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1 BBEAEHUE

BaxHylo 4acTh TeOpeTH4eCKOil U MpodecCHOHANBHON MPAKTUYECKOH MOATOTOBKH 00yYaromInuXCs
COCTABJIAIOT PAKTUYECKHE U Ja0OpaTOPHbIE 3aHATHUS.

CocrtaB u coaepKaHWE MPAKTUYECKUX M JIAOOPATOPHBIX 3aHATUN HANpaBlIeHbl HA PEATH3ALHUIO
denepanbHOr0 rocyAapCTBEHHOIO 00pa3oBaTEIbHOIO CTaHAApTa CPEAHEro oOLIEero oOpa3oBaHMs C
YYETOM IOTYy4aeMOU CIEHHAIIBHOCTH.

Benymeli  aunaktudeckodl  Ledbl0  MPAKTUUECKUX  3aHATUH  sBiseTcs  (OpMHpPOBAHUE
npoeCCHOHATBHBIX MPAKTUYECKUX YMEHUH (YMEHUI BBINOJIHATH ONPEACICHHBIC ICHCTBHSI, ONEpaIi,
HE0O0XO/AUMBIE B MOCIEIYIOIEM B IPOPECCHOHATIBHOM EATEIBHOCTH) MM YyYEOHBIX MPaKTHUECKUX
YMEHUH (YMEHUH periaTh 3a1a4M 1o GpU3MKe), HEOOXOIUMBIX B MOCIEIYIONMEH yueOHOH eI TeNbHOCTH.

Benymeli aupakTuueckoil 1enbio Ja0OpaTOPHBIX 3aHATHH SBISETCA HKCIEPUMEHTAIbHOE
IIOATBEPK/ICHUE U IPOBEPKA CYILIECTBEHHBIX TEOPETUUECKUX MOJIO0KEHUH (3aKOHOB, 3aBUCHMOCTEMN ).

B cootBercTBUM c paboueil mporpamMmoil yueOHOW aucuumiuHbl «®du3nka» MperycMOTPEeHO
IIPOBEICHUE NMPAKTUYECKUX U J1a00PaTOPHBIX 3aHATUH.

BeinonHeHue npakTH4ecKuX U J1a0OpaTOpHBIX paboT o0ecreyrBaeT JOCTH)KEHUE 00yYaroIUMUCS
CIIEAYIOIIUX Pe3yabTaTOB:

I1P61. chopMupoBaHHOCTH MPENCTABICHUH O POJIM U MecTe (PU3UKUM U aCTPOHOMHHU B COBPEMEHHOMH
Hay4YHOW KapTHHE MHpa, O CHCTeMOOOpasylomedl posn (U3MKH B PAa3BUTUH E€CTECTBEHHBIX HayK,
TEXHUKA W COBPEMEHHBIX TEXHOJOTHH, O BKJAJIe POCCHHUCKHX M 3apyOeKHBIX YUEHBIX-(U3UKOB B
pa3BUTHE HAYKH; IOHUMaHHE (PU3NYECKOW CYIIHOCTH HAOII0aeMBbIX SIBJICHUH MHKPOMHpA, MaKpOMHpa
¥ Meramupa; MOHHMaHHE POJHM ACTPOHOMHUH B MPAKTUYECKOHN NEATETHHOCTH YEIOBEKA U JajbHEUIIeM
HAYYHO-TEXHHYECKOM DPAa3BUTUH, PoiU (u3nku B (GOpMUpPOBaHUHM Kpyrozopa M (QYHKIHMOHAIBHOW
IPaMOTHOCTH YeJIOBEKa JUIS PEHICHHsI TPAaKTHUECKHX 3a/1ay;

[TPG2. chopMHUpOBaHHOCTH YMEHUH pacro3HaBaTh GU3HUECKUE SIBICHHS (IIPOLIECCH) U OOBICHATH X Ha
OCHOBE W3YYCHHBIX 3aKOHOB: pPaBHOMEPHOE U PABHOYCKOPEHHOE MPSMOJIMHEHHOE JBIDKEHUE,
cBOOO/IHOE TIAZICHHE TeN, ABMKEHHUE MO OKPYKHOCTH, WHEPIHsI, B3aUMOJCUCTBUE Tel, KoleOaTenbHOe
JBUKCHHE, PE30HAHC, BOJIHOBOE JIBIKeHNUE; MU (y3us, OpOYHOBCKOE JIBIKEHUE, CTPOSHUE KHUIKOCTEH
U TBEpPIBIX TeJ, W3MEHEHHWE Oo0beMa Tel NpU HarpeBaHUM (OXJAKIEHUH), TEIJIOBOE pPaBHOBECHE,
WCIapeHue, KOHICHCAIHsl, TUTaBJICHUE, KPUCTAIUIN3AIS, KHIICHUE, BIIAYKHOCTh BO3/IyXa, CBS3h CpPeIHEH
KHMHETUYECKOW PHEPrHH TEIUIOBOTO JBIIKEHHS MOJIEKYJT C aOCONIOTHON TeMIlepaTypol, MOBBIIICHUE
JABJICHUS Ta3a MPH €ro HarpeBaHUU B 3aKPHITOM COCYJE, CBA3b MEXK]Y MapaMeTpaMH COCTOSHUS ra3a B
M30IMpoIeccax; dSIEKTPHU3aIUs Tel, B3aUMOJICHCTBUE 3apslOB, HArpeBaHHE MPOBOAHHKA C TOKOM,
B3aMMOJICHCTBIE MAarHUTOB, YJICKTPOMArHUTHAS WHIYKIUS, IEHCTBUE MAarHUTHOTO TIOJIST Ha TIPOBOIHUK
C TOKOM W JBIDKYIIUHCS 3apsiji, ODJICKTPOMArHUTHBIC KOJIEOAHUS ¥ BOJHBI, TPSIMOJIHMHEHHOE
pacmhpocTpaHEHHE CBETa, OTpakKeHUe, MperoMieHue, uHTepdepeHiys, Tudpakiuus U MOITPU3ALHS
CBETa, JucTepcus cBeTa;, (orornekTpudeckuii >(P¢GeKT, CBETOBOE aBJIICHHE, BO3HHUKHOBEHHE
JUHEHYATOro CIIEKTpa aTOMa BOJIOPO/Ia, ECTECTBEHHAS H NCKYCCTBEHHAS PaHOAKTHBHOCTE;

[1PG3. BnageHre OCHOBOIOJIATAIOIIUMU (PU3NUECKUMHU MOHATHAMH U BEJIMYMHAMU, XapaKTEePHU3yIOIIUMU
¢usnyeckue Tmpouecchl (CBA3aHHBIMH C MEXaHHMYECKUM JIBIDKEHHEM, B3aUMOJICHCTBUEM  Tell,
MEXaHUYECKUMHU KOJIeOaHUSIMH U BOJIHAMM; aTOMHO-MOJIEKYJIIPHBIM CTPOCHHEM BEIIECTBA, TEIIJIOBBIMU
IIpoLeccamMy; 3JEKTPUUYECKMM W MAarHUTHBIM TOJISIMM, JIEKTPUYECKHUM TOKOM, 3JIEKTPOMAarHUTHBIMU
KO0JeOaHUsMU U BOJIHAMU; ONTHYECKUMHU SIBICHUSIMU; KBAHTOBBIMH SIBICHUSMHU, CTPOEHHEM aTtomMa U
aTOMHOTO  si/Ipa, PaJHOAaKTUBHOCTBIO); BJAJ€HHE OCHOBOIIOJATAIOUIMMU  aCTPOHOMUYECKUMHU
MOHATUSIMH, MO3BOJISIOIIMMU XapaKTepU30BaTh IPOIIECCHI, MPOUCXOJAIINE Ha 3BE3/1aX, B 3BE3HBIX
cucTeMax, B MEXTalaKTUUECKOU Cpefie; ABMKEHHE HEOECHBIX Tel, IBOJIIOLUIO 3B€3]] U BeenenHol;



[1P64. B1aneHne 3aKOHOMEPHOCTSIMH, 3aKOHAMH U TEOpHUsIMH (3aKOH BceMupHOTO TsaroreHus, I, II u III
3akoHbl HbI0TOHA, 3aKOH COXpAaHEHUSI MEXaHUYECKON SHEPIUuH, 3aKOH COXPAHEHUS UMITYJIbCa, MPUHITUIT
CYyNEPHO3ULIMU CWJI, NPUHLMI PABHONPABHOCTU HHEPUUAIBHBIX CHUCTEM OTCYETA; MOJICKYJISIPHO-
KHHETUYECKYIO TEOPUIO CTPOCHHUS BEIIECTBA, a30BbIC 3aKOHBI, MIEPBbIA 3aKOH TEPMOJAMHAMHUKHU; 3aKOH
COXpaHEHHUs AIEKTPUUECKOro 3apsiia, 3akoH Kymona, 3akoH Oma Juisi yyacTka nenu, 3akoH Oma uist
MOJHOM AJIEKTpUUECKOr 1enu, 3akoH Jlxoyns - JIeHia, 3aK0H 3JE€KTPOMAarHUTHOM WHIYKIIHUH, 3aKOH
COXPAHEHUS SHEPTUH, 3aKOH IPSAMOJIMHEMHOTO PACIIPOCTPAHEHHUSI CBETA, 3aKOH OTPAXKEHUS CBETA, 3aKOH
MPEJIOMJICHUS CBETA; 3aKOH COXPAHEHMSI DHEPrUU, 3aKOH COXPAHCHMS HMMIYJIbCA, 3aKOH COXPaHCHMUS
3JIEKTPUYECKOIO  3apsla, 3aKOH COXPAHEHUs MACCOBOIO 4YHuCia, IMocTyiaarsl bopa, 3akoH
PaIMOAaKTUBHOIO pacliazia); YBEPEHHOE HCIIOJIb30BAaHHE 3aKOHOB M 3aKOHOMEPHOCTEH IpU aHAIIM3e
(bU3UYECKUX SBJICHUHN U TIPOIIECCOB;

[1PGS5. ymeHue yduThIBaTh T'PaHUIIbl MPUMEHEHHS H3YYEHHBIX (PU3MUECKUX MOJeNeil: MaTepuaibHas
TOYKA, MHEpLUMAIbHASI CHUCTEMa OTCUETa, HACAIbHBIA Ta3; MOJIETH CTPOCHUS Ta30B, XUIKOCTEH M
TBEPABIX TEJ, TOYCUHBIN AMEKTPUUYECKUH 3apsil, sIepHasi MOJIETb aTOMa, HYKJIOHHAsI MOJIEJIb aTOMHOTO
s1ipa MpH perieHny GU3NUECKUX 3aad;

[1P66. B1ageHre OCHOBHBIMH METOAAMU HAayYHOTO MO3HAHMS, UCTOIB3yeMBbIMU B (PU3HKE: TPOBOAMTH
IpsIMble M KOCBEHHBIE U3MEPEHUs (PU3UYECKUX BEJIMYMH, BHIOMPAs ONTHUMAJIbHBIN CIOCO0 M3MEpEHUs U
HCIIONIBb3Ysl M3BECTHBIE METOJbl OLEHKHM IIOIPEHIHOCTEM W3MEPEHMM, IPOBOAMTH HCCIEAOBaHUE
3aBUCUMOCTEH (PU3NYECKUX BEJIMYUH C MCIIOJIb30BAaHUEM MPSAMBIX U3MEPEHUH, OOBACHATH MOJIYYEHHBIE
pe3yabTaThl, UCHOJB3YS (U3UUYECKHUE TEOPHH, 3aKOHBI M TOHSATHSA, W JeNaTh BBIBOJABI;, COOJIIOIATH
npaBuia 0€30MacHOro TpyAa NMpH MPOBEIECHUM MCCIEJOBAaHUN B paMKaxX y4yeOHOro 3KCIIEpUMEHTa U
y4eOHO-HMCCIIeIOBATENBCKON IEATEIBHOCTH C MCIIOIBb30BaHNEM HU(POBBIX W3MEPUTEIBHBIX YCTPOICTB
U 1a00paTOpHOro 000pyAOBaHUs; CHOPMHUPOBAHHOCTD MIPEICTABICHUNA O METO/1aX MOJIY4YEHUs HAyYHbIX
aCTPOHOMUYECKUX 3HAHWM;

[TPG67. chopMHpOBaHHOCTH YMEHUS PEIIATh PACYETHBIC 3a7a4U C SIBHO 3aJaHHOW (PU3NUYECKON MOJECIIBIO,
UCHONb3ys (U3MYECKHE 3aKOHbI W TNPUHIMIIBI, HAa OCHOBE aHaliM3a YCJIOBUS 33Jayd BbIOMpATh
(buU3NYECKYI0 MOJIENb, BBIACIATh (PU3HUECKUE BETUUMUHBI U (POPMYIIbI, HEOOXOAUMBIE AJISl €€ pelIeHMUs,
MPOBOJIUTH PAacCUeThl U OLIEHUBATh PEAIBHOCTD MOJIyUEHHOI'O 3HaYeHUs (PU3MUECKON BEIMUYUHBI; peraTh
KaueCTBEHHbIE 3a/1ayM, BhICTpauBasi JOIMYECKH HETPOTUBOPEUMBYIO LIETIOUKY PACCYKIEHHUM C OMoOpoi
Ha U3YyYEHHBIE 3aKOHbI, 3aKOHOMEPHOCTH M (PU3UYECKHE SABIICHUS;

[TP68. cdhopMUPOBAaHHOCTH YMEHUS MPUMEHSTH IOJTYYEHHBIE 3HAHUS MJisi OOBSICHEHUS YCIOBHM
NpoTeKaHus (U3MUECKUX SIBICHUM B MpPUPOAE M s NPUHATHS TPAKTUYECKUX PpEIICeHUH B
MIOBCEIHEBHOM >KM3HM JUIsl oOecrieueHusi 0e30MacHOCTH MpH OOpalleHuH ¢ OBITOBBIMU IpHOOpaMu U
TEXHUYECKHMHU yCTPOICTBaMU, COXPaHEHUs 3[J0POBbsS U COOJIIOIEHUS] HOPM SKOJIOTHUECKOTO MOBEIEHUS
B OKpYXarollel cpene; MOHMMaHue HeoOXOIUMOCTH MPUMEHEHUs JOCTHKEHUN (PU3UKU M TEXHOJIOTUI
JUIS paliMOHAIbHOIO IPUPOIOTIOIB30BaAHUS;

ITP69. chopmMHpPOBaHHOCTH COOCTBEHHOM MO3UIMHM IO OTHOWICHHIO K (U3NYECKOH HH(pOpManuy,
MOJIy4aeMO M3 pa3HbIX HMCTOYHUKOB, YMEHMHM HCIIONB30BaTh LHU(PPOBBIE TEXHOJOTUHU Ji TOHUCKA,
CTPYKTYpUPOBAHUS, UHTEPIPETALIMM U MPEJCTaBICHNUs Yy4eOHON M Hay4HO-TIOMYJISApHON HMH(OpMauy;
pa3BUTHE YMEHUI KPUTHUECKOTO aHAIM3a MOoTy4aeMoi HH(pOpMalny;

[1PG10. oBnageHne yMeHUSIMU pabOTaTh B TPYIIE C BBINOJIHEHUEM pPa3IMUHBIX COLIMAJIBHBIX pPOJIEH,
IUTAaHUPOBaTh PabOTy TpYNNbl, pPALUOHAIBHO PACHPENENATh JESITEeIbHOCTh B HECTaHIApTHBIX
CUTyallUsiX, AaJE€KBAaTHO OILIEHMBAaTh BKJIAJ KaXJOT0 M3 YYaCTHUKOB TPYIIBI B pELICHUE
paccMaTpuBaeMoi TPOOIeMBI;



I1P611. oBnamenue (cHOPMHUPOBAHHOCTH NPEACTABICHUIN) MpaBUIAMM 3alMUCH (PU3NYECKUX (POpMyII
penbedHO-TOUEeYHOM cucTeMbl 0003HaueHuit JI. bpaitnst (s cienbix v ciaboOBUASMIINX 00yJaronuXxcs);
MP1. camocrostensHO (OpMYIUpPOBaTh M AKTyalM3UpOBaTh IMPOOJIEMYy, paccMaTpuBaTh €€
BCECTOPOHHE;

MP2. ycraHaBnuBaTh CYyIIECTBEHHBI MpPU3HAK WIM OCHOBaHMS Ul CPaBHEHHs, KiacCU(UKALUU U
0000I1IeHHS;

MP3. onpenensrs Lenu AesiTEIbHOCTH, 3a/1aBaTh apaMeTpbl U KPUTEPUH UX JTOCTH)KEHUS;

MP4. BBIABIATH 3aKOHOMEPHOCTH U IIPOTUBOPEYHS B PACCMATPUBAEMBIX SIBJICHUSIX;

MPS5. BHOCUTb KOPPEKTUBBI B JESTEIBHOCTb, OLIEHUBATH COOTBETCTBUE PE3Y/IbTATOB LIENSM, OLIEHUBATh
PHUCKHU NOCIEACTBUN NEATEIBHOCTH;

MP6. pazBuBaTh KpeaTUBHOE MBIIIICHUE IPU PELICHNUH KU3HEHHBIX MPOOIIEM;

MP7. Brnaneth HaBbIKAMH Y4eOHO-HCCIEIOBATENbCKOM M IMPOEKTHOM MAESITeIbHOCTH, HaBbIKAMHU
paspereHus mpooieM;

MPS8. cnocoOHOCTh M T'OTOBHOCTh K CaMOCTOATEIBHOMY IOMCKY METOJOB PEIIEHMs MPaKTHYECKUX
3aJ1a4, IPUMEHEHUIO Pa3IMYHbIX METOJIOB MIO3HAHNUS;

MP9. oBnageHue BHIAMU [JEATEIBHOCTH IO IIOJIYYEHHMIO HOBOIO 3HAaHMs, €ro HMHTEpIpETaluHy,
npeoOpa3oBaHUI0 M MPUMEHEHHIO B PA3UYHBIX YYEOHBIX CHTYalUsX, B TOM 4YHCIE IMPH CO3JaHUH
Y4EOHBIX M COLIMATIbHBIX IIPOEKTOB;

MP10. ¢popmupoBaHre HAYYHOTO THUIA MBIIIICHHS, BJIAJCHUE HAYYHOH TEPMHUHOJIOTHEH, KIFOUEBBIMU
MOHATUSIMU U METOJIaMU;

MPI11. craButh u (QopMyIupOBaTh COOCTBEHHbIE 3aJaud B OOpPa30BATEIbHOW JEATEIBHOCTH U
KU3HEHHBIX CUTYyalUsX;

MP12. BBIABIATH IPUUYUHHO-CIIEICTBEHHBIE CBSA3HM U aKTyaJIU3UpOBAThH 3ajady, BbIIBUTaTh TUIIOTE3Y €€
pEllIeHNs], HaXOAUTb apryMEHThl Ul JOKa3aTeJbCTBA CBOMX YTBEPXKICHHUM, 3aJaBaTh NapaMmeTpbl U
KpUTEPUHU PELIEHUS;

MP13. ananu3upoBaTh NOJYYEHHBIE B XOJ€ PEIICHUS 3aa4M PE3yJIbTaThl, KPUTUYECKU OLIEHUBATH X
JIOCTOBEPHOCTb, IPOTHO3UPOBATh U3MEHEHHNE B HOBBIX YCIIOBHSIX;

MP14. naBatb OLIeHKY HOBBIM CUTYallUsIM, OLIECHUBATh PUOOPETEHHBII OMBIT;

MP15. pa3pabaTeiBaTh IUIaH pelIEHUs MPOOJEMBbI C YYETOM aHAIW3a UMEIOUIMXCS MaTepUalbHBIX U
HEMaTepUaIbHBIX PECYPCOB;

MP16. ocymiecTBIATh II€JICHANPABIEHHBI TMOUCK TEPEeHOCa CPEICTB U CIMOCOOOB JCHCTBUS B
npodeccroHaNbHYIO Cpeny;

MP17. ymMeTh NE€pEHOCUTH 3HAHUS B IO3HABATEIBHYIO U IPAKTHUUECKYIO 00JIaCTH KUZHEAEATEIIbHOCTH;
MP18. ymeTs HHTErpUpOBaTh 3HAHUS U3 Pa3HBIX MPEeIMETHBIX 001acTeil;

MP19. BbI1BUTaTh HOBBIE UJIEH, NTPEJIaraTb OPUTrHHAIIBHBIE TOAXO0/bI U PEILICHUS;

MP20. ctaBuTh poOIEMBI U 33]1a4H, TOMYCKAIOIINE allbTepHATUBHbIE PEILICHMS;

MP21. BnaaeTrh HaBbIKaMH HOJYy4eHUS MH(OPMALMK U3 UCTOUYHUKOB PA3HBIX THUIIOB, CAMOCTOSITEIILHO
OCYILLIECTBIATh MOUCK, aHAJIU3, CUCTEMATHU3aLUI0 U UHTEPIPETAlMIO HH(POPMALUK PA3IUYHBIX BHJIOB U
dhopm mpecTaBIeHNs,

MP23. ouieHUBaTh JOCTOBEPHOCTb,

MP24. ucnonb3oBaTh CpencTBa MHPOPMAIMOHHBIX U KOMMYHHKAIIMOHHBIX TEXHOJOTMH B pEIICHUU
KOTHUTHBHBIX, KOMMYHUKAaTHUBHBIX M OpTaHU3AIMOHHBIX 337a4 C CcoONoJieHHeM TpeOoBaHUM
SPrOHOMUKH, TEXHUKH O€30MacHOCTH, TUTUEHBI, pecypcocOepexeHms], MPaBoOBbIX U STUYECKUX HOPM,
HOPM MH(OPMAIIMOHHON 0€30MaCHOCTH;

MP26. ocymiecTBiasTh KOMMYHUKAIIUU BO BCeX cepax HKU3HU;

MP28. BnasieTh pa3IMyHBIMHU CIIOCOOAMU OOILEHHS U B3aUMOJICHCTBUS;

MP29. apryMeHTHPOBAHHO BECTH JUAJIOT, YMETh CMATYaTh KOH(QIMKTHBIE CUTYaIUH;

MP30. pa3BepHYTO U JIOTUUHO HU3JIaraTh CBOIO TOUKY 3PEHMSI C UCIIOJIB30BAHNEM SI3BIKOBBIX CPE/ICTB;
MP31. noHMMaTh U KCMOIB30BATh MPEUMYIIECTBA KOMAH/IHON U HHIANBUAYAIbHON paboOThI;
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MP32. BeIOMpaTh TEMAaTUKy M METOJbl COBMECTHBIX JEHCTBHH C Y4YeTOM OOIIMX HHTEPECOB U
BO3MOXKHOCTEH Ka)KJI0TO 4JI€HA KOJUIEKTHUBA;

MP33. npuHuMaTh eI COBMECTHON JI€ATENbHOCTH, OPIraHU30BbIBATh U KOOPJIAUHUPOBAThH JIEHCTBUS IO
€€ JIOCTHIKECHHUIO: COCTAaBJIATH IUIAH JACUCTBHH, PACIPENEIATh POIM C Y4ETOM MHEHHH YYacCTHHKOB
00CyXI1aTh pe3yabTaThl COBMECTHOW PabOTHI;

MP34. oueHuBaTh Ka4eCTBO CBOEr0 BKJIaJa M KaXIOr0 y4acTHMKA KOMaH[Ibl B OOLIMH pe3yiabTaT IO
pa3pabOTaHHBIM KPUTEPHUSIM;

MP35. mnpepsaratb HOBBIE IIPOEKTHI, OLICHMBATh MJAEU C IO3ULHANA HOBU3HBI, OPUTMHAIBHOCTH,
MPAaKTUYECKON 3HAYNMOCTH;

MP37. oCcymecTBIATh MO3UTUBHOE CTPATETMYECKOE MOBEACHHUE B PA3IUYHBIX CHTYALMsX, IPOSABIATH
TBOPYECTBO U BOOOpakeHUE, OBITh MHUITUATHBHBIM;

MP38. caMOCTOATENBHO OCYLIECTBIATh IO3HABATEIIBHYIO AEATEIBHOCTD, BBIABIATH NPOOJIEMBI, CTaBUTh
1 GOpMyYIHUPOBaTH COOCTBEHHBIE 33/1a4H B 00pa30BaTEIbHON ACATEIBHOCTY U )KU3HEHHBIX CUTYalHsAX;
MP39. caMOCTOSATENBHO COCTABIATH IIAH PELICHUs MPOOJIEMBI C y4ETOM MMEIOLIMXCS PECYpPCOB,
COOCTBEHHBIX BO3MOXKHOCTEH M MPEIIOYTCHUH;

MP40. naBaTb OLIEHKY HOBBIM CUTYAalLlUsM;

MP41. pactuupsaTh paMKu yueOHOTO IIPEeIMETa Ha OCHOBE JIMUHBIX MPEANOUYTECHUN;

MP42. nenaTh 0OCO3HaHHBIN BBIOODP, ApIYyMEHTHPOBATH €r0, OpaTh OTBETCTBEHHOCTD 3a PELICHUE;

MP43. onieHHBaTh MPHOOPETECHHBIN OIIBIT;

MP44. cnoco6cTBoBaTh (OPMHUPOBAHUIO U TPOSBICHUIO IIUPOKOM 3pYAMLIMU B Pa3HBIX 001aCTIX
3HaHWi, TOCTOSTHHO IMOBBIIIATH CBOM 00pa30BaTeIbHBIN U KyJIbTYpPHBIN

MP45. naBaTh OLEHKY HOBBIM CHUTyalusiM, BHOCUTb KOPPEKTHBBI B JAEATEIbHOCTb, OLIEHUBATh
COOTBETCTBUE PE3yJIbTATOB LEIAM;

MP46. BnaneTh HaBbIKAMM I1O3HABATEIbHOM pe(IEKCHM KaKk OCO3HAHMs COBEPIIAEMBIX ICHCTBUI U
MBICJIUTENIBHBIX MPOLECCOB, X PE3YyIbTATOB U OCHOBAHU;

MP47. ncnonp3oBath NpueMbl peIeKCHN I OLEHKH CUTYalluH, BbIOOpa BEPHOTO PELICHHUS;

MP48. ymeTh OlIeHUBATh PUCKU U CBOEBPEMEHHO MIPUHUMATD PEILIEHUS 110 UX CHUKEHHIO;

MP54. npuHumaTth cedst, HOHUMasi CBOM HEJOCTATKU U JIOCTOMHCTBA;

MP5S5. npuHEMaTh MOTHBBI M aPTYMEHTBI IPYTUX JIFOACH NPU aHAJIU3€ PE3YIbTaTOB IEATEIBHOCTH;
MP56. npu3HaBaTh CBOE MPaBO U MPaBO APYTUX JrOAEH Ha OIMOKHY;

JIP1. copmupoBaHHOCTH TPaKTAHCKOW TMO3HUIIMH OOYYArOMIErocs Kak aKTUBHOTO U OTBETCTBEHHOTO
YjieHa POCCUICKOro 00IecTBa;

JIP3. nmpuHsTHE TpPAaJULMOHHBIX HAIIMOHAIbHBIX, OOIIEYETOBEYECKUX TI'yMAaHUCTUYECKHX U
JEMOKPATUYECKUX LICHHOCTEH;

JIP5. TOTOBHOCTH BECTHM COBMECTHYIO JESTEIbHOCTh B MHTEpEcax TPaKIaHCKOro OOIIecTBa,
y4acTBOBaTh B CaMOYIpaBJI€HMM B 00me00pa3oBaTeNbHON OpraHu3allid M JAETCKO-FOHOIIECKHUX
OpraHu3anusx;

JIP6. ymeHue B3aUMOJIEHCTBOBATh C COLMAIBHBIMUA MHCTUTYTaMH B COOTBETCTBHM C UX (YHKLUHUSAMH H
Ha3Ha4YCHHEM;

JIP7. TOTOBHOCTBH K TYMaHUTAPHON U BOJIOHTEPCKOM IEATEIBHOCTH;

JIP8. chopMHpOBaHHOCTH POCCUICKOM TPaXAAHCKON UACHTUYHOCTH, TATPHUOTHU3MA, YBAKCHHSI K CBOEMY
HapoJy, 4yBCTBa OTBETCTBEHHOCTH Iiepes PoauHoM, TopAaocTH 3a CBOM Kpail, cBOX PonuHy, cBOM S3bIK
U KyJIbTYpY, IPOILIOE ¥ HACTOSIIEE MHOIOHAIIMOHAIBHOTO Hapoa Poccun;

JIP9. 1LIEHHOCTHOE OTHOIIEHHWE K TOCYAAPCTBEHHBIM CHMBOJAM, HCTOPUYECKOMY U IPUPOIHOMY
HacJeaulo, NMaMsATHUKaM, TpaaulusaM HapolaoB Poccum, noctmxkeHusM Poccun B Hayke, UCKYCCTBE,
CIIOpPTE, TEXHOJIOTUAX U TPYAE.

JIP12. cpopmMupoBaHHOCTH HPABCTBEHHOT'O CO3HAHMSI, STUUECKOTO MTOBEICHNUS,

JIP13. cnocoOHOCTh OLEHHMBATh CUTYallMI0O W NPUHUMATh OCO3HAHHBIE PEIICHUS, OPUEHTHPYACh Ha
MOPAJIBHO-HPaBCTBEHHBIE HOPMBI U IIEHHOCTH;



JIP14. oco3HaHue INYHOTO BKJIaJa B IOCTPOSHUE YCTOWYMBOTO OyIyIIero;

JIP16. scTeTmdeckoe OTHOIIEHHWE K MHpPY, BKIIOYas SCTETUKY ObITa, HAYYHOTO M TEXHUYECKOTO
TBOPYECTBA, CIIOPTA, TPYAa U OOIIECTBEHHBIX OTHOILICHU;

JIP25. wuHTepec K pasnuyHbIM cdepaMm MpodhecCHOHATBHOW JIeATeIbHOCTH, YMEHHE COBEpIIaTh
OCO3HAHHBIN BEIOOP Oynyiel mpodeccuu 1 peaTn30BbIBaTh COOCTBEHHBIC JKU3HCHHBIC IJIAHBL;

JIP26. TOTOBHOCTB M CITIOCOOHOCTH K 00pa30BaHUIO U cCaMO0Opa30BaHUIO HA MPOTSHKEHUU BCEH JKU3HH,
JIP27.  chopMHpOBAaHHOCTH  JKOJOTUYECKOW  KYJIbTYpbl, TOHHMMAaHHE BIMSHHS  COIMAILHO-
SKOHOMMYECKUX MPOILIECCOB HA COCTOSIHME MPUPOAHON U COLMAIBHON CPEIbl, OCO3HAHUE TI00aIBHOTO
XapakTepa 3KOJIOIHYECKUX Ipo0ieM;

JIP28. nnaHupoBaHuE U OCYUIECTBJICHUE JCUCTBUI B OKPY)KAIOIIEH Cpele Ha OCHOBE 3HAHUA IeJIei
YCTOMUYMBOTO pPa3BUTHUS YEIOBEUECTBA;

JIP31. pacimupenue onbiTa A TEIbHOCTH 9KOJIOTHYECKON HAITPABICHHOCTH;

JIP32. copMupoBaHHOCTH MHPOBO33PEHHUS, COOTBETCTBYIOIIETO COBPEMEHHOMY YPOBHIO Pa3BUTHS
HayKH U OOLIECTBEHHON MPAaKTHKH, OCHOBAHHOTO HA JHAJIOTe KYJIbTYp, CIIOCOOCTBYIOIIETO OCO3HAHUIO
CBOET0 MECTa B MOJUKYJIHTYPHOM MHDE;

JIP34. oco3HaHME LEHHOCTHM HAYYHOWU JESITEIBHOCTH, TOTOBHOCTb OCYIIECTBJISTH HIPOEKTHYIO U
HCCIIE0BATENbCKYIO ACSTEIHbHOCTh MHIUBUAYAIBHO U B TPYIIIIE;

ConepxaHne MpaKTUIECKUX U JTa00PATOPHBIX 3aHITHI OPUEHTUPOBAHO HA MOATOTOBKY 00YYaIOIIHXCS
K OCBOGHHUIO NMPO(PECCHOHATBHOIO MOAYJS MPOrpaMMbl MOJITOTOBKM CHELUATMCTOB CPEJHEro 3BEHa II0
CTIENMATIBHOCTH ¥ (JOPMHUPOBAHUIO OOIIMX KOMIIETEHIUIA:

OK 01 Beibupats criocoObl pemeHus 3aa4 npopeccuoHaabHON AeATeNbHOCTH IPUMEHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM

OK 02 Hcrnonp30BaTh COBpEMEHHbIE CPE/ICTBA IOMCKA, aHAJIN3a U MHTEpIpEeTaluy HHGopMauu u
MH(POPMAIMOHHBIE TEXHOJIOTHH IS BBITIOJIHEHUS 3a/1a4 TPO(PECCUOHATIBHOMN 1S TETbHOCTH

OK 03. IlnanupoBaTh U peaau30BbIBATb COOCTBEHHOE NPOPECCHOHATBHOE M JIMYHOCTHOE
pa3BUTHE, NPEANPUHUMATEIBCKYIO JEATEIbHOCTh B MPO(ECCHOHATBLHON cdepe, UCIoNb30BaTh 3HaHUS
10 NIPABOBOM M (PMHAHCOBOI I'PaMOTHOCTHU B PA3IMUYHBIX )KU3HEHHBIX CUTYalUAX

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

OK 05 OcymiecTBasTh YCTHYIO M NUCBMEHHYI0 KOMMYHHUKAIIMIO Ha TOCYAApPCTBEHHOM S3bIKE
Poccuiickoit @enepanuu ¢ yueTroM 0COOEHHOCTEN COLIMANIBHOTO U KYJIbTYPHOI'O KOHTEKCTA

OK 06. IlposiBiATh Tpa’kJaHCKO-MATPUOTHUECKYIO IO3UIUI0, JEMOHCTPUPOBATh OCO3HAHHOE
MOBEJICHNE Ha OCHOBE TPAIUIIMOHHBIX POCCHUCKUX AYXOBHO-HPABCTBEHHBIX IIEHHOCTEH, B TOM YHCJIE C
YYETOM TapMOHM3AIMM MEXKHAIIMOHAIBHBIX M MEXPEIUTHO3HbIX OTHOLIEHWH, MPUMEHSTh CTaHIapThl
AHTUKOPPYIIIMOHHOTO TIOBEACHUS;

OK 07 CopneiicTBOBaTh COXpPAHEHHIO OKpPY)KAIOLIEH Cpelbl, PecypcocOepexeHUIo, MPUMEHSTh
3HaHUA 00 M3MEHEHUHU KJIMMaTa, IPUHLUIIBI OepeKIMBOrO MPOU3BOACTBA, I3PPEKTUBHO JAEHCTBOBATH B
Ype3BbIUAHBIX CUTYAIHIX

OK 08 HMcnonbs3oBaTh cpencTBa pU3n4ecKoi KyJabTyphl s COXPAaHEHHS U YKPETJICHUS 310pOBbS
B Iporecce NpoecCHOHATbHON AEATENIbHOCTH M MOAJEpXKAHUS HEO0O0XOAUMOro YpOBHS (pU3MUECKON
MO/ITOTOBJIEHHOCTH

OK 09 ITonb30BaThest TpodeccuoHaNbHON JOKYMEHTAIMel Ha rocy1apCcTBEHHOM U MHOCTPAaHHOM
SI3BIKAX

Beimonnenne oOydarommxcs MPaKTUYECKMX W/WIM  J1abOpaToOpHBIX paboT 1o  yuyeOHOH
aucuuIuinHe «@u3nKa) HanpaBIeHO Ha:

- o00oOmieHue, cucTeMaTH3alMio, YIIyOlleHHe, 3aKkpelyieHHe, pa3BUTHE U JeTalIU3aIHIo
MOJTyYCHHBIX TEOPETUYECKUX 3HAHUH 110 KOHKPETHBIM TeMaM y4eOHOW JUCIUTUTHHEL,

- (popMupoBaHUEe YMEHUI MPUMEHSATH MOJIyYEHHbIE 3HAHUS HA MPAKTHUKE, peau3aluio eINHCTBA
WHTEIJUICKTYaJIbHON M MMPAKTHYECKON JEATEIIEHOCTH;
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- (popmupoBaHue U pa3BUTHE YMEHMIi: HAOIIOAATh, CPAaBHUBATH, COMOCTABIATH, AHAIN3UPOBATH,
JenaTh BBIBOABI M OOOOIIEHHS, CaMOCTOATEIbHO BECTHU MCCIEIOBAaHUS, MOJB30BAaThCS Pa3IUYHBIMU
preMaMy U3MepeHuit, 0popMIISTh pe3ynbTaThl B BUAE TaOJHII, CXeM, IpauKOB;

- NpUOOpETEeHUE HABBIKOB PAOOTHI C pa3IMYHBIMU MpUOOpaMU, almaparypoil, yCTaHOBKaMHU M
JPYTUMU TEXHUYECKUMU CPEICTBAMU IS IPOBEACHUS OIIBITOB;

- pa3BUTHE MHTEJUICKTYalbHBIX YMEHHH Yy OyAylmMX CHEHHAJUCTOB: aHAJIUTHUYECKUX,
IIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JP.;

- BBIPAOOTKY IMPH PELICHUU MOCTABIECHHBIX 3a/la4 NPO(eCcCHOHATBFHO 3HAYMMbBIX KayeCTB, TAKUX
KaK CaMOCTOATEJIBHOCTb, OTBETCTBEHHOCTDh, TOUHOCTh, TBOPYECKAst HHULIMATUBA.

[IpakTyeckne U 1abOpaTOpPHBIC 3aHATUS TPOBOISTCS B paMKax COOTBETCTBYIOIICH TEMbI, IOCie
OCBOCHHS MAAKTUYECKUX EIMHUIl, KOTOpbIE OOECIeYMBAIOT HAIMYME 3HAHWNA, HEOOXOMMMBIX Ui ee
BBINOJIHEHUSI.



2METOJANYECKHUE YKA3AHUS

Tema 2.1 KunemaTtuka. Kunematuka TBEpaoro reja

IIpakTnyeckoe 3ansaTue Ne 1
Pemenne 3ana4 no reme: «Pemenue 3a1a4 no KUHeMaTuKe. Y paBHEHUS IBUKEHU D)

Heab: HayuuThCs pPA3IMYaTh BUIBl MEXaHUYECKOTO MABIDKEHHS B 3aBUCHMOCTH OT (OPMBI
TPACKTOPUU M CKOPOCTH TMEPEMEIICHUS Tejla, PACCUUTHIBATH €0 MapaMeTphbl, HAYYUTHCS H300paKaTh
rpaduYecKy pa3IuvHbIC BUbl MEXaHUUECKUX JIBH)KCHUH, 3aIIMCHIBATh YPABHECHUS JABMOKEHISI pa3indarh
€ro OTHOCHUTCIIBHOCTb, HAYUYUTHCS q)OpMy.HI/IpOBaTb CJICAYIOIHUEC IMOHATHA: MCXAaHUYCCKOC JIBUKCHUC,
CKOPOCTh ¥ YCKOPEHHE, CUCTEMa 0TCYETa, MEXaHUYCCKHIA TPUHITUI OTHOCHTEIIHHOCTH.

IIpakTuyeckasi pabora popmupyer:I1P62, [TP66, 11P67,JIP1,

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

Boinosinenue pa6orsl cnocodcTByet (popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06
MaTtepuajbHoe ofecriedeHne: moca0uHbIe MEeCTa TI0 KOJMYECTBY O0OYUaOUINXCs, Pa3IaTOUYHBIN
MaTtepual ¢ 3aJaHusIMH, COOPHHUKH 337124, CIIPABOYHBIC MaTepHAIIbI
3anaHue: pemIuTh 3a1a91
IMopsanok BbINOTHEHUS PAGOTHI
[epen pemennemM 3agad pa3odpaTb KpaTKHE TEOPETUIECKUE CBEICHUS
[TpoBecTH aHaIM3 BEIMYHH, BXOSIINX B (hOpMYIIBL.
3. Pemmtp 3amaum mo BapuaHTaM, UCHONB3Yysd (HOpMyIBl sl pacuéra mapaMeTpoB JIBUIKCHUS Tel,
NPOAHAIM3UPOBATh TpadUKH JBIDKCHUS TEN, ONKMCAaTh XapaKTep ABWKEHUS (CaMOCTOSTENbHAs
pabora).

™=

Xoxa padoThI:
Kparkue TeopeTuueckue cBeeHHs

Buabl MexaHH4eCcKOro IBMKeHHs TeJsl
TpaexTopust — TUHMS, ONIMCHIBaeMast JBMXKYILIUMCS TEJIOM.
[Tyt (¢) — paccTosiHUE MEKAY IBYMS T€OMETPHYCCKUMHU TOYKAMH, OTCYMTAHHOE BIOJIb TPACKTOPUH
JBMIKEHUS Tela.
[Tepemerenue (§) — BEKTOP, COSAUHSIONINI HAYaIbHOE U KOHEYHOE MOJIOKEHHUS Tella.
Teno orcyéra — TEN0, OTHOCUTEIBHO KOTOPOT'O PACCMATPHUBAIOT MOJIOKEHHUE APYTHX Tell.
Cuctema orcuéra — T€JI0 0TCUETA, C KOTOPHIM KECTKO CBSA3aHBI CUCTEMA KOOPMHAT, Yachl U METP.
MarepuanbHasi TOUKa — TeJlo, pa3MepaMu KOTOPOro MO>KHO NMPEeHeOpeyb.
Oonomeproe osudicenue. JIBUKeHNE ¢ MOCTOSIHHON CKOPOCTHIO.
[TycTh TEno ABWXKETCS B HAIMpaBIE€HHMM OCH X C TOCTOSHHOM CKOPOCTBIO V U 32 BPEMS Ar=r—1,

HPOXOJUT MYTh Ax = x — x,. CPEIIHSISI CKOPOCTb X
Ax Xo |— |

Vo = 1| x(1) = x, + vAt|, IBIKEHUE O€3 yCKOPEHHUS 0

v = const x(t) = xo + vt

Xo
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Jlsuoicenue ¢ nepemennol ckopocmuio. ECM TeNO IBUKETCS HAMPABICHUU OCU X C MEPEMEHHON
ckopocthio V(t), To, rpaduxu X(t) u v(t) umeroT BuI:

HpI/I 9TOM I'OBOPAT, UTO TEJIO ABUKETCA C YCKOPCHUEM.

Yckopenue (i) — CKOPOCTh U3MEHEHHSI CKOPOCTH.

o o o M
Ecnn 3a Bpems At =t —t, U3MEHEHHE CKOPOCTH AV=V- Vy, To cpennee yckopenue: |ag, = AL [a]=1—.
c

V-V alt

Eciu Vo Ua COHAIIpaBJICHbI, TO CKOPOCTH ABUKCHHA TCJIa BO3PACTACT, a UMCCT 3HAK «t»; B IIPpOTUBHOM

CJIyda€ CKOpPOCTb YMCHBIIACTCA U d UMECT 3HAK «—».

Ecmu BpeMsl JBUKCHUS At HEU3BECTHO, TO
2 2
vi({)—v
x(z‘) =Xy + M
2a X
Mmnozomepnoe osudrcenue. JIBI>KeHUE Tena, OPOILIEHHOTO MO YTJIOM K TOPU30HTY
ITycts Teno OpoleHO M3 Hayaja KOOPAMHAT MOJ YIJIOM K TOPU30HTY c
g " Ha4aJIbHOU cKopocThro v, U3 & rpaduka BUIHO,
2 oy oy
Y==5 2 Xt X w0 v, =9, +v >
. = Vox + JIBYMEPHOE N JBUKEHHE
2 Vox Vox Vo = Vox * Vor ( yYMEp \
MOKHO paccMaTpHUBaTh, kak Oy X

HAJIOKEHHUE JIPYT Ha JpyTra JABYX OJHOMEPHBIX — 110 ocsiM X 1 Y).
IIpumepsbl pemenus 3aaau

1. ABromoOmip mpoexan no yaune 200 M, 3areM cBepHyn BIpaBo M mpoexan eme 100 M mo
nepeynky. Cuuras [ABM)KEHHE aBTOMOOWIS NPSIMOJIMHEWHBIM, HalaWTe MyTh U MEpeMelieHue

aBTOMOOMJIS.

Jano: Pemenue: W
S

S;1=200Mm Crenaem uepTéx: '

1.ITyte aBTOMOOWIS £ = S1 + S, =200 + 100 =300 ™/
2.Monynb nepemerienusi AC Boraucisiem o T. [Tugaropa:

S = [s?+52 =+/200% +100? =200M.
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Otser : £ =300M; S = 200M.

2. Tloe3n mpoiren NepByro MOJOBUHY ITYTH CO CKOPOCTBIO 72 KM/4, BTOPYIO — CO CKOPOCTBIO 36
kM\u. OrnpeenuTe CpeIHIO CKOPOCTh MOe3/1a Ha BCEM ITyTH.

Hano: CHu Pemenne:
vi = 72 20wm/c Cpenusisi CKOPOCTh MPOXOXKACHUS TYTH:
KM/9
10 mc 0. _S:S=5;+ Sy S$1=S,=S/2
v, = 36 !
KM/4 Bpemsi nBWKEHHsI CKJIaabIBacTCs M3 JIByX pa3HBIX [POMEKYTKOB
BpeMeHU: {; nut
Vep-? 1Y 1 2.
S, S . S, S
3a Bpems t; cKOpocTh moesa v1, 3a Bpems tp ckopocts —vp. |, =—=— 1, =—==—
v, 2y v, 2v,
O6mee Bpems t = ti+t;, — t:i+ S . TloagctaBum t — B YpaBHEHHE CpEIHEH CKOPOCTHU:
v, 2v,
_S_ S _ 1 2vv,
@t s i_ki L, +U; v, +U;
2v, 2v, 2v0,
2-20-10 400
[ToacTaBuM YMCIICHHBIC 3HAYCHUS: U, = ~13,3 m/c

?~ 20410 30
Ortser: v, = 13,3 M/c

3. Ompenenure MOIYlIb CKOPOCTH U LEHTPOCTPEMUTENIBHOTO YCKOPEHHS TOYEK 3EMHOU
MIOBEPXHOCTHU Ha 3kBaTope. Paguyc 3emin npusaTh paBHbIM 6400 kM

Hano: cu Pemrenue:

R=6400km 64 -10° ™M Touku 3eMHON MOBEPXHOCTH HA DJKBAaTOpPE JBHXKYTCS IO

_— 8,64 - 10% OKPY>KHOCTH panuyca R, moaToMy MOIYIIh UX CKOPOCTH
=24y
6
— _ 27R :2 314-6-10 — 465-10° /e
T 8,64-104
Aye - ?

[lenTpocTpeMHUTENEHOE YCKOPEHUE MOXKHO HANTH:

2 2
a, :U_=M:3,4.102 m/c?
“ R 6,4-10
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OtBet: v = 4,65-10>™m/c ; ay = 3,4-10 2 m/c2

4. Cyns o ciuioMeTpy, 3a | MUHYTY CKOpOCTh aBToOyca m3MeHunach ¢ 18 mo 72 km/4. C xakum
CpeIHUM YCKOPEHHEM JBUTAJICS aBTOOYC?

JlaHo: cnu Pemenue:
t=1 muH. 60 c 1. JIBmxeHue aBroOyca HOCHT DPaBHOYCKOPEHHBIH XapakTep,
a>0.
vo = 18 kM/4 5 M/c
2. Ilo onpeneneHuto yCKOpeHust: ,_Y _ Y~
v =72 KM/4 20 m/c “TrTT
a-? 3. Beruncium 3naueHue yckopenus ,_20-5_ ;¢ m/c?
60

OtBet: a= 0,25 m/c?.
Pemuth 3agauu (110 BapuaHTaMm, UCIONIb3Ys Tabmuiy 1)

B ycioBuu HEKOTOPHIX 3a/1a4 OTCYTCTBYIOT IU(PBI. 3HaUeHUS (PU3NYECKUX MMapaMeTPOB STHX 3a/1ad
HeoOxomumo Opatb u3 TaOmuIBl 1: TO BEepTUKAIbHOW CTPOKE YKa3aH HOMEpP BapuaHTa, IO
TOPU30HTAIILHON — HOMEP 3aJauH.

1. JIBukeHHE CTPOUTENIbHOM BaroHETKH 3aJaHo ypaBHeHHeM. Ompenenure HayalbHYIO KOOPAMHATY,
Ha4aJIbHYIO CKOPOCTb U YCKOPEHME NPU JBUKEHUU.

2. YenoBek M CTpOMTEIbHAs TeJEXKKA JBWXKYTCS B OJHOM HamnpaieHuu. Ormpenenure ux
OTHOCUTEIIbHYIO CKOPOCTh, €CJIM CKOPOCTh YesioBeka 1 kM/4, a BaroHeTkHu 4 km/4. Pemmre Ty 3agauy u
IIPY YCIIOBUH, YTO OHU JIBUXKYTCS B TPOTUBOIOJIOKHBIX HAIIPABICHUAX.

3. CrpouTenbHBId KpaH TMOAHUMAET Tpy3 Ha BbICOTY h M. OTHOBPEMEHHO KpaH IEpeIBUTACTCS Ha
paccrosHue | M. Onpeaenuth INepeMelIeHHE TIpy3a, €ro BEPTHKAIbHYIO U TOPH30HTAJIBHYIO
cocrapistoniie. 300pa3uTh UX COOTBETCTBYIOLUIMMH BeKTOpaMu. UemMy paBHBI MOJIYJIM ATUX BEKTOPOB?
4. Yenosek mpomesn mo mnpocnekTy 240 M, 3aTeM NOBEpPHYJ] Ha IMEpeKpecTKe U Mpoulen B
NepreHIuKyJIAspHOM HarpasieHuu emie 70 M. Ha cKoJbKO IPOIEHTOB MyTh, MPOWUIEHHBIH YEIOBEKOM,
OoJblIIe MOJIYJISl €T0 MepeMeIeHuUs ?

5. YacoBoil OXpaHSIET CTPOUTENIbHBI OOBEKT, OrOpOKEHHBINM KBaJpaTHbIM 3a00poM ABCD, o6xozs
ero mo nepumMerpy. Yemy OyayT paBHBI €ro MyTh U NEpPEMEIICHUE, €CI OH U3 TOUKHU A, Mepeiiér B
Touky B, 3arem Touky C, 3aTem Touky D, mocine dyero BepHércs B Touky A? JIlmHa CTOPOHBI KBaJpara a
M.

6. IlepByro MONOBUHY MMYTH aBTOMOOWIIb JIBUTAJICSI PABHOMEPHO CO CKOPOCTHIO, MOy Ih KOTOpor V1
KM/4, a BTOPYIO IIOJIOBUHY — CO CKOpPOCTbIO, B 2 pa3a MeHblleil. HaiiTu cpeqHioo CKOpoCTbiO
JBUKEHHSI aBTOMOOWIISI HA BCEM ITYTH.

7. KamA3 ¢ meckom, Tporasch C MeCTa, JBHXETCS C MOCTOSHHBIM YCKOpeHHeM a . Yepe3 CKOIBKO
BpEMEHH OH IPUOOPETET CKOPOCTH V/?

8. Kakyo ckopocTh pa3BuBaeT camocBai 3a BpeMmsi Al mocie Hadama JBIKCHHS, €CIH OH €/IeT C
yckopenueM a? Kakoi myTh OH IPOXOIUT 3a 3TO BpeMmsi?
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9. IlpuBectu mnpUMEpPHI CTPOUTENBHBIX TEJ, HAXOMAIMMXCA B IMOKoe. JleHCTBHE KakuX Tel
KOMITCHCUPYETCS B ATUX ciydasx? (3 mpumepa; JeHCTBYIONNE CHUITBl H300pa3nuTh Ha PUCYHKE).

10. B aBwxkymieMcss BaroHe TOBApHOTO IMO€37a HAaXOJIATCS MOIIOHBI C ra3o0iiokamu. B mokoe wmmm
JIBUKEHUM OHM HAXOMSATCS OTHOCUTENIBHO: a) MAIllMHUCTAa 1oe3na; 0) pesibcoB; B) IOJIa BaroHa; T)
TesnerpadHbIX CTOI00B?

11. Kakomy BUAY JIBMDKCHHS COOTBETCTBYET KaKIbli rpaduk Ha puc.1? C kakoit CKOPOCTBIO IBUTANIACh
CTpOUTENIbHAS KOHCTPYKLUS, JJIs1 KOTOPOM 3aBUCHMOCTD ITyTH OT BPEMEHH H300paxxaercs rpagukamu I,
I, I1I? 3anucate ypaBHeHue ABMKeHU 1uist rpadukos I, I1. Puc.1

0) Kakoii ¢pusmdeckuii CMbICI UMEET Touka repecedeHus: rpadukos Il u I na pwuc.1?

Kakoii u3 rpayukoB COOTBETCTBYET JABMKEHUIO C OOJIBIIEH CKOPOCTHIO?

MO’KHO 11 TI0 3TUM rpaduKaM ONpeAeTUTh TPACKTOPUH JABIKEHHUS?

Tabmuna 1
2.
I I 1
4
3
2
1
L T R B R
No 1 3 5 6 7 8
3aJa-
qu
Ne h | a V1 a At |a
Bapu-
aHTa M M M M/c M/c? c m/c”
1 x(t)=10+10t-t* 2 10 | 100 5 2 10 |2
2 x(t)=20+20t-t* 4 20 | 200 10 4 20 |4
3 x(t)=30+30t-t* 6 30 | 300 15 6 30 |6
4 X(t)=40+40t-t* 8 40 | 400 20 8 40 |8
5 X(t)=50+50t-t> 10 50 | 500 25 10 50 |10
6 X(t)=60+60t+t* 12 60 | 150 30 12 60 |12
7 X(t)=70+70t+t* 14 70 | 250 35 14 70 |14
8 X(t)=80+80t+t* 16 80 |350 40 16 80 |16
9 X(t)=90+90t+t* 18 90 | 450 45 18 90 |18
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10 X(t)=10+100t-t* 20 10 | 550 50 20 10 |20

®opma mpeaoCTABJIEHHsI Pe3yJabTaTa. BHIIOJIHCHHBIC 3aJa4d B TETPAAU Ui MPAKTHYCCKUX
pabor.

Kpurepun oneHku:
Oyenka «OMIUYHOY» BbICMABIAEMCs: TIPABWIBHO BBIIIOJIHEHBI BCE 3aJaHUS B COOTBETCTBUU C
TpeOOBaHUSMU, MPABWIHHO BBITIOJHEHBI JIOTIOJHUTEIBHBIC 3aJaHMs, CBOCBPEMEHHO TNPEIOCTaBIICH
OTYET O BBIMOJTHCHUH PAOOTHI.
Oyenxa «xopowo» evicmasisiemcs: TPABWILHO BBITIOJHEHBI BCE 3aJaHWs B OCHOBHOM YacTH,
JIOTIOJTHUTENIbHBIC 33/IaHUsl BBIIOJIHEHBI HE B TOJHOM OOBEME, MPEIOCTaBIEH OTYET O BBIMOIHECHUU
paboThl, MO0 B CIydyae HECBOCBPEMEHHOTO MPEIOCTABICHHUS OTYETa WU C HATMYUEM HECYIIECTBEHHBIX
OIIMOOK B BBLIIIOJIHEHUH 3aJaHMS.
Oyenka «y00811emeopumenbHoOy» 8blcmasifemcs: BhIIIOTHEHBI HE Bce, HO Oonee 50% 3amanuit paboThl,
JOTIOJTHUTEIBHBIC 3aJIaHUsl HE BBINIOJHEHBI, HECBOCBPEMEHHO IIPEJOCTABIICH OTYET O BBHIIOJHCHHUH
paboTHL.
Oyenka «Hey0061emME8OpUMeNbHO) 8vbicmasisemcs. BbIIONIHEHO MeHee 50% paboThl, HE BBIMOJHEHBI
JIOTIOJTHATEIIHHBIC 3a[aHHsI, OTYET O BBITIOJHEHUH PabOTHI HE TPEOCTABIICH.

Tema 2.2 I[I/IHaMI/IKa, AMHAMHKA BPAalaTCJIbHOT0 IBUKCHUA. 3akoHbI CoxXpaHeHusl B
MeEXaHUuKe

IIpakTuyeckasi pabora Ne 2
Pemenue 3agau no teme «Buabl cuii B Mexanuke. Cujia TpeHHUs MOKOS1, CKOJIbKEH M,
Ka4eHHs, BPALIEHUS»

Heuan: momyuynTh NpeACTaBICHHWE O CHJIOBOM JIEHCTBMM OJHOIO Tejla Ha Jpyroe, Macce Tena,
pasiindaTtb IMOHATHA HWHEPUHUU W HWHCPTHOCTH, HAYUYUTHCH q)OpMYJ'II/II)OBaTI) IIOHATHUSA MacCChl, CHIIBI,
3akoHbl HbroTOHA.

IIpakTnueckas padora popmupyer:[1P62, ITP66, 11P67,JIP1,

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

Beinosinenne padorsl cnocodcTByeT (popmuposanuro: OK 01, OK 02, OK 03, OK 09
MaTtepuajbHoe obecneyeHHe: -TIOCAIOYHBIE MECTa MO KOJIHYECTBY OOYYArOIIMXCS; -pa3aaTOYHBIN

MaTepHal ¢ 3aJJaHUsIMU; COOPHUKH 3aj1ay, -CIIPAaBOYHbIE MaTepHUaIbI
3ananue: pemuTh 3a1a91

Ilopsinok BbINOJHEHHS padOThI:

=

Ilepen pemenneM 3agau pa3o0paTh KpaTKHe TEOPETUYECKUE CBEICHUS
[IpoBecTu aHaMU3 BEIWYHH, BXOASIIUX B ()OPMYIIHI.
3. Pemmts 3aaa4i Ha NPUMEHCHUC 3aKOHOB HBI—OTOHa, BbIIBUB OCHOBHYIO IIPUYMWHY ABHUXKXCHUSA TCJIA U
BUJI CUJIBI, IEHCTBYIOIIEH HA TENIO (CaMOCTOsTeNbHAs paboTa 1o BapuaHTaMm).
Xox pa0doTsr:
Kparkue Teopernyeckue cBeieHUsA

no

Juuamuka. OCHOBHbBIE MMOHSTHS

Nuepuuss — sABIEHUME COXpPAaHEHHMS CKOPOCTH JIBHXKEHHUS Tena IpH
OTCYTCTBHUH BHEUIHUX BO3JEHCTBUH.
NuepTHOCTE — CBOMCTBO TN, NPOSIBIAIOLIEECS B TOM, YTO IIPHU ~
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OANHAKOBBIX BHCHIITHUX BO3I[€I‘/JICTBI/ISIX Ppa3HbIC TCJIa HpI/I06peTaIOT Pa3HbIC YCKOPCHHUA.
Macca (m) — Mepa uHEpTHOCTH Tell.  [M] =1 k. a m,

3a sTanon maceel (1 Kugorpamm) NpUHATA Macca MEXIYHApOIHOTO MPOTOTUNA |a, m
KWJIOTpaMMa.

1

N3 onbITOB M3BECTHO, 4YTO YCKOPEHMs], IIOJy4aeMbIE TeJlaMH IIpU m_.a
B3aUMOJICHCTBHH, OOPATHO MPOIIOPIIUOHAIBHBI HX MacCcaM: Mpppa = %

Ecnn maccy kakoro-nu0bo Tena NpUHATH 3a 3TAJIOH, TO MOKHO U3MEPUTh TEAA Maccy
JPYTUX TEIL: m

[InoTHOCTH Tena (p) — Py =t

Cuna (F) —  Mepa MEXaHHUYECKOTO JICHCTBUS OJHOTO Tena Ha apyroe. [F] =

1 H — #p1oTOH.

Cuiia uMeeT HarpaBJI€HuE, T. €. CULA-6EKMOp.

Cuia Bcerja mpuiIoKeHa K TOMY Tely, Ha3BaHHUE KOTOPOTO CIIEAYET B MPEUIOKEHUHN TOCIe Tpeasiora
«Ha.

CuitoBoe moJie — 0coObIi BUJT MaTEPUH, TIOCPEIACTBOM KOTOPOTO MepeaaéTcs IeHCTBUE CHIIBI.

PasnoneiicTByromas (pe3yiabTupyromas) cui ( R ) —Cuila, paBHast BEKTOPHOM CyMMe F| JaHHBIX

~ . ~ p=—
cun F.R= Z F S
JlaBnenue (p) — OTHONICHHWE CHJIBI K IUIOMIAIM IMOBEPXHOCTH, HAa KOTOPYKO OHa JCHUCTBYeT B
MEPICHAUKYIIIPHOM HAITPaBICHHH. [p]=1 H
1 I1a — mackainb M’
Wmnynbe Tena (j)— BEKTOpHAsS Mepa MEXaHUYECKOT'O JABMIKCHHSI, paBHAsI g

m
= = KT - M e
MIPOM3BEICHNIO MACCHI TEJIa HA €r0 CKOPOCTh. |P =M V([p]=1
T =

Nmnynbe cuiibl ( F-Ar) — BEKTOpHas Mepa JEHCTBUS CHIIbI, paBHas

MIPOM3BEICHNUIO CUJIbl Ha BpeMs e€ nelictBud. [F-At] =1 H-c.

3akonbl HbroTOHA

O60061muKB pe3yibTaThl CBOMX HCCIEAOBAaHUHN U, yuTs paboTy [anunes «O IBMKEHUH Tell 1O WHEPLIUNY,
HrproTOH chopmynupoBai 3aKOHUEHHOE MOJI0KEHHUE, U3BECTHOE KaK MepBhli 3akoH HploToHA!
CyIecTBYIOT CHUCTEMBI OTCUETa, OTHOCHUTEIBHO KOTOPBIX TENO HAXOJUTCA B MOKOE JINOO JIBUIKETCS
MIPSIMOJIMHEMHO ¥ PABHOMEPHO, €CJIM PaBHOJICHCTBYIOIAsl BCEX MPUIIOKEHHBIX K HEMY CHJI PABHA HYJIIO.
Nuepunanshas cuctema orcuéra (MCO) — cucrema oTcuéra, B KOTOPOW BBIMOJIHACTCS MEPBBIA 3aKOH
HeroTona.

U3 F = % = mTAtV = md TI0JTy4aeM BTOpoii 3akoH HproTOHa:! E=m-3a

JUIs TeJla TIOCTOSTHHOW MacChl CKOPOCTb HM3MEHEHHUS UMIYJbCa paBHA IMPOM3BEJICHUI0 MacChl Ha
YCKOpPEHHE.

Bropoii 3akon HetoroHa padoraer Tonbpko B MCO u mpu yclioBuH, 94TO Macca Tena U JeHCTBYIONUE Ha
HETO CHJIbI IOCTOSTHHBI.

Bropoii 3akoH HproTOHa cripaBe/uiMB Uil PaBHOACHCTBYIONIEM R BCEX CHWJI, NPUIIOKEHHBIX K TEIy,

IIOATOMY, MPEXKAE YEM PEIIaTh 33/1a4M C €r0 IPUMEHEHUEM, HAJ0 ONPEAETIUTH R.
Tperuit 3axkoH HproTOHA: CHIlbI, ¢ KOTOPBIMU JIBa Te€Na AEHCTBYIOT APYT Ha Jpyra,
YHCJIEHHO PaBHBI U HAIPaBJIE€HbI B TPOTUBOIOJIOKHBIE CTOPOHBI IO OJTHOM MPSAMOIA.
Tpertuii 3akon Hetotona pab6oraet Tonsko B UCO.

[Tonaras, uto Bce Tena Beenennoit B3aumuo nputsruBaroTces, Heroton B 1682 1. chopMynupoBai 3aKkoH

F=-F

BCEMHMPHOI'O TATOTEHHUA: BCE TeJla MPUTATUBAIOTCA APYT K IPYry ¢ CHIIAMH, 7om.-m IpsIMO
MIPONOPLIHOHAIBHBIMH IIPOU3BEICHUIO 170:¢ Mmacc 51 obparno |F, = #
MIPONOPLUOHAIBHBIMUA KBAJPATy PACCTOSHUS MEXKIY HUMU. N
rae F12 — crita B3auMHOTO PUTSKEHUS TEN Macc My | My; 3

3 o
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¥ — I'PaBUTALlMOHHASI IOCTOSIHHAS. ‘72 6,6720 - 10™ HMZ/KI“Z‘.
Cuabl B mpupojae

Cuna Tspkect ( £, ) — CHIIa, COOOIIAIOIIAst TeIy YCKOPEHHE CBOOOIHOTO MaICHUSI. =

Cuma TsDKeCTH HalrpaBJICHa BCPTHKAJIBHO BHHU3 (HepHeHI{I/IKy.HHpHO KacaTeJIbHOM K madic

MIOBEPXHOCTU 3€MJIN).

Peaknusi( N ) — cuia aefcTBUs onopsl (IojBeca) Ha TeJIo.
Bec Tena (P) — cuia, ¢ KOTOPOM TeNO NEHCTBYET Ha ONOPY MM IOJBEC BCIEACTBHME IPUTIKEHHUS K
3emue.

HeBecomocTh — MCUe3HOBEHUE Beca Tella MPH IBUKCHHUU OIIOPHI C YCKOPEHHEM CBOOOTHOTO TIaICHHUSI.
[leperpy3ka — yBenmyeHHe Beca Tea Py JBHKEHUH OMOPbI C YCKOPEHUEM BBEPX. —
Cuuta ynpyrocts ( ) — CHIla, BO3HHKAIOIIAs B TeNE MPH AehOpMaIHm. F, = —kX

3akon ['yka: cuiaa yOopyrocTd, BO3HHUKAwoImas mnpud JaeopMaimy —Tena,
MPOIMOPIMOHANIEHA €ro a0COMIOTHOW nedopManud W HaIlpaBlIieHA B CTOPOHY, FTp = ,LlN
MPOTHUBOIOJIOXKHYIO MIEPEMEIICHUIO YaCTHII TeJIa:
Cuna tpenus nokos ( F,, , ) — CHJIa, BO3HMKAIOIIAs HA IPAHHUIIE CONPUKOCHOBEHHS TN IIPU OTCYTCTBUH

UX JIBUKEHUS OTHOCUTEIBHO APYT ApyTa.
{ — xoa(uIEeHT TpeHUs (3aBUCUT OT MATEPHAIOB TPYIINXCS MOBEPXHOCTEN ).

IlpuMepsl pereHnst 3a1a4

1. Bpycok Maccoil 2 Kr MOKOUTCSI Ha TOPU30HTAIILHON T1aJKoM MOBEpXHOCTH. C KaKUM YCKOpPEHHEM
OyzeT 1BUraThCsl OPYCOK, €CIIU ¥ HEMY NPUIIOKUTh TOPU3OHTAIBHO HalpaBieHHyto cuty 10 H?
YA

R -
Hano: Pemenue:
=
mM=2 Kr ‘
Y m
F=10 H
a—"?

Berancnenns: ITo Bropomy 3akony Hetotoma F=Ma. Cuma F coobumaer 6pycky yckopenue &llo
HAIPABIICHUIO ITH BEIMIMHBI COBITAJIAIOT MEXKTY COOOH U OCBIO «X).

B ckansipHoit popme ypaBHeHue umeer BUI: F = m-a = _F_1o_ 5 M/c?. OtBer: 5 M/c?,
m

2. Ha TOoHKON mnpoBosioke mnonseuieH rpy3 maccod 10 xr. Ilpm 3TOM nnmHa NpPOBOJIOKH
yBesnnumiachk Ha 0,5 MMm. UeMy paBHa jK€CTKOCTb IIPOBOJIOKH?

v A =
Hano: CHu Pemmenne: F ymp.
mg

x=0,5mm 0,5-10° m
K-?

I'py3, moJBeIICHHBIH Ha IPOBOJIOKE, HAXOAUTHCS B MIOKOE. 3HAUUT F yyp O MOAYIIO paBHAa Fm. F
m=MG; Fynp.=-KX B ckamsapHoii popmyne ocs OY: Fy-Fyp=0
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kH

1098 106000 & Onger: 196
0,5-10 M

Fn=Fymp = mg=kx= k= m—)? s k=
Pemutsn 3agaun (N - Homep sauie2o 8apuanma no Cnucky)
1. C noMomipro OameHHoro KpaHa nogHuMaroT rpy3. CKopocTs moabema nocrosiuaa. Onpenenure,
Kakue CHbl AeCTBYIOT Ha rpy3? KakoBbsl ux HanpasieHus? KakoBa paBHozaeiicTByromas? [louemy? YV
HEOTBITHBIX KPAHOBITUKOB OBIBAIOT OOPBIBBI TPOCOB B TE€X CIIyYasx, KOTJa OHU HE 0OpaIaloT BHUMAHHUS
Ha CHJIbHO pacKayMBaHUE MEPEHOCUMBIX Ipy30B. CilydaliHbI 11 TaKUE OOPBIBBI?

2. [Touemy Ha pyKOATKH, TOJIOBKM OOJTOB, TaliKu Kpyryiod (opMbl, 3aBUHUMBAEMBIE U
OTBHHYMBAEMbIE BPYUHYI0, HAHOCAT CIIEUAIIbHYIO HAaKaTKy (puduenue)?
3. Koneco (mkuB) npuBOAMTCS B JBMKEHHE IpU HOMoOIIM pemHs. Onpenenure BUA TPEHUS,

BO3HHUKAOMICTO MEXKAY HMIKKMBOM M PEMHEM: TPCHHUE CKOJIBXCHUA WU TPCHUC MoKos? C‘lHTaﬁTC, qTo
PEMECHL HC IPOCKAJIB3bIBACT.

P

4, Onpenenutre BHUA TPEHHs, BO3HHUKAIOUIETO MEXIY KOJIECOM ~' b
JBUKYIICHCS TEICKKH U TPYHTOM, & TAK)KE MEXKTY BTYIKON 5%
£ N
KoJieca ¥ ocbio. OCh IPUKpPEIUICHA K TelIe)KKe HenmoaBKHO (Puc.2). \ Q) e
ST TR
Puc. 2
5. [Touemy Hamo Oepeuyb CMazO4HbIE MaTepuajbl OT MOMAJaHUs B HHUX MecKa U mbuiu?
6. [Touemy HYXHO Oepedb TOPMO3HYIO KOJIOJIKY M TOPMO3HOH OapabaH TpaHCIOPTHOTO CPEICTBa
OT TOMaIaHusl MEX1y HUMU Macia?
. TSl 4erOo MPU COSAMHCHHH MSATKUX MAaTEpHUajOB IMOJ TOJOBKY O0JITa M TaiiKy IMOJKJIAIbIBAIOT
7 y o y
maii0y Oomnpiiero nuamerpa?
8. B kxakoM U3 mepedyrcieHHBIX HIDKE SBJICHHUM MO JIEWCTBHEM CHIIBI COBepIIaeTcsi padoTa (CM.

pI/IC3) TPOC HAXOOUTCA B HATAHYTOM COCTOAHHUHU IO HeﬁCTBHeM CHJIBI TSDKCCTH, 6) Ha CTOJ1I ,HGIZCTBYGT
BEC I'pH; B) ra3 gaBUT Ha CTCHKHU 6ann0Ha; F) MOPHICHDb BLITAJIKHUBACTCA M3 LHUJIMHAPA 110/ I[efICTBPIGM
CHJIBI AABJICHUA I'a30B, I[) MaJIbYUK TAHET BEPCBKY, IPUBA3AHHYIO K HpO‘IHOfI crene?

L

"
Puc. 3
9. Ha ropu3oHTalbHOM ydYacTKe MyTH MaHEBPOBBIM TEIUIOBO3 TOJKHYN BaroH. Kakue Tenma

JeMCTBYIOT Ha BaroH Bo BpeMs U nocie Tosuka? Kak Oyner ABUraThcsi BaroH MoJl BIUSHUEM 3TUX Ten?
10. Bripazute B kunoBaTTax M meramartax cienytomue moiHoctu: 3500 Bt; 200 Bt; 5000BT;
110000Bt. Beipa3zute B BarTax ciaenyromue momHoctu: 3 kBt; 1,5 xBt; 0,6 xBT; 0,04 MBT; 0,0001
MBr.

11. Yemy paBHa cHJIa TSDKECTH, JEHUCTBYIOLIAs HA YIAKOBKY € IIEMEHTOM Maccou 2,5kr, 600r, 1,2 T,
501?

12. [lepBblii COBETCKMN HCKYCCTBEHHBIM CIYTHMK 3eMiau Obu1 3amymieH 4 okTsaops 1957 rona.
Onpenenuts Maccy 3TOro CIIyTHHKA, €CJIM U3BECTHO, UTO Ha 3eMJIE Ha HETO JIEHCTBOBAJIA CUJla TSYKECTH,
paBHas 819,3H.

13. Ha uHenmoaBmwxHOW miuaTgopMe CTOMT SIIMK C KUPHOMYaMH Maccoil N ToHH. Berumcnure u
1300pa3uTe Ha PUCYHKE CHITY TSXKECTH U BEC SLIUKA.
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14.  CmosKeTe 1 BB OAHATD MITACTHHY U3 IPOOKH 00BEMoM N cM>? TTnoTHOCTS po6KH 240Kr/M°,

15.  ABTOOyCc Maccoii N TOHH €eT MO TOpHU3OHTAIbHOMY miocce. Kakas cuma tpeOyercs st
co0bIeH s eMy ycKoperust 1,4 m/c?.

16. Baronetrka maccoil N ToHH aBuxercsa non aercrsueM cuiibl 60 kH. Onpenenute yckopeHue eé
JIBUKCHHSI.

17. JIBa Kopabist Maccoi N TOHH KaXIbli, CTOSAT HA peiine Ha pacctosaun 0,5 KM OMH OT APYToro.
KakoBa cuma npuTsokeHUs MeXAY HUMU?

18. Onpenenuth Maccy KaxJ0ro U3 JIBYX OJAMHAKOBBIX aBTOMOOWIEH, eciu Ha pacctosHuu 0,1 kM
Ha HUX JeHCTBYyeT cuiia nputskenus 6,6 7MH.

19. Onpenenuth paccTosiHUE, HAa KOTOPOM JIB€ BaroHeTKH Maccoil mo 20 Kr Kaxnjas
B3aUMOJICHCTBYIOT C criion 67MkH.

20. Kakyto cuny Hamo NOpUIOKUTH K BaroHy Maccod N TOHH, 4YTOOBl OH CTajd JBUTaThCs
paBHOYycKopeHo u 3a 30c nporen myts 36 Mm? Koaddunment tpenus pasen 0,008.

21. [Tox neficTBUEM CHJIBI TSATH CKOPOCThH BaroHa Maccoi N TOHH Bo3pocia ¢ 4,25 m/c mo 32,4 kM/4

Ha mytu 75,5 M. UeMy paBHa cuia TiTW, €ciM KOX(QQHUIMEHT TPEHUS NPHU JBIKCHHHM BaroHa paBeH
0,025?

22.  Kakywo cwiy TSru J0/DKCH Pa3BUBATh JABUTATENb, YTOOBI JOKOMOTHB MAacCOH N TOHH JBUTAJICS:
a) paBHOMEpHO; 0) ¢ yckopenuem 0,2 M/c?.
23.  DIeKTpoBO3 MPH ABMKCHUU 10 TOPU3OHTATHLHOMY ITyTH pa3BuBaet cwiy Tsaru N kH. Ha ygactke

nytu anuHo 600 M ckopocTh moe3aa Bospocina ¢ 32,4 no 54 km/4. Onpeaenure Uiy COMPOTUBICHUS
JBIKEHUIO 10e3/1a, eciu ero macca pasHa 10000 ToHH.

®opMma npeaocTaBIeHHs pe3yJibTaTa
BrImosHeHHBIC 331a41 B TETPAIU JIJISl IPAKTHYECKUX PadoT.

Kputepuu onenkmu:
Oyenxa «omauyHO» GvlcMAasifemcs: TPABUIBHO BBINOJIHEHBI BCE 3a/laHUs B COOTBETCTBUU C
TpeOOBaHUSMU, MPABWILHO BBHITIOJHEHBI JOTOTHUTENbHBIE 3aJaHMs, CBOCBPEMEHHO MPEIOCTaBICH
OTYET O BBHIMOJTHEHUH PAOOTHI.
Oyenxa «xopowio» e6vicmasisiemcs: TPABUIBHO BBITIONHEHBl BCE 3aJaHUs B OCHOBHOM YacTH,
JIOTIOTHUTENbHBIC 33/IaHUs BBIMOJHEHBI HE B MOJHOM OOBEME, MPEIOCTaBIEH OTYET O BBITOIHEHUU
paboThl, OO B CIydyae HECBOEBPEMEHHOTO MPEIOCTABICHHUS OTUETa WU C HATMYUEM HECYIIECTBEHHBIX
OIMOOK B BBITTOJIHCHUH 3aIaHHUS.
Oyenka «y0061emeopumenbHoy 8blCMAs/siemcs: BHITIOTHEHBI HEe Bce, HO Oosee 50% 3amaHuii paboTHI,
JOTIOJTHUTEIBHBIE 3a/laHusl HE BBHITIOJHEHBI, HECBOCBPEMEHHO MPEJIOCTABIIEH OTUET O BBHIMIOJIHEHUH
paboThI.
Oyenxa «Hey0081emeopumenbHoy Gvlcmaeisemcs: BhINONHEHO MeHee 50% paboThbl, HE BBINOJTHEHBI
JIOTIOTHUTENbHBIE 3aaHHsI, OTUET O BHIMOJIHEHHH PabOThl HE MPEOCTABIICH.

Tema 2.3 3akoHbI COXpaHeHHUS] B MeXaHUKe
IIpakTuyeckas padora Ne 3
Pemenue 3a1a4 no reMe: «3aKOHbI COXPAHEHHMSI B MEXaHMKe M MX NPUMeEHEHHe»

eab padoThl: HAYYUTHCSA UCIOIB30BATh 3AKOH COXPAHEHUS MEXAHUKH JUJIS pacdéTa mapaMeTpoB
Pa3NUYHBIX (PU3UYECKHX MPOLIECCOB

IIpakTuyeckasi pa6ora popmupyer:I1P62, [TP66, 11P67,JIP1,
MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
Boinosinenue padotsl cnocodcTByeT popmuposanuio: OK 01, OK 02, OK 03, OK 09
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MartepuanbHoe oOecredeHHe: -TIOCAJOYHBIE MECTa IO KOJIMYECTBY OOYYAIONIUXCS; pa3aaTOUHBIN
MaTepual ¢ 3aIaHUsIMU; COOPHUKH 3a]1a4, CIIPABOYHBIE MaTEPUAIbI
3agaHue: pelIuTh 33a4U
ITopsinok BbINOJIHEHHUSI PAa0OTHI:

=

[Tepen pemenuem 3aaa4d pa3o0paTh KPaTKUE TEOPETHUESCKUE CBEICHIS

2. IlpoBecTu aHanu3 BETUYHH, BXOJIIIUX B (DOPMYIIbI, YSICHUTH MOHITHUSI U COCTaBUTh MPE/ICTABICHHE
0 paboTe, MOIIHOCTH, IMOTCHIUAILHOW M KHHETHYECKOW SHEepruu, 3HaTh (OPMYNIBI IS HX
BBIYHCIICHUSI.

3. Pemmth 3amaun 1o BapuaHTaM, HCIIOJIB3Ys 3aKOH COXPaHEHHsI SHEPTUH (CaMOCTOsATEIbHAs padboTa).

Xox padoTsbl
KpaTtkue TeopeTnyeckue cBe1eHHSA
3aKoH cOXpaHeHUs SHEPruu JCUCTBYET B 3aMKHYTHIX CUCTEMaX.

3amxnymou Ha3pIBa€TCd CHUCTEMa TeJl, B3aUMOJCHCTBYIOIIMX TOJIBKO JpYyr € JIpyroM MU He
B3aUMOJICUCTBYIOLIUX C IPYTUMU TEIaMHU.

Hmnynee cunbt — BEKTOPHAs BEIUYMHA, SIBISIOINAACS MEPOM JEHCTBUS CHJIBI 3a HEKOTOPBIN
IIPOMEKYTOK BPEMEHH.

I'=F.t, | —UMOyJbC CHIIBI F 3a Bpems t

Hmnynbe Tena (KOJIMYECTBO IBM)KEHHUS) — BEKTOpHas (hpru3nueckas BEIMUYMHA, SBISIOLIASCS MEpPOit
Ke- M

MEXaHUYECKOTO JBUKCHHUA: P=m-5 ;
C

Bropoii 3akon HeroToHa MOXHO 3anmuchkiBaTh B Buae: Ft = mvy; — mug

P — UMITYIIbC TeJla MacCoO M, IBUXKYLIETOCS CO CKOPOCTBIO O .

KomnuectBo motpebnsieMolt SHEprMM — OJWH M3 IJIABHBIX IIOKa3aTellel TEXHWYECKOTO Pa3BUTHS
obmiectsa. [Ipon3BOACTBO, paclpesieieHHe U MOTPEOIEHUE SHEPTUM HEBO3MOKHO 0€3 €€ TpeoOpasoBaHus

13 OZIHOTO BUa B Apyroi. Ecnu mox aeficTBreM MOCTOSHHOM CUJIBI F TEJO 7
- o o
COBEpPILIMJIO IIEPEMELICHUE §, TO TOBOPAT, YTO CHUJIOM COBEpLIEHA 5 paboma.
Pabora (4) — ckaisgpHOE NPOM3BEACHHE BEKTOPOB CHIIBI F H

e e

MEPEMEILICHUS § .

rIe o — Yrodl MeXIYF U §; Fg=F-.cosa — HPOEKIHA F Ha
HanpaBJeHUE.

[4] =1 H-m = Ik — mxoynb A Tk
Moursrocts (N) — CKOpOCTh COBepIIeHHsT pabOThI N = At [N] :1T =1Br

JHeprus

MexaHnueckasi CHUCTEMa — COBOKYIMHOCTh MAaT€pHajbHBIX TOYEK, B3aHMMOJAEHCTBYIOUIMX JAPYT C
JIPYrOM U TeJaMH, He BXOSIIUMH B 3Ty COBOKYITHOCTb.

ITocne cosepiieHust paboThl cucTeMa MEpelAET U3 OJHOro COCTOsHUS B Apyroe. Torga paGora —
¢bu3nyeckas BeIMUYUHA, XapaKTEpPU3YIOLIas npoyecc TNEpexoja MEXaHWUYECKOW CUCTEMbI M3 OJIHOTO
COCTOSIHUS B JIPYTO€.

MO>HO TOBOPHUTH, YTO CYIIECTBYET HEKHI MTapaMeTp MEXaHHUECKOW CHCTEMBI, H3MEHEHUE KOTOPOTO
paBHO COBepLIEHHOI paboTe A.

Mexanundeckas sHeprusi (E) — napameTp MEXaHUYECKON CHCTEMbI, H3MEHEHHE (az ) KOTOPOTO PABHO
coBepiI€HHoit pabote (A). AE =A. [E]=1[Ix

rne £1 — MexaHudecKkasi JHEprusi CHCTEMbI B HA9aJIbHOM COCTOSTHUH,

A:‘If‘-‘§‘-cosa: F-S.cosa =FS

E, — wMexaHudeckas SHEPIUsl CUCTEMbI B KOHEUHOM COCTOSIHUH. AE = i‘AE ‘
AE=E,-E
WN3meHeHune »5SHEPrum ae 2 MoxeT  OBITh KAk  IOJOXKHUTEIBHBIM, TaK H
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OTpULATCIILHBIM.
Pabota — Mmepa n3MeHeHs] MEXaHUYECKON SHEPTUH CUCTEMBI.

Kunernueckas sHeprus (E,) — IOIOBMHA IPOU3BEACHUS MacChl Tejla Ha —  KBajpar
€ro CKOPOCTH. g -
K
KuHeTHYeCcKas SHEPIUs — SHEPIUs IBUKCHHUS. 2

Torma WIM[4=AE], T. € €CIM CHJIa COBEPLIAET MOJOKHUTENbHYIO PadoTy, TO

KUHETHYECKas SHEPTHsI TeJla BO3pacTaeT, 1 00paTHo.

[MorenuunansHas sueprus (E;) — SHEPrus B3aUMOICHCTBHS T MM YacTel Tea.

HyneBoli ypoBeHb NOTEHIMATBHON SHEPIUH — COCTOSIHUE CUCTEMBI, B KOTOpoM £y, = 0.

HyneBoit ypoBeHb MMOTEHIMAIBLHON OJHEpruuM B3auMojaeucTBus Tena ¢ 3emué (HYIID3) —
TOPU30HTAJIbHAS IUIOCKOCTh, HA KOTOPOW IpUHUMaeTcs Ey, cucteMbl Teno—3emiis paBHON HYJIIO.

[Tycts Tesmo Macchl M MOA AEHCTBHEM CHIIBI TSDKECTH 7 HEPEMECTHIIOCH C BBICOTHI N1 10 BBICOTHI

h, 0e3 nu3menenus ckopoctu. Pabota cuitbl TSDKECTH A=F, S =mg(h, —h,) = mgh, —mgh, = —(mgh, —mgh,) =

[TorennuansHass SHEprus B3aumojecicTBus tenma ¢ 3emieir (E,) — E —mah
MPOM3BEICHNE CHJIbI TSDKECTH TeJla Ha BBICOTY N IMOJIOKEHHS IIEHTpa Macc « = Mg Tena
otHOcHTeabHO HYTID3.

[ToTenumanpHOM SHEprueil B3aMMOACHCTBUS YacTeil Tena o0naialT ynpyro ko
nehopMUpPOBAHHBIE TEJIA E ="

[MotenuunansHas sHeprus ynpyro aedopmuposanuoro tena (E;) — momoBuna !
npousBeficHUsT JKECTKocTH K Tema Ha KBagparT ero aOCOMIOTHOU AT T
nedopmaruu x. 0 X % X

3aKOHbBI COXPAHEHHUS B MEXaHUKE

OHeprusi MHTEpEeCyeT 4YeJOBEYeCTBO Ha BCEM IYyTHM €ro pas3BuTus. Bekamu J0au MbITaIMCh
n300peCTH MaLINHY («8euHblll 08Uucamevy), O3BOJSIONLYIO TOJIy4aTh SHEPTHIO U3 «HUOTKYIa».

3aKOH COXpaHEHUS U MPEBPALIEHUS DHEPIHMM 3aNpPELIAcT CYLUIECTBOBAHME BEYHOTO JABHUIAaTEls,
OJTHAKO BPeMsl OT BPEMEHU MOSBIISIFOTCS 0N, OOBSABIISIOIINE O CO3/JaHUH OYEPEAHON €ro MOJEIH.

3aKOH COXpaHEHHS MEXaHMYECKON IHEPIruu

BHemHue cuibl — cuiibl, AEMCTBYIOLINE CO CTOPOHBI T€J, HE BXOJSAUINX B ATY CUCTEMY.

3aMKHyTass MEXaHM4YecKas CUCTEMa Tel — CUCTEMA, Ha KaXJ0€ M3 Tell KOTOpOW HE JEUCTBYIOT
BHCIIIHIE CHJIBI MIIM PABHOJCHCTBYIOIIAs BCEX BHEIIHHMX CUJI PaBHA HYIIIO, T.C. S~ -5

i.erew

PaccMoTpuM 3aMKHYTYI0O MEXAaHUYECKYIO CUCTEMY TEJI, 3HAYEHUS MOTEHIIMAIbHON YHEPTUH KOTOPOU
B HAYAJIbHOM ¥ KOHEYHOM COCTOSIHUSIX PaBHBI £y U Eyp, KHHETHYECKOM: Ey U E): |EK, +E,=FEg, + En2|.

IlonHas MeXaHWYeCKasi DHEPrus CUCTEMbl — CyMMa KMHETUYECKOW M NOTEHUUAIbHOW DHEPIUU TEI
9TOU CUCTEMBI. :
3aKOH COXpaHEHHUs MEXaHMYECKOW DHEPrHH: IIOJIHAs MEXaHMYeCKas Z(EK +E,); =const
JHEPIUs 3aMKHYTOM MEXAHMYECKOM CUCTEMBI Tel, B KOTOPOU ACUCTBYIOT [i=
TOJIBKO CHJIBI TSDKECTH U YIPYTOCTH, OCTa€TC HEU3MEHHOM.
OtaenbHO OT Tella OTCYETa HU OAHO TENO He 00J1aaeT MEXaHUUECKOH SIHEpruei.
3aKOH COXpaHEHUs NMITYJIbCa .
Ilycte nBa Tema mMacc Mp U My COCTABIIAIOT 3aMKHYTYI0 MEXaHUYECKYIO Zazm
CUCTEMY, IBUIKYTCSI HABCTpEUy APYT APYrY U B3aUMOJCHCTBYIOT C CUIaMHU £, U |i=l F, -

ITo tperbemy 3akoHy HbroToHa £ =-£,. [lo B3aMMOAENHCTBUS MMITYJIBCHI T€l1 ObUIM B, H P,,
II0CJIE B3aUMOACUCTBUS B] H P .

T.€. BEKTOPHBIE CYMMBI MMITYJILCOB TEJI JI0 U I1OCJIE B3aUMOJECHCTBHSI OJJUHAKOBBI.

@yH/1aMEHTAIbHBIN 3aKOH COXpaHEHUs uMnyiabca: [~ — ~ =
reOMETpUUYECKass CyMMa HMITYJIbCOB TE€Jl 3aMKHYTOH MEXaHMUYECKOH Pr+P, =P+ D
CUCTEMBI OCTaETCSI HEU3MEHHOM.
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3aKOH COXpaHEHMs UMITYJIbca IpUMEHUM Tosibko B CO.

Coynapenusi Tej. 3aKOH COXPAHEHUS MEXAHWUYECKOW SHEPTMU U 3aKOH COXPaHEHUS
UMITyJIbCa TIO3BOJIIIOT HAXOJUTh PEHICHHWS MEXaHWYEeCKMX 3aJad B TEX Cllydasx, Korja
HEU3BECTHBI JeHcTByomue cuibl. [Ipumepom Takoro pojaa 3agad  sIBISiETCS  yIapHOE
B3aMMOJICICTBHE TEII.

Ynapom (Wid CTOJKHOBEHHEM) MPHHSATO Ha3bIBaTh KPATKOBPEMEHHOE B3aWMOJICHCTBHE
TEJ, B pe3yJIbTaTe KOTOPOTO UX CKOPOCTH UCTIBITHIBAIOT 3HAUNTEIHHBIC N3MEHEHHUS.

B MexaHuKe 4acTo HCIONIB3YIOTCS ABE MOJENIN yIapHOIro
B3aUMOJICUCTBUSL — aOCOIIOMHO ynpyeuii U a0CONIOMHO  ,, ms
Heynpyzuil yoapol. _C}——» <—Q

AOCONIOTHO HEYHOPYIMM _ yIapoM  Ha3bIBAIOT  TaKOE 72 TS 7
yIapHOE B3aWMOJEWUCTBUE, MPU KOTOPOM Tella COEAMHSIIOTCS X
(cmunarorcsl) Opyr € APYroM M JIBMXKYTCSl Jajibllie Kak OJHO
TeJNo.

IIpu aOcomOTHO HEyHNpyroM yaape MexaHWJecKas
SHeprus He coxpansgercd. OHa 4YaCTUYHO MJIM IOJHOCTBIO —~
MIEPEXO/IUT BO BHYTPEHHIOK YHEPIHIO TEJ (HarpeBaHue). Q/_’ ‘/_O

AOGCOTIOTHO YIPYTHUM YIapOM Ha3bIBAETCSl CTOJIKHOBEHHE, m m:
Ipy  KOTOPOM TeJa IIOCNie COYIHapeHUs JBUXKYTCA II0 <—Q_ va
OTJENBHOCTH, U COXPAHSIETCS] MEXaHUYECKasl SHEPTUsI CUCTEMBI il KA A A 7

TECII.

AR A SRV 45T S5 A A

HpI/I a0COJIIOTHO YIIpYromMm yaape Hapiaay € 3aKOHOM COXPAHCHUS MMITYJIbCA BbLIITOJHACTCA
3aKOH COXPaHCHHS MEXaHUYCCKOM YHESPIHM.

IIpuMepsl pereHnst 3a1a4

1. OnpenenuTh MOIIHOCTH TEIUIOBO3a, 3HAs, YTO IPU CKOPOCTH ABMXKEHUS 43,2 KM/4 cuia
Taru paBHa 105 xkH
Jano «CH» Pemenue:

v =43,2 km/4 12m/ ¢ MOLIHOCTH HAXOAUTCA 1O GopMyIIe: N = A
t

F=105xH 105-10° H
Cuna TSrY COBEpIIACT MOJIOKUTEITHHYIO PadoTYy:
N-?
A=FScosa, Zo=0,A=F.S JIBMkeHHE  TEII0BO3a
paBHOMEPHOE U MIPSIMOJIMHEHHOE: N :FT'S: Foo |
S_
T [2)

N =Fv=12m/c-105-10° =1260-10° Bt

Otser: N = 1260 xBrT.

2. Teno maccoit 10 kT cBoO0OAHO TagaeT ¢ BBICOTHI 20 M U3 COCTOSIHHS TTOKOsl. Uemy paBHa
KMHETUYECKasi SHEPTUsl B MOMEHT yAapa 0 3emito?
Hano: Puc. Pemenue:
m =10 kr 1 h Em Eif0  CormacHo 3aKOHy COXpPaHEHHs DHEPIHH:
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vo= 0 M/c Epo + Eo= Epl +E
hy=20m™ 3a Tesno oTcyeTra NpuMeM 3eMITIO:

hi=0wM 2 mo! yautbBast h; =0,v9=0

muo2
2% _ %
mgh, + > mgh, + >

g=10 m\c? Ex E; =0 mah, _myf wiu Exkg=mghg
2

Eaq—? Ex; =10-10-20 = 2000 Tx

Otget: 2 k/[x.

3. Bo BpeMs MaHEBpOB Ha KeJIE3HOAOPOKHOW CTAHIIMU JBE IIaTGOpMbl MaccamMu mjp = 2,4+ 10* kr u
m; = 1,6-10* kr gBurammcs HaABCTpeUy JIPYT JPYTY CO CKOPOCTSIMH, MOJTYJTH KOTOPBIX paBHBI V1 = 0,5
M/c u v = 1 m/c. Haiinure ckopocTh MX COBMECTHOTO JBHMKEHHUS IOCJIE TOro, Kak cpaborana
aBTOCILIETIKA.

JaHo: Pemenue:

ml :2’4 ’ 104 KT - 2 AR e

AR SRR TR X,
mz=1,6 - 10* kr m, g
vy = 0,5 m/c

vy, = lM/c

1)06-?

N300pasum cXeMaTH4YHO JEHCTBYIOIIME CHIIBI HA JBMKYIIUECs miaTr@GopMel. B mpoeknun Ha ock X: N,

mgH N, m, g CHUJIbl B3aMMHO YPaBHOBCHICHBI.

MOHO TPUMEHUTH 3aKOH COXPAHEHUS UMITYJIbCA: mll)l + m202 - (m1 + m2)006 :

TJI€ Vo5 — CKOPOCTH TIAT(HOPMBI TTOCIE CHETKH.

B npoekiusax Ha ock X: My Vix + M Vo = (M1 + M) Vogx

T.K. Vix =701, Vax = - V2, TO Vesx = -0,1 M/C

3Hak (-) MOKa3bIBAET, YTO CKOPOCTh Vo HAMPABIIEHA MTPOTHBOIOIO0KHO OCH X (CIIpaBa — HAJIEBO).

Pemutsb 3axaun (N - Homep sawezo apuanma no cnucky)
1. IIpu cTpouTENnbCTBE KAHATHON JOPOTM B TOPHOM MECTHOCTH CaMOCBAJl MacCOM N TOHH IOJHSIICA
Ha BbeicoTy 400M Hax ypoBHeM Mops. Onpenenutbh MOTEHIHUAIbHYIO SHEPrui0 aBTOMOOWIIS
OTHOCHUTEIILHO YPOBHS MODSL.

2. Moot kompa s 3abuBanust cBaii maccoit SO0Kr mamaeT ¢ BBICOTHI N MeTpoB. Yemy Oymer
paBHA MMOTEHIMAIbHAS U KUHETHYECKasi SHEPTUs MOJIOTa Ha BbicoTe 4MeTpa?
3. Kaxoit moTeHnmaibHON SHEpPTHEH 001amaeT Teao Maccod N Kr, MOJHITOE Ha BBICOTY 15metpa?

Kakyto paboTy OHO MOXKET COBEPIIUTH MPH MaJaHUU Ha 3eMITI0?
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4. OnpenenuTs MOITHOCTh CEpJIla BaJbIOBIIMKA B Ipolecce GU3NIECKoil paboThl, 3Hasl, YTO MPH

OJIHOM yJIape OHO COBepIIaeT padbory, paBHyo 16 Ik, a B MUHYTY nenaeT npumepHo 240 yaapos.

S. [Tpu cxxarum OydepHOI Py KUHBI K/I BaroHa Ha ScM mpowm3BeneHa padora 3,75 kJlx. Kakas

cwiia TtpeOyercs nis cxartus 3Toil npyxusbl Ha lem? [locTpoiiTe rpaduk 3aBUCUMOCTU YAJUHEHUS

IIPYKUHBI OT BETUYHUHBI IPUIIOKEHHON CUIIBI.

6. IIpu ynape nByx BaroHoB OydepHas mpykuHa cxanach Ha N cM. XKectkocth npykunbl 3000

kH/M. Onpenenuts paboTy Ipu CHKATUH MPYKUHBI.

7. Kakas pabota mpousBeneHa npu cxaTuu 0yhepHON HpyKUHBI KeJIe3HOJOPOKHOTO BaroHa Ha N

CM, €CJIM JUIsl CoKaTus IpyKUHbI Ha 1 cM Tpedyetcs cuna 350000H?

8. TspxenoBecHsl coctaB ¢ yriem Maccoit 6000t mpeononeBaetr noabeMm B 100 MmetpoB. Ha kakyto

BBICOTY MO>KHO MOAHATH Teno maccoil 100 kr, ecin MCHOIb30BaTh 3amac NOTEHLUUAIbHON 3HEPIUU B

BEpXHEH TOUKe nmoabema?

0. Baronerka nBuranach 1o ropu3OHTaJIbHOMY IIYTH, Y€pe3 HEKOTOPOE BpeMs OcTaHOBMIACh. Ee

KMHETHYecKasi dHeprus craina paBHa 0, a MOTeHIMAIbHAsA OCTajlachk Hem3MeHHoU. He Hapymmiics ou B

ATOM CIIy4ae 3aKOH COXPaHEHMsI U NIPEBPALCHUS SHEPTUN?

10.  [Insg morpy3Ku yriisi B BaroH MPUMEHSIETCS JICHTOYHBIH TPaHCIOPTEp, KOTOPBIM IepeMeriaet

yrojiib BBEpX [0 HAKIOHY Ha BbIcOTYy 5 M. B MuHyry norpy3umk npocraBiger 12T yris. Baron

3anonHsercs 3a 5 muH. Kakyto paboTy mpu 5TOM coBepiIaeT TpaHcnopTep?

11. TennoBo3 TSHET COCTaB CO CKOPOCTHIO N KM/4, pa3BuBas MoutHOCTh 880 kBT. Kak Benuka B 3TOM

cllydae Cujia TATH?

12.  JIurarenb opuCHOTO BEHTWIATOpa uMeeT MOIHOCTE 0,35 kBT, Kakyro paboTy oH coBepmuT 3a

N MUHYT.

13.  BpuucauTh paboTy, COBEpPIIAEMYIO TSDKEI0ATIECTOM, KOTJa OH PABHOMEPHO MOJHUMAET IITAHTY

Maccoit 100 kxr Ha BeicOTY 1,5M.

14. Kakyto paboTy HyXHO coBepuIUTh, 4TOObI moe3x Maccoid 1000 TOHH, ABMXKYyIIMICA CO

CKOPOCTBIO 72KM/4 YBETUYHII CBOIO CKOPOCTH 110 108 xMm/4?

15. Kaxoit maccel rpy3 MoOXKeT MOAHUMATh MOJABEMHBIA KpaH CO CKOpOCThIO 1,5M/c, eciiu y HEro

JIIBUTATEIb MOITHOCTRIO 12kBT?

16. OpguHakoBO 1M CXXHUMalTCs Oydepa TMpPU CTOJIKHOBEHHH IBYX OJWHAKOBBIX BAaroHOB, OJWH W3
KOTOpBIX HemoJBMXkEeH? PaccMoTpure ciydau: TIOpOXHHMM BaroH HENOABMIKEH, JABMXKETCS
IPYKEHBIN; TPYKEHHBIN HEITOABUKEH, IBUXKETCS IIOPOKHHMN.

17. YtoObl CIHBHHYTH C MECTa TSDKENbIN KeNe3HOJOPOKHBIH COCTaB, MALIMHUCT JAaeT 3aJHUI X0,
110/1aBasi COCTaB HEMHOT'O Ha3aJl, a OTOM yKe JaeT nepeanuil xox. Ilouemy takum o6pasom, jgerye
TPOHYTb COCTaB C MecTa?

18. Pabouwii, Oerymuii 1Mo 1mexy co CKOpoCThI0 7 M/C, TOTOHSET TEIICKKY C TPy3aMH, JIBIKYIIYIOCS CO
CKOpOCTBIO 2 M/C, U BckakuBaeT Ha Hee. C KakoW CKOpPOCTBIO MPOJOJDKAET JBUTATHCS TEJIEXkKKa,
€CJIM MacChl TEJIEKKHU U YEJIOBEKa COOTBETCTBEHHO paBHbI 30 kr u 70 Kr.

19. Jle ’xene3HOAOPOXKHbIE MIATPOPMBI ABMKYTCS HABCTpedy APYyr Apyry co ckopoctsmu 0,6 u 0,4
M/c. Macchl miatopmMbl COOTBETCTBEHHO paBHBI 18 m 28 T. C Kakol CKOPOCTHIO U B KAaKOM
HampaBJIeHUU OyIyT ABUraThCs IIaT(HOPMBI OCIE CTOIKHOBEHUA? Y 1ap CUUTATh YIIPYTHM.

20. YKene3HOMOPOXKHBIM BaroH Maccoil 25 TOHH TOJbE3KaeT CO CKOPOCThio 0,3 M/C K CTOsIIIEMy Ha TOM
K€ IYTHU HENOABI)KHOMY BaroHy Maccoil N TOHH M aBTOMAaTH4ecKH creruisercs ¢ HuM. llocne
CLIETIKM BaroHbl JBMXKYTCS MPSIMOJIMHEHHO. KakoBa cKOpOCTh JBUKEHHS BArOHOB OCJIE CLIETKU?

21. JKene3HOMOPOXXHBIM BaroH Maccod 35 TOHH TOJBE3KAeT K CTOALIEMY Ha TOM K€ MYyTH
HEMOJIBPKHOMY BaroHy Maccoil N TOHH W aBTOMaTWyecku cremuisgercs ¢ HUM. [locne cuenku
BaroHb! JABIKYTCS NPSIMOJIMHEHHO co ckopocThio 0,5M/c. KakoBa Obl1a CKOpPOCTh BaroHa Maccoi 35
TOHH II€peJT CLENKOM?

22. CTONKHYIUCh JBa OJMHAKOBBIX IUIACTHJIMHOBBIX IIApUKa, MPUYEM BEKTOPbI HX CKOPOCTEH
HEMOCPEACTBEHHO NEpe]] CTOIKHOBEHHEM OBbLIM B3aUMHO MEPHEHANKYISPHBI U BABOE OTINYAINCH
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nmo moxaymo: Y;=29,. Kakoii Obuta CKOpOCTh OoJjiee OBICTPOTO IMapuKa TNepen aOCOIFOTHO
HEYNPYTUM yJIapoM, €CII MOCIie HETO BeIMYMHA CKOPOCTH IIAPUKOB cTajia paBHOU 1,5m/c?
®dopma npenocraBiieHns pe3ybTaTa
Brimmonnennsie 3ala4yu B TCTpaau AJId MMPAKTHYCCKUX pa60T.
Kputepuu oneHku:

Oyenka «OmMAUYHO» GbICMAGASEMCs: TPABUIBHO BBIIOJIHEHBI BCE 3a/laHUS B COOTBETCTBUU C
TpeOOBaHUSMU, MPABWIHHO BBITIOJHEHBI JIOTIOJHUTEIBHBIC 3aJaHMs, CBOCBPEMEHHO TNPEIOCTaBIICH
OTYET O BBIMOJTHCHUH PAOOTHI.

Oyenka «xopowioy 6vlcmaegnsemcsi: TPABWIBHO BBHIMOJHEHbl BCE 3aJaHUsT B OCHOBHOW YaCTH,
JOTIOJTHUTEJIbHBIC 3aJ[aHWsl BBITIOJHEHBI HE B IMOJHOM OOBEME, MPEIOCTABICH OTYET O BBHIMOJIHECHUH
paboThl, 1100 B CIydae HECBOEBPEMEHHOTO MPEOCTABICHUS OTYETA WU C HATMYHEM HECYIIECTBEHHBIX
OmKOOK B BHITIOJHEHUH 3a/IaHUSI.

Oyenka «y0081emeopumenbHo» 8blCMAasisemcs: BRITIOTHEHBI He Bce, HO Oonee 50% 3amanuii paboTHI,
JIOTIOJTHATEIBHBIC 3a/IaHUs HE BBITIOJHEHBI, HECBOSBPEMECHHO IPEJAOCTABICH OTUYET O BBIMOJHECHUU
paboTHLI.

Oyenka «Hey0081emMEOpUMeNbHO) 8bicmasisiemcs. BbIIONIHEHO MeHee 50% paboThl, HE BBINOTHEHBI
JIOTIOJTHUTEIIbHBIC 3aJIJaHKsI, OTYET O BHIMIOJIHEHUH Pa0OThI HE MPEIOCTABIICH.

Tema 3.1 OCHOBBI MOJIEKYJISPHO-KHUHETHYECKO TEOpHHU

IIpakTuyeckoe 3ansitue Ne 4
Pemrenue 3axa4 no reme «OcHoBsl MKT. Pemenne 3a1a4 Ha ypaBHeHHe COCTOSHHUS M1€aJILHOTO
raza»

Leanb padoThbi: yriyOuTh U KOHKPETHU3UPOBATh MPEJCTABICHUS O MOJIEKYJISIPHO-KUHETUYECKON
Teopun BemectBa. Hayuutbesa wucnonbp3oBare 3akoHbl MKT i pacuéra OCHOBHBIX MapaMeTpoB
COCTOSIHMS BEILIECTBA.

IIpakTnueckas padora popmupyer:[1P62, ITP66, 11P67,JIP1,

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

Boinosinenue padorsl cnocodcTByet (popmuposanuto: OK 01, OK 02, OK 03, OK 09, OK 06
MarepuajibHoe ofecnedeHHe: 110Ca0YHbIe MECTa 110 KOJMUYECTBY O0YYAIOIIMXCS; pa3aaTOYHbIA

Marepurall C 3aJaHUAMU; C60pHI/IKI/I 3aaa4, CIIPpaBOYHBIC MaTCpHUaJibl

3anganme: ucrnoib3ys ocHoBHbIE (popmyiel 3akoHOB MKT, pemuTs 3an1aun

ITopsinok BbINOJIHEHHS Pa0OTHI
[ToBTOPUTH OCHOBHBIE BOMPOCHI MOJIEKYJIIPHO-KMHETUYECKOI TEOPUH.
2. PemmuTtb 3a1aun Mo BapuaHTaM (M3 CIIUCKA M TaOIHUIIBI)

=

Xoxa padoTsl
KpaTkue TeopeTnueckue cBeaeHUs
KomuuectBo BemiectBa (V) — ¢u3Mueckas BeIUYHMHA, OMpenesseMast 1 YHCIIOM
€ro CTPYKTYPHBIX JIEMEHTOB (aTOMOB, MOJIEKYJ U Ap.) [v] = 1 Mob. N, =6,02-10 y—
Yucno Asoraapo (Na) — KoiumdecTBO dYacTvil B 1 MOJb BellecTBa
(Ha3Bano B yecTh AMeneo ABorasnpo (1776—1856, Urtamms).
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Monsipaass macca BemiecTBa (f) — BeJMYMHA, YHCICHHO paBHash €ro OTHOCUTEIBHOW aTOMHOMU
(MoJIeKyJIIpHOM) Macce My B aTOMHBIX €JMHMLAX MAcChl (CM. NMEPUOAMYECKYIO cUCTeMy JIMuTpus

-3 _
Upanosuua |4 = Mo 10 Menneneea (1834-1907, Poccus). L1 ]_IMOJH, Macca oxHoit

-~

Na [
W3 ombITOB M3BECTHO, 4TO | MONb ra3za (HE3aBHUCHMMO OT XHMHYECKOTO COCTaBa) MPH HOPMAJbHBIX
YCIIOBHSX (OOC 1 760 MM PT. CT.) 3aHUMAET 00BEM 22,4102 M® (22,4 m).

MOJICKYJIBI (B KT): |71

N
Konuenrpamuss (N) —  KOJUYECTBO 7] Mouekyn N B egunuie oobrema V. n=
n, ~2,7-10%° =

M

|
-1—
Irl=1

Yucio Jlommuara (Nj) — KOHIEHTPALKS MOJICKYJT I'a3a P HOPMAIbHBIX YCIOBHSX

|N =v- Ny |14 |m = V',u| — yycno MoJiekys N B v MoJib BelecTBa u ero Macca m.

2 —
p= 3 n- E |- ocaoBHoe ypasaenne MKT uieanbpHOro rasa,
—_— m.iz
roe E. = 5 — CpeloHsAs KHUHETHYeCKass SHEpPrus OJHOU
_ ivf p
MOJIEKYJBI; M — Macca MoJeKynbl; |V = 2| — cpenHas

KBaJIpaTH4YHasi CKOPOCTH JIBUXKEHUSI MOJIEKYJIBI.
TemnepaTypa — XapakTepUCTHKA CTEIIEHNU HArPETOCTH Tea.

AOCOMIOTHBIN HyNIb — Temreparypa t = —273,15°C, IIPpU KOTOPOH ~—27315°C () i JOJDKHO
MIPEKPATUTHCS OCTYNATEIbHOE JBUKEHUE MOJIEKYI.

AocomoTtHas mkana temmeparyp (mkana Kenssuna) (7) — mikaiaa TeMneparyp, rie 3a Hyjlb IPHHAMAIOT
aOCONIOTHBIN HYJIb.

[T] =1 K — kenbBuH. 1 K = 1°C. Mexnay mkanamu KenbBuHa u Llenbcusi 1elicTByeT COOTHOILICHHUE:

T =t+273]15|

_ K
k=138-10 23%— nocrossHHast bonpnMana (HasBana B uecth JlromBura bBombivana (1844-1906,

ABcTpus).

, T. €. 0asjleHue 2a3a He 3a8UCUm Oom e20 NPUpoosl, a Onpeoesemcs MmoabKo KOHYyeHmpayuetl n
monexyn u memnepamypoti 1.

OObeTMHEHHBIN TAa30BBIN 3aKOH: JIJISl JAHHOTO KOJIMYECTBA BEIECTBA MPOM3BEICHHUE JIaBJICHUS ra3a Ha
ero o0bpEM, OTHECEHHOE K a0CONIFOTHOM TeMIiepaType, eCTh BEIMYUHA IIOCTOSTHHAS.

pv pv
Jx =R = const
R=k-N,=831 Koom |~ T T YHHUBEpCaIbHasi ra30Basi MOCTOSTHHASL.

m o
pV = —RT|— ypaBHEHHE COCTOSIHUA UAeanpHOro raza (MenneneeBa-Knanelipona).
7

[IpakTueckuii HHTEPEC BBI3BIBAIOT TPHU NPOLIECCA B ras3ax:
1) mpu v =constu 7=const; 2) mpu v =constup=const; 3)mpu v =constu V= const.
N3orepmuueckuii nponecc. 3akon boitnga-MapuoTra

26



P N3otrepMuueckuii mpouecc — MpoLEeCcC B rase, MPOUCXOMSIIUNA IPU IOCTOSHHBIX
T <T,<Is  KOJWYECTBE BEIIECCTBA U TEMIIEPATYPE.
3akoH boiig-MapuoTrra: 1OpM  HOCTOSIHHBIX
0T gonnyecTBe BEILlECTBA u TeMIeparype pV = const
NPOM3BEACHNE [ABJICHUS Ta3a Ha €ro o0bEM
=  OCTa€TCsl IOCTOSIHHBIM.
V' M3obGapuueckuii npouecc. 3akon I eii-Jlroccaka
N300apuueckuii mpouecc— npouecc B rase, NpOUCXOIAIIMNA IPU MOCTOSHHBIX KOJIMYECTBE BEILECTBA U
JaBJIEHUU

P
v,
| n30X0pa
3aKkoH I'eii-JIroccaxa: npu MOCTOSIHHBIX ! v,
KOJIMYECTBE BEIECTBA W JABIIEHWH OOBEM rasa //: m >V, npsiMO
MIPOIOPLIMOHAJIEH ero a0CONIIOTHOM TeMIieparype. 7
N3oxopudeckwii poriecc. 3akoH lapmns 0 273 T

N3oxopudeckuii poriecc — MpoIecc B ra3e, MPOUCXOISIINN MPU MOCTOSHHBIX KOJWYECTBE BEIIECTBA U
o0beEme (0b11 3yueH lapnem).

3akon [lapmns: mpy MOCTOSIHHBIX KOJIMYESCTBE BEIIECTBA U 00bEME JaBICHHUE rasa — 4T PSIMO
MPONOPIIMOHAIILHO €r0 a0COIOTHOM TeMIIeparype. p=p
Buytpennsis sueprus rasa (U) — cyMMa KHHETHYECKOM SHEPTUH €r0 MOJICKYJI, IIOTCHIIMATBHON SHEPTHH
WX B3aMMOJICHCTBHS U BHYTPUMOJIEKYJISIPHON SHEPTHH.

3 5
U= 5 VRT | — 111 OTHOATOMHOT'O MEAJILHOIO rasa. U= EVRT -J17151 IBYXaTOMHOTO ra3a

U =3vRT|. JI5is MHOTOaTOMHOTO HACATBLHOTO rasa
PaGora raza nmpu n306apuveckoM pacuIupeHnun: A —y R AT A= p AV

dusnueckuii cmoica R:
yHHUBepCcalbHasi ra30Basi IOCTOsIHHAs — padoTa, coBeplIaeMas OJHUM MOJIEM HAEaNbHOTO raza mpH ero
M300apUYECKOM HarpeBaHUM Ha OJUH KEJbBHH.

B ycrnoBum HEKOTOPBIX 3a7a4 OTCYTCTBYIOT IUGPHL. 3HadeHHs] (PU3NYECKUX MapaMeTpoB STUX 3aaad
HeoOXxoauMo OpaTh U3 TadbuuIlb 1:

M0 BEPTUKAJIHHOU CTPOKE yKa3aH HOMEpP BapUaHTa, 0 TOPU3OHTATHHON — HOMEpP 3aJ[auH.

1. Brrancints Maccy 04HON MOJIEKYJIIbI 3aJaHHOTO Ta3a.

2. CKoJBbKO MOJIEKYJ COJEPKUTCS IIPU HOPMAJIbHBIX YCIOBHAX B M KUJIorpaMMax Bojgopoaa H, ?

3. Kakoe KoIM4ecTBO BEIIECTBA V COACPIKUTCS B AIFOMHUHUEBOM OTIUBKe Maccoit m? (K = 27-10°
KI/MOJIB).

4, KaxoBa macca v Mosielt yriuekucnoro rasa? (.., = 4410~ KI/MOJb).

5. CpenHss KMHETHYECKass SHEPIUs MOCTYNATENbHOIO JBM)KEHMS MOJIEKYN rasa paBHa E, . Yemy
paBHa Temneparypa raza? (k = 1.38-107>° J[x/K).

6. B OamtoHe emKocThi0 V JHTPOB HAXOAWUTCS KUCIOPOJX TpPH TeMmIeparype | ¥ JaBieHuu P.
Onpenenuts Maccy rasa B 6amione. (M0, = 32-10°° KI/MOJIb)

7. B mwmHzape qusens JaBIE€HHE BO3JyXa H3MEHSETCSA OT P, 10 P, ; 00beM IIPH TOM YMEHBIIAETCSA
oT V, 10 V, murpoB. HauaneHas remneparypa mponecca T,. OnpenenuTts TeMneparypy Bo3ayxa
T, B KenbBuHax mociue cxxarus.

o

KakoBa BHYTpEHHSISI SHEPTHs V MOJICH OJHOATOMHOTO T'a3a IMpH TemrepaTrype 17
9. B 6amnone emxoctbio 30 1 Haxogutcs kucnopoxa npu temneparype 300K u gasnenun 0,78MIla.
Omnpenenurte Maccy rasa B 6ajuIOHe.
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10. bammon emkocthio 100 1m comepxkut 5,76 kr kucinopoaa. Ilpu kakoil TemmepaType BO3HHUKAeT
OTIaCHOCTh B3PBIBA, €CIIM OAJUIOH BhIICPKUBACT AaBieHue 10 SMIla?

11. BeiuucauTh yBeIWYEHUE BHYTPEHHEHW SHEPTUM 2K BOJOPOA MPHU MOBBIIIEHUU €r0 TEMIIEPaTyphbl
Ha 10 K.

12.  VYrnekucnsiii Ta3 mMaccoit 0,2 Kr HarpeBaroT mpu MocTossHHOM jaaBieHnu Ha 88K. Kakyio paboty
COBEpIIAET MPU 3TOM ra3?

Taomuma 1

; 1 20314 5 6 7 8

g TA3 m{mlv [E, [V][T[P[PR][PR[VI[V, [T [T
8 (opmyaa) kr | r momp| JDx n [°K |xMa|kMa|x[a| x | n [°C [Moms| K
1 |Kucropos O, | 1 [27] 2 [6-20%*| 2 {100 1 | 2| 1| 7|5 |27 1|27
2 Bomopon  Ho, | 2 | 54| 4 |7-10%* 4 |200] 2 | 3| 2| 8|6 |28] 228
3 Meran CHy, | 3|81 61(8:102"| 6 (300! 34|39 72032
4 |O3om Os | 4 |108] 8 [9-102| 8 {400 4 | 5| 4 |10] 8 |30] 4|30
5 [Asor N, | 5 1350 10(1-20%* 10|100] 5| 6|5 |11]9]|31]5]31
6 [Vreporn  Co, | 6 |162| 12 [2-10% | 12]200] 6 | 7| 6 | 12| 10| 32| 6 | 32
7 |Vrnexuemsit CO, | 7 |189] 14 [3-20%*| 14300 7 | 8 | 7 | 13| 11|33 7 | 33
8 |Temit He, | 8 [216] 16 |4-10%"| 16 |400| 8 | 9 | 8 | 14| 12| 34| 8 | 34
9 NH 5 9 [243] 18 [5-10%* | 18 (100l 9 | 10| 9 | 15| 13]35] 9 | 35
10 cl, 10 {270 20 [55:10% 20 [200| 10| 11| 10| 16| 14| 36 | 10| 36

dopma npegocTaBieHHs pe3yabTaTa
BeinonHeHHbIe 331241 B TETpaau AJIs MPAKTHUECKUX padoT.

Kpurtepun onenkn:
Oyenka «omauyHo» Gvlcmasisemcs: TPABUIBHO BBIOJIHEHb BCE 3a/laHHUs B COOTBETCTBUHU C
Tp€6OBaHI/I$IMI/I, MMPaBUJIbHO BBINIOJHCHBI IOOMOJHUTCIBHBIC 3adaHWsA, CBOCBPEMCHHO IIPCIOCTABJICH
OTYET O BBIIIOJTHECHHUHU pa6OTI)I.
Oyenka «xopowio» evicmasisiemcs: TPABUIBHO BBIIOJHEHbl BCE 3aJaHMsl B OCHOBHOM YacTH,
JOIIOJIHUTCIIBHBIC 3aJaHUA BBIIIOJIHEHBI HEC B IIOJIHOM O6T)€M€, OpeaoCTaBJICH OTYET O BBINMOJIHCHUHA
paboThl, 1100 B cIydae HECBOEBPEMEHHOTO MTPEJOCTABIECHHUS OTUYETA MU C HATMYHEM HECYIIECTBEHHBIX
OLIMOOK B BBIIIOJHEHUH 3a/1aHUSI.
Oyenka «y0061emeopumenbHo» 8bICMAsIAemcs: BbIIIOIHEHbI He Bce, HO Oonee 50% 3ananuii paboTsl,
JIOTIOJIHUTENbHBIE 3a/laHNsl HE BBINOJHEHBI, HECBOEBPEMEHHO IIPEAOCTABIEH OTYET O BBHIIOJHEHUH
paboTHI.
Oyenka «Hey0061emeopumenvHoy vlcmasisemcs: BbIIOIHEHO MeHee 50% paboThl, HE BBINOJIHEHBI
JOIIOJIHUTCIIBHBIC 3aJaHus, OTYCT O BBIIIOJTHCHHUU pa6OTI)I HC MPEAOCTABJICH.

Tema 3.2 OcHoBbI TepMOAUHAMUKH. TenjioBbie MAIIMHBI.

IIpakTHyeckoe 3anaTHE NeS
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Pemenne 3ana4 nmo reme «OcHOBbI TepMoauHAMHUKU. [IpMeHeHne MepBOro HaYaIa
TepMOAUHAMHUKH K u3onpoueccam. KIIJI renioBbIx ABUraTeein»

Henp pabGorbl: Ha nOpuUMepe pELICHUS 3aJad  HM3YyYUTh 3aKOH COXpPaHEHUs HSHEPruu
NPUMEHUTEILHO K TEIUIOBBIM IpoleccaM, MyTAX M3MEHEHHs BHYTPEHHEH OSHepruu Ted,
ananadaTUYecKOM Ipolecce, MPUHIUIE PaOOThl TEIIOBOM MaIlIHBbIL.

IIpakTuyeckasi pa6ora popmupyer:I1P62, [TP66, 11P67,JIP1,
MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10

Boinosinenue padorsl cnocodcTByer popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06
MarepuajbHoe ofecredeHHe: IOCAJOYHBIE MECTa MO KOJUYECTBY OOYYArOIIUXCS; pPa3gaTOYHBIN
MaTepHal ¢ 3aJJaHusIMU; COOPHUKH 3a1a4, CIPABOYHBIC MaTEPHAIIbI
3ajanue: pemMTh 3a1a4

HOpﬂI{OK BbIIIOJTHCHU A paﬁoTbI:

=

[epen pemeHreM 3aa4 pa3o0paTh KpaTKHE TEOPETUICCKUE CBEICHUS

2.  IlpoBectu aHaNM3 BEIHYUH, BXOASAIIUX B (OPMYIIBL. BeIydnuTh GOpMYITHPOBKY 1 MATEMATHICCKYIO
3aIUCh MEPBOI0 Hayasa TePMOTUHAMUKH

3. PemmuTh 3a7auu mo BapuaHTaM, COCTABUB YPaBHEHUS TEIUIOBOTO OajilaHCa, PEIIUTh 3aJlaud Ha
W3MCHCHHE BHYTPEHHEH OSHEPrHMM TeJNa TPH TEIUIOBBIX M MEXaHHYECKHUX TIPOoIeccax
(camocrosTenpHas padoTa).

Xoa padoTsl
Kparkue TeopeTnueckne cBe1eHHs
TemmooOmeHn (Teromnepenadya) — oOMeH BHYTpPEHHEW »SHeprueil 0e3 COBEpIICHHS MEeXaHHYeCKOH

paboTHI.

KonuuecTtBo TemnoTsl (Q) — sHEprus, nepeaanHas B pe3yibTaTe TeIIo0OMeHa. Q=c-m-AT

YaenpHas TEIIOEMKOCTD (C) — KOJIMYECCTBO TCIIJIOTHI, HeO6XOI[I/IM06 IJIsL HarpCBaHU A 1 kr BCIICCTBA Ha

:i [c]=1 LS
MAT kr-K

1 K (1°C). [c

— YpaBHCHHUEC TCIIJIOBOT'O Oananca.

|22 Quux = > Quox

- 6=q. _Q - 1_I[m
l'openue: qull. q [q] o

VY aenpHas TemioTa CropaHus (Q) — KOJIMYCCTBO TCIIJIOTHI, BBIACIACMOC IIPHU CrOPAHUN 1 xr TomMBa.

[Tapoobpa3oBaHue-TIepexo 1 BEMIECTBA U3 )KUIKOTO COCTOSHHS B ra3000pa3Hoe.

e [r= Q] e &
Q=r-mf |r [r] = -

29



VY nenbHas TeroTa napoodpazoBanus () — KOJMIECTBO TEIUIOTHI, HEOOXOAUMOE JUTS MPEBPAILCHUS B TIap
1 Kr *KHIKOCTH IPU MTOCTOSIHHOM TeMIieparype.

" Q
I[L1aBJeHue — IEPEXOT BEIECTBA U3 TBEPIOTO COCTOSHUS B KHJIKOE. A= [4]=

V nenbHast TEII0Ta MaBieHus (A) — KOJIMYECTBO TEILUIOThI, HEOOXOAMMOE IS TUIaBJIeHHs | KT BEIIeCTBa
P TEMIIepaType IJIaBICHUS.

IlepBblil 3aK0H (HAYaJI0) TEPMOIMHAMUKHU: U3MEHEHUE BHYTpeHHeH sHeprun AU cuctemsl paBHO cymMMe

KOJIMYeCTBa TEIJIOTHI Q, MEPEeJaHHOTO CUCTEME, B PabOThI 4, COBEPIICHHOM HaJl HEl BHEITHUMHU CHIIAMH

AU =Q+ A
[IpumeneHne nepBoro Havaga TEPMOJUHAMUKH K M30IpoLieccaM

N v

Hzotepymuecknii nponecc, |  H3oxopHblil mpomec, H3odapsslii mpomece, | AnmadaTHtueckmii mpomecc,
T =const V = const p = const 0=0

AU=0 = Q=4 |4,=0 = Q=AU O=AU+4_, A =-AU

TenymoBas MammHa — MallnHa, COBCpHIAOIIaaA MCEXaHUYCCKYIO pa60Ty 3a CUéT I

BHYTPEHHEH 3HEepruu Tomsea. i K

PaGouee Teno — ras, coBepiiaronyii paboTy B TEIJIOBOM MalllnuHE. SRS

Harpesarenb — ycTpoiicTBO, coobmaroniee pabouemy Teny KOJIMYeCTBO TEII0Thl Q1 npu n
TeMieparype 71.

XOJIOIUILHUK — YCTpOﬁCTBO, OTHUMAOIIcc OT pa60qero TCJIa KOJIHUYCCTBO TCIIIIOTHI Q2 npu

L-T,
TeMneparype 12. | = —
1

IIpumepsl pemenus 3agaq

1. B amomunueByto kactpronto Maccot 0,15 xr Hanurto 1,2 Kr BoJbl Ipu 20° C. Crombko KUIIATKY
HY)KHO JIOJIUTH B KACTPIOIIO, 4TOOBI TeMmepaTypa Bomsl crama 50° C? [ToTepsmu Terma B OKPYKaIoIyio
cpeny npeHeopeyn.

JaHo: Pemenue:

m,=0,15 kr noaydeHHoe Termio Q1=C,.My(0-1ty); Q2=CaMa(6-ty)
m,=1,2 kr ormarHoe Temno Qs=C,.m; (t-0)
t,=20°C ypaBHeHHe TernoBoro 6ananca Q1+Q2=Q3

tr:loooc CB~mB (e'tx)+ma-Ca (e'tx)ch-mr (tr'e)

6 =50°C m,=(c.m, +m,c,)(@-t,) =
c«(tr - 9)

=920 Jk/xr°C
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c,= 4200 I[)K/KrOC (4200-1,2+015-920)-(50-20) _ .,
4200 - (100 —50) ’

m, —?
Ortser: 0,74 kr

2 B mporecce nzobapHoro pacmumpenus raszy nepemaano 6 MJx ternoter. [Ipu 3ToM ras coepiaet
paboty 1,2 M/Ix. I3meHunach 11 BHYTpEHHsISI SHeprus ra3a? Harperncs rasz wim oxJiaauics.

Hano:
A=L2Z MK | 1y Pemenue: | Bpruucnenus:

Q=6MILK 161061  |AU= Q-A" | AU=6.10° [Tc-1,2-10° [T =

1,2-10% 1k = 4,8-10° JIx
AU-?

Pemmnts 3anauu. B ycinoBuum 3amad OTCYTCTBYIOT HHUQpPHL. 3HAYeHUS (U3UUECKUX MapaMETPOB ITUX
3aja4 HeoOXoAuMo Oparh M3 TaOiaMubl 1: IO BEPTUKAJIBHOW CTPOKE YyKa3aH HOMEp BapuaHTa, I10
TOPU30HTAILHON — HOMED 3aJa4H.

1.  Kakum cmocoOoM — coBepileHHEM padoThl WM TeIulonepenadyell M3MEHSETCs BHYTPEHHSA
SHEPTHUsl JIeTajdu B CIEAYIOMUX Clydasx: 1) cTporaHue AeTaid; 2) HarpeBaHHUe JIeTald B TMEUH
nepe 3aKalikoid; 3) ObICTpOe OXJIAXKACHHUE IeTaIu B BOJC (3aKaika)?

2. Paboune ropsumx 1EXOB HOCAT KOMOHMHE30HBI, MOKPHITHIE METALUTMYECKUMHU OJICCTSIIUMHU
yemyiikamu. [lodeMy OHM XOpOIIO 3aIMIIAIOT YEIOBEKA OT JKapbl?

3. Bony maccoit m Harpenu ¢ temnepatypsl T1 10T,. Kakoe K0au4ecTBO TEMIOTHI 3aTpaTUiIu MpU
Harpese. (C;=4200/]x\kr-K)

4. Onpenenuth Maccy Harperoil Bojbl, ecinu Juisi e€ HarpeBa Ha AT 3aTpaTuiu KOJIWYECTBO
temwtotsl Q. (C, = 4200 Jhx/kr - K)

5. Omnpenenute Maccy CropeBlIero KaMEHHOTO VTS, €CIM TPH CrOpaHWW BbLIETHIOCH Q
Jlxxoyneit temnotsl. (q=29M/JIx/kr)

6. Cnupt Maccot m wucmapuics. OnpenenuTb KOJIMYECTBO TEIUIOTHI, 3aTpauyeHHOE JUIs
BbInapuBanus cnupTa. (r=0,85 MJx/kr)

7. Onpenenuth KOJUYECTBO TEIUIOTHI, HEOOXOAMMOE Ji pAcIUIaBIE€HUS  OJIOBSHHOIO CIUTKA

Maccoir m. (A= 0,59 MJlx/kr). Kakoe Konmu4ecTBO TeIUIa BBIACIUTCS MPH OXJIAXKACHUU STOTO
pacIuIaBJIeHHOTO CJIUTKA?

8. I'a3 mon nmaBnenueM Pi m3o0apHO pacmupuics U coBepumi paboty 25 Jx. Ha ckombko
yBeJIMUYMICS 00beM raza?
9. Tepmoaunamuueckoii cucteme mnepenaHo Q Jx Temnmorel. Kak HM3MEHHUTCS BHYTPEHHSIS

SHEPrHs CUCTEMBI, €CII OHa coBepImia padbory A?

10. IIpm wuzorepmuyeckoM pacumpenun (T=const) razom Obuia coBepiieHa pabora A. Kakoe
KOJIMYECTBO TEIUTOTHI Q coo0mIeHo razy?

11.  Beruucauts KIIJ[ TernnoBoil MamuHbl, eciiv TeMiepatypa Harpeatens T1, xonoguibauka Ts.

12.  Kako#i gomkHa ObITh TemrnepaTypa HarpeBatens Ti1, uro6sl KII/] nBuratens cocraBisii n mpu
TEMIEPAType XONOAWIbHUKA T)

13.  TemnnoBas snekTpoctanius MomHocTbio 2400 MBT notpebnser 1500t yrus B yac. Kakos KI1J]
CTaHIUU?
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14.  JIns MOBBIIIEHUS TBEPJOCTH U MPOUYHOCTH CTAJIBHBIX M3JEIHN MIPUMEHSIOT 3aKAJIKy (HarpeB 10
HEKOTOpPOM TeMIepaTypbl C MOCIEAYIOMUM OBICTPBIM oOxJaxaeHueMm). Kakoe koimuecTBo
TEIJIOTHI HEOOXOIUMO, YTOOBI HArpeThb CTaIbHOM MOJ0TOK Maccoi 500r ot 17 mo 817°C?
Boruncnute, Kakoe KOJUYECTBO TEIJIOTHI BBIIEISET MOJIOTOK, €CIIM €r0 OXJIaKIAIOT B KHUIAKOM
KHCIO0poae, TeMieparypa kortoporo -183°C. ¥V aenbnas TemmoeMkocts ctanu 460 Jx/ kr-°C.

15.  Kakyro maccy Kokca nmorpedyercs cxxedb, 4To0bl Harpeth 10T uyryna na 10°C?

16. B mnaBunbHyto neup 3arpyswin 2000 xr uyryna, B3storo mpu 20°C. Kakoe KoinyecTBO
TEIUIOTHI 3aTpadyeHo B Heil Ha ero miaBneHue? CKoNbKO Jbaa, B3aToro npu 0°C, MOKHO ObLIO
OBl paCIIaBUTh 32 CUET 3TOTO KOJIMYECTBA TEILIOTHI?

17. B muaBUJIbHOM MeYM 3a OJIHY IUIaBKY Mojydryid 250 Kr antoMuHusA npu temmeparype 660°C.
Ornpenenure, HACKOJIbKO M3MEHWJIACH BHYTPEHHSISI SHEPTUsl aFOMUHUS, €CJIM €ro HavyalibHas
temrneparypa obuta 20° C. Y nenpHas TerioTa miaBiaeHus amroMuaus 3,9 MJDk/Kr.

18. UyryH B JIMTEHHBIX II€XaX IUIABAT B [€YaX, HA3bIBAEMbIX BarpaHkaMu. OnpeaenuTe KoJInyecTBO
TEIUIOThI, He0OX0UMOE Ui IJIaBKU 6T 4YyryHa, JOBEJEHHOTO 0 TEMIIEpaTypbl IUIaBICHUS.
VY aeneHas TeruioTa riaBieHus criasa 138 270 Jx/kr.

19. JloM 4YepHBIX METaJUIOB NEPEIIaBIsIOT B CTajdb B MapTEHOBCKUX Ieyax. Kakoe KOIMYecTBO
TEIJIOTHl HEOOXOAMMO JIJIsl HarpeBaHus U paciuiaBienus 10 T CTaIbHOTO JIOMA, €CJIM HavadbHas
temneparypa ero 20°C? Temneparypa mnasienus ctauu 1400°C.

3 4 56 7|8 9 10 11 12

m|T, |T,|AT| Q| Q| m | m QlA|[A|T=|T, |T, T,

kr | °C | °C| K [kIxMIx r | r |xla|xdx| Dx | Dx |const] °C | °C N |-°c
1 1 5 18| 10 (100} 10 [200] 20 {100 100| S0 | 100| - | 100| 20 [ 0,9 | 10
2 (21090 20 (200] 20 [400| 40 [200]200| 100200 - [200] 30 | 0,8 | 20
3 3 | 15]95] 30300 30 |600[ 60 |300(300]150(300] - [300]| 40 [ 0,7 | 30
4 | 4 |20 (100 40 | 400 40 | 800 | 80 | 400 [ 400]200(400] - [100]| 25| 0,6 | 40
5|5 5 185 ] 50 (500] 50 [100] 10 {500 500(250|500f - 1200] 35| 0,5 | 50
6 [ 6 | 10|90 ] 60 [600] 60 [200]| 12 [ 600| 600| 300|600 - [300] 45 | 0,4 | 60
7 (7 1 15(95] 70 (700 70 {300 14 [ 700| 700|350 700| - |100] 30 [ 0,95] 70
8 [ 8 | 20 ([100] 80 [800| 80 [400| 16 | 800 | 800|400 |800| - [200] 40 | 0,85 | 80
9 (91 5|8 ]90(90] 90 [500] 18 [900]900|450900| - [300] 50 [ 0,75] 90
10 ( 1 | 10 { 90 | 100 { 100 | 100 | 600 | 20 | 100 | 100 | 500 ( 100| - |[400] 60 | 0,35 | 100

Tpe6OBaHI/I$IMI/I, MMPaBUJIbHO BBIMIOJTHCHBI OOMOJHUTCIBHBIC 3adaHus,

®opma npegocTaBieHus pe3ybTaTa
BrinonHeHHbIe 331241 B TETPaaAX AJIsl MPAKTHUECKUX paloT.
Kpurepun onenkmn:

OZ/!eHKCl «omauvHo» evlicmaejigemcs. TIPABUIBHO BbIIIOJIHCHBI BCC

OTYET O BBHIITOJITHCHHUH pa60T1,1.

Olz;eHKa «xopouwio» evicmaendemcsa. TPAaBUIIBHO BBIIIOJTHCHBI BCE€ 3aJlaHUSA B OCHOBHOM qacTu,
JOIIOJIHUTCIIBHBIC 3aJJaHHA BBIIIOJIHCHBI HE B ITIOJIHOM 061)eMe, npeaoCTaBJI€H OTYET O BBIMMOJIHCHUHA
pa6OTBI, 1160 B CJIyda€ HECCBOCBPECMCHHOI'O NPCAOCTABIICHUSA OTYCTA UJIK C HAJIMYUEM HECYIICCTBCHHBIX

OIIMOOK B BBINOJHEHUU 3aJaHus.
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Oyenka «y00871emeopumenbHoOy» 8blcmasifemcs: BbIIIOJHEHBI HE Bce, HO Oosee 50% 3amanuii paboThl,
JOTIOJTHUTEbHBIC 3a/laHUsl HE BBINIOJIHEHBI, HECBOCBPEMEHHO MPEJOCTABIIEH OTYET O BBHIMOJIHEHUH
paboTHL.

Oyenka «Hey0061emeopumenvHoy vlcmasisemcs: BbIMoIHeHO MeHee 50% paboThl, HE BBINOJIHEHBI
JIOTIOJTHUTEIIHHBIC 3a[aH¥sI, OTYET O BHITIOJTHEHUH PabOThI HE MPEOCTABIICH.

Tema 4.1 DyeKTpocTaTHKA
IIpakTuyeckoe 3ansaTue Ne 6
Pemenne 3ana4 no reme «JIEKTPOCTATHKA. DJIEKTPOEMKOCTh KOHIEHCATOPOB»

Heabr padorsl: chopMHUpPOBaTH YMEHHUS TNPUMEHSTH IIOJyYCHHBIC 3HAHMS JUIS  PELICHUS
MPAKTUYECKHX 3a/1a4.
IIpakTunyeckas padora popmupyer:[1P62, ITP66, 11P67,JIP1,

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

Brinosinenue padorsl cnocodocTByer popmupoBanmio: OK 01, OK 02, OK 03, OK 09
MarepuanbHoe odecriedeHue: OCaIOYHbIE MECTA MO KOJIMUYECTBY OOYYarOIIUXCS; pa3IaTOYHBINA

Marepual ¢ 3aJIaHUSIMHU; COOPHUKH 3a]1a4, CIIPABOYHBIC MAaTEPUAITBI
3ajanue: pemuTh 3a1a4U

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTbI:

=

Ilepen penieHreM 3a1a4 pa3o0oparh KPaTKUE TEOPETHUESCKHIE CBEICHHS

[IpoBecTu aHanu3 BeTUYNH, BXOISAIIUX B (POPMYJIBIL.

3. Pemnth 3amaud ¢ KCHOJIB30BaHHEM (DOPMYIT 3aKOHOB SJIEKTPOCTATHKU, HOPMYI HANPSIKCHHOCTH
MOJISL ¥ TOYEYHOTO 3apsijia, paboTHI TIOJIST U SHEPTUH 3aPSHKEHHOTO KOHIEHCATOpa (CaMOCTOsATE IbHAsT
paboTa).

no

Xoa padoTsl

Kparkue Teopernyeckue cBeIeHHs
F=p N9 __ %949
3akoH KyrnoHa B Bakyyme: re ARyt
Faphd, 499
3akon Kynona B cpene: ' ey
E
HanpsskeHHOCTB 2JEKTPAYECKOTO MO a
p P
. 1 g 1.9
HanpsskeHHOCTh 2JIEKTPUYECKOTO MO TOYEUHOT0 3apsa: e Lol
3aKOH COXpaHEHMsI SJIEKTPUUECKOTO 3apsiia: § = g1+ Qo+ ... + O,
/

q

Q- @2 =Ap
Pa3HocTs mOTEHIINAIIOB:

[Torenmman ToueyHoro 3apsja:

£=22
CBs3b NOTEHIMANIA U HANIPSDKEHHOCTH:  d
c=—4
DNEeKTPOEMKOCTh KOHJIEHCATOPA: @9
w=49-9) _qU
DHeprus 3apsyKEHHOT0 KOHJIEHCATOpa: 2 2
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IIpumepsl pemenus 3aaa4

1. Kakyro paboTy coBepiiaeT mojie mpu MepeMenieHn 3apsaa 2-10® Kt u3 Touky ¢ noTeHmuanom
700 B B Touky ¢ norenuuanom 200B?

Hano:
q=2-10%Kx

@1 =700B

A
P=Pp=—"=

Pelllenue: BbluncneHue:

A=2-10® Kn (700 B—200B) =
q

A=(p —9)q

2. B 0JIHOPOXHOM SIIEKTPUYECKOM II0JIe ¢ HarpsuKeHHOCTbIo 6-10° 7 nepemermaercs 3apsin 7-10°

Kn

Kn nHa paccrosHue 8 cM moj yriom 60° Kk mEHEAM HanpspbkeHHocTH. OmpenenuTs paboTy 1o
HEPEMEILEHUIO 3TOr0 3apsia.

Hano:

E= 6~105%
q=7-10° Kx
(=8 cm

a=60°

«CHN»

Pemenue:
A=F"S cosa, F=E-q; S={; A=E-q-{ cos a

A=7-10°Kn-6-10° 1 .8.10?m-0,5=
Kn

=1,68-10"/1x=1,68Mm/Ix

Oteet: A=1,68m/]x

Pemnthb 3anaun (N - Homep sawiezo 6apuanma no CRUCKY):

1. HanpsbkeHue Mexay MmojirocaMu 6araper akKyMyJnsaTopoB N kB. Kakoif 3apsii MOTyYuT KOHACHCATOP
eMKOoCThI0 500 MKD, eciii ero COeMHUTH C TIOJIF0CaMK 3TOW OaTtapen?

2. JIBe 0iMHAKOBBIC HEOOMBIIIHE MTOBEPXHOCTH MPHU TPAHCIOPTUPOBKH JIETANICH MOIYUMIIH 3apsiabl 6*10°
°Kn u -12*10°Kn, Haxomsmmecs Ha paccTossHUM N cM apyr ot npyra. Onpenenure Ccuiy
B3aUMOJCHCTBUS MEXKIYy HUMH.

3. Ilpu mepemernennu 3apsiaa 2 Kir B 3JEKTpUYECKOM TOJIE CHIIBI, JACHCTBYIOIIHE CO CTOPOHBI STOTO
moJist, coBepunui padoty 8 J[x. Uemy paBHa pa3HOCTH MOTEHIIMATIOB MEKy Ha4allbHON M KOHEUHOM
TOYKaMu myTu?

4. Tlpu mepeMelIeHnn HMEKTPUIECKOTO 3apsiia MEXaAy C TOUYKAMU C Pa3HOCTBIO MOTEHIIUATIOB § B cuibl,
JEHCTBYIOIIME HA 3apsijl CO CTOPOHBI ANEKTPUIECKOTO TOJIsI, coBepian padory 4 k. Uemy paBeH

3apsan?
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5. HanpspkeHue Mexy IByMs TOPU30HTAJIbHO pacnosoXkeHHbIMU IutactuHamu 600 B. B mone atux
IJIACTUH HAaXOJUTCS B PAaBHOBECHM 3apsDKEHHAsT MbUIMHKA MAaccou 3*10°r. Paccrosaue MEXKTY
miacTuHaMu N MMm. OnpeaenuTe 3apsii NbUIMHKY.

6. Kongencarop emkoctsio 0,02 MK®D coeTUHUIM ¢ HICTOYHUKOM TOKa, B Pe3yJIbTaTe Yero OH npuoodpen
sapsin 10°Ki1. Ompenennre 3HaueHne HANPSIKEHHOCTH MONS MEXTy IUIACTHHKAMH KOHJCHCATOPA,
€CJIM PACCTOSTHUE MEXKIAY HUMHU N MM.

7. B HEKOTOpOIi TOUKe 3eKTpUudecKoro noist Ha 3apsin = 5 uKu ngeiictByer cuna F = 4-10-7 H. Haiitu
HaAMPSKEHHOCTD 1Mo £ B TaHHOM TOYKeE.

8. Kakas HampspKEHHOCTh AJIEKTpUYECKOro mojis £ co3maercs 3apsaoM sapa HeoHa (Ne) ( = 1,6-108
K na paccrossaum r=10"" m or 1eHTpa sapa’?

9. Ha paccrossHum I = 5 cM Apyr OT Jpyra B BaKyyMe pacIloOJIOKE€HBI MPOTHBOIOJIOXKHBIE 1O 3HAKY
3apsanbl BenmuuuHOM || = 7 vKn. Halith HanpspkKeHHOCTB DJIGKTPHYECKOro Toyisi E B TOUYKE,
HaXOJIAIIEHCS Ha PACCTOSIHUU @ = 3 CM OT MOJIOKUTEIBLHOTO 3apsiia ¥ B b = 4 ¢cM OT OTpHLIATEILHOTO
3apsia.

10. B 0ogHOPOIHOM DJIEKTPUYECKOM II0JI€ PACCTOSHUE MEXKAY ABYMS TOUKAMHU BJOJb CUIIOBOM JTMHUN
I =N cMm, a pasHOCTh noTeHuuanos Mexay Humu 100 B. Onpenennre HanpsyKeHHOCTH 1o E.
11. [Ipy HanpspkeHMM MeEXAy IulacTUHaAMu KoujeHcatopa 200B pa3HouMeHHBIE 3apsiibl Ha

IJIACTUHAX PABHBI 10" Ko Yemy paBHa 3JI€KTPOEMKOCTh KOHAEHcaTopa?

12.Berauciire 3HEPTUIO AIEKTPHUYESCKOTO TIOJIsT KOHJICHCATOpa AEKTPOeMKOCThIO 10 MKD, 3apsnkeHHOTOo 10
HanpspkeHus 10B.

13. Kaxkast paGora coBepiiaercs mpu nepeMernenuu 3apsaa 4,6 MKKi B 2JIEKTpUYECKOM TIOJIe MEXITy
TOYKaMU C Pa3HOCThIO noTeHIanoB 260 kB?

14. B o1HOPOIHOM AIEKTPUUECKOM TIOJIE C HANIPSKEHHOCTHIO 18-10° H_ nepeMeniaeTcs 3apsi 7.10°®
Kn

K nHa pacCrosHue N CM IIOJ YIJIOM 600 K JIMHUAM HAIIPAXKCHHOCTH. OHpeI[eJ'II/ITB pa60Ty 10
MNEPpEMCIICHUIO 3TOT'O 3apsjaa.

®opma npegocTaBieHus pe3ybTaTa
BeinonHeHHbIe 331241 B TETpaau AJIs MPAKTHUECKUX padoT.

Kputepun onenkn:
Oyenxa «omauyHo» Gvlcmaeasiemcsi: TPABWIBHO BBIIIOJIHEHb BCE 3alaHus B COOTBETCTBUHU C
TpeOOBAHUSAMH, NPABUIILHO BBIOJHEHB! JOMOJHHUTEIbHBIE 33/aHUSl, CBOEBPEMEHHO IPEI0CTABIICH
OTYET O BBINOJIHEHUH PaOOTHI.
Oyenka «xopouioy evicmaensemcsi: TPABWIBHO BBINOJHEHbl BCE 33JaHUS B OCHOBHOW YacTH,
JIOTIOJIHUTENbHBIE 3a/1aHUsl BBIOJIHEHBI HE B NOJHOM OOBEME, MPENOCTaBJIEH OTYET O BBHINOJIHEHUU
paloTshl, 1100 B CIy4ae HECBOEBPEMEHHOTO IIPEJOCTABICHUS OTYETA WU C HATMYMEM HECYIIECTBEHHBIX
OLIMOOK B BBIITOJIHEHUU 3aaHMUSL.
Oyenka «y0061emeopumenbHoy 6blCMABIsencs: BbIIIOIHEHBl He Bce, HO Oonee 50% 3ananuil paboThl,
JIOTIOJIHUTENbHBIE 3a/laHNsl HE BBINOJHEHBI, HECBOEBPEMEHHO IPEAOCTABIEH OTUET O BBIINOJHEHUU
paboThI.
Oyenka «Hey00671eMBOPUMENbHOY Bblcmagisiemcs: BbIIOIHEHO MeHee 50% paboTbl, HE BBINOIHEHBI
JIOTIOJTHUTENbHBIE 3aJaHHsI, OTUET O BBIIIOJHEHUH PabOThl HE MPEJOCTaBIICH.
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Tema 4.4 MaraurtHoe moJie.

IIpakTuyeckoe 3ansitue Ne 7 Pemenue 3axa4 no reMe: MarauTHoe 1oJie U ero
XapaKTepUCTUKU. MarHUTHAsi HHAYKIUSA

Heas padorbl: chopMHpOBaTh MOHUMAHUE pPONM (GU3UKK B (OPMHPOBAHHUU KpPYyro3opa H
(YHKIMOHATBLHONH T'PaMOTHOCTH YEJIOBEKA JUIA PELICHUs TMPAKTUYECKUX 3ajad; Uil OOBSICHEHHS
YCIIOBHIA IPOTEKaHUS (PU3NYECKUX SIBICHUM, yMEHUS BBIIOJIHATH PacdeTHbIC U rpaduyeckue 3a1auu

IIpakTuyeckasi pa6ora popmupyer:I1P62, [TP66, 11P67,JIP1,
MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Boinosinenue padotsl ciocodcTByeT popmupoBanuio: OK 01, OK 02, OK 03, OK 09

MartepuaibHoe obGecreyeHHe: TOCAJOYHBIC MECTa IO KOJMYECTBY OOYYAIOUIMXCS; Pa3IaTOYHBIH
MaTepua ¢ 3aJJaHUsIMHU; COOPHHKH 3324, CIIPABOYHBIC MaTESPHAIIBI
3ajanue: pemMTh 321a41

HOpﬂI{OK BbIIIOJTHCHU A paﬁoTbI:

=

Ilepen pemenneM 3agau pa3o0paTh KpaTKHE TEOPETUYECKUE CBEICHUS

[IpoBecTu aHaMU3 BEIUYMH, BXOASIIUX B (POPMYIIbI.

3. Pemuth 3amauym ¢ mpuMeHeHHEM (OpPMYII MarHUTHON WHAYKIMH, CHIBl Amriepa, cuibl JlopeHma.
Vcnonb3ys npaBuiia OCTPOEHUS, BBINOJIHUTh I'padMuecKue 3ajaun Ha onpeesieHre cuil AMiiepa u
JlopeHnia, MarHUTHOM WHAYKLUWH, NPUMEHssS MpaBujia NPaBod M JIEBOW PYKHU.(CaMOCTOSITENbHAs
pabota).

no

Xoa padoTsl

KpaTkue Teopernyeckue cBeeHUs
CBolicTBa MarHUTHOTO TIOJIS
1. MarauTHoe 1oJse MopoKIaeTCsl JIEKTPUUECKUM TOKOM (ABMXKYIIMMHUCS 3apsIaMu).
2.MarHuTHO€ 1oJie OOHapyXUBAETCS MO ASUCTBUIO HA IIEKTPUUYECKUM TOK (ABMIKYIIME 3apsiibl).
Jlis XapakTepUCTUKM MAarHUTHOTO IOJI BBOAMTCA (U3MYECKas BEIIMYMHA — MHIYKIUS MarHUTHOTO
noyis. Mozaynab BEKTOpa MarHMTHOM MHIYKIMM paBE€H OTHOLIEHUI0 MAKCUMaJIbHOM cuibl Fmax,
JeMCTBYIONIEH CO CTOPOHBI MATHUTHOTO TOJISI HA Y4aCTOK MTPOBOJAHHUKA C TOKOM, K IIPOU3BEICHHUIO CHIIbI

F
B — max
Toka I Ha anuHy 3Toro yyactka Al: |40
H
B]--" -1
Envnanna n3MepeHuss MarHuTHOM MHAYKIIMK HA3bIBAETCs Teca — . A-M

XapakTepuCTUKOW MarHUTHOTO IIOJII B BAKYYME SIBISIETCS BEJIMYMHA, HAa3bIBacMas HaIPSKEHHOCTHIO
MaraHuTHOro oyt H. DTo BeKTOpHas BeIMYKMHA, COBIIAAIONIast B OJTHOPOIHOM cpee ¢ B .

B = uuH
Mopynu 3TuX XapaKTepUCTUK MAarHUTHOTO TOJIst ( M ) CBSI3aHBI COOTHOIIICHU EM: rIe
Lo — MarHuTHAs noctosiaHas; 47*10 Tu/m.

L — MarHuTHas MPOHUIIAEMOCTh CPEJIbI, KOTOpasi TTOKa3bIBA€T, BO CKOJBKO pa3 MHAYKIIUS MarHUTHOTO

IIOJIS1 B JaHHOMU cpeac OOJIbIIIE WITH MCHBIIIC, YCM B BAKYYMC.
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MOI[y.IIB WHAYKIUHA MAarHuTHOTO ITOJIA IJIA IIPAMOTO OECKOHEUHO AJIMHHOT'O MPOBOJAHHKA C TOKOM PaBCH:

ol
27R

B =

JleiicTBre MarHUTHOTO TOJISl HA MPOBOJHUK C TOKOM
Cuiia, aeicTByromas Ha TPOBOJHUK C TOKOM, MOMEIICHHBIM B MAarHUTHOM IIOJI€, HA3bIBACTCS CHIION
Awmnepa. BennunHy 3TON CHUIIBI ONPEAENSIIOT MO 3aKOHY Ammepa: F=B-1-7-sin o rae ¢ —
JUIMHA IPOBOJIHUKA, M;
0, — YTOJI MEX]1y BEKTOPOM MarHMTHOW MHJIYKIIUU U TTPOBOIHUKOM.
Hanpasnenue cuiibl AMiiepa ornpenessieTcs Mo IpaBuily JeBOU PyKH:
Ecnu neByro pyKy pactoioKUTh TaK, 4TOOBI MEPICHAUKYIISIPHAS K POBOJHUKY COCTABJISIFOIIAS BEKTOpa
MarHMUTHON MHAYKIMU BXOJWJa B JIQJOHb, a 4 BRITSHYTHIX MaJiblla ObUIM HAIIPABJICHBI 110 HAPABICHUIO
TOKa, TO OTOTHYTHIA Ha 90 OOINBIION Tasel MOKa)XeT HalpaBlIeHUE CHIIBI, JEHCTBYIOMIEH Ha OTPE30K
MIPOBOJHHKA
Cunia B3aUMOJEHCTBUSI MEXKAY JBYMsI TapaJIeIbHBIMU MPOBOJHUKAMU C TOKOM OTMPEIEISETCS IO

(Y PY4

dbopmyne: F = WZOT , Tie R — pacctosinue Mex1y MpoBOJHUKaMU, M;

{ — JIMHA TIPOBOJTHHMKA, HA KOTOPBIN JICUCTBYET cuila, M;
Lo — MarHUTHasi TOCTOSIHHAS; o= 47 10"H/AZ.
JleiicTBUE MarHUTHOTO TTOJISl HA JBMDKYIIUICS 3apsi
Cuna, ¢ KOTOpOH MarHUTHOE MOJ€ JCHCTBYET Ha JABIKYILIMNCS SIEKTPUYECKHM 3apsij, Ha3bIBaeTCs
cusoit Jlopenna. Momyis 3toii cunbl pasen: Fii= Bgusin a
rie g — MOIyJIb 3apsiaa 9acTuilsl, Kir; v — CKOpOCTh YacTHUIlbI, M/C; 0. — yroi Mexay B u v
Yacruna nox aeiictBreM cuibl JIOpEHIIA TBUMKETCS ¢ HEHTPOCTPEMHUTEIHHBIM YCKOPEHUEM : PaINyC
U-m

27 -m
OKPYKHOCTH: RZH—B; nepuoA BpauieHust 1 =
q .

a8
rae R — paanyc okpy>KHOCTH 11O KOTOPOI JIBUKETCS YaCTHIIA, M;
T — nepuoa oOpaleHus YacTUIb, C; M — Macca 4acTHUIIbI, K.
Hamnpasnenue cuisl JlopeHna onpenensercs 1o npaBuily JIEBOM PyKH:
Ecnu 7neByto pyKy pacrojioKuUTh TakK, YTOOBI COCTaBJISIOIIAs BEKTOpa MAarHUTHOM MHAYKLUH,
MEpIEeHIUKYJIIpHAasl CKOPOCTH 3apsijia, BXOJAMJIA B JIaJJOHb, a YEThbIpe MHajiblia ObUIM HANpaBJieHbI IO
JBM)KEHUIO TIOJIOKUTEJIBHO 3apsDKEHHOW 4YacTUIbl (IIPOTHB JIBUKEHUS OTPHILATENIBHO 3apshKEHHOU
YaCTHIIbI), TO OTOTHYTHIA Ha 90 OOMBION Majel MOKaXEeT HalpaBlieHHWEe ACHCTBYIOIICH Ha 3apsii CHUJIbI
Jlopenna
Cuna JlopeHua neprneHAUKYIsIpHa CKOPOCTH JABMXKEHHUS YacCTHIIbl, CJIEI0BAaTEIbHO, OHA HE COBEpUIAET
paloThbI, T.. HE MOXET H3MEHUTh KHHETHUECKOW HHEpPruu 3apsHKCHHBIX YacTHIl, ABWXKYIIUXCS B
MarHMTHOM TIOJI€.
MaruuTHbelii NOTOK. BenuuuHy, 4YHCIEHHO paBHYIO NPOM3BEJIEHUIO MOAYNS BEKTOpa WHIYKIUHU
MarHMTHOTO TOJI Ha IUIOU[a/lb MOBEPXHOCTHM M HAa KOCHHYC YIJIa MEXIYy HalpaBJIEHHEM BEKTOpa
MarHMTHON MHIYKIIUU 1 HOPMAJIBIO K IJIOCKON TOBEPXHOCTH, Ha3bIBAIOT MATHUTHBIM ITOTOKOM.
®=BS cos o [®]=T1m’=B6 (ebep).

IIpuMepsl peleHus 3aaa4

1. IIpoBoagHMK C cHIION TOKa SA MOMEIIEH B OAHOPOJHOE MAarHUTHOE MOJI€ C NHIYKIUEH 1-102TA.
VYron MexIy HalpaBIeHHSAMH ToKa U mois 60°. onpenenuTe JIMHY IPOBOIHKKA, €CJIU MOJIe AeHCTBYET
Ha Hero cuioi 2+10H.
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Hano: Pemenne

I=5A

B=1-10°TA | F=B-I{sina =>(=_F ; (= 210°H .
a =60° B.-lsina 1.102T»-087-5A
F=2-10"H

(-2

sin 60°~0,87

OtBer: €=0,46mMm.

2. Kakas cuna A€iCTBYeT Ha JIEKTPOH, JIETAIUMNA B OJJTHOPOAHOM MArHUTHOM IOJIE€ C MHIYKIIMEH

1-110% TA MEePIECHAUKYJISIPHO JIMHUAM MarHUTHOW UHAYKIIUA CO CKOPOCTHIO 3- 10° m/c, 3apsij AJIEKTpOHA

e=-1,6-10" K.
Jano «CH» Pemenne
v=3-10w/c Ha snexTpoH, ABMXKyIIMICS B MarHUTHOM IIOJIE, JNEHCTBYET
; cwia Jlopenma: FA=B-| |-U'Sina
B=1'10?TA peHL g
o 1 1O02TA 1 21001210 e 4 2.1 (15
a=90 FA=1-10"TA-1,6- 10 Kn-3-10°m/c= 4,8-10—H
-1
e=-1,6-10° Ku. Otser: 4,8:10°H
F=?
Pemnthb 3anaun (N - HoMep sawiezo 6apuanma no CRUCKY):

1. Ha npsimMonuHeHbIH MTPOBOJHUK C TOKOM 1,5A B OJTHOPOJAHOM MAarHUTHOM Tojie ¢ uHAykuuen 0,4
TA neiictyer cuna n H. Onpenenure AjaMHy OpOBOJHMKA, €CIHM OH PacHoyiokeH mox yriaom 30° k
CHJIOBBIM JIMHUSM.

2. Kakas cuia peficTByeT Ha MPOTOH, JETAIINH B OJTHOPOJHOM MAarHUTHOM IIOJIe C WHAYKITUEH 4-10°
TA nepneHIuKyIApHO JMHHUAM MarHUTHOM MHAYKLHH CO CKOPOCTBIO 2:10°m/c. 3apsi MpoTOHA

-1 610719
q=1,6-10""KA.

3. aiite ompesaeneHMe MarHUTHOM MHAYKIMU. B kakux enuHUIax oHa u3MepsieTca? 3amuIIuTe
€IMHUIlY MATHUTHOW MHAYKIIUU Yepe3 OCHOBHbIE

4. enuHuLbI U3MepeHus B cucreme CH.

5. DIeKTPOH JBWXKETCS B BAKYyMe CO CKOPOCTBI0 3-10° M/C B OJHOPOXHOM MArHHTHOM IOJNE C
naaykuued B = 0,1 Tun. Yemy paBHa cuia F, neiicTByromass Ha JIEKTPOH, €CIIA Yrojl MEXAY
HATIPABJICHHEM CKOPOCTH M JTMHHUSIMA MarHHTHOM HHAYKIMH paser 90°?

6. [IpsmMonuHEHHBI NPOBOJHUK, MO KOTOPOMY HJeT TOK cuioil 10A, momerieH B OJHOPOJHOE
MarHuTHOE moje, uHAYKIus kotoporo 0,3Tn. Yron Mmexay HampaBlIeHMEM TOKAa M BEKTOPOM
MarHMTHON MHAYKIuH paBeH 300.

7. C xakoit cunoil F neficTByeT MarHUTHOE 10JI€ Ha y4acTOK MPOBOJHUKA JJIMHON n M?

8. Ompenenute MarHUTHBIN MOTOK, MPOXOAALIMNA Yepe3 MPSIMOYTOJbHYIO PAMKy CO CTOPOHaMH 2x5
CM, €CIIM OHA IIOMEIIEHA B OJJHOPOJHOE MAarHUTHOE I10JI€ C MHIYKLIUEH 410 TA oz yriom 30° x
JUHUSAM UHIYKIUHU TOJIS.

9. B oaHOpPOIHOE MarHUTHOE MOJE, HHAYKIUS KoToporo 1,26 102 TA, nomeneH npsMoi TPOBOJHUK

JUTHON n cM. OmpenenuTe Cuily, JCMCTBYIONIYIO Ha MMPOBOJIHUK, €CIU 0 HeMy TeueT Tok 50 A, a
yroJ MEeX]1y HallpaBJI€HUEM TOKa BEKTOPOM MHAYKIIMH cocTaBiiseT 30°.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

IIpoBognuk ¢ cunoit Toka 5,0A moMenieH B OAHOPOJHOE MAarHUTHOE MOJE€ C MHAYKLIHEH 1,0:107
TA. Yron Mexny HampaBieHUsMHU TOKa U nojia 60°. Onpenenure akTUBHYIO JIJIMHY MPOBOJHUKA,
€CJIM T0JIe ICUCTBYET Ha HEro CUJION 2 10% H.

Kakyro paboTy coBepmiaeT OJHOPOJHOE MAarHMUTHOE IIOJIE WHIYKIIHEH 1,5-10% TA npu
nepeMeneHu Ha paccrosinue 0,2 M IpoBOJHUKA JUIMHOM 2M, 110 KoTopoMmy TeueT Tok 10A; ecnu
MepeMEeIICHUE MPOUCXOAUT BAOJb jAciicTBUs cui? IIpoBoaHuk pacmosiokeH moxa yriaom 30° k
HaIPABJICHUIO MOJIS.

Haiigute MHIYKIIUIO MarHUTHOTO TOJISI, B KOTOPOM MaKCHMAaJIbHbIII MOMEHT CHJI, IEUCTBYIOIIUX Ha
pamKky ¢ TokoM B 3,0 A, pasen 1,5H-m. Pazmepsr pamku 0,05X0,04 M, uncio BUTKOB paBHO .

B oanopognoM maruutHOM noJie ¢ uHaykuuein 0,25 TA HaxoguTcs npsiMOJIMHEWHBIA TPOBOJIHUK
ol 1,4 M, Ha xotopbiil geiictByer cwia 2,1 H. Onpenenure yron Mexay NpOBOJHUKOM U
HaIpaBJIEHUEM BEKTOpa UHAYKIIMA MarHUTHOTO TOJIS, €CJIM CHUJIa TOKA B MPOBOJHUKE 12 A.

Uemy paBHa cujia TOKa B MPSIMOM NPOBOJHUKE MIMHONW 1,0 M, MOMEHIEHHOM B OJIHOPOJIHOE
MAarHuTHOE MoJie ¢ uHaAyKuen 1,5 107 TA, ecnu Ha ATOT MPOBOJHUK CO CTOPOHBI MOJISI JEUCTBYET
crma 2,1-10° H? Yron Mek/Iy HampaBIeHHEM 3IEKTPHUCCKOTO TOKA U BEKTOPOM HH/IYKIHH PABEH
45°.

Ha oOMOTKY poTOpa 3JIEKTpOABUTATEINS IIPH MPOXOXKACHUH 110 TPOBOLy Toka 20 A neficTByeT cuia
B 40 H. Onpenenure BeMMYMHY MarHUTHOM MHAYKLMH B MECTE PACIIOJIOAKEHUS MIPOBOJIA, €CIIU €r0
mmHa 20 cM. OOMOTKA COACPIKUT N BUTKOB.

DIEKTPOH ONHUCHIBAET B MAarHUTHOM I10JI€ OKPY>KHOCTb paauycom 4,0- 10° m. CKOpOCTh ABUKEHUS
AJIEKTPOHOB paBHa 3,5-106 m/c. HaliguTe MHIYKIMIO MAarHUTHOTO TTOJISL.

[Iporon aBmxeTcs co ckopocThio 1,0- 10® m/c MEPIEHIUKYISIPHO OJHOPOIHOMY MarHUTHOMY TOJTIO
c u"aykuueit 1,0 TA. Haiigute cuimy, AEHCTBYIOLIYIO Ha IPOTOH, U PagUyC OKPYKHOCTH, IO
KOTOPOI OH JIBHIKETCSI.

DONEeKTpOH BJIETa€T B OJHOPOAHOEC MArHUTHOE TI0JIe, MHAYKLIHUS KOTOPOTO 2,0'104 TA,
MEPIEeHIUKYISIPHO CHIIOBBIM JIMHUSM CO CKOpOCThiO 1,0 10° m/c. Boramcimre paanyc OKpYXHOCTH,
10 KOTOPOI OyZIeT ABUTaThCS AJIEKTPOH.

Kakas cuna nedicTByeT Ha 3JEKTPOH, JIETSAIIMM B OJHOPOJHOM MarHMUTHOM IIOJI€ C WHIYKLIHEH
1,0-102 TA mepreHIuKyIpHO JIMHHSM MArHATHON MHIYKIIAH CO CKOPOCThEo 3,0+ 10° M/c?
DNEKTPOH, JBUTasiChb CO CKOPOCTHIO 3,54-105 M/C, TIOTaJlaéT B OJHOPOJAHOE MAarHUTHOE TMOJe C
MHIyKIUEH 2,0-10° TA NEPHEHANKYJISIPHO K €r0 CHUJIOBBIM JIMHMAM W IPOJIOJIKAET JBUKECHHE T10
OKpY>KHOCTH paauycom 10 cM. HalinuTe ynenbHbIi 3aps/l SIEKTPOHA, T.€., OTHOIIEHHUE €ro 3apsaa K
Mmacce.

[IpoTOH, UMeroIIMil CKOPOCTH 4,6:10° m/c, BIeTacT B OJIHOPOJIHO€ MAarHUTHOE MOJI€ C MHAYKIHEH
0,3 TA mepneHIUKYISIPHO MarHUTHBIM CWJIOBBIM JIMHHUSM. PaccuuTaiite paamyc OKpY>KHOCTH, ITO
KOTOpO# OyJIeT IBUraThCs MPOTOH.

[IpoToH ABHKETCS B OJHOPOJHOM MAarHUTHOM IOJE€ C WHIYKLHUEH 3,4-10°TA B IIOCKOCTH,
NEePHNEHIUKYISIPHOM K CHJIOBBIM JIMHHUAM. Ormpenenure paauyc TPACKTOPUU MPOTOHA, ECIIH
JIB>)KEHUE TTPOUCXOIUT B BaKyyMme 3,3+ 10° m/c.

B omnopogHoe marnutHOe moisie ¢ mHAaykuuen §8,5:10-3 TA BieTaeT 3JIEKTPOH €O CKOPOCTBIO
4,6:10° w/c, HaIlpaBJIE€HHOM NEPHEHAMKYJIIPHO K CWIOBBIM JuHUAM. Omnpenenure Ccuiy,
JEUCTBYIOLYIO Ha 3JIEKTPOH B MAarHUTHOM IMOJIE M PaguyC AYTH OKPYXHOCTH, MO KOTOPOW OH
JIBAYKETCH.

B marnutHoe none ¢ unaykuueit 0,5 TA B HampaBieHuH, cocTaBisitonieM yroi 45° ¢ TUHUAMHU
WHIYKIMH, BJIETAET AJIEKTPOH CO CKOPOCTHIO 2,0-10° wm/c. Onpenenure cuity, JEMCTBYIOIIYIO Ha
HETO.

B MarauTHOE 10 B HaAmpaBJICHUH, MEPIECHINKYISIPHOM JIMHUSM HHIYKIIMH, BJIETAET MPOTOH CO
ckopocThio 3,2-10° m/c. HaiiguTe MHIYKIHMIO STOrO IOJS, €CTH IPOTOH OIKHCAN OKPYKHOCTH
paauycom 10 cm.
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26. 3aauy Ha NOCTPOEHUS:
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®opma npegocTaBjeHus pe3ybTaTa
BeinonHeHHbIe 331241 B TETpau AJs MPAKTHUECKUX padoT.
Kputepun onenkn:

Oyenka «omauunoy @vlicmaensemcs: TPABUIBHO BBINOJIHEHBl BCE 3a/JaHUSl B COOTBETCTBUH C
TpeOOBAaHUSAMH, NPABUIIBHO BBIOJHEHB! JOMNOJHHUTENbHbBIE 3a/1aHUSl, CBOEBPEMEHHO IPEIOCTaBIIEH
OTYET O BBIITOJIHEHUH PAOOTHI.

Oyenxa «xopowio» 6vicmaensiemcs: TIPAaBWIBHO BBIIOJIHEHBI BCE 3aJaHUS B OCHOBHOHM dacTw,
JOTIOJTHUTEJIbHBIC 3aJaHUsl BBITIOJHEHBI HE B TMOJHOM OOBEME, MPENOCTaBICH OTYET O BBHIMOJHECHUH
paboThl, 1100 B Cilydyae HECBOEBPEMEHHOT'O TPEIOCTABICHHS OTUYETa WM C HATMIUEM HECYIIeCTBEHHBIX
OLIMOOK B BBIIOJHEHUH 3a/1aHUS.

Oyenka «y0061emeopumenbHo» 8bICMAsAemcs: BbIIIOJIHEHb He Bce, HO Oonee 50% 3amaHuii paboThl,
JOTIOJTHUTENbHbIE 33JaHUsl HE BBINIOJIHEHbI, HECBOEBPEMEHHO MPEJOCTABIECH OTYET O BBINOJIHEHHH
paboThI.

Oyenka «Hey0081emBOpUmMenbHO» 8blcmagisiemcs: BeIToTHEHO MeHee 50% paboThl, HE BBITOIHEHBI
JOTIOJTHUTEIIBHBIE 3aJJaHHs, OTYET O BHIMIOJIHEHUH PaOOTHI HE TPETOCTABIICH.

Tema 4.5 DileKTPOMArHUTHAA UHAYKIMS
IIpakTnyeckoe 3ansaTne Ne§

Pemienne 3aga4 no teme «JIeKTPOMATHUTHASI HHAYKIHSA. 32AKOH 3JIEKTPOMATHUTHON MHIYKLIMH.
CamonHaykums»
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Hean: chopmupoBarh NOHUMaHHWE POIM (GHU3UKK B (OPMHUPOBAHUHM KPYrozopa BIaJIeHUE
OCHOBOTIOJIATAIOIIUMH (PU3MYECKUMH MOHSATHAMH, 3aKOHOMEPHOCTSIMH, 3aKOHAMHU U TEOPHUAMH, YMEHHUS
BBITIOJIHSATH PAaCUETHBIC M IpaduyecKue 3a/1a9u

Boinosinenue padoTsl cnocodcTByeT GOPMHUPOBAHMIO:

11P63 11P02,11P66, TIPG7,
MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10

MartepuanbHoe o0ecmedeHHe: TOCAJOYHBIE MECTa MO KOJIMYECTBY OOYUYAIOMIMXCS; pa3JaTOYHbIN
MaTepHal ¢ 3aIaHUsIMU; COOPHUKH 3a]1a4, CIIPABOYHBIC MaTEPUATBI
3ajanue: pemuTh 3a1a4U

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

1. Ilepen pemenuem 3a1a4 pa3o0opaTh KPaTKUE TEOPETUUYECKUE CBEICHUS
2. IIpoBecTn aHAN3 BETUYHH, BXOSAIINX B (DOPMYIIEL.
3. Pemmth 3agaun ¢ npumeHeHueM (GopMya MarHUTHOM MHAYKIMH, UHAYKTUBHOCTH KOHTYypa, DJC
WHIYKUUU U CAMOMHAYKIIUU
Xoa padoTsl

KpaTKne TCOPETUYECCKHUE CBCACHUA

3aKOH 3JIEKTPOMAarHUTHON UHAYKLIMH:
OJC uHIyKIuMu B 3aMKHYTOM KOHTYpE paBHA IO MOJIYJIO CKOPOCTH HM3MEHEHHS MarHUTHOTO
AD

IMOTOKA 49€pe3 IMOBEPXHOCTb, OIPAHUYCHHYIO KOHTYPOM: o —

, rae & — O/1C unnykuuu, B; AD= O,-
i

@1 — U3MEHEHHE MAarHUTHOTO IIOTOKa, B6, At — MMPOMECIKYTOK BPEMCHHU, B TCUCHUEC KOTOPOT'O IMTPOU3O0ILILIIO

JlaHHOE U3MeHeHue, ¢, AP — CKOPOCTh H3MEHEHHSI MATHUTHOT'O TTOTOKA, B6
C
C yquOM HanpaBneHm{ I/IHI[YKHI/IOHHOFO TOKA 3aKOH 3aIIMChIBACTCA TaK: gi = _@_
At
Ecnmn 3amMkHyTBIN KOHTYp cocTouT M3 N mocCienoBaTeIbHO COSAMHEHHBIX BUTKOB (HAmpumep, B
COJICHOUJIE) g =-N- 49 , Tae N — 91ciio BUTKOB.
At

PasnocTh nmoTenmanoB U Ha KOHIAX MPSIMOJIMHEHHOTO MPOBOJIHUKA JTHHOM |, IBIDKYIIErocs co
CKOPOCTBIO V' B OJIHOPOJAHOM MarHUTHOM I10JIE

U = Blvsina ,

IZI€ 0. — YToJI MEX/ly HAallpaBJICHUSIMU BEKTOPOB CKOPOCTH V' U MarHUTHOM

uHayKuu B

DONEKTPUUECKUH TOK, MPOXOISALIMI IO MPOBOJHHUKY, CO3/1a€T BOKPYI HErO0 MAarHUTHOE IMOJE.
MarauTHbIi IOTOK CKBO3b IUIOLIA/Ib TOBEPXHOCTH, OTPAHUYEHHYIO CAaMUM KOHTYPOM, ITPOMOPLIOHATIEH
cuiie Toka B KoHtype: D=L-I.

@| Bb
Koaddunument nponopunonansHoctu L Ha3pIBaeTcs HHAYKTUBHOCTBIO KOHTYpa: [L]= {T} .

=TI'n (renpm).

3HaYeHWEe WHIYKTHBHOCTH 3aBUCHUT OT Pa3MepoB U (OPMBI MPOBOIHMKA, a TAK)KE OT MArHUTHBIX
CBOUCTB cepsl, B koTopoir oH Haxomutcs. DJIC caMOMHIYKIIMU IO 3aKOHY 3JIEKTPOMArHUTHOU
HHIYKIIUH paBHA:

Al A0
g =-L= TK g =",

IS At IS At
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10.

11.

12.

13.

14.

15.

16.

17.

rae Al=I,-1; — u3ameHeHue cuibl TOKa B IPOBOJIHUKE, A;
At — Bpems ero u3MeHeHus, C;

ﬂ — CKOPOCTb U3BMCHCHHUA CUJIbI TOKA, A .

At c
OHeprust MarHUTHOTO OISt IPOBO/IHUKA C TOKOM: W, | = L.ZI ’ , [x]

Pemutsh 3agaum (N - HOMEp BalIero BApHAHTA IO CITHCKY)
Ha ckonbko u3MeHusach cuiia Toka B MpOBOAHMKE, eciu 3a 0,1 ¢ B MpOBOAHUKE, HTHAYKTUBHOCTh
kotoporo 4 I'a, nosisuiiack IJ1C camonnaykuuu pastas 12 B?
3a Kakol NMPOMEXYTOK BPEMEHM MarHuTHbIM notok usmeHwics Ha 0,01 BO, eciu B KoHType
Bo3HukaeT DJIC nnaykiuu n B?
MarautHoe moje KaTymku ¢ HHIyKTUBHOCTBIO 0,2 ['H oOmamaer sueprueit 0,4 JIx. Uemy paBHa
CHJIa TOKa B KaTymike?
Onpenenure SHEPruro, 3aracacMyl0 B MarHMUTHOM II0J€ MHAYKTOpPA, KOTOPBIN MCHOJIB3YETCS B
YCTAHOBKE JUISl MArHUTOMMITY/ICHBHOTO (hopMmoBauust. MuayktuBHOCTh Karymku 7,0-107 T, cra
paspsaHoro Toka 1,45: 10° A.
Kakoii moToK MarHUTHOW MHAYKIIMU CO3/IA€TCsl B KOH Type JIEKTPUUECKUM TOKOM, €CIIU MPHU €ro
ymeHbleHnu A0 vy 3a 0,01 ¢ B konType Bo3Hukaet 9/IC camounaykuuu pasHas 30 B?
Onpenenure SHEPTUI0 MArHUTHOTO TOJISI KATYUIKW, B KOTOPOU MpH CHIIe TOKa 6,8 A MarHUTHBIN
MOTOK paBeH 2,5MB6.
3a Kakoil MPOMEXKYTOK BPEMEHHU B KaTyIIKe ¢ UHAYKTUBHOCTHIO 0,28 I' mpoucXoauT HapacTaHue
CWJIBI TOKa OT HyJs 10 9,6 A, eciu nipu 3ToM Bo3HuKaeT cpeusas J/]C camomHaykuuu, paBHas
38,4 B?
[IpoBOAHMK JUIMHOM N M IEpeMEelaeTcsl B OJJHOPOJAHOM MarHuTHOM noje ¢ uHaykuueit 0,2 TA.
JIBu>keHHe TPOBOJHMKA IMPOUCXOIUT cO ckopocTthio 10 M/c monm yriom 45° K MarHUTHBIM
cwiioBbIM JuHUAM. Haiinute DJIC MHAYKIIMY, BO3HUKAIOLIYIO B IPOBOJHUKE.
Kakoli MarHWTHBIM TOTOK IPOHU3BIBAET KOHTYp, €CIAM NP PAaBHOMEPHOM HCYE3HOBEHHUH
MarHUTHOTO TIOJIA B Te€UeHHUeE n ¢ B Karymke naaynupyercs IJC, pasuas 0,02 B?
Kaxoif MarHUTHBIN NOTOK MPOHU3BIBAET IUIOCKYIO MOBEPXHOCTH IIJIOMAABIO0 3 om? IPU UHAYKLIHAN
noisisg 0,24 TA, ecniu HopMaJib, K TOBEPXHOCTHU PACIIONIOKEHA 01 yIiioM 60° K BEKTOPY WHIYKIIHH.
Onpenenure MHIYKTUBHOCTh KaTYIIKH, €CJIU NPU YBEJIMYEHUHM TOKa B Hell Ha 2,2A 3a 50-10-2c
nosiBnisietrcs cpeansis 9J1C camonnaykiuu, papsas 1,1 B.
B npoBognuke mmHoi 0,5 M, ABMKYIIEMCsS co CKOpocThio 3,0 M/C, MEepNEeHANKYISIPHO CUIIOBBIM
JUHUSAM OJHOPOJHOTO MarHutHoro mosis, BosHukaeT JJ[C 6MB. Omnpepenure WHAYKIHIO
MarHMTHOT'O TOJIS.
Onpenenure MarHUTHBINA MOTOK, MPOXOJAIIMNA Uepe3 MpsMOYTOJIbHYIO IUIOMIA/IKYy CO CTOPOHAMU
20x40 cm, ecru OHa MOMeEIIIeHa B OTHOPOHOE MarHuTHoe moje ¢ uuaykiueit 0,5m TA mox yrinom
60° K TUHUAM UHIYKIUY TOJIS.
Omnpenenure D/]C unayKImu, Bo30yKaaemMyto B KOHType, eciii B HeM 3a 0,01 ¢ MarHUTHBIN TOTOK
paBHOMepHO ymeHbIaercs 0,5 1o 0,4 BO, uro6s! B koHTYpe Bo3Oyxnanacy 9JC unaykiuu 3,8 B.
Onpenennure NpoMeEXyTOK BPEMEHH, B TEUEHHE KOTOPOTO MAarHUTHBIM MOTOK, MPOHU3BIBAOILINN
KOHTYp, nomkeH yBenmmuuthes oT 0,01 mo 0,20 BO, utoObr B kKOHType Bo30yxkmamace DJC
MHAYKIMU n B.
Onpenenure DJIC WMHAYKIMM Ha KOHIIAX KPBUIBEB CAMOJIETa, UMEIOIIMX JUIMHY 12 M, eciu
CKOpOCTh €r0 MPHU FOPU30HTAILHOM Tosiere 250 M/c, a BepTHKaJIbHAs COCTABIIAIONIAs MAarHUTHOM
WHIYKIMY 3€MHOr0 Marietusma 5,0 10° TA.
B ogHOpogHOM MarHuUTHOM nojie nof yriioM 30° K HalpaBJIEHHIO BEKTOpA MHAYKLMH, BEIWYMHA
kotoporo SMTA, #ABWXKETCS TPOBOJHUK CO CKOpocThio 10 M/C; BEKTOp CKOPOCTH
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MEepHEHIUKYISIpeH NpoBOAHUKY. Onpenenure JIUHY NPOBOAHUKA, eciu B HeM HaBomutcs DJIC,
paBHas 0,25mB.

18. Tpakrop obOmero HazHaueHuss K-700 wmmer co ckopocthio 28 km/4. Omnpenenure pa3HOCTb
MOTEHIIMAJIOB Ha KOHI[AX I[epelHed OcH, €eclu JJIuHA €€ OKoJo 2,6M, BepTUKajIbHas
COCTABJIAIONIAS MAarHUTHOIO 1101 3emuu 5,0- 10° TA.

19. UYewmy paBna DJIC caMOMHIYKIIMH, BO3HUKAIOIIAS B KATYIIKE C MHAYKTUBHOCTHIO 2,0:10° I'n, B
KOTOPO# TOK crioi 7,5-102 A ncuesaer 3a n ¢?

20. MarnautHOe moje Kar ymku ¢ uHayktuBHocThio 0,1 I obnmamaer sueprueit 0,8 JIx. Uemy paBHa
cujia TOKa B KaTyIke?

21. IIpoBonoynas npsiMoyrojbHas pamka co ctopoHamu 20cM u 30 cM pacnoioskeHa B OJJHOPOJIHOM
MarHMTHOM TI0JI€ M MEPIEeHIMKYJSIpHA CHJIOBBIM JIMHHUAM. OnpenenuTe MHAYKIUIO 3TOrO IMOJs,
€CJIM Tpu ero ucuyeznopeHuu 3a 1,2-10-2 ¢ B pamke HaBoautcs cpeauss I/C 3,5 mB.

22. UYemy paBHa MHIYKTUBHOCTH KATYIIKH, €CJIM MPOTEKAIOMMKA 1Mo Hei Tok cwioit 0,15 A co3maer
MMOTOK MarHUTHOM uHIyKuu 7,5-10-3 B6?

23. UYemy paBHa HHAYKTUBHOCTH IPOBOJIHUKA, B KOTOPOM IIpU BO3pacTaHuu Toka ot 1,5 1o 1,8A 3an
¢ Bo30Oyxnaercs 3/1C camounaykiu 0,9 B?

24. 3a xakoil MpOMEXYyTOK BpeMEHH B KOHTYpe MHAYKTUBHOCTHIO 2,0-10-5 ' mpu n3MeHeHnH ToKa Ha
0,5A Boznukaetr 3/IC camounaykuuu 10 B?

25. Ompenenure MHAYKTUBHOCTD KaTYIIKH, e€ciid mpu Toke 3,0A MarHMTHOE 1oJje B Hell oOmajgaer
sHepruen 6,0 107 Jox
dopma npegocTaBieHUs pe3yJibTaTa

BrinmonHeHHbIe 3aja41 B TETPaIu A7l IPAKTUYECKUX padoT.

Kpurtepun ounenku:

Oyenxa «omauyHo» Gvlcmasisemcs: TPABUIBHO BBINOIHEHBI BCE 3a/laHUs B COOTBETCTBUU C

TpeOOBAaHUSAMH, TPABWIBHO BBIOJHEHBI JOMOJHHUTEIBHBIC 33/aHUSI, CBOEBPEMEHHO IIPEIOCTABIICH

OTYET O BBIMOJIHEHUU PAOOTHI.

Oyenka «xopowio» evicmasnsiemcs: TPABUIBHO BBIIOJHEHbl BCE 3aJaHMs B OCHOBHOM YacTH,

JIOTIOJTHUTENbHBIE 33/IaHUs BBIMOJHEHBI HE B MOJHOM OOBEME, MPEIOCTaBIEH OTYET O BBITOIHEHUU

paboThl, 1100 B Cllydae HECBOEBPEMEHHOT'O MPEJOCTABICHHS OTYETA WM C HAJTMYUEM HECYIECTBEHHBIX

OIIMOOK B BBITTOJIHEHUH 3aJaHHUS.

Oyenka «y0061emeopumenbHoy 8blCMAas/siemcs: BHITIOTHEHBI HEe Bce, HO Oonee 50% 3amaHuii paboTHI,

JOTIOJTHUTENbHBIE 3a/laHUsl HE BBINOJHEHBI, HECBOEBPEMEHHO IPEJOCTABIEH OTYET O BBHIINOJHEHHUU

paboTHI.

Oyenxa «Hey0081emeopumenbHoy Gvlcmaeisemcs: BhINONHEHO MeHee 50% paboThbl, HE BBINOJTHEHBI

JIOTIOJIHUTENbHBIE 3aJJaHHsI, OTUET O BHIMOJIHEHUH PaOOThl HE MPEJOCTABIICH.

PA3EJI Ne5. KOJIEBAHUSA U1 BOJIHBI

Tema 5.2 Dj1eKTPOMAarHUTHBIE KOJIEOAHNUSI U BOJHbBI

IIpakTHyeckoe 3ansiTue Ne9
Pemenue 3a1a4 Ha BUABI CONPOTUBJICHUH B LENAX EPEMEHHOI0 TOKA. ®opMyJibl
TpancopmarTopa

Heab padorsi: chopMupoBaTh MOHUMAHKUE POJIA PU3UKHU B (OPMUPOBAHUU KPYT030pa BiIaJIeHUE
OCHOBOIIOJIAralOMIMMU (PU3NUECKUMHU MOHATUSAMH, 3aKOHOMEPHOCTSIMH, 3aKOHAMU M TEOPUSIMHU; YMEHUS
BBINOJIHATE pacueTHbIE U rpaduuecKre 3a1a4u

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
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11P63 T1P62,ITP66, TIPG7, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP
43, MP8, MP10

MaTepnaﬂbnoe o0ecmeueHue: IIoCaJ04YHbBIE MECTa IO KOJIHUYCCTBY 06yqalomnxc>1; paSI[aTO‘IHBII;'I
MaTcpHrall C 3alaHUAMMU,; C60pHI/IKI/I 3aa4, CIIpaBOYHBIC MAaTCPUAJIbL
33}1afme: PCUIUTDb 3aa4n

ITopsinok BbINOJIHEHHUSI PA0OTHI:

1. Tlepen pemeHueM 3amad pa3odparb KpaTKHE TEOPETUIECKUE CBEICHUS

2. IlpoBecTu aHaNIM3 BEIWYHH, BXOSIIHUX B (POPMYIIBIL.

3. Pemmrtp 3amaum ¢ npuMeHeHHeM GoOpMyNn KoieOaHM B CETH IIEPEMEHHOTO TOKa, BHJOB
CONPOTUBIICHUSI B IENH NEPEeMEHHOro TOKa, (opMmyn TpaHchHOPMATOPOB PpaA3IMYHOTO BHUIA
(camocTosTenbHAs paboTa).

Xoxa padoTsbl
Kparkue TeopeTuueckue cBeeHHs

TpanchopmaTop
BUJIbI MOBBIIIAIOLIUH HOHMKAIOLIHH
Omnpenenenue TpanchopmaTrop, y KOTOPOro | TpaHCPOpMATOp, Y KOTOPOTO
YHUCIO BUTKOB BO BTOPUYHOH | UUCIIO BUTKOB BO BTOPUYHOMN
oOMoOTKe Oojpime, YeM B | OOMOTKE MEHBIIE, 4YeM B
IIEPBUYHOMN IIEPBUYHOU
Pucynox 3
wl w2 wl 2
Koapdunment n<i n>1
TpaHchopManuu
nea_e YU 1 S,
& w, U, I §
KII/I tparchopmaTopa P
p nmpamtj)op.mmopa = Fn 100% ~ 99%
3
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COHpOTI/IBHeHI/IH B [CTIU IIEPEMCHHOI'O TOKA

[TpuGopst Pesucrop Karymky naaykrusHoctsio L | Konnencatop eMKoCThIO
comnpoTuBieHneM R C
Cxema R L "
SR .
HJia TOK 1(t) =1,sinot . z
Cuna Toka @) =1, 1(t) = sm(a;t _7) 1(t) = CUwsin(er +)
Cnsur da3 =0 Y,U | Hanpsbxkenue onepekaer Tok | HanpsikeHnue orcraer ot
H3MCHACTCA BlHap="= —90O TOKa Ha ¢ =— —90O
OJIMHAKOBBIX (a3ax,
a L. SHEPTHs
pPacxoauThCs Ha
TEIJIOBOE  JCHCTBHE
TOKa
ConpoTusieH
ue
l 1
R=£" (1+at) X=—
1. bopmyna S
XL:(D L
R
2. 3aBUCHMOC A
Th "
) I R,
COIIPOTHBIICH o
HIO oT 0 @
JacTora o 0
3.
onpeneneHne | AKTHBHOE — EmKocTHOE -
CONPOTHUBJIICHNE COIIPOTHUBIICHUE,
noTpeduTens
np£6pa3v101;1ero VHIYKTHBHOE — 00yCIOBIEHHOE
HOABOIIYIO K Hoaty CONpOTHRIEHNE, HATAYAEM  EMKOCTH B
00yCIIOBIIEHHOE SIBJICHUEM et
SHEPTUIO B Ipyrue
CaMOWHTyKITUH
BUJIbI SHEPTUU
3akon Oma 1) = U(t) ;Yo | Yo
= 0 XL 0 X c

— ]
[ToHOE CONMPOTHBIIEHHE TIENHU ITEpEMEHHOr0 ToKa: Z= VR? + (wL — E)
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3akon OMa 151 aMIUTMTYIHBIX 3HAYCHHUH CHITBI TOKa lg 1 HanpsokeHus Up B 11eny IepeMeHHOTO

lo= Uo/\/ﬁ + ((JJL — ﬁ)Z

TOKa:

PeakTnBHOE — CONPOTUBIIEHUE OTPEOUTEINS, HE IPEOOPA3YIONIEro MOABOAUMYIO K HEMY
SHEPTHIO B APYyrue BUAbI 3HEPIUU (H-p pakera) X=X -X.=ol- s ;

X >X¢ — MHIYKTUBHBIN xapaktep; X| =X, — pe30oHaHC; X>X| — EMKOCTHBIA XapakTep

1

JleiicTByIOIlee 3HAYEHHE MOIIHOCTH NepeMeHHOro Toka (P) — BeIMYWHA, YUCICHHO paBHAs
MOITHOCTH TOCTOSIHHOTO TOKa Ppocr, IPH YCIIOBHH, YTO 00a TOKA 32 OJJMHAKOBOE BpPEMsi, paBHOE
MEepPHOJy EPEMEHHOr0 ToKa 7, Ha paBHBIX PE3UCTOpax R BBIAENAT paBHBIE KOJIWYECTBA TEILIOTHI

2 2

IBR I,U, U} .
Q.|pP =00 =01 JlelcTBYIOLIEEC 3HAUECHUE MOIIHOCTH IMEPEMEHHOIO TOKA YaCTO HA3bIBAIOT

2R

AKTHUBHOM MOIIIHOCTBIO.

IIpuMepsl pereHnst 3a1a4

1. Karymxka unaykruBHocThio 0,1 I'H U akTUBHBIM comnpoTuBieHHeM 25 OM BKJIIOYEHA B CETh
IIPOMBIIIJIEHHOTO NEPEMEHHOIO TOKA CO CTAaHAAPTHOM 4acToToi. OnpenenuTe TOK B KaTyIIKE, €CIU
HanpsbkeHue Ha ee BBogax 120 B.

Hano:
KaTyIlKa
L=0,1THu
R=25 Om
v=50T11
U=120 B

1,=?

Y.
<

X =,R?+ X =

=4R? +(wbL)? =

=R2 + (2rn)?

x =+/25? + (4-3,14-50-0,1)2 =
=1/625+986 = /1611 = 40,10m

| =120 _

—— =34
40,1

2. Ha KonXO3HYIO MOACTAHLIMIO IMOCTYyNMaeT TOK HampsbkeHueM 6600 B. mepBuunas oOMOTKa
Tpancpopmaropa noiactanuuun umeer 3300, a BropuuHas 110 BurkoB. Omnpenenute pabouee
HaIpsDKEHUE B KOJIIXO3HOM JIEKTPOCETH U MOTPEOJIIEMYIO MOIITHOCTh cuia Toka B cetu 200 A morepsmu
SHEPTUH B TpaHchopmaTope mpeHeOpeys.

Hano: o _ U
Tpancdopmarop 0, Uy
Ur=6600 B u, - Ve
®»1=3300 B @1
®,=110 _
1,200 A P=Uz 1
Uz, Pzz?

_ 6600-110

, =220 B
3300

P,=220-220=44-10°Br=44
kBT

3. Cuua Toka B nepBUYHON oOMoTKe TpaHcdopmartopa 0,5 A, HanpspkeHue Ha ee KoHuax 220 B,
BO BTOpUYHOI 00MOTKe cooTBeTcTBeHHO 8 A 1 12 B. Ompenenute KI1J] Tpancdopmaropa.
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Hano: P _12-8
tpancdopmaropa |1 p 100%27= %2005
11=0,5A
1,=8 A =—22.100%
U=220 B ih
U,=12B

-100% = 87%

n=7?
Penmnrtn 3agauun (n - HOMeEDp saulieco eapuauma no Cl’luCKy):

1. Cuna Toka B mepBUYHOM oOMoTKe TpaHcopmaropa 0,2 A, Hampspkenue Ha kiaemmax 220 B.
Omnpenenute HanpsHKEHUE W CUILY TOKA BO BTOPUYHOM 0OMOTKe TpaHchopmaropa, eciau KO3 UIHEeHT
tpancpopmanuu 0,2.

2. [TepBuunast oomoTka Tpancopmaropa coaepxkut 800 BuTkoB, BropuuHas 3200. Ompenenure
KO3 pHUIHeHT TpaHcHOpMaIHH.

3. Cua ToKka B CETH M3MEHsIeTCs 10 3akoHy | = 8,5 Sin @ t. Kakoe KoiIM4ecTBO TEIUIOTHI BBIICIUT
ANIEKTPOKAMUH 3a 2 "aca paboThl, eciiu ero conpotusieHue 80 Om?

4, Cuna Toka B IepBUYHOM 00MOTKe Tpancdopmaropa 0,6 A, Hanpspkenue Ha ee kKoHmax 220 B; Bo
BTOpUYHOI 00MOTKE 6 A U 14 B. Onpenenute KII/I Tpancdopmatopa.

5. B mepBuuHOii 00MOTKE MOBBIMaromero tpancpopmaropa 80 BUTKOB, a BO BTopuuHO# 1280.

Hamnpspkenue Ha koHnax nepBuyHo oomoTku 120 B, a BenmnumHa Toka BO BTopuuHON 00MOTKe 0,25 A.
Omnpepenute NOJIE3HYIO0 MOITHOCTH TpaHC(hOpMaTOpa.

6. JUis TpaHCIAUMU paauonepenad NPUMEHSIOT MOHMKAIOIIUN TpaHCPOpPMATOp C HaIpsKEHUEM
480 B 1o 30 B. Onpenenure momrHocTh Tpanchopmartopa ¢ KITI 96%, ecnu k Hemy noakirodeHo 100
penpoaykTopoB, norpedmstonux Tok 0,008 A.

7. Onpeznenure yroja moBopoTa BUTKa B OJHOPOJHOM MAarHUTHOM IIOJI€, 3HAas, YTO MaKCHUMAaJbHOE
3nauyenue Toka 1002 A, a Tok B qanHbIi MomeHT 100 A.

8. Onpenenure kodpduiineHT Tpanchopmairii 3BOHKOBOT0 TpaHc(hopmMaTopa, MUTAEMOTO CETEBBIM
TOKOM ¢ HampspbkeHreM 220 B, eciu npeoOpa3zoBaHHbIM TOK MMeeT HanpsbkeHue 2 B.

9. [lepBuuHas oOMOTKa MOBBbIIIAIONIErO TpaHchopmaropa nmeeT 45 BUTKOB, a BropuuHas 900
BUTKOB. llepBHuHas KaTylika BKJIHOYAETCA B CEThb NIEPEMEHHOT0 ToKa ¢ HanpspkeHueM 120 B. Kakoe
HanpspKeHue OyIeT Ha 3aKuMaxX BTOPUYHOW OOMOTKHU?

10. OnekTpuueckas ayra A0JDKHA TOpeTh moJ HanpsbkeHueM N B, a B cetn 220 B. Ckonbko BUTKOB
JOJDKHA COJepKaTh BTOpUYHass OOMOTKa, €CIM B IEPBUYHONM OOMOTKE, BKJIFOUEHHOM B ceTh, 385
BUTKOB?

11. B mnepBu4HO# 0OOMOTKE MOBBIIIAIOMIETO TpaHchopmaTopa N BHUTKOB, BO BTopmuHoi — 2000
BUTKOB. Kakoe HampspkeHMe Ha 3aXHMax BTOPHUYHOM OOMOTKM MOKHO MOJYYHTb, €CIIM BKJIIOUUTh
TpaHcpopmaTop B ceThb ¢ HanpskeHuem 110 B?

12.  Karymka uHayktuBHOCTBIO 20 MI'H BKJIIOYEHA B CeTh NMEPEMEHHOro TOKa C yacToToi N I'm.
OmnpenenvTe MHIYKTHBHOE COTIPOTUBIICHNE KATYIIIKH.
13. Komzencatop emkoctsio 8-10%h Bkmouen B cerh mepemenHoro Toka ¢ wactoroir 50 I

OnpenenuTh CHTy TOKa Ha Y4acTKE IIETIN ¢ KOHIEHCATOPOM, €CIM CONPOTUBIIEHUE MOABOAANIMX POBOAOB
N Owm, a HanpsKEHUE Ha BCeM ydacTke nenu 12 B.

14, Kak wu3MEHHUTCS MWHAYKTUBHOE CONPOTHUBICHHME KATYIIKM, €CJIM €€ BKIOYUTh B IIEMb
nepeMeHHoro Toka ¢ yacroroit 10 xI'n, BMecto 50 I'n?
15. [Tepuunas oOMoTka TpaHcdopmaropa coaepxuT 800 BuTkoB, BropuuHas 3200. Onpexnenurte

ko3¢ dunreHT TpaHchopMaIuu.
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16. Karymka MHIyKTUBHOCTBIO N I'H, aKTUBHBIM conpoTuBieHHEM 25 OM BKIIOYEHA B CETh
MIPOMBIIIIJIEHHOTO MEPEMEHHOI0 TOKa CO CTaHAapTHOM udacToToi. OmpenenuTe TOK B KaTyIKe, €CIU
HanpspkeHue Ha ee BBogax 120 B.

dopma npeaocTaBieHHs pe3yJibTaTa
BrImonmHeHHBIC 331a41 B TETPAIU ISl IPAKTHYECKUX padoT.

Kpurepun oneHku:
Oyenka «OMIAUYHO» GbICMAGISEMCs: TIPABWIBHO BBIMOTHEHBI BCE 3aJaHUS B COOTBETCTBUU C
TpeOOBaHUSMU, MPABWIBHO BBHIIIOJHEHBI JIOMOJHUTENbHBIE 3aJaHMs, CBOCBPEMEHHO IIPEJOCTaBIICH
OTYET O BBIMOJTHCHUH PAOOTHI.
Oyenka «xopowioy 6vicmasisiemcs: TPABUIBHO BBIIIOJHEHbl BCE 3aJaHMsl B OCHOBHOM 4acTH,
JIOTIOJTHUTEIbHBIC 3a/IaHUsl BBIIOJIHEHBI HE B TMOJHOM O0OBEME, MPEIOCTABIEH OTYET O BBIMOJHCHUU
paboThl, 1100 B cllydae HECBOEBPEMEHHOTO MPEJOCTABICHHS OTYETa WM C HaJTMYUEM HEeCyIECTBEHHBIX
OIIMOOK B BBITTOJIHCHUH 3aIaHHUS.
Oyenka «y00871emeopumenbHO» 8blCmMasisemcs: BHIIOTHEHBI HE Bce, HO Oonee 50% 3ananuii paboThl,
JIOTIOJTHATEIbHBIC 3a/IaHUs HE BBITIOJHEHBI, HECBOEBPEMECHHO IPEJAOCTABICH OTYET O BBIMOJHECHUU
paboTHI.
Oyenka «Hey0081emMEOPpUMeNbHOY 8blcmasisiemcs:. BhIIONIHEHO MeHee 50% paboThl, HE BBINOTHEHBI
JIOTIOJTHUTEJbHBIE 3aJaHHsI, OTUET O BHITIOJHEHUH PabOThI HE MPEJOCTaBIICH.

Tema 5.2 DileKTpOMArHUTHBIE K0JI€OAHUS M BOJIHBI

IIpakTuyeckoe 3ansaTue Ne 10
Pemenue 3a1a4 no teMe «J1eKTPOMATHUTHBIE KOJI€OAHUS M BOJHBI»

Hean padoTsi: chopMHUPOBATH MOHUMAHUE PO (PU3UKH B (POPMUPOBAHUH KPYro30pa BiiaJieHUE
OCHOBOIIOJIAralOMIMMU (PU3NUECKUMH MOHATUSAMH, 3aKOHOMEPHOCTSAMH, 3aKOHAMH M TEOPUSIMHU; YMEHUS
BBINOJIHATE pacyeTHbIE U rpaduuecKre 3a1a4u

I1P62,ITP66, IT1P67,
MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10

MaTepna.m.Hoe oOecneyeHue: MMOCaJOYHLBIC MECTA I10 KOJIMYCCTBY o6yqa10mnxc>1; paSI[aTO‘-IHHﬁ
MaTepurall C 3alaHUAMU; C60pHI/IKI/I 3aZla4, CIIpaBOYHBIC MAaTCPUAJIbL

3ajaHue: pemIuTh 321a41

HOpﬂI{OK BbIITOJTHCHU A paﬁoTbI:

=

Ilepen pemeHreM 3agay pazodparb KpaTKHe TEOPETUUECKUE CBEICHUS
[TpoBecTr aHATN3 BENWYHH, BXOASIIUX B ()OPMYITHI.
3. PemuTh 3a1auu ¢ MPUMEHEHHEM XapaKTEPUCTUK MEPEMEHHOT0 TOKa, 3aKOHOB MEPEMEHHOTO TOKa,
3aKOHOB AJIEKTPOMArHUTHBIX KOJICOAHWH M BOJIH CAMOCTOsITeNIbHAs paboTa)
Xon pa6oTsl
Kparkue TeopeTrnueckue cBeIeHHs
Ilepemennbiii mok, IEPUOJMUECKU U3MEHSIONIUICS 10 BETMYMHE U HANPABICHUIO. Xapakmepucmuxu
nepemennozo moxa (~)

N

1. Ilepuon T, ¢ — Bpems, 3a kotopoe (g1) DC nHayKIIMH cCOBEpIIAET OHO MOJIHOE KoJieOaHue.

1 n o
2. Yacrora v=—=—,T'n — YHUCJIO MOJHBIX KojecOanuii 3a 1 CEKyHIY.
t

T
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B Poccun npumensercs Tok ¢ v=50 I'u, ctannaptHas, T.€. lj 1 € MeHst0T cBoe HanpasieHue 100 pas B
cexkyHay. Tok ¢ v=50-10*T I — TOK HA3KOU 4acToThl. TOK ¢ v~10*-10°T Il — TOK BBICOKOH YaCTOTBHI.

2 pao
3. w = — = 27v—— — KpyroBas 4acToTa.
T c
4. MruoBeHHbIE€ 3HaYEHUS 0003HAYAIOTCS CTPOYHBIMU OyKBaMHM: i.  AMIUIUTYIHBIC 3HAYCHHS
0003Havar0TCs 3araaBHeIMu OykBamu: |, U, €.
. _Um
i=l,cosmt; Ym—?, Usmenenus |, U, € B uenu ~I
) = IPOUCXOJAT ¢ OJIUHAKOBOU
u=Uncos(ot+e); p A &
qJacTOTOM, HO pa3HoOH (da3oil
e=gmot; Em=BSw; - HOP b

O cuie INEPEMEHHOI'O TOKAa CYIIAT IO €TI0 TEIIJIOBOMY BOSHeﬁCTBHIO, T.K. OHO H€ 3aBUCHUT OT
HaIlpaBJICHUA TOKa (KaK MarouTHOC U XI/IMI/I‘ICCKOG).

5. Heticmsyrowum (3¢ghpexmugnvim) 3naueHuem nepemeHHo20 MoKka Ha3bIBaeTCsl TIOCTOSIHHBIN TOK,
BBIIEISIOMUI B IPOBOJHUKE TO K€ KOJIMYECTBO TEIUIA, YTO U IEPEMEHHBIH TOK 3a OAMH nepuoi. ly

| U
=D _0,7071, Uy=—2=0,707U,, &5 =2 =0,707¢,,

V2 V2 V2

JJIeKTPOMarHUTHBIE KOJIeOaHNsI

Onpenencane Hesaryxatomiue konebaHusi, BOZHUKAIOIIME MO JCWCTBUEM BHEIIHEH
nepuoanuecku uaMensronieiics IC e=gycoswt

[Ipouecc [Ipouiecc, mpu KOTOPOM BIIEKTPOMArHUTHOE TI0JI€ TEPUOIUYECKU
WU3MEHSETCA 110 BPEMEHU

YcnoBue TlocenoBaTenbHOE COeAUHEHUE:
BO3HUKHOBEHUS 1) KOHZIeHCaTOpa, HAKATUTMBAIOIIETO SHEPTHIO AIEKTPUIECKOTO TIOJIS;
KoJIeOaHuil 2) KaTyIIKN HAKaIIMBAIOIIEH YHEPTHI0 MATHUTHOTO TOJIS;

3) BO3HMKHOBEHHME CBOOOJHBIX KOJI€OaHW B KOHTYpEe OOYCIOBJIEHO
SABJICHUEM CAMOHWHIAYKIUH

[Tpumep DneKTpuueckas IeMb, COCTOAIAs W3 KOHACHCATOpa W KATYIIKH, B
KOTOPOUW DJHEPrusi 3JEKTPUYECKOTO IIOJISI TPEBPAIIAeTCsS B JHEPTHUIO
MarHUTHOTO TIOJISI U 0OpaTHO

3aKOHEI 1
T=2zyL-C — =

dbopmyna Tomcona

1 . -

yoo L
* " ozdLC

R—Q

1. Beinyxaennsie konebanus. Kirou B «1» — 3apsikaeTcss KOHIEHCATOP.

2. CoOctBennble koseOanus. Kiod «2» dleKTpudeckoe Tmone &
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o = 1 MarHuTHoe moJie. YacTh SHEpruu TPATHTCS Ha HarpeB mpoBogoB R—Q
y =
JLC KoJeOaHus 3aTyXarolue.
Jlnst moiep kaHusl He3aTyXalolmuX KoJeOaHUH MepeBOANM KITod  «1»,
3aTeM B «2». BeIHYKJEHHBIC — He3aTyXaroume KojaeOanus
DHeprust [IpeoOpazoBanre DHEPrUU  IJICKTPUUYECKOTO TIOJSI B DHEPTUIO
MarHUTHOTO TOJISI U HA000POT 10 rapMOHUYECKOMY 3aKOHY E, <~ E,,
RHP:0 R f l = I - 'ﬂﬁ‘:ﬂf
coocrBeHnbie DMK | Hit l — _4 ;ﬂ@).ﬁ
- LA
E,=E.; vg=const .
]Ill 11 = = Wﬂ}
cu? LI I = Loy -ﬂTKU;
2 2
CU*=LP

aﬂeKTPOMaFHI/ITHI)Ie BOJIHBI

Onekxmpomaenumnas éonna (OMB) — pacnpocTpaHeHHE 3IEKTPOMArHUTHOTO IOJISI B MPOCTPAHCTBE C
TEUYEHHUEM BPEMEHH.

o cAt
Paccrosiaue ot paguonokanuonnoi ctanuuu (PJIC) no o6bexra: AS = B

OMB (B 3aBHCHUMOCTH OT JIJTUHBI BOJIHBI A) JIEJST HA JHAIIA30HbI:
1) mmuaEBIe A > 1000 M; 3) kopotkue 10 <A <100 m;
2) cpeanue 100 < A <1000 wm; 4) ynpTpakopotkue A < 10 m.

CKOpOCTB BOJIHBI B CPEAC 3aBUCHUT OT SJICKTPUUICCKUX U MArHUTHBIX CBOMWCTB CpCabl:

C C C
9 = —=—; — =./eu=n>1- onTHuueckas MIOTHOCTb CPEILI
veu n' n 1 pea
9 c
Jnvunaa BonHbl A=9*T = o B cpepe; s Bakyyma 4y =c *T = -
cT c

2
A === no; c- CKOpocmb 2Mé 6 6aKyymy unu 6 6030yxe- 3*108m/c

IIpumeps! pemenus 3agaq

1. Cuna Toka B ceTH U3MEHsieTcs 1Mo 3akoHy 1=4,2 sinwt. Kakoe KOIMYECTBO TEIUIOTHI BBIACIUT
3JIEKTPOKaMUH 3a 1 4 paboThl, eciu ero conporusienue 70 Om?

Jlano: Q=I" 4Rt Im=4,2A

BIEKTPOKAMUH | i=Ipsinot 1,=0,707-4,2=3A

1= 1 = 2 . . 3z . 6 =
i=4,2 sinot 1, = I _0707-1_ Q=3%-70-3,6-10°~2,3-10° I x

t=3,6-10° ¢ 2 =2,3 MJIx
R=70 Om
Q=?

2 B ycraHOBKax IS SJEKTPOTHIPABIMYECKON 00pabOTKH MaTepuaIoB KOHACHCATOPHI pabodyero
KOHTypa SIBIISIFOTCS. ©MKOCTHBIMH HAKOMUTEISAMH dSHepruu. Ormpenenure HAUOOIBIIYI0 CHITY
KPaTKOBPEMEHHOI'O TOKA, BO3HUKAIOLIETO B LIENH IPU MPSAMOUW pa3psaKe TAaKOro KOHJEHCATOpa Ha
MPOBOJHUK, €CJIM HW3BECTHO, YTO 3aHECEHHas 3Heprust B KoHjaeHcaTtope 10 kK, WHAYKTUBHOCTH
koHTypa 0,03 MKI'H.
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JlaHO: K — KOHTYD E,~=Eu 5.10% I8
. I max = —_8:\/0,66'10 :
E=10" Ix y 3-10
L =310 I L -0,8-10° =8.10°A
T2
U

o [E

e L

Imax =?

Pemmurs 3apaum (N - Homep saueco sapuanma no cnucky):

1. Byayr 1u HaCTPOEHBI B pE30HAHC KOHTYPHI MepelaTuiKa U MpUeMHUKa, eciu ux napamerpsl C1 = 200
I, Ly =2 mI'H; C, =100 I1dD; L, =4 mI'H?

2. KonebarenbHblil KOHTYP COCTOUT M3 KOHJEHCATOpPA eMKOCThI0 SMK®D M KAaTyIIKH UHIYKTUBHOCTBHIO
0,2 I'a. Onpenenure MaKCUMalbHYIO CHIIy TOKa B KOHJEHCATOPE, €CIIM MaKCHMaJbHas Pa3HOCTb
MOTEHIIMAJIOB Ha oOkiaakax konaeHcaropa 90 B. [Torepsimu Ha HarpeBaHue TPOBOAOB MIPEHEOPEUb.

3. DJIC wHayKnuu, BO3HUKAIOMIas B pPaMKE IPH BpAIIEHUH €€ B OJHOPOJHOM MAarHMTHOM IIOJE,
U3MEHsIeTCs 10 3aKoHy e = 12 sin100 =nt. OnpenenuTe aMIUIMTYJHOE U JCHCTBYIONICE 3HAUYCHHE
O/1C, nepuon, yactory, MrHoBeHHOe 3HaueHue DJC mpu t =n c.

4. MarHuTHBIA TOTOK B pPaMKe, PaBHOMEPHO BpalIAOMIMICS B OJHOPOJHOM MArHUTHOM IIOJIE,
U3MeHsieTcs 1o 3aKoHy @ = 3 - 10 cos157t. HaiinuTe 3aBHCHMOCTh MIHOBEHHOTO 3HaueHus DJIC
WHIYKIMHA, BO3HUKAIOIIEH B paMmke, OoT BpemeHH. OmnpeaenuTe MakCUMallbHOE W JIEHCTBYIOIEE
3Hauenne DJIC, mepro U 4acToTy TOKA.

5. B pamke, paBHOMEpHO Bpallaroleiics B OAHOPOJAHOM MAarHMTHOM IIOJI€, MHIYLUPYETCS TOK,
MIHOBEHHOE 3HAYE€HHE KOTOPOTO BbIpayKaeTcsi GopMysion

6. i=23sin157t. Onpexenute aMILTUTYJHOE, NSHCTBYIOIEE 3HAYCHUE TOKA, MTHOBEHHOE 3HAYCHHE TOKA
mipu 0,N ¢, eproJ 1 YacTOTYy.

7. Omnpenenure MakCUMaJIbHOE U AeCTBYIoOIIee 3HaueHne nepeMenHoi DJ1C, Bo3HMKaroIIel B paMKe MpH
¢e PABHOMEPHOM BPAIICHHH B OJHOPOXHOM MATHHTHOM ITOJIE, €CITH TPH YIIie IOBOPOTA PaMKH Ha 45°
MraoBeHHoe 3HadeHue JJ[C 156 B.

8. Omnpenenmre Makcumansayro JJ1C, 3Hast, uro mpu 30° DJC namykmn 110 B.

9. B koneGarenbHOM KOHTYpe € MHIYKTUBHOCTBIO N MI'H MakcHUMalbHOE HalpspKeHHE Ha OOMOTKax
koHneHcatopa 200 B. ompenemute mnepuon koneOaHMA CBOOOJHBIX AJIEKTPOHOB B KOHTYpE, €CIH
MaKCHMaJIbHas chila ToKa B KoHType 0,2 A.

10. Onpenenure cuiry TOKa B KOJEOATEIHHOM KOHTYPE B MOMEHT IIOJIHOW Pa3psIKd KOHJEHCATOpa,
€CJIM DHEPIUsi MArHUTHOTO T10JIs KaTYIIKH 4,8-10° JIx, a nHAYKTUBHOCTH 0,24 I'H.

11. Onpenenute PHEPTUIO NEKTPUUYECKOTO MOJII KOHJEHcATopa eMKOCThbio N MK®D, eciau HampsoKeHue
Ha ero oOkiankax 400 B.

12. Onpenenute Mepro U YacTOTy COOCTBEHHBIX 3JEKTPOMArHHTHBIX KOJEOaHWH KOHTYpa, €CIH €ro
UHIYKTUBHOCTH 1MI'H, a eMkocTh 100 HOD.

13. Onpenenute cuily TOKa B KOJNEOATEIHHOM KOHTYpPE B MOMEHT IIOJIHOW pa3psIKd KOHJICHCATOpa,
€CITM SHEPrUsl MarHUTHOTO MOJIs KaTymku N Mk, a uHxykTuBHOCTS 0,12 I'H.

14. UanykTHBHOCTH KosieOaTenbHOro koHTypa S00MKIH, Kakylo0 €MKOCTh ClielyeT BbIOpaTh, YTOOBI
HaCTPOUTH €ro Ha yacTtoTy 1MI'm?

15. B ycraHoBKax i »JEKTPOrUAPaBIMYECKON OOpabOTKM MarepuasioB KOHJIEHCATOp pabodero KOHTypa

SIBJISIETCS. €MKOCTHBIM HakonureneM sHepruu. Onpenenure HanOobIIYI0 CHITy KPaTKOBPEMEHHOTO TOKa,
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16.

17.

18.

19.

20.

21.

22.

23.

24,

25.
26.

27,

28.

29.

BO3HMKAIOILIETO B LEMHU MPH MPSIMOM pa3psi/Ike TaKOro KOHIEHCATOpa Ha MPOBOJIHUK, €CIIA U3BECTHO, UTO
3anaceHHas 3Heprusi B kouaeHcarope 10 k/x, nHaykTMBHOCTH KOHTYpa 0,03MKI H.

KonebaTenbHblil KOHTYP COCTOUT M3 KOHJEHCATOpa eMKOCThIO 3 MK®D U KaTylKu MHAYKTUBHOCTHIO
2107 I'n. Ompenenure cOOCTBEHHYIO YaCTOTY JEKTPOMArHUTHBIX KOJI€OaHUH B KOHTYpE.

B karymke MHAYKTUBHOCTBIO N 102 T COBEPIIAIOTCS AIEKTPOMArHUTHBIE KOJIEOAHHS C MEPHOAOM
10%¢. Onpenenure eMKOCTh CHCTEMBI.

KoneOarenbHblii KOHTYp COCTOMT M3 KoHAeHcaTopa eMkoctbio 0,601 Mx®d wu karymku c
WHIYKTUBHOCTBIO 10* TI'n. Onpenenure TEPHOJ, YaCTOTy COOCTBEHHBIX 3JIEKTPOMAarHUTHBIX
KoJIeOaHUM KOHTYpa.

Konnencatop eMKOCTbIO 3.10° Mk®, 3apsDKEHHBINA 10 HEKOTOPOTO MOTEHLMANa, pa3psbKaeTcsl, 3aTeM
3apspKaeTCsl Yepe3 KaTyliKy ¢ MHIYKTUBHOCTHIO 1,8MKI'H. Onpenenure mepuon kojebanuid. [louemy
Ka)XXJ10€ TIOCIIeAyIoIIee KojicOaHne JaeT Ha 0OMOTKaX KOHJICHCATOPa MEHBIITYIO Pa3HOCTh MTOTECHITHATIOB,
4yeM npeapiayiee?

Omnpenenure Mepuoa M YacTOTy COOCTBEHHBIX KOJEOAaHWN B KOHTYpe MpU eMKOCTH 2,2 MKD u
uHaykTuBHOCTH 0,6 MI H.

BerancnuTe 49acToTy COOCTBEHHBIX KOJIOaHWA B KOHType ¢ comporuBieHueM 0 Owm, ecnu
WHIYKTUBHOCTH B 3TOM KOHType 12MI'H, a emkocTh 0, 88 Mx®. Kak u3MeHuTCs 4acToTa KOoJIeOaHHiH,
€CJIM MOCTIEA0BATEIbHO BKJIIOYUTH B KOHTYP €Ile N TaKuX e KoHAeHcaTopa?

UeMy paBeH mepuo]i COOCTBEHHBIX KOJIEOaHUI B KOHTYPE ¢ MHAYKTUBHOCTBIO 2,5 MI'H 1 eMKOCThIO 1,5
MK®D? Kak m3MeHHTCS TIepHoI KOJICOAHMIA, €CIM MapalIeIbHO K KOHJCHCATOPY MPHCOCIMHUTH eIle 3
TaKuX ke KoHjieHcaropa?

Pe3onanc B xonebaTenbHOM KOHTYpe HactymaeT npu vactore 4,2 kl'u. Onpenenute HHIYKTHBHOCTD
KaTyIIKHU, €CIIH eMKOCTh KOH/IeHcaTopa 2,2 MKD.

B xonebGarensHOoM KOHTYype ¢ HMHAYKTUBHOCTBIO 0,4 I'H M eMKOCThIO 2:10° @ aMIUTUTYJHOE
3nauenue Toka 0,1 A. Kakum Oyner HampspkeHUE B KOHJEHCATOpPE B TOT MOMEHT, KOTJ/Ia SHEPTuu
JJEKTPUYECKOTO W MAarHuUTHOTO Toyied OynyT onuHakoBel? KoseOaHus KOHTypa CUMTATh
HEe3aTyXalolUMH.

OrnpenenuTsb JJIMHY BOJHBI, €Cu ee azoBast ckopocTh 1500m/c, a yacToTa konebanuii N I'1r.

Kakoii myts npoiiget ¢a3za BonHoBoro asuxeHus 3a 0,02¢, ecnu yacrora koiebanuit 2MI'11, a anvuna
BOJIHBI 150M.

OnpenenuTs 4aCTOTY M3JYyYEHHUs YIbTPAa3BYKOBOI'O T'€HEPATOPA, €CIW MOCHLIAEMbI UM HMITYJIbC,
conepxarmmii 100 BomH, mpooikaeTcs N. ¢

Onpenenuts JUIMHY BOJIHBI YJIBTPAa3BYKOBOIO I'€HEpATOpa B aIIOMUHUM, €CJIM YaCTOTA YJIbTPa3ByKa
3MTI'1, a ckopoCTh B alFOMUHUU 5,1 *10° m/c.

Pamuonepenarunk pabotaer Ha yactore 6 MI'. Ckoapko BOJMH HaxoAauTcs Ha paccTosHuu 100km
10 HAIIPABJICHUIO PACTIPOCTPAHEHUS paluOCUTHAIA?

dopma npeaocTaBieHus pe3yabTaTa

BrinonHeHHbIe 3a0a4u B TCTpaau I MPAKTUYCCKUX pa60T.

Kpurepun ouenku:

Oyenxa «omauyHoO» Gvlcmasasiemcs: TPABWIBHO BBIIIOJIHEHbl BCE 3aJlaHus B COOTBETCTBUHU C
TpeOOBaHUSMHU, TPABWIHHO BBHITIOJHEHBI OTOJHUTEIBHBIC 3a/JaHMs, CBOEBPEMEHHO MPEIOCTaBICH
OTYET O BBIMOJTHEHUH PAOOTHI.

Oyenka «xopowio» evicmasisiemcs: TPABUIBHO BBIIIOJHEHbl BCE 3aJaHMsI B OCHOBHOM 4acTH,
JIOTIOJTHUTENbHBIC 33/IaHUs BBIMOJHEHBI HE B MOJHOM OOBEME, MPEJOCTABIEH OTYET O BBITOIHEHUU
paboThl, 1100 B cllydae HECBOEBPEMEHHOTO MPEJOCTABICHHS OTYETa WM C HaJTMYUEM HECYIECTBEHHBIX
OIIMOOK B BBITTOJIHEHUH 3aaHHUSL.
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Oyenka «y0081emeopumenbHoy» 6blCMABIsemcs: BHIIIOTHEHBI He Bce, HO Oonee 50% 3amanuii paboTHI,
JIOTIOTHUTEJIbHBIC 3aJ]aHUsl HE BBINOJHEHBI, HECBOCBPEMEHHO IPEIOCTABICH OTYET O BBIMOJIHCHUN
paboTHL.

Oyenka «Hey0061emeopumenbHoy Gblcmasisemcs: BhIMOIHEHO MeHee 50% paOoThl, HE BBIMOJIHEHBI
JOIIOJIHUTCIIBHBIC 3aJaHus, OTYCT O BbIIIOJTHCHHUHU pa60TbI HC IMMPEAOCTABJICH.

Tema 5.2 Dj1eKTPOMarHUTHBIE KOJIEOAHNSI U BOJIHbBI
IIpakTnueckoe 3ansaTne Ne 11
Pemrenue 3a1a4 no teme: XapakTepUCTUKH NIEPEMEHHOI0 TOKA

Lenap paGoThbl: M3yuyUTh MArHUTHOE IIOJie, 3HATh €ro MPHPOAY, €ro JACWCTBUE Ha Jpyrue
MarHuTHBIE OIS, TPOBOJHUK C TOKOM, ABUKYIIUUCS 3apsijl.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

[1P62,11P66, TIP67,

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

MaTepnaﬂbnoe oﬁecneqeﬂﬂe: IIOCaA04YHbIC MECTaA I10 KOJ'II/I‘ICCTBy 06yqafoumxc;1; paS,Z[aTO‘IHBIﬁ
MaTepI/IaJI C 3aJlaHUsIMU, C60pHI/IKI/I 3ajaad, cnpaBquHe MaTepI/IaJII)I

3aganme:

1. JlaTb MOHATHE IEPEMEHHOIO TOKA, IIOBTOPUTH YCTPOMCTBO M IPUHIUI JEHCTBUS UHAYKIIMOHHOTO
reHeparopa.

2. BroiscHUTH TpakTUUECKOE 3HAYEHWE MWCIOJIB30BAHMS IEPEMEHHOIO TOKa B OBITY, HayKe,
MTPOM3BO/ICTBE.

3. [IpumMeHUTh HM3Yy4YEHHBIM MaTepuall MpU PEMIEHWH 3a7ad Ha MHapaMeTpbl MEPEMEHHOrO TOKa:
MTHOBEHHbBIE, aMIUIUTYIHbIE U JelcTByromue 3HaueHus J/C, HanpsyKeHUsl U CUITbl IEPEMEHHOTO
TOKa.

IHopsioK BbINOJIHEHUS PA0OTHI

IToBTOPHTE OCHOBHBEIE BOIPOCHI TeMBI «IlepeMEeHHBIN TOK)

[lepeMeHHBII TOK — BBIHYXKJICHHBIE TapMOHMYECKHE A

AJIEKTPOMarHuTHbIE KOJeOaHusl B IPOBOIHHUKE. T
BenencrBue dneKTpOMarHUTHOW HMHIYKLIMHA B paMKe KN ’ = —53_}
BO3HHUKAET rapMOHHYECKH MEHSOIIAsICs SC A e »

£=-0=B-5-0-sint| ymu [z = 2 sinof

(& = BS-@— ammumntyna 3JIC MHIYKIIMK) U MOKHO TOBOPUTb, YTO MOJTYUCH MEPEMEHHBIN TOK.

ITepemenHbIi TOK ObITOBOM 3nekTpoceT umeet yactoty v =50 ['uu o= 27zv= 1007 [pan/c].

I Tty
T, 15 R
I ggx
CI| \\\ Z Tt U~
Pe3I/ICTOp B LCIIH IIEPEMEHHOI0 TOKA I{t:l

Bkirounm pesucrop conporusieHust R B cetb nepemenHoro toka Hampsokenus U(t) = Ugsinat (*). B

KaXKIbIN KOHKpCTHLIﬁ MOMCHT BPCMCHHU IMPOXOKACHUC TICPECMCHHOI'O0 TOKAa B PE3UCTOPC KAYCCTBECHHO
u®
R

HHUYEM HE OTJIMYAETCS OT MPOXOXKACHUS MOCTOSHHOTO M MOAYMHSETCS 3akoHy Oma: |/(f) = . Torma

U, . :
](t):?osma)t wnn |1(t) = I, sinot

53



I'paduxu 1(t) u U(t), B omHO#M cucTeMe KOOPIUHAT, HMEIOT BHUIL:
Best mogBouMast K pe3uCTOpy 3JIEKTPUYUECKasi SHEPTHUsl IPEBPAIaeTCs B TEIUIOBYIO, T. €. OH 00JagaeTt
AKMUBHBIM CONPOMUBTICHUEM.
AKTHBHOe (oMH4YecKoe) conpoTuBiieHue (R) — comporusieHne pe3ucropa 6e3 yuéra ero EMKOCTH U
HHAYKTHBHOCTHU.

o
T
EMKkocTh B 1Ienu IMEPEMECHHOI0 TOKA

M3BeCTHO, YTO KOHEHCATOP MOCTOSIHHBIN TOK HE MPOBOIUT (LIEIb MEKIY OOKIIaJKaMHU Pa3OMKHYTa).
Bxirounm konpercatop emkoctu C B 1emb nepemennoro Toka nanpspxenust U(t) = Ugsinat (*).
I'paduxwu I(t) u U(t) B omHOI cCTEMe KOOPIMHAT, HIMEIOT BH/I:

— eMKOCTHO€E CONPOTHBJIEHHE MIePEMEHHOMY TOKY.

X =

1
@C| Xc ymenbmaercs ¢ poctom @u C

a1 1

Dot =2, Ut

I~ L I
| It

NHAYKTHBHOCTH B LIeNIH IEPEMEHHOI0 TOKA
BxirounM KaTylmiky HMHIYKTMBHOCTM L B Lienb nmepeMeHHOro Toka lo |

Hanpsokerus U(t) = UoSinat (*) (akTuBHOE CONPOTHBIICHHE MPOBO/IA |

kaTymku R ~ 0).

I'pacduku I(t) u U(t) B ogHO# cricTeMe KOOPMHAT, UMEIOT BH/I:
— HHAYKTHBHOE CONPOTHBJIEHHE NlepeMeHHOMY TOKY. (X pacrer ¢ poctom @u L).
JlelicTByOIllee 3HAYE€HWE MOIIHOCTH TEPeMEHHOro Toka (P) — BelWYMHA, YHCICHHO paBHas
MOIIHOCTH ITOCTOSIHHOTO TOKA Prpocr, IPU YCIIOBHH, YTO 00a TOKA 32 OJJTMHAKOBOE BPEMs, PaBHOE TIEPHOLY
NepeMEeHHOro ToKa 7, Ha paBHBIX Pe3UCTOpax R BHIIENSAT paBHBIE KOJHMYECTBA TEILUIOTHI Q.

2R 1,U, U}
I/I?’P:PHOCTI/IUO:IO'R:> PZOT: Ozozﬁ.

I[eﬁCTBYIOHIGG S3HAYCHUEC MOIIHOCTH IMMEPEMEHHOT'O TOKA YaCTO HA3BIBAIOT AKTHUBHOM MOIIHOCTBIO.

JeiicTByIolee 3HA4YeHHEe CHJIbI MepeMeHHOro Ttoka (l) — BenuWYnMHA, YUCICHHO paBHas CHIIC
IIOCTOSHHOI'O TOKa |HOCT’ HpI/I YCJ'IOBI/II/I, qTo 063 TOKa 3a OAWMHAKOBOC BperI, paBHoe HepI/IO,[[y
HepeMCHHOFO TOKa T, Ha paBHLIX pC3I/ICTOan R BBIACIIAT paBHBIe MOIIITHOCTH.

IR I
R=1I*>-R =" = |1=-%|
2 V2

JleiicTByIOlllee 3HAYeHHe HAMpsKeHUsi nepeMeHHoro toka (U) — BenuuuHA, YHCICHHO paBHAs

U3 P =Py = 12

ToCT

HaIpsKCHUIO TTOCTOSIHHOI'O TOKa UHOCT’ pu yCJIOBUH, YTO o0a Toka 3a OINHAKOBOC BpEM:A, PABHOC

HepI/IOI[y HepeMeHHOFO TOKa T, Ha paBHLIX pCSI/ICTOan R BBIACIAT paBHBIe MOIITHOCTH.
2 2
U
s P:PrmzﬂzU—: U=—2|
2R R V2

Ha IMPAKTHUKE HAC PEAKO HHTCPCCYIOT aMIUNIMTYJAHBIC WM MIHOBCHHBIC 3HAUCHUA CHUJIbI, HAIIPSAKCHUA

WJIM MOIIIHOCTH IEpEMEHHOr0 ToKa. MIHTepec NpeAcTaBisIoT uxX deticmeyioujue 3Ha9YeHHUs.
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3akon OMa Jy1sl IEpEMEHHOTO TOKa

U
I/ISBGCTHO, 4TO B ICIAX IIEPEMEHHOI'O TOKA: a) IJI1 AaKTUBHOI'O COIIPOTUBJICHUSA R: 10 = ?0 ;

0) ms émkoctu C: I, = ﬁ; B) JUTsl MHAYKTUBHOCTH L. 1, = Yo U
Xc Xy | = —

Vurs, uto I, =1-+2 u U, =U-~/2, nonyunm 3akon OMa s TIEPEMEHHOTO TOKa st

pe3ucropa, EMKOCTH U MUHIYKTUBHOCTH:

|
U~ L] :
|

-

L
*

el el
Pe3onanc B HECIN IIEPEMEHHOI'0 TOKA
C06epéM HOCIIb U3 KAaTyIIKW HWHAYKTUBHOCTHU L, KOHICHCAaTOpa C, aMIICpMETpa IEPEMCHHOIO

I = X .| TOKa A M HCTOYHMKA MEPEMECHHOro HampspkeHus U = Ug-Sinat ¢ uameHsieMoli 4acToToi .
C

AKTUBHOE COIIPOTHBIIEHHE ITPOBOJIOB U KaTyIIKH MHAYKTUBHOCTH R ~ 0.
Ouxcupys Up = const u usmensis yactotry @ ot 0 10 MakCHMajabHO BO3MOYKHOT'O 3HAYEHUS, CHUMEM

o 1
3aBUCUMOCTb CHJIbBI ACUCTBYIOIICTO TOKa B HCIHA |(CO) OKaSaJ'IOCL, 4TO Ha 4YaCTOTC ) =-——

Jie

Ha6HIOIIa€TC$I PE3KOC YBCIIMYCHUC TOKA.
Pe3onaHc — sBICHHUE PE3KOIro BO3paCTaHrsad aMIIJIMTYAbl BEIHYKACHHBIX 3JICKTPOMAIHUTHBIX KoJICOaHMM

IIPYU COBIAJCHUN YaCTOThI BBIHYXIAIOIIET0 HAIPSKEHUS ¢ COOCTBEHHON 4acTOTON Kosie0aHUIl KOHTYpa.
I

Fy=Ra<R;

i, "
DNEeKTPOMarHUTHBIN pe30HaHC (KaKk M MEXaHMYECKUI) HAcTyHaeT MpU COBMAJEHUM YaCTOThl BHEIIHUX
BO3CUCTBUIl C COOCTBEHHOM 4YacTOTOW KoJIeOaHHWN CHCTEMBbI, IPU ATOM AaKTHUBHOE CONPOTHUBIICHHE
NeMCTBYET aHAJIOTUYHO CUJIE TPEHUSI — IIEPEBOUT SHEPTUIO KOJIEOAHNN B SHEPTHIO MOTEPD (TEIIO).

Jlnst pasubix R (mpu moctosiaubx L, C) kpussie |(@) umerot By

ITpu 3HauMTeNbHBIX R pe3oHaHC MOXKET OBITh MPAKTUYECKHU HE3aMETHBIM.

Pe3oHaHC MMPOKO HCNONB3YIOT B PAAUOTEXHHUKE (IIPU HACTPOMKE KOHTYpa paavoNpHUEMHMKA Ha
4acTOTy BHIOPaHHOH pajinOCTAHIMHU U TIP.).

I'enepaTop nepemennoro toka (I'TIT)

[Ipocrevimmii I'TIT cocToMT M3: NMOCTOSHHBIX MarHuTOB 1; KOHTypa 2;
KOHTaKTHBIX Kojen 3; merok 4. Ilpu BpameHuMn KOHTypa C YIJIOBOU
CKOPOCTBIO (® €r0 MarHUTHBIN IIOTOK

u DJIC e= -@' = g-Sinak. [Insg KOHTYpa U3 N BUTKOB & =
n-g-sina.

KonctpyktusHo I'TIT cocTOUT U3 IBYX OCHOBHBIX YaCTEW: HEMOABUKHON —

CTATOPA U BpallalolIelcs — pOTOPa, U3TOTOBJICHHBIX U3 3JIEKTPOTEXHUYECKOM
CTaJIH.
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C uensto yBenmmuenust KIIJI reneparopa (6oJsiee TOJHOTO MCIOJIB30BAHUS MAarHUTHOTO ITOTOKA) 3a30D
MEXy CTATOPOM U POTOPOM JIEJIAI0T MUHUMAJIbHBIM.
3HAYUTEIBHO YIIyUIIatOTCA.

Tpanchopmarop

5

ﬁf_cziiﬁ

L o

TpancdopmaTop — ycTpoiicTBO, IpeJHA3HAYCHHOE I MU3MEHEHHS] 3HAYCHHM HAMpsIKEHHS U CHIIbI
MEPEMEHHOT0 TOKa.

Tpanchopmarop O6bu1 ckoHCTpyHpoBaH B 1876 r. Iletpom HukonaeBuuem S61oukoBbiM (1847-1894,
Poccus).

[Tpocreiimmii TpaHCHOPMATOP COCTOUT U3 3aMKHYTOTO CTATBHOTO CEPJICYHHUKA U JIBYX HAJIEThIX HA HETO
Karymek ¢ oomMorkamu. OqHa OOMOTKAa — MEPBHYHAS — IOAKIIOYACTCS K MCTOYHHUKY MEPEMEHHOTO
HaNPsDKEHUS, Apyras — BTOPUYHAS — K MOTpeOuTento. TOK IepBHYHON OOMOTKH CO3/1a€T B CEPACUYHUKE
MEPEeMEHHOE MAarHUTHOE I0JIe, KOTOPOE MPOHU3BIBAET BUTKA BTOPUYHOW OOMOTKM M HABOJUT B HEl
O/C unaykuuu. U, |1

22
[Iycth nepBuyHast 0OMOTKa COJEPKUT V) BUTKOB, BTOpUYHas — N, BUTKOB U K niepBuyHOi (U, |,

00MOTKE IIPUIIOKEHO TIEpEMEHHOE Hanpshkenue Us.
& _U, N,

& U - N,

= K|, rne K — ko3¢ puuueHT TpanchopmManum.

Ecmu N, > Np, To TpaHchopmMaTop Ha3BIBAIOT MOBBHIIAKIIHM, N, < N, — NOHHKAIOIIUM.

Pemuts 3a1a4un 10 BapuaHTam
B ycnoBum 3amay oTCyTCTBYIOT LM@pbl. 3HaueHUsS (PUINYECKUX IapaMeTpoB ITHX 3ajaady

HeoO0XxoauMo OpaTh M3 Tabuuiel 1: MO BEpTHKAJIBHOW CTPOKE YKa3aH HOMEp BapHaHTta, I10

TOPU30HTAIILHON — HOMEp 3aJa4H.

1. OJIC mHAYKIMH, BO3HUKIIAs B paMKe MpH BpalleHUH €€ B OJAHOPOJHOM MAarHUTHOM IOJIE,
u3MeHseTcs 1o 3akoHy g(t)=egp-Sin ot (cMm. Tabmumy 1). OnpenenuTh aMIUTUTYIHOE 3HAYCHUE
O/1C, mruoBennoe 3Hauenue DJ1C npu t=0,002¢, neproa 1 4acToTy TOKa.

2. MarsHuTHbI MOTOK B paMKe, paBHOMEPHO Bpallalolleiics B OJHOPOAHOM MAarHUTHOM TIOJIE,
u3mensiercs 1o 3akoHy d=dycos6280t. Haittu 3aBucumocts 31C MHAYKIIMH, BO3HUKAIOIICH B
paMKe, OT BpEeMEHMO OIpeNesIuTh aMIUTUTYAHble U JeiicTByromue 3HaueHus JJIC, mepuon u
4acToTy TOKa.

3. OmnpenenuTh ISUCTBYIOIIEE 3HAYEHHE CHIIBI TOKa, H3MEHstoIerocs mo 3akony I(t)=ly-sin 54t.

4, OrnpenennuTs 4acTOTy NEPEMEHHOTO TOKA, IUKIINYECKast 4acToTa KOToporo pasHa 110

S. Konzaencarop EmMKOCTBIO 10“*®BKmoueH B ceTh IIEPEMEHHOI0 TOKa ¢ yactorod 50I'm.
Onpenenutb EMKOCTHOE CONPOTUBIICHUE KOHIEHCATOPA.

6. Kongencarop éMkocTpio C BKIIIOYEH B CETh MPOMBILUIEHHOTO TOKa. ONpenenuTs €MKOCTHOE
COTIPOTHUBIICHUE.

7. Karymka maayktuBHocteio 0,5 I'H BKIIIOUEHA B CEThb NEPEMEHHOIO TOKa ¢ yactoTtod 50I'm.
Onpenenutb HHAYKTUBHOE COMPOTHUBIIEHUE KATYLIKH.

8. Karymka wuHAYKTHBHOCTBIO L BKIIOUEHAa B CEThb IEPEMEHHOT0 OKa c yactoTod S50I'm.
Onpenenutb HHAYKTUBHOE COMPOTHUBIIEHUE KATYLIKH.

9. Hanpspxkenus nepBUYHOM M BTOpUYHON 0OMOTOK TpaHchopmaTtopa U; u Uz COOTBETCTBEHHO.

Yucno BuTKOB BTOpuyHOM 00MOTKH Ny, OmpenenuTh: YUCIO BUTKOB MEpBUYHONW 0OMOTKH Nj,
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ko3 duuuent tpanchopmanuuu K u Bun tpancdopmartopa (MOBBIIAIOMNN UM MTOHUKAIOMIHI),
OTBET MOSICHUT.

10. Onpenenuth MOIIMHOCTH TEPBUYHON M BTOpUYHOW Iemneid Tpanchopmaropa P; u P, eciu
u3BecTHbl: Hampspkenus Ui um Uy, Tok |; mepBuyHOi oOMoTkH. Paccuurtath koddduumeHt
tparcopmarmu K u ykazars Buj TpancopmaTopa (MOBBIIIAIOIIMA WIH TOHKAIONINI ), OTBET
MOSICHUT.

®opma npenocraBiieHHus pe3yJbTaTa

1 2 3 6 8 9 10
- Q| |C L U, |U, |[N,|U |UB]|ILA
Bo6 A | Mx® (M[H | g B wr | B

1 | ¢(t)=110-sin 100xt | 0,01 | 100 |1 10 220 | 1100 |5 1100 | 220 | 0,1
2 | g(t)=120-sin 200xt | 0,02 | 200 | 2 20 220 | 1100 {10 | 1100|220 |0,2
3 | g(t)=130-sin 300xt | 0,03 | 300 | 3 30 220 | 1100 ({20 | 1100|220 |0,3
4 | g(t)=140-sin 400xt | 0,04 | 400 |4 40 220 | 1100 |25 | 1100 | 220 |04
5 | g(t)=150-sin 500xt | 0,05 | 500 | 5 50 220 | 1100 [ 30 | 1100|220 |05
6 | g(t)=160-sin 600xt | 0,06 | 600 | 6 60 220 | 1100 [ 35 | 1100|220 |0,6
7 | &(t)=170-sin 700xt | 0,07 | 700 | 7 70 220 | 1100 |40 | 1100 | 220 |0,7
8 | ¢(t)=180-sin 800xt | 0,08 | 800 | 8 80 220 | 1100 |45 | 1100|220 |0,8
9 | ¢(t)=190-sin 900xt | 0,09 | 900 | 9 90 220 | 1100 {50 | 1100|220 |09
10 | g(t)=110-sin 50xt | 0,11 | 990 | 10 99 220 | 1100 |55 | 1100|220 |1

BrmosHeHHBIE 3ala4M B TCTpaan AJId IMMPAKTHYCCKUX pa60T

dopma npegocTaBieHUs pe3yJibTaTa
BrimonHeHHbIe 331241 B TETPaIu A7l IPAKTUYECKUX padoT.

Kpurtepun onenku:
Oyenka «OmMAUYHOY» GbICMABNAEemCs: TPABUIBHO BBIIOJIHEHBl BCE 33JaHUsl B COOTBETCTBUU C
TpeOOBaHUSIMU, TPABWIBHO BBITIOJHEHBI JIOMOJHUTEIBHBIC 3a/laHMs, CBOEBPEMEHHO MPEI0CTaBICH
OTYET O BBHIMOJTHEHUH PAOOTHI.
Oyenka «xopowio» evicmasnsiemcs: TPABUIBHO BBIIOJHEHbl BCE 3aJaHMsl B OCHOBHOM YacTH,
JIOTIOTHUTENbHBIC 33/IaHUs BBIMOJHEHBI HE B MOJHOM OOBEME, MPEJOCTaBIEH OTYET O BBITOIHEHUU
paboThl, 1100 B cllydae HECBOEBPEMEHHOTO MPEJOCTABICHHS OTYETA WM C HAJTMYUEM HECYIECTBEHHBIX
OIIMOOK B BBITTOJIHEHUH 3aaHHUSL.
Oyenka «y0061emeopumenbHoy 8blCMaes/isiemcs: BHITIOTHEHBI He Bce, HO Oonee 50% 3amaHuii paboTHI,
JIOTIOJTHUTENbHBIE 3a/laHHsI HE BBINIOJIHEHBI, HECBOEBPEMEHHO MPEAOCTaBIEH OTYET O BBIINOJIHEHUH
paboTHI.
Oyenka «Hey0061emeopumenvHoy Gblcmasisemcs: BbINONHEHO MeHee 50% paboThl, HE BBINOJIHEHBI
JOTIOJTHUTEIBHBIC 3aIaHUS, OTYET O BBITTOJIHEHUH pa0OTHI HE TPEAOCTABIICH.

Tema 5.3 OnTuka

IIpakTnyeckoe 3ansaTue Nel2
Pemienue 3aga4 no reme «3aK0OHbI FeOMETPHUYECKON ONTHKI
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Leas padoTsi: chopMHUPOBATH TOHUMAHUE PONIX (PU3UKH B (POPMUPOBAHUH KPYTro30pa BiaJieHUE
OCHOBOTIOJIATAIOIUMH (PU3MYECKUMH MOHATHAMH, 3aKOHOMEPHOCTSIMH, 3aKOHAMU W TEOPHSIMU, YMEHHS
BBITIOJIHSATH PAaCUETHBIC M IpaduyecKue 3a/1a9u

Boinosinenue padoTsl cnocodcTByeT GOPMHUPOBAHMIO:

11P63 11P62,I1P66, IIPG7, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP
43, MP8, MP10

MaTtepuajibHoe ofecrieyeHHe: TOCATOYHbIE MECTa MO KOJMYECTBY OOYYAIOLIMXCS; Pa3aaTOYHBIN
MaTepHal ¢ 3aIaHUsIMU; COOPHUKH 3a]1a4, CIIPABOYHBIC MaTEPHAITBI
3ajanue: pemuTh 3a1a4U

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

=

[epen pemeHreM 3a1a4 pa3o0paTh KpaTKHE TEOPETUICCKUE CBEICHUS
[TpoBecTy aHAIN3 BETUYHH, BXOISAIINX B (DOPMYIIBL.
3. Pemmrth 3amaum ¢ npuMeHEHHUEM (GOPMYJT T€OMETPHUYECKOW W BOJIHOBOW ONTHKH, a HMMEHHO
MPUMCHHUTH 3aKOHBI OTPAKCHHS, MPEJIOMIICHHS W IOJHOTO BHYTPEHHETrO OTpakeHHs, (POpMyIsl
nHTepdepeHny U AUPPAKIIMOHHON pelIeTKH (CaMOCTOsTeIbHAs paboTa).

Xoxa padoTsbl

no

Kpartkue TeopeTrnyeckue cBeleHUs
I'eomeTpuyeckasi onTuka

3aKOHBI OTPaKEeHMS !

g 1) mnepBBI 3aKOH OTPAKEHMS: TANAIOIIUKA Jy4, OTPAXEHHBIH Jyd U
oy NEPNEHAUKYJISP K T'PAaHMIE pa3jiena Cpell, BOCCTAHOBICHHBIM B TOYKE NAJACHUS
Jy4a, JIeKaT B OHOM IIOCKOCTH;

2) BTOPOii 3aKOH OTPaKEHMSsI: YTOJl OTPAKCHHUS PABCH YTy TaeHHS

r 3aKoHBbI NPeJIOMIICHUS

1) mepBblii 3aK0H NMPeJTOMJIEHUS: MAIAIONINN Ty, TPETOMIEHHBIN JTy4 U MEPIECHIUKYISIP K TPaHHIEe
paszzena cpell, BOCCTAaHOBJICHHBIM B TOUKE MAJICHU JIy4a, JIEKAT B OJHOU IIIOCKOCTH;

2) BTOPOIi 3aKOH MPeJIOMJIEHHsI: OTHOIICHHE CHHYCA yIriia MaJeHHs K CHHYCY yriia MPelOMICHUS st
JIBYX JIaHHBIX CpeJl €CTh BEJIMYMHA IIOCTOSIHHASL.

sina v n i
—— =—L = const _2:S|-n_05 nzlzﬁ
smy Vv, n, siny )

OTHoCUTEJbHBII TMOKAa3aTeJb NPeJOMJIeHHsT (BTOPOW Cpelbl OTHOCHUTENBHO TepBoi) (Np1) — Ny
MOKAa3bIBAET, BO CKOJIKO Pa3 CKOPOCTh CBETA B Cpejie 2 MEHBIIE CKOPOCTHU CBETa B cpere 1.

AOGCOJIIOTHBIN MoOKa3aTeb NMpejoMiieHHsi cpelabl (N) — OTHOCHTENBHBIN MMOKa3aTelb MPEIOMICHHS
3TOMU CpeJibl N1 OTHOCUTENLHO BaKyyMa.

IMosiHOE oTpakeHWe CBeTa — SBJICHHUE, IIPU KOTOPOM CBET MOJHOCTHIO OTPAXKACTCS OT TPAHMIIBI pa3jiesa
cpen.
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IIpeneabHBIN YroJ MOJHOIO OTPAKEHUs — yroJl MaJeHUs], COOTBETCTBYIOIIUN YIUIy IPEIOMIICHUS ) =

90°

Ilpumep pewienusn 3a0auu
1. TIpenenbHbINA Yo MOJHOTO OTPAKEHHS I BO3ayXa U crekia 34°. OnpeenTh CKOPOCTh CBETa

B 3TOM COPTC CTCKJIA.

Jano: Pemenue Brruncnenue
6030YX, CMEKI0 1_sina _v v=2310%sin34°=
? sing ¢
_ 0 _sina _sina . 8
P - U e R R 310°0,559
Cp = 50 = ¢SiNoyy =1,667-10 —8—167760
8 kMm/c ~1,7-10° m/c.
c=310" m/c
v-?

OtBer: 1,7-108 Mm/c.

10.
11.

12.

13.

Pemmuth 3axaum (N - Homep sauieco eapuanma no Cnucky)

Ipu yrne nagenus 60° yron mpenomienust N°. OnpenenuTe yroi NpeaoMIIeHHs B 3TON JKe cpele, eciu
CBETOBOI ITy4OK HAIIPaBHUTh MO yriioM najexus 30°.

Omnpeznenure moka3aTend NPETOMIICHUS [IIHMLEPUHA OTHOCHTEIBHO BOJbI U BOJBI OTHOCHTENIBHO
TJIMIIEPUHA, €CITM aOCOMIOTHBIN MOKa3aTelNb mpesioMiieHus riuiepuna 1,47, a Boasr 1,33.
Omnpenenure yros OTKIOHEHMs Jiyda CTEKJISSHHOW IPU3MOW, NPEIOMIIIIOIIMN yroil KOTOpPoH N
IpajycoB, €CIId yroj NaJeHus Jiyya Ha IEpeIHIO TIpaHb NpU3Mbl paBeH Hymo. [lokazarens
IIPEJIOMJIEHHUS CTeKa 1,5.

JIyd cBeTa MajaeT Ha MOBEPXHOCTH BOABI Mo yrimamu N °. TToJ KaknM YIIIOM JOJKEH YIacTh JIyd Ha
MIOBEPXHOCTb CTEKJIA, YTOOBI YTOJI MPETOMIIEHHSI OKa3aJics TAaKHM >ke?

Yroi majgaHus Tyda CBETa Ha MOBEPXHOCTH TOACOTHEYHOro Macia 60°, a yrom nperomenns 36°.
Halitn nokasarens npeaoMieHus Macia.

Jlyu cBeTa mepexouT co CTEeKIIa «JIeTKuil Kpon» N=1,57 B Boay. Yron nanenus yBenununBaroT. Kakos
IIPEIENBHBIN Yroil IOJIHOTO BHYTPEHHET O OTPAXKEHUS?

Bbruncnure npeaenpHblil yroia NOJHOIO BHYTPEHHEr0 OTpPayKEHUs /IS aiMa3za Ha TpaHMIle C BOJIOM,
3Has1, 4TO aOCOMOTHBIN MOKa3aTeNnb mpeaoMieHus anMasa 2,417, a Boasr 1,333.

OmnpenenuTe OTHOCHTEIBHBIN TOKa3aTeNb MPETOMIICHHS, eciii yrou nagenus 30°, a mpenomiieHus
n°.

Jlyun CONHEYHOro CBeTa MaJaloT Ha MOBEPXHOCTh BOJBI moj yriaoMm 74°. Iloxg kakum, yrioMm K
TOPU30HTY BOJI0JIa3, OIYCTUBILHUICS B BOAY, OyJEeT BUJETh COHIIE?

Omnpenenure nokaszaresib MPeTOMIICHHS BEIIECTBA, €CIIU MPEAENbHBINA Yroi MOJIHOTO OTpaskeHus 42°.
Jlyu cBeTa majieT Ha IUIOCKOMapauIeNbHYI0 CTEKIITHHYIO IIIACTUHKY 1o yriioMm 60°. KakoBa TommHa
TUIACTHHKY O, €I MpH BBIXOJIE U3 Hee JIyd cMecTriIcs Ha 20 Mm?

Jlyd cBera mamaeT Ha IUIOCKYIO CTEKJISTHHYIO IUIACTMHKY TonumHod d = 3 cm mox yrimom 70°.
Onpenenure cMelieHne gy4ya BHyTpH IacTHHKM. [Tokasarens npenomienus crekia 1,5.

VYron nazneHus ¢BETOBOTO ITy4Ka, MAYIIErOo U3 CTEKJIA ¢ MOKa3aTeaeM MpeaoMieHus crekna 1,67 B
BOJy ¢ mokaszatenem mpenomieHus 1,33, pasen 60°. Ha kakoil yroys OTKIOHSETCS CBETOBOM My4YOK
Ha TPaHuUIE, TO XKe MPH yrie najeHus 53°7?
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14. TloctpoiiTe XO0n y4a, €claM TOKa3aTelh MPEIOMIICHHUS BEIIeCTBA MPHU3MblI OOJBIIEC TMOKA3aHUS
MIPEIOMJICHUS BO3/TyXa.

15. IToctpoiiTe xon Jyda, €ciaM IOKa3aTellb MPEJOMIICHUS BEIIECTBA MPU3MbI MEHBIIIE IOKa3aTems
MPEJIOMIICHUT

®opma npeaocTaBIeHus pe3yabTaTa

BeimonHeHHbIE 33/1a49K B TETPAIX ISl PAKTHUECKUX PadoT.

Kputepuu onenku:

Oyenka «omauuHO» GvlcMasisemcs: TPABWIBHO BBITIOJHEHBI BCE 3alaHUS B COOTBETCTBUHU C

TpeOOBaHUSMU, MPABWIHHO BBITIOJHEHBI JIOTIOJHUTEIBHBIC 3aJaHMs, CBOCBPEMEHHO TNPEIOCTaBIICH

OTYET O BBIMOJIHEHUH PAOOTHI.

Oyenka «xopowioy 6vicmagnsemcs: TPABUIBHO BBHINOJHEHBl BCE 33JaHHs B OCHOBHOW YaCTH,

JOTIOJTHUTEJIbHBIC 3aJaHUsl BBITIOJHEHBI HE B TMOJHOM OOBEME, MPEIOCTABICH OTYET O BBIMOJHCHUH

paboTshl, 1100 B cIydae HECBOEBPEMEHHOTO MPEJOCTABICHHUS OTUYETA MU C HATMYHEM HECYIIECTBEHHBIX

OmKOOK B BHITIOJHEHUH 3a/IaHUSI.

Oyenka «y00671emeopumenbHo» 8blCMAG/Isiemcs: BHIIIOIHEHBI HE Bce, HO Ooiee 50% 3amanuii paboThI,

JIOTIOJTHUTEJIbHBIC 3aJaHUsl HE BBITIOJHEHBI, HECBOCBPEMECHHO MPEIOCTABICH OTYET O BBITOJHCHHH

paboTHLI.

Oyenxa «Hey0081emeopumenbHoy vicmasisemcs: BbIONIHEHO MeHee 50% paboThl, HE BBINOIHEHBI

JIOTIOJTHATEIIHHBIC 3a[aHVsI, OTYET O BBITIOJHEHUH PabOTHI HE TPEOCTABIICH.

Tema 5.3 Onruka

IIpakTnyeckoe 3ansaTue Nel3
Pemenne 3ana4d no reMe «BoJTHOBBIE CBOMCTBA CBETa»

Heap padoTsi: ucnonb3ys GhopMmyny AUGPAKIIUOHHON PELIETKH HAYYUTHCS PACCUUTHIBATDH JUTHHY
BOJIHBI CBETA, TApaMeTPhl PEIIECTKH

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

11P63 11P62,I1PG6, I1PG7, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP
43, MP8, MP10

MarepuanbHoe o0ecnmeyeHHe: TOCAJOYHbIE MeCTa MO KOJIWYECTBY OOYYAIOIIMUXCS; pa3daTOYHbIN
MaTepua ¢ 3aJJaHUSIMHU; COOPHHKH 33724, CIIPABOYHBIC MaTESPHAITBI
3ajanue: pemuTh 321a41

ITopsinok BbINOJHEHHS PadOTHI:

1.IToBTOpUTH siBIEHUE TUGPAKIUU
2.IToBTOpUTH hopMyny TU(PaKIMOHHON pEIeTKH
Xon pa6oTsl

Kpartkue TeopeTnyeckue cBeleHUs
BoaHoBasi onTuka

|. Unmepghepenyus. /{nsa KOrepeHTHBIX UCTOYHUKOB!

ocnabieHue. yCUJIEHUE
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ArmaX:ZK%: kKL k=0,1,2 3 Abmin = (2K + 1)%, k=1,2,3, ...

B 1utockomapaienbHON IUIACTHHKE: e d-TONIIMHA IUICHKH;N- TIOKa3aTelb
npesomiieHus, K- Homep criekTpa

4dn 2dn
o
max 2k +1 ﬂ“min =

O6o006mennas popmyma: Ar =n-AS :% m=b A Muer; B = nenoe— MaX, Myeu; D = 1posroe— MIN

C 8
L=—;c=3 10" m/c; Ar- onTudeckas pa3HOCTb X0/1a; -AS- TeoMeTpruiecKas pa3HOCTh X0/1a
A%

Il. Jugppaxyus. Ar =k = d sing

. ki _a -3
JUIS MajbIX YTJIOB: Sin@ = tge :F:?; d= ﬁw :%leo‘f’M (100 mTpuxoB HAa MM) — IOCTOSTHHAS

IUGPAKIIMOHHON PEIIeTKH.

Judpakius cBeTa — OTKIIOHEHHE CBETOBBIX BOJIH OT MPSIMOJIMHEHHOTO pacpocTpaHeHusl (paccerBaHUe)
MIPHU BCTPEYE C MPEMATCTBUEM WA SKPAHOM C ILEJbIO.

IIpensarcreue |Pucynox OOnbsicHeHne
1) V3kas | Ha »kpane B 1meHTpe oOpa3yercs CBETIOE IISITHO
memp A=10"- s | — Oonpiie pasmepa orBepctua. Ha kpasax mienu
10” cm '|\; 00pa3yroTcsi BTOPHUYHBIE BOJHBI M JIy4H CBETa
3 3, pacceuBaroTcsi. Ha sKkpaHe 3a MSITHOM YepeayroTcs
TEMHBIE U CBETJIBIC TTOJIOCHI
2) Tonkoe Kpas  mpoBOJIOYKM  SIBIAIOTCS  KOTE€PEHTHBIMH
MIPENSTCTBHE WCTOYHUKAMHU BOJH, B pe3ylbrare Aupakiuu
(mpoBoIOUKa) KOTOpBIX Ha DKpaHe BO3HUKAeT WHTepdepeHIus, a B
LIEHTPE PKpaHa BOJIHBI MPUXOMST B OJMHAKOBOH dase,
MMOATOMY «T€Hb)» — CBETJIas
3) UnrtepdepeHiinsg Ha dSKpaHe SBISETCS CIEICTBUEM
KorepenTHasie o nudpakimu OT JBYX KOT€PEHTHBIX HCTOYHUKOB. C
i e
HMCTOYHHKHU. l'im-”'|‘|‘|""||l'“l['!!””"= il MOMOIIIbI0  OMNbITa  U3MEPEHbl  JJIMHBI  BOJIH,
il
Oneir  Onra ~.....'.'.[,',’.l.,lllll‘!'!liﬂ;":'” . COOTBETCTBYIOLIUE CBETOBBIM JIy4aM Pa3HOro L[BETA
‘”'"'Im’. ;
1802 r. ol i
'I’"Hf' "
4) Jugppaxyuonnas  pewemka - COBOKYITHOCTH
Judpakimon OOJBIIOrO 4YHUCNAa Y3KUX TapauielbHBIX IIIelNeH,

pachosIoKEeHHBIX Ha MaJbIX paBHBIX paccTosHusxX (d)
apyr oT npyra. [IpuMep: yacThlii TpeOeIIoK, PeCHHIIbI,
nepo.

HasdA pCHICTKa

Q.

L
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sin(p—g—ﬁ
d d

Ar=k\=d-sin@| — popmyna audpaKIHOHHON PEIIETKH,
rie

Ar — onTHYeckas pPa3HOCTb Xona Jydei; ¢ — yroiu
OTKJIOHCHUS JIy4el OT MEepIeHIUKYIsipa K IIOCKOCTH
PEIIETKH; Qg — MIN, ¢ — MaXx;

MaxkcumyMmbl 432101234 K — uncio mnuH BoiH; K — memoe — max — cmetias
pa3HbIX [0JI0Ca; MAaKCHUMYMBI pACIIOJIOKEHbl Ha PaBHBIX
CBETOBBIX Ao pacCTOSIHUSX APYT OT IPYra;
U3JIY4CHUI ;,;
w Aew d — nmeproa (MOCTOSTHHAS) PEIISTKH — PACCTOSHUE OT
3210 123 Hayaja OJHOM WIENH 10 Havajla CIAEAYIOIEH IIEIH.

ITo3BOET BHIUMCIATD AJINHY BOJIHBI:

A= d-sing
k

Ju}pakMOHHYIO  pelIeTKy  HCHOJNB3YIT  JUId
OIIPENICJIEHUsI COCTaBa CBETOBOIO H3JIyYEHHs, T.K.
CBET, COOTBETCTBYIOIIMN pa3HbIM JJIMHAM BOJIH, JaeT
MaKCUMYMBI B Pa3HbIX MeCTax

. 14

2. B Boze unTephepupytoT KorepeHTHble BoHbI yacToToi 5 - 107" I'u. Yeunures wim ocnabHer
CBET B TOYKE, €CIM IeoMeTpudecKas pa3HOCTh Xoja Jiyued B Hel paBHa 1,8 Mkm? Ilokaszarens
npesomiieHus Boas! 1,33.

Jano: Pemenne Brruucnenus

v=5-10"Tn Ar=n-AS =t m=K 211335101810

6 2 2v - 3.108
AS=1,8-10"m

m = 2MAS 7,98 ~ 8 — ueTH.
n=133 ¢
o Max yCHJICHHE CBETa

c=3-10"wm/c
m —?

Petuts 3a1aun:

1. [udpaxuuonnas pemerka umeeT 50 mrpuxoB Ha 1mm. [loa kakuMu yriiamMu BUIHBI max MepBOTO U
BTOPOT'0 MOPSAAKOB MOHOXPOMATUYECKOTO U3JIy4€HHU ¢ AIMHOU BOIHBI 400 HM?

2. OmpenenuTte [UIMHY BOJIHBI Ui JIMHUU B JUQPAKIMOHHOM CIIEKTPE BTOPOTO MOPSIKA,
COBITAIAONIEH ¢ M300paKEHUEM JIMHUM CIIEKTPa TPETHEro MopsiaKa ¢ JTUHON BOJIHBI 500 HM.

3. Ha mudpaxnmonnyio pemerky c¢ mocrossHaoi 0,01 MM HampaBiieHa MOHOXpOMAaTHYECKasi BOJHA.
IepBblif TUPaKIMOHHBII mMax MOJy4YeH Ha PKpaHE CMEMICHHBIM Ha 3 CM OT IEepBOHAYAIBLHOIO
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HampasiieHus: cBera. Onpenenure UIMHY BOJIHBI MOHOXPOMAaTMUYECKOTO U3IY4YEHMs, €Clu
paccTosHUE MEXKY IKpaHOM M pemieTkoi 70 cMm.

4. Omnpenenutre ONTHYECKYIO pa3HOCTh Xoaa BonH JummHOM 540 HwMm, npomegmux uepes
TG PaKIMOHHYIO pEeHIeTKy U 00pa30BaBIIMX Max BTOPOTO MOPsIIKa.

5. udpakumonnas pemerka ¢ nmocrossHHoi 0,004 MM ocBemaercsi CBETOM C JATUHON BOJIH 687 HM.
[Ton xakuM YoM K pelieTke HYXXHO MPOM3BOAMTH HAOMIOACHMS, YTOOBI BUAETH H300pakeHue
CIIEKTpa BTOPOro nopsijaka’?

6. Omnpenenure MOCTOSHHYIO AU(PPAKIIMOHHON PEHIETKH, €CIU MPHU €€ OCBEUICHUH CBETOM C JUIMHOM
BOJIH 656 HM CIIEKTp BTOPOTO MOPsiIKa BUJIEH MO YoM 15.

7. Omnpenenure IUIMHY BOJHBI 7S TUHUH B IU(PAKIHOHHOM CIEKTpe 3-TO MOpsiiKa, COBMAAOLIEH ¢
JIMHUEN B CIIEKTPE YETBEPTHOIO MOPSAIKA C IIMHONU BOIHBI 490 HM.

8. Kakoit HanOonpIMiA OPSIOK CHEKTPa MOXKHO BHIETHh B AUPPAKIMOHHON penieTke, nMmerorieit 500
LITPUXOB HAa | MM IIpU OCBEILIEHUH €€ CBETOM C JUIMHON BOJIHBI 720 HM?

9. B HEKOTOPYIO0 TOUKY HMPOCTPAHCTBA MPUXOJAT JBa MyYKa KOTEPEHTHOTO M3JIYYEHHUS C ONTUYECKON
pa3HoCThIO X021a N MKM. OmnpeaenuTe, IPOU30HAET YCUIIEHUE WK OCIa0IeHHe B 3TOM TOUKE CBETa
¢ mmHoM BoJiHEI 760 HM, 600 HM, 400 HM.

10. KakoBa onTuueckas pa3HOCTh XO/a JIByX KOT€PEHTHBIX MOHOXPOMATHUYECKHX BOJIH B BELIECTBE C
rokaszaresnem npenomieHus 1,6, eciiu pa3HOCTh Xoja Jiydeit N cm?

11. Ha TOHKYIO IUIEHKY C MTOKa3aTesieM MpeaoMiieHUs 1, 5 mepneHauKyIspHO €€ MOBEPXHOCTH IMa1aeT
NapajuieJIbHbII MYYOK KENThIX Jydeil ¢ JiuuHoi BosHbl 600 HM. [Ipu kakoil HaMMeHbIIEeH TOJIIMHE
IJIEHKU OHA B OTPa)KEHHOM CBETE OYyJeT Ka3aThCs KeNTon?

12. ]JIBa xorepeHTHBIX Jyya ¢ aiauHamu BoyiH 404 HM mepecekaroTcs B OJHON TOYKe Ha dKpaHe. UTo
OyzeT HaOIIOAThCS B ATOM TOYKE — YCHIICHHE WM OCJIa0JICHHE CBETa, €CIIM ONTHYECKasi pa3HOCTh
xo/1a Jy4yer N MKkm?

13. Bo CKOJIBKO pa3 yBETUYHUTCS] PACCTOSTHUE MEXKY COCEAHUMHU MHTEP(HEPEHIIMOHHBIMU MOJIOCAaMH Ha
sKkpaHe B ombite FOHra, ecnu 3eneHblid CBETOMUIIBTP C AJUHOW BOJHBI 25-10° cM 3aMCHHTH
KPACHBIM C JUTHHOM BOJHEL 6,5 - 10 cm?

14. B HEKOTOpPYIO TOUYKY IPOCTPAHCTBA NPHUXOAAT [BE KOT€PEHTHBbIE BOJIHBI C T'€OMETPHUYECKOU
pasHocTbio xon1a 1,2 MKM, AjinHa KOTOpbIX B Bakyyme 600 HM. Ompenenute, 4To NMpoU30UIET B
9TOM TOUKE BCIeACTBHE HHTEpdepeHInn B Bo3ayxe, B Boje (1,33), B crekie (1,5).

15. Pa3HocTh XOma Jy4deidl JBYX KOTE€PEHTHBIX HMCTOYHHUKOB CBETa C JJIMHOW BOJIHBI 6-107 M,
CXOJISIIIUXCS B HEKOTOPOM TOYKE, paBHA 1,5-10'6 M. YculleHue WK ocinalieHne cBera OyIeT B ATOM
TOUKe?

16. udpakuonHnas peuierka umeeT 50 mrpuxoB Ha MM. [loa KakuMu yriiaMu BUJHBI MaX MepBOro u
BTOPOTO MOPSIKOB MOHOXPOMATHYECKOTO U3IIYUYeHHS C ITUHOM BOJHBI 400 HM?

dopma npegocTaBIeHHs pe3yJbTaTa
BrinonHeHHbIe 3aja4l B TETPaau AJIsl IPAKTUUECKUX padoT.
Kputepun onenkn:

Oyenka «omauyHo» Gvlcmasisemcs: TPABUIBHO BBINOJIHEHb BCE 3a/laHHUs B COOTBETCTBUHU C

TpeOOBAaHUSAMH, NPABUIIBHO BBIOJHEHB! JOMOJHHUTEIbHbIE 33/1aHUS, CBOEBPEMEHHO IPEI0CTaBIICH

OTYET O BBIMOJIHEHUU PabOTHI.

Oyenka «xopowio» evicmasisiemcs: TPABUIBHO BBIIOJHEHBl BCE 33JaHMsl B OCHOBHOM YacTH,

JIOTIOJTHUTENbHBIE 3a/1aHUsl BBIOJIHEHbI HE B IMOJHOM OOBEME, MPENOCTaBIEH OTYET O BBITOJIHEHUU

paboThl, 1100 B cIy4ae HECBOEBPEMEHHOTO MTPEJOCTABICHHUS OTUYETa MU C HATMYHEM HECYIIeCTBEHHBIX

OLIMOOK B BBITTOJIHEHUU 3aaHMUSL.

Oyenka «y0081emeopumenbHo» 8bICMABAemcs: BbIIIOIHEHb He Bce, HO Oonee 50% 3amanuii paboThI,

JIOTIOJIHUTENbHBIE 3a/laHWs HE BBINOJHEHBI, HECBOEBPEMEHHO IPEAOCTaBICH OTYET O BBHIIOJHEHUH

paboThI.
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OueHKa ((H€y008ﬂ€m60p1/lm€ﬂbfl0» svicmasisemcs. BREIIOTHEHO MeHee 50% pa60TI:I, HC BBbIIIOJIHCHBI
JOIIOJIHUTCIIBHBIC 3aJaHus, OTYCT O BBIIIOJTHCHHUU pa6OTI>I HC IPEIOCTABJICH.

Tema 7.1 KopnycKyJISIpHO-BOJHOBO# JyaJIu3M.

IIpakTnueckoe 3anaTue Neld
Pemenne 3apa4 no reme «3akonbl ¢pororpdexrar

Hean padoThl: N3y4nTh KBAHTOBYIO Teopuio, Teoputo Makcsenia, u [Inanka. monstue GoroHa.,
KBaHTa. 3akoHbBI (hoToIPdeKTa.

BrinosiHeHue padoThl cioco0cTBYET (POPMUPOBAHUIO:

11P63 T11P62,1TP66, 11P67, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP
43, MP8, MP10

MarepuanbHoe oGecmedeHHe: IOCAJOYHBIC MECTa IO KOJMYECTBY OOYYAIOIIUXCS; Pa3aaTOYHBIN
MaTepuai ¢ 3aIaHusIMHU; COOPHUKH 3a71a4, CIIPABOYHBIC MATCPHAIIBI
3ajaHue: pemMTh 321a41

HOpﬂI{OK BbIIIOJTHCHU A paﬁoTbI

1. UByuuth Qu3uyeckyro NpUPOIy U CBOMCTBA BHYTPEHHEro W BHEHHEro (GorodddexToB, ux
paznuyme.
2. BBIICHUTH TpaKTHYECKOE 3HAYCHHE HCIOJB30BaHMs siBiieHHS (orodddekra B ObITy, mpupose,
HayKe, MPOU3BOJICTBE, MEIUIIMHE, MX BPEIHOE H MOJIE3HOE JICHCTBHUE.
3. Ilpumenuts ypaBHeHHE DifHIITeHHA A5 BHEMIHETO (hoTod(ddexTa npu pereHnn 3aad.
Xoa padoTsl
KpaTkue TeopeTnueckue cBeieHUs
KBanToBas ontuka — pa3jien ONTUKU, U3YUAIONUH SBICHUSI, B KOTOPBIX CYIIIECTBEHHBI KBAHTOBBIE

CBOICTBA CBETAa U aTOMOB BEIIICCTB.

i Buemnuit goroaddext — sBneHue BpIxo/1a 3IEKTPOHOB U3 BEIIECTBA MO/
JIEICTBUEM CBETA.

®otoH (KBaHT) — MOPILKsI cBeTOBOM dHeprun £ = h-v.
@DOTOANEKTPOH — IEKTPOH, yIacTBYIOMIH B poTodrddexTe.

o @ororpdext obHapyxwmn ITepny u  uccaegoBan  AJIeKCaHAP
I'puropsesuu CrozeroB (1839-1896, Poccus).
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3akoHbI BHEIIHETO GoTorddexra
MaxkcumanbHas cuia (OoTOTOKa — TOK HachleHus |y, —

OTIPEIEISAETCS YHCIIOM DJICKTPOHOB, BBIXOIAIINX M3 METaslIa B
€AMHUILY BPEMEHH MPU JTAHHON OCBEIIEHHOCTH.

[TepBrrit 3akoH GoTordPerTa: KOTUIECTBO POTOANIEKTPOHOB,
MOKHIAIONIUX TOBEPXHOCTh METAJUIA B €IIUHUILY BPEMEHH, TIPSIMO
MPONOPIIMOHAIILHO YHEPTUU CBETOBOW BOJIHBI, ITOTJIONIAEMOM 33 3TO
BpeMs JJAHHOU MMOBEPXHOCTHIO.

Bropoii 3akon dotorddexra: MakcuMaabHas KHHETHYECKAs
sHEeprus GOTOAIEKTPOHOB HE 3aBUCUT OT HMHTEHCUBHOCTH CBETa, IPSIMO
MIPOIOPLMOHANIbHA YaCTOTE U3JTyYEHUS U 3aBUCUT OT MaTepuala

ANEKTPO/A. ) ()

Kpachas rpanuna poroaddexra (vinin) — HaMMEHbIIIAs 4YaCTOTA

OMB, Boi3biBaromeii poTodrhdexr.

Tperuii 3akoH Gpororddekra: kpacHas rpanuna Gorodddexra
OIPEACISIETCS TOJIBKO MaTEPUAIOM 3JIEKTPOA U COCTOSIHUEM €r0 IOBEPXHOCTH.

my?2 — ypaBHeHHe DifHIuTeiHa 17151 porodddexra.
h V = ABI)IX + A
2 h=6,63-10"* Jic-c;m=9,1-10™" xr; C=3-10° m/q]

Permuth 3a1aun. B ycnoBuu HEKOTOPBIX 3a7a4 OTCYTCTBYIOT UG PHL. 3HaYCHHS (PUINIECKIX
rapaMeTpoB 3TUX 3aJ1a4 He00X0aUMO Opath u3 Tabauib 1:
110 BEPTUKAJIBHOM CTPOKE yKa3aH HOMEp BapHaHTa, 10 TOPU3OHTAIBHONU — HOMEp 3a/1auHu.

1. DnexkrpomarHuTHOE U3Ny4yeHHe uMeeT yacTory v . KakoBa sHeprus kBantoB E?

KBaHTBI 3JIEKTPOMarHUTHOTO M3JIy4yeHHs UMEIOT sHepruto E. Onpenenuts 4acToTy UX KosiebaHui v.
3. [Ilpu xakoii MUHMMAaJIbHOM YacTOTE M3IYYEHHS Vmin, MAJAOIIUN HA MMOBEPXHOCTh 3aKUCH MEIH,
HayHeTcst (oTodPdeKT, ecau padoTa paBHA U3 ITOTO BEIMIECTBA BBIXOAA Ayyx=8,24" 107 JIx?

4. Ha mnoBepxHOCTb 1€3usl TMajaeT M3JIydyeHHe C 4YacToToil v. Bbuleratomme B pe3yibTare
dotorddexra PMEKTPOHBI UMEIOT KMHETUYECKYIO DHEPTHIO W,=2.8-10" Jix. Kakosa paborta
BBIXOIA Apyy?

5. MHznydenue ¢ yacToToi KonebaHus v BbI3bIBaeT (HoTod(PPeKT Ha moBepXHOCTH BemlecTBa. Kakyro
KMHETUYECKYIO SHEPTHUIO MOIY4atoT 3IEKTPOHBI, €Clii padoTa BBIXOJa COCTaBIIsET 2 107 Jix?

6. Kakyto wacrory konmebaHuii v HUMeeT H3IydyeHHE, €ClIi BbIOMBAaEMbIE UM DIIEKTPOHBI HMEIOT
9Hepruto Eyu, a paboTa BbIxona Agux=0,5- 10" k. Kakoa sHeprus ¢poroHoB E, BbI3bIBaromumx
3TOT PpoTodhherT?

7. Tlpu xakoil MUHMMAIbHOM YacTOTE M3IYYEHUS Vmin, MAAAIONNI HAa MOBEPXHOCTb 3aKUCH MEJH,
HayHeTcs (oToddeKT, ecau padboTa paBHA U3 ATOTO BEMIECTBA BHIXOAA Ay x=8,24- 101 JIx?

8. Pabora BbIXOJa 3JEKTPOHOB C MOBEPXHOCTH II€3HsI COCTABISET 1,9-10% Jix. Kakyro uwacroty
KOJICOAHUHN Vpmin IOJDKHO MMETH W3JIy4eHHE, CIoCOOHOEe BbI3BaTh (OoTOAI(D(PEKT HA MOBEPXHOCTH
3TOTro BeniecTna’?

9. Pabota BbIX0/1a JIEKTPOHOB U3 Oapus Agy=1,8- 107 Jx. IIpu Kako# AJIMHE BOJIHBI Amin HAYHETCS

N
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¢dhoTord ekt Ha TOBEPXHOCTH 3TOTO MUHEpana?
10. Kakyro KMHETHYECKYI SHEPTHIO OyIyT WMETh JJICKTPOHBI, BHIOMBAaeMble M3 HATPHUs KBAHTAMH
-19
3eNIeHOTO CBETa (A4,;=500 HM), ecnu paboTa BBIXO/a 3JIEKTPOHOB U3 HATpHs cocTasisier 3,36-10

JIx?

- KM o
11. CkopocTh cBeTa B Boje p =225-10° ==, a qyjmHA CBETOBOW BOJIHBI A. KakoBa sHeprus ¢poToHOB
Y

cBera?
Tabmma 1
1 2 4 5 6 11
v, I'm. E, Ix v, ' v, I'o. Exun, K A, HM

1 1-10" 6,1-10™ 1-10" 1-10" 1,1-10™ 100
2 2-10" 6,210 2-10™ 2-10" 2,210 200
3 3-10™ 6,3-10™ 3-10™ 3-10™ 3.3-10" 300
4 4-10™ 6,410 4-10 4-10 4,410 400
5 5-10™ 6,510 5-10™ 5-10™ 55-10% 500
6 6-10™ 6,6-10™ 6-10™ 6-10™ 6,6-10™ 600
7 7-10" 6,7-10™ 7-10" 7-10" 7,7-10™ 700
8 8-10™ 6,8-10™ 8-10™ 8-10™ 8,8:10™ 800
9 9-10™ 6,9-10™ 9-10™ 9-10™ 9,9-10™ 900
10| 10-10™ 7,0-10™ 10-10™ 10-10™ 10-10™ 990

dopma npegocTaBIeHHs pe3yJbTaTa
BoinonHeHHbIe 3a/1auM B TETPaau AJIsl IPAKTUUECKUX padoT.

Kputepun onenkmn:
Oyenka «omauuyHo» 6bICMasaAemcs: TPABUIBHO BBINOJIHEHbl BCE 33JaHUS B COOTBETCTBUH C
TpeOOBaHUSAMH, MPABUWIBHO BBIOJHEHbI JOMOJIHUTENbHBIE 3a/laHUs, CBOEBPEMEHHO IPEOCTaBIECH
OTYET O BBINOJIHEHUH PaOOTHI.
Oyenxa «xopouto» 6vbicmagnsemcs: TPABUIBHO BBIIOJHEHBI BCE 3aJaHUS B OCHOBHOHM YacTy,
JOTIOTHUTEJIbHBIE 3aJJaHHs BBIIIOJIHEHBI HE B TMOJHOM OOBEME, MPEAOCTaBIEH OTYET O BBINOJIHEHHUH
paboTbl, 70O B CiIydae HECBOEBPEMEHHOIO TMPEAOCTABICHUS OTYeTa WJIM C HaJIUYUEM
HECYUIECTBEHHBIX OIIMOOK B BHIMOJHEHUH 3a/1aHUS.
Oyenka «y00671emeopumenbHo» 8bICMABIAemcs: BbIIIOIHEHB] He Bce, HO Ooiee 50% 3amanuii paboThl,
JIOTIONTHUTENIbHBIE 3aJ]aHKsl HE BBIMOJIHEHbI, HECBOEBPEMEHHO MPEIOCTaBIEH OTUET O BBHIMOJIHEHHUU
paboTHI.
Oyenka «Hey0061emeopumenbHoy 6blcmasisiemcs: BeIOIHEHO MeHee 50% paboThl, He BBIIOIHEHBI
JIOTIOJTHUTEIIBHBIE 3a/IaHUsI, OTYET O BHIMOJIHEHUH pabOThl HE TIPEOCTaBIICH.

Tema 7.2 CTpoeHue aToma
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IIpakTuyeckoe 3ansaTue Nel5

«3anuch siAepHbIX peakiuii. CTpoeHne aTOMOB H ATOMHBIX sijiep. 3aKOH PaIu0aKTHBHOI0
pacnajga.

ean pabdoThl: H3y4UTh SIACPHYIO MOJelb atoma. OnbiTel J. Pezepdopaa. Mojaenp atoma
Bonopoaa no H.bopy.

Brinosinenue padoTsl cnocodcTByeT GOPMHUPOBAHMIO:

T1P62,1TP66, TIP67, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43,
MPS, MP10

Xoxa padoTsbl
KpaTkue TeopeTnueckue cBeeHUs
Cocras paanoakTuBHOro u3iaydenus. CBoiicTBa o, B, y-usirydenuii

PaagnoakTiBHBIE IpEBpaIICHUS:
a) |o-pacnaz: Mx—>M4y+ine| 0)|f-pacnam: M x— My+ el
- 3akoH padouoakmuenozo pacnada

Pesepdopn ycranoBui:
1) p/a BemecTBa yObIBaeT ¢ TCYCHUEM BPEMEHH;

2) JUig KaXJ0TO p/a BEllecTBa CYIIECTBYET HHTEPBAll BPEMEHHU, B TEUEHHUE KOTOPOTo YObIBAET B 08a
pasa.

[MTepuox momypacmaza (7) — BpeMsi, B TEYCHHE KOTOPOTO pachagaeTcs MOJOBUHA OT HAYaJIbHOTO YHUCIa
p/a aToMOB.

I'paduk A(t) 3aBucumoctu p/a (ckopoctu pacnana) B % OT BpeMEHH:

[Tycth HawanbHOE yucio monekyn BemiectBa Ng (100%), Toraa

A, %

N N
yepe3 7 9uciio MOJIeKyJ1 OyneT 70 (50%), uepes 2T —2—20 (25%),

t
N 1 t -
uepes 37 — 2—30,T. e. N=N0'2—H.TaKKaK n=og, o N=N,-2 |-

3aKOH paJuO0aKTUBHOI'O pacraja.

HckycCTBEHHOE IPEBPALICHHE AIEP '¢N+iHe—'JO+HH .
B onbiTax a-yactuiia 3axBateiBaeTcs npumepHo ogauM u3 50000 saep azora.
dororpaduu TPEKOB TIIATEIHHO U3YYaIOT U PACIIU(POBHIBAIOT.
BnocnenctBuu ymanock OOHapyXWTh TpeBpalieHus saep QTopa, HATPUs, ATIOMUHUS W Jp.,
COIIPOBOXKAAIOIINECS UCITYCKAaHUEM ITPOTOHOB.
B dampax TakKENBIX »eMEHTOB (B KOHLE NEPUOAMYECKON CHCTEMbI) TaKUX IPEBpallleHuld He
Ha0II01AI0Ch (BEpOSTHO OOJIBIION 3apsi 3TUX AP HE TTO3BOJISET OL-4aCTHIIE BIUIOTHYIO MPUOTU3UTHCS
K HUM).
Takwue mpeBpalieHus 1 Ha3bIBAIOT UCKYCCTBEHHBIMU SIICPHBIMH PEAKITUSIMHU.
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Hcnyckanue mpOoTOHOB MPH SACPHBIX PEAKLUAX M KPATHOCTH 3apsijaa siipa 3apsaay NPOTOHA TOBOPUIIH O

TOM, YTO IPOTOH BXOAMT B cocTaB sjpa. OgHako, Macca aapa (1o pe3yiabTaTaM pacdéToOB U OIBITOB)

OKa3bIBaJIaCh OOJIbIIIE TPOM3BEICHHUS OOIIEro 3apsi/ia BceX MPOTOHOB (B ¢) Ha Maccy MPOToHa (B a.€.M.),

T. €. IOMUMO IIPOTOHOB B S1p€ TOJDKHBI ObLIIM HAXOAUTHCS U Opy2ue SIIEMEHTApHBIE YAaCTULIBI.
OTKpbITHE HEUTPOHA, IPOTOHHO-HEUTPOHHASL MOJIEIb aTOMa

HccnenoBanus mokasanu, 4To Macca HelTpoHa B 1838,6 Oonblie Macchl 3JIEKTpOHA M MOYTH paBHA

Macce mporoHa (1836,1 macc snekrpona). [Ipu nmomamanum @-yacTuil B sipa OCpUIUIAS MPOUCXOIUT

peaKLus: Bet+iHe—'2C+in, TIE 'n — HEUTPOH.

Heiitpon — HectabunpHas yacTtuiia (C BpeMEHEM XKU3HU 7~ 15 MHUH), KOTOpas pacnagaercs Ha IPOTOH,
AJIEKTPOH U HEUTPUHO (YacTULIA, JIUIIEHHAS MAaCcChI IOKOs).

MaccoBoe uncio (A) — cymma uncels npoTonoB Z u Heitponos N B sape [A=N+7

S nepHblie peakuuun
SnepHas peakuusi — WM3MEHEHME aTOMHOIO sipa IMpPU B3aUMOACHCTBUM C JIPYTHM SIPOM HIIH C

I Li+ H—3 Het+5He

3JIEMEHTAPHOMN YJaCcTULIEN.
2 1 24 4
"2 Al+yn—7TTNa+5He

2 Pemuts 3aj1a4u:
1. Kyna cmemaercs anement Y B Tabnuiie MeHeneeBa B pe3yibrate 2-X 3-pacmaaos?
Hano: Pemienne

AX 2B Ax 2Bty

’?Y _?

OTtBeT:

2. B pesynbrare 3axBara ( -4acTHUBI 5pOM M30TONA a30Ta N 00pa3yeTcsi HEM3BECTHBII SNEMEHT U
IPOTOH. Hamucars PCAKIUIO U OIIPEACIIUTD HEW3BECTHBIN DJIIEMEHT.

Hano: Pemenue

NG ipa| SN e p X
JHe

X-? OtBer:

Pemmnth 3aganms:
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o o 242 22
1.OnemMeHT Kyp4aToBHil HONy4HiH, 00Iydas IUyToHMil ‘o, Pu siapamu Heona ,,N€. Hammmmre

PEaKIMIo, €CIIM U3BECTHO, YTO B PE3YJIbTaTEe 00pa3yeTcs eIle YeThIpe HEHTPOHa.

2. Harmimmre HeoCTarOmuye 0003HAYECHNS B CIICAYIOIINX SACPHBIX PEAKITHSX:

a) ZAl+in —2+/He; 0) 24+H>ZNa+He;

B) Mn+2—*Fe+!n; I) 7Al + y—2Mg +?;

1) “Bin —>2+a; € SMn+lp —>2+!n;

K) TLi+He —>?2+°He;3) ’H +y —>2+!n.

3. IlporakTuHMit 21pg O-PaJHOAKTHBCH. Onpenenure, KakoW 3JEMEHT MOJYy4aeTCsl ¢ TOMOIIBIO 3TOTO
pacnana?

4. B KaKoii SJIEMEHT NMPEBPANIAETCS 2%y TOCIIE ABYX [B-pacriajioB v OJJHOTO O-pacnaia’?

5. Uzoron remust 3fje TONy4aeTcs B pe3ynbrare OOMOApIMPOBKU sep TPUTHS °F TNPOTOHAMH.

Haitaure sHepreTnyeckuil BBIXO 3TOM PEaKLUU.
6. KakoBa s5iekTprueckasi MOIIHOCTh aTOMHOM 3JIEKTPOCTAHIINM, PACXOAYIOIMUMA B cyTKU 220 r U3oromna
BY " umetromnen KITJ=25 %?

dopma npenocTaBiieHUs pe3yJbTaTa
BrlirotHeHHBIC 321241 B TETPaAM JIJIsl TPAKTUYECKUX PaboT.

Kpurepun oneHku:
Oyenka «OMIUYHOY» GbICMABISAEMCA: TIPABUIBHO BBIIIOJIHEHBI BCE 3aJaHUsi B COOTBETCTBUU C
TpeOOBaHUSAMHU, TPABWIBHO BBITIOJHEHBI JIOTOJHUTEIBHBIC 3a/JIaHKs, CBOSBPEMEHHO MPEI0CTaBICH
OTYET O BBINOJIHEHUU PAOOTHI.
Oyenka «xopowioy» 6vlcmaegisiemcsi: TPABWIBHO BBINIOJHEHBI BCE 3aJlaHUS B OCHOBHOW 4YacTH,
JOTIOJTHUTEIBHBIC 3a/IaHUsI BBITIOJIHEHBI HE B IOJIHOM OOBEMeE, MPEIOCTaBICH OTYET O BBINOJTHECHUH
paboTsl, 100 B cllydae HECBOEBPEMEHHOTO MPEJOCTABICHHS OTYETa WM C HaJTMYUEeM HECYyIECTBEHHBIX
OIIIMOOK B BBITTOJIHEHUH 3aIaHUS.
Oyenka «y00811emeopumenbHoO» 8blcmasisemcs: BHITIOTHEHBI HE Bce, HO Oonee 50% 3amanuii paboTHI,
JIOTIOJTHUTEIBHBIC 3a/laHusl HE BBHITIOJHEHBI, HECBOCBPEMEHHO MPEJIOCTABIIEH OTUYET O BBHIMIOJIHEHUH
paboThI.
Oyenka «Hey0081emMBOPUMENbHOY 8blcmasisiemcs. BhITIONIHEHO MeHee 50% paboThl, HE BBITOTHEHBI
JIOTIOTHUTENbHBIE 3aaHHsI, OTUET O BHIMOJIHEHUH PabOTHl HE MPEOCTABIICH.

Tema 8.1 Dy1eMeHTBI ACTPOHOMHHU H ACTPOPH3NKH.
IIpakTuyeckas padora Nel6

Pa6ora ¢ noaABH:KHONM KapTOii 3Be3HOI0 HebA.

Heab: cucreMaTu3upoBaTh U yriIyOUTh 3HAHUS 110 TEME, OTPabOTaTh MOMEHTHI BOCX0/1a U 3aX0/1a,
BEpPXHEW U HIKHEN KyJIbMUHALUN CBETHII IO MOABMXKHOM KapTe 3BE3JHOr0 Heba

T1P62,1TP66, TIP67, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP
43, MP8, MP10

3aoanue:

mopaboTaTh C KapTOil 3B€3THOTO HEOA;
OTIPEICITUTH TOPU30HTAITBHBIE KOOPIHHATHI,
OTIpeAEeTUTh MOMEHTHI 3aX0/1a U BOCX0/1a COJTHIIA;
OTIPEACITUTH OOBEKTHI MO 33IaHHBIM KOOPIHHATAM.

PwnpE
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OO6opynoBaHue: IOJIBIKHAS KapTa 3BE3HOTO Heba
Xox paboTsl
1.0npeenuTh 3KBaTOPUAJIbHBIE KOOPINHATHI:

3Be3na CkioHenue IIpsamoe BocxoxkaeHHne

Aunrouns(B Ilepcest)

KacTop(o binzuenos)

Anbnebapas(a Tenbla)

Munap(é b.MenBenuiisn)

Anvranp(a Opra)
2.0npenenuTh TOPU30HTAIbHBIE KOOpAUHATHI HA 21.00 B 1eHb BHIMOIHEHHS IPAKTUYECKON PabOTHI:

3Be3na A3umMyT Bricora

IMosutykce (B binsHenon)

Amntapec(o. CKoprroHa)

IMonsapHuas(a

M.MenaBeauIin)

Apxtyp(o Bononaca)

Ipormon(o M.I1ca)
3.0npenenuTh MOMEHTBI BOCX0/1a U 3aX0/1a, BEpXHEH U HIKHEH KyJIbMUHAIIUN B JIEHb BBITIOJHEHUS
MPaKTUYECKON padOTHI:

3Be3na Bocxon 3axon B.xynpMuHamms H.xynbmunanus

Bemmsarpukc(y
Opuona)

Peryn(o JIbBa)
Bberenpreiize(a
Opuona)
Purens (B
Opuona)

Bera(o JInupsr)

4.0HpCILCJ'II/ITL OOBEKTHI 1O 3aJaHHbIM KOOpJAUHATaM

BEpXHE
Koopaunatet OOBeKT Bricora 51
KyJIbMHUHAIIAH

209 41 muH., + 45
54 17 muH., +46
6445 mun., - 17
13 4 25 muH., - 11
22 4y 58 muH., - 30
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5.Kakue co3pe3aus Bocxomar B 22.35 B IeHb MPOBECHUS MPAKTHIECKOW paboThI? 3ax0oaiT?
KyneMunupyrot?
dopMma npeaocTaBIeHus pe3yabTaTa
BrimonmHeHHBIC 3aJaHUs B TETPAIN JUIS IPAKTUIECKUX PadboT.

Kpurepun oneHku:
Oyenxa «omIUuHO» BbICMAGIAemcs: TPABUIBLHO BBIOJHEHBI BCE 3aJaHWs B COOTBETCTBUHU C
TpeOOBAHUSIMH, MPABWIBHO BBIMOJHEHBI JOMOJHUTEIBHBIC 3aJ]aHUs, CBOCBPEMEHHO IPEIO0CTaBIICH
OTYET O BBHITIOJTHCHUH PAOOTHI.
Oyenka «xopouwio» 6vicmasisemcs. TPABUIBLHO BBIMOJHEHB BCE 3aJlaHWsl B OCHOBHOM YacTH,
JOTIOTHUTEIFHBIC 3aJ]aH¥s BBIIIOJIHEHBI HE B TOJHOM OOBEME, MPEAOCTABICH OTYET O BBHIMOJIHCHHUH
paboTbl, MO0 B CiIydae HECBOCBPEMEHHOTO TMPEJOCTABJICHHS OTYETa WM C HaJIuIUeM
HECYIIECTBEHHBIX OMIMOOK B BHITIOJTHCHHUH 32/1aHUS.
Oyenka «y0061emeopumenvbHo» 8blCMAGIsencs. BHITIOIHEHBI HE Bce, HO Oosiee 50% 3amaHuii paboTHI,
JIOTIOTHUTEIFHBIC 3aJJaHVsl HE BBIMOJIHCHBI, HECBOCBPEMEHHO IPEIOCTABICH OTYET O BBHIMOJTHCHHUH
paboTHI.
Oyenka «Hey0081emeopumenvHoy evicmasisemcs: BelodHeHO MeHee 50% paboThl, HE BBIMOJHEHBI
JIOTIOJIHUTEIBLHBIC 3aJaHus, OTYET O BBIITOJTHEHUHU PaOOThI HE MPEAOCTABIICH.

Tema 2.1 Kunematuka. KunemaTuka TBépaoro rejia

JladopaTopHoe 3ansiTue Ne 1
«OmnpenesieHue MIOTHOCTH BelIeCTBA»

He.]]b paﬁoTbI: OKCIICPUMCHTAJIbHOC OIIPCACICHUC IIJIOTHOCTHU JKUAKOCTU U TBEPAOI'O TCJIA.

Boinosinenue padoTsl cnocodcTBYeT (POPMUPOBAHNIO:

IIP64 T1P61, I1P62, 11P63, 11P64, 11P65, 11P69, , JIP25, MP4, MP6, JIP32, MP21, MP23, MP46, JIP14,
JIP13, JIP12

MartepuajibHOe o0OecriedyeHHe: BECHl C pa3HOBECaMH; JIMHEWKAa MaciiTaOHas; IITaHTCHIUPKYIIb;
MEH3YypKa; BEIIECTBO, IJIOTHOCTh KOTOPOTO HYXHO OIPEICIIUTh.

3aganme: onpenenuTe Maccy U 00beM HCCISIyeMOTo BelecTBa. BEIUMCIUTE TUIOTHOCTH BEIIECTBA.

Xoa padoTsl
Kpartkue TeopeTrnyeckue cBeleHUs

[110THOCTBIO BEIIECTB HA3bIBA€TCS OTHOIIEHHWE MAacChl BEIIECTBA K ero o0bemy. Duznueckuit
CMBICIT: TUTOTHOCTH TIOKa3bIBAaET, Y€MY paBHA Macca OJJHOTO KyOMYeCKOro MeTpa BelecTBa/

p=m/Vrae p— IIOTHOCTb (kr/M*); M — macca Tera (Kr); V — 00beM Tena (M3)

[Topsmok BeIMOTHEHUS PabOTHI

JJ1s omipeieNIeHus TUIOTHOCTH TBEPJIOTO TeJla BEIYUCIIATE €r0 00hEM.

O0BeM MpsMOYToJIBLHOTO TapaJlIelienue/a Berauciute mo gopmyne: V=a-b-h,

rJie a — JUIMHA, M; b — mupuHa, M; h — BeicoTa, M.

O0beM UIHHIPA BBIYUCTUTE 110 GOopMYyIIE:
2
V == .h, h— BeIcOTa IMiMHApa, M; d — ero auamerp, M.
4

Ecnu TBepmoe Teno uMeeT HENpaBUIbHYIO (OpMy, TO €ro o0beM OIpelenuTe € MOMOIIbIO
MEH3YpPKH, B KOTOPYIO OH MOXKET OBITh IOTPYIKEH.
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2. Ha Becax, npexe ypaBHOBELIEHHBIX, OIIPEIETUTE MacCy Tena.
3. ITo dopmysie p=m/V BBIYUCIUTE IIOTHOCTH TBEPIOTO TEIIA.
4. Pe3ynbTaThl H3MEPEHUI 3aHECUTE B TAOIHITY M CIIEIANTE BRIYHCICHUSI.

[a5] — (- 2‘\ E
] 5 OTtHOocHUTEIbHAS
= B = | B = |2
3 5 s 5 Pl g | ¥ | morpemHocTs
= = =2 2R~ ¢ | &
) = | =B - = — S 5 g ]
Szm.loo%
PT

OmnbITHOE OMpe/IeIeHHE TIOTHOCTH BOJIbI

1. Jns ompenesieHus IIOTHOCTH BOJIBI HEOOXOIMMO: HAUTH MacCy Tapbl, B KOTOPYIO HYXHO TIOMECTUTh
BOJIY U OIIPEJICIIUTh MacCy BOJIbI O€3 Taphl.

2. OnpenenuTe MEeHY ISICHHUSI MEH3YPKH M HAIUTE 00hEM B3BEIICHHOM KUIKOCTH (BOJIBI).

3. Pe3ynbrarel onbiTa 3aHeCUTE B TAONHILY M BBIYUCIIEHUS TpousBenuTe B cucteme CU.

< S
Q Q ™
Q Q b=
& = = b = OTtHOCHUTEILHAS
= = 2 5 | 2 E L o
o = = [ IS I H < =
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5=t~ P+ 100%
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KonTpoJsbHbBIE BOPOCHI

1. I3 nByX pa3HBIX METaUIOB HW3TOTOBIIEHBI OJMHAKOBBIE IO pa3MepaM KyOukw. B3BemmBanue
[0Ka3aJjlo, 4TO0 Macca 0JIHOT0 KyOuka Oosblie Maccel apyroro B 3,3 paza. OuHaKoBa JIM MIIOTHOCTb
Metauia? Eciu HET, TO BO CKOJIBKO pa3 OTINYAIOTCS IJIOTHOCTH?

2. Tpu neranu — MeaHas, jKele3Has M allOMHMHHEBas — MMEIOT OJMHaKoBble 00bEMbI. Kakas neranb

uMeeT HanOOJBIIYIO MacCy, Kakas HauMeHbIIyto? IIycToT B JeTansax HerT.

Kycok meramia o6pémom 250 oM nmeer maccy 1750 r. uto sTo 3a MeTamn?

4. Ha yamky ypaBHOBEIICHHBIX BECOB ITOCTABJIICHBI OJMHAKOBBIC CTakaHBI. [locie Toro, kak B OAuH
CTaKaH HaJWJIM MOJIOKO, a B JIPYroil — IOJICOJTHEYHOE MAacjo, PaBHOBECHE BECOB HE HApPYLIMJIOCH.
O0BEM KaKOH M3 KUIKOCTEH OobIIe?
®opma npegocTaBjIeHHs pe3ybTaTa
BrimorHeHHBIC 3a/1aUM B TeTpaau sl 1a00paTOpHBIX padoT.

Kpurepun onenkn:

Oyenxa «omau4HO» BbICMAGIAEemcs: TIPAaBUIBHO BBHIMOJHEHBI BCE 3aJaHUS B COOTBETCTBHH C
TpeOOBAaHUSAMH, NPABUIIBHO BBIOJHEHB! JOMOJHHUTEIbHbBIE 33/1aHUS, CBOEBPEMEHHO IPEI0CTaBIICH
OTYET O BHITOJIHEHUH PAOOTHI.

Oyenka «xopouioy» evicmasisiemcs: TPAaBUILHO BBIOJHEHBI BCE 3aJaHHs B OCHOBHOHM dYacTw,
JOTIOJTHUTEJIbHBIC 3a7[aHWsl BBITIOJHEHBI HE B TMOJHOM OOBEME, MPENIOCTAaBICH OTYET O BHIOJHECHUH

w
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paboThl, OO0 B Cllydae HECBOCBPEMEHHOTO MPEOCTABICHHS OTYETa WM C HAJTMYUEM HECYIECTBEHHBIX
OmuOOK B BHITIOJHEHUH 3a/IaHUSI.

Oyenka «y00871emMBOPUMENbHO» BbICMABIAEMCs: BBIIOJIHEHbI HE Bce, HO Oonee 50% 3amanuii
paboThI, IOTIOJIHUTENbHBIE 3aJaHUs HE BBINOJIHEHBI, HECBOCBPEMEHHO NPEJAOCTABIECH OTYET O
BBITIOTHEHUH PAOOTHI.

Oyenka «HeyoogremsopumenvbHo» gpblcmasisiemcs: BoloHeHo MeHee 50% paldoThl, HE BHIMOTHEHbI
JIOTIOJTHUTEbHBIC 3aJaHHsI, OTUET O BHIMIOJHCHUH PabOTHI HE TPEOCTABIICH.

Tema 3.3 ArperaTtHblie cOCTOSIHUS BelecTBa. Ma3oBblie nMepexoabl
JlabopaTopHoe 3ansiTue Ne 2
«OmnpenesieHue yaeJbHOH TeNJIOEMKOCTH BelecTBAa»

Ilenv pabomui: HayuInTHCS ONPENETATh YIETBHYIO TEIJIOEMKOCTh TBEPJIOTO Tella HKCIIEPUMEHTAIbHBIM
CIocooom.
Beinosinenue padorsl cnnocod6cTBYeT GOPMUPOBAHUIO:
[1P62, I1P66, ITPGS,
I1P610, IIpy2, I1Py12, ITP610, MP3, MPS5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54,
MP55, MP 56, MP 43, JIP34, JIP32
MartepuanbHoe oGecrniedeHHe: BEChl U Pa3HOBECHI, KAJIOPUMETP, TEPMOMETp, BOJA, TBEPIOE TeEIO,
HarpeBaTelb.

Ilopsinok BbINOJIHEHHUS PadOTHI:

Omnpenenuts Maccy BHYTPEHHETO COCY/la KallOpUMeTpa (mK).

Hanuts Bo BHyTpeHHMII cocyn kanopumerpa 100 M1 BOJIBI M OIPEIEIINTD €€ Maccy (mg)
[TomecTuTh BHYTPEHHUH COCY] KaJJOPUMETPA BO BHEIIHUM.

N3mepuTs Ha4alIbHYIO TEMIIEPATypPy BOABI (tg) U KajJopuMeTpa (tK ), (tg = tK)

H3meputs Maccy Tena (mT )

Harpets Te110 ¥ OIpENEeNnTh €ro TeEMIepaTypy (tT).

OnycTuTh TeNo B KaJOPUMETP Ha 3-5 MUH. M U3MEPUTD TEMIIEPATYPY KHUJIKOCTH (49) .

I/ICHOJ'IIBYSI JaHHBIC OIIbITa U YPAaBHCHUC TCIIJIOBOT'O 6ancha, ONpCACIINTL YACIBbHYIO TCIUNIOCMKOCTDH
TCI1a.

, r€e Qg — TEMIIOTA, OTAAHHAS TENOM, /[oic;
Qom. = QHOJ?. = Ql + Qz

Q0 — Oy4EHHAS TEIOTA, JoHC;

Q, — Temwiora, moNy4eHHas BOIOH, Jic;

Q, — Temora, MOMyYEHHASI BHYTPEHHHUM COCYIOM KAIOpUMeTpa, /orc.

Quorz. = C;M; (tr — 9) , e C, — TEII0EMKOCTh Tella, oK

m, — macca Tena, ke; t, — remneparypa Tena, °C;

6 — ycranoBuBmascs temneparypa, °C.

— _ oHC
Ql MpC (0 tB) raoe M, —macca Boabl, k2, C, — TEIJIOEMKOCTh BOJBI A % ;
Ke-

73



t, — remneparypa Bousl, °C;

0 — ycranoBuBLascsa remneparypa, °C.
o

Qz =m;Cy (‘9 _tK)

rae M, —mMacca KaJJopuMeTpa, K2,
C, — yIenbHas TEII0EMKOCTh amtoMuHuA °C;

t, —Temneparypa kanopumerpa, °C; € — ycraHoBUBILasics TeMieparypa, °C.

PesynpTaThl U3MepeHHii U BBIYUCICHUN 3aHECTH B Ta0uUILy 1:

Tabnuia
Hauanbnas VrnenbHas Temme- | YaenbHas Abco- OtHocu
Macca TeMIeparypa TEIMI0EMKOCTh parypa | TCIUIOEMKOCTh | JEOTHAs -
CMecH | cMecH MOrpe- TeIbHas
Kanop | Box | T| BOX Tel | BOABI | Marepua C C HOCTh rorpent
u- Bl e| Bl Kajop | a Cs na @,°c | momy | Tabu. A Joic - HOCTb
MeTpa m, I tB’ u- tT , e KaJOpuM . "ke K g,%
M, , al oo oc xe- Kk | €TP2 Hore
K2 Ko n MeTpa Cr . Hoe | wo. K
t OC ke K
) K Lo
ke K
100 | 4200 | 880

CpaBHUTb TOIXy4eHHBIH pe3ynbraT (C,) ¢ TabuuyHbIM. BpruauciuTe aOCOMIOTHYIO (A) u

OTHOCHUTEIIbHYIO (6‘) MOTPENIHOCTH 0 popMysam:

Epm = a -100%

OmH

A=|C C

ma6n noayu

mab6a

CraenaTb BBIBOJ 1O paboTe
OTBeTUTH Ha KOHTPOJIbHBIE BOIPOCHI.
Konmponvnwvie 6onpocwi
1 ¢apuanm
3ajiaua: 2Kr BO3/ayXa B 3aMKHYTOM COCYJ€ MEIJIEHHO HarpeBaroT oT 0 10 100°C. Kakoe koiuuecTBo
TeroThl nmomydni Bo3ayx? (Cy=1 xx/kr-K)
Bagaua: Kakoe KONMYECTBO TEIIOTHI Tpebyercs s pacruianerms 10° kr crampHOro soma B
MapTEHOBCKOM meun, eciiu A=82 kJ[K/Kr.
KakoB ¢uznueckuit cmpicn KIT/I TerioBoit MamabI?
VY nenpHas TerioTa cropanus HeTu 4,6:10 Jx/xr. Uto 3TO 3HaYUT?
UYTo Ha3bIBarOT TEPMOJNHAMHUYECKON CUCTEMOM?
2 eapuanm
3amava: [Ipm nmaBnenum osoa 3atpatwin 1,3k/[x Termnorsl. OnpenennTs Maccy pacIuIaBICHHOTO
0JIOBA. Agnosa—239 KJ[X/KT
3amaua: Onpenenuts KI1/] TermoBoi MammHel, eciiu T1=420°C, T2=130°C.
VY nenpHas Terora masieHus cepedpa 87000 JIx/kxr. Uto 310 3HAYNT?
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no

[TpuBenuTe HECKOJBKO MPUMEPOB M3MEHCHHUS SHEPrUH Teja MPU TEIJI000OMEHE M MPH COBEPIICHHU
paboTHL.
Yrto Ha3BIBAIOT TEPMOJANHAMHUYECKUM MIPOIECCOM?

Tema 4.2 IlocTOSIHHBII 3J1eKTPUYECKUI TOK

JlaGopaTropHoe 3ansiTue Ne3
«OmnpenesieHue y1eJ1bHOT0 CONPOTUBJIEHUS TPOBOJHUKA»
Leab padoThl: onpeneneHne yaeabHOro COMPOTHBIICHUS TPOBOAHUKA SKCIIEPUMEHTAIIBHBIM ITyTEM
[1P62, 11P66, I1TP68 I1P610, IIP610, MP3, MP5, MP15, MP28, MP31, MP32, MP33, MP34,

MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32,

MaTepnaJn,Hoe o0ecrmeyeHHe: KCTOYHHK TOKa, aMIICpMETpP, BOJBTMCTP, COCAUHUTCIILHLIC
npoBoaa, KJIHOY, HMTAHICHUOUPKYJIb, HHHeﬁKa, KyCOK IpOBOAAa, YACIBHOC COIIPOTUBJIICHHUEC KOTOPOI'O
OIpCaAcCIIACTCA.

3aganue

CamocTosTenpHO cOOpaTh MMEKTPHUECKYIO LEMb 110 CXEMe.
CHATb OKa3aHUs aMIIEpMeTpa U BOJIbTMETPA.
Hcnonp3ys MTaHr€HUUPKYJIb W JIMHEHKY, HAy4YUTbCS OIpPENEIsITh I'€OMETPUYECKUE pa3Mephl
IIPOBOJIHMKA.
Onpenenutb BETUYUHY YJEIBHOIO CONPOTUBIIEHUS METAJLIA.
ITopsinok BbINOJIHEHHS PadOTHI:

-t
CobpaTh 11enb 10 cXeMe M MoKa3aTh Il IPOBEPKU P
PYKOBOJAUTEITIO. —
3aMKHYTb LENb U CHITH [TOKA3aHUS aMIIepMeTpa U T R
BOJIETMETpA.

BbraucnuTe conpoTHBIIEHHE TPOBOIHUKA 110 POpMYyIIe:

,rne | - Tok B mpoBogHuKe, A; U - mageHune HanpsKeHUs Ha MPOBOIHUKE, B.

W3mepuTh ITUHY U BBIYUCIUTH TUIOMIAb TIONIEPEYHOTO CEUCHUSI IPOBOAHUKA 110 opMyIIe:

r.d? | -Tne d - tnameTp npoBOIHKKA.

4

S

R-S

pP=——""

Beraucnuts yaenpHOe COMPOTHBIICHHE IO (hopMyIT

. JlaHHbIe 3aHecTH B TaOIUILLY .
. Beranciuts abcomoTHYIO (A) M OTHOCUTENBHYIO (€) TOTPENTHOCTA U3MEPEHHH 1O PopMyIIam:
A= - A 0
=1Prasn. ~ Pronvu. &= -100%
Prasi.

Cnenatp BbIBOJ 1O paboTe.
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®opma npegocTaBJieHHs pe3yabTaTa

Tadoauna

Uu,B I,A R,Om | I,m d, m S,m2 | pOv-m | p | AOm- £%

Omm

BCIICCTBO

KonTposbHbie BONpoCchI
1. Or xakmx BEIWYMH W KaK 3aBUCUT COMNPOTHBIICHUE TPSIMOJMHEHHOTO METAILTUIECKOTO
MPOBOJHUKA?
2. JlBa MeAHBIX MPOBOJHUKA MMCIOT OIAMHAKOBYIO JIMHY, HO PAa3IMYHYIO IUIOIIAIhL ITONEPEYHOTO
ceuenns.:1,6 mm*u 0,8 Mm?. Kakoid MPOBOJHUK UMEET MEHbBIIIEE CONTPOTUBIICHUE U BO CKOJILKO pa3?
3. CKOJNBKO METPOB HUKEIMHOBOIO MPOBOJA ILIOMAABI0 Honepedroro ceuerus 0.1 Mm° morpebyercs
JUISL W3TOTOBJICHHS peocTara C MakKCUMajbHbIM compotuBienueM 180 Owm?  VYnaensHoe
conpoTuBiieHue HukenuHa 0,42 10°0M M.
dopma npeaocTaBIeHUA pe3yabTaTa
BrinmonHeHHbIe 3a1a41 B TETPaIu A7 J1abOpaTOPHBIX padoT.
Kputepuu ounenkmu:
Oyenxa «omauyHoO» Gvlcmasisemcs: TPABUIBHO BBINOIHEHBI BCE 3a/laHUS B COOTBETCTBUU C
TpeOOBaHUSMH, TPABWIHHO BBITIOJHEHBI JIOTIOJHUTEIBHBIC 3aJaHMs, CBOCBPEMEHHO TIPEIOCTaBIICH
OTYET O BBHIMOJTHEHUH PAOOTHI.
Oyenka «xopowio» evicmasisiemcs: TPABUIBHO BBIIOJHEHbl BCE 3aJaHMsl B OCHOBHOM YacTH,
JIOTIOTHUTENbHBIC 33/IaHUs BBIMOJHEHBI HE B MOJHOM OOBEME, MPEJOCTaBIEH OTYET O BBITOIHEHUU
paboThl, MO0 B CIydyae HECBOEBPEMEHHOTO MPETOCTABICHHUS OTUETa WU C HATMYUEM HECYIIECTBEHHBIX
OIIMOOK B BBITIOJIHEHUH 3aaHHUSL.
Oyenka «y0061emeopumenbHoy 8blCMas/siemcs: BHITIOTHEHBI HEe Bce, HO Ooisee 50% 3amaHuii paboThI,
JIOTIOIHUTENbHBIC 3a/1aHUs HE BBHITIOJHEHBI, HECBOEBPEMEHHO MPEAOCTABICH OTYET O BBIMOJIHEHUU
paboTHI.
Oyenxa «Hey0081emeopumenbHoy Gvlcmasisemcs: BHINONHEHO MeHee 50% paboThbl, HE BBINOITHEHBI
JOTIOJTHUTEIBHBIC 3aaHUS, OTYET O BBHITTOJIHEHUH padOTHl HE TTPEAOCTABIICH.

Tema 4.2 IlocTOSTHHBII 3JIEKTPUYECKHIT TOK

JlabopaTopHoe 3ansitue Ned
«IIpoBepka 3axkoHa OMa Il y4YacTKa Henmw»
Leas padoThl: M3MepeHHE TOKAa M HAMpPsHKEHUs Ja0opaTOpHBIMM HPUOOpaMH AKCIIEPUMEHTATbHAs
IIPOBEPKA BBINOJHEHUS 3aKkoHa OMma.
BoinosiHeHne padoThl cioco0CTBYET (POPMUPOBAHUIO:

I1P62, ITPG6, ITP68 IIP610, I1P610, MP3, MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37,
MP54, MP55, MP 56, MP 43, JIP34, JIP32,
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MarepuanbHoe obecneyeHue: aMmrnepMeTp Ja00paTOPHBIN, BOJIBTMETP JIAOOPATOPHBINA, HCTOYHUK
MUTaHUs, HA00P U3 TPEX pe3ucTopoB conpoTuBieHusIMA 4 OMm, 6 Om, 12 Om, peocTtaT, KIF0Y 3aMbIKaHUS
TOKa, COEJMHUTEIIbHBIE ITPOBOAA.

3amanue

1. Tlpaktuyecku yoenutcs B hpu3nuecKoil CymHocT 3akoHa OMa Ui yuyacTKa Henu.
2. YCTaHOBUTH HA ONbBITE 3aBUCUMOCTD CHJIBI TOKA OT HANPSKEHUS U COMPOTHUBIICHUSI.
IHopsiioKk BbINOJIHEHHS PA0OTHI

:‘)J'IGKTpI/ILIeCKI/Iﬁ TOK W HAMPsSXKCHUE ABJISIOTCA OCHOBHBIMU (bI/I3I/ILIeCKI/IMI/I BCJIMYMHaMU,
XapaKTCPU3YIOIUMHU 3JICKTPOMArHuTHBIC IIPOLCCCHI B BHCKTpH‘ICCKOﬁ LCITH.

HaprI)KeHI/Ie Ha y4aCTKE BHCKTqueCKOﬁ nenr U3sMepsACTCsa BOJIBTMETPOM, BKIIFOUCHHBIM MCKIAY
ABYMS TOYKaMU LCIH ITAPAJUICIIBHO 3TOMY YHACTKY.

Tok nenu HU3MEPACTCA aMIICPMETPOM, BKIIFOYCHHBIM ITOCJIICIOBATCIILHO C L CIIbIO.

CxeMa BKITIOYEeHUS BOJIBTMCTpPa V H aMIICpMECTpPa A noxazaHa Ha PUCYHKaX:

Toxk M HampspKEeHHWE Ha y4dacTKe DJIEKTPUYECKOW LENH C

PE3UCTHBHBIM 3JICMCHTOM R cBs3anbl 3akoHoM Oma: || = —

1. HccnenoBanue 3aBUCUMOCTH CHJIbI TOKA OT HANPAKCHUA HA
AAHHOM yYaCTKeE LECIIH.

Bxmtounte Tok. Ilpm mnomomm  peocrara  JIOBEINTE
HaIlpsDKEHUE Ha 3a)KMMax MIPOBOJIOYHOrO pesucropa 1o 1.5 B, 3atem

-+ | 10 2B u no 3 B. Kaxnplil pa3 npu 3ToM u3MepsiiiTe cuiy Toka U
I pe3yabTaThl 3aruchiBaiiTe B Tabm. 1.

_@_ Ta6numa 1.

— ¢ ps

HaIPSKEHNE

I, A
cHJia TOKa

[TocTpouts rpaduk 3aBUCUMOCTH CHJIBI TOKA OT HAPSKCHUS

Al HccinenoBanue 3aBHCHMOCTH CHJIbI TOKA OT
CONMPOTHUBJICHUSA YHYAaCTKaA HEMU MPHU MOCTOAHHOM

HaNPSAKCHUU HA €ro KOHIaX.

04 BxirounTe B 1enb 10 TOM K€ CXEME MPOBOJOYHBIN

Zi PE3UCTO
| 1A

0 v b ) p

U 8]

U B




cHavasia comnpotuBieHneM 4 Om, 3atrem 6 Om u 12 Om. [Ipu momomm peocrtata ycTaHaBIMBAWTE HA
KOHIIaX Y4acTKa Kbl pa3 OIHO U TO )K€ HampspkeHue, Hanpumep, 2 B. M3mepsiite npu sToM cuity

TOKa, pe3y/IbTaThl 3alTUCHIBATE B TA0IHILY 2.

Tabnuna 2.
R Om
’ [TocTpouts rpadMK 3aBUCUMOCTH CUJIbI TOKA OT
CONpPOTHBJICHHE
CONPOTHUBJICHHS
I, A ®opMa npenocTaBIeHus pe3yJabTara
cijia Toka 1.Pe3ynbTaThl M3MEpEHUI M BHIYUCICHMII 3aHECTH B
Tabmunsl 1 M 2 ¢ HOCTPOEHUEM COOTBETCTBYIOIIHMX

rpaguKoB.
2. Cpnenatb BBIBOJ 110 paboTe.
KoHTpoJibHBbIE BOPOCHI

HaHpH)KeHI/IC Ha 3a’)KUMax 3JICKTPUYCCKOI'0O yTrora 220B, COHpOTI/IBJ'IeHI/Ie Harpe€BaTCJIbHOI'0 3JICMCHTA
yTrOora 50 Om. quy paBHaA CUJia TOKA B HArp€BaTCJIbHOM 3JIeMeHTe?

Cuna Toka cnupanu aekrpudeckoi sammbl 0,7A, comporusienue jgamnbl 3100M. Omnpenenute
HAIIPs’KCHUEC, 1104 KOTOPLIM HAXOAWUTCH JIaMIIa.

MoxHO 1 BKIIIOUUTH B CeTh ¢ HampspkeHuem 220BonbsT peoctaT, Ha KOTOpoM HamucaHo: a) 300wm,
5A;6)2000 Om, 0,2 A.

Jlanbl rpaduKy 3aBUCUMOCTH CHJIbI TOKA OT HAIPSKEHUS IS KaXKA0Tr0 U3 ABYX MapajielbHO
COEMHEHHBIX MPOBOJAHUKOB (cM.puc.1). OnpeaenuTs Cuily TOKa B HEPa3BETBIEHHOMN YacTH, 1eTHy,

KOrJaa HaIlps’KCHUEC Ha KOHIAax y4JacTKa. 2 B.

Puc.1 Puc. 2
J(A
()‘ n J(A)‘
5
I
4
3
2
1
ool .
U (B) 0 1 2 3 4 5 U (B)

5. Jlanbl rpaduKu 3aBUCUMOCTH CHJIBI TOKA OT HAIIPSDKEHUS IBYX y4acTKOB 1enH (cM.puc.2). Ha kakom

y4acTKe CONPOTUBJIEHHE OOJIBLIE U BO CKOJIBKO pa3?

®opma npeaocTaBJieHus pe3ybTaTa
BrimorHeHHBIC 3a/1aUM B TETpaau sl 1a00paTOPHBIX paboT.
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Kpurepun oneHku:
Oyenka «omauyHo» GvlCMAsAAemcs: TPABWIBHO BBIIIOJIHEHbI BCE 3a/JlaHus B COOTBETCTBUHU C
Tpe6OBaHI/ISIMI/I, MMPpaBUJIbHO BbINOJIHCHBI OOIMOJHUTCIBHBIC 3adaHusA, CBOCBPEMCHHO IIPCAOCTABJICH
OTYET O BBIIIOJIHCHUN pa6OTLI.
Oyenka «xopowio» evicmasisiemcs: TPABUIBHO BBIIOJHEHbl BCE 3aJaHMsl B OCHOBHOM 4acTH,
JIOTIOJIHUTENbHBIC 33/I1aHUS BBINOJHEHb HE B MOJHOM OOBEME, MPEJOCTaBIEH OTYET O BBITOJIHEHUU
paboThl, 1100 B cllydae HECBOEBPEMEHHOTO MPEJOCTABICHHS OTYETa WM C HaJTMYUEM HEeCyIIECTBEHHBIX
OLIMOOK B BBITTOJIHEHUU 3aJaHHUS.
Oyenka «y00871emeopumenbHoOy» 8blcmasiaemcs: BHIIOTHEHBI HE Bce, HO Oonee 50% 3amanuii paboThl,
AONOJHHUTCIBHBIC 3aJaHHd HC BBIIIOJIHCHBI, HCCBOCBPECMCHHO IMPCAOCTABJICH OTYCT O BBIIIOJIHCHUU
paboTHL.
Oyenka «Hey0061emeopumenbHoy vlcmasisemcs: BbIMONIHEHO MeHee 50% paboThl, HE BBINOJHEHBI
JOIIOJIHUTCIIBHBIC 3aJaHKs, OTUYCT O BBIIIOJTHCHUHN pa6OTI)I HC IMPEAOCTABJICH.

Tema 4.2 IlocTOSIHHBII 3J1eKTPUYECKUI TOK

JlaboparopHoe 3ansTue NeS
HN3yuyenue padorsl myabTuMerpa. Onpenesnenue I/IC u BHyTPeHHEro cONpoOTUBJIEHUS HCTOYHUKA
JIEKTPUYECKOM IHEPTUHU

ean padoThI: ONBITHBIM ITYTEM HayduThes onpenesat J/C, nCTOUHNKA U €r0 BHYTPEHHEE
COIPOTHUBIICHUE.
Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

P64 TIPG2, TIPG6, TIP68 TIP610, TIP610, MP3, MP5, MP15, MP28, MP31, MP32, MP33, MP34,
MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32,

MaTepna.nbnoe o0ecmeyeHne: HCTOUYHHUK BHCKTqueCKOﬁ SHEpruu, amIiepmeTp, KIIHOY, BOJIBTMETP,
COCIMHUTCIIBHBIC TPOBOJA, 1'IOTp€6I/IT€J'II) 3J'I€KTpI/I‘~IeCKOI\/'I OHCPTHUH.

3ananue
1. Ucnone3ys BonbT™MeTp, onpeaenuts J/C uctouHmnka Toka.
2. Onpenenuts BenuuuHy DJIC 1 BHYTPEHHETO CONPOTUBIICHNS HCTOYHUKA TOKA, UCIIOJIb3YS

IOKa3aHus aMIICpMETpPa U BOJIbTMETPA.

IHopsiaok BhINOJIHEHHS PA0OTHI

A
1. Cobepute SIEKTPUYECKYIO IEMb IO CXEMe —
(Puc.1)
2.  Ompenenure LEHY JIEJIEHUS
AIIEKTPOU3MEPUTETHHBIX PUOOPOB.
3.  WMsmepwpre D/IC ucrounuka toka. s sToro
onpefeNuTe TOKa3aHUs BOJBTMETpa MpU Puc. 1
Pa30MKHYTOM KJIIOYE.
4.  U3mepbTe BeMWYMHBI CUJIBI TOKA U HANpsOKEHUS HA BHELIHEH U yYacTu Ienu, 3aMblKas

kitou. PaccuuTaiite conpoTuBienue mo Gopmye: |

79



5. W3MeHsIst TOT0KEeHHMsI IBIXKKA PeocTaTa, MOBTOPUTE u3MepeHus (1.3) enIé IBaKIbI.
6.  BprunciauTe BeIMYHHY BHYTPEHHETO CONMPOTUBIICHUS 11O (hopMyIIe: p_ 8- IR
7.  PesynbraThl U3MEpEHUI U BEIYUCICHUI 3aHeCHTe B TaOuUILy 1. O
8.  Cnenatp BeIBOA 10 paborTe.
dopma npenocTaBiieHus pe3ybTaTa
No g, B U B I, A R, Om R, Om R, Om €cpy B £-¢&,
0 =—-100%
£
o\
1
2
3

KOHTpOJIbeIe BOIIPOCHI

[Toyemy nokazanus BOJTMETpA MPU PA3OMKHYTOM U 3aMKHYTOM KJIFOUE Pa3JInYHBI?
s namepennst D/]C UCTOYHMKA TOKA M €r0 BHYTPEHHETO COMPOTUBIICHUS CTYAECHT COOpajl CXemy,
n300paxxénnyto Beme. [Ipu 3TOM BoJbTMETp TMoOKaszan 5 Boiib, a ammepmerp — 1 Ammep. Ilocie
pa3MbIKaHusl KJIro4a BoJbTMeTpa mokazan 6 BonbsT. Uemy paBubl DJIC HCTOYHHMKA TOKAa U €ro
BHYTpPEHHEE COIIPOTUBIICHHUE?
O/1C ucrounuka toka 3 B, a BHyrpenHee conporusieHue 0,5 Om. ConpoTuBieHre BHEIIHEN YacTU
neru 10 Om. Haitnure cumy Toka B LIETIH.
Cuna toka B nieniu paBHa 0,4 A., BHyTpeHHEe CONPOTUBIEHNE UCTOYHMKA Toka 0,5 OM, BHemHee-4,5
Owm. Kakora 3/1C ucrounuka?
dopma npenocraBieHus pe3yJibTaTa
BrinotHeHHBIE 3a/1aUM B TETpaaH JJsl 1a00paTOPHBIX pabdoT.
Kputepun onenkmn:
Oyenka «OMIUYHOY» GbICMABNAEMCs: TIPABUIBHO BBIIOJTHEHBI BCE 3aJaHUsI B COOTBETCTBUU C
TpeOOBaHUSMU, MPABUILHO BBITIONHEHBI JOMOJHUTENbHbBIE 3aJaHMs, CBOEBPEMEHHO MPEI0CTaBIICH
OTYET O BBIMOJIHEHUU PAOOTHI.
Oyenxa «xopowio» e6vicmasisiemcs: TPABUIBHO BBITIONHEHBl BCE 3aJaHUsI B OCHOBHOM YacTH,
JIOTIOJTHUTEIBHBIC 3a/IaHUS BBITIOJIHEHBI HE B TOJIHOM OOBEME, MPEJOCTABJICH OTYET O BHITIOJIHEHUH
paboTsl, 100 B cllydae HECBOEBPEMEHHOTO MPEOCTABICHHS OTYETa WM C HaJTM4YUeM HEeCYIECTBEHHBIX
OImMOOK B BBHITTOTHEHUH 3aJaHUSI.
Oyenka «y00811emeopumenbHoO» 8blcmasisemcs: BHITIOTHEHBI HE Bce, HO Oonee 50% 3amanuit paboThl,
JIOTIOJTHUTEIBHBIC 3a/laHUsI HE BBHITIOJHEHBI, HECBOCBPEMEHHO IPEIOCTABIICH OTYET O BBHITIOJIHCHUH
paboThI.
Oyenka «Hey0081emeopumenbHoy vlcmaesisemcs: BbINONHEHO MeHee 50% paboThbl, HE BBINOJIHEHbI
JIOTIOTHUTEIBHBIE 3aJaHHsI, OTUET O BHITIOJTHEHUH PabOThI HE MPEOCTABIICH.

Tema 4.2 IlocTOSTHHBII 3JIEKTPUYECKHIT TOK

JlabopaTopHoe 3ansitue Ne6
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«HMcenenoBanue 3aBUCUMOCTH MOITHOCTH, MOTPeOJIsieMOM JIAMIIO HAKAJTMBAHMUS OT HANIPSIKEHU I
Ha ee 3aKuMax»

HBJIL paﬁDTbI: Hucciaea0BaTb 3aBMCUMOCTh MOIIIHOCTH, HOTp€6JI5IeMOI>'I JIaMIION HaKaJWBaHUS OT
HAIIpsKCHUA Ha €€ 3aXKUMax

BoinosiHeHue padoThl cnoco0cTBYeT (POPMUPOBAHUIO:

I1P62, ITPG6, I1P68 11P610, I1P610, MP3, MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37,
MP54, MP55, MP 56, MP 43, JIP34, JIP32,

MarepuanbHoe oOecmedyeHne: Oarapess aKKyMyJsITOpa, S3JCKTPHUYECKas JIaMIIOYKa C IATPOHOM,
peocTtaT CO  CKONB3SIIUM  KOHTaKTOM, aMIIEPMETpP, BOJBTMETP TOCTOSIHHOTO  TOKa,
COCTMHUTEIIbHBIC ITPOBO/IA, KITFOY.

3amanue

1. BsIsIcHUTH, KaK 3aBHCUT MOITHOCTH JIEKTPUUECKOTO TOKA OT HAMPSDKEHUS U CUJIBI TOKA B IIETIH.
2. DKCIepuMEHTaJIbHBIM IyTEM MOJATBEPAUTDH ITY 3aBUCUMOCTb.
Ilopsinok BbINOJHEHHS PA0OTHI

1. CobpaTs 11e11b 10 CXEMe.

2. 3aMKHYTb LIEIb U U3MEPUTH HauOOoJIbIlIee HAIPSYKEHUE HA = 7 | saxnmax
JamIibl ¥ BEJIMYMHY TOKA B LIETIH,  3aTEM BBIYUCIIUTH 9"
MOIIIHOCTE Toka P=]-U. _@

3. YMEHBIINTD HAIPSKEHUE Ha 3aKMMaXx JIAMIIBI ¢ TIOMOIIBIO peocrara

" U3MCPUTH CUJTY TOKaA B IICTIH, 4 3aTEM BbIYHUCINTDb
MOIIIHOCTH TOKa.

4. IIponsBecTH ONBIT €1I€ pa3, YMEHBIINUB HAIIPSHKEHHUE HA 3aKMMaXx.
5. Pe3ynbTarhl Bcex U3MEPEHUN 1 BBIUMCIEHU 3anucath B Tabauiy 1.

6. [Ipoananu3upoBaTh U3MEHEHUE MOLTHOCTH, MMOTPEOISIEMOH JIaMITON HaKaJIMBaHUSI, IPU U3MEHEHUU

HaIIpsDKEHU Ha €€ 3aKUMax.
7. Cnenatb BBIBOJ IO padoTe.
dopma npenocTraBieHus pe3yJbTaTa

Tabauua 1.

Ne m\t Cuna Toka, A Hanpspoxenue, B MomHocTh, BT
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KoHTpoJibHBIE BONPOCHI

=

UTo Ha3bIBAIOT MOIIHOCTBIO U KaK €€ pacCUuTaTh?
2. Yto nmpuHHUMAIOT 3a equHUIy MolHocTU? Kak BeIpakaeTcsi eAMHMIIA MOIIHOCTH Yepe3 eUHUIIbI
HAIpPSDKEHUS U CUJIbI TOKa?
Kakue enuHuIBI MOIIIHOCTH UCIIOJIB3YIOT B IPAKTHKE?
4. B nens c HanpspkeHueM 127B BkItoueHa 3JeKTpryuecKas jJamia, cuia Toka B kotopoit 0,6A. Haittu

MOIIIHOCTh TOKa B JIaMIIE.
5. DNeKTpoIUIMTKa paccuMTaHa Ha HamnpspkeHue 220B u cuny Toka 3A. Onpenenure MOIIHOCTh TOKA B

TUTUTKE.

®opma npegocTaBJeHHs pe3ybTaTa
BrinonnenHsble 3aaun B TETpau AJ1s J1abopaTOPHBIX padoT.
Kpurtepuu ouenku:

Oyenka «omauyHoO» Gvlcmasisemcs: TPABUIBHO BBINOJIHEHBI BCE 3a/laHUS B COOTBETCTBUHU C
TpeOOBAHUSAMH, TPABWIBHO BBIOJHEHBI OMOJHHUTEIBHBIC 33/aHUSI, CBOEBPEMEHHO IIPEIOCTABIICH
OTYET O BBIMOJTHEHUU PAOOTHI.
Oyenka «xopouioy 6vicmagnsemcs: TPABUIBHO BBHIMOJHEHBl BCE 33JaHHsS B OCHOBHOW YaCTH,
JIOTIOJIHUTENbHBIC 33/IaHUs BBINOJHEHBI HE B MOJHOM OOBEME, MPEJOCTaBIEH OTYET O BBITOJIHEHUU
paboThl, 1100 B cIydae HECBOEBPEMEHHOTO MPEJOCTABICHHUS OTYETa MU C HATMYHEM HECYIIECTBEHHBIX
OIIMOOK B BBITIOJIHEHUU 3aaHHUSL.
Oyenka «y00811emeopumenbHo» 8blCMasisemcs: BRITIOTHEHBI HE Bce, HO Oonee 50% 3amanuii paboTHI,
JIOTIOJIHUTENbHBIC 33a/1aHUs HE BBITIOJHEHBI, HECBOEBPEMEHHO MPEAOCTABICH OTYET O BBIMOJIHEHUU
paboTHLI.
Oyenxa «Hey0081emeopumenbHoy vicmasisemcs: BbINONHEHO MeHee 50% paboThbl, HE BBINOITHEHbI
JOTIOJTHUTEIBHBIC 3aJJaHHs, OTYET O BHIMOJIHEHUH PaOOTHI HE MPEIOCTABIICH.

w

Tema 4.3 DyiekTpuUYecKH TOK B Pa3JIHYHBIX cpeax

JladopaTtopHoe 3ansiTue Ne7
3aBHCHMMOCTDb CONPOTHUBJIEHUS OT TeMIIEPATYPHI 00PA3LOB METAJLJIA M MOJYNPOBOIHHKA

Heanb padoThi: yriyOUTh NOHUMaHUE (PU3NUECKOTO CMBbICIA MOHATHUS OTYIPOBOIHUK U
MEXaHU3Ma €ro IPOBOJUMOCTH.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

I1P62, ITP66, ITP6S, ITP610, ITP610, MP3, MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37,
MP54, MP55, MP 56, MP 43, JIP34, JIP32,
MarepuanbHoe ol0ecrniedyeHre: UCTOYHUK TOKA, aMIIEPMETP, PEOCTAT, KIIIOY, AUOJ, COCIUHUTEIbHbIE
MPOBO/IA.
3aganue

1. U3yuuth cBOIcTBa  3JEKTPOHHO-IBIPOYHOIO MEpexoja U  MHCIOJIb30BaHME €ro B
MOJIYTIPOBOTHUKOBBIX MpHOOpax.
2. YMeTb HAuepTUTh DIEKTPUYECKYI0 CXeMy M OOBSCHHUTH NMPHUHLMI JEHCTBUS BBIIPAMHUTENS U
YCUJIMTEIS TOKA HA MOJTYIPOBOJHUKOBBIX TUO/IAX U TPUOJAX.
Ilopsinok BbINOJTHEHHS Pa0OTHI
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[TonynpoBOHUKH XapaKTEpU3YIOTCS OTIUYHON OT MPOBOIHHKOB MPOBOJMMOCTHIO: COOCTBEHHOI,
JBIPOYHOM (P-TUIIA) U ANEKTPOHHOH (N-THUIIA).

[TonynpoBOIHUKK MOTYT HMMEThb JBa THUIa HPUMECHOM NPOBOJUMOCTHU: AJIEKTPOHHYIO (N-THUI),
00YCJIOBJICHHYIO JOHOPHBIMH TPHUMECSMH, U IBIPOYHYIO (P-TUI), OOYCIIOBJIEHHYIO aKIENTOPHBIMU
IIpUMecsIMU. B n-moiaynpoBogHNKE OCHOBHBIE HOCUTENH 3apsiia — 3JIEKTPOHBI, a B P-TIOJIYIPOBOJHUKE -
nbpIpku. KpoMe OCHOBHBIX HOCUTENEH 3apsi/ia B KaKIOM BEILIECTBE B 3HAUYUTEIILHO MEHBILIEM KOJIMYECTBE
COJIEp’KaTCsl U HEOCHOBHBIE HOCHUTENMW 3apsiia MPOTHBOIIOJIOXKHOIO 3Haka. OHM BO3HMKAIOT 3a CYET
pa3pylIeHHs] KOBAJIEHTHBIX CBS3EH.

Ecnu nBa nmpoBoiHMKA C IPOBOJUMOCTBIO PA3HOTO pOJia MPUBECTH B KOHTAKT, TO HA MECTE KOHTAKTa
o0pa3yercs 3amuparofii CI0i, KOTOPBI XOPOIIO MPOBOJIUT TOK B OJIHOM HANPABICHUH U MIPAKTHYECKU
HE TPOBOJIUT TOKA B IPYTOM. DTO CBOMCTBO UCIIOJIb3YETCS B TIOJIYIPOBOJHUKOBOM TEXHHKE.

I'pannnia CONpUKOCHOBEHUS IBYX ITOJIYIPOBOJHHUKOB, OJMH U3 KOTOPBIX MMEET JJIEKTPOHHYIO, a
OPYro — JBIPOYHYIO IIPOBOAMMOCTB, HAa3bIBAaeTCA p-n nepexonom. lIpakTtuyecknm p-n mepexon
CO3JACTC HE MEXAaHWYECKUM KOHTAaKTOM JBYX IIOJYIPOBOAHUKOB, a BHECEHUEM [JOHOPHBIX U
aKLENTOPHBIX NPUMECEH B pa3iW4HbIE YAaCTH YUCTOrO IOJYNPOBOJHUKA. OJTH IEPEXOAbl SBISIOTCS
OCHOBHOH OOJIBIIIMHCTBA COBPEMEHHBIX MOJIYIPOBOIHUKOBBIX TPUOOPOB.

IIpoBepka oHOCTOPOHHE! NMPOBOIUMOCTH JIUOJA.

CocTaBuTh LIENb 110 CXEME PUCYHKa 1. | > !

2. Jlwon /12 BKIIOYHTH B IPSMOM (TIPOITYCKHOM) i :

HalpaBJIEHUHU: OTMETKA «+» J10JKHa OBITh OOpalieHa K

nositocy ucrounuka JJ[C. 3aMKHYTb LI€TIb U OTMETUTh
NoKa3aHus amnepMerpa. Llens pa3soMKHYTb.

3. Jlmox /12 BKIOUHTH B 0OpaTHOM HampaBICHUN —5I—O—
(3amopHoM). Llenb 3aMKHYTh M YO€UTbCS B OTCYTCTBUHU Puc. TOKa B
nenu. [{enb pa3oMKHYTS.

4.  Pesynbrarhl HAONIOACHUI 3aHECTH B TaOIuUILy 1.
CHsiTHE BOJIbTAMIIEPHOI XapaKTePUCTUKHU AUO0/A.

=

=

CocTaBuTh LIETb 110 CXEME PUCYHKA 2:
Jlno BKIIIOUUTH B MPOITYCKHOM HalpaBICHUM.
3. 3amkHyTh 1enb. [logobpars mosnoxkeHne IBMXKKA peocTara Tak, YTOObI BOIBTMETP MOKa3al caMoe
Masioe HanpspkeHue. CHTh IOKa3aHUs
U3MEPUTENIbHBIX TPHUOOPOB. —/
4.  Ilepememniatb MOCTENEHHO JBM)KOK peoctaTa v cCHATH | | | | ==---- HE
MeHee 7 3Ha4YCHWW HaIIPsDKEHUS U CHIIBI TOKA. — C) C)
Pa3omMKkHYTB 11€1IB.
Pe3ynbrarel u3mMepeHuii 3aHecTu B TaOIUILy 2.
6. Iloctpouts rpaduk 3aBucumoctu I(U). ITo ocu OX
orknaaeBate U (B), mo ocu OV - | (A). Puc.
7. Crhenatb BBEIBOJ.

no

o

®opMma npeaocTaBIeHHs pe3yJIbTaTa
Tabmura 1
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[IpoBepka 0OTHOCTOPOHHEW MPOBOIUMOCTH AUOA.

Ne m\it Cnioco0 BKITIFOUCHUS [Tokazanus amnepmerpa

Tabnuua 2

CHsATHE BOJIBTAMIIEPHON XapaKTEPUCTUKU JUOJA.

No Toxk, MpOXOASIIN Yepe3 AUO, Hanpsoxenue, moganHoe Ha MO/,

m\in 1 (A) U (B)

KoHTpoJibHBbIE BOPOCHI

B uém paznuune npoBOAMMOCTH MPOBOJIHUKOB U MOJTYITPOBOIHUKOB?

Kakoii Tum moynpoBOAHUKA MOTYYUTCS, €CITH K TePMaHUIO JT00aBUTH mpuMech Gochopa?

Kakoii Tun noiaynpoBoAHUKA MOTYYUTCS, €CIIH K TeéPMAHUIO 100aBUTh IPUMECh WHHS?

Kaxkoe siBnenue HaOiogaeTcsi mpu BCTpeUue CBOOOTHOTO JIEKTPOHA C ABIPKOW B MOIYITPOBOIHUKE?

Kak MOXHO yCUITUTh MHTEHCUBHOCTH T'€HEPALIUHU AP «3JIEKTPOH-IBIPKa»

Kak 00bsicCHUTD yBeIMUYEHUE YACTBHOTO COIPOTUBIICHUS MOTYIIPOBOAHUKA IIPU YMEHBIIEHUH

TEMIIEPATYpHI?

Uro sBsieTCS B CX€ME TPHO/ia BXOJHOM LENbIO, @ UTO — BBIXOIHOM?

KaK ClieflyeT BKIIOYHUThH B LI€TIb TPAH3UCTOP, YTOOBI OH JEHCTBOBAI M KaK JHOJ B PSIMOM

HarpasJieHUn?

UTo nokas3pIBaeT BOJIbT-aMIIEpHAs XapaKTEpUCTHKA quoaa?

®opma npegocTaBieHus pe3yJibTaTa
BrimonHeHHbIe 3a1a41 B TETPaIu A7 J1a0OpaTOPHBIX padoT.
Kpurepuu onenkmn:

Oyenka «OmMAUYHOY» GbICMABNAEeMCs: TPABUIBHO BBIIOJIHEHBl BCE 33JaHUsl B COOTBETCTBUU C
TpeOOBaHUSAMH, MPABWIBHO BBHINIOJHEHBl JIOMOJHUTENbHBIE 3aJaHMs, CBOEBPEMEHHO IPEJOCTaBIIECH
OTYET O BBHIMOJTHEHUU PAOOTHI.
Oyenka «xopowio» evicmasisiemcs: TPABUIBHO BBIIIOJHEHbl BCE 3aJaHMsI B OCHOBHOM YacTH,
JIOTIOJTHUTENbHBIE 3aJlaHusl BBIIIOJHEHBI HE B IMOJHOM OOBEMe, NMPENOCTAaBICH OTYET O BBINOJIHEHUH
paboThl, 1100 B cllydae HECBOEBPEMEHHOTO MPEJOCTABICHHS OTYETa WM C HaJTMYUEM HECYIECTBEHHBIX
OIMOOK B BBITTOJIHEHUH 3aJaHHUSL.
Oyenka «y0061emeopumenbHoy 8blCMaes/isiemcs: BHITIOTHEHBI HEe Bce, HO Oonee 50% 3amaHuii paboThI,
JIOTIOJIHUTENbHBIE 3a/laHNsl HE BBINIOJHEHBI, HECBOEBPEMEHHO IPEAOCTABIEH OTYET O BBIIOJHEHUH
paboTHI.
Oyenka «Hey0061emeopumenvHoy Gvlcmasisemcs: BbIIONIHEHO MeHee 50% paboThl, HE BBINOJHEHBI
JIOTIOJTHUTENbHBIE 3aJJaHHsI, OTUET O BHIMOJIHEHUH PaOOThl HE MPEJOCTABIICH.

Tema 4.1 Mexannyeckue KoJe0aHUA M BOJHBI
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JlabGoparopHoe 3ansiTue Ne§
«IIpoBepka 3aKOHOB KOJI€OAHNIT MAaTEeMATHY€CKOT0 MASITHUKA)
ean padoThi:

1. Omnpenenuts Nepuoa U 4acTOTy KoeOaHUH MaTEMaTHYECKOr0 MasiTHUKA.
2. Tloxa3aTh 3aBHCHUMOCTb IIEpHOJIa U YaCTOTHI KOJIEOAHUN OT AJTMHBI CAMOTO MasiTHUKA
BoinosiHeHune pa6oTsl crioco0cTBYeT (POPMUPOBAHUIO:

[1P62, ITPG6, ITP68, 11P610, ITP610, MP3, MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37,
MP54, MP55, MP 56, MP 43, JIP34, JIP32

MaTepHaJIbHOC o0ecmeyeHue: IITATUB C ACPKATCIICM, IIAPUK, HOI[BCHIGHHBIﬁ Ha HUTHU I[JII/IHOﬁ OKOJIO
MCTpa, HHHCﬁKa, CCKYHAOMCED.

3amanue
l. HBy‘II/ITB KOJI€68,TCJII)HOC OBUXXCHUEC HUTAHOI'O MasiITHUKA.
2. OnpenenuTs MEePHO U YaCTOTY IPU KOJICOAHUX MasTHUKA C Pa3HOM JUIMHOW HUTH.

3. BI)IFICHI/ITB, KaK 3TH XapaKTCPUCTHUKU 3aBUCAT OT MJIMHBI MasATHUKA.
HOpﬂIlOK BbIITOJTHCHU A paGOTbI

=

W3mepuTh NMHY HUTH t
2. Tlomcuwrarh 9mcio KoJeOaHWM, BpeMs M BBIYUCIMTH TEPUOA Kojebauuii 1o |1 =—

dbopmye:
3. V3MeHuTH AMMHY HUTH, TOCYUTATH YUCIO KOJeOaHMH, BpeMs ¥ BRIYMCIUTH IIEPUO]] KOJICOaHUH TIpH
TAHHOHW JJINHE.

4. JlaHHbIe U3MEPEHUN U BBIYUCICHUN 3aHECTH B TAOIHILY
. 1
5. OmpenenuTs 4acTOTy KoJebaHuii Mo popmyne: |V = —
T
6. IlomydyeHHble HaHHBIE 3aHECTH B TAOIUILY 1.
7. CpaBHHTH MEPUO M YACTOTY MAaTEMAaTUUECKOTO MAasiTHUKA, TOJIYYCHHBIC PA3HBIMU CITIOCOOAMH.
8. Caenatp BBIBOJ MO paboTe.
Tabnuia 1.
Ne ompITa 1 2
Jlnuna masitauka |, m
Yucio konebanwmii N
Bpewms xonebanuii t, ¢
[Tepuon konebanuii T, ¢
YacroTa koaebanuii v, I'il
KoHTpoJabHbIE BONIPOCHI
1 BapuaHT
1. Yro Ha3zmBatoT koneOanmem? Korma koneOaHus Ha3BIBAIOTCS CBOOOTHBIMH, BBIHYXICHHBIMH,

COOCTBEHHBIMU?
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Kaxkas cuna Ha3bIBaeTCs BO3BpaIlAtONIC?
ChopmynupyiiTe onpeaeneHrne MaTeMaTHIeCKOro MasiTHUKA.
Uro HazbIBaeTcs (a3oif konebanus?
[Ipu kakux yCcIOBUSAX MOXHO HaOII0/IaTh SIBJICHHE MEXaHUYECKOT0 pe3oHaHca?
Mastauk coBepmmn 20 konebGanmii 3a 1 munyry 10cexkynn. Haiitm mepuwon, wacrory u
LIUKINYECKYIO YaCTOTY KOJICOaHU.
VYpasaenwne konebanuit umeer Bua: X=8 cos 0,8t. Onpenenuts X, T, V, @,.
Haiitu Maccy rpy3a, KOTOpbIi Ha Ipy)uHE kecTKOcThio 350H/M nenaet 30 konebanwmii.
2 BADHAHT
Kakwue ycnoBus HeoOX0IuMBbI Jisi BOSHUKHOBEHUS U TOJIIEpyKaHUS KoJleOaHuit?
KakoBo paznuune Mexay 3aTyXarolUMHU U HE3aTyXalOIUMH KOJICOaHUSIMU?
Uro Ha3bIBaeTcs MEpHOJOM KojeOaHU, B KAKUX €IMHUIIAX OH U3MepseTcs?
Kak 3aBucut nepuon koneOaHui MaTEMAaTHYECKOTO MATHUKA OT €0 JAJIUHbI?
[Ipu xakux yCIOBUSAX MOXHO HaOJIO/1aTh SIBJICHHE MEXaHUYECKOT0 pe3oHaHca?
Ckonpko kosiebaHuil coBepIaeT MaTeMaTUYeCKU MasTHUK JUIMHOM 2 MeTpa 3a 6 munyt? KakoBa
COOCTBEHHAs YacTOTa ATUX KojeOaHut?
Ypasaenue koiedanuii umeet Bua: X=10 cos 1,2t. Onpenenuts X,, T, V, @,.
8. Haiitu yactoty konebanuii rpyza maccoit 200rpamm, MOJBELUIEHHOTO K MPYKUHE >KECTKOCThIO 16
H/wm.
®opMma npeaocTaBIeHHs pe3yJibTaTa
BrimonHeHHbIe 331241 B TETpaan A 1TaOOpaTOPHBIX padoT.
Kpurepun oneHku:
Oyenka «omauyHoO» GvlcMasiAemcs: TPABWIBHO BBIIOJIHEHbI BCE 3a/JlaHHUs B COOTBETCTBUHU C
TpeOOBaHUSAMU, MPABWIBHO BBHITIOJHEHBI JIOTOJHUTENbHBIE 3aJaHMs, CBOCBPEMEHHO MPEIOCTaBICH
OTYET O BBINOJIHEHUU PaOOTHI.
Oyenka «xopowio» 6vicmasisiemcs: TPABUIBLHO BBIIIOJHEHbl BCE 3aJaHHUs B OCHOBHOM 4acTH,
JIOTIOJIHUTENbHBIE 33/1aHUS BBINOJIHEHbI HE B NOJHOM OOBEME, NMPEJOCTaBIEH OTYET O BBITOJIHEHUU
paloThl, 1100 B cIydyae HECBOEBPEMEHHOTO MTPEJOCTABIECHHUS OTYETA UM C HATMYHEM HECYIIECTBEHHBIX
OLIMOOK B BBIITOJIHEHUU 3aaHMUSL.
Oyenka «y00871emeopumenbHo» 8blcmasifemcs: BHIIOTHEHBI HE Bce, HO Oonee 50% 3amanuii paboThI,
JIOTIOJIHUTENbHBIE 3a/laHHs HE BBIIOJHEHBI, HECBOEBPEMEHHO IPEAOCTaBIEH OTYET O BBIIOJHEHUHU
paboThI.
Oyenka «ney0o61emeopumenbHoy vlcmasisemcs: BbIONHEHO MeHee 50% paboThbl, HE BBINOJIHEHbI
JIONIOJTHUTENbHBIE 3a/IaHHs, OTYET O BHIMOJIHEHUH PabOThl HE PEIOCTABIIEH.

oUW

o N

S wd P

~

Tema 5.2 DieKTpOMArHUTHBIE KOJ1e0AHUS U BOJHBI
JlaGoparopHoe 3aHsaTHE Ne9
«YcrpoiicTtBo TpancdopmaTopa, reHepaTopa

ean padoThl: H3yUYUTh YCTPONUCTBO U MPHUHITUI pabOTHI TpaHChOpMaTopa. reHepaTopa.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

I1P62, TTPG6, ITP68; 1TP610, 11P610, MP3, MP5, MP15, MP23, JIP26, , MP28, MP31, MP32, MP33,
MP34, MP37, MP44, MP47, MP48, MP54, MP55, MP 56, MP 43, JIP34, JIP32,

86



MartepuanbHoe o0ecnieueHmne: TpaHcPopMaTop Ja0OPATOPHBIM, JaMIla HaKaTUBaHUs, KITIOY 3aMbIKaHUS
TOKa, KOMILJIEKT IMPOBO/IOB COCAMHUTEIIbHBIX.

3aganue

1. WByuuth cTpoeHUe, HA3HAYCHUE U TPUHIIUI ACHCTBUS TpaHchopmaropa
2. W3yuuTh CTpOoeHME, HA3HAYEHHE U IPUHIIUII JeHCTBUS FreHepaTopa.

HOpﬂ)IOK BbIITOJTHCHUSA paﬁoTbl

1. HN3y4denue ycrpoiictBa TpancdopmarTopa
Tpanchopmarop nmpeodpazyeT nepeMeHHbIH TOK OJHOTO HAMPSHKCHUS MPH HEM3MEHHOW 4acTOTe.

OH cocTOMT U3 3aMKHYTOI'O CEpAEYHUKA, M3TOTOBJIIEHHONO M3  CIELUUAIbHOM  JIMCTOBOM
TpaHcGOpMATOPHOU CTalIM, HA KOTOPOM pACIONIaratoTcs JIB€ KATYIIKU (MX Ha3bIBAlOT OOMOTKaMH) C
Pa3HBIM YUCJIOM BUTKOB U3 MEIHOU IIPOBOJIOKH.

OI[Ha nus3 06MOTOK, Ha3bIBACTCs HCpBH‘IHOfI, MNOAKIIOYACTCA K HCTOYHHUKY IICPEMCHHOIO
HaIIPAXKCHUA. YCTpOﬁCTBa, l'IOTpe6J'I$IIOH_[I/Ie QJICKTPOSHEPTIHUIO, IMOAKIIOYAKOTCA K BTOpPI‘-IHOfI 06MOTK€,
HX MOXKET OBITh HECKOJIBKO.

[Ipu BBIMOTHEHNWU PAOOTHI CIENYET M3YYUTh YCTPOWCTBO TpaHC(opmaropa, BKIIOUUTH €r0 B
ceTb mepeMeHHoro Toka (36 B). B pexume xo0i0cTOro xoja M3MEpHUTh HampspDKEHUE Ha OOMOTKaxX U
BBIUMCIIUTH KO3 UIMEHT TpaHchopMamu, a mpu pabore TpaHchopMmaTopa «IOJA HaArpy3Koi»
YCTaHOBUTH CBSI3b TOKAMHU U HANIPSDKEHUEM B OOMOTKAX.

Tpanchopmarop COCTOUT U3 JABYX KaTyIlIeK u
& CepaeUH

uKa.
Cepaeu
HHUK

N

COCTOHUT

U3 JABYX
MIOJIOBU

Wi

)
WArpEs 0
u

~

|
'

H’
KOTOpBI
e
BCTaBIIS

10T B
KaTYIIKY U C IOMOIIBIO CKOOBI 3aKPEIUISIOT HA OCHOBAHUH.

1, 2 — kaTymiku, 3 - MarHUTONPOBOJ; 4 — OCHOBaHUS;, 5 —000KMa.
Xoa padoTsl

1. Paccmotpute ycTpoiictBo TpaHchopmaTtopa. Ompenenure TMEPBUYHYIO OOMETKY (KIEMMBI C
Haamuchio: 36 unu 42 B) u 1Be BTopudHBIX KieMMbl 2,2 B u 4,4 B)
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2. HauepTuTe 351eKTpHUECKyIO cXeMy TpaHchopMaropa.

3. Pa3bepute tpanchopmartop. s 3TOro MOBEpHUTE €r0 OCHOBAHMEM BBEPX U OTKPYTUTE JBE TallKu
KparuieHust CKOObl. BBIHBTE CeplIeYHUK U PACCMOTPUTE €0 YCTPOMCTBO.

4. Cobepute Tpanchopmarop. s 3TOro BCTaBbTE CEPACUYHHUK CO CKOOOM B KAaTYIIKW. Y CTaHOBHTE
TpaHcpopMaTop Ha OCHOBAHUE U 3aKpEMUTE €ro raifkaMmu.

2. H3yueHnue ycTpoiicTBa reHepaTopa.
I'erneparop mMoCTOSTHHOTO TOKa (pUC. 1) COCTOUT M3 ABYX YacTei: HEMOABI)KHOW M BpaIlaroIIeHCs.

HemnonsuxHas dacte (cTaTtop) SIBIASETCS OCTOBOM MAIIMHBI M OJHOBPEMEHHO CIY)KHUT JJIS CO3JIaHH
MarHuTHOTO TIOTOKa. Bo Bpamaromieilics 4acTd, Ha3bIBaeMOH SKOpeM (pOTOpOM), HHIYIIUPYETCS
3NeKTpoaABMKYIas cuia - S/C.

KoHcTpykius renepaTopa nocTOSHHOTO TOKa (CM. puc.2).

HenonpuxHas 9acTb cOCTOMT U3 CTaHMHBI (1), MIaBHBIX MOMIOCOB (2) ¢ 0OMOTKOM BO30OYKICHUS
(3) ¥ TONIOJTHUTENBHBIX TOIOCOB (4), YMEHBIIAEMBIX HCKPEHHE TI0]] IETKAMH.

Sxops umeer cepaeuHUK (5), HAOMpaeMblii U3 TOHKHX CTaJbHBIX JIMCTOB, OOMOTKY sKOps (6),
3aJI0KEHHYIO B Ma3bl cepjieuHuKa U KoyiekTop (7). Ha moBepXHOCTh KOJIJIEKTOPA HAJIOKEHBI YTOJIBHO-
rpaduToBble ETKH (§), oOecrneunBarove CKONb3SIINNA KOHTAaKT ¢ OOMOTKOW BpAILAIOIIErocs SKOPSL.
KonnexTop umeer GpopMy LUIMHAPA U BBINOIHAETCS U3 U30JIMPOBAHHBIX MEJHBIX IUIACTHH - JIaMeNeH -
K KOTOPBIM IOJCOEAMHEHbl CEKLHU SIKOPHOH 0OMOTKH. Bpamiasck BMecTe ¢ OOMOTKOM, KOJUIEKTOP
BBITIOJIHSET POJIb MEXAHUYECKOTO BBIITPSIMUTEIIS.

OOMoTKa BO30YXKACHHS CO3AAeT TJaBHBIM MarHUTHbIM moTok @ momocoB. B reneparopax c
HE3aBUCHMBIM BO30YX/JIE€HHEM OHa MUTAeTCs OT IOCTOPOHHETO HCTOYHMKA IOCTOSHHOTO TOKa
(BBIIpSIMUTENSA, aKKyMyssiTopa W T.i.). C reHepaTopoM € MapajljiesIbHBIM BO30YXKIAEHHEM OOMOTKa
IJIaBHBIX ITOJIFOCOB MOJIKJIIOUEHA K TJIaBHBIM IIETKaM, T.€. MapajlielbHO HEenH sIKops. B cBs3u ¢ atum ans
BO3HUKHOBEHMsI MarHUTHOro moroka u DJIC HeoOxoaum XoTs Obl ci1aOblii OCTATOYHBIA MarHUTHBIN
noTtok. biarogapsi HamM4MIO OCTATOYHOTO MAarHeTU3Ma BO3HHMKAET IPOIECC CAMOBO30YKICHUS
re’eparopa.

Puc. 1. Puc. 2.
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H3yyenue yerporictBa TpancdhopMaropa:

Crpoenue Tpanchopmaropa HaYEPTHTh, COCTABHBIE YACTH YKa3aTh, (DOPMYJIBI 3aMUcaTh, HA
KOHTPOJIbHBIE BOIIPOCHI OTBETHUT.

H3yuenue ycTpoiicTBa reueparopa.

CrtpoeHne reHeparopa HayepTUThb, COCTABHBIC YAacTH yKa3aTb, (JOPMYJbl 3amucaTh, HA KOHTPOJIbHBIC

BOITPOCHI OTBCTUTD.

akrowpdE

agrwbdE

=

KonTposbHbie BONpoCchI
1 BapuanT
Uto Ha3bIBaIOT MHIYKIIMOHHBIMH FeHEpaTopaMu’?
Kakoii TpanchopMaTop Ha3bIBAIOT MOBBIMIAIOIINM, & KAKOW TOHWKAIOIIAM?
Uro Takoe X0I0CcToM X0 TpaHcdopmaropa?
[Touemy cepaeunuk TpancopmaTopa U3TOTOBISIIOT U3 CTAIH, a HE U3 Meu?
B nepBuuHOit 00MOTKE TpaHchopmaTopa, BKIFOUCHHON B ceTh ¢ HampsbkeHrneM 380B. Conepxxutcs
1320 ButkoB. Omnpenenuts HampsHKeHHEe Ha BTOPUYHONW 0OMOTKe, eciau oHa coaepKuT 300 BUTKOB.
Bun tpancdopmaropa ykazaTh, OTBET HOSICHUTb.
2 BapHMaHT

HazoBuTe 0CHOBHBIC YacTH I'eHEpaTOpa MEPEMEHHOTO TOKA.
Jlokazarh, 4TO y MOBBIIIAONIEro Tpanchopmaropa K>1.
W3mensier 1m TpancopmMaTop 4acToTy IpeodpasyeMoro ImepeMeHHOTO TOoKa?
[TodyeMy cepredHuUK TpaHCchOpMaTOpa COOUPAIOT U3 OTICIBHBIX IIACTHH?
Ecnm Ha nepBruuHyr0 0OMOTKY TpaHchopMaTopa rmoiaérest Harpspkenre 220B, To Ha BTOpUIHON 00MOTKE TIpU
XOJIOCTOM X0JIe Tionmydaercst HanpspkeHue 130B. Uncio BuTkoB nepBudHO 00MoTkH paBHO 400. OrnpeneniTs
YHCII0 BUTKOB BO BTOPUUHOM 0OMOTKe. Bun Tpancdopmaropa ykazarh, OTBET MOSICHUT.
3 BapuaHTt

KakoBa posp HHAYKTOpa U SIKOpS B YCTPOMCTBE reHepaTopa NepeMEeHHOro Toka?

Uro Takoe noHmkarommi tpanchopmarop?

[Touemy cepreuHuk TpaHcopMaropa JeNatoT He CIUIOIIHBIM. A 3 MHO)KECTBA IJIACTHH,
W30JIMPOBAHHBIX JIPYT OT Jpyra?

[Touemy MoIIIHOCTB, TOTpeOIsieMas OT BTOPUUHON OOMOTKH, MEHBIIIE MOLTHOCTH, OIBOAUMOMN K
MEPBUYHON 0OMOTKE?

CKOJIbKO BUTKOB JIOJDKHA UMETh BTOpPUYHAsi 0OOMOTKaA TpaHc(opMaropa Ijisl OHMKEHHS HAIPSHKEHUS ©

12000 mo 120B, ecnu nepBuvHas ooMotka coaepkut 4000 ButkoB? Bu Tpancdopmaropa ykasarb, OTBET

TOSICHUT.

®opma mpegocTaBieHus pe3yJbTaTa

BrimotHeHHBIC 3a/1aUM B TETpaaM JjIsl 1a00paTOPHBIX paboT.

Kpurepun onenkmn:

OU@HKCI «OomiauvHo» evlicmaendemcs. TIPAaBUJIbHO BBIIIOJHCHBI BCC 3aJaHHA B COOTBCTCTBHU C
TpC6OBaHI/I}IMI/I, MMPpaBUJIBHO BbIMIOJIHCHBI OOIMOJHUTCIBHBIC 3aAaHusA, CBOCBPEMCHHO IPCIOCTABIICH
OTYET O BBHIIIOJITHCHHUH pa6OTBI.

Ol/!eHKCl «xopouwioy evicmaeiienicia: TPAaBUIIBHO BbIIIOJIHCHBI BCC 3aJlaHUSA B OCHOBHOM 4acCTu,
JOIIOJIHUTCIIBHBIC 3aJaHHA BBIIIOJIHEHBI HE B ITIOJTHOM O6’B€Me, OpeaoCTaBJICH OTYET O BBIMMOJIHCHUHA
pa6OTBI, 1160 B CJIyda€ HECBOCBPECMCHHOI'O MPCAOCTABJICHUA OTYCTA UKW C HAJIMYNUEM HCCYIICCTBCHHBIX
OIIMOOK B BBLIIOJIHEHUHT 3aJaHus.
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Oyenka «y0081emeopumenbHo» 8bICMABIAemcs: BbIIIOIHEHBI He Bce, HO Oonee 50% 3ananuii paboTsl,
JIOTIOJTHUTENbHBIC 3a/1aHHs HE BBIMOJHEHBI, HECBOEBPEMEHHO IPEAOCTaBICH OTYET O BBHIIOJHEHUH

paboTHL.
Oyenka «Hey0061emeopumenbHoy Gblcmasisemcs: BhIMOIHEHO MeHee 50% paOoThl, HE BBIMOJIHEHBI

JOIIOJIHUTCIIBHBIC 3aaHus, OTYCT O BBIIIOJHCHUU pa6OTbI HC MPEAOCTABJICH.
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