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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
denepanbHOr0 rocyIapCTBEHHOTO 00pa30BaTENbHOIO CTAHIAPTAa CPEIHEro OOlIero oOpa3oBaHUS C
Y4ETOM I0JTy4aeMOH CIELMAIBHOCTH.

Benymieidi aumakTHYeCcKOM — LENbI0  MPAKTHYECKHX  3aHATHHA  sABJIsieTCs  (OPMHPOBAHUE
poEeCCHOHATBHBIX MPAKTUYECKUX YMEHUH (YMEHHH BBIIOJIHATH OINpe/elIeHHbIE JeHCTBUS, Olepaluy,
HEOO0XO/AMMBIE B TIOCIEAYIOUIEM B MPO(ECCHOHATBHONW NEATENbHOCTH) MM Y4eOHBIX NPAKTUYECKUX
YMEHUH pemiath 3a1a4u 1o (pusnke, HEOOXOAUMBIX B MOCIEAYIOIEH y4eOHO! AeATeIbHOCTH.

Benymieid aumakTHUeCKOW I1ENbI0 J1a0OpaTOPHBIX 3aHATUN SIBISETCS OKCHEPUMEHTAIBHOE
IIOATBEPKICHUE U IPOBEPKA CYLLIECTBEHHBIX TEOPETUUECKUX 3aKOHOB, 3aBUCUMOCTEH.

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

BrimonHenne npakTH4eckux M JIabopaTOpHBIX pabOT 00ecTIeYMBaeT JOCTHYKEHUE 00yJarOIIUMUCS
CIIENYIOIUX Pe3yabTATOB:

e [IPGl chOpMHPOBAHHOCTH MPEACTABICHUN O POJM U MecTe (PU3MKH U aCTPOHOMHH B COBPEMEHHOMU
Hay4YHOI KapTHHE MHpa, O CUCTEMOOOpa3ytomiel poinu (pU3MKKU B pa3BUTHH €CTECTBEHHBIX HAYK, TEXHUKU
Y COBPEMEHHBIX TEXHOJIOIHM, O BKJIaJ€ POCCUNCKUX U 3apyOeKHBIX YUCHBIX-(HU3UKOB B pa3BUTHE HAYKH;
MNOHMMaHUE (U3NYECKON CYIIHOCTH HAOIIOJaeMbIX SIBJIEHUN MHUKPOMHpA, MAaKpOMHUpa M MeEramupa;
[IOHMMAaHHUE POJIM ACTPOHOMHMHM B IIPAKTHYECKON MACATEIBHOCTH YEJIOBEKA M JaJbHEHIIEM Hay4HO-
TEXHUYECKOM Pa3BUTHH, PO (U3UKU B (OPMHPOBAHWUHU KPYro3opa u (yHKIHOHATHHONW IPaMOTHOCTH
4eJI0OBEKa JJIs PELEHUS IPAKTUYECKUX 3aad;

e [IPG2 chOopMUPOBAHHOCTh YMEHHI pacrio3HaBaTh (pU3MUECKUE SIBICHUS (TPOLECCH) U OOBACHATH MX
Ha OCHOBE H3YYCHHBIX 3aKOHOB: PAaBHOMEPHOE U PaBHOYCKOPEHHOE IIPSIMOJIMHEMHOE [BHKECHHUE,
CBOOOJHOE MaJeHUE Tel, ABMKEHUE 110 OKPYKHOCTH, MHEpPLUs, B3aMMOJACHCTBUE Tel, KOJeOaTelnbHOE
JBMKEHUE, PE30HAHC, BOJIHOBOE JABIKEHHE; MU y3Hs, OpOYHOBCKOE IBUKEHHE, CTPOCHUE KUIKOCTEHN U
TBEPABIX Te€Jl, W3MEHEHHWE o0beMa Tel IpU HarpeBaHuu (OXJIaXJAEHHHU), TEIJIOBOE paBHOBECHE,
UCIIapeHue, KOHICHCAlMs, TUIABJIICHUE, KPUCTAIUIM3alis, KUIIEHHE, BIIAXKHOCTh BO3/yXa, CBA3b CpeIHEH
KMHETUYECKOW 3HEpPruM TEIJIOBOTO JBM)KEHHS MOJEKYJl ¢ aOCOJIFOTHOM TeMIeparypoil, MOBBIIIEHHE
J@BJICHUS ra3a IIPU €ro HarpeBaHUU B 3aKPBITOM COCYJE, CBA3b MEXIY IlapaMeTpaMu COCTOSHMS ras3a B
M30IIpoLeccax; JJICKTPHU3alMs Tell, B3aUMOACUCTBHE 3apsA0B, HAarpEBAHHME IIPOBOJHUKA C TOKOM,
B3aUMOJICHCTBUE MATHUTOB, DJIEKTPOMarHuTHasi MHIYKLHU, JEMCTBUE MATHUTHOIO MOJISA HA IPOBOJHUK C
TOKOM U JIBIKYLIMHCS 3apsll, OJJEKTPOMarHUTHble KoJeOaHUS W  BOJHBL, MPSIMOJIMHEHHOE
pacrpocTpaHeHHe CBeTa, OTpaXKeHHe, IpejaoMiIeHue, HHTepdepeHnns, MdpaKus 1 Noaspu3alus CBera,
aucrepcusi cBeTa; (OTOdEKTpUYecKuil 3(deKT, cBeTOBOE [aBiI€HHME, BO3HWKHOBEHHE JMHEHYaToro
CIIEKTpa aToMa BOJOPOJa, ECTECTBEHHAs U UCKYCCTBEHHAs PAJIMOAKTUBHOCTb;

e [IP6G3  BiaJeHUWE  OCHOBONOJATAOIIMMU  (PU3MYECKMMH  TOHATUSAMU UM BEJIMYMHAMH,
XapaKTepu3ylImuMl  (u3nyeckue mporecchl  (CBSA3aHHBIMM € MEXAaHHYECKMM  JIBXKCHHEM,
B3alMOJICHICTBHEM TeJl, MEXaHWYECKUMHU KOJeOaHUSMU U BOJHAMHU; aTOMHO-MOJIEKYJISIPHBIM CTPOEHHEM
BEIIECTBA, TEIUIOBBIMU IPOLIECCAMH; DJIEKTPUYECKMM M MAarHUTHBIM IIOJSIMHU, DJIEKTPUYECKUM TOKOM,
AJIEKTPOMArHUTHBIMU KOJIEOAHUSIMU W BOJHAMH; ONTHUYECKUMH SIBICHUSMHU; KBAHTOBBIMU SIBJICHUSMH,
CTPOEHMEM aroMa M aTOMHOIO fJpa, paJWOaKTUBHOCTHIO); BIJIAJEHHE OCHOBOIIOJIATAIOIIUMHU
ACTPOHOMHYECKHMH MOHATUSMH, TO3BOJIIONIMMHU XapaKTePU30BaTh IIPOLECCHl, MPOUCXOASIINAE Ha
3B€3/1aX, B 3BE3HBIX CUCTEMaX, B MEXTaJIaAKTUUECKOH cpejie; IBMKEHNE HEOECHBIX Tell, SBOJIIOIHIO 3BE3]
u Bcenennoi;

e [IP64 BiafieHNE 3aKOHOMEPHOCTSIMH, 3aKOHAMU M TEOPUSIMU (3aKOH BeceMupHoro tarorenus, I, 11 n 111
3aKOHbl HbIOTOHA, 3aKOH COXpaHEHUS MEXAaHWYECKOM SHEPIHH, 3aKOH COXPAHEHUs MMITYJbCa, TPUHIUII
CYNEpIO3UIIMY CUJI, IPUHLUI PABHOIPABHOCTH HWHEPLUAIbHBIX CHUCTEM OTCYETA; MOJIEKYJISIPHO-
KMHETUYECKYIO TEOPUIO CTPOEHUS BEILECTBA, TA30BbIC 3aKOHBI, NEPBBIA 3aKOH TEPMOJWHAMUKH; 3aKOH
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COXPAHEHHUs JJIEKTPUUECKOro 3apsijaa, 3akoH Kynona, 3akoH Oma juis ywyacTka 1enu, 3akoH Oma Juis
MOJTHOM JJIEKTPUYECKOW 1enu, 3akoH Jlkoyns - JleHma, 3aKOH 3JIEKTPOMAarHUTHON WHIYKLIHMH, 3aKOH
COXPAHEHHUS YHEPTHH, 3aKOH IPSIMOJIMHEMHOIO pacIpOCTPAHEHUsI CBETA, 3aKOH OTPAKEHMsI CBETA, 3aKOH
IIPEJIOMJICHUSI CBETA; 3aKOH COXPAHEHUS DHEPIMM, 3aKOH COXPAHCHMs HMITYJIbCA, 3aKOH COXPaHEHUs
AJIEKTPUYECKOTO 3apsija, 3aKOH COXPAaHEHMsI MaCCOBOI'O UMCIIA, MOCTYIaThl bopa, 3aKkoH painoaKTUBHOTO
pacrazia); yBepeHHOE UCI0Ib30BaHUE 3aKOHOB U 3aKOHOMEPHOCTEN IpU aHalIn3€e (PU3NUECKHX SBJICHUN U
IIPOLIECCOB;

e [IPG5 yMeHHE YYMTBHIBATh I'DAHUIIBI IPUMEHEHUS M3YYEHHBIX (PU3MYECKUX MOJEJeH: MaTepualbHas
TOYKa, MHEPIHAJIbHAS CUCTEMA OTCUETA, U/I€AJIbHBIN ra3; MOJIEIN CTPOCHUS ra30B, )KUIKOCTEN U TBEPABIX
TeJ, TOYCYHBIN IEKTPUYECKUH 3apsil, AACpHas MOJEIb aTOMa, HyKJIOHHAs MOJEIb aTOMHOTO siipa IpH
penieHny GU3HYECKUX 3a/1a4;

e JIPG6 BiIaJieHUE OCHOBHBIMU METO/IaMU HAyYHOI'O MO3HAHUSA, UCIOJIb3YEMbIMU B (PU3UKE: MPOBOIUTH
npsiMble ¥ KOCBEHHbIE M3MEpPEHUs (PU3MUYECKUX BEIWYHH, BHIOMPAs ONTUMAIBHBIA CIOCO0 U3MEPEHUs U
UCIIOJIb3YSl H3BECTHBIE METOABI OLICHKM IIOTPEIIHOCTEH W3MEPEHHH, IPOBOJUTH HCCIIECJOBAHUE
3aBUCUMOCTEN (DU3MUECKUX BEJIUYHMH C HUCIOJIb30BAHUEM IPSMBIX U3MEPEHUN, OOBSICHATH MOJIYyYEHHBIE
pe3yibTaThl, UCIONb3Ys (PU3NYECKUE TEOPUHU, 3aKOHBI U IIOHATHUS, U JieJIaTh BBIBOJIbI; COOIIOIATh MpaBHiIa
0e30macHOTO TpyJa INMpH IMPOBEACHWU HCCIENIOBAHUK B paMKax Y4eOHOTro SKCIIEpHMEHTa M y4eOHO-
HCCIIEIOBATEIbCKOW JAEATENbHOCTH C MCIOJb30BaHUEM LHM(POBBIX H3MEPUTENBHBIX YCTPOMCTB U
nabopaTopHoro o0opyaoBaHus; cHOPMUPOBAHHOCTh NPEACTABICHUNH O METOAAX IMOJNYYCHHS HAayYHBIX
aCTPOHOMHUYECKUX 3HAHWM;

e [Pyl chOPMHUPOBAHHOCTh TOHUMAHUS pPONH (UMK B HKOHOMHYECKOH, TEXHOJOTHYECKOM,
COLMAJIbHOW M 3THUYECKOH cdepax HeATeNIbHOCTH YeNOBEKa; PO U MecTa (PU3MKU B COBPEMEHHOM
HAay4yHOM KapTHHE MHUpa; POJIM aCTPOHOMMU B MPAKTUYECKOM NEATENbHOCTH 4YEJOBEKAa M JaJbHEHIIEeM
HAy4YHO-TEXHUYECKOM Pa3BUTHH;

e [IPy2 chOpMHPOBAHHOCTh CHCTEMBI 3HAHHHA O (PU3NYECKUX 3aKOHOMEPHOCTSX, 3aKOHAX, TEOPHSX,
JEUCTBYIOIMX Ha YPOBHSIX MHUKPOMHpA, MaKpoMHMpa M Merammpa, IpeJICTaBlIeHU O BceoOleM
Xapakrepe (U3NYECKUX 3aKOHOB; MPEACTABIECHUN O CTPYKTYpE MOCTPOEHHS (U3NYECKOM TEOpUH, 4TO
MO3BOJIUT OCO3HATh POJIb (PYHAAMEHTAIBHBIX 3aKOHOB M MPHUHILUIIOB B COBPEMEHHBIX MPEACTABICHUAX O
MPUPO/E, TOHATH TPAaHUIBl NPUMEHUMOCTH TEOpPUN, BO3MOXKHOCTH HUX MNPUMEHEHUs Ul OMHCAHUS
€CTECTBEHHOHAYYHBIX SIBJICHUH U TIPOLIECCOB;

e [IPy3 chopMHpPOBAaHHOCTh YMEHUS paziuyaTh yCJIOBHS MPUMEHMMOCTH Mojenell (pU3NYecKuX Tel U
IPOIIECCOB (SBJICHUI): HHEpUUalbHas CHCTEMa OTCueTa, MaTepualibHas TOYKa, PaBHOYCKOPEHHOE
JBIDKEHUE, CBOOOJHOE MajeHue, abCoMOTHO ynpyras aedopmaiius, a0COMIOTHO YyIPyroe u abCOI0THO
HEYIpPyroe CTOJIKHOBEHUS, MOJIeNIel ra3a, )KHJIKOCTU M TBEPAOro (KpUCTANIMYECKOr0) Teja, H1ealbHOro
ra3a, TOYEYHBIN 3aps]l, OJHOPOIHOE IIEKTPUUECKOE M0JIe, OJHOPOJHOE MarHUTHOE T10JIe, TAPMOHUYECKHE
Kosie0aHHs, MaTeMaTHMYeCKUH MAasTHHUK, WJEaJbHbI NPYXUHHBIH MasTHUK, TapMOHUYECKHUE BOJIHBI,
UJealbHBIM KOJeOaTeNbHBIH KOHTYP, TOHKas JIMH3a; MOJIEJEH aromMa, aTOMHOTO sJipa W KBAHTOBOW
MOJIETIN CBETA;

e [IPy4 chopMHpOBaHHOCTh YMEHHUS OOBSACHATH OCOOCHHOCTH NPOTEKaHUs (U3MUECKUX SIBICHUIL:
MEXaHUYeCKOe JIBUKECHUE, TEIUIOBOE JBM)KEHUE YacTHUI[ BEIECTBA, TEIMJIOBOE paBHOBECHE, OPOYHOBCKOE
nBukenue, auddysus, ucnapeHue, KWUMEHWE U KOHJCHCAllMs, IUJIaBJI€HHE W KpUCTAJUTU3aLus,
HaIPaBJIEHHOCTD TEIJIONEPENAYH, IEKTPU3ALUH TEJI, SKBUIIOTEHIIMAIBHOCTH ITIOBEPXHOCTH 3apSyKEHHOTO
MPOBOJAHMKA, DJIEKTPOMAarHUTHONM  WHAYKUWH, CAMOWHIYKIMH, 3aBUCUMOCTH  CONPOTHBIICHUS
MOJIYIIPOBOHUKOB "p-" M "n-TUMOB" OT TeMmepaTypbl, pe3oHaHca, HHTepPEpEeHIIMH BOJH, JTUPPAKIINY,
JUCIIEPCUH, TIOJHOTO BHYTPEHHETO OTpakeHus, Gpotodddext, ¢puznyeckue MPUHILHUIBI CHEKTPATHLHOTO
aHanu3a 1 paboThl Ja3epa, "anbga-" u "Oera-" pacnansl saep, raMMa-u3IydeHue sep;

e [IPy5 cpOpMUPOBAaHHOCTb YMEHUN NPUMEHSATh 3aKOHBI KJIACCMUYECKOM MEXaHUKH, MOJIEKYIISIPHOM
(GU3MKN U TEPMOJIMHAMMKH, JIEKTPOIUHAMUKH, KBAHTOBON (DM3MKHU JUIS aHAIM3a U OOBSACHEHUS SIBICHUM
MUKpOMHpA, MaKpoOMHpa M Meramupa, pasindarh YycJIoBHUS (TpaHHULbl, 00JacTH) NPUMEHUMOCTU
($U3NYEeCKUX 3aKOHOB, MOHMMATh BCEOOIIMH XapakTep (pyHIaMEHTAJIbHBIX 3aKOHOB (3aKOH COXPaHEHHS
MEXaHUYECKON DHEPIHH, 3aKOH COXPAHEHHMS HMMIIYJIbCA, 3aKOH BCEMHMPHOTO TATOTCHHs, NMEPBBIA 3aKOH
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TEPMOJMHAMHMKH, 3aKOH COXPAaHEHHUs JJIEKTPUYECKOIO 3apszia, 3aKOH COXpPaHEHMsI DSHEpPruu) Hu
OTPaHUYEHHOCTh MCIOJIb30BAaHUS YACTHBIX 3aKOHOB; aHAIM3UPOBATh (PU3MUYECKHE MPOLECCHI, UCTIOIb3YS
OCHOBHBIE IIOJIO)KEHHUS, 3aKOHbl M 3aKOHOMEPHOCTH; OTHOCHUTEIBHOCTh MEXAHUYECKOI'O JABW)KEHUS,
dbopMyInbl KHUHEMaTUKU PaBHOYCKOPEHHOTO IBUXKEHHs, mpeoOpa3zoBanus [amuies A CKOPOCTH U
IepeMeleHusl, Tpu 3akoHa HpIOTOHA, NPUHLIUI OTHOCHUTENbHOCTM ['anuies, 3aKOH BCEMHUPHOIO
TATOTEHUS, 3aKOHBI COXPAaHEHUS UMIYJIbCa U MEXaHMYECKON YHEPTHH, CBSI3b PA0OTHI CHIIBI C U3MEHEHHEM
MEXaHUYECKON 3HEpPIuH, YCJIOBHUS PaBHOBECHSI TBEPAOIO TENa; CBA3b JABJIEHUS HAEAJIbHOIO rasa co
CpelHEW KHWHETUYECKOW SHEpPrueil TEeIUIOBOro JBWXKEHUS W KOHLEHTPALMEHl €ro MOJEKYNd, CBS3b
TEMIIEpPATyphl BEIIECTBA CO CPEAHEN KMHETHUUECKON IHEPrHel €ro 4acTHll, CBA3b JABJICHUS UACAIBHOTO
rasa ¢ KOHIICHTpalMel MOJIEKYJ M €ro TemmnepaTypoi, ypaBHeHue MenaeneeBa-KnanelipoHa, nepBblid
3aKOH TEPMOJAMHAMUKH, 3aKOH COXPAaHEHHUS SHEPIUM B TEIUIOBBIX IPOLIECCAX; 3aKOH COXpPaHEHUs
JNEKTPUYECKOTO 3apsna, 3akoH KysjnoHa, NOTEHUHATBHOCTh 3JEKTPOCTATUYECKOrO IOJIsA, MPUHLUII
CYIIEpIO3ULIMH IEKTPUUECKUX T0JeH, 3akoHa Kynona; 3akoHsl OMa i y4acTKa LEeNH U JUIsl 3aMKHYTOR
JNEKTPUYECKON Lenu, 3aKkoH Jlkoynsa-JleHua, 3aKOH 3J€KTPOMAarHUTHOM WHAYKUMHU, npaBuwio JleHua,
IIOCTYJIaThl CHEIHAJbHOM TEOPUHM OTHOCUTENLHOCTH OMNHINTENHHA, ypaBHEHUE OWHIUTEHHaA A
dotorddekra, nepBbiii 1 BTOpol moctynatel bopa, mpuHnun HeomnpeneneHHoctu I eiizenbepra, 3akoH
COXPaHEHHUs 3apsja, MacCOBOIO YKMCIIA M SHEPTUHU B SJEPHBIX PEaKLUAX, 3aKOH paJMOaKTUBHOIO paclajia;
e [IPy8 cdhopmupoBaHHOCTH MPEACTABIEHUH O METOAAaX IOJYyYEHHUS HAayYHBIX aCTPOHOMHUYECKUX
3HAHWW; BIJIAJICHUC YMEHUSMH CaMOCTOSTEIIEHO (OPMYIMPOBATh II€Th HWCCICIOBAaHMS (IPOEKTA),
BBIIBUTATh TUIIOTE3bl HA OCHOBE 3HAHHS OCHOBOMOJAraloluX (PU3MUECKUX 3aKOHOMEPHOCTEH U 3aKOHOB,
IPOBEPATh UX OKCIEPUMEHTAIBHBIMM CpPEACTBAMHU; IJIAHUPOBAaTh M IPOBOAUTH  (hU3HUECKUE
SKCIIEPUMEHTBI, OMNUCHIBATh W AHAJIM3UPOBATH IIOJYYEHHYIO TPHU BBIIOJHEHUHU HSKCIEPUMEHTA
WH(POPMAIIHIO, ONIPEIENIATH TOCTOBEPHOCTh OIYYEHHOTO PE3YIbTaTa;

e [IPy 11 oBnagenue pa3nuyHbIMU crioco0amMu paboThl ¢ MHGopMaIeil (HU3MUECKOTO COAEPIKAHUS C
WCTIOJIb30BAHUEM COBPEMEHHBIX HH(POPMAIMOHHBIX TEXHOJOTHHA, PAa3BUTHE YMEHUH KPUTHYECKOTO
aHaJlM3a U OIICHKH JIOCTOBEPHOCTH MOJTy4aeMol HH(GOpMaLIUK;

e [IPy 12 oBnameHue OpraHU3alMOHHBIMM M TO3HABATEIbHBIMU YMEHHUSIMH CaMOCTOSITEILHOTO
NpUOOpEeTeHUs] HOBBIX 3HAHUI B MpoOIlecce BBIOJHEHUS MPOEKTHBIX M y4eOHO-HCCIEeI0BATENbCKUX
paboT, yMEHMSIMH 3aHSTHETh B IPYIIE C BBINOJIHEHWEM Pa3IMYHBIX COLMAJIBHBIX POJieH, MIaHUPOBATh
paboTy TpyNmbl, palloHAIbHO pacHpenenaTh IeATEIbHOCTh B HECTAHIAPTHBIX CHUTYAIHIX, aleKBAaTHO
OLIEHMBATh BKJIAJ] KAXK/I0TO U3 YYACTHUKOB I'PYIIIBI B PEILIEHUE paccMaTpUBaeMOi poOIeMBl;

e MP 8 crocoGHOCTh U TOTOBHOCTh K CaMOCTOSTEIbHOMY MOHUCKY METOJOB PELICHHUS MPaKTHUYECKUX
3aJ1a4, IPUMEHEHUIO Pa3IMYHbIX METOJIOB TIO3HAHMUSI,

e MP 9 Bnajerh HaBBIKAMHU MONYYECHUS UHPOPMAIMH U3 UCTOYHUKOB PA3HBIX THUIIOB, CAMOCTOSITENEHO
OCYIIIECTBIATh MOUCK, aHATN3, CUCTEMATH3aIUI0 U WHTEPIPETANI0 WHGOPMALUK Pa3NUYHBIX BUIOB U
dbopM mpeicTaBICHNUS,

e MP 10 ¢popmMupoBaHre HAYIHOTO TUIIA MBIIICHHUS, BIAJCHHE HAYYHOW TEPMUHOIOTHEH, KITFOUEBBIMU
MOHSATUSMH W METOJIAMU;

e MP 21 BBIABIATH NPUYUHHO-CJIEICTBEHHBIE CBSI3U U aKTyalIM3UPOBATh 33]a4y, BbIIBUTaTh TUIIOTE3Y €€
pellIeHns, HaXOJIUTh apryMEHTBl JUIsl J0Ka3aTeNbCTBA CBOMX YTBEP)KICHHM, 3ajaBaTh MapaMmeTpbl U
KPUTEPHUU PEIICHHS;

e MP 17 ymeTh nepeHOCUTh 3HaHUS B TTO3HABATEILHYIO M MMPAKTUYECKYIO 00JIACTH JKU3HENCATETbHOCTH;
e MP 13 oBnasgeHue BUAAMHU JAEATEIBHOCTU IO IOJIYYEHHUIO HOBOI'O 3HAHMS, €ro HMHTEpHpETaluH,
npeoOpa3oBaHUIO W MPUMEHEHHIO B DPA3IUYHBIX y4YeOHBIX CHUTyallMsX, B TOM YHCJE TPU CO3JaHUH

yqe6HBIX " COLIMAJIBHBIX ITPOCKTOB,

e JIP 13 roToBHOCTB M CIOCOOHOCTH K 00pa30BaHHUIO U CaMOOOPA30BaHUIO HA MPOTSHKEHUU BCEH KU3HMU;
e JIP 14 oco3HaHMe TMYHOTO BKJIa/la B IOCTPOEHUE YCTOHYHUBOTO Oy IyIIero
e JIP 23 rOTOBHOCTH K TPY/y, OCO3HAHUE IIEHHOCTH MacTEPCTBA, TPYAOIIO0HUE;



e JIP 26 cnocoOHOCTh OLIEHMBATh CUTYAIlMI0 U MPUHUMATh OCO3HAHHBIC PEIICHHs, OPUCHTUPYICh Ha
MOPAJIbHO-HPABCTBEHHBIE HOPMBI U LIEHHOCTH;

ConepxaHue NPaKTUYECKUX U JJAOOPaTOPHBIX 3aHATUI OPUEHTUPOBAHO Ha IIOATOTOBKY O0yYaroIuXcs K
OCBOCHHIO TPO(ECCHOHAITFHOTO MOAYJS TMPOTrpaMMbl TOATOTOBKM  CIICIMATIMCTOB CPEIHEro 3BEHA TI0
CIIELIMATIbHOCTH Y OBJIA/ICHUIO HPOeCcCUOHAIbHBIMU KOMPEMEeHUUAMU:

IIK 1.1 OcymecTBisTh OpraHU3aHMOHHO-TIPOM3BOJICTBEHHbIE PA0OTHI JJISl MOATOTOBKH COOPKH U
MOHTa)ka IPOMBIIIJICHHOTO (TEXHOJIOTMYECKOr0) 000pyJ0BaHUS.

IIK 1.3 IIpou3BOAHUTH OLIEHKY COCTOSIHUSI MPOMBIIUIEHHOTO (TEXHOJOTHYECKOro) 000pyIOBaHUs
10CJI€ BBIIOJIHEHUS HAJIaJ04YHbIX paboT, KOHTPOJIb TEXHUYECKOIO COCTOSIHUS 000pYI0BAaHHUs IIPU BBOJE B
IKCILTyaTalHIo.

A Takke POPpMHUPOBAHMIO 0OULUX KOMNEMEHYUIL.

OK 01 Bribupats crocoObl pemeHus 3a1a4 npoheCCHOHATBHON AEATEIbHOCTH IPUMEHHUTENBHO K
Pa3IMYHBIM KOHTEKCTAM.

OK 02 Hcmonb30BaTh COBpEMEHHBIE CPECTBA TIOMCKA, aHAIM3a U UHTEPIPETAluU HHOPMAIHN H
MH(pOPMAaLMOHHbIE TEXHOJIOTUH JUIsl BBIMOJIHEHUS 3a/1a4 TPO(eCCUOHAIbHON AEATeIbHOCTH

OK 03. [TmanupoBaTh U pean30BbIBaTH COOCTBEHHOE MPO(GECCHOHATBFHOE B TMYHOCTHOE Pa3BUTHE,
IPEIIPUHUMATENbCKYIO IEATEIBHOCTh B MPO(ECCHOHANBHOM cepe, UCI0Ib30BaTh 3HAHUS 110 PaBOBOI
1 (MHAHCOBOM IPaMOTHOCTHU B PA3IMYHBIX KU3HEHHBIX CUTYAIHAX

OK 04 D¢ddexTuBHO B3aUMOICHCTBOBATh U pabOTaTh B KOJUIEKTHBE U KOMaH/IE

OK 05 OcymecTBiATh YCTHYIO M THCbMEHHYIO KOMMYHHKALIMIO HAa TOCYAAPCTBEHHOM S3bIKE
Poccuiickoit @enepanuu ¢ yueToM 0COOEHHOCTEH COLMAIBHOTO U KYJIbTYPHOI'O KOHTEKCTA

OK 06. IlposBasaTh TIpa)xaaHCKO-NATPUOTHUECKYIO IIO3ULIMI0, JIEMOHCTPUPOBATH OCO3HAHHOE
[IOBEJICHHE HA OCHOBE TPAJUIMOHHBIX POCCUICKUX JYyXOBHO-HPABCTBEHHBIX LIEHHOCTEH, B TOM 4HUCIIE C
YUETOM TapMOHHU3AIMH MEKHAIIMOHAIBHBIX M MEXKPEIUTHO3HBIX OTHOUICHWH, NMPUMEHSATh CTAaHAAPTHI
AHTUKOPPYIILIMOHHOTO MOBECHHUS

OK 07 CopnelicTBOBaTb COXpPaHEHHUIO OKPYXAIOUIeH cpeabl, pecypcocOepeKeHHUI0, MPUMEHSTh
3HaHUS 00 M3MEHEHUM KIMMaTa, NPUHIUIBI OEpeXIMBOro MPOU3BOACTBA, 3()(PEeKTUBHO AEHCTBOBATH B
YpEe3BBIYANHBIX CUTYAIHSIX

OK 09 ITonp3oBatbest MpoecCHOHATBHONW JOKYMEHTAIlMe Ha rocyJapCTBEHHOM U MHOCTPAHHOM
SI3BIKAX.

BeinmonHenne oOydaromuxcs MPAaKTUYECKUX M J1TAOOpaTOpHBIX paboT Mo y4eOHOM TUCHMILIMHE
«®Pu3nKa» HaPaBIIEHO HA:

- 00o0meHne, CcUCTeMaTH3alMIo, YIIyOJieHHe, 3aKpeIuleHHue, pa3BUTHE M JIeTaTU3alHio
MOJTYYCHHBIX TEOPETUYECKUX 3HAHUH 110 KOHKPETHBIM TeMaM y4eOHOU JUCIUTUINHEL,

- (hopMUpOBaHME YMEHHUI NMPUMEHATH MOJyYCHHbIE 3HAHUS Ha MPAKTHKE, pealu3alMio €IMHCTBA
WHTEIJUICKTYaJIbHON M MPAKTHUECKON IS TETbHOCTH;

- (opMupoBaHuEe M pa3BUTHE YMEHM: HaOMIOJaTh, CPaBHUBATh, CONOCTABIAThH, AHAIU3HPOBATH,
JieNaTh BBIBOJABI W OOOOIIEHHUS, CAMOCTOATEIbHO BECTH HCCIEAOBAaHHUA, IOJB30BAThCA PAIUYHBIMU
npueMaMH U3MEpEeHUH, 0OPMIIAT pe3yabTaThl B BUJIE TaOIUI], CXEM, T'pa(HKOB;

- TMPUOOpPETEeHHE HABHIKOB pabOTHI C pPa3IMYHBIMH MPHOOpaMH, ammapaTypoil, YCTaHOBKaMH M
JAPYTUMH TEXHUYECKUMHU CPEICTBAMHU I IPOBE/ICHUS OIBITOB;

- pa3BUTHE WHTEIUIGKTYaJIbHBIX YMEHUH y OyAymIuX CHENHaINCTOB: aHAJTUTHYECKHX,
MPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIp.;

- BBIpaOOTKY MPH PEIISHUH ITOCTABJICHHBIX 33/1a4 MPO(eCcCHOHANTBHO 3HAYMMBIX Ka4eCTB, TAKMX KaK
CaMOCTOSITENIbHOCTh, OTBETCTBEHHOCTb, TOYHOCTh, TBOPUECKAsI HHULIUATHBA.

[IpakTuueckue win 1abOpaTOpHbIE 3aHATHS MPOBOJATCS B paMKaX COOTBETCTBYIOIIEH TEMBbI, TOCTIE
OCBOCHHUS NUIAKTHUECKUX €IUHHII, KOTOphle 00ECHEeunBaIOT HAIW4YHE 3HAHHM, HEOOXOIMMBIX JUIS ee
BBITTOJTHEHUSI.



2. METOANYECKHUE YKA3ZAHUA

Tema 2.1. Kunemaruka

IIpakTuyeckoe 3ansaTue Nel

Pemienue 3a1a4 mo KHHEMATHKE. ypaBHeHHH ABHUKCHHUS.

Henb: HayuuThCS pa3nUYaTh BHIBI MEXAHUYECKOTO JBUKCHHS B 3aBHCHUMOCTH OT (HOPMBI
TPACKTOPUU U CKOPOCTU IEpPEMEIEHUsl Teja, PACCUMTHIBATh €ro MapaMeTpbl, HAyYUThCS H300pakaTh
rpadUyuecKy pa3TUYHBIC BUbI MEXAaHUYCCKUX JIBMKCHUI, 3aNMCHIBATh YPABHCHUSI BUKCHHUSI, PA3INYaTh
€ro OTHOCHUTENIbHOCTb, HAY4YHTbCS (OPMYIUPOBATH CICAYIOUINE MOHATUSA: MEXAaHMYECKOEe IBUKECHHE,
CKOPOCTb U YCKOPEHHUE, CUCTEMa OTCYETa, MEXaHUUYECKUI MPUHIIUI OTHOCUTEIHLHOCTH.

Boinosinenue padotsl cnocodcTByeT (hopmupoBanuio: OK 01, OK 02, OK 03, OK 09, OK 06

MarepuanbHoe obecrnieyeHue:

WHAUBUAYAIbHOE 33/1aHUEe, KOHCIIEKT JISKIIHIA, CIIPaBOYHbBIC MaTEPHAIIBI.

Yka3zanue:

[IpakTuueckass paboTra COCTOMT M3 JABYX 4YacTedl — TeopeTudeckod u mnpaktudeckoid. [locne
M3y4YEHHUs TEOPETUUECKOr0 MaTepraja MOKHO MPHUCTYINATh K BBHIMOJHEHUIO MpakTH4YecKor udactu. OHa
COCTOMT M3 ABYX M Oosiee 3amay Al CaMOCTOSITENbHOIO BhIoNHEHUs. He 3a0biBaiiTe 0 MpaBUIBHOM
odopmitennu pemeHus. Ha BEIIOTHEHNE MPAKTUYECKOW OTBOJUTCS JIBA aKaIEMUIECKIX Jaca.

3aganme:

1. IIncbMeHHO OTBEThTE HA CJIeYIOIHeE BOMPOCHI:
e Kunematnyeckuil 3aKOH JBUKECHHS JJIsi KOOPIAUHATHOTO CIIoco0a OmMpeiesieHUs TBUKEHUS
MAaTepHAIbHON TOYKH.
e KuHeMaTH4eCKHil 3aKOH [BHWKEHHUS Ui E€CTECTBEHHOTO JBMKCHHS MJii BEKTOPHOTO
crioco0a onpeeeHus ABUKCHUSI.
e Kunemarnyeckuil 3aKOH JBIKEHUS JJIs1 €CTECTBEHHOT'O CII0C00a OMPEe/IeIeHUs TBUKCHHUS.
e Kak HaliTH BEKTOp CKOPOCTU MJIsi KOHKPETHOTO, BEKTOPHOTO M €CTECTBEHHOTO CIIOCOOOB
onpeereHus: ABUKEHUA?
o Kak HailTH BEKTOpP YCKOPEHUS JJII PA3HBIX CIIOCOOOB ONPEACIICHUS] IBHXKCHHUS?
2. Hcnoan3ysi popmyJibl AJsl pacyeTa napaMeTpoB JIBHKEHUSI TeJl, PeIINTh 3aa4u.
3. Ilpoananu3upoBaTth rpadpuky IBUKEHHUS TeJ, ONMNCATH XapaKTep ABUKEHHS.

IMopsinok BBINOJTHEHHS PA0OTHI:
1. TloBTOpUTH OCHOBHBIE BOIIPOCHI KHHEMATHUKH.
2. PemmTh 3a7a4u 110 BapUaHTaM.
3. OdopmMuTh OTYET B TETPaIH IS MPAKTUUECKUX paboT.

1. TeopeTnyeckasi yacThb
OnHomepHOe IBHXKeHHeE. [[BukeHne ¢ MOCTOSIHHOM CKOPOCTHIO.

HYCTB TCJIO ABHUIKCTCS B HAIIPABJICHUH OCH X C IOCTOSIHHOM CKOPOCTBIO V 1 32 BpeMsI Af =t —{, IIPOXOJUT

NyThb Ax = x —x,. CpeHsAsA CKOPOCTb

Ax




V = const

JIBH>KEHUE € IEPEMEHHON CKOPOCTBHIO. Y CKOPEHHE

Ecin Teno aBmkeTcs HampaBleHUU 4, V ocu Xc

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

0 | |

I[Ipy »TOM TrOBOpAT, YTO TEJO th t T JaBWKETCS ¢ yCKOPEHUEM.

Yckopenue (@) — CKOpOCTh H3MEHEHHUST CKOPOCTH.

U = AV M
Ecim 3a Bpemsi At =t—t, n3MeHenue ckopoctn AV=V—V; 10 cpennee yckopenue: |a,, = [a]l=1—.
C
u V—Vo —
3a= v = v =V, +aAt WA V() = v, +alt
aAt?

x(t) = x5 + VoAt +

Ecau {/'0 ua COHAIIpaBJICHbI, TO CKOPOCTb ABMIKCHHA TCJIa BO3PACTACT, a HMCCT

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

2 2
vi{)—v
Ecnu Bpems nBukeHust At HEM3BECTHO, TO |x(7) = X, + Y 0=-vo .

MHOFOMepHOC JABWKCHUC. I[BI/I)KCHI/IG TCIIa, 6pOIHCHHOFO o1 yrjioM K ropu3oHTy

ITycth Teno OpolIeHO U3 Hayana KOOPJMHAT IMOJ YIJIOM K FOPH30HTY C HauyaJllbHOM CKOPOCTBIO v, . M3
rpaduKa BUJHO, YTO V, = Voy + Voy (IABYMEpHOE JABM)KEHHE MOYKHO pacCMaTpHUBATh, KAK HAJIOKEHHUE JAPYT

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

9 2, Vo
2
2 Vox Vox

- X

2. [IpuMepsI pelieHus 3a1a4

1. MMaccaxkupckuit moe3n UAET co ckopocTh 72 km/4. Ilo coceqHeMy MyTH ABHXKETCS HaBCTpEUy
ToBapHbIN noe3 ynHoN 140 M co ckopocThio 54 km/4. CKOJIBKO BpEMEHU NacCakup, CTOSIINN Y
OKHa, OyJIeT BUJIETh MPOXOSAIIMI MUMO HEro TOBapHBINA 1oe3 ?



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.

Omnpenenuth BpeMs mpoOera Mo nocagoyHoN MoJIoce U YyCKOPEHHE CaMoJIeTa, CUuTas JBUKCHHE
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 mocienHI010 CEeKyHIy CBOOOIHO MAJaroIIee TeI0 MPOIIIo MOJIOBUHY 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¢ Ecnn 0003HauuTh yepes t; BpeMs NajieHust KAMHs, TO BPeMsi pacipoCTpaHEeHHs
v =330 m/c | 3ByKa f-t;. [lyrs, npoiinennsii kamHem npu cBo6oaHOM nagernu h =%. a
g=9.8m/c? | 3Bykom —h = v (t - t;). CnefoBatensHo, gzﬁ =0 (t-ty) um gtl2 +20t1-20t=10
h-? Pewug oannoe ypasrernue, noryyum t; = 5,5 ¢. I'myOuna maxret h = g;

h= L 148 m

Omeem: 148 m.

3agaHusA 1J151 CAMOCTOAITEILHOMH padoThI
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 IBWOKEHWH Ten mokaszaHel Ha puc. 1? Ilo rpaduky ompenenute: 1) B Kakoi
MOMEHT BpEMEHH TeJia BCTPETHIINCH; 2) KaKUe ITyTH Tella MPOIILIN 10 BCTPEUH.

¥, mt
|

puc.l.

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

4. 3a kakoe BpeMsi aBTOMOOMJIb, IBUTAsICH ¢ yckopeHnueMm 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 MPSIMOJIUHEHHO C YCKOpEHUEM 5 M/C?, OCTHIIIO 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. Cpennee paccrosaue mexay 3emiueit u Conrnem | actponomuueckas eqununa (1 a.e. = 1,496
1011 m). Onpenenute Bpems npoxoxaeHust ceera or Connua 10 3emiau. CKopocTh CBeTa B BaKyyMe C =
3- 108wm/c.

2. Ha puc. 2. npencraBieH rpapuk 3aBUCUMOCTH KOOpJIMHATHl Tena oT BpeMeHHU. Ilo rpaduky
orpenenuTe: 1) CKOIBbKO BpeMEHH TEJI0 HaXOUIIOCh B ABMXKEHHM; 2) YEMY PaBHO €ro MepeMelleHue.

\,\4T




puc.2.

3. BenocuneaucT aBWKeTCs Mol YKIOH ¢ yckoperuem 0,3 m/c 2 . Kakyro CKopocTh mpHoOpeTeT
Benocuriequct yepes 20 ¢, eciiu ero HadanbHasi CKOPOCTh paBHA 4 M/c?

4. Ckopocth noesna 3a 20 ¢ ymensimiack ¢ 72 g0 54 km/4. Hammcare GopmMyily 3aBHCHMOCTH
cKopocTH OT BpeMeHH [IX([]) 1 mocTpouTh rpaduK 3TOi 3aBHCUMOCTH.

5. Ilpu aBapuifHOM TOPMOXEHUU aBTOMOOWJIb, IBHIKYIIHICS CO CKOPOCTBIO 72 KM/4, OCTaHOBHUJICS
yepes 5 ¢. Halitu TOpMO3HOM ITyTh.

6. Yxion mmuHoi 100 M sippxHUK mipomien 3a 20 ¢, aBurasck ¢ yckopenuem 0,3 m/c 2 . Kakosa
CKOPOCTb JIbDKHHMKA B HaYaJI€ U B KOHIIE YKJIOHA?

7. Teno cBoboHO magaeT B TeueHue 4 ¢. OnpenenuTe BHICOTY, C KOTOPOH IMajlaeT TeIo, U CKOPOCTh
B MOMEHT y/1apa 0 3eMJII0.

(I)opMa NpeacraBjJacHusd pedyJjabTara:
BremonauTh 3agaHu€ B TCTpaau JJIA IMPAKTUUCCKHUX pa60T.

Kpurepun onenku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKUTEIbHAS OlICHKa — 1 Oa.
3a HeMpaBWIBHO BBITIOJHEHHOE JICUCTBHE, 3aJ]aHNUE BHICTABIISICTCS OTPHUIIATEIbHAS OolleHKa — 0 0aJuIoB.
1. Oyenxa «omauunoy» evicmagisemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB
2. Oyenxa «xopouioy svicmasnsemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
3. Oyenxa «yoosnemeopumenvnoy svicmagisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
4. Oyenka «Heyoosenemeopumenvhoy svicmasgisiemcs 3a Mmenee 60% npaBUIBLHBIX OTBETOB

Tema 2.1. Kunemaruka

IIpakTHyeckoe 3ansaTHE No2

Pemenue 3aga4 Ha mapaMeTpbl BpamaTeJIbHOIr0o ABUKCHUS

Iesb: HayunTHCS pemaTh 3a/1a4y Ha MapaMeTpbl BpallaTeIbHOTO ABHKEHHS
Boinosinenue padorsl cnocodcTByeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepunanbHoe o0ecmedeHHe: WHAMBUAYAJIBHOE 3aJaHME, KOHCIIEKT 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 popMyiy, CBA3BIBAIOILYIO BEKTOPHI IMHEHHOM U yrIIOBON CKOPOCTH.
e JloueMy paBHBI BEKTOpPHl TAaHIC€HUMAIBHOIO M HOPMAJIbHOIO YCKOPEHHS B Cly4ae
KPUBOJIMHEWHOTO JIBUYKEHUS MaTepuanbHOM Toukn? Kak HaliTH MOJyJIM 3TUX BEKTOPOB?
L4 quy PaBHBI BEKTOPbI TAHICHIHUAJIBHOI'O U HOPMAJIBHOI'O YCKOPCHUA W UX MOAYIH IJIA
BpalaTeIbHOI O IBHKEHHUS MaTepHaIbHON TOUKH?
e Kak cBsf3aH BEKTOp NOJHOTO YCKOPEHMS C BEKTOPAMH YIJIOBOTO YCKOPEHMS M YIIIOBOM
CKOPOCTH ISl BpallaTEJIbHOTO IBUYKEHUS?
Ilopsinok BbINOJHEHHS padOThHI:
1. OtBerbTe NMCHMEHHO Ha BOIPOCHI, TPEJICTABICHHBIE BHIIIIE.
2. Pemmte camocrosTenpHy0 padoTy. OpopMuTe pernieHne MiCbMEHHO B TETPAJIH.

Teopernyeckas 4acTb
[TycTh TeNO ABMXKETCS IO OKPYKHOCTH pajuyca R ¢ MOCTOSHHOM MO 3HAYEHUIO CKOPOCTHIO V

(MuHEHHOM CKOPOCTHIO) U 3a BpeMs At nepemecTiioch Ha AS u3 T. A B T. B. BekTop V HampasiieH 1o

10



KacaTelbHON K OKPYKHOCTH M MEHSIET HallpaBJIeHUE, T.€. MOXKHO TOBOPUTH 00 U3BMEHEHUHU CKOPOCTH

- ~ A
AV = Vg —V,, OTNIMYHOM OT HyJs. OTcrona: a = N #0.

LleHTpocTpeMUTENbHOE YCKOPEHHUE (d ) — CKOPOCTh M3MEHEHUSI HAIPABIICHHS BEKTOPa CKOPOCTH.

Onpenenum |d.,| = ag, .

Av  Vv-AS AS v?
= = T ulAt =0 UH—-o>v>la=—1|
% = AT rar P Gep = @5y R

BekTop ¢ HanpaslieH 10 paguycy K LEHTPY OKPYKHOCTH.

[Tepuron obparieHust TOYKH M0 OKpY)HOCTH (T) — Bpemsl, 3a KOTOPOE TOYKA OMUCHIBACT OTHY
OKPYHOCTb.

2R 2

VI [T=1lc U3 a=

B €IMHUILY BPEMEHU _1 [v]zll' v=—"a=arr
Y Bp . V—? o TR .

VYrioBast CKOPOCTh 00pAIIEHHs TOYKH MO OKPYXHOCTH () — CKOPOCTh U3MEHEHHUS yIJia IOBOpPoTa Aol

pan 2
paaunycaR, coeuHsAIONIEro TOUKy ¢ HEHTPOM Aa| OKPYKHOCTH. [w]=125]w = -
w=—-o
At -
2 2 p2
:>;w:27rﬁ:%:|V:WR|;|V:2m/R|; a:V_:WR :;_
T R R

2. Pemiure 3a1a4M 1JIs1 CAMOCTOATE/ILHOM PadoOTHI.

1. ABTomMOOWIIb IBMKETCS 1O 3aKpyTiieHUI0 paguycoMm 100 MeTpoB co CKOPOCTHIO 36 KM/U.
OnpenenuTsd ero HEHTPOCTPEMUTENbHOE YCKOpeHue. (0TB.: 1 M/c)

2. ABTOMOOWJIL JBWKETCS MO 3akpyryieHuto paamycoM 80 METpOB €O CKOPOCThIO 54 KM/4.
OmnpenenuTs ero HeHTPOCTPEMUTENIBHOE YCKOPEHHUE.

3. TouwmneHbli Kpyr pammycoM 10 cm amemaer omuH obopor 3a 0,2 c. HaiimuTe CKOpPOCTh TOUEK,
HaunboJee y1aJeHHbIX OT OCH BpaIlIEeHUsI.

4. Camonét, BBIXOIS U3 TIHKE, JIBIKETCS 110 TPACKTOPUH, KOTOpasi B HIDKHEH 9acTH SBISIETCS TyTrOn
okpyxkHocTH paguycoM 800 M. Berumcinute yckopeHue camoisiéTa Ipu €ro JBH)KEHUH, €CIH €ero
CKOpOCTh paBHa 720 kM/4. (0TB.: 50 M\c?)

5. CnyTHHK JIBHXeTcs IO KpyroBoit opoute Ha BbicoTe 630 kM. [lepuon oOpamienus crytHuka 97, 5
MuHyT. Ompenenute ero JWHEHHYIO CKOPOCTh M IEHTPOCTPEMHUTENBHOE YCKOpeHme. Pammyc
3emum 6370 kM. (OTB.: 7514 Mm/c; 8,1 M/CZ)

6. Bpewms ogHOTO 000pOTa BOKPYT OCH paBHO 24 yaca. Beraucnnre yrioByr U JIHHEHHYIO CKOPOCTH
BpalleHHus TO4YeK Ha 3kBarope. Pagnyc 3emnu cunrares paBabM 6400 kM (0o1B.: 0,0007 pan/c; 448
M/C).
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7. Tlepuon oOpaieHus MepBOro KOCMHUYECKOro Kopabis — cnyTHuKa 3emin «Boctok» paBHsuics 90
MuHyT. CpenHsisi BbICOTa CyTHHMKA Haja 3emuéit Obuta paBHa 320 kM. Pammyc 3emmu 6400 xm.
Bbrauciure ckopocTb KOpaoJis.

8. KakoBa cKOpoCTh ABMXKEHHUS aBTOMOOWIIA, eciu ero kojeca pamuycom 30 cm nmemaror 600
000pOTOB B MUHYTY?

9. Jlyna nBuwxkercs Bokpyr 3emuid Ha pacctossHun 380000 kM oT Heé, coBepinast ouH 000poT 3a 27,3
CYTOK. Brluncnure neHTpocTpeMuTesbHOe ycKopeHue JIyHsl.

dopma npeacTaBJieHUs pe3yJabTarTa:
BrImomHUTE 3a1aHMe B TETPATH IS MPAKTUYECKUX padoT.
Kpurepun oneHku:
3a mpaBUIIHLHO BBIITOJHEHHOE 33JaHHE BHICTABIIETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBINOJIHEHHOE JICHCTBUE, 33/1aHKE BBICTABIISETCS OTpHUIIaTeNbHas olieHka — () GaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenbhoy svicmagiiemcs 3a menee 60% nmpaBUIBLHBIX OTBETOB

Tema 2.2. 3axonnl mexanuku HoloTona
IIpakTHyeckoe 3anaTHE No3
Penmrenne 3aga4 mo reme «Buabl cij1 B MeXaHHKE.
Cuiia TpeHusl MOKOs1, CKOJIbKEeHUsl, KAYeHUs, BPALLEeHUI»

Heab: packpbiTh conepkaHue 3ak0OHOB HbIOTOHA M OCOOEHHOCTH CHJI Pa3IMUHOM MPUPOIbL; 3aKPENUTh
YMEHUS M HaBBIKM PELEHUs 3a]1a4 Ha BTOpoi 3akoH HbroTOHA, KOT1a Ha TEJIo ACHCTBYIOT HECKOIBKO CHII.

Boinosnenue padorsl cnocodocTByeT popmupoBanuio: OK 01, OK 02, OK 03, OK 09
MarepuanbHoe oOecnedyeHue: TeTpaab I TMPAKTUYECKUX padOT, pydKa, METOIUYECKUE

PEKOMEH/Ialliy 1O BBIIOJHEHUIO pabOThI, TMHEIKA, KapaH/alll.

Yka3zanme: [lpaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M NMPAKTUYECKOM.
[Tocne u3yueHus: TEOPETUUECKOTO MaTepraia MOKHO MPUCTYNATh K BBHITOJHEHUIO IPAKTUUECKON YacTH.
Omna cocTtouT U3 ABYX U OoJiee 3a/1a4 JJIsl CAMOCTOSTENILHOTO BhINOJHEHUs. He 3a0biBaiiTe 0 MpaBUIIBHOM
oopmienun pemrenus. Ha BeImosHEHNE IPaKTUYECKO OTBOJUTCA JBa aKaJeMUYECKHX Yaca.

ITopsinok BbINOJHEHHS PadOTHI:

1. PaccMmoTpuTe TeopeTHYEeCKMi MaTepual O TeMe U IpUMephl pelleHus 3agad  (CMOTpH
METOAMYECKOE MTOCOOHE).
2. Pemmre camocrosiTensHyI0 padoty. OdopmuTe perieHne MiCbMEHHO B TETPAIH.

1. TeopeTuyeckas 4acTb
Lunamuxa. OcnosHvle noHamus

Nuepuusi — gBI€HUE COXPAHEHHS CKOPOCTH JBUKEHHS Teja MPU OTCYTCTBUU
BHEITHUX BO3JICHCTBHIA.

I/IHepTHOCTB — CBOMCTBO TCJI, TPOABIIAIOIICECSA B TOM, UTO IPHU OJMHAKOBBIX

“7  BHEITHUX BO3JIHCTBUAX pasHEIE TeNla IPHOOPETAIOT Pa3HbIe YCKOPEHNS.
Macca (M) — mepa uHepTHOCTH TelX. [M]=1xkr. |a _m,
aZ ml
3a 3TanoH macchl (1 kuorpamm) npuHATa Macca MEKIyHapOIHOTO IIPOTOTUIIA
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KUJIOTpamma.

W3 omnwiToB HN3BCECTHO, 4YTO YCKOpPCHH:A, IOJYy4YaeMbI€ TCJIaMH IIpU BSaHMOHeﬁCTBHH, 06paTHO
MIpOoInopuroOHaJIbHbI UX MAaCCaM: .

Ecmu Maccy KaKoro-inoo tena IIPUHATH 3a 3TAaJIOH, TO MOXHO U3MCPUTH MAaCCy APYIrux TCII:

KI M -a,r
[/7] =l— Mipap =2 >
M a'TEAA
[TnoTHOCTH Tena () — OTHOIIEHHE MacChl Texa M m| Kero odbemy V.
pP= v
Cuna (F) — Mepa MEXaHHUYECKOTO JCHCTBHS OZHOTO TeJa Ha Jpyroe.

[F]=1H — HbtoTOH.
Cuna uMeer HampaBl€HUE, T. €. CUNA-6EKMOP .

Cuia BCCTZa IMPUIIOKCHA K TOMY TCJIIY, HA3BAHHUC KOTOPOIr'o CICAYCT B IPCIJIOKCHUHU IIOCIIC MPCAJIora
«Ha».

CunoBoe 1noJie — 0COOBIH BHUA MAaTCpPUHU, IMTOCPCACTBOM KOTOPOIo nepenaéTc;I JEUCTBUE CUJIBL.

—

PaBHozelicTByIomas (pe3ynsTupyromas) cul ( R ) —cuima, paBHAas BEKTOPHOH cymMMe MaHHBIX cun F, .
R-3F

Z[aBJ'IeHI/Ie (p) — OTHOLICHHUE CHJIBI K IUIOIIaJu IIOBEPXHOCTH, HaA KOTOPYHO OHa ﬂeﬁCTByeT B
NEPNCHAUKYIIIPHOM HAIIPABJICHUH.

v
m__l s
H
p_E [pl=1—= S
- "

1 Ila — mackaisp

Wmmnynse Tena (f)— BEKTOpHAsS Mepa MEXaHUYECKOTO JBMKCHHS, PaBHAs MPOU3BEICHUIO MAcChl TENla Ha
— — KI' - M
€ro CKOpPOCTb. [p] =1
C

Wmnynbe cumbl ( F-Ar) — BEKTOpHAsE Mepa JEHCTBUS CHIIbI, paBHAsi TPOM3BEICHUIO CHIIBI Ha BpeMs €€
neucteus. [F-At]=1 H-c.

3akoHbl HeroToHA

O606H_II/IB PE3YyIbTaThl CBOUX HCCIIeI0BaHUM H, YyUTd pa60Ty Tlamunes «O ABWIKCHUU TCJI IO UHCPLUNY,
Heroton C(I)OpMy.]'IPIpOBaJI 3aKOHYCHHOC ITOJOKCHUEC, N3BCCTHOC KaK HCpBLIfI 3aKkoH HproToHa:

CyIJ_ICCTByIOT CUCTCMbBI OTCYCTA, OTHOCUTCIBHO KOTOPBIX TCJIO HAXOAUTCA B IIOKOC 6o JABMOKCTCA
HpHMOHHHeﬁHO " PpaBHOMCPHO, €CJIN paBHOHCﬁCTBYIOUlaH BCCX MPHUJIOKCHHBIX K HCMY CHJI paBHA HYIITO.

WNuepuumanshas cucrema orcuéra (MCO) — cucremMa OTCYETA, B KOTOPOW BBIITOIHAETCS

TI
Il

3
Q|

nepBbIi 3ak0oH HproToHa.
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- Ap  mAv - o
N3 F= Xp == =ma IoJIy4yaeM BTOpOil 3akoH HproToHa:
t t

JJIA T€l1a IMOCTOSTHHOM MacChI CKOPOCTb U3MCHCHUA UMITYJIbCA paBHA IIPOU3BCACHNIO MAaCChI HA YCKOPCHHE.

Bropoii 3akon HeroTona padoraer Tosibko B MCO u mpu yciioBuH, YTO Macca Tejla U JACHCTBYIOIIUE Ha
HEro CHJIbI IIOCTOSIHHBI.

Bropoii 3akon HploTOHa crpaBemiuB [Ji PaBHOJCUCTBYIOIIEH R BCEX CHJI, NMPUIIOKEHHBIX K TEIy,

IMO3TOMY, MPEKAC YEM PEIIaTh 3aga4u C €ro IIPUMEHCHUEM, HAJ0 OIIPEACTIUTD R.

Tpernii 3axkoH HproTOHA:

Cunpl, ¢ KOTOpPHIMH JBa Teja JEHCTBYIOT Jpyr Ha Jpyra, YUCJIEHHO paBHbl M HaIlpaBJIEHbl B
IIPOTUBOIOJIOKHBIE CTOPOHBI 110 OJHOU ITPSIMOM.

Tpertnii 3akon Herotona pabdoraer Tonsko B UCO.
3aKOH BCEMUPHOI'O TATOTEHHUS

[Tonaras, uro Bce Tena Beenennol B3auMHO nputsruBaiotcs, Heioton B 1682 r. chopmynupoBan 3akoH
BCEMHUPHOI'O TSTOTEHUSI: BCE TeJa MPUTATUBAIOTCS IPYT K IPYTY C CHIIAMH, MIPSMO MPONOPIIMOHATBHBIMU
MIPOU3BEICHUIO UX MacC U OOPATHO MPOMOPIMOHATBHBIMU KBAJIPaTy PaCCTOSIHUS MEXKIY HUMHU.

y-m -m
F, = R12 :

rae Fip — cuiia B3aMMHOTO MPUTSIKEHUS TEJI Macc My U My;

¥ — TPaBUTALlMOHHAs TIOCTOSHHAS. ‘y: 6,6720 - 10™ HMZ/KFZ‘.

Cunsl B mpupoe -

Cuma  Twkectn  (F,,) — cuna, cooOImaromas Teiny

—

YCKOpEHHE CBOOOHOTO TaJCHUSI. g F e

=

TAXK

Cuna TspKeCcTH HampaBiieHa BEpTHUKAIbHO BHU3 (MEPIIEHANKYISIPHO KacaTeIbHON K MOBEPXHOCTH 3eMIIN).
Peakuusi( N ) — cuna JefcTBHSA OIopHI (IT0BECa) Ha TENO.

Bec tena (P) — cuia, ¢ KOTOPOit Teo eiiCTBYeT Ha ONOpPY MM HOJBEC BCIEACTBHE IIPUTSKEHUS K 3eMIle.
HeBecomocTs — ncUYe3HOBEHHE Beca TeNa MPH JIBUKEHUH OMOPHI ¢ YCKOPEHUEM CBOOOIHOTO MaIEHUSI.

[leperpy3ka — yBennueHue Beca Teja Ipy JIBHXKEHHH OMOPhI C YCKOPEHUEM BBEPX.

F, =—ks

Cuma  ympyroctu (7)) —  cuia, BO3HHUKAIOIIAs B TeJe€ MpH J1ehopMalinu.

3akoH ['yka: cuna ynpyroctd, BO3HUKaroIas mpu AedopMaIiuu Tela, mpornopirHoHaibHa ero aOCOMOTHOM
nepopMaIi 1 HallpaBlieHa B CTOPOHY, IPOTHUBOIOJIOKHYIO MIEPEMEIICHHUIO YaCTHI] TeJa:
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Cuna Tpenus 1oKos (7, ) — CHJIa, BOSHUKAIOIAs Ha TPAHUIIE COMPUKOCHOBEHUS TENI TIPH OTCYTCTBHH MX

JBUKEHMSI OTHOCUTENBHO JIPYT Ipyra.

f — xo>pduuuent Tpenus (3aBucHT OT |F_ = uN| MarepuanoB TPYIMXCs MOBEPXHOCTEH).

Cuna TSHKECTH — 3TO TPaBUTAIMOHHAS CHJIA, C KOTOPOW 3emils MPUTATUBAET K cebe Tena: F = mg,
r7ie g€ — YCKOpPeHHe CBOOOTHOTO majaeHus, g = 9,8 m/c2. .

VYckopenne cBobomHoro maneHust 3aBucut oT: 1) R 3emum (reorpaduyeckoit mmpotsl): yem R
3emiu 1 (9kBarop), TeM g | 2) h — BBICOTHI Teja HaJl MOBEPXHOCTHIO 3emuu: dem h |, tem g |. Jlis
ar060ro kocMuueckoro tena Frsok = G Mol /((1+0]) [

MuHumanbHas CKOPOCTb, KOTOPYIO HYKHO COOOIIUTH TEITy, YTOOBI OHO MOTIJIO JIBHUTaThCS BOKPYT
3emun o kpyrosoit opoute (MC3) - mepBast kocmudeckas ckopoctsh vl = 7,9 km/c.

MuHumanbHas CKOpPOCTb, NMPU KOTOPOM TENO MPEOoJI0JIeBaeT 3€MHOE MPUTSHKEHHE U CTaHOBUTCS
cnytHukoM CounHua (opbuta = napaboina) — BTopas KocMU4eckasi ckopocts v2 = 11,2 km/c.

Ckopoctb, Ipu KOTOpoil Teno mpeonosieBaeT nputrsbkeHue ConHua u nokupaer CoJHEUHYRO
CHCTEMY — TPEThsl KOCMUYECKast CKOpocTh L3 = 16,7 km/c.

Cuiia TpeHHs: BO3HUKACT BJOJIb MOBEPXHOCTH JABYX TPYIIUMXCS Tel U3-3a AedopMmariiu 3THX
MOBEPXHOCTEW W HAIpaBjIeHa BJOJb MOBEPXHOCTH MPOTUB cMemieHus. [Ipupona — snekrpomMarHuTHasl.
Jtp = uw N, rme N — cuna peaku omnopsl, | — ko3 duiueHT Tpenus. Cuna TpeHus ObIBaeT: MOKOs,
CKOJIb)KEHUS, Ka4eHHs U JKUJIKOe TpeHue. Eclii TpeHue Mmoie3Ho — ero YBEJIMYMBAIOT (LIypYIbI, HECOK,
IIUIOBKH, PYKaBHUIIBI U T.JI.), @ €CIIU BPEAHO — YMEHbBINAIOT (MOAIIUITHUKY, CMa3Ka, o0Tekaemas hopMa u
1.4.). Cuna ynpyroctu — Bo3HUKaeT npu aedopmanuu tei. [Ipupoaa — snekrpomarHuTHasl.

Hedopmarust ObiBaeT ympyras (pacTsbkeHHE - CKaThe, W3TU0, CIBHT — Cpe3, KpydeHue) |
IiacTUyeckas (He UCYe3aeT Mociie MPeKpaleHus] BO3AEHCTBHUS.

Hns ynpyroit neopmaniuu BhITIONHIETCS 3akoH ['yka: cuiia ynmpyroctu mpsiMo MponopluoHaibHa
ymmnennto tena: F = — kAl, roe k — sxectkocTs Tena, Al — ero yummHeHue. 3HaK «—» yKa3bIBaeT, YTO
Fynp nanpapneHa mpoTHBOIOIOKHO CMEIIEHUIO YaCTHUII TEa.

Bec Tena — 310 cuna, ¢ KOTOPO#l TeI0, BCIEACTBUE €0 MPUTSKEHUS K 3eMiie, IEHCTBYET Ha ONIOpY
win noasec: P = mg, rne P — Bec Tena, g — yckopeHue cBOO0HOTO majeHus, g = 9,8 m/c2 .

B stom cinydae omopa wiM MOABEC HAXOAATCS B COCTOSSHUM PABHOMEPHOTO MPSMOIMHEHHOTO
JBIKEHUS OTHOCUTENBHO 3emuir. OJIHaKO, BEC MOXKET OBITh OOJIBbIIIE MM MEHBIIE CHIIBI TsKeCTH. Ecnu
oTIopa WM MOJBEC JBMKYTCSl YCKOPEHHO BHU3, TO Bec P = m(g—a).

Ecnu omopa win moaBec OBUXKYTCS YCKOPEHHO BBEpX, TO Bec P = m(gta), Teno HCHbITHIBAET
neperpy3ku. Ecim Tenmo JBMIKETCS TONBKO TMOJ JCHCTBHEM CHJIBI TSKECTH, TO OHO HaxOmATCsS B
cocrostanm HeBecomoctu (P = 0).

2. IIpumepsl pemieHus 3a1a4

1. ABTOOYC, Macca KOTOPOTO ¢ MOJIHOM HAarpy3koi paBHa 15 T, Tporaercs ¢ Mecta ¢ yckoperuem 0,7
M/c 2 . Haiftu cumy Tsru, ecnu Ko GUIMEHT COPOTUBIICHHs NBH)eHUI0 paBeH 0,03.
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JMano: Pewenue:
m=157=15-10%kr

ey

a=0,7 m/c? —=> E,+N+F+mg=ma
M =0,03 Fmp _’_"’Z_,E':?:; OT;’(' -F, +F=rfa
F-? o
’ — OY:N-mg=0->N=mg
Y, Fp=MN-Fyp=ymg

-mmg + F = ma
F=ma + Mmmg=m(a + mg)
F = 15 10%kr(0,7 m/c? + 0,03-10 m/c?) = 15-10%kr-1 m/c? =
15-10°H
Omeem: 15-103H

2. Ha HakIOHHOW IJIOCKOCTH JUIMHOW 5 M M BBICOTOM 3 M Haxonautcs rpy3 maccoit 50 kr. Kakyro
CHUITy, HalPaBIIEHHYIO BIOJb IJIOCKOCTH, HA/IO MPHJIOKHUTD, YTOOBI yIEPKATh 3TOT TPY3, €CIIU TSHYThH €ro
c yckoperueM 1 m/c 2 ? Koapdunuent tperns 0,2.

Hano: Pewenue:
m = 50 kr i L2 LY
» r N

a=1wm/c? -,, L, CocTaBuM YpaBHEHHE JABNKEHUS Tela:

] i
M = 0,02 ” %\’ | Fopy + N+ F+mg=mad

LK 14 4

[=35m b 2l [ HaiizeMm npoekumm ciii Ha ocm:
h=3m Ock OX: <F,, + F - mgsina = ma
F o ™

Ocu OY: N ~mgcosa =0 — N =mg cos a
Eyp, =MN = F, = Mmg cos a
[lojcrasne BTOpOE YpaBHEHNE B HIEPBOE, MTOJIYUNUM
-mmgcos @ + F - mgsin a= ma
Haxoaum npon3BoaHylo BeJIMUnHy:
F = mmgcos a- mgsina + ma nin
F=m(a + mgecos a + gsin a)
ITo onpeaeneHnio cnuyca nMeem
sina == sina = —=0,6
{ 5m

Ph QCHOBHOIO TPHI' OHO.\IC'TPHHECKOIU TOXKICCTBA

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

BH‘IHC.'IHM HCKO.\I}"ID BL‘JIII'{]H’I_\'".

F =50 xr(0,2:10 w/c? - 08 + 10 wc> -0.6:1 m/c?) = 430 H
Omsem: 430 H.

3. Ha mHype, nepeknHyTOM uepe3 HemoABMKHBIN OJI0K, moaBeneHsl rpy3sl Maccamu 0,3 u 0,2 Kr.
C KakuM yCKOpEeHHEM ABMXKYTCS Ipy3bl? KakoBa cuia HaTs)KEHUS BO BpeMs ABM)KECHUS?

Hano! Pewenue:

my = 0,2 kr 'y - CocTaBum ypaBHeHHE JIBHIKCHNA JUIS
my = 0.3 kr AN JUBYX e

a-2"T-? 1 U

..... .

ng. + TZ - "‘lzdi
Halinem npoexkuun e na ock OY:

Y 1 11t {m,_d+7';= m,&"{_

Ty —myg = myay

{—1‘2 +myg = myay’

T.k. Tena eBA3aHbLl OAHOH HUTLIO, TO

Ty=T,=Twuwa, =a; =q,

. T—mg=ma

Torna, {—T +myg = mya'

CHOMHM 3TH YPABHCHWS .

—myg +mpg - (my + my)a mian

glmy —my) = (my +my)a

Pemmm 910 ypaBHEHHE OTHOCHTEIBHO HEHIBCCTHOI BCIIMHMNHBL

a-= “——i:':;::'; L puiunennm g = /e WA 0.2 Mf: ;f‘(:_'?:;";“(:fz"” 2 m/c?
Crity HaTKEHNS HATIeM uX nepsoro ypasaenus: 1 = my (g + a)
Bouiupnennm: T = 0,2kr(10 m/¢? + 2m/c?) =24 H
Omeem: 2 m/c?*; 2.4 H
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CamocrosiTeqbHasi padora

Bapuant Ne 1

1. Bpycok maccoii 0,2 Kr paBHOMEpPHO TSHYT C IOMOIIBIO JIMHAMOMETpa MO TOPU30HTAIBHOU
wiockoctu croina. [Tokazanue quaamomerpa 0,4 H. Onpenennre ko3 puiimeHT TpeHUs CKOIBKEHUS L.

2. Ha HaxJIOHHOMW IMJIOCKOCTH C yriioM HakjoHa 20° Haxomutcs Teno maccoil 20 kr. Onpenenure
CHIly, HaIlpaBJICHHYIO BJOJb IUIOCKOCTH, KOTOPYIO HEOOXOJMMO MPUIIOKUTH K Telly, 4TOOBbl €ro
paBHOMEpHO aBUTaTh BBepX. Koapduuuent tpenus tena o miaockocts 0,4.

3. Ha HuTH, IEpeKUHYTOH Yepe3 HeMOABMKHBIN OJI0K, moaBemieHsl Tpy3bl maccamu 0,3 u 0,34 kr.
3a 2 ¢ mocie Havajia ABMYKEHMS Kaxbli rpy3 npouen nyTh 1,2 M. [Io 1aHHBIM OmbITa HAWTU YCKOPEHUE
CBOOOJHOIO NaICHHUS.

4. DneKkTpoBO3, TPOTasACh C MECTA, Pa3BUBAET MakcuMaibHyt0 cuily Taru 650 kH. Kakoe yckopenue
OH COOOIIUT KEJe3HOIOPOKHOMY cocTaBy maccoil 3250 T, ecnu KO3 HUIIMEHT CONPOTUBIICHUS PaBeH
0,005?

BapuanT Ne 2

1. Kakywoo cuily Hago NPUIOKUTH AJIA NMOJAbEeMa BaroHeTKH macco 600 Kr mo 3crakane ¢ yriiom
HaksioHa 20°, eciii K03 PUIUEHT CONMpOTUBIICHUS ABMKEeHUIO paBeH 0,057

2. Ha HaKkJIOHHOW IUIOCKOCTU C yriaoM HakjioHa 30° Haxomutcs Tteno maccoil 20 xr. Onpenenure
CHJTy, HAIlPaBJICHHYIO BJOJb IUIOCKOCTH, KOTOPYIO HEOOXOAMMO MPHJIOKHTH K TEIy, YTOOBI €ro
paBHOMEpHO ABUTATh BHU3. KoadduumenT Tpenus Tena o miockocts 0,6.

3. Ha miHype, NepeKnHyTOM Yepe3 HeMOABMKHBINA OJI0K, moaBemeHsl rpy3sl maccamu 0,3 u 0,2 kr.
C kakuM yCKOpeHHeM ABMXKYTCS rpy3bl? KakoBa cuia HaTsyKeHUS IIHYpa BO BpeMs JBUKECHUS?

4. ABromobuns «Kurynu» maccoit 1 T, Tporasce ¢ mecrta, gocturaer ckopoctu 30 m/c uepes 20 c.
Haiitu cuny taru, ecinu ko dumment conporusnenus pasex 0,057

dopma npeacTaBJieHus pe3yabTaTa:

BreimonHuTh 3asaHue B TETPAAM [Tl MPAKTUYECKUX paboT.

Kputepun onenkn:
3a npaBUJIbHO BBINOJIHEHHOE 331aHHUE BBICTABIISIETCS MOJIOKUTENbHAS OI[eHKa — 1 Oau.
3a HelpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIIaTeNbHas olieHka — () 6ansos.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumensroy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenra «Heyoosiemeopumenbvhoy svicmasiiemcs 3a Mmenee 60% nmpaBUIHLHBIX OTBETOB.

Tema 2.3 3aKkoHBI COXpaHEHHS B MEXaHHKe

IIpakTuyeckoe 3ansaTue Ne4

3aKOHBI COXpaHCHHUA B MEXAHUKE U UX IPUMECHECHHUE

Henb: 3akpenuTh yMEHHS U HABBIKM PELICHUS 3a/1a4 Ha 3aKOHbI COXPaHEHMS

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

MatepuanabHoe o0ecniedeHue: TeTpab Uil MPAKTUYECKUX paboT, pydKa, METOANYECKHE

PEKOMEH/IalliH MO BBHIIOJHEHUIO pabOThI, TUHEIKA, KapaH/Jalll.

Yka3anmue:

[IpakTnueckass paboTra COCTOUT M3 JABYX dYacTed — TeopeTHdeckod U mnpaktudeckoil. [locne
U3Y4YEHHs] TEOPETUYECKOr0 MaTepuanga MOXXHO IPUCTYNATh K BBIIOJHEHHUIO NPaKTHUecKoN yacTh. OHa
COCTOUT M3 JABYX U Oosee 3afauy A CaMOCTOSITENIbHOrO BbIMONHeHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
odopmiieHnu pemieHus. Ha BeIMOTHEHNE MPAKTUYECKOM OTBOIUTCS JIBA aKaIEMUYECKUX Yaca.
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Iopsaok BbINOJIHEHUS Pa0OTHI:

1. PaccmoTpute TEOpeTHYECKHMH Marepuand MO TEeME€ M TPHUMEpPHl pEIIeHHs 3amad (CMOTpHU
METOAMYECKOE IIOCOOHE).

2. Pemute camocrosTenbHyto padboTy. OdopMuTe perieHre NucbMEeHHO B TETPaIH.

1. TeopeTuyeckasi 4acThb
3aKOHBI COXPAaHEHHs UMITYJIbCA, MOMEHTA UMITYJIbCA, SHEPTUU U 1. AHCTBYIOT B 3aAMKHYTBIX CHCTEMAX.
3amkHymoii Ha3bIBAeTCS CUCTEMa Tell, B3aMMOJEHCTBYIOIIMX TOJBKO JpPYyr C JPYrOM U  He
B3aUMOIEHCTBYIOIUX C APYTUMH TeIaMH.
Hmnynsc cunvl — BEKTOpHAS BEJIMUYMHA, SBISIOMAACS MEpOil IeHCTBUS CHIIBI 32 HEKOTOPBIH IPOMEKYTOK
BpPEMEHH.
I'=F-t, | —uMmynsc cunsl F 3a Bpems t
Umnynbe Tena (KOJMYECTBO IBUKEHHs) — BEKTOpHas (DM3MYecKas BeIMUMHA, ABJIAIOIIAACS Mepoii
MEeXaHMYECKOTO JBIKEHHS:

- . KeM
P=m-v;

C
Bropoii 3akon HproTOHA MOKHO 3alMCBIBaTh B BUJE:
Ft = mv, — myy
P — UMITyIIbC TelIa Maccoi M, IBUKYIIErocs co CKOPOCTBIO D .
3aKOH COXpaHEHUs UMITYJIbCa - BEKTOPHAsl CYMMa UMITYJIbCOB TEJ, COCTABISAIOIINX 3AMKHYTYIO CUCTEMY,
OCTAETCA HEU3MEHHOM.
mo, + m,u, = ml, + m,0,
M1, M2 — Maccel Tell,
01, D2 — CKOPOCTH TEN 10 B3aUMOJIECUCTBU,
U1, Uz — CKOPOCTH TEJI MOCJIE B3aUMOJICUCTBUA.
Ecnu cymma BHEIIHHMX CWJ, JAEHCTBYIOIIMX HA Tela CHUCTEMBI, paBHA HYIIO, TO HMIIYJIbC CUCTEMBI
COXpAaHSIETCS:

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

KonuuecTBo moTpebisieMoii SHEPTUM — OJIMH M3 TJIaBHBIX TOKAa3aTeliell TEXHUYECKOrO Pa3BUTHS OOIECTRA.
[Tpou3BonCTBO, pachpeneieHre U MOTpeOIeHNe SHEPIMM HEBO3MOXKHO 0e3 e€ mpeoOpa3oBaHMs U3 OJHOTO

BUJA B Apyroi. Eciom mox nencTBHeM MOCTOSIHHOW E CHIBI F TET0 COBEPUIMIO MepeMelieHue S,
TO FOBOPAT, YTO CHJION COBEpILIEHa paboma.
(24 -

Pabora (4) —  ckamspHOe — IIPOU3BEJICHUE BEKTOPOB CUJIBI F H
TepeMEILeHNUs § . / S

rne a — yroua A Memz[yﬁ " S; Fs =F-cosa — mpoexuus F

— —| N = —
Az‘FHS‘-cosa:F-S-cosa:FSS Ha At| HampaBlieHHE.
[4] =1 H-m = Ik — mx0ynb [N]:1IL’K:13T
C

MorHocTh (N) — cKOpOCTh COBEpIICHHUS paOOThI. — BATT

JHeprus

Mexanudeckas CHCTeMa — COBOKYITHOCTh MAaT€pUATbHBIX TOYEK, B3aUMOJCHCTBYIOIIUX JIPYT C APYTOM U
TeJaMU, HE BXOJSIIUMHU B 3TY COBOKYITHOCTb.

[Tocne comepmieHus paboOTHl CUCTEMa MEPEUIET W3 OJHOTO COCTOSHUA B Apyroe. Torma pabora —
¢du3nueckas BENUYMHA, XapaKTEPU3YIOIMIAs npoyeccrepexoa MEXaHHYECKOM CHCTeMBI U3 OIHOTO
COCTOSIHHS B IPYTOE.

Mo0OXHO TOBOPHUTH, YTO CYILIECTBYET HEKUM MapamMeTp MEXaHUYECKON CHUCTEMbl, U3MEHEHHE KOTOPOro
paBHO COBEpIIEHHON paboTe A.
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Mexanuueckas sHeprus (E) — mapaMeTp MEXaHMYECKOW CHUCTEMbI, M3MEHEHHUE (az ) KOTOPOTO PaBHO

coBepménHoii pabore (A). az = A. [E]=1 Jox

rae E1 — MexaHudeckasi SHEpPTUsi CUCTEMbI B HAYaJIbHOM COCTOSIHUM;
E> — MexaHndeckasi 3HEPTUsi CUCTEMbI B KOHEYHOM COCTOSIHUM.
M3MeHeHNEe SHEPIUH Ax MOXKET OBITh KaK MOJIOKUTEIbHbIM, TAK U OTPUIATENbHBIM, T. €. AE = HAE| .

U3 (*) BeITeKaeT: paboTa — Mepa U3MEHEHHUSI MEXaHHUYECKOW YHEPTUU CHUCTEMBI.

Kunernueckas 3Heprusi

Kunerunueckas sueprust (Ey) — N0J0BHHA MPOU3BEICHHS MACChI TejIa Ha KBAJIPaT €ro CKOPOCTH.
Kunernueckass dHeprus —  DHEprus mv2 | JBIDKEHHS.

E, = 2 CHJIa COBEpLIACT IMOJIOKHUTENbHYIO paboTy, TO

KMHETUYECKasl SHEPIHs Tejla BO3pPaCTaeT, U 00patHo.

IoTeHnuanbHAS YJHEPTUSA

[MoTentmansHas sHeprust (£,;) — SHEprusi B3aUMOJICHCTBHS Tl HJIM YacTel Tea.

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

HyneBoil ypoBeHb NOTEHUMAIbHOM »JHEPruM B3aumoneucTBus Tena c¢ 3emnéd (HVYIID3) —
rOpPU30HTANIbHAS MJIOCKOCTh, HA KOTOPOI npuHUMaeTcs E, cuctemsl Teno—3emiis paBHO HYIIIO.

I[TycTp TEno Macchl M MO ACHCTBHEM CHIIBI TSDKECTH £, NIEPEMECTHIIOCH ¢ BBICOTHI Ny 10 BBICOTHI hy Oe3

TSOK

W3MEHEHUs CckopoctH. Pabora cwmibl Tsokectm A= F,, S =mg(h —h,) = mgh —mgh, = —(mgh, —mgh,) =

HOTGHHI/I&J‘IBHa}I SHEprus B3aUMOACHUCTBUS m tena ¢ 3emseit (E;) — npousBeneHue CuUIibl
TSOKECTH Tella Ha BBICOTY N TOJOXKEHHS LEeHTpa Macc Tena oTHocurenbHo HYIID3.
[ToTeHumansHOI SHEpPruei B3anMOACHCTBHS YacTel Tena 00JaaoT yrpyro e opMiupoBaHHbIE Tena
[loTeHunanpHass 3HEpPrus  yOpyro kx| nmebopmupoBannoro Tema (E,) —  monoBuHa

npousBefeHus keécTkoctu K Tenma Ha E,= o | KBazapar ero abcoaroTHOH JedopMaluy X.

3aKoHBI COXpaHEHHsI B MEXaHHKE AT
OHEprus HMHTEPECYeT 4YeNOBEYECTBO i X X, X Ha BCEM TYTH €ro pa3BUTHs. Bexamu Jomu
IIBITAJIUCH u300pecTd  MalluHy («seunviii  Osucamensvy), TO3BOJSAIOIIYIO
MOJTy4YaTh PHEPTUIO U3 KHUOTKYIA».

3aKOH COXpaHEHMs M MpeBpalleHus sHepruu (1m.3.2) 3amperraer CyllecTBOBaHME BEYHOIO JBHUraTels,
OJTHAKO BpeMs OT BPEMEHU TOSIBIISIOTCS JIIOIH, OOBSBIISIONINE O CO3JaHUHU OUePETHON eT0 MOIETIH.
3aKoH coXpaHeHHsl MeXaHH4YeCKOl YJHepruu

BHenrHne cHUiIbl — CHITBI, IEUCTBYIOIINE CO CTOPOHBI TEII, HE BXOSIINX B JAHHYIO CUCTEMY.

3aMKHyTass MEXaHUYECKasi CUCTEMa Tell — CUCTeMa, Ha KaXKJ10€ U3 Tell KOTOPO He NeHCTBYIOT BHEIIHUE
CHJIBI MJIM PaBHOJICHCTBYIOIIAs BCEX BHELIHUX CUJI PaBHA HYIIIO, T.€. S°F,, .. =0

PaccMoTpuM 3aMKHYTYI0O MEXaHMYECKYIO CHCTEMY TEJ, 3HAYEHUs] MOTEHUUAIBHOW SHEPruu KOTOPOW B
HAa4yaJbHOM M KOHEYHOM COCTOSIHUSIX PaBHBI En; U Eppp, KHHETUUECKOU: £y U Exol |Egq + Ey = Ep + E b |.

[TonHas mexaHW4YecKasi SHEPTUs CUCTEMbl — CyMMa KMHETUYECKOW M MOTEHIHUATBHOW HEPTUM TEJ 3TOU
CUCTEMBI.

3aKOH COXpaHEHUs MEXaHWYECKOU DHEpPrUHU: IIOJHAsE MEXaHWYyecKas DJHEeprus
3aMKHYTOM MEXaHMYECKOU CHUCTEMBI | T€l, B KOTOPOM JEHCTBYIOT TOJIBKO CHIIBI
TSDKECTU UM YIPYTOCTH, OCTAaETCs E(EKJFE")i = const HEHU3MEHHOM.

OtnenpHO OT Tena OTCYETA HU OJHO TEJIO He 00J1aZjaeT MeXaHMUeCKOH YHeprue.

3aKOH COXpaHEHUs NMITYJIbCa
Ilycts nBa Tema macc My 1 My — COCTABIIIIOT 3aMKHYTYIO MEXaHHYECKYIO CHUCTEMY,
JABMYKYTCSl HABCTPEUY JPYr APYry M ZHZCOHSI B3aMMO/ICHCTBYIOT C CHJIAMH F, U F, .

I

Ilo Ttperbemy 3akoHy Hsrorona |i= F, =—F, . J10o B3auMoJeiiCTBUS UMITYJIbChI TNl ObUIN

p; 4 p,, mOCJE B3aUMOJICHCTBUS P | p,+p,=p + p;| up,.
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T.€. BEKTOPHBIE CYMMBbI UMITYJIbCOB TEJI JI0 U MOCJIE€ B3aUMOJICHCTBUS OJJUHAKOBBI.

@yH/1aMEHTANIbHBIN 3aKOH COXPAHEHUs UMITYJIbCA: FEOMETPUYECKAasi CyMMa UMITYJIbCOB TE€J 3aMKHYTOMN
MEXaHUYECKOW CUCTEMBI OCTAETCS HEM3MEHHOM.

3aKOH COXpaHEHMS UMITYyJIbca mpuMeHuM ToJibko B CO.

Anzopumm pewrenus 3aoau
Cnenaiite 4epTEx Ui KaKI0TO Tela, IOKAKUTE BEKTOPbI UMITYJIbCOB;
PaccmoTtpuTe XapakTep ABUKEHHSI T€JI U YCTAHOBUTE, SIBJISETCS JIM JaHHAS CCTEMa 3aMKHYTOI;
3anuiuTe 3aKOH COXPaHEHUS UMITYJIbCA B IPOEKIUAX HA OCH;
3anuuuTe npyu He0OXOAUMOCTH JIONOTHUTENbHbIE (POPMYIIBI U3 KHHEMAaTUKU U JUHAMUKH;
Pemnre cucreMy ypaBHEHM, IPOAHAIU3UPYUTE OTBET.

2. llpuMepnI pelieHUs 3a1a4

1. Monekyna maccoit m = 3- 10—23 r, noanereBias K CTEHKE cocya noj yriaom o = 60°, ynpyro
yaapsieTcsi 0 Hee ¢o CKopocThio L = 500 M/c u oTieraer. Onpenenute UMIyabe cuiibl F- AL, momy4ueHHbIH
CTEHKOM.

Jano: Pewenue:
m=3 10726 kr W3meHeHne uMnyabca MOJEKYIbl PaBHO
a=60°==C uMnynscy cuiel: Ap = FAt
3
[lycts 0Chb 0X HarnpasieHa
v = 500 w/c = Y P
FAf -9 MEepreHANKYIIpHO CTEHKE, Torjaa

M3MEHEHME MMIy/IbCa MONeKyasl Ap =
Ap, = my, - ( - mv,) = 2mu,, rae v, =
VCOS @, oTKyaa Ap =2mvcos a.
[Toacrasus opmyny B ypaBuenue, nonyuum FAt = 2mucos a.
Boruncnenns:
FAt =23+ 10726 kr- 500%- cos% =1,5-10"23(kr-m)/c
Omesem: 1.5+ 107> kr m/c.

Puc. 3.2

2. JIBa TOBapHBIX BaroHa JABIKYTCSI HABCTpEUY APYT APYry co ckopocTsmu [11 =04 m/cu [12=0,1
M/c. Macchl BAroHOB COOTBETCTBEHHO paBHbI [11 =12 T, [12 = 48 1. Onpegenure, ¢ KaKOi CKOPOCTHIO V U
B KAKOM HaIlpaBJICHUU OYAYT ABUTaThCS BarOHBI MOCIIE CTOJKHOBEHUS. Y Iap CYUTATh HEYIPYTHM.

Hano: Pewenue:

v, =04 m/c Wcnonb3yem 3aKOH COXpPaHEHHA MPOCKLMH MMIY/IbCAa HA OCh
v, =0,1 /e OX, nonoxwurensHoe Hampasienue ocn OX coBnagaer ¢
my =12:103 kr HANpaBJICHUEM JBHKCHUS NIEPBOTO BAroHa:

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

v-?

. e 12:10° k0,4 M/c— 48-10° kr-0,1m/c _ : .
Beuucnenus: v = = 0. Ananmm3: v = 0, ciea0BaTeNbHO, MOCEe
12+103 kr + 48103 kr

CTOJIKHOBEHHS BarOHbI OCTAHOBATCA.
Omegem: v =1

3. [IBa Heympyrux Tena, Macchl KOTOPBIX 2 M 6 KI, JBHXKYTCA Ha BCTpedy APYr K APYry co
cKopocTsMH 2 M/c Kaxaoe. OnpenenuTs MOAYNb U HAalPaBICHUE CKOPOCTH KAXKAOTO U3 ATHX TN Mocie
ynapa. CuenaTb pUCYHOK CAMOCTOSITENBHO.
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Jawo: myU; + myt, = (Mg +my) U. B npoekunsix Ha och:

OX: myuy - myvp =- (Mg + my)v
_miv; — "IZUZ.

my = 2 Kr V= 1 i)

= —(m1 +mz
Ty =Gike 2kr2M/c — 6kr2m/c _ 2 y
Uy = vy =2mMc Beruucnsem: v = ==m/c=0,25 m/c.
Bl — (2Kr+6Kr) 8

Imeem: 0.25 m/c.

CamocTosiTesIbHas1 padoTa

Bapuanrt 1

1. ABTOMOOUITE Maccoi 1 T. ABHIKETCSI CO CKOPOCThIO 72 kM/4. Onpenenure, 4epe3 Kakoe BpeMst OH
OCTAHOBMTCSI, €CJIM BBIKIIFOUNTH JBUTaTeNb. CpeaHss cuila conpoTuBieHus aprxennto 200 H.

2. Msu maccoit 200 r. magaeT Ha TOPU3OHTAIBHYIO IUIOMIAAKy. B MOMEHT ynapa CKOpOCTb Msiya
paBHa 5 M/c. Onpeaenure U3MEHEHUE UMITYJIbCA IIPU a0COIIOTHO YIPYTOM yape.

3. JIBa mapa maccamMu 2 W 8 KI' ABIJKYTCS HABCTpedy JIPYr Ipyry co ckopoctsmu 10 u 2 m/c
cooTBeTCTBEeHHO. C Kakoi CKOPOCTHIO OHU OyAyT MPOJONKATh ABMKEHHE MPU aOCOJIIOTHO HEYIPYTroM
yaape?

4. Tenexxka Maccoit 80 Kr JBUKETCS cO CKOPOCThIO 4 M/c. Ha He¢ BepTUKaJIbHO Ma/laeT TPy3 Maccoi
20 xr. OnpenenuTe CKOPOCTh, C KOTOPOW CTAaHET JBUTAaThCs TEIEKKA.

5. Cuapsan maccoii 50 Kr, JeTsIui BI0JIb pelabcoB co ckopocThio 600 m/c, momagaeT B miuaTdopmy
¢ meckoM Maccoit 10 T u 3acTpeBaet B mecke. CKOpOCTh CHapsia B MOMEHT IajieHust oOpa3yer yrou 45° ¢
ropu30HTOM. YeMy paBHa CKOPOCTH IIATGOPMBI MOCIE MOMaJaHus CHapsiia, eciu Iatopma JABHKETCS
HABCTpedy CHapsAIy co cKopocTbio 10 m/c?

6. Jlonka cTOUT HEMOJABMKHO B CTOsYeH Boje. UenoBek, HAXOIAIIUNCA B JIOAKE, EPEXOIUT C €€
Hoca Ha KopMmy. Ha kakoe paccTosiHue nepeMecTUTCs JIoJKa, €Ciu Macca dyeioBeka 60 Kr, Macca JOJKU
120 xr, nnuHa noaku 3 M? ConpoTUBIIEHHE BOJIbI HE YUUTHIBATD.

Bapuanr 2

1. JIBUrasicb U3 COCTOSTHUSI ITIOKOSI 110 TOPU30HTAIBHOMY ITyTH, aBTOMOOMIIL Maccoit 1,5 T uepes 20 ¢
mocjie Hayana JABM)KeHUs jaocturaer ckopoctu 30 m/c. IlpeneOperast conmpOTUBIEHMEM ABMKEHHUIO,
OTIPEICTTUTE CUITY TATH JIBUTATEs.

2. Tenexka maccoit 100 r, nBrKymIascs co CKOpoCcThio 3 M/c, ynapsercs o cTeHky. Omnpeaenure
M3MEHEHHE UMITYJIbCa TEJIeKKHU, €CIIU MOCNIe CTOJKHOBEHHUS OHA CTajia JABUTaThCS B MPOTHUBOMOJIOKHYIO
CTOPOHY CO CKOPOCTbBIO 2 M/C .

3. Baron maccoit 10 T ABMXKETCSI cO CKOPOCTBIO 1 M/C U CTaJIKMBaeTCs ¢ HEMOABMKHON TIIaTPOPMOI
Maccoii 5 T. YeMy paBHa CKOPOCTb UX COBMECTHOTO JIBM)KEHHUS MOCIIE TOr0, Kak cpaboTaeT aBTOCIenKa?

4. KakoBa CKOpPOCTh OTJa4d BUHTOBKHU, HETMOJBMKHON MPHU BBICTpEINE, €ClIM Macca BUHTOBKU 4 KT,
Macca rmynu 8 T, ckopocTh yau 600 m/c?

5. Ha HemoABMXKHOMN JKeJIe3HOIOPOKHON MiaTdopMe ycTaHOBIEHO opyaue. Macca miatdopMsl C
opyauem 15 1. Opyame ctpenser mox yriom 60° k ropuzoHTy. C Kakoil CKOPOCTBIO TMOKATHTCS
iatgopma, eciim Macca cHapsiia 20 KT ¥ OH BBUIETaeT co ckopocTbio 600 m/c?

6. [Tpu B3pbIBe KaMEHb pa3phIBAeTCs HA TPU YacTH. J[Ba OCKOJIKA JIETAT O] MPSMBIM YTIIOM APYT K
apyry: Maccoit [11 = 1 kr co ckopocThio 12 M/c u Maccoit [12 = 2 Kr co ckopocThio 8 M/c. Tpetnii Kycok
otneraeT co ckopocThio 40 m/c. KakoBa Macca TpeThero 0CKOJIKa M B KAKOM HaIpaBJICHUHU OH JIETUT?

dopma npeacTaBJieHus pe3yabTaTa:

BeImonHATE 3a/aHue B TETpaay sl MPAKTHIECKUX padorT.

Kpurtepun onenkmn:
3a npaBUWIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTENbHAS OlleHKa — 1 Oau.
3a HeMpaBWJIBHO BBIMIOJTHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIIaTeNIbHAs olleHKa — () 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenxa «HeyoosiemeopumenbHoy svicmagisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB
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Tema 2.3 3aKkoHBI COXpaHEHHS B MeXaHHKe

IIpakTuyeckoe 3ansaTue NeS
Pemenne 3axa4y Ha popmyJibl padoTsl cuii. PadoTa u MOIHOCTB. DHeprus, ee BU/IbI.
3aKOH cOXpaHeHHs JHEPTUH

Lesb: 3aKpenuTh YMEHUS M HABBIKH PEUICHHA 33734 Ha (OpMyNbl pabOThl, MOLUTHOCTH, 3aKOHBI
COXPaHECHMS

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

MarepuaibHoe of0ecnedyeHMe: TeTpagb M IPAKTHYECKUX paldoT, pydka, METOIUYECKHE
PEKOMEHIALIH 110 BBIIOJIHEHUIO Pa0OTHI, JIMHEHKA, KapaH Jarll.

Yka3anmue:

[IpakTuyeckas paboTa COCTOMT M3 JIBYX YacTe — TeOopeTHuYecKoi u mpaktudeckoir. Ilocre
U3y4eHHs] TEOPETHUYECKOI0 MaTepuajga MOKHO HPUCTYNATh K BBINOJIHEHUIO MpakTHYecKod yactu. OHa
COCTOMT M3 JBYX W Ooyiee 3ajad A CaMOCTOSITENIbHOTO BhIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
oopmienuu pemienus. Ha BeIosHEHNE NPaKTUYECKOM OTBOJUTCS JABa aKaJeMUYECKHX Yaca.

Ilopsinok BbINOHEHHS padOThI:

1. PaccMmoTpuTe TeopeTMYECKM MaTepual IO TeMe€ U IpUMephbl peleHHus 3agad  (CMOTpHU

METOAHYECKOE IIOCOOHE).

2. Pemmre camocrosiTensHyto padoty. Odopmure perieHne NMCbMEHHO B TETPALIH.

1.Teopus.

Pabora u momHOCTB. DHeprusi, ee BUbI.
3aKoH cOXpaHeHHsI JHePTrum

OHnepeuss — camasi BaKHAsi COXPAHSIONIAsCA BEIMYMHA HE TOJIBKO B MEXaHHMKE, HO U B (U3UKE
BoOOIIIe. DHEpPrus TeCHO cBs3aHa ¢ paboToil. Bce Mbl, Kak W r00ble JBHUraTeNd, cOoBeplIiaeM pabdoTy,
IIPUBOJUM B JBUKEHUS TeNa, OAACPKUBAEM 3TO ABUKEHUE WM K€ IIPEKPALIAEM €TO.

JeiicTBusl cuil Ha Tena, MPUBOJAILIME K M3MEHEHHUIO MOJYJSI MX CKOPOCTEH, XapaKTepU3yrTCs
BEJIMYMHOM, 3aBUCSIICH KaK OT CUJI, TaK U OT MEPEMEIICHUI TeJl, Ha KOTOPBIE 3TH CHJIBI IEUCTBYIOT. DTy
BEJIMUUHY HA3b18a10M paOOMOI.

Pabora — cxansipHas Benmu4MHA, paBHas IPOU3BEICHUIO MOAYJIEH CHIIBbI U IEPEMELICHUS Tella Ha COS

yIila MeXI1y HUMH.
]

Pa6ota mocrosuuo# cuibl F

(39 i

.4=F-S=F-L‘:?-ctmrx’}1>1<

rae S — nmepemMenieHue Tena,
0 — Yrol MEXIy HampaBlIeHHEM JeHCTBUS CHUIBI W HaIlpaBJICHUEM

MEPEMEIIICHHS.

Puc.1

Ecnu BenuumHa CWIbl, AEMCTBYIOIIEH Ha TENO, 3aBUCUT OT KOOPAMHATHI X, TO paboTa ATOW CHIIBI
YUCJICHHO paBHAa IIomaau noja rpagukoM Gyakmmn F(x).

Enunuier paboTsr: A =1H - 1M = [Ix = JI)x0ynb.

IDicoyns — pabora, copepmaeMas cuioi 1 H Ha mepememenne 1 M, ecim HampaBiieHUE CHIIBI U
MepeMeNIeHIE COBMAIA0T.
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1. PaGoTa criIbl TSXKECTH.

PaGoTa cHIBI TS)KECTH HE 3aBHCHT OT TPACKTOPHUHU ABUXXCHUA TCJIa U BCEria

= 5 paBHA U3MEHEHUIO MOTECHUMAIBHOW 3HEPTUH TENA, B3SITOMY C IPOTHUBOIIOIOKHBIM
Q =mg 3HAKOM.

A=08=mg(h1-hz)=-(mgh - mgh,)=-(11,-I1;)
A=-(I1-11y)

Ecnu cuna TsSKeCTH COBEpIIaET OTPHLATENbHYIO paboTy, To E, —
yBennuuBaetcs. IIpu coBeplieHnn Moy0oKUTENbHON paboThl — E, yMeHbIIaercs.

Puc. 2.

2. Pabora cuiibl ynpyrocTtu.

A=F,S,
. X+ X,
J’_,ll‘l — k | 5 X
rac = — CpCAHCC 3HAYCHUC CUJIbI YIIPYTOCTU IIPpU U3MCHCHHUU JJIMHBI IIPYKUHBI OT X1

HO X2,

S =X; - X2 — CMEILEHUE.

PabGora cuibl ynmpyroctd paBHa W3MEHECHHIO TMOTCHIIMATBHOW HSHEPTHH, B3STOMY C OOpaTHBIM
3HAKOM:

2 2 { 2 1%
X (x -x) [k ky B B
S ) =k |h—2 > )" (I, - 17,

Mowmnocmob

Mownocms — ckansipHas (u3nueckas BEIUYMHA, XapaKTepu3yrollas OBICTPOTY COBEpLICHUS
paboThI, KOTOpas YUCICHHO paBHA padoTe, COBEPIIAEMOM 3a €AMHUILY BPEMEHHU:

A
voA_rs_2

f ¢ , [dx/c = Bt — Barr],

fl
v

rae A — pabora, [1x]
t—Bpems, [c]

OHepeus
Ecinu Teso wim cuctema Tesl MOTyT COBepIaTh paboTy, TO TOBOPSAT, YTO OHU 00JIaJat0T SHEPTUCH.
DHeprusi B MEXaHWKE — BEJIMYMHA, ONpeaeiseMasi COCTOSHUEM CHCTEMBI — MOJIOKEHUEM TET U UX
CKOPOCTSIMH; U3MEHEHHUE SHEPTHHU MPH TIEPEX0/Ie CUCTEMbI U3 OJHOTO COCTOSHUS B IPYro€ paBHO padboTe
BHEIIIHUX CHIL
1. Kunemuueckas (Kinema — JBWXKEHHE) — JHEPIHsl MEXaHMYECKOTO JIBMIKCHHUS CHCTEMBI TEl,
YHCJICHHO paBHA TIOJIOBHHE MPOU3BE/ICHHS MAcChl Tela Ha KBapaT €ro CKOPOCTH.

i"il-f.l_i':

E =
2 T
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Teopema. PabGoTra paBHOACWUCTBYIOIIMX CHJ, TPHJIOKEHHBIX K HEMY, paBHAa HW3MEHCHHIO
KMHETUYECKOW DHEPIUu Tea.
_ .I'?f!.":: _ .'.'JIJl"
2 2

=> A = A Ek (paboTa — U3MeHeHNe aHeprum)
A=FExy - Exg =A Ex
2. I[lomenyuanvnas (potentia — BO3SMOXKHOCTB) — SHEPTUS B3aUMHOTO PACIIONIOXKECHHUS TEJT HIIH YacTel

OJTHOTO M TOTO JK€ TeJa, YMCICHHO paBHA MPOM3BEJCHHIO MAacChl M Tella Ha YCKOPEHHE CBOOOIHOTO
MaJICHUs g ¥ BBICOTY h Ha/l MOBEPXHOCTHIO 3eMJIH.

E, =mgh, [[xc]
A = -(mgh; - mghy)
>A=-4E,
A=-(Ep -Ep)=-AFE
HomeHL;uaJZbHaﬂ OHepcusAa — OSHCPIru-d, O6YCJ'IOBJ'I6HHa${ BBaHMOI[eP'ICTBHeM Pa3JIMUHBIX TCII HIIA

yacTel OJHOro M Toro ke Tena. OHa 3aBUCHUT OT B3aMMHOI'O PacHOJIOKEHUS TEJ WIM BEJIUYUHBI YIPYron
nedopmarum Tena.

[TorennmaneHas sHeprus tena | [loTeHumnanbHas sHeprus | [lorenunanbHas SHEPTHUS
HOIHATOTO Ha BBICOTY, | CXaTou WA pPacTAHYTOW | rPaBUTALIMOHHOTO B3aUMOJACHCTBUSA
HAMHOTO MEHBIIYK) pajnyca | IPYyKUHbI MaTepUATbHBIX TOYEK WU
3emiin OJHOPOJIHBIX IIAPOB

E,=mgh L kT

m ‘1— hﬁ:T £ :_G.-Hm

&~

i
/ \ 0 .
/ ' A . yIeBOi
/ > CE R N YPOBEHb

X COOTBETCT
ByeT R — o0
5 E, =0
Hynesoit B YPOBCHE Hynesoii YPOBEHb
coorBercTByeT h =0 cooteercteyer X = 0
(HenepopmupoBaHHas

pYyXHUHA)

3axon COXPAHEHUS OHEP2UU 6 MEXAHUKE
B 3aMKHYTOI7I CHUCTEMCEC TCJ IMOJOXKHUTCIIbHAaA paGOTa BHYTPCHHUX CHWJI YBCIIMUUBACT KUHCTUYCCKYIO
OHEPTUI0O W YMCHBUIACT ITOTCHIHAJIBHYIO. OTpI/IHaTeJ'IBHaH pa60Ta YBCIUYMUBACT NOTCHOUAJIBHYHO M
YMCHBIIACT KUHCTUUYCCKYHO OJSHCPIHUIO. HMenHo 6.118.1"0,[[8.[)5{ 9TOMY BBIIIOJHACTCA 3aKOH COXpPaHCHUA

SHEPTHUH.
1.4 = AE,
= AE, = -AE,
2.4=-AE,

E = E, + E,—1nonHasg MEXaHU4YeCKasi SHEPTUs CUCTEMBI, BEJIMYMHA, paBHAsA CyMMe KUHETHYECKON U
MTOTEHIIMATIBHON SHEPTUI CUCTEMBI.
3axon coxpanenus NOIHOU MEXAHUYUECKOU IHEPSUU
B 3aMKHYTO# cucTeMe MEXaHMYECKast SHEPTHUSI COXPAHSIETCA.
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E=E, +Ep = const Ep] + E, =Ep2 + Eo
Ilpumeuanue: Ecin B 3aMKHYTOM CUCTEME €CTh CHJbl TPEHHs, TO MEXAHMYECKass SHEPIHs He
COXpaHsieTcs, T.K. 4aCTh €€ NEPEXOAUT BO BHYTPEHHIOHO.
3axon coxpanenus snepeuu
OHeprus He CO3JaeTcsi MU HE HCYE3aeT, a JUIIb MepeAacTcs OT OJHOro Tejla K APYroMy WId
npeBpaliaercs u3 oAHON GOpMbI B IPYTYIO B PaBHBIX KOJIMYECTBAX.
2. lIpakTnyeckas padora
Anzopumm pewienusa 3aoau

1. Crenaiite yepTex.
2. Bri6epure Hynepoii yposens E, (E,; = 0).
3. VYcraHoBUTE HaYAIbHOE U KOHEUHOE T0JIOKEHHE Tella (CUCTEMBI Te).
4, Onpenenure MOTHYI0 MEXaHWYECKYIO DHEPrHIO Tel (CUCTEMBbI Tell) B HaualbHOW M KOHEUHOM
TOYKaX.
5. 3anuiuTe 3aK0OH COXPaHEHUS YHEPTUU.
a) 1S 3aMKHYTBIX cucteM: E1 = Ep min Ey + E,; = Eo + Ep),
0) mpu repexoie CUCTEMbI U3 HAYaIILHOTO MOJIOKEHHSI B KOHEYHOE, TIPU JCHCTBUH BHEITHUX CUIT: A
= E2 - E]_
6. [Ipu HEOOXOAUMOCTH 3anUIIUTE POPMYIIBI U3 KHHEMATUKH:
V=0vp +at S=uogt + at?/2 F=mg F=-kx F=uN A=FScosa
7. Pemmte cuctemy ypaBHEHHUH.

3. lIpumepsl pemieHus 3a1a4
1. ABTOMOOMIIb Maccoif 2 T HAUMHAET Pa3rOHATHCS U3 COCTOSIHUSI TOKOSI 110 TOPU30HTAIBHOMY IIyTH
MOJI ACUCTBUEM IMOCTOSIHHOM cuiibl. B Teuenne 10 ¢ o mpuoOperaer ckopocth 43,2 kM/4. OnpenenuTsb
BEJIMYMHY UMITYJIbCA U BETMUUHY JI€HCTBYIOLIEH CHIIBI.

JaHno: CH: Pemenue:

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

vo=0 Peme ,U — COBIIAZIA€T C OCBIO X,

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

u= 43,2 KM/4 12 m/c p=mu=210%12 = 24.10°, P [kr-m/c]
p—7? 2. YuursiBas BTopoii 3akoH HptoToHa: Ft = mv — muy
F-?2, T.K. V9 =0 Ft=mv — F=mv/t

2ontaz

]

I 2 4xi!

Orsert: 2,4 - 10* kr - m/c ; 2,4 kH.
2. CranpHoN mapuk maccoil 0,05 kr mamaer ¢ BbICOTBI 5 M Ha cradbHyr muuty. Ilocme

CTOJIKHOBEHHS IIapUK OTCKaKMBAaeT OT IUIUTHI C TakKoil ke Mo MOJIyNo ckopocThbio. Haiinure cumy,
JEMCTBYIOLIYIO Ha IUIUTY IIPU yape, cuuTas ee NocTossHHOW. Bpems coynapenus pasno 0,01 c.

HaHno: cn Pucynok Pemenue
m=0,05 kr t:) IIpn ymape map u rumra JeHCTBYIOT IpYyr Ha
h=5wm ! JIpyra C CWJIaMH, PaBHBIMHU II0 MOJIYJIIO, HO
At=10,01 ¢ Fq-? IIPOTUBOIIOJI0KHBIMU o HaIIPABJICHUIO.
§’2 Omnpenenus cuity, JEHCTBYIOIIYIO Ha HIAPUK CO
CTOPOHBI IUTUTHI, MBI TEM CaMbIM HalJEM CHITY,

o

C KOTOPOHM IIApUK [EHCTBOBAJ Ha IUIATY 3a

BpeMsa At. Bo BpeMs coynapeHuss Ha IIapHK

JEWCTBYIOT JIBE CHJIBL: CHJIA TSDKECTH — ™, W
]

cuna ¥ co cTOpOHBI MITUTHL.
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nooa
CoryacHo ypaaenuto: & = F-Ar &p =(F +mg) Al
OY: mv,; — (-mvg) = (F-mg) A t

Zmuo
F=wmg+
Y4UTBIBas, 4TO V2 = V1 =V, MOJIYYUM IOCIIE Psja MPeoOpa3oBaHUI: At

b= \."2 .

Moynbs CKOPOCTH IIapHKa MpH MaJleHUH €ro ¢ BBICOTHI h onpenensercs no ¢popmysne: ;0=

10 m/c

2Zmu
F=mg+
Hcnons3ys BEIpaKEHUE: Al

2-0,05-10
F=005-10+ —I =02+ 100=100,5H

"
] ]

ITo TpetbeMy 3akony Herorona: £ =- F | ciegosarensno, F1 = 100,5 H, cuia npuiioxkeHa K IIMTE U
HaTpaBJICHA BHU3.
Otsetr: F = 100,5H.

. 4

3. Bo BpeMs MaHEBpOB Ha KEJIE3HOAOPOKHOW CTaHIIUU JBE TIaTGopmbl Maccamu my = 2,4 - 10” kr

umy = 1,6 - 10* kr gBuramuces HABCTpeUy JIPYT APYTY CO CKOPOCTSIMH, MOJTYJIU KOTOPBIX paBHbI V1= 0,5
M/c 1 vy = | M/c. HaiiiuTe CKOpPOCTh UX COBMECTHOTO JIBH)KEHUS TIOCTIE TOTO, KaK CpaboTaeT aBTOCIICTIKA.

JaHo: Pemerne:
my=2.4- 10" xi
my= 1,6 - 10* kr
vy = 0,5 m/c

vy, = 1lMm/c

h
i
i
L

Vo6 - ?
I/I306paSI/IM CXEMAaTHU4YHO HeﬁCTBYIOIHHC CHJIbI Ha JABMKYIIIUECH l'IJ'IaT(l)OpMLI. B IIPOCKINHU Ha OChb X:
- ¥ ]
Ny myzy NooenuE CHITBI B3AaMMHO YPaBHOBEIIICHBI.
Moxuo IMPUMEHUTH 3aKOH COXPAaHCHUA NMITYJIbCa:

P+ e, = (e b
]

I'JI€ Vo — CKOPOCTb MIAT(HOPMBI ITOCTIE CLEMKH.

B mpoekiusax Ha och X: My Vix + My Uy = (Mg + M2) Vosx

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

3Hak (-) MOKa3bIBAET, UTO CKOPOCTh VOO HampaBjIeHa MPOTUBOMOJIOKHO Ocu X (CIpaBa — HAJIEBO).

4. Kakyio CKOpOCTb OTHOCHUTENIBHO paKeTHHIbI mpuobperaer pakera maccoi 600 r, ecnu rassl

Maccoit 15 r BeuteTarot u3 Hee co ckopocthio 800 m/c?

[aHo: CU: Pemenue:
My =600r [ 0,6 kr |CoriacHo 3aKOHY COXpaHEHMS UMITYJIbCA:
my—15T 15 - loslf .'n,i.'r' +m:ir'_: —.'n,i.':: +J'.F?:1:i:i (b= +mo,
Lo, 15107800 I

L 3 : =202
U, =800 m\c 0o ¢
v1=v2 =0 3HaK (-) MOKAa3bIBAET, YTO I'a3bl JBUXKYTCS B CTOPOHY,
o —? MIPOTUBOIIOJIOKHYIO HAIIPABJICHUIO PAKETHUIIBI.

Ortser: - 20 M/c.
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5.

pabory
TpPEHHUS
Hano:

m=2rt
S=100wm

n=0,0
g=9.8

Baronerky Maccoif 2 T o rOpH30HTaJILHOMY IIyTH PaBHOMEPHO IepemMeriaer padounii. Kakyto
oH coBepmuT Ha Tyt 100 M W Kakyloo paboTy COBEpIIAECT CHia TPEHUS, eClIu KOIPPUIIUECHT
pasen ,01?

PucyHnok:

1
Mm\c? X

a=0

A-?
Atp-?

Pemenne

ol

Ha BaroHeTky JeHCTBYIOT 4 CHIIBL: CHJIA TSOKECTH — # | CHJIa PEAKIIMK OTOPBI —

(5]

cuna taru #: — , cuna Tperus — . [To Bropomy 3akony Hetotona X & =0
[} ]

B

S .-nj;r+ ,n:" + = 0
TpOCKILIH Ha OCH- OX: Fr— FTP = 0, F.= FTp; OV:N - mg = 0, N = mg

A=F-Scosa, 2a=0, cosa =1,cn-H0,A=F - S,F=F,=F,=puN=pumg
Paborta cuibl TpeHHs HalpaBiIeHa MPOTUB PA0OTHI CHJIA TSATH — A = -ATp .

A

OtBerT:

1.

10.

11.

12.

p=-19,6 - 10° Ix
A =19,6 x/lx; Atp =- 19,6 xJIx.
CamocrosiTesibHas padora

ABTOMOOMIIP MAacCOM 2 T IBUKETCSI CO CKOPOCTBIO 36 km/4. Kakoe Bpems TpeOyeTcs 10 MOTHON
OCTaHOBKM aBTOMOOWJISI IPU BBIKJIIOUEHHOM JIBUTATelle, €CIIM CUJla TPEHUs KOJIEC O JIOpOTry paBHa
5880 H?
Tenexka maccoit 150 kr gBUXKETCS MO TOPU3OHTATIBLHOM Jopore co ckopocTeio 1 M/c. HaBcTpeuy
et 0exuT yesoBeK Maccoit 75 kr. YenoBek mpeiraet Ha Tenexky. [locie 3Toro Tenexxka BMecTe ¢
4eJI0BEKOM ocTaHaBiuBaeTcs. C Kakoi CKOpOCThIO Oerkall 4eaoBeKk?
[Ipu BepTHKAIBLHOM TOABEME Tella Maccor 2 Kr Ha BbicoTy 10 M coBepieHa padota 240 J[x. C
KAaKUM YCKOPEHHEM IOIHUMAIH Ipy3?
Teno, maccoit 20 Kr mogHUMAalOT BepTUKalbHO BBepx c cuioi 400 H, nampaBieHHOH MO
nskeHuto. Kakas pabora coBepuaercs Ha mytu 10 m?
Byner nu BenuunHa none3Hol MEXaHUYECKOM pabOThl OTIIMYHA OT HYJISI, €CIIH MOAbEMHBIN KpaH:

® 1) MOAHMMAET C 3eMJIU TPY3,

® 2) OyneT ep:kaTh €ro HEKOTOpPOe BpeMsl Ha BECY B IOKOE,

® 3) MOAHMMET IPy3 C 3eMJIM U Cpa3y OMYCTHUT €ro Ha 3eMIIio.
Teno maccoit 20 kr cBoOOHO NagaeT B TeueHue 6 ¢. Haiinure paboTy CUITbI TSKECTH.
Kakytio paboTy MOMKET COBEpLIMTH OO OCTAaHOBKHM Teio Maccoil 1000 kr, nBmxyIieecss co
CKOpPOCTHIO 36 KM/Y ?
Haiitu paboTy, KOTOpyI0 Hag0 COBEPIIUTH, YTOOBI CXKaTb MPYKUHY, KECTKOCTh KOTOpoil 29,4
H/cm, Ha 20 cMm.
Pe3unoBslit mHyp [unHOM 1 M nof neiictBueM rpysa 10 H yrmnuncs va 10 cm. Haiiaure paboty
CHJIBI YIIPYTOCTH.
Ha xakyro BeicOTy 3a MuHyTy MOxeT nojaHsATe 400 M?> Boxbl HAacoC, pa3BUBAIOIINN MOLIHOCTh
210° xBr?
OnpeznenuTe MOLIHOCTh TEIIOBO3a, 3HAsA, YTO NMPH CKOPOCTH JBMKEHUs 43,2 KM/4 cuja TATH
pasHa 105 kH.
[Toe3n maccoit 1200 T ABMIKETCS IO TOPU3OHTAILHOMY ITYTH C IIOCTOSHHOM CKOPOCTBIO 54 KM/4.
Omnpenenure KOA3PGUIUEHT COMPOTHUBICHUS IBUXEHHIO, €CIIM TEIUIOBO3 PAa3BUBAET IOJIE3HYIO
MoIHocTh N= 882 - 10° Br.
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13. mmynbc Tena paBeH § Kr M/c, a kKuHeTHueckas sHeprus 16 JLx. Onpenenure Maccy U CKOPOCTh
Tena.
14. Canu maccoii 60 Kr, CKaTUBIIMCH C TOPBI, TPOEXAIH MO0 TOPU3OHTAIBHOMY y4acTKy aoporu 20 m.
Haiinure paboty cuibl Tpenus, ecnu p = 0,02.
15. TloabeMHBIM KpaH C ABUTAaTENeM MOIIHOCTHIO 8 KBT MogHMMAET Ipy3 ¢ MOCTOSIHHOM CKOPOCTHIO 6
M/muH. KakoBa macca rpysa?
16. Kakas paborta coBepiiaercsi Ha THAPOCTAHIUH B TEUYEHUE T0Ja, €CIU CPEIHSSI MOIIHOCTh
reHeparopa pasHa 2,5 MBT?
17. Yenosek maccoit 70 Kr cryckaercs no jgecTHule JuyirnHou 20 M, pacrnonoxkeHHou noa yriom 30° k
ropu3oHTty. Haiinute paboTy CUJIbI TSKECTH.
18. Bpruncnute paboTy CHiIbl YIPYTOCTH NPU U3MEHEHHHU Ae(opMaruu MpyXKUHBI *KecTKOCThio 200
H/Morx; =2cM gox; =6 cM.
dopma npeacTaBJieHus pe3yabTaTa:
BoinonHuTh 3asaHue B TETPaAM Uil MPAKTUYECKUX padoT.
Kputepuu onenkmu:
3a npaBUJIbHO BBIMOJIHEHHOE 33]aHHE BBICTABIICTCS MOJIOKUTEIbHAS OIleHKa — 1 Oas.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS olleHKa — () OaioB.
Oyenxa «omauunoy svicmagisemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 2.4 CTaTuka ¥ THAPOCTATHKA

IIpakTnueckoe 3ansaTne Ne6

PaBHoOBecue a0COJIIOTHO TBEPABIX TeJl.

HeJ'IBZ yTJ'IY6I/ITB U KOHKPCTU3UPOBATH IMPCACTABIICHHA O 3HAYUMOCTH 3aKOHOB COXPAHCHUA.
HAaY4YUTBCA HCIIOJIB30BAaTh NPHUIIOKCHHUA 3aKOHA COXPAHCHUS MEXaHUYeCKOH OHCPIrun Ui BBIITOJIHCHUA
MPAaKTUYCCKUX 3aJIaHUI.

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

MatepuajbHoe obecnieyeHue:

WH/IMBUYAIEHOE 33JJaHHe, KOHCIIEKT JIEKIIUH, CIPaBOYHBIC MaTECPHAJIBI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX 4YacTed — TEOPETHMYECKOM M IpakThdeckou. Ilocne
M3y4eHHs] TEOPETHYECKOro MaTepuaja MOKHO MPUCTYNaTh K BBIIOJIHEHUIO MpakTHUecKo dactu. OHa
COCTOMT M3 JABYX M Oosiee 3a1ay A CaMOCTOSITENBbHOIO BbINofMHEHHs. He 3a0biBaiiTe 0 mMpaBUIIBHOM
opopmienun pemenus. Ha BbIMOTHEHHE MPAKTUYECKOTO 33JaHUS OTBOJMUTCS YEThIpE aKaJeMHUYECKHUX
qaca.

3aganme:

O3HaKOMBTECH C KPATKIMH TEOPETUICCKUMHU CBEJICHUSIMH IO CCBUIKE
https://znanium.com/catalog/product/1012153, ctp 47-53,

CocraBbTe KpaTKHil KOHCIIEKT OTBeYasi Ha BOIMPOCHI K naparpady, ctp 53, 54.

Beimumire ocHOBHBIE (OPMYIIBI

Pemmre 3a1aun caMocTOATENBHO

Kparkue Teoperuyeckue cBeleHUs
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HazBaunue

O0Oo3HaueHue
BEJIMUUHBI
Cuna F
ITheuo cunw |
Momenm
M
CUubl

Enunnna
®dopmyna
HU3MEpEHUS
8 Fili= Faly
M
s M = FI

IIpumepsbl pemieHus 3aaa4

3amaua 1. PaGouuii mpunogauMaet rnpu nomomry peraara muty maccoit 100 xr. Kopotkoe mieduo

peryara pasuo 0,8 m, a mmuHoe — 1,2 M. KakoBa cuiia, KOTOpYIO JOJDKEH HPWIOKHTH pabouuii K

OonpleMy iedy peryara?

[ano: Pewenue: Touka onopet
Fi L
m =100 kr —_==
F: I
g=98H
Fi=P=mg.
=08m
P b
h=12 —_—=t
¢ “ F: L
F: -2 Fo=plie gl
A I
F>=100k - 9.8 %‘1"3—:=
Ortser: F2=653,3 H.
2. 3azaga 2./[1g9 mogpémMa rpvia N0 HAKIOHHOH IIIOCKOCTH NPHIOKHIH CHIY, HanpaBIeHHVE BIOTh HAKIOHHOH

1ockocTH H paeHyoo 300 H. Hafizure Maccy rpyza. ecid H3BECTHO, 9TO JTHHA HAKIOHHOH IVTOCKOCTH paEHa 1.0 M. a eé

BBICOTA paBHa 1 M.
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Laxo:

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

g=10-.a:

Orser: m = 45 xr.

Pewenue:

_ Frex _450 H _
m =z To-';l--45l(r
Kr

1. Ha pucynke u3o0paxeH pblyar, UMeroIui ock BpamieHus B Touke O. I'py3 kakoil Maccsl Hasl0
MOJIBECHUTD B TOYKE JIJIsl TOTO, YTOOBI phIYar OblJI B pAaBHOBECUH?

Hano:

1, = 4 ep. umust
b =2en. pmHnt
g=10H/xr

A
m,=m=100r=0,1 xr 2

0 B
| 74 A

Pewenue:

ITonb3ysch PUCYHKOM, OTIPEAETHM TUICYH CWI, BBIPaXEH-
HBIE B YCJIOBHbIX SAMHHULIAX IIUHDL.
1. HaiiaeM cuiy, ZeMCTBYIOLLYIO Ha pbiYar B TOYKe A:
Fi=m-grmem=m +m,
F=(0,1+0,1) - 10=2H.
2. HaitneMm cuny £, npUMeHAA YCIIOBHE PaBHOBECHS phlyara:
-2- = -;:- Orciona Boipasum Fy:

F - 2-4
v ae
3. Onpexenum Maccy rpysa U3 GopMyJbL:
2 4
F=M-g=» M-;’-;M=—l-6-0,4xr.

Omeem: Hano noxsecuts B Touke B rpy3 maccou 0,4 xr (unu
400 r).

4.Ha menblee tuiedo poruara aevictyer cuia 300 H, na 6onbsinee — 20 H. /Inuna menbiero mieva 5
cMm. Onpenenure JIMHY OOJBIIETO TIIeYa.
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Hano: Pewenue:
F,=30H CienaeM yeprex K 3adaye /1o 0
E=2H Io ycnoBmio paBHOBECHS pbIYara: A
e F, _h -F.
577 2
Haiimu: Hajinem 6onpliee rieyo poiyara: F,
2"'? _FI'II. _H'CM_
b= F, ° b= H M
3005
L= 0 = 75 cm.

Omeem: Bonbliiee naeyo pbiyara paBHoO 75 cM.

5 Peryar pymnoM 60 cM HaxoauTcs B paBHOBecHu. Kakas cuiia npuiioskeHa B Touke B?

Jano: ';-’2 Pewenue:

1= 60 cm 0 IMneyn cun onpeaeauM U3 PHUCYHKE, TIPHHUMAA BO BHM-

P=F=2H ,L_____)" ! B MaHue, YT AAHHA Beero puryara 60 oM.

L =10 cM [ 7% 1. Mo ycnoBHIO paBHOBCCHA PRIYAra:

L =130 cm |2H| Ao b o phich
.  Rak el
i 2-10 2

Haiimu: v e i o L
F="? Omsem: K touke B npwioxena cuna = 0,7 H.

1. MowmeHT cuibl, AelcTByolIeH Ha pbryar, paseH 20 H*m. Haittu nnedo cuinet 5 H, ecnu peruar

Pemurhb 321241 caMOCTOATEIbHO

HaXOJUTCS B PABHOBECHH.
2. Kakoe ycunne He00X0IMMO MPUIIOKUTb, YTOOBI TOIHATE Tpy3 1000 H ¢ momonibso mo1BUKHOTO
6noka? Kakas coBepiutcst pabota npu nojgbeme rpysa Ha 1 m? (Bec 6510ka u TpeHue He

YUUTHIBATh).

3. Cucrema 6J10KOB HaXOAUTCS B paBHOBecuH. OnpesienuTe Bec npaBoro rpysa. (Bec 6510koB u cuiry
TPEHUS HE YUUTHIBATD).

4. Tlpu momoIM NOJBMKHOTO GJIOKA MOAHUMAIOT Ipy3, npuiaras cuity 105 H. Onpenenure cuity

TpeHus, eciu Bec 6yoka pasen 20 H, a Bec rpy3a 180 H.
5. Macca aeranu TpancnopTHoro cpenctsa m = 50 kr. Paauyc 6apabana, Ha KOTOPBII HAMATHIBAIOT
nenb, R = 0,2 M, ;uinHa Kaxa0# u3 qByX pydek Bopota | = 1 M. Kakyro cuiy Hy)KHO IPUIIOKHUTD K
KaKJIOW U3 HUX, YTOOBI MTOJHATH JETallb HA HEOOXOAUMYIO BETHUNHY?

dopma npegocTaBieHNs pe3yabTaTa
BeimonHeHHBIE 3a1a4¥ B TETPAH IS IPAKTUYECKUX PadoT.

Kpurepum ouneHku:

3a IMPaBUJIbHO BBIIIOJTHCHHOC 3aJaHUEC BBICTABIIACTCS ITOJIOKUTCIIbHAsA OLICHKA — 1 Oamn.

3a HEITPABUJIBHO BBITIOJITHEHHOC HeﬁCTBHe, 3aJIaHUC BBICTABIACTCA OTpULATCIIbHAA OICHKA — 0 Gamnos.

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

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

Oyenxa «yoosnemeopumenvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHo» svicmasisencs 3a menee 60%0 mpaBUIBHBIX OTBETOB
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Tema 3.1 OcHOBBI MOJIEKYJISIPHO-KHHETHYECKO TEOPUH

IIpakTuyeckoe 3ansaTue Ne7/

OcnoBbl MKT. Pemienue 3a1a4 Ha ypaBHeHUe COCTOSIHUS HI€AJTbHOI0 raza
Leab: 3aKpenuTh yMEHHS U HABBIKUA BHIYUCIICHUS MTApaMETPOB COCTOSTHUS ra3a, UCIIONb3Ys Ta30BbIC
3aKOHbI U ypaBHeHHE MeHeneeBa - KnalinepoHa.

Beinosinenue padorsl cnocodcTByer popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06 IIK
1.1,LIIK 1.3

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

Yka3zanue: [Ipaktuueckas paboTa COCTOMT U3 ABYX 4YacTeii — TEOPETUYECKOH M NPAKTHUECKOM.
ITocne u3yueHuss TEOPETUYECKOr0 MaTeprala MOXKHO IIPUCTYNATh K BBIIOJHEHUIO IIPAKTUYECKON YaCTH.
Ona cocTouT U3 IBYX H Oojee 3a7a4 sl CaMOCTOSATEIbHOTO BhINONHEHUs. He 3a0bIBaiiTe 0 paBUIbHOM

oopmienun peuieHus. Ha BbinosiHeHNe MpakTUYECKON OTBOAUTCS JiBa akajeMudeckux yaca. [lopsaok
BBITIOJTHEHUS paOOThI

Ilopsinok BbINOJIHEHHS PadOTHI:

1. PaccMoTpuTe TEOpETHUYECKHI MaTepuan MO TeMe W MPUMEPhl pPeIIeHUs 3aaad (CMOTpPHU
METOAMYECKOE ITOCOOHeE).

2. Pemmte camocTosTensHYO padory. OdhopmuTte pemeHne MICbMEHHO B TETPAJIH.

1. TeopeTnyeckas yacTpb

JU1s XapaKTepUCTUKU COCTOSIHUSA T'a3a BBOAAT CHelMalbHble (pU3MUecKue BeIUYMHBI, Ha3bIBaeMble
rapaMeTpamMu COCTOsIHUS. B kauecTBe mapamMeTpoB COCTOSIHUSI BHIOMPAIOT TPU BEIMUUHBL: 00beM raza(V)
,remneparypy ero T° u naBnenue P, npon3BoauMoe razoM Ha CTEHKH COCY/a ,B KOTOPOM OH 3aKJIIOYEH.
OTO0 AaBieHUE OOBACHACTCS YAapaMH JIBIXKYIIUXCS MOJIEKYIL.

2. Ilpumepsl pemieHus 3a1a4

1. B razoBom Oamnone emkocthio 0,01 M3 Haxomutcs ras mon aasieHueM 20 kr/cm2 .Kakoit o0beM

3aiiMeT ra3, €clii ,He U3MEHSsl €ro TEMIEPaTyphl , OTKPHITh BEHTUJIb OayioHa? OKOHYATEIbHOE JaBJICHUE
1 kr/ecm2.?

Hano: Pewenue:

Vi=0,01n" ) 1o ycnoButo 3aaaun Temneparypa raza He MEHsieTcs,

P1=20 kr/em’=20%0,98%10° H/m" MOITOMY NPOMCXOIUT H30TEPMHHECKOE H3MEHEHNE

Po=1 kr/em™=0,98*10" H/m" cocrosiHus raza. Ucnonw3ys 3axon boiinsa-Mapuorra
p1Vi=p2Va Haxoaum Vo= p1Vi/ps. )

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

Omeem: V>=0.2 M.

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

Aano: Pewenue:

Vi=0,15m 1o 3akony boiins-Mapuorra P1V1=P2Vs. Ho p>=pi+ Ap,
Vo=0,10m" noaromy p1Vi=(P; +A P)V, orkyaa Py = AP*V,/V,-V3;
AP=2 kr/cm’=2*%0,98*10°u/m"  P;=2%0,98*10°*0,10/0,15-0,10 = 3,9*10° (H/m%)

P,=? Omeem: P\=3,9*10°I1a.

3. Kak Bemuko atmocdepHoe naBieHHE, €CU MPH IJIHMHE PTYTHOro cTonduka 12,5¢cM B TOHKOM
TpyOKe IJTMHAa CTOJIOWMKA BO3/yXa B IEPBOM TOJIOKEHHE 7CM,a BO BTOPOM — 5 cM?
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Jlano: Pewenue:

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

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

4. Cxarblii BO3yX TOJAETCS B rasrojbpaep oobemMom 5M3 . 3a Kakoe BpeMs €ro HaKadarT JI0

JaBJeHUs 7 Kr/cM2, eciii KoMIpeccop BcachiBaeT 5,5 M 3 armocdepHOro Bo3ayxa B MHUHYTY IpH
nasnennu 1 kr/cm2 ? TemnepaTypy CUMTaTh MOCTOSTHHOM.

JMano: Pewenue:
3=5M3
P,=Tkr/eM’=7%0,98*10°n/m’
V|=5,5M3/MHH=1 1120 e
P\=1 kr/cm™=0,98*%10u/m’

Jlns HakaumBaHUs BO37yXa B ra3roibjaep 10 AasineHus P,
KoMmpeccop pabotaer B TeueHue Bpemenu t. Oobem
3acaceiBaemoro Bosayxa V' =V, npu nasnenue p;. Koraa
BO3/YX HAKauaiM B ra3roibaep, OH 3aHsan ooseM V; u ero

naBieHue crano pa. Ha ocnoBanuu 3axona boina-Mapuorra
P[V'1:P2v3 WM P1V|t|:P2V2 s OTKYyAa t|=P2Vg/P,V|
t = 7%0,98*10°*5%12/0,98010°*1,1=380(c).
Omeem: t = 380 c.

t-?

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

KOHEI[ TPYOKHU 3aKpbUIM U MOAHSUIA €€ 0 YPOBHSA PTYTH B COCYJE, TO BBICOTa YPOBHSI PTYTH B TpyOKe
oka3zainachk paBHO# 15 cM. KakoBo armocdepHoe 1aBiieHre BO BpeMsi OIbITa?

Hano: Pewenue:

=40 cm  [lo 3axony boiins-Mapuotrra P;V,=P,V, rae p;=H-paBnoe armochepuomy

l,-15¢cm  naBnenwme BO3ayxa Haj PTYTHIO 10 3aKpeITHS OTBepeTHs, a V=L/2S-ero o0nem;
P = P-l; Vo=(L-L,)S-cooTBeTcTBEHHO AaBIeHHE U 00BEM BO3AYXA HAJ PTYThIO

H-?

MOCJIe TOrO, KaK €€ 3aKpbUIM ¥ MOJHSIH 0 YPOBHS PTYTH B cocyae. B npeasiayime
Beipaxkenus P,V,=P,V,Bmecro P|,P, V| V, noacrasum ux 3nauenus:

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

CamocrosiTeibHAs paboTa
Bapmuanr 1

1. Haueptute rpaduku ©30TEPMUIECKOTO, N300apHOTO U M30XOPHOTO MPOIECCOB B KOopauHaTax P
uV;PuT;TuV.

2. VneanbHbli Ta3 cHavana u300apHO pacIIMPWIIM, a 3aT€M U30TEPMUYECKH CXKAIH JI0 MPEKHEro
oowvema. 306pasute st nporecchl B koopauHatax Pu V; PuT; Vu T.

3. B cocyne naxomutcs m=14 kr azota npu T=300 K u naBnenuun p = 8,3*104 Ila. Onpenenure
oobeM V cocyna.

4. Tlpu ckaTuy HEW3MEHHOTO KOJIMYECTBA HACATBHOTO ra3a o0beM yMEHBIIWJCS B 2 pasa, a
TeMIiepaTypa yBeaudmiach B 2 pa3a. Onpeaenure, Kak U3MEHWIOCH JaBJICHUE Ta3a.

Bapmuanr 2
1. Ha pue.1
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M300paxKeHbl ABE U30TEPMBI OJHON U TOMU ke Macchl ra3a. Yem OTJIMYAIOTCSl COCTOSIHHE ra30B, €CIIU
ra3pl oAuHakoBbie? UYem oOTIMYAIOTCS Tra3bl, €CIAM TEMIIEpaTypbl Ta30B OJMHAKOBBIE? YKa3zaHUE:
BOCIIOJIb3YiiTECh YpaBHeHUEM Kianelipona-Menpeneena.

2. WneanpHbll ra3 cHavajlla HarpeBalics MpPU IMOCTOSHHOM JIaBJICHUM, TOTOM €ro JIaBJICHHE
YMEHbIIAJIOCh IPU OCTOSIHHOM 00beMe, 3aTeM IMPH MOCTOSHHOW TeMmrepaType 00beM raza yMEeHbIIUICS
710 TIepBOHAYAIILHOTO 3Ha4YeHus. [locTpouts rpaduk B KOOpAUHATHBIX Ocsx V-T.

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

4. Temneparypa V1=2 Monb kucinopoja ,Haxozsmerocs B cocyne, pasHa T1=300 K. Onpenenure
temriepatypy T2 Bomopoaa, HaxXOHSAIIETOCs B COCyA€ TOH K€ BMECTUMOCTH IPU TOW K€ JIaBJICHHH,
B34TOr0 B KOJIMUECTBE V2=2 MOJIb.

dopma npeacraBieHus pe3yjabrara:

BreinonHuTh 3asaHue B TETPAAH [T MPAKTUYECKUX PadoT.

Kputepuu ounenkmu:
3a npaBUJIbHO BBIMOJIHEHHOE 33JaHHE BBICTABIIACTCS MOJIOKUTEIbHAS OlleHKa — 1 Oas.
3a HelpaBWJIBHO BBIMIOJTHEHHOE JICHCTBUE, 3a/IaHUE BBICTABIISETCS OTpPHUIIATEeIbHAs olleHKa — () 0ayuioB.
Oyenxa «omauunoy svicmagisemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenbhoy svicmasisemcs 3a Mmeaee 60% nMpaBUIBLHBIX OTBETOB

Tema 3.2 Tepmoannamuka. TenjioBbie MaIIMHBI
IIpakTnyeckoe 3ansaTne Ne8

JaBjieHue skuaKocTeil 1 TBepAbIX TeJl. 3akoH I[lackans

Heanb: Ha npuMepe pemieHns 3a1a4 M3y4nuTh XapakTep AaBICHUS )KUAKOCTEH U TBEPABIX TEJ, UX
MMPUMCHCHUC U yLIéT, 3aKOHBI, O6”I)$ICH$IIOHII/IC OTH SABJICHUA.

BoinosiHenue pa6orsl cnocodcTByet popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06 T1K
1.1LIIK 1.3

MarepuanbHoe o0ecnieyeHmne:

UHIMBUYaJIbHOE 33J]aHNe, KOHCIIEKT JIEKIUH, CIIpaBOYHbIE MaTEepHab.

Ykazanmue:

[IpakTHyeckoe 3aHATHE COCTOMT M3 JBYX 4YacTel — TeopeThdeckod M mpaktuueckoil. Ilocne
M3Yy4YEHUs1 TEOPETHYECKOr0 Mareprajga MOKHO IPHUCTYINATh K BBIINOJHEHUIO NMPaKTH4YecKol dactu. OHa
COCTOUT M3 JBYX W Oosiee 3ajauy Al CaMOCTOSITENIbHOTO BbIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
O(bOpMJ'IeHI/II/I pEeIICHUA. Ha Brmmonnenne IMPAKTUYCCKOI'0 3alaHUs OTBOAUTCH JIBa aKaACMHUYCCKHX Yaca.

3aganue:

1. OsHakoMbTECH C KpaTKUMH TCOPECTUICCKUMH CBCACHUAMU
2. Pemmre 3amaum, caMOCTOSTEIBHO HCHONB3YsSd NPUMEPHl M KpPaTKUE TEOPETHYECKUe
CBEJICHHUSI.

Iopsinok BbINOJIHEHUSI PadOThI:
1. H3zyuuTte u BeIMUIMTE GOPMYIIBI 110 TAHHOK TeMe:
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2. Pa30epute npuMepsl pelIeHHBIX 3a/1a4
3. Pemmre caMoCTOATENHHO 3a/1a91

Kparkue TeopeTuueckne cBe1eHHs

Z[aBJ'ICHI/Ie TBEPAOTO TClIa

TBepmoe Teno, HaxoAswieecs Ha  OIOPE, F| ZAeHCTByeT Ha OIOpY € CHJIOH, KOTOpasd
pacnpezesieHa 10 MOBEPXHOCTH OCHOBaHMUs Tena. Jlis g | omucaHUs TaKUX PACIPEACIICHHBIX CHJI
BBOJUTCS HOBas (hu3HuecKas BeJIUUUHA —Ode/1eHuUe.

JlaprieHue (p) — OTHOIICHHE CWJIBI K IUIONIAJM I[OBEPXHOCTH, HAa KOTOPYIO OHa JCHCTBYET B

MIEPIEHIUKYIISIPHOM HaIlpaBJIEHUU. [p]= 1% = 1 ITa — ITackasp
M

[[aBJ'IeHI/Ie B XKHNJKOCTAX

OCHOBHBIM OTJIMYHMEM JKUIKOCTEH OT TBEPABIX (YHPYIMX) TeJl SBISETCA CHOCOOHOCTH JIETKO
U3MEHSATH CBOIO (POpMY.

Yactu KHUJIKOCTU MOI'yT CBO60I[HO CABUTaTbCA, CKOJIB3A APYr OTHOCHUTCIBHO

npyra. [T09ToOMy KHAKOCTH IPUHEMAET (POPMY COCY/Ia, B KOTOPBIA OHA HAJIMTA. I I
. 2 2
Ha Teno, morpyKeHHoe B )KUIAKOCTh WM Ta3, IEUCTBYIOT CUIIbI, PACTIPEIEIIEHHBIE
[0 TMOBEPXHOCTH Tejia. JiAt ONMCAHWs TAaKUX PACIPENEIEHHBIX CHJI  TaKkKe
UCIIONB3yeTCs (pU3NUECKas BENMUUHA — Oas/IeHue. 2

3akon ITackans: AAaBJICHUEC B JKHUIAKOCTU MM Tra3€ IMepcaacTCsa BO BCEX

HaIpaBJICHHUAX OAWMHAKOBO U HC 3aBUCHUT OT OPUCHTALIUU TIJIOIIAaJAKU, HA KOTOPYIO OHO HCﬁCTByeT.

Jns nmoctpanuu 3akoHa Ilackans Ha pucyHke nzoOpaskeHa HeOoJbIIask MPSIMOYToIbHAs PU3Ma,
MIOTPYKEHHAs! B KUJAKOCTh. ECiIM NMpeanosokKuTh, 4TO IUIOTHOCTh MaTepHalla MpU3Mbl paBHA IJIOTHOCTH
AKHJIKOCTH, TO TPU3Ma JIOJDKHA HAXOAUTHCS B JKUAKOCTH B COCTOSTHMM 0O€3paziIMyHOrO paBHOBECHS. DTO
03HA4YaeT, YTO CHJIbI JABJICHHUS, JECUCTBYIOIIME HA IPAHU MPU3MBI, JTOJKHBI ObITh YPaBHOBEIIEHBI. JTO
IIPOU30MAET TOIBKO B TOM Cilydae, €CIM JABJICHMS, T. €. CUIbI, ACHCTBYIOIIME HA €IUHMIY IUIOLIATU
ITOBEPXHOCTH Ka)KJI0M TPaHU, OIMHAKOBBL: P1 = P2 = P3 = P.

JlaByieHre KMJIKOCTH Ha JTHO WJIM OOKOBBIE CTEHKH COCYJa 3aBUCUT OT BBICOTHI CTOJIOA JKUKOCTH.
JlaBnenue cToi0a >KUIKOCTH p Ha3bIBAIOT I'MIPOCTAaTUYECKHUM JaBieHueM: h=p-g-h rae p —

IIJIOTHOCTD KUJIKOCTH, h — BeIcOTa cTONOA KHUOKOCTH.

Ecnam xuakocTh HaXoIWTCA B UUIMHAPE MOJA MOPIIHEM, TO JEHCTBYS Ha IMOPIIEHb HEKOTOPOU
BHEIIHEW cuiioii F, MOXXHO co3/1aBaTh B JKHJIKOCTH JOMOJHUTENbHOE HaBieHue Pp = F / S, rme S —
IJI0ILA/Ib TOPIHS.

Takum 00pa3oM, MOJHOE JAaBJICHHE B )KUIKOCTH Ha riTyOMHE h MOXHO 3ammcarh B
Buze: P = Py+pgh

Ha teno, nmorpyxeHHoe B KUJKOCTb WJIM Ta3, IEUCTBYET BBITAJKHUBAIONIAsA CHUJIA —
cuna Apxumeoa.

ApXuMe0Ba cHJIa, JICUCTBYIOIIAS HA MOTPYKEHHOE B KHUAKOCTh (WJIH ra3) TeJo,
paBHa Becy >KMAKOCTHU (UM ra3a), BhITeCHEHHOM Tenom F Apx =P

aVv
KA TEJla
€CIIU CpeJHss INIOTHOCTh Tela Py OOJIbINE MNIOTHOCTU JKUAKOCTH (Min rasza) p (pr > p), Teno Oyaer

OITYCKAaThCs Ha JHO.
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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.
3aK0oH COOOIIAIOIIMXCH COCYIOB: OdsieHUe 8 000U MouKe Ha 0OHOM U MOM
Jice yposHe 6 CO0OWAarWUXCcs cocyoax 00uHaKoso: P, = p,

rac pi1 U po — JABJICHHUA HA OJHOM MW TOM K€ YPOBHC B IIEPBOM M BTOPOM KOJICHC
coo6malomeroc>1 cocyaga COOTBETCTBEHHO.

I'mapaBnuueckuit mpecc

Ecnu 06a BepTUKAILHO PACIIONIOKECHHBIX IIMIIMHIPA COOOITAOIINXCS
COCYZIOB 3aKpBITh MOPIIHSAMH, TO C T[OMOIIBIO BHEIIHUX CHII,
NPUIOXKCHHBIX K TOPIIHSAM, B KHIKOCTH MOYHO CO3JaTh OOJIBIIIOE
JaBJICHUE P, BO MHOTO pa3 MPEBBIIIAOIICE THAPOCTATUYECKOE JaBICHUE
pgh B m000#t Touke cucTeMbl. Eciy MOpIIHE UMEIOT pa3HbIe TUIOLIA K

S1 1 S, TO HA HMX CO CTOPOHBI KHMAKOCTH JEHCTBYIOT pasHbIE CHIIBI Fp = T F S
PS1 u F2 = pSy Hpu $3>>83, To Fp >> Fy. —L="1 ym F,=F=
YcTpoifcTBa TAKOTo pojia Ha3bIBAIOT 2UOPACIUECKUMU MAUUHAMU LS S

[IpuHimn padboTel MPOCTEHIINX THAPABINYECKUX MAIIUH

To 00cTOATENBCTBO, UTO KUIKOCTH Oy/Iydd MPaKTUYECKH HEC)KUMAEMbIM U, PAaBHOMEPHO IE€PENAIOT 110
BCEMY CBOEMY OOBEMY BHEIIHEE JIABJICHHE, IIUPOKO HCIIOJIb3YETCSl B PA3IMYHbBIX OTPACISAX TEXHUKHU (B
TMJIPONPUBOJIAX, FMIPOABTOMATHKE, TMAPABINYECKUX TOPMO3aX M YCHIUTENIAX M T.I.). DTO CBOICTBO
KHUIKOCTH TaKke IPQPEKTHBHO NPUMEHSAIOT B TAKHX INPOCTEHINIMX MallWHAX, KaK TUIPaBIMYECKHE
JOMKpaThl (OJbEMHUKHN) U TIPECCHI.

[TpuHIMD X pabOTHI OCHOBAH HA CIEAYIOLIEM: UMEIOTCS [Ba COOOUIAOIUXCS
MeXJy co0oi HMIMHApa pa3Horo auamerpa llpunaras K HOPIIHIO MEHbBIIETO
13 LIWIMHIPOB KaKylO-TO BHEIIHIOIO cuily Pi, MBI TeM caMbIM co37aeM Ha

_b

™ —5_
MOBEPXHOCTU JKHUJIKOCTH B 3TOM IHMJIMHIPE TaBJICHUE 1 | xoTOopoe
PaBHOMEPHO TIEpEeIaeTCsl BO BCE TOYKH MPOCTPAHCTBA, 3aIOJHEHHOTO JKUAKOCTHhIO. Torma Ha mopIieHb

6OHBU_ICFO nu3 I_[I/IJ-H/IH,HPOB 663 yqua HOTepb 6yHeT JACHUCTBOBATH IIOABEMHAs CHIIA 2 I 122 ynm
54

P, =P
2 1

51 . Takum oOpa3zoM, 4eM OoJibllle Pa3HIATHCS MEXKIY COOOM TUIOMIAAM TOTEPEYHOTO CEYCHUS
WIMHIPOB, TEM OOJBIIYI0 (MOABEMHYIO, CKHUMAIOMIYIO, TIEPEMEIIAIONIYI0) CHIIY MBI TIOJy4aeM B TaKHX

TUAPABINYECKUX YCTPONUCTBAX.

Crartnueckoe JaBiIeHUE KUIKOCTH Ha IUNIOCKYIO IOBEPXHOCTh. [ HApOCTaTHYECKNH MTapagoKe

HJ’IS[ OMpEaACICHUA CUJIBI JaBJICHUSA KUAKOCTH P Ha IJIOCKYIO IMOBEPXHOCTD, INIOIIAb KOTOpOI\/'I PaBHACTCA
S, pa3o0beM ee MPOM3BOJBLHBIM 00pa3oM Ha OECKOHEYHO Mauble ruromaau ds. [laBmeHue >XUIKOCTH Ha
MOBEPXHOCTh OMPECIUTCS KaKk CyMMa CUJI IaBIICHUH Ha OTU dIIEMEHTapHBIE IIOMIAIKH.

PaccMoTpuM sieMeHTapHyIO TIJIOMIAIKY, [IEHTP
KOTOPO# pacroioKeH Ha ITyOuHEe ypOBHS,
MIPOXOASAIIETO Yepe3 LEHTP TSKECTH Beel momany T.
JlaBiieHHE B LEHTPE TSHKECTU ATOM IIOLIAIN
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0003HaunM p,. Toraa ruapocTaTiyeckoe JaBIeHUE B LIEHTPE 3JIEMEHTAPHOM TUIOIIAKH PaBHO

P=P:*P'BEM  OkoHuaTeIBHO HIONYIHM P =p,s

Takum 06pa30M, CyuJia NaBJICHHA KXKUJAKOCTH Ha INIOCKYHO IMOBCPXHOCTH paBHA IMPOU3BCACHUIO ILJIOHIAAN
ITOH IMOBEPXHOCTHU HA BECIMYHUHY T'HAPOCTATUYCCKOI'O JaBJICHHUA B €€ HECHTPEC TAXKECTH.

CJIGI[CTBI/IGM ABJICTCA JOKA3aTCIIbCTBO TUAPOCTATUYCCKOTIO MMapaJoKCa, BIICPBBIC ITOJTYYCHHOC ITackanem.

BenuunHa CHIIBI BECOBOTO ABJICHMS KUAKOCTH Ha JHO PE3EpByapa 3aBHCHUT TOJBKO OT INIOTHOCTH TOU
KHUJIKOCTH, TUIOIIAJN JHA U TIIyOWHBI €ro MOTPYXKEHHS MO CBOOOJHON MOBEpXHOCTHIO. IIpu 3TOM Bec
KHUJIKOCTH, HAJIMTOU B COCYZ, MOXKET OTJIMYATHCS OT CHJIbl JaBJICHMs, OKa3bIBAEMOIO €10 Ha JHO, T.C.
CHJIBI JIaBJICHHUS JKUAKOCTH Ha JHO pe3epByapa HE 3aBUCAT OT €ro (JOpPMbI U KOJIMYECTBA KUAKOCTH

P =po +P8hy. P =(py +pghy)s,

1 2) 3

Tak B paciupAIOIMIUXCA KBEPXY COCydax CHJiIa BECOBOI'0 OABJICHHA Ha AHO MCHBIIC BECa XUIAKOCTHU, B
LWINHAPUYECKUX OHHU OJUHAKOBBI, a B CYXHBAIOIIMXCS KBEpPXy — CHJa JaBjieHUs Oojblle Beca
3aKJIIOYEHHOM B COCYJ JKHJIKOCTH.

Tak kak HaiiieHHass cuja SBISETCS PaBHOJEHCTBYIOIIEH, TO IMOMHMMO €€ BEJIMYMHBI HE0O0XOAUMO
OTpEeACNUTh U TOUKY €€ MPUJIOKEHHUS, Ha3blBAEMYIO IIEHTPOM JaBieHus. LIeHTp TspkecTu coBmajaer c
LIEHTPOM JaBJICHHA TOJBKO TOIZa, KOIZJa paccMaTpuBaeMas IUIOCKas IIOBEPXHOCTh JIEKUT B
TOPU30HTAIBHOMN TUIOCKOCTH.

[TockoabKy rUAPOCTATUYECKOE AABICHUE p ABISIETCS MOAYJIEM THAPOCTATUYECKOTO HANPSHKEHUS, STIOPHI
HOpMa.TII)HOFO FI/I)IPOCTaTI/I‘-ICCKOFO HaprDKeHI/Iﬂ MOFYT 6I>ITI) HOCTpOGHI)I C HUCITOJIB30OBAHUEM
3aBUCHUMOCTH U TIPUMEHEHBl MJis OMNpeleieHHus BeIMYMHbI B JI000H TOUke paccMaTpuBaeMon
HOBerHOCTI/I. HpI/I 3TOM cnenyeT IIOMHUTB, YTO 3TO HaprDKCHI/Ie HanpaBneHo 110 HOpMa.]'II/I K IIIOMHIaAKE
JICUCTBUSL.

PaCCMOTpI/IM MOpsAAOK TIOCTPOCHHA OHIOPBI HOPMAJIBHBIX THUAPOCTATUUCCKHUX Hal'[pfl)KeHI/Iﬁ Ha
BCPTUKAJIBHYIO CTCHKY, YPOBCHDb KUJIKOCTHU B KOTOpOﬁ H

rg A
::: } -
- > | Z
- yd
yd -
2Nl }ao’ ﬁg!‘/ . . Ig-':pg}'/
a ] 8 2

Onropvl HOPMANLHBIX SUOPOCMAMUYECKUX HANPANCEHUL
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BHemHee ruzmpocTaTudeckoe JaBIEHUE po PABHOMEPHO IMEpeNacTcs >KUIKOCTBIO M0 BCEMY €€ 00BeMy.
OTnoxuB B MacmiTade Ha TMEPIeHAMKYIApax K paccMaTpUBAEMOM IUIOCKOW CTEHKE B €€ BEpXHEH M
HIDKHEW YacTH pp U COCJAMHUB KOHIIBI BEKTOPOB MPSIMOM JIMHUEH, MOJYYHM MPSIMOYTOJbHUK-3IIOPY
HOpMaJbHBIX HANpPSHKEHUHM, BBI3BIBAEMBIX BHEIIHUM JaBJeHHEM. WM30bITOUHOE TUIPOCTATHYECKOE
JIABJICHUE U3MCHSICTCS 10 TIyOHHE 10 3aKOHY MPSMOM, MpudeM oHO paBHO (0 Ha CBOOOJHON MOBEPXHOCTH
KMJIKOCTH U MakCHMasbHO — y aHa (pgH).

Takum 00pa3oM, 3MIOPHl HOPMAIBHOTO M30BITOYHOTO THIPOCTATUYECKOTO HANPSHKEHHUS MUMEIOT (Gopmy
IPSIMOYTOJBHOTO TPEYTOJBHHUKA. DIMIopa HOPMAIBHOTO a0COMIOTHOTO THAPOCTATUYECKOTO HATPSHKECHHS
MOJTyYaeTCsl B PE3yJIbTaTe CIOKEHUS MPEABIIYIINX ABYX S0P U UMEET GOpMY Tparenuu.

AHAJIOTUYHO CTPOATCA SMIOPbl HOPMAJIBHOI'O THUAPOCTATUYECKOIO HAIPSKEHUS B CIIy4ae HAKIOHHOU
creikd. C TOMONIIBIO TMOAOOHBIX JMIOP MOXHO Trpaduueckd CYMMHUPOBAaTh HOPMaJIbHOE
TUAPOCTATUYECKOE HAIpPSHKEHUE IMPU JEHUCTBUUM OJHOPOAHBIX WJIM PA3HOPOIHBIX KHJIKOCTEH C JABYX
CTOPOH IUIOCKOM CTEHKH.

C moMouIbio 3MIOPEl HOPMAIBHOTO THIPOCTATHUECKOTO HAMPSHKCHUST MOXKET OBITh TOJCYMTAHA CHJIA
THIPOCTATHYECKOTO JIaBJICHUS Ha IUIOCKYIO MOBEPXHOCTH, IMOCKOJBKY OOBEM TAaKOH 3IMIOPBI YHCICHHO
paBeH BEJIMYUHE A3TOW CHIIbL [IpHueM cuila JaBJICHHS Ha IJIOCKYIO TOBEPXHOCTH
MIPOXOJIUT YePe3 LEHTP TSHKECTH AIIOPHI, MOJOKEHHE KOTOPOT'O IS TPAICIEH IATbHOM
3MIOPBl HOPMATBHOTO THAPOCTATHYECKOTO HANPSIKEHUS HA MPSIMOYTOJbHYIO CTEHKY
MOJKET OBITh OIpeIeNIeHO TpadUIecKu WIH 1o popmynam.

IIpuMepsI pelieHus 3aaa4
1. Omnpenenuth naBieHHe OCH3WHA HA JHO IMCTEPHBI, €CIIM BhICOTA CTOJI0A OcH3WMHA 2,4 M, a €ro
MI0THOCTB 710 KI/MC.

Hano: Pewenue:

h=24mM 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 xIla

2. Kakas KuaKOCTh HaXOJUTCS B COCY/IE, €Cli ¢TI0 BeicoToM 0,3 M oka3biBaeT aaBienue 5400 [1a?

Hano: Pewerniue:
/I 0,3 M - ) 2l
p = 5400 [la p=pgh p= e
r= 10 H/kr e
i e p=—o 018 _, 300 wivm?
0 —2 10 H/kr « 0,3 m
Omeem. Cepuas KHCJIOTA

3. B Gonbmioit cocys ¢ KBapaTHBIM JTHOM TUIOMAALI0 9 M2 U BEpTUKAIBHBIMUA CTEHKAMU HAJIUTA
Boza (cM. pucyHOK). KakoBa BeICOTa ypOBHS BOJBI B COCY/IE, €CIIM CUJIA €¢ AaBlieHUsI Ha OOKOBYIO
MOBEPXHOCTh COCYJIa paBHA CWJIE IaBJIEHUS 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.

Jdano: cHh
hl = h2 = h3 =5cem [0,05m :::::::::
h=17,5cm 0,075 m ;:%:%o-pi—; h,
p. = 1000 =L —— — — —

M e e

Kr ——=>2caap. —| k.
P = 900 F _————— —
p, = 13600 XT s —|
P-? -
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.

Ob6mee nasnenme Ha AHO cocyja OGyaer pasHo: P= P, +
+ P, + P3, tak Kak hy, = hy = hg, P=p gh, + p,gh, + p,ghs =
= ghl(pp + pn + pn)'

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 =
= 1190 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,ghz ,

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.
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Il ano: CH
P = 2000 Ila 0,02 m

R=2cm 0,01 m
r=1cm
F—? |

Pemenamue:

Cnrma, nedicTByoniasi Ha TpoOKy B O0JIBIIIOM OTBEpPCTHH,
pasHa: F, = PS,, rone S, — niaomank 60JIIOT0O OTBEPCTHSA;
S, = tR?, Troraa F, = PrnR>.

Cuna, aeiicrByoinas Ha NpoOKY B MaJIOM OTBEpPCTHH,
pasHa: F, = PS,, roae S, — nJsiomanabks MaJIOro OTBEpPCTHA;
S, = nr®, Trorana F, = nPr?.

Cuoia, nedicrByomnas Ha TPOOKY CO CTOPOHEI JKHIAKOCTH,
pasua: F = F, — F,; F = nPR? — nPr* = nP(R* — r°).

OTcrona cnenyer, 9TO [F = nP(RZ — 2 )].

IToacraBsmue B GOPMYJIY YHUCJIOBLIE€ JaHHBIE, ITOJIYYHM:

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

OrTBeT: F=1,884 H.

Pemurhb 3a1a41 caMOCTOATEIbHO
‘{eMy paBHa apxXumMeaoBa Cujia, ,I[eﬁCTBYIOHIaSI B BOJC Ha IIaHCIIb Maccoi N Kr u3 CTCKIJIA, HpO6KI/I,

amoMuHEA,  CBMHIA?  (Perexnn=1200KT/M°,  Prposc.  =240KTM%,  Pamosmmni=2700KT/M,
Pesna=11300kr/Mm>)
[Tnomaae Majaoro IMOPIIHS THAPABIMYECKOro Ipecca paBHa 10 cm?, Gompmoro — 50 cm®. Ha

MaJIblii TOpIIEHb MOMEeCTHSM Trupio Maccoi 1 kr. Kakoil rpy3 HyXHO NMOMECTUTh Ha OOJBIION

MOPUIEHb, YTOOBI KUAKOCTh OCTAJIach B PABHOBECUU?

Hacoc Harmeraer macio B TuApaBiIMueckuil mpecc nox apasieHueM NMIla. Orto naBnenue

nepefaeTcss Ha OOJBIIMKM TOpIIEHb, IJIOMmaas KoToporo 800 eM? Kakyro cuny paBneHus

UCIBITHIBAET 3TOT MOPIIECHB?

BOJIBIIIOl MTOPIIIEHB THAPABIMYECKOro IPECca IIOma/pio 180 cM? IEHCTBYET Ha IPECCYEMOe TEJIO ¢

cwiton NkH. C xakoil cuiiofl JeicTByeT Maciio B Ipecce Ha Majblil MOPIIEHb, €CIIN €ro IUIOALb

paBHa 4 cM>?

Omnpenenuth naBieHue OeH3WHA HA JTHO IUCTEPHBI, €CIM BbICOTa cToiiba OeH3uHa 2,1 M, a ero

motHocTs 710 kr/m®

BbruucnuTe naBiaeHue U CHIIy JIaBI€HUS KEPOCHMHA Ha JHO Oaka miomiajsio 50 M, ec BBICOTA

cToyiba KepocuHa B 6ake Ncm.

Pacummpssace, ra3 nepemectun nopueHb Ha paccrosaue 0,5Mm. Ilnomaas mopmns 0,02m2,

atmocdepHoe nasnenne HopMmaiabHoe (101,3 kIla). Onpenenute: paboTy ra3a Mo MPOTATKUBAHUIO

MOPUIHS; KOJMYECTBO TEIUIOTHI, OTJaHHOe razy HarpeBareneM. Cuwmraiite KIIJ[ Harpesaremns

paBHBIM 1, a TpeHHEM IIpeHeOperuTe.

B cranenuTeiHOM NMpPOM3BOACTBE «M3JI0KHUIIEH» HA3bIBAETCSA UYT'YHHBIM CTaKkaH

06e3 aHa, B KOTOPBIA BBUIMBAIOT pacIllaBJIeHHbIH MeTayll. BepxHee oTBepcTue N

U3JI0KHUIIBI HEMHOTO MEHbIIE HIDKHEro Ui TOro, YTOOBI MOXKHO OBLIO ‘ |1 |

U3JIOKHUILY CHSTh C OTBEPJAEBILErO CIUTKA, KOTJa OCTHIHET MeTaul. UToObl L_U . ['
)

METaJUl CHM3y HE BBUIMBAJICSA, M3JIOKHUIBI CTABAT HA IUIOCKOE OCHOBAaHUE U ’
JIeNaloT UX O4YeHb MacCUBHBIMH. Ha pucyHke cieBa m300pakeHa H3JI0XKHHIIA, \
cupaBa — TMOJBEM H3JIOKHUIBI C OTIAUTOro ciuTka. Omnpeaenure Ccuiy .

AaBJICHUA, KOTOPYIO IMPOM3BOJUT Ha MOJJIOXKKY H3JTOKHHIIBI HaJINTHIN YYyI'yH,



10.

11.

12.

13.

14.

15.

16.

€CIIM BHICOTA M3NOXKHHUIBI 1,5 M, a riomans HikHero ocHoauust 1600 cm?. IInoTHOCTB dyryHa
7000 xr/m’,

Bo ckonbko pa3 naBieHre BOJBI HA JHO KOQEHHUKA OOJbINe, YeM Ha JHO YalHHKA, €CIIA BBICOTA
crosiba Bojbl B kodeitHuke 30 cm, a B yaitHuke — 12 cm?

OmnpenenuTb BBICOTY YPOBHS BOJBI B BOJOHANOPHOW OalmiHe, eciu
MaHOMETp, YCTAHOBJICHHBI y €€ OCHOBaHUs, MOKa3bIBaeT AaBiieHue 220

!
ll
|

__;:_:_:4 .
kITa. - S ey £
BricoTa cronba Boxmbl B ctakane 8 cM. Ha ckoJibkO AaBieHHE PTYTH HA —
JTHO CTakaHa ObLTO ObI OOJIbINE, eCiii OBl PTYTh HAJMWIA B CTaKaH 10 TOTO :"}_ A

K€ YpOBHA? e

Jnuna axBapuyma 40 cm, mmpuna — 20 cm, Beicota — 30 cm (cMm.

pucynok). C kakoii CuiIoi BoJa JaBUT Ha JHO akBapuyMa? Boja Huxe BepXHEro Kpas akBapuyma
Ha 2 cM

. Cocyn umeer maccy 15 kr. Korga B Hero noBepxy I0JuiIu BoJibl, Macca ctaia 40 kr, a korja B
ATOT K€ COCYJ HaJWIN JOBEPXY HEU3BECTHBIM PacTBOp, TO Macca craja ﬂ
paBHOil 45 kr. OmpenenuTs aBJeHHE HEM3BECTHOTO pPAcTBOpa Ha JHO ——\ |
cocy/a, eciy BbicoTa cocyna paBHa 0,5 M. E h
B uBerounyto Ba3y Hanuta Boza. /laBienue Bojsl B Touke (1) Oosnblie, uem —_—
B Touke (2), B 1,6 paza. Touka (1) orcTout OT AHa Ba3bl HA 4 cM, a TOUKa (2)

—Ha 10 cM (cm. pucyHok). KakoBa BbicoTa BofbI B Baze?

B cocyn, miomaas momnepeyHoro ceueHus KOTOPOro YMEHBIIAETCS B

HAIpaBJIEHUN OT JHA K BEPXHEH YacTH, HATUTA KHUAKOCTh Maccoit 1,6\ ! /
Kr (cM. pucyHOK). OOBEM KUJIKOCTH paBeH 2 J. BpicoTa KMJIKOCTH B '
cocyze paBHa 20 cMm. HaliTu naBneHue >KuaKoCTH Ha AHO cocyaa. h
Kakyro cuny naBieHust UCIIBITBIBAET CTEHKA akBapuyma JinHou 40 cM,
eclii yroil ee HakioHa 60°, a BeicoTa BOAbl B akBapuyme 20 cM (cM. pUCYHOK)? ATmocdepHoe
nmasinenue 105 Ila.

®opma npeacraBiaeHus pe3yabTara:
BeInonHuTh 3a1aHue B TETpaau AJs MPAKTHUECKUX paloT.
Kpurepuu onenkmn:

3a IpaBHIBLHO BBITIOIHEHHOE 33/1aHNE BBICTABIISIETCS TTOJIOKUTEIbHAS OlleHKa — | Oa.

3a HeMpaBWIIBHO 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 «Heyoosiemeopumenvno» svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.2 OcHOBbI TepMOAUHAMUKH. TenjioBbie MAIIMHbBI

IIpakTnyeckoe 3ansiTue Ne9

AO0COJIIOTHBIE M OTHOCHTEJIbHBIE 1e(hopManii TBEPABIX TeJl
Heab: HayuynThCS MPUMEHATH 3aKOH ['yKa K peleHuI0 HEKOTOPBIX (PU3UYECKUX 3a]ad, HayYUThCs

OTJIMYaTh A0COIIOTHOE U OTHOCUTENBFHOE Y/UIMHEHHE.

Beinosinenue padorsl cnocodocTByer popmuposanmio: OK 01, OK 02, OK 03, OK 09, OK 06 IIK
1.1,LIIK 1.3

MarepuanbHoe o0ecniedyeHme: TETPaab IS IPAKTHUECKUX padoT, pyyka, METOJUYECKHE PEKOMEH AN
IO BBITMOJIHEHUIO paboThI, TMHEHKA, KapaHaalll.

Yka3zanme: [Ipaktuueckass paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M NMPaKTUYECKOM.

Ilocne N3YUCHUA TCOPCTUYCCKOTO MAaTCprajia MOXHO IMPUCTYINATh K BBIITOJHCHUIO HpaKTquCKOﬁ qacCTu.
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Omna coctouT U3 ABYX U OoJiee 3a/1ad JJisi CaMOCTOSTEIHHOTO BBIMONHEHUs. He 3a0biBaiiTe 0 nmpaBUIBHOM
oopmiennn pemenus. Ha BbimoHeHHE MPaKTHYECKOH OTBOAMTCS JIBa akajaeMudeckux daca. [lopsmaok
BBITIOJIHEHUS pabOTHI
ITopsinok BbINOJIHEHHUSI PA0OTHI:
1. PaccMoTpuTe TEOpETHUECKHMI MaTepwal IO TeMe U TpPHUMEphl pelIeHus 3anad (CMOTpHU
METOAMYECKOE ITOCOOHeE).
2. Pemmure camocTosTensHy0 padory. Odopmure pereHne TUChbMEHHO B TETPAIH.

1.Teopus.
Buasbl negpopmanuu. 3akon I'yka.
Heghopmayueti Ha3pIBalOT U3MEHEHNE (HOPMBI TN 0ObeMa Tena.

Ynpyzoii nazpiBatoT aedopmalfio, KOTopas MOJTHOCTHIO HCYE3aeT IOCNE IMPEKpalleHus: IAeHCTBUS
BHEIITHUX CHIL.

Heynpyzoii (nnacmuueckoii) Ha3pIBaIOT JIedopMalnio, KOTOpas HE HCYE3aeT IOCHe MpeKparieHHs
JEHCTBUS BHEIIHUX CHJL.

Cuna, BO3HHMKaiomas B pe3yinbrare aAepopmanuu Terna U HAOpaBleHHas B  CTOPOHY,
IIPOTUBOIOJIOKHYIO EPEMEILIEHUIO YaCTUIL Tela MpH eopMaliiy, Ha3bIBACTCS CUNLOU YNPY2OCU.

HpH‘lHHOﬁ I[e(bopMaI_[I/II/I TCJa ABJIICTCA ABUKCHHUC O,Z[HOﬁ 4aCTu OTHOCHUTCIIBHO I[perﬁ, a CJIICACTBUCM
Ile(bOPMaIII/H/I TCJIa ABJIACTCA BOSHUKHOBCHHUEC CHUJIBI YIIPYT'OCTH.

Bunet nedpopmanun
Hedopmarus pacTspkeHUs (CoKaTHS)

- 3T0 Aedopmarus, Ipu KOTOPOH U3MEHSETCsl PACCTOSTHIE MEXIY MapauleIbHbBIMU CIOSMH YIIPYroro
TBEPJIOTO Tela.

[Tpu nedopmanuy pacTsKeHUs! YBEIUUUBAIOTCS pa3Mephl Tela.
[Tpu nedopmariuy cxatrs yMEHbIIAIOTCS Pa3MEPHI Tela.
Jedopmarus pacTspkeHHs (CKaTHs) XapaKTepu3yeTcs: abCOMOTHBIM YAJTMHEHHEM.

AOCONIOTHOE YIJIMHEHHE I[TOKa3bIBa€T Ha CKOJIBKO HW3MEHSAETCs JUIMHA Tella IO CpPaBHEHHUIO C
MepBOHAYAILHON JUTMHOW 00pasiia.

A!z"h:]

A1>0 nepopmarnus pactsxenus A 1 < 0 nepopmanust cxaTust
OTHOCHUTEIBHBIM YAJTMHEHUEM Ha3bIBAIOT (PU3UUECKYIO BEITMUUHY, PABHYIO OTHOIICHUIO a0COIIOTHOTIO
YIUIMHEHUS K MIepBOHAYATILHON JIMHE 00pa3La.
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Ly
Hedopmarnus n3ruda
Hedopmariun u3ruba moaBepraeTcs TeI0, 3aKPEIICHHOE € JBYX CTOPOH M HArpy>KEHHOE MOCEPEIHE,
1100 TEJ0, 3aKPEIICHHOE C OJJHOI CTOPOHBI M HATPYKEHHOE C APYrOd CTOPOHBI.
[Tpu nedopmanuu n3ruda BOrHyTast 4acTh Teja MOoABEepraeTcs aeopMaIiy CoKaTHs, BBITYKIIAs 4acTh
Tela moJBepraercs AehopMaluy pacTsHKESHHUS.
YroOBbI TeJIa MEHBIIIE MOJIBEPTAIUCH, NePOPMALIUU U3TH0a, UX JACTAI0T TPYOUaTHIMH.
Hedopmarus cipura
- 9TO Takas jaedopmarus, MpU KOTOPOH MPOUCXOTUT CMEIeHHE (CIBUT) TapaIebHBIX CIOCB
YIPYroro TBEPAOTO Tella IPYr OTHOCHTEIILHO APYTa.
Hedopmarust kpydeHuUs
Jedopmanuy KpydeHuUs: MOABEPraeTcsi TEI0, OJAWH KOHEI KOTOPOTo 3aKpeIUIeH, a K JAPYroMy KOHILY
NIPUJIOKEHBI JIBE CUJIBI, PAaBHBIE 10 MOYJIIO U TIPOTHUBOIIOJIOKHBIC [0 HATIPABJICHUIO.
3akoH ['yka
CuJia ynpyrocTH, BOZHUKAIONIAS TPH MANIBIX Ae(opMaIusix Teina, MpornopiruoHaIbHA YIJIMHEHHUIO Tea
Y HarpaBJicHa B CTOPOHY, IIPOTHUBOIOIOKHYIO HAIIPABJICHHUIO MIEPEMEIICHUIN YaCcTHIL Tella.
Fy=-kX
K - sxecTKOCTB Tesa, 3aBUCHT OT (JOPMBI M pa3MEpOB Tella, U OT MaTrepualia, U3 KOTOPOrO H3rOTOBICHO
TEJIO, X - CMELICHHUE.
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Cuna ynpyeocmu
Cunel ynpyrocTy BO3HUKAIOT IpU JedopMaluy Teja U HalpaBjeHbl B CTOPOHY, IPOTUBOIIOJIOKHYIO
CMEILEHHUIO YaCTHIL TENA U3 NTOJIOKEHHS pAaBHOBECHSI.
3axon I'yka
Jnsa Manbix ynpyrux JedopMmanuii pacTsHKeHHs M CKaTWs BBINOJHSETCS 3akoH [yka: cuia
YIOPYTOCTH MPSAMO MPONOPLHMOHANBHA YUIMHEHHUIO Tejla U HaIpaBlieHAa B CTOPOHY, IPOTHUBOMOIOKHYIO
HaMpaBJICHUIO IepeMEeIEHUI YacTHIl Tea npu AedopMariu:

F=k 41,

riae kK — koadunment sxectrkoctu, H/Mm;
Al — yanuHeHue Tena, M.
IIpu npoeknuu Ha ock X 3aK0H [ 'yka MpuHUMAET BUJ:
Fy=- kx, A ﬁ

rae x = Al — yniuHeHue Tena, M. _E:L

(x > 0 ipu nepopManuu pactspkeHus, x < () mpu neopmaruu cxaTus).
[TpumepsI CHITBI YIIPYTOCTH. i P

(3}
Cuna peakiuu onopsl (CHia, IEHCTBYIONIAs CO CTOPOHBI ONIOPEI HA TENO) — .

Cuna HOpMaJIBHOTO /1aBJIEHUS (T€Na Ha Omopy) — M 2 m

Cuna peakuuu ONOpPbl W CWJIA HOPMAJIbHOTO JIaBJICHUS HAlpPaBJICHBI Puc. 8
MEPIEeHIUKYJIIPHO MOBEPXHOCTH COMPUKOCHOBEHHUSI TeN (pHC.8).
Cuna HaTsbKEeHUs — HallpaBJieHa BAOJb HUTH (Tpoca U T.11.) — 7.
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Bec mena. Hesecomocmo
Bec mena — cuna, ¢ KOTOpoil TeslO, BCIEACTBUE €r0 MPUTSHKEHUS K 3emiie,
JICHCTBYET Ha ONOPY WJIU ITOJBEC.

Bec tena, 0603HaueHHBII OyKBOI — ', 10 MOIYJIFO paBEH CHJIE TSAKECTH:

ﬁ:m@-’,

Ho 3T0 He 3Ha4uT, uto ©» U P - O1HO U TOXeE.
I

Cuna tsxectd (£7) — 3T0 rpaBUTAIMOHHAS CHIIA, TIPHIIOKEHHAS K TEIY.

Bec Tena — 310 cuia ynpyrocTtH, NpuioKeHHas K IMOJABECY.

2. [Ipumep pemieHus 3a1a4

Ha tonko# npoBosoke nojgenieH rpy3 maccoi 10 xr. [Ipu 3ToM JIyTMHA MPOBOJIOKH YBEIMYMIACh HA
0,5 mM. UeMy paBHa K€CTKOCTb TPOBOJIOKHU?

. y X yop

Hano: cn Pemrenue:

m=10 kr

x=0,5 MM _0[5-10° m

k-?

I'py3, NOABEIICHHBIN HA IPOBOJIOKE, HAXOAUTBLCS B IOKOE. 3HAYUT ¥ yp. TIO MOJTYJIEO paBHa Fm.
Fon=mE; F oo =-kx
B ckansapnoit popmyne ock OY: Fp-Fyy,=0
Fm=Fymp = mg=kx =k
mg 1-9.8 H

-3
k= + ; k="10"=196000

H
Otser: 196 - 10°

CamocrosiTeibHas padora.

1. Teno maccoil 2 Kr TAHYT MO INIAJKOM JOCKE C IOMOIIBIO NPYKUHBI, KOTOpas MpHU IBUKCHUU
pactsaHynach Ha 2 cM. JKectkocts mpyxkunbl 200 H/M. Omnpenenure yCKOpeHHE, C KOTOPHIM
JBUXKETCSI TEIO.

2. bpycok TSHYT MO TOpU30OHTAIBHON TJIaJKOW MOBEPXHOCTH C MOMOIIBIO MPYKUHBI, KECTKOCTHIO
150 m/c?. Onpenenutbs Maccy Opycka eciid JJIMHA NMPYXKUHBI 1OCIe JABMKEHHs M3MEHWIAch Ha 3
CM, a yckopeHue 6pycka cocraBmio 1,5 M/c??

3. Yenosek maccoit 70 Kr momHuUMaeTcs B JUQTE, JBIKYILIEMCS PaBHO3aMEJJIEHHO BEPTHKAIBHO
BBEPX C yCKOopeHuem 1 M/c?. OrnpenenuTth CUTy JaBJICHUS Y€I0BEeKa Ha M0JI KaOUHBI JTU(TA.

4. I'py3 maccoit 45 kr nepemeiaercs Mo TOPU30HTAIBHON TUNIOCKOCTH MO AelicTBHEM cuilbl 294 H,
HaIpaBJIECHHON TOJ yrioM 30° x ropuzoHty. Koaddumuent tpenus rpyza o miockocts 0,1.
OINPEAEIINTh YCKOPEHUE JBUKEHUS TPY3a.

5. Teno CKOJB3UT PaBHOMEPHO IO HAKJIOHHOM IIJIOCKOCTH C YIVIOM HAKJIOHA 40°. Onpenenure
KO3 PHUIIMEHT TPEHUs O TIOCKOCTH (2=0).

6. ITog jeiicTBreM mOCTOSHHOM crutbl 1,210 H. MarepuanbHas Touka npouuia myts 30M 3a nepebie
10 c. Onpenenuts Maccy TOUYKH.

7. Ha nBa Tena neiictByroT paBHble cuibl. [IepBoe Teno nmeet maccy S0 T M ABUKETCS C YCKOPEHUEM
1 M/c®. Bropoe Teio JBHKETCS ¢ YCKopeHHeM | m/c?, Yemy paBHa Macca BTOpOro tena?

8. ABTOMOOMIBL Macca 3 T JBUXKETCS cO cKopocTeio 28,8 km/4. Ilpu TOpMOXKEHHH OH
OCTaHaBIUBaeTCs uepe3 6 ¢. OnpenesnTh CUILy TOPMOXKEHHUS.

9. Baron, macca koroporo 11 T, maér co ckopocteio 18 km/4. KakoBa momkHa OBITH cuia
TOPMOXEHHUS, YTOOBI OCTAHOBUTH BaroH Ha paccTOSTHUM 250 M OT TOUKH Hayana TOPMOKEHHUS?

10. Halitn BenuumHy TOpPMO3SIIEH CHIBl JAEWCTBYrOIIEHM Ha Tenexky Maccod 500 kxr, ecnu mpu

ckopoctu iBrxkeHus 40 M/c TOpMO3HO# 1myTh ObUT paBeH 70 M.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Kakoii nyTb nmpu TOPMOKEHUHU MPOUIET MOTOLMKI, UMesI Ha4albHYI0 CKopocTh 120 7 km/4, ipu
Macce 250 kr u cuiie Topmoxkenus 4 kH.
IMoesx cua, TspKeCTH KoToporo 3,92-10° H, aBmkeTcs co CKOPOCTBIO 54KkM/4. ONpeenuTh CHTy
TOPMO>KEHHUS, €CIIM MyTh, KOTOPBIN MOE3] MPOIIeN OT Hauaiaa TOPMOXKEHHUS O OCTaHOBKHU, PaBEH
200 m.
Teno maccont 500 Kr moaBecHUau Ha KaHaTe, U OHO JABUKETCS PaBHOIIEPEMEHHO BHU3. 3a NEPBBIC
10 c oT Hauana ABUKEHUM TEJIO0 NPOXOAUTH IyTh 20 M. UeMy paBHa cuila HaTsSKEHUs KaHaTa?
Kanatr moxer Bwiaepxkath Harpy3ky 2,5 kH. C kakum MakCHUMaldbHBIM YCKOPEHHUEM MOKHO
nogHuMath Tpy3 200 Kr, yTOOBI KaHAT HE pa3opBayIcs?
Teno maccoit 0,2 kr. [lagaeT BepTUKaIbHO BHHU3 C YCKOpeHHEM 9,2 m/c?. Uemy paBHa cpeaHsis
CHUJIa CONPOTUBIICHUS BO3yXa?
Teno ABMXETCS CO CKOPOCTHIO 6 M/C M OCTaHABIIMBAETCS MIPH TOPMOKEHUU depe3 3¢c. Uemy paBeH
K03 uumeHT TpeHus?
ITon neiictBuem cunbl 10 H npyxkuna yaiuaunace Ha 0,1 M npu n1iuse B 1 M. KakoBa »xecTkocTh
IPYXUHBI?
Teno paBHOMEpPHO ABMXKETCS MO HAKIIOHHOM 1uiockoctu. Ha Hero aeiictByrot cuna tsxectu 50 H,
cuna tperns 30H u cuna peakuuu onopst 40 H. Kakos koadunuent tperns?
Ha npyxune nonseuiena rupst maccoit 200rp., kotopasi, 1eopMupyst IpyKHHY, pacTATHBaeT e
Ha 5 cM. Yemy paBeH K03 (HUITUECHT KECTKOCTU TPYKUHBI.
JIBe Tenexku, MpUXaThl APYr K APYTy U CXKUMAIONIME MNpYyXuHy, otmyctunu (puc. 5). Korma
NpYyKHHA paclpsiMIIIAch, TEJIe)KKa Maccod S5 Kr mpuobOpena ckopocTs 3 m/c. KakoBa ckopocTb
BTOPOM TEJEKKH Maccou 2,5 Kr?

my= 2,5 Kr my; =5 Kr

NN U30HTAIbHOM JopoXkke. 3a 3 ¢ UX CKOPOCTh
yMeHLHIHJIaCB Ha 6 M/c. Cuna TpeHus caHok o 1opoxky 12 H. KakoBa macca caHok?
Macca cioptuBHOTro sifjpa okouio 7 kr. C Kakoi cuioil ero nputsaruBaet 3emis?

®opma npeacraBiaeHus pe3yabTara:
BeImonHuThE 3a1aHue B TETpaau A MPaKTHUECKUX padoT.
Kpurepuu onenkmn:

3a IpaBHIBLHO BBITIOIHEHHOE 33/1aHNUE BBICTABIISETCS TTOJIOKUTENbHAS OlleHKa — 1 Oa.

3a HeMpaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — ) OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB

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

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

Oyenka «Heyoosiemeopumenvno» svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.2 OcHoBbI TepMOAUHAMUKH. TenjioBbie MAIIMHBI

IMpakTuyeckoe 3ansaTue Nel(, 11

OcHoBBI TEPMOAUHAMUKMA. HpnMeHeHne MEPBOro HavaJsia TECPMOAUHAMUKHU K H30IIpoueccam.

KII/I TenioBbIX ABUTaTe e

He.]'Ib: Ha OpuMEpe pCHICHUA 3adad HU3YUYUTHb 3aKOH COXPAHCHUA OSHCPIrUU MPUMCHUTCIBHO K

TCILJIOBBIM IIpoHecCaM, NIYTAX HU3MCHCHUA BHyTpCHHCﬁ OHEpPIruu TCII, aI[I/IaGaTI/I‘-ICCKOM Ipornecce,
MPpUHIHUIIC paGOTBI TEIUIOBOM MalllMHBbI.
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Boinosinenue padorsl cnocodcTByer popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06 I1K
1.1,LJIIK 1.3
MarepuanbHoe o0OecneyeHHe: HWHIMBHIYyaIbHOE 3aJaHUE, KOHCHEKT JIEKIHMM, CIpaBOYHBIC
MaTepHabl.

Yka3anue:

[IpakTHueckoe 3aHsITHE COCTOMT M3 JABYX YacTel — TEOpeTHMYEeCKOM W mpaktuyeckoul. [locie
M3y4YEHUs TEOPETUUECKOr0 MaTepuaja MOKHO MPHUCTYNATh K BBHINOJHEHHUIO MpakTH4Yecko udactu. OHa
COCTOMT M3 ABYX M Ooyiee 3ajad JJisi CaMOCTOSITEILHOTO BBITTONIHEHHSA. He 3a0pIBaiiTe O NMpaBHIBHOM
oopmiiennn pemeHus. Ha BBIMOTHEHHE MPAKTUYECKOTO 3aJaHUS OTBOIUTCS uembvlpe aKaIeMUYeCKUX
yaca.

3aganmue:

1. O3HaKOMBTECH C KPATKUMH TEOPETHYECCKUMHU CBEICHUSIMHU
2. Pemure 331241, CAMOCTOSITENTLHO UCIIOJNIB3YS IPUMEPHI U KPATKUE TEOPETHUECKUE CBEICHHUS.

IMopsinok BbINoOJIHEHUS PadOTHI:
1. V3yuwute n BeImHIIATE (GOPMYIIBI IO JAHHOH TEMeE:
2. Pasbepute nmprMepsl pelIeHHBIX 3a/1a4
3. Pemmre caMmocTOSATENHHO 3a/1a9U
Kpartkue Teopernyeckne cBegeHus

TemnmooOmeH (Teruonepenaya) — 0OMeH BHYTpEHHEN dHeprueit 6e3 CoOBepIICHHUSI MEXaHUYeCKO paboThl.
KonunuecTtBo temnoTsl (Q) — sHEprus, nepeaanHas B pe3ysbTaTe TeIIo0OMeHa.
Q=c-m-AT

VY nenapHas TEUIOEMKOCTS (¢) — KOJIMYECTBO TEIIOTHI, HEOOXOAUMOE TSk HarpeBaHus | Kr BemecTBa Ha 1

0 Q IES
——< |[c]1=1
K70 e mAT Le] kr - K
|ZQ0,,.,L -> Quon | — ypaBHEHHE TEILIOBOro OajaHca.
Fopenme: [Q=gm], [a=2 [g1=12%
m KT

VY nenpHas Temiora cropanus (() — KOJIMYECTBO TEIUIOTHI, BBIIEIIEMOE ITPHU CrOpaHUH | KT TOILIHBA.

Hapoo6pa303aHHe-nepexon BC€HICCTBA U3 ) KUJIKOI'O COCTOSIHHUSA B F&3006p83HO€.

— _Q| g q A
Q=rm r_m [r]_lxr

VY nenbHast Tertora mapoobpazoBanus (I) — KOJIUIECTBO TEIIOTHI, HEOOXOIUMOE TS ITpeBpalieHus B map 1
KT )KHJIKOCTH TIPY TTIOCTOSTHHOM TeMIIepaType.

IInaBneHme — nepexoa BEUIeCTna nus3 TBépJIOFO COCTOSIHHA B ) KHIKOC.

1=3m=17F

m K
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VY enpHas TerioTa IiaBieHus (A) — KOJUYECTBO TEIUIOThI, HEOOXOIUMOE IS TUIaBJIeHUsT | KT BelecTBa
IIPU TEMIIEPATYPE IUIABJICHHUSL.

[lepBbiii 3aKOH (Hayauo) TEPMOJIMHAMUKU: U3MEHEHHE BHYTpeHHel sHeprun AU cucteMbl paBHO CymMMe

KOJIMYECTBA TCIIJIOTHI Q, MNEPCAAHHOIO CUCTEME, U pa6OTBI A, COBGpIHGHHOfI Haj HEll BHEIIHUMU CHJIAMH

HpI/IMeHeHI/Ie IIEPBOro Hayajia TCPMOAMHAMUKHU K U30IIpoHeccaM

| H3orepumaeckni npomece, | H3oxoprsdi mpomecc, | Hso0apHbil mpomece, | AImadaTH9ecKEE mpomect.

T =const ¥ =const g = const 0=10

AU=0 = (¢

=AU+ 4 4 =-AlU
O=AU+4_, 4. =AU

b
-
|
1l
D
I
L

TemyoBas MammHa — MalllMHa, COBEpLIAIOIIAS MEXAaHUYECKYI0 paboTy 3a CYET BHYTPEHHEH SHepruu

TOIUJIUBA.
PaGouee Teno — ras, coBepiiaronuii paboTy B TEIIOBOI MallluHE.
HarpeBarenb — ycTpoiicTBO, coo01iaroiiee padoueMy Teiny KOJIMYeCTBO TeraoThl Q1 mpu Temmneparype 7.

XOJ'IOI[I/IJ'IBHI/IK — YCTpOﬁCTBO, OTHHUMAKUIICC OT pa60qero TCJIAa KOJIMYCCTBO TCIIJIOTHI Q2 HpI/I TeMHepaType
To. |

LT

J— H

TTax

T1 -

IIpumepsl pemienus 3agaq

1. B amromunueByro kactpromo Maccoi 0,15 kr Hanuto 1,2 Kr BoAsl Iipu 20° C. CkomnbKo KUIIATKY
HYKHO JIONIUTH B KACTPIONIO, YTOGHI Temieparypa Bojs crana 50° C? [ToTepsiMu Teruia B OKPY/KAOLIYIO
cpeny npeHeopeyb.
JaHo: Pemenue:
m,=0,15 kr nonydeHHoe Termno Q1=C,My(0-ty); Q2=CoMy(0-ty)
m,=1,2 xr otaanHoe Termno Qz=C,.m; (t-0)
t,=20°C ypaBHeHUe TermnoBoro 6ananca Q;+Q,=Q3
t=100°C Co My, (0-1,)+M,.Ca (0-t)=C,m; (-6)
0 =50°C M= (e,m, +mc,)(@ -t,) =
Ca=920 Jxc/xr’C ¢t -0)
co= 4200 Jix/krC | (4200-1,2+015-920)(50 - 20) _ 07d0e
m, —? 4200 - (100 —50) ’
Ortser: 0,74 kr

2 B mporuecce uzobapHoro pacumpenus ra3y nepenano 6 MJx temnotsl. [Ipu 3ToMm ras copepiaet
paboty 1,2 M/Ix. I3menunach 11 BHYTpeHHsIsI SHeprus ra3a? Harperncs raz wim oxJiaauics.

JaHo: «Ch» PeweHue: | BolumcneHus:
AZL2Z MUK 61050 |aU= QA | AU=6-10° [-1,2-10° [k =
Q=6 M]JIx

1,2-10° sk = 4,8-10° Ok
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AU-?

3 Onpenenure makcuManbHblid KIIJ[ TennoBoi MalIuHel, €U TeMIEpaTrypa ero HarpeBaress 227°C, a
Temmeparypa xonomuibauka — 27° C.

. cun PeweHue:
HaHO' PeweHne:
- T,-T.

t1=2270 CT1=500 K Nimax= — T 2 500K —300K 04

_— 1 max~ ——— = U,
500K

t,=27° ¢ T2=300 K
Nmax—?
4. Bonopon maccoii 4r, 3aHumas nepBoHayasibHblii 00beM V1=0,1M3, pacmupsiercsa 10 oobema

V2=1Im3 . Onpenenute: 1) Al-paboty raza nmpu nzod6apHom mpoiecce, 2) A2-padoty raza npu
n3oTepMuuecKoM npouecce. Hauansnas remneparypa raza T1=300K.

Jlano: Pewenue:

m=4r=4*10"kr 1) [1pu n306aprom pacumpennu (py=const) ra3 coBepiuaer pabory
V,=0,1m° A=pi(Va-V)) (1)

V=1’ JlaBnenue rasa onpenensem u3 ypasienns Knaneiipona-Menpeneesa:
M=2*10xr/monb P,V;=m/MRT; orciona p=m/M*RT,/V,(2)

R=8,3 1 mx(mons*K) [ToacraBum popmyny(2) B (1)nonyuum: A;=m/M*RT,/V,(V..V)) (3).
T,=300K 2) [1pu n3oTepMuyeckoM paciiMpeHue ra3 copepaer padory

Ag-? A2=m/MRT|InV3/V| (4) (ln 1 0=2,3)

A-? Beruncnenus:

1) A=4* 10'3Kr*8,3 lnxd(monb*K)*300K/2*lO'3Kr/M0nb*0,1M3*( 1 M3-0,1h13)=4.5* 104Il>1<
2) Ay=4*10"kr/2*10 kr/monb*8,3 1 I/(Mons k) ¥300K*In Im*/0, 1m*=11,5%10° [Tk
Omeem: A= 4,5%10"I1x, A= 11,5%10°[Ix

5. Omnpenenure u3MeHeHne BHyTpeHHeH sHeprun AU nba Maccoii m=>5 Kr B MPOIIECCE €ro TastHUs
(TaBieHMs ) TPH HOPMATBHBIX YCIOBUSX.

Hano: Pewenue:
m=5 Kr W3menenne BHyTpeHHel JHEPriy U3 NePBOro 3aKOHA TEPMOJAHHAMHKH:
A=3,35*%10°w/kr  Q=AU+A. Orciona AU=Q-A. Jns Tasuus Heodxoamma tennora Q=Q,, =
Pi=1,01¥10°Tla Am, A-yaenbHas TennoTa niasnaenus. Macca o6pasoBasiueiics BOAbI My,
T=273K Oyzer paBHa macce nba m. O6beM Boasl Vs, 00pa3oBasiuniics 3 nbja
p=0.9*10°kr/M® V), ByzieT MeHblite, TAK KaK MIOTHOCTb BOBI Pu2o OOMIBIIIE MIOTHOCTH JIba
pr20=10"kr/m’ pa. Ilpu nnasnenun nbaa cosepuaercs padota A=po( V. Vy).

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

Q=3,35*10°mx/kr*Skr=1,7*10°[x.

A=1.01*10°TTa*Skr*0,9%* 10°kr/m*- 10 kr/p’/0,9% 10 kr/n” 10° KI‘/M3=-55ﬂ)K
AU=1,7%10°Ix-(-552k)=1,7*10° k.

Omegem: 1,7%10° [k

49



6. Temnepatypa HarpeBaTens uicanbHod  TemoBod  MammHbl  TH=500 K,remmneparypa
xonoaunbarka Tx=300 K. Onpegenure KIIJ TenmoBod MamwuHbl N U TEIOTY Q H, MOJYYEHHYIO OT
HarpeBaTelIs, €CJIH 32 OJMH [UKJI MalinHa coepinaet padboty A=400 J[x.

Jano: Pewenue:

T,=500K Ko duument none3noro AeiicTeus TENI0BOH MALIKHBI ONPEACIALTCS 110

T,=300K (opmyne : n=Ty-Tx/Ty (1) wma q=A/ Qu (2).

A=400/Tx U3 dopmyst 2 ceayer, uro Qu=A/m

-7 Qu-? Borancnenns: n=500K-300K/500K=0,4; Qu=400/1x/0 4=1000Lx=1x/Ix.
Omsem: 1= 0,4; Qu= 1x/lx.

Pemurhb 3a1a41 caMOCTOATEIbHO

B ycnoBum 3amay oTcyTcTBYIOT H(pHl. 3HaUeHUs (PU3MUYECKUX MapaMeTpoB ITHUX 3a/a4 HEOOXOIUMO
Oparp u3 Tabnuubl 1: MO BEPTUKAIBHON CTPOKE yKa3aH HOMEp BapuaHTa, MO TOPU3OHTAIBHON — HOMEp
3a/1a4n.

1.  Boay maccoit m Harpenu ¢ temnepatypsl T1 10T2. Kakoe konndecTBO TEIIOTHI 3aTpaTUiIU MIPU
Harpese. (C;=4200/x\kr-K)

2. OmpenenuTh Maccy HarpeToi Bofbl, eciu A e€ HarpeBa Ha AT 3aTpaTHIM KOJIMYECTBO TEILIOTHI
Q. (C, =4200 Jix/xr-K)

3. OmpenenuTh MacCy CropeBLIEro KaMEHHOIO YIJIs, €ClIU MpU cropaHuu Beiaenuwiock Q Jlxoyneit
Ter1oTHl. (=29MIx/Kr)

4. Cnoupt maccoit m ucnapuicsi. OnpenenuTb KOIUYeCTBO TEIUIOTHI, 3aTPa4eHHOE [l BhIITApUBAHMS
cripra. (r=0,85 Mx/kr)

5. OmpenenuTh KOJIWYECTBO TEMJIOTHI, HEOOXOAMMOE MJs PACIUIaBICHHMS  OJIOBSHHOTIO CJIMTKA
maccoir M. (A= 0,59 M]Jlx/kr). Kakoe KOIMYECTBO TeIJIa BBIACIUTCS TPU OXJIAKICHUU ITOTO
pacIUIaBIEHHOTO CIIUTKA?

6. T'a3 moxg maBnenmem P; m300apHo pacmmpuics u coBepmmi padory 25 JIx. Ha ckonbko
yBeJIUYMIICS 00beM raza?

7. Tepmonmnammueckor cucreme nepeaano Q Jlx Termorel. Kak W3MEHHUTCS BHYTPEHHSSI DHEPTHUS
CHCTEMBI, €CIM OHa coBepIuia padory A?

8. Ilpu wuzorepmuueckom pacmupenun (T=const) razom Obuta coBepuieHa pabota A. Kakoe
KOJINYECTBO TEIUIOTHI Q coob1ieHo razy?

9.  Beruucauts KIIJI TennoBoi MamnHeL, €Cliv TeMIlepaTypa Harpesatess 11, xonoawibHuKa Ts.

10. Kako#t nomxHa ObITh TemnepaTypa HarpeBartenst Ti, utoOsl KIIJl nBurarens cocrtaBisia m npu
TeMIepaType XonoauiabHuKa To?
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1 2 3 4 5 6 7 8

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

kr | °C | °C | K [|xxMJ/x 1 r |kIla|] °C | °C n °C
1 1 5 8 | 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 | 300|300 40 | 0,7 | 30
4 4 20 [ 100 | 40 | 400 | 40 | 800 | 80 [400(| 100| 25 | 0,6 | 40
5 5 5 85 | 50 | 500 50 [ 100 10 | 500]200| 35| 0,5 | 50
6 6 10 | 90 | 60 | 600| 60 | 200] 12 [ 600|300| 45| 0.4 | 60
7 7 151 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 1 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.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Kakum crocobom — coBepiieHueM paboThl MM TeIulonepesadyeii n3MeHsAeTCcs BHYTPEHHSS SHEeprus
JIETallv B CJIEAYIOIIUX Cilydasx: 1) cTporanue aeTtaiy; 2) HarpeBaHue JeTald B [IeYH Iepe]] 3aKaJIKOM;
3) GrICTpOE OXJIAKICHHUE JETAIH B BOJIE (3aKanka)?
Paboune ropsYMX 1[EXOB HOCAT KOMOWHE30HBI, TOKPBITBIE METAIHUYECKUMH  OJICCTSIIUMH
yemyiikamu. [louemy OHM XOPOIIO 3alUINAIOT YEI0BEKa OT JKapbl?
TennoBas anexTpoctanius MomHocTeio 2400 MBT notpebnser 15001 yria B uvac. Kakos KIIJ|
cTaHuu?
JUis TIOBBIIEHUS TBEPAOCTH M IPOYHOCTH CTAJBHBIX H3JIENMA NPUMEHSIOT 3aKalKy (HarpeB 1o
HEKOTOPOI Temreparypbl ¢ MOCIEAYIOUIMM OBICTPBIM OXJaxaeHueM). Kakoe KOIM4ecTBO TEmIOTHI
HE00XO0MMO, YTOOBI HArpeTh CTaabHON MOJIOTOK Maccoit S00r ot 17 mo 817°C? Beruucnure, Kakoe
KOJIMYECTBO TEIUIOTHI BBIAENSET MOJOTOK, €CIIU €r0 OXJIAKIAIOT B )KUJIKOM KHCIIOPOZE, TEMIIepaTypa
kotoporo -183°C. VY nenbHas TeroemMkocTs ctainu 460 JIx/ kr-°C.
Kakyto maccy kokca notpedyercs cxeub, yToObl HarpeTs 10T uyryna Ha 10°C?
B mnaBunbnyto neus 3arpy3mwin 2000 xr uyryna, B3storo npu 20°C. Kakoe KOJWYECTBO TEIUIOTHI
3aTpayeHo B Hel Ha ero ruiaBiaeHue? CKoJbKO JbJa, B3sToro npu 0°C, MokHO ObUIO OBl pacIjIaBUTh
3a CYET 3TOr0 KOJMYECTBA TEIIOTHI?
B muaBuibHOM mneuM 3a oAHy IaBKy nonyuwan 250 kr amomuHus npu Temneparype 660°C.
Onpenenure, HACKOJIbKO HW3MEHWJIACh BHYTPEHHSS OSHEPrus allOMUHUSA, €CIM €ro HadajbHas
temmneparypa obuta 20° C. Y aenpHast TeIuIoTa IuaBieHus amoMuHus 3,9 MJx/kr.
UyryH B JIUTEHHBIX IIeXaxX IUIaBAT B IeyaX, Ha3blBaeéMbIX BarpaHkamu. OrpenenuTe KOJIUYecTBO
TEIJIOThI, HEOOXOAMMOE Uil IUIaBKM OT 4YyryHa, JOBEIEHHOIO JI0 TeMIIepaTyphl IIJIaBJICHHS.
VnenpHas TeroTa miaBieHus crutasa 138 270 Jx/kr.
JIoM 4epHBIX METAJJIOB MEPEIUIABIIAIOT B CTAJIb B MAPTEHOBCKUX Iedax. Kakoe KOJIM4ecTBO TEIIOTHI
Heo0X0IMMO JUIsl HarpeBaHus U pacianieHus 10 T cTagbHOro JoMa, €clii HadajbHas TemIiepaTrypa
ero 20°C? Temneparypa mnasnenus ctanu 1400°C.
Kakyro paboTy coBepmun uACabHBIA OJHOATOMHBIM Ta3 M Kak MPU OTOM HM3MEHUJIACh €ro
BHYTPEHHSS PHEPTus NMpU M300apHOM HarpeBaHUM OBYX Mouied raza Ha 50 K? Kakoe xonmgectBo
TEIUIOTHI MOJIYYUJI Ta3 B Mpoliecce TermiooomeHa?
IIpu agnabaTHOM pacuIMpeHUH Bo3ayxa Oblia coBepiieHa padora 200 J[x. UeMy paBHO M3MEHEHHE
BHYTPEHHEHN YHEPrUU BO31yXxa?
WneanbHblil Ta3 HarpeBajicd MpU MOCTOSHHOM JaBJIEHUH, IIOTOM €r0 JAaBJIEHHUE YBEIMUYUIIOCH MPHU
IIOCTOSIHHOM 00bEMe, 3aTeéM IpU IOCTOSHHOM TeMIeparype [aBIE€HHE TIa3a yMEHBIINWIOCh [0
nepBoHayanbHOro. Hapucosats rpaduk B KOopAMHATHBIX Ocsix P-V.
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23. WneanbHblil a3 nomyunn koiauyectBo Tertotsl 300 [x u coepimn padoty 100 k. IIpu sTom kak
W3MEHUJIACh €T0 BHYTPEHHSS dHEPrus?
24. Temneparypa xononuinbHuka TtemioBod wmamuubel 300 K, temneparypa narpeBatens Ha 300 K
OoJIbIIIe, YeM Y X0JI0IuIbHUKa. UeMy paBeH MakcuMaabHO Bo3MOkHBIH KI1JI TerumoBoit mammHb?
25. Uemy paBHa BHYTPEHHSISI SHEPrus 5 MOJIb OJHOATOMHOTI'O MJI€aIbHOIO ra3a npu temmneparype 47°C?
dopma npeacTraBJieHus pe3yabTarTa:
BbImonHUTE 3a/1aHUE B TETPAAX AJIS MPAKTHYECKUX padoT.
Kpurepumn oneHku:
3a mpaBUIIHLHO BBIITOJHEHHOE 33JaHHE BHICTABIIAETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHKE BBICTABIISETCS OTpHUIIaTeIbHas oreHka — () 0aos.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosnemeopumenbvhoy svicmasisiemcs 3a menee 60%0 npaBUIBLHBIX OTBETOB

Tema 4.1 DuekTpocraTuka

IIpakTuyeckoe 3ansaTue Nel2, 13

3JIeKTp0CTaTI/IKa. Coennnenue KOHAECHCATOPOB B 6aTapelo

Heab: copMupoBaTh YMEHHsI IPUMEHATH ITOJIy4YEHHbIE 3HAHUS JJIS PELIEHUS PAaKTHUECKUX 3ajad.

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

MarepuaibHoe o0ecnedeHue: UHAMBUIYyalbHOE 3aJlaHHE, KOHCIEKT JIEKLUI, CHpaBOYHBIE
MaTepuabl.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT W3 JBYX YacTe€d — TEOPETHUYECKOM M IpakThueckou. Ilocne
M3y4eHHs] TEOPETUYECKOI0 MaTepHajga MOKHO HMPUCTYNaTh K BBIMOJIHEHUIO MpakTHueckoi yacth. OHa
COCTOMT M3 JABYX M Oosiee 3a1ay Al CaMOCTOSITENbHOIO BbiNojHEHHs. He 3a0biBaiiTe 0 mpaBUIIBHOM
oopmienun pemienus. Ha BBINOIHEHHE NMPaKTHUECKOTO 3aJaHUs OTBOAMTCS Yembvlpe aKaJAeMHUYECKHUX
qaca.

3aganue:
1. OSHaKOMBTGCB C KpaTKI/IMI/I TCOpeTI/ILIeCKI/IMI/I CBCACHUAMUAU
2. Pemnre 3a1auun, caMOCTOATENBHO UCIOJIB3Ys PUMEPBI U KPATKUE TEOPETUUECKUE CBEICHMUSL.

ITopsinok BbINOJHEHHS PadOTHI:
N3yunrte n BeImumuTe GOpMyJIbl IO TAHHOU TeMe:
PazGepute npuMepsl pelIeHHbIX 3a/1a4
3. PemmTe caMOCTOSATENBHO 3a/1a9n
Kpartkue Teopernueckue cBegeHHs

™=

F=k _‘l_l‘f_l - _N% ‘
3akoH KynoHna B Bakyyme: U Y
F=k 449> = - .‘!.I_F,.J,_
3axon Kynona B cpene: e Aneeyr

= ¥
HanpskeHHOCTb 3JIEKTPHYECKOTO MOJIs: @

Harnpsiyk€HHOCTB 3JIEKTPUUYECKOTO MOJIS TOYEYHOT 0 3apsia: e LR
3akoH COXpPaHCHUS DJIICKTPUYECKOro 3apsaga: g = g1+ got+ ... + On,

IS FPNE

w1 g2 =Ae
Pa3zHOCTEH TOTEHIINAJIOB: q
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9 _.49

[Toreniman ToueyHoro 3apsa: AneE,r €T

" -

b= Ag
CBsI3b MMOTEHIMAJIA M HATIPSKEHHOCTH: d
C=
DIEeKTPOEMKOCTh KOHIEHCATOpa: L
W= g, - 9,;) _ qU
DHeprust 3apsKEHHOr0 KOHIEHCATOpa: 2 2

CocauHeHUE KOHACHCATOPOB:

[TocnenoBarenbHOE COETMHEHUE KOHIEHCATOPOB — COETUHEHHE, IIPH KOTOPOM TOCTE 3apsIKU
OTPHLIATENHEHO (TIOJOKHUTENBHO) 3apsDKeHHAast 00KIIaIKa MPEabIIYIIero KOHIEHCAaTOpa COSAMHEHA C
MOJIOKUTEIHHO (OTPHUIIATEIbHO) 3apsHKEHHON O0KIaIKON MOCIEAYIOLIETO.

o x L
= f—t .+ =Y c ZC

HapaJIJIeJH)HOG COCIMHCHNEC KOHACHCATOPOB — COCAUMHCHUC, ITPU KOTOPOM ITOCJIC 3apsAaAKH BCC
IMOJIOKHUTCIIbHO 3apsSKCHHBIC O6KJ'Ia,Z[KI/I CO6paHI>I B OJIUH Y3€JI, BCC OTPULATCIILHO 3apsS’KCHHBIC — B

JPYTOid.
Cu =2C Co =C +..4C,

Mpumepsbl peweHuna 3aaay
1 -KaKyH-pacoTy cOBepIIasT oI IPH MepeMelleHHH sapaga-2- 1072 -Kor-

H3 TOYEH-C-IIOTeHITHATOM-7 00-B -B-Togry -¢ TmoTeHITHATOoM -2 00B ]
BrmucneHH:s 9|

Haso Pemenwne
e P A=-2-10-K1-(700-B—200B)-=1
g=-2-103K19 oo =P Py
@ =-700BY q
@=200B7 A=(o —@)-g
1~ 47
. A )l

2.-B-ommpommm-anexmmecﬁom-none-c-nanpmemmc’mm-é-lﬂi- i -
Fo
mepeMermasTea-3apan-7- 103 -Ku-Ha-paccToanse - § -cM-Toa -y TIoM -6 0% - - e -
HANpOKeHHOCTH. -OOpeJenHTE paboTy Mo -IepeMeImeHHI0 -3TOr0 -3apana |

Haso «CTHD] Pememnre )
F—6.10° H q 1 A=F-Scosa,; F=E-q,-5=£; A=E-g-£f-cos-of
Ko | T A=7-10°K1-6-10° 2 .8.102::0,5=7
g=710° K] |9 X Ko
£=8-cnY 8-107"MY| —1 68.10-3 =1 680 T
=60 = ol
A Oteer:-A=1 68MmTxT e
o1 o

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

1. Hanpspxkenue mMexay mojirocamMu 06artaped akKymysasiTopoB N kB. kakoi 3apsia MOJYyYUT KOHJIEHCATOP
eMKocThI0 500 MKD, eciu ero COeTMHUTD C TOII0CaMU 3ToM Oatapen?
2. JIBe 0iMHAKOBbIE HEOOJIBIINE TOBEPXHOCTH IIPU TPAHCIIOPTUPOBKE JA€TaJICH MOITYUUIIH 3apsi/ibl
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6*10°Kn u -12*10°Kx, maxonmsuimecs Ha pacCTOSHMH N cM Apyr oT apyra. ONpenennTte CHITy
B3aMMO/JICHCTBUS MEKy HUMHU.

3. Ilpu nepemeniennu 3apsna 2 Kir B 2IeKTpHUECKOM T0JI€ CHITBI, ISHCTBYIOIINE CO CTOPOHBI 3TOTO MOJI,
coBepmmin padory 8 k. UemMy paBHa pasHOCTh MOTCHIMAIOB MEXy HAYaJIbHOW M KOHEYHOM
TOYKAMU MyTH?

4. Ilpu nepeMeleHuu IEKTPUYECKOT0 3apsaaa MexaAy ¢ TOYKaMU C Pa3HOCTHIO MOTEHIMANOB 8 B cuibl,
JEWCTBYIOIIME HA 3apsij CO CTOPOHBI IEKTPUUECKOro Mo, coBepiumin padory 4 Jx. Uemy paBeH
3apsia?

5. Hanpspxkenue Mexay AByMs TOPU30HTAIBHO pacmnoiokeHHbIMH InactuHamu 600 B. B mone stux
IJJACTUH HAXOJMTCS B PABHOBECHM 3apsKEHHAs IbUIMHKA Maccoil 3*10°r. Paccrosiaue MEXITY
macTuHaMu N MM. OmnpeAenure 3apsii NbUTMHKY.

6. Kongencarop emkoctbio 0,02 Mk®D coeMHUIN ¢ UICTOYHUKOM TOKa, B Pe3yJbTaTe Yero OH MpHOOpen
3apsn 10°Ko. Ornpesenure 3Ha4€HUE HAMPSHXKEHHOCTH TOJISI MEX]1y TUIACTUHKAMH KOHJIEHCATOPa, €Clu
paccTosiHue MEXTy HUMU N MM.

7. B HEKOTOpOIl TOUKE AneKTpudecKkoro moist Ha 3apsa = 5 uKu peiictByer cuna F = 4-10-7 H. Haiitu
HaAMpPsKEHHOCTD 101 £ B TaHHOM TOYKe.

8. Kakas HanpspKeHHOCTH JIEKTPUIECKOro moist E co3maercs 3apsiioM siapa HeoHa (Ne) g = 1,6-10™® K
Ha PacCTOSTHUH r=10" m or LeHTpa sapa’?

9. Ha paccrostHum I = 5 cM JApyr OT Apyra B BaKyyMe€ pacIlOJIOKEHBI NMPOTHUBOIIOJIIOXKHBIE MO 3HAKY
3apsaapl BenumuumHoW || = 7uKn. HaiiTh HanpsykeHHOCTb 3JIeKTpUYecKkoro mois E B TOUKe,
HAXOJIAIIEHCS HA PACCTOSIHUM, ¢ = 3 CM OT IOJIOKHUTEIBHOTO 3apsiaa v B b = 4 ¢cM OT OTpUIIATEIBHOTO
3apsina.

10. B 0gHOPOJHOM 3JIEKTPUYECKOM TI0JI€ PACCTOSHUE MEXKIY IBYMsI TOUYKAMH BJOJb CHIIOBOW JIMHHUU
I =N cMm, a pasHOCTh NoTeHUuanos Mexay Humu 100 B. Onpenennre HanpssKeHHOCTH 1ot E.
11. [Ipu HanpspkeHUH Mexay mi1acTuHamMu KoHjieHcaTopa 200B pa3HorMeHHbIE 3aps/ibl Ha IUIACTUHAX

paBHBI 10 K. Yemy paBHa 31€KTPOEMKOCTh KOHAEHcaTopa?
12.Berauciire SHEPTHIO SJICKTPHIECKOro MO KOHICHCATOpa MEKTPOSMKOCTRIO 10 MKD, 3apshKeHHOTO 710
HarpspxeHust 10B.

13. Kakast pabora coepiiaercst npu nepemenieHuu 3apsaa 4,6 MKKi B 2/eKTpUYECKOM MOJIE MEXITY
TOYKaMH C PA3HOCTHIO MOTEHIMANIOB 260 kB?
14. B ogHOpOAHOM 3IEKTPUUECKOM T0JI€ ¢ HANPSKEHHOCTHIO 18-10° 4. nepeMeniaeTcs 3apsia 7.10°®
Kn

Kn na paccrosHue N cMm moa yriom 60° k uHHIM HanpspkeHHocTH. Omnpenenuts paboTy Mo
MepEMEIIEHHUIO 3TOTO 3apsiia.

15. Omnpenenutb eMkocTh 6atapeu Cg,y, ecniu KoHAeHcaTopbl ¢ emkocTsMu C1=10 n®d, C,=15 nd u
C3=20 n® coeguHUIM: a) MOCIENOBaTENbHO; 0) mapayenbHo. CXeMbl COCTMHEHUS] KOHACHCATOPOB
HAYEePTHUTh.

®opma npeacTaBiaeHus pe3yJbTara:
BreInmonHuTh 3a1aHUE B TETPAIH IS MPAKTUYECKUX PaboT.
Kpurepum ounenku:

3a npaBUIIHHO BBIMIOJIHEHHOE 33JaHHUE BBICTABIISICTCS TIOJIOKUTENbHAS OIleHKa — 1 6a.

3a HeMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNe BBICTABIISIETCS OTpUIIATeIbHAast orleHKa — 0 OaioB.

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

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

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

Oyenka «neyoosiemeopumenvHo» svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

Tema 4.2 3aK0HBI HOCTOSTHHOI'O TOKA

IIpakTuyeckoe 3ansaTue Nel4, 15
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3akonbl Oma. Conporusiienne. CMelIaHHOE cOeJHHEeHHEe NIPOBOTHUKOB

Heab: 3akpenuTh yMEHHUS U HABBIKA BBIYMCIICHHUS CHJIBI TOKA, HANPSDKEHHS, CONPOTHUBIICHUS IO
OTpeieNICHUIO U 1o 3aKoHy OMa Juisl yyacTKa LEMH, a TAaKXKe C YUeTOM 3aKOHOB Pa3IMYHOTO0 COCTUHEHHUS
MIPOBOJIHUKOB.

Boinosinenue padotsl ciocodcTByeT (hpopmupoBanuio: OK 01, OK 02, OK 03, OK 09

MarepunanbHoe obecnieyeHue:

TeTpajlb JUIsl MPAKTUYECKUX paboT, pyuka, METOAHMUYECKUE PEKOMEH/IAllMHU MO BBIOJIHEHUIO PabOTHI,
JIMHEMKA, KapaHanl.

VYka3zanme: [IpakTudeckas paboTa COCTOMT M3 JIBYX 4YacTed — TEOPETHUYECKOM M MPAKTHYCCKOM.
[Tocne u3yueHus TEOPETUUECKOr0 MaTepraia MOKHO MPUCTYINATh K BBHITOJIHEHUIO TPAKTUYECKON YacCTH.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATENbHOIO BhINOIHEHUs. He 3a0biBaiiTe 0 npaBuiIbHOM
odopmiiennu pemeHus. Ha BEIOTHEHNE MPAKTUYECKOW OTBOJIUTCS uembipe aKaJeMHUIeCKHX Jaca.

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

1. PaccmoTpute TEOpPETHUYECKMHA Marepuaa IO TeMEe U TMPUMEphl peuieHus 3afad  (CMOTpH
METOAMYECKOE ITOCOOHE).
2. Pemmre camocTosTensHYO padory. Odhopmute pemeHne MICbMEHHO B TETPAIH.

TeoperuvyecKkue cBeeHUs

1.DnekTpudeckuii TOK-HANpaBlIEHHOE [BUKEHHE CBOOOMHBIX 3apsaoB. Cumoii Toka (I) HaswpiBaercs
BEIIMYMHA, YUCICHHO PaBHAs AJICKTPUUYECKOMY 3apsidy, MPOXOIAIIEMYy 4Yepe3 CeUeHUE MPOBOJHHUKA B
eaunuily Bpemenu: I = g/t, [=n*q*s

3akon Oma mis yuactka renu: [=U/R

®opmyna conpotuBneHusi: R=p*l/S, rue p - yneiapbHoe CONpOTUBICHUE, 3aBHUCIEE OT PO/a MPOBOIHUKA;
|-nMHA POBOTHUKA; S - TUIOIIAL CCUCHUSI.

IIpu nocnegoBaTenbHOM coeAuHEeHHM MPoBOAHUKOB: R=R1+R2 I[=I1=I2=const U=U1+U2 Ilpu
napaie’TbHoM coeauHennn mpoBogHukoB: U=Ul1=U2=const [=I1+I2 1/R=1/R1+1/R2, ecniu R1#R2
R=R1/N, rae N- unciao 0AMHAKOBBIX COMPOTHBIEHUH, T.e. R1I=R2=...RN.

3akon Oma anst nmonHo# nenu: [=¢/R+r,rne € - 3/1C ucrounuka Toka, [€]=B, R-BHemHee conpoTuBieHne
[R]=Om, r-BHYTpEeHHEE CONPOTUBIIEHUE WJIN CONIPOTUBIIEHNE UCTOYHHKA TOKA [r]=OM

IIpumeps! pelnenus 3agay
Cuiia Toka ¥ IJIOTHOCTDH TOKA
1. OmpenenuTe YMCIO N 3JIEKTPOHOB, KOTOPBIE MPOXOAAT yepe3 IMONEepPeyHOe CEUYEeHUE MPOBOIHMKA
TIOMmABI0 s=1 MM 3a t=2 MUH, €CIIM TUIOTHOCTB TOKA B IPOBOIHUKE j=150A/cMm?

Jano: Pewenue:

S=1mm*=10"m" Uucno aneKTpoHOB, MPOXOAAIIMX YEPe3 MONePeHHOe CeUeHHEe
t=2 mun=120c MPOBOJHMKA, PABHO OTHOLICHHIO IEKTPHHECKOTO 3apsi/a,
i=150A/cM™=1,5*10"A/M>  mpowesmero yepe3 JaHHOE MONEPeyHOe CEYEHNUE, K 3apaay
n-? ynekrpona:n=Q/e (1). YuursiBas, uro Q/t = I=S (2), nonyunm:

3a BpeMms t yepe3 ceyeHHe NPOBOAHMKA npoiiaeT n= jSt/e.
n=1,5*10°A/M**10°M**120¢/1.6*10 "Kn=1,2*10*'
Omeem: 1.2*10°

2. DneKkTpuyeckas 1enb, cocrosimas u3 peauctopo R1=100 Om,R2=200 Om R3=300 Om, noakitoueHa
IBYM MCTOYHHMKaM nocrostHHoro HanpspkeHust Ul n U2=100B. ITpu xakom Hanpsbxkenue Ul cuita Toka I1
yepe3 pesuctop R1 6yner paBHa Hym0?
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MHano: Pewenue:

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

R>=200 Om Hanpskenue Us Ha pesucrope R; nomxno 6wtk paBuo Uy, t.e. Us=U;=IR; (1).

R3=300 Om B stom cnyuae pesuctopst R, u Rj Brmouensl nocneaosarensHo. [lostomy

U2=100B CHJIa TOKa BO BCex vacTax uenu oaunakosa: ;=L=1. Ilanenne nanpsxenus

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

U,=? Yunrsias, uro IR;=U;=U, umeem, U,=U, Ry/Ry+R3+U,. [locne npeobpazopanus
nonyunm U;=R3/Ry+R3*U,. U;=300 Om/200 Om+ 300 OMm*100B=60B.

Omeem: 60B

3akon OMa /151 IOJTHOM enu
3. Onpenenute cuiay Toka KopoTkoro 3ambikanusi IK3 6arapen, DJIC kotopoit € = 15 B, ecnu npu
MOAKJIIOYEHUH K HEeW pe3uctopa conpotuBiaeHueM R=3 Om cuia Toka B 1enu cocraniser [=4A

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

[=4A I= g-IR-r, orkyza r = &-IR/1 (2). [loacrasum opmyny (2) B popmyny (1)
Ix3 -? k3= e/R=¢l/e-IR.  Ix3=15B*4A/15B-40*3 Om=20A
Omeem: 20A

B/1C ucrounuka snekrpudeckoit sHeprun 12 B. Kakoii puznueckuii CMbICT 3TOTO BBIpRXKEHUS?
CoenuHeHue NMPOBOIHUKOB

4. K ceru nanpsskenuem U=200 B npucoegunensl nBa pesucropa. llpu ux mnociepoBaresibHOM

coequHenuu 11=4,4 A, a npu nmapanensHoMm - [2= 27,5 A. Omnpenenure comporusieHue R1 u R2

PE3UCTOPOB.

Jano: Pewenue:

U=220B [Ipn nocnenoBarensHoM coequHeHnu R ... = Ry + Ra; T1=U/Rjocqn » OTKY A
[,=4.4A Rioen= U/1,. Pacuersr: Rnocna=220B/4,4A=50 Om.

,=27.,5A Ilpu napannensnoMm coeauHennn: Rypa, = Ri1*Ry/(R; + Ry), L=U/Ryapa0, OTKY 1A
R,-? R5-? Riapan =U/L. Pacuersl: R paa=220B/27,5A=8 Om.

R{*R»/R1+R>=8 Om; R; R,=400 Om; R;+ R>=50 Om; R; R>=400 Om;
3uaunt: R;=10 OM; R>=40 Om.
Omeem: R;=10 Om; R,=40 Om
CamocrosiTe1bHasi padoTa
Bapuanr 1
1. Yepe3 cedyeHne NpOBOAHMKA 3a NPOMEXYTOK BpeMeHH At=10c npoxomut 3apan AQ=25 K.
Omnpenenure cuity Toka | B ipoBOoHUKE.
2. Hanpsbxenume Ha ywactke nenu U = 5 B, a ero anekrpuyeckoe comnportusieHue R = 10 Owm.
Omnpenenure cuity Toka | Ha 3TOM ydacTke Lemu.
3. Ilpu nepemermienue 3apsga Q=2Ki BHYTpHM HCTOYHHKA TOKA CTOPOHHHE CHJIBI COBEPIIAIOT PaboOTy
A=20 Ixx. Onpenenure I/]C ncrounuka.
4. Kak MOXXHO IOJIy4UTh CONPOTUBJIECHUS R, coennHss BceMH BO3MOXKHBIMHU CIIOCOOAMHU TpU pe3UCTOpa
conpotuiieHneM R=6 Om kaxapiii?
Bapmuanr 2
1. Cuna Toka B mpoBojmHuke | = 1,5 A. Omnpenenure 3apsn AQ, MmpoTekawoolmUil 4Yepe3 cedeHue
IIPOBOJHMKA 3a BpeMs At=2c.
2. Onpenenute Hanpsbkenue U Ha pesuctope conportusieHueM R=10 kOm npu cuse toka B Hem [=0,5
MA.
3. Cuna Toka B jammnoyke kapMmaHHoro Qonapuka [=0,28A npu nampsokennn U=3,5B. Omnpenenure
COIIPOTHBIIEHUE R HUTH TaMIIOYKH.
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4. Bo ckonpko conporuBieHue R1 mnpu mnocnenoBarenbHoM coenuHeHun 10 pesucrtopos (n=10)
conpotusiieHrneM 1mo R=10 Owm 6o:bIne, yeM ux conpoTuiaecHUue R2 mpu mapamienbHOM COSTUHCHUH?

dopma npeacTaBJieHus pe3yJbTara:

BEIMONTHUTE 3a/laHue B TETPaIu s IPAKTHYECKUX PadoT.

Kputepuu onenku:

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

3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BBICTABIIACTCS OTpULaTeIbHas oneHka — 0 0aioB.

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

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

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

Oyenka «HeyoosiemeopumenbHoy svicmasisemcs 3a Mmenee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.2 3aK0OHBI MOCTOAHHOI'O0 TOKA

IIpakTuyeckoe 3ansaTue Nel6

Pa6ora, MOIIIHOCTH W CONMPOTHBJIEHNE JIEKTPHIECKOTO TOKA

Llesib: HAYyYIUTHCS pemIaTh 3a1a41, UCTIONIB3Ys POpPMYIIbI pabOTHl TOKA M MOIITHOCTH

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

MarepuanbHoe oOecnedyeHue: TETpaab Ui TNPAKTUYECKUX padOT, pydKa, METOIUYECKUE
PEKOMEHIALIMH 110 BBIIOJIHEHUIO Pa0OTHI, JIMHEHKa, KapaHJalll.

Yxka3zanme: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M NMPAKTUUYECKOM.
ITocne u3yueHuss TEOPETUUECKOTO MaTepralla MOYKHO IPUCTYNATh K BBIIOJHEHUIO IIPAKTUYECKOM YacTH.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATENbHOIO BhINIOJIHEHUS. He 3a0biBaiiTe 0 npaBuiIbHOM
oopmienun pemieHus. Ha BbinmosHeHNe MpakTHUECKOW OTBOAMTCS JIBa akajgeMHyeckux vaca. [lopsmox
BBITIOJTHEHUS paOOThI

ITopsinok BbINOJHEHHS PadOTHI:

1. PaccMoTpuTe TeopeTHMUeCKM MaTepual IO TeMe U NpUMEphl pelleHus 3anad (CMOTpu
METOAMYECKOE TIOCOOHE).
2. Pemmre camocrosiTensHyI0 padoty. OdopmuTe pereHrne MICbMEHHO B TETPaIu.

Teoperuvyeckue cBeeHUs
1.IToBTOPUTE hOpMYIBI paOOTHI M MOIITHOCTH TOKa. PaboTa M MOIITHOCTH TOKA
PaboTy cui s7eKTpUYECKOro MO, CO3AIONIETO YIOPSI0YEHHOE ABUKEHUE 3apsOKCHHBIX YacTHI] B
MIPOBOJHHUKE, T. €. DIEKTPUUECKUHN TOK, HA3BIBAIOT pabOTOM TOKA:
A =T*U*t,
rae A — paboTa IeKTpUUYECKOTo TOKa Ha yyacTke 1end, JIx;
| — cuna Toka Ha JAHHOM YYacTKe IeMnu, A;
U — HampshkeHre Ha yyacTke 1end, B;
t — Bpemst IpOXO0’KIEHUSI TOKA 110 yYacTKY IeIH, C.
rae P — momnaocTs TOKa, BT.
Ecim na ywacTke menmu Bes SHEPrUsi MEPEXOAUT BO BHYTPEHHIOIO

SHEPTHUI0 MPOBOJHUKA (HE COBEpIIAETCS MeXaHuuyeckas padora), To Q = A 5 }_I_
IRt — 3akon [Ixoymns-JIenma. l‘t
Q — KOMYECTBO TEIJIOTHI, BBIICTUBIIEECS B MPOBOAHUKE, JXK.
Cobepem 11emb, COCTOAIIYI0 M3 MCTOYHHWKA TOKa M TOTpeOUTens — ]

ANEKTPUYECKON SHEPTUH.
CornacHo 3akoHy OMa [ ydacTKa [€Nd, HalpsKeHUE Ha
npoBogHuke U = I'R. Pabota cTOpoHHUX CUI Acm. = Apomp. T Auem.
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Apnomp. — pabOTa NIEKTPUYECKOTO TOJIA 110 NEPEMEIIEHHUIO 3apsiia OT
TOYKH A K Touke B;
Anomp.= q'U = q"I'R.
Hcrounnk Toka oOnamaeT BHYTPEHHHUM COINPOTHBICHHEM I. Pabora mo mepemenieHuio 3apsaa

BHYTPHU UCTOYHHUKA TOKA:
&

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

3axon Oma 0na 6ceu yenu: Cujlia TOKA B 3JEKTPUUYECKOM Lienu mpsiMmo mpomnopiuoHaibHa D/(C
MCTOYHUKA TOKA U 0OpATHO MPOMOPLIUOHAIIEHA MIOJTHOMY CONPOTHUBIICHUIO LIETIH.

R — BHemHee CcOMpPOTHBICHHE Ilenu (0OIIee COMPOTHBICHHE MOTPEOUTENCH DICKTPUUECKOM
sHeprumn), OwMm;

I — BHyTpEHHEE CONPOTUBIIEHHUE LIENH (CONPOTUBICHUE HCTOYHUKA TOKa), OM;

R + r — monHOE conporuBieHue nemnu, Om.
&=

I-’\-'.'.i, -

B snexktpuueckoit 1ienu BOZHUKAET KOPOTKOE 3aMbIKaHue, eciu R=0: L
Paboty cmit 3J€KTpHYECKOTO TIOJIs, CO3AOIICTO YIOPSIOUYSHHOE IBIKESHUE 3aPSKCHHBIX YaCTHII B

MPOBOJIHUKE, T. €. IEKTPUYCCKUI TOK, Ha3bIBAIOT paboToii Toka: A = [-U-Af,

rne A — paboTa 3JeKTPUYECKOro TOKa Ha ydacTke nemnu, JIx;
| — cuna Toka Ha JaHHOM y4acTKe LenH, A;
U — HanpspKeHHe Ha yJacTKe 1emnu, B;
At — BpeMsl IPOXOKJICHHS TOKA [0 y4acTKy LIeTH, C
p=topoyu
t , rne P — momHocTs TOKa, BT.
Ecnmu Ha ywacTke 1iemm BCS DHEPrusi MEPEXOIWT BO BHYTPEHHIOIO SHEPTUIO NPOBOAHUKA (HE
coBeplIaeTcs MexaHuueckas pabora), To Q = I°’RAt — 3aKoH Jbxoynsa-JleHna.
Q — KOTMYECTBO TETUIOTHI, BBIJCIUBIIEECS B POBOAHUKE, JK.

IIpumeps! pemenus 3a1a4
1. DOnextpuyeckuil ABUraTenab padortaer 5 4. oT cetu ¢ HampspkeHueM 380 B mpu cuie toka 35 A.
ComnporuBnenne ooMoTku asurarens 0,5 Om. Omnpeaenuth U3pacxoJOBAHHYIO AJIEKTPUUYECKYIO
SHEPIui0, KOJMYECTBO TEIUIOTHI, BBIJIEJIEHHOW B OOMOTKE 3a 3TO BpeMS U COBEPUICHHYIO
JIBUTATEJIEM MEXaHHYECKYIO paldoTy.

Hano: CH Pemerne: BremucieHAT

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

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

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

Lo —?

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

2. Ilpu 3ambIKaHUU UCTOYHMKA dJeKTpudeckoit sHeprun ¢ 3/C 4,2 B HUKETUHOBBIM MPOBOJHUKOM
ot 10 M 1 ceuenmem 1,0 Mm° cmna Toka B menu Obuta 0,6 A. Haiitu BHYTpPEHHEE
COIIPOTHBIIEHUE HCTOYHHMKA DJIEKTPUYECKON SHEpruu. YAeabHOE CONPOTHUBICHHE HUKEIWHA
4,2-10"0Om m.

CamocrosiTesbHast padora
1. DnekTpoaBHUraTenb, CONpoTuBIeHne oOMoTkH Kotoporo 0,4 Om, paboTaeT OT CETH C HampsKEHUEM
300 B nmpu Toke 50 A. Omnpenennrte KadecTBO M3PACXOJOBAHHOW PHEPIMM 3a 5 Y., COBEPLICHHYIO

JIBUTATEJIEM MEXaHUYECKYIO Pa0OTy U KOJMYECTBO TEIIOTHI, BBIJICIIEHHOM B 0OMOTKE.
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2.ABTomMoOuUNBHEIN cTaptep 3a 10 ¢ padoTer motpebaser 3Hepruto 6,0-104 JIx. KakoBa cuma Toka,
MIPOXO/ISIIETO Yepe3 CTapTep BO BpeMs 3alycKa ABUTATElIs, €CIIU HapsbKeHUe Ha ero kiemmax 12 B?

3.CapounbiM anmaparom. Padoratommm ot cetu HanpspkenueM 45 B 3a 20 MuHYT OBLIIO M3pacxoI0BaHO
5.4xBt*uac sneprumn. [Ipu xakoi cuiie Toka mporekaia QyroBas cBapka ?

4.Onekrpudeckuii yrior MomHocThio 800 Bt paGoraer ot cerm 220 B .OmpemenuTh cuiy TOKa B
HArpeBaTeIbHOM 3JIEMEHTE M €ro CONpPOTUBJICHHE B pabodyeM cOCTOSHUU yTiora. CKOJBKO SHEpPruu
OyIeT u3pacxo0BaHo 3a 1,5 yaca HempepbIBHOK pabOTHI yTIOTa ?

5.B cerb HanpspkeHueM 120 B mociienoBaTenbHO € 3JEKTPUYECKONM Tyroi BKItOUeH peoctar . [lagenue
HanpspKeHus Ha dekTpoaax ayru 45 B ,cunma toka B menu 12 A. Onpenenutrb MOIIHOCTb
,JIOTPEOIIAEMYIO IYTOH U K.I1.JI. YCTAaHOBKH.

6.Pe3ucTop moakiIoueH K MCTOYHHKY TOKa, HaNpspDKeHHE Ha 3axkuMax kortoporo 6 B. Kakas pabora
coBepuiaerca TOokoM, eciu 3a 0,5 MuHYT uepe3 pesucrtop npoxoaut 3apsa 24 Kn? Omnpenenutsb
MOIIIHOCTh TOKa ¥ COIIPOTUBJIEHUE PE3UCTOPA.

7.Kakass MomHOCTh MOTpeOsieTcs TyroBOW CTaleIIaBUIBHOW IMe4blo, paboTaromieil OT HCTOYHUKA
HanpsbkeHueM 220 B npu cune toka 30000 A? Omnpenenute CTOMMOCTb 3JIEKTPUYECKON SHEPruu ,
M3pacXOJ0BaHHOI 3aM 5 4acoB pabOTHI MeuH, MO ASUCTBYIOLIEMY TapU]y.

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

dopma npeacraBjeHus pe3yabTara:
BbinonHuTh 3asaHue B TETPAAM JUIsl IPAKTUYECKUX padoT.
Kpurepun oneHku:

3a npaBUJIHHO BBIMOJIHEHHOE 33JaHHE BHICTABIIAETCS MOJIOKUTENbHAS OIleHKa — 1 Oa.

3a HeMpaBWJIbHO BBIMIOJTHEHHOE JIEHCTBUE, 3a/1aHNE BBICTABIISETCS OTpHUIlaTebHas olleHka — () GaoB.

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

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

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

Oyenka «Heyoosiemeopumenvno» svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.3 DiiekTpUYecKHii TOK B pa3jJMYHbIX cpeaax
IIpakTyeckoe 3ansaTue Ne 17

DJIEKTPHUYECKHI TOK B Pa3JIMYHBIX Cpeaax

Heab: chopMupoBath NOHUMaHuE posiu PU3UKU B (HOPMHUPOBAHUM KPYro3opa U (pyHKIIMOHATHHON
IPaMOTHOCTH 4YeJIOBEKa JUIsl PEUIeHHs] MPaKTHUYECKUX 3ajad; A OOBSCHEHUS YCIOBUN MpPOTEKaHUs
(bu3nYeCKUX SIBICHUH, yMEHUS BBHIOJIHATh pacyeTHbIE U rpaduueckue 3a1auu

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

MarepunanbHoe obecrnieyeHue:

WHAMBUAYaJIbHOE 33/1aHH€, KOHCIIEKT JIEKIIUA, CIIPaBOYHbIE MaTepHAIIbI.

Yka3anmue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX YacTed — TEOPETHYECKOM M mpakTthueckou. Ilocne
U3Y4YEHHs] TEOPETUYECKOr0 MaTepuanga MOXXHO IPUCTYNATh K BBIIOJHEHHUIO NPaKTHUecKoN yacTh. OHa
COCTOMT M3 JABYX M Oosiee 3a1ay Al CaMOCTOSITENBbHOIO BbINoNHEHHUs. He 3a0biBaiiTe 0 MpaBUIIBHOM
oopmienun pemienus. Ha BeImoHEHHE TPAKTUYECKOTO 3a/1aHUSI OTBOJIUTCS JIBA aKaJEMHUECKUX Yaca.

3aganue:
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OBHaKOMbTeCB C TQOPGTHHCCKI/IMI/I CBCACHUsIMU I/ICHOJIB?)y}I CCI:IJIKy
https://znanium.com/catalog/product/1012153. Ctp 133, 134. «3aBUCUMOCTB CONPOTHUBIICHUS
MCTAJNIMYCCKOI'O MPOBOJAHHWKA OT TEMIICPATYPHI»

Kpartkue TeopeTuyeckue cBeleHUs
DNEeKTPUYECKUM TOK B JKUJIKOCTAX

PaCTBOpBI H pacCIlyIaBbl, IIPOBOJAAIIUC 3J'ICKTpI/ILIeCKI/II‘/'I TOK, HA3BIBAKOTCA 2JIEKMPOJIUMAMU.

CobepeM 3JIeKTPUIECKYIO 1Ielb, B KOTOPOH COSTUHUM COCY/T C TUCTUILTUPOBAHHOMN BOIOM
ANEKTPUYCCKYIO JIJAMIIOUKY M HCTOYHHK TOKA. B cOCy1 OMyCTUM IUIACTUHBI, CO3/IAIOIINE B )KHIKOCTH
AIEKTPUYECCKOE MOJIe. DTH TUIACTUHBI HA3BIBAIOTCS DJICKTPOIaMHU. DJIEKTPOJ, COCTUHECHHBIN C
MOJIOKUTEITHLHBIM TIOJIFOCOM TOKA, HAa3bIBACTCS AHOOOM, @ STIEKTPOI, COSTMHEHHBIN ¢ OTPUIIATEIILHBIM
IIOJIFOCOM — KAMOOOM.

3aMKHYB OeIlb, y6eI[I/IMC$I, 4TO JIaMITIO4YKa HC CBCTUTCA, TO €CTh JUCTHIIJIMPOBAHHAA BO/Ja TOK HC
npoBoauTt. Jlo6aBum B Boay noBaperHyro coiib (NaCl). Jlamna HaunHaeT CBETUTHCS, T.€. PACTBOP
IIPOBOJIUT 3JIEKTPUUECKUH TOK, T.€. B HEM MOSBUIINCH CBOOOHbIE 3apsKEHHBIE YaCTHIIbI.

OT0 00BsICHIETCS TEM, YTO MOJICKYJIbI paCTBOPHUMBIX BCHICCTB COCTOAT U3 HOHOB
MMPOTUBOIIOJIOKHOI'O 3HAKA, KOTOPBIC YACPIKUBAOTCA APYT OKOJIO ApYyTa 3JICKTPUICCKUMHU CUTIaMU
MNPUTAKCHUA.

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

2
MIPUTSKEHUS. HOHOB B MOJIEKYNax (g — kg 5 JUIs BOJIbI € = 81).
R

[Ipu xaoTHYECKOM JIBUKEHUU MOJIEKYJ paCTBOPEHHBIX BELIECTB U PACTBOPUTENIEH IPOUCXOIAT UX
CTOJIKHOBEHHSI, KOTOpPbIE MMPUBOST K pacnaay MOJIEKYJ Ha OTAENbHbIE pa3HOMMEHHbIE 3apsKEHHBIE
MOHBI. DTOT NPOLIECC HA3BIBACTCS INEKMPOIUMULECKOU OUCCOYUAYUEL.

IIpoxoxaeHne TOKa Yepes3 3IEKTPOJIUT COIIPOBOKAACTCS BBIIECIECHUEM Ha JIEKTPOJaX COCTABHBIX
JacTel PaCTBOPEHHOI'O BEIIECTBA. JTOT MPOLIECC HA3bIBAETCS AIEKTpon30M. IlonoxurensHo
3apspKEHHBIC MOHBI (KATHOHBI) JBMXKYTCS K KaTOLy U MPUOOPETAIOT Ha 3TOM JIEKTPOJIe HEAOCTAOIIE
ANEeKTpOoHBl. OTpULIATENIBHO 3apsKEHHbIE HOHBI (AHMOHBI) OTJIAIOT aHOY JIMILHUE 3JIEKTPOHBI. TakuM
00pa3oM, Ha aHO/I€ IPOMCXOJUT PEAKIIUS OKHCICHHS, @ Ha KaTOJIe — BOCCTAHOBJICHUSI.

3Jl€Kmp0]lu30M HAa3bIBAIOT IMMPOLECC BBIACIICHNA Ha 3JICKTPOJaX BEUICCTB, CBSI3aHHBIH C
OKHCJIIMTCIbHO-BOCCTAHOBUTCIIbHBIMU PCAKITUAMMU.

KonuuecTBeHHBIE XapaKTEPUCTHKH DIICKTPOIM3a ONMPEACISIOTCS 3aKOHOM 3JIEKTPOIIN3a (3aKOHOM
dapanes):

Macca sewgecmesa, gvloenuguie2ocs Ha I1eKmpooe, NPAMONPONOPYUOHALLHA 3aPA0Y, NPOUEOULEMY
uepes 271eKmpoum.

m=Kk-q,
rie M — Mmacca BEeIIeCTBa, BbIJICJIUBIIETOCA Ha OJICKTPOJAEL, KTI';

g — 3apsiz, OpOLIEIIINHA yepe3 3neKTponuT, Ki;
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K — 3IIeKTpOXMMUYECKHU T SKBUBAJICHT BEIIECTBA (XapaKTEPUCTHUKA BEIIECTBA, OMPEICIISCTCS 110

Tabauige), K,
Kz

Tak kak | _4a =q=1-st=m=k-1t —3axon Papanes,
At

rae | — cua Toka B AIEKTpouTe, A;

At — IpOIOJIKUTENBHOCTD HIIEKTPOIIN3A, C.

Bemuunny k — ' Ha3BIBAIOT 21eKMPOXUMULECKUM IKEUBATEHINOM [k]=22.
F-n Kn

HpuMeHeHue IJIEKmMpou3a 6 mexHuke

1. 115t OUMCTKH METAJIIOB OT HEOOJIBIIIOTO KoJIM4yecTBa npumeceit (pagunuposanue). [lonyyenue
YHUCTBIX: MEIH, cepedpa 1 30J10Ta. ITOT MPOILIECC HA3bIBACTCS PaQUHUPOBAHHEM.

2. JIns mostydeHusi METaJIOB U3 pacTBOpa (LIMHK M HUKEJh). ITOT MPOIIECC HA3bIBACTCS
IIEKTPOIKCTPAKLUECH.

3. [ToxpbITHE OJHOTO METaJIa CII0OEM JPYroro MeTauia (HUKeIMPOBaHHE, XPOMUPOBAHUE U T. 11.).
DTOT MpolLiecC Ha3bIBAECTCS ralIbBAHOCTETHEH.

4. [lonydeHnue konuil perabeHbIX H300pakeHUH (TaTbBaHOIIJIACTHKA).
5. JIyst CHSITHSI IEPOXOBATOCTH M3CIHA (3JCKTPOIIOJIMPOBKA) H JIP.
DNeKTpUUECKUN TOK B MeTaslie
HarpeBaHve nmpoBoTHHKA MTPU TIPOXOXKICHUHU TI0 HEMY MTOCTOSHHOTO TOKa MOKHO OOBSICHHTD TEM,

YTO KUHETUYECKAsl SHEPTHSI DJIEKTPOHOM MEPEIAETCS TPU CTOJIKHOBEHUU MOHOB KPUCTAIIMNYECKOM
pELIETKN.

p=po(l+at),
€ p,— YASIBHOE COnpoTHBienue nposoauuka npu 0°C, Om-M;
t — remneparypa no mxane Lenscus, °C;
p — YAECTBHOE COMPOTHUBICHUE TpH TeMmeparype t, Om-Mm;

0. — TeMIepaTypHbIil KO3 UIIMEHT CONPOTUBIICHUS METalIa, 1

k
Bospactanue yaenbHOrO COMPOTHBIEHHS MOXKHO OOBSICHUTH TEM, YTO C POCTOM TeMIEepaTyphl
aMIUTUTyZla KOJIeOaHMH HMOHOB KPUCTALIMYECKONW pEIIeTKH METaUIOB YBEJIMYMBACTCS M BO3pacTaeT
BEPOSITHOCTh X CTOJIKHOBEHUS C 3JIEKTpoHaMHU. IIpy CTOIIKHOBEHMH C MOHAMU AIIEKTPOHBI TEPSIOT CKOPOCTh
HAaIpaBJICHHOTO ABUKEHUS. JTO U IPUBOJIUT K BO3PACTAHUIO YEIBLHOIO CONIPOTUBIICHHUSI.

I[J'ISI BCEX METaJUIOB o1 U Malio MEeHSETCS IMpU USMCHCHUU TCMIICPATYPHI. I[J'I}I YHUCTBIX MCTAJIJIOB O

~ i , JJIS DJICKTPOJIMTOB o<0muc YBCIMYCHUECM TCMIICPATYPBI YMCHBIIACTCH.
273K

MHorue IMPOBOAHUKHU O6J'Ia,[[aIOT CBOMCTBOM CBEPXIPOBOAUMOCTH
COCTOsAIICM B TOM, YTO HUX COIIPOTHBJICHUC CKAYKOM MAaJacT OO0 HYJIA HpHU
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OXJIKJICHUM HUKE OMPEICICHHON KPUTHYECKON TeMIepaTypbl, XapaKTEPHOM
s ganHoro BemectBa. B 1911 r. rommanackuit ¢usuk X. Kamepnur-
OuHec 0OHAPYKHJI, YTO MPU MOHUKEHUH TeMiiepaTypsl prytu 1o 4,15° K ee
yZEIbHOE CONPOTHBIEHHE Naaaet Ao 0.

IIpumepsl pemieHust 3aaa4
[Ipu cepeOpennu nznenus Ha karof 3a 30 MUH. OTIIOKIIIOCH cepebpo maccoit 4,55 r. Onpenenure

o -6 Kr |
CHILY TOKa IIPH 3JICKTPOJIH3e. DIEKTPOXMMHUYECKHI 9KBUBAICHT cepebpa 1,12-107 —

HaHo: Pemenue:

m=4,55r=4,55-10" | 3anumem 3akoH riekrponunsa dapanes:
3

KTI"
m = xlAt = | _m
At=30 mMuH. = At
1,8-10°
S | ~226 A

_ .16 xr
K=1,12-10°%

-2

DHeprusi MOHU3alUUu aToMOB pTyTH paBHa 10,4 3B. Kakoli HauMeHbI1IeH CKOPOCTHIO JOJIKEH
0011a/1aTh NIEKTPOH, YTOOBI IPOU3BECTH MOHU3AIIMIO aTOMa PTYTH yaapom?

HaHo: Pemienue:
W;=10,4 5B = 16,64-10° 15B=1,6-10"]1x
19
Jx st Toro, 4yToOBl HOHU3UPOBATH
m=9,1-10%kr aTOM PTYTH, JJIEKTPOH JOJKEH
S 00Ja1aTh KUHETUYECKOM SHEprueit
min—

E\, paBHOW SHEPIUY HOHU3ALUU:

E.=W, uwiu 'Lzm'” =W,

rae m —macca 3JICKTpPOHa,

Umin — HAUMCHBIIIAss CKOPOCTH 3JICKTPOHA, ITPpU KOTOpOfI BO3HHKACT MOHU3AllHA.

OTKkyna vmin = 2N pmin= 1,9-106%'
m

JlBa mpoBO/IHUKA C TeMIepaTypHbIMU KodduuneHTamMmu corpoTtusieHus ol u a2 umerot npu 0 °C
conpoTuBiieHUs Ro1 1 Rgz. UeMy paBeH TemnepaTypHblid KO3 PHUIIMEHT CONMPOTUBICHUS POBOAHUKA,

COCTABJICHHOTO M3 JABYX JaHHBIX MPOBOIHUKOB, COSUMHEHHBIX: @) nociedosamenvho, 6) napaiieibHo?

Pemenue. CornacHo cooTHomeHUO (2.5.1) conpoTHBICHUS TPOBOIHUKOB MPU TEMIIEpaType t
COOTBETCTBEHHO PaBHBI:

Rl = Rol(l + (Xlt),
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Rz = Roa(1 + apt)
a) [Ipu mocnenoBaTeIbHOM COEAMHEHNUH, COTJIACHO Gopmyre (2.8.6), o0I1iee COMpOTHBICHNE
R =R1+ Rz =Ro1 + Rz + (a1Ro1 + 02Rg)t
C napyroit CTOpOHBI, MOKHO HAITUCATH:
R =Ro(1 + a't),
rae Ro = Ro1 + Ro2, @ o' — rckombIil Temnepatypabiid koddduiuent. OTcrona

ot Ryy0.4 + R0ty
Ry + Ry

0) ITpu nmapanxieasHOM coeauHeHHH, coraacHO dopmyae (2.8.13), odmee conpoTueIcHNe

Ro1 Roa(1 + 038)(1 + 0pt)
Ro1(1 + oy t) + Ryp(1 + apt)

R = = Ry(1 + o't),

R = Ry1Rgy
0 Ry + Ry, > oC -
rge 0 02 — COIIPOTHEICHHE NapalIcIbHO COEJHHEHHEBIX IIPOBOIHHKOE IIPH 0 C Hpe}leoperax YICHAaMH,
IPONOPIHOHATIBHEIMH NPOH3BEICHIAM TEMIIEPATYPHEIX KO3¢¢HIIHCHTOB, KaK MaIBIMH. IIOTYTHM!
”n

Ryp0ty + Ry 09
Ry + Ry,

Pemurhb 321241 caMOCTOATEIbHO

1. IIpy SNEKTPONN3E CEPHOKHCIOTO IMHKA B TedeHne 5,0 4 Beuzemmiock 3,06:107% kr umnka.
Omnpenenurte CONPOTUBIIEHUE DIIEKTPOJIUTA, €CIIH AIEKTPOIN3 POXOANT Npu HanpskeHuu 10 B.

2. [Ipu snexTponuse pacTBopa CEpHOKUCIIONO IMHKA B TeueHue | 4 Buaenuiock 2,45 107 kr muHKa.
Haiigute BenuunHy CONpOTUBIIEHUS, €CIM BOJIBTMETpP MoKa3biBaet 6,0 B,

3. Kakoe konngectBo cepeOpa BbIAEIAETCS MPH AIEKTpoin3e B TeueHue 0,5 4, ecinm conpoTUBICHHUE
3NEeKTpoJuTUYeCKOM BaHHbI 2,0 OM, a HanpsbkeHne Ha ee 3axkumax 3,0 B?

4. B snekrponmtuueckoil MeqHOM BaHHE 3a 40 MMH BBLIEITWIOCH 1,98:10° kr mem. Onpenenure 31c

Oarapen, HEOOXOAMMYIO JUIsl IMTaHUS TOKOM BaHHBI, €CIM CONPOTHBIEHME pacTBopa .1,3 OM, BHyTpeHHee
conpotusienue 6arapeu 0,3 Om.

S. XKenesnsle TpyOKM panuaTopa OXJIXACHHUS JBUTATENs TPAKTOpa IOKPHIBAIOT MEJbIO
rajlbBaHU4YeCKuM criocoboM. Ompenenure TOMMIMHY CIIOS MeIM Ha TpyOKe, eciu MOKphITHE BeneTcs 1 9
15 MuH npu iotHOCTH TOKA 30 AN,

6. Jns  npupanus  OOJBIION HPOYHOCTH
CTEP)KHSIM, COCJMHSIONIMM TYCEHHUIIBI TPAKTOpa, WX TOBEPXHOCTh XPOMHUPYIOT TajJbBaHHMUYECKUM
criocobom. TommuHa c10s XpoMa JOJIKHA COCTaBIATh 5,0-10'5 M. IInotHOCTH TOKA paBHA 2,6'102A/M2.
CKoJIbKO BpeMEHH OyAeT MPOTEKATh MPOIECC XPOMUPOBAHMS, €CIIA XPOM IIECTUBATICHTHBIN?

7. ComporuBnenne meaHoro mnposojga npu Temmneparype 0°C paBHo 4 Owm. Haitaure ero
conpotuBiieHue mpu 50°C, ecnu TemmepatypHbiit kodddunuent conporusienus meau (TKC) a=4,3*10-3
K-1
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8. Comnporusnenne npoBoanuka npu 20°C paBHo 25 Owm, a mpu 35°C - 25,17 Om. Haiinure
TeMIIepaTypHbIH KOA(DPHUITUEHT COMPOTUBIICHUSI.

0. CornpoTHBIIeHHE CTAJILHOTO MPOBOAHMKA Ipu Temmeparype t/=10°C R1=10 Owm. Haitagute npu
KaKkoil TeMmIeparype ero comportuBiieHue ypenuuutca Ha 1%. Temmneparypubiii ko3 QuimeHt
conportusneHus cramu 6*10-3 K-1

10. CompotuBiieHre BOJIBGPaMOBOM HUTH JiaMiibl HakanuBanuss npu 20°C paBHo 20 Owm.
TemmepaTypHsiii Kod(G(UIMEHT compoTHBIeHus Boibhpama 4,6%10-3 K. Haitaute TeMIlepaTypy HUTHU
HaKaJja JaMIIbl IPU BKJIIOYEHHUM €€ B ceTh ¢ HanpsikeHuem 220 B u cuioii Toka 1 A

®opma npeacTaBiaeHusi pe3yJabTara:
BbImonHuTE 3a1aHKe B TETPaIy Ui IIPAKTUYECKUX PAOOT.
Kpurepun oneHku:
3a IpaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKUTEIBbHAS OlIeHKa — 1 Oa.
3a HeMpaBWIIBHO BBITIOJHEHHOE JICHCTBUE, 3aJ]aHUE BBICTABIISICTCS OTpUIIaTeIbHas olleHKa — () 0asuioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 4.4 MarautHoe mnoJjie
IIpakTuyeckoe 3anaTue Nel8, 19

MarnuTHoe noJjie 4 ero XapakTepucTuku. /leiicTBMe MATHUTHOIO T0JIs1 HA 3aPsi/L

Heasn: chopmupoBaTh NOHUMaHKUE poiH (PU3UKU B (POPMUPOBAHUU KPYro3opa U (hyHKIIMOHATBbHOU
IPaMOTHOCTH 4YeJIOBEKa JUIsl PELICHHs] MPAaKTHUYECKUX 3ajad; s OOBSCHEHUS YCIOBUN IMpPOTEKaHUs
(bu3NYECKUX SIBICHUN, YMEHUS BBINOIHATH pacueTHbIE U IrpaduuecKue 3a1auu

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

MarepuanbHoe o0ecnieyeHue:

VMHAVBUAYAJIBHOE 3a/1aHUE, KOHCIIEKT JIEKIIMH, CIIPABOYHbBIE MaTEpHaJIbIL.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOUT U3 ABYX YacTel — TeopeTHuYecKoll M npaktuueckoil. Ilocie
U3Y4YEHUs] TEOPETUUYECKOro MaTepuaia MOXKHO IPUCTYNATh K BBIIOJHEHHUIO MpakTHuecKol uyacth. OHa
COCTOUT M3 JBYX U Oosiee 3ajau Al CaMOCTOSTENbHOrO BbINOJHEeHUs. He 3a0bIBaiiTe 0 mpaBUIIBHOM
odopmiiennn pemeHus. Ha BbIMOIHEHHE MPaKTUYECKOTO 33aJaHUSl OTBOJUTCS Yemblpe aKaJeMHUYECKUX
qaca.

3ananue:

O3HaKOMBTECH C TEOPETUUECKUMU CBEICHUSMHU HUCIIOJIBb3Ys CCBUIKY
https://znanium.com/catalog/product/1012153, §43,44, Beimucas GpopMyiibl OTMEUYEHHBIC CKOOKaAMH,
Hanpumep( 43.1)

Pemmre 3anaum, caMOCTOSATENBHO UCTIOIB3YSI PUMEPHI U KPATKHE TEOPETUUECKHE CBEICHUSI.

Ilopsinok BbINOJHEHHSI padOThHI:

1. W3yuute 1 BeIMUIIKATE (GOPMYIIBI I10 JAHHOM TeMe B BUJI€ KPATKOIO KOHCIIEKTa
2. Pa30epute npumepsl pelIeHHbIX 3a1a4
3. Pemmre camocrosTenbHO 3a0aun

IIpumeps! pelieHus 3agay
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1. [IpoBOOHUK C CUJION TOKa SA MOMEIEH B OAHOPOHOE MAarHUTHOE T0JIE C MHIYKIIUEH 1-10°TA.

VYron MCXKYy HallpaBJICHUAMU TOKA U MOJIA 600. OIpCAC/INTC MJIMHY ITPOBOAHHKA, CCJIU I10JIC I[CﬁCTByCT Ha

Hero cujioit 2-1072H.

Hano: Pemrenue
I=5A F=B-I-{ sina =>=__F
B=1'10'2TA B-lsina
a =60°
F=2-10H (= 210°H .

1-1072TA-0.87-5A
-7
A 0
sin 607=0,87 Otset. (=0,46Mm.

2. Kakast cuna JelCTBYeT Ha 3JIEKTPOH, JIETALIUI B OJHOPOJHOM MAarHUTHOM II0JIE€ C MHAYKLHEH

1-102 TA NEPHEHAUKYJISIPHO JIMHUSIM MAarHATHOM MHAYKIIMU CO CKOPOCTBIO 3-10° m/c, 3apsAz IEKTPOHA

e=-1,6-10"Ku.
Hano «CH» Pemenue
v=3-10%m/c Ha onekTpoH, naBmwXymuiics B
B=1-10TA MAarHUTHOM MOJIe, JICHCTBYET cuia
a=90° JlopeHnua:
_ 1 £.1019
e=1,6:10"" Ku. FA=B:g-U-sina
F=?

FA=1-102TA1,6: 10 ° K1-3-10°w/c=
4.8-10°H
Ortser: 4,8 10%°H

PemnThb 321248 caMOCTOSITEbHO (N - HOMEp 6auie2o 8apuanma no CRUCKY)

Ha npsmonuHeiHbIil NpoBOJHUK ¢ TOKOM 1,5 A B OJHOpPOJHOM MarHUTHOM nojie ¢ uHaykuuen 0,4
TA neiicteyer cuina n H. Onpezenure JUIMHY MPOBOJAHKMKA, €CIIM OH PACHOJIOKEH o yriiom 30° K
CHJIOBBIM JINHUSIM.

Kakas cuna nelicTByeT Ha NPOTOH, JETSIIUNA B OJHOPOJHOM MarHUTHOM Ioje ¢ MHAykuuen 4-103
TA nepneHAMKYISpPHO JMHUSIM MarHUTHOM MHAYKLIHMU CO cKopocThio 2:105wm/c. 3apsn mpoToHa
q=1,6-10-19KA.

Jaiite ompeneneHMe MarHUTHOM HMHAYKIWH. B Kakux eIWHUIAX OHAa u3Mepsercd? 3amuimre
€IMHHIlY MATHUTHOW MHAYKIIMY Yepe3 OCHOBHBIE €IMHULIBI U3MepeHus B cucteme CU.

DNEeKTpPOH JBUXKETCS B BaKyyMe €O CKOpocThio 3:106 M/C B OJHOPOJHOM MarHMTHOM IIOJIE C
naaykuued B = 0,1 Tan. Yemy paBHa cuina F, neiicTByromas Ha 3JIEKTPOH, €CIM YIOJ MEXKIY
HaIlpaBJIEHUEM CKOPOCTH M JIMHUSAMHU MarHUTHOM MHAYKIMHU paBeH 9007

[IpssMonuHENHBIH NPOBOJHUK, MO KOTOPOMY HJIET TOK cwioil 10 A, momemeH B OZHOPOJHOE
MAarHuTHOE Toie, WMHAYKIHUs Kotoporo 0,3Tn. Yrom Mexay HampaBiI€HHEM TOKa U BEKTOPOM
MarHuTHOM uHAykuuu paBeH 300. C kakoi cuinoit F nelicTByeT MarHUTHOE IOJE€ HAa Y4YacTOK
MPOBOJIHUKA JUTMHON N M?

Onpenenure MarHUTHBIN MTOTOK, MPOXOASIIUN YEPE3 NPSIMOYTOJIBHYIO PaMKy CO CTOPOHaMu 2x5 cM,
€CJIM OHAa IIOMEIIEHA B OJHOPOJAHOE MAarHUTHOE IOJIE€ C MHIAYKLUEH 4-10°TA nox yrom 30° x
JUHUSAM UHIYKIUHU TOJIS.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

B oxHOpOaHOE MarHUTHOE IOJE, UHAYKIUSA KOTOPOIrO 1,26:10° TA, nomeren IIPSIMOM IIPOBOJHUK
JuHOM n cM. Onpenenure cuily, JEMCTBYIONIYIO Ha MPOBOJHUK, €CIU MO HemMy TedeT Tok 50 A, a
yroJl MeX/1y HalpaBJIe€HUEM TOKa BEKTOPOM MHAYKLNHU cocTaBiseT 30°.
[IpoBoaHuK ¢ cuioi Toka 5,0 A momMenieH B OJHOPOIHOE MArHUTHOE T0JIe ¢ UHAYKIueu 1,0- 102 TA.
VYron Mexny HanpasieHUsIMU ToKa U noist 60°. OnpenenuTe akTUBHYIO JUIMHY ITPOBOJHHUKA, €CIIH
1oJie CHCTBYET Ha HErO CHIION 2 102 H.
Kakyro paboTy coBepiaer 0JHOPOJHOE MAarHUTHOE T0JIe MHAYKIuen 1,5- 102 TA [P MIEPEMEIICHUN
Ha pacctosinue 0,2 M IpPOBOJAHUKA JIMHOM 2M, MO KOTOpomy TedeT Tok 10 A; eciu nmepemMelieHue
IIPOUCXOJUT B10JIb AeiicTBUs cui? IIpoBonHuK pacnionoxeH nof yriom 30° Kk HanpaBJIEHUIO MOJIS.
Haiigute nHAYKIMIO MAarHUTHOTO MOJISI, B KOTOPOM MaKCHUMAaJbHBI MOMEHT CHJI, ICUCTBYIOIIMX Ha
pamky ¢ TokoM B 3,0 A, pasen 1,5 H-m. Paszmepnl pamku 0,05x0,04 M, unciao BUTKOB paBHO N.
B onHopoaHom mMarHuTHOM mnoJie ¢ uHaykinuen 0,25 TA HaxoauTtcs TpsIMOJMHEUHBIA MPOBOHUK
muHoi 1,4 M, Ha kortopbiil neictByer cwia 2,1 H. Onpegenure yron Mexay HPOBOAHMKOM U
HaIpaBJIeHUEM BEKTOpa MHAYKLIUYA MarHUTHOTO MOJIs, €CIH CUjla TOKa B IPOBOAHMKE 12 A.
YeMmy paBHa cuia TOKa B NPSAMOM NPOBOAHUKE JUIMHOM 1,0 M, IOMEIIEHHOM B OJHOPOJHOE
MarHuTHOE MOJI€ ¢ UHAYKIUEn 1,5-10'3 TA, ecnu Ha 3TOT NPOBOJHUK CO CTOPOHBI MOJsL JEHCTBYET
crma 2,1-10° H? Vron Mexy HampaBICHHEM SIEKTPHYECKOr0 TOKA H BEKTOPOM MH/IYKIHH PaBeH
45°.
Ha 06mMoTKy poTopa 3eKTpoABUTATENS MPU MPOXOKACHUH IO MPOBOAY Toka 20 A AeiicTByeT cuiia B
40 H. Onpenenute BeNMWYMHY MAarHUTHOM WMHAYKIUKA B MECTE PACIIONOXKEHHUS MPOBOIA, €CIH €ro
mmHa 20 cM. OOMOTKa COAEPIKUT N BUTKOB.
DIEKTPOH OMMCHIBAET B MArHUTHOM MOJI€ OKPYKHOCTh paanycom 4,0-10-3 m. CKOpOCTh ABUKEHUS
AJIEKTPOHOB paBHa 3,5-106 m/c. HaliuTe MHIYKIMIO MAaTHUTHOTO TTOJISL.
[Iporon nBuxketcs co ckopocThio 1,0-106 M/c meprneHAUKyISIPHO OJTHOPOAHOMY MAarHUTHOMY TIOJIO C
unaykuuen 1,0 TA. Haliqute cuity, IeHCTBYIOINIYIO HA MPOTOH, U PAIUyC OKPY>KHOCTH, 10 KOTOPOIt
OH JIBUKETCS.
DONeKTpOH BJETAaeT B OJHOPOJHOE MAarHUTHOE TMoJie, HWHAYKIUsS Kotoporo 2,0:104 TA,
MEePIEeHIUKYISIPHO CUJIOBBIM JIMHUSM cO ckopocThio 1,0 106 m/c. Beruncnure paguyc OKpy)HOCTH,
10 KOTOPOI OyZeT ABUTaThCS AJIEKTPOH.
Kakas cuna geiicTByeT Ha 3JE€KTPOH, JIETAIIUN B OJHOPOAHOM MAarHUTHOM ToJie ¢ uHaykuuen 1,0-10-
2 TA nepneHIuKyJIIpHO JUHUSIM MarHUTHOW MHAYKLIUU cO cKOopocThio 3,0:-106 m/c?
DNEeKTpOH, ABUTAsICh CO CKOPOCTHIO 3,54-105 M/C, TIOTIaJaeT B OJHOPOJHOE MArHUTHOE TOJE C
unaykauen 2,0-10-5 TA nepneHIuKynspHO K €ro CHIIOBBIM JIMHUSIM M MPOJOJDKAET JBUKEHUE IO
OKpYy>KHOCTH paguycoM 10 cm. Halimure ynenbHBIN 3apsl 3JIEKTPOHA, T.€., OTHOILIEHUE €ro 3apsaa K
Mmacce.
IIpoToH, uMerommii ckopocTh 4,6-10° M/c, BleTaeT B OJHOPOJHOE MATHUTHOE MONE C HHIYKIIHEit
0,30 TA nepreHIUKYIIpHO MarHUTHBIM CHJIOBBIM JIMHUAM. PaccuuTaiite paguyc OKpy>KHOCTH, IO
KOTOPO# OyJeT JBUTaThCs IPOTOH.
[IpoToH nBWXETCS B OJHOPOJAHOM MAarHUTHOM Tnone ¢ uHAykuuen 3,4-10-2TA B mockoctw,
MEePHNEHIUKYISIPHON K CHIIOBBIM JUHUAM. ONpeaenuTe pagnyc TpaeKTOPUU MPOTOHA, €CIU ABUKEHUE
IPOMCXOUT B BakyyMe 3,3-10° m/c.
B oaHOponHOe MarHuTHOE MoJie ¢ UHAYKIuEn 8,5 102 TA Breraer AJIEKTPOH CO CKOPOCTHIO 4,6 10°
M/C, HaIlpaBJICHHOHN MEPHEeHIUKYISPHO K CHJIOBBIM JHHMUSIM. Onpenenure cuiy, NEHCTBYIOIIYIO Ha
3JIEKTPOH B MAarHUTHOM I10JI€ U PAANYC IyTHU OKPYKHOCTHU, IO KOTOPOI OH JBUKETCSI.
B marautHOe mose ¢ uHayknuei 0,5 TA B HampaBieHWH, COCTaBIAIONMIEM Yroi 45° ¢ JIMHUAMHU
WHJIYKIHAH, BIETAET 3JIEKTPOH CO CKOPOCTHIO 2,0- 10® m/c. Onpexnenure cuiy, AEMCTBYIOUIYIO Ha HETO.
B MarnuTHOE mosie B HampaBi€HUH, MEPHEHIUKYISPHOM JIMHUSM WHIYKIMH, BJIETAET MPOTOH CO
ckopocThio 3,2:10° m/c. Haiiire WHIYKIHIO STOrO IOJS, €CIM HPOTOH ONHCAN OKPYKHOCTD
paauycom 10 cm.

3ajaun Ha TOCTPOEHUS:
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®opma npeacTaBiaeHus pe3yJabTara:
BbInonHuTE 3a1aHUE B TETPAaU AJIs MPAKTHUECKUX padoT.
Kpurepum ouenku:
3a mpaBUIILHO BBIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJHEHHOE JCHCTBUE, 3aJaHUE BBICTABIISIETCS OTpUIIATEeIbHAst OlleHKa — () 0asioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisenmcs 3a menee 60%0 mpaBUIHHBIX OTBETOB



Tema 3.5 DyieKTPOMArHUTHAS UHAYKIIHS
IIpakTuyeckoe 3ansitue Ne20, 21

3HeKTp0MaFHHTHaﬂ HHAYKIUA. 3akoH 3J'IeKTp0Mal"HHTHOﬁ HHAYKIUH. CaMOI/IH)IyKIIHH

Heas: cdopmupoBaTh MNOHHUMaHUE poiu (U3MKA B (OPMHUPOBAHUHM KpYro3opa BIIaJCHHE
OCHOBOIIOJIATAIOMIMMU (PU3UUECKUMH TOHATHIMH, 3aKOHOMEPHOCTSIMH, 3aKOHAMHU U TEOPHSIMH; YMEHHS
BBITIOJIHSATH PAaCUETHBIC M TpauyecKue 3a/1a9u

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

MarepuajibHoe o0ecrnieyeHue:

WH/IMBUYAJIbHOE 33JJaHKe, KOHCIIEKT JICKIIUI, CIPaBOYHBIC MaTEPHAIBI.

Yka3anmue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX YacTe€d — TEOPETHMYECKOM M IpakThdeckou. Ilocie
U3yYeHHs] TEOPETHUYECKOI0 MaTepHaiga MOKHO HPUCTYNATh K BBIIOJIHEHUIO MpakTHUecKo dactu. OHa
COCTOMT M3 JBYX W Ooyiee 3amad Jjisi CaMOCTOSITENIbHOTO BBHIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
oopmienun pemienus. Ha BbIIOJIHEHHE NMPAKTHUECKOTO 3aJjaHUs OTBOAMTCS yYemblpe aKaAEMUYECKUX
Jaca.

3aganme:

1. O3HaKOMBTECH C KPATKUMH TEOPETUYECKUMHU CBEICHUSMH HCIIOIB3YSI CCHIIKY
https://znanium.com/catalog/product/1012153 ,52§ u kpaTKyto 3a1uch GOpPMYIT HIKE
2. Pemmre 3a1a4um, CaMOCTOSATEIEHO UCIIONB3Ysl IPUMEPBI U KPATKHE TEOPETUICCKUE CBEICHHS.

HOpﬂIlOK BBIINNOJITHCHUSA paﬁoTbI:
I/I3y1H/ITe U BBIIIUIIINTEC Q)OpMYHH 10 ,HaHHOﬁ TEMC:
Pa3bepute npumepsl pelieHHbIX 3a/1a4
Pemmute caMoCTOSATEIIBHO 3aJa4uu
OtBeThbTe Ha Bompockl Tecta https://znanium.com/catalog/product/1012153, ctp331.

PwnE

Kparkue TeopeTnueckne cBeeHHs
3aKOH 3JICKTPOMAarHUTHOM WHIYKITUH

SI[C WHAYKIWH B 3aMKHYTOM KOHTYPE€ paBHa IO MOJAYJIHO CKOPOCTU U3MCHCHUSA MAarHUTHOT'O ITOTOKA

yepe3 TOBEPXHOCTh, OrPAHMYEHHYIO KOHTYPOM: AD| rne g — DAC unaykuuu, B; Ad= ®,-®; —

U3MCHCHHUC MAarHuTHOI'O ITOTOKAa, B6, At — MMPOMECIKYTOK BPEMCHH, B TCUCHUC KOTOPOIO ITPOU3O0ULIO

AD| _ CKOPOCTb USMCHCHUA MAIrHUTHOI'O ITIOTOKA, 376

4

JaHHOE U3MCHCHHE, C;

C YUYCTOM HaAlIpaBJICHUSA MHAYKIIMOHHOI'O TOKA 3aKOH 3aIIUCBIBACTCA TAK: g, = _@,
! At

Eciu SaMKHyTLIﬁ KOHTYp COCTOUT U3 N OCICI0BAaTCIbHO COCIMHCHHBIX BHTKOB (HaHpI/IMep, B
4D
At

COJICHOM/IE) ¢ =—N - , rae N — 4icI0 BUTKOB.

PasHocte moreHnuagoB U Ha KOHIIAX NPSAMOJIMHEHHOTO MPOBOJHHMKA JUIMHOW |, JBHXKyImerocs co
CKOPOCTBIO 0 B OJIHOPOJHOM MarHuTHOM mosie U = Blvsina ,
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i€ 0. — YToJl MEX]ly HalpaBJICHUSIMH BEKTOPOB CKOPOCTU 0 ¥ MarHUTHOW MHAYKuMU B

ONeKTpUYECKUi TOK, MPOXOJAIIMNA IO NPOBOJHHUKY, CO3Ja€T BOKPYI HEro MarHUTHOE IIOJIE.
MarHuTHbIM IOTOK CKBO3b IUIOIIAAb TOBEPXHOCTH, OTPAHUYEHHYIO CAMUM KOHTYPOM, IPONOPLHOHATICH
cuiie ToKa B KOHType: @=L:I.

Koa¢dunuent nponopunonansHocty L HaszbIBaercst undykmusenocmovio KoHTypa: [L] ={12} =7= I'n
(renpm).

3HaueHue WHIYKTUBHOCTU 3aBUCHT OT pa3MepoB U (POpPMBI MPOBOJHUKA, a TAKKE OT MATHUTHBIX
CBOHCTB cdepbl, B KoTOpod OH Haxomutca. DJC caMOMHAYKIIMKM TIO 3aKOHY JJICKTPOMAarHWTHOMN
wHAyKIud paBHa: o — | A1 1k o 49
IS At IS At

rae A1=l,-1; — u3MeHeHHe CUITbl TOKA B IPOBOJIHUKE, A
At — Bpems ero u3BMeHEHus, C;

ﬂ — CKOPOCTb UBMCHCHUSA CUJIBI TOKA, A .

At c

2
OHeprusi MarHUTHOTO T0JIsL IPOBOJIHHKA C TOKOM: \W,, = L1 k]
2

PemuTh 3a1a4i CaMOCTOSATEIbHO (n - HOMep sauileco eapuanma no cnuCKy)

1. Ha ckoibko M3MEHWJIACh CHJIa TOKa B MPOBOJHMKe, eciau 3a 0,1 ¢ B mMpOBOJHHMKE, MHIYKTUBHOCTb
kotoporo 4 I'n, nossuiace 3/1C camonHaykuu pasHas 12 B?

2. 3a Kakoil TPOMEKYTOK BPEMEHHW MarHWTHBIH MOTOK m3MeHwics Ha 0,01 BO, ecnmu B KOHType
Bo3zHuKaeT DJ1C unaykiuu n B?

3. MarnuTHOE moJie KaTymku ¢ HHIyKTHBHOCTRIO 0,2 ['H oOmanaer sueprueit 0,4 J[x. Uemy paBHa cuiia
TOKa B KaTyIIKe?

4. Ormpenennure 3HEPryI0, 3arMacaeMyl0 B MarHUTHOM I0JI€ MHAYKTOpA, KOTOPBIM HCIIOJB3YeTCs B
YCTAaHOBKE JUTi MAarHWT HMIYTbCHBHOTO (opmoBanus. MHaykruHOCTh Karymkn 7,0-107 T, cuma
paspsiaHoro Toka 1,45- 10° A.

5. Kakoif moTOK MarHUTHOM MHAYKIIMHM CO3/1a€TCS B KOH Type 3JEKTPUYECKUM TOKOM, €CIH MpPU €ro
yMeHbIeHnu 110 Hysist 3a 0,01 ¢ B KOHTYpe BO3HUKAET 3/IC CaMOMHAYKIIMK paBHas 30 B?

6. OmpenenuTe SHEPTHI0 MarHATHOTO TOJSI KATYIIKH, B KOTOPOH INpH Chie TOKa 6,8 A MarHWUTHBIHI
noTok pasen 2,5-107° BG.

7. 3a KakoW MPOMEXYTOK BPEMEHHM B KaTylIke ¢ MHAYKTUBHOCTHIO 0,28 I' mpomcxoaut HapacTraHue
CHJIBI TOKA OT HYJIA 110 9,6 A, eciii pHu 3TOM BO3HUKAET CPEIHSS 31C CAMOUHAYKIMHU, paBHas 38,4 B?

8. IIpoBomHUK UIMHOW N M TEpEeMeIIaeTcsi B OJHOPOJHOM MarHUTHOM mone ¢ mHaykmuein 0,2 TA.
JIBI>KeHHE MPOBOJAHMUKA MPOUCXOAUT cO cKopocThio 10 M/c moa yriom 45° K MarHUTHBIM CHJIOBBIM
muHUAM. HaliguTe 51¢ MHIYKIUHY, BOSHUKAIOIYIO B IPOBOIHUKE.

9. Kakoif MarHUTHbBI MOTOK WPOHMU3BIBAET KOHTYpP, €CIU IPH PABHOMEPHOM HCUYE3HOBEHHUH
MarHuTHOTO IOJIA B TEUYEHHE N C B KaTYyIIKE UHAYIUpYyeTCs 3¢, paBHast 0,02 B?
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10. Kakoil MarHWTHBIN MOTOK MPOHHM3BIBAET IUIOCKYIO MOBEPXHOCTH ILJIOMIAJLI0 3 CM2 TIPU MHAYKIIMH
noiist 0,24 TA, eciiu HopMaJib, K TIOBEPXHOCTHU PACIIONIOKEHA 101 yIiioM 60° K BEKTOPY MHIYKIIUH.

11. OmpenenuTe MHIYKTHBHOCTb KATYIIKH, €CIM MPH YBETMYCHHH TOKa B Hell Ha 2,2 A 3a 50-107%
MOSIBIISIETCA CPEAHSS DAC CAMOUHIYKIIMH, paBHas 1,1 B.

12. B npoBoanuke mmmHoW 0,5 M, ABWXKyIIeMcs cO CKOpocThio 3,0 M/C MEepHeHIUKYISPHO CHIIOBBIX
JIMHUM OJHOPOJHOTO MArHUTHOTO Toyisi, Bo3Hukaer OJC 6,0 102 B. Onpenenure HWHIYKIUIO
MarHMTHOT'O TOJIS.

13. Omnpepenute MarHUTHBIA TMOTOK, MPOXOASIIUN uyepe3 MPSMOYrOJbHYIO IUIOIMIAIKYy CO CTOpPOHAMU
20x40 cMm, eciii oOHa ITOMEILEHAa B OJIHOPOAHOE MAarHUTHOE MOJIe ¢ MHAYKIueH 5,0 102 TA noj yriiom 60°
K JIMHUSIM MHTYKIUH T1OJISL.

14. Omnpenenute D/1C unaykuu, Bo30yXaaeMmylo B KOHType, eciau B HeM 3a 0,01 ¢ MarHUTHBIN MOTOK
paBHOMepHO ymeHbInaercs 0,5 1o 0,4 BO, uro6sl B kKoHTYpe Bo3Oyxnanace DJ1C uaaykiuu 3,8 B.

15. Ompepenute NpOMEXYTOK BPEMEHM, B TEUEHUE KOTOPOIO MATrHUTHBIA IMOTOK, MPOHU3BIBAIOLIUI
KOHTYP, oikeH yBennuutbes ot 0,01 mo 0,20 B6, uyto6s1 B KoHTYpe Bo30Oyxaanacy 9JC unaykiuu n B.
16. Ompenenute D/IC MHAYKIMU Ha KOHIIAX KPBUILEB cCaMoOJIeTa, UMEIOIUX AIUHY 12 M, el CKOpoCTh
€ro Mmpu TOpu30oHTaNbHOM mojeTe 250 M/c, a BepTUKadbHAs COCTABIAOIIAS MAarHUTHOW HHIIyKIIUU
3eMHOro Maruetusma 5,0- 10° TA.

17. B ogHOpOAHOM MarHUTHOM mojie moja yrioMm 30° K HampaBiIEHUIO BEKTOpa WHAYKIIMHU, BETUYMHA
kotoporo 5,0-10-3 TA, aBmXeTcs MPOBOJHUK CO CKOPOCTHIO 10 M/C; BEKTOP CKOPOCTH MEPIICHANKYIISAPCH
poBoAHUKY. Onpenenure JUIMHY IPOBOJHUKA, eciid B HeM HaBoautcs D/1C, paBHas 2,5 107 B.

18. Tpaktop oOmero nasHaueHus K-700 wmmer co ckopocteio 28 km/4. OmnpenenutTe pa3sHOCTh
MOTEHIIMAJIOB Ha KOHIAX NepeaHel OCH, eClM JUIMHA €€ OKOJO 2,6M, BepTHUKaJbHAas COCTABIISIOIIAS
MarauTHOTo mojs 3emiau 5,0- 10° TA.

19. Yemy pasna DJIC caMOMHIyKIMH, BO3HMKAIOWIAs B KaTylIKe C HHIYKTUBHOCTbIO 2,0 10T, B
KOTOpPOM TOK CHJIOHN 7,5 10 A ucuesaer 3a n ¢?

20. MarHuTHOeE noJje KaT YK ¢ UHAykTuBHOCThIO 0,1 I' o6nmanaet sneprueii 0,8 [x. Uemy paBHa cuia
TOKAa B KaTyIIKe?

21. TIpoBomouHast mpsiMoyrosibHas pamka co cropoHamu 20 m 30 cM pacroynoxeHa B OZHOPOJHOM
MarHMTHOM I10JI€ U MEPIEHAUKYIISIPHA CUJIOBBIM JIMHUAM. OmpenenuTe HHIYKIUIO 3TOr0 MoJis, eCly Ipu
ero ucuesHosenun 3a 1,2-10% ¢ B pamke HaBoautcs cpenusis DJIC 3,5 mB.

22. YeMy paBHa HHAYKTUBHOCTb KaTYIIKH, €CIIM MPOTEKAIONIUI 1o Hel Tok cuioit 0,15 A co3maeT moTok
MarHUTHOU UHIAYKUHH 7,5° 102 B6?

23. YeMy paBHa UHAYKTUBHOCTb ITPOBOJIHUKA, B KOTOPOM IpH Bo3pacTaHuu Toka oT 1,5 no 1,8 A3anc
Bo30yxnaercsa I/1C camonnykuuu 0,9 B?

24. 3a xakoil MPOMEXYTOK BPEMEHHU B KOHTYPE WHAYKTUBHOCTHIO 2,0 10°T IIpY U3MEHEHUH Toka Ha 0,5
A Boznaukaet DJIC camonnnykuuu 10 B?

25. OmpenenuTe WHIYKTUBHOCTh KaTYyIIKH, eciu mpu Toke 3,0 A o !

MarHuTHOE ToJie B Hel obOmagaeT sueprueit 6,0- 102 JIx

26. DnekTpuyeckas Ilenb coOpaHa TIO CcXeme, MPEJICTAaBICHHONW Ha
pucynke. COnpoOTUBIEHUE y4acTKa LIENMH | paBHO COMPOTHUBIECHUIO
yudactka uenu 2. CpaBHUTE TOKH, KOTOPbIE TOKAXYT aMIEPMETPHI A1
1 A cpa3y nocie 3aMbIKaHMs KITIova.

27. BcTaBuTh MPOITyIICHHBIE CIIOBA:
1. Pabota snexrporneyn OCHOBaHA Ha 3aKOHAX TOKa U (ha30BBIX MIPEBpAILICHUI.
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['paduToBBIC SNEKTPOABI ITECKTPUUECKOMN MTEUN ¢ BRICOKOW TEMIEPATypO, COCTOSIIINE U3 OMPEACICHHOTO
KOJIMYECTBA CETMEHTOB, MOTPYXKaIOT B METAUIMUECKYIO IMUXTY (EMKOCTh C MeTajuiojomMom). Yepes
ONPEICTICHHOE BPEMsI COJIEP)KMUMOE MEPEXOAUT U3 TBEPAOrO arperaTHOro COCTOSIHUS B XKHUIKOE, TaK KaK
OKa3bIBACTCs JICUCTBUE TOKA.

2. CylecTByeT Tako€ COCTOSHUE JJIEKTPUUECKOM Ienu, HOpU KOTOPOM TOK IPOXOJUT IO
HEJOIyCTUMOMY MaplIpyTy, Ha KOTOPOM OOBIYHO IPAKTUYECKH OTCYTCTBYET (WJIM OYEHb HH3KOE)

QJICKTPHUYCCKOC COIIPOTUBJICHUC. Takoit TOK OKa3bIBacT PaspymurTCIIbHBIC HeﬁCTBHﬂ W HA3bIBACTCA - TOK

KOPOTKOI'O 3aMbIKaHUS . ILHH 3alUTBI SJICKTPOSHCPICTUYCCKUX CUCTCM OT 3TOI'O ABJICHHUSA HMCIIOJIB3YHOTCA
yCTpOMCTBA-

Pa3gen 5 Kosed0anusi M BOJIHBI
Tema 5.1 Mexann4yeckne Ko1e0aHus U BOJIHDI
IIpakTuyeckoe 3anaTHe No22

Mexannueckne KoJIe0aHUuA U UX XaApPaKTEPUCTUKHA

Henab: chopmupoBath NOHUMaHUE poiiu PU3UKU B (HOPMHUPOBAHUH KPYro3opa U (yHKIIMOHATHHON
IPaMOTHOCTH 4YeNIOBEKa ISl PELICHUS MPaKTHYECKUX 3a/ad; g OOBSICHEHUS YCIOBUU MPOTEKAHUS
(bu3MYeCKUX SIBICHUN, YMEHUS BIMOIHATH pacueTHbIe U rpaduyecKue 3a1auu

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

MarepunanbHoe obecrnieyeHue:

WHAVBUAYAJILHOE 3a1aHUE, KOHCIIEKT JIEKIIMH, CITPABOYHbIE MAaTEPHAJIbI.

Ykazanue:

IIpakTHueckoe 3aHATHE COCTOMUT U3 ABYX YAacCTEl — TeOpeTHUYecKol M npaktuueckoil. Ilocie
U3Y4YEHUsI TEOPETUYECKOro MaTepuaia MOXHO IPUCTYNATh K BBIIOJHEHHUIO MpakTHuecKoi uyacth. OHa
COCTOUT M3 JABYX W Oosiee 3ajjau Al CaMOCTOSITENIbHOrO BbINoJHeHUs. He 3a0biBaliTe 0 mpaBUIBLHOM
odopmiiennu peweHus. Ha BbIogHEHNE PaKTUYECKOTO 3a/1aHusl OTBOJIUTCS JIBa aKaIEMUYECKUX Yaca.

3aganue:

O3HaKOMBTECH C TEOPETUYECKUMU CBEICHUSMHU UCIIOJIb3YS CCHUIKY
https://znanium.com/catalog/product/1012153, §47, 48,49 BeimucaB GopMyibl OTMEUYEHHBIE CKOOKAMH ,
Hanpumep( 47.1)
Pemmre 3anaum, caMOCTOSATENBHO UCTIOIB3YsI IPUMEPHI U KPATKHE TEOPETUUECKHUE CBECHUS.
Ilopsinok BbINOJHEHHS padOThI:
N3yuute 1 BeIMUIIMATE GOPMYIIBI I10 JAHHON TeMe B BUJI€ KPATKOI'O KOHCIIEKTa
Pa30epute npumepsl pelIeHHbIX 3a1a4
Pemmre camocrosTenbHO 3a0aun
Bemomauts Tect https://znanium.com/catalog/product/1012153, crp 328
IIpumeps! pemieHus 3aga4

PwnpE

1. YpaBHeHue rapmoHuveckux KkojeOanuit Touku x=0,4cosmt. Haiitu ammiutyay, mepuon u
cMelenne Touku yepes 0,5 c.

JaHo: M. T. «CIN» Pemenue
x(t)=0,4cosnt x=Ac0Ssot
t,1=0,5 ¢ x(t)=0,4cosnt
A=? T=? x(1)=? w2
v="? T ®
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v=_—
T

Brruucnenusa: A=0,4 m; o=,

T=2—n=2(c)
T

1
v=—=05 T
2

1
X(0,5) =04 - cosn-— = 0,4cos§ -0

2 I'py3s maccoit 0,4 kr coBepmaeT KojieOaHHsI B TOPHU3OHTAIbHON IIJIOCKOCTH Ha IPYKHUHE

XKecTKOoCcThio 250 H/M. aMIuMTyna KojeOaHuil rpy3a 15 cM. HalTH MOJHYI0O MEXaHUYECKYIO0 SHEpPIrHIO

Kose0aHui 1 HauOOJBIIYIO0 CKOPOCTh ABIKEHUs. TpeHuem npeHedpeyb.

Hano:

_ 250.0,152

kAZ
= 2

P 2

E = 2,8 JIx

, Ex =0 E

MIPY>KAHHBIN 1 _ 250 _ _
197 v=0,15 W_O’15'25_

MAasITHUK E=E,+E.=E,

k=250 u/m
A=0,15M

E=?, Vmax="?

=375~38%
C

m=0,4 kr k
mo’ ~kA> > v=A |—
m

PemuTh 3a1a4 caMoOCTOATENILHO (N - HOMep auieco 8apuaHma no CNUCKY)

Hanumure ypaBHeHHE rapMOHHUYECKUX KOJI€OaHWM C aMIUIMTYI0M 5 cM M HadaidbHOU (a3oii 45°,
ecnu B 1 MuHyTYy coBepuiaercs 150 konebanuii.

AMIUIMTYZ]a TapMOHMYECKHMX KojieOaHUIl MaTepuanbHOM Touku N cm, nepuon 4 c. Haiigure
MaKCHUMaJIbHbIE CKOPOCTH U YCKOPEHHUE U HAIMIINTE ypaBHEHUE FrapMOHUYECKUX KOJIeOaHuH.
MareMaTHueckuii MasTHUK JIMHOM 56 cM 3a N MuHYT coBepiiaeT 40 MOJHBIX KoJeOaHWH.
Omnpenenure nepuoj KojiebaHU MasTHUKA U YCKOpPEHHE CBOOOJHOTO MaJCHUS B TOM MECTe, IJe
HaXOJUTCSI MAATHUK.

MarepuanbHast Touka kosnebusercs ¢ yactotoit v=10 k['u. Onpenenute nepuoa, 4uciao KonedaHuii B
MUHYTY ¥ IUKJIHYECKYIO YaCTOTY.

Onpenenute nNepro, 4aCTOTy, UKINYECKYIO YaCTOTY TapMOHUYECKUX KOJIEOaHUH MaTeMaTn4ecKoro
MasTHHKA JUTHHON 1 M, ecm g=9,81 m/c%. Bo ckombko pa3 M Kak HaJo U3MEHMUTH JAJIMHY MasTHUKA,
YTOOBI TIEPUOJ KOJICOAHMI YBEIUYWIICS B 2 pa3a.

AMITTUTY]a TAPMOHUYECKUX KOJICOAHHM MaTeMaTHYeCKOro MasTHHKa JuymHON 50 mwm, mepuon 4 c,

VA ¥ -~
HauaibHas Ga3a — . Hanummre ypaBHeHUe 3TOro kojaeOaHus U HalINTE CMELIEHUE KOJIeOmomencs
4
TOYKH OT MOJI0KeHUs paBHOBecus npu t =0 u t=1,5 c.

. (7 =& o
YpaBHEHHE TOYKH XZO,OZSIH(H—j. Haiinnre nmepuon, MakCHMallbHOE 3HAYEHHE CKOPOCTH H
2 4

YCKOpEHHE.

72



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Onpenenure AIMHY MaTeMaTUYeCKOro MasiTHUKA, COBEPIIAIOIIET0 OJHO MOJHOE KojebaHue 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 rapMoHHYeckoro koedbanus x=0,4sin5xt. Onpepenute aMIUTUTYLy, TIEPHOJI, CMEIICHHE
npu t=n c.

Onpenenure *ECTKOCTh MPYKUHBI, YACTOTY, LHUKJIMYECKYIO0 YacTOTy, eciau Teno maccor 0,5 kr,
MOJIBEIIEHHOE K ATOH MpYXKHHE, coBepIaeT Konebanus ¢ nepuoaom 0,2 c.

MarepuanbpHasi TOUKa COBEpIIaeT rapMoHHUYeckue kojiebanus ¢ amrmmutynoi 0,03 M u nepuogom
0,2 c. CocraBbTe ypaBHEHHE KosieOanus U onpeaenute cmemenue npu t = 0,1 c.

[To aHy cepudeckoii YanIku COBEpIIAET CBOOOTHBIC KOJIeOaHMs O3 TPCHHSI MAJICHBKHUI IIapUK.
Omnpenenure nepuoj KojaebdaHus mapyka, eciii paanyc KpUBU3HBI Yalllku 2,45 M.

CocTaBbTe ypaBHEHHE rapMOHUYECKUX KOJEOAHWN MaTeMaTHUeCKOro MasiTHUKA JUIMHOHN 2,45 M u
amrutynoi 0,1 m.

Teno coBepiraeT rapMoHHUYECKUE KojicOaHus 1Mo 3akoHy X = 20sinnt. Onpenenure CKOPOCTh Tena
mput;=05cut,=4c.

VYckopenue cBOOOMHOTO MajieHuss Ha MoBepxHOCTh JIyHbl 1,6 M/c?. KaKOH JUIMHBI JOJKCH OBITH
MaTeMaTHYeCKUl MasTHUK, YTOOBI ero nepuo konedanus Ha Jlyne Ob11 1 ¢c?

[Toctpoiite rpaduk TapMOHMYECKOTO KOJeOaHHsS YacTOTHI IO MMapaMmeTrpaMm: aMIUIUTyaa 2 CM,
nepuop 0,4 ¢, HauanbHas (asza 0. 3anumuTe ypaBHEHHE 3TOTO KoJIeOaHusl.

Teno coBepinaeT kojebanus 1Mo 3akoHy x = 60sin2nt. Onpenenure cKopocTh Teaanmpu i=1cut, =
2,5c.

Teno maccoil N rpaMM MOJBELIEHO Ha MPYXKUHE, >KECTKOCTh KOTOPOit 2:10% w/m. Onpegennte
4acTOTY, NEPUO/JI, IUKINYECKYIO YaCTOTY CBOOOHBIX KOJeOaHH ATOT0 Tea Ha MPYXKHUHE.
MatepuanbHasi TOUKa COBEpILIAET TapMOHUYECKHE KOJIeOaHUs ¢ aMITIUTYI0i 4 ¢M U MTepHOJI0oM 2 C.
Hanummre ypaBHeHUe IBUKEHUS TOUKHU, €CIIN €€ IBUYKEHUE HAUMHACTCS U3 MOJIOXKEHUS Xo= 2 CM.
KakoBa yacTora 3BYKOBBIX KOJI€OaHUI B CpeJie, €CIM CKOPOCTh 3ByKa B 3ToM cpeme S00 m/c, a
JuiiHa BosiHbl 2M? (OTBeT faiiTe B repuax.)

Ha paccrosauu N M oT Habmogarens pabouyre BOMBAIOT CBau C MOMOIIbI0 Kompa. KakoBo Bpems
MEXy BUIUMBIM YAapOM MOJIOTA O CBaIO M 3BYKOM yJapa, yciblllaHHbIM HaOmronatenem? (OTBer
naiite B cekyHnax.) CkopocTh 3Byka B Bozayxe 330m/c. OKpyriuTe OTBET C TOYHOCTBIO J0
JECSITHIX.

CkopocTb 3Byka B Boje 1,5 kM/c. Uemy paBHa JIMHA 3BYKOBOW BOJIHBI, pacIpOCTpaHSIOLIEHCs B
BOJIe, mpu yacToTte 3ByKa 3 k['11? (OTBeT naiite B MeTpax.)

dopma npeacraBjIeHus pe3yabTara:
BrmogHNUTE 3aIaHUC B TCTpaaUu AJId NPAKTHICCKUX pa60T.
Kpurtepun onenkmn:

3a mpaBUIIHLHO BBITOJIHEHHOE 33JJaHHE BHICTABIISIETCS TIOJIOKUTENbHAS OlleHKa — | Oasu.

3a HeMpaBUWJIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJ]aHNe BHICTABIISIETCS OTpHUIIaTeNbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB

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

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

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

Tema 5.2 DyleKTPpOMarHuTHble KOJe0AHUS U BOJHBI

IMpakTuyeckoe 3ansaTue Ne23, 24, 25
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Pemenne 3a7a4 Ha BHAbI CONPOTUBJICHUH B LENAX IEPEMEHHOI0 TOKA.
IlepeMeHHBIH JJIEKTPUYECKHUI TOK

®opmy.sl TpanchopmaTopa

Heas: chopmupoBaTh HOHUMaHKUE PoiH (HU3UKU B (POPMUPOBAHUU KPYro3opa U (HyHKIIMOHATEHOU
IPaMOTHOCTH YEJIOBEKA ISl PEIICHHsS MPAaKTHUECKUX 3a/1ad; Ul OOBSCHEHHUS YCIOBHH HPOTEKAHMS
(bu3nUecKuX SBICHHUH, YMEHHS BBINOIHATH PAacuyeTHbIE M TpaduyecKue 3aJadd, U3YYUTh CBOOOHBIE
ANIEKTPOMArHUTHBIE KOJIeOAaHHUS B KOHTYPE, BU/IbI COPOTUBIICHHS B IIETIN TIEPEMEHHOTO TOKA, UX OTIHYHS
1 OCOOEHHOCTH.
Boinosinenue padotsl ciocodcTByeT (hpopmupoBanuio: OK 01, OK 02, OK 03, OK 09
MarepunanbHoe obecrnieyeHue:
WHIMBHIyaJIbHOE 3a/IaHHe, KOHCIIEKT JICKIHIA, CITIPaBOYHbIE MaTEepHaIbI.
Ykazanue:
[IpakTHueckoe 3aHATHE COCTOMT W3 JIBYX 4YacTed — TeopeTudeckod M mpakrtudeckoud. [locie
M3yYeHHs] TEOPETHYECKOT0 MaTepHaia MOXKHO HPUCTYNATh K BBHIMOJHEHHUIO MpakTHYecKod dacth. OHa
COCTOMT W3 JIBYX M OoJjee 3a1a4 Uil CaMOCTOSTENILHOTO BBINONHEHHA. He 3a0biBaliTe O MpaBHILHOM
oopmienun perrenus. Ha BBIIOTHEHHE MPAKTHUECKOTO 3aJaHUs OTBOAMTCS yYemblpe aKaAEMHUYECKHUX
Jaca.
3aganue:
O3HAKOMBTECH C TEOPETHIECKUMH CBEICHUSIMH HCIIOJb3Ys CCHUIKY
https://znanium.com/catalog/product/1012153, §54,55, 56 Bbinucas GopMyIibl OTMEUEHHbBIC CKOOKAMH ,
Harpumep( 54.1)
Pemmre 3a1a4n, caMOCTOSATENLHO UCTIONB3Ys IPUMEPHI U KPATKHE TEOPETUIECKUE CBEIICHHS.

Iopsaaok BbINOTHEHHS] PA0OTHI:

1. U3yuwure u BinumuTe GOPMYJIBI 110 JAHHOW TeME B BUJE KPATKOT'O KOHCIIEKTA
2. Pa3bepute mpuMephl pelIeHHbIX 3a/1a4
3. Pemmre camMoCTOSITENTEHO 3212491
4. Bemoaautk Tect https://znanium.com/catalog/product/1012153, ctp 334 —IlepeMeHnHsbIit TOK; cTp 336
Tpancdopmarop
Kparkue Teoperuueckue cBeleHUs
Tpancdhopmarop
BUIBI OBBIIIAIOIIHN TOHM KON
Ornpenenenue TpaHchopmaTop, y KOTOPOTO YHCIO | TpaHCchopMaTop, y KOTOPOTO
BUTKOB BO  BTOPUYHOH  OOMOTKE | YMCJIO BUTKOB BO BTOPHYHOM
0oJIbIIle, YeM B TIEPBUYHON oOMOTKE  MeEHbIlle, YeM B
IIEpBUYHON
Pucynok 3 g 3 g
ol w?2 wl 2
Koaddunuent n<l n>1
TpaHchopManuu nof_ O u I, §,
& w, U, 1 §
KN4 tpaHcdopmaTtopa P
ﬂ' b ¢ P P nnlpaH(r([/{)pMmupa = Fn 100% ~ 99%
3

74


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

COHpOTI/IBHeHI/Iﬂ B [CTIU IIEPEMCHHOI'O TOKA

[TpuGopst Pesucrop Karymky nnaykrusaocteio L | Konnencarop emkoctsio C
conpoTtuBiieHneM R
Cxema R L c
e | "
L
U U
U 0-0 .
C R U
nja TOKa I\L) = 1gSulwr I(t)=—°sin(a)t—£) I(t):CUOwsin(a)t+%)
ol 2
Cnpur a3 9=0 Y,U usmenserca B | Hanpsoxenue onepexaer Tok | Hanpsbkenue orcraer or
OJIMHAKOBBIX (hazax, a 3. | ga o =2 =90° ToKa Ha ¢ =~ =90"
SHEPTUsI PACXOIUTHCA Ha 2 2
TEIJIOBOE JICUCTBUE TOKA
Compotusiie
! 1
HUE R=£2 (1+at) Xe=—
1. popmymna S X =o L wc
2. 3aBHCHMOC R R
Th L R,
CONPOTHUBJIEH
U0 oT 0 2
qacrora w ' - -
E 0 w 0 )
AKTHBHOE — COIIPOTUBJICHHUE, Emnucinue -
COIIPOTHBJICHHC 00YCIJIOBIICHHOE SIBIICHUEM COIIPOTUBIICHHUE,
3. noTpeduTers, CaMOMHYKIUHU 0OYCJIOBIIGHHOE HAJIHYHUEM
onpezienenye | IPeodpasyrouero E€MKOCTH B LIETIH
MOJABOIUMYIO K HEMY
SHEPTHUIO B APYTHUE BUbI
SHEPTUH
3akoH Oma Ut U U
10 =49 Iy =—* o =—°
R XL Xc

— 1
[TosHOE COMPOTHBIIEHHKE IS TIepeMeHHOro Toka: Z= VR? + (wlL — E)Z

3akon Oma il aMIUTMTYAHBIX 3HaU€HUM cuiibl ToKa lo n HanpsbkeHust Up B Lienu nepeMeHHoro Toka:
1
lo= Uo/VRZ + (wL — —)?

PeakTHBHOE — COIIPOTUBJICHUC HOTpCGI/ITCHH, HC HDGO6D&3VIOH_ICFO NOABOAUMYIO K HEMY SHEPIUlO B

ApyTue BUIBI S3HEPruu (H-p pakera) X=X -X.=ol- L ;

aC

X >X¢ — MHIYKTUBHBIN XapakTep; X| =X, — pe30HaHC; X>X| — EMKOCTHBINA XapaKTep

JleiicTByIOIllee 3HAYEHME MOINHOCTH TEPeMEHHOro Toka (P) — BelWYMHA, YUCICHHO paBHAs
MOIITHOCTH TOCTOSSHHOTO TOKa Ppocr, MPH YCIOBHH, YTO 00a TOKa 3a OJMHAKOBOE BpEMs, paBHOE
MEPUOJTy TIEPEMEHHOTO TOKa 7, Ha paBHBIX pe3UCTOpax R BBIIENAT paBHBIE KOJIMYECTBA TEIUIOTHI Q.

2
p_ LR
2 2

_ LU, _Uj

2R|

AKTHBHOW MOLIHOCTBIO.

I[eﬁCTBYIOHlGG 3HAYCHHUC MOIIHOCTU NECPEMCHHOI0 TOKa YaCTO HA3bIBAIOT

IIpumeps! pemieHus 3aga4
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1. Karymka nHnykTuBHOCTBIO 0,1 ['H M akTUBHBIM compoTuBjieHueM 25 OM BKJIIOYEHA B CETh
IIPOMBIIIJIEHHOI'O NEPEMEHHOI0 TOKAa CO CTaHAApTHOW 4YacToToM. OmnpenenuTe TOK B KAaTyILIKE, €CIH
HanpspkeHue Ha ee BBogax 120 B.

JlaHo: KaTyIika =Y. x =+/257 +(4-314 -50-01) * =
X
=1/625+986 = /1611 = 40,1 Om
L=0,1 Tu X=yR*+ X0 =
=+R? +(wb)? = Iy:&~3A
R=25 Om =J/R? + (2n)? 40,1
v=50T1
U=120 B
1 ,=?

g

2. Ha xonxo3Hylo MOACTaHLUIO IOCTyHaeT TOK HampsbkeHuem 6600 B. mepBuuHas oOMoTka
tparcopmaropa noactannuu umeet 3300, a Bropuunas 110 ButkoB. Onpenenure padbodee HANPSIKCHIE
B KOJIXO3HOHM 3JIEKTPOCETH M MOTPEOIIEMYI0 MOUTHOCTH cuia Toka B ceTh 200 A moTepsiMu SHEPruM B
TpaHnchopmaTope nmpeHeOpeyb.

Jlano: TpanchopmaTop o Uy U, = 6600 -110 _ .,y g

0, U 3300
U.=6600 B U, 2 Yo

oo P,=220-220=44-10°Br=44 kBT

®1=3300 B

Po=Uy 1,
=110
1,=200 A
U2, sz?

3. Karymka waayktuBHOcThIO 0,1 I'H M akTUBHBIM compoTuBieHHeM 25 OM BKIIOYEHa B CETh
IIPOMBIIIJIEHHOTO NEPEMEHHOT0 TOKAa CO CTaHAAapTHOW 4acToTod. Omnpenennure TOK B KaTyIIKE, €CIH
HanpsbkeHue Ha ee BBogax 120 B.

JlaHo: KaTymika L =257 4{4.3,14.50.0,1)" =
L=0,1 T X' ) .

. [— - = yOI5+YEG = 1611 = M1
R=25 Om X =R +X" = WB25+ Wi M
V=50 I't i : 120 .,

U=120B VR (el) | 40
| =2 | =./R- +1’2'JL||'I.‘!I_\ 12

4. Cuina Toka B mepBUYHON 00MOTKe TpaHchopmaropa 0,5 A, HanpsnkeHue Ha ee koHIax 220 B, Bo
BTOPUYHOM 00MOTKe cooTBeTcTBeHHO 8 A 1 12 B. Onpexnenure KI1/] Tpanchopmatopa.

Jlano: Tpancdopmaropa P 128 -
1:=0,5 A n=—100%= | "~ 330 05 100% = 87%
1,=8 A P

U;=220 B .

B 120 SUELENTY

= U,

Pemmurs 3apaum (N - Homep saueco 8apuarnma no cnucky)
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10.

11.

12.

13.

14.

15.

16.

Cuna Toka B mepBuuHOM oOMOTKe TpaHchopmartopa 0,2 A, HampsikeHue Ha kiemMmax 220 B.
Onpenenure HaNpsHKEHWE © CHIy TOKAa BO BTOPUYHOHM OOMOTKE TpaHcdopmaropa, eciu
kodpunment Tpanchopmaryu 0,2.

[lepBuunas obmotka Tpanchopmaropa coaepxkuT 800 BuTkoB, BTOpHuHas 3200. Omnpenenure
KO3 GHUIHEHT TpaHchOopMaLUK.

Cuna Toka B ceTd M3MeHsieTcs o 3akoHy | = 8,5 sin @ t. Kakoe KOJHYECTBO TEIUIOTHI BBIICIHT
ANIEKTPOKaMUH 3a 2 yaca paboThl, ecii ero conporusienue 80 Om?

Cuna Toka B mepBUYHON 00MOTKe Tpancopmaropa 0,6 A, HampspkeHue Ha ee kKoHmax 220 B; Bo
BTOpUYHOI 06MOTKE 6 A U 14 B. Onpenenute KITJ[ Tpancdopmaropa.

B mnepBuuHOil 00MOTKe moOBBIIaromero tpanchopmaropa 80 BuUTKOB, a BO BTopuuHOU 1280.
Hamnpspkenue Ha koHIax nepsuvHoi ooMotku 120 B, a BenmnmunHa Toka BO BTopu4HOU 0OMoTke 0,25
A. Onpeznenure NOJIE3HYI0 MOLTHOCTH TpaHchopmaropa.

Jlyig TpaHCIAUMU paauonepeaayd MPUMEHSIOT MOHUXKAoMM TpanchopMaTop ¢ HampskeHuem 480
B 10 30 B. Onpenenure moutHocts Tpanchopmatopa ¢ KIIJ 96%, ecnu xk nHemy noaxmoueno 100
penpoaykTopoB, norpedmstonux Tok 0,008 A.

Omnpeznenure yrojl NOBOPOTa BUTKA B OJHOPOJHOM MAarHUTHOM IIOJIE, 3Has, YTO MaKCHUMAaJbHOE
3HaueHue Toka 1002 A, a Tok B 1aHHbIif MoMeHT 100 A.

Omnpenenure KodpduuueHT TpanchopManuy 3BOHKOBOTO TpaHC(HOpMATOpPa, MHUTAEMOTO CETEBBIM
TOKOM c HanpspkeHueM 220 B, ecinu npeoOpa3oBaHHbIN TOK UMEET HamnpskeHue 2 B.

[lepBuuHas 0OMOTKa MOBBIMIAIONIETO TpaHchopMaTopa uMeeT 45 BUTKOB, a BTopudHast 900 BUTKOB.
[lepBuuHas KaTylIka BKJIIOYAaeTcs B CETh MEPEMEHHOro Toka ¢ HampsbkeHuem 120 B. Kakoe
HampsbKeHue OyeT Ha 3aKuMaxX BTOPUYHOM 0OMOTKHU?

DnekTpuyeckasl ayra J0JbKHa ropetb noja Hampsbkenuem N B, a B cetn 220 B. CkoIbKO BUTKOB
JOJKHA COJIEp’KaTh BTOPUYHAs OOMOTKa, €Clii B NMEPBUYHONM OOMOTKE, BKIIOUEHHOW B c€Th, 385
BHUTKOB?

B nepBuuHOil 00MOTKE MOBBIIIAIONIETO TpaHCchopmaTopa N BUTKOB, BO BTOpuyHOW — 2000 BUTKOB.
Kakoe HampsokeHne Ha 3aXUMaxX BTOPUYHOM OOMOTKM MOKHO TOJNY4YUTh, €CIIM BKJIHOYUTH
TpaHcdopmarop B ceTb ¢ HampsbkeHuem 110 B?

Karymka mnayktuBHocThi0 20 MI'H BKIIIOUEHA B CETh INEPEMEHHOIO TOKa ¢ 4actotod N I'm.
Onpenennure UHAYKTUBHOE CONIPOTUBIICHUE KATYILKH.

Konpencatop eMKocTbIO 8-10'4(1) BKJTIOYEH B CETh MEPEMEHHOr0 Toka ¢ yactoroi 50 I't. Onpenenuts
CHJIy TOKa Ha y4acTKe IIeTIH ¢ KOH/IEHCATOPOM, €CIM CONPOTUBIIEHHE MOABOIAIIMX poBoaoB N OMm, a
HanpspKeHHe Ha BceM ydacTke nernu 12 B.

Kak M3MeHUTCS MHIYKTUBHOE COIPOTUBIIEHHE KATYIIKH, €CJIM €€ BKJIIOYHUTH B LENb EPEMEHHOTO
Toka ¢ yacroror 10 xI', BMecTo 50 I'11?

IlepBuynas obmotka TpaHchopmaropa coaepxuT 800 BuTkoB, BTOpuuHas 3200. Ompenenute
KO3 PHULIHEHT TpaHChOpMAaIIHH.

Karymka WHAYKTUBHOCTBIO N ['H, aKkTUBHBIM CONpOTHBIEHHEM 25 OM BKIIOYEHA B CETh
MIPOMBIIIIJIEHHOTO MEPEMEHHOI0 TOKa CO CTaHIapTHOM yacToTol. Onpenenure TOK B KaTyIIKe, €Clu
HanpsbKeHue Ha ee BBogax 120 B.

dopma npeacraBjIeHus pe3yabTara:
BrmogHNUTE 3aIaHUC B TCTpaau AJId NPAKTHICCKUX pa60T.
Kpurtepun onenkmn:

3a IMPABUJIBHO BBIITIOJITHEHHOC 3aaHUEC BBICTABIIACTCS IOJOXKUTEIIbHAA OLICHKA — 1 6amn.
3a HCIIPABUJIBHO BBITIOJITHCHHOC HeﬁCTBHe, 3a1aHUC BBICTABJISICTCS OTPULIATCIIbHAA OLICHKA — 0 OamoB.
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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 «Heyoos1emeopumenbHoy svicmasisiencs 3a menee 60%0 npaBUIBHBIX OTBETOB

Tema 5.2 DileKTPOMarHuTHbIE KOJIEOAHUS U BOJIHBI
IIpakTuyeckoe 3ansaTue Ne26

JJIeKTPOMATHUTHBIE KOJIe0aHUsI U BOJIHbBI

Heanb: chopmupoBaTs NOHUMAaHUE PO GU3UKH B (OPMUPOBAHUHU KPYTro30pa M (PYHKIIMOHATBHON
IPAaMOTHOCTH 4YEJOBEKa Uil PELICHUS MPAKTUYECKUX 3a/lad; YMCHHUS BBINOJHATH pPACUCTHBIC H
rpaguyeckue 3ajaud, M3YYUTh CBOOOJIHBIC OJJEKTPOMAarHUTHBIC KoJeOaHHWsS B KOHTYpE, BUJBI
COIPOTHUBIICHHS B IICTTU IEPEMEHHOI0 TOKA, UX OTJIMYUS K OCOOCHHOCTH.

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

MaTtepuajbHoe obecnieyeHue:

VHIMBHTyaJIbHOE 3a/IaHKe, KOHCIICKT JICKIHI, CIIPaBOYHbIE MaTEepPHAIbI.

Ykazanmue:

[TpakTHueckoe 3aHSATHE COCTOMT W3 JIBYX 4YacTed — TeopeTudeckod M mpakrtudeckoud. [locie
U3Y4YCHHUSI TEOPETUYECKOr0 MaTepraja MOXHO MPUCTYNATh K BBIMOJHEHUIO MpaKTH4eckoi dactu. OHa
COCTOMT W3 JIBYX M OoJjiee 3a1ad JJIsi CaMOCTOSTENILHOTO BBINONHEHMs. He 3a0biBaiiTe 0 MpaBUIIBEHOM
ohopmiieHnu perieHus. Ha BbITIONHEHHE TPAKTHYECKOTO 3aaHus OTBOAMTCS 08d aKaJIEMUYSCKUX Yaca.

3aganme:

O3HAaKOMBTECh C TEOPECTUICCKUMH CBEIICHUSMH HCIOJIb3Ys CChUIKY
https://znanium.com/catalog/product/1012153, §57 BeimucaB (poOpMyIIbI OTMEUSHHBIE CKOOKaMH ,
Hanpumep( 57.1) u T.x1.

Pemure 3a1aun, caMOCTOSTEIHHO UCIIONB3YSI IPUMEPHI 1 KPATKHE TEOPETUIECKUE CBEICHHS.

ITopsinok BbINOJHEHHS PadOTHI:

1. WM3yuute u BoimuimuTe (GOPMYJIbI 110 TaHHOM TEME B BUJIE KPATKOTO KOHCIIEKTa
2. Pa30epute npuMeps! peLICHHBIX 33134
3. Pemmre camocTosTENHHO 330291
4. Bemomaute Tect https://znanium.com/catalog/product/1012153, ctp 337 «DneKTpOMarHUTHBIE
BOJIHBI»
Kparkune Teopernyeckne cBeieHHUA
JIEKTPOMAarHUTHbIE KoJIeOaHus
Onpenenenne Hesaryxatomue koneOaHuUs, BO3HHMKAIONIWE MO/ JEHCTBHEM BHEITHEH
nepuoandecku n3mensttomerics 9/1C e=goCosmt
ITponecc IIpouecc, mpu KOTOPOM DIIEKTPOMATHUTHOE IIOJIE IEPHUOJUYECKH
W3MEHSIETCS IO BpEMEHU
Ycnosue ITocnenoBarenbHOE COETUHEHUE:
BO3HHUKHOBEHHUS 1) koHAEeHCaTOpa, HAKATUIMBAIOIIETO YHEPTHIO AIEKTPUUYECKOTO MOJIS;
Kosie0aHun 2) KaTyIIKH HaKaIJIMBAIOLIEH SHEPTHI0O MAarHUTHOTO TIOJIS;

3) BO3HMKHOBEHHE CBOOOJHBIX KOJICOAHHWH B KOHTYype OOYCIOBJICHO
SIBJIGHUEM CAMOWHIYKIINH

[Tpumep OneKkTpruyeckas Lelb, COCTosNlas W3 KOHJEHCATOpa W KaTyIIKH, B
KOTOPOUM DJHEPrusi 3JIEKTPUYECKOTrO IOJISI MPEBPAIaeTCs B JHEPTHUIO
MarHUTHOTO TIOJISI U 00OpaTHO

78


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

3aKOHBI 12
T=27/L-C — o l
dbopmyna Tomcona —
Vo = r T -l -
2zJLC R—>Q A‘E
JLC 1. Bemnyxaennsie kosebanus. Kimrod B «1» — 3apsikaercs KOHACHCATOP.
2. CobOctBennble koneOanus. Kiou «2» diekTpuueckoe Tmole o
MarHuTHoe mojie. YacTh SHEpPruu TPATUTCSA HA HArpeB mpoBojgoB R—Q
KoJe0aHus 3aTyXarolue.
Jliis mojiep kaHus He3aTYXaIKUX KoineOaHuH MepeBoauM KItod  «1»,
3aTeM B «2». BoIHyKIeHHbIE — He3aTyXarllue KoieoaHus
DHeprust [IpeoOpa3oBanue HHEPrHUM  DJICKTPUUECKOTO TMOJS B JHEPTHUIO
MarHMTHOTO TOJISt 1 HA00OPOT MO FapMOHUYECKOMY 3aKOHY E, <> E,
Rup=0 T o E g
cobctBenHbsle DMK =1 =4 g i -
E,,=E,; vo=const )
cu® L — A
s ({(I= - |
CU*=LP ’

BJIeKTPOMaFHI/ITHBIe BOJIHBI

Onekmpomaenumuas eorna (OMB) — pacnpocTpaHeHHE 3JIEKTPOMATHUTHOTO TOJS B IPOCTPAHCTBE C

TCUCHHUECM BPCMCHU.

o At
paccrostHue ot paauosokannonHoi craniuu (PJIC) no oOwekra: AS = CT ,

OMB (B 3aBUCUMOCTH OT JUITMHBI BOJIHBI A) A€JAT Ha TUANa30HbL:
1) anunneie A > 1000 Mm; 3) xopotkue 10 <A <100 m;
2) cpeanue 100 < A <1000 wm; 4) ynpTpakopotkue A < 10 m.

CKOpOCTB BOJIHBI B CpEAC 3aBUCUT OT JJICKTPHUICCKUX U MATHUTHBIX CBOMCTB CpCabl:

C C
Y =—=—; — =/eu=n>1- onTuyeckas MIOTHOCTb CPEbI
n n

9
JyimHa BoytHBI A=9*T = — B CpeJie; Juii BaKyyma Ap=c*T = s

cT _c A
A == :TO’. c- cKopocmb IMé 6 6aKyymy unu 6 6o3dyxe- 3*108mu/c

IIpumeps! pemieHus 3aga4

1. Cuna Toka B CETH HM3MEHSETCS IIO 3aKOHY i:4,2 sinot. Kakoe KOJUYECTBO TEIIOTHI BBIACIINUT

AJIEKTPOKaMUH 3a 1 4 paboThl, eciu ero conpotusienune 70 Om?
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JlaHo: Q=I° Rt lm=4,2A

IIEKTPOKAMUH i=l,Sinwt 1,=0,707-4,2=3A

i . _n2 39 2100 o

i=4,2 sinot l,= I _ 0,707-1_ Q=3%70-3,6:10°~2,3-10° I
, J2

t=3,6-10° ¢ =2,3 MIx

R=70 Om

Q="

2 B ycraHOBKax JUIsl SJIEKTPOTHAPABINYECKON O0OpabOTKH MaTepUaioB KOHACHCATOPHI pabovyero
KOHTypa SBJSIOTCS €MKOCTHBIMU HAaKOMUTENSAMH dSHeprud. Onpenenutre HauOONBIIYIO  CHUITY
KpaTKOBPEMEHHOTO TOKa, BO3HHMKAIOUIETO B IEMH IMPH MPsIMOW pa3psIKe TaKoro KOHAEHcaTopa Ha
MIPOBOJHHUK, €CJIM U3BECTHO, YTO 3aHECEHHas dHeprus B KoHaeHcarope 10 x/[, MHAYKTUBHOCTh KOHTYpa
0,03 MxI'H.

JIaHO: K — KOHTYp E,=Ex
E=10* Ix U
-08-10% =8.10%4
L=310°Twu o L
"7
U

A 2

max L
Imax =7

Pemntb 3anaun (N - Homep sauiezo 6apuanma no Cnucky)

1. Bynyr nu HacTpOEHBI B PE30HAHC KOHTYPHI NepeAaTunKa U NMpUeMHHKa, eciu ux napamerpsl C; = 200
1D, Ly =2 mIH; C, =100 I1dD; Ly =4 mI'u?

2. KonebarenbHbIIl KOHTYp COCTOMT M3 KOHJAEHCATOpa eMKOCTbI0O SMK® M KaTyIIKM MHIYKTHUBHOCTBIO
0,2 I'n. Ompenenure MakCUMaJbHYIO CHIIy TOKa B KOHJEHCATOPE, €CIM MaKCUMallbHas Pa3HOCThb
MOTEHITMAIOB Ha 00KIaakax kouaeHcaTopa 90 B. [Torepsimu Ha HarpeBaHUe MPOBOIOB MPEHEOPEYD.

3. DJIC wHayKnmMW, BO3HUKAIONIas B paMKe INPH BpalleHHH €€ B OJHOPOJHOM MarHUTHOM IIOJE,
H3MEHSETCS 1Mo 3aKoHy e = 12 sin100 xnt. OnpenenuTe aMIIMTYAHOE U AcicTBYoIee 3Hadenue DJIC,
IIEpUOJI, YaCTOTy, MTHOBeHHOE 3HaueHune DJIC npu t =n c.

4. MarHuTHBIA TIOTOK B paMKe, PaBHOMEPHO BpAIIAIOIMIMNCA B OJHOPOJHOM MAarHUTHOM TOJe€,
U3MEHseTcs 1o 3aKkoHy @ = 3 - 10 cos157t. Haiigure 3aBHCHMOCTh MIHOBEHHOTO 3HaueHus DJIC
MHIYKIMM, BO3HUKAWOIIEH B pamMkKe, OT BpeMeHU. Omnpenenure MakCUMalbHOE M JEHCTBYIOLIEE
3Hauenue J/IC, nepuoa 1 4acToTy TOKA.

5. B pamke, paBHOMEpPHO BpallalOUIeiics B OJHOPOJHOM MAarHMUTHOM TIOJie, WHAYLHPYETCS TOK,
MIHOBEHHOE 3HAY€HHE KOTOPOTO BBIPAXKAETCsl POpMYIIoi

6. 1= 3sin157t. OnpenenuTe aMIUTUTYIHOE, ICHCTBYIOIICE 3HAYCHNUE TOKA, MTHOBEHHOE 3HAYCHUE TOKA
npu 0,N ¢, epruoj 1 4acToTy.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Onpenenute MakCUMaJIbHOE U JIeHCTBYIONIee 3HaUYeHue nepeMeHHor DJIC, BO3HUKAIOIIEH B paMKe MpH
€€ paBHOMEPHOM BpaIllEHUU B OJIHOPOJTHOM MAarHUTHOM I10JI€, €CJIM TIPU YIJIe TOBOPOTA pPaMKH Ha 45°
MrHoBeHHoe 3HadeHune JJIC 156 B.

Onpenenure makcumanbhyto J/(C, 3nas, uro npu 30° OC unaykuum 110 B.

B konebarensHOM KOHTYpe € WHIYKTHBHOCTHIO N MI'H MakCHMMallbHOE HANpPSHKEHUE HA OOMOTKax
koHzeHcatopa 200 B. ompenenmurte mnepuoj; KoneOaHW CBOOOJHBIX JIIEKTPOHOB B KOHTYpE, €CIH
MakCcHUMaJlbHas cujia Toka B KOHType 0,2 A.

Omnpenenure cuily TOKa B KoJiebaTeIbHOM KOHTYPE B MOMEHT IMOJIHOM pa3psaIKku KOHAEHCATOpa, €Cln
SHEPrus MAarHUTHOTO MOJS KaTYIIK! 4,8-10'3 Jx, a unnyktuBHOCTD 0,24 T'H.

Ornpeienute 3HEPTUIO AMEKTPUUECKOTO MO KOHJIEHCATOpa eMKOCThio N MK®D, eciii HanpspKeHUe Ha
ero ooxnankax 400 B.

Omnpenenure MepuoJ U 4YaCTOTYy COOCTBEHHBIX AJIEKTPOMArHUTHBIX KOJeOaHUN KOHTYypa, €Cld €ro
MHIYKTUBHOCTH 1 MI'H, a emkocTh 100 HO.

Omnpenenure cuily TOKa B KoJie0aTeaTbHOM KOHTYpPE B MOMEHT IOJIHOM pa3psiiKK KOHAEHCATOpa, eCiH
SHEPTUsi MAarHUTHOTO 1oJist KaTywku N M/Ix, a unayktuBHocTh 0,12 I'H.

NunyktuBHOCTh KosieOaTenbHOTO KOHTYpa 500 MKI'H, Kaky0 €MKOCTh CIIeJyeT BhIOpaTh, YTOOBI
HACTPOUTH €ro Ha yactoTy 1 mI'?

B ycraHOBKax Uil AJIEKTPOTHIPABINYECKOW OOpaOOTKM MaTepHalioB KOHICHCATOp pabodero KOHTYpa
SIBJISIETCSl EMKOCTHBIM HaKoNHTeNNeM 3Hepruu. Onpeaenure HauOONbIIYI0 CHITY KPaTKOBPEMEHHOTO TOKa,
BO3HMKAIOLLIETO B LEMU NPU HPSAMON pa3psaKe TaKOro KOHJIEHCATOpa Ha MPOBOJHUK, €CJIM W3BECTHO, YTO
3anaceHHas 3Heprus B kongeHcarope 10 k/[x, naayktuBHOCTh KOHTYpa 0,03 MKI H.

KonebaTenbHbIit KOHTYP COCTOUT U3 KOHJEHCATOpa eMKOCThI0 3 MK®D M KaTyIIKU WHIYKTUBHOCTBIO
2102 I'n. Onpenennure COOCTBEHHYIO YaCTOTY 3J€KTPOMAarHUTHBIX KOJeOaHUI B KOHTYpE.

B karymike MHIYKTUBHOCTBIO N 102 I'n COBEpIIAIOTCS AJIEKTPOMAarHUTHBIE KOJIEOaHUs C MEPHOJOM
10%¢. Ornpenennure eMKOCTh CUCTEMBI.

KonebarenbHblil KOHTYp COCTOMT M3 KoHAeHcaTopa emkocThio 0,601 Mx® u Karymku c
WHJIYKTUBHOCTBIO 10* Th Onpenenute MEepUON, YACTOTy COOCTBEHHBIX AJIEKTPOMArHUTHBIX
KoJe0aHuil KOHTYpA.

Konnencarop eMKoOCTbIO 3.10° MK®, 3apsHKEHHBIA IO HEKOTOPOro MOTEHLHMANA, Pa3psiKaeTcs, 3aTeM
3apsHKaeTCsl uepe3 KaTyliky ¢ MHAYKTUBHOCTHIO 1,8 MKI'H. Ompenenure nepuon konedanuit. [Touemy
Ka)XJ10€ TOoCIeayrolee Kouebanue AaeT Ha 0OMOTKaX KOHJIEHCATOpPa MEHBIIYIO pa3HOCTh MOTEHIIMAJIOB,
4yeM npeasiayniee?

Omnpenenure MepHoJ M YacTOTYy COOCTBEHHBIX KojeOaHWN B KOHType mpu emkoctd 2,2 MKD u
unayktuBHoctu 0,65 MIH.

Brruuciure yactoTy COOCTBEHHBIX KoOJeOaHWi B KOHType ¢ compotuBiernnemM (0 Owm, eciu
WHJIYKTUBHOCTH B 3TOM KOHType 12 MI'H, a emkxocTs 0, 88 Mx®. Kak n3MeHHuTCsSI YacToTa KoJieOaHUH,
€CJIH TOCTIEA0BATEIbHO BKIIFOYUTH B KOHTYP eIle N TaKuX e KoHAeHcaTopa?

UeMy paBeH Iepuo]i COOCTBEHHBIX KOJIEOaHUI B KOHTYpE ¢ MHAYKTUBHOCTBIO 2,5 MI'H n eMKocThio 1,5
MK®D? Kak u3MEHUTCS mepuo] KoneOaHwuii, ecli MmapaielbHO K KOHAEHCATOPY MPUCOSAUHUTH elle 3
TaKuX e KoHaeHcaTopa?

Pe3zonanc B konebarenbHOM KOHTYpe HacTymaeT mpu 4actore 4,2 kl'm. Omnpenenute WHAYKTUBHOCTH
KaTyIIKH, €CIIH eMKOCTh KOHJIeHcaTtopa 2,2 MKD.

B xonebarenbHOM KOHTYpe ¢ MHAYKTHBHOCTHIO 0,4 ['H M1 eMKOCTBIO 2:10° @ aMIUTUTYJTHOE€ 3HAYECHUE
toka 0,1 A. Kakum Oynmer HampspkeHHE B KOHJIGHCATOPE B TOT MOMEHT, KOTJIa DHEPTUHU
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AJIEKTPUYECKOTO ¥ MarHUTHOTO Tonieli Oyayr onuHakoBbl? KomebaHus KOHTypa CUWTATh
HE3aTyXaolIUMHU.

25. OnpenenuTs ATUHY BOJIHBL, ecu ee (pasoBast ckopocTh 1500M/c, a wacTora konebanuit N I'm.

26. Kakoii mytps npoiizer ¢asza BoaHoBoro asmwkeHus 3a 0,02¢, ecnu yacrora konebanuit 2MI', a mymHa
BOJIHBI 150M.

27. OnpenenuTh 4acTOTy W3JIYYCHHUsS YJIbTPa3BYKOBOTO T€HEPATOpa, €CIU IMOCHUIAEMBIH UM HMMITYJIbC,
coaepsxamuii 100 BosH, mpoaoxkaercs N. ¢

28. OnpenenuTh JTUHY BOJIHBI YJIbTPa3BYKOBOTO T'€HEPATOpa B aTIOMHUHHH, €CJIM YacTOTa YJIbTpa3ByKa
3MI', a CKOPOCTh B AIFOMUHUHT 5,1”‘103 Mm/c.

29. Paguonepenatauk padoraer Ha yactore 6 MI . Ckonbko BOJIH HaxoauTcs Ha pacctossHuu 100kM mo
HAIPABIICHUIO PACIIPOCTPAHCHHUSI paMOCUTHATIA?

dopma npeacraBiieHus pe3yabTara:

BbImonHuUTE 3a1aHKie B TETPaIH Ui IPAKTUIECKUX PAOOT.

Kpurepun oneHku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS TIOJIOKUTEIIbHAS OIICHKa — | Oa.
3a HeMpaBWIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNUEC BHICTABIISICTCS OTPHUIIATEIbHAS OlleHKa — 0 0auIoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasinsiemcs 3a 80 — 89%0 npaBUITBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 5.3 OnTuka
IIpakTuyeckoe 3ansitue Ne 27

3aKkoHBbI FeOMeTpI/I‘leCKOﬁ OIITUKHU

Heab: chopMupoBaTh NOHUMaHUE pojiu PU3UKU B (POPMHUPOBAHUM KPyro3opa U (yHKIIMOHAIbHON
IPaMOTHOCTH Y€JIOBEKA JI PELICHMS NPAKTUYECKUX 3a7ad, U3y4UTh 3aKOHBI PACIPOCTPAHEHHUS CBETA.
Xon nydeil. 3aKOHbI OTPAXKEHUS U IPETOMIIEHUS ¥ IPUMEHSTh UX IPU PEIICHUN

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

MarepuanbHoe oOecnedyeHue: TeTpajab Ui MPaKTUYECKHMX padoT, pydyka, METOAMYECKHE
PEKOMEHIALIMH 110 BBIIOJIHEHUIO Pa0OTHI, JIMHEHKa, KapaH Jarll.

Yka3zanme: Ilpaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M NMPAKTUUYECKOM.
ITocne u3yueHuss TEOPETUUECKOTO MaTepHalla MOYKHO MPUCTYNAaTh K BBIITIOJHEHUIO IPAKTUUECKOM YacTH.
Omna coctouT U3 AByX M Oojiee 3a/1ad sl CAMOCTOSITENILHOTO BbINIOJIHEHUs. He 3a0bIBaiiTe 0 MpaBUIBHOM
oopmienun pemrenus. Ha BbinmosHeHHe MPaKTUYECKONH OTBOJIUTCS JIBa akajeMuueckux uaca. [Topsmox
BBITIOJTHEHUS paOOTHI

Ilopsinok BbINOJHEHHSI padOThHI:
1. PaccMoTpuTe TEOpeTHUECKHN MaTepual IO TeMe U TpUMEphl pelleHus 3anad (CMOTpHU
METOAMYECKOE ITOCOOHE).
2. Pemute camocTosTenbHYI0 padoty. Odopmute penieHne MICbMEHHO B TETPAIH.

1. Teopus.

3aKOHBI FEOMETPUUYECKON ONTUKHU
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|. 3axon npsamonunelino2o pacnpocmpanenus ceema. céem 8 0OHOPOOHOU cpede paAcnpOCMPaAHAEnCsl

NPAMOTUHELHO.

JIyu — nmuHus, BIOJIB KOTOPOM paclpoCTpaHsIeTCs CBETOBAs SHEPTHsl.

Iloxazamenvcmeo:

1) oO6pa3oBaHue TCHEH M MOJIYTEHEH OT MPEIMETOB;
2) TOIJIOLICHUE CBETA HEMTPO3PAYHBIMU TIPESIMETAMH.
8 8 8
Us s0s0 = 3-10° M/c=c; Voo = 2,25-10° M/C; Uy cmerne = 2-10° m/c.

Il. 3axon He3asucumocmu ceemosvix yueli: 1yuu npu nepecedenuy He 803mMywaiom opye opyea.

1. 3axon ompasicenus ceéema.

Veon nadenus (o) (ompasicenus y)— yroi, o0Opa3oBaHHBIA NaA0AOWUM (OMPANCEHHBIM)

o |v
JY4OM U TIEPICHIUKYIISIPOM, BOCCTAHOBJICHHBIM K MTOBEPXHOCTH B TOYKE IMAJICHUS JTy4a
(puc. 12).
Puc. 12. Nagatowmii u 1. Haoarowuii u ompasicenHwlil yuu aexcam 6 0OHOU NIOCKOCMU ¢ NEPNEHOUKYISIPOM,

B80CCIMAHOGICHHbIM 8 MOYKe NAOEHUS Jayua.
OTPaKEHHbIW Nyyu.

2. Yeon nadenus pasen yeny ompascenust (= 7).

Cnedcmesue: «Obpamumocme ayyeli»: Ecnv nagarowmin yd NnycTUTb NO HanpaBAEHUIO OTPAXKEHHOrO, TO HOBbIM

OTpaH(EHHbIVI nyy I'IOVI,EI,ET No HanpasaeHUIO Nagatowero.

3epKanbHoe OnddysHoe
2/ 1/! 2!/ ’ 1//

1 1' 1"
3epkanbHoe — oTparkeHue npu Kotopom | JuggysHoe — oOTpaxkeHwe, npu
OTpParKeHHble Nyum OCTalOTCA | KOTOPOM B OTPaXKEHHbIX /y4ax HeT
napannenbHbIMm nopsZKa (MaToBas NOBEPXHOCTb)

Tabnuua 12

IV 3akoH npenomneHusa ceema.
o

N

N BO3/yX

IIpenomnenue ceema — N3MEHEHUE HarpaB/IcHus i CBET3 TIPH [IEPEXO0Ie

W3 OJHOW Cpelnbl B Apyryw. Yeon npeﬂOWeHLBz‘ \(B) Z yrox MEXY
BO34YX

MIPEJIOMJICHHBIM JTy4OM U MEPIEHIUKYISIPOM, BOCCTA SHHBIM U3 TOUYKH

Ma/IeHUs JTy4ya K TpaHuIe IBYX Cpel.

Puc. 13. NpenomneHune cBeToOBOro yya.

1) nay4u, nadarowuli u npesnomaeHHsll, nexcam 8 00HOU MNaA0CKOCMU C nepreHOUKYSPOM,
B80CCMAHOB/AEHHbIM U3 MOYKU NA0eHUs /y4a K NosepxHocmu pasoesna 0s8yx cpeo;

2) ommnowenue SIN yena nadenuss Kk SIN yena nperomaeHuss Ons OAHHbIX CPed eChmb GeludUHd
NOCMOSAHHAA, U HA3bIBACMCS OMHOCUMETbHBIM NOKA3amenem npeiomMiIeHus 6mopoi cpedbl OMHOCUMENbHO

nepeotl.
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sina_n N, v
sinp % n

Cneocmeue: « Obpamumocmu nyyeiy. Eciv magaronmil 1yd HapaBUTh 1O MYTH MPEIOMIIEHHOTO, TO
MIPEIOMJICHHBIN JIyd WIET 110 ITyTH MaJaroIIero.

llonnoe eHympenne ompaogicenue — SBIEHUE, NPU KOTOPOM CBETOBOE M3JIyYEHUE IOIHOCTBIO
OTpa’kaeTcs OT MOBEPXHOCTH pazfiesia Mpo3pavHbIX cpen (puc. 14).

npeaenbHbli 1) IIpH T Q, B T,
L B 2) B =90° — CKONBL3UT 110 TPAHHMIIE Pa3Jeia IBYX CPEL — NPedenbhblil V2O,
~ sosayx  3) T, B>90° = B — HOTHOCTBIO OTPAXKACTCS MO 3aKOHY OTPAKCHHS.

Vi Ve
nonHoe
Ve Ve

4
BHYTpeHHee

Puc. 14. NonHoe BHYTpeHHee
oTpaeHwe. 3agauu AJ151 CAaMOCTOSITEILHOTO PelIeHus!
1. JIyu cBeTta majaer Ha NOBEPXHOCTh BOJBI MO YIVIAMHU 40°. Tlox kakuMm YIJIOM JIOJKEH YHacTh JIyd Ha

MMOBEPXHOCTH CTEKJIA, YTOOBI YTOJI IPEIIOMIICHUST OKA3aJICS TAKUM Ke?

2. Jlyun cBeTa majgaloT Ha TMOBEPXHOCTh pa3zena BOJbI M Bo3ayxa moxa yriaom S50°. Haiinure yron
npenomiieHuss sydedd. Ilokasatens mnpenomsienus Boabl 1,33. EcTe M monHOE BHYyTpEHHEe
oTpakeHue?

[98)

. Hatigute HpeI[eJ'ILHLIﬁ YroJ nmnagceHus Jiyda Ha rpaHully pasacia CTCKJa U BOAbI.

I

" 14
. CBeToBbIE BOJIHBI B HEKOTOPO# kuakoctu umeroT JiuHy 600 Hm u wacroty 5-10™" T'u. Onpenenure
a0COIOTHBIN TTOKA3aTeNb MPETOMIICHUS KUAKOCTH.

|9y

. Onpenenure aOCOMIOTHBIN MOKa3aTeNb MPEJOMIIEHUS U CKOPOCTbh PAaclpOCTPaHEHMsI CBETA B CIIIOJE,

€CJIM TIPH yTJIe MmaJieHus cBeTa 54° yroin npenomieHus 30°.

6. B anmasze cBeT pacmpoCTpaHSIETCs CO CKOPOCTHIO 1,22:10° wre. Onpenenure TpeAeTbHBIA Yo
IIOJIHOTO BHYTPEHHETO OTPa)XKEHMs CBETA B ajJIMa3e IPU MEPEXOJAE CBETOBOIO Iy4yKa W3 ajlMasa B
BO3IYX.

7. CBeTOBOM My4OK MEpexXoJuT U3 BO3J1yXa B BOAy. Yroia majaeHus 76°, yron mnpenomseHus 47°.
Omnpenennure CKOPOCTb CBETA B BOJE.

8. Vronm majgaHus Jyda CBETa HA TOBEPXHOCTH MOACONHedHOro macia 60°, a yrom mperommenus 36°,
Haiitu nmokaszarens npesomieHus macia.

9. ®oToH BbUIETaET M3 BOJLI B BO3MYyX. BeuteTutr nu OTOH W3 BOABI B BO3IAYX, €CIM OH MaJacT Ha
TpaHMILy pa3jiena BoJbl U Bo3ayxa moa yriom 50°? Tlouemy?

10. JIyd cBeTa nepexoamT co CTEKIA «JIETKUM KpoH» n=1,57 B Boay. Yrou nageHus ypeanuusaroT. Kakos
IIPEEIbHBIN YroJl IOJHOTO BHYTPEHHETO OTPAXKEHUS?

11. Beiuucnure npenenbHblid yroJl MOJIHOTO BHYTPEHHETO OTPa)KEHUs Ul ajaMa3a Ha TPaHUIE C BOJOH,
3Hast, YTO aOCONIOTHBIN TOKa3aTeNnb mpenomieHus anmasa 2,417, a onsr 1,333.

12. Onpenenure OTHOCUTEIbHBIA MOKAa3aTeNb MpeloMIIeHus, eciu yroa mnazaenus 30°, a mpenomiieHus
20°.

13. Jlyun coOJHEYHOro CBeTa MaJal0T Ha MOBEPXHOCTh BOJBI Mmoja yrioM 74°. Ilon kakum, yriom K
TOPU30HTY BOJ10J1a3, OIYCTUBIIUIICS B BOJlY, OyJ€T BUAETH COJIHLIE?

14. Ompenenute nMoka3aTenb MPEIOMIICHHS BELIECTBA, €CIH MPEACIBHBINA YroJl MOJHOTO OTpaKeHus 42°.
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15. JIyu cBeTa majieT Ha TUIOCKOIMApaUIETbHYIO CTEKIITHHYIO IIACTHHKY 1o yriioM 60°. KakoBa TommmHa
TUTACTUHKH d, €Ciy IIpy BBIXOJIE U3 Hee Jyd cMecTriics Ha 20 mm?

16. Jlyu cBeTa majgaeT Ha IUIOCKYIO CTEKJISIHHYIO IUIACTMHKY ToimmmuHoM  d = 3 cm mox yriom 70°.
Omnpenenure cMeIIEHUE JTy4a BHYTpHU I1acTUHKU. [lokazarens npenomienus crekia 1,5.

17. Yron nmajgeHus CBETOBOTO MyYKa, MAYIIErO M3 CTEKJA C MOKaszaTelieM IpeiiomieHus crekia 1,67 B
BOJIy C Moka3zaresneM npenomieHus 1,33, pasen 60°. Ha kako# yros OTKJIOHSETCS CBETOBOM IMy4YOK Ha
TpaHMIIE, TO K€ MPHU yrie naaeHus 53°7

18. MoHOXpOMaTHYECKHid JIyd MaJaeT HOPMAajJbHO Ha TIpaHb MPHU3MBI, MOMEPEYHOE CEYCHHE KOTOPOU
PaBHOCTOPOHHUI TPEYroJbHUK: MoKa3aTenb npenomiienus 1,1. Onpenenute yroyi oTKIOHEHHS Jy4ya
IIPU BBIXOJIE U3 MPU3MBI OT €T0 MEPBOHAYAIBHOTO HAIIPABIICHHUS.

dopma npeacTaBJieHUs pe3yJabTarTa:
BbImonHUTE 3a/1aHUE B TETPAAX AJIS MPAKTHYECKUX padoT.
Kpurepun oneHku:

3a mpaBUIIHLHO BBHIMTOJHEHHOE 33JaHHE BHICTABIIICTCS TTOJIOKHUTEIbHAS OLleHKa — | Oasu.

3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISIETCS OTpHUIIaTeIbHAs olieHka — () 0aoB.

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

Oyenxa «xopoutoy svicmasinsiemcs 3a 80 — 89%0 npaBUITBHBIX OTBETOB

Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosnemeopumensvhoy svicmagisiemcs 3a menee 60% nmpaBUITBLHBIX

Tema 5.3 OnTuka

IIpakTuyeckoe 3ansiTue Ne 28

3aKkoHbI BOJTHOBOH ONTHKH

Heab: chopMupoBaTh NOHUMaHUE poiiu PU3UKU B (HOPMHUPOBAHUH KPYro3opa v (HyHKIIMOHATHHOM
TPaMOTHOCTH YE€JIOBEKA ISl PEHICHUS] MPAKTUYECKUX 3a7ad, U3YYUTh 3aKOHBI PACIPOCTPAHEHHUS CBETA,
KaK BOJIHBI U IPUMEHSThH UX MPU PELICHUHN

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

MarepuanbHoe o0ecnedyeHue: TeTpaab JJs MPAKTUYECKHUX paboT, pydyka, METOAMYECKUe
PEKOMEHIallUU T10 BBITIOITHEHUIO pa0OThl, TMHEIKA, KapaHIall.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTeld — TEOPETHUYECKON M MPAKTUYECKOM.
[Tocne u3yueHus TEOPETUUECKOT0 MaTeprajia MOKHO MPUCTYIATh K BHITTOJIHEHUIO TTPAKTUUECKONW YaCTH.
Ona cocTouT U3 ABYX U Oolee 3a/1ad JJisi CaMOCTOSATEIHHOTO BBIMONHEHUs. He 3a0biBaiiTe 0 npaBUIbHOM
opopmiieHnn perieHus. Ha BbIMoMHEHNE MPaKTHUECKOM OTBOJUTCS JBa akajgemMuveckux 4vaca. [lopsoox
BBITIOJTHEHUS paOOTHI

IMopsiiok BbINOJIHEHHS PA0OTHI:
W3yuuth KpaTkue TeopeTmyeckue cBeleHus —https://znanium.com/catalog/product/1012153, Beimucar
dhopmynsl ¢ maparpados 65, 66 . oTMedeHHBIE ckoOKamMu, Harrpumep (66.1)
Pa3zo0path mpuMepsI perieHus 3aaaq
OTtBeTuTh Ha BOMPOCH TecTa https://znanium.com/catalog/product/1012153, k §64,65,66,67.
IIpumeps! pelenus 3agay
1 B Bone untepdepupyroT KOrepeHTHbIE BOJIHBI YaCTOTOU 5 - 10* ' Yenmurest wimm ociaGHeT CBET B
TOYKE, €CJIM TEOMETpUUYECKasi pa3HOCTh X0/a Jiyuel B Hell paBHa 1,8 MxM? [Toka3zaTenb npeaomiieHus
BoxEI 1,33.

Hano:
2. KorepeHTH. UcCT.

kX 2133510715 007"
= w=
2

v=5-10"Tn Ar=n-AS=2 m= 3.10¢ =
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ck

AS=18-10%m =2V =7,98 = 8 — ueTH. —
e HAR
n=133 S max yCUJICHUE CBETa
c=3-10%m/c
fig] _’_)

2. Onpenenure 4 HaMMEHBIIME TOJIIMHBI MPO3PAYHOHN IUIEHKH C ONTHYECKOW MJIOTHOCTBIO 1,5, 4TOOBI
IIPU OCBEIIEHUHU UX NEPHEHAUKYJISAPHBIMU KPACHBIMM JiydaMH ¢ JUIMHOHN BosiHbl 750 HM oHu Oblin
BUJIHBI B OTPaKEHHOM CBETE KPACHBIMHU.

Jla=Ho: IImIeHKa X 4dn 750 750
n=15 A ﬁ: : d, = _ = — 125HmMm
=750 Hx ("k_ =2 4-1.5 6
k=0123 d = — d, =3-125 =375 Hx
do. d,. da. 4-n d, = 5d, = 625 Hu
d; —72 d A d: = 7dp = 875 Hm
= 4n
2 2
d, = 3d,
4n
d,= 5d,
ds; = 7d,

3. CeeToBas BoaHA ATEHOH 530 Hy majaeT DepOeHIHKYVIIAPHO HA IPOIPaAIHVIC
OHOPAKOHOHHVIO pPEeIOeTKy. IIOCTOSHHAaa KoTopodE 1.8 wmxy OmnpemenHETe  VION
DEOPaKIIHEE. 104 KOTOPEIM OOpasveTrcs maxX HaHOOIBINSIO HOPAIKA.

T’Iaa_o: :‘"‘1’133“1‘“" . kA 1.8-10° 1800 =
2=530-10"n singg =—— =1 k = — = = —= = 3.4
d=1.8-10%2« d 530-10 530
E=k kA 7 k =3
AR  § P B

P=- d L 3-520-107" g

3 singp = ——— = 0883

" _ Ko -A 1.8-10
2)singg = ————
@ = 62°

3anauu sl CaMOCTOSATEIBHOTO PEIIeHUs
KakoBa onTudeckas pa3HOCTh XO0/a JBYX KOT€PEHTHBIX MOHOXPOMAaTHYECKUX BOJIH B BEIIECTBE C
MoKazaTesieM npeaomiieHus 1,6, eciiu reoMeTpuyeckasi pa3HOCTh X0/1a Jyuei 2,5 cm?
Ha ToHKYIO NieHKy C mokasaTesieM IpejaomiieHus 1, 5 meprneHauKyisipHO €€ MOBEPXHOCTH MalaeT
MapaJuIeJIbHBIN MTyYOK JKENThIX Jydeil ¢ nnuHou BosHbl 600 HM. Ilpn xakoii HauMeHbIIEH TONIUHE
IUIEHKH OHA B OTPAKEHHOM CBeTe OyJeT Ka3aTbCs )KeATON?
JIBa KorepeHTHBIX Jiyda ¢ anuHamu BoiaH 404 HM mepecekarorcs B ogHOW TOYKEe Ha 3kpaHe. Uro
Oyzner HaOmoAaThesa B 3TOM TOYKE — YCHUJICHHE WJIM OCJIa0JIeHHE CBETa, €CJIM ONTHYEeCKas pa3HOCTb
xona myuen 17,17 Mkm?
Bo ckoibKko pa3 yBenmMUMTCS PAacCTOSHHUE MEXAY COCEIHHMHU WHTEPPEPEeHLMOHHBIMU MOJIOCAMU Ha
skpaHe B onbiTe FOHra, ecnu 3eneHpli cBeTOQUIbTP ¢ JUIMHON BOJIHBI 25- 107 cM 3aMeHnTH KpacHBIM
C JUTMHOM BOMHEI 6,5 - 10 cm?
B HekoTOpyr0 TOYKY IPOCTPAHCTBA IPUXOIAT JBE KOTEPEHTHBIE BOJHBI C I'€OMETPUYECKOHN
pa3HOCThIO X01a 1,2 MKM, 1irHa KOTOphIX B Bakyyme 600 Hm. Onpegenure, 4To NpOU30MIET B 3TON
TOYKE BCIeACTBUE HHTEpepeHIuu B Bo3ayxe, B Boje (1,33), B crekie (1,5).
Pa3HocTh X012 JTydel IByX KOT€pEHTHBIX MCTOYHUKOB CBETA C JIJIMHOW BOJIHBI 6 10”7 M, CXOISIIAXCS
B HEKOTOPOU TOUKe, paBHa 1,5: 10° M. Veunenne wm ocnaGlieHne ceera Oyner B 3TOM TOoukKe?
Ecnu cnexkTpel TpeThbero M YETBEPTOro MOpsjaka Mpu Audpaxkiuu Oenoro cBeTa, HOPMAIBHO
Majaromiero Ha TUGPaKIMOHHYIO PEIIeTKY, YACTHYHO MEPEeKPHIBAIOTCS, TO HA JUTMHY BOHBI 780 HMm
CIIEKTpa TPETHETO MOPsAJIKA HAKIAABIBACTCA UIMHA BOJIHBI ... CIIEKTPA YETBEPTOr'O MOPSAAKA.
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11.

12.

13.

14.

Hudpakuronnas pemietka uMmeer 50 mTpuxoB Ha MM. [lox KakMMH yrilaMu BHAHBI Max MEPBOTO U
BTOPOTO MOPSAIKOB MOHOXPOMATHUYECKOTO U3JIydeHHs ¢ ITuHOM BosiHbI 400 Hm?

Onpenenure ONTUYECKYIO pa3HOCTh Xoda BosH jaiuuHoW 540 Hwm, npomenmmx —uepes
T(PPaKIUOHHYIO PELIETKY M 00pa30BaBIIMX Max BTOPOTO MOPSIKA.

Omnpexnenute ONTUYECKYIO Pa3HOCTh X0/1a BOJIH, IPOIIEANINX Yepe3 AU(PPaKIIUOHHYIO PEIIETKY, €CIn
MaKCHMAJIBHOE yCHJICHHE BOMH BHAHO 1oy yriaoM 11°. TlocTosHHas pereTkn 2 MKM.
Judpakuronnas pemerka ¢ nmoctosHHoi 0,004 MM ocBemaeTcsi CBeToM ¢ JJIMHOW BoJiH 687 Hwm.
[lon kakuMm yriioM K pelieTke HYKHO MPOM3BOAMTH HAONIOAEHHUS, YTOObI BUACTH H300paKeHHE
CIIEKTpa BTOPOro nopsijaka’?

Omnpenenute MOCTOSHHYIO AU(PPAKIMOHHONW PEIIETKH, €CIH MPHU €€ OCBEIICHHH CBETOM C JJIUHOMN
BOJIH 656 HM criekTp BTOpOro nopsiika BUAEH O] YIJIOM 15°.

Omnpexpenurte JJIMHY BOJIHBI JUIA JUHUW B AU(PPAKIMOHHOM CIEKTpe 3-T0 MOpsAKa, COBIAJAIOIIEH C
JIMHUEH B CIIEKTPE YETBEPTOro MOpsAIKa ¢ AIMHOU BoIHbI 490 Hwm.

Kaxkoit HanOobIuii TOPSAIOK CIIEKTpa MOXKHO BHACTHh B AU(PPAKIIMOHHON perieTke, nMerorniei 500
LITPUXOB Ha | MM IIpH OCBEIIEHUH €€ CBETOM C JITMHOM BosHbI 720 H

®opma npeacTaBiaeHus pe3yJabTara:

BBIMoTHUTE 3a/1aHUE B TETPaAIN IS IPAKTHYECKUX PadoT.

Kputepuu onenkmu:

3a MpaBUIIbHO BBITOJHEHHOE 33JJAHHE BHICTABIISICTCS TOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS onleHKa — 0 OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 100% npaBUIbHBIX OTBETOB

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

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

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

Pa3nen 7 KBanroBasi pusnka
Tema 7.1 Kopnycky/1sipHO-BOJIHOBO¥ 1yaJIM3M
IIpakTnyeckoe 3ansiTue Ne29

3akonbl poroddpdexra. YpaBHenue JifHIITeHA

Heas padoTbl: chopMupoBaTh MOHMMAaHUE POy (GU3UKUA B (POPMUPOBAHMM KPyro3opa BlaJeHUE

OCHOBOIIOJIararonmumMun (1)I/I3I/I‘IGCKI/IMI/I MOHATHUAMU, 3aKOHOMCPHOCTAMHU, 3aKOHAMHU U TCOPUAMH, YMCHUA

BBIITOJIHATD paCYCTHBIC U rpa(bnqecxne 3aga4uu

Beinosinenue padorsl cnocodcTByet (popmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepuanbHoe o0ecnieyeHme:

WH/IMBUYalIbHOE 33JJaHNe, KOHCIIEKT JISKIU, CIpaBOYHbIE MaTepHAaIbI.

Ykazanmue:

[IpakTHyeckoe 3aHATHE COCTOMT M3 JBYX 4YacTel — TeopeThdeckod M mpaktuueckoil. Ilocne

HU3YUCHUSA TCOPECTUYCCKOro Marc€pHajia MOXHO HNPUCTYyIIaTb K BBIITOJIHCHUIO HpaKTquCKOﬁ gactu. OHa
COCTOUT U3 IBYX U Ooiee 3aga4d 4Jid CaMOCTOATCIBHOI'O BBIIIOJTHCHUA. He 3a0niBaiite 0 IMpaBUJILHOM
OCbOpMJ'IeHI/II/I pEeIICHUA. Ha BrimomHeHMe MPAKTUYCCKOI'o 3aJaHUs OTBOAUTCA ABAa AKaACMHNYCCKUX Haca.

3amanme:

(O3HaKOMBTECH C TECOPCTUUCCKUMU CBCACHUAMU
Pemmte 3aaa4u, CaMOCTOATCIIbHO UCIIOJIb3Ys NPUMEPBI U KPATKUC TCOPECTUUCCKUC CBCICHUA.
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Ilopsinok BbINOJHEHHS padOThI:

N3yunTe u BeImummTe GOpMYIIBI IO TAHHOW TEME B BHJIE KPATKOTO KOHCITEKTa

Paz6epuTe npuMepsl perIeHHbIX 3a/1a4

Pemure caMmocTosATEIIEHO 3aJadyu

Beimonuauts Tect https://znanium.com/catalog/product/1012153, ctp 346 «®Potoaddexr. Dopmyina
IInankay»

PwbhE

Kpartkue TeopeTtudeckue cBeleHUs
DHeprust KaKI0H MOPIHHU MPSIMO TPOIOPIIMOHATIbHA YacToOTe n3nyueHus — v. E=hv [J]x],

rae h — mocrosunas ITnanka, h = 6,63-103 [dx-c].

[TOrIOTUTHCSA MOKET BCS IIOPIHS LIETUKOM.

DHeprusi cBera hv uper Ha coBeplieHne paboThl BbIXOJA A, M Ha COOOINEHHE DIIEKTPOHY
mo? mo? . mov?

KUHETHYECKOU dHepru — —— . hv=A4,+ , =Ex.
2 2 2

Jnis kaxoro BerectBa Gporoddhdekt HadIF0aaeTCs, €CIIM YacToTa V> Vinin = hv > A. [Ipenensuyio

. N A
YACTOTY Vinin WIM Amax HA3BIBAIOT KpacHOU rpanuieii pororddexra. vimin =« ,rae A, — paboTa BbIXOAa
h

anekrpona [[Ix]. I3B = 1,6 10 1.

®DoTOH 00J1a/1aET MOPLIUEH SHEPTHH: F — he _ hyv,Tae v—udacroTa [['1];
A

h — mocrosinnas ITnanka, 6,63~10'34 [[Ix-c].

hv

Macca oToHa onpeaensiercs: m = ~, TIIe C — CKOPOCTH CBETa, c=3-10% m/c.
c

®oTOH HE HMEET MAaCCHI IMMOKOos, T.C. HC CYHIECTBYET B COCTOAHHU IIOKOS. I/IMHYJ'II)C (i)OTOHa

hv h
ONPENENAeTCS: p=MC =— = n
C

IIpumenenne porodpdexra

CaoiicTBO (hoTOTOKA 3aKiIOYaeTCs B TOM, YTO €ro CHJa MPsIMO MPOHOPIMOHAIbHA MOTJIOIEHHON
SHEPTUH CBETA, HAXOJUT NPUMEHEHUE B MPUOOpax-hoTo3TeMEHTaX, B KOTOPBIX SHEPTUs CBETA YIpaBIIsIeT
SHEpruei IEKTPUIECKOTro TOKa HITH Ipeodpasyercs B Hee.

Pa3HooOpa3zHoe npuMeHEeHHWEe HaxoOuT BHYTpeHHUil (oTodddekTr B MoIynpoBOJHUKAX. ITO
SIBJICHUE UCTIOJIb3YETCS:

1) B oTOCONPOTUBIEHUAX — TPUOOPaAX, CONPOTHUBIIEHNE KOTOPBIX 3aBUCUT OT OCBELIEHHOCTH;

2) B TMOJYNPOBOJAHMKAX — TNpUOOpax, MpeoOpa3ylolMX CBETOBYIO JHEPrHi0 B JHEPTUIO
ANIeKTpUYecKkoro Toka. Takue mnpuOOpHl CIyKaT MCTOYHUKaMH Toka. CyllecTBYIOT SIBJICHUS,
00BbsICHAEMbIE KBAaHTOBBIMH CBOMCTBAMH U3ITyUCHHUS.

1. /lagnenue ceema. IlepBbie onbiThl ObuTH TIponenanbl B 1900 1. pycckum dusukom JlebeneBbiM
[1.H. Beruucnenus MakcBemia nmokasaid, 4TO Ha 3€MJIe COJHEUHBIM CBET JaBUT HAa KBAAPATHBIA METP
YEpHOU MTOBEPXHOCTH, PACTIONOKEHHON NEPIEHANKYIISIPHO JIydaM C CHIION 4,5®10° H.

2. Tennosoe Oeiicmeue ceéema. llpu TOTTIOMEHUH UW3TY4YEHUS TEJIOM BCErja IPOUCXOAUT
MIPEBPALICHUE SHEPTUU U3ITyUYECHHUsI BO BHYTPEHHIOK YHEPTHUIO TEA.
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ConHeuHble JIydd HOpUHOCAT execeKyHIHO 1370 Jk sHeprum Ha KaXAbli KBaJpaTHBIM METp
MOIEPEYHOI0 CEUCHUS 3EMIIH.

3. Xumuuecxoe Oeticmeue ceéema. XVUMHUYECKUE TPOLECCH, MPOUCXOJAIINE TIOJ JACHCTBHEM
U3IY4YEHUs, UMEIOT OOJIbIIOE 3HAUY€HHE B IPUPOJE, HAyKe U TEXHUKE: (POTOCHHTE3, CIOCOOCTBYIOT
BO3HUKHOBEHHIO 3PUTEIBHOIO OIIYIIEHUS Yy YEJIOBEKa U >KMBOTHBIX M JAIOT BO3MOYKHOCTb pa3inyaTrh
1BeTa, noixydeHue pororpaduu.

XUMHUUYECKOE ACHCTBUE U3ITyUYSHHS OU€Hb XOPOIIO OOBSICHACTCS KBAHTOBOW TEOpHUEH CBETA.

[Tornomenue GOTOHOB yBETUUMBACT SHEPIHIO MOJIEKYJI MPOUCXOIAT XMMUUYECKHE ITPOLIECCHI.

IIpumepsl pemieHus 3aaa4

1. Ompenenure MakCHMAaJBHYIO CKOPOCTh BbUJIETa JJCKTPOHOB M3 Kajus, paboTa BbIXOna
AJIEKTPOHOB U3 KOTOPOTO paBHa 2,26 3B, mpu ocBenieHn: ero yiIbTpaduoIeTOBBIM U3ITyYSCHHEM C JUTHHOM
31
BostHBI 200 HM. Macca anektpona 9,1-10°" kr.

Hano:

A =200 um CH Pemrenne:

A,=2,26 3B 200-10°° W3 ypaBHeHUs DUHIITEITHA 1J1 BHEILIHETO
m. = 9,110 kr  2,26-1}6-107%° T horosdekra:

ch mo? 2ch—A_) ;
Ly L _
c=3-10%w/c P B e e

h=6,62-10>* Ix-c

v—"7?

- -118-10° X
9.1-10 c

o |2(3:10°-662-10* ~2.107-2,26-16-10 ™) _ ((19.86-7,232)-10
2:107-91.10

OTBeT: v = 1,18-106 Mm/c.
Pemmntsh 3a1auu caMocToATeNbHO (N - HOMED 6awe20 sapuanma no CHUCKY)

1. PaGota BBIXOJa PNEKTPOHOB y okcuaa meau 5,15 sB. BezoBer i1u Gpotoaddekt ynprpaduoaeToBoe
n3nydenue ¢ yacrorou 0,01 10" I'u?

2. PaGoTa BBIX0/1a HIEKTPOHA C TIOBEPXHOCTH 1esust paHa 1,6-10™° k. C kakoif CKOPOCTBIO BBLIETAIOT
BJIEKTPOHBI M3 IIE€3Usl, €CIIM METAJJI OCBEIICH MEITHIM CBETOM C JJIMHOW BOJHBI 0,6-10'6 M; Mg =
9,1-10° xr?

3. Haiinure maccy n uMIrynisc (POTOHOB JIJIsl MH(PPAKpacHBIX (V= 10% I'n) u pertrenoBckux (v=10" I'n)
JIy4en.

4. Haiigure NIMHY M YacCTOTY U3ITy4eHHs, Macca (POTOHOB KOTOPOT'O paBHA Macce MOKOs JIEKTpoHa (Mg

=9,1-10 k).

KakoB ummyinbsc ¢poToHa, 3HEpPrusi KOTOPOro paBHa 6-10™° Jik?

Onpenenure UMITYJIHC (POTOHOB PEHTTC€HOBCKUX JIyde A = 410" m.

KakoBa macca oTOHa, €cii ero sHeprusi paBHa 2,76-10™ Jix.

N o U

-21
DHeprus kBaHTa cBeTa paBHa 1,98-10". Kakoe 3To uzimydenue?
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10.
11.
12.
13.
14.

15.

16.

17.
18.

19.

20.

Omnpenenure HEpTU0 (OTOHOB, COOTBETCTBYIONIUX Haubosee JMUHHBIM (A = 0,76 MKM) U Haubomee
KOpoTKuUM (A = 0,4 MKM) BOJIHAM BHJIMMOM YaCTH CIEKTPa.

Kakoii 4acToThI CBET clielyeT HalpaBUTh Ha TOBEPXHOCTh IJIATUHBI, YTOOBI MaKCUMAalbHasi CKOPOCTh
($oT037eKTPOHOB ObLIA paBHA N KM/C pabOTOM BbIXOa /IS IJIATUHBI paBHA 6,3 5B?

[Touemy nmosiBnenune Gororpaduueckiux CHUIMKOB MPOU3BOAUTCS MIPH KPACHOM CBeTe?

MoxHo 11 ¢otorpadupoBaTh MPEIMEThHI B COBEPIICHHO TEMHOW KOMHATE?

Onpenenure UMITYJIbC OTOHA BUMMOTO CBETA C JUTMHOM BOIHBI 500 HM.

Omnpexpenurte AIUHY BOJHBI (DOTOHA, UMITYJIEC KOTOPOTO PABEH MMITYJIBCY AJIEKTPOHA, MPOJIETEBIIETO
YCKOPSIOIIYIO Pa3HOCTh MOTEHIManoB N B.

Omnpenenure 3HEPruI0 M3IMY4YCHUs, Macca (POTOHOB KOTOPOTO paBHA Macce MOKOS AJNEKTpoHa Mg =
9,110 kr.

Boruncnute sHepruto (ortoHa Buaumoro ceera A = 0,4 MKM U cpaBHUTE ee C dHeprueil ¢orona
YIBTPaUOIETOBOTO U3ITyYSHUS KBAPIEBOM JamIibl A = 0,25 MKM.

[Tpu xaKko IIMHE IEKTPOMAarHUTHOM BOJIHBI dHEprus (poToHa Oblia ObI paBHA 2,8:10% JIx?
Omnpenenure paboTy BbIXOAA DJIEKTPOHA C MOBEPXHOCTH IUHKA, €CIM HAuOOoNblIas JIMHA BOJHBI
(doTona, Be3bIBaromIas Gotodddext — 0,3 MKMm.

KakoBa MakcumanbpHasi CKOPOCTh (POTONIEKTPOHOB, €CIM (POTOTOK MPEKPAIIAeTCs MPH 3aHPAOIIEM
Hanpspkennu 0,6 B (me = 9,1.10°% KT, ¢ = 1,6-101° Kin)?

Omnpenenure kpacHyro rpanuiy gorodddexra ans meTamia ¢ padoToi Bexoaa N 3B.

(I)opMa NMpeacraBjJacHus pedyjabTara:

BeimonHuTh 3a1anne B TETpaay Ui IPaKTHYECKUX padoT.

Kpurtepuu onenku:

3a IpaBHIIBLHO BBITIOIHEHHOE 33/I1aHHUE BBICTABISIETCS TTOJIOKUTENbHAS OlleHKa — | Oa.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNEe 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 «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 7.2 CTpoeHue aTtoma

IIpakTnuyeckoe 3ansitue Ne30

3anuce aaepHbIix peaknuii. CTpoeHne aTOMOB M ATOMHBIX siiep. 3aKOH pagu0aKTHBHOI0 pacnajia

Heab paGoTsl: chopMupoBaTh MOHUMAaHKUE POJIM (HU3UKU B (POPMHUPOBAHUHM KPYro3opa BiaJleHUE

OCHOBOIIOJIararonmmuMun (bPISI/I'-IeCKI/IMI/I MIOHATHUAMU, 3aKOHOMCPHOCTAMHU, 3aKOHAMU W TCOPHAMHU, YMCHUMA

BBIITIOJIHATE paCYCTHBIC U rpaq)nqecxne 3aga4uu

Beinosinenue padorsl cnocodcTByeT (popmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepuanbHoe o0ecnieyeHme:

WH/IMBUIYaJIbHOE 33J]aHNe, KOHCIIEKT JIEKIUH, CIIpaBOYHBIE MaTepUabI.

Yka3zanue:

[IpakTHyeckoe 3aHATHE COCTOMT M3 JBYX 4YacTell — TeopeThdyeckod W mpaktuueckoil. Ilocne

M3YYEeHUs] TEOPETUUYECKOro MaTepuaia MOXHO HMPUCTYNATh K BBIIOJHEHHUIO MpakTHueckoil uyactu. OHa
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COCTOWT W3 ABYX M Ooyiee 3amay A CaMOCTOSITENBHOTO BhINONHEHHUS. He 3a0biBaiiTe 0 mMpaBUIBHOM

odopmitennu pemeHus. Ha BBITIOTHEHHE MPAKTHYECKOTO 3a/IaHUsT OTBOJIUTCS JIBA aKaIEMUYCCKUX Yaca.
3ananmue:

1. O3HaKOMBTECH C TCOPETUUCCKUMHU CBEICHUSIMHU

2. Pemmre 3a7a4u, CAMOCTOSITENILHO HCIIONIB3YS IPUMEPHI U KPATKHUE TEOPETHUECKUE CBEIACHMSL.

3. BrimonHuTh TECT

ITopsinok BbINOJIHEHHSI PAa0OTHI:
N3yunte kpaTKue TEOPETUICSCKUE CBEICHUS
Pa3bepute npumepsl pelIeHHbIX 3a1a4
Pemmre caMocTosITENBHO 33/1a4H
Bemmonuuts Tect https://znanium.com/catalog/product/1012153, ctp 347 «CtpocHue aTtomMa H
OIpesieNiecHUue €ro cocraBa mo tabmuie MenzaeneeBa», ctp 349, « SnepHas peakuus. YpaBHEHHE
SJIEPHOMN peakiumn», «PagnoakTUBHOCTD. SepHble CUiIbl» K YKa3aHHBIM naparpadam

PwhPE

Kparkue Teopernueckue cBeeHHsA
[Ipu paaroakTHBHOM pacmajie MPOUCXOIUT MPEBpAILEHUE OJJHOTO si/ipa B Ipyroe, KOTOPOe MOIUUHSIETCS

npaBujiaM cMenieHus, chopmyaupoBaHHbiMu CoJIu:

A

1. o-pacmam: ;X —47Y+ He — usmydenue saep reius.

2. B-pacmanm: ;X —, Y+ e — H3IIy4eHHUE DJIEKTPOHA.

CtpoeHue aTOMHOTO siipa
lIpomonno-netimponnas mooensb amoma — s,APO COCTOUT U3 HEUTPOHOB U MPOTOHOB, BOKPYT 1O OpOUTaM

BpallarTcs MEeKTpoHbl. O01ee Ha3BaHUE IPOTOHOB U HEUTPOHOB — HYKIOHbL.

IIpomoHn (p) UMeeT NONOKUTEIbHBIN 3apsill, PaBHBIN 3apsAy SJIEKTPOHA M MacCy HOKOs My = 1,6726-10%
KT.

. . . -27
Hetimpon (n) — HeliTpaibHas YacTHIIA C MACCOM TIOKOst M, = 1,6749-10™" k.
Maccosoe uucno A — ob1iee 9nuciio HyKJIOHOB B aTOMHOM SI/IpE, T.€. CyMMa HEUTPOHOB U IIPOTOHOB.

3apsaoosoe uucno Z — 4uCIIO MPOTOHOB B SJIPE€, COBMAMAIONIEE C MOPSIKOBBIM HOMEPOM XHUMHUYECKOTO
3JIEMEHTA B IEPUOANYECKON CUCTEME dIIEMEHTOB MeHierneeBa.

ATOM XHMIYECKOTO 3IeMeHTa 0003HadatoT | X .
Hanpumep, U , B KOTOPOM COIEPIKUTCS Z — IIPOTOHOB M 3JIEKTPOHOB, T.€. Z = 92 i A — MacCOBOE 4HCIIO,

koTopoe paBHO 235. N — mpotoHoB, T.e. N =4 —Z = N =235-92=143. 4 =Z + N

Aoephvie cunbl — CUITBI, KOTOPBIMH HYKJIOHBI YACPKUBAIOTCA B siape. UTOOBI pa3aeiuTh apo Ha
COCTaBJISIONINE HYKJIOHBI HEOOXOAMMO 3aTPATUTh OOJIBIIIYIO SHEPTHIO — YHEPSUIO AMOMHBIX s10ep —
paboTa, KOTOPYI0 HEOOXOIUMO COBEPIITUTH ISl pa3/iesIeHUs s/ipa Ha HYKJIOHBI. E ., = Amc? e Am = Zmp
+ N-my — M,9p0 — BedEKT Macchl.

OHepeemuueckum 6blx000M SICPHON peaKIIUU HA3bIBAIOT PA3HOCTh SHEPTHM MOKOS SIIeP M YaCTHUIL JI0
2
peakiuu u mocie Hee, To ecth:AE = (Zm; - Zm;)-c*,

rje XMj — cyMMa Macc 4acTHIl 0 PEaKIInH,
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2Mm; — cymMMa Macc 4acTHI] TIOCIIC PEaKIIUH.

Ecnu Xm;j>Zm;, To peakius UIeT ¢ BbIACICHUEM YHEPTUH, €CIM XM <XMj, TO peaKus UAET C
MTOTJIOIICHUEM DHEPTHH.

Hoepuas peaxyus — IpeBpaICHUE aTOMHBIX sSIIEP MPU B3aUMOICHCTBUHU C JIEMEHTAPHBIMH YaCTHUIIAMHU.
HI[CprIe pPCaKkuuu nMpoOTCKAaroT MMOo-pasHoMYy, T.C. C UCITYCKAaHUECM PA3JIMYHBIX YaCTHUII:
.Be+,;He—7C+,n

1

3axon coxpanenus 21eKmpuyecKux 3apsa008 U Maccogulx yucel: CyMMa 3apsaa0B (MacCOBBIX YHCEN) P
Y 4aCTUll, BCTYNAIOUIUX B SIEPHYIO PEAKIINIO, paBHA CyMME 3apsii0B (MacCOBBIX YHCEIT) KOHEUHBIX
IIPOJYKTOB (si1ep M yacTul) peakuuu. Hanpumep: i Al+on—;Na+;He .
Z (o peakmuu) = 13 + 0 Z (nocne peakiuu) = 11 + 2
A (no peakuun) =27 + 1 A (mocie peakuun) = 24 + 4

ITIpumepsl penieHus 3aaa4

1. Kyna cMemiaercst moJtydeHHBIN 3JIeMEHT B TaOsuie MeHeneesa B pe3ysabTaTe MsITH o-paciagaoB?
o-pacnag — 3To NOTOK Ajep reavs — ;He, T.K. X 5=

Z(5,/He) = 52 = 10 — 3apag; A(5,He) = 5-4 = 20 — maccosoe

OtBer: H1eMeHT Y OTHOCHTEILHO X CMEIAeTCst Ha AeCATh KIETOK K Hauary TaG/IuIlbL.
5. 3aKOHUHMTE AIEPHYIO DER] 2By 52+ 1L

[To 3aKOHYy COXpaHEHUs 3apsaa U MacChl:
1o peakuu Z = 5 + 0; mocie peakiuu Z =5 — 3 = 2;
no peakuu 4 = 10 + 1; mocne peakuuu 4 = 11 -7 =4,

TosydaeTcst SMEMEHT € 3apAa0M JI0 peakiuu Z = 2 1 Maccoit 4 =4 — ‘He.
OtBet: ' B+)n—>;He+]Li -

1. Onpeodenume snepeemuueckuii 6bix00 A0EPHOU peaKyuti
“N,+*He,=""O,+'H,

1 cnoco6

1) onpedenumov maccy saopa u uacmuy ml 0o peaxyutl
2) onpedenums maccy s0pa u yacmuy m2 nocjie peakyuil
3) onpedenums usmenenue maccol m ml m?2

p E=m¥*¢c’
)pacc'mmamb U3MeHeHUue 3Hep2uu.
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M, =14,00307 , e.m+4,00260 a.e. m.==18.00567 a.e.m.
[locne peakiumn:

M, =16,99913 a.e.m.+1,00783 a.e.m.=18,00696 a.e.m.
m=""""2=_0,00129 a. e. m.

Dueprus norjaowaercs, T.k. m < 0
E=(-0,00129)*931 M»sB.=-1,2 M»B.

2 croco0

Hawo: Pewenue:
E, =104,653 M»sB DHeprust CBA3U paBHa HYIIO, HOITOMY
E, =282937 E=E,—(E, +E,

ke M>sB

e)
E, =131,754 MsB E= 131,754 MaB —(104,653+28,2937)M»>B= -1, 2M>B
E-? Omeem: 1,2 MaB

Pemmmth 3a1a4m caMOCTOSITEIbLHO

KakoBo crpoenue ssapa aroMoB: Oopa B ; 0epiuus °Be; a30Ta *N ; aJIFOMUHUA 2 A ?
542 4 ’ 9!V 13
YeM oTIIHUArOTCA SApa U30TOIOB Bogopoda ‘H, 2H, *H ? Kak oHu Ha3bIBaroTcs?
1 1 1

Kyna cmernaercst anemeHT Y B pe3ynbTare o-, B-pacnaza B Tabnune Menaeneesa?
a) X >3 % +Y; 0) IX—>iHe + e Y,

B) ZAX —)Z;He + 336 + Y, F) ZAX —>24He + 37$e +Y.

[Ipn GombapaupoBke u30TOMa a30Ta “*N HEWTPOHAMHM MOJIYYaTCs M30TOIN YyIJepojaa '/C, KOTOPBIH
OKa3bIBaeTcs -pauoakTUBHBIM. HanuimuTte ypaBHEHUS sIEPHBIX peaKiuii.
B pesysnbTare 3axBara HEWTPOHA AIPOM HU30TOMNA a30Ta “'N 00pasyeTcss HEM3BECTHBIN DJIEMEHT U Ol

qacTulia. Harmmmnre PCAKIUIO U OIIPEACIIUTE HEU3BECTHBIN DJICMEHT.

Haiinure mpoayKT peakuuu npu 60MOapAMPOBKE SI€p M30TONA MarHus Mg O-4aCTUIAMH, €CITH

W3BECTHO, UYTO B ATOM PEAKIIUH BBIACISIIOTCS HEUTPOHBI.
3anumuTe cXeMy SACPHOM peakluu U OMpPENeIUTe HEU3BECTHBINH AIIEMEHT, OOpa3yIOLIUiCS MpH
0OMOApIMPOBKE s/IEP U30TOIOB ATIOMUHUS ] Al 0-9aCTHUIIAMH, €CJTU HM3BECTHO, YTO OJUH W3

IIPOTYKTOB PEAKIIMM HEUTPOH.
DJIEMEHT KypyaroBMA MONy4wuid, oOiydas IUIYTOHWH 22Py sjapamu HeoHa Z?Ne. Hamuiuwre

PeaKIuIo, €CIIM M3BECTHO, UTO B PE3YJIbTaTe 00Pa3yeTcs €llle YETIPE HEHTPOHa.
Harvimmre HelocTaronye 0003Ha9eH sl B CIIETYIONIMX SIEPHBIX PEAKIUAX:
a) 2 Al+n — 2+ He; 0) ?+H—>”Na+ He;

B) ®*Mn+?—2Fe+n; 1) ZAl+y—2Mg+?;

10 1 . 55 1 1A
1) “B+n—2+a; €) SMn+p—>2+n;
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10.

11.
12.

13.

14.

15.

16.
17.

K) ILi+;He -2+ He:  3) ’H+y —>2+n.

[porakTunuit *'Pg o-paguoaktuBeH. Onpenenure, Kakoi JIEMEHT MOJy4aeTcs ¢ IOMOLIBIO 3TOr0
pacrniaga?

B kaxoii 31eMeHT npeBpamactes 21 mocie IByx [-pacnianoB u omHOTO O-pacmana’?

Snpo u3zotomna BucMyTa *Bj MOJYYHIIOCH U3 APYTOTO s/Ipa moce o-pacnana u B-pacnana. Yro sto 3a
SApo?

B pesynbrare 3axBara 0-4aCTHIIBI SAPOM HM30TONA a30Ta “N 00pasyeTcsi HEW3BECTHBIA JIIEMEHT U
pOTOH. Hanummre peakuuio U onpeneanTe HEU3BECTHBINA JJIEMEHT.

BosmoxkHa 15u  peakiuusi, NPOUCXOJAIIas Mpu OOMOAapIUMPOBKE aTIOMUHHUS O-4aCTUIAMH U

COTPOBOXK/TAOIIYIOCS BbIOMBAaHUEM HEHWTPOHOB, €CIM B PE3yJbTaTe MOJYYaeTCs SAPO KPEMHUS C
MaccoBBIM unciaoMm 307?

Ilpu nenmennn simpa °3U BBIACISIETCS. SHEPIUS 3,2-10 Jx (200 M»sB). Paccuuraiite sHepruio,

KOTOpasi BBIICIUTCS MIPU CTOPAHUU ypaHa KOJIMYECTBOM BelecTBa 1 MOJIb.
Ornpenenure SHEPTUIO, BBIJICISIONIYIOCS B X0/I€ TEPMOSIICPHON PEaKIINU jH +fH—>;‘He-

U3oron renus *He noiy4aercs B pesyibrare 60MOapIMPOBKH SI€p TPUTUSA *H TpoToHamu. Halinure

SHEPreTUYECKUN BBIXOJ 3TOU PEaKLUH.

®opma npeacrapiaeHus pe3yJabTara:
BeInonHuTh 3a1aHue B TETpaau AJs MPAKTUUECKUX paloT.
Kputepun onenkmn:

3a IpaBHIIBLHO BBITIOIHEHHOE 33/I1aHUE BBICTABIISETCS TTOJIOKUTEIbHAS OIleHKa — | Oa.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — 0 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 DiieMeHTBI ACTPOHOMMH U ACTPOPHU3NKH

IIpakTnyeckoe 3ansitue Ne31

Crpoenne u coctaB ConHeuHoii cucremsbl. ['anakTuku. Padora ¢ kaproii 38é31H0ro Heba

Heab: M03HaKOMUTHCS C MOABMXKHON KapToil 3BE31HOT0 HEOA, HAYUUTHCS OMPEENATh YCIOBUS

BUJHUMOCTH CO3B€3Z[I/II71, HAaY4YUTHCA OMPECACIIATL KOOPAUHATHI 3BC3 1 I1O KapTEe

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

MaTepna.m,Hoe obecneyeHue: TCTpadb I MPAKTHYCCKUX pa60T, py4ika, MCTOAUYCCKHC

PEKOMEHIalUHU T10 BHITIOJHEHUIO pa0OThI, THHEIKA, KapaHall.

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

[Tocne n3ydeHMs] TEOPETUIECKOTO MaTeprana MOXHO TPUCTYIATh K BBITOJHEHUIO TPAKTUIECKON 4acTH.
Omna cocTouT M3 ABYX U OoJjiee 3a/1a4 JJIsl CAMOCTOSITENIbHOTO BhINOJHEeHUs. He 3a0biBaiiTe 0 mpaBUIBHOM
oopmiieHnn pemeHus. Ha BeIIONTHEHME MpaKTHYECKOM OTBOAMTCS ABa akajJeMHUYecKux daca. [lopsmgok
BBITOJIHEHUS pabOThHI
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IMopsinok BbINOJIHEHUs PA0OTHI:
1. PaccMOTpUTE TEOPETHYCCKHI MaTepual II0 TeMe€ W TNPUMEPHl pemicHHs 3agad  (CMOTPH
METOAHYECKOE IIOCOOHE).
2. Pemmre camocrostenpHyto padory. Odopmure pelieHne MICbMEHHO B TETPAIH.

Teopus.

Bun 3Bé3aHOTO HEeba M3MEHSETCs M3-3a CYTOYHOTO BpamieHus 3emin. M3MeHeHne Buaa 3BE3HOTO
Heba B 3aBMCHMOCTM OT BPEMEHHU Ioja MPOUCXOAUT BeieAcTBHe oOpameHust 3emin Bokpyr CosHua.
PaboTa nocesiieHa 3HaKOMCTBY €O 3BE3IHBIM HEOOM, PEIICHHIO 3a/1a4 HA YCIOBUS BUIUMOCTH CO3BE3IUI
U OIIPEJENICHUH UX KOOPANHAT.
[lepen Hauanom paboTHl pacmedyaTaTh MOJABHKHYI KapTy 3Be3JHOIr0 He0Ga, OBaJ HAKJIAJHOTO Kpyra
BbIpE€3aTh 110 JIMHUM, COOTBETCTBYIOLIEH reorpaduueckoi mupore Mecra HabmojeHus. JInHus Beipes3a
HAKJIaJHOTO Kpyra OyaeT u300pakaTh JIMHUIO TOPH3OHTA. 3BE3IHYIO KapTy U HAKIAJHOW KPYT HAKICUTh
Ha KapToH. OT [ora K ceBepy HaKJIaJHOIO Kpyra HaTsSHYTb HUTb, KOTOpas IOKa)XET HalpaBieHUE
HEOECHOTO MepUIaHa.

Ha xapre:

3BE3/1bI IOKA3aHbl YEPHBIMU TOUKAMHU, pa3MepPbl KOTOPBIX XapaKTEPU3YIOT IPKOCTh 3BE3;
TYMaHHOCTH 0003Hau€HbI IITPUXOBBIMU JIMHUSAMU;

CEBEPHBIII MOTIOC MUpa N300paKEH B LIGHTPE KAPTHI;

JIMHUHU, UCXOJIAIIME OT CEBEPHOI0O MOJIK0CAa MUPA, IOKA3bIBAIOT PACIIONOKEHNUE KPYTOB
ckioHeHus. Ha 3BE3HOM KapTe st ABYX OJFMDKaWIINX KPYroB CKIIOHEHUS YTIIOBOE
paccrosinue paBHoO 1 u;

HebecHble mapamieny HaHeceHsl yepe3 30°. C UX MOMOIIbIO MOXHO MTPOU3BECTU OTCUET
CKJIOHEHHE CBETHI O;

TOYKHU MEPECEUECHUS SKIUNTUKH C SKBATOPOM, JIs1 KOTOPBIX NpsiMoe BocxoxaeHue 0 u 12 4.,
Ha3bIBAKOTCS TOYKaMU BECEHHETO g 1 W paBHOJEHCTBHUN;

10 Kparo 3BE3/IHOM KapThl HAHECEHBI MECALIBI U YKCIIa, @ HA HAKJIAJHOM KPYIe€ — 4achl;

3€HUT PacCIOJIOKEH BOJIU3M LIEHTpa BbIpe3a (B TOUKE NepecedeHnss HUTH, H300paxaroei
HeOEeCHBIN MepUIaH ¢ HEOECHOW MapasuIeNiblo, CKIIOHEHHE KOTOPO paBHO Teorpapuieckoit

LIMPOTE MeCTa HAOIIOCHUS).
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Jais1 onpeaesieHUs1 MeCTOIOJIOKEHUsI HeOeCHOI0 CBETHJIa HE00X0IMMO Mecsll, YHCJI0, YKA3aHHOe Ha
3BE¢31HOM KapTe, COBMECTUTD C 4aCOM HA0JII0ieHHS HA HAKJIA[THOM 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 CeepHoro mnomymapusi: bonbmas u Manas Mensenuubl, Kaccuomnes, Lledeit, [dpakow,
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, HaXOAsIIascss Ha ocu BpamieHus 3emin) — [lonspHoii 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
npoTsDKEHHBI 00bekT. B 1920-e rojapl BBIICHMIIOCH, YTO CpeAM TYMAHHOCTEW 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
nBKeHus 3Be3q. CyTOYHBIC TyTH 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 ropu3oHTOM 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 JJIS HAC CPEIHUE IIMPOTHI. 37ECh YK€ OChb MHpPa U HEOECHBIM 3KBATOp
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 AejleHue nepeceyeHusl Cceemujiom B0CMOYHOU YACMU UCMUHHO2O
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 3BE31b1 IIPUHATO HA3bIBaTh HE3AXOAAIMMH.

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 JTMHUEH (TO €CTh pacIoyiaraeTcs B IIIOCKOCTH TOPU30HTA), @ HEOECHBIN HKBATOP
MIPOXOAUT Uepe3 3CHUT.
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CyrouHble yTH BCeX, 0€3 MCKIIOYCHHS, 3BE3] MEPICHINKYISIpPHBI Topu30HTY. [loaTOMY Haxomsch Ha
9KBATOpE, HAOJIIOJaTeNIb CMOKET YBUJIETh BCE 3BE3/IbI, KOTOPbIE B TEYCHUE CYTOK BOCXOIST U 3aXOMSIT.

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 o4eBHIHO, YTO T€ CBETHJIA, 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.

3KBaT0pHaJ’[LHBIe HeOecHbIE KOOpANHATBI:

1. Cxnonenme (8) — yenogoe paccmosanue ceemuna M om nebecrnozo skeamopa, usmepeHHoe 800.1b

kpyea ckaonenusi. OBbIYHO BblpaXkaeTcs B rpagycax, MUHyTax M cekyHaax ayrun. CKNnoHeHue
NMONoOXUTENbHO K ceBepy OT HEGECHOro akBaTopa M OTpuuaTenbHO K tory oT Hero. OObekT Ha
HebecHOM akBaTope mmeeT ckrnoHeHue 0°. CKknoHeHMe ceBepHOro nontca HebecHon cdepsl

paBHO +90° CKNoHeHne KXXHOro nontoca pasHo —90°.
2. Ilpsamoe BocCxOXkaeHHe cBeTWJa (0) — )Y2r080e paccmosiHue, uMepeHHoe 6007b HebeCH020

oKeamopda, om mo4Ku 6eCeHHeco paeHodeHcmeu}z 00 mouku nepece4dernus Hebecro20 aKeamopa ¢ Kpyeom
CKJIOHEHUA ceemua.

ITocsienoBaTeIbHOCTH BBINOJHEHHUA NPAKTHYECKOH padoThI:
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3agauyu npakTH4ecKoii padoThl:

3apaua 1. Onpenenute s3kBaTopuaibHbie KoopAauHaTel AnbTaupa (o Opna), Cupuyca (o bonbmoro [1ca)
u Beru (a JIupsr).

3anpauva 2. Mcnonw3ys kapTy 3BE3HOTO HeOa, HAWIUTE 3BE3/Ty MO €€ KoopauHataM: 0 = +350; o= 14 6Mm.

3agaua 3. Onpenenure, Kako sBisiercs 3Be3na & CTpenbiia, A HaOII0AaTesl, HAXOAIIET0 Ha IIHPOTE
550 15'. OnpenenuTh, BOCXOMSIICH WJIM HEBOCXOIAIICH SBIsETCS 3Be3da ABYMS CIIOCOOaMH: C
MCIOJIb30BAHNEM HAKIIQJHOTO KpyTa MOABMKHON KapThl 3BE€3IHOTO HEOA M C MCMOJIb30BAHHEM (HOPMYIT
YCJIOBHSI BUTTUMOCTH 3BE3]I.

IpakTuyecknii cmocod. PacrnosiaraeM MOABMXHBIA Kpyr Ha 3BE3HOM KapTe W INpPHU €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€3/1a B CeBepHOM noJrymapuu siBJIsICTCA 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 MUpa; HA BOCTOKE — OT
TOPU30HTA JI0 MOJII0Ca MUPA.

3agaua 5. Haiitu co3Be3ausi, pacrofio>KeHHbIE MEXAy TOYKaMu 3amafa u cesepa, 10 oktsaOps B 21 yac.
[TpoBepuTh MPaBMIBHOCTH ONPEIETIECHUS BU3yaIbHBIM HAOMIOEHUEM 3BE3THOTO HebA.

3agaua 6. Haiitu Ha 3BE3qHON KapTe co3Be3/1Usl C 0003HAUEHHBIMH B HUX TYMAaHHOCTSIMH U IIPOBEPUTD,
MOJKHO JIM MX HaONI0/IaTh HEBOOPYKEHHBIM IJIa30M IJ1a30M Ha JIeHb M 4Yac BBINOJIHEHHUs J1a00paTOpHOi
paboTHI.

3agaua 7. Onpenenutb, OynyT iu BUAHBI co3Be3aus JleBwl, Paka. BecoB B monHoub 15 centadps? Kakoe
CO3BE3JIU€E B 3TO K€ BpeMsl Oy/1eT HaXOAUThCs BOJIM3K TOPU30HTA Ha ceBepe?

3anaua 8. OnpenenuTh, KakKue U3 MEPEUUCIEHHBIX co3Be3auii: Manas Mensenuna, Bomonac, Bozauumii,
OpuoH - 115 Baieil MUpOTHl OyIyT HE3aXOAAITUMU?

3agaua 9. Ha kapre 3BE3mHOrO Heba HAWTU MATH JHOOBIX MEPEUYHCICHHBIX CO3Be3aAuii: bombrmas
Mensenunia, Manas Mensenuna, Kaccuones, Auapomena, Ilerac, Jlebenp, JIupa, I'epkynec, CeBepHas
KOpPOHA — M ONpPEAETUTh NPUOTMKEHHO HEOECHBIE KOOPINHATHI (CKIOHEHHE, U MIPSIMOE BOCXOXKIEHHE) a-
3BE3] DTUX CO3BE3IUN.

3agauya 10. Ompenenuth, Kakue co3Be3nusi OyayT HaxoAuTbess BOIM3M ropuszoHTa Ha Cesepe, lOre,
3amane u BocTtoke 5 Mas B ITOJIHOYB.

KOHTpOHbHLIe BOIIPOCHI JIA 3aKPEIJICHUA TEOPETHUYECKOr0o MaTepuaga K IPAKTHYECCKOMY
3aHATHIO:

1. Uto Takoe 3B&3mHOE HEOO0? (3BE3THOE HEOO - MHOXKECTBO HEOCCHBIX CBETHJI, BUIUMBIX C 3€MJIH HOYBIO,
Ha HeOSCHOM CBOJIe. B sICHYIO HOYB YeJIOBEK C XOPOIIMM 3pSHHEM YBHJIUT Ha HeOOCBoJe He Ooee 2—3
TBICSY MEPIAIOIMNUX TOYEeK. ThICAYM JIET Has3aj IPEBHUE ACTPOHOMBI pa3eiviu 3BE3JHOEC HEOO Ha
ABCHaAIlaTb CCKTOpOB 158 HpI/II[YMa.HI/I UM UMCHAa U CUMBOJIBI, 110, KOTOprMI/I OHU U3BECTHHBI U HOHBIHG.)
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2. YUro takoe co3pe3nus? (Co3Be3aus - y4acTKH, HAa KOTOpBIE pa3zierneHa HebecHas cdepa st yao0cTBa
OPHEHTHPOBAHMS Ha 3BE3MHOM HeOe. B mpeBHOCTH CO3BE3AMSMH HA3BIBAINCH XapaKTEpHbIC (QUTYPHI,
o0pa3zyemble SpKUMU 3BE3IAMU. )

3. CKoJIBKO Ha CeroAHsIHUN AeHb co3Be3auit? (Ceronns ects 88 co3Be3nuil. Co3Be3nus pas3iauyHbI 110
3aHMMaeMOH IUI0IaAn Ha HeOecHO! cdepe M KOINYeCcTBY 3BE3/1 B HHX.)

4. IlepeyrcnuTh OCHOBHBIE CO3BE3USI WU T€, KOTOpHIE Bbl 3HaeTe. (CyliecTBYIOT OOJIBbIINE CO3BE3TUS U
Masienbkre. K mepBbiM oTHOcsATcs bonpmias Mensenuna, I'epkynec, Ilerac, Boposei, Bononac,
Annpomena. Ko Bropeim - FOxubiit Kpect, Xameneon, Jleryuas Pwi6a, Manbiii I1€c, Paiickas [Ituma.
KoHnewHo, Mbl Ha3BaJM JIMIIH MY TOJIMKY, HAaOOJIee U3BECTHEIE. )

5. Yto Takoe kapta HeOa? ( D10 n300pakeHue 3BE3AHOTO Heba MM ero YyacTh Ha 1tockocT. Kapty Heba
ACTPOHOMBI pa3/IeNUIIN Ha 2 YacTH: I0KHYIO U CEBEPHYIO (110 aHAJIOTUH C MOTYIIApUsIMU 3EMJIH. )

6. UYrto Takoe wHeOecHbli skBarop? (bompmoi kKpyr HeOecHOW cdepbl, IUIOCKOCTh KOTOPOTO
HEPIEeHUKYIIIPHA OCH MUPA U COBHAJIAET C IUIOCKOCTHIO 36MHOT0 3KBATOPA.

®dopma npeacTaBiaeHusl pe3yJabTarTa:
BrimmonHuTh 3aaHueC B TCTpaaAu IJIA IPAKTUUICCKHUX pa60T.

Kputepuu onenkmu:
3a MpaBUIIbHO BBITOJHEHHOE 33JJAHHE BHICTABIISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNEe BBICTABIIACTCS OTpUIIaTeIbHAast oieHKa — () 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 «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

JlaGopaTopHbie paGoThI
Tema 2.1 Kunematuka

JlabopaTopHoe 3ansitue Nel

Onpenenenue MJIOTHOCTH BellecTBa
Henp: DxcnepUMEHTaNbHO ONPENEINTD INIOTHOCTH KUIKOCTH Y TBEPAOIO TEIA.
Boinosinenue padorsl cnocodcTByeT GOPMUPOBAHUIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09, IIK 1.1, TIK 1.3
MarepuanbHoe obecnieyeHue:
BECHl C pa3HOBECaMH; JIMHEIKa MaciTaOHas; ITaHTeHIIMPKYJIb; MEH3ypKa; BEIIECTBO, IJIOTHOCTh
KOTOPOTO HY>KHO OIPEIETUTh.
3aganme:
1. O3HaKOMBTECH C TEOPETUUECKUM MAaTEPUAJIOM I10 TEME.
2. Onpeznenute Maccy 1 00BEM HCCIIEAYEMOTO BEIIEeCTBA.
3. BeluucauTe mIOTHOCTh BEMIECTBA.
4. CoctaBbTe OTYET 110 JIAOOpaTOpHOU padoTe.
Ilopsinok BbINOJHEHHSI padOThHI:
O3HaKOMBTECH C TEOPETUYECKUM MATEPUAIIOM 110 JaHHOU TEME.
Onpenenurte MIOTHOCTh TBEPJIOTO TENA..
BrruucnuTe abCOMOTHYIO M OTHOCUTENIBHYIO ITOTPETHOCTH U3MEPEHUH.
Jlannble 3aHecuTe B Tadbnuiy Nel
Omnpenenure 1eHy AEIEHUS MEH3YPKH.
Omnpezenure IIOTHOCTh BOJIbI HEOOXOAUMO.

oD ERE
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6.
7.
8.

Bbruuciute aGCOMIOTHYIO M OTHOCUTEIBHYIO MOTPEIIHOCTH U3MEPEHUI
Pesynbrarh! onbiTa 3aHecute B TaOIUITyNo2.
OTBeThLTE HA KOHTPOJIbHBIC BOIIPOCHI:

KoHTpoaEHEIE BOIIPOCKI

1.
V=abh,

rJie a — JJIMHA, M; b — mupuHa, M; h — BeicoTa, M.

2.

W3 nByxX pa3HbIX METaUIOB W3TOTOBJIEHBI OJAMHAKOBBIE MO pa3MmepaM KyOuku. BiapemnBanue
M0Ka3aJio, YTO Macca OJTHOT0 KyOuKa 0oJIbIlie Macchl Apyroro B 2 pa3za. OimHaKoBa JM MIIOTHOCTD
Metaia? Ecnu HeT, To BO CKOJIBKO Pa3 OTIMYAIOTCS TUIOTHOCTU?

Tpu neranu — MeqHas, *Kelle3Hasl U ATFOMHHHAEBAsE — UMEIOT OJIMHAKOBBIE 00BEMBI. Kakas nerans
MMeeT HAaUMEHBIIYI0 Maccy, kKakas HanOounbiryto? [IycToT B geTansix Her.

Kycok meramra oobemom 150 cM® IMeeT Maccy 750 r. Onpegenure mI0OTHOCTh MaTepuasa.

Ha uamiku ypaBHOBEILIEHHBIX BECOB IIOCTaBIEHbI OJJMHAKOBbIE cTakaHbl. [locie Toro, kak B 0AuH
CTaKaH HAJWJIA MOJIOKO, a B IPYroi — MOJCOTHEYHOE MACJIO, PABHOBECHE BECOB HE HAPYIIUIOCH.
O0BEM KaKOU U3 KUIKOCTEH OobIie?

3amnoJIHUTE OTYET 110 J1abOPaTOPHOI paboTe COrIaCHO TPEOOBAHUSIM.

Yacrp 1. Jlng onpeneneHus MmIOTHOCTA TBEPIOTO TeJla BHIYUCIUTE €r0 00HEM.

O0BeM IpAMOYT'OJIBHOTO IMapaJUICIICTIMIICAa BBIYUCINUTC 110 Q)opMyne:

O0beM HMWIMH]IPA BBIYUCIUTE IO (hopMyIie: 4

h — BeIcOTa IIMIIMHApA, M; d — €ro AUaMeTp, M.

3.

®© Noon A~

Ecmu TBepmoe Teno uWMeeT HENpaBWIBHYIO (OPMY, TO €r0 OOBEM OIPENEIUTE C TOMOIIBIO
MEH3YpPKH, B KOTOPYIO OH MOKET OBITh TIOTPYKEH.

YPaBHOBCCBTe BCChI UCITOJIB3Y: ITPpaBUJjia B3BCIIMBAHUSA.

Omnpenenure maccy Tena.
[To popmyne p=m/v BBIYUCINTE TUIOTHOCTH TBEPJOTO TENA.
Pesynbrarsl n3mMepenuii 3anecure B Tabuuiy Nel u caenaiite BeIYMCICHHUS.

Yacte Ne2. Jlna onpeneneHus IIOTHOCTH BOJIbI HEOOXOIUMO:

1. maifTu maccy Tapbl, B KOTOPYIO HY)KHO ITOMECTUTb BOAY M ONPEAETUTh MacCy BOAbI 0e3
Tapebl.

2. OmnpenenuTte LEHY J€JICHNUS MEH3YPKHU U HailliuTe 00beM B3BEILIEHHOMN JKUKOCTH (BOJIBI).

3. Pesynbrats! onbiTa 3aHecuTe B TaOIUIy No2.

Tabmuma Nel. Pe3ynbpTaTel H3MEpEeHUH.

Ne Bemec | mmpn | qumHa | BeICOT | 0058M, | Macca | MIOTHOCTH pmab| Ap o
TBO Ha. ,b(m) | a, V( pnp(xz/m3)
a(w) h(m) | m(xr)

Tabnuia Ne2. Pe3ynbraTsl BEIYHCIICHUM.
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No | Bemectso | macca Tapsi , Macca 00BEM, IUIOTHOCTb pmab o

m1(kr) xuakoct | Vn3) pnp(re/
u, Mm3)
m2(Kr)

®opma npeacTaBiaeHusl pe3yJabTara:
Pabora momkHa ObITH BBIMIOJIHEHA B TETPAAH IS JIAOOPATOPHBIX paboT.
Kpurepun oneHku:
3a npaBIIBHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HeMpaBWIBHO BBITIOJIHEHHOE JICUCTBHE, 3aJ]aHNUE BHICTABIISCTCS OTPHUIIATEIbHAS OolleHKa — 0 0auIoB.
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

Tema 2.3 3ak0oHBI COXpaHEHHS B MeXaHHKe

JlaGopaTopHoe 3aHsiTue Ne2

Omnpenesienne K03 PUIHEHTA )KECTKOCTH YIIPYIOro reJia

Heab: M3yunTh 3aBUCHMOCTH CHJIBI YINPYTOCTH OT JIMHEHHOH jaedopManuu; Ha IpuUMepe
nedopManuy pacTsHKEHHS SKCIIEPUMEHTAIBHO TIOATBEPAUTH CIIPaBEeIIMBOCTh 3aKoHa ['yka; onpenenuTs
pacu€THBIM U TpapUUECKUM criocobaMu K03(HGUIMEHT yIpYrocTH (3kECTKOCTh) MPYKHUHBI (PE3UHBI).

BeinosiHenune padoTsl crnoco0cTBYeT (POPMUPOBAHUIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09, I[IK 1.1, [IK 1.3

Marepuanbnoe obecneuenue: lllratus ¢ mydToit U AepkaTensiMu, JUHAMOMETP C UCCIETYeMOM
NPYKUHOW M 3aKpBbITOM LIKaNON (MM HCccaeTyeMblid JJOCKYT pe3uHbl), TUHEHKa, yama oT BecoB, Habop
rpy30B ¢ u3BecTHbIMU Maccami (1o 100 u 50 rpammoB).

ITopsinok BbINOJHEHHS PadOTHI:

1. O3HakoMbTech ¢ TEOPEeTHYECKUM MATEPHAJIOM.

B nanHoit naGopaTopHoil paboTe paccmaTrpuBaeTcs ymnpyras JUHEHHas aedopMaius pacTsHKeHUsS
NPYXHUHBl (MM PpE3UHBbI), CBSI3aHHAs C OTUM CUJAa YOPYIOCTH, U, COOCTBEHHO, cama CBS3b,
BbIpa)karoliascs B U3BECTHOM 3aKoHe ['yka, KOTopblii (6e3 yueTa pasHOHANpaBIEHHOCTH Je(opManuu u
CHJIBI YIIPYTOCTH) MOKHO 3aIlMCaTh B CIEAYIOLIEM BUJE:

IF,|=k-x

rae: F y — abcomoTHoe 3HaYeHne CHITbl YIpyrocTy; [ — ko3((UIeHT yrnpyroctu (’kE€cTkocTs); [
— abCOIOTHOE yIIJTMHEHHE.
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alabe b lebeladadalalaly

inin

&2

To ects ¢ pocrom nedopmanmu MOAyNs (3HAYCHHE) CHIIBI YIPYTOCTH (B MHpeAenax YHpYTux
nedopmarnuii) pacteT npsmMo nponopuroHaabHo. Koaddumuent ynpyroctu u3 3akona ['yka nerko HaiTy,
y4uThIBass 4yuciieHHoe paBeHCTBO (mo IlI-my 3akoHy HploTOHA) cHilBI ympyroctd M Beca Tena,
HATSTUBAIONIETO NPYKUHY (pE3UHY):

mg
X

rae: K — xodd¢unment ynpyroctu (KECTKOCTb) NMPYKUHBI (pE3WHBI); M — macca rpysa; g—
YCKOpEHHE CBOOOAHOTO MAJCHUS; X — aOCOIIOTHOE YJUIMHEHUE MIPYKUHBI (PE3UHBI).

C npyroii cTopoHBl U3 Trpaduueckoil Gpopmbl ypaBHeHUS Kod(DdUIMEHT k MOXHO HaWTH, Kak
TaHTeHC yria HakioHa Jiy4da /Fy/(x) k ocu abcuuce.

2. O6a 3HaveHust k ciemyer CpaBHUTb, M 1O PE3yJibTaTaM 3TOTO CPaBHEHHs CHENaTh BBIBOJ O
IpojiesaHHo pabore.

=

=

BHuMarenpHO MpoYUTaTh ONMMCaHue pabOThl U AITOPUTM JIEHCTBUM;

2. CobOpatb M 3apUKCUPOBATh YCTAHOBKY (CM. PHCYHOK) TakK, YTOObI 3aKpeljieHHas K MpYy>KUHe
(pe3uHe) mycTas yalia BECOB HE3HAUUTENIBHO pacTAruBalia IpyXUHY (PE3UHY);

3. Crnenatb OTMETKY «HYJIEBOT'O» YPOBHS HPYKUHBI (PE3UHBI), OT KOTOPOro OYAYT OTCUHUTBHIBATHCS
JTMHEWHBIC Y/UTMHEHHS,

4. TlonmokuTh Ha YaIly BECOB I'Py3 IPOU3BOJILHONW MacChl;

5. TlpomsBecTH WM3MEpEeHUs CIENYIOIIMX BEIWYMH: [] — Macca rpy3a (CymMma Macc Tpy30B B Halie
BecoB); [ | — abCOMIOTHOE yUIMHEHUE NIPYKUHBI (PE3UHBI);
6. IloBTOPUTH ABAXKIBI

7. Ilpom3BecTH MNPOMEXKYTOUYHBIE BBIYMCICHUS OCHOBHOM BEJIMYMHBI [UI1 KaXJ0ro M3 TpeEX
n3mepenuit: [11; ATJ2; [ — kodppummueHTs! ynpyroctu (3kECTKOCTh) IPYKUHBI (PE3HUHBI) ;

8. IlpousBecTH NPOMEXYTOUHbIE BBIYMCICHUS CleAyoumx BenuuuH: [lcp; Allcp; [ep (mo
MPUHATHIM TPAaBUJIaM BBIYUCICHUIA U HAXO0XKICHUS ITOTPEITHOCTEH );

9. 10. Ha Onanke oTyera Ha4epTUThb | YETBEPTh CUCTEMbI KOOPAMHAT C OChblO abcuucc - [] —
abCoMIOTHOE YIJIMHEHUE; U ocbio opauHaT - F y — abcomoTHOe 3Hau€HHWE CHUJIbI YIPYTOCTH.
BriOpath MacTabbl eAMHULL U3MEPEHUS JUTs JaHHBIX OCE Tak, YTOObI MaKCUMaJIbHbIE 3HAYECHHUS
W3MEPEHHBIX W BEIYMCIICHHBIX BEJTMYUH HE BBIIILTH 32 MPEJIENbl CHCTEMbI KOOPIMHAT;

10. Ha xoopauHatHO# tuiockocTH oTMeTuTh Touku: A(x1;|FY1]); B(x2;|FY2|); C(x3;|FY3|); rme: xn —
OJIHO W3 3HAUEHUH YAJIMHEHUS NMPY>KUHBI (PE3UHBI) 110 U3MEPEHUSIM AaHHOTO anroputma; [FYn| -
OJIHO M3 3HAYEHMU CHJIbI YIIPYTOCTH, YACIEHHO PAaBHOM Becy Ipy3a mng, e Macca — U3MEPEHUE
JTAHHOT'O aJIrOPUTMa;

11. ITpoBectu mpsimyto uepe3 Touku A, B, C (ecin TOUKM He JeXaT Ha OJHOM MpsAMON — MpPOBECTH
MPSMYIO TakK, YTOOBI TOUKH PaBHOYAAIEHHO HAXOIUIUCH IO 00€ CTOPOHBI OT MPSIMOM).

103



12. ITpousBecTu u 3apUKCUPOBATH B MyHKTE 5. OaHka oTyéra 3HaueHue kordduimenta k’, paBHOTo
TaHIeHCY YIJla HaKJIOHA 3TOM MPsIMOM K OCH abcuuce (IPpU BEIYUCICHUH tg o< 0053aTEIbHO
HEO0OXOMMO YUUTHIBATh MacIITaObl M OCH a0CITUCC, M OCH OpAMHAT!);

13. CpaBHUTH KOAPPUIUEHTHI YIIPYTOCTH (3KECTKOCTH ), KOTOPBIC BEIYUCTSUTUCH. ClIenaTh BEIBOI.
KoHnTpoJibHbIE BOIPOCHI
1) B uém 3akmrouaercs 3akoH ['yka?

2) Uto Takoe ynpyras aedopmanus?
3) Korna Bo3HuKaeT cuiia yrnpyroctu?
4) Uto 03HauaeT 3HaK «—» B 3akoHe ['yka?
5) Ot yero 3aBUCUT KOAPDUIMEHT YIPYrocTu?
6) Kak pomkeH nBuUratbcs TUHAMOMETP, YTOOBI, HECMOTpPSA Ha IOJBELICHHBIH K HEMY TIpy3,
MpYXHHA OCTaBaJlaCh HEPACTIHYTON?
7) )KecTKOCTh MPY>KUHBI U KECTKOCTh MPOBOJIOKH, U3 KOTOPOH OHA COCTOUT — 3TO OJHO U TOXKe?
[Touemy?
®opma npeacTaBJieHus pe3yabTarTa:
Pabora momkHa ObITH BBIIOJIHEHA B TETPAAH IS JIAOOPATOPHBIX paboT.
Kpurepun oneHku:
3a mpaBUIIHLHO BBIMTOJHEHHOE 33JaHHE BHICTABIIICTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeNpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISIETCS OTpHUIIaTeNIbHAs olleHKa — () 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopouioy svicmasinsiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% nmpaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenbhoy svicmagisiemcs 3a menee 60% nmpaBUIBLHBIX OTBETOB

Tema 2.3 3aK0oHbI COXpAHEHHUS B MEXaHUKeE

JladopaTopHoe 3ansitue Ne3

N3ydenne nepopmanum pacrsakeHust

Heab: onpenenuts MOAYNIb YIPYTOCTH PE3UHBI IPH PACTSKEHUH.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

I1P62, I1P66, I1PGS, I1Py3, Ilpy7, I1PyS8, I1Pyl0, I1Py12, 11P610, Ilpy2, I1Pyl12, 1TP610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepuanbHoe oOecneyeHHe: WHAMBUAYyaJIbHOE 3aJjaHHE, KOHCIEKT JIEKIIUH, CIpaBOYHbIE
MaTepuaibl, pe3UHOBBIM MHYp AauHOM 25—30 cm u ceuenuem 4— 10 MM, Habop rpys3os no 0,1 xr,
LITaTUB, JTUHEWKA, IITAHTEHIIUPKYIb UJIK MUKPOMETD.

Yka3anmue:

JIaGoparopHasi paboTa COCTOMT M3 JABYX vacTed — TeopeTHuecko M mpakrtuyeckoi. Ilocme
M3y4YEHUsI TEOPETHUYECKOr0 MaTepraja MOKHO IPUCTYINATh K BBINOJHEHHIO MpPAaKTH4YecKoW yacTh. OHa
COCTOMT M3 JBYX W Oosiee 3ajauy Al CaMOCTOSITENIbHOTO BbIMONHeHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
odopmiiennu pemeHus. Ha BbImogHeHNE MPaKTHYECKOW OTBOJUTCS /1B aKaIeMUYECKHX Jaca.

MarepunanbHoe obecrnieyeHue:

3aganue:

1. O3HaKOMHTBCS C TEOPETUYECKUM MaTEPHATIOM.
Teopus
IIpu ycraHoBuBHIEHCS ynpyroi aedopManuu paBHOAEHCTBYIOUIAs BCEX BHYTPEHHUX CHII
YIOPYTOCTH, BO3HHMKAIOIIMX B Tejie B JIIOOOM €ro CEeYeHHH, YpaBHOBEIIMBACT BHELIHUE CHJIBI,
JENCTBYIOIIUE Ha TEO.
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CormacHo 3aKOHY FyKa, HAIMpsoKCHUE o0 W BBI3BAHHOC UM OTHOCHUTCIBHOC & YIJIMHCHUC
nponopiuoHansHbl: 0=E ¢, rne E— mMoayne ynpyrocrtu.
[Tocne mpeoOpa3zoBaHUs ITOTO BBIPAKCHHS TOTYIHM:

F 3 dmgl

S Al md*(1-1,)

HJ’IH OKCIICPUMCHTAJIBHOT'O OIIPCACIICHUA MOAYJA YHPYIOCTH HYXHO HU3MEPUTH BCC BCIMYMHBI:

LS’ ( LS' _— )y
== 4
nedopmupyromyto cuny F (F=mg), ceuenne obpasma S , €ro TIEPBOHAYAIBHYIO
mny 10 u yuymmaenue 1.

H3yuenue nedopmanum pacrsizkeHUs
1. V3MepuTh C MOMOIIBIO INTAHTEHUUPKYIS WIM MUKPOMETpa TOJIIMHY IIHYpa U BBIYUCIUTH
TIJIOIIA/Ib €ro MOMEPEUYHOTO CeYCHUS S.
2. TlogBemmBas k mHYypy rpy3sl maccoit 0,1 kr, 0,2 kr, 0,3 Kr, U3MEpPUTh COOTBETCTBYIOILLINE
a0COTFOTHBIC Y/UIMHECHUS IITHYPA: U BEIYUCIUTH OTHOCUTENBHBIC YIJIMHEHUS IITHYPA.
3. Ilo pe3ynpTaTam U3MEpPEeHH BBIUUCIUTh MOIYJb YIPYTOCTH pe3uHbl E U OIIeHUTh MOTpenIHOCTH
JKCIIEPUMEHTA:
Am Al Ad Al
f= + +2—+ -
m d [I-],

AE=F-¢
- a0COJIIOTHAS TIOTPEITHOCTb.
5. Pe3ynbTarhl U3MEPEHUI U BHIYUCIICHHI 3aHECTH B TAOIHILY:

- OTHOCUTCJIbHAA MOTPCIIHOCTD

H3MCPCHO BBIYHCIICHO
Iﬁgn mkr | d,om | S.M® | lom Lm | ALm| F,H |E,Ila EH“: ?IE, £.%
1
2
3

6. Cruenatb BBEIBOJIL.
KoHnTpoJsbHbIe BOnpockl.
Kakue Bub! neopmanuii Bel 3HaeTe?
W3mensieTcs a1 BHYTPEHHSSI SHEPrus AeOPMUPOBAHHBIX TeJ?
3. Kak u3meHuTcs yuIMHEHUE IPOBOJIOKH, €CIIH, HE MEHsIsI Harpy3KH, €€ 3aMeHUTH APYTroil U3 TOro
e MaTepuaa, ToH ke JUIMHBI, HO C B/IBO€ OOJIBIIUM AUaMeTpoM?
4. Kaxoii nuaMeTp UMeeT CTEep:KEHb, €CIIU MO IeHCTBUEM CHIIBI 2 10°H B HEM BO3HHKAET
MexaHnuyeckoe Hanpspkenue 160 MIla?
ITon neficTBreM Kakoil cuibl npyxuHa xéctkoctbio 100 H/M yummamnace va 0,02 merpa?
6. Ilon metictBuem cwibl 4 H npyxuna yamuamnacsk Ha 0,02 M. KakoBa kECTKOCTB TPYKUHBI?

N

o

dopma npeacTaBiIeHns pe3yabTara:
Pabota nomkHa OBITH BBINOJIHEHA B TETPAIU JUIS JJAOOPATOPHBIX padoT.
Kpurepum ouenku:
3a IpaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISIETCS TTOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HeNpaBUIIBHO BBIITOJHEHHOE EHCTBHE, 3a/laHUE BHICTABIISIETCS] OTpHLIATEbHAs oleHKa — 0 6ayuioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB
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Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIbHBIX OTBETOB

Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenxa «HeyoosiemeopumenbHoy svicmasisemcs 3a Mmenee 60% nMpaBUIBHBIX OTBETOB
gvicmasnaemcs 3a Menee 60% npaBUIIBHBIX OTBETOB

Tema 3.1 OcHOBBI MOJIEKYJIAPHO-KMHETHYECKOH TeOpuH

JlabopaTopHoe 3ansitue Ned

IIpoBepka razoBbIX 3aKOHOB

Henpb: M3yunTs B3auUMOCBSI3b MAaKPOCKOIIMYECKUX [1aPaMETPOB ra3a 3aJaHHOM MacChl; OIIBITHBIM
nyTéM yOequTcs B CIpaBeATIMBOCTH 3aKoHa boiins-Mapuotra.

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:

OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.11IK 1.3
MarepunanbHoe obecneyeHue:

CunpdoH (aTIOMUHHEBBI TEPMETUYHBIH IMIUHAP C TOQPUPOBAHHBIMU CTEHKAMH, IIKAIOH
YCJIOBHBIX €/MHUI], MOPIIHEM C BEPTHKAIbHBIM BUHTOM), BO3yXOBOJHBIH COEAMHUTENIbHBIA IUIAHT,
MaHOMETp, 0apOMETp, UCIBITYEMBIN Ta3 3aJaHHOH MacChl — BO3/YX.

3aganme:
1.IToBTOpUTH O0OBEANHEHHBIN ra30BbINA 3aKOH.
2.IIpoBeputh Ha IpaKkTHKE coOII0IeHHEe 3akoHa boitns-Mapuorra.

Ilopsinok BbINOJHEHHS Pa0OTHI:
Teopernveckue cBeIeHUS

B nanHoli naGopaTopHOil pabore paccmarpuBaercs coOmoaeHne 3akoHa boitns-Mapuorra,
CIpPaBEIJIMBOIO JUIsI M30TEPMHMUYECKOrO Ipolecca i JaHHOM Macchl rasza. M3 oOiero ypaBHEHHs
MenpeneeBa-Knanelipona 3akoH boiiss-MapruoTrra MOXKHO 3aIIMcaTh Tak:

Vnpn — C

rre: V— o0beM 3a/1aHHON Macchl T'a3a B N-OM COCTOSIHUM; [ | — aBJIeHUe 3aJaHHOM Macchl rasa B n-
OM COCTOSIHUH;

] — nocTosHHBINA K03 PULIMEeHT (KOHCTaHTA).

[Ipu ucnionb3oBaHuu B pabOTe TaHHOW YCTAaHOBKH (CM. pUCYHOK) OOBEM Traza yA00HO U3MEPSThH B
YCIOBHBIX enuHHIax obvema — y.e.0. (1 y.e.0.=0,1Vo, rne Vo — monublii o0bem cuwibdona 1 ), a
JaBJIEHHE — Kak aTMoc(epHOoe AaBlieHUE C JIOMOJIHUTENbHBIM (0€3 JTOMOIHUTEIBHOr0) JAaBieHus (110
MaHOMETPY) C NEPEBOAOM HEOOXOIUMBIX €AMHUI] aBieHus B cuctemy CU.

2 . 3amava CBOOUTCA K HAXOXKACHUIO KOHCTaHTHI Cn IS Ka)XXIOTO COCTOSIHHS OJHOW M TOW JKe
Macchl rasa:

Cn = V;l "Po (l a = Apn)

rae3 : [] — KOHCTaHTa N-TO COCTOSIHUS (B YCJIOBHBIX €IMHHUIIAX KOHCTaHTHI — y.€.K.); [I— o0beM
3aITaHHON MAacChl ra3a B N-OM COCTOSIHMU (B YCJIOBHBIX €IWHMIIAX O0BeMa — y.e.0.); [| — aTMocdepHoe
nasnenue (B [Tackamsx — [1a); Al — qomonHUTEIBHOE AaBlIeHHE MaHOMETpa (B aTMocdepax — aTm).

Yem TouHee u Ommxe APYr K Apyry Oynyt Haxoautbes KoHctanTel Cl, C2, C3 — Tem Oonee
TOYHBIM OKa)KETCS dKCIIEpUMEHTAIbHOE TOATBEPkKACHHE 3akoHa boins-Mapuorra.

3 - MPUMEHSETCSI 3HAK «+)» - €CIH JaBIIEHUE PACTET, U 3HAK «-» - €CJIHM JABJIICHUE TaIaeT.

p.s. - 1.YcroituuBas pabora cuiab(hoHa BO3MOXKHA MPU YCIOBUH U3MEHEHHUsI 00beMa BO3/lyXa B HEM
ot 0,5 10 0,9 y.e.o.

2. - nns pacu€TOB €IUHUILI JaBJICHHS OapoMeTpa - MM.PT.CT.(MHJUIUMETP PTYTHOTO CTOJNOA),
MOXXHO BOCTIONB30BaThCs eauHuIamu nepesoa B [la (Ilackamsax) mo dopmyne: 1 mm.pt.ct=133,33 Ila.
[TepeBoa moka3zanuii MaHOMETpa HE TpeOyeTcs.
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1. BaumMaTeapHO MPOYUTATh OMUCAHUE PAOOTHI M AJITOPUTM JICHCTBHIA,

3. U3meputh atmMmochepHOE aBIeHUE B JAHHBII MOMEHT C MTOMOIIBIO OapoMeTpa;

4. ITpousBectu u 3aduUKCUPOBATh B OJIaHKE OTYETA IIPEIBAPUTEIbHBIE U3MEPEHHS aTMOC(EPHOTO
naBieHus (C mepeBooM B eAuHuUIlbl cuctembl CH);

5. CobOparp ycTaHOBKY (CM. PHCYHOK) Tak, 4yTOObl 00a KjamaHa MaHOMETpa HaXOJWUJIUCh B
OTKPBITOM COCTOSTHUH, a IOPIICHb CUIH(OHA — B CAMOM BEPXHEM TOJIOKECHUU;

3aKpbITh BHEIIHUN KJIallaH MAHOMETPA;

C nmoMoIIbI0 BpAIAIOIIErocsi MOPIIHSA YCTAaHOBUTH BBICOTY LIMJIMHApa CUiIb(pOHA HA OAHOM H3
Tpéx ormeTok: 0,6; 0,7; 0,8.

ITpousBectu 1 3apuKCUpOBaTh B OJIAHKE OTUYETA Mpe/IBAPUTEIbHBIE U3MEPEHUs] 00beMa 3alaHHON
Macchl ra3a B OJJHOM U3 TPEX COCTOSHUH (B YCIIOBHBIX €AMHUIIAX 00bEMA — y.€.0.);

Cpa3y ke mpou3BecTH M 3aUKCHpOBaTh B OJaHKE OTYETa IpeIBapUTEIbHBIE H3MEPEHUS
JIOTIOJIHUTEIBHOTO JaBJI€HNS MAaHOMETPA OJHOTO U3 TPEX COCTOSIHUI ra3a (B arMocdepax - aTMm);
BbruuciuTh a0COMIOTHYIO M OTHOCUTEIbHYIO MIOIPEIIHOCTH U3MEPEHHH.

KoHnTpoJsbHbIe BOnpockl.

1) Ilpu xakom ycnoBuu cripaBeAauB 3akoH boiuis-Mapuorra?

2) Eciu ipu U30T€pMHUECKOM MpOIlECcce JaBICHHUE MAAAET, YTO MPOUCXOAUT C 00bEMOM?

3) IIpou3BoaUT 1M ra3 1aBJI€HUE B COCTOSTHUM HEBECOMOCTH?

4) I[loueMy noy4eHHbIE Pe3YyIbTAThl B padOTe HE HI€aTbHO PAaBHBI MEX]y COOOM?

5) Uto BiuseT Ha TOYHOCTh U3MEPEHUH B TaHHOM paboTe?

6) MO>HO 71 OIIpeIeNTh YCIOBHYIO €IMHUILY KOHCTaHThI B eauHuLax CHU?

7) KakoBa Macca Bo37yxa B ayJUTOPUH TLIOMIAa6I0 64 M2 , BEICOTO 3 M, pu Temnepatype 25 oC
Y JaBJeHUU 725 MM.pT.CT.?

®opma npeacTaBieHus pe3yJabTara:
PaGota gomkHa OBITH BBINOJIHEHA B TETPAIu AJIs JIaDOpaTOPHBIX padoT.
Kpurtepun onenkmn:
3a mpaBUIIHLHO BBITOJHEHHOE 33JJaHHE BHICTABIISIETCS TIOJOKHUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBUWIILHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BHICTABIISICTCS OTpHUIIaTeNbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenra «Heyoosiemeopumenbhoy svicmagisemcs 3a Menee 60% nmpaBUIBHBIX OTBETOB

Tema 3.3 ArperaTHble COCTOSIHUS BellleCTBa U (pa30BbIe Mepexo/bl
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JladopaTopHoe 3ansiTue Neb

Onpezle.nelme K03(1)(l)I/IIII/IeHTa l'[OBerHOCTHOﬁ IJIOTHOCTH KUAKOCTH METOA0M OTPLIBA Kall€/Ib

eab: onpenennTs NOBEPXHOCTHOE HATSKEHUE BOABI M MBUIBHOI'O PaCTBOpPAa METO/IOM OTpPbIBA KaIlellb
BoinosineHne padoTsl cioco0CTBYeT (POPMUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,IIK 1.3
MarepuajibHoe o0ecrnieyeHue:

HITPHI] JUIS YUCTOW BOJBI, LIMPHI] JUISI MBUIBHOTO pacTBopa (0o6bemoM 5—10 muir), cTakaHYMK C
YUCTOM BOJOW, CTAKaHYMK C MBUIBHBIM pPACTBOPOM, IITAHTCHUUPKYJIb WIA MHKPOMETP, OCTpPO
OTTOYCHHBIN KapaH/alll.

3aganue:

1 O3HaKOMBTECH C TEOPETUUECKUM MATEPUATIOM.

Ha kammo, BUCSIIYI0 HAa KOHIIE Y3KOM TpyOOUKH, JEHCTBYIOT JIB€ CHJIBI: CHJIa TSDKECTH mg
HalpaBJieHHAsT BEPTUKAJIbHO BHU3, M CHJIa TIOBEPXHOCTHOTO HATHKEHUs JKujakoctu F moB
pacmpesienieHHas BAOJb TPAHULBI KUAKOCTU C KpaeM TpPyOKM W HampaBieHHas IO KacaTeIbHOM K
MOBEPXHOCTHU KUJIKOCTHU MEPIEHAUKYIISIPHO 3TON TpaHUIIE.

Fm'

mg

Cuiia MOBEpXHOCTHOTO HATSKCHUSI, ICHCTBYOMIAas Ha HEOOJNBIION YyY4acTOK IpaHuIbl AnuHON Al
paBHa o |, rae 6 — K03 (PULMEHT TOBEPXHOCTHOI'O HATSKEHUS KUIKOCTH.

VYcnoBue paBHOBeCHs Kaluld Ha KOHIIE TPYOOUKHM COCTOMT B TOM, YTO BEKTOpHas CymMMa CHII,
JEHCTBYIOIIMX Ha OT/AEIbHBIE D3JEMEHTHl TpaHMIIbI, paBHA IO MOAYJIIO U TPOTHUBOIOJIOXKHA IO
HAIPABJICHUIO CUJIE TSKECTH.

Benuunna oA | mo mepe yBenmueHHs MacChl Kalljll OCTA€TCsl HEU3MEHHOM, HO B paBHOBECUU Karljis
IPUHUMAET TaKyl0 (GOpMy, YTO YroJl HaKJIOHA CHJIbI MOBEPXHOCTHOTO HATSDKEHHsS K BEPTUKAIM 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 nanpHeiIeM yBEIWYEHUM MAacChl YCJIOBHE paBHOBECHsI KaIUIM YK€ HE MOXET ObITh
BBITIOJIHEHO, U KaIUIsSl OTPHIBAETCS.

Orcrona, npunumasi, uto lI=r d , rae d — BHyTpeHHUI quameTp TpyOOuKH, moiaydaem: d om= mg

mg |
ey

1.U3meputh BHyTpeHHUN nuamerp d HakoHeuyHuKa Immpuua. Jlnsg u3MepeHus: MOXKHO
BOCIIOJIB30BaTbCs OCTPO OTTOYECHHBIM KapaHaamoMm. BceraBuB KapaHJall B HAaKOHEYHUK JO YIIOpa,
IIOMEThTE T'PAHUI]y CONPUKOCHOBEHMSI HAKOHEYHMKAa C KapaHaamoM. J[mamerp kapaHjaama Ha ypOBHE
9TOM TPAHULBI MOXKHO IIPUHATH 32 BHYTPCHHUN JUAMETP HAKOHEYHUKA U U3MEPUTH €r0 C IOMOIIBIO
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 Kamiau. M3MepeHne kojmuecTBa Kameiab N MPOBECTH HE MEHEE TPeX
pa3, 3areM 1o oOmie macce BBITEKIIEH BOABI 00 m (MONB3YyHTECh IIKANOW HA mmpwuie!) HalTH
CPEIHIOI0 MacCy Karljld m U MOTPEIIHOCTh ee onpeaeneHuss Am. Pe3ynbTarsl 3aHeCTH B TaOIUILy
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Tabauya Nel

uzmepero 8bIUUCIEHO
Ne N m m d A o Ao €
m e m,e ecp | me eep |, mm | d wmm, | Hm
oow

3.ITonp3ysace dopmynoii (1), paccuntaTh K0I()PHUIMEHT MOBEPXHOCTHOTO HATSIKCHHS BOJIBI U
a0COJTIOTHYIO TIOTPEIIHOCTD €TI0 ONPEIACICHHS

Ao =lo,, -0

uim maaa| *

4. BolYMCIUTh OTHOCUTEIBHYIO MTOTPEIIHOCTh U3MEPEHUN

A .
g=—=2_.100% "
o‘m.uh

5. AnanmormuHeiM 00pa3oM OINpeneNuTh KOAIPQPHUIHMEHT MMOBEPXHOCTHOTO HATSIKEHUS MBLUILHOTO
pacTBopa (I10JIb30BaThCs OTAEIbHBIM LIMPULIEM U ITOCY0U!).

H3MEPCHO BBIYHUCJICHO
Ne|m,.2| N me | m,,e Am,2 Am,,2 d,mm| Ad, mm - i%{ Ao, [%{ &

6. CnenaTb BBIBOJ M 3aMucaTh MOJy4eHHOE 3HaYeHHE K03(pPUILlmeHTa HOBEPXHOCTHOTO HATSKEHUS
C YYETOM MOrPELIHOCTU

KoHnTpoJsbHbIe BONIPOCHI:

1. Koaddunment noBepxHoctHoro HaTskeHus kepocuna 0,024 u/m. bonbIie nian MeHblie Macca
KaIlJIi KEpOCHHA 110 CPAaBHEHHUIO C KAIlJIEH BOJBI, ECIIN KaNlaTh U3 OJHOM U TOM K€ MUIETKU?

2. O6bsicHUTE TOAPOOHO, TOUEMY MaJIeHbKHE KalleIbKU )KUJIKOCTH MOTYT JI0JITO BUCETh HE
OTpPBIBASICH.

3. [Touemy, mpexie 4eM MOKPBITh IITYKATYPKy MACIISTHOW KPACKOM, MPEABAPUTEIBHO ITPOU3BOIAT
I'PYHTOBKY ONU(ON?

4. IlpuBenute CBOU NMPUMEPHI JEHCTBHSI CHIIBI IOBEPXHOCTHOTO HATSKEHUS

dopma npeacraBjIeHus pe3yabTara:

PaGota nomkHa ObITH BHIMOJIHEHA B TETPAIU AJIs JJaDOpaTOPHBIX padoT.

Kpurtepun onenkmn:
3a npaBUWIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTENbHAS OlleHKa — 1 Oa.
3a HeMpaBWIILHO BHITIOJIHEHHOE JIEHCTBHE, 3aJ]aHNe BHICTABIIIETCS OTpHUIIaTeNbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIBLHBIX OTBETOB
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Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenxa «HeyoosiemeopumenbHoy svicmasisemcs 3a Mmenee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.3 ArperaTHLIe COCTOAHUS BelleCTBa U (l)a30B]>Ie nmepexoabl

JlaGopaTopHoe 3aHsiTue Ne6

OnpenesieHne BJIAKHOCTH BO31yXa U aTMOC(EpPHOro 1aBIeHUs
Leab: U3MEpUTH OTHOCUTEIHHYIO BIIAXKHOCTh BO3/yXa B JIA0OpaTOpuu PU3UKH
BoinosineHne padoTsl cnioco0CTBYET (POPMUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,IIK 1.3
MarepuasbHoe o0ecniedeHue: rurpomerp ncuxpomerpuueckuit BUT — C, crakaH ¢ KUIISTYEHOM BOAOM
3aganue
1. O3HakoMbTech C TEOPEeTHYECKUM MATEPHAJIOM:

B armocdepe 3emnm Bcerga coaepkarcsa BoAsHble mapbl. WX copepkaHHe B BO3IyXe
XapakTepu3yercs abCOMOTHOM U OTHOCUTENIBHOW BIIaXKHOCTHIO. AOCOJIIOTHAs BJIAXKHOCTh ONPEIEIIETCS
IUIOTHOCTBIO BOJSHOTO TMapa pa, HaxXOoHAILIerocs B arMocdepe, WM ero MaplHalbHbIM JaBICHUEM PII.
[TapumansHBIM JaBJIGHUEM PI HA3BIBACTCS JABJIICHHWE, KOTOPOE MPOU3BOIMI OBl BOISIHOW Iap, €Cl ObI
BCE Jpyrue rasbl B BO3JyXe OTCYTCTBOBaJU. OTHOCUTENIBHON BIAXHOCTHIO () HA3bIBACTCS OTHOIICHHE
MapuuaIbHOTO JABJICHUS PI BOJSHOIO Iapa, COACPIKAIIETOCS B BO3JyXE, K JABICHUIO HACBIIIEHHOTO
napa pH.I., Ipu AaHHON TemmepaType. OTHOCUTENbHAs BIAXHOCTh () TIOKA3bIBAET, CKOJIBKO MPOIIEHTOB
COCTABJISIET TapIHAIBHOE JABJICHHE OT JaBJICHUS HACBHIIIEHHOTO Iapa MpU JaHHOW TeMIeparype M
omnpeaensercs no hopmye:

p;u:

[TapumanpHOE TaBIEHKME PII MOKHO pacCcUUTATh 10 ypaBHEHUI0 Menaeneesa - Knaneiipona wim no
TOYKE POCHI.

Touka pochl - 5TO TeMIlepaTypa, IPU KOTOPON BOIASHOM Iap, HAXOMALIUNCA B BO3AYXE CTAHOBUTCS
HachleHHbIM. OTHOCUTENIbHYIO BJIA)KHOCTH BO3[yXa MOXHO OINPEIEIUTh C MOMOIIBI0 CIEHUATbHBIX
puOOPOB — MCUXPOMETPA U TUTPOMETPA.

IIcuxpomerp

IIcuxpoMeTp COCTOUT U3 CYXOr0 U BJIAYKHOI'O TEPMOMETPOB.

PaccmoTpuTe ncuxpoMeTp U OIpeaennTe I1e CyXon U BIaXXHbIM TEPMOMETPBI.

a) U3MEPUTH TIOKA3aHUS CYXOr'0 U BIaKHOTO TEPMOMETPOB:

0) KCIOJIb3ysl NMCUXPOMETPUYECKYIO TAaOJIMILY, ONpPENEIUTh OTHOCUTEIbHYIO BJIAXXHOCTh BO31yXa.
BHuMmarenbHO MOCMOTpUTE Ha MCHUXPOMETPUYECKYI0 Tabiuiy. B mepBoM BepTHKanbHOM CTONIOIE
HalIUTe TOKAa3aHMs BalllEr0 CyXOro TEPMOMETpPA, B NEPBOM TOPU3OHTAJIBHOM CTPOKE HAWAUTE Bally
Pa3HOCTH MOKA3aHUM CyXOrO M BJIAXXHOTO TEpMOMETPOB. To 4KCII0, KOTOPOE HAXOAUTCS HA IIEPECEUCHUN
CTOJIONA U CTPOKH U SBJISIETCS 3HAUEHHEM BJIaKHOCTH BO3]lyXa.

N306pakenue, cxema, pUCyHOK SKCIIEpUMEHTA:
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Cyxol 2
mepsoxemp|=

X | Baawonwan |-§:
) mepaosenp R

Pucynox 1. YcranoBka ajist 1abopatopHoi padoThl N5
2. BemonauTe padoTy.
3. OtBeTbTe HA KOHTPOJIbHBIE BOIIPOCHI.
4. 3amoyIHUTE OTYET I10 JIA0OpaTOPHOU padoTe.
Ilopsinok BbINOJHEHHS PadOTHI:
1.Hanuth B nmUTaTENb KUMSTYCHYIO BOMY.
2. Jlatp ¢uTwno nponuTarbess BoaoM M uepe3 10-15 MHMHYT NOpUCTYNHUTH K ONpEAENCHUIO
BJIQ)KHOCTH.
3.0mpenenuTh MOKa3aHUs CyXOro M YBIQKHEHHOTO TEPMOMETPOB.
4.IToBopaunBasi TUMO C KpacHOH OIM(PPOBKOW, COBMECTHTH ITOKa3aHUS CYXOro TEpMOMETpa
(xpacHble IU(PBI) C TOKA3aHUSMU YBIAKHEHHOTO (YE€pHBIE LIUQPHI).
5.0mnpenenuTb OTHOCUTENBbHYIO BIaKHOCTb 110 KPACHOM CTpEJIKE.
6.Pe3ynbpTaThl UI3MEpEeHUId U BHIUMCIICHH 3aHECTU B TaOIHILY:

Tabnuma Nel
Ioxa3anus TepMoMeTpPOB Pa3noctn OTHocuTebHAs
NMOKAa3aHU BJIA2KHOCTH BO3/1yXa @,
TEPMOMETPOB %
At=tcyx-tBJ
cyxoro teyx BJIAJKHOIO tBJI
Tabmuma No2
Temnepary | Touka Hasnenue | [Mapmmanen | OtHocuten | IlnotHoCTh | AGCOMIOTHA
pa pOCHI, °c HACBIILIEHH | O€ bHast HACBIIICHH | 5
OKpYKaro oro mnapa, JIaBJICHUE BJIQYXKHOCTH | OTO Iapa, BJIAXKHOCTh
1Iero [Ta BOJSTHOTO BO3ayxa, % | & BO3J1yXa
BO3/1yXa, napa, Ila TS
°c

7. C)IeJ'IaTI) BBIBOJI, 3aIUCAaTh IIOKa3aHWsA THI'POMETpa W AaTb PEKOMCHAAUOWH II0 MOAACPIKAHUIO
BIIQXKHOCTH B TAOOPATOPHH B MpeieaX HOPMBI.
KoHTpoJibHbIE BOIPOCHI:
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1. Kaxoil map Ha3bIBaeTCsl HACHILIEHHbIM? YTO Takoe AMHAMHUYECKOE PABHOBECUE, TOYKA POCHI,
NnapuraibHOE AaBjaeHue?
[Touemy moka3aHusi CMOYEHHOTO TEPMOMETPA MEHBIIIE, YEM CYyXOro?
Kak, 3Hast TOUKY pOCBI, MOKHO ONPEACIUTh NapluuaibHOE 1aBlIeHUE?
4. Cyxoil 1 BIaXHBIH TEPMOMETPHI IICUXPOMETPA MOKA3BIBAIOT OJIMHAKOBYIO TemrepaTypy. Kakosa
OTHOCHTEJbHAs BIaKHOCTh BO3/1yXa?
®opma npeacTaBieHus pe3yabTara:
Pabota nomkHa OBITH BBITIOJHEHA B TETPaAM s TaOOpaTOPHBIX padoT.
Kpurtepuu ouenku:
3a npaBUJIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTEIbHAS OlleHKa — 1 Oau.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTpUIIATENbHAs olleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvroy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

wmn

Tema 3.3 ArperatHble COCTOSIHUS BelllecTBa U (pa3oBble Nepexoabl

JlaGopaTopHoe 3ansitue Ne/

OmnpenesieHne yaeabHOM TeNJI0eMKOCTH BelleCTBA

Henb: ONBITHBIM MyTEM ONPEACIUTH BEJIWYUHY YJEIbHON TEIJIOEMKOCTH BEIIECTBA M BBIICHUTH
(bu3nuecKui CMBICT YpaBHEHHsI TEIJIOBOTO OaniaHca.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,ITIK 1.3
MarepuanbHoe olecriedeHHe: BEChl ONTHYECKUE Ha INTATUBE; PAa3HOBEC; MCCIEAYEMOE BEIIECTBO;
KaJIOPUMETP; TEPMOMETD; IIEKTPOIUIUTKA; COCYJ] C BOJOM;
3aganue
1. 3anucate B TeTpaap Ha3BaHUE PaOOTHI, LIEeTdb PaOOTHI, MPHUOOPHI U MPUHATICKHOCTH.
2. HaueptuTh TaOaMILy AJIs 3aMIUCU PE3YIbTATOB U3MEPEHUI U BHIYUCICHUI.
3. BBIYMCIICHUS IPOBECTU COTJIACHO (OPMYIIaM:

Temnora, oTraHHast FOPSTYUM TEIOM: Qo =M1 C1(t1- )

Temora, morydeHHast KaTOPUMETPOM: Q orx =M2C2(0-17)

Terutora, mony4deHHast BOIOU: Qyon5. =M3C3(0-13)

YpaBHenue TermmoBoro 6ananca: Qo= Quon  M1C1(t1- 0)= maCo(6-t2)+ M3c3(0-t3)
mM1C1(t1- 0)=( 6-t2)( MaC2+ M3Cs)

Tak Kak t,=t3, (0-t2)=(6-t3)  c1=(8-t2)(M2Co+m3C3)/(My(t1-0))Ix/(xr-°K).
4, OnpeaenuTh MOTPEUTHOCTH A=|Cra6,-C1| - @0CONMIOTHAS TIOTPEIIHOCTD; 6=(A/c)100%.

IMopsiiok BbINOJIHEHUS] PA0OTHI:
1. OmnpenenuTh Maccy UCCIEIyEMOTO TeJla my;

2. OmycTUTh UCCIIEAYEMOE TEJIO B COCY/l C BOAOH M HArpeTh BOJY 710 KUTICHHS;
3. OmpenenuTh Maccy KaJopuMeTpa moy;
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N o g s

N3meputs HaYalbHYIO TEMIIEpaTypy KaJopuMeTpa ¢ BOIoH try=t3;
OnycTUTh HarpeToe TeJIo B KAJIOPUMETP C BOJOW U U3MEPUTH TEMIIEpaTypy cmecu 0;

HanuTe 10 MO7I0BUHBI BOBI B KAJIOPUMETP M ONIPEACIUTHh MacCy BOIBI M3,

Tadauuma Nel
1. mMmacca TBEepIdOIrO Teaa., KI my;
2. TeMmaeparypa Temxa, °C t,
3. Mmacca KajJopiImMeTrpa. KT mo
4. Mmacca BOIBI., KT ms
5. Temmmeparypa BOIBI I KajJdopIiiMeTrpa. L=t
X
6. Temmaeparypa cMecit. °C (S
F= yvIaeasHas TeIILNIOSeMKOCTE c>
KagJopiiMeTpa., Jx/(xr-°K)
S.yvaemxsHAasT TeIDIOSeMKOCTH BOIBI, Cs
JIx/(xr-°K)
9. vyvmemdepHAas TITeIllIdOoOeMKOCTHEB TBepIIOoIo c1
Terxa. Jx/(xr-°"K)
10. Ba-lessssa-s=Cel— IHagIeHIIS VISIBHOII Cr
TEeIDIOSEMKOCTII TBEepIOIO TEeIIa,
I/ (xr-"K)
11. orHOCIITEeIsHAsNA [IoIpenrHocTs,. 26 o

KoHTpoJsbHbBIE BONIPOCHI:

1. KakoBa pa3zHuia Mex/ay TEINIOEMKOCTBIO TeJa U YIEIbHOU TEMI0EMKOCTBIO?

Pe3ynbrarhl M3MepeHU W BBIYMCIICHHM 3aHECUTE B TaONMIly M cleiaiiTe BeiBoA. [lo oxoH4YaHHMH
paboThI MPUHAIIICKHOCTH, TETPAIh U TAHHOE PYKOBOACTBO CAAThH MPETOaBaTEIIO.

2. B yem cwmeIch YpaBHCHHA TCIIJIOBOT'O OalaHca M Kakoe OTHOIICHHE OHO HMEET K

3aKOHY COXpaHCHUA SHCPTHUHU.

C[)opMa NnpeacraBjacHusd pedyjabTara:

Pab6ora JOJDKHa OBITh BBHITIOJTHEHA B TETpaau Il J'Ia60paTOpHLIX pa60T.

Kpurepuu onenkmn:

3a mpaBUIIHLHO BBIIOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BBICTABIISIETCS OTpUIIAaTEIbHAS OlleHKa — () 0aioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB

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

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

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

Tema 3.3 ArperaTHbie cOCTOSIHMS BewiecTBa U (a3oBbie nepexoabl
JlaGopaTopHoe 3ansiTue Ne8

Onpenenenne Moay/Isl yIPYTrOCTH Pe3HHBI

Henan: OnpenenuTs MOAYIb YIPYTOCTH PE3UHBI IIPU PACTKEHUH.
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Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

[1P62, I1PG6, ITPGS, I1Py3,

[py7, ITPyS, I1Py10, ITPy12, I1P610, IIpy2, [1Py12, TTP610, MP3, MP5, MP15, MP28, MP31, MP32,
MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepunanbHoe olecnieyeHre: pe3nHOBBIA MWIHYp UIMHON 25—30 cMm u ceuenuem 4— 10 MM, Habop
rpy3oB 1o 0,1 kr, 1kr, 1,5kr, 2 Kr., IITaTUB, JIMHEHKA, IITAHTCHIUPKYJIb WA MUKPOMETP.

Buumanue! H3zbezaiime naodenusn 2py3oe c paooueii nogepxuocmu. Cneoume 3a noJ0zHCeHUEM
wmamuega!

3aganue:
1. O3HaKOMHTBHCS C TEOPETUUECKUM MaTEPHUATIOM.
Teopus.

[Ipu ycranoBuBIIelcCs ynpyroi aedopManuu paBHOACHCTBYIOUIAs BCEX BHYTPEHHUX CHII
yIPYrocTH, BO3HUKAIOUIMX B Tejle B JIIOOOM €ro CEeYeHHM, YpPaBHOBELIMBAET BHEIIHUE CHJIBI,
JIEHCTBYIOLIME HA TEJIO.

CornacHo 3akoHy ['yka, HampshK€HHME ¢ M BBI3BAHHOE MM OTHOCHUTENIBHOE ¢ YJ/UIMHEHHE
ponopuuoHaNbHbL: 0=FE ¢ , rae E— mMoaysb ynpyrocru.

E- _-1_ i Je dmgl,

S Al miz(l ol )
Iocne mpeo6Gpa3oBaHUs STOTO BEIPAKEHHUS HOTYIHM:
JIns SKCHEepUMEHTANIBHOTO ONpPEaeIeHHs MO/ YIPYTOCTH HYXKHO H3MEPUTH BCE 2
BesmumHbL  Aegopmupyiomyio cwty F o (F=mg), ceuenne obpasma S, ero § (§="-),
TepBOHAYANIBHYIO ATHAY 10 1 yumaenue |. 4

N3yuenne nepopmanum pacrskeHus.
1. 3mMepuTh ¢ MOMOIUBIO IUTAHTCHUUPKYJS WIM MHUKPOMETpA TOJLIMHY IIHYpa U BBIYUCIUTH
IUIOINAb €r0 IONEPEYHOro ce4eHus S.
2. IlopsemmBas k mHypy rpy3sl maccod 0,1 kr, 0,2 kr, 0,3 kr, U3MEpUTH COOTBETCTBYIOLINE
a0COIOTHBIE Y/UIMHEHUS HIHYPA: U BBIUUCIUTH OTHOCUTENbHbBIE YJIMHEHUS IIHYPA.
3. Ilo pe3ynpTaTaM U3MEpPEHHUI BBIUUCIUTD MOLYJIb YIIPYTOCTH pe3UHbI E 1 OIIEHUTH MOrpenIHoCT!
AKCIIEPUMEHTA:
Am Al, _Ad Al
&= + +2—+ -
m d [-l

AE=F-.¢

- a0COJIOTHAs IOTPELIHOCTb.
5. Pe3ynbTarhl n3MepeHuil U BBIYUCIIEHUH 3aHECTH B TaOJIUILY:

- OTHOCHUTCIIbHAs NOTPCHIHOCTDb

H3MCPCHO BBIYHCIICHO
:{gn mykr | dym | S,m® | lom | Lm | ALm| F,H |E,Ila ?I:: ?IE, £.%
1
2
3

6. Cenars BBIBO.

KoHTpoJsbHbIe BONIPOCHI.
1. Kakwue Buasl nehopmariuii Bel 3HaeTe?
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N

V3meHsieTcs 11 BHYTPEHHSS SHEPTUs Ae(hOpMUPOBAHHBIX TE?

Ot KakKux nmapameTpoB 3aBUCUT MOayIb FOHra?

4. Kaxoro Bupa nedopmanms HaOIogaeTcs NpU YeKaHkKe, MpH (OPMUPOBAHUHM COCTaBa, MNpPHU
UCIIOJIb30BaHUM JJOMKpaTa JJIsl TPAHCIIOPTHOTO CpeZCcTBa?

W

®dopma npeacTaBiaeHusi pe3yJabTara:
Pabora nomkHa ObITh BBINOIHEHA B TETPAIH Ul JTa0OPaTOPHBIX paboT.
Kpurepumn oneHku:
3a mpaBUIIHLHO BBIITOJHEHHOE 33JaHHE BHICTABIIAETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS olleHKa — 0 0auoB.
Oyenxa «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHoy svicmasisencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 3.3 Arperarubie cocTosiHHSI BelllecTBa. @a30BbIe Mepexoabl

JlabopaTopnasi paGora Ne 9

Haobmoaenue POCTa KPUCTAJLJIOB U3 pacTBopa

Ilenv pabomwi: HabmOAEHNE 32 MPOIECCOM POCTa KPUCTANIOB M3 PAacTBOpa B JTaOOPAaTOPHBIX
YCIIOBUSIX, CPABHEHHE CKOPOCTH POCTA KPUCTAILIA B PA3TUYHBIX HAIIPABJICHUAX

BoinosiHeHune padoTsl cioco0cTBYeT GOPMHUPOBAHUIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,IIK 1.3
MarepunanbHoe o0ecniedeHne: CTakaH, BOJIa, KACTPIOJIsA, KapaHall, HUTh, COJb.

3ananue

Hayuurtbcs rOTOBUTE HACBILLIEHHBIA PACTBOP COJIM.

[Iponaburonath 3a MPOLECCOM KPUCTAIIITN3ALIUY.

Onpenenutsb ycnoBHsl, IPU KOTOPBIX IPOUCXOJUT POCT KPUCTAILIOB.

I'paduuecku n306pa3uTh KPUCTAILIBI, TOSIBUBIINECS B MPOIECCE KPUCTAILTAZAIINHU, CPABHUTH UX.
Iopsiaok BbINOJIHEHUS PA0OTHI

PwnE

B3sate 2 wactu Bosbl ¥ 1 9acTh COMU, pacTBOP TIIATEILHO MIEPEMENIATh B KACTPIOJIE.
Harpets pactBop.

[Iepenuts pacTBOp B CTaKaH.

[TpuBsi3aTh K KapaHAaINly HUTh, YTOOBI OHA OITYCTHIIACH B PACTBOD.

[TonoxuThk KapaHaI CBEPXY CTaKaHa.

OcTaBUTh cTakaH Ha HECKOJILKO JHEH.

[TocmoTpeTh, uTO 00pa30BAOCh Ha HUTH (M300Pa3UTh TPaPUIECKH).

OneHuTth pazMepsl U GOpMy KPUCTAIIIOB.

Pesynbrarel HabOmtomeHMA, 3aHECTH B TaOnUIly 1, coOmromas MOPSAIOK ACHCTBUS W aHAIH3UPYS
pe3yibTar.

Cnenatp BBIBOJ 11O paboTe.

©CoNo~WNE

[EY
©

dopma npegocTaBieHus pe3yabTaTa

Tabmuma 1

| Nen/n | Oetictame Pe3ynbTaT AencTeua
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el N =

KOHmp0Jleble 80npPOCol

=

Uto Takoe kpucTami?
UTto Takoe aHU30TPONHS KPUCTAILIOB?

wn

Pasnuyarorcs nu onn?
Kak Ha3piBaeTcs siBIeHHE 3aBUCUMOCTH (PU3MUYECKUX CBOWCTB KPUCTAJLIa OT HANPaBJICHUS?
Yro Takoe arperaTHble COCTOSIHUS BEIIECTBA U ero (a3p?
KaxkoBbI XxapakTepHble CBOMCTBa ra3000pa3Hoi (hasbl BemecTna?
KakoBbI xapakTepHble CBOWCTBA KUAKOH (a3bl BemecTBa?
KaxkoBbl XxapaktepHble CBOMCTBa TBEPAOH (Da3wl BemecTBa?
[Touemy TBEpOE TENIO TPYIHEE CKATDH, YEM KHUIKOCThH?
dopma npeacTaBJieHus pe3yabTaTa:
Pabora momkHa ObITH BBIIOJIHEHA B TETPAAH IS JIAOOPATOPHBIX paboT.
Kpurepun oneHku:
3a mpaBUIILHO BBHIITOJHEHHOE 33 JaHHE BBICTABIISIETCS TOJIOKUTENIbHAS OlleHKa — | Oasu.

© N A

CpaBHI/ITe CKOpOCTH PpoOCTa KpucTtalljyla B TOPU3OHTAJIBHOM H BEPTHKAJIBHOM HAaIIPaBJICHUAX.

3a HCIIPABHUJIbHO BBIIIOJIHCHHOC HeﬁCTBHe, 3a1aHUC BBICTABJIACTCA OTPHULIATCIIbHAA OLICHKA — 0 6amnoB.

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

Oyenxa «xopoutoy svicmasinsiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB

Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 npaBUIBHBIX OTBETOB
gvicmasnsemcs 3a menee 60% npaBUIBHBIX OTBETOB

Tema 4.2 ITocTOSAHHBIN 31eKTPHYECKUH TOK

JlaGopatopHoe 3ansiTue Nel0

Onpe)le.ﬂeﬂne YACJABHOI0 CONMPOTUBJICHUS ITPOBOAHUKA

Heﬂb: OMPCACIICHUC YACIBbHOI'O COIIPOTUBJICHUSA MMPOBOAHNKA OKCIICPUMCHTAJIBHBIM ITYTEM

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,ITK 1.3

MarepunanbHoe ofecrniedeHHe: HCTOYHHK TOKA, amIepMeTp, BOJBTMETP, COEIUHUTEIbHbIE
[IPOBOJA, KIIIOY, IITAHICHUUPKYJb, JIMHEHWKA, KyCOK IIPOBOJA, YACIBHOE COINPOTUBICHUE KOTOPOIO

OTIPEIEIISETCS.
3ananue:
1. CamocTosTeNnbHO COOPATh AIEKTPUUECKYIO IEMb M0 CXEME.
2. CHATH IOKa3aHUS aMIIepMETPa U BOJILTMETPA.

3. Hcnonp3ys IITaHTEHIMPKYIb W JIMHEHKY, HAyYUTHCS OIPENENATh TEOMETPUYECKHE pa3Mepbl

IIPOBOJIHUKA.
4. Omnpenenuth BEIUYUHY YIECIBHOTO CONMPOTHUBIEHUS METAJLIA. R
ITopsinok BbINOJHEHHS PadOTHI: ~—

Co06paTh LIenb 110 CXeMe U MOKa3aTh /ISl IPOBEPKU PYKOBOJUTENIO.  =—
3aMKHYTH 1IENb U CHSTH MMOKa3aHUs aMIIepMeTpa U BOJIbTMETPA.
Beraucnuth conpoTuBiIeHUE IPOBOHUKA 11O (OPMYIIE.

W3mepuTh ITUHY U BBIYUCIUTD IJIOMIA/Ib TONEPEYHOTO CEYCHHUS
MIPOBOJIHUKA TIO popmyIie:

, rae - quamerp mpoBoHUKA 4 Y
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5. BbIUUCIHTH yAETHHOE COTPOTHBIICHUE TIO (hopMyIie:
6. JlanHbie 3aHecTH B TabuIy 1.

7. Bprauciuth a0CcomoTHYIO (A) M OTHOCUTENBHYIO (€) OTPEITHOCTA U3MEPEHHH 0 hopMyIIam:

A
A= Pragr. ~ Promy £ =——-100%

Prasa,
8.Caenarp BBIBOJ IO padoTe.
Tab6mumaNel

U.B I. A R.On| (v | d.m S P,

A, Oar
p i

On-
M

0
E.70

BEMECTBO

KoHTpoJibHbIE BOPOCHI
1. Or xkakux BeNMYMH M KaK 3aBUCUT CONPOTHUBIIEHUE MPSMOJIMHEHHOIO METAJTIMYeCKOIro
MPOBOJIHUKA?
2. JlBa MeIHBIX NPOBOJHMKA MMEIOT OJUHAKOBYIO JUIMHY, HO Pa3jIMYHYIO IUIOIIAAb MOMEPEYHOTO
ceuenns.:1,6 mm*u 0,8 Mm?. Kakoid MPOBOJHUK UMEET MEHbBIIIEE CONTPOTUBIICHUE U BO CKOJILKO pa3?
3. CKOJNBKO METPOB HUKEIMHOBOIO MPOBOJA ILIOMAABI0 Honepednoro ceuerus 0.1 Mm° morpebyercs
JUIsL W3TOTOBJIEHMS peocTara C MaKCUMalbHbIM compotuBieHueM 180 Owm?  VYnaensHoe
conpoTuBiieHne Hukenuna 0,42 10°0M M.
®opma npeacTaBiaeHus pe3yJbTara:
Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU AJIs 1a0OpaTOPHBIX padoT
Kputepun onenkmn:
3a npaBUIIbHO BBINOJIHEHHOE 331aHHUE BBICTABIISIETCS MOJIOKUTENbHASI OL[eHKa — 1 Oau.
3a HeMmpaBUJIbHO BHITIOJIHEHHOE JEHCTBHE, 3aJJaHNe BBICTABIISETCS OTpULIaTeIbHast olleHKa — 0 0aoB.
Oyenxa «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensbHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 4.2 ITocTOSIHHBII 3/1eKTPUYECKUH TOK

JlabGoparopHoe 3ansaTue Nell

JKCNEPUMEHTAJIBbHAS NIPOBEPKA 3aKOHOB NAPAJLICIbHOI0 M MOC/Ie10BATEIbLHOI0 COeIMHECHUS
NPOBOJHMKOB

Henp: M3y4UuTH MOCJIEJ0BATEIbHOE H NIApa/LIeIbHOE COeIHHEHHS IPOBOIHHKOB
BeinosiHenune padoTsl crnoco0cTBYeT (JOPMUPOBAHUIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,IIK 1.3

MarepunanbHoe obecrnieyeHue:

HcTouHUK A/IeKTpUYecKOd PHEPruM ¢ TMOCTOSHHBIM HampsbkeHuem (He Bwilie 25B); BoiabTMeETp
IIKOJIHBIN;  aMIepMeTp  UIKOJIbHBIM, Ha0Op  JEMOHCTPAIlMOHHBIX PE3UCTOPOB C  pa3HbIMHU
CONPOTHUBIICHUSAMH, KJIFOY, COEMHUTENBHBIE TPOBO/IA.

3ananmue:

1. O3HakoOMBTECH C TEOPETUYECKUM MaTEPHATIOM:

117



Teopus
[TocnenoBarenpsHOE W TAPAIEIHPHOE COSAUHEHUS B DJIEKTPOTEXHHKE — JIBa OCHOBHBIX CIIOCO0a

COCJIMHEHMS BJIEMEHTOB 3JIeKTpuueckod 1menu. [Ipu mociaenoBaTenbHOM COEIUHEHUM BCE DJIEMEHTHI
CBSI3aHBI JIPYT C APYTOM TakK, YTO BKJIIOUYAIOIINNA UX YYACTOK IIeNy He uMeeT (puc.l) Hu 0HOTO y3Ja.
[Tpu napamieTbHOM COeAMHEHUU (PUC.2) BCE BXOJAIINE B LIEIb dJICMEHTH O0BEAMHEHBI ABYMS Y3JIaMU U
HE UMEIOT CBsI3e€d C JIPYTMMH y3JIaMH, €CJIM 3TO HE MPOTHBOPEYHUT ycioBHIo. [Ipu mociemoBarenbHOM
COC/IMHEHUM TMPOBOJHUKOB CHJIa TOKAa BO BCEX IPOBOJHUKAX ojuHaKkoBa. [Ipu mociegoBaTeibHOM
COCIMHEHHH MPOBOJHUKOB CHJIa TOKA B JIFOOBIX YaCTAX IEMH OJTHA U Ta XKeE:

=1, =1,
[ToHOE HampspKeHHWE B IIENMU TPU IOCJIECIOBATEILHOM COCIMHEHHWH, WM HANPSOKCHHE Ha TOJI0Cax
HMCTOYHHMKA TOKA, PABHO CYMME€ HaIPsKEHUN HA OT/IETbHBIX YYaCTKaX IEIH:

U=U 3 = L,T?"
Puc.1.
R1 RZ Rn
e R:R1+B2+"'+Rn

HpI/I napaujicJibHOM COCAUHCHHUU IMAACHUC HAIIPSIKCHUA MCKAY ABYMS Yy3JIaMHU, O6’b€I[I/IH$II-OH_[I/IMI/I
9JICMCHTBI ICIIHN, OAMHAKOBO JJI1 BCEX 3JICMCHTOB.
HpI/I 3TOM BCJIMYHHA, 06paTHa;1 o6meMy COIIPOTUBJICHUIO HCIH, paBHAa CYMME BCIIMYUH, O6paTHBIX
COIMPOTUBJICHHUAM IAPAJUICIIbHO BKIKOUYCHHBIX ITPOBOAHWKOB. Cuja Toka B HGp&?:BCTBJIGHHOﬁ qacTu 1 CITH

paBHa CyMMEC CHUJI TOKOB B OTACJIbHBIX MApaJIJICJIbBHO COCANMHCHHBIX ITPOBOAHUKAX:
il fliog e p

HaHpﬂ)KeHI/IC Ha y4JaCTKax Ienu AB u Ha KOHIAX BCEX MapalyiCJIbHO COCAMHCHHBIX ITPOBOAHUKOB OAHO 1
TO XKC:

U=U, = U,

PI/IC‘.Z.

Ry H; Hy

Z[J'IH ABYX MAapaJlJICJIbHO COCANHCHHBIX PE3UCTOPOB UX 06mee COIIPOTUBJICHUEC PABHO:
1

R{R;
H= e
Ry + Ry,

RI:RQZR';:...:R,, R

!

Ecnu , TO 00IIIee COMPOTUBIICHUE PABHO:

Ry
n.
[Ipu mapamiensHOM COEAMHEHUN PE3UCTOPOB MX OOIee COMPOTUBIICHHUE OYAEeT MEHBIIIE HAUMEHBIIIETO
W3 CONPOTUBJIEHUN.
2. CHSIB NOKa3aHus HaHpH)KCHI/Iﬁ M CHUJI TOKa Ha KaXJI0M M3 Y4YaCTKOB IICIIH, HeO6XOJII/IMO CBCPUTH

COOTBETCTBYIOIIME W3MEPEHHBIC W BBIYHCICHHBIC (PU3UYECKHE BEIUYUHBI, a MO pe3yibTaTaMm
TaKoOW CBEPKH — CZeNaTh BBIBOJ O IIPOeIaHHOM paboTe

1. ITocneooseamenvrnoe coedunenue npoeoOHUKOS.
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1. Cobparts niens mo cxeme (puc. 1):

puc. 1
2. M3meputh HampsiKkeHue, CUIly TOKa Ha IIEPBOM PE3UCTOPE.
3. /3MeHHMTH cCXeMy YCTAaHOBKM W H3MEpPUTh HANpsHKEHHE Ha BTOpOM pesucrope. Cxemy
HapUCOBATh B TETPA/b.
4.  Beramcnutb cymmy Hanpspxernid U1+U2 .
5.  HM3MeHuTh cxemy YCTaHOBKU M U3MEPUTH OOl1lee HANPsDKEHUE Ha IByX conpoTtuBieHusx Ul2 .
6. IIpoBeputb, BeImomHsETCS 1 paBeHcTBo: U12=U1+U2.
7. IlpoBepuTh clipaBeUIMBOCTb PABEHCTB
Ri=Ri+Ry 1 2 = 2
U, R

II. ITapajienbHOE cOeIMHEHHE IIPOBOJHUKOB.
1. CoOparts uens no cxeme (puc. 2):

puc. 2
2. M3mepuTh HampspKEHUE, CHITy TOKa Ha TIEPBOM PE3UCTOPE.
3. M3MeHWTHh cXeMy YCTaHOBKM M HW3MEPHUTh CHJIy TOKa Ha BTOpOM pesuctope. Cxemy
HapUCOBAaTh B TETPA/b.
4. Bprauciuts cymmy TokoB 11+12 .
W3MeHHUTh cXeMy YCTaHOBKHM M U3MEPUTH OOIIYI0 CHly ToKa B 1enu 112 .
[TpoBepuTh, BBITTOJIHSETCS JIK paBeHCTBO: 112=11+12.
[TpoBepuTh cripaBeIMBOCTh PAaBEHCTB

Nou

1/Ri>=1/Ri+1/R> n ]_1 - &
I, R

2 1
KoHnTpoJsbHbIE BONIPOCHI:
1. Kaxkoe coennHeHne CONPOTHUBIEHUI Ha3bIBA€TCS MOCIEA0BaTENbHBIM? UeMy paBHBI
COIIPOTHBIIEHUE, CHUJIA TOKA, HANPSYKEHUE B LIETIM IIPU TAKOM COEUHEHUU?
2. Kakoe coennHeHME COMPOTUBIICHUI HAa3bIBACTCS apaieIbHBIM? UeMy paBHBEI
COIIPOTHBIIEHUE, CUJIA TOKA, HAPSHYKEHUE B LIETIM IIPU TAKOM COEUHEHUH?
3. HazoBuTe murockl 1 MUHYCHI TAPAIIIETFHOTO U ITOCIIEI0BATEIFHOTO COSTMHEHUH
IIPOBOJHUKOB?
4. TlpuBenute npuMepbl NapauieIbHOTO U MOCIEA0BATENBHOIO COETUHEHHUS POBOIHUKOB.
dopma npeacraBjIeHus pe3yabTara:
PaboTa momkHa OBITH BBITIOJIHEHA B TETPAIH ISt 1a00OpaTOPHBIX padoT
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Kpurtepun onenkmn:
3a MpaBUIILHO BBHITOJIHEHHOE 33JJaHHE BHICTABIISICTCS TIOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTpUIIATENbHAs olleHKa — ) OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbvHoy svicmasisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 4.2 IloCcTOSIHHBIN YJIEKTPUIECKHH TOK
JlabGoparopuasi padora Ne 12
IIpoBepka 3axkoHa Oma IJIsl y4aCcTKA HeNnu

Heap padoTbl: U3MEpEeHHE TOKA M HANPSDKEHUS J1a0OPaTOPHBIMU NPUOOpaMU, IKCIEPUMEHTAIbHAS
IIPOBEpPKa BBINOIHEHUS 3aKk0Ha OMa.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

I1P62, T1P66, I1PGS, I1Py3, Ilpy7, I1Py8, I1Pyl10, ITPy12, I1P610, IIpy2, I1Py12, ITP610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MartepuanbHoe olecnieueHne: amrepMeTp J1abOpaTOPHBINA, BOJIBTMETP JIa0OPATOPHBINA, UCTOUYHUK

MUTaHUs, HaA0Op U3 TPEX pe3ucTopoB compotuBieHUsIMU 4 Om, 6 OM, 12 Om, peocTar, K04
3aMbIKaHUS TOKA, COEAMHUTEIbHBIC TPOBOA.

3aganue
1. Tlpaktuyecku yoenutcs B (pu3nUeCKOi CymHOCTH 3aKkoHa OMa Ui yyacTKa Lemnu.
2. YCTaHOBUTbH Ha ONBITE 3aBUCUMOCTb CHJIBI TOKA OT HANpsKEHUS U CONPOTUBIICHUS.

ITopsinok BbINOJHEHHS PadOTHI

3J'I€KTpI/I‘-I€CKI/II\/'I TOK MW HaAOPsHKCHUC SABJIAIOTCA OCHOBHBIMHU (1)I/I3I/I‘I€CKI/IMI/I BCJIMYUMHaMU,
XapPaKTCPUIYIOUMU SJICKTPOMArHUTHBIC IMPOLCCCHI B BHGKTpH‘ICCKOﬁ OCIIH.

Hampsbxkenne Ha yyacTke AJIEKTPUYECKON LENMU M3MEPSETCS] BOJBTMETPOM, BKIIFOUEHHBIM MEXKIY
JBYMs TOYKaMHU LETH MapaJJIEIbHO 3TOMY YYaCTKY.

Toxk menu HU3MEPACTCA aMIICPMETPOM, BKIIFOUYCHHBIM ITOCJICA0BATCIIBHO C LCIIBIO.

Cxema BKiTIOUeHHs BoisTMerpa V 1 aMmepMeTpa A MoKa3aHa HA PHCYHKAX:
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Tok u HAIIPSPKCHUE Ha Y4YaCTKE SHCKTpI/I‘IeCKOﬁ ey € pE3UCTHUBHBIM 3JICMCHTOM R cBs3anbl

U
3akoHoM OmMma: |l = E

1. HccaenoBanue 3aBUCHMOCTH CHJIBI TOKA OT HaNPSAKCHUA HA TAHHOM YYaCTKe L ECINn.
Bxknrouute TOK. HpI/I oMo pe€ocCTaTa AOBCAUTC HAIIPAKCHUC HA 3a)KUMaAX IIPOBOJIOYHOI'O pE3UCTOPA 10

1.5 B, 3arem 10 2 B 1 1o 3 B. Kaxxplii pa3 npu 3TOM U3MepsiiTe CUTy TOKa M pe3yJbTaThl 3alChIBATE B
Tabm. 1.

Al | 3

Tabauua 1. 08

U, B
Hanpsi’KeHne

04

02

I, A

CHJIA TOKA U [B]

[TocTpouts rpaduk 3aBUCUMOCTHU CUJIBI TOKA OT HAPSKEHUSI

2. WccaenoBaHue 3aBUCMMOCTH CHJIBI TOKA OT CONPOTHBJIEHHS YYACTKA LEeNU MPHU NMOCTOSHHOM
HANPSAKEHUN HA ero KOHIAX.

BxmrounTe B 11€mb MO TOM K€ cXeMe MPOBOJIOYHBIN PE3UCTOP CHavasia conpoTuBiecHueM 4 OMm, 3ateMm

6 Om u 12 Om. ITpu moMorm peocTara ycTaHABIMBAHTE HAa KOHIIAX YYacTKa KOKIBIA pa3 OJHO U TO XKe

HanpspDKeHue, Hampumep, 2 B. M3wmepsiite mnpu

5TOM CHJIy TOKa, pPe3yibTaThl 3amuchiBaiite B | ' 1]
Tabnuiy 2. 08

06

Tabmmra 2.
04

R, Om
CONPOTHUBJIEHUE

02

0 - X -

U [B]
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I, A

CHJIAa TOKA

HOCTpOI/ITB Fpa(l)I/IK 3aBUCUMOCTH CHUJIbI TOKA OT COIIPOTHUBJICHUA

1. Pe3ynbTarhl U3MEpeHUN U BBIYMCICHUN 3aHECTH B TaOMMIBI | ¥ 2 ¢ MOCTPOCHHEM COOTBETCTBYIOIINX

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 snekrpudeckoi nammsl 0,7A, comporusienue gammnbel 3100M. Ompenenute

HaIIPsAKCHUE, 110 KOTOPBIM HAXOAWUTCA 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 CHITBI TOKA OT HAMIPSHKEHUS TS KaXI0TO U3 JIBYX MapajuieIbHO
COEMHEHHBIX MPOBOAHUKOB (cM.puc.l). OnpeaenuTs cuily TOKa B HEPa3BETBIEHHON YacTH, LENH,
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 rpaduKky 3aBUCHMOCTH CHJIBI TOKA OT HANPSKEHUS IBYX Y4acTKOB 1ienu (cM.puc.2). Ha kakom
y4acTKe COMPOTUBIIEHUE OOJIBIIE U BO CKOJIBKO pa3?

(I)opMa NnpeacraBJCHus pe3yjabTara:
PaGora JOJIDKHa OBITh BEHITIOJIHCHA B TETpaau IJIsd J'Ia60paT0pHBIX pa60T.

Kpurtepum ounenku:

3a MpaBWJIBHO BBHIMOJTHEHHOE 33/1aHKE BBICTABIISIETCS TIOJIOKUTENbHAS OIleHKa — 1 Ga.

3a HeTpaBWJILHO BHITIOJIHEHHOE JICHCTBHE, 33aHNE BBICTABIISICTCS OTpUIIAaTEIbHAS OlleHKa — 0 0aioB.
Oyenka «omauunoy evicmasisiemcs 3a 90 — 1009 nmpaBUIBHBIX OTBETOB

Oyenka «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenxa «yoosnemeopumensvho» svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

Oyenka «neyoosnemeopumenbHoy svicmasisiemcs 3a menee 60% MpaBUIBLHBIX OTBETOB
svicmagnaemcs 3a MeHee 60% paBUILHBIX OTBETOB

Tema 4.2 ITocTOSAHHBIN 3J1eKTPUYECKUH TOK

JlabopaTopHoe 3ansitue Nel3
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HN3ydenue padorsl mysabTuMerpa. Onpenesenue J/1C u BHyTpeHHEro CONpoOTUBJICHUSA UCTOYHUKA
3JIeKTPUYECKOIl IJHEePTrumn

Leab: HAyYUTHCS MOIB30BATHCS MYJIBTUMETPOM ISl PA3HBIX PEKUMOB pabOThI

BoinosiHeHue pa6oTsl cnocodcTBYeT (POPMUPOBAHUIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,ITK 1.3
MartepuaibHoe o0ecrnedyeHue: MyIbTHMETP, HaOOp PpE3UCTOPOB, TUOIBI, TPHOMABI, UCTOUYHUK TOKA,
peocTar, COeAMHUTENbHBIE TPOBO/IA, KITFOY.
HNHCcTpyKIus 10 NPpUMEHEHUI0 MYJIbTHUMETPA
IHepexiouaTesb pexxuMa U IMANA30HA U3MEPEHM .
[epexmtouarenp pexuMa U JUana3oHa U3MEPEHH HCIIONB3YETCs Uil BKIIOUSHHS IPUOOpa, a TaKXKe JUIs
BBIOOpA JKeTaeMoro pexkuma paboThl U mpesena usmepenus. s yBenuueHus: cpoka ciy:k0bl OaTapeu,
NepeBoANTE Mepekiovaress B noioxenue «OFF», mocie BeImoHeHUsT U13MEpPEHUH.
HN3mepenue HanpsizKeHUS MOCTOSIHHOIO M IIEPEMEHHOI0 TOKA.
1.IToaxntounte KpacHbIl pa3beM B rHe370 «VQmAY, uepHblil pa3beM B rHe370 «COM»
2.YCcTaHOBUTE MEPEKIIOUATENb PEKUMaA U3MEPEHUI HA JKeJIaeMbli 1MaNa30H U3MEPEHUs HAIIPSKEHUs , B
Cllydae €clIdi HEU3BECTHO IPUMEPHOE 3HAUEHUE HANpSHKEHUs , YCTAHOBUTE IEpEKIIoYareib Ha
MaKCUMaJlbHOE 3HAUEHHUE U CHIDKANTE Mpeesn U3MEPEHUS 10 MMOIYyYEHUsI ONTUMAIbHOTO 3HAYEHUS .

Pexum [Tar usmepenus IorpemnocTs

200 MB 100 MB +0,5 % ns 3ro 3Haka
2000 mB 1 MB +0,8 % s 2ro 3Haka
20B 10 MB

200B 100 MmB +1,0 % mu1s 2ro 3Haka

3. IlpukocHutech NMpPOOHMKAMU K YCTPONCTBY MJIM TOUYKAM 3JIEKTPUUYECKON cXembl . rie Tpelyercs
U3MEPUTH HANPSKEHUE.

4. B cnyyae HanmuuMsl HarpsKEHUsI IPUOOP MOKaXKET HANPSHKEHNE U MOJISIPHOCTbD.

HN3mepeHue NOCTOAHHOIO TOKA

1.IToaxntounte KpacHb MPOOHUK K pazbeMy «VQmAy». UepHsblil k pazpemy «COM»(iga nzmepeHus
TokoB 0T 200MA 10 10 A ucnons3yiite pazbeM «10A»)

2 VYcraHOBHTE NEpeKtoYaTeNlb BbIOOpAa peXMMa HM3MEPEHHH Ha JKeJlIaeMbll Mpenen H3MepeHus
IIOCTOSIHHOT'O TOKA .

3.Pa3beiuHuTe M3MEPSIEMYIO0 3JEKTPUUECKYIO LIE€Nb M TOJCOEIUHUTE MPOOHUKH TMOCIEI0BATENbHO C
Harpy3Kou.

4. Ha nucninee nosiBUTCS 3HAYEHUS TOKA.

6. Pazpem «10A» mnpegHasHaueH NI HEYACTOrO HCIIOJIB30BaHMS. BpeMs u3MepeHMs HE JOJDKHO
npeBbIlIaTh 15 CceKyHJ, a MeXay H3MEpEeHUSIMH HEOOXOIMMO BBLIEPKHBATh HECKOJIBKO CEKYH]I BO
n30exaHue MOBPEeXIeHUs proopa.

HN3mepenue conpoTuB/ICHUSA

1.IIpucoenununTe KpacHblii IpoOHUK K pazbeMy «VQmAy. UepHslii k pazbeMmy «COM».

2.YcraHOBUTE TIEpeKItoyaTellb BbIOOpa peXHMMa H3MEPEHHMH Ha JKelaeMblii TMpenes H3MEpeHUs
COIIPOTHBIICHUS.

3. Ilpunoxure npoOHHMKH K H3MepseMOMy oOpa3ly, AWUCIIEH OTOOpasUT MpU O3TOM 3HAUEHUE
COINIPOTHBIIEHUS .

Pexxum MHoxuTenb Tlorpemnocts
200Q 0,1 +(1.0% mst 10ro 3Haka)
200002 1

20KO 0 +(1.0% ms 4ro 3HaKa)
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200KQ 100
2000KQ 1000

IIpoBepka quonos
1.IloakmrounTte KpacHbI MPOOHUK K pazbeMy «VQmA., yepHbIil K pazbeMy «COM».
2. YcraHOBHTE NIEpEKIIOUaTeNh BBIOOpA peKuMa U3MEPEHUI Ha 3HAYOK |[1ruoja
3. CoenMHHATE KpACHBIA TPOOHUK C aHOJIOM (P) TECTUPYEMOTO THO/IA, @ YSPHBIM MPOOHUK ¢ KaToAoM (1)
4. Jlucninel mokakeT 3Hau€HUE HalpspkeHus B MB. ecnm moisisspHOCTh 1Mona mepemyTraHa , JUCIUIeH
0oTo0Opa3uT «1».
N3mepenue Temnepatypbl
1.ITpucoeaunure Tepmomnapy k pazbeMy «VQmA» u k pazbeMy «COM».
2.YcTaHOBUTE NEPEKII0YATENb BBIOOpA pexrMa U3MEPEeHN Ha u3mepenue temnepaTtypsl « TEMID»
3. Iucnineit oTo0pa3uT 3HaUeHUE TEMIIEpaTyphl B rpagycax Llenbcusi.
3ByKoBasi NPO3BOHKA
1.IToaxrounTte KpacHbI MPOOHUK K pazbeMy «VOQmA». UepHsiii k pazbemy «COM».
2.YcTaHOBUTE MEPEKII0YATENb BIOOpA pexXrMa U3MEPEHUN Ha 3BOHOK
3.IIpucoenuuute mpoOHUKH K MPO3BAHUBAEMOW cxeme, npu compoTtuBieHun menee 30 Om momaercs
3BYKOBOM CUTHAIL.
IHopsaok BbINOJIHEHUS PA0OTHI:
[Ipounraiite TEOPETUUECKUI MaTEPHUAIL:
Teopernueckuii MaTepuas:
Tonynpoeoonukoswiii 0uoo
Juon  comepX uT  p-N-mepexon,  3aKIOYEHHBIA B |

FepMETUYECKUM KOPIYC M COEOUHEHHBIH C METAJUIMYECKUMHU

BbIBOJIaMU. BbIBOJ OT p-o0jacTu HA3bIBAIOT aHOAOM, OT n-

00JacTH — KaTOJIOM.

JAuoa- TOMYNPOBOAHUKOBBIM TpUOOp, TMpEeAHA3HAUEHHBIM Ui yCUJICHHS MpeoOpa3oBaHUS
TEHEPUPOBAHUS HTEKTPUUECKUX KOJICOAHHUI pa3IMuHON YaCTOTHI.

Tpan3ucTOp COCTOUT U3 TpexX obyacTell ¢ pa3TUYHON MPOBOAUMOCTHIO. Pa3nuuaroT TpaH3UCTOPHI
Tuna p-N-p u n-p-n. Cpegnsisi 30Ha Ha3bIBaeTcs 6azou. TonmmHa 6a3bl H0HKHA OBITh MEHBIIE JITTUHBI
cBoOOAHOrO Mpobera snekTpoHa. B TpaH3ucTope mMMeroTcs nBa p-N-mepexona. JleBwlil p-n mepexon
SIBJISIETCS TIPSIMBIM U OTJENSIET 0a3y OT 00JIaCTH ¢ IPOBOJUMOCTBIO P-THUIIA, HA3bIBAEMYIO omummepom. B
ATON 00JACTH aKIENTOPHON MPUMECH B COTHH pa3 0OJbIlle, YeM JOHOPHOU mpuMecH B 0ase, T. €. ABIPOK B
SMUTTEPE 3HAYUTEIHHO OOJbINE, YeM JJIEKTpOHOB B Oa3ze. [lpaBblil mepexop sBIseTCs OOpaTHBIM U
otaensieT 6a3zy OT 00JIaCTH C MPOBOJIUMOCTBIO P-THIIA, HA3BIBAEMOU KOLIEKMOPOM.

— 1 N i — — 1 P | —
3 K 3

s

1.M3y4uTh MHCTPYKIHIO 110 3KCILTyaTalluu Ipudopa.
2. I3MepuTh CONPOTUBIICHHSI PE3UCTOPOB, JaHHbIE 3aMUCaTh B TAOIMILY
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Ne n/m ConpoTtuBJjenue, OM

3.Cobparh 11emb 10 CXeMe

4.3aMKHYTb LIE€TIb, IPU HEUCIIPABHOCTH LIETIM ITPO3BOHUTH LIEMb, HAWTH HEUCIIPABHOCTb.
5.M3MepuTh HanpsuKeHUE Ha OaTtapeiike u peocrare.

6. PazoMkHyTh 1ienib. MI3MepuTh TEMIIEPATYpy PE3UCTOPA U peocTaTa.

7.3MepuTh CONPOTUBIIEHUE PE3UCTOPA U PEOCTAaTa, IaHHBIE 3alK1caTh B TAOIUILY

HaumeHoBaHue Conporusiaenue, Om Hanpstkenue, B Temnepatypa, °C

Pesuctop

Peocrar

WUcTtoyHuk Toka 00 | eeme-

8. IloBTOpUTH TEOPETUUECKHI MaTepHal MO MOJIYIPOBOJIHUKOBEIM MPUOOpaM: TUOAY U TPAH3UCTOPY.
9. [IpoBepuTh AMOBI (UCIIPABHOCTD, TIOJIIPHOCTH ).
10. Tpauzucropsl. OmnpeaenuTs BBIBOJBI TpaH3UCTOpa (KOJUIEKTOpP, 0a3a, SMUTTEP) U THUM TPAH3UCTOpa
(p-n-p) miu (n-p-n)
11. 3anucaTh BBIBOJ 1O paboTe, OTBETUB Ha BOMPOCHI.
KouTtpoJbHble BOonpochI:
Kax BbIsicHUTB, uTO 110 HeucnpaBeH? 2. Kak BBISICHUTH P- U N- KOHTAKTHI 1uoAa?

1
2. Kak onpenenuts 6a3y y TpaH3UCTODA.

3. HasoBure riaBHble CBOICTBA AMOAA U TPAH3UCTOPA.
4. VYcTpoiicTBO 1M0/a U TPAH3UCTOPA.

Yacrs 2. U3yueHnne siBj1eHUS 3JIeKTPOMATHUTHOM MHAYKIMH
Ilesqb paGoThI: ONBITHBIM NMyTeM YOEAMTHCS B MOSBICHUM WHAYKIIMOHHOIO TOKAa U MPOBEPUTH 3aKOH
Jlenna.
OOopynoBanmue: MUUIMAMIIEPMETP, UCTOUYHUK MHUTAHUs, KaTYIIKH C CEpJeYHUKAMH, AYrooOpa3HbIi
MarHmr, BBIKIFOYATEIb KHOTIOYHbIN, COeIMHUTEIbHBIE POBO/Ia, MAarHUTHAS CTpeKa (KOMIIac), peocTart.
Teopernyeckas 4acThb!

SIBneHue DIEKTPOMArHUTHOW WHAYKIUU 3aKIIOYaeTCs B BO3HUKHOBEHHMM JIJIEKTPUYECKOIO TOKA B
MIPOBOJSIIEM KOHTYpE, KOTOPBIM JINOO MOKOUTCS B NMEPEMEHHOM BO BPEMEHH MAarHUTHOM IoJie, JH00
JBMDKETCSI B TIOCTOSSHHOM MAarHMTHOM II0JI€ TakKUM OOpa3oM, YTO YHMCIO JIMHUN MarHUTHOW MHIYKLUH,
MIPOHU3BIBAIOIIMX KOHTYp, MeHseTcs. B Hamem cimydae pasymHee ObUIO ObI MEHSTh BO BPEMEHU
MarHuTHOE MOJie, TaK KaK OHO CO3aeTcs IBIKYIIUMHCS (CcBOOOAHO) MarHUTOM. COriacHo MpaBMily
JleHna, BO3HHMKAOMMII B 3aMKHYTOM KOHTYpPE WHIYKIMOHHBI TOK CBOMM MAarHUTHBIM I10JIEM
IIPOTUBOJECUCTBYET TOMY U3MEHEHHIO MarHUTHOI'O IOTOKA, KOTOPBIM OH BbI3BaH. B JaHHOM cilydae 3TO
MBI MO’KEM Ha0JII0/1aTh MO OTKJIOHEHHUIO CTPEJIKU MUJLTHaMIIEPMETpa.

ITopsinok BbINOJHEHHS padOTHI:

1. BcTaBbTe B OJJHY U3 KaTyLIEK JKEJIE3HBIN CEPCUHHUK, 3aKpENHB €ro raiikoi. Iloaxmrounre 3Ty Karymky
yepe3 MWUIMaMIIEPMETP, PEOCTaT M KIIOY K MCTOYHMKY NHMTAHHA. 3aMKHUTE KIIOY U C I[OMOUIBIO
MarHMTHON CTpeiKu (KoMmIaca) OMpeNeiInTe PacloyoKEHHE MAarHUTHBIX MOJIIOCOB KAaTYIIKH C TOKOM.
3adukcupyiiTe, B KaKyl0 CTOPOHY OTKJIOHSETCSI IIPU 3TOM CTpeika MuuMammnepmerpa. B pambHeiimem
IIpU BBIMOJIHEHUH PabOThI MOKHO OYyJIeT CYyAWUTh O PACHOJOKEHUU MarHUTHBIX IOJIOCOB KaTYIIKH C
TOKOM I10 HAIIPABJICHUIO OTKJIOHEHHUs CTPEIKA MUJUIMAMIIEPMETPA.

2. OTKJIIOUUTE OT LIEMHU PEeOoCcTaT U K04, 3aMKHUTE MUJUIMAMIIEPMETP Ha KaTYyIIKY, COXPAHUB MOPSI0K
COCIMHEHMS UX KIIEMM.
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3. [IpucraBbTe CepACUHUK K OHOMY U3 TIOIIOCOB YyroOOpa3HOrO MarHWTa W BABUHBTE BHYTPh KATYIIKH,
HaOJI01ast OTHOBPEMEHHO 3a CTPEIKON MIIITHAMIIEPMETPA.
4. [ToBTopuTe HAOIIOICHNE, BBIABHUIas CEPACYHUK U3 KATYIIKH, a TAK)KE MEHSIS MOJIF0CAa MarHUTA.
5. 3apucyiiTe cxemy OIbITa U MPOBEPHTE BHIMOJIHEHHE MTpaBuia JIeHIIa B KaXKIOM ClTydae.
6. Pacnonoxute BTOPYIO KaTyIIKY PSJIOM C IIEPBOM TaK, YTOOBI UX OCH COBIAIAIIH.
7. BcraBpTe B 00€¢ KaTyIIKH JKEJIE3HBbIC CEPACYHUKH W TPHUCOSAMHUTE BTOPYIO KATYIIKY uYepes
BBIKJTIOYATEh K UCTOYHHUKY MTUTAHUSI.
8. 3ambIkas ¥ pa3MbIKas K04, HAaOI0IalTe OTKIIOHEHUE CTPEIIKU MIJUIAMIIEpMETpa.
9. 3apucyiiTe cxeMmy omnbiTa U MPOBEPHTE BBHIIIOJHEHUE TpaBuiia JleHa.
KoHTpoJibHBIE BOIPOCHI:
1.B dem 3akitouaercs SBJICHUE 3JIEKTPOMArHUTHOM UHTYKIUU?
2.Kak noimKeH JBHTraTtbCs 3aMKHYTBHIA MPOBOISIIMKA KOHTYP B OJHOPOJHOM MAarHUTHOM IIOJIEM . HE
3aBUCSIIEM OT BPEMEHH, MTOCTYIATEILHO WM BPaIaTeIbHO, YTOOB B HEM BO3HUK MHIYKIIMOHHBIH TOK?
3.Metammm4eckoe KOJIbIIO0 MOXET CBOOOTHO JBUTAThCS IO CEPACYHUKY KATYIIKH, BKIIOYCHHOW B IICTh
MOCTOSTHHOTO TOKa. YTo OyAeT MPOUCXOJUTh B MOMEHT 3aMbIKAHHSI U Pa3MbIKAHHS LETH?
®dopma npeacTaBiaeHusl pe3yJabTarTa:
Pabora momkHa OBITH BBIOJIHEHA B TETPAAH ISl IAOOPAaTOPHBIX paboT
Kpurepun oneHku:
3a mpaBUIIHLHO BBIITOJHEHHOE 33JaHUE BHICTABIIIECTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeMpPaBWIIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNUE BBICTABIISCTCS OTPHUIIATEIbHAS OlleHKa — 0 0aJlIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89% npaBUITBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% nmpaBUIBHBIX OTBETOB
Oyenka «Heyoos1emeopumebHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 4.2 IlocTOSIHHBII 3/1eKTPUYECKUH TOK
Jladoparopnasi padora Neld

HccnenoBanue 3aBUCHMOCTH MOIIIHOCTH, HOTpeﬁﬂﬂeMOﬁ JaAMIIOH HAKAJIMBAHUS OT HaANPSAKCHUS Ha
€€ 3a’KuMax

Ilem, paﬁoTbI: HnCCjaca10BaTb 3aBUCUMOCTH MOIITHOCTH, HOTpC6J’I$I€MOfI JIaMIION HaKaJIWBaHUA OT
HAIIPSPKCHUA Ha €€ 3aXKuMax

Boinosinenue padorsl cnocodcTByeT GOpMHPOBAHMIO:

I1P62, 11P66, 11P68, ITPy3, Ilpy7, I1Py8, I1Py10, I1Py12, I1PG10, IIpy2, ITPy12, TTP610, MP3, MPS5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepuanbHoe obecniedenue: 6aTapes akKyMyJITopa, JJIEKTpUYecKas JJaMIouKa ¢ HaTpOHOM, peocTar

CO CKOJIB3AIINM KOHTAKTOM, aMIICPMETP, BOJIBTMETP MOCTOAHHOTO TOKAa, COCAMHUTCIIBHBIC ITPOBOJA,
KJIIO4.

3ananue

1. BBISICHUTBH, KaK 3aBUCUT MOIIIHOCTb 3JIEKTPHUUYECKOTO TOKA OT HANPSKEHUS M CHJIBI TOKA B LIEIIH.
2. DKCIIepUMEHTAILHBIM IYTEM MTOITBEPIUTH ITY 3aBUCHMOCTbD.
IHopsaoK BbINIOJIHEHHS PA0OTHI

1. Cobpatp 1ens o cxeme.
J | — +
—
OO~

.I_

126




2. 3aMKHYTH LIETTh U U3MEPUTH HAauOOJIbIlIee HANIPSHKEHUE HA 38KMMaX JIAMIIbI M BEIMUMHY TOKA B IICTIH, a
3aTEM BBIUUCINTH MOILIHOCTEL TOKa P=I-U.

3. YMCHBIINTD HaMpsKCHUC Ha 3a’)KUMax JIaMIIbl C IOMOIIBIO pC€OCTaTa U UBMCPUTH CUJTY TOKA B LICIIH, A
3aTEM BbBIYHMCIINTH MOIIHOCTDH TOKA.

4. IIpousBecTy ONBIT elI€ pa3, YMEHBIINB HANPSHKEHUE HA 3aKUMaXx.
5. Pe3ynbTarhl Bcex M3MepeHU U BEIYMCIICHUH 3anucaTh B Ta0imiy 1.

6. [Ipoananu3upoBaTh U3MEHEHUE MOLIHOCTH, NOTPEOIISIEMON JIaMITON HaKaJIIMBAaHUSL, IPU U3MEHEHUU
HaIpsDKEHUS Ha €€ 3aKuMax.

7. Cnenatb BBIBOJ 1O paboTe.

®opma npegocTaBJieHHs pe3yJabTaTa

Tabmuna 1.

\i1 Cwuia Toka, A Hanpsokenue, B MomntHocTh, BT

KonTposbHbie BOonpochl

=

UYTo Ha3bIBAIOT MOIHOCTBIO U KaK €€ paccuuTaTh?
2. Yro mpuHUMAIOT 3a eAUHUILY MOITHOCTH? Kak BhIpa)kaeTcsi eMUHHIIIA MOLTHOCTH Yepe3 eINHUIIBI
HanpsOKEHUs ¥ CUJIbI TOKa?
Kakne enHUIBI MOIITHOCTH UCTIONB3YIOT B MPAKTHKE?
4. B uens c HanpsbkeHueM 127 B BkiIroueHa 3JeKTpuyecKas lamma, cuiia Toka B koropoit 0,6A. Haiitu
MOIIIHOCTh TOKa B JIAMIIE.
5. DnekTpomuTKa paccuuTaHna Ha HanpsbkeHue 220B u cumy Toka 3A. Onpenenute MOITHOCTh TOKA B
TUTHTKE.
®opma npeacTraBiaeHus pe3yJabTara:
Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU JJIs JIaDOpaTOPHBIX padoT.
Kputepun onenkmn:
3a npaBUJIbHO BBIMOJIHEHHOE 33JaHUE BBICTABIISETCS MOJIOKUTENbHAS OLleHKa — 1 Oau.
3a HeMmpaBUIIbHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIISIETCS OTpHUIlaTeIbHas olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyooenemeopumenvHoy svicmagisiemcs 3a MeHee 60%0 npaBUIbHBIX OTBETOB
gvicmasnsiemcs 3a menee 60% mpaBHIIBHBIX OTBETOB

w

Tema 4.2 ITocTOSAHHBIN 3J1eKTPUYECKUH TOK

JlabopaTopHoe 3ansitue NelS

Onpenesienue TemneparypHoro kodgduuuenra Meau
Leab: packpbITh BIAUSHUE TEMIIEPATypPhbl HA AJIEKTPUUYECKOE CONMPOTUBIECHUE METAIOB; OMBITHBIM
nyTéM  ompeneiuTh  Kod(OUUHUEHT TEPMUYECKOrOo  COMPOTHBICHHUS  MEAW; TOCTPOUTH IO
HKCIEPUMEHTAIBHBIM JaHHBIM I'pa(uK 3aBUCUMOCTH COTIPOTUBIICHUS OT TEMIIEPATYPHI.
BoinosiHeHne padoThl cioco0CTBYET (POPMUPOBAHMIO:
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OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,IIK 1.3

MarepuanbHoe oOecneyeHue: TPUOOP JUISI ONPEACIICHHS TeMIeparypHoro KoddduiumeHTa
CONpoTHUBIIECHUS Menu, TepmomeTp TexHuueckuid ot 0 1o 100°C ¢ uenoit aenenus 1°C, omMeTp, BHELIHUMA
COCYyJl KaJIOpUMETpa C BOAOH, AJIEKTPOIUINTKA, K04, COCAUHUTENbHBIC MMPOBO/A, MITATUB ¢ My(TOH U
JIAIIKOM.
Teoperuuecknii maTrepuas:

DNEeKTPUUECKOE COMPOTUBIEHUE 3aBUCUT OT Temreparypbl. OObICHSETCI 53TO TEM, UTO
YIOPSAOYEHHOMY JBM)KEHHMIO CBOOOJHBIX JJIEKTPOHOB AJIEKTPUYECKHM TOK 3TO YIHOPSJOYEHHOE
JBUKEHHUE 3apsHKEHHBIX YaCTHUI] - 3JEKTPOHOB) OKa3bIBAIOT MPOTHUBOJCIHCTBHE (COMPOTHUBIIEHNE) aTOMBI
KPUCTAJUTMYECKON PEIIETKH, MHTEHCUBHOCTD TEIUIOBOTO JBMXKEHHUS KOTOPHIX U3MEHSIETCS C U3MEHEHUEM
TEMIIEPATypHI.

VY XMMHUYECKH YUCTBIX METAJJIOB C MOBBIIIEHHEM TeMieparypsl Ha 1°C conpoTUBIeHHE BO3pacTaeT
npumepno Ha 0,004 (1/273) conpotusnenus npu 0°C 1 BeIpaskaeTcst JTMHEHHONW 3aBUCUMOCTHIO

Rt =Ro(1+0aAt), rae

Ro—conportusnenue meramia npu 0°C,

At- pa3HOCTB TemIiepaTyp (KOHEYHON U HayaJIbHON);

o - TeMIrepaTypHblid KOd((PUIMEHT COMPOTUBIICHUS, MTOKA3BIBAIONINMI, HA KAKyI0 4acTh HAYaJIbHOTO
conpotusiieHus npopoauuka npu 0°C (273K) usmeHsieTcss conpoTuBiieHne pu HarpeBanuu Ha 1°C uinun
1K.

0=A R/ RoAt mmu o=A R/ RoAT
AR= Rt -R 0-
OnBITHBIM MTYTEM MOKHO OMPEAENUTh 0, HE Mpuberas K U3MepeHuto comnpotuBieHus Rg. Jlis storo
HEOOXOAMMO JIBAXKIIBI M3MEPHUTH COIMPOTHBIIEHHE HccieqyeMoro Matepuania Ri; m Ry mpm pasHbix
TeMIeparypax ty 4 to.

Ilopsinok BbINOJIHEHHS PadOTHI:

1. Cocyn ¢ BoJo¥ MOCTaBUThH HA AJIEKTPOIIUTKY U BKIIIOUUTH €€ B CETb.

2. OnpenenuTs LEHY JIeIEeHUsT OMMETpa.

3. N3meputs conpoTuBieHne Ry MeTHON MPOBOJIOKK IPYU KOMHATHOM TeMIiepaType ti.

4. OnycTuTth MpuOOp B BOJY, YCTAHOBUTH B HEM TepMoMmeTp. [Ipu HeKoTOpo# TeMiieparype ta U3MepUTh
conpotusieHne Ry neenexyeMoi mpoBOJIOKH.

5. OnbIT MOBTOPUTH HECKOJIBKO Pa3.

6. Beramcauth 2 — 3 pasa a, uCnojb3ys cooTHoleHue: o= R, - R/ (R1t; — Ry ty).

7. OnpenenuTth CpefHEee 3HAUYEHUE O, U CPABHUB IOJIYyUYEHHBIH pe3yabTaT ¢ TaOIUYHBIM 3HauUCHHEM

TEMIIEPATYPHOT0 KO3PPUIIUEHTA CONPOTUBICHUS MEAH, BBIYUCIUTH OTHOCUTEIBHYIO TOTPEIIHOCTD.
8. Pe3ynbTarhl M3MEpEeHUH U BEIUMCIICHUH 3anucaTh B TaOIMILYy.

Temnepary Conporu Temnepar Cpennee TO. OTtHocuTeNbH
Ne pa BJICHHE YPHBIii 3HA4YeHHe 3HaYeHHe as
MeTHOI MeTHOI k03¢ dpunn TeMIeparyp TeMIeparyp NOIPEelIHOCTh
MPOBOJIOKH NMPOBOJIOK eHT HOT0 HOTO
t, °C u R, Om COIIPOTHBJI k03¢ dpunue k03 dpunue
eHust HTA HTA o, %
a, (°C)* conpoTHuBJIe CONMpoTHBIE
HUS HUS
acp.
1
2
3
4
5
6
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9.Hcnonb3ysi naHHBIE HKCIIEPUMEHTA, MOCTPOHUTH IrpaduK 3aBUCHUMOCTH R; OoT t, OTKIambIBas MO OCH
abcuucc — remneparypy B °C Ha OCH OpJIMHAT — COTIPOTHBIICHUE.

10.Cnenatp BBIBOA 1O pabdoTe.

KoHTpoJibHbIE BONIPOCHI:

KaxoBa pusudeckas CylmHOCTb 3JIEKTPHUUECKOTr0 COTPOTUBIICHUS?

Kak 0OBSICHUTH YBEIMUYEHUS COMTPOTUBIICHUS METAJUIOB IIPHU HArpEeBaHUN?

OO0bsacHUTD (HOpMYITy, 10 KOTOPOU ONpeAeNsieTcs TeMIIepaTypHbIi KOOPGUIIUEHT COMPOTUBIICHUS.

[Touemy TemriepaTypHbIidi KOAPOUITUEHT CONPOTUBICHUS TSI SJICKTPOIUTOB OTPUIATSIBHBIN?

KaxkoBo conportusnenue 0,5 xr meaHo npoBosioku quamerpom 0,3 mm?

VYkazarb npakTu4eckoe MPUMEHEHHE 3aBUCUMOCTH COIPOTUBIICHUS IPOBOJHHUKA OT TEMIIEPATYPhl.

dopma npeacTaBJieHus pe3yabTaTa:

Pabota momkHa OBITH BBITIOJIHEHA B TETPAIH I 1a00paTOPHBIX padoT

Kputepuu onenkmu:

3a npaBUIIHHO BBIMOJIHEHHOE 331aHKUE BBICTABIISICTCS MOJIOKUTENbHAS OIleHKa — 1 Oa.

3a HeNpaBWJIBHO BBIMIOJIHCHHOE JICHCTBUE, 3a/IaHUE BBICTABIISICTCS OTpPHUIIATeNIbHAs onleHKa — () 0ayuioB.

Oyenxa «omauunoy svicmagngemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB

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

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

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

ook wdE

Tema 4.2 IlocTOSIHHBIN YJIEKTPUIECKHH TOK

JladopaTropnoe 3ansTue Nel6

Onpenesnenue cONPOTHBIIEHUS Pe3UCTOPA METOAOM MAPKHPOBKHU

Lean: onpenenuTe HOMUHAIBHOE COTPOTUBIIEHUE PE3UCTOPOB METOJIOM MapKUPOBKHU; ONPEAEINUTh
JOTTYCTUMOE 3HaUY€HUE CUJTBI TOKA JIJISl JAHHBIX PE3UCTOPOB MPH M3BECTHOM HOMHUHAJIE MOIIIHOCTH.
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,I1IK 1.1,IIK 1.3

MarepuanbHoe o0ecnmeueHue: HaOOp PE3UCTOPOB pPa3HBIX COMPOTHBICHUH, TabIUIlA 3HAKOB
MapKUPOBKH.

3ananue.

1. O3HaKOMHUTBLCS C TEOPETHYECKMM MATEPUAJIOM.

Teopernyeckunit marepuan:

[Ipu onpenenenun pexxuma padoThl PE3UCTOPA CIEAYET YUUTHIBATH MAKCUMAJIBHO JOMYyCTUMOE J1JIs1
Hero 3HaYeHue CHJIbI TOKA, KOTOPOE OMPENEISIeTCS 3HAYEHHEM €ro CONPOTUBIIECHHS M MOIIHOCTBIO.
MapkupoBka HOMHUHAJIA PE3UCTOPA OCYIIECTBIISETCS IBETOBBIM KOJIOM B BHJI€ YE€THIPEX I[BETHHIX IOJIOC,
HaHECEHHBIX Ha €r0 KOpITyCe.

[Ipu >TOM 3HAYECHME CONMPOTHBIICHUS PE3UCTOPa YKa3biBaeTcss B OMax ABYMS TMEPBBIMH MMOJIOCAMH U
MHOHUTENEeM (TpeThs monoca) 10n, rae n - 1r060e 1ennoe Ynucio ot - 2 A0 + 9.

MapkupoBOYHBIC 3HAKH CIIBUTAIOT K OJHOMY M3 TOPIIOB PE3UCTOpA, HAPUMEP, K JIEBOMY, U 3aT€M
pacrojaraoT cieBa HaIpaBo B CIIEAYIOIIEM MOPSIKe: TIepBast ojioca - repsas 1udpa HOMUHATA, BTOpast
moyioca - BTOpas IMdpa HOMHUHANA, TPEThbs MOJOCAa - MHOXKWTENb, YETBEpTas Iojoca - JOMYCK Ha
OTKJIOHEHHE (DaKTHUECKOTO COMPOTUBIEHUS OT HOMHUHana. Eciam pa3Mepsl pe3ncTopa HE MO3BOJSIOT
Pa3MeCTUTh LIBETHBIE MOJIOCHl HECUMMETPUYHO, T. €. OJMKe K OJJHOMY U3 TOPLIOB PE3UCTOpPa, TO MepBast
T0JIOCA BBITIONTHSAETCS O0JIee MHPOKOH.

[[BeTa 3HAKOB MapKUPOBKH HOMHUHAIBLHOTO COMPOTUBIEHUI B OMaxX U TOMYCKOB B % MpUBEICHBI
B TabnuIe:
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omyc
[BeT 3HaKa IlepBas nuudpa Bropas ungpa MHoxHuTENb i[ B "}/70
CepebpucTblii -- -- 10° 10
3010THCTHIN -- -- 1071 5
YepHsrii -= 0 1 -
Kopuunessrit 1 1 10 1
KpacHsrit 2 2 10° 2
OpaHKeBbIit 3 3 10° --
Kenreriit 4 4 10° -
3enenbiit 5 5 10° 0,5
Comy6oit 6 6 10° 0,25
DuroneToBeIi 7 7 107 0,1
Cepbiit 8 8 10° 0,05
Bensrit 9 9 10° -

HOpﬂIlOK BbIITOJTHCHU A paﬁoTI)I:

1. Paznoxuth Ha pabodeM CToJIe KOMILJIEKT PE3UCTOPOB.
2. BHuMaTenpHO mpoYMTaTh yKa3zaHHE K padore.
3. OdopMuTh MapKUPOBKY PE3UCTOPA B TETPAIH IO 00pasILy
4. 3anoyHUTH TaOIUILY:
Pesucrop Homunansnoe conporusienue R | MouHocts pesuctopa (Bt)| Cuia Toka)
(A)
1. 0,25
2. 0,25
3. 0,25
4. 0,25
5. 0,25
6. 0,25
7. 0,25
8. 0,25

5. Paccunrath cuity TOKa Ipy N3BECTHOM MOIIHOCTH TOKa.

6. Cnenatb BBIBOJ IO padoTe.

KoHnTpoJsbHbBIE BONIPOCHI:

1. B uyeM 3akio4aeTcst METOJl MApKUPOBKH.

2. Jlnis 4ero Hy»KHO 3HaTh CONPOTUBIIEHUE PE3UCTOPA IIPU BKIIOYEHUH €T0 B cXeMy?
3. Ot 4ero 3aBUCUT MOITHOCTH TOKA, TEKYIIETO MO PEe3UCTOpPY?

®opma npeacTaBiaeHus pe3yJabTara:
PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAU ISl JJaOOPaTOPHBIX padoT
Kpurepum ounenku:
3a mpaBUIIHLHO BBITOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAsS OlleHKa — | Oasu.
3a HeMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNe BHICTABIISIETCS OTPHUIIATEIbHAS onleHKa — ) OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

Tema 4.2 ITocTOSIHHBIN 3/1eKTPUYECKUH TOK
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JlaGoparopHoe 3ansTHe Nel7

Onpenenenue KII/I narpeBareieit
Henab: HayuuThbCsd MPAKTUUYECKH OMPENENSITh TEIJIOBYIO OTHadyy JJIEKTPUYECKOTO HarpeBaress
m000ro0 THIIA.
BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:

OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,JIK 1.1,JIK 1.3
MarepuanbHoe obecnieueHue: 2 FICKTPUUCCKUX HArpeBarTess, COCY T ISl KUISTYeHUs BOJbI, BO/IA,
TEPMOMET], CEKYHIOMED (Yachl), CIPABOYHHK O (PU3HKE.
3ananmue.
1. O3HAaKOMHTBCS C TECOPETUUECKUM MATEPHUATIOM
Teoperuuecknii marepuas:

KOB(l)(bI/II_[I/IeHT IIOJIC3HOTO HeﬁCTBHH HarpeBaTemI CBA3aH COOTHOILICHUCM:
i
K111, = — +100% (1)

Q - mose3Has Temwiora u onpeaensercs mo popmyne Q=C*m(T,-T1) (2)

I7Ie ¢ — yJenbHas TEIUIOEMKOCTb KHJIKOCTH,
M — Macca )XKUAKOCTH, KOTOPYIO KUIIATST,

T1— HavasnpHas TeMIepaTypa *KHUJIKOCTH,

T, — KOHe4Has TeMIieparypa KHUJIKOCTH,

Q3 — KOJIMUYECTBO TEIIOTHI, KOTOPYIO BBIIESIET HAarpeBaTelb

(3aTpadeHHast TEIJIOTA) U onpeesiercs mo Gopmyne: Q3 =P ¢t (3),

rae P — MOIIHOCTB 3JICKTPUYECKOTO HarpeBaTels,

t — MHTEpBaJI BPEMCHH, 32 KOTOPBIN 3aKHUIIEa KUIKOCT.

MOHIHOCTB OJICKTPHUYCCKOTO HArpeBaTtciisi OIPCACIIACTCA IO IACIOPTHBIM JaHHBIM, YKAa3aHHBIM Ha
npudope.

BpeMH, 3a KOTOPOC 3aKUITUT KUAKOCTb, OIPCACTIACTCA YaCaMu. y,[[eJ'II)HaSI TCIINIOEMKOCTH BOAbI
OTIPEJIEIIICTCS 10 CIIPABOYHHUKY.

Ilopsinok BeINOJHEHHS Pa0OTHI:

1. [ToaroToBUTH TAOMMITY AJIS 3aMUCH PE3YIHTATOB, ONPEAETAEMBIX B X0A€ PabOTHI.
Ornpenenurhb Brrauciants
Cs m LB T, P t K.ILA.

K K Bt C %

orc\ke K Kr

2. 3aHecTH B TAaOJUIly CINPAaBOYHBIC JaHHBIC YACIBHOW TEMIOEMKOCTH BOJBI.

3. 3anucaTh B TAOJMIly HOMUHAJIBHYIO MOIIHOCTh JJIEKTPUUYECKOTO HAarpeBaTess, YKa3aHHYIO Ha
npuoope.

4, B cocyn mns xunsuenus Bonabl HamuTh 200 r BOIBI.

5. Onpenenuth HayalbHYI0  TEMIEpaTypy BOJIBI.

6. BxrounTs HarpeBarenb OJHOBPEMEHHO C CEKYHIOMEPOM (dacamm).
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7. OcCTaHOBHUTH CEKyHIOMEp (4achl) B MOMEHT OypHOro KHIIEHUS BOJIbL. Bpems, 3a KoTopoe
3aKMIIeNa BOJa, 3aHECTH B TAOJHILY.

8. Boruucnuts K.I1.JI. anekTprdeckoro HarpeBarTeis.
0. [TOBTOPUTH OMBIT C APYTUM HarpeBaTesieM.
10.  YwuyuThiBasg notepu 3HEpruu cHOpPMyIUPOBATH BHIBOJ.

KoHTpoJIbHBIE BONIPOCHI:
1. Veemmuutca wumum ymenbmutces KUILJ[. snektpuyeckoro uaiiHMKa, €CIM Ha €ro CTEHKax
MOSIBUJIACH HAKUITb (OTIIOKEHHUE COJeit)?
2. 3aBucut ym KIIJI 31€KTpU4YecKOro YaHWKa OT TOTO OTKPBIT OH HJIM 3aKPBIT?
@dopma npeacTraBJieHus pe3yabTarTa:
Pabota nomkHa OBITH BBITIOJIHEHA B TETPAIH I 1a00paTOPHBIX padoT
Kputepuu onenkmu:
3a npaBUJIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISCTCS MOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HelpaBWIBHO BBIMIOJTHEHHOE JICHCTBUE, 3a/IaHUE BHICTABIISETCS OTPHUIIATeIbHAs olleHKa — () 0ayioB.
Oyenxa «omauunoy svicmagisemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%0 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasgisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.3 DiiekTpUUYeCKHH TOK B Pa3JIHYHBIX cpeax

JladopaTropnoe 3ansiTue Nel8
Onpenenenue 3JeKTPOXUMHYECKOI0 IKBUBAJIEHTAa Me/IU B MpoLecce 3J1eKTPoIu3a cyabdara Meau

Henab: onpenenutp MEKTPOXUMUYECKUIN SKBUBAJIEHT MEIHN SKCIIEPUMEHTAIbHBIM ITYTEM.
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,I1IK 1.1,IIK 1.3
MarepunanbHoe oOecnedeHue: BECBI W Pa3HOBECHI; aMIIEpMETpP; 4Yachl; AJIEKTPOIUINTKA;
aKKyMYJIITOpHasl OaTapesi; peocTaT; KJIH04; MEIHbIE IEKTPOAbI (2 I1IT).) CO BCTaBKOW; COEAMHUTEIbHBIE
IIPOBO/A; IJIEKTPOIUTHYECKAS BaHHA C PACTBOPOM MEJHOTO KyIopoca.
3aganue:
1.ITponaGmoiaTh SBICHHUE AJIEKTPOIN3a MEIM U3 PACTBOPA MEHOIO KyIopoca.
2. HayuuTbcs onpeaensiTh 3JIEKTPOXUMUYECKHI SKBUBAJIICHT IO Pe3yJbTaTaM dKCIIEpUMEHTA.
ITopsinok BbINOJHEHHS PadOTHI:
1. OuncTuTh HAXIAYHON OyMaroil KaToAHYIO IJIACTHUHKY, — | | | | I +

OTIpEeEIUTh B3BEIIMBAHUEM MAcCy IJIACTUHKU (),

2. CocTaBuTh DJEKTPUYECKYIO IIemb 1o cxeme. llpum
COCTaBJICHUH LIEMH B3BEIIEHHBIN 3JIEKTPOJI COSMHUTS C
OTPHIIATEIIEHBIM TTOJFOCOM HCTOYHHKA DJICKTPUIECKOM v [
SHEPIUH. i 4

3.3aMKHYTB 1IeTh ¥ 3aMETHTh BPEMs BKIIFOUCHUS TOKA.

4.Yepes 15-20 MUHYT pa30MKHYTb 1IETIb.

5. BeIHYTh KaTOHYIO TUTACTHHKY, IPOMBITH U TIPOCYIITHUTD.

6. B3BemmBaHueM OnpeeuTh Maccy KaToaa () mocne MIPOITyCKaHUsI TOKA. _
7. Haiitu maccy (m) ppimennseiics na katone IIPU BJIEKTpOIH3e 1o hopmyie: =1, = My
rJie mp- Ha4ajJbHast Macca TUTACTHHKH, KT; Mp- KOHEYHAst Macca TUTACTHHKH, KT.

8. BBIYHCIUTD MEKTPOXUMUYECKUNA SKBUBAIIEHT MEIH U3 (OPMYJIBL:

I7Ie M- Macca BBIICIUBIIETOCS BEIIECTBA, KT} m
I- cuna Toka, A;  t- BpeMs 3JEKTpOJIn3a, C. K=—-
9.Pe3ynbraThl M3MEpeHUH W BHIYMCICHUN 3amucaTh B TaOuiy 1. It
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10. CpaBHUTH NONXYYEHHBIN PE3yNbTAT C TAOTUYHBIM.
11. Bpraucauth aOCOMIOTHYIO A ¥ OTHOCUTEIBHYIO € TMOTPEIIHOCTH U3MEPEHUM 1Mo hopMysiam:
Cnenatpb BBIBOJ 1O paboTe.

Tabmmma 1
Ne | Macca menmn, | Bpems Bemmmumnaa| SnekTpoxmmir-| AGCOTIOT- OTHOCHTEIBHAA
OTJIOKHBIIEI | IPOImycC CILTEI YeCKIHIl Has IIOTPeNIHOCTE
Cs Ha KaTole | KaHIA TOKa 3KBHBAJIEHT rmorpemrHocTy £.%
m.xe Toka '€ 1. A4 MeI A K2
g = Ka-c
Ki-c

KouTtpoJibHbIe BOPOCHI
Uem 00yCIOBIIECH 3JEKTPOXUMHUECKUN TOK B DJIEKTPOIUTAX ?
Kaxk paccuntarh Maccy BBIJEIHMBIIETOCS BEIIECTBA HA 3JIEKTpoie?
OT yero 3aBUCHUT AJIEKTPOXUMUUYECKUN SKBUBAJICHT?
Kakoii pusnueckuii cMbICI 3J1€KTPOXUMUYECKOIO SKBUBAJICHTA?

agrwdE

AIEKTPOXUMHUUECKUI SKBUBAJICHT?
Hazpatb pabouyro hopmyiy Asisi BEIUUCICHHS 3JEKTPOXMMHUECKOTO AIKBUBAJICHTA.
Ha xaxom u3 37eKTpo10B BBIACISIETCS MEAb B YUCTOM BHUJIE U IMOYEMY?

~No

Kaxoe O60py,Z[OBaHI/Ie n  HU3MCPUTCIIbHBIC HpI/I60pBI HY)XHO HMCTbD, YTOObl  BBIYHCIIUTE

8. B QJICKTPOJIUTUYCCKYHO BaHHY IIOMECTUM MCIHYKO IUIACTHHKY, CIIYKAIlYHO aHOJOM. IImacTunka
IIOKpbLITa BOCKOM, Ha KOTOPOM HallapallaH PUCYHOK. Yro IMOJIYYHUTC IIOCJIC IMPOITYyCKaHUA TOKa U

yJlajdeHus BOCKA C IIAaCTUHBI?
9. Yro Takoe rajpbBaHOCTErns, TaJIbBAHOILIACTHKA.

10. Yepe3 pactBop MeaHoro kymopoca mnpomuto 20 kKu snekrpuuectBa. IIpu 3TOM Ha onHOM U3
AJIEKTPO/IOB BBIIETSETCSl B UUCTOM BHJIe Maccoil 6,6 rpamMMm Meau. OnpenenuTh 3IeKTPOXUMUYECKHMA

OKBHUBAJICHT MC/IH.

11. CkonbKo HUKENS BBIIEIUTCA MpPH AJIEKTposin3e 3a 1 yac mnpu cuiie Toka 5 AmIiiep, eciu U3BECTHO,

4TO MOJIsipHasi Macca HuKens 58,71 r/Monb, a BaleHTHOCTh paBHA 2.

12. Onpenenure Maccy cepedpa, BBLISIUBIIETOCS HA KaToJIe MPH AIIEKTPOIIN3E a30THOKUCIIOTO cepedpa B

TeueHUe 2 4JacCoB, €CJIM K BAHHEC ITPUIIOKCHO HAIIPSIKCHHUC 1,2 B, a COMMPOTUBJICHUC BaHHLBIL 5 Om.

13. DytekTpoM3 METHOTO KyImopoca MIPOXOaWT Mpu Toke S5 Ammep B teueHue S50 munyT. Kakoe

- = N
ke =33-107 &
KOJIMYCCTBO ME€AH BBIACIIMIIOCH HAa KaTOAC, €CIIN K .

®opma npeacTaBiaeHus pe3yJabTara:
PaGota gomkHa ObITH BBINOJIHEHA B TETPAIu AJIs JIaOOpaTOPHBIX paboT
Kpurtepun onenkmn:
3a MpaBUIILHO BBITOJTHEHHOE 33JJaHUE BHICTABIISIETCS TIOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BHICTABIISICTCS OTpHUIIaTeNbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenxa «Heyoosiemeopumenbhoy svicmasgisemcs 3a Menee 60% nmpaBUIBHBIX OTBETOB

Tema 4.3 DeKTpUYeCKHii TOK B Pa3JIHYHBIX cpeaax
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JlaGopaTopHoe 3ansaTue Nel9
3aBHCHMOCTH CONMPOTHBJIEHHUS OT TeMIIEPaTypPhl 00pPa30B MeTAJLJIA M MOJIYIPOBOAHUKA

Henb: wu3MepsATh  CONPOTUBIEHUE IMPOBOJHHMKA OMMETPOM; YCTAaHOBUTHb  3aBUCHUMOCTb
COIIPOTHBIICHUE METAJUIA U NOJYIIPOBOJHUKA OT TEMIIEPATYPHI.

BoinosiHeHune padoTsl crioco0cTBYeT (POPMUPOBAHUIO:

OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,IIK 1.3

MartepuajibHoe o0ecrieyeHHe: MYJIBTUMETp, HOPUOOPHl Ui  HM3Y4YCHUS  3aBUCHUMOCTHU
COIIPOTHBIICHUSI MeTajllla U IOJIYIPOBOAHMKA OT TEMIIEPATYpPbl, TEPMOMETP, MIEKTpUYECKas IUINTKA,
IITaTUB C IPUHAIICKHOCTAMH, K0J10a C BOOM.

3aganue

1. O3HAKOMHUTBHCH C TEOPeTHYECKHMM MaTEPHAJIOM.

Teopernyeckuii MaTepuas:

Eciu mponycTuTh 3JEKTPUYECKUH TOK 4Yepe3 CTaJbHYIO CHUpalb, a 3aTeM €€ Harperb, TO
aMIepMeTp IOKa)XKET YMEHBIIEHUE CUJIBl TOKA. OTO O3HAYAeT, 4YTO C HU3MEHEHUEM TeMIIepaTypbl
COIIPOTHBIIEHUE METAJLIA MEHSETCSI.

Bce Mertaqnel — KpUCTAUIMYECKHE Tela, B y3J1axX KPHUCTAUIMYECKOM PEIIETKH KOTOPBIX
pacrojaraercsi IOJOXUTEIbHO 3apsyKEHHbIE HOHBI. MeXIy KOJIeOIIOUIMMUCS HOHAMHU JBUTAIOTCA
CBOOOJHBIC 3JIEKTPOHBI. BenuumHa >3JIeKTPUYECKOro CONPOTHBIIEHUS MeTalsla 3aBUCUT OT 4YHcia
CTOJIKHOBEHHMH KOJIEONIOIMXCSI MOHOB U CBOOOJHBIX 3JIEKTpOHOB. IIpu yBennueHuu TeMIeparypbl
MeTajula YBEJIMYMBACTCS aMIUIMTY1a KojeOaHUi MOHOB. DTO MPUBOJUT K YBEIMUYEHHUIO CTOJIKHOBEHHH, a
3HAYUT U K YBEIMUEHUIO CONPOTUBIICHUS MeTallIa.

B nonynpoBogHUKE NPH yBETUYEHUHN TEMIEpaTypbl YBEJINYUBAETCS YUCIO CBOOOHBIX HOCHUTENEH
3apsija, MOSBUBILKXCS IPU pa3pblBe KOBAJIECHTHBIX CBsI3€d. DTO MPUBOAMT K YBEJIMYEHHUIO CUJIBI TOKA B
IIOJIYIIPOBOJIHUKE U K YMEHBILIEHUIO COIIPOTUBIICHUS ITPOBOJHUKA.

Ilopsinok BbINOJHEHHS padOTHI:

1. IToarotoBeTe K paboTe OMMETD:

a) BCTaBbTE ITHIPbKU MPOBOIHUKOB B THE3/a, 0003HaueHHbIE «» U «0611 COM.»;

0) nocTaBbTe NepekirodaTesb Ha Ludppy «10»;

B) COEJMHUTE CBOOOHBIE ITHIPHKU MPOBOJHUKOB U PYUKOH «yCT. 0» MOCTaBUTh CTPENKH Ha «O».

2. Ha osnexkTpuyeckyro IUIUTKY HOMecTHTe Koinly ¢ Bojgod. Bo mu3bexxanue majgeHus KoyObl
MIOMECTUTE B KOJbBIIO, 3aKpEIJIEHHOE B IITaTHUBE. B konly omycTuTe mpoOMpKY, ¢ OMEUIEHHOW B HEl
KaTyIIKOW U3 MEIHOTO0 MpoBoia. OCTOPOKHO OIYCTUTE B TPOOUPKY TEPMOMETP.

3. CBOOOIHBIE ITHIPHKM OMMETPA COEAUHUTE C KIIEMMaMU MEAHON KaTYyIIKH.

4. BxurounTe WHYp IUIMTKA B PO3ETKY M HM3MEPHTE CONPOTUBIEHHE KATYIIKM IPHU Pa3IMYHBIX
3HAYEHUSIX TEMIIEPATYPHI.

5. BHecute u3mepeHus B Ta0nuily.

ITpoBoaHuk (Meab)
t°, C
R, Om

6. Ha ocHoBe m3mepenuit moctpoiite rpadux. ChaenaiiTe BbIBOJ, KaK COMPOTUBIICHUE MPOBOIHHUKA
3aBHCHUT OT TEMIIEPATYPHI.

7. TlocTtaBbTe mepekitoyaTenb ommeTpa ¢ uudpel «10» Ha uudpy «100» U mocraBbTe CTPEIKY
oMmMmeTpa Ha «0» (Cm. myHKT 1-B).

8. 3amenure B koi0e MpoOUPKY C METAIJIOM Ha MPOOMPKY C MOITYHPOBOIHUKOM (TEPMUCTOPOM).
Omnycture B mpoOupky Tepmomerp. K kiieMmam TepMUCTOpa MOJICOSMHUTE OMMETP.

9. U3mepbTe CONPOTUBIICHHE MOJIYIPOBOIHUKA MIPH PA3TUYHbBIX 3HAYECHUSIX TEMIIEPATYPHI.

10. Baecute nu3mepenus B Ta0nuily.
MoaynpoBoaHuK
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t°C
R, Om

11. Ioctpotite rpaduk R(t).

12. Cnenaiite BBIBOJI, KAaK COMPOTHBIICHHE MOTYIPOBOIHUKA 3aBUCHUT OT TEMIIEPATYPHI
KouTtpoJibHbIe BONPOCHI:

1. DieKTpuvecKuil TOK B METaJIaX — ATO YIMOPSA0YCHHOE JIBIKCHUE ... .

2. C TOYKM 3pEHHUsI DJJIEKTPOHHOW TEOPUHM DIICKTPUYECKOE COMPOTHBICHUE OOYCIOBICHO
COYIIapCHUSIMY ... .

3. C NOBBILLIEHUEM TEMIIEPATYPBI COITPOTUBIEHUE METAILIA ...

®dopma npeacTaBiaeHusl pe3yJabTara:

Pabota nomkHa OBITh BBIOJIHEHA B TETPAIU JUIS TAOOPAaTOPHBIX padoT

Kpurepun oneHku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS TIOJIOKUTEIbHAS OIICHKa — 1 Oa.
3a HeMpPaBWIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNUE BBICTABIISCTCS OTPHUIIATEIbHAS OolleHKa — 0 0aJuIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89% npaBUITBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% nmpaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 nmpaBUIBHBIX OTBETOB

Tema 4.3 DiiekTprUYeCcKUil TOK B pa3JIHYHBIX cpeax
JlabGoparopHasi padora Ne2(
H3yuenue 3jieKTpHYECKUX CBOICTB MOJIYIPOBOIHHKOB

Heﬂb paGOTbIZ er'IY6I/ITB ITOHHMMAaHHeC (bHSI/I‘{eCKOFO CMBICJIA ITOHATHUA TTOJYIIPOBOAHUK U
MCXaHHU3Ma €ro IMPpOBOJAUMOCTH.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1P62, T1P66, T1PGS, [TPy3, Ilpy7, I1PyS8, I1Py10, ITPy12, I1P610, [Ipy2, I1Pyl12, I1P610, MP3, MPS5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MartepuanbHoe o0ecnedeHre: UCTOUHUK TOKA, aMIIEPMETP, PEOCTaT, KIIH0Y, U0/,

COEIMHUTEINIbHBIE TTPOBO/IA.
3amanmue

1. W3yuuth cCBOWCTBAa  AJIEKTPOHHO-ABIPOYHOIO  MEpEeXoJa M  HUCIOJb30BaHME €ro B
MOJTYIIPOBOTHUKOBBIX MTPUOOpax.
2. YMeTh Ha4epTHTH JJIEKTPHUECKYIO CXeMy M OOBSICHUTHh NPHHIUI ACUCTBUS BBITPSIMUTENS U
YCUJIUTEISA TOKA Ha MOJYIPOBOAHUKOBBIX TMO/IaX U TPHOAAX.
ITopsinok BbINOJHEHHS PadOTHI

[TonynpoBOIHUKYM XapaKTEpU3YIOTCS OTJIWYHOW OT MPOBOJHUKOB MPOBOJUMOCTBIO: COOCTBEHHOM,
JBIPOYHOMN (p-TUIIA) U ANEKTPOHHOH (N-THUMA).

[TonynpoBOHWKK MOTYT HMETh JIBa THMAa MPUMECHON IMPOBOJUMOCTHU: 3JIEKTPOHHYIO (N-THM),
OOyCIIOBJICHHYIO JTOHOPHBIMH NPUMECSMHU, U IBIPOYHYIO (pP-THUII), OOYCIIOBJICHHYIO aKLENTOPHBIMU
puMecsMU. B n-1onynpoBOAHMKE OCHOBHBIE HOCUTENH 3apsJia — JJIEKTPOHBI, a B P-IIOJIYIIPOBOJIHUKE -
neIpku. Kpome OCHOBHBIX HOCHUTENEH 3apsaa B KaX/I0M BEIIECTBE B 3HAUUTEIBHO MEHBIIEM KOJIMYECTBE
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COACPIKATCA W HCOCHOBHBIC HOCHUTCIM 3apsaga IPOTHUBOIIOIOXHOI'O 3HAKa. OHH BO3HHKAIOT 3a CYET

pa3pyLIECHHS] KOBAJIEHTHBIX CBA3CH.

Ecmu ABa IIPOBOJHHUKA C IIPOBOAUMOCTBIO PA3HOI'0 poaa NPUBECTU B KOHTAKT, TO HA MECTC KOHTAKTa

oOpa3yercs 3amUPAIINN CIIOW, KOTOPBIA XOPOIIIO MTPOBOJIUT TOK B OJTHOM HANpPaBICHUH U MPAKTUICCKU

HE IPOBOJIUT TOKA B IPYIOM. DTO CBOMCTBO HUCIIOJIb3YETCS B IIOJYIPOBOIHUKOBON TEXHUKE.

FpaHHua COIIPUKOCHOBCHHUSA [ABYX IIOJYIIPOBOAHHWKOB, OAWH H3 KOTOPBIX HMECT DJJICKTPOHHYIO, a

JPYroil — IbIpOYHYIO IPOBOAMMOCTD, Ha3bIBaeTCs p-n nepexoaoM. Ilpakrnuecku p-n nepexos co3gaercs

HC MCXAaHHMYCCKHM KOHTAKTOM [JBYX IOJYHOPOBOJHHUKOB, a4 BHCCCHHUCM JOHOPHBIX MW AKOCHTOPHBIX

IIpuMeced B pa3IMYHbIE  4acTM  4YHUCTOrO

MOJIYIIPOBOJIHUKA.  DTH  MEPEXOJbl  SIBISIOTCA |‘ 1m------- .

1 1
1 1
OCHOBHO OOJIBIIMHCTBA COBPEMEHHBIX | | : D‘ :
1 1
MOJIYTIPOBOTHUKOBBIX MTPHOOPOB. ! !

=

N

o

IMpoBepka oHOCTOPOHHEI MPOBOIUMOCTH auosa.

CocTaBuTh 1IETIb IO CXEME pUCYHKA 1.
Juon JI2 BKIIOYUTH B IPSAMOM (IIPOITYCKHOM) v m
HalpaBJIEHUHU: OTMETKA «+» J10JKHA OBITh N
oOpartena k nostocy ucrounuka IJ1C. Puc.1
3aMKHYTb Liellb U1 OTMETHUTb [TOKa3aHUs
amriepmerpa. Llens pa3oMKHYTb.
Juon /12 BKIOYUTE B 0OpaTHOM HaIlpaBlieHUH (3allopHOM). Llenb 3aMKHYTh U yOeIuThCs B
OTCYTCTBHUHM TOKa B 1ienu. Llenb pa3oMKHYTb.
Pe3ynbTarsl HabMOJeHNI 3aHeCTH B Ta0iuiy 1.

CHsTHe BOJIbTAMIIEPHOI XapaKTePUCTUKH IHOA.

CocTtaBUTh 1€ IO CXEME PUCYHKA 2: rooooos !
Jvon BKJIIOYXTH B TPOITYCKHOM HAIPABJIEHUH.
3amkHyTh Lenb. [lonoOpare nonoxxesne [ | | |1~
JIBIDKKA peocTaTa TaK, YTOOBI BOJTBTMETP

MoKa3ay caMoe Majoe HanpsbkeHue. CHATh - <> <>
MOKa3aHUsl U3MEPUTETBHBIX PUOOPOB.

IlepemeraTe MOCTENEHHO IBUKOK pEOCTaTa U
CHSATH HE MEHEE 7 3HAaUCHUI HANPSIKEHUS U
CUJIbI TOKA. Pa30MKHYTH 11€Tb.

PesynbTaThl m3MepeHuii 3aHeCTH B TaOIUITY 2.
[Toctpouts rpadux 3aBucumoctu I(U). [To ocu (0),4
otknaneBath U (B), mo ocu OV - | (A).

Crenatsb BBIBOJI,.

v

Puc.2

@®opma npeaocTaBIeHus pe3yabTaTa
Tabmuna 1

IIpoBepka 01HOCTOPOHHEN MPOBOAUMOCTH AUO/A.

Ne Crioco6 BKITIOYEHUS IToxazanusa amnepmerpa
o\
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ogakrwdpE

~

Ta0nuua 2

CHaTue BOHBTaMHepHOﬁ XapaKTCPUCTHUKU JUOJA.

No Toxk, MpoOXOoAsIIH Yepe3 AUO0, Hanpsoxenue, noganHoe Ha MO/,
m\it I (A) U (B)

KOHTpOJ’[LHbIe BOITPOCHI

B uém paznuuue npoBOAMMOCTH IPOBOJHUKOB U MOITYIIPOBOAHUKOB?
Kakoii Tum moayrmpoBOgHIKA TOTYYUTCS, €CITH K TePMAHHIO 100aBUTH npumech Gochopa?
Kakoii Tun noiynpoBoHHUKA [TOJIYYUTCS, €CIIU K TepMaHUI0 100aBUTh IPUMECh UHIUSA?
Kaxkoe siBnenue HaOiogaeTcsi mpu BCTpeye CBOOOTHOTO JIEKTPOHA C ABIPKON B MOIYITPOBOIHUKE?
Kak MOKHO yCHJIMTh HUHTEHCUBHOCTh I'€HEepaIiy Hap «3JIEKTPOH-AbIPKa»
Kak 00BsiICHUTD yBeHUEHHE YSIBHOTO COMPOTUBIICHNUS TOIYIPOBOJHHUKA ITPH YMEHBIIICHUT
TeMIepaTypbl?
Uro sBIsETCS B CXEME TPUO/1a BXOJHOM LENbIO, @ UTO — BBIXOAHOMN?
KaK cJeIyeT BKIIOUUTh B LIeNb TPAH3UCTOP, YTOOB! OH AEHCTBOBAJI U KaK JIMOJ B IPSIMOM
HarpasJieHUn?
UYro noka3bpIBaeT BOJIbT-aMIIEpHAs XapaKTepUCTUKA 11ojia?
®opma npeacTaBiaeHus pe3yJabTara:
PaboTa nomkHa ObITH BBINOJIHEHA B TETPAAM JUisl JJaOOpaTOPHBIX paboT.
Kpurepuu onenku:
3a nMpaBUIIBHO BBIIIOJHEHHOE 33 JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OLleHKa — 1 Gasu.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNEe BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — ) OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumensroy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB
gvicmasnsaemcs 3a Menee 60% mpaBUILHBIX OTBETOB

Pa3znea 5 Kose0anus 1 BOJTHEBI
Tema 5.1 Mexannueckue KoJe0aHUA ¥ BOJHBI

JlaGopaTopHoe 3ansTHe Ne21

IIpoBepka 3aK0HOB KOJIOAHNI MaTEeMATHYECKOI0 MATHUKA

Ileab: yCTaHOBUTh MaT€MAaTHYECKYI0 3aBUCUMOCTh NEPHOJIa HUTSHOIO MAasiTHUKA OT JUIMHBI HUTH
MasiTHUKA.

Boinosinenue padoTsl cnocodcTByeT GOPMIUPOBAHMIO:

OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,IIK 1.3

MarepuanbHoe o0ecnieyeHme:

AJIEKTPOHHBIN CEKYHJIOMEp, U3MEpUTENIbHAs JIEHTA, IApUK C OTBEPCTHEM, HUTh, IITATHB ¢ My(TOii
1 KOJIBLIOM.

Teopus.

MareMaTnyeCKUM MasTHHUKOM Ha3bIBA€TCSl MaTepuaibHas TOYKA, IMOJBEHICHHAs HA HEBECOMOHN H
HEPaCTSHKUMOM HUTH. MOZIEIIBIO MOXKET CIIYKUTh TSDKEIBIA IIAPUK, pa3MEpPbl KOTOPOro BECbMa MaJlbl 110
CPAaBHEHMIO C JUIMHHOW HHMTH, Ha KOTOPOW OH MOJABELICH (HE CPAaBHUMBI C PACCTOSHUEM OT IEHTpa
TSDKECTHU 710 TOUKH TO/IBECA).
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VYuensle [anuneii, HpiotoH, beccens u ap. ycTaHOBMIM CJEOYyIOIIME 3aKOHBI KOJICOAHUS
MaTEeMaTHYECKOr0 MasiTHUKA!

1.Ilepuon komebaHMs MaTEeMaTHYECKOTO MasTHUKA HE 3aBHCUT OT MAacChl MasTHUKAa U OT
aMIUIATYIbI, €CJIM YroJ pa3Maxa He npesslmaet 10 rpanycos.

2.Ilepuon koneGaHUsT MaTEMAaTUYECKOTO MAasSTHUKA MPSIMO MPOIOPLUUOHAIECH KBAaJPaTHOMY KOPHIO
U3 JUIMHBl MasTHHKAa U OOpaTHO NPOMOPLUOHAJEH KBAaJIPAaTHOMY KOPHIO M3 YCKOPEHMsI CBOOOIHOIO
IaJICHUS.

Ha ocHOBaHMM 3THUX 3aKOHOB MOXXHO HamucaTb (GopMyidy Julsl Iiepuoja KosieOaHHi

/

77' = 2/7 —
g
MaT€MaTHYCCKOI'O MassTHHKaA: -

Hcnonb3yst MoJenb W 3aKOHBI KOJeOaHWH MaTeMaTH4ecKOro MasTHHUKA, MOYKHO IMPOHA0II0/IATh
CBOOOJTHBIE KOJICOAHMSI, @ TAKXKE C UX TTOMOIIBIO ONMPEIETUTh YCKOPEHUE CBOOOHOTO TAJCHUS ISl CBOCH
MECTHOCTH Y CPABHUTH CO CIIPABOYHBIM 3HAYEHHUEM £.

- [."\" <
g=4r —
e

yCKOpeHI/IC CBO60,I[HOFO nagcHus MOXCET OBITH BBEIYMCIIEHO 110 (I)OpMy'J'Ie

1. 3akpenuTh HUTh MAaATHUKA B JieprKaTelie IITaTuBA.

2. Usmeputh anuHy MasTHUKA (IJIMHA MasTHUKA CUMTAETCA OT TOYKM MOJBECA JI0 LICHTPA TSKECTH
IIapHKa).

3. OTKJIOHHTH MIAPUK Ha yroi He 6oiee 10° U OTIYCTHT.

4. OnpenenuTs BpeMs, 3a KOTOpoe MasiTHUK coBepii 20 koneOaHuil.

5. Beruuciauts nepuoj konebanusi MasTHUKA, UCTIONB3Ys hopmyiny Nt T .

6. [ToBTOpPUTH OMBIT e11e TPH pa3a, yMeHbIIast (WM YBEIMUNBas) ATUHY HUTU MasTHHUKA.

7. Pe3ynbrarhl 3aHECTH B TaOJIUILY.

Tab6muma Nel
Ne JlnuHa HUTH MasiTHUKA |, M Yucno monHsIx Bpewms xonebanuii | Ilepuon
kosie0anuii N t,c koseOanmii T, ¢
1 20
2 20
3 20
4 20

8. Chenatp BBIBOJI O 3aBUCUMOCTH IIEPUO/Ia HUTSHOTO MasATHUKA OT JUIMHBI €70 HUTH.
KoHTpoJibHBIE BONIPOCHI.
1. Yro Ha3bIBaIOT NEPUOJIOM KOJICOAHU MasgTHUKA?
2. UYro Ha3wIBAIOT YacTOTOM KoJeOannii MagTHrka? KakoBa equHuIia 4acTOTHI KOJICOaHMA?
3. OT KaKux BEJIMYUH U KaK 3aBUCHUT MEPUOJI KOJIEOAHNH MaTeMaTUYeCcKoro MasTHUKa?
4. Ot KaKux BEJIMYMH U KaK 3aBUCUT MEepUOJI KoeOaHUI NPY>KUHHOTO MasITHUKA?
5. H3obpa3ute MaTeMaTHUECKUIl MasiTHUK B KpaliHel MpaBoi TOUKE M MOKAXHUTE HA YepTEeXkKe CUJIB,
JICWCTBYIOIIME HA IIAPUK B TAHHOW TOUYKE TpaeKkTopuu. Hapucyiite paBHOAEHCTBYIONIYIO CHUJI.
6. Kak MeHsieTcs BelIMUMHA U HaNIpaBlieHHE PaBHOACUCTBYIOIIEH CHII B TeUEHHE Nepruoia?
dopma npeacTaBiaeHus pe3yabrara:
PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAU ISl JAOOPaTOPHBIX padoT
Kpurepum ouenku:
3a mpaBUIIHLHO BBITOJHEHHOE 33JaHHE BHICTABIISAETCS IOJIOKUTENIbHAS OlleHKa — | Oasu.
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3a HelpaBWJIBHO BBIMOJTHEHHOE JICHCTBUE, 3a/IaHNE BBICTABIISETCS OTpHUIIaTebHAs oreHKa — () 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 5.1 Mexannueckue KoJe0aHUA M BOJHBI

JladopaTropHoe 3ansiTue Ne2?2

I/I3y'1e}me 3aKOHOB IIPYKUHHOI'O MasiTHUKA

Lesb: IKCIEPUMEHTAIBHO YCTAaHOBHUTH 3aBHCHMOCTB IEPHOAA KOJICOAHUH MPYKUHHOTO MasTHUKA OT
KECTKOCTHU MPYKHHBI M MAaCCHI TPpy3a

Beinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,IIK 1.3

MartepuajbHoe odecniedeHne: MTATUB ¢ My(PTOH U J1anKoii, HAOOp MPYXKHUH PA3HOHM KECTKOCTH, HAOOp
Ipy30B Pa3HON MacChl, CEKYHIOMEP

IMopsinok BbINOJIHEHUs PadOTHI:

Onpedenenue 3a8UCUMOCMU NEPUOOA KOJIeOAHULL OM MACChbL 2PY3d

1. Cobepure npyXHHHBII MasTHUK, UCIOJIB3YsI BEITAHHOE 000PY/IOBaHUE.

2. BrBeguTe MasSTHUK W3 TIOJIOKEHUS PABHOBECHS, BKIIOUUTE CEKYHJOMEP M OTCUHMTANTE IECAThH
KoneOanmii. Vcrone3ys moka3aHus CEKyHAOMEpa, pacCUMTaiTe MEepHoja KOoJeOaHWH U 3aloJIHUTE
MIEPBYIO CTPOKY TAOJIUIIBL.

Ne ombiTa N t,c T,C m, K& m™ kr’ k ,u/™m
1
2
3
4
5

3. TloBropure skcnepuMeHT emé 4 pasza, yBelIn4MBas Maccy HO, He MEHsS NMpYXUHBL. [1o momydeHHbIM
JTAHHBIM 3aIIOJTHUTE TaOIHUILY.

4. Tloctpoiite rpaduk 3aBucumMocTty neproa konedanuit (T) oT KBapaTHOro KOPHS U3 MacChl (ml/z).

5. Ilo dopme rpaduka onpeaenute BUI 3aBUCUMOCTH MEXITY TIEPHOIOM M KOPHEM KBaJIPATHBIM U3

MacCcChbI.

Onpeodenenue 3a8UcUMocmu nepuooa Korebanuti om HcéCmKoCmu nPY#CUHbL

1. Colepure npyKMHHBIN MasTHHUK, UCIIOJIb3YS BBIIAHHOE 00OPYIOBaHHE.
2. BeiBemuTe MasATHUK W3 TOJOXKCHHUS PABHOBECHS. BKIIOUNUTE CEKYHJIOMEP M OTCUHMTAHTE JECATh
KOJIEOAHUH.
3. Hcnomnp3ys moka3aHus CEKyHIOMepa, pacCUUTalnTe Tepruo 1 KojaeOaHuH 1 3al0JTHUTE ITEPBYIO CTPOKY
TaOJIMIIEL.
Ne ombiTa N t,c T,c m, KT k,H/m Km,(H/M)”2
1
2
3
4
5
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4. TloBTOpuTe sKcriepuMeHT emé 4 pasa,yBenuunBas K03()(UIUMEHT KECTKOCTH HO, HE MEHS Maccy
rpy3a. [lo mosy4eHHbIM TaHHBIM 3aIIOJIHUTE TAOIUILY.
5. Tloctpoiite rpaduk 3aBucumoctu mnepuoma konebanuii (T) oOT KBaapaTHOro KOPHS u3
koa(durmenTa KECTKOCTH. (kll 2).
6. Ilo ¢opme rpaduka ompenenuTe BUJ 3aBUCHUMOCTH MEXAY MEPHOJOM U KOPHEM KBaJIpaTHBIM M3
kod(durmenTa XKECTKOCTH.
7. CpnenaiiTe BBIBOJ O 3aBUCUMOCTH TIepuoja KojeOaHMM OT Macchl Tpy3a M Kod(pQuIMeHTta
JKECTKOCTH.
KoHTpoJibHbIE BONIPOCHI:
1. B xakom nojoXeHuH MasTHUKA CKOPOCTh OyAeT MaKCUMaJIbHOM1?
2. B KakoM MOJ0XeHUU MAaATHUKA CKOPOCTh paBHA HYJIIO.
3. YBenu4mwid WM YMEHBIIMIN MAacCy Ipy3a, MOABEIICHHOr0 K MPY)KMHHOMY MAasiTHUKY, €CIIU: a)
nepuo; ero konedbanuii cHavana owu1 0, 4 ¢, a mocie u3mMeHenus maccel cran 0, 2 c;
0) yacToTa ero kosieOaHuii BHavaje Obl1a paBHa 6 ['11, a moTom ymenbmuiaace 10 5 I'u?

®dopma npeacTaBiaeHus pe3yabTara:
Pabora momkHa OBITh ITpeCTaBICHA B TETPAIH IS TaOOpaTOPHBIX padoT
Kpurepun oneHku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKUTENIbHAS OlleHKa — 1 Oa.
3a HeMpPaBWIIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNUE BBICTABIISCTCS OTPHUIIATEIbHAS OlleHKa — 0 0aJlIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89% npaBUITBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% nmpaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 npaBUIBHBIX OTBETOB

Tema 5.2 DnekTrpomMaruuTHbIE

JlaGopaTopHoe 3aHsiTHe Ne23
YcrpoiicTBo TpaHchopMaTopa U reHeparopa
Henab: n3yunTh YCTPOICTBO U MPUHLIUI pabOTHI TpaHC(HOpPMaATOpa U reHepaTopa.

BbinosiHeHune pa6oTsl criocodcTBYeT (POPMUPOBAHUIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,I1K 1.1,ITIK 1.3
MarepuajnbHoe o0ecnieyeHue:
TpaHcopMmaTop J1abOpaTOPHBINA, JamIia HaKallMBaHUSA, KIIOU 3aMbIKaHUS TOKA, KOMIUIEKT MPOBOJIOB
COCONHUTCIBbHBIX.
3amanne
1. UzyuwTth cTpoeHUe, HA3HAYEHWE W MPHUHIIUI ACUCTBHS TpaHchopMaTopa
2. VI3yuuTh CTpOCHHE, HA3HAYCHHE W MPUHIUI JACHUCTBUS TeHepaTopa.

ITopsinok BbINOJHEHHS PadOTHI
H3yuenue ycmpoiicmea mpancghopmamopa

Tpanchopmarop npeodbpazyeT nepeMeHHbI TOK OJHOTO  HaIPsHKEHUs [IPH HEH3MEHHOM 4acToTe.
OH cocroMT M3 3aMKHYTOIO CEpAEYHMKA, M3TOTOBJIEHHOTO W3  CIELUUAIbHOM  JIMCTOBOU
TpaHCQOpPMATOPHOW CTajli, Ha KOTOPOM paclojiaraloTcs JABE KaTyIIKH (MX Ha3bIBAlOT OOMOTKAaMH) C
Pa3HbBIM YMCIIOM BHUTKOB U3 MEIHOM MPOBOJIOKH.

Opna wu3 OOMOTOK, Ha3blBaeTcs IMEPBUYHOM,  MOJKIIOYAETCd K MCTOYHHUKY IEPEMEHHOTO
HaNpsDKCHUs. YCTPOMCTBA,  MOTPEONSIOMUE  DIEKTPOIHEPTHIO, MOAKJIIOYAIOTCA K BTOPUYHOU
00MOTKE, UX MOYKET OBITh HECKOJIBKO.
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[Ipu BbIMOMHEHMH pPabOTHl CIENYEeT H3YyYUTh YCTPOMCTBO TpaHC(hOpMaTOpa, BKIOUYUTH €T0 B
ceTh TmepeMeHHOro Toka (36 B). B pexxume xomocToro xoma HW3MEpUTh HANpPsDKEHHWE HAa OOMOTKax U
BBIUUCIIUTh KO3 duuument tpanchopmanmm, a npu pabore TpaHCPopMaropa «IIOI  HATPY3KOM»
YCTaHOBHUTBH CBSI3b MEXKJYy TOKAMH W HAIPSDKEHHUEM B OOMOTKAX.
Tpancdopmarop cOCTOUT U3 ABYX KaTylIeK U cepaeyHuKa. CepIeyHUK COCTOUT U3 JBYX MOJOBHH,
KOTOpbIE
_ BCTaBISIIOT B KATyIIKy M C TOMOIIBIO  CKOOBI
“stwena 3aKPEILISIOT HA OCHOBAHHML.

N, pemawm

N, wtecn
Mepamai
e
— | T Brogerwesd

1. Paccmorpute  yctpoiicTBO  TpaHcdopmaropa.

Onpenenure TNEpPBUYHYIO OOMOTKY  (KI€MMBI C

— Haanuchlo: 36 win 42 B) u 1Be BTOPUYHBIX KJIEMMBI 2,2

B u 4,4 B)

2. HauepTuTe 3neKTprUecKylo cxemy TpanchopmMaropa.

3. Paszbepute tpancdopmarop. s 3TOro moBEpHHTE

§ CTO OCHOBAHHEM BBEDX M OTKpYTMTE JBe raiiku

KpEIUICHHUs CKOOBI. BBIHBTE CEepJCUHUK U PACCMOTPHUTE

€ro yCTPOMCTBO.
4. CobGepure Tpanchopmarop. s 3TOro BCTaBbTE CEPICYHUK CO CKOOOW B KATYIIKH. Y CTaHOBHTE
TpaHcGopMaTop Ha OCHOBAHUE U 3aKPEIUTE €ro raikamu.

H3y4denne ycTpoiicTBa renepaTopa.

I'enepatop moctossHHOro TOKa (puc. 1) COCTOMT M3 JBYX YacTeil: HEMOJABMKHOW M BpallarolIeics.
HenoasmxHas yacTh (cTaTop) SBJISIETCS OCTOBOM MAIIMHBI U OJHOBPEMEHHO CIIYKUT JUISL CO3JIaHUS
MarHMTHOrO MoOTokKa. Bo Bpamiaromielics 4acTd, Ha3blBaeMOM SKOpeM (pOTOpPOM), HHIYLHUPYETCs
anexkTpoaBrkyas cuia - S/1C.

KoHcTpykius renepaTopa nocTOSHHOTO TOKa (CM. puc.2).

HenonBmxkHas 4yacTh COCTOMT M3 CTaHUHBI (1), TIaBHBIX MOMOCOB (2) ¢ 0OMOTKOM BO30YyxkaeHus (3) u
JIOTIOJTHUTENBHBIX MOJIOCOB (4), YMEHbIIAEMbIX UCKPEHHUE O] IIETKAMH.

SIkopb MMeeT cepieuHHUK (5), HAOpaHHBIA U3 TOHKUX CTAJIbHBIX JIUCTOB, OOMOTKY SIKOpsI (6), 3a10)KEHHYIO
B ma3bl cepieyHuka u kosuiektop (7). Ha moBepXxHOCTh KOJUIEKTOpa HAJIOKEHBI YTOJIbHO-TpadUTOBbLIE
metku (8), obecreynBaroNIe CKOJB3SIIMM KOHTAaKT ¢ OOMOTKOHM Bpatmatomierocs sikops. Komimektop
umeeT (HopMy IWIMHAPA U BBIOIHSACTCS U3 M30JIMPOBAHHBIX MEIHBIX TUIACTHH - JIaMeNIeH - K KOTOPBIM
MIOJICO€IMHEHBI CeKIMU SKOpHOW 00MOTKHU. Bpaimasice BMecTe ¢ 00MOTKOM, KOJJIEKTOP BBIIOJIHSIET POJIb
MEXaHUYECKOTO BBITPSMUTEIIS.

OOMoTka BO30OYXIEHMS  CO3[aeT IJIaBHbIM MarHUTHbIM mnoTok @ mnomocoB. B reHeparopax c
HE3aBUCHMBIM BO30YKIIEHHEM OHa IHTAeTCs OT IIOCTOPOHHETO WCTOYHUKA ITOCTOSHHOTO TOKa
(BBIIpAMUTENSA, aKKyMylsiTopa © T.1.). C TeHeparopoM C MapajuledbHBIM BO30YXJAEHHEM OOMOTKa
TJIABHBIX TIOJFOCOB MOJKITIOYEHA K TIIaBHBIM IIETKaM, T.€. apaJUIeNIbHO IeTH IKOps. B CBsA3M ¢ A THM ISt
BO3HUKHOBEHUS MarHUTHOro moroka u DJIC HeoOXomuM XoTs Obl ci1alOblii OCTATOYHBIM MarHUTHBIA
MOTOK. biaromapss HanMuUWI0 OCTATOYHOTO MarHeTH3Ma BO3HHKAET IMPOIECC CaMOBO30YKICHUS
reHeparopa.

141




Puc.1. Puc.2.

1. Crpoenne Tpancdopmaropa - Ha4YepTHTb, COCTaBHBIC YAaCTH YKa3aTh, (OPMYIbI 3amKcaTh, Ha
KOHTPOJIbHBIE BOIIPOCHI OTBETHTb.
2. CTpoeHue reHepaTopa - HA4epPTUTh, COCTABHBIC YaCTH YKa3aTh, (OPMYIIBI 3a1ucaTh, Ha

KOHTPOJIbHBIC BOIIPOCHI OTBETUTD.

KoHTpoJibHbIe BONIPOCHI
1 BapuanTt
1.YUto Ha3bIBaIOT MHAYKIIMOHHBIMU T€HEepaTopamu?

2.Kakoii TpaHchopMaTop Ha3bIBAIOT IOBBIIIAIONINM, & KAKOW TTOHMKAFOIINM?

3.Yrto Takoe XoJocToi xo/ Tpanchopmaropa’?

4.ITouemy cepae4HUK TpaHCHOpMaTOpa U3TOTABIUBAIOT U3 CTallM, a HE U3 Meau?

5.B mepBuyHOi 00MOTKE TpaHCPOpMAaTopa, BKIFOUEHHOH B ceTb ¢ HampsbkeHueM 380B. Copepxutcs
1320 BuTkoB. Onpenenuts HaAIpsDKEHUE Ha BTOPUYHOM 0OMOTKe, ecniu oHa coaepkut 300 ButkoB. Bun
TpaHcopmaTopa yKka3arh, OTBET IMOSCHUTD.

2 BapuMaHT

1. HazoBuTe OCHOBHBIE YaCTHU reueparopa IepcMCcHHOIr0 ToKa.

2.  JlokasaTb, 4TO y MOBBIIIAIONIETO TpaHchopmaTopa K>1.

N3mensier 1u TpanchopMaTop 4acToTy Mpeodpa3yeMoro NepeMeHHOro Toka?

[Touemy cepneuHuk Tpanchopmaropa coOMparOT U3 OTAEIbHBIX IUIACTUH?

Ecnu Ha mepBUuyHYI0 OOMOTKY TpaHc(opmaropa nojaercs HampspbkeHue 220B, To Ha BTOpUYHOMH
0OMOTKE MpHU XOJIOCTOM XOJie noydaercs HanpsokeHue 130B. Uucno BUTKOB MepBUYHOW OOMOTKHU
paBHo 400. OmpenenuTh 4MCIO BUTKOB BO BTOpHMUHOM oOMoTke. Bun tpanchopmaTtopa ykasats,
OTBET IOSICHUTb.

3 BapuaHT

o s w

1.  KaxoBa posnb HHAYKTOpA U SIKOPsL B YCTPOUCTBE reHepaTopa NePEeMEHHOT0 TOKa?

2. Uro Takoe noHwxaromui Tpancpopmarop?

3. Tlouemy cepaedHuk TpaHchopmaTopa JIeNaloT He CIUIOMIHBIM. A U3 MHOKECTBA TUTACTHH,
W30JIMPOBAHHBIX JIPYT OT Apyra?

4.  TloueMy MOIIHOCTH, MOTpebsieMas OT BTOPUYHONW OOMOTKH, MEHBIIIE MOIITHOCTH, MOJIBOJAUMOMN K
MepBUYHOI 00MOTKE?

5. CkolbKO BHTKOB JOJDKHAa HMETh BTOpHYHAs OOMOTKa TpaHcpopMmaropa Ui TOHMKEHHUS
HanpspkeHus ¢ 12000 no 120B, ecnu mepBuuyHas oOmotka coaepxutr 4000 Butkos? Bun
TpaHcopmaTopa ykas3arb, OTBET MOSICHUTb.
®opma npeacTaBiaeHus pe3yJabTara:

PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAU ISl JAOOPaTOPHBIX padoT
Kpurepum ouenku:

3a mpaBUIILHO BBHITOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.

3a HeMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNEe BBICTABIISIETCS OTPHUIIATEIbHAS onleHKa — 0 OaioB.

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

Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
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Oyenka «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvHoy svicmasisiencs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 5.3. OnTuka
JlaGoparopHoe 3ansiTue Ne 24
Omnpenesienue moka3areJisi NpeJTOMJIEHHS CTEKJIa
Ilenv pabomoi: onpenenuTh MOKa3aTeNb MPEIOMIICHUS CTEKJIA SKCIIEPUMEHTAIBHBIM ITYTEM.

BoinosineHne padoTsl cioco0CTBYET (POPMUPOBAHMIO:

OK 01, OK 02, OK 05,0K 06, OK 07, OK 04,0K 09,IIK 1.1,IIK 1.3
MatrepuanbHoe ofecrieyeHHe: MIACTUHKA C MapajuleIbHBIMU I'paHsIMU; OyJaBKU; YUCTHIHM JUCT Oymaruy;

JIUCT KapTOHA,; TPAHCIIOPTHP, HOI[T)GMHHﬁ CTOJINK, Ta6nnua SHAYCHUA TPUTOHOMECTPHUUCCKUX (bYHKI_II/Iﬁ

3aoanue
1. [TocTpouTh X0/ CBETOBOTO JIydya Yepe3 CTCKISIHHYIO IUIACTUHY.
2. [Ipoananu3upoBaTh X0 CBETOBOTO JIyda Yepe3 CTCKISTHHYIO IUIACTHHY.

3. OmpenenuTs Moka3areab NPEIOMIICHHS CTEKIIA M PACCUUTATh MOTPELTHOCTh HKCIIEPUMEHTA.
ITopsinok BbINOJIHEHHUS PadOThI

=

Ha noabemHblil CTOIMK HOJI0KUTH YUCTBINA JTUCT OyMaru ¢ MojjI0K€HHBIM CHU3Y KapTOHOM.

2. C omHOUM CTOPOHBI CTEKJIa HAKOJOTh Be OynaBku 1 U 2 Tak, 4TOObI MpsAMasi, IPOXOsIias yepes
HUX, COCTaBJIsIa YTOJ 04 C MEPHEHAUKYISIPOM K IJIOCKOCTH IUIACTUHKY (puc. 1).

3. TloaHATH pUCYHOK Ha ypOBHE I'Jla3 U, HaOMr0/1as Yepe3 IUIAaCTUHKY, HAKOJIOTh JIBE ApYyrue OyaaBKU
TakK, 4YTOOBI BCE UeThIpe OyJIaBKU OKa3allCh HA OJTHOM MPSAMO.

4. Crexio u OynaBKM CHSTh, MECTa HAaKOJOB OTMETUTh Toukamu 1,2,3.4 u yepe3 HUX TPOBECTH

MpsIMbIE JIMHUM JI0 TIepecedyeHusi ¢ rpanumamu crtekia (puc. 2). IlpoBectn uepe3 touku 2 u 3

neprneHIuKynsapsl k rpanuiam cpex AB u CD.

TpaHcOpTUPOM U3MEPHUTDH YIJIbI MAJCHUS O U YIJIbI IPEeOMIIEHUS f3. sin a

[To Tabnuiie 3HaYECHUI CHHYCOB ONPEENIUTh CUHYChl U3MEPEHHBIX YIJIOB. | ———— =

Beruucnuth k03¢ huIMeHT npenomiieHus no Gopmyie: sin g

OnBIT NOBTOPUTH TPH pasa.

n

o No o

Puc. 1. Puc. 2

9.  Pesynbrarhl U3BMEpPEHUA, BHIYUCICHUH 1 TAOJUYHBIC JaHHBIC 3aITUCaTh B TaOuy 1.
10. Beruucauth aOCOMIOTHYIO (A) M OTHOCUTEIBHYIO (€) TOTPEIIHOCTH IO PopMyTIam:
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11.

CraenaTh BBIBOJ 1O paboTe

A
&= -100% A=n _ — N,
nma6,1
Tabmuua 1
VYron nagenus| Yrommpe- | Koadpdu- 2 N - -
< < S
OIBITa | CBETOBOIO | JIOMJIEHHSA LUEHT 5 5 o = 5 4 g
=N ) C v = 3 4
y4a CBETOBOTO | MpPEJIOM- s g = -’ E 3 5 5
) Q @) S n o =
. ay4a JICHUSA 3 _g ; = _g 5 mapa = qE) 5 E
] fas) Q o)
@ =g = 5 82 e & | £ &
b n 52 (88 |28 |85
)
52 ¢ = |58

©CooNo~WNE

10.
11.

12.
13.

14.
15.

KOHmpOJleble 60NPOCHL

UTo Ha3BIBAIOT CBETOBBIM JIy4OM?

CdopmynupyiiTe 3aKOH OTpaKECHHS CBETA.

KakoB ¢u3nueckuii cMbICl OKa3aTesl NpeoMiIeHUs cBeTa?

Yewm oTamvaeTcst aOCOTIOTHBIN MTOKA3aTelb MPEJIOMIICHUS CBETa OT OTHOCHUTEIBLHOTO?
ChopmynupyiiTe 3aKOH MPETOMIICHUS CBETA.

UTo Ha3bIBAIOT MOJIHBIM OTPaKEHHUEM CBETa?

KakoBa ckopocTh pacnpocTpaHeHUs CBeTa B Bakyyme?

Uto Ha3BIBACTCSA ONTUYECKON IJIOTHOCTHIO BEIICCTBA?

Jlyd cBeTa mepexoauT U3 CPeibl ONTUYCCKU OoJiee TIOTHOW B Cpelay ONTHYSCKH MEHEE IIOTHYIO.
Kak u3meHsieTcs mpu 3ToM 4acToTa KosueOaHUil v JUTMHA BOJIHBI?

B uem coctout npunuun ['roiirenca?

Jly4 mepexouT U3 BOJbI B CTEKII0. YTOJ NaJICHUS O = 30°. Haiitu yron mipenomiieHus (Ny = 1,3; Ny
=1,6).

VYroi npenoMieHus CBeTa B IIIUIEPUHE 45°. Haiitu yroi najaeHus B Bozayxe (N, =1.47).

Jlyd majmaer Ha MOBEPXHOCTH BOJBI IO YTIIOM 30°. Tlox kakum yIJIOM JIOJDKEH yIacTh Jyd Ha
MOBEPXHOCThH ajMasa, YTOObI YroJd MpeloMIIeHHs] ocTalcs TaKUM Ke? (Nposn= 1, Npoxu=1,33, Nam.=
2,42).

HaiiTu pa3HOCTh CKOpOCTEIi CBETa B BOJIE U CTEKIIC, €CIHU Nyory=1,33, Nere =1,5.

OnpefenuTh MPeaebHBIA yroj TMOJHOTO OTPaXCHHs s BOJBI, CTekina, anmasza. (Ne.= 1,6;
Nsoxs=1,33, Namy.= 2,42) (OTB.: 0101=49°, 0102=40°, 0195=24).

®opma mpenocTaBiIeHHs pe3yJibTaTa

BrITIOTHEHHBINM OTYET B TETPAIH I Ja0OPATOPHBIX padoT.

Kpurepun ouenku:

OueHKa «omauyvHo) evicmaendencsa: TIPABUIBbHO BbIIIOJIHCHBI BCC 3adaHUsA B COOTBCTCTBHUU C

Tpe6OBaHI/I$[MI/I, MPaBUJIbHO BBINIOJIHCHBI JOIMOJHUTCIBHBIC 3aJaHHsdA, CBOCBPEMCHHO IPEAOCTABIICH
OTYECT O BBIITOJITHCHHUH pa6OTI>I.
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Oyenka «xopouioy evicmasnsemcs: TPABUIBLHO BBIIOJIHEHbI BCE 3aJlaHUSl B OCHOBHOM YacTH,
JIOTIOTHUTEIbHBIC 3a/IaHUsl BHITIOJHEHBI HE B IMOJIHOM OOBEME, MPEAOCTABICH OTYET O BBIMOTHCHHH
paboTbl, JMOO B CiIydae HECBOCBPEMEHHOTO MPEJOCTaBICHUS OTYeTa WIM C HaJIUYUEM
HECYIIECTBCHHBIX OMIMOOK B BHITIOJTHCHHUH 3a/1aHUS.

Oyenra «y0081emeopumenbHoy GblCMAsIsemcsl: BHIIOTHEHBI HE Bce, HO Oomnee 50% 3amanuii paboThl,
JIOTIOTHATEIFHBIC 3aJlaHusl HE BBIMOJTHEHBI, HECBOCBPEMEHHO IPEIOCTABICH OTYET O BBIMOJIHCHHUH
paboTHI.

OL;@HKCZ «HeydoejzemeopumeﬂbHo» gvlcmaeisemcs: BBIIOIHEHO MeHee 50% pa60TbI, HEC BBbIIIOJIHCHBI
JOITIOJIHUTCIIbHBIC 3aJaHusl, OTYCT O BBIIIOJJHCHHUHN pa6OTBI HC IPCAOCTABJICH.

Tema 5.3 OnTuka
JladbopaTopHas padora Ne25

Hao0nronenne nurepgepenunu u 1ugpakumnu ceera
eab padoThl: SKCIIEPUMEHTAIBHBIM IYTEM IPOHAOIII01aTh UHTEP(EPEHLINIO U TUPPAKIUIO CBETA
Boinosinenue padoTsl cnocodcTByeT GOPMHPOBAHMIO:
I1P62, I1P66, I1PGS, IIPy3, Ilpy7, I1Py8, I1Pyl10, ITPy12, I1P610, Ilpy2, [IPy12, ITP610, MP3, MPS5,

MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepuanbHoe o0ecnedyeHMe: TIJIACTUHBI CTEKJISSHHbIE — 2 INT., JlaMIa C OPsIMOM HUTHIO HaKaia,

IITaHT CHIIUPKYJIb.
3ananue

1. TIponaGmronaTh ¥ U3YYUTh UHTEP(EPEHIIMOHHBIE KAPTUHBI.
2. TlponaGmromats ¥ U3y4UTh AU(PAKIIMOHHBIE CIIEKTPHI.
ITopsinok BbINOJHEeHUs PadOThI

Ha0nronenne narepdepennnu cera.

=

CrekJIIHHbIE MJIaCTUHBI TIIATENIBHO MPOTEPETh, CIOKUTH BMECTE U CXKATh MajbIaMH.

2. PaccmoTpeTh IIIacTHHBI B OTPaXXEHHOM cBeTe Ha TEMHOM (hoHe (pacmojaraTb UX HaJ0 Tak, 4YTOOBI
Ha IMOBEPXHOCTU CTEKJIa HE OOpa30BBIBAINCH CIUIIKOM SIPKHE OJMKHU OT OKOH WM OT OelbIX
CTEH).

3. B oTmenpHBIX MecTax COMPUKOCHOBEHHMS IJIACTUH HAOIIOMATh SPKUE paay KHbIE KOJIbIIeOOpa3HbIe
WM HePaBUWIbHON (hOPMBI TIOJIOCHI.

4. 3aMeTuTh HU3MEHEHHE (OPMBI M PACIONONKEHHS] MOJYyYEHHBIX HHTEPPEPEHIIMOHHBIX IOJOC C
MU3MEHEHNEM Ha)KHMA.

5. TlombiTatbes yBUAETH HHTEP()EPEHIIMOHHYIO KAPTUHY B IPOXOASILEM CBETE.

Haoaronenune nudppaxkuuu ceera.

=

VYcTaHOBUTH MeX 1y I'yOKaMH IITAaHT€HLIUPKYJIS el MUpuHOH 0,5 MM.

IIpucTaBuUTh LIENb BIUIOTHYIO K IJ1a3y, PACIOJIOKUB €€ BEPTUKAIBHO.

3. CMOTps CKBO3b IIENTb HA BEPTUKAITBHO PACIOJIOKECHHYIO CBETSIIYIOCS HUThH, HAOMIONATh IO 00e
CTOPOHBI HUTHU PaY>KHbIE MOJIOCHI (AU(PPAKIIUOHHBIE CTIEKTPHI).

4. Wamenss mwmpuny menu ot 0,5 go 0,8 MM, 3aMeTuTh, Kak 3TO BIUsAET HAa JUpPaKIUOHHBIE
CIIEKTPBI.

5. 3anomHuTh TabmMIy 1, cenaTh BEIBOJ 1O HAOIOaEMbIM SBJICHHSIM.

®opma npegocTaBIeHHUs Pe3yibTaTa

N
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Tabmuma 1

No uHTepepeHIus TG paKIus

T Haxarue Bun unrepdepeHunoHHbIX Pasmep Bun
0JIOC IeNU, MM TG PaKIIMOHHOTO
CIIEKTpa

1 CHJIBHOE 0,5

2 cpenHee 0,6

3 ciaboe 0,8

KonTposbHbIe BONpochl
1. Kak nomy4aroT KOrepeHTHbIE CBETOBBIE BOJIHBI?
2. B uéMm cocrout siBiieHne MHTEp(dEepeHINH cBeTa?
3. C xako# (pu3NYECKON XapaKTepUCTUKON CBETOBBIX BOJIH CBA3aHO Pa3inyue B 1BeTE?
4. Tlocne yaapa KaMHEM 10 TIPO3PaYHOMY JIbJTy BO3HUKAIOT TPEIIMHBI, IIEPEITUBAIOIINECS BCEMU
useramu panayru. [louemy?

5. Tlepeuncnute OCHOBHBIE MPUMEHEHUS HHTEP(HEPEHIUH.
6. Uro HasbiBaroT audpakuueii ceera? Kornga ona nabmogaercsa?
7. Cdopmynupyiite npunuui ['roifrenca-dpenens.

®opma npeacTaBiaeHus pe3yJbTara:

PaboTa momkHa ObITH BBIIOIHEHA B TETPAIH LIS JJAOOPATOPHBIX paboT.

Kpurepun oueHku:

3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIIIETCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.

3a HCIIPABUJIbHO BBIITOJIHCHHOC HeﬁCTBHe, 3a1aHHUC BBICTABJIACTCA OTPHULIATCIIbHAA OLICHKA — 0 6amnoB.

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

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

Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyooenemeopumensvHoy svicmagisiencs 3a Menee 60%0 mpaBUIBLHBIX OTBETOB
gvicmasnsemcs 3a menee 60% MpaBHIIBHBIX OTBETOB

Tema 5.3 OnTuka
JlabopaTopHnasi pa6ora Ne26

Onpenaesnenue JJIHHBI CBETOBOM BOJIHBI € IOMOIIBIO IM(PPAKIIMOHHON peleTKH
Lesan padoThl: U3ydeHue sBIEHUS TU(PAKINU U ONpeieTIeHNs JJTUHBI BOJIHBI CBETA

Boinosinenue padorsl cnocodocTByeT (POPMUPOBAHUIO:

T1P62, T1PG6, IIP6S, [IPy3, Mpy7, [Py8, [Py10, IIPyl12, IIP610, IIpy2, IIPyl12, [IPG10, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepuanbHoe o0ecniedenne: TUGPaKIIUOHHAS PEIIeTKa, HCTOYHUK CBETA, YCTAHOBKA IS
HaOMroIeHUs TUGPAKIIMOHHON KapTHHBI

3aganue

1. B xopxe skcniepuMeHTa IpoHaob01aTh AU(paKIIKIo CBETA.
2. ONBITHBIM IIyTEM BBIYUCIUTH JAJIHMHY CBETOBON BOJIHBI.
IHopsiioK BHINOJHEHUS PAadOTHI
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CxeMa yCcTaHOBKH

YcranoBka i HaOmoaeHUs AU(paKIUOHHON
KapTUHBI COCTOUT W3 JEPEBSIHHOM pEHKH, HAa KOTOPOM
ykperuieHa mudpakunonnas pemérka [IP. Ilo peiike
nepemeniaercss WUTOK LIl ¢ y3koH 1Ienpl0 U JIMHEHKOHU ¢
MHJUIMMETPOBOM  IIKanou. Poib JIMH3BI  BBIIOJHAET
xpycranuk rna3za XP. M3o0paxeHue menu odpasyercs Ha

cetuatke T1naza CI° wm wHabmomaercs Ha  (doHe
MUJUTUMETPOBOW IIKaibl. PazMepaMu ria3zHoro s0ioka u
paccTosTHUEM OT TJ1a3 JI0 PeHIETKA MOYKHO MPeHeOpeyb 110
CpPaBHEHHUIO C PACCTOSHHEM OT Ieau 10 pemérku L.
[llens ocemaercs snexktpudeckoi Jammoukon JI. Ecmnu

| L
h’g PU

CMOTPETh Ha OCBEUIEHHYIO CBETOM LIEJNIb Yepe3 AUPPAKIMOHHYIO PEIETKY, TO KpOME LEeHTpaabHOro [
n300pakeHus eI B OEJIOM CBETE MO 00€ CTOPOHBI BUIHBI €€ CUMMETPHUYHBIC Paly’KHbIE N300pakeHUs
PU (cnextper). Yron audpakmuu ompenensercs Mo MOJOKEHHI0 AU(PPaKIMOHHOTO MaKCHMyma Ha
MUJUIMMETPOBOM HIKAJIE.

W3 reomeTpuyecKkux MOCTPOCHUN SICHO, YTO |/ L =tg@, rme l-paccrosnue or ueHTpasbHOro

n3obpaxenus menu (K = 0) 10 0HOTro U3 GOKOBBIX H300pakeHHH; L— paccTosHUE OT PEHIETKH 10 IIEIH.

YuuTteIBasi, 4To tg (OX sin (P U1 MaJIbIX YIJIOB AU(PAKIMH, TOTYYUM | / L ~sin 0]
1)
Ucnone3ys dopmyny (1) u yciaoBue TNIaBHOTO MakCHUMyMa HMHTEHCHBHOCTH CBETa, MPOIIEIIIETO
CKBO3b PEIIETKY csinp=kA,
I7Ie ¢ — MOCTOSIHHASI PEIeTKH (UM JPYroe Ha3BaHHWE — MEPUOJ PEIIETKH) k=0, +1 +2... - HOMED

HNINn HOpSI)IOK MaKCI/IMyMa, HOJ'IyT{I/IM BI)Ipa)KeHI/Ie IJIA BBIYUCIICHUA OJIWHBI BOJIHBI 7\,, B KOTOpOM BCC
|.c
BEJIMYHUHEI JIETKO U3MEPSIFOTCSI Ha YCTaHOBKE:! A=—r 2

k-L

Beinosinenune padorsl

=

BxirounTte ycTaHOBKY B CETb.

2. Tlpubmu3uB rna3 K AudpakMOHHON peméTke, HalpaBbTe NPUOOP HA MCTOYHHUK CBETa TaK, YTOOBI
ObUIM BUJIHBI 110 00€ CTOPOHBI OT IENIM Ha IIUTKE AUPPAKIIMOHHBIE CIEKTPHI 1-Tr0 U 2-ro MOpsSIKOB.
3amepbTe paccTosiHue L- OT muTKa 10 U pakImOHHON pemETKe .

4. 3amepbTe paccTosiHMe | — OT cepeluHBbI IEHTPATBLHOrO MaKCHMMyMa [0 CEPEIMHbI MaKCHMyMa
IIEPBOTO MOPSAJIKA CUHETO LIBETA.

ITo gopmyre (2) BeIUMCIUTE ATUHY BOJIHBI CHHETO 1[BETA.

OmnbIT npojenaiite A1 BTOPOro Mopsiika CHHEro 1iBeTa. [lonydyeHHble JaHHbIe 3aHECUTE B TaOIHILY.

7. AHanoru4yHble MU3MEPEeHUs IMPOBEIUTE IS KEITOro, 3€JI€HOT0 M KPacHOro LBETOB MO YKa3aHUIO
IpenojaBaTes.

w

o o

A -,

8. Paccuwuraiite oTkI0HEHHE OT cpeanero AA = 1 3aHecuTe B Tabnuiy 1.

Tabnuua 1.

147



I{Ber k | cm A, HM <A>, HM A\, HM
CUHUU 1
2
3€JICHBIN 1
2
HKEITHIN 1
2
KpaCHBIN 1
2
9. Cnenaiite BBIBOJ 1O padoTe.
dopMma npeaocTaBIeHHs pe3yJIbTATa
1. 3amomHuTh Tabmuiy 1, crenaB HeOOXOAMMBIE pacUEThI O TAOJIUIIEH.
IBer k | cm A, HM <A>, HM A\, HM
CUHHIA 1
2
3€JICHBIN 1
2
JKEIITHIN 1
2
KpacHBIN 1
2

2. CpenaiiTe BBIBOJ 11O padoTe.

1. Yro Takoe nudpaxiusa? B KakuMxX KOHKPETHBIX SBICHUSAX OHA MPOSBISIETCS?
2. Kak ¢popmynupyercst npunimi [ roiirenca-dpenens?
3. Yro Takoe riiaBHble MakcuMymbl? Kak OoHM BO3HHKAOT?

4. Yro Takoe qudpaxironHbie MUHUMYMbI? KakoBa ux npupoaa?

KoHTpoJibHBbIE BONIPOCHI.

148



5. Yto mpoucxoaut ¢ qudpakiMOHHON KapTUHOM nipH yBenndeHun urcia meneid N? (ITosicHuTs
rpaduuecKn).

6. Uto Takoe audpakunonHas pemerka? Kak oHa u3roraBiuBaercs?
7. Kak 3anucaTh 1 00BACHUTH (HOPMYJTY IIIaBHBIX MAKCUMYMOB ((hopmyy TU(PpaKIIMOHHON PEIIeTKN)?

8. Kakas kapTuHa HaOmIOgaeTCA HA DKPaHEe NP OCBEIICHUH PEIICTKH OEJIBIM CBETOM, CBETOM PTYTHOU
JIaMIIbI?

9. Haumnas ¢ kakoro mopsiika M mepeKpbIBaroTCs AU(PPaKIIUOHHBIE CIIEKTPBI BUAUMOTO CBeTa?

10. KakoBa pouib JTMH3BI 3pUTENIbHON TPYOB! B 00pa30BaHUM TU(PPAKINOHHON KapTHHBI? MOXKHO JIn
JIMH3Y 3aMEHUTD IJ1a30M?

11. Ha xakoM pacCTOSIHUU OT JIMH3bI 3pUTENbHOM TPYOBI ClIEAYyeT YCTAHOBUTH 3KpaH JJisi HaOJII0eHUS
T(QPaKIMOHHON KaPTUHBI?

12. Kakoe npuMeHeHue uMeeT AUPpakiys B HAyKe U TEXHUKE?

13. OOBsicHUTE BOSHUKHOBEHHE OCJION MOJIOCH B IICHTPE TU(DPaKIIMOHHONW KapTUHBI IIPU OCBEIICHUN
O€JILIM CBETOM.

14. KakoB mopsJIOK clie0BaHMs IIBETOB B TU(DPAKIIMOHHBIX CIICKTpax?

®opma mpeacTaBJieHus! pe3yJbTarTa:

Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU JJIs JIaDOpaTOPHBIX padoT.

Kputepun onenkmn:
3a MpaBUIIHLHO BBITOJHEHHOE 33JaHHE BHICTABIISIETCS TTOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeNpaBUIILHO BBIITOJHEHHOE JEHCTBHE, 3a/laHHE BHICTABIIICTCS OTpHLIATEIbHAs OlleHKa — () 6asuioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopoutoy evicmasnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyooenemaopumensvHoy svicmagisencs 3a Meaee 60%0 mpaBUIBLHBIX OTBETOB
gvicmasnsemcs 3a menee 60% paBUIIBHBIX OTBETOB

Tema 5.3 OnTuka
JlaGopatopnas padora Ne27

Hao0Ju101eH1e CIVIONIHOTO ¥ JIMHEYATOr0 CIEKTPOB

Heanb padoThl: SKCIIEPUMEHTAIBHBIM TyTEM MIPOHAOIII0/IATh CIEKTPHI UCITyCKAHUS U MOTJIOIEHUS
[IPEAJIaraéMbIX BEILECTB.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

[1P62, T1P66, TTP68, T1Py3, Ilpy7, I1Py8, I1Pyl0, I1Pyl12, 1TP610, Ilpy2, I1Py12, T1P610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepuanbHoe oOecnedeHHe: TMPOCKIIMOHHBIA ammapar, CHEKTpalbHbIe TPYOKH C BOJOPOJIOM,

HEOHOM WJIM TeJHeM, BHICOKOBOJIBTHBIA MHIYKTOP, OaTapess aKKyMyJIsSTOPOB, IITATHUB, COCTUHUTEILHBIC
npoBoJia (001IMe Ha ayTUTOPHIO), CTEKIISTHHAS TIJIACTHHA CO CKOIIEHHBIMU TPaHSIMHU (BBIIAETCS KAKIOMY).

3aganue
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1. TIponaGmonaTh 0Opa3oBaHKE CIIEKTPOB UCITYCKAHUS U MOTJIOIICHHS.
2. BpIsBUTH MpUUnHY 00pa30BaHUs CIIEKTpA.

IHopsinok BbINOJHEHHUS PA0OTHI

Ecmu HU3TY4YCHUC UCTOYHHKA CBETA HAIIPpAaBUTh Ha CTCKIIAHHYIO ITPU3MY, Ha IIYTHU IIPOIICAIINX YEPE3

IIpUu3My nyqeﬁ IIOCTaBUTh 3KpaH, TO Ha 3KpaHE MOXHO Ha6J'IIO,I[aTB Ha60p HOBETHBIX ITIOJIOC — CIICKTP.

HpI/I‘II/IHa Ha6moz[aeMor0 SABJICHUA COCTOUT B TOM, UTO CBCTOBLIC JTYYH UMCIOT OJMHAKOBYIO CKOPOCTb CsB

BaKyyMe, a B JIpyroil cpene, (Harmpumep, B CTEKJIE) UX CKOPOCTh HEOJMHAKOBA M 3aBHCHUT OT 4YaCTOTHI

konebanuid. Tak kak KOA((UIMEHT MPETOMIICHHUS 3aBUCUT OT CKOPOCTH PACIpPOCTPAHEHHS CBETOBBIX

BOJIH, TO JIy4YH Pa3HbIX YacCTOT OIPEAEISAIOTCS 0-Pa3HOMY.

1.

o

PacronokuTh MIACTHHY TOPH3OHTAIBHO Iepes riazoM. CKBO3b IpaHH, cocTaBisoue yrom 45°,
HAOIIOAATh CBETIYI0 BEPTHKAIBHYIO MOJOCKY Ha JKpaHe — HW300paKeHHWE pa3[IBMKHOM IMIEIH
MIPOEKIIMOHHOTO arapara.
BbiaenuTe OCHOBHBIE LIBETA IOJIYYEHHOI'O CIUIOIIHOIO CIEKTpa M 3amucarb UX B HaOI0gaeMoin
MOCIIeI0BATEIHLHOCTH.
[ToBTOPUTH OIBIT, paccCMAaTPUBAs TIOJOCKHU Yepe3 TpaHu, 00pa3yIoNIue yroi 60°. 3amucars paznuuus B
BU/IE CIIEKTPOB.
HaGnromate nuHeWuaTble CHEKTPhl BOJOpOJA, TEIHMsl WIA HEOHA, pPAacCMaTpHUBas CBETALIHECS
CHEKTpaJibHbIe TPYOKM CKBO3b I'paHHU CIEKTPaIbHOW IIACTHHBI. 3amucarh Haubosee SpKue JTUHUH
CIIEKTPOB.
Pe3ynbrarel HaOMIOACHMI TTpeICcTaBUTh B Tabmuie 1.
Cnenatp BbIBOJ 11O pabdoTe.
@®opma npegocTaBieHHs pe3yabTaTa
Tabmuna 1
Ne | Pacnonoxenue Habmronenue JInnenyaTselii JIuneityateiiil | JInHeyaTsIi
n\lm | rpaHei MIacTUH CIUIOIIHOTO CIEKTpP BOJOPOJA CIIEKTP CIIEKTP
10J1 yIJIOM CIEKTpa renus HEOHa
1 45°
2 60"
KonTpoJsbHbIe BOPOCHI
1.  KakoBa npuunHa pa3iaoxeHus 6e10ro cBeta npu3Moit?
2.  Kak oO0BsSCHUTH MPOUCXOXKACHUE TMHEHUATHIX CIIEKTPOB?
3. B uém paznuumne qupakiinOHHOr0 U AUCHEPCUOHHOTO CIEKTPOB?
4.  Tlouemy mo crieKTpaM 3BE3]] MOXKHO OMPEIEIIUTh UX XUMHUUECKHUI cOCTaB?
5. HM3meHuTcs 1M LBET 3€JIEHOTO JIyda IpH Mepexoie U3 Bo3ayxa B Boay? [louemy?

®opma npeacTraBjIeHUs pe3yJbTara:
PaboTa nomkHa ObITH BBINOJIHEHA B TETPAAM ISl JJaOOPaTOPHBIX paboT.
Kpurepum ouenku:

3a mpaBUIIHLHO BBITOJHEHHOE 33JaHHE BHICTABIISAETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.

3a HeMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNEe BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — 0 0aioB.
Oyenka «omauunoy svicmasisiemcs 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
gvicmasnsaemcsa 3a Menee 60% mpaBUIBLHBIX OTBETOB
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