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BBEJAEHUE

BaxHyro yactb TeopeTuueckoil u npodeccuoHaIbHOW MPAaKTUYECKOM MOArOTOBKU 00Yy4arouXcs
COCTABIISIIOT MPAKTUYECKUE U Ta0OpaTOPHbIEC 3aHATHSI.

CoctaB u cojepxaHHMe IMPAKTUYECKUX U J1a0OPATOPHBIX 3aHATHHA HAIpPaBICHbl HA PeaTU3alHio
denepanbHOTO TOCYAapCTBEHHOTO 00pa30BaTENbHOTO CTAaHAApTa CpEIHEro oO0Iero oO0pa3oBaHUS C
Y4ETOM I0JTy4aeMOH CIELMAIBHOCTH.

Benymieidi aumakTHYeCcKOM — LENbI0  MPAKTHYECKHX  3aHATHHA  sABJIsieTCs  (OPMHPOBAHUE
po(eCCUOHATIBHBIX MPAKTUYECKUX YMEHUH (YMEHMH BBINOJHATH OINpEJesIeHHbIE JeHCTBUS, Olepaluy,
HEOOXO/AMMBIE B TOCIEAYIOMEM B MPO(ECCHOHAIBLHOW NEATENbHOCTH) MM y4eOHBIX MPAKTUYECKUX
YMEHUH pemiath 3a1a4u 1o (pusnke, HEOOXOAUMBIX B MOCIEAYIOIEH y4eOHO! AeATeIbHOCTH.

Benymieid aumakTHUeCKOW IENbI0  J1a0OpaTOPHBIX 3aHATUH SIBISETCS  OKCHEPUMEHTAIBHOE
IIOATBEPKICHUE U IPOBEPKA CYILIECTBEHHBIX TEOPETUUECKUX 3aKOHOB, 3aBUCUMOCTEN.

B coorBercTBUM ¢ paboueil mporpaMMoil yueOHOM AMcUMILIMHBL «PU3MKa» MPEayCMOTPEHO
IIPOBE/ICHUE NMPAKTHUECKUX U TAOOPaTOPHBIX 3aHATHH.

BrimonHeHne npakTH4ecKux M JIabOpaTOpHBIX pabOT 00ecTieYMBaeT JOCTHKEHNE 00YUaIOIMMUCS
CIIENYIOIUX Pe3yabTATOB:

o [1P61 chopMUpOBaHHOCTH MPEACTABICHUI O POIH U MecTe (PU3MKH M aCTPOHOMHUHU B COBPEMEHHOMN
Hay4YHOI KapTHHE MHpa, O CUCTEMOOOpa3yroliel poiu (pU3UKKU B pa3BUTHH €CTECTBEHHBIX HAYK, TEXHUKH
Y COBPEMEHHBIX TEXHOJIOIH, O BKJIaJ€ POCCUIHCKUX U 3apyOeKHbIX yUEHBIX-(HU3UKOB B Pa3BUTHE HAYKH;
MNOHMMaHUE (U3NYECKON CYIIHOCTH HAOIIOJaeMbIX SIBJIEHUN MHUKPOMHpA, MAaKpOMHUpa M MeEramupa;
[IOHMMAaHHUE POJIM ACTPOHOMHMHM B IIPAKTHUYECKON JACSATEIBHOCTH YEJIOBEKA M JaJbHEMIIEM Hay4dHO-
TEXHUYECKOM Pa3BUTHHU, PO (U3UKU B (GOPMHPOBAHUU KpPYyro3opa ¥ (YyHKIHOHAIHLHONW TPaMOTHOCTH
4eJI0OBEKa JJIs PELEHUS IPAKTUYECKUX 3aad;

° [1P62 chopMUPOBAHHOCTh YMEHHUH pacro3HaBaTh (PU3UYECKUE SBICHHS (TIPOLECCH) U OOBICHATH
UX Ha OCHOBE M3YYEHHBIX 3aKOHOB: PABHOMEPHOE M PAaBHOYCKOPEHHOE IPSIMOJMHEWHOE [BHKEHHUE,
cBOOO/IHOE TaJICHUE Tel, JBUKEHHE 10 OKPYKHOCTH, MHEpLUs, B3aUMOJEUCTBUE Tel, KojebaTenbHOoe
JBMKEHUE, PE30HAHC, BOJIHOBOE ABIKEHUE; MU y3Hsl, OpOYHOBCKOE ABHIKEHHE, CTPOCHUE )KUIKOCTEH U
TBEPABIX TN, W3MEHEHHWE O00beMa TeJl NpH HarpeBaHuu (OXJIAXKIEHUHU), TEIUIOBOE paBHOBECHE,
UCIIapeHue, KOHICHCAlMs, TUIABJIICHUE, KPUCTAIUIM3alis, KUIIEHHE, BIIAXKHOCTh BO3/yXa, CBA3b CpeIHEH
KMHETUYECKOM 3HEpruM TEIUIOBOTO JABMXKEHHS MOJEKYNl ¢ aOCOJIIOTHOM TeMIepaTypoil, MOBBILICHHE
JABJICHUS ra3a IIPU €ro HarpeBaHUU B 3aKPBITOM COCYJE, CBA3b MEXIY IlapaMeTpaMu COCTOSHMS ras3a B
M30IIpoIieccax; JJIEKTpHU3alus TeJl, B3aUMOJCHCTBUE 3apsAJI0OB, HarpeBaHUE IPOBOJHHMKA C TOKOM,
B3aUMOJICHCTBUE MATHUTOB, DJIEKTPOMarHuTHas MHIYKLHUs, AEMCTBUE MATHUTHOIO T0JI HAa IIPOBOJHUK C
TOKOM U JIBIKYLIMHCS 3apsll, OJJEKTPOMarHUTHble KoJeOaHUS W  BOJHBL, MPSIMOJIMHEHHOE
pacrpocTpaHeHHEe CBeTa, OTpaXKeHHe, IpeioMileHue, MHTepdepeHnns, AMdpaxkus 1 Noaspu3anus cBeTa,
aucrepcusi cBeTa; (OTOdNIEKTpUUecKuil 3¢d@exT, cBeToBOe [aBi€HHE, BO3ZHUKHOBEHHE JMHEWYATOro
CIIEKTpa aToMa BOJOPOJa, ECTECTBEHHAs U UCKYCCTBEHHAs PAJIMOAKTUBHOCTb;

° IIP63  BiIaJeHHE  OCHOBOMOJAraloUMMU  (U3MUECKUMU  MOHATHSAMH M BEJIMYMHAMU,
XapaKTepu3ylomuMl  (u3nueckue mporecchl  (CBSI3aHHBIMM € MEXAaHHYECKMM  JIBWXKCHHEM,
B3alMO/JICHICTBUEM TeJl, MEXaHUYECKUMHU KOJIEOAaHUSIMU U BOJIHAMHU; aTOMHO-MOJIEKYJISIPHBIM CTPOEHHEM
BEIIECTBA, TEIUIOBBIMU IPOLIECCAMH; DJIEKTPUYECKMM M MAarHUTHBIM IIOJSIMHU, DJIEKTPUYECKUM TOKOM,
AIIEKTPOMArHUTHBIMU KOJICOAHUSIMU W BOJHAMH; ONTHYECKUMHU SIBJICHUSIMU; KBAHTOBBIMH SIBJICHHUSIMH,
CTPOEHMEM aroMa M aTOMHOIO f1pa, PaJUOAKTUBHOCTBIO); BIAJACHHE OCHOBOIOJATAOIINMU
ACTPOHOMHYECKHMH MOHATUSMH, TO3BOJIIONIMMHU XapaKTePU30BaTh IIPOLECCHl, MPOUCXOASIINAE Ha
3BE3/1aX, B 3BE3HBIX CUCTEMaX, B MEKTalaKTUIeCKON Cpesie; IBMKEHNE HEOECHBIX TeJl, HBOJIOIUIO 3BE3/]
u Bcenennoi;

° [1P64 BaieHUE 3aKOHOMEPHOCTSIMM, 3aKOHAMU U TEOPUSAMHU (3aKOH BCEMUPHOrO TArorenus, I, II u
III 3akonbl HpIOTOHA, 3aKOH COXPAHEHUS MEXAHWYECKON DSHEPruM, 3aKOH COXPAHEHUS HMITYJIbCa,
IIPUHLUII CYIIEPIIO3ULUU CUJI, IPUHIUII PABHOIIPABHOCTH HHEPLUAIBHBIX CUCTEM OTCYETA; MOJIEKYIISPHO-
KMHETUYECKYIO TEOPUIO CTPOEHUS BEILECTBA, Fa30BbIC 3aKOHBI, NEPBBIA 3aKOH TEPMOJWHAMUKH; 3aKOH
COXPAHEHHUs JJIEKTPUUECKOTo 3apsiaa, 3akoH Kynona, 3akoH Oma Ui yyacTka 1enu, 3akoH Oma i

2



IIOJIHOW JJIEKTPUYECKOW Lenu, 3akoH JIkoyia - JIeHna, 3aKOH 3JIEKTPOMarHUTHOW WHIYKIUH, 3aKOH
COXPAHEHHUS YHEPIHH, 3aKOH IPSIMOIMHEHMHOIO PaCIPOCTPAHEHUS CBETA, 3AKOH OTPAKCHMsI CBETA, 3aKOH
IIPEJIOMJICHUSI CBETA; 3aKOH COXPAHEHUS DHEPIMM, 3aKOH COXPAHEHMsI HMIIYJbCA, 3aKOH COXPaHEHMUS
NEKTPUYECKOTO 3apsizia, 3aKOH COXPaHEHMsI MaCCOBOI'O YMCIIA, IOCTYIaThl bopa, 3aKOH paguoaKTHBHOIO
pacraza); yBepeHHOE UCIOIb30BaHUE 3aKOHOB U 3aKOHOMEPHOCTEH MpU aHan3e (PU3NYECKHX SBICHUN U
IIPOLIECCOB;

° [1P65 yMEHHE YUYUTHIBATh T'PAHHIIBI TPUMEHEHHUS U3yYCHHBIX (PU3MYECKHX MOJENel: MaTepuaibHas
TOYKA, MHEPLHUAJIbHAS CUCTEMA OTCUETA, UICaIbHBIN Ia3; MOIEIN CTPOCHHUS Ira30B, )KUJKOCTEN U TBEPABIX
T€J, TOYECUHBIN AIEKTPUUECKUH 3apsil, AAepHas MOJElIb aToMa, HYKJIOHHAs MOJENIb aTOMHOTIO siipa IpH
peleHny (pU3NYECKUX 3a/1a4;

° [IP66 BlaJ€HWE OCHOBHBIMH METOJIAMH HAy4YHOTO TIO3HAHHS, HCIOJIB3YEeMBIMH B (U3HKE:
IIPOBOJIUTH NpPSIMbIE U KOCBEHHBbIE M3MEPEHUs (PU3MUECKUX BEIMYUH, BBIOMpas ONTHMAaJbHBIN CIIOCOO
U3MEpPEHUs] W UCHOJBb3Ysl M3BECTHBIE METOAbl OLEHKU IOTPEIIHOCTEH M3MEPEHUi, NIPOBOAUTH
UCCIIeIOBAaHNE 3aBUCUMOCTEH (PM3UYECKUX BEIUYHMH C UCIOJIb30BAHUEM IMPSIMBIX U3MEPEHHH, OOBACHATD
[IOJIyYEHHBIE PEe3YyibTaThl, UCHOJIb3Ys (PU3MUECKHE TEOPHUM, 3aKOHBl U IOHATHUS, U J€NaTh BBIBOIbL;
coOmogaTh IpaBuia O€30MaCHOrO Tpyda HOpPU NPOBEIEHUM HCCIEAOBAaHMM B paMmMKax ydeOHOro
OKCHEPUMEHTa W  Y4eOHO-HCCIENOBATENbCKONH  JESITEIBbHOCTH C  HCIOJIB30BAaHHEM  LU(POBBIX
M3MEPUTENIbHBIX YCTPOMCTB M J1aOOpaTOPHOro 00O0pyAOBaHMS; C(HOPMUPOBAHHOCTH MPEICTABICHUH O
METOJ1aX MOJIY4YEHUs HayUYHbIX aCTPOHOMUYECKUX 3HAHU;

° [Pyl chOpMUPOBAHHOCTh MOHUMAHUSA pOJIM (GU3UKA B HKOHOMHUYECKOW, TEXHOJIOTMYECKOI,
COIMAILHOW M 3THUYECKOH cepax AeATEIbHOCTH YEeNOBEKAa; POJIM M MecTa ()M3MKH B COBPEMEHHOM
HAay4yHOW KapTHHE MHUpPA; POJIM aCTPOHOMMH B NPAKTUYECKOM [IEATENBHOCTH 4YEJIOBEKAa M JAJIbHEHIIEM
Hay4YHO-TEXHUYECKOM Pa3BUTHUH;

° ITPy2 cpopMHUPOBAHHOCTh CHCTEMBbI 3HAaHUI O (PU3NYECKUX 3aKOHOMEPHOCTSX, 3aKOHAX, TEOPUsX,
JCUCTBYIOIMX Ha YPOBHAX MHKPOMHpA, MaKpOMHpa M MEraMmupa, MpeACTaBICHHA O BCeoOmem
xapakTepe (U3MYECKUX 3aKOHOB; IPEACTABICHUN O CTPYKTYpe MOCTPOCHHs (PU3MUECKOW TEOpHH, 4TO
MIO3BOJIUT OCO3HATh POJIb (PYH/IAMEHTAIBHBIX 3aKOHOB M MPHUHIIUIIOB B COBPEMEHHBIX IPEICTABICHUIX O
IIPUPOJE, TOHATH TPAHUIBl IPUMEHUMOCTH TEOpUH, BO3MOXHOCTU HMX IPUMEHEHHUs JI1 ONMCaHUs
€CTECTBEHHOHAYYHBIX SIBJICHUN U MPOIIECCOB;

° [TPy3 cOpMHUPOBAHHOCTh YMEHUS PAa3IUYaTh YCIOBUS MPUMEHUMOCTH MOAeIeH pU3HMUECKUX Tel U
MIPOLIECCOB (SIBJIEHMH): HHEpIMalbHAs CHUCTEMa OTCYETa, MaTepHalibHas TOYKa, PaBHOYCKOPEHHOE
JBIDKEHUE, CBOOOIHOE MajieHne, abCcoMoTHO yrnpyras aedopmarus, aOCOIOTHO ypyroe u abCcoyIIOTHO
HEYIPYyroe CTOJKHOBEHUS, MOJIeNel rasa, >KUJKOCTH U TBEPJOro (KpUCTAIUIMYECKOr0) Tela, UAEaJbHOro
ra3a, TOYeUHBIN 3aps]l, OJHOPOIHOE IIEKTPUUECKOE M10JIE€, OJHOPOAHOE MarHUTHOE I10J1€, FADMOHUYECKHE
KojeOaHusl, MaTeMAaTUYECKUN MAasTHUK, HJA€aJIbHBbIM NPYKUHHBI MAasTHUK, TapMOHUYECKHE BOJIHBI,
uea’dbHbI KoNeOaTeNbHbIH KOHTYpP, TOHKas JIMH3a; MOJEJeH aTroMa, aTOMHOIO sJpa W KBAaHTOBOM
MO/IEJIN CBETA;

° [TPy4 copMupOBaHHOCTh YMEHHS OOBSCHATH OCOOEHHOCTH NMPOTEKAaHUS (PU3MUECKUX SBICHUM:
MEXaHMYECKOE JIBI)KEHHUE, TEeIJIOBOE JBMKEHHE YACTHIl BEIleCTBA, TEINIOBOE paBHOBECHE, OPOYHOBCKOE
ABIKeHUe, Iu(Qy3us, HUCHapeHHe, KUNEHHEe U KOHJEHCAlus, IUIaBI€HHE M KPUCTAJUIM3ALUS,
HAIpPaBJIEHHOCTD TEIJIONEpeiadun, dJEKTPU3ALUH Tell, SKBUITOTEHIIMAIbHOCTH MTOBEPXHOCTHU 3apSKEHHOTO
IIPOBOJHMKA, DJIEKTPOMAarHUTHOM  MHAYKLUWH, CAMOUHIYKIMHM, 3aBUCUMOCTU  CONPOTHBIICHUS
MOJIYIPOBOJIHUKOB "p-" 1 "N-TUnoB" oT TemmepaTypsl, pe3oHaHca, UHTep(GEPEHIIMH BOJIH, TUPPAKIIH,
JMCIIEPCUH, TIOJHOTO BHYTPEHHEro oTpaxeHus, ¢porodddexr, ¢puznyeckre MPUHLUIBI CHEKTPATbHOTO
aHanm3a u paboTel azepa, "anbda-" u "Oera-" pacnans sjaep, TaMmMa-u3IydeHue saep;

° [TPyS copmMupOBaHHOCTH YMEHUH HMPUMEHSTH 3aKOHBI KJIACCUYECKOW MEXaHUKHU, MOJEKYISIPHOU
(GU3UKN U TEPMOAMHAMUKH, SJIEKTPOIUHAMUKY, KBAHTOBOM (DM3UKH AJIs aHAIM3a U OOBSICHEHUS SBJICHUN
MHUKpPOMHpA, MakpOMHUpa M Meramupa, pas3jinyarh YCIOBHs (TpaHHUIBl, 00JacTH) HPUMEHUMOCTH
(bu3NYECKUX 3aKOHOB, MOHUMAaTh BCceoOUMI XapakTep (QyHIaMEHTaIbHBIX 3aKOHOB (3aKOH COXpPaHEHUs
MEXaHUUYECKON PHEPIHH, 3aKOH COXpPAHEHMsI MMITYJIbCA, 3aKOH BCEMHUPHOTO TATOTEHHUS, NEPBBIA 3aKOH
TEPMOJMHAMMKH, 3aKOH COXPAHEHUs DSJICKTPUYECKOrO 3apsla, 3aKOH COXPaHEHUs DJHEPruv) u
OrPaHUYEHHOCTH MCIIOJIb30BAaHMsI YAaCTHBIX 3aKOHOB; aHAJIU3UPOBATh (PU3MUYECKHE MPOLECCHI, UCIOIb3YS
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OCHOBHBIE IIOJIO)KEHHUS, 3aKOHbl M 3aKOHOMEPHOCTH; OTHOCHUTEIBHOCTh MEXAHUYECKOI'O JABM)KEHUS,
dbopMynbl KHUHEMAaTHKU PaBHOYCKOPEHHOTO IBWXKEHHs, NpeoOpa3zoBanus [amuniess ans cKOpocTd U
IepeMeleHusl, Tpu 3akoHa HpIOTOHA, NPUHLUI OTHOCUTEIBHOCTM [anuies, 3aKOH BCEMHUPHOIO
TATOTEHUS, 3aKOHBI COXPAaHEHUS UMITYJIbCa U MEXaHNYECKON YHEPTHH, CBSI3b PA0OTHI CHIIBI C U3MEHEHHEM
MEXaHUUYECKON 3HEpPIuH, YCJIOBHUS PaBHOBECHSI TBEPAOIO TENa; CBA3b JABJIEHUS HJAEAJIbHOIO rasa co
CpelHEW KHWHETHYECKOW SHEpPrueil TEeIIOBOro JBWKEHUS W KOHLEHTPALMEHl €ro MOJEKYHd, CBS3b
TEMIIEPATYphI BEIIECTBA CO CPEAHEN KMHETHUUECKON 3HEPrHel ero 4acTHll, CBA3b JABJICHUS UAECAIBHOTO
rasa ¢ KOHIIGHTpalMel MOJIEKYJ M €ro TemmnepaTypoi, ypaBHeHue MenaeneeBa-KianelipoHa, nepBblii
3aKOH TEPMOAMHAMHUKH, 3aKOH COXPAaHEHHUS SHEPIUHM B TEIUIOBBIX IIPOLIECCAX; 3aKOH COXPAHEHUs
JJEKTPUYECKOTO 3apsna, 3akoH KysrnoHa, NOTEHIHMATBHOCTh 3JEKTPOCTATHUYECKOrO IOJIsA, MPUHLUII
CYIIEPHO3ULMH IEKTPUUECKUX T0JeH, 3akoHa Kynona; 3akonsl OMa i y4acTKa e U JJIs 3aMKHYTOU
JNEKTPUYECKON 1enu, 3akoH Jlxoyinsa-JleHna, 3aKkoH 3JI€KTpOMarHUTHOM MHAYKUUHU, npaBuwio JleHua,
IIOCTYJIaThl CHEIUAJbHOM TEOPUM OTHOCUTENIBHOCTH OMNHINTENHA, ypaBHEHUE OWHIUTEHHaA AJs
dotorddekra, nepsblii 1 BTOpoi moctynatel bopa, npuHIMN HeompeneneHHocTH | elizenOepra, 3aKoH
COXPaHEHHUs 3apsja, MacCOBOIO YKCIIA M SHEPTUHU B SJEPHBIX PEAKIUAX, 3aKOH PAIMOAKTUBHOIO pacrania;
° [TPy8 cdhopMUpPOBAaHHOCTh MPEACTABICHUI O METOJaX MOJNyYeHUs HAyYHBIX aCTPOHOMHYECKHX
3HAHWW; BIJIAJICHUC YMEHHUSMH CaMOCTOSITEIIBHO (OPMYJIMPOBATh IENb HCCISHAOBaHUs (IIPOEKTA),
BBIIBUTATh TUIIOTE3bl HA OCHOBE 3HAHHS OCHOBOMOJATaloNNX (GU3NYECKUX 3aKOHOMEPHOCTEH U 3aKOHOB,
IIPOBEPATh UX OKCIEPUMEHTAIBHBIMM CpPEACTBAMHU; IUJIAHUPOBAaTh M  IPOBOAUTH  (hU3HUECKUE
SKCIIEPUMEHTBI, ONUCHIBATh W AHAJIM3UPOBATH IIOJYYEHHYIO TIPU BBIIOJHEHUU SKCIEPUMEHTA
MH(POPMAIIHIO, ONIPEIENIAT TOCTOBEPHOCTh MOIYYEHHOTO PE3YIbTaTa;

° [1Py 11 oBnageHue pa3nuYHBIMU crioco6aMu paboThl ¢ nHpopManKen pU3NIecKoro coep KaHus ¢
WCTIOJIb30BAHUEM COBPEMEHHBIX HH(POPMAIMOHHBIX TEXHOJOTHHA, PAa3BUTHE YMEHUH KPUTHYECKOTO
aHaJlM3a U OIICHKH JIOCTOBEPHOCTHU MOTydyaeMoi HH(OpMALIUK;

° [IPy 12 oBnageHue OpraHU3alMOHHBIMM M IIO3HABATEIbHBIMH YMEHUSMU CaMOCTOSATEIbHOIO
MpUOOpPETEHUs HOBBIX 3HAHWI B MPOLECCE BBIMOJHEHUS MPOEKTHBIX M Y4eOHO-HCCIEA0BATEIbCKUX
paboT, YMEHMSIMHM 3aHATHUETh B IPYMIE C BBHITOJHEHUEM PA3JIMYHBIX COLMAIBHBIX pOJIeH, MJIaHUPOBATh
paloTy rpymnimbl, palMOHAIBHO PacHpeAessaTh IESITeIbHOCTh B HECTAHIAPTHBIX CHTYallUsX, aJeKBAaTHO
OLIEHMBATh BKJIAJ] KAXKJI0TO U3 YYACTHUKOB IPYIIIBI B PEILIEHUE paccMaTpUBaeMOi MpoOIeMBl;

° MP 8 criocoOHOCTh U TOTOBHOCTh K CAMOCTOSATEILHOMY IOMCKY METOJ/IOB PEIIEHUS MPAKTHYECKHX
3aJ1a4, IPUMEHEHUIO Pa3IMYHbIX METOJIOB MIO3HAHNUS;

° MP O Bragerp HaBbIKAMU MOJyYeHMS MHGOpMAlMM M3 MCTOYHUKOB PpAa3HBIX THIIOB,
CaMOCTOSITENIbHO OCYILECTBIATh IOMCK, aHallU3, CUCTEMATHU3allMi0 W HHTEpIpeTanuio HHPOpMaIluu
pa3NUYHbIX BUAOB U (POPM IPEICTABICHUS;

° MP 10 QopmupoBaHue HayyHOrO THIA MBIIUICHUS, BIAJCHUE HAy4YHOH TEPMUHOJIOTHEH,
KJIFOUEBBIMM NTOHATUSAMHU U METO/IaMU;

° MP 21 BBISBISTH IPUUUHHO-CIIEACTBEHHBIE CBSI3U U aKTyaJIU3UpPOBATh 33]1a4y, BbIIBUTaTh TUIIOTE3Y
€€ pEIlICHUs, HaXOAUTh apryMEHTBI AJI JO0Ka3aTelIbCTBA CBOMX YTBEP)KIEHUH, 3aJaBaTh IapamMeTphl U
KPUTEPUHU PELLIEHUS;

° MP 17 yMmeTp TMepeHOCHTb 3HAHMA B IIO3HABATEJIbHYIO M MPAKTUYECKYyl0 00JacTu
KHU3HECSATEIbHOCTH;

° MP 13 oBnaseHue BHIaMHU AESATEIBHOCTH IO MOJYYEHUIO HOBOTO 3HAHUS, €r0 HMHTEPIPETALNH,
peoOpa3oBaHUI0 M MPUMEHEHHI0 B Pa3IMUHBIX Y4E€OHBIX CUTYyalUsAX, B TOM 4YHCIE MPH CO3JaHUU
y4eOHBIX M COIIMATBHBIX IIPOEKTOB;

° JIP 13 roToBHOCTh M CHOCOOHOCTH K OOpa30BaHHIO M CaMOOOpa30BaHUIO Ha MPOTSHKEHUH Beei
KHU3HU;

° JIP 14 oco3HaHue TMYHOTO BKJIa/Ia B TOCTPOCHHUE YCTOMYMBOTO OYyIIIETO

° JIP 23 rOTOBHOCTB K TPY/ly, OCO3HaHHE IIECHHOCTH MacTepCTBa, TPYyA0Io0ue;

° JIP 26 criocoOHOCTH OLIEHMBATh CUTYallMI0 M MPUHUMATh OCO3HAHHBIEC PEIICHUS,, OPUCHTUPYICH Ha

MOpPaJIbHO-HPABCTBCHHLIC HOPMBI U ICHHOCTH,



ConepxaHue NPaKTUYECKUX U J1aOOPATOPHBIX 3aHATHH OPMEHTHMPOBAHO HA MOATOTOBKY OOydaromuxcs K
OCBOCHHIO TPO(PECCHOHAIFHOTO MOAY/Sl TMPOTrpaMMbl TOATOTOBKM  CIICIMATIMCTOB CPEIHEro 3BEHA TI0
CIIELMAIBLHOCTY U OBJIAJICHUIO HPOPeCCUOHANbHBIMU KOMNEMEHUUAMU:
° [IK 1.1 Onpenenste TEXHMYECKOE COCTOSIHUE CHUCTEM M MEXAHU3MOB MOJBEMHO-TPAHCIOPTHBIX,
JIOPOKHBIX, CTPOUTEIBHBIX MAILIMH C UCIIOJIb30BAHUEM CPEJICTB AUATHOCTUKH.
° IIK 2.3 OcymiecTBiasTh KOHTPOJIb 32 COOIOJICHUEM TPEeOOBaHUM TEXHOJOTHYECKOW JTUCIUTIIUHBI
IIPU BBIMOJIHEHUH padoT MO SKCIUTyaTalluu MOAbEMHO-TPAHCIIOPTHBIX, CTPOUTENBHBIX, JOPOKHBIX MAIIUH
1 000pyI0BaHUS
A Tak:ke POpPMUPOBAHMIO 0OULUX KOMNEMEHYUIL.

OK 01 Bribupats crocoObl pemeHus 3a1a4 npoheCCHOHATBbHON AEATEIbHOCTH PUMEHHUTEIBHO K
pa3IUYHBIM KOHTEKCTaM

OK 02 HMcnonb30BaTh COBpEMEHHBIE CPECTBA TIOMCKA, aHAJIN3a U UHTEPIPETAluu UH(POPMAIHU U
MH(GOPMAaLMOHHbIE TEXHOJOTHH JUIs BBINOJIHEHU 3a/1a4 IPOpECCUOHATIBHOM 1€ TeIbHOCTH

OK 03 IlnaaupoBath U peaqnu30BBIBaTH COOCTBEHHOE MPOPECCHOHATBHOE U JTMYHOCTHOE Pa3BUTHE,
IPEINPUHUMATENbCKYIO JeSITeIbHOCTh B IPOGECCHOHATIBLHOM cdepe, UCIIONIb30BaTh 3HAHUS 10 NIPaBOBOM
1 (MHAHCOBOM TPAMOTHOCTHU B PA3IIMYHBIX )KU3HEHHBIX CUTYaIHAX

OK 04 D¢ddexTuBHO B3auUMOICHCTBOBATh U pabOTaTh B KOJUIEKTHBE U KOMaH/IE

OK 05 OcymiecTBisiTh YCTHYIO U NUCbMEHHYIO KOMMYHHKAIIMIO Ha TOCYJIApCTBEHHOM SI3bIKE
Poccuiickoii @enepanuu ¢ yueToM 0COOCHHOCTEN COLMAIBHOTO U KYJIbTYPHOI'O KOHTEKCTa

OK 06 IIposBasATh TIpakJaHCKO-NIATPUOTUYECKYIO IO3ULIHI0, JEMOHCTPUPOBATh OCO3HAHHOE
MIOBEJICHHE HAa OCHOBE TPAJUIMOHHBIX POCCHUICKHX TYyXOBHO-HPABCTBEHHBIX LIEHHOCTEH, B TOM 4HUCIIE C
YYETOM TapMOHHU3AIMH MEKHAIIMOHAIBHBIX M MEXPEIUTHO3HBIX OTHONICHWH, MPUMEHSTH CTaHIapThI
AHTUKOPPYIILIUOHHOTO OBECHUS

OK 07 CopnelicTBOBaTb COXpPaHEHHUIO OKPYXAIOLIEH cpeibl, pecypcocOEpeKeHHUI0, MPUMEHSATh
3HaHUS 00 M3MEHEHUM KIMMAaTa, NPUHLUIBI OEpeXJIMBOro MPOU3BOACTBA, 3()(PEKTUBHO AEHCTBOBAThH B
Ype3BBIYANHBIX CUTYAIHSIX

OK 08 Hcnonb3oBaTh cpeacTBa (pU3NYecKOr KyJIbTYphl AJIsi COXPAaHEHHs U YKPEIUIEHUS 3/10pOBbsI B
npouecce MpodeccHoHaTbHON JEeSATeNbHOCTH M MOJAJEP’KaHUS HEOOXOIMMOro YpOBHS (pU3MUecKon
MIOATOTOBJIEHHOCTH

OK 09 Ilonb3oBaThcsi Mpo(hecCHOHATBHON TOKYMEHTAlUe Ha roCyAapCTBEHHOM M MHOCTPAHHOM
A3BIKAX

BeinmonHenue oOydaromuxcs MPAaKTUYECKHX M J1TAOOpaTOpHBIX paboT Mo y4eOHOHW IUCHMILIMHE

«Du3nKay HAMPABIIEHO HA:

- 0000mieHue, CcHUCTeMATH3allMI0, YIayOJIeHue, 3akperyieHHue, pa3BUTHE U JACTAIU3AIUI0
HOJ'Iy‘IGHHI)IX TGOpCTI/I‘ICCKI/IX 3HaHHI>i 10 KOHerTHI)IM TeMaM yqe6H0171 JUCIIUILIINHBI,

- q)OpMHpOBaHI/Ie YMeHI/Iﬁ HpI/IMeHSITB HOJ'Iy‘IeHHI)Ie 3HAHUA Ha HpaKTI/IKe, peanmaumo C€ANHCTBA
HHTeHHeKTyaHBHOﬁ nu HpaKTHLIeCKOﬁ JACATCIIbHOCTH,

- ¢opMupOBaHHE W pa3BUTHE YMEHMIi: HAOIIOJAaTh, CPAaBHUBAThH, COMOCTABIATH, aHATH3UPOBATH,
JieNaTh BBIBOJABI U O0OOOIIEHUS, CAMOCTOSTETbHO BECTH HCCIIEOBAHMS, MOJIb30BATHCS Pa3THYHBIMU
MpreMaMU U3MepeHu, 0hOPMIISTh Pe3yNIbTaThl B BUJIE TAOIUIL, CXeM, IpaHKOB;

- TpuoOpeTeHre HaBBIKOB pabOTHI C PA3NMYHBIMU MPUOOpaMH, ammapaTypod, YCTaHOBKAMH U
)IpyrI/IMI/I TCXHNYCCKUMU Cpe)ICTBaMI/I JJISA HpOBe)IeHI/Ifl OIIBITOB,

- paSBI/ITI/Ie I/IHTCJ'IJ'IGKTyaJ'II)HLIX yMeHI/II\/'I y 6y21y1_HI/IX CIICIINAJINCTOB: AHAJIUTHYCCKUX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JP.;

- BBIpaOOTKY MpHU PElIEHUH MOCTaBICHHBIX 33/1a4 NPOo(EeCCHOHATBHO 3HAYUMBIX KaYeCTB, TAKHX KaK
CaMOCTOSITENTLHOCTh, OTBETCTBEHHOCTh, TOYHOCTH, TBOPUECKAS MHUIIMATHBA.

[IpakTudeckue win 1a00pPaTOPHBIE 3aHATUS MPOBOJISATCS B paMKaX COOTBETCTBYIOIICH TEMBI, TIOCTIE
OCBOCHUA JUIAKTUYCCKUX CAHUHUIIL, KOTOpLIe OGGCHG‘II/IBaIOT HAaJIN4YHUeC 3HaHHfI, HCO6XOI[I/IMI>IX JIA €€
BBITIOJIHCHUA.



2. METOINYECKHUE YKA3ZAHUSA
Tema 2.1. Kunematuka
IIpakTuyeckoe 3ansaTue Nel

Pemenue 3aga4 1o KHHEMAaTHKE. YPaBHeHI/Iﬂ JABHKCHUSA

]_[e.m,: HAayUUThCA pas3jindaTb BUABI MCXAHUYCCKOI'O JABWKCHHA B 3aBUCHUMOCTU OT q)OprI
TPACKTOPUU U CKOPOCTU IEpPEMEIEHUsl Teja, PaCCUUTHIBATh €ro MapaMeTpbl, HAyYUThCS H300paxarhb
Fpa(l)I/I‘IeCKI/I Pa3JINIHBIC BUABI MCXaHUYCCKUX HBH)KGHHﬁ, 3alMUCbIBATh YPaBHCHUA ABUKCHUA, PA3JINYATh
€ro OTHOCHUTENIbHOCTb, HAYYHTbCS (OPMYIUPOBATH CIEAYIOUIME MOHATUSA: MEXaHHMYECKOe IBUKECHHE,
CKOpPOCTH U YCKOPCHHEC, CUCTEMA OTCUCTA, MEXaHUYEeCKUI IMPUHIMUIT OTHOCUTCIILHOCTH.

Boinosinenue padorsl cnocodcTByeT hopmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06

MarepunanbHoe obecrnieyeHue:

WHAUBUAYaAIIbHOE 33/1aHU€e, KOHCIIEKT JICKIIHIA, CIPaBOYHbIC MaTEPHAIIBI.

Yka3zanue:

[IpakTuueckass paboTra COCTOMT M3 JABYX 4YacTedl — TeopeTudeckod u mnpaktudeckoid. [locne
U3Y4YEHUs] TEOPETUUYECKOro MaTepuajga MOXHO IPHUCTYNaTh K BBIIOJHEHHUIO IpakTHuecKod udactu. OHa
COCTOHMT M3 ABYX M Oosiee 3a1ay A CaMOCTOSITENBHOTO BbINONHEHHs. He 3a0biBaiiTe 0 mMpaBUIBHOM
oopmienun pemrenus. Ha BeIoTHEHNE TPAKTUYECKOH OTBOJUTCS JBA aKaJeMUYECKHX Yaca.

3ananme:

1. IIncbMeHHO OTBEThTE HA CJIeYIOIHeE BOMPOCHI:

KunemaTtnyeckuii 3aKOH JBMXKEHUS JIIS1 KOOPIMHATHOTO CIIOCO0a ONPECIICHHS IBUKCHUS
MAaTepHAIbLHON TOYKH.

KunemaTtnyeckuii 3aKOH JBW)KCHUS Ui ©CTECTBEHHOI'O JBW)KCHUS i BEKTOPHOTO
crioco0a ompeeIIeHUs TBUKCHHSL.

Kunematnyeckuit 3aK0H JABMKEHUS JJI €CTECTBEHHOT'O CIIOCO0a ONPEIEICHUS TBUKCHHUSL.
Kak HalTH BEKTOp CKOPOCTH JIJIi KOHKPETHOTO, BEKTOPHOTO M €CTECTBEHHOTO CITIOCOOOB
oTpeieNICHUs IBHKEHUS?

Kak HaiiTh BEKTOp YCKOPEHUS I Pa3HBIX CIIOCOOOB OINPEICTICHIS IBHKSHUS?

2. Hcnoan3ys ¢opmyJibl VISl pacyeTa NapaMeTPOB ABHKEHHUS TeJl, PelIMTh 3aJa4H.
3. Ipoananu3upoBath rpa@uKy IBHKEHHS TeJl, OMUCATH XapaKTep JABH:KEHHS.

IMopsinok BBINOJTHEHHS PA0OTHI:
1. TloBTOpUTH OCHOBHBIE BOIIPOCHI KHHEMATHUKH.
2. PemmTh 3a7a4u 110 BapUaHTaM.
3. OdopmMuTh OTYET B TETPaIU AJS MPAKTHUECKUX padoT.

1. TeopeTnyeckasi yacThb
OnHoMepHOE IBM>KEHUE. [[BUsKEHUE C TOCTOSSHHOW CKOPOCTBIO.
HyCTB TCJIO ABMXKETCA B HAIIPABJICHUHN OCHU X ¢ mocTosHHOH CKOPOCTBIO V M 3a BpEMHA At =t — t, OIpoOXoauT

nyTh Ax = x —x,. CpenqHss cKopocTb

V = const

Ax
Vep = = || x(®) = xo + VAL
At




JIBr>KeHUE ¢ IEPEMEHHON CKOPOCTHIO. Y CKOPEHHE

Ecmu Temo ABYIKETCs HaIIpaBJICHUU VvV ocu Xc

V —— —
nepeMeHHol ckopocThio (1), To, v J rpaduku X(t) u v(t) UMEIOT BHI:

0 I |

IIppu 5>TOM TOBOPAT, 4YTO TENO th t U nBMKETCS ¢ yCKOpPEHUEM.

Vckopenue () — CKOPOCTh H3MEHEHHSI CKOPOCTH.

AV=V-V gy =29 | =1
Ecnu 3a Bpems At=t—t, U3MEHEHHE CKOPOCTHU = 0> TO CPEHEC yCKOPCHHE: |d;, =~ [al=1—.
C
V=YV —
N3 a= X = v =vy+aAt WIHV() = vy +alt
t
aAt? - -
x(1) = xo + VoAl + 5 Eciin Vv, Ma COHampaBJIEHBbI, TO CKOPOCTb IBM)KCHHs Te€lIa BO3PACTACT, d MMEET

3HAK «t»; B IIPOTHUBHOM CJIY4d€ CKOPOCTb YMCHBIIACTCA U a UMCCT 3HAK «—».

Vi) - VS

Ecnu Bpems nBuxkeHust At HEM3BECTHO, TO [x(7) = X, + 5
a

MHuoromMepHoe aBmkeHue. [{BIKeHHe Tena, OPOIIEHHOTO MO YITIOM K TOPH30HTY
[lycth Teno OpolleHo M3 Hayaja KOOpAMHAT IMOJ YIVIOM K FOPU30HTY C HadyajabHOW CKOpPOCTHIO v, . U3

rpaduka BUJHO, UTO V, = Voy + Voy (IBYMEpPHOE JABM)KEHHE MOXKHO PacCMaTpHUBaTh, KaK HAJIOXKEHHE APYT

Ha JIpyra IBYX OAHOMEPHbIX — 110 ocsim X 1 Y).

9 2, Vo

- X

2. IIpuMepsl pelieHus 3a1a4

1. MMaccaxxupckuit moe3n UAET co ckopocTh 72 km/4. Ilo coceqHeMy MyTH ABHXKETCS HaBCTpEUy
ToBapHbIN noe3a nHoM 140 M co ckopocThio 54 kM/4. CKOIbKO BPEMEHHU MACCaXHp, CTOALIUN y
OKHa, OyZIeT BHJIETh MPOXOISAIINIl MUMO HEro TOBapHbIN moe3?



Jano: CHU Pewenue:

V1 = 72 kM/y 20 m/c | OTHOCHTEIbHAS CKOPOCTD ABHKEHHS 000MX MOE3/10B V = Uy + U;.
V2 = 54 kM/4 15 m/c CnenoBarensHO, BpeMsi, B TEYEHHE KOTOPOrO MHMO MacCaKHPCKOTo
=140 m

- - l
10e3/1a Npoi/eT TOBAPHBIA, onpeaenum no popmyne: ¢ = =

140
20415 de.

[loacraBnsem naHueie: 1 =

Omeem: 4 c.

2. IlocamouHasi CKOPOCTh MacCaXHpCKoro camoiera 135 km/4, a jmHa mpobdera ero 500 M.

Omnpenenuts BpeMs MpoOera 1o nocajoyHoM Mojaoce U yCKOPEHHE caMmoJjieTa, cuuTas JABM)KEHUE
paBHO3aMEIJICHHBIM.

Jano: CH Pewenue:

Vo= 135 km/u | 37,5 m/c| Bpems npoGera camonera npu nocajake HaxoauM 13 (hopmyisl myT

at
S=500m S=ypt + = TIe @ U1l PABHO3AME/UICHHOTO /IBUIKCHHS OTIPE/ICINTCS
v
v=0wm/c 13 (opMyIBl: U = Vg + at umia = TO CnenosaresnbHo,
R L2 2§ 2500
t-2,a-" S=vypt- S s OTRynat=-=. [Toacrapnsem ganubie: ¢ = = 27¢.
0 ’

vp 37,5
Yckopenne a =- =

Omeem: 27 ¢, - 1 4 m/c?.

=-14wm/c?

3. Teno, nBurasch paBHOYCKOPEHHO M3 COCTOSIHUSA MOKOS, 3a MATYI0 CEKYHy IPOIUIO MyTh 18 M.
YeMy paBHO YCKOpEHHE U KaKOH MyTh TEJO MPOILIO 3a 5 ¢?

Jlano: Pewenue:

2 2
- v y t t
ts—ty=1c [lyTh, npoiiaeHHbIH TEIOM 3a NATYIO CeKYHAY S = S5 — §4 = GT"’ - “2—“
_ __2 298 _ 2
S=18m OTcmnaa—tg_h, === =4Mlc,
t=35¢

e & at? 4:25
[lyTs, npoiiaenuslii TenoM 3a 5 cexyHa Ss o S5 = T 50 m.
Ss-?,a-?

Omeem: 4 w/c%; 50 m.

4. B mocieTHI00 CeKyHIy CBOOOIHO MaJaroIiee TEI0 MPOIIo MOJOBUHY cBoero myTH. CKOJIBKO
BPEMEHH U C KaKOW BBICOTHI MAAao Tejao?

Hano: Pewenue:

hy — hp_1= %h,,, [lyTs, npoiinenHsiii 3a Bce Bpems nagenus: h, = %2
g=928 w/c? Jlo nmocneaxeii ceKyH/IbI T€I0 MPOLLIO MYTh h;" = g(t+l)2
t-? hy,-? CnenoBatensHo, # =g(t—1)2 um t>-4t+2=0.

242
Ortcioma t=2++2 = 3,4 c. Buicotamagenuss h, = 9'823'4 ~57m
Omeem: 3,4¢; 57 m.

5. Kamens nagaer B maxty. Uepes 6 ¢ cibllieH ynap KaMHS O IHO IaxThl. OnpeaenuTs ryOuny
IIaXThl, €CIIM CKOPOCTh 3ByKa 330 m/c.



Hano: Pewenue:

t=6¢ Ecnu 0003HauuTh uepes t; Bpems MajeHus KaMHs, TO BpeMsi paCIpOCTPaHeH S
e ool zeas : " g sy : _ gt

v =330m/c | 3ByKa f-t;. [lyTs, npoiizennsiii kamuem npu cBo6oaHOM nageHnn h ==—,

2

a

t
g=9.8m/c? | 3Bykom —h = v (t - t;). CnefoBatensHo, ng= v (t-ty) unu gtl2 +20t1-20t=10
2
e e - t
h-? Pewug oannoe ypasrernue, noryyum t; = 5,5 ¢. I'myOuna maxret h = 971;
985,52
h=——=148m

Omeem: 148 m.

3agaHus A8 CaMOCTOSITeIbHON PadoThl
Bapuanr Ne 1
1. Camoner NJI — 86, nBurasick paBHOMEpHO CO CKOpocThio 900 KM/4, B TeueHHEe 9C COBEpIIHI
Takoe ke nepemelnieHune, yto u camoiet Sk — 42 3a 10 c¢. Onpegenute ckopocth Sk — 42.
2. I'padukm xakux IBWKEHUH Ten mokazanel Ha puc. 1?7 Ilo rpaduky onpenenure: 1) B Kakoi
MOMEHT BpEMEHH TeJla BCTPETUIINCH; 2) KaKue MMyTH Tella MPOIILIU 10 BCTPEUH.

¥, mt
|

puc.l.

3. Tloe3n uepe3 10 ¢ mocne Havana ABMXKEHUS IpuodpeTaeT ckopocTh 0,6 M/c. Uepes kakoe Bpemst
OT HavaJa IBUKEHHs CKOPOCThb M0€3]1a CTaHeT paBHa 3 M/c?

4. 3a xakoe BpeMsi aBTOMOOWJIb, IBUTasACh ¢ yckopenuem 0,4 M/c? YBEJIMYHUT CBOIO CKOPOCTH € 12
10 20 m/c?

5. Ilyns B cTBOse aBTOMaTa KamamHnkoBa jBusKeTcst ¢ yckoperneM 616 m/c’ . KakoBa cKopocTh
BbUIETA IYJIH, €ClIU JuInHa cTBojia 41,5 cm?

6. Teno, nBUrasch NMPSIMOJIUHEHHO C YCKOpEHUEM 5 M/C?, JOCTHIIIO ckopoctu 30 m/c, a 3arem,
JIBUTasiCh paBHO3aMeJIEHHO, OCTaHOBMIIOCH yepe3 10 c¢. Onpenenure myTh, IPOHAECHHBINA TETOM.

7. Teno cBoOonHO manaer ¢ BeICOTHI 125,5 M. Omnpenenure Bpems MaJeHUs U CKOPOCTh Tela B
MOMEHT yz1apa 0 3eMJIIO.

Bapuant Ne 2

1. Cpenuee paccrostuue mexay 3emiieid u Connnem 1 actponomuueckas enununa (1 a.e. = 1,496-
1011 m). Onpenenute Bpems npoxoxaeHus: ceera oT ConHna 10 3emian. CKOpocTh CBETa B BaKyyMe ¢ =
3- 108wm/c.

2. Ha puc. 2. npencraBieH rpaguk 3aBUCMMOCTH KOOpJIMHATHI Teida oT BpeMeHHu. I[lo rpaduxy
orpenenuTe: 1) CKOIBbKO BpeMEHH TEJI0 HaXOUIIOCh B ABMXKEHHM; 2) YEMY PaBHO €ro MepeMelleHue.

\,\4T




3. Benocumneauct nBuxercs moj YKIOH ¢ yckopenuem 0,3 m/c 2 .Kakyro cKOpOCTh MpHOOpeTeT
BenmocuneaucT uepes 20 ¢, eciu ero HadallbHasi CKOPOCTh paBHA 4 M/c?

4. Ckopoctb noesna 3a 20 ¢ ymensimmiack ¢ 72 1o 54 km/4. Hamucate ¢opmyiy 3aBHCHMOCTH
cKopocTH OT BpeMeHH [/X([]) 1 mocTpouTh rpaduk 3TOi 3aBUCUMOCTH.

5. Ilpn aBapuifHOM TOPMO>KEHUH aBTOMOOWJIb, IBHKYIIMUCSA CO CKOPOCTBIO 72 KM/4, OCTaHOBHJICS
yepes 5 ¢. HailTu TopMO3HOM TTyTb.

6. Yxion amuHoit 100 M nepkHUK mpomen 3a 20 ¢, asurasck ¢ yckopenuem 0,3 m/c 2 .Kakosa
CKOPOCTb JIBDKHUKA B Ha4yajle U B KOHIIE YKJIOHA?

7. Teno cBoboaHO nagaet B TeueHue 4 ¢. Onpenenure BLICOTY, C KOTOPOU MagaeT Telo, U CKOPOCTh
B MOMEHT yz1apa 0 3eMJIIO.

dopma npeacTaBiaeHus pe3yJabrara:
BrImomHUTE 3a1aHUE B TETPAIH IS MPAKTUYECKUX PadoT.

Kputepuu onenkmu:
3a MpaBUIILHO BBITOJHEHHOE 33/JAHHE BHICTABJISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS OlleHKa — ) OaioB.
1. Oyenxa «omauunoy evicmasniemcs 3a 90 — 100% npaBUIbHBIX OTBETOB
2. Oyenxa «xopoutoy svicmasnsemcs 3a 80 — 89% npaBUIHHBIX OTBETOB
3. Oyenxa «yoosnemeopumenbvnoy gvicmagisemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
4. Oyenka «Heyooe1emeopumenvroy svicmasisemcs 3a Menee 60%0 nmpaBUIBHBIX OTBETOB

Tema 2.1. Kunemartuka
IIpakTH4eckoe 3anaTHE No2

Pemenue 3aga4 Ha mapaMeTpbl BpalaTeJIbHOr0 ABUKCHUS

Iesb: HayunTHCS pemaTh 3a/1a4y Ha MapaMeTpbl BpallaTeIbHOTO ABHKEHHS
Boinosinenue padorsl cnocodcTByeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepunanbHoe o0ecnmedeHHe: WHAMBUAYAJIBHOE 3aJaHME, KOHCIEKT JIEKIIMH, CIpPaBOYHbBIE
MaTepHabl.
3aganue:
1 OTBeTbTE HA CJIEAYIOLIME BONPOCHI:
e Kakyro (GopMysy MOKHO HMCHOJIB30BAThH JJIS HAXOXKJEHHS MyTH, €CIM TOYKa MPOIUIa IpU
KPUBOJIMHEWHOM JIBUKEHUU?
o Jlokaxxute hopMyiy, CBA3BIBAIOILYIO BEKTOPbI IMHEHHOM U yriIOBON CKOPOCTH.
e JlouemMy paBHBI BEKTOpPHl TAaHIC€HIMAIBHOTO M HOPMAJIBHOIO YCKOPEHHMS B Cllydae
KPUBOJIMHEWHOTO JIBUKEHUS MaTepuanbHON Toukn? Kak HaliTH MOJyJIM 3TUX BEKTOPOB?
L4 quy PaBHbBI BEKTOPbI TAHI'CHIHUAJIBHOI'O WU HOPMAJIBHOTO YCKOPECHHA W UX MOAYJIW IJIA
BpalaTeIbHOT O IBKEHHUS MaTepHaTbHON TOUKH?
e Kak cBs3aH BEKTOp IOJHOTO YCKOPEHHsI C BEKTOPAMH YIJIOBOTO YCKOPEHHsI U YIJIOBOU
CKOPOCTH JUIsl BpalaTEIbHOTO IBUYKEHUS?
Ilopsinok BbINOJHEHHSI padOThHI:
1. OtBerbTe MMCEMEHHO Ha BOMPOCHI, IPE/ICTABICHHbIE BHIIIIE.
2. Pemmte camocrosTenpHy0 padoTy. OpopMuTe penieHne MMCbMEHHO B TETPAJIH.

TeopeTuyeckas 4acThb
[TycThb Teno ABMKETCS IO OKPYKHOCTHU pajinyca R ¢ MOCTOSIHHON 110 3HAYEHUIO CKOPOCTHIO V

(TMHEHHOM CKOPOCTBIO) M 3a BpeMs At mepeMecTunoch Ha AS u3 T. A B T. B. Bektop V HarmpapieH mo

10



KacaTeJIbHOM K OKPY’KHOCTHU U MCHSCT HAIIPpABJICHUC, T.C. MOXKHO 'OBOPHUTH 00 M3MEHCHUH CKOpPOCTH

S, _ AV
AV =V =V, , OTIIMYHOM OT HyJs1. OTCcroa: a = " #0.

LleHTpOCTpEeMUTENILHOE YCKOPEHHUE (d) — CKOPOCTh M3MEHEHUS HAITPABJICHHS BEKTOPA CKOPOCTH.

Onpenenum |d.,| = a, .
W3 nonio6ust Tpeyrombnkos OAB 1 CBD = &Y _ A_RS = Ay =Y AS
\'
Av _V-AS AS v?

9

= ompulAt = 0 H——>v=>la=—|
VIR TR & Gep = @5y R

Bekrop d HampasiieH [0 paanycy K HEHTPY OKPYKHOCTH.

[Tepurona obparieHust TOYKH 10 OKpYx)HOCTH (T) — Bpemsl, 3a KOTOPOE TOYKA OMUCHIBACT OJIHY

OKPY>KHOCTb.
2 2R 2
T=2R| [T=1c W a=¥ uv="Rol -4 4
\Y R T T
YacToTa 0OpalleHus TOYKH 0 OKPY)KHOCTH (V) — KOJIMYECTBO MOJTHBIX 000POTOB,
. 1 v
COBEPIIAEMBIX TOUKOI B €IHHUILY ,— 1| Bpemenn. [v]=1-; |v= pyry L 47°v’R|,
T ¢ L=
VYri0Bas CKOpOCTh OOpaIeHus TOYKH 10 OKPYXHOCTH () — CKOPOCTh U3MEHEHUS yIJia
an

noBopoTa Ao paanycaR, COeIUHSIONIETO TOUKY € Ag| UEHTPOM OKDYXHOCTH. [w]= paa

Sy :

2 2p2
sz?”:;wzyrﬁ:%:; V:27WR;a:V_:WR —=la = w'R|.
T R R

2. Pemuure 3a/1a4M 1JIs1 CAMOCTOSATE/ILHOM PadoThI.

1. ABTOoMOOWIb JBMXKETCS MO 3aKpyrieHuto paguycom 100 MeTpoB co CKOPOCThIO 36 KM/4.
OrnpenenuThb ero HeHTPOCTPEMHUTENbHOE yeKopeHue. (oTB.: 1 M/c)

2. ABTOMOOWIBL JBHXKETCS MO 3aKpyriaeHuto paauycom 80 METpoB €O CKOPOCTbIO 54 KM/d.
OmnpenenuTs ero MeHTPOCTPEMUTENBHOE YCKOPEHHUE.

3. TouwmnbHblii Kpyr paguycoM 10 cm aenmaer oaumH obopot 3a 0,2 c. Haiiagure cKOpocTh TOueK,
HanboJee y/IaJeHHbIX OT OCH BpaIICHUSI.

4. Camonért, BBIXOJ U3 IHKE, ABMXKETCS IO TPACKTOPUH, KOTOpas B H)KHEH 4acTu ABIsETCs JAyrou
okpyxHOocTH paaunycoM 800 M. Beruucnure yckopeHue camousiéra Mpu €ro JBUKEHUH, €ClId €ro
cKOpoCTh paBHa 720 km/4. (0TB.: 50 M\c?)

5. CnyTHUK JBHKETCS IO KpyroBoil opoute Ha Beicote 630 km. [lepuon obpamienus cnytHuka 97, 5
MuHyT. Omnpeznenure ero JMHEHHYIO CKOPOCTb M LEHTPOCTPEMHUTENbHOE YyckopeHue. Pammyc
3emun 6370 km. (OtB.: 7514 M/c; 8,1 m/c?)

6. Bpewms ogHOro 060opota BOKpyr ocu paBHO 24 yaca. Beruucnure yrioByro U JIMHEHHYIO CKOPOCTH
BpallleHHs To4Yek Ha 3kBatope. Paanyc 3emnn cuutath paBHbIM 6400 kM (oTB.: 0,0007 pan/c; 448
M/C).

7. Tlepuon oOpaieHus MepBOro KOCMUYECKOro Kopadust — cyTHuka 3emin «BocTok» paBHsuics 90
MuHyT. CpenHsisi BbIcOTa cyTHUKA Haja 3emiéi Obuia paBHa 320 kM. Panmyc 3emmu 6400 xm.
Brruucnure ckopocTs Kopabiis.

8. KakoBa ckopocTh ABMXEHHS aBTOMOOWIIS, e€clii ero kojeca pamuycom 30 cm agemator 600
000pOTOB B MUHYTY?

9. Jlyna nBuxercst BOKpYr 3emin Ha pacctossHuu 380000 kM oT He€, coBepiias o1uH 000poT 3a 27,3
CYTOK. BBIUncmTe eHTpOoCTpeMUTEIbHOE YCKOpeHne JIyHEI.

®opma npeacTaBiaeHus pe3yabTara:
BEIoTHATE 3a/1aHUE B TETPAAX IS IPAKTHYECKUX padoT.
Kpurepun onenkmn:
3a IpaBUIIbHO BBIIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJI0KUTENIbHAS OLleHKa — | Gasu.
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3a HelpaBWIBHO BBIMOJTHEHHOE JICHCTBUE, 3a/IaHNE BBICTABIISETCS OTpHUIIATeNbHAs olleHKa — () 0ayioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIBLHBIX OTBETOB

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

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

Oyenka «HeyoosiemeopumenbHoy svicmasgisemcs 3a Mmenee 60% nMpaBUITBLHBIX OTBETOB

Tema 2.2. 3akonnl mexanuku Holorona
IMpakTHyeckoe 3ansaTHE No3
Pemenne 3aga4 no teme «BHabI CHJI B MEXaHHUKE.
Cuiia TpeHHusl MOKOs1, CKOJIbKEeHHsI, KAYeHUs], BPallleHHs»

Iesb: packpbITh coaepkaHue 3akOHOB HbplOTOHA M OCOOEHHOCTH CWJI PA3JIMYHOM NMPHUPOJIBL; 3aKPEIUTh
YMEHMsI U HaBbIKU PELEHUs 3ajia4 Ha BTOpoi 3akoH HploTOHA, KOr/1a Ha Teo IeHCTBYIOT HECKOJIBKO CHJI.

Brinosinenue padorsl cnocodocTByer popmupoBanmio: OK 01, OK 02, OK 03, OK 09
MarepuanbHoe o0ecniedeHue: TeTpaab IS MPAKTUYECKUX paboT, pydyka, METOAMYECKUe

PEKOMEH/IALIMH 110 BBIIOJHEHHUIO PA0OTHI, IMHEIKA, KapaH/Ialll.

Yka3anue: [IpakTrueckas padoTa COCTOMT U3 JBYX 4YacTed — TEOPETHYECKOW M MPAKTHUECKOM.
[Tocne u3ydeHus: TEOPETHUECKOTO MaTepHalia MOYKHO MPHUCTYNATh K BBIIIOJHEHUIO TPAKTHYECKON YacTH.
Omna cocrouT U3 ABYX U 0oJiee 3a/1a4 IS CAMOCTOSITEIILHOTO BhIMOTHeHHS. He 3a0bIBaiiTe 0 MpaBHILHOM
odopmitennu pemeHus. Ha BEIIOTHEHNE MPaAKTUYECKOW OTBOJUTCS JIBA aKaIEMUIECKIX Jaca.

IMopsitok BBINOJTHEHHS PA0OTHI:

1. PaccMoTpuTe TCOpPETHUSCKHMI MaTepHal II0 TeMe W HpHUMEphl peIleHHs 3aaad  (CMOTpHU
METOAMYECKOE ITOCOOHE).
2. Pemute camocTosTenbHYI0 padoty. Odopmute penieHne MICbMEHHO B TETPAIH.

1. Teopernyeckas yacTpb
Hunamuxa. OcHo8HbIE NOHAMUSL
Nuepuusi — gBI€HUE COXPAHEHHS CKOPOCTH JIBUKEHHS Tejla MPU OTCYTCTBUU
BHEIIHUX BO3ICUCTBUI.
NHepTHOCTH — CBOWMCTBO T€J, MPOSBIISIIONIEECS] B TOM, YTO MHPH OJMHAKOBBIX
BHEITHUX BO3JEHCTBUAX pa3HbIE TeJla MPHUOOPETAIOT pa3HbIe YCKOPEHHUS.

e Macca (M) — Mepa MHepTHOCTH Tell.  [M]=1kr. |a,  m,
3a oranmon maccel (1 KumiorpamMm) NpUHsTa Macca MEXAYHapOAHOIO |a, m, IpPOTOTHIIA
KUJIOTpaMMa.

W3 OmbITOB H3BECTHO, YTO YCKOPEHHUS, IOJydaeMble TellaMH IIpU B3aUMOJIEHCTBUH, OOpaTHO
MIPOIMOPLMOHAIIBHBI UX MacCaM: .
Ecnu maccy kakoro-nu6o Tena npuHATH 32 3TaJIO0H, TO MOKHO U3MEPUTH MACCy APYTUX TeEIl:

[p]=1"% M, = 1 &r
[TnoTHOCTH Tena (p) — OTHOILICHHE 3 TEAA Macchl TeJra M K ero oosemy V.
- o M a'TE/\A
Cuna (F) — Mepa MEXaHUYECKOTO JCHUCTBUS OJTHOTO Tena Ha Jpyroe.
F]=1H - #proToH. _m
[F] L
Cuna uMeeT HamlpaBlieHUE, T. €. CULA-8EKMOp. v

Cuna BCCTa MPUIJIOKCHA K TOMY TCJIY, HA3BAHHUC KOTOPOIro CICAYCT B MNPCHJIOKCHUU MOCJIC MNpCIjiora
«Ha».
CunoBoe moiie — 0COObIi BUJ MAaTCpuH, IMMOCpeACTBOM KOTOPOIoO nepe;[aéTc;I JIEHCTBHUE CUIIBI.

—

PaBHosieficTBYIOmas (pesynbTupytomas) cun ( R ) —cuna, paBHas BEKTOPHOH cymMMe AaHHBIX cun F .
R=YF
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JlaBneHue (p) — OTHOIICHHWE CHJIBI K TIUIOMIAJM IOBEPXHOCTH, Ha KOTOPYIO OHa JCHCTBYET B
MEePIEHIUKYISIPHOM HaIlpaBJICHUU.

\Y

m

H
F| [pl= 1? -1 [la - acKasb
Nmnynbe Tela (p)- T BEKTOpHAs Mepa MEXaHUYECKOIO

KI' - M

JBIKEHUS, paBHAs MPOU3BEICHUIO MAacChl TEJIa Ha €r0 CKOPOCTb. [ pl=1
C

Umnynbe cunbl (7 - Ar) — BEKTOPHAs Mepa JEHCTBHS CUJIbI, paBHAs IPOU3BEICHHIO CHIIBI HA BPEMS €&
nevicrBusa. [F-At] =1 H-c.

3axonsl HeroToHa

O0001MB pe3yabTaThl CBOMX MCCIEIOBAaHUN U, yuTs padoty [anunes «O ABM)KEHUM TeNl IO UHEPLIMU,
HeioToH chopmynupoBai 3aKkOHYEHHOE MOJIOKEHNE, H3BECTHOE KaK MepBbIi 3akoH HproTOHA:!
CylIecTBYIOT CHCTEMBl OTCYETa, OTHOCUTEIBHO KOTOPBIX TE€JIO HAXOIUTCA B IOKOE JINOO IBHIKETCS
IIPSIMOJIMHENHO ¥ PAaBHOMEPHO, €CJIM PABHOAEHUCTBYIOIAsl BCEX MPUIIOKEHHBIX K HEMY CHJI PaBHA HYJIIO.

WNuepunansuas cucrema orcuéra (MCO) — cucremMa OTCYETA, B KOTOPOW BBIITOIHAETCS
nepBbiii 3akoH HploToHA. F=m-a
~ D mAvV - o
s r= % == =ma [OJIy4YaeéM  BTOPOM 3akoH HproTOHA:!
t t

JUIs TeJa MMOCTOSTHHOM MacChl CKOPOCTh M3MEHEHHSI UMITYJIbCA paBHA MPOU3BEICHUIO MACChl HA YCKOPEHHE.
Bropoii 3akon Heiorona padotaer Tosbko B UCO u mipu yCIIOBUH, YTO Macca Telia U JICUCTBYIONINE Ha
HEro CHJIbI IIOCTOSIHHBI.

Bropoit 3akon HproToHa cripaBeasuB il PaBHOJCHCTBYIOIIEH R BCEX CHII, MPHIOKEHHBIX K TeEIy,

MIO3TOMY, TIPEXK/IE YEM pelIaTh 33a4M C €ro MPUMEHEHHEM, HaJl0 OTPEICIHTD R.
Tpernii 3axkoH HproTOHA: F =-F
Cunbl, ¢ KOTOpPBIMH JIBa Tela JEHCTBYIOT JPYyT Ha JIpyra, YUCIEHHO PaBHbI M HAIIPABICHbI
B IIPOTUBOINOJIOKHBIE CTOPOHBI 110 OJHOM ITPSAMOM.

Tpertnii 3akon Hetotona paboraet Tonsko B UCO.

3aKOH BCEMUPHOTO TATOTECHUSI

ITonaras, 4yro Bce Tena Beenennoii B3aumMHo nputaruBatotcs, HetoToH B 1682 1. chopmynupoBan 3akoH
BCEMHUPHOTO TATOTEHHS: BCE TeJa MPUTATUBAIOTCS APYT K JAPYTY C CHIIAMH, IPSIMO TPOIIOPIHOHATHHBIMH
MPOU3BEACHUIO UX Macc U 00paTHO MPONOPLUOHATBHBIMH KBAJIPATy PACCTOSIHUS MEXY HUMHU.

rie Fi; - cmma BsauMHOrO | y-m,-m,| MPUTSOKCHHMS TET Macc My i My,
7 — I'PaBUTALlMOHHAs MOCTOSHHAS. ¥ R? ‘6,6720 10 HMZ/KFZ‘.

Cunsl B mpupone -
Cuna taxectn (F,,) — CuIa, N cooOImaromas Teny —— —
YCKOpEeHHE CBOOOJHOIO MaeHHs. ! maze — MY
Cuia TSDKECTH HarpaBJicHa FTFFTTTE BEPTUKAIBHO BHU3
(eprIeHIUKYISIPHO ~ KacaTelbHOU K Fro MOBEPXHOCTHU 3EMITH).

Peakuusi( N ) — cuna JeicTBHS O1opHI (IT0Beca) Ha TENO.

Bec Tena (P) — cuiia, ¢ KOTOpoii Teso AeHCcTBYeT Ha OHOpY WIIM MOJBEC BCIIEACTBUE MPUTSHKEHUS K 3eMIIe.
HeBecomocTh — Mcue3HOBEHUE Beca Tella MPH JIBUKEHUHU OMOPBI C YCKOPEHHEM CBOOOTHOTO MaIeHHS.
[leperpy3ka — yBennueHue Beca Teja Ipy JIBHKEHHH OMOPBI C YCKOPEHUEM BBEpPX.

Cuna  ympyroctu (7)) —  cuia, o BO3HUKAIOIIAs B TeJe MPH JepopMallnu.

3aKOH I'yka: cuia YIIPYrocTH, — BO3HHUKAlOIas  npu  jgedopmManuu  Tena,

IPONOPLMOHANIbHA €ro a0COMIOTHOM nedopMallMd M HaAIpaBlI€HA B CTOPOHY, NPOTUBOIOJIOKHYIO
MEPEMELLEHUIO YaCTHI] TeJa:
Cuna Tpenus nokos ( 7, ) — CHJIa, BOSHUKAKOIIAs Ha TPAHUIE CONPUKOCHOBEHHMS TEJI TIPH OTCYTCTBHH MX

JBUKEHHSI OTHOCUTENBHO JIPYT ApYyTra.

§ — xoodduuueHnt TpeHus (3aBucur oT |F,, =uN| MarepuanoB TPyIIMXCSA HOBEPXHOCTEN).
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Cuia TSOKECTH — ATO TpaBUTAlMOHHAS CUJIa, ¢ KOTOPOM 3emilsi mpuTaruBaet k cede tena: F = mg,
r7ie g€ — YCKOpPeHHE CBOOOTHOTO majaeHus, g = 9,8 m/c2. .

VYckopenne cBobomHoro maneHust 3aBucuT oT: 1) R 3emum (reorpaduyeckoit mmpotsr): yem R
3emun 1 (9kBatop), TeM g | 2) h — BBICOTHI Tena Haj MOBEPXHOCThIO 3emuu: ueM h |, Tem g |. s
nr060ro kocMuueckoro tena Frsok = G M /(C1+0]) [

MuHumanbHas CKOPOCTb, KOTOPYIO HY)KHO COOOIIUTH TEITy, YTOOBI OHO MOTIJIO JBHTaThCS BOKPYT
3emun o kpyrooii opoute (MC3) - mepBast kocMudeckas ckopocTh v1 = 7,9 km/c.

MuHumanbHas CKOPOCTb, MPU KOTOPOM TENO MPEO0JI0JIEBAET 3€MHOE MPUTSHKEHHE U CTaHOBUTCS
cnyraukoM Cosaila (opbuta = mapaboiia) — BTopast KocMHYecKasi CKOpocTh v2 = 11,2 km/c.

CkopocTb, Ipu KOTOpOil Teno mnpeonosieBaeT npursbkeHue ConHua u nokuaaer ColMHEYHYHo
CHCTEMY — TPEThsl KOCMUYECKast CKOpocTh L3 = 16,7 km/c.

Cujia TpeHHsi: BO3HHMKAET BJOJb MOBEPXHOCTH JIBYX TPYLIMXCSA Tel H3-3a AedopManuu 3THX
MOBEPXHOCTEH M HampaBlieHa BIOJb IMOBEPXHOCTH MPOTUB cMemleHus. [Ipupona — areKTpoMarHUTHAS.
Jtp = u N, rme N — cuna peakiu onopsl, | — ko3 duiueHT Tpenus. Cuna TpeHus ObIBaeT: MOKOs,
CKOJIb)KEHUSI, Ka4eHHs U JKUJIKoe TpeHue. Ecnu TpeHue mojae3Ho — ero yBEJIMYMBAIOT (LIypYIbI, HECOK,
IIUIIOBKH, PYKaBUIIBI U T.JI.), @ €CIIM BPEAHO — YMEHBIIAIOT (MOAIIMITHUKY, CMa3Ka, o0Tekaemas hopma u
1.4.). Cuna ynpyroctu — Bo3HUKaeT npu aedopmanuu tei. [Ipupoaa — snekrpomarHuTHasl.

Hedopmarust ObiBaeT ympyras (pacTsbDKeHHWE - CKaThe, W3Tru0, CIBHT — Cpe3, KpydeHue) |
IIacTUYecKas (He UCYE3aeT M0CIIe IPEKPALEHUS BO3AECHCTBHUS.

Jlist yripyro#t nedopManiy BBITONHSIECTCS 3aKOH ['yKa: chiia yIpyrocTd MpsMoO MPOMOPIHOHATBHA
ynauaenuto tena: F = — kAl, rae k — xectkocts Tena, Al — ero yanuHeHHe. 3HaK «—» YKa3bIBaeT, YTO
Fynp nanpapneHa npoTHBOIOIOKHO CMEIIEHUIO YaCTHUI TEJa.

Bec Tena — 310 cuita, ¢ KOTOpPOi TeJo, BCIEACTBHE €ro MPUTSDKEHUS K 3emiie, IeHCTBYET Ha ONopy
i noasec: P =mg, rae P — Bec Tena, g — yckopeHue cBoOOHOTO najieHus, g = 9,8 m/c2 .

B sTOoM cinyuae omopa WM HOJABEC HAXOIATCS B COCTOSIHUM PaBHOMEPHOTO MPSIMOJMHEHHOIo
JBMKEHUST OTHOCUTENbHO 3emiid. OfHaKo, BEC MOXKET OBbITh OOJIbIIE WM MEHbILE CHUJIbI TsDKeCTH. Eciu
oTiopa WM MOJBEC JBMKYTCSI YCKOPEHHO BHU3, TO Bec P = m(g—a).

Ecnu omopa win moasec OBUXKYTCS YCKOPEHHO BBEpPX, TO Bec P = m(g+a), Telo HCHBITHIBAET
neperpy3ku. Ecnm Temo IBHMXKETCS TOJBKO MO ACWCTBHEM CHIIBI TSDKECTH, TO OHO HaxXOJISITCS B
coctrosinnu HeBecomoctu (P = 0).

2. Ilpumepsl pemieHus 3a1a4

1. ABTOOYC, Macca KOTOpOTO C MOJIHOM Harpy3koi paBHa 15 T, Tporaercs ¢ Mecta ¢ yckopenuem 0,7
M/c 2 . Haiitu cuity Tsru, ecinu ko3¢ (GUIMeHT ConpoTHBIEHH IBIKeHUIo paBeH 0,03.

Jlano: Pewenue:

m = 15t = 15- 10%kr Y /’“’f)

a=0,7 m/c? ?311 { [’ X FTp+N+ﬁ+lng:m&

M ~‘)0,()3 _;f‘.:{fﬁf:ff_- OX: -Fp +F=ma

F -2 S OY:N-mg=0-N=mg
"‘/}?.’7 S Ep, =MN - E, = Mmg

-mmg + F =ma
F=ma + Mmmg=m(a + mg)
F = 15- 10%kr(0,7 w/c? + 0,03:10 m/c?) = 15- 1031 m/c? =
15-10°H
Omeem: 15-103H
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2. Ha HaKJIOHHOM IJIOCKOCTH JJIMHOW 5 M M BBICOTOM 3 M Haxoautcs rpy3 maccou S50 kr. Kakyro

CHJTY, HAalIPaBJICHHYIO BIOJb IUIOCKOCTH, HAJI0 TPHIIOKUTH, YTOOBI YAEPKATh ATOT TPY3, €CIIH TSIHYTH €T
c yckoperueM 1 m/c 2 ? Koapdunuent tperns 0,2.

Hano: Pewenue:

m = 50 kr % - i

a=1m/c? A \ , R "'; CoCTaBuM YPaBHEHHE JABHKECHUS TENa:
M = 0,02 2 . "\\)f\‘ “r“ pr +N+F+ mg = md

[=35m it : 2% f Haiizem npoeximm cuit Ha 0cH:

:" ,3 M : v— Ock OX: -F,, + F - mgsina = ma

Ocs OY: N~mgcosa =0 —= N=mg cos a
Fy, = MN = E,, = Mmmg cos a
[lojcrasne BTOpoOe ypasHEHNE B HIEPBOE, MTOJIYUNUM
-mmgcos @ + F - mgsin a= ma
HaxoauM npon3soiHyio BeIHUNHY:
F = mmgcos a- mgsina + ma nan
F=m(a + mgecos a + gsin a)
ITo onpeacneHmio CHHyCa HMeeM
sina !'-. sina = ‘—M 0,6
{ 5m

H3 OCHOBHOIO Tpnrono.\terpuqecxom TOXKACCTBA

sina +cosa’=1,
cosa=v1—sina’=y1-0,36=0,64=08

Brraucanm HCKOMYI0 BETHHHHY:

F =50 xn(0.2:10 w/c® - 08 + 10 w061 w/c?) =430 H
Omsem: 430 H.

3. Ha minype, nepekuHyTOM 4epe3 HeMOABUKHBIN OJIOK, moABemieHbl rpy3sl Mmaccamu 0,3 u 0,2 Kr.
C kakuM ycKOpeHueM ABUKYTcs rpy3bl? KakoBa cuiia HaTS)KE€HUs BO BpeMs IBUXKEHHUS?

Hano! Pewenue:
my = 0,2 kr ) ! g COoCTaBUM YPABHCHUE JIBIOKCHUSA JUIS
my = 0.3 kr k7 S JIBYX Te
a-7"T-? " oo myg+ T, = may,
A t Y . ~nd -’
mydg + T, = mya,;

Halijiem npoexkuun cnin na ock OY:
{ Ty —myg = myay
=Ty +myg = myay’
T Tena epasanbl OAHON HUTLIO, TO
Ty=T,=Twuna, =a; =aq,
.rm)m‘{ l‘ —mgyg = ma ‘
~T 4+myg = mya
CHomxum 9TH YPABHCHMS
—nmyg +meg - (Mmy + Mmya mnn
glmy —my) = (my +myla
Pemmm 510 ypaBHECHHE OTHOCHTEIBHO HEHIBCCTHOI BCIIMUMILI

glmy—miy) 10 m/c?(0,36r—0,2K1) .
a =, BbLIYTMCJINM T VSN Vevu T Y BTy 2 M/Cz
myemg 0,36r40,2kr

Cruty HaTsReHns Haiiaem nx nepporo ypusuenws: T =m, (g + a)
Beiupennm: T = 0,2kr(10 m/¢? + 2m/c?) =24 H
Omeem: 2 m/c?; 2.4 H

CamocrosiTesbHast padoTa

Bapuant Ne 1

1. Bpycok maccoil 0,2 KI paBHOMEpPHO TSHYT C IOMOLIBIO JUHAMOMETpPA IO TOPU30HTAIBHOMN
iockoctu croina. [Tokazanue nuaamomerpa 0,4 H. Onpenennre ko3 puiineHT TpeHUs CKOIbKEHHS L.

2. Ha HaxJIOHHOM IJIOCKOCTH € yrJioM HakJoHa 20° Haxogutcs Teno maccod 20 kr. Onpenenure
CUIly, HalpaBJIEHHYIO BJOJb IUIOCKOCTH, KOTOPYIO HEOOXOJMMO MPUIIOKUTH K Telly, 4TOOBl €ro
paBHOMEpHO aBUTaTh BBepX. Koapduuuent tpenus tena o miaockocts 0,4.

3. Ha HuTH, NEepeKMHYTON Yepe3 HEMOABMXHBIN 00K, mojasenieHsl rpy3sl Maccamu 0,3 u 0,34 kr.

3a 2 ¢ mocie Havajia ABMKEHMS KaxIbli rpy3 npouen nyTh 1,2 M. [Io 1aHHBIM OnbITa HAWTHU YCKOPEHHUE
CBOOOHOTO TIA/ICHHUS.
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4. DIIeKTPOBO3, TPOTasiCh C MECTa, pa3BUBAECT MaKCUMaJIbHYIO cuity Taru 650 kH. Kakoe yckopenue
OH COOOIIUT KEJIE3HOIOPOKHOMY cocTaBy maccoil 3250 T, ecnu KO3 (HUIMEHT CONPOTUBIICHUS PaBEeH
0,005?

Bapuant Ne 2

1. Kakyro cuity Hajo NpUIIOKUTH I MOJbeMa BaroHeTkn maccoil 600 Kr mo 3crakaje ¢ yriiom
HaksioHa 20°, eciii Kod()PHUITUEHT CONMPOTUBIICHUS ABMKEHUIO paBeH 0,057

2. Ha HakI0HHOM MJIOCKOCTH ¢ yrioMm HakjioHa 30° Haxomutcs Teno maccoil 20 kr. Onpenenure
CHIly, HaIlpaBJICHHYIO BJOJb IUIOCKOCTH, KOTOPYIO HEOOXOJMMO MPUIIOKUTH K Telly, 4TOOBbl €ro
paBHOMepHO nBUrath BHU3. Koadduument tpenus tena o miaockocts 0,6.

3. Ha miHype, nepeKnHyTOM 4epe3 HEMOABMKHBIN OJI0K, moaBemeHs! rpy3sl Mmaccamu 0,3 u 0,2 kr.
C kakuM yCKOpeHHUeM ABUXKYTCs rpy3bl? KakoBa cuiia HaTsHKEHUS IIHYpPa BO BpEMsi JBUKEHUSA?

4. Apromobus «Kurynu» maccoii 1 T, Tporasch ¢ MecTa, gocturaetr ckopoct 30 m/c uepes 20 c.
Haiitu cuity Tsiru, ecnu koa¢gduiment conpotusieHus pasex 0,057

dopma npeacTaBJieHus pe3yabTaTa:

BreinonHuTh 3asaHue B TETPaAH ISl MPAKTUYECKUX padoT.

Kpurepun oneHku:
3a npaBUJIbHO BBIMOJIHEHHOE 33JaHUE BBICTABIISICTCS MOJIOKUTENbHAS OIleHKa — 1 Oa.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JACHWCTBUE, 3aJJaHUE BBICTABIIACTCS OTpUIIaTeIbHAs oeHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenxa «Heyoosiemeopumenbvhoy svicmasgiiemcs 3a Mmenee 60% npaBUIHLHBIX OTBETOB.

Tema 2.3 3aKkoHBI COXpaHEHHS B MEXaHHKe
IpakTuyeckoe 3anaTue Ned

3aKOHBI COXpaHEHHUsI B MEXaHUKe M UX IPUMEHeHHe

Ieb: 3aKpenuTh YMEHHSI U HABBIKU PEIICHUS 331a49 HA 3aKOHbBI COXPAHEHUS

Beinosinenne padorsl cnocodcTByet (popmuposanuro: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe obecniedeHue: TETPaIb s IPAKTUUECKUX paboT, pydKa, METOINYECKUE

PEKOMEHIALUU 110 BBIIOJIHEHUIO Pa0OTHI, JIMHEHKA, KapaHJarll.

Yka3anmue:

[IpakTuyeckas paboTa COCTOMT M3 JABYX yacTeil — TeopeTHueckol M mpakTtuyeckou. Ilocie
U3Y4YEHUsI TEOPETUYECKOro MaTepuaiga MOXHO IPUCTYNATh K BBINOJHEHHUIO MpakTHueckoi uyacth. OHa
COCTOMT M3 JBYX W Oosiee 3ajauy Al CaMOCTOSITENIbHOTO BbIMONHeHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
odopmiiennu pemeHus. Ha BImosHeHNE MPaKTUYECKOW OTBOJIUTCS /IBa aKaIeMUYECKUX yaca.

ITopsinok BbINOJHEHHS padOThI:

1. PaccMoTpuTe TeopeTHuecKHid MaTepuad MO TeMe M MpPUMEpbl peleHus 3agad (CMOTpHU
METOIUYECKOE 110codue).

2. Pemute camocrosiTenbHyto padboTy. OdopMuTe penieHre MucbMEeHHO B TETPAIH.

1. TeopeTnyeckas yacTb
3aKOHBI COXPAHEHUS UMITYJIbCa, MOMEHTA UMITYJIbCA, JHEPTHH U Jp. ACUCTBYIOT B 3aMKHYTBIX CHCTEMAaX.
3amknymou Ha3bIBAa€TCAd CUCTEMa TeJ, B3aUMOJEHCTBYIOUIMX TOJBKO JpPYr C JpyroM U He
B3aMMOJEHCTBYIOIUX C JPYTUMHU TEIAMH.
Hmnynec cunvl — BEKTOpHAs BEJIMYKMHA, SIBISIFOIIASICSI MEPOU JEHCTBUS CUJIbI 32 HEKOTOPBIM MPOMEXKYTOK
BpPEMEHH.

I =F-t, | —uvmynsc cumsl F 3a Bpems t
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Nmnynbe Tena (KONMMYECTBO IBMXKCHHUS) — BEKTOpPHAs (U3MYECKas BEIWYHMHA, SBISIOMASACS MEpoi
MEXaHUYECKOIO JBUKEHUSA:

— . KoM
P=m-v;

C
Bropoii 3akon HeroTOHA MOKHO 3alUChIBaTh B BUJIE:
Ft = mv, — mv;
P — UMITyJIbC TeIa Maccoi M, JIBUKYIIErocs co CKOPOCThIO O .
3aK0H COXPaHEHHS UMITYJIbCa - BEKTOPHAS CyMMa UMITYJIBCOB TEJ, COCTABJISAIONINX 3aMKHYTYIO CHCTEMY,
0CTa€TCs HEU3MECHHOM.
m,o, + m,0, = mu, + m,u,
My, M, — MAcChl TElI,
01, D2 — CKOPOCTH TEJI 10 B3aUMOJACHCTBU,
U1, Uz — CKOPOCTH TEJI MOCJIE B3aUMOJICUCTBUA.
Eciu cymma BHENIHMX CHJI, JCUCTBYIOIIMX Ha Tela CHCTEMbI, paBHAa HYIIO, TO HUMITYJIbC CHCTEMBI
COXpaHSETCS:

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

KonuuecTBo motpebisieMoii SHEPTUKM — OJIMH W3 TJIaBHBIX MOKAa3aTellell TEXHUYECKOrO Pa3BUTHS OOIECTBRA.
[Tpou3BoICTBO, pachpeneeHre U MOTpeOICHNe SHEPIrMM HEBO3MOXKHO 0e3 e€ mpeoOpa3oBaHMs U3 OJJHOTO

BUJa B Jpyroi. Eciau moj jelcTBUEM MOCTOSHHOU g CHIBI F TENO COBEPIIMIIO TEpEMENIeHHE §,
TO FOBOPST, YTO CHJIOW COBEpILIEHA paboma.
(04 -

Pabora (4) —  ckamspHOE - MpPOU3BEJICHUE BEKTOPOB CHJIBI F H
ePEMELLCHHUS § . / S

rgpe a — Yyroua A Menq{yﬁ u S; Fs =F-cosa — mpoexuus F

. N ="
A=|F|-|S|-cosa=F-S-cosa = F;S Ha At| HampaBIIeHHE.
[4] =1 H-m = Tk — mxoymb [N]:lﬂ—mleT
C

Moursrocts (N) — CKOpPOCTh COBepILIeHUs pabOTHI. — BATT

JHeprus

MexaHnuecKkasl CUCTEMa — COBOKYITHOCTb MaT€pUaIbHBIX TOYEK, B3aMMOACUCTBYIOIIUX APYT C APYIOM H
TeJIaMHM, HE BXOJSIIMMHU B 3Ty COBOKYITHOCTb.

ITocne coBepuieHHss pabOThl cUCTeMa MEPeHIET M3 OAHOTO COCTOsHUS B Jpyroe. Torma pabora —
¢busndeckas BeNMYMHA, XAPAKTEPU3YIOLIAsl npoyecc IEpexoja MEXaHWYECKOHW CHCTEMBI U3 OJHOTO
COCTOSIHMS B IpYTO€.

MO>KHO TOBOPHUTB, YTO CYIIECTBYET HEKHH IapamMeTp MEXaHU4YECKOM CHCTEMBbI, U3MEHEHHE KOTOPOro
paBHO COBepLIEHHOI paboTe A.

Mexanunveckasi sHeprus (E) — mapaMeTp MeXaHHYECKOW CHUCTeMBbI, U3MEHEHHE (az ) KOTOPOTO PaBHO

coBepmi€éHHON padote (A). az = A. [E]=1 JOx
- =2 1

rac E]_ — MCXaHNYECKas SDHEPIrUusd CUCTEMbI B HAYaJIbHOM COCTOAHUU;
E,; — mexannueckas OHCPIUs CUCTEMBI B KOHCUYHOM COCTOSTHUH.
H3menenue OHEPTHUU Ar MOXKCT OBITH KaK IMMOJIOKUTCIIBHBIM, TaAK 1 OTPULATCIIBHBIM, T. €. AE = ilAEl .

U3 (*) BeITeKaeT: paboTa — Mepa U3MEHEHUSI MEXaHUYEeCKOW SHEPTHU CUCTEMBI.

Kunernueckas sHeprus

Kunernueckast sHeprus (E,) — MOJOBUHA TPOM3BEICHUS MACChI TEJIa Ha KBAJPaT €ro CKOPOCTH.
Kunernueckass »dSHeprus — DHEprus mv2| ZABUXKEHUS.

Torna |A =E, - Ey I/IJ'II/I|A =AE |, T. €. ecH E = 9 | cmiIa COBEPIIACT TIOJOKUTEIHHYIO paboty, TO
KMHETUYECKasi SHEPrUs TeJla BO3PACTAET, 1 00paTHoO.

IToTeHnUanbHAS YJHEPTUSA
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[MorentmansHas sHeprust (£;;) — SHEprusi B3aUMOICHCTBHS TEJl HJIM YacTeH Tea.

Hyneroit ypoBeHb TOTEHITMATBHOM SHEPTHH — COCTOSTHUE CHUCTEMBI, B KOTOpoM Ej; = 0.

HyneBoil ypoBeHb NOTEHUMAIbHOM »JHEPruUM B3auMmonedcTBus Tena c¢ 3emnéd (HVYIID3) —
rOpPU30HTAIbHAS MIJIOCKOCTh, HA KOTOPOH npuHUMaeTcs E, cuctemsl Teno—3emiis paBHOI HYIIO.

[TycTb Teno Macchl M MO ACHCTBHEM CHIIBI TSDKECTH £, NIEPEMECTHIIOCH ¢ BBICOTHI Ny 10 BHICOTHI hy Oe3

TSOK

W3MEHEHUsS CcKopoctH. PabGora cumbl Tsokectn A= F, S =mg(h —h,) =mgh —mgh, = —(mgh, —mgh,) =

=—(En—Eq) I/IJII/I.

[TorenumanpHas >HEPrus B3aMMOJEHCTBUS tena ¢ 3emsed (E,) — mnpousBeneHue CHIIbI
TSOKECTH Tella Ha BBICOTY h mososkeHus LIEHTpa Macc Tesna oTHocuTensHo HYTIOD3.
[ToreHmanbHON HEPruei B3auMOICHCTBHS YacTel Tena 001agaoT ynpyro 1eopMUpOBaHHBIE TeIa
[loTrenuuanpHass dHEpPrus  yOpyro kx| nmebopmupoBannoro Tema (E,) —  mosnoBuHa

npousBeicHus kécTkoctu K Tena Ha E, = o | KBajpar ero abCoIrOTHOM aepopManuy X.

3aKOHbBI COXpAHEHHS] B MEXaHHKE  : AT
OHeprusi MHTEPECYeT YeNOoBEeYeCTBO X X, x Ha BCEM IyTH €ro pa3BuTus. Bekamu moau
IBITAJIUCH U300pecTH  MalluHY («seunviti  O0sucamensvy), TMO3BOJISAIOLIYIO
MOJIy4aTh YHEPTHIO U3 «HUOTKYIa».

3aKOH COXpaHEHHs W TpeBpalieHus: dHepruu (1.3.2) 3ampeniaeT CyleCTBOBAaHUE BEUHOIO JIBUTATEIs,
OJTHAKO BpPeMsI OT BPEMEHU MOSIBISIOTCS JIFOU, OOBSABISIONINE O CO3JAaHUH OUEPEIHOM ero MOIEIH.
3aKO0H cOXpaHeHHsI MeXaHMYeCKOil JHepruu

BHemrnue cuiel — CUITbl, JEMCTBYIONIUE CO CTOPOHBI TEJl, HE BXOJIAILINX B JAHHYIO CUCTEMY.

3aMKHyTas MEXaHUYEeCKas CUCTEMA TeJl — CUCTEMA, Ha KaXJ0€ U3 TeJl KOTOPON He NEHCTBYIOT BHEILIHUE
CHJIBI WM PABHOJICHCTBYIOLIAs BCEX BHELIHUX CUJI PaBHA HYIIO, T.€. S°F, .. =0 -

PaccMoTpuM 3aMKHYTYH0O MEXaHMYECKYIO CHCTEMY TEJ, 3HAYEHUs] MOTEHUUAIBHOW 3HEPruu KOTOPOW B
HA4aJIbHOM M KOHEYHOM COCTOSIHUSIX PaBHBI Ey; U Eppp, KHHETUUECKOU: £y U Bl |Egq + Eyy = Ep + E |.

IlonHas mexaHn4YecKas OHEpIrus CUCTEMBI — CYMMa KHHETHYECKOM U MOTEHIHAIbHON SHEPTHUU TECJI 3TOM
CUCTCMBI.

3aKOH COXpaHEHMsI MEXaHMYECKON JHEPIUM: IIOJHAs MEXaHW4YecKass DHeprus
3aMKHYTOM MEXaHMUYECKOW CHCTEMBI | T€JI, B KOTOPOM JEHCTBYIOT TOJIBKO CHIIBI
TSOKECTU M YIPYTOCTH, OCTaéTcs ; (E, +E,); =const HEU3MEHHOM.

OTnenbHO OT Tena OTCYETa HU OJHO TEJIO He 00JIaZjaeT MEXaHNYECKOW YHEPTUEH.
3aKOH COXpaHEHMsI UMITYJIbCa

Ilycte nBa Tema macc Mp U My COCTaBJISIFOT 3aMKHYTYIO MEXaHHYECKYK) CHUCTEMY,

n ., D —— o — —
JIBUKYTCSI HABCTpeUy APYr APYyry U Z p. =const| B3AUMOJICHCTBYIOT C CHIIAMH F] M F, .
I
ITo Ttperbemy 3akoHy HproToHa |i= F, =-F,. J10o B3auMOEHCTBHUS UMITYJIbCHI T€T OBLIH

B, M P, , TOC/E B3aWMOJICHCTBIA B{ |P,+ P, = P+ P;| ¥ Ps-

T.€. BEKTOPHBIE CYMMbI UMITYJICOB TEJI JI0 U MOCIJIE B3AUMOAEHUCTBUS OJUHAKOBBI.

OyHAAMEHTAIBHBIN 3aKOH COXPAHEHHS] MMITYJIbCA: TEOMETPUYECKAST CyMMa MUMITYJIbCOB T€Nl 3aMKHYTOM
MEXaHUYECKOM CUCTEMBI OCTAETCSI HEM3MEHHOMM.

3aKOH COXpaHEHUs NMITyJIbca npuMeHuM ToJibko B MCO.

Anzopumm pewrenun 3a0au
Crnenaiite 4epTEx Ul KaK0TO Teja, NOKAaXUTE BEKTOPBI UMITYJIbCOB;
PaccmoTpuTe Xapaktep JBUKEHUS TE€I U YCTAHOBUTE, SIBIIAECTCA JIU JaHHAs CUCTEMA 3aMKHYTOW;
3anuIunTe 3aKOH COXPaHEHUS UMITYJIbCA B TPOEKIUAX HA OCH;
3anumuTe npu He0OXOAUMOCTH IONOTHUTENbHBIE (YOPMYIIbI U3 KHHEMAaTUKH U JTUHAMUKHY;
Pemnre cucreMy ypaBHEHM, IPOAHAIIU3UPYHUTE OTBET.

2. [IpuMepsl pelieHus 3a1a4
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1. Monekyna maccoit m = 3- 10—23 r, nojyeTeBas K CTEHKE cocyjia noJ yrioMm o = 60°, ynpyro

yaapsieTcsi 0 Hee co CKopocThio L = 500 M/c u oTieraet. Onpenenute UMIYIbe cuiibl F+ AL, momy4ueHHbII
CTEHKO.

Jano: Pewenue:
m=3 10726 gr W3meHenne uMnyabca MOJEKYIbl PaBHO
a=60°==2 uMnynscy cuiel: Ap = FAt

3

: [lycts 0Chb 0X HanpasiieHa
v = 500 m/c > y p
FAL-? : NEepreHANKYIIpHO CTEHKE, TOrAa

M3MEHEHHEe MMIYIIbca MONeKyibl Ap
Ap, = my, — ( - mv,) = 2mu,, 7€ U,
VCOS @, 0TKyaa Ap =2mvcos a.
[Toacrasus ¢opmyny B ypaBuenue, nonyuum FAt = 2mucos a.
Boruncnenns:
FAt =2-3- 10726 kr- 500§ : cosg =1,5-10"23(kr-m)/c
Omeem: 1.5+ 107> kr m/c.

Puc. 3.2

2. JIBa TOBapHBIX BaroHa JBIKYTCSI HABCTpEUY APYT APYry co ckopocTsmu [11 =04 m/cu [12=0,1
M/c. Macchl BaroHOB COOTBETCTBEHHO paBHbI [11 =12 1, [12 = 48 T. Onpeaenure, ¢ KaKOH CKOPOCTHIO V H
B KAKOM HaIlpaBJICHUU OyAYT ABUTaThCS BaroHBI MOCJIE CTOJKHOBEHHUS. Y 1ap CUUTATh HEYIPYTUM.

Hano: Pewenue:

v, =04 m/c Hcnonb3yem 3aKOH COXpPaHEHMA MPOCKLMH MMIY/IbCAa HA OCh
v, =0,1 /e OX, mnonoxurensHoe Hampasienue ocu OX coBmagaer c
my =12:103 kr HANpaBJICHUEM JBHKCHUS NEPBOTO BaroHa:

m, = 48 10% kr myv; - myvy = (my + my)v. Otkyga v = %

v-?

. e 12103 kr-0,4 M/c— 48-10° kr-0,1m/c _ : .
Beruucnenus: v = = 0. Aranmm3: v = 0, ci1ea0BaTeNbHO, MOCE
12:103 kr + 48-103 kr

CTOJIKHOBEHHS BarOHbI OCTAHOBATCA.
Omegem: v =1

3. JlBa Heympyrux Tejla, MacChl KOTOPbIX 2 U 6 KI, ABHXKYTCS Ha BCTpeuy IpYyr K JIpyry co
cKopocTsMH 2 M/c kKaxjaoe. OnpenenuTs MOAYNb U HAIIPAaBJICHUE CKOPOCTH KAXAO0T0 U3 ITHX TN Mocie
ynapa. Caenatb pUCyHOK CaMOCTOSITENBHO.

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

OX: mquq - myvy =- (Mg + my)v
_mivp - nlzllZ.

my =2 Kr P
o - (m1 +mz

my = 6 Kr

2kr2m/c— 6kr2m/c _ 2
v = vy =2 M Beruucnsem: v = : - [£ =2 /e =025 wle.
. — (2Kr+6kr) 8

Imeem: 0,25 m/c.
CamocrosiTesbHast padoTa
Bapmuanr 1

1. ABTOMOOUITE Maccoi 1 T. ABHXKETCS CO CKOPOCThIO 72 kM/4. Omnpenenure, 4epe3 Kakoe BpeMs OH
OCTAHOBHTCSI, €CITM BBHIKIIIOUUTD JIBUTATENh. CpeaHsisa cuia conpotusienus npmwkennio 200 H.

2. Msu maccoii 200 1. magaeT Ha TOPU3OHTAIBHYIO IJIOIMIAAKY. B MOMEHT ynapa CKOpOCTh Msida
paBHa 5 m/c. OnpenenuTe U3MEHEHUE UMITYJIbCa MPU a0COTIOTHO YIIPYTOM yaape.

3. JIBa mapa maccaMu 2 W 8 KI' ABHXKYTCS HaBCTpedy JIpYr Jpyry co ckopoctsmu 10 u 2 m/c
coOoTBeTCTBEHHO. C Kakoi CKOPOCThIO OHU OyIyT MPONOJKATh JBMKEHHE MpPHU aOCONIOTHO HEYIPYroM
yaape?
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4. Tenexxka maccoii 80 Kr IBHKETCS CO CKOPOCThIO 4 M/c. Ha He¢ BepTHKAIbHO MaiaeT TPy3 Maccoi
20 xr. OnpenenuTe CKOpOCTh, C KOTOPOM CTAHET IBUTaThCA TEJICKKA.

5. Cuapsin maccoit 50 Kr, JeTAIIMA BIOJIb PEIbCOB CO CKOpocThio 600 M/c, momagaer B miaTgopmy
¢ meckoM Maccoi 10 T u 3acTpeBaer B necke. CKOpPOCTh CHapsia B MOMEHT MaieHus oOpasyeT yroi 45° ¢
rOpU30HTOM. UeMy paBHa CKOpPOCTH IIaT(HOPMBI TOCIIE MOMAJaHUs CHAPsIIA, €CIH TuIaThopMa ABHKETCS
HaBCTpEUy CHapsIy co CKopocThio 10 m/c?

6. Jlogka CTOMT HEMOJBUXKHO B CTOsued Boje. UeloBeK, HAXOIAIIMNCA B JIOJIKE, IEPEXOAUT C €¢
HOca Ha KopMmy. Ha kakoe paccTosiHue nmepeMecTUTCs JIoJKa, eciu Macca 4yeloBeka 60 Kr, Macca JOJIKU
120 xr, aynHa oaku 3 M? ConpoTUBIIEHUE BOJIbI HE YUUTHIBATD.

Bapuanr 2

1. JIBurasich U3 COCTOSIHHSI IIOKOSI TI0 TOPU30HTAIBHOMY ITYTH, aBTOMOOMIIb Maccoit 1,5 T uepes 20 ¢
rociie Hayana JABMKeHus pocturaer ckopoctu 30 m/c. IlpeneOperas compOoTHUBICHHEM ABMKEHHUIO,
OIIPEAEIIUTE CUITY TATH JIBUTATENs.

2. Tenexka maccoit 100 r, nBIKyIIasCsS CO CKOPOCTHIO 3 M/C, ymapsercs o cTeHKy. Omnpeaenure
M3MEHEHHE UMITYJIbCA TEJIEKKHU, €CIIU M0CJIe CTOJKHOBEHHUS OHA CTajla JABUIaThCS B MPOTHUBOIOJIOKHYIO
CTOPOHY CO CKOPOCTBIO 2 M/C .

3. Baron maccoii 10 T IBM)KETCS CO CKOPOCTBIO 1 M/C M CTaJIKUBAETCs C HETIOABMKHOHN TIIATPOPMOKH
Maccoii 5 T. UeMy paBHa CKOPOCTh UX COBMECTHOTO JIBH)KEHUS TIOCTIE TOT0, Kak cpadoTaeT aBTocienka?

4. KakoBa CKOpPOCTh OTJa4d BUHTOBKH, HEMOJBM)KHON IPU BBICTpEIIE, €CJIM Macca BUHTOBKU 4 KT,
Macca myn 8§ r, ckopocTthb mynu 600 m/c?

5. Ha HenoJBM>XHOM KeNe3HOAOPOXKHOM TuIaTdopMe YCTaHOBIEHO opyaue. Macca miuatdopMsl ¢
opyauem 15 1. Opyaue crpenser nmox yrioM 60° k ropu3oHTy. C Kakoil CKOPOCTBIO MOKATUTCS
iatgopma, eciim Macca cHapsia 20 KT ¥ OH BBUIETaeT co ckopocThio 600 m/c?

6. [Ipu B3pbIBE KaMeHb pa3pbIBaeTCs HAa TPH YacTU. /[Ba OCKOJIKA JIETAT MO/ MPSMBIM YIJIOM APYT K
apyry: maccod [11 =1 kr co ckopocteio 12 M/c u Maccoit [12 = 2 Kr co ckopocTbio 8 M/c. TpeTnii Kycok
otieTaer co ckopocThio 40 M/c. KakoBa Macca TpeThero OCKOJIKa M B KAKOM HalpaBiICHUU OH JIETUT?

dopma npeacraBjieHus pe3yJbTara:

BeInonHuTh 331aHue B TETpaau AJIs MPAKTUYECKUX paloT.

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

Tema 2.3 3aKkoHbI COXpaHEHHS B MeXaHHKe

IIpakTnueckoe 3ansaTne NeS
Pemenue 3a1a4 Ha (popmyJibl pa6oThl cuji. PadoTa 1 MOIIHOCTH. JHEPIrus, ee BU/IbI.
3aKO0H cOXpaHeHUsI JHePIruu

Hesb: 3aKpenuTh YMEHUS M HABBIKM PELICHHS 33734 Ha (OpMyNbl pabOThl, MOLUTHOCTH, 3aKOHbI
COXpaHEHUs

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

MarepuanbHoe o0ecniedeHue: TeTpajab I MPaKTUYECKUX paboT, pydyka, METOAMYECKHE
PEKOMEHIALlH 110 BHIIOJIHEHUIO Pa0OTHI, JIMHEHKa, KapaH Jarll.

Yka3anmue:

[IpakTuyeckas paboTa COCTOMT M3 JIByX 4acTel — TeopeTHueckoid U mpaktuueckoi. Ilocie
M3Y4YEHUs] TEOPETUYECKOro MaTepuaia MOXHO HMPUCTYNATh K BBIIOJHEHHUIO MpakTHueckoi uyactu. OHa
COCTOMT M3 JBYX W Oosee 3a7ay A CaMOCTOSITENIHOTO BbIMONHEHUs. He 3a0bIBaiiTe 0 mpaBHIIBHOM
oopmienun pemenus. Ha BelosHEHNE IPaKTHYECKON OTBOJUTCA JBa aKaJeMUUYECKHX Yaca.
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IMopsinok BbINOJIHEHUs PA0OTHI:
1. PaccMOTpUTE TEOPETHYCCKHI MaTepual II0 TeMe€ W TNPUMEPHl pemicHHs 3agad  (CMOTPH
METOAHYECKOE IIOCOOHE).
2. Pemmre camocrositenpHyio padoty. OdopmuTe peleHne MMCbMEHHO B TETPAIH.

1.Teopus.

Paboma u mowgnocms. Inepzus, ee uobl.
3akon coxpanenusn Inepeuu

Onepeuss — camasi BaKHasi COXPAHSIONMIASCS BEJIMYMHA HE TOJIBKO B MEXaHHWKE, HO U B (pusmke
BooOIIIe. DHEprust TeCHO cBsi3aHa ¢ paboToil. Bce Mbl, Kak W jr00ble JBUraTelu, coBepliaeM paboTy,
MIPUBOJUM B JIBUKEHUS Tela, MOACPKUBAEM 3TO ABUKEHUE WIH K€ ITPEKpaIlaeM ero.

JeiicTBus cuil Ha Tena, NMPUBOJAIIME K M3MEHEHHUIO MOIYJSI MX CKOPOCTEH, XapaKTepU3YKTCs
BEJIMYMHOM, 3aBUCSIICH KaK OT CUJI, TaK U OT MEepPEMEIICHUN TeJl, HA KOTOPBIE 3TH CHJIbI JIEUCTBYIOT. DTy
BEJIMUUHY HA3b16aI0OM paOOMOI.

Pabora — ckansipHas Benu4MHA, paBHAs IPOU3BEICHUIO MOIYJIEH CHIIbI U IEPEMEILEHUS Tella Ha COS

yIJjla MeXI1y HUMH.
]

Pa6ora mocrosuuoi cuibl £

[+ L

.4=F-.':-‘=F-S-c:mrx”‘}_"[)1<

rae S — nepemelleHue Tena,

o — yYroia MCxAy HallpaBICHUCM ICUCTBUSA CHIIBI H HallpaBJICHUCM
B

HepeMeneHHs.

Puc.1

Ecnu BenuumnHa cuibl, AEHCTBYIOLIEH Ha TENO, 3aBUCUT OT KOOPAUHATHI X, TO paboTa 3TOM CHIIBI
YICJIEHHO paBHa IUIOIIA I o rpadpukom pyHkuuu F(x).

Enununps! paboTs: A=1H - Im = Jx = J[)xoyib.

IDicoynw — pabora, coepmaeMas cuioi 1 H Ha mepememienne 1 M, eciu HampaBiieHHUE CHIIBI U
IIepeEMEIEHUE COBIAIAIOT.

1. PaGoTa cuiibl TSKECTH.

PabGora cuIIBI TSDKECTH HE 3aBHCHUT OT TPACKTOPUU ABHUKCHUSA TCJIa U BCCraa

- R paBHa U3MCHCHUIO HOTGHHH&HBHOfI OHEpPIruu TCJIa, B3ATOMY C IMPOTHBOIIOJOXXHBIM
Q =mg 3HaKOM.

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

Ecnu cuna TsKecTH coBepIIaeT OTpHLATENbHYIO paboTy, To E, —
yBennuuBaeTcs. [Ipu coBepiieHnn MonoKuTeNbHON paboTsl — E, ymMmeHbIIaeTcs.

2. Pabora cuibl ynmpyrocTu.
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A=F,,S,

. x4+ X,
‘f_,llr — k | 5 s

rIe 2 — CpeaHee 3HAYCHHUE CWIIBI YIIPYTOCTH MPH MU3MEHEHHH JUIMHBI MPYKUHBI OT X1
1O X2,

S = X1 - X — CMEIIEHHUE.

PabGoTta cwibl ynpyroctd paBHa H3MEHEHHUIO IMOTCHIIMAIBHOW SHEPrHH, B3ATOMY C OOpaTHBIM
3HAKOM:

X, + X, (x = x;
A=k (g —x) =k Bl 0 N\ 7))
2 0T 2 L2 2 s

Mowrnocms

Mownocms — ckansipHas (u3nueckas BETUYMHA, XapaKTepu3yrollas OBICTPOTY COBEpLICHHS
paboThl, KOTOpask YUCICHHO paBHA paboTe, COBEPIIAEMON 3a eMHUILY BPEMEHHU:
A4 _rF.5 1@
'1!. = — — - ¥
f ¢ , [[Ix/c = Bt — Barr],

rae A — pabora, [/JIx]
t—Bpems, [c]

Onepeus
Ecnu Teno uiu cucteMa Tell MOTYT COBEpIATh paboTy, TO TOBOPST, YTO OHH 00JIaJat0T SHEPTUEH.
DHeprusi B MEXaHUKE — BEIMUYMHA, OMpPEIEsieMasi COCTOSHIEM CHCTEMbI — MOJOKEHUEM Tl M UX
CKOPOCTSIMH; U3MEHEHHUE YHEPrHU HPH MEPEX0/Ie CUCTEMbI M3 OJHOTO COCTOSHHS B JPYroe paBHO paboTe
BHEIIHUX CHUIL.
1. Kunemuueckas (Kinema — nBIKCHHE) — JHEPrHs MEXAHUYECKOTO JBMIKCHHUS CHCTEMBI Tell,
YHCIICHHO paBHA MOJOBUHE MMPOM3BEACHHS MACChI Tella Ha KBAJIPaT €ro CKOPOCTH.

5
mL”

2, Jix.

Teopema. PabGoTa paBHOJACHCTBYIOIIUX CHJI, TMPUIOKEHHBIX K HEMY, paBHa HW3MEHEHHUIO

KUHETHUYECKON SHEPIruu Tena.
_ .l'.‘i'f!.": _ .'.'JIJF
2 2
= A = A Ex (paboTa — nameHeHne 3Heprmm)

A=Ex, - Exy =4 Ek

2. [Tomenyuanvnas (potentia — BO3SMOKHOCTD) — SHEPTUSA B3aUMHOTO PACIIONIOKEHUS TEJ HIIH YacTei

OJTHOTO W TOTO e Tela, YUCICHHO paBHA MPOM3BEIEHHIO MacChl m Tejla Ha YCKOPEHHE CBOOOJHOTO
najJeHusl g ¥ BHICOTY h Ha/l MOBEPXHOCTHIO 3€MITH.

E,=mgh, [[lnc]

A4 =-(mgh; - mghy)
A ='(Ep2 'Ep1) =-4 Ep
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Tlomenyuanvhas suepeusi — SHEPrus, OOYCIOBJICHHAS B3aUMOICHCTBHEM pPa3JIMYHBIX TEN MU
JacTel OHOTO U TOro e Tesa. OHA 3aBUCHT OT B3aMMHOT'O PACIIOJIOKCHHUS T WK BEJIMYMHBI YIIPYTron
nedopMaruu Tena.

[TorennnanbHas sHeprus tena | IlorennumanbHas sHeprus | [loreHnnanbHas JHEprus
MOJHATOrO Ha BBICOTY, | CXKaTOM J5RI05 PACTAHYTOM | TPAaBUTALIMOHHOIO B3aUMOJCUCTBUSA
HAaMHOI'O MEHBIIYI DPaanyca | IPYKUHbI MaTepUaIbHBIX TOYEK WIH
3emiuun OJIHOPOJHBIX 1IaPOB

E,=mgh . ke

m ‘1_ h-'i:T g =_G.-Hm

&

f
e~y ® () e
/ yJIeBOH
/
i . l R N| YpOBEHb

% COOTBETCTB
yeT R — o
(v Ep i 0
Hynesoii - YPOBCHE | 1y 1eBoit YPOBCHb
coorsercTByeT h =0 COOTBETCTBYET X = 0
(renedopmMupoBaHHas
IpYXKUHA)

3axon COXPAHEHUS JHEPSUU 6 MEXAHUKE
B SaMKHYTOﬁ CHUCTCMC TCJI ITOJIOKHUTCIIbHAA pa60Ta BHYTPCHHUX CHJI YBCIIMYUBACT KMHCTUYCCKYIO
OHCPIrvui0 W YMCHBUIACT ITOTCHIHAJIBHYIO. OTpHuaTeana;{ pa60Ta YBCINYHUBACT IMOTCHIHUAJIBHYIO H
YMCHBIIACT KHUHCTUYCCKYHO OJSHCPIUIO. HMenHO 6naroz[ap;1 9TOMY BBIIIOJHACTCA 3aKOH COXpPaHCHUA

SHEpPTUH.
1.4 = AE,
= AE, = -AE,
2.4=-AE,

E = E, + E,—1nonHasg MEXaHUYECKasi DHEPIUsl CUCTEMBI, BEJIMYMHA, PABHAsA CYMME KMHETUYECKOH 1
MOTEHIIMAJIbHOW YHEPTUI CUCTEMBI.
3akon coxpanerus NOIHOU MeXAHUYECKOU IHePIUl
B 3aMKHYTOH cucTeMe MEXaHUUYECKasl YHEPTUS COXPAHAETCS.
E=E, + Ep = const Ep] + E, :Epg + Eo
Ilpumeuanue: Ecnum B 3aMKHYTOM CHUCTEME €CTh CHJIBI TPEHHUS, TO MEXaHMUYECKass DHEPrUs HE
COXpaHseTcs, T.K. 4aCThb €€ IIEPEXOIUT BO BHYTPEHHIOKO.
3akon coxpanenus 3nepeuu
OHeprusi He CO3/1aeTCs M HE HMCYE3aeT, a JUlIb IepelaeTcss OT OJHOTO Tena K JPyromMy WIH
IpeBpalaeTcs u3 oJHON (GOPMBI B IPYTYIO B pPaBHBIX KOJHMYECTBAX.
2. IIpakTnyeckas: padora
Anzopumm pewienusa 3a0ay

1. Cnenaiite 4epTex.
2. Bri6epure Hynepoii yposens E, (E,; = 0).
3. VYcTaHOBHUTE HAYaJIbHOE U KOHEYHOE MOJI0XKEHHE Teja (CUCTEMBI Tell).
4. Omnpenenure MOJHYIO MEXaHHUYECKYIO SHEPTHIO Tesl (CHCTEMBl T€l) B HAYaJIbHOW M KOHEYHOM
TOYKaX.
S. 3anummre 3aKOH COXPaHEHUs YHEPIUU.
a) A 3aMKHYTBIX cucteM: E1 = Ep min Ey + E,; = Eo + Ep),
0) Ipu mepexo/ie CUCTEMbI U3 HAYaJIbHOTO TIOJI0KEHUS B KOHEYHOE, ITPU ACHCTBUHM BHEUIHUX CHIT: A
= E2 - E1
6. [Tpu HeoOXonuMOCTH 3anuuIuTe GOPMYIbI U3 KHHEMATHKH:
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v=uvg +at S=ut +at’2 F=mg F=-kx F=uN A=FScosa
7. Pemnre cucreMy ypaBHEHHIA.
3. [IpumepsI pemieHus 3aaa4y
1. ABTOoMOOMIIE Macco 2 T HAYMHACT Pa3TOHATHCSA U3 COCTOSHHS MOKOS 110 TOPH30HTAIBHOMY ITyTH
MoJ1 ACUCTBUEM IMOCTOSIHHOM cuibl. B Teuenne 10 ¢ o mpuoOperaer ckopocth 43,2 kM/4. OnpenenuTsb
BEJINYMHY UMITYJIbCA M BEIMYUHY JACHCTBYIOIIECH CHIIBL.

Hano: CH: Pemenne:
m=2T 2 - 10% kr 1. Onpenenum BeIMYUHY UMITYJIbCA!
v =0 Peme ,U — COBIIAJIAET C OChIO X,
t=10c B CKJSIpHOHM (hopMe ypaBHEHHE NMPUMET BH/I:
v= 43,2 km/Y 12 mfc p=mu=210312 = 24103 P [kr-m/c]
p—7? 2. YuuteiBasg BTopoi 3akoH HeroToHa: Ft = mv — mug
F-7, TXK.vg =0 Ft=mv — F=mvu/t
20012

I : 24wl
14

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

2. CranpHoit mapuk wmaccoi 0,05 kr mamaer ¢ BBICOTBI 5 M Ha crainbHylo mmry. [locie
CTOJIKHOBEHHS IIApUK OTCKAaKMBAaeT OT IUIMTHI C TAaKOM e MO MOIYJI0 CKOopocThio. Haiinute cumy,
JEMCTBYIOIIYIO Ha IUIUTY IIPU yJape, cuuTas ee noctositHHou. Bpems coynapenust pasuo 0,01 c.

Hano: Ccu Pucynoxk Pemenue
m=0,05 kr (:) [Ipu ynape map u niaura AEUCTBYIOT ApPYT Ha
h=5wm ! JIpyra ¢ CWJIaMH, PaBHBIMH IO MOJIYJIIO, HO
At=0,01 ¢ F1-? IIPOTUBOIIOIOKHBIMU o HaIIPaBJICHUIO.
ﬁ‘} Omnpenenus cuity, IEHCTBYIOIIYIO Ha IIAPUK CO
CTOPOHBI IIJIUTHI, MBI TEM CaMbIM HAalJIEM CHILY,

-

C KOTOpOM WIAapUK JEWCTBOBAJ Ha IUIATY 3a

BpeMs At. Bo Bpems coynapeHus Ha IIapuK

JNEHCTBYIOT JIBE CHJIBL: CHJIA TSDKECTH — ™, W
[&]

CcHhJia F CO CTOPOHBI IIJIUTHI.

Coryacho ypasHenuto: & =F -ar Ap=(F +mg) Al
OY: muy—(-mvg) = (F-mg) A t

Zmuo
F=wmg+
Y4uTBIBasI, 4TO V2 = V1 =V, MOJIYYUM IOCIIE psAja MPeoOpa3oBaHHUIA: At

MoyJIb CKOPOCTH IIapHKa IPH MAAeHHH ero ¢ BHICOTHI h ompenenserces mo gpopmyie: ¥ =428 v =

10 m/c

2Zmu
F=mg+
Hcrnions3ys BeIpaKeHHE: Al

0.05 -
F=005-10+ L}_Im =05+100=1005H

"
] ]

ITo TpetbeMy 3akony Herotona: £ =- F | cienosarensno, F1 = 100,5 H, cuna npuioxkeHa K IIHTE U
HalpaBJieHa BHU3.
Otser: F = 100,5H.

o 4
3. Bo Bpemsi MaHEBPOB Ha KEJIE3HOAOPOKHOU CTaHIIMH ABE MaTdhopmbl Mmaccamu my = 2,4 - 10" kr
4
umy =1,6 - 10" xr ABUraJMch HaABCTpEUy APYT APYTY CO CKOPOCTSIMH, MOAYJIM KOTOPBIX paBHBI V1 = 0,5
M/c 1 vz = 1 M/c. Halimure cKOpocTh X COBMECTHOTO JBMYKEHHUS MOCJIE TOTO, KaK cpaboTaeT aBTOCIIEIIKA.

24



Hano: Pemenne:

my=2,4-10* xi ~ s 7
my=1,6 - 10* k1 S e oo’
vy = 0,5 m/c X

vy, = IM/c

l)06")

I/I306pa3HM CXEMaTHYHO JICHCTBYIOIIME CHIIBI Ha ABIKYyIIMecs miardopmel. B mpoekunu Ha och X:

NomEy Vo CHtel B3AHMEO YPaBHOBEIICHBI.
MO0’KHO IPUMEHUTH 3aKOH COXPaHEHUS UMITYJIbCa:

il |,':' +m ,L';:, = {ml + i, ]-I_..l._"
H

1€ Vo5 — CKOPOCTH IUIaT(OPMBI MOCIE CLEMKH.

B mpoekiusax Ha och X: My Vi + My Vg = (Mg + M2) Vosx

T.K. Vix="V1, Vox = - V2, TO Vosx = -0,1 M/cC

3Hak (-) MOKa3bIBAET, UTO CKOPOCTh VOO HalpaBJIeHA MPOTUBOIOJIOKHO Oocu X (CIpaBa — HAJIEBO).

4. Kakyroo CKOpPOCTh OTHOCHUTEIBHO pPaKETHHUIIBI MpHoOperaeT pakera maccoit 600 r, ecnu rasbl
Maccoii 15 T BeuIeTaroT U3 Hee co ckopocTthio 800 m/c?

Hano: CU:  [Pemenue:
m;=600r |[0,6 kr [CornacHo 3aKOHy COXPaHEHHs UMITYJIbCa:
M =151 15 - 103]11“ .'m_? +.l'}H. —.'m_:- + I, u (h=mu +ma,
0L, 1L5- 107 - =B A

v =-T o : =202
Uz =800 m\c 0o :
v1=v2 =0 3HaK (-) MOKa3bIBAET, YTO I'a3bl JBUKYTCS B CTOPOHY,
th —? IIPOTUBOIOJIOXKHYIO HAIIPaBJICHUIO PAKETHUIIBI.

Ortsert: - 20 M/c.

5. Baronetky Maccoif 2 T 0 TOpU30HTAJILHOMY IIyTH paBHOMEPHO nepemernaer padbounii. Kakyro
paboty oH coBepuMT Ha nmytd 100 M M Kakyroo paboOTy cOBepIIaeT cuja TPEHUs, eciau KOAI(PPHUIHUEHT
TpeHus paseH (,017
JaHo: PucyHnok:
m=2T
S=100m
p=0,01
g=9,8 m\c? X

e ey
a=0 Crn e -

A—2?
Atp-?
Pemenue
Ha BaroHeTKy JeUCTBYIOT 4 CHJTBL: CHJIA TSUKECTH — miZ | CHIIa PeaKIny omope! —
cuita TATH i — , crta TpeHus — ‘. 1o BTOpOMy 3aKOHy HLIOTOHa $F=0
I " =0
B npoexuun Ha ocu: OX: F,—F, =0; F,=F;, OY:N-mg=0; N=mg
A=F-Scosa, 2a=0, cosa =1,cn-v0, A=F - S,F=Fy=F,=pN=pumg
PaGoTa cuitbl TpeHHs HampaBiieHa MPOTUB PAOOTHI cujia TATH — A = -ATp .
Ap=-19,6 - 10° Ix
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OTtBeT:

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

A =19,6 k/lx; Atp =- 19,6 xkJIx.
CamocrosiTesbHasi padora

ABTOMOOMIIP MAacCO# 2 T IBUKETCSI CO CKOPOCThIO 36 km/u. Kakoe Bpems TpedyeTcst 10 MOTHON
OCTaHOBKU aBTOMOOWJISI IPU BBIKJIIFOUEHHOM JIBUTaTelle, €CH CHla TPEHHs KOJIEC O JOpOry paBHA
5880 H?
Tenexxka maccorr 150 Kr IBHKETCS 1O TOPU30HTAIILHON J0pore co ckopocthio 1 M/c. HaBcTpeuy
el 0exuT yesnoBek Maccoil 75 kr. YenoBek npeiraet Ha Tenexky. [lociie 3Toro Tenexka BMecTe ¢
4eJl0BEeKOM ocTaHaBiuBaeTcs. C Kakoi CKOPOCThIO Oekall uenoBek?
[Tpu BepTHKaTBLHOM MOABEME Tella Maccoil 2 Kr Ha BeicoTy 10 M coBepmieHa padora 240 Jx. C
KaKUM YCKOPEHUEM MOJIHUMAIIU Ipy3?
Teno, maccoit 20 Kr nmogHuUMAarOT BepTUKaJbHO BBepx c cuioid 400 H, nanpasieHHOH IO
newkeHnto. Kakas pabora coBepraercs Ha mytu 10 m?
Byner nu BenuunHa MOJIE3HON MEXaHUYECKOH pabOTHI OTJIMYHA OT HYJIS, €CJIM TOJbEMHBIN KpaH:

® 1) mojHMMAET C 3eMIIU Ipys3,

e 2) Oyner nepaTh €ro HeKOTOpOoe BpeMs Ha BECy B MOKOE,

e 3) MOJHUMET TPY3 C 3eMJIU U Cpa3y OMYCTUT €ro Ha 3eMIIio.
Teno maccoit 20 kr cBOOOAHO MagaeT B TeueHue 6 ¢. Haiiaure paboTy CHIIBI TSKECTH.
Kakyro paboTy MOXET COBEpIIMTH 10 OCTaHOBKM Teno Maccod 1000 kr, aBuxkyiieecs co
CKOpOCTBIO 36 KM/4 ?
Haiitin paboTy, KOTOpYIO HaJl0 COBEPIINUTH, YTOOBI CXKaTh MPYKUHY, KECTKOCTh KOTOpoit 29,4
H/cwm, ma 20 cm.
Pe3unoBelii mHyp anuHoi 1 M nox aeiictBuem rpysa 10 H ynnunamics va 10 cm. Haiigute paboty
CHJIbI YIIPYTOCTH.
Ha kakyroo BbICOTY 3a MUHYTY MOxeT nmoAHsaTh 400 M* BoJbI Hacoc, pa3BUBAIOLIUMN MOIIHOCTh
210° kB1?
Onpenenute MOIIHOCTh TEIIOBO3a, 3HAs, UYTO MPU CKOPOCTH IBMKEHUS 43,2 KM/4 cujia TIru
paBna 105 kH.
[Toe3n maccoit 1200 T ABMIKETCS IO TOPU3OHTATILHOMY IYTH C IIOCTOSTHHOM CKOPOCTBIO 54 KM/4.
Omnpenenure KO3pGUIUEHT COMPOTHBICHUS IBUKEHHUIO, €CIIM TEIUIOBO3 PAa3BUBAET IOJIE3HYIO
momHocTb N= 882 - 10° BrT.
Nmmynse Tena paBeH 8 KT Mm/c, a kuHetudeckas sueprust 16 [[x. Onpenenute Maccy U CKOPOCTh
Tena.
Canu maccoit 60 Kr, CKaTUBUIMCH C TOPBI, MPOEXaI M0 TOPU3OHTAIILHOMY Y4acTKy Aoporu 20 M.
Haiinure padoty cuisl Tpenus, ecnu L= 0,02.
[TogbemMHBIN KpaH ¢ JBUTATENIEM MOIIHOCTHIO 8 KBT moiHUMAaeT rpy3 ¢ MOCTOSTHHON CKOPOCTHIO 6
Mm/muH. KakoBa macca rpyza?
Kakass pabora coBepiiaercs Ha THAPOCTAaHIMU B TEUEHUE TOJAA, €CIM CPEAHSSI MOIIHOCTh
resgeparopa pasHa 2,5 MBT?
Yenosek maccoii 70 Kr ciryckaercs 1o JecTHuLe JuIMHoN 20 M, pacronokeHHou noa yrioMm 30° k
ropuzonTy. Haiiaure paboTy CHIIBI TSHKECTH.
Bbruncnure paboTy cuibl yIpyrocTu npu U3MEHEHUH JAedopManuy npyKUHbI jKecTKocThio 200
H/Morx; =2cm 0 X2 =6 cMm.

®opma npeacTaBiaeHus pe3yJabTara:
BeInmonHuTE 3a1aHue B TETpaau A MPaKTHUECKUX padoT.
Kpurepum ouenku:
3a mpaBUIIHHO BBIOJHEHHOE 33JaHHE BBICTABIISIETCS TIOJI0XKUTENbHAs OLleHKa — 1 Oasu.
3a HeMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNEe 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 «HeyoosiemeopumenvHo» svicmasisiencs 3a menee 60% mpaBUIHHBIX OTBETOB
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Tema 2.4 CTaTuka ¥ THAPOCTATHKA
IIpakTuyeckoe 3ansaTue Ne6

PaBHOBecHe a0COJIIOTHO TBEPADbIX TeEJI

Heab: yrnyOuTh W KOHKPETU3HPOBATH TPEJCTABICHUS O 3HAYMMOCTH 3aKOHOB COXPaHCHWSL.
HAy4YUTHCS UCIOJIb30BaTh NPUIIOKEHUS 3aKOHA COXPAHEHHUS MEXaHMYECKON IHEpPruM JIsl BBINOJIHEHUS
IIPAKTUYECKUX 3aaHUM.

Boinosinenune padorsl cnocodcTByeT hopmupoBanuio: OK 01, OK 02, OK 03, OK 09, OK 06

MarepunanbHoe obecrnieyeHue:

WHIUBUAYAIbHOE 33JaHNe, KOHCIIEKT JIEKIIHiA, CIIPaBOYHbIE MaT€pPHAIIbI.

Yka3zanue:

[IpakTHueckoe 3aHATHE COCTOMUT M3 JABYX YacTel — TeopeTuueckodl u mpakTtuueckoil. [locne
U3Y4YEHUs] TEOPETUYECKOr0o MaTepuaiga MOXHO IPUCTYNATh K BBIIOJHEHHUIO IpakTHUecKod uyactu. OHa
COCTOHMT M3 ABYX M Oosiee 3a1ay A CaMOCTOSITENBHOTO BbINoNHEHHs. He 3a0biBaiiTe 0 mMpaBUIBLHOM
O(i)OpMJIeHI/II/I peuicHus. Ha sBrimonnenune MPAKTUYCCKOro 3aJaHusd OTBOAWUTCA YCTBIPC AKaAACMHUYCCKUX
Jaca.

3ananue:

O3HaKOMBTECH C KPATKUMH TEOPETUUECKHUMHU CBEJICHUSIMU TIO CCBLIKE
https://znanium.com/catalog/product/1012153, ctp 47-53,

CocraBbTe KpaTKHii KOHCIIEKT OTBeUasi Ha BOMPOCHI K maparpady, ctp 53, 54.

Beimmumute ocHOBHBIE (hOPMYITBI

Pemmte 3anaun caMocToATENHHO

Kpatkue TeopeTnuecKue CBeIeHus

Hazsanue Ennnuna
O06o3HaueHue ®opmyna
BEJTNYMHBI U3MEpeHUs
Cuna F H F1|1: F2|2
ITneuo cunm | M
Momenm cunwi M HwMm M = FlI

IIpumeps! pelnenus 3agay
3amaua 1. PaGounii mpumogauMaet rpu momMomry peraara ity maccoit 100 xr. Kopotkoe mredo
peraara paBao 0,8 m, a mmaHOe — 1,2 M. KakoBa cumiia, KOTOpYIO IOJDKEH NPUIIOKHTH pabounii K

0o0JbIlIEMY TIJIEUY pblyara?
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[faxo: Pewenue: Touxa onopet
F b
m =100 —_—m,
o F L
£2=98 %
Fi=P=mg
L=08m
= £ob
L=12m o
il ey
F2-? Fz-Ph-mgb.
F:=100x-98 1 32M - 65331
Orser: F2=653,3H.
2. 3azava 2.1 nozpéMa rpysa N0 HAKIOHHOH ILTOCKOCTH NPHIOKHIH CHIY, HANpaBIeHHVIO BIOTh HAKIOHHOH

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

Aakxo:

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

£=10

Orser: m = 45 xr.

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

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

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

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

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

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

Haiimu: F 4

M—1 ?z = 7; Orciona Buipasum Fy:

F-h . 24
£ = 5 F=—5—=4H

3. Onpepenum Maccy rpysa u3 GOpMybI:

12 4
F=M-g=» Mu—gl;M=-l-6=0.4xr.

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

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

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

300 - S
h=—7g—=1cm

Omesem: Bonbliee nie4o pbiyara paBHoO 75 cM.

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

Hano: E: Pewenue:
2

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

A e

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

Peuurh 32124 caMOCTOATEIBLHO

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

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

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

5. Macca aeranu TpancnopTHoro cpenctsa m = 50 kr. Paamyc 6apabana, Ha KOTOPBII HAMATHIBAIOT
tenb, R = 0,2 M, yinHa Kaxa0# u3 1ByX pydek Bopota | = 1 M. Kakyro cuity Hy)>KHO IPUIIOKHUTD K
KaXX/101 U3 HUX, YTOOBI MOTHATH JIETallb HA HEOOXOIUMYIO BETUYHHY?

dopMma npeaocTaBIeHUs pPe3yIbTaTa

BeimonHeHHbIE 331241 B TETPAIN IS PAKTHYECKUX PadoT.

Kputepuu onenku:

3a MpaBUIILHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.

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

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

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

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

Tema 3.1 OCHOBBI MOJIEKYJISIPHO-KUHETHYECKOIi TEOpHH
IIpakTHyeckoe 3ansaTHe Ne7

OcHoBbl MKT. Pemienue 3a1a4y Ha ypaBHeHUE COCTOSIHUSA M1€aJIbHOIO ra3a

Leab: 3aKpenuTh yMEHHUS U HABBIKU BBIYMCIICHUS TAPAMETPOB COCTOSIHUS ra3a, UCIIONb3Ysl Ta30BbIC
3aKOHBI U ypaBHeHUE MenneneeBa - KnaiinepoHa.

Boinosinenue padorsi cnocodocTByet popmupoBannio: OK 01, OK 02, OK 03, OK 09, OK 06

MarepuanbHoe oOecnedeHMe: TETpaab Ui TNPAKTUYECKUX padoOT, pydKa, METOJUYECKUE
PEKOMEH/IalliH IO BBHIIOJTHEHHUIO pa0OThI, TMHEIKA, KapaHJalll.

Yxka3zanme: [lpaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M NMPaKTUUYECKOM.
ITocne u3yueHuss TEOPETUUECKOTO MaTepHala MOXKHO IIPUCTYNATh K BBIIOJHEHUIO IPAKTUYECKON YacTH.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATENbHOIO BhINOJIHEHUs. He 3a0biBaiiTe 0 npaBuibHOM
oopmienun pemienus. Ha BbinmosHeHNe MpakTUYECKON OTBOAMTCS JiBa akajeMudeckux uaca. [lopsaok
BBITIOJTHEHUS paOOThI

ITopsinok BbINOJHEHHS PadOTHI:

1. PaccMmoTpuTe TeopeTHUecKHil MaTepuan MO TeM€ U NMPUMEpHl pelieHus 3aaad (CMOTpHU
METOAMYECKOE ITOCOOHE).
2. Pemmte camocTosTensHYIO padory. OdhopmuTe pemeHne MICbMEHHO B TETPAJIH.

1. TeopeTnyeckas yacTb

JUist XapaKTepUCTUKU COCTOSIHUSA Ta3a BBOAAT CHelMalbHble (pU3MUecKre BETUYMHBI, Ha3bIBaeMble
rapaMeTpamu COCTOsIHUS. B kauecTBe mapamMeTpoB COCTOSHUSI BHIOMPAIOT TPH BEIMUMHBL: 00beM raza(V)
,TeMiieparypy ero T° u naBneHue P, mpon3BoauMoe ra3oM Ha CTEHKH COCYZa ,B KOTOPOM OH 3aKJIFOUEH.
D70 NaBieHHe 00bACHAETCS yIapaMH JBUKYIIUXCS MOJIEKYJI.

2. IIpumepsl pemieHus 3a1a4

1. B razosom Oamnone emkocthio 0,01 M3 Haxomutcs ra3 mon nasiaeHueM 20 kr/cm2 .Kakoii 00beM

3aiiMeT ra3, €clii ,He U3MEHSSl €r0 TEMIEPATYPhl , OTKPBITh BEHTUIIb OayioHa? OKOHYATEIhHOE JaBICHUE
1 xr/ecm2.?

Hano: Pewenue:

Vi=0,01n° ) ITo ycnoButo 3agaun Temneparypa ra3a He MEeHsieTcs,

P1=20 kr/em’=20%0,98*10° H/M* MOATOMY NPOMCXOIUT H30TEPMHHECKOE H3MEHEHNE

P=1 KI‘/’CM:=0,98* 10° H/m? cocrosiHus raza. Ucnonw3ys 3axon boiins-Mapuorra
p1Vi=p2V2 naxomum Vo= p1Vi/pa. )

V-2 Beruncnenus: Vo= 20%0,98%10°*0,01/0,98*10°=0,2(m’)

3
Omeem: Vo.=02 M.
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2. I'a3 U30TepMUYECKHU CKAT OT MepBoHadaibHOro ooveMa 0,15 m 3 mo o6bema 0,10 m 3 .JlaBrieHue
€ro MpHY ATOM MOBBICHIIOCH Ha 2 Kr/cM2 . KakoBo mepBoHaYaibHOE AaBJICHUE Ta3a?

JHarno: Pewenue:
V1=0,]5M; Ilo 3axony boiins-Mapuorra P1V=P2V2. Ho p>=pi1+ Ap,
>=0,10m

MOATOMY p;V1=gP1 +A P)V,, otkyaa Py = AP*V,/V-Va;
P=2*0,98*10"*0,10/0,15-0,10 = 3,9* 10° (H/Mz)
Omeem: P\= 3.9*10°1a.

AP=2 kr/cmM’=2*0,98%10°u/m"
P 1:‘.7

3. Kak Bemuko atmocdepHoe NaBicHHE, €CIM MPH IJIHMHE PTYTHOTO cTONOWMKa 12,5¢M B TOHKOM
TpyOKe JJinHa CTOJI0MKa BO3/1yXa B IEPBOM IOJIOKEHHE 7CM,a BO BTOPOM — 5 cM?

Mano: Pewenue:
h=12,5¢m B nepBom ciyuae gaBnenue Bo3ayxa BHyTpyu Tpyoku P=P,n-h. Bo BTopom
1,=Tem cirydae pr=paryth. I1o 3akony boitna-Mapuorra P, V,=P,V, rae V,=SL,,
1,=5¢cMm V>=SL,. Toraa (paru-h)=(parwth)SL,, oTkyaa pyry=h(L1+L2)/L;-L;

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

4. Cxarblii BO3JyX MOJaeTcs B rasrojpaep odvemom 5M3 . 3a kakoe BpeMs €ro HakadawT 10

naBiieHust 7 Kr/cM2, eciad KOMIpeccop BcachiBaeT 5,5 M 3 arMoc(epHOro BO3AyXa B MHUHYTY IpH
nasinenuu 1 kr/cm2 ? Temneparypy cuuTaTh HOCTOSTHHOM.

Jano:

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

Pewenue:

Jlns HakauMBaHMs BO34yXa B rasroiabjaep A0 aasBieHus P
Komrpeccop paboraer B TeueHue Bpemenn t. Oobem
3acaceiBaemoro Bosayxa V'=V, npu nasnenue p;. Korna
BO3/1yX HAKauya/lu B ra3roibaep, OH 3aHsn o0vem V; u ero

nasienue crano pa. Ha ocnoBanuu 3axona boiina-Mapuotra

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

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

Omeem: t =380 c.

5. OtkpbITas cTeKIsiHHAs TpyOka AnnHoro 40 cM HamoJOBHHY NorpyxeHa B pTyTh. Koraa BepxHuit

KOHEI[ TPYOKHU 3aKpbUIM U MOAHSUIA €€ 0 YPOBHS PTYTH B COCYyJle, TO BBICOTa YPOBHSI PTYTH B TpyOKe
okazaniach paBHOH 15 cM. KakoBo armocepHoe naBieHue Bo Bpemsi onbita?

Hano: Pewenue:

=40 cm

[To 3axony boiins-Mapuorra P, V,=P,V; rae p,=H-paBnoe armocdepromy
l,-15¢cm

JABICHHUE BO3yXad HAJ PTYThIO 10 3aKpbITHs OTBepcTHA, a V=L/2S-ero o6nem;

P = P-1, V,=(L-L,)S-cooTBeTCTBEHHO AaBNIeHHE U 00BEM BO3AYXA HAJ PTYThIO

H-? MOCJIe TOro, KaK €€ 3aKpbUIM ¥ MOJHSAIH A0 YPOBHA PTYTH B cocyae. B npeasiaymme
Beipaxkenus P,V,=P,V,Bmecro P|,P, V| V; noacrasum ux 3Hauenus:

HL/2S=(H-L,)(L-L,)s. Orcroma H=2l,(l-1,)/1-21; H=30*25/10=75(c™m pt cT).
Omeem: 75 cM pT CT.

CamocrosiTesibHast paboTa
Bapmuanr 1

1. Haueptute rpadmku ©30TEPMUIECKOTO, H300apHOTO U MU30XOPHOTO MPOIECCOB B KOoopauHaTax P
uV;PuT;TuV.
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2. VneanpHblil Ta3 CHayasa W300apHO PACHIMPHIIM, A 3aTEM M30TEPMHUUYECKH CXKAIU 0 MPEKHETO
obwema. M3o0pa3ute 3Tu mpouiecchl B koopaunatax Pu V; Pu T; Vu T.

3. B cocyne naxomurcsa m=14 kr azora npu T=300 K u naBnenun p = 8,3*104 [la. Onpenenure
obwveM V cocyna.

4. Tlpu cxaTum HEM3MEHHOTO KOJIMYECTBAa HACATBHOTO Taza o0beM YMEHBLIMJCS B 2 pasa, a
TeMIepaTrypa yBeanumiack B 2 paza. Onpeienure, Kak H3MEHHUIIOCH JIaBJICHHE Ta3a.

Bapuant 2
1. Ha puc.1

p
* Ty < T

\\.
SN S
\Il
L Rts

M300pakeHBI IBE U30TEPMBI OJTHOM U TOM jk€ MacChl raza. YeM OTIMYarOTCs COCTOSIHUE Ta30B, €CIIH
ra3pl oAuHakoBbie? Uem oOTIMUalOTCS Ta3bl, €CIM TEMIIepaTypbl Ta30B OJIMHAKOBBIE? YKazaHUE:
BOCHOJB3YiTeCh ypaBHeHHeM Knaneiipona-Meneneena.

2. UneanpHblil ra3 cHavaja HarpeBajics MpPH IOCTOSHHOM JIaBJICHUU, TOTOM €ro JIaBJICHHE
YMEHBIIAIOCH MPU MOCTOSHHOM 00beMe, 3aTeM IPU MOCTOSHHON TeMIiepatype o0beM raza yMEHBIIHIICS
710 TIEpBOHAYAIILHOTO 3Ha4YeHUs. [locTpouth rpaduk B KOOPAWHATHBIX OcsX V-T.

3. B cocyne BMectumocthio V=0,83 M 3 HaxoauTcs m=2 Kr a3oTa npu jaasieHuu p = 2*105 Ila.
Ompenenure Temriepatypy T azora.

4. Temneparypa V1=2 Monp kucimopoja ,Haxozsuierocs B cocyne, pasHa T1=300 K. Onpenenure
temriepatypy T2 Bomopoaa, HaXOHSIIETOCs B COCyA€ TOW K€ BMECTUMOCTH IMPU TOW K€ aBJICHWH,
B3SITOT'0 B KOJIMYECTBE V2=2 MOJIb.

dopma npeacTaBieHus pe3yabTara:

BreimonHuTh 3aiaHue B TETPaAH [Tl MPAKTUYECKUX paboT.

Kputepuu onenkmu:
3a nmpaBUIIHHO BBIMOJIHEHHOE 33JaHUE BHICTABIISICTCS MOJIOKUTENbHAS OIleHKa — 1 Oa.
3a HeMpaBWIHHO BBHIITOJTHEHHOE JIEHCTBUE, 3a/IaHUE BBICTABIISICTCS] OTpUIIATENbHAs orleHKa — () 0asuioB.
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 «Heyoosiemeopumenbhoy svicmasisemcs 3a Mmeaee 60% nMpaBUIBLHBIX OTBETOB

Tema 3.2 Tepmoannamuka. TennoBble MAIIMHBI
IIpakTnyeckoe 3ansaTne Ne8

JaBjieHue skuaKocTeil U TBepAbIX Teql. 3akoH Ilackans

Henab: Ha npuMepe penienus 3aaa4d U3yduTh XapakTep JaBICHUS KUAKOCTEN U TBEPIBIX Tel, UX
MPUMEHEHHE U YUET, 3aKOHBI, 00BSACHSIOIINE 3TH SBICHUS.

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

MarepuanbHoe o0ecnieyeHme:

WHAMBUAYAJIbHOE 331aHNE, KOHCIIEKT JIEKIIMH, CIPaBOYHbBIE MaTEpHAIIbI.

Yka3anmue:

[IpakTueckoe 3aHATHE COCTOMT U3 JBYX YacTed — TEOPETHUYECKOM M IpakThueckou. Ilocie
U3Y4YECHHs TEOPETHYECKOr0 MaTepuanga MOXKHO IIPHUCTYNATh K BBIIOJHEHHUIO IMPAaKTHYECKOM 4dacTh. OHa
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COCTOUT U3 I[BYX n 60H€€ 3a4a4 41 CaMOCTOATCJIbHOI'O BBIIIOJIHCHUS. He 3a6bIBafITe (6] HpaBI/IJIBHOM
odopmiieHnH penieHus. Ha BeIMOTHEHNE TPAKTUYECKOTO 3a/IaHUsI OTBOJIUTCS /1B aKaJIEMHUYECKUX Jaca.
3ananmue:
1. O3HaKOMBTECH C KPATKUMH TEOPETHYECCKUMHU CBEICHUSIMHU
2. Pemmre 3amaum, caMOCTOSATEIBHO HCIIONB3Yys TPUMEPhl U KpPAaTKHE TEOPETUYCCKHE
CBEJCHUSL.

ITopsinok BbINOJIHEHHSI PAa0OTHI:
1. W3yuuTte u BeIUIIMATE GOPMYIIBI IO JAHHOH TEeMe:
2. Pa30epute npumMepsl pelIeHHBIX 3a/1a4
3. Pemmre camocTosATENHHO 3aa9U

Kpartkue Teopernyeckue cBeieHUs
JlaBiieHnE TBEpAOTO TENa
TBepmoe Teno, Haxonsdlieecs Ha  OIOPE, F| ACHCTBYET Ha ONOPY C CHIIOH, KOTOpast
pacupeneneHa 1o IOBEPXHOCTH OCHOBaHHWA Tena. [l ng OIMCAHMS TAKUX PACHPEACICHHBIX CHJI
BBOJUTCS HOBas (hu3HUECKasi BEIMUUHA — 0d6/1eHUe.
JlaBrieHue (p) — OTHOIICHHE CWJIBI K IUIONIAJM I[OBEPXHOCTH, HAa KOTOPYIO OHA JICHCTBYET B

NIEPIEHIUKYJSIPHOM HAIIPaBJICHUU. [p] = 1% = 1 Ila —ITackanb
M

JlaBiieHUE B XKUIKOCTAX

OCHOBHBIM OTJIMYHMEM JKUIKOCTEH OT TBEPABIX (YHPYIMX) TeJl SBISETCS CHOCOOHOCTH JIETKO
U3MEHSTh CBOIO (OpMY.

Yactu XKUAKOCTH MOTYT CBOOOJHO CJIBHMIaThCs, CKOJIb3Sl APYr OTHOCUTENBbHO apyra. llostomy
KHMJIKOCTh IPUHUMAET (GopMy cOCya, B KOTOPBII OHa HaIMTA. I I

Ha Tteno, norpyxeHHoe B )KMJIKOCTb WJIM T'a3, IEUCTBYIOT CHJIbI, paclpe/lelICHHbIE 7
[0 TOBEPXHOCTH Tena. [l omnMcaHus TakuUX paCHpENeCHHbIX CUJI  TaKke
UCIOJIb3YeTCs PU3nYecKasi BeIMUMHA — 0deaeHue.

3akoH [Ilackansd: paBileHME B JKMIKOCTM WM Tra3e IEepelaeTcss BO BCEX
HaIpPAaBJICHUSAX OJUHAKOBO M HE 3aBUCUT OT OPUEHTAIMM IUIOLIAAKH, HA KOTOPYIO OHO
JEUCTBYET.

Jns nmoctpanuu 3akoHa [lackans Ha pucyHke M300paXkeHa HeOOJbIas MPSIMOYTroibHas MPU3Ma,
MOTPpYXXEHHAasi B JKUJKOCTh. EciM MpeanonoxuTh, 4To IIOTHOCTh MaTepuaia MpU3Mbl paBHaA MIOTHOCTH
KHJIKOCTH, TO TPU3Ma JIOJKHA HAXOAUTHCS B KUJIKOCTH B COCTOSIHUU 0€3pa3IMYHOro paBHOBECHs. DTO
O3HA4aeT, YTO CHUJIbl JABJICHUS, EHCTBYIOIME HA TPAHU MPHU3MBbI, JODKHBI OBITH YpaBHOBELIEHBL. JTO
IIPOU30MIET TOJBKO B TOM CIIy4ae, €CJIM HAaBJICHHA, T. €. CHJIbI, JEMCTBYIOIUE HA E€AUHMIY IUIOIIALU
MOBEPXHOCTU KaXXJ0W I'paHH, OAMHAKOBBIL: P1 = P2 = P3 = P.

JlaBiieHre KMJIKOCTH Ha JTHO WJIM OOKOBBIE CTEHKH COCYJa 3aBUCUT OT BBICOTHI CTOJIOA JKUKOCTH.

%)

?3

JlaBiieHre cToJ0A JKUIKOCTH p HAa3bIBAIOT T'MIPOCTATHYCCKHM JlaBiIeHWeM: h =p-g-h r1ae p —

IIJIOTHOCTD KUJIKOCTH, h — BeIcoTa cTONIOA KHUOKOCTH.

Ecnu >kuIKOCTh HAaXOOUTCS B IMJIMHIPE MOJ MOPIIHEM, TO JEHCTBYS Ha MOPUIEHb HEKOTOPO
BHEIIHEW cuiol F, MOXHO co3laBaTh B KHMJIKOCTH JIOMOJHHUTENbHOE AaBieHue Po = F / S, roe S —
IJIOIA/1b TOPIIHS.

Takum 00pa3om, MOJTHOE AaBJICHUE B KUAKOCTH HA TIyOWHE N MOKHO 3ammcarh B
Buze: P = Py+ogh

Ha Teno, norpyxeHHoe B *KHJIKOCTb WM Ta3, JEHCTBYET BbITAJKMBAIOIIAs CUJIA —
cuna Apxumeoa.

ApXxuMe0Ba cuJja, IEHCTBYIONIAs HA MOTPYKEHHOE B KMJIKOCTh (WK ra3) Telo,
paBHa BeCy KMAKOCTHU (WM ra3a), BHITECHEHHOH Tenom F Apx =P

gV
KA TEIa
€CIT CpeIHss INIOTHOCTh Tela Py OOJbINE MNIOTHOCTU JKUAKOCTH (Miu rasza) p (pr > p), Teno Oyaer
OIyCKaTbCs Ha JTHO;
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e cciu p; < p, TeJO OYIET MIaBaTh HA MOBEPXHOCTH XKUAKOCTH,;

® CCIIM Py = P, TO TEJIO MOXKET ILIABATh B TOJIIE YHUJIKOCTH Ha JIF000H ITyOnHe.
3aKoH COOOIIAIOIIMXCHA COCYIOB: OdsieHUe 8 000U MouKe Ha 0OHOM U MOM
Jice yposHe 6 CO0OWAarWUXCcs cocyoax 00uHaKoso: P, = p,

r7ie p1 U pp — JABJICHHUS HA OJHOM U TOM K€ YPOBHE B IMEPBOM U BTOPOM KOJICHE
COOOIIAIOIIETOCS COCY/Ia COOTBETCTBEHHO.
I'mapaBauyeckuit mpecc

Ecnu 06a BepTUKAIBHO PACIIONIOKEHHBIX IIMIIMHJPA COOOUIAIONINXCS
COCYJIOB 3aKpbITh TMOPIIHSIMH, TO C T[OMOIIbI0 BHEIIHUX CHII,
MPWIOKEHHBIX K MOPIIHSAM, B JKMJIKOCTH MOXHO c€O31aTh OOJbIIOE
JaBJIEHHE P, BO MHOTO pa3 MPEBBIILIAOLIEE THIPOCTATUYECKOE IaBICHHE
pgh B m000#t Touke cucTeMbl. ECi MOPIIHK UMEIOT Pa3HbIe ILIOMIAIN

S; 1 Sy, TO HAa HUX CO CTOPOHBI XHMIKOCTH JAEHCTBYIOT pasHble CHIIbI F1 =
p81 uk,= pSz IIpu So>>S,, To Fo >> F.
yCTpOﬁCTBa TAaKOro poaa Ha3bIBarOT Zuopa&/lulleCKuMu mMauwiluHamu

F_F S,
Sl

[IpuHimn padboTel MPOCTEHIINX THAPABINYECKUX MAIIMH

To 00CTOATENBCTBO, YTO JKUAKOCTU OyIydyd MPAKTUYECKU HEC)KUMAEMbIM M, PABHOMEPHO NEPEAA0T IO
BCEMY CBOEMY OOBEMY BHEIIHEE JIABJICHHE, IIUPOKO HCIIOJIb3YETCS B PA3IMYHbBIX OTPACISAX TEXHUKHU (B
TMJIPONPUBOJIAX, MIPOABTOMATHKE, MIPABIMYECKUX TOPMO3aX M YCHJIMTEISAX U T.I.). DTO CBOICTBO
KHUIKOCTH TarKke IPPEKTHBHO NPUMEHSAIOT B TAKHX NPOCTEHINIMX MallWHAX, KaK THUIPaBIMYECKHE
JOMKpaThl (OJbEMHUKHN) U TIPECCHI.

[TpuHIMn uX pabOTHI OCHOBAH Ha CIIEAYIONIEM: HMEIOTCS JIBa COOOIIAFOIINXCS
MeXTy co0O0i MUWIMHIpA pa3HOro auamerpa [Ipuiaras K MOPUIHIO MEHBIIETO
U3 IWJIHHIPOB KaKyl-TO BHEHIHIO cuily Pj, MBI TeM caMbIM cO37aeM Ha
_P
M _5_
MOBEPXHOCTU JKHUJIKOCTH B 3TOM IMJIMHIPE aBJICHUE 1 | xoTopoe
PaBHOMEPHO TIEpEIaeTCsl BO BCE TOYKH MPOCTPAHCTBA, 3aIOJIHEHHOTO JKUAKOCThIO. Torma Ha mopiieHb

Oonpliero W3 UUWIMHIAPOB (06€3 ydera moTepb) OyAeT IeicTBOBATH MOABEMHAs CHIIA P2 =Pi52 ymy
54

P, =P
2 1

51 . Takum o0Opa3zoM, 4eM OoJibllle Pa3HIATBCS MEXKIY COOOM TUIOMIAAM TOTEPEYHOTO CEYCHUS
WIMHIPOB, TEM OOJBIIYI0 (MOIBEMHYIO, CKUMAIONIYIO, TIEPEMEIIAIONIYI0) CHIIY MBI TIOJy4aeM B TaKHX

TUAPABINYECKUX YCTPONUCTBAX.

Crarnueckoe JaBlIeHUE KUIKOCTH Ha TUIOCKYIO IIOBEPXHOCTh. [ MapocTaTHYeCKnid mapagokc

J1is onpenienieHus CUITbI 1aBIeHUS KUAKOCTH P Ha MIOCKYI0 MOBEPXHOCTH, IIIOMIAh KOTOPOU paBHSAETCS
S, pa3o0beM ee MPOM3BOJIBLHBIM 00pa3oM Ha OECKOHEYHO Mauble ruromaau ds. [laBmeHue >XuIKocTu Ha
MOBEPXHOCTh OMPECIIUTCS KaKk CyMMa CHUJI IaBIICHUH Ha 9TU dIIEMEHTApHBIE IIOMAIKH.

PaccmoTpuM arieMeHTapHYIO MII0MAAKY, HEHTP
KOTOPOH pacroyiokeH Ha INyOuHe ypOoBHS,
MIPOXOASAIIETO Yepe3 LEHTP TKECTH Beel momany T.
JlaBneHue B LEHTPE TSHKECTHU 3TOM IUIOMALN
0003HaunM p,. Toraa ruipocTaTH4ecKoe JaBJICHUE B
LIEHTPE JIEMEHTAPHOH IUIOLAIKHA PABHO
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P=P:*P B OxonuaTemsHO MOMyUNM P =p.s

Takum 06p330M, Ccujia JaBJICHHUA XUJAKOCTH Ha INIOCKYHO ITOBEPXHOCTH paBHA IMPOU3BCACHUIO IIJIOIIAIU
3TOM MMOBCPXHOCTU HA BCIMYHUHY T'HAPOCTATUICCKOI'O JaBJICHHA B €€ HCHTPC TAKCCTHU.

CJ'ICI[CTBI/ICM ABJIACTCA NOKA3aTCIIbCTBO THAPOCTATUYCCKOrI'O ImapaaoKca, BIIEPBBIC ITOJIYUCHHOC ITackanem.

BennunHa criibl BECOBOrO JaBIICHUS KUAKOCTH Ha JHO pe3CpByapa 3aBUCUT TOJIBKO OT IJIOTHOCTHU 3TOM
KHUIAKOCTH, IIoIain JHa H FJ'IY6I/IHBI €T0 IOIPYKEHUA 1101 CBO6OI[HOﬁ IIOBEPXHOCTBIO. HpI/I 9TOM BEC
KHUIOKOCTH, HAJIUTON B COCyd, MOXCT OTIMYATHCA OT CHUJIbI OABJICHUSA, OKAa3bIBACMOI'o €0 Ha JHO, T.C.
CHUJIBI HABJICHHA XHJIKOCTHU HAa AHO pE3C€pByapa HE 3aBUCAT OT €ro (bOpMBI N KOJIHYCCTBA XUJIKOCTHU

P =pn +pehy. P =(py +pghy)sg

1 2) 3) 2)
TaK B paCH_II/IpﬂIOH_II/IXCH KBepxy COCYI[aX CHJia BCCOBOI'O AaBJICHHUA Ha AHO MCHBIIC BECa XHMAKOCTH, B
HI/IJII/IHI[pI/ILIeCKI/IX OHU OIII/IHaKOBBI, a B Cy)KI/IBaIOHH/IXCﬁ KBery — CHJIa JOaBJICHUSA 60HI)HIC BECa
SaKHIOquHOﬁ B COCYI[ KHUIOKOCTH.

Tak kak HaliieHHas cuja SBISETCS PABHOACHCTBYIOLIEH, TO MOMUMO €€ BEJIMYUHBI HEOOXOIUMO
OIIPEAEIUTh U TOUKY €€ IPUJIOKEHHUS, HA3bIBAEMYIO LICHTPOM JaBiieHHA. LIeHTp TsbkecTu coBmagaer ¢
LIEHTPOM JaBJE€HUS TOJBKO TOIZA, KOIJA paccMaTpuBaeMasl IUIOCKas IOBEPXHOCTb JIEXKHUT B
TOPU30HTAIILHOM TUIOCKOCTH.

[TockoybKy THAPOCTATUYECKOE AABICHHUE p ABJISETCS MOAYJIEM THAPOCTATUYECKOTO HANPSKEHUS, IOPbI
HOPMAaJbHOTO THAPOCTATUYECKOTO HANPSDKEHUS MOTYT OBITh  MOCTPOEHBI C  HCIOJb30BAHHEM
3aBUCMMOCTH M TIPUMEHEHBI [JJis OMNpeJeieHUs BEIMYMHBI B JIFOOOW TOYKE paccMaTpuBaeMoun
MOBEPXHOCTHU. [Ipy 3TOM clleyeT NIOMHHUTB, YTO 3TO HAIPSIKEHUE HANIPABICHO IO HOPMAJIU K IUIOLIAJKE
JIEHCTBHUS.

PaccMoTpuM  NOPAAOK  IOCTPOEHHS DIIOPbl  HOPMAIBHBIX TMAPOCTATHUYECKUX HANPSDKCHUM Ha
BEPTUKAIBHYIO CTEHKY, YPOBEHb )KMJIKOCTH B KOTOPOU H.

g P
i
I
pa
7 V(e T
a g b 2

Oniopvl HOPMATLHBIX 2UOPOCMAMUYECKUX HANPAHNCEHULL

BHemHee ruzppocTaTudeckoe JaBIEHUE po PABHOMEPHO MEPENaeTCs >KUIKOCTBIO 0 BCEMY €€ 00BeMy.
OtnoxxuB B Maciitabe Ha MEPHEHAMKYIApax K pacCMaTpPUBAEMOW IUIOCKOW CTEHKE B €€ BEepXHEU H
HVDKHEM 4YaCTH po M COCIMHUB KOHIBI BEKTOPOB MPSIMOW JMHHMEH, IOJIYyYUM MPAMOYTOJBHUK-3IIOPY
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HOPMAJIBHBIX HANPSDKCHHWH, BBI3BIBAEMBIX BHEIIHMM JaBJICHUEM. VI30BITOUHOE THAPOCTATHYECKOE
JaBJIEHHE U3MEHSIETCS 110 TITyOHHE 110 3aKOHY MPSMOii, mpuueM oHO paBHO O Ha CBOOOIHOI MOBEPXHOCTH
KHUJIKOCTH U MakcUMaibHO — y nHa (pgH).

Takum o0Opa3om, 3MIOPHl HOPMAIBHOTO M30BITOYHOTO TUIPOCTATHUECKOTO HAMPSIKEHUS MUMEIOT GopmMy
IPSIMOYTOJIBHOTO TPEYroJIbHUKA. DII0pa HOPMAIBHOTO abCOIIOTHOTO THAPOCTATHYECKOTO HAIPSKEHUS
MIOJIy4aeTCs B pe3ysIbTaTe CIOXKEHUS MPEAbIIYIINX IBYX AMIOP U UMEeT POopMy TpareLuu.

AHAJIOTUYHO CTPOSATCS 3MIOPhl HOPMAJIBHOTO THUIPOCTATUYECKOrO0 HAMPSIKEHUS] B CiIydae HAKJIOHHOM
creikd. C 1NOMOUIBIO TMOAOOHBIX SMIOP MOXHO Trpaduyueckd CYMMHUPOBAaTh HOPMaJIbHOE
TUAPOCTATUYECKOE HAMpPsKEHUE MPU JEHCTBUU OJHOPOAHBIX WIIM PA3HOPOJHBIX >KUJIKOCTEH C JABYX
CTOPOH IUIOCKOW CTEHKH.

C moMONIbIO 3MIOPEI HOPMATHHOTO THAPOCTATUYECKOTO HAMPSHKEHUS MOXKET OBITh MOJCYMTAHA CHUIIA
THJIPOCTATUYECKOTO JIaBJICHUS Ha IUIOCKYIO TOBEPXHOCTH, IMOCKOJIBKY OOBEM TAaKOH S0Pl YHCICHHO
paBeH BelM4YMHE ToW cwitbl. [IpudemM cuiia JaBJIeHHUs Ha IUIOCKYIO MMOBEPXHOCTH MPOXOIUT Yepe3 IEHTP
TSKECTH JITIOPBI, TIOJIOKESHUE KOTOPOTO JIJIsl TPAeleU1abHON MI0PBI HOPMAIBHOTO THAPOCTATHYECKOTO
HANPSDKEHUS HAa TPSIMOYTOJLHYIO CTEHKY MOYKET OBITh ONpeAesicHO IpadUuecKy WIH

o gpopmymam.

ITIpumepsl penieHus 3aaa4
1. Ompenenuth naBieHHe OEH3MHA Ha JIHO LMCTEPHBbI, €CIM BbICOTa CTOJ0a
Oensuna 2,4 M, a ero miI0THOCTEL 710 Kr/MC.

Jano: Pewenue:

h=2,4m™m p=pgh

p=710kr/m | p=710 kr/m* « 10 H/kr«2,4 m
g= 10 H/kr p = 17040 Ila= 17,04 klla
p—? Omeem: 17,04 klla

2. Kakast ®UIKOCTh HaXOAUTCS B COCYy/Ie, ecii cTond BbicoTol 0,3 M oka3biBaeT nasienue 5400 [1a?

Harno: Pewerive:
/l 0,3 M - adin . 2]
»=5400 Ila e B oy
&= 10 H/kr =
: 5400 Tle
p=—-—n" "2  _1800 kr/m?
0 —2 10 H/xr - 0,3 m
Omeem: Cepuas KHCJIOTA

3. B 0onbmoii cocyn ¢ KBaApaTHBIM THOM IJIOMAAbI0 9 M2 U BEepTHKAIBHBIMU CTEHKAMH HAJTUTa
Boja (cM. pUCYHOK). KakoBa BrIcOTa YpOBHS BOJBI B COCY/I€, €CIIM CHJIA €€ JTaBJICHUs Ha OOKOBYIO
MOBEPXHOCTh COCY/Ia paBHA CUJIE 1aBJICHUSI HA THO?
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J aHxo: :

a1 2 H

S, =9 m .

p. = 1000 EL e }h—?
= = == =

h — 2 —— ———ay———

PemreHH"e:

JdaBimeHHne BOABI HA JHO cocyaa panﬂzo: P, =p.gh.

IITnmomans gHAa cocyma paBHAa: S = a®, roge a — CTOpPOHA
KBazaparTa.

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

JdaBireHHue > KHAKOCTH Ha DOKOBYIO HOBEPXHOCTH cOCyaa

vOBIBaeT ¢ BBICOTOM OT /i, moaTOMYy B cpeaHem F, = psg%.

Ilronmians GOKOBOH INOBEPXHOCTH COCYAAa, HCHOBITHIBAIO-
me¥ maBJdeHHe, paBHa: S; = 4ah, a cuiaa gaBiJdeHHsI Ha ODOKO-

BYIO HOBEPXHOCTE paBHa: F, = F.S_ = pBg%4ah.
ITlo ycaxoBHuIO 3agadm Fn = F,, Torga pmgha2 — pBg% dah.
Coxpamasa Ha P, &, h, a, nonygaem: a = 2h, Torga iz = %, HO

a=4/S.

OTcooga caenver, 9TO |2 =

NS
2

IlomcrTaBus B QOPMYJIY YUHCJIJIOBBIE JAaHHBIE, [MIOJYy9IHAM:

h=§=g=1,5m-

OrTsBeT: zA=1.5 n.

4. B cocyn, umeromnuii popmy mumuHapa ¢ paguycom 10 cm, Hanmunu 3,14 Kr mOJCOTHEYHOTO Macia
(cM. pucyHOK). OnpenenuTs 1aBlIeHUe Macia Ha THO COCcyaa.

JaHaO: CH e
R=10cm O, 1M

m= 3,14 xr

p = 800 EL e

O
P—?

Pemmenue:

JdaBrneHHe >JXKHAKOCTH Ha JHO CcOCyZa PaBHO OTHOIIEHHIO
CHJIBI TSKECTH KHAKOCTH K ILJIOIaAH JHa cocya.

Tak xak F = mg — CHIa TS>KeCcTH Macia, a S = nR® — mwio-

_ F
manabk JHa cocyaa, nmoayvamm: P = S
OTrcona cnenyer, aTo | P = m% ;
R
TlomcTaBuB B GOpPMYJIy YHCIJIOBLIE HJaHHBIE, HOJIYIHM:
3,14-10 _ 10 — 1000 IIa.

= 3,14-(0,1)° 0,01
OrTBeT: P=1000 Ila.
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5. B cocyne HaxoasTCs OJIMH 3a IPYrUM TPH CJIOSI HECMEUTUBAIOIIMXCS KUJIKOCTE!: BOJIa, MacCIIo,
PTYTh (CM. pUCYHOK). BricoTa kaxkaoro ciost 5 cM. OnpenenuTs JaBlIeHHUE )KUIKOCTEH Ha THO
cocyza u Ha riayoune 7,5 cM.

Hano: CcH
h, = h2 = h3 =5cem [0,05m ::::::-::
h=17,5cwm 0,075 m e i
p. = 1000 =L —— — — —
= —
OO BB —=—COARP, =
P = - —_—
p, = 13600 % ——Piviep, —
=7 -
Ph — ?

Pemeunmue:

Onpegenum gaBjieHHe HA JHO KaXKJ0H KHUIKOCTH:
P, =p,gh, — nasnenue croaba pryTH;

P, =p gh, — nasneaue cronba Boasl;

P, =p gh, — nasneane cronba macaa.

Obmee nasnenme Ha AHO cocyzaa Oyaer pasuo: P = P, +
+ P, + P3, tak Kak hy, = hy = hg, P=p gh, + p,gh, + p,ghs =
- ghl(pp + pn + pa)'

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

IToacrasus B GopMyJIy YHCJIOBEIE JAHHLIE, TOJYYIHM:

P=10-0,05-(13 600 + 1000 + 900)=0,5-15 500 =
=17790 Ila.
Jasnerune Ha rayomHe 7,5 CM CKJIaABIBAeTCs H3 JAaBlie-

HHA cTos0a Macyjia ¥ AaBJA€HHS MOJOBHHBI CTOJOBI BOABI:

1
B, =P, +3P,.

Orciona caeayer, uro |B, = p, 8hy + %p,g’b ,

ITogcrasus B GOpMYyTy YHCIOBEIE JaHHBIE, HOJAYYHM:
B, =900-10-0,05+l-1000-10-0.05= 450 + 250 =

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

6. Konunueckas mpoOka mepeKpbIBaeT Cpasy JiBa OTBEPCTHUS B INIOCKOM COCYJIE, 3aII0JIHEHHOM
xuakoctoio npu nasiaeHuu 2000 I1a (cm. pucynok). Paanyc otBepctuii R =2 em, r =1 cm.
OnpenenuTts cuily, AEUCTBYIONIYIO HA POOKY CO CTOPOHBI KUIAKOCTH.

Jlano: CH

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

F—? |
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10.

Pemenamue:

Curmna, nedcrByioniasi Ha NTpoOKy B O0JIBIIOM OTBEPCTHH,
paBHa: F;, = PS,, rae S, — niaomanak 60JIIOr0O OTBEPCTHA;
S, = nR?, Ttorna F, = PrR>.

Cunuina, aeficrByimas Ha NpoOKy B MaJIOM OTBepCcTHH,
pasHa: F, = PS,, roae S, — nsomanaks MaJIOrOo OTBEpPCTHA;
S, = nr?, Torna F, = nPr-.

Cnana, neficTBylolnasa Ha OTPOOKY CO CTOPOHEI JKHAKOCTH,
pasua: F = F, — F,; F = nPR® — nPr* = nP(R* — ).

OTcrona ciaeayer, 9TO [F = nP(R2 — "zﬂ-

IMToacrasue B GOPMYJIY YHCIOBHIE€ JAaHHBIE, ITOJIYYHM:

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

OrTBeT: F=1,884 H.

Pemruthb 3a1a4u caMOCTOATEILHO
Uemy paBHa apXMMeOBa CHIIa, JCHCTBYIONIAs B BOJIC HA MAHEIh MAacCoOi N Kr M3 CTEKJIA, POOKH,

UHOMHEE CBHHHa? (pCTeKHa: 1 2OOKF/M3’ pnpo61<p1, :240KF/ M3 5 pamOManﬁ:2700Kl"/ M3 )
pCBl/lHIlazl 1300kr/ M3)
HJ'IOH.Ia,I[L MajJoro IopmHs THAPaBIMYCCKOI'0 IIpECCa paBHA 10 CMZ’ oospioro — 50 CM2. Ha

MaJIblii MOPIIEHh MOMECTIIIH TUpro maccoi 1 kr. Kakoil rpy3 HyKHO NOMECTHUTh Ha OOJBIION
MOPIIEHb, YTOOBI KUAKOCTh OCTAJIACh B PABHOBECUU?
Hacoc Harheraer macio B rujapaBiuueckuil mpecc noj aasieHueM NMIla. Orto naBnenue
nepefacTcss Ha OOJIBIIMKA TOpIIEHb, ILIOMAasL Kotoporo 800 cM. Kakyro cuny paBneHus
WCIBITHIBAET 3TOT MOPILLIEHB?
Bonpuioii mopiieHs ruipaBIMdecKoro npecca miomaapo 180 om? JEMCTBYET Ha MPECCYEMOE TEJIO C
cunoit NkH. C kakoil cuiol AeMCTBYeT Maclio B Mpecce Ha MaJlblil MOPIIEeHb, €CIIU €T0 IJIOMIA b
paBHa 4 cM??
Onpenenuth naBieHWe OCH3WHA HAa JHO IMCTEPHBI, €CIIM BBICOTa CToN0a OeH3mHa 2,1 M, a ero
miotHocts 710 kr/m®
BbIYHCITHTE TABICHHE M CHITy JaBJICHHS KEPOCHHA HA JHO Oaka Iiomanbio 50 am?, ecia BeICOTa
cTon0a KepocuHa B 6ake NCM.
Pacumpsiice, Ttaz mepemectun mnopmieHb Ha pacctosHue 0,5m. Ilmomane mopmmas 0,022,
atMocdepHoe aasnenue HopmanbHoe (101,3 kIla). Onpenenure: paboTy raza Mo NpOTAIKUBAHUIO
MOPUIHS; KOJMYECTBO TEIUIOTHI, OTHaHHoe razy HarpeBateneMm. Cuwnraiite KIIJ| HarpeBarens
paBHBIM 1, a TpeHHEM IIpeHeOperuTe.
B cranenuteiiHOM NMpPOM3BOACTBE «M3JI0KHUIIEH)» HA3bIBACTCS UYT'YHHBIM CTaKkaH
0e3 aHa, B KOTOPBIM BBUIMBAIOT pacIUIaBICHHBIH MeTall. BepxHee oTBepcTHe
W3JIOKHULIBI HEMHOTO MEHbIIE HI)KHEro I TOro, 4YTOoObl MOKHO OBLIO | |
W3IIOKHUILY CHSTh C OTBEPJAEBILNErO CIUTKA, KOTJa OCTHIHET Meraul. UtoOwl ||
METaJIJl CHU3y HE BBUIMBAJICS, W3JIO)KHULBI CTAaBSIT Ha IUIOCKOE OCHOBAHHME U
JIeNaloT UX OYEeHb MAacCHBHBIMH. Ha pucyHke cieBa M300pakeHa H3JIOKHUIIA,
CIpaBa — IMOABEM U3JOXKHUIBI € OTIUTOro ciutka. Omnpenenure cuiy
JABJIEHUS, KOTOPYIO MPOU3BOAUT HA MOMJIONKKY H3JIOKHUIIBI HAJIUTHIA YYT'YH,
ecIIM BHICOTA M3NOXKHAUIBI 1,5 M, a IUiomans HiskHero ocHoaumst 1600 cm®. IInoTHOCTB dyryHa
7000 r/m’.
Bo ckonbko pa3 naBieHHe BOAbI Ha JHO Ko(delHrKa OoJplile, YeM Ha JHO YailHHMKa, €CIM BbICOTA
cronba Bozbl B kodelinuke 30 cM, a B yaitHuke — 12 cm?

OmpenenuTh BBICOTY YPOBHS BOJBI B BOJIOHANIOPHOW OarHe, €cCiH
MAaHOMETp, YCTAaHOBJICHHBI y €€ OCHOBaHUs, MOKa3bIBaeT AaBiieHue 220
klla.
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11.  Beicora cronba Boxbl B crakaHe 8 cM. Ha ckoibko AaBiieHHE PTYTH Ha JHO CTakaHa ObUIO OBl
Oosblie, eciiu Obl PTYTh HAIMIIM B CTaKaH 10 TOTO ke ypOBHs?

12. Jlnuna akBapuyma 40 cm, mmpuna — 20 cm, Beicota — 30 cM (cM. pucynok). C kakoil cuinoil Boaa
JABUT Ha THO akBapuyma? Bosa Hibke BEpXHEro Kpasi akBapruyMma Ha 2 ¢M

13. . Cocyn umeer maccy 15 kr. Kornma B Hero goBepxy JOJHIU BOJBI, Macca ctana 40 Kr, a Korja B
3TOT K€ COCYJ HaJIMJIM J0BEpXY HEM3BECTHBIM pacTBOp, TO Macca craja ﬂ
paBHOM 45 kr. OmnpenenuTs JaBJIEHME HEM3BECTHOIO PACTBOpAa Ha JHO =\ |
cocyja, eciy BelcoTa cocya paBHa 0,5 m. E h

14. B uBerounyo Bazy HajuTa Boja. JlaBienue Bobl B Touke (1) Oomnblie, uem % '
B Touke (2), B 1,6 pa3za. Touka (1) oTcTouT OT JHA Ba3bl HA 4 cM, a TOUKa (2)
—Ha 10 cM (cm. pucyHok). KakoBa BbicoTa Bozbl B Baze?

15. B cocyzn, miomaas MonepevyHoro ceueHus: KOTOPOro yMEHbIIAeTCs B
HATIPABJIEHNH OT JHA K BEPXHE JacTH, HANMTA KHUAKOCT Maccoit 1,6 \ ! /
KI' (cM. pucyHOK). OOBeM KUAKOCTH paBeH 2 JI. BricoTa *KMIKOCTH B '
cocyze paBHa 20 cM. HaliTu naBneHue >KUIKOCTH Ha JHO cocyaa. h

16. Kakyro cuily JaBJeHUS UCTIBITHIBAET CTEHKA akBapuyma anuHoi 40 cm,
ecny yros ee HakjoHa 60°, a BeicoTa Bonbl B akBapuyme 20 cMm (cM. puCyHOK)? ATmochepHoe
nasienue 105 Ila.

®dopma npeacTaBiaeHusl pe3yJabTara:
BbImonHUTE 3a1aHUE B TETPAAX ISl PAKTHUECKUX padoT.
Kpurepun oneHku:
3a mpaBUIIHLHO BBHIMTOJHEHHOE 33JaHHE BHICTABIISIECTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNUE BHICTABIISCTCS OTpUIIATEIbHAsI OlleHKa — 0 0auIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasinsiemcs 3a 80 — 89% npaBUITBHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenra «Heyoosiemeopumenvhoy svicmagisiemcs 3a Menee 60% npaBUITBLHBIX OTBETOB

Tema 3.2 OcHOBBI TepMOAMHAMHKH. TennoBbie MAIIHHBI
IIpakTnueckoe 3ansaTHe Ne9

AOCOJIOTHBIE M OTHOCHTEJIbHBbIE 1e()OPMAIMU TBEPABIX TeJl

esb: HAyuYNUTHCS MPUMEHSTH 3aKOH ['yKa K PeIIeHHI0 HEKOTOPHIX (PU3NYECKHUX 3a/1ay, HAyYUThCS
OTINYaTh a0COIIOTHOE U OTHOCUTENHHOE YATUHEHHE.

Boinosinenue pa6orsl cnocodcTByet hpopmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06
MarepuanbHoe o0ecniedyeHne: TETPaab IS IPAKTHUECKUX PadoT, pyyka, METOJUYECKHE PEKOMEHIAINH
10 BBITIOJTHEHUIO pa0OTHI, JIMHEHKA, KapaHalll.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUECKON M MPAKTUYECKOM.
[Tocne u3yueHus TEOPETHUECKOT0 MaTepraga MOXKHO MPUCTYIATh K BBITTOJIHEHUIO TTPAKTUYECKONW YaCTH.
Omna cocTouT U3 ABYX U Oolee 3a/1ad JJisi CaMOCTOSTEIHHOTO BBIMONIHEHUs. He 3a0biBaiiTe 0 npaBUIbHOM
opopmiieHun pernieHus. Ha BbIMOMHEHNE MPAaKTHYECKOW OTBOJUTCS JBa akajgeMu4eckux daca. [lopsaox
BBITIOJTHEHUS paOOTHI

IMopsiiok BbINOJIHEHHS] PA0OTHI:

1. PaccMoTpuTe TEOpeTHUECKHM MaTepual MO TeMe U TpUMEphl pelieHus 3axad (CMOTpHU
METOAMYECKOE ITOCOOHE).
2. Pemute camocTosTenbHYI0 padoty. Odopmute penieHne MICbMEHHO B TETPAIH.

1.Teopus.

Bunsl negpopmanun. 3akon I'yka.
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Heghopmayueri Ha3pIBaIOT U3MEHEHNUE (OPMBI HIIM 00bEMa Tea.

Ynpyeou wa3piBaloT AeQopManuio, KOTOpas MOJTHOCTBIO HCYE3aeT TOCie NpeKpalleHus IeHCTBUS
BHEIIHUX CHUIL.

Heynpyeoti (nnacmuueckou) Ha3bIBalOT jAeopMalio, KOTOpas HE HCYe3aeT IOciie MpeKpalieHus
JIEUCTBUS BHEITHUX CHIL

Cuna, BO3HMKalomlass B pe3yinbrate JAedhopmanuu Telna U HAOpaBlieHHas B CTOPOHY,
IPOTHBOMOJIOKHYIO IIEPEMELICHHUIO YaCcTHUI] TeJla MpH AeGOpMallii, HA3bIBACTCS CULOU YNPY2OCHIU.

[Tpuunnoil nedopmanuu Tena sBISETCS IBMKEHUE OJJHON YaCTH OTHOCHTEIBHO JIPYTOil, a CIIeICTBUEM
negopmanuu Tesa ABIsSeTcs BOSHUKHOBEHUE CUJIBI YIIPYTOCTH.

Bunbr nedopmarium
Hedopmarust pacTspkeHUs (CKaTHS)

- 970 Aedopmarus, Ipyu KOTOPOH U3MEHSAETCS PACCTOSHUE MEXKY MapauIeIbHBIMH CIOSIMH YIIPYTOTO
TBEPAOIO TEIA.

[Tpu nedopmaruu pacTskeHUs yBEIUUMUBAIOTCS pa3Mepsbl Telna.
[Tpu nedopmariuu cxatrs yMEHbILIAIOTCS Pa3MeEPHI Tela.
Jedopmanus pacTsxeHHs (CxKATHsI) XapaKTepU3yeTCsl a0COTIOTHBIM YAJIUHEHUEM.

AOCOJNIIOTHOE YJIMHEHHE TOKa3bIBa€T Ha CKOJIBKO HM3MEHSIETCS JJMHA Tejla IO CPaBHEHUIO C
NepBOHAYAJILHON JUTMHOW 00pasiia.

Ai:"'u

A1> 0 nebopmanus pactskenus A 1 <0 nepopmanus cxaTus
OTHOCHUTEIHHBIM YIJTMHEHUEM Ha3bIBAIOT PH3UUECKYIO BETHUNHY, PaBHYIO OTHOIICHUIO a0COIIOTHOTO
YIUIMHEHUS K MIepBOHAYAIILHON JTMHE 00pa3ia.

Al

£ =—
Ly

Hedbopmarus nzruda
Hedopmarun n3ruba noasepraeTcs Tejao, 3aKperieHHOE ¢ BYX CTOPOH M HAarpy>KeHHOE MOCepeIuHe,
100 Teno, 3aKperyIeHHOE C OHONW CTOPOHBI M HATPY>KEHHOE C IPYroi CTOPOHBI.
[Tpu nedopmanuu n3ruda BOrHyTas yacTh Teja MoABepraeTcs aAe(opMaIiy CKaTHs, BBITYKIIAs 4acTh
Tena nojasepraercs qedopMaluu pacTKEHUS.
YtoObl TeN1a MEHbIIIE OIBEPTATUCH, 1ehopMalliy U3ruoda, uX JeNalT TPYyOUaThIMHU.
Hedopmarus ciapura
- 9T0 Takas nedopmarus, TMpU KOTOPOM MPOUCXOIUT CMEIIeHUE (CIBUT) MapauIeIbHBIX CIIOCB
YIPYToro TBEPAOTo Teja APyl OTHOCUTEIBHO ApYTa.

Hedopmarust KpydeHHst
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Jedopmarun KpydeHus: IOJBEpraeTcsl Teno, OJWH KOHEL KOTOPOTrO 3aKpeIvieH, a K JIpyroMy KOHILY
IPUJIOKEHBI 1BE CUJIbI, paBHBIE 110 MOAYJIIO U IPOTHUBOIOJIOXKHBIE 10 HAIIPABJICHUIO.

3axoH ['yka

Cuna ynpyrocTtH, BOZHUKAIOLIAs IPU MalbIX Ae(opManusax Teia, NporoplHoHalIbHa YAJUHEHUIO Tella
U HaIlpaBJieHa B CTOPOHY, IPOTHUBOIOIOKHYIO HAIIPABICHHUIO MTEPEMEIICHUI YaCTHUIL TeTa.

Fy=-kX

K - sxecTKOCTB Tena, 3aBUCHT OT (JOPMBI M pa3MEpOB Tella, U OT MaTepualia, U3 KOTOPOrO H3rOTOBICHO
TeJIO, X - CMELIEHHUE.

m

Cuna ynpyeocmu
Cunel ynpyrocTs BO3HUKAIOT IIpu JeopMaIuu Teja U HalpaBJiIeHbl B CTOPOHY, IPOTUBOIOIOKHYIO
CMEIICHHIO YaCTHI] TeJIa U3 MOJOKECHUS PABHOBECHSL.
3axon I'yka
Jns Manbix ynpyrux nedopManuii pacTsHKeHUsST W CKATHUS BBINONHICTCS 3akoH [yka: cuna
YIPYrOCTH MPSIMO MPOIMOPLUUOHANIbHA Y/UIMHEHUIO TEJIa U HAlpaBjieHa B CTOPOHY, MPOTHUBOIMOJIOXKHYIO
HANPaBJICHUIO IEPEMEIICHUI YaCTHIl TeJIa Ipu AehopMaIiiu:

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

IIpu npoekuu Ha ock X 3aK0H I 'yka MpuHUMAeT BUJ:
Fy =- ]OC, ) "E"

rae x = Al — yniuHeHue Tena, M. _E:L

(x > 0 ipu negopmManuu pactskeHus, x < () mpu neopmaiuu cxaTus).
[TpuMepsI CUIIBI YIIPYTOCTH.

|
v

"
Cuna peakuuu omopsl (CHia, ISHCTBYIOIIAs CO CTOPOHBI OIIOPEI HA TENO) — M.
Cuna HOpMaJIbHOTO /1aBJIeHUS (Tela Ha ornopy) — M 2 m
Cuna peakuuu OHOpPbl U CHUJAa HOPMAJIBHOTO JABJICHUS HAIPABIICHBI Puc. 8

NEePIEHANKYIISPHO TOBEPXHOCTH COMPUKOCHOBEHMS Tel (puc.8).

Cuna HaTsDKEeHUs — HallpaBJieHa BAOJIb HUTH (Tpoca U T.11.) — 7.

Bec mena. Hesecomocmo
Bec mena — cuna, ¢ KOTOpOH Telo, BCIEACTBUE €r0 MPUTSHKEHUS K 3emiie,
JIEWCTBYET Ha OMOPY WJIU MTOJBEC.

Bec Tena, 0603HaueHHEII OyKkBOI — #, 10 MOZYITFO PaBEH CHIIE TSHKECTH:
P=mEk.
Ho 310 He 3Ha4uT, uto ©+ u P - o7HO U TOXe.
[
Cuna tsoxectn (¥1) — 3T0 rpaBUTALMOHHAS CHITA, IPUIIOKEHHAS K TEITy.
Bec tena — 310 cwita ynpyrocTy, NpuiioKeHHas K MOJIBECY.
2. Ilpumep pemenus 3axay
Ha Tonko# mpoBosioke noasenieH rpy3 Maccoi 10 kr. [Ipu 3ToM AyinHA MPOBOJIOKY YBEIMYMIACH HA
0,5 mM. UeMy paBHa 5K€CTKOCTh TPOBOJIOKHU?
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I[éHo: cnu Pemenue:

m=10 kr

x=0,5 MM _0[5-10° m

k-?

I'py3, NOABEIIECHHBIN HA IPOBOJIOKE, HAXOAUTBLCA B IOKOE. 3HAYUT ¥ yup. IO MOJYJTEO paBHa Fm.
:m:rn E."; f': ynp.:'kx
B ckansproii popmyne ocb OV: Fy-Fypp=0
Fm=Fyump = mg=kx =k
mg 1098 H
=3
k=« ; k=310 =196000
H
Otset: 196 - 10°
CamocrosiTesibHasi padora.

1. Teno maccoit 2 Kr TAHYT MO IJIAJKOM JOCKE C MOMOIIBIO MPYKUHBI, KOTOpas MpU IBUKEHUU
pactsaynach Ha 2 cM. JKectkocth mpyxkunbl 200 #/M. Onpenenure ycKOpeHHE, C KOTOPBIM
JIBUKETCSI TEJIO.

2. Bpycok TSHYT 1O rOpU30HTAJIBLHOW TIJI1aJKOM MOBEPXHOCTU C MOMOIIBIO MPYXKHUHBI, )KECTKOCTBIO
150 m/c?. Ornpenenutbs Maccy Opycka €Ciid JJIMHA MPYKUHBI MOCIE ABMKCHUS M3MEHWIACh Ha 3
CM, a yckopeHue Opycka coctaBmiio 1,5 m/c??

3. Yenosek maccoit 70 Kr mogHUMaeTcs B JIUQTE, IBUXKYIIEMCS PaBHO3aMEIJICHHO BEPTUKAIBHO
BBEPX C yCKOpeHHEM 1 m/c%. Onpenenuts CHUJTy JaBJICHHsI YelloBeKa Ha 1o KaOuHbI JInQTa.

4, I'py3 maccoil 45 xr nepemeriaercs Mo TOPU30HTAIBLHON TNIOCKOCTH NOJ AelcTBUEM cuiibl 294 H,
HaIlpaBJIEHHON MOJ YIiIoM 30° x ropu3oHty. Koaddumnuent tpenus rpysa o miockocts 0,1.
OIpPEAEIUTh YCKOPEHUE JBUKEHUS TPYy3a.

S. Teno CKONB3UT PAaBHOMEPHO IO HAKJIOHHOW IIOCKOCTU C YIJIOM HakJIOHa 40°. Omnpenennte
KOA((UIIMEHT TPEHUS O TUIOCKOCTh (2=0).

6. Ilox aeiicTBEEM MOCTOSHHOMN crtbl 1,2-102 H. MarepuranbHas Touka npouwia myts 30m 3a nepBbie
10 c. OnpenenuTs Maccy TOUYKH.

7. Ha nBa tena neiictByroT paBHble cuibl. IlepBoe Tesno umeer Maccy 50 T ¥ IBUKETCS C YCKOPEHUEM
1 m/c®. Bropoe Tero aBmkeTcs ¢ yekoperneM 1 m/c?. Uemy paBHa Macca BTOPOTo Tela?

8. ABTOMOOMIL Macca 3 T JBUXKETCS C€O CKopocThio 28,8 km/4. [lpu TOpMOXKEHHH OH
ocTaHaBIuBaeTcs uepes 6 ¢. OnpeaenuTs CHIIy TOPMOKEHHUSL.

9. Baron, macca xotoporo 11 T, uaér co ckopocthto 18 km/4. KakoBa momkHa OBITH cuia
TOPMO>KEHHUS, YTOOBI OCTAHOBUTH BaroH Ha paccTossHuU 250 M OT TOUKH Havajia TOPMOXKEHUS?

10. Haiitu BenuumHy TOpMO3siIIEd CUibl JEHCTBYIOIIEH Ha Tenexkky Mmaccod 500 kr, ecnu mpu
ckopocTH BukeHus 40 M/c TOpMO3HOM MyTh ObLT paBeH 70 M.

11.  Kakoil nmyTh npu TOPMOXKEHUH MPOHAET MOTOLMKI, UMEsI Ha4aJdbHYIO cKopocTh 120 7 kM/4, npu
Mmacce 250 xr u cuie Topmokenns 4 kH.

12. IToe3n cuna, TsKECTH KOTOpOro 3,92- 10® H, Bmxercs co CKOpOCThIO 54kM/4. OrpenennuTh Cuity
TOPMO>KEHHUS, €CIIU MyTh, KOTOPBIN MOE3/]1 MPOIIeN OT Hayaiaa TOPMOXKEHHUS O OCTaHOBKHU, PaBEH
200 m.

13. Teno maccont 500 Kr mogBecuian Ha KaHaTe, 1 OHO JABUKETCS PABHOIIEPEMEHHO BHH3. 3a IIEPBBIC
10 ¢ oT Hauana JBUKEHUM TEJIO MPOXOIUTh MyTh 20 M. UeMy paBHa cuiia HaTsSHKEHUsI KaHaTa?

14. Kanar moxer Bbiaepkate Harpy3ky 2,5 kH. C kakuM MakCUMalbHBIM YCKOPEHHMEM MOXHO
nogHuMath Tpy3 200 Kr, yTOOBI KaHAT HE pa3opBaics?

15. Teno maccoit 0,2 xr. [lagaer BepTUKAIBHO BHU3 C yCKOpeHueM 9,2 M/c?. Uemy paBHa cpenHss
CHUJIa CONPOTHUBIIEHNUS BO3yXa?

16. Teno IBMXETCS CO CKOPOCThIO 6 M/C M OCTaHABIIMBAETCS TIPU TOPMOXKEHUHU uepe3 3¢. Uemy paBeH
K03 puLneHT TpeHus?

17. ITon neiictBuem cunbl 10 H npyxuna ypuaunack Ha 0,1 M ipu aiuse B 1 M. KakoBa kecTKOCTb

IPYXUHBI?
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18. Teno paBHOMEpPHO ABUKETCS MO HAKJIOHHOM Tuiockoctu. Ha Hero aeiictBytoT cuna tsbxectu S0 H,
cuna tpenust 30H u cuna peakuuu onopsl 40 H. KakoB koad umuenT tpenus?

19. Ha npyxwune noasemieHa rupst maccoit 200rp., kotopas, aeGopMupys mpyKUHY, pacTsIruBaer e&
Ha 5 cM. Uemy paBeH K03 (PUIMEHT KECTKOCTHU MPY>KUHBI.

20. JIBe Tenexku, Mpukarbl APYr K APYry M CXKUMArOUMe NpyXuHy, ornyctuinu (puc. 5). Korma
pyXUHA paclpsMuiIach, TEIeKKa Maccoil 5 kr mpuoOpena ckopocth 3 m/c. KakoBa ckopocTb
BTOPOI1 TeneXKu maccoit 2,5 kr?

my= 2,5 Kr m; = 5 r

21. N , SSSSHU30HTAIBHOM JOpOXKKe. 3a 3 ¢ UX CKOPOCTb
yYMEHbIIWIACh Ha 6 M/C CI/ma TpeHus caHok o Jopoxky 12 H. KakoBa macca caHok?
22.  Macca ciopTuBHOTO si7jpa okosio 7 kr. C Kako# cuioil ero mputsaruBaet 3emiis?
@dopma npeacTraBJieHus pe3yabTarTa:
BbImonHUTE 3a/aHue B TETPaau s MPAKTHYECKUX padoT.
Kpurepun oneHku:
3a mpaBUIILHO BBIMTOJHEHHOE 33JaHHE BHICTABIIICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 3a/1aHNE BBICTABIISIETCS OTpUIaTeNbHas orleHKa — () 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenbhoy svicmasisemcs 3a Mmenee 60% npaBUIBLHBIX OTBETOB

Tema 3.2 OcHoBbI TepMOAUHAMUKH. TenjioBbie MAIIMHBI
IpakTuyeckoe 3ansaTue Nel(, 11
OcHoBbI TepMoanHaMuKH. [IpyMeHeHne TEPBOro Ha4YaJ1a TEPMOJAMHAMHUKH K M30MPOLecCaM.

KII/I TensioBbIX ABUTaTEJIEH

Heab: Ha npuMepe pelleHUs 3a1ad M3Y4YUTh 3aKOH COXPAHEHHUS DHEPrUU INPHUMEHUTEIBHO K
TEIUIOBBIM TIpolleccaM, IyTAX M3MEHEHUs BHYTpEHHEW »JHepruu Tei, aauadaTHuecKoM IMpoliecce,
MpUHLMIIE PaOOTHI TEIIOBOW MAIINHBbI.

Beimosnenue padorsl cnocodcTByer popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06
MarepunanbHoe oOecnedeHMe: UHAMBUAYAJIbHOE 3aJaHHE, KOHCIEKT JIEKIMM, CIpaBOYHbIE
MaTepHabl.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMUT U3 JABYX YacTel — TeopeTHueckol M mnpaktuueckoil. [locie
M3y4YEHUsI TEOPETHUYECKOr0 Mareprajga MOKHO IPHUCTYINATh K BBINOJHEHUIO MPaKTH4YecKol dactu. OHa
COCTOMT M3 JBYX W Oosiee 3ajau Al CaMOCTOSITENIbHOTO BbIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
odopmiiennn pemeHus. Ha BbIMOJIHEHHE MPaKTUYECKOIO 3aJaHUSI OTBOJUTCS uYembvlpe aKaJeMUUYECKUX
qaca.

3ananue:

1. O3HakoMbTECH C KPATKUMH TEOPETUYECKUMHU CBEICHUSIMHU
2. Pemmre 3a1a4m, CaMOCTOSTEILHO UCTIONB3YsI IPUMEPHI U KPATKHE TEOPETUICCKUE CBEICHHS.

Ilopsinok BbINOJHEHHSI padOThHI:
1. Wsyuute u BeIUIUTE GOPMYIBI IO TAHHOW TEME:
2. Pazbepute mpuMepsl PEIICHHBIX 3aa9
3. Permnre caMocTOATENBHO 3a1a4n
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Kparkue TeopeTuyeckue cBe1eHUs
TennooOMmeH (Temionepenaya) — 0OMEH BHYTPEHHEH 3HEprueit 6e3 coBepIeHnss MEXaHUUECKOH padoThI.

KomnmaecTtBo termnotsl (Q) — sHEprus, nepeianHas B pe3yabTaTe TeiooOMeHa.

y,Z[CJ'IbHaH TEILIOEMKOCTD (C) — KOJIMYECTBO TCIIJIOTHI, HCO6XOI[I/IMOC I HarpeBaHUA 1 xr BemecTBa Ha 1

0 Q T
c=—|[c]=1
KA°0). mAT Le] kr - K
|ZQ0M =3 Quon. | — ypaBHEHHE TEIJIOBOTO OaslaHca.
Fopenne: [Q=am] =2 g1=1°%
m KT

VY nenpHas Temiora cropanust (() — KOJIMYECTBO TEIUIOTHI, BBIICIIEMOE ITPHU CrOpaHuH | KT TOILIMBA.

Hapoo6pa3013aHHe-nepex0)1 BC€HICCTBA U3 X KUJKOI'O COCTOSIHHS B ra3006pa3Hoe.

il [ 28 2 A%
Q=r-m| [r= [r]_1Kr

V nenbHas TeioTa napoobpazoBanus (I) — KOIMYECTBO TEILIOTHI, HEOOXOAUMOE IS PEeBpaIleHus B map 1
KT JKUJKOCTH MPH MMOCTOSTHHOM TeMIiepaType.

IInaBneHme — nepexon B€uieCTea nus3 TBép)IOFO COCTOSIHHA B ) KHJIKOC.

—7 _ Q=g B
1=

KT

VY enpHas TerioTa iaBieHus (A) — KOJUYECTBO TEILUIOTHI, HEOOXO0UMOE TS TJIaBJIeHUs | KT BelecTBa
MIPU TEMIIEpaType MIIaBJICHMUS.

IlepBhIi 3aK0H (Haqano) TCPMOAMHAMUKH. U3MCHCHUC BHyTpeHHefI OHEPIrun AU cucTembl PpaBHO CyMMC

KOJIMYECTBa TEIUIOTHI Q, IepejaHHOTO CUCTEME, U padoThl 4, COBEpLICHHON HAJl HEW BHEIIHUMH CHUJIaMH

AU =0Q+ A

HpI/IMeHeHI/IC IEpBOro HavaJla TCPMOAMHAMUKHU K U30IIpOoHCCCaM

T =const = ponst p=const

| H3oTepumdeckni nponecc, | H3ovopmsdi mpomecc, | Hs00apsbi mpomecc, | AI@alaTH9ecKHl DPomecc,
T ~ r N —0
0=0

AU=0 =

L)

=4 4_=0 = 0=AU O=AU+4 A4__=-AU ‘

211 ama <

TennoBas MammHa — MalIMHA, COBEPUIAIONIAs MEXaHWYECKyI0 paboTy 3a CU4€T BHYTpEHHEW >Hepruu

TOILINBA.
Pabouee Teno — ras, coBepiamnuii paboTy B TEIJIOBON MallluHE.

Harpesarenb — ycTpoiicTBO, coodmiaromniee paboueMy Telry KOJIMYECTBO TeII0Thl Q1 mpu Temneparype 7.
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X0JIOAUIBHUK — YCTPOHCTBO, OTHUMAIOIIEEe OT paboyero Teja KOJIMYeCTBO TEII0Thl Q, MpH TeMieparype

T». |
T, -T, o
Max :T ::::::::::
A
IIpumepsI peleHus 3a1a4
1. B amomunueByto kactproito maccoit 0,15 xr Hanuro 1,2 Kr BoJsl npu 20° C. Ckonbko KUIATKY
HY)KHO JIOJIUTh B KaCTPIOJIIO, YTOOBI TEMIIEpaTypa BOJbI CTajla 50° C? [ToTtepsiMu TeIIa B OKPY)KAFOIIYIO
cpeny npeHeOpeys.
Hano: Pemenne:
m,=0,15 kr nosxydeHHoe Terao Q1=C,.My(0—ty); Q2=CaMmjy(6-ty)
mB=162 KT oTaaHHoe Terno Qs=C,.m; (t-0)
t,=20 5)3 ypaBHeHHe TermnoBoro 6ananca Q;+Q,=Q3
tr:]‘OO C CB~mB (e'tx)+ma~Ca (e'tx):CB~mr (tr'e)
6 =50°C M= (e,m, +mc,)(6-t,) =

=920 Jk/kr°C
cs= 4200 Jix/kr’C

m, —?

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

~ 0,74k2

2 B nporuecce uzobapnoro pacmmpenus ra3y nepegano 6 MJx remnotst. [Ipu aToM ra3 cosepiaer
paboty 1,2 MJIx. MI3mMeHwmIack v BHYTPEHHSISI SHEpTHUs Ta3a? Harpencs ra3 uim oXJiaauics.

[laHo: «CWU» PeweHue: | Bbluncnenus:
AL MK 61050 |AU=Q-A" | AU=6-10° fk-1,2-10° [k =
Q=6 MIx 1,210%0 - 4,8.10° I

AU-?

3 Onpenenure MmakcuManpHblid KIIJ[ TemoBol MalnHbI, €CIM TEMIEPATYpa €ro HarpeBaTels 227°C, a

TEMIIEpaTypa XOJIOJUIbHUKA — 27°C.

. cun PeweHne:

I[aHO' PewweHue:

t,=2279/CT1=500K | -1 500K —300K
_1meer T, Nma= 2 = 0,4

500K

t2:270 ¢ T»,=300 K
Nmax—?
4. Bonopon maccoit 4r, 3anumast nepBoHauanbHblii 00beM V1=0,1M3, pacmmpsiercs 10 oobeMa

V2=1m3 . Onpenenure: 1) Al-paboty raza nmpu uzod6apHoM mpoiiecce, 2) A2-paboTy raza npu
n3oTepMuueckoM npouecce. HauansHas remneparypa raza T1=300K.
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Jano: Pewenue:

m=4r=4*10"kr 1) I1pu u306aprom pacumpennu (p;=const) ra3 copepiuaer padory
Vi=0,1m’° A=pi(Va-V) (1)
V=1’ JlaBnenue raza onpezensem u3 ypasuenns Knaneitpona-Meneneesa:

M=2*10kr/mons P,V,=m/MRT, orciona p,=m/M*RT,/V,(2)
R=8,3 1 mx(monp*K) [Toacraum popmyny(2) B (1)nonyunm: A;=m/M*RT,/V,(V..V)) (3).

T,=300K 2) [1pu n3oTepMuyecKkoM paciuMpeHue ra3 copepaer padory
Ay-? A;=m/MRT,InV,/V, (4) (Inl10=2,3)
A-? Beruncnenus:

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

5. Onpenenure n3mMeHeHne BHyTpeHHel 3Heprun AU nibia Maccoil m=5 KI' B IIPOLIECCE €T0 TassHUSA
(n1aBieHMs ) TP HOPMAJIBHBIX YCIOBHUSX.

Jano: Pewenue:
m=5 kr W3MeHenne BHYTPEHHEH YHEPriu U3 NepBoro 3ak0Ha TEPMOANHAMUKN:
A=3,35*%10w/kr  Q=AU+A. Orciona AU=Q-A. Jlns Tasuus neodxoamma tennora Q=Q,, =
P=1,01*10°T1a Am, A-yzienbHas Tennota riasnesns. Macca oGpa3soasiieiicst BOJbI Moo
T=273K Oyner pasua macce nbaa m. O6beM Boabl V; 00pa3soBasiuniics 3 bja
p.=0,9* 10°kr/’ Vi, Oyaer MeHble, Tak KaK MI0THOCT BOABI Py2o O0JbIIE MIOTHOCTH J1b/13
pr20=10"kr/™’ pa. [lpn nnasnennn npaa cosepiuaercsa padbora A=po( V- Vy).

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

Q=3,35*10"ox/xr*5kr=1,7%10° 1.
A=1.01*10°TTa*Skr*0,9* 10*kr/a’- 10 kr/m/0,9%10° kr/m 10 kr/m=-55 1
AU=1,7*10°Ix-(-55a%)~1,7*10% [k

Omegem: 1,7%10° [k

6. Temnepatypa HarpeBaTenss wujaeanbHoM TeruoBodl  mammuel  TH=500 K,remmneparypa
xonoaunbHuka Tx=300 K. Omnpenenure KIIJ[ TermnoBoil mMamuHbl 1 U TemaoTy Q H, NOJYYEHHYIO OT
HarpeBaTelis, €CJIM 3a OJWH IIUKJI MaliruHa coBepiiaeT padoty A=400 JIx.

Jlano: Pewenue:

T,=500K Ko duunent nonesnoro AelicTBHs TeNI0BOI MaLIMHbBI ONpeAeNseTcs 1o

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

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

1?7 Qu-? Boruncnenns: n=500K-300K/500K=0,4; Qu=400/1x/0,4=10001x=1xIx.
Omeem: = 0,4; Qu= Ix/lx.

Pemntsb 3a1aun caMoCcTOSITEIbHO

B ycnoBuu 3ama4y oTcyTCTBYIOT HU(MPHI. 3HaueHUs (U3MUYECKUX MapaMeTpPoOB ITHUX 3a/la4 HEOOXOJIUMO
Opath W3 TaOiMIBI 1: MO BEPTUKAIBHON CTPOKE YKa3aH HOMEp BapHaHTa, [0 TOPU3OHTAIBHOH — HOMEp
3a7la4M.

1. Boay maccoit m Harpenu ¢ temneparypsl T; n10T2. Kakoe KOaM4ecTBO TEMJIOTHI 3aTpaTUIN MPHU
narpese. (C;=4200/]x\kr-K)
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2. OnpenenuTh Maccy HarpeToil Bojbl, ecnu s €€ HarpeBa Ha AT 3aTpaTHiii KOJTMYECTBO TETJIOTHI
Q. (C, = 4200 Jiw/kr-K)

3. OmpenenuTh Maccy CropeBILIEro KaMEHHOTO YIUIsS, €CJIM MPU CropaHuu Bbyaenmiock Q Jlxoyneit
Ter1oThl. (=29MJIx/Kr)

4.  Cnoupr maccoit m ucnapuiica. OnpeaenuTh KOJTUYECTBO TEIUIOThI, 3aTPAueHHOE JIJIsl BHIMTAPUBAHUS
ciupta. (r=0,85 MJIx/kr)

5.  OmnpenenuTh KOJIMYECTBO TEIUIOTHI, HEOOXOAMMOE JUISl PACIUIABICHHS  OJIOBSHHOTO CIIMTKA
maccoir M. (A= 0,59 MJx/kr). Kakoe KOJWYECTBO TeIUIa BBIACIUTCS TPU OXJAKICHUU ITOTO
pacIuIaBJIeHHOTO CJIUTKA?

6. IT'a3 mom nmaBnenueM P; m300apHO pacmumpuics W coBepmui padory 25 JIx. Ha ckombko
yBeNU4MIICS 00beM raza?

7. Tepmoaunamuueckoil cucteme nepeano Q JIk ternorsl. Kak u3MeHHUTCS BHYTpPEHHsISI SHEPIHs
CHCTEMBI, €CIM OHa coBepIuia padory A?

8. Ilpm wm3oTepmmueckom pacmmpenuu (T=const) razom Obwia coBepmieHa padora A. Kaxkoe
KOJIMYECTBO TEIIOTH Q co00IIeHO razy?

9.  Beruucnute KII/I TemioBoii MammHel, eciau Temneparypa Harpesarens T, XxonoaunsHuka To.

10. Kakoii nomxHa ObITh TeMmeparypa HarpeBarenst Ti1, uyro0sl KIIJ| nBurarens cocraBisin m npu
TeMIeparype XoaoauiabHuKa To?

1 2 3 4 5 6 7 8

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

kr | °C | °C | K [xIxMJx r r |xIla| °C | °C n °C
1 1 5 85 | 10 | 100| 10 [ 200| 20 | 100 100| 20 | 0.9 10
2 2 10 | 90 | 20 [ 200| 20 | 400 | 40 | 200|200 30 | 0,8 | 20
3 3 151 95| 30 [300] 30 | 600| 60 | 300300 40 | 0,7 | 30
4 4 20 | 100| 40 | 400 40 | 800 80 [ 400|100 25 | 0,6 | 40
5 5 5 85 | 50 | 500| 50 [ 100| 10 | 500|200 35| 0,5 | 50
6 6 10 | 90 | 60 [ 600| 60 | 200| 12 | 600|300 45 | 0,4 | 60
7 7 151 95| 70 [ 700 70 | 300 | 14 | 700 100 30 | 0,95 | 70
8 8 20 [ 100| 80 | 800 | 80 | 400 16 | 800 | 200| 40 | 0,85 | 80
9 9 5 85 | 90 | 900 | 90 | 500 | 18 | 900|300 50 | 0,75 | 90
10 1 10 | 90 [ 100 | 100 ] 100 | 600 | 20 | 100 | 400 | 60 | 0,35 | 100

11. KakuMm crocoOoMm — coBepuieHHeM padOThl WU TEIUIoNeperayeil N3MEHSeTCsl BHYTPEHHSSI YHEepIrus
JIeTalM B CIEAYIONNX CiIydasx: 1) cTporanue etanu; 2) HarpeBaHue JIeTalu B IIeYH Mepe]] 3aKalKou;
3) OBICTpOE OXJNAXKICHHUE JETAIH B BOJIE (3aKanka)?

12. Paboune TrOpSYMX LEXOB HOCAT KOMOHMHE30HBI, IOKPBIThIE METAUIMUYECKUMHU  OJIECTAIUMHU
yemryikamu. [loueMy OHM XOpOIIO 3aIIMINAIOT YEI0BEKA OT JKaphl?

13. TenmnoBas snekTpocTanis MourHocThio 2400 MBT mnorpebnser 1500t yras B uvac. Kakos KITJI
cTaHuu?

14. JIns TOBBIMIEHHS TBEPAOCTH M NPOYHOCTH CTAJIBHBIX M3JEIUI NPUMEHSIOT 3aKalKy (HarpeB no0
HEKOTOpPOM TeMIepaTypbl C MOCIEAYIONUM OBICTPBIM OXJaxaeHueM). Kakoe KOIM4ecTBO TETIOThI
HE00X0IMMO, YTOOBI HATPETh CTANBLHOM MONOTOK Maccoit S00r ot 17 go 817°C? Beruncnute, kakoe
KOJIMYECTBO TEIUIOTHI BBIAENSIET MOJOTOK, €CJIM €r0 OXJIAXKIAIOT B )KUJIKOM KHCIIOpOJE, TeMIiepaTypa
koTtoporo -183°C. VY nenpnas teroemkocts crainu 460 Ix/ kr-°C.

15. Kakyro maccy kokca norpedyercst c:xeub, 4To0bl HarpeTh 10T uyryna va 10°C?
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16. B mnaBunbHyro neus 3arpy3unu 2000 kr uyryHa, B3storo npu 20°C. Kakoe KOIMYECTBO TEMJIOTHI
3aTpayeHo B Hel Ha ero raBiaeHue? CKoabKo Jbaa, B3sAToro npu 0°C, MOXHO OBLIO OBl pacIJIaBUTh
3a CYET 3TOr0 KOJMYECTBA TEIIOTHI?

17. B miaBuiIbHOM Teyd 3a OAHY IUIaBKy mnojydwinu 250 kxr amoMuHus npu temneparype 660°C.
Onpenenure, HACKOIbKO HW3MEHWJIACh BHYTPEHHSS OSHEprus AallOMUHUSA, €CIM €ro HadajbHas
temrneparypa osuta 20° C. Y aenpHas TerioTa miaBieHus amroMuaus 3,9 MJDx/kr.

18. UyryH B JIMTEHHBIX II€Xax IUIaBAT B I€4yaX, Ha3bIBa€MbIX BarpaHkamu. OIpenenuTe KOJIU4eCTBO
TEIUIOThI, HEOOXOAWMOe MJsi IUIaBKM OT uyryHa, JOBEJACHHOTO 0 TEMIEepaTypbl ILIaBICHUS.
VY nenbHas Termiora miaBieHus cruiaBa 138 270 Jx/kr.

19. Jlom 4epHBIX METaNIOB MEPEILIAaBISAIOT B CTalb B MApPTEHOBCKUX Mevax. Kakoe KOIMYecTBO TEIIOThI
HE00X0AMMO JUIsl HarpeBaHusi u paciuiaBieHust 10 T cTanpHOTO JIoMa, €ClIM HavyalbHas TeMIepaTypa
ero 20°C? Temnepatypa miasienus craiu 1400°C.

20. Kakyro paboTy coBepmimsl WACaIbHBIM OJHOATOMHBIM Ta3 M Kak TPU ITOM HU3MEHWIACh €ro
BHYTPEHHSISI SHEPTHs MpU M300apHOM HarpeBaHuWu ABYX MoJjei raza Ha 50 K? Kakoe xommuectBo
TEIUIOTHI TOJIYYHII T'a3 B MPOLIECCE TETI00OMeHa?

21. Ilpu aguabaTHOM pacIIMpeHHH Bo3ayxa Obuia coBepiieHa padora 200 [Ix. Uemy paBHO HU3MEHEHHE
BHYTpPEHHEH 3HEpruu BO3ayxa?

22. VneanbHbli Ta3 HarpeBajcs MpPU MOCTOSHHOM JaBJICHUU, MOTOM €ro JaBJICHHE YBEIMYUIIOCH NPHU
IIOCTOSSHHOM 00BeMe, 3aTeM Ipu IOCTOSIHHOM TeMIlepaType MAaBJIEHWE ra3a YMEHBUIWIOCH [0
nepBoHavanbHoro. Hapucosarts rpaduk B KOOpAMHATHBIX ocsax P-V.,

23. WneanbHblii a3 moayuusa koauuectBo TertoTsl 300 [k u coepmun padbory 100 JIx. Ilpu sTom kak
W3MEHUIIACh €T0 BHYTPEHHSS SHEPTUsi?

24. Temneparypa xononuibHuka TeruioBod mammubel 300 K, temmeparypa narpeBatenss Ha 300 K
0oJblIe, 4eM y XoloauiabHuKa. Yemy paBeH MakcuMalibHO Bo3MokHBIN KI1J] TerioBoit MammHb1?

25. Uemy paBHa BHYTPEHHSISI SHEPrus 5 MOJIb OJHOATOMHOTI'O MI€ajIbHOTO ra3a npu temmneparype 47°C?

dopma npeacTaBJieHus pe3yabTaTa:
BoinonHuTh 3a1aHKe B TETPaaH IS MPAKTUYECKUX padoT.
Kputepun onenkn:

3a npaBUIIbHO BBINOJIHEHHOE 33JaHUE BBICTABIISETCS MOJIOKUTEIbHAS OLleHKa — 1 Oau.

3a HeMpaBUIJIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIISETCS OTpHUIlaTeIbHAs olleHKa — 0 OaoB.

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

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

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

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

Tema 4.1 DuekrpocraTnka
IIpakTnueckoe 3anaTue Nel2, 13

duektpocratuka. CoelnHeHHe KOHIEHCATOPOB B 0aTapero

]_[e.nb: C(l)OpMHpOBaTB YMEHUA TPUMCEHATH IMOJTYYCHHBIC 3HaAHWA IJIA PCIICHUA IMPAKTUYCCKUX 3a71a4.
BoinosiHeHne padoTsl cioco0cTBYET (POPMUPOBAHMIO:

I1PysS, Ipy9, I1P62, TIPG6, ITP67,
MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP§, MP10
MarepunanbHoe oOecnmedeHHMe:  MHAMBUAYAIBHOE 33JaHHME, KOHCIEKT JIEKIMM, CIpPaBOYHBIE
MaTepuabl.
Yka3anmue:
[IpakTHueckoe 3aHATHE COCTOMT W3 JBYX YacTed — TEOPETHUYECKOM M mpakTthueckou. Ilocne
U3Y4YEHHs] TEOPETUYECKOr0 MaTepuajga MOXHO IPHUCTYNaTh K BBIIOJIHEHUIO NpakThdeckod yactu. OHa
COCTOUT M3 JABYX U Oosee 3afau A CaMOCTOSITENILHOrO BbIMONHeHUs. He 3a0biBaiiTe 0 mpaBUIIBHOM
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O(bOpMJIeHI/II/I peuICHuUs. Ha Brmonnenue MPaKTUYCCKOI'0 3aJaHusl OTBOAUTCA HemblpC aKaAACMHUUYCCKUX
gaca.

3ananmue:
1. O3HaKOMBTECH C KPAaTKUMHU TEOPETUUECKUMH CBEIACHUSIMU
2. PGLHI/ITC 3aJa4uu, CaMOCTOATCIIbHO I/ICHOJIB3yH HpI/IMepLI nu KpaTKI/Ie TeopeTqucxne CBCIACHUI.

Ilopsinok BbINOJHEHHS padOThI:

W3yunte u BImUmuTe GOpMYIIbI IO TAHHOU TeMe:
Pazbepute npuMepsl pelIeHHbIX 3a/1a4

3.  Pemmte camocTosiTeNbHO 3a7aUn

KpaTKHe TCOPETHYECCKUEC CBECACHUSA
F=p$d 949

3

3akon Kynona B Bakyyme: re 4w
@9y 93
=

N

F=k
3akon Kynona B cpene:

&

HaprI)I(eHHOCTB QJICKTPHUYCCKOI'O ITOJIA:

HanpsikeHHOCTD 3JIEKTPUYECKOr0 MOJI TOYEYHOTO 3apsaaa: ety
3aKOH COXpaHEHMsI AJIEKTPUUECKOTO 3apsiia: § = g1+ Qo+ ... + O,

@ @2 =A@
Pa3HocThs noTeHIAIOB:

[ToTeHIa TOYEIHOTO 3aps/ia: AneE,r €T

CBs3p IOTCHIMAJIAa U HAIIPS?)KCHHOCTHU ! d

C=—1
o, — s

3J‘ICKTpO€MKOCTL KOHACHCATOpa:
W= q( @, —9.) - ﬂ

OHeprus 3apsHKEHHOI0 KOHAEHCaTopa: 2 E

CoenuHeHne KOHJIEHCATOPOB:

ITocnenoBarenbHOE COEIMHEHUE KOHIEHCATOPOB — COEUHEHHE, ITPU KOTOPOM I10CIIE 3apsS KU
OTpHULATENBHO (ITOJIOKUTENBHO) 3apsKeHHask 00KJIaAKa MPebIIyIero KOHAeHcaTopa COeJUHEHA C
MOJIOKUTEIBHO (OTPULIATENBHO) 3apsHKEHHON 00KIaIKOM MOCIe1yIoIero.

1 51
—=—t—t. = = —=) —
] {-‘ Cr:l:r. 'Z'-.cn

HapaﬂnenLHoe COCIMHCHNEC KOHACHCATOPOB — COCAMHCHUEC, ITPU KOTOPOM ITOCJIC 3apsAaAKH BCE
TMOJIOKUTCIIBHO 3aps’KCHHBIC O6KH8.I(KI/I C06paHI>I B OJIMH Y3CJI, BCC OTPULATCIILHO 3aps’KCHHBIC — B

JPYTOH.

= Ei C,.=C +.+C,

Mpumepbl peweHUA 3a8a4
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1.-Kakyio-padoTy -COBeplIacT Noae IpH MepeMellleHHH -3apaaa-2- 1073 K-

H3 TOYKH-C TIOTeHOHATOM -7 00 -B-B-TO9EY -¢ TIoTeHIHATOM 2 00 B’
Brrmmcnesse: |

Haso Pemenme
s P A=-2-10-FK1-(700 B—200B) =
g=2-10"Knf a-o=== 1 =1-10°5 T
@1=T00BT q
@=200B7 A=(p —m)-g
T —?
¢ A 1

2_-B-omgHOpOOHOM 3IeKTPHYSCHOM - II0J8- ¢- HaOpaeHHOCTRIO - 6- 10°- E -
Fo
nepeMemaeTcea-zapan-7- 10 Kir-Ha-paccroasaEe - § -cM-1101 -y rIoM -6 07 -5 - IHHma-
HaNpmieHHOCTH. -ONpegeIHTE paboTy Mo -HepeMelleHHI0 3T0r0 -3apana |

Haso «CHDY| Pemmenre o
F < 6.10° H T 1 A=F-5-cosa,; -F=E-q,-5=£; - A=E-q-f-cos-of
Ko |9 A=T10°K6-10° 2 8 1020,5=7
g=7-10%Ka | X Kn
£=8-cnm- 8-10"MY| —1 68 103 Tox—1,68MTxT
=600 o o
A-M Oteer:-A=1_68mITx" )
o] o]

Pemmuth 3anaum (N - Homep 6auie2o eapuanma no cnucky):

. Hampspkenue mexny momrocamu O6ataper akkyMynsTopoB N kB. kakoii 3aps MOMyduT KOHAEHCATOP
eMKOCThI0 500 MK®D, eciti ero COeTUHUTH C MOJIFOCAMHU ITOW OaTapen?

. JIBe ogrHaKoBbIe HEOObIIINE TOBEPXHOCTH MPU TPAHCIOPTUPOBKE JeTallel OMYYMIN 3apsIbl
6*10°Kn u -12*10°K, maxomsuimecs Ha pacCTOSHHH N cM Apyr oT apyra. ONpeneinTe CHiTy
B3aMMO/ICHCTBUS MEKy HUMHU.

. Ilpn nepememennu 3apsina 2 Ki1 B 2JIeKTpHUECKOM TOJIE CHITBI, IEHCTBYIOIINE CO CTOPOHBI 3TOTO TOJIS,
coepuimiin padotry 8 JIx. Uemy paBHa pa3HOCTb MOTEHLUANIOB MEXIY HaudalbHOM M KOHEYHOM
TOYKAMHU ITyTH?

. Ilpu nepemMerieHnu IEKTPUUECKOro 3apsijia MeX/ly ¢ TOUYKaMH € Pa3HOCThIO MOTEHIMANI0B 8 B cuibl,
JEHUCTBYIOIIME HA 3apsifi CO CTOPOHBI JIEKTPUUECKOTO MOJIsA, coBepimm padoty 4 [x. Uemy paBen
3apsan?

. Hampsbxkenne mexmy AByMsl TOpU3OHTAIBHO pacmojiokeHHbIMU TutactuHamu 600 B. B mone stux
IJIACTUH HAXOJUTCS B PaBHOBECHM 3apsDKEHHAs MBUIMHKA Maccoi 3*10°®%r. Paccrosimme MEX]Ty
ractTiHaMu N MM. OnipeenuTe 3apsil TUTHHKH.

. Konnencarop emkoctbio 0,02 MKk®D COEAMHUIN C HCTOYHUKOM TOKA, B pE3yJIbTaTe 4ero OH MpHoodpes
3apsn 10°Ko. Ornpenenure 3HaY€HUE HAMPSHKEHHOCTH TOJISI MEK/TY TUIACTUHKAMHU KOHJIEHCATOPa, €CITN
paccTosiHuE MEeXAY HUMU N MM.

. B HexoTopoit Touke AnmekTpuyeckoro moist Ha 3apsaa = 5 HKi pefictByer cuna F = 4-10-7 H. Haiitu
HAMPSKEHHOCTH MO £ B TaHHOM TOYKE.

. Kakas HanpspkeHHOCTP 2JIEKTpHUecKoro moust E co3maercs 3apsaom sapa HeoHa (Ne) ( = 1,6:10™8 Kz
Ha PacCTOSIHUU r=10"" mor LeHTpa sapa’?

. Ha paccrossHum r = 5 cM Apyr oT Jpyra B BaKyyMe€ pacIiOJIOKEHBI MPOTHUBOIIOJIIOXKHBIE 10 3HAKY

3apsaael BenmumHOW || = 7HKn. HaiiTm HanpspkeHHOCTB 9JeKTpudeckoro mois E B TOUKe,
HAXOJIAIIEHCS HA PACCTOSHUM, @ = 3 CM OT TOJIOKHUTEIBHOTO 3apsiaa v B b = 4 ¢cM OT OTpHUIIATEIBHOTO
3apsiaa.

B 0qHOpOAHOM 3JEKTPUYECKOM TI0JIE PACCTOSIHUE MEXKAY ABYMSI TOUKaMH BJOJIb CHJIOBOM JINHUM I
=N cMm, a pa3HOCTb NoTeHIHanoB Mexay HuMH 100 B. Onpenennure HanpsskeHHOCTH Mot E.

IIpu HanpspKEeHUM MexX Ty TuIacTUHaAMH KoHAeHcaTopa 200B pazHOMMEHHBIE 3aps/ibl Ha IUIACTHHAX
paBHBI 10 K. Uemy paBHa 3J1EKTPOEMKOCTh KOHJEHCaTopa?

12 .BbraucnuTe SHEPTHI0 AJIEKTPUIECKOTO MOJISE KOHAESHCATOpa AEKTPOEMKOCThIO 10 MKD, 3apsyKEHHOTO 110

Harpspkenust 10B.
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13. Kaxkast pabora coBepiaercs npu nepemerieHud 3apsiaa 4,6 MKKI B AIEKTpHYECKOM TOJIE MEXITY
TOYKaMU C Pa3HOCThIO moTeHIanoB 260 kB?

14. B ogHOpOAHOM 3IEKTPUYECKOM I0JI€ ¢ HAMPSKEHHOCTHIO 18-10° H_ nepemMeniaeTcs 3apsij 7-10°®
K

K Ha paccrosHme N oM mox yriaoM 60° K JIHHHMSAM HampspkeHHOCTH. OIpeIenuTh paGoTy IIo
MEPEMEIICHUIO ATOTO 3apsija.

15. Omnpenenutb eMkocTh 0atapen Cegyr, €ciu KoHJeHcaTopsl ¢ eMkocTsiMu C1=10 n®, C=15 n® u
C3=20 n® coenuHUIU: a) TOCIENOBATENBbHO; 0) mapamienbHo. CXeMbl COSAMHCHHSI KOHICHCATOPOB
HAYEepPTHUTh.

dopma npeacTaBJieHus pe3yabTaTa:
BoinmonHuTh 3a1aHKe B TETpaau IS MPAKTUYECKUX padoT.
Kputepuu onenkmu:

3a npaBUJIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTEIbHAS Ol[eHKa — 1 Oa.

3a HelpaBWIBHO BBIMIOJTHEHHOE JICHCTBUE, 3a/IaHUE BBICTABIISETCS OTPHUIIATeIbHAs olleHKa — () 0ayioB.

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

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

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

Oyenka «HeyoosiemeopumenbHoy svicmasisemcs 3a Mmeaee 60% nMpaBUIBLHBIX OTBETOB

Tema 4.2 3aKoHBI NOCTOAHHOI0 TOKA
IIpakTuyeckoe 3ansaTue Nel4, 15

3akonbl Oma. ConporusJiienne. CMelIaHHOe coeJUHeHHe IIPOBOIHUKOB

Heab: 3akpenuTh yMEHHUS M HABBIKA BBIYMCIICHHS CHJIBI TOKA, HANPSDKCHHS, CONPOTHBIICHHUS IO
ONpeaeIeHUIO U 10 3aKoHy Oma Juisl ydacTKa LEMHU, a TAaKKe C YYETOM 3aKOHOB Pa3jIMYHOr0 COEIUHEHUS
MIPOBOJHUKOB.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

[TPyS, Tlpy9, I1P62, I1PG6, TT1P67,
MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10

MarepuajnbHoe o0ecnieyeHue:

TeTpajb AJi MPaAKTUYECKUX paboT, pyuka, METOAMYECKHUE PEKOMEH IAIIUHU TI0 BBIMTOJIHEHUIO PaOOTHI,
JINHEIKA, KapaHanl.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M MPAKTUYECKOM.
[Tocne u3ydeHnss TEOPETUUECKOTO MaTepraia MOKHO MPUCTYINATh K BBIMOJHEHHUIO MTPAKTUYECKOW YACTH.
Ona cocTouT U3 ABYX U OoJiee 3a/1ad AJisi CaMOCTOSATENbHOTO BhIMONHEHUs. He 3a0piBaiiTe 0 nmpaBUIbHOM
odopmiieHnu perieHus. Ha BeIMoTHEHNE TPAKTUYECKON OTBOIUTCS Yemblpe aKaJeMUIECKUX Jaca.

IHopsaok BbINOJIHEHUS PA0OTHI:

1. PaccMoTpute TEOpEeTHYECKHMU Marepuaa MO0 TeMe U TMPUMEphl penieHus 3amad  (CMOTpH
METOAMYECKOE ITOCOOHE).
2. Pemmte camocTosTensHy0 padory. OdhopmuTe pelreHne TUChbMEHHO B TETPAIH.

TeopeTuveckue cBeieHUs

1.DnexTpuyeckuil TOK-HANpaBICHHOE IBM)KEHHE CBOOONHBIX 3apsnoB. Cumoil Toka (I) HasbiBaeTcs
BEJIMYMHA, YHUCICHHO paBHAasl 3JEKTPUUECKOMY 3apsqy, MPOXOIsAlIeMy depe3 CeYeHHE NMPOBOJHUKA B
enuHuIy BpeMeHu: I = g/t, [=n*g*s

3akon Oma misa yyactka enu: [=U/R

®opmyna conpoTtuBieHus: R=p*|/S, rae p - ynenabHoe CONpOTHBIIEHHE, 3aBUCAIIEE OT poJia IPOBOIHHKA,
|-nMHA IPOBOJIHUKA; S - MIIOIIAb CEUEHUSI.

[Ipn nocnenoBarenbHOM coenuHeHun mnpoBoAHMKOB: R=R1+R2 [=[1=I2=const U=U1+U2 Ilpu
napauieTbHoM coeauHennn mpoogHukoB: U=U1=U2=const [=I1+I2 1/R=1/R1+1/R2, eciu R1#R2
R=R1/N, rae N- urcio 0AMHAKOBBIX CONMPOTHBICHUH, T.€. R1=R2=...RN.
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3akon Oma nns monHo# nenu: I=¢/R+r,rae € - 31C ucrounuka toka, [€]=B, R-BHemHee conpoTuBiIcHHE
[R]=Owm, r-eayTpeHHEE CONMPOTUBIICHUE WJIN COMPOTUBJIEHNE UCTOYHUKA TOKA [r]=OM

IIpumepsl pemieHus 3aaa4
Cuia ToKa ¥ IVIOTHOCTH TOKA

1. OnpeaenuTe YHCIO N 3JIEKTPOHOB, KOTOPBIE MPOXOAAT Yepe3 MOMEPEUYHOE CEYEHHE MPOBOJHUKA
2 . 2
100 s=1MM” 3a t=2 MUH, €CIIU TUNIOTHOCTh TOKAa B MpoBoAHUKE j=150A/cMm

Jano: Pewenue:

S=1mm™=10"m" UuC0 31eKTPOHOB, MPOXOAALINX YEPe3 MONEPEHHOE CEUCHHE
t=2 mun=120c MPOBOIHUKA, PABHO OTHOLIECHHIO YIEKTPUUECKOrO 3apsa,
i=150A/em™=1,5%10*A/m MPOLLIE/IIEro 4epe3 AaHHOE MONEPeHHOe CeUCHUE, K 3apaay
n-? ynexrpona:n=Q/e (1). YuursiBas, uro Q/t = I=S (2), nonyuum:
3a Bpems t 4epe3 ceueHne NpoBOAHMKA npoiiaer n= jSt/e.
n=1,5*10°A/M**10°M**120¢/1,6*10""Kn=1,2*10>"

Omeem: 1,2¥10*'

2. DnekTpudeckas 1enb, cocrosias u3 peauctopoB R1=100 Om,R2=200 Om R3=300 Om, noaxiroueHa K

JIBYM HCcTO4YHHUKaM noctostHHoro HamnpspkeHust Ul u U2=100B. I1pu xakom Hamnpspkenue Ul cuna toka I1
yepe3 pezuctop R1 O6yzaer paBHa Hymo?

Hawno: Pewenue:

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

R>=200 Om nanpsukenne U; Ha pesucrope R3 gomxHo ObiTh paBao Uy, 1.e. Us=U;=I}R; (1).

R3=300 Om B srom cityuae pesuctops R; n R; Brmouens! nocnenosarensHo. [loaromy

U2=100B CHJIa TOKa BO Bcex vacTax uenu oauHakosa: ;=L=1 Ilanenune nanpsxenus

[,=0 U, = IR,+IR3, otkyaa cneayer, uro I= U,/ (Ry+R3) (2)

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

Omeem: 60B

3akon OMa /151 MOJTHOM e
3. Onpenenute cuiny Toka KopoTkoro 3ambikanus IK3 Garapeu, DJIC koropoit € = 15 B, ecnu npu
MOJIKJIFOUEHUH K Hell pesuctopa conmpotuBieHrneM R=3 OM cuia Toka B 1lenu cocTaBiseT [=4A

Mano: Pewenue:
e=15B  Cuny Toka KOpOTKOro 3aMblkanus onpeznensem no popmysne Ixz=€/R (1), rae
R=30m r-BHyTpeHHee conporusienue darapen. CornacHo 3akony Oma s nonHoi enu:

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

SJ1C ucrounuka snekrpuueckoit sneprun 12 B. Kakoit ¢pusnueckuii cMbICT 3TOTO BEIpaXKEHUS ?
CoeguHeHue NMPOBOIHUKOB
4. K ceru nanpsxkennem U=200 B mnpucoeaunensl aBa pe3ucropa. [Ipm ux mnocienoBaTeabHOM

coequHenun [1=4,4 A, a npu nmapannensHoMm - [2= 27,5 A. Omnpenenure comporusienue R1 um R2
PE3UCTOPOB.
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4.

Jano: Pewenue:

U=220B [1pu nocnenoBarensHoM coeauHeHnu Ry ... = Ry + Ra; 1=U/R 500, OTKY A
[,=4,4A Rioenn = U/I}. Pacuersr: Rnocna=220B/4,4A=50 Om.

,=27,5A Ilpu napannensuoMm coeauHennn: Rypa, = Ri1*Ro/(R + Ry), L=U/Ryapa0, OTKY A
R,-? R»-? Riapan =U/L. Pacuerni: R pa=220B/27,5A=8 Om.

R{*R5/R;+R>=8 Om; R; R,=400 Om; R+ R>=50 Om; R; R>=400 Owm;

3uaunt: R;=10 OM; R>=40 Om.

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

CamocTosiTesIbHAs1 padoTa
BapuanTt 1

UYepes ceueHHE IPOBOAHMKA 3a NPOMEXYTOK BpeMeHH At=10c npoxomut 3apan AQ=25 Ku.
Omnpenenure cuity Toka | B mpoBoaHUKE.
Hanpspkenne Ha ywactke menu U = 5 B, a ero anexkrpuueckoe comporuienne R = 10 Owm.
Omnpenenure cuity Toka [ Ha 3TOM ydacTke LEenH.

. IIpu nepemenienue 3apsna Q=2Ki BHYTpM HUCTOYHMKA TOKAa CTOPOHHHE CHJIBI COBEPIIAIOT PadoTy

A=20 [Ix. Onpenenure I/1C ucTouHHuKA.

. Kax MoxxHO IMMOJIYYHUTHb COIIPOTHUBJICHUSA R, COCAUHsAA BCEMHU BO3MOXHBIMU crocodamMu TpU pE3UCTOpPA

cornpotuiieHueM R=6 Om kaxp1it?

Bapuanr 2
Cuna toxka B mpoBogHuke I = 1,5 A. Omnpenenure 3apsn AQ, HpoTeKarolUii 4Yepe3 ceueHue
MPOBOJIHUKA 3a Bpems At=2c.

. Onpenenute Hanpsbkenue U Ha pesuctope conporusieHneM R=10 kOm npu cuie toka B Hem [=0,5

MA.

. Cuna Toka B snammnouke kapmanHoro ¢onapuka [=0,28 A mpu wanpstbkenun U=3,5B. Ompenenure

COIIPOTHBJIEHUE R HUTH JTaMITOUKH.
Bo cxonbko comporuBinenue R1 npu mnocnenoBatensHoM coenuHeHun 10 pesuctopoB (n=10)
conpotuBiieHrueM o R=10 Om Ooblre, ueM ux conpoTuBieHre R2 npu napamienbHOM coeTMHEHUN?

®opma npeacTaBieHus pe3yJbTaTa:

BhIMONHUTE 3a/laHKe B TETPaIu IS IPAKTHUECKUX PadoT.

Kpurepuu onenku:

3a npaBUIIHHO BBIMOJIHEHHOE 331aHKUE BHICTABIISICTCS MOJIOKUTENbHASI OI[eHKa — 1 Oa.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JCHWCTBUE, 3a]JaHHE BBICTABIISCTCS OTpUIIAaTEIbHAs OlleHKa — ) OaioB.
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 «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.2 3aK0oHBI MOCTOAHHOI'0 TOKA
IIpakTyeckoe 3ansaTue Nel6
PaGora, MOIITHOCTH M CONPOTHUBJICHHE JJIEKTPUUYECKOI0 TOKA

Iesb: HayuYnuTHCS pemaTh 3a/1a4u, UCIIONB3Ys (pOpMyIbl pabOThI TOKA M MOIITHOCTH
BbinosiHeHune pa6oTsl crioco0cTBYeT (POPMUPOBAHUIO:

TIPy5, TIpy9, TIP62, TIPG6, T1PG7,
MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10

MaTepna.m,Hoe obecneyeHue: TeTpadb I MPAKTHYCCKUX pa60T, py4ika, MCETOAUYCCKHC

PEKOMEHIAlUH 110 BHITIOJHEHUIO pa0OThI, THHEIKA, KapaHIall.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUECKON M MPAKTUUYECKOM.

[Tocne n3ydeHMs] TEOPETUIECKOTO MaTeprana MOXHO TPUCTYIATh K BBITOJHEHUIO TPAKTUIECKON 4acTH.
Omna cocTtouT U3 AByX U OoJjiee 3a/1a4 JJIsl CAMOCTOSITENIbHOTO BBINIOJHEHUs. He 3a0bIBaiiTe 0 MpaBMIIBHOM
oopmiieHnn pemeHus. Ha BrIMOTHEHHE MpaKTHYECKO OTBOAWTCS JBa akaJeMU4ecKux daca. [lopsok
BBITOJIHEHUS pabOThHI
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IMopsinok BbINOJIHEHUs PA0OTHI:
1. PaccMOTpUTE TEOPETHYCCKHI MaTepual II0 TeMe€ W TNPUMEPHl pemicHHs 3agad  (CMOTPH
METOAHYECKOE IIOCOOHE).
2. Pemmre camocrositensHyio padoty. OdopmuTe pereHne MICbMEHHO B TETPAIH.

TeopeTuuecKkue cBeJIeHUs

1.IToBTOpUTE OpMYIBI pabOTHI M MOITHOCTH TOKa. PaboTa 1 MOUTHOCTH TOKa
PaboTy cuil 3MEeKTpUYECKOro MO, CO3JAOLIEro YIOPsJA0YEHHOE ABM)KEHHUE 3apsIKEHHBIX 4YacTHUI[ B
MIPOBOHHUKE, T. €. AJCKTPUUECKUHN TOK, HA3BIBAIOT pabOTOH TOKA:
A =T*U*t,
rae A — paboTa 3JIeKTpUUECKOro TOKa Ha ydacTke 1enu, JIx;
| — cuna Toka Ha TaHHOM y4YacTKe Lenu, A;
U — nanpsikeHue Ha yyacTke 1end, B;
t — BpeMsi IPOXOXKACHUS TOKA MO YYaCTKY LIETIH, C.
riae P — mommocTs TOKa, BT.
Ecin Ha yd9acTke LemM BCS SHEPrHs MEPEXOAUT BO BHYTPCHHIOWO
SHEPIUI0 MPOBOJIHHUKA (HE COBEpIIAeTCS MeXxaHudyeckas padora), To Q =
IRt — 3axon Ixoyns-Jlenua.
Q — KOIMYECTBO TEIUIOTHI, BBIICTUBIICECS B TPOBOIHUKE, JXK.

CobepeM 1ieMb, COCTOAIIYIO M3 MUCTOYHUKA TOKAa M MOTpeOUTENs —
JIEKTPUYECKON SJHEPIUH.

CornacHo 3akony OMa nans ydacTka IL€MU, HampsDKeHHE Ha
npoBojgHuke U = I'R. Pabota cTOpoHHUX CUI Acm. = Apomp. T Auem.

Anomp. — paboOTa 2IEKTPUYECKOrO MOJIS 110 MEPEMEILEHUIO 3apsaa OT
TOUKH A K Touke B;

"M

Apomp.= q°U = q'I'R.
Hcrounnk Toka oOnagaeT BHYTPEHHUM COINPOTHBICHHEM I. PaboTa mo mepemenieHuio 3apsjaa

BHYTPU UCTOYHHKA TOKA:
£

I =
Aen=1rq Am=¢q Tornaeq=qlR+Irqume=IR+I[r nm R+r.

3axkon Oma ona eceii yenu: cuiaa TOKa B 3JIEKTPUUECKOM Ienu mpsMo nponopuuoHaigbHa DJ[C
MCTOYHHKA TOKA U OOPATHO MPOIOPIHOHAIBHA TIOJTHOMY CONPOTHUBIICHHIO IETTH.

R — BHemHee cONpoTHBIEHHE Lenu (00Iee CONPOTUBJICHUE IOTpeOUTENeH 3IEKTPUUECKOM
sHeprum), Om;

I' — BHYTpEHHEE CONPOTUBIIEHHUE LIETH (CONPOTUBIIEHNE UCTOYHHKA TOKa), OM;

R + r — nonHoe conpoTtusiieHue nenu, Om.

B ny1eKTpuuecKoil 11Ny BO3HUKAET KOPOTKOE 3aMbIkaHue, eciu R=0: ro

PaboTy cuit 371eKTpHYECcKOro Mosis, CO3/1aI0IET0 YIOPA04eHHOE IBIKEHUE 3apsKEHHBIX YacTHUIl B

MPOBOHUKE, T. €. IEKTPUIECKUI TOK, Ha3bIBalOT paboroii Toka: A = /-U At

rae A — paboTa NEeKTPUYECKOro TOKa Ha yJacTke menu, JIx;
| — cuna Toka Ha TaHHOM ydYacTKe 1enH, A;
U — HampshKeHHe Ha yyacTke 1end, B;
At — BpeMs IPOXO0KJICHUS TOKA 10 yYacTKy LEMH, C
p=topogu
t , e P — MomHOCTh TOKa, BT.
Ecnu Ha yuyacTke memu BCS SHEPTUS NMEPEeXOJUT BO BHYTPEHHIOI HSHEPrHIO MPOBOJHUKA (HE
CoBepIIaeTcs MexaHudeckas padota), To Q = I’RAt — 3akon Jlxoyns-Jlenma.
Q — KOJIMYCCTBO TCIIJIOTHI, BBIACIIMBIICCCS B IIPOBOJIHUKCE, I[)K
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IIpumeps! pelieHus 3agay
1. Dnextpuyeckuid nBUrateiab padboraer 5 4. oT cetu ¢ HampsbkeHueM 380 B mpu cuie toka 35 A.
Conportusnenune oomotku asuratens 0,5 OMm. OnpenenuTs W3pacXoIOBAHHYIO SJIEKTPHUYECKYIO
SHEPIUI0, KOJMYECTBO TEIUIOTHI, BBIICJIEHHOW B OOMOTKE 3a 3TO BpeMs U COBEPLICHHYIO
JIBUTATEJIEM MEXaHUYECKYIO paboTy.

Hano: CH PenreHne: BrrauciaeHng

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

R=050m Ay =A-0 O =(35A)"-0,50M-18000C =
Af=51 18000 c =0,1-10% &

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

A —?

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

2. Ilpu 3amblkaHuM UCTOYHUKA HekTpuyeckoit sHeprun ¢ JJC 4,2 B HUKEINHOBBIM IPOBOIHUKOM
jmeoit 10 M 1 ceuenmem 1,0 mm® cmia Toka B menu 6buta 0,6 A. Haiitu BHYTPEHHEE
COIIPOTHBIIEHUE HCTOYHMKA DJIEKTPUYECKOH SHEpruu. YAeiabHOE CONPOTHUBICHHE HUKEIWHA
4,2-10"Omm.

CamocrosiTesibHas padora
1. DnekTpoaBuraTenp, conpoTuBieHue oOMoTku koroporo 0,4 Om, paboTaeT OT CeTH C HaNpsKEHUEM

300 B mpu toke 50 A. Omnpenenure KadyecTBO H3PAcXOJIOBAaHHOW PHEPrHMM 3a 5 Y., COBEPLICHHYIO
JBUTATEJIEM MEXAHUYECKYIO pabOTy U KOJIMYECTBO TEIUIOTHI, BbIIEJIEHHON B OOMOTKE.
2.ABToMOOUIBHBIN cTapTep 3a 10 ¢ pabGorer morpebmser suepruto 6,0-104 k. KakoBa cuia Toka,
MIPOXOJISIIIETO Yepe3 CTapTep BO BpeMs 3alycKa ABUTATEIIS, €CIIU HapshHKeHUE Ha ero kiemmax 12 B?
3.CpapounbIM anmnaparoM. Paborarommm ot cetu HanpspkeHueM 45 B 3a 20 MuHyT ObUIO U3pacX0JJ0BaHO
5.4xBt*4ac snepruu. [Ipu kakoii cuiie Toka npoTekana Ayropas cBapka ?

4.Onextpuyeckuil yrior MomHocThio 800 Bt pabGotaer ot cetn 220 B .Omnpepenuth cuiay TOKa B
HarpeBaTelIbHOM JJIEMEHTE M €ro CONPOTHUBICHHE B paboyeM COCTOSHUM yTiora. CKOJIBKO 3HEpruu
OyzeT u3pacxo0BaHo 3a 1,5 yaca HempepbIBHOM pabOTHI yTioTa ?

5.B cetp HamnpsbkenueM 120 B mocnenoBaTenbHO € 3JIEKTPUUECKON Tyroi BKIOYeH peoctar . [lagenue
HanpsDKeHUsT Ha djekTpoaax ayru 45 B ,cunma Toxka B nenu 12 A. OmpenenuTh MOIIHOCTb
,JIOTPEOIISIEMYIO TYTOM U K.1.JI. YCTAHOBKH.

6.Pe3ucTop moAKiIOueH K MCTOYHHMKY TOKa, HampspKeHHWe Ha 3axumax kotoporo 6 B. Kakas pabota
coBepuiaerca TOKOM, ecau 3a 0,5 MuHYT uepe3 pe3ucrtop npoxomut 3apsan 24 Kn? Omnpenenuts
MOIIHOCTb TOKa ¥ COIIPOTUBIIEHUE PEZUCTOPA.

7.Kakasg MOLIHOCTh MOTpeOseTcs IYroBOM CTaleIUIaBUIBHOM Ieyblo, paboTaromeil OT HCTOYHHMKA
HanpspkeHueM 220 B mpu cune toka 30000 A? Onpenenuts CTOMMOCTH 3JIEKTPUUYECKOM DHEPIHH
M3PaCcX0/I0BAHHOMN 3aM 5 4acoB pabOTHI UM, 1O ACHCTBYIOIIEMY Tapudy.

8.Hanpspkenune Ha 3akuMax reHeparopa 132 B, a y morpebutens - 127 B. Ompenenuth mnajaeHue
HaNpsDKEHUWE B MarucTpalibHbIX MPOBOJAX U COMPOTUBIIEHHE , €CJIM MOIIHOCTh TOKa y MOTPEeOuTENs
paBHa 5 kBT.

dopma npeacraBjIeHus pe3yabTara:
BeInmonHuTE 3a1aHue B TETpaau AJs MPaKTHUECKUX padoT.
Kpurtepun onenkmn:

3a mpaBUIIHLHO BBIIOJHEHHOE 33JaHHE BBICTABIISIETCS TIOJI0KUTENbHAS OLleHKa — | Oasu.

3a HeNpaBWJIBHO BBIIIOJHEHHOE AEHCTBHE, 3aJJaHUE BBICTABIIAETCS OTpULaTeIbHAs OolleHKa — 0 O6aoB.

Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
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Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbHoy svicmasisemcs 3a Menee 60% nmpaBUITBLHBIX OTBETOB

Tema 4.3 DyeKTpUYeCKHii TOK B Pa3JIMYHBIX cpeaax

IIpakTnueckoe 3ansaTue Ne 17

DJIeKTPUYECKHUI TOK B Pa3JIMYHbIX Cpeaax

Henab: chopMupoBath NOHUMaHUE posiu PU3UKU B (HOPMHUPOBAHUH KPYro3opa U (pyHKIIHMOHATHHON
IPaMOTHOCTH 4YeJIOBEKa JUIsl PEUICHHUsS MPAaKTHUYECKUX 3ajad; A OOBSCHEHUS YCIOBUH MPOTEKaHUs
(bu3nyecKuX SIBICHUN, YMEHUS BBIMOIHATH pacueTHbIe U rpaduyecKue 3a1auu

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

[1PyS5, IIpy9, I[1P62,ITP66, I1P67,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10

MarepuanbHoe ofecrneyeHue:

WHJIUBUIYAJIbHOE 3a/IaHNE, KOHCIICKT JICKIIUH, CIIPABOYHBIEC MaTepHUAaIbI.

Yka3zaunue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX YacTe€d — TEOPETHMYECKOM M IpakThdeckou. Ilocie
W3YYEeHUS] TEOPETUYECKOr0 MaTepuaia MOXXHO MPUCTYNATh K BBIIOJHEHUIO MpakTHueckoi uyactu. OHa
COCTOMT M3 JBYX W Ooyiee 3amad Ajsi CaMOCTOSITENIbHOTO BhIMONHEHUs. He 3a0bIBaiite 0 mpaBHIIEHOM
odopmiiennu pemeHus. Ha BbIMOTHEHNE MPAKTUYECKOTO 3a/1aHUsl OTBOJIUTCS JIBa aKaIEMUYECKUX Yaca.

3aganue:

O3HaKOMBTECh C TEOPETUYECKUMU CBEICHUSMU UCIIOJNIb3YS CCHUIKY
https://znanium.com/catalog/product/1012153. Ctp 133, 134. «3aBUCHMOCTh COTIPOTUBJICHHUS
METaJUIMYECKOT0 MPOBOAHUKA OT TEMIEPATYPHI»

Kparkue TeopeTnueckne cBeeHHs
DIEKTPUYECKUHN TOK B KUIAKOCTSIX

PaCTBOpH " pacCIliaBbl, IPOBOJAIINC BHCKTpI/ILIeCKI/Iﬁ TOK, HA3bIBAKOTCS 9JIEKMPOIUNMAMU.

CobepeM 2IeKTPUUECcKYIO 1IeMb, B KOTOPOH COETUHUM COCY/l C TUCTUILTUPOBAHHOMN BOOM
ANEKTPUYECKYIO TAMIIOUKY M HCTOYHUK TOKa. B cocyn OmyCTUM MIIaCTUHBI, CO3/IAI0IINE B )KUIKOCTH
ANEKTPUUIECKOE TMOJIe. ITHU TUIACTUHBI HA3BIBAIOTCS AJIEKTPOIaMU. DJIEKTPOJI, COSTUHEHHBIH ¢
MOJIOKUTEITHFHBIM TIOJTFOCOM TOKA, Ha3bIBACTCS AHOOOM, @ SJIEKTPOJI, COSTMHEHHBIN ¢ OTPUIATSIILHBIM
IOJIFOCOM — KAMOOOM.

3aMKHYB OCIIb, y6e)11/1Mc;1, 4TO JIaMITIOYKa HC CBCTUTCA, TO €CTh JUCTHIIJIMPOBAHHAA BO/Ia TOK HE
npoBoauTt. Jlo6aBum B Boay noBaperHyro coiib (NaCl). Jlamna HaunHaeT CBETUTHCS, T.€. PACTBOP
MIPOBOJIUT 3JIEKTPUUECKUH TOK, T.€. B HEM MOSBUIIUCH CBOOOHBIE 3apsKEHHBIE YaCTHIIbI.

DTO 00BACHICTCS TEM, YTO MOJICKYJIbI paCTBOPHUMBIX BCHICCTB COCTOAT U3 HOHOB
IMPOTUBOIIOJIOKHOI'O 3HAKA, KOTOPBIC YACPIKUBAKOTCA APYT OKOJIO ApYyTa SJICKTPUICCKUMU CUJIaMU
MPUTSKCHU.

BSaI/IMO,ZIGI\/’ICTBI/Ie 9THUX MOJICKYJ C IMOJIAPHBIMHA MOJICKYJIaMH BOJbI IPUBOAXUT K YMCHBIICHUIO CHJIBI

2
MPUTSKEHUS] HOHOB B MOJIEKYyJax (E — kLZ, JuIs Bojibl € = 81).
¢-R
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https://znanium.com/catalog/product/1012153

[Ipu xaoTHYECKOM IBUKEHUH MOJIEKYJ paCTBOPEHHBIX BEIIECTB U PACTBOPHUTENEH MPOUCXOASIT UX
CTOJIKHOBEHUSI, KOTOPBIE MPUBOJIAT K paciiaay MOJIEKYJ Ha OTAC/IbHbIE PA3HOMMEHHbIE 3aPSKEHHBIE
MOHBI. JTOT MPOIECC HA3BIBACTCS IJIEKMPOIUMULECKOU OUCCOYUAYUET.

HpOXO)KI[GHI/Ie TOKa 4€pE3 BJICKTPOJIUT COIMPOBOKAACTCA BBIACIICHUEM Ha JJICKTPOAAaX COCTABHBIX
qacTen PACTBOPCHHOI'O BCIICCTBA. 9ToT MponeCC Ha3bIBACTCA SJICKTPOJIU3O0M. ITonoxurenpHO
3apsAKCHHBIC HOHBI (KaTI/IOHBI) JABUIKXYTCA K KaTOoay U an/Io6peTa10T Ha 3TOM 3JICKTPOAC HEAOCTAIOIIUE
OJICKTPOHEI. OTpI/II_[aTCJ'II)HO 3apAKECHHBIC HOHBI (aHI/IOHI)I) OTHAaOT aHOAY JIMIIHUEC 3JICKTPOHEI. Taxum
o6pa30M, Ha aHOJC MMPOUCXOAUT pC€aKIUA OKHCICHHUA, 4 Ha KaTOA€ — BOCCTAHOBJICHU .

3ﬂ€Kﬂ’lp0ﬂu30M HAa3bIBAKOT ITPOLECC BBIACIICHNA Ha 3JICKTPOJaX BEIICCTB, CBSI3aHHBIN C
OKHCJIMTCIbHO-BOCCTAHOBUTCIIbHBIMU PCAKIIUAMMU.

KonudecTBeHHBIE XapaKTEPUCTUKHU IEKTPOIN3a ONMPEICIISIOTCS 3aKOHOM 3JIEKTPOJIH3a (3aKOHOM
®dapanes):

Macca eewgecmea, gvloenuguie2ocs Ha 21eKmpooe, NPAMONPONOPYUOHATILHA 3apsA0Y, NPOULeOUeMy
uepes 271eKmpoium.

m=k-q,
r7ie M — Macca BeIleCTBa, BbIJIEIUBILIErOCs Ha 3JIEKTPOJIE, KT
g — 3aps, OpoLIeaInid yepes 3ekTposut, Ki;

K — 2IIEKTpOXMMHUYECKUI SKBUBAJICHT BEIIECTBA (XapaKTEPUCTHKA BEIIECTBA, OMPEICIISECTCS 110
tadymie), K .
Kn

Tak kak | _a =q=I-st=m=kt —3axon Dapanes,
At
rae | — cuna Toka B 9JeKTpoauTe, A;

At — IpOIOJIKUTENBHOCTD AIIEKTPOIIN3A, C.

Benmnunny k — —# Ha3BIBAIOT 21€KMpPOXUMULECKUM DKEUBATEHINOM [k]=22.
F-n Kn

HpuMeHeHue IJIeKmMpou3a 6 mexHukKke

1. It O4MCTKH METANIOB OT HEOOIBIIOr0 KoJInyecTBa npumeceit (pagunuposanue). [lomydyenue
YHUCTBIX: MEIH, cepedpa 1 30J10Ta. ITOT NpOLlecC Ha3bIBaeTCA pahUHUPOBAHHEM.

2. I[J'ISI MOJIY4YCHHA MCTAJIJIOB U3 PACTBOPA (I_II/IHK 151 HI/IKCJ'IB). 9TO0T ponecC Ha3bIBACTCA
SHCKTpOBKCTpaKL[HCf/'I.

3. [ToxpbITHE OJHOTO METaJJIa CI0OEM JPYroro MeTauia (HUKeJIMpOBaHWEe, XPOMUPOBAHHE U T. I1.).
DTOT npoliecc Ha3bIBae€TCs raJiIbBAHOCTETHEH.

4. [lonydyenue konuil peabedHbIX N300pakeHN (TalbBaHOIIJIACTHKA).
5. Iyt CHSITHS EPOXOBATOCTH M3IETUH (IJIEKTPONOIUPOBKA) U JI.

DIEKTPUYECKHI TOK B METAILIIE

58



HarpeBanue npoBoHNKa IPU MPOXO0KIEHUU 110 HEMY ITOCTOSTHHOTO TOKa MOYKHO OOBSCHUTH TEM,
YTO KUHETUYECKAsl SHEPTUsI JIEKTPOHOM IEPEIaeTCs IPU CTOJIKHOBEHMH MOHOB KPUCTAJITMYECKOM
pEIIeTKHU.

p=po(L+at),
ITJI€ po— YASIBHOE CONpOTHBiIeHHE poBoanuKa npu 0°C, OM-M;
t — remneparypa mo mkaine Lenscus, °C;
p — YAEIbHOE CONpPOTHUBIICHUE TpH TeMmeparype t, Om-Mm;

o — TeMIepaTypHbIi KO3 UIIMEHT CONPOTUBICHHUS METAJLIa, L

k
Bo3pacranue ynempHOTO CONMPOTHBICHUS MOXKHO OOBSCHUTH TEM, YTO C POCTOM TEMIIEPaTyphl
aMIUIMTyJa KoOJIEOAaHWM HMOHOB KpPUCTAJUIMYECKOW pEIIeTKH METaJIOB YBEIWYMBAETCS M BO3pPAcTaer
BEPOSITHOCTh X CTOJIKHOBEHUS C 3JIeKTpoHaMU. [Ipu CTONIKHOBEHUH C MOHAMU AJIEKTPOHBI TEPSIOT CKOPOCTh
HAaIpaBJICHHOTO ABWKEHUS. DTO U MIPUBOJUT K BO3PACTAHUIO YJEIILHOIO CONIPOTUBIICHUSI.

Jl1ig Bcex MeTalyioB >1 ¥ Majo MEHSeTCs IPU U3MEHEHUU TeMrepaTypsl. [ YUCTHIX METAIJIOB a
~_ 1 nns snexTponutoB a<0 U ¢ yBeIUUEHHEM TEMIEPaTyphl yMEHBIIAETCS.
273K
MHorue NpOBOJHUKH OO0JIAIAI0T CBOWCTBOM CBEPXIPOBOAMMOCTH
COCTOSIIIIEM B TOM, YTO WX COMPOTHUBIIEHHWE CKAYKOM MaJaeT 10 HYJS IpH
OXJIOKJCHUH HIKE OMPEIEICHHON KPUTHUECKON TeMIepaTyphl, XapaKTepHOI
s nanHoro BemiectBa. B 1911 r. rommannckmii gusuk X. Kamepnunr-
OuHec 0OHAPYKHJI, YTO MPU MOHWKEHUH TeMiepaTypsl prytu 10 4,15° K ee
yAEIBbHOE CONMPOTHBIIEHHE TTagaeT 10 0.

IIpumeps! pelnenus 3agay
ITpu cepebpennn nzaenus Ha kato[ 3a 30 MUH. OTIOXKHIIOCH cepedpo Maccolt 4,55 r. Onpenenure

CHJTY TOKA IIPH SIEKTPONm3e. DIeKTPOXMMIYeCK i SKBUBAIEeHT cepebpa 1,12-107°
’ Kn

JaHo: Pemenue:

m=4,55r=4,55-10" | 3anumem 3akoH 3ekTposnza Dapases:
3

KT

m=1<IAt3|:ﬂ
At =30 muH. = wAt
1,8:10°
,8:10% | ~2,26 A

k=1,12:10°2

-7

OHeprust MOHU3aluK aToMoB pTyTH paBHa 10,4 3B. Kakoli HanMeHbIIeH CKOPOCTBIO JOJIKEH
o0J1aziaTh ANIEKTPOH, YTOOBI MPOU3BECTH MOHHU3AIMIO aTOMa PTYTH yaapom?

Hano: Pemenue:

W;=10,4 5B = 16,64-10° 15B=1,6-10"11x
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19[[)1( st Toro, 4T0OBI HOHU3UPOBATH

- aTOM PTYTH, JJICKTPOH AOJIZKCH
m=9,1-10""kr PIYTH, POH 5
06HaI[aTB KHUHCTUYCCKOU SHCPIrucu
Omin—? = :
min— E\, paBHOM 3HEpPrUY MOHU3ALUU:

E.=W,, uu mu%zwi’

rae m — macca 3JICKTpPOHa,

Umin — HAMUMCHbBIIIass CKOPOCTh 3JICKTPOHA, ITPpU KOTOpOfI BO3HHKACT MOHU3allHA.

OTtkyna vmin = %; Dmin= 1,9‘106%'
m

JIBa mpoBoIHKKA ¢ TemMIepaTypHbIMU KoddduumenTamu conpotusienus ol u o2 umerot mpu 0 °C
conpoTuBiieHUs Ro; 11 Rgz. UeMy paBeH TemreparypHbiidi KO3 QHUIMEHT CONMPOTUBIICHUS IIPOBOIHUKA,
COCTaBJICHHOT'O U3 JIBYX JaHHBIX MPOBOJHUKOB, COEAMHEHHBIX: @) nociedosamenvho, 06) napaiieibHo?

Pemenue. CornacHo cooTHomeHuO (2.5.1) conpoTuBiIeHUSI TPOBOJHUKOB MPHU TeMIiiepaType t
COOTBETCTBEHHO PAaBHBI:

R1 = Ro1(1 + aat),

R, = Roz(l + (lgt)
a) [Ipu mocnemoBaTeIbHOM COSIMHEHNUH, COTJIACHO opmyie (2.8.6), o0miee COmpoTHBICHNE

R =R1+ R2=Ro + Roz + (@1Ro1 + azRp)t
C nmpyroit CTOpOHBI, MOKHO HAIUCATh:
R =Ry(1 + a't),
rae Ro = Ro1 + Ro2, @ o' — rckombIil TemnepatypHbiid koddduiment. Orcrona
s _ Bo19y + Rop0ty
Roy + Byp  °

0) ITpu napai1ieasHOM coeauHeHHH, coraacHo dopmyae (2.8.13), oOmee conpoTHeIcHNe

B = Rg;Roa(1 + 04)(1 + apt)
" Ry (1 + ayt) + Ryp(1 + ayt)

= Ry(1 + a’t),

Ro1Ro;
Roy + Ry : °C 5
rac 02 — COIIPOTHEICHHE NapaliIcIbHO COEJHHEHHEBIX IIPOBOIHHKOE IIPH Q:%€: HpeHeOperaﬂ SIICHAMH,
IPONOPIHOHATIBHEIMH NPOH3BCICHHAM TEMIICPATYPHEIX KDQ(bd)HIIHEHTOB: KaK MaJIBIMH. IIOTVYHM!

R, =

”n

~ Rpp04 + Ry 0,

Roy + Rop -~

PemnTh 32124 cCaMOCTOATEIbHO
1. IIpn snexkTponuse CEpHOKHMCIOro IUHKAa B TedeHwe 5,0 1 Bergenuiocs 3,06 10? xr umeKa.
Onpenennre CONPOTUBIIEHHUE IEKTPOJINTA, ECIIH AJIEKTPOJIN3 IPOXOAN IpH Hamnpskenun 10 B.
2. IIpu snexTponnse pacTBOpa CEpHOKHUCIOTO IMHKA B TeueHHe 1 4 Beiaenminoch 2,45- 107 kr uuHKa.
Haiinnre BennunHy CONPOTHUBIICHHUS, €CIIN BOJIBTMETP MOKa3biBaeT 6,0 B,
3. Kakoe xonuuecTBO cepeOpa BbIAEIAETCS NMPH dIEKTponn3e B TeueHue 0,5 4, ecau conpoTHBIICHHE
aneKkTposnTudeckor BaHHbI 2,0 OM, a HanpsbkeHHe Ha ee 3axuMax 3,0 B?
4. B snexrpommtuyeckoil MenHOM BaHHE 3a 40 MUH BBIIEIMIIOCH 1,98:10° kr mem. Onpenenure 3¢

Oarapen, HEOOXOIMMYIO UIsl IMTAHUS TOKOM BaHHBI, €CIIM CONPOTHBIEHME pacTBopa .1,3 Om, BHyTpeHHee
conpotusienue 6arapen 0,3 Om.
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5. XKenesnple TpyOKM pammaropa OXJKICHUS JBUTATENs TPAaKTOpa IOKPHIBAIOT — MEJbIO
rajJbBaHMYECKUM criocoboMm. OmpenennTe TONIIMHY €10 MeIu Ha TpyOKe, €Clii MOKphITHE BeneTcs 1 4
15 MHH IIpH IUIOTHOCTH TOKa 30 A/M.

6. Jns  npumanus  OOJBIIOW  MPOYHOCTH
CTEP)KHSIM, COCJMHSIONIMM TYCEHHUIIBl TPAaKTOpa, HX TOBEPXHOCTh XPOMUPYIOT TajJbBAHHMYECKUM
crioco6om. TommuHa cost XpoMa JoJpkHa coctaBiath 5,0-10™ M. [InmoTHOCTh TOKa paBHa 2,6'102A/M2.
CKOIBKO BpeMEHHU OYET MPOTEKATh MPOIIECC XPOMUPOBAHMS, €CITH XPOM IIIECTUBAJICHTHBIN?

7. ConportuBienue meaHoro mnposoaa npu temneparype 0°C paBuo 4 Owm. Hailinure ero

conpotusiieHue mpu 50°C, ecnu remmnepatypHsiit ko3 dunuent conporusnenus meau (TKC) a=4,3*10-3
K-1

8. ConportuBnenue mnpoBogHuka npu 20°C paBHo 25 Owm, a npu 35°C - 25,17 Om. Haiigute
TEMIIEPATYPHBIN KO3(PPUIHESHT COTPOTUBIICHUS.
0. ConpoTuBieHHe CTalbHOrO MpoBOAHMKA Ipu Temmeparype t/=/0°C R1=10 Om. Haiigute npu

KaKOH TeMIepaType ero comnpoTruBiieHue yBenwmuutTcs Ha 1%. TemmepaTypHbiid KO3 QHUIHEHT
conpoTuBiieHus craau 6*10-3 K-1

10. ComnpoTuBieHrue BoJIbGPaMOBOM HHUTH Jiammnbl HakanuBanus 1pu  20°C pasHo 20 Owm.
TemmeparypHslii ko3 uuueHT conporusienus Boashpama 4,6%10-3 K. Haiixure temneparypy Huta
HakaJja JIaMIIbl [IPU BKJIIOYEHUHU €€ B CeTh ¢ HanpsbkeHueM 220 B u cuitoil Toka 1 A

®opma npeacTaBiaeHus pe3yJabTara:
BBINONHUTE 3a/1aHUE B TETPAIN JJIs IPAKTUYCCKUX PAOOT.
Kputepuu onenku:
3a MpaBUIILHO BBIOJHEHHOE 33JJAHHE BHICTABIISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS o1leHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.4 MaruuTHoe noJje
IIpakTnyeckoe 3ansaTue Nel8, 19

MarsnuTHoe moJjie 4 ero XapaKTEPUCTUKH. HeﬁCTBI/Ie MArHMTHOI'O IMOJISI HA 3aps]a

Heab: chopMupoBath NOHUMaHuE posiu PU3UKU B (HOPMHUPOBAHUH KPYro3opa U (pyHKIIMOHATHHON
IPaMOTHOCTH 4YeJIOBEKa JUIsl PELICHHUs] MPAaKTHUYECKUX 3ajad; A OOBSCHEHUS YCIOBUN MpPOTEKaHUs
(bu3NYeCKUX SIBICHUN, YMEHUS BBINOJIHATH pacueTHbIe U rpaduuecKue 3a1aun

BeinosiHenune padoTsl crnoco0cTBYeT (JOPMUPOBAHUIO:

[1PyS5, Ilpy9, I1P62, I1P66, I1PG7,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10

MarepuanbHoe o0ecnieyeHme:

WHAVBUAYAJIbHOE 331aHUE, KOHCIIEKT JIEKIIMH, CIIPABOYHbBIE MaTEpHAJIbI.

Yka3zanue:

[IpakTHueckoe 3aHATHE COCTOMUT U3 ABYX YacTel — TeopeTHueckol M npaxktuueckoil. Ilocie
M3y4YEHUsl TEOPETHUYECKOr0 Mareprajga MOKHO IPHUCTYNATh K BBINOJHEHUIO MPaKTH4YecKol dactu. OHa
COCTOUT U3 ABYX U boiee 3agad a4 CaMOCTOATCIBbHOI'O BBIITOJIHCHUA. He 3a0niBaiite 0 IpaBHJIIbHOM
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O(bOpMJIeHI/II/I peuICHuUs. Ha Brmonnenue MPaKTUYCCKOI'0 3aJaHusl OTBOAUTCA HemblpC aKaAACMHUUYCCKUX

yaca.
3ananmue:

O3HAaKOMBTECh C TEOPETUICCKUMH CBEICHUSIMH HCIIOJb3Ys CChLIKY
https://znanium.com/catalog/product/1012153, §43,44, BeinucaB GpopMyiibl OTMEYCHHBIC CKOOKaMH,

Harpumep( 43.1)

Pemmte 3aaa4u, CaMOCTOATCIbHO UCIIOJIb3Ys NPUMEPBI U KPATKUC TCOPECTUICCKUC CBCACHHA.

I[Hopsiaok BbINOJIHEHUS PA0OTHI:

W3yuute u Beimumute GopMyJsibl IO JaHHOM TeMe B BUJE KPATKOIO KOHCIIEKTa
Paz0epuTe npuMepsl perIeHHbIX 3a/1a4

Pemmte camocTosiTeNnbHO 3aaun

1.
2.
3.

IIpumepsbl pemieHus 3aaa4

. o -2
1. ITpoBOgHUK ¢ cuiloN TOKa SA moOMenieH B OHOPOJHOE MarHuTHOE nojie ¢ uHAaykuen 1-10°TA.
VYron Mexay HarpaBJIE€HUSIMH TOKa U MOJIs 60°. onpenenuTe JUITMHY TIPOBOJIHUKA, €CIIU TOJIe ICUCTBYET Ha

Hero cuoii 2-10H.

Tlano: Pemenue
I=5A F=BI-l sina =>{=__F
B:110-2TA B:lsina
a =60°
F=2-10"H (= 2W0°H ;4
1-107TA-0.87-5A
-7
- 0
sin 60°=0,87 OtBert: £=0,46Mm.

2. Kakas cua IelCTBYET Ha JJIEKTPOH, JIETAIUI B OJHOPOJHOM MAarHUTHOM IIOJIE C MHAYKLHEH
1-102 TA NEPIEHANKYJISPHO JIMHUAM MAarHUTHOM MHAYKIUU CO CKOPOCTBIO 3-10° m/c, 3apsA] JJIEKTPOHA

e=-1,6-10"° Ku.

Hano
v=3-10%m/c
B=1-102TA
a=90°
e=-1,6-10° Ku.

«CHN»

F=?

Pemenne
Ha »snektpoH, nBwkymuics B
MAarHUTHOM MOJIe, JICHCTBYET cuiia
Jlopenua:

Fa=B:-[g]-U-sina
FA=1-10TA 1,6: 10 Kin3-10°m/c=
4.8-10°H

Otser: 4,8:10°H

PemuThb 3a1a4i caMOCTOSATEIbHO (n - HOMep eauieco eapuanma no cnucxy)

1. Ha npsmonuHeNHHBIH TPOBOAHUK C TOKOM 1,5 A B 0IHOPOJTHOM MarHMUTHOM MoJsie ¢ uHayknuen 0,4
TA neiictByer cuna n H. Onpenenure [UIMHY NPOBOAHKMKA, €CIIM OH PACIONOKeH moj yrioMm 30° k
CHJIOBBIM JIMHUSIM.

2. Kakas cwia neiicTByeT Ha MPOTOH, JETANIUN B OJHOPOJHOM MarHUTHOM Toyie ¢ MHAayKimen 4-103
TA neprneHAMKYISApHO JHMHUSAM MAarHUTHOM HMHAYKIUH CcO CKOpocThio 2-105Mm/c. 3apsa mporoHa
q=1,6-10-19KA.

62


https://znanium.com/catalog/product/1012153

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Jlaiite ompeneneHMe MAarHUTHOW MHIAYKIMHM. B Kakux eauHunax oHa u3MepsieTcs? 3aluiiuTe
€AVMHUIlY MATHUTHOM MHAYKIIMU Y€pe3 OCHOBHBIE €AMHUIIBI H3MepeHus B cucteme CH.

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

[IpsimonMHENHHBIA TIPOBOAHUK, MO KOTOPOMY HAET TOK cujiod 10 A, momemieH B OJAHOPOIHOE
MarHMuTHOE Ioje, MHAYKIUs Kotoporo 0,3Tn. Yrom Mexay HampaBlIEHHEM TOKa M BEKTOPOM
MarHuTHOM wHAyKuuu paBeH 300. C kakoi cwiod F neiicTByeT MarHMTHOE MOJ€ HAa Yy4acTOK
MPOBOJIHUKA JJIMHOU N M?

Onpenennre MarHUTHBIN MOTOK, MPOXOJALIUN Yepe3 MPSMOYTOJIbHYIO PAMKY CO CTOPOHAMH 2X5 CM,
€CJIM OHA IIOMEIIEHA B OJHOPOAHOE MAarHUTHOE IOJIE ¢ MHIAYKLUEH 4-10°TA mox yriaom 30°
JIMHUSAM UHIYKLIHH MTOJIS.

B oxHOpOAHOE MarHUTHOE MOJIE, UHAYKIUS KOTOPOIro 1,26:10° TA, nomeren IIPSIMOM IIPOBOJHUK
JMHOM n cM. OnpenenuTe cuily, JEMCTBYIONIYIO Ha MPOBOJHUK, €CIU MO HemMy TedeT Tok 50 A, a
YroJI MEeXY HalpaBJIe€HUEM TOKAa BEKTOPOM UHAYKLIUU cocTaisieT 30°.

[IpoBonHuK ¢ cunoi Toka 5,0 A moMelleH B OJHOPOAHOE MArHUTHOE ToJie ¢ MHAyKuuen 1,0 102 TA.
VYron Mexay HampasiieHUsIMU ToKa U nois 60°. OnpenenuTe akTUBHYIO JJIMHY NPOBOJHUKA, €CIIH
T0Jie IEUCTBYET HA HErO CUJION 2 102 H.

Kakyro paboty coBepiiaeT 0O4HOPOAHOE MarHUTHOE TOJIe MHAYKIuen 1,5 102 TA P NIEPEMEIICHUN
Ha paccrosiHue 0,2 M IpOBOJHHUKA JUIMHOW 2M, 10 KOTOpoMy TedeT Tok 10 A; ecnu nepemenieHue
MIPOUCXOUT B0 AeiicTBus cui? IIpoBonHuK pacnonoxeH nof yriom 30° Kk HanpaBJIEHUIO MOJIS.
Haiinure MHAYKIMIO MArHUTHOTO TOJIS,, B KOTOPOM MaKCUMAJIbHBI MOMEHT CHUJI, IEUCTBYIOIIMUX Ha
pamky ¢ TokoM B 3,0 A, pasen 1,5 H-m. Pasmepsl pamku 0,05x0,04 M, uncio BUTKOB paBHO N.

B ognopoanom marHutHOM noisie ¢ uHAyknued 0,25 TA HaxoauTcs NPSMOIMHEHHBIM MPOBOJAHUK
muHoi 1,4 M, Ha kortopbii neictByer cwia 2,1 H. Onpegenure yron Mexay HIPOBOAHMKOM U
HaIlpaBJI€HUEM BEKTOpA MHIYKIMU MarHUTHOTO TOJIsl, €CJIM CHJIa TOKA B MPOBOJHUKE 12 A.

YeMmy paBHa cuia TOKa B MPSAMOM NPOBOJHUKE UIMHOM 1,0 M, HOMEIIEHHOM B OJHOPOJHOE
MarHuTHOE I0JI€ ¢ UHIAYKIUEH 1,5-10° TA, ecnu na stOT IIPOBOJIHUK CO CTOPOHBI IOJI IE€UCTBYET
crma 2,1-107° H? Vronm MekIy HanpaBICHHEM SIEKTPHYECKOr0 TOKA H BEKTOPOM MH/YKIHH PaBeH
45°.

Ha 06MoTKy poTopa 3eKTpoABUTATENS MPY MPOXOKACHUH TI0 MPOBOAY Toka 20 A AeiicTByeT cuia B
40 H. Onpenenure BeIWYMHY MarHMTHOM MHAYKLIIMHM B MECTE PACIIONOXKEHHS IPOBOJA, €CIH €Tr0
murHa 20 cm. OGMOTKa COAEPKUT N BUTKOB.

OJNEKTPOH ONMMCHIBAET B MArHUTHOM I10JIE OKPYXHOCTh paanycoM 4,0-10-3 M. CKopocTh IBUKECHHUS
37eKTpOHOB paBHa 3,5-106 M/c. HaliquTe WHIYKIIMIO MATHUTHOTO TTOJISL.

ITpoTon nBuxkercs co ckopocThio 1,0-106 M/c nepneHAUKYISIPHO OJHOPOJHOMY MarHUTHOMY TOJIIO C
unnayknuen 1,0 TA. Haliqute cuity, IeHCTBYIOINIYIO HA MPOTOH, U PAIUyC OKPY>KHOCTH, 10 KOTOPOI
OH JIBUXKETCS.

DONeKTpOH BJIETAaeT B OJHOPOJHOE MAarHUTHOE T1oJie, HWHAYKIUsS Kotoporo 2,0-104 TA,
NEPIEHAUKYIISIPHO CUIIOBBIM JIMHHUSIM cO cKopocThio 1,0 106 m/c. Beruncnute paguyc OKpy>KHOCTH,
10 KOTOPOI Oy/IeT ABUTaThCS AJIEKTPOH.

Kakas cuia 1elicTByeT Ha JIEKTPOH, JETAINN B OJHOPOAHOM MarHUTHOM IoJe ¢ uaaykuuein 1,0-10-
2 TA nepneHIuKyIIpHO JUHUSAM MarHUTHOW MHAYKLIUU cO cKOpocThio 3,0:-106 m/c?

ONEKTPOH, ABUTAACh CO CKOPOCTHIO 3,54-10° wm/c, momagaer B OJHOPOJHOE MAarHUTHOE IIOJIE C
naaykauen 2,0-10-5 TA nepneHIuKynsipHO K €r0 CHJIOBBIM JIMHUSM M MPOJOJIKAET JABUKEHHUE I10
OKpYy>XHOCTH paanycoM 10 cMm. HalimuTte ynenpHbIN 3apsi 3JIEKTPOHA, T.€., OTHOIIEHUE €ro 3apsaa K
Mmacce.

IpotoH, uMerommii ckopocts 4,6-10° Mm/c, BleTaeT B OXHOPOJHOE MATHHUTHOE TMONE C HHIYKIIHEit
0,30 TA mepneHAMKyJIIpHO MATHUTHBIM CHJIOBBIM JMHUAM. PaccuuTtaiTe paguyc OKpYKHOCTH, IO
KOTOPO# OyJIeT JBUTaThCs IPOTOH.
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20.

21.

22,

23.

24,

[IpoToH nBHXKETCSI B OAHOPOJAHOM MAarHUTHOM mojie ¢ uHaykuued 3,4:-10-2TA B miIockocTH,
MEPIEeHIUKYISIPHOM K CHIIOBBIM JUHUAM. Onpenenure paanyc TpaeKTOpUU MPOTOHA, €CIIH IBUKEHHUE
IPOKMCXOUT B BakyyMe 3,3-10° m/c.
B ogHOpoHOE MarHUTHOE TOJI€ C MHIYKIMEH 8,5° 10 TA Bneraer 3JIEKTPOH CO CKOPOCTHIO 4,6 10°
M/C, HampaBJIEHHOW MEPHEHIUKYISIPHO K CUJIOBBIM JIMHUAM. Omnpenenure cuity, ASHCTBYIOUIYIO Ha
AJIEKTPOH B MATHUTHOM TI0JIE€ ¥ PAJNyC AYTH OKPYHOCTHU, IO KOTOPOIl OH IBUKETCSI.
B marnutHOe mone ¢ unaykuueidl 0,5 TA B HampaBieHHH, COCTaBIAOLIEM yroy 45° ¢ JIUHUAMU
WHAYKIMH, BIIETACT 3JIEKTPOH CO CKOPOCTHIO 2,0° 10° m/c. Onpenenure cuily, I€MCTBYIONIYIO Ha HETO.
B marauTHOE moje B HampaBlIeHUM, MEPIEHIUKYISIPHOM JIMHUSIM WHIYKIWHU, BJIETAET MPOTOH CO
CKOpOCThIO 3,2 10° m/c. Haitnure WHIYKIIMIO 3TOTO TMOJsA, €CJIM MPOTOH OMUCAT OKPYXHOCTb
paguycom 10 cm.
3aauy Ha OCTPOCHUS:
CnpefennTe HaNpaeneHWe ,IEI,EEH}KEHHFI NEOEONHHER C TDP;DI‘-.-'I (cKna HAmnipaj

e S X H 3
T I S ¥ o H ¥ H
:{ W # }{ I #
[N s ) ® —
M :{ W # }{ W #
¥ o H ¥ o H
¥ o H ¥ o H
i —
OTEET: OTEET: OTEET:
CnpenendTe NOANAPHOCTE CnpenenqTe HanNpaeneHWe | YEa3UTE NEMHKM
MATHATA TOKa B NPOBOOHKWER MArTHKMTHOMD NonA
—
N J1
i i Ne—
OTEET. OTMETE Ha MAarHiTe |JTEET: OTEET:

25. Chopmynupyiite 3a1ady 1 peliuTe ee
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@opma npeacTaBJieHus pe3yabTaTa:
BbImonHATE 3a/1aHUE B TETPAAN IS IPAKTHYECKUX padoT.
Kputepuu onenkmu:
3a MpaBUIIHLHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TTOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMpaBWIILHO BHITIOJIHEHHOE JACWCTBHUE, 3aJJaHUE BBICTABIIACTCS OTpUIaTeIbHAas oeHka — 0 0aioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUILHBIX OTBETOB
Oyenka «xopouto» evicmagngemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbHoy svicmasisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.5 DyieKTpOMarHuTHasi UHAYKIHS
IIpakTuyeckoe 3ansaTue Ne20, 21

JJIEKTPOMATHUTHAS HHAYKIMSA. 3aKOH 3JIEKTPOMATHUTHON HHAYKUMU. CaMOMHAYKIHS

Hean: cdopmupoBarh MOHMMaHUE poiu (U3MKA B (OPMHPOBAHUHM KPYro3opa BIIaJCHHE
OCHOBOIIOJIATAIOIMMU (PU3HMUECKUMH HOHATHAMM, 3aKOHOMEPHOCTSIMH, 3aKOHAMHU U TEOPHSMM; YMEHMS
BBINOJIHATE pacyeTHbIE U rpaduuecKre 3a1a4u

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

[TPyS5, Ilpy?9, I1P62, I1P66, I1PG7,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10

MarepuajibHoe o0ecnieyeHue:

WMHJUBUIyaJIbHOE 3a/1aHK€, KOHCIIEKT JIEKIUI, CIPABOYHBIE MaTEpHUAIIbI.

Yka3anue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX YacTed — TeopeTH4eckoil M mnpaktuueckou. [locne
U3Y4YEHUsI TEOPETUUYECKOro MaTepuaia MOXKHO IPUCTYNATh K BBIIOJHEHHUIO MpakTHuecKoi uyacth. OHa
COCTOHWT M3 ABYX M Ooyiee 3amay Al CaMOCTOSITENBHOTO BhINONHEHHs. He 3a0bIBaiiTe 0 MpaBUIBHOM
opopmiennu pemieHus. Ha BbIMOTHEHUE MPAKTUYECKOTO 3aJlaHUST OTBOJUTCS uembipe aKaJIeMUUYECKHX
yaca.

3aganue:

1. O3HaKOMBTECH C KPATKUMH TEOPETHUCCKUMHU CBEICHUSIMHU HCITONIB3YS CCHIIKY
https://znanium.com/catalog/product/1012153 ,52§ u kpaTKyro 3anuch GOPMYII HIKE
2. Pemmwre 3a7a4u, CaMOCTOSITENILHO UCIIONB3Ys MIPUMEPHI U KPATKHUE TEOPETHUECKUE CBEICHMUS.

IMopsaaok BbINOTHEHHSI PA0OTHI:
W3yunte u BIMUIIUTE POPMYJIBI IO JAHHOU TEMeE:
Pa3bepure npuMepsl pelIeHHbIX 33124
Pemmre caMocTOsTENEHO 3a0a4H
OtBetbTe Ha Borpockl Tecta https://znanium.com/catalog/product/1012153, ctp331.

Apwnh e

Kparkue Teoperuyeckue cBeleHUs
3aK0H JIEKTPOMArHUTHON MHIYKITHH

SHC WHAYKIOWH B 3aMKHYTOM KOHTYP€ paBHaA IO MOJAYJIIO CKOPOCTU U3MCHCHUSA MAarHUTHOT'O ITOTOKA

AD

yepe3 MOBEPXHOCTh, OTPAHUYEHHYIO KOHTYpoM: . — |29 rne ¢ — D/JC unaykuuu, B; AD= Or-®; —
! t
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M3MEHEHHE MarHuTHOro mnotoka, BO; At — mpoMexyToK BpeMEHH, B TEUEHHUE KOTOPOIO MPOHU3OIIIIO0

AD| _ CKOpPOCTb UBMCHCHUA MAarHUTHOTI'O ITIOTOKA, 376 .

c

JAaHHOE U3MEHCHUE, C;

C YUYCTOM HallpaBJICHUSA MHAYKIIMOHHOI'O TOKA 3aKOH 3alIUChIBACTCA TAK: ¢ — _g .
! At

Ecnn 3aMKHYTBI KOHTYp cocToMT u3 N I0OCII€JOBaTE€IbHO COEAMHEHHBIX BUTKOB (HallpUMeEp, B
4D
At

COJICHOHJIE) g =—N- , rme N — yucito BUTKOB.

Pasnocte moreHnuagoB U Ha KOHIAX MPSAMOJIMHEHHOrO IPOBOJHMKA JUIMHOW |, JBHOKyImerocs co
CKOPOCTBIO 0 B OJHOPOJHOM MarHuTHOM mosie U = Blvsina ,

rac a — yroj Mexay HallpaBJICHUAMHA BEKTOPOB CKOPOCTU U U MarHuTHOM HHAYKIIUHN B

DNEeKTPUYECKUH TOK, MPOXOIAMIMNA MO TPOBOJHHUKY, CO3AeT BOKPYI HEro MarHUTHOE IIOJIE.
MarHuTHbBII TOTOK CKBO3b IUIOLIAb TOBEPXHOCTH, OTPAaHUUCHHYIO CAMUM KOHTYPOM, NPOIOPLHOHAIICH
cuiie Toka B KoHType: @=L

Bo

Koa¢ppumment nponopunonansHoct L Ha3pBaercst undykmuenocmovio KOHTypa: [L] ={12} = I'n
(renpn).

3HaueHne WHAYKTUBHOCTH 3aBHCHT OT pa3MepoB U (OpMBI MPOBOJHUKA, a TAKKE OT MATHUTHBIX

CBOHMCTB cdeprl, B KoTOpod oH Haxomutca. DJC caMOMHIYKIIMKM TIO 3aKOHY JJIEKTPOMArHUTHOMN

WHAyKIUH paBHA: o __ 4\ 1k o _49,
IS At IS At

rae A1=1,-1; — u3MeHeHue cuiIbl TOKa B IPOBOJHUKE, A;
At — Bpems ero u3MeHeHwus, C;

il — CKOPOCTb UBMCHCHUS CUJIBI TOKA, A .

At c

2
OHeprust MarHUTHOTO TOJIs1 IPOBOJHHKA C TOKOM: \,, = L-1°  [Hx]
2

PemuTh 3a1a4i CaMOCTOSITEIbLHO (n - HOMep eauieco eapuanma no cnucxy)

1. Ha ckonbko M3MEHMJIACh CHJIa TOKAa B MPOBOJHMKE, eciu 3a 0,1 ¢ B MpOBOJHUKE, UHIYKTUBHOCTh
koroporo 4 I'n, nosBritace DJ1C camonHaykuuu pasHas 12 B?

2. 3a Kakoil TPOMEXKYTOK BPEMEHM MarHMTHBIA MOTOK m3MmeHwics Ha 0,01 BO, ecnmm B KOHType
Bo3HuKaeT DJ1C unaykiuu n B?

3.  MarnuTHOe noJjie Karymku ¢ UHAykTuBHOCThIO 0,2 I'H obnanaet sueprueii 0,4 Jx. Uemy paBHa cuia
TOKa B KaTylke?

4. Ormpenennure 3HEPIUI0, 3aMacaeMyl0 B MarHUTHOM IOJI€ MHAYKTOpA, KOTOPBIA HCIIONB3YETCs B
YCTaHOBKE [UJIsi MAarHuT UMITYJbCUBHOTO (GopMoBaHUS. VHIYKTUBHOCTH KaTYIIKU 7,0-107 T, cuna
pazpsiagHoro toka 1,45- 10° A.
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5. Kakoll moTok MarHUTHOM MHIYKIUU CO3JIa€TCSl B KOH Type JIEKTPUUYECKUM TOKOM, €CJIU IpPHU €ro
yMeHbleHnu A0 Hyis 3a 0,01 ¢ B KOHTYpe BO3HMKAET 3/C caMOMHAYKLKU paBHast 30 B?

6. Ompenenure SHEPrHI0 MArHUTHOTO TMOJS KATYIIKH, B KOTOPOH MpH cuie Toka 6,8 A MarHUTHBIHI
notox pasen 2,5-107° BG.

7. 3a KakoW IPOMEXYTOK BPEMEHM B KaTylIke ¢ MHAYKTUBHOCTHIO 0,28 I' mpoucxoaut HapacraHue
CHJIBI TOKA OT HYJIA 110 9,6 A, eciii pHu 3TOM BO3HHMKAET CPEIIHSIS HAC CAMOMHYKIMH, paBHas 38,4 B?

8. IIpoBOmHMK JIMHOW N M TEpEeMeIIaeTCcs B OAHOPOJAHOM MarHMTHOM moje ¢ mHayknuen 0,2 TA.
JIBrOKeHHEe TPOBOJIHUKA MPOUCXOJUT CO CKOpocThio 10 M/c moa yriaom 45° K MarHUTHBIM CHJIOBBIM
nuHusAM. HaliquTe 51¢ MHIYKIIUN, BOSHUKAIOIIYIO B IPOBOHHKE.

9. Kakoif MarHUTHBI TOTOK WPOHMU3BIBAET KOHTYpP, €CIM MPH PABHOMEPHOM HCYE3HOBEHHUH
MarHUTHOTO TOJIA B TEUYEHHUE N C B KaTyIIKe UHAYLHUpyeTcs 3¢, paBHas 0,02 B?

10. Kakoii MarHUTHBIA MOTOK MPOHMU3BIBACT IUIOCKYIO MOBEPXHOCTH IJIOMIAJBI0 3 cM2 MpPHU MHIYKIHA
noiist 0,24 TA, eciiu HopMalib, K TOBEPXHOCTHU PACIIONIOKEHA 01 yIiioM 60° K BEKTOPY MHIYKIIMH.

11. Omnpepenute MHAYKTUBHOCTH KaTyIIKH, €CIM MpPU YBEIWYEHUU TOoKa B Hell Ha 2,2 A 3a 50-107%c
MOSIBJISIETCS CPENIHAS SAC CaMOMHAYKIUHU, paBHas 1,1 B.

12. B mpoBoanuke mmHOM 0,5 M, ABMXKYyIIEMCS cO CKOpPOcThio 3,0 M/C MEpHEeHIUKYISIPHO CHUIIOBBIX
JIMHUM OJHOPOJHOrO MArHUTHOTO ToJyis, Bo3Hukaer OC 6,0 102 B. Onpenenure MHAYKLHIO
MarHMTHOI'O HOJIS.

13. Onpenenute MarHUTHBIA MOTOK, MPOXOISIINN Yepe3 MPSMOYTOJbHYIO IUIOMIAAKY CO CTOPOHAMH
20x40 cm, ecrii oHa MTOMENIEHA B OJJHOPOJHOE MAarHUTHOE T0JIe ¢ MHAYyKIueHn 5,0 102 TA mox yriom 60°
K JIMHUSIM MHTYKIUH TOJISL.

14. Omnpepenute DAC uHAYKINU, BO30YXK/IaeMyl0 B KOHType, eciid B HeM 3a 0,01 ¢ MarHUTHBIA MOTOK
paBHOMepHO ymeHnbutaercs 0,5 10 0,4 B6, yto6s!1 B koHTYpe Bo30yxaanack J1C unaykuuu 3,8 B.

15. Onpenenute NPOMEXYTOK BPEMEHH, B TEUEHHE KOTOPOIO MArHUTHBIA MOTOK, NMPOHU3BIBAIOLIMMA
KOHTYp, ojkeH yBenuuuthes oT 0,01 no 0,20 B6, uto6s! B KoHTYpe Bo30yxnanack I/C nnaykuuu n B.

16. Omnpenenute 3/IC MHIYKIIMM HAa KOHIIAX KPBUIBEB CaMoJIeTa, UMEIOIUX JUIMHY 12 M, €Clii CKOpOCTh
€ro MmpHU TOPU3OHTAIBLHOM Tmoniere 250 M/c, a BepTHKajdbHAas COCTABJISIFONIAS MArHUTHOW WHIYKIIMH
3eMHOTO Marserusma 5,0 10° TA.

17. B ogHOpOAHOM MarHWUTHOM mojie moja yrioMm 30° K HampaBJIEHUIO BEKTOpa WHAYKIIUHU, BETUYMHA
kotoporo 5,0-10-3 TA, ABUKETCS TPOBOHUK CO CKOPOCTHIO 10 M/C; BEKTOp CKOPOCTH MEPIECHANKYIISIPEH
poBoAHMKY. Onpenenure JUIMHY IPOBOJHUKA, eciid B HeM HaBoautcs DJ1C, paBHas 2,5 107 B.

18. Tpakrtop oOmero nHasHadeHus K-700 wuper co ckopocthio 28 kM/u. Ompenenure pasHOCTb
MIOTEHLIMAJIOB HA KOHIAX IEPEeJHEN OCH, €ClM JUIMHA €€ OKOJIO 2,6M, BEPTHKAJIbHAs COCTABIISIOIIAS
MarHMTHOTrO nois 3emiu 5,0 10° TA.

19. Yemy paHa DJIC caMOWHIYKIMH, BO3HHKAIONIAs B KaTYIIKE C WHIAYKTHBHOCTHIO 2,0- 107 I, B
KOTOPOM TOK CUJION 7,5 10 A ncuesaer 3a n c?

20. MaruuTHOE 1oJe KaT yiiku ¢ nHaykTHBHOCTERIO 0,1 T o0namaer sneprueii 0,8 Jlx. UeMy paBHaA cuiia
TOKa B KaTyIke?

21. TIpoBosouHast mpsiMOyrojibHas pamka co cropoHamu 20 u 30 cM pacnojoXeHa B OJHOPOIHOM
MarHMTHOM I10JI€ U NMEPIEHAUKYIISIPHA CUIIOBBIM JIMHUAM. OIpenenuTe HHIYKIUIO 3TOr0 MO, €CIIH IpU
ero ncyesHoeHnn 3a 1,2:107 ¢ B pamke HaBoautcs cpenusas D/C 3,5 mB.

22. Yemy paBHAa HHAYKTUBHOCTb KaTYIIKH, €CIIM MPOTEKAIOLIN 110 Hel Tok cuioit 0,15 A co3mgaer motok
MAarHUTHOW UHIYKIHH 7,5° 10 B6?

23. Yemy paBHa MHIYKTUBHOCTh MIPOBOJHUKA, B KOTOPOM IPH Bo3pacTanuu Toka oT 1,5 10 1,8 A3anc
Bo30Oyxmaercs DIC camonnaykiuu 0,9 B?
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24. 3a xaKo¥l MPOMEKYTOK BPEMEHH B KOHTYpPE MHIYKTUBHOCTHIO 2,0- 10°T Mpy U3MEeHeHuu Toka Ha 0,5

l

A Boznukaet DJIC camounaykuuu 10 B?
25. OmpenenuTe WMHIYKTUBHOCTh KaTYIIKH, ecid npu Toke 3,0 A

MarHHTHOE T07Ie B Hell oGmanaer sueprueit 6,0-107 i

26. DnekTpuyeckas Ienb coOpaHa TIO0 CXeme, MPEJICTaBICHHONW Ha
pucyHke. CONPOTHBIICHUE Y4acTKa Iend | paBHO CONPOTHUBIICHUIO
yuacTka 1enu 2. CpaBHATE TOKH, KOTOPBIE TIOKXYT aMIIepMETPhI A

u A, cpasy rociie 3aMbIKaHus KJTF0Ya.
27. BcTaBUTh IPOIYIICHHBIC CIIOBA:
1. Pabota anekrporieun ocHOBaHa Ha 3aKOHAX TOKA U (ha30BbIX MTPEBPAILICHHIHA.

I'pacduToBBIC 3MEKTPOABI ANEKTPUUECKOM TMIEUr C BHICOKOW TeMIIepaTypoi, COCTOSIINE U3 ONPEAeSIEHHOTO
KOJIMYECTBA CErMEHTOB, MOTPYKalOT B METAUIMYECKYH) HIMXTY (EMKOCTh C MeTamioiomMom). Yepes
OTIpeIeIEHHOE BPEMS COJCPKUMOE MEPEXOAUT U3 TBEPAOIO arperaTHOr0 COCTOSIHHS B JKHUIKOE, TaK Kak
OKa3bIBaeTCs JefiCTBUE TOKA.

2. CymiecTByeT Takoe COCTOSIHUE DIEKTPHUYECKON IeNu, MPU KOTOPOM TOK MPOXOAMUT TIO
HEJOMYCTUMOMY MaplIPyTy, Ha KOTOPOM OOBIYHO MPAKTUYECKH OTCYTCTBYEeT (MJIM OYEHb HHU3KOE)

JIEKTPUYECKOE CONPOTHUBIICHHE. TaKON TOK OKa3bIBAaCT PAa3pyLIUTEIbHBIE IEUCTBUS M HA3bIBAETCS - TOK

KOPOTKOTO 3aMbIKaHusl. J{JIs1 3alIUThl AJIEKTPOIHEPTETUUECKUX CUCTEM OT 3TOTO SIBJICHUS UCIIONIb3YIOTCS
YCTpOMCTBA-

Pa3znea 5 KoJsie0anus 1 BOJHEI
Tema 5.1 Mexannueckue KoJ1e0aHUA M BOJHBI
IIpakTnyeckoe 3ansaTHe Ne22

Mexanunuyeckue KoJe0OaHus U UX XapaKTEePUCTUKU

Heab: chopMupoBaTh NOHUMaHuE posiu PU3UKU B (POPMHUPOBAHUM KPYro3opa U (pyHKIIMOHATbHON
IPaMOTHOCTH 4YeJIOBEKa JUIsl PELICHHMs] MPAaKTHUYECKUX 3ajad; s OOBSCHEHUS YCIOBUN MpPOTEKaHUs
(bu3NYECKUX SIBICHUH, yMEHUS BBIIOJIHATh pacyeTHbIE U rpaduueckue 3agaun

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1PysS5, Ipy9, I1P62, TTIPG6, I1P67,
MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10

MarepuanbHoe o0ecnieyeHme:

WHAVBUAYAJIBHOE 331aHUE, KOHCIIEKT JIEKIIMH, CIIPAaBOYHbBIE MaTEpHaJIbI.

Ykazanmue:

[IpakTHueckoe 3aHATHE COCTOMUT U3 ABYX YacTel — TeopeTHueckol M npaxktuueckoil. Ilocie
U3YYEHUs] TEOPETUUYECKOro MaTepuaia MOXHO IPUCTYNATh K BBIIOJHEHHUIO MpakTHueckoi uyactu. OHa
COCTOMT M3 JBYX U Oosiee 3a7ay A CaMOCTOSITENILHOTO BbIMONHeHUs. He 3a0bIBaiiTe 0 mpaBHIIBHOM
odopmiiennu pemeHus. Ha BbIogHEHNE MPaKTUYECKOTO 3a/1aHusl OTBOJIMTCS JIBa aKaJIEMUYECKUX Yaca.

3aganue:
O3HaKOMBTECH C TEOPETUUECKUMU CBEIEHUSMHU HCIIOJIb3YS CCHUIKY
https://znanium.com/catalog/product/1012153, §47, 48,49 BeimucaB GopMyIibl OTMEUYEHHBIE CKOOKAMH ,
Hanpumep( 47.1)
Pemmre 3anaum, caMOCTOSATENBHO UCTIOIB3YsI IPUMEPHI U KPATKHE TEOPETUUECKHUE CBECHUS.

Iopsinok BbINMOJIHEHUSI PAa0OTHI:
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W3yuuTe 1 BeIMUMIKTE GOPMYIIBI IO JAHHON TeME B BUJI€ KPATKOI'O KOHCIIEKTa

Paz6epurte npuMepsl perieHHBIX 3a/1a4

Pemnre caMocTosITENHHO 3aa4uu

Beimonauts Tect https://znanium.com/catalog/product/1012153, ctp 328
IIpumepsbl pemeHus 3aaa4

AwnhE

1. VYpaBHeHue rapMoHHMUYECKHX KosieOaHuii Touku x=0,4cosmt. Haiitu ammumatyny, mepuon u
cMmenieHue Touku uepes 0,5 c.

JaHo: M. T. «CH» Pemienue
x(t)=0,4cosnt x=Acosmt
t,=0,5 c x(t)=0,4cosnt
A=? T=? x(11)=? wolt g 2
v=? T ®

v==—
T

Brruucinenusa: A=0,4 m; o=,

722" _ 90
T

1
v=—=0,5 T
2

1
X0.5) =04 -cost-~ = o,4cos§ -0

2 I'py3s maccoit 0,4 kr coBepmiaer kojeOaHHs B TOPU3OHTAIBHOW IJIOCKOCTH Ha TMPYKHUHE
XKecTKocThio 250 H/M. aMIIUTyAa KoleOaHuil rpy3a 15 cM. HAWTH MOJHYI0 MEXaHMYECKYI0 SHEPTHIO
Kose0aHuil 1 HauOOMBIITYI0 CKOPOCTh JABIKEHUs. TpeHuem npeHedpeyb.

. 2 250-0,152
Jano: Ep:k';\ L E, =0 E == = 2,8k
NPY>KUHHBIN O = 0,15@015- 25 =
MAasTHUK E=E,+E.=E, '
M
=3,75~38%
C
m=0,4 kr k
mo?=zkA> =>v=A|—
k=250 /™ m
A=0,15m
E=?, Umax="

Pemurhb 3a1a4i CaMOCTOATEIbHO (n - HoOMep sauleco eapuanma no CI’lMCKy)

1. Hanumure ypaBHEHHE TapMOHHUYECKUX KoJeOaHWH ¢ aMIUIMTYJOH 5 cM M HavanbHOU (hazoit 45°,
ecnu B 1 MunyTy coBepuiaercs 150 konebanuii.

2. AMIUmmTyna TapMOHHYECKMX KojleOaHWii MaTephalbHOW TOYKHM N oM, mepuon 4 c. Haiinure
MaKCHMaJbHbI€ CKOPOCTH M YCKOPEHHUE U HAMUIINTE YpaBHEHNE TAPMOHUYECKUX KOJICOaHUH.

3. Maremarndyeckuii MasTHHK UIMHOW 56 c¢M 3a N MuHYT coBepmaeT 40 TOJMHBIX KOJeOaHWH.
Ompenenure mepuoj KojeOaHUN MasTHUKA U YCKOPEHHE CBOOOJHOTO TAJCHHUS B TOM MECTE, TJe
HaxOJIUTCS MASITHUK.

4, MarepuanpHasi Touka kojebnercs ¢ yactotoir v=10 k', Onpenenure nepuo, YUCiIo KojieOaHuH B
MUHYTY U IHKJIAYECKYIO YaCTOTY.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Onpexnenute nepuo/i, 4aCTOTy, HIUKINYECKYIO YaCTOTY TApMOHUYECKHUX KOJIeOaHUI MaTeMaTH4eCcKOro
MasiTHUKA JuimHOM 1 M, ecnu g=9,81 M/c%. Bo CKOIBKO pa3 U Kak HaJl0 U3MEHHTH JUIMHY MasiTHUKA,
9TOOBI IEPHO/T KOJICOaHH YBEITMUWIICS B 2 pa3a.

AMIIIITYIa TADMOHUYECKUX KOJEOaHWH MaTeMaTW4ecKoro MasTHHKa uMHOH 50 mwm, mepuon 4 c,

T o o
HauvaspHas ¢asa — . Hanummre ypaBHeHHE 3TOTo KojeOaHUs U HAWAUTE CMEIeHUE KOJeOromeics
4
TOYKHU OT MOJI0KeHUs paBHOBecus ipu t =0 u t=1,5 c.

(T 7z .
YpaBHEHHE TOYKHU x=0,02$|n(t+j. Halinure nepuon, MakCUMaJbHOE 3HAYEHHE CKOPOCTU M
2 4

YCKOpEHHUE.
Omnpexpenurte JUIMHY MaTeMaTHYECKOTO MasTHUKA, COBEPILAIOLIETO OJHO MOJIHOE KojiebaHue 3a 2 c,
ecmn 0=9,81 M/c®. Bo CKOIBKO pa3 HY)XHO HM3MEHHUTHh JIMHY MasTHUKA, YTOOBI YacTOTa €ro
Koje0aHuil yBeauuuiach B 2 pasza?

VYpaBHeHUe rapMoHHUYECKOro kosebanus x=0,45in5nt. Onpepenurte aMITUTY Ly, TIEPHOJI, CMEIICHHE
pu t=n c.

Ornpeienute XKECTKOCTh MPYXKHUHBI, YaCTOTY, HMUKIMYECKYIO0 4YacTOTy, eclii Teno maccou 0,5 Kr,
IIO/IBELLIEHHOE K 3TOM MpYXUHE, coBepiIaeT kojaedanus ¢ nepuogom 0,2 c.

MatepuanbHas TOUKa COBEpILAeT rapMOHHUYEcKUe konebanus ¢ ammuntynoi 0,03 M u nepuogom
0,2 c. CocTtaBbTe ypaBHeHHE KoliebaHus u onpeaenute cMemienue mpu t = 0,1 c.

Ilo nHy cdepuueckoil dalky coBepIaeT CBOOOIHbIE KoneOaHUs 0e3 TPeHHs MaJCHbKHH IIapuK.
Omnpenenure nepuo] KojaeOaHus apuKa, €Ciau paJuyc KpUBU3HBI YaIIKku 2,45 M.

CocraBbTe ypaBHEHHE rapMOHMYECKHX KOJICOAHUN MaTeMaTHYeCKOro MasiTHUKA JUIMHOW 2,45 M U
ammuintynoit 0,1 m.

Teno coBepiaer rapMoHHYecKue KonebaHus mo 3akoHy X = 20sinmt. OmpeaenuTe cKOpocTh Tena
nput;=05cut,=4c.

YCcKopeHHe CBOGOIHOTO MajeHHs Ha MOBEPXHOCTH JIYHBI 1,6 M/c?. KaKoil JUTHHBI TOJKEH OBITH
MaTeMaTHYeCKU MasgTHUK, YTOOBI ero rnepuoj kosnedanus Ha Jlyne Ob1 1 ¢?

ITocTpoiiTe rpaduk rapMOHHYECKOro KOJIEOAHUS YacTOThI MO IMapaMeTpaM: aMIUIMTyAa 2 cM,
nepuof 0,4 ¢, HauanbHas gasza 0. 3anuIIUTe ypaBHEHHE 3TOTO KOJIeOaHusl.

Teno coBepinaet konedanus Mo 3akoHy X = 60Sin2xt. Onpenenurte ckopocts Tenanpu t1=1cuty =
2,5c.

Teno maccoil N rpaMM MOJBEMIEHO Ha MPYKUHE, KECTKOCTh KOTOPOU 2:10° u/m. Omnpenenure
4acTOTY, MEPUO]], IUKIUIECKYIO YaCTOTY CBOOOHBIX KOJIEOaHUI 3TOTO Tejla Ha MPYKUHE.
MatepuanbHasi TOUKa COBEpILIAET TapMOHUYECKHE KOJIeOaHUs ¢ aMITTUTYJ0M 4 CM U MEepHoJIoM 2 C.
HanwmmTe ypaBHeHHE IBHKSHHS TOUKH, €CITH €€ IBUKCHNE HAYMHACTCS U3 TTOJIOKEHUS X9 = 2 CM.
KakoBa uwacToTa 3BYKOBBIX KOJeOaHUN B Cpelie, €Clid CKOPOCTh 3ByKa B 3Tod cpene S00 m/c, a
JuiHa BoJIHBI 2M? (OTBET faiiTe B repiax.)

Ha paccrossauu N M oT Habmogaresns pabouyre BOMBAIOT CBau C MOMOIIbI0 Kompa. KakoBo Bpems
MEXy BUIUMBIM YAapOM MOJIOTA O CBal0 M 3BYKOM yJapa, ycibllIaHHbIM HaOmonatenem? (OTBer
naiite B cekyHaax.) CkopocTh 3Byka B Bo3ayxe 330m/c. Okpyriure OTBET C TOYHOCTBIO JI0
JECSITHIX.

Ckopoctb 3ByKa B Boje 1,5 km/c. Uemy paBHa JiIMHA 3BYKOBOM BOJIHBI, pacIpOCTPaHSIOIIEHCS B
BoJIe, mpu yacToTte 3ByKa 3 K['1? (OTBeT maiite B MeTpax.)

®opma npeacTaBJeHus pe3yabTaTa:
BrimoHuTE 3aaHKe B TETpaan IS MPAKTUICCKUX PaboT.
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Kpurtepun onenkmn:
3a MpaBUIILHO BBHITOJIHEHHOE 33JJaHHE BHICTABIISICTCS TIOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNEe BHICTABIIACTCS OTpUIaTeIbHas oieHka — 0 0aioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbvHoy svicmasisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 5.2 DileKTpOMarHuTHbIE KOJIEOAHUS U BOJIHBI

IIpakTuyeckoe 3ansTue Ne23, 24

IlepeMeHHBIH 3JIeKTPUYECKHUI TOK. JJIEKTPOMATHUTHBIE KOJIEOAHUS M BOJIHbI

Heasn: chopmupoBaTh HOHUMaHUE POl (HU3MKK B (HOPMUPOBAHHU KPYro3opa u (pyHKIIHOHAIEHON
TPaMOTHOCTH 4YeNIOBEKa JUIsl PEUICHHS MPAaKTHYECKUX 3ajad; A OOBSCHEHUS YCIOBUN MPOTEKaHUs
(bu3HYECKUX SIBICHUN, YMEHHUS BBITIOJIHATH pacUYeTHbIC M TpadUyecKue 3aqadd, U3YyIUTh CBOOOIHBIC
AJIEKTPOMArHUTHBIEC KOJeOaHusl B KOHTYPE, BHJIbI COMPOTUBIICHUS B IIEMH MEPEMEHHOTO TOKA, UX OTIUYHS
1 OCOOEHHOCTH.

Boinosinenue padorsl cnocodcTByeT GOPMHPOBAHMIO:

[TPyS5, Ipy9, I1P62, I1P66, T1P67,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10

MarepuanabHoe odecrneyeHue:

WHAUBUAYAIIbHOE 33/1aHUEe, KOHCIIEKT JICKIIHIA, CIIPaBOYHbBIC MaTePHAIIBI.

Ykazanmue:

[IpakTHueckoe 3aHATHE COCTOMT U3 ABYX YacTell — TeopeTuueckol W mpaktuueckoil. [locne
W3YYCHHS TEOPETUYECKOI0 MaTepuajga MOXXHO NMPHUCTYIATh K BBITOJHEHUIO MpaKTHUeCKol dacth. OHa
COCTOHWT M3 ABYX W Oojee 3a4ay Al CaMOCTOSITEIbHOrO BbIMoNHEHUs. He 3a0bIBaiiTe 0 mpaBUIBHOM
odopmiiennn pemeHus. Ha BbIMOTHEHHE MPAKTUUYECKOTO 3aJaHUsl OTBOIHUTCS uemblpe aKaIeMHUYeCKUX
Jaca.

3ananue:

O3HAaKOMBTECh C TEOPETUICCKUMU CBEICHUSIMHU HCIIONIBb3YS CCHIIKY
https://znanium.com/catalog/product/1012153, §54.55, 56 BbimucaB GopMysibl OTMEUYEHHBIE CKOOKAMH |,
Harpumep( 54.1)
Pemute 3a1aun, caMOCTOSATENHHO UCTIONB3YS MPUMEPHI U KPAaTKHE TEOPETUUECKIE CBEICHUSI.

IMopsinok BBINOJTHEHHS PA0OTHI:
W3yunte u Bemummte GopMysbl O JaHHOM TeMe B BUJE KPATKOTO KOHCIIEKTa
Paz0epute nmpuMephl peIIeHHBIX 331a9
Pemmte camocTosiTeNnbHO 3a0a9n
Bemmonauts Tect https://znanium.com/catalog/product/1012153, ctp 334 —Ilepemennsiit Tok; ctp 336
Tpancdopmarop

el

Kparkue Teoperuyeckue cBeleHUs

Tpancdopmarop
BUIBI OBBIIIAIOIINHN MOHMKAIOIIUI
Onpenenenue Tpancopmarop, y KOTOpPOro 4HCIO | TpaHChOpMATOp, Yy KOTOPOTO
BHUTKOB BO  BTOPUYHOM  OOMOTKE | YMCJIO BHUTKOB BO BTOPHYHOMN
0oJbIIe, YeM B TIEPBUYHOMN OOMOTKE  MeEHbIIE, YEM B
MEPBUYHOI
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Pucynok

wl

®?2

£

@
Koadduruent n<l n>1
rpancopua s o U 1S,
& o, U, 1§
KMJA tTpaHcdopmaTopa P
ﬂ' P ¢ P P U)npchdJopMmopa = 1000/0 ~ 99%
P3
ConpoTuBiIeHUs B LIETIN IEPEMEHHOI0 TOKa
[Tpubopst Pesucrop Karymky nnaykrussocteio L | Konnencarop emkoctsio C

COIIPOTHUBJIICHUCM R

Cxema R L C
| | Y
e
U U
U 0-0 .
C Q29 U
nja TOKa I\L) = 1S |(t)=—OSin(a)t—£) 1(t)=Can)sin(wt+£)
ol 2 2
Cnsur da3 9=0 Y,U usmenserca B | Hanpsoxenue onepexaer Tok | Hanpsbkenue orcraer or
OJIMHAKOBBIX (a3ax, a 3. | ga ¢ =2 =90° Toka Ha ¢ =2 =90°
SHEPTUsI PACXOIUTHCA Ha 2 2
TEIJIOBOE JIEWCTBUE TOKA
Cormpotusie
! 1
HHUC R:p—0(1+0(.t) Xc:_
1. popmyna S X =o L ac
2. 3aBUCHMOC R R
Tb L R,
COTIPOTHUBIICH
HIO oT 0 >
4acToTa o n o' % 0 -
- ()
AKTHBHOE — COIIPOTHUBJIICHHUE, Emnucinue -
COTIPOTHUBIICHNE 00yCIIOBJICHHOE SIBJICHUEM COTIPOTHUBIICHNUE,
3. norpeduTens, CaMOMHIYKIIU OOYCIIOBIICHHOE ~HATHYHEM
ompejenenye | IPe0OPasyroNero EMKOCTH B IIENH
MOABOIUMYIO K HEMY
SHEPTHIO B APYTHUE BUJIBI
SHEPIUU
3akoH Oma Ut U U
I(t)=—() Iy=—* o ="
R Xy Xc

— 1
[TostHOE COMPOTHBIIEHHE IETTH TIepeMeHHOro Toka: Z= VR? + (wlL — E)Z

3akon OMa AJI aMITIUTYJHBIX 3HAYECHWI CHIIBI TOKA |0 W HalIpSIHKCHUSA Uo B OCTIM IEPEMEHHOT'O TOKA!

lo= UoVRZ + (L — —)’

PeakTHBHOE — CONTPOTUBIICHHE MOTPEOUTENS, HE MPe0oOPa3yIOIIETo MOABOIUMYIO K HEMY YHEPTHIO B

Apyrue Buasl sHepruu (H-p pakera) X=X -X.=ol-

1,
oc’
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X >X¢ — MHIYKTUBHBIN XapakTep; X| =X, — pe30HaHC; X>X| — EMKOCTHBINA XapaKTep

JleiicTByI0IIlee 3HAYeHHMEe MOIIHOCTH TNepPeMeHHOro Toka (P) — BelWuYMHA, YUCICHHO paBHAs
MOIIHOCTH TOCTOSIHHOTO TOKa Ppocy, MPH YCIOBHH, YTO 00a TOKAa 3a OJMHAKOBOE BpEMs, paBHOE
MIEPHOJy TMEPEMEHHOT0 TOKa 7, Ha PaBHBIX PE3UCTOpax R BBIACIAT paBHBIC KOJIMYECTBA TEIUIOTHI Q.

2 2
P:%:L;JO:(ZJ—;. JleficTByIOIlee 3HAYCHHE MOIIHOCTH MEPEMEHHOTO TOKa 4YacTO Ha3bIBAIOT

AKTHUBHOM MOIIHOCTBIO.

IIpumepsl pemienus 3agaq

1. Karymka nHnykTuBHOCTBIO 0,1 ['H M aKkTUBHBIM comnpoTuBieHueM 25 OM BKJIIOYEHA B CETh
IIPOMBIIIJIEHHOI'O NEPEMEHHOI0 TOKAa CO CTaHAAapTHOW 4YacToTod. OmpenenuTe TOK B KaTyILIKE, €ClIU
HanpspkeHue Ha ee BBogax 120 B.

JlaHo: karyiika I =§; X =+/25%+(4-314 -50.0,1) > =
=4/625+986 = /1611 = 40,1 Om
L=0,1 Tn X =R XE =
=/R?% + (wl)? = Iy:&zSA
R=25 Om =JRZ + (2rL)? 40,1
v=50T1
U=120 B
1 ,=?

g

2. Ha xonxo3Hyl MOACTAaHLHMIO IOCTyHaeT TOK HampsbkeHuem 6600 B. nepBuuHas oOMOTKa
Tpanchopmatopa noactaniuu umeet 3300, a Bropuynas 110 ButkoB. Onpeaenure pabouee HANPSIKEHNUE
B KOJIXO3HOHM 3JIEKTPOCETH M MOTPEOIIEMYI0 MOITHOCTh cuja Toka B ceTu 200 A moTepsiMu SHEPruu B
TpaHcpopmaTope npeHedpeyb.

Hano: Tpancdopmarop o Uy U, - 6600110 _ 0 o
02 U, 3300
U;=6600 B U, Yo,
oo P,=220-220=44-10°Br=44 kBT
®1=3300 B
Po=Uyl;
®p=110
1,=200 A
U2, P2:?

3. Karymka waayktuBHOCThIO 0,1 'H W akTUBHBIM compoTuBieHHeM 25 OM BKIIOYEHa B CETh
IIPOMBIIIJIEHHOTO NEPEMEHHOI0 TOKAa CO CTaHAAapTHOW 4YacToTod. OmnpenenuTe TOK B KaTyILIKe, €CIIU
HarpshKeHue Ha ee Beojax 120 B.

Hano: katyuika L X =425 +(4-3,14.50.0,1) =
L=0,1TH T . ,
R=25 Om = 'IR Pt o = JR25HUHA = 4 1611 = 4,1 0w
v=50 T’y i o 120 o

i X 3 t J
U=120 B VE 1 el T
I =? | =R+ (2t ¢

4. Cuina Toka B nepBUUHON 00MOoTKe TpaHchopmaropa 0,5 A, HanpspkeHue Ha ee koHIax 220 B, Bo
BTOpUYHOI 00MOTKe cooTBeTcTBeHHO 8 A 1 12 B. Ompenenute KI1J[ Tpancdopmaropa.
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Jano: TpanchopmaTopa P . 12-8 -
1,=0,5 A n=—-100%= M= 550 05 100% = 87%
|2:8 A p‘l

U;=220 B .

U128 NPT

= Ui

10.

11.

12.

13.

14.

15.

171
Pemuth 3apaum (N - Homep sauieco sapuanma no cnucky)

Cuiia Toxka B mepBuYHOM oOMOTKe TpaHchopmartopa 0,2 A, HampsibkeHue Ha kiemMmax 220 B.
Onpenenure HampspKeHHWE M CHIYy TOKa BO BTOPUYHOM OOMOTKE TpaHcdopmaTopa, eciu
kodpurment tpanchopmanuu 0,2.

[lepBuunas obmotka Tpanchopmaropa coaepxkuT 800 BuTkoB, BTOpHuHas 3200. Omnpenenure
Kod(durmeHT Tpanchopmanum.

Cuia Toka B ceTH M3MeHsieTcsi mo 3akoHy | = 8,5 sin o t. Kakoe KOIMYECTBO TEMJIOTHI BBIACIUT
AIIEKTPOKAMUH 3a 2 "aca paboThl, eciu ero conpotusieHue 80 Om?

Cuiia Toka B epBUYHOM 00OMOTKe TpaHchopmatopa 0,6 A, HanpsbkeHue Ha ee koHmax 220 B; Bo
BTOpUYHOI 06MOTKe 6 A U 14 B. Onpenenute KITJl Tpancopmaropa.

B mepBuuHO#l 00MOTKE moOBBImIarOImeEro tpanchopmaropa 80 BUTKOB, a BO BTOpuuHOM 1280.
Hanpspxenne Ha koHIax nepBuaHoi oOMoTku 120 B, a BenmmunHa Toka Bo BTopruHOi 0OMoTke 0,25
A. Onpeenure MoJIe3HYI0 MOIIIHOCTh TpaHchopmaropa.

JUIs TpaHCIAIMU paauonepeaad MPUMEHSIOT MOHWKAOIINKA Tpanchopmarop ¢ HanpsukeHueM 480
B 1o 30 B. Onpenenure mourHocTs Tpanchopmartopa ¢ KIIJI 96%, ecnu xk Hemy noaxitoueHo 100
penpoaykTopoB, norpedmustonux Tok 0,008 A.

Omnpenenure yroil MOBOPOTa BUTKA B OJHOPOJHOM MAarHUTHOM IIOJIe, 3Has, YTO MAaKCHMaJbHOE
3HaueHue Toka 1002 A, a Tok B 1aHHbINA MOoMeHT 100 A.

Ompenenure kodPuUIIUEHT TpaHCcHOpMAIMK 3BOHKOBOTO TpaHChoOpMaTopa, MUTAEMOTO CETEBBIM
TOKOM c HanpsbkeHueM 220 B, ecnu npeoOpa3oBaHHbBIN TOK UMEET HanpskeHue 2 B.

[lepBuuHasg 0OMOTKa MOBBIMIAIOLIETO TpaHchopMaTopa uMeeT 45 BUTKOB, a BTopudHast 900 BUTKOB.
IlepBuuHasg KaTyllka BKJIIOYAaeTCd B CETh INEPEMEHHOro Toka ¢ HampsbkeHuem 120 B. Kakoe
HanpspkeHue OylieT Ha 3a)KMMax BTOPUYHON 0OMOTKH?

DnekTpuyeckasl ayra J0JbKHa ropetb noja HampsbkeHueM N B, a B cetn 220 B. CKoJIbKO BUTKOB
JIOJDKHA CoJiepXKaTh BTOpHYHas 0OMOTKA, €CIM B MEPBUYHONW OOMOTKE, BKIIOUYEHHOW B Ce€Th, 385
BHUTKOB?

B nepBuuHOi1 00MOTKE MOBBIIIAIONIETO TpaHCchopmaTopa N BUTKOB, BO BTOpuyHOW — 2000 BUTKOB.
Kakoe HampspkeHne Ha 3aXHMaX BTOPHUYHOM OOMOTKM MOKHO TOJNYYUTh, €CIM BKJIIOYHUTH
TpaHcpopmaTop B ceThb ¢ HanpsokeHuem 110 B?

Karymka mnayktuBHocThto 20 MI'H BKIIIOUEHa B CETh INEPEMEHHOIO TOKa ¢ 4actoTod N I'm.
Onpenenure UHAYKTUBHOE CONIPOTUBIIEHUE KATYIIKH.

Konnencatop eMKOCTbIO 8-10'4(1) BKJIFOYEH B CETh MepeMeHHOro Toka ¢ yactoroit 50 ['u. Onpenenuts
CHJTy TOKa Ha Y4acTKe IIeTH ¢ KOH/IEHCATOPOM, €CIM CONPOTUBIIEHHE MOABOISAIIMX MpoBoaoB N OMm, a
HanpsDKEHHE Ha BceM ydacTke nenu 12 B.

Kax m3MeHuTCs MHIYKTUBHOE CONMPOTUBIICHHE KATYIIKH, €CJIM €€ BKJIIOYHUTH B 1IN IEPEMEHHOI0
Toka ¢ yacroror 10 xI', BMecTo 50 I'11?

IlepBuunas obmotka TpaHchopmaropa coaepxuT 800 BuTkoB, BTOpuuHas 3200. Ompenenute
KO3 QHULIKEHT TpaHChOpMAaIIUH.
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16. Karymka WHIYKTUBHOCThIO N ['H, aKkTUBHBIM compoTuBIecHHEM 25 OM BKIIOYEHA B CETh
MPOMBIIIJICHHOTO IEPEMEHHOTO TOKa CO CTaHAAapPTHOM yacToToi. Onpenenure TOK B KaTYIIKE, €CIIU
HanpspkeHue Ha ee BBogax 120 B.
®opma npeacTaBiaeHusi pe3yJabTara:

BbImonHUTE 33/1aHUE B TETPAAX AJIS MPAKTHYECKUX padoT.
Kpurepun oneHku:

3a mpaBUIIHLHO BBIITOJHEHHOE 33JaHHE BHICTABIIAETCS MOJIOKUTENIbHAs OlleHKa — 1 Gar.

3a HeMpPaBWIIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS OlleHKa — () 0auIoB.

Oyenxa «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX 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 5.3 OnTuka
IIpakTnyeckoe 3ansTue Ne 25

3aKkoHBbI FCOMeTpI/I‘{eCKOﬁ OIITUKH

Heab: chopMupoBath NOHUMaHuE poiid GU3UKU B (HhOPMHUPOBAHUH KPyro3opa v (HyHKIIMOHAIBHOM
rPaMOTHOCTH YEJIOBEKA ISl PEIICHUS MPAKTUYECKHX 3a7ad, U3YYUTh 3aKOHBI PACIPOCTPAHEHUS CBETA.
Xop mydeil. 3aKOHbI OTPAXKEHUS U NIPEIOMIICHUS U IPUMEHSATh UX MPU PEILICHUHN

Boinosinenue padoTsl cnocodcTByeT GOPMHUPOBAHMIO:

[1PyS5, Ilpy9, I1P62, I1PG6, I1PG7,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10

MarepuanbHoe o0ecnedyeHue: TeTpaab [Js MPaKTUYECKUX paboT, pydyka, METOAMYECKUE
PEKOMEHIallUU T10 BHITIOTHEHUIO pa0OThI, TMHEIKA, KapaHIall.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTe — TEOPETHUYECKON M MPAKTUYECKOM.
[Tocne u3ydeHns: TEOPETUUECKOTO MaTepraia MOKHO MPUCTYNATh K BBIMOJHEHHUIO MTPAKTUYECKOW YACTH.
Ona cocTouT U3 ABYX U Oolee 3a/1ad AJisi CaMOCTOSATEIHHOTO BBIMONHEHUs. He 3a0biBaiiTe 0 npaBUiIbHOM
opopmiieHnu perieHus. Ha BeIMoHEeHWe MPaKTUYECKOW OTBOJIUTCS JBa akajgeMuueckux vaca. [lopsoox
BBITIOJTHEHUS paOOTHI

ITopsinok BbINOJHEHHS PadOTHI:
1. PaccMoTpuTe TeopeTHMUECKMH MaTepuaq IO TeMe W NpUMEphl pelleHus 3anad (CMOTpu
METOAMYECKOE TIOCOOHE).
2. Pemmre camocrosTensHyI0 padoty. OdopmuTe pereHrne MICEMEHHO B TETPaIH.

1. Teopus.

3aKOHEI FCOMCTpHIICCKOf/'I OIITUKHU

|. 3axon npsamonunetinoco pacnpocmpanenusi ceema. céem 8 0OHOPOOHOU cpede pacnpoCmpaHaemcs
NPAMOTUHELHO.

JIyy — =Y, BAOJIb KOTOPOH paclpOCTPaHsETCs CBETOBAst SHEPTHSL.
Hoxazamenvcmeo:

1) oOpa3zoBaHue TEHEW M MOIYTEHEH OT MPEIMETOB,;
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2) TIOIJIOLICHUE CBETA HEMIPO3PAYHBIMHU IPEIMETAMH.
_ 8 _ 8 _ 8
Us 6050 = 3-10° M/c=c; Uyo = 2,25-10° M/C; Uy merce = 2:10° M/c.

Il. 3axon nezasucumocmu ceemosvix yuell: Iyyu npu nepeceweHul He 803mywarom opye opyed.
1. 3axon ompasicenus ceema.

Veon naoenus (@) (ompaosicenust y)— yroi, o0pa3soBaHHBIA nadarowum (OMpaxceHHvim)

o |Y
JY4OM M TIEPIEHINKYIIIPOM, BOCCTAHOBIICHHBIM K ITOBEPXHOCTH B TOUKE MaJICHHS JTy4a
(puc. 12).
Puc. 12. Magarowmii n 1. Iaoarowuii u ompasiceHublll YU 1eHcam 8 0OHOU NIOCKOCMU C NePREeHOUKVISPOM,

60CCMAHOGICHHbIM 8 MOYKe NAOEHUS Jyua.

OTPaKEHHbIN Nyyn.

2. Yeon nadenus pasen yeny ompasicenust (= 7).

Cnedcmesue: «Obpamumocme ayyeli»: Ecnv nagarowmin yd NycTUTb NO HanpaBAEHUIO OTPAXKEHHOro, TO HOBbIM
OTParKeHHbIN ly4 NONAET NO HanpaBJEHWUIO NaatoLWero.

3epKasbHoe OndodysHoe Tabnnua 12
2/ 1" 2” ! 1"
1 1 L
A
3epranbHoe — oTpakeHue npu Kotopom | AuggysHoe — oOTpaxkeHue, npu
OTpa*XeHHble nyyu OCTaloTCA KOTOPOM B OTPa*eHHbIX Nny4yaxX HET
napannenbHbiMmu nopAagka (MaTOBaﬂ I'IOBerHOCTb)
N (0]
AR //B°3AVX IIpenomnenue ceema — I3MEHEHNE HAIIPABJICHUS JTyya CBETa IPU MEPEXOEC
V4 N\ 5 2 U3 OMHOW cpeasl B Apyryio. Yeon npenomnenus () — yrom Mexmy
BO3AYyX MIPEJIOMIICHHBIM JTy4OM U MEPHEHIUKYIISIPOM, BOCCTAHOBJIEHHBIM U3 TOYKHU
“ MaJCHUs Ty4da K TPAHUIIE IBYX CPE/l.

Puc. 13. NpenomneHune cBeToBOro /yya.

1) nay4u, nadarowuli u npesnomaeHHsll, aexcam 8 00HOU MNaA0CKOCMU C nepreHOUKYSPOM,
B80CCMAHOB/AEHHbIM U3 MOYKU NadeHUs /y4a K NosepxHocmu pasoesna 0s8yx cpeo;

2) ommowenue SIN yena nadenusi K SIN yena npenomaeHus Onsi OAHHBIX CPed eChmb GelUudUHd
NOCMOAHHAS, U HA3bLIBACMCS OMHOCUMETIbHLIM NOKA3amenem npeioMIeHus 6mopo cpeobl OMHOCUMENbHO
nepeoli.

sina 0 n, v,
o= 21— T T
sinP n, v,

Cneocmeue: «Obpamumocms ayyeiiy.: Ecau nagaronuii 1y4 HanpaBUTh O MyTH MPETOMIIEHHOTO, TO

MIPEIOMJICHHBIH JTyd WJIET O MYTH MaaroIIero.

Ilonnoe e6Hympenne ompadicenue — SIBICHWE, TMPU KOTOPOM CBETOBOE W3IIYYCHHE ITOTHOCTHIO
OTpaXKaeTCs OT TIOBEPXHOCTH paszfiesia Mpo3pavHbIX cpen (puc. 14).
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npesenbHbIi 1) IpHu T a, B T,

L B 2) B =90° — CKONBL3UT 110 TPAHHMIIE PA3J€eNa IBYX CPEL — NPedeibtblil YOI,

sosayx  3) T, B>90° = B — HOTHOCTBIO OTPAXKACTCS MO 3aKOHY OTPAKCHHS.

Ve Ve
nonHoe

77 V4
Vs

BHYTpeHHee 7

Puc. 14. NonHoe BHYTpeHHee
OTpaXKeHue. 33)13'1]/1 AJIAA CAMOCTOATEJIbHOI0 PCIICHUSA

0
1. JIyu cBeTa majgaeT Ha MOBEPXHOCTh BOAbI o1 yriaamu 40°. Ilox kakuM yrioM J0JKEH yNacTh JIyd Ha

MOBEPXHOCTh CTEKJIA, YTOOBI YTOJI IPEJTOMIICHHUS OKA3aJICsl TAKUM Ke?

2. Jlyun cBeTa majgaloT Ha TOBEPXHOCTh pa3jiena BOIbI M Bo3myxa moxa yriaom S50°. Haiimure yromn

W

9]

npenomiieHus: syded. Ilokazarens npemomiieHuss Boabl 1,33. EcTh 1M 1OJIHOE BHYTpEHHEE
oTpakeHue?

. Halinure mpenenbHbIN yroi majieHus JIyda Ha TPaHUIly pa3zelia CTeKJa U BOBIL.
. 14
. CBeToBbIE BOJIHBI B HEKOTOPOH kuakoctu umeroT JiuHy 600 Hm u wacroty 5-10™" I'u. Onpenenure

a0COJIIOTHBIA TOKa3aTelb MMPCJIIOMJICHUA ) KUJAKOCTH.

. Onpenenure aOCOJTIOTHBINA MOKA3aTellb MPEJIOMIICHUS U CKOPOCTh PACIPOCTPAHEHUS CBETa B CIIOJIE,

€CIIM TIPH yTJIe MmaJieHus cBeTa 54° yron npenomiieHus 30°.

6. B anmasze cBeT pacmpocCTpaHsieTCs CO CKOPOCTHIO 1,22:10° wre. Onpenenure TpeAeIbHBIA Yol

MOJTHOTO BHYTPEHHETO OTPAXEHHUs CBETa B ajiMa3e IPHU IEpPeXoJie CBETOBOTO Iy4yKa M3 ajaMmasa B
BO3/IYyX.

7. CBeToBOI My4oK MEPEXOAWT U3 BO3AyXa B BoAy. YTroia mageHus 76°, yron mpernomiieHus 47°.

o0

OnpenenHTe CKOPOCTb CBC€TA B BOJIC.

. Yroja magaHus JIyda CBC€Ta Ha MOBCPXHOCTH IMOACOJHCHHOI'O Macja 600, a YTroJl IpeIOMIICHUA 360

Haiitu nokazarenb MMpeJIOMJICHUA Maclia.

9. ®OTOH BBIIETACT W3 BOABI B BO3YX. Brimerur au (1)OTOH M3 BOJbBI B BO34YyX, €CJIM OH MNaJgacT Ha

10.

11.

12.

13.

14.
15.

16.

17.

18.

TpaHUIly pa3jelia Boabl ¥ Bo3ayxa o yriioM 50°? Tlouemy?

Jlyd cBeTa mepexouT CO CTEKIIA «JIeTKUH KpoH» n=1,57 B Boay. Yron najaeHus yBennuuparoT. Kakos
MPEeACIbHBINA YTOJI MOJTHOTO BHYTPEHHETO OTPAKEHUs?

Beluucnure npenenapHbIil yroil MOJTHOTO BHYTPEHHETO OTPa)KEHUs IS alnMa3a Ha TPAHUIE C BOJAOH,
3Hast, YTO aOCONIOTHBIN MOKa3aTeNnb mpenomieHus anmasa 2,417, a Boasr 1,333.

Omnpenenure OTHOCUTENBHBIM MOKa3aTedh MPEIOMICHUS, eciu yron naaenus 30°, a mpenomieHus
20°.

Jlyan cosHEUHOTO CBeTa MaJal0T Ha MOBEPXHOCTh BOABI moi yriom 74°. Ilom kakum, yrioMm K
TOPU30HTY BOJ10J1a3, OIYCTUBLINIICS B BOY, OYJET BUAETH COJMHIE?

Omnpenenurte nokasaTesb MPEJIOMIICHUS BEUIECTBA, €CIIH MPEAETbHBIA Yol MOJHOTO OTpaXkeHus 42°.
Jlyd cBeTa mazer Ha MIOCKOMApAIUICIbHYIO CTEKIISTHHYIO TIACTHHKY 1o yritoMm 60°. KakoBa TommuHa
TUTACTUHKH d, €CIU P BBIXOJIE U3 Hee JIyd cMecTmics Ha 20 mm?

Jlyu cBeTa majgaeT Ha IUIOCKYIO CTEKJSIHHYIO MacTMHKY ToimmmuHod — d = 3 oM mox yriaom 70°.
Onpexnenure cMelIeHUE Ty4ya BHYTpH I1acTUHKU. [loka3zarens npenomieHus crekna 1,5.

VYron nageHus CBETOBOrO IMydKa, WIYIIETO U3 CTEKJIA C MoKa3aTejeM MpejaomiieHus crekia 1,67 B
BOJIy C Moka3zaresneM npenomieHus 1,33, pasen 60°. Ha kako#t yros OTKJIOHSETCS CBETOBOM IMMy4YOK Ha
rpaHulle, TO K€ MPH yrie najaenus 53°7?

MoHOXpoMaTHYECKN JIyd IMaJaeT HOPMAJIbHO HA IpaHb MPU3MBI, NONEPEYHOE CEUEHUE KOTOPOM
PaBHOCTOPOHHMI TPEYroJIbHUK: MOKa3aTenpb npeiaomieHus 1,1. Onpegenure yroa OTKIOHEHUS Jyda
IIPU BBIXOJE U3 IPU3MBI OT €r0 MEPBOHAYAIBHOIO HAIIPABJICHMUS.
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@opma npeacTaBJieHus pe3yabTaTa:
BrImonHATE 3a1aHue B TETPAaH TSl TPAKTUYECKUAX padoT.
Kputepuu onenkmu:
3a MpaBUIIHLHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TTOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTpUIIATENbHAs olleHKa — () OaioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUILHBIX OTBETOB
Oyenka «xopouto» evicmagngemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosenemeopumenbvHoy svicmasisiemcs 3a Mmenee 60% nmpaBUITBLHBIX

Tema 5.3 OnTuka

IIpakTunyeckoe 3ansitue Ne 26

3aKkoHbI BOJTHOBOH ONTHKH

Henab: chopMupoBath NOHUMaHUE poiiu PU3UKU B (HOPMHUPOBAHUH KPYro3opa U (GyHKIIMOHATHHON
IPaMOTHOCTH YeJIOBEKa JJI PELICHMs MPaKTUYECKUX 3a7ad, U3yYUTh 3aKOHBI PACIPOCTPAHEHUS CBETA,
KaK BOJIHBI U IPUMEHSATH UX IIPU PELICHUU

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

[1PyS5, Ilpy9, I1P62, I1P66, I1PG7,
MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10

MarepuanbHoe o0ecriedeHue: TeTpaab I MPAKTUYECKUX pabdoT, pydyka, METOAMYECKUE
PEKOMEHIALINH TI0 BBIIOJTHEHUIO Pa0OTHI, JIMHEHKA, KapaH arll.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M MPAKTUYECKOM.
[Tocne u3yueHus: TEOPETUUECKOr0 MaTepraia MOXKHO MPUCTYNATh K BBHIIOJHEHUIO IPAKTUYECKON YacTH.
Omna cocTouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATEIBHOTO BhIMOIHEHUs. He 3a0biBaiiTe 0 npaBUiIbHOM
odopmiiennn peuieHusi. Ha BbIoHEHNE MPAaKTUYECKOM OTBOAMTCA JBa akajaeMuueckux vaca. [lopsmox
BBITIOJTHEHHS paOOTHI

IHopsinok BbINOJHEHHS PadOTHI:
W3yuuth KpaTkue TeopeTmdeckue cBeieHus https://znanium.com/catalog/product/1012153, Beinucar
dbopMmyiibl ¢ naparpados 65, 66 . oTMeueHHble ckoOkaMu, Hanpumep (66.1)
Pazo0patb mpuMepsl pereHus 3a1au
OtBetHTh Ha Bompockl Tecta https://znanium.com/catalog/product/1012153, k §64.65,66.67.
IIpumeps! pelrenus 3agay
1 B Boae unTepdepupyroT KOrepeHTHbIE BOJIHBI YaCTOTOU 5 - 10* ' Yemmurest mmw ocaGHET CBET B
TOYKE, €CJIM TEOMETPUUECKas pa3HOCTh X0/1a Jiydel B Hell paBHa 1,8 mxM? IlokazaTens npenomiieHns
BoAnl 1,33.

Hano:
2. KorepeHTH. UCT.
X HI:_2-13.‘!-54”‘-I:K-Iﬂ"'
v=5-10"TIn Ar=n-AS=2 m= 310 =
ck
AS=18-10%m |=2¥ =798 =8 — ueTH. —
e 2mAs
n=133 ' v max yCUJICHUE CBETa
8
c=3-10"M/c
mo_7

2. Omnpenenure 4 HaMMEHBIINE TOJIIMHBI MPO3PAYHOM IUIEHKH ¢ ONTHYECKOW IMIIOTHOCTBIO 1,5, 4TOOBI
MIPU OCBEIIEHUU MX NEPHNEHAUKYISIPHBIMU KPACHBIMHU JydyaMu ¢ JiMHOM BoiHbI 750 HMm oHuM Oblin
BUJIHBI B OTPAKEHHOM CBETE KPACHBIMU.
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10.

AaHEo: mIeHKa . 4dn 750 750
n=15 - »,k‘ | d, =" = — 125HMm
=750 Hxu 4 453 o
2k + A
k=0123 o - = d, =3-125 =375 Hx
do. d;. da. 4-n d, = 5d, = 625 Hu
d; —2 A A d: = 7do = 875 Hu
= 4n
34
d, Z = 3d,
4an
d,= 5d,
ds = 7d,

3. CeeToBasa BOIHA ATHHEOHR 530 Hiyv namaeT ODepIeHIHEVIISPDHO HA IIPOIPIIHVEO
OHEOPAKOHOHHVIO pEeIIeTKy., IOCTOSHHAR KoTtopodE 1.8 wmxya OmnpemernErte VIOR
OEOPAKOHEE. IO KOTOPEIM OOpasveTrcd maxX HaHOOIBINSeIC HOPAIKA.

Jdamo: gadpaxkinEs 2 R-10° 200
2=530-10n sSin @ = = =1 k = '; ! — = '_f’ = 3.4
d=18-10%xs d 530-10° 530
k =_kqmax D kA <1k < (? K.,.=3
== d A : 3.530-10° oo
a singpp = ——— = 0,883
. kK - A 1.8-10°°
D)singp = ———
d @ = 62°

3anaqu JUIsi CaMOCTOSATEIBHOTO PEILICHUS
KakoBa onTuueckas pa3HOCTb XOJa JBYX KOT€PEHTHBIX MOHOXPOMAaTHYECKHX BOJIH B BEILIECTBE C
MoKazaTesieM npeaomiieHus 1,6, eciiu reoMeTpuyeckasi pa3HOCTh X0/1a ayuei 2,5 cm?
Ha Tonkyro mieHKy ¢ mokazaTeseM IMpesioMiIeHus 1, 5 mepneHIuKynspHO €€ MOBEPXHOCTH MaJaeT
MapajuieIbHbIN MYYOK KENThIX Jydeil ¢ mmHoi BoHbl 600 Hwm. [Ipu kakoil HauMeHbIeH TOJIIUHE
IJIEHKH OHA B OTPa)KEHHOM CBETE OYyJeT Ka3aThCs KeNnTon?
JIBa KorepeHTHBIX Jyda ¢ anuHamu BoaH 404 HM mepecekarorca B ogHON TOYKEe Ha 3kpaHe. Urto
Oyzner HaONIOAThCS B 3TOM TOUKE — YCHJIEHHE WM OCJIa0JIeHUuE CBETa, €CIM ONTHYECKas pa3HOCThb
xona imyuen 17,17 Mkm?
Bo ckonbko pa3 yBeIMYMTCS PACCTOSHUE MEXKIY COCEAHMMHU MHTEp(HEpEeHIIMOHHBIMHU IOJI0CAaMH Ha
sKkpaHe B onbiTe FOHra, ecnu 3eneHslil cBeTOQUIbTP ¢ JUIMHON BOJIHBI 25+ 107° cM 3aMeHnTD KpaCHBIM
¢ JJIMHOM BOJIHEI 6,5 - 107 em?
B HEKOTOpyl0 TOUKYy MpOCTpPaHCTBA MNPUXOIAT JABE KOTEPEHTHBIE BOJIHBI C T€OMETPUYECKOU
pasHoCThIO X04a 1,2 MKM, aynHa KoTopelx B Bakyyme 600 Hm. Onpenenure, 4To NpoU30UIET B ATON
TOUKE BCJIEJICTBUE UHTEeppepeHIIMH B Bo3ayxe, B Boze (1,33), B crekie (1,5).
Pa3sHOCTB X0J1a JIydeil IBYX KOTEPEHTHBIX HCTOYHHKOB CBETA C ATMHOM BOHBI 6-107 M, cxomsmmxcs
B HEKOTOPOM TOYKe, paBHa 1,5 10° M. Yennenue umm ocabnenne cBera OyneT B 3T0i Touke?
Ecnu cnexkTpbl TpeTbero M 4YeTBEpTOro mopsaka mpu audpakuuu Oenoro cBera, HOPMAaJIbHO
MaJAoIIero Ha TUPPAKIMOHHYIO PEIIETKY, YACTHYHO TEPEKPHIBAOTCS, TO HA JUIMHY BoJHBI 780 Hm
CIIEKTpPa TPETHETO MOPSIJIKA HAKIIAABIBAETCS IJIMHA BOJHBI ... CIEKTPa YETBEPTOrO MOPSIKA.
Hudpakimonnas pemerka umeeT S0 mrpuxos Ha MM. [Toa kakumMu yriaamMu BUIHBI max MEPBOTO U
BTOPOT'0O MOPSAAKOB MOHOXPOMATUYECKOTO U3JIydeHus ¢ AauHou BosHbl 400 Hm?
Onpenenure ONTHYECKYIO pa3sHOCTh Xoda BosH jainuHoM 540 Hwm, mnpomenmmx uepes
TU(PPAKIHUOHHYIO PELIETKY U 00pa30BaBIIMX Max BTOPOTO MOPSIKA.
Omnpenenute ONTUYECKYIO Pa3HOCTh X0/1a BOJIH, MPOILIENIINX Yepe3 AU(PaKIIMOHHYIO PELIETKY, €CIIU
MaKCUMaJIbHOE YCUJIEHUE BOJIH BUIHO MO yIiioM | 1°. Hocrostuuast PELIETKN 2 MKM.
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11.

12.

13.

14.

Judpakuronnas pemerka ¢ nmocrosHHoi 0,004 MM  ocBemaeTcsi CBETOM C JUTMHOW BONH 687 Hwm.
[Tox kakuM YIJIOM K pEIIETKEe HYKHO MPOW3BOAUTH HAOIOJEHUS, Y4TOOBI BUJAETH H300paKCHHE
CIEKTpa BTOPOro mopsiaka?

Omnpenennure MOCTOSHHYIO TUMPAKIIMOHHON PEIIETKH, €CIH MPH €€ OCBEIICHWU CBETOM C JITUHOU
BOJIH 656 HM criekTp BTOpPOro nopsiika BUAEH 101 yIJIOM 15°,

Omnpenenurte JUIMHY BOJIHBI ISl JIMHUK B TU(GPAKIMOHHOM CHEKTpe 3-TO MOpsIKa, COBMAIAIOLIEH C
JIMHUEH B CIIEKTPE YETBEPTOIro MOpsiiKa ¢ JIMHON BOIHBI 490 HM.

Kaxoit HanOobIIuil OPSAIOK CIIEKTpa MOXKHO BUACTHh B AUPPAKIIMOHHON perieTke, nMeromiei 500
IITPUXOB HAa | MM MpPHU OCBEIIIEHUH €€ CBETOM C JUIMHOM BoHBI 720 H

®opma npeacTaBiaeHus pe3yJibTaTa:

BeImonHuTh 3a1aHKe B TETPaIy Ui IPAKTUYECKUX PAOOT.

Kpurepumn oueHku:

3a IpaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKUTEIbHAS OlleHKa — 1 Oa.

3a HeMpPaBWIBHO BBITIOJIHEHHOE JICWCTBUE, 3aJJaHUE BBICTABIIICTCS OTpUIATEIbHAS OlleHKa — 0 0aJuIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB

Oyenxa «xopoutoy svicmasinsiemcs 3a 80 — 89%0 npaBUITBHBIX OTBETOB

Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB

Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 npaBUIBHBIX OTBETOB

Pasnen 7 KBanroBasi pusuka
Tema 7.1 KopnycKyJIsipHO-BOJTHOBOM 1yaIu3M
IIpakTuyeckoe 3ansaTue Ne27

3akonbl poroddpdexra. YpaBHeHue JifHIITEHA

Heab padoTbl: chopMupoBaTh MOHUMAaHKUE POJIM (U3UKU B (POPMHUPOBAHUHM KPYro3opa BilaJIeHUE

OCHOBOIIOJIararonmumMun (1)I/I3I/I‘~IGCKI/IMI/I IMMOHATHAMHA, 3aKOHOMCPHOCTAMU, 3aKOHAMHU U TCOPUAMH, YMCHUA

BBIITOJIHATDH paCYCTHBIC U rpaq)nqecm/le 3aga4uu

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

[TPyS, Tlpy9, I1P62, I1PG6, TIP67,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
MarepuajibHoe o0ecnieyeHue:

MHJUBUIyaJIbHOE 3a/1aHK€, KOHCIIEKT JIEKIUI, CIPABOYHBIE MaTEpHUAIIbI.

Yka3anue:

[IpakTHueckoe 3aHATHE COCTOMT W3 JIBYX YacTed — TeopeTuueckoil u mnpaktuueckoul. [locie

M3y4YEHUsl TEOPETUUECKOr0 Marepuajia MOKHO MPHUCTYNATh K BBHINOJHEHUIO MpakTH4Yeckol dactu. OHa
COCTOMT M3 JABYX M Oojee 3amad Jisd CaMOCTOSTEIHLHOTO BBIMONHEHHUs. He 3a0bIBaliTe 0 MpaBUIILHOM
odopmiiennu pemieHus. Ha BEIOTHEHNE MPAKTUYECKOTO 3a/1aHUsI OTBOJIUTCS JIBa aKaIEMUYECKUX Yaca.

3aganue:

O3HaKOMbBTECH C TCOPCTUUCCKUMU CBCACHUAMU
Pemmte 3aaa4u, CaMOCTOATCIbHO UCIIOJIB3YS NPUMEPHI U KPATKUEC TCOPETUICCKUE CBCICHH .

HPwnh e

Ilopsinok BbINOJHEHHSI padOThHI:

I/I3y‘{I/ITC U BBIITUIIINTEC (bOpMyJILI 10 I[aHHofI TEMC B BUJIC KPATKOI'O KOHCIICKTA

Pa30epute npumepsl pelIeHHbIX 3a1a4

Pemmte camocTOsTEIEHO 3aJadyu

Beimonauts Tect https://znanium.com/catalog/product/1012153, ctp 346 «®oroaddexr. Dopmyina
IInanka»
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Kpartkne TeopeTtuyeckue cBeleHUs
DHeprust KayKI0# MOPIHHK MPSIMO IPOIOPIHOHATIBHA YacToTe u3ayueHus — V. E=hv [Jx],
rae h — nocrosiasas [lanka, h = 6,63-10°%* [[Ix-c].
[TornoTuThCS MOKET BCS MOPIHS LIETUKOM.
DuHeprusi cBeta hv umaer Ha coBepiieHHe pabOThl BbIXOJA A, M Ha COOOINCHHE JIICKTPOHY

2 2 2
. mo mo® . mo
KUHETUYECKOU SHEPIUU — > hv=A,+ — =FE,.

Jlis xkaxaoro BeriectBa Gporodddekt HabIF0aaeTCs, €CIIM YacToTa V> Vinin = hv > A. [Ipencnbuyro

. . A
YaCTOTY Vinin WIH Amax HA3bIBAIOT KpacHOU rpanunierd poroaddexra. vipin =« ,rae 4, — pabota BeIxoaa
h

anektpona [[Ix]. I3B = 1,6 10 e
®oTOH 00J1a/1a€T MOPLUEH SHEPTUH: F — % =hy,Tae v—uyacrota [['1];
h — nocrosiunas [Inauka, 6,63-10°4 [ x-c].

hv

CZ

8
Macca dortona onpenensercs: m =~ , IJie ¢ — CKOPOCTh cBeTa, ¢=3-10" m/c.
@OTOH HE HMMEET MacChl IMOKOS, T.e. HE CYIIECTBYET B COCTOSHUU MOKOsA. Mmmynbc ¢oroHa
hv h
OIPENEeNACTCS: p=MC = — = n

IIpumenenue pororpdexra

CBoiicTBO (DOTOTOKA 3aKIIOYAETCS B TOM, YTO €ro CHjia MPSMO MPOMOPIHMOHATBHA MOTJIOMEHHON
SHEPTUU CBETA, HAXOJUT MPUMEHEHHE B MPUOOPax-(HOTOITEMEHTAX, B KOTOPHIX SHEPTHUs CBETa yIpaBIsieT
SHEPTUEH PIEKTPUUECKOTO TOKA MU MPeoOpa3yeTcs B Hee.

Pa3HooOpazHoe mnpHUMEHEHHWE HaxXOAUT BHYTpeHHUN (OT0dPPEeKT B MOTYMPOBOAHHKAX. ITO
SIBJICHUE MCTIOJIb3YyETCS:

1) B boTOCOMPOTHUBIECHUAX — MIPHOOPAX, COMPOTHUBIICHNE KOTOPBIX 3aBUCUT OT OCBELIEHHOCTH;

2) B TONYNpPOBOJHUKAX — TMpUOOpax, NpeoOpas3yrolMX CBETOBYIO SHEPrUi0 B HIHEPTHUIO
JJIEKTPUYECKOTO TOKa. Takue mnpubOpbl CiIy)KaT MUCTOUYHUKAMU ToKa. CyIIECTBYIOT SIBIICHHUS,
00BsICHSIEMbIE KBAHTOBBIMH CBOWCTBAMU U3TyUYCHHUSI.

1. /lanenue ceema. IlepBbie onbiThl ObuTH Tiposenanbl B 1900 1. pycckum dusukom JlebeneBbim
[1.H. Beruucnenns MakcBemia mokasaiu, 4TO Ha 3€MJIe COJHEUHBIM CBET JaBUT HAa KBAAPATHBIA METP
4epHOI MOBEPXHOCTH, PACTIONOKEHHOI eI IHKY/ISPHO JTydam ¢ crtoi 4,510 H.

2. Tennosoe Oeiicmeue ceema. llpu TOTTOMEHUN W3IYYCHHUS TEJIOM BCETAa TMPOUCXOIUT
MpEBpAIICHUE YHEPTUU U3ITYUYCHUsI BO BHYTPEHHIOIO YHEPTHUIO TEa.

ConHeuHble Jy4d NPUHOCAT execeKyHAHO 1370 [k sHepruum Ha KaKAbld KBaJpaTHBIM MeTp
MTOTIEPEYHOTO CEYCHUST 3EMITH.

3. Xumuuecrxoe Oelicmeue ceema. XUMUYECKUE TPOIECCHl, MPOUCXOJSAIINE MO ACWCTBUEM
W3JIY9eHHSI, UMEIOT OOJIbIIIOE 3HAYCHHWE B TMPHUPOJC, HAYKE M TEXHUKE: (DOTOCHHTE3, CIOCOOCTBYIOT
BO3HUKHOBEHUIO 3PUTEIBHOTO OIIYIICHHUS y YeJIOBeKa M KUBOTHBIX MU JIAIOT BO3MOXKHOCTH Pa3InyaTh
1BETA, noixy4yeHue pororpaduu.

XUMUYECKOE JEHCTBUE U3IIYYCHUs OUY€Hb XOPOIIO 00BSICHSIETCS KBAHTOBOM TEOPHUEH CBETA.

[Tormomenrie GOTOHOB YBEIMYUBACT SHEPTHIO MOJICKYJI MTPOUCXOISAT XUMHYECKUE TIPOIIECCHI.

IIpumeps! pemieHus 3aga4
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1. Omnpenmenure MaKCUMAIbHYIO CKOPOCTh BBIJIETa OJJIGKTPOHOB U3 Kalus, paboTa BBIXOJa
3JICKTPOHOB M3 KOTOPOTO paBHa 2,26 3B, mpu OCBEIICHUH €T0 yAbTPahUOIETOBBIM U3ITYICHUEM C JJTMHON
31
BostHBI 200 HM. Macca anekrpona 9,1-10° kr.

Hano:
A =200 am CHY

Pentenue:
A,=2265B 200-10°°

0 =9110% kr 2,26-1]6-10° T W3 ypaBHeHHs1 DUHINTENHA U1 BHEIIHETO

¢ = 3.10%/c dororddekra:
h=6,62-10>* Ixx-c C;]:A‘“‘*‘JFTDU—W;
v—"7?

-118.10°
C

_ [2(3-10°-6,62-10* 2107} 2,26 -1,6-10) (19,86 -7,232)-107%°
2.107.91-107* 91-10°®

OTtBeT: v = 1,18~106 m/c.

Pemmuth 3a1a4umn camocTosATeNIbHO (N - HOMep 8awie20 8apuaHma no CRUCKY)

1. PaGota BBIXOJ@ DJIEKTPOHOB y okcuaa meau 5,15 3B. BezoBer 1 Gporoaddekt ynprpaduonaeToBoe
U3ITy4eHUE C YaCTOTOU 0,01~1017 I'u?

2. PaGoTa BBIXOJIa JIEKTPOHA C MOBEPXHOCTH 11e3ust pasHa 1,6-10™° JIxk. C KaKoil CKOPOCTBIO BBLICTAIOT
IIEKTPOHBI M3 LE3HsI, eCIIH METAlll OCBEIICH JKeITHIM CBETOM ¢ JUIMHOH Bomiubl 0,6-10° m; me =
9,1-10°%" kr?

3. Haiinure maccy u uMnyiabc (OTOHOB JUIs MHPpPaKpacHbIX (V= 10%T) u peHTreHoBCKuX (v=10* I'1)
JIy4en.

4. Haiigure [UIMHY W 9aCTOTY M3ITy4eHHs, Macca (POTOHOB KOTOPOTO paBHA Macce MOKOs JIEKTpoHa (Mg

=9,1-10°*" k).

KakoB HMITy/I6¢ (hOTOHA, SHEPrHst KOTOPoro paHa 6-10™° Jix?

Ornpe/enuTe HMITYIIEC OTOHOB PEHTTEHOBCKHX Jydeit A = 4-10™" u.

KakoBa macca oToHa, eciu ero sHeprusi paBHa 2,76-10™"° IIx.

OHeprus KBaHTa CBETa paBHA 1,98-10°%!. Kakoe 10 u3yyeHue?

© o N o u

Onpenenure 3Hepru0 (OTOHOB, COOTBETCTBYIOIINX Haubosee AMuHHBIM (A = 0,76 MKM) U Haubomee

KOpoTKuM (A = 0,4 MKM) BOJIHaM BUAMMOM 4acTH CIIEKTpa.

10. Kakoii 4acTOThI CBET ClIelyeT HAaNpaBUTh Ha MOBEPXHOCTh IUIATHHBI, YTOOBI MaKCUMaJIbHAsI CKOPOCTh
($0oT037eKTPOHOB ObLIa paBHA N KM/C paboTOM BbIX0/1a /IS IJIATUHBI paBHA 6,3 5B?

11. ITouemy nosiBiaeHue GoTorpahuIecKkux CHUMKOB MPOU3BOJAUTCS MPU KPAaCHOM cBeTe?

12. MoxHo 5u ¢ororpadupoBaTh NpeIMETh B COBEPILICHHO TEMHOW KOMHATE?

13. Omnpenemire UMITYITBC (POTOHA BUIIMIMOTO CBETA C JUTMHOW BOJHBI 500 HM.

14. Onpenenute AIMHY BOJHBI (POTOHA, UMITYJIBC KOTOPOTO PABEH UMITYJIBCY DJIEKTPOHA, MPOJIETEBIIETO
YCKOPSIIOIIYIO Pa3HOCTh MOTEHIMAI0B N B.

15. Onpenenute >HEPrUI0 M3ITY4YeHUs, Macca (OTOHOB KOTOPOTO paBHA MAacce IMOKOs AJIEKTPOHA Mg =
9,110 kr.

16. Beraucnure sHepruio (GoroHa Buammoro ceera A = 0,4 MKM M CpaBHUTE ee ¢ dHeprued (oToHa
yIAbTPaUOIETOBOTO N3IYUYEHHUS KBAapLeBOi Jammbl A = 0,25 MKM.

17. Ilpu xako¥ JUTMHE JIEKTPOMArHUTHOW BOJIHBI SHEprus (hOoTOHA ObLTa OBl paBHA 2,810 1x?
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18. Onpenenure paboTy BBIXOAA AJIEKTPOHA C MOBEPXHOCTHU ITMHKA, €CJIM HAWMOOJbINAs JJIUHA BOJIHBI

¢dorona, Be3bIBatommas porodddext — 0,3 MKM.

19. KakoBa MakcuMasbHasi CKOPOCTh (POTOIIEKTPOHOB, €Clii (POTOTOK MPEKpAIIaeTCs MPU 3aIUPAIOIIEM

Hanpspkeauu 0,6 B (me = 9,1-10'31 KI; e = 1,6-10'19 Ki)?

20. Onpenenute KpacHyto rpanuity Gorodddexra s Meramia ¢ paboToit Beixoaa N 3B.

®opma npeacTaBiaeHus pe3yJibTaTa:

BbImonHUTE 3a1aHUE B TETPAIN IS IIPAKTHYECKUX PadoT.

Kputepuu onenkmu:

3a MpaBUIIHLHO BBITOJIHEHHOE 33]JaHHE BHICTABIISICTCS TTOJIOKUTENbHAS OlleHKa — | Oasu.

3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATENbHAs olleHKa — () OaioB.
Oyenka «omauunoy svicmasusiemcs 3a 90 — 100% npaBUILHBIX OTBETOB

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

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

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

Tema 7.2 CTpoenune aToma
IIpakTnyeckoe 3ansiTue Ne28

3anuch AanepHbIX peakuuil. CTpoeHHe aTOMOB M aTOMHBIX siiep. 3AKOH PaJili0AKTUBHOIO
pacnaga

Hean padoTbl: chopMupoBaTh MOHMMAaHUE POy (GU3UKUA B (POPMHUPOBAHMM Kpyro3opa BIaJeHUE

OCHOBOIIOJIararonmmumMun (1)I/I3I/I‘~IGCKI/IMI/I IMMOHATHAMHA, 3aKOHOMCPHOCTAMHU, 3aKOHAMHU U TCOPUAMH, YMCHUA

BBIITOJIHATDE paCYCTHBIC U rpa(bnqecxne 3agaun

BeinosiHenune padoTsl crnoco0cTBYeT (POPMUPOBAHUIO:

I1PyS, Ipy9, I1P62, TTPG6, ITP67,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
MarepunanbHoe obecnedeHue:

MHAMBUYaJIbHOE 33/1aHHE, KOHCIIEKT JIEKIM, CIIpaBOYHbIE MaTepHalbl.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT W3 JBYX YacTe€d — TEOPETHUYECKOM M IpakThueckou. Ilocne

M3y4YEHUsl TEOPETUUECKOr0 Marepuajga MOKHO MPHUCTYNATh K BBINOJHEHHUIO MpakTH4Yeckol dactu. OHa
COCTOMT M3 ABYX M Ooyiee 3amad JJisi CaMOCTOSITEILHOTO BBIMOJTHEHUs. He 3a0pIBaiiTe O NMpaBUIILHOM
odopmiiennu pemieHus. Ha BEIOTHEHNE MPAKTUYECKOTO 3a/1aHUsI OTBOJIMTCS JIBa aKaIEMUYECKUX Yaca.

1.
2.
3.

Awnh e

3ananue:
O3HaKOMBTECH C TEOPETUYECKUMHU CBEICHUSIMU
PGI_HI/ITG 3aga4u, CaMOCTOATCIbHO I/ICHOJ'II)?,YSI an/IMepm 158 KpaTKI/Ie TeopeTquCKHe CBCIICHUSI.
BEIONTHATE TECT

Iopsaok BbINOJIHEHUS PA0OTHI:
N3yunTe KpaTkue TEOPETUIECKHE CBEICHUS
Pa3zbepute npumepsl pelIeHHBIX 3324
Pemnre caMocTosITENBHO 3a1a4n
Bemonaute Tect https://znanium.com/catalog/product/1012153, ctp 347 «CtpoeHue aTtomMa H
ompeJielieHue ero cocraBa mo Tabmuie MenaeneeBa», ctp 349, « fnepHas peakums. YpaBHEHUE
AEPHON peakuun», «PaaroakTUBHOCTD. SIIepHbIe CHIIBD) K YKa3aHHBIM Iaparpadam
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Kparkue Teopernyeckue cBeeHHsA
[Ipu pannoakTUBHOM pacrajie IPOUCXOAUT MPEBPALIEHUE OJJTHOTO spa B IPYroe, KOTOPOe MOTUNHAETCS
IpaBUjIaM CMeleHus, chopMynupoBaHHbIMU Coan:

1. o-pacmam: ;X —,Y+,He — usimydenue siiep reus.

2. B-pacman;: ;X —,/Y+ (€ — U3IyYeHHE DIIEKTPOHA.
CrtpoeHre aTOMHOTO sipa

IIpomonHO-HeUmpoHHas Mooeib amoma — IAPO COCTOUT U3 HEUTPOHOB U MPOTOHOB, BOKPYT MO OpOUTaM
BpaIarTcs AeKTpoHbl. O0IIee Ha3BaHKE TPOTOHOB U HEUTPOHOB — HYKJIOHDL.
IIpomon (p) UMEET NONOKUTEIBHBIN 3apsJl, PABHBIA 3apsy dJIEKTPOHA M MacCy IOKOs Mp = 1,6726-10°%
KT.
Heitimpon (n) — HeliTpaibHas 4aCTHIIA C MACCOM TTOKOS My, = 1,6749-10%" kr.
Maccosoe uucno A — ob1iee 4nuciio HyKJIOHOB B aTOMHOM S/Ipe, T.€. CyMMa HEUTPOHOB U IIPOTOHOB.
3apsioosoe uucno Z — 4MCIO MPOTOHOB B SAPE, COBIAJAIOIEE C MOPSIKOBBIM HOMEPOM XHMHYECKOTO
2JIEMEHTA B IEPUOJNYECKON CUCTEME MIEMEHTOB MeHeneesa.
ATOM XMMHYECKOTO JIeMEHTa 0603Ha4aroT , X .

Hanpumep, U , B KOTOPOM COIEPKUTCS Z — IPOTOHOB U JICKTPOHOB, T.¢. Z =92 1 A — MaCCOBOE HCIIO,

kotopoe paBHO 235. N — mporoHoB, T.e. N =4 —Z = N =235-92=143. 4 =Z + N
Aoepuvie cunvl — CUIBL, KOTOPBIMU HYKJIOHBI YIEPKUBAIOTCA B sipe. UTOOBI pa3aenuTh Sapo Ha
COCTaBJISIONINE HYKJIOHBI HEOOXOAUMO 3aTPATUTh OOJBIIIYIO SHEPTUIO — IHEP2UIO AMOMHBIX s10ep —
paboTa, KOTOPYIO HEOOXOAMMO COBEPIIHUTH JIUISl PA3/ICIICHUS Ipa HAa HYKIOHBL. E. = Amcz,rz{e Am =2Z-mp
+ N‘mp — Mygp, — AeexT Macchl.
Dnepeemuueckum 6b1X000M SACPHON peakliy HA3bIBAIOT PA3HOCTh YHEPTUN MOKOS sIIep U YaCTHUIL JI0
peaxkiuuu u 1nocie Hee, 1o ectb:AE = (Zm; - Zmi)-cz,
rje XM;j — cyMMa Macc 4acTHUll A0 PEaKluy;
2Mm; — cymMMa Macc 4acTHI] IOCJI€ PEaKLUH.
Ecnu Xm; >Zm;, To peakuus UIET ¢ BBIACICHUEM YHEPTUH, €CIM XM <XMj, TO peaKuus UAET C
MOTJIOLIEHUEM SHEPTUU.
Aoepnas peaxyus — IpeBpalieHle aTOMHBIX SIep MPU B3aUMOJICUCTBUM C JIEMEHTAPHBIMU YaCTUIIAMHU.
SnepHble peakiuy MPOTEKAOT MO-Pa3HOMY, T.€. C UCITyCKaHUEM Pa3INYHbIX YaCTHII:
.Be+,He—C+.n |
3axon coxpanenus 21eKmpuUyecKux 3apsa008 U Macco8ulx yuceal: CyMMa 3aps 0B (MacCOBBIX UHCEN) SAep
Y Y4aCTUIl, BCTYNAIOUIUX B AAEPHYIO PEAKIINIO, paBHA CyMMe 3apsA0B (MAaCCOBBIX UYHCEN) KOHEUHBIX
MPOJYKTOB (si1ep M yacTul) peakuuu. Hanpumep: 123? AI+01 n_)lzf Na+24 He .

Z (mo peakiuu) = 13 + 0 Z (mocne peakmun) = 11 + 2

A (o peakuun) =27 + 1 A (nocne peakuun) =24 +4

IIpumeps! pelenus 3agay

1. Kyzna cMeniaercs rmony4eHHbIH 37eMeHT B Tabnuiie MeHaeneeBa B pe3ynbTare MATH o.-pacnagoB?

A 4 ? - - 4
I[aH(), ; X _)52 He+?Y 0-pacnag, — 370 NOTOK Afep reama — He, T.k. ux 5=

Z(5 ;He) =5.2 =10 -3apaga; A(5 :He) =54 = 20 — MaccoBoe Yncno.

OtgeT: 3meMeHT Y OTHOCHUTENBHO X CMEMIAeTCsl Ha JeCITh KIIETOK K Ha4ally TaOJIUIIbL.
5. 3aKOHYUTE SAEPH CAKIUIO, B+ 1y 2+ 1.

P yI?)P —)Eﬁzlle#;?‘ﬁ 0 s
[To 3aK0HY COXpaHEHHS 3apsiaa H MACCHI:
no peakiuu Z =5 + 0; mocne peakiuu Z =5 — 3 = 2;
no peakuu 4 = 10 + 1; mocne peakuun 4 = 11 -7 =4,
[Tosmyqaercst 31eMeHT ¢ 3apsIoM 110 peakiuu Z =2 1 Maccor 4 = 4 — ‘He-

OtBeT: ! B+n—>, He+ L -
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1. Onpedenume snepeemuueckuii 8b1X00 A0epHOU peaKyuti
7 1
“N,+'He,=""O,+'H,

1 cnocoo

1) onpedenumo maccy aopa u wacmuy ml 0o peaxyuii
2) onpedenums maccy A0pa u wacmuy m2 nocie peaKyutl
3) onpedenumsv uzmenenue maccel m mil m?2

4 E=m¥*c’
)paccuumamb U3MeHeHUue 3H€p21/l1/l.

M, =14,00307 , e.m+4,00260 a.e. m.==18.00567 a.e.m.
[locne peakuumn:

M, =16,99913 a.e.m.+1,00783 a.e.m.=18,00696 a.e.m.
m=""""2=_0,00129 a. ¢. m.

DHeprus norjaowaercs, T.k. m < (
E=(-0,00129)*931 M»sB.=-1,2 M»B.

2 crmocoo

ano: Pewenue:

E, =104,653 ) .
» MsB DHeprus CBS341 PaBHA HYIIIO, TOITOMY
E,, =28,2937 M5B E=E,—(E, +E,

e)
E, =131,754 MsB E= 131,754 MaB —(104,653+28,2937)M»>B= -1, 2M>B
E-? Omeem: 1,2 M>B

PemuTh 3a1a4i CaMOCTOSATEIbHO

KakoBo cTpoenue sapa atroMoB: 6opa B ; 6epuimus ?Be; azota N ; amoMunus Al ?

Yem oritmyarotes sipa U30TOMOB Bojgopoaa '/, 2H, *H ? Kak oHn Ha3biBalOTCS?

Kyna cmemaercs anement Y B pe3ynbTare o-, B-pacnaja B Tabnuiie Menneneena?

a) ’X >3 % +Y,; 0) ’X—>:He + e Y,

B) ;X—)Z;He+3_(l)e +Y,; F) ZAX—):He +3_[l)e +Y.

ITpu GomObapaupoBKe M30TONMA a30Ta N HEUTPOHAMHU MOJYYaTCs M30TOI yriepona 'C, KOTOpbIi
OKa3bIBaeTcs [3-paanoakTuBHbIM. Hanummre ypaBHEeHUs SAEPHBIX PEAKIIHA.

B pesysnbTare 3axBara HEWTPOHA SAPOM M30TONA a3oTa “'N 00pa3yeTcss HEM3BECTHBIA DIEMEHT U O-
yacTuua. Hanummure peakiuio U onpeaeanTe HEM3BECTHBIN JJIEMEHT.

Haiinure mpogykT peakiuu npu 60MOapIMpoOBKE sAE€p U30TONA MarHus Mg O-4acTULAMH, €CIH
W3BECTHO, YTO B 3TOW PEAKLIUU BBIJEISIIOTCS HEUTPOHBI.

3anummTe CXeMy SICPHOM peakiuu W OMNpPENeTUTE HEW3BECTHBIN AJIEMEHT, OO0pa3yroUIuics mpu
0OMOapIMPOBKe A/EP M30TOIOB ATIOMUHHSA ] Al O.-4aCTULIAMM, €CIM W3BECTHO, YTO OJUH U3
IIPOJYKTOB PEAKLIMU HEUTPOH.

DJIEMEHT Kyp4aTOBMH MONYYMsd, OOJydas IUIyTOHMH 2?Py sjapamu HeoHa ?Ne. Hamummre

PEaKIIUIO, €CIIM M3BECTHO, UTO B PE3YNIbTATE 0OPA3YETCs EIllE YETHIPE HEUTPOHA.
Hanmmnmre HemocTaomme 0603HaYEHNs B CIIEAYIONIMX SIEPHBIX PEAKIUAX:
a) 2 Al+.n —?+;He; 0) 7+H—”Na+,He;

3
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10.

11.
12.

13.

14.

15.

16.
17.

B) ®*Mn+?—>2Fe+.n; 1) ZAl+y—2Mg+?;

1) PB+in—>2+a; €) SMn+p —?+.n;

K) [Li+;He —>?+He;  3) ’H +y —>2+n.

IpotakTunuit 2'Pg o-paguoakTieH. OnpeenuTe, Kakoil IEMEHT MOJIydaeTcs ¢ MOMOMIBI0 3TOr0
pacrniaga?

B xakoii snemMenT npespaaeres U 1ocie AByx B-pacnajos U OJHOIO o-pacmana?

Snpo u3oTona BUCMyTa 2°Bj TOJIy4MIIOCH U3 JIPYTOrO spa Mnocie o-pacnana u B-pacnazna. Yro oto 3a
sapo?

B pesynbrare 3axBara 0.-4aCTHIBI SAPOM M30TONA a30Ta “N 00pasyeTcs HEM3BECTHBIA JJIEMEHT U
NpoTOH. Hanuiure peakuuro u OnpeAeIuTe HEU3BECTHBIN JJIEMEHT.

BosmoxHa 15u  peakiuus, MOpoOUCXOAsmias Npu OOMOapIMPOBKE AIIOMHHHS O-4aCTUIAMH U

COIPOBOXKAAIOIIYIOCS BHIOMBAHWEM HEUTPOHOB, €CIU B pe3ysbTaTe MOJy4yaeTcs AapO KPEeMHHsS C
MacCcoOBBIM unciaoMm 307?

Ilpu nemenwn siipa 23U BBIACISIETCSl SHEPIHUS 3,2-10™ Hx (200 M»sB). Paccuuraiite sHEpruio,

KOTOpasi BBIICIUTCS MIPU CTOPAHUU ypaHa KOJIMYECTBOM BelecTBa 1 MOJIb.
Ornpenenure SHEPTUIO, BBIJICISIONIYIOCS B X0/I€ TEPMOSIZICPHON PEaKIUU H+H—He.

U3oton renus }He 1MOTy4aeTcs B pesyiabraTe 60MOapAMpOBKHU suep Tputus *f npotonamu. Haiingure

SHEPreTUYECKUN BBIXOJ 3TOU PEaKLUH.

®opma npeacraBiaeHus pe3yJabTara:
BeInonHuTh 3a1aHue B TETpaau AJs MPAKTHUECKUX paloT.
Kpurepuu onenkmn:

3a IpaBHIIBLHO BBITIOIHEHHOE 33/I1aHNUE BBICTABIISETCS TTOJIOKUTEIbHAS OlleHKa — | Oa.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

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

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

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

Pa3nes 8 DiieMeHTHI aCTPOHOMMH U ACTPO(PHU3NKH

Tema 8.1 DileMeHTBI ACTPOHOMMH U ACTPOPHU3NKH

IIpakTnyeckoe 3ansitue Ne29

Crpoenne u coctaB CosiHeuHol cucteMbl. ['anakTuku. Padora ¢ kaproii 38é31H0r0 Heba

Heab: Mo3HaKOMUTHCS C MMOABMKHON KapTOM 3BE3IHOTO HEOA, HAYUUTHCS ONIPEENISTh YCIOBUS

BUJHUMOCTH CO3B€3Z[I/II71, HAYYUTHCA ONIPCACIIATL KOOPAUHATHI 3BC3/1 10 KAPTEC

Boinosinenue padoTsl cnocodcTByeT GOPMHUPOBAHMIO:
1. TIPGI1; ITPG2; TTP63; T1P64; ITP66; TIPGS;
2. TIPyl; ITPy2; I1Py3; ITPy4; ITPy5; I1Py9;
3. MP§MP9,MP10,MP21,MP17, MP13
4. JIP 26,JIP 14,J1P 23,JIP 13

MarepuanbHoe oOecriedeHue: TeTpaab IS MPaKTUYECKUX paboT, pydyka, METOAMYECKHE

PEKOMEHIAaLlH 110 BHIIOJIHEHUIO PA0OTHI, JIMHEHKA, KapaH Jarll.

86



Yka3zanue: [IpakTuueckas paboTa COCTOMT U3 ABYX 4YacTeil — TEOPETUYECKOH M NPaKTHUECKOM.
[Tocne n3yueHus: TEOPETUUECKOTO MaTeprana MOXKHO MPUCTYNATh K BBIIOJHEHUIO IPAKTUYECKOM 4acTH.
Omna cocTouT U3 AByX U OoJiee 3a/1a4 JJIsl CAMOCTOSITENIbHOTO BhINOJIHEHUs. He 3a0biBaiiTe 0 mpaBUILHOM
oopmienun peuieHus. Ha BblnosHeHHe MpakTUYECKONH OTBOAMTCS JiBa akaJeMudeckux daca. [lopsaok
BBITTOJIHEHUS pabOTHI

ITopsinok BbINOJIHEHHSI PAa0OTHI:

1. PaccMoTpuTe TeOpeTHYECKH MaTepuall MO TeMe€ U TpPUMEphl peleHHus 3agad  (CMOTpH
METOAMYECKOE ITOCOOHeE).
2. Pemmre camocrosTensHyto padoty. Odopmure perieHne MICbMEHHO B TETPAIH.

Teopus.

Bun 3Bé3aHOro Heb6a M3MeHseTcs M3-3a CYyTOYHOTO BpaleHus 3emian. M3MeHeHue Buia 3BE3HOIO
HeOa B 3aBHCHMOCTH OT BPEMEHHU Tojia MPOUCXOAWT BCICACTBUE oOpamieHus 3emiin BOKpyr ComHIa.
PaboTa nocesieHa 3HaKOMCTBY €O 3BE3/IHBIM HEOOM, PELLICHUIO 3a/1a4 HA YCJIIOBUS BUAUMOCTHU CO3BE3IUI
U OIIpe/ieNIEHU UX KOOpAMHAT.
Ilepen Hauanom paboThl pacmedyaTaTh NMOJBH/KHYI0 KapTy 3Be3JHOr0 He0a, OBaJ HAKJIAaJHOIO Kpyra
BBIpE3aTh 10 JIMHUHM, COOTBETCTBYIOLICH Teorpaduueckol mupoTe Mecra HaOmoaeHus. JInaus Bipes3a
HaKJIaJHOrO Kpyra OyaeT n300pakaTh JIMHUIO TOPU30HTA. 3BE3/IHYIO KapTy U HAKJIAJHOM KPYyT HAKJIEUTh
Ha kapToH. OT (ora K ceBepy HaKJIaJAHOIO Kpyra HaTsSHYTb HUTb, KOTOpas IMOKaXET HalpaBJCHUE
HeOeCHOro MepuauaHa.

Ha kapre:
® 3BE3/bI IOKa3aHbl YEPHBIMU TOUKAMM, Pa3MEPbl KOTOPBIX XapaKTEPU3YIOT IPKOCTb 3BE3;
® TYMaHHOCTHU 0003HAYEHBI IITPUXOBBIMU JIMHUSIMU;
® CEBEpHBII MOII0C MUpa N300pakEH B LIEHTPE KAPTHI;
® JIMHUU, UCXOJSIIME OT CEBEPHOI0 MOJII0CAa MUPA, TOKA3bIBAIOT PACOIOKEHNE KPYTOB

ckioHeHus. Ha 3B&31HOM KapTe Ams ABYX OMMKaWIINX KPYTroB CKIOHEHUS YTIIOBOE
paccrosinue paBHo 1 u;

e HeOecHbIe nmapauienu HaHeceHsl yepe3 30°. C ux moMoIIbio MOKHO MTPOU3BECTH OTCUET
CKJIOHEHHUE CBETHII J;

® TOYKH IMEPECCUYCHUA SKIIUIITHKH C DKBATOPOM, IA KOTOPBIX IIPAMOE BOCXOXKIACHUE On12 4.,
Ha3bIBAIOTCS TOYKAMU BeCeHHETo g 1 W paBHOJECHCTBUI;

® IO Kparo 3Bé3)IHOI71 KapTbl HAHECCCHBI MCCAIBI 1 YMCJI4, 4 Ha HAKJIIAIHOM KPYI'€ — 4acChbl;

® 3CHHT PACMOJIOXKEH BOJM3HM IIEHTPa BbIpe3a (B TOUKE TIepeCeUeHHsI HUTH, N300pakaronien
HeOECHBIN MepuIraH ¢ HeOECHOH mapaenblo, CKIOHEHHE KOTOPOil paBHO reorpaduueckoit

UpOTEC MCCTAa Ha6J'IIOI[eHI/ISI).
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Jais1 onpeaesieHUs1 MeCTOIOJIOKEHUsI HeOeCHOI0 CBETHJIa HE00X0IMMO Mecsll, YHCJI0, YKA3aHHOe Ha
3BE¢31HOM KapTe, COBMECTUTH C 4aCOM HA0JII0eHUS HA HAKJIAJHOM Kpyre.

HebecHrblil 3xkBaTOp — 6o1bUi0l Kpye HebecHOU cghepbl, NIOCKOCIMb KOMOPO20 NePRneHOUKYIAPHA OCU
mupa u cognadaem ¢ niIOCKOCMblO 3eMHO20 3keamopa. HebecHbIN 3KBaTOp nenuT HeOeCHYIO cdepy Ha
JIBa TIOJTYIIAPHS: CEBEPHOE MOJYIIAPKE, C BEPIIUHONW B CEBEPHOM TOJIOCE MHUPA, U I0)KHOE TOIyIIapHe, C
BEPIIMHOH B 10)KHOM Moyroce Mupa. Co3Be3usi, 4epe3 KOTOPhIC MPOXOIUT HEOSCHBIH SKBATOP, HA3bIBAIOT
AKBaTOPHAIBLHBIMU. Pa3iuaroT co3Be3usl F0)KHBIC U CEBEPHBIC.

CozBesnus CesepHoro mnomymapusi: bonbmas u Mamas Mensenunsl, Kaccuomnes, Iledent, [Ipakon,
JleGenp, JIupa, Bononac u np.

K roxxsbIM oTHOCATCes FOxHbIM Kpecr, Llenrap, Myxa, )KeprBennuk, FOxHb1i1 TpeyroapHuk.

IMosoc Mupa — mouka Ha HebecHOU cghepe, B0Kpye KOMOPOU HPOUCXOOUM GUOUMOE CYMOUHOe
odsudiceHue 36€30 u3-3a epawjeHus 3emau 6okpye ceoeti ocu. Hampasnenne Ha CeBEpHBIN MOIIOC MUpa
COBIIAJIaeT C HaNpaBlieHWEM Ha reorpaduyeckuii cesep, a Ha HOXHBIN MOTIOC MUpa — C HaNpaBICHUEM
Ha reorpaduueckuii ror. CeBepHBIM MOJIOC MHpAa HAXOAUTCS B co3Be3auu Mamoit Menenuinsl ¢
MOJIAPUCCUMON (BUIMMAs sIpKasi 3Be3/ia, HaXOASIIascs Ha ocu BpameHus 3emin) — [lonspHoil 3Be310H,
IOKHBIH — B co3Be3auu OKTaHT.

TymaHHOCTE — yuacmox mexc36€30HOU Cpeobl, 8bIOETAOWUUCA CEOUM UZTYUEHUeM UNU NO2OUjeHUeM
usnyyenusi Ha obwjem ¢pone neba. PaHee TyMaHHOCTSMHU Ha3bIBAIM BCSKUN HEMOJBMXKHBIM Ha HeOe
npoTsoKEHHBI 00bekT. B 1920-e rojapl BBIICHHMIIOCH, YTO CpeAM TYMAHHOCTEH MHOIO TaJaKTHK
(manpumep, TymanHocTh AHapomensl). [locne 3TOro TepMHH «TYMaHHOCTB» CTall MOHUMAaTbcs OoJiee
y3KO0, B YKa3aHHOM BbIILIE€ CMBbICIIE. TYMaHHOCTH COCTOAT U3 MbUIN, Ta3a U IUIa3MBbl.

DKJIUNTHKA — 00abUOU Kpye HebecHoU cghepvl, NO KOMOPOMY HPOUCXOOUM BGUOUMOE 200UUHOe
osudcenue Connya. TIIOCKOCTh SKIMNTHKA — IJIOCKOCTh oOpatieHus 3emiun Bokpyr CouHIa (3eMHOM
OpOUTHI).

B 3aBucuMocTH 0oT MecTa HabmoaTeNns Ha 3emiie MEHsIeTCs BUJ 3BE3HOr0 Heba M XapakTep CYyTOYHOTO
nBrKeHus 3Be3ql. CyTOYHbIC yTH CBETUJI Ha HEOECHOU chepe — 3TO OKPYKHOCTH, TUIOCKOCTH KOTOPBIX
napajuieNbHbl HEOECHOMY SKBAaTOPY.

PaccmoTpuM, kak M3MeHsAeTCs BUJ 3Be3qHOro HeOa Ha nomtocax 3emud. Ilomoc — 3To Takoe mMecTo Ha
3eMHOM IHIape, TJIe OCh MUpa COBMAJAET C OTBECHOM JIMHHEH, a HEOECHBIN YKBATOP — C TOPU3OHTOM.
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st nabnromarens, Haxosmerocss Ha CeBepHoM noitoce 3emuu, [lomsipras 3Be3na OyneT pacnojaraTbes
B 3€HUTE, 3BE3/Ibl OYAYyT JBUTaThCs 110 Kpyram, HapajjelbHbIM MaTeMaTHUECKOMY FOPH30HTY, KOTOPBIH
COBIIAJAET ¢ HEOECHBIM 3KBATOPOM. [IpM 3TOM Hajx ropu30HTOM OYAYT BHUAHBI BCE 3BE3JBI, CKIIOHEHUE
KOTOPBIX MOJIOXKUTEIBHO (Ha FOxHOM nosmtoce, HA000poT, OyAyT BUIHBI BCE 3B€3/Ibl, CKIIOHEHUE KOTOPBIX
OTPHIIATENIFHO), a X BBICOTA B TEUCHHE CYTOK HE OYAET U3MEHSTHCA.

[lepemecTuMcs B TPUBBIUHBIE JJI HAC CPEIHUE IIMPOTHL. 37ECh YK€ OChb MHpa U HEOECHBIM KBATOp
HAKJIOHEHBI K TOpu3oHTY. [loaTOMy M cyTOouHble MyTH 3BE3M Takke OyAyT HAKJIOHEHBI K TOPU3OHTY.
CrnemoBaTelibHO, HA CPEIHUX IIMPOTAX HAOIIOMATENIh CMOXKET HAOIIOAaTh BOCXOMSIIUE W 3aXOJSIIUE
3BE3/IBL.

HO}] BOCX010M nornumaemcs sejleHue nepeceyeHus Cceemuiom 80CMOYHOU Yacmu UCMUHHO20
copuzonma, a noa 3axoaoM — 3anaoHol Yacmu 3mo2o copuzonma.

IToMmumMmo 9TOro, 4acCTb 3Bé3I[, pacmnojiararommuxcsa B CCBEPHBIX OKOJIOIMOJIAPHBIX CO3BE3AHAX, HUKOT A HE
6yI[YT OITyCKaTbCA 3a TOPU30HT. Takwue 3B€3/b1 IIPUHATO HA3bIBaTh HE3AXOAAIIMMMU.

A 3BE371BI, pacmonokeHHble OKono FOKHOro momroca Mupa A HaOJIroAarens Ha CPeAHHX MIMPOTax
OyIyT SBISATHCS HEBOCXOAAIIUMH.

OTtnpaBuMcs Janblile — Ha 3KBaTOp, reorpaduyeckas MUpPoTa KOTOPOTrO paBHA HYIO. 3/1€Ch OCh MHpa
COBIIAJIAET C MONYACHHON JTHHHUEH (TO €CTh pacloiaraeTcs B MIOCKOCTH TOPU30HTA), a HEOECHBIN IKBATOP
MIPOXOAUT Uepe3 3CHUT.
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CyrouHble yTH BCeX, 0€3 MCKIIOYCHHS, 3BE3] MEPICHINKYISIpPHBI Topu30HTY. [loaTOMY Haxomsch Ha
9KBATOpE, HAOIIOJATENIb CMOKET YBUJIETh BCE 3BE3/1bI, KOTOPHIE B TEYCHUE CYTOK BOCXOJIAT U 3aXOIT.

BooOrie, 11 Toro, 4To0Obl CBETHIJIO BOCXOIMIIO U 3aXOAMIIO, €r0 CKJIOHEHHE 0 a0COIIOTHOM BEIUYUHE

18] < 90°— @
JIOJKHO OBITH MEHBIIIE, YEM .
|6] =90°— ¢ N
Ecmu , To B CeBepHOM TOJIyIIapUU OHA OY/ET ABJIAThCs Hezaxomsuien (aist FOxxnoro —
HEBOCXOJISIIICH).
16| =90°— @
Torga o4eBHHO, YTO T€ CBETHJA, CKJIOHEHHE KOTOPBIX , SBJISIFOTCSI HEBOCXOISAIIMMHU

i CeBepHoOro noiymapus (Win Hezaxoaaummu Juist FOxHoro).

JKBATOPHAJIbHASI CHCTEMa KOOPAMHAT — D3m0 cucmemMa HeOeCHbIX KOOPOUHAMm, OCHOBHOU
NIOCKOCMbIO 8 KOMOPOU ANAeMCs NIOCKOCHb HeOeCH020 IK8amopa.

3KBaT0pI/IaJIbeIe He0eCHbIE KOOpAUHATDBI:

1. Cxnonenme (8) — yenogoe paccmosanue ceemuna M om nebecrnozo skeamopa, usmepeHHoe 800.1b

kpyea craonenusi. OObIYHO BbIpaXaAETCA B rpajycax, MWHyTax W cekyHAax ayrv. CkaoHeHue
NONOXUTENbHO K CEBEPY OT HebeCcHOro 3kBaTopa W OTpuLaTeNbHO K rory OT Hero. O6bekT Ha
HebecHOM 3kBaTope MMeeT ckaoHeHWe 0°. CKAOHeHWe CeBepHOro mosatoca HebecHoW cdepbl

paBHO +90° CkIOHEHMe FOXXHOro nosikoca paBHo — 90°.

2. Ilpsimoe BoOCXOXKIeHHMe CBeTWJIA (0) — yenogoe paccmosnue, UMepeHHoe B00]b HebecHo20
9K8AMOpa, oM MOYKU 8eCEHHe20 PABHOOEHCMEUs 00 MOYKU nepecedeHuuss HeDecH020 IKEAMOopa ¢ Kpy2oM
CKIIOHeHUsL C8emud.

IMociienoBaTeIbHOCTD BBINOJHEHHUS MPAKTHYECKOH PadoThI:
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3agauyu npakTH4ecKoii padoThl:

3apaua 1. Onpenenute 3kBaTopUaibHbie kKoopAuHaThl AnbTaupa (o Opna), Cupuyca (o bonbmioro Ilca)
u Beru (a JIupsr).

3anpauva 2. Mcnonw3ys kapTy 3BE3HOTO HeOa, HAWIUTE 3BE3/Ty MO €€ KoopauHataM: 0 = +350; o= 14 6Mm.

3agaua 3. Onpenenure, Kakoi sBisieTcs 3Be31a 6 CTpenbiia, s HAOI01aTels, HaXOISAIIeTr0 Ha IUPOTe
550 15'. OmnpenenuTb, BOCXOMSINCH WIM HEBOCXOJAIIEH SBISETCS 3Be3Ja JABYMS CIIOCOOaMH: C
MCIOJIb30BAHNEM HAKIIQJHOTO KpyTa MOABMKHON KapThl 3BE€3IHOTO HEOA M C MCMOJIb30BAHHEM (HOPMYIT
YCJIOBHSI BUTTUMOCTH 3BE3]I.

IpakTuyecknii cmocod. PacrnosiaraeM MOABMKHBIA KpYyr Ha 3BE3HOM KapTe W INPU €ro BpalleHUU
oTpesieNisieM, SIBJISIETCS 3B€3/1a BOCXOIAICH MITM HEBOCXOISALICH .

TeopeTuyeknm cnocob.

Hcnonb3yem GpopMyIIbl YCIOBHSI BUIUMOCTH 3BE3/:

181 <90°—¢

Ec , TO 3B€3/a SABISAETCS BOCXOMAIIEH U 3aX0IIIIEH.

JIPI|5|1_:=9'[]| —@

Ec , TO 3B€371a B CeBepHOM oJrymapuu siBJIsSICTCA He3axoasIei

_181<90°— ¢

Ec , TO 3Be3/1a B CeBEpHOM IOJIyILIAPHUH SIBIISIETCS HEBOCXOISILIEH.

3agaua 4. YCTaHOBUTH MOJBMXKHYIO KapTy 3BE3MIHOTO He0a Ha JeHb M 4ac HAONIOJIEHUS W Ha3BaTh
CO3BE3/IMsI, PACIIOJIOKEHHBIE B FO)KHOW 4YacTH Heba OT TOPU3OHTA JI0 TOJI0CAa MHUPA; Ha BOCTOKE — OT
TOPU30HTA JI0 MOJII0Ca MUPA.

3anaua 5. Haiitu co3Be3qus, pacroyio’keHHbIE MEX/ly TOUKaMU 3amaja u cesepa, 10 oxts0ps B 21 yac.
[IpoBepuTh NpaBUIBLHOCTH ONPEAEIEHUS BU3YAIbHBIM HAOIIOACHUEM 3BE3THOTO Heoa.

3agaua 6. Haiitu Ha 3BE3QHON KapTe co3Be3/Usl C 0003HAYEHHBIMU B HUX TYMaHHOCTSIMU U TPOBEPUTb,
MO’KHO JIM UX HaOJI0JIaTh HEBOOPYKEHHBIM IJIa30M IJ1a30M Ha JIeHb M 4Yac BBIMTOJHEHHs J1a0OpaTOpPHOM
paboTHI.

3agaua 7. Onpenenutb, OynyT iu BUAHBI co3Be3aus JleBwl, Paka. BecoB B monHoub 15 centadps? Kakoe
CO3BE3/IME B OTO KE BpeMs OYJeT HaXOUThCs BOJIU3H rOpU30HTA HA ceBepe?

3anaua 8. OnpenenuTh, KakKue U3 EPEUNCICHHBIX co3Be3auit: Manas Mensenuna, Bomonac, Bo3zauumii,
OpuoH - 115 Baieil MUpOTHl OyIyT HE3aXOAAITUMU?

3agaua 9. Ha kapre 3BE3aHOrO Heba HAWTHU MATH TIOOBIX NEPEUYUCIEHHBIX co3Be3nuid: bombimas
Mensenunia, Manas Mensenuna, Kaccuones, Auapomena, Ilerac, Jlebenp, JIupa, I'epkynec, CeBepHas
KOpPOHA — W ONpPEAETUTh NPUOTMKEHHO HEOECHBIE KOOPIUHATHI (CKIOHEHHE, U MIPSIMOE BOCXOXKIEHHE) a-
3BE3] DTUX CO3BE3IUN.

3agaya 10. Ompenenuth, Kakue co3Be3nusi OyayT HaxoAuTbess BOIM3M ropusoHTa Ha Cesepe, lOre,
3amane u BocTtoke 5 Mas B ITOJIHOYB.

KOHTpOHbHLIe BOIIPOCHI JISH 3aKPEIUVICHUA TEOPETUYECCKOI0 MaTepuaja K IPaKTHYECKOMY
3aHATHIO:

1. Uto Takoe 3B&31HOE HEOO? (3BE3THOE HEOO - MHOXKECTBO HEOCCHBIX CBETHJI, BUAUMBIX C 3€MIIH HOYBIO,
Ha HeOSCHOM CBOJIe. B sICHYIO HOYB YeJIOBEK C XOPOIIMM 3pSHHEM YBHJIUT Ha HeOOCBoJe He Ooee 2—3
TBICSY MEPIAIOIINUX TOYeK. ThICAYM JIET Ha3aJ IPEBHUE ACTPOHOMBI pa3leiWid 3Be3AHOEC HEOO Ha
ABCHaAIlaTb CCKTOpOB 158 HpI/II[YMa.HI/I UM UMCHAa U CUMBOJIBI, 110, KOTOprMI/I OHH U3BCCTHHI U HOHI:IHG.)
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2. YUro takoe co3pe3aus? (Co3Be3aus - y4acTKH, HAa KOTOpBIE pa3jerieHa HebecHas cepa aist ynodcrsa
OPHEHTHPOBAHMS Ha 3BE3MHOM HeOe. B mpeBHOCTH CO3BE3AMSMH HA3BIBAINCH XapaKTEpHbIC (QUTYPHI,
o0pa3zyemble SpKUMU 3BE3IAMU. )

3. CkoJIbKO Ha ceroAHsHui aeHb co3pe3auit? (Ceronns ecth 88 co3Beznuil. Co3Be3nus pa3ivyHbl 110
3aHMMaeMOH IUI0IaAn Ha HeOecHO! cdepe M KOIMYECTBY 3B€3/ B HUX.)

4. IlepeyrcnuTh OCHOBHBIE CO3BE3USI WU T€, KOTOpHIE Bbl 3HaeTe. (CyliecTBYIOT OOJIBbIINE CO3BE3TUS U
Masienbkre. K mepBeiM oTHOcsATcs bonemas Mensenuna, I'epkynec, lIlerac, Boponei, Bouomnac,
Annpomena. Ko BropeiMm - FOxnbiii Kpect, Xameneon, Jleryuas Priba, Mansiii [1éc, Paiickas Iltumna.
KoHnewHo, Mbl Ha3BaJM JIMIIH MY TOJIMKY, HAaOOJIee U3BECTHEIE. )

5. Yro Takoe kaprta Heb6a? ( OTo n3o0pakeHue 3BE3AHOrO Heba WK ero 4acTu Ha rockocT. Kapry Heba
aCTPOHOMBI pa3JeJIMIIU Ha 2 YaCTH: F0XKHYIO U CEBEPHYIO (110 aHAJIIOTMHU € TOJIYIIApUSIMU 3EMIIH. )

6. UYrto Takoe wHeOecHbli skBarop? (bompmoi kKpyr HeOecHOW cdepbl, IUIOCKOCTh KOTOPOTO
NEePIEeHUKYIIIPHA OCH MUPA U COBHAJIAET C INIOCKOCTHIO 36MHOT'O 9KBAaTOPA.

®dopma npeacTaBiaeHusl pe3yJabTarTa:
BrimmonHuTh 3aaHueC B TCTpaaAu IJIA IPAKTUUICCKHUX pa60T.

Kputepuu onenku:
3a MpaBUIIbHO BBITOJHEHHOE 33JJAHHE BHICTABIISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpPaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATEIbHAS onleHKa — 0 OaioB.
Oyenxa «omauunoy svicmagisemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasgisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

JlaGopaTopHble padoThI
Tema 2.1 Kunematuka
JlaGopaTopHoe 3ausitue Nel

OmnpenesieHne NJIOTHOCTH BeLIeCTBA
Heapb: DxcneprMeHTaNnbHO ONPEAETUTh NIOTHOCTH KUIKOCTH U TBEPJIOTO Tena.
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1P62, I1PG6, T1PGS, T1Pyl, ITPy13, T1Py3, IIPyS, Ilpy7, I1PyS8, I1Py10, [1Py12, ITP610, I1py2, I1Py12,
I1P610, MP3, MP5, MP15, MP23, JIP26, MP28, MP31, MP32, MP33, MP34, MP37, MP44, MP47,
MP48, MP54, MP55, MP 56, MP 43, JIP34, JIP32,
MarepunanbHoe obecrnieyeHue:
BEChI C pa3HOBECAMU, JIMHENKa MaCI_HTa6Ha$I; IOTAaHTCHIUPKYJb;, MCH3YypKa, BEIICCTBO, IMJIOTHOCTDH
KOTOPOT'0 HY>KHO OIIPEIEIUTD.
3ananue:
1. O3HaKOMBTECH C TEOPETUUECKUM MATEPUATIOM IO TEME.
2. OnpenenuTe Maccy U 00bEM HCCIIETyeMOTO BEIIECTRA.
3. BeluucanTe mIOTHOCTh BEIIECTBA.
4. CocraBbTe OTYET 110 JJabopaTOpHOU padoTe.
I[opsaok BbINOJIHEHUS PA0OTHI:
O3HaKOMBTECH C TEOPETUUECKIUM MAaTEpHAJIOM 110 JaHHOU TEMe.
Onpenenure MIOTHOCTb TBEPJOTO TENA..
Brruucnute aOCOMOTHYIO U OTHOCUTETBHYIO TTOTPEITHOCTH U3MEPEHUH.
Jlannblie 3aHecuTe B Tadmuiry Nel
Omnpenenure 1eHy AeIEHUS MEH3YPKH.

pPONMREPE
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No o

8.

Omnpenenure IIOTHOCTD BOJIBI HEOOXOAUMO.

Beruncianre abCcoMOTHYIO B OTHOCUTEIBHYIO OTPEITHOCTH U3MEPEHUI
Pesynbrats! onbita 3aHecute B TaOIUIryNe2.

OtBeThTE HA KOHTPOJILHBIE BOTIPOCHI:

KoHTpoJibHBIE BOOPOCHI

1.
V=abh,

rJie a — JyInHa, M; b — mupuHa, M; h — BeIcoTa, M.

2.

W3 nByX pa3HBIX METaUIOB WM3TOTOBIEHBI OJMHAKOBBIE MO pa3MepamM KyOuku. BiapemmBanue
MI0Ka3aJio, YTO Macca OJTHOTo KyOuka Oouibliie Macchl Apyroro B 2 pa3a. OquMHaKoBa JId IJI0OTHOCTh
Metauia? Eciu HET, TO BO CKOJIBKO pa3 OTJINYAIOTCS IJIOTHOCTU?

Tpu neranu — MenHas, *Kele3Has U aIFOMUHHUEBAs — UMEIOT OJIMHAKOBble 00bEMBI. Kakas neranb
MMeeT HAaMMEHBIYI0 Maccy, Kakasi Hanboupiryro? [IycToT B AeTansx HeT.

Kycok meramna o6semom 150 cM® uMeer Maccy 750 r. Onpenenure MIOTHOCTh MaTepuaa.

Ha vamiku ypaBHOBELIEHHBIX BECOB MOCTaBJICHbI OJIMHAKOBBIE cTakaHbl. [locie Toro, kak B 0JMH
CTaKaH HaJWJIA MOJIOKO, a B IpYroi — MOJCOTHEYHOE MAacjo, paBHOBECHE BECOB HE HAPYIIUIOCH.
O0bEM Kakol U3 xKuaKocTen 060bIe?

3anoyHUTe OTYET MO J1abopaTOPHOI paboTe cormacHo TpeOOBaHUSIM.

Yacrn 1. HJ’IH OIIPCACIICHUSA IINIOTHOCTU TBEPAOI'O TCJIa BEIYUCIIUTC €TI0 00BeEM.

O0BeM NpsAMOYTOIBHOTO MapajuIesIeHIIe1a BBIYUCINTE 1O GOopMyIIe:

O0beM MWIMH]IPA BEIYUCIUTE 110 (hopMyIIe: 4

h — BeicOoTa 1IMIIMHApA, M; d — €ro AUaMeTp, M.

3.

© Nooa &~

Ecnu TBepioe Teno MMeeT HENmpaBWIIbHYIO (OpMY, TO €ro o0beM OIpelesuTe C MOMOIIbI0
MEH3YpPKH, B KOTOPYIO OH MOKET OBITh IOTPYKEH.

ypaBHOBeCBTe BEChI UCITOJIB3Ys ITpaBUJia B3BCIIHMBAHUA.

Onpenenure maccy Tena.
ITo hopmyne p=m/v BBIYUCIUTE IUIOTHOCTH TBEPJOTO Tea.
Pesynbrarel usmepenunii 3anecute B Ta0auy Nel u crienaiite BbIUMCICHMUS.

Yactp Ne2. I[J'I}I OIPEACIICHUA IINIOTHOCTHU BOJAbI HCO6XOI[I/IMOI

1. mnaiiTu maccy Taphl, B KOTOPYIO HYXXHO TIOMECTHTh BOJY H OIPEACIUTh MacCy BOJbI 0€3
Tapsbl.

2. Ompepaenute MeHY JEICHUS MCH3YPKU U HAWIUTE 00HEM B3BEIIICHHOW YKHUIKOCTH (BOIBI).

3. PesynbTaThl ombiTa 3aHECUTE B Ta0muiry No2.

Tabmuma Nel. Pe3ynbTaTsl H3MEpeHUH.

Ne Bewec | mmpu | qumua | BeIcOT | 0058M, | Macca | IIOTHOCTH pmab| Ap o
TBO Ha. ,bm) | a, V( pnp(xz/m3)
a(w) hv) || mxr)

Tabnuma Ne2. Pe3ynbpTaThl BEIYUCICHUN.
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BemectBo

Macca Taphl ,
mIl(kr)

Mmacca
KHJIKOCT
",
m2(Kr)

00BEM,
V(u3)

IIJIOTHOCTH

pnp(re/
Mm3)

pmab

®opma npeacraBieHus pe3yabTara:
Pabora nomkHa ObITH BBIMOJIHEHA B TETPAAH ISl JIAOOPATOPHBIX paboT.
Kpurepun oneHku:
3a mpaBUIIHLHO BBIITOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HCIIPABUJIbHO BBIIIOJIHCHHOC HeﬁCTBHe, 3a1aHUC BBICTABJIACTCA OTPHULIATCIIbHAA OLICHKA — 0 6amioB.

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 nmpaBUIBHBIX OTBETOB

Mean:
PaCTSKEHUS.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04 OK 09
[1P64; I1P66; I1P67; I1P610;
[1Py1; I1Py2; I1Py3; I1Py4; ITP610;ITPy5; I1Py9; [1Py11
MP&.MP9,MP10,MP21 MP17, MP13
JIP 26,JIP 14,JIP 23,JIP 13

arwdE

JlabopaTopHoe 3ansiTue No2

«M3yyenune nedopmManum pacTaKeHUs»
ompenenenue KodhduumeHnta ympyroctd W MOIYJIS YIOPYroCcTH TpH Aedopmaruu

MatepuajbHoe obecnieyeHue:
BHUpTYyasibHas J1aboparopHas padota 1.09 Onpenenenue korhdu-

[IMEHTa YIPYTOCTH ¥ MOAYJISI YIPYTOCTH MpHU JehopMaIiil pacTsHKEHUS
http://mediadidaktika.ru/mod/page/view.php?id=13

Kparkas Teopus
B Teopum ympyroctu mon cioBoM «aedopmainus» MOHUMAIOT BCAKOE M3MEHEHHE B OTHOCHTEIHHOM
PacroJI0KEHUH YaCTHUL] TBEPAOTO TENA, BOZHUKAOIIEE 10
Cpenu MHOXKECTBA PA3IMYHBIX BUAOB JehOpMalliu ClieyeT OTMETUTh Ipo-

creimue: aedopmanus pacTsbkeHus (cxatus) u nedopmanus casura. Bee ocraib-
HBIE BUIBI JehopMaIiuy UMEIOT 0oJiee WM MEHee CIIOXKHBIN XapakTep. B ciydae,
ecnu AeopMaIii Majibl, TO MOXKHO JIFOOYIO epopmaliiio paccMaTpUBaTh Kak
CYMMY HEKOTOPBIX paCTSDKeHI/Iﬁ 1 CABUTOB.

HpI/I TI000M BUIC ,[[e(l)OpMaI_II/II/I, €CJIM OHA HC OYCHb BCJIMKA IO CPABHCHUIO C

pasMepaMu CaMOT0 TE€Jia, BOSHUKACT CUJIa, KOTOpas CTapacTCAa BEPHYTh TCJIO B TO
COCTOsIHUEC, B KOTOPOM OHO OBLIO A0 ,Z[C(I)OpMaI_II/II/I. OTa cHiIa U Ha3bIBaeTCs CUJION

yrnpyroct. Cuiia ypyrocTy ¢ BbI3bIBaollel ee nedopmanneii cs3ana:

Fymp=- kX,

31ech k — K03 HUIUEeHT MPONMOPIIMOHATBPHOCTH, HA3bIBAEMBIN KECTKOCTHIO TEJIa;

PaccmoTpum nedopmanuio pactsikenus. [log neiicTBueM CUibl TSHXKECTH TPY-
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3a F mpoBooka niau crepkeHb JUIMHOM L nonepednoro ceuenus S pactarusa-
ercsa Ha BennuuHy L . CBsA3b MeXy YIJIMHEHUEM MPOBOJIOKU L 1 cuioi
F = mg , BeI3BIBaIOLIEH 3TO yIJIMHEHHE, BbIPAKAeTCs 3aKOHOM [ 'yka

AL __F
=K —,
L S
rae K — KOB(i)d)I./II_II/IeHT YIPYTOCTH;
AL
=&
L — OTHOCHTENbHAs Aedopmaris,
F
— = G -
S
ycuine (MeXaHU4YeCKOoe HaIpsiKEHUe).
CrenoBaTeiabHO,
k-AL.S
L F

Kosdduunentom ynpyroctu Ha3piBaeTcst pru3nueckasi BeIMUUHA, YUCICHHO
paBHasi OTHOCUTEJILHOMY Y/UIMHEHHUIO IIPH JIEHCTBUU YCUIIHUS PAaBHOTO €IUHUILIE.
Torna moxyns ynpyroctu (Mmoayis FOHra) pasen

E=a=nt
K AL-S

CnenoBarenbHO, MOy b HOHIra YHCIIEHHO paBEH OTHOIICHUIO HAIIPSKEHUS K

OTHOCHUTEJILHOMY yJUIMHEHMIO. [[pyrumu cinoBamu, Mmoyiss FOHra 4ncieHHo paBeH

TOMY HalpsDKEHUIO, TPU KOTOPOM JUUTMHA PacTSIrMBaeMoro oopasiia yaABOUIach Obl

(ecnu OBl IPU TaKMX HAMPSDKEHHUSIX TEJIO0 OCTABAIOCH YIPYTUM U MIPOI0IIKAIIO Clle-

7oBaTh 3aKoHYy ['yka). B 1elicTBUTENBHOCTH ropasio paHbllie, 4eM OyIeT TOCTHUT-

HYTO TaKO€ HampsKEeHUE, TEJI0 UCIIBITAeT MIACTUYECKYIO 1e(hopMalliio U pa3o-

pBeTcsl.

Jlia kaxknoro Marepuana MoLyias FOHra uMmeer nocrossHHoe 3HaueHue. Mo-

nynb YOura B CU usmepstot B eqununax gasnenns H/M2. [Ipu pactsokenuu

CTEP’KHS WJIM TPOBOJIOKK paboTa BHEIIHEN CUIIbI YBETMUUBACT SHEPTHIO YIIPYTO

pacTSIHYTOW MPOBOJIOKH.

Onucanune YCTAaHOBKH U ME€TOAAa U3MEPECHUSA
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OnpeaseseHue koschhuumexsTa
YNPYTrocTH U MOAYAR YNPYTOCTH
npu Aehopmaumy pacTikKeHus

Pucynok 1.

Jliis pa®OTHI UCIOIB3YETCS YCTAaHOBKA, [TIOKA3aHHAsl HA PUCYHKE 1, KOTOPYIO
HE00XO0/AMMO 3aIlyCTUTh 110 CChUIKE C ITopTalia

YcTaHOBKa MPEICTaBIACT COOOH HATSAHYTYIO MMPOBOJIOKY JJIMHOU L, K HIDKHEMY
KOHIly KOTOPO# NPUKPEIUIAETCS TPy3 Maccoi m. B BepxHeM IIpaBoM yTily pacro-
JIOKEH WHAUKATOP, YKA3bIBAIOIINI BEIMYUHY Je(OPMALIUN PACTSDKEHUS B COTHIX
JOJISIX MMJUIMMETPOB. B HMkHEM npaBoMm yrity uMmeercs naHeins «llapamerpsl
YCTaHOBKM». B Hel MOXHO 3a7aBaTh 3HAUYEHUS TUAMETpa W JJIMHBI MPOBOJIIOKK d U L, COOTBETCTBEHHO,
Maccy rpy3a, BBI3bIBAIOILET0 1e(hOpMaIMIO PaCcTSKEHUs, M U

YJIMHEHHE MPOBOJIOKH L .

ITopsinok BbINOJIHEHHS PadOTHI

1 Beeaure HyxHble napametpsl d, L (BpIOpaTh caMuM WIIM BBECTH 3a/I1aHHBIE
IpernoiaBaTeseM) U 3alMIIUTe X 3HaueHus nepea tabauuen 1 Paccuuraiite
TIJIOIIA/Th TTOTIEPEYHOTO CEYCHHS TTPOBOJIOKHK S. Brinmure B Tabnuiry 1

2 Memnss 3Hauenust Mmaccbl ot 0 1o 10 kr ¢ marom 1, 3anummmTe B TaONUIly MO-
kazaHus L.

3 BeluncnuTe 3Ha4eHUs JENUCTBYIOIEN CHIIbI F.

4 JInst KaXXJ10T0 3HAUEHUsI Harpy3KHU ONpeAeNIuTe CPEAHIOI0 BEIMUNHY KO3 (-
¢unuenta K u monyns ynpyroctu E .

5 OueHuTe NOrpenrHoCTh NOAYYEHHOI0 3HaYeHUs! Ecp KOCBEHHBIX U3MEpPEHUH.

6 Vcrionb3yiiTe MoydyeHHbIe pe3yIbTaThl I OCTPOSHUS TpaduKa 3aBHUCH-
MOCTH a0COIOTHOTO YNIMHEeHHsI OT TipriioxeHHou cwitbl L =f(F). Cnenaiite
BBIBOJI O IPUMEHUMOCTH 3aKOHA ['yKa Mpu 3TUX Harpy3kax.

HavanbHas anauHa npoBosioku L =

JAuamerp npoBoJioku d=

IInomanb monepevyHoro ceyeHusi MPOBOJIOKH S =
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Tabnuua 1.

Harpyska ¢ . | Omnocn- E cp,
) Ha npogo- | HAUPIKE=| @ has ;2 , 2| HAi®
Ne AL, M JIOKY oy ' K, w/H | E, Hu o
Y H/n aAedopma-
m, K2 F.H ik M4, £1
1
2
3

7. Ilo pe3ynbraraM U3MEpPEHUH ONPEEINTE MaTepUall, U3 KOTOPOro U3rOTOB-
JIEHa IIPOBOJIOKA.

KonTpoabHbIE BONPOCHI

1. Kakoii Bun gedopmaruu vMeeT MecTo B 1aHHO# padore? 3anummTe 3aKoH ['y-
Ka JUIs TOTO BHIa AePOpMaIium.

2. KaxoB ¢uzuyeckuii cmpica moayns FOura? 3anumure popmymny, mo KOTOpoit
MOYHO paccyuTaTh MoyJsb FOHra.

3. Kakue nedopmaniuu Ha3pIBaroTCs ynpyrumu? UTo Ha3bIBaeTCs MPEAEIoM Mpo-
MOPIIMOHATILHOCTH U MpeiesoM npounoctu? Hapucyiite nuarpammy Hampsike-
HUH 171 KaKOro-HUOY/Ib BEIIeCTBA M HA HEM MOKaKUTe 00J71acTU, COOTBETCTBY-
IOIIHE TIPECITY IPOIIOPIIMOHAIEHOCTH, MPEIeTy YIPYTOCTH, IPEACITy TeKyde-
CTH U TIpe/ieiy IPOYHOCTH.

4. Beisemute popmydy IS pacueTa SHEPTUH YIIPYro# nedopManuu.

5. O0bsicaute siBIeHUE AeOpMAIIUU C TOUKH 3PEHUS CTPOCHUS MOJIEKYIL.

6. [IpuBenuTe MpUMEPHI TEXHUYECKOTO MTPUMEHEHUS SBJICHUS 1e(OopMaInu.

®opma npeacTaBiaeHus pe3yJabTara:
Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU JJIs JIaDOpaTOPHBIX padoT.
Kputepun onenkn:

3a IpaBHIILHO BBITIOJIHEHHOE 33/1aHNE BBICTABIISIETCS TTOJIOKHUTENbHAS OlleHKa — 1 Oa.

3a HCIIPABUJIBHO BBITIOJIHCHHOC HeﬁCTBHe, 3aIaHUEC BBICTABJISICTCS OTPULATCIIbHAA OLICHKA — 0 6amoB.

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

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

Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% mpaBUIBLHBIX OTBETOB
Oyenxa «Heyoosiemeopumenvhoy svicmagisiemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 2.3 3aKkoHbI COXpaHEHHS B MeXaHHKe
JlaGopaTopHoe 3ansiTue Ne3

Omnpenesnenne K03(pPUUHMEHTA KECTKOCTH YIIPYTOro reJia

Heab: M3yunTh 3aBUCHUMOCTh CHUJIBI YNPYrOCTH OT JHMHEWHON nedopMainuu; Ha MpuMepe
neopMauy pacTsHKEHHs SKCIEPUMEHTAIbHO MOATBEPAUTH CIIPaBeUIMBOCTh 3aKoHa ['yka; ompeaenuThb

pacuéTHIM U rpaduyeckuM crocodamu KodhGULIUEHT YIPYrocTH ((KECTKOCTD) MPYKUHBI (PE3UHBI).

Boinosinenue padoTsl cnocodcTByeT GOPMHUPOBAHMIO:

T1PG2, T1PG6, IIP6S, [IPy3, [py7, [IPy8, [IPy10, IIPyl12, IIP610, Mpy2, IIPy12, IP610, MP3,

MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
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MatepuaiabHoe obecnedyenue: IlItatuB ¢ MmypTol U nepkaTensIMH, JTUHAMOMETP C UCCIEAYeMOM
MIPY>KUHOW M 3aKPBITOM IMIKAIOW (MM UCCIEAyeMbId JIOCKYT PE3WHBI), JIMHEHKa, Yalia OT BECOB, HabOp
rpy30B ¢ u3BecTHbIMU Maccamu (o 100 u 50 rpammoB).

ITopsinok BbINOJIHEHHUSI PA0OTHI:

1. O3HakoMbTech C TEOPETHYECKUM MATEPHAJIOM.

B nanHoit naboparopHoil paboTe paccmaTpuBaeTcs yrpyras JUHEHHas aedopmanus pacTsKEHUS
OPY)XUHBI (WM PE3HWHBI), CBA3aHHAs C OSTUM CHJIAa YOPYTOCTH, W, COOCTBEHHO, cama CBS3b,
BBIpakaromiasicsi B U3BECTHOM 3akoHe ['yka, KoTopblii (0e3 yuera pasHOHANpPaBIEHHOCTHU AedopMaluu U
CWJIBI YIPYTOCTH) MO>KHO 3aIIUCaTh B CIEAYIOLEM BUJE:

Bl =k-x

rae: F y — abcomoTHoe 3HaUeHue CWITbl yripyrocty; [ — kodddumuent ynpyroctu (KECTKOCTH); [
— abCOIOTHOE yIIJIMHEHHE.

AARAAANRNTTARN

inin

&z2

To ectb ¢ poctom nedopmanmu MOAyns (3HAYEHUE) CHIIBI YINPYrocTH (B TpeaeNnax yIpyrux
nedopmariuit) pacter npsMo npornopiuoHanbHo. KoaddumuenT ynpyroctu u3 3akona ['yka jierko HaiTH,
yuuThiBas uucieHHoe paBeHcTBO (mo IIl-y 3akony HeloToHa) cuibl ympyroctd W Beca Tedna,
HAaTATUBAIONICTO NIPYXUHY (PE3UHY):

- mg
-
rae: K — koadduipent ymnpyroctu (KECTKOCTh) MPYXKHHBI (PE3MHBI); M — Macca Tpy3a; §—
yCKOpeHHue CBOOOIHOTO Na/IeHUs; X — a0COJIFOTHOE YJIMHEHUE IPY>KUHBI (PE3UHBI).
C npyroii cTopoHbl U3 rpadudeckoil Gpopmbl ypaBHeHUs K0d(DdUIMEHT K MOXHO HaWTH, Kak
TaHreHC yria HakjaoHa Jiyda /Fy/(x) k ocu abcuumcce.
2. OGa 3HaueHus k criemyer CpaBHUTb, M MO pe3yjibTaTaM 3TOTO CPaBHEHHS C/ENaTh BBIBOJ O
MpoieTTaHHOM padoTe.

=

BHumarenbHO mpouuTaTh ONnrcaHue padoThl U alITOPUTM JIEHCTBHIA;

2. CoOpath W 3adUKCHPOBATH YCTAHOBKY (CM. PHCYHOK) TaK, 4TOOBI 3aKpeIuleHHas K MpYXHHE
(pe3uHe) mycTasi yallia BECOB HE3HAUUTENFHO PACTATHUBANA IPYKUHY (PE3UHY);

3. Crnenath OTMETKY «HYJIEBOTO» YPOBHS TPYKUHBI (PE3HHBI), OT KOTOPOTO OYAYT OTCUHUTHIBATHCS

JMHENHBIE YJUIMHEHHUS,

ITonoxuTk Ha Yalry BeCOB I'py3 IPOU3BOJIBHON MacChI;

IIpousBecTn M3MepeHus cCIeAyOLMX BEIWYMH: [| — Macca rpys3a (cymMma Macc Ipy30B B dalle

BECOB); [ | — abCOMIOTHOE YAJTUHEHHUE NPYKUHBI (PE3UHBI);

6. IloBTOpUTH IBAXKIBI

7. Ilpom3BecTH MNPOMEXKYTOUYHBIE BBIYMCICHUS OCHOBHOM BEJIMYMHBI [UI1 KaXA0ro M3 TpeEX

u3Mepenuit: [11; ALJ2; [ — KoappUIHUEHTH yIpYTrocT (3kECTKOCTh) MPYKUHBI (PE3UHBI) ;

ok~
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8. [IlpousBecTH MNPOMEXYTOUYHbIE BBIYMCICHUS CleAylommx BenuuuH: [lcp; Allcp; [lep (mo
MIPUHATBHIM IPAaBUJIaM BBIYMCICHUN U HAXO0XKIEHUS NTOTPELIHOCTEH);

9. 10. Ha Onanke oTyera Ha4YepTHTh | YETBEPTh CHUCTEMBI KOOPAMHAT C OChbIO abcuucc - [ —
a0COJIIOTHOE YAJIMHEHUE; U OChI0 OpauHAT - F y — abComoTHOE 3HAaue€HUE CHIIbI YIPYTOCTH.
BriOpath MacimTaObbl eAMHNLL U3MEPEHUS Ul JAHHBIX OCEH TaK, YTOObI MaKCUMaJIbHbIEC 3HAYCHUS
M3MEPEHHBIX U BBIUMCIICHHBIX BEJIMUMH HE BBIILIM 3a [IPEJIENIbl CUCTEMbI KOOPAMHAT;

10. Ha xoopauHaTtHO# tuiockocTH oTMeTuTh Touku: A(x1;|FY1|); B(x2;|[FV2|); C(x3;[FY3|); rme: xn —
OJTHO U3 3HAYCHUH YIUIMHEHMs NPYKUHBI (PE3UHBI) IO U3MEPEHUSIM JaHHOro anroputma; [FVn| -
OJTHO M3 3HAYEHUH CHIIbI YIIPYTOCTH, YUCIEHHO paBHOM Becy Tpy3a mng, Ijie Macca — U3MEpPEHUE
JTAHHOT'O aJIrOPUTMA;

11. IlpoBectu npsimyro depe3 Touku A, B, C (ecnu TOUKM HE JiekaT Ha OJHOW NPSAMOM — MPOBECTH
IPSIMYIO TaK, YTOObI TOUKH PABHOYAAIEHHO HAXOJMIIUCH 110 00€ CTOPOHBI OT MPSAMON).

12. ITpousBecTu u 3apUKCUPOBATH B yHKTE 5. Oanka oTyéra 3HaueHue korddunpenta k’, paBHOTO
TaHTEHCY YIJla HaKJIOHA 3TOH MPsIMOM K OCH abciuce (MIPH BHIYMCIICHUH tg o< 0053aTEIbHO
HEO0OXOIMMO YYUTHIBATh MAcIITaObl U OCH a0CIIUCC, U OCH OpauHAT!);

13. CpaBHuTb K03 HUIMEHTHI yIIPYTOCTH (3KECTKOCTH), KOTOPBIE BBIYUCISUTUCH. ClienaTh BBIBOI.
KoHTpoJibHBbIE BOPOCHI
1) B uém 3akmtouaercs 3axoH ['yka?

2) Yro takoe ympyras aegopmarus?
3) Korna Bo3HuKaer cuiia yrnpyroctu?
4) Yo o3HauaeT 3HaK «—» B 3akoHe ['yka?
5) Ot 4ero 3aBUCUT KOAPDUIMEHT YIPYrocTu?
6) Kak nosmkeH aBuUrarbcs AMHAMOMETp, 4TOObI, HECMOTpPs Ha IMOJABELICHHBI K HEMY Ipy3,
MpY>KHHA OCTaBaJIach HEPACTIHYTON?
7) XKecTkoCTh MPYXUHBI U KECTKOCTb IPOBOJOKH, U3 KOTOPOIl OHAa COCTOUT — 3TO OJHO U TOXe?
[Touemy?
®opma npeacTaBiaeHus pe3yJabTara:
PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAM ISl JJaOOPaTOPHBIX paboT.
Kpurtepuu onenku:
3a mpaBUIIBHO BBINIOJHEHHOE 33JaHHE BBICTABIISIETCS TOJI0XKUTENbHAs OLleHKa — 1 Gasu.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIATEIbHAS o1leHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumensroy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyooenemeopumensvHoy svicmasgiiemcs 3a MeHee 60%0 MpaBUIBLHBIX OTBETOB

Tema 3.1 OcHOBBI MOJIEKYJISIPHO-KHUHETHYECKOI TeOpUH
JlaGopaTopHoe 3ansaTHE Ned

IIpoBepka razoBbIX 3aKOHOB

Hennb: N3yunts B3auMOCBSA3b MAaKPOCKOIIMUECKUX MTAPAMETPOB Ia3a 3aJaHHOM MacChl; OIIBITHBIM
nyTéM yOequTcs B ClipaBeNIMBOCTH 3akoHa boitnsa-MapuoTra.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

I1P62, 11PG6, TTP6S, I1Pyl, IIPy13, I1Py3, I1PyS, Ilpy7, I1Py8, I1Py10, IIPy12, I1P610, Ilpy2,
[TPy12, I1P610, MP3, MP5, MP15, MP23, JIP26, , MP28, MP31, MP32, MP33, MP34, MP37, MP44,
MP47, MP48, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepunanbHoe obecniedeHue:

CunbpoH (aJIOMMHHUEBBI TepPMETUYHBIM LMIUHAP C TOQPUPOBAHHBIMU CTEHKAMHM, IIKaJION
YCJIOBHBIX €IMHUI], TOPIIHEM C BEPTHUKAIbHBIM BHHTOM), BO3IyXOBOJHBIA COEJMHUTENbHBIM IUIAHT,
MaHOMETp, 0aPOMETP, UCTILITYEMBIH T'a3 3aJaHHON MacChl — BO3JIYX.

3amanmue:
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1.IToBTOpUTH OOBEIMHEHHBIN Ta30BBIN 3aKOH.
2.IIpoBepuTh Ha MIpakTUKE cOOMIOeHUE 3aKkoHa boits-MapuoTra.
Ilopsinok BbINOHEHHS PA0OTHI:
TeopeTudeckue cBeIeHUs
B nannoii naGopaTtopHoil pabore paccmarpuBaercs coOmrogeHue 3akoHa boitns-Mapuorra,
CIPaBEAJIMBOIO JUIsl M30TEPMHMUYECKOrO Ipolecca Al JaHHOM Macchl rasa. M3 obmiero ypaBHeHMs
Menpeneesa-Kinanelipona 3akoH boiiss-MapruoTrra MOXKHO 3aIIucaTh Tak:

Vabn =C

rae: V— o0beM 3a/IaHHON MAacChl T'a3a B N-OM COCTOSTHUM, [ | — TaBJICHUE 3aJ]aHHOM MAacChl ra3a B n-
OM COCTOSIHUU;

] — mocTosiHHBIN KO3 (PHUITMEHT (KOHCTAHTA).

[Tpu ucnonb3oBanuM B paboTe JaHHOW yCTAaHOBKH (CM. PUCYHOK) 00BEM raza yJo0HO U3MEPATH B
YCIOBHBIX enuHuIax oovema — y.e.0. (1 y.e.0.=0,1Vo, rme Vo — monubiii o0bem cuibdona 1 ), a
JaBJICHHE — Kak aTMoc(epHOoe JaBlieHUE C JIOTOJHUTEIBHBIM (0€3 IOMOJHUTEIBHOIO0) NMaBicHUs (110
MaHOMETPY) C MEPEBOIOM HEOOXOUMBIX eIMHUIL 1aBlieHus B cucremy CH.

2 . 3agada CBOAUTCS K HAXOXKJICHUIO KOHCTAHTHI Cn IS KaKIOTO COCTOSHHUS OJHOM U TOW Ke
Macchl rasa:

Cn = Vn "Po- (1 a s Apn)

rae3 : [J — KOHCTaHTa N-TO COCTOSIHUS (B YCJIIOBHBIX €IMHHUIIAX KOHCTAHTHI — y.€.K.); [|— o0beM
3aJJaHHOI MacChl ra3a B N-OM COCTOSIHUU (B YCJIOBHBIX €IMHHUIAX o0bema — y.e.0.); [ — arMocdepHOe
nasnenue (B [lackamsax — [1a); ALl — monmoaHUTEILHOE IaBIeHHE MaHOMETpa (B aTMocdepax — aTm).

Uem TOuHee u Onmxke Apyr K Apyry Oynyt Haxoautbes koHcTanTel Cl, C2, C3 — tem Oonee
TOYHBIM OKKETCS IKCIICPUMEHTAIBHOE MTOITBEPIKICHUE 3aKoHa boiins-MapuoTra.

3 - MPUMEHSETCSI 3HAK «+)» - €CIH JaBIIEHUE PACTET, U 3HAK «-» - €CJIM JJAaBJIICHUE Ta/IaeT.

p.s. - 1.YcroituuBas pabora cuib(poHa BO3MOXKHA MIPH YCIOBUM U3MEHEHUsS 00beMa BO3yxa B HEM
ot 0,5 10 0,9 y.e.o.

2. - nus pacy€TOB €IWHUILI JaBJeHHs OapoMeTpa - MM.PT.CT.(MHJUIUMETP PTYTHOTO CTOJNOA),
MOXHO BOCTIONIB30BaThCs eauHuIamu nepesoa B [la (Ilackamsx) mo dopmyne: 1 mm.pt.ct=133,33 Ila.
[TepeBon mokazaHuii MaHOMETpa HE TpedyeTcs.

1. 1. BHumarenabHO MPOYUTATH ONUCAHUE PAOOTHI U AJITOPUTM JIEHCTBHIA;

3. U3meputh atMocepHOe 1aBlIeHUE B IaHHBIM MOMEHT C TOMOIIbIO0 OapOMeETpa;

4. IlpousBectu u 3aUKCUpOBaTh B OJaHKE OTYETa MpEABAPUTEIbHBIE U3MEPEHUsI aTMOC(EepHOTo

JaBJIeHUs (C MepeBOIoM B elMHULbI cucTteMbl CU);

4. 5. CoOparb YCTaHOBKY (CM. PHCYHOK) Tak, 4ToObl 00a KJlamaHa MaHOMETpa HaXOJWINCh B
OTKPBITOM COCTOSIHWH, a TIOPIIEHb CHIIb()OHA — B CAMOM BEPXHEM TTOJI0KECHUH;

wmn
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3aKpbITh BHEIIHUN KJIallaH MAHOMETPA;

C momo1pi0 BpalIaroierocs MOPIIHS YCTAHOBUTH BBICOTY IIMUIMHIpA CUIb(OHA HA OJHOU U3
Tpéx ormeTok: 0,6; 0,7; 0,8.

[IpousBectu u 3aguKCUPOBATH B OJIaHKE OTYETa MpeABapUTEIbHbIE U3MEPEHUs 00beMa 3aJaHHON
MacChl Ta3a B OJIHOM U3 TPEX COCTOSHUM (B YCIOBHBIX €IMHUIIAX 00BEMA — y.€.0.);

Cpa3y e mpousBecTH H 3aduKCUpOBaTh B OJaHKE OTYeTa MpeBAPUTEIbHBIC H3MEpPEHUs
JOTIOJTHUTEIHLHOTO JIABJICHHUS] MAHOMETPA OJHOTO U3 TPEX COCTOSIHMIM rasa (B arMocdepax - atMm);
Boruncnuth a0CONOTHYIO U OTHOCUTEIBHYIO MOTPEIIHOCTH U3MEPEHUH.

KoHnTpoJsbHbIe Bonpocsl.

1) Ilpu kakoM ycIOBUM cripaBeuIuB 3aKoH boiins-Mapuotra?

2) Ecnu mpu ©30TEpMUYECKOM IPOIECCEe AABIICHHE MAAeT, YTO MPOUCXOANT C 00BEMOM?

3) [IpousBoaUT U Ta3 1aBJICHUE B COCTOSSHUN HEBECOMOCTH?

4) [loueMy noiy4eHHbIE Pe3yNbTAaThl B pad0OTE HE UJICATBHO PABHBI MEX1y COO0OM?

5) Uto BiMseT Ha TOYHOCTh U3MEPEHUH B TaHHOM paboTe?

6) MO>HO 71 OIIpeIEeNTh YCIOBHYIO €IMHUILY KOHCTaHThI B eauHuLax CHU?

7) KakoBa Macca Bo31yxa B ayJUTOPUH TUIOMIAA6I0 64 M2 , BEICOTOI 3 M, mpu Temnepatype 25 oC
Y JaBJeHUU 725 MM.pT.CT.?

®opma npeacTaBiaeHus pe3yJabTara:
Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU JJIs JIaDOpaTOPHBIX padoT.
Kputepun onenkmn:
3a mMpaBUIIHLHO BBIMTOJIHEHHOE 33JaHHE BHICTABIISIETCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HenmpaBUWIILHO BBINIOJIHEHHOE JEHCTBHE, 3aJJaHNE BBICTABIIAETCS OTpULaTeabHas oljeHka — 0 6aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIIBHBIX OTBETOB
Oyenra «HeyoosiemeopumenbHoy svicmasisemcs 3a Menee 60% nMpaBUIBHBIX OTBETOB

Tema 3.3 ArperatHblie COCTOSIHUSI BelecTBa U (pa3oBbIe Mepexoabl

JlaGopaTopHoe 3ansiTue NeS

Omnpenenenne k03(pPUUMEHTA MOBEPXHOCTHOM MJIOTHOCTH KUAKOCTH METO/IOM OTPbIBA KameJb

I_IeJ'I]:Z OIPCACIIUTD IMOBEPXHOCTHOC HATAKCHUEC BOABI U MBIJIBHOT'O PACTBOPAa METOJ0OM OTPhIBA KaIlICJIb

Boinosinenue padoTsl cnocodcTByeT GOPMIUPOBAHMIO:
I1P62, I1P66, T1PGS, IIPy3, Ilpy7, I1Py8, I1Py10, ITPy12, I1P610, IIpy2, ITPy12, ITP610, MP3, MPS5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepunanbHoe obecneyeHue:
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IITPHI] JUIS YUCTOW BOJBI, LIMPHI] JUISI MBUIBHOTO pacTBopa (0oO6bemoM 5-10 mir), cTakaHYMK C
YUCTOM BOJOHM, CTAKaHYMK C MBUIBHBIM DPACTBOPOM, INTAHICHLMPKYJIb WIA MHUKPOMETP, OCTPO
OTTOYCHHBIN KapaH/alll.

3aganue:

1 O3HaKOMbTECH C TEOPETUUECKUM MaTEPUATIOM.

Ha xarumo, BHCAILIYI0O Ha KOHLE Y3KOW TpPYOOUKH, JEHCTBYIOT JBE CHJIBL: CHUJa TSDKECTH mg
HaIpaBJICHHAs BEPTUKAJIbHO BHU3, U CHJAa IIOBEPXHOCTHOI'O HATSKEHMsI JKuakoctu F moB
pacripesieieHHasl BJOJb I'PAaHUIBI XKUAKOCTH C KpaeM TpyOKHM M HampaBlIeHHas IO KacaTeJbHOM K
MIOBEPXHOCTHU KHMJIKOCTHU MEPIEHAUKYIISIPHO 3TON TPaHUILIE.

an

mg

Cuila OBEpXHOCTHOTO HATSDKCHHUS, ICHCTBYIOIIAs Ha HEOOJBIION Y4aCTOK TPaHUIlbl IHHON Al |
paBHa o |, rie 6 — K03 (PUIIUEHT TOBEPXHOCTHOTO HATSIKEHHS KU IKOCTH.

YcnoBue paBHOBecHSl KalUld Ha KOHIIE TPYOOYKHM COCTOMT B TOM, YTO BEKTOpHAas CyMMa CHII,
JNEHCTBYIOIIMX Ha OT/AEIbHBIE D3JEMEHTHl TPaHMIIbI, paBHA IO MOJAYJIO M IPOTHUBOIOJIOXKHA IO
HAIPABIICHUIO CUJIE TSKECTH.

Benuunna oA | no Mepe yBenumueHUs MacChl Kalljll OCTAETCsl HEU3MEHHOM, HO B paBHOBECUU Karls
MPUHUMAET Takyl (opMy, YTO Yroa HakJIOHA CUJIbl MOBEPXHOCTHOTO HATSHKEHHUS K BEPTUKAIU O
YAOBJIETBOPSIET YCIOBUIO lo cos = mg , rie | — aiiMHa rpaHuIlbl )KUJIKOCTH C TPYOOUKOH.

C yBesnnyeHreM Macchl Kalulyd yrojl 0. YMEHBIIAETCS U, HAKOHEL, JOCTUTaeT HyJIs, a cosa = 1 .

[Ipu nanpHeIeM yBEIWYEHUM MAcChl YCJIOBHME pAaBHOBECHsI KaIUIM YK€ HE MOXET ObITh
BBITIOJIHEHO, U KaIUIsSl OTPHIBAETCS.

Orcrona, npunumasi, uto lI=r d , rae d — BHyTpeHHUI quameTp TpyOOuKH, nmoiay4daem: d om= mg
mg

ey

1.U3meputh BHyTpeHHUH nuamerp d HakoHeuHWKa Immpuua. Jlnsg u3MepeHuss MOXKHO
BOCIIOJIB30BAaTHCS OCTPO OTTOYCHHBIM KapaHAAlIOM. BCTaBUMB KapaHJall B HAKOHEYHUK 10 YIIOpA,
ITIOMEThTE T'PAHUILy CONPUKOCHOBEHMS HAKOHEYHMKA C KapaHaaumioM. J[Mamerp kapaHjaama Ha ypOBHE
ATOM T'paHULBl MOKHO NPHUHATH 32 BHYTPEHHUW JHAMETP HAKOHEYHUKA U U3MEPUTH €r0 C MOMOIIBIO
IITAaHTCHIIUPKYJIS UM MUKPOMETPA.

2.Ha6patp B mmpuil 4—5 M1 BOJBI H, JIepKa €ro BEPTUKAIBLHO M TUIABHO HAXXKMMasi Ha TIOPIICHb,
BBUTUTH 3—4 MJI B CTaKaHYMK, cundTas Kariau. M3MepeHne kojmuecTBa Kameiab N MPOBECTH HE MEHEE TPeX
pa3, 3areM Mo oO0miell macce BBITEKIIEH BOABI 00Hm[ m (MONB3YyHTECh IIKANOW Ha mmpwuile!) HalTH
CPEIHIOI0 MacCy Karljld m U MOTPeIIHOCTb ee onpeaeneHuss Am. Pe3ynbTarsl 3aHeCTH B TaOIUIly

Tabauya Nel

UBMEPEHO BbLIUUCTIEHO

Ne N m m d A o Ao £
m e m,e ecp  |me ecp |, mm | d oum, | Hnm
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3.Ilonw3ysice opmynoii (1), paccuutarh Kod(PPHUIUEHT MOBEPXHOCTHOTO HATSIKEHHUS BOABI U
a0COJIOTHYIO TIOTPEIIHOCTD €r0 ONpPEACTICHHS

Ao =|o

wn 2 maéa|*
4. Beruuciauth OTHOCHUTCJIbHYIO ITIOI'PCIIHOCTD I/ISMepeHI/Iﬁ
Ao

£=—.1007"
a

madiy

5. AHanoruuHelM 00pa3oM ompeneauTh Kod()PUIMEHT MOBEPXHOCTHOTO HATSKEHUS MBUIBHOTO
pacTBopa (I0JIb30BaTHCS OTACIBHBIM LITTPUIIEM U MIOCYAOMU!).

H3MEPCHO BBIYUCJICHO
Ne|mg,.2| N me | m,.e | Ame | Am 2| d,mm Ad,mm U'i%l Ao,f%! &

6. CnenaTh BBIBOJ M 3aITMCATh MOJyYCHHOE 3HaYeHHE K03 PHIlmeHTa MOBEPXHOCTHOTO HATSKEHHS
C Yy4€TOM HOTPEIIHOCTH

KonTpoabHbie Bonpocsi:

1. Koauument nopepxHocTHOro HaTspKeHUs kepocuHa 0,024 u/M. bosnbiie nnn MeHble Macca
Karuii KEPOCHHA TT0 CPaBHEHUIO C Karuiel BOJIbI, €CITH KaraTh U3 OJTHOM U TOM )K€ MUIETKH?

2. O6BsAcHUTE NOPOOHO, TOYEMY MaJICHbKHE KalelbKH KUAKOCTH MOTYT J0JITO BUCETh HE
OTpPBIBASICH.

3. IToyemy, mpex/ie 4eM HOKPBITh IITYKATYPKY MACIISIHON KpacKo, IpeaBapUTeIbHO MPOU3BOIAT
IPYHTOBKY 01 oit?

4. ITpuBeauTe CBOU MpUMEPHI JEHCTBUS CUITbI TOBEPXHOCTHOTO HATSXKEHUS

®opma npeacTaBieHus pe3yJabTara:

Pabota nomkHa ObITh BBINOJIHEHA B TETPAIH Ul JJaOOPaTOPHBIX paboT.

Kpurepum ouenku:
3a mpaBUIIHLHO BBIMIOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHAE BBICTABIISICTCS OTpUIATEIbHAS OmleHKa — () 0asioB.
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 «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

Tema 3.3 ArperaTHblie cOCTOSIHMS BewiecTBa U (Ga3oBbIe MEepexoabl
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JlaGopaTopHoe 3ansiTHe NeG

OnpenesieHne BJIAKHOCTH BO31yXa U aTMOC(EpPHOro 1aBIeHUs
Llesib: H3MEPUTH OTHOCUTENIBHYIO BIQXKHOCTh BO3AyXa B JIAOOPaTOpUH (PU3UKH
BoinosineHue padoTsl cioco0CcTBYeT (POPMUPOBAHMIO:
I1P62, I1P66, ITP6S, ITPy3, Ilpy7, IIPy8, I1Py10, IIPy12, I1P610, Ilpy2, IIPyl12, ITP610, MP3, MPS5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepunanbHoe obecniedenue: rurpomerp ncuxpomerpuyeckuit BUT — C, ctakaH ¢ KunsiaeHOH BO1OM
3aganue
1. O3HakombTech C TeOPeTHYECKHM MATEPHAJIOM:

B armocdepe 3emum Bcerga copaepikarcs BOAsHBIE mapel. VX copepkaHue B BO3IyXe
XapaKTepU3yeTcsi aOCONOTHON M OTHOCHUTEIbHOM BIAKHOCTBIO. AOCOJIOTHAS BIAKHOCTH OMPEACIACTCS
IUIOTHOCTBIO BOJSIHOTO IMapa pa, HaxoJsIIerocss B armMocepe, WM €ro mapiyalibHbIM JaBJICHHEM PII.
[TaprraabHBIM JaBICHUEM PI HAa3bIBACTCS JaBJICHUE, KOTOPOE MPOU3BOIMI Obl BOJSHOM map, €Ciu Obl
BCE JIPYrHe Ta3bl B BO3MyXe OTCYTCTBOBaIM. OTHOCHTEIBHOM BIAXKHOCTHIO () HA3bIBACTCS OTHOIICHUE
[apIraIbHOTO JAaBJICHUS PII BOJSHOTO IMapa, COAEPXKAIIEroCs B BO3JyXe, K JaBICHUIO HACBIIICHHOTO
napa pH.I., pY JTaHHOW TemriepaType. OTHOCUTENbHAS BJIIAXKHOCTh () TIOKA3bIBAET, CKOJIBKO MPOIIEHTOB
COCTaBJISIET TApIMAIbHOE JABJICHHE OT JABJICHHsS HACHIIICHHOTO IMapa NpU JaHHOH TeMmIieparype u
orpeaensercs mo Gopmyie:

P un

[TapunansHOE AaBieHUE PII MOKHO PAaCCUMUTATh 1O YpaBHEHHIO MeHneneeBa - Knanelipona win 1o
TOYKE POCHI.

Touxka pochl - 3TO TeMIleparypa, Mpu KOTOPOl BOJASIHOM Map, HAXOIAIIMICS B BO3AyXE CTAHOBUTCS
HachlEHHBIM. OTHOCUTENIBHYIO BJIAKHOCTb BO3JlyXa MOYKHO ONPEIENIUTH C IOMOIIBIO CIEHUAIBHBIX
pruOOPOB — MCUXPOMETPA U TUTPOMETPA.

IIcuxpomerp

[IcuxpomeTp COCTOUT U3 CYXOT0 U BJIAXXHOTO TEPMOMETPOB.

PaccmoTpuTe ncuXpoMeTp U ONpeAeInuTe TAE CyXOH U BIaKHBIA TEPMOMETPHI.

a) U3MEPUTH NIOKa3aHUs CyXOro U BIa)KHOTO TEPMOMETPOB:

0) UCHONb3ysl NCUXPOMETPUUECKYIO TaOJUILy, ONpPENeIUTh OTHOCHUTENIbHYIO BJIQKHOCTb BO3IYXa.
BHuMarenbHO TOCMOTpUTE HAa NCUXPOMETPUYECKYIO0 TalOnuiy. B mepBoM BepTHKaIbHOM CTOJOLE
HalJUTE MOKAa3aHUS BAlllEro0 CyXOro TEPMOMETpA, B MEPBOM T'OPU3OHTAIBHOW CTPOKE HAaWIUTE Bally
Pa3HOCTh NOKa3aHUI CyXOro M BJIAXHOTO TEPMOMETPOB. TO 4KCI0, KOTOPOE HAXOJUTCS HA MEpeceyeHU
cTOJIOIA U CTPOKH U SBJISIETCS 3HAUE€HHEM BJIaKHOCTH BO3]yXa.

N300paxenue, cxema, pUCyHOK 3KCIIEPUMEHTA!

g

Cpoont |
mepsoxempl=

<D ‘
N
m Baaxcnwii

| ) mepaosemp X

" =

Pucynox 1. YcranoBka ajist mabopatopHoi padoThl N5
2. Brmonaure paboty.
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3. OTBeThTE Ha KOHTPOJIbHBIE BOIIPOCHI.
4. 3anosHUTE OTYET IO JTabopaTopHOU padoTe.
Ilopsinok BbINOJHEHHS padOThI:
1.HanuThk B muTaTenb KUMSAYCHYIO BOAY.
2. latp ¢duTmmo mponuTathess Bomod M yepe3d 10-15 MHMHYT OPHUCTYNUTh K ONPEACICHUIO
BJIQKHOCTH.
3.0mpenenuTs NOKa3aHus CyXoro M yBIa)KHEHHOI'O TEPMOMETPOB.
4.IloBopaunBast 1MMO € KpacHOM OLM(POBKOH, COBMECTHUThb IIOKA3aHUSA CYXOro TepMOMeETpa
(xpacHble H(}PBI) ¢ TOKA3aHUAMHU YBIXKHEHHOTO (YepHBbIE U (PHI).
5.0npenenuTb OTHOCUTENIBHYIO BIA)KHOCTh 10 KPACHOM CTpEJIKe.
6.Pe3ynbTaThl N3MEpeHHIA U BBIYMCICHUN 3aHECTH B TAONIUILY:

Tab6mua Nel
IHoxka3anus TepMoMeTPOB Pa3nocth OTHocuTebHas
NMOKa3aHuil BJIA’KHOCTb BO3yXa @,
TEpMOMETPOB %
At=tcyx-tBJ
cyxoro teyx BJIAJKHOTIO tBJI
Tabmuma Ne2
Temnepary | Touka Hasnenue | [lapumansn | Otocuten | [lnotHOCTh | AGCONIOTHA
pa pOCHI, °c HACBIILIEHH | O€ bHasI HACBILIECHH | o
OKpY>Karolil Oro Irapa, JIaBJICHUE BJI&KHOCTH | OO mapa, BJIAXKHOCTh
€ro ITa BOJISHOTO BO31yXa, %o BO3/yXa
BO31yXa, napa, Ila At
°c

7. Cnenarb BBIBOJ|, 3alMCaTh IOKa3aHWs TUTPOMETpa U JaTh PEKOMEHIALUU MO MOAJEP>KaHHIO
BJIQKHOCTH B Ta0OpaTOpHUH B TIpeesiax HOPMBI.
KoHnTpoJsbHbBIE BONIPOCHI:
1. Kakoif map Ha3bpIBaeTCs HACHINICHHBIM? UTO Takoe AMHAMHUYECKOE PaBHOBECHE, TOYKA POCHI,
napuuanbHoe JgaBieHue?
[Touemy moka3aHWsi CMOYEHHOTO TEPMOMETPA MEHBIIIE, YEM CYyXOT0?
Kak, 3Hast TOUKy pOChl, MO’KHO ONPEAETIUTh NaplualbHOE AaBlIeHHE?
4. Cyxoil 1 BIaXHBI TEPMOMETPHI IICUXPOMETPA MMOKA3BIBAIOT OJIMHAKOBYIO TemmepaTypy. Kakosa
OTHOCHUTEJIbHAs BIAXKHOCTh BO31yXa?
®opma npeacTaBiIeHus pe3yJibTaTa:
PaboTa nomkHa ObITH BBINOIHEHA B TETPAAM ISl JJAOOPaTOPHBIX paboT.
Kpurepum ounenku:
3a mpaBUIIHLHO BBIIOJHEHHOE 33JaHHE BBICTABIISIETCS TIOJIOXKHUTENbHAs OLleHKa — | Gasu.
3a HeTMpaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNEe BBICTABIISIETCS OTPUIIATEIbHAS onleHKa — 0 0aioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% nmpaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenbvhoy svicmasnsiemcs 3a menee 60%0 npaBUIBLHBIX OTBETOB
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Tema 3.3 Arperarubie cOCTOSIHMS BellecTBA U (a30BbIe Mepexoabl

JlaGopaTopHoe 3aHsiTue Ne/

Onpenesnenue yaeJibHOM TeNVIOEMKOCTH BelleCTBa

Ilenp: ONBITHBIM IIyT€M OINPEACIUTDH BEINYMHY YICIBHON TEIJIOEMKOCTH BEILECTBA U BBIACHUTH
¢bu3nvecKuil CMBICI ypaBHEHHUS TETJIOBOTO OayiaHca.

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:
I1P62, I1P66, I1PGS, IIPy3, Ilpy7, I1Py8, I1Pyl10, ITPy12, I1P610, IIpy2, ITPyl12, I1P610, MP3, MPS5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepunanbHoe olGecrnedeHHe: BEChl ONTHYECKUE HaA IITATUBE; Pa3HOBEC; MCCIEAYEMOE BELIECTBO;
KaJIOPUMETP; TEPMOMETD; IIEKTPOIUIMTKA; COCYJ] C BOJOM;
3aganue
1. 3anucatp B TeTpab Ha3BaHUE PAOOTHL, 1IeJIb PAOOTHI, IPUOOPHI U MPUHATIEKHOCTH.
2. Haueptuth TaOaMILy AJIs 3aMIUCU PE3YIbTATOB U3MEPEHUI U BHIYUCICHUI.
3. BBIYMCIICHUS IPOBECTU COIJIACHO (OPMYIIaM:

Terora, oTmanHast ropssauM TEIOM: Qo =M1C1(t1- 0)
Terutora, mosydeHHast KaTOpUMETPOM: Qo =M2C2(0-t2)
Terutora, momy4yeHHast BOIOU: Qyon. 5. =M3C3(0-13)
VYpaBaernue TerioBoro 6amanca: Qo= Qnox

M1C1(t1- 0)= myCy(0-t2)+ M3C3(0-13)

m1C1(t1- 0)=( 6-t2)( M2Co+ mM3C3)

Tak kak t)=t3, (0-t2)=(0-t3)
Clz(e-tz)(m2C2+m3C3)/(m1(t1-9))}1)1</(1<1“'OK).
4. OnpenenuTs NOTPEUTHOCTH

A=|Cragn-C1| - aOCONFOTHASI IOTPEIITHOCTB;

0=(A/c)-100%.
IMopsiiok BbINOJIHEHUS] PA0OTHI:
OrnpenenuThs Maccy UCCIIETYyEeMOTO Tena my;

OnycTuTe UCClIeayeMOe TEJIO B COCYZ C BOAOW U HarpeTh BOAY A0 KUIIEHUS;
Omnpenenuts Maccy KaJlopuMeTpa my;

Hanute 10 nos0BUHEI BOABI B KAJIOPUMETP U ONPENEIUTH MAacCy BOJbI M3,
N3mepuTh HauanbHYO TEMIIEPATYPY KAJIOPUMETpa C BOAOHU to=t3;

OnycTUTh HarpeToe TeJIo B KAJIOPUMETP € BOJOW U U3MEPUTH TEMIIeparypy cMecH 0;

No akrowdE

Pe3ynbrartel M3MepeHUil W BBIYUCICHUN 3aHECHTE B TAaONHIy W clenaite BeIBOJ. [0 oxoHUaHUM
paboThI MPUHAICKHOCTH, TETPAb U TaHHOE PYKOBOJACTBO CAAThH MPENoJaBaTelio.
Tadauma Nel
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1. macca TBepIoOroO Tenaa, KI m;
2. Temraeparypa rTena, °C t,
3. macca KajJdopiIMeTpa, Kr ms
4. macca BOIBI. KI ms
5. Temmeparypa BOIBI I KajJdopiumerTpa, | th=t3
°C

6. Temmaeparypa cMmeci, °C 3]
7= yvaenbHast TEeILTOEMKOCTE | C»
KagTopuMmeTpa, Jx/(xkr-°K)

S8.yaensHas TeIDIOEMKOCTH BOIBI, | C3
JIx/(x1-°K)

9. vyaempHass TeIUIOeMKOCTB TBepIOoIo | c;
Texa., JIx/(xr-°K)

10. TaOmmaHOoOe 3HadYeHHe  VYISIBHOII | Ct
TEeIITIOEMKOCTII TBEPIOIO TEela,
JIx/(xr-°K)

11. orHOCIHIITEeOBHAsa NOIPenIHoOCcTh, %6 o

KoHnTpoJsbHbBIE BONIPOCHI:
1. KakoBa pa3zHuna Mex/ay TEINIOEMKOCTBIO TeJa U YAEeIbHOU TEMI0EMKOCTBIO?

2. B yem cmeIch YpaBHCHHA TCIJIOBOT'O OajaHca M KakKoe OTHOIIEHHE OHO HMMEET K

3daKOHY COXpaHCHHA SHCPTHUU.

®opma nmpeacTaBJieHus pe3yJbTara:

Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU JJIs JIaDOpaTOPHBIX padoT.

Kputepun onenkn:

3a IpaBHIILHO BBITIOJIHEHHOE 33/1aHHE BBICTABIISIETCS TTOJIOKHUTENbHAS OlleHKa — 1 Ga.
3a HeNpaBUIILHO BBIITOJHEHHOE JEHCTBHE, 3a/laHHE BHICTABIISIETCS OTpHULIATEeIbHAs OleHKa — () 6ayuioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB

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

Oyenxa «yoosnemeopumenvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

Tema 3.3 ArperaTHbie cOCTOSIHMS BewiecTBa U (a3oBbie nepexoabl

JladopaTopHoe 3ansitue Ne8

Onpenenenne Moyl YIPYTOCTH Pe3HHBI

Hean: Onpenennts MOAYJIb YIPYTOCTH PE3UHBI IIPU PACTKEHUH.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1P62, T1P66, ITP68, T1Py3,

Tpy7, TIPy8, [IPy10, TIPy12, IIP610, [py2, [IPy12, [IPG10, MP3, MP5, MP15, MP28, MP31, MP32,

MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
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MarepunanbHoe olecredyeHre: pe3nHOBBIA MWHYp UIMHON 25—30 cMm u ceuenuem 4— 10 MM, Habop
rpy3oB 1o 0,1 kr, 1kr, 1,5kr, 2 Kr., IITaTUB, JUHEHKA, IITAHT€HIUPKYJb WA MUKPOMETP.

Buumanue! H3zbezaiime naodenusn 2py3oe c paooueii noeepxuocmu. Cneoume 3a noJ0zHCeHUEM
wmamuega!

3aganue:
1. O3HaKOMHTbHCS C TEOPETUUECKUM MaTEPHUATIOM.
Teopus.

IIpu ycranoBuBIIelcs ynpyroi aedopManuy paBHOACHCTBYIOUIAs BCEX BHYTPEHHUX CHII
yIPYrocTH, BO3HUKAIOUIMX B Tejle B JIIOOOM €ro CEeYeHHM, YpPaBHOBELIMBAET BHEIIHUE CHJIBI,
JIEHCTBYIOLME HA TEJIO.

CornmacHo 3akoHy ['yka, HampsyKeHHME ¢ M BBI3BAHHOE MM OTHOCHUTENBHOE & YJ/UIMHEHHE
nponopuuoHaneHel: 0=E ¢ , rne E— mMoayinb ynpyrocru.

E- EIL i Je dmgl,

S Al miz(l ol )
Iocne mpeo6pa3oBaHMs STOTO BEIPAKEHHUS HOTYIHM:
JIns SKCHepUMEHTANIBHOTO ONpEaeTeHHs MO/ YIPYTOCTH HYXKHO H3MEPUTH BCE 2
BesmumHbL  aegopmupyiomyio cwty F o (F=mg), ceuenne obpasma S, ero § (§="-),
TepBOHAYABHYIO ATHHY 10 1 ymHeHne 1. 4

HN3yuenue nepopmManum pacTsizKkeHusl.
1. V3MepuTh C MOMOIIBIO INTAHTEHUUPKYIS WIM MUKPOMETpPA TOJIIMHY IIHYpa U BBIUYUCIHUTH
TIJIOIIA/Ib €ro MOMEPEUYHOTO CeYCHUS S.
2. TlogBemmBas k mHYypy rpy3sl maccoit 0,1 kr, 0,2 kr, 0,3 Kr, U3MEpPUTh COOTBETCTBYIOILLINE
a0COJIOTHBIE YIITTMHEHUS ITHYPA: U BBIYUCIUTh OTHOCUTENIbHBIC YIJTMHEHUS ITHYPA.
3. Ilo pe3ynpTataM U3MEpPEHUN BBIUUCIUTh MOJYJIb YIPYTOCTH Pe3uHbl E U OLIEHUTh MOTrpemIHOCTH
IKCIIEPUMEHTA:
Am Al Ad Al
£= + +2—+ -
m d [-l

AE=F-¢
- a0COJIOTHAs TIOTPELTHOCTb.
5. Pe3ynbrarel n3MepeHuil U BBIYUCIIEHUH 3aHECTH B TaOJINILY:

- OTHOCHUTCIIbHAs NOTPCHIHOCTDb

H3MCPCHO BBIYHCIICHO
:fgn mykr | dym | S,m® | lom | Lm | AlLm| F,H |E,Ila %’;’ ‘?15 £.%
1
2
3

6. CaenaTs BBIBOJ,.

KoHnTpoJsbHbIe BONPOCHI.
Kaxwue Buabl nepopmannii Bol 3Haete?
W3meHsieTcs 11 BHYTPEHHSA SHEPTus Ae(opMUpOBaHHBIX Te?
Ot xakux nmapaMmeTpoB 3aBUCUT MOAyJb FOHra?
Kakoro Buma nedopmanus HaOIIOZaeTCs MpPU YeKaHKE, TpU (OPMUPOBAHWUU COCTaBa, IMPHU
UCIOJIb30BAHUU JIOMKpaTa Ul TPaHCIOPTHOTO cpeacTBa?

PobhdE
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®opma npeacTaBiaeHusl pe3yJabTara:

Pabora momkHa ObITh BBIMOIHEHA B TETPAIH Ul JTJaOOPATOPHBIX padoT.
Kpurepun oneHku:
3a mpaBUIIHLHO BBIITOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpPaBWIIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS olleHKa — 0 0auIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHoy svicmasisiencs 3a menee 60%0 nmpaBUIBHBIX OTBETOB

Tema 4.2 IlocTOSIHHBII 3/1eKTPUYECKUH TOK

JlaboparopHoe 3aHsTHe N9
IIpoBepka 3akoHa OMa U1 y4acTKa Henu

Leab padoThl: U3MEpEHHE TOKA M HAINPSLKEHUS JIa0OPATOPHBIMU MPUOOpaMH, SKCIEPUMEHTAIbHAS
MIPOBEpPKa BHIMOIHEHUS 3aKkoHa OMa.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

I1P62, 1IPG6, ITP6S, I1Py3, Ilpy7, I1Py8, IIPyl0, IIPyl12, I1P610, Ilpy2, ITPy12, [1P610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepuanbHoe odecrieyeHHe: aMIepMeTp JTa0OPATOPHBIA, BOJIBTMETP JT1a0OPATOPHBINA, UCTOYHUK

NUTaHUs, Habop U3 TPEX pe3ucTopoB conpotusieHusiMU 4 Om, 6 OM, 12 Om, peocrart, K104
3aMbIKaHUS TOKa, COEIMHUTEIbHBIE TIPOBO/IA.

3ananue
1. TIpaktuyecku yoenutcs B GU3MUECKOM CYIIHOCTH 3aKkoHa OMa Ui yuacTKa HenH.
2. YCTaHOBI/ITB Ha OIIBITC 3aBUCUMOCTH CHJIBI TOKA OT HaprI)KeHI/IfI H COHpOTI/IBJ'IeHI/ISI.

IHopsinok BbINOJHEHHUS PA0OTHI

QHGKTpI/I“IeCKI/Iﬁ TOK U HANPsSIKCHUC SABJIAIOTCA OCHOBHBIMHU (I)I/IBI/I‘IGCKI/IMI/I BCIIMYHMHAMH,
XapPaAKTCPUIYIOMIUMHU SJICKTPOMATrHUTHBIC ITPOLCCCHI B BHeKTqueCKOﬁ OCIIN.

HaHpH)KeHI/Ie Ha Yy4YaCTKe BHCKTqueCKOﬁ nennu MU3MepACTCA BOJIBTMETPOM, BKIIFOUCHHBIM MCKIY
ABYMS TOYKaMU LCIH IMAPAJUICIIbHO 3TOMY YHACTKY.

Tok nemnu HU3MEPACTCA aMIICPMETPOM, BKIIFOUCHHBIM ITOCJICA0BATCIIBHO C LCIIBIO.

Cxema BKIIIOUCHHS BOJIbTMCTpPA V " aMIIepMeTpa A moka3aHa Ha PUCYHKaX:

109



Tok u HAIIPSPKCHUE Ha Y4YaCTKE SHCKTpH‘IeCKOﬁ ey ¢ PE3UCTHBHBIM 3JICMCHTOM R cBs3anbl

3akoHoM OmMma: || = —

1. HccaenoBanue 3aBUCHMOCTH CIJIBI TOKA OT HalPAKeHUsA HA JTaHHOM YYaCTKeE L ECIIn.
Bxknrouute TOK. HpI/I oMo pe€ocCTaTa AOBCAUTC HAIIPAKCHUC HA 3a)KUMaAX IIPOBOJIOYHOI'O pE3UCTOPAa 10

1.5 B, 3arem 110 2 B 1 o 3 B. Kaxplii pa3 npu 3TOM U3MepSNTE CUITy TOKA U pe3yJbTaThl 3allCbIBAlTE B
Tabm. 1.

AT | 4

Tabmuma 1. 08
06
U,B
04
HaTPSKeHUe
02
I, A 3
1 2 3 4 s ]
CHJIA TOKA u B

[TocTpouts rpaduk 3aBUCUMOCTH CUJIBI TOKA OT HAPSKEHUSI

2. WccaenoBaHue 3aBUCHMOCTH CHJIbI TOKA OT CONMPOTHBJIEHHS YYACTKA LENU NMPH MOCTOSHHOM
HANPSAKEHUN HA ero KOHIAX.
BxomrounTe B 11€0b MO TOM K€ cXeMe MPOBOJIOYHBIN PE3UCTOP CHavasia conpoTuBiecHueM 4 OMm, 3atem

6 Om u 12 Om. ITpu moMormm peocTara ycTaHABIMBAHTE HA KOHIIAX YYacTKa KOKIBIA pa3 OJHO U TO XKe
HanpsDKeHue, Hampumep, 2 B. M3wmepsiite npu

Hal 3

3TOM CHJIY TOKa, PE3yJIbTaThl 3aluCHIBATE B
Tabnuiy 2. 08

Tabauua 2.

R, Om
CONPOTHUBJIEHUE

U [B]
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I, A

CHJIAa TOKA

HOCTpOI/ITB Fpa(l)I/IK 3aBUCUMOCTH CHUJIbI TOKA OT COIIPOTHUBJICHUA

1. Pe3ynbTaThl U3MEpPEHUN U BBIYMCICHUN 3aHECTH B TaOIMIBI | ¥ 2 ¢ MOCTPOSHHEM COOTBETCTBYIOIIUX

rpa¢uKoB.

2. CpenaTh BBIBOJ 11O padoTe.

KOHTpOJ’[LHbIe BOIIPOCHI

1. Hampspkenue Ha 3akuMax ayiekrpuueckoro ytiora 220B, ConpoTuBiieHHEe HarpeBaTeIbHOIO 3JIEMEHTA

ytiora 50 OM. Yemy paBHa cuiia TOKa B HArpeBaTEIbHOM AJIEMEHTE?

2. Cuna Toka cnupanu snekrpuueckoil nmammbl 0,7A, comporuBnenue nammbl 3100m. Omnpenenute
HaIpspKeHKE, M0 KOTOPBIM HAXOUTCS JIaMIIa.

3. MoHO JI1 BKJIIOYHUTH B CeTh ¢ HanpspkeHneM 220BoabT peoctat, Ha KOTopoM Hammcano: a) 300m, SA;

6)2000 Om, 0,2 A.

. Manbl rpaduku 3aBUCUMOCTH CHIIBI TOKA OT HAIPSHKEHUS TS KAXKI0TO U3 JBYX MapauIeIbHO
COEMHEHHBIX NMPOBOJAHUKOB (cM.puc.1). OnpeaenuTs Cuily TOKa B HEPa3BETBIEHHOHN YacTH, 1eMy,
KOI'Jla HalpsKeHUE Ha KOHLAX ydacTka. 2 B.

N

T(A)

5
4
3
2
1

A

1

2 3 4

5

-
U®)

J(A)A

I

.
U (B)

5. JlaHbl rpadMKy 3aBUCHMOCTH CHJIBI TOKA OT HANPSDKEHUSI IBYX y4acTKOB Lienu (cM.puc.2). Ha kakom

y4acTKe CONPOTHUBIIEHNE OOJIbIIE U BO CKOJIBKO pa3?

(I)opMa NnpeacraBJCHus pe3yjabTara:
PaGora JOJIDKHa OBITh BEHITIOJIHCHA B TETpaau IJIsd J'Ia60paT0pHBIX pa60T.

Kpurtepum ounenku:

3a IpaBUJIbHO BBHIIOJHEHHOE 33JJaHUE BBICTABIIACTCS MOJIOKUTENbHAS OlleHKa — 1 6as.

3a HeTpaBWJILHO BHITIOJTHEHHOE JICHCTBHE, 33aHNE BHICTABIISICTCS OTPHUIIATEIbHAsS olleHKa — ) 0ayoB.
Oyenka «omauunoy evicmasisiemcs 3a 90 — 1009 nmpaBUIBHBIX OTBETOB

Oyenka «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenka «yoosnemeopumensvho» svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

Oyenka «neyoosnemeopumenbHoy svicmasisiemcs 3a menee 60% MpaBUIBLHBIX OTBETOB

svicmagnaemcs 3a MeHee 60% paBUILHBIX OTBETOB

JlabopaTopHoe 3ansiTne NelQ

HccnenoBanue 3aBUCHMOCTH MOIITHOCTH, HOTpeﬁﬂﬂeMOﬁ JaMIIOH HAKAJIMBAHUS OT HaIIPAXKCHUSA HAa

€€ 3a'KuMax
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Iean paboThI: KccleI0BAaTh 3aBUCUMOCTH MOIIHOCTH, TIOTPEOJISIEMOM JTaMITON HaKaJTMBaHUSI OT
HaIPSKEHUS Ha €€ 3aKUMax

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

T1P62, I1P66, I1PGS, T1Py3, Ipy7, IIPy8, IIPyl0, I1Py12, TIP610, IIpy2, IIPy12, TIP610, MP3, MP5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MaTepnaﬂbnoe o0ecmeuyenue: 6aTapesI AKKYMYJIATOPA, SJICKTPUYCCKAA JIaMIIOYKa C IIaTPOHOM, PEOCTaT

CO CKOJIB3AIIUM KOHTAKTOM, aMIICPMETP, BOJIbTMCTP ITOCTOAHHOT'O TOKA, COCAUHUTCIIBHLIC ITPOBOAA,
KJIFOY.

3ananue

1. BbIsSICHUTB, KaK 3aBUCUT MOIIHOCTb 3JIEKTPUUYECKOIO TOKA OT HANPSKEHUS U CUJIbI TOKA B LIEIIH.
2. DKCIEepUMEHTAIBHBIM MYTEM MOITBEPIUTH 3TY 3aBUCHMOCTb.
Ilopsinok BbINOJHEHHS PadOTHI

1. CobpaTs 11e1b 10 CXeMe.
2. 3aMKHYTb LIETIb U U3MEPUTH HauOOJIbIIIee HAIPSHKEHUE — 4
Ha 32)KUMax JaMIIbl U BEJIMYMHY TOKA B IIETH, a 3aTEM 'I I Q-I

BBIYMCIIUTH MOIITHOCTE TOKa P=]-U.

3. YMeHbIINTD HAIIpsAKCHUC Ha 3aKMMax JIaMIIbI C @
IMOMOIIBIO pe€oCTaTa U UBMECPUTH CUITY TOKA B LICIIH, A

3aTEM BBIYMCIIUTH MOIITHOCTH TOKA.

4. [IpousBecTH ONBIT €€ pa3, YMEHBIINB HANPsSHKEHUE Ha
3aKMMax.

5. Pe3ynbTarhl Bcex U3MEPEHUN 1 BBIUMCIEHUH 3anucath B Tadauiy 1.

6. HpoaHaanpOBaTb N3MCHCHHUC MOIITHOCTH, HOTpe6J'I$IeMOI\/'I JIaMITOM HaKaJIuBaHUs, IpHU U3SMCHCHUHN
HAIPsPKCHUA Ha e€ 3aKHUMax.

7. Cnenatpb BBIBOJ IO padoTe.

(I)opMa NnmpeaocCTaBjJacHus pedyjabTaTa

Tabmuna 1.

Ne m\r Cwuia Toka, A Hanpspoxkenue, B MomtHoCTE, BT

KoHTpoJbHbIe BOnpoCHI

=

UTo Ha3bIBAlOT MOIIHOCTHIO U KaK €€ pacCunuTaTh?

2. Yro mpuHUMAIOT 3a eAMHUILY MoITHOCTH? Kak BbIpaxaeTcs: eTMHHIIA MOLTHOCTH Yepe3 eIMHUIIbI

HaNpPsDKEHUS U CHIIBI TOKa?

Kaxue eqnHuIBI MOIIHOCTH UCIIOJIB3YIOT B IPAKTHUKE?

4. B uens c HanpsbkeHueM 127 B BkiItoueHa 3ieKTpuyecKkas j1aMia, cuiia Toka B koropoit 0,6A. Haiitu
MOIIHOCTb TOKA B JIAMIIE.

5. DnekTporuiMTKa paccurMTaHa Ha HanpspkeHue 220B u cuny Toka 3A. OnpenennuTe MOIIHOCTh TOKA B

TLJTUTKE.

w
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@opma npeacTaBJieHus pe3yabTaTa:
PaboTa nomkHa OBITH BBITIOJHEHA B TETPaAM JIJIsl Ta0OpaTOPHBIX PadoT.
Kputepuu onenkmu:
3a MpaBUIIHLHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TTOJIOKUTENbHAS OlleHKa — | Oasu.
3a HelpaBWIBHO BBIMIOJTHEHHOE JICHCTBUE, 3a/IaHUE BHICTABIISETCS OTpUIaTeNIbHAsS OrleHKa — () 0aioB.
Oyenka «omauunoy svicmasisiemes 3a 90 — 100% npaBUIBLHBIX OTBETOB
Oyenka «xopouto» evicmagngemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbHoy svicmasisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB
gvicmasnaemcs 3a Menee 60% npaBUIILHBIX OTBETOB

JlabopaTopHoe 3ansiTne Nell

Onpenenenue y1eJbHOTr0 CONMPOTUBJIEHUS MPOBOIHUKA

Henab: onpenenenre yaeabHOro COMPOTUBIICHUS IPOBOJIHUKA SKCIIEPUMEHTABHBIM ITyTeM
Brinosnenue padorsl cnocodocTByeT GOPMUPOBAHNIO:
I1P62, I1P66, I1PGS, I1Py3, Ilpy7, I1Py8, I1Py10, I1Py12, I1P610, IIpy2, I1Py12, ITP610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepuanbHoe ofecrnieyeHHe: HCTOYHHK TOKA, amIepMeTp, BOJIBTMETP, COCIUHUTEIbHbIC
MPOBOJIA, KIIIOY, IITAHTCHIUPKYJb, JIMHEWKA, KYyCOK IPOBOJA, YACIBHOE COIMPOTHBICHHE KOTOPOTO
oTpeaensercs.
3ananue:
1. CamocrosTensHO cOOpaTh MEKTPUUECKYIO IIEMb 0 CXEME.
2. CHATBH TIOKa3aHUS aMIIEpPMETPA U BOJILTMETPA.
3. Hcnonb3ys MTaHTEHIUPKYIb U JIMHEHKY, HAYYUTHCS OMPENENSATh T'€OMETPUYECKUE pa3Mephl

MIPOBOHHKA.
4. OrmpenenuTh BEIUYUHY YAEIbHOTO CONPOTUBIICHUS METaIa. R
Ilopsinok BbINOJHEHHsI padOThHI: ~— N
1. CoOparth Lenb Mo CXeMe M MOKa3aTh I HPOBEPKH PYKOBOJMTEN0. ==
2. 3aMKHYTbH LIEIb M CHATH MTOKa3aHMsI aMIIepMETpa M BOJIBTMETPA. T .
3. Bbruncaute conpoTHBIIEHHE TPOBOIHUKA IO (OpMYIIE.
4. W3MepuTh IIMHY U BBIYMCINTH IUIOMIA/(b ONIEPEUHOTO CEUEHUS
IPOBOJIHUKA 110 opMmyIie:
| § = T R L_
, e - nuameTp MpoBOJAHHUKA 4 !
5. Bbruucnute ynensHoe CONMpOTUBIIEHUE O (popMmyie: R-S
6. Jlanubie 3aHecTu B Tabaumy 1. P = ;
7. Bprauciauth a0CcomMOTHYIO (A) M OTHOCUTENBHYIO (€) IOTPEITHOCTA U3MEPEHHH 0 hopMyIIam:
A =|Prigr. — Promvy &= A 100%
Pragi.

8.Crnenatpb BbIBOJ IO pabdoTe.
TabmumaNel
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U.B 1. A R,On| [bwm | d.ou S P, A, O
,J

p My

Oam-
M

. s
E.70

BECIIECTBO

KoHTposbHbIE BONPOCHI
1. Or kakux BENUYMH M KaK 3aBUCUT COMNPOTHUBIICHHWE MPSMOJIMHEHHOTO METAIIIMYEeCKOro
MPOBOIHUKA?
2. JIBa MenHBIX MPOBOAHHMKA MMEIOT OJAMHAKOBYIO JJIMHY, HO PA3IMYHYIO IJIOLWIAAb MOMNEPEYHOro
ceuennsi.:1,6 mm’ 1 0,8 Mm?. Kakoid MIPOBOJIHUK UMEET MEHbIIIEE COIMPOTUBICHUE U BO CKOJIbKO pa3?
3. CKOJIBKO METPOB HUKEIMHOBOIO POBOJA ILIOMIA/AbI0 MONEpedHoro ceueHus 0.1 Mm’ notrpedyercs
JUIsL W3TOTOBJICHUS peocTaTa C MaKCUMalbHBIM compotuBieHrnemM 180 Owm?  VYnaenbHoe
conpoTuBiieHue HukenuHa 0,42 10°0M'm.
dopma npeacTaBJeHus pe3yJbTara:
PaGota gomkHa ObITH BBIMIOJTHEHA B TETPAIU AJIs Ta0OPATOPHBIX padoT
Kputepuu onenkmu:
3a npaBUJIbHO BBIMOJIHEHHOE 331aHKUE BBICTABIICTCS MOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HelpaBWIBHO BBIMIOJTHEHHOE JICHCTBUE, 3a/IaHUE BBICTABIISCTCS OTpPHUIIATEeIbHAs olleHKka — () 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 «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.2 ITocTOAHHBIN 31eKTPHYECKUH TOK

JlabopaTopHoe 3ansiTue Nel2

3KCl’lepI/IMeHTaJ'[I>Haﬂ NMPOBEPKA 3AKOHOB NAPAJNJICJIbHOI0O M1 MOCJIEA0BATC/IBHOI'0 COCAUHCHUSA
NMPOBOJIHUKOB

eb: H3y4UTh NOCJIE10BATEIbHOE U NNapa/IeIbHOE COeIMHEHHUs NTPOBOJIHUKOB

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

I1P62, I1PG6, I1PGS, I1Py3, I1py7, I[1Py8, I1Py10, ITPy12, T1P610, IIpy2, ITPy12, I1PG10,

MP3, MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43,
JIP34, JIP32

MarepunanbHoe obecrniedeHue:

HcTouHUK A/IeKTpUYecKOl PHEPruM ¢ MOCTOSHHBIM HampsbkeHuem (He Bwilie 25B); BoiabTMeTp
IIKOJIbHBIN;  aMIepMeTp  UIKOJbHBIM, HAabOp JEMOHCTPAllMOHHBIX PE3UCTOPOB C  pa3sHBIMHU
CONPOTUBIIEHUSMH, KIIFOY, COETMHUTEIIbHBIE ITPOBOJIA.

3ananmne:

1. O3HakoMbTeCh C TEOPETHUECKUM MaTepUATIOM:
Teopus

[TocnenoBarenbHOE M NapalieIbHOE COEIMHEHUS B AJIEKTPOTEXHHKE — J[BA OCHOBHBIX Crocoba

COCIIMHEHMS DJIEMEHTOB DJIEKTpUYeCKOM menu. IIpu mociaenoBaTtebHOM COEIUHEHHHM BCE DJIEMEHTHI
CBSI3aHBI IPYT C IPYTOM TakK, YTO BKJIIOYAIOIIMM UX Y4acTOK LeNH He uMeeT (puc.l) H1 0AHOrO y3:1a.
[Tpu mapasuiebHOM CO€AMHEHUH (pHC.2) BCe BXOJAIINE B LIEMb AJIEMEHTHI O0bEJUHEHBI IBYMsI y3JIaMH U
HE UMEIOT CBSI3€l C JIPYTMMHM Y3JaMH, €CJIH 3TO HE NMPOTHBOPEUYMUT ycioBuio. IIpu mocnenoBarenbHOM
COEIMHEHUM IPOBOJHUKOB CHJIa TOKa BO BCEX IMPOBOJHUKAX oJauHaKoBa. [Ipum mociienoBarenbHOM
COEIMHEHUH MTPOBOIHUKOB CHJIA TOKA B JIFOOBIX YACTSX LENU OJHA U Ta XKe:
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I = I 1 = I 2.
[Tonnoe HaIlpsKCHUE B LENH IIPH IIOCIECAOBATCIIBHOM COCAMHCHUWH, WKW HAIIPSXKCHHUEC Ha II0Jr0Cax
HCTOYHHKA TOKA, pPaBHO CYMMC HaHpSI)KeHI/Iﬁ Ha OTACJIBHBIX YYaCTKax LCIIU:

U=U, + U,
Puc.1.
R1 RZ Rn
s ~ R=Ri+Ry++R,

[Ipu mapasieabHOM COSAMHEHUU MaJeHHE HAMPSKEHHs] MEXIY IBYMS y3JIaMH, 00beIUHSIOIUMU
3JIEMEHTHI LIETIH, OAMHAKOBO JJIsI BCEX JIEMEHTOB.
[Ipu sToM BenuuuHa, oOpaTHas OOIIEMY COINPOTHUBICHHUIO LIEMHU, PaBHA CyMME BEJIMYMH, OOpaTHBIX
COMPOTHUBIICHUSAM MapaJUIEIbHO BKIOYEHHBIX TPOBOAHUKOB. Cula TOKa B HEPA3BETBICHHON YacTU LENHU

Haprl)KeHI/Ie Ha y4JaCTKax Ienu AB u Ha KOHIaX BCECX MapalyiCJIbHO COCAMHCHHBIX ITPOBOAHUKOB OAHO 1
TO XKC:

U=U, = U,

PI/IC;2.

Jlig [BYX mapasuieaIbHO COEIMHEHHBIX PE3UCTOPOB UX 00Illee CONPOTHUBIEHUE PABHO:
1

R\ R,

R,
n.

R1:R2:R':...:Rn R=

Ecin , TO 00I1Iee COPOTUBIIEHUE PABHO:

[Ipu mapamiensHOM COEAMHEHUU PE3UCTOPOB UX OOIee COMPOTUBIICHHUE OYAE€T MEHBIIIE HAUMEHBIIIETO
W3 CONPOTUBJICHUN.
2. CHSIB NOKa3aHus HaprDKeHI/Iﬁ MU CHUJI TOKa Ha KaXJI0M M3 Y4YaCTKOB IICIIH, HGO6XO)II/IMO CBCpUTH
COOTBETCTBYIOIIME W3MEPEHHBbIC U BBIYHCICHHBIC (PU3UYECKHE BEIUYUHBI, a MO pe3yibTaTaMm
TaKoOW CBEPKH — CZeNaTh BBIBOJ O IPOeIaHHOM paboTe

L. ITocneooseamenvroe coedunenue npoeoOHUKOS.
1. Cobparts niens mo cxeme (puc. 1):
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puc. 1

2.  V3Meputh HampsHKEHHE, CHITY TOKA Ha IIEPBOM PE3HCTOPE.
3. /3MmeHHMTH cXeMy YCTAaHOBKH W W3MEpPUTh HANpPsHKCHHE Ha BTOpOM pesucrope. Cxemy
HapHCOBAaTh B TETPA/Ib.

4.,  Beruaucauth cymmy Hanpsokennin Ul+U2 .
5.  H3MeHuTh cXeMy YCTaHOBKHU M H3MEPUTH 00IIee HAMPsDKeHNEe Ha IBYX conpotuBieHusx Ul2 .
6. IIpoBepuTts, BeIMoOJHsAETCS U paBeHcTBO: U12=U1+U2.
7. TIpoBepuTh CIpaBeIMBOCTH PABCHCTB

Ri>=R1+R> u & == e

U, R

I1. IapajutesibHOE cOeIMHEHUE TPOBOIHUKOB.
1. Cobpartp nemnb 1no cxeme (puc. 2):

[
;o R,ﬂ@

2. H3mepuTs HampspKEHUE, CHITY TOKa Ha TIEPBOM PE3UCTOPE.

3. H3MeHHTb cXeMy YCTAaHOBKM M H3MEPUTh CHIIy TOKa Ha BTOpOM pesucrope. Cxemy
HApUCOBAThH B TETPAIb.

4. Bpraucnuth cymmy TokoB 11+12 .

N3MeHuTh cXxeMy YCTaHOBKHM M U3MEPHTH OOIIYIO CHTy TOKa B 1iern 112 .

[TpoBepuTh, BhIMONHSETCS U paBeHCTBO: 112=11+12.

[TpoBepuTh CrIpaBeITMBOCTH PAaBEHCTB

No v,

I/Ri=1/Ri+1/Rym Lo = %
! 2 RI
KonTpoabHbie Bonpocsi:
1. Kakoe coenuHeHHe CONTPOTUBIIEHUH Ha3bIBaETCs MOCieA0BaTeNbHbIM? YeMy paBHBI
COIPOTHBIICHUE, CHJIA TOKA, HAMIPSDKEHHE B IIETH TIPU TAKOM COSAMHEHUH?
2. Kakoe coenrHeHe COPOTUBIICHUH Ha3bIBaeTCs NapaienbHbIM? YeMy paBHBI
COIPOTHBIICHUE, CHJIA TOKA, HAMIPSDKEHHE B IIETH TIPU TAKOM COSAMHEHUH?
3. HazoBute mmochl 1 MUHYCBHI TApAJIIIETBHOTO U ITOCIEI0BATEILHOIO COEAMHEHUH
MIPOBOJTHUKOB?
4. TlpuBenute nMpUMepsl MapalIeTBLHOTO U MOCIEI0BATEIBHOIO COSTUHEHHSI TPOBOTHUKOB.
®opma npeacTaBiaeHus pe3yabTara:
PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAU ISl JAOOPaTOPHBIX paboT
Kpurepum ouenku:
3a mpaBUIILHO BBITOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHAE BBICTABIISICTCS OTpUIAaTEIbHAS OmleHKa — () 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
Tema 4.2 IloCcTOSIHHBIN YJIEKTPUYECKHH TOK

JlabopaTopHoe 3ansitue Nel3
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H3yuenue padorsl myabTuMerpa. Onpeaenenue 31C 1 BHyTpeHHEro cONpoTHBJIEHUS HCTOYHUKA
3JIEKTPUYECKOH IHEPTrUn
Heab: HayuynuTHCA MOAB30BATHCS MYJIBTUMETPOM JIJISl Pa3HBIX PEKUMOB paOOThI
BrinosiHeHue padoThl cioco0cTBYET (POPMUPOBAHUIO:
[1P62, 1TP66, I1P68, I1Py3, IIpy7, I1Py8, I1Py10, I1Pyl2, I1P610, IIpy2, I1Py12, TTIP610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34,
JIP32,
MarepuanbHoe oGecrnedeHHe: MyJIbTUMETP, HaOOp PE3UCTOPOB, IAUOJBI, TPUOJbI, HCTOUYHUK TOKa,
peocTaT, COeAMHUTEIbHBIE TIPOBO/IA, KITHOY.
HNHcTpyKkuus no npuMeHeHHI0 MyJIbTHMETPA
IlepexiarouaTesb pexumMa U JUANA30HA U3MEPEHUId.
[lepexmtouarens pexxuma U TuanazoHa U3MEPEHHM UCTIOIb3yeTcs IS BKIIOUEHHUS pudopa, a TaKkxke JJs
BbIOOpA JKETaeMoro pexkuMa padoThl M mpenena u3MepeHus. s yBeIHMueHUsl Cpoka ciyKObl Oarapew,
NepeBouTe nepekiodaresns B nojaoxenue «OFFy, mocie BeImomHeHNS H3MEPEHU.
HN3mepeHue HaNpsizKeHUs MOCTOSIHHOTO M TEPEMEHHOr0 TOKA.
1.IlogkitounTte KpacHbI pazbeM B THE30 «VQmA», yepHblid pa3beM B rHe310 «COM»
2.YcTaHOBHUTE TMEPEKIIIOUaTeNh PEeKUMa U3MEPEHUHN Ha jKeJIaeMbIi JIUara30H U3MEPEHUs HAIMPSDHKEHUS , B
cllydae €clidi HEU3BECTHO MPUMEPHOE 3HAUCHUE HAMpSOHKEHUS , YCTAHOBUTE IMEpeKIoYareib Ha
MaKCUMaJIbHOE 3HAYCHHUE U CHIDKANTE Mpees U3MEPEHUS 0 MOTyYEHUsI ONTUMAIBHOTO 3HAYCHUS .

Pexum [Tar usmepenus IorpemHnocTs

200 MB 100 MB +0,5 % ns 3ro 3Haka
2000 mB 1 MB +0,8 % s 2ro 3HaKa
20B 10 MB

200B 100 MB +1,0 % mu1s 2ro 3Haka

3. IlpukocHutech NMpPOOHUMKAMU K YCTPONCTBY MJIM TOUYKAM 3JIEKTPUUYECKON cXembl . rae Tpelyercs
U3MEPUTH HANPSKEHUE.

4. B cnyyae HanmuuMsl HalIpsKEHUsI TPUOOP MOKaXKET HAPSHKEHNE U MOISIPHOCTbD.

HN3mepenue NOCTOAHHOIO TOKA

1.IToaxntounte KpacHbI MPOOHUK K pazbeMy «VQmA». UepHsbiil k pazbemy «COM»(mia uzmepeHus
TokoB 0T 200MA 10 10 A ucnons3yiite pazbeM «10A»)

2 VYcraHOBHTE NEpeKtoyaTeNlb BbIOOpAa peXMMa HM3MEPEHHH Ha JKeJlaeMbll Mpenen HU3MepeHus
IIOCTOSIHHOT'O TOKA .

3.Pa3zbeunuTe M3MEpSEMyIO0 SJEKTPUUECKYIO LI€Tb M TOJCOCTUHUTE MPOOHUKH TMOCIEI0BaTENIbHO C
Harpy3Kou.

4. Ha nucruiee mogBUTCS 3HAYECHUS TOKA.

6. Pazpem «10A» mnpegHasHaueH NI HEYACTOrO HCIIOJIB30BaHMSA. BpeMms u3MepeHMs HE JOJDKHO
mpeBbllIaTh 15 cekyHJ, a MeXay H3MEpEeHUSIMH HEOOXOIWMO BBLIEPKHBATh HECKOJIBKO CEKYH]I BO
n30exaHue MOBPEKICHUs TpUdopa.

HN3mepenue conpoTuBIeHUs

1.IIpucoenuuuTe KpacHblii MPOOHUK K pazbeMy «VQmA». UepHslil k pazbeMmy «COM».

2.YcTaHOBUTE IepeKitoyareiab BbIOOpa peXHMa H3MEPEHHH Ha IKeJaeMblil Tmpeaen H3MEpeHUus
COIPOTHBIICHUSI.

3. Ilpwioxkute mNpOOHHMKM K H3MepseMoMy oO0paslly, AMCIUIEW OTOOpa3sHT NpU OSTOM 3HAUEHHE
COIMPOTHBIICHUS .

Pexum MHOXHUTEND ITorpemnocTs
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200Q2 0,1 +(1.0% mns 10ro 3Haka)
2000Q 1
20KQ 10
+(1.0% mst 4ro 3HaKA)
200KQ 100
2000KQ 1000

IIpoBepka quonos
1.IlogkmrounTte KpacHbI MPOOHUK K pazbeMy «VQmA., yepHbIil K pazbeMy «COM».
2. YcTraHOBHTE TIEpEKIIIOUaTeNb BBIOOpA peKuMa U3MEPEHHUI Ha 3HAYOK |[1ruoja
3. CoenMHHATE KPACHBIH TPOOHUK C aHOJIOM (P) TECTUPYEMOTO THO/IA, @ YSPHBIM MPOOHUK ¢ KaToA0M (1)
4. Jlucrinel mokakeT 3Hau€HUE HampsbkeHdus B MB. ecnu mosisspHOCTh Mona mepemyTraHa , JUCIUIeH
0oToOpa3uT «1».
H3mepenue Temnepatypsbl
1.Ilpucoequnure Tepmomnapy K pazbeMy «VQmA» u k pazpemy «COM».
2.YcraHOBUTE MEPEKII0YATENb BBIOOpA pexrMa U3MepeHnil Ha usmepenue temnepatypsl « TEMID»
3. ducnieit oToOpa3utT 3HaYeHHE TeMIepaTypsl B rpaaycax Llenbcust.
3ByKoBasi NPO3BOHKA
1.IToaxnrounTte KpacHbI MPOOHUK K pazbeMy «VOQmA». UepHsiii k pazbemy «COM».
2.YcTaHOBUTE MEPEKII0YATENb BBIOOpA pexXrMa U3MEPEHUN Ha 3BOHOK
3.IIpucoenuuute mpoOHUKH K MPO3BAHUBAEMOW cxeme, npu compoTtuBieHun menee 30 Om momaercs
3BYKOBOM CUTHAIL.
IHopsaok BbINOJIHEHUS PA0OTHI:

[Ipounraiite TEOPETUUECKUI MaTEPHUAIL:
Teopernyeckunit marepua:
Tonynpoeoonukoswiii 0uoo
Jvon  comepkMT  p-N-Epexon,  3aKIYEHHbIM B |
TFepMETHYECKHI KOPIYC M COEIUHEHHBIH C METAJUIMYEeCKUMHU
BbIBOZAMHU. BBIBOA OT p-00sacTH Ha3bIBAIOT aHOAOM, OT n-
00JacT — KaTOJIOM.

Juon- TOMYNPOBOAHUKOBBIA NpUOOp, TMpeAHAa3HAUEHHBIM JUIsl yCUJIEHHS IpeoOpa3oBaHUs
TeHEPUPOBAHUS IEKTPUUECKUX KOJIeOaHUM pa3nyHON YacTOTHI.

TpaH3ucTop COCTOUT U3 TpeX 00JIACTEN ¢ Pa3TUIHOM MPOBOAMMOCTHIO. Pa3muuaioT TpaH3UCTOPHI
tuna p-N-p u n-p-n. Cpennss 30Ha Ha3bIBaeTcs O6azou. TonmuHa 6a3bl JOHKHA OBITh MEHBIIE JUIMHBI
cBoOOsHOrO mpobera snekTpoHa. B TpaH3ucTrope mmeroTcs nBa p-n-mepexona. JleBwlil p-n mepexon
ABIISICTCA MPSIMBIM U OTJENseT 6a3y OT 00JacTh ¢ MPOBOJAUMOCTBIO P-TUIIA, HA3BIBAEMYIO oMummepom. B
3TOW 00JIaCTH aKIENTOPHOMN MpUMECH B COTHHU pa3 Oosibllle, 4eM JOHOPHOM npuMecHu B 6ase, T. €. AbIPOK B
SMHUTTEPE 3HAUYMUTENBHO OOJbIle, YeM 3JIEKTpOoHOB B Oaze. [IpaBwlii mepexon sBiseTcs OOpaTHBIM H
oTaensieT 6a3zy OT 00JIaCTH C MPOBOJIUMOCTBIO P-THIIA, HA3bIBAEMOU KOLIEKMOPOM.




1.MI3y4uTh HHCTPYKITIMIO 1O IKCIUTyaTauy mpuoopa.
2. I3MepuTh COPOTHUBIICHHS PE3UCTOPOB, TAHHBIE 3aMKCaTh B TAOIHILY

Ne n/m Conporusiaenue, Om

3.CobpaThb 1emb 1Mo CXeMe

4.3aMKHYTb LI€TIb, IPU HEUCIIPABHOCTH LIETIH ITPO3BOHUTH LI€Mb, HAUTH HEUCIIPABHOCTb.
5.M3MepuTh HanpsuKeHUE Ha OaTapeiike U peocrare.

6. PazoMkHyTh 1enib. VI3MepuTh TEMIIEpATYpy PE3UCTOPA U peocTaTa.

7.3MepuTh CONMPOTUBIEHUE PE3UCTOPA U PEOCTAaTa, IaHHBIE 3aMK1caTh B TAOIUILY

0
HaunmenoBanme ConporusJjenune, OM Hanpsi:kenue, B Temneparypa, C

Pesucrop

Peocrar

WUcTtoyHuk TOKAa 0 | eeme-

8. IToBTOpPUTH TEOPETHYECKUN MaTepHal Mo MOJIYIPOBOAHUKOBBIM IPUOOpaM: JUOAY U TPAH3UCTOPY.
9. IIpoBepuTh 11MOABI (UCIIPABHOCTD, MOJSPHOCTD).
10. Tpansucropsl. OnpeaenauTs BBHIBOJbI TPaH3UCTOPa (KOJIIEKTOpP, 0a3a, SMUTTEP) U THUIl TPaH3UCTOpa
(p-n-p) mru (n-p-n)
11. 3anucaTh BBIBOJI IO pabOTE, OTBETUB Ha BOIPOCHI.
KoHTpoJibHbIE BONIPOCHI:
1. Kak BbisicHUTD, 4TO Au0A HeucnpaseH? 2. Kak BBISICHUTD p- U N- KOHTAKThI [uoa?
2. Kax onpenenuts 6a3y y TpaH3UCTOpA.
3. HasoBwure riaBHBIE CBOICTBA AMOAA U TPAH3UCTOPA.
4. YcTpoWCTBO aU0/a U TPAH3UCTOPA.

Yacrtp 2. U3yueHue siBjIeHUS JJIEKTPOMATHUTHON HHIYKIMHU
]_le.ﬂl) paﬁoTbl: OIIBITHBIM HYTeM y6CJII/ITI)CSI B IIOSIBJICHUHN I/IH)IYKL[I/IOHHOFO TOKa U HpOBepI/ITB 3aKOH
Jlena.
OOopynoBanmue: MUUIMAMIEPMETP, MCTOYHUK NHUTAHUS, KaTyIIKU C CEpAECYHUKAMH, TyrooOpa3HbIN
MarHMT, BBIKITIOYATeIh KHOTIOYHBIN, COeIMHUTEIbHBIC TIPOBO/Ia, MAaTHUTHAS CTPENKa (KOMIIac), peocTar.
Teopernyeckas 4acThb:

SIBlIeHME DJIEKTPOMArHUTHOM HMHAYKLUHH 3aKJIOYAETCS B BO3HMKHOBEHUHU JJIEKTPUUYECKOTO TOKA B
MIPOBOJSAIIEM KOHTYpE, KOTOPBIH JINOO MOKOUTCS B NMEPEMEHHOM BO BPEMEHHM MarHHUTHOM Iojie, OO
JBUKETCS B TIOCTOSIHHOM MAarHUTHOM IIOJIE€ TaKUM 00pa3oM, YTO YMCIIO JIMHUA MAarHUTHOW WHAYKIIUU,
MIPOHU3BIBAIOIIMX KOHTYp, MeHseTcs. B Hamem cimydae pa3ymHee ObUIO ObI MEHSTh BO BPEMEHU
MarHMTHOE TOJIe, TaK KaKk OHO CO3JaeTcs ABMKYIIMMHCS (cBOOOMHO) MarHUTOM. COTJacHO MpaBUIy
HeHua, BOSHI/IK&IOH_[I/Iﬁ B 3aMKHyTOM KOHType I/IHJIyKHI/IOHHI)II\/II TOK CBOUM MArHUTHBIM IIOJIEM
HpOTHBOI[GﬁCTByGT TOMy HU3MCHCHHUIO MaroHuTHOI'O IIOTOKaA, KOTOpBIM OH BBI3BAaH. B JAHHOM cnyqae 9TO
MBI MOKE€M HaOJII0/IaTh MO0 OTKJIOHEHUIO CTPEIIKA MUJTHAMIIEPMETpA.
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ITopsinok BbINOJHEHHUsI padOThI:
1. BcraBbTe B OIHY M3 KaTYIIEK JKEJE3HbIN CEPACYHUK, 3aKpPENUB €ro raikoil. [loakmounTte 3Ty KaTynky
yepe3 MWUIMaMIIEPMETpP, PEOCTaT M KIIOY K MCTOYHMKY NHMTAHUA. 3aMKHUTE KIIOY U C IIOMOUIbIO
MarHUTHON CTpenKu (KoMIlaca) OIpelesuTe PacIoioKEHHEe MAarHUTHBIX IOJIOCOB KATYIIKH C TOKOM.
3adukcupyiiTe, B KaKyl0 CTOPOHY OTKJIOHSIETCS TIPH 3TOM CTpeliKa MHJUTMaMIiepMerpa. B nanpHeiiem
IIPU BBINOJIHEHUH PAaOOThI MOKHO OYyIeT CYAUTh O PACHOJOKEHUU MArHUTHBIX IOJIOCOB KAaTYIIKU C
TOKOM I10 HallpaBJIE€HUIO OTKJIOHEHMSI CTPEJIKM MUJUIMAMIIEpMETpa.
2. OTkIrounTe OT LENU PEOCTAT U KIH0Y, 3aMKHUTE MUJUIMAMIIEPMETP Ha KaTYyLIKY, COXPAaHUB MOPSAIOK
COEIUHEHUS UX KIEMM.
3. [IpucraBbTe cepAeUHUK K OJHOMY U3 TOJIIOCOB AYyrooOpa3HOro MarHUTa U BABUHBTE BHYTPb KaTYIIKHU,
Ha0JI01as1 OTHOBPEMEHHO 3a CTPEJIKON MIJUTHaMIIepMeTpa.
4. [loBTOopuTE HAOMIOACHNE, BBIIBUTasl CEPICUHUK U3 KATYIIKH, a TAK)KE MEHSS MOJI0Ca MarHuTa.
5. 3apucyiiTe cCXeMy OIIbITa U IPOBEPHTE BBHIIIOJIHEHUE MpaBUia JIeHa B KaXX10M cllydae.
6. Pacnonoxwure BTOpyIO KaTyLIKY pSIOM C IIEPBO TaK, YTOOBI MX OCH COBIAIAJIH.
7. BcraBpTe B 00€ KATYIIKH JKEJIE€3HBIE CEPACYHUKM U IPUCOEIMHUTE BTOPYIO KaTYLIKy uepe3
BBIKJIFOYATEIb K UICTOYHUKY TUTAHUS.
8. 3ambIkas ¥ pa3MbIKas KJt04, Ha0II0AaliTe OTKIIOHEHUE CTPEJIKU MUJUIMaMIIEpMETpa.
9. 3apucyiiTe cxemy ONbITa U POBEPHTE BBINOJIHEHUE ITpaBuIia JIeHna.
KoHnTpoJibHbIE BONpOCHI:
1.B uem 3akitouaercs siBJICHUE 3JIEKTPOMAarHUTHOM MHIYKLIMH?
2.Kak n0mKeH IBUIaTbCs 3aMKHYTBHIM MPOBOJSIIMI KOHTYp B OJHOPOJHOM MarHMTHOM IIOJIEM . HE
3aBHCSILEM OT BPEMEHH, MOCTYNATEIHO WIIM BPAIIaTEIbHO, YTOOBI B HEM BO3HUK MHIYKIIMOHHBIN TOK?
3.MeTtammn4eckoe KOJbII0 MOXKET CBOOOTHO ABHTAThCS IO CEPACYHHUKY KATYIIKH, BKIIOYEHHOW B IEThH
MOCTOSIHHOTO TOKa. YTO OYyJeT MPOUCXOIUTh B MOMEHT 3aMbIKAHUS U pa3MbIKaHUs [ENu?

®dopma npeacTraBjeHus pe3yabTara:

PaGota nomkHa ObITH BHIMIOJTHEHA B TETPAIU AJIs Ta0OPATOPHBIX padoT

Kpurepuu onenkmn:
3a mpaBUIIBHO BBIIIOJHEHHOE 33/JaHHE BBICTABIISIETCS MOJIOXKUTENNbHAs OlleHKa — | Gasu.
3a HelpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISAETCS OTpHUIIaTeIbHas olleHKa — () 6anoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumensroy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.2 ITocTOSAHHBIN 31eKTPHYECKUH TOK

JlabopaTopHoe 3ansitue Nel4

Onpenesnenue TemneparypHoro ko3gguunenra Meau

Heab: packpbITh BIUSHUE TeMIEpPaTyphbl Ha NEKTPUUECKOE COMPOTUBICHHE METANIOB; ONBITHBIM
nyréM  ONpeAeNuTb  KO3PQPHUIHUEHT TEPMUYECKOTO  CONPOTUBJICHUS  MEOW;  IOCTPOUTH IO
9KCIIEPUMEHTAIBLHBIM JaHHBIM TpaduK 3aBUCUMOCTH COIIPOTUBIIEHUS OT TEMIIEPATYPHI.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

I1P62, I1P66, I1PGS, I1Py3, Ilpy7, [IPy8, I1Py10, I1Py12, I1P610, Ilpy2, I1Pyl12, 1TP610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepuanbHoe obecnedeHue: MpHOOp Ui ONpPENENCHUS TEMIEpaTypHOro ko3dduimenra
CONpOTHUBIIEHUS Menn, TepMomeTp TexHnueckuid ot 0 1o 100°C ¢ uenoit aenenus 1°C, omMeTp, BHEIITHUN
COCy/l KaJJOpUMETpPa C BOAOH, 3JEKTPOIUIMTKA, KIIIOY, COCIMHUTENbHbBIE MTPOBOJA, MITATUB ¢ My(pTOH U
JIATKOM.
Teoperuyeckunii marepuas:

DJNEeKTpUYECKOEe COMPOTUBJICHUE 3aBUCUT OT Temmeparypbl. OOBICHSETCS 3TO TeM, 4YTO

YIOPSIOYCHHOMY JIBUJKEHUIO CBOOOAHBIX JJIEKTPOHOB AJIEKTPUYECKMH TOK JTO YIOPSIO0YEHHOE
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JBUKEHHE 3apsKEHHBIX YacTHUL] - 3JIEKTPOHOB) OKa3bIBAIOT NMPOTUBOJECHCTBHE (COMPOTHUBIIEHNE) aTOMBI
KPUCTANINYECKOH PEeIETKH, THTEHCUBHOCTh TEIVIOBOTO JIBUKEHUS KOTOPBIX MU3MEHSAETCS ¢ U3MEHEHUEM
TEMIIEPATYPHI.

VY XUMHUYECKH YUCTBIX METAJUIOB C MOBBIIICHUEM Temmeparypsl Ha 1°C conpoTuBiIeHHE BO3paCcCTaeT
npumepro Ha 0,004 (1/273) conpotusnenus npu 0°C 1 BeIpaskaeTcst JTMHEHHONW 3aBUCUMOCTBIO

Rt =Ro(1+0aAt), rae

Ro—conportusnenue meramia mpu 0°C,

At- pa3HOCTB TeMIiepaTyp (KOHEUHON U HayaJIbHON);

o - TeMIepaTypHbIi K03((UIMEHT CONPOTUBIECHUS, MOKA3bIBAIOIINI, Ha KaKyl0 4acTh HA4aJbHOI'O
conpotusiieHus npooauuka npu 0°C (273K) usmensieTcss conpoTuBiieHHe Npu HarpeBanuu Ha 1°C uiun
1K.

0=A R/ RoAt mm o=A R/ RoAT
AR=R;—-Ry.
OnbBITHBIM TTyTEM MOKHO OIPENCNIUTh 0, HE mpuleras K U3MepeHuto conpotusieHust Ro. s sToro
HEO0XOAMMO JIBaXJbl WM3MEPUTh COINPOTHBIIEHHE HccieqyemMoro Matepuasa Ri m Ry mpu pasHbix
TeMIIeparypax t; u tp.

Ilopsinok BbINOJHEHHS PadOThHI:

1. Cocyn ¢ BoJo MOCTaBUThH HA 3JIEKTPOIIUTKY U BKIIIOUUTH €€ B CETh.

2. OnpenenuTs LEHY JIIEHUs OMMETpa.

3. N3meputs conpoTtuBieHne R1 MeqHON MPOBOJIOKK P KOMHATHOM TeMIiepaType ti.

4. OnycTtuth pubOp B BOJLY, YCTAHOBUTH B HEM TepMoMeTp. [Ipu HekoTopolt Temrieparype ty U3MEpUTh
conpotusieHue Ry necnenyeMoi npoBOJIOKH.

5. OnbIT MNOBTOPUTH HECKOJIBKO Pa3.

6. Berumcauts 2 — 3 pasa a, ucnojb3ys cooTHoieHue: o= R - R/ (R1t2 — Ry t1).

7. OnpenenuTth CpelHEee 3HAUYEHUE O¢p, U CPABHUB IOJIYYEHHBIH pe3yibTaT ¢ TaOIMYHBIM 3Hau€HHEM

TEMIIEPATYPHOT0 KO3PPUIIUEHTA COMPOTUBIICHUS MEIH, BEIUNCIUTH OTHOCUTENBHYIO OTPEIIHOCTD.
8. Pe3ynbTaThl M3MEpEeHUH U BEIUMCIICHUH 3anucaTh B TaOIMILY.

Temnepary Conporus Temnepart Cpennee ToO. OTHocuTebH
Ne pa JleHue YPHBIi 3HaYeHHue 3HAYeHHe asi
MeHOMH MeHOM K03 (punu TeMneparyp TeMIneparyp NOTPelIHOCTh
MPOBOJIOKH NMPOBOJIOK eHT HOTO HOTO
t, °C u R, Om CONMPOTHUBJI ko3 (ppunue K03 unuen
eHusl HTA Ta 9, %
0, (°C)* cONnpoTHBIe conpoTuBIe
HHUSL HUS
acp.
1
2
3
4
5
6

9.Ucnonp3ys naHHBIE HKCIIEPUMEHTA, MOCTPOUTH IpadUK 3aBUCUMOCTH R OT t, OTKiajabIBas O OCH
adcrucc — remriepatypy B °C Ha OCH OpAMHAT — COMTPOTHUBJICHHE.

10.Cnenats BbIBOJ IO paboTe.

KoHnTpoJibHbBIE BOIPOCHI:

KakoBa ¢u3uueckast CymHOCTb JIEKTPHUUECKOTO COPOTUBIICHUS?

Kak 0ObsICHUTD yBeIMUYEHUS COMTPOTUBIICHHUS METAIIOB IIPU HAarpeBaHuu?

OOBsicHUTD (OpPMYITY, 0 KOTOPOH ONpeneNsIeTcss TeMIepaTypHbIi KO3 UIIMEHT CONPOTUBICHHUS.

[Toyemy TemmepaTypHbIi KOAOPHUITUEHT COMPOTUBICHUS IS SJIEKTPOJIUTOB OTPUIIATEIIbHBIN?

Hwnh e
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KaxoBo conporusnenue 0,5 kr MeaHON IpoBosIoKU AuaMerpoM 0,3 mm?
6.  Yka3zarp MpakTHYeCcKOEe MPUMEHEHUE 3aBHCUMOCTH CONIPOTHUBIICHHS TPOBOTHUKA OT TEMIIEPATYPHhI.
dopma npeacTaBJeHus pe3yabTaTa:
Pabota momkHa OBITH BEITIOJIHEHA B TETPAIH I 1a00paTOPHBIX padoT
Kputepuu onenku:
3a MpaBUIIHLHO BBITOJHEHHOE 33/JaHHE BHICTABIISICTCS TIOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTpUIIATENbHAs olleHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbHoy svicmasisemcs 3a Mmenee 60% nmpaBUIBLHBIX OTBETOB

Tema 4.2 IlocTOSIHHBIN YJIEKTPUYECKHH TOK

JladbopaTopHoe 3ausitue NelS

Onpenenenue cONPOTUBIEHUS PE3UCTOPA METOAOM MAPKHPOBKH

Heab: onpenenuts HOMUHAIBHOE COIPOTUBIIEHNE PE3UCTOPOB METOJIOM MapKUPOBKH; ONPEAEIUTh
JOMYCTUMOE 3HAYCHHE CUJIBbI TOKA JUJISl TaHHBIX PE3UCTOPOB MPHU U3BECTHOM HOMHUHAJIE MOIIHOCTH.
Boinosinenue padoTsl cnocodocTByeT (POPMUPOBAHUIO:

I1P62, I1P66, I1PGS, I1Py3, Ilpy7, I1Py8, I1Py10, I1Py12, I1P610, Ilpy2, I1Py12, ITP610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepuanbHoe o0ecneuyeHue: HaOOp PE3UCTOPOB pPa3HBIX COMPOTHBICHUN, TabIUIA 3HAKOB
MapKHUPOBKHU.

3ananme.

1. O3HAKOMHUTBHCH C TEOPETHUYECKHUM MATEPHATIOM.

Teopernyeckunit marepuan:

[Ipu onpenenenun pexxuMa pabOThl PE3UCTOPA CIAEAYET YUUTHIBATh MAKCMMAJIBLHO J0IyCTHMOE /ISl
Hero 3Ha4yeHue CWJIblI TOKA, KOTOPOE OMpeNeNsieTcs 3HAU€HHUEM €ro COMPOTHUBIECHUS U MOIIHOCTHIO.
MapKI/IpOBKa HOMHUHAJIa pE3UCTOPAa OCYIICCTBIIACTCA IBCTOBBIM KOJOM B BHUJC YCTBHIPEX HBCTHLIX ITOJIOC,
HAHECEHHBIX Ha ero KopIryce.

[Ipu 5TOM 3HAUEHHE COMPOTHUBIICHUS PE3UCTOpa yKasbiBaeTcsi B OMax JIByMs MEPBBIMH I10JIOCAMH U
MHOKHUTENEeM (TpeThs nmonoca) 10n, rae n - 1r060e 1enoe Ynucio ot - 2 A0 + 9.

MapKupoBOYHBIC 3HAKH CIBUTAIOT K OJIHOMY M3 TOPIIOB PE3UCTOpA, HAIPUMED, K JIEBOMY, U 3aTeM
pacrojararoT cieBa HalpaBo B CIIEAYIOIIEM MOPSJIKe: TepBas mojoca - nepsas 1nudpa HOMUHAA, BTOpast
mojioca - BTOpas IMppa HOMHUHANA, TPEThbsl MOJOCA - MHOMKWTENb, YETBEpTas IoOJoca - JONYCK Ha
OTKJIOHEHHE (PaKTHUECKOTrO COMPOTHUBIEHUS OT HOMHHaia. Eciu pasmepbl pesucropa HE MO3BOJSIOT
Pa3MeCTUTh LIBETHBIE MOJOCHI HECUMMETPUYHO, T. €. OJMKe K OJTHOMY U3 TOPLIOB PE3UCTOpa, TO MepBas
T0JIOCA BBITIONHSETCS O0JIee IHUPOKO.

HBeTa 3HAaKOB MapKUPOBKU HOMUHAJIBHOI'O COIIPOTHUBJICHUA B Omax u J0OITYCKOB B % MMPUBCACHBL
B TabnuIe:

Homyc

IIBer 3Haka IlepBas nuudpa Bropas uugpa MHoxuTENb KB %
CepeOpucThrit -- -- 107 10
30JI0THCTBIH -- -- 10" 5
YepHsIii -- 0 1 --
Kopuunessrit 1 1 10 1
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KpacHbiit 2 2 10° 2
OparKeBblit 3 3 10° -
Kenrerit 4 4 10° --
3eneHblit 5 5 10° 0,5
Tomy6oit 6 6 10° 0,25
DuroneToBeIi 7 7 107 0,1
Ceperit 8 8 10° 0,05
Benerit 9 9 10° -
IMopsiiok BbINOJIHEHUS PA0OTHI:
1. Pa3noxuth Ha paboyeM CTOJIE KOMIUIEKT PE3UCTOPOB.
2. BHuMaTenpHO MPOYMTATh YKa3aHUE K padoTe.
3. OdopMuUTH MAPKHPOBKY PE3UCTOPA B TETPAIH 11O 00PA3ILY
4. 3anoyHUTH TaOIUILY:
Pesucrop Homunansnoe conpotusienue R | Momrnocts pesuctopa (Bt)| Cuna Toka)
(A)
1. 0, 25
2. 0, 25
3. 0,25
4. 0, 25
S. 0, 25
6. 0, 25
7. 0,25
8. 0, 25

5. Paccuurath CUJIy TOKa Ipu W3BECTHOM MOIITHOCTH TOKA.

6. Cnenatpb BBIBOJ IO padoTe.

KoHTpoJibHBIE BONIPOCHI:

1. B dewm 3akiir09aeTcst METOl MaPKUPOBKH.

2. Jlns 4yero Hy»KHO 3HATh CONMPOTHUBJICHUE PE3UCTOPA MPHU BKIIOYCHHUH €T0 B CXeMY?
3. Ot 4ero 3aBUCUT MOIIHOCTh TOKA, TEKYILETO MO PEe3UCTOpPY?

®opma npeacTaBieHus pe3yJabTara:
Pabota nomkHa ObITH BBIMOJIHEHA B TETPAIu AJIs 1a0OpaTOPHBIX paboT

Kpurepumn oneHku:
3a IMMPaBUJIbHO BBIIIOJIHCHHOC 3a1aHNUC BBICTABIIACTCS IOJIOKUTCIIbHAA OLCHKA — 1 68.1111.
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3a HelpaBWJIBHO BBIMOJTHEHHOE JICHCTBUE, 3a/IaHNE BBICTABIISIETCS OTpUIaTeNIbHAs omleHKa — () 0ayioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% mpaBUIBLHBIX OTBETOB

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

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

Oyenxa «HeyoosiemeopumenbHoy svicmasgisemcs 3a Mmenee 60% nmpaBUIBHBIX OTBETOB

Tema 4.2 IlocTOSIHHBIN YJIEKTPUIECKHH TOK

JlabopaTopHoe 3ansiTne Nel6

Onpenenenne KII/{ narpeBareseii

Henb: HayduThCs MPAKTUYECKH OMPEIEISITh TEIUIOBYIO OTHAdy AJICKTPUYECKOTO HarpeBaTems
0000 THUIIA.

BoinoJsiHeHHe padoThI cOCOOCTBYET (POPMUPOBAHUIO:

[1P62, I1PG6, ITP6S, I1Pyl, ITPyl13, I1Py3, I1PyS5, Ilpy7, I1Py8, I1Py10, ITPy12, I1P610, Ilpy2,
[TPyl12, TTP610, MP3, MP5, MP15, MP23, JIP26, , MP28, MP31, MP32, MP33, MP34, MP37, MP44,
MP47, MP48, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MartepuanbHoe odecniedyeHne: 2 HIEKTPUICCKUX HArPEBATEN, COCYT U KUTITYCHUS BOJIBI, BOJA,
TEPMOMETP, CEKyHAOMED (Yachl), CIPABOYHUK IO (PHU3UKe.

3ananmue.

1. O3HaKOMHTBCS C TCOPETUUCCKUM MATEPHUATIOM
Teoperuyeckunii marepuasn:

KOS(b(bI/II_[I/ICHT ITOJIC3HOI'O ,HeﬁCTBPIH HarpeBarTejid CBA3aH COOTHOIICHUCM:
i
K111, = — +100% (1)

Q - mosie3Has Teriora u onpeaensercs mo popmyne Q=C*m(T,-T1) (2)

II€ ¢ — yAelbHas TEIUIOEMKOCTb KUIKOCTH,

M — Macca )KUAKOCTH, KOTOPYIO KUIIATHAT,

T1— HavasnpHas TeMIepaTypa KHUJIKOCTH,

T, — KOHe4Has TeMIieparypa KHJIKOCTH,

Q3 — KOJIMUYECTBO TEIJIOTHI, KOTOPYIO BBIIENISIET HArpeBaTeb

(3aTpaueHHas TeIUIOTa) U onpeaesiercs mo popmyne: Q3 =P -t (3),

rae P — MOIIHOCTH 3JIEKTPUUYECKOTO HarpeBaTels,

t — MHTEpBaJI BpEMEHH, 3a KOTOPBIN 3aKHIIENIA KUIAKOCTb.

MoIIHOCTh ANEKTPUYECKOTO HArpeBaTeNs OMpeAeNseTcs MO MAaCMOPTHBIM JaHHBIM, YKa3aHHBIM Ha
npubope.

Bpewmsi, 3a KOTOpOe 3aKHUIHT KUAKOCTh, ONPEACTAETCS YacaMu. Y IeNIbHAs TEIUIOEMKOCTh BOJIBI
OTIPEIEINISICTCS 110 CIIPABOYHHUKY.

Ilopsinok BbINOHEHHS PadOThHI:

1. [ToAroTOBUTH TAOJUITY JIS 3aITUCH PE3YJIbTATOB, OTMIPEIEIIEMbIX B X0/1€ paOOTHI.
Onpenenuthb Brrunciuts
Cs m T1 T, P t K.ILA.
K K Bt c %

JInc\ke K Kr
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3aHecTH B Ta6n1/1uy CIIpaBOYHEBIC OaHHBIC YHGHBHOﬁ TCIINIOEMKOCTH BOJBI.

3. 3anucath B TaOJUIy HOMUHAJIBHYIO MOIIHOCTh AJIEKTPUYECKOT0 HarpeBaTels, yKa3aHHYIO Ha
npuoope.

4, B cocyn ans xunsiyenus Bonbl HaauTh 200 r BOJIBI.

5. Onpenenuth HayalbHYIO  TEMIEPATypy BOJBI.

6. BxurounTh HarpeBaTellb OTHOBPEMEHHO C CEKYHIOMEPOM (dacaMu).

7. OcTaHoBUTH ceKyHIOMEp (uYackl) B MOMEHT OypHOro KurmeHus BOJbl. Bpems, 3a koTopoe
3aKuIesa Bo/ia, 3aHEeCTH B TaOJIHILY.

8. Boruucnuts K.I1.JI. anekTprdeckoro HarpeBarTes.

0. [TOBTOPUTH OMBIT C APYTUM HarpeBaTesieM.

10. YuuTheIBas NOTEPH SHEPTUU CHOPMYIUPOBATH BHIBO/I.

KoHTpoJibHBIE BOIPOCHI:
1. Veemnuurcs wim ymenbinutces K.ILJ. ayekTpuueckoro 4YalHWKa, €CIM Ha €ro CTEHKax
MOSIBUJIACh HAKUIIB (OTIIOKEHHE COJICH)?
2. 3aBucut yu KIIJ| snekrpuueckoro 4aHUKA OT TOTO OTKPHIT OH HIIM 3aKPHIT?
®dopma npeacTaBiaeHusl pe3yJabTarTa:
PaGoTa momkHa OBITh BBIMOJIHEHA B TETPAIH IS JIAOOPATOPHBIX padoT
Kputepuu ounenkmu:
3a mpaBUIIbHO BBITOJHEHHOE 33JJAHHE BBICTABJISICTCS TIOJIOKHUTEIbHAS OLleHKA — | Oasu.
3a HeMpPaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATEIbHAS onleHKa — 0 OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% nmpaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmagniemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.3 DyiekTpUUYeCKHUil TOK B Pa3JIHYHBIX cpeax

JlabopaTopHnoe 3ansitue Nel7,18

«H3yyeHne 3JIeKTPUYECKHX CBOMCTB IOJIYyIIPOBOIHUKOB)
Heanb padoTei: yrinyOUTh NOHUMaHUE (PU3NUECKOTO CMBbICIA MOHATHUS OTYIPOBOIHUK U

MCXaHHU3Ma €ro NpoOBOJUMOCTH.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1P62, T1P66, T1PGS, ITPy3, Ilpy7, I1PyS8, I1Pyl10, ITPy12, ITP610, Ilpy2, [1Py12, TIP610, MP3, MPS5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MartepuanbHoe o0ecnedeHre: UICTOUHUK TOKA, aMIIEPMETP, PEOCTaT, KIIH0Y, U0/,

COEIMHUTEINIbHbIE TPOBO/IA.
3amanue

1. U3yuuth cCBOicTBa  3JEKTPOHHO-IBIPOYHOTO  IEpeXoja U  HUCIOJb30BaHUE €ro B
MOJIYTIPOBOTHUKOBBIX MpHOOpax.
2. YMeTb Ha4epTUTh INEKTPHUECKYIO CXeMy M OOBSICHUTH NPUHLMI JCUCTBUS BBIIPSIMUTENS U
YCUJIMTEIIS TOKA HA MOIYIPOBOJHUKOBBIX TUO/IAX U TPUOJAX.
IHopsiiok BhINOJIHEHHS PA0OTHI

[TonynpoBOIHUKYN XapaKTEpU3YIOTCS OTJIWYHOW OT MPOBOJHUKOB IMPOBOAMMOCTBHIO: COOCTBEHHOM,
JBIPOYHOM (p-TUIIA) U ANEKTPOHHOM (N-THUMA).
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[TonynpoBOHKUKK MOTYT HMETh JIBa THMAa MPUMECHON IMPOBOJUMOCTHU: JJIEKTPOHHYIO (N-THM),
OOYCJIOBJICHHYIO JOHOPHBIMH MPHUMECSMH, M ABIPOYHYIO (p-THI), OOYCIOBICHHYIO AaKIIEITOPHBIMHU
puMecsiMUA. B n-nonynpoBOJIHMKE OCHOBHBIE HOCHUTEIU 3apsAJia — JJIEKTPOHBI, a B P-IIOJIYIIPOBOJIHUKE -
IpIpku. KpoMe OCHOBHBIX HOCUTENEH 3apsi/ia B KaKIOM BEILECTBE B 3HAYUTEIBHO MEHBIIEM KOJIUYECTBE
COJZIEP’KaTCsl U HEOCHOBHBIE HOCHUTEIM 3apsia IPOTHUBOIOJIOXKHOIO 3Haka. OHM BO3HMKAIOT 3a CYET
pa3pylIeHNs] KOBAJECHTHBIX CBS3EH.

Ecnun nBa mpoBojHMKa ¢ MPOBOAUMOCTBIO Pa3HOTO POJia MPUBECTH B KOHTAKT, TO HA MECTE KOHTaKTa
oOpa3zyercs 3aUPAIOIIUN CIIOM, KOTOPBIA XOPOIIO MPOBOAUT TOK B OJTHOM HamNpaBICHUH U MPAKTUYECKU
HE TPOBOJUT TOKA B IPYrOM. DTO CBOMCTBO UCIIOJIb3YETCS B IOTYIIPOBOJHUKOBOM TEXHUKE.

I'panuna CONPUKOCHOBEHHUS JBYX IOJYINPOBOJHUKOB, OJUH U3 KOTOPBIX HMMEET 3JEKTPOHHYIO, a
JOPYro — JBIPOYHYIO ITPOBOJUMOCTh, HA3bIBAETCS p-n nepexoaoM. [IpakTruuecku p-n mepexos co3naercs
HE MEXAaHMYECKMM KOHTAKTOM JBYX MOJYIPOBOJHUKOB, @ BHECEHHMEM JOHOPHBIX M aKLENTOPHBIX
npuMeced B pa3iIMYHblE  YacTH  YHCTOrO
MOJIYIIPOBOJIHUKA.  OJTU  MEPEXOJbl  SBISIOTCA | ‘ Tt '

1 1
1 1
OCHOBHOU OOJIBIITMHCTBA COBPEMEHHBIX | | : D‘ |
1 1
MOJTYITPOBOTHUKOBBIX TTPHOOPOB. ' !

IIpoBepka oxHOCTOPOHHEH MPOBOAMMOCTH AUOAA.
1.  CocraBuTs 11e0b IO CXEME PUCYHKa 1. v
2.  Jluox /12 BKIIOYUTH B IPSIMOM (TIPOITYCKHOM) m

HAIpPaBJICHUHU: OTMETKA «+» JTOJDKHA OBITH AN

oOparteHa k nosntocy ucrounuka IJ[C. Puc.1

3aMKHYTb LI€Nb U1 OTMETUTD [MOKA3aHUS
amnepmerpa. Llenb pa3oMKHYTB.
3. Jwon /12 BkIOYHATH B 00paTHOM HarpaBlieHHH (3anopHoM). Llenb 3aMKHYTh 1 yOeTuThCs B
OTCYTCTBHMHM TOKa B 11enu. Llenb pa3oMKHYTB.
4.  Pesynbrarel HaONIOACHUN 3aHEeCTH B TaOIuUIy 1.
CHsiTHE BOJIbTAMIIEPHOI XapaKTepPHUCTUKH AUOJA.

=

CocTaBHTH IIENb IO CXE€ME PUCYHKA 2: rTTTTo !
Jlnoa BKITIOYUTH B MMPOITYCKHOM HANpaBJICHHH.
3. 3amknyth nems. [logobpars momoxxesme [ | | |1
JBUKKA PeocTaTa Tak, YTOObI BOIITMETP
MoKa3aJjl caMmoe Mayioe HanpsikeHue. CHATh - () <>
MOKAa3aHUsl U3MEPUTEIbHBIX TPUOOPOB.
4.  Tlepememarhb MOCTENEHHO JABMXOK peocTaTa 1
CHSITh HE MEHEe 7 3HAUCHUN HANPSKEHUS U
CHJIBI TOKA. Pa30MKHYTH 11€TIb.
PesynpTarel n3MepeHuii 3aHecTy B TaOIUILY 2.
6. Iloctpouts rpaduk 3asucumoctu I(U). [To ocu 0X
orknaneBath U (B), mo ocu OV - | (A).
7. CrenaTth BBIBOJI.

no

v

Puc.2

o

dopma npeaocTaBIeHHs pe3yabTaTa
Tabnura 1

IIpoBepka 0IHOCTOPOHHEN TPOBOJAUMOCTH JUOA.
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~

No Crioco6 BKITIOUEHUS [Tokazanus amnepmerpa
m\
Tabnuna 2
CHsiTHE BOJIBTAMIIEPHON XapaKTEPUCTUKHU JUO/IA.
No Toxk, MpOXOAsIIH Yepe3 AUO, Hanpsoxenue, nmoganHoe Ha U0/,
m\it I (A) U (B)

KonTposbHbIe BONPOChI

B uém paznuune mpoBOJMMOCTH TPOBOIHUKOB U TOTYIPOBOTHHUKOB?
Kakoii T mosrynpoBoJHHKA TOIYYUTCS, €CIIU K TepMaHuIo 100aBUTh puMech Gocdopa?
Kakoii Tum noynpoBOHHKA MTOIYYUTCS, €CITU K TePMaHUIO 100aBUTh PUMECh MHTUS ?
Kaxkoe siBnenue HaOmoqaeTcst py BCTpede CBOOOHOTO IIEKTPOHA C ABIPKOH B TIOIYIIPOBOJHHUKE?
Kak MOXHO yCHJIMTh HHTEHCUBHOCTH T€HEPAIMH Tap «AJIEKTPOH-IBIPKa»
Kak 00bscHUTB yBETMUEHHE YACTHHOTO CONMPOTUBIICHUS MTOTYIPOBOIHUKA ITPU YMEHBIICHUH
TeMIEepaTypbl?
Yro sBIAETCA B CXEME TPHOAA BXOJHOH LIENbIO, & YTO — BBIXOIHOMN?
KaK CJIeIyeT BKIIOUUTH B LIENb TPAH3UCTOP, YTOOBI OH JACWCTBOBAJ M KaK U0 B IPSIMOM
HamnpaBjieHUU?
Uro moka3bIBaeT BOJIbT-aMIepHas XapaKTEPUCTHKA Truoaa?
®opma npeacTaBiaeHus pe3yJabTara:
Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU JIJIs JIaDOpaTOPHBIX padoT.
Kputepun onenkn:
3a MpaBUIIHLHO BBITOJHEHHOE 33JaHHE BHICTABIISIETCS TIOJIOKHUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBUWIJIbHO 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 «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyooenemaopumensvHoy svicmasgiiemcs 3a MeHee 60%0 MpaBUIBLHBIX OTBETOB
gvicmasnsaemcs 3a Menee 60% mpaBUILHBIX OTBETOB

Tema 4.3 DeKTpUYeCKH TOK B Pa3JIHYHBIX Cpeaax
Jla6opaTopHnoe 3aHsiTie Nel9

Onpeuene}me IJTEKTPOXUMHUHYCCKOI'0 IKBUBAJICHTA MEAM B NMMPOLECCE ITICKTPOJIU3A cy.m,q)aTa Meaun

Hean: onpenenuTs 3IEKTPOXUMUYECKUN SKBUBAJIEHT MEAN SKCIIEPUMEHTATBHBIM ITyTEM.

Boinosinenue padoTsl cnocodcTByeT GOPMIUPOBAHMIO:
[1P62, T1P66, 1TP68, TTPy3, Ilpy7, I1PyS8, I1Py10, I1Pyl12, TTP610, Ilpy2, I1Py12, I1P610, MP3, MPS5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepuanbHoe o0OecnedyeHHe: BECbl U Pa3HOBECHI; aMIEepPMETpP; Yachl; DIIEKTPOILIUTKA;
aKKyMYJISITOpHasi 6arapes; peocTarT; K04, MEIHbIC dJIEKTPOAbI (2 IIT).) CO BCTaBKOM; COCTMHUTEIIbHBIC
MPOBO/IA; AJEKTPOJIUTUYECKAS BAHHA C PACTBOPOM MEIHOI0 KYIOpoca.

3aganue:

1.ITponaGnroaath sBIEHUE SIEKTPOIN3A MEIU U3 PACTBOPA METHOTO KyIopoca.

2. HayuuTbcs onpenensiTh 3J1€KTPOXUMHUYECKUI SKBUBAJICHT I10 PE3yJbTaTaM SKCIIEPUMEHTA.
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Iopsaok BbINOJIHEHUS Pa0OTHI:
1. OuncTuTh HAXAAYHON OymMaroi KaToIHYIO IJIACTUHKY,

OIPEJICJIUTh B3BELIMBAHUEM MACCY IUIACTUHKH &)

2. CocTaBuTh DSJEKTPUYECKYIO IIemb 1o cxeme. llpu
COCTaBJICHUH LI€IU B3BEIIECHHBIN 3JIEKTPOJ COEUHUTS C
OTPHULATENbHBIM MOJIOCOM HCTOYHHKA 3JIEKTPUUYECKON
SHEPIUH.

3. 3aMKHYTb LIeb U 3aMETUTh BPEMs BKIIFOUECHUS TOKA.
4.Yepes 15-20 MUHYT pa30MKHYTh II€TIb.

5. BeIHYTh KaTOJHYIO TUIACTHUHKY, IPOMBITH U MIPOCYIITUTD.
6. B3BemmBaHueM OnpeaenuTh Maccy KaToaa (") nocre MPOIYCKAaHUS TOKA.

7. Haiitu maccy (1m1) BBIJICJIMBIIICHCS] HA KATOJIE MPH AJICKTPOIU3E 110 hopMyIie:
rJie m;- HaYajJbHas Macca IUIACTHHKH, KI'; Mp- KOHEYHAst Macca TUIACTHHKH, KT.

it =m, —m,

8. BEIUHCIUTD 3JCKTPOXUMHYSCKUAN YKBUBAJICHT MEIIU U3 (OPMYJIBI:

re m- Macca BBIIEIUBILIErOCs BEIIECTBA, KT
I- cuma Toka, A;
9. Pe3ynbTaThl M3MEPEHUI U BHIYUCIICHHI 3amucarh B Ta0muiy 1.

t- BpeMs 3JICKTPOJIN3a, C.

10. CpaBHUTbH OTYYECHHBIH PE3YIBTAT C TAOTUIHBIM.
11. Beoruucauth aOCOMIOTHYIO A M OTHOCHUTENBHYIO € MOIPEIIHOCTH U3MEPEHHH 1o hopMyiam:
Cnenatpb BbIBOJ 11O pabdoTe.
Tabmma 1
Ne | Macca menn, | Bpems Bemmuamaa| S1eKTpoXnMH-| AGCOTIOT- OTtHOCHTENbHAA

OTIOXKIHBIIEH | Ipomyc CILTEBI 9eCKIIiT Has HOTPeNIHOCTh

cs Ha KaTolle | KaHIA TOKa SKBHBaJIEHT IOTpPemHOCTH £,%

m.Ke Toxa &€ I, A4 MeI A - Ke

P Ki-c
Ki-c
KoHnTpoJsbHbIe BONIPOCHI

1. UYewm 00ycioBiEH 3IEKTPOXUMHUUECKUN TOK B DJIEKTPOIUTAX ?

2. Kak paccuntars Maccy BBIAETHMBILErOCs BELIECTBA Ha JIEKTpoJie?

3. OT 4ero 3aBUCHT IEKTPOXUMHUIECCKAN IKBUBAJICHT?

4. Kaxoii ¢pu3zndeckuil CMBICI JIEKTPOXUMUYECKOTO SKBUBAJICHTA?

5. Kakoe oOopynoBaHue u U3MEpUTENbHbIE NPUOOpPHl HYXKHO HMMETh, YTOOBl BBIYHCIUTH
NEKTPOXUMHUYECKUI SKBUBAJICHT?

6. Ha3zBare pabouyto GopMyITy sl BRIYUCICHHUS dIIEKTPOXUMHUYECKOTO SKBHBAJICHTA.

7. Ha xakoMm U3 3JI€KTPOJIOB BBIJAENISETCS ME/Ib B YCTOM BHJIE U ITOYEMY?

8. B snexTpomuTHUECKyI0 BaHHY TOMECTHM MEAHYIO IUIACTHHKY, CIyKallylo aHojoM. IlmactmHka
IIOKpBITA BOCKOM, HAa KOTOPOM HalapamnaH pUCYHOK. UTO MOIYy4MTCs IOCIIE IMPOINYCKAaHUS TOKa U
yIaJeHUs BOCKA C MIACTUHBI?

9. UYro Takoe raqbpBaHOCTET s, FAIbBAHOIIACTHKA.

10. Yepes pactBOop MemHoro kymopoca mnpomuio 20 kKi snekrpuuectBa. Ilpm 3TOM Ha OJHOM U3
AJIEKTPO/IOB BBIIEISAETCSL B UACTOM BHJIe Maccoi 6,6 rpamMM Meau. OnpenenuTs 3IeKTPOXUMUYECKHUN
SKBHUBAJIEHT MEJIH.

11. CkoabKO HUKEJNs BBIIEIUTCS MPH AIEKTPOiIM3e 3a 1 "ac mpu cuiie Toka 5 Ammep, eciau W3BECTHO,

YTO MOJIsipHasi Macca HuKens 58,71 r/Moiib, a BaIEHTHOCTh paBHa 2.

12. Onpenenute mMaccy cepebpa, BBIISIUBIIETOCS HA KaTO/Ie IPU JIEKTPOJIM3€ a30THOKHCIIOro cepedpa B

TE€4YeHHE 2 YacoB, €CJIM K BaHHE NMPUIIOKeHO HanpshkeHue 1,2 B, a conpotuBienue BaHHbl 5 OM.
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13. DrekTponu3 METHOTO Kymopoca NpoXoawin mpu Toke 5 Ammep B teueHue 50 munHyT. Kakoe

. . K&
ko, =33-10
KOJINYECTBO MEH BBIACINIIOCH HA KAaTOAC, €CIIN

e K

®opma npeacTaBiaeHusi pe3yJabTara:
PaboTa nomkHa ObITH BBIIOJIHEHA B TETPAAU ISl IAOOPaTOPHBIX paboT
Kpurepun oneHku:
3a mpaBUIIHLHO BBIMTOJHEHHOE 33/JaHHE BBICTABIISIETCS TOJIOKUTENbHAS OLleHKa — | Oasu.
3a HeMpaBWIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS olleHKa — 0 OauioB.
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 «HeyoosiemeopumenbHoy svicmasisiencs 3a Menee 60% nMpaBUIBHBIX OTBETOB

Tema 4.3 DyieKTpUUYECKUH TOK B Pa3JIHYHBIX cpeAax
JlabopaTopHoe 3aHsiTHe Ne20

3aBMCUMOCTDH CONPOTHBJIEHHS OT TeMIIEPATYPhI 00Pa3L0B MeTAJLJIA U MOJIYIIPOBOJIHUKA

Heab: U3MepsATh  CONPOTUBJIEHUE IPOBOJHHMKA OMMETPOM; YCTAHOBUThb  3aBHCHMOCTH
CONPOTUBIICHNE METAJIA U ITOJYIIPOBOIHHUKA OT TEMIIEpaTyphI.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

[1P62, TTPG6, ITP68, I1Py3, Ilpy7, [1Py8, ITPy10, [TPy12, ITP610, I1py2, ITPy12, ITPG10,

MP3, MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43,
JIP34, JIP32

MarepuaibHoe o0ecrieyeHHe: MYJIbTUMETp, HpUOOpPBl Ui  M3Y4YEHHUS  3aBUCHUMOCTHU
CONPOTHUBIICHUs MeTaJlyla ¥ ITOJYIPOBOJHHUKA OT TEMIIEpaTypbl, TEPMOMETp, JJIEKTpUUYECKas IUIMTKA,
IITaTUB C MPUHAJICKHOCTAMH, K0J10a ¢ BOOI.

3aganue

1. O3HaKOMHUTBCH C TEOPETHYECKMM MATEPHATIOM.

Teoperuyeckuii marepuas:

Ecnn mponycTuTh D3JEKTPUUYECKHH TOK 4YEpe3 CTaIbHYIO CHUpalb, a 3aTEM €€ Harperb, TO
amMIepMeTp MNOKaXET YMEHbIIEHUE CHJIbl TOKAa. OTO O3HAYaeT, 4YTO C HU3MEHEHUEM TeMIIepaTypbl
COIIPOTHBIIEHUE METAJIA MEHSAETCS.

Bce wMeraimel — KpUCTaUIMYECKHE Tella, B y3JaX KPUCTAUINYECKOM PEIMIETKH KOTOPBIX
pacrioyiaraercsi IMOJIOKUTENIBHO 3apsiKeHHblE HOHBI. MEXIy KOJICOMIONMMUCA HOHAMH JIBUTAIOTCA
CBOOO/IHBIE AJIEKTPOHBI. BenuuuHa 3JIEKTPUYECKOr0 COMPOTUBICHUS MeTajljla 3aBHCUT OT 4YHCIa
CTOJIKHOBEHHH KOJEOMIOMUXCS HMOHOB M CBOOOIHBIX 3JIEKTPOHOB. [IpH yBelWYeHHH TemIeparypsl
MeTaJljla YBEIMUMBAETCS aMIUIUTY1a KoJieOaHU MOHOB. DTO MPUBOINUT K YBEIMYEHHUIO CTOJIKHOBEHH, a
3HAUYUT U K YBEJIMUEHUIO CONPOTUBIICHUS METaJlIA.

B nonynpoBoiHUKE MIPH yBEIMUYEHUH TEMIIEPATypbl YBETUYUBACTCS YMCIO CBOOOJHBIX HOCUTENEH
3apsija, MOSBUBIINXCS NPU pa3pblBE KOBAJIECHTHBIX CBsI3€d. JTO MPUBOAMT K YBEJIMYEHHUIO CUJIBI TOKA B
MTOJIYITPOBOJTHUKE U K YMEHBIIIEHUIO COIPOTUBIICHUS IPOBOHHKA.

ITopsinok BbINOJHEHHS PadOTHI:

1. IToaroroBbTE K paboTe OMMETP:

a) BCTaBbTE IITHIPHKU POBOJHUKOB B THE3/1a, 0003HaUeHHBIE «OQ» U «0011 COM.»;

0) mocTaBbTe Mepekodarens Ha udpy «10»;

B) COeIMHUTE CBOOOIHBIE IITHIPHKU MPOBOAHUKOB M PYUKON «YCT. 0» MOCTaBUTh CTPENKH Ha «0».

2. Ha »snexTpuyecKkyr IUTMTKY TOMECTHTe KOOy ¢ Bojoi. Bo wu3bexaHue mazeHuss KOJOBI
MIOMECTHTE B KOJIBLIO, 3aKPEIUICHHOE B mTaTuBe. B K0j0y omycTtute mpoOHpKy, C MOMEIIEHHONH B HEl
KaTyIIKOW U3 METHOTro MpoBoAa. OCTOPOKHO OMYCTUTE B IPOOUPKY TEPMOMETP.
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3. CBoOOIHBIE IITHIPFKK OMMETpA COSIMHUTE C KIIEMMaMH MEIHOM KaTyIIKH.
4. BxiounTe WIHYp IUIUTKA B PO3ETKY U HM3MEpPbTE COMPOTUBICHHE KATYIIKH MPH Pa3IHMYHBIX
3HAYECHUSAX TEMIIEPATYpHI.
5. BHecute usmepeHus B TaOJIHILY.
ITpoBoaHuUK (Meb)
t,C
R, Om

6. Ha ocHoBe m3mepenuit nmocrpoiite rpaduk. CrenaiiTe BbIBOJA, KaK COMPOTHUBIICHHE MPOBOIHUKA
3aBUCHUT OT TEMIIEPATYPHI.

7. TlocraBbTe mepekitouaTenb ommerpa ¢ mudper «10» Ha udpy «100» U mocTraBbTe CTPEIKY
ommMerpa Ha «0» (Cm. myHKT 1-B).

8. 3aMeHHTE B KOJIOE MPOOMPKY C METAUIOM Ha MPOOHUPKY C MOJYIPOBOIHUKOM (TEPMHUCTOPOM).
Omnyctute B mpobupky tepmometp. K kmemmam TepMucTopa rnojcoeIMHUTE OMMETD.

9. U3mepbTe COMPOTUBIICHHE MOIYIPOBOIHUKA MIPH PA3TUYHBIX 3HAYCHUSIX TEMIIEPATYPHI.

10. Buecurte usmepeHust B TaOJIHILY.
IHoynpoBoaHUK

t°C

R, Om

11. IToctpoiite rpaduk R(t).

12. CpenaiiTe BbIBOJ, KaK CONPOTHUBIIEHUE MOITYIIPOBOAHHUKA 3aBUCUT OT TEMIIEPATyphl
KoHTpoJibHbIE BOPOCHI:

1. DneKTpUYecKuil TOK B METANIaX — 3TO YINOPSAOUYEHHOE ABHUKECHUE ... .

2. C TOYKM 3pEHHUS OJIEKTPOHHOH TEOPUHM DIICKTPUYECKOE CONPOTHBICHUE OOYCIOBICHO
COYIIapEHUSIMH ... .

3. C noBbIIIEHHEM TEMIIEPATYPBI COMTPOTUBIEHUE METAIIA ...

®opma npeacTaBiaeHus pe3yJbTara:

PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAU ISl JaOOPaTOPHBIX padoT

Kpurtepuu onenku:
3a mpaBUIIBHO BBIIIOJHEHHOE 33JaHHE BBICTABIISIETCS TOJI0XKHUTENbHAs OLleHKa — 1 Gasu.
3a HeMpaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BBICTABIISIETCS OTPUIIATEIbHAS onleHKa — ) 0aioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% nmpaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumenshoy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Pa3gen 5 Kojie0anusi M BOJIHBI
Tema 5.1 Mexannyeckue KoJe0aHUA M BOJHBI

JlaGopaTopHoe 3aHsiTHe Ne2l

IIpoBepka 3aK0HOB K0JIe0aAHMI MATEMATHYECKOT0 MASITHUKA

He.ﬂb: YCTAaHOBUTHb MAaTEMAaTHUYCCKYIO 3aBUCUMOCTD IEPHUOAAa HUTAHOIO MAasTHUKA OT AJIMHBI HUTHU
MasTHHKA.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

I1P62, I1PG6, ITPGS, I1Py3, I1py7, I[1PyS, I1Py10, ITPy12, TTIP610, I1py2, ITPy12, ITPG10,

MP3, MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43,
JIP34, JIP32

MarepuajnbHoe o0ecnieyeHue:
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ANEKTPOHHBINA CEKYHOMEp, U3MEPUTENbHAS JICHTA, ApUK C OTBEPCTUEM, HHUTh, IITATUB ¢ My(TOi
M KOJIBLIOM.

Teopus.

MaTteMaTH4eCKUM MAasTHHKOM Ha3bIBaCTCS MaTepuaibHas TOYKA, IMOJBEIICHHAs HAa HEBECOMOH M
HEpacCTSKUMON HUTH. MOJIENTbI0 MOXKET CIYKUTh TSDKEJIBIA MIApUK, pa3MepPbl KOTOPOTO BEChbMa MaJlbl 110
CPaBHEHHUIO C JUIMHHOW HUTH, Ha KOTOPOW OH MOJBEIICH (HE CPaBHUMBI C PAcCTOSIHUEM OT IIEHTpa
TSDKECTH 710 TOUKH TTO/IBECA).

VYuenwsie [amweir, HproToH, beccenb W Ap. ycTaHOBWIM CJEAYIOIIME 3aKOHBI KOJIeOaHUS
MaTeMaTU4YeCKOro MasTHHKA:

1.Ilepuon konebGaHUsT MaTeMaTHUYECKOrO0 MasTHHKAa HE 3aBHCHUT OT MacChl MasTHHKAa MU OT
aMIUIMTY/Ibl, €CJIM YO pa3Maxa He npessiaet 10 rpaaycos.

2.Ilepuon konebaHUsI MaTEeMAaTHYECKOTO0 MasTHHUKA MPSIMO MPOIOPIMOHANIEH KBAJAPAaTHOMY KOPHIO
U3 JUIMHBI MasTHUKAa W OOpPaTHO NPOMOPIIMOHATICH KBAJPAaTHOMY KOPHIO U3 YCKOpPEHUsS CBOOOIHOTO
nageHus.

Ha ocHOBaHMM »JTHX 3aKOHOB MOXHO Hammcath GOpMyly JUisl Tepuoja KojeOaHuid

!
r=2x[|—"
g
MAaTEMAaTHYECKOTO MAassTHUKA:  _

I/ICHOHBSYH MOJCJIb M 3aKOHBI KOJIEOAHMH MAaTeMaTHYECKOTO MasiTHHKaA, MOXKHO HpOHa6J'H'OI[aTL
CBO60[[HBI€ KOHCGaHI/Iﬂ, a TaKXKC C UX IOMOLIBIO ONPECACINTL YCKOPCHHUEC CB060[[HOFO nmaacHus AJis cBOCH
MCCTHOCTH U CPABHUTH CO CIIPABOYHBIM 3HAYCHHUEM &Z.

2 [.‘I\" =

-

£

g=4r
YckopeHrne CBOOOIHOTO MAJACHHSI MOXKET OBITh BEIYUCIICHO TI0 (hopmyrie

1. 3akpenuTh HUTh MasATHUKA B JiepKaTelie MITaTUBA.

2. V3mepuTh JUIMHY MasTHUKA (IJIMHA MasTHUKA CUMTAETCS OT TOYKHM IOJBECa JO LIEHTPA TSHKECTH
1apuKa).

3. OTKJIOHUTB 1IAapUK Ha yrou He Oonee 10° U OTIYCTUTD.

4. OnpenenuTh BpeMs, 332 KOTOPOE MaATHHUK coBepiui 20 KoaebaHmil.

5. BeruncnuTh nepuoa KosiebaHus MasTHUKA, UCTIoNb3yst popmyny Nt T .

6. [ToBTOpPUTH ONBIT €11e TPU pa3a, yMeHbIIast (WM YBEIMUNBasi) AJTUHY HUTH MasiTHHUKA.

7. Pe3ynbrarel 3aHeCTH B TaONUILY.

Tao6mmma Nel
Ne JlinHa HUTH MasiTHUKA |, M Yucno monHsIx Bpewms konebanunii | Ilepuon
Konebanuiit N t, c kosieOanmii T, ¢
1 20
2 20
3 20
4 20

8. CnenaTp BBIBOJ O 3aBUCUMOCTH MEPHUOJA HUTSHOTO MasiTHUKA OT JUIMHBI €r0 HUTH.
KoHnTpoJsbHbIe BONIPOCHI.

Urto Ha3bIBaIOT MEPUOIOM KoJIeOaHU MasiTHUKA?

Uro Ha3bIBAIOT YacTOTOH KojeOaHuit MasTHUKa? KakoBa eTMHHIIA YacTOThI KOeOaHui?
OT KakuX BEJIMYUH U KaK 3aBUCUT Mepuo/1 KoueOaHU MaTeMaTH4eckoro MasiTHuKa?

OT KaKMX BEJIMYMH U KaK 3aBUCUT IIEpUO]] KOJIeOaHUH MPYKUHHOTO MasiTHUKA?

PobhdE
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5. H3obpa3ute MaTeMaTHUECKUIl MasTHUK B KpaifHel MpaBoi TOUKE M MOKAXKHUTE HA YEPTEKE CHUJIBI,
JICHCTBYIOIIME HA IIAPUK B TAHHOM TOUYKE TpaeKkTopuu. Hapucyiite paBHOACHCTBYIONIYIO CHUJI.
6. Kak MeHsieTcs BelMUMHA U HANIpaBJIeHHE PABHOACUCTBYIOIICH CHII B TeUEHHE Tepruoia?
@dopma npeacTaBJieHus pe3yabTarTa:
PaboTa nomkHa ObITH BBIIOJIHEHA B TETPAAU ISl IAOOPaTOPHBIX paboT
Kpurepun oneHku:
3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIISAETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHKE BBICTABIISETCS OTpHUIIaTeNIbHas oreHka — () 0aos.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosnemeopumenbvhoy svicmasgisiemcs 3a menee 60%0 npaBUIBLHBIX OTBETOB

Tema 5.1 Mexann4ueckue KoJe0aHUA ¥ BOJHBI
JlabopaTopHoe 3aHsiTHe Ne2?2

N3y4yeHnne 3aK0HOB NPYKUHHOTO MAsITHUKA

Heab: IKcepUMeHTANbHO YCTAaHOBUTH 3aBHCUMOCTH IEpHOJa KOoJeOaHUN MPY>KUHHOTO MasTHUKA OT

KECTKOCTH TIPYKHHBI M MaCCHI IPpy3a

Brinosinenue padorsl cnocodcTByeT GOPMHPOBAHMIO:

I1P62, I1P66, ITPGS, I1Py3, Ipy7, [1Py8, I1Py10, ITPy12, TTP610, I1py2, ITPy12, ITPG10,

MP3, MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34,

JIP32

MartepuanbHoe odecrniedeHue: MTAaTUB ¢ My(TOIl U nankoii, HaOOp MPYKUH Pa3HOM KECTKOCTU, HAOOP

IPy30B Pa3HON MacChl, CEKYHIOMEp

Ilopsitok BbINOJIHEHHUS PAdOThHI:

Onpedenenue 3a8UCUMOCMU NEPUOOA KOJIeOAHULI OM MACChL 2py3a

1. CoGepure npyXHHHBINA MasTHHUK, UCTIONb3Yys BEIIAHHOE 000OpYyIOBaHHE.

2. BeiBenmuTe MasSTHHK W3 TIOJOKEHHUS PAaBHOBECHS, BKIIIOUNTE CEKYHIOMEpP W OTCUYHTANUTE JECATHh
kosneOanuii. Mcmonb3ys mMoka3aHUs CEKyHIOMepa, pacCuuTaiiTe mepuoja KoueOaHWil W 3amoiHUTE
MIEPBYIO CTPOKY TAOIHUIIBI.

Ne omrwiTa N t,c T, m, KT m1/2,1<r1/2 k ,u/™m

1

2

3

4

5

3. TloBropure 3kcriepuMeHT emi€ 4 pasza, yBeIuduBasi MacCy HO, He MeHss MPYKUHBL. 1o momydeHHBIM
JTAHHBIM 3aIIOJTHUTE TaOHITY.

4. Tlocrpoiite rpaduk 3aBUCUMOCTH nieproaa konebanuit (T) oT KkBaIpaTHOrO KOpHS U3 Macchl (m

ITo popme rpaduka onpeaeaTuTe BUI 3aBHCHMOCTH MEXIY TIEPUOJIOM U KOPHEM KBaJIPATHBIM H3

MAacCHL.

Onpeodenenue 3a8UcCUMOCmU NEPUOOA KOAeOAHULL OM HCECMKOCMU NPYHCUHBL

1. Colepure npyKHUHHBIN MasTHHUK, UCIIOJIb3YS BBIIAHHOE 00OPYIOBaHHE.

12
).

o
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2. BeiBemuTe MasSTHUK W3 TOJOXKEHHUS PABHOBECHS. BKIIOUUTE CEKYHIOMEpP WU OTCUHUTAHTE AECATh
KOJICOAHHUIH.

3. Hcnonp3ys moka3aHus CEKyHIOMEepa, pacCUUTaiTe Mepruo/1 KojaeOaHui 1 3aTIOJTHUTE MEPBYIO CTPOKY
TaOJINLIBL.

No ombiTa N t,c T, m, KT k,z/m Kllz,(H/M)ll2

5

4. TloBropure sKcriepuMeHT emé 4 pasa,yBenuunBas KOI(QQOUIIMEHT KECTKOCTH HO, HE MEHSS Maccy
rpy3a. [lo mony4eHHbIM TaHHBIM 3aIIOTHUTE TAOIUILY.
5. Tocrpoiite Tpaduk 3aBucumoctu mepuoxa konebanuit (T) oT kBamparHoro KOpHS — U3
koa(durmenTa KECTKOCTH. (kll 2).
6. Ilo ¢opme rpaduka onpenenuTe BHUJ 3aBUCHUMOCTH MEXAY MEPHOJOM U KOpPHEM KBaJIpAaTHBIM M3
koa(duimenTa )XKECTKOCTH.
7. CphemaiiTe BBIBOJA O 3aBUCHUMOCTH TIepuoja KojeOaHMl OT Macchl Tpy3a H Kod(pQUIMeHTa
JKECTKOCTH.
KoHnTpoJibHbIe BONpPOCHI:
1. B xakom MojoXeHUH MasTHUKA CKOPOCTh OYAeT MaKCUMAabHOM1?
2. B KakoM MOJ0XKeHUU MasgTHUKA CKOPOCTh paBHA HYJIIO.
3. YBenuuuiIu WIM YMEHBIIWIM MAcCy Ipy3a, MOJBEHIEHHOTO K NMPYXMHHOMY MasTHHKY, €CIHU: a)
nepuoj ero konebanuit cuavyana owu1 0, 4 ¢, a mocne u3MeHeHust maccel cran 0, 2 c;
0) yacToTa ero kosebaHui BHauase Obu1a paBHa 6 I'1i, a morom ymensimiach 10 5 ['n?

®opma npeacTaBiaeHus pe3yJabTara:
Pabota nomkHa ObITH IPECTaBICHA B TETPAIH JJIs JIaOOpAaTOPHBIX paboT
Kputepun onenkn:
3a mMpaBUIIHLHO BBHIMTOJHEHHOE 33JJaHUE BHICTABIISIETCS TTOJIOKUTENNbHAs OlleHKa — 1 Gar.
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
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIIBHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 5.2 DnexkTpoMaruuTHbIe KOJ1e0aAHUS U BOJHBI
JlaGopaTopHoe 3aHsiTHe Ne23
YcrpoiicTBo TpancdopmaTopa U reHeparopa
Iesb: U3y4nTh yCTPOHCTBO M MPUHLIUI PabOTHI TpaHCPOpPMATOpa U TeHepaTopa.
Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

TIP62, TIPG6, I1PG8, TTPyl, TIPy13, TIPy3, IIPyS, TIpy7, TIPy8, IIPy10, [IPyl12, TIP610, IIpy2,
TPy12, TIP610,
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MP3, MPS, MP15, MP23, JIP26, MP28, MP31, MP32, MP33, MP34
MarepuajibHoe o0ecrnieyeHue:
TpaHcopMaTop JTa0OpATOPHBIN, JiaMIla HaKaJMBaHWs, KIIOY 3aMbIKAHHUS TOKA, KOMIUIEKT MPOBOJIOB
COETMHUTENbHBIX.
3ananue
1. Usyuutsh cTpoeHue, Ha3HAUYCHUE U IPUHLIUI AeHCTBUA TpaHchopmaropa
2. VI3yuuTh CTpOCHHE, HA3HAYCHHUE U TIPHUHIIUII JCHCTBHS TeHEpaTopa.

Iopsaok BbINOJHEHUS PA0OTHI
H3yuenue ycmpoiicmea mpancgopmamopa

Tpancdopmarop npeobpaszyer NepeMEeHHbIH TOK OJHOTO HANPSKEHHUs IPU HEM3MEHHOW 4acToTe.
OH cocroMT U3 3aMKHYTOTO CEpAEYHHMKA, HU3TOTOBICHHOIO M3  CHELUUAIbHOHM  JINCTOBOM
TpaHC(OPMATOPHOM CTaaM, HA KOTOPOM DACIHOJArarTCs ABE KaTyHIKH (MX Ha3bIBAalOT OOMOTKAaMu) C
Pa3HbIM YUCIIOM BHUTKOB U3 MEJIHOM MPOBOJIOKHU.

OnHa u3 OOMOTOK, Ha3bIBaeTCsl IEPBUYHOM,  MOJKIIOYAETCS K MCTOYHMKY IEPEMEHHOrO
HANpSDKCHUS. YCTPOMCTBA,  MOTPEONAIONIME  3JIEKTPOIHEPTHIO, ITOAKJIIOYAIOTC K BTOPUYHOU
0OMOTKE, MX MOXKET ObITh HECKOJIBKO.

[Ipu BBIOMTHEHMH pPabOTHl CIENYyEeT H3YyYUTh YCTPOMCTBO TpaHC(HOpMaATOpa, BKIOYHUTH €T0 B
ceTb nepeMeHHoro toka (36 B). B pexxume xomoctoro xoma HU3MEpUTh HANpsHKEHHE Ha OOMOTKaxX W
BBIUUCIUTh KO3 duuument tpanchopmammu, a npu pabore TpaHchopMaropa «IIOA  HATPY3KOM»
YCTQHOBUThH CBSA3b MEXJY TOKAaMH W HaIpsDKEHHEM B OOMOTKaX.

Tpanchopmarop cOCTOUT U3 IBYX KaTylleK U cepaeyHuKa. CepeuHUK COCTOUT U3 ABYX IOJIOBUH,

KOTOpBIE
) BCTaBISIIOT B KATYyIIKy M C TOMOINBIO  CKOOBI
“otuana 3aKpEIUISAIOT HA OCHOBAHMH.

N, miiate

Mepaman

Paccmotpute  ycTpoiictBo  TpaHcdopmaTopa.
Onpenenure NEpPBUYHYIO  OOMOTKY  (KJIEMMBI €

e Haamuchio: 36 unu 42 B) 1 1Be BTOPUYHBIX KIEMMBI 2,2

o O Bu44B)

e 2. HagepTuTte sneKkTprueckyro cxemy TpanchopmMaropa.

3. Pa3Gepute Tpancopmarop. [nas sTOrO moBEepHUTE

e 4 § CrO OCHOBAHWEM BBEDX H OTKpYTHTC JBe raiku

KpEIUIeHHUs CKOObl. BBIHBTE CEepAeUHUK UM PacCMOTPHUTE

S 1
’

)

€ro yCTpOMCTBO.
4. Cobepure Ttpanchopmarop. s 3TOro BCTaBbTE CEPJEYHUK CO CKOOOW B KATYIIKU. YCTAaHOBUTE
TpaHcGopMaTop Ha OCHOBAHUE U 3aKPEMUTE €ro raiKamHu.

N3y4deHnue ycTpoiicTBa reHeparopa.

I'enepatop moctosiHHOro TOKa (puC. 1) COCTOMT M3 JBYX YacTeil: HEMOJABMKHOW M Bpalarolieics.
HenoasmxHas yacth (cTaTop) SBISETCS OCTOBOM MAIIMHBI U OJHOBPEMEHHO CIIYXKUT JUIS CO3JaHUS
MarHuTHOTO TIOTOKAa. Bo Bpamaromieiicss 4dacTtu, Ha3bIBa@MOW SKOpeM (pOTOpOM), HWHIYIHPYETCS
aneKkTpoaBrkymas cuna - S/1C.

KoHcTpykius renepaTopa nocTOSHHOTO TOKa (CM. puc.2).

HenonBmwkHas yacTh COCTOUT M3 CTaHUHBI (1), TIaBHBIX MOMOCOB (2) ¢ 0OMOTKON BO3OY)aeHUs (3) U
JOTIOTHUTEIBHBIX TIOJIOCOB (4), YMEHBIIIAEMBIX HCKPEHHE O] IETKaMHU.

SIkopb UMeeT cepieuHHUK (5), HAOpaHHBIA U3 TOHKUX CTAJIbHBIX JIUCTOB, OOMOTKY SIKOpsI (6), 3a10)KEHHYIO
B Ma3bl cepjeyHuka u kojuiekTop (7). Ha moBepXHOCTh KOJIJIEKTOpa HaJIOXKEHbBI YroJbHO-TpapUTOBHIE
metku (8), obecrieunBaroNIe CKOJB3AIIMM KOHTAaKT ¢ OOMOTKOH Bpamatomierocs sikops. Kommexrop
uMeeT GopMy LUIMHAPA U BBITOJIHAETCS U3 M30JIMPOBAHHBIX MEIHBIX TUIACTHH - JIaMelel - K KOTOPhIM
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MOJICO€IMHEHBI CEKIMH SKOPHOW 00MOTKHU. Bparasice BMecTe ¢ 0OMOTKOH, KOJJIEKTOP BBIMOIHSAET POJIb
MEXaHUYECKOTO BBITPSIMUTEIIS.

OOMoTKa BO30YKIEHHS  CO3MaeT TJaBHBIM MarHUTHBIM TOoTOK @ momrocoB. B reHeparopax c¢
HE3aBHCUMBIM BO30Y)X/IEHHEM OHa TUTAeTCd OT IOCTOPOHHEr0 KCTOYHHMKA TIIOCTOSHHOTO TOKa
(BBIIpAMUTENS, aKKyMylsisiTopa u T.1.). C TeHepaTopoM C MapajuielbHBIM BO30YyXIEeHHEM OOMOTKa
[JIABHBIX IOJIIOCOB MOJKIIIOYEHA K IJIaBHBIM LIETKaM, T.€. HapaJyIeIbHO LEenu SKops. B cBsA3u ¢ 3TuM nis
BO3HUKHOBEHUS MarHutHOro motoka u DJIC HeoOXomuMm XOTs Obl CHa0ObIii OCTATOYHBIA MAarHUTHBIN
noTtok. brnarogaps HamuuMiO OCTATOYHOTO MAarHEeTU3Ma BO3HHMKAaeT MPOIecC CaMOBO30YXIACHUS
reHeparopa.

Puc.1. Puc.2.

1. CTpoenne TpancdopMaTopa - HauepTUThb, COCTaBHbIE YacTHU YyKa3aTb, (OpMyJbl 3amucarb, Ha
KOHTPOJIbHBIE BOIIPOCHI OTBETUTD.
2. CTpoeHue reHepaTopa - HA4EePTUTh, COCTABHBIC YaCTH YKa3aTh, (OPMYJIIBI 3a1IucaTh, Ha

KOHTPOJIbHBIC BOIIPOCHI OTBETUTD.

KonTposabHbie Bonpockl
1 BapuanT
1.Yto Ha3pIBarOT MHIYKIMOHHBIMHU I'€HEPATOpaMu?

2.Kakoii TpaHchopMaTOp Ha3bIBAIOT MOBBIMAOIIMM, a KAKOH MOHMKAOIINUM?

3.Uto Takoe xoy0cToi X011 Tpanchopmaropa?

4.Tlouemy cepaeuHHK TpaHc(hopMaTopa U3roTaBIMBAIOT U3 CTAJIM, @ HE U3 MeJu?

5.B nepBuuHOli 00MOTKE TpaHcopmaropa, BKIIOUEHHOH B ceTh ¢ HampspbkeHuem 380B. Copepkutcs
1320 ButkoB. OnpenenuTs HanpspDKeHUEe Ha BTOPUYHOM 0OMOTKe, eciu oHa coaepxuT 300 BuTkoB. Bun
TpanchopmaTopa yKazaTh, OTBET MOSICHUTb.

2 BapuaHT

1. HazoBute oCHOBHBIE YacTH reHepaTropa NEpEMEHHOTI'O TOKaA.

2.  JlokasaTb, 4TO y MOBBIIIAIONIETO TpaHchopmaTopa K>1.

W3mensier nu TpanchopMaTop 4acToTy Npeodpa3yeMoro mepeMeHHOro ToKa?

[Touemy cepmeuHuk TpancpopMaTropa COOMPAIOT U3 OTACTHHBIX IJIACTUH?

Ecnu Ha mepBuuyHYyI0 OOMOTKY TpaHcdopmaropa nojaercs Hampspbkenue 220B, To Ha BTOpUYHON
00OMOTKE MpHU XOJIOCTOM XOjie nosydaercs HanpsbkeHue 130B. Uucino BUTKOB MEpBUYHON OOMOTKH
pasHo 400. OmnpenenuTh YUCIO BUTKOB BO BTOPUMYHOM 0oOMoOTke. Bua Tpancdopmaropa ykaszaTb,
OTBET MOSICHUTB.

3 BapuaHT

g s w
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KaxoBa ponp HHAYKTOpa U SIKOps. B YCTPOWCTBE T'€HEpaTOpa NEPEMEHHOI0 TOKa?

Uro Takoe noHmwkKarmui Tpaacpopmarop?

[Touemy cepaeunuk TpaHncopmaropa Je/1atoT He CIUIOMIHBIM. A U3 MHOXKECTBA IJIACTHH,
M30JIMPOBAHHBIX JAPYT OT Apyra?

[Touemy MOIIHOCTB, MOTpeOIIsieMasl OT BTOPUYHON OOMOTKH, MEHBIIIE MOIIIHOCTH, MOJABOJUMON K
MEePBUYHON OOMOTKE?

CKOJBbKO BHUTKOB JIOJDKHA HUMETh BTOpPHYHAs OOMOTKa TpaHcopmaropa i TOHMKEHUS
Hanpsbkenus ¢ 12000 go 120B, ecam mnepBuuyHast obmotka conepxutr 4000 ButkoB? Bun
TpaHcpopmaTopa yKa3aTb, OTBET MOSCHUTD.

®opma npeacTaBiaeHus pe3yabTara:

Pabota momkHa OBITH BBITIOJIHEHA B TETPAIH I 1a00paTOPHBIX padoT

Kpurtepuu ouenku:

3a mpaBUIIHLHO BBITOJHEHHOE 33/JaHHE BHICTABIISICTCS TIOJIOKUTEbHAS OlleHKa — | Oasu.

3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS o1leHKa — 0 OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB

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

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

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

Tema 5.3. OnTuka

JlaboparopHoe 3anstue Ne 24,25

«Habmonenne naTepepeHny U TuppaKkiauy CBETa»

eab padoThl: SKCIIEPUMEHTAIBHBIM IyTEM IPOHA0III01aTh UHTEPDEPEHIIMIO U TUPPAKIUIO CBETA

Boinosinenue padorsl cnocodcTByeT GOpMHUPOBAHMIO:

I1P62, 11P66, 1T1P68, ITPy3, Ilpy7, I1Py8, I1Py10, I1Py12, I1PG10, Ilpy2, ITPy12, TTP610, MP3, MPS5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepuanbHoe oOecrieyeHMe: TIJTACTHHBI CTEKJISSHHbIE — 2 INT., JlaMIla ¢ TPSIMOM HUTHIO Hakaa,

IITAHTEHITUPKYJIb.
3aganue
1. TIponaGmroaath U U3yUUTh UHTEP(DHEPEHIIMOHHBIE KAPTHHBI.
2. TlponaGmromats ¥ U3y4UTh AU(PAKIIMOHHBIE CIIEKTPHI.
ITopsinok BbINOJHEHHUs PadOTHI
Hao0uronenne untepdepeHium cpera.
1. CreknsHHBIC IUIACTUHBI TIIATEIBHO MPOTEPETH, CIOKUTH BMECTE U CXKATh MajbI[aMH.
2. PaccMoTpeTh MIacTHHBI B OTPAXXEHHOM CBETE Ha TEMHOM (oHE (pacroiaraTh X HaJo0 TakK, YTOOBI
Ha MOBEPXHOCTU CTEKJIa HE OOpPa30BBIBAINCH CIUIIKOM SIPKHE OJUMKH OT OKOH WJIH OT OelbIX
CTEH).
3. B oTmenpHBIX MecTax COMPUKOCHOBEHHS IUIACTHH HAOIIOAATh SIPKUE paay KHbBIE KOJIbIIeOOpa3HbIe
WJIM HETIPaBUIIHHON ()OPMBI MOJIOCHI.
4. 3aMeTuTh W3MEHEHHE (OPMBI M PACIOJIIONKEHHS] MOJYyYEHHBIX HHTEPPEPEHIMOHHBIX IOJOC C
M3MEHEHUEM HaXKUMa.
5. TlombiTaTbes yBUAETH HHTEP(PEPEHIIMOHHYIO KAPTHHY B POXOSIIEM CBETE.
Haoaronenune nudppaxkumuu cera.
1. VcraHoBUTH MEXIy TYOKaMH IITAHTEHIIUPKYJIS eI upuHOi 0,5 MM.
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N

[IpucTaBuThH MIENb BILIOTHYIO K TJIa3Y, PACTIONOKUB €€ BEPTUKAIBHO.

3. CMoTpst CKBO3b IIENIb HA BEPTUKAIBHO PACIIOJIOKEHHYIO CBETSIIYIOCS HUTh, HaOII01aTh MO 00e
CTOPOHBI HUTH PaJIy>KHBIE MOJOCH (AUPPAKIIMOHHBIC CIIEKTPHI).

4. W3menss mupuny menud ot 0,5 mo 0,8 MM, 3aMeTHUTh, KaK 3TO BIMSICT Ha JU(PPAKIIUOHHBIC
CHEKTPHI.

5. 3anomHuTh TaOMIy 1, cienaaTh BEIBOJ 11O HAOIOaEMbIM SBJIICHHSIM.

dopma npeaocTaBjieHus1 pe3yJbTaTa

Tabnuna 1
No uHTepPepeHIus TG paKIus
o\
Haxarue Bun nnrepdepeHunoHHbIX Pasmep Bun
0JIOC IeNU, MM TG PaKIIMOHHOTO
CIIEKTpa

1 CUJIBbHOE 0,5

2 cpenHee 0,6

3 ciraboe 0,8

KoHTpoJibHbIE BOMPOCHI

1. Kaxk nomy4aroT KOrepeHTHbIE CBETOBBIE BOJIHBI?
2. B uém cocrout siBiieHne nHTEpdEepeHINH cBeTa?
3. C xako# (pu3NYECKOI XapaKTepUCTUKOI CBETOBBIX BOJIH CBA3aHO Pa3IUnyue B 1BeTE?
4. Tlocne yaapa KaMHEM TI0 MTPO3PAYHOMY JIbJTy BOZHUKAIOT TPEIIHHEI, IEPEITUBAIONIUECST BCEMHU

5.
6.
7.

useramu panayru. [louemy?

[Tepeuncnute OCHOBHBIC MPUMEHEHUS HHTEPEPCHIINN.

Uro HazwiBaroT nudpakuueit ceera? Kornga ona mabmrogaercsa?
Chopmynupyitte npunmun [ roirenca-Openens.

®opma nmpeacTaBJieHUs pe3ybTaTa:

Pabota nomkHa ObITH BBINOJIHEHA B TETPAu JJIs JIaDOpaTOPHBIX padoT.

Kputepun onenkmn:

3a IpaBHIIBLHO BBITIOJIHEHHOE 33/1aHNE BBICTABIISIETCS TTOJIOKHUTENbHAS OlleHKa — 1 Oa.

3a HeNIpaBUIIBHO BBIITOJHEHHOE JICHCTBHE, 3a/JaHHE BHICTABIISIETCS OTpHLIATEbHAs OlleHKa — () 6asuioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB

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

Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIIBHBIX OTBETOB

Oyenka «neyooenemeopumensvHoy svicmagisiencs 3a Menee 60%0 mpaBUIBLHBIX OTBETOB

svicmasnsiemcs 3a menee 60% mpaBHIIBHBIX OTBETOB

JlaGopatopnoe 3ansiTue No26

«OrmpeseneHue IMHBI CBETOBON BOJIHBI C TOMOUIBIO AUPPAKIIMOHHONW PEIIETKI»
eanb padoTbl: nu3ydyeHue BICHUS AU(PPaKINUU U ONIpeieTIeHHs ITTMHBI BOJIHBI CBETA

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1P62, T1PG6, TTP68, I1Py3, Ilpy7, I1Py8, T1Pyl10, I1Py12, I1P610, Ilpy2, ITPy12, T1P610, MP3,

MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepuanbHoe o0ecnieyeHue: Tu(pPaKIMOHHAS PELIETKA, ICTOYHUK CBETA, yCTAaHOBKA IS
HaOroieHus TU(PAKIIMOHHON KapTHHBI

3amanue
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1. B xoze skcniepuMeHTa NpOHA0I0AaTh JU(PPAKIUIO CBETA.
2. OTmBITHBIM ITyTEM BBIYUCIUTH JJIMHY CBETOBON BOJIHBL.
IHopsinok BbINOJHEHHUS PAOOTHI

CxeMa yCTAaHOBKH

YcranoBka i HaOmoaeHUs AU(paKIHOHHON
KapTUHBI COCTOMT W3 JEPEBIHHON pPEMKH, Ha KOTOPOU
ykperieHa nudpaknuonHas pemérka [IP. Ilo peiike
nepementaercs muTok I ¢ y3koi 1menbo U JUHEUKOH ¢
MHJUIMMETPOBOM  IIKanou. Poib JIMH3BI  BBINOJHSAET
xpycranuk rina3za XP. M3o0paxkenue menu odpasyercs Ha

T ‘ ceryatke Tnaza CI' wu wabmomaercs Ha  (¢oHe
¢ ‘: 5 MUJUIMMETPOBOH HiKanbl. Pasmepamu riasHoro si6jg0ka u
| o™ % paccTosiHUEM OT TJ1a3 J0 PEeLIETKH MOXKHO IpeHedpeyb 1o

l "*E CPAaBHEHHMIO C pPAacCTOSHUEM OT INend A0 pemérku L.
-..’ PU [lens ocBemaercs syekTpudeckon yiammnoukon JI. Ecin

CMOTPETh Ha OCBEILEHHYIO CBETOM LIeNb Yepe3 AU(PPaKIUOHHYIO PEeIIETKY, TO KpOME LEHTpanbHOro 1l
n300pakeHus 11eau B OeJIoM cBeTe M0 00e CTOPOHBI BUJHBI €€ CUMMETPUUYHBIE Paly’KHbIE N300pakeHUs
PU (cnextper). Yron maudpakimuu ompenensercss Mo MOJOKEHHIO AU(PPAKIMOHHOTO MaKCUMyMa Ha
MUJUIMMETPOBOU HIKAJIE.

U3 reomerpuueckux moctpoenuii scuo, uto |/L=tg¢, rae l-paccrosmue or mnenTpamsHOro

uzobpaxenus mienu (K = 0) 10 0HOTo U3 GOKOBBIX H300paKeHHH; L— paccTOsHUE OT PEHIETKH JI0 IIEIH.

VunreiBas, uto Q@ ~ SINQ 115 ManeIX yriioB AHGPAKIKUH, TOTYIHM I/L~sine
1)
Ucnons3ys hopmyny (1) U ycioBue riaBHOIO MakKCMMyMa WHTEHCUBHOCTH CBETA, MPOIIEAIIETO
CKBO3b PENIETKY csinp =k,
IJle ¢ — MOCTOSHHAS pelieTky (Wim apyroe Haspauue — nepuon pemerku) K =0, +1, +£2... — Homep

NJIn HOpﬂZ[OK MaKCI/IMYMa, HOJ‘Iy‘lI/IM BBIpa)KeHI/Ie JJIA BBIYHUCIICHUSA OJIWHBI BOJIHBI >\,, B KOTOpOM BCEC
|.c
BEJIMYHUHEI JIETKO U3MEPSFOTCS Ha YCTaHOBKE:! A=—— @)

k-L

BbinosiHenune padoTsl

=

BxurounTte ycTaHOBKY B CETb.

2. Tlpubmusus a3z K AudpaxMoHHONW pemérke, HarpaBbTe MPUOOP HA MCTOYHHK CBETA TaK, YTOOBI
ObUIM BUJIHBI 110 00€ CTOPOHBI OT LIENIM Ha IIUTKE AUPPAKIIMOHHBIE CIEKTPHI 1-r0 U 2-ro MOpsSIKOB.
3amepbTe paccTosiHue L- OT muTKa 10 JUPpaKIInOHHON PEIIETKH.

4. 3amepbre pacctosiHMe | — OT cepeluHBbI IEHTPATBLHOIO MaKCHMMyMa [0 CEPEIMHbI MaKCUMyMa
IIEPBOTO MOPSAJIKA CUHETO IIBETA.

[To ¢popmyre (2) BbIUMCIUTE ATMHY BOJIHBI CHHETO I[BETA.

OmnbIT npojenaiiTe A1 BTOPOro Mopsika CHHEro 1BeTa. [lonyueHHble TaHHbIE 3aHECUTE B TaOIUILY.

7. AHanoru4Hble MU3MEPEHUs IMPOBEIUTE JUISl JKEJITOTO, 3€JIEHOT0 U KPAacHOrO I[BETOB IO YKa3aHHIO
IpenojaBaTes.

w

o o
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8. Paccuuraiite oTKIOHEHHE OT cpeanero AA = 1 3aHecuTe B Tabmumy 1.

Tabnuna 1.
IBer k | cm A, HM <A>, HM A\, HM
CUHHI 1
2
3€JICHBIN 1
2
KEINTHIN 1
2
KpaCHBIN 1
2
9. Cnenaiite BBIBOJ 1O padoTe.
®opma npeaocTaBJieHus pe3yibTaTa
1. 3amosmHuTh Tabmuny 1, cnenaB He0OX0AMMBbIE pacu€Thl MO TAOJIUIEH.
LiBet k | cm A, HM <\>, HM A\, HM
CUHUHI 1
2
3eJIeHBIN 1
2
YKEITHIN 1
2
KpacHBIN 1
2

2. CpenaiiTe BBIBOJ 11O padoTe.
KoHnTposabHbIe BONPOCHI.
1. Yro takoe audpakuusa? B kakux KOHKPETHBIX SBJICHHUSIX OHA MPOSIBIIAETCA?
2. Kak ¢popmynupyercst npunimi [ roiirenca-dpenens?
3. Yro Takoe riiaBHble MakcCUMyMbl? Kak OHM BO3HHKAIOT?
4. Yro Takoe audpakiuonHsie MUHUMYMbI? KakoBa ux npupoaa?

5. Yro mpoucxoaut ¢ qudpakiiMOHHON KapTUHOM nipH yBenndeHuu urcia meneid N? (ITosicHuTs

rpaduuecKn).
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6. Uto Takoe nudpakuronHas pemerka? Kak oHa usroraBiuBaercs?
7. Kak 3anucaTh 1 00BACHUTH (POPMYITY TIIAaBHBIX MAaKCUMYMOB ((hopMyTy TU(PpaKIImOHHON PEIIeTKN)?
8. Kakas xapTiuHa HabIIOAAETCs HAa DKPaHe MPU OCBEIEHUH PEIIECTKH OEJIbIM CBETOM, CBETOM PTYTHOM
JIaMIIbI?
9. Haumnas ¢ kakoro mopsiika M mepekpbIBaroTCsa AU(PPaKIUOHHBIE CIIEKTPBI BUAUMOTO CBeTa?
10. KakoBa poJib JTMH3BI 3pUTEIIBHON TPYOBI B 00pa3oBaHuu JU(PAKIIMOHHON KapTUHBI? MOKHO JIn
JIMH3Y 3aMEHUTD IJ1a30M?
11. Ha xakoM pacCTOSIHUU OT JIMH3BI 3pUTEIBHOMN TPYOBI CIIeAYyeT YCTAHOBUTH SKpaH JJisi HaOI0IeHUS
I(ppaKIMOHHON KapTUHBI?
12. Kakoe npuMeHeHHEe UMeeT TU(PPaKIns B HAYKE U TEXHUKE?
13. O0bsicHUTE BOSHUKHOBEHUE O€JI0H MOJIOCH B IEHTPE AU(PPAKIIMOHHON KApTUHBI IIPU OCBEIIECHUH
OeIbIM CBETOM.
14. KakoB nopsiI0K clieZIOBaHUs [[BETOB B TU(DPAKIIMOHHBIX CIIEKTpax?

@dopma npeacTraBJieHus pe3yabTarTa:

Pabora momkHa OBITH BBIIOIHEHA B TETPAIH JUIS Ta00OPATOPHBIX padoT.

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

JlaboparopHoe 3ansTHe No27
Ha0.roaeHme CUI0IIHOTO M JIMHEYaTOro CeKTPoB

Heﬂb paGOTbIZ SKCIICPUMCHTAJIbHBIM HYTéM HpOHa6HIOI[aTB CIICKTPBI UCITYCKAHUW U ITOTJIOMICHUA
npeajaracMbixX BEIICCTB.

BbinosiHeHune pa6oTsl crioco0cTBYeT (POPMUPOBAHUIO:

I1P62, TIPG6, ITP6S, I1Py3, Ilpy7, I1Py8, IIPy10, I1Pyl12, I1P610, Ilpy2, ITPyl12, [1P610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepuanbHoe obGecrneyeHue: MPOCKIMOHHBIM ammapar, CIEKTPadbHBIE TPYOKH C BOJOPOIIOM,

HEOHOM WJIM TeJIMEeM, BBICOKOBOJBTHBIM HHIYKTOP, OaTapes aKKyMyJIsTOPOB, IITATHB, COCTUHUTEIHLHBIC
npoBojia (001Iue Ha ayTUTOPHIO), CTEKJISTHHAS TJIACTHHA CO CKOIIEHHBIMU TPAaHSIMHU (BBIIAETCS KAKIOMY).

3aganue

1. TIponaGmromath 0Opa3oBaHUE CIIEKTPOB UCIYCKAHUS U MOTJIOMICHHUS.
2. BbIBUTH NpUUUHY 00pa30BaHMs CIEKTPA.
ITopsiiok BHINOJIHEHUS PA6OTHI

Ecnn n3nydeHne NCTOYHMKA CBETA HAIIPABUTH HA CTEKIITHHYIO NIPU3MY, Ha IIyTH MIPOLIEAIINX YEPE3
NpU3MYy JIydeil MOCTaBUTh 3KpaH, TO HA dKpaHe MOXKHO HAOM0AaTh HAOOp IIBETHBIX MOJOC — CHEKTP.
[TprurHa HaOII0JaeMOT0 SBJIEHUSI COCTOUT B TOM, YTO CBETOBBIE JTyYH UMEIOT OJMHAKOBYI0 cKOpocTh C B
BaKyyMe, a B Jpyroi cpeze, (Hampumep, B CTEKJIE) UX CKOPOCTh HEOJMHAKOBA W 3aBUCUT OT YacCTOTHI
kosneOanuil. Tak kak Ko3((UIMEHT MPelOMIIEHUsI 3aBUCUT OT CKOPOCTHU PACHpPOCTPAHEHHUS CBETOBBIX
BOJIH, TO JIy4H Pa3HbIX YacTOT ONPENENIAIOTCS O-Pa3HOMY.
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PacronokuTh MIACTHHY TOPH3OHTANBHO Iepes riazoM. CKBO3b TpaHH, cocTaBisioutne yrom 45°,
HaOMIOaTh CBETNIYI0 BEPTHKAJIBHYIO IOJOCKY Ha JKpaHe — H300paKeHHE pPa3IBMKHOW IIEIH
IPOEKLMOHHOIO arnmnapara.
Beigenuts OCHOBHBIE IIBETa IMOJYYEHHOTO CIUIOIIHOTO CIIEKTPa M 3alucaTth MX B HAOII0MaeMOM
HOCJIEA0BATEIbHOCTH.
TTOBTOPHTE OIBIT, PACCMATPHBAs MOJNOCKH Yepe3 rpam, obpasyromme yron 60°. 3amucars pasnidns B
BUJIC CIICKTPOB.
HaGmionate nuHeHdYaThle CHIEKTPHl BOJAOPOJAA, TeNMsS WM HEOHA, paccMaTpUBas CBETSIIUECS
CIEKTpaJIbHBIE TPYOKM CKBO3b I'PAaHU CHEKTPAIBbHOM IUIACTHHBI. 3amucarh Haubosee spKue JTMHUU
CIIEKTPOB.
Pesynprarsl HaOMOAeHU IPECTaBUTh B TaOIuUIE 1.
Cnenatp BBIBOJ 11O padoTe.

®opma npeaocTaBiIeHHs pe3yJibTaTa

Tabnuma 1
Ne Pacmionoxxenne HaGmronenue JInHeHyaTeIi JInaewuareiii | JInnengaTein
o\l | rpaHel IIACTHH CIUIOLIHOTO CIIEKTp BOJOpOaA CIIEKTP CIIEKTP
MO YTJIOM CHeKTpa reus HEOHa
1 45"
2 60°

agrwdE

KOHTpOJ’[beIe BOITPOCHI

KakoBa npuurHa pa3ioxeHus 6e10ro cBeta npu3Moi?

Kak 0ObsICHUTH IPOUCXOXKACHNUE TUHEUYATBIX CIIEKTPOB?

B uém paznuune 1udpakiimoHHOrO U IMCIEPCUOHHOIO CIIEKTPOB?

[ToueMy no criekTpam 3BE3]] MOXKHO OMPEIEIIUTh UX XUMHUYECKUH cOCTaB?

W3meHnuTes nu LBET 3€1EHOTO Jy4a IpU Iepexoie U3 Bo3ayxa B Boay? Ilouemy?
dopma npeacTaBieHus pe3yJbTara:
PaboTa nomkHa ObITH BBINOJIHEHA B TETPAAM ISl JJAOOPaTOPHBIX padoT.
Kpurepuu onenkmn:

3a mpaBUIIBHO BBIIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAsS OlleHKa — 1 Oas.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — ) OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 1009 npaBUIBHBIX OTBETOB

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

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

Oyenka «neyooenemaopumensvHoy svicmasiiemcs 3a MeHee 60%0 MpaBUIBLHBIX OTBETOB
gvicmasnsaemcs 3a Menee 60% mpaBUILHBIX OTBETOB

JlabopaTopHnoe 3ansitue Ne 28
Omnpenenenue nokasareJisi NpeJIOMJICHHS CTEKJ1a

l[eﬂb pt160mbl.' OIMPEACIINUTD IMOKA3aTCIIb MPEJIIOMIICHHUA CTCKIIA OKCIICPUMCHTAJIbHBIM ITYTCM.

Boinosinenue padoTsl cnocodcTByeT GOPMIUPOBAHMIO:

T1P62, TIP66, TIP6S, TIPy3, Ilpy7, T1Py8, IIPy10, TIPy12, TIP610, Ipy2, IIPyl12, IIP610, MP3, MP5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepuanbHoe oGecniedeHue: MJIACTUHKA C MapajlIeIbHBIMU T'paHsAMU; OyJaBKH; YUCTHIN JUCT Oymaru;

JIUCT KapTOHA; TPAHCIIOPTHUP; NOBEMHBIN CTOJIHK; TaOIUIA 3HAUEHUS TPUTOHOM ETPUUECKUX (YHKIIHIA.
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3aoanue

1.  IToctpoutb X0OJ CBETOBOTO Jlyya Yepe3 CTEKISHHYIO IJIACTHHY.

2.  IIpoananu3upoBaTh XOJ CBETOBOIO Jiyya Yepe3 CTEKISHHYIO IJIaCTUHY.

3. Ompenenuts MOKa3aTelb NPEJIOMIICHHUS CTEKIIA U PACCUNTATh MOTPEUTHOCTH SKCIIEPUMEHTA.

IMopsinok BHINOJIHEHHS PAdOThI

1. Ha nogbeMHBIH CTONMK MOJOXKUTH YACTBIN JTUCT OyMaru ¢ moJIyI0KEHHBIM CHU3Y KapTOHOM.

2.  C omHOU CTOPOHBI CTEKJIa HAKOJOTH 1BE OynmaBku | W 2 Tak, 4TOOBI MpsMasi, IPOXOAIIas Yepes
HUX, COCTaBIIsJIa YTOJ 04 C MEPHEHAUKYISIPOM K IIIOCKOCTH IIACTUHKY (puc. 1).

3. TlomHATh pHCYHOK Ha ypOBHE IJ1a3 U, HaOIrOAasA yepe3 IUIACTUHKY, HAKOJIOTh JIBE Apyrue OylaBKu
TakK, 4YTOOBbI BCE UeThIpe OyJIaBKU OKa3allCh HA OJTHOM MPSAMOIA.

4. Crewio u OylaBKH CHSTh, MECTa HAaKOJOB OTMETUTh Toukamu 1,2,3.4 u yepe3 HUX TPOBECTH
npsiMble JIMHUM JI0 TepeceueHusi ¢ rpaHunamu crekia (puc. 2). IIpoBectu yepes Touku 2 u 3
nepreHIuKyIsIphl K rpanunam cpen AB u CD.

5. TpancnopTUpOM U3MEPHUTbH YTIIbl MAJACHHS O U YIJIbI IPETOMIICHUS 3. sin a

6. Ilo TabiuIile 3HAYCHHI CHHYCOB OMPEACIUTh CHHYChI U3MEPEHHBIX yIJIOB. [ ——— =N

7.  Bpraucautb kodpPuireHt npenomiieHus no Gopmyiie: sin 3

8.  OnbIT MOBTOPHUTH TPH pasa.

——_
- koS

Af——F \
/ 1\\\

(l N

\

\

Puc. 1. Puc. 2

9.  PesynbraThl U3MEPEHUIl, BEIYUCICHUH U TaOIMYHBIE TaHHBIE 3aicaTh B Tabuiy 1.

10. Beruucnuth aOCOMOTHYIO (A) M OTHOCUTEIBHYIO (€) MOTPEIIHOCTH MO (POopMyTIam:

11. Cpnenatb BbIBOJ 1O paboTe

A
£ = -100% A=n . — n,.
nmaﬁm
Tabmuna 1
Ne  |VYronmapenusi; VYronnpe- | Koadou- 2 o ©
< 2 < < R o
OTBITa | CBETOBOTO TIOMJICHUS IIUEHT 5 & i =i S 4 s ©
5o Y U = 5 2
nyda CBETOBOTO | TIPEIOM- S E = = £ 8 3 2 5 §
) v @) o e
S SEP= . =
. Jy4da JICHUS 8 = = g =y g mapn. lé % 5 5
a, 2 S 2 TS 3 S8 |25
H o B O D A, [ oo oF
B n Q g 8 S E < J 5 5
’ 5 * E = =
1
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Konmponsusie éonpocut

UTo Ha3BIBAIOT CBETOBBIM JIy4OM?

Cdopmynupyiite 3aK0H OTpakeHUs CBETA.

KakoB ¢u3uueckuii CMbICT IOKa3aTeNs MPeJIOMIICHHUs CBeTa?

Yem ornnyaercst aOCOMOTHBIN TOKA3aTellb IPETOMIIEHHUS CBETA OT OTHOCUTEIBHOI0?
Chopmynupyiite 3aK0H MPETOMIICHUS CBETA.

Yo Ha3bIBAIOT MTOJHBIM OTPaXKEHHUEM CBeTa?

KakoBa ckopocTh paclpocTpaHeHUs CBETa B BaKyyme?

Yo Ha3pIBaE€TCS ONTHYECKON IVIOTHOCTHIO BEllecTBa?

Jly4 cBeTa MepexoauT U3 CpPeabl ONTUYECKH OoJiee TUIOTHOM B CPEy ONTHYECKH MEHEEe IUIOTHYIO.
Kak n3Mensiercs npu 3ToM 4acToTa KoJieOaHui U JUIMHA BOJIHbI?

10. B uewm coctouT npuHnui [ rolirenca?
11. Jlyu mepexoauT U3 BOJBI B CTEKJIO. YTOI MAJCHUS 0O = 30°. Haiitu yron npenomiieHus (Ng = 1,3; Ny

=1,6).

12.  VYron npenomieHUs CBETa B INIMIICPUHE 45°. Haiitu yroi najaeHus B Bozayxe (N, =1.47).
13. Jlyu magaer Ha moBepxHOCTh BOAbI mox yriom 30°. Ioj KakumM YrioM JOIDKEH YIAcTh Jyd Ha

MOBEPXHOCTh ajlMasa, YTOObI YroJ MPeloMIICHHs] OCTalICAd TaKUM Ke? (Nposn= 1, Nponu=1,33, Nam.=
2,42).

14. HaiiT pa3HOCTh CKOPOCTEH CBETA B BOJIC U CTEKJIIC, €CIH Nyony=1,33, Nere=1,5.
15. Omnpenenuts NpeneNbHBI yroj IOJHOrO OTPaKEHHs s BOABL, CTekia, anmasza. (Ng.= 1,6;

Nso=1,33, Name.= 2,42) (OTB.: 0101=49°, 012=40°, 0193=24°).
®opma npeaocTaBlIeHUs pe3ybTaTa
BrinoHeHHBIN OTYET B TETPaIu ISl 1aOOpaTOPHBIX padoT.
Kpurepun onenkn:
OyeHnka «OMAUYHOY» GbICMABIAEMCs: TIPABWIBHO BBITIOJHEHBI BCE 3aJaHUS B COOTBETCTBHH C
TpeOOBaHUSMH, TPABHIBHO BBHIOJHEHBI JIOTIOJHHUTENBHBIC 3aJaHusl, CBOEBPEMEHHO IPEIOCTaBIICH
OTYET O BBIIIOJIHCHUU pa6OTBI.
Oyenka «xopowio» Gvlcmaeisiemcst: TPABWIBLHO BBITIOJIHEHBI BCE 3aJlaHUs B OCHOBHOM 4acTH,
JOIIOJIHUTCIIBHBIC 3aaHUA BBIIIOJITHEHBI HEC B ITOJITHOM O6’BCM€, npeaoCTaBjICH OTYCT O BBINIOJHCHHUU
paboTbl, JMOO B Ciydae HECBOCBPEMEHHOTO MPEJOCTaBJIEHUS OT4YeTa WM C HaJIU4YueM
HECYIICCTBCHHBIX OIIMOOK B BEIIIOJIHEHUN 3alaHUus.
Oyenka «y0061emeopumenbHoy» 8blCMAssiencst: BBIIOIHEHBI He Bce, HO Oonee 50% 3amanuii paboThI,
JOMOJIHUTECIIbHBIC 3aJlaHUsA HC BBIIIOJIHCHBI, HECBOCBPCMCHHO MPCAOCTABJICH OTYET O BBIIIOJHCHHUU
paboTHI.
Oyenka «HeyO081emsopumenbHoy vlcmasisemcs: BeIOTHEHO MeHee 50% paboThbl, HE BBITIOJTHEHBI
JIOTIOJTHUTEIIBHBIE 3a/IaHMsI, OTYET O BHIMOJIHEHUH paboThl HE PEJOCTaBIICH.
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