 125,5 M. Onpenenure Bpems MaJeHUs U CKOPOCTb Teja B
MOMEHT yzapa 0 3eMIIIo.

Bapuant Ne 2

1. Cpennee paccrosaue mexay 3emiueit u Conamnem 1 actponomuueckas equnuma (1 a.e. = 1,496
1011 m). Onpenenute Bpems npoxoxjaeHust ceera oT ConHua 10 3emian. CKOpocTh CBETa B BaKyyMe ¢ =
3- 108m/c.

2. Ha puc. 2. npencrasieH rpapuk 3aBUCMMOCTH KOOpJIMHATHl Tena oT BpeMeHHu. Ilo rpaduky
orpenenuTe: 1) CKOIbKO BpEMEHH TEJIO HaXOUIIOCh B ABMXKEHHUHM; 2) YEMY PaBHO €TO MepeMelIeHue.

X, m4
|

!

puc.2.

3. Benocumneaucr nBuxkercs moj yKiIoH ¢ yckopenuem 0,3 m/c 2 .Kakyro cKOpocTh MpHOOpeTeT
BenmocuneaucT uepes 20 ¢, eciu ero HadalibHasi CKOPOCTh paBHA 4 M/c?

4. Ckopoctb noesfa 3a 20 ¢ ymenbmmiacs ¢ 72 1o 54 km/4. Hanucars Gopmyny 3aBUCHUMOCTH
cKkopocTH OT BpeMeHu [x([]) u mocTpouTh rpaduk 3TON 3aBUCHMOCTH.

5. Ilpu aBapuiftHOM TOPMO>KEHUH aBTOMOOWJIb, ABHKYIIIMUACSA CO CKOPOCTBIO 72 KM/4, OCTaHOBHJICS
yepe3 5 ¢. Halitn TOpMO3HOM IyTb.

6. Yxion amuHoit 100 M nepkHUK mpomen 3a 20 ¢, asurasck ¢ yckopenuem 0,3 m/c 2 .Kakosa
CKOPOCTb JIBDKHUKA B HayaJle M B KOHIIE YKJIOHA?

7. Teno cBoOoaHO majaet B TeueHue 4 c. Onpenenure BBICOTY, ¢ KOTOPOM MalaeT Telo, U CKOPOCTh
B MOMEHT yapa 0 3eMJIIo.
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@opma npeacTaBJieHus pe3yabTaTa:
BrimorHuTE 3a1aH1e B TETpaan IS MPAKTUISCKUX PadoT.

Kpurepun oneHku:
3a mpaBUIIHLHO BBIITOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpPaBWIIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS olleHKa — 0 0auIoB.
1. Oyenxa «omauunoy evicmasgisemcs 3a 90 — 100% npaBUIbHBIX OTBETOB
2. Oyenka «xopouwoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
3. Oyenxa «yoosnemeopumenvnoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
4. Oyenka «Heyoo81emeopumenvHoy svicmasisemcs 3a Menee 60%0 paBUIBHBIX OTBETOB

Tema 2.1. Kunemaruka

IIpakTnueckoe 3ansaTHe Ne2
Pemenne 3aga4 Ha napaMeTpbl BpAalIaTeIbHOI0 ABUKCHHUS

Iesb: HayunuTHCS pelaTh 3a/1a4y Ha apaMeTpbl BpalllaTeIbHOIO ABHIKEHHS
Boinosinenue padotrbl cnmocodcTByer (opmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
ITP67 OVYII.06, ITP61 OVII.06
MarepuaibHoe o0ecreyeHHe: WHAMBUYalIbHOE 3a/laHUe, KOHCIEKT JIeKIHH, CIpaBOYHbIE
MaTepuabl.
3aganme:
1 OTBeTbTe Ha cjIeAyIOIIHE BONPOCHI:
o Kakyro (GopMysly MOKHO HMCHOJIB30BAThH AJIS HAXOXKJEHHs MyTH, €CIM TOYKA MPOLUIa IpU
KPUBOJMHEWHOM JBM>KEHUH?
o Jlokaxute hopMyiTy, CBA3BIBAIOILYIO BEKTOPbI IMHEHHOM U YIIIOBOM CKOPOCTH.
e [loueMy paBHBI BEKTOPbl TaHT€HIMAJBHOTO U HOPMAJIBHOTO YCKOPEHUS B Ciydae
KPUBOJMHEWHOTO JBM)KEHHS MaTepuaibHOW TouKu? Kak HallTH MOysTH 3TUX BEKTOPOB?
e Uemy paBHBI BEKTOPHI TAHTCHIIMATBHOTO W HOPMAJIBHOTO YCKOPEHHS W MX MOJIYIH IS
BpalaTeIbHOI0 IBUKEHHUS MaTepHaIbHON TOUKH?
e Kak cBsi3aH BEKTOp MOJHOIO YCKOPEHMsI ¢ BEKTOPAaMHU YIJIIOBOTO YCKOPEHMSI U YIJIOBOM
CKOPOCTH IS BpaIllaTeIbHOTO JABMKEHUS?
Ilopsinok BbINOJHEHHS padOThI:
1. OtBerbTe NMCbMEHHO Ha BOIPOCHI, IPEICTABICHHbIE BhIIIIE.
2. Pemmte camocrosTenpHy0 padoTy. OdopMuTe pemeHne MiCbMeHHO B TETPA/IH.

TeopeTuyeckas 4acTb

[TycTh Ten0 ABMXKETCS O OKPYKHOCTHU paaunyca R ¢ MOCTOSHHOM 110 3HAUYEHUIO CKOPOCTBIO V
(TMHEHHOM CKOPOCTBIO) | 3a BpeMs At mepeMecTunoch Ha AS u3 T. A B T. B. Bektop V HarmpapjieH mo
KacaTeJbHOM K OKPY>KHOCTHU U MCHSCT HallpaBJICHUEC, T.C. MOXXHO I'OBOPHUTH 00 U3MEHEHUH CKOpPOCTH

S, _ AV
AV = Vg —V,, OTNIMYHOM OT HyJs. OTcrona: a = m #0.

LleHTpOCTpEMUTENBHOE YCKOPEHHE (@ ) — CKOPOCTh U3MEHEHUS HAaIIPaBJICHHUS BEKTOPa CKOPOCTH.

Onpenenum |d.,| = a, .
W3 mono6us tpeyromsankoB OAB u CBD = AV _AS gy YAS
A%
_Av_v-AS AS v2

a. =—v = smapulAt >0 4, H— > V>|a=—|
» A Rar 0P Gep =7 @5

Bekrop d HampasJieH [0 paauycy K HEHTPY OKPYKHOCTH.
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[epuon oOpareHus: TOYKH 10 OKPYKHOCTH (1) — Bpemsl, 32 KOTOPOE TOUKA OMUCHIBACT OHY

OKPY)KHOCTb.
2 27R 2
T-2R [T]=1¢c U3 a=" I/IV=—:>a=4L2-
Vv R T
YacToTa oOpalleHus TOUKH 10 OKPYKHOCTH (V) — KOJHYECTBO MOJIHBIX 000POTOB,
. 1 v
COBEpLIAEMBIX TOUKOHN B €IUHUILY v 1| ppemenn. [v]=1-; |v= ey s 4z*v?R|,
T ¢ ==
VYrinoBasi CKOPOCTh OOpaIIeHus TOYKH I10 OKPYKHOCTH () — CKOPOCTh M3MEHEHHSI yTJIa
a,
nmoBopota Aa. paauycaR, COSTUHSIONIETO TOUKY C Ag| UEHTPOM OKDYKHOCTH. [w] - paa
C
W=— - >
27 v v At 2 2R?
S P R b SRR VE2mR] 0=V R ]
s R R

2. Pemnre 327244 IJI CAMOCTOSITEeIbLHOM paﬁoTbI.

1.

2.

ABTOMOOWMIIb IBUXKETCS 1O 3aKpyriaeHuto paaunycom 100 MeTpoB co CKOpOCThIO 36 KM/4.
OmnpenenuTs ero HEeHTPOCTPEMHUTENBHOE YCKOpeHue. (0TB.: 1 M/c)

ABTOMOOWJIb JBMXKETCS 10 3aKpyrJieHUIo paguycoM 80 METpoB CO CKOpPOCThIO 54 Km/u.
OmnpenenuTs ero HEeHTPOCTPEMUTEIBHOE YCKOPEHHUE.

TounnbHblll Kpyr paauycoMm 10 cm npenaer onuH obopor 3a 0,2 c. Haligure ckopocTh TOueK,
HanboJee yIaJeHHbIX OT OCH BpaIICHUSI.

Camonér, BbIXOAS U3 MUKE, JBMXKETCS 10 TPAGKTOPUHU, KOTOpasi B HUXKHEN 4acTu sIBIISIETCS AYyToi
okpyxHOocTH paauycoM 800 M. Beruucnure yckopeHue camonéra Mpu ero JBHKEHHUH, €CIH €ro
CcKOpocTh paBHa 720 km/4. (0TB.: 50 m\c?)

CnyTHHMK ABUXKETCA 110 KpyroBoi opOute Ha BbicoTe 630 kM. [lepuon obpamienus cnyrHuka 97, 5
MuHyT. Omnpeznenure ero JIMHEHHYIO CKOPOCTb M LEHTPOCTPEMHUTENbHOE ycKopeHue. Pamuyc
3emin 6370 km. (OtB.: 7514 M/c; 8,1 m/c?)

Bpemst ogHOro 000pota BOKpyr ocu paBHO 24 yaca. BeruuciuTe yriioByro M JIMHEHHYIO CKOPOCTH
BpallleHusl TO4YeK Ha 3kBatope. Paanyc 3emnu cuntars paBHbIM 6400 kM (o1B.: 0,0007 pan/c; 448
M/C).

Ilepuon obpaieHust MEPBOro KOCMUUYECKOTo Kopabist — cnyTHUKa 3emin «BocTok» paBHsuics 90
MuHyT. CpenHsis BbIcOTa ClyTHMKA Haj 3emuéi Obuta paBHa 320 kM. Paamyc 3emmn 6400 xm.
Beruucnure ckopocTh KOpaodJis.

KakoBa ckopocTh IBW)KEHHS aBTOMOOWIIS, €ciu ero kosieca paaumycom 30 cm nemator 600
000pOTOB B MUHYTY?

Jlyna aBmxercs BOKpyr 3emin Ha paccrostHur 380000 kM oT He€, coBepiasi oquH 000poT 3a 27,3
CYTOK. Bbruncnure neHTpocTpeMuTebHOe yeKopeHue JIyHbl.

CbopMa NpeacTaBJCHUs pe3yjabTara:

B

BIIIOJIHUTH 3aJIaHUC B TECTpaAU AJIA ITPAKTHYICCKUX pa60T.

Kpurepum ouenku:
3a mpaBUIIHHO BBIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIO0KHUTENbHAS OLleHKa — 1 Gasu.
3a HeTMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISIETCS OTPUIIATEIbHAS OonleHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

Tema 2.2. 3akonbl mexanuku HeroTona
IIpakTHyeckoe 3anATHE No3

Pemrenne 3aaa4 o reme «Buasl cHJ1 B MeXaHHKe.
Cujia TpeHUs NMOKOs, CKOJIbKeHUs, KAaUeHUsl, BpallleHUsD)
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Lesb: packpbITh copepkaHue 3aKOHOB HbpI0TOHA M OCOOCHHOCTH CHJI PAa3JIMYHON MPHUPOJIBL; 3aKPETUTh
YMEHMSI M HaBBIKH PELIEHUS 3a7a4 Ha BTOPOU 3aK0H HpI0TOHA, KOr/ia Ha TEJIO NEHCTBYIOT HECKOIBKO CHIL.

BoinosiHenue padorbl  crnocodcTByeT (opmupoBanuio: [1P62 OVIL.06, I1P69 OVIILO6,
I1P67_OVII.06, ITP61 OVII.06

MarepunanbHoe oOecnedyeHue: TETpaab Ui IPAKTUYECKUMX padoT, pydyka, METOAMYECKUE
PEKOMEHIALIMU 110 BBIIIOJIHEHUIO PA0OTHI, JIMHEHKA, KapaHJalll.

Yka3zanue: [Ipaktuueckas paboTa COCTOMT U3 ABYX 4YacTeii — TEOPETUYECKOH M NPAKTHUECKOM.
ITocne u3yueHuss TEOPETUUECKOTO MaTepralla MOYKHO IPUCTYNATh K BBIIOJHEHUIO IIPAKTUYECKOM YacTH.
Omna cocTtouT U3 AByX M OoJiee 3a/1a4 JJIsl CAMOCTOSTENILHOTO BBINIOJHEHUs. He 3a0bIBaiiTe 0 MpaBMIBHOM
oopmienun pemtenus. Ha BelosHEHHE IPaKTUYECKOM OTBOIUTCS 1B aKaIEMHUECKUX daca.

Ilopsinok BbINOJIHEHHS padOThI:

1. PaccMmoTpuTe TeopeTHUYECKM MaTepuall IO TeMe€ U IpUMephbl peleHus 3agad  (CMOTpHU
METOAHYECKOE IIOCOOHE).
2. Pemmre camocrosTensHyto padory. Ogopmure perieHne NMCbMEHHO B TETPAIH.

1. TeopeTuyeckas 4acThb
Junamuxa. OcnosHvle nonamus
Wuepuust — sSBICHHE COXpPAaHEHUS CKOPOCTH JBIKEHHUS Tella NPU OTCYTCTBUU
BHEIIHUX BO3JICHCTBHIA.

NHepTHOCTh — CBOWCTBO TeJ, MPOSBISIIONIEECS B TOM, YTO MPU OJMHAKOBBIX
BHEIIIHUX BO3JICUCTBUIX Pa3HbIC TEJIa MPUOOPETAIOT pa3HbIE YCKOPECHHUS.

77 Macca (M) — Mepa HHEPTHOCTH Teld.  [M] = 1 K. a m,
3a srtanon Maccel (1 KwiorpamMm) OpUHSATA Macca MEXKIYHApOIHOTO at:E MPOTOTHUTIA
KHJIOTpamMma.

N3 ompITOB W3BECTHO, YTO YCKOpPEHUSs, IOJIydaeMmble TeJaMu TIpH B3aUMOJICHCTBUH, 0OpaTHO
MIPOIMOPLIMOHAIIBHBI UX MacCaM: .

Ecnmn maccy kakoro-iu6o Tena mpuHsTH 3a 3TAIOH, TO MOKHO U3MEPHUTH MAacCy APYTUX TEIl:

[,0] — 1K71; m My -8y

iy TEAA T T Macchl TeJa M K ero oosemy V.
TEAA

[TnotHOCTH Tena (p) — OTHOLICHUE

Cunma (F) — Mepa MeXaHH4ECKOro JeHCTBHS m
[F]=1H — nbloTOH. P=y
Cuta MMeeT HAIPaBIICHHUE, T. €. CUIA-6eKMOp.
Cuniia Beceraa MpHIIOKEHa K TOMY Telly, Ha3BaHHE KOTOPOTO CJIEAYeT B MPEIUIOKSHHH IOCIe Mpeiiora
«HA.

CuioBoe mose — 0Co0bIif BU MAaTePHH, TOCPEICTBOM KOTOPOTO MepeaaéTest NeHCTBHE CHITBI.

OJTHOTO Tena Ha JpyToe.

—

PagHozelicTByronias (pesyabTupyromas) cui ( R ) —cuia, paBHas BEKTOPHOW CcymMe JaHHBIX cun .

R=SF
JlaBieHne (p) — OTHOUIEHWE CHJIBI K IUIOMIAQJM IIOBEPXHOCTH, HA KOTOPYIO OHAa JCHCTBYeT B
MEPIEHIUKYIISIPHOM HaIlpaBJICHUN.

v
rn_%

H
FI [pl=1—=
2
oo LT e T, ackallb
Ummynse  Tema () BEKTOpHAS Mepa MEXaHH4ECKOTO

KI' - M

JBYDKEHUS], PaBHAs IPOU3BEIEHUIO MACCHI TEJIa HA €r0 CKOPOCTb. [ rl=1
C

Vmnynbsc cuibl ( F-Ar) — BeKTOpHAs Mepa JeiCTBUsS CHJIbI, paBHAs ITPOU3BENEHUIO CHMIIBI HA BpeMs eé
neuctBus. [F-At] =1 H-c.

3akonsl HetoToHA

OO0600MmuMB pe3ynbTaThl CBOUX UCCICNOBAHUN U, yuTs padory [anmnes «O IBMKEHUH TEJ 110 MHEPIIUNY,
HeroToH chopMynupoBa 3aKOHUEHHOE TIOJIOKEHHE, N3BECTHOE KaK MEepBhIi 3aK0H HbhloToHA:!
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CyIIecTBYIOT CHUCTEMBI OTCUETa, OTHOCHUTEIHHO KOTOPBIX TEJIO HAXOAWTCS B TMOKOE JIMOO JBIKETCS
MPSIMOJIMHEIHO U paBHOMEPHO, €CIIM PAaBHOACHUCTBYIONIAS BCEX MPUIIOKEHHBIX K HEMY CHJI paBHA HYJIIO.

WNuepuumansuas cucrema orcuéra (MCO) — cucremMa OTCYETA, B KOTOPOM BBIITOIHAETCS
nepBblid 3akoH HeroTOHA.
~ D mAv - o
N3 F= % == =ma [IOJIy4YaeéM  BTOPOM 3akoH HproToHa:
t t

JUIs TeJia MMOCTOSIHHOM MacChl CKOPOCTh M3MEHEHHSI UMITYJIbCA paBHA MPOU3BEICHUIO MACChl HA YCKOPEHHE.
Bropoii 3akon Heiorona padotaer Tonbko B UCO u mipu yCIIOBUH, YTO Macca Tella U JICUCTBYIONINE Ha
HEro CHJIbI IIOCTOSIHHBI.

Bropoi#i 3akon HproTOHa cripaBemivuB [Ji1 PaBHOJCUCTBYIOIIEH R BCEX CHJI, MPUIIOKEHHBIX K TEIy,

[I03TOMY, IIPEXAE YEM pellaTh 3a/1a4i C €ro IPUMEHEHUEM, Ha/l0 ONIPEAETUTH R .
Tperuii 3akon Herorona: F =-F,
Cuiibl, ¢ KOTOpPBIMH JiBa Tena ACHCTBYIOT JpyT Ha Apyra, YACJICHHO PAaBHbI U HANPABIICHbI
B IIPOTUBOIIOJIOKHBIE CTOPOHBI 110 OJHOM ITPSMOM.

Tperuii 3akon Heiotona padotaer Tonsko B NCO.

3aKOH BCEMUPHOTO TSATOTECHUS

[Tonaras, yro Bce Tena Beenennol B3auMHO nputsruBaiotcs, Heioton B 1682 r. chopmynupoBan 3akoH
BCEMUPHOI'O TSATOTEHUSI: BCE TeJa MPUTATUBAIOTCS APYT K IAPYTry C CHJIaMH, PSIMO IPONOPLHOHATIBHBIMU
MIPOU3BEICHUIO UX MacC U OOPATHO MPOMOPIIMOHATBHBIMU KBaPATy PACCTOSHUS MEXKIY HUMHU.

rne  Fip - cuia  B3aUMHOTO | _ y-M,-M, | NPUTSKEHHA TEJ Macc My 1 My,
y — I'PaBUTALlUOHHAs IOCTOSHHAS. ¥ R? ‘6,6720 10 HMZ/KI‘Z‘.

Cunsl B ipupoe -
Cuwna TspKectd  (F,. ) — cuia, N coolImaromas Teny ——
YCKOpeHHE CBOOOAHOTO HaJICHHUS. ¢ e = MG
Cuna TSAKECTU HanpaBjeHa FTTIFT BePTUKAJIBHO BHU3
(mepneHAuKYyIsIpHO  KacaTelbHOM K P MOBEPXHOCTU 3€MJIN).

Peaxuus( N ) — cuna JeicTBHS omopsl (II0JBECa) Ha TEJIO.

Bec Tena (P) — cuia, ¢ KOTOpOii Teso AeHCTBYET Ha ONOpY UM TOJIBEC BCIIEACTBUE MPUTSHKEHUS K 3eMITe.
HeBecomocTh — Mcue3HOBEHHE Beca Tella MPH IBUKEHUHU OMOPBI C YCKOPEHHEM CBOOOHOTO MaIeHHS.
[leperpy3ka — yBenmyeHUe Beca Tea NPy JBHKEHUH OMOPHI C YCKOPEHUEM BBEPX.

Cuna  ympyroctu (7)) —  cuia, BO3HHKAIOILAs B Teje Mpu Aeopmarum.

F =—kx
3aKOH I'yka: cuia YIPYTOCTH, - BO3HMKaroIas npu nedopmanuu Tea,
MIPOIOpLIMOHANIbHA €ro a0CoNIOTHOM JAegopMalli M HalpaBlieHa B CTOPOHY, INPOTHUBOIOJIOKHYIO
NMEpEMCIICHUIO YaCTHUI] TEJIa:

Cuna TPCHUS ITOKOA (FTP_H_) — CHJIa, BOBHUKAIOIIAA Ha 'PaHUIC COITPUKOCHOBCHUA TCII IIPU OTCYTCTBUU UX

JBMOKEHUS] OTHOCUTEJIBHO JIPYT Jpyra.
§ — xoapduuueHt TpeHus (3aBucutr oT |F, =uN| MaTepuanoB TPyIMXCS MOBEPXHOCTEH).

Cuna TSKECTU — 3TO rpaBUTALlMOHHAs CWJIA, C KOTOpo 3emis
MPUTATHBAET K cebe Tema: F = mg, rie g — yckopenue cBoboiHOTO najeHus, g = 9,8 m/c2. .

Yckopenue cBoOomHOro maaeHus 3aBucuT oT: 1) R 3emnu (reorpaduueckoit mmpotsl): gyem R
3emnu T (9kBarop), TeM g | 2) h — BBICOTHI Tena Haj MOBepXHOCThbIO 3emuu: ueM h |, Tem g |. s
mo6oro kocMuueckoro tena Frsok = G M /([1+[07) [

MuHuManbHas CKOPOCTh, KOTOPYIO HY)KHO COOOIIUTH TETy, YTOOBI OHO MOTIJIO JIBUTaThCS BOKPYT
3emiu o kpyrosoit opoute (MC3) - nepBas kocMuyeckast ckopoctb vl = 7,9 km/c.

MuHumanbHas CKOpPOCTb, NMPU KOTOPOM TENO MPEO0I0JIEBAET 3€MHOE NMPUTSHKEHWE U CTaHOBUTCS
cinytHukoM ConHila (opbuta = napaboia) — BTopasi KocMU4eckas ckopocTb v2 = 11,2 km/c.

CkopocTh, IIpU KOTOPOM Teno mnpeoposneBaeT mnputTsokeHne ComHua u nokupaer CoJIHEYHYRO
CHCTEMY — TPEThsl KOCMUYECKas CKOpocTh L3 = 16,7 km/c.
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Cuiia TpeHHsl: BO3HHMKAET BJIIOJIb MOBEPXHOCTH NBYX TPYLIUXCS TeNn U3-3a JMedopMaldd ITHX
MOBEPXHOCTEH M HaIlpaBlieHa BAOJb IMOBEPXHOCTH MPOTUB cMelleHus. [lpupona — anekTpomMarHuTHas.
Orp = uw N, rae N — cuna peakuuu onopsl, | — ko3ddunment tpenus. Cuna TpeHus: OBIBAET: MOKOS,
CKOJIbJKEHUS, Ka4eHHs U JKUJIKoe TpeHue. Ecnu TpeHue mojae3Ho — ero yBEJIMYMBAIOT (LIypYIbl, ECOK,
IIMIIOBKH, PYKaBHIIBI U T.JI.), @ €CJIM BPEIHO — YMEHBIIAIOT (MIOALUIMITHUKY, CMa3Ka, o0TekaeMast (hoopma u
1.4.). Cuna ynpyroctu — Bo3HUKaeT npu aedopmanuu tei. [Ipupoaa — anekrpomarHuTHasl.

Hedopmarus ObiBaeT ympyras (pacTsHkeHHE - CKaTHe, W3rH0, CIBUT — Cpe3, KpydeHue) H
rlacTUyecKkas (He uc4e3aeT Mociie MpeKpaleHus: BO3ACHCTBUS.

st yripyro#t nedopMalniy BBIOTHSIETCS 3aKOH ['yKa: cuijia yIpyrocTd mpsMoO MPOMOPIHOHATBHA
ynnuHeHuto tena: F = — kAL rne k — »xectkocth Tena, Al — ero yanuHeHue. 3HaK «—» yKa3bIBaeT, UTO
Fynp HanpaBieHa NpoTUBOIIOIOXKHO CMEIIEHUIO YaCcTHULL TEIA.

Bec tena — 3To cuia, ¢ KOTOpO# Tejo, BCIEACTBUE €ro MPUTSHKEHUsS K 3emiie, IeHCTBYET Ha Omopy
i noasec: P = mg, rne P — Bec Tena, g — yckopenue cBoOOHOTO majeHwus, g = 9,8 m/c2 .

B stom ciiydae omopa wiM MOABEC HAXOAATCA B COCTOSIHUM PABHOMEPHOTO MPSIMOIMHEHHOTO
JBIKEHUS OTHOCUTENBHO 3emuid. OJIHaKO, BEC MOXKET OBITh OOJIbIIIE WM MEHBIIE CHIIBI TsKeCTH. Eciu
OTIOpa WJIM MOJABEC IBUXKYTCSA YCKOPEHHO BHM3, TO Bec P = m(g—a).

Ecnu onopa win mojasec OBUXKYTCS YCKOPEHHO BBEpPX, TO Bec P = m(g+a), Telo HCHBITHIBAET
neperpy3ku. Eciam Tenmo ABHIKETCS TONBKO TMOJA JEHCTBUEM CHIIBI TSDKECTH, TO OHO HAaxoJIsATCs B
cocrosinnu HeBecomoctu (P = 0).

2. llpuMepsl pelieHUs 32124

1. ABTOOYyC, Macca KOTOPOTO C MOJHOM HArpy3koi paBHa 15 T, Tporaetcsi ¢ mecta ¢ yckopenuem 0,7
M/c 2 . Haiftu cuiy Tsru, ecnu KodhOUIUEHT COpOTUBIeHHs IBHKeHUIo paBeH 0,03.

Jano: Pewenue: ’
m=15r=15-103kr o /ﬁrw '
& =4, 75lc" To " F x  Ep,+N+F+mj=md
=0,03 rmp =] |_af— 2
e 2 3 ﬂi‘é_}'_.f;"—-'f—*”7 OX: 'F:rp +F=ma
. == / = : -mg=0-— =m
- R OY:N-mg=0-N=mg
f ;ﬂ/ E, =MN - E, = 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 HakmOHHOM MJIOCKOCTH JUIMHOW 5 M W BBICOTOM 3 M Haxomutcs rpy3 maccoit 50 kr. Kakyro
CHJTy, HAalIPaBJIEHHYIO BIOJb IUNIOCKOCTH, HaJI0 MPUIOKUTh, YTOOBI YAEP)KaTh ITOT IPY3, €CIU TSIHYTh €ro
¢ yckopenueM 1 m/c 2 ? Koadduuuent tpenus 0,2.

Hano: Pewenue:

m = 50 ki1 % —» S

a =1 m/c? A ; : 5 '4; COCTaBMM ypaBHEHHE JIBUMKEHUS Tela:
M 0,02 N />\ Rrp + N + P + n]g =mdad

[=5m 3o ’ j' ‘»‘ Haiigem npoexumm cuit Ha ocH:

h~3m

£ .9 Ock OX: -F, + F - mgsina = ma

Ocs OY: N~mgcosa =0 — N=mg cosa
Fy, = MN = E, = Mmmg cos a

[lojcrasne Bropoe ypasHeHue B 1EpBoe, MOJayUUM
-Mmmgcos @ + F - mgsin a= ma
HaxoauM npon3soiHyio BeIHUNHY:

F = mmgcos a- mgsina + ma nau
F=m(a + mgcos a + gsin a)
[To onpeaeneHnio CHHyca MMeem

? h R im
sina=—sinag=-—=0,6
{ oM
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M3 ocuosnoro TPHTOHOMETPHYECKOIO TOAICCTRE
sina® +cosa’=1,
cosa=v1— sina’=y1-0,36=0,64=038
Briuncanm HCKOMVE) BOJIHYHHY.
F = 50 xr(0,2:10 wc? - 08 + 10 wc? -0.6:1 wc?) =430 H
Omsem: 430 H.
3. Ha mHype, nepekuHyTOM 4epe3 HEMOABUKHBIN OJIOK, moABemieHbl Tpy3sl Maccamu 0,3 u 0,2 Kr.
C kakuM yCKOpeHUeM ABUXKYTCs rpy3nl? KakoBa cuiia HaTs»KeHUs BO BpeMs IBUKECHHUS?

Hano, Pewenue.

my = 0,2 kr il CocTaBUM YPABHCHHUE JIBHIKCHUA JUIS
my = 0.3 kr 8 O JABYX e
D M ) T . e vy
a-2T-1 f ' {m,g+7,— may
n t v . o .
modg + T, = mya,
Haiinem npoexkuun e na ock OY:

Ty —myg = may
Ty +myg = myay’
I'. . Tena CBsa3anbl OAHON HUTHLIO, TO
Ti=T,=Tua; =az =a,
- T—mg=ma
Torna, o™ ' N
~T 4+ myg = mya

CHOMHUM 9TH YPABHCHWS
—myg +mag = (My + Mmy)a mnn
glmy —my) = (my +myla
Pemmm 510 ypaBHEHHE OTHOCHTEIBHO HEHMIBCCTHOI BEJIMYNHEL
plmy—my) g 10 M/ (0,361 =0,2K1) - 2
a = emy ‘BBIMHCIHM @ = ——Crmna—= =2 m/c
Cuny HATHIKCHMSA HAiaeM nx nepporo ypasaenus: I =my (g + a)
Buiunennm: T = 0,2kr(10 m/¢? + 2m/c?) =24 H

Omeaem: 2 m/c?; 2.4 H

CamocrosiTesibHast padoTa

Bapunanr Ne 1

1. Bpycok maccoii 0,2 Kr paBHOMEpPHO TSHYT C MOMOIIBIO JIMHAMOMETpPA IO TOPU30HTAILHOM
iockoctu croina. [Tokazanue quaamomerpa 0,4 H. Onpenenure ko3 pUiineHT TpeHUS CKOIbKEHHS L.

2. Ha HaxJIOHHOW MJIOCKOCTH C yriioM HakjoHa 20° Haxomutcs Teno maccoil 20 kr. Onpenenure
CHJTy, HAIIPaBJIECHHYIO BJOJb IUIOCKOCTH, KOTOPYIO HEOOXOAMMO MPHIOKUTH K Tely, 4YTOOBI €ro
paBHOMEpHO JaBUTaTh BBepX. Koapduuuenrt tpenus tena o miaockocts 0,4.

3. Ha HuTH, IepeknHyTON 4epe3 HeNoJBMKHBIN 010K, nojaBemieHsl rpy3sl Mmaccamu 0,3 u 0,34 kr.
3a 2 ¢ mocie Havajga ABMXKEHUS Kaxablil rpy3 mpouen myTh 1,2 M. [Io JaHHBIM ombITa HATH yCKOpEeHHe
CBOOOJTHOTO TaJICHHS.

4. DneKTpoBO3, TPOTAsACh C MECTA, pa3BUBAET MakcuMaibHyto cuiy Taru 650 kH. Kakoe yckopenue
OH COOOIIHUT KeNe3HOI0OPO)KHOMY cocTaBy Maccoil 3250 T, ecnu KO3 HUIIMEHT CONPOTUBIICHUS paBeH
0,005?

Bapuant Ne 2

1. Kakyto cuity Hajio MpUIOKUTH Ul MoabeMa BaroHeTku maccodt 600 Kr mo scrakaje ¢ yriiom
Haks1oHa 20°, eciu K03 GUIUEHT CONPOTUBIIEHUS IBUKEeHUIO paBeH 0,057

2. Ha HaknoHHOM MUIOCKOCTH ¢ yriaoMm HakjioHa 30° Haxomutcs Teno maccoil 20 kr. Onpenenure
CHJIy, HAIlPaBJICHHYIO BJOJb IUIOCKOCTH, KOTOPYIO HEOOXOJMMO TMPHIOXKUTh K Tely, UYTOOBl €ro
paBHOMepHO aBUraTh BHU3. KoadduumeHnt tpenus tena o miaockocts 0,6.

3. Ha mHype, nepekuHyTOM uepe3 HeMOABIKHBIN OJIOK, mojBemieHsl rpy3sl Maccamu 0,3 u 0,2 kr.
C KakuM yCKOpEeHHEM ABUKYTCA rpy3bl? KakoBa cuia HaTS)KEHUS [IHYypa BO BPEMSI IBUKEHHUS?

4. Apromobus «Kurynu» maccoii 1 T, Tporasick ¢ MecTa, focturaer ckopoctu 30 m/c uepes 20 c.
Haiitu cuny taru, ecinu koadduument conporusnenus pasex 0,05?

dopma npeacraBjIeHus pe3yabTara:

BeinonHuTh 3asaHue B TETpaaM ISl MPAKTUYECKUX padoT.

Kpurepun onenkmn:
3a npaBUWIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTENbHAS OlleHKa — 1 Oau.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTpHUIIaTENbHAs olleHKa — () 0aioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% mpaBUIBLHBIX OTBETOB
Oyenka «xopouto» evicmagngemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
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Oyenka «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvHo» svicmasisenmcs 3a Menee 60%0 npaBUIBHBIX OTBETOB.

Tema 2.3 3aK0HBI COXPaHEHUS B MEXaHUKeE

IIpakTnueckoe 3ansaTne Ned
3aKOHBI COXpaHEHHUs] B MEXaHUKe M HX IPUMEHEHH e

IeJsb: 3aKpennuTh YMEHHS U HABBIKM PEIICHUS 3a/1a4 HA 3aKOHbI COXPaHEHUS

BoinosiHenue padorbl cnocodcTByer GopmupoBanmio: I[1P62 OVIL.06, I1P69 OVIIL.O6,
I1P67_OVII.06, ITP61 OVII.06

MatepuaiabHoe o0ecniedeHue: TeTpab JUId MPAKTUYECKUX paboT, pydKa, METOAMYECKHE

PEKOMEHAALIMY 110 BBIIIOJIHEHUIO PA0OTHI, JIMHEHKA, KapaHJalll.

Ykazanue:

IIpakTuyeckas paboTa COCTOMT M3 JBYX dYacTell — TeopeTHueckod M mpakrtuyeckoi. Ilocne
M3yYeHHs] TEOPETHYECKOT0 MaTepHaia MOXKHO HPUCTYNATh K BBHIMOJHEHHUIO MpakTHYeckod dacth. OHa
COCTOMT M3 JABYX U Oosee 3ajau Al CaMOCTOSITENIbHOrO BbIMoiHeHus. He 3a0bIBaiiTe 0 mpaBMIIBHOM
oopmiennu pemrenusi. Ha BeIoTHEHNE PAKTUYECKOH OTBOJUTCS J[Ba aKaJEMHUYECKUX Yaca.

ITopsinok BbINoOJIHeHUs padoOThI:

1. PaccMoTpuTe TEOpETHUYECKMI MaTepual 1O TeMe€ W TpPUMephl pemeHHus 3agad (CMOTpHU
METOAMYECKOE ITOCOOHE).

2. Pemute camocrosTenbHyto padoTy. OpopMuTe perieHne NucCbMEHHO B TETPaIu.

1. TeopeTHyeckas 4acTh
3aKOHBI COXPaHEHHUs UMITYJIbCA, MOMEHTA UMITYJIbCA, SHEPTHH U JIp. NeHCTBYIOT B 3aMKHYTBIX CHCTEMAX.
3amknymoii Ha3BIBaeTCA CHCTEMa TeJ, B3aMMOJEHCTBYIOIMX TONBKO JPYr C JAPYrOM M He
B3aUMOJICHCTBYIOIIUX C APYTUMHU TETaMH.
Hmnynsc cunvl — BEKTOpHAs BETMYHMHA, SBIIAIOMAACS MEpOH JeHCTBHS CHITEI 32 HEKOTOPBIH MPOMEKYTOK
BPEMEHH.
I =F-t, | —uvmynsc cumsl F 3a Bpems t
Nmmysnse Tena (KOMMYECTBO JABWIKEHHS) — BEKTOpPHAs (DM3MUECKas BEIMYMHA, SBISAIOIAICS MEPOM
MEXaHUYIECKOTO JIBUKEHHS:

b= —~. KM
P=m-0,;

C
Bropoii 3akon HproTOHA MOKHO 3alUChIBaTh B BUJIE:
Ft = mv,; — mv;
P - VMITYJIbC TENIA MACCOM M, JIBMIKYIIETOCS CO CKOPOCTBIO U .
3aKOH COXpaHEHHUsI UMITYJIbCca - BEKTOPHAs CyMMa HUMITYJIbCOB TEJ, COCTABIISIIOIINX 3aMKHYTYIO CUCTEMY,
OoCTaéTcsl HEM3MEHHOM.
rnlal + mzljz = rnlljl + m2U2
M3y, My — MacChl TEI,
01, D2 — CKOPOCTH TEN 10 B3aUMOJICUCTBUS,
U1, Uz — CKOPOCTH TeJl OCTIE B3aUMOJICHCTBUA.
Ecnu cymma BHEIHHMX CWJI, ACHCTBYIOUIMX HA TEJa CUCTEMBI, paBHA HYJIO, TO HUMIIYJbC CHCTEMBI
COXpAaHSIETCS:

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

KonudectBo moTpebiasieMoli SHEPTriUH — OAWH U3 TJIaBHBIX TOKa3aTeleld TeXHMYECKOTO Pa3BUTHUS OOIECTBa.
[IpousBoscTBO, pacnpeseneHre U MOTPEOICHNE SHEPTHH HEBO3MOXKHO 0e3 e€ mpeoOpa3oBaHusl U3 OJIHOTO
BHUJa B Apyroi. Eciau mox gedcTBMEM MOCTOSIHHOM - cuibl F Teno COBEPLIUJIO TEPEMEIICHUE S,
TO TOBOPST, UTO CHJION COBEPIIICHA paboma. F
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Pa6ota (4) — cKalnspHOe MPOu3Be/IeHHE BEKTOPOB CHIIBI F 1 HepeMelleHus § .

rpe a — Yyrou Mencnyﬁ u S; Fs =F-cosa — mpoexuus F
. A
Az‘FHS‘-COSaZF-S-COSazFSS Ha N=X HarpaBJICHUE.
[4] =1 H-m = I — mxoyIib [N]= 1]1’*‘ —1Br

MoraocTs (N) — CKOpOCTh COBepIICHHS PabOThI. — BATT

JHeprus

MexaHnuecKkasl CUCTEMa — COBOKYITHOCTb MaT€pUaIbHBIX TOYEK, B3aMMOACUCTBYIOIUX APYT C APYIOM H
T€JIaMM, HE BXOJSIIMMHU B 3Ty COBOKYITHOCTb.

ITocne coBepuieHust paboOThl cuCTeMa MEPeUIET M3 OAHOrO cocTosHus B npyroe. Torma pabora —
¢u3nyeckas BeNMYMHA, XapaKTEPU3YIOWIAs #poyecc TEpPexoJa MEXaHWMYECKOW CHCTEMBI W3 OJHOTO
COCTOSIHMS B IpYTO€.

MO0>XHO TOBOPHUTB, YTO CYIIECTBYET HEKHWM IIapamMeTp MEXaHUYECKOM CHUCTEMBbI, U3MEHEHHE KOTOPOro
pPaBHO COBEpIIEHHON paboTe A.

Mexanunueckas 3Heprus (E) — mapaMeTp MEXaHMYECKOH CHUCTEMBbI, U3MCHEHHE (az ) KOTOPOTO PaBHO

cosepuénHoil pabote (A). az = A, [E]=1 Hox

rac E1 — MCXaHHUYCCKad OHCPIrusa CUCTEMbI B HAYaJIbHOM COCTOSHHHU,
Ez — MCXAaHUYCCKas SHCPrusa CUCTEMbI B KOHCYHOM COCTOSHUMU.
H3menenue OHEPTHUU A MOXKET OBITH KaK IMOJIOKUTCIIBHBIM, TaK 1 OTPULATCIIBHBIM, T. €. AE = ilAEl .

W3 (*) BeITEKaeT: paboTa — Mepa U3MEHEHUSI MEXaHUYECKOW SHEPIUU CUCTEMBI.

Kunernyeckasi s3Heprus

Kunernueckast sHeprus (E,) — MOJIOBUHA TPOM3BEICHUS MACChI TEJIa Ha KBAJAPAT €ro CKOPOCTH.
Kunernyeckass »5SHeprus — DHEprus mv2 | ZABHXKEHUS.

Torma |A =E, - E, = "5 | cHMIa COBEPIIAET IOJOXKHMTEILHYIO paboTy, TO
KMHETHUYECKasi SHEprusl Tela BO3pPacTaeT, 1 00paTHo.

IHoreHunaabHas dIHEPrus

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

HyneBoii ypoBeHb NOTEHIIMATBHOM SHEPIUU — COCTOSIHME CUCTEMBI, B KOTOpoM Ey; = 0.

HyneBoll ypoBeHb NOTEHUMANIbHOM »JHEPruM B3auMmonencTBus Tena c¢ 3emnéd (HVYIID3) —
TOpPU30HTANIbHAS MJIOCKOCTh, HA KOTOPOI npuHUMaeTcs E, cuctemsl Teno—3emiis paBHOI HYIIO.

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

TSOK

M3MeHeHus ckopoctu. Pabora cumel TsxkectH A= F, S =mg(h —h,)=mgh —mgh, = —(mgh, —mgh,) =

= _(En2 - Er|1) HHH'

[ToreHnuanbHass HEPrusi B3aMMOJIECHCTBUS tena ¢ 3emneit (E;) — mpou3BeIeHHE CHITBI
TSOKECTH Tella Ha BBICOTY h mosokeHwus LIEHTpa Macc Tena oTHocutenbHo HYTID3.
[TorenmuanbHON HEpruei B3auMoIeHCTBHS YacTell Tena 001agatoT ynpyro 1eopMUpOBaHHbIE TeIa
[loTennuanpHass dSHEPrUS  YOPYTO kx?| mebopmupoBannoro Tema (E;) —  momoBuHa

MMPOU3BCACHUA x)éctkoctu K Tenma Ha E“ - 2 KBaapar €ro a0COIOTHOM ,Z[e(l)OpMaI_II/II/I X.

3aKoHBI COXpaHEeHUsI B MEXaHUKe T T —

DHeprus WHTEPECyeT 4YeIOBEYECTBO )‘( ;( Ha BCEM ITyTH €ro pa3ButTus. Bekamu nroau
TIBITATACH n300pecTn MaltuHy v («geunvlti  0sueamenvy), TO3BOJSIONIYIO
MOJIy4aTh YHEPTHIO U3 «HUOTKYA».

3aK0OH COXpaHEHWS W TpEeBpalleHUs dHepruu (1.3.2) 3ampeniaer CyIecTBOBAaHUE BEYHOIO JIBHTATEIIS,
OJTHAKO BpPeMsI OT BPEMEHU TOSIBISTFOTCSI JTFOIU, OOBSBISIONINE O CO3JAaHIH OUEPETHOM ero MOIETH.
3aKoH cOXpaHeHHs MeXaHNUYeCKOH YHePruu

BHemrHue cuiel — CUITBI, JEMCTBYIONIUE CO CTOPOHBI TEJl, HE BXOIAIINX B JAHHYIO CUCTEMY.

3aMKHyTass MEXaHUYECKasi CHCTEMa Tell — CHCTeMa, Ha KKI0e U3 TNl KOTOPOH HE NEHCTBYIOT BHEIIHUE

CHJIbI HUJIN paBHOI[eI/ICTBYIOH_IaH BCCX BHCIIHUX CHUJI paBHa HYIIIO, T.C. Z F -0.

l.enew
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PaccMoTpuM 3aMKHYTYH0O MEXaHMYECKYIO CHCTEMY TEN, 3HAYEHUs] MOTEHUMAIBHOW 3HEPrUh KOTOPOU B
HAa4aJbHOM M KOHEYHOM COCTOSIHUSIX PaBHBI £y U Eppp, KHHETUUECKOU: £ U B |Eg + E = Ep + E |.

[Tonnas MexaHUYecKasi SHEPTUsl CUCTEMbl — CyMMa KMHETHYECKOM M MOTEHUHUAIBHON SHEPIrUU Tel 3TOU
CUCTEMBI.

3aKOH COXpaHEHUs MEXaHWYECKOU SHEpPIrHM: I[IOJHAs MEXaHM4YecKash >SHeprus
3aMKHYTOM MEXAHUYECKOU CUCTEMBI | T€N, B KOTOPOW JAEHCTBYIOT TOJIBKO CHJIBI
TSOKECTU M YINPYTOCTH, OCTaETCs Z(EK +E)i =Const yepsvennoit.

OT/EIBHO OT TeNa OTCUSTa HH OJHO TEJIO He 00JIaZlaeT MEXaHHMUECKOW YHEpTrUeH.
3aKOH COXpaHEHUsl UMITYJIbCa

Ilyctp nBa Tema macc My u My COCTaBJISIIOT 3aMKHYTYIO MEXAHUYECKYIO CUCTEMY,
n . o — —
JBUKYTCS HABCTpeUy Ipyr OpYry U Z P, = const| B3aMMOJICHCTBYIOT C CHIAMH 7 M F,.
I
[lo tperpemy 3akoHy HbroToHa |[i- F, =-F,. J10o B3auMOENCTBHS UMITYJIbChI T€T OBLIH

P, ¥ p,, OCIIE B3aUMOJCHCTBUS P | B+ P, =D+ r);| up,.

T.€. BEKTOPHBIE CYMMBbI UMITYJIbCOB T€J 0 U MOCJIE B3aUMO/ICHCTBHS OZIMHAKOBBI.

@OyHIaMEHTAIbHBIA 3aKOH COXPaHEHUS MMITYJIbCa: T€OMETPUYECKAsi CyMMa HMMITYJIbCOB TEJ 3aMKHYTOMN
MEXaHUYECKOM CUCTEMbI OCTAETCSI HEU3MEHHOM.

3aKOH COXpaHEHMs UMITyJIbca TpuMeHUM ToJibko B CO.

Anzopumm pewienusn 3a0au
Chenaiite 4epTExX U KaKIOTO Teja, MOKAXUTE BEKTOPBI UMITYJIHCOB;
PaccmoTpuTe xapaktep IBMXKEHUS TN M YCTAHOBUTE, SIBJIACTCS JIM JaHHASI CUCTEMA 3aMKHYTOM;
3anuiuTe 3aKOH COXPaHEHUS UMITYJIbCA B MMPOCKIIUAX HA OCH;
3anumnmMTe Npyu HEOOXOAMMOCTH JIOTIOJIHUTEIbHBIE (POPMYIIBI U3 KHHEMATUKHU U TUHAMUKY;
Pemmte cuctemy ypaBHeHUM, IPOAHATU3UPYUTE OTBET.

2. IlpumMepnl penieHus 3a1a4

1. Monekyna maccoit m = 3+ 10—23 r, nojyereBmas K CTEHKE cocya noj yrioM o = 60°, ynpyro
yaapsieTcsi 0 Hee co CKopocThio v = 500 M/c u oTieraet. Onpenenute UMMyabe cuiibl F- A, momyyeHHbIH
CTEHKOM.

Jlano: Pewenue:
m=3 10726 xr W3meHeHHe MMIyIbCa MOJIEKYINIBI PABHO
a = 60° :% umnybcy cuibl: Ap = FAt
: [Tycts 0Ch 0X HanpasJieHa
v =500 m/c = y P
FAf -9 MEPHEeHIUKYISIPHO CTEHKE, Toraa

M3MEHEHNE MMIY/bCa MONEKylabl Ap =
Apy, = my, — ( - mv,) = 2mu,, rae v, =
VCOS @, 0TKyAa Ap =2mucos a.
[loacrasus popmyny B ypaBHenue, nonydum FAL = 2mucos a.
Beraucnenns:

- _ _26 M T — __23

FAt =2-3- 1074° kr 500?- cosz = 1.5= 107 (M) /e

Omsem: 1.5+ 107> kr m/c.

Puc. 3.2

2. JIBa TOBapHBIX BaroHa JBIKYTCSI HABCTpEUY APYT APYry co ckopocTsmu [11 =04 m/cu [12=0,1
M/c. Macchl BAaroHOB COOTBETCTBEHHO paBHHBI [11 =12 T, [12 = 48 1. Onpeaenure, ¢ KaKO CKOPOCTHIO V U
B KAKOM HaIlpaBJICHUU OYAYT ABUTATHCS BarOHBI MOCJIE CTOJKHOBEHUS. Y Iap CYUTATh HEYIPYTHM.
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Hano: Pewenue:

v =04 m/c WUcnonb3yeMm 3akOH COXpaHEHHMS MPOCKLMH HMITYJIbCA HAa OCh
v, =0,1 m/c OX, nonoxurensHoe HampaBiaeHne ocn OX coBmamaer ¢
my =12-103 kr HAMPaBJICHUEM JBUIKCHUS NIEPBOIO BArOHa:

my = 48 10° kr Myvy - Myvy = (my +my)v. OTkyma v = ZLL= 1202

V-2 my +mj

) _12:10% kr0,4 M/c- 48:10° kr0,1M/c _ S
Beuucnenus: v = = = (. Ananmus: v = 0, cregoBaTeNbHO, MOCIHE
12103 kr + 48-103 kr

CTOJIKHOBEHHS BarOHbI OCTAHOBATCH.
Omeem: v=10

3. JlBa Heympyrux Tejla, MacChl KOTOPbIX 2 U 6 KI, ABMXKYTCSI Ha BCTpedy Ipyr K JIpyry co
ckopocTsMH 2 M/c Kaxjoe. OnpenenuTs MOAYNIb U HAIIPABICHUE CKOPOCTH KAXAOT0 U3 ITHX TeN Hocie
yaapa. Caenatb pUCyHOK CaMOCTOSITENIBHO.

Nano: mqU; + mot, = (My + m,) U. B npoexkuusx Ha OCb:
1U1 2U2 1 2
OX: myuy - myvp, =- (Mg + my)v

mivy — mzup

my =2 xr =~
— — 1 2

my =6 kr __ 2Kkr2M/c— 6kr2m/c _ 2 . /
U = vy =2wmlc Beruucngem: v = - ==M/c=0,25 m/c.
bl — (2Kr+6kKr) 8

Imeem: 0,25 m/c.

CamocrosiTesibHast padoTa

Bapuanrt 1

1. ABTOMOOMITE Maccoi 1 T. IBHIKETCSI CO CKOPOCThIO 72 kM/4. Onpeienure, 4epe3 Kakoe BpeMst OH
OCTaHOBUTCSI, €CJIM BBIKJIIOUUTH ABUraTens. CpenHss cuina conpoTusieHus asmxennto 200 H.

2. Msu maccoii 200 r. magaeT Ha TOPU3OHTAIBHYIO TIOMIAAKy. B MOMEHT ymapa CKOpOCTh Msiya
paBHa 5 M/c. OmnpenienuTe U3MEHEHUE UMITYJIbCca ITPH a0CONIIOTHO YIIPYTOM yJape.

3. JIBa miapa maccamu 2 U 8 KI' JABHXKYTCSI HaBCTpeuy IpYr JApyry co ckopoctsimu 10 m 2 m/c
coOTBEeTCTBEHHO. C Kakoi CKOPOCThIO OHHM OYAyT HpPOMOJIKATh JBHXKEHHE NMPH aOCOIIOTHO HEYNpPyrom
ynape?

4. Tenexxka Maccoii 80 Kr IBUXKETCS cO CKOPOCThIO 4 M/c. Ha He¢ BepTUKaIbHO MalaeT TPy3 Maccoi
20 xr. OnpenenuTe CKOPOCTb, C KOTOPOW CTAaHET JBUTAThCs TEIEKKA.

5. Cuapsa maccoit 50 Kr, JeTALIMi BAOJIb pelibcoB O ckopocThio 600 M/c, monagaer B muaTgopmy
¢ meckoM Maccoi 10 T u 3actpeBaer B necke. CKOPOCTh CHapsia B MOMEHT MaieHus o0pasyeT yrou 45° ¢
rOpU30HTOM. UeMy paBHa CKOpPOCTh MIaT(HOPMBI MOCIIE MOMAJaHus CHaps/la, €CIU Iu1aTdopMa ABHKETCS
HABCTPEUy CHapsiy co ckopocThio 10 m/c?

6. Jlonka cTouT HEMOABUKHO B CTOA4YEN Boje. UenoBeK, HaXOAAIIMNCA B JIOAKE, NEPEXOIUT C €€
HOca Ha KopMmy. Ha kakoe paccTosiHue mepeMecTUTCs JIOAKA, eclu Macca 4yenoBeka 60 Kr, mMacca JOIKU
120 kr, aynHa noaku 3 M? ConpoTUBIIEHNE BOJIbI HE YUNTHIBATD.

Bapmuanr 2

1. JIBUrasicb U3 COCTOSTHUSI ITIOKOSI 110 TOPU30HTAIBHOMY IIyTH, aBTOMOOMIIL Maccoit 1,5 T uepes 20 ¢
rociie Hayana JABMKeHus paocturaer ckopoctu 30 m/c. IlpeneOperass compOTUBICHHEM ABUKEHHUIO,
OIIPEAEIIUTE CUITY TATH JIBUTATENS.

2. Tenexka maccoit 100 r, nBrKymIascs co CKOPOCThIO 3 M/c, ymapsieTcs o cTeHKy. Omnpemenure
U3MEHEHHE HUMITYJIbCA TEJIEKKHU, ECIIM N10CIIE CTOJKHOBEHHUS OHA CTajla JABUIaThCS B NPOTHUBOIOJIOKHYIO
CTOPOHY CO CKOPOCTHIO 2 M/C .

3. Baron maccoit 10 T IBMXKETCsI cO CKOPOCTBIO 1 M/C M CTaJIKUBaeTCs ¢ HEMOABMKHOMN TIaTHOPMOi
Maccoii 5 T. YeMy paBHa CKOPOCTbh UX COBMECTHOTO JIBHKEHUS MOCIIE TOro, Kak cpaboTaeT aBToCIenKa?

4. KakoBa CKOpOCTbh OTJa4ll BUHTOBKH, HETIOJABUKHOUM MPHU BHICTPEJIE, €CJIM Macca BUHTOBKHU 4 KT,
Macca mmynu 8 T, ckopocTh myau 600 m/c?
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5. Ha HenoJBm>XHOM KeNe3HOAOPOXKHOM TIaTdopMe YCTaHOBIEHO opyaue. Macca miaatgopmsl ¢
opyamuem 15 1. Opyaue crtpenser mox yrioMm 60° k ropu3oHTy. C Kakoil CKOPOCTBIO TOKATHTCS
iatgopma, eciim Macca cHapsiia 20 KT ¥ OH BBUIETaeT co ckopocThio 600 m/c?

6. [Ipu B3pbIBE KaMeHb pa3phIBae€TCsA HA TPU YacTU. /IBa OCKOJIKA JIETAT MO/l MPSIMBIM YIJIOM APYT K
apyry: maccoid [J1 =1 kr co ckopoctbio 12 M/c 1 Maccoit [12 = 2 Kr co ckopocTbio 8 M/c. TpeTnii Kycok
otieTaer co ckopocThio 40 M/c. KakoBa Macca TpeThero OCKOJIKa U B KAKOM HaIlpaBiICHUU OH JIETUT?

®opma npeacTaBieHus pe3yabTara:

BoinmonHuTh 3aaHue B TETpaau A IPAKTUYECKUX padoT.

Kpurtepuu ouenku:
3a npaBUJIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTEIbHAS OlleHKa — 1 Oau.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTpUIIATENbHAs olleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvhoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 2.3 3aKkoHbI COXpaHEHHS B MeXaHUKe

IIpakTHyeckoe 3ansaTHe NeS
Pemenue 3agau Ha ¢gopmysibl padoTsl cuil. Pa6oTa 1 MOIIHOCTH. JHEPrusi, ee BUIbI.
3aKoH cOXpaHeHHsI JHePrum

Heab: 3akpenuTh yMEHUS U HABBIKH peIlleHus 3afad Ha (Gopmysbl paOOThI, MOIIHOCTH, 3aKOHbI
COXpaHEHUS

BoinosiHenue padorbl cnocodcTByer ¢GopmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
I1P67_OVIIL.06, ITP61_OVYII.06

MarepuaibHoe of0ecnedyeHMe: TeTpagb IS MPAKTHYECKHX paldoT, pydka, METOIUYECKHE
PEKOMEH/Ialli 1O BBIIOJHEHHUIO pabOThI, TMHEIKA, KapaH/alll.

Ykazanue:

[TpakTiueckass paboTa COCTOMT M3 JBYX YacTell — TeopeTMueckod u mnpaktuuyeckoil. I[locne
M3y4eHHs] TEOPETUYECKOro MaTepuaia MOXKHO HPUCTYNaTh K BBIMOJHEHHUIO MpakTHueckod vacTH. OHa
COCTOMT M3 JABYX M Oosiee 3a1ay Al CaMOCTOSITENbHOIO BbINoJHEHHUs. He 3a0biBaiiTe 0 MmpaBUIBHOM
oopmienun pemtenus. Ha BeloHeHHE TPaKTUYECKON OTBOIUTCS JiBa aKaJeMHUYECKUX Yaca.

IMopsiniok BbINoOJIHEHUS padOTHI:

1. PaccMmoTpuTe TeopeTHYEeCKMi MaTepual O TeMe€ U IpUMephl pelleHus 3agad  (CMOTpH

METOANYECKOE MTOCOOHE).

2. Pemmre camocrosiTenbHyto padoty. Odopmure perieHrne NMCbMEHHO B TETPaIu.

1.Teopus.

Paboma u mownocmo. duepeus, ee 6uodbi.
3axon coxpaHnenus sHepeuu

Onepeuss — camas BaKHas COXPAHSIONIASICS BEJIMYMHA HE TOJBKO B MEXaHHWKE, HO U B (pu3mKe
BoOOIIIe. DHEpPrusi TeCHO CBs3aHa ¢ paboToil. Bce Mbl, Kak M Jr0ObIe JBHUraTeNd, COBepIIaeM paboTy,
MPUBOJIMM B JIBH>KEHUS TeJa, MOAACPKUBAEM 3TO JIBHKEHUE WIIN YK€ MPEKPAIAEM €TO.

JelictBua cui Ha Tena, NPUBOIAIIME K HM3MEHEHUIO MOAYJS HUX CKOPOCTEH, XapaKTEepU3YHOTCA
BEJIMYMHOM, 3aBUCSIICH KaK OT CHJI, TAK M OT MEPEMEIICHUIN TeJ, HA KOTOPbIE 3TH CUJIbI IEUCTBYIOT. DTy
BEIIMYUHY HA3bI8AI0M pAOOMOL.

Pabora — ckansipHasi BeJIMUKHA, paBHAs POU3BEACHUIO MOJIYJIEH CHIIBI M TIEpEMEIICHUs TeJla Ha COS

yriia MCKIy HUMHU.
2]

PaGoTa mocTostHHO#M cvtbl £
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KW
A=F-§=F §8-cosa | JIx

rae S — nepeMelleHue Tena,

o — yYroia MCEXIAy HallpaBJICHUEM ICUCTBUS CHIIBI H HaIpaBJICHUEM
B

HepeMeneHHs.

Puc.1
Ecnu BenuunHa cuiibl, ACUCTBYIONICH HA TEJIO, 3aBUCUT OT KOOPIMHATHI X, TO pabOTa ATON CHIIBI

YUCIICHHO paBHA TUIOIIATU 0] rpadukoM GyHkmmu F(X).

EnuHuier paboThr: A =1H - 1m = [Ix = JI)x0ynb.

Iicoynv — pabota, coepraemas cuior | H Ha mepememenne 1 M, eciau HampaBICHHE CHIIBI H
nepeMeIeHNe COBMaIatoT.

1. PaGota cuiibl TSDKECTH.

PaboTa cHIBI TSOKECTH HE 3aBHCHT OT TPACKTOPHUH ABUIKCHUA TCJIa WU BCCraa
paBHa U3MCHCHUIO HOTCHHH&HBHOﬁ OHEpPIruu TCJIa, B3ATOMY C IMPOTHBOIIOJIOXHBIM

9=mg 3HAKOM.

A=QS=mg(h1-h2):-(mgh 2= mghl):-(Hz-Hl)
A :-(Hz-H]_)

Ecnu cuna TsKeCcTH coBepIIaeT OTPHLATENbHYIO paboTy, To E, —
yBenmuuBaercs. [Ipu coBepiieHnn MonoKuTeNbHON paboTsl — E;, ymeHbIIaeTcs.

Puc. 2.

2. Pabora cuiibl ynpyrocTtu.

A=F,S,

. X+,
F =k L
L ,..?
rue <
10 X2,
S =X; - X9 — CMEIECHUE.
Pabora cwibl ynpyroctd paBHa W3MEHCHHUIO TOTCHIMAIBHOW DHEPTHH, B3ATOMY C OOpaTHBIM

— CpCAHCEC 3HAYCHUC CUJIBbI YIIPYTOCTU NIPpHU U3MCHCHHUU JJIMHBI IIPYKUHBI OT X1

3HaKOM:

Mowmnocmo

Mownocms — ckansipHas (u3nueckas BETUYMHA, XapaKTepusyrollas OBICTPOTY COBEpLICHHS
paloThl, KOTOpast YUCICHHO paBHa padoTe, COBEpILIAEMOil 3a €AMHUILY BPEMEHHU:

22



yoAd_F-8_AE
! ¢ , [dx/c = Bt — Barr],

rae A — pabora, [1x]
t —Bpems, [c]

OHepeus
Ecnu Teo ik ciucteMa Tell MOTYT COBEpIaTh paboTy, TO TOBOPST, YTO OHU 00JIaIal0T SHEPTHEH.
DHeprusi B MEXaHUKE — BEJIMYMHA, OINpeessieMasi COCTOSIHUEM CHCTEMbI — MOJOXKEHUEM TNl M X
CKOPOCTSIMH; U3MEHEHHE SHEPTUH TPH TIEPEXOE CUCTEMBI U3 OJHOIO COCTOSHHS B IPYro€ paBHO padbore
BHEIITHHUX CHIL.
1. Kunemuueckas (Kinema — ABWXKCHHME) — SHEPIHsl MEXaHMYECKOTO JIBMXKCHHUS CHCTEMbI TEl,
YHCJIEHHO paBHA MOJIOBMHE MPOU3BEICHHS MAcChl Tea Ha KBapaT €ro CKOPOCTH.

2
muw

E =
2, ik
Teopema. Pabota paBHOACWCTBYIOIMMX CHJI, TPHIOKEHHBIX K HEMY, paBHAa HW3MEHCHHIO
KMHETHUYECKOW YHEPTUH Tena.
1= .I'?f!.":: _ .'.'JIJF
2 2

= A = A Ek (paboTa — u3MeHeHNe aHeprum)
A=FExy - Exgy =A Ex
2. [lomenyuanvnas (potentia — BO3SMOKHOCTD) — SJHEPTUS B3aUMHOTO PACIIONIOXKECHHUS T HIIH YacTei

OJTHOI'O W TOIO € Tela, YUCICHHO paBHA IPOM3BEIECHHIO MacChl m Tejla Ha YCKOPEHHE CBOOOJHOTIO
NaJeHMsl g ¥ BHICOTY h Ha/l MOBEPXHOCTHIO 3EMITH.

E,=mgh, [llxc]
= -(mgh; - mgh,)
A= -(Epg 'Ep]) =-A Ep

Tlomenyuanvhas sHepeusi — SHEPrus, OOYCIOBJICHHAS B3aUMOJCHCTBUEM pPa3JIMYHBIX TEN WU
yacTel OJHOro M Toro ke Tena. OHa 3aBUCHUT OT B3aMMHOI'O PacCIOJIOKEHUS TEJ WIM BEJIMYUHBI YIPYron
nedopmaruu Tena.
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[TorenumansHas sHeprusa Tena | [loreHunanbHas sHeprus | [loTeHumnanbHas SHEprus

MIOAHATOrO Ha BBICOTY, | CXKaTOM J5R105 PacCTAHYTOU | TPaBUTALIMOHHOIO B3aWMOJCHCTBUSA
HAaMHOI'O MEHBIIYI DPaanyca | IPYKUHbI MaTepUaIbHBIX TOYEK WIH
3emin OJIHOPOJHBIX 1IaPOB
E,=mgh £ ke
m L M
@ 2 E =-G
g f
/ (3
/ \W Hyneson
/
1 R OBCHb
TS 1€ > P
X COOTBETCTB
yeT R — o0
E, =
Hynesoit BEHb .
YIICBO h =0 Ypose Hynesoi YPOBEHb
COOTBETCTBYCT I = coorBerctByer X = 0
(nenedopMupoBaHHas
MPYXKUHA)

3axon COXPAHEHUSL DHEPSUU 6 MEXAHUKE
B SaMKHYTOﬁ CHUCTCMC TCJI ITOJIOKHUTCIIbHAA pa60Ta BHYTPCHHUX CHJI YBCIIMUYUBACT KMHCTUYCCKYIO
OHCPIrvui0 W YMCHBUIACT ITOTCHIHAJIBHYIO. OTpHuaTeana;{ pa60Ta YBCIMYHUBACT IMOTCHIHUAJIBHYIO H
YMCHBIIACT KHUHCTUYCCKYHO OJSHCPIUIO. HNmenno 6naronap;1 9TOMY BBIIIOJHACTCA 3aKOH COXpPaHCHUS

SHEPTrUH.
1.4 = AE,
= AE, = -AE,
2.4=-AE,

E = E, + E,—1nonHasg MEXaHUYECKasi DHEPIUsl CUCTEMBI, BEJIMYMHA, PABHASA CYMME KMHETUYECKOH 1
MOTEHIIMAJIbHOW YHEPTUI CUCTEMBI.
3akon coxpanenus NOIHOU MeXAHUYECKOU IHepIUul
B 3aMKHYTOH cucTeMe MEXaHUUYECKask YHEPTUS COXPAHAETCS.
E=E, + Ep = const Ep] + E, :Epg + Eo
Ilpumeuanue: Ecnum B 3aMKHYTOM CHUCTEME €CTh CHJIBI TPEHHUS, TO MEXaHUYECKass DHEPrUsl HE
COXpaHsieTcs, T.K. 4aCTh €€ NePEX0IUT BO BHYTPEHHIOIO.
3axon coxparnenus snepeuu
OHeprus He CO3JaeTcsi MU HE HCYE3aeT, a JUIIb MepeAaeTcs OT OJHOro Tejaa K JPYroMy WId
IpeBpalaercs U3 oJHON GOpPMBI B IPYTYIO B PaBHBIX KOJIMUYECTBAX.
2. [IpakTnyeckas padora
Anzopumm pewrenusa 3a0ay

1. CrnemnaiiTe 4epTex.
2. Bri6epure Hynepoii yposens E,, (E,; = 0).
3. YcraHoBUTE HaYAIbHOE U KOHEUHOE TIOJIOKEHHE Tella (CUCTEMBI TE).
4. Omnpenenure MOJHYIO MEXaHHUUYECKYIO SHEPTHIO Tesl (CHCTEMBl T€l) B HAYaJIbHOW M KOHEYHOM
TOYKaXx.
5. 3anummre 3aKOH COXPaHEHUs YHEPIUU.
a) s 3aMKHYTBIX cucteM: E1 = Ep mmn Ey + E,; = Eo + Ep),
0) npu nepexojie CUCTEMbI U3 HAYaJIbHOTO TIOJI0KEHUS B KOHEUHOE, ITPU ACHCTBUHM BHEUIHUX CHIT: A
= E2 - E]_
6. [Tpu HEOOXOAUMOCTH 3anHIINTE POPMYIBI U3 KHHEMATUKH:
v=uvy +at S=uvt +at’2 F=mg F=-kx F=uN A=FScosa
7. Pemnre cucreMy ypaBHEHUH.

3. IlpuMepsI pelieHUs 3a1a4
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1. ABTOMOOMIIb Maccoif 2 T HAUWHAET Pa3rOHATHCS U3 COCTOSHHS ITOKOSI 110 TOPU30HTATBHOMY ITyTH
o, ICUCTBUEM TOCTOSTHHOM cuiibl. B Teuenue 10 ¢ o mpuobperaet ckopocth 43,2 km/4. OnpenenuThb
BEJIMYUHY UMITYJIbCA Y BEIUYUHY JEHCTBYIOLIEH CUJIBL.

Hano: CH: Pemenue:
m=2T 2 - 10°kr 1. Onpeaenum BeJIMUUHY UMITYJIbCA:
vy =0 P=m y — COBIAJAET C OCHIO X,
t=10c B CKJIIpHOHN (popMe ypaBHEHHE IPUMET BH/I:
u= 43,2 KM/Y 12 m/c p=mu=2.10%12 = 24.10%, P [kr-m/c]
p—7? 2. YuuteiBasg BTopoi 3akoH HeroToHa: Ft = mv — mug
F-?, T.K.V9 =0 Ft=mv — F=mv/t
2002

F : 24wt
1a

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

2. CranpHoN mapuk maccoil 0,05 kr mamaer ¢ BBICOTBI 5 M Ha cTaubHyr miuuty. Ilocie
CTOJIKHOBEHHS LIapUK OTCKaKMBAaeT OT IUIMTHI C TAaKOM e M0 MOJYJI0 cKopocTbio. Haiinure cumy,
JeWCTBYIONIYIO Ha IUIUTY IPHU YAape, CUuTas ee NocTosHHOU. Bpems coynapenus pasuo 0,01 c.

[aHno: cn Pucynok Pemenue
m=0,05 kr (1) IIpn ynmape map m niaura AEUCTBYIOT ApPYT Ha
h=5wm ! Jpyra c CWIaMH, PaBHBIMM I10 MOJIYJIO, HO
At=0,01 ¢ F1-? IIPOTUBOIIOJIOKHBIMU o HaIIPaBJICHUIO.
g‘z Omnpenenus cuity, IEHCTBYIOIIYIO Ha LIAPUK CO
l CTOPOHBI IJIUTHI, Mbl TEM CaMbIM Haii/ieM cuiy,
" C KOTOpOM WIApWUK JEWCTBOBAJ Ha IUIMTY 34
Bpems At. Bo Bpems coynapeHHs Ha ILIapuK
JNEHCTBYIOT NIBE CWJIBI: CHJIA TSDKECTH — ™#, U
[x]
cuna F co cTopoHbI MU THL
CoryacHo ypasHenuto: & =F -ar Ap=(F +mg) Al
OY: mv,—(-mv;) = (F-mg) At
Zmuy
. F=mg+ "
VY4uThIBas, 4TO V2 = V1 =V, MOJIYYUM IOCIIE psAa Mpeodpa3oBaHUI: At
Moyl CKOPOCTH IIapHKa [PHU TaJCHHH ero ¢ BBICOTHI h onmpexensiercs mo popmyme: ¥ ~v28h ;v =
10 m/c
2
F=mg+
Hcrnons3ys BEIpaKEeHHE: Al

F=005-10+

. 5-
2:005:10 5 100=100,5H

M

L] [&]

ITo TpetbeMy 3akony Herotona: £ =- F | cienosarensno, F1 = 100,5 H, cuna npuioxkeHa K IIHTE U

HalpaBJieHa BHU3.
OtBet: F =

100,5H .

. 4

3. Bo Bpemsi MaHEBPOB Ha KEJIE3HOAOPOKHOU CTaHIMH ABe MaTdopmbl Mmaccamu my = 2,4 - 10 kr

umy;=1,6" 10* kr Burammce HaBCTpeuy APYT APYTY CO CKOPOCTSMHU, MOJIYJIM KOTOPBIX paBHBI V1= 0,5
M/c 1 v2 = 1 M/c. Halimure ckopocTh KX COBMECTHOTO JBMKEHHUS MOCJIE TOTO, Kak cpaboTaeT aBTOCIIEIIKA.

Hano:
m; =24 -10* xi

Penrtenue:



mo=1,6 - 10* kr

vy = 0,5 m/c
vy = 1Mm/c
Vo6 - ?

N300pa3um cxeMaTU4HO ACHCTBYIOLINE CHIIbI Ha ABMXKYyIIHMecs miaTdopMmbl. B mpoekuun Ha och X:
o v o
Ny mymy Mo oenE CHITBI B3AMMHO YPaBHOBEIICHBI.

MOo>KHO IPUMEHUTH 3aKOH COXPAHEHHS UMITYJIbCA:

P e, = (e
H

1€ Vo5 — CKOPOCTH TUTAT(HOPMBI TIOCIIE CLIETKH.

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

T.K. V1x="V1, Vax = - V2, TO Vesx = -0,1 M/cC

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

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

JaHno: CU: Pemenue:
m;=600r |[0,6 kxr |CorjmacHo 3aKOHY COXpaHEHHS UMITYJIbCA:
my—15T 15 - 103111“ .'u,i_':: +nr:ir'_: —.'n,i_':: +:1i':;£::i (b= +mou,
Ll L5107 800 3

b -l = : =20
Uz = 800 m\c 0.6 :
v1=v2 =0 3HaK (-) MOKAa3bIBAET, YTO I'a3bl JBUXKYTCS B CTOPOHY,
b7 MPOTHUBOIIOJIOKHYIO HAIIPABIECHUIO PAKETHUIIBI.

Ortser: - 20 M/c.

5. Baronetky Maccoif 2 T 0 TOPU30HTAILHOMY MyTH paBHOMEPHO mepemernaer padbounii. Kakyro
paboty oH coBepmuT Ha iyt 100 M U Kakyro pabOTy COBEpIIAECT CUJa TPEHUS, €ClIu KOIPPUIIUECHT
TpeHus paseH ,017
JaHo: Pucynoxk:
m=2T
S=100m
n=0,01
g=9,8 m\c? X

l L
I

a=0

A-?
Atp - ?
Pemenue _

Ha BaroHeTKy AefiCTBYIOT 4 CHIIBI: CHIIa TSIKECTH — "¢ | CHJIA PEaKIIHH OTOPHl — **

cuna Taru F: — , cuna tpenus — f= . Ilo BTOpOMY 3akoHy HptoTona X F=0
Fgmig Fg ¥ =

B npoexnuu Ha ocu: OX: F, —F, =0; F,=F;,,OY:N-mg=0; N=mg
A=F-Scosa, 2a=0, cosa =1,ci-v0, A=F - S, F=F,=F,=puN=pmg
PaGora cuibl TpeHus HampaBleHa MPOTUB PAOOTHI CUla TATH — A = -ATp .
Ap=-19,6 - 10° Ik

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

CamocTrosiTesqibHasi padoTa
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1. ABTroMOOWIB Maccoil 2 T IBHIKETCS CO CKOPOCThIO 36 kMm/4. Kakoe Bpems TpedyeTcs 10 MOTHON
OCTaHOBKH aBTOMOOWJIS ITPU BBIKJIIIOUEHHOM JIBUTaTelNe, €CIH CHJIa TPEHHs KOJIEC O JOpOry paBHA
5880 H?

2. Tenexka maccori 150 Kr IBHIKETCS 1O TOPU3OHTAIILHON J0pore co ckopocthio 1 M/c. HaBcTpeuy
el 0exuT yesnoBek Maccoil 75 kr. YenoBek mpeiraet Ha Tenexky. [lociie 3Toro Tenexka BMecTe ¢
4ell0BeKOM ocTaHaBiuBaeTcsa. C Kakoi CKOPOCThIO Oekal uenoBek?

3. Tlpu BepTHKaIBHOM TOIBEME Tea Maccoil 2 Kr Ha BeicoTy 10 M coBepmiena padota 240 Ix. C
KaKUM YCKOPEHHEM MOJIHUMAIH Ipy3?

4. Teno, Maccoil 20 Kr HOJHUMAIOT BepTUKaIbHO BBEpXx c cuioid 400 H, nHanpasieHHOW IO
newkeHnto. Kakas pabora coBepraercs Ha mytu 10 m?

5. Byzer nu Benn4MHa MOJIE3HONH MEXaHMUYECKOW PaOOTHI OTIMYHA OT HYJIS, €CIIH MOIEMHBINA KpaH:
® 1) mojHMMAET C 3eMIIU Ipys3,

e 2) Oyner neparh €ro HEKOTOpOoe BpeMs Ha BECy B MOKOE,

e 3) MOJHUMET I'PY3 C 3eMJIU U Cpa3y OIYCTUT €ro Ha 3eMIIio.

Teno maccoit 20 kr cBOOOAHO MagaeT B TeueHue 6 ¢. Haiiaure paboTy CHIIBI TSKECTH.

7. Kakyro paboTy MOXET COBEpPLIUTH A0 OCTaHOBKM Teiao Maccoir 1000 xr, nBuxKymieecss co
CKOpOCTBIO 36 KM/4 ?

8. Haiitu paboTy, KOTOPYIO HAJ0 COBEPIIUTH, YTOOBI CXKATh MPYXKHHY, KECTKOCTh KOTOpou 29,4
H/cwm, ma 20 cm.

9. PesunoBblil mHYp AnuHOM 1 M mop neiictBueM rpysa 10 H yanununcs na 10 cm. Halinqute paboty
CHJIbI YIPYTOCTH.

10. Ha xakyro BbICOTY 32 MUHYTY MOxeT nojHsATh 400 M® BOABI HAacoC, Pa3BUBAIOIINNA MOITHOCTH
210° kB1?

11. Ompenenute MOIIHOCTH TEIJIOBO3a, 3HAs, UYTO MPU CKOPOCTH JBIKEHUS 43,2 KM/4 cuja TiIru
paBna 105 kH.

12. Tloe3n maccoii 1200 T ABMXKETCA MO TOPU3OHTAILHOMY IYTH C IOCTOSTHHOW CKOPOCThIO 54 KM/4.
Omnpenenure KO3PGUIUEHT COMPOTHUBICHUS IBUKEHHUIO, €CIIM TEIUIOBO3 PA3BUBAET IOJIE3HYIO
momHocTh N= 882 - 10° BrT.

13. Nmmynec Tena paBeH § Kr m/c, a kKuHeTH4eckas sHeprus 16 k. Onpenennure Maccy U CKOPOCTh
Tena.

14. Canu maccoit 60 Kr, CKaTUBIIMCH C TOPBI, TPOEXAIH 0 TOPU3OHTAIBHOMY y4acTKy aoporu 20 m.
Haiinure padoty cuisl Tpenus, ecnu L= 0,02.

15. TlogbeMHBIM KpaH C ABUTATEIEM MOIIHOCTHIO 8 KBT MOAHMMAET Tpy3 € MOCTOSHHONW CKOPOCTHIO 6
Mm/muH. KakoBa macca rpyza?

16. Kakas paborta coBepiiaercsi Ha THIPOCTAHIMM B TEUYEHUE TO0JA, €CIH CPEIHSSI MOIIHOCTH
reseparopa pasHa 2,5 MBT?

17. Yenosek maccoit 70 Kr cryckaercs mo jJecTHuie JuiuHoi 20 M, pacronokeHHo# moja yriom 30° k
ropu3oHTy. Haiingute paboTy CUJIBI TSKECTH.

18. Berumcnute paboTy CHIIBI YIPYTOCTH MPH U3MEHEHHHU AedopMariu mpyXKUHBI KecTKOCThio 200
H/Morx; =2cm 0 X2 =6 cMm.

dopma npeacraBJieHUs pe3yabTara:
BreinmonHuTh 3aiaHue B TETPAAH [Tl MPAKTUYECKUX paboT.
Kpurepum ounenku:

3a npaBUIIHHO BBIMIOJIHEHHOE 331aHUE BBICTABIISIETCS MOJIOKUTEIbHAS OlleHKa — 1 6a.

3a HelpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIIaTeIbHas olieHka — () 6anos.

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

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

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

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

o
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Tema 2.4 CtaTuka ¥ THAPOCTATHKA

IIpakTuyeckoe 3ansaTue Ne6
PaBHoBecHe a0COIIOTHO TBEPABIX TeJl

Heab: yrnyOuth W KOHKPETH3WPOBATH NPEICTABICHUS O 3HAYUMOCTH 3aKOHOB COXpaHEHUS.
HAy4YUTHCS UCIOJIb30BaTh NPUIIOKEHUS 3aKOHA COXPAHEHHUS MEXaHMYECKON IHEpPruM JIsl BBINOJIHEHUS
IIPAKTUYECKUX 3aaHUM.

Bouinosinenue padorbl cnocodocTByeT (GopmupoBanmiw: I[1P62 OVIL.06, IIP69 OVII.06,
I1P67_OVIIL.06, ITP61_OVYII.06

MarepuajibHoe o0ecnieyeHue:

UHAUBUAYAJIBHOC 3aIaHUC, KOHCIICKT HCKHHﬁ, CIIPaBOYHBIC MAaTCpHUAJIbI.

Yka3zanmue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX 4YacTed — TEOPETHUYECKOM M Ipaktudeckou. Ilocne
W3YYEeHUS TEOPETUYECKOr0 MaTepuaia MOXXKHO MPHUCTYMATh K BBIIOJHEHUIO MpakTHueckoi uyactu. OHa
COCTOMT M3 JBYX W Ooyiee 3amad Jjisi CaMOCTOSITENILHOTO BBHIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
odopmiiennn pemieHus. Ha BbIMOJIHEHHE MPAKTUYECKOTO 3aJaHMsI OTBOJUTCS YEThIpE aKaJeMUYECKHX
Jaca.

3aganme:

O3HAaKOMBTECH C KpaTKUMHU TCOPECTUUCCKUMHU CBCACHHUAMU I10 CCBLIKE
https://znanium.com/catalog/product/1012153, ctp 47-53,

CocraBbTe KpaTKWi KOHCIIEKT OTBEYasi Ha BOPOCHI K maparpady, ctp 53, 54.

Brinmumurte ocHOBHBIE (POPMYITBI

Pemmre 3a1aun caMoCcTOATENBHO

KpaTkue TeopeTHYecKHe CBeeHUs

i?f;?;?; OGo3HaueHHe H};:ﬁzgg:jﬂ Dopmyna
Sl F H Fili= Fal,
ITneuo cunwvt | o
Momenm cuol M Hum M = Fl

IIpumeps! pelieHus 3aga4
3angaua 1. PaGouuii mpunogHuMaet rnpu nomouy peruara miauty maccoit 100 xr. Kopotkoe miedo
peraara paBao 0,8 M, a mmaHOe — 1,2 M. KakoBa cwmiia, KOTOpYIO JOJDKEH HMPUIIOKHTH pabounii K
OosblIeMy IJieuy pslyara?
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[faxo: Pewenue: Touxa onopet
F b
m =100 —_—m,
o F L
£2=98 %
Fi=P=mg
L=08m
= £ob
L=12m o
il ey
F2-? Fz-Ph-mgb.
F:=100x-98 1 32M - 65331
Orser: F2=653,3H.
2. 3azava 2.1 nozpéMa rpysa N0 HAKIOHHOH ILTOCKOCTH NPHIOKHIH CHIY, HANpaBIeHHVIO BIOTh HAKIOHHOH

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

Aakxo:

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

£=10

Orser: m = 45 xr.

1. Ha pucynke n3o0paxeH pbryar, UMEIOINA och BparieHus B Touke O. ['py3 kakoil Macchl HA0
MO/IBECUTDH B TOUKE ISl TOTO, YTOOBI phIyar ObLI B paBHOBECUU?
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Hano: A 0 B Pewenue:

mo=m=100r=0,1 kr VA 74 2 | ITonb3ysick pUCYHKOM, ONIPEAETAM TUICUH CWI, BHIPAXEH-

I, = 4 en. wmust O HbIE B YCJIOBHbBIX €HHMLIAX JUIUHBIL.

L= 2en. pmus 1. Haiigem cuy, IEHCTBYIOLLYIO Ha phiyar B Touke A:

g=10 H/kr $ F=m-grem=m +m,

Y F=@0,1+01) - 10=2H.
2. HaiineMm cuny F,, npUMeHAA YCIOBHE paBHOBECHS phlyara:

Haiimu: F 4

M—1 ?z = 7; Orciona Buipasum Fy:

F-h . 24
£ = 5 F=—5—=4H

3. Onpepenum Maccy rpysa u3 GOpMybI:

12 4
F=M-g=» Mu—gl;M=-l-6=0.4xr.

Omeem: Hano noxsecuth B Touke B rpy3 maccou 0,4 Kr (mnu
400 r).

4.Ha menbmiee tuiedo peraara aevictyet cuia 300 H, na 6onpmee — 20 H. /Inuna menbmiero mieva 5
cM. Onpenenure JUIMHY OOJIBIIETO TUIeYa.

Hano: Pewenue:
F,=300H CaenaeM 4YepTex K 3agaye /1o 0
K=2H Io ycnoBuio paBHOBECHS pbIyara: A
L =5cm F 1 =4
£ _b F)
K1
Haiimu: Hajinem Gonbluee myevo peruara: F,
L—2? F, -1 H-om
l2 = -—I:_z—- . ll = H =CM

300 - S
h=—7g—=1cm

Omesem: Bonbliee nie4o pbiyara paBHoO 75 cM.

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

Hano: E: Pewenue:
2

1= 60 cm 0 TTneyn cun onpesesinM U3 PHCYHKA, TIPHHHMAA BO BHM-
P=F=2H ;_'_'/i - B MaHHe, YTO THHA Beero puryara 60 oM,
5 =10 cm ! S 1. Tlo ycnoBuio paBHOBCCHA phivara:
h=130cm |2H| R b op.hih

A e

2:-10 2
Haiimu: Fim—5—=3=07H.
F=? Omsem: K touke B npwioxena cuna = 0,7 H.

Peuurh 32124 caMOCTOATEIBLHO

1. MowmeHT cuibl, AelcTBYoLIeH Ha pbryar, paBeH 20 H*m. Haittu nnedo cuinet 5 H, ecnu peruar
HaXOJUTCSI B PABHOBECHH.

2. Kaxkoe ycunue HeoOX0IUMMO NMPUITIOKHUTH, YTOOBI MOIHATH Ipy3 1000 H ¢ momonisio moiBUKHOTO
osoka? Kakast coBepiutcst pabota npu moabseme rpysa Ha 1 m? (Bec 6moka 1 TpeHue He
YUUTBIBATB).

3. Cucrema 6J0KOB HaxOIUTCA B paBHOBecun. OnpeenuTe Bec mpaBoro rpysa. (Bec 610koB u cumy
TPEHMSI HE YUUTHIBATS).
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4. Tlpu momoIM NOJBMXKHOTO 0JIOKA MOAHUMAIOT Ipy3, npunaras cuiy 105 H. Onpenenure cumy
TpeHus, eciu Bec 6soka pasen 20 H, a Bec rpy3a 180 H.

5. Macca aeranu TpancnopTHoro cpenctsa m = 50 kr. Paamyc 6apabana, Ha KOTOPBII HAMATHIBAIOT
tenb, R = 0,2 M, yinHa Kaxa0i u3 1ByX pydek Bopota | = 1 M. Kakyro cuity Hy)>KHO NPHIIOKHUTD K
KaXX/101 U3 HUX, YTOOBI MOTHATH JIETallb HA HEOOXOIUMYIO BETUYHHY?

®opMma npeaocTaBIeHus pe3yabTaTa

BeimonHeHHbIE 331241 B TETPAIN IS PAKTHYECKUX PadoT.

Kputepuu onenku:

3a MpaBUIIHLHO BBITOJHEHHOE 33JJaHHE BBICTABIISICTCS TIOJIOKHUTEIbHAS OlleHKa — | Oasu.

3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJaHNE BHICTABIISICTCS OTpUIIATEIbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUILHBIX OTBETOB

Oyenka «xopoutoy evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB

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

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

Tema 3.1 OcHOBBI MOJIEKYJISIPHO-KHHETHYECKO TeOpPUH

IIpakTHyeckoe 3ansaTHe Ne7
OcHoBbl MKT. Pemienue 3a1a4 Ha ypaBHeHUe COCTOSIHUSA M1€aJIbHOIO ra3a

Henab: 3aKkpenuTh yMEHMSI U HaBBIKY BBIYHUCIICHUS IAPAMETPOB COCTOSIHUS a3a, UCIOJIb3Ys T'a30Bble
3aKOHBI U ypaBHeHHe Menneneea - Knaiinepona.

Boinosinenue padotrbl cnmocodcTByer (opmupoBanuio: [IP61 OVIIL.06, I1P62 OVII.06,
I1P69 OVII.06, ITP67 OVII.06, ITP63 OVIIL.06, [TP64 OVII.06

MarepunanbHoe oOecredeHue: TETpajlb I IPAKTUYECKUX pabdoT, pydyka, METOAMYECKUE
PEKOMEHIALIMH 110 BBIIOJIHEHUIO Pa0OTHI, JIMHEHKa, KapaH Jarll.

Yka3zanme: [lpaktuueckass paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M MPaKTUYECKOM.
ITocne u3yueHuss TEOPETUUECKOTO MaTepralla MOYKHO MPUCTYNATh K BBIIOJHEHUIO IIPAKTUYECKOM YacTH.
Omna coctout U3 AByX U Oojee 3a1ad Al CAMOCTOSTENILHOTO BbINIOJIHEHUs. He 3a0bIBaiiTe 0 MpaBUIBHOM
oopmienun pemrenus. Ha BbinmosHeHNe MpakTUYECKONH OTBOJIUTCS JIBa akajeMuyeckux yvaca. [lopsaok
BBITIOJTHEHUS paOOTHI

ITopsinok BbINoJIHeHUs padoThI:

1. PaccMoTpuTe TeopeTHUecKHil MaTepuan MO TeMe U MpPUMEphl pelieHus 3aaad (CMOTpHU
METOAMYECKOE TIOCOOHE).
2. Pemmre camocrosTensHyI0 padoty. OdopmuTe perieHne MiCbMEHHO B TETPaIH.

1. TeopeTnyeckas yacTb

Jlnist XapaKTepUCTUKU COCTOSIHUS T'a3a BBOASAT CHelMalIbHbIE (PU3MUECKUE BEITHMUMHBI, Ha3bIBAEMbIe
rapaMeTpamu COCTOsIHUS. B kauecTBe mapamMeTpoB COCTOSHUSI BHIOMPAIOT TPH BEIMUMHBL: 00beM raza(V)
,TeMiieparypy ero T° n naBieHue P, mpon3BoauMoe ra3oM Ha CTEHKH COCYJa ,B KOTOPOM OH 3aKJIHOYEH.
D70 NaBieHHe 00BACHAETCS yaapaMy JBUKYIINXCS MOJIEKYII.

2. IIpumepsl pemieHus 3a1a4

1. B razosom Oannone emkocthio 0,01 M3 Haxomutcs ra3 mon nasiaeHueM 20 kr/cm2 .Kakoii 00beMm
3aliMeT ra3, eciii ,He U3MEHsIsl €r0 TeMIepaTyphl , OTKPHITh BEHTUJIb Oamtona? OKoHYaTeIbHOE J1aBICHUE
1 xr/em2.?
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Hawno:

V1=0,01n"

P1=20 kr/em*=20%0,98%10° H/m’
P=1 xr/cmz=0,98"‘ 10° H/m®

Pewenue:

ITo ycnoBuio 3ana4un Temnepatypa rasa He MEHSETCS,
HOYTOMY NPOMCXOANT H30TEPMHUYECKOE H3MEHECHHE
cocrosuus raza. Mcnonw3ys 3akon boiina-Mapuorra

p1Vi=p2V2 naxoaum Vo= p1 Vi/pa.

V2-?

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

2. I'a3 u30TepMUYECKHU CKaT OT MepBoHadaIbHOro oobeMa 0,15 m 3 1o oo6bema 0,10 m 3 .JlaBieHue
€ro MpHU ATOM MOBBICHIIOCH Ha 2 Kr/cM2 . KakoBo mepBoHaYaibHOE AaBJICHUE Ta3a?

Jarno: Pewenue:
V1=0,15M; Ilo 3axony boiins-Mapuorra P1V,=P2V2. Ho p>=p1+ Ap,
>=0,10m

MOATOMY p|V1=&P1 +A P)V,, otkyna Py = AP*V,/V-V2;

P1=2%0,98*10°*0,10/0,15-0,10 = 3,9%10° (H/m°)
Omeem: P\= 3.9*10°1a.

AP=2 kr/cmM’=2*0,98%10°u/m"
P |=?

3. Kak Bemuko atmocdepHoe NaBieHHE, €CIM MPHU JJIUHE PTYTHOTO cTonbuka 12,5¢M B TOHKOM
TpyOKe AJinHa CTOJI0MKa BO3/lyXa B IEPBOM MOJIOKEHHE 7CM,a BO BTOPOM — 5 cM?

Mano: Pewenue:
h=12,5cm B nepBom ciyuae naBnenue Bo3ayxa BHyTpyu Tpyoku P=P,ny-h. Bo BTopom
1,=Tem cirydae pr=parvth. Ilo 3akony boitna-Mapuorra P, V,=P,V, rae V,=SL,,
1L,=5¢cm V,=SL,. Toraa (pam-h)=(parth)SL,, oTkyna pa=h(L1+L2)/L;-L,

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

4. Cxatplit BO3yX MNOAACTCA B Ta3roJIbACD o0beMoM 5M3 . 3a kakoe BpEMs €ro HakadaroT OO0

JaBJIeHUs 7 Kr/cM2, eciau KOoMIpeccop BcachiBaeT 5,5 M 3 aTMOocepHOro BO3ayxa B MHUHYTY IpH
nasneHuu 1 kr/cm2 ? TemnepaTypy cUUTaTh HOCTOSTHHOM.

JMano:

3=5M3
P,=Tkr/cM*=7*0,98*10°n/m*
V|=5,5M3/MHH=1, 1/12m°/c
P=1 kr/cMm®=0,98*10u/m>

Pewenue:

Jlns HakaumMBaHUS BO37yXa B ra3roibjaep 10 aAasineHus P,
KoMmmpeccop paboraer B Teuenne BpeMeru t. Oobem
3acaceiBaemoro Bosayxa V'\=V, npu nasnenue p;. Koraa
BO3/1yX HAKayalu B ra3roibaep, OH 3aHsn o0vem V) u ero

nassenue crano pz. Ha ocnoBanuu 3axona boiina-Mapuotra

t-? P,V'\=P,V; unu P,V ,t,=P,V,, otkyna t,=P,V,/P,V,

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

Omeem: t = 380 c.

5. OtkpbITas cTeKIsiHHAs TpyOka AnnHoro 40 cM HamoJOBHHY MOrpyXeHa B pTyTh. Korma BepxHuit

KOHEI[ TPYOKHU 3aKpbUIM U TOJHSUIA €€ IO YPOBHS PTYTHU B COCYHE, TO BBICOTA YPOBHSI PTYTH B TpyOKe
okasaniach paBHOU 15 cM. KakoBo armocepHoe naBieHre BO BpeMsl OrbITa?
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Hano: Pewenue:
=40 cm [lo 3akony boiins-Mapuorra P,V,=P,V; rae p,=H-paBnoe armocdepHomy
l,-15¢cm  naBnenue BO3ayXa HajA PTYThIO A0 3aKpbITHs OTBepeTHA, a V=L/2S-ero o6nem;
P = P-1, V,=(L-L,)S-cooTBeTcTBeHHO AaBieHHe U 00bEM BO3AYyXa HAl PTYThIO
H-? NOCJIe TOro, KaK €€ 3aKpbulH U MOJHSIH 10 YPOBHS PTYTH B cocyae. B npeasiayime
Belpaxkenus P,V,=P,V;Bmecro P,,P, V|, V;, noacrasum nx 3nauenus:
HL/2S=(H-L,)(L-L,)s. Orcroaa H=21,(1-1,)/1-21; H=30%*25/10=75(cm™ pr cT).
Omeem: 75 cm pT CT.
CamocrosiTesbHasi padoTa
Bapmuanr 1
1. Hauepture rpaduku u30TepMUYeCcKOro, U300apHOro U U30XOPHOTO MPOILIECCOB B KOOpAUHATax P
uV;PuT;TuV.
2. VneanbHblil ra3 cHavana u300apHO pacIIMPWIM, a 3aTeM HM30TEPMUYECKH CXKallM 0 MPEXKHEro
obwsema. 306pasute 3tu nporecchl B koopaunatax 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. Tlpu ckaTuM HEM3MEHHOTO KOJMYECTBa HJEaJbHOrO0 raza oO0beM yMEHbIIWJICS B 2 pasa, a
TeMIiepaTypa yBeaudmiach B 2 pasa. Onpeaenure, Kak U3MEHWIOCH JaBJICHUE Ta3a.

Bapuanr 2
1. Ha puc.1

P
A T, < Ty

\“'.
o T

\_,Il

'

n300pakeHbl IBE N30TEPMBbI OJTHON U TOH ke Macchl ra3a. YeM OTIMYAOTCs COCTOSIHUE T'a30B, €CIIU
ra3pl oauHakoBele? YUem oTiaMuyaroTCs Trasbl, €CIM TEMIIEpaTypbl ra3oB OJMHAKOBBIE? YKa3aHMeE:
BOCIIOJIB3YiTECH YpaBHeHUEM Kianeiipona-MeHeneesa.

2. WpeanpHBll Ta3 cHadajga HarpeBajcsl MpH IIOCTOSHHOM JaBJIEHWU, IMOTOM €ro JaBJICHHE
YMEHBUIAJIOCh NP MOCTOSIHHOM 00beMe, 3aTeM MPU MOCTOSHHON TeMIepaType 00beM raza yMEeHbILIHIICS
710 IepBOHavYalIbHOTO 3HaueHus. [loctpouts rpaduk B koopanHaTHBIX ocsx V-T.

3. B cocyne Bmectumocthio V=0,83 M 3 HaxoauTcs m=2 Kr a3oTa npu jAasieHuu p = 2*105 Ila.
Omnpenenure Temneparypy T azora.

4. Temneparypa V1=2 Mounp kuciopona ,Haxozsmerocs B cocyae, pasHa T1=300 K. Onpenenure

Temriepatypy T2 Bomopoaa, HaXOHSAIIETOCS B COCy/A€ TOH K€ BMECTUMOCTH TNPH TOW K€ JaBJICHHH,
B3ITOT0 B KOJIMYECTBE V2=2 MOJIb.

®opma npeacTaBiaeHus pe3yJabTara:
BeInmonHuTE 3a1aHue B TETpaau A MPaKTHUECKUX padoT.
Kpurepum ouenku:
3a mpaBUIILHO BBIIOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAs OlleHKa — 1 Oasu.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BBICTABIISIETCS OTpUIIATeNbHAs orleHKa — () 0aioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB
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3.2 Tepmogunamuka. TennoBble MAIIMHBI

IIpakTuyeckoe 3ansaTue Ne§
JaBjieHue skuMIKOCTell U TBepAbIX Tell. 3akoH [lackans

Heanb: Ha npumepe penienus 3aaay U3yduTh XapakTep JaBICHUS KUAKOCTEN U TBEPIBIX TEl, UX
MPUMEHEHUE U YUYET, 3aKOHBI, 00BACHSIOIINE 3TH SBICHUS.

BoinosiHenue padorbl  crnocodcTByer ¢opmupoBanmio:  [1P62 OVIL.06, I1P69 OVIIL.O6,
[1P67 _OVII.06, ITP63 OVIIL.06, ITP64 OVII.06

MarepunanbHoe obecrnieyeHue:

WHAUBUAYAIbHOE 33/1aHHEe, KOHCIIEKT JIEKIIU, CIIPaBOYHbIC MaTepHAIIbI.

Ykazanue:

[IpakTHueckoe 3aHSITHE COCTOMT M3 JABYX YacTel — TEOpEeTHYEeCKOM W mpaktuyeckoul. [locie
U3Y4YEHUsI TEOPETUUECKOI0 MaTepuaga MOXHO IPUCTYNATh K BBIIOJHEHHUIO NPakTHUecKod uyacTh. OHa
COCTOHMT M3 ABYX M Ooyiee 3a1ay A CaMOCTOSITENBHOTO BbINoNHEHHs. He 3a0biBaiiTe O mMpaBUIBHOM
oopmiennn pemrenus. Ha BeIoTHEHNE TPAKTUYECKOTO 3a1aHUS OTBOJIUTCS JIBA aKaJEMHUECKUX Yaca.

3aganue:

1. O3nHakombTeCh ¢ KPaTKUMHU TEOPETUUECKUMU CBEACHUSIMU
2. Pemurte 3amauM, caMOCTOATEIBHO HCIIONB3ys MPUMEPbl U KpPaTKUE TEOPETHYECKHE
CBEJICHUSI.

IMopsinok BbINoOJIHEHUs PadOTHI:
1. M3yuwute n BeIMHIIATE (GOPMYIIBI IO JAHHOH TEMeE:
2. Pasbepute nmprMepsl penIeHHBIX 3a/1a4
3. Pemmre caMmocTOSATENHHO 3a1a91

Kparkue Teoperudeckue cBeleHUs
JlaBneHue TBepAOIo Tena
TBepmoe Teno, HaxoAsumieecs Ha  ONOpE, F| ZeHCTByeT Ha OIOpY € CHIIOW, KOTOpPas
pacrmpezenieHa Mo MOBEPXHOCTH OCHOBaHUs Tena. [l ng ONUCAHUsS TaKUX PacHpeieICHHbIX CUII
BBOJIUTCS HOBas (PU3UUECKas BEIMUUHA — 0d6/1eHUeE.
[laBrnenue (p) — OTHOIIEHHE CHIIBI K IUTOMIAMU TOBEPXHOCTH, Ha KOTOPYIO OHa JECHUCTBYET B

NEePIEHINKYIIIPHOM HAIIPABICHUHU. [p] = 1% = 1 I1a —ITackanb
M

JlaBneHue B )KUKOCTAX

OCHOBHBIM OTJIMYHMEM JKUIKOCTEH OT TBEpPAbIX (YOPYIMX) Tell SBJSETCS CHOCOOHOCThH JIETKO
U3MEHSTH CBOIO (hOpMYy.

Yactu XUAKOCTH MOTYT CBOOOJIHO CJIBMTaThCs, CKOJIb3Sl JAPYr OTHOCUTENbHO japyra. llostomy
KHUJIKOCTh IPUHUMAET (opMy coCya, B KOTOPHII OHa HaIMTA. I I

Ha Tteno, morpyxeHHoe B )KMJIKOCTh WJIH T'a3, IEHCTBYIOT CHJIbI, paclpeielIeHHbIE 7
II0 TOBEPXHOCTH Tena. Jlyid oOmnMCaHHWd TaKWX PpacHpeleleHHbIX CHJI  TaKke
UCIOJIb3YyeTCs (PU3nYecKas BeIMUuHA — 0de1eHue.

3akoH [Ilackans: paBieHHME B JKUIKOCTM WM Tra3e IEpelaeTcss BO BCEX
HaIpPaBJIEHUSAX OJUHAKOBO U HE 3aBUCUT OT OPUEHTAIMH IIOLIAJKH, HA KOTOPYIO OHO
JIEHCTBYET.

Jlnia wimoctpanuuu 3akoHa Ilackans Ha pucyHke n300pakeHa HeOobIIas MPSAMOYTOJIbHAS TpU3Ma,
MIOTPYXKEHHAs B JKUJKOCTb. ECIM NMpeAnonoxuTh, 4To INIOTHOCTh MaTepuaia MpU3Mbl paBHA INIOTHOCTU
AKHUJKOCTH, TO MpHU3Ma JI0OJKHA HAXOAUTHCSA B KUAKOCTU B COCTOSHUU O€3pazIMYHOrO paBHOBECHS. DTO
O3Ha4aeT, YTO CUJIbI JaBJICHUS, ACUCTBYIOLIHE HAa TPaHU MPHU3MBI, TOJKHBI OBITh YpaBHOBEIICHBI. DTO
MIPOM30MIET TOJBKO B TOM CiIy4ae, €CJIU JaBJICHUS, T. €. CHJIbl, AEHCTBYIOLIUE HA EIUHUILY IUIOIIAIU
MOBEPXHOCTHU KaXKJI0M I'paHH, OJUHAKOBBI: P1 = P2 = P3 = P.

7y

Ps
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JlaBiieHre KUJIKOCTH Ha THO WJIM OOKOBBIE CTEHKH COCYJa 3aBUCUT OT BBICOTHI CTOJIOA >KUIKOCTH.
JlaBienue crtonba >KUIKOCTH p Ha3bIBAIOT T'MIPOCTATHYECKHM JaBieHweM: h =p-g-h rae p —
IUIOTHOCTb XKHJIKOCTH, N — BbICOTA CTOJ10a KHIKOCTH.

Ecnu >xuAKOCTh HaXOAWTCS B IMJIMHAPE IO TOPIIHEM, TO JACHCTBYS Ha IOPIIEHb HEKOTOPOii
BHEIIHEW cuiioll F, MOXHO co3laBaTh B KHJKOCTH JIONOJHHUTENIbHOE AaBieHue Po = F / S, roe S —
TUTOIIA (b TIOPIIHS.

Takum 00pa3om, MOJTHOE AABJICHUE B JKUAKOCTH HA TIyOWHE N MOKHO 3ammcarh B
Buze: P = p,+pgh

Ha rteno, morpyxeHHO€ B JKHIKOCTb WM Ta3, ICHCTBYET BBHITAJKUBAIONIAS CHJIA —
cuna Apxumeoa.

ApXHMeI0Ba CWJIa, ICHCTBYIOIIAS HAa MOTPYKEHHOE B JKUAKOCTH (MJIM Tra3) Telo,
paBHa BeCy >KMAKOCTHU (WM ra3a), BhITeCHEHHOH Ternom F Apx =P

KM gVTena
€CITU CpEeIHSS IUIOTHOCTh Tella Py OOJbINE TNIOTHOCTU JKUAKOCTH (MM rasza) p (pr > p), T€m0 Oyaer
OIyCKAThCs Ha JTHO;

e cciu p; < p, TENO OYJET IIaBaTh Ha MOBEPXHOCTH YKHUIKOCTH;

® €CIH Py = P, TO TEJIO MOXKET IIaBaTh B TOJIIIIE YKUIKOCTH Ha JIF000i1 riryOuHe.

3aKoH cOO0MIAIOIIMXCA COCYAOB: OdasieHue 8 N000U MouKe Ha OOHOM U MOM

Jice yposHe 6 CO0OWAWUXCsl CoCyoax 00UHaKoso: P, = p,

IZie p1 U po — JABJICHUS HA OJHOM U TOM K€ YPOBHE B IE€PBOM M BTOPOM KOJIEHE
COOOIIAIOIIETOCs COCYAa COOTBETCTBEHHO.
I'mppaBinyeckuii mpecc

Ecnu 06a BepTHKaIbHO PACIIONIOKEHHBIX IMIMH/PA COOOIIAOIINXCS
COCYIOB 3aKpbIThb IOPIIHAMH, TO C TIIOMOIIBIO BHEIIHUX CHUII,
MPWJIOKEHHBIX K MOPIIHAM, B JKMJIKOCTH MOYXHO C€O31aTh OOJIbIIOE
JaBJIEHHE P, BO MHOTO pa3 MPEBBIIAONIEE THAPOCTaTUYECKOE IaBICHHE
pgh B m0060it Touke cucTeMbl. EciM MOPIIHN MMEIOT pa3HbIC TUIONMIAIN

S; 1 Sy, TO HAa HUX CO CTOPOHBI XHMIKOCTH JAEHCTBYIOT pasHble CHIIbI F1 = T F R
pSl uk,= pSz HpI/I 52>>Sl, T0 Fp >> F4. L2 uau F_ = _F !
YCTPOI\/’ICTBa TAaKOro poaa Ha3bIBarOT ZuopaﬁﬂuquKuMu mauwiuHamu 1 53 5-

[IpuHmn padboTel MpOCTEHIINX THAPABINYECKUX MAIIUH

To 06CTOATENBCTBO, UTO KUAKOCTH Oyayud MPAKTUYECKH HEC)KUMAEMbIM MU, PABHOMEPHO NEPEAA0T IO
BCEMY CBOEMY O0bEMY BHEILIHEE JIaBJICHUE, IIMPOKO HCIOJIB3YEeTCS B Pa3IMUYHBIX OTPACIAX TEXHUKH (B
TUIPOTIPUBO/IaX, THAPOABTOMATHKE, THAPABIMYECKHX TOPMO3aX M YCHUJIMUTENSAX U T.I.). DTO CBOHCTBO
KHUJIKOCTH Takke H(PPEKTUBHO NPUMEHAIOT B TAKMX NPOCTEHINIMX MAallWHAX, KaK TUpaBIMYECKHE
JOMKpaThl (MOTbEMHHUKHN) U MIPECCHI.

[TpuHIMT MX pabOTH OCHOBAH Ha CIEIYIOIIEM: HMEIOTCS ABa COOOIIAIOIIUXCS
MEXTy co0OW MUIMHApPA pasHoro auamerpa [Ipwimaras K MOPITHIO MEHBIIETO
W3 IWIMHIPOB KaKy-TO BHEIIHIO CHIy Pj, MBI TeM caMbIM coO37aeM Ha
_b

m =
Sy

IMOBCPXHOCTU KXUIAKOCTH B O3TOM HUWIHWMHAPEC HJaBJIICHHC , KOTOpOC
PaBHOMCPHO HEpEAacTCa BO BCC TOYKU IMPOCTPAHCTBA, 3AIIOJIHCHHOI'O KXUIAKOCTBIO. Torpa Ha MOopHICHb

OoJpIIero W3 MWJIMHIAPOB (0€3 ydeTa moTephb) OyaeT ACHCTBOBATH MOAbEMHAs CHIIA Py =PiS2 yy

S
P, =P, =
51 . TakuM 0Gpa3oM, deMm GOJIbIIE PasHATHCS MEXKAY COOOH IUIOMAIN MOMEPEIHOr0 CEUSHHS
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WIMHAPOB, TeM OOJBLIYIO (TIOABEMHYIO, CKUMAIOIYIO, TEPEMEIAIONIYI0) CUIY MBI IOJIy4aeM B TaKUX
THIPaBIMYECKUX YCTPONCTBAX.

CraTtuueckoe JAaBJICHUC ) XUAKOCTH HaA INIOCKYIO MOBEPXHOCTD. FHI[pOCTaTI/I‘ICCKI/Iﬁ mapaaokc

Jlist onpenienieHus CUIbl JABJICHMS KUAKOCTH P Ha INIOCKYIO IOBEPXHOCTD, IIJIOMIAb KOTOPOU paBHAETCS
S, pa300beM ee TPOU3BOJIBHBIM 00pa30oM Ha OECKOHEYHO Malibie Tuiomanu ds. /laBieHue >KUIKOCTH Ha
MIOBEPXHOCTh OIMPEACTUTCS KaK CyMMa CHJI IaBJICHUH Ha 3TH 3JIEMEHTAPHbIC TUIOMIAIKH.

PaccMOTpuM 35IeMEHTApHYIO IIIOIAAKY, LEHTP
KOTOPOM pacrosiokeH Ha IN1yOuHe ypoBHs,
MIPOXOAALIETO Yepe3 LIEHTpP TKECTH Beel Iomanu T.
JlaBjieHHE B IEHTPE TSHKECTU ATOM IUIOIALU
0003Ha4uM p,. Torzaa ruipocTaTUYECKOE JaBICHUE B
LIEHTPE JIEMEHTAapPHOM IUIOIAJKHA PABHO

P=P:*P 8N  Oxonuarensuo momydanum ¢ — PrS

Takum 06pa30M, ChJia HNaBJICHHUA KXKUJAKOCTH Ha INIOCKYHO ITOBCPXHOCTH paBHA ITPOU3BCACHUIO ILJIOLIAAN
3TOH MMOBEPXHOCTU HA BECIIMYHNHY T'HAPOCTATUICCKOI'O JaBJICHHA B €€ HCHTPC TAKCCTHU.

CJ'IC,I[CTBI/IeM ABJIACTCA NOKA3aTCIIBCTBO THAPOCTATUYCCKOTI'O ITapaaOKCa, BIICPBLIC ITOJTYUCHHOC ITackanem.

Benwuuna cribl BECOBOTO JAaBJICHUSA ) XUAKOCTH Ha JHO pPE3CPpBYyapa 3aBUCHUT TOJIBKO OT IJIOTHOCTHU 3TOM
KHUAKOCTH, IIoIaau AHa H l"J'Iy6I/IHLI €T0 IMOIPpYKCHUA 101 CBO6OI[HOI71 IIOBCPXHOCTBIO. HpI/I 3TOM BE€C
KHUOKOCTHU, HAJIUTON B COCyd, MOXET OTIMYATHCA OT CHUJIbI JABJICHUS, OKAa3blBACMOI'o €0 Ha JHO, T.C.
CHUJIbl NABJICHUA KHUJIKOCTHU Ha IOHO PE3C€pByapa HE 3aBUCAT OT €ro (I)OpMLI N KOJHYCCTBA XUJIKOCTHU

P =py +pehy. P =(py +pghy)s,

1 2) 3) 2)
TaK B paCH_II/IpHIOH_II/IXCH KBepxy COCY,Z[aX CHJia BCCOBOI'O AJaBJICHHUA Ha AHO MCHBIIC BECa XHMAKOCTH, B
HI/IHI/IHI[pI/IquKI/IX OHU O}]I/IHaKOBBI, a B Cy)KI/IBaIOHH/IXCﬂ KBery — CHJIa JOaBJICHUSA 6OHI)HIG BECa
3aKHIOquHOI>’I B COCYI[ KHUIOKOCTH.

Tak kak HalileHHas CHJIa SBIISETCS PaBHOJEHCTBYIOIIEH, TO MOMHUMO €€ BEJIMYHMHBI HEOOXOAMMO
ONPENEINTh U TOYKY €€ IMPUIOKEHHUs, Ha3bIBAEMYIO LIEHTPOM JaBiieHMs. LIeHTp TsKecTH coBlamaer ¢
LEHTPOM JaBJE€HUS TOJBKO TOI/A, KOTJAa paccMaTpuBaeMasl IUIOCKas IOBEPXHOCTb JIEXKHUT B
TOPU30HTAIILHOM ITUIOCKOCTH.

[TockoybKy THAPOCTATUYECKOE AABICHHUE p ABISETCS MOAYJIEM THAPOCTATUYECKOTO HAMPSKEHUS, SITIOPbI
HOPMAaJIbHOTO THAPOCTATUYECKOTO HANPSDKEHUS MOTYT OBITh  MOCTPOEHBI C  HCIOJH30BAHHEM
3aBUCMMOCTH ¥ TIPUMEHEHBI [JIs OMNpEeJeieHUS BEIMYMHBI B JIFOOOW TOYKE paccMaTpuBaeMoun
MOBEPXHOCTHU. [Ipy 3TOM clleyeT NIOMHHUTB, YTO 3TO HAIPSIKEHUE HANIPABICHO IO HOPMAJIU K IUIOLIAJKE
TIEWCTBHUS.

PaccmoTpuM  NOPSAAOK  IOCTPOEHMST DHIOPbl  HOPMAIBHBIX TMAPOCTATHUYECKUX HANPSDKCHUM Ha
BEPTUKAJIbHYIO CTEHKY, YPOBEHb JKHIKOCTH B KOTOpOu H.
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IOniopvl HOPMATLHBIX 2UOPOCMAMUYECKUX HANPAICEHUN

BHemHee ruzpoctatuyeckoe JaBIE€HUE po PABHOMEPHO MEpEeNaeTcs >KUIKOCTBIO 10 BCEMY €€ 00beMy.
OtnoxxuB B Macimitabe Ha MEPHEHAMKYISApaxX K pacCMaTpPUBAEMOW IUIOCKOW CTEHKE B €€ BEepXHEU H
HIDKHEM 4YaCTH po M COCIMHUB KOHIBI BEKTOPOB IPSMOW JMHHMEH, MOJYyYUM MPAMOYTOJBHUK-3IIOPY
HOPMaJIbHBIX HANpsSKEHUM, BBI3BIBAEMBIX BHEIIHUM JaBJI€HHEM. WM30bITOUHOE TIHIAPOCTATUYECKOE
JlaBJIEHHE U3MEHSETCs 110 TIIyOMHE MO 3aKOHY MPsIMOM, Mpu4eM OHO paBHO 0 Ha cBOOOAHOI MOBEPXHOCTH
KHUJKOCTH U MakcUMaibHO — y 1Ha (pgH).

Takum  00pa3oM, HSMIOPbl  HOPMAJIBHOTO  M30BITOYHOI'O  THUAPOCTATHYECKOTO
HANPSDKCHUS UMEIOT (POpMy MPSIMOYTOJIBHOTO TPEYroJdbHHUKA. DIIOpa HOPMAIBHOTO
a0COJIIOTHOI'O THPOCTATUYECKOT0 HANPSKEHUS MOJYy4YaeTCsl B Pe3ysIbTaTe CIO0XKEHUs
MPEIBIAYIINX IBYX S0P H UMEET (HOpMY TpaIlCIHH.

AHQJIOTUYHO CTPOSITCSL 3MIOPbl HOPMAJIBHOI'O TUAPOCTATUYECKOIO HAINPSIKEHUS B

ciiydae HakJIOHHOW creHKkH. C TIOMOIIBIO TOJOOHBIX OJIIOP MOXHO Tpauuecku CyMMHPOBATh
HOPMaJIbHOE TUAPOCTATUYECKOE HAMNPSKEHNUE TIPU JECUCTBUUA OJHOPOAHBIX WIM PA3HOPOIHBIX KUIKOCTEU
C ABYX CTOPOH ITOCKOM CTEHKH.

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

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

Hano: Pewenue.

h=2,4m p = pgh

p =710 kr/m’ p =710 kr/m’ » 10 H/kr+2,4 m
g =10 H/kr p = 17040 [la= 17,04 klla
p—7 Omeem: 17,04 klla

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

/i = 0,3 m 1 _p
p=5400 [la FERES B o
&= 10 Hxr 5400 TIa

=1800 kr/m’

= 10 H/xkr - 0,3 m

Omeem.: Cepnas KHCJIOTA

p—2

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

JdaHao: :

F,=Fg . :

SA=9M 1

p. = 1000 =L ——— }h—?
= = == =

D ———S— L

PemmeHue:

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

ITmomans gHAa cocyaa paBHa: S = az, roe a — CTOpOHA
KBaapaTa.

Cuna ,uzaBJIeHna Ha AHO cocyna pasHa: F,=P,S= psghaz;
F,=p.gha”.

JMaBrmeHHue >XKHUAKOCTH Ha DOKOBYIO HIOBEPXHOCTHE CcOCyaga

- h
yvOBIBaeT ¢ BBICOTOM OT /i, moaTOMYy B cpeaHem F, = pBgE.
ITlromians GOKOBOH INOBEPXHOCTH COCYOa, HCHOBITHIBAIO-
meH maBJdeHHe, paBHa: S; = 4ah, a cuiaa gaBJeHHs Ha ODOKO-

h

BYIO HOBEPXHOCTE paBHa: F, = F.S_ = p3g54ah.
ITo ycaosmuio 3anaumn F, = F,, Toraa p.gha® = psg% 4ah.
Coxpamas Ha P, &, h, a, nonygaem: a = 2h, Torga iz = %, HO

a=+/S.

OTcoga caenyver, 9To |2 = -—‘ZS .

ITlomcTaBuB B QOPMYJIY YHCJIJIOBBIE JAaHHBIE, [IOJYyIHAM:

e, i
h——2 —2—1,5M.

OrTBeT: zA=1.5 n.

4. B cocyn, nmeronuii popmy mummHapa ¢ paguycom 10 cm, Hanmumu 3,14 Kr MOJCOTHEYHOTO Macia
(cM. pucyHok). OnpeieTUTh JaBJIeHUe Maciia Ha JTHO COCy/Ia.
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JdaHO: CH e
R =10 cm O,.1m

m= 3,14 xr

p = 800 EL ‘EEEEP

ik
P—?

Pemrenue:

JdaBreHHe >JKHJKOCTH HAa JHO COCYAa PABHO OTHOUIEHHIO
CHJIIBI TSIYKEeCTH JKHAKOCTH K ILJIOIIaaH JHa cocyha.

Tak kax F = mg — CHIa TAXKeCTH Macia, a S =nR” — mio-

_F

manb JHAa cocyaa, moayaum: P = 5-

OTrcroga caenyer, aro | P = m% :
ITogcraBuB B GOPMYJIYy YHCIOBHIE JAHHBIE, HOJIYIHM:

= 3,14-(0,1)° 0,01
OrTBeT: P=1000 Ila.

5. B cocyne HaxoasaTcs OUH 32 IPYTHM TPH CIIOSI HECMEUITUBAIOIINXCS KUIKOCTEH: BOAA, MACIIO,
PTYTh (CM. pUCYHOK). BbicoTa kaxkaoro ciost 5 cM. OnpenenuTs JaBlIeHUE KUIKOCTEeH Ha THO
cocyza u Ha riayoune 7,5 cM.

Hano: CH
hl = h2 = h-3 =D cM 0,05 M :_—_:::::_—_:
h=17,5cM 0,075 m ;:gi—_‘o-pf«—; h,
P. = 1000 =3 e

ke — Bowar, — | .
p o = 900 F —_— e ——
0, =13600 5% = —| [+
P-72 -
P,-?




Pemenmne:

Onpeznenum gaBjaeHue HA JHO KasKJAOH KHUIKOCTH!:

P, =p,gh, — nasnenue cronba pryru;

P, =p gh, — nasneaue cronba Boasl;

P, =p gh, — nasneane cronba macaa.

Ob6mee nasnenme Ha AHO cocyja Oyaer pasHo: P = P, +
+ P, + P3, Tak Kaxk h, = hy = hg, P=p gh, + p,gh, + p,ghs =
- ghl(pp + pl + pu)'

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

Iloacrasus B hopMyJIYV YUCIOBLIE JaHHLIE, MOJYIHM:

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

HHA cTonba macyia u AaBJI€HHA IIOJOBHHEI CTOJNOBI BOABIZ

1
B, = P, +3P,.

Orcioaa caeayer, uro |B, = p, 8hy + %P.ghg L

IToacrasus B (hOPMYyTy YHCIIOBBIE JaHHBIE, MOJAYIHM:

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

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

6. Konmueckas mpoOka mepeKphIBaeT Cpasy JiBa OTBEPCTHUS B TNIOCKOM COCYJIE, 3aITOJTHEHHOM
xuakoctero pu nasneHuu 2000 I1a (cm. pucynok). Paauyc otBepctuii R =2 cm, r =1 cm.
Onpenenuts CUiTy, TEHCTBYIOIIYIO Ha TPOOKY CO CTOPOHBI KUKOCTH.

JLlano: CH

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

F—? |

Pemenmne:

Curia, gedcTBYIOIIasi Ha TpoOoOKyY B O0OJIBIIOM OTBEPCTHH,
paBHa: F; = PS,, rae S, — niaomanes 60100 OTBEPCTHSA;
S, = nR?, Troraa F, = PnR>.

Cuna, geiicrByloiias Ha NpobKy B MaJIOM OTBEepCTHH,
pasHa: F, = PS,, rae S, — nmaomaabs MaJIOrO OTBEPCTHUA;
S, = nr®, Torna F, = nPre.

Cunia, neiicTByolnas Ha OTPOOKY CO CTOPOHEI JKHAKOCTH,
pasra: F = F, — F,; F=nPR? — nPr* = nP(R* — r’).

Orciona cneanyer, uro |F = nP(R? — rz)].

IToacrasue B GOPMYJIY YHCJIOBLIE JAaHHBIE, TOJIYYMUM:

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

OTrTsBeT: F=1,884 H.

Pemmmrh 32124 caMOCTOATEIBLHO
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10.

11.

12.

13.

14.

15.

Uemy paBHa apXMMeOBa CWIa, JCHCTBYIONIAs B BOJIC HA MaHEIbh MAacCOil N Kr M3 CTEKIIa, IPOOKH,

UHOMIHILS CBHHHa? (pCTema: 1 ZOOKF/MS’ pnp061<1/1, :240KF/ M37 paJIIOMHHHﬁ:27OOKF/ MS,
pCBl/IHLLa=1 1300kr/ M3)
HJ'IOH.[&,I[B MaJIOro MOpIOHA THUAPABIMYCCKOTO IIPpECCa paBHA 10 CMZ, oospioro — 50 CM2. Ha

MaJblii MOpPIIEHh MOMECTIIIH TUpio maccod 1 kr. Kakoil rpy3 HYKHO NOMECTUTh Ha OOJBIION
MOPUIEHb, YTOOBI KUAKOCTh OCTAJIaCh B PABHOBECUU?

Hacoc Harmeraer macio B TuapaBiauMueckuil mpecc noja aasieHueM NMIla. Orto naBnenue
nepefaeTcss Ha OOJIBIIMKA TOpIIEHb, IUIOmaas kKotoporo 800 oM’ Kakyro cuiy naBieHus
WCIIBITBIBAET 3TOT NOPIIEHB?

Bousbi110¥i mopiieHb ruipaBIndecKoro npecca miomaabo 180 cm® JICUCTBYET Ha MPECCyeMoe TeJo C
cunoit NkH. C kakoil cuiol AeMCTBYeT Maciio B Mpecce Ha MaJlblil MOPILIEHb, €CJIA €r0 IO b
paBHa 4 cm??

Onpenenuth naBieHre OCH3WMHA HA JHO MHMCTEPHBI, €CIIM BbICOTa cToNOa OeHsmHa 2,1 M, a ero
miotHocts 710 kr/m®

Bbruuciute naBieHrne W CHITy JTABJICHUS KEPOCHMHA Ha JHO Oaka ruiomfansio 50 IIM%, eciu BBICOTA
cTo0a KepocuHa B 6ake NCM.

Pacumpsiice, raz mepemectwsn mnopuieHb Ha pacctosHue 0,5m. Ilmomans mopmmas 0,022,
atMocepHoe naBienue HopmansHoe (101,3 kIla). Onpenenure: paboTy raza mo MPOTATKUBAHUIO
MOPUIHS; KOJMYECTBO TEIUIOTHI, OTHaHHOe razy HarpeBaresneMm. Cuwuraiite KIIJ| HarpeBarens
paBHBIM 1, a TpeHHEM IpeHeOperuTe.

B cranenuteiiHOM NPOU3BOJACTBE «M3JI0KHUIIEH» HA3BIBACTCS YYT'YHHBIM CTaKaH
0e3 aHa, B KOTOPBIA BBUIMBAIOT pacIlIaBICHHbIH MeTalll. BepxHee oTBepcThe Al 1
W3JIOKHUIIBI HEMHOTO MEHBIIE HWKHETO I TOro, 4YTOOBI MOXKHO OBLIO ' l
U3JIOKHUILY CHSTh C OTBEPJAEBILErO CIUTKA, KOTJa OCTHIHET MeTaul. UToObl

MCTAJJI CHU3Y HC BBUIMBAJICA, HU3JIOKHHUIIBI CTABAT HaA IIJIOCKOC OCHOBAHHE U I __l(
ACJIIAI0T UX OYCHb MACCHBHBIMU. Ha PUCYHKEC CJIEBa I/1306pa>KeHa H3JI0KHUIIA, ' “|
ClipaBa — 1TOABEM HMIJIOKHHIOBI C OTIUTOIO CJIHMTKA. OHpeJleJ'II/ITe CHUITYy .L_LJ

JIaBJICHUsI, KOTOPYIO MPOU3BOAUT Ha TMOAJIOKKY H3JIO0XKHUIBI HATUTHIA YYT'YH,

eCIIM BHICOTA M3NOXKHHUIBI 1,5 M, a IUIomans HiskHero ocHoaumst 1600 cm®. IInoTHOCTB YyryHa
7000 kr/nm’.

Bo ckonbko pa3 naBieHue BOAbI Ha JHO Ko(elHuKa OoJblie, 4eM Ha JHO YailHMKa, €CIM BbICOTA
cronba Bozbl B kodelinuke 30 cM, a B yaitHuke — 12 cm?

Onpenenutb BBICOTY YPOBHSI BOJbI B BOJIOHANOpHOW OalliHe, eciu
MaHOMETp, YCTAaHOBJICHHBI y €€ OCHOBaHMs, ITOKa3bIBaeT naBieHue 220
klla.

BeicoTa crosnba Boabl B crakaHe 8 cM. Ha ckosibKO JjaBlieHHe pTYTH Ha
JTHO cTakaHa Obu1o OBl OoJiblIe, eciid Obl PTYTh HAJWINA B CTakaH 10 TOTO
e ypoBHA?

Jvna akBapuyma 40 cm, mupuHa — 20 cm, Bbicota — 30 cM (cM.
pucyHok). C kakoil cuJION BOJa aBUT Ha JHO akBapuyma? Boxa Huke BEpXHEro Kpas akBapuyMa
Ha 2 cM

. Cocyn umeer maccy 15 xr. Korga B Hero noBepxy Joiawiu BoAel, Macca crana 40 kr, a Kkorzaa B
3TOT K€ COCYJ HAJIWIM JOBEPXY HEU3BECTHBIM pacTBOp, TO Macca craja
paBHOM 45 kr. OmnpenenuTs JaBJICHHE HEM3BECTHOIO PACTBOpPA Ha JHO
cocyJa, €clii BeIcoTa cocyaa paBHa 0,5 M.

B uBerounyto Bazy HanuTa Boja. JlaBiaenue Bobl B Touke (1) Oosnblie, uem "

B Touke (2), B 1,6 paza. Touka (1) oTcTouT OT JHA Ba3bl HA 4 cM, a TOUKa (2)

—mHa 10 cM (cM. pucyHok). KakoBa BeicoTa BOJIbI B Baze?

B cocya, miomiane monepevyHoro ce4eHus: KOTOPOro YMEHbBIIAeTCsl B
HAIpPaBJICHUN OT JHA K BEPXHEH YacTH, HATUTA KHUAKOCTh Maccoit 1,6\ ! /
KT (CM. pUCyHOK). O0BeM KUIKOCTH paBeH 2 J. BricoTa KUAKOCTH B i
cocyze paBHa 20 cMm. HaliTu naBneHue >KUIKOCTH Ha JHO cocyna. h
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16. Kakyro cuiny naBieHUs! UCTIBITHIBACT CTEHKA akBapuyMa JuinHou 40 cM, eciu yroi ee HakjoHa 60°,
a BeIcoTa BOJIbI B akBapuyme 20 cM (cM. pucyHok)? AtmocdepHoe nasinenue 105 Ila.

®opma npeacTaBiaeHusl pe3yJabTara:
BbImonHUTE 3a/1aHUE B TETPAAX AJIS MPAKTHYECKUX padoT.
Kpurepun oneHku:
3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIISAETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTpUIIATEeIbHAast olleHKa — 0 0auoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoos1emeopumenbHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 3.2 OcHoBbI TepMOAUHAMUKH. TenjioBbie MAIIMHBI

IIpakTnueckoe 3ansaTne Ne9
AGCOJIIOTHBIE M OTHOCHTE/IbHBIE 1e()OPMALUH TBEPAbIX TeJl

Lesab: HAyIUTHCSI MPUMEHSATH 3aKOH ['yKa K PEIICHHI0 HEKOTOPhIX (U3NYECKUX 3a]1a4, HAYIUThCS
OTJIMYaTh a0CONIOTHOE U OTHOCUTENFHOE Y/UIMHEHHE.

BoinosiHenue padorbl cnocodcTByer ¢GopmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
[1P67_OVIIL.06, ITP63 OVYIIL.06, [TP64 OVIIL06,

MaTtepuajbHoe obecniedyeHHe: TSTPalb I MPAKTHYECKUX PadoT, pydka, METOJAUYCCKHE PEKOMEHIAUU
I10 BBIIIOJIHEHUIO PaOOThI, IMHENKA, KapaHalll.

Yka3anue: [IpakTrueckas padoTa COCTOMT U3 JBYX 4YacTed — TEOPETHYECKOW M MPAKTHUECKOM.
[Tocne u3ydeHus: TEOPETUUECKOTO MaTepHalia MOXKHO MPHUCTYNATh K BBITOJHEHUIO IPAKTHYECKON YaCTH.
Omna cocTouT U3 ABYX U Oolee 3a/1ad JJisi CaMOCTOSATEIHHOTO BhIMONHEHUs. He 3a0biBaiiTe 0 npaBUiIbHOM
opopmiieHnu perieHus. Ha BbIMoHeHNE MPaKTHUECKOM OTBOJUTCS JBa akajgemMudeckux 4vaca. [lopsgox
BBITIOJTHEHHS paOOTHI

IMopsiiok BBINOJTHEHHS PA0OTHI:

1. PaccMoTpuTe TEOpeTHUECKHN MaTepual MO TeMe W TpUMEphl pelieHus 3axad (CMOTpHU
METOAMYECKOE MTOCOOHE).
2. Pemute camocTosTenbHYI0 padoty. Odopmute pemieHne MICbMEHHO B TETPAIH.

1.Teopus.
Buasi nedpopmanuu. 3akon I'yka.
Jeppopmayueri Ha3pIBAIOT U3MEHEHUE (POPMBI Wi 00beMa Tena.

Ynpyeoii nazpiBatoT Aeopmaliio, KOTopas MOJTHOCTBIO HCYE3aeT IOCHE IMpeKpalleHus: IerCcTBUS
BHEILIHUX CHIL.

Heynpyzoii (nnacmuueckoii) Ha3bIBalOT JedopMalnio, KOTOpas HE HCYe3aeT IMOcCie MpeKparieHHs
JIEHCTBHS BHEIITHUX CHIL.

Cuna, BO3HHKalomass B pe3ynbrare aepopmanmuu Tela U HANpaBleHHas B  CTOPOHY,
MIPOTUBOIMOJIOKHYIO NEPEMEIIEHUI0 YaCTHIL Tela MpH eopMaliii, Ha3bIBACTCS CULOU YNPY2OCU.

[TpuuunHoit nepopmarinuy Tena ABIsSETCs IBUKEHUE OJTHOM YaCTH OTHOCUTEIBHO APYroil, a cieicTBUEM
negopmaluu Tesa SBIsSeTcs BOSHUKHOBEHUE CUJIBI YIPYTOCTH.

Buner nedopmaniuu

Hedopmarus pacTspkeHHS (COKATHS)
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- 3T0 Aedopmarus, Ipyu KOTOPOH U3MEHSAETCS] PACCTOSHUE MEXKY MapauIeIbHBIMH CIOSIMH YIIPYTOTO
TBEPAOTO TEIA.

[Tpu nedopManuu pacTsKeHHUsS YBEIMUHUBAIOTCS pa3Mephl Tela.
[Tpu nedopmaniuu ckaTrs yMEHbIIAIOTCS Pa3MeEphI Tela.
Jedopmarus pacTspkeHHs (CKaTHs) XapaKTepu3yeTcs: abCOMOTHBIM YATMHEHHEM.

AOCOJIIOTHOE YJIMHEHHE TOKa3bIBa€T HA CKOJIBKO HM3MEHSIETCS JJIMHA Tejla [0 CPaBHEHUIO C
NepBOHAYAJILHON JUTMHOW 00pasiia.

A!="|(_]

A1> 0 nedopmanus pactsoxenus A 1 < 0 nedopmanus cxatus
OTHOCHUTENBHBIM YAJIMHEHUEM Ha3bIBAIOT (PU3MUECKYIO BEIMUUHY, PABHYIO OTHOIIEHUIO a0COIOTHOIO
YIUIMHEHHUS K TIEPBOHAYAIILHOM JUTMHE 00pa3ia.

Al
=%

Hedbopmarus nzruda

Hedopmariun n3ruba noasepraercs TeIo, 3aKperuieHHOE ¢ IBYX CTOPOH M Harpy>KeHHOE MOCEpeInHE,
1100 TeINo, 3aKPEIUIEHHOE C OTHOW CTOPOHBI M HATPYKEHHOE C APYTOi CTOPOHBI.

[Tpu nedopmarnyu u3ruda BOrHyTask 4acTh TeNa MOABEpraeTcs AeGopMaIii CxKaTHs, BBITYKIas 4acTh
TeJa ToABepraercs nedopManuy pacTsHKEHUS.

YtoObl Tena MeHbIIIe TOIBEPTaTUCh, NehopMalliy U3ruoda, uX IeNaT TPYyOUaThIMH.

Hedopmarus casura

- 3TO Takag jaedopmarus, IpU KOTOPOH MPOMCXOIUT CMeIleHHe (CIBUT) MHapajljielbHbIX CIO0EB
YIPYTOro TBEPAOTO TeJa IPYT OTHOCUTEIBHO IPYTa.

Jedopmarust KpydeHust

Jedopmarun KpydeHus: OJBEPraeTcsl TeNo, OJAWH KOHEIl KOTOPOTO 3aKPEIUIeH, a K APYroMy KOHILY
MIPHUIIOKEHBI JIBE CUIIBI, PABHBIE 110 MOYJIIO ¥ MPOTHBOIIOJIOKHBIE TI0 HATIPABIECHUIO.

3akoH ['yka

Cuna ynpyroct, BO3HUKAIOMIAs IPU MaJbIX JAe(opManusx Tenna, IponopIioHaabHa YIJIMHEHUIO Tela
¥ HaIlpaBJieHa B CTOPOHY, IPOTHBOTIOIOKHYIO HAIIPABICHHUIO MIEPEMEIICHUN YaCTHI] Tea.

Fy=-xkX

K - skecTKOCTh Tema, 3aBUCHT OT (JOPMBI M pa3MepoB Telia, U OT MaTepualia, i3 KOTOPOrO M3rOTOBICHO
TEJIO, X - CMELICHHUE.

£
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Cuna ynpyeocmu
CuJibl ynpyrocTy BO3HUKAIOT MPH JiehopManyy Teja U HapaBJiIeHbl B CTOPOHY, IPOTHBOMOJIOKHYIO
CMEILIEHUIO YaCTHUII TeJa U3 MOJOKEHHS] pABHOBECHSI.
3axon I'yka
Jns wmaneix ynpyrux nedopManuid pacTsDKEHHS M CKAaTWUs BBINONHSETCA 3akoH [yka: cuna
YOPYTOCTH NPSAMO MPONOPLHUOHAIBHA YUIMHEHHUIO T€Jla W HalpaBieHa B CTOPOHY, MPOTHBOIIOIOKHYIO
HaIpPAaBJICHUIO MTEpEeMEILEHUI YacTHIl TeJa npu AeGopMaliiu:

F=k{41),
rae kK — kosdunment sxectrkoctu, H/Mm;
Al — ynnuHeHue Tena, M.

IIpu npoekiuu Ha ock X 3aKoH ['yka mpyuHUMAET BUJL;
FY = - ]OC, A A';:

rae x = Al — yniuHeHue Tena, M. D:I_
(P

(x > 0 ipu neopManum pactspkeHus, x < () mpu neopmaruu cxaTus).
IIpumeps! cuibl ynpyrocTH.

Cwuna peakuuu onopsl (cuia, JEHCTBYIONIAsk CO CTOPOHBI OIIOPHI HA TEJIO) — v,

Cuna HopMaJIbHOTO JaBiieHUs (Tea Ha ornopy) — M ?

Cuna peakuuu ONOpbl W CHJIA HOPMaJbHOIO JIABJICHUS HAalpaBlIEHbI Pc. 8
MEPIEHIUKYJIIPHO TOBEPXHOCTH COIPUKOCHOBEHUS T€N (puUC.8).

Cuna HaTsDKEHUS — HallpaBlieHa BIOJIb HUTH (Tpoca U T.11.) — 7.

Bec mena. Hesecomocmo
Bec mena — cuna, ¢ KOTOpOH TelO, BCIEACTBUE €T0 MPUTSHKEHUS K 3emiie,
JIEHUCTBYET Ha ONOPY MJIH TOJIBEC.

Bec Tena, 0003HaueHHBII 6y1<1301/1 _p , TI0 MOJTYJIIO PaBEH CUJIE TSXKECTH:
P= m E-"
Ho 3t0 He 3Ha4uT, uto ©» U P - OHO U TOXe.
(34
Cuna tsoxectn (£1) — 3T0 rpaBUTAIIMOHHAS CHITA, TIPUIOKEHHAS K TEITy.
Bec tena — 3To cuiia ynpyroctu, Npuiio)XeHHast K IOJIBECYy.
2. llpumep pewienus 3axay
Ha tonxkoii mpoBoJioke nojBerieH rpy3 maccoit 10 kr. [Ipu 3ToM AsmHa MPOBOJIOKH YBEJIUYHMIIACh HA
0,5 mM. UeMy paBHa K€CTKOCTh TTPOBOJIOKHU?

y T ynp.
Pemenue:

pr3 HOI[BCH_ICHHBII/I Ha TPOBOJIOKE, HAXOJIUTHCS B TIOKOE. 3HAYUT F yip. IO MOJTyJTIO paBHa Fm.

m=me: ¥ yip. =KX
B ckansipHoi popmyne ock OY: Fy-Fypp=0
Fn=Fymp = mg=kx =k

mg 1049, ‘2 H
k= « ; k= 05107 2196000

H
Otsert: 196 - 10%
CamocrosiTesibHas padoTa.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Teno maccoil 2 Kr TAHYT MO INIAJKOM AOCKE C MOMOIIBIO MPYKUHBI, KOTOpas MpU IBUKECHUU
pactsHynach Ha 2 cM. JKectkocth mpyxunbl 200 /M. OmnpenenuTe yCKOpPEHHE, C KOTOPBIM
JBUKETCSI TEJIO.
bpycok TSHYT MO TOpU30OHTAIbHON TJIaJKOW MOBEPXHOCTH C MOMOIIbIO MPY>KUHBI, )KECTKOCTHIO
150 wm/c?. Onpenenuth Maccy Opycka eciiu JJIMHA TPYKUHBI TIOCTIE JBYKCHUS W3MEHHMIIACh Ha 3
CM, a ycKopeHue opycka coctaBmwio 1,5 M/c??
Yenosek maccoit 70 Kr mogHuMaeTcs B JIUQTE, IBUXKYIIEMCS PaBHO3aMEIJICHHO BEPTUKAIHHO
BBEpX ¢ yckoperueM 1 M/c%. OmpeennTs crily 1aBiIeHHs Yel0BeKa Ha 11071 KaOHHBI TH(T.
I'py3 maccoil 45 kr nepemeriaercs N0 TOpU30HTAIbHON MIOCKOCTH NOJ AeHcTBHEM cuilbl 294 H,
HaMpaBJICHHON MOJ| YIjoM 30° x ropuzoHty. Koaddunuent tpenus rpyza o miockocts 0,1.
OIPEAEIUTh YCKOPEHNUE JBUKEHUS IPY3a.
Teno CKOJIB3UT PaBHOMEPHO IO HAKIOHHOM IUIOCKOCTH C YIJIOM HaKJIOHA 40°. Onpenenure
KO3 PHUIMEHT TPEHUs O TUIOCKOCTH (2=0).
Ilox AeiicTBIEM OCTOSHHOMN crsl 1,2-107 H. MarepuanbHas Touka npouuia nyts 30M 3a nepBbie
10 c. OnpenenuTs Maccy TOUYKHU.
Ha nBa Tena neiicTByroT paBHble cuibl. [lepBoe Teno umeer maccy 50 T ¥ IBUXKETCS C YCKOPEHUEM
1 m/c?. Bropoe Tero aBmkeTcs ¢ yekopernrem 1 m/c?. Uemy paBHa Macca BTOPOTO Tela?
ABTOMOOMIL Macca 3 T JABHKETCS CO CKopocThio 28,8 kM/4. Ilpu TopmMoXeHMH OH
ocTaHaBIuBaeTcs uepes 6 ¢. OnpeaenuTs CUIly TOPMOKEHHUSL.
Baron, macca koroporo 11 T, maér co ckopocthto 18 km/4. KakoBa momkHa OBITH cuiia
TOPMO>KEHHUS, YTOOBI OCTAHOBUTH BaroH Ha paccTossHuu 250 M OT TOUKM Hayajia TOPMOKEHUS?
Halitu BenuuuMHy TOpMO3siLIEH CUIIBl JEUCTBYROIIEH Ha Tenexky Mmaccod 500 kr, eciu mpu
ckopoctu nBmwxenus 40 M/c TOPMO3HO# myTh ObLT paBeH 70 M.
Kakoii myTh mpy TOPMOKEHUH MPOUJIET MOTOLIMKII, UMesl Ha4allbHY0 cKopocTh 120 7 kM/4, npu
macce 250 kr u cusne Topmoxenus 4 kH.
IToe3n cuia, TsxxecTH KoTOoporo 3,92: 10° H, nBuxercst co ckopocThio S4kmM/4. OnpenenuTsb Cuily
TOPMOXKEHHUS, €CIIM MyTh, KOTOPBIN MOE3/1 MPOIIEN OT Hayanaa TOPMOXKEHHUS O OCTaHOBKH, PaBEH
200 m.
Teno maccoit 500 kr moaBecHJIM Ha KaHaTe, U OHO JBUKETCSI PaBHOIIEPEMEHHO BHU3. 3a MEpBbIE
10 ¢ oT Hauana JBUKEHUM TEJIO MPOXOAUTh MyTh 20 M. UeMy paBHa cuiia HaTsSHKEHMsI KaHaTa?
Kanar moxer BwlaepkaTh Harpy3ky 2,5 kH. C kakum MakcHMaldbHBIM YCKOPEHHEM MOXHO
nogHUMaTh rpy3 200 Kr, yTOOBI KaHAT HE pa3opBaics?
Teno maccoit 0,2 kr. Ilagaer BepTUKaIbHO BHU3 C yCKOpeHUeM 9,2 M/c?. Uemy paBHa cpenHss
CHUJIa CONPOTHUBIICHNUS BO3yXa?
Teno NBMKETCS CO CKOPOCThIO 6 M/C U OCTaHABIIMBAETCS MIPU TOPMOXKEHUHU uepe3 3¢. Uemy paBeH
K03 puLMeHT TpeHus?
[Ton nevictBuem cunbl 10 H npyxuna yanunuiacs Ha 0,1 M npu aiimne B 1 M. KakoBa xecTkocTh
MPY>KUHBI?
Teno paBHOMEpPHO IBUXKETCSA MO HAKIIOHHOW MIockocTu. Ha Hero peictByroT cuna tsokectu S0 H,
cuna tperns 30H u cuna peakuuu onopsl 40 H. Kakos koaddunuent tpeans’?
Ha npyxxune nmoasemena rups Mmaccoit 200rp., koTopas, nehopMupys Mpy>KUHY, pacTITUBAET €€
Ha 5 cM. Yemy paBeH K03((HUIIUEHT KECTKOCTU MPY>KUHBI.
JIBe Tenexku, MpUXaThl APYr K APYTy U CXKUMAIONIMe MNpykuHy, ormyctunu (puc. 5). Korma
Ipy)KHHA paclpsiMHIIach, Telle)XKKa Maccoi 5 Kr mpuobpena ckopocts 3 m/c. KakoBa ckopocTb
BTOPOU TEIEKKNA Maccou 2,5 Kr?

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

T S SOU30HTAIBHOM JTOPOXKKE. 3a 3 ¢ X CKOPOCTb
YMEHbIINIIACh Ha 6 M/C CI/ma TPEHUS CaHOK O ):Lopoxclcy 12 H. KakoBa macca caHOK?
Macca cnopTuBHOTO siipa 0KoJio 7 Kr. C Kakoi CHIJION €ro MpUTATUBAET 3eMiisi?

®opma mpeacTaBJieHusi pe3yJbTarTa:
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BhIMoONHUTE 3alaHKe B TETPaIu JJIs IPAKTHUECKUX PadoT.
Kpurepun oneHku:
3a mpaBUIIHLHO BBITOJHEHHOE 33JaHHE BHICTABIIAETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpPaBWIIBHO BBITIOJHEHHOE JICHCTBHE, 3a]JaHHE BBICTABIISICTCS OTpUIAaTEIbHAast orleHKa — 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 «Heyoos1emeopumenvbHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 3.2 OcHOBbI TepMOAUHAMUKH. TenjioBbie MAIIMHBI

IIpakTnueckoe 3ansaTue Nel0, 11
OcHoBbl TepMoauHAMUKU. [IpMeHenne nepBoro Ha4ajaa TePpMOAMHAMHUKH K H30IIpoLieccam.
KII/I TenioBbIX ABUraTesiei

Henb: Ha mpumepe pelieHUs 3a4ad HU3YYUTh 3aKOH COXPAHEHHUS SHEPIMU IPUMEHUTENBHO K
TEIUIOBBIM TIpolleccaM, IyTAX M3MEHEHUS BHYTPEHHEW »SHepruu Tel, aauadaTHuecKoM IIpolecce,
MPUHIUIE PAa0OTHI TEIIOBON MAIITMHBEI.

BoinosiHenue padorbl cnmocodcTByer ¢GopmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
I1P67_OVIIL.06, [TP61_OVYII.06

MarepuaibHoe o0ecnedeHue: UHAMBUIYyalbHOE 3aJlaHME, KOHCIEKT JIEKLUI, CIpaBOYHBIE

MaTepuaibl.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX YacTe€d — TEOPETHUYECKOM M Ipaktudeckou. Ilocne
M3yYeHHs] TEOPETUYECKOI0 MaTepuaia MOXKHO IPUCTYHAaTh K BBINOJHEHHUIO MpakTHueckod vacth. OHa
COCTOMT M3 JBYX W Ooyiee 3amad sl CaMOCTOSITENILHOTO BHIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
oopmienun pemienus. Ha BbINOJIHEHHE MPaKTHUECKOTO 3aJjaHUs OTBOAMTCS yYemblpe aKaJAEMUYECKUX
Jaca.

3aganue:

1. O3HakOMBTECH C KPATKUMH TEOPETUIECKUMU CBEICHUSMHU
2. Pemmre 3a1a4n, CaMOCTOSATENIBHO UCIIONB3Ys IPUMEPBI U KPAaTKHE TEOPETUYECKUE CBEJICHHS.

ITopsinok BbINoJIHEeHUs padoThI:
1. Wsyuure u BomuimuTe GOPMYJIbI IO TAHHOU TeMe:
2. Pa30epute npuMepsl pelIeHHBIX 3a/1a4
3. Pemmre caMoCTOATENHHO 3a/1a9U
Kparkue TeopeTuyeckue cBe1eHHs
TennooOMmeH (Temonepenaya) — 0OMEH BHYTPEHHEH 3Heprueil 6e3 coBepiIeHns MEXaHU4eCKOM padoThI.

KomnmuecTtBo temnotsl (Q) — sHEprusl, nepefanHas B pe3yabTaTe TeriooOMeHa.

VY aenpHas TEIIOEMKOCTh (C) — KOJIHNYCCTBO TCIIJIOTHI, HCO6XOIII/IMOC AJId HarpCBaHUA 1 kr BCIICCTBA Ha 1

oy oo @ _ Ax
K70, mAT Le] kr - K
|ZQO,”L => Quon. | — ypaBHEHHE TETUIOBOTO OanaHca.
l'openue: . q _Q lq] = 121—>K
m KT

VY nenbHast TermioTa cropanus (() — KOJIMYECTBO TEIUIOTHI, BBIACIIEMOE P CrOpaHuu 1 KT TOIUIMBA.
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[TapooOpa3oBaHue-mepexo 1 BEIISCTBA U3 KHUJIKOTO COCTOSHUS B ra3000pa3Hoe.

Jx

r-m -
Kr

[r1=1

V nenbHas TEIIoTa napoobpazoBanus (I) — KOJMIECTBO TEILIOTHI, HEOOXOAUMOE JIJIs IPeBpalieHus B map 1
KT JKUJKOCTH MPH ITOCTOSTHHOM TeMIiepaType.

IInaBneHue — nepexoa BEMECTBa u3 TBépI[Ol"O COCTOSIHHUA B ) KHIKOC.

VY nenbHast TEIUIOTa IUIaBieHus (A) — KOJMYECTBO TEIUIOTHI, HEOOXOJMMOE JUIS IJIaBIeHUs | KT BeliecTBa
IIpU TEMIIEpaType IJIaBICHHUS.

Q

m

| B

A==|[4]= -

IlepBblif 3aKOH (Hayano) TEPMOJAMHAMMKHU: U3MEHEHUE BHYTpeHHeH sHepruu AU cucrembl paBHO CyMMe
KOJIMYECTBA TEIUIOTHI (Q, TIepeTaHHOTO CUCTEME, U pabOTHI 4, COBEPIICHHON HaJ HEW BHEUTHHUMHU CHUIIAMHU

AU =Q+A

HpI/IMGHCHI/Ie IEPBOro Havajia TCPMOAMHAMUKHU K U30IIpoHecccaM

| H30TepMEIeCKHT mpotece,

Hsoxoprsdi mpomecc, | Hsofapbii mpomecc, | AIHAGaTHY9eCKHE DpOIecT,

= const

F= [‘;}:f:

1l

TemyioBas MammHa — MalllMHa, COBEpLIAIONIAS MEXAHUYECKYI0 paboTy 3a CYET BHYTPEHHEH SHepruu
TOILIUBA.

Pabouee Teno — ras, copepuiaonmii paboTy B TEIJIOBON MallluHE.
Harpesarenb — ycTpoiicTBO, coobuiaroniee paboueMy Telly KOJIMYeCTBO TerIoThl Q1 npu temneparype 7.

XO0JOIUIBHUK — YCTPONUCTBO, OTHUMAIOIIEE OT pabouero Tejaa KOJIMYECTBO TEIUIOTHI Q2 MpU TeMIiepaType
T>.

5L -1

I

77max -

IIpumepsl pemienus 3agaq

1. B amomunueByro kactpromo maccoit 0,15 kr HanmuTo 1,2 Kr Boabl npu 20° C. Crombko KUIIATKY
HYKHO JTOJIUTh B KacTPIOJIIO, YTOOBI TeMIepaTypa BOJbI cTajia 50° C? [ToTepsimu Temia B OKPYXKaroLIyro
cpeny npeHeopeyb.

JlaHo: Pemenue:

m,=0,15 kr nojydeHHoe Terio Q1=C,.M,(0—1ty); Q2=CaMy(0-ty)

m;=1,2 kr ormarHoe Temno Qs=C,.m; (t-0)

t,=20°C ypaBHeHUe Temnosoro 6ananca Q;+Q,=Q3

t=100°C CoMy (0-t)+Ma.Ca (0-t)=C, M, (t-0)

6 = 50°C m,= (c,m, +m,c,)(0 -t,) =

=920 Jk/xr°C
cs= 4200 JIx/kr’C
m, —?

C, (tr - 6)
(4200 -1,2 + 0,15 - 920) - (50 — 20)
4200 - (100 — 50)
Otger: 0,74 kr

~ 0,74«k2
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2 B npouecce u3obaproro pacmupenus rasy nepegano 6 MJx temnotst. I[Ipu 3ToM ras cosepiuaer
paboty 1,2 M/Ix. I3meHunach 11 BHYTpeHHsISI SHeprus ra3a? Harperncs rasz wim oxJiaauics.

JaHo: «CWh»
A'=1,2 M]Ix

6-10° 03k
Q=6 Mk

1,2-10°Mx
AU-?

PeweHwne: | BbluncneHus:

AU=Q-A" | AU=6-10° [1%-1,2-10° [ =

= 4,8-10° Ok

. . 0

3 Onpenenute makcuManbhbiii KITJ[ TennoBoi MammHel, eciau Temmneparypa ero Harpesarens 227 C, a
0

Temneparypa xonoauiabHuka — 27° C.

I[aHO: c Pewenne: PeweHue:
t:=227°|Cr,=500 K a1 T2 e OK —300K _
WG T,=300 K " K |
Nmax—?
4, Bonmopon maccoii 4r, 3anumast nepBoHadanbHblii 006eM V1=0,1M3, pacmmpsiercs 10 oobema

V2=1m3 . Onpenenute: 1) Al-padoty raza npu nzodapHom mporecce, 2) A2-paboty raza npu
n3oTepMuUecKkoM mpoiecce. Hauanpnas temmeparypa raza T1=300K.

Jlano:

m=4r=4*10"kr

V,=0,1m°
V3=IM3

M=2*10kr/monb
R=8.31 mx(monb*K)

T,=300K
Ay?
A?

1) A=4*10"kr*8,3 1 o/ (Moms*k)*300K/2* 10~ kr/mons*0, 1 M“’:"( 1m-0,10%)=4.5%10" 1
2) A;=4*107kr/2*10 kr/monb*8,3 1 I/(Mons*k) *300K* In 1m*/0, 1'=11,5%10° 1.

Pewenue:

1) I1pu uzo6aprom pacumpennu (p;=const) ra3 copepiiaer padory

A=pi(Va-Vy) (1)

JlaBnenne raza onpeznensem u3 ypaBuenns Knaneiipona-Menneneesa:
P,V,=m/MRT, orciona p=m/M*RT,/V,(2)
[Toacrasum popmyny(2) B (1)nonyunm: A;=m/M*RT,/V,(V..V)) (3).
2) [1pu u30TepMuyecKoM paciuupeHue ra3 copepaer padory

A>=m/MRT;InV,/V, (4)
Brruncnenus:

Omeem: A;=4,5%10" 1k, A= 11,5* 103le<

(In10=2.3)

S. Omnpenenure n3mMeHeHne BHyTpeHHel 3Heprun AU nipia Maccoii m=5 KI' B IIPOLIECCE €T0 TassHUSA
(nyaBiIeHMs ) IPU HOPMAIIbHBIX YCIOBHSIX.
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Mano: Pewenue:

m=5 kr W3menenne BHYTpeHHEH JHEpPriyu 13 NepBOro 3aKOHa TEPMOANHAMHKH:
k=3,35*10’ﬂwkr Q=AU+A. Otcrona AU=Q-A. Jlns tasuus Heodxoauma tennora Q=Q,,, =
Py=1,01*10"Tla Am, A-yzienbHas TennoTa riasneHns. Macca o6pa3soasuieiicst BOJbI Moo
T=273K Oyzer paBHa mMacce nbaa m. O6wem Boabl V; 00pasoBaBumiics u3 ibaa
p=0.9%10°kr/M® V), Gy/eT MeHblle, TAK KaK IIOTHOCTb BOJBI Py2o OOMbLIE IIOTHOCTH JIb/1d
pr20=10"kr/™’ pa. [lpn nnasnennu nbaa cosepiaercs padora A=po( Va- Vy).

YuutsiBas, uto p=m/V,onpeaensem Vy=puo: Vi=m/p, CnenoarensHo,
AU-? A=po(m/pr20-m/pn)=Po m(ps-pr20/pspu20) Beruncnenns:

Q=3,35*10"wx/kr*Skr=1,7%10° k.

A=1.01*10°TTa*Skr*0,9% 10*kr/m’*- 10 kr/p’/0,9% 10 kr/n’ 103Kr/1\13=-55)l>i<

AU=1,7*10°lk-(-55mx)~1,7*10° [k

Omegem: 1,7%10° [k
6. Temnepatypa HarpeBaTens ujaeanbHOM  TeruioBod  mammHel  TH=500 K remmneparypa
xonomunbHUKka Tx=300 K. Onpenenure KIIJI TennoBod mammHbl | ¥ Temwiory Q H, IOJYyYEHHYIO OT
HarpeBaTelisl, €CIIM 3a OJWH IIUKJI MalinHa copepinaeT padoty A=400 Jx.

Jano: Pewenue:
T,=500K Kos(duument none3noro AeicTBis TeNI0BOIH MaLIMHb ONpeAenseTcs o
T=300K opmyne : N=Ty-Tx/Tu (1) wmt n=A/ Qu (2).
A=400/1x U3 dopmynst 2 ceayer, uro Q=AM
-7 Qu-? Borancnenns: n=500K-300K/500K=0,4; Qu=400/[x/0,4=1000Tx=1x[x.
Omsem: 1= 0,4; Qu= 1x/li.

Pemurhb 3a1a41 caMOCTOATEIbHO

B ycnoBuu 3agauy oTcyTcTBYIOT M(ppHI. 3HaUeHUs (PU3MUECKUX MapaMeTpoB ATHUX 3a7ady HEOOXOJUMO
OpaTh K3 TaOMMIBI 1: MO BEPTUKAIBHOM CTPOKE YKa3aH HOMEp BapHaHTa, 110 TOPU30HTAIBHOM — HOMEp
3a/1a4H.

1.  Boay maccoit m Harpenu ¢ temneparypbl T1 10T,. Kakoe konndecTBO TEIUIOTHI 3aTpaTUiIN MPU
Harpese. (C;=4200/x\kr-K)

2. Omnpenenuth Maccy HarpeToi Bojbl, eciau Uit e€ HarpeBa Ha AT 3aTpaTH/IM KOJIMYECTBO TETJIOTHI
Q. (C, = 4200 Jix/xr-K)

3. Omnpenenuth Maccy CropeBIIEro KaMEHHOI'O YIJisi, €CIH MpH cropaHuu Belaenuinoch Q Jlxoymeit
TerIoThl. (=29M]JIx/kr)

4. Cnupt Maccoit m ucnapuics. OnpeaennTh KOJIMYeCTBO TEIUIOTHI, 3aTPaueHHOE ISl BHITAPUBAHUS
criupra. (r=0,85 Mx/kr)

5. OmnpenenuTh KOJUYECTBO TEIUIOTH, HEOOXOAMMOE JUIsl PACIUIaBICHHUS  OJIOBSIHHOTO CIIMTKA
maccor M. (A= 0,59 MJx/kr). Kakoe KOIWYECTBO TeIUIa BBIACIUTCS TPU OXJAKICHUU ITOTO
pacIyIaBIeHHOTO CIUTKA?

6. T'a3 mom nmaBnenmeM P; m300apHO pacmmpumics u coepmua pabory 25 JIx. Ha ckombko
yBenuuuics oobeM raza?

7. Tepmommaamuueckoii cucreme mepenano Q JIx Termnorel. Kak W3MEHHTCS BHYTPEHHSISI SHEPTHS
CHCTEMBI, €CIM OHa coBepIuia padory A?

8. Ilpm wus3orepmmueckoM pacmupenun (T=const) razom Obuia coBepuieHa pabora A. Kakoe
KOJMYECTBO TEIIOTH Q coo0IIeHo razy?

9.  Bpruucnurs KIIJI TerioBoit MmamuHbl, €ciiu TeMieparypa Harpesarens 11, XxomoauibHuka Ts.
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10. Kakoii nomkHa ObITh Temmeparypa HarpeBatens Ti, uyroOsr KIIJ] aBuratenst coctaBisii m npu

TeMIeparype xojaoauiabHuka To?

1 2 3 4 5 6 7 8

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

kr | °C | °C | K [xIxMJx r r |xIla| °C | °C °C
1 1 5 85 10 [ 100 | 10 | 200| 20 | 100 | 100 | 20 0,9 10
2 2 10 | 90 | 20 [ 200] 20 400 40 | 200 200 30 0.8 20
3 3 15 95 30 | 300 30 | 600] 60 | 300|300 | 40 0,7 30
4 4 20 | 100 | 40 [ 400 40 | 800 | 80 | 400 | 100 | 25 0,6 40
5 5 5 85 50 | 500 50 | 100 | 10 | 500 | 200 | 35 0,5 50
6 6 10 ] 90 | 60 | 600 60 | 200 12 | 600 | 300 | 45 0.4 60
7 7 15 95 70 1 700 70 [ 300] 14 | 700 | 100 | 30 | 0,95 | 70
8 8 20 | 100| 80 [ 800 | 80 | 400| 16 [ 800|200 40 | 0,85 | 80
9 9 5 85 1 90 1900| 90 | 500 | 18 | 900|300 | 50 | 0,75 | 90
10 1 10 | 90 | 100 | 100 ] 100 | 600 ( 20 | 100 | 400 | 60 | 0,35 | 100

11. KakuM crmocoO6oM — coBepIIeHHeM padOThl MIIM TeIUIonepenaueii n3MeHseTCs BHYTPEHHSS SHEPTrus
JIeTalM B CIEQYIOLMX Cilydasx: 1) cTporanue fetany; 2) HarpeBaHue JIeTalu B [IeUH Mepe]] 3aKalKou;
3) ObICTpOE OXJIAXKACHHE JCTAIU B BOJIE (3aKaKa)?

12. Paboune TropsYMX LEXOB HOCAT KOMOWHE30HBI, TMOKPBITBIE METAIIMUYECKUMH OJIECTIIUMHU
yemryiikamu. [lodyemy OHM XOpOILIO 3aIIMIIAIOT YEI0BEKa OT JKapbl?

13. TenmoBas 3nekTpocTaHius MourHocThio 2400 MBT motpebnser 1500t yras B uvac. Kakos KIT/I
craHuu?

14. JIns TOBBIMIEHHS TBEPAOCTH M NPOYHOCTH CTAJIBHBIX M3JEIUI NPUMEHSIOT 3aKalKy (HarpeB Jo0
HEKOTOpPOM TeMIepaTypbl C MOCIEAYIOUUM OBICTPhIM OXJIaxaeHueM). Kakoe KOJu4ecTBO TErIOTh
He00X0IMMO, YTOOBI HATPETh CTANbHOM MONOTOK Maccoit S500r ot 17 go 817°C? Brruncnute, kakoe
KOJIMYECTBO TEIUIOTHI BBIAENSIET MOJIOTOK, €CIIM €r0 OXJIAKIAIOT B )KUJIKOM KHCIIOpOJE, TeMIlepaTypa
kotoporo -183°C. Y nenbHas TeroeMkocTs ctainu 460 J[x/ kr-°C.

15. Kakyro maccy kokca norpeOyercs cxeub, 4To0bl HarpeTh 10T uyryna Ha 10°C?

16. B mnaBunbHyro neus 3arpy3unu 2000 kr yyryHa, B3droro npu 20°C. Kakoe KOJINYECTBO TEIIOTHI
3aTpadyeHo B Hell Ha ero ruiaBsieHne? CKobKo Jbaa, B3siToro npu 0°C, MOXXHO ObLTO OBl pacIIaBUTh
3a CYET ITOr0 KOJIMYECTBA TEIIOTHI?

17. B miaBuiIbHOM TeYW 3a OJHY IUIAaBKy mnojdydwnu 250 kr amoMuHus npu temnepatype 660°C.
Omnpenenure, HACKOIBKO HW3MEHMJIACh BHYTPEHHSS OHEPrus AallOMUHUSA, €CIM €ro HadalbHas
temreparypa Obuta 20° C. Y aenpHas TerioTa miaBieHus amroMuaus 3,9 MJx/kr.

18. UyryH B JIMTEHHBIX II€Xax IIaBAT B I€yaX, Ha3bIBa€MbIX BarpaHkamu. OIpenenuTe KOJIU4eCTBO
TEIUIOThI, HEOOXOoAWMOe /Jisi IUIaBKUM OT 4yryHa, JIOBEJACHHOTO 0 TEMIEepaTypbl IUIaBICHUS.
VY nenpHas TemoTa miaBieHus cruiasa 138 270 Jx/kr.

19. Jlom 4epHBIX METaNIOB MEPEIIaBIAIOT B CTalb B MapTEHOBCKUX Nedax. Kakoe Koin4yecTBO TEMIoTh
HE00X0AMMO JIsl HarpeBaHus M paciuiaBieHus 10 T cTaibHOro JoMa, €Clii HavyallbHas TeMIepaTypa
ero 20°C? Temneparypa mnasnenus cranu 1400°C.

20. Kakyio paboTy coBepiini HAEalNbHBI OJHOATOMHBIM Ta3 W Kak NPH STOM HM3MEHMJIAcCh €ro

BHYTPEHHSIS dHEprusl npu M300apHOM HarpeBaHuM AByx Moused rasa Ha 50 K? Kakoe xommuecTtBo
TETUTIOTHI MOJIYYHJI Ta3 B Mpolecce TernaoooMeHa?
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21. Ilpu agunaGaTHOM pacIIMpeHuH Bo3ayxa Oblia coBepuieHa padora 200 k. Uemy paBHO M3MEHEHHE
BHYTPEHHEHN SHEPIrUu Bo3ayxa?

22. VneanbHblil Ta3 HarpeBayicsl MPU MOCTOSHHOM JABJICHHH, TIOTOM €r0 JaBJCHUE YBEIUYMIIOCH IMPHU
MIOCTOSIHHOM O0OBeMe, 3aTeM MpU IMOCTOSIHHOM TeMIlepaType MAaBJIEHWE ra3a yMEHBLIWJIOCH [0
nepBoHavanbHOro. Hapucosats rpaduk B KOOpAHMHATHBIX Ocsx P-V.

23. WneanpHblii Ta3 moaydua koaudecTBo TerwtoTsl 300 Ik u copepmmn padory 100 JIxk. IIpu sTom kak
M3MEHUJIACh €r0 BHYTPEHHsIS YHEPTUs?

24. Temnepatypa xojoawibHuka TermoBod Mamuuabl 300 K, temmneparypa nHarpeBatens Ha 300 K
0oJIbIIIe, YeM y XOJIOAUIbHUKA. YeMy paBeH MakcUMallbHO Bo3MOKHBIH KIT/] TemmoBoii MarmiHb1?

25. UeMy paBHa BHYTPEHHSIA SHEPTUs S MOJIb OJJHOATOMHOTI'O UJIC€AJIbHOTO Ta3a npu temneparype 47°C?

dopma npeacTaBieHns pe3yJabTara:
BoinmonHuTh 3a1aHKe B TETPaau IS MPAKTUYECKUX padoT.
Kpurtepun onenku:

3a npaBUIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJOKUTENbHASI OlleHKa — 1 Oau.

3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTpUIIATENbHAs oneHka — 0 OaioB.

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

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

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

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

Tema 4.1 DuekTpocraTnka

IIpakTHyeckoe 3anaTue Nel2, 13
JuiekTpocraTnka. CoelMHeHNe KOHAEHCATOPOB B 0aTapero

Heab: chopmupoBaTh yMEHUS IPUMEHATD [IOJIyYE€HHBIE 3HAHUS JUISl PEIICHUS TPaKTUUECKUX 3ajau.

BoinoiHenue padorbl  crmocodcTByer ¢opmupoBanmio:  I[1P62 OVIL.06, I1P69 OVII.06,
I1P67_OVII.06, ITP61 OVII.06

MarepuaibHoe o0ecnedeHue: UHAMBUIyalIbHOE 3aJlaHHE, KOHCIEKT JIEKIUi, CHpaBOYHBIE
MaTepuabl.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX YacTed — TEOPETHMYECKOM M Ipakthdeckou. Ilocne
M3yYeHHs] TEOPETHYECKOr0 MaTepuaia MOXKHO HPUCTYNaTh K BBIMOJHEHHUIO MpakTHueckod vacTH. OHa
COCTOMT M3 JABYX M Oosiee 3a1ay Al CaMOCTOSITENbHOIO BbINojHEHHUs. He 3a0biBaiiTe 0 mpaBUIIBHOM
oopmienun pemienus. Ha BBINOJTHEHHE NMPaKTHUECKOTO 3aJaHUs OTBOAMTCS Yemblpe aKaJAeMHUYECKHUX
qaca.

3aganue:
1. OSHaKOMBTGCB C KpaTKI/IMI/I TGOpeTI/ILIeCKI/IMI/I CBCACHUAMUAU
2. Pemnre 3anaun, caMoCTOATENBHO UCHIOJIB3YSI IPUMEPHI U KPATKUE TEOPETUUYECKUE CBEICHMUS.

ITopsinok BbINOJHEHHS PadOTHI:

N3yunte n BeImumuTe GOpMyJIbl IO TaHHOU TeMe:
Paz6epute npuMepsl pelIeHHbIX 3a/1a4

3. PemmTe caMOCTOSATENBEHO 3a/1a91

Kparkue TeopeTuueckue cBe1eHHs
(/—]_({-1 ll‘l"‘

N

F=k—5>= .
3akoH KynoHna B Bakyyme: ro AmE
F=p39__99%
3akon Kynona B cpeze: er' 4mee

- F
12 —
HanpskeHHOCTB 2JIEKTPAYECKOTO MOJIS: a
; S/ RS 5
HarnpsiykeHHOCTB 3JIEKTPUYECKOr0 MOJIs TOYEYHOT0 3apsia: s X SEE

o1



3aKOH COXpaHEHMsI AJIEKTPUUECKOTO 3apsiaa: § = g+ Qo+

- g2 =Agr
Pa3HocTh mOTEHIIUAJIOB: .
D= i = i

[ToTeHIIMa TOYEIHOTO 3apsa: neL,r  ET

E= A
CBs3b OTEHIMANA U HANPSIKEHHOCTH: d

C=—1
o, — .

BJICKTPOGMKOCTB KOHACHCaTOopa:

DHeprus 3apsKEHHOr0 KOHAEHCaTopa: 2

CoenuHeHne KOHIEHCATOPOB:

IlocnemoBareabHOE COCIUHCHHUE KOHACHCATOPOB — COCANMHCHUC, ITPU KOTOPOM ITOCJIC 3apsAaKU
OTPHULATCIIBHO (HOJ'IO)KI/ITCJIBHO) 3apsAKCHHAA 06Knam<a MMPEAbIAYIICTO KOHACHCATOPA COCANHECHA C

. T On,

W= ql@, —©,) _ ﬂ

>
“

MOJIOKUTEIBHO (OTPUIIATENLHO) 3aPsHKEHHOM 00KIIaAKOM MOCIEYIOIIETO.

1 <l
=—F—F.+t— = —=>—
" C o Cr'::r. Zc:

HapannenLHoe COCIUMHCHUEC KOHACHCATOPOB — COCAUHCHUC, IIPU KOTOPOM IIOCJIC 3apAAKHU BCC
IMOJIOKHUTCIIBbHO 3aps’KCHHBIC 06KJIaI[KI/I C06paHI)I B OJIUH Y3€JI, BCC OTPHULATCIIbHO 3apsS’KCHHBIC — B

JIPYTOM.

Ca =26 Co =C,+..+C,

Mpumepbl peweHns 3agay

1.-Kakyio-padoTy -CcOBepIacT Node IpH MepeMellleHHH -3apaaa-2- 1073 K-

H3 TOYEH ¢ IIOTEHIHATOM 700 -B B TO9KY ¢ TIOTeHIHATOM 20087

Haso Pemenme
g=2-10-Knq o -0 =2
@1-="T00B g
@=200B7 A=(p, —0.)-g
1 —2

¢ A 1

2_-B-omgHOpOOHOM 3IeKTPHYSCHOM - II0J8- ¢- HaOpaeHHOCTRIO - 6- 10°- E -

nepeMemaeTcea-zapan-7- 10 Kir-Ha-paccroasaEe - § -cM-1101 -y rIoM -6 07 -5 - IHHma-
HaNpmieHHOCTH. -ONpegeIHTE paboTy Mo -HepeMelleHHI0 3T0r0 -3apana |

Haso «CHDY| Pemmenre

F < 6.10° H T 1 A=F-5-cosa,; -F=E-q,-5=£; - A=E-q-f-cos-of
Ko |9 A=T10°K6-10° 2 8 1020,5=7

g=7-108Knq |1 X Kn

£=8-cm-q 8-10"MY| —1 68 103 Tox—1,68MTxT

=600 o o

A OteeT:-A=1.68MJTxT

o o

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

Brrmmcnesse: |

A=-2-104K1-(700-B—200B)-=1

=-1-10°5 T

K

1. HampspbkeHre MeXIy MOJIocaMu 0aTaper akKyMyJsITOpoB N KB. Kakoi 3apsii MOTYyYUT KOHACHCATOP
eMKOCThI0 500 MK®D, eciii ero COeTUHUTH C MOJIF0CaMHU ITOo OaTapen?
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2. JIBe oquHaKOBbIE HEOONBIINE TOBEPXHOCTH IIPU TPAHCTIOPTUPOBKE JI€TANICH ITOIYUMIIH 3apsi/Ibl
6*10°Kn u -12*10°Kn, naxomsumecs Ha paccTossHUM N cM Apyr oT apyra. Omnpenenurte CUITY
B3aUMOJICHCTBUS MEKy HUMHU.

3. Ilpu nepemenienuu 3apsiaa 2 Ki B 31eKTpUYECKOM T10JI€ CUITbI, IEHCTBYIOIINE CO CTOPOHBI ATOTO MOJIA,
coepmmuin padory 8 JIx. Uemy paBHa pa3sHOCTh NMOTCHLIMAIOB MEXIY HadalbHOH M KOHEYHOU
TOYKaMu MyTu?

4. Ilpu nepeMeleHnN IEKTPUYECKOT0 3apsa MEXAy ¢ TOUYKaMU C pa3HOCTBHIO NOTEHIMANoB 8 B cuibl,
JEHCTBYIOIIME HA 3apsiji CO CTOPOHBI AJIEKTPUUECKOTO Moisi, coBepumin paboty 4 Ix. Uemy paBen
3apsan?

5. Hanpspkenue Mexay ABYyMS TOPH30HTAIBHO pacmojiokeHHbIMH IiacTuHamu 600 B. B mome stmx
IUIACTUH HAXOAUTCA B PABHOBECHM 3apsDKEHHAsl MbUIMHKA MAaccoil 3*10®r. Paccrosiaue MEXKITY
wiacTuHaMu N MMm. OnipeaenuTe 3apsii NbUTHHKY.

6. Konnencarop emkoctpio 0,02 MKk® COCAMHUIM C UCTOYHUKOM TOKA, B PE3YJIbTATE YEro OH MPHOOpen
sapsin 10°Ku1. Onpejienute 3HauCHHE HAIPSYKEHHOCTH OIS MEXKILY [UIACTHHKAME KOHICHCATOPA, SCIIN
paccTosiHuEe MEXy HUMU N MM.

7. B HEeKOTOpO# TOUKe AIIeKTpUUecKoro mojs Ha 3apsan = 5 uKn neiictByer cuna F = 4-10-7 H. Haiitu
HaIIpSHKEHHOCTD 0JI £ B TaHHOM TOYKE.

8. Kakas HanmpspKeHHOCTD AJICKTPUYECKOTO Mo £ co3maercs 3apsaaoMm siapa HeoHa (Ne) ( = 1,6:10™8 K
na paccrosianu r=10"° m ot nenTpa sxpa?

9. Ha paccrossHuu r = 5 c¢M Japyr oT JIpyra B BaKyyMe€ pacrojOKEHbI MPOTHBOIOIOXKHBIE MO 3HAKY
3apsiabl BenmumHOM || = 7uKi. HaliTh Hanpsy»KeHHOCTh 3JEKTPUYECKOro 1ojs E B TOUKe,
HAXOJIAIIEHCS HA PACCTOSHUM, @ = 3 CM OT MOJIOKHUTEIBHOTO 3apsiaa u B b = 4 ¢cM OT OTpUIIATEIBHOTO
3apsna.

10. B ogHOpOIHOM 3JEKTPUUECKOM MOJI€ PACCTOSHUE MEXKIY IBYMSI TOUKAMHU BJIOJIb CUJIOBOM JIMHUU I
=N cM, a pa3HOCTb NoTeHnuanoB Mexay Humu 100 B. Onpenenure HanpspkeHHOCTD 1ot E.

11.  Tlpu HampspKeHUHM MEXIY IutacTuHaMu KoHaeHcatopa 200B pazHonMeHHbIe 3apsiabl Ha MIIaCTHHAX
paBHBI 10 K. Uemy paBHa 3J1€KTPOEMKOCTh KOHJeHcaTopa?

12.Bbrumicnute SHEPIuro 3IEKTPUUECKOro OIS KOH/IGHCATopa AEKTPOeMKOCThI0 10 MKD, 3apsKeHHOT o 110
Harpspxenust 10B.

13.  Kakasa pabota coBepiiaercs npH nepeMerieHnd 3apsaa 4,6 MKKiI B 3J€KTpUYECKOM I0JIe MEXIy
TOYKaMH C Pa3HOCThIO MOTeHIMaI0B 260 kB?
14. B 0HOPOJHOM 3MEKTPUUECKOM TMONe ¢ HampsukeHHocThio 18-10° H mepememaercs 3apsin 7-10°
Kn

Kin Ha paccrosHMe N cM mox yriom 60° Kk mHHAAM HanpsbkeHHocTu. Omnpenenuts paboTy Mo
NepeMEILEHHUIO 3TOr0 3apsiia.

15. Omnpenenutb emkocTh Oatapen Ceyr, €ciu KoHJeHcaTopsl ¢ eMKocTsaMu C1=10 n®, C=15 n® u
C3=20 n® coenuHWIM: a) Mociea0BaTeNbHO; 0) mapauienbHOo. CXeMbl COEAMHEHUS] KOH/IEHCAaTOPOB
HAYEPTHUTh.

®opma npeacTaBiaeHus pe3yJabTara:
BrImoTHATE 3a/1aHUE B TETPAIN IS IPAKTHYECKUX padoT.
Kpurtepun onenkmn:

3a mMpaBUIIHLHO BBHITOJIHEHHOE 33JJaHHME BHICTABIISIETCS TIOJIOKUTEIbHAS OlleHKa — | Oasu.

3a HeMpaBWIILHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHUE BBICTABIIAETCS OTpULlaTeIbHas olleHka — 0 0aoB.

Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB

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

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

Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB
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Tema 4.2 3aK0oHBI MOCTOAHHOI'0 TOKA

IIpakTuyeckoe 3ansiTue Nel4, 15
3akonbl Oma. Conporubienne. CMelIaHHoe coeiMHeHNe POBOTHUKOB

Henpb: 3aKpenuTh yMEHHsI U HABBIKM BBIUMCIIEHUS CUJIbI TOKA, HAIPSDKEHUS, CONPOTUBIIEHMS 110
OIIPEAEIICHUIO U 10 3aKOHY OMa Ui yyacTKa LEIH, a TAKXKE C y4€TOM 3aKOHOB Pa3JIMYHOIO COCIUHECHUS
IIPOBOJHUKOB.

Bouinosinenue padorbl cnocodocTByeT (GopmupoBanmiw: I[1P62 OVIL.06, IIP69 OVII.06,
I1P67_OVIIL.06, ITP61_OVYII.06

MarepuajibHoe o0ecnieyeHue:

TETpajb JUIA MPAKTUYECKUX PadoOT, pydka, METOANYECKHE PEKOMEHIALMH TI0 BBITOJIHEHUIO pabOTHI,
JIMHEMKa, KapaHJalll.

Yka3anue: [Ipaktuueckas paboTa COCTOMT U3 ABYX 4YacTeii — TEOPETUYECKOH M NMPAKTHUECKOM.
ITocne u3yueHuss TEOPETUUECKOTO MaTepHalla MOKHO MPUCTYNATh K BBIIOJHEHUIO IIPAKTUYECKOM YacTH.
Omna cocrouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATENbHOIO BhINOJIHEHUs. He 3a0biBaiiTe 0 npaBuibHOM
oopmienun pentenus. Ha BellosHEHNE TPAKTUYECKOH OTBOIUTCS uemblipe akaleMUUECKUX yaca.

Ilopsinok BbINOJHEHHS PadOThI:

1. PaccMmoTpuTe TeopeTMYECKM MaTepual IO TeMe€ U IpUMephbl peleHHus 3agad (CMOTpHU
METOAUYECKOE IIOCOOHE).
2. Pemmre camocrosiTensHyto padoty. Odopmure perieHne NMCbMEHHO B TETPALIH.

Teopernveckue cBeIeHUS

1.DnexTpudecKkuil TOK-HAIlpaBJIECHHOE ABWXKEHUE CBOOOMHBIX 3apsioB. Cwnoi Toka (I) HaspiBaeTcs
BEJIMYMHA, YHUCICHHO PaBHAasl JIEKTPUUECKOMY 3apsly, MPOXOIAIIeMy Yepe3 CeYeHHE MPOBOJHUKA B
enuHuIly BpemeHu: | = q/t, [=n*q*s

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

®opmyna conpoTtusieHusi: R=p*l/S, rae p - yneiapHoe conmpoTUBIIEHHE, 3aBUCSIIEE OT POJIa MPOBOJIHHKA;
|-1IMHA TPOBOJHMKA; S - MJIOLIA](b CEYSHMUS.

[Ipn nocnenoBatenbHOM coenuHeHun mpoBoAHMKOB: R=RI1+R2 I[=[1=I2=const U=U1+U2 Ilpu
napauiensHoM coenuHeHuu npoBogHukoB: U=Ul=U2=const [=[1+I2 1/R=1/R1+1/R2, ecniu R1#R2
R=R1/N, rae N- uncino oAMHAKOBBIX CONPOTUBIEHUH, T.€. R1=R2=...RN.

3axon Oma nns nmonuoit nenu: I=¢/R+r,rae € - 31C ucrounuka toka, [€]=B, R-BHemHee conpoTuBieHme
[R]=Owm, r-BHyTpEeHHEE CONPOTHUBIIEHNE WIIK COIPOTUBIIEHNE UCTOYHHKA TOKa [r]=OMm

IIpumepsl pelienus 3aaa4
Cuiia TOKA ¥ INIOTHOCTH TOKA
1. Ompenenure YMCIO N DJIEKTPOHOB, KOTOPBIE MPOXOMAT HYepe3 MOMEPEYHOE CEYCHUE IMPOBOJIHHKA
IJI0MAaAbIO s=1mm? 3a t=2 MHH, €CJIM IUIOTHOCTh TOKa B IIPOBOJIHUKE j=150A/cM2

Hano: Pewenue:

S=1mm>=10"m? Yucno 31eKTPOHOB, NPOXOAAIIMX Hepe3 MONepeuHoe CeHeHHe
t=2 muu=120c¢ MPOBOJHMKA, PABHO OTHOLICHHIO YIEKTPHUECKOTO 3apsi/a,
i=150A/cM™=1,5%10*A/M>  npome/IIero Yepe3 JaHHOE MONEePEHHOe CeHEHNMe, K 3apsiay
n-? snextpoHa:n=Q/e (1). YuursiBas, uro Q/t = I=5jS (2), nonyunm:

3a Bpems t 4epe3 ceueHne NpoBOAHMKA npoitaer n= jSt/e.
n=1,5*10°A/M**10°M**120¢/1.6*10 Kn=1,2*10*'
Omeem: 1.2*10°
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2. DnexkTpuyeckas 1emnb, cocrosimas u3 pesuctopoB R1=100 Om,R2=200 Om R3=300 Om, noaxiroueHa K
JBYM MUCTOYHMKaM noctossHHoro HanpspbkeHus Ul u U2=100B. IIpu kakom Hanpspkenue Ul cuna Toka 11
yepe3 pesuctop R1 Oyzaer paBHa Hymo?

Maro: Pewenue:

R;=100 Om Ecnu gepes pesuctopR, Tok e uaer, 1.e. [;1=0, cneposarensho, I;R;=0. Toraa

R,=200 Om Hanpsakenue Us Ha pesucrope R3 nomxno 6wtk paBuo Uy, T.e. Us=U;=R; (1).

R3=300 Om B sTom ciryuae pesuctops R; n R; Brimouens! nocnenosarensHo. [loaromy

U2=100B CHJI1a TOKa BO Bcex yactsx uenu oguHaxosa: I;=L=I Ilaxenne nanpsoxenus

I]:0 Ug = 1R2+1R3. OTKYyAa CJICAYCT, HTO I= Ug/ (R2+R3) (2)

U,=? YuwuteiBas, uto IR;=U;=U, nmeem, U,=U; Ry/Ry+R3+U,. [Tocne npeobGpazoBanus
nonyuum U;=R;3/R,+R3*U.. U;=300 Om/200 Om+ 300 OMm*100B=60B.

Omeem: 60B

3akon OMa 1Jisl MOJTHOH Henu
3. Onpenenute cuiny Toka KopoTkoro 3ambikanus IK3 Garapeu, 3/IC xoropoit € = 15 B, ecnu npu
MOAKJIIOYEHUH K HEeW pe3uctopa conpotusieHueM R=3 Om cuia Toka B uenu cocraniser [=4A

Mano: Pewenue:
e¢=15B  Cuny Toka kopoTkoro 3ameikanus onpeaensem no gopmyne Ixz=¢e/R (1), rae
R=30m r-BHyTpeHHee conportusienue Oatapen. CornacHo 3akony Oma s nonHoii nenu:

[=4A [= ¢-IR-1, otkyna r = e-IR/1 (2). [loacrasum opmyny (2) B popmyny (1)
Ix3-? k3= e/R=el/e-IR.  Ik3=15B*4A/15B-40*3 Om=20A
Omgem: 20A

3J1C ucrounuka snekrpuaeckoit sHeprun 12 B. Kakoit ¢pusndeckuii cMbICT 3TOTO BEIpaKEHUS ?
CoenuHeHue NPOBOHUKOB

4. K ceru nanpsoxenuem U=200 B mnpucoeaunens! 1Ba pe3ucropa. llpm uX mnocnenoBaTeabHOM

coequHenun [1=4,4 A, a npu mapannensHoMm - [2= 27,5 A. Omnpenenure comporusineHue R1 u R2

PE3UCTOPOB.

Hano: Pewenue:

U=220B ITpu nocnenoBarensHom coequneHuu R .., = Ry + Ra; [[I=U/R o000 » OTKY A
[,=4.4A Rioen= U/l Pacuersr: Rnocna=220B/4.4A=50 Om.

,=27,5A ITpn napannensHoM coeauHeHun: Ryapa, = Ri*Ro/(R; + Ry), L=U/Rapa0, OTKYIA
R,-? Ry-? Rapan =U/Lp. PacueTsl: R upaa=220B/27,5A=8 Om.

R *R,/R;+R,=8 Om; R; R,=400 Om; R+ Ry;=50 Om; R} R,=400 Om;
3uauut: R;=10 OM; Ry=40 Om.
Omeem: R;=10 Om; R,=40 Om
CamocrosiTesibHas padora
Bapmuanr 1
1. Uepe3 cedyeHwe NTPOBOJHWKA 3a MPOMEXKYTOK BpeMeHH At=10c mpoxoaut 3apsg AQ=25 Kui.
Omnpenenure cuity Toka [ B IpoBOHHUKE.
2. Hampsbxkenne Ha ywactke nenm U = 5 B, a ero anekrpudeckoe comnporusieHne R = 10 Owm.
Omnpenenure cuity Toka [ Ha 3TOM y4acTke LiEMu.
3. IIpu nepemenienue 3apsna Q=2Ki BHYTpM HUCTOYHMKA TOKa CTOPOHHHE CHJIBI COBEpPIIAIOT paboTy
A=20 /Ix. Onpenenute /IC ucrouHuka.
4. Kak MOXXHO TIOJIYYUTh CONPOTHBJICHUS R, coeauHsss BCeMH BO3MOXHBIMH CIIOCOOaMHU TPH pe3UCTOpa
conpotuieHneM R=6 Om kaxp1ii?
Bapuanr 2
1. Cuna toka B mpoBomHuke I = 1,5 A. Onpegenure 3apsa AQ, NpoTeKalIMUA yepe3 ceueHue
IIPOBOJIHMKA 3a BpeMs At=2c.

2. Onpenenute Hanpsbkenue U Ha pesuctope conportusieHueM R=10 kOwm npu cune toka B Hem [=0,5
MA.
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3. Cuna Toka B Jlammodke kapmanHoro ¢onapuka [=0,28 A npu nanpsokenun U=3,5B. Omnpenenure
COINPOTHBIIEHUE R HUTH TaMIIOYKH.

4. Bo ckonpko conporuBieHue R1 mnpu mnocnenoBarenbHoM coenuHeHun 10 pesucropoB (n=10)
conpotusiieHneM 1o R=10 Om Gombliie, ueM ux conpoTusieHue R2 mpu mapamieTbHOM COSTUHCHUH?

®opma npeacTaBieHus pe3yabTara:

BreimonHuTh 3amaHue B TETpaau il MPAKTUYECKUX padoT.

Kpurtepuu onenku:

3a npaBUIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTENbHAS Ol[eHKa — 1 Oa.

3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3a]aHNE BHICTABIISICTCS OTpUIIATENbHAs olleHKa — 0 OaioB.

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

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

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

Oyenka «HeyoosiemeopumenbHoy svicmasisemcs 3a Menee 60% nmpaBUITBLHBIX OTBETOB

Tema 3.2 3aK0oHBI MOCTOAHHOI'O0 TOKA

[MpakTnyeckoe 3ansitue Nel6
Pabota, MOIIHOCTDH M CONPOTHUBJIEHUE JJIEKTPUYECKOI0 TOKA

Llesb: HAyUINUTHCS pemIaTh 3a1a41, UCTIONIB3Ys POPMYIIbI pabOTHI TOKA M MOIITHOCTH
Boinosinenue padorsl cnocodcTByeT GOPMHPOBAHMIO:

[1PysS, Ipy9, I1P62, TTPG6, T1P67,

MPI1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10

MarepunanbHoe oOecnedyeHue: TETpaab Ui IPaKTUYECKUX padoT, pydyka, METOAMYECKUE
PEKOMEHIALIMH 110 BBIIOJIHEHUIO Pa0OTHI, JIMHEHKa, KapaHJalll.

Yxka3zanme: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M NMPAKTUUYECKOM.
ITocne u3yueHuss TEOPETUUECKOTO MaTepHalla MOYKHO MPUCTYNATh K BBIIOJHEHUIO IIPAKTUYECKOM YacTH.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATENbHOIO BhINOJIHEHUs. He 3a0biBaiiTe 0 npaBuibHOM
oopmienun peuieHus. Ha BbinmosHeHNe MpakTHYECKONH OTBOJAMTCS JiBa akajeMudeckux daca. [lopsmaok
BBITIOJTHEHUS paOOThI

ITopsinok BbINOJHEHHS PadOTHI:

1. PaccMoTpuTe TeopeTHMUeCKM MaTepual IO TeMe W NpUMEphl pelieHus 3anad (CMOTpu
METOAMYECKOE TIOCOOHE).
2. Pemmre camocrosTensHyI0 padoty. OdopmuTe penieHne MICbMEHHO B TETPAIH.

TeopeTuveckue cBeieHUs
1.IToBTOPUTE (hOpMYITBI pAaOOTHI U MOIITHOCTH TOKa. PaboTa 1 MOIITHOCTH TOKA
PaboTy cui s7eKTpUYECKOro MO, CO3JAIONIETO YIOPS0YEHHOE ABUKEHUE 3apSOKCHHBIX YacTHI[ B
MIPOBOJHHUKE, T. €. SJCKTPUUECKUHN TOK, Ha3bIBAIOT pabOTON TOKa:

A =T*U*t,
rae A — paboTa IeKTpUUECKOTo TOKa Ha yyacTke 1end, JIx;
| — cuna Toka Ha JAHHOM YYacTKe TeMu, A;
U — HampshkeHHe Ha yyacTke 1end, B;
t — Bpemst IpOXO0KIEHUSI TOKA 110 yYacTKY IeIH, C.
riae P — momnaocTs TOKa, BT.
Ecim na ywacTke memu Bes SHEPrUsi MEPEXOAUT BO BHYTPEHHIOIO
SHEPTHUI0 MPOBOJHUKA (HE COBEpIIACTCS MeXaHuuyeckas padora), To Q =
IRt — 3akon [Ixoymns-Jlenma.
Q — KOMYECTBO TEIIOTHI, BBIICTUBIIEECS B TPOBOIHUKE, JXK.
Cobepem 11emb, COCTOAIIYI0 M3 HCTOYHHUKA TOKa M TMOTpeOUTens _—
JIIEKTPUYECKOM SHEPIUH.

A

e
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CornacHo 3akoHy OMa qns ydacTka LE€NUW, HampsDKEHHE Ha
nposoaHuke U = I'R. Pabota cTOpOHHUX CUN Ay, = Apomp.+ Auem.

Anomp. — pabOTa NIEKTPUYECKOTO TOJIS 110 NEPEMEIIEHHUIO 3apsiia OT
TOYKH A K Touke B;

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

Hcrounnk Toka oOnamaeT BHYTPEHHHUM COINPOTHBICHHEM I. Pabora mo mepemenieHuio 3apsaa

BHYTPH UCTOYHHUKA TOKA:
5

I =
Acn=1rq Am=¢q Tornmaeq=qlR+Irqume=IR+I[r um R+r.

3axon Oma 0na 6ceu yenu: Cujlia TOKA B BJEKTPUUYECKOM LienH mpsiMo mpomnopiuoHaibHa D/C
MCTOYHUKA TOKA U 0OpATHO MPOMOPLIUOHAIIEHA MTOJTHOMY CONPOTHUBIICHUIO LIETIH.

R — BHemiHee CcOMpPOTHBICHHE IleNu (0OIIee COMPOTHBICHHE MOTPEOUTENCH DIEKTPUUECKOM
sHeprumn), OwMm;

I' — BHyTpEHHEE CONPOTUBIICHHE LIENH (COPOTUBIIEHUE UCTOYHUKA TOKa), OM;

R + r — nonHoe conpoTtuBneHue nemnu, OM.

LA

B snextpuueckoii 1ienu BO3HUKAET KOPOTKOE 3aMbikanue, eciu R=0: L
PaboTy cuit 31eKTpUYECKOro OIS, CO3/IAI0IET0 YIOPSII0YeHHOE IBIKEHUE 3apsHKCHHBIX YacTHUIl B

MPOBOJIHUKE, T. €. AIEKTPUUCCKUI TOK, Ha3bIBAIOT pabotoii Toka: A = [-U-Af,

rne A — paboTa 3JEeKTPUYECKOTro TOKa Ha ydacTke nemnu, JIx;
| — cuna Toka Ha JTaHHOM y4acTKe LenH, A;
U — HanpspKeHHe Ha yJacTKe 1emnu, B;
At — BpeMsl IPOX0KJICHHUS TOKA [0 yYacTKy LIeTH, C
p=deporu
t , e P — momHocTh ToKa, BT.
Ecnmu Ha ywacTke 1iemm BCS DHEPrUsi MEPEXOIWT BO BHYTPEHHIOIO SHEPTHIO TPOBOAHUKA (HE
coBeplIaeTcs MexaHuueckas pabora), To Q = I°’RAt — 3aKonH Jbxoyna-JleHna.
Q — KOTMYECTBO TETUIOTHI, BBIJCIUBIIEECS B POBOAHUKE, JK.

IIpumepsI pemenus 3aga4
1. DOnextpuueckuil ABUraTenb pabotaer 5 4. oT cetu ¢ HampspkeHueM 380 B mpu cuie Toka 35 A.
ComnporuBnenne ooMoTku asurarens 0,5 Om. Omnpeaenuth U3pacxoJOBAHHYIO AJIEKTPUUYECKYIO
SHEPIui0, KOJMYECTBO TEIUIOTHI, BBIJIEJIEGHHOW B OOMOTKE 3a 3TO BpeMS U COBEPLICHHYIO
JIBUTATEJIEM MEXaHHUYECKYIO paldoTy.

Hano: CH Pemerne: BremucieHAT

['=380B A=IUAr A=35A380B-18000 ¢c =
I=35A Q =FRAt 2410 2

R=050uM Ay =A—-0 o= (35A)%-0,50M-18000C =
Af=51 18000 ¢ =0,1-10° I

A-1? A =24 10Tk —0,1-10° & =
-2 =23-10 {Ix

Lo —?

Oteer: A=24-10°Ix; 0=0,1-10°Ix; 4, =2.3-10° L&

2. Ilpu 3ambIKaHUU UCTOYHMKA dJeKTpudeckoit sHeprun ¢ J/IC 4,2 B HUKEINHOBBIM MTPOBOIHUKOM
ot 10 M 1 ceuenmem 1,0 mm° cmia Toka B menu Gbuta 0,6 A. Haiitu BHYTpPEHHEE
CONPOTUBIICHUE WCTOYHUKA DJIEKTPUYECKONM DHEPIUM. Y ACIBHOE COINPOTHUBIICHUE HUKEINHA
4,2-10"0Om ™.

CamocrosiTesbHast padora

S7



1. DnekTpoaBHUraTens, COnpoTUBiIeHue oOMoTku Kotoporo 0,4 Om, paboTaeT OT CeTH C HaNpsIKEHHUEM
300 B npu toke 50 A. Omnpenenutre KavyeCTBO HM3PACXOJOBAHHOW PHEPTHM 3a 5 Y., COBEPILICHHYIO
JIBUTATENIEM MEXaHUYECKYIO Pa0OTy U KOJMYECTBO TEIUIOTHI, BBIJICIIEHHONH B OOMOTKE.

2.ABTomMoOUNBHBIN cTapTep 3a 10 ¢ pabotel motpebnser sHepruto 6,0-104 JIx. KakoBa cuna Toka,
MIPOXOJISIIETO Yepe3 CTapTep BO BpeMs 3alycKa ABUTaTElIs, €CIIU HapsbKeHUe Ha ero kiemmax 12 B?

3.CBapounbiM armapatom. Pabotaronum oT cetu HanpspkeHueM 45 B 3a 20 MUHYT ObIJIO M3pacXo0I0BaHO
5.4xBt*4ac snepruu. [Ipu kakoii cuiie Toka mpoTeKaita Ayropas cBapka ?

4.9nextpudeckuid ytior momHocTeio 800 Bt pabGotaer ot cetm 220 B .Omnpeaenuth cuiny Toka B
HarpeBaTeIbHOM JJIEMEHTE M €r0 CONPOTHUBICHHE B paboyeM COCTOSHUM yTiora. CKOJIIBKO SHEpruu
OyIeT u3pacxo0BaHo 3a 1,5 yaca HempepbIBHON paboThI yTiora ?

5.B cetp HamnpsbkenueM 120 B nocnienoBaTenbHO C 3JIEKTPUUECKON yroi BKiIto4YeH peoctar . [lagenue
HanpspKeHus Ha dekTpoaax ayru 45 B ,cunma toka B menu 12 A. Omnpenenutrb MOIIHOCTb
,JIOTPEOIIAIEMYIO IYTOM U K.I1.JI. YCTaHOBKH.

6.Pe3ucrop monkitoueH K UCTOYHHKY TOKa, HaNpspKEHUE Ha 3akuMax kotoporo 6 B. Kakas pabora
coBepuiaerca TokoM, eciu 3a 0,5 MuHYT uepe3 pesucrtop npoxoaut 3apsa 24 Kn? Omnpenenutsb
MOIIHOCTh TOKa U COIIPOTUBJICHHE PE3UCTOPA.

7.Kakass MOIIHOCTH MOTPEOJIICTCS JTYyroBOW CTAJCIIABMIIBHONW TEYbl0, paboTaromeld OT HCTOYHUKA
HanpsbkeHueM 220 B npu cune Toka 30000 A? Omnpenenute CTOMMOCTb 3JIEKTPUYECKON SHEPruu ,
M3pPaCX0I0BAHHOM 3aM 5 4acoB pabOTHI IIE€UH, 10 ACHCTBYIOIIEMY Tapudy.

8.Hanpspkenue Ha 3akuMax reHeparopa 132 B, a y morpebutens - 127 B. OmpenenuTh mnaaeHue
HaIpsDKEHUE B MarucCTpalibHbIX MPOBOJAX M COMPOTUBIIEHHE , €CJIM MOIIHOCTh TOKA y MOTpeOuTeNs
paBHa 5 kBT.

dopma npeacraBjeHus pe3yabTara:
BreinmonHuTh 3ajaHue B TETPaAH Il MPAKTUYECKUX padoT.
Kpurtepun ounenku:

3a npaBUIIbHO BBIMOJIHEHHOE 33JaHUE BBICTABIIAETCS MOJIOKUTEIbHAS OlleHKa — 1 Oas.

3a HelpaBWJIBHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISAETCS OTpHUIIaTeIbHas olleHKa — () 6anoB.

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

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

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

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

Tema 4.3 DyiekTprUYecKUil TOK B Pa3JIHYHBIX cpeax

IIpakTnyeckoe 3ansaTue Ne 17
DJIEKTPUYECKHIf TOK B Pa3JIHYHBIX cpeaax

Heab: chopMupoBaTh NOHUMaHuE posiu PU3UKU B (POPMHUPOBAHUM KPYro3opa U (pyHKIIMOHATbHON
IPAaMOTHOCTH 4E€JOBEKa Ui PELICHHs MPaKTHYECKUX 3ajad; JUId OOBSCHEHMs YCIOBHH NPOTEKaHHS
(bu3NYeCKUX SIBICHUH, yMEHUS BBHIOJIHATh pacueTHbIEe U rpaduyeckue 3aauu

BobinosiHenue padotrbl cnocodocTByer ¢GopmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
ITP67_OVYIIL.06, ITP61_OVII.06

MarepuanbHoe o0ecnieyeHmne:

UH/IMBUYaJIbHOE 33J]aHNe, KOHCIIEKT JIEKIUH, CIIpaBOYHbIE MaTepHab.

Ykazanmue:

[IpakTHyeckoe 3aHATHE COCTOMT M3 JBYX 4YacTell — TeopeTndeckod M mpaktudeckoil. Ilocie
M3Yy4YEHUsI TEOPETHUYECKOr0 Mareprajga MOKHO IPHUCTYINATh K BBINOJHEHUIO NMPaKTH4YecKol dactu. OHa
COCTOMT M3 JBYX W Oosiee 3ajauy Al CaMOCTOSITENIbHOTO BbIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
OCbOpMJ'IeHI/II/I pEeIICHUA. Ha BrmosnHeHNE MPAKTUYCCKOr'o 3aJaHUs OTBOAUTCA ABAa AKaACMHNYCCKUX Haca.

3amanmue:
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O3HaKOMBTECH C TCOPECTUICCKHUMHU CBCACHHUAMMU HCIIOJIB3YA CChLIKY
https://znanium.com/catalog/product/1012153. Ctp 133, 134. «3aBUCHMOCTH COMPOTHUBIICHUS
MCTAJUIMYCCKOI'0 IMPOBOAHWKA OT TEMIICPATYypPhI»

Kpartkue TeopeTuyeckue cBeleHUs
DIJIEKTPUUYECKUHN TOK B )KHIKOCTAX

PacTBOpBI 1 paciiaBbl, IPOBOASIIUE HINEKTPUUECKUI TOK, HA3BIBAIOTCS 21€KMPOIUMAMU.

CobepeM 1eKTPUUECKYIO Lelb, B KOTOPOH COETUHUM COCY/l C TUCTUILTUPOBAHHOM BOIOM
3IEKTPUYECKYIO JIAMIIOUKY U UCTOYHHK TOKa. B COCY/l OIMyCTHUM IJIACTUHBI, CO3/IAI0IIHNE B )KUJIKOCTH
ANEKTPUYECKOE T0JIe. DTHU TUIACTUHBI HA3BIBAIOTCS AJIEKTPOIaMU. DJIEKTPO, COCTUHEHHBIN C
II0JIO)KUTEILHBIM IIOJIFOCOM TOKA, Ha3bIBAETCA AHOOOM, @ DIIEKTPOJ, COEAMHEHHBIN ¢ OTpULIATEIbHBIM
MIOJIFOCOM — KamMoOOM.

3aMKHYB IIeTb, yOSAMMCS, YTO JJAMITOYKA HE CBETHUTCS, TO €CTh TUCTHILTUPOBAHHAS BOJIA TOK HE
npoBoauTt. Jlo6aBum B Boay noBaperHyro coiib (NaCl). Jlamna HaunHaeT CBETUTHCSA, T.€. PACTBOP
MIPOBOMT JJICKTPUUYCCKUH TOK, T.€. B HEM MOSBIIIMCH CBOOO/IHBIC 3apsKEHHBIC YaCTHIIEL.

OT0 00BsICHIETCS TEM, YTO MOJICKYJIbI paCTBOPHUMBIX BCHICCTB COCTOAT U3 HOHOB
IMPOTHUBOIIOJIOKHOI'O 3HAKA, KOTOPBIC YACPKUBAIOTCA APYT OKOJIO ApYyTa 3JICKTPUICCKUMU CUJIaMU
MNPUTAKCHUA.

BSaI/IMOI[CI\/JICTBI/IC 9TUX MOJICKYJ C IMOJIIPHBIMHA MOJICKYJIaMH BOJbI IIPUBOAXUT K YMCHBIICHUIO CHJIbL

IPUTSKEHUS] HOHOB B MOJIEKyJaxX (E — kiz, JUIs BOIbI & = 81).
R

[Ipu xaoTHYECKOM JBUIKEHUU MOJIEKYJI PACTBOPEHHBIX BEUIECTB U PACTBOPUTEIICH TPOUCKXOISIT UX
CTOJIKHOBEHUSI, KOTOPbIE MPUBOSAT K pacnaay MOJIEKyJ Ha OTAeNbHbIE pa3HOMMEHHbIE 3aPsKEHHBIC
WOHBI. DTOT MPOIIECC HA3BIBACTCS 2IEKMPOIUMULECKOU OUCCoyuayuel.

IIpoxoxaeHne TOKa Yepes3 IEKTPOJIUT COIPOBOKAACTCS BBIIECICHUEM Ha DIIEKTPOJAX COCTABHBIX
yacTel paCTBOPEHHOI'0 BEIIECTBA. DTOT MPOIIECC HA3bIBAETCS 3IEKTPoian30oM. [lonoxurenbHo
3apspKEHHBbIE MOHBI (KaTHOHBI) JBMXKYTCS K KaTOLy U MPUOOPETAIOT Ha 3TOM JIEKTPOJIe HEAOCTAOIIE
ANEeKTPOoHBI. OTpULIATENIBHO 3apsKEHHBIE HOHBI (AHHOHBI) OTJAIOT aHOY JIMIIHUE 3JIEKTPOHBI. Takum
00pa3oM, Ha aHO/1€ IPOMCXOUT PEAKIINUS OKUCIEHHs], a Ha KaTOJ€ — BOCCTAHOBJICHUSI.

3Jlel<mp0]lu30]l/l HAa3bIBAIOT IMMPOLECC BBIACIICHNA Ha 3JICKTPOJaX BEUICCTB, CBSI3aHHBIH C
OKHCJIIMTCIIBHO-BOCCTAHOBUTCIIBHBIMU PCAKIIUAMU.

KonmyecTBeHHbIE XapaKTEPUCTUKH AJIEKTPOIIN3A OIIPEICIISIOTCS 3aKOHOM DJIEKTPOJIH3a (3aKOHOM
Dapanes):

Macca eewgecmea, gvloenuguie2ocsi Ha 21eKmpooe, NPAMONPONOPYUOHATILHA 3apsA0Y, NPOULeOuemy
uepes 271eKmpoum.

m=k-q,
rie M — macca BEeIIeCTBa, BbIJICJINBILIETrOCs Ha SJICKTPOAEL, KT,
g — 3apsiz, OpOLIEIIINN yepe3 aneKTponuT, Ki;

K — DIIEKTpOXMMHUYECKUI DKBUBAIICHT BEIECTBA (XapaKTEPUCTHKA BEIECTBA, OTPEIEIIAETCS 110
Tabmuie), K .
Ko

Taxk xak | _4a =q=I-st=m=kt —3axon Papanes,
at

rae | — cuina Toka B ANEKTpoIuTe, A;
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At — IPOAOIIKUTENBHOCTD JIEKTPOJIN3A, C.

Bemmunny k — ' Ha3BIBAIOT 51eKMPOXUMULECKUM IKEUBATEHINOM [k]=2.
F-n Kn

HpuMeHeHue NIeKmpoJuza 6 mexHuke

1. 1711 04MCTKHA METAJIOB OT HEOOJIBIIOT0 KoJm4yecTBa mpumeceit (papunuponanue). [lomyuenue
YHUCTBIX: MEIH, cepedpa 1 30J10Ta. ITOT MPOLECC HAa3bIBACTCs PahUHUPOBAHHEM.

2. JIns nony4eHusl METAJIJIOB U3 pacTBOpa (IMHK M HUKENb). DTOT NPOLECC Ha3bIBAETCS
AIEKTPOIKCTPAKLUEH.

3. [ToxpbITHE OJHOTO METaJIa CI0OEM JPYroro MeTauia (HUKeIMpOBaHUEe, XPOMUPOBAHHE U T. I1.).
DTOT NpoLecc Ha3blBA€TCs raJIbBAHOCTETUEH.

4. TlonyueHnue Komuii peiabeHBIX H300paKeHNH (TaJTbBaHOIIJIACTUKA).
5. st CHATHUS IEPOXOBATOCTU M3AETUHN (JIEKTPONOJIIUPOBKA) U JP.

SHGKTpI/I‘leCKI/Iﬁ TOK B MCTaJIJIC

HarpeBaHHe MMPOBOAHUKA ITPHU NPOXOKACHUHN 11O HEMY ITIOCTOAHHOT'O TOKa MOKHO 00BACHUTH TEM,
YTO KMHCTHYCCKAA SHCPIrHs SJICKTPOHOM MEPCAACTCA ITPpU CTOJIKHOBCHHUU NOHOB KpHCTaJIHH‘ICCKOﬁ
PCUICTKHU.

p=po(l+at),
7€ p,— YAEIbHOE CONPOTHBIIEHHE poBoanuKa pu 0°C, OM-M;
t — remneparypa no mkaine Ienscus, °C;

p — YIeIIBHOE CONIPOTUBIIEHHUE NTpH Temnepatype t, OM-m;

0. — TeMnepaTypHbIil K03 UIMEHT CONPOTUBICHHUS METalIa, L
k

Bospactanue yaeiabHOro CONPOTHBIEHHS MOXKHO OOBSICHUTH TEM, YTO C POCTOM TeMIEpaTyphl
aMIUTUTyJla KoJieOaHU HMOHOB KPUCTAIMYECKONW pELIeTKH METaUIOB YBEJIMYMBACTCS M BO3pacTaeT

BEPOATHOCTE UX CTOJIKHOBCHUA C DJICKTPOHAMMU. HpI/I CTOJIKHOBCHUH C MOHAMM DJICKTPOHBI TEPAIOT CKOPOCTH
HaIIpaBJICHHOT'O ABUKCHHA. Oroun IMPUBOAUT K BO3PACTAHUIO YACIIBHOT'O COIIPOTHUBJIICHU.

Jliig Bcex MeTayjioB a>1 U Majio MEHsETCsl IPU U3MEHEHUH TemrepaTypbl. i YUCTBIX METAJIIOB «

~_ 1, s 5neKTponuToB <0 U C yBEIMYEHHEM TEMIIEPATYPHI YMEHBIIAETC.
273K

MHorue NpOBOJHUKH 00Jaal0T CBOWCTBOM CBEPXIPOBOJAUMOCTH
COCTOSIIIIEM B TOM, YTO HUX CONPOTHUBIIEHHWE CKAYKOM MaJaeT O HYJIS IpH
OXJIQXKICHUM HUXKE ONPEIEICHHON KPUTHUECKON TeMITepaTyphl, XapaKTEpHON
s nanHoro BemiectBa. B 1911 r. rommannckmii ¢gusuk X. Kamepnunr-
OuHec 0OHAPYKHJI, YTO MPU MOHMKEHUH TeMiepaTypsl prytu 10 4,15° K ee
yII€IbHOE CONPOTHUBIIEHUE MagaeT 110 0.

IIpumeps! pemieHus 3aga4
IIpu cepebpennn uzaenus Ha katoj 3a 30 MUH. OTIOXKHIIOCH cepedpo Maccoit 4,55 r. Onpenenure
CHJTY TOKa IIPU AJIEKTPOJIH3€e. DIEKTPOXUMHUUYECKHH SKBUBaJIEHT cepebpa 1,12- 10'6%'

Hano: Pemenue:

m=4,55r=4,55-10" | 3anumem 3akoH 3ekrponusa Dapanes:

3
KI'
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L P

) ¢ KAt
_ -6 KT

= L1210 122,26 A

| -2

OHeprus noHU3aluKu atoMoB pTyTu paBHa 10,4 3B. Kakoii HanMeHbIIEH CKOPOCTHIO JOJIKEH
o0J1aziaTh JIEKTPOH, YTOOBI IPOU3BECTU MOHU3ALMIO aTOMa PTYTH yaapom?

Hano: Pemenue:
Wi =10,4 5B = 16,64-10° 135B=1,6-10"1x
19
Jx Hnst Toro, yToObI MOHU3UPOBATH
m=19,1-10>"kr aTOM PTYTH, 3JIEKTPOH JOJKEH
S 00J1a/1aTh KUHETUYECKOU SHEprueit
min— -

E\, paBHOM SHEPrUy HOHU3AIUH:

E. =W, ymy M0 min 2"“” =W

rae m — macca 3JICKTPOHa,

Umin — HAUMCHbBIIAA CKOPOCTb JJICKTPOHA, IIpH KOTOpOI71 BO3HHUKACT MOHU3AIlH.

2W: M,
OTtkyna omin = L} Omin= 1,9-106;
m
JlBa mpoBO/IHUKA C TeMIepaTypHbIMU K03 duurenTamu conpoTtusieHus ol u a2 umerot npu 0 °C

cornpotusiieHus Ror u Rgy. Uemy paBeH TeMmneparypHblil KO3 QHUIIMEHT COMPOTUBIICHUS TPOBOIHUKA,
COCTaBJICHHOT'O U3 JIBYX JaHHBIX MPOBOJHUKOB, COEAMHEHHBIX: a) nociedosamenvho, 06) napaiieibHo?

Pemenne. CormnacHo cooTHomeHuo (2.5.1) conpoTrBieHus NPOBOJIHUKOB IIpH TeMneparype t
COOTBETCTBEHHO PaBHBI:

R1 = Ro1(1 + aat),

R, = R02(1 + (lzt)
a) IIpu nocnenoBaTeTLHOM COEIMHEHHH, cOTJIacHO dopmyrie (2.8.6), obiiee COnpoTHUBICHUE

R =R1+R2=Ro + Roz + (@1Ro1 + a2Rp)t

C nmpyroit CTOPOHBI, MOKHO HaIUCATh:

R =Ry(1 + a't),
rae Ro = Ro1 + Ro2, @ o' — rckombIil TemnepatypHbiid ko duruent. Otcrona
_ Bo10y + Rpptp

Roy + Byp -~

’

0) ITpu mapanie1pHOM COSaAHHEHHH, coracHo dopmyae (2.8.13), oomee conpoTHBIcHHE

R’ =
Rg1(1 + 04t) + Ryp(1 + 0yt)

= Ry(1 + at),

, Ry Ry
Ry = g2
Bt + By _ - ,
rae 01 02 — compoTHBIeHHE NapaTIETLHO CoeaHHEeHHEX poroanukor npH O °C. [Ipenedperas wienamy,
TIPONOPIHOHATLHEIMH TPOH3BEICHHAM TEMIEPATYPHEIX KO3DDHITHEHTOR, KaK MaTBINH, TIOTYIHM:
- Ryp0ty + Ry 09
Ry + Ry

”n
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Pemurhb 3a1a44 caMOCTOATEIbHO

1. [Ipyu snexTponuse CEpHOKUCIOro IMHKa B TeueHue 5,0 4 Beigenwioch 3,06 102 kr [IAHKA.
Ornpenenure CONPOTUBIIEHUE IEKTPOJIUTA, €CIIH SIEKTPOJIU3 POXOIW pu Hanpsbkenuu 10 B.

2. [Ipu s5ekTposIN3€e pacTBOpa CEPHOKKUCIIOrO IIMHKA B T€UCHHE | 4 BBIIEIUIIOCH 2,45-10" kr uuHka.
Haiinure BenuumHy CONpOTUBIICHHUS], €CITM BOJIBTMETP MoKa3biBaeT 6,0 B,

3. Kaxkoe konmudecTBO cepedpa BbIIEISAETCS MpHU dJeKTponu3e B TeueHue 0,5 4, eciu conmpoTHBICHUE
aeKTposinTUYecKor BanHbl 2,0 OM, a HanpsbkeHue Ha ee 3axumax 3,0 B?

4, B snekrponmutuueckoid MeaHoi BaHHE 3a 40 MUH BBIJICITUIOCH 1,98-10'3 kr menu. Onpenenure 3¢

Oarapen, HEOOXOIMMYIO UIsl IMTAHUS TOKOM BaHHBI, €CIM CONPOTHBICHME pacTBopa .1,3 Om, BHyTpeHHee
conpotusienue 6arapen 0,3 Om.

S. XKenesnble TpyOKHM paaudaTopa OXJIXIEHHUS JABHraTesis TPaKTOpa IOKPBIBAIOT —MEIbI0
rajlbBaHUYECKUM criocoboM. Ompenenure TOMMIMHY CIIOS MeId Ha TpyOKe, eciu MOKphITHE BeneTcs 1 4
15 MuH nipu I0THOCTH ToKa 30 AM

6. Jns  npumanus  OOJBIIOW  MPOYHOCTH
CTEP)KHSIM, COCJAMHSIONIMM TYCEHHUIIBl TPAaKTOpa, WX TOBEPXHOCTh XPOMHUPYIOT TajJbBAHHMUYECKUM
croco6om. TommuHa €101 XpoMa J0JDKHA COCTaBIIATH 5,0-10‘5 M. InoTHOCTH TOKA paBHA 2,6'102A/M2.
CxoJIbKO BpeMeHH OyAeT MPOTEKATh MPOIIECC XPOMUPOBAHMUSI, €CITU XPOM IIECTUBATICHTHBIN?

7. ComnpotuBnenue MegHoro mnpoBojaa npu temneparype 0°C paBuo 4 Owm. Haiinure ero
conporuBiieHue mpu 50°C, ecnu remmepatypHbiii ko3 dunuent conporusnenus meau (TKC) a=4,3*10-3
K-1

8. Comnpotusnenue npoBoanuka npu 20°C paBHo 25 Owm, a mpu 35°C - 25,17 Owm. Haiigure
TEeMIIEPATypPHBII KO3 PHUIIMEHT COPOTUBIICHUSI.
9. ComnpoTHuBICHHE CTAIBHOTO MPOBOJAHUKA mpu Temmneparype t/=10°C R1=10 Owm. Haiinure npu

KaKOM TeMmepaType ero comnpoTusieHHe yBeauuutTcss Ha 1%. TemnepaTypHblii KO3 pHUIHEHT
conpoTuBienus cranu 6*10-3 K-1

10. ConportuBienne BoibppaMoBOM HUTH Jdammbl HakanuBanus mnpu  20°C paBao 20 Owm.
Temmnepatypusiit K03 dunmenT conporusienus Bonbhpama 4,6*10-3 K. Haiiure TEeMIIEpaTypy HUTH
HakaJja JIaMIIbl [TPU BKJIKOYEHNUH €€ B CeTh ¢ HanpsbkeHueM 220 B u cuitoit Toka 1 A

®opma mpeacTaBieHus pe3yJbTara:
BeinmonHuUTE 3a1aHKe B TETPaIH [T IPAKTHYECKUX PadoT.
Kputepun onenkn:
3a npaBHIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKHUTEIbHAS OlleHKa — 1 Oa.
3a HeNpaBUIIEHO BBIITOJHEHHOE JEHCTBHE, 3a/JaHHE BHICTABIIICTCS OTpHLIATEIbHAs olleHKa — () OasuioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasinsiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvnoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

Tema 4.4 MaraurtHoe moJie

IIpakTnyeckoe 3ansaTue Nel8, 19
MarauTHoe 1moJie ¥ ero XapakTepucTuku. /leiicTBe MArHUTHOI'O 110JIsI HA 3aps/

Heasn: chopmupoBaTh NOHUMaHKUE poiH (HU3MKU B (POPMUPOBAHUU KPYro3opa U (HyHKIIMOHATBEHOU
IPaMOTHOCTH YeJIOBEKa JUIsl PEUIeHHs] MPaKTHUYECKUX 3ajad; s OOBSCHEHUS YCIOBUN INPOTEKAHUS
(bu3NYeCKUX SIBICHUN, YMEHUS BBINOJIHATH pacueTHbIe U rpaduuecKue 3a1aun

BbinosiHenue padorbl  crnocodcTByer ¢opmupoBanmio:  I[1P62 OVIL.06, I1P69 OVII.06,
[TP67_OVIIL.06, ITP61_OVII.06
MarepunanbHoe obecrnieyeHue:
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WHAVBUAYAJIbHOE 331aHHE, KOHCIIEKT JIEKIIMH, CIPaBOYHbIE MaTEpUaJIbL.

Yka3zanue:

[IpakTueckoe 3aHATHE COCTOMT U3 JBYX YacTed — TEOPETHUYECKOM M IpakThueckou. Ilocie
M3YYEHUSI TEOPETUUYECKOr0 MaTepuajiga MOXHO MPHUCTYNaTh K BBINOJHEHHUIO MpakTHueckod dactu. OHa
COCTOMT M3 JBYX W Oojiee 3ajay JJisi CaMOCTOSITENIbHOTO BbINMONHEHUs. He 3a0biBaiiTe 0 MpaBUILHOM
odopmiiennn pemeHus. Ha BbIMOJIHEHHE MPAKTUYECKOTO 3aJaHUSI OTBOJUTCS Yemblpe aKaJeMUYECKUX
qaca.

3aganue:

O3HaKOMBTECH C TEOPETUYECKUMU CBEICHUSMHU UCIIOJIb3YS CCHUIKY
https://znanium.com/catalog/product/1012153, §43,44, BeimucaB GpopMyiibl OTMEYEHHBIE CKOOKaMH,
Hanpumep( 43.1)

Pemte 3anaum, caMOCTOSATENBHO UCTIOIB3YSI IPUMEPHI M KPATKHE TEOPETUUECKHE CBEICHUSI.

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

1. W3yunte n BeIMUmuTe GOPMYIIBI IO JAHHON TEME B BUJI€ KPATKOTO KOHCIIEKTa
2. Pa3z0epuTte nmpruMephl peIICHHBIX 3a/1a4
3. Pemmre caMmoCcTOATEIILHO 3a1a4n

IIpumepsl pemenus 3agaq

1. ITpoBOgHUK ¢ cuiloN TOKa SA moMenieH B OJJHOPOJIHOE MarHUTHOE MOJI€ ¢ UHAYKIUEH 1-10°TA.
VYron Mexay HarpaBJIeHUSIMH TOKa U OIS 60°. OTpeIeIUTe JNIMHY MPOBOJHUKA, €CITU T0JIe ACHCTBYET Ha
Hero cuoii 2-10°H.

JaHo: Pemenue
I=5A F=BI-{ sino. =>(=__F
B=1-10TA B-1sina
a =60°
F=2:10"H (= 210°H .

1-1072TA-0.87-5A
£-?
sin 60°~0,87

OtBet: €=0,46Mm.

2. Kakas cuna aelicTByeT Ha 3JEKTPOH, JIETAIIUI B OJHOPOJHOM MarHUTHOM I0OJI€ C MHAYKLIHEH
1-102 TA HNEPIEHANKYJISAPHO JIMHUAM MAarHUTHOM MHAYKIUU CO CKOPOCTBIO 3-10° m/c, 3apsA] JJIEKTPOHA
e=-1,6-10" K.

Hano «CH» Pemenne
v=3-10°m/c Ha onekTpoH, naBWXymuics B
B=1-102TA MAarHUTHOM IOJIE, JIEUCTBYET Cuia
a=90° Jlopenna:
=-1,6:10" K.

FA=B-|g-U-sina

=7
F=: Fa=1-10"TA1,6:10° Kn-3-10°wm/c=

4.8-10°H
Ortser: 4,8:'10°H

Pemurhb 3a1a4i caMOCTOATEIbHO (n - HoOMep sauleco eapuanma no CI’lMCKy)
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Ha npsmonuHelHbIi NpoBOJHUK ¢ TOKOM 1,5 A B OJHOPOJHOM MarHUTHOM nojie ¢ uHaykuuen 0,4
TA neiictByer cuna n H. Onpenenure UIMHY IPOBOAHKMKA, €CIIM OH PACIONOKeH oz yriom 30° k
CHJIOBBIM JIMHUSIM.

Kakas cuia aeiicTByeT Ha MPOTOH, JIETSIIUI B OJHOPOJHOM MAarHUTHOM moJie ¢ uHaykuuei 4-103
TA neprneHAMKYIApHO JHMHUSAM MAarHUTHOM HMHAYKIUH CO CKOpocThio 2-105Mm/c. 3apsa mporona
q=1,6-10-19KA.

JlaiiTe ompeneneHMe MAarHUTHOM MHAYKUMHM. B Kakux eIWHUIIAX OHA u3MepsieTcs? 3anuiimTe
€IMHHIY MATHUTHOW MHAYKIIMH Y€pe3 OCHOBHBIE €INHULBI H3MepeHus B cucteme CU.

DNEeKTPOH IBIKETCS B BaKyyMe €O CKOpOCThi0 3:106 M/C B OJHOPOJHOM MArHHTHOM IIOJIe C
uaykiued B = 0,1 Tin. Yemy paBHa cuna F, nelicTByromias Ha AJEKTPOH, €CIHA YroJl MEXIY
HAIPaBJIEHUEM CKOPOCTH U JIMHUSIMM MarHUTHOM UHAYKLMHU paBeH 9007

[IpsimonMHENHHBIA TPOBOAHUK, MO KOTOpPOMY HAET TOK cuiod 10 A, momemieH B OAHOPOJIHOE
MarHMuTHOE Ioje, MHAYKIUs Kotoporo 0,3Tn. Yrom Mexay HampaBlIEHHEM TOKa M BEKTOPOM
MarHuTHOM wHAyKuMM paBeH 300. C kakou cwiod F peiicTByer MarHMTHOE IOJIE HAa y4acTOK
MIPOBOIHUKA JJIMHON N M?

Omnpenenure MarHUTHBIN NTOTOK, IPOXOASIINN YEPE3 NPSIMOYTOJIBHYIO PaMKy CO CTOPOHaMu 2x5 cM,
€CIM OHA IIOMEIIEHA B OJHOPOJAHOE MAarHUTHOE IIOJI€ ¢ MHIYKLUEH 4-10°TA mox yriaom 30°
JUHUAM UHIYKLIUU TOJIS.

B oxHOpOaHOE MarHUTHOE IOJE, UHAYKIUSA KOTOPOTro 1,26:10° TA, nomeren IIPSIMOM ITPOBOJIHUK
UIMHOM n cM. Onpenenure cuity, AEUCTBYIOUIYIO Ha MPOBOJHUK, €CIM 10 HeMy TedeT Tok 50 A, a
YToJI MEeXY HalpaBJIe€HUEM TOKAa BEKTOPOM UHAYKLIUU cocTaBisieT 30°.

[IpoBonHuK ¢ cuinoi Toka 5,0 A moMenieH B OAHOPOAHOE MarHUTHOE 1noJie ¢ uHAyKiuen 1,0- 102 TA.
VYron mexny HampasiieHUsIMU Toka U nois 60°. OnpenenuTe akTUBHYIO JJIMHY NPOBOJHUKA, €CIIH
T0Jie IEUCTBYET HA HEro CUJION 2 102 H.

Kakyro paboty coBepiiaeT 0qHOPOAHOE MarHUTHOE TOJIe MHAYKIuen 1,5 102 TA MIpY MIEPEMEIICHUN
Ha paccrosinue 0,2 M IpOBOJHHUKA JUIMHOW 2M, IO KOTOpOMY TeueT TOK 10 A; eciiu mepeMelieHue
MIPOUCXOJUT B0 AeiicTBus cui? IIpoBonHuK pacnonoxeH nof yriiom 30° Kk HanpaBJIEHUIO MOJIS.
Haiigure MHAYKIMIO MarHUTHOTO IOJI, B KOTOPOM MAaKCHMaJbHbI MOMEHT CUJI, JEHCTBYIOIUX Ha
pamky ¢ TokoM B 3,0 A, paseH 1,5 H-m. Pasmepsr pamku 0,05x0,04 M, uncio BUTKOB paBHO N.

B onHopogHOoM marHuTHOM nosie ¢ uHaykuuein 0,25 TA HaxoguTcs NpsIMOJIMHENHBIA MPOBOIHUK
mHoi 1,4 M, Ha kortopbiil neiictByer cuia 2,1 H. Omnpepenute yron Mexay NpOBOJHUKOM U
HaIPaBJICHUEM BEKTOPAa MHAYKIIMA MarHUTHOTO TOJI, €CIM CHJIA TOKA B IPOBOJHUKE 12 A.

YeMmy paBHa cuila TOKa B MPSAMOM NpPOBOAHUKE UIMHOM 1,0 M, NOMEIIEHHOM B OJHOPOJHOE
MarHuTHOE I0JI€ ¢ UHAYKIUEH 1,5-10° TA, ecnu na stOT IIPOBOJIHUK CO CTOPOHBI IOJIA JIE€UCTBYET
crma 2,1-107° H? Vron Meky HanpaBICHHEM SIEKTPHYECKOr0 TOKA H BEKTOPOM MH/YKIHH PaBeH
45°.

Ha 06MoTKy poTopa 37eKTpoABUTATENS MPY MPOXOKACHUH TI0 MPOBOAY Toka 20 A AeiicTByeT cuia B
40 H. Onpenenure BeMWYMHY MarHMTHOM MHAYKIIMHA B MECTE PACIOIOXKEHHUS IPOBOJAA, €CIH €ro
muHa 20 cm. OGMOTKa COAEPKUT N BUTKOB.

ONEKTPOH OMUCHIBAET B MAarHUTHOM I10JIE OKPYXHOCTh paanycoM 4,0-10-3 M. CKopocTh IBUKEHUS
3JeKTPOHOB paBHa 3,5-106 M/c. HaliquTe WHIYKIIMIO MATHUTHOTO TTOJISL.

IIpoTon aBuXketcs co ckopocThio 1,0-106 M/c nepneHANKYIAPHO OTHOPOAHOMY MAarHUTHOMY IOJTIO C
naaykuuen 1,0 TA. Haligure crity, IEHCTBYIONYIO Ha NPOTOH, U PAJUyC OKPYKHOCTH, 110 KOTOPOH
OH JIBUXKETCS.

DONeKTpOH BJIETAaeT B OJHOPOJHOE MAarHUTHOE T1oJie, HWHAYKIUsS Kotoporo 2,0-104 TA,
NEPIEHAUKYIISIPHO CUIJIOBBIM JIMHHUSIM €O cKopocThio 1,0 106 m/c. Beruncnure paanyc oKpyKHOCTH,
10 KOTOPOI Oy/IeT ABUTaThCS AJIEKTPOH.

Kakas cuia nelicTByeT Ha JIEKTPOH, JETAINN B OTHOPOAHOM MarHUTHOM MoJie ¢ uaaykuuen 1,0-10-
2 TA nepneHIuKyIIpHO JUHUSIM MarHUTHOW MHAYKLIUHU cO cKOpocThio 3,0:-106 m/c?

ONeKTpOH, ABUIasich €O CKOpOCThbiO 3,54 10°> m/c, momagaer B OJHOPOJHOE MAarHUTHOE IIOJIE C
uaaykiuend 2,0-10-5 TA nepneHauKyIspHO K €ro CHUIOBBIM JIMHUSAM W MPOJIOKAET JBUKEHUE T10
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19.

20.

21.

22.

23.

24,

OKpYXHOCTH paanycoM 10 cMm. Halimute ynenbHbIN 3apsi 3JE€KTPOHA, T.€., OTHOIIEHUE €ro 3apsaa K
Mmacce.
[IpoToH, nMeroUMii CKOPOCTH 4,6'105 M/C, BJIETAET B OJHOPOJHOE MArHUTHOE IOJIe C WHIYKIIHEH
0,30 TA nepneHIUKYyJIIpHO MAarHUTHBIM CHUJIOBBIM JIMHUAM. PaccuuTaiiTe paanyc OKpyX HOCTH, IO
KOTOPO# OyJIeT IBUTaThCs MPOTOH.
[IpoToHn nBWXeTCS B OJHOPOJHOM MarHUTHOM Tnone ¢ uHayknuen 3,4-10-2TA B miockoctu,
MEePHEHIUKYISIPHON K CHIIOBBIM JTUHUAM. ONpeaennTe paanyc TpaeKTOPUHU MPOTOHA, €CIU ABUKEHUE
MPOUCXOJUT B Bakyyme 3,3- 10° m/c.
B 0{HOPOIHOE MArHUTHOE moe ¢ HHAyKIweit 8,5-10° TA BetaeT 3JeKTPOH co cKOPocThio 4,6-10°
M/C, HaIlpaBJICHHOHN MEPHEeHIUKYISIPHO K CHJIOBBIM JUHHUSAM. Omnpenenure Cuily, ASUCTBYIOUIYIO Ha
3JIEKTPOH B MAarHUTHOM I10JI€ U PAANYC TyTH OKPY>KHOCTHU, IO KOTOPOIl OH JBUKETCSI.
B marautHOe mone ¢ wnaykuumeit 0,5 TA B HampaBiaeHUM, COCTaBIsAONIEM yroa 45° ¢ JUHUAMH
WHJIYKIIMH, BIETAET 3JIEKTPOH CO CKOPOCThIO 2,0- 10° m/c. Ornpepenure cuity, ACHUCTBYIOUIYIO HA HETO.
B marnuTHOE mosie B HanpaBiCHUH, MEPHEHIUKYISPHOM JIMHUSAM WHIYKIMH, BJIETACT MPOTOH CO
ckopoctbio 3,2:10° m/c. Haiiure HMHIyKIMIO 5TOrO IOJS, €CIIM HPOTOH OIHMCAI OKPY)KHOCT
paguycom 10 cm.

3aauy Ha HOCTPOEHUS:
CnpenendTe HaNpaeneHHE ,IEI,EHH}KEHHH NpOEOAHHES C TOKOM (cuna Amnepa)

£ ¥ H H X
TI S| LA A

.‘-‘{}{}{}{I
[~ | s ] ® —

= =

M ¥ o H ¥ o H
:{ W # }{ W #
:{ W # }{ W #
CTEET: CTEET: CTEET:
CnpenenvTe NOAARHOCTE CnpenenvTe HanpaeneHde |YEaHHTE NIMHKMW
MATHWTS ToOKa B NPOEBCAHWEE MArHKMTHOMD NonA
.

N A
(2 |®[~] O— —

! C

CTEET. OTMETE Ha MarHuTe |JTEET: CTEET:

25. Chopmynupyiite 3a1ady 1 peliuTe ee
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®opma npeacTaBiaeHus pe3yJbTara:
BhINONHUTE 3a/1aHUE B TETPAIN JJIs IPAKTHYECKUX PadoT.
Kpurepuu onenku:
3a MpaBUIIbHO BBITOJHEHHOE 33JJAHHE BHICTABIISICTCS TOJIOXKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJHEHHOE JICHCTBHUE, 3aJaHHE BBICTABIIACTCS OTpUIIaTeIbHAast orleHKa — () 6aioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.5 DileKTpOMarHUTHAsA MHAYKIHA

IIpakTnueckoe 3ansaTue Ne20, 21
DJIEKTPOMATrHUTHAsI MHAYKIHUSA. 3aKOH 2JIEKTPOMArHUTHON HHAYKUMU. CaMOMHAYKIHSA

Heab: copmupoBaTh MNOHMMaHUE pPOIM GU3UKKM B  (QOPMHUPOBAHUU Kpyrosopa BIaJCHUE
OCHOBOIIOJIATAIOMIMMU (PU3MUECKUMH TOHATHAMM, 3aKOHOMEPHOCTSIMH, 3aKOHAMHU U TEOPHIMM; YMEHHS
BBINOJIHATE pacyeTHbIE U rpaduuecKre 3a1a4u

Boinosinenue padorbl cnocodocTByer (opmupoBanmiw: I[1P62 OVIL.06, I1P69 OVII.06,
I[TP67 _OVIIL.06, ITP61 OVII.06

MarepuanbHoe o0ecrieyeHme:

WHAWBUAYAIbHOE 33/1aHUEe, KOHCTIEKT JISKIIHIA, CIPAaBOYHBIE MaTepPUAIIHI.

Yka3anue:

[IpakTHdeckoe 3aHATHE COCTOMT U3 ABYX YacTell — TeopeTuueckol u mpakTtmueckoit. [locie
M3Yy4YEHUsl TEOPETHUYECKOr0 Mareprajga MOKHO IPHUCTYINATh K BBINOJHEHUIO MPaKTH4YecKol dactu. OHa
COCTOHWT M3 ABYX M Ooyiee 3amay A CaMOCTOSITENBHOTO BhIMONHEHHs. He 3a0biBaiiTe 0 mMpaBUIBHOM
opopmiiennn pemieHus. Ha BBIMOTHEHHE MPAKTUYECKOTO 3aJIaHUST OTBOJUTCS uembipe aKaJIeMUUYECKHX
yaca.

3aganue:

l. O3HaKOMBTeCB C KpaTKUMHU TCOPCTUUCCKUMHU CBCACHHUAMMU HCIIOJIb3YsA CChUIKY
https://znanium.com/catalog/product/1012153 ,52§ u KpaTKyro 3anuch GOPMYII HIKE
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2. Pemmre 3a1a4m, CaMOCTOSTENILHO UCIIOIB3Ys IPUMEPBI U KPATKHE TEOPETUUECKUE CBEJICHHS.

HOpﬂI[OK BBINMOJTHCHUA paﬁoTblt
N3yuute u BeImUImmTe GOPMYJIIBI IO JAHHOH TEMeE:
Pa3bepute npumepsl pelieHHbIX 3a/1a4
Pemmte caMocTOsTEIIHEHO 3aJa4yu
OtBetbTe Ha Bompockl Tecta https://znanium.com/catalog/product/1012153, ctp331.

el AN

Kparkue TeopeTuueckne cBeeHHs
3aKOH 3JIeKTPOMAarHUTHOW WHIYKITUH

BI[C WHAYKIOWH B 3aMKHYTOM KOHTYP€ paBHaA 110 MOJAYJIIO CKOPOCTU U3MCHCHUSA MAarHUTHOI'O IIOTOKA

4yepe3 MOBEPXHOCTh, OTPAHUYECHHYIO KOHTYPOM: . — APl rhe g — DJIC uHaykiuu, B; AD= Oy-O; —

W3MEHEHHWE MarHuTHOro 1mortoka, BO; At — mpoMexyTok BpeMeHH, B TEUYEHHE KOTOPOTO MPOU30ILIO

g — CKOPOCTb U3MCHCHUA MArHUTHOI'O IIOTOKA, 376 .

c

JaHHOC M3MCHCHHUC, C,

_AD
At

C YUYC€TOM HAIPABJICHUSA HHAYKIIMOHHOI'O TOKA 3aKOH 3aIIUCBIBACTCA TAK: ¢ =

Ecan BaMKHYTBIﬁ KOHTYp COCTOUT U3 N IIOCJICA0OBATCIIbHO COCIMHCHHBIX BUTKOB (HaanMep, B
AD

At

COJICHOUJIC) ¢ =—N - , Te N — gucito BUTKOB.

Pasnocte morteHnuanoB U Ha KOHIAX MNPSIMOJIMHEHHOTrO MPOBOAHUKA IMHON |, ABMXKymierocs co
CKOPOCTBIO 0 B OJHOPOJHOM MarHuTHOM mosie U = Blvsina ,
I7I€ 0L — YroJl MEX/y HalpaBJIeHUSIMH BEKTOPOB CKOPOCTH 0 W MarHUTHOM MHAyKIuu B

ONEKTPUUECKUN TOK, MPOXOASIIMN IO INPOBOJHHUKY, CO3JAET BOKPYI HEr0 MAarHUTHOE IIOJIE.
MarauTHBEIH TOTOK CKBO3b mIomazab MOBEPXHOCTHU, OTPAHUUYCHHYIO CAMUM KOHTYPOM, IMPOIMOPHUOHATICH
cuiie ToKa B KoHType: @=L:I.

Koadduunent nponopunonansHocTu L HaswpiBaeTcst unoykmuenocmvlo KOHTypa: [L] ={12} =37?= I'n

(renpm).

3HaueHue WHIYKTUBHOCTU 3aBUCHT OT pa3MepoB U (POpPMBI MPOBOJHUKA, a TAKKE OT MATHUTHBIX
CBOMCTB cdeprl, B KoTOpod oH Haxomutca. DJC caMOMHIYKIIMKU TIO 3aKOHY JJIEKTPOMAarHUTHOMN

WHJIYKITMA PaBHA! g - _L%, TK. g = ‘f,

rae A1=1,-1; — n3MeHeHne cuiTbl TOKa B IPOBOJTHUKE, A
At — Bpems ero u3MeHeHus, C;

ﬂ — CKOPOCTb UBMCHCHUS CUJIBI TOKA, é .

At c

2
DHeprus MarHHTHOTO TOIS POBOHKKA ¢ TOKOM: v, — =17, [JIx]
2

Pemurhb 3a1a4i CaMOCTOSATEIbHO (n - HOMep sauleco eapuanma no CnUCKy)
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1. Ha ckoyibkO M3MEHUIAach CUJia TOKa B MPOBOJHUKE, eciau 3a 0,1 ¢ B MpoBOAHHMKE, HHAYKTUBHOCTb
kotoporo 4 ['n, nosiuniack IJ1C camonnaykuuu pasHas 12 B?

2. 3a Kakoil IpPOMEXYTOK BPEMEHHM MarHMTHBIA MOTOK m3MmeHwica Ha 0,01 BO, ecnmum B KOHType
Bo3HukaeT DJIC nnaykiuu n B?

3. MaruuTHOe moJie KaTymku ¢ uHAyKTUBHOCTEIO 0,2 ['H oOnanaer sueprueit 0,4 J[x. Uemy paBHa cuiia
TOKa B KaTyIke?

4. Omnpenenure 3HEPIUI0, 3allacaéMyl0 B MarHUTHOM I10JIE MHAYKTOpPA, KOTOPBIA HCIIOJIb3YETCSl B
YCTAaHOBKE JJIi MarHUT HMMIYJIbCUBHOTO (opMoBanus. MuaykTMBHOCTH Karymiku 7,0 107 T, cuna
paspsaHoro Toka 1,45: 10° A.

5. Kakoil moTok MarHUTHOM MHIYKIUU CO3JIAETCSl B KOH Type JIEKTPUYECKUM TOKOM, €CJIM MpPHU €ro
yMeHblleHnu A0 Hyis 3a 0,01 ¢ B KOHType BO3HMKAET 3/C cCaMOMHAYKIIMU paBHas 30 B?

6. Onpeaenure SHEPrHUI0 MarHUTHOTO TOJISI KaTYIIKH, B KOTOPOH IpH cuiie TOKa 6,8 A MarHUTHBIN
notox pasen 2,5-10° BG.

7. 3a Kakoi MPOMEXYTOK BPEMEHH B KaTyIIKe ¢ MHAYKTHBHOCTBHIO 0,28 I mpomcxoauT HapacTaHUE
CWJIBI TOKA OT HYJS 10 9,6 A, eciiu mpy 3TOM BO3HUKAET CPEIHSS 3C CAMOMHAYKIIMH, paBHas 38,4 B?

8. IIpoBomHMK ANWMHOW N M MepeMeniaeTcss B OJHOPOAHOM MarHUTHOM moie ¢ mHaykumen 0,2 TA.
JIBI>KEHHME TPOBOAHMKA TPOUCXOAUT €O CKopocThio 10 M/c mox yrimom 45° K MarHUTHBIM CHJIOBBIM
nuHuAM. HaliquTe 51C MHIYKIIUN, BOSHUKAIOIIYIO B IPOBOIHHKE.

9. Kakoif MarHUTHBI TOTOK TPOHM3BIBAET KOHTYpP, €CIM TPH PABHOMEPHOM HCYE3HOBEHHUH
MarHMTHOTO TIOJISl B TEUEHUE N C B KaTYyIIKe UHAYLUpPYeTCcs 3¢, paBHas 0,02 B?

10. Kakoii MarHUTHBINA MOTOK MPOHMU3BIBACT IUIOCKYI0 MOBEPXHOCTH IUIOMAABI0 3 CM2 MPH WHAYKIUH
nosist 0,24 TA, ecinn HOpMab, K TOBEPXHOCTH PACIIOIOKEHA 1o yriioM 60° K BEKTOpY UHAYKIIMH.

11. OmpeenuTe MHIYKTHBHOCTb KATYIIKH, CIM IPH YBEIMYCHHH TOKa B Hell Ha 2,2 A 3a 50-107%
MOSIBJISIETCS CPENIHsS SAC CaMOMHAYKIUH, paBHas 1,1 B.

12. B npoBoanuke mmHOW 0,5 M, ABHXKyHIeMcs cO CKOpocThio 3,0 M/C HEepHEeHIUKYISIPHO CHIIOBBIX
JIMHUM OJHOPOJHOrO MArHUTHOTO moJyisi, Bo3Hukaer OJC 6,0 102 B. Onpenenure MHAYKLHIO
MarHMTHOT'O TOJIS.

13. Onpenenute MarHUTHBIM MOTOK, MPOXOISIINI Yepe3 MPsMOYTOJbHYIO IUIOINAAKY CO CTOPOHAMH
20x40 cm, ecni oHa MTOMEINIEHa B OJJHOPOJHOE MAarHUTHOE TOJIe ¢ MHAYyKIueH 5,0 102 TA mox yriom 60°
K JIMHUSM MHYKIUH T1OJISL.

14. Ompepenute DJIC uHAYKLINH, BO30YXK/1aeMyl0 B KOHType, eciau B HeM 3a 0,01 ¢ MarHUTHBIN MOTOK
paBHOMepHO ymeHnbliaercs 0,5 10 0,4 B6, uto6s! B KoHTYpe Bo3Oyxkaanack D/1C unnykuuu 3,8 B.

15. Ompenenute NPOMEXYTOK BPEMEHM, B TEUEHHUE KOTOPOTO MATrHUTHBIA MOTOK, MPOHU3BIBAIOLIUI
KOHTYP, oikeH yBennuutbes ot 0,01 mo 0,20 B6, uyto6s1 B KoHTYpe Bo30Oyxaanacy 9JC unaykiuu n B.

16. Omnpenenure D/IC MHIYKIMKA Ha KOHIIAX KPBUIBEB CaMOJIETa, UMEIOIINX JIUHY 12 M, €Clii CKOpPOCTh
€ro Mpu TrOpH3OHTaIbHOM mosiere 250 M/c, a BepTHKaJbHAs COCTAaBIIAIONIAS MAarHUTHOM WHAYKIHH
3eMHOTO Marserusma 5,0 10° TA.

17. B onHOpOJHOM MarHuTHOM moje noja yrioMm 30° K HampaBiCHHUIO BEKTOpAa MHIYKIMH, BEJIWYMHA
kotoporo 5,0-10-3 TA, ABMKETCS TPOBOHUK CO CKOPOCTHIO 10 M/C; BEKTOp CKOPOCTH MEPIECHANKYIISPEH
IpoBOAHMKY. Onpenenure JIMHY IPOBOJHUKA, €ciid B HeM HaBoautcs DJ1C, paBHas 2,5 107 B.

18. Tpaktop oOmero nasHaueHus K-700 wmmer co ckopocteio 28 km/4. OmpenenuTe pa3HOCTh
MIOTEHLIMAJIOB HA KOHIAX IEPEeJHEN OCH, €ClM JUIMHA €€ OKOJIO 2,6M, BEPTHKAJIbHAs COCTABIISAIOIIAsS
Mar"guTHOTO T10JIs1 3emutu 5,0- 10° TA.

19. Yemy pasna DJIC caMOMHIYKIMH, BO3HMKAIONIIAs B KaTyIIKE C HHJIYKTHUBHOCTBHIO 2,0:10% T, B
KOTOPOW TOK CWiIOn 7,5 10 A ncuesaer 3a n c?

20. MarnuTHOe noJje KaT Yk ¢ uHAykTuBHOCThIO 0,1 I' obnanaer sneprueii 0,8 k. Yemy paBHa cuia
TOKa B KaTyIke?

21. TIpoBosouHast mpsiMOyrojibHas pamka co cropoHamu 20 u 30 cM pacmoynoxeHa B OJZHOPOJHOM
MarHMTHOM I10JI€ U MEePIEHAUKYIISIPHA CUIIOBBIM JTMHUAM. OnpenenuTe HHIYKIUIO 3TOT0 MOJIs, €CIU MPH
ero ncuesHoBeHnn 3a 1,2:107 ¢ B pamke HaBoautcs cpenusas O/C 3,5 mB.

22. Yemy paBHA MHIYKTHBHOCTH KaTYIIKH, €CIIM MPOTEKAIOMINN 11O Hel TOK cuioi 0,15 A co3maer moTok
MarHuTHON HHAYKIMK 7,510 B6?
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23. Yemy paBHA HHAYKTUBHOCTH IPOBOJIHUKA, B KOTOPOM IIPpH Bo3pacTaHuu Toka ot 1,5 mo 1,8 A3anc

Bo30Oyxmaercs DIC camonnaykiuu 0,9 B?

24. 3a xakoil MPOMEXYTOK BPEMEHHU B KOHTYPE UHAYKTUBHOCTHIO 2,0 10°T IIp1 U3MEeHEeHUH Toka Ha 0,5

A Bo3znukaet DJIC camounaykuuu 10 B?

25. Ompenenute HMHAYKTUBHOCTh KaTYIIKH, ecid mpu Toke 3,0 A 0 /

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

26. DnekTpuyeckas Ienb coOpaHa IO CXeme, MPEJICTaBICHHONW Ha
pucyHke. CONpOTHBIEHHE Yy4acTKa LEenu 1 paBHO CONPOTHBIICHHIO
yuyacTka nenu 2. CpaBHUTE TOKH, KOTOPbIE TOKAXYT aMIEPMETPhl A1
u A, cpasy nocie 3aMbIKaHUs KJIH0ua.

27. BctaBUTh MPOMYLICHHBIE CIIOBA!

1. PabGota snekTporieun ocHOBaHa Ha 3aKOHAX TOKa U ()a30BbIX MIPEBPAILCHHH.

I'pacduToBBIC 3MEKTPOABI ANEKTPUUECKOM MEUN ¢ BHICOKOW TeMIIepaTypoi, COCTOSIINE U3 ONPEAeIEHHOTO
KOJIMYECTBA CEIrMEHTOB, IMOIPYKalOT B METAUIMYECKYIO HIMXTY (EMKOCTh € MeTauionoMoMm). Yepes
OTIpeIeIEHHOE BPEMS COJACPKUMOE MEPEXOAUT U3 TBEPAOIrO arperaTHOr0 COCTOSIHHS B JKHUIKOE, TaK Kak
OKa3bIBaeTCs NefiCTBUE TOKA.

2. CylIecTByeT Takoe€ COCTOSTHUE DJIEKTPUUECKOW IeMH, MpPU KOTOPOM TOK MPOXOAUT TIO
HEJOMYCTUMOMY MapIIPyTy, Ha KOTOPOM OOBIYHO NPAKTUYECKH OTCYTCTBYET (MM OYEHb HH3KOE)

JIEKTPUYECKOE COIIPOTHUBIICHHE. TaKON TOK OKa3bIBAa€T PA3pyLIUTEIbHBIE IEHCTBUS M HA3bIBACTCS - TOK

KOPOTKOTO 3aMbIKaHUs. JlJIsl 3a1UTHI 3JIEKTPOIHEPTreTUUECKUX CUCTEM OT 3TOrO SBJIEHUS HCIOIb3YIOTCA
YCTpOHCTBA-

Pa3gen 5 Kosie0anus ¥ BOJIHBI
Tema 5.1 Mexann4ueckue KoJe0aHUA M BOJHBI

IpakTuyeckoe 3anaTue Ne22
MexaHnnuyeckue KoJ1e0aHUsSI M UX XapAKTEPUCTUKH

Heasn: chopmupoBaTh NOHUMaHKUE poiH (PU3UKU B (POPMUPOBAHUU KPYro3opa U (hyHKIIMOHATBEHOU
IPaMOTHOCTH 4YeJIOBEKa JUIsl PELICHHMs] MPAaKTHUYECKUX 3ajad; s OOBSCHEHUS YCIOBUN IMpPOTEKaHUs
(bu3NYeCKUX SIBICHUN, YMEHUS BBINOIHATH pacueTHbIE U IrpaduyuecKue 3a1auu

BoinosiHenue padotrbl cnmocodcTByer (opmupoBanuio: [1P62 OVIIL.06, I1P69 OVII.06,
I1P67_OVIIL.06, ITP61_OVII.06

MarepuanbHoe o0ecnieyeHue:

WH/IMBUYaJIbHOE 33JJaHNUe, KOHCIEKT JIEKIUH, CIpaBOYHbIE MaTE€pHabI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT W3 JBYX YacTed — TEOPETHYECKOM M mpakTthdeckou. Ilocne
M3yYeHHs] TEOPETHYECKOr0 MaTepHajga MOKHO HMPUCTYNATh K BBIMOJIHEHUIO MpakTHUeckod yactu. OHa
COCTOMT M3 JABYX M Oosiee 3a1ay Al CaMOCTOSITENBbHOTO BbINoNHEHHUs. He 3a0biBaiiTe 0 MpaBUIIBHOM
oopmienun pemienus. Ha BeImosHEeHNE TPAaKTUYECKOTO 3a/1aHUS OTBOJIUTCS /IBA aKaJEMHUECKUX Yaca.

3ananue:

O3HaKOMBTECH C TEOPETUUECKUMHU CBEICHUSIMU UCTIOIb3Ys CCHUIKY
https://znanium.com/catalog/product/1012153, §47, 48,49 BbinucaB GpopMyIibl OTMEUYEHHBIC CKOOKAMH ,
Hanpumep( 47.1)

Pemmre 3anaun, caMoCTOSATENBHO UCTIOB3YS PUMEPHI M KPATKHE TEOPETUUECKUE CBEACHHUS.

ITopsinok BbINoJIHEHUs padoOThI:

W3yunTe n BeIMUIIATE GOPMYIIBI ITO TAHHON TeMe B BHJIE KPATKOTO KOHCIIEKTa

Paz6epute npuMepsl pelIeHHbIX 3a/1a4

Pemmre camocTosITeNbHO 331241

Bemonnuts tect https://znanium.com/catalog/product/1012153, ctp 328

Eal NS
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IIpumepsl pemieHus 3aaa4

1. YpaBHeHHE TapMOHWYECKHUX KojeOanuii Toukm x=0,4cosmt. Haiitm amrumryny, nepuoa u
cMmenieHue Touku uepes 0,5 c.

JaHo: M. T. «CH» Pemienue
x(t)=0,4cosnt x=Acosmt

t,=0,5 ¢ x(t)=0,4cosmt

A=? T=? x(t1)=? wolE_p_2m

v=?

2 I'py3 maccoir 0,4
XKecTKOCThIo 250 H/M. aMIumATyna KojeOaHuil rpy3a 15 cM. HalTH MOJHYI0O MEXaHHYECKYIO SHEPIHIO
KoJIeOaHUH ¥ HauOOJIBIIYIO0 CKOPOCTh JBIKEHHS. TpeHneM npeHedpeus.

0]

v=_—
T

Brruucnenusa: A=0,4 m; o=,

T=2—n=2(c)
T

1
v=—=05Tn
2

1
X(0,5) =04 - cosn-— = O,4cos§ -0

KI' COBCpHIACT KoJIeOaHHsI B FOpH3OHT8.J'IBHOfI IIJIOCKOCTHU Ha IPYKHUHC

. 2 250.0,152
JaHo: Ep:kA JE, =0 E == = 2,8k
2
IMPY>XUHHBIA U= 0,15\/f0=0,15. 25 —
MAasITHUK E=E,+E.=E, 04
—-375~382X%
m=0,4 xr K <
mo? =kA? == A‘/—
k=250 u/™m m
A=0,15M
E=?, Umax=?

PemnThb 321248 caMOCTOSITEbHO (N - HOMEp 6auie2o 8apuanma no CRUCKY)

Hanummre ypaBHeHHE rapMOHUYECKHX KOJEOAHWH C aMIUIMTYIOM 5 cM M HadaiabHOU (a3oii 45°,
ecnu B 1 MuHyTy coBepiiaercs 150 konebanuii.

AMIUIMTYAa TapMOHMYECKUX KojeOaHMi MaTepuaabHOW TOuku N cMm, nepuon 4 c. Haiigure
MaKCHUMaJIbHbIE CKOPOCTH U YCKOPEHHUE U HAIMIINTE ypaBHEHUE FrapMOHUYECKUX KOJIeOaHuH.
MareMaTtnuecknii MasTHUK JIMHONM 56 cM 3a N MuHYT coBepmaeT 40 MOTHBIX KOJeOaHWH.
Omnpenenurte nepuoja KojaeOaHUM MasTHUKA U YCKOPEHHE CBOOOJHOTO MaJieHHs B TOM MECTe, TIe
HaxOJIUTCS MASITHUK.

MarepuanbHast Touka koseousercs ¢ yactotoi v=10 k['u. Onpenenute nepuoa, 4uciao KonedaHuii B
MHHYTY U IUKINYECKYIO YaCTOTY.

Onpenenute Nepro, 4aCTOTY, HUKINIYECKYIO YaCTOTY TApMOHNYECKUX KOJIeOaHUH MaTeMaTHUECKOTro
MasTHHUKA JuIiHOW 1 M, eciin ¢g=9,81 M/c2. Bo cKOJBKO pa3 ¥ Kak HaJl0 U3MECHUTH JJINHY MasATHUKA,
4T0OBI IEPHO/1 KOJIeOaHUH yBenn4miIcs B 2 pasa.

AMITTUTYIa TAPMOHUYECKUX KOJICOAHHM MaTeMaTHYeCKOro MasTHHKa JymHOu 50 mwm, mepuon 4 c,

T o o
HavanbHas ¢daza — . Hanummre ypaBHEHUE 3TOT0 KoJjeOaHUs M HaWUTEe CMEIICHHUE KOICOTIOIIeHCs
4

TOYKHU OT MOJ0KeHUs paBHOBecus ipu t =0 u t=1,5 c.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

. (T 7z .
YpaBHEHHE TOYKHU x=0,02S|n(t+). Halinure nepuon, MakCUMaJbHOE 3HAYEHHE CKOPOCTH U
2 4

YCKOpEHHUE.

Omnpeanenure JUIMHY MaTeMaTHYECKOr0 MasTHUKA, COBEPIUAIOLIET0 OJHO MOJIHOE KojiebaHue 3a 2 c,
ecmn 0=9,81 M/c’. Bo CKOJIBKO pa3 HY)XHO HM3MEHUTH JUIMHY MasiTHUKA, 4YTOOBI 4acTOTa €ro
KoJieOaHUH yBeJInYuiach B 2 paza?

VYpaBHeHue rapMoHHuYeckoro konedanus x=0,4sin5xt. Onpepenure aMIIUTY Ly, IEPHOJI, CMEIICHHE
pu t=n c.

Omnpenenure *KECTKOCTb NMPYXKHHbI, YAaCTOTY, LMKINYECKYI0 4acTOTy, €ciaM Teno maccoil 0,5 kr,
MOJIBEIIEHHOE K ATOH MpYXKHHE, coBepuIaeT Konebanus ¢ nepuoaom 0,2 c.

MarepuanbpHasi TOYKa COBEpIIIACT rapMoOHUYecKHne Kosiebanus ¢ ammumtyaoun 0,03 M u mepuogom
0,2 c. CocraBbTe ypaBHEHHE KosieOanus U onpeaenute cmemenue npu t = 0,1 c.

Ilo nHy cdepuueckoil damku coBepliaeT cBOOOJHbIE KoneOaHUs 0e3 TpeHUs MaJeHbKHH IIapuK.
Omnpenenure nepuo/ KojeOaHus MapuKa, €CIH pagnyc KPUBU3HBI YalIKH 2,45 M.

CocraBbTe ypaBHEHHE FapMOHMYECKMX KOJICOAHUH MaTeMaTHYeCKOro MasiTHUKA JUIMHOW 2,45 M H
amrutynoit 0,1 m.

Teno coBepiaer rapmMoHHYecKue Kosebanus mo 3akoHy X = 20sinmt. Ompenenure cKOpocTh Tena
mputy=0,5cut,=4c.

YCcKOpeHHe CBOGOIHOTO MajeHHs Ha MoBepxHOCTH JIyHbl 1,6 M/c?. Kakoif JUTHHBI TOJDKEH OBITH
MaTeMaTHYECKU MasgTHUK, YTOOBI €ro rnepuoj konedanus Ha Jlyne Opu1 1 ¢?

ITocTpoiiTe rpaduk rapMOHHYECKOrOo KOJICOAHUS YacTOThl IO MapaMeTpaM: aMIUIMTyAa 2 cM,
nepuon 0,4 ¢, HavanpHas (asa 0. 3anummre ypaBHEHHE 3TOTO KOJICOAHHUS.

Teno coBepiaer konedanus 1o 3akoHy X = 60Sin2xt. Onpenenure ckopocts Tenanpu t1=1cutp =
2,5¢c.

Teno maccoil N rpaMM MOJBEMIEHO HAa NPYKUHE, KECTKOCTh KOTOPOU 2:10° u/m. Ompenenure
4acTOTY, NEPUO/JI, IUKINYECKYIO YaCTOTY CBOOOHBIX KOJIeOaHHUH 3TOT0 Tea Ha MPYXKHUHE.
MatepuanbHasi TOUKa COBEpILIAET TapMOHUYECKHE KOJIeOaHUs ¢ aMITIUTYI0i 4 ¢M U MTepHOJI0oM 2 C.
Hanummre ypaBHeHHE ABUKEHHSI TOUKH, €CIIM €€ IBUKEHUE HAYMHAETCS U3 MOJIOKEHUS Xg= 2 CM.
KakoBa yacTora 3ByKOBBIX KOJIEOaHU B CpeJie, €CIM CKOPOCTh 3ByKa B 3To# cpeme 500 m/c, a
muiHa BostHbI 2M? (OTBeT faiiTe B repiax.)

Ha paccrossauu N M ot Habmoaarens paboune BOMBAIOT CBau ¢ MOMOIIbIO Kompa. KakoBo Bpems
MEXy BUIUMBIM YAapOM MOJIOTA O CBalO0 M 3BYKOM yJapa, ycibllIaHHbIM HaOmonatenem? (OTBer
naiite B cekyHaax.) Ckopocth 3Byka B Bo3ayxe 330m/c. Okpyriure OTBET C TOYHOCTBIO J10
JIECATHIX.

Ckopoctb 3ByKa B Boje 1,5 km/c. Uemy paBHa JiIMHA 3BYKOBOM BOJIHBI, pacIpOCTPaHSIOIIEHCS B
Boze, mpu yactoTe 3ByKka 3 k['1? (OTBeT naiiTe B MeTpax.)

dopma npeacraBjeHus pe3yabTara:

BbInonHuTE 3a1aHUE B TETPaaX AJIs MPAKTHYECKUX padoT.

Kpurepum ounenku:

3a mpaBUIIHLHO BBIIOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAsS OlleHKa — 1 Oasu.

3a HeTMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNEe BBICTABIISICTCS OTpUIIAaTEeIbHAast orleHKa — 0 0aioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

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

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

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

Tema 5.2 DyieKTPOMarHuTHbIE KOJIe0AHUS U BOJIHBI

IIpakTnyeckoe 3ansaTue Ne23, 24

IlepeMeHHBI JIeKTPUYECKUI TOK. JJIEKTPOMATHUTHbIE KOJIe0AHUSI M BOJIHbBI
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Heas: chopmupoBaTh HOHUMaHKUE POl (HU3KUKU B (POPMUPOBAHHU KPYro3opa M (pyHKIIHOHAIBHON
IPaMOTHOCTH YeJOBEKa Ui PEIICHHs MPAKTHYSCKUX 3aaad; Ui OOBSCHEHHS YCIOBHH INPOTCKAHHS
(bu3MUYECKUX SIBICHUN, YMEHHUS BBIMOJIHATH pacdyeTHbIC M TpadUyecKue 3aqadd, U3YyIUTh CBOOOJHBIC
AJIEKTPOMArHUTHBIE KOJIeOaHMs B KOHTYPE, BUIbI COMPOTHBIICHHS B LIEMH MIEPEMEHHOTO TOKA, UX OTIHYUS
1 OCOOEHHOCTH.

Boinosinenue padorbl cnocodocTByeT (opmupoBanmiw: I[1P62 OVIL.06, IIP69 OVII.06,
I1P67_OVIIL.06, ITP61_OVYII.06

MarepuajibHoe o0ecnieueHue:

WH/IMBUIYaJIbHOE 33J]aHUEe, KOHCIIEKT JICKIUH, CIIPaBOYHBIC MaTEPUaIIbI.

Yka3zanmue:

[IpakTueckoe 3aHATHE COCTOMT U3 JBYX YacTed — TEOPETHUYECKOM M IpakThueckou. Ilocie
W3YUYEHHS] TEOPETHYECKOT0 MarepHaja MOXKHO MPUCTYNATh K BBITIOJIHECHUIO MPAKTHYECKOW dacTH. OHa
COCTOMT M3 JBYX W Ooyee 3afay A CaMOCTOSITENILHOTO BhIMONHEHUs. He 3a0bIBaiite O mpaBUIBHOM
oopmienun penienusi. Ha BBIIOJHEHHWE MPAKTUUECKOTO 33aJaHHUS OTBOJMTCS uemblpe aKaIeMUYCCKHX
Jaca.

3aganme:

O3HaKOMBTECH C TEOPETUIECKUMHU CBEICHUSMH UCIIOIB3YS CCHUIKY
https://znanium.com/catalog/product/1012153, §54.,55, 56 BbinucaB GOpMyIIbl OTMEUEHHBIE CKOOKAMH ,
Harpumep( 54.1)
Pemmre 3a1a4un, caMOCTOSATENILHO UCTIONB3Ys IPUMEPHI U KPATKHE TCOPETUUCCKUE CBEIICHHS.

IMopsiiok BBINOJTHEHHS PA0OTHI:
W3yuute 1 BhIUIIKATE GOPMYIIBI ITO TAHHON TeMe B BUJIE KPATKOT'O KOHCIIEKTa
PazbepuTe npuMepsl penIeHHbIX 3a/1a4
Pemmmre camocTosITeIbHO 3312491
Beimonuauts Tect https://znanium.com/catalog/product/1012153, ctp 334 —Ilepemennsiit Tok; ctp 336
Tpancdopmarop

robhdE

KpaTtkue TeopeTnyeckue cBeIeHHSA
Tpancdopmarop

BUIBI OBBIIIAIOIIHN TOHM KON

Ornpenenenue TpaHchopmaTop, y KOTOPOTrO YHCIO | TpaHCchopMaTop, y KOTOPOTO
BUTKOB BO  BTOPUYHOH  OOMOTKE | UMCJIO BHUTKOB BO BTOPHYHOM
0oJiplIle, 4YeM B IIEPBUYHON oOMOTKE  MEHbIlle, 4YeM B
NEPBUYHOU

PucymHok %g g‘g
wl ®?2 w1l @2

Koapduument n<l n>1
TpaHcpopmaIu b U LS,
Sy

_—2:
& o, U, |

Kn
[ TpaHchopmaTopa %-100%z99%

3
COHpOTI/IBHCHI/IH B [ICTIU IICPEMCHHOT'O TOKa

nmpaucrjmp.wmopa =

[Tpubopsr Pe3ucrop Karymky nnaykrusaoctsio L | Konaencarop emkoctsio C
compoTtuBieHuemM R

Cxema L C
R -

r ?



https://znanium.com/catalog/product/1012153
https://znanium.com/catalog/product/1012153

Cuna Toka I(t) = I,sinot |(t) = ﬁsin(a;t _g) 1) = CUosin(ar + %)
ol 2 2
Cnpur a3 90=0 Y,U u3mensiercs B | Hanpsokenue onepeskaer Tok | HanpsokeHue orcraer ot
OJIMHAKOBBIX (a3ax, a 3. | ga o =2 =90° TOKa Ha ¢ :% =90°
SHEPTUsl PacCXOJUTHCA Ha
TEIUIOBOE JICCTBUE TOKA
Cormpotusiie
e R=20" (1+at) x=1
1. popmymna S X =o L wc
2. 3aBHCHMOC R R
Th < R,
COMPOTHUBIICH
U0 oT 0 2
4acTora ® n o % 0 -
AKTHBHOE — COIIPOTUBJICHHE, Emvnucinuc ® -
CONPOTUBJICHUE 00yCIIOBJIEHHOE SIBJICHUEM CONPOTUBIICHUE,
3. noTpebuTes, CaMOUHIYKLIUU 00YCIIOBIIEHHOE HaJU4HUeM
onpeneneHne | Ipeodpasyrouero EMKOCTH B LIEMH
MOJIBOJMMYIO K HEMY
SHEPTHUIO B APYTUE BUJIBI
SHEPTHH
3akoH Oma 0 :w Iy = Uy I, — U,
R X, X

— 1
[TostHOE COMPOTHBIIEHHKE IETTH TIepeMeHHOro Toka: Z= VR? + (wlL — E)Z

3akon Oma 1l aMIUIMTYAHBIX 3HA4€HUM cuiibl ToKa lo n Hanpsbkenust Up B Lienu nepeMeHHOoro Toka:
1
lo= Uo/VRZ + (wL — —)?

PeakTHBHOE — COIIPOTUBJICHUEC HOTpe6I/ITeJ'I$I, HC npeo6pa3vfomer0 IMOoABOANMYIO K HCMY DHCPI'UIO B

ApyTue BUIbI S3HEPruu (H-p pakera) X=X -X.=ol- ic ;
[0

X >X¢ — MHIYKTUBHBIN XapakTep; X=X, — pe30HaHC; X>X| — EMKOCTHBIN XapakTep

JleiicTByIOIIlee 3HAYEHME MOINHOCTH TEPEMEHHOro Toka (P) — BelWYMHA, YUCICHHO paBHAs
MOIITHOCTH TIOCTOSSHHOTO TOKa Ppocr, MPH YCIOBHH, YTO 00a TOKa 3a OJMHAKOBOE BpEMs, paBHOE
MEPUOJTy TIEPEMEHHOTO TOKa 7, Ha paBHBIX PE3UCTOpax R BBIIENAT paBHBIE KOJIMYECTBA TEILUIOTHI Q.

2 2
Pz%zl.;;]o:g—;e. ﬂeﬁCTBYIOIHQG SHAYCHHUE MOINHOCTU MEPEMEHHOIO TOKa 4YaCTO Ha3bIBAIOT

AKTHBHONM MOIIHOCTLIO.

IIpumeps! pemieHus 3aga4

1. Karymka uanyktuBHocThiO 0,1 I'H M akTHBHBIM compoTHuBiIeHHEM 25 OM BKIIIOYEHA B C€

Thb

MIPOMBIIIJIEHHOTO MEPEMEHHOT0 TOKa CO CTaHAapTHOW 4vacTtoToi. OmpenenuTe TOK B KaTyIIKe, €CIU

HanpsbKeHue Ha ee BBogax 120 B.
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JlaHo: Karymika 1= X = /257 + (4 314 50 007 =
L=0,1Tu X =R? + X2 = = /625+986 = 1611 = 40,1 Om
= JRZ 1 (wl)? = _
R=25 Owm =¢% =220 s
v=50 Tt
U=120B
1,=?

2. Ha KoOJXO3HYIO MOJACTAHIIMIO IOCTYyNaeT TOK HampsbkeHneM 6600 B. mepBuyHas oOMOTKa
tparcopmaropa noactanmuu umeet 3300, a Bropuunas 110 BuTkoB. Onpenenure padbodee HAMPSIKEHIE
B KOJIXO3HOH 3JICKTPOCETH M MOTPEOIAEMYI0 MOITHOCTh cuia Toka B ceTd 200 A moTepsMu HEPruu B
TpanchopmaTope nmpeHeOpeyb.

Jlano: TpanchopmaTop o _Up U, - 6600 110 . o
@2 Uy 3300
U;=6600 B Ui,
2o, P,=220-220=44-10°B1=44 kBT
®1=3300 B
P,=UyI
wp=110 2=Uz12
1,=200 A
Uz, P2:?

3. Karymka maayktuBHocThio 0,1 I'H M akTUBHBIM compoTuBieHHEM 25 OM BKIIOYEHA B CETh
MIPOMBIIIJIEHHOTO MEPEMEHHOI0 TOKa CO CTaHAapTHOW 4YacToTod. OmpenenuTe TOK B KaTyIIKe, €CIU
HanpspkeHue Ha ee BBogax 120 B.

I[ago: KaTylIka L =425 +i4-3,14.50-0,1)" =
L=0,1 Tn x’ . .
R=25 Om ®=. .'IR = X = = 4 B25+0EE = 41611 = ML M
v=50 T ¥ T 120,

i =23
U=120B VRO (el oAl
| =2 | =R+ (2avl)? s

4. Cuna ToKa B IepBUYHON 00MOTKe TpaHcopmaropa 0,5 A, HanpspkeHue Ha ee koHlax 220 B, Bo
BTOpPUYHOU 00MOTKe cooTBeTcTBeHHO 8 A 1 12 B. Onpenenute KII/] Tpancdopmaropa.

Jano: TpaHcdopMaTopa P . 12.8 -
oo A n=—2:100%= | 77 339,05 V0" =87
|2:8 A g

U;=220 B )

12D ~ %L o0,

n=? U,

Pemursn 3anaum (N - Homep sauieco 8apuanma no cnucky)

1. Cuna Toka B mepBuYHON oOMOTKe TpaHchopmartopa 0,2 A, HampspbkeHue Ha kinemmax 220 B.
Onpenenure HampspkKeHHME M CHIYy TOKa BO BTOPUYHOM OOMOTKe TpaHcdopmaropa, eciu
kodpunment Tpanchopmaryu 0,2.

2.  IlepBuunast oOMotka TpaHcdopmaropa comepxutr 800 BurkoB, BropmuHas 3200. Ompenenure
KO3 PHULIHEHT TpaHChOpMAaIIHH.

3. Cura ToKa B CETH HM3MeHsieTcs 1o 3akoHy | = 8,5 sin ® t. Kakoe KOMHMYECTBO TEIUIOTHI BBIICIHT
ANIEKTPOKaMUH 3a 2 yaca paboThl, ecii ero conporusienue 80 Om?
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10.

11.

12.

13.

14.

15.

16.

Cuna Toka B mepBHUYHON 00MOTKe TpaHchopmaropa 0,6 A, HanpsokeHue Ha ee koHuax 220 B; Bo
BTOpu4HOU 00MOoTKe 6 A 1 14 B. Onpenenure KII/] Tpancdopmaropa.

B mnepBuuHOil 00MOTKE moOBBImIarmEero tpanchopmaropa 80 BUTKOB, a Bo BTopmuHOU 1280.
Hamnpspkenue Ha koHIax nepBuvHoi ooMotku 120 B, a BenmmunHa Toka BO BTopu4HON 00MoTke 0,25
A. OmpenenuTe MoJIE3HYIO MOIIHOCTh TpaHC(OopMaTopa.

Jlia TpaHCIAUMU paauornepeaayd MPUMEHSIOT MOHMXKAIUKA Tpancopmarop ¢ HampsbkenueM 480
B 1o 30 B. Onpenenure momtHocTs Tpanchopmatopa ¢ KITJ 96%, ecnu k Hemy noakiroueHo 100
penpoyKTopoB, moTpedstomux Tok 0,008 A.

Omnpeznenure yrojl NOBOpPOTa BUTKA B OJHOPOJHOM MAarHUTHOM IIOJIE, 3Has, YTO MaKCHUMaJbHOE
3HaueHue Toka 1002 A, a Tok B 1aHHbIi MoMeHT 100 A.

Omnpenenure ko3¢ duureHT TpanchopMalud 3BOHKOBOTO TpaHc(opmaropa, MUTAEMOrO CETEBbIM
TOKOM ¢ HanpspkeHueM 220 B, eciiu mpeoOpa3oBaHHbIN TOK HMEET HanpskeHue 2 B.

[TepBuuHas 0OMOTKa MOBBIMIAIOIIETO TpaHChopMaTopa uMeeT 45 BUTKOB, a BropudHas 900 BUTKOB.
IlepBuuHas KaTylika BKJIIOYAaeTCd B CETh IEPEMEHHOro Toka ¢ HamnpsbkeHuem 120 B. Kakoe
HampsbKeHue OyeT Ha 3aKuMaxX BTOPUYHOM 0OMOTKHU?

DnekTpuyeckasi ayra J0bKHa ropetb nmoja Hampsbkenuem N B, a B cetu 220 B. CkoJbKO BUTKOB
JOJKHA COJIEp>KaTh BTOPUYHAs OOMOTKA, €ClIM B MEPBUYHONW OOMOTKE, BKIIOUEHHOU B CeTh, 385
BHUTKOB?

B nepBuyHO# 00MOTKE MOBHIIIAONIETO TpaHchopMaTopa N BUTKOB, BO BTOpudHOM — 2000 BUTKOB.
Kakoe HampsikeHue Ha 3aXuMaX BTOPUYHOM OOMOTKM MOYHO TMOJY4MTb, €CIU BKIIIOUUTH
TpanchopmaTop B ceThb ¢ HampsbkeHuem 110 B?

Karymka unayktuBHocThto 20 MI'H BKIIIOUEHa B CeTh INEPEMEHHOIO TOKa ¢ 4actoTod N I'm.
Omnpenenure UHAYKTUBHOE COMPOTUBIICHUE KATYIIIKH.

Konpaencatop emMKocTbIO 8-10'4(1) BKJIIOYEH B CETh NEPEMEHHOro Toka ¢ yactoroi 50 I'. Onpenenuts
CWJIy TOKa Ha Y4acTKe IIeTI ¢ KOHJIEHCAaTOPOM, €CJIM CONPOTUBIIEHHUE MOJBOJAIIMX MPoBo1oB N OM, a
HalpspKEHHE Ha BCEM ydacTke nernu 12 B.

Kax m3MeHuTCs MHIYKTUBHOE CONPOTUBJIEHUE KATYIIKH, €CIIU €€ BKIIOYHUTH B LIENb IEPEMEHHOIO
Toka ¢ yacroroi 10 kI', BMmecTo 50 I'11?

[lepBuunas obOmoTka TpaHcdopmaropa comepxkut 800 BuTkoB, BropuuHass 3200. Omnpenenute
KO3 PHULIHEHT TpaHC(hOpMalUH.

Karymka wuHAYKTUBHOCTBIO N ['H, aKkTUBHBIM compoTHuBieHHeM 25 OM BKIIOYEHa B CETh
IIPOMBIIIJIEHHOTO IIEPEMEHHOIO TOKA CO CTaHJAPTHOM 4yacToToM. OnpenennTe TOK B KaTyIlKe, €CIIu
HanpsbkeHue Ha ee BBogax 120 B.

dopma npeacraBjIeHus pe3yabTara:

BoinonHuTh 3a1aHKe B TETPaaH IS MPAKTUYECKUX padoT.

Kputepun onenkn:

3a mMpaBUIIHLHO BBHIMTOJIHEHHOE 3a/IJaHHIE BBICTABIISIETCS TIOJIOKHUTEIbHAS OLleHKa — | Oasu.

3a HeMpaBWJIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJ]aHNe BHICTABIISICTCS OTpHUIIaTeNbHAs olleHka — 0 OaoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIEHBIX OTBETOB

Oyenka «xopouwtoy evicmagnsemcs 3a 80 — 89% npaBUIbHBIX OTBETOB

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

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

Tema 5.3 Onruka

IIpakTuyeckoe 3ansitue Ne 25
3aKOHBI reOMeTPUYECKOl ONTHKHU

Heasn: chopmupoBaTh NOHUMaHKUE PoiH (HUUKU B (POPMUPOBAHUU KPYro3opa U (hyHKIIMOHAIEHOU

IPAMOTHOCTH Y€JIOBEKA JUIsl PEIICHUS] MPAKTUYECKUX 3a]ad, U3YYUTh 3aKOHBI PAaCIPOCTPAHEHHUs CBETA.
Xox myueil. 3aKOHBI OTPAXKEHUSI U IIPETIOMIIEHUS ¥ IPUMEHSATD UX IIPU PEILICHUN
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BoinoiHenue padorbl  crmocodcTByeT GopmupoBanui: I1P62 OVIL.06, I1P69 OVIIL.O6,
[TP67_OVIIL.06, ITP61 _OVYII.06

MarepunanbHoe oOecnedyeHue: TETpaab Ui IPAKTUYECKUMX padoT, pydyka, METOAMYECKUE
PEKOMEHIALIMU 110 BBIIIOJIHEHUIO PA0OTHI, JIMHEHKa, KapaHJall.

Yka3anue: [IpakTuueckas paboTa COCTOMT M3 ABYX 4YacTeii — TEOPETUYECKOH M MPAKTHUECKOM.
ITocne u3yueHuss TEOPETUUECKOTO MaTepralla MOYKHO IIPUCTYNATh K BBIIOJHEHUIO IIPAKTHYECKOM YacTH.
Ona cocTouT U3 IBYX U Oojee 3a7ad JIsl CaMOCTOSTEIbHOTO BhINONHEHUs. He 3a0bIBaiiTe 0 NpaBUIbHOM

oopmiieHnn pemeHus. Ha BrImoIHEHHE NPaKTHYECKOH OTBOAMTCS J(Ba akageMudeckux vaca. [Topsmox
BBITIOJIHEHUS pabOTHI

HOpﬂ)IOK BbIITOJTHCHU A paﬁoTBl:

1. PaccMOTpUTE TEOPETHYCCKHI MaTepual II0 TeMe€ W TNPUMEPHl pelmicHHS 3agad  (CMOTPH
METOAHYECKOE IIOCOOHE).

2. Pemute camocTosTenbHY0 padoty. Odopmure perieHue NUCbMEHHO B TETPAIHU.

1. Teopus.

3aKOHbBI TEOMETPUUECKON ONTUKHU

|. 3axon npsamonunelinoeo pacnpocmpanenus céema. céem 8 0OHOPOOHOU cpede paAcnpOCMPAHAEHCSl
NPAMOJIUHEUHO.

JIyy — n1HUsA, BAOJIb KOTOPOH paclpOCTPaHAETCs CBETOBAst DHEPTHSL.
Hoxazamenvcmeo:

1) oOpa3oBanue TeHel U MOIyTEHEH OT MPEAMETOB;
2) TIOTJIONICHUE CBETA HEMIPO3PAUYHBIMU MPEIMETAMH.
Us go30 = 3.108 M/c=c; Uyo = 2,25-108 M/C; Us cmercie = 2.10% m/c.

Il. 3axon nezasucumocmu ceemogvix nyueli: 1yuu npu nepecedenuy He 03mMywaiom opye opyea.

1. 3axon ompaosicenus ceéema.

Veon naoenus (@) (ompasicenust y)— yroi, o0pa3soBaHHBIA nadarowum (OMpaxceHHviMm)

o |7 JTy4OM W TEPIEHINKYISIPOM, BOCCTAHOBIEHHBIM K IMOBEPXHOCTH B TOUKE MaJICHUS JTyda
(puc. 12).
Puc. 12. Nagatowyii u 1. Iaoarowuii u ompasicennviil 14 aexcam 6 0OHOU NAOCKOCMU ¢ NEPHEHOUKVIAPOM,

B80CCMAHOGIEHHbIM 8 MOYKE NAOCHUS Jyua.
OTPaXKeHHbIN Ny4u.

2. Yeon naoenus pasen yeny ompasicenus (o = y).

Cnedcmeue: «Obpamumocmes ay4yeli»: ECAv nagatowmin nydy NycTuTb No HanpaBAEHUIO OTPaXKEHHOro, TO HOBbIM
OTparkKeHHbI Iy4 NONAET NO HanpasJAeHUIo NajatoLwero.

3epKanbHoe OnddysHoe
2/ 1" 2" ’ 1!’

1 1' "
3epkansbHoe — oTparkeHue npu Kotopom | JuggysHoe — oTpaxkeHue, npu
OTpayKeHHble yum OCTaloTCA | KOTOPOM B OTPAMKEHHbIX Jy4ax HeT
napanienbHbImMu nopsaaxa (MatoBas NOBEPXHOCTb)
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Tabnunua 12

Ipenomnenue ceema — i3MEHEHNE HAIIPABIICHHS JIyda CBETa IIPH TIEPEXOJIE
U3 OMHOM cpensl B Apyryto. Yeon npenomnenus () — yron Mexmy
MPCIIOMIICHHBIM JIY4YOM H MNEPICHAUKYIAPOM, BOCCTAHOBJICHHBIM N3 TOYKH
HajIeHKs Jyda K TPAHHUIIE IBYX CPEl.

Puc. 13. NpenomneHne cBETOBOrO Nyya.

1) nay4u, nadarowulli u npenomaeHHsIl, nexcam 8 O00HOU MA0CKOCMU C nepreHOUKYASpOM,
80CCMAHOB/IEHHbIM U3 MOYKU MAOEHUA ay4Ya K nogepxHocmu pasoesna 08yx cpeo;

2) ommnowenue SIN yena nadenuss K SIN yena npenomaeHuss Onsi OAHHBIX CPed echib GeludUHd
NOCMOAHHAA, U HA3bleAemcs ONMHOCUMENbHbIM noxkasameilem npejilomieHusl emopoﬁ cpedbz OMHOCUMETIbHO
nepeoll.

sina_ 0, _v,

21

sinp n, v,

Cneocmsue.: «Obpamumocms nyueiiy.: Ecnn nafaromui 1yd HampaBUTh MO MyTH NPEJIOMIIEHHOTO, TO
IIPEJIOMIJIEHHBIN JTy4 UAET 10 IYTH NaJaroILero.

Ilonnoe enympenne ompadicenue — SBIEHHE, TPU KOTOPOM CBETOBOE W3IIyYEHHE IOJHOCTBIO
OTpa)kaeTcst OT MOBEPXHOCTH pa3jiena Mpo3pauHbix cpel (puc. 14).

npesenbHbIi 1) npu T o, B T,
L 6 2) B =90° — CKONBL3UT 10 TPAHHMIIE pa3eia IBYX CPEM — NPeoenbhblil YO,
Bosayx  3) T q, B >90° = B — MOJHOCTHIO OTPAXKAETCS M0 3aKOHY OTPAXKEHUS.

Va V
nonHoe

V4 4
V4
BHyTpeHHee

Puc. 14. NonHoe BHYTpeHHee
oTpaxeHue. 33Ila'-ll/l AJISA CAMOCTOATECJIbHOI0 PCIICHU S

1. JIyu cBeTa majaer Ha MOBEPXHOCTh BOJBI MOJ YIJIAMHU 40°. Tlox KakuMm YIJIOM JOJDKEH YIacTh JIy4 Ha
MOBEPXHOCTh CTEKJIA, YTOOBI YTOJI MPEJTOMIICHHUS OKA3aJICsl TAKUM Ke?

2. Jlyun cBeTa majalOT Ha TMOBEPXHOCTH paszjesia BOAbI M Bo3ayxa moj yriaom 50°. Haitaure yron
npenomiieHus: syded. llokazarens mnpemomiieHuss Boabl 1,33. EcTe 1M 1ojlHOE BHYTpEHHEE
oTpakeHue?

3. Haiinure npeaenbHbIN yroJ MajieHus Jyda Ha TPaHMIly pa3jiena CTeKiIa U BOJIbI.

4. CBeTOBBIE BOJHBI B HEKOTOPOM KUAKOCTH MMeroT auuHy 600 Hm m gactory 5-10" I'm. Omnpenenure
aOCOJIOTHBIN MOKa3aTeNb MPETOMIICHUS KUAKOCTH.

5. Ompenenure aOCOMIOTHBIN MOKa3aTedb MPEIOMIICHUSI U CKOPOCTh PACIPOCTPAHEHHS CBETA B CIIOIE,
€CJIM TpH yTie nageHus cBera 54° yrou npeaomiienus 30°.
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6. B anmase cBer pacrnpocTpaHsercs cO CKOpOoCcTbro 1,22 10% wm/c. Onpenenure NpenesbHbBIN yroi
MIOJIHOTO BHYTPEHHETO OTPaXKCHUs CBETAa B ajiMa3e MpHU IMEpPexXoje CBETOBOro Myd4Ka W3 ajliMasa B
BO31YX.

7. CBETOBOW Iy4YOK IEpPEXOJUT W3 BO3AyXa B BOAy. YToa majaeHus 76°, yrona mpenomuieHust 47°.
Onpenenure CKOPOCTh CBETA B BOJE.

8. Yron majgaHus jyda CBETa Ha MOBEPXHOCThH IMOJCOTHEYHOTO Macia 60°, a YTOJl MPEeIoOMIICHUS 36°,
Haiit nokasarens npeaoMIIeHHs Macia.

9. ®oTOH BbUIETAaCT U3 BOJABI B BO3AyX. BbuleTUT i1 (OTOH U3 BOABI B BO3AYX, €CIM OH MaJaeT Ha
TpaHUIly pa3jelna Boabl ¥ Bo3ayxa o yrioM 50°? Tlouemy?

10. JIyu cBeTa nmepexoauT co CTeKIIa «JIeTKui Kpon» n=1,57 B Boay. Yroia najaeHus yBeanuuparoT. Kakos
IIpeIebHBINA YroJl IOJHOTO BHYTPEHHETO OTPAXKEHUS?

11. Beruucaure npeaeabHblid yro MOJHOTO BHYTPEHHEro OTPaKeHMsI JUIsl ajiMaza Ha TpaHulle C BOJIOM,
3Hast, YTO aOCONFOTHBIN TIOKa3aTelb mpenomiieHus anmasa 2,417, a Boasr 1,333.

12. Onpenenute OTHOCUTENIbHBIA IMOKa3aTellb MPEIOMIICHUs, eciau yroi naaeHus 30°, a mperomieHus
20°.

13. Jlyun cOJHEYHOro CBeTa MaJal0T Ha MOBEPXHOCTh BOIBI moja yrioM 74°. Ilox kakum, yrioMm K
TOPU30HTY BOJ10J1a3, OIIYCTUBLIMUIICS B BOY, OYJET BUAETH COJMHIE?

14. Onpenenure nokazaTellb IPETOMIICHUS BEIIECTBA, €CIIU MPEIEIbHBINA YroJl MOJHOTO OTpaxeHus 42°.

15. JIyd cBeTa majseT Ha MIOCKOMAPAILISIBHYIO CTEKISTHHYIO TUIACTHHKY 1o yriom 60°. KakoBa TonmmHa
IUTACTUHKH d, €CIU MpU BBIXOJIE U3 Hee JIyd cMecTiicsa Ha 20 Mmm?

16. Jlyd cBera mamaeT Ha IUIOCKYIO CTEKISHHYIO IUIACTHHKY ToimuHoW  d = 3 cm mox yrimom 70°.
Omnpenenurte cMelIeHUe JTy4ya BHYTpHU TiacTuHkH. [Tokazarens npenomienus crekia 1,5.

17. Yron majgeHus CBETOBOTO IMy4Ka, MAYIIETO M3 CTEKJA C MOKaszaTeleM IpeiiomieHus crekia 1,67 B
BOAY C moka3atesieM mnpenomiienus 1,33, pasen 60°. Ha kakoil yron OTKIOHSIETCS CBETOBOM My4YOK Ha
rpaHHIe, TO K€ MpH yrie najgenus 53°7

18. MoHOXpOMaTHYECKHid JIyd MaJaeT HOPMAajdbHO Ha TpaHb MPHU3MBI, MOMEPEYHOE CEYCHHE KOTOPOMU
PaBHOCTOPOHHUI TPEYroJbHUK: MoKa3aTenb npenomiieHus 1,1. Onpenenute yrosi oTKJIOHEHUS Jydya
MIPU BBIXOJE U3 MPU3MBI OT €T0 MEPBOHAYAIBHOTO HAIIPABJICHHUS.

dopma npeacraBjieHus pe3yJbTara:
BrinmonHuTh 3a1aHKe B TETPAIH IS MPAKTUYECKUX PaboT.
Kpurtepun onenku:

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

3a HelpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHKE BBICTABIISAETCS OTpHUIIaTeIbHas olieHKa — () 6anoB.

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

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

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

Oyenka «neyoosnemeopumensHoy svicmasisiemcs 3a Mmenee 60% mpaBHITBHBIX

Tema 5.3 OnTuka

IIpakTuyeckoe 3ansaTue Ne 26
3aKkoHbI BOJTHOBOM ONTUKH

Heab: chopMupoBath NOHUMaHuE posiu PU3UKU B (POPMHUPOBAHUM KPYro3opa U (pyHKIIMOHATHHON
I'PaMOTHOCTH YEJIOBEKA AJI PELICHMs NMPaKTUYECKHX 3a7ad, U3yYUTh 3aKOHBI PACIPOCTPAHEHUS CBETA,
KaK BOJIHBI U IPUMEHATH UX MPH PEIICHNUN

BbinosiHenue padorbl  crmocodcTByer ¢opmupoBanmio:  I[1P62 OVIL.06, I1P69 OVII.O6,
ITP67_OVIIL.06, ITP61 OVII.06

MarepuaibHoe of0ecneyeHHe: TeTpagb I MPAaKTHYECKHX paldoT, pydka, METOIUYECKHe
PEKOMEH/IalliH MO BBIIOJHEHUIO Pa0OThI, TMHEIKA, KapaH/alll.

Yka3zanue: [IpakTuueckas paboTa COCTOMT U3 ABYX 4YacTeii — TEOPETUYECKOH M INPAKTHUECKOM.
ITocne n3ydeHuss TEOPETUUECKOTO MAaTepHalla MOKHO MPHUCTYNATh K BBIIOJHEHUIO IIPAKTHYECKOM YacTH.
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Omna cocTouT U3 AByX M OoJiee 3a7ay JJIsi CAaMOCTOATENIBHOTO BhINoMHeHUs. He 3a0bIBaiiTe 0 mpaBUIbLHOM
oopmiieHnn pemeHus. Ha BhIIONHEHNE MpaKTHYECKOH OTBOAMTCS ABa akajJeMHUYecKux daca. [lopsmok

BBITIOJIHEHUS pabOTHI

HSy‘-II/ITB KpaTKuC TCOPCTUUCCKUC CBCACHMUSA

ITopsinok BbINOJIHEHHSI PA0OTHI:

https://znanium.com/catalog/product/1012153, BwimHCcaB

dbopmynel ¢ maparpados 65, 66 . orMeueHHble CKOOKaMu, Hanpumep (66.1)

Pazo0patrhk mpuMepsI pemeHus 3a1aq
OTtBeTuTh Ha BOMPOCH TecTa https://znanium.com/catalog/product/1012153, k §64.65.66.67.

Boxnl 1,33.

Hano:
2. KorepeHTH. Uct.

v=5-10%Tn

AS=1,8-10%m

n=1233
c=3-10% m/c
i _’_)

IIpumepsl pelieHus 3aga4
1 B Boze untepdepupyroT KOrepeHTHBIE BOJIHBI YaCTOTOH 5 - 10™ I'u. Yeunurest niu ocnabHet ceet B
TOYKE, €CJIM FTeOMETpUUECcKasi pa3HOCTh X0/a Jiyueil B Heil paBHa 1,8 mxm? [lokazaTens npenomiieHus

] 21335105 007"
- = T
im= .10
=7,98 =8 —ueTH. —
_ 2maS

i max YCHUJICHUC CBCTa

2. Onpenenute 4 HAUMEHBIIUE TOJIIMHBI MPO3PAYHON TIIEHKU C ONTUYECKOHN MIOTHOCTHIO 1,5, 4TOOBI
IIPY OCBEIIEHUU MX NEPHEHAUKYISPHBIMU KPACHBIMHU JydyaMu ¢ JUiMHOM BoiHbl 750 HM oHuM Oblin
BHJIHBI B OTPaKEHHOM CBETE KPACHBIMHU.

AaEo: ImIIeHKa . 4dn 750 750 -
n=1.75 Aen Ty d, = — = = 125H™m
=750 Hum oA 4553 >
k=0.123 d =—— d, =3-125 =375 Hx
do. d,. da. 4-n d. = 5d, = 625 Hu
d; 2 d < d: = 7do = 875 Hm
= “4n
A
d, === =13d,
4n
d,= 5d,
ds; = 7d;

3. CeeTOoBadA BOIXHA ATHHOH 530 Hyv manaeT OepOeHIHKVIIAPHO HA IPOIPIIHVIC
OHOPAKOHOHHVIO peIOeTKy. IIIOCTOAHHAaa KoTopoHE 1.8 wxmxya OmpenenrHETe VIO
JHEOPAKOHE. 04 KOTOPEIM OOpasyercs maxX HaHOOIBIISIC HOPAIKA.

Aano: aadpaxmms ; K2 1.8-10 ° 1800
»=530-10"n sin ¢ = =1 k = — > = —5 =-3:2}
d=1.8-10%2« d 530-10 530
k =k max kA 7 k =3
= D2 <l:k<Z ) .

® - d L 2 3-5330-107 2

a singpyp = ——— = 0883

- KA I.8-107"
2)sin @ =
@ = 62°

38.,[121‘-11/1 AJI1 CaMOCTOATCIIBHOTO PCIICHU A

KakoBa ontmueckas Pa3HOCTh XO04a ABYX KOTCPCHTHBIX MOHOXPOMATHYCCKHUX BOJH B BCIICCTBE C

TMOKa3aTeJIEM IIPCIIOMIICHUA 1,6, CCJIM TCOMCTPUICCKAd Pa3HOCTb XO04a J'Iy‘-Ieﬁ 2,5 cMm?

Ha ToHKyI0 mieHKy ¢ mokaszaTesieM IpenomiieHus 1, 5 meprneHauKynspHO €€ MOBEPXHOCTH IMaJaeT

MapajuIeIbHBIM MyYOK JKENTHIX Jy4eil ¢ nnuHoi BoaHbl 600 HM. IIpn xakoii HaMMEHBILIEH TOJIINHE
IJIEHKH OHA B OTPaKEHHOM CBETe OYyJeT Ka3aThCs KeNnTou?
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10.

11.

12.

13.

14.

JIBa KorepeHTHBIX Jiyya ¢ anuHamu BoiaH 404 HMm mepecekarorcs B ogHOW TOYKe Ha 3kpaHe. Urto
Oyzner HaOMoAaTbCA B 3TOM TOYKE — YCUJICHHE WM OCJIa0JIeHHe CBETa, €ClIM ONTHYECKas Pa3HOCTb
xona jayueit 17,17 Mxm?

Bo ckoibKko pa3 yBeNmUYHUTCS PACCTOSHUE MEXAY COCEIHHMHU WHTEP(PEPEeHIMOHHBIMU MOJIOCAMU Ha
sKpane B onbiTe FOHTa, ecnu 3emnenslid cBeTOGUIBTP C ATMHON BOJIHBI 25 107 cM 3aMeHnTH KpPaCHBIM
¢ IJIMHOH BOJHEI 6,5 - 107 cm?

B HekoTOpyr0 TOUYKY MNpPOCTpAHCTBA MPUXOIAT JBE KOTEPEHTHBIE BOJHBI C I'€OMETPUUYECKOH
pasHocTbo X0a 1,2 MKM, AsmHa KOoTopelx B Bakyyme 600 Hm. Onpenenure, 4To Ipou30HA€ET B 3TOM
TOYKE BCIIEACTBUE HHTEepdepeHIuu B Bo3ayxe, B Boge (1,33), B crekite (1,5).

PaznocTh xo/1a myuei IByX KOT€pEHTHBIX MCTOYHMKOB CBETA C JUJIMHOW BOJIHBI 6 107 M, CXOJSIIMXCS
B HEKOTOPOU TOuKe, paBHa 1,5: 10° M. Veunenne win ocnablieHne ceera Oyner B 3TOM Touke?

Ecnu crmexkTpbl TpeTbero M YEeTBEPTOro MOpsaka mpu audpakiuu Oeloro cBera, HOPMAIbHO
najaromiero Ha JuGpakMOHHYIO PEIIeTKY, YAaCTUYHO MEPEKPhIBAIOTCS, TO HA JUIMHY BOJHBI 780 HM
CIIEKTPA TPETHETO MOPSI/IKA HAKIIAABbIBACTCS JJIMHA BOJIHBI ... CIEKTPa YETBEPTOIO OPSAIKA.
Hudpakiuonnas pemerka umeetr 50 mrpuxoB Ha MM. [log kakuMu yriamMu BUAHBI max MEepBOTO U
BTOPOTO MOPSIKOB MOHOXPOMATHYECKOTO U3JIydeHHs ¢ IITuHOM BosHbI 400 Hm?

Onpenennure ONTHYECKYHD pa3HOCTb XoAa BOJaH ainuHoM 540 Hwm, npowmemmmx dyepes
TUQPPAKIUOHHYIO pEUIETKY U 00pa30BaBIIMX Max BTOPOro MOpsiIKa.

Omnpenenure ONTHYECKYIO PA3HOCTh X0/a BOJH, MPOIIEAIINX Yepe3 Tu(PaKIUOHHYIO PEIIETKY, eCIH
MAaKCUMaJIbHOE YCUJICHUE BOJIH BUAHO 10 YIJIOM 11°. Hocrosnnas PELIETKH 2 MKM.
Judpakuronnas pemrerka ¢ rnmoctosHHoi 0,004 MM ocBemIaeTcsi CBeToM ¢ JJIMHOW BoJiH 687 Hwm.
[Tox kakuM YIrJIOM K pPEIIETKE HYKHO MPOW3BOAUTH HAOIOJEHUS, YTOOBI BHJICTH H300paKCHHE
CIEKTpa BTOPOro nopsiaka?

Omnpenenute MOCTOSHHYIO AU(PPAKIIMOHHONW PEIIETKH, €CIH MPHU €€ OCBEIICHHH CBETOM C JJITUHOMN
BOJIH 656 Hm criekTp BTOpOro nopsiika BUJIEH MO/ YTIIOM 15°.

Omnpexpenute JUIMHY BOJIHBI UL JUHUM B AU(PPAKIIMOHHOM CHEKTpe 3-T0 MOpsAKA, COBIAJAIOMICH C
JIMHUEH B CIIEKTpE YETBEPTOro MOpsIKa ¢ AMuHOU BoHbI 490 Hwm.

Kakoii HaubonbIuii TOPSAOK CIIEKTpa MOXKHO BHJIIETh B AU(pakiMOHHOU pemieTke, uMmeromen 500
IITPUXOB HA | MM MpU OCBEIIEHUU €€ CBETOM C JJIMHOM BOHBI 720 H

®opma npeacTaBJieHUs pe3yabTaTa:

BbImmomHUTE 3a1aHKe B TETPaIH VIS IPAKTUIECKUX PA0OT.

Kputepun onenkmn:

3a MpaBUWIILHO BHINTOJHEHHOE 3aJaHUE BBICTABIISICTCS ITOJIOKUTEIbHAsI OLleHKa — 1 Gasu.

3a HeNIpaBUIIEHO BBIMTOJHEHHOE JEHCTBHE, 3a/JaHHE BHICTABIIICTCS OTpHIIATeNIbHAs OlleHKa — () OasuioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIEHBIX OTBETOB

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

Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB

Oyenka «neyooenemeopumensvHoy svicmagisiencs 3a Menee 60%0 mpaBUIBLHBIX OTBETOB

Pa3nea 7 KBanToBasi pusnka
Tema 7.1 KopnyckyJISIpHO-BOJHOBO# AyaJu3M

IIpakTnyeckoe 3ansitue Ne27
3akonbl Gporoddpdexra. YpaBHeHre JHHIITEHHA

Heab padorsi: chopMupoBaTh MOHUMaHUE POy (PU3MKK B (OPMUPOBAHUU KPYyro3opa BlaJcHHE

OCHOBOIIOJIararonmumMmn (bI/I3I/IquKI/IMI/I IMOHATHAMHA, 3aKOHOMCPHOCTAMU, 3dKOHAMHU U TCOPUAMU, YMCHUA
BBIITOJIHATD paCYCTHBIC U rpa(bnqecxne 3aga4uu

BbinosiHenue padorbl  crnocodcTByer ¢opmupoBanmio: I[1P62 OVIL.06, I1P69 OVII.06,

ITP67_OVII.06, ITP61 OVII.06

MarepunanbHoe obecniedeHue:
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WHAUBUAYAJIBbHOC 3aJIaHUC, KOHCIICKT HCKHHﬁ, CIIPAaBOYHLIC MATCpPHUAJIbI.

Yka3anmue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX YacTed — TEOPETHUYECKOM M IpakTudeckou. Ilocne
U3y4eHHs] TEOPETHUYECKOI0 MaTepuajga MOKHO HPUCTYNATh K BBINOJIHEHUIO MpakTHYecKod yactu. OHa
COCTOMT M3 JBYX W Oojiee 3ajad A CaMOCTOSITENIbHOTO BhIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
oopmienun pemienus. Ha BelosHEHNE NPAKTUYECKOTO 3alaHUsI OTBOJUTCS /1BA aKaJEMHUECKUX Yaca.

3ananmue:

O3HaKOMBTECH C TEOPETUUYECKUMU CBEICHUSIMU
Pemure 3aaa4u, CaMOCTOATCIIbHO UCIIOJIB3Ys NPUMEPBI U KPATKUC TCOPECTUICCKUC CBCACHHA.

HOpﬂI[OK BBIINNOJIHCHUSA paGOTBI:

I/I3quTe U BBIITUIIUTE (bOpMyJ'IBI I10 ,I[aHHofI TEME B BUJC KPaTKOI'0 KOHCIICKTa

Paz6epute npuMepsl pelIeHHbIX 3a/1a4

Pemure caMmocTosATEIIEHO 3aJadyu

Beimonauts Tect https://znanium.com/catalog/product/1012153, ctp 346 «®Potoaddexr. Dopmyina
IInanka»

APwnh e

Kparkue Teopernyeckue cBeIeHHs
DHeprus KaKI0i MOPIUH MPSIMO MPOIOPIHOHATbHA YacToTe M3ayueHus — V. E=hv [Ix],
rae h — nocrosiaaas [lanka, h = 6,63-10°%* [[Ix-c].
[TOrJIOTUTHCS MOKET BCS TIOPIHS [ICTUKOM.
DHeprusi cBeta hv wmaeT Ha coBepiicHHE pabOThl BbIXOJA A, M Ha COOOINCHHE JIICKTPOHY

2 2 2
. mo mo® . mo
KUHETUYECKON SHEPruu — > hv=A,+ — =FE,.

Jlnst kaxxaoro BemiecTBa GoTodddexT HAOI0AAeT s, €M YacToTa V> Vinin = hv> A. TlpenenbHyto

. . A
YaCTOTY Vinin UM Amax HA3bIBAIOT KpacHOW rpaHuIieil poroaddekra. vinin =« ,rae 4, — pabota BbIXOAa
h

anektpona [[Ix]. 13B = 1,6 10 e

®oTOH 00J1a/1a€T OPLIUEH SHEPTUH: F — he _ hyv,rae v—u4acrora [['11];
A

h — nocrosiunas [nauka, 6,63-10>* [k-c].
hv

~, TIie C — CKOPOCTb CBETa, c=3-10% m/c.
c

Macca goToHa onpenensieTcs: m =

@DOTOH HE HMMEeT MacChl IMOKOS, T.e. HE CYIIECTBYET B COCTOSHUU TMOKOsA. Mmmynbc ¢oToHa
hv h
OTIpeIeTIAETC: p:mcz_zZ
C

IIpumenenue porodpdexra

CBoiicTBO (hOTOTOKA 3aKIHOYAETCSl B TOM, YTO €r0 CHJa MPsIMO MPONOPIHUOHAIBHA MOIJIOMIEHHON
SHEPIUu CBETa, HAXOJIUT IIPUMEHEHHE B MpUOopax-(poTodJIeMEeHTaX, B KOTOPhIX YHEPTHUs CBETA yIPaBIIsSET
SHEprueH IEKTPUIECKOro TOKa WU Ipeodpa3yercs B Hee.

PazHooOpazHoe mNpUMEHEHHEe HaxXOOUT BHYTpEeHHHH (oTod(h(eKkT B MNOITyNpOBOAHHMKAX. ITO
SBJICHUE UCTIONb3YEeTCSL:

1) B poTOoCONpPOTUBICHUSAX — IPUOOPAX, COMPOTHUBIIEHNE KOTOPBIX 3aBUCUT OT OCBEILIEHHOCTH;

2) B TMOJNYNPOBOJHHMKAX — TMpubOpax, NpeoOpa3yrolIMX CBETOBYIO JSHEPrui0 B HSHEPTHUIO
AJIEKTPUUYECKOT0 TOKa. Takue mpuOOphl CIyKaT HCTOYHMKaMH Toka. CyIIecTBYIOT —SBJICHUS,
00BbsICHAEMbIE KBAaHTOBBIMU CBOMCTBAMH U3JTyUCHMUSL.
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1. Jaenenue céema. IlepBbie onbIThl ObUIM mpoaenansl B 1900 1. pycckuMm ¢usuxom JleOeneBbim
II.H. Bpriuucnennss MakcBesnia nokas3aid, 4TO Ha 3e€MJie COJIHEYHBIM CBET JAABUT Ha KBAJpPaTHBIA METP
4epHOI MOBEPXHOCTH, PACTIONOKCHHOM TIEPIEHIUKY/ISPHO JTydam ¢ critoi 4,510 H.

2. Tennosoe Oeiicmeue ceema. llpu TOTIOMEHUN U3IYYEHHUS TEJIOM BCErAa IMPOUCXOAUT
MpeBpalleHe YHEPTUN U3ITyUYEeHUS BO BHYTPEHHIOIO SHEPTHUIO Tela.

CoJiHEUHbIE Jy4d MNPUHOCAT execekyHIHO 1370 JIk sHepruM Ha KaxJblid KBaApPATHBIM METp
MIONEPEYHOI0 CEYEHUS 3EMIIU.

3. Xumuuecrxoe Oelicmeue ceema. XUMUYECKUE MPOLECCHl, MPOUCXOJSAIIME TOJ JAeWCTBUEM
M3IY4YCHHUs, UMEIOT OOJbIIOe 3HAUYEHHE B NPUPOJAE, HAyKe M TEXHHUKE: (POTOCHMHTE3, CIIOCOOCTBYIOT
BO3HHUKHOBEHHUIO 3PUTEIHHOIO OIIYIICHUS Y YelOBEKa M XUBOTHBIX U JAIOT BO3MOXKHOCTH pPa3jinyarh
1[BeTa, NoJy4YeHue gororpaduu.

XUMHYECKOE EHCTBIE U3IIyYE€HUs OUY€Hb XOPOILIO 00BSICHSETCS KBaHTOBOW TEOpPHUEH CBeTa.

[Tornomenue GOTOHOB yBETUUNBACT SHEPTHIO MOJIEKYJI TPOUCXOIAT XUMUUYECKHE MTPOIECCHI.

IIpumepsl pemienus 3agaq

1. Ompenenure MakCUMaJIbHYIO CKOPOCTb BbLJIETa 3JEKTPOHOB M3 Kajus, paboTa BbIXOJa
AJIEKTPOHOB M3 KOTOPOTO paBHa 2,26 3B, mpu ocBenieHnH ero yIbTpadroieTOBBIM U3ITyYeHHEM C JUTHHOM
BostHBI 200 HM. Macca anekTpoHna 9,1 .10* kr.

Hano:
A =200 am CH

Pewienue:
A,=2265B 200-10°°

W3 ypaBHeHUs DWHILITEHA JIJIs1 BHEILIHETO

m =9,1:10" kr  2,26-1/6-10™ Jx

¢ =310%w/c doTtodrddekra:

) A , |
h=6,62-10"% JIx-c %:AWWL"‘?“:N)= %’
v—"7?

 [2(3-10°-6,62-10 ** —2.10 7 2,26-1,6-10 *°) _\/(19,86—7,232)-10’26

-118.10°
2.107.91-101" 91.107 ¢

OTBeT: v = 1,18-106 Mm/c.

Pemurhb 321241 caMOCTOATEIbHO (n - HOMep sauileco eapuarnma no CI’lZ/lCKy)

1. PaGota BBIXOJa PNEKTPOHOB y okcuaa meau 5,15 sB. BezoBer i1u Gpotoaddekt ynprpaduoneToBoe
usinydenue ¢ gacroroii 0,01-10Y I'n?

2. PaGoTa BBIXOJIa JIEKTPOHA C TIOBEPXHOCTH 11e3ust paBHa 1,6-10™° JIxk. C kakoil CKOPOCTBIO BBIICTAIOT
SIIEKTPOHBI M3 1[E3HsI, eCIIM METAlll OCBEILEH JKEITHIM CBETOM ¢ JUIMHOM BoiHbl 0,6-10° mM; me =
9,1-10° xr?

3. Haiinure maccy n uMmynbc (OTOHOB [T HHPpPaKpacHBIX (V= 10% I'm) 1 perTreHoBCkuX (v=10* I'1x)
JIy4en.

4. Haiigure [UIMHY W YaCTOTY M3ITy4eHHS, Macca (POTOHOB KOTOPOTO paBHA Macce MOKOs JIEKTpoHa (Mg

=9,1-10 k).

KaxoB ummnynbc hoTOHa, S3HEPTHsl KOTOPOTO paBHA 6-10™" JIx?

Onpenenure UMITYJIHC (POTOHOB PEHTTC€HOBCKUX JIyde A = 410" m.

KakoBa macca oTOHa, eciu ero 3Heprus paBHa 2,76-10™ Jix.

OHeprus KBaHTa CBETa paBHA 1,98-10%%. Kakoe 510 U3IyyeHue?

Omnpenenurte 3Hepru0 (OTOHOB, COOTBETCTBYIOIINX Haubosee AMuHHBIM (A = 0,76 MKM) U Haubomee

KOpoTKuM (A = 0,4 MKM) BOJIHAM BUJIMMOM YaCTH CIEKTpa.

© XN O
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10. Kaxkoii 4acTOTHI CBET CeAyeT HAIPABUTh HA TOBEPXHOCTH IJIATHHEI, YTOOBI MaKCUMaIbHasi CKOPOCTh
(hoTO21EeKTPOHOB OBLIa paBHA N KM/C pabOTOM BBIXOJa JJIs IJIaTHHBI paBHA 6,3 2B?

11. [Touemy nosiBieHue GoTorpadhuIeckux CHUMKOB MPOU3BOJAUTCS IIPU KPACHOM CBeTe?

12. MoxHo mu potorpadupoBath NpeaMETHI B COBEPIIEHHO TEMHON KOMHATE?

13. Onpenemure ummyIsc (POTOHA BUIIMMOTO CBETA C TMHOM BOJHBEI 500 HM.

14. Onpenenute MIMHY BOJHBI (DOTOHA, UMITYJIBC KOTOPOTO PaBEH HUMITYJIbCY AJIEKTPOHA, IPOJIETEBIIETO
YCKOPSIOUIYIO Pa3HOCTh NMOTEHLKAIOB N B.

15. Onpenenute SHEPrui0 U3MydeHHs, Macca (GOTOHOB KOTOPOTO PaBHA Macce MOKOS 3JIEKTPOHA Mg =
9,110 kr.

16. Beruncnure sHepruto ¢oTtoHa BUAUMOTO cBeta A = 0,4 MKM W CpaBHHTE €€ ¢ JHeprueil orona
yIbTPa(HOIETOBOTO MU3TyUEHHUS KBAPIEBOH JIaMIibl A = 0,25 MKM.

17. TIpu KaKoii JUTHHE SMEKTPOMATHITHON BOIHBI SHeprus GoTona 6buta 661 pasHa 2,8-10™° JIx?

18. Onpenenute paboTy BBIXOJA AJIEKTPOHA C MOBEPXHOCTH IIMHKA, €CITU HAWOOJbIIAs JJIUHA BOJIHBI
(doTona, Be3bIBaromIas Gotodddext — 0,3 MKMm.

19. KakoBa MakcuMaibHasi CKOPOCTh (POTOIIEKTPOHOB, €Clii (POTOTOK MPEKPAIIACTCs TPU 3aHPAIOIIEM
Hanpspkenun 0,6 B (me = 9,110 kr; ¢ =1,6-10™ Ki)?

20. Onpenenute KpacHyto rpanuity hotosddexra 11 MeTamia ¢ paboToit Beixoa N 3B.

®dopma npeacTaBiaeHus pe3yJibTaTa:

BbImmonHuTE 3a1aHKe B TETPAIH VIS IPAKTUISCKUX PAOOT.

Kpurepun oneHku:

3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS TIOJIOKUTEIIbHAS OIICHKa — | Oa.

3a HeNpaBUIILHO BBIITOJHEHHOE JEHCTBHE, 3a/laHUE BHICTABIIACTCS OTpHULIATEIbHAs OlleHKa — () 6asuioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

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

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

Oyenka «neyooenemeopumensvHoy svicmagisencs 3a Menee 60%0 mpaBUIBLHBIX OTBETOB

Tema 7.2 CTpoenne aTroma

IIpakTnyeckoe 3ansiTue Ne28
3anuch siiepHbIX peaknuii. CTpoeHHe aTOMOB U aTOMHBIX siep. 3aKOH PaJIHOAKTHBHOIO pacnajaa

Heasb padoTbl: chopMupoBaTh MOHMMAaHUE Posid (GU3UKUA B (POPMHUPOBAHUM KPyro3opa BIaJeHUE
OCHOBOMOJIAraroluMu (pU3NYECKUMH MOHATHAMHU, 3aKOHOMEPHOCTSIMHU, 3aKOHAMU M TEOPUSMU; YMEHUS
BBITNIOJIHATH pacyeTHbIE U IpaduuecKue 3a1auu

BoinosiHeHue padorbl cnocodcTByer ¢GopmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
[1P67 _OVIIL.06, ITP61 OVII.06

MarepunanbHoe obecrniedeHue:

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

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT W3 JBYX YacTed — TEOPETHYECKOM M mpaktudeckou. Ilocne
U3yYeHHs] TEOPETUYECKOro MaTepuaia MOXKHO HPUCTYNAaTh K BBIMOJHEHHUIO NMpakTHueckod vactu. OHa
COCTOMT W3 JBYX W Ooyiee 3ajad sl CaMOCTOSITENILHOTO BEHIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
oopmienun pemienus. Ha BeImosHEeHNE TPAaKTUYECKOTO 3a/1aHUS OTBOJUTCS /IBA aKaJEMHUECKUX Yaca.

3ananue:

1. O3HaKOMbBTECH C TEOPETUYECKUMHU CBEICHUSIMHU
2. Pemmre 3a1a4um, CaMOCTOSTEIIEHO UCTIONB3YsI IPUMEPHI X KPATKHE TEOPETUICCKUE CBEICHHS.
3. BBIMONTHATE TECT

Ilopsinok BbINOJHEHHS PadOThI:
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W3yunre KpaTKUE TCOPETHUCCKHUE CBEICHHUS

Pasbepure nmpuMepsbl pelIeHHbIX 33129

Pemmre caMOCTOSTENBHO 3a1auH

Bemonuuts Tect https://znanium.com/catalog/product/1012153, ctp 347 «CtpocHue aTtomMa M
onpeJieleHue ero cocraBa no tabnuue MennpeneeBa», crtp 349, « SnepHas peakuus. YpaBHEHUE
SZIEPHOU peakiumy», «PaIrnoakTHBHOCT. SIIepHbIe CHIIB» K YKa3aHHBIM ITaparpadam

AwnhE

Kparkue Teopernyeckue cBeleHUs
IIpu paaroakTHBHOM pacnaje MPOUCXOIUT MPEBPAILECHUE OJHOTO s1pa B IPYroe, KOTOPOe NOIUMHSICTCS
npaBuUjIaM cMeleHus, chopmyarpoBanHbiMu Conau:

1. o-pacmam: ;' X—,Y+,He — usimydenue siiep reus.

2. B-pacmanm: ;X —,/Y+ (€ — U3IyYeHHE DIIEKTPOHA.
CrpoeHue aTOMHOTO sipa

lIpomonno-netimponnas mooensb amoma — s,APO COCTOUT U3 HEUTPOHOB U MPOTOHOB, BOKPYT 1O OpOUTamM
BpalarTcs MeKTpoHbl. OO1Iee Ha3BaHHE IPOTOHOB U HEUTPOHOB — HYKIIOHbL.
IIpomon (p) UMeET NONOKUTEIBHBIN 3apsJl, PABHBIA 3apsy dJIEKTPOHA M MACCy IOKOS Mp = 1,6726-10°%'
KT.
Heitimpon (n) — HeiiTpanbHas 4acTHIIA C MACCOM TTOKOS My, = 1,6749-10%" kr.
Maccosoe uucno A — ob1iee 9nuciio HyKIOHOB B aTOMHOM S/Ipe, T.€. CyMMa HEUTPOHOB U IIPOTOHOB.
3apsooeoe uucno Z — 4uciao NPOTOHOB B spE, COBMAJAIOIIEE C MOPSIKOBBIM HOMEPOM XMMHUYECKOI'O
JJIEMEHTA B IICPUOJAUYECKON CHCTEME DIIEMEHTOB MeHieneesa.
ATOM XMMHYECKOTrO JIeMeHTa 0603Ha4aroT , X .

Hanpumep, U , B KOTOPOM COIEPHKUTCSL Z — IPOTOHOB U ICKTPOHOB, T.¢. Z =92 1 A — MaCCOBOE HCIIO,

kotopoe paBHO 235. N — npotoHoB, T.e. N =4 —Z = N =235-92=143. 4 =Z + N
AoepHule cunvbl — CUITBI, KOTOPBIMH HYKJIOHBI YIEPKUBAIOTCS B siipe. UTOOBI pa3aenuTh SApo Ha
COCTaBJISIONINE HYKJIOHBI HEOOXOAUMO 3aTPATUTh OONBIIIYIO SHEPTUIO — IHEP2UIO AMOMHBIX s10ep —
paboTa, KOTOPYIO HEOOXOUMO COBEPIIUTH ISl pa3iesIeHus s/ipa Ha HYKJIOHBI. E ., = Amc? e Am = Zmp
+ N-mp — My — AedexT Maccel.
Dnepeemuueckum 6b1Xx000M SACPHON peakliy HA3bIBAIOT PA3HOCTh YPHEPTU MTOKOS sIIep U YaCTHIL JI0
peaxkiuu u rnocie Hee, 1o ectb:AE = (Xm; - Zmi)-cz,
rae XM; — cyMMa Macc 4acTHIl 10 PEAKIIUU;
XMm; — cymMMa Macc 4acTHI IIOCJI€ PEaKLIHH.
Ecnu Xm; >2m;, TO peakuus UIET ¢ BBIACIEHUEM YHEPTUH, €CIM XM <XMj, TO peaKLus UAET C
MOTJIOIIEHUEM SHEPTUH.
Aoepnas peaxyus — peBpalieHle aTOMHBIX SIep MPU B3aUMOJICUCTBUU C dJIEMEHTAPHBIMU YaCTUIIAMHU.
S nepHble peakiy TPOTEKAIOT MO-Pa3HOMY, T.€. C UCITYCKAaHUEM Pa3JIMYHBIX YACTHII;
.Be+,He—C+.n |
3axon coxpaneHus d1eKmpudecKux 3apsaoo8 U Maccoswlx yucesl. CyMMa 3apsiioB (MacCOBBIX YHCeN) siaep
Y Y9aCTHIl, BCTYNAIOUIUX B SAIEPHYIO PEAKIINIO, paBHA CyMMe 3aps0B (MAaCCOBBIX YHCEN) KOHEUYHBIX
MPOJYKTOB (siiep M yacTul) peakuuu. Hanpumep: 123? AI+01 n_)lzf Na+24 He .

Z (no peakiuun) = 13 + 0 Z (mocne peakmun) = 11 + 2

A (o peakuun) =27 + 1 A (nocne peakuun) =24 +4

IIpumeps! pelenus 3agay

1. Kyna cMemaeTcst moJrydeHHBIN 2JIeMEHT B TaOsmie MeHieneeBa B pe3yiabTaTe MsATH o-paciaaoB?
I[aH(); ZAX —>5jHe+’?Y o-pacnag, — 3To NOTOK AAep reiva — :He, T.K. X 5=

Z(5 ;He) =5.2 =10 -3apag; A(5 :He) = 5.4 = 20 — MaccoBoe Y1cno.

OtBeT: 27eMeHT Y OTHOCUTENBHO X CMENIAETCS Ha IeCATh KJIETOK K Hadalry TaOJIUIIbI.
5. 3aKOHYMTE AMCPHYIQ PEAKLNIO; LB+ — 2+ /Li
: -3 T 0 Fgkle
; N —>§fﬁe+ 6

Z-10
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[To 3aKkoHY cOXpaHEHHUS 3apsia U MACCHI:
1o peaknuu Z =5 + 0; mocne peakuu Z =5 — 3 = 2;
no peakuuu 4 = 10 + 1; nocne peakuuu 4 = 11 -7 =4,
[Tomyyaercst 31IEMEHT € 3apsAoM J10 peakuuu Z =2 u maccoi 4 =4 — *He.
OtBet: Y B+in—, He+]Li -
1. Onpeodenume snepeemuueckuii 8b1X00 A0epHOU peaKyutl

“N,+*He,=""O,+'H,

1 cnocoo

1) onpedenumo maccy aopa u wacmuy ml 0o peaxyuii
2) onpedenums maccy A0pa u wacmuy m2 nocie peaKyutl
3) onpedenumsv uzmenenue maccel m mil m?2

E=m*c’
4) paccuumamo uzmenenue sHepulL.
M, =14,00307 ; & m+4,00260 a.e.m.==18,00567 a.c.m.
[locne peakuumn:

M, =16,99913 a.e.m.+1,00783 a.e.m.=18,00696 a.e.m.
m=""""2=_0,00129 a. e. m.

DHeprus norjaowaercs, T.k. m < (
E=(-0,00129)*931 M»sB.=-1,2 M»B.

2 crmoco®
Hano: Pewenue:

E, =104,653 A ’
» MsB DHeprus CBS31 PaBHA HYIIO, OITOMY
E, =282937 , . E=E,—(E,+E,

1e)
E, =131,754 M5B E= 131,754 MaB —(104,653+28,2937)M»>B= -1 2M>B
E-? Omeem: 1,2 MaB

Pemurhb 321241 caMOCTOATEIbHO

1. KaxkoBo cTpoeHue sapa aromMoB: 60pa B ; Oepuius | Be; a30Ta N ; aTlOMUHHsA 2 Al ?
2. Uewm oTiMUaroTcs siapa U30TOIOB BOIOPOAA 'H,’H,H ? Kak onu HaspBaroTcs?
3. Kypna cmemaercs snemeHnTt Y B pe3ynbTare o-, B-pacnaja B Tabnuiie Menneneena?
A 0 . A 4 0 .
a) ’X >3 % +Y,; 0) ’X—>iHe + e *+Y,;
B) ;X—)Z;He+3_(l)e+Y; P) ZAX—):He +3_[l)e +Y.
4. Tlpu GomObapavpoBKe M30TONMA a30Ta ‘N HEUTPOHAMHU MOJYYaTCs M30TOI yriepona '/C, KOTOpbIi
OKa3bIBaeTCs 3-paIoaKTUBHBIM. HanmummTe ypaBHEHUS SIIEPHBIX PEaKIuii.
S. B pesynbrare 3axpara HEWTPOHA SAPOM M30TONa a30oTa N 00pasyeTcs HEM3BECTHBIN DJIEMEHT M Oi-

yactula. Hanumure peakuuio U onpeiesiuTe HEU3BECTHBINA DJIEMEHT.
7 2
6. Hatinnre nmponaykr peaknmu nmpu GOMOApAMpOBKE sJEP M30TONA MarHus “:Mg O-9acTULAMH, €CIH

U3BECTHO, UTO B 3TOM PEAKIIUH BBIAEIISAIOTCS HEUTPOHBI.
7. 3anummure cxemy sJIepHOM peakUuu U OINpeAesUuTe HEM3BECTHBIM 3JeMEHT, 0o0pasyroluiics Mnpu
0OMOapIMPOBKe A/IEP M30TOIOB ATIOMUHHA ] Al OL-4aCTHUIIAMM, €CJIH M3BECTHO, YTO OJUH W3

IIPOJYKTOB PEAKLIMU HEUTPOH.
o 1 242 22
8. DJeMEeHT KypyaTOBMH MONy4Wsd, OOJydas IUIyTOHMH 27Py sjapamu HeoHa ’Ne. Hamummmre

PEaKIHIO, ECIIM U3BECTHO, YTO B pe3yJbTaTe 00pa3yeTcs eIie YeThIpe HEeHTPOHa.
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10.

11.
12.

13.

14.

15.

16.
17.

Hammmmire HemocTaroiwe 0003HaYeHHS B CIIETYIONIHUX SICPHBIX PEAKIIUSIX:

a) 27 Al+/n —?2+:He; 0) 7+H—”Na+,He;

B) PMn+?—>xFe+n; ) ZAl+y—2Mg+7?;

1) PB+in—>2+a; €) SMn+p —?+.n;

K) ILi+;He —>?+He;  3) ’H +y —>2+.n.

[IporakTunnit *'Pq o-paanoakTuBeH. ONpenenure, KaKo JIEMEHT MOJNyYaeTCs ¢ MOMOUIBIO 9TOr0
pacnana?

B xakoii snemMenT npespaiaeres U 1ocie AByx B-pacnajos U OJHOIO o-pacmana?

Snpo u3oTona BUCMyTa 2°Bj TOJIy4MIIOCH U3 JIPYTOrO s/pa Mnocie o-pacnana u B-pacnazga. Yro 7o 3a
SApo?

B pesynbrare 3axBaTa O-4aCTHIbI SJPOM H30TOMNA a30Ta N 0Opa3yeTcs HEM3BECTHBIA DJIEMEHT U
MpoToH. Hamummre peakiuio u onpenennTe HEn3BECTHBIN SJIEMEHT.

Bo3moxkHa 1M peakius, TPOUCXOIAIIas TNpu OOMOApIUPOBKE QIIOMHHHS —O-9aCTUIIAMH U

COITPOBOKIAIOIIYIOCS BBIOMBAHHEM HEUTPOHOB, €CIM B PE3yJIbTaTe MOJIY4aeTcs SapO KPEMHHS C
MaccoBbIM umciaoMm 307?

11 o
Ilpn penennn sapa U Beigensercs sueprus 3,2-107° Jbx (200 MboB). Paccuuraiite sHepruio,

KOTOpasi BBIICIUTCS MIPU CTOPAHUU ypaHa KOJMYECTBOM BellecTBa 1 MOJb.
OnpenennTe SHEPTUIO, BBIIEIAIONIYIOCS B X0/I€ TEPMOSIEPHON peakuuu 'H+ H—>,He.

3 3 o
Uzoron renus }He mosydaercs B pe3ynbrate 60MOapIMpOBKH sep TpuTus *f npotonamu. Haimure
SHEPreTUYECKUH BBIXO ITON peaKkiuu.

®opma npeacTraBieHus pe3yJbTara:
BremoaauTh 3a1aHuC B TCTpaau AJId NPAKTHICCKUX pa60T.
Kputepun onenkn:

3a MpaBUWIILHO BHINTOJHEHHOE 3a/IaHNE BBICTABIISICTCS ITOJIOKUTEIbHAS OLleHKa — 1 Gasu.

3a HeTIpaBUIILHO BBIITOJHEHHOE JEHCTBHE, 3a/JaHHE BHICTABIIICTCS OTpHLIATEIbHAs olleHKa — () GasuioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

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

Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB

Oyenka «neyooenemaopumensvHoy svicmagisencs 3a Menee 60%0 mpaBUIBLHBIX OTBETOB

Pa3nes 8 DiieMeHTHI aCTPOHOMMH U ACTPO(PHU3MKH

Tema 8.1 DiieMeHTBI ACTPOHOMMH U ACTPOPHU3NKH

IIpakTnyeckoe 3ansitue Ne29
Crpoenne u coctaB CostHeuHol cucreMsl. I'anakTtuku. Padora ¢ kapToii 3B¢31H0r0 Heba

He.]'Ib: MMO3HAKOMMTHCS C ITOJBHIKHOM KapTOﬁ 3BE3THOIrO He6a, HAaYUYUTBCA ONPCACTIATh YCIOBUA

BUIUMOCTH C03Be3)II/II71, HAYUYHUTHECA OIIPCACIIATE KOOPAWHATEI 3BE3/1 10 KapTe
BoinosiHenue  paGorbl  cnmocodcTByer  (popmupoBanui:  [IP62 OVIL06, IIP69 OVII.06,
[TP67_OVII.06, ITIP61_OVII.06

MaTepna.m,Hoe obecneyeHue: TeTpadb I MPAKTHYCCKUX pa60T, py4ika, MCETOAUYCCKHC

PEKOMEHIAlUH 110 BHITIOJHEHUIO pa0OThI, THHEIKA, KapaHIall.

Yka3anmue: [Ipaktuueckass paboTa COCTOUT U3 JBYX YacTed — TEOPETHUECKON M MPAKTUYECKOM.

[Tocne n3ydeHMs] TEOPETUIECKOTO MaTeprana MOXHO TPUCTYIATh K BBITOJHEHUIO TPAKTUIECKON YacTH.
Omna cocTouT M3 ABYX U OoJjiee 3a/1a4 JJIsl CAMOCTOSITENIbHOTO BhINOJIHEeHUs. He 3a0biBaiiTe 0 MpaBUIBHOM
oopmiieHnn pemeHus. Ha BeIIONHEHNE MpaKTHYECKOH OTBOAMTCS ABa akajJeMHUYecKux daca. [lopsmgok
BBITOJIHEHUS pabOThHI
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IMopsinok BbINOJIHEHUs PA0OTHI:
1. PaccMOTpUTE TEOPETHYCCKHI MaTepual II0 TeMe€ W TNPUMEPHl pemicHHs 3agad  (CMOTPH
METOAHYECKOE IIOCOOHE).
2. Pemmre camocrositensHyro pabory. Odopmure pelieHne MICbMEHHO B TETPAIH.

Teopus.

Bun 3Bé3aHOTO HEeba M3MEHSETCs M3-3a CYTOYHOTO BpamieHus 3emin. M3MeHeHne Buaa 3BE3HOTO
Heba B 3aBMCHMOCTM OT BPEMEHHU Ioja MPOUCXOAUT BeieAcTBHe oOpameHust 3emin Bokpyr CosHua.
PaboTa nocpsiieHa 3HaKOMCTBY €O 3BE3IHBIM HEOOM, PEIICHHIO 3a/1a4 HA YCIOBUS BUAUMOCTHU CO3BE3IUI
U OIIPEJENIEHUH X KOOPAMHAT.
[lepen Havanom paboTHl pacmedyaTaTh MOJABHKHYI KapTy 3Be3JHOr0 He0Ga, OBaJ HAKJIAaJHOTO Kpyra
BbIpE€3aTh 110 JIMHUM, COOTBETCTBYIOLIEH reorpaduueckoi mupore Mecra HabmojeHus. JInHus Beipes3a
HAKJIaJHOTO Kpyra OyaeT u300pakaTh JIMHUIO TOPH3OHTA. 3BE3IHYIO KapTy U HAKIAJHOW KPYT HAKICUTh
Ha KapToH. OT [ora K ceBepy HakKJIaJHOIO Kpyra HaTSHYTb HUTb, KOTOpas IOKa)KeT HalpaBJieHUE
HEOECHOTO MepUIaHa.

Ha xapre:

3BE3/IbI TOKA3aHbl YEPHBIMHU TOYKAMU, pa3Mepbl KOTOPBIX XapaKTEPU3YIOT IPKOCTH 3BE3I;
TYMAaHHOCTH 0003Ha4YEHBI OTPUXOBBIMU JIMHUSAMU

CEBEPHBIH MOIIOC MUPa U300paKEH B LIEHTPE KaPTHI;

JUHUH, UCXOJISIINE OT CEBEPHOTO MOJII0Ca MUPA, MOKA3bIBAIOT PACIIOIOXKEHHE KPYTOB
ckioHeHus. Ha 3B&31HOM kapTe Ams ABYX ONMKaWIINX KPYroB CKIOHEHUS YTIIOBOE
paccrosinue paBHoO 1 u;

HeOecHbIe mapauienu HaHeceHbl Yepe3 30°. C uX TOMOIIBIO0 MOYKHO ITPOU3BECTH OTCUET
CKJIOHEHUE CBETHII J;

TOUYKH NepeceyeHMsl SIKIUNTUKU C 3KBATOPOM, Il KOTOPBIX MpsiMoe BocxoxaeHue 0 u 12 4.,
Ha3bIBAIOTCS TOYKAMH BECEHHETO g U W paBHOJICHCTBUIA;

10 Kparo 3BE3JHOM KapThl HAHECEHBI MECALIbI U YHCIIA, @ HA HAKJIQJAHOM KpyTe — 4achl,

3€HUT PacCIOJIOKEH BOJIU3M LIEHTpa BhIpe3a (B TOUKE NMepecedeHns: HUTH, H300paxaroleit
HeOecHBIN MepuMaH ¢ HeOeCHON Mapalsienblo, CKIIOHEHHE KOTOPOH paBHO reorpaduueckoit
LIMPOTE MeCTa HAOIIOCHUS).

DOAMEEAR CAFTA INEAZNN G Wrks PAREARNA APEY & SAPTE BN O HERA

e e T

i

s onpenesieHnsi MeCTONOJIOKEHUSI HEOECHOT0 CBETHJIa HEO0X0AMMO Mecsll, YUCJI0, YKa3aHHOe HA
3BEé31HOM KapTe, COBMECTHTH C 4aCOM HAOJII0leHHsI HA HAKJIAHOM Kpyre.
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HebecHblit 3KBaTOp — 00abUOU KpYe HeOeCHOU cgepbl, NI0CKOCMb KOMOpPOo2o NepneHOUKVIAPHA OCU
MUpa u coenaoaem ¢ nIOCKOCMblo 3eMH020 2k6amopa. HeOecHbIi skBaTOp AeTUT HeOecHylo cdepy Ha
J1Ba MOJIyILIAPHSL: CEBEPHOE IMOJIyIIapUE, C BEPIIMHON B CEBEPHOM IOJIFOCE MUPA, U F0XKHOE IOJIyILIAapHeE, C
BEPIIUHON B 105KHOM Moioce Mupa. Co3Be3iusi, uepe3 KOTOphIe MPOXOIUT HEOECHBIH SKBATOP, Ha3bIBAIOT
AKBaTOpUAIbHBIMU. PaznuyaroT co3Be3/11s I0KHBIE U CEBEPHBIE.

CoszBe3ngust CeepHoro mnosymapusi: bonbpmras u Manas Measenunsl, Kaccuones, Lledeit, [Ipaxon,
Jlebenp, JIupa, Bomomnac u ap.

K roxnbiMm otHOCsTCS FOxHBIM Kpect, LlenTaBp, Myxa, )KeptBennuk, FOxxubiii TpeyrojibHUK.

Moaroc Mupa — mouka Ha Hebecholl cghepe, 8OKpye KOMOPOU HPOUCXOOUM BUOUMOE CYMOYHOE
osudiceHue 36630 u3-3a epawjenus 3emau eokpye ceoeti ocu. Hanpapnenne Ha CeBEpHBIN MOIIOC MHUpa
COBIIAJIaeT C HANpaBlieHUEM Ha reorpaduyeckuii cesep, a Ha HOXHBIN TOTIOC MUpa — C HAMPABICHHEM
Ha reorpaduyeckuii ror. CeBepHBIM MOJIOC MHpAa HAXOAUTCA B cO3Be3auu Masoit Menenuipl ¢
MOJIIPUCCUMON (BUIMMAs sipKasl 3Be3/ia, HaXoAs1ascss Ha ocu BpaweHus 3emin) — [lonsipHoit 3Be310H,
F0’KHBIN — B co3Be3/1un OKTaHT.

TyMaHHOCTD — yuacmox medc38E30HOL Cpeobl, 8blOCNANUUIC CBOUM UZTYYEHUEM UTU NO2N0UWeHUeM
usnyyenusi Ha obuem ¢pone neba. PaHee TyMaHHOCTSMH HA3bIBAIM BCSKUH HETOJIBMKHBIA Ha HeOe
npoTsHKEHHBIA 00BbeKT. B 1920-¢ roapl BBIICHHIOCH, YTO CpeId TYMaHHOCTEH MHOTO TajaKTUK
(marmpumep, TymanHocTh AHIpomensl). Ilociie 3TOro TEPMHH «TYMaHHOCTB» CTall MOHHMAThCs Oolee
y3KO, B YKa3aHHOM BBIIIE CMbICIIE. TyMaHHOCTH COCTOSIT U3 IbUIM, Ia3a U I1a3Mbl.

DKJIUNTHKA — 00abUOU Kpye HebecHolu cghepvl, NO KOMOPOMY HPOUCXOOUM BGUOUMOE 200UUHOE
osudxcenue Connya. 11m10CKOCTh 3KIMINTUKA — IJIOCKOCTh oOpamieHust 3emiau BoKpyr ConHua (3eMHOM
OpOUTHI).

B 3aBucuMocTH OT MecTa Habo1aTeNsd Ha 3emiie MEeHsIeTCs BUJ 3BE3HOr0 Heba U XapakTep CyTOYHOIO
nBukeHust 3Be3. CyTouHbIE MyTH CBETUI Ha HEOeCHOH chepe — 3TO OKPYKHOCTHU, MIOCKOCTH KOTOPHIX
napajuiesIbHbl HEOECHOMY KBaTOpYy.

PaCCMOTpI/IM, KaK U3MCHACTCA BUJ 3BE3HOTO HeOa Ha moirrocax 3emnu. Iloimroc — 3To Takoe MecTo Ha
3€MHOM HIape, rA¢ OCb MHUpa COBIIAAACT C OTBECHOM HHHHeﬁ, a HeOeCHBIN 9KBATOpP — C TOPU30HTOM.

Jlst nabmomarens, Haxoasmerocs: Ha CeBepHoM moftoce 3emiu, [lomsipHast 3Be31a OyaeT pacnoaraThes
B 3€HHTE, 3BE3MIbI OYIYT IBUTATHCS MO KPyram, mapajuieIbHbIM MaTEMaTHUYeCKOMY TOPU30HTY, KOTOPBIH
coBmazaeT ¢ HeOECHBIM PKBAaTOpOM. [Ipw ATOM Haj ropu30HTOM OYIYyT BHJHBI BCE 3BE3JBI, CKIIOHEHUE
KOTOPBIX MONOKUTENbHO (Ha KOkHOM momtoce, Ha060poT, OyAyT BUAHBI BCE 3BE3/IbI, CKIOHEHHE KOTOPHIX
OTPHUIATENIFHO), @ UX BbICOTA B TEUEHHE CYTOK HE OyJeT U3MEHSITHCSI.

[lepemecTrMcsi B MPUBBIYHBIE IS HAC CPEJHUE IIMPOTHL. 3/1€Ch YK€ OChb MHpa M HEOECHBIM SKBaToOp
HAKJIOHEHBI K ropu3oHTy. IlosToOMy M cyTO4HBIE MyTH 3BE3] Takke OyIyT HAKJIOHEHBI K TOPU3OHTY.

88



CJIGI[OBaTeJII:HO, Ha Cpe[[HI/IX IJ_II/IpOTaX Ha6HIOILaTeHB CMOXECT Ha6HIO,HaTB BOCXO/AIIIUEC U 3aX0OA1IIUC
3BE3IBI.

HOII BOCX010M NnoHuUmMaemcs AejleHue nepecedeHusl Cceentuiom 60CMOYHOU YaACcmu UCMUHHO20
copuzonma, a noja 3ax0A0M — 3anaoHOU Yacmu 3mo2o copuzonma.

[Tomumo 3TOTO, YacTh 3BE3MI, PACIIOJIATAIOIIMXCS B CEBEPHBIX OKOJIOMOJSIPHBIX CO3BE3/IMSAX, HUKOT/IA HE
OyIyT OITyCKAaThCs 3a TOPU30HT. Takue 3BE3/1bI MPUHATO HA3bIBATH HE3AXOAS IIIUMH.

A 3BE311bI, pacnonoxeHHble okosno FOkHOro momroca mMupa A HaOJMOAATeNss Ha CPEAHMX IMIMPOTaxX
OyayT SBISATHCS HEBOCXOAS LIUMH.

OTnpaBuMcs Janbliie — Ha 3KBaTOp, reorpaduyeckas MUPOTa KOTOPOro paBHA HYIIO. 3/1eCh OCh MHpa
COBIIAJIAET C MOIYACHHON JIMHUEN (TO €CTh pPacloJiaraeTcs B MJIOCKOCTU TOPU30HTA), @ HEOECHBIN IKBATOP
MIPOXOUT Yepe3 3eHUT.

CyTO‘-IHBIC MyTH BCEX, 0e3 HUCKIIOYCHUA, 3BE3] NCPpUCHAUKYIISIPHBI TOPHU30HTY. HOBTOMy HaxoasjACh Ha
OKBaToOpEC, Ha6J'IIO)IaTeJ'II) CMOXKET YBUACTH BCC 3Bé3211)1, KOTOPBIC B TCHCHUEC CYTOK BOCXOIAT U 3aXOOAT.

BOO6H.IC, HJId TOro, YTOOBI CBETHIIO BOCXOJWJIO M 3aXO0AWJI0, €0 CKIOHCHHUE II0 a0COJIFOTHON BEIHUYHMHE

6] < 90°— @
JTOJIDKHO 6I)ITI) MCEHBIIIE, YHEM .
|6] = 90°— ¢ y
Ecnu , To B CeBepHOM TONyImIapuu OHa OyAeT SABIAThCS Hezaxosmen (s KOxuoro —
HEBOCXOISIIIEH).
16| =90°— ¢
Tor)]a O4Y€BHIHO, YTO TC€ CBCTUJIA, CKIIOHCHHEC KOTOpI)IX , ABIIAKOTCA HCBOCXOAAIINMU

i CeBepHOTro noiymapus (Win Hezaxoasaummu Juist FOxHoro).

3KBaT0pl/laJIbHaﬂ CUCTEMAa KoOOpAHHAT — 2mMoO cucmema HebecHbIX Koopduﬂam, OCHOBHOU
njiockocmoio 6 Komopod A6/I51emCsl NIOCKOCMb HeOeCH020 aKeamopa.
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JKBAaTOPHAJIbHbIEC HEOEeCHbIE KOOPIAMHATHI:

1. Ckionenne (0) — yenosoe paccmosinue ceemuna M om HebecHo2o K6amopa, usmepeHHoe 800ib

kpyea cknonenusi. OObIYHO BblpaXkaeTcs B rpagycax, MUHyTax M cekyHaax ayrun. CknoHeHue
NONOXUTENbHO K ceBepy OT HeEGECHOro akBaTopa M OTpuuaTenbHO K tory oT Hero. OGbeKT Ha
HebGeCcHOM akBaTope mmeeT cknoHeHue 0°. CknoHeHMe ceBepHoOro nomntwca HebecHour cdepsbl

paBHO +90° CKnoHeHne KXHOro nontca pasHo —90°.

2. IIpsiMoe BocCXOXKaeHHe cBeTWJa (0) — )Yer08oe paccmosiHue, umMepeHHoe 6007b HebeCH020
9KBAMOPA, OM MOYKU 8ECEHHE20 PABHOOEHCMBU 00 MOYKU nepeceyenus HeOeCH020 IK8amopa ¢ Kpy2om
CKIIOHEHUsL C8emua.

IlocienoBaTeIbHOCTH BHINOJHEHHUS NPAKTHYECKOH padoThI:
3agauu npakTH4eckoii padoTbl:

3anaua 1. Onpeznenure skBaTopualibHble KoopauHaTel AnbTanpa (o Opna), Cupuyca (oo bonbmoro Ilca)
u Beru (a JIupsr).

3anaua 2. Mcnons3ys kapTy 3BE3HOTO Heba, HalIUTE 3BE3/Ty MO €€ KoopauHataM: 0 = +350; o = 14 6Mm.

3anpaua 3. Onpenenure, Kakou sBisieTcs 3Be3n1a 0 Ctpenbiia, A HaOMroAaTeNs, HaXOAAIIero Ha MUPOTe
550 15'. Omnpenenutb, BOCXOIAIIEH WJIM HEBOCXOSMIEH sBIseTCS 3Be3da JBYMs CHOCOOaMU: C
MCMOJIb30BAHUEM HAKJIAHOTO KPYra MOJBMYKHON KapThl 3BE€3/IHOTO Heba M ¢ MCIOIb30BaHHEM (HOpMYII
YCIIOBUSI BUIUMOCTH 3BE3.

IIpakTHyeckunii cmocod. PacnoslaraeM NOABMXKHBIA KPYr Ha 3BE3/IHOM KapTe W INPU €ro BpalICHUU
ONpeAeIIsieM, SIBJISIETCS 3B€3/1a BOCXOISIIEH MM HEBOCXOIAIIEH.

TeopeTu4yeknm cnocob.

Hcnonb3yem GopMyIbl YCIOBHSI BUIUMOCTH 3BE3/:

181 <90°— ¢

Ec , TO 3B€3/1a SIBIISIETCS BOCXOAAIICH U 3aX 0 ISAIICH.
|6] = 90°— ¢ .
Ecnmu , TO 3Be€371a B CEBEpHOM MOJIyIIapUU SBJISIETCS HE3AXOASAIIEH
6] <90°— @ .
Ecmu , TO 3Be371a B CeBEpHOM MOIYLIAPUU SIBISETCS HEBOCXOIAIIEH.
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3agaua 4. YCTaHOBUTH MOJABIKHYIO KapTy 3BE3NHOro HeOa Ha JIeHb M 4Yac HaONIOJCHHMS M Ha3BaTh
CO3BE3/1Us, PACMOJIOKEHHbIE B I0KHOM yacTW HeOa OT TOpU30HTA A0 IMOJNI0CAa MUPA; HA BOCTOKE — OT
TOPU30HTA 10 MOJII0CA MUPA.

3agaua 5. Haiitu co3Be3ausi, pacroio>KeHHbIE MEXIy TOYKaMu 3amaga u cesepa, 10 okTsOps B 21 yac.
[IpoBepuTh NpaBUILHOCTH ONPEACNICHUS] BU3YAIbHBIM HAOII0ACHHEM 3BE3THOTO Heba.

3agaua 6. Haiitu Ha 3BE31HOI KapTe co3Be3aMsi ¢ 0003HAYEHHBIMU B HUX TYMAHHOCTSIMHA M IIPOBEPHUTH,
MOJKHO JIM MX HAOI0JaTh HEBOOPYKCHHBIM TJIA30M TJIa30M Ha JICHb M 4Yac BBIMOJTHEHHSI JIAOOpaTOPHOU
paboTHI.

3apaua 7. Onpenenuts, OyayT a1 BUAHBI co3Be3aus JleBbl, Paka. BecoB B momHoub 15 centsiopsa? Kakoe
CO3BE3/IMeE B 3TO ke BpeMsi OyJeT HaXOAUThCS BOJIM3U TOPU30HTA Ha ceBepe?

3agaua 8. Onpenenuth, Kakue U3 MEPEUUCICHHBIX co3Be3aui: Manas Measeauua, Bononac, Bo3uuunii,
OpuoH - U1 Bael MuUpoTh OYAYT HE3aXOASIIUMHE?

3agaua 9. Ha kapre 3BE31HOrOo HebGa HAWTU MATH JIOOBIX MEPEUYHMCIEHHBIX c03Be3aui: bombias
Mensenuna, Manas Mensenuna, Kaccuones, Aunpomena, Ilerac, Jlebens, Jlupa, I'epkynec, CeBepHas
KOpPOHa — U OINpeAeIuTh NPUOIMKEHHO HEOECHBIE KOOPINHATHI (CKIIOHEHHE, U MIPSIMOE BOCXOKEHHE) a-
3BE3]] 3TUX CO3BE3AUM.

3apauya 10. OnpenenuTh, Kakue co3Be3aus OynyT HaxoAuThcs BOnmM3u ropuszonta Ha Cesepe, IOre,
3amage u BocToke 5 Mas B IIOJIHOYb.

KonTpoabHbie Bompochbl sl 3aKpelJieHHsI TEeOPeTHYEeCKOr0 MaTepuaja K NPAKTHYECKOMY
3aHATHIO:

1. Yro Takoe 3BE3qHOC HEOO? (3BE3MHOE HEOO - MHOXKECTBO HEOSCHBIX CBETHII, BUAMMBIX C 3€MITH HOYBIO,
Ha HeOECHOM cBoJIe. B sicHYI0 HOUYb YeTIOBEK C XOpPOIIUM 3pEHHEM YBHIUT Ha HebocBoje He Oonee 2—3
TBICSIY MEPIAIONINX TOYEK. TBICSYM JIeT Ha3ajd JPEBHUE acCTPOHOMBI pa3JeiIMiIN 3BEe3JHOEC HEOO Ha
JIBEHA/IIIATh CEKTOPOB U MPUAYMATH UM UMEHA i CUMBOJIBI, 10 KOTOPHIMU OHU U3BECTHBI U TTOHBIHE. )

2. Yro takoe co3pe3aus? (Co3Be3aus - y4acTKH, Ha KOTOPBIE pa3zelieHa HebecHas cepa s ynoocTBa
OpUEHTHPOBAHUS Ha 3BE3NHOM Hebe. B MpeBHOCTH CO3BE3AMSIMH HA3bIBAIUCH XapakKTEpHbBIE (DUTYPHI,
oOpa3yeMble SIpKUMH 3BE3aMHU. )

3. CKOJbKO Ha ceroaHsImHui aeHb co3Be3auit? (Ceromaus ectb 88 co3Be3auii. Co3Be3usi pa3IuyHbl 110
3aHMMaeMoil MIomaan Ha HeOecHOH cdepe U KOMUYECTBY 3BE3/1 B HUX.)

4. TlepeuncnuTh OCHOBHBIE CO3BE3/IUSI WIIM T€, KOTOpbIe BbI 3HaeTe. (CyIiecTBYIOT OOJIbIINE CO3BE3AUS U
Masienbkre. K mepBeiM oTHOcarcs bonemias Mensenuna, I'epkynec, Ilerac, Boposei, Bononac,
Anpapomena. Ko Bropeim - FOxusiit Kpecr, Xameneon, Jleryuas Poiba, Manebiii [1éc, Paiickas Iltumna.
KoneuHo, Mbl Ha3BaIM JIMIIb MY TOJIMKY, HAaOOJIee N3BECTHBIE. )

5. Uto Takoe kapta Heba? ( D10 M300pakeHue 3BE3AHOTO Heba MM ero yacTu Ha miiockocT. Kapty Heba
aCTPOHOMBI pa3JeNIUIIU Ha 2 YaCTH: I0KHYIO U CEBEPHYIO (10 aHAJIIOTUU € TOTyIIapUsIMH 3eMIIH.)

6. UYro Ttakoe HebecHbli »sKkBarop? (bonpmoit kpyr HebGecHOM cdepbl, MIOCKOCTh KOTOPOIo
NEePIEeHUKYIIPHA OCH MUPA U COBMAJIAET C IUIOCKOCTHIO 3eMHOT0 3KBATOPA.

®opma mpeacTasJieHus pe3yJbTarTa:
BrmogHNUTE 3aaHueC B TCTpaaAn IJIA IPAKTUUCCKHUX pa60T.

Kpurepum ouenku:
3a paBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS TTOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HeNIpaBUIILHO BBIITOJHEHHOE JEHCTBHE, 3a/laHUE BHICTABISIETCS OTpHIIAaTeIbHAs OlleHKa — () 6auioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB
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Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenxa «HeyoosiemeopumenbvHoy svicmasisemcs 3a Menee 60% nmpaBUITBLHBIX OTBETOB
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Tema 2.1 KuaemaTuka

JlabGoparopHoe 3ansTue Nel
OmnpenesieHne NJIOTHOCTH BellleCTBA

I_[e.m,: 3KCHepI/IMeHTaHLHO ONpCAC/IMTD IIJIOTHOCTHU KUJAKOCTH U TBEPAOT'O TCIIA.
Bouinosinenue padorbl cnocodocTByeT (opmupoBanmiw: I[1P62 OVIL.06, IIP69 OVII.06,

I[1P66_OVIIL.06, [TP610_OVIL.06, ITP65 OVII.06, ITP63 OVII.06, ITP68 _OVII.06, ITP61 _OVIIL.06
MarepuajibHoe o0ecnieyeHue:

BEChI C pa3HOBECAMU, JIMHEHKa MaCIJ_ITa6HaSI; IOTAaHTCHIUPKYJIb; MCH3YpKa, BCIICCTBO, IJIOTHOCTDH

KOTOPOIr'0 HY>KHO OIIPpEACINUTD.

NGO~ wWNDEE

3aganmue:

1. O3HaKOMBTECH C TEOPETUYECKUM MATEPUAIIOM 10 TEME.

2. Omnpenenute Maccy U 00beM UCCIIEyeMOTO BEIIECTBA.

3. BeruncnauTe mioTHOCTH BEIIECTBA.

4. CoctaBbTe OTYET I10 JIAOOPATOPHOU padoTe.

Ilopsinok BbINOJIHEHHS PadOTHI:
O3HAaKOMBTECh C TEOPETUICCKIM MATEPHAIIOM I10 JTAHHOHU TeMe.
Omnpenenure MWIOTHOCTH TBEPIOTO TETA..
BerarcnuTe aOCOMOTHYIO M OTHOCHTEIHHYIO MTOTPEITHOCTH H3MEPEHUH.
Jlannble 3aHecute B Tadbnuiy Nel
Omnpenenure 1eHy JACIICHUS MEH3YPKH.
Omnpenenure MIOTHOCTH BOABI HEOOXOIMMO.
BeruncnuTe aOCOMOTHYIO M OTHOCHTEIBHYIO MTOTPEITHOCTH H3MEPESHUN
Pesynbrate! onbiTa 3anecute B TaOIUITyNe2.
OTBeThTE HA KOHTPOJIHHBIC BOIIPOCHI:

KoHTpoJIbHBIE BOIIPOCHI

W3 nByxX pa3HBIX METaUIOB W3TOTOBIEHBI OJMHAKOBBIE MO pa3MmepaM KyOuku. BiapemmBanue
MI0Ka3aJio, YTO Macca 0JJHOro KyOuka OoJiblie Macchl Apyroro B 2 pa3a. OJlMHAKOBa JH MJIOTHOCTh
Metanna? Ecnu HeT, To BO CKOJIBKO pa3 OTIMYAIOTCS TUIOTHOCTH?

Tpu neranu — MeHas1, xKelle3Has U ATIOMUHHUEBAs — UMEIOT OJMHAKOBBIe 00bEMBI. Kakast metanb
MMeeT HaMMEHBIYI0 Maccy, kKakas HanbOonpiryio? [IycToT B AeTansx HeT.

Kycok meramna o6semom 150 cM® IMeer Maccy 750 r. Onpeaenure mIOTHOCTh MaTepuaa.

Ha yamku ypaBHOBEIIEHHBIX BECOB MOCTABIEHBI OJJMHAKOBBIE CTakaHbl. [locie Toro, kak B OAUH
CTaKaH HAJMIN MOJIOKO, a B IPYTOW — IMOCOJIHEYHOE MAacjo, paBHOBECHE BECOB HE HAPYIIMIIOCH.
O06BEM Kakol U3 KUAKOCTEH OobIe?

3amnoJIHUTE OTYET 110 J1abOpaTOpPHOI paboTe COrIacCHO TPeOOBAHUSIM.

Yacte 1. [l onpeneneHus MIOTHOCTH TBEPAOTO TeJla BEIYHCIUTE €r0 00HEM.

1. OO6beM npsAMOYTOIBHOTO MapauIeNenuIeia BEIYUCIUTE 10 GopMyIIe:

V=abh,
r7e a — JyinHa, M; b — mmpuna, M; h — BeicoTa, M.
ol
F=——-:h

2.  OO0BeM nuIuHApa BEIYUCIHUTE TI0 hopmyrie: 4
h — BeicOTa 1MIIMHApA, M; d — €ro AUamMeTp, M.

3. Eciam TBepmoe Telo WMeEeT HENpaBWIBLHYIO (OpMY, TO €ro O00BEM OINpEACIIUTE C IOMOIIBIO

MEH3YpPKH, B KOTOPYIO OH MOKET OBITh TIOTPYXKEH.
4. YpaBHOBEChTE BEChl UCMOJb3Ysl MPaBUiIa B3BELINBAHUS.

Onpenenure maccy Tena.
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[To popmyne p=m/v BBIMUCINTE TUIOTHOCTH TBEPOTO TEJIA.
Pesynbrarel uamepenuii 3anecute B Tabauiry Nel u caenaiite BEIYUCICHHUS.

~No

Yactp Ne2. Jlns onpeneneHus INIOTHOCTU BOJIbI HEOOXOIUMO:

1. HaiiTu mMaccy Tapbl, B KOTOPYIO HY>)KHO IIOMECTUTh BOJAY M ONPEAeNUTh Maccy BOAbI Oe3
Tapbl.

2. OmpenenuTe IeHy ACTICHUS MEH3YPKH U HalAUTE 00BEM B3BEIICHHOM KHUIKOCTH (BOIBI).
3. Pesynbratsl onbiTa 3aHecuTe B TaOIUIy No2.

Tabmuma Nel. Pe3ynbrarsl u3aMepeHuid.

Ne Bewec | mmpu | jymnHa | BeicoT | 0058M, | Macca | IIOTHOCTD pmab| Ap o
TBO Ha. ,bm) | a, V( pnp(xz/m3)
a() hv) |* | mr)

Tabnuma Ne2. Pe3ynbTaThl BEIYUCICHUN.

Ne [ Bemectso | macca Tapsi , Macca 00BEM, IIOTHOCTh pmab o
m1(xkr) xuakoct | V(u3) pnp(ke/
", Mm3)
m2(Kr)

®opma npeacTaBiaeHus pe3yJbTara:
PaGoTa noymkHa OBITH BBITIOJIHEHA B TETPAIU IS TAOOPAaTOPHBIX padoT.
Kputepuu onenkmu:
3a npaBUIIHHO BBIMOJIHEHHOE 33JaHKUE BHICTABIISICTCS MOJIOKUTENbHAS OIleHKa — 1 Oa.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BBICTABIISIETCS OTPUIIATEIbHAS onleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasinsiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

JlabopaTopHoe 3ansiTue Ne2
«H3yuyenue geopmannu pacTsKeHus»

Heawb: ompenenenue kodpduuueHTa yOpyrocTd M MOIYIS YHOPYrocTd TMpu JaedopManuu
pacTsKeHHUs.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

BoinosiHenue padotrbl cnocodcTByer ¢GopmupoBanuio [1P62 OVIL.06, I1P69 OVII.06,
I1P66_OVII.06, ITP610_OVII.06, ITP65_OVII.06, ITP63_OVII.06, ITP68_OVII.06, ITP61 _OVIIL.06

MarepuajibHoe o0ecnieyeHue:

BUpTYyalbHas 1abopaTtopHas padora 1.09 Onpenenenue kodppu-
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[IUEHTA YIPYTOCTH U MOAYJIS YIIPYTOCTH MPH Ae(POPMALIUU PACTIKEHHS
http://mediadidaktika.ru/mod/page/view.php?id=13

Kparkas Teopus

B Teopuu ympyroctu moj cioBoM «aedopmanus» MOHUMAalOT BCAKOE HU3MEHEHHE B OTHOCHUTEIHHOM
PacroI0KEHUH YacTHUL] TBEPOrO Tela, BOZHUKAOIIEE 110

Cpenu MHOXKECTBA PA3IMYHBIX BUAOB JehOopMaluu clieAyeT OTMETUTh Mpo-
creimme: aedopmarus pactsokeHus (cxaTus) U nedopmanus casura. Bee ocraib-
HbIe BUJIBI eopMaliuy UMEIOT OoJiee WM MEHee CIIOKHBIN XxapakTep. B ciydae,
ecnu 1eopMaIuy Majibl, TO MOXHO JIF00YI0 AepopMaIinio paccMaTpuBarh Kak
CyMMY HEKOTOPBIX PACTsKEHUH U CIABUTOB.

[Tpu mro6om Buae nedopmannu, €Ciau OHa HE OUYEHB BEJIMKA IO CPAaBHEHHIO C
pa3MepaMy caMoro Teja, BO3HUKAET CHJIa, KOTOpas CTapaeTcsl BEPHYTh TEJIO B TO
COCTOSIHHE, B KOTOPOM OHO OBbLJIO 10 nepopManiuu. ITa cujia ¥ Ha3bIBAETCS CUIIOMN
ynpyroctu. Cuiia ynpyrocTu ¢ BeI3bIBalOIIeH ee nedopmaineii cBsa3aHa:

Fynp=- kX,

31ech k — k03(pPUIMEHT TPONOPIUOHATIEHOCTH, Ha3bIBAEMBIH JKECTKOCTBIO Tella;
Paccmorpum nedopmanmro pactsokenus. [ox nqeicTBreM CHITBI TSHKECTH TPY-

3a F npoBosioka wiu crep>keHb JIMHOU L nmonepeyHoro ceueHus S pactarupa-
eTcst Ha BenuuuHy L . CBsI3b MEX]ly YAJMHEHUEM NPOBOJIOKU L u cuioit

F = mg , BeI3bIBatoLIEl 3TO yAJIMHEHHE, BbIpaXkaeTcs 3aKOHOM ['yka

AL __F
=K—,
L S
rae K — Koatbd)nuI/IeHT yIPYTrOCTH;
AL
=8
L — OTHOCHTENbHAs Aedopmaris,
F
s 7
' ycuime (MeXaHMYecKoe HalpsiKeHue).
CrnenoBaTeinHO,
k=AL.S.
L F

Koaddunmentom ynpyroctu Ha3blBaeTcsl pu3NUeCcKasi BEIMUNHA, YUCICHHO
paBHasi OTHOCUTEIBLHOMY Y/UIMHEHHUIO IIPH IEHCTBUYU YCUIIMS PAaBHOTO €IUHUIIE.
Torga moayns ynpyroctu (Moayis FOura) pasen

_ 1 _ L:F

K AL.S’
CnenoBatenbHo, MOAYIb KOHIa YMCIEHHO paBEeH OTHOILLICHUIO HAPSKEHUSI K
OTHOCI/IT@J’II)HOMy y,ZIJ'II/IHeHI/IIO. ﬂpyrI/IMI/I CJIOBaMH, MO}Iy.TII) IOHFa YUCJIICHHO paBeH
TOMY HaNPSDKEHUIO, TPU KOTOPOM JIJTMHA PACcTSITMBaeMOro 00pasiia yABOUIACH Obl
(ecou ObI IPU TaKUX HAIPSDKEHUAX TEJIO OCTaBaJIOCh YIPYTHM M IIPOJOJIKAIIO Clie-
7oBaTh 3aKoHYy ['yka). B MeHCTBUTENBHOCTH ropa3Io paHblie, 4eM OyJIeT TOCTHT -
HYTO TaKO€ HaIlpsDKEHUE, TEJIO UCTIBITACT TNIACTUYECKYIO TehopMaIiuio u paszo-
pBeTcs.
Jns kaxaoro marepuana Moaysib HOHra nmMeeT mocTosiHHOE 3HaueHune. Mo-
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nyns FOura B CU u3mepsroT B equnuiax gasinenus H/m2. [lpu pactsxeHnn
CTEP>KHSI MJIA TTPOBOJIOKU paboOTa BHEITHEN CHJIbI YBEITUYHBAET YHEPTHUIO YIIPYTO
pacTSIHYTOW MPOBOJIOKH.

Onucanue YCTAaHOBKH N ME€TOAa U3MEPECHUSA

OnpeaseseHue koshpuumesTa
YNRYTroCTH U MOAYAR YNPYTOCTH
npu Aehopmaumm pacTikKeHus

Pucynox 1.

Jl11s paboTHI UCIIOTB3YETCS YCTAaHOBKA, [TOKAa3aHHAsl HA PUCYHKE 1, KOTOPYIO
He00X0IMMO 3alyCTHUTh 110 CCBIJIKE C MopTaja

VYcTaHoBKa NMpecTaBIseT COO0 HaTAHYTYIO TPOBOJIOKY ATUHOHN L, K HUXKHEMY
KOHILY KOTOPOM IIPUKPEIUIIETCS TPy3 Maccoil m. B BepxHeM IpaBoM yri1y pacro-
JIOKEH MHAMKATOP, YKA3bIBAIOIIUI BEIMUUHY Je(OPMALIUU PACTSKEHHS B COTHIX
JOJIIX MAJUIMMETPOB. B HM>KHEM ITpaBoM yriy uMmeercs naHens «llapamerpsl
YCTaHOBKM». B Hell MOXHO 3a7aBaTh 3HAUEHUS JUaMeTpa U JIMHBI MPOBOJIOKU d U L, COOTBETCTBEHHO,
Maccy Ipy3a, BbI3bIBAIOIIETO AePOPMAIUIO PACTKEHUS, M U

YAJIMHEHHE NPOBOJIOKH L .

ITopsinok BbINOJHEHUS PadOTHI

1 Beeaute HyxHble mapamerpsl d, L (BIOpaTh caMUM MIIM BBECTH 3a/1aHHBIE
Mpeno/iaBaTesieM) U 3alHIINTe UX 3HaueHus repes Tadmaunen 1 Paccuuraiite
IUIOIIAb TTONIEPEYHOr0 CeUeHUsI MPOBOJIOKH S. Brinmmmre B Tabnuiy 1

2 Mensist 3Hadennst maccol oT 0 10 10 kr ¢ marom 1, 3anumuTe B TaOJIHILY TO-
ka3zanus L.

3 Beruucnure 3Ha4eHUs IeUCTBYIOMIEH CHitbl F.

4 ]Iy KaXJ10T0 3HaYeHUs] Harpy3KH ONPENIeINTE CPEIHIO BETHUUHY K03 (-
¢unmenta K u moxyns ynpyroctu E .

5 OueHuTe NOrpeuIHoCcTh NOJAYyYEHHOI0 3HaueHUs! Ecp KOCBEHHBIX U3MEPEHUH.

6 Mcnonp3yiiTe moTydeHHBIE PE3YIbTaThI JUIsl TOCTPOCHUS TpaduKa 3aBUCH-
MOCTH a0COJIOTHOTO YAJIUHeHus oT npuioxenHon cuiel L =f(F). Cnenaiite
BBIBOJ] O IPUMEHNMOCTH 3aKOHa [ 'yKa IpH 3THX Harpys3Kkax.

HavaJjabHas nyimHa nposoJioku L =

JAuamerp nposoJioku d=

IInomanb monepevyHoro ce4yeHusi MPOBOJIOKH S =
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Tabnuua 1.

Harpyska ¢ . | Omnocn- E cp,
) Ha npogo- | HAUPIKE=| @ has ;2 , 2| HAi®
Ne AL, M JIOKY oy ' K, w/H | E, Hu o
Y H/n aAedopma-
m, K2 F.H ik M4, £1
1
2
3

7. Ilo pe3ynbraraM U3MEpPEHUH ONPEEINTE MaTepUall, U3 KOTOPOro U3rOTOB-
JIEHa IIPOBOJIOKA.

KonTpoabHbIE BONPOCHI

1. Kakoii Bun gedopmaruu vMeeT MecTo B 1aHHO# padore? 3anummTe 3aKoH ['y-
Ka JUIs TOTO BHIa AePOpMaIium.

2. KaxoB ¢uzuyeckuii cmpica moayns FOura? 3anumure popmymny, mo KOTOpoit
MOYHO paccyuTaTh MoyJsb FOHra.

3. Kakue nedopmaniuu Ha3pIBaroTCs ynpyrumu? UTo Ha3bIBaeTCs MPEAEIoM Mpo-
MOPIIMOHATILHOCTH U MpeiesoM npounoctu? Hapucyiite nuarpammy Hampsike-
HUH 171 KaKOro-HUOY/Ib BEIIeCTBA M HA HEM MOKaKUTe 00J71acTU, COOTBETCTBY-
IOIIHE TIPECITY IPOIIOPIIMOHAIEHOCTH, MPEIeTy YIPYTOCTH, IPEACITy TeKyde-
CTH U TIpe/ieiy IPOYHOCTH.

4. Beisemute popmydy IS pacueTa SHEPTUH YIIPYro# nedopManuu.

5. O0bsicaute siBIeHUE AeOpMAIIUU C TOUKH 3PEHUS CTPOCHUS MOJIEKYIL.

6. [IpuBenuTe MpUMEPHI TEXHUYECKOTO TPUMEHEHHUS SIBJICHUS 1e(OpMaIIUU.

®opma npeacTaBiaeHus pe3yJabTara:
Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU JJIs JIaDOpaTOPHBIX padoT.
Kputepun onenkn:

3a IpaBHIILHO BBITIOJIHEHHOE 33/1aHNE BBICTABIISIETCS TTOJIOKHUTENbHAS OlleHKa — 1 Oa.

3a HCIIPABUJIBHO BBITIOJIHCHHOC HeﬁCTBHe, 3aIaHUEC BBICTABJISICTCS OTPHULATCIIbHAA OLICHKA — 0 6amoB.

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

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

Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% mpaBUIBLHBIX OTBETOB
Oyenra «Heyoosiemeopumenbvhoy svicmagisemcs 3a Menee 60% npaBUIBLHBIX OTBETOB

Tema 2.3 3aKkoHbI COXpaHEHHS B MeXaHHKe

JlaGopaTopHoe 3ansiTue Ne3
Omnpenesnenne K03(pPUUHMEHTA KECTKOCTH YIIPYTOro reJia

Heab: M3yunth 3aBHCHUMOCTh CHJIBI YIPYrocTH OT JHMHEWHON nedopmanuu; Ha HIpUMeEpe
neopManuy pacTsHKEHHUs SKCIEPUMEHTAIbHO MOATBEPAUTH CIIPaBeUIMBOCTh 3aKoHa ['yka; ompenenuTsb

pacuéTHbIM U rpaduyeckuM crnocodamu KodhHULIUEHT YIPYrocTH (KECTKOCTD) MPYKUHBI (PE3UHBI).

Boinosinenue pa6orbl cnocodocTByer (opmupoBanmiw: I[1P62 OVIL.06, IIP69 OVII.06,

TIP66_OVTL06, [IPG10_OVYIL06, [IP65_OVIL06, ITP63 OVYIL06, [IP68_OVYIL06, ITIP61_OVIL06
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MatepuaiabHoe obecnedyenue: IlItatuB ¢ MmypTol U nepkaTensIMH, JTUHAMOMETP C UCCIEAYeMOM
MIPY>KUHOW M 3aKPBITOM IMIKAIOW (MM UCCIEAyeMbId JIOCKYT PE3WHBI), JIMHEHKa, Yalia OT BECOB, HabOp
rpy30B ¢ u3BecTHbIMU Maccamu (o 100 u 50 rpammoB).

ITopsinok BbINOJIHEHHUSI PA0OTHI:

1. O3HakoMbTech C TEOPETHYECKUM MATEPHAJIOM.

B nanHoit naboparopHoil paboTe paccmaTpuBaeTcs yrpyras JUHEHHas aedopmanus pacTsKEHUS
OPY)XUHBI (WM PE3HWHBI), CBA3aHHAs C OSTUM CHJIAa YOPYTOCTH, W, COOCTBEHHO, cama CBS3b,
BBIpakaromiasicsi B U3BECTHOM 3akoHe ['yka, KoTopblii (0e3 yuera pasHOHANpPaBIEHHOCTHU AedopMaluu U
CWJIBI YIPYTOCTH) MO>KHO 3aIIUCaTh B CIEAYIOLEM BUJE:

Bl =k-x

rae: F y — abcomoTHoe 3HaUeHue CWITbl yripyrocty; [ — kodddumuent ynpyroctu (KECTKOCTH); [
— abCOIOTHOE yIIJIMHEHHE.

AARAAANRNTTARN

inin

&z2

To ectb ¢ poctom nedopmanmu MOAyns (3HAYEHUE) CHIIBI YINPYrocTH (B MpeneNnax YHIpyrux
nedopmariuit) pacter npsMo npornopiuoHanbHo. KoaddumuenT ynpyroctu u3 3akona ['yka jierko HaiTH,
yuuThiBas uucieHHoe paBeHcTBO (mo IIl-y 3akony HeloToHa) cuibl ympyroctd W Beca Tedna,
HAaTATUBAIONICTO NIPYXUHY (PE3UHY):

- mg
-
rae: K — koadduipent ymnpyroctu (KECTKOCTh) MPYXKHHBI (PE3MHBI); M — Macca Tpys3a; §—
yCKOpeHHue CBOOOIHOTO Na/IeHUs; X — a0COJIFOTHOE YJIMHEHUE IPY>KUHBI (PE3UHBI).
C npyroii cTopoHbl U3 rpadudeckoil Gpopmbl ypaBHeHUs K0d(DdUIMEHT K MOXHO HaWTH, Kak
TaHreHC yria HakjaoHa Jiyda /Fy/(x) k ocu abcuumcce.
2. OGa 3HaueHus k criemgyer cCpaBHUTb, M MO pe3yjibTaTaM 3TOTO CPaBHEHHs CJENaTh BBIBOJ O
MpoieTTaHHOM padoTe.

=

BHumarenbHO mpouuTaTh ONnrcaHue padoThl U alITOPUTM JIEHCTBHIA;

2. CoOpath W 3adUKCHPOBATH YCTAHOBKY (CM. PHCYHOK) TaK, 4TOOBI 3aKpeIuleHHas K MpYXHHE
(pe3uHe) mycTast yallla BECOB HE3HAUUTENIFHO PACTATHUBANA IPYKUHY (PE3UHY);

3. Crnenath OTMETKY «HYJIEBOTO» YPOBHS TPYKUHBI (PE3HHBI), OT KOTOPOTO OYAYT OTCUHUTHIBATHCS

JMHENHBIE YJUIMHEHHUS,

ITonoxuTk Ha Yalry BeCOB I'py3 IPOU3BOJIBHON MacChI;

IIpousBecTn M3MepeHus cCIeAyOLMX BEIWYMH: [| — Macca rpys3a (cymMma Macc Ipy30B B dalle

BECOB); [ | — abCOMIOTHOE YAJTUHEHHUE NPYKUHBI (PE3UHBI);

6. IloBTOpUTH IBAXKIBI

7. Ilpom3BecTH MNPOMEXKYTOUYHBIE BBIYMCICHUS OCHOBHOM BEJIMYMHBI [UI1 KaXA0ro M3 TpeEX

u3Mepenuit: [11; ALJ2; [ — KoappUIHUEHTH yIpYTrocT (3kECTKOCTh) MPYKUHBI (PE3UHBI) ;

ok~
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8. [IlpousBecTH MNPOMEXYTOUYHbIE BBIYMCICHUS CleAylommx BenuuuH: [lcp; Allcp; [lep (mo
MIPUHATBHIM IPAaBUJIaM BBIYMCICHUN U HAXO0XKIEHUS NTOTPELIHOCTEH);

9. 10. Ha Onanke oTyera Ha4YepTHTh | YETBEPTh CHUCTEMBI KOOPAMHAT C OChbIO abcuucc - [ —
a0COJIIOTHOE YAJIMHEHUE; U OChl0 OpauHaT - F y — abCcomoTHOE 3Haue€HUE CHIIbI YIPYTOCTH.
BriOpath MacimTaObbl eAMHNLL U3MEPEHUS Ul JAHHBIX OCEH TaK, YTOObI MaKCUMaJIbHbIEC 3HAYCHUS
M3MEPEHHBIX U BBIUMCIICHHBIX BEJIMUMH HE BBIILIM 3a [IPEJIENIbl CUCTEMbI KOOPAMHAT;

10. Ha xoopauHaTtHO# tutockocTr oTMeTuTh Touku: A(x1;|FY1|); B(x2;|[FV2|); C(x3;[FY3|); rme: xn —
OJTHO U3 3HAYCHUH YIUIMHEHMs NPYKUHBI (PE3UHBI) IO U3MEPEHUSIM JaHHOro anroputma; [FVn| -
OJTHO M3 3HAYEHUH CHIIbI YIIPYTOCTH, YUCIEHHO paBHOM Becy Tpy3a mng, Ijie Macca — U3MEpPEHUE
JTAHHOT'O aJIrOPUTMA;

11. IlpoBectu npsimyro depe3 Touku A, B, C (ecnu TOUKM HE JiekaT Ha OJHOW NPSAMOM — MPOBECTH
IPSIMYIO TaK, YTOObI TOUKH PABHOYAAIEHHO HAXOJMIIUCH 110 00€ CTOPOHBI OT MPSAMON).

12. ITpousBecTu u 3apUKCUPOBATH B yHKTE 5. Oanka oTyéra 3HaueHue korddunpenta k’, paBHOTO
TaHTEHCY YIJla HaKJIOHA 3TOH MPsIMOM K OCH abcIHce (TP BBIYMCIICHUH tg o< 0053aTEIbHO
HEO0OXOIMMO YYUTHIBATh MAcIITaObl U OCH a0CIIUCC, U OCH OpauHAT!);

13. CpaBHuTb K03 HUIMEHTHI yIIPYTOCTH (3KECTKOCTH), KOTOPBIE BBIYUCISUTUCH. ClienaTh BBIBOI.
KoHTpoJibHBbIE BOPOCHI
1) B uém 3akmtouaercs 3axoH ['yka?

2) Yro takoe ympyras aegopmarus?
3) Korna Bo3HuKaer cuiia yrnpyroctu?
4) Yo o3HauaeT 3HaK «—» B 3akoHe ['yka?
5) Ot 4ero 3aBUCUT KOAPDUIMEHT YIPYrocTu?
6) Kak nosmkeH aBuUrarbcs AMHAMOMETp, 4TOObI, HECMOTpPs Ha IMOJABELICHHBI K HEMY Ipy3,
MpY>KHHA OCTaBaJIach HEPACTIHYTON?
7) XKecTkoCTh MPYXUHBI U KECTKOCTb IPOBOJOKH, U3 KOTOPOIl OHAa COCTOUT — 3TO OJHO U TOXe?
[Touemy?
®opma npeacTaBiaeHus pe3yJabTara:
PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAM ISl JJaOOPaTOPHBIX paboT.
Kpurtepuu onenku:
3a mpaBUIIBHO BBIIIOJHEHHOE 33JaHHE BBICTABIISIETCS TOJI0XKUTENbHAs OLleHKa — 1 Gasu.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIATEIbHAS o1leHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumensroy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyooenemeopumensvHoy svicmasgiiemcs 3a MeHee 60%0 MpaBUIBLHBIX OTBETOB

Tema 3.1 OcHOBBI MOJIEKYJISIPHO-KHHETHYECKO TeOpUH

JlaGopaTopHoe 3aHsaTHE Ned
IIpoBepka razoBbIX 3aKOHOB

Heapb: N3yunth B3auMOCBSI3b MAaKpOCKOIIMYECKUX MTapaMEeTPOB rasza 3aJlaHHOM MacChl; ONBITHBIM
nyTéM yOoeauTcs B CIpaBeAIMBOCTH 3aKkoHa boiins-Mapuotra.

BoinosiHenue padotrbl cnocodcTByer (opmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
ITP66_OVYII.06, ITP610_OVYIL.06, ITP65 OVII.06, ITP63_OVIL.06, ITP68_OVYIL.06, ITP61_OVII.06

MarepuanbHoe o0ecnieyeHme:

Cunb(oH (aJIOMUHHEBBIII TEPMETUYHBIM IMIUHAP C TOQPUPOBAHHBIMU CTEHKaMM, IIKAIOH
YCIIOBHBIX E€IMHMII, MOPUIHEM C BEPTUKAJIBHBIM BHHTOM), BO3JYXOBOJHBIM COEAMHUTEIbHBIA IUIAHT,
MaHOMETp, 0apOMeTp, UCIBITYEMBbIN Ta3 3aJaHHOH MacChl — BO3/YX.

3aganue:
1.IToBTOPUTH OOBEIMHEHHBIN Ta30BBIN 3aKOH.
2.IIpoBepuTh Ha MIpaKTUKE cOOMIOeHUE 3aKkoHa boits-MapuoTra.
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IMopsnok BbINOTHEHHSI PA0OTHI:
TeopeTuveckue cBeeHUs
B nannoii naGopaTtopHOil pabore paccmarpuBaercs cobOmrogeHue 3akoHa boitns-Mapuorra,
CIIPaBEVIMBOTO JUISI HM30TEPMHUYECKOTO Ipoliecca sl JaHHOM Macchl rasa. M3 oOmero ypaBHEHHS
Menpeneesa-Knanelpona 3akoH boniss-MapruoTrra MOXKHO 3aIIucaTh Tak:

Vnpn — C

rae: V— o0beM 3aJaHHOW MacChl Ta3a B N-OM COCTOSIHUM; [ | — JIaBlieHUE 3aJJaHHOW MacChl Ta3a B n-
OM COCTOSIHUW;

] — mocTosHHBINA K03 PuLmeHT (KOHCTaHTA).

[Ipu ucnonp3oBaHnu B pabOTE JaHHON YCTaHOBKH (CM. pUCYHOK) 00BEM ra3a yao0HO HU3MEpSThH B
YCIIOBHBIX eauHHIax oobema — y.e.0. (1 y.e.0.=0,1Vo, rne Vo — monueii 06beM cuibhona 1 ), a
JaBJeHUE — KaK arMoc(epHOe NaBJICHWE C JOMOJHHUTEIbHBIM (0€3 JOMOJHUTEIBHOTO) JaBiieHus (1o
MaHOMETPY) C IIEPEBOJIOM HEOOXOUMBIX SIMHUIL 1aBiieHus B cucremy CU.

2 . 3ajgaya CBOAUTCS K HAXOXKJIEGHUIO KOHCTaHTHI Cn Ui KaXKIOTO COCTOSHUSI OJHOM U TOH Ke
Macchl rasa:

Cn = Vn "Po- (1 = Apn)

rae3 : [J — KOHCTaHTa N-TO COCTOSIHUA (B YCJIOBHBIX €IMHHUIIAX KOHCTAHTHI — y.€.K.); [|— o0beM
3aJJaHHOI MacChl ra3a B N-OM COCTOSIHUU (B YCJIOBHBIX €IMHHUIAX o0bema — y.e.0.); [ — arMocdepHOe
nasnenue (B [lackamsax — [1a); ALl — nonmoaHUTEILHOE 1aBIeHHE MaHOMETpa (B aTMocdepax — aTm).

Uem TOuHee u Onmxke Apyr K Apyry Oynyt Haxoautbes KoHcTtanTel Cl, C2, C3 — tem Oonee
TOYHBIM OKXKETCS IKCIICPUMEHTAIBHOE MTOITBEPIKICHUE 3aKoHa boiins-MapuoTra.

3 - MPUMEHSETCS 3HAK «+)» - €CIH JaBIICHUE PACTET, U 3HAK «-» - €CJIM JaBJICHUE Ma/IaeT.

p.s. - 1.YcroituuBas pabora cuiabhoHa BO3MOKHA IIPH YCIOBUH U3MEHEHUsI 00beMa BO3/lyXa B HEM
ot 0,5 10 0,9 y.e.o.

2. - nus pacy€TOB €IUHUIBI JaBJeHHs OapoMeTpa - MM.PT.CT.(MHJUIUMETP PTYTHOTO CTOJNOA),
MOXHO BOCTIONIB30BaThCs equHuiamu nepesoja B [la (IMackamsax) mo popmyne: 1 mm.pt.ct=133,33 Ila.
IlepeBon moka3aHuit MaHOMETpa He TpeOyeTcs.

1. 1. BHumarenabHO MPOYUTATH ONKCAHUE PAOOTHI U AJITOPUTM JIEHCTBUIA;

2. 3. U3meputb aTMOC(epHOE TaBICHHUE B JaHHBIX MOMEHT C TIOMOIIBI0 6apoMeTpa;

3. 4. IlpousBectu u 3apuKcHpOBaTh B OJaHKE OTYETA MpEABAPUTEIbHBIE U3MEPEHUsT aTMOC(EPHOTO
naBieHus (C mepeBoIoM B eAuHUILI cuctembl CH);

4. 5. CoOparb YCTaHOBKY (CM. PHCYHOK) Tak, 4ToObl 00a KjlamaHa MaHOMETpa HaXOJWINCh B

OTKPBITOM COCTOSIHWH, 4 MOPUICHb CI/IJ'II)(bOHa — B CaMOM BCPXHEM I10JIOKCHUH,

5. 3aKkpbITh BHEIIHUHA KJIallaH MAaHOMETPA;
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6. C moMomIpI0 BPAIIAIOIIEroCs MOPIIHS YCTAHOBUTH BHICOTY HHMJIWHApPA CHIb(OHA HA OJHON U3
Tpéx otmerok: 0,6; 0,7; 0,8.
7. TlpousBectu u 3a)MKCUPOBATH B OJIAHKE OTUYETA MPEIBAPUTEILHBIC U3MEPECHHs 00beMa 3aJaHHOU
Macchl ra3a B OJJHOM U3 TPEX COCTOSHUH (B YCIOBHBIX €AMHUIIAX 00bEMA — Y.€.0.);
8. Cpasy xe mpom3BecTH M 3aQUKCHpOBATH B OJIAaHKE OTYETa MPEIBAPUTEIBLHBIC H3MEPECHUS
JIOTIOJIHUTEIBHOTO JaBJICHUS MAaHOMETPa OJHOTO U3 TPEX COCTOsIHUI ra3a (B arMocdepax - atMm);
9. BwuucIUTh A0COTIOTHYIO U OTHOCUTEIIBHYIO TIOTPEITHOCTH U3MEPEHUM.
KoHTpoJibHBIE BOIPOCHI.
1) IIpu xakoMm yciioBUUM cIpaBeUIUB 3aKoH boitng-Mapuorra?
2) Ecnu ipu U30TepMHUECKOM MpoIiecce JaBlIeHUE MaJaeT, 4YTO MPOUCXOAUT C 00bEMOM?
3) ITIpon3BOaUT Jiu Ta3 1aBIEHUE B COCTOSSHUN HEBECOMOCTH?
4) [oueMy noy4eHHbIE Pe3YyIbTATHl B padOTe HE HI€aTbHO PaBHBI MEXLY COOOM?
5) Uro BIMseT HA TOYHOCTH U3MEPECHUN B JaHHOU paboTre?
6) M0XHO 71 OTIpEICNTh YCIOBHYIO €AMHUITY KOHCTAHTHI B equnuiiax CHU?
7) KakoBa Macca Bo3yxa B ayJUTOPUU IUIOIIAbI0 64 M2 , BbIcOTOH 3 M, pu Temneparype 25 oC
Y JIaBJICHUU 725 MM.pT.CT.?
dopma npeacraBjeHus pe3yabTara:
PaGota gomkHa OBITH BHIMOJIHEHA B TETPAIU AJIs JIaDOpaTOPHBIX padoT.
Kputepuu onenkmu:
3a npaBUJIbHO BBIMOJIHEHHOE 331aHUE BBICTABIIAETCS MOJIOKUTEIbHAS OlleHKa — 1 Oas.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATENbHAS o1leHKa — 0 OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.3 ArperatHble cOCTOSIHUS BelllecTBA U (pa3oBble Mepexoabl

JlaGopaTopHoe 3ansiTue Neb
Omnpenenenue k03¢ PpuIHEHTA MOBEPXHOCTHOI MJIOTHOCTH KUIKOCTH METO0M OTPbIBA Kamejb

Leab: onpenennuTs NOBEPXHOCTHOE HATSKEHHE BOABI M MBUIBHOI'O PacTBOpPa METOJIOM OTpbIBA Kalleb

BoinosiHenue padorbl  crnocodcTByer ¢opmupoBanmio:  I[1P62 OVIL.06, I1P69 OVII.06,
ITP66_OVII.06, ITP610_OVII.06, ITPGS_OVII.06, ITP63_OVII.06, ITP68_OVII.06, ITP61 _OVIIL.06
MarepunanbHoe obecnedeHue:

HIMPUI JJI1 YUCTOM BOJBI, LIMPHIL JUJIsI MBLIbHOTO pacTtBopa (06bemoMm 5—10 mi1), cTakaHUYuK C
YUCTOM BOJOM, CTAKaHUYMK C MBUIBHBIM DPACTBOPOM, IITAHICHLIMPKYJIb WJIH MHUKPOMETP, OCTPO
OTTOYEHHBIN KapaHalll.

3ananmne:

1 O3HaKOMBTECH C TEOPETUIECKUM MAaTEPUATIOM.

Ha xarutio, BHCAIIYI0 Ha KOHIE Y3KOW TPYOOUKH, AEHCTBYIOT JIBE CHJIBL: CHJIa TSDKECTH mg
HampaBlIeHHass BEPTUKAJIbHO BHU3, U CHJAa IOBEPXHOCTHOIO HATSKEHMs JKUgkocty F moB
pacripesieieHHasi BJOJb TPAaHUIBl KUAKOCTH C KpaeM TPYOKM M HampaBJieHHAs 10 KacaTeNbHOW K
MOBEPXHOCTH KHUJIKOCTH MEPIEHAUKYIISIPHO 3TOM rpaHHIIe.

2
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Cuila IOBEpXHOCTHOTO HATSDKCHUS, ISHCTBYIOIIAs Ha HEOOJBIIONW Y4acTOK TpaHullbl JunHON Al |
paBHa o |, rae 6 — K03 (PULIHEHT TOBEPXHOCTHOTO HATSKEHUS JKUKOCTH.

VYcioBre paBHOBeCHs Kaluld Ha KOHIIE TPYOOUYKHM COCTOMT B TOM, YTO BEKTOpHAash CymMMa CHI,
NCHCTBYIOIUX Ha OT/AEIbHbIE DSJIEMEHTHl TPAHMIIBI, paBHA IO MOAYJIIO W TPOTHUBOIOJIOXKHA IO
HAIPAaBJICHUIO CHIIE TSHKECTH.

Benuunna oA | mo mepe yBenuueHUs Macchl KAl OCTaeTCsl HEM3MEHHOM, HO B PAaBHOBECUU Karlis
NPUHUMAET TaKyl0 (GOpMy, YTO YroJ HaKJIOHA CHJIBI MOBEPXHOCTHOTO HATSDKEHHSI K BEPTUKATH Ol
yIIOBJIETBOPSIET YCIOBUIO lo cos =mg , rae | — niamHa rpaHuiibl >KUIKOCTH ¢ TPYOOUKOM.

C yBenmueHHEeM MacChl KarTi YTOJl 0. YMEHbBIIAeTCsl M, HAKOHEII, JIOCTUTAeT HyIIs, a cosa = 1 .

[Ipu nanpHeIeM yBEIWYEHHH MAacChl YCJIOBHE pAaBHOBECHs KaIlUIM YK€ HE MOXET OBITh
BBITIOJIHEHO, ¥ KaIlJIsl OTPHIBACTCS.

Orcrona, npunumasi, uto l=r d , rae d — BHyTpeHHHUI TuameTp TpyOouku, momydaem: d om= mg
mg |

ey

1.13meputs BHyTpeHHUM auamerp d HakoHeyHMKa Iumpuua. o u3MepeHuss MOXKHO
BOCITIOJIB30BATBCA OCTPO OTTOYCHHBIM KapaHJallloM. Bcrasus KapaHjam B HAKOHCYHUK OO0 YIIopa,
IIOMETHTE T'PAHUILY CONPUKOCHOBEHMsI HAKOHEUHHMKA € KapaHziamoMm. Jl[mameTp kapaHjamia Ha ypOBHE
9TOM TPAHUIBI MOXXHO INPUHATH 32 BHYTPEHHUN JUaMETP HAKOHEYHUKA M U3MEPUTH €r0 C IOMOIIBIO
LITAHTEHIUPKYJISI MIIM MUKPOMETpA.

2.Hab6patp B mmpui] 4—-5 M1 BOJbI U, JIep’Ka €ro BEPTUKAJIBHO M IUIABHO HaXXKMMasi Ha TOPIIEHb,
BBUINTH 3—4 MJI B CTAaKaHYMK, CUMTAsl KaIulM. MI3mepeHne KoiandecTBa Kamenab N IPOBECTH HE MEHEE TPEX
pa3, 3areM 1o oOuiell macce BBITEKIIEH BOABI 00LI m (MONB3yHTECh WIKAJNOW Ha wimpuie!) HalTH
CPEeIHIOI0 MacCy KaIuld M U MOTPEIIHOCTh ee onpeneneHus Am. Pe3ynbTaTsl 3aHeCTH B TaOIMILy

Tabruya Nol

UMepPeHo BbIYUCTIEHO

No N m m d A o Ao €
m 2 m,e ecp  |me eep |, mm |d wm, | Hm
oo
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3.ITonw3yscy ¢opmynoit (1), paccuutarh KO03()GUIMEHT MOBEPXHOCTHOTO HATSIKEHUS BOJBI H
a0COIOTHYIO TIOTPEITHOCTD €T0 ONPEACTICHUS

Aa'z\o -O

uim maéax| ®

4. BolYMCIIUTh OTHOCUTEIBHYIO NTOTPEIIHOCTh U3MEPEHUN

g=2% 1001
g

madiy

5. AHanoruuHeIM 0Opa3oM OIpeaesuTh KOI()PUIMEHT MOBEPXHOCTHOTO HATSHKEHUS MBLIBHOTO
pacTBopa (I10J1b30BaThCs OTAEIbHBIM LIIPULIEM U ITOCYI0M!).

H3MEPCHO BBIYUCJICHO
Ne|my.e| N | me | m,e | Ame | Am.2| d,mm Ad,mn o'.f%! Ao,l%l &

obuy? €

6. Cnoenath BBIBOJ M 3aIMCATh MOJYyYCHHOE 3HaYeHUE KO (PUIIeHTa MOBEpXHOCTHOTO HATSKECHHSI
C YYETOM MOTPEUTHOCTH

KoHTpoJibHbIE BONPOCHI:

1. Koapdurment noBepxHocTHOTO HaTsDKeHUs kepocuHa 0,024 H/M. BosbIe wim MeHbIlle Macca
Karuii KEpOCHHA M0 CPAaBHEHUIO C Karlel BOIbI, €CIIM KaraTh U3 OJJHOM U TOH )K€ IMUIETKU?

2. O0bscHUTE OAPOOHO, TOUEMY MaJIeHbKHE KaleIbKU KHUIKOCTH MOTYT J0JIT0 BUCETh HE
OTPBIBASICh.

3. [Touemy, mpex/e 4eM MOKPHITh IITYKATYPKy MACISTHOW KPacKOH, MpeABapUTEIHHO TPOU3BOIST
IPYHTOBKY 01 oit?

4. [IpuBeauTe CBOU MPUMEPHI ICUCTBUS CHUIIBI TOBEPXHOCTHOTO HATSKEHUS

®opma npeacTaBieHus pe3yabTara:

PaGota gomkHa OBITH BHIMIOJIHEHA B TETPAIHU AJIS JIaDOpaTOPHBIX padoT.

Kputepuu onenkmu:
3a npaBUIIHHO BBIMOJIHEHHOE 331aHHE BHICTABIISCTCS MOJIOKUTENbHASI OIleHKa — 1 Oa.
3a HEeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIaTeNbHAs oneHka — 0 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
Oyenra «Heyoosiemeopumenbvhoy svicmagisiemcs 3a Menee 60% npaBUITBHBIX OTBETOB

Tema 3.3 ArperatHblie COCTOSIHHS BellecTBA U (pa30BbIe Mepexoabl

JladopaTopHoe 3ansitue Ne6
OnpeneneHue BJIAKHOCTH BO3yXa H aTMOC(EPHOro TaBJIEHUS

Ilesib: U3MEPUTH OTHOCUTENIBHYIO BIQXKHOCTh BO3/4yXa B JIAOOpaTOpUH (PU3HKH
Boinosinenue padorbl cnocodcTByer ¢opmupoBanuw: I[1P62 OVIL.06, IIP69 OVII.06,
I1P66_OVII.06, ITP610_OVIL.06, ITPG5 OVIL.06, ITP68_OVII.06, ITP61_OVYIIL.06
MarepuanbHoe odecniedenue: rurpometp rncuxpomerpuuecknii BUT — C, cTakaH ¢ KUIISTYEHONW BOJOM
3aganue
1. O3HakombTech ¢ TeOpPeTHYECKUM MATEPHAJIOM:

103



B armocdepe 3emum Bcerga copaepikarcs BOAsHBIE mapel. VX comepkaHue B BO3IyXe
XapaKTepU3yeTcsi aOCONOTHON M OTHOCHUTEIbHOM BIKHOCTBIO. AOCOJIOTHAS BIAQXKHOCTH OMPENCIACTCS
IUIOTHOCTBIO BOJSIHOTO IMapa pa, HaxoJsIIerocss B armMocepe, WM ero mapiyalibHbIM JaBJICHHEM PII.
[MaprraabHBIM JaBJICHUEM PI HAa3bIBACTCS JaBJICHUE, KOTOPOE MPOU3BOIMI Obl BOJSHOW map, €Ciiu Obl
BCE JIpPYrHe Ta3bl B BO3IyXe OTCYTCTBOBaIU. OTHOCHTEIBHOM BIQXKHOCTHIO () HA3bIBACTCS OTHOIICHUE
HapIraIbHOTO JABJICHUS PII BOJSHOTO IMapa, COAEPXKAIICroCs B BO3JyXe, K JaBICHUIO HACBIIICHHOTO
napa pH.I., pU JTaHHOW TemriiepaType. OTHOCUTENbHAs BJIIAXKHOCTh () TTOKA3bIBAET, CKOJIBKO MPOILIEHTOB
COCTaBJISIET TAPIMAIbHOE IABJICHHUE OT JABJICHHs HACHIIICHHOTO Mapa Mpu JaHHOH TeMmieparype u
ornpeaensercs mo Gopmye:

p}l]l

[TapunansHOE AaBiIeHUE PII MOKHO PAaCCUMUTATh 110 YpaBHEHHUIO MeHeneeBa - Knanelipona wiu 1o
TOYKE POCHI.

Touxka pochl - 3TO TeMIieparypa, Mpu KOTOPOl BOJASIHOM Map, HAXOIAIIMICS B BO3AyXE CTAHOBUTCS
HAaChIIEHHBIM. OTHOCUTENBHYIO BJIAXKHOCTh BO3/lyXa MOXHO OIPEACNIUTH C MOMOILIBIO CHEIUAIbHBIX
puOOPOB — MCUXPOMETPA M TUTPOMETPA.

IIcuxpomerp

[IcuxpomeTp COCTOUT U3 CYXOr0 U BJIAXXHOTO TEPMOMETPOB.

PaccmoTtpuTe ncuxpomMeTp U onpeaenuTe IAe CyXon U BIaXKHbIM TEPMOMETPBI.

a) U3MEPUTh IIOKa3aHUs CyXOro U BIaKHOTO TEPMOMETPOB:

0) KCIONB3ysl MCUXPOMETPUYECKYIO TaOJHILY, ONpPENeIUTh OTHOCHUTEIbHYIO BIaKHOCTH BO3JyXa.
BHuMaTenpHO MOCMOTpUTE Ha TCHUXPOMETPUYECKYIO Tabnuiy. B mepBoM BepTHKaIbHOM CTOJIOIE
HalIuTe MOKAa3aHMs BalllEr0 CyXOro TEPMOMETpPA, B NEPBOM TOPU3OHTAIBHON CTPOKE HAWAUTE Bally
Pa3HOCTh NOKA3aHMUM CyXOT0 M BIIAXKHOTO TEPMOMETPOB. TO 4MCIIO, KOTOPOE HAXOAUTCS HA NIEPECCUCHUH
CTOJIOLIAa U CTPOKU U SIBIISIETCS 3HAYCHUEM BIIXKHOCTHU BO3yXa.

N300paxenue, cxema, pUCyHOK 3KCIIEPUMEHTA!

Cypoot |k
mepsoxempl= g

X | Baawonwa |2§:
) mepaosenpm R

Pucynox 1. YcranoBka mjist mabopatopHoii padoTer Ne5
2. Brmonaure paboty.
3. OTBeThTE Ha KOHTPOJILHBIE BOIIPOCH.
4. 3amoyHHUTEe OTYET IO JJabopaTOpHOIi padoTe.
Ilopsinok BbINOJHEHHS padOThHI:
1.Hanuts B nuTaTenb KUIMSUYEHYIO BOLY.
2.Jlatb ¢uTHIIO TponuTaThCs BomoM U uepe3 10-15 MHHYT NPUCTYNUTH K ONpPENCTIECHUIO
BIIQ)KHOCTH.
3.0mpenenuTs MOKa3aHUs CyXoro M YBIa)XKHEHHOT'O TEpPMOMETPOB.
4.IloBopauuBasi 1MUMO C KpacHOM OIM(POBKOW, COBMECTHUTHh IIOKAa3aHUS CYXOro TepMOMeTpa
(xpacHble IU(PBI) ¢ TOKA3aHUSIMU YBIAXKHEHHOTO (YE€pHbIE LIUPPBHI).
5.0mnpenenuTb OTHOCUTENBHYIO BIaKHOCTb 110 KPACHOM CTpEJIKE.
6.Pe3ynbTaThl U3BMEPEHU U BHIYUCIICHUH 3aHECTH B TAOJIHILY:
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Ta6muma Nel

Ioka3anusi TepMOMETPOB Pa3nocTh OTHocHuTEILHAS
NOKa3aHuil BJI2’KHOCTH BO3/1yXa @,
TEPMOMETPOB %
At=tcyx-tBJj
cyxoro teyx BJIAJKHOIO tBJI
Tabmuma Ne2
Temnepary | Touka Hasnenne | [lapumansn | OtHocuTen | [ImotHOCTh | AGCONIOTHA
0
pa pocsl, C HAaCBIIIEHH | O€ bHas HACBIIIEHH | s
OKpYKarolil oro mnapa, JIaBJICHUE BJIQXKHOCTb | OTO Iapa, BJIQ)KHOCTh
€ro Ila BOJSTHOTO BO31yXa, % | & BO3/1yXa
BO3/yXa, napa, [1a At

oc

7. Cnenate BBIBOJ, 3alMicaTh IMOKAa3aHHWsS TUTPOMETPA W JaTh PEKOMEHIANNU IO TOAJEPKAHHIO
BJIQKHOCTH B JJa0OpaTOpPHUHU B Ipezieax HOPMBI.
KonTpoabHbie Bonpochkl:
1. Kakoii map Ha3bIBaeTcs HachlleHHBIM? YTO Takoe IMHAMUYECKOE paBHOBECHE, TOUKAa POCHI,
napuuaibHOE JaBieHue?
2. Tlouemy nmoka3aHus CMOYEHHOTO TEPMOMETPA MEHbIIIE, YEM CyXOro?
3. Kak, 3Hast TOUKy pOCHI, MOKHO ONIPEIECITUTh MapuuaIbHOE JaBieHue?
4. Cyxo# M BIQXHBIH TEPMOMETpPBI IICUXPOMETPA MOKA3bIBAIOT OJMHAKOBYIO TemmepaTypy. Kakosa
OTHOCHUTEIIbHAS BIIAYKHOCTH BO3ayXa?
®opma npeacTraBiaeHus pe3yJabTara:
Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU JJIs JIaDOpaTOPHBIX padoT.
Kputepun onenkmn:
3a MpaBUIIHLHO BBITOJHEHHOE 33JaHHE BBICTABIISIETCS TIOJOKHUTEIbHAS OlleHKa — | Oasu.
3a HeMmpaBUIIbHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIISIETCS OTpHUIlaTeIbHas olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopoutoy evicmagnsemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 3.3 ArperatHblie COCTOSIHHS BellecTBA U (pa30BbIe Mepexoabl

JlaGopaTopHoe 3ansiTue Ne/
OmnpenesieHne yaeabHOM TENJI0eMKOCTH BellleCTBA

Ilesib: ONBITHBIM IyTEM OIPEICIIUTh BEIHUUMHY YACIbHOW TEIJIOEMKOCTH BEIIECTBA U BBIICHHUTH
(bu3NUIeCKHil CMBICIT yPaBHEHHUS TEIJIOBOTO OayiaHca.

BoinosiHenue pabotrel  cnocodcTByeT  (opmupoBanui:[1P62 OVIL06, I1P69 OVII.06,
[TP66_OVII.06, ITP610_OVIIL.06, ITP65 OVII.06, ITP68 OVII.06, [TP61_OVIIL.06
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MarepunanbHoe olGecredeHHe: BEChl ONTHUYECKUE HaA INTATUBE; Pa3HOBEC; MCCIEAYEMOE BELIECTBO;
KaJIOPUMETP; TEPMOMETD; IIEKTPOIUIUTKA; COCYJ] C BOJOM;

3ananue

1. 3anucatp B TeTpab Ha3BaHUE PAOOTHL, 1IeJIb PAOOTHI, IPUOOPHI U MPUHAIEKHOCTH.

2. HauepTuTh TaOMUILy 7S 3aIMCH PE3YJIbTATOB U3MEPEHUI U BEIYUCIICHHA.

3. BBIYMCIICHUS IPOBECTU COIVIACHO (POPMYIIaM:

Temnora, oTgaHHas TOpSIUM TEIOM: Qo =M1C1(t1- 0)
Temnora, moaydeHHass KaTopUMETPOM:Q on . =M2C2(0-t2)
Temora, monydeHHas BOIOM: Q x5, =M3C3(0-13)
VYpasuenue ternoBoro 6ananca: Qo= Quox

mM1C1(t1- 0)= myCy(0-t2)+ M3C3(0-13)

m1C1(t1- 0)=( 6-t2)( M2Co+ M3C3)

Taxk kak ty=t3, (e-tz):(ﬁ-tg)
c1=(0-t2)(M2Ctm3c3)/ (Mo (t1-0)) Iox/(xr-°K).

4. OnpenenuTs NOTPEUTHOCTH

A=|Crag-C1| - @OCONIOTHAS TIOTPEITHOCTb;

0=(A/c)-100%.

IHopsaok BbINOJIHEHUS PA0OTHI:
Onpenenuts Maccy UCCIIEyeMOro Tena my;
OnycTuTh UccieayeMoe TEJIO0 B COCYZ C BOAOW U HArpeTh BOAY A0 KUIICHUS;
Onpenenuts Maccy KaJlopuMeTpa my;
Hanute 10 mos0BHHBI BOJBI B KAJOPUMETP U ONPEIEIUTH MAacCy BOABI M3;
N3mepuTs HaYabHYIO TEMIIEpaTypy KaJopuMeTpa ¢ BOIOH tr=t3;
OnycTuTh HarpeToe Telo B KAJTOPUMETP C BOAOW U U3MEPHUTh TEMIIEpaTypy cMmecu 0;
Pesynbrarhl u3MepeHu M BBHIYMCICHMM 3aHECHTE B TaOJMIly W cienaite BbIBOA. [lo okoHuaHuu
paboThI MPUHAITICKHOCTH, TETPAIh U TaHHOE PYKOBOJICTBO CAATH MPEMOIaBATEINIO.
Taéanna Nel

NogakrownE
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1. macca TBSepiI0TO TeIaa., KIT m;

2. Temraeparypa rTena, °C t,
3. macca KajJdopiIMeTpa, Kr ms
4. Mmacca BOIOBI., KT ms

5. Temmeparypa BOIBI II KajJopmmerpa, | ta=t;

°C
6. Temmaeparypa cMmeci, °C 3]
7= yaeasHasi TeILTIOeMKOCTE | C>

KagTopuMmeTpa, Jx/(xkr-°K)

S8.yaenpHas TeIUIOEMKOCTH BOIBI, | C3
Jx/(xr-°K)
9. yaenmepHasi TEeILIOEeMKOCTHB TBEepIOoIo | Ci

Texa., JIx/(xr-°K)

10. TaOmmaHOoOe 3HadYeHHe  VYISIBHOII | Ct
TEIUIOSEMKOCTIH TBEpIOIO Tema,
Jx/(xr-°K)

(o]

11. orHOCIHIITEeOBHAsa NOIPenIHoOCcTh, %6

KoHnTpoJsbHbBIE BONIPOCHI:
1. KakoBa pa3zHuna Mex/ay TEINIOEMKOCTBIO TeJa U YAEeIbHOU TEMI0EMKOCTBIO?
2. B 4eMm cwmbici ypaBHEHMs TEIJIOBOro OanaHca M Kakoe OTHOIIEHHE OHO MMEEeT K
3aKOHY COXPaHEHUS YHEPTHUH.

®opma npeacTaBiaeHus pe3yabTara:
Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU JJIs JIaDOpaTOPHBIX padoT.
Kputepun onenkn:
3a mMpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIISIETCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BBICTABIISIETCS OTpUIIAaTEIbHAs omleHKa — () 6aioB.
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

Tema 3.3 ArperaTHbie cOCTOSIHMS BewiecTBa U (a3oBbie nepexoabl

JlaGopaTopHoe 3ansiTue Ne8
OnpeneseHue MOAYJIsl yIPYTroCTH pPe3HHBI

Hean: Onpenennts MOAYJb YIPYTOCTH PE3UHBI IIPU PACTKEHUH.

BoinosiHenue padotrbl cnmocodcTByer ¢GopmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
[1P66_OVII.06, ITP610_OVII.06, TTP6S OVIIL.06, ITP68 OVII.06, [IP61 _OVII.06
MartepunanbHoe ol0ecniedeHre: pe3nHOBBIA MWHYp UIMHON 25—30 cMm u ceuenuem 4— 10 MM, Habop
rpy3oB 1o 0,1 kr, 1kr, 1,5kr, 2 Kr., IITaTUB, TUHEHKA, INITAHT€HUUPKYJb WA MUKPOMETP.
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Buumanue! H3zobezaiime nadenus 2py3oe c pabdoueii noeepxuocmu. Cneoume 3a non0IiceHuem
wmamuea!

3ananme:
1. O3HaKOMHTBCS C TECOPETUUECKUM MATEPUATIOM.
Teopus.

[Ipn ycranoBuBmIeiics ympyrod aepopmainuu paBHOJCHCTBYIOIIAs BCEX BHYTPEHHUX CHII
YIPYroCTH, BO3HUKAIOUIMX B Tele B JIIOOOM €ro CEeYeHHH, YypPaBHOBEIIMBAET BHEIIHUE CHUJIBI,
NecTByIOIIUE Ha TENO.

CornacHo 3akoHy ['yka, HampsokeHME ¢ M BbI3BAHHOE MM OTHOCUTENBHOE ¢ YJ/UIMHEHHE
npornopunoHaneuel: 0=E €, rne E— Moayns ynpyroctu.

E- l_ b e dmgl,

S Al md*(1-1,)
[Tocne nmpeoOpazoBaHus ATOTO BBIPAXKEHUS MOTYIUM:
JIist SKCTIIEPUMEHTAIHOTO OTIPENIEICHUsT MOJYISI YIIPYTOCTH HY)KHO M3MEPHTH BCE 2
BenuuuHbl  Aedopmupyromyio cuny F (F=mg), ceuenme obpasma S, ero § (S _— )'
nepBoHavabHyo JuHy 10 u ynmaenue 1. 4

HN3y4denue gepopmanum pacTssKeHus.
1. U3mepuTh C MOMOIIBIO INTAHTCHUUPKYJS WIM MHKPOMETpa TOJIUIMHY IIHYpa U BBIYUCIUTH
IUIOIIA/b €r0 IONEPEYHOro ceyeHus S.
2. IlopBemmBas k mHypy rpy3sl maccod 0,1 kr, 0,2 kr, 0,3 kr, U3MEpUTh COOTBETCTBYIOLINE
a0COJIIOTHBIE YAJIMHEHUS IIHYpa: U BBIUUCIUTh OTHOCUTEIbHBIC YAJIMHEHUS IIHYpa.
3. Ilo pe3ynpTaTaMm U3MEPEHUI BBIUMCIUTD MOJYJIb YIIPYTOCTH pe3uHbl E U OIIEeHUTh MOrpenIHocT!
HKCHEPUMEHTA!
Am A, _Ad Al
&= + +2—+ -
m d [-l,

AFE=F-¢
- a0COMIOTHAS TIOTPELTHOCTb.
5. Pe3ynbrarel u3MepeHuil U BEIYMCICHUN 3aHECTH B TAOJHILY:

- OTHOCHUTECJIbHAs NOTPECIIHOCTD

H3MEPEHO BEIYHCIICHO
N;g mxr | dom | S,v® | lom | Lm | ALm| F,H | E, Ila Ee, | AE, £, %
/o Ila Ila
1
2
3

6. CienaThb BBIBOJL.

KoHTpoJibHBbIE BONIPOCHI.
Kakue Buzp! neopmanuii Bel 3HaeTe?
W3mensiercs a1 BHYTPEHHSSI SHEPTUs AeOPMUPOBAHHBIX Te?
Ot kakux mapamMeTpoB 3aBUCUT MOIyb FOHra?
Kakoro Buma nedopmanus nHaOdrogaercs Npu 4YeKaHKe, Npu (OPMUPOBAHHUU COCTaBa, IMPHU
HCIIOJIb30BaHNHU JOMKpAaTa JUIsl TPAaHCIIOPTHOTO CpesicTBa?

el A

®opma npeacTaBJieHus pe3yabTaTa:
PaboTa nomkHa OBITH BBITIOJHEHA B TETPaAM JIJIs TaOOPaTOPHBIX PadoT.
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Kpurtepun onenkmn:
3a MpaBUIILHO BBIMTOJHEHHOE 33JJaHHE BHICTABIISICTCS TIOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HEeMpaBWIILHO BBITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BBICTABIIACTCS OTpUIaTeIbHAas oneHka — () 6aoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbvHoy svicmasisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 4.2 ITocTOSIHHBI 3/1eKTPUYECKUH TOK

JlabGoparopHoe 3ansiTue Ne9
IIpoBepka 3akona Oma 1J1 y4acTKa Henu

Lesasb padoThl: U3MEpEHNE TOKA U HANPSDKEHUS J1a0OPAaTOPHBIMU MPUOOpaMH, SKCIIEpUMEHTAIbHAS
IIPOBEPKa BBINOJHEHUs 3aKoHa OMa.

BoinosiHeHue padorbl cnmocodcTByer ¢GopmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
[1P66_OVIIL.06, ITP610_OVIIL.06, ITP65 _OVIIL.06, ITP68 OVIIL.06, [TP61 _OVIIL.06

MarepuaibHoe odecriedyeHHe: aMIIepMETp JTa0OPATOPHBIA, BOJILTMETP JT1a0OPATOPHBINA, UCTOYHUK

MUTaHKUs, Ha0op U3 TPEX pe3ucTopoB cormpotuBieHussMU 4 Om, 6 OM, 12 Om, peocTtar, KIH0Y
3aMbIKaHUs TOKA, COEIMHUTEIbHBIC IPOBO/IA.

3ananue

1. Tlpaktuyecku yoenutcs B hpu3nuecKoil CymHOCTH 3akoHa OMa Ui yuacTKa [enu.
2. YCTaHOBUTH HA OTBITE 3aBUCUMOCTD CHJIBI TOKA OT HAMPSKCHHS U COMIPOTHBIICHUSI.

HOpﬂ}IOK BbIINOJTHCHUA paﬁoTI)I

SHCKTpI/ILIeCKI/II\/'I TOK U HAIPsSIKCHUC ABJIAIOTCA OCHOBHBIMHU (I)I/IBI/IIICCKI/IMI/I BCIIMYHMHAMMU,
XaPaAKTCPUIYIOMIUMU SJICKTPOMATrHUTHBIC ITPOLCCCHI B BHGKTqueCKOﬁ OCIIN.

HanpsmceHI/Ie Ha Yy4YaCTKe BHCKTqueCKOﬁ nenu MU3sMepACTCA BOJIBTMETPOM, BKIIFOUCHHBIM MCKIY
ABYMS TOYKaMU LCIU IMApPAJUICIIBHO 3TOMY YHACTKY.

Tok nenu HU3MEPACTCA aMIICPMETPOM, BKIIFOUCHHBIM MTOCIIEA0BATCIIBHO C LCIIBIO.

Cxema BKIIIOUYCHHS BOJIbTMETpPA V " aMIIepMeTpa A moka3zaHa Ha PUCYHKaX:

Tox n HAIpsOKCHUEC Ha Y4YaCTKE SHCKTqueCKOﬁ e € pE3UCTUBHBIM JJIEMCHTOM R cBa3anbl

U

3akoHOM OmMa: || = E
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1. HccnenoBanue 3aBHCMMOCTH CHJIbI TOKA OT HANPS’KEHUs] HA TaHHOM y4acTKe LelH.
Bxutounre Tok. ITpu nomoru peocrara 10BeInTe HAPSKEHHE HA 3a)KUMax IIPOBOJIOYHOTO PE3UCTOpa J10
1.5 B, 3arem 110 2 B u 1o 3 B. Kaxplii pa3 npu 3TOM U3MEpSITE CUITy TOKA U PE3yJIbTaThl 3alIUChIBAlTE B
Tabm. 1.

a2
Tabnuma 1. 08
Uu,B "
HANPAKCHUE 04
02
I, A
0
1 2 3 4 5 b
CHJIAa TOKA 0[]
HOCTpOI/ITb rpaCbI/IK 3aBUCHUMOCTH CHUJIbI TOKA oT

HaIIPsAXKCHUA

2. HccaenoBaHue 3aBUCMMOCTH CHJIbI TOKA OT CONPOTHBJICHUS YYACTKA LeNH NMPH NOCTOSTHHOM
HANPSAKEHUH HA ero KOHUax.
Bxuttounre B 11€11b 110 TOH K€ cXeMe IPOBOJIOUHBIN pe3UCTOp cHavaja conpoTusieHneM 4 Om, 3atem
6 Om u 12 Om. IIpu momomu peocTara yCTaHABIMBAWTE Ha KOHIAX YYaCTKa KX pa3 OAHO U TO XKe
HamnpsbkeHue, Hanpumep, 2 B. M3mepsiite npu
OTOM CHIIy TOKa, PE3yNbTaThl 3alUCBIBAHTE B [ yja , ¢
Tadymy 2.

08
Tabmuma 2.

06

R, (0) na
COIMMPOTUBJICHUE

Ia A 1 ) 3 B 5 5
U [B]

CHJIAa TOKA

HOCTpOI/ITB rpa(pm( 3aBUCUMOCTH CUJIBI TOKAa OT COIIPOTUBJICHUA

Pe3ynbTaThl U3MepeHUH U BBIYMCICHUN 3aHECTH B TaONMIBI 1 M 2 ¢ MOCTPOSHUEM COOTBETCTBYIOIIUX
rpaduxosB.
CnenaTh BBIBOJ IO paboTe.

KonTpoJbHbIe BOpoCHI

Hampsbxenue Ha 3axumax anekrpudeckoro ytiora 220B, ConpoTuBieHrne HarpeBaTeIbHOTO JIEMEHTA
ytiora 50 Om. Uemy paBHa cuila TOKa B HarpeBaTeIbHOM AJIEMEHTE?

Cwia Toka cnupanu snekrTpudeckoil namnel 0,7A, comporuBienue namnsel 3100M. Omnpenenure
HaNpsDKEHUE, 107 KOTOPhIM HaXOIUTCS JIaMIIa.

MOXHO JM BKIIOUHTL B CeTh ¢ Hanpsokenuem |J (A) A
220BonbT peoctaT, Ha KOTOPOM Hamucano: a) 300m,
6)2000 Owm, 0,2 A.

Janbl rpadMKe 3aBUCUMOCTH CHIIBI TOKA OT
HANPSDKEHUS U1 KaXKI0ro U3 IBYX MapauieIbHO
COETMHEHHBIX MTPOBOJHUKOB (cM.puc.l). Onpenenursb

I 5A:
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CUJIy TOKA B HEpa3BETBIEHHON 4acTH, LIETIH, KOI'1a HalpsyKEHUE Ha KOHLAX ydacTka. 2 B.

J(A)A

D.

5
4
3
2
Pabota 1

ol 1 2 3 4 5 O
3a U®)

Janbl rpaduku 3aBUCUMOCTH CUITBI TOKA OT
HaIpsDKCHUS JIBYX y4acTKoB 1ienu (cM.puc.2). Ha
KaKOM Y4aCTKEe COIPOTHUBIICHHE OOJIBIIE U BO CKOJIBKO
paz?

®opma npeacTaBiaeHus pe3yJbTaTa:

JMOJKHa  OBITh  BBIIOJIHEHA B TeTpagul  JUISA
J1a00paTOPHBIX padoT.

Kpurepun onenku:

NPaBUJIHHO BBITOJHEHHOE 33][aHUE BHICTABIISCTCS
MOJIOKUTETbHAS OlleHKa — 1 Oa.

3a HCIIPABHUJIbHO BBIIIOJIHCHHOC ,HeﬁCTBHC, 3a/IaHUEC BBICTABJIACTCA OTPHULATCIIbHAA OLICHKA — 0 6amioB.

Oyenxa «omauunoy svicmasisemes 3a 90 — 100%

IMPpaBUJIbHBIX OTBCTOB

Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenka «yoosnemeopumensvhoy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbHoy svicmasisiemcs 3a Mmenee 60% nmpaBUIBLHBIX OTBETOB
svicmasnsiemcs 3a menee 60% npaBUIBLHBIX OTBETOB

JlaGoparopHoe 3ansiTue Nel(
HccnenoBanue 3aBUCMMOCTH MOIIHOCTH, MOTPe0/IsieMOii JIaMIION HAKAJTUBAHUSA OT HANPSIZKEHUA HA
ee 3a:KuMax

Heab paGoThbl: MccienoBaTh 3aBUCHMOCTH
HAIps>KCHUA Ha €€ 3a)KuMax
BbimosiHenne padoTbl  cmocoOCTBYeT

I1P66_OVII.06, ITP610_OVIL.06, ITPG5 OVII.06,

MOIIIHOCTH, HOTpG6J’IHCMOﬁ JJaMIIOM HakKalWBaHUS OT

¢popmupoBanuio: I[1P62 OVIL.06, IIP69 OVIIL.06,
[1P68_OVII.06, [TP61_OVYII.06

MatepuanbHoe o0ecniedeHue: OaTapesi akKKyMyJTopa, IeKTpHUecKasi JaMIo4ka ¢ HaTPOHOM, PeOoCcTaT
CO CKOJIB3SLIMM KOHTAKTOM, aMIIEPMETP, BOJLTMETP MTOCTOSHHOTO TOKAa, COeAMHUTEIbHBIE TPOBO/A,

KJII04.

3ananue

1. BI)ISICHI/ITI), KaK 3aBUCUT MOIIHOCTD JICKTPUUCCKOI'O TOKAa OT HAIIPAKCHUA U CHUJIBI TOKA B LCIIH.
2. SKCHepI/IMeHTaHBHBIM HYTeM MMOATBCPAUTH 3TY 3aBUCUMOCTbD.

ITopsinok BeINOJIHEHHS PA0OTHI

1. Cobpatb 1ens o cxeme.

2. 3aMKHYTb LIETIb U U3MEPUTH HauOoJIbIlIee HAPSXKEHUE —_—

Ha 3a’KUMax JIaMIlbl U BCJIMYUHY TOKA B IICTIH, 4 3aTEM I I e I

BBIUMCIIUTH MOIIHOCTE ToKka P=I-U.

3. YMEHBIINTD HaIps’KCHUEC Ha 3a’KUMax JIaMIIbl C

IMOMOIIBIO p€oCTaTa U UBMEPUTH CUITY TOKa B IICIIH, a

3aTE€M BBIYUCINUTH MOITHOCTH TOKA.

4, HpOI/I3BCCTI/I OIIBIT €Il pa3, YMCHBIINB HAIIPSP)KCHUC HA

3aXKUMax.

i

5. Pe3ynbTarhl BceX U3MEPEHUN M BHIUMCIICHUH 3anucaTh B Tabauiy 1.
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6. IIpoananu3upoBaTh N3MEHEHNE MOIIHOCTH, MOTPEOIIEMOH TaMIION HaKaTUBaHUsL, IPU U3MEHEHUHT
HaIPSDKEHUS Ha €€ 3aKuMax.

7. Cnenatb BBIBOJ IO padoTe.
dopma npeaocTaBjieHus1 pe3yJbTaTa

Tabmuua 1.

Ne m\nt Cwuia Toka, A Hanpspokenue, B MomntHoCcTh, BT

I
1
2
3

KonTposbHbie BONpoCchI

=

UTo Ha3BIBAIOT MOIIHOCTHIO M KaK €€ pacCUUTaTh?
2. Yro mpuHHUMAIOT 3a eAMHULLY MolHOCTH? Kak BbIpaxkaeTcsi eTMHHIIA MOLTHOCTH Yepe3 eIMHUILIbI
HaNPSHKCHUS ¥ CHITBI TOKa?
Kakue eqnHuIbl MOIIHOCTH UCHOJB3YIOT B IPaKTHKE?
4. B nens c HanpsbkeHueM 127 B BkiItoueHa aiekTpuuecKkas jJamia, cuiia Toka B kotopoid 0,6A. Haiitu
MOIITHOCTh TOKA B JIaMIIE.
5. DneKTpoIuIMTKa paccurMTaHa Ha HarpspkeHue 220B u cuny Toka 3A. Onpenenure MOIIHOCTh TOKA B
IUTUTKE.
®opma npeacTaBiaeHus pe3yJbTara:
PaboTa nomkHa ObITh BBINOJIHEHA B TETPaAM Ul J1aOOpaTOPHBIX paboT.
Kpurepuu onenku:
3a nIpaBUIIBHO BBIIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OLleHKa — 1 Gasul.
3a HEeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — ) OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 1009 npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumensroy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB
gvicmasnsaemcs 3a Menee 60% mpaBUILHBIX OTBETOB

w

Jladoparopnoe 3ansTue Nell
Onpenenenue y1eJbHOT0 CONMPOTUBJIEHHUS MPOBOIHUKA

Henab: onpenenenre yaeabHOr0 COMPOTUBIICHUS TPOBOIHUKA SKCIIEPUMEHTAIBHBIM ITyTeM
BoinosiHenue padotrbl cnmocodcTByer (opmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
I1P66_OVII.06, ITP610_OVIL.06, ITP65 OVIL.06, ITP68_OVII.06, ITP61_OVIIL.06
MatepuajibHoe o0ecrneyeHHe: WCTOYHHK TOKa, aMIEepMETp, BOJIBTMETP, COCIMHHUTEIBHBIC
MPOBOJA, KIIOY, IITAHTCHIMPKYNb, JTUHEHKA, KYyCOK IPOBOJA, YIEIBbHOE COIMPOTHUBIECHHE KOTOPOTO
OTIPEIEIISCTCS.
3aganue:
1. CamocTosTenbHO COOpATh AAEKTPUUECKYIO 1IETIh 110 CXEME.
2. CHATH IOKa3aHUS aMIIEpMETPa U BOJILTMETPA.
3. Hcnonp3ys IITaHTEHIMPKYIb W JIMHEHKY, HAay4UTHCS OIPENENATh T€OMETPUYECKHE pa3Mepbl
MIPOBOIHHKA.
4. OrmpenenuTs BETUYUHY YACTHHOTO COMPOTUBIICHHS METAJIIA. At
Ilopsinok BbINOJTHEHHS PA0OTHI: =
1. CoGpaTh Llenb 10 CXeMe M MOKa3aTh IS IPOBEPKU PYKOBOJUTENIO.  =—
2. 3aMKHYTb LTI U CHATH MOKA3aHUs aMIIEPMETPa U BOJILTMETPA. _
3. BpluuciIuTh CONpOTHBICHUE POBOIHUKA 11O (hOPMYIIE.
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4. W3MepuTh IJIUHY U BBIYUCIUTH TUIOMIA/Ib TOTIEPEYHOTO CEUCHHUSI TPOBOAHMKA 110 (hOpMYyIIe:

A,

',.; — i If!_ R, IL'-
, TIe i - JUaMeTp MPOBOJIHUKA 4 I
5. BwuuUCIUTh yIeIbHOE COMPOTUBIICHUE 110 (HOPMYIIE: R-5N
6. JlanHbie 3aHeCcTH B TabauIy 1. P = ;
7. Bprauciautb a0CoNMOTHYIO (A) B OTHOCUTENBHYIO (€) IOTPEITHOCTA U3MEPEHHH 110
A
N = — — o
A =|Prigr. — Promvy g =——100%
Prag.

8.Cnenath BBIBOJ 1O pabdoTe.
Tab6mumaNel

dbopmynam:

U.B I. A R.On| [bm | d.ou S P A, O

p by

Onm-
M

= s
E.70

BEEeMECTBO

KoHTpoJibHBbIE BOPOCHI

1. Or Kakux BeIMYMH H KaK 3aBUCHUT COIIPOTUBJICHUC HpﬂMOJ’IHHGﬁHOFO METATIIINYCCKOT'O

MPOBOJIHUKA?

2. JlBa MemHBIX TPOBOJHHWKA MMEIOT OJMHAKOBYIO JUIMHY, HO PA3IMYHYIO IUIOMAAb IOTEPEYHOTO
ceyenus.:1,6 mm“ 1 0,8 MM“. Kakoil MpOBOJAHUK UMEET MEHBIIEE COMPOTUBIIEHUE U BO CKOJIBKO pa3?
3. CkoJbKO METPOB HUKEIMHOBOTO IMPOBO/JIA ILIOMAAbI0 mornepeuHoro ceuenus 0.1 Mm? noTpedyeTcst
JUIsL W3TOTOBJIEHMS peocTara C MaKCUMalbHbIM compotuBieHuem 180 Owm?  VYgaensHoe

conpoTuBiieHne Hukenuna 0,42 10°0M M.
®opma npeacTaBiaeHus pe3yJbTara:

Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU AJIs J1aDOpaTOPHBIX paboT
Kputepun onenkmn:

3a IMMPAaBUJIbHO BBIITIOJIHEHHOC 3a1aHUEC BBICTABIIACTCS ITOJOXKUTCIIbHAA OLICHKA — 1 Gamn.
3a HCIIPABUJIBHO BBITIOJIHCHHOC HeﬁCTBHe, 3aIaHUC BBICTABJIAICTCS OTPHULIATCIIbHAA OLICHKA — 0 6amoB.

Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB

Oyenra «Heyoosiemeopumenbhoy svicmasgisemcs 3a Menee 60% nMpaBUIBHBIX OTBETOB

Tema 4.2 ITocTOSAHHBIN 3J1eKTPUYECKUH TOK

JlaGoparopHoe 3ansiTue Nel2

:‘)KCHepHMeHTaJILHaH NMPoOBEPKA 3AKOHOB MAPAJNJICJIBbHOI0O M MOCJIeA0BATCABbHOI0 COCANHECHU A

NMPOBOJHUKOB

I[e.nb: HU3YYUTHh MMOCIICAOBATCIBbHOC U MapalICJIbHOC COCIUHCHUA ITPOBOAHUKOB

BoinosiHeHue padotrbl  cmocodcTByeT GopmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
[TP66_OVII.06, ITP610_OVII.06, ITP65_OVII.06, ITP68 OVIL.06, [TP61_OVIL06, [TP64 OVYII.06

MarepunanbHoe obecrniedeHue:

M CcTOYHUK AIEKTPUYECKON SHEPTHH C IMOCTOSHHBIM HampspkeHueMm (He Bbime 25B); BombTMETp
IIKOJIbHBIN;  aMIepMeTp  LIKOJbHBIA, HAa0Op  JEMOHCTPAIMOHHBIX  PE3UCTOPOB

COIMPOTUBJICHUAMMU, KIIIOY, COCIMHUTCIILHBIC IIPOBOAA.

C  pa3HbIMHU
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3aganme:
1. O3HaKOMBTECH C TEOPETUICCKUM MATEPUATIOM:
Teopus
[TocnenoBarenbHOE M TApAICIBHOE COSAUHEHHUS B DJIEKTPOTEXHHKE — JIBa OCHOBHBIX CIIOCO0a
COCJIMHEHMS BJIEMEHTOB 3JeKTpuueckod 1menu. [Ipu mocienoBaTenbHOM COEIUHEHUM BCE DJIEMEHTHI
CBSI3aHBI JIPYT C APYTOM TakK, YTO BKJIIOUYAIOIINNA UX YYACTOK 1Ny He uMeeT (puc.l) Hu OHOTO y37a.
[Tpu napamieTbHOM COeAMHEHUU (PUC.2) BCE BXOJAIINE B LEIb dJIEMEHTH O0BEAMHECHBI ABYMS Y3JIaMU U
HE UMEIOT CBsI3€d C JIPYTMMH y3JIaMH, €CJIM 3TO HE MPOTHBOPEYHUT ycioBHIo. [Ipu mociemoBarenbHOM
COC/IMHEHUM TMPOBOJHUKOB CHJIa TOKAa BO BCEX IPOBOJHUKAX ojuHaKkoBa. [Ipu mociegoBaTebHOM
COCIMHEHHH MPOBOJHUKOB CHJIa TOKA B JIFOOBIX YaCTAX IEMH OJTHA U Ta XKeE:
I=1, =1,
[TomHOE HampspKeHHWE B IIENMU TPH IOCIIECIOBATEILHOM COCIMHEHHH, WJIM HANpPSOKCHHE Ha TOJI0Cax
HMCTOYHHMKA TOKA, PABHO CYMME€ HaIPsKEHUN HA OT/IETbHBIX YYaCTKaX IEIH:

U=U, + U,
Puc.1.
R1 RZ Rn
e R:R1+B2+"'+Rn

HpI/I napaujieJibHOM COCIUHCHHUU IMMAACHUC HAIIPSIKCHUA MCKAY ABYMS Yy3JIaMHU, O6’b€I[I/IH$II-OH_[I/IMI/I
9JICMCHTHBI ICIIN, OAMHAKOBO JJI1 BCEX 3JICMCHTOB.
HpI/I 3TOM BCJIMYHHA, 06paTHa;1 o6meMy COIIPOTUBJICHUIO HCIH, paBHAa CYMME BCIIMYUH, O6paTHBIX
COIMPOTUBJICHHUAM MAPAJUICIIbHO BKIKOUYCHHBIX ITPOBOAHWKOB. Cuja Toka B HGp&?:BCTBJIGHHOﬁ qacTu 1 CITH

Me S
[ :[ 1 + I 2

Haprl)KeHI/Ie Ha y‘IaCTKaX menun AB 1 Ha KOHOax BCEX HapaJIJIeJIBHO COCINHCHHBIX HpOBO}IHI/IKOB OIHO U
TO XK€E:

U=U, = U,

PI/IC‘.Z.

Z[J'IH ABYX IAapaJlJICJIbHO COCANHCHHBIX PE3UCTOPOB UX 06mee COIIPOTUBJICHUEC PABHO:
1

R1R2

R,
n.

R1:H2:R3:...:Rn R=

Ecnu , TO 00IIIee COMPOTUBIICHUE PABHO:

[Ipu mapamiensHOM COEAMHEHUN PE3UCTOPOB MX OOIee COMPOTUBIICHHUE OyAE€T MEHBIIIE HAUMEHBIIIETO
W3 CONPOTHUBJIEHUN.
2. CHSIB NOKa3aHus HaHpSDKeHI/Iﬁ M CHUJI TOKa Ha KaXJI0M M3 YYAaCTKOB IICIIH, HGO6XO}II/IMO CBCPUTH
COOTBETCTBYIOIIIME W3MEpPEHHBbIC U BBIYHCICHHBIC (PU3UYECKHE BEIUYUHBI, a MO pe3yibTaTaMm
TaKOW CBEPKH — CJIeJaTh BBIBOJ O TIPOJICTIaHHOM paboTe
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1. Ilocneoosamenvnoe coedunenue nposoOHUKOS.
1. Cobparts nemns no cxeme (puc. 1):

puc. 1
2.  V3meputs HampsiKeHUE, CUITy TOKa Ha TIEPBOM PE3UCTOPE.
3. !3MeHMTh cXeMy YCTAaHOBKM WU M3MEpUTh HANpsIKEHHE Ha BTOpPOM pesucrope. Cxemy
HApUCOBAThH B TETPAIb.
4.  Bpruucnuth cymmy Hampspxennii Ul+U2 .
5.  M3MeHuTh cxemy YCTaHOBKM M U3MEPHTH O0IlIee HANPsDKEHUE Ha IBYX comnpoTuBieHusx Ul2 .
6. IIpoBepuTts, BeImoJHsETCS U paBeHcTBO: U12=U1+U2.
7. IlpoBepuTh CIIpaBeIMBOCTH PABEHCTB
Ri=Ri+Ry u L =2
U, R

I1. ITapanyeabHOE cOeTUHEHNE TPOBOTHUKOB.
1. CoOpatp nemnb 1no cxeme (puc. 2):

puc. 2
2. H3mepuTh HampspKEHUE, CHITY TOKa Ha TIEPBOM PE3UCTOPE.
3. H3MeHHTHb cXeMy YCTaHOBKM M H3MEPUTh CHJIy TOKa Ha BTOpOM pesucrope. Cxemy
HApUCOBAThH B TETPAIb.
4. Beruaucnuts cymmy TokoB 11+12 .
N3MeHuTh cxeMy YCTaHOBKHM M M3MEPHTH OOIIYIO CHTy TOKa B 1iern 112 .
[TpoBepuTh, BhIMONHSETCS U paBeHCTBO: 112=11+12.
[TpoBepuTh CrIpaBeITMBOCTH PABEHCTB

No o

/Riz=1/Ri+1/Ry u J = %2
I, R

2 1
KoHTpoJibHBIE BONIPOCHI:
1. Kakoe coenruHeHHne CONPOTHBIICHUH Ha3bIBaeTCs MOCieA0BaTeNbHbIM? YeMy paBHBI
COIIPOTHBIICHHUE, CHJIA TOKA, HAMTPSDKEHHE B IIETTH TIPU TAKOM COSAMHECHUH?
2. Kakoe coennHeHe COTPOTUBIICHUH Ha3bIBaeTCs NapaiesbHbIM? YemMy paBHBI
COIPOTHBIICHUE, CUJIA TOKA, HAMTPSDKEHHE B TIETTH TIPU TAKOM COSAMHECHUH?
3. HazoBute mmochl 1 MUHYCBHI TApAJIIETBHOTO U ITOCIEI0BATEILHOIO COEIMHEHUH
MIPOBOJTHUKOB?
4. TlpuBenute nMpUMepsl MapajUIeTBLHOTO U MOCIEI0BATEIBHOIO COSIUHEHHSI TPOBOTHUKOB.
®opma npeacraBiaeHus pe3yabTara:
PaboTa nomkHa ObITH BBINOJIHEHA B TETPAAU ISl JaOOPaTOPHBIX padoT
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Kpurtepun onenkmn:
3a MpaBUIILHO BBHITOJIHEHHOE 33JJaHHE BHICTABIISICTCS TIOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATENbHAs olleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbvHoy svicmasisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 4.2 ITocTOSIHHBI 3/1eKTPUYECKUH TOK

JlaGoparopHoe 3ansiTue Nel3
H3yuenue padorsl myasTumMerpa. Onpenenenue 31C 1 BHyTpeHHEro cCONpoTHBJIEHUS HCTOYHUKA
3JIEKTPUYECKOH IHEPTUH

Leab: HAyYUTHCS MOTB30BATHCS MYJIBTUMETPOM JIJISl PA3HBIX PEKUMOB PaOOTHI

Boinosinenue padotrbl  cnmocodcTByer (opmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
I1P66_OVII.06, ITP610_OVII.06, ITP65 OVII.06, ITP68 OVII.06, ITP61 OVII.06, ITP64 OVII.06
MarepuanbHoe o0ecrnedeHHe: MYJIbTUMETpP, HA0Op PE3UCTOPOB, AHMOJBI, TPUOMBI, UCTOYHUK TOKa,
peocTar, COeAMHUTENbHBIE TPOBO/IA, KITFOU.
HNHcTpyKuus mo npuMeHeHHI0 MyJIbTHMeETPA
IlepexaroyaTesb pexumMa U JUANA30HA U3MEPEeHHUil.
[lepexmouarens pexxuma 1 TuanazoHa U3MEPEHHUM UCTOIb3yeTcs /I BKIIOUEHHUS pudopa, a Takxke A
BBIOOpA JKeIaeMoro pexkuma padoThl U mpenena uaMepenus. s yBenndeHus cpoka ciiykObl O6arapew,
MepeBOANTE Mepekiovaress B nojoxenue «OFFy, mocie BeImoHEHS U13MEpPEHUH.
HN3mepenue HanpsizKeHUs MOCTOSIHHOTO M NEPEMEHHOI0 TOKA.
1.IToaxntounte KpacHbIi pa3beM B rHe310 «VQmA», yepHblil pa3beM B rHe310 «COM»
2.YCTaHOBHTE MEPEKIIIoYaTelb pexXUMa U3MEPEHUI Ha JKeJlaeMbli JIana3oH U3MEpEeHUs! HalpsHKeHUs , B
cllydae €clIi HEU3BECTHO IPUMEPHOE 3HAUEHUE HANpsSHKEHUs , YCTAHOBUTE IMEpeKIIoYareib Ha
MaKCHMaJIbHOE 3HAUYEHUE U CHUXKANTE Mpeie] U3MEPEHUS A0 NOJyUEHHUs! ONITUMAIBHOIO 3HAYCHHUS .

Pexum ITar usmepenus ITorpemnocTs

200 mB 100 MmB +0,5 % mu1s 3ro 3Haka
2000 mB 1 MB +0,8 % mis 2ro 3Haka
20B 10 MB

200B 100 MmB +1,0 % mu1s 2ro 3Haka

3. IlpukocHuTech MPOOHUKAMH K YCTPOWCTBY MJIM TOYKAM JJIEKTPHUUECKOW CXEeMbl . rae Tpelyercs
U3MEPUTH HANPSKEHHE.

4. B ciiyuae HaJqM4Us HAMPsDKEHUS TPHOOP MOKaXKET HANPsHKEHUE U OJSIPHOCTb.

HN3mepeHue NOCTOSAHHOIO TOKA

1.Ionkmounte KpacHbId MPOOHHUK K pazbeMy «VQmAy». UepHslil k pazbemy «COM»(ans u3mMepeHus
ToKOB OT 200MA 10 10 A ucnons3yiite pazpem «10A»)

2 VYcraHOBHTE IepeKitoyareidb BbIOOpa peXMMa H3MEPEHUH Ha JKelaeMbli Mpenesl H3MepeHHs
ITIOCTOSTHHOT'O TOKaQ .

3.PazpeiuHuTEe HU3MEPSEMYIO JIEKTPHUECKYIO ILIEeTb U MOJICOCIMHUTE MPOOHUKU MOCIEIOBATENBHO C
Harpy3Koi.

4. Ha nucninee nosiBUTCS 3HAYEHUS TOKA.
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6. Pazbem «l10A» mnpenHazHaueH MJii HEYACTOrO HCIIONIb30BaHUA. Bpemsi u3MepeHus HE JI0JKHO
npeBbIlaTh 15 cekyHJ, a Mexay H3MEpEeHHUsIMH HEOOXOIHWMO BBLIEPKHBATh HECKOJIBKO CEKYH]I BO
n30exaHue MOBPESKICHIS PUOOpA.

HN3mepeHue cONpOTUBJICHUS

1.IIpucoenunnTe KpacHblii IpoOHUK K pazbeMy «VQmAy. UepHslii k pazbeMmy «COM».

2.YcraHOBUTE TIEpeKitoyaTellb BbhIOOpa peXHMMa HM3MEPEHMH Ha JKelaeMblil TMpeaesl H3MEpeHUs
COIIPOTHBIICHUS.

3. Ilpunoxure npoOHUKH K HU3MepseMOMY oOpa3ly, AWUCIUICH OTOOpasUT MpU OSTOM 3HAUCHUE
COIIPOTHBIICHUS .

Pexum MHoxuTEND ITorpemnocTs
200Q 0,1 +(1.0% st 10ro 3Haka)
2000Q 1
20KQ 10
+(1.0% nu1s 4ro 3HaKa)
200KQ 100
2000KQ2 1000

IIpoBepka q1uox0B
1.IToaxmrounTte KpacHbIA MPOOHUK K pazbeMy «VOQmAY., uepHbIi K pazbemy «COM».
2. YcTaHOBHTE TIEPEKITI0YATENh BBIOOPA PeKUMa U3MEPEHUN Ha 3HAYOK |Iroaa
3. CoeauHuTe KpaCHBIA MPOOHUK C aHOAOM (p) TECTUPYEMOTO UO/Ia, & YEPHBIN MPOOHUK € KaToA0M (n)
4. Jlucrinel mokakeT 3Hau€HUE HampspkeHdus B MB. ecnu mosisipHOCTh Mona mepemyTraHa , JUCIUIeH
0To0pazut «1».
N3mepenue Temnepatypsbl
1.IIpucoenunute Tepmonapy k pazbemy «VQmA» u k pazbemy «COM».
2.YcraHOBHTE NEpPEKII0YaTeNb BIOOpa pexrMa U3MepeHnil Ha u3mepenue temnepatypsl « TEMID»
3. lucruielt oroOpa3uT 3HaUeHUE TeMnepaTypsl B rpagycax Llenbcus.
3ByKoBasi NPO3BOHKA
1.INonkmounTte KpacHbI MPOOHUK K pazbeMy «VOQmAy. UepHslit k pazbemy «COM».
2.YCcTaHOBHTE TIEPEKITI0UATENh BBIOOPA PeKUMa N3MEPEHUI Ha 3BOHOK
3.Ilpucoenuuure MpoOHHMKM K MPO3BAaHMBAEMOM cxeme, Npu comnpoTuBieHnn MeHee 30 OM monaercs
3BYKOBOM CUTHAIL.
Ilopsinok BbINOJHEHHS Pa0OTHI:

[IpounTaiite TEOPETUUECKUI MaTEPHUAIL:
Teopernyeckunit marepuan:
Tonynpoeoonukoswiii Ouoo
Jvon  comepkHT  p-N-epexon,  3aKIIYEHHbIM B |
TepPMETHYECKHI KOPIYC M COEIUHEHHBIH C MeTaJUTMYEeCKUMHU
BBIBOZIAMU. BBIBOA OT p-00sIacTH HA3bIBAIOT aHOAOM, OT n-
00J1aCTH — KaTOJ0M.

JAuoa- TOMyNMpOBOAHUKOBBIN TpuOOp, TpeAHA3HAYEHHBIM I YCUJICHHs] TMPeoOpa3oBaHUS
TeHEPUPOBAHUS NEKTPUIECKUX KOJIEOAHNUN Pa3IUYHON YacTOTHI.

TpaH3ucTop COCTOUT U3 TpeX 00JIaCTel ¢ Pa3TUYHOM MPOBOAMMOCTHIO. PasnmuyaioT TpaH3UCTOPHI
Tumna p-n-p u n-p-n. Cpeansist 30Ha Ha3bIBaeTCs Oazou. TommuHa 6a3bl JOMKHA OBITH MEHBINE JTUHBI
cBoOoaHOrO mpobera siekTpoHa. B TpaH3ucTtope mmeroTcs nBa p-nN-mepexona. JleBwlil p-n mepexon

117



SIBIISICTCS TIPSIMBIM M OTJIEJIICT 0a3y OT 00JIACTH C MPOBOJUMOCTBIO P-THUIIA, HA3bIBAEMYIO dmummepom. B
9TOM 00JaCTH aKIENTOPHON MMPUMECH B COTHHU pa3 OOJIbIe, YeM JIOHOPHOMW MTpUMeECH B 0ase, T. €. IbIPOK B
SMUTTEpPE 3HAYUTEIHHO OOJIbIIE, YeM 3JIEKTPOHOB B 0Oaze. [IpaBblii mepexoj sBIseTcS OOpaTHBIM U
otaensieT 6a3zy oT 001aCTH C MPOBOJIUMOCTBIO P-THIIA, HA3BIBAEMOU KOLIEKMOPOM.

— 1 N i — — 1 P | —
3 K 3 K

e <

1.3y4nTh MHCTPYKIIMIO 110 IKCIUTyaTalluu puodopa.
2. 3MepuTh CONPOTUBIIEHUS PE3UCTOPOB, JAHHBIE 3allMCaTh B TA0JINIlY

Ne ni/m ConporusJjienune, OM

3.Cobparth 1ens o cxeme

4.3aMKHYTb LI€TIb, IPU HEUCIIPABHOCTH LIETIH ITPO3BOHUTH LI€Mb, HAUTU HEUCIIPABHOCTbD.
5.M3meputh HanpsbkeHUe Ha OaTapeiike U peocrare.

6. PazoMkHyTh 11enIb. I3MepuTh TEMIIEpATYpy pE3UCTOpA U peocTaTa.

7.3MepuTh COPOTUBIIEHHE PE3UCTOPA U PEOCTAaTa, JaHHbIE 3aMucaTh B TaOIHILy

HaumenoBanmue ConporusJjenue, Om Hanpsxenue, B Temmneparypa, °C

Pesuctop

Peocrat

WUcroyauk Toka | eeee-

8. IloBTOpUTH TEOPETUUECKHI MaTepHal MO MOJIYIPOBOIHUKOBEIM MPUOOpaM: THOAY B TPAH3UCTOPY.
9. IIpoBepuTh 11MOABI (UCIIPABHOCTD, MOJSPHOCTD).
10. Tpauzucropsl. OmnpeaenuTs BBIBOJLI TpaH3UCTOpa (KOJUIEKTOpP, 06a3a, SMUTTEP) U TUM TPAH3UCTOpa
(p-n-p) wmit (n-p-n)
11. 3anmucaTh BBIBOJ 1O paboTe, OTBETUB HA BOMPOCHI.
KoHTpoJibHBIE BONIPOCHI:
1. Kak BeIsICHUTB, 4TO Au0A HeucnpaBeH? 2. Kak BESICHUTP p- ¥ N- KOHTAKThI [uoaa?
2. Kak onpenenuts 0a3y y TpaH3UCTOpA.
3. HazoBure rmaBHbIe CBOMCTBA AUO/A U TPAH3UCTOPA.
4. YcTpoiicTBO aM0Ja U TPAH3UCTOPA.

Yacrtp 2. U3yueHue siBJIeHHS JJIEKTPOMATHUTHON HHIAYKIHMHU
Lleqb paGoThl: ONBITHBIM NMyTeM YOEAMTHCS B MOSBICHUM WHAYKIIMOHHOTO TOKA U MPOBEPUTH 3aKOH
Jlenna.
OOopynoBanmMe: MUUIMAMIIEPMETP, UCTOUYHUK TMHMTAHUs, KaTYIIKH C CEpACUYHUKAMH, AYTOOOpa3HBIH
MAarHuT, BBIKJIIOUATENb KHOMTOYHBIN, COEIMHUTEbHBIE IPOBO/IA, MATHUTHAS CTpeEJIKa (KOMIIac), peocTar.
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Teopernyeckas 4acThb:

SIBiieHNE SIEKTPOMATHUTHOM WMHIYKLMU 3aKJIIOYAETCS B BO3HUKHOBEHHUHU AJIEKTPUUYECKOIO TOKa B
MPOBOJISIIEM KOHTYpE, KOTOPBIA JIMOO MOKOUTCS B MEPEMEHHOM BO BPEMEHH MAarHHUTHOM II0Jie, JHOO
JBMDKETCSI B MIOCTOSSHHOM MAarHUTHOM IIOJI€ TaKUM 00pa3oM, YTO YMCIIO JIMHUNA MarHMUTHOW MHIYKIIMH,
MPOHU3BIBAIOLINX KOHTYp, MeHsAeTcs. B Hamem ciydae pasymHee ObUIO Obl MEHSTH BO BPEMEHH
MarHuTHOE I0JIe, TaK KaK OHO CO3JaeTcsl JIBMKYIIUMHCS (cBOOOAHO) MarHMUTOM. CoOrlacHO NpaBHIly
JleHna, BO3HMKAOIIMI B 3aMKHYTOM KOHTYpE WHIYKIMOHHBIM TOK CBOMM MAarHUTHBIM IIOJIEM
IPOTUBOJEUCTBYET TOMY M3MEHEHHIO MarHUTHOTO MOTOKA, KOTOPBIM OH BbI3BaH. B 1aHHOM citydae 3To0
MBI MOYKEM HaOJI0JaTh MO OTKJIIOHEHHUIO CTPENIKA MIJUTHAMIIEPMETPA.

IMopsinok BbINOJIHEHHUSI PA0OTHI:
1. BcraBbTe B OIHY U3 KaTYIIEK JKEJIE3HbII CEpACUHUK, 3aKpENUB ero raiikoil. [loaxmrounTe 3Ty KaTylmky
yepe3 MWIUIMAMIIEPMETP, PEOCTaT M K4 K HCTOYHUKY MUTaHMs. 3aMKHHUTE KIOY U C IOMOIIBIO
MarHMTHON CTpEJKU (KOMIlaca) OIpPENEIUTe PacIlOIOKEHUE MATHUTHBIX IIOJIOCOB KAaTYIIKH C TOKOM.
3aduxcupyiiTe, B KaKyl0 CTOPOHY OTKJIOHSIETCSI IIPU 3TOM CTpejKa MWLIMaMiepMeTpa. B nanpHeimem
NP BBINOJHEHUU PabOTHI MOXKHO OYIET CYAWTh O PACHOJOKEHHH MAarHUTHBIX TOJIOCOB KAaTYIIKH C
TOKOM IO HalpaBJIEHUIO OTKJIOHEHUS CTPEIKH MUJLIIMaMIIEPMETpA.
2. OTKIJIIOUUTE OT LIEMHU PEOCTaT U K04, 3aMKHUTE MUJUIMAMIIEPMETP Ha KaTYILIKY, COXPAHUB MOPSI0K
COEZIMHEHUS UX KJIEMM.
3. I[IpucTaBbTe CEpAEUHUK K OHOMY U3 IOJIOCOB AYyrooOpa3HOro MarHUTa U BABUHbTE BHYTPb KaTYILIKH,
Ha0J101as1 OTHOBPEMEHHO 3a CTPEJIKON MUJUIHaMIIepMeTpa.
4. [loBTOopuTe HAOMIOACHNE, BBIIBUTasl CEPACUHUK U3 KaTYIIKU, a TAK)KE MEHSS M0JIF0Ca MarHuTa.
5. 3apucyiiTe cxemy OIbITa U POBEPHTE BhINOJIIHEHHE MTpaBuia JIeHIa B KaXJOM cllydae.
6. PacrnosioxuTe BTOPYIO KaTyIIKY PsIZIOM € MIEPBOM TaK, YTOOBI KX OCH COBITAIaJIH.
7. BcraBpTe B 00€ KaTyIIKH >KEJE€3Hble CEPACYHHKM U NPUCOEIUHUTE BTOPYIO KaTYIIKYy 4epes3
BBIKJIIOYATEIh K HICTOYHUKY TUTAHUSI.
8. 3ambIKas ¥ pa3MblKas K04, HaOIro1aiTe OTKIIOHEHUE CTPETIKU MUJUIHaMIIepMeTpa.
9. 3apucyiiTe cxemy OmbITa U MPOBEPHTE BHINIOJIHEHHE ITpaBuiia JleHma.
KoHnTpoJsibHbBIE BONIPOCHI:
1.B uem 3akitoyaeTcs sIBICHUE AIEKTPOMArHuTHOW MHIAYKIMU?
2.Kak nomKeH ABUraTtbCs 3aMKHYTHIM HPOBOJSIIMNA KOHTYpP B OJHOPOJHOM MAarHUTHOM IIOJIEM . HE
3aBHCSAIIEM OT BPEMEHH, MTOCTYIATENLHO WM BpaIaTeIbHO, YTOOB B HEM BO3HHUK MHIYKIIMOHHBIH TOK?
3.Metannuyeckoe KoJbllo MOXKET CBOOOJHO ABHIaThCs MO CEPACYHMKY KATYIIKH, BKIIOYEHHOW B IEMb
MOCTOSTHHOTO TOKa. YTO OyeT MPOUCXOUTh B MOMEHT 3aMbIKAHHSI ¥ Pa3MbIKaHHSI IETH?

®opma npeacTaBiaeHus pe3yJabTara:

Pa6ota nomkHa ObITH BBINOJIHEHA B TETPAIU AJIs 1a0OpaTOPHBIX paboT

Kputepun onenkn:
3a npaBUIIbHO BBINOJIHEHHOE 331aHUE BBICTABIIAETCS MOJIOKUTEIbHAS OLleHKa — 1 Oau.
3a HeMpaBUWIIbHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIIETCS OTpHUIlaTeIbHas olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopoutoy evicmasgnsemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 4.2 ITocTOSAHHBIN 3J1eKTPUYECKUH TOK

JlaGoparopHoe 3ansiTue Nel4
Onpenesnenue TemneparypHoro kodgduuuenra Mmeau

He.]'Ib: PACKPBITE BIIUMAHUC TEMIICPATYPbI HAa 3JICKTPHUYCCKOC COIPOTUBJIICHHUEC MCTAJJIOB; OIIBITHBIM

nyTéM  OompenesiuTh KO UUIHUEHT TEPMUYECKOrO0  COMPOTHBICHHUS  MEAW; TOCTPOUTH IO
HKCIEPUMEHTAIBHBIM JaHHBIM I'pauK 3aBUCMOCTH COTIPOTUBIICHUS OT TEMIEPaTypHI.
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BoinosiHenue padorbl  cnocodcTByeT ¢opmupoBanuio: [1P62 OVIL.06, I1P69 OVII.O6,
[1P66_OVII.06, ITP610_OVIIL.06, ITP65 OVIIL.06, ITP68 OVII.06, [IP61 OVII.06, ITP64 OVII.06
MarepuanbHoe oOecnedeHue: TPUOOP JUISI ONPEICICHHUS TEMIEPATypHOTO KOdPduImeHTa
COMpOTHUBIIEHUs Meau, TepMomeTp TexHuuueckuit ot 0 1o 100°C ¢ uenoit nenenust 1°C, omMmerp, BHEIIHUN
COCy/l KaJOpUMETpa C BOAOM, JEKTPOIUIMTKA, KIIOY, COCIUHUTENbHbBIE MIPOBOJA, MITATUB ¢ My(pTOH U
JIAIIKOMN.
Teopernueckuii MaTepuas:

DJNEeKTPUYECKOEe COMPOTUBJICHWE 3aBUCUT OT Temmeparypbl. OOBSICHAETCS 3TO TeM, YTO
YIOPSAOYEHHOMY JBUKEHHIO CBOOOJHBIX JJIEKTPOHOB JJIEKTPUYECKHM TOK JTO YHNOPAJO0YEHHOE
JBUKEHHE 3apsKEHHBIX YacTHUL] - 3JIEKTPOHOB) OKa3bIBAIOT NPOTUBOJECHCTBHUE (COMPOTHUBIIEHNUE) aTOMBI
KPUCTAIINYECKON PEHIETKU, MHTEHCUBHOCTD TEIJIOBOTO JBUKEHHS KOTOPHIX U3MEHSETCS C M3MEHEHHUEM
TEMIIEPATYPHI.

VYV XUMHUYECKH YUCTBIX METAJUIOB C MOBBIIICHUEM Temneparypsl Ha 1°C conpoTuBiIeHHE BO3pACTAET
npumepHo Ha 0,004 (1/273) conpotusienus npu 0°C 1 BeIpakaeTcsi IMHEHHOM 3aBUCHMOCTBIO

Rt =Ro(1+0aAt), rae

Ro—comnporuBnenne meramia npu 0°C,

At- pa3HOCTB TemriepaTyp (KOHEYHOU U HauyalbHOW);

0. - TeMIepaTypHbIi KOA((UIIMEHT CONPOTUBIICHUS, TIOKA3hIBAIOIINHM, Ha KaKYyI0 4acTh HAYaJIbHOTO
cornpotusiieHus nposoaHuka mnpu 0°C (273K) usmensiercs conpotuBiieHue npu HarpeBanuu Ha 1°C wnm
1K.

0=A R/ RoAt mm o=A R/ RoAT
AR= Rt -R 0-
OnBITHBIM TTyTEM MOKHO OIPENENUTh 0, HE mpuleras K u3MepeHuto conpotuBieHust Ro. s sToro
HEO0OXOIMMO JIBaXKIbl W3MEPUTH COMPOTUBIECHUE HCcleayeMoro marepuaina R; m Ry mpu pasbix
TeMIIeparypax ty 4 to.

HOpﬂ}IOK BbIIIOJTHCHU A paﬁon:

1. Cocyx ¢ BO/IO# MOCTaBUTh HA SIEKTPOILUTUTKY U BKJIFOUUTH €€ B CETh.

2. OmpenenuTh HEHY EICHUs OMMETPA.

3. Usmeputh compoTHBIeHHE Ry MeTHOM MPOBOJIOKU MPH KOMHATHOM TeMIiepaType ty.

4. OmyctuTh IpuOOp B BOJY, YCTAHOBUTH B HEM TepMoMeTp. [Ipr HEKOTOPOI Temiieparype t, H3MEPUTh
conpoTtuBiieHre Ry nccnemyeMoii mpoBOJIOKH.

5. OnbIT MOBTOPUTH HECKOJIBKO Pa3.

6. Boraucouthb 2 — 3 pasa a, UCroiib3ys cootHorreHue: o= R, - Ry/ (R1t —Ra t7).

7. OnpenenuTts CpefHEe 3HAUYEHUE O¢p, U CPABHUB IOJIYYEHHBIN pe3yiabTaT ¢ TAOJIMYHBIM 3HAUCHHEM
TeMIepaTypHOro Ko UIMEeHTa CONPOTUBICHNS ME/IU, BBIYMCIUTh OTHOCUTENIBHYIO ITOTPELTHOCTb.
8. Pe3ynbTaThl M3MEpEHUH U BEIYMCIICHUH 3acaTh B TaOJIHILY.

Temnepaty ConpoTus Temnepar Cpennee ToO. OTHocUTENbH
Ne pa JleHne YPHBIii 3HaYeHne 3HaYeHue as
MeIHOMH MeHOMH K03 unu TeMIeparyp TeMIeparyp MOrPelHOCTh
NPOBOJIOKH MPOBOJIOK eHT HOT'0 HOTO
t, °C u R, Om COIIPOTHBJI k03 dpunue k03¢ PpunueH
eHus HTA Ta 0, %
0, (°C)* CONpPOTHBIIE CONpoOTHBIE
HHA HHA
acp.
1
2
3
4
5
6
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9.Ucnonb3ysi naHHBIE HKCIIEPUMEHTA, MOCTPOHUTH IrpaduK 3aBUCHUMOCTH R; OT t, OTKIambIBas MO OCH
abcuucc — remneparypy B °C Ha OCH OpJIMHAT — COTIPOTHBIICHUE.

10.Cnenatp BBIBOA 1O pabdoTe.

KoHTpoJibHbIE BONIPOCHI:

KaxoBa pusudeckas CylmHOCTb 3JIEKTPHUUECKOTr0 COTPOTUBIICHUS?

Kak 0OBSICHUTH YBEIMUYEHUS COMTPOTUBIICHUS METAJUIOB IIPHU HArpEeBaHUN?

OO0bsacHUTD (HOpMYITy, 10 KOTOPOU ONpeAeNsieTcs TeMIIepaTypHbIi KOOPGUIIUEHT COMPOTUBIICHUS.

[Touemy TemriepaTypHbIidi KOAPOUITUEHT CONPOTUBICHUS TSI SJICKTPOIUTOB OTPUIATSIBHBIN?

KaxkoBo conportusnenue 0,5 xr meaHo npoBosioku quamerpom 0,3 mm?

VYkazarh npakTu4eckoe MPUMEHEHNE 3aBUCUMOCTH COIPOTUBIICHUS ITPOBOAHHUKA OT TEMIIEPATYPHI.

dopma npeacTaBJieHus pe3yabTaTa:

Pabota momkHa OBITH BBITIOJIHEHA B TETPAIH I 1a00paTOPHBIX padoT

Kputepuu onenkmu:

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

3a HeNpaBWJIBHO BBIMIOJIHCHHOE JICHCTBUE, 3a/IaHUE BBICTABIISICTCS OTpPHUIIATeNIbHAs onleHKa — () 0ayuioB.

Oyenxa «omauunoy svicmagngemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB

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

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

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

ook wdE

Tema 4.2 IlocTOSIHHBII 3J1eKTPUYECKUH TOK

JlaGoparopHoe 3ansiTue Nel5S
OmnpenesieHue CONPOTUBJIEHNUSI PE3UCTOPA METOI0M MAPKHUPOBKHU

Leasb: onpenenuTs HOMHHAIBHOE CONPOTUBIICHHE PE3UCTOPOB METOAOM MAPKHUPOBKHU; OTIPENIEITUTh
JOMyCTUMOE 3HaUY€HHE CUJIBI TOKA JUIsl JAaHHBIX PE3UCTOPOB MPU U3BECTHOM HOMHHAJIE MOIIIHOCTH.

BoinosiHenue padotrbl cnmocodcTByer ¢GopmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
I1P66_OVII.06, ITP610_OVII.06, ITPG5 OVII.06, ITP68_OVII.06, ITP61_OVII.06

MatepuajbHoe obecreyeHHe: HAaOOp PE3UCTOPOB Pa3HBIX COMPOTHBIICHUH, TaOMMIAa 3HAKOB
MapKHPOBKH.

3aganue.

1. O3HaKOMHUTBCH C TEOPETHYECKMM MATEPHATIOM.

Teoperuyeckunii marepuasn:

IIpu onpenenennu pexuMa paboThl Pe3UCTOpa CIEAYET YYUTHIBATh MAKCHMAJIBHO JOIyCTHMOE /115
Hero 3HadeHue CHJIbI TOKA, KOTOPOE OMPENEISIeTCs 3HAYEHHUEM €r0 COMPOTHUBIICHUS M MOIIHOCTHIO.
MapkupoBKa HOMHHAJIA PE3UCTOPa OCYIIECTBISIETCS IBETOBBIM KOJOM B BUJE YETHIPEX LIBETHBIX MOJIOC,
HaHECEHHBIX Ha €ro KOpITyce.

IIpu 3TOM 3HaYeHHE CONPOTUBICHUS Pe3UCTOpa yKasbiBaeTcss B OMax ABYMS MEPBBIMHU MOJIOCAMU U
MHOXHUTENEM (TpeThs mosioca) 10n, rae n - 1odoe 1menoe 9nucio ot - 2 10 + 9.

MapKkHupOBOYHBIE 3HAKHM CABHTAIOT K OJTHOMY M3 TOPLIOB PE3UCTOpa, HApUMEp, K JIEBOMY, U 3aTeM
pacrioyiararoT cjieBa HalpaBo B CIEAYIONIEM TOPSIKE: IepBast 1moyioca - nepsas nudpa HOMHUHATA, BTOpast
nojioca - BTOpas Lu(pa HOMHHANA, TPEThs MOJOCAa - MHOXHUTENb, YeTBEpTas Iojioca - JOMYCK Ha
OTKJIOHEHHE (DaKTUYECKOTO COMPOTUBIICHHUS OT HOMHHaia. Eciu pa3mepsl pe3ncropa HE TO3BOJSIOT
pa3MecTUTh LIBETHBIE MOJIOCHI HECUMMETPUYHO, T. €. OJIKEe K OJJHOMY U3 TOPIIOB PE3UCTOpa, TO MepBast
TI0JI0Ca BBITIOIHSETCST O0JIee IUPOKOH.

L{BeTa 3HaKOB MapKUPOBKH HOMHHAIBHOTO COMPOTUBJIEHUs B OMax u JIOMYCKOB B % MpPUBECHbI
B Ta0IMHIIE:

Homyc
IIBer 3HaKa IlepBas nuudppa Bropasa undpa MHoKHUTeNb KB %
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CepebpucTbrit -- -- 10 10
30JI0TUCTHIH -- -- 10™ 5
YepHslii -- 0 1 -
Kopuunessrit 1 1 10 1
Kpacnsrii 2 2 107 2
OpaHXeBbIi 3 3 10° -
Kenrerit 4 4 10* -
3eneHblit 5 5 10° 0,5
Tomy6oit 6 6 10° 0,25
DuroneToBRIi 7 7 10’ 0,1
Cepslid 8 8 10° 0,05
Bemnsrit 9 9 10° -
IMopsinok BbINOJIHEHHUSI PAa0OTHI:
1. Pa3noxuth Ha paboyeM CTOJIE KOMIUIEKT PE3UCTOPOB.
2. BuumatenbHO MpouYMTaTh YKa3aHHE K paboTe.
3. OdopMuUTH MAPKHPOBKY PE3UCTOPA B TETPAIH 110 0OPA3ILY
4. 3anoyHUTH TaOIUILY:
Pesucrop Homunansnoe conporusienue R | MomHocts pesuctopa (Bt)| Cuia Toka)
(A)
1. 0, 25
2. 0, 25
3. 0,25
4, 0, 25
5. 0, 25
6. 0, 25
7. 0, 25
8. 0, 25

5. PaccumnTaTh crily TOKa MpH U3BECTHOM MOITHOCTH TOKA.
6. CnenaTb BBIBOJ 1O paboTe.

KoHnTpoJsbHbIE BONIPOCHI:

1. B uem 3akitoyaeTcsi METO MapKUPOBKH.
2. Jlnis 4ero Hy»KHO 3HaTh CONPOTUBIIEHUE PE3UCTOPA IPU BKIIOYEHUH €r0 B cXeMy?
3. Ot 4ero 3aBUCUT MOITHOCTh TOKA, TEKYIIETO MO PEe3UCTOpPY?

®opma npeacTaBJieHus pe3yabTaTa:
PaboTa momkHa OBITH BBITIOJIHEHA B TETPAIH ISt 1a00OpaTOPHBIX padoT

122



Kpurepun oneHku:
3a mpaBUIIHHO BBIOJHEHHOE 33JaHHE BHICTABIISIETCS TIOJIOKHUTEIbHAS 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 4.2 IloCcTOSIHHBIN YJIEKTPUIECKHH TOK

JlabopaTopHoe 3ansiTne Nel6
Onpenenenne KII/{ narpeBaredeii

Henab: HayuuThCsA MPAKTUYECKH OMPENEISITh TEIUIOBYIO OTIady JJIEKTPUYECKOTO HarpeBaress
J000r0 THMA.

Brinosinenue padorsl cnocodcTByeT GOPMHPOBAHMIO:

[1P62, 11P66, I1P6S8, I1Pyl, I1Pyl13, I1Py3, IIPyS, IIpy7, I1PyS, IIPy10, I1Pyl12, I1P610, Ipy2,
[1Py12, ITP610, MP3, MP5, MP15, MP23, JIP26, , MP28, MP31, MP32, MP33, MP34, MP37, MP44,
MP47, MP48, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepuanbHoe o0ecniedyenne: 2 HIEKTPUUECKUX HArpeBaTessl, COCY/l Ul KUTISTYSHUS BOJbI, BOJA,
TEPMOMETp, CEKyHIOMEp (J4achl), CIIPABOYHHK 110 (PHU3HKeE.

3ananme.

1. O3HakoMHTbCS ¢ TEOPETUUECKUM MaTEepUAIOM
Teopernyeckuii MaTepuasI:
KoadduimenT monesHoro AeicTBus HarpeBarTess CBsA3aH COOTHOIICHUEM:

K.I11.= = +100% (1)
Q - mose3Has Teriora u onpeaensercs mo popmyne Q=C*m(T,-T1) (2)

I7Ie ¢ — yJelbHas TEIUIOEMKOCTb KHJIKOCTH,

M — Macca )KUAKOCTH, KOTOPYIO KUIIATST,

T1— HavanpHas TemnepaTypa KUJKOCTH,

T, — KoHeuyHast Temreparypa >KUJKOCTH,

Q3 — KOJIMUYECTBO TEIJIOTHI, KOTOPYIO BBIIENSIET HAarpeBaTeb

(3aTpaueHHas TEIUIOTa) U onpeaensercs no popmyne: Q3 =P ot (3),

rae P — MOIIHOCTH 3JIEKTPUUECKOTO HarpeBaTels,

t — MHTEpBaJI BpEMEHH, 3a KOTOPBIN 3aKUIIENIA KUIAKOCTb.

MOIIHOCTh AJIEKTPUYECKOTO HATpPEBATENs OIMPEAENsSeTCS IO IMACOPTHBIM JaHHBIM, YKa3aHHBIM Ha
npubope.

Bpewmsi, 3a KOTOpOe 3aKHUIHT KUAKOCTh, ONPEACTAETCS YacaMu. Y IeNIbHAs TEIUIOEMKOCTh BOJIBI
OTIPEIENISICTCS 110 CIIPABOYHHKY.

Ilopsinok BbINOHEHHS PadOThHI:

1. [ToAroTOBUTH TAOJUITY /JIS 3aITUCH PE3YJIbTATOB, OTMPEIEIIEMBIX B X0/1€ PaOOTHI.
Onpenenutsb Brrunciuth
Cs m Ty T =) t K.IL .
0
Tirewe K KT K K Bt C Y%
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N

3aHecTd B TaONHIly CIPAaBOYHBIC MAHHBIC YACIBbHON TEIUIOEMKOCTH BOJIBI.

3. 3anucath B TaOJUIy HOMUHAJIBHYIO MOIIHOCTh AJIEKTPUYECKOT0 HarpeBaTels, yKa3aHHYIO Ha
npubope.

4, B cocyn ans xunsiyenus Bonbl HaauTh 200 r BOJIBI.

S. Ornpenenuth HAYaJIbHYIO  TEMIEPATypy BOJBI.

6. BxutounTh HarpeBaTellb OTHOBPEMEHHO C CEKYHIOMEPOM (4acaMu).

7. OcTaHoBHUTH ceKyHIOMEp (4Yackl) B MOMEHT OYpHOTrO KHIIEHHS BOJbL. Bpems, 3a koTopoe
3aKuIesia Bo/ia, 3aHEeCTH B TAOJIHILY.

8. Boruucauts K.I1. /0. anekTpuueckoro HarpeBaTens.

0. [TOBTOPUTH OMBIT C APYTUM HarpeBaTelieM.

10.  YuuTsiBasg moTepu dHEPTHH CHOPMYITHUPOBATH BHIBOJI.

KoHTpoJibHBbIE BOPOCHI:
1. Veenuuurcs wmm ymenbmutces KUILJI. anektpuyeckoro yailHMKa, €CIM Ha €ro CTEHKax
MOSIBUJIACh HAaKUIb (OTIIOXKEHUE COJIeH)?
2. 3aBucut nmu KIIJl s1eKTpUYecKOro 4YalHWKA OT TOTO OTKPBIT OH WIIM 3aKpPBIT?
®opma npeacTraBiaeHus pe3yJabTara:
Pabora momkHa OBITH BBIOJIHEHA B TETPAAH ISl IAOOPAaTOPHBIX paboT
Kpurepun oneHku:
3a mpaBUIILHO BBIMTOJHEHHOE 33JaHUE BHICTABIIICTCS TIOJIOKHUTEIbHAS OLleHKa — | Oasu.
3a HenpaBUWIIbHO BHIIIOJIHEHHOE JEHCTBHE, 3aJJaHNE BBICTABIIAETCS OTpULlaTeNbHAs olleHKa — 0 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 npaBUIbHBIX OTBETOB

Tema 4.3 DyeKTpUYeCKHil TOK B Pa3JIMYHBIX cpeaax

Jladoparopnoe 3ansaTue Nel7,18
«HM3yueHne 3JIeKTPUYECKHX CBOMCTB MOJIyIIPOBOIHUKOB)

Leuab padoTbl: yrmyOuTh NOHUMaHKUE (PU3MUYECKOTO CMBICIA MOHATHS MOJTYIPOBOJHUK U MEXaHHU3MA €ro
MIPOBOJIUMOCTH.
BoinosiHenue padorbl  cnocodcTByer ¢opmupoBanmio:  [1P62 OVIL.06, I1P69 OVII.06,
ITP66_OVYII.06, ITP610 OVYIL06, ITP65 OVII.06, ITP68 OVII.06, [TP61 OVIIL.06
MarepuanbHoe o0ecniedeHue: HCTOUYHUK TOKa, aMIIEpPMETP, peocTar, KiIrod, 10/,
COEIMHUTENIbHBIE TIPOBO/IA.

3amanmue

1. U3yuuth cCBOHcTBa  3JEKTPOHHO-IBIPOYHOIO  MEpeXoJa U  HUCIOJb30BaHUE €ro B
MOJIYTIPOBOTHUKOBBIX MpHOOpax.
2. YMeTb Ha4epTUTh INEKTPHUECKYIO CXeMy M OOBSICHUTH NPUHLMI ACUCTBUS BBIIPSIMUTENS U
YCUJIMTEIIS TOKA HA MOIYIPOBOJHUKOBBIX TUO/AX U TPUOJAX.
IHopsiiok BhINOJIHEHHS PA0OTHI

[TonynmpoBOIHUKY XapaKTEPU3YIOTCS OTIWYHOW OT MPOBOJHUKOB IMPOBOAMMOCTHIO: COOCTBEHHOI,
JBIPOYHOU (p-TUIIA) U ANEKTPOHHOH (N-THUIIA).
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[lonynnpoBOHMKM MOTYT HMETh [Ba THUMNA HPUMECHON IPOBOJUMOCTHU: 3JIEKTPOHHYIO (N-THI),
O0OYCJIOBJICHHYIO JOHOPHBIMH TPUMECSIMH, U JBIPOYHYIO (P-THIM), OOYCIOBJICHHYIO aKIENTOPHBIMHU
MpUMeECSIMUA. B n-nosynpoBOJHUKE OCHOBHBIE HOCUTEIM 3apsiia — JJIEKTPOHBI, @ B P-TIOJIYIIPOBOJHUKE -
apIpku. KpoMe OCHOBHBIX HOCHUTENCH 3apsijia B KaXKIOM BEIIECTBE B 3HAUYUTEILHO MEHBIIIEM KOJHYECTBE
COZIepKAaTCsi W HEOCHOBHBIE HOCHTENH 3apsga MPOTHBOMOJOKHOTO 3Haka. OHM BO3HHMKAIOT 3a CYET
pa3pyLICHHS] KOBAJIEHTHBIX CBA3CH.

Ecnun nBa mpoBojHKKa ¢ TPOBOJUMOCTBIO Pa3HOTO pOJia MPUBECTU B KOHTAKT, TO HA MECTE€ KOHTAKTa
oOpa3zyercs 3aUPAOIIUN CIIOM, KOTOPBIA XOPOIIO MPOBOAUT TOK B OJTHOM HamlpaBICHUH U MPAKTUYECKU
HE TPOBOJUT TOKA B IPYTOM. DTO CBOMCTBO UCIIOJIb3YETCS B TOJIYIIPOBOJHUKOBOM TEXHHKE.

I'panuna CONpPUKOCHOBEHHUS IBYX IOJYNPOBOJHUKOB, OJUH U3 KOTOPBIX HMMEET 3JEKTPOHHYIO, a
JOPYro — JBIPOYHYIO ITPOBOJUMOCTh, Ha3bIBAETCS p-n nepexonoM. [IpakThuuecku p-n mepexos co3naercs
HE MEXaHMYECKUM KOHTAaKTOM JBYX IIOJIYIIPOBOJHUKOB, a BHECEHMEM JIOHOPHBIX U aKIENTOPHBIX
puMecell B pa3jIMyHble YacTH YHUCTOrO IOJYIMPOBOJHHMKA. OTH MEPEXOJbl SBISAIOTCA OCHOBHOM
OOJIBIIMHCTBA COBPEMEHHBIX TOJIYIPOBOJHHKOBBIX

proOopOB. | |
| i

IIpoBepka onHOCTOpPOHHEH mpoBOAMMOCTH | | L_______] AUOAA.
1.  CocraBuTs 11e0b IO CXEME PUCYHKa 1.
2. Jluox /12 BKIIOYUTH B IPSIMOM (TIPOITYCKHOM)
HAIpaBJICHUHU: OTMETKA «+» JT0JDKHA OBITh
oOparieHa k noitocy ucrounuka 31C. v m
3aMKHYTb LIeNIb © OTMETHUTDH MOKa3aHUS \__/
amnepmerpa. Llernb pa3oMKHYTb. Puc.1
3. Jwon /12 BKIIOYUTH B 00paTHOM HarpaBICHUN
(3amopHoM). Llenb 3aMKHYTh M YO€IUTHCS B OTCYTCTBHM TOKa B LienH. Lenb pa3oMKHYTb.
4.  Pesynbrarel HaONIOACHUN 3aHEeCTH B TaOIuUIy 1.
CHsiTHE BOJIbTAMIIEPHOI XapaKTePUCTHKH THO/A.
1. CocraBuTh 1IeNb IO CXEME PUCYHKA 2: roTTTe !
2. JIMOJ BKIKOYHTH B IIPOITYCKHOM HAIIPABJIEHHH. : {>‘ :
3. 3amknyTh 1Ienb. [logoOpath monoxxeHue L |
JIBID)KKA PEOCTaTa TakK, YTO0bI BOIBTMET]P <>

II0Ka3aj caMoe Majoe HanpspkeHue. CHATh T ()
MOKAa3aHUsl U3MEPUTENbHBIX TPUOOPOB.

4.  IlepememniaTth NOCTENEHHO JBM)KOK peocTaTa U

CHATh HE MEHEE 7 3HaYCHUN HaIPSOKEHUS U

CUJIbl TOKA. Pa30OMKHYTH LETb.

PesynbTaTel m3MepeHuii 3aHeCTH B TAOIUITY 2.

6. Ilocrpouts rpaduk 3asucumoctu I(U). ITo ocu (0),¢
orknansiBath U (B), mo ocu OV - | (A).

7. Cruenatb BBEIBOJL.

Puc.2

o

@®opma npeaocTaBIeHHs pe3yabTaTa
Tabmuna 1

HpOBCpKa OHHOCTOpOHHCﬁ IpOBOAUMOCTHU AUOAA.

Ne Crioco6 BKITIOYEHUS IToxazanus amnepmerpa
o\
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Ta0mnuma 2

CHsiTHE BOJIBTAMIIEPHON XapaKTEPUCTUKHU JUOJIA.

Ne Toxk, mpoxosiuii uepes3 Auo, Hanpsoxenue, mojanHoe Ha MO/,
m\n I (A) U (B)

KOHTpOJ’[LHbIe BOIIPOCHI

B uém paznuune npoBOJMMOCTH IPOBOTHUKOB U TOIYIIPOBOTHUKOB?
Kakoii Tum moaynpoBOAHUKA TOTYIUTCS, €CITH K TePMAaHUIO T00aBUTH nmpumech Gochopa?
Kaxkoii T mosrynpoBoJHUKA HOXYYUTCS, €CIIN K TePMaHUIO 100aBUTh IPUMECh HHANSA?
Kakoe siBnenne HabmogaeTcs Mpu BCTpeue CBOOOIHOTO 3JIEKTPOHA C IBIPKOM B IOIYIPOBOTHUKE?
Kak MOXHO yCHIINTh HHTEHCHBHOCTB T€HEPALIUH Map «3JICKTPOH-IBIPKay
Kak 00BsiICHUTD yBeTMUEHHE YICIBHOTO COMPOTUBIICHHUS TOIYIPOBOJHHUKA ITPH YMEHBIIICHUN
TeMIeparypbl?
Uro sBsETCS B CXEME TPUO/1a BXOJHOM LENbIO, @ UTO — BBIXOAHOMN?
KaK CJIe/IyeT BKJIIOYHUTH B LIENb TPAH3UCTOP, YTOOBI OH JICHCTBOBAJT U KaK MO B IPSIMOM
HarpasJieHUn?
YTo nokasbIBaeT BOJIBT-aMIEPHAsl XapaKTEPUCTUKA TUoaa?
®opma npeacTaBieHus pe3yJbTara:
PabGota nomkHa OBITH BBIIOJIHEHA B TETPAIH JUI JJAOOPATOPHBIX padoT.
Kpurepuu onenku:
3a IpaBHIIBLHO BBITIOJIHEHHOE 33/1aHNE BBICTABIISICTCS TTOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JACHWCTBUE, 3aJJaHUE BBICTABIIACTCS OTpUIIaTeIbHAs oleHKa — () 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 «neyooenemeopumensvHoy svicmasiiemcs 3a MeHee 60%0 MpaBUIBLHBIX OTBETOB
gvicmasnsaemcs 3a Menee 60% mpaBUILHBIX OTBETOB

Tema 4.3 DyeKTpUYeCKHil TOK B Pa3JIMYHBIX Cpeaax

JlaGopaTopHoe 3aHsiTie Nel9
Onpeaenenue 3JeKTPOXMMHYECKOT0 IKBUBAJIEHTA MeIU B MpoLecce 3J1eKTPoIn3a cyjabdara Meau

Iesb: onpenenuTs 31EKTPOXUMUYECKUI SKBUBAJIEHT MEIU SKCIIEPUMEHTAILHBIM ITYTEM.

Boinosinenue padorbl  cmocodcTByeT  (popmupoBanuio:[1P62 OVIL.06, IIP69 OVII.06,
I1P66_OVII.06, [TP610_OVII.06, ITP65_OVII.06, ITP68_OVII.06, ITP61_OVII.06, ITP64 OVII.06
MatepuajibHoe o0ecrmedyeHne: BeChl W Pa3HOBECHI; aMIIepMeTp; Yachl, DJIEKTPOIUINTKA;
aKKyMYJIATOpHas OaTapesi; peocTaT; KJII04; MEeIHbIE 3JEKTPObl (2 MIT).) CO BCTABKOW; COCTUHHUTEIbHbIE
MIPOBO/JIA; STEKTPOIUTHUYECKAsI BAHHA C PACTBOPOM MEIHOTO KYIopoca.

3aganme:

1.IIpoHabnronaTe SBIEHUE AIEKTPOIIM3a MEIH U3 PACTBOPA METHOTO KyIOpoca.

2. HayuuTbcs OnpenessaTh 3JIeKTPOXUMUUECKUH SKBUBAJICHT 0 Pe3y/ibTaTaM SKCIIEPUMEHTA.

IMopsinok BbINoJIHEHUs PadOTHI:

1. OunctuTh HaXXAAYHON Oymaroi KaTolHyIO IJIACTUHKY, — | | | | |+

OIIPEAEIUTD B3BEIIMBAHUEM MACCY IUIACTUHKU ),
2. CocTaBuTh D3JEKTPUYECKYIO Iernb Mo cxeme. llpu
COCTaBJICHUH LIENU B3BEIIECHHBIN 3JIEKTPOJ COEUHUTS C
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OTpULATCIIBHBIM IMOJIFOCOM MCTOYHUKA BHQKTpI/I‘IeCKOﬁ OHCPIUH.
3. 3aMKHYTB LCIIb U 3aMCTUTHb BPEM BKIIFOUCHUS TOKA.

4.Yepe3 15-20 MUHYT pa30MKHYTb LIETIb.

:
5. BEIHYTH KaTOAHYIO IUIACTUHKY, IPOMBITH U MPOCYIIUTD. (JHSO4
6. B3BemmBanueM onpeenuTh Maccy Karoa () nocne MIPOITYCKAHMS TOKA.
7. Haiitu maccy (1m1) BBIJICJIMBIIICHCS] HA KATOJIE MPH AJICKTPOIU3E 10 hopMyIie: e = M, =
r7e mp- Ha4aJlbHAasl Macca IUIACTUHKH, KI'; M- KOHEYHAsl Macca IUIACTUHKH, KT.
8. BEIUHCIUTD IJCKTPOXUMHUYECKUAN IKBUBAJICHT MEU U3 (OPMYJIBI:
IJ€ m- Macca BbIIEIUBILIErOCs BEIIECTBA, KT; m
I- cuna Toka, A;  t- BpeMs 3JIEKTpOJIn3a, C. K=—-
9. Pe3ynbraThl M3MEpEHUN U BBHIYUCICHUN 3amucaTh B Tabauiy 1. It
10. CpaBHUTbH OTYYCHHBIH PE3yIbTAT C TAOTUYHBIM.
11. BeuucauTh aOCOMIOTHYIO A U OTHOCUTENIBHYIO € MOTPEIIHOCTH U3MEpPEHU Mo hopMyiam:
Cnenatpb BbIBOJ 11O pabdoTe.
Tabmma 1
Ne | Macca menn, | Bpems Bemmuamaa| S1eKTpoXnMH-| AGCOTIOT- OTtHOCHTEeNbHAA
OTIOXHBIIEH | MpOIyc CILTEI JeCKIHIT Has IIOT PEIIHOCTh
Cs Ha Karolle | KaHIA TOKa SKBHBaJIEHT IOTpPemHOCTH &£,%
m.ke Toxa &F 1.4 M€ A - Ke
k. X Ki-c
Ki-c

arONE

~No

10.

11.

KoHTpoJibHbIE BOPOCHI
UYem 00yCIIOBIIEH 3JEKTPOXUMUUECKUN TOK B 3JIEKTPOIUTAX?
Kak paccunrars Maccy BBIACIMBLIETOCS BEIIECTBA HA DJIEKTPOJE?
OT yero 3aBUCHUT AJIEKTPOXUMHUYECKHI SKBUBAIECHT?
Kakoit ¢pusnueckuii cMbIC 3J1€KTPOXUMHUECKOTO SKBUBAJIEHTA?
Kakoe o6opynoBaHnue ¥ HM3MEpPUTEIbHBIE MPUOOPHI HYKHO HMETh, YTOOBI BBIYHUCIUTH
NEKTPOXUMHUYECKUI SKBUBAJICHT?
Hazpartb pabouyro hopmyiy A BBIYUCICHUS 3JIEKTPOXUMHUUECKOIO SKBUBAJICHTA.
Ha xakoM u3 2JIeKTpO0OB BBIIEIAETCS MEb B YUCTOM BUAE U ToueMy?
B snexTponuTHUecKyl0 BaHHY MOMECTMM MEJIHYIO IUIACTUHKY, CiIyXallyro aHoaoM. Ilmactuhka
IIOKPBITA BOCKOM, HAa KOTOPOM HalapamnaH PUCYHOK. UTO MOIY4HUTCsS MOCJE MPOIYCKAaHUs TOKa U
yAQJICHHS BOCKA C TUTACTHHBI?
Yro Takoe rajJbBaHOCTETHUS, T'aJIbBAHOILIACTHKA.
Yepes pactBop meaHoro kymopoca mpouuio 20 kKu snextpuuectBa. Ilpum 3TOM Ha ogHOM W3
JIEKTPO/OB BBIIEISAETCS B UYACTOM BHJI€ Maccoi 6,6 rpaMM Meau. ONpenennTs JIEKTPOXUMUYECKUI
SKBHUBAJIEHT MEJIH.
CKOIbKO HMKEJS BBIACIUTCS MPH JIEKTPoiau3e 3a 1 yac mpu cuiie Toka 5 Ammep, eciiu U3BECTHO,
YTO MOJIsIpHAs Macca HuKens 58,71 r/Mob, a BAIGHTHOCTh paBHA 2.

12. Onpenenute mMaccy cepeOpa, BBIICIUBIIETOCS HA KaTO/IE IPU JIEKTPOIIM3E a30THOKUCIIOTO cepedpa B

TE€YeHHUe 2 4acoB, €CJIM K BaHHE ITPUIJIOKEHO HanpspbkeHue 1,2 B, a conporuiienne BanHbl 5 OMm.

13. DnexTponu3 MenHOro Kymopoca Npoxoausi mpu Toke 5 Ammep B TeueHue 50 muuyT. Kaxoe

- N

k. =3310" —
Lr - =
KOJIMYECTBO MEIU BBIACINIIOCH HA KaTOA€, €CJIIU Ka

dopma npeacraBJieHus pe3yJbTara:
PaGota nomkHa OBITH BHITIOJTHEHA B TETPAIU AJIs TaA0OPATOPHBIX PadoOT
Kpurepun oneHku:

3a IMMPaBUJIbHO BBIIIOJIHCHHOC 3a1aHUC BBICTABIIACTCS IOJIOKUTCIIbHAA OLCHKA — 1 Gam.
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3a HelpaBWJIBHO BBIMOJTHEHHOE JICHCTBUE, 3a/IaHNE BBICTABIISETCS OTpHUIlaTeNbHas onieHka — 0 Gaos.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% mpaBUIBLHBIX OTBETOB

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

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

Oyenxa «HeyoosiemeopumenbHoy svicmasgisemcs 3a Mmenee 60% nmpaBUIBHBIX OTBETOB

Tema 4.3 DyeKTpuUecKnii TOK B Pa3JIMYHBIX cpeaax

Jladoparopnoe 3ansiTue Ne20
3aBHCUMOCTH CONMPOTHBJIECHHSA OT TEMIIEPATYPHI 00Pa310B METAJLJIA H MOJYIPOBOIHUKA

Henb: wu3MepsATh  CONPOTUBIEHUE IMPOBOJHHMKA OMMETPOM; YCTAaHOBUTHb  3aBUCHUMOCTb
COIIPOTHBIIEHUE METAJlIa U MOIYIPOBOJHHUKA OT TEMIIEPaTyphI.

BoinosnHenue padorbl cmocodcTByer ¢opmupoBanmio: [1P62 OVIL.06, I1P69 OVIILO06,
I1P66_OVII.06, ITP610_OVII.06, ITP65 OVII.06, ITP68 OVII.06, ITP61 OVII.06, ITP64 OVII.06

MarepuanbHoe ofecrnedeHHe: MYJIbTUMETpP, MNpUOOPHl A HM3YyYEHUS  3aBUCHMOCTH
COIIPOTHBIICHUS] METalljla U IOJYINPOBOJHUKA OT TEMIIEpaTypbl, TEPMOMETp, IEKTpUUECKas IUIUTKA,
IITaTUB C IPUHAIICKHOCTSAMH, K0JI0a C BOIOH.

3aganue

1. O3HaKOMHUTBHCH C TEOPeTHYECKHMM MaTEepHAJIOM.

TeopeTnueckuii MaTepuas:

Eciu mponycTuTh 3JEKTPUYECKUH TOK 4YEpe3 CTalbHYIO CIHpallb, a 3aTe€M €€ Harperb, TO
amMIepMeTp IOKaXXET YMEHBIIEHHWE CHJIbI TOKa. OJTO O3HAyaeT, YyTo C HM3MEHEHUEM TeMIlepaTypsl
COIIPOTHBIIEHUE METAJLIA MEHSETCSI.

Bce Meramnsl — KpUCTAUIMUECKHE Tella, B y3JlaX KPHUCTAIMYECKOM pELIEeTKH KOTOPbIX
pacrojaraercsi IOJOXUTEIbHO 3apsyKeHHble HOHBI. MeXay KOJEOMIOUMMUCS HOHAMU JIBUTAIOTCS
CBOOOJHBIE JJIEKTPOHBI. BenMumHa >3JIEKTPUYECKOrO COMPOTHBIEHUS MeTalsla 3aBUCUT OT 4YHcia
CTOJIKHOBEHHH KOJIEONIOIMXCSI MOHOB U CBOOOJHBIX 3JIEKTPOHOB. [Ipu yBennueHuu TeMIepaTypbl
MeTajula YBEJIMYMBAETCS aMIUIMTYJ1a KoJeOaHU HOHOB. DTO MPUBOJIUT K YBEIMUYEHHUIO CTOJIKHOBEHUH, a
3HAYUT U K YBEJIMUEHUIO CONPOTUBIICHUS MeTalljla.

B nonynpoBogHUKE NPH yBETUYEHUN TEMIEpaTyphbl YBEJINUUBAETCS YMCIO CBOOOHBIX HOCHUTENEH
3apsija, MOSBUBIIKXCS NPU pa3pblBe KOBAJIECHTHBIX CBSI3€d. JTO MPUBOAMUT K YBEIMUEHUIO CHUJIBI TOKA B
IIOJIYTIPOBOJIHUKE U K YMEHBILIEHUIO CONIPOTUBIICHUS IIPOBOIHUKA.

Ilopsinok BbINOJHEHHS padOThI:

1. IToarotoBbTe K paboTe OMMETD:

a) BCTaBbTE ITHIPbKU MPOBOJIHUKOB B THE3/a, 0003HaueHHbIE «» U «0611 COM.»;

0) mocTaBbTe NepekirovaTesb Ha Luppy «10»;

B) COEJJMHUTE CBOOOHBIE IITHIPHKU MPOBOJHUKOB U PYUKOH «yCT. 0» MOCTaBUTH CTPENKU Ha «0».

2. Ha osriexTpuyecKkyro IUIMTKY MOMECTHTE Koi0y ¢ BoJod. Bo m3bexanue mnageHus KOJIOBI
MIOMECTUTE B KOJbBIIO, 3aKpeIJIeHHOE B IITaTHUBE. B konly omycTuTe mpoOUpKY, ¢ MOMEUIEHHOW B Hel
KaTyIIKOW U3 MEIHOTO MpoBoia. OCTOPOKHO OMYCTUTE B IPOOUPKY TEPMOMETD.

3. CBoOOIHBIE IITHIPHKM OMMETpPA COEAUHUTE C KIIEMMaMU MEAHON KaTyIIKH.

4. BxurounTe WIHYp IUIMTKA B PO3ETKY M M3MEPHTE CONPOTUBIEHHE KATYIIKH IPH Pa3IMYHBIX
3HAYEHUSIX TEMIIEPATYpHI.

5. BHecuTe u3mepenus B TaOiuILy.

ITpoBoaHuk (Meab)
t°, C
R, Om

6. Ha ocHoBe m3mepenuit mocrpoiite rpaduk. CrenaiiTe BbIBOA, KaK COMPOTHUBIICHUE MPOBOIHUKA
3aBUCHUT OT TEMIIEPATYPHI.
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7. IlocraBpTe mepexioyarenab ommerpa ¢ mudpsl «10» Ha nugpy «100» u mocraBbTe CTPEIKY
ommeTpa Ha «0» (CMm. myHKT 1-B).

8. 3aMeHuTe B KOJIOE MPOOHPKY C METAUIOM HA MPOOUPKY C MOIYMPOBOJHUKOM (TEPMUCTOPOM).
Omnycture B npoOupky repmomerp. K kiiemmam TepMucTOpa MoJICOEAUHUTE OMMETP.

9. 3MepbTe COPOTUBIIEHHE MTOIYIIPOBOIHUKA IIPH PA3JIMYHBIX 3HAUEHUSAX TEMIIEPATYPBHI.

10. BHecute u3mepeHus B TaOJIHILY.
IHonynpoBoaHuK

t°C

R, Om

11. IToctpoiite rpaduk R(t).

12. CpenaiiTe BbIBOJ, KaK COIPOTHUBIIEHUE MOIYIPOBOAHHUKA 3aBUCUT OT TEMIIEPATYpPhl
KoHTpoJibHbIE BOIPOCHI:

1. DekTpuYecKuil TOK B METAJUIaX — 3TO YINOPSI0YEHHOE JIBMXCHHE ... .

2. C TOYKM 3pEHUs DJJICKTPOHHOM TEOPHH DIIEKTPUYECKOE COIPOTHUBICHHE OOYCIOBJICHO
COYIIapEeHUSIMH ... .

3. C NOBBIIIEHHEM TEMIIEPATYPhI COTPOTHUBIICHUE METAIIA ...

®opma npeacTaBieHus pe3yJabTara:

PaGoTa nomkHa ObITh BBIMOJIHEHA B TETPAIH IS JIAOOPATOPHBIX padoT

Kputepuu onenkmu:
3a MpaBUIILHO BBITOJHEHHOE 33JJAHHE BHICTABIISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATEIbHAS olleHKa — 0 OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvHoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Pa3gen 5 Kosie0anus ¥ BOJIHBI
Tema 5.1 Mexannueckue KoJe0aHUA M BOJTHBI

JlaGopaTopHoe 3aHsiTHe Ne2l
IIpoBepka 3aK0HOB KOJIeOAHMI MATEMAaTHYECKOT0 MAITHUKA

Leab: yCTaHOBUTh MaTeMaTUYECKYIO 3aBUCUMOCTh NEPHOJIa HUTSHOTO MasiTHUKA OT JJIMHBI HUTH
MasITHHKA.

BoinosiHenue padorbl  crnocodcTByer ¢opmupoBanmio:  I[1P62 OVIL.06, ITP69 OVII.06,
[TP66_OVIIL.06, ITP610_OVIIL.06, [TP65 OVIIL06, [TP68 OVIIL.06, ITP61 _OVII.06, ITP64 OVII.06

MartepuanbHoe o0ecrieueHne:

AJIEKTPOHHBIA CEKYHIOMEp, H3MEPUTEIbHAS JICHTA, MAPUK C OTBEPCTUEM, HUTh, MITATUB ¢ My(TOH
H KOJIBIIOM.

Teopus.

MaremMaTnueckuM MasTHUKOM Ha3bIBAETCS MaTepHUalibHAsl TOUKa, MOJBEIICHHAs] Ha HEBECOMOU U
HEPaCTSHKUMON HUTH. MOJIETTbI0 MOKET CIY>KUTh TSDKEJBINA IIApUK, pa3Mepbl KOTOPOTO BEChMa MaJIbl 110
CPaBHEHUIO C JJIMHHOW HUTH, HA KOTOPOH OH TOJBEIIeH (HE CpPaBHUMBI C PACCTOSHHEM OT IIEHTpa
TSDKECTH JIO TOYKH TTOJBECA).

VYuenbie [amuneit, HproToH, beccenb u Ap. YCTaHOBUIM CIEAYIONIHME 3aKOHBI KojeOaHUs
MaTeMaTU4eCKOro MasTHHKA:

1.ITepunon koneOaHusT MaTEMATHYECKOTO MAasTHUKA HE 3aBUCHUT OT Macchl MasTHHUKA U OT
aMIUIUTY/IbI, €CIIM YTOJI pa3mMaxa He npesbimaet 10 rpagycos.

2.Ilepuon konebaHUs MaTeMaTHYECKOTO MasTHUKA MPSMO MPOMOPIIMOHATIEH KBaJpPaTHOMY KOPHIO
W3 JJIMHBI MasTHUKAa W OOpaTHO MPOIMOPIIMOHAJICH KBaJIpPaTHOMY KOPHIO M3 YCKOPEHHS CBOOOJIHOTO
MaacHUs.
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Ha ocHOBaHMM »3THUX 3aKOHOB MOXXHO HamucaThb (GopmMydy JUisi Tnepuoja KosieOaHui

!
r=2x[|—"
g
MaTEMAaTHYECKOTO MAasTHUKA:  _

HCHOJ’IB?)YH MOACIb U 3aKOHbI Ko1e0aHUil MaTeMaTHYECKOrO MasTHHKaA, MOXKHO HpOHa6J'II'OI[aTB
CBOOOHBIE KOJICOaHUs, a TAKXKE C UX TIOMOIIBIO OMPEAECIIUTh YCKOPEHHE CBOOOIHOTO MaIeHHs ISl CBOCH
MCCTHOCTH U CPaBHHUTH CO CIIPAaBOYHBLIM 3HAYCHHUEM Z.

2 [“I\" =
g=4r —
f

YckopeHune cBOOOTHOTO MaIeHUsI MOXKET OBITh BBIUMCIICHO 110 (hopMmyIie

1. 3akpenuTh HUTH MasATHUKA B JIEprKaTelIe IITaTUBA.

2. V3mepuTh UIMHY MasTHUKA (IJIMHA MasTHUKA CUUTAETCS OT TOYKHM IOJIBECA JO LIEHTPA TSHKECTH
11apuKa).

3. OTKJIOHUTS 1IAapUK Ha yroiu He Oosee 10° U OTIYCTUTD.

4. OnpenenuTs BpeMs, 32 KOTOPOE MaITHUK coBepinii 20 KojaeOaHui.

5. Beraucnauts nepuos koneOaHusi MasiTHUKA, UCTIONb3ys Gopmyny Nt T .

6. [ToBTOpUTH ONBIT €111€ TPU pa3a, yMeHbIIasl (WIM YBEIMUNBasi) AJIUHY HUTU MasiTHUKA.

7. Pe3ynbratrel 3aHeCTH B TaONHUILY.

Tabmmma Nel
Ne JnuHa HUTH MasiTHUKA |, M Hucno noyHbIX Bpewms konebanuii | [lepuog
KoneOanuii N t,c kosieOanmii T, ¢
1 20
2 20
3 20
4 20

8. Cnenatp BBIBOJI O 3aBUCUMOCTH MEPUO/1a HUTSHOTO MassTHUKA OT JIMHBI €70 HUTH.
KonTpoJsbHbIe BONIPOCHI.
Uto Ha3bIBalOT MEPUOJIOM KOJIeOaHUH MasiTHUKA?
Yro Ha3bIBAIOT YacTOTOH KojeOaHuit MasTHUKa? KakoBa eMHHIIA YacTOThI KOeOaHUi?
OT KakuX BEJIMYUH U KaK 3aBUCUT Mepuo/l KoueOaHU MaTeMaTH4ecKoro MasiTHUKa?
OT KaKkKMX BEJIMYMH U KaK 3aBUCUT MepHO/]] KoJeOaHUH MPYKUHHOI'O MasiTHUKA?
N300pa3ute MmaTeMaTuyecKuil MasTHUK B KpailHeW MpaBOM TOYKE U MOKAKUTE HA YEPTEKE CUIIbI,
JEHCTBYIOIIME Ha IIAPUK B JAHHOW TOYKE TpacKTopuu. Hapucyiite paBHOIEHCTBYIOLIYIO CHUIIL.
Kak mensiercs BenmnunHa U HamnpaBieHUE paBHOAECHUCTBYIONIEH CHJI B T€UEHHE Ieproa?
dopma npeacraBjIeHus pe3yabTara:
PaGota gomkHa OBbITH BHINOJIHEHA B TETPAIu JJIs JIaDOpaTOPHBIX paboT
Kpurtepun onenkmn:
3a npaBUWIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTENbHAS OlleHKa — 1 Oau.
3a HeMpaBWIILHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BHICTABIISICTCS OTpHUIIaTeNbHAs olleHka — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyooenemeopumenvHoy svicmasisiemcs 3a MeHee 60%0 npaBUIBHBIX OTBETOB

ko

o

Tema 5.1 Mexannyeckue KoJIe0aHUA M BOJHBI
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JlabopaTopHoe 3aHsiTHEe Ne22
N3yyeHnne 3aKOHOB NPYKUHHOTO MAsITHUKA

Heab: IKcepuMeHTANbHO YCTAaHOBUTH 3aBHUCUMOCTH IE€pHOJa KOJeOaHUN MPY>KUHHOTO MasTHUKA OT
KECTKOCTHU MPYXKUHBI U MACChI Tpy3a

Boeinoinenue  padorsl  cmocodcTByeT  opmupoBanmiw:  [1P62 OVIL.06, IIP69 OVII.06,
I[1P66_OVII.06, [TP610_OVIL.06, ITP65 OVII.06, ITP68 OVII.06, ITP61 _OVII.06, ITP64 OVIIL.06
MartepuaibHoe o0ecriedeHne: MTATUB ¢ My(TOH U JIaNKOW, HAOOp MPYKUH Pa3HOM JKECTKOCTH, HabOp

IPy30B Pa3HOI MaccChl, CEKYHI0MEp

IMopsinok BbINOJIHEHHUSI PadOTHI:

Onpeodenenue 3asucumocmu nepuooa KoaieOaHutl om maccol 2py3a
1.
2.

ColGepure pyXKUHHBII MAasSTHUK, HCIOJIB3Ysl BEITAHHOE 000PY/IOBaHUE.

BriBenuTe MasTHUK U3 TOJIOKEHHS] PAaBHOBECHS, BKIIIOYHTE CEKYHJOMEpP M OTCUMTAWTE NeCsAThb
KoseOanmii. Vcronp3ys moka3aHHs CEKyHAOMEpa, paccUMTaiiTe mepuoj; KojaeOaHWi W 3aIrlOJHHUTE
MIEPBYIO CTPOKY TAOJIUIIBL.

Ne ombiTa

172172
T Kr/

N t,c T,Cc k ,u/m

1

ol B~ W

S

[ToBTOpUTE SKCIIEpUMEHT el 4 pa3a, yBEeIMUUBas Maccy HO, HE MEHAS NpYXUHBI. [1o momydyeHHbIM
JTAHHBIM 3aIIOJTHUTE TaOIHUILY.

[Toctpoiite rpaduk 3aBucumocty nepuosaa konedbanuit (T) oT kBagpaTHOrO KOpHS U3 Macchl (m
ITo popme rpaduka onpeaennuTe BUI 3aBUCHMOCTH MEXIY TIEPUOJIOM U KOPHEM KBaIPATHBIM H3
MAaccChL.

1/2
)-

Onpeodenenue 3a6ucumMocmu nepuooa Koredanuti 0m HcéCmKOCmu nPYHCUHbL

1.
2.

3.

CobepuTe Npy>KUHHBIN MagTHUK, UCIIONB3YS BBIIAHHOE 000PYAOBaHHUE.

BriBenuTe MasTHUK U3 TOJOXKEHHS PABHOBECHUS. BKJIIOYUTE CEKYHJIOMEP M OTCUUTAUTE NECAThH
KoJie0aHui.

Hcnonb3ys mokazaHusi CEKyHAOMEpa, PaCCUUTANTE MEepUo KoJIeOaHUN 1 3aIOJTHUTE TIEPBYIO CTPOKY
TaOIULIBL.

Ne omnbrTa t,c T,c k,H/M Km,(H/M)U2

5

4.

[ToBTOpHUTE PKCHepUMEHT ewé 4 pa3a,yBenuuuBas Kod(QPUIHMEHT >KECTKOCTH HO, HE MEHSSI Maccy
rpy3a. [1o mosy4yeHHbIM JaHHBIM 3aMlOJIHUTE TAOJHILY.
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5. Tloctpoiite rpadux 3aBucumoctu mnepuoma kojnebanuit (T) oT KBagpaTHOTO KOpHS u3
koo dunmenta xécrxocrn. (kH2).
6. Ilo ¢dopme rpaduka ompemaenuTe BHI 3aBUCUMOCTH MEXIY MEPUOJOM M KOPHEM KBAJpPAaTHBIM U3
koa(durmenTa KECTKOCTH.
7. CpnenaiiTe BBIBOJ O 3aBUCUMOCTH TIepuoja KojeOaHM OT Macchl Tpy3a H Kod(pQuImeHTta
JKECTKOCTH.
KouTpoJbHble BOpochI:
1. B xakom nojoXeHUH MasTHUKA CKOPOCTh OyAeT MaKCUMaIbHOM1?
2. B KxakoMm MOJ0KEHUU MAsITHHKA CKOPOCTh PaBHA HYIIIO.
3. YBenu4wid WM YMEHBIIMIN MAacCy Ipy3a, MOABEIICHHOrO K MPY)KMHHOMY MAasiTHUKY, €CIIU: a)
nepuo; ero konedbanuii cHavana 0wt 0, 4 ¢, a mocie u3mMeHenus maccel cran 0, 2 c;
0) yacToTa ero kosiebaHuii BHavase Obl1a paBHa 6 ['11, a moTom ymeHbmuiaace 10 5 I'u?

®opma npeacTaBiaeHus pe3yJabTara:
Pabora momkHa ObITh TpeCTaBICHA B TETPAIH IS TaOOPaTOPHBIX padoT
Kpurepun oneHku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKUTEIbHAS OlICHKa — 1 Oa.
3a HeMpaBWIBHO BBITIOJHEHHOE JICUCTBHE, 3aJ]aHNUE BHICTABIISICTCS OTPHUIIATEIbHAS OolleHKa — 0 0aJuIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 5.2 DileKTpOMarHuTHbIE KOJICOAHUS U BOJHBI

JlabopaTopHoe 3aHsiTHe Ne23
YcrpoiicTBo TpancdopmaTopa U reueparopa

Heab: U3y4nTh YCTPOMCTBO U MPUHILIUI PabOTHI TpaHCHOpPMaTOpa U TreHepaTopa.
Boinosinenue padorbl cnocodocTByeT (opmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
[1P66_OVII.06, ITP610_OVIIL.06, ITP65_OVIIL.06, ITP68 OVII.06, [TP61_OVIIL.06, ITP64 OVIIL.06
MarepuajnbHoe o0ecnieyeHue:
TpaHcopmaTop JT1a0OpaTOPHBIN, JlaMIla HaKalWBaHUs, KIIOY 3aMbIKaHHUA TOKA, KOMILUIEKT MPOBOJIOB
COCONHUTCIBbHBIX.
3amanmne
1. UByuuTts cTpoeHue, Ha3HAYE€HHE U IPUHLUI AeHCTBUA TpaHchopmaropa
2. V3yuuTh CTpOEHME, HA3HAYCHHE U MIPUHIIUII JeHCTBUS TeHepaTopa.

ITopsinok BbINOJIHEHHS PadOTHI
H3yuenue ycmpoiicmea mpancghopmamopa

Tpancdopmartop npeodbpaszyer MepeMEeHHbIH TOK OJHOTO HANPSHKEHUS IPU HEM3MEHHOH yacToTe.
OH cocTOMT W3 3aMKHYTOIO CEpJIE€YHMKA, M3TOTOBICHHOIO M3  CIEHUAJIBHOW  JINCTOBOM
TpaHc(OpPMATOPHOI CTadM, Ha KOTOPOM pAaCHoJaraloTcs ABEe KaTyHIKH (MX Ha3bIBAalOT OOMOTKaMu) ¢
Pa3HbIM YUCIIOM BUTKOB M3 MEJIHOMN MPOBOJIOKH.

OnHa u3 OOMOTOK, Ha3bIBaeTCs MEPBUYHOM,  IMOJKIIOYAETCS K MCTOYHHKY IEpEMEHHOTO
HampsDKeHUs. YCTpOICTBa,  MOTPEOJSIONINE  DJIEKTPOIHEPTHIO, MOAKJIIOYAIOTC K BTOPUYHOU
00MOTKE, HX MOXKET ObITh HECKOJIBKO.

[Ipu BbIMOMHEHUU pabOTHl ClEIYyeT H3YYHTh YCTPOMCTBO TpaHC(hHOpPMATOpa, BKIOUYUTH €T0 B
ceTb nepeMeHHoro toka (36 B). B pexxume xomoctoro xoma HM3MEpUTh HANpsHKEHHE Ha OOMOTKaxX M
BBIYUCIATh KOd(huIueHT Tpanchopmamnuu, a mpu padoTe TpaHchopMaropa «IOJ  HArpy3KOD»
YCTaHOBHUTBH CBSI3b MEXJAY TOKAMHU W HANpsDKEHHEM B OOMOTKAX.
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Tpancdopmarop cOCTOUT U3 ABYX KaTylIeK U cepaeyHHuKa. CepeyHUK COCTOUT U3 JBYX MOJIOBHH,
KOTOpbIE
BCTaBIIIOT B KATYyIIKy M C TOMOINBIO  CKOOBI
3aKPEIUISIIOT HA OCHOBAHUH.

1. Paccmorpure  ycTpoWcTBO  TpaHchopmaropa.
Onpenenure NEPBUYHYIO  OOMOTKY  (KJIEMMBI €
fropmecn Haanucho: 36 wiu 42 B) u ABe BTOPUYHBIX KJIEMMBI 2,2
Bu4,4B)
2. HagepTuTe 31MeKTpHUECKYIO CXeMy TpaHchopMaropa.
3. Pa3Gepute Tpancopmarop. s 3TOrO MOBEpHUTE
€ro OCHOBAaHHEM BBEpPX U OTKPYTUTE JIB€ TalKu
KpeIUIeHHUs CKOObl. BbIHBTE CepAeUHUK U PACCMOTPHUTE

€ro yCTPOMCTBO.
4. CobGepure Tpanchopmarop. jis 3TOro BCTaBbTE CEPACYHHK CO CKOOOW B KATYIIKH. YCTaHOBHUTE
TpaHc(hopMaTop Ha OCHOBAaHUE U 3aKPETHTE €To raiKaMu.

H3yuenue ycTpoiicTBa reneparopa.
I'enepatop moctossHHOro TOKa (puc. 1) COCTOMT M3 JBYX YacTeil: HEMOJABMKHOW M BpallarolIeics.
HenonBmwxkHas vacte (cTatop) SBISETCS OCTOBOM MAIIMHBI M OJAHOBPEMEHHO CIIY’KUT JIA CO3JAaHUS
MarHuTHOTO TIOTOKAa. Bo Bpamiaromieiicss 4dactu, Ha3bIBaeMOW SKOpeM (POTOPOM), HHIYLHPYETCS
aneKTpoBIKYyIIas cuia - DJ1C.
KoHcTpykius renepaTopa ocTOSHHOTO TOKa (CM. puc.2).
HenonBuwxkHasi yacTh COCTOMT U3 CTaHUHBI (1), TIaBHBIX MONOCOB (2) ¢ 0OMOTKON BO3OYx)aeHus (3) u
JOTIOTHUTEIBHBIX TOJIFOCOB (4), YMEHBIIIAEMbIX UCKPEHHE TOT IIIETKAMU.
SIxopb UMeeT cepieuHuK (5), HAOpaHHBIM U3 TOHKUX CTAJbHBIX JUCTOB, 0OMOTKY K0P (6), 3aJ10)KEHHYIO
B Ma3bl cepieyHuka u Kosuiektop (7). Ha moBepXHOCTh KOJUIEKTOpA HAJOXKEHBI yroJbHO-TpaduTOBLIE
metku (8), o0ecreunBaoIIie CKONB3SIINUNA KOHTAaKT ¢ OOMOTKOW Bpararomierocsi sikops. Kommekrop
uMeeT (popMy IMIIMHAPA U BHIOJIHACTCS U3 W30JMPOBAHHBIX MEAHBIX ITUIACTHH - JIAMEJIeH - K KOTOPBIM
MOJICOETMHEHBI CeKIIMU SIKOPHOW 00MOTKH. Bparasich BMecTe ¢ 0OMOTKOM, KOJIJIEKTOP BBIMOJHSIET POJIb
MEXaHHYECKOTO BBITPSIMHUTEIIS.
OOMoTKka BO30YXKIEHHS  CO3[aeT TJaBHBIM MarHuTHBIM moToKk @ momocoB. B reneparopax c
HE3aBUCHUMBIM BO30Y)KJIEHHEM OHa T[IUTAeTCI OT TIOCTOPOHHETO MCTOYHHUKA TIOCTOSSHHOTO TOKa
(BBITIpSIMUTENSA, aKKymMynaTopa u T.m.). C reHeparopoM C MapajieNbHBIM BO30YXKJACHHEM OOMOTKa
TJIABHBIX TOJIOCOB MOJIKJIFOYEHA K TJIaBHBIM IETKaM, T.€. MapajljIeIbHO 1IN SKOps. B cBs3u ¢ 3TUM st
BO3HUKHOBEHHS MarHutHoro motoka u DJIC HeoOXomum XoTs Obl CHalblii OCTaTOYHBIN MarHUTHBIN
notok. brarogaps HamuuMiO OCTATOYHOTO MarHeTU3Ma BO3HMKAeT MPOILECC CaMOBO30YXACHUS
reHeparopa.

Puc.1. Puc.2.
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1. Crpoenne tpaHcdopMaTopa - Ha4YepTHTh, COCTaBHBIC YAaCTH YKa3aTh, (POpMyINbI 3amucaTh, Ha
KOHTPOJIbHBIE BOIIPOCHI OTBETUTD.
2. CTpoeHne reHepaTopa - HaYEPTUTh, COCTABHBIC YACTH YKa3aTh, (POPMYJIbI 3aMKCaTh, HA
KOHTPOJIbHBIE BOIIPOCHI OTBETUTD.
KoHTpoJibHBbIE BOIPOCHI
1 BapuanT
1.YTo Ha3bIBaIOT MHAYKIIMOHHBIMHU T€HEPATOPAMU ?
2.Kako#i TpanchopMaTOp Ha3bIBAIOT MOBBIMIAONINM, & KAKOH TMOHIKAIOIINAM?
3.UT0 Takoe X0JI0CTOM X011 TpaHchopmaTopa?
4.Tlouemy cepaeyHHUK TpaHC(hopMaTOpa U3rOTABIMBAIOT U3 CTAJH, a HE U3 Melu?
5.B mepBuyHOi 00MOTKE TpaHchopmaTopa, BKIOUYEHHOH B ceTh ¢ HampsbkeHueMm 380B. Comepxutcs
1320 BuTkOB. OnpenenuTs HaIpsHKEHUE Ha BTOPUUHOM 00MOTKe, eciii oHa conaepkut 300 ButkoB. Bun
TpaHcopmaTopa yKka3aTb, OTBET IOSCHUTD.
2 BapuaHT
1. Ha3zoBuTe OCHOBHBIE YaCTH T€HEpPATOpa MEPEMEHHOI0 TOKa.
2.  JlokasaTb, 4TO y MOBBIMIAIOIIETO TpaHchopmaTopa K>1.

W3mensiet mu TpanchopMaTop 4acToTy mpeodpazyeMoro NmepeMeHHOTo Toka?

[Touemy cepreyHuk Tpanchopmaropa cOOMParOT U3 OTACIBHBIX TUIACTUH?

Eciu Ha mepBUYHYI0 0OMOTKY TpaHcopMmaTopa moaaercs HampspkeHue 220B, To Ha BTOPUYHON

00OMOTKE MPHU XOJIOCTOM XOjie nonydaercs HanpspbkeHue 130B. Yucino BUTKOB MEPBUYHON OOMOTKH

pasHo 400. OmpenenuTs YUCIO BUTKOB BO BTOPHYHOW oOMOTKe. Bun tpanchopmaTtopa ykasarsb,

OTBET IMOSICHUTb.

3 BapuaHrt

1.  KakoBa pojb HHIYKTOpA U SIKOPSI B YCTPOMCTBE reHepaTropa MepeMeHHOro Toka?

2.  Yro Takoe MOHMKAIONINK TpaHchopmaTop?

3. Tlouemy cepaeuHuK TpaHCpOpMaTopa JIeNaroT He CIUIOMHBIM. A U3 MHOKECTBA IUIACTHH,
M30JIMPOBAHHBIX JAPYT OT Apyra?

4.  TloyeMy MOIIHOCTb, MOTpedsieMas OT BTOPUYHOW OOMOTKH, MEHBIIIE MOLITHOCTH, MOJIBOJUMOMN K
MepBUYHOI 00MOTKE?

5. CkolbKO BHTKOB [JOJDKHA HMEThb BTOpHYHAs OOMOTKa TpaHcopmaropa s TOHMKEHHS
HanpspkeHus ¢ 12000 no 120B, ecnu mepBuuyHas oOmotka coaepxutr 4000 Butko? Bun
TpaHcdopmaTopa ykas3aTb, OTBET MOSICHUTb.
®opma npeacTaBiaeHus pe3yJbTara:

PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAM Ul 1JaOOpaTOPHBIX paboT
Kpurtepuu onenku:

3a mpaBUIIBHO BBINIOJHEHHOE 33 JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — 1 Gasu.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNe BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — 0 OaioB.

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

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

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

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

o~ w

Tema 5.3. OnTuka

JlabopaTopHoe 3ansitue Ne 24,25
«Ha0/onenune nuTeppepeHun U AMGpPaKIuu CBETa»

Ilesab padoThI: SKCIIEPUMEHTAILHBIM YTEM MTPOHAOIIOAATH UHTEPPEPEHIINIO U TU(PPAKIIUIO CBETA
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BoinosiHeHue padoTtbl cnmocodcTByer ¢GopmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
[TP66_OVII.06, TTP610_OVII.06, TTP6S_OVII.06, ITP68 OVIL.06, [TP61_OVIL06, I[TP64 OVYII.06
MartepuajibHOe oOecredyeHHMe: IJIACTHHBI CTEKJISHHBbIC — 2 MIT., JaMIa ¢ NPSIMONH HUTHIO HaKala,
IOTAHTCHIUPKYJIb.

3aganue

1. TIponaGmromath U U3y4UTh UHTEP(DHEPEHIIMOHHBIC KAPTHUHBI.
2. Tlponabmonath U U3YIUTh AUGPAKIIUOHHBIC CIICKTPHI.
IHopsinok BbINOJHEHHUS PAOOTHI

Habaronenne uaTepdepeHunu cBeTA.

=

CTeKJIsTHHBIC UIACTUHBI TIIATEILHO IPOTEPETH, CIIOKUTH BMECTE U CKAaTh MaJIbIIAMHU.

2. PaccmoTpeTh TIIaCTHHBI B OTPaXEHHOM CBETE Ha TEMHOM (oHe (pacronaratb UX HaJo TaK, YTOOBI
Ha TMOBEPXHOCTH CTEKJIa HE OOpa3OBBIBAJIMCH CIUIIKOM SPKHE OJUKH OT OKOH WM OT OCJIBIX
CTEH).

3. B oTnmenpHBIX MecTax CONPUKOCHOBEHUS IJIACTUH HAOMIOAATH SIPKHUE pay’KHbIe KOJbIIe0Opa3HbIe
WIA HETIPaBWIIbHOM (hOPMBI TIOJIOCHI.

4. 3aMeTuTh HU3MEHEHHE (OPMBI M PACIONIONKECHHS] MOMYyYEHHBIX HHTEPPEPEHIIMOHHBIX TMOJOC C
N3MCHCHHUECM HAaXHUMaA.

5. TlombiTaTbes yBUAETH MHTEP()EPEHIIMOHHYIO KAPTUHY B MPOXOSILEM CBETE.

Ha6aonenne nupakumuu cera.

=

Y cTaHOBUTH MEX Ay I'yOKaMH IITAaHT€HLIUPKYJIS M1eb MUpUHOH 0,5 MM.

[IpucTaBuTh 1IETH BIJIOTHYIO K IJ1a3y, PACIOIOKUB €€ BEPTUKAIBHO.

3. CMoTpsi CKBO3b MICIIb Ha BEPTUKAILHO PACIIOJIOKCHHYIO CBETANIYIOCS HUTh, HAOIIOAATh O 00¢
CTOPOHBI HUTU PaJly>KHbIE MOJOCH! (AU(PPaKIIMOHHBIE CIIEKTPHI).

4. Wsmenss mupuny menu ot 0,5 mo 0,8 MM, 3aMeTuUTh, KaK 3TO BIHSIET Ha JUPPAKIIMOHHBIC
CHEKTPHI.

5. 3anomHuTh Tabnuiy 1, cenaTh BEIBOJ MO HAOIIOAAEMBIM SBJICHHSIM.

dopma npenocraBiieHus pe3yJbTaTa

N

Tab6muma 1
No uHTephepeHIus nudpakius
T Haxarue Bun untepdepeHmonHbIX Pasmep Bun
0JI0C LIEJIH, MM TG PaKIIMIOHHOTO
CIIEKTpa

1 CUJIBHOE 0,5

2 cpenHee 0,6

3 cnaboe 0,8

KoHTpoJbHbIe BOnpoCHI

Kak nomy4aroT KorepeHTHbIE CBETOBBIE BOJIHBI?

B uém cocrout siBnenue untepdepeHuuu ceera?

C kaxoii (pu3nueckoi XapakTepUCTUKON CBETOBBIX BOJH CBSI3aHO pa3jinyue B I[BETe?

ITocne ynapa kaMHEM 110 IPO3pavyHOMY JIbJly BO3HUKAIOT TPELIUHBI, [IEPEIUBAIOIINECS BCEMU
nBeramu panyru. [Touemy?

5. Ilepeuncnure OCHOBHbIE TPUMEHEHUS HUHTEP(HEPEHIIUH.

6. Uro HaspBaroT audpakmnueii ceera? Korna ona Habmogaercs?

7. Cdopmynupyiite npunun [toiirenca-®Openerns.

®opma npeacraBjeHus pe3yJbTara:

Apwnh e
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PaboTa nomkHa ObITh BBIMOJIHEHA B TETPAAM ISl JIAOOPATOPHBIX paboT.

Kpurepun oneHku:

3a mpaBUIIHHO BBITOJHEHHOE 33/JaHHE BBICTABIISIETCS TOJIOKUTENIbHAS OLeHKa — | Oasu.

3a HeMpaBWIBHO BBITIOJHEHHOE JICHCTBUE, 3aJ]aHUE BBICTABIISICTCS OTpUIIATEIbHAS OlleHKa — () 0asuioB.

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
gvicmasnsemcs 3a menee 60% npaBUIBHBIX OTBETOB

JlabopaTopHoe 3ansiTne Ne26
«OnpeaesieHne AJIMHBI CBETOBOI BOJIHBI ¢ MOMOIIbI0 TM(PPAKIMOHHOM PelIeTKN»

Heab padoThl: n3yueHue sBICHHUS AU(PAKIUHN U ONPEIEICHNS JUTMHBI BOJIHBI CBETa

Boinosinenue padotrbl  cnmocodcTByer (opmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
I1P66_OVII.06, ITP610_OVII.06, ITP65 OVII.06, ITP68 OVII.06, ITP61 OVII.06, ITP64 OVII.06

MartepuanbHoe o0ecnieyeHue: TuhpaKIMOHHAS PEIIETKA, ICTOYHUK CBETA, yCTAaHOBKA IS

HaOII0IeHUsT TUPPAKIIMOHHON KaPTUHBI

3aganue

1. B xoze skcniepuMeHTa IpOHA0I0aTh JU(PPAKIUIO CBETA.
2. ONBITHBIM IIyTEM BBIYUCIUTH JAJIMHY CBETOBON BOJIHBI.
ITopsiiok BHINOJIHEHHUS PA6OThI

Cxema yCTaHOBKH

VYcranoBka Uil HaOmOAeHUS AU(PaKIIMOHHOMN
KapTHHBI COCTOMT M3 JEPEBSHHOM pEWKH, HAa KOTOPOU
yKkperuieHa audpakunonHas pemérka [IP. Ilo peiike
nepemeniaercss LUTOK LIl ¢ y3koi mmIenpr0 ¥ JIMHEHKOH ¢
MUJUIMMETPOBOM  IIKajnoW. Ponb  JIMH3BI  BBINOJIHAET
xpyctanuk riaza XP. N3o0paxkenue menu oopasyeTcs Ha
ceryatke Tnaza CI' u Habmomaercs Ha  (¢oHe
MUJUIMMETPOBON HiKanbl. Pasmepamu riasHoro si6jgoka u
= 2 paccTosiHUEM OT TJ1a3 J0 PeETKH MOXKHO MpeHedpeyb 1o
, = 7 CPaBHEHHIO C pAcCTOSHHEM OT MIeNIu 10 pemérku L.
l ""H, [Ilens ocBemaercsa 3JeKTpUUecKon sammnoukou JI. Ecium

""% PU CMOTPETh Ha OCBELIEHHYIO CBE€TOM IIEIb Yepe3

- TUGPaKIUOHHYIO PEETKY, TO KpoMe LeHTpaibHoro L[
n300pakeHus 1IeIu B OeJIOM cBeTe Mo 00e CTOPOHBI BUJHBI €€ CUMMETPUUYHBIE paly>KHbIE N300pakeHus
PU (cmextpel). Yronm audpakuuu OmNpenensercs MO MOJOKEHUIO0 JAU(PPAaKIMOHHOTO MaKCMMyMa Ha
MHJUTMMETPOBOW HIKAJIE.

U3 reomerpuueckux moctpoenuit sicho, uto |/L=1g@, rme I-paccrosuue or meHTpanbHOrO
n3o0paxenus: menn (K = 0) 10 ogHOTo N3 GOKOBBIX H300pakeHHH; L— paccTosHUE OT PEHIETKH 10 IIEIH.

Vuuteisas, uto 1gQ = sin (P U MaJIBIX YIIIOB AU(PAKIMH, TOTYYUM I / L ~sing
(1)
Ucnone3ys ¢opmyny (1) u yciaoBue INIaBHOTO MakCHMyMa MHTEHCHBHOCTH CBETa, MPOILIEILIETO
CKBO3b PELIETKY csinp =k,
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Iie ¢ — NMOCTOSIHHAS peleTKH (WM apyroe Haspaume — nepuox pemerkn) K =0, £1, £2... — Homep

WM IOPAAOK MAaKCHMMyMa, MOJYYUM BBIPAKCHUC IJId BBIYMCIICHUSA OJIMHBI BOJIHBI 7\,, B KOTOpPOM BCC

l.c
BEJIMYUHBI JIETKO U3MEPSAIOTCS HA YCTaHOBKE: A=—— (2)

k-L

BoinosiHeHune pa6oTsl

=

BxirounTe ycTaHOBKY B CETb.

2. Ilpubmu3uB a3 K AudpakUMOHHON peleéTke, HalpaBbTe NPUOOP HA MCTOYHHMK CBETA TAK, YTOOBI
ObUIM BUIHBI 110 00€ CTOPOHBI OT LIENIM Ha MIUTKE AU(PPAKIIMOHHBIE CTIEKTPHI 1-T0 U 2-T0 TOPSIIKOB.
3amepbTe paccTosiHue L- OT muTKa 10 JUPpakKnOHHON PEIETKH.

4. 3amepbre paccTosiHMe | — OT cepelHBbI IIEHTPAIBLHOIO MaKCHMyMa [0 CEPeIHHbI MaKCUMyMa
IIEPBOTO MOPAJIKA CUHETO LIBETA.

[To popmyine (2) BblUMCAUTE AIUHY BOJIHBI CHHETO 1[BETA.

OmnbIT npojenaiite A1 BTOPOro Mopsika CUHero 1pera. [lonyueHHble 1aHHbIE 3aHECUTE B TaOJIUILY.

7. AHanoruyHble MU3MEPEHUs IMPOBEIUTE JUISL JKEJITOTO, 3€JIEHOr0 U KPAacHOro IBETOB I0 YKa3aHUIO

w

ISRl

IpernoaaBaTes.
8. Paccuwuraiite oTKJI0HEHHE OT cpeaHero AA = M U 3aHecuTe B Tabmuiy 1.
Tabnuna 1.
IBer k | cm A, HM <A>, HM A\, HM
CUHHI 1
2
3eJIeHBIN 1
2
YKEITHIN 1
2
KpacHBIN 1
2
9. Cnenaiite BbIBOJ 1O padoTe.
®dopma npenocTaBJieHns pe3ybTaTa
1. 3amomnuTh Tabmuny 1, crenaB He0OX0AMMBbIE pacuy€Thl MO TAOJIUIIEH.
IBer k (Y A, HM <A>, HM A\, HM
CHUHMI 1
2
3eJIeHBIN 1
2
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JKENTHIN 1

KpacHBIN 1

2

2. CpnenaiiTe BBIBOJ IO paboTe.
KoHnTpoJsbHbIe BONpocCHI.

1. Uto Ttakoe qudpakums? B kKakux KOHKPETHBIX SBJICHUSX OHA MPOSBIIACTCS?
2. Kak ¢popmynupyercst npunimn [ roiirenca-Openens?
3. Yto Takoe riaBHbIe MAaKCUMYMbI? Kak OHU BO3HUKAIOT?
4. Yro Takoe audpakimonHsie MUHUMYMbI? KakoBa ux npupona?
5. Yto mpoucxoaut ¢ qudpakiMOHHON KapTUHOHN nipH yBenndeHuu uncia meneid N? (ITosicHuth
rpaduyeckn).
6. Uro Takoe audpakunonHas pemerka? Kak oHa u3roraBiuBaercs?
7. Kak 3anucath 1 00BICHUTH POPMYITy TJIABHBIX MAKCHMYMOB ((popmyny TudpakimOHHON pereTku)?
8. Kakast kapTuna HaOII0aeTCsa Ha DKpaHe MPHU OCBEIICHUH PEIIETKU OEJIbIM CBETOM, CBETOM PTYTHOU
Jaminb?
9. HauuHas ¢ kakoro nopsiika M nepexpbiBatoTcs JUGpaKIMOHHbIE CIIEKTPBI BUIUMOTO CBeTa?
10. KakoBa poJib JTMH3BI 3pUTENIbHON TPYOBI B 00pa30BaHUM TU(PPAKINOHHON KapTHHBI? MOXKHO JIn
JIMH3Y 3aMEHUTD I1a30M?
11. Ha xakoM pacCTOSIHUM OT JIMH3BI 3pUTEIBHON TPYOBI CIIeAYyeT YCTAHOBUTH SKpaH JJisi HaOI0IeHUS
T(QPaKIMOHHON KaPTUHBI?
12. Kakoe npuMeHeHue uMeeT AUQPpakiius B HAyKe U TeXHUKe?
13. O0BsicHUTE BOSHUKHOBEHUE O€JI0H MOJIOCH B IEHTPE AU(PPaKIIMOHHON KapTUHBI IIPU OCBEIICHUH
OeNBIM CBETOM.
14. KakoB mops/I0K cle0BaHMs I[BETOB B TU(PAKIIMOHHBIX CIIEKTpax?

®opma npeacTraBiaeHus pe3yJabTara:

Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU AJis 1a00paTOPHBIX padoT.

Kputepun onenkmn:
3a npaBUJIbHO BBIMOJIHEHHOE 33aHUE BBICTABIISETCS MOJIOKUTENbHAS OL[eHKa — 1 Oau.
3a HeMpaBUJIBHO BHITIOJIHEHHOE JEHCTBHE, 3aJJaHNe BBICTABIISETCS OTpHUIlaTeIbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenxa «Heyoosiemeopumenbvhoy svicmagisemcs 3a Menee 60% nmpaBUIBHBIX OTBETOB
gvicmasnsemcs 3a menee 60% paBUIIBHBIX OTBETOB

JlabopaTopHoe 3ansiTHe Ne27
HaoJ1ro1eH1e CIJIONIHOIO M JIMHEHYATOr0 CIIEKTPOB

Heanb padoThl: SKCIIEPUMEHTATBHBIM TyTEM MPOHAOIIIO/IATh CIEKTPHI HCITyCKAHUS U MOTJIOIIEHUS
IIPEIaraéMbIX BEIIECTB.

BoinosiHenue padotrbl cnocodcTByer (GopmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
ITP66_OVYII.06, ITP610_OVYIL.06, ITP65_ OVII.06, ITP68 OVIL.06, ITP61_OVYIL06, ITP64_OVII.06

MarepuanbHoe o0ecnedeHue: TPOCKIIMOHHBIN ammapaT, CHeKTpalbHBIE TPYOKH C BOJOPOJIOM,
HEOHOM MWJIM TeJIieM, BHICOKOBOJIBTHBIN MHIYKTOp, OaTapess akKyMyJIsTOPOB, IITaTUB, COCTUHUTEIbHBIE
npoBoJia (001IMe Ha ayIUTOPHIO), CTEKIITHHAS [TACTHHA CO CKOILIEHHBIMH IPaHsAMH (BBIIAETCSA KaXA0MY).

3aganue
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1. TIponaGmonaTh 0Opa3oBaHKE CIIEKTPOB UCITYCKAHUS U MOTJIOIICHHS.
2. BpIsBUTH MpUUnHY 00pa30BaHUs CIIEKTpA.

IHopsinok BbINOJHEHHUS PAOOTHI

Ecmu HU3TY4YCHUC UCTOYHHKA CBE€TA HAIIPaBUTh HAa CTCKIIAHHYIO IIPHU3MY, Ha IIYTU MPOIICAIINX YEPE3

NpU3MYy JIydeil MOCTaBUThH 3KpaH, TO HA SKpaHE MOXXKHO HAOIMOAaTh HAOOp IBETHBIX MOJOC — CHEKTP.
[Tprurna HaOII0JaeMOT0 SBJICHUSI COCTOUT B TOM, YTO CBETOBBIE JIYYH UMEIOT OJAMHAKOBYIO CKOPOCTh C B
BaKyyMe, a B IpYroi cpeze, (Hampumep, B CTEKIIE) UX CKOPOCTh HEOJUHAKOBA U 3aBUCUT OT YaCTOTHI
kosneOanuil. Tak kak Ko3((UIMEHT MPEelOMIICHUs 3aBUCUT OT CKOPOCTHU PACHPOCTPAHEHHUS CBETOBBIX
BOJIH, TO JIy4YH Pa3HbIX YaCTOT OIPEAEISIOTCS 0-Pa3HOMY.

1.

o

Pacnionoxuth miaacTUHy TOPU3OHTAIBHO mepes rnazoM. CKBO3b I'paHHM, COCTABIISIIOLIUE YIOJI 450,
HaOII0JaTh CBETJIYID BEPTHKAJIBHYIO TIOJIOCKY Ha 3KpaHe — HW300pakeHHE pa3IBMOKHOU NN
MPOEKIMOHHOTO armapara.
BobiienuTs OCHOBHBIE ILIBETa IMOJYYEHHOTO CIUIOIIHOTO CIEKTpa M 3amucarh MX B HaOJI0maeMoit
MOCJIEIOBATCILHOCTH.
[ToBTOPUTH OMBIT, paccMaTpUBasi MOJOCKHU Yepe3 TpaHu, 00pa3yIolIie yroi 60°. 3amucars pazinyus B
BHUJIE CIIEKTPOB.
HaGmronaTe nuHEHYaThle CHEKTPHI BOJOPOJA, TeIUs HWIM HEOHA, paccMaTpuBas CBETALIUECS
CHEKTpajbHbIe TPYOKHM CKBO3b I'PAaHU CHEKTPAIBHOM IJIACTHHBI. 3amucaTh HauboJiee sipKue JIMHUU
CIIEKTpPOB.
Pe3ynbrarel HabnroAeHMI TpeicTaBUTh B Tabuie 1.
CnenaTh BBIBOJ 11O paboTe.
dopma npenocraBiieHus pe3yJibTaTa
Tabnuma 1
No Pacnomnoxxenue HaOmronenue JInneHyaTeIf JIuneiyateii | JInHeHyaTeId
o\l | TpaHel TIaCTHH CILIOIITHOTO CIIEKTpP BOJAOPOJa CIIEKTP CIIEKTP
MO/ yTJIOM CHEeKTpa reus HEOHa
1 45°
2 60°
KonTpoJsbHbIe BOPOCHI
1. KakoBa npuumHa paznokeHusi 6eIoro cBera mpu3mMoii?
2.  Kak 0OBSICHHUTH IPOUCXOXKICHUE JINHEHIATHIX CIIEKTPOB?
3. B uéwm paznuune 1udpakiMOHHOTO U TUCTIEPCUOHHOTO CIIEKTPOB?
4.  Tlouemy mo crieKTpam 3BE3/] MOXKHO OINPEACIIUTh UX XUMUYECKUNA COCTaB?
5.  HM3meHutcs nu 1BeT 3eIEHOTO JTyda MPH mepexojie u3 Bo3ayxa B Boay? Ilouemy?

®opma npeacTraBjieHUs pe3yJbTara:
PaboTa nomkHa ObITH BBINOJIHEHA B TETPAAM ISl JJaOOPaTOPHBIX paboT.
Kpurepum ounenku:

3a npaBUIIHLHO BBITOJHEHHOE 3a/JaHHE BBICTABIISIETCS TOJIOKUTENbHAS OLleHKa — | Oasu.

3a HeMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNe BHICTABIISIETCS OTPHUIIATEIbHAS onleHKa — ) OaioB.
Oyenka «omauunoy svicmasnsiemecs 3a 90 — 100% npaBUIBHBIX OTBETOB

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

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

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

JlaGoparopHoe 3ansiTue Ne 28
Omnpenesienne moka3areJis NpeJIoOMJIEHHS CTEKJIa
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l[eﬂb p6160Mbl: OIIPECACIINUTD IMOKA3aTCIIb NPEJIOMIICHHUA CTCKIIA SKCIICPUMCHTAJIbHBIM ITYTCM.

Bouinosinenue padorbl cnocodocTByeT (opmupoBanmi: I[1P62 OVIL.06, IIP69 OVII.06,

I1P66_OVII.06, [TP610_OVII.06, ITP65 OVII.06, ITP68 OVII.06, ITP61 _OVII.06, ITP64 OVIIL.06
MartepuanbHoe o0ecniedeHue: MJIACTUHKA C MapajUIeNIbHBIMU T'paHsMU; OyJaBKH; YUCTHIN JUCT Oymaru;
JIUCT KapTOHA; TPAHCIIOPTUP; OIBEMHBIN CTOJIHK; TAaOIUIA 3HAUEHUSI TPUTOHOMETPUYECKUX (DYHKIUH.

™=

=

NG

9.

3aoanue

HOCTpOI/ITB X0 CBCTOBOI'O Jiy4a 4€pC3 CTCKIIHHYIO IIJIACTHHY.

HpoaHaJ'II/I3I/IpOBaTB X0 CBETOBOI'O J1y4a 4€p€3 CTCKIIAHHYIO IIJIaCTHHY.

OHpel[eJII/ITB IMMOKa3aTcjib MPCIIOMJICHUA CTCKJIA U paCCUUTATh IMOIPCIIHOCTD SKCIICPUMCHTA.
HOpH)IOK BbIINOJTHCHUSA paﬁoTbI

Ha noabsemMHbIi CTOIMK TOJ0KUTh YUCTHINA JTUCT OyMaru ¢ MoJI0KEHHBIM CHU3Y KapTOHOM.

C onHO# CTOPOHBI CTEKJIa HAKOJOTh ABe OynaBku 1 U 2 Tak, 4ToObI MpsiMasi, MPOXOASIIAs Yepe3
HUX, COCTaBJIsJIa YIOJ 04 C MEPHEHAUKYISIPOM K IJIOCKOCTH IUIACTUHKU (puc. 1).

[TonHATH PUCYHOK Ha YpOBHE TJ1a3 M, HAOIIOAas Yepe3 MIIACTUHKY, HAKOJIOTh JIBE Apyrue OynaBKu
TakK, YTOOBI BCE YEThIpe OyJIaBKH OKA3aIHUCh HAa OJTHOM MPSIMOIA.

Creksio u OynaBKH CHSITh, MECTa HAKOJIOB OTMETUTh Toukamu 1,2,3,4 u depe3 HUX MPOBECTH
npsiMbIE JIMHUM 0 TEepecedyeHusi ¢ rpanumamu crekna (puc. 2). IlpoBectu uvepes3 touku 2 u 3
neprneHauKynapsl k rpanunam cpex AB u CD.
TpancnopTUpOM U3MEPUTH YIJIbl AJCHUS O U YIJIbI IPEIOMIICHUS 3. sin a
[To Tabnuile 3HAYEHUI CUHYCOB OMPEICIUTh CUHYChl U3MEPEHHBIX yIJIOB. | ———— =
Boeraucnuts K03QGUIUEHT MpesioMIeHus 1o Gopmyre: sin 8
OnbIT MOBTOPUTH TPH pa3a.

n

Puc. 1. Puc. 2

P C3YJIbTAThI HSMCpCHHﬁ, BBIYUCIICHUI U TaOJIMYHbIC JaHHBIC 3allMCaThb B Ta6n1/1uy 1.

10. BerauciuTh a0COMIOTHYIO (A) M OTHOCHTEIBHYIO (€) TOTPEITHOCTH 110 PopMyIam:
11. Cpnenatp BbIBOJ 1O paboTe

A

£=— -100% A=n,.: —N,

maon.

Tabmuna 1
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OIIbITa CBE€TOBOI'O JIOMJICHHUA OUCHT

Ne  |Vrom magenusii Yrommpe- | Koaddu-

Jy4da CBE€TOBOI'O IIpeIoOM-
Jyda JICHUA

B n

° mao)

o,

CpenHee 3HaYCHHE
Koddurmenta
HpeIoMICHHUS Nep
3HA4YCHUE
KoddpuImeHTa
MPETOMIICHUS
>
AOGcoioTHas
MOrPEMIHOCTD A
OtHOcHTENTbHAS
norpemHocTs €%

CoNoA~AWNE

KOHmPOJleble 60npocol

UYTO Ha3bIBAIOT CBETOBBIM JIy4OM?

ChopmynupyiiTe 3aK0H OTPaKSHHS CBETA.

KakoB (hu3ndeckuii CMBICIT ITOKa3aTeNs MPEIOMIICHHS cBeTa?

Uewm otnnyaeTcsi aOCOMIOTHBIN MTOKA3aTelb MPEJIOMIICHUS CBETa OT OTHOCUTEIBHOT0?
ChopmynupyiiTe 3aK0H MPEIOMIICHUS CBETA.

UTo Ha3BIBAIOT MOJIHBIM OTPAKEHUEM CBETa?

KakoBa ckopocTh pacnipocTpaHeHUs CBETa B BaKyyme?

Y10 Ha3bIBAeTCA ONTHUYECKOH IIJIOTHOCTBIO BEIecTBa?

Jlyu cBeTa mepexoAuT U3 Cpeibl ONTUYECKU OoJiee MIIOTHOM B CpeAy ONTUYECKH MEHEe IJIOTHYIO.
Kak usmensercs npu 3ToM yacTora Kosie0aHuil U JUIMHA BOJIHbI?

10. B uem cocrout npuHnui I 'torirenca?
_ a0 o — 1 q.
11. Jlyd mepexoauT 13 BOJBI B cTeKII0. Yrou nafaeHus o = 30°. Haittu yron npenomienus (N, = 1,3; Ne;

=1,6).

12.  VYron mpenomiieHHs cBeTa B TIIAIEPUHE 45°. Haitru yroi najeHus B Bozayxe (N, =1.47).
13. Jlyu majmaer Ha moBepxHOCTh Boxbl mog yriom 30°. TTox KAKnMM YIIIOM OJKEH YIacTh Jyd Ha

MOBEPXHOCTh ajiMa3a, YTOOBI YT MPETOMICHHS OCTAICS TaKUM Ke? (Nposn= 1, Nponu=1,33, Ny, =
2,42).

14. Haiit pa3HOCTh CKOPOCTEH CBETa B BOJIC U CTEKIIE, €CITH Npopy=1,33, Nerex. =1,5.
15. Ompeaenuts NpenenbHBIH yroj MOJHOTO OTPaKEHHs I BOABI, cTekia, anmaza. (Ne.= 1,6;

Naom=1,33, Nan. = 2,42) (OTB.: 0101=49°, 0102=40°, 0195=24°).
®opMma npeaocTaBlIeHUs pe3ybTaTa
BrInoHeHHBIN OTYET B TETpaIu ISl 1TaOOpaTOPHBIX padoT.
Kpurepun onenkn:
OyeHnka «OMIUYHOY» GbICMABIAEMCs: TIPABWILHO BBITIOJHEHBI BCE 3aJaHUS B COOTBETCTBHH C
TpeOOBaHUSAMH, MPABUIBHO BBIIOJHEHbI JOIMOJHUTEIbHBIE 3aJlaHHsl, CBOEBPEMEHHO IMPEJOCTaBIICH
OTYET O BBIIIOJIHCHUU pa6OTI)I.
Oyenka «xopouio» 6vlcmaeisemcs: TPABUIBHO BBINOJIHEHBl BCE 3aJlaHUsl B OCHOBHOM 4acTH,
JOIIOJIHUTCIIBHBIC 3aJaHUA BBIIIOJIHEHBI HE B ITOJIHOM O6’BeMe, npeaoCTaBJIC€H OTYCT O BBIIIOJHCHHUHU
paboTbl, JMOO B Ciydae HECBOCBPEMEHHOTO MPEJOCTaBIECHUS OT4YeTa WJIM C HaJIUYUEM
HECYIICCTBCHHBIX OIIMOOK B BEIIIOJIHEHUH 3a1aHUs.
Oyenka «y0061emeopumenbHoy 8blCMAas/isiemcs: BHIIOTHEHbI He Bce, HO 6onee 50% 3amanuii paboThl,
JOMMOJIHUTEIIBHBIC 3aJlaHUsA HC BBIIIOJTHCHBI, HECBOCBPECMCHHO MPCAOCTAaBJICH OTYET O BBIIIOJHCHHUHU
paboTHI.
Oyenka «HeyO0081emsopumenbHoy vlcmasisemcs: BeIOTHEHO MeHee 50% paboThbl, HE BBITIOIHEHBI
JIOTIOJTHUTEIIBHBIE 3a/IaHUsI, OTYET O BHIMOJIHEHUH pabOThl HE IIPEJOCTaBIICH.
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