Tpunoacenue 2.6.1 x OIIOII no cneyuarvHocmu
09.02.07 Hngpopmayuonnvle cucmemvt u npocpamMmupo8arue

MuHHCTEpCTBO HAyKH U BhICIIero oOpa3oBanus Poccuiickoit deneparun
DenepanbHOE rOCYyIapCTBEHHOE OI0KETHOE 00Pa30BaTENIbHOE YUPEKICHUE
BhICIIIET0 00pa3oBaHus
«MMarsuToropcKuii rocyaapCTBEHHbIN TEXHUYECKU yHuBepeuteT uM. I.11. Hocosa

MHoronpoIbHBINA KOJUTEHK

METOANYECKHUE YKA3ZAHUA _
A1 TABOPATOPHBIX U TIPAKTHYECKHUX 3AHSITUHN
YYEBHOU JUCTIAITJIMHBI

OVYIL.06 DU3UKA

A 00YHAIOLIUXCS CTIeNHATbLHOCTH
09.02.07 UudopManmoHHbIE CHCTEMBI H IPOrPaMMHUPOBaHHE

Marunuroropck, 2025



Conepxxanue

I BBEJIEHUE ...ttt ettt h e h e e e bt e e kb e e e b e e e e ne e e s nbneesnnneeas 4
2METOANYECKUE YKABAHUS ...ttt 10
[IpakTnueckoe 3ansatue Nel Pemienne 3aad 1o KUHEMATUKE. Y PaBHEHUS JIBUKEHU ... .cevvvvrnveerenennnenne, 10
[Ipaktnueckoe 3anstue Ne2. Pemenue 3a1a4 Ha mapaMeTpbl BPAIIATEIbHOTO IBUIKECHHUS ......vvvenveeenniee. 13
IIpakTnueckoe 3ansatue Ne3. Pemenue 3aaau no teme «Buael cun B Mmexanuke. Cuia TpeHHs MOKOs,
CKOJIBKCHUS, KAUCHUS, BPALLICHIIS ©.e..uvvieureiestieassesassesssseesssssessesesanasessnesessse s s ssse s s sbn e e s bn e e sbn e e snnn e e aanne e 15
[IpakTnueckoe 3ansaTue Ne4. 3aKOHbI COXPAHEHHSI B MEXAHUKE M UX IPUMEHEHHE. ....ovvveerererreenireannenns 23
[TpakTrueckoe 3anstue Ne5. Pemenue 3anad Ha ¢hopmyssl padoTh cril. PaboTa 1 MOIITHOCTE. DHEPTHS,
€€ BUJIBL. 3AKOH COXPAHEHUS JHEPIHH .....vvinrieiriasreestreasseessneassesssneassesssseassesssneessesasneessesasneessessneessesannee e 25
[Ipaktuueckoe 3anstue Ne6. Pemenue 3aay no reme «OcnoBel MKT. Perienue 3a1a4 Ha ypaBHEHUE
COCTOSTHUS HTCATTBHOTO TABA +v.uvvervreeureessreasseessneassesssseasseessseassesssseaseeasseasesasneesseeanseeasesasneenneeanneessneanseenns 28
[IpaxTuueckoe 3ansatue Ne 7. Pemenue 3anau no teme «OcHOBBI TepMOAMHAMUKH. [IpumeHeHue
MIepBOT0 Hayajia TepMOAMHAMUKHU K u3onpoueccaM. KITJ[ TemmoBbIX JBUTATEIEHM .......covuveerivveeiireennnne. 31
[Tpaktryeckoe 3ansTue Ne§. «CBOMCTBA TBEPABIX TENl. BUIBI JEPOPMALIIM. ...c.vvvnvveviiriiieeiieee s, 36
[IpakTuueckoe 3anstue Ne9. Pemenue 3aay no reme «JIE€KTPOCTATUKA. DIIEKTPOEMKOCTh

0] & B (535 (0 10 10) : 35 ST O PR 41
[Ipaktuueckoe 3anstue Nel(. Pemenue 3anau «3akonsl Oma. Conportusienue. CMmenanHoe
COCTUHECHHUE TIPOBOIIHIKOBY ... .teeteeiuutrrtesausteeessastsseesssssseeesasssseeesasssseessassseeesansseeeesansaseeeasnneeeeannnneesnnnnneeenas 44
[Tpaktuueckoe 3ansatue Nell. Pemenne 3anad no reme «PaboTta, MOIIHOCTH 1 COMPOTUBJICHHE

(S N 007 (516 X0 O 0] ¥ TR 47

ITpakTruyeckoe 3ansatue Nel2 Pemenue 3aaa4 no reme «MarHUTHOE I10JIE€ M €r0 XapaKTEPUCTUKN .... 50
[IpakTnueckoe 3ansatue Nel3. Pemenue 3a1au o reme «JIEKTpOMarHuTHas HHAYKLUSA. 3aKOH

JIEKTPOMArHUTHON MHIYKIHUU. CAMOMHITYKIIFIS) ...vvviuriisrisiieitisssssieessessesies i s s ssessbe s s s s sns s sneesne s 53
[IpakTuueckoe 3ansatue Nel4. Mexanuueckue KOIeOaHUsI U UX XAPAKTEPUCTHKH ..oo.vvrerreerereereesneeneenes o7
[TpakTruyeckoe 3anstue Nel5. Pemenue 3a1ay Ha BUbI CONPOTUBIICHHHN B IIETIIX EPEMEHHOTO TOKA.
DOPMYITBI TPAHCPOPMATOPA -..vveerveeenreesieeasreesieeasreesseeaseessre e reessee e reessneeameessneesmeeanneeaneeanneenneeanneesnneannee e 59
[TpakTryeckoe 3ansatue Nel6. Pemenue 3aau no teme «JIEKTPOMAarHUTHBIE KOJIeOaHUs U BOJIHBDY .... 63
[Tpaktrueckoe 3anstue Nel7 Permenue 3a1a4 0 TEME COTITHKA) ..eeevuvvierirreeiiieeesiieeniireessineessineesneneesenas 67
ITpakTryeckoe 3ansatue Nel8. Pemenue 3aau no teme «3akoHbl GoTorpdexTa. YpaBHEHHE
67030006171 € Do OO T PR 72
IIpakTnueckoe 3ansaTue Ne 19. «3anuce suepHsix peakuuidi. CTpoeHUE aTOMOB U aTOMHBIX AJIEP. 3aKOH
PATHUOAKTHUBHOTO PACTIAZIA. ..vveeurriesurrtessseresssasesssesssssessassesssssesssssesassse s s ssse s s ass e e s abs e e s b s e e saba e e sbs e e sbneennneeennns 75
ITpakTryeckoe 3ansaTre Ne 20. PaboTa ¢ KAPTOH 3BE3THOTO HEOA. ....c.vveuviieiiiieiiiiie it 78
JTAOOPATOPHBIC PADOTBL ... .ceiuteeeeutrieasteeesteee sttt e steeessbeeessbe e e asbe e e aabe e e asb e e e aabe e e akbe e e bb e e e abb e e e bbeeanneeennneeannneennes 84
JlaGopatopnoe 3anatue Nel. OnpeneneHne MIOTHOCTH TeJla Pa3IUYHON POPMBIL.......ccoecvvreerieniiinieennnn, 84
Jlaboparopuoe 3anstue Ne2. Onpenenenre Ko3(hGUINEHTA )KECTKOCTH YIPYTOTO TEMA. ..vovvvervverreerensns 85
Paznen 3 MosexkymsipHast PU3UKA U TEPMOJIIMHAMUKR. .......veiueerteasrisieesrearesieesseassesseesseesnesssssneessssssssessseens 87
Jlaboparoproe 3arsTHE No3. «IIpOBEPKA TAZ0BBIX 3AKOHOB ... .vveeireeeitieesireesssreesssseessssesssssessssneessseessnes 87
JlaGopatopnoe 3anarue Ned. Onpeznenenue ko3 duiineHTa moBepXHOCTHON IIOTHOCTH KUIKOCTH
METOJIOM OTPBIBA KATICITD ...vuuveeusreasreesreasseessseasneessseasseessseasseessneasseesseeanseeaseeasneenmeeanneeaneeaneenmneanneennneannee e 89
JlaGopatopnoe 3anatue Ne5. OnpeneneHne BIaXKHOCTH BO3yXa U aTMOC(EPHOTO IaBICHHUS .............. 91
Jlaboparoproe 3ansTue Ne6. OnpeneneHne yaeabHON TEMITOSMKOCTH BEIIECTBA «...vvevvvveeevreesireesseeeesnns 93
JlaGopatopnoe 3anatue Ne7. OnpeneneHne MOAYIS YIPYTOCTH PEZUHBI ....c.vvevierriiireiriaresieesiesnesieesnenns 95
Jlaboparoproe 3ansTue Ne§. OnpeneneHne yaeabHOr0 COMPOTUBICHUS MPOBOTHUKA ...eevvveerrvreesnveenne 97
JlaGopatopHoe 3anatue Ne9. DkcnepuMeHTaIbHast IPOBEPKa 3aKOHOB MapajlIeIbHOTO U
MTOCJIEIOBATEITEHOTO COCTHHECHUS TIPOBOTHIKOB ... uvviesvreessteeessteeessteeessseessssessssseessssesssssesssssessnssessnsseesnsees 98



JlaGopatopnoe 3anarue NelO.

Jlaboparopuoe 3ausTue Nel 1.
Jlabopartopnoe 3ansTue Nel2.
Jlaboparoproe 3ausTue Nel3.
Jlabopartopnoe 3ansitTue Nel4.
ANEKTpOoJIN3a Cylb(dara Men.
Jlabopartopnoe 3ansTue NelS.

MOJIYTIPOBOJIHUKA ..ocvvverenes

Jlabopartopnoe 3ansitue Nel7.
Jlaboparopuoe 3ausTue Nel8.

Onpenenenne 3/1C 1 BHYyTpEHHETO COIPOTUBIIEHHSI HICTOUHUKA

ANEKTPUICCKOMN YPHEPTUU. 3YICHHE PAOOTHI MYIBTHMETPA. ..vvveersreressreressreesssseessssesssssessssnessssnessnseeennes 100
OnpeneneHne TeMIepaTypHOTro KOIDPUIHCHTA MEMH .......veevveeereanenene 105
OmnpeneneHre COMPOTHBIICHHUS PE3UCTOPA METOIOM MAPKUPOBKHM ........ 107
Onpenenenne KIIJ] HATPEBATEIMEH] .......cccvvivvieiiiiiieiii e 109
OmnpeneneHne 3JEKTPOXUMUIECKOTO SKBUBAJICHTA METU B IIPOIIECCE
................................................................................................................. 111
3aBUCUMOCTh COTIPOTUBIICHHS OT TEMIIEPaTypbl 00pa3I0B MeTaia u
................................................................................................................. 112
N3yueHne 3aKOHOB TMPYKUHHOTO MASITHHKA «...vvveervveeeiereesssneessnnesssseeennns 116
Y CTpOHCTBO TPAHC(HOPMATOPA, TEHEPATOPA ...vvverviereieeresnresieesseeneses 118
OrnpeenieHne MoKa3aTes TPETOMICHHSI CTEKIIA. ..vvvvrvvrervreesiireeseeeennns 120

Jlabopartopnoe 3anstue Nel9.



1 BBEAEHUE

BaxHylo 4acTh TeOpeTH4eCKOil U MpodecCHOHANBHON MPAKTUYECKOH MOATOTOBKH 00yYaromInuXCs
COCTABJIAIOT MPAKTUYECKUE U Ja0OpaTOPHbIE 3aHATUS.

CocrtaB u coaepKaHWE MPAKTUYECKUX M JIAOOPATOPHBIX 3aHATUN HANpaBlIeHbl HA PEATH3ALHUIO
denepanbHOr0 TrOCYAApCTBEHHOINO 00pa30BaTEIbHOIO CTaHIApTa CPeAHEro oouiero odpa3zoBaHHs C
Y4ETOM I10JIy4a€MOH CIIELIMAIBLHOCTH.

Benymeli  aunakTudeckodl  Ledb0  NPAKTHUECKUX  3aHATUH  sBiseTcs  (OpPMHUpPOBAaHUE
poeCCUOHATIBHBIX MPAKTUYECKUX YMEHUH (YMEHHI BBINOJIHATH ONPEACICHHbIE ICHCTBUS, ONEpalny,
HE0O0XO/AUMBIE B MOCIEIYIOIEM B IPOPECCHOHATIBHOM EATEIBHOCTH) MM YyYEOHBIX MPaKTHUECKUX
YMEHUH (YMEHHUH pemiaTh 3a1a4u 1o GpU3HKe), HEOOXOIUMBIX B OCIEIYIONEH yueOHOM eI TeTbHOCTH.

Benymeli aupaktuueckoil 1Lenbio Ja0OpaTOPHBIX 3aHATHH SABISETCA SKCIIEPUMEHTAIbHOE
IIOATBEPK/ICHUE U IPOBEPKA CYILIECTBEHHBIX TEOPETUUECKUX MOJIO0KEHUH (3aKOHOB, 3aBUCHMOCTEMN ).

B cootBercTBuM c paboueil mporpammol y4eOHOW IUCHMIUIMHBI «DPHU3MKa» MPEeayCMOTPEHO
IIPOBEJICHUE MPAKTUYECKUX U JTa0OPATOPHBIX 3aHATHI.

BeinonHeHue npakTHYecKuX M J1a00paTOpHBIX paboT o0ecreynBaeT JOCTH)KEHUE 00yYaroIUMUCS
CIIEAYIOIIUX Pe3yabTaTOB:

IT1P61. chopMupoBaHHOCTH MPENCTABICHUH O POJIM U MecTe (PU3MKUM U aCTPOHOMHMU B COBPEMEHHOMU
HAyYHOH KapTHMHE MHpa, O CHUCTEMOOOpasyromeld poiau (U3WKA B PA3BUTUM €CTECTBEHHBIX HAYK,
TEXHUKA W COBPEMEHHBIX TEXHOJIOTHH, O BKJAJe POCCHUCKHX M 3apyOeKHBIX YUEHBIX-(U3UKOB B
pa3BUTHE HAYKH; TOHUMaHHE (PU3NIECKON CYIIHOCTH HAOJI0JaeMbIX SBJICHHIH MHUKPOMHPA, MAaKpOMHUPA
U Merammpa; OHMMaHHWE POJIM aCTPOHOMMHU B IPAKTUUYECKOH AEATEIbHOCTU YEJIOBEKa U JlalbHEUIEM
Hay4YHO-TEXHUYECKOM DAa3BUTHUH, POJU (QHU3UKH B (OPMHUPOBAHUHU Kpyrosopa M (PyHKIHMOHAIBHON
I'PaMOTHOCTH Y€JIOBEKa JIJIsl pELICHMsI IPAaKTUYECKUX 33]1a4;

ITP62. chopMupoBaHHOCTH YMEHUH paclO3HABATH (U3NUYECKUE SIBIECHUS (TIPOLECCHI) U OOBSCHATH UX Ha
OCHOBE W3YYEHHBIX 3aKOHOB: PaBHOMEPHOE U PaBHOYCKOPEHHOE TPAMOJIMHEHHOE JBH)KEHUE,
CBOOOJHOE MaJIeHUE Tell, ABM)KEHHE 10 OKPY)KHOCTH, MHEPIMs, B3aUMOJAEUCTBHUE TeJ, KojeOaTenbHOoe
JBUKEHHE, PE30HAHC, BOJIHOBOE JIBMKEHUE; MU dy3us, OpOyHOBCKOE IBUKEHUE, CTPOEHUE KHUAKOCTEH
U TBEpPABIX TeJ, W3MEHEHHE O0beMa TeJl NpPHU HarpeBaHuM (OXJAXJEHUH), TEIUIOBOE paBHOBECHE,
UcHapeHue, KOHIeH calysl, TUIaBlieHue, KpUCTAJIM3alusl, KUIIEHHUE, BIaXXHOCTh BO3/1yXa, CBSI3b CpeaHel
KMHETUYECKOM PHEPruM TEIUIOBOTO JBHUKEHHS MOJIEKYJ] € aOCOJIIOTHOM TeMIlepaTypol, MOBBILLIEHUE
JABJICHU Ta3a IIPU €T0 HarpEBaHUU B 3aKPBITOM COCYJE, CBA3b MEXIY NapaMeTpaMu COCTOSIHUS rasza B
U30IIpoLeccax; 3JIEKTPU3alUs TeJ, B3aUMOJECHCTBUE 3apsl0B, HArpEBaHHME IPOBOJHUKA C TOKOM,
B3alMOJICIICTBME MAarHUTOB, dJIEKTPOMarHUTHAs MHAYKLUS, JEHCTBUE MAarHUTHOTO TOJISl HA IIPOBOJHUK
C TOKOM M JBIKYIIMHCS 3apsj, OSJICKTPOMAarHUTHbIE KOJIEOAHWS M BOJIHBIL, TNPSMOJIMHENHHOE
pacnpocTpaHEHHE CBETa, OTpakeHHE, INpeoMieHHe, UHTepdepeHiys, TUGpakmus U MOJSpU3alus
CBETa, JucTepcus cBeTa;, (orornekTpudeckuii >(P¢eKT, CBETOBOE aBJIICHHE, BO3HHUKHOBEHUE
JMHEIYaToro creKkTpa aToMa BoJI0po/a, ECTECTBEHHAsI U MCKYCCTBEHHAs paJiMOAKTUBHOCTD;

[1PG3. BazeHre OCHOBOIOJIATAIOIIUMU (PU3NUECKUMHU MOHATUSAMU U BEIMYUHAMH, XapaKTepU3yIOLTUMHU
¢usnyeckre Tmpouecchl (CBA3aHHBIMH C MEXaHHMYECKUM JIBIDKEHHEM, B3aUMOJICHCTBUEM  Tell,
MEXaHUYECKUMHU KOJIeOaHUSAMU U BOJHAMU; aTOMHO-MOJIEKYJIIPHBIM CTPOCHHUEM BEIIECTBA, TEIJIOBBIMU
IIpoLeccamMy; 3JEKTPUUYECKMM U MarHUTHBIM TOJISIMM, SJIEKTPUYECKUM TOKOM, 3JIEKTPOMAarHUTHBIMU
KoJIeOaHUSAMU M BOJHAMH; ONTHYECKUMH SIBICHUSIMM; KBAHTOBBIMHU SIBICHUSIMH, CTPOCHHEM aTroma U
aTOMHOTO  5ipa, PaJHMOAaKTHUBHOCTHIO);  BJIAJEHHE OCHOBOMOJATAIOIIMMU  aCTPOHOMUYECKUMU
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MOHATUSAMH, IO3BOJISIOIIMMHU XapaKTEepU30BaTh IMPOLECCHI, MPOUCXOIAIINE HA 3BE3/1aX, B 3BE3HBIX
cCHCTeMax, B MeXKTaTaKTUYECKON Cpeie; ABMKEHNE HeOECHBIX T, HBOJIIOIUIO 3Be3/] U BeenenHol;
[1P64. BnasieHne 3aKOHOMEPHOCTSAMH, 3aKOHAMH U TEOPUSAMH (3aKOH BceMupHOro tarotenus, 1, I u 111
3aKkoHbl HpIOTOHA, 3aKOH COXpaHEHMsI MEXAaHUYECKON IHEPIUH, 3aKOH COXPAHEHUS UMITYJIbCA, IPUHIUI
CYNEpHO3ULMM CWJI, IPHUHLHUII PABHONPABHOCTH MHEPLUUAIBHBIX CHCTEM OTCUETa; MOJIEKYJISIPHO-
KMHETHUYECKYIO TEOPHIO CTPOEHUS BELECTBA, Ia30BbI€ 3aKOHBI, MEPBBI 3aKOH TEPMOJANHAMUKH; 3aKOH
COXpaHEHMs DJIEKTPUYECKOro 3apsja, 3akoH Kysona, 3akoH Oma ans ydacTka nenu, 3akoH Oma s
IIOJTHOM 3JIEKTpUYECKOM Lemnu, 3akoH Jlkoyns - JleHna, 3aKOH 3J€KTPOMAarHUTHOW MHAYKIHMH, 3aKOH
COXPAHEHMs SHEPIUH, 3aKOH MPSIMOJIMHENHOIO PACIPOCTPAHEHUS CBETA, 3aKOH OTPAYKEHMsI CBETA, 3aKOH
IIPEJIOMJIEHUSI CBETA; 3aKOH COXPAaHEHUS SHEPruM, 3aKOH COXPAHEHHS HMIIYJIbCA, 3aKOH COXPAHEHUS
JIEKTPUUYECKOrO  3apsfa, 3aKOH COXPAHEHUS MacCoBOIO UHUCIA, IOCTynaTrel bopa, 3akoH
palMOAaKTUBHOIO Ppaclaja); YBEPEHHOE HCIOIb30BAHUE 3aKOHOB M 3aKOHOMEPHOCTEH IIPH AHAIM3E
(U3HYECKUX SBICHUN U TIPOIIECCOB;

I1P65. yMeHue y4yuThIBaTh I'pPAaHUIBI IPUMEHEHMs H3YYEHHBIX (U3MYECKUX MOJENei: mMarepuanbHas
TOYKA, MHEpLUUAIbHAs CUCTEMa OTCYETa, WJCaJIbHBIA ra3; MOJAEIM CTPOEHHUS Ia30B, JKUAKOCTEH U
TBEPJIbIX TEJN, TOUEUHbII IEKTPUUECKUI 3apsia, siepHas MOJEIb aTOMa, HYKJIIOHHAs MOZEJb aTOMHOTO
A7Ipa IpU pelIeHnH PU3NUECKUX 3a1au;

[1P66. B1ageHre OCHOBHBIMH METOJAMH HAayYHOT'O MO3HAHMS, UCIOJIb3YEMBbIMU B (PH3UKE: IPOBOJUTH
NpsIMbIe ¥ KOCBEHHBIE M3MEPEHHS (PHU3UUECKUX BEJINYHH, BEIOWPAs ONTHMAJIBHBIN CIOCO0 M3MEPEHUs U
UCIOJIb3YSl W3BECTHBIE METOJAbl OLICHKM IIOIPEIIHOCTEN W3MEPEHHH, NpPOBOAUTH HCCIEI0BaHUE
3aBHCUMOCTEH (PU3NYECKUX BEIMYMH C MCIIOJIB30BAaHHEM MPSMBIX U3MEPEHUH, OOBSCHITH TOJTYYCHHBIE
pe3yabTaThl, UCHOJb3Ys (U3NYECKUE TEOPHM, 3aKOHBI M IOHSTHUSA, U JeNaThb BBIBOJABI; COOJIIOJIATH
npaBuia 0€30MacHOro TpyAa MpH NMPOBEICHUM HCCIEIOBAaHUM B paMKax y4eOHOro SKCHEpUMEHTa U
y4eOHO-HCCIIE0BATENIBCKOM IEATEILHOCTH C MCIIOJIb30BaHUEM LU(POBBIX U3MEPUTENBHBIX YCTPONCTB
U 1a00paToOpHOro 000pyAOBaHUs; CHOPMHUPOBAHHOCTD MPEICTABICHUNA O METO/1aX MOJTYUYEHUS HAyYHbBIX
aCTPOHOMHUYECKUX 3HAHMM;

[1PG7. chopMHUpPOBAaHHOCTh YMEHUS PELIaTh paCUETHHIE 33a4UU C SIBHO 3a/laHHOM (U3UYECKON MOJIENbIO,
UCIOJNIBb3YSl (U3NYECKHE 3aKOHbl W NPUHLUIBI, Ha OCHOBE aHalM3a YCJIOBUS 3aJaud BbIOMpATh
(bu3NYECKYI0 MOJIENb, BBIACIATh (PU3HMUECKUE BEITUUYHUHBI U (POPMYIIbl, HEOOXOAUMBIE AJISl €€ pelIeHMUs,
IIPOBOAMTDH PAaCUYEThl U OLIEHUBATh PEAIBHOCTD MOJIYUEHHOTO 3HaUEHUs (PU3NUYECKOI BEIMUUHBI;, pellaTh
KAaueCTBEHHBIE 3a/1a4M, BBICTpauBasl JIOTMYECKH HENPOTHBOPEUMBYIO LIETIOUKY PACCYKICHHUM C ONOpOM
Ha U3Y4YEHHBIE 3aKOHBI, 3aKOHOMEPHOCTH U (PU3NUECKUE SIBICHUS;

ITP68. chopMUpPOBAaHHOCTH YMEHMS NPUMEHSATHh IOJyYEHHbIE 3HAHUSA IS OOBACHEHHs YCIOBHH
NpoTeKaHus (QU3MUECKUX SIBICHUM B MpUpoOAe M IS NPUHATHS NPAKTUYECKUX pEIIeHUH B
MOBCEIHEBHOM >KM3HM JUIsl oOecrieueHus: 0e30MacHOCTH MpH OOpalleHHH ¢ OBITOBBIMU IpHOOpaMu U
TEXHUYECKUMHU YCTPOMCTBAMHU, COXPAHEHHUSI 3J0POBbs U COOJIIO/IEHUSI HOPM SKOJIOTHYECKOTO TTOBEICHUS
B OKpYXarollel cpee; MOHMMaHue He0OXOUMOCTH MPUMEHEHUsI JOCTHKEHUH (U3UKU U TEeXHOJOTUH
JUIS paliiOHaIbHOTO TPUPOIOTIOIB30BAHUS;

IT1P69. chopmMHpPOBaHHOCTH COOCTBEHHOM IMO3UIMHM IO OTHOWICHHIO K (PU3NYECKOH HHpOpManuy,
MOJy4aeMOil M3 pa3HbIX HCTOYHHUKOB, YMEHHMH HCHOJIB30BaTh LU(PPOBBIE TEXHOJOTHH IS TOHUCKa,
CTPYKTYpUPOBAHUS, UHTEPIPETALIMM U MPEJCTaBICHHUs YUeOHON M Hay4yHO-TIOMYJISApHON HMH(OpManuy;
pa3BUTHE YMEHUI KPUTHUECKOTO aHAIM3a MOoTy4aeMoi HHPOpMalny;



[TP610. oBmaneHne ymMeHUsSMH pabOTaTh B TPYMIE C BHIMIOJHCHHEM PA3IMYHBIX COIMAIBHBIX POJICH,
IUTAHUPOBaTh PabOTy TpyHNbl, pPALUMOHAIBHO PACHPENENATh JeSITeIbHOCTh B HECTAaHIAPTHBIX
CUTyalusiX, aJeKBATHO OLEHUBAaTh BKJIAJ KaXJIOr0 M3 YYaCTHUKOB TpPYIIBI B pELICHHE
paccMaTpuBaeMoi MpoOIeMBbl;

[IPG11. oBnagenue (CHOPMUPOBAHHOCTH MPEACTABICHUI) MpaBWIAMU 3amucu (U3HYECKUX (Popmyr
penbedHO-TOUSYHOM cucTeMbl 0003HaueHui JI. bpaitst (71s1 cinenbix U CIIaboBUIAIINX 00yUYaOIINUXCS);
MPI1. camocrosiTenbHO (QOPMYIUPOBAaTH M aKTyalU3UpOBaTh MpoOjeMy, paccMaTpuBaTh €€
BCECTOPOHHE;

MP2. ycranaBnuBaTh CYyIIECTBEHHBIM MPU3HAK WM OCHOBAHUS /JS CPaBHEHHUA, KIAacCUPUKALUU U
00001IEeHHS;

MP3. onpenensts Lenu AesTeIbHOCTH, 3a/1aBaTh IapaMeTpbl U KPUTEPUU UX JOCTUKECHMUS,;

MP4. BbISBIATh 3aKOHOMEPHOCTH U IIPOTUBOPEUHS B PACCMATPUBAEMBIX SIBJICHMSIX;

MPS5. BHOCUTb KOPPEKTUBBI B AESATEIbHOCTD, OLIEHUBATh COOTBETCTBUE PE3YNIbTATOB LIEJSM, OLICHUBATh
PUCKU TOCIEACTBHIA NESTENbHOCTH;

MP6. pa3BuBaTh KpeaTUBHOE MBIIIJICHUE MIPU PEIICHUH KU3HEHHBIX POOIIeM;

MP7. BrnaneTh HaBbIKAMH Y4Y€OHO-MCCIEIOBATENbCKOM M MPOEKTHOM MAESTeTbHOCTH, HaBBIKAMU
paszpeleHust mpoodieM;

MPS. cnocoOHOCTh U TOTOBHOCTb K CAMOCTOATEIBbHOMY IOHUCKY METOJIOB DPELIEHUS NMPAKTHUYECKUX
3aJ1a4, IPUMEHEHHIO Pa3IMYHbIX METOJIOB TIO3HAHNUS;

MP9. oBnasgeHue BHIAaMU JEATEJIBHOCTH IO TOJIYYEHHIO HOBOI'O 3HaHMs, €ro HWHTEpIpETaluu,
npeoOpa3oBaHUI0 M NMPUMEHEHHIO B PA3JIMYHBIX y4EOHBIX CHTYyallUsiX, B TOM YHCJIE NPU CO3JaHHUU
y4eOHBIX U COIMANIbHBIX TPOEKTOB;

MP10. ¢popmupoBaHuEe HAYYHOTO TUMA MBIIIJICHUS, BiIaJIEHUE HAYYHON TEPMHUHOJIOTHEH, KIHOUYEBHIMU
MOHATUSAMH U METOJAMU;

MPI11. craButh u ¢opMyTUpOBaTh COOCTBEHHBIE 3aJaud B OOpa30BaTENbHON JEATEIBHOCTH U
KU3HEHHBIX CUTYalUsIX;

MP12. BBIABIATH IPUUYUHHO-CJIE/ICTBEHHBIE CBSA3HM U aKTyaJU3UpOBATh 3a]audy, BBIIBUIATh THIIOTE3Y €€
pellIeHns, HaXOAWTh apryMEHThl Ul J0Ka3aTeJbCTBA CBOMX YTBEPXKICHUM, 3aJaBaTh NapameTpbl U
KPUTEPUU PEIICHHUS;

MP13. ananu3upoBaTh NOJYyYEHHBIE B XOJ/I€ PEILICHUS 3a/la4ll Pe3yNbTaThl, KPUTUYECKU OLIEHUBATh UX
JOCTOBEPHOCTb, IPOTHO3UPOBATh U3MEHEHHUE B HOBBIX YCIIOBHSIX;

MP14. naBath OIIEHKY HOBBIM CUTYallUSM, OLICHUBATh IPUOOPETEHHBIN OMBIT;

MP15. pa3pabaTeiBaTh IUIaH pelIeHUs MPOOJIEMBbI C Y4eTOM aHallh3a MMEIOIIMXCS MaTepUaIbHBIX U
HEMaTepUaIbHBIX PECYPCOB;

MP16. ocymecTBiATh II€JICHANPABIEHHBI TOWUCK TEPEeHOCa CPEJCTB W CIOCOOOB JEHCTBHUS B
poeCCUOHAITBHYIO CPENy;

MP17. ymMeTh NE€pEHOCUTH 3HAHUS B IO3HABATEIBHYIO U IPAKTHUECKYIO 00JIaCTH KUZHEAEATEIbHOCTH;
MP18. ymMeTh UHTETpUPOBATh 3HAHUS U3 PA3HBIX MPEAMETHBIX 00J1acTel;

MP19. BeI1BUraTh HOBBIE UAEH, TIPEIIAraTh OPUTMHAIBHBIE OIX0 bl U PEILICHNUS;

MP20. craBuTh npo0iaeMsl U 331a4H, TOMYCKAIOIINE AIbTePHATUBHBIC PELICHMUS;
MP21. BnageTrh HaBbIKAMH MOJy4eHUS WH(OPMALMKU U3 MCTOYHUKOB PA3HBIX THUIIOB, CAMOCTOSITEILHO

OCYILIECTBIIATh MOUCK, aHAJIU3, CUCTEMATH3AIMI0 U UHTEPIPETAi0 NHPOPMAIIUN Pa3TUYHbIX BUJOB U
dhopm mpecTaBIeHNUs,



MP23. oueHuBaTh JOCTOBEPHOCTb,

MP24. ucnonws3oBath cpeacTBa WHGOPMAIMOHHBIX M KOMMYHUKAITMOHHBIX TEXHOJOTHH B PEIICHUH
KOTHUTHBHBIX, KOMMYHUKATHBHBIX U OPraHU3allMOHHBIX 33]a4 C COONoJeHUEeM TpeOoBaHUM
SPrOHOMUKH, TEXHUKH O€30IaCHOCTH, TUTHEHBI, pecypcocOepeKeHus, MPaBOBbIX U ITUYECKUX HOPM,
HOPM MH(OPMAIIMOHHON 0€30MMaCHOCTH;

MP26. ocymiecTBIATh KOMMYHHKAIIUK BO BCeX c(hepax >KU3HU;

MP28. BnaieTb pa3IuyHbIMH CIIOCOOAMH OOIIEHUS U B3aUMOICHCTBUS;
MP29. apryMeHTHpOBaHHO BECTH JIUAJIOT, YMETh CMTYaTh KOH(PJIMKTHBIE CUTYallUH,

MP30. pa3BepHYTO U JIOTUUHO HU3JIaraTh CBOIO TOUKY 3PEHMSI C UCIIOJIb30BAHNUEM SI3BIKOBBIX CPE/CTB;
MP31. noHMMaTh U UCNONB30BATh IPEUMYLIECTBA KOMAHHOW U MHAMBHUYaJIbHON padoThI;

MP32. BeIOMpaTh TEMAaTUKy W METOJbl COBMECTHBIX JEHCTBHH C y4eTOM OOIIMX HWHTEPECOB U
BO3MOKHOCTEH KaXKA0I'0 WiCHA KOJUICKTHBA;

MP33. npyHUMATh LI€JIM COBMECTHOM JIE€ATEIIbHOCTH, OPTaHU30BBIBATh M KOOPJMHUPOBATH JIEUCTBUS 110
€€ JOCTWKEHUIO: COCTaBJATh IJIaH ACHCTBUN, paclpelneisiTh pPOJIM C YYETOM MHEHUN YYaCTHUKOB
00CYyXKIaTh pe3yJbTaThl COBMECTHOU PabOThI;

MP34. onennBaTh KaueCTBO CBOETO BKJIAJa M Ka)JIOr0 YYaCTHMKA KOMaHIbl B OOIIMN pe3yabTar IO
pa3pabOTaHHBIM KPUTEPHUSIM;

MP35. mnpepnaratb HOBBIE IIPOEKTHI, OLIEHMBAaTh MJEU C IIO3ULUU HOBU3HBI, OPUTIMHAJIBHOCTH,
MPAKTUYECKON 3HAYMMOCTH;
MP37. ocymiecTBIsATh MO3UTUBHOE CTPATETUUYECKOE MOBEACHHUE B PA3JIMYHBIX CUTYaLUsIX, HIPOSBIATH

TBOPYECTBO U BOOOPAKEHUE, OBITh MHUIIMATUBHBIM;

MP38. caMOCTOATENBHO OCYIIECTBIISTH MO3HABATEIBHYIO JI€ATEIbHOCTD, BBISBISATH MPOOIEMbI, CTABUTh
1 hopMyIHUpoBaTh COOCTBEHHBIE 3a/1a4H B 00pa30BaTEIbHON ACSITEIbHOCTH U KU3HEHHBIX CUTYAIIHSIX;
MP39. caMOCTOSTENPHO COCTABIATH IJIAH PEIHICHUs MPOOJIEMBI C y4E€TOM MMEIOLIMXCS PECYpPCOB,
COOCTBEHHBIX BO3MOXKHOCTEH M MPEANOYTEHUI;

MP40. naBaTb OLIEHKY HOBBIM CUTYAalLlHUsIM;

MP41. pactupsaTh paMKi y4eOHOTO TIPEeIMETa Ha OCHOBE JIMUHBIX MPEANOYTEHUIH;

MP42. nenaTh 0CO3HaHHBIN BBIOOp, ApryMEHTUPOBATh €r0, OpaTh OTBETCTBEHHOCTD 3a PEIICHUE;

MP43. oueHnBaTh NpUOOPETEHHBIN OIBIT;

MP44. cnoco6cTBoBaTh (OPMHUPOBAHHIO U TPOSBICHUIO IIUPOKOM 3PpYAMLIMU B Pa3HBIX 001acTIX
3HAHUM, TOCTOSTHHO MOBBIIIATh CBOM 00Pa30BaTEIbHBIN U KyJIbTYPHBIN

MP45. naBaTh OLEHKY HOBBIM CHUTyalusiM, BHOCUTb KOPPEKTHBBI B JAEATEIbHOCTb, OLIEHUBATh
COOTBETCTBHUE PE3YJIBTATOB LM,

MP46. BnageTh HaBbIKAMU TO3HABATEIbHOM pedieKCMM KaK OCO3HAHUS COBEpIIAEMBbIX ICHCTBUM U

MBICJIIMTCIIBHBIX IMMPOLECCOB, UX PC3YJIbTATOB U OCHOBaHHﬁ;
MP47. ucnons3oBaTh IIpUCMbI pe(b.HCKCI/II/I AJId OLICHKU CHUTYyalluu, BLI60pa BCPHOI'O PCHICHUSA;

MP48. ymeTh O1IEeHUBATh PUCKH U CBOEBPEMEHHO ITPUHUMATD PEIICHUS 110 UX CHUKEHUIO;
MP54. npunumats ce0s, MOHUMAs CBOM HEJOCTATKH U JIOCTOMHCTBA;

MPS5S5. npuHEMaTh MOTHBBI M aPTYMEHTBI IPYTHX JIOAEH IPU aHAIIN3€E PE3yIbTaTOB ACITEIBHOCTH;

MP56. npu3HaBaTh cBO€ IPaBO U MPaBO IPYIUX JrOAEH Ha OIUOKY;
JIP1. chopmupoBaHHOCTh TPaKTAHCKOW TMO3ZHIIMH OOYYArOMIErocs KaK aKTHBHOTO U OTBETCTBEHHOTO

YJIeHa POCCHICKOTO 00IIeCTBa;
JIP3. IMPUHATHUEC TPAAUIUOHHBIX HallMOHAJIbHBIX, O6HI€‘I€J'IOB €4YCCKUX TYMaHHUCTHUYCCKUX n
ACMOKPATUYCCKUX HeHHOCTeﬁ;



JIP5. TOTOBHOCTP BECTHM COBMECTHYIO JEATEIBHOCTh B HWHTEpPEcax TPaKJaHCKOTO OOIIEeCTRa,
Y4acTBOBaTh B CaMOYIPAaBJICHUH B 00II€00pa30BaTENIbHON OpPTraHU3allil M JETCKO-IOHOIIECKHX
OpraHM3alusix;

JIP6. ymeHue B3aUMOJICHCTBOBATH C COLMAIBHBIMA WHCTUTYTaMH B COOTBETCTBHH C UX (YHKUUSMH H
Ha3HAYCHUEM;

JIP7. roTOBHOCTb K TYMaHUTAPHON U BOJOHTEPCKOM JIEATEIIbHOCTH;

JIP8. chopMHpOBaHHOCTH POCCHICKOM TPaXKTAHCKON UACHTUYHOCTH, TATPHOTHU3MA, YBAKCHHSI K CBOEMY
Hapo/y, YyBCTBA OTBETCTBEHHOCTH Iepen PoauHoM, ropaocTu 3a cBOil Kpal, cBoto PoauHy, CBOil SI3bIK
U KyJIbTYpY, IPOILIOE U HACTOSAIIEE MHOIOHALIMOHAIBLHOTO Hapoaa Poccuu;

JIP9. 1LIEHHOCTHOE OTHOILEHHWE K TOCYAAPCTBEHHBIM CHMBOJAM, HCTOPUYECKOMY U IPUPOJHOMY
HaCJIEUIO, MaMsSITHUKaM, TpalulusM HaponoB Poccuu, noctwxkeHusM Poccum B Hayke, HCKYCCTBE,
CIIOpPTE, TEXHOJIOTHUSIX U TPYJE.

JIP12. cdopMupOBaHHOCTh HPABCTBEHHOTO CO3HAHUS, STUYCCKOTO ITOBEICHHS;

JIP13. ciocoOHOCTh OIIEHMBATh CHUTYAIlMI0 M MPUHUMATh OCO3HAHHBIC PEUICHHs, OPUEHTUPYSACH Ha
MOpPaJIbHO-HPaBCTBEHHbIE HOPMbI U IEHHOCTH;

JIP14. oco3nanue IMYHOTO BKJIaJa B IOCTPOEHUE YCTOWYMBOTO OyIyIIEro;

JIP16. scTeTHueckoe OTHOIIEHHE K MHUPY, BKIIOYas ICTETHKY ObITa, HAYYHOTO U TEXHHYECKOTO
TBOPYECTBA, CIIOPTA, TPYAa U OOIIECTBEHHBIX OTHOLICHHUIA;

JIP25. wuHTepec K pas3auuHbIM cdepaM NpodecCHOHAIbHOW JAESITEIbHOCTH, YMEHHUE COBEpIlaTh
OCO3HAHHBIN BEIOOP Oymyiel mpodeccuu 1 peain30BbIBATE COOCTBEHHBIC KHU3HECHHBIC TUTAHEI;

JIP26. TOTOBHOCTB M CITIOCOOHOCTH K 00pa30BaHUIO U CaMO0OpPa30BaHUIO Ha MPOTSHKEHUN BCEH JKU3HH;
JIP27 chopMUpOBaHHOCTH KOJIOTUYECKON KYIbTYPhl, HOHUMAaHUE BIUSHUS COIUAIBHO-IKOHOMUYECKUX
IIPOIIECCOB Ha COCTOSHUE MPHPOJHOW M COLMANBHOM Cpelbl, OCO3HAHUE TIJI00aJBHOIO XapakTepa
HKOJIOTHYECKUX MPOOIIeM;

JIP28. nuiaHupoBaHME M OCYIIECTBJIEHUE AECUCTBUN B OKpYXAlOUIEW cpelie Ha OCHOBE 3HAaHMS Lielei
YCTOMYMBOTO Pa3BUTHUS YEJIOBEUECTBA;

JIP31 pacmupenue omnbiTa AeITeIbHOCTH YKOJIOTHYECKON HAPABICHHOCTH;

JIP32 cdopMHUpPOBaHHOCTH MHPOBO33PEHHS, COOTBETCTBYIOILEIO COBPEMEHHOMY YPOBHIO Pa3BUTHS
HayKH U OOLIECTBEHHON MPAaKTHKH, OCHOBAHHOTO Ha JAHAJIOre KYJIbTYp, CIIOCOOCTBYIOIIETO OCO3HAHUIO
CBOETO MECTa B MOJUKYJIBTYPHOM MHPE;

JIP34 oco3HaHuE LEHHOCTH HAYYHOW J€ATEIbHOCTH, TOTOBHOCTb OCYILECTBISATh IPOEKTHYIO U
HCCIIEI0BATEIbCKYIO JESTETbHOCTh HHAUBHUIYaIbHO U B IPYIIIE;

ConepxxaHue MpaKTUYECKUX U JaO0PaTOPHBIX 3aHATUI OPUEHTUPOBAHO Ha MOATOTOBKY 00YYaIOIINXCS
K OCBOGHHIO MPO(ECCHOHATBHOIO MOIYJS MpOrpaMMbl MOJATOTOBKU CHEMHAINCTOB CPEJHEr0 3BEHa IO
CNIELMAIBHOCTU 1 JOPMHUPOBAHHMIO 00IIMX KOMIIETeHIMIA:

OK 01 Bsibupats crioco0sl pemeHus 3aaad npohecCuoHaIbHON AeITENFHOCTH TPUMEHUTEBHO K
pa3IMYHbIM KOHTEKCTaM

OK 02 Hcnonb30BaTh COBPEMEHHBIE CPEACTBA IMOMCKA, aHAJIN3a U MHTEPIIPETallui HHDOpMALIUY U
MH(pOPMAaIMOHHbIE TEXHOJIOTHH [T BBIMOJIHEHUS 3a/1a4 TPO(peCCHOHATIBHOM 1€ TeIbHOCTH

OK 03 IlnanupoBaTh M pealn30BbIBaTh COOCTBEHHOE MpO(eccHOHATbHOE W JIMYHOCTHOE
pa3BUTHE, MPEIIPUHUMATENBCKYIO JIESITEIbHOCTh B NMPO(ecCHOHAIBHON cdepe, HCIoNb30BaTh 3HAHUS
T10 MPaBOBOM U (PMHAHCOBON TPAMOTHOCTH B Pa3IMUHBIX KU3HEHHBIX CUTYaIUSIX

OK 04 D¢ddexTuBHO B3auMOIEHCTBOBATh U pabOTaTh B KOJIJICKTUBE M KOMaHIe



OK 05 OcymecTBisiTh YCTHYIO U INHCBMEHHYI0 KOMMYHHUKALMIO Ha TOCYJAapCTBEHHOM S3BIKE
Poccutickoit deneparuu ¢ y4eToM 0COOCHHOCTEH COIMAIBLHOTO U KYJIBTYPHOTO KOHTEKCTA

OK 06 IlposBasTh Trpa’kIaHCKO-NIATPUOTUYECKYIO IO3ULUIO, JIEMOHCTPUPOBATH OCO3HAHHOE
IIOBEJICHHE HA OCHOBE TPAJULMOHHBIX POCCUMCKUX TYXOBHO-HPABCTBEHHBIX LIEHHOCTEH, B TOM YHCIIE C
YYETOM TapMOHHU3AIMH MEKHAIMOHAIBHBIX M MEXPEIUTHO3HBIX OTHOLICHWN, MPUMEHSTh CTaHIapThI
AHTUKOPPYILMOHHOTO OBEJCHUS

OK 07 CopneiicTBOBaTh COXpPAaHEHUIO OKPYXKAIOLIEH CpEnbl, pecypcocOepexeHnto, MPUMEHSTH
3HaHUs 00 M3MEHEHMM KJIMMara, PUHLUIBI OEpeKIUBOT0O NMPOU3BOACTBA, 3()(PEKTUBHO NeiicTBOBATh B
Ype3BbIUANHBIX CUTYAIHSIX

OK 08 Hcnonb3oBaTh cpeacTBa (GU3NIECKON KYJIbTYPHI I COXPAHEHHS U YKPEIIJICHUS 37J0POBbS
B Iporecce NpoecCHOHATbHON AEATENbHOCTH U TMOAJAEPKaHUsT HEOOXOAMMOTO YPOBHS (U3NUECKOM
[IOJIrOTOBJICHHOCTH

OK 09 ITonb3oBaThCst TpoQecCHOHANBHON JOKYMEHTAIME! Ha rOCy1apCTBEHHOM U MHOCTPAHHOM
A3bIKAX

Broimonnenue oOyuaromuxcst MTPAaKTHUECKUX W/WIM  J1abopaTOpHBIX padoT 1o  y4eOHOM
muctumuinHe «Pu3nKay HalpaBlIeHO Ha!

- 00oOmieHue, CHCTEMAaTH3AlMI0, YIIyOJIeHHe, 3aKpeIUICHHE, pa3BUTHE W  JCTAIU3AIHIO
MOJIYYCHHBIX TEOPETHYCCKHUX 3HAHUH 10 KOHKPETHBIM TeMaM YIeOHOW JUCIUILTAHEL,

- opMupoBaHUEe YMEHHI TTPUMEHSTH MMOJIyYCHHBIC 3HAHHS HA TPAKTUKE, pealu3alluio eINHCTBA
HWHTEJUICKTYATbHOW U MTPAKTUICCKON JACSITEITbHOCTH;

- (bopmupoBaHue M pa3BUTHE YMEHHIA: HAOIOJaTh, CPABHUBATH, COMOCTABISATh, aHAIM3UPOBATH,
JeNaTh BBIBOABI M OOOOIIEHHS, CaMOCTOSTEIBHO BECTH WCCIIEIOBAHUS, IMOJB30BATHCS PA3TMIHBIMU
pueMaMu U3MEpeHHit, 0pOPMIISITh Pe3yIIbTaThl B BUIE TAOJIHII, CXEM, IPapUKOB;

- MPUOOPETEHUE HABBIKOB PA0OTHI C Pa3IMYHBIMU TpUOOpaMHu, anmapaTypoid, yCTaHOBKAMH H
JAPYTUMH TEXHUYECKUMHU CPEICTBAMH IS TPOBE/ICHUS OIBITOB;

- pa3BHTHE WHTCIUICKTYalIbHBIX YMEHHH Yy OyAylmMX CHCIHATUCTOB: aHAJTHTHYECKUX,
MPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JP.;

- BBIPA0OTKY TPH PEIICHUU IMOCTABICHHBIX 33J1a4 MPOPECCHOHATBHO 3HAYUMBIX KAa4eCTB, TAKHX
KaK CaMOCTOSATEIbHOCTh, OTBETCTBEHHOCTh, TOUHOCTb, TBOPUYECKAsT MHUIMATHBA.

[pakTrdeckue W 1a0OpATOPHBIC 3aHATUS TIPOBOISTCS B paMKaxX COOTBETCTBYIOIICH TEMBI, ITOCIS
OCBOGHHUS JUAAKTHUECKUX €IWHMIL, KOTOpble OOECHEeUMBAIOT HAIWYME 3HAHU, HEOOXOMUMBIX MJII ee
BBITTOJTHCHHSI.



2METOJUYECKHUE YKA3AHUSA

Pasznea 2 Mexanuka Tema 2.1 OcHOBBI KHHEMATHKH

HpaKaneCRoe 3ansaTue Nel Pemenune 3aJa4 M0 KHHEMAaTHKCE. ypaBHeHl/lﬂ ABHKCHUSA

Heab: HayuuTbcs pa3nuyaTh BHJBI MEXAHUYECKOT'O JBI)KEHUS B 3aBHCHUMOCTH OT (POPMBI
TPAGKTOPUU U CKOPOCTH NEPEMEIEHHs Tella, PACCUUTHIBATH €r0 MapaMeTphl, HAYYUThCS H300paxarhb
rpaduuecKy pa3jiMyHble BHJbl MEXAaHUYECKUX JIBHXKEHMH, 3aluChlBaTh YpPaBHEHMs JBMXKEHUS,
pa3nuyaTth €ro OTHOCUTENBHOCTh; HAYyYHTHCS (POPMYIHMPOBATH CIEAYIOUINE MOHATHS: MEXaHHYECKOe
IBM)KEHHUE, CKOPOCTh M YCKOPEHHE, CUCTEMA 0TCUETa, MEXaHUYECKHH TPUHIUI OTHOCUTEIbHOCTH

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

MarepuajibHoe o0ecrnieyeHue:

MHAMBUYaJIbHOE 33/1aHUE, KOHCIIEKT JIEKIIUH, CIIPAaBOYHbBIE MaTepHaJIbI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JIBYX 4YacT€ — TEOpeTHYeCKOW M mpaktudeckou. llocie
U3yYEHHs] TEOPETHUECKOro MaTepualla MOXKHO HMPUCTYNATh K BBIOJHEHHIO MpakTHueckoi yactu. OHa
COCTOMT W3 JIByX M OoJiee 3aad JJIsl CaMOCTOSITEIBHOTO BBINMONHEHH. He 3a0biBaiiTe 0 MpaBHILHOM
oopmienun pentenus. Ha BelosHEHNE IPAKTUYECKOTO 3a/1aHUs OTBOJUTCSA JBa aKaJeMUUYECKHUX Yaca.

3aganue:

1. OsnakombTeChH c KpaTKUMU TEOPETUUECKUMHU CBEICHUSIMU
https://znanium.com/catalog/product/1012153 , ctp 14-18.

2. ITucbMeHHO OTBETHTE HA CJIEAYIOIHE BOMPOCHI:

1.

2.

4.

5.

Kunematnyeckuii 3akOH JBIDKEHUS [UISI KOOPAMHATHOTO croco0a OmpesesieHus
ABHUKCHU A MaTepHaHBHOﬁ TOYKH.

Kunemarndeckuii 3aKOH JBMIKEHUS [JIs1 €CTECTBEHHOI'O JBIKEHHUS ISl BEKTOPHOIO
croco0a onpe/eeHus ABUKECHUS.

Kunematnyeckuii 3akoH JABW)KEHHS [UIsl €CTECTBEHHOrO croco0a ompeeneHus
ABHNXKCHUS.

Kak HaliTu BEKTOp CKOPOCTH JAJIsi KOHKPETHOTO, BEKTOPHOTO M €CTECTBEHHOT'O CIIOCOOOB
ompeieTICHUs IBUKEHNS?

Kak HaifTi BeKTOp yCKOpeHUs AJis Pa3HbIX CIIOCOOOB OIMpeIeTeHHs IBHKEHUS?

3. Hcnonp3ys hopmymsl s pacueTa mapaMeTpoB IBHKSHHS Tell, PEIIUTh 3a/1aUH.
ITopsinok BbINOJHEHHS PadOTHI:

1. TloBTOpPUTH OCHOBHBIE BOIIPOCHI KHHEMATHUKH.

2. Pemmth 3a1aun 1o BapuaHTaM.

3. OdopMuUTH OTUET B TETPAAN IJIS MPAKTUIECKUX PadoT.

IIpumeps! pemenus 3aga4: 1. [Taccaxupckuii nmoe3q uner co ckopocts 72 kM/u. [lo cocennemy mytu
JBUKETCS HABCTPEUy TOBapHbIN moe3n anuHoi 140 M co ckopocThio 54 kM/4. CKOJNBKO BpeMEHHU
MacCaXup, CTOSANIUN y OKHA, Oy/I€T BUAETh MPOXO AU MUMO HETO TOBAPHBIN MOE3/1?

Jano: CHU Pewenue:

V1 = 72 kM/4 20 m/c | OTHOCHTEIBHASA CKOPOCTD JABHKEHHS 000MX MOE30B V = Uy + Us.

V2 = 54 kM/4 15 m/c CnenoBatenbHO, BpeMsi, B TeHEHHE KOTOPOrO MHMO MAaCCaKUPCKOTo
. . 1

=140 m 1oe3/]a NpoiijieT TOBAPHBIii, onpeaenum no gpopmyine: ¢ =

140

[loacrasnsem gaHubie: t = —— =
JICTABIIAEM /1A e T

Omeem: 4 c.
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2. IlocagouyHas CKOpOCTH Maccakupckoro camosera 135 xkm/4, a amuHa mpobGera ero 500 wm.

Omnpenenuts BpeMst Ipodera Mo Mmocai0uHoi Mojioce U YCKOPEHUE caMoJIeTa, CUUTas IBI)KEHUE
paBHO3aMEIJICHHBIM.

JHano: CHU Pewenue:
v = 135 km/u | 37,5 m/c| Bpems npoGera camosnera npu nocajike HaxoauM 13 (GopMyInsl myT
S=500m S=vygt+ %, TJIe @ Ul PABHO3AME/UICHHOTO IBHKCHHS ONPEICTUTCS
v=0m/c 13 opmyibl: U = Uy + at nma =- UTO CrneoBaTesnbHo,
vo,.2
t-?,a-? S =yt —‘—Zt , OTKynat =:—j, [ToacraBnsiem gauubie: t = % =27c.
Vekopenne a =-22 a=22 = _ 1 4 w/c?

b 27 ’
Omeem: 27 ¢, - 1 4 m/c".

3. Teno, nBurasch paBHOYCKOPEHHO M3 COCTOSIHUS IOKOS, 33 MATYI0 CEKYHAY MpOLUIO MyTh 18
M. Uemy paBHO yCKOpEHHUE U KaKO# MyTh TEJIO0 Mpouuio 3a 5 c?

Jano: Pewenue:
2 2
v . y Ly t
ts-t4=1c [1yTs, npoitaeHHbI TEIOM 3a MATYIO CeKYHAY S = S5 — Sy = “T - “7“
25 218
S=18m Orcronaa =—5—y; a= =4 m/c?.
t2 -t} 25-16

Omeem: 4 m/c%; 50 m.

4. B mocneiHIo0 CeKyH Iy CBOOOIHO Majaroliee Teo MPOILIO MOJIOBHHY CBOEro myTH. CKOJIBKO
BPEMEHH U C KaKOW BBICOTHI MAAao Tejao?

Jano: Pewenue:

1 v = E
hy — hp_1= Ehﬂ [1yTe, npoiinenusiii 3a Bce Bpems nagenus: h, = gT.

" I t-1)2

g=9.8 m/c? Jlo nocneaneii cekyH/bI TEJIO MPOLLIO MYTh 12—" = %
tZ

t-?7 hy-? CnenoBaTesbLHO, ‘(’T =g(t—1)% um t>-4t+2=0.

9,8-3,42
Orcioma t=2++2 = 3,4 c. Buicotamagenns h, = = = 57 m

Omeem: 3,4¢; 57 m.

5. Kamenb nagaer B maxty. Uepes 6 ¢ ciblilieH yaap KaMHs O JHO maxThel. OnpenenuTs rryouny
IIaXThl, €CIIM CKOPOCTh 3ByKa 330 m/c.
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Jano: Pewenue:
t=6¢ Ecnn 0003HauuTh yepes t; BpeMs najieHus KaMHsi, TO BPeMsi paClpOCTPaHeHHs
2
- i 3 gty
v =330 m/c | 3ByKa f-t;. [lyrs, npoiifennslii kamaem npu cBo6oaHOM nagennu h =g 58
2

t
g=9.8m/c? | 3BykoM — h = v (1 - t;). ClieoBaTensHo, ng= v(t-ty)umgt? + 20ty -20t=0
2
c - t
h-? Pewus oannoe ypasnenue, noryuum t; = 5,5 c¢. 'myduna maxrter h = ng;
9,8:5,5
h=——=148m
Omeem: 148 m.

Pemurhb 3a1a44 caMOCTOATEIbHO:

1. JIBrKE€HUE CTPOUTENIbHOM BAaroHETKH 3aJaHO ypaBHEeHHEM. OnpenenuTe HaydalbHYHO
KOOpJMHATY, HAYaJIbHYIO0 CKOPOCTh U YCKOPEHUE IIPU JIBUKECHUH.
2. UYenloBeK M CTpoUTENbHAS TENEKKa JBHXKYTCA B OJHOM HampaBieHuH. Onpenenure ux

OTHOCHUTEIIbHYIO CKOPOCTH, €CITH CKOPOCTh YeloBeKa | km/4, a BaroHeTKH 4 km/4. Pemute 3Ty 3anady u
IIPYU YCIIOBUH, YTO OHU JIBUKYTCS B IPOTUBOIIOJIOKHBIX HAIIPABJICHHUSX.

3. CrpouTenbHBIi KpaH NOJHMUMAeT TIpy3 Ha BbicOTy h M. OmHOBpeMEHHO KpaH
nepeaBuraercs Ha pacctosHue | M. OmnpenenuTs INepeMelleHue TIpy3a, €ro BEPTUKAIbHYI HU
TOPU30HTAJIBHYIO cocTaBiisgomue. M300pasuTh HMX COOTBETCTBYIOIIMMU BeKTOpaMu. Uemy paBHBI
MOJYJIA 3TUX BEKTOPOB?

4, UYenosek mporen nmo npocnekTy 240 M, 3aTeM MOBEPHYJ Ha MEPEKPECTKE M MPOIIEN B
NEPIEHIUKYJIApHOM HarpasieHuu eme 70 M. Ha cKoiabpKO IPOLEHTOB IyTh, IPOWIEHHBIA YEIIOBEKOM,
OoJIbIIIe MOJTYJISI €TO TIEPEeMEIIEeHUS ?

5. YacoBoil oxpaHseT CTPOUTENbHBIN 00BEKT, OTOPOKEHHBIN KBaapaTHbIM 3a00pom ABCD,
ob0xoxst ero mo mepumerpy. Yemy OyayT paBHBI €r0 IyTh M NEpEeMEIIEHHE, €CIM OH M3 TOUYKH A,
neperIET B Touky B, 3aTtem Touky C, 3aTtem TouKky D, nocie yero BepHércs B Touky A? JlJInHa CTOPOHBI
KBajipaTa a M.

6. Kakyro ckopocTs pazBuBaeT camocBail 3a BpeMsa At mocie Havana JBHKEHHS, €CIM OH
ezer ¢ yckopenueM a? Kakoi myTh OH IIPOXOJUT 3a 3TO BpeMs?

1. [IpuBecTn mpumepbl CTPOUTEIBHBIX TEJ, HaXOIAIIMXCAd B Mokoe. JlelicTBUe KaKUX Tel
KOMIIEHCUPYETCs B 3TUX ciaydaax? (3 mpumMepa; JeicTBYyOIuUe CUilbl H300pa3uTh Ha PUCYHKE).

8. B nBuxyiieMcsi Barone ToBapHOIo 1oe3jia HaXoAsTcs MOI0HbI ¢ ra3odiokamu. B mokoe
WIN JBM)KEHUHM OHM HAXOJATCSl OTHOCUTEIBHO: a) MAIlMHKCTA 1oe3/a; 0) peabCcoB; B) MOJIa BaroHa; I)
TenerpaHbIx cTon00B?

9. IToe3n yepe3 10 ¢ mocne Havana ABMXKEHMs MpuodpeTaeT ckopocth 0,6 m/c. Uepes kakoe
BpeMs OT Hayasa JBM)KEHUS CKOPOCTh [10€3/1a CTaHeT paBHa 3 m/c?

10. 3a Kakoe BpeMs aBTOMOOWIb, ABUTasChb ¢ yckopeHuem 0,4 m/c2 , yBEIMYUT CBOIO
ckopocTh ¢ 12 10 20 m/c?

11. [Tynst B cTtBonie aBTomaTta KamamHukoBa aABukeTcs ¢ yckopenmem 616 m/c2 . Kakora
CKOpPOCTb BBIJIETA IYJIH, €CJIN AJIMHA cTBoJa 41,5 cm?

12. Teno, nBurasich NpsAMOIUHENHO C ycKopeHueM 5 m/c2 , nocturio ckopoctu 30 m/c, a
3aTeM, JIBUTasich PaBHO3aMEJIEHHO OcTaHOBMWIIOCH Yyepe3 10 c. Onpenenute nyTh, IPOHIEHHBINA TEIOM.

13. Teno cBoOGoMHO MagaeT ¢ BeICOTHI 125,5 M. Onpenenute Bpems MajaeHus U CKOPOCTh Teja
B MOMEHT yz1apa 0 3eMJII0.

14. I'paduku kakux ABMKeHUM Ten mokaszaHel Ha puc. 1? Ilo rpaduky ompenenute: 1) B
KaKOW MOMEHT BPEMEHHU TeJla BCTPETUIINCH; 2) KaKue IIyTH TeJla IPOILIN 10 BCTPEUH.
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puc.1.

15. Ha puc. 2. mpencrasieH rpauk 3aBUCHUMOCTH KOOpAWHATHI Tena oT BpemeHu. [lo rpaduxy
omnpenenauTe: 1) CKOJBKO BPEMEHH TEJIO HAXOJIWJIOCh B JBWXKEHUHU; 2) 4YEMy paBHO €ro
nepeMenieHue.

X, M4

|

IIpakTnyeckoe 3ansaTue Ne2.
Pemienue 3a7a4 Ha napaMeTpbl BpalIaTeJIbHOT0 ABUKEHHU S

esib: HAYYUTHCS PACCUUTHIBATH MMAPAMETPHI BPAIIATEILHOTO ABUKCHUSI.

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

MarepuajnbHoe o0ecnieyeHue:

MHJUBUIyaJIbHOE 3a/1aHH€, KOHCIIEKT JIEKIUI, CIPABOYHbIE MaTEPHUAIIbI.

Yka3anue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JIBYX YacTed — TeopeThyeckod M mpaktudeckoil. Ilocrne
M3y4YeHUs TEOPETHYECKOTO MaTepHraia MOKHO MPHUCTYIATh K BBIMOJTHEHUIO MpakTH4eckor dyactu. OHa
COCTOHT U3 JBYX W Ooiiee 3a7au JJIsl CaMOCTOSTEIHHOTO BBIMONMHEHUsS. He 3a0biBaiiTe 0 MpaBUILHOM
odpopmiiennu perieHus. Ha BrIMoTHEHNE TPAKTUYECKOTO 3a/IaHKsI OTBOJIUTCS JIBA aKaJIEMUUECKHUX Yaca.

3aganue:

O3HaKOMbTECH c KpaTKUMHU TEOPETHUYECKUMU CBEACHHUSIMU
https://znanium.com/catalog/product/1012153 , ctp 18 -19, otBeThTe Ha Bonpock! Ne 12,13,14.
Pemnre 3amaun caMOCTOSITENIBHO UCITONIB3Ys IPUMEPHI M KPATKUE TEOPETHUECKHUE CBEACHUSI.

Ilopsinok BbINOJHEHHS padOThHI:
1. W3yuuTte u BeIUIIKTE GOPMYIIBI IO JAHHOH TeMe:
2. Pasbepute nmpuMepsl pelIeHHBIX 3a/1a4
3. Pemmre camocTosATENHHO 3aa4U
KpaTkue Teopernyeckue cBegeHHs
[TycTh TEN0 ABMXKETCSA MO OKPY>KHOCTHU pajryca R ¢ MOCTOSHHOMN MO 3HAUE€HUIO CKOPOCTHIO V
(7TMHEHHON CKOPOCTHIO) M 3a BpeMst At mepeMecTHiioch Ha AS u3 T. A B T. B. BexTop v HampasieH mo
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KacaTellbHOM K OKPY’KHOCTHU U MCHSCT HAIIPpABJICHUC, T.C. MOXKHO 'OBOPHUTH 00 M3MEHCHUH CKOpPOCTHU

AV
AV =V — V5 , ONNINYHOM OT HyJs1. OTcrona: @ = N #0,

LleHTpOCTpEMUTEIbHOE YCKOpeHue (d) — CKOPOCTh

V2

W3MEHCHHS HANPABIICHHs BEKTOPA CKOPOCTH |a = —-
BekTop ¢ HampaBieH 10 paanycy K IEHTPY OKPYKHOCTH.
[Tepuox obOparieHust TOYKH 10 OKpYx)HOCTH (T) — Bpemsl, 3a KOTOPOE TOYKA OMUCHIBACT OIHY

OKPY>KHOCTb.

2 27R 47[2
=lc MBBa=—nuv="r=la="2_\R
[7] “TR T ‘T

YactoTa oOpallieHus: TOUYKH [0 OKPY)KHOCTH (V) — KOJHYECTBO MOJIHBIX 000POTOB, COBEPIIIAEMbBIX

1 \%
TOYKOU B €IMHHUILY BpEMEHH |y = 1 vl=1-; |v= TR .

T c
VYTi0Bast CKOpPOCTh OOpAIIEHHUST TOUKH I10 Ac| OKPYXHOCTH () — CKOPOCTb
WU3MEHEHHUs yriia noBopota Aa paguyca R, W= At | COEOMHSIOLIETO TOUKY C LEHTPOM
an 27 v \Y
OKPY>KHOCTH. [W] = 1p—_ w=— :>; w=2r—= —:>|V = WR |; |V =2nvR
c T 27R R
2 2p2
e

IIpumeps! penieHus 3aaa4:
1. ABTOMOOWIL IBIDKETCS IO 3aKPYIICHHUIO JOporH, pamuyc kotopod paBeH 20 M. Omnpemenute
CKOPOCTh aBTOMOOMJISI, €CITU [ICHTPOCTPEMHUTENLHOE YCKOPEHUE PABHO S M/c?,
JaHo: Pelnenue:

R=20m Mo onpeseNcHHI0 UCHTPOCTPEMHTCIBHOE YCKOPCHHE Onpe-
a,=5 m/c? | geaserca no dopmyne

5 2
S ? u=7=v=JauR=J7mM'5#c2=lObl/c.

Otser: 10m/c
2. BeHTHIATOp BpamaeTcs ¢ IOCTOSTHHOW CKOPOCTBIO U 3a JiBe MUHYTHI coBepiiaeT 2400 060poToB.
OmnpenenuTe 4acTOTy BpAIICHUs BEHTHJISITOpA, MEPUOJ] OOpAaIleHHS W JHMHEHHYI0 CKOPOCTh TOYKH,
pacIoIoKEeHHON Ha Kparo JIONACTH BEHTUIIATOPA Ha paccTostHud 10 cM OT OcH BpaleHusl.

Hano: Pewenue:

=2 MHH =
;2120 :"H Mo onpeaenchuio: n=— N 2;92—20 1-20 Fu.
N=2400

=10 cr=0,1 M T=7l,-; T=

n—=1%T—=17
v—7?

T r =005 c¢; v = 2rm;
b=2:314-01M 201 =1256% « 126X
Ortsert: 20I'n, 0,05¢, 12,6Mm/c

PemmuTe 3a7a9m caMOCTOSATEIIHLHO
(n - Homep saweeo eapuanma no cnucky)

1. [louemy oOTaunMBaHME€ Ha TOKApHBIX CTaHKaxX W3AEIMA OONBIIOrO JaAMaMeTpa
IIPOU3BOJIUTCS ¢ MEHBIIEH YIII0BOM CKOPOCTBIO, YEM U3JEIUI Manoro nuamerpa?
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2. Kakyto nuHuio mpencrasisier coOoil TpaeKTOpusi Kakod - JIMOO TOYKH KoJieca Ioe3/a
OTHOCHTEJBHO €T0 KOpIyca Bo BpeMs JBrkeHus? KakoBa TpaeKTopus Koeca OTHOCUTEIBHO 3eMIIn?

3. Baronerka JBWIKETCSI MO 3aKpYTICHUIO PAJMYCOM N METPOB CO CKOPOCTBIO 3,6 KM/4.
Onpenenutsb ero HEHTPOCTPEMUTENLHOE YCKOPEHHUE.

4. Ckopoctb JnokoMoTMBa n KM/4. CKOJIBKO OOOpPOTOB B MHHYTY [I€NalOT KoJjeca
JIOKOMOTHBA, PaANyC KOTOPbIX 1,2 M?

o. ToumnbHBI Kpyr paanycoM n cM jenaer oguH oOopot 3a 0,2 c. Haiinure ckopocTh
TOYEK, HanboJsee yAanEéHHbIX OT OCHU BpalllCHHUS.

6. Camonér, BBIXOAS M3 THKE, IBUKETCS IO TPACKTOPHH, KOTOpas B HWKHEW YacTH

ABJISICTCA 1yTOM OKPYXHOCTH PaJUyCcOM n KM. Belumciure yckopeHHe caMoiéTa IpU €ro JBH)KEHUH,
€CIIM er0 CKOpOCTh paBHa 720 KM/4.

7. KakoBa CKOpOCTh JBIIKCHUSI BarOHETKH, eciu e€ Konéca pamuycoMm n cM nenarot 600
000pOTOB B MUHYTY?
8. CekyHIHasi CTpeNKa YacoB JiellaeT MOJHbIA 000opoT 3a 1 MuH. Paguyc crpenku paBeH n

cMm. KakoBa yrioBas CKOpPOCTb OCTpPHUSI CTpEJIKH, €ro JIMHEHHas CKOpOCTb, 4YacTOTa BpalleHMUS,
LEHTPOCTPEMUTENbHOE yCKOpeHue?

9. Jlyna nBwxercs Bokpyr 3emuin Ha pacctostHuu 380000 kM oT He€, coBepiuas OAMH
obopor 3a 27,3 cyTok. Berarcinute neHTpocTpeMuTeNnbHOE YyCKOpeHue JIyHBI.
10. CnyTHUK JBUXKETCsl 1O KpyroBod opobute Ha BbeicoTe 630 kM. Ilepuon oOpaienus

cnytHuka 97, 5 munyt. OnpeaenuTe €ro JMHEWHYI0 CKOPOCTb M LIEHTPOCTPEMUTEIHHOE YCKOpPEHHE.
Pannyc 3emnu 6370 kM.

11. Bpemst onHoro o6opora 3emiu BOKpYr OcH paBHO 24 yaca. Belumcnute yrioByoo u
JIMHENHYIO0 CKOPOCTH BpallleHUs TOYEK Ha 3kBaTope. Paguyc 3emiu cunrath paBHbIM 6400 KM.
12. Ilepuon oOpaiieHus MepBOro KOCMHMYECKOIO KOpadiyss — crmyTHMKa 3emun «BocTok»

paBusuicst 90 mMuHyT. CpenmHsisi BbIcOTa criyTHHKa Haj 3emicid Obuia paBHa 320 kM. Pagmyc 3emum
6400xM. Berauciure ckopocTh KOpaoJis.

13. KoHCOIbHO—TIOBOPOTHBIA KpaH ABUKETCS IO 3aKPYIJICHUIO PaguycoM S5 METPOB CO
CKOPOCTHIO 2 KM/4. ONpeaenuTh ero HEHTPOCTPEMUTEIBHOE YCKOPEHHE.

Tema 2.2 /Inunamuka

HpaKaneCKoe 3ansaTue Ne3. Pemenne 3aja4 nmo teMe «Buabl CHJI B MeXaHUKeE. Cuna
TPEHUA MOKOA, CKOJbKCHUSA, KAYCHHU S, BpAILCHU A

Heab: Momy4nuTh TPEACTABICHHE O CHUJIOBOM JIEUCTBHHM OJHOTO Tejla Ha JPYroe, Macce Tena,
pa3nuyaTh MOHATHS HHEPIUU U MHEPTHOCTU, HAYUYUThCA (OPMYIUPOBATH TMOHATHUS MAcChl, CHIIBIL,
3aKOHbI HpI0TOHA. HAYYUTBCS PACCUUTHIBATH JICHCTBYIOIINE CHIIBIL.

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

MarepuajibHoe o0ecneuyeHue:

WMHJUBUIyaJIbHOE 3a/1aHK€, KOHCIIEKT JICKIIU, CIPABOYHBIE MaTEpHUAIIbI.

Yka3zanue:

[IpakTHueckoe 3aHSATHE COCTOMT U3 JIBYX 4YacTell — TeopeThueckod M mpaktudeckoil. Ilocie
M3y4YEHUsl TEOPETUYECKOr0 MaTepHala MOKHO IPHUCTYIATh K BBITOJIHEHUIO NMPAKTHYEeCKOW dacTh. OHa
COCTOHT U3 ABYX U OoJyiee 3a7au AJsl CaMOCTOSTEIHHOTO BHIMOIHEHUs. He 3a0biBaiiTe 0 mpaBHILHOM
OCbOpMJ'IeHI/II/I pEeIICHUA. Ha Brimonnenue IMPAKTUYCCKOr'o 3aJaHUs OTBOAUTCA ABAa AKaACMHNYCCKUX Haca.

3ananue:

O3HaKOMBTECE C KpaTKuMH TECOPETUICCKNMU CBCIACHUSIMU
https://znanium.com/catalog/product/1012153 , §5,6,7,9,
Pemure 3aaa4u CaMOCTOATCIIbHO UCITOJIB3Ys IMTPUMEPBI U KPATKHUE TCOPETHICCKHUEC CBCACHUA.
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Iopsinok BbINOJIHEHHSI PAa0OTHI:
1. H3zyuute u BeIUImMTE GOPMYIIBI IO TAHHOK TeMe:
2. Pa3Gepure npumMepsl pelIeHHBIX 3a/1a4
3. Pemmre camocTosATENHHO 3aa9U

Kpartkne Teoperudeckne cBeieHUs:
Jnnamuka. OCHOBHBIC OHSTHS
Nuepuus —  sBIEHHE  COXpPAaHECHHS
OTCYTCTBHMH BHEUIHUX BO3JCHCTBUH.
NHepTHOCTH — CBOMCTBO TEJ, MPOSIBIISIIOLIEECS B TOM, YTO MPU OAMHAKOBBIX BHEITHUX BO3JICUCTBUSIX
pasHbIe TeNa MPUOOPETAIOT pa3HbIC YCKOPECHHUS.

_— CKOPOCTH JBHJKECHHs Tela IIpU

Macca (m) — mepa uHepTHOCTH Tesl.  [M] =1 k. 2 m

3a sranon Maccel (1 KujgorpamMm) mpuHATa Macca a*=72 MEKIYHAPOIHOIO HpPOTOTHUIIA
KMJIOTPaMMa. L

W3 ONBITOB H3BECTHO, YTO YCKOPEHHS, T0JIy4aeMble TeaaMu npu
B3aMMOJICHCTBUHY, o0patHo |m.,, = My 81| [pONOpLHOHATBHEI HX MACCAM:

Eciu Maccy Kakoro-iu6o Tejia NpHHATH 3 4reas | 3TAIOH, TO MOXHO M3MEPHTh MAaccy
JPYTHX TE: m

[TnotHOCTH Tena (p) — P=Y [p]:1%

Cuia (F) — Mepa MEXaHHYECKOTO JCUCTBHSI OJJHOTO TeJla Ha IPyroe.

[F]=1H — HproTOH.

Cuna umeeT HampaBleHUE, T. €. CULA-8EKMOP .

Cuna Bcerja npusoxeHa K TOMy Telly, Ha3BaHHE KOTOPOIo CJIEAYET B MPEAJI0KEHUH TIOCIIE TIPEeIora
«Hay.

CunoBoe nojyie — 0co0bIi BUJ MaT€pUH, IOCPEICTBOM KOTOPOTO nepenaércs NeiCTBUE CUJIBL.

—

PaBHonelicTByromas (pe3ynpTHpyromias) cui ( R ) —CHiIa, paBHAsi BEKTOPHOW CyMMe JaHHBIX cuit F .

R=YF

JlaBnenue (p) — OTHOIIEHUE CHJIBI K TUIOIIAAM MMOBEPXHOCTH, Ha KOTOPYIO OHa JEHUCTBYET
B NIEPIEHAUKYISIPHOM HAPABICHUH. [p]= 122 = |p= F
1 ITa — mackannp M S
Nmnynec  Tema  (p)—  BEKTOpHas — Mepa m v MEXaHWYEeCKOrO  JIBHIKEHMS,
paBHasi MPOU3BEACHUIO MacChl Tella Ha €ro — CKOpOCTb. p=m-v
—— . 7

[p]=1
c

Wmnynbse cuitbl ( 7 - A7) — BEKTOpHAsl Mepa JICHCTBHsI CHJIbI, paBHAsl MPOU3BEICHHUIO CHJIBI Ha BpEMsI

e¢ neiicrBus. [F-At] =1 H-c.
3akonsl HeroToHa

OO600UMB pe3yabTaThl CBOMX MCCIENOBaHUN M, yuTs pabory lammunes «O JBWXKEHUH Tel MO
uHepuun», HplOTOH chopmynupoBan 3aKOHYEHHOE IIOJIOXKEHHE, H3BECTHOE Kak IIEePBBIM 3aKOH
Herorona:

Cyl1ecTBYIOT CUCTEMBI OTCUETa, OTHOCUTEIBHO KOTOPBIX TEJIO HAXOJUTCS B MOKOE JTHUOO IBUXKETCS
MIPSIMOJIMHENHO U PaBHOMEPHO, €CJIM PABHOJEHCTBYIOIIAS BCEX MPUIIOKEHHBIX K HEMY CHJI paBHA HYIIIO.

Nnepunanehas cuctema orcuéra (MCO) — cuctema oTcuéra, B KOTOPOH BBIMOIHIETCS MEPBbI 3aKOH
HeroTona.
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- Ap mAV . .
N3 F=—=——=ma nosydaeM BTOpoi 3akoH HbroTOHA: F-m-.3
At At —
JUIsL TeJla IIOCTOSHHOM MacChl CKOPOCTb W3MEHEHHs HMIIYJIbCAa pPaBHA IPOMU3BEACHHUIO MAcChl Ha
YCKOpPEHHE.
Bropoii 3akon Hetotona padotaer Toiapko B MCO u mipu ycIoBUH, YTO Macca Teja U JICHCTBYIOIIHE
Ha HEro CUJIbI IOCTOSTHHBI.

Bropoii 3akon HproToHa cripaBeyiMB sl paBHOACHCTBYIOIIEH g BCEX CHJI, MPUIIOKEHHBIX K TENY,

MOATOMY, MPEXK/E YEM PEeIIaTh 33/1a4 C €r0 MPUMEHEHUEM, HAI0 ONIPEICIUTh R .
Tperuit 3akon HploTOHA: cuiBl, C KOTOPHIMU JBa Tela JEHCTBYIOT APYr Ha Jpyra, E--F
YUCJICHHO PaBHBI M HAPABJICHBI B TPOTUBOIIOJIOKHBIE CTOPOHBI IO OJTHOM MPSIMOIA.
Tpernii 3akon HeroTona paboraer Tosibko B CO.
[Tonarasi, uto Bce Tena BcenenHoit B3aumHO mputsaruBaioTcsi, Heoton B 1682 r. chopmymnmponan

3aKOH _BCEMHUPHOIO TATOTEHHs: BCe Tena y-m,-m,| TPUTATHBAIOTCA APYr K OpPYry ¢
CHJIaMH, psIMO IPOTOPIHOHANBHEIMA | T2 = R2 IIPOU3BEACHUIO X MAacc U 0OpaTHO
IPONOPLMOHAIBHBIMU  KBaJpaTy pPacCTOSHUSA MEXy HUMH.

riae Fip — crita B3aMMHOTO TIPUTSDKEHUS Tl Mace My U My;
¥ — rpaBUTAlMOHHAS ITOCTOSTHHAS. ‘7: 6,6720 - 10 HMZ/KFZ‘.

Cuibl B npupoje

Cuma Tsmxectu (7, ) — CHIa, cooOWIAOIas Tely YCKOpPEHHE
cBOGOIHOTO Ma/IEHUS. t 1

Cuna TsKECTH HalpaBlieHa BEPTUKAIBLHO BHH3 (MEPIECHIUKYISIPHO
KacaTelbHON K MOBEPXHOCTU 3€MJIN).

Peaxtusi( N ) — cuia aeiicTBUs onopsl (MOABEca) Ha TEJIO.

Bec Tena (P) — cuia, ¢ KOTOPO#i TEJO IeHCTBYET Ha OMOPY HIIH MOJBEC BCIICACTBHE MPUTSHKCHUS K
3emuie.

HeBecomocTh — MCU€3HOBEHHME Beca Tella NpPU JABMKEHHM ONOpPHI C YCKOPEHHEM CBOOOJHOTO
IIaICHUA.

Ieperpy3ka — yBenrueHue Beca Tefa IpH JBUKEHUH OMOPbI C YCKOPEHUEM BBEPX.

Cuna ynpyroctH ( 7, ) — cuiIa, BO3HUKAKOWAs B TENE NPH AepOpMAIHH.

Bakon I'yka: CHIa YIPYrocTH, BO3HWKaromas npu aedopmammn Tema, |Fy =KX
PONOPIMOHATIBHA €r0

a0COIFOTHOM ,HC(I)OpMaI_II/II/I " HalIpaBJICHA B CTOPOHY, NPOTUBOIOJIOKHYIO IIEPECMECIICHUIO YaCTHUIL]
TCIa:

Cuna Tpenuss mokost ( ﬁm_) — CWIa, BO3HUKAWIIAsd Ha TpaHULE

CONPUKOCHOBEHHUS TEJ MPHU OTCYTCTBUU UX JBUKEHUSI OTHOCUTENBHO JAPYT ApYTa. Fp=uN
# — K03 HUIMEHT TpeHUs (3aBUCUT OT MaTE€PUANIOB TPYILUXCS TOBEPXHOCTEN ).

IIpuMepsl peleHus 3aaa4
1. ABTOOYC, Macca KOTOPOTO C TMOJHOM HAarpy3Ko# paBHa 15 T, TporaeTcs ¢ MeCTa ¢ YCKOpPEHHEM
0,7 m/c 2 . Haiitu cuiy Tsru, eciiu K03(h(QUIMeHT cConpoTHBIEeHUs IBIKeHuto paBeH 0,03.
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Jano: Pewenue:
m=15r=15-103kr

a=0,7 m/c? Ep+N+F+mg=ma
}\:l =‘)0,03 OX: -Fp +F=ma

OY:N-mg=0->N=mg
Fp =MN - E, = Mmg
-mmg + F = ma

F=ma + Mmmg=m(a + mg)

F = 15-10%kr(0,7 m/c? + 0,03-10 m/c?) = 15- 103kl m/c? =
15-10°H

Omeem: 15-103H

2. Ha HaKJIOHHOM MJIOCKOCTH JJIMHOM 5 M U BbICOTOM 3 M HaxoauTcs rpy3 maccou 50 kr. Kakyro
CHITy, HamlpaBICHHYIO BJOJIb IUIOCKOCTH, HAJO MPUIIOKUTH, YTOOBI yAEPKATh ITOT IPy3, €CIH TAHYThH
ero ¢ yckopenuem 1 m/c 2 ? Koaddumment tpenus 0,2.

Hano: Pewenue:

m = 50 kr ¢ s Y

a=1m/c? i . CocTasuM ypaBHeHHE JABNKEHNS Tena;
M = 0,02 g &; "/ Frp + N+ F + mg = md

[=5m iM :4 24 | Haiigem npoekumum it Ha ocm:

:’ "3 M =2 v— Oce OX: -F, + F - mgsina = ma

Ocks OY: N~ mgcosa =0 —= N=mg cos a

Fy, = MN = E, = Mmg cos a

[lojcrasne Bropoe ypasHeHue B EPBOE, MOJIYUHUM
-mmgcos a + F - mgsin a= ma

HaxoauMm nponisoanyio BeJInUnHy:

F = mmgcos a- mgsina + ma nan

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

[To onpeaenennio cuuyca nMeem

sina == sina = —= 0,6

3! 5 M

H3 ocuosroro TPHTOHOMETPHYECKOIO TOAICCTBA
sina® +cosa’ =1,
cosa=vV1— sina’=y1—-036=0,64=08
Brraucmi HCKOMVEH) BCITHYHHY.
F = 50 xr{0.2:10 wc? 08 + 10 aw/c* 0.6:1 s/c’) = 430 H
Omeem: 430 H.
3. Ha mHype, nepekMHyTOM 4epe3 HeMoIBUKHBIN OJI0K, nmojaBenieHsl rpy3sl Maccamu 0,3 u 0,2 Kr.
C kakuM yCKOpeHHeM ABMXKYTCs rpy3bl? KakoBa cuia HaTsSKEeHHs BO BpeMsl IBUKEHUs?
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Mano: Pewenue:

my =0,2 kr P Lo T CoctaBuM ypaBHEHME BIKCHHS JUIS
my =03 kr N ABYX TE:
9T 9 "4 L . L - —ad —
a-?T-7 I v {mlg-i-Tl:mlal'
" H vy 2 — =iy
myg + Tz = mpa

Haiinem npoexunu cni Ha ocs OY:
{ T —-mg=ma
—Tz + mpyg = mzaz’

T k. Tena cBsi3aHbl OJIHOI HUTBIO, TO
Tl :T2 =T14a1 =Qa; =aq,
Torna,{ T—myg =ma ,

=T+ myg =mya
CnoXuM 3TH YpPaBHEHHSI:
-myg + mpyg = (m1 +my )a wnu
g(my —my) =(m; + my)a
Pemnm 310 ypaBHEHHE OTHOCHTEIBHO HEW3BECTHOM BEINYHMHBI

mp—m 10 M/c2(0,3kr—0,2Kr
= g(z—l),Bbmucmm a= L (a5 2 m/c?
my+my 0,3kr+0,2kr

Cuny HaTsDKeHUs Haiiaem ux nepeoro ypasienus: T=my(g + a)
Boruncmum: T = 0,2kr(10 m/c? + 2m/c?) =24 H
Omeem: 2 M/Cz; 24H

PemmmTsb 3a1a4n caMOCTOSITEIbHO
(n - Homep 6awezo sapuanma no cnucky)
1. C nomouipto 6AIEHHOT0 KpaHa MoAHUMAOT Tpy3. CKopocTh MojibeMa NnocTosiHa. Onpenenure,
Kakue cuibl 1eHcTBYIOT Ha rpy3? KakoBbl ux HanpasieHus? KakoBa paBHoxelicTBytomasn? [Touemy? V
HEOIBITHBIX KPaHOBILMKOB ObIBalOT OOPBIBBI TPOCOB B TE€X ClIydyasiX, KOTJa OHU He 00paIlaloT BHUMAaHUs
Ha CWJIBHO pAaCKaYMBaHUE MMEPEHOCUMBIX TPYy30B. CirydaiiHbI I TaKue OOPHIBBI?

2. [ToueMy Ha pYKOSTKH, TOJOBKM OOJTOB, Trailku Kpyriiodl ¢opMbl, 3aBHHUMBAEMbIE U
OTBUHYMBAEMBbIE BPYUHYIO, HAHOCST CIEIUaIbHYI0 HAKaTKy (puduieHue)?

3. Koneco (mkuB) nmpuBOAUTCS B IBHXKEHHUE MPU MOMOIIU peMHs. OnpenenuTe BUA

TPEHMSI, BO3HUKAIOMIETO MEXIY IITKHBOM W PEMHEM: TPEHUE CKOJBKCHHS WA TPCHHE &b
nokosi? CuurtaiTe, 4TO peMEHb HE TPOCKAIb3bIBALT. sl X -
4, Onpenenutre BUA TPEHUs, BO3HUKAIOMIETO MEXIY KOJIECOM JIBIKYIIEHCS '.'\’-L'lb', i soer
TEJICKKH B TPYHTOM, & TAK)Ke MEXKTY BTYIKON Puc. 1

KoJseca u ocblo. Ock MpUKpEIJIEHa K TeNexXKe HenoABMKHO (Puc.2).

S. [Touemy Hamo Gepeyb cCMa30YHBIE MaTEpUAJIbI OT TIOMAIAHMS B HUX MECKA U THLITU?

6. [Touemy HY>kHO Oepedb TOPMO3HYIO KOJOJKY U TOPMO3HON OapabaH TpaHCIOPTHOTO CPeACTBa
OT monaJaHus MeX1y HUMU Macia?

7. Jlist 4ero mpu COENMHEHUH MSITKHX MaTepHalIOB IO TOJOBKY OONTa W TalKy MOIKIAAbIBAIOT
mait0y OoJbiero guamerpa?

8. B kakoMm W3 MepeuucieHHbIX HWKE SBICHHUH MO ACHCTBHEM CHIIBI COBepIIaeTcs padora (CM.

puc.3) TpOC HAXOAUTCS B HATIHYTOM COCTOSTHUU IO AEUCTBHEM CHIIBI TSXKECTH; 0) Ha CTOJ JIEHCTBYET
BEC TMpH; B) T'a3 JaBUT HAa CTEHKH OAJUIOHA; T) MOPIICHb BBITAIKUBAETCS U3 LIIMHAPA MO AEHCTBHEM
CHJIBI JIaBJICHUS Ta30B; 1) MaJIbUUK TSHET BEPEBKY, IPUBA3AHHYIO K IPOYHOU CTeHE?
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a 0
Puc. 2
9. Ha ropusoHTaJIbHOM y4YacTKe IYyTH MAaHEBPOBBIM TEIUIOBO3 TOJKHYJ BaroH. Kakue Ttena
JICHCTBYIOT HA BaroH BO BpeMs U mocie Toruka? Kak Oyner ABUraThCsi BaroH MO/ BIUSHUEM 3TUX T’
10. Bripazute B kmiioBarTax M Meraparrtax cienayromue momHoctd: 3500 Bt; 200 Bt; 5000BT;

110000Bt. Beipasute B Barrax cieayromue momnoctu: 3 kBt; 1,5 xBt; 0,6 xBt; 0,04 MBT; 0,0001
MBT.

11. Uewmy paBHa cuiia TSKECTH, NEHCTBYIOIAs HA YIAKOBKY € IleMEHTOM Maccou 2,5kr, 600r, 1,2 T,
501?

12.  llepBblii COBETCKHMI HCKYyCCTBEHHBIH CIYTHHK 3emun Obun 3amymieH 4 oktsiops 1957 roxa.
Omnpenenuts Maccy 3TOTO CIIyTHHKA, €CIIM U3BECTHO, UTO Ha 3emiie Ha HEero JIeHCTBOBaNIa Cujla TSHXKECTH,
paBHas 819,3H.

13. Ha nenonBwxkHOW muarGopMe CTOUT SMIMK C KUPOUYaMU Maccod N TOHH. Beuucnure u
n300pa3uTe Ha PUCYHKE CHITY TSDKECTH U BEC SIIHKA.

14, CmosxeTe 11 Bbl OJIHATH TUIACTUHY U3 POOKH 00BEMOM N cM>? TLIoTHOCTD poOKH 240kr/M°.
15. ABTOOYC Maccoii N TOHH eleT MO TOpPU30OHTAIbHOMY Imocce. Kakas cwmima TpeOyercs st
coobieHust emy yckopenus 1,4 M/,

16.  Baronerka maccoii N TOHH ABWXeTcs moxa AeiictBueM cuiibl 60 kH. Onpenenure yckopenue eé
JIBUKCHHUSL.

17. JIBa xopaOist Maccoi N TOHH KaXJIbli, CTOSIT HA peiisie Ha pacctosaun 0,5 KM OMH OT APYToro.
KakoBa cuma npuTsHkeHUs MeXIy HUMH?

18.  Omnpenenuth Maccy KaxJOTO M3 JIBYX OJWHAKOBBIX aBTOMOOWIEH, eciu Ha paccrosHuu 0,1 kM
Ha HUX JEHCTBYET cuila mputTshkeHus 6,6 7MH.

19.  Omnpenmenuth paccTOsHHE, Ha KOTOPOM JIB€ BaroHeTKH Maccoi mo 20 Kr Kaxnaas
B3aMMOJEHCTBYIOT ¢ critoi 67mMKkH.

20. Kakyro cwiy Hajgo TPWIOKHTh K BaroHy Maccoii N TOHH, YTOOBI OH CTall JIBUTaThCs
paBHOyckopeHHO U 3a 30c mpomen myts 36 M? Koadduuuent tpenus pasen 0,008.

21. [Tox ne¥icTBUEM CHIIBI TSATH CKOPOCThH BaroHa mMaccoil N ToHH Bo3pocna ¢ 4,25 m/c mo 32,4 kM/4

Ha mytd 75,5 M. UeMy paBHa cuia Trd, €ciM KOX(QQHUIMEHT TPEHUs NpU JABWKEHUM BaroHa paBeH
0,025?

22.  Kakylo cuily TSrd JOJDKEH pa3BUBATh JABUTATENb, YTOOBI JOKOMOTHB MAacCOM N TOHH JABHUTajCs:
2

a) paBHOMEpHO; 0) ¢ yckopennem 0,2 m/c”.

23.  DeKTpoBO3 MpH ABMKEHUU 0 TOPU3OHTATHLHOMY MyTH pa3BuBaeT cuiy Tsaru N kH. Ha yuactke

nyta uHOM 600 M cKopocTh moesna Bo3pocia ¢ 32,4 1o 54 km/4. Onpeaenure Cuiy COmpOTHBICHUS
JBUKEHUIO 1oe3/1a, eciau ero macca pasHa 10000 ToHH.

3aKoHBI COXpaHeHUs!

3aganue:

O3HaKOMBTECH C KPATKMMH TEOPETUYECKMMH CBEICHUSMHU 10 CCHUIKE
https://znanium.com/catalog/product/1012153 , §10,11 u BeimumuTe HOPMYJIBI 0003HAUCHHBIC
ckoOkamu, HaripuMmep (10.1) u T.71. U3 yka3aHHBIX naparpad

Ilopsinok BbINOJHEHHSI padOThHI:

1. W3yuuTte u BeIUIIKTE GOPMYIIBI IO JAHHOH TeMe:
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2. Pa30epute npuMepsl pelIeHHBIX 3a/1a4
3. Pemmre caMmoCTOATENHHO 3a/1a9U
IIpumepsl pemenus 3aaa4

1. OnpeaenuTs MOLTHOCTH TEIJIOBO3a, 3HAsI, YTO MPU CKOPOCTH JBMKEHUS 43,2 KM/4 cuia
Tsiru paBHa 105 kH
Jano «CHNy» Pemenue:
v = 43,2 |12wm/ ¢ ) A
i 105.10° MOUIHOCTh HaXOAUTCS 1O GopmyIie: N = N
F=105kH |H Cuna T1iIrm coBepHIaeT  IOJIOKUTEIBHYIO
N-7? pabory: A =FScos a, Zoo.=0, A=F-S

N =Fv=12m/c-105-10° =1260-10° Bt

Otser: N = 1260 xBrT.

2. Teno maccoit 10 kT cBoOOAHO TagaeT ¢ BHICOTHI 20 M U3 COCTOsIHMS TTOKOsl. Uemy paBHa
KHUHETUYECKasi JHEPTHsi B MOMEHT yAapa o 3emMiito?
Hano: Puc. Pemenue:
m=10 xr 1 CornacHo 3akoHy coxpaHeHus saeprun: E,, E,=0
Vo= 0 M/c Ep() + EK() = Epl + EK()
ho=20m 3a TeNno oTcyYeTa MPUMEM 3EMITIO:
hi=0wMm 2 mo? mv? yuautbiBass hy =0,vp=0

mgh, + ) :mghlJrT

g =10 m\c? E« E; =0 s

_mv man Exy;=mghg
2

Exi —7? Ex; =10-10-20 = 2000 Tx
OtBert: 2 x/[x.

Baronerky maccoit 2 T mo ropu3oHTaIbHOMY MYTH PaBHOMEPHO Mepememniaer padounii. Kakyro
paboty oH coBepmuT Ha myTd 100 M U Kakyro pabOTy coBepiIaeT cuia TPEeHHs, eclid KOd(PPHUIHEeHT
TpeHus paseH ),01?

JaHo: Pucynoxk:

m=2T
S=100m
p=0,01

g =98 m\c? X

.
i

a=0
A-"?

Atp-?
Pemenue
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Ha BaroHeTky AeHCTBYIOT 4 CHIIBL: CHIIA TSHKECTH — miZ | CHJIA PEAKIIUH OMOPHI — ¥ :
cuna T Fi — , CHJIa TPCHUS — " Tlo BTOPOMY 3aKOHY HHBIOTOHa TE=0
Fotmit b+ =
B npoexknun Ha ocu: OX: F,—F, =0; F,=F; OY: N-mg=0; N=mg
A=F-Scosa, 2za=0, cosa =1, cn-Ho, A=F-S, F=Fy=F,=uN=pumg
PaboTa cunbl TpeHUA HanpaBaeHa NPOTMB pPaboTbl cuaa Tarm — A = -ATp .

Ap=-196 - 103 Ox
Otet: A =19,6 xJIx; Atp =- 19,6 kI x.

6. OnpenenuTs MOUTHOCTh TEIJIOBO3a, 3HAs, YTO MPU CKOPOCTH ABWXKEHUS 43,2 KM/4 CHUJIa TATH
paBna 105 kH.

Hano: CH: Pemenne:
=4
v =432 xmM/4 12wm/ ¢ MoImHOCTh HaXOUTCS 110 hopMyIIe: f
F=105«H 105-10° Cuia TATH COBEPIIAET MOJIOKHUTEIBHYIO padoTy:
|
N-7? A=FScosa, za0=0,A=FS
JIBU>KeHHE TEIUIOBO3a PABHOMEPHOE U MPSMOJIMHEHHOE:
N = -8 s F e
s
t N =Fv=1m/c105-103 =1260-103 Bt

OtBeT: N = 1260 xkBT.

Pemuth 3a1a4u caMOCTOATE/ILHO
(n - Homep awezo sapuanma no cnucky)
1. ITpu cTpouTENnsCTBE KAHATHOW TOPOTH B TOPHOM MECTHOCTH CaMOCBAJl MacCOW N TOHH MOAHSIICS
Ha BbeicoTy 400M Hax ypoBHeM Mops. Onpenenutbs MOTEHUHUAIbHYIO SHEPrui0 aBTOMOOWIIS
OTHOCHUTEJILHO YPOBHS MOPSI.

2. Moot kompa st 3a0uBanusi cBaii Maccoit SO0Kr mamaeT ¢ BBICOTHI N MeTpoB. Yemy Oyaer
paBHA MMOTEHIMAJIbHAs U KUHETHYECKasl SHEPTUs MOJIOTa Ha BbICOTE 4MeTpa?

3. Kaxoit moTeHnmaibHON SHEpPTHEH 001amaeT Teao Maccod N Kr, MOJHITOE Ha BBICOTY 15meTpa?
Kakyro paboTy 0HO MOKET COBEPIIUTH MPH MaJaHUU Ha 3eMITI0?

4, Onpeaenuth MOITHOCTH CEeP/Illa BaJbIIOBIIUKA B Mpolecce GU3NIECKON padoThl, 3HAas, YTO MPHU
OJTHOM yJlape OHO coBepIlaeT padory, paBHyto 16 J[x, a B MUHYTY Jenaet npuMmepHo 240 ynapos.

5. [Ipu cxxatum OydepHOI MPYXKUHBI K/I BaroHa Ha ScM mpowusBeaeHa padora 3,75 x/lx. Kakas

cuna Tpedyercs Ui cxkaTus 3ToM npykuHbl Ha lcm? IlocTtpoiite rpaduk 3aBUCUMOCTH YAJUHEHHUS
MPYXUHBI OT BETUYUHBI PUITOKEHHON CUIIBI.

6. [Ipu ynape nByx BaroHoB OydepHas mpyxHuHa ckanack Ha N cM. XKectkocts npyxuns 3000
kH/m. Onpenenuts paboTy MPH CKATUH MPY>KUHBL.
7. Kakas pabota npousBeneHa npu cxxatuu OydepHoil MpyKUHBI KeJIe3HOJOPOKHOTO BaroHa Ha N

CM, €CJIM JUIsl CoKaTusl Ipy>KUHbI Ha 1 cM Tpebyetcs cuna 350000H?
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8. TspxenoBecHbI cocTaB ¢ yriieM maccoit 6000t npeononeBaer nogbeMm B 100 metpos. Ha kakyro
BBICOTY MO>HO MOJHATH Tesno Macco 100 Kr, eciim MCHOJIb30BATh 3alac MOTECHIMAIbHON HEPTHH B
BEpPXHEH TOUKE noabema?

0. Baronerka aBurangach mo ropu30HTAILHOMY IIYTH, Yepe3 HEKOTOpOe BpeMsi ocTaHoBmiack. Ee
KMHETHYecKasi sHeprus ctana paBHa 0, a moTeHIMaIbHas OcTalach Hem3MeHHoW. He Hapymmiics v B
ATOM CIIy4ae 3aKOH COXpPaHEHHs U MPEeBpaLCHHs SHEPTUn?

10.  [Inst morpy3Ku YIJis B BaroH MPUMEHSIETCS JICHTOYHBIA TPAHCIOPTEP, KOTOPHIM IMepeMeniaeT
yYrojib BBEpX II0 HAKJIOHY Ha BBICOTY 5 M. B MuHYTY morpy3umk goctaBiser 12T yris. Baron
3anonHsieTcs 3a 5 MuH. Kakyto paboTy npu 3TOM coBepIIaeT Tpancrnoprep?

11. TennoBo3 TSHET COCTAaB CO CKOPOCTHIO N KM/4, pa3BuBas MoutHocTh 880 kBT. Kak Benuka B aTOM
ciy4ae cuia taru?

12. JBurarens opucHOro BeHTHIATOpa nMeeT MomHocTh 0,35 kBt. Kakyro paboTy oH coBepmut 3a
N MUHYT.

13.  Bpiuucauth paboTy, COBEPIIAEMYIO 3JEKTPOMEXaHHUECKUM MOJIBEMHHUKOM B aBTOMAcTEPCKOii,
KOT'JIa OH PaBHOMEPHO ITOJTHUMAET TpaHCIopTHOE cpencTtBo Maccoit 800 kr Ha BICOTY 2,2M.

14, Kakyto paboTy HYXHO coBepumIUTh, 4TOObI moe3n Maccod 1000 TOHH, ABMXKYIIMICA CO
CKOPOCTBIO 72KM/4 YBEITUYHII CBOKO CKOPOCTH 110 108 xMm/9?

15.  Kakoii macchl rpy3 MOXKET MOJHUMATh MOJBEMHBIA KpaH CO CKOpPOCThIO 1,5M/c, ecu y Hero
IIBUTATEIb MOIIHOCTEIO 12kBT1?

16.  IlogbeMHBbIil KpaH ¢ IBUTATEIEM MOIIHOCTHIO § KBT moJHUMAET Ipy3 ¢ MOCTOSTHHON CKOPOCTHIO
6 M/mMuH. KakoBa macca rpy3a?

17. Kakas pabGota coBepinaercs Ha THIPOCTAHIIMM B TEUEHUE TOJa, €CIM CPEAHSISI MOIIHOCTbH
resepaTtopa pasHa 2,5 MBT?

18. UYenoek Maccoit 70 Kr cryckaercs Mo JieCTHULE AauHoi 20 M, pacronokeHHoH noj yriom 30°
K ropu3oHTy. Haliaure paboTy CHIIBI TSKECTH.

19. Boruncnute paboTy cuiibl yOPYyrocTH IpHU U3MEHEHHH Ae(opMalvy Npy>KUHBI )KecTKocThio 200

H/Morx; =2cM o X2 =6 cM.
Tema 2.3 3aKkoHBI COXpaHEHHS B MEXaHHKe

HpaKTI/I‘{eCKOC 3ansaTue Ned. 3aKoHbI COXpaHECHUSA B MEXAHUKE U UX IIPUMEHCHUC.

IIe.m;: HAaYYUTBCA HUCIHOJB30BATH 3daKOH COXPAHCHUS UMITYJIbCa IJId pacqéTa mapaMeTpoOB
Pa3JINIHBIX CI)I/IBI/I"ICCKI/IX mponeccoB

Beimosnenne padorsl cnocodcTByer (popmuposanuro: OK 01, OK 02, OK 03, OK 09

MarepuajibHoe o0ecnieyeHue:

MHJUBUIyaJIbHOE 3a/1aHH€, KOHCIIEKT JIEKIUI, CIPABOYHBIE MaTEpHUAIIbI.

Yka3zanue:

[IpakTHueckoe 3aHSATHE COCTOMT U3 JIBYX 4YacTeil — TeopeThueckod M mpaktudeckoil. Ilocie
M3Yy4YEHUs TEOPETHYECKOTO MaTepHraia MOXKHO MPHUCTYIATh K BBITOJHEHUIO MpakTHdecKon yactu. OHa
COCTOHT U3 JBYX W OoJiee 3amau JJIsl CaMOCTOSITEIHHOTO BBIMONTHEHUs. He 3a0biBaiiTe 0 MpaBUILHOM
opopmiieHnu pemieHus. Ha BeIMOTHEHNE TPAKTUYECKOTO 3a/IaHUsI OTBOJIUTCS JIBAa aKaJIEMHUYECKUX Jaca.

3aganme:

1. O3HaKOMBTECH C KPATKUMH TEOPETHICCKUMHU CBEICHUSIMU IO CCBUIKE

https://znanium.com/catalog/product/1012153 , §12,13, BeiucaB OCHOBHBIC (YOPMYJIBI B TETPAIh.
Pemnre 3amauun, caMoCTOATENEHO UCTIONIB3YSI PUMEPHI H KPATKHUE TEOPETUYECKHUE CBEICHHUS.

IHopsaoK BbINIOJIHEHHS PA0OTHI:
1. W3yuuTte u BeIUIIKATE GOPMYIIBI IO JAHHOH TeMe:
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2. Pa30epute npuMepsl pelIeHHBIX 3a/1a4
3. Pemunre caMOCTOSITENBHO 3a/1a4U
2. [IpumepsI pelieHus 33124
1. Monekyna maccoit m = 3+ 10—23 r, nojyieTeBIas K CTEHKE cocyza mnoj yriiom o = 60°, yrpyro
yaapsieTcsi 0 Hee co CKopocThio L = 500 M/c u otneraer. Onpenenute UMITyJIbC CHilbl F+ At mosrydeHHBbIH
CTEHKOH.

Mano: Pewenue:
m=3 10726 gr W3meHeHHe MMIyabca MOJEKYIIbl PAaBHO
a=60°==C umnynbey cuibl: Ap = FAt
2 Il
CTh 0Ch O0X HarpasieHa
v =500 m/c = y p
FAf -9 : MEPHEeHANKYISPHO CTEHKE, TOrAa

M3MEHEHNE WMIYJIbCa MONIeKyabsl Ap =
Apy = mv, — ( - mv,) = 2mu,, e Uy
VCOS @, 0TKyAa Ap =2mucos .
[loacrasus opmyny B ypaBuenue, nonyunm FAt = 2mucos a.
Brruncnenus:
FAt =2-3- 10726 kr- 500 cosg =1,5-10"23(xr- M) /c
Omeem: 1,5« 107 kr m/c.

Puc. 3.2

2. JIBa TOBapHBIX BaroHa JBHXKYTCSl HaBCTpedy Ipyr Apyry co ckopoctsmu 0,4 m/c u 0,1 m/c.
Macchbl BaroHoB cOOTBETCTBEHHO paBHbl M1 =12 T, M2 = 48 1. Onpenenure, ¢ KAaKOi CKOPOCTHIO L U B
KAaKOM HaIlpaBJICHUU OYAYT JABUTaThCS BarOHbI I10CJIE€ CTOJIKHOBEHUS. Y Iap CUUTATh HEYIIPYTUM.

Mano: Pewenue:

v; = 0,4 m/c Ucnonb3yem 3aKOH COXpaHEHHS MPOCKLMM MMITY/IbCa HA OCh
v, =0,1 m/c OX, nonoxurensHoe Hanpaeienue ocu OX coBnmagaer ¢
my =12-103 kr HAMPaBJICHUEM JBHIKCHUS NIEPBOT0 BArOHa:

my = 48-10% kr myvy - myuy = (my +my). Omiya v = T2

v-?

) _12:10% kr0,4 M/c— 48-10% kr0,1M/c _ o
Beiuucnenus: v = = 0. Aranmu3: v = (), caea0BaTenbHO, MoOCie
12-103 kr + 48-103 kr

CTOJIKHOBEHHS BarOHbI OCTAHOBATCS.
Omeem: v=10(0

3. JlBa Heynpyrux Ttena, Macchl KOTOPbIX 2 M 6 KI, ABMXKYTCSI Ha BCTpedy APYr K JIPYry cO
CKOpOCTAMH 2 M/C Kaxaoe. OnpenennuTs MOLyIb U HAlPaBJIEHUE CKOPOCTH KaXA0T0 U3 ITHX Tell ocie
yaapa. CuenaTb pUCyHOK CAMOCTOSITENIBHO.

Jano: myU; +myt, = (my + my) U. B npoexuusx Ha OChb:

OX: mivq - Myvy = - (ml + mz)U
_mv; - mZU2_

my =2 Kr T
2= —(m1 +mz
my = 6 Kr
2kr2mM/c— 6kr2Mm/c _ 2
v = vy =2 M/ Breiuucnsem: v = / - /£_Z y/e= 0,25 m/c.
- — (2Kr+6kr) 8

Imeem: 0,25 m/c.

Pemmnrhb 3a1a4u caMOCTOATEILHO
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(n - Homep 6aweeco eapuanma no cnucky)

1. OnuHakoBO M CXUMarOTcsl Oydepa Mpu CTOIKHOBEHMM JBYX OJUHAKOBBIX BaroHOB, OJIUH W3
KOTOpBIX HEMoJBMXKEH? PaccMoTpuTe cilyyau: MOPOXKHMM BAaroH HEMOJBHIYKEH, JIBUKETCSI TPYKEHBIN;
IPYKEHHBII HEMOJIBUKEH, IBUKETCS TOPOKHUN.

2. UToObl CIBUHYTH C MECTa TSHKEJBIN KEJIE3HOJOPOKHBIN COCTaB, MAIIMHUCT JAeT 3aJHUN XOJ,
Mo/iaBas COCTaB HEMHOTO Ha3aj, a MOTOM YyKe AaeT nepennuil xoxa. Ilouemy Takum oOpazom, jerye
TPOHYTb COCTaB C MecTa?

3. Pabounii, 6erymuii mo 1exy co cKOpocTbio 7 M/C, IOTOHSIET TEIEKKY C Ipy3aMu, JTBHKYIIYIOCS
CO CKOPOCTBIO 2 M/C, M BCKakuBaeT Ha Hee. C Kakoi CKOPOCTHIO MPOJIOJIKAET ABUTaThCS TEJICKKA, €CIIn
MacChl TEJIEKKHU U YEJIOBEKAa COOTBETCTBEHHO paBHbI 30 kr 1 70 Kr.

4, JIBe Kene3HOJOPOKHBIE TIATGOPMBI ABMKYTCSI HABCTPEUY APYT APYyry co ckopoctsmu 0,6 u 0,4
M/c. Maccel miatopmbel COOTBETCTBEHHO paBHBI 18 m 28 T. C Kakol CKOPOCTBIO M B KaKOM
HanpaBJIeHUHU OyIyT ABUTaThCs IUIAT(HOPMBI IOCIIE CTOIKHOBEHUA? Y Jap CUNTATh YIIPYTHM.

5. JKene3HomopoKHBIM BaroH Maccoi 25 TOHH MOABE3kKAET cO CKOpOocThio 0,3 M/C K cTosIIEeMy Ha
TOM JK€ IyTH HENOABM)KHOMY BaroHy Maccoil N TOHH M aBTOMaTHuYecKu cueruisiercss ¢ HuM. [locne
CUEINKH BaroHbl ABMXKYTCA NPsAMOIMHENHO. KakoBa CKOpOCTh IBM>)KEHUSI BArOHOB I1OCJE CLIETIKN?

6. KenesnonopoxHblii BaroH maccoil 35 TOHH NOIBE3kKAET K CTOSIIEMY Ha TOM K€ IyTH
HEIMOABMUKHOMY BaroHy Maccoid N TOHH M aBTOMAaTHUYECKHU cuermiiercs ¢ HuM. [locne cuenku BaroHsl
IBIDKYTCSL TPSMOJIMHEIHO co ckopocThio 0,5m/c. KakoBa Obuta ckopocTh BaroHa Maccoid 35 TOHH mnepen
CLIETIKOM?

IIpakTuyeckoe 3ansaTue NeS. Pemenue 3apa4 Ha ¢gopmysibl padoTsl cuil. Padora n
MOIIHOCTh. JHEPrus, ee BU/bl. 3AKOH COXPAHEHHS YHEPTrUM

Ieiab: HAYy4YUTbCA UCIOJIB30BAaTh 3aKOH COXPAaHEHUs HUMIIyJIbca Ui pacyéra IapaMeTpoB
pa3IMYHbIX (PU3HMUECKUX MPOLIECCOB

Beimosnenne padorsl cnocodcTByer hopmuposanuro: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe obecnedyeHue:

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

Yka3anmue:

[IpakTnueckoe 3aHATHE COCTOMT U3 JBYX 4acTed — TeopeTHdeckond M mpaktudeckou. ITocme
U3Y4YEHHUs TEOPETUYECKOr0 MaTepralia MO>KHO IMPUCTYNaTh K BBHIMNOJIHEHHUIO IpakTHueckod yactu. OHa
COCTOUT U3 JIByX M Ooiiee 3ajau sl CaMOCTOSATENIBHOrO BhIOMHEHUs. He 3a0biBaiiTe 0 MpaBUILHOM
odopmiiennu peueHus. Ha BbIoIHEHNE PAaKTUYECKOTO 3a/1aHusl OTBOJIMTCS JIBa aKaIEMUYECKUX Yaca.

3aganue:

O3HaKOMBTECH C KPATKUMH TEOPETUUECKHUMH CBEIEHUSMHU IO CCHUIKE
https://znanium.com/catalog/product/1012153 , §10,11 u BemummTe GOpMYIIBI 0003HAYECHHBIE
ckoOkamu, Haripumep (10.1) u T.4. U3 ykazaHHbIX naparpad

ITopsinok BbINOJHEHHS PadOThI:

4. W3yudwute u BeIMULINTE (POPMYIIBI IO JAHHOU TEME:
5. Pa3bepute npuMepsl pelIeHHBIX 3a/1a4
6. Pemmre caMmocTOSATENTHHO 33291
IIpuMepsI pelieHus 3aaa4

3. Onpenenuth MOITHOCTH TEIJIOBO3a, 3HAs, YTO MPH CKOPOCTH JBIKEHHS 43,2 KM/4 cuia
Taru paBHa 105 kH
Hano \ «CH» \ Pemenue:
v = 432 12M/c A
’ MomtHocThs HaxoauTces mo hopmyie: N =-—
KM/4 105-10° dopmy. t
F=105xH
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N-? H Cuna T1Arm coBepHIaeT  IOJIOKUTEIBHYIO
pabory: A =FScos a, Zo.=0, A=F-S

N =Fv=12m/c-105-10° =1260-10° B

Otser: N = 1260 xBrT.

4. Teno maccoii 10 kT cB0OOOIHO TagaeT ¢ BHICOTHI 20 M U3 COCTOSHUS MOKOosI. YeMy paBHa

KMHETUYeCKasi JHEPIrHsi B MOMEHT yAapa o 3emMiiio?
Hano: Puc. Pemenne:
m =10 kr 1 CornacHo 3akoHy coxpaneHus saeprun: E,, E,=0
vo= 0 M/c o EpO + Ew= Epl + Eq
ho=20m 3a Teo0 oTcueTa MpUMeEM 3eMITIO:

— 2 2 — =
hi=0wM 2 mgh0+m;0 :mgh1+m—;1 yuutbiBas hy =0, vy =0

g =10 m\c? Ei E, =0

, _
mghozm% w Ex;=mghg

Ex —? Ex; =10-10-20 = 2000 [Tx
OtBert: 2 k/Ix.

Baronerky maccoit 2 T mo ropu3oHTaIbHOMY MYTH PaBHOMEPHO mepememniaer padounii. Kakyro
paboty oH coBepmHT Ha myTH 100 M M Kakyio paboTy COBEpILIAeT cuja TPEHHUs, eClid KOI(PPUIIHMEHT
Tpenus paseH 0,017
Hano: Pucynok:
m=2T
S=100m
n=0,01
g=9,8 m\c? X

.
i

a=0

A-7?
Atp-?
Pemenue .
Ha BaroHeTKy JeHCTBYIOT 4 CHIIBL: CHJIA TSKECTH — i | CHJIA PEaKIMM OTophl —
cuia TArM Fo — , cuta Tperus — . TTo BTOpOMY 3aKoHy HbtoTona X £=0
Fotmiz4 48 =
B npoexnuu Ha ocu: OX: F,—F; =0; F,=F;,,OY:N-mg=0; N=mg
A=F-Scosa, zoo=0, cosa =1, cn-Ho, A=F-S, F=F,=F=uN=pumg
PaboTa cunbl TpeHUA HanpasaeHa NPOTMB PaboTbl cua Tarm — A = -ATp .

Ay =-19,6 - 103 Ix
Otser: A =19,6 x/Ix; Atp =- 19,6 k/Ix.
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6. OnpenenuTs MOUTHOCTH TEIJIOBO3a, 3HAs, YTO MPU CKOPOCTH IBHXKEHUS 43,2 KM/4 CuUJia TATH
paBna 105 kH.

Hano: CH: Pemenne:
=
v =43,2 kmM/4 12m/ ¢ MOUTHOCTh HaXOAUTCS 1O POpMyIIe: f
F=105kH 105-10° Cuia TATH COBEPIIACT MOJIOKHUTEIbHYIO padoTy:
|
N-7? A=FScosa, zo0=0,A=FS
JIBU>KeHME TEIUIOBO3a PABHOMEPHOE U MPSMOJIMHEHHOE:
v=L35 L Frow
s
£ N =Fuv=1Mm/c105-103 =1260-103 Bt

OtBeT: N = 1260 xkBT.

Pemuth 321241 caMOCTOATEILHO
(n - Homep 6awezo sapuanma no cnucky)
20.  IIpu cTtpouTenbCTBE KaHATHOM JOPOTU B TOPHOM MECTHOCTH CaMOCBAJI MAacCOM N TOHH MOAHSJICS
Ha BbeicoTy 400M Hax ypoBHeM Mopsa. Onpenenutb MOTEHUHUAIbHYIO SHEPrui0 aBTOMOOMIIS
OTHOCHUTEJILHO YPOBHS MOPSI.
21. Moot kompa st 3a0uBanusi cBaii Maccoit SO0Kr mamaeT ¢ BBICOTHI N MeTpoB. Yemy Oyaer
paBHa MOTEHIMAJIbHAS U KNHETUYECKAsi SHEPTUsl MOJIOTA HA BbICOTE 4MeTpa?
22. Kaxoit moreHnmanbHON sHEpTUe 001amaeT Teao Maccod N Kr, MOJHITOE Ha BBICOTY 15meTpa?
Kakyto paboTy OHO MOXKET COBEPIIUTH MIPH MaJaHUN Ha 3eMTi0?
23.  OmnpenenuTh MOITHOCTH CEpJIa BAIBIIOBIIUKA B Mpolecce GU3NIECKOl paboThl, 3HasA, 4TO MPH
OJTHOM yJlape OHO coBepIlaeT padoty, paBHyto 16 J[k, a B MUHYTY Jenaet npuMmepHo 240 yaapos.
24.  Tlpu cxarum OydepHOI TpYKHUHBI X/1] BaroHa Ha 5cM mpou3BeneHa pabdora 3,75 xJlx. Kakas
cuna Tpedyercs Ui cxkatus 3ToM npyxkuHbl Ha lcm? IlocTpoiite rpaduk 3aBUCUMOCTH YAJUHEHHUS
MPYXUHBI OT BETUYUHBI IPUITOKEHHON CUIIBI.
25. [Tpu ynape nByx BaroHoB OydepHas mpyxuHa ckanack Ha N cM. XKectkocTs npyxuss 3000
kH/m. Onpenenuts paboTy MPH CKATUH MPY>KUHBL.
26.  Kakas paboTa npousBeeHa pu ckaTuu OydepHoi NpyXKHUHbI KeJIe3HOJOPOKHOI0 BaroHa Ha N
CM, €CJIM JUIsl CoKaTus IpykuHbI Ha 1 cM TpeOyetcs cuna 350000H?
27. TsoxenoBecHsl cocTaB ¢ yriieM maccoil 6000t npeononesaer nogbeMm B 100 metpos. Ha kakyro
BBICOTY MOKHO HOJHATH Teno Maccod 100 Kr, ecny HCIOIb30BaTh 3amac MOTEHIHAIBHOM 3HEPrUU B
BEpPXHEH TOUKE Noabema?
28.  Baronerka ABHWTaNach 1Mo TOPHU3OHTAIHLHOMY ITYTH, Y€pe3 HEKOTOPOE BPEeMsi OCTaHOBHIACH. Ee
KMHETHYECKas PHeprus crana pasHa 0, a moTeHIMalIbHAs OcTajlack Hem3MeHHoU. He Hapymmiics nu B
ATOM CITy4ae 3aKOH COXPAHEHHs U MPEBPALIECHUS SHEPTUH?
29.  Jlng mOrpy3KHM YIJii B BaroH IMpPHUMEHSETCS JIGHTOYHBIH TPaHCHOPTEp, KOTOPBIA Mepemeniaer
Yrojb BBEpPX MO HAKJIOHY Ha BBICOTY 5 M. B muHyry morpy3umk pocrasisger 12t yrima. Baron
3anonHseTcs 3a 5 MuH. Kakyto paboTy npu 3TOM coBepIIaeT TpaHcrnoprep?
30. TenyioBo3 TSHET COCTaB CO CKOPOCTHIO N KM/4, pa3BuBasi MomiHocTh 880 kBT. Kak Bennka B aToM
ciy4ae cuia Taru?
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31.  JlBuratenb oucHOTO BeHTWIsITOpa MeeT MoiHOCTh 0,35 kBT. Kakyto paboTy OH coBepmiuT 3a

N MUHYT.

32.  Bpuuciuth paboTy, COBEpIIAEMYIO IEKTPOMEXaHUYECKUM TOAbEMHHKOM B aBTOMAacTEPCKOH,
KOTI'/Ia OH PaBHOMEPHO MOJHUMAET TpaHcropTHoe cpenctBo Maccoit 800 kr Ha BbICOTY 2,2M.

33.  Kakyro paboTy HYKHO COBEpIIUTh, 4TOOBI moe3nq maccoit 1000 TOHH, ABIDKYIIMHCS CO
CKOPOCTBIO 72KM/4 YBEITUYHUII CBOKO CKOPOCTH 710 108 km/9?

34. Kakoii Maccel Tpy3 MOXKET MOJHUMATh MMOJBEMHBIH KpaH CO CKOPOCThIO 1,5M/c, eciu y Hero
JIIBUTaTeIb MOIIHOCTRIO 12kBT?

35. [TogbemHBIN KpaH ¢ ABUTATENIEM MOIIHOCTHIO 8 KBT MogHMMAaET rpy3 ¢ MOCTOSSHHON CKOPOCTBIO
6 m/muH. KakoBa macca rpysa?

36. Kakas pabota coBepimaercs Ha THIPOCTAHIIMM B TEUCHHE TOJa, €CIU CPEIHSS MOIIHOCTH
reHeparopa pasHa 2,5 MBt?

37. UYenosek Maccoit 70 Kr cryckaercs Mo JiecTHULe AauHoi 20 M, pacnonokeHHou nox yriom 30°
K ropu3oHTy. Haiiute paboTy CUITBI TSKECTH.

38. Berauciute paboTy CUiIbl yIPYTOCTH MPU U3MEHEHUHU JeOpMaLu IPY>KUHBI KECTKOCTBIO 200

H/Morx; =2cM 1o xo =6 cM.

Pasznen 3 Moaexkyasipaas ¢pusuka. Tepmoannamuka
Tema 3.1 OCHOBBI MOJIEKYJISIPHO-KUHETHYECKOI TEOpHH

IIpakTnyeckoe 3ansitue Ne6. Pemenne 3aga4v no reme «OcaoBsl MKT. Pemenue 3agau Ha
YPaBHEHHUE COCTOSIHUSA U1€ATbHOI0 ra3ay

Hesb: yriayOuTh M KOHKPETU3MPOBATH MNPEJCTABICHHUS O MOJEKYJISIPHO-KUHETUYECKOH TEOpHUU
BEIIECTBA; HAYYUThCA UC0JIb30BaTh 3akoHbI MKT muist pacuéra OCHOBHBIX TapaMeTPOB COCTOSTHUS Ta3a.

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

MarepuanbHoe odecnieyeHue:

WHAVBHUAYAJIBHOE 3a/1aHUE, KOHCIIEKT JIEKIIMH, CIIPABOYHbBIE MaTEpHaJIbI.

Ykazanmue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JIBYX 4acT€ — TEOpeTHYeCcKOW M mpaktudeckoil. Ilocie
U3Y4YEHHs TEOPETUYECKOrO0 MaTepHalla MOKHO IIPUCTYNATh K BBINOJIHEHHUIO MPaKTHYeCKOM dactu. OHa
COCTOMT U3 JBYX U Ooiiee 3a7ay JJIsl CaMOCTOSATEIbHOrO BbIMOIHEHUs. He 3a0biBaiiTe 0 mpaBUIBHOM
oopmienun pemienus. Ha BeImosHEHNE NPaKTUYECKOTO 3a/laHUsS OTBOJIUTCS /IBA aKaJEMHUECKUX Yaca.

3aganue:

1. O3HakoMbTECh C KPATKUMH TEOPETUUECKUMU CBEIEHUSIMH IO CCBUIKE
https://znanium.com/catalog/product/1012153 , §17,18, BeinucaB OCHOBHbIC ()OPMYJIBI B
TeTpaapb, Hampumep (17.1) u T.1. U3 ykazaHHBIX maparpadgos.

2. Pemmre 3amaum, caMOCTOSITEIBHO WCIOJNB3ysS TPUMEPhl M KpaTKHE TEOPETUYECKHE
CBEJICHHUSI.

ITopsinok BbINOJHEHHS PadOThI:
1. Usyuure u BoIuImuTe GOPMYJIBI IO TAHHOU TEeMe:
2. Pa3bepute npuMepsl pelIeHHBIX 3a/1a4
3. Pemmre caMoCTOATENHHO 3a/1a91

IIpuMepsl peleHus 3aaa4

1. OnpenenHTe KOJIMYCCTBO BCHICCTBA W YHCJIIO MOJICKYJI, COACPNKAIIUXCA B OAHOM KHJIOIpaMME
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YTJIEKHUCIIOTO rasa.
Hano: Pemenne:
CO,
— m=]xn

v =?

N_D

Boiuucnenus: v _ lxr < 230 N =23 Momb+6 102 1/momb ~1,4-10%° wrr
4410 ke | moaw
Ortser: N=1,4- 10% mr

2. CKOBKO MOJIEKYJI KACIIOpO/a HaXOuTCsl B 00beMe 1 J1 Tpu Temmeparype 0°C u nasienue 133,3
IIa.

gaH(): Pemenne
V=1 © p=nxT "
__t=0°C 10°m® »
p=133,3 Ila T=273% " g:) N=nV Nzﬁ.v
N o
Buiuucnenus:  — 5 1?33’3’5‘;;?;’”;31{ ~35.10°  OtBer: N = 3,5-10 wrr

3. B rasosom Oamtone emkocthro 0,01 M3 maxomurcea ra3 mox masiieHueM 20 kr/cm2 .Kaxoit
0o0BEM 3aiiMeT ra3, eciu ,He U3MEHss €ro TeMIIepaTyphl , OTKPHITh BEHTWIh OamuioHa? OKOHYaTeNbHOE
nasienue 1 xr/cm2.?

MHano: Pewenue:
3

Vi1=0,01nm" [To ycnoBuio 3aa4uu Temneparypa raza He MeHsieTcs,

2 5 2

P1=20 kr/em™=20%0,98*10" H/m MOITOMY NPOMCXOUT H30TEPMUHECKOE H3MEHEHIE
2 105 2 2

P>=1 xr/em™=0,98*10" H/m cocrosuus raza. Ucnons3ys 3akon boitns-Mapuorra

p1Vi=p2Vz Haxomum Vo= p1Vi/pa.
V-2

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

4. T'a3 M30TepMUYECKH CXaT OT MepBoHauyanbHOro oovema 0,15 m 3 no obwema 0,10 m 3
.JlaByieHue ero npu 3ToM MOBBICHIIOCH Ha 2 Kr/cM2 . KakoBo nepBoHauyasibHOE JaBiieHHe ra3a?

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

P,=? Omeem: P\=3,9%10°1a.

Pewenue:

5. Kak Benuko armocdepHoe TaBieHHEe, eClU MpH JIUHE PTYTHOro ctoibuka 12,5¢cM B TOHKOM
TpyOKe IJTMHa CTOJIOMKA BO3/yXa B IEPBOM TOJIOKEHHE 7CM,a BO BTOPOM — 5 cM?
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Jano: Pewenue:

h=12,5¢cm B nepBom ciyuae naBnenue Bo3ayxa BHyTpH Tpyoku P=P,my-h. Bo BTopom
1,.=Tcem ciyyae pr=panth. [lo 3akony boiins-Mapuorra P, V,=P,V; rae V,=SL,,
IL=5¢cm Vo,=SL,. Toraa (pam-h)=(parith)SL,, otkyaa pyn=h(L1+L2)/L;-L;

Pa =12,5*12/2=75(cm pr cT).
Par=? Omeem: P, =75 cm pT CT.

6 CkaTblii BO3IyX IMOJAETCS B Ta3roibaep o0beMoM SM3 . 3a Kakoe BpeMsl €ro HakadarioT 0

JaBJeHUs 7 Kr/CM2, €Cii KOMIIpeccop BcachiBaeT 5,5 M 3 aTMocdepHOro Bo3ayxa B MHUHYTY IpHU
nasnennu 1 kr/cm2 ? TemnepaTypy cUUTaTh HOCTOSTHHOM.

Mano: Pewenue:
V3=5M3
P3=7KF/CM2:7*0,98* 10°u/m°
V|=5,5M3/MHH=1 1120 e
P=1 kr/cm’=0,98*10u/m’

Jlns HakauMBaHMs BO3yXa B ra3roiabjaep 10 aasinexus P,
KoMmmpeccop paboraer B Teuenue Bpemeru t. Oobem
3acaceiBaemoro Bosayxa V' =V, npu nasnenue p;. Koraa
BO3/1yX HAKayallu B ra3rojbjaep, OH 3aHs1 00beM V; u ero

nasieHue ctano py. Ha ocnoBanuu 3akona boitna-Mapuotra
P1V‘|:P2V3 HIIN P[V1t1:P2V2 s OTKYyAa tl=P2V2/P]V1
t = 7*%0,98*10°*5*12/0,98010°*1,1=380(c).
Omeem: t = 380 c.

t-?

7. OTkpblTas cTekyissHHas TpyOka minHOl0 40 cM HamoloOBHHY mHorpyxeHa B pryTh. Korma
BEPXHUI KOHELl TPyOKH 3aKpbUIM U MOJHSIIM €€ 10 YPOBHS PTYTH B COCYJI€, TO BBICOTA YPOBHS PTYTH B
TpyOKe okazanack paBHOM 15 cMm. KakoBo aTMocdepHoe naBiieHre BO BpeMsl OIbITa?

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

l,-15cm  naBnenue BO3ayXa Haj PTYTHIO 10 3aKphITHs OTBepcTHs, a V=L/2S-ero o6bem;
P = P-l; Vo=(L-L,)S-cooTBeTcTBEHHO AaBIeHHE U 00BEM BO3AYXA HAJ PTYThIO
H-? MOCJIe TOrO, KaK €€ 3aKpbUIM ¥ MOJHSIH 0 YPOBHS PTYTH B cocyae. B npeasiayime
Beipaxkenus P,V,=P,V,Bmecro P|,P, V| V, noacrasum ux 3nauenus:
HL/2S=(H-L,)(L-L,)s. Orcroaa H=21,(1-1;)/1-21; H=30%*25/10=75(c™m pt cT).
Omeem: 75 cm pT CT.
PemmTs 3a1a4u caMOCTOSITETIbHO
Bapmuanr 1

1. HauepTute rpaduku N30TepMUIECKOT0, H300apHOTO M MU30XOPHOTO MPOIIECCOB B KOOPIMHATAX
PuV;PuT;TuV.

2. NneanbHbli ra3 cHauaga W300apHO PACHIMPHUIIH, a 3aT€M U30TEPMHUUYECKU CHKATHU JI0 MPEKHETO
obwema. M3o0pa3ute 3Tu nponecchl B koopaunatrax Pu V; Pu T; Vu T.

3. B cocyne naxogurcs m=14 kr azora npu T=300 K u nasnenun p = 8,3*104 I1a. Onpenenute
obweM V cocyna.
4. Tlpu cKaTMM HEU3MEHHOTO KOJMYECTBA HJEAabHOIO raza oO0beM yMEHBIIMJICS B 2 pasa, a

TeMmIlepaTypa yBeauumiack B 2 paza. Onpezaenure, Kak U3MEHUIIOCH 1aBICHHE Ta3a.
Bapmuanr 2

1. Ha pue.1
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M300pakeHBI JIBE M30TEPMbI OJHOM M TOW K€ MaccChl ra3za. UeM OTIMYArOTCS COCTOSHHUE Ta30B,
€CJIM ra3bl OJIMHAKOBBIE? YUeM OTIIMYAIOTCS Ta3bl, €CJIM TEMIIEpaTyphbl Ta30B OJWHAKOBBIE? YKa3aHUE:
BOCIIOJIb3YiiTECh YpaBHeHUEM Knaneiipona-Menpeneena.

2. WpeanbHbli Ta3 cHayalla HarpeBajiCsl MPHU TOCTOSHHOM JaBJICHUH, IOTOM €ro JaBJjCHUE
YMEHBIIAIOCh MPU MMOCTOSTHHOM 00beMe, 3aTEM ITPH MOCTOSTHHON TeMIiepaType 00beM ra3a YMEHBITUIICS
710 TIepBOHAYAIILHOTO 3Ha4YeHus. [locTpouts rpaduk B KOOPAMHATHBIX Ocsx V-T.

3. B cocyne BMectumocthio V=0,83 M 3 HaxomguTcs m=2 Kr a3oTa npu AasiacHuu p = 2*105 Ila.
Omnpenenure Temrepatypy T azora.

4. Temneparypa V1=2 monp kucnopoaa, Haxozsuerocs B cocyae, pasHa T1=300 K. Onpenenure
temrnepatypy T2 Bomopoaa, HaXOISIIETOCS B COCYJE TOH K€ BMECTHMOCTH TPU TOW K€ JIaBJICHUH,
B3SITOT'O B KOIUUECTBE V2=2 MOJIb.

Tema 3.2 OcHoBbI TepMOAUHAMUKH. TenjioBble MAIIMHBI.

IIpakTnyeckoe 3ansitue Ne 7. Pemienue 3aga4 no reme «OCHOBbI TEPMOJAMHAMHUKH.
IIpumeHeHne MepBOro Ha4YaJIa TEPMOAUHAMUKHU K u3onpoueccam. KITJI TenyioBbIx ABUraTesiei»

Hean: Ha mpuMepe pelieHUs 3aqad U3YYUTh 3aKOH COXPAHEHMs SHEPIUU NPUMEHHMTENBHO K
TEIUIOBBIM IIpolleccaM, MYTSAX H3MEHEHUS BHYTPEHHEH HHEepruu Tel, aauadaTH4ecKoM Ipoliecce,
IPUHIUIE Pa0OThI TEIIOBON MAIIMHBI.

Boinosinenue padorsl cniocodcTByeT hopmuposanuro: OK 01, OK 02, OK 03, OK 09, OK 06

MarepunanbHoe obecneyeHue:

MHAMBUAYaJIbHOE 33/1aHUE, KOHCIEKT JIEKIIUHA, CIIPaBOYHbIE MaTepHaIIbI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT W3 JABYX YacTed — TEOPEeTHYECKOM M mpaktudeckoil. Ilocie
M3yUYEHHs] TEOPETHUECKOTo MaTepualla MOXKHO MPUCTYNaTh K BBITOJHEHHIO NMpakTHueckol yactu. OHa
COCTOMT U3 JBYX U Ooiiee 3a7ay JUIsl CaMOCTOSTENbHOrO BhIMONHEHUs. He 3a0biBaiiTe 0 mpaBUIBHOM
oopmienun peureHus. Ha BbInmonHeHUe NPakTHUECKOTO 3aJJaHUs OTBOJUTCS uembipe aKaJleMHUECKUX
qaca.

3aganme:

1. O3HaKOMBTECH C KPATKUMH TEOPETUICCKUMHU CBEICHUSMHU
2. Pemmre 3a1a4n, CaMOCTOSATENILHO UCIIONB3Ys IPUMEPBI U KPATKHE TEOPETUUECKUE CBEJICHHS.

ITopsinok BbINOJHEHHS PadOThI:
1. Wsyuwre u Bomumute GOpMYIIbI 110 TaHHOHN TeMe:
2. Pa30epute npuMepsl pelIeHHBIX 3a/1a4
3. Pemmre caMoCTOATENHHO 3a/1a91

KpaTkue Teopernyeckue cBeeHHs
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TennooOmen (Teruionepenada) — OOMEH BHYTPEHHEW SHeprueil 0e3 COBEpIICHHS MeXaHUYECKOM
paboTHL.

KonuuectBo termnotsl (Q) — 3Heprusi, nepefanHas B pe3yabTaTe TeiooOMeHa.

Y,Z[CJ'IBHaH TEIIOEMKOCTD (C) — KOJIMYECTBO TCIIJIOTHI, H€O6XOI[I/IMOC AJIs HarpE€BaHUsA 1 xr BE€IICCTBa Ha

= Q lq=1 Jix
MAT kr - K

1K (1°C).|c

— YpaBHCHHEC TCILJIOBOT'O OajaHca.

|2 = 2 Qs

lopenue: . gq=

3 |0

VY aennHas TemjaoTa CropaHus (Q) — KOJIMYCCTBO TCILJIOTHI, BBIACIIACMOC IIPU CrOpaHuu 1 xr TorIMBA.

Hapoo6pa303aHI/Ie-nepexoL[ BCIICCTBA U3 X KNAKOI'O COCTOSAHUA B I a3006pa3Hoe.

Q=rm] |r=2| =122

m Kr

V nenbHas TemioTa mapoodpazoBanus () — KOJMIECTBO TEILUIOTHI, HEOOXOAUMOE JUTS MIPEBPAILCHUS B AP
1 KT )KUAKOCTH MPH MOCTOSTHHOM TeMIepaType.

IInaBneHue — nepexon BeuiecTea nu3 TBépI[Ol"O COCTOSHHA B ) KHUIKOC.

p= =1

m Kr

V nenbHast TEII0TA IUIaBieHus (A) — KOJIMYECTBO TEILUIOThI, HEOOXO0AMMOE JUIs TUIaBJICHHs | KT BEIIeCTBa
IIpU TEMIIEpaType IMIaBICHHUS.

IlepBEIii 3aK0H (Haqano) TCPMOAMHAMHKH . U3MCHCHUC BHYTpeHHeﬁ SHEpPTUn AU cucremsl paBHO CyMMC

KOJIMYCCTBA TCIIJIOThI Q, nepeaaHHOro CUCTEME, U pa6OTI>I A, COBCpH.ICHHOfI HaJ HEH BHEITHUMH CHJIaMHU

HpI/IMCHCHI/IC MEpBOro Havajia TCPMOAUHAMUKHU K U30IIpoHcccaM

| H3oTepumgeckni nponecc, | H3ovopmsdi mpomecc, | Hs00apsbill mpomecc, = AIEaGaTH9ecKHE Dpolecc,

‘ T =const ¥ =const = const 0=1

| AU

I
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I
>
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TemuioBas MalMHa — MallllHA, COBEPIIAIOIIAs MEXaHUUYECKyl paldoTy 3a CYE€T BHYTPEHHEH SHEpruu

TOIIJIMBA.

Pabouee Teno — ras, coBepiaonuii paboTy B TEIJIOBON MallluHE.
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HarpeBatenb — ycTpoicTBO, coobIaromiee paboueMy Telny KOJUYECTBO TEIUIOTHI Q1 MpU TemIepaType
T1.

XOJOIWIBHUK — YCTPOHCTBO, OTHHMAlOLIEe OT paboyero Tena KOJUYECTBO TEMmIOThl Qo mpu
teMrieparype 1>. |
L -1, rrrrra
Thrax = T g
1 .....

IIpumepsl pemenus 3aaa4

1. B amomunueByro kactpronto Maccout 0,15 xr Hanurto 1,2 Kr Bozbl Ipu 20° C. Crombko KUIIATKY
HYKHO JIOJIUTh B KaCTPIOJIIO, YTOOBI TEMIIEpaTypa BOJbI cTana 50° C? MorepsiMu Temwna B OKPYXKAIOIIYIO
cpeny npeHeopeyb.
Hano: Penienue:
m,=0,15 xr nonaydeHHoe Termno Q1=C,M,(0-t); Q2=C,My(0-ty)
my=1,2 kr oraanHoe Temno Qz=C,.m; (t-0)
t=20°C ypaBHeHuUe TeroBoro 6ananca Q;+Q2=Q3
t=100°C Co My, (0-1,)+M,.Ca (6-t)=C,m; (t-6)
0 =50°C M= (em, +m,c,)@-t,) =
C:=920 Jx/xr’C ¢t —0)
c= 4200 JIK/kr°C | (4200-12+015-920)-(80-20) _ -,
m, —? 4200 - (100 —50) ’
Otger: 0,74 kr

2 B mporuecce nzobapHoro pacuupenus rasy nepenano 6 MJx tertotst. [Ipu 3ToM ras coepaer
paboty 1,2 M/Ix. I3menunach 11 BHYTpeHHsIs SHeprus ra3a? Harperncs rasz wim oxJiaauics.

NlaHo: «CN» PeweHune: | BeluncneHums:
AL MAK 161050 [AU= QA" | AU=610° [1pk-1,2-10° [ =
Q=6 M7 1,2-10° [ = 4,8-10° 1

AU-?

3 Onpenenure MakcuManbHblid KIIJ[ TennoBoi MaluHbl, €CIM TEMIIEpaTypa €ro HarpeBaTels 227°C, a
TEMIIEpPATypa XOJOINIbHUKA — 27°C.

cn PeweHue:

HaHO' PewweHue:

t1=2270 CT]':SOO K Nmax= - 500K —300K _

T, n
500K

0,4
t,=27° ¢ T>=300 K
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MNmax—?

4, Bonopoa maccoii 4r, 3aHuMas nepBoHadasibHbI 00beM V1=0,1M3, pacmmpsiercs 10 oobema
V2=1Mm3 . Onpenenure: 1) Al-paboty raza npu uzo0apHom mporecce, 2) A2-paboTy raza npu
n3oTepmuyeckoMm mnpoiecce. Hauansnas remneparypa raza T1=300K.

JMano: Pewenue:

m=4r=4*10"kr 1) Ilpu u306aprom pacumpennu (p;=const) ra3 copepiuaer padory
Vi=0,1m° A=pi(Va-Vi) (1)

V=1 JlaBnenue raza onpenensem u3 ypasHenns Knaneiipona-Menzeneesa:

M=2*10kr/mone P,V,=m/MRT, orciozna p;/=m/M*RT,/V,(2)
R=8.31 mx(monp*K) [Toacrasum opmyny(2) B (1)nonyuum: A;=m/M*RT,/V,(V,..V)) (3).

T,=300K 2) Ilpu n30oTepMuyeCcKOM paciuMpeHue ra3 copepuaet padory
Ag-? A3=m/MRT|InV3/V1 (4) (In10=2,3)
A-? Brruncnenus:

1) A;=4*10"kr*8,3 1 mk/(Moms*K) *300K/2% 10~ kr/moms*0, Im**(1m>-0, 1m%)=4.5% 10" [k
2) A;=4*10"kr/2*10 kr/monb*8,3 1 [Ix/(Mons*x)*300K* In 1n*/0, In=11.5%10° .
Omeem: A= 4,5%10"JIx, A= 11,5%10°[x

S. Ornpenenure nu3MeHeHue BHyTpeHHel sneprun AU npja Maccoit m=5 Kr B MIPOIIECCE €ro TastHUs
(TnaBJeHMs ) IPH HOPMATIBHBIX YCIOBUSX.

Jano: Pewenue:
m=5 Kr W3meHenne BHYTpeHHEH YHEPrin U3 NEePBOro 3aKOHA TEPMOANHAMHKH:
A=3,35*%10°Jx/kr  Q=AU+A. Orciona AU=Q-A. Jlna Tasuus neodxoauma tennora Q=Q,, =
Po=1,01*10°T1a Am, A-yzenbHas Tennota niasneHns. Macca oGpa3oasuuieiicst BObI Mo,

=273K Oyner pasaa macce nbaa m. O6bem Boabl V; 00Opa3oBasiuuniics u3 bja
p.=0,9% 10°kr/y’° Vi, Oyzaer MeHble, Tak KaK MI0THOCTh BO/IbI Pyu2o 00IBLIE MIIOTHOCTH JIbJA
pr20=10"kr/w’ p». [lpn nnasnennn npaa cosepiuaercsa padbora A=py( V- Vy).

YuutsiBas, uto p=m/V,onpeaensem Vo=puo: Vi=m/p, CnegosarensHo,

AU-? A=po(m/pr20-m/pn)=Po m(pa-pr20/paprz0) Beruncnenns:

Q=3,35*10wx/xr*Skr=1,7*10° .

A=1.01*10°TTa*Skr*0.9* 10°kr/m*- 10 kr/p/0,9% 10  kr/n’ 103Kr/M3=-55I[7K

AU=1,7*10°J-(-552k)=1,7%10° k.

Omesem: 1,7%10° [
6. Temmneparypa HarpeBateiss wuaeanbHOW TemmoBod Mammeabl  TH=500 K,Temmeparypa
xonoaunbHuka Tx=300 K. Onpenenute KIIJ TennoBoit MamuHbl N U TEWIOTy Q H, MOJYyYEHHYIO OT
HarpeBaTelIs, €CJIM 3a OJNH IIUKJI MaIiinHa coBepiiaeT padoty A=400 JIx.
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Jlano:; Pewenue:

T,=500K Koy duument none3noro AeiicTeus TenI0BOH MAIHHB ONPEACLTCS 110

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

A=400/1x U3 dopmyast 2 cneayer, uro Q=AM

N7 Qu-? Boryucnenns: 1=500K-300K/500K=0.4; Qu=400/{x/0,4=1000/1x=1x/Tx.
Omsem: 1= 0,4; Qu= 1x/Lx.

PemuThb 3a1a4i caMOCTOATEIbHO

B ycnoBun 3a1a4 OTCYTCTBYIOT HU(PHI. 3HaUCHHUS (PU3HUECKUX MMApPaMETPOB 3TUX 337124 HEOOXOIMMO
Opatb u3 Tabnuubl 1: MO BEPTHKAIBHOW CTPOKE yKa3aH HOMEp BapHaHTA, MO0 TOPU3OHTAILHOW — HOMEpP
3a/1a4H.

1. Kakum cnocobom — coBepuieHHeM paOOThl WM TeIulonepenauyell M3MEHSETCs BHYTPEHHSSA
SHEpPrus JeTalyd B CIEAYIOLUX ciydasx: 1) cTporaHue neranu; 2) HarpeBaHUE JeTajlld B €YU IEpea
3aKajaKom; 3) ObICTpOE OXJIAKICHHUE JIETAIH B BOJIE (3aKaika)?

2. Paboume ropsumx 1€XOB HOCSAT KOMOHMHE30HbBI, IMOKPHITBIE METAJUIMYECKUMHU OJECTIILUMU
yemyiikamu. [lodyeMy OHM XOpOILIO 3aIIMIIAIOT Y€I0BEKa OT JKapbl?

3. Boay maccoii m narpenu ¢ temnepatypsl T1 10T,. Kakoe KOoau4ecTBO TEIIOTHI 3aTpaTUIN IPU
narpese. (C;=4200/lx\kr-K)

4. OmnpenenuTh Maccy Harperoil Bojabl, ecnu A e€ HarpeBa Ha AT 3aTpaTuiu KOJIMYECTBO
ternoTel Q. (C, = 4200 Jix/kr-K)

5. Omnpenenuth Maccy CrOpeBIIET0 KaMEHHOTO YIJIs, €CIH MPHU CropaHuu Beiaenmwioch Q Jxoynei
Ter1oThl. (=29MJIX/KT)

6. Cnoupr wmaccoili m wucnapwica. OnpenenuTs KOJIWYECTBO TEIJIOTHI, 3aTpauyeHHOe JJif
BbInapuBaHus cnupTa. (r=0,85 MJx/kr)

7. OmnpenenuTh KOJUYECTBO TEIUIOTHI, HEOOXOAMMOE MJsi PacIUIaBI€HHS  OJOBSIHHOIO CIIMTKA
maccoii m. (A= 0,59 MJDx/kr). Kakoe KoJnW4ecTBO TeIula BBIJCIUTCS TPU OXJAKIECHHUH 3ITOTO
pacIuIaBJIeHHOTO CJIUTKA?

8. T'a3 mox naBnenuem P; m3o0apHo pacmmpuics u cosepmmn pabory 25 k. Ha ckonbko
yBEJIMUMICS 00beM raza?

9. Tepmoaunamuueckoil cucreme nepenano Q Jx rernorsl. Kak M3MEHHUTCS BHYTPEHHSS SHEPTUst
CHCTEMBI, €CJIH OHa coBepimia padory A?

10. IIpm wusorepmumueckom pacmupenuu (T=const) razom Oblna coBepiieHa pabora A. Kakoe
KOJIMYECTBO TEIIOTH Q co00IIeHo razy?

11. Bpruucaute KIIJ[ TernnoBoil mammHbl, ecinu TemMneparypa HarpeBarens Ti, xonoaunbHuka To.

12. Kakoii nomxkHa ObITh Temreparypa HarpeBatens Ti, uroosr KIIJ] nBuratens coctaBisui 1 npu
TEeMIIEpPAType XOoJIo uIbHUKA T2

13. TemoBas 3nexTpocTaHius MOoHOCTRIO0 2400 MBT notpebnser 1500t yris B wac. Kakos KII/]
CTaHIMU?

14. Jlis TOBBIIIEHUSI TBEPIOCTH U IMPOYHOCTU CTAJbHBIX H3JEIUN MPUMEHSIOT 3aKalKy
(HarpeB 10 HEKOTOPOM TeMIlepaTyphl C MOCIEIYIOIUM OBICTPHIM OXJaxaeHueMm). Kakoe KoamuecTBo
TEIJIOTHl HEOOXOAMMO, YTOOBI HArpeTh CTaTbHON MOJOTOK Maccor S00r ot 17 mo 817°C? Beruucnure,
KAaKO€ KOJMYECTBO TEIUIOTHI BBIACIAET MOJIOTOK, €CIHM €ro OXJIAXAAIT B JKUAKOM KHCIOpPOJIE,
temneparypa kotoporo -183°C. VY nenbHas teroemMkocTs ctainu 460 [Ix/ kr-°C.

15. Kakyto maccy kokca notpedyercs cxeub, yToObl HarpeTs 10T uyryna na 10°C?
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16. B nnaBuibHyto neus 3arpysuwin 2000 xr uyryHna, B3storo npu 20°C. Kakoe xonuuecTBo
TEIUIOTHI 3aTpadyeHoO B Hel Ha ero maBieHue? CKoIbKO Jbaa, B3sToro mpu 0°C, MOXHO ObUTO OBbI
pacIuIaBUTh 3a CYET ITOTO KOJIMYECTBA TEIIOTHI?

17. B naBunibHOM meuw 3a OHY IUIaBKY mojiyduiau 250 Kr aJllOMHHUS NPU TeMIepaType
660°C. Ormnpenenute, HACKOJIbKO M3MEHWJIACh BHYTPEHHSISI SHEPIUsl aJIOMMHMS, €CIM €r0 HadajabHas
temriepatypa osuta 20° C. Y aenpHas TerioTa IiaBieHus arroMuaus 3,9 M Jx/kr.

18. UyryH B JUTEHHBIX L€Xax IUIaBAT B II€4ax, Ha3blBa€MbIX BarpaHkamu. Orpenenute
KOJIMYECTBO TEIJIOThI, HEOOX0AUMOE ISl TUIaBKU 6T YyryHa, JOBEIEHHOTO /10 TEMIIEPATyphl IIaBJICHUS.
VY nenbHas TeIuioTa maBieHus cruiaBa 138 270 Jx/kr.

19. JloM yepHBIX METAIIJIOB MEPEIIABISIOT B CTallb B MAPTEHOBCKUX Nevax. Kakoe
KOJIMYECTBO TEIUIOTHI HEOOXOAMMO IS HAarpeBaHUA U paciuiaBieHus 10 T cTaabHOro JIoMa, eciu
HaudanbHas Temieparypa ero 20°C? Temneparypa miasiaenus ctainu 1400°C.

20. Kakyto paboty coBepimi uaeadbHbI OJHOATOMHBIA ra3 M Kak MPH 3TOM M3MEHWIACh
€ro BHYTPEHHSS SHEPrus Mpu M300apHOM HarpeBaHHMH JBYX Mosier raza Ha 50 K? Kakoe kommdecTBo
TEIUIOTHI MTOJIYYUJI a3 B Ipoliecce TemooomeHa?

21. 3. Ilpu agmaGaTHOM pacmIMpeHHH Bo3ayxa Obuta coBepiieHa pabdora 200 J[x. Uemy
PaBHO U3MEHEHUE BHYTPEHHEHW SHEPTHUH BO3yxXa?
22. 4. VineanbHbId ra3 HarpeBalicsi MPH MOCTOSHHOM JIaBIIEHUHM, TIOTOM €ro JaBJICHUE

YBEIUYWIOCH TIPH IOCTOSIHHOM O00bEeMe, 3aTeéM IIpu TOCTOSHHOW TeMIeparype JaBJIeHHE Tas3a
YMEHBIINJIOCH A0 NIepBoHavYanpHOro. Hapucosare rpaduk B KOOpAMHATHBIX ocsix P-V.

23. 5. UneanbHblii a3 noayuni koimdecTBo TermioTel 300 [Ix u coBepmmn padoty 100 Ix.
[Tpu 5TOM KaK U3MEHUJIACh €r0 BHYTPEHHSS SHEPTrHsi?
24. 6.Temneparypa xonoauiabHuka TerioBoi mamuubl 300 K, Temneparypa HarpeBaTens Ha

300 K Oompmie, yueM y xonoawibHuKa. YeMy paBeH MakcumaibHO Bo3MOxHBIH KIIJ[ TemnoBoii
MaIIuHbI?

25. 7. UeMy paBHa BHYTPEHHssI 3HEpPrus 5 MOJb OJHOATOMHOTO HJAEAIBHOIO Ta3a IpHU
temneparype 47°C?

Tema 3.3 ArperatHble cocTosiHUS BemecTBa. Pa3oBble nepexoabl

IIpakTuyeckoe 3anaTue Ne8. «CBoiicTBa TBepabIX Tes. Buabl nepopmanmm».

Heb: HayIUTHCS IPUMEHATH 3aKOH ['yKa K PEIIeHHI0 HEKOTOPBIX (PU3UYECKUX 3a/1au, HAYYUThCS
OTINYaTh a0COIIOTHOE U OTHOCUTENHHOE YATUHEHHE.

Boinosinenue padorsl cniocodcTByeT hopmuposanuro: OK 01, OK 02, OK 03, OK 09, OK 06

MarepuanbHoe o0ecnedyeHue: TETpaab AN MPAKTUYECKUX pPabOT, pydka, METOTUYECKHE
PEKOMEHIallUU T10 BHITIOTHEHUIO pa0OThI, TMHEIKA, KapaHIall.

Yka3anmue: [IpakTudeckas paboTta cOCTOUT U3 ABYX YacTe — TEOPETHUYECKON U MPAKTUYECKOU.
[Tocne n3ydeHus: TEOPETUUECKOTO MaTepUalia MOKHO MPUCTYNATh K BBIITOJTHEHUIO TPAKTUYECKON YaCTH.
Ona cocTouT W3 JAByX W Ooree 3amad Ui CaMOCTOSITENILHOTO BBIMONHEHUs. He 3a0biBaiite o
npaBUILHOM oopmieHUN pemieHus. Ha BBIMOTHEHHE MPAKTHYECKOW OTBOIUTCS JBa aKaJAEeMHUYECKUX
qaca. [Topsimok BeIoNHEHUs paboTHI

Ilopsinok BbINOJTHEHHS PA0OTHI:
1. PaccMoTpuTe TeEOpeTHYECKHI MaTepuan MO TeMe U MPUMEpPHl pelieHus 3aaad (CMOTpH
METOJAMYECKOE ITOCOOHE).
2. Pemute camocTosTenbHYI0 padoty. Odopmute penieHne MICbMEHHO B TETPAIH.
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1.Teopus.
Bunsl negopmanun. 3akon I'yka.
Hepopmayueti Ha3bpIBAIOT U3MEHEHHE HOPMBI WK 00BEMa TeNa.

Ynpyzoii nazpiBaloT nedopManuio, KOTopas MOJHOCTbIO MCUE3aeT IOCie MpEeKpalleHus: IeiCTBUS
BHEIIIHUX CHIL.

Heynpyeoii (nnacmuueckoti) Ha3pIBalOT aedopmanuio, KOTopas HE MCcUe3aeT MOocie MPEeKpaIeHUs
JICHCTBUSI BHEITHUX CHII.

Cuna, BO3HHKarolas B pe3yiapraTe JAepopmanvu Tejla U HampaBiIeHHass B  CTOPOHY,
IPOTHBOIOJIOKHYIO IIEPEMELICHHUIO YaCTHUI] TeJa MpH AeGOpMallii, HA3bIBACTCS CULOU YNPY2OCHU.

[TpuuuHoil nedopmanuu Tena SBISETCS JBUKEHHE OJIHOM YacTH OTHOCHTENBHO JApYyroil, a
clieZICTBHAEM J1e()OpMAIIHH TEJIa SIBISETCS BOSHUKHOBEHHE CHIIBI YIIPYTOCTH.

Bunet nedpopmanun
Hedopmarust pacTspkeHUs (CKaTHS)

- 3T0 aedopMmariys, OpU KOTOPOM H3MEHSETCS pPACCTOSHUE MEXAY MapajuleIbHBIMU CIOSMU
YIPYyroro TBEPAOro Tela.

[Tpu nedopmanuu pacTsKeHUs YBEIUUUBAIOTCS pa3Mephl Tela.
[Tpu nedopmariuu cxatrs yMEHbIIAIOTCSA Pa3MEPHI Tela.
Jedopmarus pacTskeHHs (CKATHI) XapaKTepU3yeTcst a0COTIOTHBIM YATUHEHUEM.

AOCOTIOTHOE YAJIMHEHUE TOKa3bIBaeT Ha CKOJBKO HM3MEHSETCS AJMWHA Tela IO CPaBHEHUIO C
MepBOHAYAILHON JUTMHOW 00pasiia.

A!:i'l[]

A1> 0 nepopmarnus pactsxenus A 1 < 0 nepopmanust cxaTus

OTHOCUTEIHLHBIM YAIUHCHUEM  HA3bIBAIOT (1)I/I3I/II-IGCKYIO BCIIMYMHY, PaBHYIO OTHOIICHHIO
a0COIIOTHOTO YAJIMHCHUSA K HepBOHa‘{aﬂbHOﬁ JJIMHE 06pa3ua.

Al

b

Hedopmarus usruda

£

37



Hedopmarun  u3ruba mojaBepraeTcs TeNO, 3aKPEIJIeHHOE C JBYX CTOPOH M HarpyKeHHOE
MoCepeINHe, JIN0O TEJ0, 3aKPEIJICHHOE C OJJTHON CTOPOHBI M HArPY)KEHHOE C IPYTOil CTOPOHEI.

[Tpu nedopmanuum u3ruba BOTHYTas 4acTh Tejia MojaBepraercs AedopMalluu CHKaThs, BBITYKJIas
4acTh TeJa MmoJBepraercs AeGpopMalui pacTsKEHHS.

UToOBI TEJIa MEHBIIIE MOABEPTAIUCH, Aeopmannu n3ruda, ux IeiarT TPyOIaThIMHU.
Hedopmarus cnsura

- 970 Takas Jedopmanusi, IpU KOTOPOH NPOUCXOAMUT CMEUIeHHE (CIBUT) IMapajljIe/IbHBIX CIIOEB
YIPYTroro TBEPAOro Tejaa IpYyr OTHOCUTEIBHO JApPYra.

Hedopmarus kpydeHus

Jedopmaruu KpydeHus MOJBEpPraeTcs Tejao, OJUH KOHEIl KOTOPOro 3aKperuieH, a K APyroMy KOHILY
MIPUJIOKEHBI JIBE CUJIbI, PABHBIE TIO MOJIYJIIO M MIPOTHUBOIOJIOKHBIC 110 HAIIPABJICHHUIO.

3akoH ['yka

Cuna ynpyroctd, BO3HUKAIOUIAas MPH MalbIX AeQOopManusx Tena, MpolNopLUuOHaTbHA YIITHHEHUIO
Tejla ¥ HAIIPaBJICHA B CTOPOHY, IIPOTUBOIIOIOKHYIO HAIIPABICHUIO IIEPEMELLIEHUN YaCTHUL] TEJIA.

Fy=-xkX

K - >KecTKOCTh Tena, 3aBUCHT OT (OpPMBI M pa3MepoB Teja, W OT Marepuaia, H3 KOTOpPOro
U3TOTOBJIEHO TEJIO, X - CMEIIEHHE.

m

st nepopmariuii pacTsiKEHUS U CKATHUS:

Al =(—1(, —abcomroTHas Aedopmanus (yIUIMHEHUE), M.

=2 _ orHocuTenbHAn nepopmanus (yaauHeHue), 1.

EO
{0 — HaJaJbHas JJINHA TeJIa, M;
{ — KOHEYHas AJIMHA Tella, M.
Fynp. — ciiIa ynpyrocTu, BO3HUKaroMIas py AehopMaliy Tea 1 HalpapieHHas IPOTUBOIOIOKHO
CMeEIIEeHUI0 yacTuIl Tena, H.
S — IUIOIIAIb MTOMEPEYHOT0 CEYSHHs TelIa, IEPIICHINKYISPHOTO JHHIN JCHCTBHS CHIIBL, M-,
Mexanuueckoe nanpsaxcenue o— QpunuecKas BeTUUNHA, ONpeaessieMas CHIION ypyrocTH,
JeWCTBYIONIEH Ha eIMHUILY IO/l TONEPEYHOTO CEUEeHUs Tea.

3axon I'yka: pu MalbIX yIpyrux aedopMalusx MEXaHH4eCcKoe HanpsyKeHUE MPSMO MPONOPIMOHAIBHO
MOJTyJIF0 OTHOCUTENbHOHU ehopMalvu Tena.
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9 =E' | & | ’
rae E - MOAYJIb YIIPYIrOoCTHU BEIICCTBA UJIM MOAYJIb IOHFa, ITa.

g _F-lb _ .t —XapakTepucTuka BelecTsa.

Cranb: E #2.10" Ila; pesuna: E ~10" ITa.
[E]=1Ila
(E — mexanuueckoe Hanpspkenue npu Al==~p).

(S:E-|€|:>§:E£|:>|::i'AI

0 IO

O6o03HaunM k = IIE—S — XKECTKOCTb (K03 puIeHT ynpyroctu), roraa: Fy,, = -KAL («» T.x. Fyyp mpoTun

0
AL) nmn Fypp = -kX (X = AL)
[K]= " (cuita mpu abcomoTHOM Aedopmaruu 1 m).
M

[Tpumeps! penieHus 3a1a4 pacCMOTPETh B TOCOOUHT
Pemmnrn 3amaun
(n - Homep sawezo éapuanma no cnucky)

1. 3adeM Ha TOYHBIX U3MEPUTEIHHBIX HHCTPYMEHTAX yKa3bIBaeTcs Temreparypa (0obrano 20 °C)?

2. O06bsicauth ¢ Touku 3peHuss MKT coenunenuwe neraneit ¢ momoripio kies. [louemy TBepabie
MaTepHaibl CKIEUBAIOTCA TPyJHEE, yeM IutacThuuHble? Uem coequHeHMe eTajlell MasHUEM CXOIHO
CO CKJIEUBaHUEM?

3. Ilpu coenuHeHUH AeTallel NMasHUEM IOBEPXHOCTU IPEABAPUTENIBHO 3aYHUIIAKOT OT 3arpsA3HEHUN U
OKCHJIOB, MHAYE >KUJIKUI MPUIION HE TTpUcTaeT K HUM. Kak 5T0 MOKHO OOBSICHUTh HA OCHOBE 3HAHUM
0 cUJIax MOJIEKYJIIPHOTO B3aUMOJAEHCTBHA?

4. Yto 00111ero MeX1y CBapKOi METAJIIOB U MasHUEM HUX?

5. Jlns coenMHEHHs alIOMHUHHUEBBIX NPOBOJIOB, a TAK)KE AETAJCH U3 MEIH, HUKEISA, IMHKA IPUMEHSIOT
TaK Ha3bIBAEMYIO XOJOAHYIO cBapKy. CoequHsieMble MOBEPXHOCTH YKJIAJbIBAIOT B HAaXJECTKy U
CKUMAIOT NpeccoM 0e3 mpeaBapuTelbHOro HarpeBa. OOBACHUTH, MOYEMY IOJIy4aeTcsl MPOYHOE
coequHeHue. B uem 3akioyaercs CylHOCTb CBAPKH IJIaBICHUEM?

6. IIpoHUKHOBEHHE aTOMOB HEKOTOPHIX METAIOB (QJIIOMHUHHUM, XpOM M Jip.) B INyOb CTaJbHOTO
U3JIeus JieflaeT ero MOBEpXHOCTh MPOYHON U Hepxkaseromiei. Kakoe ¢usnueckoe sBieHue JEXKUT B
OCHOBE METAJUIM3allMMd TOBEPXHOCTH CTaJIM M MOYEMY OHA MPOM3BOJIUTCS IMpH Oojiee BBHICOKOM
Temneparype?

7. Kak wu3BecTHO, MOJEKyJbl M aTOMbl TBEPJAOrO Teda KOJEOIIOTCS OKOJO HEKOTOPOIro CpPEIHEro
noJyiokeHus. BeneacTBue 3TOro TBepaple Tena COXpaHST cBoO (opmy HemzMeHHOH. [louemy B
TaKOM Cllyyae B TBEpAbIX Tenax Bo3MokHa auddys3us? Ilouemy muddysus B HUX MPOUCKOIUT
MEJIEHHO NPU HU3KOM TeMIiepaTrypax U ObIcTpee Mpu BHICOKON?

8. Ompenenure CcUIy IOBEPXHOCTHOIO HATSIKEHMs, JCHCTBYIOIIYIO Ha IUIACTUKOBYIO pEMHKY,
IJIaBaIOIYI0 Ha MOBEPXHOCTH BOAKI. JlnuHa periku 20 cwm.

9. IlpoBosoka mnuuHOM 5,4 M moA JAEHCTBHEM HArpy3ku yUIMHWIACK Ha 2,7 MM. Omnpenenute
abCOJIIOTHOE ¥ OTHOCUTEIBHOE YJTMHEHHE MTPOBOJIOKH.
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11.

12.
13.
14,

15.
16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

217.

28.

29.
30.

. K xoHnmam cranpHOM NPOBOJOKM JUIMHOW N METPOB M IUIOHIAAbI0 MONEPEUYHOro ceueHus 1Mm?>
MpUJIOKEHbI pactaruBaronue cuibl Mo 200H kaxnmas. Haiinure aGcoNOTHOE M OTHOCHUTEIBHOE
YIJIMHEHHE

[Touemy wMmeramiousnenuss M3 CTalIM M YyryHa Ieped OTHPaBKOM K NOTpeOUTento OOUIIBLHO
CMa3bIBalOT CIIELUAIbHBIMUA MACJIaMU - TABOTOM WJIM COJIUA0JI0M?

Kakum ¢usnyeckum TpeOOBaHUSIM [OJKHA OTBEYAaTh CMaszka, NpuUMeHsemas Npu o0paboTke
METaJUIOB JIaBJICHUEM?

Kakue nedopmannu npoucxoasT B Merasie npu o0paboTke AaBieHueM?

Kakoe cBOHCTBO METaJIOB HCHOJIB3YIOT IPU 00Pa0OTKE MX KOBKOW M TOpsSYe IITaMITIOBKOM?
[ToueMy OOJBIIMHCTBO CIUIABOB (CTallb, YYr'yH, OpOH3a) MEHbIIE MOJBEP>KEHbI IJIACTHUYECKUM
nedopmanusm, 4eM YUCThIe MeTaJIbI?

Kak u3mensiercst ctpykrypa mMeraiia npu rnpokare?

IIpu o00OpabGoTke MeTamga JaBJICHHEM Yy 3aroTOBKM BO3HUKACT HAKJEN, €CJIH 3aroTOBKU
MIpe/IBApUTENIbHO HEe HarpeBaloTcsa. YeM Meniaer Hakjen?

Kak n3mensieTcst sHeprus Telna npy MIacTUYECKuX ehopManusx?

[IpoBonOKa W3rOTOBISIETCS Ha BOJOYWJIBHOM CTaHe (METaNIMYeCKUd MPYTOK MHOTOKPATHO
MIPOTATUBACTCSL YEpe3 pPsii OTBEPCTUM, C IOCTENEHHO YMEHbBIIAIUMUCA OTBepcTusaMu). Kakue
nedopMaIuu UCTIBITHIBAET IIPH STOM METa?

[Ipoxkat pexxyT Ha mosiockl npu Temneparype 800° C. Paccuurarh JiMHYy TOPSYUX TMOJIOC, €CIU TIPU
temmneparype 20°C OHU JOJIKHBI UMETh JJIUHY 15M.

[Touemy 00paboTKa cTaimy TpyaHEe 00paOOTKH TIOPATFOMUHUS?

[IpoHMKHOBEHHE aTOMOB HEKOTOPBIX METAJUIOB (AQMIOMUHUN, XpPOM M Jp.) B TIIyOb CTaJIbHOTO
U3JIeIMs JIeJlaeT ero MOBEpXHOCTh IPOYHOM U HepxkaBerolie. Kakoe (usnueckoe sBieHUE JEKUT B
OCHOBE METAJIM3allMi MOBEPXHOCTU CTAld W TMOYEMYy OHA MPOU3BOIUTCS MpU Oojiee BHICOKOMH
Temreparype?

Jlisa mpuiaHus CTalbHBIM W3JEIHSIM TBEPAOCTH HACHIMIAIOT WX MMOBEPXHOCTHBIN CIOW yriepoioM
(uemeHTanus), azoToM (a3oTHpoBaHME), adtOMuHUEM (amoThpoBaHue). I[loyemy mnporecchl
IIPOBOJIAT MPH BBICOKUX TemnepaTypax? Ha kakom (pu3nueckoM sBJIEHUN OHU OCHOBAHBI?

[Ipu coenvHeHun neranell massHUEM MOBEPXHOCTH MPEIBAPUTEIBHO 3a4YMINAIOT OT 3arps3HEHUH U
OKCHJIOB, MHAUE KUIKUI MpHUIOi He mpucTaeT K HUM. Kak 3T0 MOKHO 0OBSACHUTH HA OCHOBE 3HAHUIM
0 CHJIaX MOJIEKYJIIPHOTO B3aUMOJIENUCTBUSA?

BHyTpH 4yryHHOH OTJIMBKM BO BPEMs JIMThSI MOTYT OCTAaThCs Iy3BIPBKM Ta3a, YTO YXYJIIIAET €ro
MPOYHOCTh. VIMEIOTCS M MyCTOTHl B UYT'YHHOW OTJIMBKE, eciu ee oO0beM 5 nm?, a macca 30,5kr?
Ecnu umerorcs, To kKakoB ux o0bem?

Jlia mnaBku Mmetayuia TpeOyeTcs BO3AYLIHOE AYThe, oOecreunBaroliee MocTymjaeHue B mnedb N w3
BO3AyXxa B cekyH1y npu nasieHun 200kIla. Kakoit o6bem Bo3nyxa npu gasineHun 100xIla Hyx)HO
MoJaBaTh KAKIYIO CEKYH/Y B I€Ub, YTOOBI 00ECIIEYUTh €€ padoTy (IIpolecc N30TEPMUUYECKHI).
Harpetsle 114 3akanku CTajJbHbIE JETaM OXJAXIAIOT B BOJAE, Macie. B kakoil cpene oxnaxkiacHue
uaeT HanboJee OBICTPO U MoYemMy?

IIpu 06paboTke METaUIOB pe3aHHeM B KadeCTBE OXJAKIAIONIIUX >KUIKOCTEH IIHMPOKO MPUMEHSIOT
Macia u 3myiabcun. [louemy moyTu He NPUMEHSIIOT JUIs 3TUX LIl BOJHbIE PACTBOPHI?

JUist M3rOTOBJICHUS apMaTyphbl JKeJIe3HOOCTOHHBIX KOHCTPYKIUN MPUMEHSIOT JIETHPOBAaHHBIE CTAH.
Jlerupyroiue 3J1eMEHThl (MapraHen, KpeMHHI, XpoM) 00pa3yloT C KeJle30M TBEpAble PacTBOPHI,
CTPYKTypa M CBOICTBa KOTOPBIX OTJIMYAIOTCA OT CTPYKTYphl U CBOWCTB TBEPABIX PacTBOPOB
YIJIEpO/Ia € XKEJIE30M — YIIIEPOJUCTHIX cTallel. B wem cocrout 3To oTinune?

KakoB MexaHM3M KpUCTAJUIM3aLMU MeTasuia?

Bce Buapl TepMuueckoit 00paboTKH (OTXKUT, HOpMaJIU3AIUs, OTITYCK, 3aKajka) CIUIAaBOB CBOJATCS K
UX HarpeBy /[0 ONPEICIIEHHON TeMIepaTyphl, BBIAEPKUBAHUIO IpU OTOW TeMIlepaType u
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32.

33.

34.

35.

36.

37.

OXJXIEHUIO 10 KoMHaTHOM TemmepaTypsl (+20°C) ¢ pa3Hoil ckopocThlo. Kak BiMseT CKOpOCTh
OXJIAXKICHHS Ha PU3HKO-XUMHYECKHE CBOMCTBA?

Mo>XHO 1 3a7IMBaTh MeTall B (GOpMy, CACTAaHHYIO U3 MaTepHaja, KOTOPbIH CMayMBaeTCsl TaHHBIM
MeTauioM?

B nucre cranu nMeercs Kpyriioe OTBEPCTHE. YBEIMYUTCS OHO WJIM YMEHBIIUTCS, €CIU JIUCT CTaIU
HarpeTb?

IIpn ucnapeHuu, Kak MU3BECTHO, TEMIIEpaTypa XHJIKOCTU IOHMkaercs. IlouemMy B TakoM ciyuae
TeMIeparypa BOJbl, OCH3MHA, CIHUPTa M T. A. B OOBIYHBIX YCIIOBUSIX IOYTH Takas ke, 4TO U
TEMIIEpaTypa OKPYKaroIIEero BO3/1yXa, XOTs UX IOBEPXHOCTh OTKpbITA?

XenesHoOpoXKHBIE PENbChl UMEIOT JUIMHY 25 M M HM3rOTOBJIEHBI U3 cTanu. Kak u3MmeHsercs ux
JUTMHA, €CITU TOA0BBIE H3MEHEHHS TeMIiepaTypsl kKoneonrores ot 30 mo -30 °C?

B xene3HoopoxHy0 1McTepHy norpy3wim HegTh oobeMoM 50 m* mpu Temneparype 40C. Kakoii
00BeM He(TH BBITPY3WIH, €CIIM HA CTAHIIUY HA3HAYCHUS TeMIlepaTypa Bo3ayxa Obuia -40° C?

B mpouecce kokcoBanus u3 1 TOHHBI YrOJAbHOW IMIMXTHI Mosy4daroT okojio 700 kr kokca, 330m
KOKCOBOTO ra3a u okojio 20 kr cMousbl. CKOJIBKO KOKCOBOT'O ra3a IMnoiydar u3 2,5 TOHH YroJIbHON
IIUXTHI.

Kokc nmonyuaror cyxoi neperoHKoi KaMEHHBIX YIJIel B KOKCOBBIX I€4aX, MPEICTABIIAIOMUX COO0M
y3KYI0 KaMepy IupuHOi okono 0,5 M, BbICOTOH 4,5 M U IMHON 15 M, 00beIMHEHHBIX B OaTapero.
Kakoit 00bem OaTapen mpuxoauTcs 0O0CTY)KHBAaTh TOPHOBOMY, €CIIM YHCIIO TeYe MOXKET TOCTUTATh
70 mTyk?

3

Pa3znen 4 duekTpoauHaMuka
Tema 4.1 DnekTpocraTuka

IIpakTuyeckoe 3ansaTue Ne9. Penienue 3a1a4 no teme «JIeKTPOCTATHKA. JJIEeKTPOEMKOCTH
KOH/IEHCATOPOB»

IIe.m;: C(i)OpMPIpOBaTL YMCHHUS MPUMCHATH NOJTYUCHHBIC 3HAHUA [JJIA PCIICHUS ITPAKTUYCCKUX

3aaa4.

Beinosinenne padorsl cnocodcTByeT (popmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepuajnbHoe o0ecnieyeHue:

MHJUBUIyaJIbHOE 3a/1aHK€, KOHCIIEKT JIEKLUWA, CTPAaBOYHbIE MAaTEPHAIIbI.

Yka3anue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JABYX 4YacTedl — TeopeThueckod M mpaktudeckoil. Ilocrne

HU3YUCHUSA TCOPCTUUYCCKOro Marcprajia MOXHO MPUCTYNATh K BBIIIOJTHCHUIO HpaKTquCKOﬁ gactu. OHa
COCTOUT U3 ABYX U Ooiee 3aaa4d s CaMOCTOATCIIBHOT'O BBIITOJITHCHMA. He 3a0riBaiiTe 0 IpaBHJIbHOM
O(l)OpMJ'IeHI/II/I pelIcHu. Ha BrimonHeHme IMPAKTUYCCKOIr'o 3alaHUs OTBOAUTCA ABAa AKaACMHNYCCKUX Haca.

3aganme:
1. OSHaKOMBTeCB C KpaTKI/IMI/I TeopeTquCKHMH CBCIACHUAMU
2. Pemure 3ama4n, CaMOCTOSITENILHO HCIIONB3Yys MPUMEPHI U KPAaTKUE TEOPETUUECKUE
CBEJICHHSL.

Ilopsinok BbINOJHEHHSI padOThHI:
1. W3yuuTte u BeIUIIKATE GOPMYJIIBI IO JAHHOH TeMe:
2. Pasbepute mpuMepsl pelIeHHBIX 3a/1a4
3. Pemmre camocTosTENHHO 3a1a4U

Kpartkue TeopeTnueckue cBeJ1eHust
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Fap Ol 90

3akon Kynona B Bakyyme: re Ay
o o o o . | 1 I
3akoH KynoHa B cpezne: e’ AMEE,r
- F
HanpsikeHHOCTD 3JIEKTPUYECKOTro MOJIS: 9
HanpsikeHHOCTD 3JIEKTPUYECKOTO MOJI TOYEYHOTO 3apsaa: dmegy, r7 8

3aKOH COXpaHEHMsI AJEKTPUUECKOTO0 3apsiia: § = g1+ Qo+ ... + O,

- 2 =A@
Pa3HOCTH HOTEHIUAIIOB: q
L.
[ToTeHIMa TOYSCYHOTO 3aps/ia: smee,r er
b= A
CBsI3b MMOTEHIMAIA M HATIPSKEHHOCTH: d .
C=—3
DIEKTPOEMKOCTh KOH, : ¢, — o,
p JleHcaTopa: ,
w-2@-9) qU
DHeprus 3apsKEHHOr0 KOHIEHCATopa: 2 2

CoennHeHne KOH/IEHCAaTOPOB:

[TocnenoBarenbHOE COCTMHEHHE KOHICHCATOPOB — COSAMHEHUE, TIPH KOTOPOM ITOCIIE 3apsSaKU
OTPHULIATENHHO (TIOJIOKUTEIBHO) 3apsDKeHHAs O0KJIaIKa MPEIbIIYIIero KOHAeHCATOpa COeAMHEHA C
MOJIOKUTETIHHO (OTPHUIIATEIBHO) 3apsHKEHHON OOKIaIKON MOCIEAYIOLIETO.

I 1 1 1 L <!
— =ttt — =2
C] C‘r Cr.l:r. '-Ln

ar 3 o=

HapaJ'IJ'ICJ'ILHOC COCAUHCHUEC KOHACHCATOPOB — COCAUHCHUC, ITPU KOTOPOM ITOCJIC 3apsAaAKHU BCC
IMOJIOKHUTCIIBHO 3aps’KCHHBIC O6KJ'IaI[KI/I C06paHI>I B OJIUH Yy3€JI, BCC OTPULATCIIbHO 3apsS’)KCHHBIC — B

JPYTOH.
Cop = Zt Cy. =C, +.+C,

IIpuMepsl peleHus 3aaa4
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Brmucnerse:

Jamo Pemenme:
) 5 A A=-2103Kn{700-B-200B)=1
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Pemurn 3a1aun:

(n - Homep sawezo éapuanma no cnucky)

1.

2.

Hanpspokenne Mexay nonrocamu 0atapen akKyMysasiTopoB N KB. kakoil 3apsij MoJyduT KOHJEHCATOP
eMKkocThI0 500 MKD, eciu ero coeIMHUTD C MOII0CaMU 3TOM Oatapen?
JIBe orHaKoBbIE HEOOIBIINE TOBEPXHOCTU IIPU TPAHCIIOPTUPOBKE JI€TAIECH MOJIYUMIH 3apsiIbl

6*10°Kn u -12*10°Kn, nHaxomsmecs Ha pacctosHMM N cM Apyr oT apyra. Ompenenure CHILy
B3aMMOJICHCTBHS MEX]Ty HUMH.

3.

IIpn nepememienuu 3apana 2 K B 3JIEKTpUYECKOM IIOJIE CUJIBI, IEHCTBYIOLIUE CO CTOPOHBI 3TOTO
noJisi, copepurid padoty 8 Jlx. Uemy paBHa pa3HOCTb NMOTEHIIMATIOB MEK/y HadaJlbHON M KOHEUHOM
TOYKaMH ITyTH?

[Ipu nepemenieHnn AMEKTPUUYECKOTO 3apsia MEXy C TOUKaMH C Pa3HOCTbIO OTEHIIMaNoB 8 B cuibl,
JIEWCTBYIOIIME HA 3aps] CO CTOPOHBI AJIEKTPUUECKOTO MO, coBepunin padoty 4 /[x. Uemy paBeH
3apsn?

. HanpspbkeHne mexay IByMs TOPU30HTAJIbHO pacnoioXkeHHbIMU IutactuHamu 600 B. B mone stux

IJJACTUH HAXOAUTCS B PAaBHOBECHM 3apSKEHHAsl IBUIMHKA MacCoOW 3*10°r. Paccrostame MEXIY
m1acTuHaMu N MMm. OnpeaenuTe 3apsii NbUIMHKY.

Konnencarop emkoctsio 0,02 MK®D coeTMHIIA C ICTOYHUKOM TOKA, B PE3YJIbTATE YE€TO OH MPUOOpEI
3apsan 10°Kon. Omnpenenure 3HaUEHUE HANPSYKEHHOCTU IOJII MEXAY IUIACTMHKAMM KOHJIEHCATopa,
€CJIM pAaCCTOSTHUE MEXAY HUMH N MM.

. B HexoTopoii Touke rnexTpuyeckoro nois Ha 3apsn = 5 K neiictByer cuna F = 4-10-7 H. Haiitu

HaNpsHKEHHOCTH MOJIs £ B TaHHOM TOUKE.

Kaxkas HanpspkeHHOCTh 3JEKTpUYecKoro nois E cosnaercs 3apsaoM sjapa HeoHa (Ne) = 1,6-1018
K7 Ha paccrosanmn r=10" m or LeHTpa sapa’?

Ha paccrostnuu r = 5 ¢M JIpyr oT Ipyra B BaKyyme pPacliOiOKEHbl MPOTUBOMNOJIOKHBIE M0 3HAKY
3apsanbl BenmuuuHOM || = 7 vKn. Halitm HanpspkKeHHOCTH DJIEKTpHYECKOro Toyis E B TOUKE,
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HAXOMAIICHCS HAa PAcCTOSHUM, @ = 3 CM OT IMOJOXHUTEIBHOTO 3apsga U B b = 4 cm or
OTPHUIATETBHOTO 3apsA/a.

10. B 0ogHOPOIHOM DJEKTPUYECKOM II0JIE PACCTOSTHUE MEXKIY ABYMS TOUKAMHU BJOJb CHIIOBOI JTMHUU
I =N cM, a pa3HOCTh NOTeHIIMANIOB Mexay HUMHu 100 B. Onpeaenure Hanps>keHHOCTH oS E.
11. [Tpu HampspkeHUH Mexy IIacTuHamMu KoHaeHcaropa 200B pasHouMeHHbIe 3aps/ibl Ha

IJIACTUHAX PABHBI 10 K. UeMy paBHa 3JIEKTPOEMKOCTh KOHJIeHCaTopa?
12.Berauciire SHEPTHIO JIEKTPUIECKOro MO KOHISHCATOpa MIEKTPOSMKOCThIO 10 MKD, 3apsKEeHHOTO 110
HanpspkeHus 10B.

13. Kaxkast paGora coBepiiaercs mpu nepemMeriennu 3apsina 4,6 MKKi1 B 3J€KTpUYECKOM TIOJIE MEXITY
TOYKaMU C Pa3HOCThIO NoTeHIanoB 260 kB?
14. B 01HOPOIHOM 3JEKTPUYECKOM T0JI€ C HAIPSHKEHHOCTHIO 18-10° H. nepemMeniaeTcs 3apsi 7.10°®
Kn

Kn na paccrosHue N cM moj yriom 60° x nuHEAM HarnpspkeHHOCTH. OnpenenuTs padoTy Mo
MEePEMENICHUIO ATOTO 3apsija.

15. Onpenenutb eMKOCTh 0aTapeu Ce,r, eciiu KoHAeHcaTopsl ¢ eMkocTsaMu C1=10 nd, C,=15 n® u
C3=20 n® coemuHWIM: a) TOCIENOBATEIILHO; 0) mapauieabH0. CXeMbl COSAMHCHHSI KOHICHCATOPOB
Ha4YePTHTh.

Tema 4.2 IlocTOSAHHBII 3J1eKTPUYECKUH TOK.

IIpakTuyeckoe 3ansaTue Nel(. Pemnenune 3agau «3akonst Oma. ConporuBJieHue.
CMeliaHHoe coeJUHeHNe POBOHNKOB)

Hean: chopMupoBaTh yMEHHS HPUMEHSTH IMOJYUYEHHbIE 3HAHUS U PEUICHUs NPAKTUYECKUX
3aJad B NPOQECCHOHATIBHON JESTEIBHOCTH, JUISI OOBSICHEHUS YCIOBUH MPOTEKAHHS (UINIECKUX
SIBJICHUI

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

MarepunanbHoe obecniedeHue:

MHAMBUAYaJIbHOE 33/1aHUE, KOHCIIEKT JIEKIIMHA, CIIPaBOYHbIE MaTepHaIIbI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT W3 JABYX YacTed — TEOPEeTHYECKOM M mpaktudeckoil. Ilocie
U3Y4YEHHs TEOPETUYECKOTO0 MaTepHalla MO>KHO IIPUCTYNATh K BBINOJIHEHHUIO MpakTU4eckor yacTu. OHa
COCTOMT U3 JBYX U Ooiiee 3a7ay JJIsl CaMOCTOSTENbHOrO BhIMONIHEHU. He 3a0biBaiiTe 0 mpaBUIBHOM
oopmienun peureHus. Ha BbinmosHeHHe MPakTUYECKOTO 3a7laHusl OTBOJUTCS uembipe aKaJleMHUUECKUX
qaca.

3aganme:
1. OSHaKOMLTeCB C KpaTKI/IMI/I TGOpeTI/I‘{eCKI/IMI/I CBCIACHUSIMHU I/ICHOJ'II)3YS[ CCBIJ'IKy
https://znanium.com/catalog/product/1012153 , crp 129-134, crp 138, ctp 139-141, crp 144- 146
2. PGHII/ITC 3aJa4uu, CaMOCTOATCIIBHO I/ICHOJ‘II;SYSI HpI/IMepI)I n KpaTKI/Ie TGOpCTI/I‘IGCKI/Ie CBCACHUNA.

Ilopsinok BbINOJHEHHSI padOThHI:
1. W3yuuTte u BeIUIIKATE GOPMYJIIBI IO JAHHOH TeMe:
2. Pasbepute mpuMepsl pelIeHHBIX 3a/1a4
3. Pemmre camocTosTENHHO 3aa4U

IIpuMepsl peleHus 3aaa4
Cui1a TOKa ¥ IVIOTHOCTH TOKA
1. Onpenenure 4uciaO N IEKTPOHOB, KOTOPBIE MPOXOAST YEpe3 IONEPEUYHOE CEYEHHE IPOBOIAHHMKA
ionaapio s=1MM2 3a t=2 MHUH, €cJIM MJIOTHOCTh TOKa B IpoBoaAHUKE j=150A/cM2
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Hano: Pewenue:

S=1mm™=10"n’ Uuc10 31eKTPOHOB, MPOXOAALINX YEPe3 MONEPEHHOEe CEUeHNE
t=2 mun=120c MPOBO/IHUKA, PABHO OTHOLIEHHIO 3IEKTPUYECKOro 3apsja,
i=150A/cM™=1,5%10*A/M MPOLLE/IIEro 4epe3 AaHHOE MONEePEeHHOe CeUCHUE, K 3apaay
n-? snextpoHa:n=Q/e (1). YuursiBas, uro Q/t = I5S (2), nonyunm:

3a Bpems t yepe3 ceueHne NpoBOAHMKA npoiiaer n= jSt/e.
n=1,5*10°A/M**10°M**120¢/1,6%10""Kn=1,2*10>"
Omeem: 1,2¥10*'

2. DnekTpuyeckas 1enp, cocrosimas u3 pesuctopoB R1=100 Om,R2=200 Om R3=300 Om, noakiaroueHa
K JIByM HUCTOYHMKaM nocrostHHoro HanpspkeHus Ul u U2=100B. ITpu kakom Hanpsixenue Ul cuia Toka
I1 gepes pesucrop R1 Oyzner paBHa Hymr0?

Jano: Pewenue:

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

R>=200 Om nanpsikenue Uj Ha pesucrope Ry nomkHo Obith pasuo Uy, T.e. Us=U=[|R; (1).

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

U2=100B CHIIa TOKA BO Bcex yacTax uenu oauHakosa: [;=L=1. [lanenne nanpsxenus

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

U;=? Yuureisas, uto IR;=U;=U; umeem, U,=U; Ry/Ry+R3+U;. Ilocne npeoGpazoBanus
nonyuum U;=R3/R,+R3*U,. U,=300 Om/200 Om+ 300 Om*100B=60B.

Omeem: 60B

3akon OMa 1Ji9 MOJTHOH Henu

3. Onpenenute cuity Toka kopotkoro 3ambikanus IK3 Gartapeu, 3C xotopoii € = 15 B, ecnu npu
MOAKJIIOYEHUH K HeH pe3uctopa conpoTuieHueM R=3 Om cuia Toka B 1ienu cocrasisier [=4A

Jano: Pewenue:
e=15B  Cuny Toka KOpOTKOro 3aMbikanus onpezensem 1o popmyne Ixz=¢e/R (1), rae
R=30m r-BHyTpeHHee conportusienue Oatapen. Cornacuo 3akony Oma st nONMHOM Henu:

[=4A [= g-IR-r, orkyna r = e-IR/ (2). [loacrasum opmyny (2) B hopmyny (1)
I3 -? k3= e/R=¢el/e-IR.  Ix3=15B*4A/15B-40*3 Om=20A
Omegem: 20A

O/1C ucrounuka snexkrpuueckoi sHeprun 12 B. Kakoii ¢pusnueckuii CMbICT 3TOTO BhIpaXXEHUS?

CoeguHeHue NMPOBOIHUKOB

4. K cern nanpsbxkenuem U=200 B npucoenunensl nBa pesucropa. IIpy ux mnocienoBareabHOM

coequnennu 11=4,4 A, a npu napamiensHom - 12= 27,5 A. Omnpenenute conporuBieHue R1 u R2
PE3UCTOPOB.
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Jano: Pewenue:

U=220B [Ipu nocnenosarensuom coeaunennu Ry, = Ry + Ry; [I=U/R 000, 0TKY A
[,=4,4A Ryoenn= U/, Pacuerst: Rnocnp=220B/4.4A=50 Om.
1,=27,5A [Tpu napannensHoM coeHeHHH: Ry, = Ri*Ro/(Ry + Ry), L=U/R a4, 0TKY 22

R;-? Ry-? R apar =U/L. Pacuernt: Rypa,=220B/27 5A=8 Om.
Ri*Ro/Ri+R5=8 Om; R, R,=400 Om; Ry+ Ry=50 Om; R; R,=400 Owm;
3uaunt: R;=10 Om; Ry=40 Om.
Omeem: R,=10 Om; Ry7=40 Om

Pemuth 3aJavYu CaMOCTOATEJIBHO

(n - Homep sawezo éapuanma no cnucky)

1.

10.

DNeKTpOBUTATENb, COMPOTUBICHHE 0OMOTKH KOTOporo 0,4 Om, paboTaeT OT CeTH C HANPSHKCHUEM
300 B npu Toke 50 A. Onpenenure KOJIMYECTBO U3PACXOJOBAHHON 3HEPIUH 3a N 4., COBEPUICHHYIO
JIBUTATEJIEM MEXaHUYECKYIO pabOTy U KOJIMYECTBO TEIUIOTHI, BBIJIETIEHHON B OOMOTKE.

Onpenenure CONPOTUBICHHE MCTOYHMKA Toka, D/IC KOTOpOTO 1,4 B, ecnu npu 3aMbIKaHUHM €r0
KEJIE3HBIM IPOBOJHUKOM JJIMHON 5 M u ceuenuem 0,2 MM” B 11lenu BO3HUKaeT TOK N A. YaenbHoe
CONPOTHUBIICHUE Xkee3a paBHO 9,9 10 Om'm.

Omnpenenure COMPOTUBICHUE y4acTKa 1eNH, H300pakeHHOT0 Ha pucyHke, ecinu Ry = 12 Om, R, = 6
OMm, R3=4 OM, R4 =10 OM, Rs = Rg= R7 =30 Om.

ONEeKTpUUYECKUH TNasIbHUK paccuuTaH Ha Hampspkenue 120 B mpu Toke 4,0 A. Kaxoll nnuHbl
HEOOXOMMO B35Th HUXPOMOBBIM IMPOBOJI TOMEPEYHBIM CEUECHUEM 3,9-107 M® I M3rOTOBICHHUS
HarpeBaTeNIbHOIO AJIEMEHTA?

OnpenenuTe najJeHUe HAMPSHKEHUS B JIMHUM AekTponepenayun amuHoi 500 M mpu cuie Toka 15 A.
IIpoBozKa BBINOIHEHA ATFOMUHUEBBIM IIPOBOJIOM ceueHueM 1,4 10° M2

K npoBonHuKy [nHOM 6,0 M U TONIEPEeYHbIM CEYEHUEM 10° M MIPUIIO’KEHA pa3HOCTh noteHuuanos 5,0 B.
Onpenenure yaeiabHOE CONIPOTUBIIEHNE IPOBOTHHKA, €CIIM CHIAa TOKA B 1ieru 1,5 A.

KrnaccHas koMHaTa ocBelaeTcsi MECThI0 MapajljielIbHO COSMHEHHBIMU MEXKIy COOOM JamMIoykamu,
Kakgass HU3 KoTopbix umeer comnpotusieHrne 480 Om. Omnpenenute cuiay TOKa B IHOABOASILNX
MpoBofax, eciu HanpsbkeHue B cetu 220 B. ComnpoTuBieHHneM MOABOAAIIUX TPOBOJOB MIPeHEOpeyb.

. K nenu, cocrosimei u3 npoBoguukoB conpotunieHneM 20 u 30 OM, cOeIMHEHHBIX MapauiesibHO, U

MPOBOJHMKA compoTuBieHneM N Owm, TOAKIIOYEHHOTO K TIEPBBIM JBYM TIOCIEIOBATEIHHO,
npuioxkeHo Hampspkenue 120 B. Omnpenenurte cuiny TOKa B HEpPa3BETBIEHHOM dYacTH LENU U
HaIpsDKEHHWE Ha BTOPOM MTPOBOJTHUKE.
JlniHa MeAHOro MpPOBOJAA, HCIOJIB30BAHHOIO B OCBETUTENbHOU cetu, 100 MeTpoB, MmiIomanb
MOIMEPEYHOIO0 CEYEHUsI €ro 2 MM, Uemy paBHO COMPOTHBICHHE TakOoro MpoBona? (Pyem—1,7 10
8OM~M).

Cwia Toka B cnupaiu dekTpudeckor nammbel 0,7 A, comportuBieHue jamnbel 310 Owm.
OrnpenenuTth HANPsKEHUE, 01 KOTOPBIM HAXOAUTCS JIaMIIa.
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11. HukenuHoBasi mpoBosioKa JJIMHOW N METPOB M IUIOLIAJbI0 TomnepeuHoro ceuenus 0,5 MM

BKJIIOUYEHA B LIeNb ¢ HamnpsbkeHueM 127B. OmnpenenuTs cuily Toka B mpoBoaHuke, eciu p=0,4 10
*Om M.
12. PaccuuTath 00111€€ COMPOTUBIICHNUE yYacTKa IICTH:

{ R.=30 J

13. He pa3marbiBasi ¢ KaTyIIK{ TOKPBITYIO W30JIALNEH HUXPOMOBYIO ITPOBOJIOKY, OMIPECITUTE €€
JUIMHY, €CJIM NP BKJIFOYEHUH KaTYyIIKHU B ceTh ¢ HanpsbkeHueM 120 B, B Helt BO3HUK TOK N A.
Ceuenue mpoBoJIOKHU 5,5- 107 M2,

14.  Yepe3 a51eKTpOHHYIO J1IaMITy IpoTekaeT Tok 6MA. CKOIbKO 37eKTpoHOB N mornazer Ha aHo.
JamMIIbl 32 Bpemsi N MUH?

IpakTuyeckoe 3ansaTue Nell, Pemenue 3apa4u no reme «Padora, MolHocTb u
CONPOTHUBJIEHHE YJIEKTPHYECKOT0 TOKA)»

Hean: chopMupoBaTh yMEHHS HPUMEHSTH MOJYUYEHHBbIE 3HAHUS JUIS PEUICHUs NPaKTUUYECKUX
3aa4 B NPOPECCHOHATBHONW JAEATEeIbHOCTH, JUIsI OOBSCHEHUS YCIOBUN MpPOTEKaHHUS (PU3MUYECKUX
SIBJICHUU

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

MarepunanbHoe obecnedeHue:

MHAMBUAYaJIbHOE 33/1aHUE, KOHCIIEKT JIEKIIUH, CIIPaBOYHbIE MaTepHaIIbI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT W3 JABYX YacTed — TEOpEeTHYECKOM M mpaktudeckoil. Ilocie
U3yYEHHs] TEOPETHUECKOro MaTepualla MOXKHO MPUCTYNAaTh K BBITOJHEHHUIO NMpakTHuecKko yactu. OHa
COCTOMT U3 JBYX U Ooiiee 3a7ay ISl CaMOCTOSTENbHOrO BhIMONHEHUs. He 3a0biBaiiTe 0 mpaBUIBHOM
oopmienun pemienus. Ha BelmosHEeHNE TPaKTUYECKOTO 3a/1aHUS] OTBOJIUTCS /IBA aKaJEMHUECKUX Yaca.

3aganue:

O3HaKOMBTECH C KPATKMMH TEOPETUUECKMMH CBEICHUSMHU HUCIIOJIB3YS CCBUIKY
https://znanium.com/catalog/product/1012153 , ctp 142-143,

Pemmre 3agaun, caMOCTOSTENBHO HCIHOJB3YS NPUMEPHI U KpPAaTKHE TEOPETHYECKHE
CBEJICHHSI.

Ilopsinok BbINOJHEHHSI padOThHI:

W3yuuTe 1 BRIMUIIATE GOPMYIIBI IO JAHHOM TeMme:

Pa30epute npumepsl pelIeHHbIX 3a1a4

Pemure caMmocTOATEIHLHO 3aJa4du

OtBeThTe Ha BOMPOCHI TecTa https://znanium.com/catalog/product/1012153 , 319
CTpa”HHuIIia

el A
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Kparkue TeopeTnueckue cBeJIeHHs
TemnepaTypHbi KO3 PULMEHT CONPOTUBNEHUSA

A
(0) — OTHOLICHHE OTHOCHTEIBHOTO M3MCHCHHMS YICIBHOTO CONPOTUBICHHS - K BBI3BABIICMY
Po
€ro U3MEHEHHUIO TEMIIEPATYPBI
At.  [a] =1 rpag™; |p-22. 1| 1
Py At| k

3aBUCUMOCTBD JIEKTPUYECKOIO U YJEIBHOIO COIPOTUBIIEHUS OT TEMIIEPATYPHI:
p) = py(l+a-Ar)

p(t) — yIensHOe conpoTHBICHNE BemmecTBa npu t°C.,

Po— YIAEIBHOE cONpoTuBiIeHue nposoauunka npu 0°C, Om-m;
t — remneparypa mo mkaine Lenscus, °C;

R(D) = R,(1+ o - At)

rae R(t) — conpoTuBnenne npoBoHKKA MPU TEMIIepaType t°C; Ro — CONPOTHUBJICHUE MPOBOJIHUKA
npu t = 0°C.

1 0~-1
JIJ1s1 9UCTHIX METAIUIOB o zﬁ c-.

CBepxXnpoBoAUMOCTD — NTAJICHUA YIEIBHOTO conpoTuBiieHus Bemiecta 1o 0 mpu 7'~ 0.

Mpumepbl peweHns 3agay

1. DnexkTpuuecKkuil ABUrarens padotaer 5 4. oT cetu ¢ HanpsbkeHueMm 380 B mpu cuie Toka 35 A.
Conportusienne ob6motku gsurarens 0,5 Owm. Omnpenenutbs HU3pacXOAOBAHHYIO SJIEKTPUYECKYIO
SHEPTHI0, KOJMYECTBO TEIUIOTHI, BBIJEICHHONH B OOMOTKE 32 ATO BpeMsl M COBEPIIECHHYIO JIBUTATEIEM
MEXaHUYECKYyI0 paboTy.

[aHo: ol%] PeweHune: BbiuncneHus

U=380B A=[-UAt | A=35A380B"18000 c =
I=35A Q = PRAt =2,4-10% 0

R=0,50m Awex=A—-Q | Q=(35A)*0,50m-18000C =
At=5y 18000 ¢ = 0,1-10° 0

A=? Apex = 2,4:10% 1 — 0,1-108 03k
Q-? =

Apex—? =2,3-10% M

OTeeT: A =2,4-10%k; Q = 0,1-103[1K; Ayex = 2,3-10%05k.
Pemints 3agaun:

(N - Homep sawezo sapuanma no cnucky)
2. DnexTpoBUrarens Tposuieiidyca notpednser Tok cunoi 200A nmpu Hanpspkerun 600B. Kakyro

paboty (B kBT 4) coBepmut nBuraTens 3a 6 4acoB?
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3. Heo0GxoanMo HM3roTOBUTH PEOCTAT, pAacCUMTaHHBIM Ha HampspbkeHue 15B u Tok 1,2 A mpu
JONMYCTUMOM TUIOTHOCTH TOKa 3 10°A/M%. Kakoit JIMHBI ¥ IIOW@ALH MOTNIEPEYHOT0 CEUEHUs TpedyeTcs
HUKEJIMHOBBIN IIPOBOJIHUK JUIsl HAMOTKHU peocTara?

4, Ilenp COCTOMT M3 TpeX IMOCIEAOBATEIbHO COEAMHEHHBIX IMPOBOJHUKOB, MOJKIIOYEHHBIX K
uctouyHuky HampsbkeHust 24 B. ComnportuBieHue nepBoro npoBoaHuka 4 Owm, Broporo 6 Owm, u
HanpspKeHUE Ha KOHLAX TpeThero npoBojHuka 4B. HaliTu cuity Toka B 11eny, COMPOTUBIICHUE TPETHETO
IIPOBOJHMKA U HAIIPSHKEHNUE HA KOHIIAX MIEPBOI0 M BTOPOT'O IPOBOJHUKOB.

5. ComnpoTuBieHHe OOMOTKH 3JICKTPOMAarHuTa, BBIIIOJIHEHHOE M3 MEIHOHN MpoBoJioku, mpu 20°C
obuto 3 Oma, a mocie JMTeNbHONW padoThl crano paBHo 2,4 Oma. Jo kakoil TemmepaTypbl Harpeiach
oOMoOTKa?

6. Conporusienne BosbppamoBoro mpoogauka mpu 20°C 6swuto paBHO 8§ OMoB. OmnpenenuTs ero
conporuBieHue npu -40°C, ecnum o=5- 10° rpan'l.
7. Haiinure TOK, BhIpabaTeiBaeMblii mpu paboTe TPAHCHOPTHOTO CpeAcTBa ¢ UctouHukom, DJIC

KoToporo paBHa 13,5B mpu BKIIOYEHHWH BO BHELIHIOI IIEMb KAaTYIIKU 3a)KUTAaHUs COMPOTHUBIICHUE
KOTOpoil paBHO 70M, ¢ cONpOTHUBIIEHUEM OaTapeu

8. HcTounukom Toka B nenu cinyxut 6arapest ¢ 9J1C 30B. Hanpsokenue Ha 3axxumax 6arapen 18B,
a cwia Toka B uenu 3 Amnepa. OnpenenauTe BHEIIHEE U BHYTPEHHEE CONPOTUBIICHUS AJIEKTPUUYECKOU
LeMH.

9. DneKTpoJABUraTeIb MOCTOBOIO KpaHa ¢ MexaHudeckoi MmouHocthio 3,49 kBt u xng 75%
pabotaet nox HampspkenueM 220 B. Onpenenute cuily ToKa B IIETIH.
10.  /IBa mpoBomHuKa compoTuBiecHHEM 6 W 9 OM, COSAMHEHHBIE MEXIy CO00H mapaienbHO,

noakimoueHsl Kk 6atapee ¢ C n B u. Buyrpenaum conpotusienuem 0,4 Om. Onpenenute CUy TOKa,
IIPOTEKAIOILEr0 Yepe3 BTOPOIl MPOBOIHUK.

11. ONEeKTpoABUTaTENb KPaHa OJHUMAET CKUMMEPHYIO IIUTy Maccoi 950 kr Ha BbicoTy 30M 3a 7
MUHYT. Onpeennure K 3Toro NobeMHHUKA, €CJIM MOUIHOCTD €ro anektpoasurarens 17,1 kBT.

12. HcrouHukoM TOKa B iU CIIy>XUT 6artapes ¢ 31c¢ 30 B. Hanpspkenue Ha 3axkumax 6arapeu 18 B,
a cunia Toka B uenu 3,0 A. Onpenenute BHELIHEE U BHYTPEHHEE CONTPOTUBIICHUE STOM LIEMH.

13. Onc ucrounnka Toka N B. [Ipu BHenmHeM conportusnenuu uenu B 1 OM tok paseH 3 A. Hailigute
TOK KOPOTKOT'O 3aMbIKaHUSI.

14.  KakoBa 1ieHa JieneHusi, Ipeaea U3MEpeHus: U MoKa3aHus amiepmerpa’?
(OTBeT natp yuciIaMu 4epe3 TOUKY C 3amsaToi 6e3 mpoOesoB; 3HaUCHUE B BHUJIC
JECATHYHOHN Mpo0H MuIlleM depes 3amaTyio). (Hampumep, 0,5;3,2;3)

15. DNeKTPOABUTATENb, COMPOTHBJICHHE OOMOTKH KoToporo 0,4 Ow,
pabotaetr ot cetu ¢ HampspkeHueM 300 B mpu toke 50 A. Onpenenute KauecTBO M3pacX0J10BaHHOMN
SHEPruu 3a 5 4., COBEpUICHHYIO JIBUraTelleM MEXaHMUYecKyl0 padoTy U KOJMYECTBO TEIIOTHI,
BbIJICJIEHHON B OOMOTKE.

16.  2.ABromoOwmnbHEI cTapTep 3a 10 ¢ pabotel moTpednser sHepruto 6,0-104 JIx. Kakosa cuia
TOKa, MPOXOASILErO Yepe3 cTapTepa BO BPEMs 3allyCKa JBUTaTells, €CJIM HaNpPsHKEHUE HA €ro KiIemMmax
12 B?

17. 3.CBapounbiM amnmaparoMm. PabortatommuMm oT cetu HampspbkeHuem 45 B 3a 20 mMuHyT OBLIO
u3pacxozoBaHo 5.4xBr*uac snepruu. [Ipu kakoii cuse Toka mpoTekaia Jyrosas cBapka?

18.  4.Onextpuueckuii yrior MourHocThio 800 BT pabortaer ot cetn 220 OnpenenuTs CHIIy TOKa B
HarpeBaTeJIbHOM 3JIEMEHTE U €ro COINpPOTUBIIEHHE B paboyeM coCcTOSHUU yTiora. CKOJBKO SHEPrUH
OyzeT u3pacxoaoBaHo 3a 1,5 yaca HenpepbIBHOM paboTHI yTIOora?

19. 5.B cerp nanpsskenueM 120B mocnenoBaTenbHO C AIEKTPUYECKOM AYyrod BKIKOYEH pPeocTart.
[Tanenue HampspkeHUs Ha 3iekTponaax ayru 45 B, cuna toka B nenu 12 A. OnpenenuTe MOUIHOCTD,
MOTpeOIIEeMyIO Tyroi U K.I1.J. YCTAaHOBKH.

° A -
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20. 6.Pe3ucTop moakiIrO4YeH K MCTOYHUKY TOKA, HaNpsDKEHHME Ha 3akuMax kotoporo 6 B. Kakas
pabota coBepimiaeTcst TOkoM, eciu 3a 0,5 MUHYT depe3 pe3uctop npoxoaut 3apsn 24 Kn? Onpenenutsb
MOIIHOCTb TOKa ¥ COIIPOTUBJIEHUE PE3UCTOPA.

21. 7.Kakass MOIIHOCTh TOTPEOISAETCA MYrOBOM CTaJCIUIaBWIIBHOW TI€4bl0, paboTaromieil oT
ucrouyHuka HanpspkeHueM 220 B nmpu cune toka 30000 A? OnpenenuTs CTOUMOCTb 3JIEKTPUUECKOM
SHEPIUH , U3pacXO0OBAHHOM 3aM 5 4acoB paboThI MeuH, 10 JeHcTBYyOMEMY Tapudy.

22, 8.Hampsokenue Ha 3axumax reieparopa 132 B, a y morpebutens - 127 B. Onpenenuts naaenue
HampsOKeHWe B MarucTpajbHbIX IPOBOJAX U CONPOTUBIIEHHE, €CIUM MOILIHOCTh TOKAa Yy MOTpeOuTels
paBHa 5 kBT.

Tema 4.4 MaruurHoe moJie

IMpakTnyeckoe 3ansiTue Nel2 Pemenue 3aaa4 no reme «MaraHuTHoe moJie U €ro
XapaKTePUCTHKH»

Heanb: cdopmupoBats nOHMMaHue ponu GU3MKH B (HOPMUPOBAHMM  KpPYyrozopa u
(GYHKIIMOHATBHOW TPAaMOTHOCTH 4YEJIOBEKA Ui PELICHUs NPaKTUYECKUX 3a1ay; s OObSICHEHUS
YCIIOBUY TIPOTEKaHUsT (PU3HUECKUX SIBJICHUH, YMEHUS BBIOIHITH paCcUeTHBIC U TpaduUIecKUe 3a1a9u
Brinosinenue padorsl cnnocodocTByer popmupoBannio: OK 01, OK 02, OK 03, OK 09
MarepuanbHoe obecrieyeHnne:
WHAUBUAYaAIbHOE 33/1aHUEe, KOHCIIEKT JISKIIHIA, CIPaBOYHbIC MaTEPHAIIBI.
Yka3anue:
[IpakTuueckoe 3aHATHE COCTOMT M3 JIBYX 4acTell — TeopeTudeckod W mpaktuueckou. [Tocme
M3Yy4YeHUs TEOPETHUYECKOTO MaTepHraia MOKHO MPHUCTYIATh K BBIMOJTHEHUIO MpakTH4ecko dyactu. OHa
COCTOHT U3 JIBYX W OoJiee 3a7au JJIsl CaMOCTOSITEIbHOIO BBINMONHEHUA. He 3a0biBaiiTe 0 MpaBUILHOM
odopmitennu pemeHusi. Ha BEITIOTHEHNE MPAKTUISCKOTO 3a/IaHUsT OTBOJIUTCS JIBA aKaIEMUYCCKUX Yaca.
3aganue:
O3HaKOMBTECH C TEOPETUYECKUMH CBEACHUSMHU UCTIONB3YS CChUIKY
https://znanium.com/catalog/product/1012153, §43.44, BeinrcaB GOpMYIIbI
OTMEUYEHHBIE CKOOKaMH , Hanmpumep( 43.1)
Pemnre 3amaun, camMoOCTOATENBHO HCIONB3YS NMPUMEPHl U KPATKUE TEOPETHUYECKHUE
CBEJCHHSL.

IHopsaok BbINOJIHEHUS PA0OTHI:
1. U3yuwre u BeimumuTe GOPMYIBI 110 JAHHOW TEME B BUJIE KPATKOT'O KOHCIIEKTA
2. Pa3bepute mpuMepsl pelIeHHBIX 3a7a4
3. PemmTe caMOCTOSATENBHO 3aa4u

IIpumeps! pemenus 3agaq

o o 2

1. ITpoBOAHMK ¢ CHJION TOKAa SA TIOMEIEH B OJTHOPOTHOE MarHuTHOE moJje ¢ uHaykiuei 1-10“TA.

VYros MexIy HalpapIeHUsIMH ToKa 1 1o 60°. onpesenuTe JUTMHY MPOBOJHUKA, €CIH MoJie AeiCTByeT
Ha Hero cuioii 2-102H.

Hano: Pemenue
I=5A F=B-I{ sino. =>(= F
B=1-10"TA B-lsina
a =60° i
F=2-10"H (= 20°H 44
1-1072TA-0.87 -5A
-7
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sin 60°~0,87
Otser: {=0,46m.
2. Kakas cwiia neiicTByeT Ha 3JEKTPOH, JIETALIUM B OJHOPOJIHOM MarHUTHOM IOJI€ C MHIYKIUEH

1-10 TA mepreHIuKy/IpPHO JIMHHSM MATHATHOM HHAYKIIMH co cKopocThio 3107 M/c, 3apsin snexrpoma
e=-1,6-10" Ku.

Hano «CH» Pemenue
v=3-10%m/c Ha »snekTpoH, JBWXKyHIUNACS B
B=1-10TA MAarHUTHOM MOJIE, JIEUCTBYET cuia
a=90° Jlopenua:
e=-1,6:10"" K.

FA=B-|g-U-sina
FA=1-102TA1,6: 10 ° K1-3-10°w/c=
4.8-10°H

F=?

Ortser: 4,8'10‘15H
PemuTsb 3a1a4n caMOCTOSITEILHO
(n - Homep sawezo sapuanma no cnucky)

1. Ha npsaMonuHeWHbI TPOBOJAHUK ¢ TOKOM 1,5 A B OTHOPOJAHOM MarHUTHOM IoJyie ¢ uHayKuuei 0,4
TA peiictByer cuna ,n H. Onpenenure NaMHYy NPOBOJHUKA, €CIM OH pacnojiokeH moj yriaom 300 k
CHWJIOBBIM JIMHUSIM.

2. Kakas cuia neiicTByeT Ha MPOTOH, JIETSAIIWN B OHOPOJHOM MAarHUTHOM Tojie ¢ MHAyKImen 4-103
TA mnepneHIuKyIspHO JIMHUSAM MarHUTHOM HMHIYKIMH cO cKopocThio 2-105m/c. 3apsi mpoToHa
q=1,6"10-19KA.

3. aiite ompesaeneHMe MarHUTHOM MHAYKIMU. B kakux enuHUIax oHa u3MepsieTca? 3amuiIuTe
€IMHUIlY MATHUTHOW MHAYKLIUU Yepe3 OCHOBHBIE

4. enunuibl u3mepenus B cucteme CHU.

5. DNeKTpoH JABHXKETCS B BaKyyMe co cKopocThio 3-106 M/c B OJHOPOJHOM MarHUTHOM IIOJI€ C
uaaykuuedn B = 0,1 Tn. Yemy paBHa cuna F, neicTByromas Ha 3JIEKTPOH, €CIM YIOJd MEXIY
HaIpaBJIEHUEM CKOPOCTH

6. ¥ TUHUSMU MarHUTHOW MHAYKIUU paBeH 9007

7. llpsAMonMHEWHBbII NPOBOJHUK, MO KOTOPOMY MJET TOK cuiioil 10 A, momemieH B OJHOPOJHOE
MarHMTHOE MoJje, UHAYKIUs Kkotoporo 0,3Tin. Yron Mexay HanpaBieHUEM TOKA U BEKTOPOM MarHUTHON
nHayknuu paseH 300.

8. C kaxoii cunoii F neficTByeT MarHuTHOE 10JIe Ha Y4aCTOK IMPOBOIHUKA JITUHON N M?

9. OmpenenuTe MarHUTHBIN MOTOK, MPOXOIAIIANA Yepe3 MPSIMOYTOJBHYIO PaAMKy CO CTOpOHaMH 2x5
CM, €CIIM OHAa MOMEIIEHA B OJIHOPOAHOE MarHuTHoe mnosie ¢ uaaykuueit 4-10-3TA nmox yrimom 300 k
JUHUAM UHIYKLIUU TOJIS.

10. B omHOpOIHOE MarHWTHOE TIOJIe, MHAYKIHUS KoToporo 1,26-10-3 TA, momenieH npsMoii TpOBOIHUK
UIMHOM n cM. Onpenenure cuity, JEMCTBYIONIYIO Ha IPOBOJHUK, €CIIM IO HEMY TedeT Tok 50 A, a yron
MEX/y HalpaBJIEHNEM TOKA BEKTOPOM MHIYKIUHU cocTaBisieT 30°.

11. IIpoBojgHuK c cuiioif Toka 5,0 A MOMeIleH B OJIHOPOJIHOE MarHUTHOE moJie ¢ uHaykuei 1,0-10-2
TA. Yron mexay HanpaBieHUsIMH Toka U noJig 60°. Onpenenure akTUBHYIO JUIMHY MPOBOJHUKA, €CIIN
noJie IeMcTByeT Ha Hero cuioit 2 10-2 H.

51



12. Kakyto paboTy coBepumiaeT OAHOPOJAHOE MarHUTHOe mosie uHAykmued 1,5-10-2 TA npu
nepemMenieHun Ha pacctosiuue 0,2 M IpOBOAHUKA JUIMHOM 2M, MO KOTOpoMy TeueT Tok 10 A; ecnm
[IEpEMELIEHUE TNPOUCXOAUT BIOJb JeiicTBus cun? IlpoBogHuk pacrosiokeH nox yriaom 30° k
HAIPAaBIICHUIO MOJIS.

13. HaiiguTe MHAYKIUIO MATHUTHOTO TIOJISl, B KOTOPOM MaKCUMaIbHBIA MOMEHT CHII, JCHCTBYIOIIUX HA
paMKy ¢ TokoM B 3,0 A, paBen 1,5 H-M. Pazmepsl pamku 0,05X0,04 M, 4uClIO BUTKOB paBHO n.

14. B ogHOpoAHOM MarHUTHOM moJje ¢ uHaykuuen 0,25 TA HaxoguTcs MPSMOJIMHEHHBIA MPOBOJAHUK
nuHou 1,4 M, Ha kotopeid gedctByer cwia 2,1 H. Onpenenure yroia Mexay HPOBOJAHUKOM H
HaIpaBJIE€HUEM BEKTOpPa MHIYKIIMA MAarHUTHOTO TOJIs, €CIU CHJIa TOKA B MPOBOAHUKE 12 A.

15. YUemy paBHa cuia TOKa B MPSIMOM MPOBOJHUKE IiIMHOW 1,0 M, MOMENIEHHOM B OIHOPOJIHOE
MarHuTHoe noje ¢ unaykumen 1,5-10-3 TA, ecnu Ha 3TOT NPOBOJHUK CO CTOPOHBI MOJIA JEHCTBYET
cuna 2,1-10-3 H? Yroa Mexay HanpaBJIeHUEM 3JIEKTPUYECKOTO TOKA U BEKTOPOM MHIYKIIMH paBeH 45°.
16. Ha oOMOTKY pOTOpa 3JIEKTPOABUTATEIS IIPH MPOXOKACHUH 110 TPOBOLy Toka 20 A neiicTByeT cuiia
B 40 H. Onpenenure BeTWYMHY MarHMTHOW MHIYKIHMM B MECTE PACIOJOXKEHHUS MPOBOJA, €CIH €ro
mmmHa 20 cM. OOMOTKA COIEPIKUT N BUTKOB.

17. DnekTpoH OMUCHIBAET B MArHUTHOM I10JI€ OKPY>KHOCTH paguycoM 4,0-10-3 m. CKopocTh IBUKEHUS
AJIEKTPOHOB paBHa 3,5-106 m/c. HaliguTe MHIYKIIMIO MATHUTHOTO TTOJISL.

18. TIpoton aBmxercs co ckopoctbio 1,0-106 M/c meprieHAUKYISIPHO OAHOPOIHOMY MAarHUTHOMY TOJTEO
c uaykuueit 1,0 TA. Haiinure cuy, 1efCTBYIOIIYIO HA IPOTOH, U PaJUyC OKPYKHOCTH, 110 KOTOPOH
OH JIBUKETCS.

19. DnekTpoH BiETaET B OJHOPOAHOEC MArHMTHOE TIOJe, HHIYKIUsS KoToporo 2,0-104 TA,
MEPIEeHIUKYISIPHO CUIIOBBIM JMHUSAM cO cKopocThio 1,0 106 M/c. Beruncnure paguyc oKpyXKHOCTH, 11O
KOTOPO# OyJIeT IBUTATHCS IEKTPOH.

20. Kakasg cuia nelcTBYyeT Ha AJIEKTPOH, JETSIIUMHA B OJHOPOJAHOM MAarHUTHOM IOJ€ C WHIYKIHEH
1,0-10-2 TA neprneHAUKYISIPHO JIMHUSAM MarHUTHOW WHAYKIIHH cO cKOpocThio 3,0-106 m/c?

21. DneKTpoH, NBHUTasch CO CKOpocThio 3,54-105 wm/c, momamaer B OJHOPOJHOE MarHUTHOE ITOJIE C
uaaykuuen 2,0-10-5 TA neprneHAUKYIsSpHO K €ro CHUJIOBBIM JIMHUSIM U IPOJODKAET JBUYKEHHUE IO
OKpYyKHOCTH paguycoM 10 cMm. Haiiaute yaenbHbIN 3aps] 3JE€KTPOHA, T.€., OTHOIIEHHE €ro 3apsaa K
Mmacce.

22. TlpotoH, umeromuii ckopoctsh 4,6-105 M/c, BieTaeT B OTHOPOJHOE MAarHUTHOE TOJIE C MHIYKIUEH
0,30 TA neprneHAUKYASpHO MarHUTHBIM CHJIOBBIM JHHHSAM. PaccumTaiite pannyc OKpY>KHOCTH, IO
KOTOpO# OyJIeT IBUraThCs MPOTOH.

23. TIpoTOH NBIKETCS B OJHOPOJHOM MAarHUTHOM mosie ¢ wHaykmued 3,4-10-2TA B mrockocTH,
MEePHNEHAUKYISIPHON K CHJIOBBIM JHHUAM. OnpenenuTe paguyc TPACKTOPUM MPOTOHA, €CIU JABUKEHHUE
POMCXOUT B BakyyMe 3,3-10° m/c.

24. B omHOpoaHOE MarHuUTHoe mone ¢ uHaykiueidl 8,5-10-3 TA BneTaer 3J€KTPOH CO CKOPOCTHIO
4,6-106 m/c, HanpaBIEHHON MEPHEHANUKYISIPHO K CHJIOBBIM JIMHUAM. OTIpeieTuTe CUily, AEHCTBYIOIIYIO
Ha AJIEKTPOH B MArHUTHOM TI0JIE U PaJNYC AYTH OKPY>KHOCTH, IO KOTOPOW OH JIBUKETCS.

25. B marnuTHOe mose ¢ mHaykmueid 0,5 TA B HampaBlieHHH, COCTaBISTIONIEM yroi 45° ¢ TUHHUSIMHA
WHIYKIIMH, BIETAET JIEKTPOH cO cKopocThio 2,0-106 m/c. Onpenenure cuity, NIeHCTBYIOIIYIO Ha HETO.
26. B MarsuTHOE IMOJIe€ B HAIPaBJICHUH, MMEPIICHAUKYISAPHOM JTUHUSAM WHIYKIIMH, BJIETAET MPOTOH CO
ckopocThio 3,2-10° M/c. Haiiiute HHIYKIMIO 3TOTO MOJS, €CIH IPOTOH OMHUCAT OKPYKHOCTH PaIHyCcoM
10 cm.

27. 3ajaun Ha TOCTPOEHUS:
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Tema 4.5 D1eKTpOMarHuTHasi HHAYKIUS

IIpakTuyeckoe 3anaTue Nel3. Pemienue 3a1a4 no reMe «J1eKTPOMATHUTHAST MHAYKIIUS.
3aK0H 3JIEKTPOMATHUTHONH MHAYKIUH. CaMOMHIYKIHS»

Hean: chopmupoBaTh NOHUMaHHWE pPOJAM (GHU3UKK B (OPMHUPOBAHUHM KPYrozopa BiaJieHUE
OCHOBOIIOJIAralOMIMMHU (PU3NUYECKUMHU MOHATUSAMH, 3aKOHOMEPHOCTSIMH, 3aKOHAMU U TEOPUSMHU; YMEHUS

BBIITOJIHATD paCYCTHBIC U Fpa(I)I/I‘-IeCKI/IC 3agavu

Beinosinenue padorsl cnocodcTByeT (popmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepunanbHoe obecrniedeHue:
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WHAUBUAYAJIBbHOC 3aJIaHUC, KOHCIICKT HCKHHﬁ, CIIPAaBOYHBIC MAaTCPUAIIbL.

Yka3zanue:

IIpakTrueckoe 3aHATHE COCTOMT M3 JABYX YacTed — TEOPEeTHYECKOM M mpaktudeckou. Ilocie
U3y4YEHHs] TEOPETHUECKOro MaTepualla MOXKHO IPUCTYNATh K BBITOJHEHHIO NpakTHueckoi yactu. OHa
COCTOUT W3 JIBYX M OoJiee 3a1ad Jjsl CaMOCTOSTENBHOTO BhIoJHEHUs. He 3a0bIBaiiTe 0 mpaBMIBHOM
oopmienun pemienus. Ha BelosHEHNE NPAKTUYECKOTO 3alaHUsI OTBOJUTCS /1BA aKaJEMHUECKUX Yaca.

3ananmue:

1. O3HakoOMbTECH C KPATKUMH TEOPETUYECKUMU CBEIEHUSIMH UCIIOJIb3YsI CCHIIKY
https://znanium.com/catalog/product/1012153 ,52§ u kpaTKyo 3amuck GOpMyI HHKE

2. Pemmre 3amaum, CaMOCTOSITENIBHO HCHOJb3YS NPUMEPBl U KpaTKHE TEOPETHUYECKHE
CBEJICHUSI.

HOpﬂI[OK BBINMOJTHCHUA paGOTBI:
1. U3yuwre u BeIMUIUTE HGOPMYJIBI 110 JAHHOU TEME:
2. Pasbepute nmpuMepsl peHICHHBIX 33124
3. Pernre caMocTOATENBLHO 3aJadyu
4. OtBerbTe Ha Bompockl Tecta https://znanium.com/catalog/product/1012153,

ctp331.

KpaTKne TCOPETUIECCKHUE CBCACHUA

3axon 21ekmpomasHUmMHOU UHOYKYUU:

3I[C HHAYKIIUKX B 3aMKHYTOM KOHTYPC paBHAa IIO MOAYIIHO CKOPOCTU HU3MCHCHUSA MArHUTHOI'O

AP , tie &, — JJ1C unnykuuu, B; AD= O,-

[IOTOKA Yepe3 MOBEPXHOCTh, OTPAHUUYEHHYIO KOHTYPOM: o —
[

@1 — U3MEHEeHUe MarHuTHOTO NMoToka, BO; At — mpoMexyTok BpeMeHH, B TEYEHHE KOTOPOT0 MPOU30IILIO

AD| _ CKOPOCTb USMCHCHUA MAarHUTHOI'O ITIOTOKaA, iﬁ

c

JTAHHOE W3MEHEHHE, C;

C Y4YC€TOM HANIPABJICHUSA UHAYKIIUOHHOT'O TOKA 3aKOH 3aIIMCBbIBACTCA TAK: gi = _ AACtD .

Ecmu SaMKHYTBIﬁ KOHTYp COCTOHUT U3 N nocaca0BaTCIbHO COCAMHCHHBIX BUTKOB (HaanMep, B

CONIEHOME) ;. — _N .22, rae N — 4ncio BUTKOB.
t

Pasznocth moreHnmanoB U Ha KOHIAX MNPSMOJMHEHHOTO MPOBOJHWKA JIMHOW |, aBmxymierocs co
CKOPOCTBIO 0 B OJTHOPOJIHOM MarHMTHOM I10JI€

U = Blvsina. ,
i€ 0, — YTroJl MEX]Ty HallpaBICHUSIMH BEKTOPOB CKOPOCTH 0 M MarHUTHOMN
uHAyKIuu B

ONEeKTPUYECKU TOK, MPOXOIAIIMI IO IMPOBOJHHUKY, CO3JAa€T BOKPYI HEr0 MArHUTHOE IIOJE.
MarsHuTHBIM OTOK CKBO3b IIJIOIIA/(b IOBEPXHOCTH, OTPAHUYEHHYIO CAMUM KOHTYPOM, IPONOPIIMOHATIEH
cuJie ToKa B KoHType: @=L-1.

54


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

Koadduiment nponopiuronansHocTu L HasbiBaeTes unoykmusHocmoio KOHTypa: [L]= [?} _B6

=I'H (renpm).

3HaueHue UHAYKTUBHOCTH 3aBHCHUT OT pa3MepoB U (DOPMBI MPOBOJIHUKA, a TAKKE OT MarHUTHBIX
CBOHMCTB cdepbl, B kKoTopod oH Haxomutcs. DJIC caMOMHIYKIIMM IO 3aKOHY 3JIEKTPOMArHUTHOMU
WHJYKIIUW paBHa:
LI AP

Eis :_th’ is T g

rae A1=l,-1; — u3MeHenue cuibl TOKa B MPOBOJIHUKE, A;
At — BpeMsi ero u3MeHeHus, C;

ZLI — CKOPOCTb U3BMCHCHHUA CUJIbI TOKA, A .

At c

2
OHEprust MarHUTHOTO IOJIS IIPOBOJHUKA C TOKOM: \y, - — L-17  [x]
2

Pemuthb 3a1a4u caMOCTOATEIBHO
(n - Homep sawezo 6apuanma no cnucky)

1. Ha ckoibKko M3MEHMIIach CUjla TOKa B MPOBOAHMKE, eciu 3a 0,1 ¢ B NpOBOJHUKE, HHAYKTUBHOCTh
kotoporo 4 I'n, nossuiace 3J1C camonnaykiuu pasHas 12 B?

2. 3a KakoW HPOMEXYTOK BpPEMEHM MarHuTHbIA moTok m3MeHwics Ha 0,01 BO, ecim B koHType
Bo3zHuKaeT DJ1C unaykiuu n B?

3. MarnuTHoe mojie KaTymku ¢ UHAYKTuBHOCTRIO 0,2 ['H obnagaer sHeprueit 0,4 J[x. Uemy paBHa
CUJia TOKA B KaTyIIKe?

4. Ormpenenure 5HEPrHI0, 3alacaéMyld B MarHUTHOM I0JI€ MHIYKTOPA, KOTOPBIA HCIOJIb3YyeTcs B
YCTaHOBKE JUIsl MarHuT UMIYJIbCUBHOro (opmoBaHus. MuHayktuBHOCTh Karymku 7,0-10-7 T', cuna
paspsaHoro Toka 1,45-105 A.

5. Kakoll moTok MarHUTHOM MHAYKIIUU CO3JAeTCs B KOH Type 3JEKTPUUECKUM TOKOM, €CIH IpPU €ro
yMmeHblIeHuu 10 Hyist 3a 0,01 ¢ B KOHType BO3HHKAET 3/1¢c caMOMHAyKIuu paBHasd 30 B?

6. OmpenenuTe PHEPTUI0 MAarHUTHOTO TIOJISI KaTYIIKH, B KOTOPOW NMpH CHiie TOKa 6,8 A MarHUTHBINA
NOTOK paseH 2,5-10-3 BO.

7. 3a Kakoil MpOMEeXYyTOK BpeMEHHU B KaTyllke ¢ MHAYKTUBHOCTHIO 0,28 I' mpoucxoaut HapacTaHue
CHJIBI TOKA OT HYJIS 10 9,6 A, eciy pu 3TOM BO3HUKAET CPEAHS 3/IC CAMOMHIAYKIIMH, paBHas 38,4 B?

8. TIpoBOJHWK JUIMHOW N M TiepeMeniaeTcss B OJHOPOJHOM MarHUTHOM Tojie ¢ mHayknued 0,2 TA.
JIBI>KeHHE MPOBOJHUKA MPOUCXOAUT cO ckopocThio 10 M/c mox yriom 45° K MarHUTHBIM CHIJIOBBIM
muHusAM. HaliquTe 51¢ MHIYKIIUN, BOSHUKAIOIIYIO B IPOBOHHKE.

9. Kakoif MarHuUTHBI TOTOK TPOHU3bIBAET KOHTYpP, €CIM TPU PABHOMEPHOM HCUE3HOBEHUHU
MarHuTHOTO IOJIA B TEUEHHE N C B KaTYyIIKE HHAYLHUpYyeTCs 3¢, paBHast 0,02 B?

10. Kakoif MarHUTHBIA MMOTOK MPOHHU3BIBAET IIOCKYIO TIOBEPXHOCTH IUIOMABI0 3 ¢cM2 MPH WHIYKIUU
noiist 0,24 TA, eciin HopMaJlb, K TOBEPXHOCTH PACIIONOKEHA 1O yriaoM 60° K BEKTOpY MHIYKIUH.

11. Omnpepenute MHAYKTUBHOCTH KATYIIKH, €CIIM MPU YBEIMYEHUU TOKa B Heil Ha 2,2 A 3a 50-10-2c
MOSIBJISIETCS CPENHSAA SAC CaMOMHAYKIIMH, paBHas 1,1 B.
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12. B npoBognuke mmHOU 0,5 M, ABIXKYyIIEMcs CO CKOpocThio 3,0 M/C mEeprneHAUKYISPHO CHIIOBBIX
JIMHUA OJHOPOJHOrO MarHUTHOro mnojig, Bo3Hukaetr OJIC 6,0-10-2 B. Onpenenute HHIYKIHIO
MarHMTHOI'O HOJIS.

13. Ompepenute MarHUTHBIA MOTOK, MPOXOISIIMIA Yepe3 MPSMOYTOJbHYIO IUIOMIAIKy CO CTOPOHAMU
20x40 cMm, eciii OHa IIOMELIEHA B OJIHOPOAHOE MarHuTHoe noje ¢ uaaykuueit 5,0-10-2 TA nox yriom
60° K TUHUSAM UHAYKIUHU MOJIS.

14. Onpenenute D/1C uHayKIMH, BO30YX)/1aeMyl0 B KOHTYype, eciu B HeM 3a 0,01 ¢ MarHuTHBIN MOTOK
paBHOMepHO yMeHbmaercs 0,5 mo 0,4 BO, uto6sl B kKoHTYpe Bo30yx)aanack I/1C naaykiuu 3,8 B.

15. Omnpepenure NpoOMEXYyTOK BpEMEHHM, B TEUEHHE KOTOPOIO MArHUTHBIA MOTOK, IPOHU3bIBAIOIIMM
KOHTYD, Ao/ukeH yBenuuuthes ot 0,01 mo 0,20 BO, utoOb1 B KOHTYpe Bo3Oyxaanack D/C nHayKum n
B.

16. Ompenenure DJIC WHAYKIIMKM Ha KOHIIAX KPBUIBEB caMmoJieTa, MMCEKIMX UIMHY 12 M, eciu
CKOpPOCTh €ro NIpu TOPU30HTAIBbHOM moiiete 250 M/c, a BepTHKaJbHas COCTABISIONIAS MarHUTHOM
WHAYKIUY 3eMHOr0 Marietusma 5,0-10-5 TA.

17. B opHOpOgHOM MarHWTHOM moJie noj yrioM 30° Kk HanpaBiI€HHUIO BEKTOpPAa MHAYKLHHU, BEIMYMHA
koroporo 5,0-10-3 TA, nBwxkercs TNPOBOJHUK CO CKopocThio 10 M/c; BEKTOp CKOpPOCTH
NEPIEeHIUKYJIAPEH IPOBOAHUKY. OrpenenuTe AIUHy IPOBOJHUKA, eciid B HeM HaBoauTcs D/IC, paBHas
2,5-10-2 B.

18. Tpaktop o6mero HasnadeHus K-700 wmaer co ckopocteio 28 kM/4. OmpenenuTe pa3HOCTH
MOTEHIIMAJIOB Ha KOHIIAX MEepeIHed OCH, eClHM AJUHA €€ OKOJO 2,6M, BepTHKaJbHas COCTABISAOIIAsS
MarHuTHOro noss 3emiu 5,0 10° TA.

19. Yemy paBna J3/IC caMOMHIYKIIMH, BO3HUKAIONIAS B KAaTyIIKe C MHAYKTUBHOCTHIO 2,0-10-2 T, B
KOTOpoii Tok cuioit 7,5-10-2 A ucuesaer 3a n c?

20. MarnuTtHOe moje katr ymku ¢ uHayktuBHocTeio 0,1 I obmagaer sueprueit 0,8 Ix. Uemy paBHa
CuJia TOKA B KaTyIIKe?

21. IlpoBonouHas mpsMoyroipHas pamka co cropoHamu 20 u 30 cM pacmojokeHa B OJHOPOJHOM
MarHMTHOM MOJI€ U NEePHEeHIUKYISIpHA CUJIOBBIM JIMHUAM. Onpenenure MHAYKLIUIO 3TOro MO, €Ciu
IIpH €ro nc4yesHoBeHuH 3a 1,2-10-2 ¢ B pamke HaBogutcs cpennsst 9C 3,5 MB.

22. Yemy paBHa WHAYKTUBHOCTH KAaTYIIKH, €CITH MpOTEKaroumwmii mo Heil Tok cuiou 0,15 A co3maer
MOTOK MarHUTHOM uHAyKIuu 7,5-10-3 B6?

23. Yemy paBHa MHAYKTUBHOCTH IIPOBOJHIKA, B KOTOPOM IpH BO3pacTaHuu Toka ot 1,5 mo 1,8 A3anc
B0o30yxkaaerca DJIC camonnaykiuu 0,9 B?

24. 3a KaKoW MPOMEXKXYTOK BPEMEHHU B KOHTYpe MHAYKTUBHOCTHIO 2,0-10-5 ' mpu m3MeHeHNH TOKa Ha
0,5 A Boznukaetr D/]C camounnykuuu 10 B?

25. OmpenenuTe WHIAYKTUBHOCTh KaTYyIIKH, eciu npu Toke 3,0 A

MarHMTHOE 1oJjie B Hel oOnanaet sueprueit 6,0-10-2 J[x /

26.  DnekTpuyeckas Iemb coOpaHa MO CXeMe, MPEJCTaBICHHOW Ha e W

pucysnke. ConpoTHUBIIEHHE y4acTKa LN 1 paBHO CONPOTUBIICHUIO YYacTKa

nernu 2. CpaBHHUTE TOKH, KOTOPBIE MOKAXKYT aMIepMeTpsl Ai; 1 A; cpasy a _—_—

MOCJI€ 3aMBbIKAHUA KIII0Ya. 1
-1

P
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Pasznea 5 Kosie0anus 1 BOJIHBI

Tema 5.1 Mexann4ueckue KoJ1e0aHUA U BOJIHBI

IIpakTnueckoe 3ansaTne Nel4. Mexanunveckue KoJ1e0aHUSI M X XapPaKTEePUCTUKH

Heanb: copmupoBare nNOHUMaHME ponu (U3MKH B (HOPMUPOBAHMM  Kpyrozopa u
(GYHKIMOHATBLHONM T'PaMOTHOCTH YEJIOBEKA JUIA DEUICHHs NPAKTUYECKUX 3ajad; sl OOBSCHEHHUs
yCIOBUM PpOTeKaHUs (U3NYECKUX SIBIICHUH, yMEHUS BBIIOJIHATH PacyeTHbIE U rpaduueckue 3agauu

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

MarepuajibHoe o0ecnieueHue:

MHAMBUYaJIbHOE 33/1aHUE, KOHCIIEKT JIEKIIUH, CIIPAaBOYHbBIE MaTepHaJIbI.

Yka3anmue:

IIpakTrueckoe 3aHATHE COCTOMT M3 JABYX YacTed — TEOPEeTHYECKOM M mpaktudeckou. Ilocie
U3Y4YEHHs TEOPETUYECKOr0 MaTepualla MO>KHO IIPUCTYNATh K BBINOJHEHHUIO IPAaKTHYeCKON 4actu. OHa
COCTOUT W3 JIByX M OoJiee 3ajad JIJIsl CaMOCTOSTEIBHOTO BBINMONHEHH. He 3a0biBaiiTe 0 MpaBHILHOM
oopmienun pemienus. Ha BoloHEHHE IPAKTUYECKOTO 3a/1aHUS] OTBOJIUTCS /1BA aKaJEMHUECKUX Yaca.

3ananmue:

O3HaKOMBTECH C TEOPETUYECKUMH CBEACHUSIMHU UCIIOIb3YS CChUIKY
https://znanium.com/catalog/product/1012153, §47, 48,49 Beinucas hopMyJIbI
OTM€EYEHHbIE CKOOKaMH , Hampumep( 47.1)

Pemmte 3amaun, caMOCTOSITENIBHO HWCIOJNB3YS MPUMEPHI U KPAaTKHUE TEOPETHUYCCKHE
CBEJICHMSL.

Ilopsinok BbINOJHEHHS PadOTHI:

W3yunTe 1 BeIMUmmTe GOPMYIIBI IO JAHHON TeMe B BUJI€ KPATKOTO KOHCIIEKTa
PazGepute npuMepsl pelIeHHbIX 3a/1a4

Pemnre caMocTOsITENHHO 3a1a49u

Brmonauts Tect https://znanium.com/catalog/product/1012153, ctp 328

Eall el

IIpuMepsl peleHus 3aaa4

1. YpaBHeHue rapmoHuueckux KosneOaHuil Touku x=0,4cosmt. Haiitm ammmryay, nmepuon u
cMmernieHue Touku uepes 0,5 c.

JlaHo: M. T. «CH» Pemenue
x(t)=0,4cosnt x=Acosmt
t1=0,5 ¢ x(t)=0,4cosnt
A=? T=? x(11)=? woE_ 2
v=? ®

1
v=—
T

Breruucinenusa: A=0,4 M; o=1;

T:Z—E:Z(c)
T

1
v=—=0,5 T
2

1
X(0.5) =04 cost:~ = O,4cos§ -0

2 I'py3 maccoit 0,4 xr coBepiiaer KojeOaHUS B TOPHU3OHTAIBHOM IUIOCKOCTH Ha TMPY>KUHE
&KecTKOCThIo 250 H/M. aMmruTyna kojeOaHui rpy3a 15 cM. HaWTH MOJHYI0O MEXaHHUYECKYIO IHEPIHUIO
KosieOaHUH 1 HauOOJIBIIYI0 CKOPOCTh JIBWKEeHUA. TpeHneM npeHedpeus.
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. 2 250-0,152
ﬂaHO. Epz k’;\ , EK =0 E=72 =2,8¢H)K
NP YKUHHbIH v= 0,15\/%7020,15- 25=
MasTHHUK E=E,+E.=E, ’
M
-375~38%
C
m=0,4 xr k
mo? 2kA’ =>v=A|—
k=250 /M m
A=0,15m
E=?, Umax=?

PemmTsh 3a1a4M caMOCTOSATEIBHO
(n - Homep sawezo 6apuanma no cnucky)

1. Hanwmure ypaBHEeHHE rapMOHUYECKUX KOJICOAHUH C aMIUIUTY 10U 5 CM U HadalbHOU (a3oit 45°,
ecnu B | Munyty copepiaercs 150 xonebaHwuii.

2. AMIUTUTY]a TAPMOHUYECKHUX KojeOaHWii MarepuaibHON Touku N cM, mepuox 4 c. Haiinute
MaKCUMaJIbHble CKOPOCTH U YCKOPEHHUE U HAMILIUTE YpaBHEHUE FrapMOHUUYECKUX KOoJleOaHuH.

3. MaremaTnueckuii MasTHUK JJIMHOW 56 cM 3a N MuHYT coBepuiaeT 40 MOJHBIX KosieOaHUM.
Omnpenenure nepuojx KoseOaHWH MasTHUKA U YCKOpPEHHE CBOOOJHOIO MajJEHUS B TOM MeECTe, IJe
HaXOJUTCSI MAATHUK.

4, MarepuanpHas Touyka Konebnercs ¢ yactorod v=10 kl'm. Onpemenure mnepuoa, YHUCIO
KOJIeOaHU B MUHYTY U IUKJIMYECKYIO YaCTOTY.
5. Onpenenute NepHOJ, YACTOTy, UMKIMYECKYH0 YacTOTy TapMOHHUYECKHUX  KoyeOaHui

o 2
MaTeMaTH4eCKOro MasTHUKa AIuHOM 1 M, eciin §=9,81 m/c”. Bo ckosIbKO pa3 U Kak HaJ0 U3MEHUTH JJIUHY
MasITHUKA, 4YTOOBI TepHo/1 KojeOaHui yBeIUUmiIcs B 2 pasa.

6. AMIUTUTY1a TAPMOHUYECKUX KOJIEOaHUI MaTeMaTHUecKoro MasiTHUKa AinuHoi 50 MM, nepuoa 4 c,

T o o
HavanbHasg ¢aza — . Hanummre ypaBHeHME 3TOro KojiebaHus U HaWIUTE CMELIEHHE KoJeOiromencs
4

TOUKHU OT MOJ0kKeHus paBHoBecus npu t =0 u t=1,5 c.

. (7 7« .
7. VYpaBuenue touku x=0,02sin| —t+— |. Haiiqure nepuoja, MaKCUMaabHOE 3HAYEHUE CKOPOCTH U
2 4
YCKOpEHHUE.
8. Onpeznenute JUIMHY MaTEMaTHYECKOTO MasiTHUKA, COBEPIIAIOIIETO OTHO MOJHOE KojeOaHue 3a 2

2
c, eciu =9,81 M/c”. Bo CcKOIbKO pa3 HYXHO H3MEHHUTH [JIMHY MasTHUKA, 4TOOBI YacTOTa €ro
KosieOaHU{ yBenn4miIach B 2 pa3a?

0. VYpaBHenue rapMmoHunyeckoro konebanus x=0,4sind5nt. Omnpemenure aMIUTUTYAy, TEPHOI,
cMelenue npu t=n c.

10. Onpenenure )KeCTKOCTh MPYKUHBI, YaCTOTY, [UKIUYECKYIO YaCTOTY, €CIu Teno maccoit 0,5 kr,
MOJIBEIIEHHOE K ATOH MpYyXHUHE, coBeplIaeT Koaebanus ¢ nepuoaom 0,2 c.

11. MartepuanbHasi TOUKa COBEpIIaeT rapMOHHUecKkue Kosiebanus ¢ amruintynoit 0,03 M u nepruoaom
0,2 c. CocraBbTe ypaBHEHHE KosiebaHus U onpezaenute cmenienue npu t = 0,1 c.

12. [To nHYy cdepuyeckoil yalky coBepiaeT cBOOOIHbIE KoJieOaHus 6€3 TPEeHUsl MaJIeHbKUH IIapUK.
Onpenenure nepuos KojaeOaHus IapuKa, €CIM paJuyc KpUBU3HBI Yallkh 2,45 M.

13.  CocraBbTe ypaBHEHHE TapPMOHHUYECKUX KOJICOAHUI MaTeMaTH4YeCKOTO MasiTHUKA JUIMHOU 2,45 M

n amrutynon 0,1 m.
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14. Teno coBepiaeT rapMOHHYECKUE KOeOaHus 1o 3akoHy x = 20sinnt. Onpenenure CKOPOCTh Tena
npu tp=05cut,=4c.

15.  VYckopenue cBOOOTHOTO MajcHHs HA OBepxHOCTh JIyHBI 1,6 M/c?. KaKOil JUIHHBI JOIKCH OBITH
MaTeMaTUYeCKUi MasTHUK, 4TOOBI ero nepuo 1 koiaedanus Ha JIyne Obi1 1 ¢?

16. [Toctpoiite rpaduk TapMOHUYECKOTO KOJICOAHMsI YacTOTHI IO MapaMmeTrpaMm: aMIUIHTyAa 2 CM,
nepuon 0,4 ¢, HavanbHas ¢aza (. 3anumuTe ypaBHEHHE 3TOT0 KoJIeOaHusI.

17. Teno cosepiraer konebanus 1Mo 3akoHy X = 60sin2nt. Onpeaenure cKOpocTh Teaa npu t1 =1 c u
tz = 2,5 C.

18. Teno maccoit N rpamMM MOJBENMIEHO HA MPYXKUHE, JKECTKOCTh KOTOPOM 2:10% w/m. Omnpenenure
94acTOTY, IEPUO/I, HUKINIECKYIO YaCTOTY CBOOOJHBIX KOJIEOaHHI ATOTO Tea Ha MPYKHUHE.

19.  MarepuanpHasi TOYKa COBEpPIIAET FAPMOHUYECKUE KOJIEOaHUsI C aMILTUTY0M 4 CM U IEpUoaoM 2
c. Hanumure ypaBHEeHUE TBUKEHUS TOUYKH, €CIIM €€ JBUKEHNE HAYMHACTCS U3 MOJO0KEHHUS Xo= 2 CM.

20. KakoBa yacToTa 3ByKOBBIX KOJI€OaHMI B Cpejie, €ClIM CKOPOCTh 3ByKa B 3Toi cpene 500 m/c, a
JuiiHa BosiHbl 2M? (OTBeT JaiiTe B repuax.)

21.  Ha paccrosHuu N M oT HabmroaaTens paboyrie BOMBAIOT CBau C MOMOIIbIO Kompa. KakoBo Bpems
MEXJ1y BUIUMBIM YJapoM MOJIOTa O CBal0 M 3BYKOM Yyjapa, yciblllaHHbIM HaOmomarenem? (OTBeT
naiite B cekyHaax.) CKopocTh 3Byka B Bo3ayxe 330m/c. OKpyriuTe OTBET C TOYHOCTHIO JI0 JECSThIX.

22.  CkopocTtb 3ByKa B Boze 1,5 kM/c. Uemy paBHa yIMHA 3BYKOBOW BOJIHBI, PACTIPOCTPAHSIONICHCS B
Boze, mpu yactoTe 3ByKa 3 kI'nu? (OTBer naiite B MeTpax.)

Tema 5.2 Dy1eKTPOMarHuTHbIE KOJIeOAHUS H BOJIHbI

IIpakTuyeckoe 3anaTue NelS. Pemenue 3a1a4 Ha BHAbI CONPOTUBJIEHUH B 1eNAX
nepeMeHHoro Toka. @opmyJisl TpancpopmaTopa

Henab: copmupoBaTe mNOHMMaHME poiu (U3MKK B  (QOPMHpPOBAHUM Kpyrosopa H
(GYHKIIMOHATBPHOW TPAMOTHOCTH 4YeJNOBEKAa IS pElIeHUS NPaKTUYECKUX 3aaay; s OOBSICHEHUS
YCJIOBHH MPOTEKaHUsI (PU3UUYECKHUX SIBIICHWW, YMEHHS BBIMOJHATH PacueTHhIE M rpaduUecKue 3ajaqu,
U3YYUTHh CBOOOJHBIC JJIEKTPOMArHUTHBIE KoOJeOaHWs B KOHTYpE, BUJABI COMNPOTHUBICHUS B IEMU
MEPEMEHHOTO TOKA, X OTJIMYUSI U OCOOCHHOCTH.

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

MarepuajibHoe o0ecnieyeHue:

MHJUBUIyaJIbHOE 3a/1aHK€, KOHCIEKT JEKIUH, CTPaBOYHbIE MaTEPHAIIbI.

Yka3anue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JABYX 4YacTed — TeopeThueckod M mpaktudeckoil. Ilocne
M3y4YeHUs TEOPETHYECKOTO MaTepHraia MOKHO MPHUCTYIATh K BBIMOJTHEHUIO MpakTH4ecko dyactu. OHa
COCTOHT U3 JBYX W OoJiee 3a7au ISl CaMOCTOATEIHHOTO BhIMOJIHEeHUs. He 3a0biBaiiTe 0 mpaBUILHOM
opopmiieHnu penreHus. Ha BeIMOTHEHNE TPAKTUYECKOTO 3a/IaHUsI OTBOJIUTCS JIBAa aKaJIEMHUYECKUX Jaca.

3aganme:

O3HaKOMBTECH C TEOPETUYECKUMH CBEACHUSMHU UCTIOIB3YS CCHUIKY
https://znanium.com/catalog/product/1012153, §54,55, 56 BrinucaB GopMyIIbl
OTMeUYEHHbIE CKOOKaMHu , HarpuMep( 54.1)

Pemnre 3amaun, camMoOCTOATENBHO HCIONB3YS NMPUMEPH U KPATKUE TEOPETHUYECKHUE
CBEJICHHS.

Ilopsinok BbINOJHEHHS PadOThI:
1. H3yuuTte u BeIMUIIMTE GOPMYIIBI [0 JAHHOH TeMe B BUJI€ KPATKOI'O KOHCIIEKTa
2. Pasbepute nmpuMepsl pelICHHBIX 3a/1a9
3. Pemmre camocTosTENHHO 3aa4U
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4. Bemomnnute TecT https://znanium.com/catalog/product/1012153,

ctp 334 —

Ilepemenusii Tox: ctp 336 Tpancdhopmarop

Kparkue Teopernueckue cBeIeHHs

Tparcdopmarop
BUJBI IIOBBIIIAIOIIINHI HOHMKAIOIINHI

Onpenenenue Tpancopmarop, y | Tpanchopmarop, y
KOTOPOTO YHCIIO | KOTOPOTO YHCIIO
BHUTKOB BO | BUTKOB BO
BTOPUYHOM OOMOTKE | BTOPUYHOU OOMOTKE
Oojpile, uYeM B | MCHbIIE, YeM B

IIEPBUYHON IIEPBUYHON

Pucynok
Koaddumuent n<l n>1
TpaHchopmManuu g o U 1, S,
& @, U, 1§
KNA tpaHcdopmaTtopa

nmpaﬁcd)op,u mopa =

Py 100% ~ 99%
I:)3

COHpOTI/IBJ'ICHI/ISI B ICTIM IIEPEMCHHOTO TOKa

[Tpubopsr Pesucrop Karymky nnaykrusaoctsio L | Konnencarop emkoctsio C
compoTHuBieHneM R
Cxema R L c
| o | Y
e
U U
U 0 =0 —n ~
Cwuuta Toka Q28 U ba I
1\L}—103u1w1 0 - _ .
I(t) =—=sin(wt —— 1(t) = CUywsin(axt + =)
® oL ( 2) 0 3
Cnpur a3 »=0 Y,U u3menserca B | Hampspkenne onepexaer Toxk | Hanpsbxkenue orcraer ot
OJIMHAKOBBIX (a3ax, a 31. | Ha ¢ =% =90° TOKa Ha ¢ :% =90°
SHEPTUsl pacXOAUTHCS Ha
TEIJIOBOE JIEHCTBUE TOKA
Conportusiie
HUE R= %"f (1+at) X =1
1. popmyna Xi=o L ac
2 R
. 3aBHCHMOC R
Tb L | RC
60
0 o
0 o 0 pe


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

COIIPOTHBIICH
U0 oT
qacTora

AxTHBHOE — NHayKTUBHOE —

COIIPOTHBIICHUE COIIPOTHBIICHHE, EmkocTHOE —
3. oTpeduTeIs, 00YCIIOBJIICHHOE SIBJICHUEM COTIPOTHUBIICHUE,
oIpeJieNiecHUe | IpeoOpa3yomero CaMOWHTYKITUH 00YCIIOBJICHHOE HAJUYHAEM

MOJIBOJIUMYIO K HEMY EMKOCTH B LICTTH

SHEPTHIO B JAPYrHe BUIBI

SHEPIUU
3akoH Oma 10 = u@ Iy = % I, — U,

R L Xc

142
[TosHOE CONPOTUBIIEHHUE IENH TIEpeMeHHOro Toka: Z= VR? + (wL — R)

3akon OMa U aMILTATY IHBIX 3HAYEHUI CUJIBI TOKA |o W HAIIPSOKCHUA Uo B I IICPEMCHHOI'O TOKa.:
Iyl 1.2
|0: Uo/ R? + ((A)L _E)

PeakTHBHOE — CONPOTHBIICHUE TTIOTPEOHTEINS, HE IPEOOPA3YIONIET0 MOABOANMYIO K HEMY SHEPTHIO B
Apyrue Buabl sHepruu (H-p pakera) X=X -X.=ol- L ;
wc

X >X¢ — MHIYKTUBHBIN XapakTep; X| =X, — pe30HaHC; X >X| — EMKOCTHBIN XapakTep

JleiicTByIollee 3HAYEHHE MOINMHOCTH TEpPeMeHHOro Toka (P) — BelWYMHA, YUCICHHO paBHAs
MOILHOCTH TOCTOSIHHOTO TOKa Ppocr, MPU YCIOBUHM, YTO 00a TOKAa 3a OJMHAKOBOE BpPEMs, PaBHOE
NEePHOJy MEPEMEHHOr0 ToKa 7, Ha paBHBIX pe3ucTopax R BBIAENIAT paBHbIE KOJIUYECTBA TEILUIOTHI Q.

2 2
P:%:%:ZJ—;. HelicTByroliee 3HAYEHHE MOIIHOCTH MEPEMEHHOIO0 TOKa YacTO Ha3bIBAIOT

AKTHBHONM MOIIHOCTLBIO.

IIpumeps! pemenus 3agaq

1. Karymxka uaayktuBHocThIO 0,1 ['H M akTMBHBIM compoTuBieHHEM 25 OM BKIJIIOYEHA B CETh
MIPOMBIIIJIEHHOTO MEPEMEHHOI0 TOKa CO CTaHAapTHOM udacToToil. OmpenenuTe TOK B KaTyILIKe, €CIU
HanpsbkeHue Ha ee BBogax 120 B.

Jlano: Y. X =+/252 +(4-314 -50-0,1) 2 =
X ' =/625+986 = /1611 = 40,1 Om
KaTyIika x = JRE 4% =
L=0,1 Tn =VRI DT = =10 g,
’ =JR? + @mL)? 401
R=25 Om
v=50TT1g
U=120 B
1,=?

2. Ha KoOmXO03HYIO MOACTAaHLHMIO IMOCTyMaeT TOK HampsbkeHueM 6600 B. mepBuunas oOMoTka
Tpancpopmartopa mnoactanuuu wumeer 3300, a Bropuunas 110 ButkoB. Ormnpexnenute pabouee
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HaIpsDKEHUE B KOJIIXO3HOM 3JIEKTPOCETH M TIOTPEOIIEMYIO MOIITHOCTh cuia Toka B cetu 200 A morepsmu
SHEPTUU B TpaHChOpMaTope MpeHeOpedb.

Hano: o U u, - 6600 -110 _ ., g
TpanchopmaTop ©2 Sf.wz 3300

U1=6600 B Vi |Pp=220220=44-10°Br=44 kBT
®1=3300 B P>=Uy-1,

®2=110

1,=200 A

Uy, Po=?

3. Karymka unnyktuBHocTbio 0,1 I'H U akTUBHBIM compoTHBieHHMeM 25 OM BKJIIOYEHa B CETh
IIPOMBIIIJIEHHOT'O MEPEMEHHOIO TOKA CO CTaHAApTHOM uyacToToil. OmpenenuTe TOK B KaTyILKE, €CIU
HanpsbkeHue Ha ee BBogax 120 B.

ﬂagoli KaTyIIka o % =425 +(4-3,14.50.0.1)" =
L=0,1TH x . .

— [ - = '\.."1':25-'-':1;'%(1 =y l&ll = 4,1 (ks
R=25 Om X=yR?+X! =
v=50 T'g e - 120 ey
U-120B VR (el _ 40

=? | =R + (Zawly? ¢

4. Cuna Toka B nepBuuHOM oOMoOTKe TpaHchopmatopa 0,5 A, Hanpspkenune Ha ee KoHnax 220 B,
BO BTOpUYHOIT 00MOTKe cooTBeTcTBeHHO 8 A 1 12 B. Onpenenute KII/I Tpanchopmatopa.

Jano: Tpancdopmaropa P . 12-8 o o
1,=0,5 A n= L = L 320.0.5 100 = B7 %
1,=8 A F
U,;=220B T
Us12B U, 100%
n=? o,
Pemmnts 3a1aun
(N - Homep sawezo sapuanma no cnucky)
1. Cuna Toka B mepBUYHOM oOMoTke TpaHcopmaropa 0,2 A, HampspkeHue Ha kinemmax 220 B.

Omnpenenute HaNpsHKEHUE W CHITY TOKAa BO BTOPUYHOW 0OMOTKe TpaHc(hopmaropa, eciu Kod(UIHEeHT
Tpancpopmanuu 0,2.

2. [TepBuunas obmoTka TpaHchopmaropa conep:kut 800 BuTkoB, BropuuHas 3200. Onpenenure
KO3 GHUIHUEHT TpaHCHOpMAIIHH.

3. Cuna Toka B CeTH M3MEHsieTcs 1o 3akoHy | = 8,5 Sin @ t. Kakoe koimM4ecTBO TEIIOTHI BBIICIUT
AJIEKTPOKAMUH 3a 2 yaca padoThl, €ciiu ero conpoTtusienue 80 Om?

4. Cuna Toka B mepBUYHOM 00MoTKe Tpancdopmaropa 0,6 A, HanpspkeHue Ha ee koHax 220 B; Bo
BTOpu4HOU 00MOoTKe 6 A 1 14 B. Onpenenute KII/] Tpancdopmaropa.

S. B nepBuuHOii 00MOTKe MOBBIIIaroIero tpancpopmaropa 80 BUTKOB, a BO BTopuuHOil 1280.

Hanpsoxkenne Ha koHax nepBuuHoil oOMoTku 120 B, a BennynHa TOoKa Bo BTOpU4HOM 0OMoTKe 0,25 A.
OmnpenenuTte NOJIE3HYI0 MOLIHOCTh TpaHC(hOpMaTOpa.
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6. Jist TpaHCIAUMU paauonepenad MPUMEHSIOT MOHIDKAIONUN TpaHchopMaTop ¢ HampsiKeHHEM
480 B no 30 B. Onpenenure moutHocts Tpanchopmatopa ¢ KITJ 96%, ecnu k Hemy noaxitoueno 100
penpoaykropos, norpednstonux Tok 0,008 A.

7. Onpeznenute yroj MoBOpOTa BUTKA B OJHOPOJHOM MAarHUTHOM IIOJIe, 3HAs, YTO MaKCHMAalbHOE
3Hayenue Toka 100.2 A, a Tok B gaHHbIi MoMeHT 100 A.

8. Omnpenenure koapdunreHT TpanchopManuu 3BOHKOBOTO TpaHC(hOpMaTopa, MUTAEMOT'0 CETEBBIM
TOKOM ¢ HamnpspkeHreM 220 B, ecii nmpeoOpa3zoBaHHBIN TOK HMeeT HanpspkeHue 2 B.

9. [TepBuunass 0OMOTKa TOBBIMIAOIIETO0 TpaHchopmaTopa mMeeT 45 BUTKOB, a BTopuuHas 900
BUTKOB. llepBuuHas KaTylika BKJIIOYAETCS B CETh NEPEMEHHOro ToKa ¢ HampspbkeHueM 120 B. Kakoe
HanpsbKeHue OyeT Ha 3aKuMaxX BTOPUYHOM 0OMOTKHU?

10. DJeKTpuuecKas ayra A0 KHA ropeTh nmoja HanpsbkeHueM N B, a B cetu 220 B. CxoibKO BUTKOB
JOJDKHA COJIEP)KaTh BTOPHYHAs OOMOTKa, €CIM B TNEPBUYHOM OOMOTKE, BKIIOUYCHHOW B ceTh, 385
BUTKOB?

11. B mepBuuHOl 0OMOTKE MOBBIMIAOIIETO TpaHchopmaropa N BHUTKOB, BO BropmuHoi — 2000
BUTKOB. Kakoe HampspkeHHe Ha 3aXUMaxX BTOPUYHOM OOMOTKHM MOXHO TOJYYUTh, €CIH BKIIIOUUTH
TpanchopmaTop B ceTh ¢ HanpsbkeHueMm 110 B?

12. Karymka unnyktuBHocThio 20 MI'H BKJIIOYEHAa B CETh NMEPEMEHHOrO TOKa ¢ yacToroil N I'm.
Onpenenute MHAYKTUBHOE CONPOTUBIICHNE KATYIIKH.

4 o
13. Konpencatop emkoctpto 8-107¢ BrIIOYEH B ceTb IMEpeMEHHOro Toka ¢ dYactorod 50 I

OnpenemmTh CHTy TOKa Ha Y9acCTKe IIeTH ¢ KOHIEHCATOPOM, €CIIH CONPOTUBIICHHUE TTIOABOISIINX TIPOBOIOB
N Owm, a HanpsKEHUE Ha BceM ydacTke uenu 12 B.

14, Kak Wu3MEHUTCS WHIYKTUBHOE COMPOTHBIICHUE KATYIIKH, €CIM €€ BKIOYUTh B ICMb
nepeMeHHoro toka ¢ yactrorou 10 kI'u, BMmecto 50 I't1?

15.  IlepBuunas oOmoTka TpaHcopmaropa coxepxkut 800 BuTkoB, BropuuHas 3200. Onpexnenurte
ko3 purmeHT Tpanchopmarmu.

16.  Karymka WHAIYKTHBHOCTRIO N ['H, akTHBHBIM compotuBieHHeM 25 OM BKJIIOYCHA B CETh
MIPOMBIIIIJIEHHOTO MEPEMEHHOT0 TOKa CO CTaHAapTHOM udacToToil. OmpenenuTe TOK B KaTyIIKe, €CIU
HanpsbkeHue Ha ee BBogax 120 B.

IIpakTnueckoe 3ansaTue Nel6.
Pemenne 3aga4 no reMe «J1eKTPOMATHUTHBbIE KOJ1e0aHUSI U BOJHBI»

Heab: copmupoBaTh mNOHMMaHME poiu (U3MKK B  (QOPMHpPOBAHUHM Kpyrosopa H
(GYHKIMOHATBHOM TPaMOTHOCTH 4YeNIOBEKa JUI PELIeHMs MPAaKTUYECKHX 3ajiay; YMEHHs BBIIOJIHSTH
pacueTHble U rpaduueckue 3ajadyu, U3yuyuThb CBOOOAHBIE AJIEKTPOMATHUTHBIE KOJEOAaHHS B KOHTYpE,
BUJIbI CONPOTHUBIICHHS B LIEMH IEPEMEHHOI0 TOKA, UX OTJINYUSA U OCOOEHHOCTH.

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

MarepunanbHoe obecrnieyeHue:

WHAMBUAYaJIbHOE 33/1aHH€, KOHCIEKT JIEKIIUA, CIIPaBOYHbIE MaTepHaIIbI.

Yka3anmue:

[IpakTHueckoe 3aHATHE COCTOMT W3 JABYX YacTe€d — TEOPETHYECKOM M mpaktudeckoil. Ilocie
U3Y4YEHHs TEOPETUYECKOTO0 MaTepHalla MOKHO IPUCTYNATh K BBINOJIHEHHUIO MpakTHUUecKo dacTtu. OHa
COCTOMT U3 JIBYX U OoJiee 3a7ay JUIsl CaMOCTOSITEIbHOIO BBINMONHEHUA. He 3a0biBaiiTe 0 MpaBUIIBHOM
oopmienun pemienus. Ha BeImosHEeHNE TPAaKTUYECKOTO 3a/1aHUS OTBOJUTCS /IBA aKaJEMHUECKUX Yaca.

3aganue:

O3HaKOMBTECH C TEOPETUUECKUMU CBEICHUSMHU HUCIIOJIb3Ys CCBUIKY
https://znanium.com/catalog/product/1012153, §57 BeimmcaB GpopMysIbl OTMEYCHHBIE
ckoOkamu , Hanpumep( 57.1) ¥ T.11.
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Pemnre 3amaun, camMOCTOATENBHO HCIONB3YS NMPUMEPHI U KPATKUE TEOPETHUYECKHUE
CBEJICHUSL.

ITopsinok BbINOJIHEHHUSI PA0OTHI:

el N =

W3yunTe 1 BeIMUmuTe GOPMYIIBI IO JAHHON TEME B BUJI€ KPATKOTO KOHCIIEKTa

Pa3z0epute npumepsl pelIeHHbIX 3a1a4
Pemmre camocrosiTeNnbHO 3a1aun

BrimonHuTs

tect  https://znanium.com/catalog/product/1012153, ctp
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<<3H€KTDOM3.I‘HI/ITHI)I€ BOJIHBD)

DJIeKTPOMATrHUTHBIE KOJIe0aHusl

Onpenenenne Hesaryxatomue kojebaHus, BO3HHMKAIOIIME IO/ JIEHCTBHEM BHEITHEH
nepuoanuecku uamenstonieiics IJ1C e=gycoswt
[Ipouecc [Ipouiecc, mpu KOTOPOM DIIEKTPOMATHUTHOE TI0JIE€ MEPHUOJUUYECKU
M3MEHSIETCS IO BPEMEHHU
Ycnosue [TocnengoBarenbHOE COETUHEHUE:
BO3HUKHOBEHUS 1) KoHIIEHCaTOpa, HAKATUIMBAIOLIETO YHEPTHIO AIEKTPHUECKOTO TOJIS;
Kosie0aHuit 2) KaTyIIKH HAKarIMBAOIIEH YHEPTHI0 MATHUTHOTO TOJIS;
3) BO3HMKHOBEHHE CBOOOJHBIX KOJICOAaHHH B KOHTYpE OOYCIIOBJICHO
SIBJICHUEM CAMOWHIYKIINH
[Tpumep DneKkTpuueckas Iemnb, COCTOSIIas W3 KOHJCHCATOpa M KaTYIIKH, B
KOTOpPOI JHEprusi 3JIEKTPUUYECKOro IOJIS MPEBpalllaeTcs B JHEPTHUI0
MarHUTHOTO TIOJISI U 0OPaTHO
3aKOHBI 2
T=2zJL-C — +
¢dopmyna Tomcona —
Vo = t )
27JLC R—)Q
o, _ 1 1. Bs coanms. Kmou B  «l» — 3apskaercs
JLC KOHJIEHCaTop.
2. CobctBennble koneOanus. Kirou «2» snekTpuueckoe mone o
MarHuTHoe moje. YacTh SHepruu TpaTUTCs Ha HArpeB mpoBoaoB R—Q
KoJe0aHus 3aTyXarolue.
g mojzep:kaHusl HE3aTyXaroIIUX KojeOaHuM MepeBoguM K4  «1»,
3aTeM B «2». BeIHYKIeHHBIC — He3aTyXarlInue KoueOaHus
OHeprus ITpeoOpa3oBaHue SHEPTHH FNEKTPHUUECKOTO MOJIS B SHEPTHIO MArHUTHOTO
0JI1 1 HA00OpOT 0 rapMOHUYECKOMY 3aKOHY E,;«—>E,
Rnpzo — T ‘t:,-,’.r:
cobcrBenHbIe DMK e *--I‘
E,,=E,; vy=const ;
Ccu? LI? ok
2 2 =—
CU’=LI? =
DJIEeKTPOMATrHUTHbIE BOJTHBI
Onekmpomacnumuas eoana (OMB) — pacupoCTpaHEHHE DIIEKTPOMArHUTHOIO  IOJIS

IMPOCTPAHCTBC C TCUCHUCM BPCMCHHU.

B
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. cAt
paccrostHue ot paauosokannonHoi craniuu (PJIC) no oowekra: AS = BN

OMB (B 3aBHCHUMOCTH OT JJUHBI BOJIHBI A) IENST HA TUANA30HbI:
1) nmuasbie 4> 1000 M; 3) xopotkue 10 < A <100 wm;
2) cpenuue 100 < A <1000 m; 4) ynerpakopotkue A < 10 m.

CKOpOCTb BOJIHBI B CPEAC 3aBUCUT OT SJICKTPUYCCKUX U MArHUTHBIX CBOICTB CpCabl:

C (o} C
Y9 = —=—; — =./eu=n>1- onTuyeckas NJOTHOCThL CPEIbI
veu n' n H pea
* v . * ¢
JlnuHa BOJIHBL A=19 T=; B cpege; 1y BakyyMma 4, =c *T = -

cT_c _2
A === no; c- cKopocmb 2Mé 6 6aKyymy unu 6 6030yxe- 3*108m/c

IIpuMepsl pereHnst 3a1a4

1. Cuyia TOKa B CeTH M3MEHsETCs Mo 3akoHy 1=4,2 Sinwt. Kakoe KOJINYeCTBO TEIIOTHI BBIACTUT
ANEeKTpoKaMuH 3a 1 4 paboThl, eciu ero conpotusienue 70 Om?

JlaHo: Q=I° Rt lm=4,2A

AIEKTPOKAMUH i=l,Sinwt 1,=0,707-4,2=3A

. . 2 3 9 2100 o

i=4,2 sinmt l,= 1 0,707 -1 Q=3°70-3,6-10°~2,3-10° T«
5 J2

t=3,6-10° ¢ =2,3 MJTx

R=70 Om

Q=7?

2 B ycranoBKax yisi 3JE€KTPOTUIPABINYECKON 00pabOTKM MaTepUaoB KOHACHCATOPHI paboyero
KOHTYypa SIBJSIFOTCS €MKOCTHBIMH HakKoONHUTENsIMH HHeprud. Ompenenure HaWOONBIIYIO —CHITY
KPaTKOBPEMEHHOTO TOKa, BO3HHKAIOIIETO B IIEMU INPH IMPSIMON pa3pske TaKoro KOHJIEHcAaTopa Ha
MPOBOJIHUK, €CJIM HM3BECTHO, YTO 3aHECEHHas »Heprusi B KouaeHcatope 10 k[, MHAYKTUBHOCTh
koHTypa 0,03 MkI'H.
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JlaHO: K — KOHTYD E,~=Eu 5.10% g
Imax =y ——g = V066107 =
E = 10" Jix U 310
~08-10° =8.10°A
L=310°Tn g L’
T2
U
I — 2E3.I
i L
Imax =7
Pemmntsh 3a1a4n

(N - Homep sawezo sapuanma no cnucky)

1. Bynyr nu HacTpOEHHI B PE30HAHC KOHTYPHI MepeaTyiKa U MPUEMHHUKA, eciii ux napameTrpsl C, = 200
I[ID, Ly =2 mI'wr; C, =100 I1dD; L, =4 mI'H?

2. KonebarenbHbII KOHTYP COCTOMUT M3 KOHAECHCATOPAa €MKOCThI0 SMK®D M KaTyIIKd MHIYKTUBHOCTBHIO
0,2 I'n. Onpenenure MakCUMaJbHYIO CHIIy TOKa B KOHJEHCATOpE, €ClIi MaKCHUMajbHas pa3HOCTb
MOTEHIMAJIOB Ha 0OKIaaKkax KoHaeHcaropa 90 B. [lorepsmu Ha HarpeBaHue MPOBOJOB IPEHEOPEUb.

3. DOJIC wmHayKIuMM, BO3HHUKAIOIIAas B pPaMKe IPH BpAIEHUM €€ B OJHOPOJHOM MAarHUTHOM IOJe€,
M3MeHseTCs 1Mo 3akoHy e = 12 sin100 nt. Onpenenure aMIUIMTYIHOE W JCHCTBYIOIIECEC 3HAYCHHE
O/1C, nepuon, yactory, MrHoBeHHOe 3HaueHue JJC mpu t =n c.

4. MarHuTHBI NOTOK B pPaMKe, PaBHOMEPHO BpallarolIMiics B OJHOPOJHOM MAarHUTHOM IIOJIE,
U3MeHsieTcs 1o 3aKoHy @ = 3 - 10 cos157t. Haiiaute 3aBHCHMOCT MIHOBEHHOTO 3Hauerns DJIC
MHIYKIIMH, BO3HUKAIOIIEH B paMmke, oT BpeMeHH. OmnpenenuTe MakCUMallbHOE M JIEHCTBYIOILEE
3Hauenue JJIC, nepuon u 4acToTy TOKa.

5. B pamke, paBHOMEpHO BpallaroLIEHCcs B OAHOPOJHOM MArHUTHOM IIOJIe, MHIYLUUPYETCS TOK,
MI'HOBEHHOE 3HaU€HHE KOTOPOT'o BbIpaxaeTcs: GopMyrnoi

6. 1 = 3 sin157t. Onpenenure aMIUIMTYIHOE, ACHCTBYIOIEe 3HAYEHHE TOKA, MTHOBEHHOE 3HAYCHHE
Toka nipu 0,N ¢, nepuoa u 4acTory.

7. Ormpenenure MakCUMaJIbHOE U JIeliCTBYIONEee 3HaYeHue nepeMeHHoi D/1C, Bo3HuKaro1Iel B paMKe pu
€€ PaBHOMEPHOM BpAILEHUH B OJHOPOJHOM MarHUTHOM IIOJIE, €CJIM IIPU YIJIE IOBOPOTA paMKH Ha 45°
MrHoBeHHOe 3HadeHne DJIC 156 B.

8. Omnpenenure MakcumanbHyto J/1C, 3Has, uTo npH 30° 3JIC naaykuy 110 B.

9. B xoneGarenbHOM KOHTYpEe € WHIYKTMBHOCTBIO N MI'H MakcHMalbHOE HamnpspKeHHE Ha OOMOTKax
koHzeHcaropa 200 B. ompenenure mepuon KoneGaHMN CBOOOMHBIX 3JIEKTPOHOB B KOHTYPE, €CIH
MakCHUMaJlbHas CHJia TOKa B KOHType 0,2 A.

10. Onpenenute cuily TOKa B KOJEOATEIbHOM KOHTYpPE B MOMEHT IIOJIHOW pa3psIKd KOHAEHCATopa,
€CIIA SHEPT U MATHUTHOTO MOJIST KaTYIITKH 4,8-10'3 Jx, a unayktuBHOCTH 0,24 T'H.

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

12. Onpenenute MeproO U YacTOTy COOCTBEHHBIX 3JCKTPOMAarHUTHBIX KOJEOAHWH KOHTYpa, €CIId €ro
UHIYKTUBHOCTDH 1 MI'H, a emkocTh 100 HO.

13. Onpenenute cuily TOKa B KOJEOATEILHOM KOHTYpPE B MOMEHT IIOJIHOW pa3psIKd KOHJIEHCATOpa,

€CJIM SHEPIyusl MAarHUTHOTO I10JI KaTYIIKH N MI[)K, a4 UHAYKTUBHOCTD 0,12 I'n.
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14. NanykTUBHOCTH KoJebaTenpHOro KoHTypa 500 MKI'H, Kakyl0 eMKOCTh ClEIyeT BBIOpaTh, YTOOBI
HACTPOUTH €ro Ha yacTtoTy 1 mI'u?

15. B ycraHoBKax s 3IEKTPOTUAPABIMYECKON OOpabOTKH MarepHasioB KOHJIEHCATOp pabovero KOHTypa
SIBJISIETCS. €MKOCTHBIM HaKonurenieM sHepruu. Onpenenure HanboMbIIYI0 CHUITy KPaTKOBPEMEHHOTO TOKa,
BO3HHUKAIOILIETO B LIEMH IIPU MPSMOI pa3psaKe TaKOro KOHAEHCATopa Ha IIPOBOIHUK, €CIIM U3BECTHO, YTO
3anaceHHas 3Heprus B konjeHcarope 10 k/[x, naayktuBHOCTh KoHTYypa 0,03 Mkl H.

16. KosiebarenbHbIi KOHTYpP COCTOUT U3 KOHJEHCATOPAa eMKOCThIO 3 MK®D M KaTYyIIKH UHIYKTUBHOCTHIO
2107 I'n. Omnpenenure COOCTBEHHYIO YaCTOTY JEKTPOMArHUTHBIX KOJIeOaHUI B KOHTYPE.

17. B karyuike UHIYKTUBHOCTBIO N 102 T COBEPIIAIOTCS AIEKTPOMArHUTHBIE KOJIEOAHHSI C MIEPHOAOM
10%¢. Ornpenenure eMKOCTh CHCTEMBI.

18. KonebarenbHbIil KOHTYpP COCTOMT W3 KOHAeHcaropa emkocTeio 0,601 Mxk® u Karymku c
UHIYKTUBHOCTBIO 10* TI'n. Onpenenure TEPHOJ, YACTOTYy COOCTBEHHBIX 3JIEKTPOMAarHUTHBIX
KoJIeOaHUM KOHTYpa.

19. Konzencarop emroctbio 3-10° Mk®, 3apsukeHHBI 10 HEKOTOPOro MOTCHIHMANA, PaspsuKaeTes, 3aTeM
3apspKaeTcs uyepe3 KaTymky ¢ MHAyKTuBHOCTHIO 1,8 MKI'H. Ompenenute nepuon konedanwuii. [louemy
KaXJ10€ Nocleayoliee KojaedaHue AaeT Ha 0OMOTKaX KOHJIEHCATOpa MEHBIIIYIO pa3HOCTh TOTEHIUANIOB,
4yeM npensiayiiee?

20. Ompenenure MEPUOJ M YACTOTY COOCTBCHHBIX KOJeOAaHWH B KOHType Nmpu eMkoctd 2,2 MKD wu
uHayktuBHoctu 0,65 mIH.

21. Beruucinure 49acToTy COOCTBEHHBIX KojeOaHuid B KOHType ¢ comportuBicaunem 0 Owm, eciou
WHJYKTUBHOCTh B 3TOM KOHType 12 mI'H, a emkoctes 0, 88 Mx®. Kak wu3mMeHutTcs wyacrora
KoJ1e0aHui, eciiu MOCIe10BaTeNIbHO BKIIOYUTh B KOHTYP €Ill€ N TaKUX )K€ KoHJeHcaTtopa?

22. UeMy paBeH mepuo]i COOCTBEHHBIX KOJIeOaHUil B KOHTYpe C HHAYKTHBHOCTBIO 2,5 MI'H U eMKocThIO 1,5
Mk®D? Kak u3MeHUTCS TIepro1 KojieOaHui, eClTi MapalielIbHO K KOHJICHCATOPY MPUCOCAUHUTE emie 3
TaKuX ke KoHjeHcaropa?

23. Pezonanc B konebaTeIbHOM KOHTYpe HactymaeT npu dactote 4,2 k[ 'u. Onpenenure HHIYKTHBHOCTD
KaTYIIKH, €CIIM eMKOCTh KOHeHcaTtopa 2,2 MKD.

24. B konebareqbHOM KOHType ¢ WHAYKTHBHOCTHIO 0,4 I'H M €MKOCTBIO 2:10° @ aMILITUTYTHOE
3nauenue Toka 0,1 A. Kakum Oyner HampspkeHUE B KOHJEHCAaTOpe B TOT MOMEHT, KOTJ/Ia SHEPTUu
ANEKTPUYECKOTO M MAarHUTHOro mojeil Oynyr oauHakoBbl? KoneOaHus KOHTypa CUMTATh
HE3aTyXalolUMH.

25. OnpenenuTs JITUHY BOJIHBI, eci ee (pasoBast ckopocth 1500M/c, a wacTora koebanuit N I'm.

26. Kakoit myTs npoiiner dasza BonHoBoro ABMkeHus 3a 0,02c¢, ecnu yactora konebanuit 2MI 11, a nmuHa
BOJIHBI 150M.

27. OnpenenuTs 4acTOTY M3JIYYE€HUS YIbTPa3BYKOBOTO T€HEpaTOpa, €CIU MOCHUIAEMBI UM HMITYJIbC,
conepxarmmii 100 BomH, mpooikaeTcs N. ¢

28. OnpenenuTs ATUHY BOJHBI YIBTPa3BYKOBOTO F€HEpATOpa B alFOMUHUU, €CIIM YacTOTa YIbTPa3ByKa
3MI 11, a CKOPOCTh B altOMUHUH 3, 1 *10° m/c.

29. Papuonepenatuuk padoraet Ha yactore 6 M. Ckoibko BOJTH HaxoauTcs Ha paccrosHuM 100xm
10 HAINPaBJICHUIO PACIPOCTPAHEHUS paJuocUrHana’?

Tema 5.3 OnTuka

IIpakTuyeckoe 3ansaTue Nel7 Pemenue 3ana4 no reme «Onrukay

Heab: copmupoBaTte mNOHMMaHME poiu (U3MKK B  (QOPMHpPOBAHMHM Kpyrosopa U
(YHKIMOHATIBHON TPaMOTHOCTH YeJOBEKa IS pelIeHHs MPAaKTUYECKHX 3a/]ad, H3YYUTh 3aKOHBI
pacrnpocTpaHeHUs] cBeTa. Xoj Jiyded. 3aKOHBbl OTPaKEHUS U TPEIOMIICHHS U MPUMEHSTh HX IpHU
pELIEHNN, U3YYUTh 3aKOHBI PaCIPOCTPAHEHUSI CBETA, KaK BOJIHBI M IIPUMEHSATH UX IIPU PEILICHUN
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IIpakTuyeckasi padora dopmupyer:I1P62,11P66, IIP67, MP1, MP3, MP15, MP12, MP13,

MP17, MP19, MP 20, MP45, MP42, MP 43, MP§, MP10
Boinosinenue padorsl cnocodcTByeT hopmupoBanuio: OK 01, OK 02, OK 05, OK 07, OK 04

OK 09

MaTepnaﬂbnoe o0ecneyeHue: TCTpadb JId IMPAKTUYCCKHUX pa60T, Ppy4dkKa, MCETOAUYCCKHUC

PECKOMCHAAIHH 110 BBIITOJIHCHUTO pa6OTBI, HHHeﬁKa, KapaHJaIl.

Yka3zanue: IIpaktuueckas paboTa COCTOMT M3 ABYX YacTe — TEOPETHYECKOW M MPAKTHYECKOU.

Ilocme HU3YUYCHUSA TCOPETHUICCKOI'O MaTCpHraia MOXKXHO IMIPHUCTYIIATh K BBIIIOJTHCHUIO HpaKTH‘leCKOﬁ qacTH.

Omna

COCTOMT M3 HOBYX U Ooitee 3aJa4 JJI1 CaMOCTOSTEIILHOro BhIMOIHEHUS. He 3a0BIBaliTe O

IIpaBUJIbHOM O(bOpMJ'ICHI/II/I pelICHUs. Ha BrmomHnenne HpaKTHqCCKOﬁ OTBOAUTCA JBa aKaJCMHWYCCKUX

qaca.
1.

2.
3.
4.
5

1.

[TopsitoK BHIMOTHEHHS paOOTHI

ITopsinok BbINOJIHEHHUSI PAa0OTHI:
PaccmotpuTe TeopeTHUecKHMii MaTrepHall 10 TEME W TMPUMEPBl pemIeHus 3aaad (CMOTpH
METOAMYECKOE ITOCOOHE).
W3yuuth KpaTKHe TeopeTHueckue cBemeHus  https://znanium.com/catalog/product/1012153,
BhINMCaB GopMyiel ¢ maparpados 65, 66 . OTMeUeHHBIE CKOOKaMHU, Harmpumep (66.1)
Pazo0patrhk mpuMepsI perieHus 3a1aq
OTtBetuTh Ha BOmpockl Tecta https://znanium.com/catalog/product/1012153, k §64,65,66.67.
Pemmte camocrositenbayto padboty. OdopMuTe perieHne MMCbEMEHHO B TETPAIH.

Teopus.

3aKOHBI FGOMeTqueCKOﬁ OIITHKH

I.  3akon nmpamonuneiinoco  pacnpocmpaweHusi  céema. céem 68  O0OHOPOOHOU  cpeoe

DPacnpocmpanAemcs npAMOIUHEUHO.

JIyu — THUSA, BAOJIB KOTOPOH paclpOCTPaHETCs CBETOBAst DHEPTHSL.
Hoxazamenvcmeo:

1) oOpa3oBaHue TeHEW U TOJyTEHEH OT MPEIMETOB,;
2) TOIJIOIICHUE CBETA HEMPO3PaYHBIMU MPEAMETAMH.
- 8 _ 8 _ 8
Us s0s0 = 3-10° M/c=c; Vo = 2,25-10° M/C; Uy emerze = 2:10° M/c.

Il. 3axon nezasucumocmu ceemosvix nyueli: 1yuu Npu nepecedenuy He 603mMywaiom opye opyeaa.
1. 3axon ompasicenusn ceema.

Veon nadenus (@) (ompadsicenus y)— yroi, 00pa3oBaHHBIN nadarowum (Ompaxcennvim)
Jy9OM | MEePIICHIUKYIIPOM, BOCCTAHOBJICHHBIM K TIOBEPXHOCTH B TOUKE Ta/ICHUS JTyda

(puc. 12).

Puc. 12. Magaloupiin 1. [ladarowuii u ompasicennvlil 1yyu aexcam 6 0OHOU NIOCKOCMU ¢ NePREHOUKYIAPOM,
B0CCMAHOGIIEHHbIM 8 MOYKe NAOEHUs, IVUd.

OTPasKEHHbIN Ayun.

2. Yeon nadenus pasen yeny ompasxcenust (a6 = y).

68


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

Cnedcmeue: «O6pamumocme sy4eli»: ECAM NaaatoLmit 1yd NycTUTb Mo HanpasBAeHUIO OTPaXKEHHOro, TO
HOBbIV OTPaXKEeHHbIN Ny4Y NOMAET NO HANPABIEHWIO NaZAOLLETO.

OTparkeHune
3epKanbHoe OnooysHoe
2r 1H\L}n ' 1rr
1 g 1’ "
3epKanbHoe — oTparkeHWe npu KoTopom | JucpgysHoe — OTpakeHue, npu
OTpa’KeHHble nyun OCTalOTCA | KOTOPOM B OTPA*KEHHbIX Jly4ax HeT
napannenbHbIMK nopsaKa (Matosas NOBEPXHOCTb)
IV 3akoH npenomneHusa ceaema.
o
N“ BO3/1yX
) \B /4 C}/emo Hpe.HOMJZeHue ceema — HWU3MCHCHHC HaAIIpaBJIICHUA JIyda CBCTa IIpU
N nepexo/ic M3 OJHON cpeibl B Apyryio. Yeon npenomnenus () — yron
BO34yX
“37\ Ay MEXIY IPEIOMIICHHBIM JIy4YOM U NEPHCHIAMKYIISIPOM, BOCCTAaHOBICHHBIM

13 TOYKH TMaJICHUS JIyua K TPAHUIIE IBYX CPE/l.

Puc. 13. NpenomneHne cBETOBOrO Nyya.

1) nay4u, nadarowuli u npesnomneHHsll, nexam 8 00HOU NAoCKOCMU C reprneHOUKYA[pPoM,
80CCMAHOB/IEHHbIM U3 MOYKU 1adeHUA ay4a K nogepxHocmu paszdesna 0syx cped;

2) ommuowenue SIN yena nadenus k SIN yena nperomienusi Ofisi OAHHBIX CPed eCcmb GelUdUHA
NOCMOSIHHASA, U HA3bI6AEMCS  OMHOCUMENbHLIM — NOKA3amenem  NpeioMAeHUs  8Mmopoll  cpeobl

ONMHOCUMENbHO nepeoﬁ.
sina n
sinp n

Cneocmeue: «Obpamumocmy ayyetin: Ecayu nanaromui Jyd HalpaBUTh M0 MyTH MPETOMIIEHHOTO,
TO TPEJOMJIEHHBIM JIyd WAET N0 MyTH Hajaroiero. /lonnoe enympenne ompadiceHue — SIBICHUE, TPU

KOTOPOM CBETOBOC U3ITYUYCHUC IMOJTHOCTBIO OTPAKACTCS OT IMOBEPXHOCTHU pPaA3ACiia IMPO3PAYHBIX CPE/ (pI/IC
14).

npeaenbHbIN 1) npu T o B T
L ' . 2) P = 90° — cKONB3UT MO TPAHHIIC pa3fieNa JIBYX CPeI — npeodenbHblil
< Y20i,

V4 Ve

nonHoe 3) Ta, f>90°= B — NOTHOCTHIO OTPAKAETCS MO 3AKOHY OTPAKEHHS.

V4 4
V4
BHYTpeHHee

Puc. 14. NonHoe BHYTpeHHee
OoTpaXkeHue. 33)13‘11/[ AJIA CAMOCTOATEC/IBHOI'0 PCIICHUSA
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1 JIyu cBeTa majaeT Ha MOBEPXHOCTh BOJBI MOJ YIJIaMU 40°. Tlox Kakum YIJIOM JIOJKEH YIIacTh
JIy4 Ha MOBEPXHOCTh CTEKJIa, YTOOBI YTOJI MPEIOMIICHHUS OKA3aJICs TAKUM Ke?

2. Jlyuu cBeTa MmajarT Ha MOBEPXHOCTh pasfelia BOABI U Bo3ayxa mox yriom 50°. Halaure yron
npenomieHus gydeil. [Tokazarens npenomienus Boasl 1,33. ECTh 11 OJIHOE BHYTPEHHEE OTpakeHue?

3. Haiigute npenenbHbIN yrod najeHus Jiydya Ha TpaHuIly pa3zeiia CTEKJIa U BOJBI.

4. CBeToBbIC BOJHBI B HEKOTOPOH >KUIKOCTH uMmeroT qimHy 600 Hm u yactoty 5-10* I'o.
Omnpenenute abCOMOTHBIN MOKA3aTeNb MPEIOMICHUS KUIKOCTH.

5. Onpenenute aOCOMIOTHBIA MOKa3aTelb MPEIOMIICHUS U CKOPOCTh PACIpPOCTPAHEHUS CBETa B
CIIIOJIe, €CITU TIPH yTJIe MmajieHus cBeta 54° yron npenomieHus 30°.

6. B anmMase cBeT pacnpocCTpaHsIeTCsl CO CKOPOCTHIO 1,22-10° m/c. Onpenenurte npeaeabHbIA yroi
IIOJIHOTO BHYTPEHHETO OTPAXEHUsI CBETA B alIMa3€ MPHU NEPEX0/IE CBETOBOIO ITyyKa U3 ajaMas3a B BO3AYX.

7. CBeTOBOM IMyYOK MEPEXOAMT M3 BO3ayXa B BOAY. YTOJ majaeHust 76°, yroa npenomieHus 47°.
Omnpenennure CKOPOCTh CBETA B BOJIE.

8. Vron najaHus Jiyda cBeTa Ha MOBEPXHOCTH MOACONHEYHOro Macia 60°, a yroa mperoMIeHus
36°. Haiitu mokasatellb IpeIOMIICHIS MaCa.

9. ®0oTOH BBUIETAET U3 BOJBI B BO3AYX. BbuieTuT 1 (POTOH U3 BOJBI B BO3IYX, €CIIM OH MaJaeT Ha
IpaHuUIly pa3jelia Boabl ¥ Bo3ayxa o yrioM 50°? Tlouemy?

10. JIyu cBeTa mepexoIuT co CTEKJIa «JIeTKUil KpoH» n=1,57 B Bo/ly. YToJ najieHus yBEIUYUBAIOT.
KaxoB npenenpHblil yroJi MoJIHOr0 BHYTPEHHETO OTPaXKEHUS?

11. Beiuncnure npeAenbHbId Yroi MOJHOTO0 BHYTPEHHETO OTPaXKEHUS Ui aaMa3a Ha IpaHulle ¢
BOJIOM, 3HAas1, UYTO aOCOJIOTHBIN TTOKA3aTelb MpeoMieHus anmasa 2,417, a soxer 1,333.

12. Ompenenute OTHOCUTENBHBIM MOKaszaTedb IMpeloMIICHUs, ecnu yrona mnagenus 30°, a
npenomienus 20°.

13. JIyun COTHEYHOTO CBETa MaJal0T Ha MOBEPXHOCTH BOABI oA yriioMm 74°. Ilox kakum, yriom K
TOPU30HTY BOJ10J1a3, OIIyCTUBIIUIICS B BOLy, OyJET BUAETH COJHIE?

14. OmnpenenuTe moOKa3aTellb MPEIOMICHUS BEUIECTBA, €CIM MPEACNbHBI Yroa IOJIHOTO
oTpaxkeHus 42°.

15. JIyd cBeTa majeT Ha IUIOCKOMAapalIeIbHYI0 CTEKISHHYIO MIACTHHKY moja yriaom 60°. Kakosa
TOJILIMHA IJIACTUHKY d, €clii IpU BBIXOJIE U3 Hee J1yd cMecTuics Ha 20 Mmm?

16. JIyd cBeTa majaet Ha MIOCKYIO CTEKIISIHHYIO TUIACTUHKY ToamuHol  d =3 cm mop yriom 70°.
Omnpenenurte cMeIleHUE JTy4a BHYTpHU I1acTUHKY. [lokazarens npenomienus crekia 1,5.

17. Yron mageHusi cBETOBOrO Iydka, MAYIIETO U3 CTEKJA C MOKa3aTesIeM MPEIOMIIEHHS CTEKJa
1,67 B Bomy c moka3zaterneM mnpernomiieHus 1,33, paBen 60°. Ha kakol yroy OTKJIOHSETCS CBETOBOM
My4OK Ha TPaHMIIE, TO ke MPH yriie naaeHus 53°7

18. MoHOXpoMaTH4eCcKHil Jyd MaJaeT HOPMaJbHO Ha TIpaHb IPHU3MBbI, NOMEPEYHOE CEUCHHE
KOTOpOI paBHOCTOPOHHUI TPEYrOJIbHUK: IOKa3aTens mpenomieHus 1,1. Onpeaenure yroia OTKIOHEHUS
JIy4a MpU BbIXO/E U3 MPU3MBI OT €T0 NEPBOHAYAIILHOTO HAlpaBICHHUS.

IIpuMmepsI pemieHus 3aaa4
BouinoBas onTuka
1 B Boge unrepdepupyroT KOrepeHTHbIE BOJIHBI YaCTOTOM 5 * 10* T Yemmurest wnu ocnaGrer
CBET B TOUKE, €CIIM N'€OMETpUYECKas pa3HOCTh X0/1a JIy4el B Hel paBHa 1,8 Mkm? [lokaszarens
npenomieHus Boasl 1,33.

Hano:
2. KorepeHTH. ucr.
% m=1-13.1.-5-|n‘-l:x-m‘"
v=5-10%TIq Ar=n-AS=21 m= oM =
ck
AS=18-10%m |=2¥ =798= 8—uerH. —
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L

n=1233 ' v max yCUJICHUE CBETa
c=3-10%m/c
i _’_)

2. Onpenenure 4 HaMMEHBUIME TOJIIMHBI IPO3PAYHOM IJIEHKU C ONTUYECKOW IUIOTHOCTBIO 1,5,
4TOOBI NPU OCBELICHUH MX NEPHEHIUKYJISIPHBIMU KPacHbIMM JydaMu ¢ JinHOW BoaHbl 750 Hwm oHu
ObUIM BUJIHBI B OTPA)KEHHOM CBETE KPACHBIMH.

Jauo: mieHKa _ 4dn 750 5
p=1:5 L '~|: : d, =——=——=125Hwm
J.= 750 H BEn 45t 16
k=0123 d=— : d,=3-125=375Hxu
dy. dy. ds. 4-n d, = 5d,= 625 Hu
d; =2 P d;=7dy =875 Hu
" d4n
A
d, L = 3d,
4n
d3= Sdg
d3 — 7dc,

3. CeetoBaz pomHA AmHEOH 530 HM magaeT nepneHIHEKVIIPHO HA IPO3PIIHVIO
IHQPaKOHOHHYIO pEemeTKY, IIOCTOfHHAZ Kotopod 1.8 wmxv. Ompegennre yroa
IHEGPAKIHE, 10 KOTOPEIM 00pasyeTca max HaHOOIBIIEro IOPAaKa.

Mlano: Audparie . kA 1.8-10° 1800
A=530-10"n singp =—=<1 k<— T=——=34
d= 1:8_10-6 M d 5)0']0 DJO
E=k )& 2. 529 K =3
e d A : 3-330-107 z
3 sinp =—=10,88
: K e - A 1.8-10™
2)singp =——— ’
o =062°

3agaum 119 CaMOCTOSITEIBHOTO PELICHHUS

1. KaxoBa ontudeckasi pa3HOCTh X0/1a IBYX KOI€pEHTHBIX MOHOXPOMATUYECKUX BOJIH B BELLIECTBE C
IIOKa3areseM npesomieHus 1,6, eciu reomeTpudeckas pa3HOCTb X0Aa Jydeit 2,5 cm?

2. Ha TOHKYIO TUIGHKY C TIOKa3zarejeM MpesIoMJICHUs |, 5 TepHeHIuKyIsIpHO €€ MOBEPXHOCTH
najgaeT NapajulelbHBIA IYy4OK JKENTBIX Jydedl ¢ jumHod BonHbl 600 Hwm. Ilpm kaxoit
HauMEHbIIEH TOJIIINHE IJICHKU OHA B OTPaXKEHHOM CBETE OyIeT Ka3aTbCs KeNTon?

3. JIBa KOrepeHTHBIX Jiyuya ¢ anuHaMu BoiH 404 HMm nepecekaroTcs B 0OIHOM Touke Ha 3kpaHe. YTto
Oynetr HaOMIOIAThCS B JOTOW TOYKE — YCWJICHHE WM OciablieHWe CBeTa, eCIM ONTHYECKas
pasHoCTb xo1a tyuen 17,17 Mxm?

4. Bo CKOJBKO pa3 yBEIUYUTCS PACCTOSIHHE MEXY COCEIHUMHU MHTEep(HEPEHIIMOHHBIMU TOJI0CaMU
Ha dKpaHe B ombiTe FOHra, eciu 3eMeHblil CBETOGHIBTp ¢ JTHHOM BomHEI 25-10™ cM 3aMeHHTD
KPACHBIM C JUTHHOM BOIHEI 6,5 - 107 cm?

5. B HekoTOpyr TOYKY MpPOCTPAHCTBA NMPHUXOMAAT JIB€ KOTE€PEHTHBIE BOJHBI C I'€OMETPHYECKOM
pa3HoCThIO X01a 1,2 MKM, JuinHa KOTOpbIX B Bakyyme 600 Hm. Onpenenure, yTo mpou3oiieT B
3TOM TOUYKe BCIEICTBHE MHTephepeHInn B Bo3ayxe, B Boae (1,33), B crekue (1,5).
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Pa3HocThp XOma ydedl JOBYX KOTEpEHTHBIX HMCTOYHHUKOB CBE€TA C JUIMHOM BOJIHBI 6 107 M,
CXOJISIIIMXCSl B HEKOTOPOM TOYKE, paBHA 1,5:10° M. Yeunenue nu ociaGnenue csera Oyner B
3TOU TOuKe?

Ecnu cnexkTpbl TpeTbero M 4eTBEPTOro Mopsjaka Nnpu Audpaxkiuu Oenoro cBeTa, HOPMAaJbHO
Ma/IAf0IeT0 Ha TU(PPAKIUOHHYIO PEUIETKY, YaCTHYHO MEPEKPHIBAIOTCS, TO HA JUIMHY BOJHBI 780
Hwm cniektpa TpeTbero nopsaka HaKkJIaaAbIBa€TCs AJUHA BOJIHBI ... CIIEKTpa YETBEPTOIrO MOPSIIKA.
Hudpakiuonnas pemrerka umeer 50 mrpuxoB Ha MM. [loa KakMMH yriiaMu BUAHBI Max MEPBOroO
Y BTOPOT'O MOPSAJIKOB MOHOXPOMATHYECKOTO U3JIy4eHHUs ¢ IMHON BosiHbI 400 Hm?

Onpenenure ONTHYECKYIO pa3HOCTh Xoja BosH jiuuHOM 540 Hw, npoweammux uepes
IU(PPaKLUOHHYIO PELIETKY U 00pa30BaBIIMX Max BTOPOIO MOPSIKA.

10. Onpenenute ONTUYECKYIO Pa3HOCTh X0Ja BOJIH, MPOIICAIINX Yepe3 NU(PAKIHOHHYIO PEIIETKY,
ecITH MAKCHMATbHOE yCHIIeH e BOTH BiHO o yriom 11°. TTocTostHuas perneTkn 2 MKM.

11. udpaxuonnas pemerka ¢ nocrosuHor 0,004 MM ocBemiaercsi CBETOM € JIMHON BOJH 687
Hwm. Ilog kakuMm yIJIOM K pelIeTKe HY)XHO IPOM3BOJUTH HAOJIOJEHUs, 4YTOObI BUJAETh
n300pakeHue CIEKTpa BTOPOTO MOpsiaKa’?

12. Onpenenure NOCTOSHHYIO IUGPAKLIMOHHON pEIIeTKH, €CIM IpU €€ OCBELUICHUH CBETOM C
JUIMHOM BoJH 656 HM criekTp BTOporo nopsiaka BUAEH MO/ YIIIOM 15°,

13. Omnpenenute UIMHY BOJHBI 7S IMHUM B TU(PPAKLUOHHOM CIEKTpe 3-ro MopsiiKa, COBMaaromei
C JIMHUEH B CHEKTPE YETBEPTOTro Mopsijika ¢ JIMHOM BoaHb 490 HMm.

14. Kakoif HaubosbIIMH TOPSIIOK CIIEKTpa MOKHO BUJIETh B AU(PPAKIMOHHON perieTke, UMEoLen
500 mTpuxoB Ha 1 MM TIIPU OCBEIIEHUH €€ CBETOM ¢ JUTHHOM BoJiHbI 720 H

Pasnen 7 KBanToBas pusuka
Tema 7.1 KopnycKyJISIpHO-BOJTHOBOM AyaJIu3M

IpakTuyeckoe 3anaTue Nel8. Pemenue 3anqau no reme «3axonnl poroddpdexra.
YpaBHeHne JiHIITEHHA.

ean padoTsi: chopMUpPOBATH TOHUMAHUE PONIK (PU3UKH B (POPMUPOBAHUH KPYro30pa BiiaJieHUE

OCHOBOIIOJIararonmmumMun (1)I/ISI/IHGCKI/IMI/I MOHATHUAMHU, 3aKOHOMCPHOCTAMU, 3dKOHAMH U TCOPUAMHU; YMCHUS

BBIITOJIHATE paCYCTHBIC U rpaq)nqecm/le 3aga4un

Beimosinenne padorsl cnocodcTByeT (popmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepuajnbHoe o0ecnieyeHue:

MHJUBUIyaJIbHOE 3a/1aHH€, KOHCIIEKT JIEKIUI, CIPABOYHbIE MaTEPHUAIIbI.

Yka3anue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JABYX YacTedl — TeopeThyeckod M mpaktudeckoil. Ilocrne

HU3YUCHUSA TCOPECTUUCCKOro Mar€prajia MOXHO MPUCTYNAaTh K BBIIIOJTHCHUIO HpaKTquCKOﬁ gactu. OHa
COCTOUT U3 ABYX U Ooiee 3agad s CaMOCTOATCIIbHOI'O BBIIIOJHCHUS. He 3a0mniBaiiTe o MMpaBHUJIbLHOM
OCbOpMJ'IeHI/II/I peIICHUA. Ha Brimonaenue IMPAKTUYCCKOI'0 3alaHUs OTBOAUTCH JIBa aKaACMHUUYCCKHX Yaca.

3aganme:
O3HAKOMBTECH C TEOPETUIECKUMH CBEICHHUSIMU
Pemnre 3amaun, camMoOCTOATENBHO HCIONB3YS NMPUMEPHI U KPATKUE TEOPETHUYECKHUE
CBEJICHHSL.

Ilopsinok BbINOJHEHHSI padOThHI:
1. H3yuuTte u BeIMUIIMATE GOPMYIIBI 10 TAHHOK TeMe B BUJI€ KPATKOT'O KOHCIIEKTa
2. Pasbepute nmpuMepsl pelICHHBIX 3a/1a9
3. Pemmre camocTosTENHHO 3aa4U
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4, Bemosnsuts Tect  https://znanium.com/catalog/product/1012153, crp 346
«Dororddexr. Dopmyina [Tnankay

Kpartkue TeopeTnyeckue cBeleHUs1
DHeprust KayKI0# HOPIHH MPSIMO IPOIOPIIHOHATIBHA YacToTe u3ayueHus — V. E=hv [Jx],
rae h — nocrosiaaas [lanka, h = 6,63-10°%* [[Ix-c].
[TornoTUTECS MOXKET BCSI TOPLIMS LICTTUKOM.
DHeprusi cBeta hv mamer Ha coBepieHHe pabOThl BbIXOAa A, U Ha COOOIICHHE SJICKTPOHY
mo? . mov® _

2
. mo
KHHETHYECKON SHEPTUHU — - hv=A,+ >, Ey.

Jus kaxmoro BemectBa (GoTodddexT HabMomaeTes, €Cld 4Yactora Vv > Vgin = hv > A,

. . A
[IpenenbHyI0 4acTOTY Viin MU Amax Ha3bIBAIOT KpacHOW rpanuueil potodddexra. vinin =« ,rme A, —
h

pabora BbIxona anekrpona [[x]. I»B = 1,6 10 Tore.

®oTOH 00J1a/1a€T MOPLUEH SHEPTUH: F = h; =hy,rne v—uacrota [['1];

h — nocrosiunas [nauka, 6,63-104 [ x-c].

8
Macca ortona onpenensercs: , — h%” , TJIe ¢ — CKOpOCTh cBeTa, ¢=3-10" m/c.
c

DoTOH HE HMMEET MAacChl IIOKOA, T.C. HC CYHECTBYCT B COCTOSIHHUU ITOKOS. I/IMHYJ'IBC (I)OTOHa

) hv h
ONpPEACISIETCS: p=MC = — = —

A

IIpumenenne porodpdexra

CBolicTBO (OTOTOKA 3aKIHOYAETCA B TOM, YTO €r0 CHJIa MPSIMO MPOINOPLHUOHATIbHA MOTJIOIIEHHON
SHEPIUM CBETa, HAaXOJUT NpUMEHEHHe B MNpuOopax-(hoTO’NEMEHTaX, B KOTOPBIX SHEPrHsl CBeTa
YIpaBIsieT SHEPTUEN AIEKTPUUYECKOro TOKa WM IIpeodpa3yeTcs B Hee.

PazHoOOpazHOe NpUMeHEeHHEe HaxXOIUT BHYTPEHHUH (OTOXPQEeKT B MOTYNPOBOJHUKAX. ITO
SIBJIGHUE UCTIOJIb3YETCS:

1) B poToCONpOTHUBICHUAX — IPUOOPAX, COMPOTHBIIEHHE KOTOPBIX 3aBUCUT OT OCBEILIEHHOCTH;

2) B TOJYNPOBOJHUKAX — Mpubopax, MNpeoOpa3yloluX CBETOBYIO OSHEPIrUI0 B HHEPIHIO
AJIEKTpUUYecKoro Toka. Takue npuOOpBl cioykaT HCTOYHMKaMH TokKa. CyIecTBYIOT —SBJICHUS,
00BsICHSIEMbIE KBAHTOBBIMH CBOMCTBAMU U3TyUYECHHUSI.

1. /lagnenue céema. IlepBbie onbIThl OblTH Npojenansl B 1900 r. pycckum ¢usukom JleGeneBbiM
I1.H. Beruncnenust MakcBemnia moka3ainy, 4TO Ha 3eMJI€ COJTHEYHBIN CBET AAaBUT Ha KBaAPATHBIN METP
YEPHOU MTOBEPXHOCTH, PACIIOIOKEHHON NEPIIEHANKYIIAPHO JIydaM C CHIION 4,5010° H.

2. Tennogoe oeiicmsue ceema. llpu TIOTIOMIEHUH W3IyY4EHUS TEIOM BCErla MPOUCXOIUT
IIPEBPALIEHUE SHEPTUU U3TYUYEHNS BO BHYTPEHHIOIO SHEPTHUIO Tea.

ConHeuHble Tydn NPUHOCAT €xeceKyHAHO 1370 JIx sHepruu Ha KaXIbplii KBaApaTHBIA METp
MIOTNIEPEYHOI0 CEYEHUS 3EMIIN.

3. Xumuueckoe Oeiicmsue ceéema. XVUMHYECKHE TIPOIECCH, MPOUCXOJSIIAE MON JEHCTBHEM
U3Iy4YEHHUs, IMEIOT O0JIbIIOE 3HaUeHHE B IPUPOJIE, HAyKe U TEXHUKE:

— (orocunTes;
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— CIOCOOCTBYIOT BO3HHMKHOBEHHMIO 3PHTEIBHOTO OIIYIICHUS Y 4YeJIOBeKa U
’KABOTHBIX M JIAIOT BO3MOYKHOCTH Pa3jInyaTh [BETA;
— nosydenue otorpadpum.
XuUMHUeCcKoe JeiiCTBIE H3IyYCHHsI OYEHb XOPOIIO OOBSCHSETCSI KBAHTOBOM TeOpUel CBETa.
HOI‘HOH.[GHI/IQ (bOTOHOB YBCIMYHBACT SHCPTHUIO MOJICKYJI MPOUCXOOAT XUMHYCCKUC IMPOLCCCHI.

IIpumepsl pemenus 3agaq

1. Omnpenenute MaKCUMaJIbHYIO CKOPOCTh BBUIETAa JJCKTPOHOB M3 Kayius, paboTa BBIXOJa
3JIEKTPOHOB M3 KOTOPOro paBHa 2,26 5B, mpu ocBemeHHH ero yibTpaduoIeTOBBIM H3IYyYCHHUEM C
nuHo# BoaHbl 200 HM. Macca snektpona 9,1 10% kr.

Hano:
A =200 am CH
9 PeweHwue:
A;=2,265B 200-10°
m =9 1.10% xr 2.26-1l6-1071° ik N3 ypaBHEHUA DNHWTENHA ANA BHELWHEero
c=3-10%w/c doToadpdekra:

— -34
h -_ 6,6210 ﬂ)}(-c gh: A L muz - o 2(Ch7}hAﬂm) ,
b2 A " am

[2(3-10°-6,62-10* —2.107} 2,26 1,6 -10™%) /(19,86 —7,232)-107°
2-107-9,1-101* 9,1-107%

-118.10° %
C

OTtBeT: v = 1,18~106 m/c.

PemmnTe 32124 cCaMOCTOATEILHO
(N - Homep 6awezo sapuanma no cnucky)

1. PaGota BbIX0/a 3NMEKTPOHOB Y oKkcuaa Meau 5,15 »B. BezoBer nu ¢poroaddext ynprpaduoneroBoe
usinydenue ¢ gacroroii 0,01-10" I'n?

2. PaGora BBIXOa DIEKTPOHA ¢ MOBepXHOCTH mesus paBHa 1,6:10%° JIx. C kakoil cKOpPOCTEIO
BBIICTAIOT SMEKTPOHBI 3 LE3Ms, ¢CITH METAII OCBEIEH JKENTHIM CBETOM ¢ JHHON BomHs 0,6-107°
M; Mg = 9,1-10'31 Kr?

3. Haiinure maccy u ummynbe GOTOHOB [T HHPPAKPACHBIX (V= 10" I'n) u pertreHoBckux (v=10° ')
JIy4en.

4. Haiigute JIMHY M 4acTOTy M3JIy4eHHs, Macca (JOTOHOB KOTOPOTrO paBHA Macce MOKOS 3JIEKTPOHA

(Me = 9,1-10° kr).

KaxoB ummnynbc hoTOHa, S3HEPTHsI KOTOPOTO PaBHA 6-10™" JIx?

Ornpe/enuTe HMITYITEC OTOHOB PEHTTEHOBCKHX Jydeit A = 4-10™" u.

KakoBa macca oToHa, eciii ero 3Heprus paBHa 2,76-10™" Jix.

DHeprusi KBaHTa CBETa paBHA 1,98-10"%%. Kakoe 310 n3Iy4yeHue?

Ompenenure 3HEprut0 (HOTOHOB, COOTBETCTBYIONIMX HamOosiee mIMHHBIM (A = 0,76 MKM) u

Haunbonee KopoTkuM (A = 0,4 MKM) BOJTHAM BUAMMOM YacTH CIIEKTpa.

10. Kakoii 4acToThl CBeT cCleJyeT HaNpaBUTh Ha MOBEPXHOCTb IUIATHHBI, YTOOBl MaKCHMallbHas
CKOpPOCTh (POTORJIEKTPOHOB ObLIA paBHa N KM/C pabOTOM BhIX0/1a AJIs IUIATHHBI paBHa 6,3 5B?

11. ITouemy nosiBiaeHue GoTorpahuIecKkux CHUMKOB POU3BOJUTCS MPU KPAaCHOM cBeTe?

12. MoxHo 1 ¢ororpadupoBaTh MpeIMETH B COBEPIICHHO TEMHOW KOMHATE?

© XN O
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13.
14.

15.

16.

17.
18.

19.

20.

Onpenenure UMITYIbC OTOHA BUMMOTO CBETA C JUTMHOM BOTHBI 500 HM.

Omnpenenurte JUIMHY BOJHBI (POTOHA, UMITYJIEC KOTOPOTO PaBEH UMITYJBCY JEKTPOHA, POJIETEBLIETO
YCKOPSIOUIYIO Pa3HOCTh NOTEHLKAIOB N B.

Omnpenenure SHEPruI0 U3Iy4YeHHUs, Macca (POTOHOB KOTOPOTO paBHA Macce MOKOs AJIEKTpoHA Mg =
9,110 kr.

Boruncnute suepruto portona Bumumoro cera A = 0,4 MKM U CpaBHUTE ee ¢ 3Heprueil (orona
yIbTPa(HOIETOBOTO MU3TyUEHHUS KBAPIEBOH J1aMIibl A = 0,25 MKM.

TIp¥ KaKoii JUTHHE SIIEKTPOMATHHTHON BOJTHBI SHeprus GoToHa Gbita 661 pasHa 2,8-10™° JIx?
Omnpenenure pabOTy BBIXOJA AJIEKTPOHA C TMOBEPXHOCTH LUHKA, €CJIM HAWOOJIbIIAS JUIMHA BOJHBI
(dbotona, Be3bIBatomias Gotodddekt — 0,3 MKm.

KakoBa MakcuMaiabHast CKOPOCTh (POTOIIEKTPOHOB, €l (POTOTOK MPEKPAIIACTCS MPH 3aIHPAIOIIEM
Hanpspkennn 0,6 B (me = 9,1.10°% KI; ¢ = 1,6:101° Ku)?

Omnpenenurte kpacHyro rpanuily Goroaddexra ans metaia ¢ padoToi Beixoaa N 3B.

Tema 7.2 CTpoeHue aroma

IIpakTuyeckoe 3ansiTue Ne 19. «3anuck sepHbIx peakuuii. CTpoeHue aTOMOB H AaTOMHBIX
siiep. 3aKOH PaJHOAKTHBHOI0 Pacnaiay.

Hean padoTsi: chopMHUPOBATH MOHUMAHUE PO (PU3UKH B (POPMUPOBAHUH KPYTro30pa BiiaJieHUE

OCHOBOIIOJIararomumMun (1)I/ISI/II-IeCKI/IMI/I MMOHATHUAMHU, 3aKOHOMCPHOCTAMU, 3aKOHAMH U TCOPUAMU, YMCHUS

BBIITOJIHATD paCYCTHBIC U rpa(bnqecm/le 3aga4u

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

MHAMBUAYaJIbHOE 33/1aHUE, KOHCIIEKT JIEKIIUH, CIIPaBOYHbIE MaTepHaIIbI.

Ykazanmue:

[IpakTHueckoe 3aHATHE COCTOMT W3 JABYX YacTed — TEOPEeTHYECKOM M mpaktudeckoi. Ilocie

HU3YUCHUS TCOPECTUUYCCKOI'O MaTCpHraia MOXHO MPUCTYIATh K BBIIIOJIHCHUIO HpaKTH‘ICCKOﬁ yactu. OHa
COCTOMT U3 OBYX H Ooiee 3amad Iy CaMOCTOSATEIBHOr0 BhIMOIHEHUS. He 3a0kIBaliTe O IMpaBHUJIbHOM
O(I)OpMJ'IeHI/II/I peuiCHus. Ha Brinonnexnue MMPAKTUYICCKOI'0 3a/laHUs OTBOAUTCS JIBA AKAACMHUUYCCKHX Yaca.

Awn e

3aganue:
O3HaKOMBTECH C TEOPETUYECKUMH CBEICHUSIMU
Pemmmre 3amaum, camMOCTOSITENILHO HMCHOJIB3YS HMPUMEPHl U KPATKUE TEOPETHYECKUE
CBEJICHUS.
BremogHUTE TECT

Ilopsinok BbINOJHEHHS PadOThI:
N3yunTte KpaTKue TEOPETUUECKUE CBEICHUS
Pa30epute npumepsl pelIeHHbIX 3a1a4
Pemmre camocTosiTenbHO 3a1aun
Bemonuaute Tect https://znanium.com/catalog/product/1012153, crtp 347 «CtpoeHue aTomMa H
olpejiefieHue ero cocrara mo Tabmuue MenaeneeBay, ctp 349, « SnepHas peakuus. YpaBHEHHE
SAJICPHON peakuun», «PaaroakTUBHOCTD. SIIepHbIe CHIIBD) K YKa3aHHBIM Iaparpadam

KpaTkue Teopernyeckue cBeeHUs
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IIpu paaroakTHBHOM pacmaje MPOUCXOIUT MPEBPAILEHUE OJJHOTO sJipa B IpYroe, KOTOPOe MOAUYNHAETCS
IIpaBUJIaM cMeleHMsl, chopMynupoBaHHbIMU Colau:

1. o-pacnanm: X —5"Y+,He — u3nydeHue sjaep reaus.
2. B-pacmanm: AX—»,AY+ % — U3JIydEeHHE DJIEKTPOHA.
CrtpoeHre aTOMHOTO sipa
IIpomonHno-neumponuas mooenb amoma — SAPO COCTOUT U3 HEUTPOHOB U TNPOTOHOB, BOKPYT IIO
opOuTam BpaImarTcs 3IeKTpoHbl. O0IIee Ha3BaHUE MPOTOHOB U HEUTPOHOB — HYKIOHbL.
gpomon (p) MIMeET MOJI0KUTENbHBIHM 3apsil, paBHBIN 3apsay JIEKTPOHA U Maccy mokos My = 1,6726-10°
KT

Hetimpon (n) — HeliTpaJibHAs YACTHIIA C MACCOM TTOKOS My, = 1,6749-10% xr.

Maccosoe uucno A — ob1ee 9iCiIo HyKJIOHOB B aTOMHOM S/Ipe, T.€. CyMMa HEHTPOHOB U MTPOTOHOB.
3apsaoosoe yucno Z — 9ACIO IPOTOHOB B SAPE, COBIAJAIOINICE C MOPSIKOBBIM HOMEPOM XHUMHUYECKOTO
3JIEMEHTA B IEPUOANYECKON CUCTEME AJIEMEHTOB MeHieneeBa.

A
ATOM XMMHYECKOTO 3J1eMEeHTa 0003Ha4aroT , X .
Hanpumep, JU , B KOTOPOM COJEPKUTCA Z — MPOTOHOB M DJIEKTPOHOB, T.€. Z = 92 u A — MaccoBoe

4yucio, kotopoe paBHO 235. N — mpotoHoB, T.6. N =4 —Z = N = 235-92=143. 4 =Z + N
Aoephvie cunvl — CUITBI, KOTOPBIMHU HYKJIOHBI YACPKUBAIOTCA B siape. UTOOBI pa3aeiuTh aapo Ha
COCTaBJISIONINE HYKJIOHBI HEOOXOAUMO 3aTPATUTh OOJIBIIIYIO SHEPTUIO — IHEP2UIO AMOMHBIX s10ep —
paboTa, KOTOPYIO HEOOXOAMMO COBEPIIHUTH JIUISl PA3JICIICHUS s/Ipa HA HYKJIOHBL. E. = Amcz,rz{e Am =
Zmp + N-Mp — My, — DedexT Macesl.
Dnepeemuueckum 6b1X000M SACPHON peakliy HA3bIBAIOT PA3HOCTh YHEPTU MTOKOS sIIep U YaCTHUIL JI0
peaxkiuuu M 1nocie Hee, 1o ectb:AE = (Zm; - Zmi)-cz,
rjie XMj — cyMMa Macc 4acTHIl 0 PEaKkiuu;
2Mm; — cymMmMa Macc 4acTHI] IIOCJIE PEaKLIUH.
Ecnu Xm; >2m;, TO peakuus UIET ¢ BBIACIEHUEM YHEPTUH, €CIM XM <XMj, TO peaKLus UAET C
MOTJIOIIIEHHEM DHEPTHH.
Aoepnas peaxyus — IpeBpalieHle aTOMHBIX SIep MPU B3aUMOJICUCTBUU C DJIEMEHTAPHBIMU YaCTUIIAMHU.
SAnepHble peakiuy MPOTEeKaIOT MO-Pa3HOMY, T.€. C UCITYCKAaHUEM PA3JIMYHbBIX YACTHII:
.Be+,He—"C+,n ,
3axon coxpanenus 21eKmpuUecKux 3apsa008 U MAacco8ulx yucea: CyMMa 3aps0B (MacCOBBIX UHCEN) SAep
Y Y4aCTUIl, BCTYNAIOUIUX B AIEPHYIO PEAKIINIO, paBHA CyMMe 3apsA0B (MAaCCOBBIX UYMCEN) KOHEUHBIX
MIPOJYKTOB (si1ep M yacTul) peakiuu. Hampumep: i Al+on—;Na+;He .
Z (no peakuuu) = 13 + 0 Z (mocne peakuuu) = 11 + 2
A (o peakuun) =27 + 1 A (nocne peakuun) =24 + 4

IIpuMepsl peleHus 3aaa4
1. Kyzna cMeniaercs mony4eHHbIH 37eMeHT B Tabnuiie MeHeneeBa B pe3ynbTare MATH o.-pacnagoB?
: ? - - - *He, T.K. x 5=
I[aH(), ZAX —>5;‘He+?Y | 0-pacnaj, — 370 NOTOK AAep renna — tHg, T.K. WX

Z(S;He) = 5.2 = 10 — 3apag; A(S;He) = 5.4 = 20 — maccoBoe

OTBeET: DIIEMEHT Y THOCHUTCJIBHO X CMCHIACTCA Ha ACCATH KJICTOK K Ha4Yally Ta6JII/IHLI.
5. 3akoHuHTE SAAEPHYIQ PEAKIIIO’, 9B-+n — 2+]Li -
z 2

ITo 3aK0HY COXpaHEHHUS 3apsaa U MAacchl:
no peakiuu Z =5 + 0; mocne peakiuu Z =5 — 3 = 2;
1o peakuu A = 10 + 1; mocne peakiuu 4 =11 -7 = 4.

[osry4aercs a1eMeHT ¢ 3aps/ioM JI0 peakimu Z =2 uMaccon 4 =4 — e,

76



OTBET: *B+In—>; He+]Li-

1. Onpeoenume suepeemuuecxuii 8b1X00 A0EPHOU peaKyuti
“N,+'He,="O,+'H,

1 cnocoo

1) onpedenumo maccy aopa u wacmuy ml 0o peaxyuii
2) onpedenums maccy A0pa u wacmuy m2 nocie peaKyutl
3) onpedenumsv uzmenenue maccel m mil m?2

4 E=m¥*c’
)paccuumamb U3MeHeHUue 3Hepeuu.

M, =1400307 ; & m+4,00260 a.e.m ==18,00567 a.e.m.
[locne peaxuun:

M, =16,99913 a.e.m.+1,00783 a.e.m.=18,00696 a.e.m.

m="1""2=_0.00129 a. ¢. m.
Dueprus norjowmaercs, T.k. m < (
E=(-0,00129)*931 M»sB.=-1,2 M»B.

2 crmocoo

Jlano: Pewenue:

E =104,653 ,
¥ MsB ')HCPI'HS{ CBA3H PABHA HYIIIO, IO3TOMY
Elre = 2&2937 M5B E= E() _(En T El

1€)
E,=131754 M»3B E= 131,754 MaB —(104,653+28,2937)MaB= -1,2M»B
E-? Omeem: 1,2 MaB

PemuThb 3a1a4i caMOCTOATEIbHO

1. Kakogo crpoenue sipa aTOMOB: 60pa ©p; OEPUILTHSA °Be; a30Ta N ; ATFOMUHUA X A] ?

2. Yem OTIMYAIOTCA s/Ipa M30TONOB BOAOPOAA ‘H, 2f , *H ? Kak onu HasbiBatoTCS?

3. Kyna cmemaercs aneMeHT Y B pe3ynbTare o-, B-pacnana B Tabnuie Menaeneena?
a) AX =23 % +Y, 0) AX > 'He + %+ Y,
B) AX 2iHe *3 e +Y; r) X iHe 35 *Y.

4. Tlpu GomMOapaMpOBKe M30TOIA a30Ta “N HEHTPOHAMHU MOJYYaTCs M30TOI YIJIEpoIa YC, KOTOPHIA
OKa3bIBaeTcs [-paanoakTuBHbIM. Hanmummre ypaBHEeHUs SAEPHBIX PEAKIIHIA.

5. B pesynbrare 3axBaTa HEMTPOHA SIPOM HU30TOMNA a30Ta “N o0OpasyeTcsi HeM3BECTHBIN DJIEMEHT U Ol-

yacTuia. Hanummure peakiuio U onpeaeanTe HEM3BECTHBIN JJIEMEHT.
6. Halinnre nmpomykT peakumu mpu 60MOApIMPOBKE SJIEP W30TONA MArHUs Mg O-4aCTHIAMH, €CIHU

W3BECTHO, YTO B 3TOW PEAKLIUH BBIJEISIIOTCS HEUTPOHBI.
7. 3anumuTre cxemy SACpHOW peakiMM M ONpelesuTe HEU3BECTHBIM 3JEMEHT, 00pasyroluiics mpu
OoMOapaMpoBKe siiep M30TOIOB ANIOMUHHA 2 Al O-4aCTHLIAMH, €CJIH U3BECTHO, YTO OJUH W3

IIPOJYKTOB PEAKIIUN HEUTPOH.
8. DyeMeHT Kyp4aroBHH MONYydYWiM, OONydas IUIYTOHHH 22py, sapamu HeoHAa 2Ne. Hamuimmre

pCaKknuro, €CJIN U3BCCTHO, YTO B PE3YJILTATC O6p3.3yeTC}I CIIC YCThIPC HeﬁTpOHa.
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9. Hanwmmmre HegoCTarONIME 0003HAYCHUS B CIICAYIOIINX SIICPHBIX PEAKIHSX:

a) ZAl+in — 2+ He; 0) ?7+!H—>?Na+ He;
B) ®Mn+?—SFe+in;  T) 7Al+y—*Mg+?;
1) ©Biin —>2+a; ) EMn+ip —>2+n;
K) ILi+He >?+He;  3) *H+y —>2+n.

10. lporakTunuii *:p, o-pamuoakTuseH. OnpenenuTe, Kakoi SJIEMEHT MOIy4aeTCs ¢ MOMOIIBIO 9TOr0
pacnana?

11. B kaKoii 31eMEHT NPEeBpaIaeTCs 29y MOCie ABYX [-pacnianoB u omHOTO O-pacmana’?

12. Slxpo u3orona BUCMyTa 2°Bj MOJYYHIIOCH U3 IPYIrOro sApa mocie o-pacnana u B-pacnana. Yro sto
3a s1apo?

13. B pesysbrare 3axBara O-4acTULBI SAPOM M30TOIA a30Ta N 00pa3yeTcs HEU3BECTHBIH JIIEMEHT U

MpoToH. Hamummre peakiuio u onpenennTe HEn3BECTHBIN SJIEMEHT.

14. Bo3moxHa JIM peakius, MPOUCXOIAIas Npu OOMOAapAMPOBKE alIOMUHUS O-4aCTUIIAMH U
COIPOBOXKAAIOIIYIOCS BHIOMBAaHHEM HEUTPOHOB, €CIM B PE3yJbTaTe IMONY4aeTCs SApO KPEMHHS C
MaccoBbIM unciiom 307

15. Tlpu nenennu sgpa 24y BBIAEISETCA DHEPIUs 3,2:10™ JIx (200 M»sB). Paccuuraiite sHepruto,

KOTOpasi BBIICIUTCS [IPU CTOPAHUU YpaHa KOJIMYECTBOM BellecTBa 1 MOJb.
16. Onpeziennre SHEPTrUIO, BBHIACISIONIYIOCS B XO/I€ TEPMOSANEPHON PEaKIUK *H +3H > He -

3 3
17. Mzoton remust *fe MONyYaeTcss B pesyibrare OOMOAPIMPOBKM SAEP TPUTUS *{ TNPOTOHAMH.
Haitaure sHepreTnyeckuii BbIX0 3TOM PEaKIUu.

Pa3nen 8. JiieMeHTBI aCTPOHOMHUM U ACTPOPU3HKH.

IIpakTuyeckoe 3ansaTue Ne 20. Padora ¢ kapToii 38e31H0ro Heda.

Iesib: MO3HAKOMMTBCS C MOJBUKHOMN KapTOl 3BE3THOTO He0a, HAYYUThCS ONPENENATh YCIOBUS
BUJIUMOCTHU CO3BE3/IUH, HAYUUTHCS ONPEIENATh KOOPANHATHI 3BE3/1 IO KapTe

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

MarepunanbHoe oOecnedyeHue: TeTpaab s NPAKTUYECKUX pabOT, pydka, METOJUYECKHE
PEKOMEHIALIMH 110 BBIIOJIHEHUIO PabOTHI, IMHEHKa, KapaHIalll.

Yxka3zanme: [IpakTrueckas paboTa COCTOUT U3 ABYX YacTed — TEOPETUYECKOM M MPaKTUUECKOM.
ITocne n3ydeHns TeopeTHIeCcKOro MaTepruasga MOKHO IPUCTYNATh K BBIIIOJHEHUIO IPAKTUYECKON YacTH.
Ona cocTouT W3 AByX U Oozee 3agad Juid CaMOCTOSITENILHOTO BblNOJNHEHUs. He 3a0wiBaiiTe o
NPaBUIBHOM O(GOpMIIEHHH pelleHrs. Ha BBINOJIHEHHE MPAaKTUYECKOH OTBOAMTCS JIBa aKaJIeMHUECKUX
gaca. [lopsimok BbIOTHEHHS pabOThI

IMopsaok BbINOTHEHHSI PAGOTHI:
1. Bocnone3yiitech ccbutkoi https://znanium.com/catalog/product/1012153 nns msyuenus §76,
77,80, 82
2. PaccmoTpuTe TEOpETHMUYECKMI MaTepHan I0 TeME€ W TPUMEphl pelleHus 3agad (CMOTpHU
METOAMYECKOE ITOCOOHE).
3. Pemmre camoctosiTenbHyto padbory. OdopMure perieHrne MMCbMEHHO B TETPAIH.

Teopus.
Bun 38€31H0T0 HEOA M3MEHSIETCS M3-3a CYTOYHOTO BparieHus 3emin. Mi3MeHenne Bua 3BE3THOTO
Heba B 3aBHCHMOCTH OT BPEMEHHM ToJia MPOUCXOTUT BCleAcTBHE oOpaieHus 3emian Bokpyr ComHIa.
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Pabora mocBsiieHa 3HAKOMCTBY CO 3BE3MHBIM HEOOM, PEIICHUIO 3a]ad Ha YCJIOBUS BUIMMOCTH
CO3BE3/IMii M OTPEICICHUH UX KOOPIUHAT.

[Tepen HayamoM pabOTHI pacmevyaTaTh NMOABHKHYIO KapTy 3Be3HOI0 Heda, OBaI HAKJIAIHOTO Kpyra
BBIPE3aTh M0 JHMHUHU, COOTBETCTBYIOIICH reorpaduueckoil mmMpoTe MecTa HabmoaeHus. JIMHUS BhIpe3a
HAKJIaJHOTO Kpyra OyJeT n300pakaTh JIMHUIO TOPU30HTA. 3BE3HYIO KapTy M HAKJIaHOU KPYT HAKJICHTh
Ha KaproH. OT [ora K ceBepy HAKJIaIHOIO Kpyra HAaTSHYTh HHUThb, KOTOpas IOKaXET HaIpaBJICHHE
HEOECHOTO MepUIaHa.

Ha kapre:

3BE3/1bI IOKA3aHbl YEPHBIMU TOUKAMU, pa3MeEPbl KOTOPBIX XapaKTEpU3YIOT SIPKOCTh 3BE3;
TYMaHHOCTH 0003HauY€HbI IITPUXOBBIMU JIMHUSAMU;

CEBEPHBII MOITIOC MUpa N300pakEH B LIEHTPE KAPTHI;

JIMHUW, UCXOJAUIME OT CEBEPHOrO IOJIFOCA MHUPA, IMOKAa3bIBAIOT PACIOIOKEHHUE KPYroB
ckioHeHus. Ha 3BE3mHOM kapTe uisi JIBYX OMMKaMIIMX KPYroB CKJIOHEHHS YTIIOBOE
paccrosinue paBHoO 1 u;

HeOecHble mapamienu HaHeceHbl yepe3 30°. C uMX MOMOMIBI0 MOXKHO MPOU3BECTH OTCUET
CKJIOHEHHE CBETHUII O;

TOYKHU NEPEeCeYeHUs FKIMITUKU C HKBATOPOM, JJIs1 KOTOPBIX MpsiMoe BocxoxkaeHue 0 u 12
4., Ha3bIBAIOTCA TOYKAMH BECEHHETO g€ U W paBHOJICHCTBU;

10 Kparo 3BE3/IHOM KapThl HAHECEHBI MECALIBI M YKCIIA, @ HA HAKJIAAHOM KPYI'€ — 4achl;

36HUT PACIOJIOKEH BONU3M IIEHTpa BbIpe3a (B TOUKE MEpecedeHHs] HUTHU, N300paxarolien
HEOCCHBIH MepuauMaH ¢ HEOCCHOW TapajuleNblo, CKJIOHEHHWE KOTOPOHW  PaBHO

reorpaduyeCcKON MMPOTE MECTa HAOIIOACHUS).

DOAMEREAR CAFTA INEAARN G WrRs PAKKARNOA AFFY & NAFTE INEIANST O HERA

» —
o .

PR

R SE S

J1si onpenesieHUsl MeCTOIOJIOKEHUsI He0eCHOro CBeTWJIa He00X0AMMO Mecsil, YUCJI0, YKa3aHHOe
HA 3BE3HOM KapTe, COBMECTHTh € YaCOM Ha0JII0IeHUs HA HAKJIAHOM Kpyre.
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HebecHeblil skBaTOp — 6016UL01 KpYe HebeCHOU cghepbl, NIOCKOCHb KOMOPO2O NePHeHOUKVIAPHA OCU
Mupa u cognadaem ¢ nIOCKOCMbIO 3eMH020 dkeamopa. HebecHbIi SKBaTOp AEUT HeOeCHYI0 cdepy Ha
JIBa TOJTyIIAPHS: CEBEPHOE MOIYIIApUE, C BEPIIMHON B CEBEPHOM IIOJIFOCE MHUPA, U F0XKHOE TOJTyLIapHe,
C BEpUIMHOW B IKHOM Mojroce mupa. Co3Be3aus, yepe3 KOTOpPbIC MPOXOIAUT HEOCCHBIH 3KBATOP,
Ha3bIBAIOT PKBATOPHAIBHBIMH. Pa3IMuaroT CO3BE31Us FOKHBIC U CEBEPHBIC.

CoszBe3ngust CeBepHoro monymiapus: bonbimas u Manas Mensenuisl, Kaccuones, Ledeii, [pakon,
Jlebenp, JIupa, Bomonac u ap.

K roxubiM oTHOCsTCS FOxHBIM Kpect, LlentaBp, Myxa, XKeprtBennuk, FOxubiii TpeyrojibHUK.

IMosoc Mupa — mouxa Ha HebecHOU cghepe, BOKpYye KOMOPOU NPOUCXOOUM BUOUMOE CYMOYHOE
osudiceHue 3630 u3-3a epawjeHus 3emau okpye ceoell ocu. Hanpasnenue Ha CeBepHBIN MOJIOC MUpa
COBIIAJIa€T C HAIPaBJICHUEM Ha Teorpadudeckuii cerep, a Ha KOXHBIN MOTIOC MUpa — C HApPaBICHUEM
Ha reorpaduueckuii ror. CeBepHBIH MOJIOC MUPA HAXOIUTCA B co3Be3nuu Manol MeaBeauisl ¢
MOJIIPUCCUMON (BUAMMAs IpKas 3Be3/1a, Haxoas11asicst Ha ocH BpauieHus 3emnn) — [lonspHoii 3Be3101,
F0’)KHBI — B c0o3Be31uu OKTaHT.

TyMaHHOCTb — YYaACMOK MedHc38E30HOL Cpedbl, BblOEAIOWUNCA CBOUM UZTYYEHUEM UTU NO2TNOWEHUEM
usnyyenusi Ha obwem ¢one Heba. PaHee TyMaHHOCTSIMH HA3bIBAIM BCSKHI HEMOIBW)KHBIA Ha HeOe
npoTsHKEHHBIA 00bekT. B 1920-e¢ roasl BBISCHUIOCH, YTO CpeAd TYMaHHOCTEW MHOTO TaJaKTHK
(marmpumep, TymanHocTs AHApomensl). [ociie 3TOro TepMUH «TYMAaHHOCTBY» CTal MOHUMAThCS Oosee
y3KO, B YKa3aHHOM BbIIlI€ CMbICJIEe. TYMaHHOCTH COCTOST U3 MbUIX, Ta3a U TUIa3MBbl.

DKJIUNTHKA — OO0NbUOoU Kpye HebecHOU cgepbl, no KOMOpOMYy NpPOUCXOOUM GUOUMOE 200UUHOe
osuxcenue Connya. I110CKOCTh SKIMNTUKA — IUIOCKOCTh oOparieHus 3emiin Bokpyr CosHila (3eMHOMN
OpOUTHI).

B 3aBucumoctu oT Mecta Habo1aTens Ha 3emile MEHseTCsl BUJ] 3BE€3/IHOT0 Heba 1 XapaKkTep CyTOYHOTO
nBukeHust 3Be31. CyTouHbIE TyTH CBETHII HAa HEOEeCHOU chepe — ITO OKPYKHOCTH, MIIOCKOCTH KOTOPBIX
napajuiesIbHbl HEOECHOMY 3KBaTOPYy.

PaCCMOTpI/IM, KakK U3MCHACTCA BUJ] 3BC3JHOI'O HeOa Ha moirocax 3emun. Iloimroc — 3To Takoe MecTo Ha
3€MHOM HIape, rA¢ OCb MHUpa COBIIAAACT C OTBECHOM HHHHeﬁ, a HeOeCHBIN 9KBATOpP — C TOPU30HTOM.

Jnst waOmromatens, Haxozsmierocss Ha CeBepHoM momoce 3emun, [lonsipHast 3Be3ma  Oyaer
pacmojaraTteCsi B 3€HHUTE, 3BE3NBI OyAyT ABUTAThCA IO Kpyram, Hapauie]bHbIM MaTeMaTHYeCKOMY
TOPU30HTY, KOTOPBIH COBMajaeT ¢ HeOecHbIM 3KBaTOpoM. IIpu 3TOM Haja ropu3oHTOM OynyT BUIHBI BCE
3BE3/IbI, CKJIIOHEHHE KOTOPBIX MONOXHTEeNbHO (Ha HOkHOM mousroce, Ha00OpOT, OynyT BHUIHBI BCE
3B€31bl, CKIIOHCHHC KOTOpLIX OTpI/IHaTeJ'H)HO), a UX BbBICOTA B TCUCHUC CYTOK HC 6y)1eT N3MCHATHCA.
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[TepemecTMcsi B IPUBBIYHBIC 711 HAC CPEIHUE IIUPOTHI. 31ECh YK€ OCh MHpa U HEOSCHBIN 3KBATOP
HaKJIOHEHBI K TOPU30HTY. [l03TOMY M CyTOYHBIE MyTH 3BE3M TakKe OyIyT HAKJIOHEHBI K TOPU3OHTY.
CrnemoBaTenbHO, Ha CPEIHUX IIMPOTAX HAONIONATENb CMOXKET HAONIOAATh BOCXOJSIIUE W 3aXOJISIIHC
3BE3/IBL.

HOII BOCXO0IOM 7OHUMAemcCA A6JIeHUe nepeced4eHusd Cceemuilom 60CMOYHOU YACMU UCMUHHO20
copuzonma, a o 3ax0A0M — 3anaoHOU Yacmu 3mo2o copuzonma.

[Tomumo 3TOTO, YacTh 3BE3]1, PACHOJIATAIONIUXCS B CEBEPHBIX OKOJIOMOJISPHBIX CO3BE3/IUSAX, HUKOTJa HE
OyIyT OITyCKaThCs 3a TOPU30HT. Takue 3BE3/1bI MPUHATO HA3HIBATH HE3AXOAS IIIUMH.

A 3BE371b1, pacroiockeHHbIe 0Kko10 FOxHOro nosoca Mupa Juist HabIroAaTeNs Ha CPeIHUX IUPOTax
OyayT SBISATHCS HEBOCXOAS LIUMH.

OTnpaBuMcs nanbllie — Ha 3KBATOp, reorpaduyeckas upoTa KOTOPOTro paBHA HYIIO. 371eCh OChb MUpPa
COBMAJAET C TOJYJCHHOW JUHUEH (TO €CTh pacIoyiaraeTcs B IUIOCKOCTH TOPU30HTA), a HEOECHBIN
SKBATOP MPOXOJMT YEPE3 3CHMUT.

CYTO‘IHLIC IIyTHU BCEX, oe3 HUCKIIIOYCHHA, 3BE3] NEPpHNCHAUKYIIAPHBI TOPU30OHTY. HOBTOMy HaxoasjaCh Ha
OKBaToOpEC, Ha6J'IIO)IaTeJ'II) CMOXKET YBUACTH BCC 3Bé3211)1, KOTOPBIC B TCUHCHHUE CYTOK BOCXOJAT MU 3aXOJIAT.

BOO6H.IC, AJIs1 TOro, YTOOBI CBETHJIO BOCXOJHWJIO M 3aX0OHUJI0, €0 CKIIOHCHHUE I10 a0COIOTHOHN BEIUYHHE

6] < 90°— ¢
JTOJIDKHO 6I)ITI) MCEHBIIIE, YHEM .
|6] = 90°— ¢ y
Ecnu , To B CeBEepHOM MONYIIApUU OHA OyIeT ABIAThbCA He3axosmien (st KOxHoro
— HEBOCXO/IAIIEH ).
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18] <90°— ¢

Torna oueBHUIHO, UTO T€ CBETHIIA, CKIIOHEHHUE KOTOPBIX , SIBJISIFOTCSI HEBOCXOSIIIIMMU
g CeBepHOro noiymapus (Wi Hezaxoasmumu Uit FOxxHoro).

3KBaT0pI/IaJILHaﬂ CUCTEMa KoOpAHUHAT — O5mo cucmema HebecHbIX Koop()unam, OCHOBHOL
njiockocmvio 6 KOI’I’ZOPOZZ SBJISIeMCsl NIOCKOCMb HeOEeCH020 dKeamopa.

JKBATOPHAJIbHBbIE HEOECHbIE KOOPANHATDI:

1. Cxuaonenue (8) — yenosoe paccmosnue ceemuia M om nebecno2o skeamopa, uzmepeHHoe 800.b
Kkpyea ckaonenus. OOBIMHO BBIpaXKaeTcs B Tpajaycax, MHUHYTaX M CeKyHIax nayrd. CKIOHEHHe
MOJIOKUTEIBHO K CeBepy OT HEOECHOI0 AKBATOPa M OTPHUIIATEIBHO K 10Ty OT Hero. O0BEeKT Ha HeOECHOM
skBarope umeeT ckioHeHue 0°. CKIOHEHWE CceBepHOro IMmoiroca HeOecHou cdepsl paBHO +90°
CKJI0HEHHE F0KHOTO MoJroca paBHO —90°.

2. IlpsiMmoe BoOCXOXKIeHHEe CBeTHJIA (0) — )Y2r1080e paccmosiHue, UBMEPEHHOe B00Jb HeDeCH020
9K8AMOpA, OM MOUKU BECEHHe20 PABHOOEHCMEUS 00 MOYKU NepeceyeHus HeOecHo20 3Keamopa ¢
KPY2OM CKIIOHEeHUsl CGemud.

ITocsienoBaTeIbHOCTH BBINOJHEHUS NPAKTHYECKOil padoThbI:
3agaum NpaKkTHYeCKoi padoThI:

3apaua 1. Onpenenure 3kBaTopuanbHble KoopanHaTsl AnbsTanpa (o Opina), Cupuyca (o bonsmoro Ilca)
u Beru (a JIupsr).

3anaua 2. Vcnonb3ys kapty 3BE3mHOTO Heba, HaauTe 3Be3ay Mo €€ koopAauHataMm: 0 = +350; a = lu
6M.

3agaua 3. Onpenenurte, kKakoil sBisercs 3Be3fga O Crpenblia, AJid HaOMIOAATENs, HAXOMAAIIETO Ha
mupote 550 15'. OnpenenuTsb, BOCXOASIIECH UM HEBOCXOASAIICH SBIISETCS 3BE3/1a IBYMsI CITIOCOOaMH: ¢
MCIOJIb30BaHNEM HAKJIAJHOTO Kpyra MOABMKHON KapThl 3BE€3THOTO HeOa U ¢ UCIONB30BaHUEM (POpMYT
YCIIOBUSI BUAMMOCTH 3BE€3/1.

IIpakTnyecknii cnocod. PacnonaraeM NmoABMKHBIA Kpyr Ha 3BE3JHON KapTe W IPH €ro BPaLLEHUU
OIpeensieM, SIBIISAETCS 3B€3/1a BOCXOIAIIEH NI HEBOCXOALIEH.

Teoperuueckuii cnoco0d.

Hcnonb3yem GpopMyIibl YCIOBUS BUIUMOCTH 3BE3T;

181 <90°— ¢

Ec , TO 3B€3]1a SIBIISIETCS BOCXOAAIIEH U 3aXOJISAIIEH.
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JII/I|5|1_3=9'[]| —@

Ec , TO 3Be3/1a B CeBEpHOM IOJIyILIApUH SIBIISIETCS HE3aX 01N

_181=90°— ¢

Ec , TO 3Be3/1a B CeBEpHOM IOJIyILIAPHH SIBIISIETCS HEBOCXOISILIEH.

3agaya 4. YCTaHOBUTH TNMOABMKHYIO KapTy 3BE3MHOTO HeOa Ha JieHb M 4yac HAOJIOJICHHUs] M Ha3BaTh
CO3BE3/UsI, PACIIOJIOKEHHBIC B FOKHOM YacTW He0a OT FOPU30HTA A0 MOIIOCAa MUPA; HA BOCTOKE — OT
TOPU30HTA JI0 MOJII0Ca MUPA.

3apava 5. Haiitu co3Be3ausi, pacioyioxXeHHbIE MEXIy TOUYKaMH 3arnajaa u cesepa, 10 oktsaoOps B 21 gac.
[TpoBepuTh MPaBUIBLHOCTH ONPEACIICHUS BU3YAIbHBIM HAOIIOACHIEM 3BE3THOTO HEOa.

3agaua 6. Haiitu Ha 3BE3qHOI KapTe co3Be3usl ¢ 0003HAYECHHBIMU B HUX TYMAHHOCTSIMU U IIPOBEPUTH,
MOJKHO JIM UX Ha0JII01aTh HEBOOPYKCHHBIM TJIa30M Ha JIEHb U Yac BBIOJHEHUS Ja00paTOpHOI paOOTHI.

3agaua 7. Onpenenuth, OyayT U BUIHBI co3Be3nusi JleBbl, Paka. BecoB B momHOoYs 15 ceHTSIOps?
Kakoe co3Be3ue B 3TO ke BpeMs OyIeT HaXOIUThCs BOJIM3HM TOPU30HTA Ha ceBepe?

3agaya 8. OmnpenenuTh, Kakue U3 MEpPEUYHUCICHHBIX co3Be3nui: Manas Mensenuna, Bonomnac,
Bozunuuii, OpuoH - a1 Bauield mupoTs OyAyT HE3aXOAAUMU?

3agaya 9. Ha kaprte 3BE3mHOro HebOa HAWTH TATH JIOOBIX IEPEUYMCICHHBIX CO3Be3uii: bosbmias
Mensenuia, Manas Menseauia, Kaccuoness, Auapomena, [lerac, Jlebens, Jlupa, I'epkynec, CeBepHas
KOpOHa — U ONPEICTUTh MPUOIMKEHHO HEOSCHBIC KOOPAMHATHI (CKIIOHEHUE, U TIPSIMOE BOCXOXK/ICHHE) a-
3BE3JI DTUX CO3BE3IHH.

3apaua 10. Onpenenuth, Kakue co3Be3Aus OyayT HaxoAuThes BONMM3uM ropu3oHTta Ha Cesepe, IOre,
3amage u BocToke 5 Mas B IIOJIHOYb.

KOHTpOJ’ILHLIe BOINIPOCHI JId 3aKPEIJICHUA TEOPETHYECCKOIro Marepuaja K MNPAKTHYCCKOMY
3aHATHUIO:

1. YUto Takoe 3BE3mHOE HeO0? (3BE3qHOE HEOO - MHOKECTBO HEOECHBIX CBETHJI, BUIUMBIX C 3eMIIH
HOYBI0, HAa HEOECHOM CBOJie. B sICHYI0 HOYB YEJIOBEK C XOPOIIMM 3PCHHEM YBHIUT Ha HEOOCBOJEC HE
0oree 2—3 ThICAY MEPIAIOIIMX TOYEK. THICSYM JIET Ha3aJ APEBHHE acTPOHOMBI Pa3AeNUiIN 3BE3IHOE
He0O Ha JBEHAINATh CEKTOPOB W MPHIyMad UM UMEHA M CHMBOJIBI, 1O KOTOPHIMU OHH W3BECTHBHI H
MTOHBIHE. )

2. Yro takoe co3pe3nusa? (Co3Be3nus - y4acTKH, Ha KOTOpbIE pasjiesnieHa HeOecHas cdepa i y1o0cTBa
OpUEHTHPOBaHUS Ha 3BE3AHOM HeOe. B npeBHOCTH cO3BE3MSIMU HA3bIBAINCh XapaKTEpHbIE (PUTYPHI,
o0paszyemble SpKUMU 3BE3JAMU.)

3. CkoJbKo Ha ceromHsmHui neHb co3Be3anii? (Ceromns ectb 88 co3Be3nuii. Co3Be3IMs Pa3IMIHbI 110
3aHMMAaeMOil IO Ha HeOECHOH cdepe U KOTUIECTBY 3BE3/1 B HUX.)

4. IlepeunciiuTh OCHOBHBIE CO3BE3/IUS WM Te, KOTOphIe BBl 3HaeTe. (CylIecTBYIOT OOIbIINE CO3BE3AMS
n manenbkue. K mepBeiM oTHocsTcs bonbsmas Mensenuua, I'epkynec, Ilerac, Boposeir, Bononac,
Anpapomena. Ko BropeiM - FOxubiil Kpect, Xameneon, Jleryuas Peiba, Mansrii I1€c, Paiickas IItuna.
KoneuHo, Mbl Ha3Bau JIMIIb MayI0 TOJIMKY, HanOOJIee N3BECTHBIE. )

5. Uro takoe kapra HeOa? (D10 m300pakeHWe 3BE3AHOTO HeOa WIIM €ro YacTh Ha MIockocTu. Kaprty
Heba acTPOHOMBI Pa3/ICTWIN Ha 2 YacTH: I0KHYIO M CEBEPHYIO (IO aHAJIOTHU C MOYIIAPUSIMU 3eMITH. )

6. Uto takoe HeOecHbli skBaTop? (bonbmioit kpyr HeOecHOR cdepbl, MIOCKOCTh KOTOPOTO
NEePIEeHUKYIIIPHA OCH MUPA U COBMAJIAET C IUIOCKOCTHIO 36MHOTO 9KBAaTOPA.
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JlaGopaTtopHbie padoThI
Tema 2.1 KunemaTuka

JlabopaTopHoe 3ansitue Nel. Onpenesnenue NJIOTHOCTH TeJ1a Pa3Iu4YHON (pOPMBI

Heab: DxcnepuMeHTaNbHO ONPEAEIUTh INIOTHOCTH KUJIKOCTH U TBEPAOIO Tela.

BoinosiHeHHe padoThl c1IOCOOCTBYET (POPMUPOBAHUIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04, OK 09

MarepunanbHoe obecrnieyeHue:

BECHI C pa3HOBECaMHU; JUHEKa MaciTa0Hast; ITaHTeHIUPKYJIb; MEH3ypKa; BEIIECTBO, IJIOTHOCTD
KOTOPOTO HYKHO OIIPEICIUTh.

3aganue:

1. O3HaKOMBTECH C TEOPETHUECKUM MaTEPHAIIOM IO TEME.

2. Omnpenenute Maccy U 00beM UCCIIEyeMOTro BEIIeCTBA.

3. BeruucanTe mioTHOCTH BEIIECTBA.

4. CocTaBbTe OTUET I10 JIJAOOPATOPHOU padoTe.

Ilopsinok BbINOJIHEHHS PadOTHI:

O3HaKOMBTECH C TEOPETUYECKUM MATEPUAJIOM T10 JAaHHOU TeMe.
Ompenenure MIOTHOCTh TBEPAOTO TEA.

BerarcnuTe aOCOMOTHYIO M OTHOCHTEIBHYIO MTOTPEITHOCTH H3MEPEHUH.
Jlannble 3aHecute B Tadbnuiy Nel

Ornpenenure 1EHY I€TIEHUS MEH3YPKH.

Omnpenenure MIOTHOCTh BOJBI HEOOXOIUMO.

BerancnuTe aOCOMOTHYIO M OTHOCHTEIBHYIO MTOTPEITHOCTH H3MEPEHUH
Pe3ynbrate! onbita 3aHecute B TaOIUITyNe2.

OTBeThTE Ha KOHTPOJIbHBIE BOITPOCHI:

KoHTpoJIbHBIE BOIIPOCHI

1.

1.

2.

3.

4.

S.

6.

7.

8.
1.
2.
3.
4.
S.

W3 nByX pa3HBIX METaJUIOB M3TOTOBJIEHBI OJJUHAKOBBIEC 1O pa3MepaM KyOuku. B3pemnBanue
M0Ka3aJlo, YTO Macca OJHOro KyOuka Oonblie Macchl Apyroro B 2 pasza. OJuHaKoBa JIH
IUIOTHOCTH MeTaiu1a? Eciy HeT, TO BO CKOJIBKO Pa3 OTINYAIOTCS INIOTHOCTHU?

Tpu neranu — MmenHasi, Kele3Has U alOMUHHUEBas — UMEIOT oJuHaKoBble 00BEMBI. Kakas
JIeTallb UMEET HaMMEHBIIYI0 Maccy, Kakas Hanbosplryto? [IycToT B neTansx Her.

Kycok meramia oobemom 150 oM nmeer Mmaccy 750 r. Onpenennre IIOTHOCTh MaTepUaa.
Ha yamky ypaBHOBEIIEHHBIX BECOB IIOCTABJIEHbI OJMHAKOBBIE cTakaHbl. [locime Toro, kak B
OJIMH CTaKaH HaJIWJIM MOJIOKO, a B JAPYroil — MOJCOJHEYHOE Macjo, PAaBHOBECHUE BECOB HE
Hapymuioch. O0bEM Kakoil U3 kuaKocTei 6ompiie?

3anoyHUTE OTUET 10 JabopaTOpHOil paboTe CoryiacHO TPeOOBAHUSIM.

Yacts 1. [l onpenenenus mioTHOCTYA TBEPIOTO Tella BEIYUCIUTE €T0 00BEM.
1. OObem npsAMOYroJaBHOTO Tapajielenuneaa Berauciute mo gopmyne: V=a-b-h,
r7e a — JyiHa, M; b — mmpuHa, M; h — BeicoTa, M.

2.  OO0BeM nuIuHApa BEIYUCIHUTE TI0 hopmyrie: 4
h — BeicoTa 1MIIMHApA, M; d — €ro AuameTp, M.
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3. Ecmu tBepmoe Teno mMmeeT HempaBWIBbHYIO (OpPMY, TO €ro 00bEM ONpEIeNUTe C MOMOIIBIO
MEH3YPKH, B KOTOPYIO OH MOXET OBITh ITOTPY’KEH.

ypaBHOBGCBTe BCChbI UCITIOJIb3Ys IMpaBUJia B3BCIIMBAHUA.

Omnpenenure maccy Tena.
[To hopmyne p=m/v BBIYUCIUTE IUIOTHOCTH TBEPJOTO Tea.
Pesynbrarel uamepenunii 3anecute B Tabauiry Nel u caenaite BHIYMCICHHS

No o &~

Tabnuma Nel. Pe3ynbTaTsl U3MEpeHUH.

Ne Bewec | mmpu | gumHa | BRICOT | 00BEM, | Macca | INIOTHOCTH pmab| Ap a
TBO Ha. , b(M) a, V( pl’lp(l(?//l/l3)
a() hv) |* | mxr)

Yactp Ne2. [ onpeeneHus IIOTHOCTH BOIBI HEOOXOUMO:

1. mnaiiTu maccy Tapbl, B KOTOPYIO HYKHO IIOMECTUTH BOJLY U ONPEAEIUTh Maccy BOJbI 0€3
Tapsbl.

2. Ompepaenute MeHY JETICHUS MCH3YPKU U HAlAUTE 00BEM B3BEIICHHOM KUIAKOCTH (BOJIBI).

3. Pe3ynbraThl onbiTa 3aHeCUTE B Ta0uily No2.

Tabnuma Ne2. Pe3ynbrarsl usmepeHuit

No | BemectBo | macca Tapsi , Macca 00BéM, IJIOTHOCTh pmab o
m1(kr) xuakoct | Vu3) prp(re/
" Mm3)
m2(Kr)

Tema 2.3 3akoHbI cCOXpaHEeHHUS] B MeXaHUKe

JlabopaTopHoe 3ansitue Ne2. Onpenenenune ko3¢ puuueHTa xKeCTKOCTH YIPYIroro Teja.

Heap: M3yunTh 3aBUCUMOCTb CHJIBI YNPYTrOCTH OT JIMHEHHOW nedopManuu; Ha MpuMepe
nedopManuu pacTsHKEHHs SKCIIEPUMEHTABHO MOATBEPAUTD CIIPABEUIMBOCTD 3aKOHa ['yKa; orpenennTh
pacuéTHbIM U rpaduyeckuM crocodamu KodhHULIUEHT YIPYrocTH ((KECTKOCTD) MPYKUHBI (PE3UHBI).

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04, OK 09

Marepuanbnoe odecneuenue: llltatus ¢ mydToil U gepxaTensiMu, TUHAMOMETP C UCCIIETyeMOM

NPY>KUHOM M 3aKpBITOM KMol (MM MCCIeAyeMblil JOCKYT PE3HHBbI), TUHEeWKa, Jaiia OT BECOB, HAbop
rpy30B ¢ u3BecTHbIMU Maccamu (1o 100 u 50 rpammoB).
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Ilopsiiok BbINOJTHEHHS PA0OTHI:

Teopus: Ilon medopmarueld mMOHUMAOT W3MEHEHHE oO0beMa WM (POPMBI Tea MOJ JCUCTBHEM
BHCIIIHUX CHJI. HpI/I N3MCHCHUU paCCTOSIHI/ISI Me)KI[y qacTuoaMM BEIICCTBaA (aTOMaMI/I, MOHCKYHEIMI/I,
MOHAMHM) U3MEHSFOTCS CHJIbI B3aUMOJICHCTBUS MEX 1y HUMHU. [Ipy yBEeTWYCHUM PACCTOSIHUS PACTYT CHIIBI
HpI/ITSI)KeHI/ISI, a HpI/I YMCHBH_IGHI/II/I — CHJIBI OTTAJIKUBaHU, KOTOpBIe CTpCMSITCSI BepHYTL TCJIO B
UCXOJHBIC COCTOSHHS. Il09TOMY CHIIBI yIPYrOCTH HMEIOT 3JIEKTPOMArHUTHYIO mpupoxy. Cuia
VIPYTOCTH BCEr/la HAIpaBJICHA K MOJIOKECHUIO PABHOBECUS U CTPEMHTCS BEPHYTH TEJIO B HCXOJHOE
cocrosiaue. Cuiia ypyrocTy npsiMo IIPOIOPIIMOHATIbHA a0COMIOTHOMY YUTMHCHHIO TeIa.

3akon I'yka: Cuna ynpyroctu, BOSHHKAIOIAs Mpu AeGopMariu Tena, IpsMo MporopIHoHaIbHA
€ro yIIMHEHHUIO (CXKATHIO) W HAIpaBJICHA IMPOTHBOIIOJIOXKHO IEPEMEIICHHI0 YacTUI[ Teja IpH

nepopmanun

H
Fynp=kAx, rae k-koaddunuent xecrokoctu [K] = — AX=AL — Moxynb yIJIUHEHUS TeTa.
Koadduunent KECTKOCTH 3aBUCUT OT (POPMBI U pa3MEpOB Tella, a TAKXKE OT MaTepHara.

BHUMAHHUE!

Bo uzbescanue mpaem u nospercoenuro 0b6opyoosanus, He Oonyckaiime nadenus zpysa!

Ilopsinok BbINOJIHEHHUS PadOTHI:

1.33erHI/ITI> JUHAMOMCTP B IOTATUBC.
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W3MepuTh IMHENKON NIEPBOHAYAIBHYIO JUIMHY IPY>KHHbI

ITonBecuts rpys, maccoi 100 r.

W3mepuTh TuHENKON AMUHY AepOopMUpOBaHHOM Npyx)uHb! L. OnpeaenuTs NOrpenHocTb
m3mepenus umuHbL: Ax=0,5 nen*C1, rae C1 — nena jaeneHus JIMHEHKH

Beruucnuts yanmHenue npyxunel Ax = AL = x — x,

Ha nokosimuiics 0THOCUTENIBHO NPYXUHBI IPY3 AEUCTBYIOT IBE KOMIIEHCUPYIOIIUE IPYT
Jpyra CWIBL: TSKECTH U YIpyroctu Fr = Fynp , BeIUUCIUTB CHUITy yIPYTOCTH IO
dopmyne, Fynp = mg. a Fy --BbIUNCIIAEM C TOMOIIBIO JTuHaMoMeTpa. OnpeaenuThb
norpemHoCcTh CWIbL:AF = Fynp — Fr

[Tonsecuts rpy3 maccoit 200 T 1 TOBTOPUTH OIIBIT MO MyHKTaM 4-6.

[Momsecuts rpy3 Maccoid 300 T ¥ TOBTOPUTH OIIBIT MO MTyHKTaM 4-6.

Pe3ynbpTathl 3aHECTH B TAOIUILy HIDKE.

Beruucnure k03¢ UIMEHT )XECTKOCTH MPYXKHUHBI U Kaxkaoro usmepenust K = Fynp/Ax
¥ 3alULINTE B TaOMIMIy 5TH 3HaueHus. Onpenenure cpeHee 3nauenus K,
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10. Beibpath cucteMy KOOpJWHAT U TOCTPOUTH TpariK 3aBUCUMOCTH CHJIBI YIIPYTOCTH Fynp
ot k03 PunmenTa xectkoctu K.

Tabanna usmepenust

No Macca, Hauanpn | Koneunas | A6comotHoe | Cuia Koadpdumu | Cpennee
n/m m(xr) as JUIMHA, | JyIHA, L, | yJJIMHEHHE YIPYTOCTH | €HT 3HA4YCHHUE,
Ly (m) Ax; = AL = |, x€cTKOCTH, | K,
(M) L—Lom) | Fynp,(H) | K, (H/w)
1
2
3
Borunciienus:
1 onbIT:

Ax = AL = x — xy=
Fynp =mg = Fr
K = Fynp/AX

K.,=(K; + K; + K3)/3

2 ONBIT:
3 onbIT:
I'padmk:

BriBOa:

orwdPE

IIOBTOPHUTH BBIYHUCIICHHA.

KonTposbHbIe BONPOCHI:

Kakyto neopmariuio Ha3bIBatOT ynpyrou?

Ot uero 3aBUCUT KOAPPUIIUEHT KECTKOCTH?

UYro npencTasiseT co0oil rpaduk 3aBUCUMOCTH CHIIBI YIPYTOCTH M KO3 (UIIMEHTA KECTKOCTH?
B kakux npenenax crnpaseuiuB 3aKkoH ['yka?

Jlis1 1:000T0 JIM KOJIMYeCTBa Ipy30B OyIeT BBIIOIHATHCS MpsAMasi IPONOpLUOHATbHAs

3aBUCHUMOCTh MEX]y CUJION ynpyrocTu u yjynHenueMm? (OTBeT 00ocHyiiTe).

Pa3nesn 3 Monekynasipaasi puznka 1 TepMOIHHAMHUKA

Tema 3.1 OcHOBBI MOJIEKYJISIPHO-KHUHETHYECKOI TeOpuH

JlabopaTopHnoe 3ansitue Ne3. «IIpoBepka ra3oBbIX 3aKOHOB»

Heab: M3yunTh B3aUMOCBSA3b MAaKpOCKOIIMYECKHUX [MApaMETPOB ra3a 3aJaHHOM MacChl; ONBITHBIM
nyTéM yOoeauTcs B CIpaBeAIMBOCTH 3aKkoHa boiins-Mapuotra.

BbinosiHeHue pa6oTsl crioco0cTBYET (POPMUPOBAHUIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04, OK 09

MartepuanbHoe obecnedeHune: IMIMHAP ¢ TPOOKOH, BOa, TPyOKa CO IIKAJIOH, TWHEWKa, OapoMeTp.

3aganue:

1.IToBTOPUTH OOBEIMHEHHBIN Ta30BBIN 3aKOH.

2.IIpoBepuTh Ha MpakTUKe cobtoeHne 3akoHa boins-Mapuorra.
ITopsinok BbINOJIHEHHS PadOTHI:
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3akoH boins-Mapuorra g uzorepmuueckoro mnpoiecca (T= const, v=const) siBisieTcst 4acTHbIM
ciiydyaeM 00beIMHEHHOTO Ta30BOT0 3aKOHA: T. €. IaBJICHUE Ta3a 00paTHO MPOMOPIHUOHATIBHO €T0
00BbeMy. DTy 3aBUCUMOCTb MOKHO IMPOBEPUTH ONBITHBIM ITyTEM:

T RV, _R-V, PV, =P,V h_Y,
1] T T, P, V,
-
— — P = Pl 'V1
-
VZ
Co0bpaTh yCTAaHOBKY 10 PUCYHKY
3

Omnpenenutb 00beM rasa B TPYOKe, Vim , IPHHSIB [UTOLA/(b [IOTIEPEIHOTO CeUCHHs PAaBHOIL 1 oM

ITo 6apometpy onpenenuts nasiesue P =P

OmnycTUTh TPYOKY OTKPBITHIM KOHIIOM B BOJLY, ONPEIEIMTh HOBBI 00bEM Bo3yXa B TpyOke V,, i’
OmnpenenuTh pa3HUIy YpOBHEH BOJBI BHYTPU M BHE TpYOKH ( Ah).

Bbluncantb
Pe?II = Pam,w + Peodcm.
roe P, = P-atmocdepHoe nasnenve, Iia; P, , ., - AaBneHune sogHoro ctonba, Ila;
Peodcm. =p g Ah

Ke M
p =1000 = nnotHocTb BoALI; g = 9,8 — ycKopeHMe cBO6OAHOMO NafeHNs;
M C

Ah — BbicoTa cTonb6a *Kngkoctu (cm.puc.1)

IIpunsB BTOpOM pe3ynbTaT P, 3a HCTUHHOE 3HAYEHUE ABIICHMS, A= (Pan _ Pal)

BBIYHCIIUTH a0COMOTHYIO (A) ¥ OTHOCUTENbHYIO ([]) MOTPEeIHOCTH:

Pe3ynbrarel u3mMepeHuil U BRIYUCICHUN 3aHECTH B Ta0nuiy 1. A
CrnenaTb BBIBOJ 1O paboTe. E = _—_.100%
6l

dopma npenocTaBieHUs pe3yabTaTa

Tabmnma 1.



O6bem | JlaBnenue| O0bem | JlaBnenue| JlaBinenug Beicora | [laBieH | A6contotr | OTHOCUTEIBHA

V,, m° crojba ue s
Han
P lla MOTPEUTHOCTh
JKUIKOCT norpeLHo
P,lla
1 u CTb ,Ta
3
V,,m P,,Ila Py Ila Ah. A, Ia

KoHTpoJibHBIE BOIPOCHI.

1) IIpu xakoMm yciioBUU cIpaBeUIUB 3akoH boitns-Mapuorra?

2) Ecnu npu ©30TepMUYECKOM IIPOLIECCE AABICHHUE NAIaeT, YTO POUCXOAUT C 00BEMOM?

3) IIpou3BoauUT Jiu Ta3 1aBJICHUE B COCTOSSHUN HEBECOMOCTH?

4) Ilouemy mosy4eHHbIE pe3yJbTaThl B paboTe He UJeaIbHO PABHBI MEXy c000i1?

5) Uro BiusieT Ha TOUHOCTh U3MEPEHU B IaHHOHN padoTe?

6) MO>XXHO 7T ONPEAETIUTh YCIOBHYIO €IUHHILY KOHCTaHThI B einHuiiax CHU?

7) KakoBa macca Bo3ayxa B ayJUTOpPHUH ILIOLAAb0 64 M2 , BBICOTOH 3 M, mpu Temieparype 25
oC u napneHuu 725 Mm.pt.cT.?

Tema 3.3 ArperaTrHbie cOCTOSIHHS BelecTBa. @a30Bblie MepPexoabl

JlabopaTopHoe 3ansitue Ned. Onpenesnenne ko3¢ dpuuneHTa NOBEPXHOCTHON IVIOTHOCTH
KUJAKOCTH METO/IOM OTPbIBA KameJlb

He.]'lb: ONpECACIIMTDb MOBEPXHOCTHOC HATAKCHHUE BOJAbI U MBIJILHOI'O paCTBOpPa METOAOM OTPhbIBA
KaricJib

Boinosinenue padorsl cnoco6cTBYeT GOPMUPOBAHUIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04, OK 09

MarepuajnbHoe o0ecnieyeHue:

HIMPUIL TSI YUCTON BOJBI, IITIPHIL AJIE MBUIBHOTO pacTBopa (00beMoMm 5—10 M), cTakaHYMK C
LII/ICTOI\/’I BO}IOﬁ, CTaKaHYUK C MBIJIBHBIM paCTBOpOM, HITaHl"eHHI/IpKYHI) NN MHKpOMeTp, OCTpO
OTTOYEHHBIN KapaHaalll.

3apanmue:

1 O3HaKOMBTECH C TEOPETUUECKUM MATEPUATIOM.

Ha xamro, BUCSIIYIO Ha KOHIIE Y3KOW TPYOOYKH, ACHCTBYIOT JABE CHJIBI: CHJA TSDKECTH Mg
HanpaBneHHas{ BepTI/IKaJ'II)HO BHHU3, W CHIIaA HOBerHOCTHOFO HATKCHUA XKHUIKOCTHU F I10B N
pacmpesienieHHas BIOJb TPAHUIBI JKUIKOCTH C KpaeM TPYOKM W HampaBlieHHAas MO KacaTelbHOU K
HOBerHOCTI/I KNUOKOCTHU nepneHmemepHo 3TOI>1 I‘paHI/IHe.

b

89




>
an

.
myg

Cuila OBEPXHOCTHOTO HATSHKCHUS, ICHCTBYIONIAsE HA HEOOJIBIION y4acTOK rpaHuibl unHou Al
paBHa o |, rae 6 — K03 (PULIMEHT TOBEPXHOCTHOTO HATSKEHHUS JKUKOCTH.

VYcioBre paBHOBECHS Kaluld Ha KOHIE TPYOOUKH COCTOMT B TOM, YTO BEKTOpHas CymMMa CHI,
NEHCTBYIOIUX Ha OTHENbHBIE DJIEMEHThl TPAHUIBl, PaBHA IO MOAYII U MPOTHBOIOJIOXKHA IO
HAIPAaBJICHUIO CHIIE TSHKECTH.

Benuunna o4 | mo mepe yBeaMYeHHs MacChl Kalljld OCTAeTCS HEM3MEHHOH, HO B PaBHOBECUU
KaIulsi IPUHUMAET TaKkylo (OpMy, YTO yroil HAaKJIOHA CHIIBI TIOBEPXHOCTHOT'O HATSHKEHUSI K BEPTUKAIH O
yIIOBJIETBOPSIET YCIOBUIO lo cos =mg , rae | — niamHa rpaHuiibl >KUIKOCTH ¢ TPYOOUKOM.

C yBenmueHHEeM MacChl Karld YTOJI 0. YMEHbBIIAETCS U, HAKOHEII, JOCTUTaeT HyJIs, a cosa = 1 .

[Ipu panpHeiieM YBETUYEHUHM MAcChl YCIOBHE DPABHOBECHS KAIUIM YXKE HE MOXET ObITh
BBITIOJIHEHO, ¥ KaIlJIsl OTPHIBACTCS.

Otcrona, npunumas, uto I=n d , rae d — BHyTpeHHUl nuameTp TpyOouku, nmomydaem: d om= mg
mg |

ey

1.3meputh BHYTpeHHMH auamerp d HakoHeyHuka mmpuua. Jlng u3MepeHuss MOXKHO
BOCIIOJIb30BATHCSI OCTPO OTTOYEHHBIM KapaHIalmoM. BcTaBuB KapaHaaml B HAaKOHEYHUK [0 YyIOpa,
MOMETHTE TPAHUILy CONPUKOCHOBEHHSI HAKOHEYHHKA C KapaHjamoM. J[mameTp kapaHjama Ha ypOBHE
9TOM TPAaHULBI MOKHO IPHUHATH 32 BHYTPEHHUHN JHaMETP HAKOHEYHUKA U U3MEPUTH €ro C MOMOLIBIO
IITAHTCHIIUPKYJISI WM MUKPOMETpA.

2.Ha6patp B mmpuiy 4—5 M1 BOJIBI U, JepKa €ro BEpTUKAIBHO U TUIABHO Ha)KMMasl Ha MOPIIEHB,
BBUIMTH 3—4 MJI B CTakaHYMK, cuMTas Karum. M3mepeHue kKoaudecTBa Karmeiab N MpOBECTH HE MEHee
Tpex pas, 3aTeM M0 00Iell Macce BBITEKIeH BObI 001 m (MOJb3yiTech MIKANON Ha mmpuie!) HallTu
CPEIHIOI0 Maccy Karljld m U MOTPEIIHOCTb ee onpeaeneHuss Am. Pe3ynbTarsl 3aHeCTH B TaOJIUIly

Tabruya Nol

UMepPeHo BbIYUCTIEHO

No N m m d A o Ao €
m ke m, ke | xecp |m,xe eep |, mm |d wm, | Hm
oo
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3.Ilonw3ysice Gopmynoir (1), paccuntarh KOAQOHUIIMEHT MOBEPXHOCTHOTO HATSHKEHHUS BOJIBI H
a0COJIOTHYIO TIOTPEIIHOCTD €r0 ONpPEACTICHHS

Ao =lo,,, -0

uim maéa| *

4. BEIYUCINUTH OTHOCHUTECIIbHYIO IIOI'PCIITHOCTD H3MepeHI/Iﬁ

Ao
g=—=2_.100% "
(¢

madi

5. AHamoru4HeIM 00pa3oM ONpeAeauTb KOAI(PPHUIHUEHT MOBEPXHOCTHOTO HATSXKEHHS MBUIBHOTO
pacTBOpa (T0JIK30BATHCS OTJCIBHBIM IINTPULIEM U TTOCYI0M!).

H3MEPCHO BBIYHUCJICHO
Nel|m, 2| N me |m. .2 | Ame | Am_.2| d,mm| Ad, mm - [%{ Ao, [%{ &

op p?

6. C,I[eJ'IaTL BBIBO U 3aIIUCATh ITOJYUCHHOC 3HAYCHUC KOS(I)q)I/ILII/IeHTa IOBCPXHOCTHOT'O
HaTsOKCHUA C YYCTOM IMOTrpCIIHOCTH

KouTtpoJbHble BOpochI:

1. Koaddunment noBepxHocTHoro HaTskeHus kepocuna 0,024 u/m. bonbIiie uian MeHble Macca
Karuii KEPOCHHA M0 CPaBHEHUIO C Karuiel BOIbI, €CITH KaraTh U3 OJTHOM U TOM )K€ MUIETKU?

2. O0bsicHUTE MOAPOOHO, TOUEMY MaJIeHbKHE KaleabKH )KUIKOCTH MOTYT JIOJITO BUCETh HE
OTPBIBAsICh.

3. [louemy, npexie yeM MOKPHITh IITYKATYPKY MACIISTHOW KPACKOM, MPeABAPUTEIHHO TPOU3BOIAT
IPYHTOBKY 01 oit?

4. TlpuBenuTte cBOU MPUMEPHI AEHCTBUS CUIIbI IOBEPXHOCTHOTO HATSHKEHUS

JlabopaTopHoe 3ansiTue NeS. Onpenenenue BJIAKHOCTH BO31yXa U aTMOc(pepHOro
JAaBJICHUs

Heab: SKCIEpUMEHTAIEHO OMPEIETUTh BIAXHOCTh BO3/yXa B Taboparopuu pu3mku
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04, OK 09

MatepuaibHoe ofecreyeHHe: ICUXpoMeTp, rurpomerp ncuxpomerpuueckuii BUT — C, tabnuna
«/laBiIeHHE HACBIIIECHHBIX ITAPOB BOJBI IIPU Pa3IMYHBIX TEMIIEpATypax»

Buumanue! IIpu BoimonHeHun paboThl ¢ 0c000i OCTOPOKHOCTHIO OOpalaiiTech ¢ Tepmomerpamu. He
JIOITYCKaNTe MaJieHus: TepMomeTpal

3aganue:
1. O3HakoMbTech C TEOPETHYECKUM MATEPHAJIOM:
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Teopus

B armocdepe 3emnn Bceraa cozepikarcs BoAsHbIE mapbl. X comep)kaHue B BO3AYyXE XapaKTepU3yeTcs
aOCONIOTHOW M OTHOCHUTENIHOW BIIQXKHOCTBIO. AOCONIOTHAS BIAXHOCTH OMPEIENSAETCS IJIOTHOCTBIO
BOJISIHOTO Mapa pa, HaXOAsIIerocsi B arMocdepe, WK ero napluuaibHbIM J1aBieHueM pii. [laprnuaabHbiM
JABJICHUEM PII Ha3bIBaeTCs JaBJIEHHUE, KOTOPOE MPOU3BOANI Obl BOASIHON Map, eciii Obl BCE IPYrHe rasbl
B BO3JyX€ OTCYTCTBOBaIH. OTHOCHUTEIHHON BIIAXXHOCTHIO () HA3bIBAETCS OTHOILICHUE MapIHAIbHOTO
JIaBJICHUS PI BOJSHOIO Iapa, COAEPIKAILLErocsi B BO3AYyX€E, K JaBJICHHUIO HACBHIIIEHHOIO Iapa pH.IL., Ipu
naHHOW Temneparype. OTHOCHUTENbHAs BIIAXHOCTh () TOKa3bIBAET, CKOJIBKO IPOLIEHTOB COCTAaBJISET
NapUHUaIbHOE JIaBJICHUE OT JaBJICHUs, HACBHIILIEHHOTO Mapa IpH JaHHOM TeMIlepaType U OINpEAeiseTcs
o ¢opmyre:

(pzﬂ-lOO%
plUl

[TapumanpHOE JaBieHHE PII MOXKHO PacCYMTATh 10 ypaBHEHMIO MeHneneeBa - Knaneiipona uiau 1o
TOYKE POCHI.

Touka pocel - 3TO Temmneparypa, IpU KOTOPOH BOJSHOM Map, HAXONALIUICSH B BO3LYXE CTaHOBUTCS
HaChIEHHBIM. OTHOCUTENIbHYIO BIQKHOCTh BO3AYyXa MOXKHO ONPEAEIUTh C MOMOILIBIO CIIEHUATbHBIX
IpUOOPOB — MICUXPOMETPA U TUTPOMETPA.

IIcuxpomerp
IIcuxpomeTp COCTOUT U3 CYXOr0 U BJIAKHOTO TEPMOMETPOB.
PaccmoTpuTe ncuxpomMerp u OnpeAesuTe IIe€ CyX0u U BIaXKHbIA TEPMOMETPHI.

a) U3MEPUTH MIOKA3aHUSA CYXOr'0 U BIAKHOI'O TEPMOMETPOB:

0) MCIIOJIB3YS IICUXPOMETPUYECKYIO TaOJIHITy, OTPEIEIUTh OTHOCUTENLHYIO BIQXKHOCTH BO3/IyXa.
BHumarenbHO HOCMOTpUTE Ha ICUXPOMETPUUECKYIO Tabnaully. B nepBoM BepTuKaibHOM cTO0LE
HalJIMTe NOKa3aHUs Ballero CyXOro TEPMOMETPA, B IEPBOM TOPU30HTAIBHON CTPOKE HAIUTE Bally
Pa3HOCTb ITOKA3aHUN CyXOr'0 U BIAXKHOIO TEPMOMETPOB. T0 UnCII0, KOTOPOE HAXOAUTCS Ha
NepeceyeHn  cToI0a U CTPOKH U SBJISIETCS 3HAUEHUEM BIIaXKHOCTH BO3/1yXa.

N300pakenue, cxema, pUCyHOK SKCIIEpUMEHTA:

Cyont |
mepmovempl=|

X | Bravonan |-§:
) mepaosemp R

Pucynoxk 1. YcranoBka amns naboparopHoit paboTst Ne5
2. BemmonauTe padoTy.
3. OTBeTbhTE Ha KOHTPOJIbHBIE BOIIPOCHI.
4. 3anosHUTE OTYET MO0 JJabopaTopHOIl padoTe.

IMopsiiok BbINOJIHEHUS] PA0OTHI:

1.Hanuth B nUTaTENh KUMSYEHYIO BOLY.

2. Jlatp ¢dutHiO TpomnmMTaThCs BOMOM W uepe3 10-15 MUHYT NPUCTYNUTh K ONPEICICHHUIO
BJIAKHOCTH.

3.0npenenuTs NOKa3aHMs CyXoro M YBIQXXHEHHOTO TEPMOMETPOB.
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4.IloBopaunBast aMMO ¢ KpacHOH OIM(POBKOH, COBMECTHUTHh MOKa3aHUS CYXOTO TEpPMOMETpa
(kpacHbIe IU(PBI) C TOKA3aHUSIMH YBIIAXXHEHHOTO (YepHBIE U PHI).
5.0mnpenenuTh OTHOCUTENBHYIO BIAXKHOCTD 110 KPACHOM CTpEJKe.
6.Pe3ynbTaThl U3BMEPEHUI U BBIYUCIICHUH 3aHECTH B TAOJIHILY:

Tabmua Nel
IHoka3anus TepMoMeTpPOB Pa3nocth OTHocuTebHas
MOKa3aHui BJIA’KHOCTb BO3/yXa @,
TEePMOMETPOB %
At=tcyx-tBJ
cyxoro teyx BJIAJKHOTIO tBJI
Tabmuma Ne2
Temnepary | Touka Hasnenue | [lapumansn | OtHocuten | IlnotHOCTh | AGCONIOTHA
pa pOCHI, °c HACBIILIEHH | O€ bHasI HACBILIECHH | 5
OKPY’Karolll oro mnapa, JIaBJICHUE BJIQXKHOCTh | OTO Mapa, BJIAXKHOCTh
€ro ITa BOJITHOTO BO3/yXxa, % BO3/yXa
BO3/yXa, napa, [1a At
°c

7. Caenatb BBIBOJ, 3alMCaTh MOKa3aHUS TMTPOMETpPa U J1aTh PEKOMEHAALUU IO IMOAJICPKAHUIO
BJIQ)KHOCTH B JJAOOPaTOpHHU B Mpe/iesaX HOPMBI.

KonTpoabHbie Bonpocsi:
1. Kakoil nap Ha3bIBaeTcsi HachlllleHHbIM? YTO Takoe JAMHAMHYECKOE paBHOBECHE, TOYKA POCHI,
napuuagbHOE JaBjieHue?

2. Tloyemy moka3aHusi CMOYEHHOTO TEPMOMETPA MEHBIIIE, YEM CYXOro?

3. Kak, 3Has TOUKy pOCHI, MOYKHO OIIPEJICIIUTH MapIHAILHOE JaBICHUE?

4. Cyxoil 1 BIaKHBIM TEPMOMETPHI ICUXPOMETPA MOKA3ZBIBAIOT OJIMHAKOBYIO Temmeparypy. Kakosa
OTHOCHTEIbHAs BIaKHOCTh BO3/1yXa?

5. Kak mo BHemHeMy BUy OTJIMYUTH B OaHe TPYOBI ¢ XOJIOTHOM U TOpsiUel BOIOH?

6. Uem OOBSICHHUTH MOSBICHHE 3MMOM MHEsI Ha OkHaX?. C KaKoi CTOPOHBI CTEKJIA OH ITOSBUTCS?

7. HaiiTu OTHOCUTENBHYIO BIKHOCTh BO3/IyXa B KOMHATE MPHU 18°C, ecin Touka pocsl 10 °c.

8. OrtHocuTeNnbHas BIaKHOCTh BO3/IyXa BEUEPOM IPH 16°C paBHa 55%. Beimazer nu poca, eciu

HOYBIO TEMIIEpaTypa MOHU3UTCS J10 8°C?

JlaGoparopHoe 3ansaTHE Ne6. Onpenesenune yaejJbHOH TENJI0EeMKOCTH BellleCTBA

Ilenb: ONBITHBIM IMYTEM OINPEAEIUTh BEINYUHY YAEIbHOW TEIJIOEMKOCTH BEIIECTBA U BBISICHUTH
(bu3nyecKuit CMbICT ypaBHEHHS TEIJIOBOIO OajiaHca.

Boinosinenue padoTsl cnocodcTByeT GOPMHUPOBAHMIO:
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OK 01, OK 02, OK 05,0K 06, OK 07, OK 04, OK 09

MarepuajiibHoe oOecrmeyeHHe: BEChl ONTHYECKHME Ha IITATHUBE;

BEILIECTBO; KAJIOPUMETP; TEPMOMETP; IEKTPOILTUTKA; COCY C BOJOM;

3ananue

1. HCHOJ’IB?)Y?I TEPMOAUHAMHUYCCKUE 3aKOHBI COCTAaBUTH YPaBHCHHE TCIIJIIOBOI'O

BBIYHCIICHHS] HEOOXOMMOM BEIIMYMHBI.
2. Pe3ynpTaThl U3BMEPEHHUH U BHIYMCICHUI 3aHECTH B TAOIUILY.
3. OTBeTHTH HA KOHTPOJILHBIC BOITPOCHI
4. Hanwucatb BbIBOJ

Buumanue! Ilpu

OCHIOPOIHCHOCIBIO 00PAUIAMBCA ¢ 000PYO0BAHUEM.

Tabnua.

J1eKMpPuUYecKou

UCNOIb306AHUU  20PAYUX HPEOMEmOo8 U
1. Mmacca TBepOTO TENA, KT m;
2. remrneparypa tena, °C ty
3. Macca KaJIopuMeTpa, KT m;
4. Macca BOJbI, KT ms;
5. TeMmeparypa BOAbl U KaJIOpUMETpa, | tr=t3
°C

6. Temnepatypa cmec, °C 0
7. yJenbHas TEMJIOEMKOCTD | C
kajopumerpa, Jx/(kr-°K)

8.ynenpHas TETJIOEMKOCTb BOJIBL, | C3
JIx/(kr-°K)

9. ynenpHas TEMJIOEMKOCTb TBEPJOTO | Cp
tena, JIx/(kr-°K)

10. TabnuuHOE 3HAYECHHWE YICIHHOM | Cr
TETUTIOEMKOCTH TBEP/IOTO Tena,
JIx/(kr-°K)

11. oTHOCHUTENBHAS OTPELIHOCTD, %o )

HCCIIeTyeMOe

Oamanca A

naumkKku ¢
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[Topsimok BeIONHEHUS PaOOTHI

Ornpeaenuths Maccy UCCIEAYEeMOro Teja my;

OnycTuTh UCCIEAYEMOE TEJIO B COCY/I C BOJAOW U HAIPETh BOY /10 KUIICHHUS;

Onpenenuth Maccy KalopuMeTpa my;

Hanuth 10 MOOBUHBI BOBI B KAJIOPUMETP U ONPEACTUTH MacCy BOJBI M3,

M3mepuTh HaYaIpHYyI0 TEMIIEpATypy KaJlopuMeTpa ¢ BOIoH tr=ts;

OnycTuTh HATPETOE TEJIO B KAJTOPUMETP C BOJIOW U U3MEPUTH TEMIIEpaTypy cMecH 6;
CocTaBuTh YpaBHEHHE TEIUIOBOTO OanaHca U OMPEACIIUTh YASIbHYIO TETNIOEMKOCTh BEIIECTRA.
Temnora, oranHas ropssauM TeIoM: Qqr=M1Cy(t1- 6)

No gk~ owdPE

Terora, mosydeHHas KaTOPUMETPOM: Qpon =M2Co(0-17)
Terutora, monydeHHast BOIOU: Qpons =M3C3(0-t3)
VYpasaenue TerioBoro 6ananca: Qo= Qrox

m1C1(t1- ) = MyCy(0-12) + m3c3(0-13)

m1Cy(ti- 0) =(0-t2) (M2Crt M3C3)

Tak kak t,=t3, (0-ty) =(6-13)

c1=(0-t3) (MaCa+msc3)/(my(t-0)) JIx/(xr-°K).

8. OHpe,I[eJ'II/IT b IIOI'PCIIHOCTHU
A:‘CTaGH-Cﬂ
5=(A/c) -100%.

0. Pe3ynbrarhl u3MepeHuii U BHIYMCICHUH 3aHeCuTe B TaOIHILy U caenaiite BeiBoA. [1o okoHuaHUU
paboThl MPUHAIEKHOCTH, TETPAb U JaHHOE PYKOBOJACTBO CAATh MPENOJaBaTelo.

KOHTpOJ’ILHHe BOIIPOCHI:

1.  KaxoBa pa3HHIIa MEXAY TEIUIOEMKOCTBIO Tella U yJIeIbHOM TEMI0eMKOCThIO?
2. B dyeM cMbICI ypaBHEHHs TEIUIOBOTO OallaHCa M KaKOe OTHOIICHWE OHO HMMEET K 3aKOHY
COXPaHEHHUs SHEPrUu?

JlabopaTopHoe 3ansitue Ne7. Onpenenenue Moay./Isl yIPYTrOCTH Pe3HHBI

Hean: Onpenenuts MOAYIb YIPYTOCTU PE3UHBI TP PACTKEHUH.
BoinosiHeHne padoTsl cioco0cTBYET (POPMUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04, OK 09
MarepuanbHoe o0ecnieyeHmne:
pe3uHOBBIN MHYp anuHOW 25—30 cMm u ceuenueM 4— 10 mm2, HaGop rpy3oB no 0,1 kr, 1kr,
1,5kr, 2 KT., IITaTUB, JIMHEHKA, IITAHTCHIUPKYJIb WA MUKPOMETP.

Buumanue! Hzoezaiime nadenus 2py3o6 c pabvoueii nogepxnocmu. Cneoume 3a noioxiceHuem
wmamuea!l
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3aganme:
1. O3HaKOMHTBCS C TEOPETUUECKUM MATEPHATIOM.
Teopus.
IIpu ycraHoBuBLIEHCA yHpyroil negopmanuu paBHOJAEHCTBYIOIIAS BCEX BHYTPEHHHMX CHII
YIPYrOCTH, BO3HUKAIOUIMX B TEJIe B JIOOOM €ro CEYCHUH, YPABHOBEIINMBACT BHEIIHHE CHUJIBI,
JeUCTBYIOIIUE Ha TEJIO.
Cornacio 3akoHy ['yka, HampspKeHHME ¢ M BBI3BAHHOE MM OTHOCHUTENIBHOE & Y/UIMHEHUE
nponopuuoHanbeHel: 0=E €, rne E— Monyns ynpyrocrtu.
[Tocne mpeoOpa3oBaHus 3TOTO BHIPAKECHUS TIOTYUHM:
E=£-[i WIH Ezﬂ.
S Al md*(1-1,)

HJ’ISI OKCIICPUMCEHTAJIIBHOI'O OIMPCACIICHHUA MOAYJIA YIPYIOCTH HYKHO M3MCPUTH BCE BCIIMYMUHBI:

s (=",
(§==-)

nepopmupyromyro  cuity F (F=mg), ceuenue oOpasua S , €ro
nepBoHavabHyo uHy 10 u ymnenue 1.

Xoa paGoTsI:

HN3y4denue gepopmanum pacTsasKeHus.

1. V3meputh ¢ MOMOIIBIO IITAHTEHIUPKYISI WIM MHUKPOMETpa TOJIIIMHY IIHYPAa M BBIYUCIHUTH
IUIOIIA/b €r0 IONEPEYHOro ceyeHus S.

2. IlogsemmBast k wHYypy rpy3sl mMaccoit 0,1 xr, 0,2 xr, 0,3 Kr, U3MEPUTHh COOTBETCTBYIOIIHE
a0COJIIOTHBIE YAJMHEHUS IIHYpa: U BBIUUCIUTh OTHOCUTEIbHBIE YAJIMHEHUS IIHYpa.

3. Ilo pesynpTaTam W3MEpPEHUN BBIYMCIUTH MOJYJb YIOPYIOCTH pe3uHbl E U OLeHuTh
MOTPEIIHOCTH SKCIIEPUMEHTA:

Am Al Ad Al
£= + +2—+ -
m d [-l

AE=F-¢
- a0COJIIOTHAS MOTPEIIHOCTb.
5. Pe3ynbTarsl M3MEpEeHUH U BHIUMCIIEHUH 3aHECTH B TaOIHILY:

- OTHOCHUTCJIbHAs NOTPECIIHOCTD

H3MCPCHO BBEIYHUCIICHO
N;g mxr | dom | S,m* | lom | Lm |ALm| F.H |E. Ila Ew, | AE, £, %
I/ Ila [la
1
2
3

6. CrenaThb BBIBOJL.

KoHTpoJibHBbIE BONIPOCHI.
Kakue Buzp! neopmanuii Bel 3HaeTe?
W3mensiercs a1 BHYTPEHHSSI SHEPTus AeOPMUPOBAHHBIX Te?
Ot kakux mapamMeTpoB 3aBUCUT MOyb FOHra?
Kakoro Bupma nedopmanus HaOmrogaercs npu yekaHke, Npu (OPMUPOBAHHUU COCTaBa, MpPH
HCII0JI30BaHNHU JOMKpAaTa JiIsl TPAaHCIIOPTHOTO cpencTBa’?

el A
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Pa3nen 4 DaekTpoanHaMuKa
Tema 4.2 IlocTOSIHHBIN JIEKTPUYECKH I TOK.

JlabopaTopHoe 3ansitue Ne8. Onpenesnenue y1eJbHOr0 CONPOTUBJICHUSI IPOBOHUKA

Ienp padoThl: onpeseeHue yAEIbHOTO COIIPOTUBIEHUS POBOIHUKA HKCIIEPUMEHTAIbHBIM ITyTEM

BoinosineHune padoTbl cnoco0CcTBYET (OPMUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04, OK 09

MarepuanbHoe o0ecrneyeHHe: HCTOYHUK TOKa, aMIIEPMETP, BOJBTMETP, COEIUHUTEIbHbBIE
MPOBOJIa, KJIIOY, IITAHT€HUUPKYJb, JUHEHKA, KYyCOK IMPOBOJIA, YACIBHOE COMPOTUBICHUE KOTOPOIO
orpeensieTcs.

Buumanue! Ilpu pabome c rnekmpuvecmeom coonrooaiime npasuia mexHuku odesonacnocmu. /lnsa
3aMbIKAHUA IIEKMPUYECKOTl Yenu npuziacume npenoodagamens 011 ee npogepku!

3aganue
1. CamocTosATensHO cOOpaTh JIEKTPUUECKYIO 1IETh M0 CXEME.
2. CHSATb NMOKa3aHUs aMIIepMETpa U BOJIbTMETPA.
3. Hcnonb3ysl MITaHTCHIMPKYJIb W JIMHEWKY, HAYYUTHCS OMPEISISITh FCOMETPHUYCCKHE Pa3Mepbl
MIPOBOIHHKA.
4, OnpenenuTh BETUYUHY YJEIBHOTO COMPOTHUBRICHUS METAaJLIA.
| |
| [
Ilopsinok BbINOJIHEHHUS PadOTHI: <
D
1. CoOpartb 1emnb 1Mo cXxeme M MoKa3ath JJIsl TPOBEPKH PYKOBOIAUTEIO. R
2. 3aMKHYTb IIeTlb U CHATH MIOKa3aHUs aMIIepMETpa U BOIIbTMETPA.

3. BBIUUCIHATE COMPOTHBIICHNE TIPOBOJIHUKA 11O POpMYIIE:
rae | - Tok B mpoBonHuKe, A; U - majieHHe HalpsbKeHUsl Ha MPOBOJIHUKE, B.

4. W3MepuThb JUIMHY U BBIYUCIUTD IUIOIIAb TOTIEPEYHOr0 CEUEHHs! TPOBOIHUKA TI0 (hopMyIIe:
, e d - TnaMeTp NpOBOJHHUKA.

o R-S
2 =0
z-d
s=2% U
4 |
5. Bbruucnute yaensHOe COMpOTHBIIEHHE O (hopMmyIe:
6. [lannble 3aHecTH B Tabauiy 1.
7. 7. BpUUCIUTH aOCOMIOTHYIO (A) U OTHOCUTENBHYIO (€) IOTPEIIHOCTH U3MEPEHHH 10
dbopmynam:
A _ _ A
= |pTA5/7. pHOﬂw.| E= -100%
, Pragi,

8. Caenats BeIBOJ 1O paboTe.

dopma npenocTaBieHUs pe3yabTaTa
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Tao0muma 1.

U,B LA | RROm | LLnw | dym | S, mf p,Oro | AOmiao
Om-
M
BeLecTBO
KoHTpoibHbIe BOMPOCHI:
1. OT KakMx BeIMYMH M KaK 3aBHCHT COMPOTHUBIICHHWE MPSIMOJIMHEHMHOTO METAJUIMYECKOTO
MIPOBOIHUKA?
2. JBa MEZIHBIX MPOBOHKKA MMEIOT OIUHAKOBYIO JTHHY, HO PasiHYHYIO INIOMALL NONepeTHOro
ceuenus.:1,6 mm“ u 0,8 MMm“. Kakoif MpOBOJHUK UMEET MEHBIIIEE COMPOTUBIICHUE U BO CKOJIBKO pa3?
2

3. CKOIbKO METpPOB HHUKEIMHOBOIO MPOBOJAA IUIOMIA[bl0 TmomepeyHoro ceueHuss 0.1 mm

notpeOyercsl Ui M3TOTOBICHHS PeocTaTa ¢ MaKCHUMaJbHBIM comportuBieHneM 180 Om? YnensHoe
conpoTuBieHne Hukenuxa 0,42 10°0M M.

JlabopaTopHoe 3ansiTHe Ne9. JKcnepMMeHTATbHAS IPOBEPKA 3AKOHOB NMapPAJIJIeJIbHOTO U
10CJ1e/I0BATEJBHOI0 COeIMHEeHNs POBOIHNKOB

Heans padoTbl: MPOBEPUTH 3aKOHBI MapAJICIBHOTO COCIUHEHUS] TTPOBOJHUKOB IKCIIEPUMEHTATIHLHBIM
ITyTEM.

Boinosinenue padorTsl cnocodcTByeT GOPMHUPOBAHNIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04, OK 09

MatepuajbHoe ofGecriedyeHHe: HCTOYHHK DIIEKTPUYECKOW DHEPIUH, PE3UCTOPHI, TPH amIepMmerpa
MOCTOSSHHOTO TOKa, TPU BOJBTMETpPAa TOCTOSIHHOTO TOKa, PEOCTaT IMOJI3YHKOBBIM, KITIOY,
COEIMHUTENIFHBIC TIPOBO/IA.
Buumanue! Ilpu pabome c snekmpuuecmeom codnooaiime npaguia mexuuku dezonacnocmu. /lna
3aMbIKAHUA IEKMPUYECKOIl UenU npuziacume npenodagamens 011 ee npogepku!
3amanme:

[ToBTOPUTH 3aKOHBI COETMHEHUI

Odopmuts paboty B TETpaab

[IponenaTh ONBITHI

Crenatb BBIBOJI O MPOJIETAHHOMN paboTe

Apwnh e

3akoHomepHocMu coeduHeHUli NPo8ooOHUKO8
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MNocneposaTenbHoe MapannenbHoe coegnHeHne
coeanHeHune
e d A U -1 —l4
I | I |
Ry Rz
Uy U,
U
U
1LI=l=1, L=l +1,
2.U=U;+U, 2.U=U;=U;,
3.R=R; +R» 3'1:i+i
R R R,

l1 — cua Toka B IepBOM NPOBOJHHKE, A;

| — obOmmras cuina Toka, A;

U; — HanpshKeHUe Ha KOHIIaX epBOTrO IIPOBOIHUKA, B;

U — oOmiee HampsKeHHE HAa KOHIIAX COSIMHEHHS TPOBOTHUKOB, B;
R1 — conpoTuBieHne nepBoro NpoBogHuKa, OM;

R — oO11ee conpoTuBieHne MPOBOAHUKOB, OM.

[Topsnox BeIMoNMHEHNS pabOTHI
1). IlocnenoBaTenbHOE COETUHEHNE TPOBOTHUKOB.
CobepuTe 2MeKTPUUIECKYIO LIETh 110 CXEME.

OHpC,Z[C.HI/ITe HCHY SJICKTPOU3SMEPHUTCIIBHBIX HpI/I60p0B.

HpI/I HEAOCTATOYHOM KOJHMYCCTBE BOJIBTMCTPOB U aMIIECPMETPOB MOKHO HCIIOJIE30BaTh OAVH aMIICPMETP

U OJTUH BOJIBTMETP. JlJIst 3TOro HE0OXOJMMO MEHSTh UX MECTOIOJIOKEHHE COTIIACHO CXEME.

NsmepspTe |y, 12, U, Uy, Us.

Breraucnure Rlzi; R Ui U
Lo, [

CpaBuute 3Hauenus |, u |, u coenaiite BBIBOSI.

Cpasuure 3Hauenust U u U; + U, u crienaiite BHIBOI.

Cpasaute 3Ha4ueHust R u Ry + R, u caenaiite BBIBOSI.
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W3mepenus v pe3yabTaThl BEIUMCICHUH BHECUTE B TaOJIHILY.

Nen/m | 1A I, A U,B | U,B UB | R,Om | R,Om | R Om

1

2). IlapamienpHO€ COEIMHEHUE IPOBOIHUKOB. |
Cobepure 3IEKTPUIECKYIO IIETIb TI0 CXEME: | ’ )
N3meprTe 06mryto cuty Toka |, cuimy Toka B pesuctope |1 u cuiny Toka B peocrare |

Cpasuurte 3HaueHwust | u |1 + |, caenaiite BBIBO/ M 3aIUIIUTE €r0 B TETPAIIH.
W3mepbTe HanpsbkeHue Ha KoHLax pesucropa U n Ha koHIax peocrara Uy, cpaBHUT
3HA4YCHUS U CJIeNIAiTe BBIBOJ.
Brruuciute ob1iee conpoTuBIeHUE IETH

U, ; COTIPOTHBIICHUE PE3UCTOPA U peocTaTa

R R="2
N\

_U, w
[ [

o Uiig Ui
1, I,

Breruncnure 3Hauenus 1 u 1 L1 CpaBHUTE MOJTYYCHHBIE PE3YIbTAaThI

R R, R,

U cleNaiTe BEIBO/IL.

I/ISMepeHI/Iﬁ W BBIYMCJICHUSA BHCCUTC B Ta6JII/IIly.

Ne n/n 1A I, A I, A U, B U,B | R,Om | R,Om | R,Om

1

KonTposeHbIE BOITPOCHI

1. JIa pe3ucropa ¢ conpotusienuemM R1=5 Om R;=10 OM coeauiHeHsI Tocae10BareabHo. YeMy paBHO
OTHOILICHUE HAIIPSHKEHUH |, HA 9TUX pe3ucTopax?
U
2. To kakoii (hopmysie onpenensieTcsi CONPOTHBICHHE JIBYX MapaielbHO COSTUHEHHBIX TIPOBOTHUKOB
R?

3. Onpenenure o011ee CONPOTHBICHUE YIaCTKa 3IEKTPUUECKOM

OCIIu, HpeI[CTaBHeHHOﬁ Ha pI/ICYHKe.
6 OM "

6 OMm

JlaGopatopHnoe 3ansitue Nel0. Onpenenenue I/{C u BHyTpeHHero conpoTHBIeHUs
HCTOYHHMKA JJIEKTpUYecKoi IHeprun. M3yuenue padoTbl MyJIbTHMETPA.

I_[e.m,: HAYYUTHCA MOJIb30BATHCA MYJIIBbTUMCTPOM JIA PA3HBIX PCIKUMOB pa60TBI

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04, OK 09

MarepuanbHoe olecrieyeHue: MYJIbTUMETP, HaOOp PpPE3UCTOPOB, TUOJBI, TPUOJbI, UCTOYHHUK
TOKa, pe0CcTaT, COEAUHUTEIbHBIE TPOBOAA, KITIOY.

HMHcTpyKuus Mo NpUMeHEeHUI0 MyJIbTHMETPa
Ilepextouare/ib peskuMa M JMANA30HA U3MEpPEeHHI.
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[lepexmtouarens pexxuMa M AMANa30Ha U3MEPEHUH HCHOJIB3YeTCs Ui BKIIOUEHHUS Mpulopa, a Takxke
U1 BBIOOpA KEIaeMoro pekuma palboThl U Impenena uaMepeHus. s yBelIMYEeHHs CpoOKa CIIyKObl
Oarapew, IepeBOIUTE MepekIodarens B nojoxenue «OFF», mocie BITIOTHEHUS N3MEPCHHIA.
N3mepenne HANPsizKeHUs IOCTOSTHHOI'O M IIePEMEHHOI0 TOKA.

1.IToaxnrounte KpacHblil pa3beM B rHe310 «VQmA», uepHblil pa3beM B rHe310 «COM»

2.YCcTaHOBUTE NEPEKIIIOYATENb PEKUMa U3MEPEHHH Ha jKeJaeMbli [Uana3oH U3MEepeHHs HaIllpsKEHMs], B
cllydae €CJIM HEH3BECTHO IIPUMEPHOE 3HAUEHUE HaNpsHKEHUs, YCTAaHOBHUTE IIEpPEKIIOYaTelb Ha
MaKCHUMaJIbHOE 3HAUE€HUE U CHIDKANTE Ipeesl U3MEPEHHsI 1O OJYy4YEeHUs ONTUMAIBbHOIO 3HAYEHUS.

Pexum ITar usmepenus IlorpemHocTs

200 mB 100 MB +0,5 % s 3ro 3Haka
2000 mB 1 MB +0,8 % st 2ro 3Haka
20B 10 MB

200 B 100 MB +1,0 % n1s 2ro 3HaKka

3. IlpukocHuTech MPOOHMKAMHM K YCTPOWCTBY MJIM TOYKAaM JJIEKTPUUYECKOW CXEMBL. TIJie Tpedyercs
U3MEPUTH HaNpsKEHHE.

4. B ciiyyae HaJaM4us HAPsDKEHUS TPUOOP MOKaXKET HANPSHKEHUE U MOJSIPHOCTb.

H3mepeHue moCTOSIHHOTO TOKA

1.IToaxmrounte KpacHbI MPOOHUK K pazbeMy «VQmAy. UepHslil k pazbemy «COM» (st usmepeHus
ToKOB 0T 200MA 110 10 A ucnosnb3yiite pazseM «10A»)

2 VYcraHOBUTE MEpeKIoYaresb BbIOOpa peXHMa H3MEpEeHHH Ha JKelnaeMblii Tpeaen H3MepeHHs
MIOCTOSIHHOT'O TOKA.

3.Pa3zbeuHuTe M3MEPSAEMYIO AJIEKTPUYECKYIO LENb U MOJCOECIUHUTE MPOOHMKH IMOCIEAOBATENHLHO C
Harpy3Kou.

4. Ha nucninee nosiBUTCS 3HAYEHUS TOKA.

6. PazeeMm «10A» mpengHasHauyeH IJI1 HEYACTOrO HCIIOJIB30BaHMs. Bpems HM3MepeHus He IOJDKHO
npeBbllIaTh 15 CeKyHA, a MEXIy H3MEpPEHUSIMU HEOOXOIMMO BBIIEPKUBATH HECKOJIBKO CEKYHJ BO
n30exaHue MOBPEeXIeHUs proopa.

N3mepenue conpoTuB/IeHUs

1.IIpucoenunuTte KpacHblii IpoOHUK K pazbeMy «VQmMAY. UepHslii k pazbemy «COM».

2.YcraHOBUTE IEpEeKIouaTeNlb BbIOOpAa peXuMa M3MEPEHHH Ha KelaeMbld Mpenen U3MepeHUs
COIIPOTHBIICHUS.

3. Ilpwnoxure npoOHUKKM K H3MEpseMOMy o00paslly, AMCIIE OTOOpa3uT MpU ATOM 3HAUEHUE
COIIPOTHBIICHUS.

Pexxum MHoxuTenb [TorpemHocTs
200Q 0,1 +(1.0% mnst 10ro 3HaKa)
2000Q 1

20KQ 10 +(1.0% ms 4ro 3HaKA)
200KQ 100
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2000KQ2 1000

IIpoBepka n1uoa0B

1.IMonkmrounTe KpacHbIA MPOOHUK K pazbemy «VQmAY., 4epHbIi K pazbemy «COM».

2. YcTaHOBUTE MepeKitoyaTesb BIOOpa pexrMa U3MEpEeHUI Ha 3Ha4OK |11o/a

3. CoequnuTe KpacHbI MPOOHUK C aHOJIOM (p) TECTHPYEMOTO JHOAA, @ YSPHBIH MPOOHUK C KaTOAOM (1)
4. Jlucruie NMOKa)XKeT 3HAYEHHE HamnpsbKeHWs B MB. ecnu MOJsSpHOCTh AMOJA IMEpenyTaHa, JUCILIEH
otobpazut «1».

HN3mepenue TemnepaTypbl

1.Ilpucoenunute Tepmonapy k pazpemy «VQmA» u k pazpemy «COM».

2.YcTaHOBHUTE MEPEKITI0YATENb BRIOOpA PeKUMa H3MEpEeHU Ha u3Mepenue temreparypbl « TEMID»

3. lucruielr oroOpa3uT 3HaUeHUE TeMIepaTypsl B rpagycax Llenbcust.

3ByKoBasi NPO3BOHKA

1.IMonkmrounTe KpacHbI MPOOHUK K pazbemy «VQmAy. UepHsiit k pazbemy «COM».

2.YcTaHOBUTE NEPEKIII0YaTeb BEIOOpa pekuMa U3MEPEHUH Ha 3BOHOK

3.Ilpucoenuuure NpoOHUKU K MPO3BAHUBAEMOW cxeme, Mpu corportuBieHuH MeHee 30 OM mopaercs
3BYKOBOW CUTHAJI.

ITopsinok BeINOJHEHHS PA0OTHI:
1 IIpounTaiiTe TeOpeTUUECKHI MaTepHal:

Teoperuyeckunii marepuasn:
Tlonynpoeoonukoswiii 0uoo

Juon conepkut p-N-mepexoj, 3aKJIIOUYECHHBIH B TEPMETUUYECKUNA KOPIYC W COEAUHEHHBIN C
METaJUTMY€CKUMU BBIBOJAAMU. BBIBO/I OT p-00J1acTH HAa3bIBAIOT aHOAOM, OT N-00JIACTH — KATO/IOM.

Jlnoa- mNOIYNpPOBOJHUKOBBIM MNpUOOp, MNpelHAa3HAYEHHBIH JUIs YCHJIEHUS MpeoOpa3oBaHUs
TeHEPUPOBAHUS AEKTPUUECKUX KOJICOAHNUN Pa3IMYHON YacTOTHI.

TpaHn3ucTop cocTouT U3 Tpex obaacTell ¢ pa3aIMuHON MPOBOJAUMOCTHIO. Pa3nuyaroT TpaH3UCTOPHI
tumna p-n-p u n-p-n. CpeaHss 30Ha Ha3bIBaeTcs 6a3oti. TonuiuHa 0a3bl JOHKHA OBITH MEHbILE JITMHBI
cBoOOHOTrO Tpobera anekTpoHa. B TpaH3ucrope umerorcs aBa p-h-mepexona. JleBblit p-n mepexon
ABJISICTCA TPSAMBIM M OTIEINIAET 0a3y OT 00JaCTH C MPOBOJUMOCTBIO P-THUIIA, HA3bIBAEMYIO IMUMMEPOM.
B sT0if o6sacTi aknenTopHoi mpuUMecH B COTHHU pa3 0oJjbllle, 4YeM JOHOPHOW mpuMecH B Oase, T. €.
IBIPOK B AMUTTEpPE 3HAUMTEIbHO OoJiblle, YeM HJIeKTpoHOB B Oaze. [lpaBwiii mepexona sBisercs
00paTHBIM U OTIeNAeT 0a3y OT 06JaCTH C MPOBOJAUMOCTBIO P-TUIIA, HA3bIBAEMOW KOJLIEKMOPOM.
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Xopn padoThl:

1.3y4nTh MHCTPYKILIMIO 110 SKCIUTyaTalluu mpuodopa.
2. 3MepuTh CONPOTUBIIEHUS PE3UCTOPOB, JaHHBIE 3allMCaTh B TAOIUILY

— 1 N i _— | F B
K

WI

Ne ni/m ConporusJjenue, OM

3.Co0parthb 1ens Mo cxeme

4.3aMKHYTb LI€Mb, IPU HEUCIIPABHOCTHU LEMU IPO3BOHUTH L€Ib, HAUTH HEUCIIPABHOCTb.
5.W3meputh HanpskeHue Ha OaTtapeiike u peocTare.

6. PazoMkHyTh enib. MI3MepuTh TEMIIEPATYpy PE3UCTOPA U peocTaTa.

7.V13MepuTh COMPOTUBIIEHUE PE3UCTOPA U PEOCTaTa, JaHHBIC 3aITUCATh B TAOIHILY

HanmeHoBanue ConporusBienune, | Hanpsixkenue, B | Temneparypa,
Om oc

Pesncrop

Peocrar

Ucrounuk Toka | 0000 -----

8. [ToBTOpUTH TEOPETUUECKUI MaTEPHAII IO TTOJTYIPOBOTHUKOBBIM MTPUOOpaM: JUOTY U TPAH3UCTOPY.
9. [IpoBepuTh AMOJIBI (MCTIPABHOCTD, MOJISIPHOCTH ).

10. Tpauzuctopsl. OmnpenenauTs BBIBOJBI TpaH3UCTOPa (KOUIEKTOp, 0a3a, SMUTTEP) M TUIT TPAH3UCTOPA
(p-n-p) wm (n-p-n)

11. 3anucaTs BBIBO 1O pabOTE, OTBETHB HA BOTIPOCHI.

KoHnTpoJbHbIE BONIPOCHI:

1. Kak BeIsICHUTB, 4TO Au0A HeucnpaBeH? 2. Kak BEISICHUTH p- M N- KOHTAKThI [uoa?
2. Kak onpenenuts 6a3y y TpaH3UCTODA.

3. HazoBure riaBHBIC CBOMCTBA JIMO/A U TPAH3UCTOPA.

4. YcTpOoWCTBO AMO/a U TPAH3UCTOPA.

Yactb 2 «Onpegenenme 3C 1 BHYTPEHHEr0 CONPOTUBAEHMA UCTOYHMKA TOKa»
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Ilesb paGoThI: OMBITHBIM IyTEM yOCTUTHCA B TOSIBICHUU MHAYKIIMOHHOTO TOKA M MPOBEPHUTH 3aKOH
Jlenna.
O60pyaoBaHMe: NCTOYHMK TOKa, BONbTMETP, aMNepPMETp, PeOoCTaT, K/tod, coegMHUTe/IbHbIe NPoBOAa.

KpaTtkasa Teopusa:

[lomuas (3amKHyTast) SJIEKTpUYECKass IENb COCTOMT M3 HUCTOYHHMKA Toka ¢ OJIC & W BHYTpEHHUM
CONPOTUBJICHUEM I M TIOTPEOUTENS IEKTPUIECKOTr0 TOKa ¢ BHEIIHUM corpoTuBieHrneM R. Cuia Toka B

TakoW LIenu orpenaesnsiercs 3akoHoM Oma i MOJHOM IeMH: - - IIpn pazomknyrom kmoue D/C
TR+r

HUCTOYHMKA TOKA paBHA HAIIPAKCHHUIO HAa BHEIITHEH YacTh CIIN.

HpI/I HU3MCHCHHHU COITPOTUBIICHUA HOTpe6I/ITeJ'I$I BHCKTqueCKOﬁ OHCPIuU U3MCHACTCA BEJIMUKMHA CUJIbI
TOKa B I CIIN:

|1=RL:>3=|1-(R1+r) (1)

, +r

I =e=1,-(R,+r) (2

* R, 4T

JleBbie yactu ypaBHeHui (1) u (2) paBHBI, 3HAYUT, PABHBI U [IPABbIE YaCTHU:

(R, +r)=1(R,+r)=r= R~

Tlopsioox evinonnenust pabomol

1. CobGepurte >MEKTPUIECKYIO TIETh IO CXEMe:

2. OnpenenuTe MeHY AEICHUS MIEKTPOU3ZMEPHUTEILHBIX MPUOOPOB.

3. U3meppre DJIC nctouHMKa Toka. J{J1s 3TOro onpenenuTe noka3aHus BOJbTMETPA IPU PA30MKHYTOM
KITIOYe.

4. 3mepbTe BEIMUMHBI CUIIBI TOKA U HAIIPSKEHUS Ha BHEILIHEH YacTH LETH, 3aMbIKasl KIII0Y.

5. 3MeHss nonoxeHue JBUKKaA peocTara, IOBTOPUTE U3MEpEeHUS (I1. 3) ellle ABaXK/Ibl.

6. BeruncianTe BeTMUMHY BHYTPEHHETO CONIPOTUBIIEHMSI, NCI0IB3Ys ypaBHeHue (3) u DJ1C, ncnonbp3ys
ypaBHenue (1).

7. Beruncnure cpennue 3HaueHus J/{C 1 BHYTpEHHETO CONPOTUBIIEHUS UCTOYHHUKA TOKA.

Pe3ynbrarel u3MepeHuii U BEIYMCICHUN BHECUTE B TAOIHILY.
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nN/i B | UB| LA (;:A Or;\n g:/’\ e;,,, 5:%100%
1
2
3

KoHTposbHbIE BOIIPOCHI

1. Tlouemy nmokazaHus BOJBTMETPA IPU PA3OMKHYTOM M 3aMKHYTOM KJIFOYE Pa3IU4HbI?

2. s namepenus J]C UCTOYHMKA TOKA U €r0 BHYTPEHHETO COMPOTHBIICHUS CTYJCHT COOpat
cxemy, u300pakeHHyo Bhoime. [Ipu 3ToM BosT™MeTp mokazan 5 B, a amnepmerp 1 A. Tlocne
pa3MbIKaHUs KIto4a BOJIbTMETp mokaszain 6 B. Uemy paBubl 3/]C uctouyHmka Toka u ero
BHYTPEHHEE CONPOTUBIIEHUE?

3. DJC ucrounuka Toka 3 B, a BHyTpeHnee conpotusienue 0,5 Om. ConpoTuBieHne BHEITHEH
yactu nenu 10 Om. HaliquTe cuity Toka B enmu.

4. Cuna toka B uenu paBHa 0,4 A, BHyTpeHHE COIIPOTUBIIEHUE UCTOUYHUKA ToKa 0,5 OM, BHelIHee —
4,5 Om. Kakosa D/1C ucrtounuka?

JladoparopHoe 3ansaTue Nell. Onpenesnenne TemneparypHoro ko3¢ dpuunenra meau

Iesb: pacKpbITh BIUSHUE TEMIIEPATYPHI HA JIEKTPUUECKOE COMPOTUBIECHUE METAIIOB; OMBITHBIM
myTéM  ompeneuTh  KOI(D(HUIMEHT TEPMHUYECKOTO  COMPOTUBICHHUS  MEIW; IOCTPOUTH  II0
9KCIIEPUMEHTATbHBIM JAaHHBIM TpaduK 3aBUCIMOCTH COMIPOTUBIICHHS OT TEMIIEPATYPHI.

Boinosinenue padoTsl cnocodcTBYeT (OPMUPOBAHNIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04, OK 09

MarepuanbHoe obecrnedeHue: npuOOp A ONpeAeNeHUus TeMIlepaTypHOro Koldd¢uiueHTa
COMPOTHUBIIEHUs Meau, Tepmomerp TexHudeckuit ot 0 mgo 100°C c uenoit apenenust 1°C, ommerp,
BHEIIHUI COCYZ KaJOpUMETpa C BOJOW, DJIEKTPOIIUTKA, KIIOU, COEIUHUTEIbHbBIE IIPOBOJA, IUTATUB C
My(TOH U JIalKOH.

Teoperuyeckunii marepuasn:

DJNEeKTpUYECKOe CONPOTHUBICHHE 3aBUCUT OT Temmeparypbl. OOBSICHAETCS 3TO TeM, 4YTO
VIIOPSIIOYEHHOMY JIBHJKEHUIO CBOOOJHBIX DJIEKTPOHOB DJJEKTPUYECKHH TOK — O3TO YIIOPSIO0YECHHOE
JBIDKEHUE 3apsKEHHBIX YaCTHUI] - AJIEKTPOHOB) OKA3bIBAIOT MPOTUBOJICHCTBHE (COMPOTHUBIICHHE) ATOMBI
KPUCTAJUTHIECKOH PEIIETKN, HHTEHCUBHOCTD TEIJIOBOTO JIBUKECHHUSI KOTOPBIX U3MEHSETCS C U3MEHEHUEM
TeMIIepaTyphbl.

Y XUMHYECKM YHCTBIX METAlJIOB C TMOBBIIIEHHEM Temmeparypbl Ha 1°C compoTuBieHHE
Bo3pactaer mnpumepHo Ha 0,004 (1/273) compotuBnenuss npu 0°C u BbIpaxkaeTcss JIUHEHHOMN
3aBHCUMOCTBIO

Rt =Ro(1+0aAt), rae

Ro—conpotusnenue merasmia npu 0°C,

At- pazHOCTB TeMnepaTyp (KOHEUHOU U Ha4aJIbHON);
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0 - TeMIIEpaTypHBIA KOI(PUIIMEHT CONPOTUBIICHHUS, TOKA3bIBAIOLINH, Ha KaKyl0 YaCTh HA4aJIbHOTO

conpotusieHus nposoauuka npu 0°C (273K) nsmensiercs conpoTUBIeHHUE NpU HarpeBanuu Ha 1°C nnm

IK.

0=A R/ RoAt it 0=A R/ RoAT
AR=R; Ry

OnpITHBIM IIyTEM MOXHO OIPENEIUTH 0, HE Ipuderas K U3MEPEeHUI0 conpoTuBieHus Ro. g atoro
HEOO0XOAMMO JIBaXK/Ibl M3MEPUTh CONPOTUBIIEHHE HccienyeMoro martepuasna R; m Ry mpu pasHbIx

TEM

neparypax t; u to.

HOpﬂ)IOK BbIITOJTHCHU A paﬁoTBl:

1. COCYI[ C BOHOﬁ IMOCTaBUTh HA 3JICKTPOINIMTKY U BKIIFOYHUTH e€ B CETh.

2. OnpenenuTh HEHY JIEICHUS OMMETPA.

3. M3meputh conpotusiieHrne R1 MeTHON IPOBOJIOKH ITPY KOMHATHOM TeMIiepaType ti.

4. Onyctuth npuOop B BOJYy, YCTaHOBUTb B HEM TepMomerp. IIpu HekoTtopoil Temmeparype t;
HU3MCPUTDH COIIPOTHUBIICHUC R2 HCCHCI{y@MOﬁ IIPOBOJIOKH.

5. OnbIT MOBTOPUTH HECKOJIBKO Pa3.

6. Boeruucouthb 2 — 3 pasa a, UCroiib3ys cootHorneHue: o= R, - Ry/ (R1t — R t7).

7. Onpenenutb CpeHee 3HAUEHUE Ogp U CPABHUB IOJYYEHHBIH pe3ysbTaT ¢ TaOJIMYHBIM 3HAUEHHUEM
TEMIICPATYPHOI'O KOS(I)(bI/IL[I/ICHTa COIIPOTUBJICHUA MEOH, BbIYUCIIUTD OTHOCHUTCIIbBHYIO
IOrpCIIHOCTb.

8. PSSYJ'ILTaTbI I/I3MepCHI/Iﬁ Y BBIYMCIICHUH 3aIHcaTh B Ta6J'II/II_[y.

Temnepary Conporus Temnepar Cpennee ToO. OTHOCUTEIbH

Ne pa JieHue yPpHbIii 3HAYeHHe 3HAYEHUe ast

Me/IHOH MeIHOH K03 unu TeMIeparyp TeMIepaTyp MOrPeIHOCTh
MPOBOJIOKH MPOBOJIOK €HT HOT0 HOT0
t, °C u R, Om CONMPOTHUBJI ko3 (ppunue ko3 unuen
eHusl HTA Ta 0, %
0, (°C)* CONMpPOTHBIIE CONpPOTHBIIE
HHUSA HUSA
acp.
1
2
3
4
5
6

9.I/ICHOJ'H:3y51 JaHHBIC 3KCIICPUMCHTA, MOCTPOUTH rpa(bmc 3aBUCHUMOCTH Rt OT t, OTKJIaAbIBasA MO OCH

abcrucc — remnepatypy B °C Ha OCH OpJIMHAT — CONPOTUBJICHHUE.

10.Cnenats BbIBOJ IO paboTe.
KoHnTpoJibHbBIE BOIPOCHI:

1. KaxoBa ¢usnyeckasi CyIHOCTb JIEKTPUIECKOTO COMPOTHBIICHHUS?

2. Kak 00BSCHUTH YBETUYCHHUS COTIPOTHBIICHUS METAJIJIOB ITPH HATPCBAHUH?

3. OOwscHuTh (Qopmymry, 1O KOTOPOH  oOmpeAenseTcs TeMIepaTypHbIN
COTIPOTHBIICHUS.

[Touemy TemrepaTypHbIii KOAPOUITUEHT CONPOTUBICHUS TSI SJICKTPOIUTOB OTPUIIATEIBHBIN?
KakoBo conportusnenue 0,5 Kr MmegHON TPOBOJIOKH auamerpom 0,3 Mm?

KOdQPUIIHEHT

ok~
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6. VYka3zaTh TIPaKTHYECKOE TMPUMEHEHUE 3aBUCUMOCTH COMPOTHBIICHUS MPOBOAHHKA OT
TEeMIIEPaTypHI.

JlaGoparopnoe 3ansaTue Nel2. Onpenesienne CONPOTHBJIEHNUS Pe3MCTOPA METOA0M
MApPKHPOBKH

Henab: M3yunts oauH u3 crnocoOOB MAapKUPOBKH PE3UCTOPOB. ONPENEIUTh HOMUHAIbHOE
COIIPOTHBIIEHUE PE3UCTOPOB METOJOM MapKHPOBKH; ONPENEINUTh JOIYCTUMOE 3HAaYEHUE CHIIbI TOKA IS
JAHHBIX PE3UCTOPOB MPU U3BECTHOM HOMHUHAJIE MOILIIHOCTH.

BoinosineHne padoThl cioco0CcTBYET (POPMUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04, OK 09

MatepuaibHoe ofecrieyenue: Oatapesi aKKyMyJIsiTOpa, dJIEKTpUYEcKas JIAaMIIOYKa C MaTPOHOM,
pPEOCTaT CO CKOJB3SIIUM KOHTAaKTOM, aMIIEPMETpP, BOJBTMETP IOCTOSHHOTO TOKa, COCIUHUTEIbHBIC
MIPOBO/IA, KITF0Y, HA00Op PE3UCTOPOB Pa3HBIX COIMPOTUBIICHHM, TAOIUIA 3HAKOB MAPKHUPOBKH.

3anganue
1. O3HaKOMHUTBCH C TEOPETHYECKMM MATEPHATIOM.
Teoperuyeckunii marepuasn:

[Ipu onpenenenun pexuMa paboThl pe3UCTOpa CIEYET YUUThIBATh MAKCHMAJIBbHO JOMYCTHMOE 1151
Hero 3Ha4eHHe CHJIbI TOKA, KOTOPOE ONPEAEISAETCA 3HAYEHUEM €r0 COIIPOTUBIIEHUS U MOLIHOCTBIO.
MapkupoBKa HOMHHAJIA PE3UCTOPA OCYHIECTBIIAECTCS IBETOBBIM KOZOM B BUJIE YETBHIPEX LIBETHBIX I10JIOC,
HAHECEHHBIX Ha €ro KOpIIyce.

[Ipu 3TOM 3HaU€HUE CONPOTUBIIEHUS pPEe3UCTOpPa yKa3bIBaeTcsl B OMax ABYMs MEPBBIMHU MTOJIOCAMH U
MHOKHUTENEeM (TpeThs monoca) 10n, rae n - 1r0doe 1enoe ynucio ot - 2 A0 + 9.

MapKupOoBOYHEIC 3HAKU CIBHUTAIOT K OJTHOMY U3 TOPIIOB PE3UCTOPa, HAPUMED, K JICBOMY, H 3aTeM
pacrioyiararoT cjieBa HarpaBo B CIEAYIOIIEM TOPSIKE:

nepBasi moJjoca - nepsas udpa HOMUHAIA, BTOpas 1mojoca - BTopas udpa HoOMUHaA, TPEThS MOJIOca -
MHOKUTENb, YETBEPTAs MOJIOCA - IOMYCK HAa OTKJIOHEHHE (PaKTUIECKOTO COMPOTHBIICHUS OT HOMUHANA.
Ecnu pa3zmeps! pe3rcTopa He MO3BOJSIOT Pa3MECTHTh LIBETHBIE MOJIOCHI HECUMMETPUYHO, T. €. OIMKe K
OJTHOMY U3 TOPIIOB PE3UCTOPa, TO TIEPBast MOJIOCA BBIMOIHAETCS O0JIee ITUPOKOH.

[[BeTa 3HaKOB MapKUPOBKH HOMHUHAJIBHOTO CONMPOTHUBIEHUS B OMax U T0MyCKOB B % MPUBEICHHI B
Tadimue:

IlepBas Bropas | MHoxuren Honycie
I{Ber 3HaKka B %
uudpa nudpa b
Cepebpuctst | -- -- 10 10
71
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3070TUCTBIN | -- -- 101 5
YepHblid -- 0 1 --
Kopuunessrii | 1 1 10 1
Kpachbrit 2 2 10° 2
OpanxeBbiii | 3 3 10° --
Kenrerit 4 4 10* -
3enensiit 5 5 10° 0,5
Tomy6oi 6 6 10° 0,25
duoneroBel | 7 7 10’ 0,1
Cepblit 8 8 10° 0,05
benwiit 9 9 10° -

IMopsiTok BHINOJTHEHHUS PA0OTHI:
1. Paznoxwuth Ha pabodeM CToJIe KOMILJIEKT PE3UCTOPOB.
2. BHuMaTenbHO MPOYMTAThH YKa3aHUE K padoTe.

3. OdopMuTh MapKHUPOBKY PE3UCTOPA B TETPAIH 110 00pasIly

7 8 102 5%

(1)1/1 cep Kp 30
oJie BIH ac JIO
7,8 k Om 1 7800 O 5% o o
bI nu -
4. 3amnonHUTH TAOIUILY:
Pesuct | HomunanbpHOeE MomiHocTh Cuna
op conpotusieHue R | pesucropa ToKa (A)
(Br)
1. 0,25
2. 0,25
3. 0,25
4, 0,25
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5. 0,25

6. 0,25
7. 0,25
8. 0,25

5. PaccuuTarh cuily TOKa IPU U3BECTHOM MOIHOCTH TOKA.
6. Coenatp BBIBOJ 11O padoTe.
KoHTpoJibHbIE BOIPOCHI:
1. B uem 3akitoyaeTcsi METOJ MapKUPOBKH.
2. Jlyis 4ero Hy»KHO 3HATh CONPOTUBIICHUE PE3UCTOPA IPU BKIIOYESHUH €T0 B CXeMy?

3. OT 4yero 3aBHCHUT MOIIHOCTH TOKA, TEKYIIETO 110 PE3UCTOPY?

Jladoparopnoe 3ansaTue Nel3. Onpenenenne KIIJ narpeBareneii

Heab: HayYUTHCS MPAKTUUECKH OMPEEIATh TEIUIOBYIO OT/Iauyy 3JIEKTPHUUECKOTO HarpeBartesis JIIoOoro
THUIIA.

Boinosinenue padorsl cnocod6cTByeT GOPMUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04, OK 09

MarepuanbHoe o0ecnedeHMe: 2 3JIEKTPUUYECKUX HarpeBaTessl, COCYJ AJIs KHUIISIYEHUS BOJBI,
BOJ1a, TEPMOMETP, CEKYHIOMEp (4achl), CIIPaBOYHHK 110 (PHU3HUKE.

3aganme.
1. O3HakoMHTbCS ¢ TEOPETHUECKUM MaTepUaIoM
Teopernyeckunii marepuan:

KoaddunmenT nonesnoro neiicTBUs HarpeBartess CBA3aH COOTHOIIEHUEM:

K.I11.= = +100% (1)

Q . - IoJIe3HAS TEIUIOTa W ONpeAessaeTcs o GopMylre
Qu=C*m(T,-T1) (2)
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rac ¢ — yacjibHaA TCIIJIOCMKOCTD KUJKOCTH,

M — Macca XHUJIKOCTH, KOTOPYIO KUTIATSAT,

T, — HaganbHas TeMIepaTypa KUIKOCTH,

T, — KOHEUYHast TemMIeparypa >KUJIKOCTH,

Q3 — KOJIMYECTBO TEIUIOTHI, KOTOPYIO BBIACIISET HArpeBaTellb
(3aTpadeHHas TEIUIOTA) U OIpeAeseTcs 1mo hopmysie:

Qs=P-t (3),

rae P — MOIIHOCTD 3JIEKTPUYECKOTO HAarpeBaTelis,

t— HHTCpBAJI BPEMCHH, 3a KOTOpBIﬁ 3aKuIICjia X KUJIKOCTbD.

MOH_IHOCTB QJICKTPHUYCCKOI'0 HAarpeBarciisl OIPCACIIACTCA 110 MAaClOPTHBIM AdaHHBIM, YKAa3aHHBIM Ha

npuoope.
Bpewms,

3a KOTOpPOC 3aKUIIUT XKUIAKOCTD,

OIIPEACIIACTCA 110 CIIPABOYHUKY.

1. TloaroroButh TaOIMILY JJIsl 3aMMCH PE3YJIHTATOB, OMPEACIIAEMBIX B X0/1€ PA0OTHI.

Ilopsinok BbINOJHEHHS PadOTHI:

onpezensercs

qaCcaMu. yI[eHBHaSI TCIINIOEMKOCTb  BOJbI

Onpenenuts Boruucnuts
Cs m T, T, P K.II.
.
KT 0
T K K Bt Yo
e K
1. 3anectu B TaOJUILy CIPABOYHBIC TAHHBIE YE€IBHON TETNIOEMKOCTH BO/IBI.
2. 3ammcaTh B TaOJUILy HOMHHAIBHYIO MOITHOCTH JIEKTPUYECKOTO HAarpeBarTess, yKa3aHHYIo Ha
npudope. B cocya mist kunsiuenus oAbl HaMUTh 200 T BOJIBI.
3. OnpenenuTh HAYAITBHYIO TEMIIEPATYPY BOJIBI.
4. BxiouuTh HarpeBaTellb OJJHOBPEMEHHO C CEKYHIOMEPOM (dacamu).
5. OcTaHOBUTH CEKyHJIOMEp (4achl) B MOMEHT OypHOTo KuneHus Bojbl. Bpems, 3a koTopoe
3aKMIIesa BO/a, 3aHECTH B TaOIUILy.
6. Boruucnute K.I1./1. anekTprueckoro HarpeBartes.
7. TIOBTOPUTBH OIBIT C IPYTUM HarpeBaTesieM.
8. VYuuteiBasg nmorepu sHEprun CHopMyJIUpOBaTh BHIBOI.

KoHnTpo/ibHbIE BOIPOCHI:
1. Veenmmuutca wunu ymenbmutces KUILJ[. snekTpuyeckoro uallHMKa, €CIM Ha €ro CTEHKax

MOSIBUJIACH HAKUITb (OTIIOKEHHUE Coyeit)?
2. 3asucut i KI1J] a51ekTpuveckoro YaifHUKa OT TOTO OTKPBIT OH WIIH 3aKPHIT?
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Tema 4.3 DulekTpHYecKnii TOK B Pa3JIMYHBIX cpeaax

JlaGoparopnoe 3ansaTue Nel4. OnpenesieHne 3JIeKTPOXUMUYECKOT0 SIKBUBAJIEHTA MeIU B
npouecce 3J1eKTPoJIn3a cyjbdara Meau.

Heab: DKCIEpUMEHTAIBbHO ONPENEIUTh SJIEKTPOXMMHUYECKUN SKBUBAJIEHT Menu. CpaBHUTH C
Ta0JIMYHBIM 3HAYCHHEM. [[03HAKOMHUTHCS C MIMPOKUM CIEKTPOM MPUMEHEHUS (PHU3UKO-XUMHUYECKOTO
rporecca «JIEKTpoiau3». Ero ucnosp3oBaHue B METANTYPrUYECKON TPOMBIIIIIEHHOCTH.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04, OK 09

MarepuanbHoe o0ecrnedeHue: DJIEKTPOHHBIE BEChl, aAMIIEPMETP, YacChl, MCTOYHUK IHTAHUS.
MenHbple WM YrojibHbIE 3JEKTPOJBI C JEp)KaTeleM, PacTBOP MEIHOr0 Kylopoca, KIK4, PeocTar,
MpOBO/IA.

Ilpu evinonnenuu nadopamopHoli padomsvl NOBEPXHOCHIL C 000pyOOGaHUeM O0INHCHA Oblmb
ycmouuueoil, 60 uzbexncanue OnpoKuOvIGanuUs mapwl ¢ nekmpoaumom. Cmyoenmul, coduparoujue
cxemy 001HCHBL pAdOmams 6 nepuamKax.

1. 6bINONIHAMb PAOOMY MOJILKO C PA3PEULEHUS YUUMEISL,

2. n0020mosums K padome u npogepums UCNPAGHOCMb INEKMPULECKo20 000py008anus, npubopos
1a60opamopHoil nocyovl,

3. meepovle KpUCmaiivl 6pams NUHYEMOM,

4 Helb3s npo606amb HA BKYC BeUeCmed;

5. OCMOMP U YUCMKA INeKMPONPUOOPA NPOU3BOOAMCI RPU €20 OMKIIOYEHUU OM CemiL;

6 npu ONPOKUOLIGAHUU MAPbL BOCNOL3YUMECH CANPEMKOU U NEPUAMKAMU.

Xon padoThi:
1 ITocTaBUThH BeChl HA POBHYIO MTOBEPXHOCTh U OOHYIIUTB.
2.B3BecTy 0JIHY U3 yroJbHBIX [IACTHH.
3.B3BeneHHyI0 TIIACTHHY OTMETBTE.
4.Cobepute IeKTPUUYECKYIO LeMb, N300pakeHHYIO Ha pUCYHKE. (B3gewennyio niacmuny nodxnouume

K (=), l

5.3aMKHUTE 11eTh U 3acekuTe Bpems 20 MUH.
6.Cneaure, yTOOBI B TEUEHUE BCETO OIBITA CUJIa TOKA ObLIa
MOCTOSIHHOM. CaB0, .
7.Yepe3 20 MUH. BBIKIIIOUYUTE TOK. . { A 3
8.BcTpsixHuTE MIacTUHY, U B3BECTH €€. J \k./’
9.Pe3ynbTaThl ONBITA 3aHECUTE B TAOJHILY.
10.ITo dhopmyrie paccuuTaiiTe IMEKTPOXUMUUECKUN IKBUBAJICHT d:j
b 1 -

fi = — |§

MeIH. {1 I

11.TTo ¢popmynam paccunTaiiTe MOrPemIHOCTb
3JIEKTPOXMMHMYECKOTO DKBUBAIIEHTA ME/IM, CPABHUB ETO C MAOIUYHBIM SHAUCHUCM. 5 _ kt —Ka 100%
k

T
x = 0,3310%k2/Kn;
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Macca karona Macca Macca Cuntoka | Bpewms DIEKTPOXUMHUYECKUI

JI0 OIIBITA KaToJ1a BBIJICTIMBILIECHCS I[(A) t(c) DKBUBAJIECHT MEIU
ms(kr) mocJe Mean K, (kr/Ki)
OnbITa m (kr)
m; (kr)

13. CnenaiiTe BBIBOJ 11O IIPOJICITAHHOM padboTe.
KouTpoJbHble BOpochI:

1. Hanucats 3axoH @apaziest 0 Macce BEIECTBA, BBIIEIUBIIErOCsS Ha JIEKTPOJIE.

2. Yemy paBHO 3HaueHHe nocTosiHHON Dapanes?

3. Kak 3aBucut mMacca BelecTBa, BBIISINBIIETOCS Ha 3JICKTPOJIE OT BPEMEHH MTPOTEKAHHS
AIIEKTPUYECKOTO TOKA.

4. Kakoif 3apsi1 UMeeT KaTo/I, €CIIM KaTHOH UMEET 3apsizl «+»

5. Uewm sBiseTCS YnuCTas AUCTHIUIMPOBaHHAs Boja?

6. Ha xakoMm u3 3J1eKTpPOJI0OB BBIAEINISAETCS ME/Ib B YCTOM BUJIE U TOYEMY?

7. B 2JeKTpPOJIUTHYECKYI0 BaHHY IIOMECTUM MEJHYIO IUIACTHUHKY, CIyXallyro aHoaoM. l[lmactuHka

IIOKpPbITa BOCKOM, Ha KOTOPOM HallapanaH PUCYHOK. UTO MOJIydyuTCs IOC]E HPOIYCKAaHUs TOKa U

yAQJICHHS] BOCKA C TUIACTHHBI?

Yro Takoe rajbBaHOCTErUs, FaJIbBAHOIIACTHKA.

9. Yepe3 pactBop MmemHoro kymopoca mnpomwio 20 kK anmekrpuyectBa. [lpu 3TOM Ha omgHOM W3
3JIEKTPOJIOB BBIAEISACTCA YUCTOM BHJE Maccoi 6,6 rpamm Meau. ONpenesnuTh 3IeKTPOXUMUYECKHMA
SKBHUBAJICHT MEJIH.

10. CkoibKO HUKENS BBIACTUTCS MPH 3JIEKTpou3e 3a 1 yac npu cuiie Toka 5 Ammep, eciau U3BECTHO, YTO
MoJiipHas Macca Hukens 58,71 r/Moub, a BAJIGHTHOCTh paBHa 2.

11. Onpenenure Maccy cepebpa, BBIICIUBILIETOCS HA KaTo/1e PU JIEKTPOJIM3€ a30THOKKCIIOro cepedpa B
TE€YEeHHE 2 YacoB, €CJIM K BaHHE NMPUIIOKEHO HanpshkeHue 1,2 B, a conpotuBieHue BaHHbI 5 OM.

12. DnexTponu3 MeNHOro Kymopoca Mpoxojauia mpu Toke 5 Ammep B TedeHue 50 muuyTt. Kakoe

- M

k, =33.107 22

Ch

KOJIMYECTBO MEIU BBIACINIIOCH Ha KaToA€e, €CIIN K

©

Keiic-3a0anue: Tpebyercs MOKPHITH KeJIe30 IMHKOM M OJIOBOM C HauOOJIBIIIUM CLETIEHUEM OJHOTO
MaTepuasa ¢ Jpyrum.

JlabopaTopHoe 3ansitue NelS. 3aBucMMOCTBL CONNPOTHBIJICHUS OT TeMIIepaTypbl 00pa3nos
MeTaJlJIa M M0JIYIIPOBOIHHKA
Heﬂb: HU3MEPATH COITPOTUBIICHUE NIPOBOJHHUKA OMMETPOM; YCTAHOBUTH 3aBUCUMOCTDb COIIPOTUBJICHUEC
MeTaJljia U MOJIYIPOBOJIHUKA OT TEMIIEPATYpBhI.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 05,0K 06, OK 07, OK 04, OK 09

MarepuanbHoe ofecriedeHHe: MYIbTUMETpP, MNPUOOPHl AN HM3YyYEHUS  3aBUCHUMOCTHU
COIMPOTUBJICHHUA MCETAJlJIa W IOJYIPOBOAHHKA OT TEMIICPATYPhI, TEPMOMETP, DJICKTPHUUYCCKAsA IIJIMTKA,
IITaTUB C IPUHAISKHOCTSIMH, KOJI0a C BOJIOM.
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3aganue.

1. O3HaKOMHUTBLCSI C TEOPETHYECKHMM MATEPHAJIOM.

Teopernyeckuii MaTrepuas:

Ecnu mponyCcTuTh 3JEKTpUYECKHMUA TOK 4Yepe3 CTAIbHYH CHUpajib, a 3aTeéM €€ Harperb, TO
aMIIepMETp TMOKAKET YMEHBIICHUE CUJIbI TOKA. JTO O3HA4YaeT, 4TO C HM3MEHEHHEM TeMIIepaTyphl
CONPOTHUBJICHUE METAJJIa MEHSETCS.

Bce Meraiuibl — KpUCTAUIMYECKHME TeEJIA, B y3JaX KPHUCTAUIMYECKOM PEETKH KOTOPBIX
pacroJiaraeTcsi IOJOKUTEIBHO 3apsOKCHHBIE HOHBL. MEXIy KOJICOMIOMUMHUCS HWOHAMHU JIBUTAIOTCS
CBOOOJIHBIE 3JIEKTPOHBI. BenuunHa 3IEKTPUYECKOTO COMPOTHUBIICHHS MeETaula 3aBUCUT OT 4YHUCia
CTOJIKHOBEHUH KOJICONIOIMXCS HMOHOB M CBOOOJHBIX JJICKTPOHOB. [IpM yBenmWyeHWH TeMmepaTypbl
MeTaJlJla YBEIMYMUBACTCSl aMILTUTY/1a KOJICOaHW MOHOB. DTO MPUBOANT K YBEITUYCHHUIO CTOJKHOBEHUH, a
3HAYUT U K YBEJIIMYCHUIO COMPOTUBJICHUS METalIA.

B monynpoBoIHUKE MIPH YBEIMUEHUU TEMIIEPATYPhl YBEIUIHBACTCS YHCIO CBOOOTHBIX HOCHTEIICH
3apsija, MOSABUBIIMXCS MPU Pa3pbiBE€ KOBAJCHTHBIX CBA3EH. DTO MPUBOJIUT K YBEIMYEHHUIO CHJIBI TOKA B
MOJYNPOBOIHUKE U K YMEHBILICHUIO COIPOTUBIICHHS TPOBOJHUKA.

Brumanue! Bo uzbesxcanue nadenua Koa0vl nomecmume 6 KoJ1bly0, 3aKpenieHHoe 6 wimamiuee.
B kondy onycmume npooupky, ¢ nomeuw,eHHoll 6 Hell KamywiKou u3 meonozo npoeooa. Ocmoporcno
onycmume 6 npooupky mepmomemp. AKKypamHo 6bINOIHAUME nepeMeuieHue eMKOCHmU ¢ 20pAadel
60001i.

Ilopsinok BbINOJHEHHS PadOTHI:

1. [ToaroroBbTE K paboTE OMMETP:

a) BCTaBbTE IITHIPHKU MPOBOJIHUKOB B THe3/a, 0003HaueHHbIE «» 1 «o0uy COM.»;

0) mocTaBbTe NepeKIroUaTeNb Ha nupy «10»;

B) CO€IMHUTE CBOOOHBIC IITHIPHKU MPOBOJIHUKOB U PYUKOH «yCT. 0» MOCTaBUTH CTPENKH Ha «0».

2. Ha snexkTpuyeckyro MInTKy TOMECTUTE KOJIOY C BOJIOH.

3. CB0oOO/IHBIE ITHIPEKU OMMETpA COEIMHUTE C KIIEMMaMH MEAHOM KaTyIIKH.

4. BxirounTe WIHYp IUIMTKA B PO3ETKY M HM3MEpPHTE CONPOTUBICHHE KATYIIKH MPH Pa3IMYHBIX
3HAUEHUAX TEMIIEPATYPHI.

5. BHecuTe u3MepeHus B TabIuILy.
IIpoBoaHUK (Meab)

t’, C

R, Om

6. Ha ocnoBe m3mepenuit nocrpoiite rpadux. Craenaiite BHIBOJ, KaK COMPOTHBICHUE MPOBOTHUKA
3aBUCHUT OT TEMIIEPATYPHI.
R, Om 4

3
>

t°,C
7. TloctaBbTe mepekitoyaTenb ommeTpa ¢ uudpel «10» Ha uudpy «100» U mocraBbTE CTPEIKY
omMmeTpa Ha «0» (Cm. myHKT 1-B).
8. 3amenure B K0i10e MPOOMPKY C METAIIIOM HAa MPOOUPKY C MOITYHPOBOAHUKOM (TEPMHUCTOPOM).
Omnycture B npoOupky Tepmomerp. K kiieMmam TepMUCTOpa MOJICOSMHUTE OMMETP.
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9. 3MeppTe CONPOTUBIIEHHE MTOJIYIIPOBOIHUKA IIPU PA3IUYHbBIX 3HAUYECHUSAX TEMIIEPATYPHI.
10. BHecute u3mepeHust B TaOJIHILY.
IHonynpoBoaHuK

t°C

R, Om

11. IToctpoiite rpaduk R(t).
R, OM%

0
t,C
12. Cz[enaﬁTe BBIBOJ, KaK COIIPOTHUBJICHUC ITOJIYIIPOBOAHUKA 3aBUCUT OT TEMIICPATYPbl

KoHTpoJibHbIE BOPOCHI:

1. DeKTpUYECKUi TOK B METAJUIAX — 3TO YIOPSIOYEHHOE JIBIXKCHHE ...

2. C TOYKM 3peHHs DIEKTPOHHOH TEOpUU OJJIEKTPUUYECKOE COMPOTHBICHHE OOYCIOBICHO
COY/IAPEHUSIMH ...

3. C noBBILLIEHUEM TEMIIEPATYpPhI COMPOTHUBIECHUE METANNA ...

Pazgen 5 Kosied0anus 1 BoJIHBI

Tema 5.1 Mexannueckue KoJe0aHUA U BOJHBI

JladopaTopHoe 3ansiTue Nel6. [IpoBepka 3aKOHOB K0JI€0AHNH MATEMATHYECKOI0 MasiTHHKA

Leab: ycTaHOBUTh MAaTEMAaTUYECKYH) 3aBHCHUMOCTb MEPHOJAa HUTAHOIO MASATHUKAa OT JJIMHBI HUTHU
MasTHHKA,

Beinosinenue padorsl cnocodcTByeT GOpMUPOBAHUIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04, OK 09

MartepuanbHoe o0ecnieyeHmne:

ANEKTPOHHBIN CEKYHJIOMEpP, U3MEpPUTENbHAS JICHTA, IapUK C OTBEPCTUEM, HUTh, IITAaTUB C My(TOI
U KOJBIIOM; IITAaTUB ¢ My(pTON W Jamkoil, HaOOp MPYXKHUH Pa3HOW KECTKOCTH, HAOOp TPY30B pa3HOU
Macchl, CEKyHIOMEP

Teopus.

OnpiT 1

MaTteMaTH4eCKUM MasTHHKOM Ha3bIBAa€TCS MaTepuajbHas TOYKA, MOJBEIICHHAs HAa HEBECOMOW H
HEpacTSKUMON HUTU. MOJIENTbI0 MOXKET CIYKUTh TSKEIBIA MIAPUK, pa3Mepbl KOTOPOTO BEChbMa MaJlbl 10
CpPaBHEHHUIO C JUIMHHOW HUTH, HAa KOTOPOW OH TOJBEIICH (HE CPaBHUMBI C PAcCCTOSIHUEM OT IIEHTpa
TSDKECTH JI0 TOUKH TO/IBECA).

Vuenwsie [ammneir, HproToH, beccenp u nap. ycTaHOBWUIM CIEAYIOMIHUE 3aKOHBI KOJIEOAHUS
MaTEeMaTUYeCKOro MasiTHHKA!

1.Ilepuon konebGaHUsT MaTeMaTUYECKOTO0 MasTHHKAa HE 3aBHUCUT OT MacChl MasTHHKAa WU OT
aMIUTUTY/IbI, €CIIM YTOJI pa3Maxa He npesbimaeT 10 rpagycos.
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2.Ilepuon koneGaHHUsT MaTEMAaTUYECKOIO MasTHHUKA MPSIMO MPOMOPLUOHATIECH KBaJIpPaTHOMY KOPHIO
U3 JUIMHBl MasTHUKAa UM OOpaTHO NPONOPIUOHAJIEH KBaJpPaTHOMY KOPHIO U3 YCKOpPEHUS CBOOOIHOIO
HaJCHMUSL.

Ha ocHOBanum »>TUX
MaTEMaTHYECKOrO MasiTHUKA:

3aKOHOB MOXHO Hamucatb (opMmyny ans mnepuoaa KoJjeOaHHiA

/

T’ = 2/7 —
g

HCHOJIL?;}HI MOACIb MW 3aKOHBbI KOoJIeOAaHMI MaTEeMaTHYECKOIrO MasTHHKaA, MOXHO HpOHa6JIIOI[aTB
CBO60,Z[HBI€ KOJ'IC63HI/I$I, a TaKXKC C UX IIOMOLIBIO ONPEACIUTE YCKOPECHHUEC CBOGOI[HOFO naacHus aJis cBOcH
MCCTHOCTH U CPABHHUTL CO CIIPABOYHBLIM 3HAYCHHUCM Z.

YckopeHrne CBOOOIHOTO MAJACHHSI MOXKET OBITh BEIYHUCIICHO TI0 (hopmyrie

2 l."\" <

£

g=4r

1. 3akpenuTh HUTh MAsITHUKA B JIepKaTele MTaTuBa.

2. Usmeputh anuHy MasTHUKA (IJIMHA MasTHUKA CUMTAETCA OT TOYKM MOJBECA JI0 LICHTPA TIKECTH
IIapHKa).

3. OTKIOHUTH MIAPUK Ha yroi He 6onee 10° ¥ OTITYCTUTS.

4. OnpenenuTs BpeMs, 3a KOTOpoe MasiTHUK coBepiii 20 koneOaHuil.

5. Beruucnauts nepuoj konebanus MasTHUKA, UCTIONb3ys hopmyiny Nt T .

6. [ToBTOPUTH OMBIT €11e TPH pa3a, yMeHbIIast (WM YBEIMUNBas) ATUHY HUTH MasTHHUKA.

7. Pe3ynbTatrhl 3aHECTH B TaOJIULLY.

Tabnuna Nel 3aBUCHMOCTD NEepUOJIa MasiTHUKA OT JAJIMHBI HUTH

Ne JlnuHa HUTH MasiTHHKA |, M Yucno monHsIx Bpewms xonebanuii | Ilepuon
kosieOanuii N t,c koseOanmii T, ¢

1 20

2 20

3 20

8. Cnenatp BBIBOJI O 3aBUCUMOCTH IIEPUO/Ia HUTSHOTO MasATHUKA OT JUIMHBI €70 HUTH.
Tabmuia Ne 2 3aBucuMocCTh IepuoAa MasiTHUKA OT AMITTUTY/IbI
OTKJIOHATH MIApUK, TOCTENIEHHO YBEJINYUBAs yroJl HAKJIOHA, TEM CaAMbIM MEHSIOT aMIUIUTYAY

No JlnvuHa HUTH
MasiTHHKA |, M

Yuciio noJaHBIX
KoJiebannii N

Bpewms xonebanuit
t, c

AMIaTyaa.
AM

[Tepuon
xoneOanunii T, ¢

1 const

20
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2

3

20

20

CI[eHaTb BbIBOJ O 3aBUCHUMOCTHU MEpHUOaa HUTAHOIO MasgTHHUKA OT AMHJII/ITYI[BI

Tabnuma Ne 3 3aBucuMoOCTh IEpUOAA MAITHUKA OT MACChI
B xax710M ombITe U3MEHSATH Maccy IIapuKa

Ne JnuHa HUTH
MasTHUKa |, M

YuCi10 MOIHBIX
KoJieOannii N

Bpewmst konte6anmii
t, c

Macca m, xr

[Tepuon
xonebaumii T, ¢

1 const 20
2 20
3 20

CaenaTh BBIBOJI O 3aBUCIMOCTH TIE€PUOJIa HUTSHOTO MasiTHUKA OT MacChl rpys3a.
KoHTpoJibHbIE BONPOCHI:
1. B kakoMm IMO0JIO)KEHUH MasTHUKA CKOPOCTh OYJIET MaKCUMAIIbHOW?
2. B KxakoM MOJOKEHUU MAasITHHKA CKOPOCTh PaBHA HYIIIO.
3. VYBenu4mWId WM YMEHBIIWIN MAacCy Ipy3a, MOABEIICHHOrO K MPY)XKMHHOMY MAasiTHUKY, €CIIU: a)
nepuoj ero kosebanuit cuavyana owu1 0, 4 ¢, a mocne u3mMeHeHust maccel cran 0, 2 c;
0) JacToTa ero kKosiebanuii BHavasie Obuia paBHa 6 11, a motom ymeHbImiaach 10 5 ['n?

JlabopaTopHoe 3ansitue Nel7. M3ydyeHue 3aKOHOB NPYKHHHOTO0 MasiTHHKA

eab: yCTaHOBUTH 3aBUCUMOCTD MEPHOJIa KolIeOaHU MPYKMHHOTO MasgTHUKA OT KECTKOCTHU MPYKUHBI U
Macchl Ipy3a

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04, OK 09

MartepuanbHoe o0ecnieyeHmne:

ANEKTPOHHBIN CEKYHJIOMEpP, U3MEpPUTENbHAS JIEHTA, IapUK C OTBEPCTUEM, HUTh, IITAaTUB C My(TOM
U KOJBIIOM; IITAaTUB ¢ My(pTOH W Jamkoil, HaOOp MPYXKHUH Pa3HOW KECTKOCTH, HAOOp TPY30B pa3HOU
Macchl, CEKyHIOMEP

Ilopsinok BbINOJHEHHS padOThI:
Onpedenenue 3a8UcUMOCMU NEPUOOA KOAEOAHUTI OM MACCbl 2pY3a
CobepuTte npy>KUHHBIM MasgTHUK, UCIIOJIB3YS BbIIaHHOE 000PYIOBaHHUE.
2. BeiBenuTe MasTHUK W3 TMOJIOKCHHSI PABHOBECHS, BKIIOYHTE CEKYHJOMEp M OTCUUTAWUTE AECATh
konebanuit. Mcnonb3ys moka3zaHus CEKyHIOMEpa, pacCUUTaiTe Mepuoj] KoeOaHuii U 3alOTHUTE
MIEPBYIO CTPOKY TAOIHUIIBI.

=

Ne N t,c T,C m, kr | mY ke

OIlbITa

k ,u/m

1
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5

3. TloBropure skcmepuMeHT emé 4 pasa, yBEeIMUMBAs Maccy, HO, He MeHss mNpyxXuHsl Ilo
MIOJyYEHHBIM JAHHBIM 3aI10JIHUTE TaOIHILy.
4. Tloctpoiite rpadpuk 3aBucUMOCTH mepuona koneGanuii (T) oT KBaapaTHOrO KOpHA M3 MAacChl
(ml/Z)-
5. Tlo ¢opme rpaduka onpenennte BUA 3aBUCUMOCTH MEXK]y IEPUOIOM U KOPHEM KBaJIPaTHBIM U3
Macchbl.
Onpedenenue 3a8UCUMOCIU NEPUOOA KOJLEOAHUL OM HCECMKOCU NPYHCUHDBL

1. Cobepure npyXMHHBII MasTHUK, UCIIOJB3Ys BBIIAHHOE 000PYAOBaHHE.
2. BBIBeI[I/ITe MasiTHUK H3 TIOJOKCHHUS PABHOBECHUA. BKIIIOUUTE CCKYHIAOMED U OTCUHTANITE NECATH
KOJIcOaHHH.
3. I/ICHOHBBYH IMOKa3aHus CEKYHAOMCEDA, pacchTaﬁTe nepuon KOJIeOaHU U 3aII0JTHUTE MEPBYHO CTPOKY
TaOJIMIIEL.
No ombiTa N t,c T,C m, KT k,H/M Km,(H/M)”
2
1
2
3
4
5

4. TloBropure sKkcniepuMeHT el 4 pasa, yBenuuuBas K03(QPUIMEHT KECTKOCTH, HO, HE MEHSSI Maccy
rpy3a. ITo mosy4yeHHbIM JaHHBIM 3aMOJIHUTE TaOJIHILY.
5. Tloctpoiite rpa(%)m( 3aBHCUMOCTH nepuojia kosnebanuii (T) oT kBagpaTHOTro KOpHS U3 Kodddunrenta
xécrkoern. (kM2).
6. Ilo ¢opme rpaduka ompenenuTe BHJ 3aBHCHMOCTH MEXAY MEPHOJOM U KOPHEM KBaJpaTHBIM W3
Kod(duImeHTa KECTKOCTH.
7. CnenaiiTe BBIBOJ O 3aBHCHMOCTH MEpHOIa KoJIeOaHUN OT MacChl Tpy3a U KoddduimenTta KECTKOCTH.
KoHnTpoJibHbIE BONIPOCHI:
1. B xakom nojoXeHuH MasTHUKA CKOPOCTh OyAeT MaKCUMaIbHOMU?
2. B KakoM MoJ0XeHUU MAagTHUKA CKOPOCTh paBHA HYJIIO.
3. YBenmnuwiv WM yMEHBIIWIH MacCy Tpy3a, MOJIBEHIEHHOTO K NMPYXHHHOMY MasiTHHKY, €CIH: a)
nepuoJ ero kosiebanuii cHayana Obu 0, 4 ¢, a mocie u3MeHeHus maccol crai 0, 2 c;
0) yacToTa ero kosiebaHuii BHadase Ob1a paBHa 6 ['11, a moTom ymenpmmumnace g0 5 I'u?
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Tema 5.2 DileKTpOMarHuTHbIC K0JIeOAHUS H BOJTHBI

JlabGoparopHoe 3ansitue Nel8. YcrpoiicTBo Tpancopmaropa, reHepaTopa

Heab: n3y4nTh YCTPOHCTBO M NPUHIUT paboTHI TpaHC(HOPMATOPa U TeHEPATOPA.

BbinosiHeHue padoThl cOCOGCTBYET (POPMHUPOBAHHIO:

OK 01, OK 02, OK 05,0K 06, OK 07, OK 04, OK 09

MarepunanbHoe obecrnieyeHue:
TpaHcopMaTop J1abOpaTOPHBINA, JIaMIla HAKAIWBAaHHSA, KIIOY 3aMbIKaHUS TOKA, KOMIUIEKT IPOBOJIOB
COCAUMHUTCIIbHBIX.

3ananue
1. U3yuwTth cTpoeHHUE, HA3HAYECHWE W IMPHUHITUI JACHCTBHUS TpaHChopMaTopa
2. V3y4uTh CTpOCHHE, HA3HAYCHHUE W TPUHITUI JICUCTBUS TeHEpaTopa.

IHopsiiok BbINOJIHEHUS PA0OTHI
H3yuenue ycmpoiicmea mpancgopmamopa

Tpancpopmarop mnpeoOpadyeT MEpeMEHHBIH TOK OJHOTO HAalpsDKEHUs NMPU HEM3MEHHOM YacToTe.
OH cocToMT U3 3aMKHYTOTO CEpAEYHMKA, M3TOTOBICHHOIO M3  CHELUAIbHOW  JINCTOBOM
TpaHc(hOpMaATOPHOI! cTany, Ha KOTOPOM paclolaratoTcs JBe

KAaTyIIKK (MX Ha3bpIBalOT OOMOTKaMH) C Pa3sHbIM YHCIOM o Bropwas

BUTKOB M3 MEIHOI IPOBOJIOKH. M, wmos D il
Onna u3 0OMOTOK, Ha3bIBAECTCS MEPBUYHOM, MOIAKIIOUACTCS Popesensd ;

K MCTOYHUKY II€PEMEHHOIO HAalpsyKeHUs. YCTpOMCTBa, = - o
HoTpedIIsIoNe 3JIEKTPOIHEPTUIO, TOJKIIOYAITCA K [* - X
BTOPUYHOH OOMOTKE, HX MOKET OBITh HECKOJIBKO. il — iy

[

[Ipu BBIMOTHEHUU pabOTHI CIEAyeT H3YYHTh YCTPOWCTBO Y
TpaHchopMaTopa, BKIIOUUTh €r0 B CETh MEPEMEHHOI0 TOKa

(36 B). B pexxume X010CTOr0 X043 U3MEPUTH HANpPsKEHUE — )
Ha 0OMOTKax M BBIYMCIUTH K03(duumeHT tpancdopmaruy, - =V =
a mnpu pabotre TpaHchopMaTopa «IOJ  HArpy3KOi» 2
YCTQHOBUThH CBSI3b MEXJAY TOKaMHM U HAaINpsDKEHUEM B Tt
00OMOTKaX. ¥
TpancdopmaTop cOCTOMT W3 JBYX KaTymiek M ceplaedyHuka. CepJeuHUK COCTOMT M3 JBYX IIOJIOBHH,
KOTOPBIE BCTABJISIFOT B KaTYIIIKY U C IOMOIIBIO CKOOBI 3aKPETUISIFOT HA OCHOBAHHUH.

f==ger v

Y A
‘\' %) NG

1. Paccmotpute ycTpoiicTBo Tpanchopmaropa. Onpenenure nepBUYHyI0 0OMOTKY (KJIEMMBI ¢ HAITUCHIO:
36 unu 42 B) u aBe BTOpuuHbIX KiemMmbl 2,2 B u 4,4 B)

2. HauepTuTe 25ekTpruecKyro cxemy Tpanchopmaropa.

3. Pazbepure tpanchopmaTop. s 3TOro MOBEPHUTE €0 OCHOBAHHUEM BBEPX M OTKPYTUTE JBE Tailku
KpeIuleHHs CKOObI. BBIHBTE CeplIeYHHK U pACCMOTPUTE €T0 YCTPOUCTBO.

4. Cobepure Tpancdopmarop. [lyis 3TOro BCTaBbTE CEPACYHUK CO CKOOOH B KaTyIIKHU. YCTAaHOBUTE
TpaHcGopMaTOp Ha OCHOBAHUE U 3aKPEIUTE €ro raikamu.

Hsyuyenue Ycrpoiicrea I'eneparopa.

I'enepatop mocTossHHOTO TOKa (pUC. 1) COCTOMT W3 JBYX YacTeil: HEMOJABMIKHOW M BpAIIAIOICHCS.
HGHOHBI/I)KHaH qacCcTb (CT&TOp) ABJIICTCA OCTOBOM MAIIWHBI U OJHOBPEMCHHO CIYXXHUT I CO3JaHHA
MarHMUTHOTO TMOTOKa. Bo Bpamiaromeics 4YacTd, Has3bIBaeMOW SKOpeM (pOTOpOM), HHIYIHPYETCS
aneKkTpoaABKyIas cuia - 3/C.
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KoHcTpykius reHepaTopa MoCTOSIHHOTO TOKa (CM. pHc.2).

HemnoasukHas 4actb cOCTOMT M3 cTaHUHBI (1), TTIaBHBIX TOIOCOB (2) ¢ 0OMOTKOW BO30Yy)aeHus (3) u
JOTIOJTHUTENBHBIX MOJIFOCOB (4), YMEHBIIIAEMbIX UCKPEHHUE MO/ IIIETKAMU.

SAxops umeet cepaeuHuK (5), HAOpaHHBINA U3 TOHKUX CTAJIBHBIX JINCTOB, 0OMOTKY SIKOPS (6), 3a7105)KEHHYIO
B MMa3bl cepjeyHrKa U KoJuiekTop (7). Ha moBepXHOCTh KOJIJICKTOpA HAJIOXKEHBI YrOJbHO-TPapUTOBBIC
etk (8), oOecreurBarOIIde CKOJB3SIIUNA KOHTAKT ¢ OOMOTKOW Bpalaromierocsi sikops. Komnexkrop
uMeeT GopMy HUIUHAPA W BBITOJIHSACTCS U3 W30JIMPOBAHHBIX MEIHBIX TUIACTUH - JIAMEJIEH - K KOTOPBIM
MOJICOEIMHEHBI CEKIIMU SIKOPHOM 00MOTKH. Bpamiasch BMecTe ¢ 0OMOTKOM, KOJUIEKTOP BBIMIOJIHSAET POJIb
MEXaHUYECKOTO BBITTPSIMUTEIIS.

OOMOTKa BO30YXKIEHHUS CO3JaeT TJIAaBHBIM MarHuTHBIM ToTOoK @ momtocoB. B reneparopax ¢
HE3aBHCHMBIM BO30Y)KIIEHHEM OHa TUTAeTCI OT IIOCTOPOHHEr0 WCTOYHHMKA TIIOCTOSSHHOTO TOKa
(BIIpsIMUTENISA, aKKymynaTopa U T.m.). C reHeparopoM C MapajieibHbIM BO30YyXJAeHHEM OOMOTKa
[JIABHBIX MOJIOCOB MOJIKJIFOUEHA K TJIaBHBIM ILIETKaM, T.€. MapajuIeIbHO LENU sKops. B cBs3u ¢ aTum aiis
BO3HUKHOBEHHsI MarHUTHOro moToka M JJIC HeoOXoauMm XOTs Obl CIa0bli OCTATOYHBIM MarHUTHBIN
MoToK. braromapss HamW4YuI0 OCTAaTOYHOIO MAarHeTM3Ma BO3HUKAET TIPOLIECC CaMOBO3OYXICHUS
re’eparopa.

Puc.2
Puc 1

Xon pa6oTsi:

1.Ctpoenue Tpancdopmaropa:
HauepTuTh coCcTaBHBIC YacTH yKa3aTh UX Ha3BaHUE, BHIMUCATH (POPMYIIBI
2 CtpoeHue reseparopa:

HA4YepTUTh, COCTABHBIC YACTU yKa3aTh
KoHnTpoJsbHbIe BONpockI

1 BapuanT

1.YTo Ha3BIBAIOT MHIYKIIMOHHBIMH T€HEpaTOpaMu?

2.Kaxkoii TpancdopMaTOp Ha3bIBAIOT MOBBIIIAIONINM, a KAKOW MOHMKAIOIINM ?

3.Yto Takoe X010CcTOl X0 TpaHchopmaTopa?

4.TTouemy cepJeUHUK TpaHC(HOpMaTOpa U3rOTaBIUBAIOT U3 CTANIU, a HE U3 MeaAu?

5.B mepBuyHOii 00MOTKE TpaHChOpMaTopa, BKIIOUEHHOH B ceTh ¢ HampsbkeHueM 380B. Conepxutcs
1320 BuTkOB. Onpenenuts HampsLKEHUE Ha BTOPUUHOM 0OMOTKe, eciii oHa conepkut 300 ButkoB. Bun
TpaHchopMaTopa ykasaTb, OTBET MOSICHUTb.

2 BapuaHT
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. Ha3oBuTe 0CHOBHBIE YacTH reuaeparopa nepeMCcHHOTO TOKaA.

1
2. JlokazaTh, 4TO y MOBBIIIAOIIETO TpaHchopmaropa K>1.

3. U3menser nu TpancGopmaTop 4acToTy npeoOpa3zyemMoro nepeMeHHoro Toka?

4. Tloyemy cepeqHHK TpaHC(HOpMATOPa COOMPAIOT U3 OTACIBHBIX TIACTHH?

5. Ecin Ha mepBuyHYr0 OOMOTKY TpaHcopmaropa mojaercs HampspbkeHue 220B, To Ha BTOpUYHOMN
0OMOTKE IPH XOJIOCTOM X0J1¢ Toiy4aercs: HanpsbkeHue 130B. Uncao BUTKOB EPBUYHONH OOMOTKH PaBHO
400. OmpenenuTh YHUCIO BHUTKOB BO BTOPHMYHOM OOMOTKe. Bum Tpancdopmaropa ykaszarh, OTBET
MOSICHUT.

3 BapuaHT
1. KakoBa poib MHIYKTOpA U SIKOpsSl B yCTPOWCTBE T'eHepaTopa IEPEMEHHOIO TOKa?

2. Yro Takoe MOHMKAIONIHI TpanchopmaTop?

3. Tlouemy cepaeuHuK TpaHCHOPMATOpA IENAIOT HE CIUIOIIHBIM. A M3 MHOXECTBA IUIACTHH,
M30JIMPOBAHHBIX JAPYT OT Apyra?

4. TloueMy MOIIHOCTb, TOTpeOIsieMast OT BTOPUYHOH 0OMOTKHM, MEHBIIIE MOIIHOCTH, OABOANMON K
MEpBUYHON 0OMOTKE?

5. CKoJbKO BHTKOB JOJDKHA UMETh BTOpUYHAs 0OMOTKa TpaHc(opMaropa Uil MOHIKSHUS HATPSHKESHUS
c 12000 mo 120B, ecnau nepBuuHas odMotka coxaepxxut 4000 ButkoB? Bua tpancopmaropa ykasatsb,
OTBET MOSICHUTB.

Tema 5.3 OnTuka

JlaboparopHnoe 3ansaTue Nel9. Onpenesnenne nmoxkasareJsisi MpeJJOMJIEHHsI CTEKJIA.

esanb padoThI: ONPEAETUTD MTOKA3aTENb MPEIOMIICHHS CTEKJIA SKCIIEPUMEHTATIbHBIM ITYyTEM.

Boinosinenue padorsl cnocodcTByeT GOPMUPOBAHMIO:
OK 01, OK 02, OK 05,0K 06, OK 07, OK 04, OK 09

MarepuanbHoe o0ecneyeHHe: MIACTUHKA C MapaJUIeNbHBIMU TPaHSIMH; OyJIaBKU; YHCTHIN JIUCT
OyMaru; JIMCT KapTOHA; TPAHCIOPTUP; MOTBEMHBIN CTOIHMK; TaOJIWIla 3HAYEHUS] TPUTOHOMETPUUYECKUX

GbyHKIHI.
3ananue

1. ITocTpouTh X011 CBETOBOIO JIy4ya Yepe3 CTEKISHHYIO MIJIaCTUHY.
2. [Tpoananu3upoBaTh X0 CBETOBOTO Jyya Yepe3 CTEKISHHYIO MJIaCTHHY.
3. Ornpenenuts nokazareiab NPETOMICHHS CTEKIIA U pacCUYUTaTh NOTPEIIHOCTD SKCIIEPUMEHTA.

HOpH,Z[OK BBITIOJTHCHHU A pa60TBI

1. Ha nmogbemMHbIi CTOMK NOJI0KHUTh YUCTHIN JIMCT OyMaru ¢ MoAJI0KEHHBIM CHU3Y KAPTOHOM.
2. C oHOM CTOPOHBI CTEKJIa HAKOJIOTh JiBe OynaBku 1 u 2 Tak, 4ToObI MpsMasi, MPOXoaslias yepes HUX,
COCTABJIsLJIAa YTOJI 0 C MEPIEHANKYISIPOM K IUIOCKOCTH TIACTUHKHU (CM. puc.l).
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3.

[TomHATH PUCYHOK Ha YPOBHE TJia3 U, HAOII0Aas1 yepe3 MIACTUHKY, HAKOJIOTh JIBE IpYyTrue OyIaBKH Tak,

4TOOBI BCE YeThIpe OyJaBKU OKA3aJIUCh HA OJHOM MPSIMOM.
Crexio u OyiIaBKH CHATH, MECTa HAKOJIOB OTMETUTH ToukaMu 1,2,3,4 1 yepe3 HUX MPOBECTH MPSIMbIE
JIMHUU J10 TIepecedeHus ¢ rpaHuiamMu ctekia (puc.2). Ilposectu uepes Touku 2 u 3 neprneHIuKyIsSpbl K

rpanunam cpeaq AB u CD.

4.

sin
5.  TpaHCHOPTHPOM U3MEPUTH YIJIbI MAJEHUS oL U YTIIbl IPETOMIICHUS 3. " —n
6.  Ilo TaGiuuie 3HAYCHUI CHHYCOB ONPEIEIUTh CUHYChI M3MEPEHHBIX yriIoB. | SN 5
7.  Bpruaucauth ko3 duimeHT nperomiaeHus no Gopmyie:
8.  OmbIT MOBTOPUTH TPH pasa.
9.  Pe3ynbrarhl U3MEPEHUN, BEIYUCICHUN U TaOJIMYHbIE JaHHBIE 3allicaTh B Ta0nuIy 1.
10. BpruaucauTh a0COMOTHYIO (A) MU OTHOCUTEIBHYIO (€) MOTPEITHOCTH 11O (OpMYyJiam:
A
E= -100% A= ‘ n N
maon ~ | mabn Pp-
11. Cpenatb BBIBOJ IO padboTe
Tabmmma 1
dopma npeaocTaBIeHUs pe3ysibTara
Ne Yron VYron npe- | Koadgdu-mey Cpennee Tabnuunoe AbcomoT- OTtHocuTen
OIIBITA | TTIAICHUS | JJOMIICHUSA 3HAYCHUE 3HAYCHUE HadATIOTPEII- | yag
[Tpenomn
CBETOBOTO | cBETOBOrO | P k03hdu TN HOCTD TIOrPENTHO|
A
JIy4a JIy4ya eHUS b
[[UEHTa UIUEHTA
a,’ B n MPEJIOMIIEHUS| TTPETOMIICHUS &%
nt‘]’ nma@z
1
2
3

KoHTpOJbHBIC BOIPOCHL M 33J1a9H

1.
2.
3.

YTo Ha3bIBAIOT CBETOBBIM JIy4OM?
ChopmynmpyiiTe 3aK0H OTpaKEHHS CBETA.
KakoB ¢u3uueckuit cMbICI IOKa3aTels IpeIoMIIeHus cBeTa’?
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Yem oTnmyaeTcs aOCOTIOTHBIN MOKA3aTeNb MIPEIIOMIICHUS CBETA OT OTHOCUTEIHLHOTO?
ChopmynupyiiTe 3aKOH MPETOMIICHHSI CBETA.

UTo Ha3bIBAIOT MOJHBIM OTPAKEHHUEM CBETa?

KakoBa ckopocTh pacripocTpaHeHHUs CBETa B BaKyyme?

Yto Ha3BIBACTCH ONTHYCCKOM IIJIOTHOCTHIO BEIIECTBA?

Jlyd cBeTa mepexoauT U3 Cpeibl ONTUYECKH O0Jiee MIOTHOW B CPEIy ONTHYECKH MEHEE TUIOTHYIO.
KaK U3MEHSETCS TIPU ITOM YacTOTa KOJeOaHUW U IJTMHA BOJTHBI?

10. B uem coctout npunnui I 'torirenca?

11.  Jlyy mepexoauT U3 BOJIbI B CTEKJIO. YTOJI MaJICHUS 0L = 30°. Haiitu yroa npenomiienus. (N, = 1,3;
Ne: = 1,6).

12.  VYron npenomiieHus cBeTa B MIIMLEPUHE 45°. Haiiru yroJs najieHus B Bozayxe (N, =1.47).

13. Jlyuy magaeT Ha MOBEPXHOCTb BOJBI ITOJ yIJIIOM 30°. TMox xakum YIJIOM JIOJDKEH YIacTh Jyd Ha
MOBEPXHOCTh aJiMa3a, YTOOBI YroJI MPEIOMIICHHUS OCTANICA TAKUM Ke? (Nposn. = 1, Npore=1,33, Naw. = 2,42).
14. HaiiTu pa3HOCTh CKOPOCTEH CBETA B BOJIEC U CTEKJIC, €CITH Nyony=1,33, Nerer. =1,5.

15.  Omnpenenuth MNpeaebHBIA yroj IOJHOTO OTPaXEHWs IS BOJbI, CTekia, amMmasza. (N, = 1,6;
Nsorer=1,33, Namy.= 2,42) (OTB.: 001=49°, 00,=40°, 0103=24).

©oN A

®opma npegocTaBiieHus pe3ybTaTa

BeimonHeHHbIE 331241 B TETPAIU IS IPAKTHYECKUX UIIH Ja00paTOPHBIX padoT.

Kputepuu ounenkmu:
3a mpaBUJIbHO BBITOJHEHHOE 33JJAHHE BHICTABJISICTCS TOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BBICTABIIACTCS OTpUIIaTeIbHAast oieHKa — 0 OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvbno» svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB
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