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1 BBEAEHUE

BaxHyto yactb TeopeTuueckoil u npodeccuoHalbHOM NPAaKTUYECKOH MOJrOTOBKH 00yYaroImuxcs
COCTABIISIIOT MPAKTUYECKUE U Ta0OpaTOPHbIEC 3aHATHSI.

CoctaB u cojepaHMe MPAKTUYECKHX U J1a0OPATOPHBIX 3aHATHH HAIpaBIEHbl HA peau3aliio
denepanbHOr0 rocyAapCTBEHHOTO 0O0pa30BaTENbHOIO CTAHIApPTa CPEAHEro oOmiero oOpa3oBaHUs ¢
Y4ETOM IOJTYy4aeMOH CIELIMAIBHOCTH.

Benymieidi aumakTHYecKOM — LENbI0  MPAKTHYECKHX  3aHATHHA  sBJsieTcss  (OpMHpPOBAHUE
po(EeCCHOHATBHBIX MPAKTUYECKUX YMEHUH (YMEHHH BBIIOJHATH OINpe/elIeHHbIE JeHCTBUS, Olepaluy,
HEOO0XO/AMMBIE B TOCIEAYIOUIEM B MPO(ECCHOHATBLHONW NEATENbHOCTH) MM Y4eOHBIX MPAKTUYECKUX
YMEHUH pemiaTth 3a1a4u 1o (pusnke, HEOOXOAUMBIX B MOCIEAYIOIEH y4eOHO! AeATeIbHOCTH.

Benymieid aumakTHUeCKOW I1ENbI0 J1a0OpPATOPHBIX 3aHATUN SIBIAETCS OKCIEPUMEHTAIHHOE
IIOATBEPKICHUE U NPOBEPKA CYLLIECTBEHHBIX TEOPETUUECKUX 3aKOHOB, 3aBUCUMOCTEH.

B coorBercTBUM ¢ paboueil mporpaMmoi yueOHOH aucuMIiuHbl «PU3MKa» NPEAYCMOTPEHO
IIPOBE/ICHUE NMPAKTHUECKUX U TaOOPaTOPHBIX 3aHATHH.

BrimonHenne npakTH4ecKux U J1abopaTOpHBIX padOT 00eCTieynBaeT JOCTHKEHNE 00yYarOIIUMUCS
CIIENYIOIUX Pe3yabTATOB:

e [IP61 chHOpMUPOBAHHOCTH TPEACTABICHUH O pOIM M Mecre (U3MKH W acTpOHOMHUHU B

COBPEMEHHOM Hay4yHOW KapTUHE MHpa, O CUCTeMOooOpa3yromied ponu (UMK B Pa3BUTUU

€CTECTBEHHbIX HayK, TEXHUKU U COBPEMEHHBIX TEXHOJIOIUH, O BKJIa/Ie POCCUMCKUX U 3apyO0eKHbIX

yUEHBIX-(DU3UKOB B pa3BUTHE HAYKH; TOHUMaHNE (U3NIECKON CYIIHOCTH HAOIIOAAEMBIX SIBICHUI

MUKPOMMpA, MaKpoMHpa M Meramupa; IIOHMMaHUE pOJIA AacCTPOHOMUM B IPAKTUYECKOU

NeSITeIPHOCTH 4YellOBeKa M JajbHEHWIIeM HayYHO-TEXHUYECKOM pa3BUTHH, PO (U3UKHA B

dopMHpoBaHUU Kpyrozopa M (YHKIMOHAJBbHOW TIPAaMOTHOCTH 4YeJOBeKa JUIsl pELeHMs

MPAKTUYECKUX 3a7a4;

° [1P62 chopMHPOBAHHOCTh YMEHHUH pacro3HaBaTh (u3nyeckue sBiIeHHs (IIPOLECChl) U

OOBSACHATP MX HAa OCHOBE M3YyYEHHBIX 3aKOHOB: pPaBHOMEPHOE U PaBHOYCKOPEHHOE

NpsIMOJIMHEHOE JBM)KEHHE, CBOOOJHOE MaJeHHE Teld, JBUKEHHE IO OKPY)KHOCTH, HHEpIus,

B3aMMO/ICIICTBUE Tel, KojieOaTelbHOE BUKEHUE, PE30HAHC, BOJIHOBOE IBUXKEHHE; Tupdys3us,

OpOYHOBCKOE IBM)KEHHE, CTPOECHHE >XUAKOCTEH M TBEpIBIX Tel, U3MEHEHHEe oObema Tell NpHU

HarpeBaHuu (OXJIaX/IEHUHU), TEIUIOBOE paBHOBECHE, HCIApEHHEe, KOHJEHCAIUs, IIJIaBJIEHUE,

KpUCTAJININ3alUs, KWUIIEHWE, BIAXHOCTb BO3[yXa, CBA3b CpPEOHEH KHHETUYECKOW DSHEPIUn

TEIJIOBOTO JIBJKEHUSI MOJIEKYJ ¢ aOCONIOTHOW TeMIlepaTypoi, MOBBIINICHUE JaBJIEHUS raza npu

€ro0 HAarpeBaHMM B 3aKpbITOM COCYyZE€, CBSI3b MEXJIy IapaMeTpaMu COCTOSIHMSL rasa B

M30IIpoLeccax; ICKTPU3ALMS TeJl, B3aUMOJIEHUCTBUE 3apsioB, HATPEBAaHUE NPOBOJHUKA C TOKOM,

B3aMMOJCICTBUE MAarHMTOB, JJIEKTPOMAarHUTHas WHAYKLUSA, JOCHCTBHE MAarHMTHOTO IIOJSL Ha

MPOBOAHUK C TOKOM U JIBIXKYIIMHCS 3apsl, OJJIEKTPOMAarHuTHbIE KoJieOaHWsI U BOJIHBI,

NpSIMOJINHEHOE  paclpoCTpaHEHHE CBETa, OTPaXEHUE, MpeJOMJICHUEe, WHTephepeHIus,

Iudpakus U MOJIApU3alusl CBETa, AMCIEpPCHs cBeTa; (poToanexTpuueckuil 3¢ ¢dekT, cBETOBOE

JaBJICHWE, BO3HHMKHOBEHHE JIMHEMYaTOro CHIEKTpa aroMa BOJOpPOAA, €CTECTBEHHas U

HCKYCCTBEHHas paJiMOAKTUBHOCTH;

e [IP6G3 BiageHHE OCHOBOIOJATAIOMIMMU  (U3UYECKUMHU  TOHATUAMH M BEIMYMHAMH,
XapaKTepU3yIOIUMU  (U3UYECKUE TMPOLECChl (CBSA3aHHBIMU C MEXAaHUYECKHM JIBH)KEHUEM,
B3aMMOJICHCTBHEM TeJ, MEXaHMYECKMMM KOJEOaHUSIMH M BOJHAMH;, aTOMHO-MOJEKYJISPHBIM
CTPOCHHEM BEILeCTBA, TEIUIOBBIMU MPOILIECCAMU; JJIEKTPUUECKUM W MarHUTHBIM MOJISIMH,
AJIEKTPUUECKUM TOKOM, JJIEKTPOMAarHUTHBIMH KOJIEOAHUSMH M  BOJHAMHU; ONTUYECKHUMHU
SIBIICHUSIMU; KBAHTOBBIMU SIBJICHUSIMHM, CTPOCHHEM aToMa U aTOMHOTO ]pa, paJiO0aKTUBHOCTHIO);
BJIQJICHHE  OCHOBOIOJArarmoluMu aCTPOHOMUYECKUMHU  TOHATHUSIMY, T03BOJISIFOILIUMU



XapakTEepU30BaTh MPOLECChl, MPOUCXOJAIIME Ha 3B€3/1aX, B 3BE3JAHBIX CUCTEMax, B
MEXTAIAKTHIECKOH Cpefie; NBIKEHNE HeOECHBIX TEJ, SBOJIONHIO 3Be3/] M BeeneHHoi;

[1P64 BajieHUE 3aKOHOMEPHOCTSIMH, 3aKOHAMU M TEOPUSMHU (3aKOH BCEMUPHOTO TAroreHus, I, II
u III 3akonbl HproTOHA, 3aKOH COXpaHEHUS] MEXAHUYECKOM SHEPruu, 3aKOH COXPAHECHUS
HMMITYJIbCA, MPUHLMUI CYHEPIO3UIUU CHJI, TMPUHIIMI PABHOMPABHOCTH HHEPLUHUAIBHBIX CHCTEM
0TCUEeTa; MOJCKYJSIPHO-KMHETHYECKYI0 TEOPUIO CTPOSHHUS BEIIECTBA, ra30BbIC 3aKOHBI, MEPBBIN
3aKOH TEPMOJIMHAMMKH; 3aKOH COXPAHEHHS 3JIEKTPUUYECKOTo 3apsijaa, 3akoH Kynona, 3akoH Oma
JUISL ydacTKa 1enu, 3akoH Oma Jijis TOJTHOM AJIEKTpUYEeCKOM 1enu, 3aKoH J>koyis - JleHna, 3aKoH
9JEKTPOMAarHUTHOM WHIYKIWH, 3aKOH COXpPAaHEHUsI HHEPruM, 3aKOH MPSIMOJIMHEHUHOIO
pacrpocTpaHeHHUs CBETa, 3aKOH OTPaKCHHS CBETA, 3aKOH MPEIIOMJICHUS CBETA; 3aKOH COXPAHCHHS
SHEPTUM, 3aKOH COXPAHEHHUS HMITYJIbCA, 3aKOH COXPAHEHHUs DJIEKTPUYECKOro 3apsija, 3aKOH
COXpaHEHHUsT MacCOBOTO YHCIA, MOCTYyJaThl bopa, 3aKoH paguoakTHBHOIO pacmajia); YBEpEeHHOE
MCIOJIb30BaHNE 3aKOHOB M 3aKOHOMEPHOCTEH MpH aHanu3e (PU3NIEeCKUX SBICHHUM U IPOIECCOB;
IIP65 yMeHWE YYUTBIBaTh TPAHUIBI TPUMEHEHHS M3YyYEHHBIX (U3HUYECKUX MOJCIICH:
MarepuaibHasi TOYKa, HHEPLHUAJIbHAS CUCTEMA OTCUYETa, UCAIBHBIN T'a3; MOJIEIN CTPOCHHS Ta30B,
KHUJKOCTEH U TBEPJBIX TEJ, TOUCYHBIN AIIEKTPUUECKUI 3apsi, iAepHas MOJENb aToMa, HYKJIOHHAs
MOJIeTTb ATOMHOTO siJIpa IMPH PEeIICHUH (PU3NICCKIX 33]1aY;

[IP66 BiaJeHHE OCHOBHBIMH METOJaMH HAYy4YHOTO MO3HAHHS, HCIOJNb3yeMbIMH B (HU3HKE:
MPOBOJIUTH MPSIMbIE M KOCBEHHbIE M3MEpPEHUS (PU3NYECKUX BEIWYUH, BHIOMpass ONTHUMAIbHBIN
crocod H3MEpeHUsT U HCIONIb3ysd H3BECTHBIE METOJbl OIEHKU MOTPEIIHOCTeH H3MEpEHUH,
MIPOBOJNTH HCCJICIOBAHUE 3aBUCUMOCTEH (U3MYECKUX BEIWYMH C HCIOJIB30BAHUEM IPSMBIX
U3MepeHull, OOBACHATH MOJyYEHHBIC PE3yJabTaThl, UCHOJIB3Ys (PU3NYECKUE TEOPUU, 3aKOHBI U
MOHATHSI, W JCNaTh BBIBOJBI; COOMIONATh MpaBmia OE30MacHOr0 Tpyda MpU IMPOBEIACHUU
HCCIIEIOBaHMM B paMKax y4eOHOro SKCIIEpUMEHTa U y4eOHO-UCCIeA0BATEIbCKOM AeSITENFHOCTH C
WCTIOJIb30BaHUEM LHU(POBBIX H3MEPUTEIFHBIX YCTPOWCTB M J1aOOpAaTOPHOTO 0O0OPYHOBaHUS;
c(OpMUPOBAHHOCTH MPEACTABIECHUI O METOJaX MOJIYUYCHUS HAYYHBIX ACTPOHOMHUYECKUX 3HAHUIA;
[Pyl copMUPOBAaHHOCTh MOHUMAHHS PO (U3UKA B IKOHOMHYECKOHM, TEXHOJIOTMYECKOM,
COLIMAJIbHOU M ATHUYECKOH cepax NesaTeIbHOCTH YeJI0BeKa; POk U MecTa (PM3UKHU B COBPEMEHHOMN
HAay4YHOW KapTUHE MHpa; POJU AaCTPOHOMHH B TPAKTUYECKOW JCSITEIIBHOCTH 4YEJIOBEKa H
JanbHENIIEM HAyYHO-TEXHUYECKOM Pa3BUTHH;

[TPy2 chOpMUPOBAHHOCTh CHCTEMBI 3HAHUN O (PU3NUYECKUX 3aKOHOMEPHOCTAX, 3aKOHAX, TEOPHSIX,
JEHCTBYIONUX HA YPOBHSAX MUKPOMHpA, MAaKpOMHUpPa M Meramupa, MpeacTaBleHHil 0 BceoOiemM
xapakTepe (pU3nYecKux 3aKOHOB; MPEACTABICHUN O CTPYKTYpE MOCTpOEHUs (HU3UIECKON TEOPHH,
YTO TO3BOJUT OCO3HATH POJib (YHIAMEHTAIbHBIX 3aKOHOB M TPUHIIMIIOB B COBPEMEHHBIX
MPEACTABICHUSX O TPUPOJE, TMOHATH TPAHUIBI TPUMEHHUMOCTH TEOPHM, BO3MOXKHOCTH HX
MIPUMEHEHHUSI JIJ1s1 OIMCAaHUs €CTECTBEHHOHAYUYHBIX SIBJIEHUH U IIPOLIECCOB;

ITPy3 chopMUPOBAaHHOCTh YMEHUS pa3inyaTh YCIOBUS MPUMEHUMOCTH MOJIeNeH (PU3NMUECKUX Tel
W TpoleccoB  (SABICHHI): HWHEpIUalbHas CcHCTeMa OTcueTa, MaTepuaibHas  TOYKa,
PaBHOYCKOpDEHHOE JIBW)KEHHE, CBOOOJHOE TMaJieHue, abCoJTHO yrpyras jaedopmarus,
abCONIOTHO ympyroe u abCONIOTHO HEYNPYroe CTOJIKHOBEHHS, MOJeNel ras3a, >KHIKOCTH U
TBEpAOTO (KPUCTAUIMUECKOT0) TeJNa, HIACATHbHOTO Ta3a, TOYEYHBIM 3apsil, OJHOPOIHOE
JNEKTPUYECKOE  TIOJie, OJHOPOAHOE MArHUTHOE TMOoJe, TapMOHHUYECKHE  KoJeOaHus,
MaTeMaTUYeCKU MAasTHHUK, WJCaJbHbI TPYKWHHBIA MAasSTHUK, TapMOHUYECKHE BOJIHBI,
UJealbHBIN KoNleOaTenbHbIA KOHTYP, TOHKAas JTMH3a; MOJIeIe aToMa, aTOMHOTO s/Ipa U KBAHTOBOM
MOJIEJIM CBETA;

[TPy4 copMUPOBAHHOCTh YMEHUSI OOBICHATH OCOOCHHOCTU MPOTEKAHMS (U3UUYECKUX SBICHHIA:
MEXaHWYECKOEe JIBIDKCHHE, TEIJIOBOE JBMKEHHUE YAaCTHUI[ BEIIECTBA, TEIUIOBOE pPaBHOBECHE,
OpoyHOBCKOe JABIKeHUe, udQy3usi, UCHapeHHue, KHUIIEHHEe W KOHJEHCAIlHs, IUIaBIeHHE U
KpUCTAJUTU3allNsI, HAMPaBICHHOCTh TEIIOTIEpeIadu, JJICKTPU3ANNHN TEJ, SKBUIIOTCHIIMATHLHOCTH
MOBEPXHOCTU 3apPSKEHHOI0 MPOBOJIHMKA, JJIEKTPOMArHUTHOW WHIYKLIHMH, CaMOMHAYKIIUH,
3aBUCUMOCTH CONPOTHUBIICHUS MOJIYIPOBOAHUKOB "p-" 1 "n-TUMOB" OT TeMIepaTypsl, pe30HaHCa,
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UHTEepEPEHIINH BOJIH, AU(PPaKIUH, TUCTIEPCUH, TIOJTHOTO BHYTPEHHETO OTpaxeHus, porodddekr,
(bU3MYEeCKre TPUHITUIIBI CIIEKTPAIBHOTO aHaliM3a W padoThl ja3epa, "anbda-" u "Gera-" pacnassl
s51ep, raMMa-u3JlydeHue saep;

ITPy5 copMUPOBAHHOCTh YMEHHUM MPUMEHATH 3aKOHBI KJIACCUUYECKON MEXaHUKH, MOJICKYJIIPHOM
(GU3MKK U TEPMOJUHAMUKH, JIEKTPOJMHAMUKHU, KBAHTOBOM (DM3UKHU ISl aHAN3a U OOBSICHEHUS
SBJIGHUH MHKPOMHpA, MakpoMHpa M Meramupa, pas3inyaTb YycJIoBHsS (TpaHHIlbl, OOJACTH)
NPUMEHUMOCTH (PU3MYECKHX 3aKOHOB, IOHMMATh BCEOOLIMI XapakTep (yHIaMEHTAIbHBIX
3aKOHOB (3aKOH COXPaHEHHUS MEXaHUYECKOW HHEepruH, 3aKOH COXPaHEHHUS HUMITyJIbCa, 3aKOH
BCEMUPHOI'O TATOTEHUS, NEPBBI 3aKOH TEPMOJAMHAMUKH, 3aKOH COXPAHEHUS 3IIEKTPUYECKOIO
3apsifla, 3aKOH COXPAHEHHWS HHEPrHH) M OrPAaHUYECHHOCTHh HCIIOJIb30BAHUSA YAaCTHBIX 3aKOHOB;
aHATM3UPOBaTh (PU3MUECKUE TPOLECCH, HCIONb3YS OCHOBHBIE TIOJOXKCHHUS, 3aKOHBI U
3aKOHOMEPHOCTH; OTHOCHUTEJIBHOCTh MEXAHMYECKOTO JBIKEHHUSA, (OPMYJIbI KHHEMaTHUKU
PaBHOYCKOPEHHOI'O JBMXKEHMsI, NpeoOpa3zoBaHus ['amuies 118 CKOPOCTH U INEpEMELIEHUs, TpU
3akoHa HbrOTOHA, MPUHIMUIT OTHOCUTENBHOCTH ['anmuies, 3aKOH BCEMUPHOTO TATOTEHUS, 3aKOHBI
COXpaHCHHS HMIYJIbCa W MEXaHUYECKOW OSHEPruH, CBsA3b pabOTBl CHIBI C HM3MEHEHUEM
MEXaHUYECKOM SHEPTHH, YCIOBUSI paBHOBECHUSI TBEPAOIrO TeJa; CBSI3b JIaBJICHUS HMJICAJLHOIO ra3a
CO CpEeIHEN KMHETUYECKON AHEPrueH TEIUIOBOTO JBUKEHHS U KOHIIEHTPALMEd €ro MOJIEKYJ, CBS3b
TEeMIIepaTypbl BEUIECTBA CO CpPEOHEH KWHETUYECKOW HSHEpPruei €ero 4YacTHull, CBS3b JIaBJICHUS
WJICAIBHOTO Ta3a ¢ KOHUEHTpALMEN MOJIEKYJ M €ro TeMIepaTypol, ypaBHeHUE MeHjeneeBa-
Kinaneiipona, nepBblii 3aKOH TEPMOJWHAMUKHU, 3aKOH COXPAHEHUs SHEPIMM B TEIUIOBBIX
mpoueccax; 3aKOH COXpPaHEHHUs! 3JIEKTPUYECKOro 3apsaa, 3axkoH KynoHa, moTeHUIManbHOCTh
3JEKTPOCTATUYECKOrO MOJIsI, MPUHLMUII CYNEPHO3UINN 3JEKTPUUYECKUX MojeH, 3akoHa KyioHa;
3akoHbl OMa /I yyacTKa LeNu U Ul 3aMKHYTOM JIeKTpudeckoi uenu, 3akoH Jxoyns-Jlenna,
3aKOH AJICKTPOMArHUTHOM WHAYKUMHU, MpaBuiao JIeHla, MOCTylaTbl CHEUUaIbHON Teopuu
OTHOCUTEIIFHOCTH DWHINTEHa, ypaBHeHHe ODiHIITeHHa 17 (oTtodddexra, mepBelii U BTOPOU
nocrynatel bopa, mpuHnun HeompenenenHoctu ['eiizeHOepra, 3akoH cOXpaHEHUsS 3apsja,
MaccOBOI'0 YHCJIa M SHEPTUHU B AJIEPHBIX PEAKIUAX, 3aKOH PaIMOaKTUBHOIO pacnana;

[TPy8 cdopMHpOBaHHOCTH MPEACTABICHUNA O METO/AX MOJyYEHHUs] HAYYHBIX aCTPOHOMHYECKUX
3HAHUU; BJIaJIEHUE YMEHUSIMH CaMOCTOSITENbHO (POPMYJIMPOBAThH II€JIb MCCIEA0BaHUS (IIPOEKTa),
BBIJIBUT'aTh TUIIOTE3bl HA OCHOBE 3HAHMS OCHOBONOJAraroIuX (PU3NYECKUX 3aKOHOMEPHOCTEH U
3aKOHOB, IIPOBEPATh MX OSKCIEPUMEHTAIBHBIMU CpPEJICTBaMH; IUIAHUPOBATh M MPOBOJUTH
¢u3nyeckue SKCIEPUMEHTHI, OMMCHIBATh M AHAJIM3WPOBATH IOJYYEHHYIO IPH BBINOJIHEHUH
AKCIIEPUMEHTA NH(OPMALINIO, OTIPEAEIIATH JOCTOBEPHOCTD MTOJIyYEHHOTO PE3YNbTara;

[TPy 11 oBnageHue pa3IuYHBIMU crioco6aMu paboThl ¢ HHGOpMaIel Gpu3nyeckoro cojepxKaHus
C HCIIOJIb30BAHMEM COBPEMEHHBIX HMH(POPMAIMOHHBIX TEXHOJIOTUH, pa3BUTHE YMEHUH
KPUTHYECKOT'O aHaJIM3a U OLIEHKHU JI0CTOBEPHOCTH MOTyd4aeMoi HHPOpPMALIUY;

[Py 12 oBnageHue OpraHU3alMOHHBIMM M TIO3HABATEIbHBIMU YMEHHUSIMH CaMOCTOSITEIbHOTO
NpUOOpETeHUs] HOBBIX 3HAaHUM B  Tpolecce BHIIOJIHEHUS MPOEKTHBIX U y4yeOHo-
UCCIIEIOBATENbCKUX paboT, YMEHHSMH 3aHSITHETb B TPYIIE C BBIIOJHEHHUEM pPAa3IMYHBIX
COLIMAJIBHBIX POJIeH, IIaHUpOBaTh pabOTy TPYMIIbI, PAllMOHAIBHO PACHPENEATh AeATeIbHOCTh B
HECTaH/JApPTHBIX CUTYallUsAX, aJeKBaTHO OIIEHMBATh BKJIAJ KaXJOTO W3 YYaCTHHKOB TIPYMIBI B
peleHre paccMaTpiuBaeMoil mpooIeMbl;

MP 8 criocoOHOCTh U TOTOBHOCTh K CAMOCTOSITEIEHOMY ITOMCKY METOJIOB PELICHUS MTPAKTUYECKUX

3a7a4, MPUMEHEHUIO PA3JIMYHBIX METOOB ITIO3HAHUS;
MP 9 Bnamerp HaBBIKAMH TIOJYyYEeHHUs] HMHQPOPMAlUM W3 WCTOYHUKOB Pa3HBIX THUIIOB,
CaMOCTOSITEJIBHO ~ OCYILECTBJISATh MOWCK, AaHajiu3, CUCTEeMaTU3alMi0 W  HMHTEPHpPETALUIO
vH(pOpMaUU Pa3TUIHBIX BUOB U (OPM MPECTaBICHUS;

MP 10 dopmupoBaHre HAyYHOTO THIA MBIIUICHUS, BIAJACHUE HAYYHOW TEPMHHOJIOTHCH,
KJIFOYEBBIMH MOHATUAMHU U METOLAMU;



e MP 21 BBISBIATH NPUUYMHHO-CJICACTBEHHBIE CBSI3M M aKTyaJlUM3UpOBaTh 3aJady, BBIJIBUTaTh
TUIIOTE3Y €€ PElICHUs, HAXOAUTh apTyYMEHTHI JUIsl JOKa3aTelIbCTBa CBOMX YTBEPKCHUM, 3a]1aBaTh
rapameTpbl U KpUTEPUU PEILICHNUS,

e MP 17 ymerb mNEpeHOCUTh 3HAHUS B T[IO3HABAaTEIbHYI0 M MPAKTUYECKYI0 00J1IacTu
KU3ZHEIESITCIIbHOCTH;

e MP 13 oBnaneHue BUJAMU ACATEIBHOCTU IO MOJYYEHUIO HOBOIO 3HAHMS, €r0 MHTEPIPETALNH,
peoOpa30BaHUI0 U MPUMEHEHHUIO B Pa3IMUHBIX YU€OHBIX CUTYallUsAX, B TOM YHCIIE IIPU CO3/1aHUU
y4eOHBIX U COIMAIbHBIX TPOEKTOB;

e JIP 13 roTtoBHOCTh M CHOCOOHOCTH K OOpa30BaHUIO U CAMOOOPA30BaHMIO Ha MPOTSIKEHUHU BCEi
KHU3HU;

e JIP 14 oco3HaHue TUYHOIO BKJIaJa B IOCTPOEHUE YCTOMYMBOIO OyyILIEro

JIP 23 roTOBHOCTH K TPYJY, OCO3HaHUE LIEHHOCTU MacCTepCTBa, TPYLO0JI00HE;

e JIP 26 criocoOHOCTH OIICHWBATh CUTYAIUIO M IPHHUMATh OCO3HAHHBIC PEIICHUS, OPUEHTHPYSCH Ha
MOpaJIbHO-HPABCTBEHHBIE HOPMBbI U IIECHHOCTH;

ConepaHue NpaKTUUECKUX U JJAOOPaTOPHBIX 3aHATUI OPUEHTUPOBAHO Ha IIOATOTOBKY O0yYaroIuXcs K
OCBOCHHIO TPO(ECCHOHATFHOTO MOAYJSI TPOTPAMMBl MOATOTOBKU  CIICIMATIMCTOB CPEIHETO 3BEHA II0
CIIELIMATIbHOCTH Y OBJIA/ICHUIO HPOeCCUOHAILHBIMU KOMPEMEeHUUAMU:

I[IK 2.1 OcymectBisate BbIOOp 000OpPYIOBaHWS M AJIEMEHTHOM ©0a3bl CHUCTEM aBTOMATHU3AIlMU B
COOTBETCTBUM C 3aJjlaHWEM M TpeOOBaHHMEM pa3pabOTaHHON TEXHUYECKOW JOKYMEHTAllMM Ha MOJENb
9JIEMEHTOB CCTEM aBTOMAaTHU3aLUH.

A Tak:ke POPMHUPOBAHMIO 0OULUX KOMNEMEHYUIL.

OK 01 Bribupats croco0bl pemeHus 3a1a4 npo(hecCHOHAIBHONW JeSITEIbHOCTH TPUMEHUTEIBHO K
Pa3IUYHBIM KOHTEKCTAM.

OK 02 Vcnionb30oBaTh COBPEMEHHBIE CpPE/ICTBA MIONCKA, aHAJIM3a U MHTEpPIpeTaluy UHpopMaluu u
MH(pOPMAaIMOHHbIE TEXHOJIOTUH [T BBIMOJIHEHUS 3a/1a4 MPO(eCCHOHABHON AeATeNbHOCTH

OK 03. IlnanupoBath U peaan30BbIBaTh COOCTBEHHOE MPOPECCUOHANBHOE U IMYHOCTHOE PA3BUTHE,
PEINPUHIMATENbCKYIO IEATEIbHOCTh B MPO(ECCHOHANBHOM cepe, UCIoNb30BaTh 3HAHUS 110 MPaBOBOI
1 (PMHAHCOBOM IT'PAMOTHOCTH B Pa3JIMYHbIX KU3HEHHBIX CUTYaIUSIX

OK 04 D¢ dexTrBHO B3aUMO/IEHCTBOBATh U pabOTaTh B KOJUIEKTUBE U KOMaH 1€

OK 05 OcymiecTBisiTh YCTHYIO U NUCHbMEHHYIO KOMMYHHKAIIMIO Ha TOCYJIApCTBEHHOM SI3bIKE
Poccuiickoit @enepaniuu ¢ yueToM 0COOEHHOCTEH COLMAIBHOTO U KYJIbTYPHOTO KOHTEKCTA

OK 06. IlposBasaTh TIpaxJAaHCKO-NATPUOTHUECKYIO IO3UIIMI0, JIEMOHCTPUPOBATH OCO3HAHHOE
MIOBE/ICHUE Ha OCHOBE TPAJMULIMOHHBIX POCCHUICKUX JTyXOBHO-HPAaBCTBEHHBIX LIEHHOCTEW, B TOM YHCIE C
Y4ETOM TapMOHU3ALUN MEXHALMOHAIBHBIX W MEXPEIUTHO3HBIX OTHOIICHUN, NPHUMEHATH CTaHAApThI
AHTUKOPPYNIIMOHHOIO TIOBE/ICHUS

OK 07 CopeiicTBOBaTh COXpPAHEHHUIO OKpYXKalOIIeH Cpeabl, pecypcocOepereHHI0, MPUMEHSThH
3HaHHUA 00 M3MEHEHHM KIuMaTa, IPHUHILHUIBI OEpeXxIIMBOro MPOU3BOACTBA, 3PGEKTUBHO JIEHCTBOBATH B
Ype3BbIUAIHBIX CUTYAIHIX

OK 09 Ilonp3oBaThcs mpodheccHoHaNbHON JOKYMEHTAalMe Ha TOCYJapCTBEHHOM UM MHOCTPAaHHOM
A3BIKaX.

BoimonHenue oOyyaronuxcsi MPaKTUYECKUX M JIaDOpaTOpHBIX PadOT MO y4yeOHOW IUCHUILUIMHE
«®Pu3KKay HaIPaBJIEHO HA:

- 0000meHne, CHUCTeMaTH3allMi0, YIayOJeHue, 3akperyieHHue, pasBUTHE W JACTAIU3AIUIO
MOJTyYEHHBIX TEOPETUYECKUX 3HAHUI 110 KOHKPETHBIM TeMaM y4eOHOM JUCIUIUINHBL,

- (hopmupoBaHMEe yMEHHI NMPUMEHSATH MOTYYCHHbIE 3HAHUS Ha MPAKTHKE, pealu3allui0 €IUHCTBA
MHTEJJIEKTYAJIbHOM U IPAKTUYECKON AESITEIbHOCTH;

- (opMupOBaHHE W pa3BUTHE YMEHM: HaOII0JaTh, CPAaBHUBAThH, COMOCTABIIATH, aHAJIU3UPOBATH,
JenaTh BBIBOJABI M OOOOILIEHMS, CAMOCTOSTEIHLHO BECTH HCCIEIOBAHMSA, TOJIb30BATHCS Pa3TMUYHBIMU
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npueMaMH U3MEpEeHUH, 0OPMIIAT pe3yabTaThl B BUJE TaOJIUI], CXEM, Tpa(HKOB;

- mpuoOpeTeHrne HaBBIKOB Pa0OTHI C pa3NMYHBIMH NPHOOpaMH, ammapaTrypod, yCTaHOBKaMHU M
JIPYTUMH TEXHUYECKUMHU CPEICTBAMH IS TPOBEICHUS OIBITOB;

- pa3BUTHE UHTEIUICKTYaJbHBIX yMEHMH y OyaymMX CHIENUAIMCTOB: aHAJTUTHYECKUX,
MPOEKTUPOBOYHBIX, KOHCTPYKTHBHBIX U JIp.;

- BEIpaOOTKY IPH PEICHUH MTOCTABJICHHBIX 3a/1a4 MPO(ECCHOHAIBHO 3HAYNMBIX Ka4eCTB, TAKHX KaK
CaMOCTOSITENIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPUECKAsI HHULIMATHBA.

[TpakTrueckue nim 1a00paTOPHBIEC 3aHATHS MPOBOATCSA B PAMKaX COOTBETCTBYIOIIEH TEMBI, IOCIIE
OCBOCHHUS JUJAKTHUECKUX EIUHHII, KOTOpbIE O0ECHEeUMBAIOT HAIWYHE 3HAHWH, HEOOXOAMMBIX I ee
BBITIOJTHEHUSL.



2. METOAUMYECKHUE YKA3ZAHUA

IIpakTyeckue padoTnl

Tema 2.1. KnunemarTuka
IpakTnyeckoe 3ansitue Nel
Pemenue 3a1a4 o KHUHeMaTUKe. Y PAaBHEHUS IBHKEHMS.

Henab: Hay4YuThCS pa3nU4aTh BHIBI MEXaHUYECKOTO [BIKEHUS B 3aBHCHMOCTH OT (Hopmbl
TPACKTOPUU U CKOPOCTHU IMEpPEMEIlEHUsl Tela, PACCUUTHIBATh €r0 MapaMeTphbl, HAYYUTbCS M300pakaThb
rpadUyecKy pa3iMYHbIC BUABl MEXaHWYECKHX [JIBWKCHHM, 3almUCBhIBATh YPaBHCHHS  JBUKCHHS,
pa3ianyaTh €ro OTHOCUTENbHOCTH; HAYYUTHCS (DOPMYNIHUPOBATH CIEAYIOIIME MOHITHS @ MEXaHUYECKOE
JBKEHUE, CKOPOCTh U YCKOPEHHUE, CUCTEMa OTCYETa, MEXaHUUECKUH TPUHIIUI OTHOCUTEIHLHOCTH.

IIpakTuyeckasi pa6ora popmupyer: [1P66; [TP67; [1Py 1; ITPy 5; I1PyS8; I1Py 11; [1Py 12;

MP8,MP9,MP10,MP21,MP17, MP13;JIP 26, JIP 14, JIP 23, JIP 13.

Beinosinenue padorsl cnocodocTByer popmupoBannio: OK 01, OK 02, OK 03, OK 09

MarepunanbHoe obecrnieyeHue:

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

Ykazanue:

[IpakTuueckass paboTa COCTOMT M3 JABYX 4YacTedl — TeopeTudeckod u mnpaktudeckoid. [locne
M3Yy4YEHUs TEOPETUUECKOr0 MaTrepuaja MOKHO MPHUCTYNATh K BBHIMOJHEHUIO MpaKTH4YecKor udactu. OHa
COCTOHMT M3 ABYX M Ooyiee 3a1ay Al CaMOCTOSITENBHOTO BbINONHEHHUs. He 3a0biBaiiTe 0 MpaBUIbLHOM
odopmitennu pemeHusi. Ha BEIIOTHEHUE MPAKTUICCKOW OTBOIUTCS JIBA aKaICMUYSCKUX daca.

3aganme:

1. IIncbMeHHO OTBEThTE HA CJIeYIOIHe BOMPOCHI:
e Kunemartuyeckuil 3aKOH JBHKEHUS JJI1 KOOPIUHATHOTO CII0co0a OMpe/IesieHUs IBUKEHUS
MaTepHaTbHON TOYKH.
e Kunemarnueckuili 3aKOH JBUIKEHHUS MJI1 E€CTECTBEHHOIO JBWXXEHHUS [JIi BEKTOPHOTO
croco0a onpe/eeHus ABUKCHUSI.
e Kunemarnyeckuil 3aKOH JBIKEHUS JJIs1 €CTECTBEHHOTO CII0C00a OMpEe/IeIeHUs IBUKECHHUS.
e Kak HallTH BEKTOP CKOPOCTH Il KOHKPETHOT'O, BEKTOPHOTO M €CTECTBEHHOI'O CIIOCOOOB
onpeereHus: ABUKEHUA?
e Kak HailTu BEKTOp YCKOpPEHUs 1JI pa3HbIX CIIOCOOOB ONpeAeNeHuUs ABKEHUS?
2. Wcnoan3ysi popmyJibl AJ8l pacyeTa NapaMeTpoB JIBHKEHUSI TeJl, PeIINTh 3aa4u.
3. Ilpoananu3upoBaTh rpadpuku IBHKEHUS TeJ, ONMUCATH XapaKTep ABUKEHHS.
IMopsiiok BbINOJIHEHUS PA0OTHI:
1. TloBTOpUTH OCHOBHBIE BOIIPOCHI KHHEMATHUKH.
2. PemmTh 3a7a4u 110 BapyuaHTaM.
3. OdopmMuTh OTYET B TETPAIH AT MPAKTUUECKUX paboT.
Xox pa0doThI:
1. TeopeTnyeckasi yacThb
OnnomepHoe ABMkeHuE. J[BUKEHUE C MOCTOSSHHON CKOPOCTHIO.

[TycTh Teno ABUXKETCS B HAIPaBIEHUU OCU X € MMOCTOSTHHOM CKOPOCTBIO V U 32 BpeMsi Af =7 —1, IPOXOJIUT

nyTb Ax =X —x,. CpeqHss CKOPOCTb

v = Ax
P AL |x(@) = xo + VAL
JIBrKEHUE ¢ IEPEMEHHOM CKOPOCTHIO. Yckopenue



Ecnu Teno aBukercsl HampaBieHUU ocu Xc
nepeMeHHoi ckopoctbio V(t), TO, rpaduku X(t) u v(t) UMEIOT BHI:

HpI/I OTOM TOBOpPAT, 4YTO TEIIO ABUIKETCA C YCKOPECHHUEM.

Yckopenue (i) — CKOpOCTh M3MEHEHHUST CKOPOCTH.

V=VU_V a
Ecnu 3a Bpems At=t—1; y3MeHEHUE CKOPOCTH Av=v VO, TO CpeaHee ycKopeHue: | & At

V-V,

a= = Vv =V, +alAt
U3 At 0 | V) = v + aAt

2

alt

x(t) = xy + VoAt +

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

2 2
vi({)—v
x(t) = x5 + VO=-vy
Ecnu Bpems nBrkeHus @t HEU3BECTHO, TO 2a

MHOFOMepHOG JABUIKCHUC. IIBI/I)KCHI/IC TCIa, 6p0H_I€HHOl"O noJa yrjiiomM K ropu3oHTy

o, =

Ecau Vo H&COHaHpaBHCHBI, TO CKOPOCTb ABHIKCHHUA TCJIa BO3PACTACT, a UMCECT 3HAK

[TycTtp Teno OpomieHo W3 Havyajga KOOPAMHAT TOJ] YIIIOM K TOPU30HTY C

HAYaJbHOU CKOPOCTBIO Vo. M3 rpaduka BUAHO, YTO Vo = Vox + Voy

(IByMepHOE ABM)KEHHE MOKHO pacCMaTpUBaTh, KaK HAJIOKEHUE APYT Ha

Apyra IByX OJHOMEpHBIX — 110 ocsiM X 1 Y).

9 2. Vor .

2
0X VOX

2. Ilpumepsl pemieHus 3a1a4

1. TTaccaxupckuii moe3n uaeT co ckopocth 72 km/4. Ilo cocenneMy myTu JABUXKETCS HABCTPEUy
ToBapHbIN noe3 1 AnuHoM 140 M co ckopocThio 54 kM/4. CKOJIBKO BpEMEHH MacCaXUp, CTOSIIIUHN y

OKHa, OyZIeT BUJETh MIPOXOASIIAA MUMO HETO TOBAPHBIN 1Moe31?

Jlano: CHU Pewenue:
V1 = 72 KM/u 20 m/c | OTHOCHTEIBHAS CKOPOCTD JABHXKEHHS 000MX 1037108 V = Uy + Uj.
V2 = 54 kM/4 15 m/c CnepoBarensHO, BpeMsl, B TEHEHHE KOTOPOTO MUMO MACCaXKUPCKOro
. 3 l
=140 m 10e3/1a NpoiiIeT TOBAapHBIii, onpeaenum no popmyne: ¢ = -
v
L 140
[loacrasnsem ganubie: 1 = =4c
20+15

Omeem: 4 c.
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2. IlocamouHast CKOpOCTh MaccaxXHpckoro camosera 135 km/4, a mmmHa npobera ero 500 M.

Omnpenenuts BpeMs MpoOera mo nocagoyHoN Mooce U YyCKOPEHHE CaMoJieTa, CUuTas JBUKCHHE
paBHO3aMEIJICHHBIM.

Hano: CH Pewenue:
vo= 135 km/u | 37,5 m/c| Bpems npoGera camonera npu nocajke HaxoauM 13 (GopmyInsl myTH
at?
S=500m S=ypt + — T/€ @ JUIsl PABHO3AME/UICHHOTO /IBUOKCHHS OTIPE/IeINTCS
v
v=0wm/c w3 opmynel: V= Vg + at wma = 'TO' CnenoBatesbHO,
vo,.2
¢ p T ¥ 28 2500
t-?2,a-? S=vyt ——'3— , OTKynat e [ToacraBnsem nauubie: t = e 27:¢,
0 ,
v 37,5
Yekopenne a =-=% a==—2==- 14 w/c?

Omeem:27¢c,-14 m/c’.

3. Teno, nBurasch paBHOYCKOPEHHO U3 COCTOSIHUS MOKOS, 3a IATYI0 CEKYHAY IMPOLUIO MyTh 18 M.
YeMy paBHO YCKOpEHHE U KaKOH MyTh TEJO MPOILIO 3a 5 ¢?

Mawo: Pewenue:
2 2
v ~ y ts t
ts—ty=1c [1yTb, npoiiaeHHbI TEIOM 3a NATYIO CeKyHAY S = S5 — S = aT - "2—“
25 218
S=18m Orciona a = v A= =4 m/c?.

212’ 472516

e ? at? 425
[lyrs, npoitaenHslii Tenom 3a 5 cekyna Ss === Ss=——=30m.

Omeem: 4 mw/c%; 50 m.

4. B mocnenHIon CeKyHay CBOOOIHO MaJaroliee TENO MPOIUIO MOJIOBUHY CBOETO MyTH. CKOJIBKO
BPEMEHHU U C KaKO# BBICOTHI MAaJI0 TEJIO?

Hawno: Pewenue:
1 . . £
hy — hp_1= -z-h,,I [TyTb, npoiinenusiii 3a Bce Bpems nagenus: h, = Y
2 v h, g(t-1)?
g=98wm/c Jlo nocneaneii ceKyHabI T€10 NPOLLIO MYTh i
. . ¢
t-? hy-? CnenoBaresbHo, %— =g(t—1)% um t2-4t+2=0.

9,8-3,42
Ortcioma t=2++2 =34 c. Bwicotanmagenns h, = 5 = 37 m
Omeem: 3,4 ¢; 57 m.

5. Kamens nmagaer B maxry. Uepes 6 ¢ ciblllieH yaap KaMHs O JHO maxThl. OnpeaenuTs TIyouHy
IIaXThl, €CJIM CKOPOCTh 3ByKa 330 m/c.

Hano: Pewenue:

t=6¢ Ecnu 0803nauuTh uepes t; Bpems NaJeHus KaMHsi, TO BPeMs paCpOCTPaHeHHs

“ w t
v =330 m/c | 3ByKa f-t;. IlyTs, npoiifeHnslit kamHeM npu cBoOOAHOM nageHnn h =21

[‘2
g=9.8m/c? | 3Bykom — h = v (t - t;). CneoBaTensHo, 971= v(t-ty) um gt? + 20t -20t =0
2
- t
h-? Pewus oannoe ypasnenue, nonyuum t; = 5,5 c. 'mybuna maxter h = 971;
D
h=222% = 148 u

Omeem: 148 m.
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3aganus AJ151 CAaMOCTOATEILHON padoThI
Bapuant Ne 1
1. Camoner WJI — 86, nBurasch paBHOMEpPHO €O cKopocThio 900 km/4, B TeueHHE 9C COBEPIIII
TaKoe ke MepeMernieHue, 4ro u camoniet Sk — 42 3a 10 c. Onpexnenure ckopocts Sk — 42.
2. I'padukn Kakux ABMKEHUH Ten mokaszaHbl Ha puc. 1? Ilo rpaduky ompenenurte: 1) B Kakoi
MOMEHT BPEMEHHM Te€Jla BCTPETUIINCH; 2) KaKUe IYTH TeJla MPOIJIU 10 BCTPEUH.

¥, M4

puc.1.

3. TToe3n yepe3 10 ¢ mocne Hadana ABMOKEHUS TpruodpeTaet ckopocth 0,6 M/c. Uepes kakoe Bpems
OT Hayala JBIKEHHUsSI CKOPOCTh MOe3/1a CTaHeT paBHa 3 m/c?

4. 3a Kakoe BpeMs aBTOMOOMIIb, IBUTAsCH ¢ yckoperueM 0,4 M/C2 , yBEITHUUT CBOIO CKOPOCTH ¢ 12
1o 20 m/c?

5. Ilyns B cTBONe aBromara KamamHukoBa ABIKETCS ¢ yckopeHuem 616 m/c2 . KakoBa cKOpOCTb
BbUIETA ITYJIH, €CliU JuIMHa cTBojia 41,5 cm?

6. Teno, nBUTAsICH MPAMOJIUHEHHO C yCKOpeHHeM 5 m/c2 , pocturiio ckopoctu 30 m/c, a 3arem,
JIBUTAsICh paBHO3aMEAJIEHHO, OCTaHOBMWIIOCH uepe3 10 c. Onpenenute mnyTb, MPOWISHHBINA TEIOM.

7. Teno cBoOoxHO manaer ¢ BeICOTHl 125,5 M. Onpenenure Bpems MajJe€HUS U CKOPOCTh Teja B
MOMEHT yz1apa 0 3eMJIIO.

Bapuant Ne 2

1. CpepgHee paccrosHue Mexny 3emiel u CoJiHIEM 1 acTpoHOMHUeckKad
epuduna (1 a.e. = 1,496- 1011 M). OnpegmesnuTe BpeMd INPOXOXIEHUA CBeTa OT
Comuna fo 3eMmiiu. CKOPOCTE CBeTa B BakyyMe c = 3- 108m/c.

2. Ha puc. 2. npexacraBineH rpaduk 3aBHCHMOCTH KOOpAMHATHI Tena oT BpeMeHU. Ilo rpaduxy
ornpezaenuTe: 1) CKOIbKO BPEMEHHU TEJI0 HaXOAWJIOCh B IBUKEHHUH; 2) UEMY PaBHO €ro NepeMeleHHeE.

X, M4
|

!

puc.2.

3. Benocunenuct asmxkercs noa ykioH ¢ yckoperuem 0,3 m/c 2 . Kakyto ckopocTs mpuodperer
Besocunenuct yepes 20 ¢, eciu ero HayajibHasi CKOpocTh paBHa 4 m/c?

4. Cxopoctb noe3aa 3a 20 ¢ ymesnbiiniach ¢ 72 1o 54 km/4. Hanmcats dopMyny 3aBUCUMOCTH
cKopocTH OT BpeMeHH [IX([]) 1 mocTpouTh rpaduk 3TOi 3aBUCUMOCTH.

5. Ilpu aBapuiiHOM TOPMO>KEHHUU aBTOMOOWIIb, IBUKYIIUICS CO CKOPOCThIO 72 KM/4, OCTAaHOBHUJICS
yepes 5 ¢. Halitu TOpMO3HOM ITyTh.

6. Yxion mmuHoi 100 M smppxHUK mipomien 3a 20 ¢, aBurasck ¢ yckopenuem 0,3 m/c 2 . Kakosa
CKOPOCTb JIBDKHUKA B HadyaJle U B KOHIIE YKJIOHA?
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7. Teno cBoOoaHO majaet B TeueHue 4 c. Onpenenure BBICOTY, ¢ KOTOPOH MalaeT Telo, U CKOPOCTh
B MOMEHT yapa 0 3eMJIo.

dopma npeacTaBiaeHus pe3yJabrara:
BreImonHUTE 3aaHue B TETPAAH TSl MPAKTUICCKUX PaboT.

Kputepuu onenkmu:
3a mpaBUIIHLHO BBITOJHEHHOE 33/JaHHE BHICTABIISICTCS TIOJIOKUTEbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJaHNE BHICTABIISICTCS OTpULIATeIbHAast orieHKa — 0 OaioB.
1. Oyenxa «omauunoy svicmasnsiemcs 3a 90 — 100% mpaBUIBLHBIX OTBETOB
2. Oyenxa «xopouoy svicmasnsiemcs 3a 80 — 89% nmpaBUIBHBIX OTBETOB
3. Oyenkxa «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
4. Oyenka «HeyoosnemeopumenvHoy svicmasisemcs 3a menee 60% nMpaBUIBLHBIX OTBETOB

Tema 2.1. Kunematuka

IpakTnyeckoe 3ansitue Ne2
Pemienue 3a1a4 Ha mapaMeTpbl BPallaTeJIbHOT0 IBHUKEHUSI

Henb: HayunThCs pelIaTh 3a7a4u Ha MapaMeTPhl BPAIaTEIbHOTO IBUKEHUS
IIpakTnueckas padora popmupyer: [1P66; [TPG7; I1Py 1; ITPy 5; ITPyS; I1Py 11; 1Py 12;
MP8,MP9,MP10,MP21,MP17, MP13;JIP 26, JIP 14, JIP 23, JIP 13.
Brinosinenue padorsl cnocodocTByer popmupoBannio: OK 01, OK 02, OK 03, OK 09
MarepuanbHoe oOecneyeHHe: WHAMBUAYAJIbHOE 3aJaHUE, KOHCIEKT JIEKLIUH, CIpaBOYHbIC
MaTEepHabl.
3aganue:
1 OTBeTbTE Ha CJICAYIOIIHE BONPOCHI:
o Kakyro popmyiay MOKHO MCHOIb30BaTh JJIsl HAXOKICHUS IYTH, €CIM TOYKa MpoIljia Mpu
KPUBOJIMHEHOM JIBUKEHUU?
o Jlokaxute GopMyiTy, CBA3BIBAIOILYIO BEKTOPHI INHEHHON U YTIIOBOI CKOPOCTH.
e [loueMy paBHBI BEKTOpbl TaHI€HIMAJIBHOTO W HOPMAJIBHOIO YCKOPEHHsS B Cllydae
KPUBOJIMHEWHOTO JIBUYKEHUSI MaTepuanbHOM Touku? Kak HallTH MOy N 3TUX BEKTOPOB?
e UYeMy paBHBI BEKTOpBl TAaHI'€HLIMAJIBHOTO U HOPMAJIBHOTIO YCKOPEHMSI U UX MOAYIH JUIS
BpalllaTeIbHOrO JBUKEHHSI MAaTEpHaAIbHON TOUKHU?
e Kak cBs3aH BEKTOp MOJHOIO YCKOPEHMSI C BEKTOPAMHU YIJIOBOTO YCKOPEHHMsI U YIJIOBOU
CKOPOCTH JUIsl BpallaTeIbHOTO IBUYKEHUS?
ITopsinok BbINOJHEHHS PadOTHI:
1. OrtBerbTe NUCHMEHHO Ha BOMPOCHI MPECTABICHHBIE BHIIIIE.
2. Pemute camocrosTenbHyto padoTy. OpopMute perieHue NucCbMeHHO B TETPAIH.
Xox pa0doThI:
Teopernyeckas 4acTb
ITycTh TEn0 ABMXKETCSA MO OKPY>KHOCTHU pajyca R ¢ MOCTOSHHOMN MO 3HAU€HUIO CKOPOCTHIO V

(MMHEMHOM CKOPOCTHIO) M 3a BpeMs ®t mepemMecTuiiock Ha AS u3 T. A B T. B. Bektop V HampasiieH mo
KacaTeJbHOM K OKPY>KHOCTHU U MCHSCT HallpaBJICHUEC, T.C. MOXXHO I'OBOPHUTH 00 U3MEHEHUH CKOpPOCTH

. Av =
- a=—=0
AV =Vp =V, , OTIIMYHOM OT HyIs1. OTcrofa: At

LleHTpOCTpEMUTENBHOE YCKOPEHHUE (d ) — CKOPOCTh M3MEHEHUS HAIPABJICHHUS BEKTOPa CKOPOCTH.

Aep| = g

Onpenenum
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Av _AS

v-AS
—_— s — A =
N3 nomobus tpeyronsaukoB OABu CBD = v -

a =BV _V-AS A3
P At RAt ;mpult —0dap >am A

v2
> V=la=—
R

Bekrop d HampaBiieH 10 pajinycy K HEHTPY OKPYKHOCTH.

[Teprox oOparieHust TOYKH 10 OKpY)HOCTH () — Bpemsl, 3a KOTOPOE TOYKA OIUCHIBACT OJIHY
OKPYHOCTb.

2R

\ V2 27R _472'2
v=— _|la=—5"R

[T1=1c U3“" 7 u 71 ® 1°

T

YacroTa oOpamnieHust TOYKH 110 OKPYKHOCTH (4 ) — KOJIMYECTBO MOJHBIX 000POTOB, COBEPIIIAEMBIX TOUKOMH

1 1 v
v=—| [v]l=1- |v="F > >
B €IMHULlY BDEMEHH. T C; 2R |a = 4x“v R)|.
VYT0Basi CKOPOCTh OOPAIICHUS TOUYKH 10 OKPY)KHOCTH () — CKOPOCTh U3MEHECHHUS yIiia IOBOpoTa &
2
Aa [w]=122|w=22
paaunyca R, COeqUHSIONIET0 TOUYKY C HEHTPOM W= “At| OKPYXKHOCTH. c T

v2 w?R?

A\ A%
®;W:2ﬂﬁ2E®|V=wR|;|V=2mR|; TR T TR ®la=wkR|

2. Pemure 3a1a4u 1J151 CAMOCTOAATEJILHON PadoTHhI.

1. ABromMoOUIIb IBMIKETCS MO 3aKpyTieHuI0 paguycoM 100 MeTpoB co CKOPOCTHIO 36 KM/4.
OmnpenenuTsd ero HEHTPOCTPEMUTENBHOE YCKOpeHHe. (0TB.: 1 M/c)

2. ABTOMOOWJIb JBIKETCS IO 3aKpyrJeHHI0 paamycoM 80 METpoB €O CKOpPOCTBIO 54 KM/d.
OmnpenenuTsd ero HEeHTPOCTPEMUTENIBHOE YCKOPEHHUE.

3. TouwmnmeHeli Kpyr pagmycoM 10 cm gemaer oxmH obopot 3a 0,2 c. Haiimure CKOpOCTh TOUEK,
HauboJee y1aJeHHbIX OT OCH BpaIlIEeHUs.

4. Camonért, BBIXO/IS U3 TIHKE, ABIKETCS 110 TPACKTOPUH, KOTOpas B HM)KHEH YacTH SBISETCS JTyTOu
okpykHocTH paguycoM 800 M. Beruucinute yckopeHue camoséra Ipu €ro JBUKEHUH, €CIH €ro
cKOpocTh paBHa 720 km/4. (oTB.: 50 M\c?)

5. CnyTHHK JIBHXeTcsl IO KpyroBoit opoute Ha BbicoTe 630 kM. [lepuon oOpamienus cnytHuka 97, 5
MuHyT. Ompenenute ero JWHEHHYIO CKOPOCTh M IEHTPOCTPEMHUTENbHOE YCKopeHme. Pammyc
3emmm 6370 kM. (OtB.: 7514 Mm/c; 8,1 M/CZ)

6. Bpewmst ogHOTO 000pOTa BOKPYT OCH paBHO 24 4yaca. BerauciuTe yriioByro U JIMHEHHYIO CKOPOCTH
BpallleHus TOUeK Ha 3kBarope. Pagnyc 3emnu cuntars paBHbIM 6400 kM (o1B.: 0,0007 pan/c; 448
M/C).

7. Tlepuon obOparieHus MepBoro KOCMHUYECKOro Kopabis — cnyTHuKa 3emin «Boctok» paBnsuics 90
MuHyT. CpenHss BbIcOTa CIyTHHMKA HajJ 3emuéi Obuta paBHa 320 kM. Paamyc 3emmu 6400 xwm.
Brraucnure ckopocTs Kopabis.

8. KakoBa ckopocTh ABM)XEHHS aBTOMOOWIISA, ecliu ero kojeca pamuycomM 30 cm agemator 600
000pOTOB B MUHYTY?

9. Jlyna nBuxercst BOKpYT 3emin Ha pacctossHuu 380000 kM oT He€, coBepiuias ouH 000poT 3a 27,3
CYTOK. BpIuncnure neHTpocTpeMUTENIbHOE yCKOpeHue JIyHBI.

®opma npeacTaBieHus pe3yabTara:
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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, 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 2.2. JluHamMuKa
IIpakTuyeckoe 3anaTue Ne3
Pemenue 3ana4 mo reme « BuanI cuj1 B MexXaHHuKe.
Cuiia TpeHus NOKOs, CKOJIbKEeHNUsl, KAYeHUs, BPALLEHUI»
Heab: packpbiTh copepkaHue 3aKkOHOB HbIOTOHA M OCOOCHHOCTH CHJI Pa3IMYHOM MPUPOIBL; 3aKPENUTh
YMEHUS U HaBBIKHU PEIICHUS 3a/1a4 Ha BTOPO 3aK0OH Hbpl0TOHA, KOT/1a Ha TEJIO0 JEeHCTBYIOT HECKOJIBKO CHUJI.

IIpakTnueckas padora popmupyer: [1P66; [TPG7; I1Py 1; ITPy 5; ITPyS; I1Py 11; 1Py 12;

MP8 MP9,MP10,MP21,MP17, MP13;JIP 26, JIP 14, JIP 23, JIP 13.

Brinosinenue padorsl cnocodocTByer popmuposannio: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe oOecnedeHue: TETpaab [JIs TPAKTUYECKUX paboOT, pydKa, METOJIUYECKUE
PEKOMEH/IallMH IO BBHIIOJTHEHHUIO pa0OThI, TMHEIKA, KapaH Jalll.

Yxka3zanme: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacT€d — TEOPETHUECKON M MPaKTUYECKOI.
[Tocne u3yueHus: TEOPETUUECKOTO MaTepralia MOXKHO MPHUCTYNATh K BBHIIOJHEHUIO MPAKTHUECKON YacTH.
Omna coctouT U3 IBYX H 0oJiee 3a/1a4 Il CaMOCTOSTEIHHOTO BBINTOJIHEHUS. He 3a0biBaiiTe 0 nmpaBUIbHOM
odopmiiennu pemeHus. Ha BbImoaHeHHE MPaKTUYECKOW OTBOJUTCS JIBa aKa/IEMUYECKUX Yaca.

IMopsiok BbINOJIHEHUS PA0OTHI:

1. PaccMoTpuTe TeEOpeTHUECKHH MaTepual IO TeMe W NpHUMEphl pelleHus 3aaad (CMOTpu
METOAMYECKOE MTOCOOHeE).
2. Pemute camocTosTenpHYI0 padoty. Odopmute penieHne MICbMEHHO B TETPAIH.

Xoa paGoTsI:

1. Teopernyeckas yacTpb
ﬂuHamuKa. OcHosHnble nonsmus

Nuepuus — sBIEHUE COXPAHEHHMS CKOPOCTHU JBMIKEHHUS Teja MPU OTCYTCTBUU
BHEIITHUX BO3JICHCTBUN.

NHepTHOCTH — CBOWCTBO TeN, MPOSBISAIONICECS B TOM, YTO TPH OJIMHAKOBBIX
BHEIITHUX BO3/IEHCTBUSIX Pa3HbIE TeJla MPUOOPETAIOT Pa3HBIE YCKOPEHHUS.

Macca (m) — Mepa uHepTHOCTH TeJ1.  [M]=1kr. |a,

3a 3TaJIOH MacChl (1 KI/IJ'IOI‘paMM) IMpUHATAa MacCa MCKAYHAPOJHOI'O MIPOTOTUIIA KUJIOT'paMMa.

W3 onpITOB M3BECTHO, 4YTO YCKOPEHHMs, IOJydaeMble TelaMH IMpU B3aUMOJEHCTBUHU, OOpaTHO
MIPOIMOPLIMOHAIIBHBI UX MacCaM: .

Eciu Maccy KaKoro-JImoo Teia MNPHUHATH 3a 3TAJIOH, TO MOXXHO U3MCPUTHL MACCY APYIrUX TCII:

— 1£ m — m)T ) aaT
M3 TEAA

a'TEAA
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[TnoTHOCTH Tena ()) — OTHOIIEHHE MAcChl Texa M K ero oobemy V.

<|3

Cuna (F) — mepa MexaHMYECKOTrO JCHCTBHS OJIHOTO Tena Ha Ipyroe.
[F]=1H — HbtoTOH.

Cuna nmeer HaIpaBJICHUE, T. €. CULA-6EKMOP.

Cuma BCCra IPUIIOKEHA K TOMY TCI1Yy, HA3BAHHUC KOTOPOI'O CICAYCT B IMPCAIOXKCHUU IIOCJIC IIpEajiora
«Ha».

Cunosoe nosue — 0coOblil BUI MaTEPUH, IOCPEICTBOM KOTOPOrO NepeaacTces AeUCTBUE CUIIBIL.

—

F

PaBHojelicTByromas (pesyibrupyromas) cui ( R) —cuna, paBHas BeKTOpHOW CyMMe JaHHBIX CHI i .
A=Y F

JlaBienue (p) — OTHOIIEHHE CHJIBI K IUIOMIAMM IOBEPXHOCTH, HAa KOTOPYIO OHa JEHCTBYyeT B
MEPIEeHIUKYIIPHOM HaIlPaBJICHUU.

H
F [p]= 1? =
S 1 ITa — mackanb

I/IMHy.]'IbC TCJl1a (p)— BCKTOpHAaA MCpa MCXaHUYCCKOI'O IBHIKCHUSA, paBHaA IIPOU3BCACHUIO MACChI TCJIa HaA

KI'-M

= = =1
ero CKOpOCTb. [p ] c

Wmmnynece cuibl ( 7 - Ar) — BEKTOpHast Mepa JICHCTBHsI CHJIBI, paBHAs MPOM3BEICHUIO CHIIBI HA BpeMs e
nevicteusa. [FOE®t] =1 HPc.

3akonbsl HeroTOHA

O06001muMB pe3ynbTaThl CBOUX HCCIENOBaHUN U, yuTs padoty [anunes «O IBUKEHUM TEN 10 UHEPLUN»,
HproTOH chopMynnpoBa 3aKOHUCHHOE MOJI0KEHHE, U3BECTHOE KaK MepBbIii 3akoH HeloToHa:

CyH_IeCTByIOT CUCTCMbI OTCYCTA, OTHOCUTCIBHO KOTOPBIX TCJIO HAXOAUTCS B IIOKOC 6o JABHOKCTCA
HpHMOHHHeﬁHO 1 paBHOMCPHO, €CJIA paBHOHCﬁCTBYIOUlaH BCCX MPHUJIOKCHHBIX K HCMY CHJI paBHA HYIITO.

WNuepuumanshas cucrema otrcuéra (MCO) — cucremMa OTCYETA, B KOTOPOM BBINOJIHAETCS
nepBbIi 3ak0oH HproToHa.

- Ap  mAvV -

F A =ma o
Us At At [oJy4yaeM BTOpo 3akoH HeroToHa:

J1s1 Teiia HOCTOSIHHOM MAacCCEI CKOpPOCTb HM3MCHCHHA HUMITYJIbCA paBHa IMPOU3BCACHUIO MACCbl Ha
YCKOpEHHE.

Bropoii 3akon Hetotona pabdoraetr Tonsko B MCO u npu yclioBUH, 4TO Macca Tela U JEHCTBYIOIIME Ha
HETO CHJIbI [IOCTOSIHHBI.
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Bropoii 3akon HprooToHA crnpaBemsiuB Uil paBHOAEHCTBYIOMENH R BCeX CHJI, TPUIIOKEHHBIX K TEIY,

IIO3TOMY, INPCKIAC YEM peUIaTh 3aaa4u C €0 IPUMEHCHUEM, HAJ1I0 OIIPEACIUTD R.

Tpernii 3axkoH HproTOHA:

Cuibl, € KOTOPHIMH [IBa Tejia JCHCTBYIOT JAPYr Ha JApyra, YHCICHHO DPaBHBI M HAlpPaBJICHBI B
MIPOTUBOIMOJIOKHBIE CTOPOHBI IO OJTHOM MPSAMOIA.

Tpernii 3akon HeroTona pabortaer Tosibko B CO.
3aKOH BCEMUPHOTO TATOTEHUS

[Tonaras, uro Bce Tena Beenennoit B3aumMHO npuTsaruBaroTcs, HptoToH B 1682 . chopMynupoBai 3akoH
BCEMHPHOI'O TSATOTEHHUS: BCE TeJla MPUTSITUBAIOTCA APYT K APYTY C CHIIAMH, IPSIMO MIPOMOPIIMOHAIBHBIMU
MIPOM3BEICHUIO UX MacC U 0OPATHO MPONOPIIMOHATHHBIMU KBAJIPATy PACCTOSIHHSI MEXKIY HUMH.

_y-m-m,

FlZ R 2

riae F1o — crita B3auMHOTO IPUTSKEHUS TET Mace My | My;

© — rpaBUTAIMOHHAs TIOCTOsTHHAsL. ©= 6,6720 @ 10™ Hm?/kr?.

Cuuibl B ipupoje

Cuma  TsokectH  (Fu) —  CHIA, cooO1mraromas Teny
YCKOpEHHE CBOOOHOTO TaJCHUSI.

'I'I
Il
3

«Q

msoie

Cuna TsoKeCTH HallpaBJICHa BECPTUKAJIBHO BHU3 (nepneH):(HKmepHo

KacaTelbHON K MOBEPXHOCTH 3€MIIH).
Peakuusi( N ) — cuia aeicTBHs onopsl (IojBeca) Ha TelIo.

Bec tena (P) — cuna, ¢ KOTOpO# Teo ACHCTBYET Ha OTMIOPY MJIH MOBEC BCIICACTBHE MPUTHKEHUS K 3emIte.
HeBecomocTs — ncUye3HOBEHHE Beca Tesa MPH JIBUKEHUH OMOPHI ¢ YCKOPEHHUEM CBOOOTHOTO MaeHUsI.

Heperpy31<a — YBCIIMUCHHUC BE€CA TCJIa IIPU ABHUIKCHUUN OIIOPBI C YCKOPCHHUEM BBCPX.

F, =—kx

Cuma  ympyroctu  (#y) —  cwuia, BO3HUKAIOIIAs B TeJe MPH JedopMalnu.

3akoH ['yka: cuia ynpyroctu, BO3HUKaroas pu aedopMaiuu Teia, NponopiroHaibHa ero abCoI0THOM
nepopMali 1 HallpaBJIeHa B CTOPOHY, IPOTUBOIOJIOKHYIO IEPEMEIICHUIO YaCTHUI] TeJa:

Cuiia TpeHus TOKOs ( Frp.n) — CHJIA, BO3HUKAKOIIAS HA TPAHUIIE COPUKOCHOBEHUS TEJ IIPU OTCYTCTBHU UX
JBUKEHHSI OTHOCUTENBHO JIPYT IpyTa.

# — xooddurment Tperns (3aBucut ot |Fip =4#N| marepmanos Tpymmxcs moepxHOCTEN).

Cuna TSKeCTH — 3TO rpaBUTAIIMOHHAs CHJIa, ¢ KOTOpoil 3emiis mpuTsruBaer k cede tena: F = mg,
r7ie g — YCKOpEeHHe CBOOOTHOTO majaeHus, g = 9,8 m/c2. .
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Yckopenue cBoOomHOro maaeHust 3aBucuT oT: 1) R 3emnu (reorpaduueckoit mmpotsl): gyem R
3emmn 1T (9kBaTop), TeM g | 2) h — BBICOTHI Tena Haja MOBEPXHOCTHIO 3eMiu: uem h |, tem g |. Jlua
nr060ro kocMuueckoro tena Frsok = G M /(C1+0]) [

MuHumanbHas CKOPOCTb, KOTOPYIO HY)KHO COOOIIMTH TETy, YTOOBI OHO MOIJIO JBUTATHCA BOKPYT
3emiu 1o kpyrosoit opoute (MC3) - mepBas kocMuyeckast ckopocts vl = 7,9 km/c.

MuHumanbHas CKOPOCTb, NMPU KOTOPOM TENO MPEOJ0JIeBaeT 3€MHOE MPUTSIKEHHE M CTAHOBUTCS
cnyraukoM CounHia (opburta = mapaboiia) — BTopas KocMUYecKasi ckopocTs v2 = 11,2 km/c.

CkopocTh, mpH KOTOpoil Teno mpeonosieBaeT mnputsbkeHue ConHua u nokuaaer CoNHEYHYIO
CHCTEMY — TPEThsl KOCMUYECKast CKOpocTh L3 = 16,7 km/c.

Cuwia TpeHHsl: BO3HHMKAeT BJOJIb MOBEPXHOCTH JIBYX TPYLIMXCA Teld H3-3a AedopMaluud 3TUX
MOBEPXHOCTEH M HampaBlieHa BJOJb MOBEPXHOCTH MPOTUB cMmelleHus. lIpupona — ayeKTpoMarHuTHAS.
Utp = uw N, tme N — cuna peakiuu onopsl, | — ko3 dunueHT Tpenus. Cuia TpeHus ObIBaeT: MOKOf,
CKOJILKEHUS, KAaUeHUs M JKUAKOe TpeHue. Ecnu TpeHue moje3Ho — ero yBeJIWYHBAIOT (LIypyIbl, MECOK,
IIUIOBKH, PYKaBUIbI U T.JI.), @ €CJIM BPEAHO — YMEHBIIAIOT (MOAMUITHUKY, CMa3ka, o0Tekaemas opma u
T.1.). Crta ynpyroct — BO3HUKaET 1pH aegopmanuu tei. [Ipupoaa — anexrpomMarHuTHas.

Hedopmarust ObiBaeT ympyras (pacTsbkeHUE - CKaThe, W3rud, CIBUT — Cpe3, KpydeHue)
TUTACTHYECKas (HE MCUYe3aeT MOCie MPEKPaIIeHUsT BO3ICHCTBHSL.

Ona ynpyron pgedopmauyumn BbINONHAETCA 3akoH [yka: cuna  ynpyroctu npsiMo
nponopuuoHansbHa yanuHenuto tena: F = — kAL, raoe k — xectkocTb Tena, Al — ero yanmHeHue.

3Hak «—» ykasblBaeT, YTo Fynp HanpaBneHa NpOTMBOMOSIOXKHO CMELLEHMIO YacTul, Tena.

Bec Tena — 3To cuna, ¢ KOTOpPOi Teo, BCICACTBUE €r0 MPUTSHKEHUS K 3eMJIe, ACHCTBYET Ha ONOpy
wiu noasec: P = mg, rne P — Bec Tena, g — yckopenue cBoO6oHOTO najeHus, g = 9,8 m/c2 .

B »TOM Cciyuae omopa MJHU IIOABEC HaXOLATCHA B COCTOSHMUM DABHOMEPHOI'O
OIPAMOJIMHEMHOI'O ABUXEHUNA OTHOCHUTEJBbHO 3eMiyu. OLHaAKO, BEC MOXET 6BITH
60JIiblle HJIM MEHbIIe CHJB TAXEeCTH. Ecyu omopa MJIM IOABEC ILBUXYTCH
YCKODEeHHO BHU3, To Bec P = m(g—a).

Ecnu omopa win moaBec IBHUXKYTCS YCKOPEHHO BBEpX, TO Bec P = m(g+a), Teno HCHbITHIBAET
neperpy3ku. Eciam Temo ABMXKETCS TOJNBKO MOJA JEHCTBUEM CHIIBI TSDKECTH, TO OHO HAaxoIATCs B
cocrosinnu HeBecomoctu (P = 0).

2. Ilpumepsl pemieHus 3a1a4

1. ABTOOYyC, Macca KOTOPOTO C TOJIHOM Harpy3koi paBHa 15 T, Tporaetcsi ¢ Mmecta ¢ yckopenuem 0,7
M/c 2 . Haiftu cumy Tsru, ecnu KodhOUIMEHT COPOTUBIICHH IBHKeHUIo paBeH 0,03.

Jano: Pewenue:

m=151=15-103kr =

a=0,7w/c? s {L T X F,+N+F+mg=md

u *"0,03 ,42:{*‘#? _‘E‘i’:ij‘f? OX:-F, +F=ma

i T e OY:N-mg=0->N=mg
.‘/77;/ FTp =MN - Erp = mmg

—

-mmg + F =ma
F=ma + Mmmg=m(a + mg)
F = 15-10%xkr(0,7 m/c? + 0,03:10 m/c?) = 15: 10%kr1 m/c? =
15-10°H
Omeem: 15-103H

2. Ha HakJIOHHOM IUIOCKOCTH JUIMHOM 5 M M BbICOTOH 3 M HaxomuTcs rpy3 maccoit 50 kr. Kakyro
CHITy, HalpaBJIE€HHYIO BJOJb IJIOCKOCTH, HAZ0 MPUIIOKHUTH, YTOOBI yIIEp:KaTh 3TOT TPY3, €CIU TAHYTh €ro
c yckoperueM 1 m/c 2 ? Koapdunment tperus 0,2.
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Hano: Pewenue:

m = 50 kr B

a =1 m/c? M Y e 7; CocrasuM ypaBHEHHE JIBUIKEHNS Tella:
M= 0,02 g ’X [ FEu+N+F+mg=ma

I=5m ¥ : AT [ Haiinem npoexuum cuir na ocm:
h=3m s — Oce OX: -F, + F - mgsina = ma

F-? Ocs OY: N ~mgcosa =0 = N=mg cos a

Fyp = MN = E, = Mmmg cos a

[Tojcrasne BrOopoe ypasHEHHE B IIEPBOE, MOJYHUHUM
-mmgcos @ + F - mgsin a= ma

HaxoauM npon3soiHyio BeIHUnHY:

F = Mmmgcos a- mgsina + ma niau

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

ITo onpeaeneHnio cuayca uMeeM

} 3
sina = = sina = — = 0,6
{ 5m

H3 0CHOBHOTO TPHIOHOMETPHYECKOID TOKICCTEA

sina? +cosa’=1,
cosa=v1—sina’=y1-036=y064=08

BuraueInM HCKOMVEO BETHUHHY:

F =50 xr(02:10 wc- 08 + 10 wc*0.6:1 wic?) = 430 H
Omeem: 430 H.

3. Ha mnype, nepekMHyTOM uepe3 HEeMOABMXHBINA OJIOK, mojBemieHbl rpy3bl maccamu 0,3 u 0,2 K.
C kakuM ycKOpeHueM ABUKYTcs rpy3bl? KakoBa cuiia HaTS)KEHUsI BO BpeMs IBUXKEHHUS?

Jano: Pewenue:
my =0,2 kr yf P sy """ CocraBum ypaBHEHHME JBUIKEHHUS IS
my =03 kr k7 ' JIBYX TeJl:
2T <% fol "L A4 yh o —
@5 1= ¥ v {mlg+Tl= ma
ni H vy 2t — —d
, / myg + T, = mpa;

a Haiinem npoekunn cun Ha ock OY:
{ I -mg=ma
—Tz +myg = m2a2’
T.k. Tena cBsA3aHBI OJHOIT HUTBIO, TO
Tl =T2 =Tua1 =az=a,
T—-myg =ma
Tor,ua,{ T 19 _ . .
—T+myg =mya
CnoxuM 3TH ypaBHEHUS:
—-myg + myg = (my; + my)a unu
gmy —my) =(my + my)a
Pemm 310 ypaBHEHHE OTHOCHTEIBHO HEW3BECTHOI BETHUMHBI

my—m 10 m/c%(0,3kr—0,2xr
a= g(z—l),abmucnuM a= e/ Qa2 2 w/c?
my+my 0,3kr+0,2kr

Cuny HaTsDKeHMs HaliaeM ux nepsoro ypasHenusi: T=mq(g + a)
Boiuncaum: T = 0,2kr(10 M/c? + 2 m/c?) =24 H
Omeem: 2 M/Cz; 24H

CamocrosiTesibHasi padoTa

Bapuant Ne 1

1. bpycok maccoit 0,2 Kr paBHOMEPHO TSHYT C MOMOIIBID JUHAMOMETpaA MO TOPU30HTAIHLHOU
wiockocTH crona. [lokazanue nuaamomertpa 0,4 H. Onpenenure kodhHUIIMEHT TPEHUS CKOBKEHHUS [L.

2. Ha HakJIOHHO# TJIOCKOCTH C yriioM HakjoHa 20° HaxomuTcs Teno maccou 20 kr. Ompenenure
CHIIy, HalpaBJICHHYIO BJAOJb IUIOCKOCTH, KOTOPYIO HEOOXOAUMO MPHUIIOXKUTH K Tely, 4TOOBl €ro
paBHOMEpHO aBUTaTh BBepX. Koaduuuent tpenus tena o miaockocts 0,4.
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3. Ha HuTH, IepeKnHYyTON 4epe3 HeNoABMKHBIN OI0K, moasemeHs! rpy3sl Maccamu 0,3 u 0,34 kr.
3a 2 ¢ mocie Havajia ABMKEHUS KaXKIbIi rpy3 npoien myTh 1,2 M. [Io 7aHHBIM OmnbITa HAWUTH YCKOPEHUE
CBOOOHOIO NIaICHHUS.

4. DJIeKTPOBO3, TPOTasiCh C MECTa, pa3BUBAECT MaKCUMalIbHYIO cuity Taru 650 kH. Kakoe yckopenue
OH COOOIIHUT KENe3HOIOPOKHOMY cocTaBy Maccoit 3250 T, ecnu KOA(HUIMEHT CONPOTUBIICHUS PaBEeH
0,005?

Bapuant Ne 2

1. Kakyroo cwity Hago NpUIOKUTH JUIsl MojJbeMa BaroHeTku mMaccoi 600 kr mo scrakaje ¢ yrjiom
HaksoHa 20°, eciu K03 GULueHT conpoTuBIeHUs IBUKeHUI0 paBeH 0,057

2. Ha HakjI0HHOHM MJIOCKOCTH ¢ yrioMm HakjioHa 30° Haxomutcs Teno maccoil 20 kr. Onpenenure
CUIy, HaMpaBJICHHYIO BIOJb IUIOCKOCTH, KOTOPYIO HEOOXOJUMO MPHIOXKUTH K Telly, YTOOBI €ro
paBHOMepHO nBUrath BHU3. Koadduuuent tpenus tena o miaockocts 0,6.

3. Ha mmHype, nepeKnHyTOM 4epe3 HemOIBMKHBINA 00K, moaBemeHsl rpy3sl maccamu 0,3 u 0,2 kr.
C kakuM yCKOpeHHeM ABMXKYTcs rpy3bl? KakoBa cuia HaTs)KeHUS IIHYpa BO BpeMs JBUKCHUS?

4. ABromoOmiIb maccoir 1 T, Tporasce ¢ mecta, mocturaetr ckopoctu 30 m/c uepe3 20 c. Haiitu
CHILY TSTH, eclii KO3QuImeHT conpoTtunienus pasex 0,057

dopma npeacraBjeHus pe3yabTara:

BreinmonHuTh 3asaHue B TETPaAH ISl MPAKTUYECKUX padoT.

Kpurtepun ounenku:
3a npaBUJIbHO BBIMOJIHEHHOE 331aHKUE BBICTABIISICTCS MOJIOKUTENbHAS OIleHKa — 1 Oa.
3a HelpaBWIBHO BBIMIOJTHCHHOE JICHCTBHUE, 3a/IaHNUE BBICTABIISIETCS OTPHUIIATEeIbHAsS olleHKa — () 0ayuioB.
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 nmpaBUIBHBIX OTBETOB.

Tema 2.3 3ak0oHBI COXpaHEHHS B MeXaHHKe

IIpakTuueckoe 3ansaTue Ned
3aKoHBI COXpaHEeHHUs] B MeXaHUKe U UX IPUMeHeHHne

Ienpb: 3aKkpenuTh yMEHHS U HABBIKU PELICHMS 3a/1a4 HAa 3aKOHBI COXPAHEHUS

IIpakTnueckas padora popmupyer: I[1P66; ITPO7; I1Py 1; ITPy 5; IIPyS8; I1Py 11; [Py 12;

MP8,MP9,MP10,MP21,MP17, MP13;JIP 26, JIP 14, JIP 23, JIP 13.

Boinosinenue padorsl cnocodcTByeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09

MarepuaibHoe of0ecredyeHMe: TeTpagb I IMpaKTHYECKHMX paldoT, pydka, METOIUYECKHE
PEKOMEH/Ialli 1O BBIIOJHEHUIO pabOoThI, TMHEIKa, KapaH/Jalll.

Ykazanue:

[TpakTuyeckas paboTa COCTOMT M3 JBYX 4YacTell — TeopeTHueckod W mpaktuueckoil. ITocie
M3Y4YEeHUs] TEOPETUYECKOro MaTepuaia MOXHO IPUCTYNATh K BBIIOJHEHUIO MpakTHueckod udactu. OHa
COCTOMT M3 JBYX W Oosiee 3ajauy A CaMOCTOSITENIbHOTO BbIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
odopmiiennu pemeHus. Ha BbImosHeHNE MpakTHYECKOW OTBOJIUTCS /IBa aKaIEMUYECKUX Yaca.

ITopsinok BbINOJHEHHS PadOTHI:

1. PaccMoTpuTe TeopeTHueckHii MaTepuad MO TeMe€ M TMpUMEpbl pelleHus 3agad (CMOTpHU
METOAMYECKOE TIOCOOHE).

2. Pemute camocrosTenbHyto padoTy. OdopMuTe penieHre NucbMeHHO B TETPaIH.

Xoa padoThi:

1. TeopeTuyeckas 4acThb
3aKOHBI COXPAHEHUS UMITYJIbCa, MOMEHTA UMITYJIbCA, JHEPTHH U Jp. AEUCTBYIOT B 3aMKHYTBIX CUCTEMAaX.
3amxnymou Ha3bpIBaeTCid CHCTEMa TeJ, B3aUMOIECHCTBYIOIIMX TOJBKO JPYyr C JAPYroM U He
B3aMMOJEHCTBYIOIIUX C JPYTUMHU TEIAMH.

HUmnynoc cunbl — BEKTOpHAsI BEIMYMHA, SBISIONIAACS MEPOW AEHCTBUS CUIIbI 32 HEKOTOPBIA TPOMEKYTOK
BpPEMEHH.
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I=F-t, |- HMITYJIbC CHJIBI F 3a Bpems t
HNmnynbe Tena (KOIMYECTBO [BMXKEHUS) — BEKTOpPHAs (U3MYecKas BEIMUYMHA, SBIAIOLIAsCS Mepoi
MEXaHUYECKOIO JBUKEHUS:
Ke*M
P=m-0; c
Bropoii 3akoH Hbr0TOHA MOXKHO 3aIIMCHIBATh B BUJIE:
Ft = mv, — mv;

P — yMmynbe Tea Maccoi m, JBMIKYIIETOCS CO CKOPOCTBIO U .

3akoH COXPAHCHUSA UMITYJIbCAa - BCKTOPHAA CyMMa UMITYJIbLCOB TCJI, COCTABJIAIONINUX 3aMKHYTYIO0 CUCTCMY,
ocTaéTcs HEM3MEHHOM.

mo, + M0, = my, +m,0,

M1, M, — Macchl TEJI,

01, D2 — CKOPOCTHU TEJ 10 B3aUMOJICUCTBHUS,

U1, Uz — CKOPOCTH TEJI MOCJIe B3aUMOJICHCTBHUS.

Ecmu CymMMa BHCIIHUX CHII, I[eflCTBymHIHX Ha TCJIa CHUCTCMBbI, paBHa HYJIIO, TO HMIIYJIbC CHCTCMbI
COXPAaHACTCA:

P =muo, + m,v, + mu, = const

KommuecTBo HOTpe6J'I$ICMOI71 SHEpPTrUu — OJWH M3 TJIaBHBIX MoKa3zarejae TEeXHHUYECKOTrO Pa3BUTHUA
obmecrBa. [Ipom3BoncTBo, pacmpenercHue ¢ MOTpeOJIEHHE HSHEPTUM  HEBO3MOXKHO 0e3  eé
npeoOpa3oBaHus U3 OJTHOTO BHJA B apyro.  Ecom  moxm  neictBHeM
MOCTOSHHOH ~ cumsl P Teno COBEpIIMIIO  MEepeMelleHne S, TO
TOBOPST, YTO CHJIOH COBEpIICHA paboma.
PaGora (4) -  ckamspHOe IIPOU3BE/ICHUE BEKTOPOB CHJIBI Fou
HEePEMEIICHUS § .

rne ( — yrox mexayF u §; Fs=F-cosa — npoekuus F
A=‘|3H§‘~cosa=F~S~cosa=FsS Ha N :% HarpaBJICHHUE.
[4] = 1| H®m = [l — wxoys [N]=12% _1By

C

MorHocTh (N) — cKkOpOCTh COBEpIICHHUS paOOThL. — BATT

JHeprus

Mexanuyeckas CMCTeMa — COBOKYITHOCTh MAaT€pUATbHBIX TOYEK, B3aUMOJICHCTBYIOIIUX JIPYT C APYTOM U
TeJaMU, HE BXOJSIIUMHU B 3TY COBOKYITHOCTb.

[Tocne comepmieHust paboThl CUCTEMa TMEPEUET W3 OJHOTO COCTOSHUSA B jApyroe. Torma pabora —
¢dbusnueckas BENUYMHA, XapaKTePU3YIOIIAs #poyeccrepexoia MEXaHHYeCKOHW CHUCTeMbl W3 OJHOTO
COCTOSIHHS B IPYTOE.

MO0OXHO TOBOPHUTH, YTO CYILECTBYET HEKHMI MapamMeTp MEXaHWYECKOH CHUCTEMbl, U3MEHEHHE KOTOPOTO
paBHO COBEpIIEHHON paboTe A.

Mexanuueckasi sHeprus (E) — mapamerp MEXaHHYECKOW CHCTEMbI, U3MEHEHHE (AZ) KOTOPOrO PaBHO

coBepénHoit pabote (A). a2 = A, [E]=1 Tk

rac E1 — MCXaHHNYCCKas SHCPIrus CUCTEMbI B HAYaJIbHOM COCTOAHUU
E2 — MCXaHUYECKas SHEPIrusa CUCTEMBI B KOHCYHOM COCTOSHUMU.

V3MeHEHNE DHEPTHHU AE MOXKET OBITH KaK MOJOKHUTENBHBIM, TAK U OTPULIATEILHBIM, T. €. AE = HAE|,
U3 (*) BbITekaeT: paboTa — Mepa U3MEHEHUSI MEXaHUYECKOW SHEPTUU CUCTEMBI.

Kuneruyeckasi 3Heprus

Kunernueckast sHeprus (E,) — MOJIOBUHA IPOU3BEICHUS MACCHI TEJIa Ha KBAIPAT €ro CKOPOCTH.

KI/IHeTI/I‘IeCKaSI 3HCpFI/I${ — 3Heer${ mv2 IBHXKCHUSL.
E T —
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Torna |A =Eo —Eq I/I.HI/I|A =AE| T. e. eciu CHJIa COBEpIIACT MOJIOKUTEIBHYIO PaboOTy, TO KHHETHYECKast
SHEPrus Tejla BO3pacTaeT, U 00paTHO.

IHoTenunanbHast JHeprus

[MorennuansHast sHeprus (E,;) — SHEPTUs B3aUMOJICHCTBUS TEJl MM YacTel Tea.

HyneBoli ypoBeHb MOTEHIUATBHOM SHEPIUU — COCTOSIHUE CUCTEMBI, B KOTOpoM £y, = 0.

HyneBoit ypoBeHb TOTCHHHMAJIBHOW SHEPrUM B3auMoOJACHCTBUSA Tena ¢ 3emnén (HVYIID3) —
TOPU30HTAIIbHAS IUIOCKOCTh, HA KOTOPOW IpUHUMaeTcs Ey, cucteMbl Teno—3emiis paBHON HYJIIO.

I[TycTh TENo Macchl M MO AEHCTBUEM CHIIBI TSKECTH Frye TEPEMECTHIIOCH € BBICOTHI Ny 10 BBICOTHI h, O€3
u3MeHeHHus: ckopocTH. Pabora cwmibl  TspkectH A= Fg S =mg(h —hy) =mgh, —mgh, =—(mgh, —mgh, ) =

=—(Enz —Eq1) Hﬂﬂm.

[loTeHumnanbHas sHeprus B3auMojedcTBus |E =mgh| Tema c¢ 3emnedt (E,) — mpousseneHue cuibl

TSDKECTH TeJla Ha BBICOTY N TOJOXKEHHS LIEHTpa Macc Tena oTHocutenbHo HYIIOD3.
[ToTeHumansHOI SHEPrUel B3aMMOACHCTBHS YacTeil Tesia 001a1aroT ynpyro AeopMUpOBaHHbIE Tela
[loTreHunanpHass 3HEpPrus  yOpyro kx| nmedopmupoBannoro Tema (E,) —  monoBuHa
npousBeneHus xeéctkoctu K Tena Ha E, = "5 | kBaapar ero abcostoTHOI Aedopmaruu x.

3aKoHBI COXpaHEHUsI B MEXaHHUKe

DHeprus HHTEePECYET YEeIOBEUYECTBO Ha BCEM MyTH €ro pa3BuUTHsA. Bexamu ionu
MIBITATHCH nu3oopecTu MAaIIUHY («seunviti  0gucamensvy), TMO3BOJISIOIIYIO
MOJIy4aTh YHEPTHIO U3 «HUOTKYIA.

3aKOH COXpaHEHHUs U TMpeBpalleHus sHepruu (1m.3.2) 3ampeniaer CylecTBOBAaHUE BEYHOIO JIBUTaTells,
OJTHAKO BPEeMs OT BPEMEHH TOSBIISIFOTCS JFO/IU, OOBSBISIONINE O CO3/IaHUHM OUYEPETHON er0 MOJISIIH.
3aK0H COXpaHEeHHSI MEXaHUYeCKOI IHepPrumn

BHemrHue CHithl — CHITBI, JCHCTBYIONIUE CO CTOPOHBI TEJI, HE BXOISANINX B JAHHYIO CUCTEMY.

3aMKHyTass MEXaHUYECKasl CUCTeMa Tell — CUCTEMA, Ha KaXJ0e U3 Tell KOTOPOH HE JCHCTBYIOT BHEIIHHE

CUJIBI WJIM PABHOJIENCTBYIOMIAS BCEX BHEIIHUX CHJI PABHA HYJIIO, T.€. 2 Fioww =0
PaccMOTPHM 3aMKHYTYIO MEXaHHYECKYIO CHCTEMY TeJl, 3HAUCHHs TOTEHIMAIBHON DSHEPIUM KOTOPOMl B

HAa4aJIbHOM U KOHEYHOM COCTOSIHUSIX PaBHBI Eyy U Eppp, KHHETUYECKOU: ¢ U Eyo! |E.<1 +E,=Ep + En2|.
[Tonnas mexaHu4decKasi SHEPrUus CUCTEMbl — CyMMa KMHETUYECKOW M MOTEHIHAIBHOW YHEPTHM TN 3TOU
CHUCTEMBI.

3aKOH COXpaHEHUS MeEXaHUYEeCKOM SHEPruM: IIOJIHAS MEXaHW4YecKas DSHeprus
3aMKHYTOM MEXaHWYECKOW CHCTEMBI | T€N, B KOTOPOW JEMCTBYIOT TOJBKO CHIIBI
TSOKECTM U YIPYTOCTH, OCTa&Tcs ;(EK+E")i =CONSt e nsmentHo.

OTtnenpHO OT Tena OTCYETa HU OIHO TEJIO He 00JIaZjaeT MeXaHUUeCKOH YHepruei.

3aKOH COXpaHEHMs UMITYJIbCa
Ilycte nBa Tema Macc My U My

. COCTAaBJIAKOT 3aMKHYTYHO MCXAHUYCCKYIO CUCTEMY,

_ —

JBUKYTCSI HaBCTpeUy ApYr ApYry U Z p, =CONst| B3aWMOJEHCTBYIOT C CUIIaMH £ U F .
i=1

Ilo Tperpemy 3axkony HeroTOHa |pl+p2= p+py) FA=-f>. Ho B3auMMONEHCTBMS HMITyJbCHI Tel

ObLIN P up,, ocJIe B3aUMOJEHCTBUSA P1 u P? .

T.€. BEKTOPHBIE CYMMBI UMITYJICOB TEJI 10 U MOCJIE B3aUMOJCHUCTBUS OJJUHAKOBBI.

OyHAAMEHTAIBHBIN 3aKOH COXPAaHEHHSI MMITYJIbCA: TEOMETPUYECKAS] CyMMa MMITYJIbCOB T€N 3aMKHYTOH
MEXaHHUYECKON CUCTEMBI OCTAETCS HEM3MEHHOIA.

3aKOH COXpaHEHUs NMITyJIbca npuMeHuM ToJibko B MCO.

Anzopumm pewienus 3a0au

Chenaiite 4epTEx Ui KaK0TO Tela, NOKAXUTE BEKTOPBI UMITYJIbCOB;

PaccmoTpuTe Xxapaktep JBUKEHUS TE€I U YCTAHOBUTE, SIBJIACTCA JIM JaHHAs! CUCTEMA 3aMKHYTOW;
3anuimmTe 3aKOH COXPaHEHHUs UMITYJIbCa B IPOEKIUSAX Ha OCH;
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3anumuTe mpyu HEOOXOAMMOCTH JTOTOTHUTENbHBIE (POPMYITBI U3 KHHEMATUKH U JHHAMHKH;
Pemmre cucremy ypaBHeHUM, poaHATU3UPYHUTE OTBET.
2. IlpumMepnl penieHus 3a/1a4
1. Monekyna Mmaccoit m = 3- 10—23 r, nmojyieTeBIIasi K CTEHKE cocyjia noj yriaom o = 60°, ynpyro

yaapsieTcsi 0 Hee co ckopocThio v = 500 M/c u oteraer. Onpenenure UMIyIbC cuiibl F- ALl, momydeHHbIN
CTEHKOI1.

Jlano: Pewenue:
m=3 10726 gr W3meHeHne uMnynbca MOJEKY/Ibl PaBHO
a=60°==C umnynbey cuibt: Ap = FAt
: I
CThb 0Ch 0X HanpaslIcHa
v = 500 m/c z y P
FAf -9 MEepPreHANKYIIPHO CTEHKE, TOrAa

M3MEHEHHE WMIYJIbCa MOJeKyasl Ap
Apy = mv, — ( - mv,) = 2mu,, e Uy
VCOS @, 0TKyAa Ap =2mucos a.
[Toacrasus opmyny B ypaBuenue, nonyunm FAt = 2mucos a.
Beraucnenns:
FAt =23+ 10726 k- 500%‘ : cos§ =1,5-10"23(kr-m)/c
Omesem: 1,5+ 107 xr w/c.

Puc. 3.2

2. JIBa TOBapHBIX BaroHa JBWXXYTCSI HABCTpEUy APYT Apyry co ckopoctsimu [11 =0,4 m/cu [12=0,1
M/c. Macchl BaroHoB COOTBETCTBEHHO paBHbI [ 11 =12 1, [12 = 48 1. Onpenenure, ¢ KaKOil CKOPOCTHIO V U
B KAKOM HaIlpaBJICHUU OyAYT ABUTaThCS BarOHBI I10CJIE CTOJKHOBEHUS. Y Iap CUUTATh HEYIIPYTUM.

Jawno: Pewenue:

v; =04 m/c WUcnonb3yem 3aKOH COXpaHEHHs MPOEKLMM HMITYJIbCa HA OCh
v, =0,1 m/c OX, nonoxurensHoe Hampasienue ocn OX coBmagaer ¢
my =12-103 kr HAMpPaBICHNEM JIBIKEHHS MEPBOIr0 BaroHa:

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

v-?

) 124103 kr0,4 M/c— 48:10% kr0,1M/c _ L
Breluucnenus: v = = 0. Ananmus: v = (), ciaea0BaTeNbHO, NOCHEe
12+103 kr + 48-103 kr

CTOJIKHOBEHHS BarOHbI OCTAHOBATCH.
Omeem: v=1_0

3. JlBa Heympyrux Tejla, MacChl KOTOPbIX 2 M 6 KI, ABMXKYTCSI Ha BCTpedy IpYyr K JApPYry co
CKOpocTsMH 2 M/c Kaxjoe. Onpenenuts MOAYNIb U HAIIPABICHUE CKOPOCTH KaXKAOr0 M3 ITHX TEN MOCIe
yaapa. CuenaTb pUCyHOK CAMOCTOSITENIBHO.

Jano: myU; + myt, = (my + my) U. B npoekuusx Ha oCb:

OX: myuy - myvp =- (Mg + my)v
_muy - msz_

my =2
A . —(my +m2)’
Mg —Bmr 2kr2M/c— 6kr-2m/c _ 2
U, = vy =2M/c Beruucagem: v = ==M/c=0,25 m/c.
-l — (2Kr+6kKr) 8

Imeem: 0,25 m/c.

3. CamocrosiTesibHasi pa6oTa

Bapmuanr 1

1. ABTomMoOMITE Maccoi 1 T. ABMIKETCSI CO CKOPOCThIO 72 kM/4. Omnpenenure, yepe3 Kakoe BpeMs OH
OCTaHOBUTCSI, €CJIM BBIKJIIOUUTH ABUraTesb. CpenHss cuia conpoTusieHus asmxenuto 200 H.
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2. Msu maccort 200 r. magaer Ha TOPU3OHTANBHYIO ILIOMAAKY. B MOMEHT ymapa ckOpocTh MsAdya
paBHa 5 M/c. Onpeaenure U3MEHEHUE UMITYJIbCA ITPU a0COIIOTHO YIPYTOM yape.

3. JIBa mapa maccamMu 2 W 8 KI' ABIIKYTCS HABCTpedy JIPYr Ipyry co ckopoctsmu 10 u 2 m/c
cooTBeTCTBEeHHO. C Kakoil CKOPOCThIO OHU OyIyT MPOJOKATH JABM)KEHUE MPU a0COIIOTHO HEYNPYrom
yaape?

4. Tenexka maccoit 80 Kr IBHIKETCS CO CKOPOCThIO 4 M/c. Ha He¢ BepTHKaIbHO MaJaeT rpy3 Maccou
20 xr. OnpenenuTe CKOPOCTb, C KOTOPOW CTAaHET JBUTAThCs TEJIEKKA.

5. CHapsig Mmaccort 50 Kkr, JeTsAmi BA0Ib PEIbCOB CO CKOpocThio 600 M/c, momagaeT B miatGopmy
¢ neckoM Maccoi 10 T u 3actpeBaer B necke. CKOpOCTh CHapsiia B MOMEHT NafieHust 0opasyer yroia 45° ¢
ropu30HTOM. YeMy paBHa CKOPOCTH IJIAT(GOPMBI TOCTE MOMAaHusl CHapsiAa, €cau miargopma ABUKETCS
HABCTpeUy CHapAIy co cKopocTbio 10 m/c?

6. Jlonka CTOUT HEMOJBMKHO B CTOSTYEH Bojze. UenoBeK, HAXOAIIUICS B JOJAKE, MEPEXOIUT C €¢
Hoca Ha KopMmy. Ha kakoe paccTosiHHE NEpeMeCTUTCS JIOAKA, eciu Macca 4yenoBeka 60 Kr, Macca JOJKU
120 kr, nmuna noaku 3 M? ConpoTUBIIEHHE BOJIbI HE YUUTHIBATb.

Bapuanr 2

1. JIBurascp U3 COCTOSIHHUS MTOKOS 110 TOPU30OHTAIBHOMY ITyTH, aBTOMOOUIL Maccoit 1,5 T yepes 20 ¢
mociie Hayana JABIKeHus paocturaer ckopoctu 30 m/c. Ilpenebperas compoTUBICHHEM ABMKECHHUIO,
OIIPEAETIUTE CUITY TATH JIBUTATENIs.

2. Tenexxka maccoir 100 r, gABMXKYyIIasicst CO CKOPOCThIO 3 M/c, ymapsierca o creHky. Omnpenenure
M3MEHEHUE UMITYJIbCa TEJIEKKHU, €CIIU M0CJIe CTOJKHOBEHHUS OHA CTajla JABUIaThCS B MPOTHUBOIOJIOKHYIO
CTOPOHY CO CKOPOCTBIO 2 M/C .

3. Baron maccoii 10 T ZBMXKETCS CO CKOPOCTBIO 1 M/C M CTaIKMBaeTCs ¢ HETOABIKHON TIATPOPMOI
Maccoii 5 T. UeMy paBHa CKOPOCTh MX COBMECTHOTO JIBH)KEHUS IIOCIIE TOTr0, Kak cpadoTaeT aBTocienka?

4. KakoBa CKOpPOCTh OTJJaul BHHTOBKH, HEMOJBI)KHOM MPU BBICTPEJE, €CIIM Macca BUHTOBKH 4 KT,
Macca mynu 8 r, ckopocTthb mynu 600 m/c?

5. Ha HenmoaBMXHOM >KeNEe3HOJOPOKHOM Iu1aTdopme ycTaHOBJIEHO opyaue. Macca minaTdopMbl ¢
opyauem 15 1. Opyaue crpenser noa yrioM 60° k ropusoHTy. C Kakoil CKOPOCTBIO MOKATUTCS
mwiardopma, ecinu Macca cHapsaaa 20 Kr ¥ OH BbUIETAeT co cKopocThio 600 m/c?

6. IIpu B3pbIBe KaMeHb pa3pbIBacTCs Ha TPU YacTU. J[Ba OCKOJIKA JIETST MO/ MPSIMBIM YIJIOM JIPYT K
apyry: Maccoit [11 =1 kr co ckopocTbto 12 M/c u Maccoit [12 = 2 Kkr co ckopocTbio 8 M/c. TpeTuii Kycok
oTieraeT co ckopocTbio 40 m/c. KakoBa Macca TpeTbero 0CKOJIKa U B KAKOM HalpaBJICHUU OH JIETHT?

dopma npeacraBjeHus pe3yabTara:

BreimonHuTh 3aaHue B TETPAAH ISl MPAKTUYECKUX paboT.

Kpurtepuu onenku:
3a mpaBUIIBHO BBIIIOJHEHHOE 33 JaHHE BBICTABIISIETCS MOJIOKUTENIbHAs OlleHKa — 1 Gasu.
3a HelpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHKE BBICTABIISAETCS OTpHUIIaTeIbHas olleHKa — () 6anoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvnoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

Tema 2.3 3ak0oHBI COXpaHEHHs B MEXaHHKe

[IpakTyeckoe 3aHsTUE N5

Pemenue 3agau Ha ¢gopMyJibl padoTsl cuil. Pa6oTa 1 MOIHOCTBL. JHEpPrus U ee BU/BL.

Hesb: 3aKpenuTh YMEHUS M HABBIKM PELICHHS 33734 Ha (OpMynbl pabOThl, MOLUTHOCTH, 3aKOHbI
COXpaHCHHS
IIpakTuuyeckas padora popmupyer: I1P66; ITPG7; [1Py 1; ITPy 5; ITPyS; TPy 11; 1Py 12;
MP8,MP9,MP10,MP21,MP17, MP13;JIP 26, JIP 14, JIP 23, JIP 13.
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Beinosnenue padorsl cnocodcTByeT (popmuposanuro: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe o0ecrnedeHue: TeTpaab s MPAKTUYECKUX pPa0OOT, pydka, METOJUYECKHE
PEKOMEHIALIMH 110 BBIIOJIHEHUIO Pa0OTHI, JIMHEHKA, KapaH arll.

Yka3anmue:

[IpakTuyeckas paboTa COCTOMT M3 JIBYX YacTe — TeOpeTHuYecKoil W mpaktudeckoil. Ilocie
M3y4YEHUs1 TEOPETUYECKOr0 Mareprajga MOKHO IMPHUCTYNATh K BBIIOJHEHUIO MpPaKTH4YecKol dactu. OHa
COCTOMT M3 JBYX W Oojiee 3ajad JJisi CaMOCTOSITENILHOTO BhIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
odopmiiennu pemeHus. Ha BbImoaHeHNE MPaKTUYECKOW OTBOJUTCS JIBa aKaJIEMUYECKHX Yaca.

Ilopsinok BbINOJHEHHS padOThI:

1. PaccMoTpuTe TeEOpeTHUECKHI Marepual IO TEeMe W MpHUMephl perieHus 3agad  (CMOTpHU

METOAMYECKOE IIOCOOHE).

2. Pemute camocTosTenbHy0 padoty. Odopmure perieHue NUCbMEHHO B TETPAIH.

Xopn padoThl:

1.Teopus.

Pabora u MmomHOCTB. JHeprusi, ee BUJbI.
3aK0H COXpaHEeHUsI SHEPTrUHu

OHnepeuss — camas BaKHAsi COXPAHSIONIAsCA BEIIMYMHA HE TOJIBKO B MEXaHHWKE, HO U B (U3UKE
BOOOILE. DHEPrusi TECHO CBsA3aHa ¢ paboroil. Bce Mbl, kak M moOble ABUraTenu, coBepiiaeM padoTy,
IIPUBOJIUM B JABM)KEHUS TeJla, OJACPKUBAEM 3TO JIBUKEHUE WIIU )K€ MIPEKPALLAEM €TO0.

HeiicTBus cuil Ha Tena, MPUBOJAILME K M3MEHEHHUIO MOIYJSI MX CKOpPOCTEH, XapaKTepU3YKTCs
BEJIMYMHOM, 3aBUCSIICH KaK OT CUJI, TaK U OT MEPEMEIICHUH TeJl, HA KOTOPBIC 3TH CHJIBI IEUCTBYIOT. DTy
BEJIMYUHY HA3b18a10M paOOMOI.

Pabora — ckanspHas Benu4MHA, paBHas IPOU3BEICHUIO MOIYJIEH CHIIbI U IEPEMEILEHUS Tella Ha COS
yria MeXAy HUMH.

Pa6ota mocrosuuo#M cuibl

.4—4;':-5—1’"-5-';05{:’}1;1(

rae S — nepemMenieHue Tena,
0L — Yrol MeEXAy HAampaBlICHUEM IECHCTBHA CHJIBI W HalPaBICHUEM

19

HepeMenIeHus.

Puc.1

Ecnu BenuumnHa cuibl, AEUCTBYIOLIEH Ha TEO, 3aBUCUT OT KOOPAMHATHI X, TO paboTa 3TOM CHIIBI
YHCJIEHHO paBHa IIOIIAIu Mo rpadpukom pyHkuun F(x).

Enununs! paboTsl: A=1H - Im = Jx = J[)xoy1b.

IDicoyns — pabota, copepmaeMas cuioi 1 H Ha mepememenne 1 M, eciu HampaBiieHHWE CHIIBI U
IIEpEMEILEHUE COBIAAAIOT.

1. PabGoTa cuiIbl TSKECTH.

PabGora cuiIBI TSDKECTH HE 3aBHCHUT OT TPACKTOPUHU IABUWIKCHUA TCJIa U BCECraa
paBHa U3MCHCHHIO HOTGHL[I/IﬂJ'IBHOﬁ OHEPIrHUu TCJIa, B3ATOMY C IMPOTHUBOIIOJIOKHBIM
3HaKOM.
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A=08=mg(h1-hz)=-(mgh - mgh1)=-(11>-111)
A=-(H2-H1)

Ecnu cuna TskecTH coBeplIaeT OTpHLATEIbHYIO paboTy, To E, —
yBenuuuBaetcs. [Ipu coBepiieHnn Moa0XKUTENbHON paboTsl — E, ymMeHbIaeTcs.

Puc. 2.
2. Pabora cuibl ynmpyrocTu.

A=F,,S,

X, + X,
F,=k=>22
rIe 2 — CpeaHee 3HAYCHUE CWIIBI YIIPYTOCTH MPHU WU3MEHEHUU JJIMHBI MPYKUHBI OT X1
HO X2,
S = X1 - X — CMEIIEHUE.
Pabota cuibl ynpyroctd paBHa U3MEHEHHUIO MOTEHIUAIbHOW JHEPrHH, B3STOMY C OOpaTHBIM
3HAKOM:

R 2 2 2 g 2%y
PP PR C i) B . B S 3
2 2 2 2 2

Mowmnocmob

Mowmnocms — cxanspHas (uU3NYecKas BEIWYMHA, XapaKTEPHU3YIOIIas OBICTPOTY COBEPIICHUS
paboThI, KOTOPask YUCICHHO PaBHA paboTe, COBEPIIAEMON 3a €AUHUILY BPEMEHH:

f | , [Ix/c = Bt — Barr],

rae A — pabora, [1x]
t—Bpems, [c]

Onepeus
Ecnu Teso wim cuctema Tesl MOryT coBepIiath paboTy, TO TOBOPSAT, YTO OHU 00JIaJat0T SHEPTUCH.
DHeprusi B MEXaHWKE — BEJIIMYKMHA, ONpeesseMasl COCTOSHUEM CHCTEMBI — IMOJIOKEHUEM TEJ U UX
CKOPOCTSIMH; U3MEHEHHE YHEPTHHU TPH TIEPEX0/Ie CUCTEMbI U3 OJIHOTO COCTOSHUS B IPYroe paBHO padboTe
BHEIITHUX CHIL.
1. Kunemuueckas (Kinema — JBWXXKCHHE) — JHEPIHsl MEXAaHMYECKOTO JBMIKCHHUS CHCTEMBI Tel,
YHCJICHHO paBHA TOJIOBHHE MPOU3BE/ICHHS MAcChl Tea Ha KBapaT €ro CKOPOCTH.

mue

2, k.

Teopema. PabGoTa paBHOASHCTBYIOIIUX CHJI, TNPUIOKEHHBIX K HEMY, paBHA H3MEHEHHIO
KUHETUYECKON YHEPIruu Tena.
_mu_f mu;

2 2

A

= A = A Ex (pa6ora — U3MeHEeHUEe DHEPruu)
A =FExy - Exy =AEx

26



2. I[lomenyuanvnas (potentia — BO3SMOXKHOCTb) — SHEPTHUSL B3aUMHOTO PACIIOIOKCHHUS TEJT WU YacTen
OJTHOTO M TOTO K€ Teja, YUCIEHHO paBHA NMPOM3BEIACHHUIO MAacChl M Tejla Ha YCKOPEHHE CBOOOIHOTO
MaJICHUS g ¥ BBICOTY h Ha/l MOBEPXHOCTHIO 3€MJIH.

A =-(mgh;, -

mghs)

E,=mgh, [[xc]

>A= —A4E,
A=-(Ep2 'EpI}:_AE;y

HomeHuuaJleaﬂ OHepeusa — OSHEPIus, OGYCJIOBJIGHHEIH B3aHUMOJCHCTBHUEM Pa3JIMUHBIX TCJI WU
qacTen OJHOI'O M TOTI'O K€ TECJIa. Omna 3aBHCHT OT B3aHMHOTO PaCIIOIOKCHHA TCI WK BEJINYHNHBI ynpyroﬁ

nedopMmanuu Tena.

[TorenumanpHas
JHEprus Tena
MIOJIHATOTO Ha
BBICOTY, HaMHOIO
MEHBIIYIO
panuyca 3emiu
E,=mgh

m

Hynesoii yposeHb
COOTBETCTBYET h
=0

[TorennmanbHas
SHEPTHUS  CXKATOU
WM PacTSIHYTOH
MPY>KUHBI

HyneBoit ypoBeHb
COOTBETCTBYET X =
0
(nenedpopmupoBaH
Hasi IpY>KUHA)

ITorenmmanpHas
SHEprus
rPaBUTALIMOHHOTO
B3aUMOJCHCTBUS
MAaTepUAIbHBIX TOYEK
TN OJTHOPOJTHBIX
1apoB

HyneBou
YDOBEHD
COOTBETCTBYET
R > o

E,=0

3axon COXPAHERUA IHEPSUU 6 MEXAHUKE

B 3aMKHYTOI>'I CHUCTEMC TCJ IMOJIOXKHUTCIIbHAs pa60Ta BHYTPCHHUX CHUJI YBCIMYUBACT KUHCTUUYCCKYIO
OHEPIrUI0 W YMCHBIIACT IMOTCHIHAJIIBHYIO. OTpI/IHaTGJ'II)Haﬂ pa60Ta YBCIMYMBACT NOTCHUOUAJIBHYIO H
YMCHBIIACT KHUHCTUYCCKYHO OJSHCPIUIO. HMmenHo 6naroz[ap;1 9TOMY BBIIIOJHACTCA 3aKOH COXPAaHCHUA

SHEPTHH.
1. A = AE,
>A4E, = —-A4BE,
2.A = -4 E,

E = E, + E,—nonHasg MEXaHUYECKas DHEPIUs CUCTEMBI, BEJIMUUHA, PaBHAs CYMME KMHETUYECKOM U
MMOTEHIIMATIBbHON SHEPTUI CUCTEMBI.

3axon coxpanenus NOIHOU MEXAHUYECKOU SHepeUU
B 3aMKHYTOH cuCcTeMe MEXaHMYECKast SHEPTHUSI COXPAHSIETCA.

E=E, +E, =const
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Ep1 + E =Ep2 + Eo

Ilpumeuanue: Eciu B 3aMKHYTOM CHCTEME €CTh CHJIbl TPEHHUS, TO MEXAHUYECKAsl SHEPrus He
COXpaHseTCs, T.K. YacTh €€ MePEXO0IUT BO BHYTPECHHIOIO.
3axon coxpanenus snepeuu
DHeprusi He CO3/aeTcs M HE HCYEe3aeT, a JIMIIb IepefacTcss OT OJHOTO Tejla K JAPYroMy WIIH
mpeBpaliaeTcs u3 OAHON (GOPMBI B IPYTYIO B PABHBIX KOJIMYECTBAX.
2. llpakTuyeckas padora
Anzopumm pewtenus 3aoay
Cnenaiite 4epTex.
Bri6epure Hynepoii yposens E, (E,; = 0).
YcraHOBUTE HAYAIPHOE U KOHEYHOE TIOJIOKEHHE Tella (CUCTEMBI Te).
: Ornpenenure NOJHYIO MEXaHUYECKYIO SHEPTHIO Tl (CUCTEMBI T€) B HAaYaIbHOU U
KOHEYHOM TOYKaX.
S. 3anuiuTe 3aK0H COXPaHEHUS SHEPTUU.
a) A 3aMKHYTBIX cucteM: £y = E; wiu Ey + E,; =Eo + Ep),
0) pu mepexo/ie CUCTEMBI U3 HAYAIBHOTO MOJIOKEHUSI B KOHEYHOE, MPU JIUCTBUH BHEITHUX CUIT: A
= E2 - E1

rwnpe

6. [Tpu HEoOX0omMMOCTH 3anUIuTe OPMYITBI U3 KHHEMATHKH:
v=yvy +at
S =upet + at?/2
F=mg
F = -kx
F=uN
A = FScos a
7. Pemmte cuctemy ypaBHEHHUH.

3. [Ipumepsl penieHus 3a1a4

1. ABTOMOOMIIb Maccoit 2 T HAUWHAET Pa3rOHATHCS U3 COCTOSHHS IOKOSI 110 TOPU30HTAIBHOMY yTH
1o/l JeHCTBUEM MOCTOSIHHOM cuiibl. B Teuenue 10 ¢ oH mpuoOperaer ckopocTh 43,2 km/4. Onpenenutsb
BEJIMYMHY UMITYJIbCA U BEIMUYNHY JEHCTBYIOIIEH CHIIBIL.

Jano: CH: Pemenue:

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

v =0 P=mu ,U — COBIIAZIA€T C OCBIO X,

t=10c B CKaJIsipHOH (hopMe ypaBHEHUE MPUMET BU:

v= 43,2 kM/u 12 M/c p =mv =2-10°-12 =24-10°, P [xr-m/c]
p—7? 2. YuursiBas BTopoii 3akoH HptoToHa: Ft = mv — muy

F-7, T.K. V9 =0 Ft=mv — F=mv/t

2012

10

2.4xH
OrBert: 2,4 - 10* kr - m/c ; 2,4 kH.

2. CranpHolt mapuk maccod 0,05 kr mamaer ¢ BbICOTBI 5 M Ha cranbHylo miury. [locie
CTOJIKHOBEHUS IIApUK OTCKAKMUBAET OT IUIUTHI C TAKOW K€ MO MOAYJII0 CKOpocThio. Halnmure cumy,
JEUCTBYIOLIYIO Ha TUTUTY NP yaape, cuuTas ee noctosHHou. Bpems coynapenus pasno 0,01 c.
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JaHo: CH1 | Pucynok Pemenue

m=0,05 kr IIpu ymZape map u
h=5Mm oJuTa IEeUCTBYIOT
At = ADYT Ha #pyra c
0,01 ¢ CHJIaMM, DPaBHBIMH IIO
Fy-? MOZYJIIO, HO
OIPOTHBOMIOJIOXHBIMHU
o HanopaBJIEHHUIO.
Onpezeqnus Cumny,
IEeHCTBYIOIYIO Ha

mapuKk CO CTOPOHEI
OJINTEI, MBI T€M CaMBIM
HanuzeM Cuiy, o]
KOTOpOH mapuk
IerCTBOBAJ Ha HOJUTY
3a BpeMsa At. Bo BpeMsa
coyZapeHUs Ha Mapuxk
IEeNCTBYIOT IBE CHJIBIL:
cuJla THXECTH — ™, o

cuna I co cTOpoHBI MIUTHI.
COrJIacHO YpaBHEHHIO: Ap=F .M Ap=(F+mg)-At
OV: muv,—(-mv;) = (F— mg) At

2muo

F=mg+——
VUUTBIBas, 4TO Uy = V1 = U, MOJYYUM IIOCTIE Psjia PeoOpa3oBaHMIA: At
Mo1yilb CKOPOCTH IIapHKa TIPH MAJCHHH ero ¢ BHICOTHI h onpeaensercs mo gopmyie: V=280 4 =
10 m/c
o
F=mg+ <mu
Hcrnions3ys BEIpaKEHHE: AF
) 2.0,05.10
F=005-10+ —l =05+100=1005H

"

ITo Tperbemy 3axkoHy HproTOHA: F'=-F  cnenosarenpno, F1 = 100,5 H, cuna MPWIOXKEHA K IUIUTE U
HaIlpaBJICHA BHHU3.

OtBer: F = 100,5H .

3. Bo BpeMsi MaHEBPOB Ha >K€JI€3HOJJOPOKHOM CTaHIMU JIBE MIaT(GOpMbl MaccaMu my = 2,4 - 10* xr
umy=1,6-10*kr nBurammce HABCTpEUy JAPYT APYTY CO CKOPOCTSIMH, MOAYJIM KOTOPBIX paBHBI V1 =0,5
M/c 1 vy = 1 M/c. Haliaiure cKOpOCTh UX COBMECTHOTO JIBMKEHUS MOCIIE TOT0, KaK cpaboTaeT aBTOCILEIKA.

Hano: Pemenue:
m1=2,4-10* xr
my=1,6 - 10* kr =

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

N300pa3um cxeMaTH4HO JAEHCTBYIONIME CUJIBI Ha ABMXKYIIUEcs tiatgopMbl. B mpoeknuu Ha och X:
Nymyg g Nome2 cuyibl B3aUMHO YPaBHOBEIICHBL.
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MoxHo MNPUMCHUTH 3aKOH COXPAHCHUA UMITYJIbCA:

myy + gl = (my
1

1€ Vo5 — CKOPOCTH TUTAT(OPMBI TIOCIIE CIIETKH.
B npoekiusax Ha och X: My Vix + My Vax = (M1 + M2) Vosx
T.K. V1x="V1, Vax = - V2, TO Vesx = -0,1 M/C

3HaK (-) MOKa3bIBAET, YTO CKOPOCTh VOO HAMpPaBJICHA MTPOTUBOMOIOKHO OcH X (CIpaBa — HAJIEBO).

4. Kakyio CKOpPOCTh OTHOCHTEIIBHO PAaKETHHUIIBI MpuoOperaeT pakera maccor 600 r,

Maccoii 15 1 BeuIeTarT U3 Hee co ckopocThio 800 m/c?

Hano: CU:  Pemenue:
My =600r 0,6 kr CoracHo 3aKOHY COXPaHEHMsI UMITYJIbCA!

mp=15r 15 - 10%kr

ML+ L = L b L, 0= myy + L,

Lo, LS-1077 800 .
p =t = : =20
U, =800 m\c 00 f
v1=v2 =0 3HaK (-) MOKAa3bIBAET, YTO I'a3bl JBUKYTCS B CTOPOHY,
th —? IPOTUBOIIOJIOKHYIO HAIPaBJICHUIO PAKETHUIBI.

OTBelTI - 20 Mm/c.

€CJIn rasbl

5. BaroHetky maccoil 2 T 10 TOPH30HTAJIFHOMY ITyTH PAaBHOMEPHO IepemMeniaeT padoumii. Kakyro
paboty oH coBepuMT Ha nytd 100 M U Kakyro paboTy coBepIIaeT cuja TPEeHHUs, ecau KO3(p(PUIHMEHT

Tpenus paseH 0,017

Hano: Pucynok:

m=2T
S=100wm
n=0,01
g=9,8 m\c?
a=0

A-7?
Atp-?

Pemenue

Ha BaroHeTKy JeHCTBYIOT 4 CHIIBL: CHJIA TSDKECTH — ¥ | CHJIa PEAKIIMK OTIOPBI — '

cuna TarH Fr — , cuna Tperus — |+ . ITo BTopomy 3akony Hetotoma X# =0

Fopmg 4 F 4N = 0

B npoexuun Ha ocu: OX: F,—F, =0; F,=F;,, OY:N-mg=0; N=mg

A=F-Scosa,

Za=0, cosa =1,can—Ho,A=F- S, F=F,=F=puN=pumg

Pa6oTa CHJBI TPEHUNSA HAIpaBJIieHa OPOTHUB paboOTHI CHUJA TAr'u — A = —ATD

Ap=—19,6 - 10° Ix
Otser: A =19,6 x/Ix; Atp =- 19,6 k/Ix.
CamocrosiTesibHas padora
1. ABtromMoOuWIB Maccoil 2 T IBHIKETCS cO CKOpOCThio 36 kM/4. Kakoe Bpemst TpeOyeTcs 10 MOTHOU
OCTaHOBKH aBTOMOOWJIS ITPH BBIKJIIIOUEHHOM JIBUTaTeNe, €Cu CHila TPEHUS KOJec O J0pOry paBHa

5880 H?
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Sk

10.

11.

12.

13.

14.

15.

16.

17.

18.

Tenexka maccoit 150 kr qBUKETCS MO TOPU3OHTAIBLHOM JOpore co ckopocThio 1 M/c. HaBctpeuy
el 0eXUT YemoBeK Maccor 75 kr. UenmoBek mpeiraeT Ha TeNexKKy. [locie 3Toro Tenexka BMecTe ¢
YeJI0OBEKOM OcTaHaBiMBaeTcs. C KaKoi CKOPOCTBIO OeKall 4eI0BeK?
[Ipu BepTHKAILHOM MOABEME Tesla Maccol 2 Kr Ha BeicoTy 10 M coBepmieHa padota 240 JIx. C
KAaKUM YCKOPEHHEM IOJIHUMAIH Ipy3?
Teno, maccoit 20 Kr mogHMMANOT BEPTUKAIbHO BBepx ¢ cwiod 400 H, HampaBiieHHOW 1O
nBkeHuto. Kakas pabora coepmaercs Ha mytu 10 m?
Byner nu BenuunHa nosne3Hoi MeXaHN4YeCKOH paboThl OTJIMYHA OT HYJIsl, €CJIU MOAbEMHBIN KPaH:
® 1) MoJHUMAET C 3eMIJIU TPYy3,
e 2) Oyner nepxarh €ro HEKOTOpOe BpeMs Ha BECY B ITOKOE,
® 3) MOJHUMET I'Py3 C 36MJIM U Cpa3y OMYCTUT €ro Ha 3eMIIIO.
Teno maccoit 20 kr cB0OOIHO MagaeT B TeueHue 6 ¢. Haiinure paboTy CHIIBI TSKECTH.
Kakytio paboTy MOMET COBEpLIMTH OO OCTAaHOBKH Teio Maccoil 1000 kr, nBmxymeecss co
CKOpOCThIO 36 KM/4 ?
Haiitu paboTry, KOTOpYIO Hag0 COBEPIINTH, YTOOBI CXKAaTh MPYXUHY, )KECTKOCTH KOTOpoil 29.4
H/cm, Ha 20 cMm.
PesunoBsit mHyp mumHOM 1 M o nefictBueM rpy3a 10 H yamuammncs na 10 cm. Haiigure padoty
CHJIBI YIIPYT'OCTH.
Ha xakyro BbicOTy 3a MuUHYTYy MOxeT noaHath 400 M? Boabl HAcoC, pa3BUBAIOIIMA MOIIHOCTb
210° kB1?
Omnpenenute MOITHOCTh TEIUIOBO3a, 3HAS, YTO NMPH CKOPOCTH IBWKEHUS 43,2 KM/4 cuiia TATH
pasHa 105 kH.
[Toe3n maccoit 1200 T ABMKETCS IO TOPU3OHTATILHOMY ITYTH C IIOCTOSTHHOM CKOPOCTBIO 54 KM/4.
Omnpenenure K03(pPUUUEHT CONPOTHBIECHUS IBM)KEHHUIO, €CJIM TEIJIOBO3 PA3BUBAET IOJIE3HYIO
MoIHocTh N= 882 - 10° Br.
Wmnynbe Tena paBeH § Kr M/c, a kuHetudeckas sHeprus 16 J[x. Onpenenure Maccy U CKOpPOCTb
Tena.
Cann maccoii 60 Kr, CKaTUBLIMCH C TOPBI, IPOEXaI MO0 TOPU30HTAIIBHOMY Y4acTKy goporu 20 M.
Haiigure paboty cunsl Tpenus, ecnu p = 0,02.
[ToabeMHBIN KpaH ¢ ABUraTeiaeM MOITHOCThIO 8 KBT mogHMMaeT rpy3 ¢ MOCTOSHHON CKOPOCTHIO 6
M/muH. KakoBa macca rpyza?
Kakas pabora coBepiaercs Ha THJIPOCTAHLUMU B TEUYEHUE T0Jla, €CIM CPEIHsSI MOIIHOCTh
resepaTtopa pasHa 2,5 MBT1?
Yenosek maccoit 70 Kr crryckaeTcs 110 JiecTHULE AauHou 20 M, pacrionoxeHHon nox yriaom 30° k
ropu3oHTty. Haiiute paboTy CUJIbl TAXKECTH.
Beruucnure paboTy CHUIIbl YIIPYTOCTH MPH M3MEHEHHMH Je(OopMaliuy NMpYyXKHUHbI KecTKocThio 200
H/Morx; =2cM a0 X, =6 cM.

dopma npeacraBjIeHUs pe3yabTara:
BrmogHNUTE 3aaHueC B TCTpaaAn IJIA IPAKTUUCCKHUX pa60T.
Kpurtepun onenkmn:

3a mpaBUIIHLHO BBITOJTHEHHOE 33JJaHHE BBICTABIISIETCS TIOJIOKHUTEIbHAS OlleHKa — | Oasu.

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

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

Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 3.1 OcCHOBBI MOJICKYJISIPHO-KHHETHYECKO TEOPUH
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IIpakTyeckoe 3ansatTue N26

Pemenne 3ana4 no reme «OcHoBbl MKT)» . Penienue 3a1a4 Ha ypaBHeHUe COCTOSIHUS
H1eaJIbHOI0 ra3ay

Ienb: 3aKkpenuTh yMEHMSI U HABBIKY BBIYHUCIICHHS IAPAMETPOB COCTOSIHUS I'a3d, UCIOJIb3Ys T'a30Bble
3aKOHBI U ypaBHeHUEe MenneneeBa - KnaiinepoHa.

IIpakTuyeckasi pa6ora popmupyer: [1P66; [TP67; [1Py 1; ITPy 5; I1PyS8; I1Py 11; I1Py 12;

MP8,MP9,MP10,MP21,MP17, MP13;JIP 26, JIP 14, JIP 23, JIP 13.

Boinosinenue padotsl ciocodcTByeT (hopmupoBanuio: OK 01, OK 02, OK 03, OK 09 TIK 2.1

MatepuajibHoe of0ecrieyeHHe: TETpagb I MPAKTHYECKUX paldoT, pydka, METOIUYECKHE
PEKOMEHIALIMU 110 BBIIIOJIHEHUIO PA0OTHI, IMHEHKa, KapaHJalll.

Yka3zanue: [IpakTuueckas paboTa COCTOMT M3 JBYX YacTe — TEOPETHUECKOW M MPAKTUYECKOM.
ITocne u3yueHuss TEOPETUUECKOTO MaTepHalla MOYKHO IPUCTYNATh K BBIIOJHEHUIO IIPAKTUYECKON YacTH.
Omna cocTouT U3 AByX M OoJjiee 3a/1a4 JJIsl CAMOCTOSTENIbHOTO BBINIOJHEHUs. He 3a0bIBaiiTe 0 mpaBMIbHOM
oopmienun peuieHus. Ha BblnmonHeHue npakTHYECKOW OTBOAMTCS JIBa akajeMuyeckux daca. [lopsaok
BBITIOJTHEHUS paOOThI

ITopsinok BeINOJHEHHS PadOTHI:

1. PaccMoTpuTre TeopeTHUecKHil MaTepuan MO TEME M HpPUMEphl pelleHUs 3anad (CMOTpHU
METOAMYECKOE ITOCOOHeE).
2. Pemmre camocrositensHyt0 padoty. OdopmuTe penieHne MICbMEHHO B TETPAIH.

Xox pabdoThI:

1. TeopeTnyeckas yacTpb

JUisl XapaKTepUCTUKU COCTOSIHUS T'a3a BBOASAT CHelMaIbHbIE (PU3MUECKUE BEIMUMHBI, Ha3bIBAEMblE
rapaMeTpamu COCTOsIHUS. B kauecTBe mapamMeTpoB COCTOSIHUSL BHIOMPAIOT TPU BEIUUMHBL: 00beM raza(V)
,TeMiieparypy ero T° u nasienue P, mpon3BoauMoe ra3oM Ha CTEHKH COCyZa ,B KOTOPOM OH 3aKJIIOYEH.
DTO AaBieHUE OOBSICHACTCS YAapaMH JIBHXKYIITUXCS MOJICKYJI.

2. Ilpumepsl pemieHus 3a1a4

1. B razoBom Oamnone emkocthio 0,01 M3 Haxomurces ra3 mox gasiaeHueMm 20 kr/cm2 .Kakoi o0bem

3aiiMeT ra3, €clii ,He U3MEHSsl €ro TeMIEPaTyphl , OTKPBITh BEHTUIIb OaiioHa? OKOHYATEIbHOE JaBICHUE
1 kr/ecm2.?

Hano: Pewenue:

Vi=0,01n" ) 1o ycnoButo 3agauu Temneparypa ra3a He MEHseTCs,

P1=20 kr/em’=20%0,98%10° H/m® MOITOMY NPOMCXOUT H30TEPMHHYECKOE H3MEHEHUE

Po=1 kr/em™=0,98*10° H/m" cocrosHus ra3a. MUcnone3ys 3akon boitna-Mapuorra
p1Vi=p2Va Haxoaum Vo= p1Vi/pa.

V-2 Brramcnenns: Vo= 20%0,98%107%0,01/0,98%10°=0,2(")

Omeem: V>=02 M.

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

Jano: . Pewenue:

Vi=0,15m ITo 3akony boiins-Mapuorra P1V=P>Vs. Ho p>=pi+ Ap,
V2=0,10m" ) MOITOMY p1V1=(§P| +A P)V>, otkyaa Py = AP*V,/V-Va;
AP=2 kr/cM’=2%0,98*10°u/m”  P;=2%0,98*10°%0,10/0,15-0,10 = 3,9*10° (H/m")

P,=? Omeem: P\=3,9%10°I1a.

3. Kak Benuko arMmocdepHOe AaBiIeHHE, €CIH MPH JUIMHE PTYTHOrO cTosnOuka 12,5¢M B TOHKOH
TpyOKe JJInHa CTOJI0MKa BO3/lyXa B IEPBOM MOJIOKEHHE 7CM,a BO BTOPOM — 5 cM?
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Mano: Pewenue:

h=12,5¢cm B nepBom ciyuae gaBnenue Bo3ayxa BHyTpH Tpyoku P1=P,my-h. Bo BTopom
1,=Tem ciy4ae pa=paryth. [1o 3akony boiins-Mapuorra P,V,=P,V; rae V,=SL,,
IL,=5¢cm Vo,=SL,. Toraa (pam-h)=(parth)SL,, otkyaa pyn=h(L1+L2)/L;-L,

Para =12,5*%12/2=75(cmM pr cT).
Paru=? Omeem: P, = 75 cm pr CT.

4. Cxatblil BO3yX TOJIaeTCsA B Tasroyipaep oobemMoM SM3 . 3a Kakoe BpeMs €ro HaKadaroT J0

JaBJICHUS 7 Kr/CM2, eclu KOMIIpeccop BcachiBaeT 5,5 M 3 aTMocepHOTro BO3AyXa B MUHYTY NpHU
nasneHuu 1 kr/cm2 ? TemrnepaTypy CUMTATh MOCTOSIHHOM.

JMano: Pewenue:
3=5M3
P,=Txr/eM’=7%0,98*10°n/m’
V|=5,5M3/MMH=1, 1/12m°/c
P=1 kr/cm™=0,98*10u/m’

Jlns HakaumBaHus BO37yXa B ra3roiabjaep A0 aasineHus P)
KoMmpeccop paboraer B TeueHue BpeMeru t. Oosem
3acaceiBaemoro Bosayxa V' =V, npu nasnenue p;. Koraa
BO3/yX HAKayallu B ra3rojbjep, OH 3aHsu1 00beM V; U ero

nasieHue crano pr. Ha ocnoBanuu 3axona boiins-Mapuorra
P,V'1=P,V; unu P,\V,t,=P,V,, orkyna t,=P,V,/P,V,
t = 7*0,98*10°*5*12/0,98010°*1,1=380(c).
Omeem: t = 380 c.

t-?

5. OtkpbITast cTeKIsIHHAs TpyOka AnnHo0 40 cM HamoJOBHHY IOrpyxeHa B pTyTh. Korna BepxHuit

KOHEI[ TPYOKHU 3aKpbUIM U MOAHSUIA €€ 0 YPOBHS PTYTH B COCYJE, TO BBICOTa YPOBHSI PTYTH B TpyOKe
oka3zainach paBHOM 15 cM. KakoBo atMocdepHOe TaBlieHrue BO BpEMs OIbITa?

Hano: Pewenue:
=40 cm  [lo 3akony boiins-Mapuorra P, V,=P,V, rae p,=H-paBnoe armocdepuomy
,-15¢cm  naBnenue BO3ayXa HaJ PTYTHIO 10 3aKpeITHs OTBepeTHi, a V=L/2S-ero odnem;
P = P-1, V,=(L-L,)S-cooTBeTcTBEHHO AaBNIeHHE U 00bEM BO3AYXA HAJl PTYTHIO
IMOCJIE TOrO, KaK €€ 3aKpbUIM M MOAHSIH 0 YPOBHS PTYTH B cocyae. B npeasiayime
Beipaxkenus P, V,=P,V,Bmecro P|,P, V| V, noacrasum ux 3nauenus:
HL/2S=(H-L,)(L-L,)s. Orcroga H=21,(I-1;)/1-21; H=30%*25/10=75(c™m pt cT).
Omeem: 75 cM pT CT.
CamocrosiTesbHass padora
Bapuanr 1

H-?

1. Hauepture rpaduku u30TepMHUYECKOro, H300apHOTO U U30XOPHOTO MPOIIECCOB B KOOpAUHATaX P
uV;PuT;TuV.

2. WneanpHblii Ta3 CHavana M300apHO PACHIMPUIN, a 3aTeM U30TEPMUYECKU CXKAIM JI0 TMPEKHETO
obwema. M3o0pa3ute 3Tu nponiecchl B koopaunatrax Pu V; PuT; Vu T.

3. B cocyne naxoaures m=14 kr azora npu T=300 K u naBnenun p = 8,3*104 Ila. Onpenenure
obweM V cocyna.

4. Tlpu ckaTuM HEW3MEHHOTO KOJIMYECTBA HAEaTbHOrO0 raza oO0beM yMEHbIIWJICS B 2 pasa, a
TeMIlepaTypa yBeauymiach B 2 pasza. Onpenenure, Kak U3MEHUIIOCH JaBJICHHE ra3a.

Bapmuanr 2
1. Ha puc.1

33



i \ Tl < T2
\\
-\\\\\\?2

o S |

>y

M300paxKeHbl ABE U30TEPMBI OJHON U TOMU ke Macchl ra3a. Yem OTJIMYAIOTCSl COCTOSIHHE ra30B, €CIIU
ra3pl oauHakoBbie? UYUem oOTIMYAIOTCS Tra3bl, €CIAM TEMIIEpaTypbl Ta30B OJIMHAKOBBIE? YKa3aHUE:
BOCIIOJIb3YiiTECh YpaBHeHUEM Knaneiipona-Menpeneena.

2. WneanpHbll ra3 cHayajla HarpeBajicd MpPU IOCTOSHHOM JIaBJIGHUU, TOTOM €ro JIaBJICHHE
YMEHbIIAJIOCh IPU OCTOSIHHOM 00beMe, 3aTeM IMPH MOCTOSHHOW TeMmrepaType 00beM raza yMEeHbIIUICS
710 TIepBOHAYAIILHOTO 3Ha4YeHus. [locTpouts rpaduk B KOOPAMHATHBIX Ocsx V-T.

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

4. Temneparypa V1=2 Monp kucimopoja ,Haxozsmerocs B cocyne, pasHa T1=300 K. Onpenenure
temriepatypy T2 Bomgopoaa, HaXONAIIETOCS B COCYAE TOH K€ BMECTUMOCTH IPU TOW K€ JIaBJIICHUH,
B34TOr0 B KOJIMUECTBE V2=2 MOJIb.

dopma npeacraBieHus pe3yjabrara:

BreinonHuTh 3asaHue B TETPAAH [T MPAKTUYECKUX PadoT.

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

Tema 3.2. OcHoBBI TepMOAMHAMUKH. TenjioBbIe MAIIMHBI.

IIpakTn4eckoe 3anaTue Ne7

Pemenune 3aga4 no reme «OCHOBBI TEPMOJINHAMHUKH.
«3akoHbl TepMoaMHAMUKHU. IlpuMeHeHHe NMepBOro Hayaja TEPMOJAMHAMHUKH K H30MPOIECCAM.
KIII TenjioBBIX ABHTaTEJIEi»

Ieab: 3aKkpenuTs yMEHUS W HaBBIKA PEUICHUS 3a/1a4 Ha MepBoe Hadano tepMoauHaMuku u KIIJI
TETJIOBOTO JABUTATEIA.

IIpakTnueckas padora popmupyer: I[1P66; ITPG7; I1Py 1; ITPy 5; ITPyS8; I1Py 11; [Py 12;

MP& MP9,MP10,MP21,MP17, MP13;JIP 26, JIP 14, JIP 23, JIP 13.

BoinosiHenue padorsl cniocodcTByeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09 1K 2.1

MarepuanbHoe olecrnedyeHue: TeTpaab AN TMPAKTHYECKUX paboT, pydka, METOAMYECKUE
PEKOMEHIAIIUHU T10 BHITIOTHEHUIO pa0OThI, IMHEIKA, KapaHIaIll.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JABYX YacTed — TEOPETHUECKON M MPAKTUYECKOM.
[Tocne n3ydeHns: TEOPETUUECKOr0 MaTepraia MOKHO MPUCTYNATh K BBIMOJHEHUIO MPAKTUYECKOW YACTH.
Omna cocTouT U3 IBYX H Ooliee 3a/1a4 JAJisi CaMOCTOSITEILHOTO BhIMOMHEeHUs. He 3a0bIBaiiTe 0 MpaBUILHOM
odopmiieHnu penieHus. Ha BRIMOTHEHNE TPAKTUYECKON OTBOIUTCS JIBA aKaJIEMHUYECKUX Yaca.

Iopsaok BbINOJIHEHUS PA0OTHI:

1. PaccMoTpuTe TEOpPETHYECKHMH Marepuaa 10 TeMe W TPUMEPHl pemieHus 3aad  (CMOTpH
METOINYEeCKOe TOCcoOue).
2. Pemmte camocrosTenpHy0 padboty. OdopMure perieHrne MICbMEHHO B TETPAIH.

Xon paboThr:
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1. TeopeTuyeckas 4acThb

OCHOBY TepMOAUHAMHUKH COCTABJISIOT IBa 3aKOHA (MJIM HAYAJIA).

IlepBoe Haya/i0 TepMoauHAMHUKK: VI3MeHEeHNe BHYTDEHHEH BHEePrHU TeJia PaBHO
Pa3HOCTH COOOIEHHOI'O TeJy KOJIMUEeCTBa TEIJIOTH U IPOU3BELEHHOM HaJl HUM
MexXaHUuuUeCKou pa6oTel AU=Q+A, AU— u3MeHeHUe BHYTpPeHHel »Hepruu, [AU] =
IIx, A—pa6oTa BHemHUX CcUJ (uiau rasa), [A] = JIx, Q—KOJIHUECTBO TEIJOTHI,
[Ql= Hx.

1) AU=3/2*m/M*R*TA—1n3MeHeHNe BHYTDPEHHEH DHEPruu AJIA OLHOATOMHOI'O
raza (He) AU=5/2*m/M*R*AT—u3MeHeHHe BHYTDPEHHEeH DBHeEPruu OJd
IByxaToMHOro rasa (02, H2, N2) AU=7/2*m/M*R*AT—BHYTPEHHAA BHEPruda A
Tpex U 60Jiee aToMHoro rasa (C02)

2) A=P(V2-V1), A20, ecau pa6oTa rasa, A<0, ecau pa6oTa BHEMHUX CHJI.
3) KoJIMueCTBO TEMNJIOTH, HEO6XOAUMOTrO (BHILeJsaeMoro) IJd HarpeBaHusda (opu
oxJaxgmeHuu) Tejia Q=c*m(T2—T1), rme c—yZeJsabHada TEIJOEMKOCTh BelleCTBa

KonunuecTtBo TemnoTsl mpH IuiaBleHUW (Kpuctamumzamuu): Q=A*m, rae A-yaenbHas TemioTa
mnaBieHus. KomnyecTBO TemnoTel mpu mapooOpasoBanuu (konneHcauuu): Q=L*m, roe L-ynenbnas
TCIIJIOTA Hap006p8.30BaHI/I$I.

I[IpuMeHenne mepBOro 3aKOoHA TEPMOIAMHAMHKH K mu3ompomeccam 1. U30TepMUUECKUU
mpoiecc: T=const, wuaMeHdgerca o6beM (V) u gmaBiaenue (P). IIOCKOJBKY
TeMIepaTypa He U3MEHAETCH, He U3MeHAEeTCHd U ero BHYTPEHHAA BHeprud, T.e.
AU=0, Torzma Q=A.

2. I30x0pHEIM nporecc. O6beM ra3sa OCTaeTCs IOCTOSHHBIM, MEHSAIOTCSH ero
IaBJIeHUEe U TeMIepaTypa, 3HauuT A=0, Ttorma Q=AU.

3. Uzo6apHBIy npormecc. ZlaBJjieHME OCTaeTCs IOCTOSSHHBIM, M3MEHSITCSH
ero o6seM u TreMmnepatypa. Q=AU+A'.

4. AguabaTHBIM IIPOIIECC — IPOIIEeCC, IPOUCXOXAMUN 6e3 Temjoo6MeHa C
okpyxamomuMmu TeaaMu. AU=A' . TemJsoBoM ABUraTeJb ODPEeICTaBJIAET CO60H
YCTPOMCTBO, npeBpalaee BHYTDEHHIOO DHEDPT'HUIO TOMJINBA B
MeXaHUUECKYIO.

Koadbdunument monesnoro neiictBus (KILJ): n=QH-QX/QH*100%, wmu n=A/Qu*100%, rme
A=Qu-Qx KIIJI wuneansHO¥ TemoBoit wMamuubl: M=TH-Tx/Tu*100%, rne TH - Ttemmeparypa
HarpeBareirsd 1 Tx — XOJIOAUJIbHHUKA.

2. [Ipumepsl peureHus 3aaa4

Buyrpennss sneprus

1. Onpenenute CpeHIOI KHHETUYECKYIO dHEPTUi0 <E> MoneKysbl Kucaopoaa, HaXOsIIerocs npu
temneparype t=17°C.

Mawo: Pewenue;

T=(174273) K=290 K Y ayxatomnoii MoneKybl KHCTOPOAA YHCIO CTEneHel CBOOOHbI
=) [=5. Cpennsas kuneriyeckas sueprus monexynsl <E>=1/2kT,
k=138*107 K <E>=52*138*107TlwK*290 = 1*10° I

<E>? Omeem: 1*10° [l

2. OnpenenuTe CPEeNHIO KHHETHYECKYIO JHEPTHIO BpAIIATENIFHOTO JBI)KEHUS BCEX MOJIEKYI,
coJiepKammxcs B m=4 r kuciopoza npu remmneparype t=17°C
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JMano: Pewenue:

m=4r=4*10"kr BpamarensHOMY ABHAKCHHIO IBYXATOMHOI MOJICKY/IbI IIPHITHCHIBAIOT

M=32*10"kr/monb  ;1Be CTeneHH cBOGOBI, T.€. i=2. JHEpris BPAIIATELHOrO JBIKEHHS

T=(17+273)K=290K  oauoii moneky:st kncnopoaa <Ey> =1/2kT=kT. Cpennssa

NA=6,02%10"mons"  KuHeTHuECKas IHEPIHS BPAATELHOrO ABHKEHHS BCEX MOTIEKYIT

k=1,38*10" Jix/K <Egp>=n<E,,>=nkT, rie n-uncno monekyn:n=vNy (1)

<Egp>-? Yucno moneit v=m/M, nostomy n=m/MNj (2). [Toacrasum(2) u (1),
nonyduM <E>=m/N,kT, nmn <E>=m/MRT, tak kak N k =R, rae
R=8,31/x/(monp*K).

<Eyp>=4*107kr*6,02*10" Mo *1,38* 10 [l/K*290K/32% 107 kr/mons=301 Lk, mmn

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

Omeem: 301 J1x

3. B kanopumeTrpe cMEUIMBAIOTCS TPU XMMHMUYECKH HE B3aMMOJECHCTBYIOLIME >KUJIKOCTH MaccaMu
ml=1 kr m2=10 xr m3=5 kr,umeromue cooTBeTCTBEHHO TemmepaTypsl t1=6°C, t2=-40°C, t3= 60°C u
ynenpHbie Terutoemkoctr 2000 JDx/(xr*K). Ompenenurte Ttemmeparypy cmecu © wu Temiory Q
HE00XO0AUMYIO IS IOCIIEAYIOLIero HarpeBanus cmecu 1o t=6°C.

Mano: Pewenue:

m=lkr W13 ypaBHenus tennoBoro 0ananca cieayer, 4to aaredpandeckas
mo=10kr CYyMMa MOJTY4EHHBIX U OTAAHHBIX KHIKOCTAMHU KOJIMYECTB TEIJIOThI
m3=5Kr paBHa Hymo: mic; (0-T)) + maca(O-Tz) + m3e3(O-T3) =0
T1=(6+273)K=279K Pewme 310 ypaBHeHHe OTHOCHTENIBHO 0 ,nonyunm:

T>=(-40+273)K=233K O=m;c;Ti+macaT> +mic3;T3/mic;+m cotmses
T3=(60+273)K=333K  YroOsl HarpeTs cMech 10 Temnepatypsl T, HeoOxoaumo Tenaora:
¢1=2000/x/(xkr*K) Q=mci(T-O)+mac(T-O)+msc3(T-O)=(mic;+macrtmsac3)(T-0)
¢2=4000/Lx(xkr*K) O=1kr*200/x/xr K*279K+10xkr*4000/x/xr K*233K+5kr*2000
¢3=2000/Lx(xkr*K) JUx/xr K*333K/1kr*2000/x/kr K+10kr*4000mx/krK+5kr*2000
T=(6+273)K=279K Jlx/xr K=254 K
0-?7 Q-?
Q=[2000Tx/(xkr*K)* 1kr+4000/Lx/(xkr*K)* 1 0xr+ 2000 1x/(xkr*K)*Skr]
*(279-254)K=1.3*10° =1.3 MJIx
Omeem: 1.3 M ]Ik

IlepBoe HaYa 10 TEPMOAMHAMHUKH

1. Bogopon maccoii 4r,3anmumasi mepBoHadaidbHbI 00beM V1=0,1M3 ,pacmmupsiercs no o0bema
V2=1m3 . Ompenenute: 1) Al-paGory raza mpu wuzobapHoM mporecce, 2) A2-paboTy rasza mnpu
n3oTepMuUYecKoM mporecce. Hauanpnas Temmneparypa raza T1=300K.
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Jano: Pewenue:

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

M=2*10kr/monb P,\Vi=m/MRT, orciona p;/=m/M*RT,/V,(2)
R=8 31 mx(mons*K) [Toacrasum popmyny(2) B (1)nonyuum: A;=m/M*RT,/V(V,..V)) (3).

T,=300K 2) Ilpu n3oTepMuyeCcKOM paciIMpeHue ra3 copepuaet padory
Az-? A3=m/MRT|InV3/V| (4) (In10=2,3)
A-? Brruucnenus:

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

2. OnpezesnuTe HU3MeHeHHUe BHYTpeHHel pHepruu AU sbpza Maccou m=5 Kr B
Ipolecce ero TadHud (nIjaBieHNsa) IPU HOPMAJIbHBIX YCIJIOBUAX.

Jano: Pewenue:
m=>5 Kkr W3menenne BHyTpeHHeH YHEpPriyu U3 NepBOro 3aKOHA TEPMOANHAMHKH:
A=3,35%10°"Jlx/kr  Q=AU+A. Orciona AU=Q-A. Jlns tassus Heodxouma Temnora Q=Q,, =
Pi=1,01¥10"T1a Am, A-yaenbHas TenaoTa niasnenus. Macca o6pazoBasueiics BOABI My,
T=273K Oyner pasaa macce nbaa m. O6bsem Boabl V; 00pa3soBasiumiics u3 bja
p=0.9*10°kr/M°  Vy, GyzieT MeHblue, TAK KaK MIOTHOCTb BOJBI Py2o GOIBIIE MIOTHOCTH I3
pr20=107kr/n’ pa. Ilpu nnasnennn nbaa cosepuaerces padota A=po( V- V).

YuntsiBas, uto p=m/V,onpeaensem Vo=puo: Vi=m/p, CrneanosarensHo,
AU-? A=po(m/pr20-m/p)=Po m(pa-pr20/pspr20) Beraucnenns:

Q=3,35*10° mk/kr*5xr=1,7*10 .

A=1.01*10°TTa*Skr*0.9% 10°kr/m*- 10 kr/p’/0,9% 10 kr/n’ 103Kr/M3=-55[1>K
AU=1,7*10°Tlx-(-55ak)~1,7*10° k.

Omeem: 1,7%10% [k

XoJi0AuIbHAA MallIMHA

1. Temneparypa HarpeBatens wujaeanbHo TemoBod Mammebl  TH=500 K,remnepatypa
xonmoamnbarka Tx=300 K. Omnpenenure KIIJ] TerioBoi mMamuubel N U Temioty Q H, MOJYYEHHYIO OT
HarpeBaTels, eCJIM 3a OJUH LUK MallinHa coBepiiaet padboty A=400 Jx.

Jlawo: Pewenue:
T,=500K Kos¢uument nonesnoro AeifcTBis TeNnnOBOI MALIMHBI ONPEALNSLTCS 10
T=300K opmyne : 1=Tu-Tx/Tw (1) wm n=A/ Qu (2).
A=400/1x 13 dopmynsi 2 cnenyer, uro Qu=A/
-7 Qu-? Boruncnenns: n=500K-300K/500K=0,4; Qu=400/1x/0,4=10001x=1x I
Omeem: n=0,4; Qu= Ix/lx.
2. CamocrosiTesqbHasi padora
Bapuanrt 1

1. Ins uzobapuoro HarpeBanus 800 monb raza Ha 500 K emy cooburmmu 9,4 MJIX TemiaoOTHI.
Omnpenenure paboTy ra3a 1 I3MEHEHHE €T0 BHYTPEHHEH SHEPTHH.

37



2. OgHOATOMHBIA HMaeanbHBIA ra3 Maccoil 20 T mpu pacupeHuHn 0e3 TEII000MEeHa COBEPIIMI
paboty 249 J). Ha ckonbpKko TpaaycoB H3MEHUIIACh TeMITepaTypa ra3a’?

3. KakoBa BHyTpeHHss sHeprus 20 Moab 0JHOaTOMHOrO rasza npu 37°C?

4. Azot maccort 280 r ObL1 HarpeT mpu noctosHHoM AaBieHuu Ha 100 K. Ompenenurte paboty,
KOTOPYIO COBEpILAET I'a3 IIPU PacClIMpPEHUH.

5. WpeanpHblil ra3 cHayala OXJIQXIAlCs MPU IMOCTOSHHOM JaBJICHUHM, IOTOM €ro JaBJCHHE
YBEIIMYMBAJIOCH TIPU TIOCTOSHHOM OOBEMe, 3aTeM IpH IOCTOSHHOW TemIeparype o0beMa Tasa
YBEJIMUUIICS JI0 epBOHAaYaNbHOro 3HaueHus. HapucoBath rpaduk B KOOpAUHATHBIX ocax V-T.

6. Ecniu uneanbHbli ra3z noiayyus1 konuuectBo TemioTsl 100 Ik, ¥ npu 3TOM BHYTPEHHSS SHEPIHs
ra3a yeenuumiach Ha 100 Ik, To ra3 B 3TOM IpoIiecce Kakyr paboTy COBEPIITHII?

7. Temneparypa xonoaunbHuKa TeroBoil Mamuubl 400 K, temneparypa narpeBatens Ha 200 K
OoJblle, 4eM y xonoauiabHuKa. Haiitu MmakcuManbHO Bo3MOxkHbIN KITJI MammHb.

Bapmuanr 2

1. Kak 1 Ha CKOJIbKO M3MEHHJIACh BHYTPEHHSS PHEPIUs rasza, €ciu IpH ero ajauadaTHOM CHKaTUU
HaJ| HUM ObLIa coBepieHa padora 200 Jx.

2. Kakyro pabGoTy coBepIIni HAealbHBbIH OJHOATOMHBIA ra3 W Kak IpU 3TOM H3MEHWJIACh €ro
BHYTpPEHHSIS SHEprus Npu u300apHOM HarpeBaHuM JBYX Mojeil raza Ha 50 K? Kakoe kosnyectBo
TEIUIOTHI MOJIYYUJI Ta3 B Mpoliecce TermiooomMeHa?

3. Ilpu ammabatHOM pacmmpeHun Bo3ayxa Obuta coBepmieHa pabora 200 J[x. Yemy paBHO
W3MEHEHUE BHYTPEHHEH SHepruu Bo3ayxa?

4. VineanbHbli ra3 HarpeBajcs MpU MIOCTOSHHOM JIaBJICHUH, IOTOM €r0 JIaBJICHHE YBEIUUUIIOCH IIPU
MOCTOSSHHOM 00BbEMe, 3aTeM IMpH MOCTOSHHOW TemIepaType MJaBlIeHHE Tra3a YMEHBIIHIOCH 0
nepBoHavabHOT0. HapucoBate rpaduk B KOOpAMHATHBIX OCsix P-V.

5. UneanbHeblii a3 nomyuni konuuecTBo TermtoTsl 300 Ik u coBepmun padoty 100 Ix. IIpu sTom
KaK U3MEHWJIACh €r0 BHYTPEHHSS SHEPrHs?

6.Temneparypa xonoaunbHuka temioBod mMamuuel 300 K, temneparypa narpeBatens Ha 300 K
OoJplIIe, YeM y X0JI0aubHuKa. Yemy paBeH MakcuMaabHO Bo3MOkHBIM KI1J[ TermoBoit mammHab?

7. UeMy paBHa BHYTPEHHsISI SHEPrus 5 MOJIb OJHOATOMHOI'O MIEAJIBHOTO rasza IpH TeMIepaType
47-C?

dopma npeacraBjIeHus pe3yabTara:

BoinonHuTh 3asaHue B TETpaAM JUIsl MPAKTUYECKUX 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
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 3.3 ArperatHble COCTOSIHUSI BelecTBa U (pa3oBble Mepexoabl

IIpakTyeckoe 3auaTue Ne8

JaBjieHue skuaKocTei 1 TBepAbIX Teq. 3akoH Ilackaus.

Iesb: HAyYUTHCS BBHIUMCIATH JaBIEHUE B XKHUJKOCTAX M TBEpAbIX Tenax. HayuuTbcs mepeBoauTh
CANHUIBI USMEPCHHS B Pa3JINIHBIC CUCTEMBI

IIpakTnuyeckas padora popmupyer: I1P66; ITPG7; [1Py 1; ITPy 5; ITPyS; TPy 11; 1Py 12;

MP8,MP9,MP10,MP21,MP17, MP13;JIP 26, JIP 14, JIP 23, JIP 13.
Beinosinenue padorsl cnocodcrByer popmuposanuio: OK 01, OK 02, OK 03, OK 06, OK 09
MarepuajibHoe o0ecriedeHue: TETpaIb Al MPAKTUIECKUX PadoT, pydKa, METOIUUECKIE PEKOMEHIANH
T10 BBITOJIHEHUIO pabOTHI, TMHEHWKA, KapaHalll.
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Yka3zanue: [Ipaktudyeckas paboTa COCTOMT M3 ABYX yacTeil — TEOpeTHUeCKOH M mpaktuueckoil. [locme
U3Y4YECHHs TEOPETUYECKOr0 MaTepuanga MOXKHO IPHUCTYNATh K BBIIOJHEHHUIO IIPAKTHYECKOM 4dacTh. OHa
COCTOMT M3 JBYX W Oosiee 3ajau Al CaMOCTOSATENBHOTO BBINOJHEHUs. He 3a0piBaiiTe 0 MpaBUIBLHOM
oopmienun peuieHus. Ha BblnonHeHue npakTHUECKOW OTBOAMTCS JiBa akajeMuyeckux daca. [lopsaox
BBITTOJIHEHUS pabOTHI
ITopsinok BbINOJIHEHHSI PAa0OTHI:
1. PaccMoTpure TEOpeTHUECKM Marepual II0 TEME€ U IpUMEpPhl pelleHHus 3aaad  (CMOTpHU
METOAMYECKOE ITOCOOHeE).
2. Pemmre camocrosiTensHyto padoty. Odopmure perieHne NiCbMEHHO B TETPAIH.
Xox padoThI:
1. Teopus.
JaBiaenne. Atmocepnoe napiaenue. 3akon [lackans. 3akon Apxumena

Benuuuna, paBHasi OTHOLIEHUIO CUJIbI, JEHCTBYIOIIEH NEPIEHIMKYIAPHO NOBEPXHOCTH, K IJIOLIAAA ATON

MMOBEPXHOCTH, Ha3bIBaeTcs oasnenuem. OOo3Havyaercs OykBoil wimPu um3aMmepsercs B mackamsix ([1a).
PaccuuthiBaercs o gopmyie

F
X
Ammocgheprnoe Oaenenue — 3TO JaBIEHHME BCEW TOJIIM BO3AyXa Ha 3€MHYI0 IOBEPXHOCTb U Tela,

HaxoJsImecs Ha Hel. ATMocdepHoe NaBieHHe, paBHOE JaBICHHUIO CTOJI0a PTYTH BBICOTOM 760MM mpu
temneparypel°C, maspiBaeTca HOpManbHBEIM aTMOCEPHBIM ABICHUEM.

HopmansHoe atmocdeproe gaBnenne pasao 101300 I[Ta = 1013 rlla.
Kaxapie 12 M naBnenue ymensinaercs Ha 1MM. pt. cT. (wn Ha 1,33 rlla)

3akon [lackams: dasnenue, npouszsoOuUMOe HA HCUOKOCMb UNU 2A3, Nepeoaemcs 6 JH00VI0 MOYKY
O0OUHAKOBO B0 BCeX HANPABTICHUSIX.

3akoH ApxuMeJa: Ha Telno, NOTPY)KEHHO€ B JKUAKOCTh (WM Ta3, WIM I[J1a3My), JEHCTBYeET
BBITAJIKUBAOIIAs cUiia (Ha3blBaeMasi CUJIol Apxumena)

- 5,
Fy=—pgV
r7ie p — IJIOTHOCTD XKHUAKOCTH (Tasa),

— YCKOpeHHe CBOOOJHOTO majeHus, a V — 00bEéM MNOrpykEHHOro Tena (MM 4acTh oObEMa Tena,
HaxXOJsIIasicsl HIKE MOBEPXHOCTH). BrITankuparomas cuia (Ha3biBaeMas TakKe apXHUMEIOBOW CHIION)
paBHa IO MOAYIIO (M NIPOTUBONIOJOXKHA II0 HANpPAaBIEHUIO) CWIE TSDKECTH, JEHCTBOBABIIEH Ha
BBITECHEHHBIN TEJIOM 00beM KUIKOCTH (Ta3a), U MPUIIOKEHA K IIEHTPY TSHKECTH 3TOT0 00bema.

Crnenyer 3aMeTHTh, YTO TEJNO JOJIKHO OBITH MOJHOCTBIO OKPYXEHO KHJKOCThIO (JIMOO mepeceKarhes
MOBEPXHOCTHIO KUAKOCTH). Tak, Hampumep, 3aKOH ApxuMesna Hellb3sl MPUMEHUTh K KYOHKY, KOTOPBIH

JICKUT Ha JHE PE3C€pByapa, rCpMCTUIHO KacCcasiChb JHA.

Coobmaommecsi cocyabl
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TIER R HOCTE
PAFIETA

PaCCMOTpHM coo61ua10nmeca COCyJblI, 3allOJIHCHHBIC HECMCIIMBAIONIUMUCA XKHIKOCTAMHU C paSHOﬁ

IIOTHOCTBIO. J{Isl Kamoil JKMAKOCTH B OTACNBHOCTH CrpaBeqmmBo ypasuenme P2 —P1¥P 8 h,
Hcnonb3yem ero Juist onpeaeneHus BbICOT cTosiooB hy u hy. Paccmorpum ciyuaii, korna Ha cBOOOJHOM
IIOBEPXHOCTHU HUJIAKOCTEH JaBJIEHUS OJMHAKOBBI U PaBHBI po . Tak Kak BCE TOUKM IOBEPXHOCTH pasjeia
IPUHAMJIEKAT OJHOPOJHOM KHUIKOCTH, TO 3TA MOBEPXHOCTh SIBJISAETCS OAHOBPEMEHHO U MOBEPXHOCTHIO
PaBHOI'O J1aBJICHHU.
IIpuHumMn padoTsl NPOCTeHIIUX IMAPABINYECKHX MALINH

To 00cTOATENBCTBO, UTO KUAKOCTH Oyly4H MPAKTUYECKU HEC)KHMAEMbIM M, pABHOMEPHO IMEPEAAIOT 110
BCEMY CBOEMY O00bEMY BHEILIHEE JIaBJICHUE, IIUPOKO HCIOJIB3YETCS B PA3IMUHBIX OTPACISIX TEXHUKHU (B
TUJIPOTIPUBO/IaX, THAPOABTOMATHKE, TUAPABIMYECKUX TOPMO3aX U YCUIUTENAX U T.1.). DTO CBOMCTBO
KHUJIKOCTH Takke HPQPEKTUBHO NPUMEHSAIOT B TAKMX MPOCTEHINMX MallMHAX, KaK THIPaBIMYECKUE
JIOMKpAaThl (O{bEMHHUKHN) U IIPECCHI.

HpI/IHI_[I/IH ux pa6OTLI OCHOBAH Ha CJIICAYIOUICM: UMCIOTCA JIBa COO6H_[3.IOH_II/IXCH MCKIAY coboit MUJIIMHApPA
pasHOTro AnaMeTpa Hpnnaraﬂ K IMOPHIHKO MEHBIICTO U3 HUJIMHAPOB KaKyI0-TO BHCIIHIOIO CUITY P]_, MBI TEM

_P

P = 5
CaMbIM CO3/Ia€M Ha IMOBEPXHOCTH JKMIKOCTH B OTOM IUJIUHAPE JaBICHUE 1, KOTOPOE PABHOMEPHO
HepeaeTcs BO BCE TOYKM IPOCTPAHCTBA, 3aIll0OJHEHHOIO KHUAKOCTHIO. TOrna Ha MOpHIeHb OOJIBLIETO U3

g
P, =P, =%

. P, =p,;s. 5
nMIMHIPOB (0e3 ydera motepb) OyneT AeicTBOBaTh MOIBEMHAS CUIIa 2 unm . Takum
oOpa3oM, ueM OOJbIIe Pa3HIATHCS MEXKIY COOOM IIJIOMIATU TOMEPEYHOr0 CEYCHHS MWJIWHIPOB, TEM
00JIbIIYIO (MMOABEMHYIO, CKUMAIOIIYIO, IEPEMENIAIONIYI0) CHIIY MBI MOTYYaeM B TaKUX THAPABIUYECKHUX

YCTPONCTBAX.
CraTnyeckoe 1aBjieHHe JKMIKOCTH HA IJIOCKYIO NOBEPXHOCTh. 'mapocraTnyecknii napagokc

Jlyist onipesieNieHrsi CHITBI JaBJICHUS KUAKOCTH P Ha TIIOCKYIO MOBEPXHOCTH , TUIOIIAh KOTOPOM paBHIETCS
S, pa3o0beM ee TPOU3BOJIBHBIM 00pa3oM Ha OECKOHEYHO Maiblie Tuiomanu ds. /laBiaeHue KUIKOCTH Ha
MMOBEPXHOCTh OMPENEITUTCS KaK CyMMa CHJI JIaBJICHUH Ha ATH AJIEMEHTApHbIE TUTOIIAIKH.
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PaccMoTpuM 351eMEeHTapHYIO MIJIOMIAAKY, HEHTP KOTOPOH PACIIONOKEH Ha TIIyOUHE YPOBHS, IPOXOASIIETO
4yepe3 IEHTP TsbkecTH Bcell turomanau T. JlaBneHue B LEHTpPE TSKECTH ITOW IUIOMAAA 0003HAYHUM Pr.
Torna rupocTaTuueckoe JaBICHUE B IEHTPE 3JIEMEHTAPHOM TUIOLIAAKU PABHO

pP=p;+*p-gm

OxoHYaTEeIHHO MOIYYUM P =p,s
Takum 00pa3zom, cuiia JaBICHHS >KUIKOCTH Ha TUIOCKYIO MMOBEPXHOCTh paBHA MPOU3BEACHUIO TUIOIIATN

ITOH IMOBEPXHOCTHU HA BECIUMYHNHY T'HAPOCTATUICCKOIO JaBJICHHA B €€ HEHTPE TAXKCCTH.
CJIGI[CTBI/IGM ABJICTCA JOKA3aTCIIbCTBO TUAPOCTATUYCCKOTIO MMapaJoKCa, BIICPBLIC ITOJTYYCHHOC ITackamnem.

BenuunHa cHIIBI BECOBOTO ABICHUS KUAKOCTH Ha JHO Pe3epByapa 3aBUCHUT TOJBKO OT INIOTHOCTH 3TOU
KHUJIKOCTH, TUIOMIAHN JHA U TIIyOWHBI €r0 MOTPYXEHHS 1MOJ CBOOOJHON moBepXHOCTHIO. [Ipu 3TOM Bec
KHUJKOCTU, HAJIMTOU B COCYZ, MOXKET OTIMYATHCS OT CHJIBI JABJICHMs, OKa3bIBAEMOTO €0 Ha JIHO, T.C.
CHJIBI JIaBJICHUS JKUAKOCTH Ha JHO pe3epByapa HE 3aBUCAT OT €ro (OpMbI U KOJIWYECTBA KUIKOCTH

P =Pg +l’ghn; P =(py +pghy)s,

1) 2) 3) 2)
TaK B paCHJI/IpSIIOL[II/IXC}I KBepxy cocynax CHJIa BCCOBOI'O OJaBJICHHA HAa JHO MCHBIIC B€CA XUAKOCTHU, B
III/IJ'II/IHI[pI/ILIeCKI/IX OHHU OJHMHAKOBBI, a B Cy)KI/IBaIOHH/IXCSI KBepxy — CHJIa JOaBJICHUSA 6OJ'II>HI€ BECa
3aKJ'IIO‘IeHHOI71 B cocyz[ KHUIOKOCTH.

Tak kak HalJileHHas CHJIa SBJIIETCS PaBHOJEHCTBYIOIIEH, TO MOMHUMO €€ BEJIMYHMHBI HEOOXOAMMO
ONPENEIUTh U TOYKY €€ IPUJIOKEHUs, Ha3bIBAEMYIO LIEHTPOM JaBiieHUsA. LIEHTp TsKeCTH COBIAJAET C
LIEHTPOM JaBJCHUSA TOJBKO TOIZAA, KOIJAa paccMaTpuBaeMasl IUIOCKas IOBEPXHOCTb JIEXKHUT B
TOPU30HTAIILHOM TUIOCKOCTH.

[TockoIbKY THAPOCTATUYECKOE JABICHUE p SABIACTCS MOIYJIEM THAPOCTATHYECKOTO HAIIPSIAKEHHUS , SITHOPBI
HOPMAaJbHOTO THAPOCTATUYECKOTO HANPSDKEHUST MOTYT OBITh  MOCTPOEHBI C  HCIOJb30BAaHHEM
3aBUCMMOCTH M TIPUMEHEHBI I ONpENeJeHUsT BEIUYMHBI B JIFOOOM TOUYKE paccMaTpuBaeMoin
MOBEPXHOCTHU. [Ipy 3TOM clieyeT NIOMHHUTB, YTO 3TO HAIPSIKEHUE HAIIPABICHO IO HOPMAJIU K IUIOLIAKE
e CTBHS.

PaccMoTpuM  NOPSAAOK  IOCTPOEHHST DMHIOPbl  HOPMAIBHBIX T'MAPOCTATHUYECKUX HANPSDKCHUM Ha
BEPTUKAIBHYIO CTEHKY , YPOBEHb JKHJIKOCTH B KOTOpPOU f.

LLL Ll i)

LT e
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Oniopbl HOPMATLHBIX 2UOPOCMAMULECKUX HANPAANCEHULL

BHemHee ruzppocTaTuyeckoe JaBIE€HUE po PABHOMEPHO MEPENaeTCs KUJIKOCTBIO IO BCEMY €€ 00beMy.
OtnoxxuB B Macimitabe Ha NEPHIEHAMKYISpax K pacCMaTpUBAaEeMOW IUIOCKOW CTEHKE B €€ BEpXHEeH U
HVDKHEM 4YacTH po M COCIMHUB KOHIBI BEKTOPOB MPSAMOW JMHHUEW, IOJIyYUM NPSIMOYTOJIBHUK-DIIIOPY
HOPMAJIbHBIX HAIPSDKEHUH, BBI3BIBAEMBIX BHEIIHUM JaBieHUEM. V30BITOUHOE THIPOCTATHYECKOE
JaBJIEHHE U3MEHSEeTCs 110 TIIyOMHE IO 3aKOHY NMPsIMOM, pu4eM OHO paBHO 0 Ha CBOOOIHON MOBEPXHOCTU
KHUJIKOCTH U MakcUMaibHO — y nHa (pgH).

Takum o0Opa3om, 3MIOPbl HOPMAIBHOTO U30BITOYHOTO THAPOCTATHYECKOTO HAIMPSIKEHHUS MUMEIT (popmy
OPSIMOYTOJIBHOTO TPEYToJIbHUKA. DIMI0pa HOPMAJIBHOTO aOCOIOTHOTO THAPOCTATHUYECKOTO HAIPSHKEHUS
MOJIy4aeTCs B pe3ysIbTaTe CIOXKEHUS MPEAbIIYIINX IBYX AIOP U UMEET PopMy Tparenuu.

AHAJIOTUYHO CTPOSATCS SMIOPhl HOPMAJIBHOTO THUIPOCTATUYECKOIO0 HAMPSHKEHUS B Ciydae HAKJIOHHOU
creikd. C TOMOIIBIO MOAOOHBIX SMIOP MOXHO Trpauuecku CyMMHUPOBATh HOpPMalIbHOE
TUAPOCTATUYECKOE HAIPSIKEHHUE MPU JEUCTBUM OAHOPOJHBIX WJIM PAa3HOPOJHBIX KUJIKOCTEH C ABYX
CTOPOH IUIOCKOM CTEHKH.

C nomouipo 3MIOpbl HOPMAJIbHOTO T'MAPOCTATUYECKOIO HANPSDKEHUS MOXET OBITh IMOJCYMTAHA CHIIA
TMJIPOCTATUYECKOTO JIaBJICHUS Ha IJIOCKYIO MOBEPXHOCTh, IOCKOJIBKY OOBEM TAaKOH 3IIOpbl YMCIEHHO
pPaBEH BeIWYMHE 3TOW cuibl. [Ipudem cuia naBieHUs Ha INIOCKYH0 IOBEPXHOCTh IIPOXOAUT YEPE3 LICHTP
TSKECTH SIIOPBI, MOJI0KEHUE KOTOPOro Ul Tpalelen1albHON S0Pl HOPMAIbHOIO THAPOCTATUYECKOTO
HaNPSDKCHUS Ha MPSIMOYTOJIBHYIO CTEHKY MOXKET OBITh OTpeiesieHo rpadudecku Win o Gopmysam.

2. Ilpumepsl pelieHnusi 3aaay
1. Onpenenuth naBieHue OCH3WHA HA JHO LMCTEPHBI, €CIM BbICOTa cToiOa Oen3uHa 2,4 M, a ero
mIoTHOCTH 710 Kr/M®.

Hano: Pewenue:

h=2,4m p=pgh

p=710kr/™M’ | p=710 kr/m’ + 10 H/kr+2,4 m
g =10 H/kr p = 17040 Ila= 17,04 klla
p—1? Omeem: 17,04 xlla

2. Kaxkas KUAKOCTh HaXOAUTCA B cocye, eciu cTond BeicoToi 0,3 M okasbiBaeT aaBnenue 5400 Ia ?

Hano: Pewernue:

/l 0a3 M — / . — [)
2 = 5400 [la Fhah P gh
Z=10 H/Kl‘ 5400 Ila

= : — =1800 kr/m’
100 H/xkr«0,3 m

Omeem: Cepuas KHCI1OTa

‘1

p—"2?

3. B 607b1110ii cocy1 ¢ KBaIpaTHBIM JTHOM IIOMIA/IbI0 9 M2 U BepTHKAIBHBIMU CTEHKAMHU HAJIUTA BOJA
(cM. pucyHok). KakoBa BbIcOTa ypOBHS BOZBI B COCYZ€, €CIIU CHJIA €€ IaBIEeHUs Ha OOKOBYIO
MIOBEPXHOCTbh COCY/Ia PaBHA CHUJIE 1aBJICHUS Ha THO?
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dano: :

Fa=Ts 2 |

S—'&=9M |

p. = 1000 =5 —————— }h—?
= X -=- ===

h—? ———8—— 5

Pemernue:
JlaBieHue BOABI HA AHO cocyna pasHo: P, =p gh.
IIromans AHA cocyAa paBHa: S = @, TAe @ — CTOPOHA

KBaapara.
2
Cuna )IzaBJIeHHH Ha AHO cocyaa pasHa: F,=P,S=p gha”;
F,=p.gha”.
JlaBieHne JKUAKOCTH Ha DOKOBYIO MOBEPXHOCTH COCYaa

yOBIBaeT ¢ BBICOTOH OT i, moaTOMy B cpeaHeMm P, = psg%.

Ilromags 60KOBOH MOBEPXHOCTH COCYAA, HUCOBITHIBAIO-
meil gaBaeHHe, paBHa: S; = 4ah, a cuna gaBieHUs1I Ha DOKO-

BYIO IOBEPXHOCTB paBHa: F;, = F,S; = png%4ah.

ITo ycraoBuio 3amaunm Fn = F,, Torga ptha2 = pag%4ah.

Cokpamas Ha p, &, I, a, nonygaem: a = 2h, Torna h = %, HO

a=+/S.

JS
h=-"—|

2
IlogcTaBuB B (hOPMYJIy YHCIOBEIE AaHHBIE, MOJYIUM:

_\N9_3_
h = 2 —2—1,5M.

OrseT: h=1.5M.

Orciona cieayer, 4to

4. B cocyn, nmerommii popmy mpnmmHApa ¢ paauycom 10 cM, Hanmmu 3,14 Kr OJCOTHEYHOTO Macia
(cM. pucyHok). OnpeenuTh JaBleHHe Maciia Ha THO COCy/Ia.

IHano: CH
R=10cm 0,1m ﬁ
m = 3,14 Kr e

KI
p=800?
P-?

Pemenue:

JlaBneHne JKHAKOCTH HA JHO COCYAA PABHO OTHONIEHHIO
CIJIBI TSIZKECTH JKHAKOCTH K ILIOIIAAHN JHA COCYAA.

Tax kak F = mg — cuna TAXKeCTH Maca, a S = nR? — mo-

F
maghb AHA cocynaa, moayaum: P = —

5
0 ,uro |P = 28|
TCHOZa ciaeayer, 4To nR2
HOZICT&BKB B (bopmy.rry HHUCJIOBbIE NaHHbIE, HOJIY'-'IHM:
8.14:10 . 10 _ josocs,

~3,14-(0,1F 0,01
Orser: P=1000 IIa.



5. B cocyne HaxoAsATCst OIUH 32 JIPYTHM TPH CJI0sl HECMEUIMBAIOIINXCS )KUAKOCTEH: BOIa, Macllo, PTYTh
(cM. pucyHOK). Beicota kaxaoro ciost 5 cM. OnpeleniTh TaBlIeHUe KUAKOCTEH Ha THO cocy/ia ¥ Ha
riyoune 7,5 cMm.

Hauo: CH
hl = hz = h.3 =dcM 0,05 M :::_—_:::::
h=1,5cu 0,075 m —— Macaop, — | ~h,
p. = 1000 = —
M _——
- Bona p e h’a
KT —_— = = 2
p, =900 - —
KT P e S g
Py =18000 "3 —=Pvmp, = | rh,
P-? —
Ph = ?

Pemenne:

Onpeznenum fapjieHue Ha AHO KayK0M KHUIKOCTH:
P, =p,gh, — nasnenue cronba pryru;

P, =p gh, — nasnenne cronba Boakl;

P, =p gh, — naBrenune cronba macia.

Obmee nasnenue Ha AHO cocyaa Gyaer pasuo: P= P, +
+ P, + P, Tak KaK h; = hy = hg, P =pgh, + p,gh, + p,ghs =
=ghy(py + Pyu + P)-

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

IToacrasus B (hopMyIy YHCIOBEIE JaHHEIE, IOJIYIUM:

P=10-0,05-(13 600 + 1000 + 900)=0,5-15 500 =
= 7750 Ila.
JlaBierue Ha rayomuHe 7,5 CM CKJIaJBIBAeTCHA H3 AaBie-

HHUA cTonba Macyia ¥ AaBJA€HHUS MOJOBHHBI CTOJOBI BOABI:

1
P =P +=P.
h x+23

Orciona caeayer, uro |P, = p, ghy + %p_ghz .

Iloxcrasus B hopMyTy YHCIOBEIE AaHHBIE, TOJIYIAM:
B, =900-10-0,05+l~1000-10-0.05 = 450 + 250 =

2
= 700 Ila.
OrseT: P=T7750 Ila; P, = 700 Ila.

6. Konudeckas mpoOka mepeKphIBaeT Cpasy JBa OTBEPCTHS B TUIOCKOM COCY/IE, 3aIIOJTHEHHOM
xuakocteto npu gasiaeHuu 2000 I1a (cMm. pucynok). Paguyc otBepctuit R =2 cm, r =1 cm.
OnpenenuTts CUITy, IEHCTBYIONIYIO Ha TPOOKY CO CTOPOHBI KUKOCTH.
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Hamo: CH
P=20001IIa (0,02 M

R=2cm 0,01 m
r=1cm
F-?

Pemenmue:

Cuna, aeiicTByionas Ha npodKy B 60JIbIIOM OTBEPCTHH,
paBHa: F, = PS,, rae S, — miomaas 601611010 OTBEPCTHSA;
S, = nR?, roraa F, = PrR®.

Cuna, peiicTBywomas Ha npoOKy B MaJOM OTBEPCTHH,
pasHa: F, = PS,, rae S, — naomaabs MajJoro OTBepCTUA;
S, = nrz. rorga F, = nPre.

Cuia, neiicTBywIas Ha NTpoOKY CO CTOPOHEI JKHAKOCTH,
pasua: F = F, — F,; F = nPR* — nPr’ = nP(R* - ).

Orciona caeayer, uro |F = tP(R* - r?)|.

IloacraBus B Q)opmy.rly YHUCJIOBbBIE JaHHbBIE, ITOJYYHM!:

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

OrseT: F=1,884 H.

CamocrosiTe1bHas padora.

1. Bo ckoibKo pa3 1aBiaeHHe BOJIbI HA IHO Ko(eiHIKa OoJibllle, 4eM Ha JTHO YallHUKA, €CJIM BBICOTA
cTos6a Boabl B Kodeitnuke 30 cm, a B yaitHuke — 12 cm?

2. OmnpenienuTh BBICOTY YPOBHS BOJbI B BOJAOHAINOPHOM OalllHe, eclii MaHOMETp, YCTAaHOBJIEHHBIN Y
ee OCHOBaHus, moka3biBaeT gasienue 220 klla.

3. Beicota cronba Boabl B crakaHe 8 cM. Ha ckonbko AaBieHHe PTYTH Ha JHO CTakaHa ObUIO ObI
00J1b11Ie, €cli Obl PTYTh HAJIWIN B CTAKaH J0 TOTO ke YpOBHA?

4. Inuna akBapuyma 40 cm, mupuHa — 20 cm, Beicota — 30 cM (cM. pucyHok). C kakoil cusoit Bosa
JaBUT Ha JHO akBapuyma? Boja HIke BepXHEro Kpas akBapruyMa Ha 2 cM

5. Cocyn umeetr maccy 15 kxr. Korna B Hero moBepxy JOIMIN BOJIBI, Macca ctana 40 kr, a Korja B
3TOT K€ COCYJl HAJIWJIM JOBEPXY HEM3BECTHBIM PacTBOp, TO Macca craja paBHou 45 kr. Onpenenutsb
JIaBJICHHE HEU3BECTHOTO pacTBOpa Ha THO COCYJa, €CIH BhIcOTa cocya paBHa 0,5 M.

6. B uBerounyro Ba3zy HanuTta Boja. JlaBneHue Boabl B Touke (1) Oonbiie, yem B Touke (2), B 1,6
pa3a. Touka (1) orcTout oT nHa Basbl Ha 4 cM, a Touka (2) — Ha 10 cm (cMm. pucyHok). KakoBa BricoTa
BOJIbI B Baze?
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7. B cocyn, miomaap MonepeyHoro CeYeHus: KOTOPOro YMEHbILAETCSl B HAIPABICHUH OT JIHA K BEpXHEH
YacTH, HAJIUTA YXUIKOCTh Maccoit 1,6 kr (cMm. pucyHok). OO0beM >XMIKOCTH paBeH 2 . Bwicora
KHUJIKOCTH B cocye paBHa 20 cm. Haiitu naBnenue ®uIkocT Ha THO cocyaa. h

——

\
=\
e \ §
S——
8. Kakyro cuny naBrneHusi HCIIBITHIBAET CTEHKA akBapuyMa JinHoi 40 cM, eciu yron ee HakioHa 60°, a
BbICOTa BOJIbI B akBapuyMe 20 cM (cM. pucyHok)? Atmocheproe nasienue 105 Ila.

®opma mpeacTaBieHus pe3yJbTarTa:

BeImonHuTE 3amaHue B TETpaay AJIs MPaKTHYECKUX padoT

Kpurepun oneHku:
3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIIICTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeMmpaBUJIbHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIISETCS OTpHUIlaTeIbHas olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIBHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% mpaBUIBLHBIX OTBETOB
Oyenra «Heyoosiemeopumenbvhoy svicmagisiemcs 3a Menee 60% nmpaBUIBHBIX OTBETOB

Tema 4.1 JnekTpocraTuka

[IpakTHyeckoe 3aHsATHE N29

Pemenue 3ana4 nmo teme «uekTpocratuka. CoeiluHeHNEe KOHIEHCATOPOB)

esab: 3y4uTh IIEKTPUUYECKOE MOJIE, 3HATH €r0 MPHUPOJTY, €r0 ICHUCTBUE HA IEKTPUUECKUE 3aPS]IbI
U Ipyrue djaeKTpudyeckue noiid. Hayuntbes pemare 3a1a4i Ha COEIMHEHUE KOHIAEHCATOPOB.

IIpakTnueckas padora popmupyer: I[1P66; ITPG7; I1Py 1; ITPy 5; ITIPyS8; I1Py 11; [Py 12;

MP8 MP9,MP10,MP21,MP17, MP13;JIP 26, JIP 14, JIP 23, JIP 13.

BoinosiHenue pa6orsl cnocodcTByet (hpopmuposanuto: OK 01, OK 02, OK 03, OK 06, OK 09

MarepuanbHoe ofOecneyeHHe: WHIMBHUIYAIbHOE 3aJaHUE, KOHCHEKT JIEKIHM, CIpaBOYHBIC
MaTepUaIbl.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JABYX YacTed — TEOPETHUECKON M MPAKTUYECKOM.
[Tocne n3ydeHuss TEOPETUUECKOr0 MaTepraia MOKHO MPUCTYNATh K BBIMOJHEHHUIO MPAKTUYECKOW YACTH.
Omna coctouT U3 ABYX u OoJiee 3a/1a4 JJi1 CAaMOCTOATEIHLHOTO BBINMONTHEeHUs. He 3a0bIBaiiTe 0 mpaBUILHOM
oopmiieHnHn penieHus. Ha BRIMOTHEHNE TPAKTUYECKON OTBOIUTCS JIBA aKaJIEMHUYECKUX Yaca.

IHopsaok BbINOJIHEHUS PA0OTHI:
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1. PaccmoTpute TeOpeTHUYECKMU Marepuan IO TeME W MPUMEphl pelIeHUus 3anad  (CMOTpH
METOAMYECKOE ITOCOOHE).
2. Pemmre camocrosiTensHyto padoty. Odopmure perieHne NiCbMEHHO B TETPALIH.
Xox padoThI:
1.Teopus
HannekrpuzoBanHoe Teso — Tej10, 001aiarolee CBOWCTBaMU, MPOSBIISIONIMMUCS B 3JIEKTPHUUECKUX
SIBJICHUSIX.
HeoOxonuma konnyecTBeHHAsi Mepa CBOMCTB HA3JIEKTPU30BAHHOTO TeNa.
Dnexrpuueckuii 3apss (Q; ) — Mepa CBOMCTB HAYIEKTPU30BAHHBIX TEJI, TIPOSIBIISIOIIMXCS B
anekTpudeckux apieHusax [Q] = 1 K — kymnon.
B3aumoaeicTBus Ha3IEKTPU30BAHHBIX TEJI OTHOCAT K 271€KMPOMACHUMHBIM 83AUMOOEUCTNEUSIM.
DreKxTpu3alus — Ipouecc cooOuieH s Teay (Judo nepepacnpeesieHns MeX/1y YacTsIMU Tela)
ANEKTPUYECKOTO 3apsa.
e OJHUM U3 CIOCOOOB AIEKTPU3ALIUU SABISETCS TPEHHE.
e 113 onbITOB U3BECTHO, UTO CYLIECTBYET [BAa BHUJA 3JEKTPUUECKUX 3apsA]oB. VX yClIOBHO Ha3bIBarOT
MOJIOKUTEIHHBIMU U OTPULIATEIHHBIMHU.
Toueunslii 3apsia — 3apsi/l, pacloI0KEHHBIN Ha Tele, pa3Mephl KOTOPOTO MPEHEOPEKUMO MaJIbI.
W3 onbITOB M3BECTHO:
1) ogHOMMEHHBIE 3apsIIbl OTTATKUBAIOTCS, PA3HOMMEHHBIE — MPUTATUBAIOTCS;
2) HauMEHBIINH (JIEMEHTAPHBII ) ANEKTPUUYECKUI 3apsi]l, CYIIECTBYIONIUI B IPUPOJIE — 3aps]l JIEKTPOHA
e= L6107 gy
e 3apsatenaq=N-e,rne N — KoIu4ecTBO AIEMEHTAPHBIX 3apsI0B € B 3apsije J.
3aKOH COXpaHEHMsI SJIEKTPUUECKOTO 3apsijia: B AEKTPUUECKU 3aMKHYTON CUCTEME TEJ MOJIHbIN
ANEKTPUYECKUH 3apsi]i (CyMMa BEIHYUH MOJIOKUTEIBHOTO M OTPULIATEIBHOTO 3apsSA0B) OCTAETCS
MTOCTOSTHHBIM.
3HAUUT, SNEKTPUUECKUN 3aps1 He BOZHUKAET U3 HUYETO U HE Mcue3aeT OecCIeIHO U MOXKET MePeX0IUTh
OT OJIHOTO TeJa K APyromy npu g, DJEKTPOMAarHUTHBIX B3aUMOJEHCTBUSX.

o, -
F;. - A fl

r
3akon Kysona: sanektpuueckas (KynoHoBcKas) cuna  F, B3auMmoaencTema  ABYX TOYEYHbIX

INEKTPUYECKUX 3apAAO0B g; U G, B BaKyyme npAmMmo nponopunoHasibHa Npoun3BeaeHUo UX BEINYUH, O6paTHO
nponopuynoHaabHa KBaApaTy pPaCCTOAHUA I Mmexay HUMMU U HanpaB/sieHa BAOJIb I'IpFIMOﬁ, COGAMHFII-OU.I,GVI 3T
3apAaabl.

¥

g H-m

k=9-10° M Foopdd:_ 1 44
n - r* d4me, r° KO3(h(UIHMEHT NPONOPLUUOHATBHOCTH.
B psanme cnydaeB nns yIpoIieHus pacyéToB K ymo0HO MpeacTaBisTh B
PR

. dAre, .

BHUJIC: L Torna:
£, = 88510712

DnexTpuyeckas NocTossHHAs — KOG HULIUEHT Hom®

e Cuna B3aUMOICHCTBUS 3apsa10B B CPCIAC MCHBIIIC, YCM B BAKYYMC.
OrHocuTenbHas AUDJICKTPHUYICCKAd MPOHUIACMOCTD CPEAbI (8) — BCJIIMYHHA, IMOKa3bIBarolias, BO CKOJILKO

pas crma B3amMozeiicTBus 3apsiioB B cpene (F.) Menbime, uem B Bakyyme (F+).

AOCOMIOTHAs AUANIEKTPHUYECKasi TPOHUIIAEMOCTb CPE/Ibl — IPOU3BEIICHUE Ep €.

DJeKTpuYecKoe 1Moje — 0COOBI BUJI MaTepUH, IPOSIBISIOLINICS BO B3aUMOJICHCTBUU € JEKTPUUIECKUMHU
3apsamMH., CYIIECTBYET BOKpPYI KaXKJIOTO 3apsia M 3apsiabl B3aUMOJIEHCTBYIOT APYr C JpyroM
MOCPEICTBOM 3TOTO IOJIA.

Hanpsk&éaHocTh 1eKkTpudeckoro nois (£) — BekropHas (usnyeckas BeJIMYMHA, YMCIECHHO paBHAs CHUIIE,
C KOTOPOM TOJI€ IEUCTBYET HA €AUHUYHBIA TOUEUHBIM TMOJIOKUTEIIbHBIN 3apsij, MOMEIIEHHBIN B TAHHYIO
TOYKY MOJIS.
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E-F )=t . Q
q Kn  ME — cuinoBass E=k—— XapakTepuUCTUKA TOYKH DIEKTPHYECKOrO
T1OJISL. “r
Pa6oTa 1o 1o nepeMeIeHuro 3apsa
A=q-E-Ax

, I1e AX — pa3HOCTb KOOPJIAMHAT KOHEUYHOI0 U HAYaJIbHOTO MOJIOKEHUM 3apsja.

A=q-l9i~92) rpe 1792 - pasHOCTH OTCHIUAIIOB.

Css3b Hal'lpﬂ)l(eHHOCTl/l H Pa3HOCTHU MOTEHIMAJIOB

{{.'.r, —f.'}-.:l [E] 1
M , T. C. HaHp}I}KeHHOCTB OJHOPOJHOI'O SJICKTPHYCCKOI'O ITOJIA YHMCICHHO paBHA Pa3HOCTH
IIOTCHIMAJIOB HA €IMHULIC JJINHBI CWJIOBOH JIMHUH.

DnekTpuyeckas CMKOCTL HpOBOI[HI/IKa O) - - q OTHouIeHHE 3apsiaa Q NPOBOJAHUKA K €TO
[c]= 1K 10 @

noTeHIuany g. B — dapan

Konnencarop — cucrema IByX IpOBOJHUKOB (0OKJIAI0K), Pa3/ICIEHHBIX CJIOEM TUDIIEKTPUKA,

MpeHa3HauYeHHAas 1715 HAKOTICHUS ¥ XpaHEHUs 3apsija.

EMKocTh nrockozo xonaencaropa (00KIaaKu — MIIOCKHE MIACTUHBI) ONPEeNsIoT mo Gopmyie: , rae S —

wIonaas 00kIaaku; d — paccTOSIHUE MEKIY OOKIIaIKaMu

f o=

Coennnenue KOHACHCATOPOB:

[TocnenoBarenbHOE COCTMHEHHE KOHIEHCATOPOB — COEIMHEHHE, TIPYU KOTOPOM TOCTIE 3apsAKH
OTPHIIATENIEHO (TIOJOKHUTEIBHO) 3apsbKeHHAast 00KIIa/IKa MPEbIIYIIETr0 KOHICHCATOPa COSMHEHA C
MOJIOKUTEIBHO (OTPUIIATENHLHO) 3aPsHKEHHOM 00KIIaAKOM MOCIEYIOIIETO.

I | 1 1 -
—— = — . — — -
I:"..I {_-._- (.,. {:H.Il E

HapannenLHoe COCIMHCHNEC KOHACHCATOPOB — COCANMHCHUC, ITPU KOTOPOM ITOCJIC 3apsAaAKHU BCC
IMMOJIOKUTCIIBHO 3aps’KCHHBIC O6KJ'Ia,[[I(I/I CO6paHLI B OJIUH Y3€JI, BCC OTPULATCIILHO 3apsA’KCHHBIC — B

JPYTOH.

='Z'I.:-_ C

= Cy et C,
CamocrosiTesibHast padoTa

1. C xakoill cuiaoi B3aUMOAEUCTBYIOT JIBa 3apsijia iU (2, HAXOISIIUECs Ha PACCTOSIHUU I B Cpefie C
JTUAJIEKTPUYECKON MPOHUIIAEMOCTBIO £7

2. Ha xakoMm paccTOSHUM JApYr OT JApyra 3apsaiasl i 2 B3auMOAEWCTBYIOT ¢ cuioil F, eciu
OTHOCUTEIbHAS TUAJICKTPUIECKasi TPOHUIIAEMOCTh cpeibl €7 (q1,02 U € U3 3amayuu Nel)

3. OmnpenenuTh BETUUYMHY KaXJIOTO U3 JIBYX OJMHAKOBBIX 3apsOB, €CIH B CPEe C OTHOCUTEIbHOU
JTUAJIEKTPUYECKOM IPOHHUIIAEMOCTBIO CpeAbl € Ha PACCTOSHMM I JAPYyr OT Jpyra OHH
B3aUMOJCUCTBYIOT C cuiion F.

4. Omnpenenuth HaMpPsHDKEHHOCTH MOJSL B TOUKE, TJ€ ACUCTBYET 3JeKTpuueckast cuna F Ha nmpoOHbIi
3apan q.

5. Haiitu HanpsKeHHOCTH MOoJis, 00pa30BaHHOT0 ToYeuHbIM 3apsaoM q=10 mkKi.Ha paccTosiHum r B
cpelie ¢ OTHOCUTEIILHON AUDJIEKTPUUYECKON ITPOHUIIAEMOCTBIO €.

6. B 0ZHOPOAHOM DIIEKTPUYECKOM IMOJIE HANPSHKEHHOCThIO E mepememiaeTcst Mo CHIIOBOW JIMHHUA
3apsn q=10 MxKn. Ompenenute paboTy AJIEKTPUYECKOTO TOJSI, €CIH MEePEeMEIEHUE COCTaBUIIO
AX.
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7. HamnpspxeHne MeXay TOUYKaMM 3JIEKTPUYECKOrO MOJS M0 CUIOBOM JUHMM paBHO U, paccrosiHUe
Mexay Humu AX(u3 3agaun Ne6). KakoBa HanmpsiKeHHOCTH TOJIs1?

8. Kakyro paboTy HYXHO COBEpIIMTH i TOro, 4ToObl 3apsin q=10 HKI mepemecTuics U3 TOYKH
MoJis C TMOTEHIMAJOM (1 B TOYKY C NOTEHUUATOM(2?CxeMy IMepeMmellleHus: 3apsjaa B
AJIEKTPUUYECKOM T0JIe M300pa3uTh rpauuecKy.

9. KakoBa €MKOCTh IPOBOJHMKA, MOTEHIMAI KOTOPOrO HU3MEHsIeTcs Ha AQ MPH COOOIIEHUU eMy
3apsna q=9 uKn ?

10. Onpenenuth eMKOCTh 0atapeu Ce,r, €ciu KoHaeHcaTopsl ¢ eMkocTsiMu C1=10 nd, C=15 n® u
C3=20 nd® coemuHWIM: a) TOCIEAOBATENbHO; ©0) mapamenbHo. CXeMbl COCTUHEHUS
KOHJICHCATOPOB HAYEPTUTb.

Ne | 2 3 o 5 | 6 r| 8
Ba q qQ r £ F £ r F F q £ E AX | U 0, [
p HK | BEK | oM mH cM | MH | MH | 8Ka | om |HK| e | B |B

1 n | n Bl
1 1 1 2 81 10 1 2 90 10 5 I 1 | 10 35 | 110 | 100 | 500
2 2 2 4 (2,1 ] 20 2 - 80 20 10 1 2 20 | 34 | 220 | 200 | 400
3 3 3 6 2.5 30 3 6 70 30 15 1 3 30 33 | 330 | 300 | 350
4 4 4 8 2,1 40 4 8 60 40 20 1 - 40 32 | 110 | 400 | 200
5 5 5 10 6 50 5 2 50 50 25 1 5 50 | 31 | 220 | 500 | 100
6 6 6 2 7 60 6 - 40 60 30 5 6 60 30 | 330 | 600 | 1000
7 7 7 4 81 70 7 6 30 70 35 5 7 70 29 | 110 | 700 | 900
8 8 § 6 (2,1 80 8 S 20 80 40 5 8 SO | 28 | 220 | 800 | 850
9 9 9 S 2.5 90 9 2 10 90 45 5 9 90 27 | 330 | 900 | 700
10| 10 10 10 | 2,1 10 1 4 50 10 50 5 1 10 26 | 110 | 100 | 600

®opma npeacTaBiaeHus pe3yJabTara:
BhIMoNHUTE 3a/iaHKe B TETpaIu JJIs PAKTHUECKUX PadoT.
Kpurtepuu onenku:
3a npaBUIIHHO BBIMOJIHEHHOE 331aHHUE BHICTABIISIETCS MOJIOKUTENbHAS OI[eHKa — 1 Oa.
3a HeMpaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTpUIaTeIbHAas omeHka — 0 6amoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagniemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «Heyoosiemeopumenvno» svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.2 3aK0HBI MOCTOAHHOTO TOKA

IIpakTnyeckoe 3auaTue Ne10
Pemenue 3apau «3akon OMma ais yyacrka uenu. Conporusienue. CMelIaHHOE COeIMHEHUe
NMPOBOIHUKOB»

Henp: 3akpenuTh yMEHUS U HaBBIKM BBIUYMCICHMS CHJIBI TOKA, HAPSDKEHUS, CONPOTUBIIEHUS 10
OIIPEJICJIEHUIO U 10 3aKOHY OMa JUIsl yJacTKa LIEMH, a TAK)KE C yUeTOM 3aKOHOB Pa3JIM4YHOIO COCIUHEHUS
IIPOBOJHHKOB.

IIpakTnueckas padora popmupyer: [1P66; [1PG7; TPy 1; ITPy 5; [IPyS; TPy 11; I1Py 12;

MP&,MP9,MP10,MP21,MP17, MP13;JIP 26, JIP 14, JIP 23, JIP 13.

BoinosiHenue pa6orsl cniocodcTByeT (hpopmuposanuto: OK 01, OK 02, OK 03, OK 06, OK 09

MarepunanbHoe obecrnieyeHue:

TeTpajib Ul MPAKTUYECKUX paboT, pyuKa, METOANYECKHE PEKOMEH/IallMH M0 BBIOJIHEHUIO paboThI,
JMHENKa, KapaHJalll.
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Yka3zanue: [IpakTuueckas paboTa COCTOMT M3 JBYX YacTed — TEOPETHUECKOW M MPAKTUYECKOM.
ITocne n3yueHuss TEOPETUUECKOTO MAaTepHalla MOKHO MPHUCTYNATh K BBITOJHEHUIO IIPAKTHYECKON YaCTH.
Ona cocTouT U3 ABYX U Oojee 3a7ay Al CaMOCTOSATENBLHOTO BhIoMHEHUs. He 3a0biBaliTe 0 IpaBMIIbHOM
oopmienun pemtenus. Ha BelosHEHHE IPAaKTUYECKON OTBOJUTCA JBa aKaJeMUUYECKHX Yaca.

ITopsinok BbINOJIHEHHSI PAa0OTHI:
1. PaccmoTpute TeOpeTHUYECKHMH Marepuad IO TeME W MpPUMEphl pelieHus 3agad  (CMOTpHU
METOAMYECKOE ITOCOOHeE).
2. Pemmre camocrosTensHyto padoty. Odopmure perieHne MICbMEHHO B TETPAIH.
Xox padoThI:
1. Teopus

1.OneKTpuvecKuil TOK-HAIlpaBJICHHOE JBM)XKCHHE CBOOOMHBIX 3apsyioB. Cunol Toka (I) HasbBaeTcs
BEJIMYMHA, YHUCIIEHHO paBHAs 3JIEKTPUUECKOMY 3apsiy, MPOXOMSIIEeMY Yepe3 CEUCHHE MPOBOJHHMKA B
equHUIly Bpemenu: I = g/t, [=n*q*s
3akon Oma mis yuactka renu: [=U/R
®opmyna conpotuBieHusi: R=p*l/S, rne p - ynenpHoe cOnpoTUBIECHUE, 3aBUCAIIEE OT POJia IPOBOTHUKA;
|-MHa MPOBOAHMKA; S - TUIOMIAAL CEUCHHUS.

IIpu mocJiemoBaATEeJIBHOM COefHHeHHM NpoBOZHMKOB: R=R1+R2 I=I1=I2=const
U=U1+U2 IIpy nDapajJyeJbHOM CoOeZuHeHUU InpoBOZHUKOB: U=Ul=U2=const
I=I1+I2 1/R=1/R1+1/R2, ecsmu R1¥R2 R=R1/N, rme N—- uHCJIO OZUHAKOBBHIX
conpoTuBJeHuM, T.e. R1=R2= ---RN.
3akon Oma ms mostHo# tenu: [=¢/R+r,rae € - 3/1C ucrounuka toka, [€]=B, R-BHemIHee conpoTuBieHUe
[R]=OM, r-BHyTpEHHEE CONPOTUBIICHUE WU CONPOTUBIECHUE UCTOUYHUKA TOKa [r]=OMm

2. llpuMepnl pelieHus 3a1a4

Cuiia TOKa ¥ IVIOTHOCTh TOKA

1. Onpenenure 4HMCIO N 3JIEKTPOHOB, KOTOPBIE IMPOXOAAT UYEpE3 IONEPEYHOE CEYEHHE MPOBOJHUKA
ionapio s=1MM2 3a t=2 MHUH, €CJIM MJIOTHOCTh TOKa B IpoBoaAHUKE j=150A/cM2

Jano: Pewenue:

S=1mm*=10"m" Yucio 3MeKTPOHOB, NPOXOAALINX HEPe3 MONepeHHOe CEHEHNE
t=2 mun=120c MPOBOIHMKA, PABHO OTHOLLIEHHIO 3IEKTPHYECKOro 3apsija,
i=150A/cM™=1,5*10*A/M>  mpowresmero yepe3 JaHHOE MONEPeyHOe CeYEHNUE, K 3apaay
n-? snekrpona:n=Q/e (1). YuurwiBas, uro Q/t = I5S (2), nony4um:

3a BpeMsi t yepe3 cedeHue NpoBOAHMKA npoiiaer n= jSt/e.
n=1,5%10°A/m>* 100 m>* l20c/l,6*10'[9Kn=1 ,2*1021
Omesem: 1.2*10°"

2. DneKkTpuyeckas 1enb, cocrodias u3 pesuctopoB R1=100 Om,R2=200 Om R3=300 Om, noakaroueHa K
JBYM MCTOYHHMKaM noctostHHoro HanpspkeHust Ul n U2=100B. ITpu xakom Hampspkenue Ul cuna toka [1
yepe3 pesuctop R1 6yner paBHa Hym0?
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Mano: Pewenue:

R;=100 Om Ecnu uepes pesuctopR; Tok He naer, 1.e. [;=0, cnenosarensho, I;R;=0. Toraa

R5=200 Om Hanpsukenue Us Ha pesucrope R; nomkno Obith pasuo Uy, .e. Us=U;=LR; (1).

R3=300 Om B stom ciyuae pesuctopsl Ry u R; Bkimouens! nocnenosarensto. [loatomy

U2=100B CHJIa TOKA BO BCex yacTax uenu oauHakosa: [;1=L=1. [lanenue nanpsxenus

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

U,=? Yuureieas, uto IR;=U;=U; umeem, U,=U; Ry/R,+R;3+U;. Tlocne npeoGpazosanus
nonyuum U;=R3/R,+R3*U,. U;=300 Om/200 Om+ 300 OM*100B=60B.

Omeem: 60B

3akon OMa 1Ji9 MOJTHOH Henu

3. Onpenenute cuiay Toka KopoTkoro 3ambikanus IK3 Garapeu, DJIC kortopoii € = 15 B, ecnu npu
MOAKJIIOYEHUH K HEel pe3uctopa conporusieHrneM R=3 OM cuia Toka B 1ienu cocrtaisieT [=4A

Jawno: Pewenue:
¢=15B  Cuny Toka kopoTkoro 3ameikanus onpeaensem no dopmyne Ixz = e/R (1), rae
R=30m r-BHyTpeHHee conpotusiaenue Oarapen. Cornacho 3akony Oma st nonHoi uenu:

=4A [= ¢-IR-r, otkyza r = -IR/1 (2). [Toacrasum dopmyay (2) B popmyny (1)
Ik -? k3= e/R=¢el/e-IR.  Ix3=15B*4A/15B-40*3 Om=20A
Omeem: 20A

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

4. K ceru nanpsxenuem U=200 B mnpucoeaunensl 1Ba pesucropa. [Ipm wux mocienoBareiabHOM

coequnennn [1=4,4 A, a npu mapamnensHoMm - 12= 27,5 A. Omnpenenure compotuBieHne R1 u R2
PE3UCTOPOB.

Jlawo: Pewenue:
U=220B [Ipu nocnenosarensuom coeaunenuu Ry, = Ry + Ro; [I=U/R o0, 0TKYRQ
[,=4,4A Ryoenn= U/, Pacuerst: Rnocna=220B/4,4A=50 Om.
;=27 5A [Tpu napannensrom coeanuennu: Rygp0, = Ri*Ro/(R) + Ry), L=U/R 44, 0TKY A
R;-? Ry-? Rypan =U/L. Pacuertnt: Rypa,=220B/27 5A=8 Om.

R]*R}_/RﬁRg:g OM; R] R3=400 OM; R]+ R3:50 OM; R] R3=400 OM;

3uaunt: R;=10 Om; Ry=40 Om.

Omeem: R;=10 Om; Ry;=40 Om

CamocrosiTesbHast padora

Bapmuanr 1

1. Uepe3 ceueHMHe IIPOBOJZHMKA 3a IPOMEXYTOK BpeMeHU At=10c mpoxXomuT
3apan; AQ=25 K. Onpegmednure CUJy ToKa I B IPOBOLHUKE.

2. Hanpsbxenue Ha ywactke nenu U = 5 B, a ero anekrpuueckoe compotusieHne R = 10 Ow.
Omnpenenure cuity Toka [ Ha 3TOM ydacTke 1enu.

3. Ilpu nepemermienue 3apsaa Q=2Ki BHYTpHM HCTOYHMKA TOKa CTOPOHHHE CHMJIBI COBEPINAIOT PabOTy
A=20 Ixx. Onpenenure I/]C ncrounuka.

4. Kak MOXHO MOJTYYHTh CONPOTUBICHUS R, coeqMHSIsI BCEMH BO3MOXKHBIMH CIIOCOOAMH TPU PE3UCTOpa
conpoTtuBiieHneM R=6 Om kaxapiii?

Bapmuanr 2

1. Cudia Toka B npoBozHuke I = 1,5 A. Onpezedaure 3apan AQ, IpoTeXalomUuH
yepes3 ceueHHe IPOBOLHMKA 3a BpeMda At=2c.
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2. Onpenenute Hanpsbkenue U Ha pesucrope conportupieHneM R=10 kOm npu cune toka B Hem [=0,5
MA.

3. Cuna Toka B Jammodke kapmanHoro ¢onapuka [=0,28A mpu nanpspkenun U=3,5B. Onpenenute
COIPOTHUBIIEHUE R HUTH TaMIIOUKH.

4. Bo ckonpko compotuBienne R1 mnpu mnocnemoBarensHoM coenunenun 10 pesuctopoB (n=10)
conpotusiieHneM 1o R=10 Owm Gobliie, yeM ux conpoTusieHue R2 mpu mapamieabHOM COSTUHCHUH ?
®opma npeacTaBieHus pe3yJbTaTa:

BoimonHuTh 3asaHue B TETpaau Uil MPAKTUYECKUX padoT.

Kpurtepuu onenku:

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

3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTpUIIATENbHAs olleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenka «xopoutoy evicmagnsemcs 3a 80 — 89% npaBUIbHBIX OTBETOB

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

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

Tema 4.2 3aK0HBI MOCTOAHHOTO TOKA

IIpakTyeckoe 3anaTue Nell

Pemenue 3agau no teme «Padora, MOIIIHOCTH M CONPOTHBJIEHHE JIEKTPHYECKOT0 TOKA)»
Heab: HAyuyuTHCS pelIaTh 3aJa4u, UCIONb3Yys (POPMYIBI pabOTHI TOKA U MOITHOCTH

IIpakTuyeckas padora popmupyer: 11P66; ITPG7; [1Py 1; ITPy 5; ITPyS; TPy 11; 1Py 12;

MP& MP9,MP10,MP21,MP17, MP13;JIP 26, JIP 14, JIP 23, JIP 13.

Boinosinenue padorsl cnocodcTByeT hopmuposanuro: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe olecrnedyeHue: TeTpaab AN MPAKTUYECKUX paboT, pydyka, METOAMYECKUE
PEKOMEHIallUU T10 BHITIOITHEHUIO pa0OThI, TMHEIKA, KapaHIall.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JABYX YacTed — TEOPETHUECKON M MPAKTUUYECKOM.
[Tocne u3yueHus TEOPETUUECKOro MaTeprajga MOXKHO MPUCTYNATh K BHITTOJIHEHUIO TIPAKTUYECKON YacTH.
Ona cocTouT U3 ABYX U Oolee 3a/1ad JJisi CaMOCTOSATEIHHOIO BhIMONHEHUs. He 3a0biBaiiTe 0 nmpaBUIbHOM
opopmiiennu perieHusi. Ha BbITOMHEHNE MPAKTUUECKOW OTBOJIUTCA JIBa akajgeMudeckux vaca. [lopsmok
BBITIOJTHEHUS paOOTHI

IMopsiiok BbINOJIHEHUS PA0OTHI:

1. PaccMoTpuTe TEOpeTHUECKHN MaTepuan IO TeMe W TpHUMEphl pelieHus 3aaad (CMOTpu
METOJANYECKOE MTOCOOHE).
2. Pemute camocTosTenbHYI0 padoty. Odopmute penieHne MICbMEHHO B TETPAIH.

Xoa paGoThI:

1.Teopus.
1.IToBTOPUTE OpMYIIBI pAOOTHI K MOILITHOCTH TOKA.

PaGota u MomrHOCTh TOKA

PaboTy cumi s7eKTpUYEcKOro MO, CO3JAIONIETO YIOPSIOYEHHOE ABUKEHUE 3apsOKCHHBIX YacTHI] B
MIPOBOJHHUKE, T. €. DJEKTPUUECKUI TOK, HA3BIBAIOT pabOTOM TOKA:

A =T*U*t,

rae A — paboTa IeKTpUUECKOT0 TOKA Ha yyacTke 1enw, JIx;

| — cuna Toka HA JAHHOM YYacTKe TeMnu, A;

U — HampshkeHre Ha yyacTke 1end, B;

t — Bpems IpOXO0KIEHUSI TOKA 110 yYacTKY IIeIH, C.

riae P — momnaocTs TOKa, BT.

Ecnm Ha ygacTke 1ienu BCsl SHEPTHS IEPEXOAUT BO BHYTPEHHIOIO YHEPTUIO TPOBOIHUKA (HE COBEpPIIACTCS
MexaHnueckas padota), To Q = [IRt — 3akon Ixxoyns-Jlenna.

Q — KOIMUYEeCTBO TEIIOTHI, BbIIETUBIIEECS B TPOBOAHUKE, JXK.
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Cobepem 11emb, COCTOSIIIYI0 W3 HCTOYHHKA TOKAa M TOTpeOUTENs

AJIEKTPUYECKON SHEPTUHU.
CornacHo 3akoHy OmMa Juisi ydacTka IIemH, HampspDkeHue Ha mnpoBogHuke U = [‘R. Pabora

CTOPOHHUX CUN Aem. = Anomp. T Aucm.
Apomp. — pabOTa AMEKTPUUECKOTO MOJISA 110 IEPEMEICHHIO 3apsiia OT TOUKH A K Touke B;

Anomp.= q°U = q'I'R.

HcTtouHuk Toka 00JIafaeT BHYTPEHHUM CONpOTUBICHHEM I. PaboTa mo mnepeMelieHuro 3apsnaa
BHYTPH UCTOYHMKA TOKA:

Auem.=1I1q
Aem. = €.
Tornaegq=q IR+ Irqume=1IR+[r, um
E
f+r,

3axon Oma 0na 6cetli yenu: CUIa TOKAa B DJIEKTPUYECKOW ILeMU MpsMo mpornopuroHansHa DJIC
MCTOYHUKA TOKA U 00paTHO NPOIOPLUOHAIIEHA IIOJTHOMY COIPOTHUBIICHUIO LIETIH.

R — BHemiHee cOMpOTHBICHHE IleNHu (0OIIee COMPOTHBICHHUE MOTPEOUTENEeH AIEKTPUUYECKOM
sHeprun), Om;

I — BHyTpEHHEE CONPOTUBIICHHE LIEMU (COMPOTUBICHNE UCTOYHHUKA TOKa), OM;

R + r — nonHoe conpotusiieHue nenu, Om.

B BHGKTqueCKOﬁ LCTIM BOBHUKACT KOPOTKOC 3aMbIKaHHEC, CCIIN R=0:
£

"r. 1 =
F
PaboTy cuit 57eKTpUUECcKOro MoJis, CO3JAI0IIETO YIOPAI0UEHHOE IBIKEHUE 3apsHKEHHBIX YaCTHI] B
MIPOBOIHUKE, T. €. AJICKTPUUISCKUH TOK, HA3BIBAIOT pabOTOH TOKA:
A =1 U At
rae A — paboTa NeKTPUYECKOro TOKa Ha yJacTke menu, JIx;
| — cuna Toka Ha TaHHOM y4YacTKe 1enH, A;
U — HampshkeHHe Ha yyacTke 1end, B;
At — BpeMs IPOXOXKACHUS TOKA TI0 YYACTKY IIETIH, C.
F= A = pP=[.0
'
rae P — momHoOCTh TOKA, BT.
Ecnu Ha ywyacTke LienmM BCSl SHEPrusi NMEpeXOAUT BO BHYTPEHHIOI AHEPIHI0 IMPOBOJHHMKA (HE
coBepIIaeTcs Mexanuueckas pabota), To Q = I’RA¢ — 3axko0H JHxoyns-Jlenna.
Q — KONTMYECTBO TEIUIOTHI, BBIICIUBIICECS B MPOBOIHUKE, JXK.

IIpumepsI peieHus 3aga4
1. Dnextpuueckuil ABUraTenb paboTtaer 5 4. oT cetu ¢ HampsbkeHueMm 380 B mpu cune toka 35 A.

ComnporuBnenre ooMoTku apurarens 0,5 Om. OnpenenuTs W3pacxXOIOBAaHHYIO JICKTPHUECKYIO
SHEPTUI0, KOIUYECTBO TEIJIOTHI, BBHIICJICHHOW B OOMOTKE 3a 3TO BpEeMsS U COBEPIICHHYIO
JIBUTATEJIEM MEXaHHYECKYIO padoTy.
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Hano: CH Pemmerne: BrmnciaeaAg

['=380B A=ILFAr A=35A380B-18000¢c =
I=35A Q=£ﬁ&e‘.‘ 2254-1[!5"&1{"

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

A-7 A =2410Tx—0.1-10° Tk =
-2 =2.3-10 'IIx

e

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

2. Ilpu 3ambIKaHUM UCTOYHHUKA dJeKkTpudeckoi suepruu ¢ J/[C 4,2 B HUKETHHOBBIM MPOBOAHUKOM
jmmoit 10 M 1 cedenmem 1,0 mm® cmia Toka B memu 6bita 0,6 A. Haiitu BHYTPECHHEE
CONPOTUBIICHUE HCTOYHHKA OJJIEKTPUYECKOW OSHEPruu. YAeIbHOE CONPOTHBICHUE HHUKEIHWHA
4,2-1070Om M.

CamocrosiTesibHas padora
1. DnexTpoasurarenb, conporuBieHue ooMoTku koroporo 0,4 Om, paboTaeT OT CeTH C HaIpsHKEHHEM
300 B npu Toke 50 A. Omnpenenure KayecTBO HM3PACXOJOBAHHOM SHEPIHMM 3a S5 4., COBEPILICHHYIO
JBUTATENIEM MEXaHUYECKYIO paOOTy U KOJMYECTBO TEIIOTHI, BBICICHHON B OOMOTKE.
2.ABTomMoOUNBHBIN cTapTep 3a 10 ¢ paboTer motpebaser aHepruto 6,0-104 JIx. KakoBa cuma Toka,
MIPOXOJSIIETO Yepe3 CTapTep BO BpeMs 3aIlyCcKa ABUTATEIs, €CITU HANpshKEHUE Ha ero kiemmax 12 B?
3.CBapounbiM anmaparom. PaboTaronmm ot cetu HanpspkeHueM 45 B 3a 20 MUHYT ObLII0 U3PAacX0/I0BaHO
5.4xBt*4ac sneprun. [Ipu kakoil cuiie Toka nmporekaia Jyropas cBapka ?
4.Onexktpudeckuii ytior momHocteio 800 Bt paboraer ot cerm 220 B .OmpenenuTh cuity Toka B
HarpeBaTeIbHOM 3JIEMEHTE U €r0 CONPOTHUBIICHHE B paboueM cocTossHuH yTiora. CKOJIIBKO YHEPTUu OyaeT
M3pacxooBaHo 3a 1,5 yaca HempepbIBHOM paboTHI yTiora ?
5.B cetp HamnpsbxkenueM 120 B mocnenoBaTenbHO € 3JIEKTPUUECKON Tyro BKiIrO4YeH peocrar . [lagenue
HanpsDKeHUs Ha 3JeKkTpojax ayru 45 B ,cuna toka B nienu 12 A. OnpenenuTs MOIIHOCTD ,[IOTPE0IIsieMY 0
JyTOM U K.II.J. YCTAHOBKH.
6.Pe3ucTop moakiroueH K MCTOYHHMKY TOKa, HaNpspDKeHHE Ha 3axuMax kKotoporo 6 B. Kakas paborta
COBeEpIIaeTCs TOKOM, eciu 3a 0,5 MUHYT 4epe3 pe3uctop npoxoauT 3apsa 24 Kn? Onpenenuts MOITHOCTh
TOKa ¥ COIIPOTUBIIEHUE PE3UCTOPA.
7.Kakast MOIIHOCTh TOTPEOSETCS TYroBOM CTaJCIUIABMIBHOW Teubio, paboTaromeidl OT HCTOYHHKA
HanpspkeHueM 220 B npu cune toka 30000 A? OnpenenuTh CTOMMOCTB JIEKTPUYECKOW JHEPrUM ,
M3PACXO0J0BAHHON 3aM 5 4acoB pabOTHI ME€YH, 1O JEHCTBYIONIEMY Tapudy.
8.Hanpspkenue Ha 3axumax re”eparopa 132 B, a y morpebutens - 127 B. Omnpenenuts mnaaeHue
HaIpspKEHUE B MaruCTpalibHbIX IPOBOAAX M COPOTUBIIEHHE , €CJIM MOIIHOCTh TOKAa Y IOTPEOUTENs paBHA
S kBT.

dopma npeacraBjieHus pe3yabTara:

BeInmonHuTE 3a1aHue B TETpaau A MPaKTHUECKUX padoT.

Kpurepum ounenku:
3a npaBUWIILHO BBINOJIHEHHOE 33JaHHUE BBICTABIISETCS MOJIOKUTENbHAS OlleHKa — 1 Oau.
3a HeMpaBWJIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJ]aHNe BHICTABIISICTCS OTpHUIIaTeNbHAs olleHka — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenra «Heyoosiemeopumenbhoy svicmasgisemcs 3a Menee 60% nmpaBUIBHBIX OTBETOB

Tema 4.4 MaraurTHoe moJie

IpakTuueckoe 3ansitue Nel2
Pemenue 3ajJa4v 1mo TemMe «MarHuTHoe moJjie v ero XAPaAKTEPUCTUKHN»
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Henpb: 3aKkpenuTh yMEHUS U HABBIKM BBIYMCICHMS BEJIMYMH C HMCIIOJIb30BAHMEM 3aKOHa AmImepa,
(bopMyIn Ui oNpesieNeHusl MarHUTHOTO NTOTOKA, cuiibl JIopeHna

IIpakTuyeckas padora popmupyer: I1P66; ITPG7; [1Py 1; ITPy 5; ITPyS; TPy 11; TPy 12;

MP8,MP9,MP10,MP21,MP17, MP13;JIP 26, JIP 14, JIP 23, JIP 13.

Beinosinenue padorsl ciocodcTByeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09

MarepuajibHoe o0ecnieyeHue:

TETpajb JUIA MPAKTUYECKUX PadoOT, pyuKa, METOANYECKHE PEKOMEHIALMH TI0 BBIIOJIHEHUIO paOOTHI,
JIMHEMKa, KapaHJalll.

Yka3zanue: [IpakTuueckas paboTa COCTOMT M3 JBYX YacTe — TEOPETHUECKOW M MPAKTUYECKOM.
ITocne u3yueHuss TEOPETUYECKOr0 MaTeprala MOKHO IIPUCTYNATh K BBIIOJHEHUIO MTPAKTUYECKON YacTH.
Omna coctouT U3 AByX M 0oJjiee 3a/1a4 JJIsl CAMOCTOSTENIbHOTO BBINIOJHEHUs. He 3a0bIBaiiTe 0 MpaBUIbBHOM
oopmienun pemtenus. Ha BelosHEHHE IPaKTUYECKOH OTBOJUTCA JBa aKaJeMUYECKHX Yaca.

Ilopsinok BbINOJHEHHS padOThI:

1.PaccMoTpuTe TEOpeTMYECKMH MaTepual IO TeMe M IpUMepbl peleHus 3agad  (CMOTpHU
METOANYECKOE TOCOOHeE).

2. Pemnte camocrostenbHyto paboty. Odopmute perieHne NucCbMEHHO B TETPAIH.

Xoa paGoThI:

Teopus
Paccmompum pucynox 1.

Puc. 1.

BennunHa cuibl, JEHCTBYIOIIENH CO CTOPOHBI MarHUTHOTO NOJII HAa NPOBOAHHUK JUIMHOW L, 1o
KOTOpOMY HJeT TOK cuioil I, onpexnensiercs no ¢popmyine Ammnepa: Fa = BxLxIxsina, rae B - Mmonyns
MarauTHoOM mHnykuui, [B] =Tn, L — nouna npoBognuka [L] = m, I — cuna Toka, [I] =A. MarautHoe
IIOTOKOM 4Yepe3 IUIOUIAZKy S Ha3bIBalOT YMCJIO CHUJIOBBIX JIMHUM, MPOXOAAIIMX uepe3 Iuomanky: @ =
BxSx cos a, rne @ — marautHbii noToK [D] =B6.

.’
-> >
— Yroa MEKy BEKTOPOM HOpMaiu

/8/ / / / / (h-L b)u BEKTOPOM MArHHTHOI HHAYKLIHil

Benuuuna cumbl, JEHWCTBYIOIIEW CO CTOPOHBI MAarHUTHOTO TOJISI Ha 3apsHKEHHYIO YacTHILy,
onpenensiercs o popmyne Jlopenma: Fia = Bxqxvx sin a, rae q — 3apsig 4aCTHIL, V - CKOPOCTh JBHKEHUS
4yacTull, B — MarHuTHas UHAYKUHUS. 3apsKEHHbIE YaCTULIBI JBUXKYTCS B OAHOPOJAHOM MAarHUTHOM II0JIE 1O
OKPYKHOCTH, paguycoM R.
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R — pamuyc okpyxkHoctu [R] = M, m — macca gactwuil, [m] = Kr, q - MOAY/Ib 3apsijaa YacTHIIBL, [(] =
Ki. Bpems, 3a koTopoe 4acTHIlbl ACNAIT MOJIHBIA 000poT (rmepuoa obpamieHus) pasHo: T = 2nR/v =
2nm/qgB.

IIpumepsbl pemenus 3aaa4

1. Onpenenute cuily, IEUCTBYIOIIYI0O HAa MPOBOAHHUK UIMHOW 20 CM MOMENICHHBI B MarHUTHOE

noJsie, MHAYKIUS kotoporo 5T, ecnu cuna Toka B npoBoaHuke 10 A u on oOpazyer yron a = 30° ¢
HaIpaBJICHUEM TTOJIS.

Jawno: Pewenue:

L=20em=02 M Ha npoBojuuK ¢ TOKOM €O CTOPOHbI MATHUTHOTO MOJ1A ACHCTBYET CHIA
B=5Tn Awmnepa: F=B*I*L*sin q, F=5*0,2*10*1/2 =5 (H).

[=10a

0= 30°

F-? Omeem:5 H.

2. Ilnockas pamka miomaaeo S = 80 cM2 , nMeromass N=40 BUTKOB, pacIoJio’keHa B OJTHOPOJAHOM
MarHuTHoOM noje uaaykuueit B=0,1 Tn. Onpenenure MmarHuTHbIN MOTOK @ CKBO3b paMKy, €CIIM HOPMaib
K HEel OCTaBIseT Yyroi o = 1/6 ¢ BEKTOPOM MarHUTHOM MHIYKIIMH.

Jlawo: Pewenue:

§=80 cx’ =810 u’ MaruuThbiif notok yepe3 oaun Butok @) = BS cos o
N=40 Marsutabiit notok yepe3 pavky O= N@, = NBS cos «
B=0,1 Tn Berancrenns: © = 40%0,1 Tr*8¥10°m™*0,87 = 2,8*10° B
a=mb

0-? Omaem: 2.8*10” B6

3. C Kakoil CKOpPOCTBIO BBUIETAET O- YacCTULAa W3 PAJUOAKTHUBHOIO Sf1pa, €CIIM, Tomnajgas B

OJIHOPOJIHOE MarHuTHOE noje ¢ uaaykuued B = 0,5 Tn nepneHauKyaspHO €ro CUJIOBBIM JIMHUSMH, OHA
JBHKETCS 10 Iyre OKpY)HOCTH paguyca R=0,3 m?
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Jano: Pewenue:

_4
Q=+2p=3,2*10"" Kn O — HaCTHIA — PO aTOMA Teus a=,He. 3apsan sapa
B=0,5 Tn Q= 2p, rze p — 3apsaa npotoHa. Macca o — wacTun
R=0,3 m m paBHA MAacce aToMa reiams
M AP E
n=——= R ""0'7'11 =6,64*10 ke
My, = 4x 107 kr/monn NA 6,02*107 mone
2 2
mv- my
Q\)B —
N 6,02x10% moms™ ,rae R LEHTPOCTPEMUTEIIbHAS CUIIA.
BR M
v-? m N‘* ) M
3,2*10" Kn*0,5T2*0,3m*6,02 *10> mons ™ ;
U= =17,2*10° w/
4%107 K2 ¢

MO
Omeem: 7,2*10° %

2. CamocrosiTesibHAsI padoTa

Bapuanr 1

1. KpyroBoii BuTok miomaasio 0.8 M2 pacrosokeH B OJHOPOAHOM MarHUTHOM TOJI€ C MHIYKIUEH
0,5 Tn. Haiigure MarHUTHBIA NOTOK, NPOHM3BIBAIOIIUN IIJIOCKOCTh BHUTKA, €CIM YroJl MEXIY BHUTKOM
MarHMTHON MHJYKIIMU U OCbIO BUTKA paBeH 600 .

2. IlpoBoanuk mmHOM 1,5 M ¢ TokoM 2A moMelieH B 0OJHOPOJIHOE MAarHUTHOE T0JIe C MHAYKLIHEH
0,1 Tn. Haiitu cuiy, NEWCTBYIOIIYIO HAa IMPOBOJHUK C TOKOM, €CJIM BEKTOP MAarHUTHOM HHIYKLIUU
NIEPIICHIUKYJIAPEH HAIPABICHUIO TOKA.

3. [IpoBogHUK JIMHOM 3M U TOKOM SA mOMeEIleH B OJHOPOJHOE MarHUTHOE MoJie ¢ uHaykueit 0,2
Tn. Haiitu cuimy, AEHCTBYIOLIYIO Ha IPOBOAHMK C TOKOM, €CJIM YIOJI MEXAY BEKTOPOM MarHUTHOU
uHaykuuu u cuiioit 8 MH. OnpenenuTs miioma s BUTKA.

4. IlpoBomnuk nnuHoW 0,2 M INOMEIIEH B OJHOPOJHOE MAarHWTHOe mojie ¢ uHaykuued 2 Tn
NEPIEeHIUKYJIAPHO JIMHUSAM MarHUTHOM MHAYKIMHU. HalTu cuiny Toka B MPOBOJHUKE, €CIM CO CTOPOHBI
MarHMTHOTIO IOJISl Ha HEro AeiicTByeT cuia 2 H.

5. B ogHOpOIHOM MarHWTHOM IOJI€ PACIHOJIOKEH MPOBOJHUK C TOKOM TaK, YTO YTOJI MEXAY
HaIpaBJICHUEM TOKA U BEKTOPOM MarHWTHOM MHAyKuuu paseH 300 . Bo ckoipko pa3 yBenMumBaeTcs
cuJIa, IEUCTBYIOIIAs HA TIPOBOIHUK, €CJIM Yo yBenuuuBaercs 10 900 .

6. DNeKTpoH BieTaeT B OJHOPOAHOE MAarHUTHOE IOJe B Bakyyme co ckopocTtbio 10 Mw/c,
HaIlpaBJICHHON NEPIEHANUKYISAPHO JIMHUAM HHAyKIMW. Hality cuily, NEHCTBYIOIIYIO Ha 3JIEKTPOH CO
CTOPOHBI MATHUTHOTO IOJISA, €CJIM UHAYKLHUSA 1oJis paBHa 2 To.

7. Ilsimunka, 3apsa kotopor 10-5 K m mMacca 1 mr, BietaeT B OAHOPOJHOE€ MAarHUTHOE TOJIE C
uHayknuen 1 T u aBuxkercs no okpykHocTH. CKOJIBKO 000pOTOB ClIeaeT NMbUIMHKA 3a Bpems 3,14c¢ ?

8. DIeKTpOH BJE€TaeT B MarHUTHOE I0JI€ MEPHEHAUKYISIPHO JUHUSAM MarHUTHOM HMHIYKIIUH CO
ckopocthio 107 m/c. Haiiaute HHAYKIIUIO OIS, €CIIM SJIEKTPOH OIUCAll B 10JIE OKPY)KHOCTH paguycoMm 1
CM.

9. B npoBOgHUKE € JJIMHOM aKTUBHOM 4YacTh 8 cM cuiia Toka paBHa S0A. OH HaxoIuThCAd B
OJTHOPOJHOM MarHuTHoM noisie uHaykuue 20 mTn. Kakyro paGoTy coBepuim HCTOYHHMK TOKa, €CIIU
IIPOBOAHMK NepeMecTiics Ha 10 cM NepneHIuKyIsIpHO JIMHUSAM UHAYKLHH.

Bapmuanr 2

1. KBazmpaTtHas pamka, HM3rOTOBJIEHHas W3 TOHKOIO IIPOBOJHHMKA JJIMHOW 2M, IOMEIEHA B
OJIHOPOJIHOE MAarHuTHoe noje ¢ uHaykuued 1 Ti. JIMHMM MarHWTHOM WHIYKIHMH NEPHEHANKYJISPHBI
IJIOCKOCTH paMKH. HaliTH MOTOK MarHMTHOW MHAYKLIMN IPOHU3BIBAIOLINI paMKY.
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2. Ompenenute UIMHY AaKTUBHOM YacTH INPOBOJHMKA, IOMELUIEHHOIO B MAarHUTHOE IIOJE C
unaykiuen 400 T, ecnu npu cuse Toka 2,5 A Ha Hero neiictByeT cuiia 100 H. [TpoBoanuk pacnonoxex
oA yriiom 300 K IMHUSM MarHUTHON UHAYKIIUH.

3. B oaHOpOoJHOM MarHUTHOM Tojie ¢ uUHAYKIWed 12 Tn mapamienbHO JUMHUAM HHAYKIUH
pacnosioxeH npoBoaHUK JuIMHON 0.2M. ITo mpoBoaHMKy TedueT TOK paBHbI S5A. OnpenenuTs cuiy,
JEHCTBYIOIIYIO HAa TPOBOJHHUK C TOKOM

4. ITpunHka c 3apsizom 0,2 Kit Bieraer B BakyyMe B OJJHOPOJHOE MAarHUTHOE I0JIE CO CKOPOCTHIO
500 M/c mepneHIUKYISIpHO JTUHUSM MarHUTHOM WHIYKIUHU. BennymHa MHIYKIUH MarHUTHOTO MOJIs
paBHa 6 Ti. Onpenenure cuiy, IEHCTBYIOLIYIO HA MBUIMHKY.

5. IIpssmo#i mpoBoa WIUHOW 1 M, MO KOTOpOMY Te4eT TOK cuioil 20A, HaXOAUTCS B OJTHOPOJHOM
MarHuTHoM nosie ¢ uaaykuuen 0,01 Tun. Onpenenuts yroa Mexay HalpaBJIE€HUEM I0JIsI U HallpaBICHUEM
TOKa, €CJIM Ha MPOBOAHUK JeicTByeT cuia 0,1 H?

6. IIpsimoii MPOBOJHMK C TOKOM PACIOJIOKEH B OAHOPOJHOM MarHUTHOM IOJIE€ TaK, YTO YIOJl MEXIY
HaIpaBJIEHWEM BEKTOpa MarHUTHOW MHIYKIMHM M HampaBieHueM Toka paBeH 300 . Uemy noikeH ObITh
paBeH ATOT YToJI, 9ToOBI crita Amriepa, AeWCTBYOIAs Ha MPOBOTHUK C TOKOM, YBEJIUYHIIACH B 2 pa3a?

7. B OgHOpPOAHOM MarHUTHOM IoJie, MHAYKUUsA KoToporo paBHa 0,2014 Tn, mo okpyxHOCTH
paBHOMEPHO BpaiaeTcst npoToH. OnpenenuTe paguyc OKpyKHOCTH, €CIIM CKOPOCTh ITpoToHA paBHa 3200
KM/C.

8. KakoBa MHAYKLIMS MarHUTHOTO MO, B KOTOPOM Ha IIPOBOAHMK C JUIMHOM aKTUBHOM 4acTH 5 cM
neuctByet cuna 50 MH? Cuna toka B npoBoanuke 25 A. IIpoBOJHUK pacmoioKeH MepHeHIUKYISIPHO
BEKTOPY MarHMTHOW MHIYKIUH.

9. DNeKTpoH ABMXKETCA B OJHOPOAHOM MAarHUTHOM mose uHaykuued 4 mTn. Haittu mepuon
oOparmenus anekrpona. Otder o padote: Pemenue 3a1ad caMoCTOSTEIEHON padOThI B TETPAIH.

@dopma npeacTaBJieHus pe3yJbTara:

BoeinonHuTh 3asaHue B TETPaaM JUIsl IPAKTUYECKUX padoT.

Kpurepun oueHku:

3a npaBUJIbHO BBINOJIHEHHOE 331aHHUE BBICTABIIAETCS MOJIOKUTEIbHAS OlleHKa — 1 Oau.

3a HeMmpaBUIJIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIIETCS OTpHUIlaTeIbHAs olleHKa — 0 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB

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

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

Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 npaBUIbHBIX OTBETOB

Tema 4.5 DieKTpOMarHuTHasi HHAYKIUS

IIpakTnueckoe 3ansaTue Nel3
Pemenne 3a1a4 no reMe «1eKTPOMATHUTHASI HHAYKLMSA. 3aKOH 3J1eKTPOMATHUTHOI
HHAYKIMUA. CaMOMHIYKIHU DY

Ilesb: U3y4nuTh SBJICHUE DIEKTPOMArHUTHON MHAYKLUH, TpaBuio JIeHna, sBJIeHHe CAMOMHIYKIIUU
U HAYYUTHCS pelIaTh 3a4ayu.

IIpakTnuyeckas padora popmupyer: I1P66; ITPG7; [1Py 1; ITPy 5; ITPyS; TPy 11; 1Py 12;

MP8,MP9,MP10,MP21,MP17, MP13;JIP 26, JIP 14, JIP 23, JIP 13.

Beinosinenue padorsl cnocodcTByeT (popmuposanuro: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe o0ecnedeHMe:TeTpaab [UIsl MPAKTUYECKUX paboT, pydka, METOAMYECKUE
PEKOMEHIALIMU 110 BBIIOJIHEHUIO Pa0OTHI, IMHEIKa, KapaHIalll.

Yka3zanme: IlpakTuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUECKON M MPAaKTUYECKOM.
[Tocne u3yueHHs! TEOPETUYECKOTO MaTeprana MOXHO MPUCTYNATh K BBHIOJHEHUIO MPAKTUYECKOI YacTu.
Ona cocTouT U3 ABYX M OoJee 3a7a4 Al CaMOCTOSATENIFHOTO BhINoHEHH. He 3a0b1BaliTe 0 MpaBUIIBHOM
oopmienun perieHus. Ha BbImonHeHHe NMpakTHYECKOW OTBOAMTCS JIBa akajeMuyeckux yvaca. [lopsaok
BBITIOJTHCHUS PAOOTHI

ITopsinok BbINoOJIHEHUs padoOTHI:
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1. PaccMoTpuTe TeOpeTHYECKM MaTepual O TeMe U TpUMephl peleHus 3a1ad  (CMOTpHU
METOAMYECKOE ITOCOOHE).
2. Pemmre camocrosTensHyto padoty. OdopmuTe perieHne MICbMEHHO B TETPAIH.
Xox padoThI:

1.Teopus.
SIBJ1eHMe DJIEKTPOMATHUTHON UHIYKIMHU
B 1831 roay anrnmiickuii ¢uzumk M. dapaneit cepueill ONBITOB MOKa3aj, YTO C TOMOIIBIO
MEPEMEHHOTO MarHUTHOTO MOJISI MOXKHO CO3/1aTh B 3aMKHYTOM IPOBOSIIEM KOHTYpPE 3JEKTPUUYECKUIA
TOK.

Puc.1.

Aenenue s1ekmpomacHumuol uHOYKyuu — BO3HUKHOBEHHUE JJICKTPHUYECKOTO TOKA B 3aMKHYTOM
MPOBOASAIIEM KOHTYpe TMpU HM3MEHEHMM MAarHUTHOTO TIOTOKa, MPOHHU3BIBAIOMIETO KOHTYp. TOK,
BO3HHUKAIOIIMM B KOHTYpE, HAa3bIBACTCS UHOVKYUOHHbIM (HABEIEHHBIM), a co3gatouryio ero JJC
HasbBatOT I/ C unoykyuu.

[lepBoHayalbHO WHAYKIMS ObLIa OTKPHITA B HEMOABIKHBIX JIPYT OTHOCHUTEIILHO Jpyra
MPOBOAHHUKAX MPU 3aMBIKAaHUHM W Pa3MbIKaHUU LIETIM OJHOU M3 KaTyliek (puc.l. a) mpu U3BMEHEHUU CUJIbI
TOKa B OJIHOM M3 KATYIIIEK, MAlHATHOE I10JIe, KOTOPOE MPOHU3BIBACT BTOPYIO KATYIIKY, B HEH BO3SHHKACT
WHIYKIIUOHHBIA TOK (puc. 1. 6) MHAYKIMOHHBIA TOK BO3HHKAET TAK)KE€ B MPOBOJOYHOM KATYIIKE MpPHU
JBUKCHHUH TTOCTOSTHHOTO MarHUTa BHYTPb KaTYIIIKU M IPU BBIIBUTAHWH MarHuTa u3 Hee (puc. 1. B).

3aKO0H 2JIeKTPOMATHUTHOI UHIYKINHU:

OIC vHAOyKIWM B 3aMKHYTOM KOHTYpE paBHa IO MOJIYJIIO CKOPOCTH HM3MEHEHHUS MarHUTHOTO
MOTOKA Yepe3 MOBEPXHOCTh, OTPAHUUEHHYIO KOHTYPOM:
AdD
At

E.=
]

1)
rae &— DJC unnykuu, B;
AD= O,-D; — U3MeHEHNE MAarHUTHOTO MMOTOKa, BO;
At — IPOMEKYTOK BPEMEHH, B TEUCHHE KOTOPOTO MPOU30IILIO JaHHOE H3MEHEHHUE, C;

Ad B
Ar] _ CKOpPOCTh UBMCHCHHA MAarHUTHOI'O IIOTOKa, *
. __AD
C YUYE€TOM HallpaBJICHUSA MHAYKIIMOHHOI'O TOKA 3aKOH 3aIlIMChIBACTCA TaK: ! Ar

Ecnu 3aMKHYTBI KOHTYp cocTOMT M3 N MOCIeA0BaTeNbHO COEIMHEHHBIX BUTKOB (HampuMmep, B

COJICHOMJIE)
At
riae N — 4HciIo BUTKOB.
HanpasiieHne MHIYKIIMOHHOTO TOKa B 3aMKHYTOM ITPOBOJHHMKE MOXXHO OIPENEIUTH IO MPaBUITY,
yctaHoBieHHOM B 1833 roay pycckum duszukom 3.X. Jlenuem. CornacHo npaesuny Jlenya:
WHAYKIMOHHBIM TOK, BO3HMKAIOIIMM B 3aMKHYTOM KOHTYpPE, CBOMM MAarHUTHBIM ITOTOKOM

MNpEIATCTBYECT TOMY U3MCHCHUIO MAariuTHOTO ITIOTOKA, KOTOPBIM OH BBLI3BAH.
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a2
—=

@}

b &

Puc. 2 Puc. 3. Onsit, vyumoctpupyroniuii mpasuio Jlenna

~

*

HpI/I BABHI'aHMH MarHvuTa B COJICHOM I YHCJIO JIMHUI MarHUTHOM HHAYKOUH (I/IHI/I MarHuTHBIN HOTOK)
YBCIIUYUBACTCA, CIIC€A0OBATCIBHO, I/IH,HYKHI/IOHHBII‘/'I TOK B HEM HMECCT TaKO€ HAIIPABJIICHHUEC, YTO CO3JJaHHOC
9TUM TOKOM MArfuMTHOC I10JIC NPCHATCTBYCT HApACTAHHWIO BHCIIHCTO MArHUTHOI'O ITOJIA. B stom cjIydac

BEKTOP MHIYKLMH 5TOro mojs B HampapieH mpoTHBONONOKHO BEeKTOpY MHAyKuuM B BHemmero mons
(puc. 3. a).

CamocrosiTenbHO 00BsICHU pHC. 3. 0.

DJIC MHAYKUMM B TIPOBOJHUKE, JABMKYIIEMCS B OJHOPOJHOM MATHUTHOM II0JIE, ONPENENAETCS 110

dbopmyre:

g=Bv{sina,

IrZie » — CKOPOCTb B IIPOBOJIHUKE, M/C;

{ — nHa TPOBOAHUKA, M;

B — marauTHas unaykous, TA.;

0. — YToJl MEXly BEKTOpPAaMHU CKOPOCTH U MarHUTHOM MHYKIIMH.

HanpasiieHne MHIYKIIMOHHOIO TOKA B JBMKYILEMCS IIPOBOJHUKE MOKHO OINPENEIUTH 0 MPaBUILY
npaBoi pyku. Ecim mpaByro pyKy pacnoiOKUTh TaK, YTOOBI JIMHUM MAarHUTHOW MHJYKIUU BXOJWJIHM B
JaJI0Hb, @ OTOTHYTHIA Ha 90° GONBLION Majell COBIAAal C HAIpPABICHHEM JBUKEHHS MPOBOJHUKA, TO
BBITSIHYThIE YETHIPE Majblla YKaXXyT HAIPaBJIE€HUE UHAYKIIMOHHOTO TOKA.

Buxpesoe dj1ekTpHYecKoe 1moJie

[Ipy OBUXKEHUM TOCTOSHHOIO IOJOCOBOTO MarHUTa OTHOCUTENIBHO 3aMKHYTOIO IPOBOJSILIErO
KOHTypa B 3TOM KOHTYp€ BO3HMKAaeT HMHIYKIMOHHBIM TOK. IIpyumHONM HampaBiIeHHOrO ABMKEHUS
CBOOO/IHBIX AJIEKTPUUYECKUX 3apSAT0B B KOHTYpPE SIBIISIETCS 8UXpegoe 2eKmpuyeckoe noje, BOSHUKAIoee
OpU HM3MEHEHHMM MAarHUTHOro moss. TakuMm o0pa3oM, MEepeMEHHOE MAarHUTHOE I0JIe MOPOXKAaeT
MIEPEMEHHOE DJJIEKTPUYECKOE II0JIe, KOTOPOE MPHUBOJUT K TMOSBICHUIO B 3aMKHYTOM KOHTYpeE
MHIYKIIMOHHOTO TOKA.

CBolicTBa BUXPEBOrO JIEKTPUUECKOTO MMOJIS:

1. OHo co3naeTcs He 3apsAaaMH, KaK 3JIEKTPOCTaTHUECKOE, a IEPEMEHHBIM MarHUTHBIM I1OJIEM.

2. BuxpeBoe 3JeKTpUUeCcKOe MOJIe He CBS3aHO C AJIEKTPUUECKUMHU 3apsaMH, €ro CUJIOBBIE JIMHUU
(JIMHUY HANPSHKEHHOCTH) MPEACTABISAIOT COOOM 3aMKHYThIE IMHUU.

3. BuxpeBoe 31eKTpuUecKoe MoJje SBISETCS HEMOTEHUUAIbHBIM 1oyieM. PaboTa cui BUXpEeBOro
ANEKTPUYECKOTO TOJIS MPHU JBUKEHUHM €IUHUYHOTO IMOJIOKHUTEIBHOTO 3apsja M0 3aMKHYTOH JIMHUU HE
paBHa HyJIIO U npeacTanisger codoit IJ{C MHAYKIMK B 3aMKHYTOM MPOBOJASIIEM KOHTYpE, HAXOIAIIUMCS
B [IEPEMEHHOM MAarHUTHOM IIOJIE.

Camounaykuus. IJAC camonHayKumn

Camounoykyus — Bo3HUKHOBeHHEe OJIC HHIYKIMM B MPOBOJSIIEM KOHTYpPE B pe3yJbTaTe
U3MEHEHHd B HEM cuibl Toka. [losBistomiyrocs SIIEKTpOABIKYILYIO Ccuily HaseiBaroT JIJC
camoundykyuy. 1lpu M3MEHEHUM TOKAa B KOHTYpE MEHSETCS MarHUTHBIA MOTOK Yepe3 MOBEPXHOCTb,
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OTPAaHUYEHHYI0O JITHM KOHTYpOM, B pe3yibTare 4dero B HeM Bo30yxmaercs OJIC caMOMHAYKIIHH,
HanpaBJIeHUE KOTOPOM onpeaenseTcsa npasuiom JIeHna.
SIBieHNe CaMOMHIYKIIMM MOXXHO HaOIIonaTh, cOOpaB AJIEKTPHUYECKYIO II€Tb, M300paKEHHYIO Ha

puc. 47.
AR —R
__/Y\/L@_\ [ \ AT 1
L J1

. mj | _
R K L
s [ el [ o
Puc. 4. SIBnenne caMOMHIYKIIMU Puc. 5. SIBneHre caMOMHIYKIIMKU TIPU 3aMbIKaHUH 1EMTH

MIPU Pa3MBIKAHUH [ETTH

OmnbIT MOKa3bIBaeT, YTO MpH 3aMblkaHuu kitouya K mamna JIp 3aropaercss HECKOJIBKO IO3XKeE, YeM
nammna Jlj. 3To 0ObsICHSIETCS BOSHUKHOBEHUEM B KaTylike 3HauuTenbHol DJIC caMOMHAYKIIMU, KOTOpasl,
cornacHo npaBuwiy JleHna memraer ObICTPOMY HapacTaHHMIO TOKAa B MOMEHT 3amblkaHus 1enu. Ilof
neiicrueM O/1C MHAYKIUU B KOHTYpE MOSIBISIETCS MHAYKIUOHHBINA TOK (TOK CaMOMHAYKLIMH), KOTOPBIH,
HaKJIaJbpIBasCh Ha OCHOBHOM TOK B KOHTYpE, 3aMeJUIsIeT €ro Bo3pacTaHWe. DHEeprus UCTOYHHKA TOKa,
3aTpayeHHas Ha ero mpeojoieHue npotuBoaeicTBus J/1C caMOMHAYKINH, HAKATUTMBAETCSI B MATHUTHOM
I0JI€ ITOM LENU — BHYTPH KaTYyLIKU ¢ cepaedyHuKoM. Korna cuia Toka B e CTaHOBUTCS MOCTOSHHOM,
TO W PHEPTHUSI MATHUTHOTO IIOJIS LIeTIH HE U3MEHSETCS.

OOBsICHH CaMOCTOATENBHO MPOLECCHI, BOZHUKAIOLIME MTPU Pa3MbIKaHUM LenH (puc. 4).

DNEeKTPUYECKU TOK, MPOXOISAMIMKA TIO MPOBOJHHUKY, CO3AeT BOKPYI HEro MarHUTHOE IIOJIE.
MarHuTHbIM IOTOK CKBO3b IUIOIIA/b TOBEPXHOCTH, OTPAHUYEHHYIO CAMUM KOHTYPOM, IPONOPLHUOHATICH
CHJIE TOKa B KOHTYpE:

&=LI.
Koadduunent nponoprpioHansHocTH L Ha3bIBaeTCs uHOYKMUEHOCMbI0 KOHTYpA:

[L]:[m} _Bo
! A4 =Ty (renpn).

3HaueHUe WHIYKTHBHOCTH 3aBUCHT OT pa3MepoB U (POPMBI MPOBOJHUKA, a TAKKE OT MATHUTHBIX

CBOMCTB c(hephl, B KOTOPOIl OH HAXOIUTCSI.
O/1C caMOMHIyKIIMU 110 3aKOHY 3JI€KTPOMarHUTHON MHIYKIIMHN paBHa!

Al ) A
A T K. Lis It
rae AI=1,-1; — n3MeHeHne CUITbl TOKa B TIPOBOJTHUKE, A
At — BpeMs ero u3MeHeHwus, c;
Af A

£, = -L

Af — cKOpOCTh UBMEHEHUS CUJIBI TOKA, © .
DHeprusi MarHUTHOTO MOJIst TPOBOJIHUKA C TOKOM:

.

M=

2. Ilpumepsl penieHus 3a1a4

1. S;Kamne HaIpaBJICHUE BEKTOPa MAarHUTHOW MHIYKIIUU B TOUKE A.
»
]
'

A.

Y

I
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a) 0)
Pewenue:
Hampasiienue BeKTopa MarHUTHON MHIYKITUU OIIPEIEISIeTCS 10 MPaBUy OypaBUHKa:

f; a) BBIOMpaeM IOJIOKEHHE HaOIroaTeNs eclii CMOTPETh Ha MPOBOJHUK CBEPXY, TO

ﬂt TOK HampaBJIeH IPOTUB 4YacOBOW cTpenku. Ilo HampaBiaeHHI0O TOKa BpallaeM pydKy

@ OypaBumKa, Torga cam OypaBYMK OyIeT JBUTAaThCS BBEPX, CJEIOBATENIBHO, BEKTOD
, I MarHUTHOM MHAYKIIMY HAIPABIIEH CHU3Y BBEPX;

0) ¢ HampaBIeHHEM TPSMOJMHEWHOTO0 TOKA JOJDKHO COBIAJaTh HAINPaBICHHUE

= A I MOCTYNATEeNbHOTO JIBI)KEHUSI OypaBuMKY, TOrJa HalpaBlieHUE BpALICHUS PYKOSTKU B

B@ TOYKE A IOKaXET HAlpaBJICHHE BEKTOpAa MAarHUTHOM MHAYKIMH. TOo e€cTh B TOuke A

BEKTOP BBIXOJUT U3 IJIOCKOCTH PUCYHKA.

2. IDOBOAHUK C CHJIOH TOKa 5A moMeleH B OTZHOPOZHOE MarHUTHOE IIoJie C
nagyknues 1-10°TA. Yron MEKy HalpaBIeHHAMU ToKa U 1ojis 60°. OmpemesiuTe AJIUHY
IPOBOAHMKA, €CJIH IIOJIe LEeHCTBYET Ha Hero CUJon 2-10%H.

'a
F=B-I'/ sinq — (=& isnu
2107 H = (.46
£=1-107"To 0ET-5A M.

3. Kakasg cuJsia JIeNCTBYET Ha DJEKTPOH, JeTAMNN B OZHODOLHOM
MArHUTHOM IOJIe C MHAYKIued 1-10° TA mepIeHAUKYJISPHO JIUHUAM MarHUTHOM
WHIYKIIMK CO cKopocThio 3-10°M/c, 3apaz »aekTpona e=—1,6-10"°Ku.

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

Fa=8-g-U-sina

FA=1102TA-1,6:10° Ka1-3-10°/c=-4,8-10°H

4. Ha ckonpKO M3MEHUJIach CHJia TOKa B MPOBOJHMKE, eciiu 3a 0,2 ¢ B MPOBOJIHUKE, HHIYKTUBHOCTh
kotoporo 1 I'n, nogsunace 3/1C camonnaykiuu pasHas 10 B?
1o 3aKkOHY CaMOMHAYKIUU:
£, =1L % = [All = %.ﬁr
_108-0,2
14w

AT =24

5. 3a KakoW MPOMEXYTOK BPEMEHH MarHUTHBIA MOTOK m3MeHHTcs Ha 0,04 BO, ecnmu B KOHType
BoszHuKaeT DJIC unaykiuu 16 B?
1o 3aKOHYy 2JIEKTPOMAarHUTHOW UHAYKLINH:
a ]
b= kS » At = I 1t = 0.04 B6

; At = =25-10 ‘¢
At Ei 168
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6. MarauTtHoe nosie Karymku ¢ uHAyKTuBHOCTBIO 0,1 T'H oOnamaer sueprueii 0,8 J[x. Yemy paBHa
CHJIa TOKA B KaTymuike?

9Hepr1/1>1 MarouTHOTO ITOJIA HpOBOHO‘IHOI;'I KAaTyHIKU paBHaA:

J? ] f 2-0.8 Jwe
”_.I=.|’, ! Nyt =_,H 2w [ W

— [ = ) Y164 =4 A
2 L VoL | 00w

7. OmpemeJsiuTe MArHUTHBIM IIOTOK, INPOXOALAMMWM uUepe3 OPAMOYI'OJIBHYIO
IIJIoagKy CO CTOpPOHaMHu 20x40 cM, ecau OHa IIOMelleHa B OALHOPOAZHOE
MarHUTHOE II0JIe C UHAVKIIUEeH 5-10°TA nox yraoM 60° K IMHUSM MHTYKIMHI [OJIS.

MarHuTHBIH MOTOK, MPOHU3BIBAIOIINI KaKyl0-TO TUIOIMIAJKY PABEH: $=B-S cosa, Tk
IUIOIIA/IKA TIPSIMOYTOJIbHAsL,  S= a8,
TJIE 0 — YroJI MEKAY HOPMAJIBIO K TIOBEPXHOCTH U BEKTOPOM MArHUTHOW UHIYKUIUH (WK JTHHUASIMH
MarHUTHOW MHIYKLUH).

s nanHOrO Citydas:

a=90°-8; 0=30°.

3uaunut @ =5-102 TA-0,2M-0,4M cos30°=

N 2350100
2

5-102 TA-0,2M-0,4M B6

2. CamocrosiTesqibHAsi padoTa

1. Omnpenenute MHAYKTUBHOCTh KAaTYILIKH, €CJIM NPH yYBEJIMUEHUH TOKa B Hel Ha 2,2 A 3a 50- 102
nosiBisiercs cpenusas DJ1C camonnaykuuu, pasHas 1,1 B.

2. B mpoBonnuke amuHoM 0,50 M, ABMXymemcs co ckopocThio 3,0 M/C HepHneHAUKYISIpPHO
CUJIOBBIM JIMHUSIM OJTHOPOJHOTO MarHUTHOTO ToJisA, Bo3HukaeT DJIC 6,0- 102 B. Omnpenenure UHAYKIUIO
MarHMTHOT'O TOJI.

3. Ompenenure MarHATHBIN MTOTOK, MPOXO/ISIINN Yepe3 MPSAMOYTOIBHYIO IIOMAAKY CO CTOPOHAMU
20x40 cm, eciii OHA MOMEIIEHA B OJIHOPOJIHOE MAarHUTHOE T0JIe ¢ UHAYKIHEH 5,0 102 TA 1oz yriaom 60°
K JIUHUSIM UHTYKIUH TTOJISL.

4. Ompenenute D/1C uHaykKMu, Bo30yX1aeMylo B KOHType, ecid B HeM 3a 0,01 ¢ MarHUTHBIHA
MOTOK paBHOMepHO ymeHbInaercs 0,5 1o 0,4 BO, uro6s1 B koHTYpe Bo30yx)nanack J/1C nanykuun 3,8 B.

5. Omnpenenute NPOMEXYTOK BpEMEHH, B TeUEHHE KOTOPOTr0 MarHUTHBIM MOTOK, IPOHU3BIBAIOIINI
KOHTYD, J0obkeH yBenuauThest oT 0,01 mo 0,20 BO6, uytoOs1 B KOoHTYpe Bo30y)kaanack IJ1C unaykiuu 3,8
B.

6. Omnpenenute DJIC WHAYKIIMM Ha KOHIIAX KPBUIbEB CaMmoJieTa, MMEIONIMX JUTHHY 12 M, eciu
CKOpPOCTh €ro MpHU TOPU3OHTAJIbHOM mosere 250 M/c, a BepTHKalbHas COCTABJISAIOIIAs MarHUTHOM
VMHIYKIWX 36MHOTO Marietusma 5,0- 10 TA.

7. B omHOpOIHOM MarHWTHOM moJje nmoA yriaom 30° Kk HarpaBJIeHUIO BEKTOpa MHIYKIIUHU, BETMYUHA
kotoporo 5,0 10 TA, mpmxercs MIPOBOJTHUK CO CKOPOCThIO 10 M/C; BEKTOP CKOPOCTH MEPIEHANKYIISIPEH
poBoAHUKY. Onpenenure JIMHY IPOBOJHUKA, eciid B HeM HaBoautcs D/1C, paBHas 2,5 107 B.
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8. Tpakrop obmero nasHaueHus K-700 mmer co ckopocThio 28 KM/4. ONpeAenuTe pPa3sHOCTh
MOTEHIIMAJIOB Ha KOHLAX MEepeIHel OCH, eClI JJUHA €€ OKOJO 2,6 M, a BepTUKaJIbHAs COCTABIISIONIAs
MarHMTHOTro noss 3emiu 5,0 10° TA.

9. Yemy paBna DJIC camoMHAYKIIMH, BO3HUKAIONIAS B KAaTYIIKE ¢ HHAYKTUBHOCTHIO 2,0-10° T, B
KOTOPOU TOK cuiou 7,5 107 A ucuesaer 3a 2,0 102 ¢?

10. MarauTtHOe oJsie Katymku ¢ uHaykTuBHOCThIO 0,1 I o6mamaer sueprueii 0,8 JIx. Uemy paBHa
CUJia TOKA B KaTyIKe?

11. [IpoBonoyHas npsMoyroiyibHas pamka co cropoHamu 20 u 30 cM pacnosioxeHa B OJHOPOIHOM
MAarHUTHOM I10JI€ ¥ NMEPHEHIUKYIISIPHA CUIIOBBIM JIMHUSM. OmpeAennTe HHAYKIHIO 3TOTO MOJs, €CIu Mpu
ero McuYe3HoBeHUH 3a 1,2 10%¢cs pamke HaBoauTcs cpenuss IC 3,5 mB.

12. Yemy paBHA HHAYKTUBHOCThH KAaTYIIKH, €CIIM MPOTEKAIOMUI 1Mo Hel Tok cuioit 0,15 A cosnmaer
MOTOK MarHUTHON MHIYKIMU 7,5 10° B6?

13. Yemy paBHa HHAYKTUBHOCTH MPOBOJHMKA, B KOTOPOM IIpY BOo3pacTaHuu Toka ot 1,5 1o 1,8 A 3a
0,02 ¢ Bo3oyxmnaercs DJ1C camounaykuuu 0,9 B?

14. 3a xakoil NPOMEXYTOK BPEMEHU B KOHTYPE MHIYKTUBHOCTHIO 2,0:10° T IIPY U3MEHEHUM TOKa
Ha 0,5 A Bo3znukaer D/IC camounnykuuu 10 B?

15. Onpenenute MHIYKTUBHOCTD KaTYIIKH, €CIU MpH Toke 3,0 A MarHWTHOE 1oJyie B Hel oOnanaeT
sHepruen 6,0 107 JIx.

dopma npeacTraBjeHus pe3yabTara:

BreinmonHuTh 3asaHue B TETPaAH ISl MPAKTUYECKUX padoT.

Kputepuu onenku:
3a npaBUIIbHO BBIMOJIHEHHOE 331aHKUE BBICTABIISICTCS MOJIOKUTENbHAS OI[eHKa — 1 Oas.
3a HelpaBWIBHO BBIMIOJTHCHHOE JICHCTBUE, 3a/IaHNUE BBICTABIISCTCS OTPHUIIATeIbHAs onleHKa — () 0ayuioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasgisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 5.1 Mexanunueckue KoJe0aHUA U BOJTHBI

IMpakTuueckoe 3ausiTue Nel4
MexaHnnuyeckue KoJ1e0aHUsSI M UX XapAKTEPUCTUKH

Heab: 3akpenuTh yMEHUS W HaBBIKM BBIYHMCICHUS IapaMEeTPOB KOJeOATEIHHOTO BHXKECHUS,
XapaKTEPUCTUK MEXAaHUYECKUX BOJIH.

IIpakTnueckas padora popmupyer: I[1P66; IIPO7; I1Py 1; ITPy 5; IIPyS8; I1Py 11; [Py 12;

MP8 MP9,MP10,MP21,MP17, MP13;JIP 26, JIP 14, JIP 23, JIP 13.

Beimosnenue padorsl cnocodcTByer popmuposanuio: OK 01, OK 02, OK 03, OK 06, OK 09

MarepuanbHoe o0ecnieyeHme:

TETpajb A MPAKTUIECKUX paboT, pydKa, METOAMYECKAE PEKOMEH IAIIUHU TI0 BBITOJIHEHUIO PaOOTHI,
JIMHEIKa, KapaHaanl.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JABYX YacTed — TEOPETHUECKON M MPAKTUYECKOM.
[Tocne n3yueHus TEOPETHUECKOro MaTeprajga MOXKHO MPUCTYNATh K BBITIOJIHEHHIO TIPAKTUYECKON YacTH.
Omna coctouT U3 ABYX U Ooliee 3a/1ad JJisi CaMOCTOSTEIHHOTO BhIMONHEHUsI. He 3a0bIBaiiTe 0 MpaBUILHOM
o(pOpMIICHUHU PEIICHHS.

I[opsaok BbINOJIHEHUS PA0OTHI:

1. PaccMoTpuTe TEOpPETHYECKHMH Marepuaa 10 TeMe W TPUMEPHl pemieHus 3agad  (CMOTpH
METOINYEeCKOe ocoOue).
2. Pemmre camocTosTensHY0 padory. OdhopmuTe pereHne MICbMEHHO B TETPAJIH.
Xoa padoThi:
1. Teopusi
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[lepuonuueckue KoyiebaHUsT — MEXaHWYECKHE JBW)KEHUS WIM (U3NYECKHE MPOIECCHI,
MOBTOPSIOLINECS BO BPEMEHH.

I'apmonnueckue kosneGaHuss — KoyieOaHUs, MPH KOTOPBIX (U3MUYECKass BEIMYMHA MEPUOIUYECKU
H3MEHSCTCS C TEUYCHHEM BPEMEHH I10 3aKOHAM CHHYCa WM KocuHyca. X = (1] - (D0 + O0) OO -
aMIUTUTY/1a, MAKCUMAJIbHOE OTKJIOHEHUE OT TOJO0XKEHHUsI paBHOBECHUS (pU3MUECKON BEMUUYHUHBI. T- epros
KojeOaHui, HaMMEHBIIMA MPOMEXKYTOK BpPEMEHH, B TEUYEHHE KOTOPOrO COBEPIIAETCS OJHO MOJHOE
konebanue: [] = [1 [J, rae N - gucno konebanwuii, t — Bpems, t = ¢, eAuHAUIA u3MepeHus: T = ¢ (cekyHaa).
Jlis matematndeckoro MasitHuka T = 2w [J [, rne | - nnuHa HUTH, | = M, g - yCKOpEeHHE CBOOOIHOTO
najaeHus, g = 9,8 m/c 2 J{ns npyXKMHHOTO MasTHUKA, ieprof pased: T =2z [ [], rie m - Macca rpy3a m
= kr, k — ko3ddunuent xectkoctu npyxkuubl k = H/Mm Yacrora konebanuii v - 4ucio koseOaHUid B
eIUHuIYy Bpemenu: v = L1 L],

Yactora u mepuon B3aumooOpatHeie BenmuuuHbl: Vv = 1 T wm T = 1 v [0 - HavanbHas ¢aza
koneOanuii — aprymeHT [J0 rapmonmveckor ¢yHkumu: y = AL (L0 + [10) , onpenenstomui
COCTOSIHME TeJla B HauaJdbHbIH MOMEHT BpeMeHH t = (. - KpyroBas 4acToTa, YUCIIO MOJHBIX KOJeOaHU
BBIPQXECHHBIX B pajiaHHOM (yrioBoii) mepe, 3a Bpemsit=1c, [l =panc o =[] [J =2z [|

2. I[Ipumepsl pelieHus 3a1a4

1. l'apmonnveckue KosebaHusl BEIMYMHBI X OMHUCHIBAIOTCA ypaBHeHHeM X = = 0,2sin 210 M .

Omnpenenure: amMrmiautyny A kojeOaHUi; nuKiIMyeckyro vactoryl |0 ; dacToTy KojebaHUM V; Hepuoj
konebanuii T; [11 B MOMeHT BpemeHu t = [] 2 .

Mano: Pewenue:
x = 0,2sin 2mt [M] CpaBHHB ypaBHEHHE TaPMOHMYECKUX KOJIeOaHnii
A, wy,v, T, x-? x = Asin (wgt + @) ¢ naHHbIM B 3ana4e, Haxoaum A = 0,2 Mm;
s w P | .
wy=2mc 1;v=2—2,0TKy)1av= 101 =;,0Txy,na1 =1lc.

T
[ToacraBus 3HaueHue ¢ = 7 B YPABHCHHE, TaHHOE B YCIIOBUH 3a/1a4H, ONIPE/ICACM X1 :
. 2m P
X, = 0,25m7 =0,2sinm =0 m.
Omeem: A =02m, wg=2nc ;v=1T; T=1¢c; %, =0m.

2. HanummuTe ypaBHEHHE TapMOHMYECKMX KOJIEOAHUH, eclM aMIUIMTyna KosiebaHuih A = 2 cwM,
HavanbpHas ¢aza konedanuit [10 =30° n3at= 10 c coBepmaercs n = 20 NOJHBIX KOIeOaHUI.

Mano: Pewenue:
A=2cem=0,02 M VpaBHeHue  rapMOHM4YECKMX ~ KojaeOaHMii  MMeeT  BHJI
@o =30° :% Asin (wot + ). llepnoa xonedannii 7' — Bpems, B TeueHHe
- ; t ;

t=10 KOTOpOro coBepiiaercss ogaHo konedanme: T = = 3uan T,
n=20 N 2n 2mn

. ONpesieNIieM UMKIHYECKYIO HacToTy: Wo = —, WM Wy = ——
.r(l) = . 27.[,20

= = 4.

10c
YpaBHeHHE JaHHBIX TapPMOHHYECKMX KojieOaHuil Oyaer umersb

St i ol
Bua: x = (),02sin (47rt + 6) [M]
Omeem: x = (,02sin (47tt -+ %) [Mm]

3. Ilepuon konebanuii marematudeckoro mastHuka Ha Jlyne [lm = 10 c. Onpenenure mepuon
konebanuit T 3Toro MasTHrka Ha 3emiie. Y cKOpeHue cBoOo1HOTO agaeHus Ha JIlyne g= 1,6 m/c 2.
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Mano: Pewenue:

T,=10c¢ [lepnoas! konebauuii Mmaremaruyeckoro mastuuka Ha Jlyne T,
= 1.6 m/c? : [ l

g,,_ 9.8 /c? ulemne I: T, =2n [— T =2n |-.

g2=7,0 M/C En g

T-? Pa3nenuB nepBoe ypaBHEHNE Ha BTOPOE YPABHEHHUE, TIOTYHHM:

T Ba " En
—= [=omkypa I'=T, [=
T, \’ g Y "\) g

1,6 m/c2
Boruucnenus: T = 10c £ - 4c¢
9,8 m/c?

Omeem: T =4 ¢

4. MaTteMaTH4eCKUH MAasTHHK, JUIMHA HUTH Kotoporo | = 0,5 M, coBeplIaeT rapMOHUYECKHE

KoJieOaHust ¢ aMIiuTynod A = 5 cMm. Omnpenenure MakKCUMalIbHYH CKOPOCTh [Imax KoseOsromencs
MAaTepHAIbHON TOUKH.

Jlano: Pewenue:

[=05m Maremarndeckuii  MasTHHK  COBEpIIAET T'apMOHHYECKHE

A=5em=0,05m konebanus 1o ypaBHeHHIO ASin (wot + @), rAe Wy -
‘ = 2%

Unax -~ COOCTBEHHAA UMKIMHYECKAs HacToTa, Wy = = I' — nepuon

3 = fl ’
konebauuit MasTHuka, I' = 21 g ClIE0BATENBHO, Wy = “11.
MakcuMmaibHas CKOPOCTh MATEPUANbHOM TOUKH Upay = AWy =

9,8 m/c?
A\/%. Beraucnenus: vy, = 0,05 m kel

=02
S 0,22 m\c

Omeem: vy, = 0,22 M\c

CamocrosiTesibHas padora

Bapmunanr 1

1. HutsiHoM MasiTHUK coBepIi 25 konebanwuii 3a 50 ¢. Onpenenure mepuo U 4acToTy KoJaeOaHwmil.
2. Omnpenenute, Ha KAKOM PAacCTOSHUU OT HaOmrofarens ynapuia MoinHus. Eciiv oH yciblmman rpoM depes
3 ¢ mocne Toro, Kak yBUJIEI MOJHHUIO.

3. Ilo rpaduky

r, ™M}
0.4 —~y "'\\

/ ) g \
() F— — - i -
' 101 n\ 0.3 /0405 06 ¢
N5

0.4

oTpeeNuTe aMILUTUTY1y, IEPUOJ] U YACTOTY KOJeOaHUH.

4. KakoBa AjIMHA MaTeMaTHYeCKOrO MasTHHKA, COBEPIIAIOIIErO TapMOHMYECKHE KOoJeOaHUs ¢
gactotoi 0,5 I't Ha moBepxHocTH JIyHBI? YCKOpeHHEe cBOOOIHOTO TajeHusl Ha moBepxHocTy JIyHbr 1,6
Mm/c 2 . 5. JlnuHa Mopckoil BosiHBI paBHa 2 M. Kakoe konnuectBo konebanuii 3a 10 ¢ coBepmuT Ha Hel
MOTIJIABOK, €CJIM CKOPOCTh PAaCIpOCTpaHEHUs BOJIHBI paBHa 6 M/C.

6. Kak Hy)XHO M3MEHUTh JJIUHY MaTeMaTHYECKOro0 MasTHHKA, YTOOBI NEPUOJ] €ro KojeOaHWii
YMEHBIINUTH B 2 pa3a’?

7. Onpenenure JUIMHY MAaT€MaTU4eCKOrO0 MasTHUKA, KOTOphld 3a 10 ¢ coBepmiaeT Ha 4 MOJHBIX
KoJIcOaHMsS MEHBIIIE, YeM MaTEMATHUSCKUH MagTHUK JIMHOU 60 cM.

8. OauH MaTeMaTU4eCKUi MasTHUK UMeeT mepuoj konebanuii 3 c, a npyroit — 4c¢. Kaxoii nepuon
Koje0aHui MaTeMaTHYeCKOro MasiTHUKA, JUIMHA KOTOPOT'O paBHA CyMMe JITMH yKa3aHHBIX MasTHUKOB? 9.
UeMy paBHa JJIMHA BOJIHBI Ha BOJIE, €CIM CKOPOCTh pacmpeiesieHus BOJH paBHa 2,4 M/c, a Telo,
TJIaBarolee Ha Bojie, copepmaet 30 konebanuii 3a 25 ¢?
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Bapmuanr 2

1. Masarauk coepmua 50 konebGanuii 3a 25 c¢. OmpenenuTe mepuoi W YacTOTy KOJI€OaHUM
MasTHHKA.

2. PagnoOyit B Mope koJiebiieTcst Ha BoHaxX ¢ nepuojom 2 ¢. CKopocTh MOpckux BoJIH 1 m/c. Uemy
paBHa JUIMHA BOJIHBI?

3. ITo rpaduxy

bV

OIpeAeIUTE aMILUTUTYy, IEPUOJ] U YACTOTY KOJeOaHUH.

4. Ha Hew3BeCTHOU IUIaHETe MasSTHUK JTMHOM 80 cM coBeprml 36 MOTHBIX KojaeOaHuit 3a 1 MHH.
YeMy paBHO yCKOpPEHHE CBOOOHOTO MaJieHUs Ha 3TOU IaHeTe?

5. Ompenenute JUIMHY BOJIHBI, pacIpOCTPAHSIOIIEHCS CO CKOPOCThIO 2 M/c, B KOTOpou 3a 20 c
npoucxoauT 10 xoneOanuid.

6. KakoBa jyiHa MaTeMaTHYECKOTO MasiTHUKA, COBEPILAIOIIETo 4 MOJIHBIX KoeOaHus 3a 8 ¢?

7. Kak u3MeHuTCs yacToTa KojeOaHui HUTSHOIO MasgTHUKA JJIMHONU 0,5 M, €ciu yBeINYUTh JUIUHY
HUTH Ha 1,5 m?

8. Ha o3epe B Oe3BETpEHHYIO MOTOAY C JIOAKH OpPOCHIN TOKENBINH skopb. OT Mecta OpocaHus
MOILIM BOJHBI. YenoBeK, CTOSIIMKA Ha Oepery, 3aMeTus, 4TO BOJHa Jouuia a0 Hero udepe3 50 c,
paccrosiHue MexaIy cocemHuMu ropoamu BoiH 50 cM, a 3a 50 ¢ 6bu10 20 BeruteckoB o Oeper. Kak naneko
oT OGepera HaxouIach J0aKa?

9. K nmortonky mojBeleHbl JBa MasTHUKA. 3a OAMHAKOBOE BPEMs OJUH MAasTHUK COBEpIIMI 5
KosebaHui, a apyroi — 3 xonebanus. KakoBa IIiHA KaKI0TO MasgTHUKA, €CJIM PA3HOCTh UX JUTHH 48 cM?

dopma npeacraBjieHus pe3yabTara:

BreimonHuTh 3asaHue B TETPAAH [T MPAKTUYECKUX paboT.

Kpurepuu onenkmn:
3a npaBUIIHHO BBHIMIOJHEHHOE 33J]aHHE BHICTABIIACTCS MOJIOKUTEIbHAS OIleHKa — 1 Oa.
3a HelpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIIaTeIbHas olieHKa — () 6aos.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumenshoy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

o]

Tema 5.2 DyieKTpOMarHuTHbIC K0JIe0AHUSI M BOJTHBI

IIpakTuueckoe 3ausitue NelS
Pemenune 3aa4 Ha BU/AbI COI[pOTI/IBJIeHI/Iﬁ B IENAX NEPEMEHHOI0 TOKA.
®opmy.isl TpanchopmaTopa

He.]]b: HU3Yy4UTH CBO60)IHI)IC SJICKTPOMArHuTHBLIC KoneOaHus B KOHTYPEC, BUJblI COIIPOTUBJICHUSA B
LIETIX IEPEMEHHOTr0 TOKA, UX OTIMYMS U OCOOEHHOCTU.

IIpakTnueckas padora popmupyer: I[1P66; ITPG7; I1Py 1; ITPy 5; ITIPyS8; I1Py 11; [Py 12;

MP8,MP9,MP10,MP21,MP17, MP13;JIP 26, JIP 14, JIP 23, JIP 13.
Boinosnenue pa6orsl cnocodcTByet popmuposanuio: OK 01, OK 02, OK 03, OK 06, OK 09
MartepuaiabHoe odecredyeHue: TETPaab Ul IPAKTUYECKUX paboT, pyuka, METOANYECKUE PEKOMEH AN
IO BBINOJIHEHUIO paboThl, TMHENKa, KapaHaall.
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Yka3zanue: [IpakTuueckas paboTa COCTOMT M3 JBYX YacTed — TEOPETHUECKOW M MPAKTUYECKOM.
[Tocne n3yueHus: TEOPETUUECKOTO MaTeprana MOXKHO MPUCTYNATh K BBIIOJHEHHUIO IPAKTUYECKOH YacTu.
Omna cocTout U3 AByX M OoJiee 3a1a4 JJIsi CaMOCTOSATENBHOTO BhINoNMHEeHUs. He 3a0bIBaiiTe 0 mpaBUiIbHOM
oopmienun peuieHus. Ha BblnonHeHue npakTHUECKOW OTBOAMTCS JiBa akajeMuyeckux daca. [lopsaox
BBITTOJIHEHUS pabOTHI

ITopsinok BbINOJIHEHHSI PAa0OTHI:

1. PaccMmoTpuTe TEOpETHYECKH MaTepuall MO TeMe€ W MpPHUMEphl pelieHus 3aaad  (CMOTpH
METOAMYECKOE ITOCOOHeE).
2. Pemmre camocrosiTensHyto padoty. Odopmure perieHne NiCbMEHHO B TETPAIH.

Xopn padoThl:

1. Teopus.
«IlepeMeHHBIH TOK

E
—o—»
—h—

IlepemeHHBII TOK — BBIHYKJEHHbIE TAPMOHUYECKHE 3JIEKTPOMAarHUTHbIE KOeOaH!s B IPOBOJHHKE.
BcenenctBue 31€KTpOMarHUTHOM HMHIYKIMU B PaMKEe BO3HUKAaeT rapMoHuuecku Menstomascs JC

£=-0=B-5-w-sinot yye = g4- sinwt
(€0=BS- w — ammmryna DIC HHIYKIMH) U MOYKHO TOBOPUTb, YTO MOJIYYECH IIEPEMEHHBIH TOK.

e [lepeMeHHBII TOK OBITOBOM 3mekTpoceTn nMeet yactory v =50 I'n u w = 2nv = 1007 [pan/c].
PesucTop B enu nepeMeHHOro TOKa

" U 1 U
VANA
’

N i

E

INE

Bxittourm pesuctop conpoTuBieHus R B ceTh nepemennoro toka Hanpsokerus U(t) = Upsinwt (*). B
KKl KOHKPETHBI MOMEHT BPEMEHHU MPOXO0KICHHUE MTEPEMEHHOT0 TOKA B PE3UCTOPE KaYeCTBEHHO

(=20

HUYEM HC OTIIMYACTCA OT MMPOXOKACHHUA ITIOCTOSAHHOTO U MOAYUHACTCA 3aKOHY Owma: R .Torna
U, .
I(t) = =2 sinewt
R

AN (1) = I sinet

I'paduxu I(t) u U(t), B omHOIM cuCTeMe KOOPIUHAT, HMEIOT BUL:
e Bcs moaBoauMasi K pe3sUCTOpy dJEKTpUUEcKas SHEpPIUs NpeBpallaeTcs B TEIUIOBYIO, T. €. OH 001aiaeT
AKMUBHLIM CONPOMUBTICHUEM.
AxTtusHoe (omuueckoe) conpoTubieHue (R) — compoTuBiieHne pe3nucrtopa 6e3 yuéra ero EMKOCTH U
WHYKTUBHOCTH.
EMKOCTB B 11€11 IEpEMEHHOT0 TOKa
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N3BecTHO, 4TO KOHJIEHCATOP MOCTOSIHHBIN TOK HE MPOBOUT (IIETTh MEXIy OOKIaJKaMHU Pa30MKHYTA).
Bxitourm kongeHcatop emkoctu C B 1ierb epeMeHHoro Toka Hanpsokerus U(t) = UpSinwt (*).
I'paduxu 1(t) u U(t) B ogHO# crcTeMe KOOpAUHAT, UMEIOT BU/I:

I — eMKOCTHOE COIPOTHUBIICHUE IMEPEMEHHOMY TOKY.

CowC e Xc ymenbmiaercs ¢ poctoM w u C
210
Het==m, i)
I
| It
L P | o
|
WHIyKTUBHOCTH B IIENH NIEPEMEHHOTO TOKA
[NE L

BrutrounM KaTymiky HHIYKTHBHOCTH L B 1enb nepemMeHHOro Toka HampspkeHus U(t) = Upsinwt (*)
(aKTHBHOE COMPOTHUBIICHUE MTPOBO/IA KAaTyIIKU R= 0).
I'paduku I(t) u U(t) B ogHO# cricTeMe KOOPMHAT, UMEIOT BH/I:
Xe =@ L _ yujykTHBHOE COMPOTHBICHHE IEpEeMEHHOMY TOKY. (XL pactet ¢ pocToM w i L).
JleiicTBytOIIIee 3HAYCHUE MOIIHOCTH MIEPEMEHHOT0 TOKa (P) — BEeMMUYKMHA, YUCICHHO PaBHAS MOIIHOCTH
HOCTOSTHHOTO TOKA Procr, TIPH YCIOBHH, 4TO 002 TOKA 32 OJIMHAKOBOE BPEMsI, paBHOE MIEPUOIY
HEePEeMEHHOr0 TOKa 7, Ha paBHBIX PE3UCTOPax R BBIICISIT paBHbIC KOJIUYECTBA TEIIOTHI Q.

P IGR _ Iy _ UG
N3 P=Pue:uUp=lpr R 2 p 2R
e JleiicTByrolee 3HAYCHHE MOIITHOCTH MEPEMEHHOI0 TOKA YaCTO HAa3bIBAIOT AaKTUBHOMH MOIIIHOCTHIO.
JleiicTBytOIIICE 3HAYCHHE CHIIBI IepeMeHHOro Toka (1) — BenuyrHa, YUCICHHO paBHAsl CHJIEC TIOCTOSIHHOTO
TOKA |yocr, IPH YCIOBUH, UTO 00a TOKA 32 OIMHAKOBOE BPEMs, PaBHOE IIEPUOAY IIEpEMEHHOro Toka 7, Ha
PaBHBIX PE3UCTOPax R BBIACIAT paBHbIC MOIIHOCTH.

IgR  _ to

M3 P = Proer= lnoeR =17 R™ 2 5 V2,
JleficTByIOIIICE 3HAYECHNE HANPSDKEHHS epeMeHHOTo Toka (U) — BelnunHa, YMCIIEHHO paBHast
HAIPSHKEHHUIO TTOCTOSTHHOTO TOKA Upoer, IPH YCIOBUH, YTO 00a TOKA 32 OJJMHAKOBOE BPEMs, PABHOEC
HepHO.Ty IIEPEMEHHOTO TOKa 7, Ha paBHBIX PE3UCTOPaxX R BBIIEIAT paBHBIC MOLTHOCTH.
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uz u? U
P = F:lq;a::r = 2 = U= Tn

U3 2R R > V2

[ Ha HpaKTI/IKe HacC pe;u(o I/IHTepeCYIOT aMHJII/ITYI[HbIe WKW MIHOBCHHBIC 3HAUYCHHA CUIJIbI, HaHpH)KeHI/ISI
WJTM MOIIIHOCTH NIEPEMEHHOTr0 ToKa. MIHTepec MpeACTaBIISIOT UX delicmeyoujue 3SHAUCHHUS.

3akon OMa i1 IepeMeHHOr0 TOKa

Uy
lg=—=
N3BecTHO, UTO B LIEMAX IEPEMEHHOIO TOKA: a) AJI1 aKTUBHOI'O CONPOTUBIIEHUS R: R,
U, u
fo= I—J lo= x—n
0) nns emxoctu C: €; B) VISl MHAYKTUBHOCTH L: L,
lg=1-42 Uy=U-+2
VYurs, yto u , IOJTy4UM ;; 3aKoH OMa Juis NepeMEeHHOr0 TOKa JUist
pe3ucTopa, EMKOCTU U UHIYKTUBHOCTHU: [ = R
Pe3oHaHC B 11eny NepeMEHHOT0 TOKa
o~ L]
(I
I

|

|

|

A »
W wr

CobepeM 11e1b U3 KaTyIIKH UHAYKTUBHOCTH L, koHzeHcaTropa C, amnepMeTpa NepeMEHHOro
TOKa A U NCTOYHUKA [ U nepemennoro Hanpspkenust U = Ug: Sinwt ¢ n3amenseMoit 4acToToi
w. AKTUBHOE X, conporuBieHHE TPOBOIOB U KaTyIIKH WHAYKTHBHOCTH R= 0.
Ouxcupys Up = const u M3MEHsISI 4acTOTy w OT () 10 MaKCUMaJIbHO BO3MOYKHOI'O 3HA4YEHU,

1
JLC

-I'I,Pl:l -
CHMMEM 3aBUCHMOCTbH CHIIBI JieiicTBYytOIIero Toka B 1ienu |(w). Okazanock, 4To Ha 4acToTe
HaOII0/1aeTCs Pe3KOe YBEIMUEHUE TOKA.
Pe3onanc — saBienune PE3KOT0 BO3pACTAHUA aMIUIUTY bl BBIHYXICHHBIX JJICKTPOMArHUTHBIX KOJIeOaHui

IIpU COBIIaACHUHN YaCTOTHI BBIHYKIAIOIICTO HAIIPSIKCHUA C COOCTBEHHOM YacTOTOM KOJIeOaHui KOHTYpa.
I

Fy<=Ra:=R,;

|
R, uf

DJIEKTPOMArHUTHBIN pe30HaHC (KaK M MEXaHWYSCKH) HACTYIAeT TP COBIAJCHUH YaCTOTHI BHEIITHUX

BO3JICHCTBUI ¢ COOCTBEHHOI YaCTOTOM KONeOaHUN CUCTEMBI, IIPU TOM aKTUBHOE COMPOTUBIICHHE

JEHCTBYET aHAJIOTUYHO CUJIE TPEHUS — TIEPEBOIUT PHEPTHIO KOJIeOaHHI B SHEPTHIO MOTEPH (TEILIO0).

Jnst passbix R (mpu noctosiaubix L, C) kpuskie |(w) umeroT Bu:

e [Ipu 3HAYUTENBHBIX R pe30HaHC MOXKET OBITh TPAKTHYCCKH HE3aMETHBIM.

e Pe30HAHC MIMPOKO HKCIONB3YIOT B PAJUOTEXHUKE (IIPU HACTPOKE KOHTypa paJuoNpuéMHUKA Ha
4acTOTy BBIOpAHHOM PaIUOCTAHIINH | TIP.).

w
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I'eneparop nepemennoro toka (I'TIT)

[Ipocreiimmii I'TIT cocTouT u3: MOCTOSHHBIX MArHUTOB |; KOHTYpa 2; KOHTAKTHBIX KOJell 3; METOK 4.
[Ipu BpamieHnn KOHTypa C YIJIOBOM CKOPOCTHIO W €r0 MarHUTHBIN MOTOK

@ = BS- coswt u DJIC € = -D" = g sinwt. Jliis KOHTypa U3 N BUTKOB € = N- £o- SiNwt.

Koncrpykrusno I'TIT cocTOUT U3 ABYX OCHOBHBIX 4acTei: HENOABUKHOM — CTATOPA U BpalarOLIENCs —

pPOTOpPA, U3TOTOBJICHHBIX U3 ANEKTPOTEXHUYECKOU CTAIIH.

e C nenbro yBenmmuenust KI1/] reneparopa (60ee MoTHOrO MCHOIB30BAHUSI MATHUTHOTO MOTOKA) 330D
MEXJ1y CTaTOPOM M POTOPOM JENal0T MUHUMAJIbHBIM.

3HAYUTEIBHO YIIyUIIatOTCA.

Tpauncopmarop

Y= = Vi

Tpanchopmarop — ycTpoicTBO, IpeIHA3HAYCHHOE /JIsl U3MEHEHUS 3HAYCHHUI HAMPSHKEHUS U CHITBI

MIEPEMEHHOTO TOKA.

e Tpancdopmatop Obu1 ckoHCTpyHpoBaH B 1876 r. Iletpom HuxonaeBuuem S16moukoBbiM (1847-1894,
Poccus).

[Ipocreitmmii TpaHcGOpMaTOP COCTOUT U3 3aMKHYTOI'O CTAJIBHOI'O CEPJACYHHUKA U IBYX HAJEThIX HAa HETO

Karymiek ¢ ooMoTkamu. OHa 0OMOTKa — MEPBUYHAS — MOJKII0YAETCS K UCTOUHUKY TIEPEMEHHOTO

HaNPSDKCHUS, IpYyras — BTOpUYHAs — K OTpeOuTento. TOK mepBUYHO 0OMOTKH CO3/1a€T B CEPIICUHUKE

MEPEeMEHHOE MarHUTHOE T0JIe, KOTOPOE MPOHU3bIBAET BUTKH BTOPHUUHOM 0OMOTKH 1 HaBoauT B Heit D/IC

WHIYKIIAH.

TTycTb nepBuyHAs 0GMOTKa ConepnT Ny BuTkoB, =t -2 Bropnumas — Ny BUTKOB 1 K nepBHUHOM
0OMOTKE IIPHIIOKEHO MepeMenHoe Hanpsikenne U, U: s
g U, N

, Tie K — ko3¢ dunuent tpanchopmanuu.

e Ecmu No>Nj, TO TpaHchopmaTop Ha3bIBAIOT MOBBIIAIOIINM, No<N; — MOHIKAIOIINM.
°

CamocrosiTesbHast padora

1. DOJAC uHayKnuu, BO3HUKAIONIAS B paMKe MpPHU BpalIEHUH €€ B OJHOPOJHOM MAarHHUTHOM IIOJIE,
u3MeHsieTcs 1o 3akoHy &(t)=go- Sinwt. Ompenenuts amruutyanoe 3Hauerue DJIC, MrHOBEHHOE
s3Hauenne DJIC mpu t=0,002c, nmepruoa u 4acTOTy TOKA.

2. MarautHelii MOTOK B paMKe, PaBHOMEPHO BpAMIAIOIIEHCS B OJHOPOAHOM MAarHUTHOM TIOJIE,

n3MeHsiercss o 3akoHy O=®cos6280t. Haittu 3aBucumocts DJIC MHIyKIMH, BO3HUKAIOLIEH B

paMKe, OT BpeMeHU 6 OmNpeneinuTh aMIUIMTyAHble W AehcTByromue 3HadeHus JJIC, mepuon u

4acTOTy TOKa.

OnpenenuTh NeHCTBYONIEE 3HAUCHUE CHITBI TOKA, U3MEHSIOIIErocs 1Mo 3akony I(t)=Ip- Sin 54t.

Ornpenennuts 4acTOTy NEPEMEHHOTO TOKA, IUKIINYECKast 4acToTa KOToporo pasHa 110

5. Kongencarop eMKOCTBIO 10™* @ BxirOYEH B ceTh nepeMeHHoro Toka ¢ yacroroi 50 I'n. Onpenenuts
€MKOCTHOE CONTPOTUBIIEHUE KOHJEHCATOPA.

6. Kongencarop emkoctpto C BKIIOYEH B CETh MPOMBIIUICHHOTO TOKa. ONpeaenuTh €MKOCTHOE
CONPOTHUBJIICHHE.

7. Karymka umnayktuBHocThiO 0,5 I'H BKIIOYEHa B CeTh MEPEMEHHOTO Toka ¢ yactoroi 50 I'm.
Ornpenenuth HHIYKTUBHOE COMTPOTHUBIICHUE KATYIIIKH.

> w
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8. Karymka nHIyKTUBHOCTBIO L BKITIOYEHA B CETh IEpEMEHHOr0 ToKa ¢ yacToroil 50 I'u. Onpenenutsb
WHAYKTUBHOE COIPOTUBIICHHE KaTYIIKH.

9. HampspkeHus mepBUYHON U BTOPUYHOM 00MOTOK Tpancopmaropa Us u Uy coorBeTcTBEeHHO. Uncio
BUTKOB BTOpUYHOM 0OMOTKM Nj. OmnpenenuTh: YHUCIO BHUTKOB TEPBUYHOM OOMOTKH Ny,
koo duuuent tpancpopmamun K u Buag Tpanchopmaropa (HOBBILIAIOIMIMNA WM TOHKAIOMINN),
OTBET IOSICHUTb.

10. Omnpenenuth MONIHOCTH TEPBUYHONH M BTOPUYHOHN merned Tpancopmaropa Py m Py, ecim
u3BecTHbl: HanpspkeHust Ui m Uz, Tok I mepBuuHOit oOMoTKH. Paccumrath ko3 duUIMEHT
tparcdopmarmu K u ykazars By Tpanchopmaropa (MOBBIMIAIONIMA WA TIOHUKAFOIINN), OTBET
MOSICHUTb.
dopma npeacTaBJeHus pe3yabTaTa:

BoinonHuTh 3asaHue B TETPaAM ISl MPAKTUYECKUX padoT.
Kputepuu onenkmu:
3a npaBUIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJOKUTENbHASI OlleHKa — 1 Oau.
3a HelpaBWJIBHO BBIMIOJTHEHHOE JICHCTBUE, 3a/IaHNUE BBICTABIISETCS OTPHUIIATEeNIbHAsS onleHKka — () 0ayuioB.
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 5.2 Dy1eKTPOMarHUTHbIE KOJI€OAHNUS H BOJIHBI

IIpakTnueckoe 3ansitue Nel6
Pemenue 3a1a4 no teMe «J1eKTPOMATHUTHBIE KOJI€OAHUS M BOJHBI»

Heab: u3y4nTh CBOOOIHBIE HIIEKTPOMArHUTHBIC KOJIEOAHUS B KOHTYpE, PacIpOCTpaHEHHUE BOJIH,
BUJIBI BOJH UX OTJIMYHSL.

IIpakTnuyeckas padora popmupyer: I1P66; ITPG7; [1Py 1; ITPy 5; ITPyS; TPy 11; 1Py 12;

MP8,MP9,MP10,MP21,MP17, MP13;JIP 26, JIP 14, JIP 23, JIP 13.

Beimosinenne padorsl cnocodcTByeT (popmuposanuro: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe oOecnedeHue: TETpaab s TPAKTHYECKUX paboOT, pydKa, METOIUYECKUE
PEKOMEHIALIMY 110 BBIOJIHEHUIO PaboThI, JTMHEIKa, KapaH JIalll.

Yxka3zanme: Ilpaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUECKON M MPAKTUYECKOM.
[Tocne n3yueHHs] TEOPETUUECKOTO MaTeprana MOXHO MPUCTYNATh K BBHITOJHEHHUIO MPAKTUYECKOI YacTu.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 AJisi CaMOCTOATEIbHOrO BhinoaHeHus. He 3a0biBaiiTe 0 MpaBUILHOM
odopmiiennn peureHusi. Ha BbIloiHeHnE MPAaKTHUECKON OTBOAMTCS JiBa akajaeMudeckux yaca. [lopsiiok
BBINOJIHEHUS pabOThI

IMopsinok BbINoJIHEHUs PadOTHI:

1. PaccMoTpuTe TeOpeTHYECKH MaTepual N0 TeMe U TpUMephl peleHus 3agad (CMOTpHU
METOAMYECKOE ITOCOOHE).
2. Pemmre camocrosiTenbHyto padoty. Odopmure perieHne NUCbMEHHO B TETPALIH.

Xon paborhr:
1. Teopwus. [ToBTOpUTH TEOPETHUECKUI MaTEpUa MO0 KOHCIIEKTY JICKIHU.
2. Tlpumeps! peleHus 3aaad4.

1. ManykTuBHOCTH KonebatensHOro kKoHTypa S00 Mkl 1. Kakyro eMKoOCTh criefyeT BEIOpaTh, YTOOBI
HACTPOUTH €ro Ha yactoty 1 MI'u?

72



JaHo:
KoJie0aTeIbHbI
1 KOHTYp
L=510"Tu
v=10° I'n

C=?

=

|

= ]
4-3.147 -5-10

3

=
(10%y%
1

20985910

=0.005-1078 =5.10”

—4412 3

19719210

1 _ sone

2. B ycraHoBKax Il 3JCKTPOTHUIPABIMYECKON 00pabOTKH MaTepHaIOB KOHIEHCATOPHI pabodero
KOHTypa SBJISIOTCS €MKOCTHBIMH HaKomuTessMu 3Heprud. Omnpenenute HAWOONBIIYIO — CHITY
KPaTKOBPEMEHHOTO TOKa, BO3HUKAIOMIEIO B IIEMU MPU IPSIMOM paspsake TaKoro KOHJEHcaTopa Ha
MIPOBOJIHUK, €CJIM U3BECTHO, UTO 3aHECEHHAas 3Heprus B kouaeHcatope 10 kK, MHAYKTUBHOCTh KOHTYpa
0,03 MxI'H.

Hano: x  — E,.=Eu 10t
_ = _ . 448

KOHTYD (] [ — \'ﬁ Y066 10
E=10* JIx 7 3107
L=310%Tn b2 —08-10% =8.10° A

[}
Imax :? 'f"u-\. = IIEE..

VoL

3.0mpenenuTe Mepuol U 4acTOTy COOCTBEHHBIX KoleOaHuil koHTypa uHAyKTUBHOCTH 0,05M ['H 1

IMOCJICA0BATCIIBHOTO COCIUMHCHHUA TPEX KOHACHCATOPOB €EMKOCTLIO 1O 6 MKD.

ano:

K
MIOCJICA0BATEIbH
0€ COeIMHEHUE
L=0,05m TI'm=5
10°T'n
Ci=6MxD=6 10
)

N=3

T,y-?

L

cCccC
O

Co= 7

T =2m4C6 =2 | L
|

i

#

—_—
L Bl0™
T :.i.H]IIﬁlII -

= 62810007 = 52841071 =
628107 ¢
1

L - ”'.]f'\ulll‘.fﬂal.ﬁ.f.'l
2810

4. Cuna TOKa B CETH M3MEHSETCA MO 3aKoHy 1=4,2 sinwt. Kakoe KOIW4ecTBO TEIJIOTHl BBIICIUT
3JIEKTPOKaMUH 3a 1 4 paboThl, eciu ero conporusienue 70 Om?

Hano: Q=1> Rt 1n=4,2A

ANEKTPOKAMHH i=lsinot 1 =0,707-4,2=3A

i=4,2 sinot / Q=3%-70-3,6 - 10°~2,3- 10°]
t=3,6 10°c =—==0,707-1, K=

R=70 Om V2 =2,3 M/

Q=7

5. Karymka uaayktuBHOCTEIO 0,1 I'H M akTWBHBIM compoTuBieHneM 25 OM BKIIOYEHA B CETh
IIPOMBIIIJIEHHOIO NEPEMEHHOT0 TOKAa CO CTaHAAapTHOW 4acToTod. Omnpenenure TOK B KaTyIIKE, €CIH
HanpsbKeHue Ha ee BBogax 120 B.
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JlaHo: xarymka Y. % \‘.-'35-' Fi4-3,14-50-0,17)

L=0,1TH w ' i L

R=25 Om » R & VB25086 = 416 10
‘ "

v=50 Tt — 120 .,

U=120B = ‘u'.”' + (o) = | =_4E]'.] k¥

nv:? ’ VR + (2mvl)’ ¢

6. Ha Komx03HYI0 NOJCTAHIMIO TOCTYyMaeT TOK HampsbkeHueM 6600 B. mepBuuHas oOMOTKa
tparcopmaropa noactanmuu umeet 3300, a Bropuunas 110 ButkoB. Onpenenure padbodee HAMPSIKCHIE
B KOJIXO3HOH 3JICKTPOCETH M MOTPEOIIEMYI0 MOITHOCTh cHja Toka B ceTd 200 A moTepsMu SHEPruH B
TpaHnchopmarope npeHeOpeys.

Jano: TpaHchopmaTop w, U ) GHO0-110

U;=6600 B T a =T=22“ B
®;=3300B - : W] ,

©,=110 U, =1 P,=220-220=44-10°Br=44
1,=200 A B ", kBT

Uz, P2:? ’ P2=U2 . Iz

7. Cua Toka B iepBHYHOM 00MOTKe Tpanchopmartopa 0,5 A, HanpspbkeHue Ha ee konmax 220 B, Bo
BTOpUYHOI 00MOTKe cooTBeTcTBeHHO 8 A 1 12 B. Ompenenute KI1J[ Tpancdopmaropa.

Jlano: TpaHcdopmMaTopa 12-8 o o
1,=0,5 A n:i.][n}@,‘nz n = 33005 O = BT
1,=8 A £, T

U;=220B U]

U128 =2 2.100%

n=" Ul

CamocrosiTesibHas padora.

1. MarHuTHbIi NOTOK B paMKe, PaBHOMEPHO BpallAIOUIMICA B OAHOPOJAHOM MAarHUTHOM IOJIE,
m3MeHsieTcs 1o 3akony ® = 3 - 107 cos157t. Haiire 3aBHCHMOCTb MIHOBEHHOTO 3Hauerus DJIC
MHAYKIUH, BO3HHUKAIOIIEH B paMmke, oT BpeMeHH. OmnpenenuTe MakCUMallbHOE M JIeCTBYOIEE
3Hauenne DJIC, mepro U 4acToTy TOKa.

2. B pamke, paBHOMEpHO BpallaromIielcss B OJHOPOJHOM MAarHUTHOM II0Jie, MHIYIUPYETCS TOK,

MIHOBEHHOE 3HAYE€HHE KOTOPOro BbIpakaeTcsi (opMyIioi 1 = 3 sinl57t. Onpenenure
aMIUTUTY/IHOE, IeHCTBYIOIIEee 3HAaYeHHE TOKa, MTHOBeHHoe 3HaueHue Toka npu 0,01 C, nepuoa u
9acTOTY.

3. Ompenenute MakcUMalbHOE U JeWcTBymomiee 3HaueHue nepemeHHoil DJIC, Bo3HMKaromed B
pamMKe IpHU €€ pPaBHOMEPHOM BpalllEHUU B OJHOPOJHOM MAarHUTHOM IIOJiEe, €CIOU TpU YIJie
MOBOpPOTa pamMKu Ha 45~ MrHoBeHHoe 3HaueHue J/1C 156 B.

4. Cuna Toka B nepBU4HON oOMoTKe TpaHchopmaropa 0,2 A, HanpsbkeHue Ha kiemmax 220 B.
Omnpenenure HampsbkeHHME M CHIYy TOKa BO BTOPHMYHOM OOMOTKe TpaHcdopmaropa, eciu
kod(purment tpanchopmanuu 0,2.

5. HanummuTe ypaBHeHHE A1 MTHOBEHHOT0 n3MeHeHus D/]C uHAyKIMH, BO3HUKAIOIIEH B BUTKE MIPU
PaBHOMEpPHOM €ro BpalleHHMH B OJHOPOJHOM MarHUTHOM mojie, eciu uepe3 1/600 c mocie
IIPOXOKJEHHUSI BUTKOM MOMeHTa, ipu kotopoM DJIC paBHa Hymto, MrHOBeHHOe 3HaueHue J/[C
cranosutcs 5 B. Ilepuon Bpamenus sutka 0,02 c.

6. Karymxka unayktuBHocThi0 20 MI'H BKJIIOYEHA B CE€Th MEPEMEHHOro Toka ¢ yactoroil 50 I'm.
Onpenenure UHAYKTUBHOE CONPOTUBIICHHE KATYIIKH.

7. KOHfeHcaTODp eMKOCThbI0 810} BrioueH B ceTh mepeMeHHOro Toka ¢ 4acTotoit 50 I
Onpenenuts cuily TOKa Ha Y4acTKE IIENHM ¢ KOHAEHCATOPOM, €CIIM CONPOTHUBIIEHUE MOJBOASIINX
npoBoJ0B 5 OM, a HanpsH>KEHUE Ha BCeM ydacTke menu 12 B.

8. Kak m3meHHMTCS MHAYKTUBHOE COIPOTUBIIEHUE KATYIIKH, €CIH €€ BKJIIOYUTH B IIeNIb IEPEMEHHOTO
Toka ¢ yactoror 10 xI'1, BMecTo 50 I'11?
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10.

11.

12.

13.

14.
15.

16.

17.

18.

[lepBuunas obmoTka TpaHcdopmartopa comepxutr 800 BuTkoB, BTopuuHas 3200. Ompenenute
kod(purmeHT TpanchopmaIu.

Cuna Toka B CeTH MU3MEHSETCS 10 3aKoHY 1 = 8,5 sin o t. Kakoe KOIMYecTBO TETUIOTH BHIICTUT
AJICKTPOKAaMUH 3a 2 yaca paboThl, €ciik ero corpotuBiacHue 80 Om?

Cuna Toka B epBHYHON 00MOTKe TpaHchopmaTopa 0,6 A, HanpspkeHue Ha ee kKoHIax 220 B; Bo
BTOpH4HOU 00MOTKe 6 A 1 14 B. Onpenenute KII/] Tpancdopmaropa.

B nepBuyHOil 00MOTKe moBbIIIaromero tpanchopmaropa 80 BUTKOB, a Bo BTOopuuyHOM 1280.
Hamnpsbkenne Ha xoHIax nepBu4HOM oOMoTkH 120 B, a BenmnumHa TOKa BO BTOPUYHON OOMOTKE
0,25 A. Onpenenure MOIE3HYIO MOITHOCTh TpaHchopmaropa.

Jliig TpaHCnAUUY paauonepeayd NpUMEHSIOT MOHKaIui Tpancdopmarop ¢ HanpsikeHuem 480
B o 30 B. Onpenenure momuocTh Tpanchopmartopa ¢ KI1J1 96%, ecnu k Hemy noakitoueHo 100
penpoyKTopoB, noTpedstomux Tok 0,008 A.

Omnpenenure MakcumanbHyo JJ1C, 3Has1, 4To npu 30° OJC unaykuuu 110 B.

Omnpenenure yroj moBopoTa BUTKA B OJHOPOAHOM MAarHUTHOM IOJie, 3HAasl, YTO MaKCHMalbHOE

sHaueHue Toka 10042 A, a Tox B janabiii MoMmeHT 100 A.

Omnpenenure k03 duuueHT TpaHchopmanunu 3BOHKOBOTO TpaHc(HOpMaTOpa, MUTAEMOI0 CETEBBIM
TOKOM c HanpspkeHueM 220 B, ecinu npeoOpa3oBaHHbIN TOK UMEET HanpskeHue 2 B.

IlepBuynas oOMOTKa MOBBbIIAIOLIET0 TpaHchopmaropa umeer 45 BUTKOB, a BTopuuyHas 900
BUTKOB. [lepBuYHasi KaTyllKa BKJIIOYAETCS B CETh NEPEMEHHOI0 TOKa ¢ HampsbkeHueM 120 B.
Kakoe Hampspkenue OyaeT Ha 3a)KkuMax BTOPUUHONW 0OOMOTKH?

DnekTpuyeckas ayra AoJKHA ropeth noj Hanpsokenuem 40 B, a B cetu 220 B. CkoJIbKO BUTKOB
JIOJKHA COZIepKaTh BTOpUYHAs 0OMOTKA, €CJIU B NEPBUYHON OOMOTKE, BKIIOUEHHOH B CETh, 385
BUTKOB?

®opma npeacTaBiaeHus pe3yJbTara:
Beimonuute 3agaHue B TETpaay ISl IPAKTUYECKUX PadoT.
Kpurtepuu onenku:
3a IpaBHIBLHO BBITIOIHEHHOE 33/I1aHNUE BBICTABIISIETCS TIOJIOKUTEIbHAS OIleHKa — | Oa.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — ) OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumenvroy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 5.3. OnTuka

IMpakTuueckoe 3ansitue Nel7

3aKOHbI OTpaXKeHUA U npenomneHus ceeta. Popmyna TOHKOW INH3bI.

I_[e.m,: HpI/IMCHeHI/IC 3aKOHOB OTPaXCHUA U MPCIOMJIICHUA CBCTA IPU PCIICHUUN 3a/iay.

IIpakTnueckas padora popmupyer: I[1P66; ITPG7; I1Py 1; ITPy 5; ITIPyS8; I1Py 11; [Py 12;

MP8,MP9,MP10,MP21,MP17, MP13;JIP 26, JIP 14, JIP 23, JIP 13.
Beinosinenue padorsl cnocodocTByer popmuposanmio: OK 01, OK 02, OK 03, OK 09

MarepuajibHoe o0ecnmedeHUe:TETpaab s TNPaKTHUYECKUX paldoT, pydyka, METOIUYECKHE
PEeKOMEHJallMi 10 BBIOJHEHUIO pa0oThl, JHMHEWKa, KapaHaam. Tabiuna 3HAYeHUH OCHOBHBIX
TPUTOHOMETPHUECKUX (PYHKIUN

Yka3zanme: [lpaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUECKON M MPaKTUYECKOM.
ITocne n3ydeHuns: TEOPETUUECKOr0 MaTeprana MOKHO IIPUCTYNATh K BBIIIOJHEHUIO IPAKTUYECKON YacTH.
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Kpatkas Teopus.

3akoH orpakeHusi cBeTta OTpaXCHHBIA Jy4 JICKUT B OJHOM IUIOCKOCTH C MAJAIOLIUM JIYYOM H
HOPMAaJIbIO K IIOBEPXHOCTH, BOCCTAHOBJIEHHON U3 TOUKH IaJICHUSA. YTOJ OTPAKEHUS PaBEH YIUly Ma/leHUs:
. YTJBl NafeHUA U OTPAXKCHUSI U3MEPSAIOTCA MEXKIy HaAIPAaBJICHUEM JIyda U HOPMAJbIO K IOBEPXHOCTH
(puc. 2). 3aK0H OTpa’KeHHs CBETA CIPABEJIMB U JIJISl IIEPOXOBATOM MOBEpXHOCTH. [lapaienbHblil mydok
CBETa OTpakaeTcs oT Hee JU(PPY3HO, OHAKO KaKIbIH JIyd MOAYUHSIETCS 3aKOHY OTPaXKEHHUS.

3akon npesnomiienusi ceera. Ilokaszareanr npesomienus. [IpenoMIIEHHBIN J1yd JIEKUT B OJHOU
IUIOCKOCTH C MaJaroIlyM JIy4OM U HOPMAJIbIO K MIOBEPXHOCTH, BOCCTAHOBJICHHOMN M3 TOUKH MaJeHus (puc.
2). OTHOILIEHUE CHUHYyCA YIJIa MMaJeHUsl K CHUHYCY yrja IpPEJOMJIEHUS €CThb BEJIMYMHA MOCTOSIHHAs AJIs

JTAHHOM Maphl BEIICCTR:
SIna

sin f3

= n,, = const. (1)

Yroa Mexay HOpMaibl0 M TMaJalollUM JIy4OM Ha3blBaeTcs YIJOM MaJeHUs. YTol MEXIy
HOpMaJbl0 W MPEIIOMIICHHBIM JIy4OM Ha3bIBaeTcs yrioMm mnpenomienus. [loctosHHas BenuumHa n2l
Ha3bIBAETCS] OTHOCUTEIBHBIM IIOKA3aTEeNIEM IIPEIOMIIEHUSI BTOPOIl Cpeibl OTHOCUTENIBHO MEPBOM.

[Tokazarenb MpenoMIIeHUsI Cpeibl OTHOCUTEIHHO BaKyyMa Ha3bIBaeTCs aOCONMIOTHBIM IMOKa3aTelleM
npenomiieHus. Kak rnpaBuiio, 3Ty BEIMUYMHY Ha3bIBAIOT IPOCTO MTOKA3aTEIEM IIPETOMIICHUS.

BonHoBas Teopus ycTaHaBIMBaeT MPOCTYIO CBS3b MOKa3aTens mpeiromiieHuss n2l co CKOpOCThIO
pacnpocTpaHEeHHUs! CBETOBBIX BOJIH B JIByX Cpelax

\4!
Ny =—. (2)

Vo

nj

[3

Puc. 2. 3akonsl OTpAXKXCHUA U IIPCIIOMIICHHUS CBCTA

IIpakTHYeckast 4acTh.

3agaum 17151 CaMOCTOSITEILHOIO PellleHH s :

1. Ha xako# yroa moBEepHETCS] OTPAKEHHBIN OT 3€pKaJla COJTHEYHBIN JIy4 MPU MOBOPOTE 3€pKaja

2. Ilpenmet Haxoauics Ha paccTosHUM 20 CM OT IJIOCKOTO 3epKajia. 3aTeM ero OTOABUHYIU Ha 10
cM

3. B miockocTy sKkpaHa HaXOJIUTCA UCTOYHHUK CBETA, UCITYCKAOMINI Y3KUN My4OK JIy4el 1MoJ| yrioMm

4. OT NoaABEMHOI0 KpaHa, OCBEIICHHOTO COJIHIIEM, MTalaeT TeHb JJIMHON 75 M, a TEHb OT
BEPTUKAIBHO

5. JIyu cBeTa majjaeT Ha CUCTEMY JIBYX B3aUMHO MEPIEHIUKYISIPHBIX 3€pKajl. YTOJ MaJeHHs

6. Hag nenTpoM kpyrioro 6acceiiHa paguycom 5 M, 3aIUTOTO A0 KpaeB BOJIOM, BUCUT JIaMIIa

7. Beicota Connana Haa ropu3oHToM 38°. ITox KakuM yriioM K TOPU30HTY Ha/10 PACIOJIOKHUTh

8. ConHeuHbI Ty4, IPOXOA[IINNA Yepe3 OTBEPCTHE B CTABHE, COCTABIISIET C MOBEPXHOCTHIO CTOJIA

9. HeGoump1110# IpeAMET pacoyioKeH MEXIAY ABYMS INIOCKUMH 3€pKajgaMH, 00pa3yroIuMHu yroJ
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10. Ha xakoii BbICOTE HaXOAMUTCS a3pOCTaT, €ciy ¢ 6aurHu BbICOTON 20 M OH BUEH MOJ yriaoM 45°

11. KakoBa nomkHa ObITh MUHMMAaJIbHASI BEICOTA BEPTUKAILHOTO 3€pKalia, B KOTOPOM YEJIOBEK

12. Ilpeamer nomenieH Mexay IByMsl B3aUMHO IEPIIEHIUKYIApHBIMU 3epKaiamMu. CKOJIBKO

13. Ilox KakuM yrioM K MOBEPXHOCTH CTOJIAa HA/I0 PACHIONIOKUTH IIIOCKOE 3€PKallo, YTOOBI
MOJTYYUTh

14. Yenosek, crosmuii Ha Oepery o3epa, BUIUT Ha II1aKON OBEPXHOCTH BOJIBI H300paKECHHE
COJIHLIA

15. CeeTsmiascst Touka MpUOIMKACTCS K IFIOCKOMY 3€pKairy co CKOpocThio 4 M/c. C Kakou
CKOPOCTbIO

16. IIpenmeT HaXOAUTCS OT IJIOCKOTO 3epKaiia Ha pacctosauu 30 cMm. Ha kakoM paccTosiHun

17. ToueuyHbIl ICTOYHUK CBETA OCBEIIAET TOHKUU AucK quamerpom 0,2 m. [Ipu aToM Ha 3Kpane

18. 'opu3oHTaNbHBIN JIy4 MaJaeT Ha MJIOCKOE BEPTUKAIBHO pacloiokKEeHHOE 3epkaio. Ha kakoi

19. BepTukanbHO cTosimii mect BeicoToi 1,1 M, ocBemeHHblid ConHIleM, 0TOpachIiBacT

20. Ha ropu30oHTalIbHOM CTOJIE 110 MPAMOM JBMKETCS mapuk. [1og KakuM yrioM K MI0CKOCTH CTOjda

21. Ilnockoe 3epkaiio AB JBHKETCS TIOCTYIATEIHLHO CO CKOPOCThIO VI=2 M/c, a TOUKa S TBHIKETCS

22. Ceersmascs TOYKa paBHOMEPHO JBIKETCS 0 MPsMoid, oOpa3yromeit yroi 30° ¢ II0CKOCTbIO.

KonTpoabHbie Bonpochl
1. CdopmynupyiiTe 3aKOHBI TEOMETPHYECKOI ONTUKHU. YKaKUTE TPAHULIBI TPUMEHUMOCTH ITHUX
3aKOHOB.
2. JlaiiTe onpeneneHne adCONIOTHOTO U OTHOCHTEIBHOTO TIOKA3aTelsl MPEIOMIICHHUS U IOKXKUTE
CBSI3b MEXy HUMH.
3. KaxoB ¢u3nueckuii CMbICT [TOKa3aTels MPEIOMIICHHS C TOUKU 3pEHHS BOJTHOBOW TEOPHH CBETa?
YcTaHOBHUTE CBS3b MEXY TIOKA3aTeIeM IPEIOMIICHHUS U JUIMHOW BOJIHBI B BAKYYME U CpeJie.
4.  YKaxuTe OCHOBHBIC IPUYMHBI IIOTPELIHOCTEH U3MEPEHUI
®opma npeacTaBiaeHus pe3yJbTara:
BeimonHuTe 3a7aHue B TETPAM ISl IPAKTUYECKUX PadoT.
Kpurtepuu onenku:
3a IpaBHIIBLHO BBITIOIHEHHOE 33/I1aHUE BBICTABIISIETCS TTOJIOKUTENbHAS OlleHKa — | Oa.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHHE BBICTABIISCTCS OTpUIIAaTEeIbHAas orleHKa — ) 0aioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumensroy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 7.1 KopnycKyJasipHO-BOJHOBOM AyaIH3M.

IIpakTnyeckoe 3auaTue Ne18

Pemenne 3aga4 no teme «3akoHsl porodpdexra. YpapHeHne JMHIITEHHA»

Henawb: U3yunts 3akonsl CroseroBa s poroaddexra. Hayuuthes pemarh 3a1auu Ha ypaBHEHHE
OHHIITENWHA.

IIpakTnueckas padora popmupyer: I[1P66; ITPG7; I1Py 1; ITPy 5; ITIPyS8; I1Py 11; [Py 12;

MP8,MP9,MP10,MP21,MP17, MP13;JIP 26, JIP 14, JIP 23, JIP 13.
BoinosHenue pa6otsl cnocodcTByet hopmupoBannio: OK 01, OK 02, OK 03, OK 09

MarepuajibHoe o0ecnmedeHUe:TeTpaab s TNPAKTHUYECKUX paldoT, pydyka, METOIUYECKHE
PEKOMEH/IalliH 10 BBHIIOJHEHHUIO paboThI, TMHEHKa, KapaH/JaIll.

Yka3zanue: [IpakTuueckas paboTa COCTOMT W3 JBYX YacTed — TEOPETHUECKOW M MPAKTUYECKOM.
ITocne u3ydeHuss TEOPETUYECKOr0 MaTepralla MOKHO MPHUCTYNAaTh K BBITOJHEHUIO IIPAKTUYECKON YacTH.

Omna coctout u3 ABYX U Ooiee 3aga4 A1 CaMOCTOATCIbHOT'O BBIIIOJITHCHHA. He 3a0n1BaiiTe 0 IpaBHUJIIBHOM
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odopmiiennn pemreHusi. Ha BBIMOIHEHNE IPAKTHUECKON OTBOAMTCS J(Ba akaneMudeckux yaca. [lopsimok
BBITIOJTHCHUS PAOOTHI
Ilopsiiok BbINOJTHEHHS PA0OTHI:
1. PaccMoTpuTe TeopeTHUECKHUI MaTepuaq IO TeME U NpHUMEphl pelleHus 3anad (CMOTpu
METOAUYECKOE IIOCOOHE).
2. Pemute camocTosTensHy0 padoty. Odopmure perieHue NUCbMEHHO B TETPAIH.
Xon padoThl:
1. Teopus.
Buemnuii gorodppexT u ero 3aKoHbI
B pa3BuTuu mpencTtaBieHUi O MPHUPOJE CBETa BaXKHBIM mIar ObUI ceJaH NMPH U3YyYEHUH OIHOTO
3aMeYaTeNIbHOTO SBJICHUS, OTKpHITOro I'. ['eprieM U TIIATENFHO MCCIEIOBAHHOTO BBIJAOIIUMCS PYCCKUM
yueHbIM A.I". CToneToBbIM. SIBieHME MOIYYUIIO Ha3BaHKUE (POTOIIEKTPUUECKOTO dPdeKTa.
doroanexkTpudeckuii ekt ObiBacT BHEITHUM (Ha TOBEPXHOCTH METAJUIOB) M BHYTPCHHUM
(BHYTpH TTOJTYITPOBOTHUKOB).

Brewnuii pomosgpgpexm — BBIpBIBAHUE HIIEKTPOHOB C TOBEPXHOCTH BEIIECTBA IO JCHCTBHEM
AJIEKTPOMArHUTHOTO U3nyudeHus (puc. 1).

Puc. 1. fIBnenue horosrddexra

3akonbl gporodrddexra
1. Cuna Toka HachellieHUs — |, TpAMO MPOMOPIHOHANBbHA MAJAIONIEMy Ha JJIEKTPOJ CBETOBOMY
U3IIyYCHHUIO.
2. MakcumanbHasi KHHETHUYeCKasi SHeprusi (OTOAIEKTPOHOB JIMHEHHO BO3PACTAET C YaCTOTOM CBeTa
Y HE 3aBUCHUT OT MOIIIHOCTU CBETOBOT'O U3TYUCHHUSI.
3. Kpacnas rpanuna dororddexra omnpenensercs TOIBKO MaTepHATIOM 3JEKTPOAa U COCTOSIHHEM
€ro MOBEPXHOCTH.
Ecnu yacTora cBeTa MeHbIlI€ HEKOTOPOW ONPENETICHHOW JUIsl JAHHOTO BENIECTBA MUHUMAJIbHOMN
YaCTOTHl Vpin — HauMeHbwaa 4Yactota IMB, sbisbiBatower ¢potoadpdeKkt, 10 PoToapdPekT He
HacTynaer.
3akoHbl (oTodddexTa Henb3s OOBSICHUTH HAa OCHOBE BOJIHOBOM Teopuu cBera. OObsICHEHHE
dortorddekra Obo maHo ODMHIITEHHOM, pazBuBmuM B 1905 1. mgen [lnanka o mpepbIBUCTOM
WCITYCKaHHUH CBETA.
Hemenkmii ¢usuk M. Ilnank — ocHoBaTeldh KBAaHTOBOW TEOPHH MPEAINOJIOKHI, YTO aTOMBI
WCITYCKAIOT YPHEPTHUIO OTACIbHBIMU MOPIHUSIMH — KBAHTAMH.

hv=A mv? | —ypaBHeHWe JNHWTeNnHa ana ¢otoaddeKTa.
v= +—
bIX 2

h=6,63-10"* Jl-c;me=9,1-10 xr; C=3-10% m/c
CJ'IC,Z[OB&TCJ'ILHO, pa60Ta BbIXO4a — Ag 3aBUCUT TOJIBKO OT poOJa BCHICCTBA, MMO3TOMY IJId PA3HBIX
BCIICCTB pa3jindHa.
HpI/I HUCITYCKaHHUU CBCT BCACT 06651 HOI[O6HO IOTOKY HaCTHUII C Z-)HCpl“PICfI.
CaoiicTBa cBeTa, 0OHAPY’KMBAaEMbIe MPU U3ITYYSHUH U MOTJIOUIEHUH Ha3bIBAIOT KOPIMYCKYJISPHBIMH.
CBCTOBaH qaCTHULla HA3bIBACTCA d)OmOH 501050 C@@I’l’lO@OlZ KedHm.
®oTOH 00J1a/1a€T OPIIUEH SHEPTHH:
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rae v —4acrora [['1];
h — nocrosiunas [nanka, 6,63 107 [Ix- c].
Macca oToHa onpezensercs:

hv

'
i)

=

IJle ¢ — CKOPOCTb CBETa
@DOoTOH HE UMEET MACCHI TTIOKO4, T.€. HE CYIIECTBYET B COCTOSIHUU TTOKOS.
WNmnynbe poToHa onpeaensieTcs:

v h

p=me=—

rae l — JJIMHA BOJIHBI U3JIy4YeHUs [M].
Hampagyien umnynsc OTOHA TIO CBETOBOMY JTy4y.

Ilpumepuvt pewrenus 3a0ay
15B = 1,610 k.

1. Onpenenurte KpacHyro rpanuily Gorodddekrra y XJIOpUCcTOro HaTpusi, paboTa BhIX0/1a AJIEKTPOHOB
KoToporo paBHa 4,2 3B.

Jano: cnu Pemenue:
A,=4.25B 4,201,6010™° JIx
¢ = 3010%w/c

h = 6,62910° JIx®c
pr_ - ?
Ortser: | =295 um.

2. Omnpenenutre MaKCUMalbHYIO CKOPOCTh BBUIETa JJEKTPOHOB W3 Kalus, paboTa BbIXOJa
3JIEKTPOHOB U3 KOTOPOTO paBHa 2,26 3B, mpu 0CcBELIEHUHN ero YIbTpa(HroIeTOBBIM U3ITyYeHHEM C JTHHON
1
BoutHb! 200 HM. Macca snekrpona 9,1910% kr.

Hano:

[ =200 um cu
A,=2.265B 2009107

m. =9,1®10* kr 2,261,610 Ik
¢ = 3®10%w/c

h = 6,62910 JIx®c
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v-"

-118-10°Y

2(3-10°-6,62-10 % —2.107-2,26.16-10 )  [(19.86—7,232).10%
0= - 91.10°° c

2-107.91.107*
OrtBerT: v = 1,18@106 m/c.

4. Omnpenenure MaKCUMAJIbHYI0 KHHETHUYECKYIO OSHEpruio (OTOINEKTpOHA Kaausi IMpH €ro
OCBEIICHUH JIydamu ¢ 1iuHo# BostHbI 400 HM, eciii paboTa BBIXO/1a JIEKTpOHA Kalius paBHa 2,26 3B.

JlaHo: cu
[ =400 um 400©10°m
¢ = 3010%w/c 2,2601,6010° 1

h = 6,62010 JIxx®c

Ao = 2,26 3B
E.—?
108 - 1073 135-107*°
E = M—Z,Zﬁlﬁ -10™ =(4,965-3616)-10*° =135-10" . == =0843 sB.
« 4.107 niIin 16-10
OtBeT: £, = 0,843 5B.
300662107 135-10°"
E =- 10”-6,62-10 —226-16-10" = /4965 -3616 - 10" =135 10" E, =— - =0843 aB.
4.10 WK 1610

OtBeT: £, = 0,843 »B.

CamocrosiTesibHast padoTa
1. Boruncnure sHepruto oToHa BUIUMOTO CBETa C IIMHON BOMIHBI 0,4 MKM.

Hano: cu Pemienue: Brruucnenue:
/= 0,4 MxMm
¢ =3@10%/c

h = 6,620103 JIx®c
E—?

2. Boruncnure paboTy BBIXOJAA 3JEKTPOHA M3 TaHTaNa, €CIM KpacHas rpaHuna ¢gotosddexra ZKP =03
MKM.

Hano: CUPemenue: Brruucnenue:
/= 0,3 MKM
¢ = 3010%w/c

h = 6,62010° JIx®c
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Aebzx - 7

3. Haiigutre MakcuMaibHYI0 KHHETHUYECKYIO JHEpPrHi0 (POTORIEKTPOHOB, BBIPBAHHBIX C KaTOJa, €CIU
3anuparoliee Hanpsbkenue pasHo 1,5 B.

Hano: CHu Pemenne:
Us=15B

¢ =1,6010™ Kn

E.—?

4. Onpenenute Maccy GOTOHA BUIUMOTO CBETA C AMHOM BOITHBI S00 HM.

JlaHo: cu Pemenue
/=500 um
¢ = 3®10%w/c

h = 6,62010° JIxx®c
m-"?

5. KakoBa HaMeHbIIIasi YaCTOTa CBETA, IIPU KOTOPOH eie Habmomaercs hotodddexT, eciu padboTa
-19
BBIXOJa AJIeKTpoHa paBHa 3,310 [Ix?

Jano: cu Beruucnenue:
Agyx = 3,310 I

¢ =3®10°w/c

h = 6,62010° JIx®c

Timin —

6. OmpenenuTe MaKCHUMallbHYI0 CKOpPOCTb BbUIETa JJIEKTPOHOB U3 IMHKA. Pabora BhIXOnA
3JIEKTPOHOB paBHa 4,2 5B npu ocBeleHun ero yiabTpaproiIeTOBbIM H3IyUYeHHEM ¢ JIHMHON BoiHbI 200
HM.

®opma npeacTaBiaeHus pe3yJbTaTa:

BeInmonHuTe 3a1aHue B TETpaau s MPaKTHUECKUX padoT.

Kpurepum ouneHku:

3a mpaBUIILHO BBITOJHEHHOE 33 JaHHE BBICTABIISETCS MOJIOKUTENIbHAsS OlleHKa — | Oasu.

3a HeTMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNEe BHICTABIISIETCS OTPUIIATEIbHAS olleHKa — 0 OaioB.
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

Tema 7.2. CTpoenune aToma.
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IIpakTuueckoe 3ansitue Nel9
Hocrynarsl bopa. JHepreTrnyeckne ypoBHH.

Heab: N3yunts nocrynatel bopa. HayunThscs pemare 3aj1a4u ¢ y4eTOM Iepexoga aTOMOB € OJTHOM
OpOUTHI Ha IPYTYIO.

IIpakTuyeckasi padora popmupyer: [1P66; [TP67; [1Py 1; ITPy 5; I1PyS8; I1Py 11; [1Py 12;

MP& MP9,MP10,MP21,MP17, MP13;JIP 26, JIP 14, JIP 23, JIP 13.

Boinosinenue padotsl ciocodcTByeT (hopmupoBanuio: OK 01, OK 02, OK 03, OK 09

MarepunanbHoe obecrnieyeHue:

TeTpajlb JUIsl MPAKTUYECKUX paboT, pyuka, METOANUYECKUE PEKOMEH 1AM MO BBIOJIHEHUIO PaOOTHI,
JIMHEMKA, KapaHanl.

VYka3zanme: [IpakTudeckas paboTa COCTOMT W3 JIBYX YacTel — TEOPETUYECKON M IMPAKTUUYECKOM.
[Tocne u3yueHus: TEOPETUUECKOTO MaTepralla MOYKHO MPUCTYNaTh K BBIIIOJHEHUIO IPAKTUYECKON YacTH.
Omna coctouT U3 ABYX U Ooliee 3a/1a4 AJisi CaMOCTOSATENBHOIO BhINOHEHUs. He 3a0biBaiiTe 0 npaBUIbHOM
odopmitennu pemeHus. Ha BEIOTHEHNE MPAKTUISCKOW OTBOIUTCS JIBA aKaIEMUYCCKUX Yaca.

Xoa padoTbI:

Kpartkas Teopust

Monens atoma Pesepdopaa mpoTUBOpPEUUT Ki1acCUYecKoi anekTpoarnHamMuke Makcseria. Beixon u3
cioxuBIIencs cutyaruu obi1 HaitieH Hunbcom bopom. B 1913 rony on nonosnnun moaens Pesepdopaa
JBYMsI IOCTYJIaTaAMU, Ha3bIBAEMBbIMH KBAaHTOBBIMU NOCTyaTaMu bopa. [lepswiu nocmynam bopa

(nocmynam cmayuoHapHbix cOCMOAHULL):
B aTome cyiiecTBYIOT cTallMOHapHbIE OPOUTHI, IBUTAACH 10 KOTOPHIM 3JIEKTPOH HE U3ITY4aeT.

Bmopou nocmyaram (npasuno wacmom): V3nydeHne u NOTJIONIEHUE YHEPTUH MPOUCXOIUT MPHU IEPEX0ie

AJIEKTPOHA C OJIHOM CTallMOHAPHOM OpOUTHI HA APYTYIO.

DHeprus U3Iy9IEHHOTO WK MOTJIOMEHHOTO (JOTOHA PaBHA PA3HOCTH SHEPTHI CTAIIMOHAPHBIX COCTOSIHUI
hv = Ek - En;

Yacrora u3nyuyenus pasua: V = (Ek - En) / h

Wiy, 1iMHA BOJTHBI M3ITy9I€HHS A paBHa:

A = hc/ (Ek - En), rne h — mocrostanras [Tnanka, ¢ — CKOPOCTh CBETa B BaKyyMe.

Ecmu EK > En, To npoucxoaut u3iaydenue ¢orona, ecnu EK < En, To nporcxoauT morsomenue

¢oToHa, TpU KOTOPOM aTOM MEPEXOAUT U3 OJTHOTO CTALIMOHAPHOTO COCTOSIHUS B Ipyroe. DHeprus
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AJIEKTPOHA, KAK U CKOPOCTh M painyc OpOUTHI, MPUHUMAIOT AUCKPETHBIM HaOOp 3HAUYEHUH, T. €.
KBAaHTYIOTCS. PacyeTsl 4acTOT epexoJJ0B ¢ 3HEPreTUUECKUX YpOBHEH JUIsl aTOMa BOJOPOJa Jat0T

3HA4YCHUA, COBNAAAOIIUC C SKCIICPUMCHTAJIIbHBIMU BCJIMYHMHAMU CIICKTPA BOJAOPOAA.

Hcnonb3yst HOHATHE SHEPTeTHUECKUX YPOBHEH B aTOMAaxX ObUIO OTKPBITO SIBJICHHE WHIYLIUPOBAHHOTO
M3JIy4eHUs. DTO SIBJICHUE UCIIOJIB3YETCS B JIa3epax, yCTPOMCTBAX, KOTOPBIC IAI0OT MHIYIIUPOBAHHOE

U3JIy4YEHUE B PA3IMYHbIX JUANa30HaX JIEKTPOMATHUTHOIO U3TyUEHHUS.
IIpakTnyeckas yactb. Pa30op TpeHUPOBOYHBIX 3a]aHUIA.

BriGepuTe npaBuIIbHBIN OTBET.

Kaxoa OHCPIus (1)0TOHa, HU3J1y4aceMOro aroMOM IIpU MEPEXOAC U3 B036y>K,Z[éHHOl"O COCTOsIHHUA C 3HeereI71

E1 B ocHoBHOE cocTosiHue ¢ sHeprueit EQ?

BapI/IaHTbI OTBCTOB:

Ey — E
—]) 1ho

E, + Ep
h

2)
3) E1—- Eo
4) E1+ Eo

[IpaBuiibHBIN BapuaHT/BapHaHThI (UM MpaBUiIbHbIE KOMOUHaNKU BapuanToB): 3) E1—- EO.
[Tonckaska: BcmoMHHATE BTOPOi moctynat bopa.

2.Pemnts 3anauy: «MakcuMabHas 1JMHa BOJIHBI, U31y4aeMol B cepun banbmepa paBHa  HMY.
Pewrenue:

ITo popmyne banbmepa-Pundepra:
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1 1 | )
(2—:— ,.).TOE‘CTLT—¥“£
A e L 6,56 - 1077 = 656
| IR e— DD e— x . “ o= M
max = BT5 = 109737325 e

R =10973732 m-1.

OtBet: Amax = 656 HM

3ajgaum 1J19 CAMOCTOAITEJILHOTO PEIeHHA:
1. Beruucnuts 3Hepruto E doToHa, ucmyckaeMoro npu nepexoze 3JIeKTpOHa B aTOME BOJOpOJa C
TPETHEro SHEPIeTUYECKOr0 YPOBHS Ha IIEPBBI.
Hailinure MakcuManbHyIO JJIMHY BOJIHBI, M311y4aeMoU B cepuu banbMmepa.
3. Ilpm mepexone HSIEKTpOHa B aTOME M3 CTAIlMOHApP-HOTO COCTOsSHUS C dSHeprue — 4,8 5B
u3nydaercss (QOTOH, 3Hep-rus Kotoporo paBHa 3,1 sB. Omnpeaenute 3HEPrHUI0 KOHEYHOTO
COCTOSIHUS DJIEKTPOHA.

N

4, OI'Ipe,D,eJ'II/ITb N3MEeHEHNe 3SHeprnn AE ANIEKTpOHa B aTomMe BOoAopoda MNpu U3NyyHeHum

aTomMoM pOTOHa ¢ YactoTon 9=6,28-1014 ['y. OTBET AaTb B 3N1EKTPOH-BOSIbTAX.

5. Ha ckoibko M3MEHWIACh KMHETHYECKAsi SHEPTHUS AJICKTPOHA B aTOME BOJOPOJA NPH H3ITYICHUU
aToMOM (OTOHA C JUIMHOM BOJTHBI A=486 HM?

KoHnTpoJsbHbIe BONPOCHI

Cdhopmynupyiite moctynarsl bopa.

B kaxom ciyuyae 3Heprus MorjaomaeTcst aToMoM, a B KaKOM HCITycKaeTcs?

Kakue npotuBopeuns ects B Teopuu bopa?

Yemy paBHa »sHepruss (OTOHA, HCIYCKAEMOIO AaTOMOM TMpU TIepexoAe B Apyroe
JHEPreTUYECKOE COCTOSIHUE?

5. Moser 11 aToM U31y4aTh U TOTJI0MATh (DOTOHBI C JTFOOOM YaCTOTOM?

el A

®opma npeacTaBiaeHus pe3yJibTaTa:
BreinmonHuTh 3aaHue B TETPAAH [Tl MPAKTUIECKUX paboT.
Kpurepum ouenku:
3a npaBUIIHHO BBIMIOJIHEHHOE 331aHUE BHICTABIISICTCS TIOJIOKUTENbHAS OIleHKa — 1 6a.
3a HeMpaBWJIBHO BBIMIOJTHEHHOE JIEHCTBUE, 3a/1aHNE BBICTABIISIETCS OTpHUIIaTeNbHAs orleHKa — () 0aoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
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Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenxa «HeyoosiemeopumenbHoy svicmasisemcs 3a Mmenee 60% nmpaBUIBLHBIX OTBETOB

Tema 7.2 @u3znka aToMa 4 AaTOMHOIO /IPa

IIpakTnyeckoe 3auaTue Ne20

«3anuch siAepHbIX peakuuil. CTpoeHHe aTOMOB M AaTOMHBIX sijiep. 3aKOH PaJlMOAKTHBHOIO
pacnaaa».

Henpb: 3akpenuTh yMEHMSI M HABBIKM BBIYMCICHUS SHEPrUU CBA3M A1pa, a TAKXKE MPABUIBHOTO
HAMUCaHUS SIEPHON PEaKUu C MCIOJIb30BAHUEM 3aKOHOB COXPAHEHMsI MacCOBOTO U 3apsA0BOI0 YHUCEI
(3CM3Y) u BbIYMCIIEHUS SJHEPTETUUECKOTO BBIX0/IA SIAEPHON pEaKLUu.

IIpakTuyeckasi padora popmupyer: [1P66; [TIP67; TPy 1; I1Py 5; I[TPy8; [Py 11; TPy 12,

MP8,MP9,MP10,MP21,MP17, MP13;JIP 26, JIP 14, JIP 23, JIP 13.

Brinosinenue padorsl cnocodocTByer popmupoBannio: OK 01, OK 02, OK 03, OK 09

MarepunanbHoe obecrnieyeHue:

TeTpajlb Ui MPAKTUYECKUX padoT, pyuka, METOANYECKUE PEKOMEH 1AM IO BBIOJIHEHUIO PaOOTHI,
JINHEMKA, KapaHanl.

Yka3zanmue: [Ipaktuueckas paboTa COCTOUT U3 JIBYX YacTed — TEOPETHUECKON M MPAKTUYECKOM.
[Tocne u3yueHus: TEOPETUUECKOTO MaTepralla MOYKHO MPUCTYNaTh K BBIIOJHEHUIO IPAKTUUECKON YacTH.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATEIbHOTO BhIMONHEHUs. He 3a0bIBaiiTe 0 MpaBUIbHOM
oopmienun pemrenus. Ha BeImoTHEHNE TPaKTUYECKON OTBOJUTCA JBa aKaJeMUYECKHX Yaca.

Ilopsinok BbINOJIHEHHS PadOTHI:

1. PaccMmoTpuTe TeopeTHMUECKMH MaTepuaq IO TEME U HIpUMEphl pelleHus 3anad  (CcMoTpu
METOAMYECKOE ITOCOOHE).
2. Pemmre camocrosTensHyI0 padoty. OdopmuTe penieHrne MICbMEHHO B TETPAIH.
Xoa padoThi:
1. Teopus
OHeprust CBA3M sijipa paBHAa TOH SHEPrUM, KOTOPOW BBIAENSETCA NpU 0Opa3oBaHUU sipa M3
OTJENbHBIX YaCTHI]

E=mc~

9Hepr1/151 CBS3HU — 9TO SHEPrusd, KOTOpas HeO6XO,[[I/IMa AJId paCcHICIICHUS dApa Ha COCTaBJIAKOIINC

1

ero yactuipl. EcB = (Zmp +Nmn - MH)*C
SnepHbIMH peaklUUsIMHU Ha3bIBAIOT HM3MEHEHHS aTOMHBIX SJep TNpPU B3aUMOJCHCTBUU UX C
3JIEMEHTaMH YaCTUI[AMH WU JAPYT C IPYTOM.

1 3 AT | 4 4
Li,+'H,=*He,+*He,
DHEPreTUYEeCKUM BBIXOJIOM SIZIEPHOM PEAKIIMU HA3bIBAETCS PA3HOCTh SHEPIUH MOKOS SIpa U YaCTHI]
JI0 PEAKLIMH U TIOCJIE PEAKLIMH.

DHepreTu4yeckuil BHIXOJ SIEPHON pEaKIMU MOXKHO ONpPENeNuTh: 1) mo JedeKTy Macchl SAepHOMN
peakimu; 2) o pasHOCTH CYMMapHOW SHEPIUHU CBS3U 00PA3YIOIIMXCS U UCXOIHBIX sIIIEp.

2. Ilpumepsl pemeHus 3aga4
1. Onpeodenume snepeemuueckuii 8bix00 A0EPHOU peaKyuti

“N,+'He,=""O,+'H,

1 cnocoo
1) onpedenumov maccy sopa u uacmuy ml 0o peaxyutl
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2) onpedenums maccy 0pa u yacmuy m2 nocie peakyuil
3) onpedenums usmenenue maccol m ml m?2

Y E=m*c’
paccuumamo uzMeHeHue SHePIUlL
M, =14,00307 , e.m+4,00260 a.e.m.==18.00567 a.e.m.
[locne peakuun:
M, =16,99913 a.e.m.+1,00783 a.e.m.=18,00696 a.e.m.
m=""""2=_0,00129 a. e. m.

Dueprus norjaowmaercs, T.k. m < 0
E=(-0,00129)*931 M»sB.=-1,2 M»B.

2 cnocod
Jlawno: Pewenue:
i, =104,633 M»sB DHEpris CBA3M PaBHA HYIIIO, OITOMY

Eh‘, o 28,2937 MsB E= EO _(En + Ehe)

By =ik MsB E= 131,754 MaB —(104,653+28,2937)M3B= -1, 2M»B

E-? Omeem: 1,2 M3B
CamocrosiTesibHas padoTa
Bapuanr 1

LraprEiciiz: x

16

1. Onpenemne JHEPruio CBA3M HYKIIOHOB B A/1PE U30TONA 2

7
2\ OHpCﬂCﬂHTC OHEPTHIO CBA3M A1pd U YACIbHYIO SJHCPIrHIO CBA3H JUIA JINTHSA:

235
> T U ¥
3. Ckonbko IPOTOHOB H HEUTPOHOB COACPIKUT AAPO HU30TOIIA 92~ 9

. om
4. OnpenenuTe SHEPrHI0 CBS3M HYKIOHOB B AAPE TPHTHUS lH( 7=1,00728 a.e.m., 5

100866 a.e.m., "Ta ~ 3.01605 a.e.m.).

Bapmuanr 2
BapHAHT Z

12

1. OnpeennTsb SHEPruo CBA3M HYKIOHOB B Spe H30TONA yriepoga:
27
2. Onpenenntsb SHEPrUIO CBA3M APA M YACIbHYIO SHEPTHIO CBA3M IS AMOMUEMA

22
-= 7
3. CKONbKO MPOTOHOB M HEHTPOHOB COAEPIKHUT SAPO U30TONA ulNag

T il 4 N
4. Kakas sHeprus BbIACNACTCA NPH SACPHOI peakunu slit H=>2 z(ml* = 1,01601 a.e.m

my, =100728; & . Mie =400 a.e.m.)

®opma npeacraBiaeHus pe3yJabTara:
BeInmonHuTE 3a1aHue B TETpaau A MPaKTHUECKUX padoT.

Kpurepum ouenku:
3a mpaBUIIHLHO BBIOJHEHHOE 33JaHHE BBICTABIISAETCS MOJO0KHUTENbHAS OLleHKa — | Gasu.
3a HeMpaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHAE BBICTABIISIETCS OTpUIAaTEIbHAS OrleHKa — () 0aioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB



Oyenka «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHoy svicmasisiencs 3a menee 60%0 mpaBUIBHBIX OTBETOB

JIabopaTopHbIe paGOThI

Tema 2.1. Kunemaruka

JlabopaTopHoe 3aHaATHE N21

«OmnpenesieHue MIOTHOCTH TeJI Pa3jJIM4HOH (POpMBbD)

]_[e.m,: SKCHICPUMCHTAJILHO OIMPCACIIUTD IIJIOTHOCTH X XUAKOCTH U TBEPAOTO TCJIA,

OIIPECACIINUTD HCHY ACIICHUA U3MCPUTCIIBHBIX HpI/I60pOB, HU3MEPUTH T'€COMECTPUUCCKHUE Pa3MEPEI TCII,

OIpCACIUTL HUX MaACCy, pPaCCUHUTATH OGT:GM, pe3yibTaT CpaBHUTL C TaOJMYHBIMU 3HAYEHUSIMH U

YCTaHOBUTB MOTPEIIHOCTD IKCIIEPUMEHTA
Boinosinenue pa6orsl cnocodcTByeT popmupoBanuio: OK 01, OK 02, OK 05, OK 06, OK 07, OK 04

IIK 2.1
MatepuajbHoe obecnedeHue:

BEChl C pa3HOBecaMH; JMHEHKa MacimTaOHas; IITaHTeHIMPKYJb, MEH3YpKa; BEIIeCTBO, IUIOTHOCTH
KOTOPOT'O HYXHO ONPEACIINTh

ONoarWONEPRE

3aganme:

1. O3HaKOMBTECH C TEOPETUUECKUM MATEPUAIIOM 10 TEME.
2. Onpexnenute Maccy U 00BbEM UCCIIEAYEMOIO BEIIEeCTBa.
3. BbruuciauTe mioTHOCTh BEILIECTBA.

4. CocraBbTe OTYET 110 JIAOOPATOpHOU padoTe.

Ilopsinok BbINOJIHEHHS PadOThI:

O3HaKOMbBTECH C TEOPETUYECKUM MAaTEPHAIIOM IO JAHHOM TeMe.
Omnpenenure IOTHOCTH TBEPAOTO TeNA..

BbruucnuTe abCOMOTHYIO M OTHOCUTENBHYIO TOTPETHOCTH U3MEPEHUH.
Jlannble 3aHecuTe B Tadnuiy Nel

Omnpenenure 1eHy JeIEHUS MEH3YPKH.

Omnpenenute WIOTHOCTH BOJIBI HEOOXOANMO.

Beruuciute aGCOMOTHYIO M OTHOCUTEIbHYIO MOIPEIIHOCTH U3MEPEHUI
Pesynbrate! onbiTa 3aHecute B TaOIUITyNe2.

OTBeTbTE Ha KOHTPOJIbHBIE BOIPOCHI:

KoHTpoJIbHBIE BOOPOCHI

9.

W3 nByX pasHBIX METAUIOB HM3TOTOBJICHBI OJMHAKOBBIE MO pa3MepaMm KyOuku. BiapemmBanme
[I0Ka3aJIo, YTO Macca OJJHOT0 KyOrka 0oJibliie Macchl Apyroro B 2 pasa. OMHAKOBA JIU MJIOTHOCTD
Metana? Ecnu HEeT, To BO CKOJIBKO pa3 OTIMYAIOTCS TUIOTHOCTH?

Tpu neranu — MeHas1, *Kelle3Hash U ATIOMUHUEBAs — UMEIOT OJTMHAKOBBIe 00bEMBI. Kakast metanb
MMeeT HaUMEHBIYI0 Maccy, Kakasi Hanbounpiryro? [IycToT B AeTansx HeT.

Kycok meramna o6semom 150 cM® IMeer Maccy 750 r. Onpenenure MIOTHOCTh MaTEpuUaa.

Ha uamku ypaBHOBEIIEHHBIX BECOB MOCTABIEHBI OJJMHAKOBBIE CTakaHbl. [locie Toro, kak B OJUH
CTaKaH HAJMIIA MOJIOKO, a B IPYTOW — MOCOJTHEYHOE MAacjo, paBHOBECHE BECOB HE HAPYIIMIIOCK.
O0BEM KaKol U3 KUAKOCTEH O0bIIe?

3amoJIHUTE OTYET IO JJabOPaTOPHOU paboTe COTIacCHO TPEOOBAHUSIM.

Xon paborsr:
Yacte 1. [l onpeneneHus MIOTHOCTH TBEPAOTO TeJla BEIYHCIUTE €r0 00HEM.

1. OObem psAMOYT'OJIBHOTO IMapaJUICIICTIMIICAa BBIYUCIUTC 110 (I)OpMy.HeI

V=abh,

r7e a — JyinHa, M; b — mupuna, M; h — BeicoTa, M.
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2.  OO0beM nMIuHApA BRIYUCIUTE 1O hopmyie: 4
h — BeicoTa 1IMIIMHApA, M; d — €ro AuaMeTp, M.

3. Eciam tBephoe Teno MMeeT HEMpaBWIbHYIO (PopMy, TO €ro o0beM OMNpENeNIUTE C MOMOIIBIO
MEH3YPKH, B KOTOPYIO OH MOKET OBITh TIOTPYKEH.

ypaBHOBeCBTe BEChI UCIIOJIB3Y: ITpaBUjia B3BCIIHMBAHUA.

Onpenenure maccy Tena.
[To popmyne p=m/v BBIYUCINTE TUIOTHOCTH TBEPOTO TEA.
Pesynbrarel u3mepenuii 3anecute B Ta0auiy Nel u crienaiiTe BEIYUCICHHSL.

®© Nooa &~

Yacte Ne2. Jlnsa onpeneneHus IIOTHOCTH BOJIbI HEOOXO0IUMO:

1. HaiiTu Maccy Tapbl, B KOTOPYIO HY)KHO TIOMECTUTh BOJY U OMPEACIUTh Maccy BOABI Oe3
Tapsbl.

2. Ompepgenute MeHY JEICHUS MCH3YPKU U HAIUTE 00BEM B3BEIICHHOW YKHUIKOCTH (BOIBI).

3. Pe3ynbpTaThl onbiTa 3aHeCUTE B TaOuily No2.

Tabnuma Nel. Pe3ynbTaTsl U3MEpeHUH.

Ne Bemec | wmpn | piouHa | BeICOT | 005EM, | Macca | IWIOTHOCTH Bmabd
TBO Ha , b(M) a V( np(Kg/M3)

a(wr) h,(M) M3) m(xr)

Tabnuma Ne2. Pe3ynbpTaThl BEIYUCICHUN.

No [ Bemectso | macca Tapsl , Macca 00BEM, TJIOTHOCTh Bmab
m1(kr) xuakocr | V(3) Binp(ke/m3)
u b
m2(Kr)

®opma npeacTaBiaeHus pe3yabTara:
Pabora nomkHa ObITH BBIMOJIHEHA B TETPAAM ISl JJAOOPaTOPHBIX paboT.
Kpurepum ouenku:
3a mpaBUIILHO BBIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.
3a HeTMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNEe BHICTABIISIETCS OTPHUIIATEIbHAs onleHka — 0 OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisenmcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

Tema 2.3. 3aK0oHBI COXpaHEHUS] B MEXaHUKE
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JIabopaTopHoe 3aHsATHe N22

Onpenenenue K03(pPpUIIHEHTA KeCTKOCTH YIIPYroro reJja

Heanb: M3yunTh 3aBUCHMOCTH CHJIBI YIOPYTOCTH OT JIMHEWHOW jaedopMmarvu;, Ha mTpuMepe
nedopMaIui pacTsHKCHHs SKCIIEPUMEHTAIBHO TIOATBEPAUTh CIIPABEIINBOCTh 3aKoHa ['yka; onmpenenuTh
pacyE€THBIM U rpagUIECKUM criocodbamu K0dPGUIUEHT yrIpyrocTu (KECTKOCTh) MPYKUHBI (PE3UHBI).

*  ONpEIENHTH ICHY JCIICHUS U3MEPUTEIBHBIX TPUOOPOB, U3MEPHUTH Y/UIMHEHUE YIIPYTOTO Tela Mpu
pa3n4HbIX AeGopMaIusaxX, paccuuTaTh KOAPPHUIIMEHT KECTKOCTH,
*  pe3yNbTaT CPABHUTH C TAOIMYHBIMY 3HAUEHUSMHU U YCTAHOBHUTH MOTPEIIHOCTh SKCIIEPUMEHTA

Boinosinenue padorsl cnocodcryer popmupoBanuto: OK 01, OK 02, OK 05, OK 07, OK 04 OK 09
K 2.1

MarepuanbHoe obecnneuenue: Lllratu ¢ mydToit U AepKaTeaIMu, JUHAMOMETP C HCCIETYEMOM
NPYKUHOW M 3aKPBITOM MIKAIOH (MM MCCIeIyeMbIid JIOCKYT pE3WHBI), IMHEHKa, Jama OT BEeCOB, HabOp
rpy30B ¢ u3BecTHbIMU Maccamu (1o 100 u 50 rpammoB).

Ilopsinok BbINOIHEHHS PadOThHI:

1. O3HakoMbTech ¢ TEOPEeTHYECKUM MATEPHAJIOM.

B nannHo#t maGopaTopHOoil pabore paccMaTpuBaeTCs ynpyras JUHEWHas JegopManust pacTsHKeHUS
NPYXKUHBl (MU PE3UHBbI), CBSI3aHHAs C OSTUM CHUJA YOPYTOCTH, U, COOCTBEHHO, caMa CBS3b,
BBIpa)Karonlasics B U3BECTHOM 3aKoHe ['yka, KOTOpbIi (06e3 yueTa pasHOHANPABICHHOCTH AedopManuu 1
CHJIBI YIIPYTOCTH) MOYHO 3aIUCaTh B CIEAYIOIIEM BUJIE:

B =k-x

rae: F y — abcomtoTHoe 3HaueHue cuiibl yrpyrocty; [ — koadduuuent ynpyroctu (KECTKOCTH); [
— a0COJIFOTHOE YJIMHCHHUE.

NAAANANRAITAN

inn

&2

To ectp ¢ poctom nedpopmanuu MOIydb (3HAYEHHUE) CHIIBI YNPYrocTH (B Mpenenax yHpyrux
nedopmaruii) pacret npsmo nponopuroHansHo. Koadduiument ynpyroctu u3 3akona ['yka jgerko Haity,
yuuThiBas 4YucieHHoe paBeHCTBO (mo IlI-my 3akony HbroToHa) cumbl ympyroctu M Beca Tedna,
HATSATUBAIOIIETO NPYKUHY (pE3UHY):

mg
k = —
-
rge: K — Ko®®OUIHUEHT YIDYIrOoCTH (XMECTKOCTBH) NPYXUHBI (pe3MHBI); m —
Macca rpy3a: J— VYCKOpeHUHe CBO60OAZHOI'O IIaJZeHusa: X — abCoJIITHOe
YIAJIMHEHUE NIPYXUHBL (De3UuHbI).

C npyroii ctopoHbl U3 rpaduueckoil Gopmbl ypaBHeHUS Kod3dduuumeHT k MOXHO HaWTH, Kak
TaHTeHC yria HakjaoHa jiyda /Fy/(x) k ocu abcuucce.
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2. OGa 3HaueHust k ciemyer CpaBHUTH, M MO pe3yiabTaTaM 3TOrO CPaBHEHHUsS CJeNaTh BBIBOJA O
MpoieTIaHHOM padoTe.

Xox padoThI:

=

o

o

10.

11.

12.

13.

BHuMarenbHO IpoYUTaTh ONMCaHUE PaOOTHI U AITOPUTM JIEHCTBUM;

CobOparh u 3aUKCUPOBATh YCTAHOBKY (CM. PHCYHOK) TakK, 4TOOBI 3aKpeIUIeHHas K TPYXKHHE
(pe3uHe) mycTas Jala BECOB HE3HAUUTENIBHO pacTAruBalla IpyXUHY (PE3UHY);

CrnenaTb OTMETKY «HYJIEBOTO» YpPOBHSI NPYKHUHbI (PE3UHBI), OT KOTOPOTro OyIyT OTCUUTHIBATHCS
JMHENHbIE YJUIMHEHNUS;

[TonoXuTh Ha yally BECOB IPy3 IPOU3BOJIBHON MACCHI;

[IpousBecTn n3MepeHus cleAyloLUMX BEIUYMH: [| — macca rpys3a (cymma Macc Ipy30B B yallie
BECOB); [ | — aOCOIFOTHOE Y/UIMHCHHUE TIPYKUHBI (PE3UHBI);

[ToBTOPUTH ABAXKIBI

IIpou3BecTy NPOMEXYTOUYHbIE BBIYMCIEHUS OCHOBHOM BEIMYMHBI [UIl KaXA0ro M3 TpEX
m3mepenuit: [11; ATJ2; [ — koo puuueHTs! ynpyroctu (KECTKOCTh) MPYKUHBI (PE3UHBI) ;
[Tpon3BecTn MNPOMEXYTOUHbIE BBIYMCIECHUS cleyoumx BenuuuH: [lcp; Allcp; [ep (mo
MPUHSATHIM [PaBUIaM BBIYUCIIEHUN U HAXOKJCHUS IOIPEIIHOCTEN );

10. Ha OmnaHke ordera HauepTUTh | 4eTBepTH CHUCTEMBI KOOpAMHAT C OcChio abcuucc - [ —
aOCONIOTHOE YAJMHEHWE; W OChI0 OpAuHAT - F y — abCoNOTHOE 3HA4YE€HUE CHIIBI YIPYTOCTH.
BriOpath MaciTaObl eAMHUL U3MEPEHUS JUIs JaHHBIX OCel Tak, YTOObI MaKCUMaJIbHbIE 3HAYCHUS
M3MEPEHHBIX U BHIYMCIECHHBIX BEJIMUUH HE BBIIUIN 32 IIPEJIEIbl CUCTEMbI KOOPIUHAT;

Ha xoopaunatHoit mockoctu otMeTuTh Touku: A(x1;|FY1)); B(x2;|FY2|); C(x3;|FY3|); rme: xn —
OJTHO M3 3HAYCHHH YIUIMHEHHS MPYKUHBI (PE3UHBI) M0 U3MEPEHUSIM JTaHHOTO ainroputma; |[FVn| -
OJTHO M3 3HAYEHUH CUJIbI YIIPYTOCTH, YHCIEHHO PAaBHOW Becy Ipys3a mng, e Macca — U3MEepeHHe
JTAHHOT'O aJITOPUTMa;

IIpoBectu mpsimyro yepe3 Touku A, B, C (ecin Touku He JiexXaT Ha OJHON HPSMOW — MPOBECTU
MPSIMYIO TaK, YTOOBI TOUKH PaBHOYAAJIEHHO HAXOJMWINCH IO 00€ CTOPOHBI OT MPSIMOM).
IIpou3BecTH M 3a®HUKCHPOBATBHL B INYHKTe 5. 6JlaHKa OTUéTa 3HAUEHHeEe
konbdunrenTa k', paBHOI'O TAaHIeHCY yI'Jla HaKJiOHa ®TOM IPAMOM K OCH
a6coucc (Opu BRIUMCIEHUM tg < 0643aTesIbHO HEO6XOZMMO YUUTHIBATH
MacmTabE ¥ OCH abCIUCC, ¥ OCH ODAMHAT!);

CpaBHUTBH KO3PPHUIIMEHTHI YIPYTOCTH (KECTKOCTH ), KOTOPBIE BHIUUCISUIUCH. ClienaTh BBIBOI.
KoHnTpoJsbHbIe BONIPOCHI

1) B uém 3akmtouaercs 3axoH ['yka?

2) Yto Takoe ynpyras aedopmarus?

3) Korna Bo3HuKaeT cuiia yrnpyroctu?

4) Yto o3HayaeT 3HaK «—» B 3akoHe ['yka?

5) Ot yero 3aBUCUT KOAPPHUIMEHT YIPYrocTu?

6) Kak pomkeH nBurarbcs TUHAMOMETP, YTOObI, HECMOTpPS Ha MOJBELIEHHBIH K HEMY TIpy3,
IIpYKHHA OCTaBaJIach HEPACTAHYTOM ?

7) )KecTKOCTh MPYKUHBI U KECTKOCTh MPOBOJIOKH, U3 KOTOPOH OHA COCTOUT — 3TO OJHO M TOXKe?
[Touemy?

®opma npeacTaBiIeHus pe3yJibTaTa:
Pabota nomkHa OBITh BBIMOJIHEHA B TETPAIH JUIS JJAOOPATOPHBIX padoT.
Kpurepum ouenku:
3a IpaBHIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISETCS ITOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HeMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNEe BHICTABIISIETCS OTPHUIIATEIbHAS onleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmassiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvHoy svicmasisiencs 3a menee 60%0 mpaBUIBHBIX OTBETOB
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Tema 3.1 OcHOBBI MOJIEKYJIAPHO-KMHETHYECKOH TeoOpuu

JlabopaTopHoe 3aHsATHe N23

“IIpoBepka ra3oBbix 3aK0HOB. U3ydyeHne H30TepMHYECKOT0, H300aPHOT0 U U30XOPHOI0
npoueccon”

Heab: M3yunTh B3aMMOCBS3b MAKPOCKOIIMYECKHUX MTAPAMETPOB I'a3a 3aJJaHHOM MacChl; OIBITHBIM
myTéM yOequTcs B CripaBeNIMBOCTH 3akoHa boitnsa-MapuoTra.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 05, OK 06, OK 07, OK 04 OK 09, 11K 2.1

MarepuanbHoe obecrnieyeHue:

CunbhoH (aJFOMMHHUEBBI TIEepPMETUYHBIA LMIUHAP C TOMPUPOBAHHBIMU CTEHKAMH, KON
YCJIOBHBIX €IUHUII, MOPIIHEM C BEPTUKAIBHBIM BHUHTOM), BO3yXOBOIHBIA COCIUHUTEIBHBIN IILJIAHT,
MaHOMeETp, 0apOMeTp, UCIIBITYEMbIH T'a3 3aIaHHOI MacChl — BO3IYX.

3aganue:
1.IloBTOpUTH 00BETMHEHHBIN Ta30BbIN 3aKOH.
2.IIpoBeputh Ha MpakTHUKE coOMoIeHHe 3akoHa boins-Mapuorra.

IHopsaok BbINOJIHEHUS PA0OTHI:

Teopus.

B nmannoit nmaboparopHoit pabore paccmarpuBaeTcs coOmiojeHue 3akoHa boitns-Mapuortra,
CIpaBEIJIMBOTO JIJII M30TEPMHYECKOTO Mpolecca s AaHHOM Macchl rasza. M3 oOmiero ypaBHeHUs
MenaeneeBa-Knanelipona 3akon boitiisi-MapuoTTa MOXKHO 3anucaTh Tak:

Vnpn — C

rae: V— o0beM 3aJjaHHOM Macchl ra3a B N-OM COCTOSIHUM; || — aBjeHHe 3aJJaHHON Macchl rasa B n-
OM COCTOSIHUH;

| — MOCTOSIHHBIN KO3 (PULIMEHT (KOHCTaHTA).

ITpu ucnonb3oBaHuu B paboTe JAHHOM YCTAaHOBKH (CM. PUCYHOK) 00beM Tra3a y1o0HO M3MEpSTh B
YCJIOBHBIX eAauHuIax oobema — y.e.0. (1 y.e.0.=0,1Vo, rne Vo — monubeiii o0beMm cunbdona 1 ), a
JaBlieHHEe — Kak aTMoc(epHOe AaBJI€HHE C JOMOJIHUTENbHBIM (0€3 TOMOJHUTEIBHOI0) AaBieHHs (IO
MaHOMETpY) C MEPEBOOM HEOOXOJUMBIX €IMHUIL 1aBieHus B cucremy CH.

2 . 3ajaya CBOJOUTCA K HAXOXKACHUIO KOHCTaHThl Cn Ui Ka)XJIOTrO0 COCTOSIHUS OJHOM M TOM ke
Macchl rasa:

Cn = Vn "Po (1 = Apn)

rae3 : [J — KOHCTaHTa N-TO COCTOSIHUS (B YCJIOBHBIX €IMHHIAX KOHCTaHTHI — y.€.K.); [J— o0beMm
3aJJaHHOI Macchl ra3a B N-OM COCTOSIHUM (B YCJIOBHBIX €IMHHUIIAX o0bema — y.e.0.); [ — arMocdepHOe
nasnenue (B [lackamsax — [1a); A1 — momomHUTEIRHOE TaBIeHHE MaHOMETpa (B aTMocdepax — aTm).

Yem TouHee u Ommke Apyr K Apyry OyayTr Haxomutbes koHcTantel Cl, C2, C3 — tem OGomee
TOYHBIM OKAKETCS SKCIEPUMEHTAIBHOE MTOATBEPKACHUE 3aK0oHa boisi-Mapurorra.

3 - IPUMEHSETCS 3HAK «+» - €CIM JJaBJIEHUE PACTET, U 3HAK «-» - €CJIM JaBJICHUE MaJIaeT.

p.s. - 1.YcroituuBas pabora cuib(poHa BO3MOXKHA MIPH YCIOBUH M3MEHEHUSI 00beMa BO3/lyXa B HEM
ot 0,5 10 0,9 y.e.o.

2. - s pacy€TOB CIUHUIGI JABJICHHS OapoMeTpa - MM.PT.CT.(MHJUIEUMETP PTYTHOTO CTOJI0A),
MOKHO BOCIIOJIBb30BaThcs enuHuiiamu nepeojaa B Ila (ITackansax) mo dopmyne: 1 mm.pr.ct=133,33 Ila.
[lepeBoa nokazaHuii MaHOMETpa HE TpedyeTcsl.

Xon paborsr:

1. 1. BEHuMaTenpHO MPOYNTATh OMUCAHUE PAOOTHI M aJITOPUTM JACHCTBUI;
2. 3. U3meputb aTMOCepHOE AaBICHHUE B JaHHBI MOMEHT € TIOMOIIBIO 6apoMeTpa;
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3. 4. IlpousBectu u 3ahpuKcUpOBaTH B OJAHKE OTYETA MPEABAPUTEIHHBIE U3MEPEHUsSI aTMOC(EPHOTO

naBieHus (C mepeBoioM B eauHuUIIbl cuctembl CH);

4. 5. CoOparh ycTaHOBKY (CM. PHCYHOK) Tak, 4yToObl 00a KjamaHa MaHOMETpa HaXOJWIUCH B

o

OTKPBITOM COCTOSIHHUH, a ITIOPUICHDb CI/IJ'IL(bOHa — B CaMOM BCPXHEM I10JIOKCHHUHU,

3aKphITh BHEIIHUH KJIallaH MaHOMETPa;

C moMOIIBI0 BPAIAIOUIETOCS MOPIIHS YCTAaHOBHUTH BBICOTY IMJIMHApA CHIIb()OHA HAa OIHOU W3
Tpéx otmerok: 0,6; 0,7; 0,8.

[IpousBecTn u 3ahuKCcUpOBaTh B OJIaHKE OTUYETA MPEABAPUTEIbHBIE U3MEPEHUsT 00beMa 3a1laHHON
Macchl ra3a B OJHOM M3 TPEX COCTOSHUI (B YCIOBHBIX €IUHHIIAX 00bEMaA — y.€.0.);

Cpazy ke mpousBecTH M 3auKCHpoBaTh B OJaHKE OTYETa NPEABAPUTEIHHBIC H3MEPEHHUS
JIONIOJTHUTEIBHOTO JIABJICHUSI MAaHOMETpa OJIHOT0 U3 TPEX COCTOSIHMM Ta3a (B atMocdepax - atm);
BbraucinTh aOCOMIOTHYIO M OTHOCHTEIBHYIO IIOTPEITHOCTH H3MEPEHH.

KonTpoJsbHbIe BONIPOCHI.

1) IIpu xkakoM yciioBUU crpaBeUIUB 3akoH boitng-Mapuotra?

2) Ecnu npu H30TepMUYECKOM IPOLIECCE AABICHUE MaIaeT, YTO MPOUCXOANUT C 00BEMOM?

3) IIpou3BoauUT Jiu Ta3 1aBJIEHUE B COCTOSSHUN HEBECOMOCTH?

4) ITouemy moydeHHbIE pe3yJbTaThl B paboTe HE UJIealIbHO PaBHbBI MEXy c000ii?

5) Uro BiusieT Ha TOYHOCTh U3MEPEHUI B TaHHON padoTe?

6) MO>XHO 7T ONPEAETUTh YCIOBHYIO €IUHHILY KOHCTaHTHI B einHuIiax CHU?

7) KakoBa Macca Bo3ayxa B ayJUTOPHUH IUIOIIAbI0 64 M2 , BbIcOTOM 3 M, pu Temnepatype 25 oC
U JaBjaeHuu 725 MM.pT.cT.?

®opma npeacTaBiaeHus pe3yJbTara:
PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAM ISl JJaOOPaTOPHBIX padoT.
Kpurtepuu onenku:
3a mpaBUIIHLHO BBIIOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHAE BBICTABIISIETCS OTpUIAaTEIbHAS 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

Tema 3.1. OCHOBBI MOJIEKYJISPHO KHHETHYECKON Teopus

Tema 3.3. ArperaTHbie cocTosiHUS BemecTBa. @a3oBble Mepexo/bl.
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JIabopaTopHoe 3aHsATHe N24

Onpezle.nelme K03(1)(l)I/IIII/IeHTa HOBerHOCTHOﬁ IJIOTHOCTH KUAKOCTH METOA0OM OTPLIBa Kall€/Ib

Hean: onpenennTs NOBEPXHOCTHOE HATSKEHUE BOJIBI M MBUTIBHOT'O PACTBOPA METOJOM OTPhIBA
KaIleJb

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 05, OK 06, OK 07, OK 04 OK 09, TIK 2.1

MarepunanbHoe obecrnieyeHue:

IIIPHI] I YACTOM BOABI, IIIPHI] JJII MBLUILHOTO pacTBopa (o0bemom 5—10 mur), cTakaHYMK C
YUCTOM BOJOW, CTAaKaHYMK C MBUIBHBIM PAacTBOPOM, IITAHTCHIUPKYJIb WIA MHKPOMETP, OCTpPO
OTTOYCHHBIN KapaH/aIl.

3ananmue:

1 O3HaKOMBTECH C TEOPETUUECKUM MATEPUATIOM.

Ha kammto, BUCSIIYIO HAa KOHIIE Y3KOM TpyOOYKH, NEHCTBYIOT JIB€ CHJIBI: CHJIa TsDKECTH mg
HalpaBJieHHAs BEPTUKAJIbHO BHU3, M CHJa TIOBEPXHOCTHOTO HATSXKEHUA >Kuakoctu F moB
pacmpesienieHHass BAOJb TPAHULBI KUAKOCTU C KpaeM TpPyOKM W HampaBiIeHHas IO KacaTeIbHOM K
MMOBEPXHOCTHU KHUIKOCTH MEPIICHIUKYISIPHO ITON TPAHULIE.

Fros

»
myg

Cuia MOBEPXHOCTHOTO HATSDKCHUS, ACHCTBYIOIIAs HAa HEOONBIIONH y4acTOK IpaHUIbl JiHHOU Bl |
paBHa P 1, rine 6 — ko HULHEHT MOBEPXHOCTHOIO HATSHKEHUS KUIKOCTH.

VYcioBue paBHOBEeCHs Kaluld HAa KOHIIE TPYOOYKHM COCTOMT B TOM, YTO BEKTOpHAas CyMMa CHJI,
NEHCTBYIOIMX Ha OT/AEIbHBIE D3JEMEHTHl TpaHMIIBI, paBHAa IO MOJAYJII0O U MPOTHUBOINOJIOXKHA IO
HAIPABJICHUIO CUJIE TSKECTH.

Benuunna BR | mo Mepe yBenMueHus: MacChl KaIlljl OCTaeTCsl HEM3MEHHOM, HO B PAaBHOBECHH Karljis
IPUHUMAET TaKylo (GOpMy, YTO Yrojl HakKjIOHa CHJIbI MOBEPXHOCTHOTO HATSDKEHHsS K BEPTUKAIH O
YAOBIIETBOPSIET yCIOBUIO 1P cos = mg , r1ie | — niuHa rpaHuiibl KUAKOCTH C TPYOOUKOiA.

C yBesnMyeHreM Macchl Kaluly yrojl 0. YMEHBIIAETCS U, HAKOHEL, JOCTUTaeT HyJs, a cosa = 1 .

[Ipy nanpHeWIIeM yBEIWYEHUM MAacChl YCJIOBHE paBHOBECHsI KaIUIM YK€ HE MOXET ObITh
BBITIOJIHEHO, U KaIUIsSl OTPHIBAETCS.

Otcrona, npuHumas, uro 1=@ d , rae d — BHyTpeHHuU# auamerp TpyOouku, moiaydaem: d BE= mg

mg |

ey

Xon paborsr:

1.13meputs BHyTpeHHUH nauamerp d HakoHeyHMKa Immmpuna. Jlis H3MEpeHHus MOXKHO
BOCIIOJIb30BaThCS OCTPO OTTOYEHHBIM KapaHjaalmioM. BcraBuB KapaHJalll B HAaKOHEYHHMK /O YIIOpa,
IIOMETHTE T'PAHUILY CONPUKOCHOBEHMsS HAKOHEUHHMKA C KapaHaalmoM. /[mameTp KapaHjamia Ha ypOBHE
STOW T'PaHULBI MOXKHO NMPHUHATH 32 BHYTPEHHUH AMAMETpP HAKOHEYHUKAa U HM3MEPUTH €ro ¢ MOMOIIbIO
LITAHTEHIUPKYJISI MIIM MUKPOMETpA.
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2.Habpatp B mmpuil 4—5 M1 BOABI U, JIep’Ka €ro BEPTUKAIBHO M IUIABHO Ha)XKMMasi Ha MOPILEHb,
BBUIUTHh 3—4 MJI B CTaKaHYMK, cuuTas Kamiu. M3MepeHne kojnuecTBa Kamneiab N MPOBECTH HE MEHEE TpeX
pa3, 3areM Mo oOmIel Macce BBITEKIIEH BOABI 00H[ M (MONB3yWTeCh IMIKAJIOW Ha IImpwuile!) HalTh
CPEIIHIOI0 MacCy KaIljld M | MOTPEIIHOCTh ee onpeaeiacHuss Am. Pe3yinbTaThl 3aHECTH B TaOJIUILY

Tabauya Nel
usmepero 8bIYUCIEHO
MNe N m m d B| @ bRl Gl
m e m,e ecp |me eep |, mm | d wm, | Hm
obw

3.ITonp3ysace dopmynoii (1), paccuntaTh KOI()PUIMEHT MOBEPXHOCTHOTO HATSIKCHHS BOJBI U
a0COJTIOTHYIO TIOTPEIIHOCTD €TI0 ONPEIACICHHS

Ao =lo,, -0

uim ma6a| *

4. BolYMCIIUTh OTHOCUTEIBHYIO MTOTPEIIHOCTh U3MEPEHUN

A .
g=—2_.100% "
o.m.u'n

5. AHaJOrMYHBIM O0Opa30oM ONpeNeNuTh KO3()PUIMEHT MOBEPXHOCTHOTO HATSKEHHS MBUIBHOTO
pacTBopa (I10JIb30BaThCS OTAEIbHBIM LIMPULIEM U ITOCYI0M!).

H3MEPCHO BBIYUCJICHO
N me | my2 | Ame | Am e d,mm| Ad, mm mf%l AU’[%! &Y

No | m

(7
o0u?

o

6. CnenaTb BBIBOJ U 3aMucaTh MOJy4eHHOE 3HaYeHHE K03 PULlmeHTa MOBEPXHOCTHOTO HATSKEHHS
C YYETOM MOrPEUIHOCTH

KoHnTpoJsbHbIe BONIPOCHI:

1. Koaddunment noBepxnoctHoro HaTskeHus kepocuna 0,024 uv/M. bonbliie uiam MeHbIle Macca
KaIlJIi KEpOCHHA 110 CPAaBHEHHUIO C KaIlJIEH BOJBI, €CIIN KaNaTh U3 OJHOM U TOM e MUIETKU?

2. O6bsicHUTE OAPOOHO, TOUEMY MaJIeHbKHE KalledbKU )KUIKOCTH MOTYT JI0JITO BUCETh HE
OTpPBIBASICH.

3. [Touemy, npexie 4eM MOKPBITh IITYKATYPKy MAaCIISTHOW KPACKOM, MPEABAPUTEIBHO MPOU3BOIAT
I'PYHTOBKY ONU(ON?

4. IlpuBenute CBOU NMPUMEPHI JEHCTBHSI CHIIBI IOBEPXHOCTHOTO HATSKEHUS

dopma npeacraBJeHus pe3yabTara:

PaboTa nomkHa OBITH BBITIOJHEHA B TETPaAM JIJIs TaOOPaTOPHBIX PadoT.
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Kpurtepun onenkmn:
3a mpaBUIILHO BBHITOJHEHHOE 33JJaHHE BHICTABIISICTCS TIOJIOKHUTEIbHAS 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 3.3. AFpeFaTHLIe COCTOSAAHMA BelIECTBA H (l)a3OBI)Ie nepexoabl

JlabopaTopHoe 3aHsATHe N5

OmnpenesieHue BJIa:KHOCTH BO3yXa U aTMOC(EPHOIro 1aBJIeHUSA
Leab: n3MepuTh OTHOCUTEIHHYIO BIAXKHOCTH BO3/yXa B Jabopatopuu Gpu3uku
Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04 OK 09 11K 2.1
MarepuanbHoe odecnieuenue: rurpomerp ncuxpomerpuuecknit BUT — C, crakan ¢ kumnsueHoi
BOJOM
3ananue:
1. O3HakoMbTech ¢ TEOPEeTHYECKUM MATEPHAIOM:
Teopus
B armocdepe 3emin Bcerna coaepikarcs BoJsHbIE Mapbl. VX copepxkaHue B BO3AyXe XapaKTepU3yeTcs
aOCOIFOTHOW W OTHOCHTEIIBHON BIQKHOCTBIO. AOCOJIOTHAS BIIAXKHOCTH OMPEIEISICTCS IUIOTHOCTHIO
BOJSIHOTO Tapa pa, HaxoJsuerocs B arMochepe, Uiu ero napuuaibHbIM JaBieHueM pii. [lapuuanbHeiM
JABJICHUEM DI HA3bIBAETCS JIaBJICHUE, KOTOPOE MTPOU3BOAMII ObI BOJISIHOM Tap, €Clii OBl BCE IPYTUE ra3bl B
BO3JlyX€ OTCYTCTBOBaNM. OTHOCHUTENIbHON BIAKHOCTHIO () HA3bIBACTCS OTHOIICHUE MAaPIHAILHOTO
JABJICHUSI PII BOASHOTO Tapa, COAEPXkAIIETrocsi B BO3AYyXE, K JaBJICHUIO HACBIIIEHHOTO Mapa pH.IL., MpU
naHHON Temneparype. OTHOCHUTENbHAs BIIAXKHOCTh () IOKAa3bIBAET, CKOJIBKO MPOLIEHTOB COCTaBISET
napiuaibHOE JaBJIeHUE OT JABJICHUS HACHIIIICHHOTO Mapa MpHU JaHHON TeMIlepaType U OMpenesseTcs Mo

dbopmyre:
I)HII

[TapunanpHOE NaBIEHUE PI MOKHO paccuuTaTh IO ypaBHeHUI0 MenneneeBa - KiamelipoHa uinu no
TOYKE POCHI.

Touka pocsl - 3TO TeMIleparypa, MPU KOTOPOW BOASHOW Iap, HAXONAIIMKWCA B BO31YyXE CTAHOBUTCSA
HachleHHbIM. OTHOCUTENIbHYIO BJIQKHOCTh BO3/lyXa MOKHO OIPEIENHUTH C MOMOIIBIO CIEHUANIbHBIX
puOOPOB — MCUXPOMETPA U TUTPOMETPA.

IIcuxpomerp
IIcuxpoMeTp COCTOUT U3 CYXOr'0 U BJIAXKHOI'O TEPMOMETPOB.
PaccmoTpuTe ncuxpomMeTp U onpenennTe Iae CyXon U BIaXKHbIM TEPMOMETPBI.
a) U3MEPUTH TIOKA3aHUS CYXOT0 U BIaKHOTO TEPMOMETPOB:
0) MCIOJIB3Ys ICUXPOMETPUUYECKYIO TaOJIMILy, ONPEIETUTh OTHOCUTENIBHYIO BIAKHOCTh BO3/1yXa.
BHumarenbHO HOCMOTpUTE HAa ICUXPOMETPHUECKYIO Tabnully. B mepBoM BepTuKaibHOM cTonO1IE
HalJIMTe NOKa3aHMs Ballero CyX0ro TEPMOMETPA, B IEPBOM TOPU30HTAIBHOM CTPOKE HAWINUTE Bally
Pa3HOCTH MOKA3aHUM CYXOT'0 U BIaXKHOI'O TEPMOMETPOB. T0 4HCII0, KOTOPOE HAXOAUTCS Ha IIEPECEYECHUN
cTOoJIONAa U CTPOKH U SBJISIETCS 3HAUEHHEM BJIaKHOCTH BO3]lyXa.
N300pakenue, cxema, pUCyHOK SKCIIEpUMEHTA:
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Pucynox 1. YcranoBka miis nabopatopHoid padoThl N5
2. BemonauTe padoTy.
3. OtBeTbTe HA KOHTPOJIbHBIE BOMIPOCHL.
4. 3amoyIHUTE OTYET I10 JIA0OpaTOPHOU padoTe.
Ilopsinok BbINOJHEHHS PadOTHI:
1.Hanuth B nmUTaTENb KUMSTYCHYIO BOMY.
2. Jlatp ¢uTwno nponuTarbess BoaoM M uepe3 10-15 MHMHYT NOpUCTYNHUTH K ONpEAENCHUIO
BJIQ)KHOCTH.
3.0mpenenuTh MOKa3aHus CyXOoro M YBIQ)XKHEHHOTO TEPMOMETPOB.
4.TToBopaumBasi TUMO C KpacHOH OIUGPPOBKOW, COBMECTHUTH ITOKA3aHUS CYXOro TEpMOMETpa
(xpacHble IU(PBI) C TOKA3aHUSMU YBIAKHEHHOTO (YE€pHBIE LIUQPHI).
5.0mnpenenuTb OTHOCUTENBbHYIO BIaKHOCTb 110 KPACHOM CTpEJIKE.
6.Pe3ynbpTaThl UI3MEpEeHUId U BHIUMCIICHH 3aHECTU B TaOIHILY:

Tabmuia Nel
IToxa3anust TepMOMETPOB Pa3noctn OTHocHuTeIbHAS
NMOKa3aHMil BJIAKHOCTH BO3/1yXa @,
TEPMOMETPOB %
At=tcyx-tBJ
CyXxoro tcyx BJIAJKHOI O tBJI
Tabmurma Ne2
Temmepaty | Touka Hasnenue | Ilapumansn | OtHocuTen | [TnotHocTh | AGComOTHA
pa pockHl, °c HACBILIEHH | 0€ bHas HACBIIIEHH | o
OKPY>KaIOIL{ oro mapa, JIaBJICHUE BIQXKHOCTh | OTO Mapa, BJIQXKHOCTh
€ro I1a BOJISTHOTO BO31IyXa, % 2 BO3/IyXa
BO3/yXa, napa, [Ta at
0
C

7. C)IeJ'IaTI) BBIBOJI, 3aIUMCAaTh IIOKa3zaHWA THI'POMETpa W AaTb PEKOMCHAAIWH II0 MOAACPIKAHUIO
BIIQXKHOCTH B TAOOPATOPHH B MpeieaX HOPMBI.
KoHTpoJibHbIE BOIPOCHI:
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1. Kaxoil map Ha3bIBaeTCsl HACHILIEHHbIM? UTO Takoe AMHAMHUYECKOE PABHOBECUE, TOYKA POCHI,
NnapuraibHOE AaBjaeHue?
[Touemy moka3aHusi CMOYEHHOTO TEPMOMETPA MEHBIIIE, YEM CYyXOro?
Kak, 3Hast TOUKY pOCBI, MOKHO ONPEACIUTh NapluuaibHOE 1aBlIeHUE?
4. Cyxoi#l 1 BIaXHBIH TEPMOMETPHI IICUXPOMETPA MMOKA3BIBAIOT OJIMHAKOBYIO TemmepaTypy. Kakosa
OTHOCHTEJbHAs BIaKHOCTh BO3/1yXa?
®opma npeacTaBieHus pe3yabTara:
Pabota momkHa OBITH BBITIOJIHEHA B TETPAAM s 1a0OpaTOPHBIX 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

wmn

Tema 3.3 ArperatHble cOCTOSIHUS BelecTBa U (ha3oBble Mepexoabl

JlabopaTopHoOe 3aHATHE N26

OmnpenesieHne yaeabHOM TeNJI0eMKOCTH BelleCTBA

Ilesb: ONBITHBIM IIyTEM ONPENEIUTH BEIUYMHY YAEIBHON TEIUIOEMKOCTH BEIECTBA U BBIICHHUTH
¢bu3nyeckuil CMbICI ypaBHEHHUs TEIJIOBOTO OajaHca.

BobinosiHeHHne pa6oThl crioco0cTBYeT (POPMUPOBAHUIO:

OK 01, OK 02, OK 05, OK 07, OK 04 OK 09 11K 2.1

MarepuanbHoe o0ecrieyeHHe: BEChl ONTUYECKHE HA IITATUBE; PA3HOBEC; UCCIENYEMOE BEIIECTBO;
KaJIOPUMETP; TEPMOMETD; DIEKTPOIUIMTKA; COCY/ C BOJOU;
3aganue

1. 3anucatp B TeTpa b Ha3BaHUE PaOOTHI, 11eTb pabOTHI, TPUOOPHI U MPUHAIEKHOCTH.

2. HauepTuTh TaONMILy AJIS 3aMIUCU PE3YIbTATOB U3MEPEHUI U BHIYMCIICHUI.
3. BBIYMCIICHUS IPOBECTH COTJIACHO (OPMYIIaM:

Temnora, oTaHHast FOPSIYUM TEIOM: Qo =M1 C1 (13- 0)

Temora, morydeHHast KaTOPUMETPOM: Q orx =M2C2(0-12)

Temota, momydeHHas BOJIOM: Qo5 =M3C3(0-13)

VYpaBaenue TernoBoro 6ananca: Qo= Qnox

mlcl(tl- 0)= m2C2(9-t2)+ m3C3(9-t3)

m1Ca(ts- 0)=( 6-t2)( M2Co+ M3C3)

Tak kak tp=t3, (0-t2)=(0-t3)

c1=(0-t2)(M2Cotmsc3)/(my(t1-0)) Ix/(xr- °K).

4. OnpenenuThb NOrpeHOCTH

97



A=|Cragn-C1| - @OCONIOTHAS TIOTPEIIHOCTb;

5=(A/c)-100%.

No gk~ owbdPE

ITopsinok BbINOJIHEHHUSI PA0OTHI:

OrnpenenuTh Maccy UCCIIEAYyEeMOTo Tena my;

OnycTuTh UCCIEIyEMOE TEJIO B COCY/l C BOJIOW U HArPETh BOY /10 KUTICHHUS;

Omnpenenuts Maccy KaJlopuMeTpa my;

Hanute 10 0710BUHBI BOABI B KAJIOPUMETP U ONPEACIUTH MACCY BOABI M3;
N3mepuTs Ha4alIbHYIO TEMIIEpaTypy KaJlopuMeTpa ¢ BOIoH tr=t3;
OnycTUTh HarpeToe TeJlo B KAJIOPUMETP € BOJOH U U3MEPUTh TeMIleparypy cMecH 0;

Pe3ynbrartel M3MepeHUil W BBIYUCIICHUN 3aHECHTE B TAONHIy W cleiaite BeIBOJ. [0 OKOHUaHUU

pa6OTBI IMPUHAIC)KHOCTH, TETPAAb U JaHHOC PYKOBOACTBO CAATh IPEIOAABATCIIIO.

Taoauuma Nel

1. macca TBEPOOIO TEaa, KT

m,

o

. TeMneparypa Tena, °C

t

3. macca KaJI0pHMeTpa, KI

m,

4. Macca BOJIBI, KT

5. TemmepaTypa BOZIBI 1 KalOpHMeTpa,

e

6. TeMneparypa cmectt, °C

7. VACIIbHaA TCINIOEMKOCTh

kanopumMetpa, Jx/(xr-°K)

8 .YACIIbHad TEIIOEMKOCTh BOZIBI,

Ao/ (xr-°K)

9. yHmempHasg TeIUIOEMKOCTh TBEpIOIO

tena, JIx/(xr-°K)

Cy

10. TabmmuHOe 3Ha4YeHNe YUENBHOI
TeIUI0eMKOCTH TBepZIOrO Tena,

Jox/(k-°K)

Cr

11. oTHOCHTENBHAS NOTPEIIHOCTE, %

KoHTpoJibHBIE BONIPOCHI:

1. Kaxkosa pasHulla MCKIY TCIIJIIOCMKOCTbBIO TCJIa U y,ILCJ'IBHOﬁ TEMI0EMKOCTBIO?

2. B dem cmpIcn ypaBHEHHs TEIUIOBOTO OanaHca M KaKoe OTHOIICHHE OHO HMMEET K
3aKOHY COXpaHEHUS YPHEPIUH.

®opma npeacraBiaeHus pe3yJabTara:
PaboTa nomkHa ObITH BBIMOJIHEHA B TETPAAM ISl JJAOOPATOPHBIX paboT.

Kpurepumn oneHku:
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3a MpaBUJILHO BBIOJHCHHOE 33/JaHHE BHICTABJISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPHUIIATEIbHAS OlleHKa — ) OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

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

Oyenka «HeyoosiemeopumenvHoy svicmasisencs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.3 Arperaruble cOCTOsIHMS BellecTBA U ha30BbIe Mepexoabl

JlabopaTopHoe 3aHsATHEe N27

Onpenesienne MOYJIsl yIPYrocTH pe3UHBbI.

Hean: Onpeaenuts MOAYIb YIPYTOCTH PE3UHBI ITPH PACTKEHUH.
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04 OK 09 I1IK 2.1
MarepuanbHoe obecrneyeHue:
HUTKa (JIeCKa), pe3MHOBBIN MHYpP 1auHON 25—30 cm u ceuenuem 4— 10 mm2 , HaGoOp TPy30B 1O
0,1 Kr, ITaTUB, TUHEWKA, IITAHTCHIIUPKYIIb LU MUKPOMETD.
3aganue:
1. O3HaKOMHTbHCS C TEOPETHUECKUM MaTEPHUATIOM.
Teopus.

[Ipu ycraHoBuBLIElica ynpyrod naedpopmanuu paBHOAECHCTBYIOIIAs BCEX BHYTPEHHUX CHII
YIIPYrOCTH, BO3HHUKAIOIIMX B TeJieé B JIIOOOM €ro CeueHHH, ypaBHOBEIIMBAET BHEUIHHE CHJIBI,
JIEWCTBYIOIIME HA TEJIO.
CornacHo 3akony ['yka, HampsbkeHue U BBI3BAHHOE KM OTHOCHUTEIBHOE YIIIMHEHHE
nponopuuoHanbHel: P=E B, rae E— Moaysb ynpyrocru.
[Tocne mpeoOpa3oBaHus 3TOTO BHIPAKEHUS OTYUHM:

E=£-[i 150051 Ezﬂ“—.

S Al md*(1-1,)

I[J'IH SKCHCPUMCHTAIILHOI'O OIPECACICHUA MOAYJIA YHPYTOCTHU HYKHO U3MCEPUTH BCC BCIIMYMUHBIL

2
S (S=—-),
nepopmupytomryto cuny F (F=mg), ceuenue obpasua S , €r0 IEPBOHAYATIBLHYIO
nnuny 10 u yanunenue 1.
Xox pa0doThI:
1. U3y4yenue nepopManuu pacTsizKeHHs.
1. U3MepuTh C MOMOIIBIO INTAHTCHLUUPKYJS WIM MHKPOMETpa TOJIUIMHY IIHYpa U BBIYUCIUTH
IUIOUIA/Ib €r0 NOMEPEYHOro CEUeHUs S.
2. TlopgemmBas k mHYpy rpy3sl mMaccon 0,1 xr, 0,2 kr, 0,3 Kr, U3MEPUTh COOTBETCTBYIOIIHE
a0COJIOTHBIE YAJTMHEHUS IIHYpA: U BBIYUCIUTh OTHOCUTEIbHBIE YAJTMHEHUS IIHYpa.
3. Ilo pe3ynpTaTamMm U3MEpPEHHUI BBIYUCIUTD MOAYJIb YIIPYTOCTU pe3uHbl E U OIIeHUTh MOrpentHocTi
9KCIIEPUMEHTA:

99



3a IMPAaBUJIbHO BBIITOJIHCHHOC 3aaHUEC BBICTABJIACTCSA IMMOJIOXUTECIIbHAA OLCHKA — 1 6am.

£ =

Am Al Ad
+

+2

Al

AE=E-¢

+
m d il

-1

0

- OTHOCHUTCJIbHAs NOTPCIIHOCTDb

- a0COJIIOTHAS TIOTPEIIHOCTb.

5. Pe3ynbrarel n3MepeHuil U BBIYUCIEHUHN 3aHECTH B TaOJINILY:

6. Cruenathb BBEIBOJIL.

KoHTpoJibHbIE BONPOCHI.
1. Kakwue Buasl nehopmaruii Bel 3HaeTe?
2. VI3MeHsieTcs I BHYTPEHHSS SHEPTHs 1e()OPMHUPOBAHHBIX TEJ?
@®opma npeacTaBJieHUs pe3yabTaTa:
Pabora momkHa OBITh BBIIOIHEHA B TETPAAH IS JIAOOPATOPHBIX paboT.
Kpurepun oneHku:

H3MEPCHO BBIYHCIICHO
:{EH mkr | d,m | S,m* | Lo m Lm | AlLm| F,H |E, Ila Ii;;’ ‘?IE” c.%
1
2
3

3a HeNpaBUIILHO BBIITOJHEHHOE EHCTBHE, 3a/laHHE BHICTABIIACTCS OTpHULIATEIbHAs OlleHKa — () GauioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenxa «xopoutoy svicmasinsiemcs 3a 80 — 89%0 npaBUITBHBIX OTBETOB

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

Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

+

1.

1.
2.
3.

4.

He.l'lb: OMnpeaACIICHUEC YACIbHOI0 COIMPOTHUBJICHUA MMPOBOAHHNKA OKCIICPUMECHTAJIBHBIM ITYTEM

Tema 4.2 3aK0oHBLI MOCTOAHHOI'O0 TOKA

JlabopaTopHoe 3aHATHE N8

Onpeue.nelme YaeJbHOIro CONMPpOTUBJCHUS MPOBOIHUKA

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 03, OK 09 TIK 2.1
MarepuanbHoe o0ecrneyeHMe: HCTOYHUK

onpeensieTcs.
3aganue:

CaMOCTOSTEIILHO CO6paTL QJICKTPHUYICCKYIO LCIIb 11O CXCMCE.

CHATBH IOKa3aHMS aMIIEPMETPa U BOJIBTMETPA.
Hcnonp3yss MITAaHTeHUMPKYIb M JIMHEMKY, HAyYUThCS OINPEIENISITh T'€OMETPUUYECKUE pPa3MEphI

MPOBOJTHUKA.

TOKa, aMIEpPMETpP, BOJBTMETP, COCIAUHHUTEIIbHbIC
MPOBO/IA, KITIOY, IITAHTCHIIMPKYJIh, JIMHEHKA, KYCOK TTPOBO/IA, YIETLHOE COMMPOTHUBICHHUE KOTOPOTO

OrnpenenuTh BEIMYMHY YJEIbHOTO COMPOTUBICHUS METAILIA.
IMopsiiok BbINOJIHEHUS] PA0OTHI:
1. CoOpartb 1emns Mo cxeme U MoKa3aTh AJIs IPOBEPKU PYKOBOIUTEINIO.
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2. 3aMKHYTb LIETIb U CHATh MOKAa3aHUs aMIIEpMETPa U BOJILTMETPA.
3. BBIUUCIHTH COMPOTHBIICHNUE IPOBOJIHUKA 11O POPMYIIE.
4. W3MepuTh IIMHY M BBIYUCIUTH IUIOUIA/Ib MOMIEPEYHOT0 CEUEHUs TPOBOAHMKA 110 (hopMyIIe:

, Tae - muamerp IpoBOJHUKA.

r=Y

5. Bpluucnuth yneabHOE COMPOTHUBIECHUE IO hopmyie:

'sz

R-S

6. Jlanuble 3aHecTu B Tabnumy 1.

7. Bbruuciautb abCOMOTHYIO (A) M OTHOCUTEIBHYIO (€) MOTPEIIHOCTH U3MEPEHU o hopmynam:

A ,
A=\Prisr. = Pranyy. & =——100%
Prign.
8. Cnenatb BBIBOJ 110 paboTe.
TabaniaNel
U.B I. A R.On| [v | d.ou N A, O
S s M F P i £.%
Owmt-
M

ECIISCTEBO

KOHTpOJIbHLIe BOIIPOCHI

1.

2.

OT KakuxX BEJIMYMH M KAaK 3aBUCUT CONPOTUBIEHUE MPSIMOJMHEUHOIO METAJNIMYECKOIrO
MPOBOJTHUKA?

JIBa MeIHBIX NPOBOJHMKA MMEIOT OJMHAKOBYIO JUIMHY, HO pa3M4yHYyI0 IUIOIIA]b
MONepevyHoro cedyenwus.:1,6 mvm® u 0,8 Mm% Kaxoii IIPOBOJIHUK HMEET MEHbIIIEE
CONPOTHUBIIEHUE U BO CKOJIBKO pa3?

CKOJIBKO METPOB HHUKEIMHOBOTO MPOBOJIA IUIONMIAbI0 momnepednoro ceueHus 0.1 mwm
noTpedyeTcsl JIsl M3TOTOBIIEHUS PEOcTaTa ¢ MaKCHUMAallbHBIM compoTuBieHueM 180 Om?
VYnenbHoe conpoTuBieHne HuKkeanHa 0,42 10°0m M.

2

®opma npeacTaBieHus pe3yJabTara:
Pabota nomkHa ObITH BBIMOJIHEHA B TETPAIU AJIs 1a0OpaTOPHBIX padoT
Kpurepum ouenku:
3a mpaBUIIHLHO BBITOJHEHHOE 33JaHHE BBICTABIISIETCS TIOJI0XKUTENbHAs OLleHKa — 1 Oasu.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHAE BBICTABIISIETCS OTpUIATEIbHAS OlleHKa — () 0aioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvHoy svicmasisiencs 3a menee 60%0 mpaBUIBHBIX OTBETOB
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Tema 4.2 3aK0HBI MOCTOAHHOI'O0 TOKA

JlabopaTopHoe 3aHsATHEe N29

IKcnepuMeHTAJbHAsI MPOBEPKa 3aKOHOB MAapPaJlJIeJIbHOTO M MOCJIeI0BATEIbHOI0 COeTHHEeHUsI
NMPOBOTHUKOB

Heap: u3y4unuTh MOCIEAOBATEIBHOE U NAPATIIEIBbHOE COEUHEHUS IPOBOIHUKOB
BoinosineHne padoTsl cnoco0CcTBYeT (POPMUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04 OK 09 11K 2.1
MarepuajibHoe o0ecnieyeHue:
VcTOYHUK 3JEKTPUYECKON SHEPruu € MOCTOSIHHBIM HalpsbkeHHeM (He Bblile 25B); BoapTMETp
IIKOJIbHBIM;  aMIepMeTp  UIKOJbHBIA, HAaObOp JEMOHCTPAllMOHHBIX PE3UCTOPOB C  pa3HbIMU
COIIPOTHBIICHUSIMH, KJIFOY, COEJUHUTENbHBIE IPOBOA.

3aganme:
1. O3HakombTeCh C TEOPETUUECKUM MaTEPUATIOM:
Teopust
[TocnenoBarenbHOe M TapajUIebHOE COCIMHEHHUS B IJIEKTPOTEXHHWKE — JIBa OCHOBHBIX CIIOCO0a

COEJIMHEHUS AJIEMEHTOB 3JIeKTpUueckod wnenu. Ilpum mocienoBaTenbHOM COEAMHEHUHM BCE 3JIEMEHTBI
CBSI3aHBI JIPYT C IPYT'OM TakK, YTO BKJIIOYAIOIIMK UX Y4acTOK LeNH He uMeeT (puc.l) Hu oHOrO y31a.

ITpu napasmuienbHOM CO€AMHEHUH (pHC.2) BCe BXOJAIINE B LIENb IEMEHThl OObEJUHEHBI IBYMsI y3JIaMH U
HE MMEIOT CBS3E€U C APYTUMH y3JIaMH, €CIIM 3TO He MPOTHBOPEYHT ycioBuio. [Ipu mocienoBaTreabHOM
COEJIMHEHUM IPOBOJHUKOB CHJIa TOKa BO BCEX IPOBOAHMKAX oauMHakoBa. Ilpu mocnenoBareiabHOM
COEIMHEHUH MTPOBOJIHUKOB CHJIa TOKA B JTFOOBIX YACTSIX IETH OJHA U Ta XKe:

=1 1 — I D

[lonHoe HampspkeHue B LENM IpPU MOCIENOBATEIbHOM COEIMHEHMM, WIM HalpsHpKeHHEe Ha IOJocax
MCTOYHHKA TOKA, PABHO CyMMe HalpsDKEHUH Ha OTACTBHBIX YUacTKaX IEeTH:

U=U K L'T'Z-
Puc.1.
R1 RZ Rn
- e R:H1+R2+"'+R:¢

[Ipu mnapamuienbHOM COENMHEHMM MaJeHUE HANpPSDKEHUS MEXAY JABYMS Y3JIaMH, OOBEIUHSIOIIMMU
AJIEMEHTHI 1IN, OJJUHAKOBO IS BCEX DJIEMEHTOB.

IIpu sTOM BenMumMHA, oOpaTHas OOIIEMY COINPOTHUBIICHUIO IEMH, PaBHA CyMMeE BEJIWYHMH, OOpaTHBIX
COIPOTHBIICHUSIM MApaAIJIENbHO BKIOYEHHBIX MTPOBOAHUKOB. CHila TOKa B HEPA3BETBIEHHOW YacTH LENH
paBHa CyMME CUJI TOKOB B OT/IENIBHBIX IAPAILIEIbHO COEMHEHHBIX TIPOBOIHHUKAX

Me Ch
[=1 1+ I 2

HanpsikeHne Ha yyacTkax nernu AB u Ha KOHI[aX BCEX MapallIeibHO COSAHHEHHBIX IIPOBOIHHKOB OIHO H
TO XKe€:

U=U, =0,

PI/ICl.z.

R, R, Ry

Jlyig 1ByX mapasuieIbHO COeITMHEHHBIX PE3UCTOPOB UX 001ee COTPOTUBICHHE PABHO:
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R,
|

By=H, =Ry= .= R, R =

Ecnu , TO 00IlIee COMPOTUBIICHUE PABHO:

[Ipu mapamienTbHOM COSAMHEHUU PE3UCTOPOB MX OOIIEe COMPOTHBIICHUE OYJET MEHbBIIE HAUMEHBIIIETO
U3 COMPOTHUBIICHUH.
2. CHSB MOKa3aHUs HAIMPSDKCHUN W CHIJT TOKA HA KaXJOM U3 YYacTKOB IIEMH, HEOOXOIMMO CBEPHTH
COOTBETCTBYIOIIME W3MEpPEHHbIE U BBIYHMCICHHBbIC (PU3NYECKHE BEIMYUHBL, a IO pe3yjbTaTam
TaKOH! CBEPKH — CJIeTIaTh BHIBOJ O MPOICTIaHHON padoTe
Xox padoThI:
L. Ilocneoosamenvrnoe coeOurnenue npoeoOHUKOS.
1. Cobparts nens no cxeme (puc. 1):

puc. 1
2.  V3meputs HampspKeHHUE, CHITy TOKa Ha TIEPBOM PE3UCTOPE.
3. /3MeHMTH cXeMy YCTAaHOBKM W H3MEpUTh HANpsHKEHME Ha BTOpOM pesucrope. Cxemy
HApUCOBAThH B TETPAIb.
4.  Bpruucautb cymMMmy Hanpsbkenuid U1+U2 .
5. M3MeHuTh cxemy YCTaHOBKH M M3MEPHUTH 00IIiee HaNpsHKeHUe Ha IByX conpoTuBieHusx Ul2 .
6. IIpoBeputs, BeimonHseTcs 11 paBeHcTBo: U12=U1+U2.
7. IlpoBepuTh CIIpaBeUIMBOCTH PABEHCTB
Ri=Ri+Ro 2t = %
U, R

II. ITapajyienbHOE cOeIMHEHHE ITPOBOIHUKOB.
1. CoOpats nens no cxeme (puc. 2):

puc. 2
2. M3mepuTh HampspKEHUE, CHITy TOKa Ha TIEPBOM PE3UCTOPE.
3. H3MeHHWTHh cXeMy YCTaHOBKM W W3MEPHUTh CHIIy TOKa Ha BTOpOM pesuctope. Cxemy
HapUCOBATh B TETPA/b.
4. Bprauciuts cymmy TokoB 11+12 .
5. M3MeHHTbH cXeMy YCTaHOBKHM M U3MEPUTH OOIIYI0 CHIly ToKa B ienu 112 .
[TpoBepuTh, BHITTOTHSAETCS K paBeHCTBO: 112=11+12.

©
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Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89%0 npaBUITBHBIX OTBETOB

7. IIpoBEepHUTH CIIPaBEIIIUBOCTH PABEHCTB

KoHTpoJibHbIE BOIPOCHI:
1.

2.
3.

4.

IRi=1R+1/Rym -2
I, R

R,

Kakoe coennHenue conpoTUBICHUHM Ha3bIBa€TCs MOCIEN0BATENIbHBIM? YeMy paBHbI
COIIPOTHBIICHUE, CHUJIA TOKA, HANPSHKEHUE B LIETIN IIPU TAKOM COCUHEHUM?

Kakoe coenHenue conpoTuBIEHUM Ha3bIBaeTCs NapaienbHbIM? YeMy paBHBI
COIIPOTHBIICHUE, CHJIA TOKA, HANPSIKEHUE B LIETIA IIPU TAKOM COCJUHEHUM?
Ha3oBute mrocel 1 MUHYCBI IAPAJUIEIIBHOIO U ITOCJIEI0BATEILHOTIO COCTMHEHUN

MPOBOJTHUKOB?

[TpuBenuTe NpUMEpHI MapaLICIBHOTO U TIOCIIEA0BATEIILHOTO COSTMHEHUSI TPOBOAHUKOB.
®opma nmpeacTaBieHus pe3yJbTara:
Pabora momkHa ObITH BBIOJIHEHA B TETPAAH ISl IAOOPAaTOPHBIX paboT
Kpurepun oneHku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS TTOJIOKUTEIbHAS OlleHKa — 1 Oa.

3a HeNpaBUIILHO BBIITOJHEHHOE JEHCTBHE, 3a/laHHE BHICTABIISIETCS] OTpHLIATEIbHAs OlleHKa — () 6asuioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% nmpaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenbhoy svicmagiiemcs 3a menee 60% nmpaBUIBLHBIX OTBETOB

Tema 4.2 3aK0HBI MOCTOAHHOIO TOKA

JlabopaTopHoe 3aHATHe N210

H3zyuyenne padorsl myasTumerpa. Onpenesnenune 3/{C 1 BHyTpeHHero cCONpoTHBJICHUS] HCTOYHUKA

JIEKTPUYECKON IHEPrum

IIe.m;: HAYYHUTHCA MOJIb30BATHCA MYJIIbTUMETPOM JIA PA3HBIX PEIKUMOB pa6OTBI

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 05, OK 07, OK 040K 09

I/I3MepeHne HaNpsAKCHUSA MOCTOAHHOTO U NMTEPEMEHHOI'0 TOKA.

IIK 2.1

MarepuanbHoe obecniedeHue: MyJIbTUMETP, HAOOP PE3UCTOPOB, TUO/bI, TPUOABI, UCTOUHUK TOKA,
peocTaT, COEAMHUTEIbHBIE TPOBOAA, KITIOY.
HNHcTpyKuus no npuMeHeHHI0 MyJIbTHMETPA
Ilepexiaroyaresb pexuMa U AUANA30HA H3MEpPEeHUil.
[lepexmouarens pexxuma U TuanazoHa U3MEPEHHUM UCTOIb3yeTcs I BKIIOUEHHUs pudopa, a Takxke JJs
BbIOOpaA )KeTaeMoro pexxuma paboThl U mpenena u3MepeHus. s yBeIuMueHHUs! CpoKa CiIy:kObl Oatapeu,
MEPEBOIUTE MEPEKIIOUaTeNb B onoxkeHue «OFFy, mocie BhIMOTHEHUST U3MEPEHUI.

1.IlogkmrounTte KpacHBINA pazbeM B THE30 «VQmAY, yepHbIi pazbeM B THe310 «COM»
2.YcTaHOBUTE MEPEKIIoUaTeNb PeKIUMa U3MEPEHUN Ha KEJlaeMbli 1Mara30H U3MEPEHUS HAIIPSKEHUs , B

ciydya€ CCJIM HCEHU3BCCTHO IMPUMCPHOC 3HAYCHUC HAIIPAKCHUA

2

YCTAaHOBUTE TMEpeKoyaTesb Ha

MaKCHMAaJIbHOE 3HaUYC€HHE U CHIKANTE Ipeacit USMEPCHUA N0 MOJIYYCHHUA ONITUMAJIBHOT'O 3HAYCHUA .

Pexum ITar u3mepenus IorpemnocTs

200 MB 100 MB +0,5 % mns 3ro 3HaKa
2000 mB 1 MB +0,8 % s 2ro 3HaKa
20 B 10 MB
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[ 200 B | 100 MB | +1,0 % ans 2ro 3Haka |

3. IlpukocHuTeCch MPOOHUKAMH K YCTPOMCTBY MM TOYKAM 3JIEKTPHUUECKOM CXEeMbl . e TpedyeTcs
MU3MEPUTH HAPSHKEHHE.

4. B ciiydae HaJqM4us HANPSDKEHUS MPHOOP TOKAXKET HANPSHKEHUE U MOISPHOCTb.

HN3mepeHue NOCTOSAHHOTO TOKA

l.Ionkmounte KpacHbId MPOOHHUK K pazbeMy «VQmAy». Uepnsiid k pazbemy «COM»(miis u3mepeHus
ToKOB OT 200MA 10 10 A ucmons3yiite pazbem «10A»)

2 VYcraHOBHTE IEpeKitoyaTeiab BbIOOpa peXMMa H3MEPEHMH Ha JKENaeMbId Tpeaen W3MEpeHUus
ITIOCTOSIHHOT'O TOKA .

3.PazpeiuHUTE M3MEPSAEMYIO SJIEKTPHUECKYIO ILIEMb W MOJICOCAMHUTE MPOOHUKU MOCIEIOBATEIBHO C
Harpy3Koi.

4. Ha nucninee nosiBUTCS 3HAYEHUS TOKA.

6. Pasbem «l10A» mnpenHazHaueH i1 HEYACTOrO MCIOJIb30BaHUA. Bpems u3MepeHus He IOHKHO
NpEeBBIIATh 15 CeKyHJ, a MEXAy H3MEpPEHUSMH HEOOXOAWMO BBIICPKMBATH HECKOJIBKO CEKYHJ BO
n30exaHue MOBPEXKIACHUS Tpubopa.

N3mepenue conpoTuB/IeHUs

1.IIpucoenuuuTe KpacHsIii MPOOHUK K pazbemy «VQmAy. UepHslii k pazsemy «COM».

2.YCTaHOBHUTE TMEpEeKNIoYaTesh BBIOOpA pEXHMa HW3MEPEHHH Ha IKelaeMbI TpeAen HW3MEpeHUs
CONPOTHUBIICHUS.

3. Ilpunoxure npoOHHKH K H3MepseMoMy oOpa3ly, AMUCILIEH OTOOpasuT MpU 3TOM 3HAUEHUE
CONPOTHUBIICHUS .

Pexum MHoxuTeNnb IlorpemHocth
200Q 0,1 +(1.0% ms 10ro 3Haka)
2000Q 1
20KQ 10
200KQ 100 +(1.0% mist 4ro 3HaKa)
2000KQ 1000

IIpoBepka 1uon0B
1.Tloakmrounte KpacHbIA MPOOHUK K pazbeMy «VQmA., uepHbIil K pazbeMy «COM».
2. YcraHOBHTE TIepeKiIouaTeNb BBIOOpa pekuMa U3MEPEeHUI Ha 3Ha4YOK |Iroa
3. CoeauHuTE KpacHBIN MPOOHUK C aHO/IOM (p) TECTUPYEMOTO JIM0/1a, @ YEPHBIN MPOOHUK C KaToAoM (n)
4. Jlucnneil mokakeT 3HAUYEHUE HaIpsDKEHHMs B MB. ecim mossipHOCTH nMoOAa mepenmyTaHa , JUCIUIEH
oTo0pa3uT «1».
HN3mepenue TeMnepatypsl
1.IIpucoenunute Tepmonapy k pazbemy «VQmA» u k pazbemy «COM».
2.YcTaHOBUTE NEPEKIII0YaTeNlb BEIOOpa pekuMa U3MepeHHii Ha u3mMepenue Temmeparypsl « TEMID»
3. Iucnineit oTo0pa3uT 3HaUeHNE TEMIIEpaTyphl B rpagycax Llemscusi.
3ByKoBasi NPO3BOHKA
1.IlogkmrounTte KpacHBI MTPOOHUK K pazbeMy «VQmAY. UepHsrii k pazbseMy «COM».
2.YcTaHOBUTE MEPEKII0YATENb BEIOOpa pekuMa U3MEpEHH Ha 3BOHOK
3.IIpucoenuuute nMpoOHUKH K MPO3BAaHUBAaEeMoOW cxeme, npu compotuBieHun menee 30 Om monaercs
3BYKOBOW CUTHAJI.

Ilopsinok BbINOJHEHHSI padOThHI:

1. TIlpouuraiiTe TeOpETHUECKHI MaTepHall:
Teoperuyeckunii marepuas:

Tonynpoeoonukoswiii Ouoo
Jluon comep:KUT p-N-TIepexof], 3aKJIIOYECHHBIH B TIE€PMETHYECKUN KOPIYC M COCOUHEHHBIN C
METAJUINYECKUMHU BbIBOAAMU. BBIBOZ OT p-001acTH HAa3bIBAIOT AHOIOM, OT N-00J1ACTH — KATOOM.
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JAuoa- TONyNPOBOJHUKOBBIA TPHOOp, TMpEAHA3HAUCHHBIM I YCUJICHHS IPeoO0pa3oBaHUS
TeHEPUPOBAHUS AIEKTPUUECKUX KOJICOAHUN Pa3InYHON YacTOTHI.

TpaH3uCTOpP COCTOUT U3 TpEeX o0NacTedl ¢ pa3sIuIHON MPOBOJAUMOCTHIO. Pa3znuuaroT TpaH3UCTOPHI
Tumna p-n-p u n-p-n. Cpeansis 30Ha Ha3bpIBaeTcs 6a3zot. TonmuHa 6a3bl 1OJKHA OBITH MEHbBINE JUIMHBI
cBOOOJHOTO mpobera 3eKkTpoHa. B TpaH3ucrope mmeroTcst nBa p-nN-mepexona. JleBwlit p-n mepexon
SBJIETCS MIPSIMBIM M OTJEJIAET 0a3y OT 00JIacTH € MPOBOJUMOCTBIO P-TUIIA, HA3bIBAEMYIO dMummepom. B
3TOM 00JIACTH aKLIENTOPHOM NMPUMECH B COTHH pa3 0oJIbIle, 4YeM JOHOPHOM nmpuMecHu B 6ase, T. €. IBIPOK B
SMUTTEpPE 3HAYUTENHHO OOJbIle, YeM 3JIeKTpOHOB B 0Oa3e. [IpaBblii mepexon sBIsSETCS OOPAaTHBIM H
otaensieT 6a3zy oT 001aCTH C MPOBOJIUMOCTBIO P-THIIA, HA3BIBAEMON KOJLIEKMOPOM.

—dRER N | B e R P | B
3 K 3 K

Xonx padoTsI:
1.13y4nTh HHCTPYKILIMIO 110 SKCIUTyaTalluy mpuodopa.
2. I3MepuTh CONPOTUBIICHHS PE3UCTOPOB, JTaHHbIE 3aMUCaTh B TaOIHILY

Ne n/m ConporuBienue, Om

3.Cobparth 1ens o cxeme

4.3aMKHYTb LI€Tb, IPA HEUCIIPABHOCTHU LEMN TPO3BOHUTH LIETIb, HAUTH HEUCIIPABHOCTb.
5.M3meputh HanpspkeHue Ha OaTapeiike u peocrare.

6. PazomkHyTh 11enb. MI3MepUTH TeMIepaTypy pe3ncTopa U peocTara.

7.3MepuTh COMPOTHUBIIEHHE PE3UCTOPA U PEOCTAaTa, JaHHbIE 3aMucaTh B TaOIHILy

HanmenoBanue Conporusnenune, | Hanmpskenme, B | Temneparypa,
Om e

Pesucrop

Peocrar

Hcrounuk Toka | -----

8. IIoBTOpHUTH TEOPETUIECKHI MaTepHall MO MOJYIPOBOIHUKOBEIM MPUOOpaM: THOAY U TPAH3UCTOPY.
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9. IIpoBepuTh AMOBI (UCIIPABHOCTD, OJIIPHOCTH ).
10. Tpanzucropsl. OmnpenenuTs BBIBOABI TPaH3UCTOPA (KOJIEKTOP, 0a3a, SMUTTEP) U THUIT TPAH3UCTOPA
(p-n-p) wiu (n-p-n)
11. 3anucaTh BBIBO 1O pabOTE, OTBETHB HA BOIIPOCHI.
KoHTpoJibHbIE BONIPOCHI:
1. Kak BbisicHUTD, 4TO Au0A HeucnpaeH? 2. Kak BBISICHUTD p- U N- KOHTAKThI [uojaa’?

2. Kak onpenenuts 0a3y y TpaH3UCTOpA.
3. Ha3oBure rnaBHbIe CBOMCTBA AMO/A U TPAH3UCTOPA.
4, YcTpOWCTBO qM0/a U TPAH3UCTOPA.

Yactp 2. I/I3y'{enne ABJICHHUA 3HeKTp0MaFHHTHOﬁ HHAYKIHHA

Ieab padoThI: ONBITHBIM MyTeM YOCIUTHCS B TMOSIBICHHHM WHIYKIIMOHHOTO TOKAa W MPOBEPUTH 3aKOH
JleHua.

OO6opynoBanmue: MUUIMAMIIEPMETP, UCTOYHUK THUTAHHS, KATYIIKH C CEPACYHUKAMH, TyrooOpa3HbIN
MarHyT, BBIKIIOYATeIh KHOTIOYHBIN, COeIMHUTEIbHBIE MPOBOJIa, MATHUTHAS CTpENKa (KOMIIAc), peocTart.
Teopernyeckas 4acTh:

SIBneHHME SIEKTPOMATHWUTHON WHAYKIIMH 3aKII0YACTCS B BO3HHUKHOBCHHH JJICKTPHUYECKOTO TOKa B
MPOBOASAIIEM KOHTYpE, KOTOPBIN JINOO MOKOUTCS B MEPEMEHHOM BO BPEMEHHM MarHHUTHOM IoJie, MO0
JBUKETCS B TIOCTOSIHHOM MAarHUTHOM IIOJIE TaKMM 00pa3oM, YTO YHCJIO JIMHHA MArHUTHOW WHIYKIIHH,
MIPOHU3BIBAIOIIUX KOHTYp, MeHseTcs. B Hamem ciydae pazymHee Obulo Obl MEHATH BO BPEMEHH
MarHuTHOE I0JIe, TaK KaK OHO CO3/1aeTCs ABMXKYIIUMHUCA (CBOOOIHO) MarHUTOM. COriacHO MpaBUILY
Jlenna, BO3HHMKAIOUIMI B 3aMKHYTOM KOHTYpPE HHAYKIIMOHHBIH TOK CBOMM MArHUTHBIM TOJIEM
MIPOTUBOACUCTBYET TOMY M3MEHCHHIO MarHUTHOTO IOTOKA, KOTOPBIM OH BBI3BaH. B maHHOM citydae 3To
MBI MO’KE€M Ha0JI0IaTh MO OTKJIOHEHHUIO CTPETKH MIJLTHAMIIEpMETpa.

ITopsinok BbINOJHEHHS PadOTHI:

1. BcTaBbTe B OJJHY U3 KaTyLIEK JKEJIE3HBIN CEPACUYHHUK, 3aKPENNB €ro raiikoi. IloaxmrounTe 3Ty KaTymky
4yepe3 MWUIMaMIIEPMETP, PEOCTaT M KII0Y K MCTOYHUKY NHUTAHMS. 3aMKHUTE KIOY U C TOMOIIBIO
MarHMTHON CTpenKu (KoMIlaca) OINpeNesUTe PacIoyIoKEHUE MATrHUTHBIX IOJIOCOB KAaTYIIKH C TOKOM.
3adukcupyiiTe, B KaKyl0 CTOPOHY OTKJIOHSIETCSI IIPU 3TOM CTpejKa MWIIMaMnepMeTpa. B nanpHeimem
IIpU BBINOJIHEHUH PabOThl MOKHO OyIeT CyAMTb O PAacCHOJIO)KEHWH MAarHUTHBIX IOJIFOCOB KaTYLIKU C
TOKOM I10 HallpaBJIEHUIO OTKJIOHEHMSI CTPEJIKM MUJUIMaMIIEpMETpa.

2. OTKIIIOYMTE OT LIEMU PEeOoCTaT U K04, 3aMKHUTE MUJUIMAMIIEPMETP Ha KaTYyIIKY, COXPAHUB MOPSIO0K
COEIMHEHMS UX KIEMM.

3. [IpucraBbTe cepieyHUK K OJHOMY U3 IOJIIOCOB AYrooOpa3HOrO MarHuTa W BJBUHBTE BHYTPh
KaTyIIKH, Ha0JI0Jast OTHOBPEMEHHO 3a CTPEIKOM MUIIITHaMIIEpMETpa.

4. TloBropute HaOIIOEHHE, BEIABUTAsl CEPICYHHUK U3 KAaTYIIKH, a TAK)KEe MEHSS MOJIF0ca MarHUTa.

5. 3apucyiite cxeMy OIbITa ¥ IPOBEPHTE BINOIHEHNE NTpaBuiia JIeHIIa B KaKJ0M citydae.

6. Pacnonoxwure BTOpyro KaTyLIKy psJIOM C IEPBOM Tak, YTOOBI MX OCH COBIAIAJIH.

7. BcraBpTe B 00€ KaTyIIKM >KEJE3HbIE CEPJIEYHUKH U MPHUCOEIUHHUTE BTOPYIO KaTYIIKYy dYepe3
BBIKJTIOYATEh K UCTOYHHUKY MTUTAHUSI.

8. 3ambIKas ¥ pa3MbIKas K04, HaOIr01aiiTe OTKIOHEHHE CTPENKU MIJUTHaMIIepMeTpa.

9. 3apucyiiTe cxeMy ONBITA U MPOBEPHTE BBHINOJIHEHUE ITpaBuiia JIeHna.

KoHTpoJibHBIE BONIPOCHI:

1.B uem 3akirouaeTcs SBJIEHNE JIEKTPOMATHUTHON MHAYKINN?

2.Kak n1omKeH IBUratbCs 3aMKHYTBIM NPOBOJSAIIUMN KOHTYp B OZHOPOJAHOM MATrHUTHOM IIOJIEM . HE
3aBUCSAIIEM OT BPEMEHH, MTOCTYIATEIbHO WM BpalaTeabHO, YTOOB B HEM BO3HUK MHIYKLIIMOHHBIH TOK?
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3.MeTainu4eckoe KOJbIIO0 MOKET CBOOOIHO JBHUTaThCS MO CEPACYHHUKY KATYIIKH, BKIIOYCHHOW B IEMb
MOCTOSTHHOTO TOKa. YTO OYyAeT MPOUCXOTUTh B MOMEHT 3aMBIKAHUS M Pa3MbIKaHUS 1IeTIH?
dopma npeacTaBJeHus pe3yabTaTa:
Pabota momkHa OBITH BEITIOJIHEHA B TETPAIH I 1a00paTOPHBIX padoT
Kputepuu onenku:
3a MpaBUIILHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HempaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNEe BBICTABIIACTCS OTpUIaTeIbHas oieHka — 0 0aioB.
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 «HeyoosemeopumenbHoy svicmasisemcs 3a Mmenee 60% nmpaBUIBLHBIX OTBETOB

Tema 4.2 3aK0HBI MOCTOAHHOIO TOKA

JlabopaTopHoe 3aHsATHe N211

Onpenesienne TeMneparypHoro kodgpduuneHra Meau

Ienb: pacKpbITh BIMSHUE TEMIIEPATYPhl HA MIEKTPUUYECKOE CONPOTUBICHUE METAJIOB; OIBITHBIM
nyréM  ONpeAeNuTh  KOAXPQPHUIMEHT TEPMUYECKOTO  CONPOTUBICHUS  MEIW; IOCTPOUTH IO
HKCIEPUMEHTAIbHBIM JaHHBIM I'pauK 3aBUCUMOCTH COIIPOTUBIIEHUS OT TeMIEPaTyphl.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 05, OK 07, OK 04 OK 09 IIK 2.1

MartepuaibHoe o0ecrmedyeHue: TpuOOp JUIS OIpEeNIeHUs TemreparypHoro koddduuumenra
conpoTuBiieHus meau, TepmomeTp Texaudeckuit ot 0 1o 100°C ¢ uenout nenenus 1°C, oMMeTp, BHEIIHUMA
COCYyJl KaJIOpUMETpa C BOJOH, AIIEKTPOIUINTKA, KI0Y, COCIMHUTEIbHBIE MPOBOJIA, ITATHB ¢ My(pTOH U
JIANIKOM.
Teoperuyeckunii marepuasn:

DJNEeKTpUYECKOe CONMPOTUBJIEHHWE 3aBUCUT OT TemmepaTypbl. OObsCHAETCS 3TO TeM, 4YTO
YIOPSAOYEHHOMY JBM)KEHHIO CBOOOJHBIX JJIEKTPOHOB JJIEKTPUYECKHM TOK 3TO YIOPAI0UYEHHOE
JBMKEHUE 3apsKEHHBIX YaCTHIl - 3JIEKTPOHOB) OKA3bIBAIOT MPOTHUBOJCHCTBHE (COMPOTUBIIEHNUE) aTOMBbI
KPUCTAJINYECKON PEHIETKH, NHTEHCUBHOCTD TEIJIOBOTO JBUKEHHSI KOTOPHIX U3MEHSETCS C M3MEHEHHEM
TEMIIEPATYPHI.

Y XMMHYECKH YHUCTBIX METAJIJIOB C IIOBBILICHUEM TeMIiepaTypsl Ha 1°C compOTUBIEHHE BO3PACTAET
npumepHo Ha 0,004 (1/273) conpotusnenus rpu 0°C 1 BeIpaskaeTcs JIMHEHHOHN 3aBUCUMOCTBIO

Rt =Ro(1+0aAt), roe

Ro—conpotusnenue merasia npu 0°C,

At- pazHOCTB TeMnepaTyp (KOHEUHON U HadaJIbHON);

o - TeMIrepaTypHblii KO3((PUIMEHT CONMPOTUBIIEHUS, TOKA3bIBAIOLINI, HA KaKyl0 4acThb HayaJlbHOIO
conpotusneHus nposoanuka npu 0°C (273K) usmensiercs conpoTuBieHre npu HarpeBanuu Ha 1°C wim
1K.

0=A R/ RoAt umu o=A R/ RoAT
AR=R{—-Ry.
OnbBITHBIM MTyTEM MOKHO OIPENENIUTh 0, He Mpuleras K U3MepeHuto compoTtusieHus Ro. s storo
HEO0OXOIMMO JIBaXKIbl WM3MEPUTH COINPOTHUBIEHUE HccieayeMoro Mmarepuana Ry m Ry mpu pasubix
TeMIIeparypax ty 4 to.

Iopsaok BbINOJIHEHUS PA0OTHI:
1. Cocyn ¢ Bofo MOCTaBUTH HA AJIEKTPOIIUTKY U BKIIIOUUTH €€ B CETh.
2. OnpenenuTh LIEHY JEICHUS] OMMETPA.
3. M3meputh conpotuBiieHrne Ry MeTHON IPOBOJIOKH TPY KOMHATHOM TeMIiepaType ti.
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4. OnycTuTth MpuOOp B BOMY, YCTAHOBUTH B HEM TepMmomeTp. [Ipu HeKOTOpo# Temiieparype ty H3MEpUTh

conpoTuBieHue Ry uccneayemoit mpoBOJIOKH.
OnpIT HOBTOPUTH HECKOJIBKO pas.
Berauciuts 2 — 3 paza o, ucmois3ys cootHorrenne: a= R, - Ri/ (Rt — Ra ty).

o o

7. OnpenenuTth CpefHee 3HAUYECHUE O, U CPABHHUB IOJIYUYCHHBIH pe3yabTaT ¢ TAOIWYHBIM 3HAYCHHEM
TEMIIEPaTypHOTO K03((HUIMEHTA CONPOTUBICHHUS MEH, BEIYUCINTH OTHOCUTEIBHYIO TOTPEITHOCTD.

8. Pe3ynbTarhl M3MEpEHUH U BEIYMCIICHUH 3aKcaTh B TaOJIHILY.

Temmnepary Conporus Temmnepar Cpennee TO. OTHoOCUTENbH
Ne pa JIeHHe YPHBIii 3HaYeHHne 3HaYeHHne as
MeTHOI MeTHOI k03¢ dpunn TeMIepaTyp TeMIeparyp NMOrPeIHOCTh
NMPOBOJIOKH NMPOBOJIOK eHT HOT'0 HOT0
t,°C u R, Om COIIPOTHBJI Kk03pdunue K03 puueH
eHHUs HTa Ta 0, %
a, (°C)* COMPOTHUBJIE CONpOTHBIJIE
HHA HHSA
acp.
1
2
3
4
5
6

9.Ucnonb3yst JaHHBIC YKCIIEPUMEHTA, TIOCTPOUTH TpaduK 3aBUCUMOCTH R;OT t, OTKIIaaBIBas 11O

ocu abcuucc — Temneparypy B °C Ha OcH OpJIMHAT — COMPOTUBIICHUE.
10.Cnenatb BBIBOJ IO padoTe.
KoHTpoJibHbIE BONIPOCHI:
1. KakoBa ¢u3udeckast CyIiHOCTb JIEKTPHYECKOTO COMTPOTHBIICHUS?
2. Kak 00bsACHUTH yBETHMUEHUS COMPOTUBIICHUS METAIOB ITPU HAarpeBaHUU?
3. OObsacHuUTH GopMyrlTy, TIO KOTOPOW  ONpeAessieTcss  TeMIepaTypHBIHA
COIIPOTHBIICHHUS.
4. Tlouemy TeMnepaTypHbIi KO3(QPUIMEHT CONMPOTUBIICHUS JIs ANEKTPOJIUTOB OTPULIATEIbHBIN?
5. KakoBo conporusnenue 0,5 kr MmeJHON NMPoBOIOKU AuameTpom 0,3 Mm?
6. VYkazarp TpaKkTHYECKOE MPHUMEHEHHE 3aBUCHMOCTH  COIPOTHUBIICHUS
TeMIIepaTyphbl.
dopma npeacraBjeHus pe3yabTara:
PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAU ISl JAOOPaTOPHBIX padoT
Kpurepum ouenku:
3a mpaBUIIHLHO BBIIOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAsS OlleHKa — 1 Oasu.
3a HeMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — () 0aioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

MIPOBOJIHHUKA

Tema 4.2 3aK0HBI HOCTOSAHHOI'O TOKA

JIabopaTopHoe 3aHsaTHe N212

Onpelleﬂe}me COIMPOTUBJICHUSA PE3UCTOPA METOA0OM MAPKHUPOBKH

KO3 UIUEHT

OoT
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Leas: onpenenuTs HOMUHAIBHOE COMPOTUBIIEHUE PE3UCTOPOB METOJIOM MapKUPOBKHU; ONIPEIEIUTh
JOTTYCTUMOE 3HaUYEHUE CUJIBI TOKA JIJISl JAHHBIX PE3UCTOPOB MPH U3BECTHOM HOMHHAJIC MOIITHOCTH.
Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 05, OK 07, OK 04 OK 09 IIK 2.1

MartepuanbHoe o0ecmeueHne: HaOOp PE3UCTOPOB pPa3HBIX COMPOTHBICHUH, TaOIUIlA 3HAKOB
MapKHPOBKH.

3ananmue.

1. O3HaKOMHTBCSI C TEOPETHYECKHMM MATEPHAJIOM.

Teopernyeckuii MaTrepuas:

[Ipu onpeneneHuun pexxuma padOThl PE3UCTOPA CIEAYET YUYUTHIBATh MAKCHMAJIBHO JOMYyCTHMOE J1JIs1
HEero 3HaYeHue CHJIbI TOKAa, KOTOPOE OMPEIEIsIeTCS 3HAYEHHEM €ro COMPOTUBIICHUS M MOIIHOCTBIO.
MapkupoBka HOMHHAJIA PE3UCTOPA OCYIIECTBIISICTCS IBETOBBIM KOJIOM B BHJIC YE€THIPEX IIBETHBIX IOJIOC,
HaHECEHHBIX Ha €r0 KOPITyCeE.

[Ipu 3TOM 3HAYEHHME CONMPOTUBIICHUS PE3UCTOPa yKa3biBaeTcs B OMax IByMs MEPBBIMHU IOJIOCAMU U
MHOXHUTENEM (TpeThs mosioca) 10n, rae n - 1060e 1enoe Yucio ot - 2 10 + 9.

MapkupoBOUHbIE 3HAKH CIABUTAIOT K OJHOMY M3 TOPIIOB PE3UCTOpa, HANPUMEDP, K JIEBOMY, H
3aTeM pacronararT clieBa HaIpaBo B CJIeYIOIIEM MOpsIJIKE:
repBas ImoJsioca - rnepsas nudpa HOMHUHAJIA, BTOpas Ioyioca - BTopas Iudpa HOMUHAIA, TPEThS IoJIoca -
MHOXUTENb, YETBEPTas MOJ0Ca - JOMYCK Ha OTKJIOHEHHE (PAKTUYECKOT0 CONMPOTUBIICHHS OT HOMHUHAJA.
Ecnm pa3mepsl pe3uctopa HE TMO3BOJISIOT PA3MECTHTh IIBETHBIC TOJOCHI HECUMMETPUYHO, T. €. OJIMKE K
OJIHOMY M3 TOPIIOB PE3UCTOPA, TO TIEPBasi MOJIOCA BHIMIOJIHIETCS 00Jiee IUPOKOi.

[[BeTa 3HaKOB MapKUPOBKH HOMHUHAIBHOTO COMPOTUBIIEHUSI B OMax U JOMYCKOB B % MPHUBEACHbI
B Ta0JIHIIE:

ONyCK B
IIBeT 3HaKa Mepsas Bropas MHoxHuTENb A O};
undpa undpa

CepeOpuCTHIit -- -- 10° 10
30J10TUCTBIH -- -- 10" 5
UYepHsIid - 0 1 --
Koprunesslii 1 1 10 1
KpacHblit 2 2 10° 2
OpaHKeBblii 3 3 10° --
Kentorit 4 4 10° --
SeneHblit 5 5 10° 05
Tony6oii 6 6 10° 0,25
duoneToBmIit 7 7 107 0,1
Cepbiit 8 8 10° 0,05
Benbrit 9 9 10° -

ITopsinok BbINOJHEHHS PadOTHI:
1. Pa3noxuth Ha pabodeM CToJIe KOMILJIEKT PE3UCTOPOB.

BaumarensHO MpOYNTATh YKAa3aHUC K pa60Te.

2.
3. OdopMuUTE MAPKHPOBKY PE3UCTOPA B TETPAIH 110 0OPA3ILY
4.

3amoJHUTH TAOIHILY:

Pesucro

HomunansHoe
conpoTuBiieHne R

MoIHoCTh

pesuctopa (BT)

Cunma TOKa

(A)

0,25

0,25

0,25

0, 25

0,25

0,25

N|o|g|MwW NPT

0,25




| 8. | | 0,25 |
5. Paccuurarh cuimy TOka Mpy U3BECTHOW MOIITHOCTH TOKA.

6. Cnenatb BBIBOJ IO padoTe.

KoHTpoJibHbIE BOIPOCHI:

1. B uem 3akitoyaeTcsi METO MapKHUPOBKH.

2. Jlns 9ero Hy»KHO 3HATh CONMPOTHUBJICHUE PE3UCTOPA MPHU BKIIOYCHHUH €T0 B CXeMY?
3. Ot 4ero 3aBUCUT MOIIHOCTh TOKA, TEKYIIETO M0 PE3UCTOPY?

®dopma npeacTaBiaeHusl pe3yJabTara:
Pabota nomkHa OBITh BBIOJIHEHA B TETPAIU JUIS TAOOPAaTOPHBIX padoT
Kpurepun oneHku:
3a IpaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS TTOJIOKUTENIbHAS OlleHKa — 1 Oa.
3a HeMpaBWIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTpUIIATEeIbHAst olleHKa — 0 0auoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopouioy svicmasinsiemcs 3a 80 — 89%0 npaBUITBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% nmpaBUIBHBIX OTBETOB
Oyenka «Heyoos1emeopumebHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 4.2 3aK0HBI MOCTOAHHOIO TOKA

JlabopaTopHoe 3aHaTHE N213

Omnpenesaenne KIIJI narpeBareJieit

He.]'lb: HAaYYUTBCA HNPAKTHYCCKU OIPCACIIATH TCIUIOBYIO OTAAYY OBJICKTPHUYCCKOI'O HArpeBaTeIsd

m000ro TUMA.
Boinosinenue padorsl cnoco6cTBYeT GOPMUPOBAHUIO:

OK 01, OK 02, OK 05, OK 07, OK 04 OK 09 IIK 2.1

MarepuanbHoe ob0ecnieyeHne: 2 3JIEKTPUUECKUX HarpeBaTess, COCyA JJsl KHIISIYEHUS BOJBI,

BOJIa, TEPMOMETp, CEKyHIOMep (4achl), CIIPABOYHUK I10 (PU3HKE.
3aganme.
1. O3HaKOMHTBCS C TEOPETUUYECKHM MaTepHaIOM
Teoperuyeckunii marepuas:

KO3(1)(1)I/II_[I/ICHT IMOJIE3HOI'O AEUCTBHUS HarpeBareird CBsA3aH COOTHOICHUCM:

K.I1.1.= = +100% (1)

Q ;- moJsIe3Has TEIJIoTa U oIpeessercs no Gopmyne
Qu=C*m(T2-T1) (2)

IJIe C — yJenbHas TeIJI0OEMKOCTh KHJIKOCTH,
M — Macca KUIKOCTH, KOTOPYIO KUIIATST,

T, — HayanbHas TeMIepaTypa KUIKOCTH,

T, — KOHeuYHas TeMIiepatrypa KHUAKOCTH,

Q3 — KOJIMYECTBO TEIUIOTHI, KOTOPYIO BHIACISET HArpeBaTelb
(3aTpadeHHasl TEIIIOTa) U ONpeAeseTcs mo hopmyre:

Q:=P -t (3),

rac P — MomuOCTE SJICKTPHUYCCKOT'O HArpeBaTciii,
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t — uHTEepBaJ BpEMEHH, 32 KOTOPBIH 3aKuIeNna KUAKOCTb.
MOMIHOCTD 3JEKTPUUYECKOTO HarpeBarTessl ONpeaesieTcsl 0 MaclOPTHBIM JaHHBIM, YKa3aHHBIM Ha

npudope.
Bpemsi, 3a KOTOpO€ 3aKHIUT >KUIKOCTh, OMPEICNACTCS dYacaMu. YJelbHas TEIIOEMKOCTh BOJIBI
OTIpeeNsIeTCs o CTIIPAaBOYHHUKY.

ITopsinok BbINOJIHEHHSI PAa0OTHI:
1. ToaroroBuTh TAaOMUILY AJI 3alIMCU PE3YIbTATOB, ONPEACISIEMBIX B X0€ PaOOTHI.

Ornpenenutb Boruucnuts

Cs m Ty Ts P t K.IL
.

KI'

Jorc\xe
e K

3aHecTH B TaOJUIy CIIPaBOYHbIE JAHHBIE YIEIBbHOW TEMIOEMKOCTH BOJbI.
3anucarh B TaOJIMIly HOMMHAIbHYIO MOIIHOCTB 3JIEKTPUYECKOI0 HarpeBaTells, yKa3aHHYIo Ha puoope.
B cocyn nns kunsuenus Boabl HanuTh 200 r BOABL
Onpenenutsb HayalbHYI0 TEMIIEpaTypy BOJbI.
Bxuttounts HarpeBaresib 0OJHOBPEMEHHO C CEKYHIOMEPOM (YacaMu).
7. OCTaHOBUTH CEKyHIOMEp (Yachl) B MOMEHT OypHOro KuIEHHs BoJbl. Bpems, 3a koTopoe 3akumena
BOJIa, 3aHECTH B TAOIUILY.
8. Beoruucnute K.I1./1. anekrpuueckoro HarpeBartens.
9. TloBTOPUTH ONBIT C JPYTUM HarpeBaTeseM.
10. YuuTsIBas moTepu SHEPruM cHOPMYITHPOBATH BHIBOJ.
KoHTpoJibHbIE BONIPOCHI:
1. Veenmuurca wmum ymenbmutces KUILJ[. anekrpuyeckoro yailHMKa, €CIM Ha €ro CTEHKax
MOSIBUJIACH HAKUIIb (OTIIOKEHHUE coyeit)?
2. 3aBucut nmu KIIJl 21eKTpUYECKOro YalHWKA OT TOTO OTKPBIT OH WIIM 3aKPBIT?
dopma npeacraBjeHus pe3yabTara:
Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU AJis 1abOpaTOPHBIX paboT
Kputepun onenkn:
3a npaBUWIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISECTCS MOJIOKUTENbHAS OlleHKa — 1 Oa.
3a HeMpaBWIILHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BHICTABIISICTCS OTpHUIIaTeNbHAas olleHka — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% mpaBUIBLHBIX OTBETOB
Oyenka «neyooenemeopumenvHoy svicmasiiemcs 3a MeHee 60%0 npaBUIbHBIX OTBETOB

ocoakrwd

Tema 4.3 DieKTPUYECKHUI TOK B Pa3JIMYHbIX Cpeaax

JIabopaTopHoe 3aHsATHe N214

OmnpenesieHne 3J1eKTPOXMMHUYECKOr0 3KBUBAJIEHTA Me/IU B Mpolecce 3JeKTPoJIn3a cyjabdara meau.
Henab: onpenenuts AMEKTPOXUMUYECKUI SKBUBATICHT MEIH SKCIIEPUMEHTAIbHBIM ITYTEM.
Brinosinenue padoTsl cnocodcTByeT GOPMHUPOBAHMIO:

112



OK 01, OK 02, OK 05, OK 07, OK 04 OK 09 IIK 2.1
MarepuaibHoe o0ecrnedyeHMe:  BECbl U Pa3HOBECHl;  aMIEPMETP; Yachl; AJIEKTPOIUIMTKA;
aKKyMYJIATOpHas OaTapesi; peocTaT; KJII04; MEeIHBIE 3JIEKTPOAbI (2 MT).) CO BCTABKOW; COCTUHHUTEIbHbIC
IIPOBO/JIA; JEKTPOJUTHYECKAsI BAHHA C PACTBOPOM MEIHOT0 KyIopoca.
3aganmue:
1. IIponabmronarh sBICHHE 3JEKTPOJIM3a MEIU U3 PACTBOPA MEJIHOI0 KyIopoca.
2. HayuuTbcs onpeaensaTh 3JIEKTPOXUMUYECKHI SKBUBAJIIEHT 110 PE3yJbTaTaM dKCIIEpUMEHTA.
ITopsinok BbINOJIHEHHSI PAa0OTHI:
1. OuuncTuth HaXIAYHOM OyMaroil KaTOJHYIO IUIACTHUHKY, ONPENEIUTh B3BEUIMBAHUEM Maccy
rnactaakn ()
2. CocCTaBUTb NIEKTPUUECKYIO LieNb 10 cxeMme. [Ipu cocTaBiaeHnn nenu B3BEIEHHbIH 3JIEKTPO
COEIMHUTH C OTPULIATENIbHBIM OJIOCOM UCTOUYHHKA AIEKTPUUYECKON SHEPIUu.
3. 3aMKHYTh LIEIIb ¥ 3aMETUTh BPEMsI BKJIFOUEHMSI TOKa. CuSO
4

A1

L 1

R
R

Yepes 15-20 MUHYT pa30MKHYTb LIEb.
BbIHYTH KaTOAHYIO IIACTUHKY, IPOMBITH U IPOCYLIUTh.

ISZES A

B3BemBanuem onpeaenuTs Maccy KaToja (m-) Hocme MPOMYCKaHMS TOKa.
B B m=m,—m
7. Haiitu maccy (m) BBIJICTIUBIIICICS HA KATO/IE TIPH JICKTPOIIH3E 110 hopMyIie: !

1€ m1- HadaJlbHasg MaccCa IIJIaCTUHKH, KI'; 1Mpo- KOHEYHAas1 Macca IIJIaCTUHKU, KI'.

8. Brrumciuth BHCKTpOXI/IMI/IquKI/Iﬁ OKBHUBAJICHT MCIIU U3 (l)OpMYJ'IBII

IJIe M- Macca BBIJICIUBINErOCs BEIIEeCTBA, KT m
I- cuna Toka, A;  t- BpeMs DJIeKTpOIIn3a, C. K=—-
9. Pe3ynbTaThl W3MEPEHUI W BBIYMCIICHHUN 3aMucaTh B Ta0IHIy 1. /-t

10. CpaBHMTB NOTY4YEHHBIH PE3yNbTAT C TAOTMYHBIM.
11. BeruucnuTh aOCOMIOTHYIO A 1 OTHOCUTENIBHYIO € TOTPEIIHOCTH U3MEPEHHH 1o opMysaMm:
Cnenatb BBIBOJ 11O paboTe.

Tabmmma 1
Ne| Macca mexn, | Bpems BemmmunHa| SneKTpoximMil-| AGCOmIOT- OtHOCHTenbHAs
OTIOXKHIBIIEH | IPOIyC CILTEBI JeCKIIT Has MIOTPeNIHOCTh
csl Ha Karole | KaHIA TOKa SKBHBAJICHT IOIPemHOCTH &,%
m,Ke Toxka I€ 1,4 MeIn A, Ke
s Ke P o g
K. : Ka-c
Ki-c

KoHnTpoJsbHbIe BONpochI
1. Yem 00ycrnoBieH 3JIEKTPOXUMHUUECKUNA TOK B DJIEKTPOIUTAX?
2. Kak paccunrtars Maccy BbIIEIMBILIETOCs BELIECTBA Ha IeKTpoze?
3. OT "yero 3aBUCHT DIIEKTPOXUMHUIECCKUAN IKBUBAICHT?
4. Kaxoii ¢pu3zndeckuil CMBICI JIEKTPOXUMHUYECKOTO SKBUBAJICHTA?
5. Kakoe oOopynoBaHue H HU3MEpPHUTENbHBIE MNPUOOPH HYXKHO HMETb, UYTOOBI BBIYHUCIHUTH
EKTPOXUMHUYECKUI SKBUBAJIEHT?
Ha3Batb pabouyro Gpopmyity JUIsl BHIYUCIEHUS 3JIEKTPOXUMUYECKOT0 SKBUBAJICHTA.
7. Ha xaxoMm M3 3J€KTPOJOB BBIAEISAETCS MEAb B YUCTOM BUJIE U NTOYEMY?

o
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8. B D2IeKTpOMUTHYECKYI0O BaHHY IIOMECTUM MEIHYI0 IUIACTHHKY, CIYXKallyl0 aHOJIOM.
[InacTuHKa MOKpHITA BOCKOM, Ha KOTOPOM HalapamaH pPHCYHOK. UTO MOJYYHTCS TOCIe
MPOITYCKaHUS TOKA U yJIaJICHHs BOCKA C TUTACTUHBI?

9. UYro Takoe rajJbBaHOCTErMs, raJIbBAHOIIJIACTHKA.

10. Yepes pactBop MemaHoro kynopoca mpornio 20 kK anekrpudectsa. [Ipu 3ToM Ha 0THOM U3
3JIEKTPOJIOB  BBIJIEIACTCS B UHUCTOM BHJE Maccod 6,6 rTpamm Meaud. Omnpenenutb
ANMEKTPOXUMUYECKUI IKBUBATICHT MEIH.

11. CkonbKO HHKENS BBUICIUTCS MPU DJIEKTpOJM3e 3a | yac TpH CHiIe TOKa 5 Amriep, eciu
M3BECTHO, YTO MOJIIpHAsi Macca Hukens 58,71 r/MoJib, a BAIGHTHOCTh paBHa 2.

12. Onpenenute Maccy cepeOpa, BBIICIMBIICTOCS HAa KaTOJAE MPHU SJIEKTPOJIM3E a30THOKHUCIOTO
cepeOpa B TeueHHe 2 4acoB, €CIIM K BaHHE MPHIIOKEHO Hampsbkenue 1,2 B, a conmpoTuBienue
BaHHEI 5 OM.

13. DriekTponu3 MEIHOTO Kymopoca MpOXOAwI Mpu Toke 5 Ammep B teueHue 50 munyt. Kakoe

- P
ke, =3.3-107 %
KOJIMYCCTBO ME€AH BBIACIIMIIOCH HAa KaTOAC, €CIIN Kn .

®dopma npeacTaBiaeHusl pe3yJabTarTa:
Pabora momkHa ObITh BBIMOJIHEHA B TETPAIH VIS JIAOOPATOPHBIX paboT
Kpurepun oneHku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKUTENIbHAS OlleHKa — 1 Oa.
3a HeMpaBWIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNUE BHICTABIISICTCS OTPHUIIATEIbHAS OlleHKa — 0 0aJuIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasinsiemcs 3a 80 — 89%0 npaBUITBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.3 DeKTpUYECKH TOK B Pa3JIHYHBIX Cpeaax

JlabopaTopHoe 3aHATHE N215

3aBMCHMOCTDH CONPOTHBJICHHSA OT TeMIIepPaTypbl 00pa3oB MeTAJ/IA U MOJIYNIPOBOJIHUKA

Henab: wu3MepsTh CONPOTUBIEHHE MPOBOJHHMKA OMMETPOM; YCTaHOBUTHb  3aBUCHUMOCTH
COIIPOTHBIIEHUE METAJUIA U TIOJYIIPOBOJHUKA OT TEMIIEPATYPHI.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 05, OK 07, OK 04 OK 09 IIK 2.1

MarepuanbHoe ofecrnedeHHe: MYJIbTUMETpP, MNpPUOOPHl A HU3YyYEHUS  3aBUCUMOCTHU
COIIPOTHBIIEHUSI MeTajlyla U IOJYIPOBOAHMKA OT TEMIIEPATYpbl, TEPMOMETp, DJIEKTPUYECKas IUIMTKA,
LITaTUB C IPUHAJIEKHOCTSIMH, KOJI0a ¢ BOJIOM.

3ananne

1. O3HaKOMHUTBHCA C TEOPeTHYECKMM MaTEepUAJIOM.

Teopernyeckunit marepuan:

Ecnu mponycTuTh 3J€KTpUYECKUH TOK 4Yepe3 CTajJbHYI0 CHOUpalb, a 3aTeM €€ Harperb, TO
aMIepMeTp NOKaXET YMEHBIIEHUE CHJIBl TOKAa. OTO O3HA4aeT, YTO C H3MEHEHHEM TEMIIEpaTyphl
COIIPOTHBIIEHUE METAJIa MEHSETCSI.

Bce wMetanmnel — KpUCTANIMYECKHE Tela, B y3/1axX KPUCTAJUIMUECKOM pPEIIETKH KOTOPBIX
pacrojaraercsi MOJOXUTEIbHO 3apsyKEHHbIE HOHBI. MeXIy KOJIeOTIOUIMMUCS HOHAaMHU JBUTAIOTCS
CBOOO/HBIE AJIEKTPOHBI. BenuuuHa 3IIEKTPUYECKOTO COMPOTHUBIEHUS MeETaljla 3aBHCHUT OT 4YHCIa
CTOJIKHOBEHHH KOJEOMIOMUXCS HMOHOB M CBOOOIHBIX 3JIEKTPOHOB. [IpH yBelIWYeHHH TemIeparypsl
MeTaljla YBEIMYMBAETCS aMIUTUTYy1a KoJieOaHU MOHOB. DTO MPUBOAMT K YBETUUYEHUIO CTOJKHOBEHUH, a
3HAUYUT U K YBEIMUEHUIO CONPOTUBIICHNS METalIa.
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B monynpoBoHUKE TP YBEIMUYECHUU TEMIIEPATYPhl YBETUYMBACTCS YHCIO CBOOOTHBIX HOCUTENEH
3apsia, MOSBUBIIKXCS NMPU pa3pbiBe KOBAJICHTHBIX CBsI3€d. DTO MPUBOAMT K YBEIMYEHHUIO CHJIBI TOKA B
IIOJIYIIPOBOJIHUKE U K YMEHBILIEHUIO COIPOTUBIICHUS IIPOBOIHUKA.

ITopsinok BbINOJIHEHHUSI PA0OTHI:

1. [ToaroroBbTE K pabOTE OMMETP:

a) BCTaBbTE MITHIPHKHU MPOBOJIHUKOB B THe3/a, 0003HaueHHbIE «OQ» U «0011 COM.»;

0) mocTaBbTe NepekIrouaTesb Ha nuppy «10»;

B) COEIMHUTE CBOOOHBIC IITHIPHKU MPOBOJIHUKOB U PYUKOU «yCT. 0%» MOCTaBUTH CTPEJIKH Ha «0».

2. Ha »meKkTpuYecKyr IUIMTKY IMOMECTHTE KOJOy ¢ BOJoi. Bo m30ekaHmum maneHus KOJObI
MIOMECTUTE B KOJbBIIO, 3aKpeIJIeHHOE B IITaTHUBE. B konly omycTuTe mpoOUpKY, ¢ MOMEUICHHONW B He
KaTyIIKOW U3 MEIHOTO MPoBoa. OCTOPOKHO OMYCTUTE B IPOOUPKY TEPMOMETD.

3. CBoOOIHBIE ITHIPHKM OMMETPA COEAUHUTE C KIIEMMaMU MEAHON KaTyIIKH.

4. BxiouMTe UIHYP TUTUTKH B PO3ETKY M U3MEPHTE CONPOTUBICHUE KATYIIKU NPH PA3IUYHBIX
3HAYEHUSX TEMIIEPATYPHI.

5. BHecuTe usmepeHus B Ta0IULLy.

IIpoBoaHuK (Menab)

t°, C

R, Om

6. Ha ocnoBe u3mepenuit nocrpoiite rpadux. Craenaiite BbIBOJ, KaK COMPOTUBIICHUE MPOBOIHUKA
3aBUCUT OT TEMIIEPaTYpBhI.

7. IlocraBpTe mepexmoyarenb ommerpa ¢ mudpsl «10» Ha mudpy «100» U mocraBbTe CTPEIKY
ommetpa Ha «0» (Cm. myHKT 1-B).

8. 3aMeHuTe B KOJIOE MPOOUPKY C METAJUIOM HA MPOOUPKY C MOIYIPOBOAHUKOM (TEPMHCTOPOM).
Omnycture B npoOupky Tepmomerp. K kiieMmam TepMuCTOpa MOJICOEAMHUTE OMMETP.

9. 3mepbTe cONMpOTUBIICHNE TOIYIPOBOJHHUKA ITPH PA3IMYHBIX 3HAYEHUSIX TEMIIEPATYPHI.

10. Baecute n3mepenus B Tabnuily.
IHonynpoBoaHuK

t°C

R, Om

11. IMoctpotite rpaduk R(t).

12. CnenaiiTe BBIBOJI, KaK CONPOTHUBIIEHHE MOTYIPOBOIHUKA 3aBUCUT OT TEMIIEPATYpPHI
KonTpoabHbie Bonpocsi:

1. DnexTpudeckuil TOK B MeTaIaX — 3TO YINOPSAA0YSHHOE JBI)KEHHUE ... .

2. C TOYKM 3peHHUs DOJICKTPOHHOM TEOPHH DIIEKTPHUYECKOE COIMPOTHBIICEHHUE OOYCIOBICHO
COYJIapEHUSAMH ... .

3. C NOBBIIIEHNEM TEMIIEPATypPhl COIIPOTUBIEHUE METAILIA ...

®opma npeacTaBieHus pe3yJabTara:

Pa6ota nomkHa ObITH BBIMOJIHEHA B TETPAIu AJIs 1a0OpaTOPHBIX paboT

Kpurtepun onenkmn:
3a MpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIISICTCS TOJOKHUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNe BHICTABIISICTCS OTpHUIIaTeNbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIBHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyooenemeopumenvHoy svicmagisiemcs 3a MeHee 60%0 npaBUIBHBIX OTBETOB

Tema 5.1 Mexannueckue KoJe0aHUA M BOJHBI
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JIabopaTopHoe 3ansaTHe N216

IIpoBepka 3aKOHOB KO0JIEOAHUIT MATEMATHYECKOT0 MAITHUKA

Heﬂb: YCTAaHOBUTH MATCMATUUYCCKYIO 3aBUCUMOCTD IICPUOJa HUTAHOTO MadTHHUKA OT IJIMHBI HUTHU
MasTHHKA.

BoinosiHeHune pa6oTsl criocodcTBYeT (JOPMUPOBAHUIO:

OK 01, OK 02, OK 05, OK 07, OK 04 OK 09 11K 2.1

MarepunanbHoe obecrnieyeHue:

ANEKTPOHHBINA CEKYHIIOMEpP, U3MEpPUTENIbHAS JICHTA, IAPUK C OTBEPCTHEM, HUTb, IITATUB C My(PTOi
1 KOJIBLIOM.

Teopus.

MaremaTHdecKuM MasSTHHKOM Ha3bIBACTCS MaTCpuajibHasa TOYKA, IMOJABCHICHHAA Ha HEBECOMOU M
HEPaCTSHKUMON HUTU. MOZIENIbIO MOXKET CIIYKUTh TSKEbIA IIAPUK, pa3Mepbl KOTOPOro BECbMa MaJlbl 110
CPaBHEHHIO C JJMHHOW HUTH, HA KOTOPOM OH NOJBEUIEH (HE CpPaBHUMBI C PACCTOSHHUEM OT LEHTpa
TSKECTH JI0 TOUKH MOJBECA).

Vuensie [lanmumneit, HptoToH, beccenbr u ap. ycTaHOBWIM CJEAYIOIIME 3aKOHBI KOJI€OaHUS
MaTeMaTUYeCKOro MasiTHUKA:

1.HepI/IOIl KOJIe6aHI/I$I MAaTEMATUYCCKOI'0O MaATHHKA HE 3aBUCUT OT MACChl MasjsTHHKa HW OT
aMIUIUTY/Ibl, €CIIM YTOJ pa3Maxa He npesbimaeT 10 rpagycos.

2.Ilepuon koneGaHUsT MaTEMATUYECKOTO MAasSTHUKA MPSIMO MPOIOPLUUOHAIECH KBAapPaTHOMY KOPHIO
U3 JUIMHBl MasSTHUKA U OOpaTHO NPOMOPIMOHAJIEH KBAaJpPaTHOMY KOPHIO U3 YCKOpPEHUS CBOOOIHOTO
aacHus.

Ha ocHoBanuM »3THUX 3aKOHOB MOXHO Hamucath ¢GopMyly [Uisl Tepuoja KojeOaHui
MaATEMATHYCCKOI'O MassTHHUKA.

T'=2m i
g

I/ICHOJ’[B?;YX MOACIb W 3aKOHbI KOJICOAHHM MaTeMaTH4ECKOTO MasgTHHKaA, MOXHO HpOHa6J'II-O)IaTB
CBO60,Z[HBI€ KOJ'IC6aHI/IH, a TAKXKC C UX NOMOIIBIO ONPEACIUTL YCKOPCHHUEC CBO60,Z[H01"O nmaaCHUuA 1A cBOEH
MCCTHOCTH U CPAaBHHUTH CO CIIPABOYHLIM 3HAYCHHUEM Z.

YckopeHnne cBOOOAHOTO MaJCHUSI MOXKET OBITh BBIUMCIIEHO 1O (hopmyrie
A2
Y
JE
Xoa paGoTsI:
1. BakpenuTh HUTh MasATHUKA B IepKaTesie TaTUBA.
2. U3MepuTh JUIMHY MasiTHUKA (JUIMHA MasTHUKA CYMTAETCS OT TOUKH IOJIBECA J0 LIEHTPA TAKECTH
[IAPHKA).
3. OTKJIOHUTH HIApUK Ha yroi He 6osee 10° U OTITYCTUTS.
4. OnpenenuTb BpeMs, 3a KOTOpoe MasiTHUK coBepiini 20 KoneGaHu.
5. Berunciuth nepuoj KosebaHusi MasTHUKA, UCoNb3ys popmyny Nt T .
6. IIoBTOPUTH OMBIT €111e TP pa3a, yMEeHbIIas (WM YBETUUMBasi) JUIMHY HUTH MasiTHUKA.
7. Pe3ynbTaTel 3aHECTH B TaOIUILY.

Taomura Nel

Ne JlnuHa HUTH MasiTHUKA |, M Yuco noyHbIX Bpewms xonebanuii | [lepuon
koJsieOanuii N t, C koseOanuii T, ¢
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1 20

2 20
3 20
4 20

8. Cenatpb BBIBOJ O 3aBUCUMOCTHU IIEpHO/Ia HUTSHOTO MasTHUKA OT JJIMHBI €0 HUTH.
KoHTpoJibHBbIE BOIPOCHI.
UYrto Ha3BIBAIOT MEPHUOIOM KOJIeOaHH MasiTHUKA?
Yrto HaA3BIBAIOT YAaCTOTOM KoJIeOanuii masTHuKa? KakoBa equHMIIa 4acTOTHI KOJeOaHMii?
OT KaKMX BEJIMYMH U KaK 3aBUCHUT IIEPUO]] KOoJIeOaHNI MaTeMaTHYeCKOTO MasiTHUKA?
OT KakuX BEJIMYUH U KaK 3aBUCUT MEePUOJ KoieOaHU MPY>KUHHOTO MasiTHUKA?
N300pa3ute MaTreMaTHYECKUI MasTHUK B KpailHEW NMpaBoW TOYKE M TOKAKHUTE HA YEPTEKE CHIIB,
JIEMCTBYIOIME HAa MIAPUK B IAHHOM TOUKe TpaeKkTopuu. Hapucyiite paBHOAEHCTBYIOUTYIO CUII.
Kak MeHsieTcs Benmn4yrHa U HaIlpaBlieHHE PAaBHOACHCTBYIOLICH CHII B TEUSHHE Nepruoia?
®opma npeacTaBJieHus pe3yabTaTa:
Pabora momkHa OBITH BBIIOJIHEHA B TETPAAH ISl IAOOPAaTOPHBIX paboT
Kpurepun oneHku:
3a mpaBUIIHLHO BBIITOJHEHHOE 33/JaHHE BBICTABIISIETCS TIOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISIETCS OTpHUIIaTeIbHAs olieHka — () 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasinsiemcs 3a 80 — 89%0 npaBUITBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

ko E

o

Tema 5.1 Mexannueckue KoJe0aHUA M BOJHBI

JIabopaTopHoe 3ansaTHe N217

I/I3yqune 3aKOHOB IIPY’KUHHOI'0 MasiTHUKA

Henab: 3KcnepUMMEHTANbHO YCTAaHOBUTH 3aBHUCHUMOCTh IepHofa KoJeOaHWM  IPYKUHHOTO
MasiITHUKA OT KECTKOCTH IIPYKUHBI U MACChI Ipy3a
Boinosinenue padorsl cnocodcTByeT GOpMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04 OK 09 IIK 2.1
MarepuanbHoe olecnieyeHue: MTATUB ¢ My(TOIN U Jankoi, HAOOP MPYKUH Pa3HOU KECTKOCTH,
Habop TPy30B Pa3HOIl MACCHI, CEKYHIOMEP
Ilopsinok BbINOJHEHHSI padOThHI:
Onpeoenenue 3agucumocmu nepuooa Ko1eOanuti om Maccyl epy3a
1. CoGepure npyXKMHHBIN MasTHUK, UCIIOJIb3Ys BBIIAHHOE 000pYyI0BaHHE.
2. BrpBennuTe MasTHUK W3 TOJIOKEHHS PABHOBECHS, BKIIOYHTE CEKYHIOMEDP W OTCUHTAKNTE IeCATh
KosebaHuil. Mcronp3ys moka3zaHusl CEKyHJIOMEpa, paccuuTaiiTe nepuoJ KojebaHuil U 3anoJHUTe
MIEPBYIO CTPOKY TAOIUIIBI.

Ne N t,c T, m, kr | mPkr” | k.,m/m
OnbITa

1

2
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3. TloBropure skcmepumeHT euié 4 pasa, yBenuWUMBas Maccy HO, HE MeHss HpyxuHbl [lo
MIOJTyYEHHBIM JAHHBIM 3aI10JIHUTE TaOIHILy.
4. Tlocrpoiite rpaduk 3aBucumocTu mnepuona konebGanuii (T) OoT KBaapaTHOrO KOpHS M3 MAacChl
172
(m™).

5. Tlo dopme rpaduka onpenennuTe BUj 3aBUCUMOCTH MEXKTY IIEPUOJIOM B KOPHEM KBaJPATHBIM U3
MAacCCBI.

Onpedenenue 3a8ucuMocmu nepuooa Koiedanull Om #CECmMKOCMU NPYHCUHbL

1. CobGepure npyKMHHBII MasTHUK, UCII0JIb3YS BbIIaHHOE 00OPYIOBaHHE.

2. BeiBemuTe MasTHUK W3 TOJOXKEHHUS PABHOBECHS. BKIIOUUTE CEKYHIIOMEP M OTCUMUTANTE AECATh
KoJie0aHui.

3. Hcnonp3ys moka3aHus CEKyHIOMEepa, paCCUUTalTe Tepro 1 KoJeOaHNi 1 3aTIOJTHUTE IEPBYIO CTPOKY
TaOJIULIBI.

No ombiTa N t,c T,C m, Kr k,u/m Kllz,(2H/M)l/

1

2

3

4

5

4. TloBropute skcnepuMeHT eulé 4 pasza,yBenuunBas KOd(GOUIHUEHT KECTKOCTU HO, HE MEHsS Maccy
rpy3a. [1o mosrydeHHBIM TaHHBIM 3aIIOJTHUTE TAOJIHUILY.

5. Iloctpoiite rpaduk 3aBucuMocTH mnepuona kosebanuii (T) OT KBaApaTHOrO KOpPHSA W3
koo puumenta xécrroctu. (k¥2).

6. Ilo ¢opme rpaduka ompeaenuTe BHUI 3aBUCHUMOCTH MEXAY MEPUOJOM M KOPHEM KBaJpPaTHBIM U3
KO3 puImeHTa )KECTKOCTH.

7.

CrnenaiiTe BBIBOA O 3aBUCMMOCTH TepuojAa KojebaHWil OT Macchl Tpy3a U KoddduimeHTa
KECTKOCTH.

KoHnTpoJsbHbBIE BONIPOCHI:

1. B kaxom MoJI0)XKeHUH MasiTHUKA CKOPOCTh Oy/IeT MaKCUMaJIbHOM?

2. B xakoMm MOJ0KEHUU MasTHHKA CKOPOCTh PaBHA HYIIIO.

3. VYBenmum4wIvd WM YMEHBIIHIN MacCy Tpy3a, MOJBCIICHHOTO K MPYKHHHOMY MasiTHUKY, €CIIH: a)
nepuoJ ero konedbanuii cHavana 0w 0, 4 ¢, a mocie usmMeHeHust maccel cran 0, 2 c;

0) yacToTa ero kosie0aHuii BHauase Ob1a paBHa 6 ['11, a moTom ymenpmunace 10 S5 I'u?

®opma npeacraBiaeHus pe3yJabTara:

Pabora nomkHa ObITh ITpeCTaBIeHA B TETPaIH AJs 1a00paTOPHBIX padoT
Kpurepum ounenku:

3a mpaBUIIHLHO BBITOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — 1 6as.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNe BBICTABIISIETCS OTPUIIATEIbHAS onleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB

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

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

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

Tema 5.2 DaeKTpoMarHUTHbIE KOJI€OAHUS M BOJTHBI
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JlabopaTopHoe 3ansitue Nel8

YcrpoiicTBo TpanchopmaTopa U reHepaTopa
Llesb: U3y4nTh YCTPOHCTBO U MPUHIUIT padOTHI TpaHCPOpMaTopa U TeHepaTopa.

BbinosiHeHune padoThl cOCOGCTBYET (POPMHUPOBAHUIO:
OK 01, OK 02, OK 05, OK 07, OK 04 OK 09 TIK 2.1
MarepunanbHoe obecrnieyeHue:
TpaHchopMmaTop Ja00OpaTOPHbIM, JaMIla HaKaJMBaHUS, KJIIOY 3aMbIKaHUS TOKA, KOMILJIEKT MPOBOJIOB
COCAUHUTCIIbHBIX.
3aganue
1. WByuuth cTpoeHUE, HA3HAYCHUE W MPUHIUIN JCHCTBUS TpaHCchopMaropa
2. W3y4uTh cTpoeHHe, Ha3HauUeHHE M NMPUHLMKI ASHCTBUS FeHepaTopa.

Ilopsinok BbINOJIHEHHS PA0OTHI
H3zyuenue ycmpoiicmea mpancgopmamopa

Tpancdopmarop mnpeodpa3yeT TmepeMeHHBI TOK OJHOTO HAampsHKEHUS MPH HEM3MEHHOH 4acToTe.

OH coCTOMT H3 3aMKHYTOTO CEpJIEYHHKA, U3TOTOBJIEHHOTO W3  CIIELUAJIBHOW  JIMCTOBOM

TpaHCc(OPMATOPHOH CTamM, HAa KOTOPOM pACHOJaraloTcsl ABE KaTyMIKH (MX Ha3bIBAlOT OOMOTKaMu) C

Pa3HbIM YHCIOM BUTKOB M3 MEJHOM MPOBOJIOKU.

OnHa u3 0OMOTOK, Ha3bIBACTCS MEPBUYHOW, MOJKIIOYACTCS K MCTOYHUKY MEPEMEHHOTO HAIPSKEHHUS.

YcrpoiicTBa, MNOTPEOAIOMINE BIEKTPOIHEPTUIO,  MOJKIIOYAIOTCA K BTOPUYHONW OOMOTKE, UX MOMKET

OBITh HECKOJIBKO.

[Ipu BbIMONHEHUW pabOTHl ClEAyeT M3YyYUTh YCTPOWCTBO TpaHCHOpPMATOpa, BKIIOUUTH €T0 B CETh

nepemMeHHoro toka (36 B). B pexume XoJg0cTOro Xoja H3MEpPHUTh HAINpPsDKEHHE HAa OOMOTKax H

BBIUHUCIUTh KOA(QGUIMEHT TpaHchopMaluu, a Ipu paboTe TpaHcpopmaTopa «I10J  Harpyskoi»

YCTQHOBUTH CBSA3b MEXJY TOKaMH U HaNpsOKEHHMEM B OOMOTKaX.

Tpanchopmarop cOCTOMT U3 ABYX KaTyuleKk U cepieuHuka. CepAeyHUK COCTOMT M3 JIBYX IIOJIOBHH,
KOTOpBIE

N, wttnce

Mepmman
\2<. J
Lo
'

+

Mhoceer s
narp e
u

Bropmecn BCTaBJJIAIOT B KaTyHIKy H C IIOMOIIIBFO CKO6I)I
- 3aKPEILISAIOT HA OCHOBAHUH.

4=

Xoa Padornl

% 1.  PaccmoTrpute  ycTpoWcTBO  TpaHcdopmaTopa.
Omnpenenure MEPBUYHYI0 OOMOTKY  (KJIEMMBI €

Haanuchio: 36 unu 42 B) u 1Be BTopu4HBIX KieMMbl 2,2 B u 4,4 B)

2. HauepTuTte 351eKTpruecKyro cxemy Tpancdopmaropa.

3. PazGepure Tpanchopmartop. s 3TOro MoOBEpHHUTE €r0 OCHOBAHMEM BBEPX M OTKPYTUTE JIBE TalKu

KpeIUIeHHsI CKOOBI. BBIHBTE CepIeYHHK U paCCMOTPUTE €0 YCTPOICTBO.

4. Cobeputre Tpancdopmarop. [lyis 3TOro BCTaBbTE CEPACYHUK CO CKOOOH B KaTyIIKHU. YCTAaHOBUTE

TpaHcGopMaTOp Ha OCHOBAHKE U 3aKPEIUTE €ro raikamu.

H3zyuyenue Ycrpoiicrea I'eneparopa.
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I'eneparop mocTosHHOro ToKa (puc. 1) COCTOMT M3 JABYX YacTei: HEMOJBMKHOM M Bpalllaroleics.
HenoneuwxkHast vacte (cTatop) sIBISIETCS OCTOBOM MAIMHBI U OJHOBPEMEHHO CIYKUT AJI CO3/IaHUA
MarHuTHOTO TOTOKAa. Bo Bpamaromieiicss 4dactu, Ha3bIBA€MOW SKOpeM (POTOPOM), HHIYLHPYETCS
3NeKTpoABKYIIas cuia - I/C.

KoHcTpyKius reHepaTopa ocTOSIHHOT'O TOKa (CM. puc.2).

HemnoasukHas 4actb cOCTOMT M3 cTaHUHBI (1), TTIaBHBIX MOJIOCOB (2) ¢ 0OMOTKOW BO30Yy)aeHus (3) u
JOTIOJTHUTENBHBIX MOJIFOCOB (4), YMEHBIIIAEMbIX UCKPEHHUE MO/ IIIETKAMU.

Axops umeet cepaeuHuk (5), HaOpaHHBIN U3 TOHKUX CTAJIBHBIX JINCTOB, 0OMOTKY K0P (6), 3aJ10’)KEHHYIO
B Ma3bl cepjaedHuka U kouiekTop (7). Ha moBepXHOCTh KOJUIEKTOpa HaJIOKEHBI YrOJIbHO-TPapHUTOBBIC
etk (8), o0ecreurBarOIIie CKOJB3SIIUNA KOHTAaKT ¢ OOMOTKOM Bpaiaromierocsi sikops. Komnekrop
uMeeT GopMy HUIUHAPA W BBITOJIHSACTCS U3 W30JIMPOBAHHBIX MEIHBIX TUIACTUH - JIAMEJIEH - K KOTOPBIM
MOJICOEIMHEHBI CEKIIMU SIKOPHON 00MOTKH. Bparmiasch BMecTe ¢ 0OMOTKOM, KOJUIEKTOP BBIMIOJIHSAET POJIb
MEXaHUYECKOTO BBITTPSIMUTEIIS.

OOMOTKa BO30YXKIEHHS  CO3/aeT TJIaBHBIM MarHuTHBIA 1OTOK @ momtocoB. B reneparopax c
HE3aBUCHUMBIM BO30Y)KJIEHHMEM OHa I[UTAE€TCS OT TOCTOPOHHETO MCTOYHHUKA TIOCTOSHHOTO TOKa
(BBIIpsIMUTENSA, aKKyMynaTopa u T.m.). C reHeparopoM C MapafielbHbIM BO30YXJAeHHEM OOMOTKa
IJIAaBHBIX MOJIKOCOB MOJKIIIOYEHA K IJIaBHBIM LETKaM, T.€. apauiebHO LEeNU sKops. B cBsa3u ¢ aTuM ais
BO3HUKHOBEHUS MarHutHoro mnoroka u DJIC HeoOxomuM XOTs Obl ciaOblii OCTATOYHBIA MarHUTHBIN
notok. brarogaps HamuuMio OCTATOYHOTO MAarHeTU3Ma BO3HMKAEeT MPOLIECC CaMOBO30YXACHUS
re’eparopa.

Puc.1. Puc.2.

Xox padoTsr:

1. Ctpoenue TpancdopmarTopa - HaYEPTUTh, COCTABHBIC YaCTH yKa3aTh, OPMYIIBI 3aMucaTh, Ha
KOHTPOJIbHBIE BOITPOCHI OTBETHUTD.
2. CTpoeHHe reHepaTopa - HaYepTUTh, COCTABHBIC YACTH yKa3aTbh, (POPMYIIBI 3aICaTh, HA

KOHTPOJIBHBIE BOITPOCHI OTBETHUT.
KoHTpoJibHbIE BONIPOCHI

1 BapuanT

1.Yto Ha3pIBarOT MHIYKIMOHHBIMHU I€HEpPATOpaMu?

2.Kakoii TpancdopmaTop Ha3bIBAIOT MOBBIMIAOIINM, & KAKOH MOHUKAOIIUM?
3.Uto0 Takoe x0JI0cTOM X0 TpanchopmaTopa?
4.TTouemy cepJeYHHUK TpaHCHOpMATOpa U3TOTABIMBAIOT U3 CTAIH, a HE U3 Mean?
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5.B mepBuyHOil 00MOTKE TpaHChOpMaTopa, BKIIOUEHHON B ceTh ¢ HampsbkeHuem 380B. Conepxxutcs
1320 BuTkOB. OnpeAenuTh HaNpsHKEHWE Ha BTOPUYHONW 0OMOTKe, eciu oHa conepkut 300 BuUTKOB. Buj
Tpa"copmaTopa yka3arh, OTBET IMOSCHUTD.

2 BapMaHT

HazoBuTe 0CHOBHBIEC YacTH reaeparopa rn€peEMEHHOI0 TOKaA.

Jlokasarhb, 4TO y HOBBIIIAKOIIET0 TpaHnchopmaTopa K>1.

W3mensiet 11 TpaHcpopMaTOp 4aCTOTy Mpeodpa3yeMoro MNepeMeHHOro ToKa?
[Touemy cepreynuk TpanchopmMaTopa COOMPAIOT U3 OTIECNIBHBIX IJIACTUH?

Ecnn Ha mepBuuHyr0 0OMOTKY TpaHchopmaTopa mojaercss Hanpspkenue 220B, To Ha
BTOPUYHOM OOMOTKE INpPH XOJOCTOM XoJe moiydaercs Hampspkerue 130B. Ywmcio
BHUTKOB TNEPBUYHOM 0OMOTKH paBHO 400. OmpenenuThs YUCIO BUTKOB BO BTOPUYHOM
obMoTke. Bua Tparcdopmaropa ykazarh, OTBET MOSICHUTD.

ok w

3 BapuaHT
KakoBa pons HHAYKTOpa U SIKOpS. B yCTPOMCTBE reHepaTopa NepeMeHHOro ToKa?

Yro Takoe noHwxkaromui Tpancopmarop?

3. Tlouemy cepaeunuk TpancopmaTopa JeNaroT HE CIUIOMIHBIM. A U3 MHOYKECTBA TUIACTHH,
M30JIMPOBAHHBIX APYT OT JIpyra?

4. Tlouemy MOITHOCTB, MOTpeOIsieMass OT BTOPUYHONH OOMOTKH, MEHBIIIE MOLTHOCTH,
MMOJABOJIMMOMN K MEPBUYHON 0OMOTKE?

5. CKOIbKO BUTKOB JIOJKHA MMETh BTOpUYHAsE OOMOTKa TpaHcpopMmaTopa Uisl MOHMKEHUS
HanpspkeHus ¢ 12000 no 120B, eciau nepBuyHas oomotka coaepkut 4000 ButkoB? Bun
TpaHcopmaTopa yKa3aTh, OTBET IMOSCHUTH.

®opma npeacTraBieHus pe3yJbTara:
Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU AJIs 1a0OpaTOPHBIX paboT
Kputepun onenkmn:
3a MpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIISIETCS TIOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMmpaBUIJIbHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIISETCS OTpHUIlaTeIbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB
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