IHlpunoscenue 4.6.1 k OIIOII-II no cneyuanvnocmu
13.02.02 Tennocnabscenue u meniomexnuueckoe 000pyoosanue

MuHHCTEepCTBO HAyKH U BhICIIero oopa3oBanus Poccuiickoit deneparumn

®enepalibHOE TOCYAAPCTBEHHOE 0I0/KETHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICIIET0 00pa30BaHUs
«MarHuToropckui rocy1apCTBEHHbIA TEXHUUECKU YHUBEPCUTET
nM. I'. 1. HocoBa»
MHoronpopuIbHBIA KOJIIEIK

METOAUYECKUE YKA3ZAHUA .
JJIs1 IABOPATOPHBIX U ITPAKTUYECKUX 3AHATUU
YYEBHOU JUCHUTLIAHBI

OVYIL.06 PU3NKA

JIS1 00y4aKOIIMXCH CHEeHATBHOCTH
13.02.02 TenntocHa0:keHHE U TEMIOTEXHUYECKOE 000PY/I0BaHUE

Maruurtoropck, 2024



OJOBPEHO

[IpenmeTHOM KOMUCCHEN Metognueckon komuccrern MK
«MaremMaTH4eCcKuX U €CTECTBEHHOHAYYHBIX
TTUCLIUILIIAHY [Tpotokon Ne 3 ot 21.02.2024

IIpencenarens E.C. KoppiTHHKOBa
[Ipotokon Ne 5 ot 31.01.2024

Pa3paborunk:
npenoaasatesib ®I'6OY BO «MI'TY um. I''1. HocoBa» MHoronpoduibHOro Kojuiemka
H.B.KopHeea

MeTtoauyeckue ykazaHus MO BBIMOJHEHUIO MPAKTUYECKUX U JIaOOpaTOPHBIX paboT pa3paboTaHbl Ha
OCHOBE paboueil mporpaMmbl y4eOHON AUCHUTUINHBI «Du3nKay.
CopepxaHue MpakTHYECKUX M JaOOPAaTOPHBIX PabOT OPUEHTHPOBAHO HA MOJTOTOBKY OOyYaromuxcs K
OCBOCHHIO MPO(PECCHOHATBHBIX MOJYJeH MpOrpamMMbl MOATOTOBKH CIELHAIMCTOB IO CIEHaTbHOCTH
13.02.02 TemnocHabxeHHe U TEIUIOTEXHUYECKOE 000pyI0BaHne U OBJIAICHUIO OOIIMMHU U PO(eCCHOHATbHBIMU
KOMIIETEHIIUAMU



COJEPKAHUE

1 Beenenue 8
2. METOAUYECKUE YKA3ZAHUSA K IPAKTUYECKUM PABOTAM 12
TTPaKTHUECKOE BAHATHE NOT ...oiiiiiiiiiiii ittt sttt e et e e et e e e bb e e e bb e e s bn e e nntes 132
Pemenue 3a1ad Mo KHHEMATHUKE. Y PABHEHUS JABUIKCHHS. ..vvveiuvreeireeessreessireesssseessssessssseessssesssssessssssesnsees 132
TTPAKTHUECKOE BAHATHE INOD ... iiiiiiiiiiiiiiiiiessitie sttt ettt ettt e e st e e s ab e e sbb e e e kb e e e bt e e e b e e e bb e e e nbeeeanbes 176
Pemenue 3a1a4 Ha mapaMeTPhl BPAIIATETBHOTO JIBUMKCHIS ... veevveeereesreessreasseesnreaseessneesseessnesssesssnsanseses 176
TTPAKTHUECKOE BAHATHE INO3 ....iiiiiiiiiiiiiiiie ettt ettt e et e s st e s b e e e bt e e e bb e e e bb e e e bb e e anbeeeanees 198
Pemtenue 3a71a4 110 TEME «BUIIBI CHUIL B MEXAHIKE. ....eeeeereeerstnnssssesseessssnnssseesssessssnneteesteessssmninreesseresnnn 198
Cuna TpeHUS MOKOS, CKOJIBKEHUS, KAUCHUS, BPAILICHUSD . veeuvverreereessreassesssneesseesseessesasesssnesssesssesansessns 198
TTPAKTHUCCKOE BAHATHE NO .. .oiiiiiiiiiiiiiiie ettt e sttt ettt e st e e s st e e nbb e e e bb e e e bb e e e bb e e e bb e e e beeeantes 244
3aKOHBI COXPAHEHUS B MEXAHUKE U UX TIPHUMEHEHHEE ... veeuveesreeneeessreaseessneaseessneaseessesasesssessnsesssseensesns 244
[TpaKTHUECKOE BAHATHE NOS ....ooiiiiiiiiiiiiie ettt e e s e ne e s e ne e 298
Perrenue 32129 Ha POPMYITBI PAOOTBI CHIL......vveuvieseeteeressresseesteessesseesseessesseesseesesseesseessessnesseesseanneaseenseens 298
PaboTa U MOITHOCTD. DHEPTHS, €€ BHIIBL. ......veeteesseeasteessreassesssseassesssseansessssesssesssssssessssssssesssnssnsesssesansesns 298
3AKOH COXPAHECHMS DHEPTH  .....ec.eveeureeireesseessreasnesaseeasseesseeasseesseeasseesseeasseeaseeaneenmneasneeaneeasneenmneaneesnneannee e 298
TTPaKTHIECKAST PAOOTA NOG .....c.viiiiiiiiteeiiiiie ettt b et b et ae e bt et b e e ne e nne s 34
PaBHOBECHE AOCOTIOTHO TBEPIBIX TEIT «..vvveeutvreautreessteeeantreesnsseesnsseessseeessseesssseesssseesssseesssseessssesssssessnsneesnsneens 34
TTPAKTHUECKOE BAHATIEC N7 .....oiiiiiiiiiiii ettt ettt e st et e s e e e n e nne e e neennneene e e 398
Pemenne 3a1a4 110 TEME «OCHOBBI MK TN . ..ciiiiiiiiiiii ettt e e e e et e et es s e s e e e s e e eaa s e s eeeseseneres 398
Pemenue 3amau Ha ypaBHEHUE COCTOSHUS UCATBHOTO T3 ...vveeiuveeerurreesureeesireesssreeessreesssneesssneesssneesnsnes 398
TTPaKTHUECKOE 3AHATHUE N ........iiiiiiiiiie ettt e s r et e s ne e e e e ne e e neennreenns 40
JlaBneHue )XKUAKOCTEN U TBEPABIX TEM. 3aKOH ITACKAT ...ocvviiiiiiiiiiciiic e 40
TTpaKTHUECKOE 3AHATHE N2D ..ottt s n e 419
AOCONIOTHBIE U OTHOCUTEIbHBIE JIeOpMALIUU TBEPABIX TEIL. ...... Oumoka! 3aknagka He onpenesiena.49
ITpakTHUECKOE 3aHATUE NOLO ....oiiiiiiiiiiii i 53
Pemenune 3a1a4 mo TeMe «OCHOBBI TEPMOMHAMIKL. ......cevveeuueesseeanreessnsaseesseeasseessesaseesseesseessesansessnesnnes 53
[TpumeHeHne epBoro Hayana TEPMOAUHAMUKH K H3OTIPOIIECCAMD ....uvveurressressreasseeasseessreanseesssesssesssessnes 53
IMpakTraeckoe 3aHATHE Nol L. .. .o e e 53
KT TeIuIOBOTO B T AT CIISl 53
[TpaxkTrueckoe 3aHATHE Nel2 .....ccooiiiiiiiiii Oummoka! 3akinagka He onpeesiena.58
Pemenue 3agad mo TeMe « NMEKTPOCTATUKAN .....vvvvreervrrreessvrneenns Omuobka! 3akiaaka He onpeaenena.5>8

3



ITpakTHUECKOE 3aHATUE NOI3 ..o s 58

Pemenue 3anau o reme «COeTMHEHNE KOHICHCAOPOB B OATAPCION ..c.vvervverririeiiiiarinieesiiesresnesseesnessnenneas 58
ITpakTHYIECKAS PAOOTA NOLA ..ottt b e et b e n e nne s 61
Pemenue 3anau «3akonsl Oma. ConporusieHue. CMEIIaHHOE COEIUHEHUE TIPOBOJAHUKOBY ....oovvverevrnnne. 61
IlpakTrueCKas Pa0OTa NO LS 61
Pemenue 3a1a4 1o teMe «CMEIIAaHHOE COEAMHEHUE IPOBOAHUKOB» | 61
TTpaKTHUECKAST PAOOTA NOTO ...eiiiiiiiiiiii ittt ettt e et e et e b e e et e e e bb e e s bneesnbeaeas 63
Pemenue 3amau mo reme «PaboTa, MOITHOCTH M COMTPOTUBIICHUE DIICKTPUUECKOTO TOKA ©vvvvrvvvervreesennss 63
IpakTruecKas pa0oTa Nol T 66
Pemenue 3a1a4 1o teMe "DIEKTPUYECKHU TOK B Pa3iIMYHbIX cpepax” 66
TTpaKkTHUECKOE 3AHATHE NOL ... iiiiiiiiiiiie ittt e e e bb e e s bb e e e nbb e e s beeesnbeeeas 71
Pemenue 3amay mo reme « MarHUTHOE MOJIE M €70 XAPAKTCPHUCTHRID 1.vvvervrersisreesssressssnesssssesssssesssssessssneens 71
IpakTruecKas Pa0OTa NOlO 71
Pemenue 3amad nmo teme "JeicTBME MArHUTHOTO TOJS HA 3apsaa” 71
[TpaxTrueckoe 3aHATHE No20 ........cccoviviiiiiiiiiiiieree e Ommoka! 3akaanka He onpeaesieHa. />
Pemenue 3ana4 no teme «1EKTPOMarHUTHAsE UHAYKLHUA. .......... Ommobka! 3akaanka He onpeaesiena. />
3aKOH AJIEKTPOMATHUTHON MHIYKITHH . ...veenvveesnireesnreeesnneeesnneeennns Omuobka! 3akiagka He onpeaeseHa.’d
SIBIIEHUE IEKTPOMATHUTHOU HHIYKIIHM «....vvvveeeeieeeeesnieeee e Omuobka! 3akiagka He onpeaeseHa.’d
IpakTHUeCKOe 3aHATHE NO2 L 75
Pemrenue 3anau o temMe "CaMOMHAYKITHSI) ....ccvvvvrenveeeniiieenineeennns Oummobka! 3akaaaka He onpeaesiena.’5
[TpakTrueckoe 3aHATHE N22 ........cciiiiiiiiiiiiic e Oummoka! 3akaaaka He onpeaesiena.’/8
MexaHnueckue KoJaeOaHUs U UX XAPAKTEPUCTUKH .......cvvevererernen. Oumoka! 3akinagka He onpeeJieHa. /8
ITpakTHUECKOE 3aHATHE NO23 ...ttt s 81
Pemenwe 3a1a4 Ha BUJBI COMPOTUBICHUN B HEMSAX MEPEMEHHOTO TOKA. +..vvvervreisreeieeasniesieessreesseesseesneesnns 81
[IpakTHaeCKOe 3aHATHE NO2d 81
Pewmenue 3anau no reme "[lepeMeHHBIN 3NEKTPUUECKUIM TOK" . 81
IIpakTHUECKO 3aHATHC N0 S 81
Pemenuie 3a1a4 Ha QOPMYIIBI TPAHCHOPMATOPA «....verveeireenreeasreesseessreesseeasreesseessreessesareesseeaneesseeaneesseesnnes 81
TTpaKTHUECKOE 3AHATHE INO2O .......viiieiiiieiee ittt ettt et e e e b et enne e e e e n e e e n e e nneeenns 85
Pemenue 3ana4 mo TeMe « 3JIEKTPOMATHUTHBIE KOIEOAHUS U BOJTHBD) ....vveervveiurieieeaneeesieesseessneanessnnesnnes 85
IIpakTHUECKO® 3aHATHE N0 T 89
Pemenue 3amad mo reme "3aKOHBI r€OMETPUYECKON ONTAKKA" 89



[TpakTrueckoe 3ansTue Ne28 92

Pewenne 3amau no teme "3aKkOHBI BOTHOBOM ONITUKU" 92
ITpakTHUECKOE 3AHATUE NO2O .......iiiiiiiiiiiii e 95
Pemenue 3anau o teme «3akoHbI POTOID(DHEKTa. YPABHEHNUE DUHIITEHHA ...eovvvenviiririieiisieesieeire e 95
TTpaKTHUECKOE BAHATHE INO30) ..iiiiiiiiiiiiiitiii ettt sttt et e s bt e et e e e bb e e e bb e e e bbeeabneeanbeaeas 98
«3anuch saepHbIX peakuuid. CTPOCHUE ATOMOB M ATOMHBIX SIIICP. .. «veeureerureereessreaseessneasseesneassessnessseesnens 98
3aKOH PAJTMOAKTUBHOTO PACTIAIAN. .vverureerseesreeseessneesseeasseassesasseessesssseessesasseesseessseessesasseesssesnseessesansessneesnnes 98
TTpaKTHUECKOE BAHATHE NO3 T L.iiiiiiiiiiiiiiie ettt sttt e et b e e bb e e e bt e e s be e e antes 102

[Tpaktuyeckas padora «Ctpoenue u coctaB CoaHeyHOH cucteMbl. [anaktuku. Pabota ¢ moaBmKHOM

KAPTOM 3BE3ITHOTO HEO@Y 1vveuvvieisreieisteressietessieessssesssssesssssesssssesssssesssssesssssessssesssssessssssssssssnssessnsessnnes 102
JIAOOPATOPHBIC PAGOTBI........eeiiivieiirieiiitesietestetessteeeasbeesabeeessbeesasbeeeasbe s e asbeeeabbeeabbeeasbbeeasseeabeeeanseeennes 108
JTa00PATOPHOE BAHATHE NOT ...uiiiiiiiiiiiie ittt b e b e et e e e bb e e e bb e e e abeeanbeeeanes 108
«ONPEAETCHNUE MITOTHOCTH BEILIECTBAN 1. .uvvvvreessstreessssssrreessssteeesssssssesssasssesssasssssesssssssessansssesssnssseesssnssseeenns 108
JTa00PATOPHOE BAHATHE NO2 .. .uiiiiiiiiiiieiiiie sttt stee et e st e e st e e et e e e s bt e e sbb e e e sbb e e e bb e e e b b e e e sbb e e e bb e e e bbeeanbeeennes 110
Omnpenenenre KOAPHUIUEHTA FKECTKOCTH YIIPYTOTO TEIIA ..veuvvesreerreesureassesssneesseeaseessesassessssesssessesanseses 110
Jla00paTOpHAS PA0OTA NOB 112
"M3ydeHne qeopMaltut PACTIKCHU 112
JIa00PATOPHOE BAHATHE N .......oiiiiiiiiiiiiiiee bbb n e 114
“TIPOBEPKA TA30BBIX BAKOHOB ... .ecuriiureeieeasseessneasreesseeaseessneaseessne e seessneaaneeasneesmeeanneeane e anneenmeeanneesnneannee e 114
JIa00PATOPHOE BAHATHE NOS .....oeiiiiiiiii it n e e e neennne s 11616
Onpenenenre KOAPOUIUEHTA TTOBEPXHOCTHOM ......eeuvveruriereerireareessniaseessneaneessesaneesnessneessessnneesnnesnes 11616
MJIOTHOCTH KHUIKOCTH METOJIOM OTPBIBA KATICITD ....vveestreesurreessteeesuseeessseeesssesssssesssssessssnessssnessssnessnseeens 11616
JIa00PATOPHOE BAHATHE NOO ......ciiuiiiiiiiiieiii ettt e e e n e eereennne s 11818
Onpenenenre BIa)KHOCTH BO3/1yXa U ATMOCHEPHOTO JABIECHHUS «....vvvnreeereanreesneeaneessnessneessneaneesnnesnes 11818
JIa00PATOPHOE BAHATHE NOT .....ieiiiiiiiieiiiieie ettt n e e ne e s e e n e e nnneeneennne s 12020
OrnpenenieHne yASTbHON TEMIOCMKOCTH BEIIIECTBA +...uvvvesrrressrreessrreessseeessseeessseessssesssssesssssesssssessnsneesnes 12020
JIa00PATOPHOE BAHITHE NOB........iiuiiiiiiiiieii ittt ettt b ettt b e e b et 11222
OnpeneneHne MOIYIIS YIPYTOCTH PEBHHDBL. ...cc.vveureareesireareessreaseesseeaseessseaneessesaseessnessneessnsanseessnesnnes 11222
JIa00paTOpHAS PA00TA NOO 123
HabmoieHne pocTa KpUCTaIIOB M3 PACTBODA 123
JIa00paTOPHOE BAHATHE NOTO ....viiiiiiiiiiiiiii e 12424
Onpenenenne yaenbHOrO COMPOTUBIIEHUS TIPOBOIHUKR ....veevviiurieiriasiesiresreesiessnessiessneessessneessessnnes 12424
JlaGopaTtopHoe 3aHATHE Nol1 ...ccoiviiiiiiiiiicc Oumoka! 3aknagka He onpenesena.125
DKcrepuMEHTANIbHASL TPOBEPKA 3aKOHOB MAPATIIETBHOTO H...vviuvieiriisriesirissriesiessssessinsssneessnssneesenssnnes 12525



MOCJIEIOBATEILHOTO COCTMHEHUS TIPOBOTHUKOB .....tviestrreiutreessteeessreeessseeesssesssssesssssesssssesssssesssssessnnnsens 12525

JIa00paTOpHAS PA00TA NoL 2 128
[TpoBepka 3akoHa OMa AT yUaCTKA LCIIU 128
JIa00PATOPHOE BAHATHE NOL3 .. .ottt sttt et e b e e st e et e e e nte e srneebeesree s 13030
Nzyuenne pabotel mynsTumerpa. OnpeneneHue AC U BHYTPEHHETO ......ccovvrvrrreeiriirerieesreanesseennenns 13130
COIIPOTHBIIEHUS UCTOYHHUKA IJIEKTPUUECKOM DHEPIHH ....vvveerienreesiniesreesineasneesies e ssassneesnessnneenenesnis 13130
JIa00paTOpHAS PA0OTA NoLd 134
HccnenoBanue 3aBUCUMOCTH MOIIHOCTH, TOTPEOIIsieMO J1TaMIION HaKaJIMBaHUs OT HANpsKEHUs Ha e€

BAKUMAX 134
JIa00PATOPHOE BAHATHE NOLS .....iiiiiiiiiiiieii et nne s 13535
OmnpeneneHne TEMITEPATYPHOTO KOIDPHUIIUECHTA MEIIH ......c.vveuvirireiieiisiiesieeie e 13635
JlaGopaTopHOE 3aHATHE No16 ..o Oumoka! 3aknagka He onpenesiena.137
Onpenenenye CONPOTUBIECHUS PE3UCTOPA METOJIOM MAPKHUPOBKH ......vvvervreasriesiniasneesinesneessneaneesnnesnnes 13737
JIa00PATOPHOE BAHATHE NOLT ....iiiiiiiiiiiiieie ettt ettt b e nesnnenne s 13939
OnpeneneHne KITJ] HATPEBATEIEH .......cocvviiriiiieiiieiiese e 13939
JTaG0PATOPHOE BAHATHE NOLE ...ii ittt e b et e e st b e e be e e anaes 14040
OrnpeneneHue IEKTPOXUMUYECKOTO IKBUBATICHTA MEIIH ..vvvveeurrrreessurrreessssreeessssseesssssnessssnsseeessnssenes 14040
B IIPOLIECCE DTEKTPOIU3A CYTBRATA MEIIH. ...eeuvvivviiiitiasrisiiestiese st sbe e st sr e sr et e sre s sbeene e 14040
JIa00paTOPHOE BAHATHE NOTO ...iiiiiiiiiiiiiii e 14242
3aBUCUMOCTD COITPOTUBIIEHUS OT TEMIIEPATYPBL. .. .veeuviiiriarisiirieisisssreessissinessresssresssesssnsssrassnesssesssnee e 14242
00pPa31I0B METAIIIA U TIOTYTIPOBOIIHIKA .....vveuvieuriieeeiteessesteesseassesseesseassessssssesssssseesbeenesseeabesnesseesneenesees 14242
JTa00paTopHAS PA0OTA No20 143
M3ydeHne CBOMCTB MOMYIIPOBOHUKOB 143
JIa00paTOPHOE BAHATHE N2 T ...ouiiiiiiiiiiiiiii e 14545
ITpoBepka 3aKOHOB KOJIEOAHUH MATEMATHUECKOTO MASITHHKA .....vveveesriiereiriesiisieesieesresssesieesnessnssseesnens 14545
JIa00PATOPHOE BAHATHE NO22 ... .ciiiiiiiiiiieiie ettt n e r e e e n e ennn e neennne s 14747
N3yueHne 3aKOHOB MPYKUHHOTO MASTHIKR ......vvieiuvrieisreiessresessesessressssnessssnesssssesssssessssnsssssnessssnssssnnnens 14747
JIa00PaTOPHOE BAHATHE NO23 .. ..o ittt e e e n e eereennne s 14848
Y CTpOHCTBO TPAHCPOPMATOPA U TEHEPATOPA +..vvvveerreesreesressnreesseessreessesasseessessnneessesasseessnssnsesssnsanseees 14848
Jla00paTOpHAS PAOOTA NO2d 151
Omnpezenenue Noka3arenst OPEIOMICHUS CTeKIIA, . 151
JIa00paTOPHAS PA00TA NO2S 153
Omnpenenenue UHTEPPEPEHUNN U TUPPAKLINU CBETA______ . 153
JLa00paTOPHA PAOOTA NO2O 155



Omnpenenenne ATMHBI CBETOBOW BOJHBI C TOMOIIBIO TU(PPAKIMOHHON PEIIETKH
Jlaboparopnas pabota Ne27

Habnronenue CrijonHoro U JMHEHYaToro CleKTPOB



BBEJIEHUE

BaxHyio 4acTh TeOpeTH4ecKOi U Mpo(ecCHOHATBHON MPAKTUYECKON MOATOTOBKH 00yYaromuXCs
COCTABJIAIOT MPAKTUYECKUE U Ja0OpaTOPHbIE 3aHATUS.

CoctaB U cojep)aHHe MPAKTUYECKUX U JIA0OPATOPHBIX 3aHATHI HANPABJICHBI HA PeaH3alHIo
®enepanbHOr0 rocy1apcTBEHHOrO0 00pa30BATENBHOIO CTAaHAAPTA CPEIHEro OOLIero o0pa3oBaHUs C
Y4ETOM I0JTy4aeMOM CIELHAIbHOCTH.

Benymeli aupakTHueckod  LeNbI0  IPAKTUYECKMX — 3aHATUH  sABIsleTcss  (OpMHUpOBAHUE
npoeCCUOHATBHBIX MPAKTUYECKUX YMEHUH (YMEHHIA BBIOJIHATH OINpEesICHHbIE JCHCTBUS, ONEpaluy,
HE0O0XO/AMMBIE B IOCIEAYIOUIEM B MPO(ECCHOHAIBHONW IEATENbHOCTH) MM Y4eOHBIX NPAaKTUYECKHUX
YMEHHUH pemiath 33a4u 1o (pusnke, HEOOXOAUMBIX B MOCIEAYIOIEH Y4eOHO! AeITEeIbHOCTH.

Benymeli numaakTuueckod 1€Nbpl0  J1a0OPATOPHBIX 3aHATUH  SIBISETCS HKCIEPUMEHTAIbHOE
IIOATBEPK/ICHUE U POBEPKA CYILIECTBEHHBIX TEOPETUUECKUX 3aKOHOB, 3aBUCUMOCTEH.

B cootBeTcTBUMM C pabouedl mporpamMmoi ydeOHOW MUCHMIUIMHBI «DHU3MKa» MPEayCMOTPEHO
IIPOBEJICHUE MPAKTUYECKUX U J1a0OPAaTOPHBIX 3aHATHUH.

BeinonHenne npakTuueckux U J1abopaTOpHbIX paboT obecreunBaeT JOCTHKEHHE 00yqatoIMMUCS
CIIEYIOIUX Pe3yabTATOB:

e [IP61 chopMUPOBAHHOCTb TNPEACTABICHUH O poaud U MecTe (U3MKM M acTPOHOMHUHU B

COBPEMEHHOW HAay4HOW KapTHHE MHpa, O CHUCTEMOOOpasyiomieid poiu (U3NKA B Pa3BUTUH

€CTECTBEHHBIX HAyK, TEXHUKHA U COBPEMEHHBIX TEXHOJIOTHH, O BKJIA/Ie POCCHICKHX U 3apy0eKHBIX

yueHbIX-(DU3UKOB B pa3BUTHE HAYKH; TIOHUMaHUE (PU3NUECKOM CYIIHOCTH HAOII01aeMbIX SIBJICHHUH

MUKpOMHpA, MaKpoOMHpa M Meramupa; IOHMMaHHE pOJIM AaCTPOHOMHMM B IIPAKTHYECKOMN

NeSITeIbHOCTH 4YeJlOBeKa U JajbHEWIIeM Hay4yHO-TEXHHYECKOM pa3BUTHM, pPOJd (U3UKUA B

dopMUpOBaHUM Kpyrozopa U (QYHKIUOHAJIBHOM TIPaMOTHOCTU YEJOBEKa I pEIllIeHus

IIPAKTUYECKUX 3a7a4;

° [1P62 chOpMHUPOBAHHOCTh YMEHHUH pPACro3HaBaTh (hM3WYECKHE SBICHHS (IIPOLECCHI) U

OOBSICHATh WX Ha OCHOBE M3YyYCHHBIX 3aKOHOB: pPAaBHOMEPHOE U PaBHOYCKOPEHHOE

MPSIMOJIMHEIHOE JIBUYKEHHE, CBOOOJHOE MaJeHHE Tel, IABMKEHHE IO OKPYKHOCTH, HHEpIuS,

B3aUMOJICHCTBHE TeJ, KosebaTenbHOe IBM)KEHUE, PE30HAHC, BOJHOBOE IBIKEHHUE; TUPPY3us,

OpOYHOBCKOE JBUKEHHE, CTPOEHHUE KUIKOCTEH U TBEPJBIX TEJ, U3MEHEHHEe oObema Tel IpH

HarpeBaHWu (OXJaXACHUHU), TEIJIOBOE pPAaBHOBECHE, HCHApeHHe, KOHJEHCalus, IUIaBJICHHE,

KpUCTAJIIN3alus, KHUIIEHHWE, BIAXHOCTh BO3[yXa, CBSA3b CpEJHEHl KHHETUYECKOW BSHEpPruu

TEIUIOBOTO JIBUKEHHS MOJIEKYJ C aOCOJIFOTHOM TeMIlepaTypoi, MOBBILIEHHWE JABJIEHUS rasa Ipu

€ro HarpeBaHMM B 3aKpbITOM COCYyJ€, CBSI3b MEXJAy IapaMeTpaMu COCTOSIHMSI ra3a B

U30IIpoLeccax; MEKTPU3ALHNS TEJ, B3aUMOJICHCTBUE 3apsii0B, HArPEBaHUE NPOBOJHUKA C TOKOM,

B3aMMO/JICIICTBME MAarHMTOB, J3JEKTPOMAarHUTHas WHAYKLUSA, JEHCTBME MAarHUTHOIO TOJS Ha

IPOBOJHUK C TOKOM U JBIKYIIMHCS 3aps], OSJIEKTPOMAarHUTHblEe KoJeOaHUs M BOJIHBHI,

MpSIMOJIMHEIIHOE  pAcIpOCTpaHEHHWE CBETa, OTPaXXEHHE, IMpesloMIIEHHuEe, HHTepPEepeHLIns,

audpakiuus U TOJSpU3alisl CBeTa, JAUCIEPCUst CBeTa; (POTOINEKTpHUuecKuil >pdexr, cBeToBoe

JaBJIeHHE, BO3HHUKHOBEHHE JIMHEHYaToro CHeKTpa aroMa BOJOpPOJAA, €CTECTBEHHas U

HCKYCCTBEHHAs paiMOAKTUBHOCTH;

e [IP63 BiaJeHUWE OCHOBOMOJAramIUMU  (U3NYECKUMU TOHATUAMU U BEJIMYHMHAMU,
XapaKTepU3yIOIUMH  (U3NUYECKUE MPOIECChl (CBA3aHHBIMU C MEXaHHYECKUM JIBH)KEHUEM,
B3aMMO/JICIICTBUEM TeEJI, MEXaHMYECKMMH KOJeOaHUSMU M BOJHAMHU; aTOMHO-MOJEKYJISPHBIM
CTPOEHHEM BEILECTBA, TEIUIOBBIMHM IPOLIECCAMHU; JJIEKTPUUECKHM W MAarHUTHBIM IIOJISIMH,
ANEKTPUYECKUM TOKOM, DJEKTPOMAarHUTHBIMU KOJEOAHUSMHU U  BOJHAMH; ONTHUYECKUMU
SIBICHUSIMU; KBAaHTOBBIMU SIBIICHUSIMH, CTPOEHHEM aTOMa M aTOMHOTO sJIpa, paJlOaKTUBHOCTHIO);
BJIQJICHHE  OCHOBOMNOJAralOU[MMH  AaCTPOHOMHYECKMMH  IOHSTHIMH, MO3BOJISIIOIIUMU
XapaKTepu30BaTh IPOLECCHI, MPOUCXOASIIME Ha 3B€3/1aX, B 3BE3JHBIX CHUCTEMax, B
MeXTaJaKTHYeCKOU cpefie; ABMKEeHNE HeOECHBIX Tell, IBOJIIOLINIO 3Be3/1 U BeenenHnoii;



[TP6G4 Bi1aJIeHUE 3aKOHOMEPHOCTSIMH, 3aKOHAMU U TEOPUSMHU (3aKOH BCeMHUpPHOro Tsarotenus, I, 11
u III 3axkonbl HplOTOHA, 3aKOH COXpaHEHUS MEXAHWMYECKOW HHEPruHu, 3aKOH COXPaHEHHUS
HMITYJIbCA, MPUHLHUI CYNEPIO3UIMN CWUJI, MPUHIIMI PABHOIPABHOCTH HHEPLUHAIBHBIX CHCTEM
OTCUETa; MOJEKYJISIPHO-KMHETHYECKYI0 TEOPUIO CTPOEHHUS BEIIECTBA, ra30BbI€ 3aKOHBI, MEPBbIN
3aKOH TEPMOJMHAMUKH; 3aKOH COXPAHEHUs 3JIEKTPUUYECKOro 3apsaa, 3akoH Kynona, 3akoH Oma
JUISl y4acTKa Lenu, 3akoH OMa /1711 OJTHOM 3JIEKTPUYECKOH 1enH, 3akoH [xoyns - JIeHna, 3akoH
AJEKTPOMArHUTHOM  WHIYKIMU, 3aKOH COXPAHEHUS JHEPrud, 3aKOH MPSIMOJIUHEUHOIO
pacnpocTpaHEHHUs CBETA, 3aKOH OTPaKEHMS CBETA, 3aKOH MPEJIOMIICHHS CBETA; 3aKOH COXPAaHEHUs
SHEPruM, 3aKOH COXPAHEHHs HMIIYJIbCA, 3aKOH COXPAHEHMs 3JIEKTPUYECKOro 3apsjia, 3aKOH
COXpaHEHHS MAacCOBOTO 4YMCIa, MOCTYNaThl bopa, 3aKOH pajiMOAaKTUBHOIO paclaja); yBEpEeHHOE
MCIOJIb30BaHUE 3aKOHOB M 3aKOHOMEPHOCTE! NpH aHainmu3e (PU3MUECKUX SBICHUHN U MIPOIIECCOB;
[IP65 yMeHHE YYUTHIBATh TPAHULIBI TPUMEHEHUS HU3YYEHHBIX (PU3UUYECKUX MOJENeH:
MaTepuaabHas TOUKa, MHEpLUAIbHAsA CUCTEMA OTCUETa, WCANIbHBIN I'a3; MOAEIU CTPOEHUS ra3os,
KUJKOCTEH U TBEPABIX TEJ, TOUCUHBIN FJIEKTPUUECKUN 3apsij, sIepHas MOJENIb aTOMAa, HYKJIOHHAs
MOJIeTTb ATOMHOTO siJIpa IMPH PEIICHUH (PU3NICCKHIX 33]1aY;

[IP66 BiaJeHHE OCHOBHBIMH METOJaMH HAYYHOTO IIO3HAHUS, WCIONb3yeMbIMH B (HU3UKE:
MPOBOJIUTH MPSIMbIE M KOCBEHHBIE M3MEpPEHUs (PU3NYECKUX BEITUYMH, BHIOMpAsk ONTHMAaIbHBINA
crocod H3MEpPEeHUs U HUCIOJIb3Yys HW3BECTHBIE METOJbl OIEHKU MOTPEIIHOCTeH H3MEPEHUH,
MIPOBOJNTH HCCIICIOBAaHUE 3aBUCUMOCTEH (U3NYCCKUX BEIUYUH C HUCIOJIB30BAHUEM IPSMBIX
U3MepeHuil, OOBACHATh TMOJNyYEHHBIC PE3yIbTaThl, HCIOIB3Ys (PU3UUYECKHE TEOpUH, 3aKOHBI U
MOHATHUS, W JeJaTh BBIBOJBL, COOJIOAATH MpaBHja O€30HacHOTO TpyJda NpPU TPOBEIACHUU
UCCIIEIOBAaHUM B paMKax y4eOHOTO SKCIIEPUMEHTa U Y4eOHO-HCCIIe0BATENbCKOM AESITETbHOCTH C
WCTIOJIB30BaHNEM HHU(POBBIX H3MEPUTEIHLHBIX YCTPOWCTB M J1aOOpaTOPHOTO 0O0OPYHOBaHUS;
c(hOpMHUPOBAHHOCTH MPEACTABICHUI O METOJaX MOJYUYEeHUs HAyYHBIX aCTPOHOMUYECKUX 3HAHUM;
[Pyl cpOopMUPOBAHHOCTh TMOHMMAHUS POJH (U3NKH B SKOHOMHUYECKOW, TEXHOJOTHYECKOH,
COLIMAJILHOW U ATHUYECKOH cepax NeaTeIbHOCTH YeI0BeKa; POJid U MecTa (PU3UKU B COBPEMEHHOM
Hay4YHOW KapTUHE MHUpPA; POJU aCTPOHOMHHU B TMPAKTHUUECKOW JCATEIHHOCTH YelIOBeKa U
JanbHENIIeM HayYHO-TEXHUYECKOM Pa3BUTHH;

[TPy2 chOpMHUPOBAHHOCTh CUCTEMBI 3HAHUN O (PU3NYECKUX 3aKOHOMEPHOCTSIX, 3aKOHAX, TEOPHUSIX,
JEHCTBYIONUX HA YPOBHSAX MUKPOMHpA, MAaKpOMHUpPAa M Meramupa, MpeacTaBlIeHHl 0 BceoOiemM
xapakrepe (pU3MUecKUX 3aKOHOB; MIPEJICTABICHUN O CTPYKTYpeE MOCTPOEHUsI (PU3HUECKON TeopuH,
YTO TO3BOJUT OCO3HATh POJib (YHIAMEHTAIBHBIX 3aKOHOB W TPHUHIIMIIOB B COBPEMEHHBIX
MPEACTABICHUSAX O TPUPOJE, TMOHATh TPAHUIIBI MPUMEHHUMOCTH TEOPHM, BO3MOXKHOCTH WX
MIPUMEHEHUS JIJIs1 OTIMCAHUS €CTECTBEHHOHAYYHBIX SBJICHHI U MPOIECCOB;

ITPy3 chopMUPOBAHHOCTh YMEHUS pa3inyaTh YCIOBHUSI MPUMEHUMOCTU MoJieNel (PU3NIecKux Tel
W TpoleccoB  (SBICHWI): HWHEpIUaNbHAas cHCTeMa OTcueTa, MaTepuajbHas  TOYKa,
PaBHOYCKOpDEHHOE JIBW)KEHHE, CBOOOJHOE TMaJieHue, adCoJTHO yrpyras jaedopmarus,
a0CONIOTHO ympyroe M aOCOJIOTHO HEYNPYroe CTOJKHOBEHMS, MoJeNeill rasa, >KUIKOCTH U
TBEPAOro (KPUCTAJUIMUECKOT0) Teja, WJEAIbHOrO ra3a, TOYEUHBIM 3apsl, OJHOPOJIHOE
JNEKTPUYECKOE  TIOJie, OJHOPOAHOE MArHUTHOE TMOJie, TapMOHUYECKHE  KoJeOaHus,
MaTeMaTUYeCKUil MasTHHUK, WJICATbHBI TPYKWHHBI MAaATHUK, TapMOHHMYECKHE BOJHBI,
UJealbHBIN KoNleOaTebHbI KOHTYP, TOHKas JIMH3a; MOJIENIe aToMa, aTOMHOTO s1/ipa M KBaHTOBOU
MO/JIETIN CBETA;

[TPy4 copMUPOBAHHOCTh YMEHUSI OOBICHATH OCOOCHHOCTU MPOTEKAHMS (UIUUYECKUX SBICHHIA:
MEXaHUYECKOe JBUKEHHME, TEIJIOBOE [BHIKEHHE YacTUI[ BEIeCTBA, TEIUIOBOE paBHOBECHE,
OpoyHOBCKOE JABIKEHUEe, MudGy3us, UCMNapeHHe, KHUIIEHHEe W KOHJEHCAIUs, IIJIaBICHUE U
KpUCTAJIJIN3alMsl, HAlPaBJICHHOCTh TEIUIONEepenaun, 3JEKTPU3alUU TeJ, IKBUIIOTEHIINAIbHOCTH
MOBEPXHOCTU 3aPSHKEHHOIO MPOBOJHHUKA, JJIEKTPOMArHUTHOM WHAYKIUH, CAMOWHIYKIHWU,
3aBUCUMOCTH COIIPOTUBIIEHUS MOJYIPOBOJHUKOB "p-" M "n-THUNOB" OT Temmeparypsl, pe30HaHCa,
uHTepQepeHITnN BOJH, UPpaKIUU, TUCTIEPCUH, TIOJTHOTO BHYTPEHHETO OTpaxeHus, GoTodPdexKT,



¢u3nUecKre MPUHIMIBI CIEKTPATbHOTO aHAIM3a U paboTHI Jiazepa, "anbda-" u "Oeta-" pacmass
s5ep, raMMa-u3iaydeHue saep;

[TPy5 chOopMHUPOBAHHOCTh YMEHHH MPUMEHSTH 3aKOHBI KJIACCHYECKONH MEXaHUKH, MOJICKYISIPHOM
(GU3UKM U TEPMOAMHAMUKH, SJIECKTPOJUHAMUKY, KBAHTOBOW (DU3MKU JIJIsl aHAINU3a U OOBSICHEHUS
SABJICHUA MMKPOMHpPA, MAaKpOMHUpPa M MEramupa, pa3iuyarb YCJIOBHs (TpaHUIBI, 00IacTH)
MPUMEHUMOCTH (U3NYECKUX 3aKOHOB, IOHMMATh BceoOUMil XapakTep (yHAaMEHTATIbHBIX
3aKOHOB (3aKOH COXpaHEHMsS MEXAHUYECKOW SHEPruM, 3aKOH COXPAaHEHUS HMIIyJbCa, 3aKOH
BCEMHUPHOI'O TATOTEHUs, NEPBBIM 3aKOH TEPMOAMHAMHUKH, 3aKOH COXPAHEHUS SJIEKTPUUYECKOIO
3apsifa, 3aKOH COXPAHEHHs HHEPrMHM) M OrPAaHUYEHHOCTb HCIIOJIb30BAHUS YACTHBIX 3aKOHOB;
aHAJIM3UPOBaTh (PU3MUYECKHE TMPOLIECChl, MHCIONb3Ysl OCHOBHBIE TOJOXKEHUS, 3aKOHbI U
3aKOHOMEPHOCTH; OTHOCHUTEIIbHOCTh MEXAaHMYECKOTO JBIDKCHHS, (OPMYJIbl KHHEMaTUKU
PaBHOYCKOPEHHOT'O JBHKEHHMsI, mpeoOpa3zoBanus ['amuies aias CKOPOCTH U MEpeMelIeHUs, Tpu
3akoHa HbIOTOHA, NMPUHIMI OTHOCUTENIBHOCTH [ 'anuiies, 3aKOH BCEMUPHOI'O TATOTEHHUS, 3aKOHBI
COXpAaHEHUS WMITyJIbca U MEXaHMYEeCKOW »SHEpruM, CBs3b pabOThl CHUIBI C HM3MEHEHHEM
MEXaHUUYECKON 3HEPIruu, yCIOBHsI paBHOBECHUS! TBEPJOrO Teja; CBS3b JABJICHMS MJI€AIbHOIO ras3a
CO CpeHEeH KMHETUYECKOM 3Heprueil TENI0BOro ABMXKEHUS U KOHLUEHTpAIUME €ro MOJIEKYJ, CBA3b
TeMIepaTypbl BEIIECTBA CO CPEAHEW KWUHETHMYECKOM HDHEPrUed €ro 4YacTHll, CBSA3b JABJICHUS
WJICAIbHOIO Ta3a C KOHIIEHTPALMEeW MOJEKYJ1 U €ro TeMIlepaTypod, ypaBHeHHUE MeHpeneeBa-
Knanelipona, mnepBblii 3aKOH TEPMOJAMHAMHUKH, 3aKOH COXPAHEHHS SHEPrUM B TEIUIOBBIX
mpoleccax; 3aKOH COXPaHEHHs DSJIEKTPUUYECKOro 3apsaa, 3akoH KynoHa, NOTEHLHMAIbHOCTH
ANEKTPOCTATUYECKOTO I0JI, MPUHLUI CYHEPIO3ULIUU 3JIEKTPUUECKUX MoJiel, 3akoHa Kynona;
3akoHbl OMa JJIs ydacTKa LEeNU U Ul 3aMKHYTOM 2JIEKTpUYECKOW 1en, 3akoH J[xoyns-Jlenna,
3aKOH 3JIEKTPOMAarHUTHOM MHIYKIUH, MNpaBuiao JleHua, mnocTynarel ClEUUaIbHOW TEOpUU
OTHOCHUTENIHOCTH OHWHINTEHHa, ypaBHeHuEe DiHIITeiiHa Wi doTtodddekrta, mepBolii U BTOPOM
noctynarel bopa, mpuHmMI HeompeaeneHHOCTH [eii3eHOepra, 3aKOH COXpaHEHUS 3apsna,
MacCOBOI'0 YMCJIA U SHEPTHUH B SIACPHBIX PEAKIUAX, 3aKOH PAIMOAKTUBHOIO pacraja;

[TPy8 chopMHUpOBaHHOCTH MPEACTABICHUN O METOJaX MOJy4YEeHHUS HayYHBIX aCTPOHOMHYECKHX
3HaHUi; BIaJleHMEe YMEHHUSIMHU CaMOCTOATENbHO (POPMYIMPOBATH LIENb MCCIeI0BaHUs (IIPOEKTa),
BBIIBUTATh TMIIOTE3bl HA OCHOBE 3HaHMSI OCHOBOMOJAralmoluX (PU3MUECKUX 3aKOHOMEPHOCTEH u
3aKOHOB, IIPOBEPATH MX OSKCIEPUMEHTAIBHBIMM CPEJICTBAMH; IUIAHUPOBAaTh M IPOBOJWTH
¢u3nyecKne SKCHEPHUMEHTHI, ONUCHIBATh M AHAIW3UPOBATH IOIYYEHHYIO IpPU BBINOJIHEHUU
HKCHEPUMEHTa HHPOPMALIUIO, ONPEEATh JOCTOBEPHOCTh MOJIyYEHHOTO Pe3yIbTaTa;

[TPy 11 oBnaneHue pa3nuyHbIMU criocodamu paboThl ¢ HHGopMalueil (U3NIECKOro coiepKaHus
C UCHOJb30BAHUEM COBPEMEHHBIX HWH(POPMALIMOHHBIX TEXHOJIOTHH, pa3BUTHE yMEHUH
KPUTHUYECKOIO aHAJIN3a U OIIEHKH JIOCTOBEPHOCTH MOJIydyaeMoi nHpopmanuy;

[IPy 12 oBnageHue OpraHU3alMOHHBIMM M IIO3HABATEIbHBIMH YMEHHUSMH CaMOCTOSITEIIBHOTO
NpUOOpETEeHUsT HOBBIX 3HAaHUM B  TMpollecce  BBIMOJIHEHHMS] TPOEKTHBIX U yuyeOHO-
HCCIIEIOBAaTENIbCKUX pPabOT, YMEHHSAMM 3aHATHETh B TPYIIE C BHIIOJHEHUEM PA3JINYHbIX
COLIMAJIbHBIX POJIEH, TUIAHUPOBATh PabOTy IPYyMIbl, PAlMOHAIBHO PACHPENENATh NesSTEIbHOCTh B
HECTaHJApPTHBIX CUTYallUsAX, aJ€KBAaTHO OLIEHMBATh BKJIAJ KaXKJOTO0 W3 YYaCTHMKOB TIPYMIBI B
pelieHre paccMaTpuBaeMon IpoOIIeMBl;

MP 8 cniocoOHOCTb ¥ TOTOBHOCTH K CAMOCTOSITEIbHOMY ITOMCKY METOJIOB PELIEHHUS MPAKTUYECKIX

3aJ1a4, MPUMEHEHUIO Pa3IMYHbIX METOJIOB MIO3HAHNUS;
MP 9 Bnanerb HaBbIKAMU IMOJNYyYeHHMS HMH(POpPMAIMM U3 HCTOYHHKOB PpA3HBIX THIIOB,
CaMOCTOSITEJIbHO ~ OCYIIECTBJISITH ~ NOUCK, AaHAIW3, CHUCTEMATU3AalMI0 W  HHTEPIPETALHIO
nH(OpMaIUY Pa3IMYHBIX BUJOB U (OPM Ipe/ICTaBICHHUS;

MP 10 c¢opmupoBaHMe HAay4yHOrO THNA MBIIIJICHUS, BJaJeHHE HAyYHOW TEPMUHOJOTHEH,
KJIFOUEBBIMH MOHATUSIMHU U METO/IaMU;
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e MP 21 BBISBIATH NPUYMHHO-CIECACTBEHHBIE CBSI3M M aKTyaJu3UpOBaTh 3aJady, BBIJIBUraTh
TUIIOTE3Y €€ PEHICHUs, HAXOJAUTh apTyMEHTHI ISl JJOKA3aTeNIbCTBA CBOMX YTBEPXKJICHHM, 3a/1aBaTh
rapameTpbl U KpUTEPUU PEILICHNUS,

e MP 17 ymerb mnEepeHOCUTh 3HAHUA B T[O3HABAaTEIbHYI0 M MPAKTUYECKYIO 00J1acTu
KU3ZHEIESITCIIbHOCTH;

e MP 13 oBnanenue BUgaMH JESTEIBHOCTH IO MOJIYYEHHIO HOBOTO 3HAHUS, €r0 MHTEPIpPETAIUH,
peoOpa30BaHUIO U MPUMEHEHHUIO B Pa3IMUHbIX YU€OHBIX CUTYalUIX, B TOM YHCIIE [IPH CO3AaHUU
y4eOHBIX U COIUAIBHBIX TPOEKTOB;

e JIP 13 roTtoBHOCTh M CHOCOOHOCTH K OOpa30BaHUIO M CAMOOOPA30BAaHHMIO Ha MPOTSHKEHUHM BCei
KHU3HU;

e JIP 14 oco3HaHMe TUYHOIO BKJIaJa B IOCTPOEHUE YCTOMYMBOIO Oy yILIEro

JIP 23 rOTOBHOCTB K TPYyZly, OCO3HaHHE IEHHOCTH MacTepCTBa, TPYJOI00HE;

e JIP 26 criocoOHOCTH OIICHWBATh CUTYAIUIO M IPHHUMATh OCO3HAHHBIC PEIICHUS, OPUEHTHPYSCH Ha
MOpaJIbHO-HPABCTBEHHBIE HOPMBI U [IEHHOCTH;

ConepaHue NpaKTUUECKUX U JJAOOPaTOPHBIX 3aHATUI OPUEHTUPOBAHO Ha IIOATOTOBKY O0yYaroIuXcs K
OCBOCHHIO TPO(ECCHOHATBHOTO MOAYJSI TPOTPaMMBbl TOATOTOBKM  CIICIMATIMCTOB CPEIHEr0 3BEHA TI0
CIIELIMATIbHOCTH Y OBJIA/ICHUIO HPOeCCUOHAILHBIMU KOMPEMEeHUUAMU:

IIK 6.1. DkcruryatupoBaTh U OOCITY)KMBAaTh KOTENBHBIA arperat, TpyOOIpOBOJBI Hapa U Tropsden
BOJIBI.

A Takxke pOpMHUPOBAHMIO 0OULUX KOMNEMEHUUIL:

OK 01 BriGupath criocoObl pemeHus 3a1ad npoecCHOHAIbHON AEATENbHOCTH IPUMEHHUTENBHO K
Pa3IMYHbIM KOHTEKCTaM.

OK 02 Hcnonb30BaTh COBPEMEHHbIE CPEICTBA MIOMCKA, aHAJIM3a U UHTEPIPETaluu UH(POpMALMU U
MH(OPMALIMOHHBIE TEXHOJIOTUH JJIs BHIIOJHEHUS 331a4 Npo(eCCHOHAIbHON AeSITENbHOCTH

OK 03. [TnanupoBaTh U peann30BbIBaTh COOCTBEHHOE MPO(GECCHOHATBHOE U TMYHOCTHOE Pa3BUTHE,
MpeNNPUHUMATEIBCKYIO AEITEIbHOCTD B MIpodeccnoHanbHOM cepe, UCIob30BaTh 3HAHUS 110 PABOBOM
1 (MHAHCOBOM IPaMOTHOCTHU B PA3IMYHBIX )KU3HEHHBIX CUTYalUsAX

OK 04 3¢ddexTrBHO B3auMOACHCTBOBATH U PaOOTaTh B KOJUIEKTUBE U KOMaH/Ie

OK 05 OcymecTBiasaTh YCTHYIO U NUCBMEHHYIO KOMMYHHKAIIMI0 HAa TOCYJAapCTBEHHOM SI3BIKE
Poccuiickoit @enepanuu ¢ yueTroM 0COOEHHOCTEN COLMANIBHOTO U KYJIbTYPHOI'O KOHTEKCTa

OK 06. IlposBasaTh TIpa)xIaHCKO-NATPUOTHYECKYIO IIO3ULHUI0, JIEMOHCTPHUPOBATh OCO3HAHHOE
MIOBE/ICHUE Ha OCHOBE TPAJMLIMOHHBIX POCCHUICKUX yXOBHO-HPABCTBEHHBIX LIEHHOCTEH, B TOM YHCIE C
Y4E€TOM TapMOHHM3AIMM MEXHAIIMOHAIBHBIX M MEXPETUTHMO3HBIX OTHOUIEHWM, MPUMEHSTh CTaHIapThl
aHTUKOPPYILHUOHHOIO NIOBEIEHUS

OK 07 CopnelicTBOBaTb COXpPaHEHHUIO OKPYXAIOUIeH cpeabl, pecypcocOepeKeHHnI0, MPUMEHSTh
3HaHUS 00 M3MEHEHUM KJIMMAaTa, MPUHIUIBI OEpeXIMBOrO MPOU3BOACTBA, 3()(PEeKTUBHO AEHCTBOBATH B
Ype3BbIYAITHBIX CUTYAIUIX

OK 09 ITonp3oBarbest mpoecCHOHATBHONW JJOKYMEHTaluell Ha rocylapcTBEHHOM U MHOCTPaHHOM
SI3BIKaX.

BeimonHenue oOydaromuxcs MPaKTUYECKHX M J1TAOOpaTOpHBIX paboT Mo y4eOHOW TUCHMIUIMHE
«®Pu3HKa» HAPaBIIEHO HA:

- 00o0meHne, CUCTeMaTH3alMIo, YIIyOJieHHe, 3aKpeIuleHHue, pa3BUTHE M JIeTaTU3alHIo
MOJIYYEHHBIX TEOPETHUECKUX 3HAHUI 10 KOHKPETHBIM TeMaM y4eOHOW JUCIUILTUHBL,

- (hopMUpOBaHME YMEHHUH MPUMEHSATH MOJyYCHHbIE 3HAHUS Ha MPAKTHKE, pealu3alMio eIMHCTBA
MHTEJJIEKTYaJIbHOM U MPAKTUYECKON AESITETbHOCTH;

- (opMupoBaHuE M pa3BUTHE YMEHM: HaOII0JaTh, CPaBHUBATh, COMOCTABIAThH, AHAIU3HPOBATH,
JieNaTh BBIBOJBI W OOOOIIEHUS, CAMOCTOATEIbHO BECTH HCCIEAOBAaHHUA, IOJB30BATHCA PA3IUYHBIMU
npueMaMH U3MEPEeHUH, 0OPMIIAT pe3yabTaThl B BUJIE TaOJIUI], CXeM, Tpa(HKOB;
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- NpUOOpPETEeHHE HABHIKOB pabOTHI C pPazIMYHBIMU MpHOOpaMH, ammapaTypoil, yCTaHOBKaMH U
IPYTMMH TEXHUYECKUMH CPEJICTBAMH JUIS POBECHNUS OIBITOB;

- Ppa3BUTHE UWHTE/UIGKTYaJbHBIX YMEHHUH y OyAylIlMX CHEHHAIMCTOB: aHAJTUTHYECKHX,
POEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIP.;

- BBIPAaOOTKY MPH PEIIEHUH MMOCTABICHHBIX 337a4 MPO(EeCCHOHANTBHO 3HAYUMBIX KauyeCTB, TAKUX KaK
CaMOCTOSATENILHOCTD, OTBETCTBEHHOCTh, TOYHOCTh, TBOPUECKAst MHUIINATHBA.

[IpakTryeckue Uiy J1adOpaTOpHBIC 3aHATUS POBOJATCS B PAMKaX COOTBETCTBYIOILIEH TEMBI, ITOCIE
OCBOCHHSI JMAAKTUYECKUX EIMHUI], KOTOpble 00ECHEeYMBAIOT HAIMYME 3HAHWH, HEOOXOAMMBIX IS ee
BBITTOJIHEHUSI.
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2. METOANYECKHUE YKA3ZAHUA

Tema 2.1. Kunemaruka

IIpakTuyeckoe 3ansaTue Nel

Pemienue 3a1a4 mo KHHEMATHKE. ypaBHeHHH ABHUKCHHUS.

]_[e.m,: HAayUUThCA pas3jindaTb BUABI MCXAHUYCCKOI'O JABWKCHHA B 3aBUCHUMOCTU OT q)OprI
TPACKTOPUU U CKOPOCTU IEpPEMEIEHUsl Teja, PACCUMTHIBATh €ro MapaMeTpbl, HAyYUThCS H300pakaTh
Fpa(l)I/I‘IeCKI/I Pa3jIndHbIC BUAbl MCXaHUYCCKUX I[BPI)KGHI/Iﬁ, 3aIlIMCbIBAaTh YPABHCHUA JABUKCHUSA, pa3jIndaThb
€ro OTHOCHUTENIbHOCTb, HAY4YHTbCS (OPMYIUPOBATH CICAYIOUINE MOHATUSA: MEXAaHMYECKOEe IBUKECHHE,
CKOpPOCTH U YCKOPCHHE, CUCTEMA OTCUCTA, MeXaHNM4YeCKUHU IMPUHIHUIT OTHOCUTCIILHOCTH.

IIpakTuyeckasi padora popmupyert: [1Py5, I1py9, [1Pyl13, I1P62, ITP66, I1PG7,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Brinosinenue padorsl cnocodocTByer popmupoBannio: OK 01, OK 02, OK 03, OK 09, OK 06
MarepuanbHoe obecrieyenne:

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

Yka3zanue:

[IpakTuueckass paboTra COCTOUT M3 ABYX 4YacTed — TeopeTudeckod U mnpaktudeckoid. [locne
U3Y4YEHUs] TEOPETUUYECKOr0 MaTepuaiga MOXXHO IPUCTYNATh K BBIIOJHEHHUIO IMpakTHUecKod uyactu. OHa
COCTOHMT M3 ABYX M Oosiee 3a1ay Al CaMOCTOSITENBHOTO BbINONHEHHUs. He 3a0biBaiiTe 0 mMpaBUIbLHOM
oopmiennu pemenus. Ha BeimoHeHHe MPaKTUYECKOH OTBOIUTCS JIBa aKaJEMHUECKUX daca.

3aganme:

1. IIncbMeHHO OTBEThTE HA CJIeYIOIHeE BOMPOCHI:

e Kunemartuyeckuil 3aKOH JBUKEHUS JJI1 KOOPIUHATHOTO CIIOCO0a OMpeeNieHUs TBUKEHUS
MAaTepHaIbHON TOYKH.

e KuneMaTnueckuili 3aKOH JBUIKEHHUS MdJII E€CTECTBEHHOI'O JABWXKEHUS IJIsi BEKTOPHOTO
crioco0a onpe/eeHus ABUKECHUSI.

e Kunemarnyeckuil 3aKOH JBIKEHUS AJIs1 €CTECTBEHHOTO CII0C00a OMpPEe/IeIeHUs IBUKECHHUS.

e Kak HallTM BEKTOp CKOPOCTU JJIsi KOHKPETHOI'O, BEKTOPHOTO M €CTECTBEHHOI'O CIOCO0O0B
onpeereHus ABUKEHUA?

e Kak HailTu BEKTOp YCKOpPEHUs AJis pa3HbIX CIIOCOOOB OINpeNeIeHUs IBUKEHUS?

2. Hcnoan3ys ¢opmyJibl VISl pacyeTa NapaMeTpPoB JABHKEHHs TeJl, pelIMTh 3aJa4H.
3. Ipoananu3upoBath rpa@uKy IBHKEHHS TeJl, OMUCATH XapaKTep JABH:KEHMS.

IMopsiniok BbINOJIHEHUS PadOTHI:
1. TloBTOPUTH OCHOBHBIE BONPOCHI KHHEMATHKH.
2. Pemmth 3amaun o BapuaHTaMm.
3. OdopMuUTH OTUET B TETPAAU JJIs MPAKTUUYECKUX padoT.
Xox pa0doThI:
1. TeopeTnyeckasi yacThb
OnHomepHoOe IBHXeHHE. J[BUKeHne ¢ MOCTOSIHHOM CKOPOCTHIO.

HYCTB TCJIO ABHUIKCTCS B HAIIPABJICHUH OCH X C IOCTOSIHHOM CKOPOCTBIO V 1 32 BpeMsI At =t —t, IIPOXOIUT

nyThb Ax =
A
VCP—E

x —x,. Cpenssist ckopocTb

[
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V = const

JIBH>KEHUE € IEPEMEHHON CKOPOCTBHIO. Y CKOPEHHE

Ecin Teno aBmkeTcs HampaBleHUU 4, V ocu Xc

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

0 | |

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

Vckopenwue (d) — CKOpOCTh H3MEHEHHUSI CKOPOCTH.

U—_vU_\u ~ AV M
Ecym 3a Bpemsi At =t—t, n3MeHenue ckopoctn AV=V—V; 10 cpennee yckopenue: |a,, = [a]l=1—.
C
V-V, _
N3 a= X = v = v, +aAt WIH| V() = v +alt
t
aAt?

x(t) = xy + VoAt +

Ecau \70 ua COHAIIpaBJICHbI, TO CKOPOCTb ABMIKCHHA TCJIa BO3PACTACT, a HMCCT

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

v3(1) - V%

Ecnu Bpems aBukeHust At HEM3BECTHO, TO |x(7) = x, + 5
a

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

ITycth Teno OpolIeHO M3 Hayana KOOPJMHAT IMOJ YIJIOM K TOPU30HTY C HayallbHOW CKOPOCTBIO v, . U3
rpaduKa BUJHO, YTO V, = Vyy + Vo, (IBYMEpHOE JBM)KEHHE MOYKHO pacCMaTpHUBATh, KAK HAJIOKEHHUE JAPYT

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

9 2, Vo,

2. [IpuMepsI pelieHus 3a1a4

1. MMaccaxxupckuit moe3n uAeT co ckopocTb 72 km/d. Ilo coceqHeMy MyTH JBMXKETCS HaBCTpEuy
ToBapHbIN noe3 ynHoN 140 M co ckopocThio 54 km/4. CKOJIBKO BpEMEHU NacCakup, CTOSIINN Y
OKHa, OyZIeT BUJIETh MPOXOIAIINIl MUMO HEro TOBapHbIN moe3?

14



Jano: CHU Pewenue:

V1 = 72 kM/y 20 m/c | OTHOCHTENIbHAS CKOPOCTD JABHXKEHHS 000MX MOC30B V = Uy + Us.
V2 = 54 kM/4 15 m/c CnenoBarensHO, BpeMmsi, B TEHEHHE KOTOPOTO MUMO MaCcCaAKHUPCKOro
=140 m

" " l
10€3/1a NpoiIeT TOBAPHBIii, onpeaenum no popmyne: ¢ = =

140
20+15 4c.

[Toacrasnsem mauusie: ¢ =

Omeem: 4 c.

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

Omnpenenuts BpeMs mpoOera Mo MnocagoyHoN MoJIoce U YyCKOPEHHE CaMoJIeTa, CUuTas JBUKCHHE
paBHO3aMEIJICHHBIM.

Jano: CH Pewenue:
Vo= 135 km/u

37,5 m/c| Bpems npobera camonera npu nocazke HaxoauM u3 (opmyIibl IyTH
S=500m

at
S=ypt+ — DA€ @ JUIs PABHO3AME/UICHHOTO IBUIKCHHS ONPE/IC/TCS
v

13 GopMyIbl: U = Vg + at mwma = -To. CrnenoBarenbHo,

vo,.2

3% 2§ 2500

S=vpt- ‘T » OTKymat=—=. [loacrasnsiem ganHbie: { = — 27¢
0 )
v 37,5
Vekopenue a = -T°; a=—=-14wm/c?

27
Omeem: 27 ¢, - 1 4 m/c’.

v=0wm/c

t-7,a-"?

3. Teno, nBUrasch paBHOYCKOPEHHO M3 COCTOSIHUSA MOKOSI, 3a MATYIO CEKYH]y MPOLUIO MyTh 18 M.
YeMy paBHO YCKOpPEHHE U KaKOM IyTh TEJIO MPOILIO 3a 5 ¢?

JMawo: Pewenue:
2 2
” - y ts t
ts—ty=1c¢ | IlyTs, npoiineunslii Te1OM 3a NATYI0 CeKyHay S = S5 — S, = “—2- - “2—“
25 218
S=18m Orciomaa ==5—; a= = 4 M/c?.

-3 47 25-16
3 G at? 4:25
[lyts, npoitaenHslii Tenom 3a 5 cexkyna Ss = S5 = o 50 m.

Omeem: 4 w/c%; 50 m.

4. B nocienHIO0 CeKyH/1y CBOOOJHO Majaroliee Telo MPOoLUIO MOJOBUHY cBOero mytu. CKoIbKO
BPEMEHH M C KaKOH BBICOTHI MAJIAJI0 TEJIO?

Jlano: Pewenue:

1 . . £
hy, — Ry q= Eh" [1yTs, npoiizenHsiii 3a Bce Bpems nagenus: h, = =

v I t-1)?

g=9.8 wm/c? Jlo nocneaHeit CeKyH/IbI TEIO MPOLLIO MYTh 12—" = “%
tz

t-7 h,-? CnenoBatensHo, gT =g(t—1)% wm t*-4t+2=0.

9,8:3,42
Ortcioma =2 ++2 =34 c. Buicotamagenus h, = o 57 m
Omeem: 3,4 ¢; 57 m.

5. Kamens nmagaer B maxry. Uepes 6 ¢ ClbllIeH yaap KaMHs O JHO maxTel. OnpeaenuTs IIyonHy
IIaXThl, €CJIM CKOPOCTh 3ByKa 330 m/c.
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Hano: Pewenue:

t=6¢ Ecnu 0003HauuTh Hepes t; BpeMs najieHust KAMHs, TO BpeMsi pacIpOCTPaHeH s
v =330 m/c | 3Byka f-t;. [lyrs, npoiizennslii kamaem npu cBo6oaHOM nagernu  h :gzﬁ' a
g=9.8m/c? | 3Bykom — h = v (t - t;). CneoBaTensHo, gzﬁ =0 (t-t;) unm gtlz +20t1-20t=10
h-? Pewus dannoe ypasrernue, noryyum t; = 5,5 ¢. I'myOuna maxret h = g;

h= WES 148 m

Omeem: 148 m.

3aganus 1J151 CAMOCTOATEILHON padoThI
Bapuant Ne 1
1. Camoner WJI — 86, nBurasch paBHOMEpPHO cO cKopocThio 900 km/4, B Te4eHHE 9C COBEPIIII
TaKoe ke MepeMernienue, 9ro u camonet Sk — 42 3a 10 c. Onpexnenure ckopocts Sk — 42.
2. I'paduku xakux OBMKEHHMM Ten mokazaHbl Ha puc. 1? Ilo rpaduky ompenenute: 1) B kakoii
MOMEHT BPEMEHHU TeJla BCTPETUIINCH; 2) KaKUe IyTH TeJla MPOILJIN 10 BCTPEUH.

¥, Mt

puc.l.

3. IToe3n uepes 10 ¢ nmocne Havana ABMKeHUs puoOperaeT ckopocTh 0,6 M/c. Yepes kakoe Bpems
OT Hauaja JBI)KCHHS CKOPOCTh 0e€3/1a CTaHEeT paBHa 3 M/c?

4. 3a kakoe BpeMsi aBTOMOOWJIb, IBUTasICh ¢ yckopeHnuem 0,4 m/c? YBEJIIMYUT CBOIO CKOPOCTH C 12
1o 20 m/c?

5. Ilyna B crBone aBToMara KanalmHuMKOBa IBHXKETCS C yCKOpeHHEM 616 m/c? . KaxoBa CKOPOCTb
BBUIETA ITYJIH, €CIIU JuTiHa cTBojia 41,5 cm?

6. Tero, IBUTasch MPAMOIMHEHHO C YCKOPeHHEM 5 M/c’, MoCTHIIO ckopocTd 30 Mm/c, a 3ateM,
JIBUTAsICh paBHO3aMEeIJIEHHO, OCTaHOBMIIOCH uepe3 10 c. Onpenenute nyTb, IPOWIeHHBINA TEIOM.

7. Teno cBoOogHO magaer ¢ BhICOTHI 125,5 M. Ompenenure BpeMs HaJeHUS U CKOPOCTb Tella B
MOMEHT yJiapa 0 3eMJIIO.

Bapuant Ne 2

1. Cpennee paccrossaue mexay 3emiieit u Comrnem 1 actpoHomuueckas enuuauna (1 a.e. = 1,496
1011 m). Onpenenure Bpems npoxoxaeHus ceera oT Connua 10 3emiin. CKOPOCTh CBETa B BaKyyMe ¢ =
3- 108m/c.

2. Ha puc. 2. npencraBieH rpaduk 3aBHCHUMOCTH KOOpAMHATHI Tena oT BpeMmeHHu. Ilo rpaduky
ornpezaenuTe: 1) CKOIbKO BPEMEHHU TEJIO HAXOAWJIOCh B IBUKEHHUH; 2) UEMY PaBHO €ro MepeMelieHue.
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puc.2.

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

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

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

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

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

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

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

Tema 2.1. Kunemaruka

IIpakTHyeckoe 3ansaTHE No2

Pemenue 3aga4 Ha mapaMeTpbl BpamaTeJIbHOro ABUKCHU S

Iesb: HayunTHCS pemaTh 3a/1a4y Ha MapaMeTpbl BpallaTeIbHOTO ABHKEHHS

IIpakTnueckas padora ¢popmupyer: [1PyS, [Ipy9, [1Py13, I1P62, ITP66, ITP67,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
Boinosnenue padorsl cnocodocTByeT hopmupoBannio: OK 01, OK 02, OK 03, OK 09
MarepuaibHoe o0ecniedyeHHe: WHAMBHUIYyalbHOE 3a/laHUe, KOHCMIEKT JIeKIHUH, CHpaBOYHBIE

MaTepuabl.
3aganue:

1 OTBeTbTE HA CJIeAYIOLIME BONPOCHI:
o Kakyro (GopMysy MOKHO HMCHOJIB30BAThH JJIS HAXOXKJIEHHS MyTH, €CIM TOYKA MPOIUIa IpU
KPHUBOJIMHENHOM JBUKEHUU?
o Jlokaxxute (popMyiy, CBA3BIBAIOILYIO BEKTOPHI IMHEHHOM U yrIIOBON CKOPOCTH.
e [loueMy paBHBI BEKTOpbl TaHI€HIIMAIBHOTO U HOPMAJIBHOTO YCKOPEHUS B Ciydae
KPUBOJMHEWHOTO JBMKEHUS MaTepuabHOM Touku? Kak HalTH MOIYNTH 3TUX BEKTOPOB?
e UYeMy paBHBI BEKTOPHl TAHT'€HLIMAJIHLHOTO W HOPMAIBHOTO YCKOPEHMS] U UX MOAYIH JUIS
BpalaTeIbHOT O IBKEHHUS MaTepHaTbHON TOUKH?
e Kak cBs3aH BEKTOp MOJHOTO YCKOPEHHsI ¢ BEKTOpPAaMHU YTJIIOBOTO YCKOPEHMSI U YIIJIOBOM
CKOPOCTH ISl BpAIlaTeIbHOTO JBMKEHUS?
Ilopsinok BbINOJHEHHSI padOThHI:
1. OtBerbTe NMCbMEHHO Ha BOIPOCHI, IIPEICTABICHHBIE BHIIIIE.
2. Pemmte camocrosTenpHyI0 padoTy. OpopMuTe pernieHne MMCbMEHHO B TETPAJIH.
Xon paborsr:
Teopernyeckas 4acTb
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[TycThb Teno ABMXKETCS MO OKPY>KHOCTHU paanyca R ¢ OCTOSHHOM 10 3HAUEHUIO0 CKOPOCTHIO V
(MuHEHHOM CKOPOCTBIO) U 3a BpeMsi At mepemMecTiioch Ha AS u3 T. A B T. B. Bektop V HampasieH mo
KacaTeIbHON K OKPYKHOCTH M MEHSIET HAIPaBIIEHUE, T.€. MOXKHO TOBOPUTH 00 M3MEHEHUU CKOPOCTH

R, _ AV
AV =Vg —V,, OTNIMYHOM OT HyJs. OTcrona: a = It =0,

LleHTpOoCcTpEeMUTENBHOE YCKOPEHHUE (d ) — CKOPOCTh M3MEHEHUSI HAIPABJICHHST BEKTOPa CKOPOCTH.

Ornpenenum =a

acp op -

N3 nono6us tpeyronpaukoB OAB u CBD = Av _

Av  v-AS
acp = —=
At RAt

AS v?2
,HpHAt—)Oacp_)aI/I E—)V:> CZZT.

BekTop ¢ HanpapJieH [0 paauycy K HEHTPY OKPYKHOCTH.

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

2R
_7\/ 2 2R - 47[2 .

T

Yacrota O6paH_[eHI/I$I TOYKH I10 OKPYKHOCTHU (V) — KOJIMYCCTBO IMOJTHBIX O60pOTOB, COBCPHIACMBIX TOYKOM

1 Lo, -V 2.2
. == =1—; |v= =4 R
B €UHUILY BpEMEHU v = [v] o TR k=4 v

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

pan 2
panuycaR, COeIMHAIOMIEr0 TOUKY ¢ HEHTPOM Aa| OKPYKHOCTH. [w]=12=|w= -
w="—
At -
2 22
T ey SRR, o- 20 ol
T R R

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

1. ABTOoMOOWIIb IBMIKETCS IO 3aKpyTiIeHUI0 paguycoM 100 MeTpoB co CKOpOCTHIO 36 KM/4.
OmnpenenuTsd ero HEHTPOCTPEMUTENbHOE YCKOpeHue. (0TB.: 1 M/c)

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

3. ToummeHbIA Kpyr pamuycoM 10 cM nemaer oamH obopot 3a 0,2 c. Haiiaure ckOpocTh TOYEK,
HaunboJee y1aJeHHbIX OT OCH BpaIlIECHUSI.

4. Camonét, BBIXOJS U3 TIHKE, IBIKETCS 110 TPACKTOPUH, KOTOpasi B HIDKHEH 9acTH SIBISIETCS TyTrOn
okpykHocTH paguycoM 800 M. Berumcnure yckopeHue camon€ra MpH ero JBUKEHHUHU, €CIIU €ro
CcKOpOCTh paBHa 720 km/4. (0TB.: 50 M\c?)

5. CnyTHHK JIBHXeTcs IO KpyroBoit opoute Ha BbicoTe 630 kM. [lepuon oOpamienus crnytHuka 97, 5
MuHyT. Ompenenute ero JWHEHHYIO CKOPOCTh M IEHTPOCTPEMHUTENBHOE YCKOpeHme. Pammyc
3emin 6370 km. (O1B.: 7514 M/c; 8,1 M/c?)
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6. Bpewms ogHOoro 06opora BOKpyr ocu paBHO 24 yaca. Beraucnure yrioByro M JIMHEHHYIO CKOPOCTH
BpaleHusl Touek Ha skBaTope. Pagnyc 3emnu cuntath paBHbIM 6400 kM (oTB.: 0,0007 pan/c; 448
M/C).

7. Tlepuon oOpaleHus MepBOro KOCMUYECKOro Kopabus — cryTHuka 3emin «BocTok» paBHscs 90
MuHyT. CpenHss BbICcOTa CIyTHMKA HaJ 3emuéi Obuta paBHa 320 kM. Paguyc 3emuu 6400 xm.
Brruncnute ckopocth Kopals.

8. KakoBa cKOpoCTh ABMKCHHS aBTOMOOWIS, eclii ero kojeca pamuycom 30 cm agemator 600
000pOTOB B MUHYTY?

9. Jlyna nBuxercst BOKpYT 3emin Ha pacctosauu 380000 kM ot He€, coBepias oauH 00opoT 3a 27,3
CYTOK. Brruncnure neHTpocTpeMuTelnbHoe yeckopenue JIyHbl.

®opma npeacTaBiaeHus pe3yabTara:
BoinmonHuTh 3aaHue B TETpaay s MPAKTUYECKUX padoT.
Kpurtepuu ouenku:
3a npaBUIIbHO BBIMOJIHEHHOE 33J]aHUE BBICTABIIAETCS MOJIOKUTEIbHAS OlleHKa — 1 Oas.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATEIbHAS o1leHKa — () OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 2.2. 3akonsl mexanuku HeroTona
IIpakTnueckoe 3ansaTue Ne3
Pemenue 3a1a4 no reMe «Buabl cuJ1 B MeXaHHKe.
CunJjia TpeHus NOKOSI, CKOJIbKeHUsI, KAYeHH s, BPALLleHUsI»

Ilem,: PACKPBITh COACPIKAHUEC 3aKOHOB HproToHa ¥ 0COOCHHOCTH CHII paBHH‘IHOﬁ npupoAbl; 3aKPCIIUTH
YMCHHA U HAaBBIKU PCIICHUS 3a1a1 Ha BTOpOI>'I 3aKOH HBIOTOHa, Koraa Ha TC€J1o ,ZLCIZCTB}'TOT HCCKOJIBKO CHJI.

IIpakTnueckas padora popmupyert: [1PyS, [Ipy9, [1Py13, ITP62, I[1P66, ITPG7,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Beinosnenne padorsl cnocodcTByeT (popmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepuaibHoe of0ecnedyeHHe: TeTpagb IS MPaKTHYECKUX paldoT, pydyka, METOAWYECKHE

PEKOMEH/IallMH IO BBHIIOTHEHHUIO pa0OThI, TUHEIKA, KapaHJaIll.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M MPAKTUYECKOM.
[Tocne u3yueHus TEOPETHUECKOr0 MaTepraga MOKHO IPUCTYNATh K BBHITOJIHEHUIO TPAKTUYECKOW YacTH.
Ona cocTouT U3 ABYX U OoJiee 3a1ad sl CaMOCTOSITENIbHOTO BhIMoJHEeHUs. He 3a0bIBaiiTe 0 npaBUIIbHOM
odopmiieHnu penieHus. Ha BeIMOTHEHNE TPAKTUYECKON OTBOIUTCS JIBA aKaJIEMHUYECKUX Yaca.

IMopsiiok BbINOJIHEHUS] PA0OTHI:

1. PaccMoTpuTe TEOpPETHYECKMHA MaTepuaa 10 TeMe W TMPUMEpPHl pemeHus 3amad  (CMOTpHU
METOAMYECKOE ITOCOOHE).
2. Pemute camocTosTenbHYI0 padoty. Odopmute penieHne MICbMEHHO B TETPAIH.

Xon paborsr:

1. TeopeTnyeckas yacTb
Junamuxa. OcHOBHbIE NOHAMUSL

Nuepuuss — sABIEHUE COXPAHEHHS CKOPOCTH JIBMIKEHHS Teja IMPU OTCYTCTBUHU
BHEIIIHUX BO3JICHCTBUN.

I/IHepTHOCTB — CBOMCTBO TCJI, NPOABIIAOIICCCSA B TOM, YTO HIpPU OJHWHAKOBBIX

R S
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BHEUTHUX BO3JEHCTBUAX pa3HbIE TEIa MPHUOOPETAIOT pa3Hble YCKOPEHUS.

Macca (m) — mepa ueprHocTH Ten.  [M]=1kr. [a, m,

a2 1
3a sranon macchel (1 Kuiorpamm) MpHHSTA Macca MEXTyHapOIHOTO HPOTOTHITA
KHJIOTpaMMa.

W3 ombiTOB HU3BCCTHO, 4YTO YCKOPCHUSA, IIOJIy4daCMbIC TCJIaMH IIpU BSaHMOHeﬁCTBHH, O6paTHO
MIpOoImopurOHaJIbHbI UX MAaCCaM: .

Ecnu maccy kakoro-nmu6o Tena NpuHATh 32 3TAJIO0H, TO MOKHO U3MEPUTH MACCy APYTUX TEIl:

KT m,;-a,;
[P] = 173 Mipas =2 >
M Arpaa
[TnoTHOCTH Tena (V) — OTHOIICHHE MacChl Teaa M m| K eroodbemy V.
pP= v
Cuna (F) — Mepa MeXaHHYECKOTro JeiCTBHs OJIHOTO Tena Ha Jpyroe.

[F]=1H — HbIOTOH.
Cuila uMeer HarpaBJI€HUE, T. €. CUNA-8EKMOp .

Cuna BCCrJa MPUIIOKCHA K TOMY TCIIY, HA3BAHHWC KOTOPOro CJICAYCT B MPCAJIOKCHHUH IIOCIIC MPCAJiora
«Ha».

Cunosoe nosue — 0coOblil BU MaTEPUH, IOCPEICTBOM KOTOPOTO Nepetacrces AeHCTBUE CUIIBI.

—

PaBHOzelicTByIomas (pe3ynsTupyromas) cul ( R ) —cuima, paBHAas BEKTOPHOH cyMMe MaHHBIX cun F .
R-YF

JlaBienue (p) — OTHOIIGHWE CWJIBI K IUIOMQMU TOBEPXHOCTH, Ha KOTOPYIO OHa JICHCTBYyeT B
MEPIEHIUKYIISIPHOM HaIIPaBICHUN.

[P =17 -

oF
S

1 ITa — mackanb

Nmnynbe Tena ()— BEKTOPHAs Mepa MEXaHHUYECKOTO JIBUKCHHUS, paBHAs MPOU3BEICHUIO MAacChl Teja Ha
~ — KI' M
€r0 CKOPOCTb. M[ pl=1
pocts. |p=m-v| ;

Wmnynbe cumbl ( F-Ar) — BEKTOpHAsE Mepa JEUCTBUS CHIIbI, paBHAsl TMPOM3BEJACHUIO CHIIBI Ha BpeMs e€
neuctBus. [F-At] =1 H-c.

3axkonsl HeroTOoHA

O606H_II/IB PE3YyIbTAaThl CBOUX HCCIIeI0BaHUM H, yUTd pa60Ty Tlamunes «O ABWIKCHUU TCJI IO UHCPLUNY,
Heroton C(I)OpMy.]'IPIpOBaJI 3aKOHYCHHOC ITOJOKCHUEC, N3BCCTHOC KaK HCpBLIfI 3akoH HrroTOHA:
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CyIecTBYIOT CHCTEMBI OTCYETa, OTHOCUTEIBHO KOTOPBIX TE€JIO HAXOAUTCA B IOKOE JINOO IBHIKETCS
IIPSAAMOJIMHENHO ¥ PABHOMEPHO, €CJIM PAaBHOIECHCTBYIOIIAsl BCEX MIPUIIOKEHHBIX K HEMY CHJI PaBHA HYJIIO.

WNueprmanshas cucrema orcuéra (MCO) — cuctemMa OTCYETa, B KOTOPOM BBIMOIHSAETCS
nepBbii 3aK0oH HploToHA. F=m-a
- Ap  mAV - o
N3 F= ~ = A, = ™ TIONy9aeM BTOPOH 3aKOH Herorona:
t t

JJIA T€l1a IMOCTOSTHHOM MacChI CKOPOCTb U3MCHCHUSA UMITYJIbCA paBHA IIPOU3BCACHNIO MAaCChl HA YCKOPCHHE.

Bropoii 3akon Herotona padoraer tonpko B MCO u mpu ycioBHM, YTO Macca Tejla U JCHCTBYIOIIUE Ha
HEro CHJIbI IIOCTOSIHHBI.

Bropoii 3akon HproTOHa crnpaBemyvB Uil PaBHOACUCTBYIOIIEM R BCEX CHJI, NPWIOKEHHBIX K TeIly,

MMO3TOMY, MPEKAC YCM PCIIaTh 3aga4u C €ro IMPUMCHCHUCM, HA0 OIIPEACIIUTD R.
F=-F,

Tpernii 3axkoH HproTOHA:

Cuibl, ¢ KOTOPHIMH [Ba Tena ACHCTBYIOT [PYr Ha [pyra, YHCICHHO DPaBHBl U HAMpPaBICHBI B
IIPOTUBOIIOJIOKHBIE CTOPOHBI 110 OJHOMU ITPSIMOM.

Tperuii 3akon Hetotona padotaer Tonsko B NCO.
3aKOH BCEMUPHOTO TATOTEHUS

[Tonaras, uro Bce Tena Beenennolt B3auMHo nputsruparorcs, Hetoton B 1682 r. copmynupoBan 3akoH
BCEMUPHOI'O TSATOTEHMSI: BCE TEJA MPUTATUBAIOTCA JPYT K APYry C CHJIAMH, IPSIMO IPONOPLUOHAIBHBIMU
MIPOU3BEACHUIO UX Macc U 0OpaTHO MPONOPLUUOHAIBHBIMU KBAaJPATy PACCTOSHUS MEXIY HUMH.

y-m,-m
F, = F\,lz 2

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

¥ — IpaBUTALlMOHHAS TIOCTOSIHHAS. ‘y: 6,6720 - 10™ HMZ/KFZ‘.

Cunsl B mpupone -

Cuna T1sokectu (£, ) — Ccuia, cooOImaromas Temy

TSK

—

Fowe = M0

yCKOpeHHe CBOOOHOTO TMaeHHs. T

=

TAXK

Cuna TsbKecTH HaIlpaBJICHa BEPTUKAJIbLHO BHU3 (HCpHeHI[I/IKyJ'IHpHO KacaTelIbHOM K TTOBEPXHOCTHU 3eMJ'II/I).

Peaxuus( N ) — cuna JelcTBHS omops! (II0JBECa) Ha TeJO.
Bec tena (P) — cuia, ¢ KOTOPOii Teo JeiCTBYeT Ha ONOpY MM MOJBEC BCIEACTBUE IPUTSKEHUS K 3eMIIe.
HeBecomocTs — ricue3HOBEHHE Beca Tejla MPH JBIKEHUH OMOPHI C YCKOPEHHEM CBOOOTHOTO TaICHUS.

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

F, = k%
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Cuna ynpyroct ( 7, ) — CuIa, BOSHUKAIOWIAs B TENE NPH AepOopManuu.

3aKkoH ['yka: cuiia yrpyrocTs, BO3HUKAIOMIAs Ipu Ae(opMaliiy Tenia, mpornopuuoHaibHa ero a0COMIOTHOM
nedopManuu 1 HarpaBjieHa B CTOPOHY, TPOTHUBOIIOJIOKHYIO IEPEMEIIEHUIO YAaCTHIL Tela:

Cuna Tpenns noxos (7, ) — CHJIa, BO3HUKAIOIIAs HA TPAHMIE CONPUKOCHOBEHUS TEN IPH OTCYTCTBHH UX

JBUKEHHSI OTHOCUTENBHO JIPYT Apyra.

§ — xodpduuuent Tpenus (3aBucuT OT |F_ =uN| MarepuanoB TPYIMXCs MOBEPXHOCTEH).

Cuna TsDKeCTH — 9TO TPaBUTALMOHHAS CUJIa, C KOTOPOH 3emiis mpuTATruBaeT Kk cede tena: F = mg,
r7ie g€ — YCKOpPeHHe CBOOOTHOTO majaeHus, g = 9,8 m/c2. .

Yckopenne cBoboaHoro maneHust 3aBucHT oT: 1) R 3emmm (reorpaduueckoid mmpotsl): yeM R
3emun 1 (9kBatop), TeM g | 2) h — BBICOTHI Tela HaJ MOBEPXHOCTHIO 3emun: 4em h |, tem g |. s
ar06oro kocmudeckoro tena Frsox 1= G Ml /([1+0]) [

MuHnumanbHas CKOpOCTb, KOTOPYIO HY>KHO COOOIIUTH TEIy, YTOOBI OHO MOTJIO JIBUTAThCS BOKPYT
3emuu o kpyroBoit opoute (MC3) - mepBas kocMuueckast ckopoctb v1 = 7,9 km/c.

MuHumanbHas CKOpPOCTb, NMPU KOTOPOM TENO MPEOoJI0JIeBaeT 3€MHOE MPUTSHKEHHWE U CTaHOBUTCS
cinytaukoM ComHia (opbuta = nmapaboia) — BTopasi KocMUYecKas CKopocth v2 = 11,2 kwm/c.

Ckopoctb, Ipu KOTOpoil Teno mpeonosieBaeT npursbkeHue ConHua u nokuaaer CoMHEYHYHo
CHCTEMY — TPEThsl KOCMUYECKast CKOpocTh L3 = 16,7 km/c.

Cujia TpeHHsi: BO3HHMKAET BJOJb IMMOBEPXHOCTH IBYX TPYLIMXCS TeN H3-3a AedopMaruu 3THX
MOBEPXHOCTEH M HaIlpaBlieHa BAOJb IMOBEPXHOCTH MPOTUB cMmelleHus. [Ipupoma — anekTpomMarHuTHasl.
tp = uw N, rae N — cuna peakuuu onopsl, L — ko3dduuuent tpenus. Cuna TpeHus ObIBAeT: MOKOS,
CKOJIb)KEHUS, KaUeHUs U JKUAKoe TpeHue. Ecnu TpeHue mosie3Ho — ero yBelIW4YHMBaloT (IIypyIbl, MECOK,
IIMITOBKY, PYKaBHIIbI U T.JI.), @ €CJIM BPEIHO — YMEHbIIAIOT (MOALIMITHUKHY, CMa3Ka, o0TekaeMas (hoopma u
T.1.). Cuna ynpyrocta — Bo3HUKaeT npu aedopmaruu tei. [lpupoaa — anekrpoMarHuTHast.

Hedopmarust ObiBaeT ympyras (pacTsDKeHHE - CKaTue, W3Tu0, CIOBUT — Cpe3, KpydeHue) u
TUTACTHYECKas (He MCUYe3aeT Mocie MPEeKpaieHus: BO3ICHCTBHSL.

Jns ynpyroit aedopManiu BBIIOTHIETCS 3aKOH ['yKa: cuila yIpyrocT IpsMo MpONOPIHOHATIBHA
ymmnennto tena: F = — kAl, roe k — sxectkocTs Tena, Al — ero yuymmHeHue. 3HaK «—» yKa3bIBaeT, YTO
Fymp HampaBieHa npoTHBOIOIOKHO CMELIEHUIO YaCTHI] Tea.

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

B sTOoM cinyuae omopa WM HOJABEC HAXOIATCSA B COCTOSIHUM PAaBHOMEPHOTO MPSIMOJMHEHHOTO
JBIDKEHUS] OTHOCUTEThHO 3emuin. OHaKO, BEC MOXKET OBITH OOJBINE WM MEHBIIE CHJIBI TsDKECTH. Ecim
OTI0pa WJIH MOJBEC JBMKYTCS YCKOPEHHO BHU3, TO Bec P = m(g—a).

Ecnu omopa win moaBec OBHUXKYTCS YCKOPEHHO BBEpX, TO Bec P = m(g+a), Teno HCHbITHIBaET
neperpy3ku. Ecnm Temo IBMXKETCS TOJBKO MO ACWCTBHEM CHIIBI TSDKECTH, TO OHO HAaXOJISITCS B
cocrostanm HeBecomoctu (P = 0).

2. IIpumepsl pemieHus 3a1a4

1. ABTOOYC, Macca KOTOpPOTO C IMOJIHOM Harpy3koi paBHa 15 T, Tporaercsi ¢ Mecta ¢ yckopenuem 0,7
M/c 2 . Haiitu cuity Tsru, ecnu ko3 (GUIUEeHT CopoTHBIEHH IBIKeHUIo paBeH 0,03.
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Marno: Pewenue:
m=157=15-103kr

S

a=0,7m/c? % Fp+N+F+mg=md
M =0,03 Fmg, _4_:,2_.-%?:; OT;(' -E +F=rfa
F-? el
: = OY:N-mg=0->N=mg
f _,  Ep=MN-FE,=pmg

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

2. Ha HakIoHHOM MJIOCKOCTH JUIMHOW 5 M U BBICOTOM 3 M Haxoautcs rpy3 maccoit 50 kr. Kakyro
CHJTY, HAalIPaBJICHHYIO BIOJb IUNIOCKOCTH, HAJI0 MPHIIOKUTH, YTOOBI YAEP)KATh ITOT TPY3, €CIH TSIHYTH €T0
c yckoperueM 1 m/c 2 ? Koapdunuent tperns 0,2.

Hano: Pewenue:

m = 50 kr & s Ty

a =1 m/c? Y g CoCTaBuM ypaBHEHHE JIBHKEHNS Tena:
M = 0,02 s '& / Fy+N+F +mg=ma

[=5m \M ;{_ \Z 4 [ Haiizem npoekumm cur Ha ocm:

;{ ,3 M - > Oce OX: -F,, + F - mgsina = ma

Oc OY: N ~mgcosa =0 —= N =mg cosa
Ey, =MN = E, = Mmg cos a
[Tojcrasne Bropoe ypasHeHHe B 1EPBOE, MOJYUHM
-mmgcos @ + F - mgsin a= ma
Haxoaum npou3BoaHyIo BeJIMUHHY:
F = mmgcos a- mgsina + ma nin
F=m(a + mgecos a + gsin a)
[To onpeaeneHnio cuayca nMeem
sina =2 sina=2==0,6
{ 5M™

H3 0CHOBHOTO TPHIOHOMETPHYECKOTO TOAIECTBA
sina? +cosa’=1,
cosa=v1- sina’=y1-036=0,64=08
Buraucanm HCKOMYE) BETHYHHY:
F = 50 xr(0.2:10 s/ 08 + 10 w/c* 061 s/c?) = 430 H
Omeem: 430 H.
3. Ha mHype, nepeknHyTOM uepe3 HemoABMKHBIN OJI0K, moaBeneHsl rpy3sl Maccamu 0,3 u 0,2 Kr.

C xakum YCKOPCHUECM NBUKYTCSA pr3I>I? KakoBa cuia HaTsSHKEHUS BO BpEMs I[BI/I)I(CHI/IH?

Hano! Pewenue:!
my = 0,2 kr 'y Atbamerye pe s COoCTaBUM YPABHCHUE JIBHIKCHUS JUIS
my = 0,3 kr Mk 1 - T JABYX Te:
a-7T-? o - | i {m,_ij+T. = may
™) 4 / " - ud ~ees?
V7 ¢ mydg + T, = mya,

Hatinem npoekuun e na ock OY:
Ty —myg = mya,y
{—7'2 +myg = myay’
Tk, Tena eBa3anbl OAHOH HUTLIO, TO
Ty=T,=Tua, =az =aq,
Torna, {—1"]‘ +n7171g =g
28 = mpa
CHOMHUM 9TH YPABHCHWSA
—myg +mag - (my + my)a man
glmy —my) = (my +my)a
Petmmm 510 ypaBHEHHE OTHOCHTECIBHO HEWIBCCTHOI BCIIMHMMHBI
- g(".z_"’l).[‘hl‘lllc.’"'lM i an 10 M/(f((i.3K|:—().2K|') 2 M/C2
mym; 0,3er4-0,2xr
Cuty HATHKCHNS HAfiIeM UX nepsoro ypasienus: T = my (g + a)
Buiuneanm: T = 0,2kr(10 m/¢? + 2m/c?) =24 H
Omeaem: 2 m/c?; 2.4 H
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CamocrosiTeqbHasi padora

Bapuant Ne 1

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

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

3. Ha HuTH, IEpEeKUHYTOM Yepe3 HeMOABMIKHBIN OJI0K, moaBemieHbl Tpy3bl Maccamu 0,3 u 0,34 xr.
3a 2 ¢ mocie Havajia ABMYKEHMS Kaxbli rpy3 npouen nyTh 1,2 M. [Io 1aHHBIM OmbITa HAWTU YCKOPEHUE
CBOOOJHOIO NaICHHUS.

4. DneKTpoBO3, TPOTasiCh C MECTA, pa3BUBAET MaKcuMaibHyto cuiny taru 650 kH. Kakoe yckopenue
OH COOOIIHUT XKeNe3HOIOPOKHOMY cocTaBy maccoil 3250 T, ecnu KOA(pUIIMEHT CONPOTUBICHUS PaBeH
0,005?

BapuanT Ne 2

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

2. Ha HaKkJIOHHOW IUIOCKOCTU C yriaoMm HakiioHa 30° Haxomutcs Teno Maccoil 20 kr. Onpenenute
CHJTy, HAIlPaBJICHHYIO BJOJb IUIOCKOCTH, KOTOPYIO HEOOXOAMMO MPHJIOKHTH K TEIy, YTOOBI €ro
paBHOMEpHO ABUTATh BHU3. KoadduumenT Tpenus Tena o miockocts 0,6.

3. Ha miHype, mepekuHyTOM uepe3 HEeMmOABMKHBIA OJIOK, moABerieHs! rpy3bl maccamu 0,3 u 0,2 Kr.
C kakuM yCKOpeHHeM ABMXKYTCS rpy3bl? KakoBa cuia HaTsyKeHUS IIHYpa BO BpeMs JBUKECHUS?

4. ABromobuns «Kurynu» maccoit 1 T, Tporasce ¢ mecrta, qocturaet ckopoctu 30 m/c uepes 20 c.
Haiitu cuny taru, ecnu kodddunment conporusnenus pasex 0,057

dopma npeacTaBJieHus pe3yabTaTa:

BreimonHuTh 3asaHue B TETPAAM [Tl MPAKTUYECKUX paboT.

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

Tema 2.3 3aKkoHBI COXpaHEHHS B MEXaHHKe

IIpakTuyeckoe 3ansaTue Ne4

3aKoHbI COXpaHEeHHUsI B MeXaHUKe U UX PUMeHeHHne
Ienb: 3aKpenuTh yMEHHS U HABBIKU PEUICHMS 3a/1a4 HAa 3aKOHBI COXPAHEHUS

IIpakTnueckas padora popmupyert: [1PyS, [Ipy9, [TPy13, I1P62, ITP66, ITP67,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
BoinosiHenue padorsl ciocodcTByeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09
MatepuanbHoe o0ecniedeHue: TeTpab g MPAKTUYECKUX paboT, pydka, METOAMUYECKUE
PEKOMEH/IalliH IO BBHIIIOJTHEHHUIO pabOThI, TMHEIKA, KapaH/Jalll.

Ykazanue:
[IpakTrueckass paboTa COCTOMT W3 JBYX YacTed — TeopeThueckod u mpaktudeckou. Ilocne

U3Y4YEHHs] TEOPETUYECKOr0 MaTepuajga MOXHO IPHUCTYNaTh K BBIIOJIHEHHUIO IPakTHUecKoM dactu. OHa
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COCTOWT W3 ABYX M Ooyiee 3amay A CaMOCTOSITENBHOTO BhINONHEHHUS. He 3a0biBaiiTe 0 mMpaBUIBHOM
oopmiennu pernrenus. Ha BeITOTHEHHE IPAKTUYECKOH OTBOJUTCS JBA aKaJeMUYECKHX Yaca.

Ilopsiiok BbINOJTHEHHS PA0OTHI:

1. PaccMoTpuTe TEOpEeTHYECKHI MaTepuall 10 TeMe W TNPUMEphl pelleHUs 3anaqy (CMOTpH
METOAMYECKOE IIOCOOHE).

2. Pemnte camocrositenpHyto padoty. Odpopmute perieHue MucCbMEHHO B TETPAJIH.

Xon padoThl:

1. TeopeTuyeckasi 4acThb
3aKOHBI COXPAHEHUS UMITYJIhCa, MOMEHTA UMITYJIbCA, JHEPTHH U Jp. ACUCTBYIOT B 3aMKHYTBIX CHCTEMaX.
3amkuymou Ha3bpIBaeTCS CUCTEMa TeJ, B3aMMOJCHCTBYIONIMX TOJBKO JPYr C JPYrOM U He
B3aMMOJICHCTBYIONIUX C JPYTUMHU TEIAMHU.
Hmnynvce cunvl — BEKTOpHAS BEIMYMHA, SBISIONIASACS MEPOM JICHCTBUS CHIIBI 32 HEKOTOPBIH MTPOMEKYTOK
BPEMCHH.
I'=F-t, | —uvmymsc cunsl F 3a Bpems t
Wmnynbe Tenma (KOJIMYECTBO IIBUKCHHUS) — BEKTOpHas (M3MYecKas BEIMYWHA, SBISIOMIASCS MEpoi
MEXaHHYECKOTO JIBFKCHUSI:

= . K2'M
P=m-v,

C
Bropoii 3akoH Hpr0TOHa MOXKHO 3aIIMCBIBAaTh B BUJIE:
Ft = mv, — mv;
P — MMIyJIbC TeTa MAcCOi M, ABMKYIIEr0Cs CO CKOPOCTBIO U .
3aKOH COXpaHEHUs UMITYJIbCa - BEKTOPHAsl CYMMa UMITYJIbCOB TEJ, COCTABISAIOIINX 3AMKHYTYIO CUCTEMY,
0CTa€TCsI HEM3MEHHOM.
Mo, + M0, = M, +m,U,
M1, M2 — Maccel Tell,
01, D2 — CKOPOCTH TEN 10 B3aUMOJICUCTBUS,
U1, Uz — CKOPOCTH TEJI MOCJIE B3aUMOJICHCTBUA.
Ecnu cymma BHEIHHMX CWJ, JAEHCTBYIOLIMX HA Tela CHUCTEMBI, PaBHA HYJII, TO UMIIYJbC CUCTEMBI
COXpaHsETCA:

P =muo, + m,, + Mo, = const

KonuuecTBo moTpebisieMoii SHEPTUM — OJIMH W3 TJIaBHBIX TOKAa3aTellell TEXHUYECKOrO Pa3BUTHS OOIECTRA.
[Tpou3BonCTBO, pachpeneieHre U MOTpeOIeHNe SHEPIMM HEBO3MOXKHO 0e3 e€ mpeoOpa3oBaHMs U3 OJHOTO

BUJA B Apyroi. Eciom mon neicTBHeM MOCTOSIHHOW £ CHIBI F TET0 COBEPUIMIO MepeMelieHue S,
TO TOBOPSIT, UTO CUJION COBEpIIIeHA paboma.
o -

Pabora (4) —  ckamspHOE — [IPOM3BEJEHNUE BEKTOPOB CWIBI F W
riepeMenIeHus § . / S

rie a — yroua N _ﬁ Memnyﬁ u 5; Fs =F-cosa — mpoekuus F
A:‘FHS‘-cosa:F-S-cosa:FSS Ha " At| HampaBieHHE.
[4] =1 H-m = Ik — mx0ynb [N]=1IL’K=1]3T

C

MorHocTh (N) — cKkOpoCTh COBEpIICHHUST paOOThL. — BATT

JHeprus

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

[Tocne comepmieHus paboOTHl CUCTEMa TMEPEUIET W3 OJHOTO COCTOSHUA B Apyroe. Torma pabora —
¢dbu3nueckas BENUYHMHA, XapaKTEPU3YIOIIAs #poyeccrepexola MEXaHHMYECKOH CHUCTeMBl W3 OJHOTO
COCTOSIHHS B IPYTOE.
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MO>XHO TOBOPHUTB, YTO CYILECTBYET HEKHMM IapamMeTp MEXaHUYECKOM CHCTEMbI, U3MEHEHHUE KOTOPOIO
paBHO COBEpIIEHHON paboTe 4.
Mexanuueckas sHeprus (E) — mapaMeTp MEXaHHYECKOW CHUCTEMbI, M3MEHEHHUE (az) KOTOPOTO pPaBHO

cosepuéHHoit pabote (A). az = A. [E]=1 Jox

rae E1 — MexaHudeckasi SHEpPTUsi CUCTEMbI B HAYaJIbHOM COCTOSIHUM;
E> — MexaHndeckast 3HEPTrUsi CUCTEMbI B KOHEYHOM COCTOSIHUM.
M3MeHeHue SHEPTHU Az MOKET OBITH KaK MOJIOKUTEILHBIM, TAK U OTPULATENLHBIM, T. €. AE = £|AE| .

W3 (*) BeITeKaeT: paboTa — Mepa U3MEHEHUS] MEXaHUYECKOH SHEPIHU CUCTEMBI.

Kunernyeckasi s3Heprus

Kunernueckast sHeprus (Ey) — MOJIOBUHA ITPOM3BEICHUSI MACChI TEJIa Ha KBAJpaT €ro CKOPOCTH.
Kunernueckass »Heprus — dHeprus mv2 | ZABHXKEHHUS.

E, = 2 CHJIa COBEpLIACT IMOJIOKHUTENbHYIO paboTy, TO

KMHETUYECKasl SHEPIHs Tejla BO3pPACTaeT, 1 00paTHoO.

ITorenuuanbHAast SHeprUs

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

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

HyneBoil ypoBeHb NOTEHUMAIbHOM »JHEPruM B3aumonencTBus Tena c¢ 3emnéd (HVYIID3) —
rOpPU30HTANIbHAS MJIOCKOCTh, HA KOTOPOH npuHUMaeTcs E, cuctemsl Teno—3emiis paBHO HYIIIO.

I[Tycth Teso Macchl M MO ACHCTBUEM CHIIBI TSDKECTH £, TIEPEMECTHIIOCH C BBICOTHI N1 10 BBICOTHI hy Oe3

U3MEHEHUs ckopoctH. Pabora cwmibl Tskectm A= F,, S =mg(h —h,) = mgh, —mgh, = —(mgh, —mgh,) =

[ToreHnuanbHast 3HEpPrusi B3aUMOJEHCTBHS tena ¢ 3emseit (E;) — npousBeneHue CHIIbI
TSOKECTH Tella Ha BBICOTY N TOJOXKEHHS LEeHTpa Macc Tena oTHocurenbHo HYIID3.
[ToTeHumansHOI SHEPrUuel B3auMOACHCTBHUS YacTeil Tesa 001a1aroT ynpyro AeopMUpOBaHHbIE Tela
[loTeHunaneHass SHEpPrus  yOpyro kx| nmebopmupoBannoro Tema (E,) —  monoBuHa

npousBeneHus keéctkoctu K Terma Ha E, = o | KBaapar ero abcoaroTHOM JedopMaIyu X.

-]

3aKoHBI COXpaHEHHsI B MEXaHHKe AT
OHEprus HMHTEPECYeT 4YeloBEYeCTBO i X X, X Ha BCEM TYTH €ro pa3BUTHs. Bexamu jromu
IIBITAJIUCH u300pecTd  MalluHy («seunvlii  Osucamensvy), TMO3BOJSAIOIIYIO
MOJTy4YaTh YHEPTHUIO U3 KHUOTKYIA».

3aKOH COXpaHEHMs M TMpeBpalleHus sHepruu (1m.3.2) 3amperraer CyllecTBOBaHME BEYHOIO JBHUTraTels,
OJTHAKO BpEMs OT BPEMEHU IOSIBIISIOTCS JIIOIH, OOBSBIISIONINE O CO3JaHUN OUePETHON eT0 MOIEIH.
3aKoH coOXpaHeHHs] MeXaHUYeCKOM IHepPruu

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

3aMKHyTass MEXaHUYEeCKasi CUCTEMa Tell — CUCTeMa, Ha KaKJ0e U3 Tell KOTOPO He NeHCTBYIOT BHEIIHUE
CHJIBI MM PABHOJCHCTBYIOIIAs BCEX BHEIIHUX CUJI paBHa HYJIIO, T.¢. S°F,

-0.
1.6new
PaccMoTpuM 3aMKHYTYI0O MEXaHMYECKYIO CHCTEMY TEJ, 3HAYEHUs] MOTEHIHUAIBHOW SHEPruh KOTOPOW B

HA4aJIbHOM M KOHEYHOM COCTOSIHUSIX PaBHBI Eyn U Eppp, KHHETHYECKOU: Ex U B! |Eg + Ey = Eg + Ep

Ilonmas mexanndeckas OHEPTUsaA CUCTEMBI — CyMMa KHHETHYECKON U HOTeHI_[I/IaJ'II)HOI/I OHEPTHUU TEII 3TOM
CUCTCMEI.

3aKOH COXpaHEHHs MEXaHWYECKOU SHEPIHM: IIOJHAs MEXaHW4YeCKas >SHeprus
3aMKHYTOM MEXaHHYECKOU CHUCTEMBI | T€l, B KOTOPOM JEHCTBYIOT TOJIBKO CHIIBI
TSDKECTU UM YIPYTOCTH, OCTaE€TCs E(EKJFE")i = const HEU3MEHHOM.

OtnenpHO OT Tena OTCYETA HU OJHO TEJIO He 00J1aZlaeT MeXaHHUUECKOM YHepruei.
3aKOH COXpaHEHUs NMITYJIbCa

Ilycte nBa Tema macc My U My COCTaBJISIIOT 3aMKHYTYIO MEXaHUYECKYK) CHUCTEMY,

n o_, o — -
ABHKYTCs HABCTpCHy APYT APYTY H Z p, =const| B3aUMOJCHUCTBYIOT C CHIAMHU F} U F, .
IIo Tperbemy 3axkoHy HeroToHa |[i=L

F, =—F, . J10 B3aMOJEICTBUS UMITYJIbCHI TeNl ObUIH

|B,+ P, = P; + P} 26




P, U p,, MOCIE B3aUMOJIECUCTBUS P; U P .

T.€. BEKTOPHBIE CYMMBbI UMITYJIbCOB T€JI JI0 U I10CJIE€ B3aUMOJCHCTBUS OJJUHAKOBBI.

DyH/IaMEHTAJIbHBINA 3aKOH COXPAHEHUs UMITYJIbCA: FEOMETpUUYECKasi CyMMa UMITYJIbCOB T€J 3aMKHYTOM
MEXaHUYECKOW CUCTEMBI OCTAETCS HEM3MEHHOM.

3aKOH COXpaHEHMS UMITyJIbca mpuMeHuM ToJibko B CO.

Anzopumm pewrenus 3aoau
Cnenaiite 4epTEx I KaK0T0 Teja, IOKAXUTE BEKTOPbI UMITYJIbCOB;
PaccmoTpuTe XapakTep ABMKEHHS TEI U YCTAHOBUTE, SIBJISIETCS JIU IaHHAsi CUCTEMa 3aMKHYTOI;
3anuiuTe 3aKOH COXPaHEHUS UMITYJIbCA B IPOEKIUAX HA OCH;
3anumure npu HE0OXOUMOCTH JONOJHUTENbHbIE (POPMYJIIbl U3 KUHEMATUKU U TMHAMUKH;
Pemnre cucreMy ypaBHEHM, IPOAHATIU3UPYUTE OTBET.

2. llpuMepnI pelieHus 3a1a4

1. Monekyna maccoit m = 3- 10—23 r, noanereBiias K CTEHKE cocya noj yriaom o = 60°, ynpyro
ynapsiercsi o Hee co ckopocTbio v = 500 M/c u otieraer. Onpeaenure uMIysbe cuiibl F+ AL, momy4eHHbIH
CTEHKOM.

Jano: Pewenue:
m=3 10726 kr W3menenne uMnynbca MOJEKYJbl PaBHO
a = 60° =% uMnynscy cuiel: Ap = FAt

: [lycts 0Ch OX HanpaBieHa
v = 500 w/c g1~ P
FAt -9 MepreHANKYIsIpHO CTEHKE,  TOrja

M3MEHEHNE MMIY/IbCa MOJEKylabl Ap =
Ap, = my, - ( - mv,) = 2mu,, rae v, =
VCOS @, oTKyaa Ap =2mvcos a.
[Toacrasus opmyny B ypaBuenue, nonyunm FAt = 2mucos a.
Boruncnenns:
FAt =2-3- 10726 kr- 500%- cos% =1,5-10"23(kr- m)/c
Omeem: 1.5+ 107> kr wm/c.

Puc, 3.2

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

Mano: Pewenue:

v, =04 m/c WUcnonb3yeM 3aKOH COXpaHEHHMS MPOEKLMH MMITY/IbCA HA OCh
v, =0,1 m/c OX, nonoxurensHoe HampaBaeHue ocn OX coBmagaer ¢
my =12:103 kr HAIMpPABJICHNEM JIBIKEHHS NIEPBOI0 BaroHa:

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

v - ,? my +mj

) _12:10% kr0,4 M/c- 48:10% kr0,1m/c _ o
Beuucnenus: v = 3 3 = 0. Ananmu3: v = 0, cnenoBaTeNbHO, MOCHIE
12+107 kr + 48-10° kr

CTOJIKHOBEHHS BarOHbI OCTAHOBATCS.
Omeem: v=10

3. [IBa Heympyrux Tena, Macchl KOTOPBIX 2 M 6 KI, JBHXKYTCA Ha BCTpedy APYr K APYry co
cKopocTsMH 2 M/c Kaxaoe. OnpenenuTs MOAYNIb U HAalPaBJICHUE CKOPOCTH KAXAOT0 U3 ATHX TN Mocie
ynapa. CuenaTb pUCYHOK CAMOCTOSITENBHO.
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Jaro: myU; +myt, = (my +my) U. B npoekumsix Ha oChb:

OX: myuy - myvp =- (Mg + my)v
_muy - "22112.

my = 2 Kr 1 +ita)
= - (m1 +m2
Iy = rkr . _ 2kr2M/c— 6Kr2M/c _ 2 _
U = vy =2mMlc Breruucngem: v = - ==m/c=0,25 M/c.
Kl ’ ! — (2Kr+6kKr) 8
Imeem: 0,25 m/c.
CamocrosiTeIbHas padoTa
Bapuanrt 1

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

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

3. JIBa mapa maccamMu 2 W 8 KI' ABIJKYTCS HABCTpedy JIPYr Ipyry co ckopoctsmu 10 u 2 m/c
cooTBeTCTBeHHO. C Kakoil CKOPOCTHIO OHU OyAyT MPOJOJKATh ABMKEHHE MPU aOCOJIIOTHO HEYHPYTOM
yaape?

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

5. Cuapsan maccoii 50 Kr, JeTsIui BI0JIb pelabcoB co ckopocThio 600 m/c, momagaeT B miuaTdopmy
¢ meckoM Maccoi 10 T u 3actpeBaer B necke. CKOPOCTh CHapsia B MOMEHT MajeHus oOpasyeT yrou 45° ¢
ropu30HTOM. YeMy paBHa CKOPOCTH IIATGOPMBI MOCIE MOMaJaHus CHapsiia, eciu Iatopma JABHKETCS
HABCTpedy CHapsAIy co cKopocTbio 10 m/c?

6. Jlonka cTOUT HEMOJABMKHO B CTOs4Yel Boje. UenoBek, HAXOISIIUNCA B JIOAKE, IEPEXOTUT C €€
Hoca Ha KopMmy. Ha kakoe paccTosiHue nepeMecTUTCs JIoJKa, €Ciu Macca dyeioBeka 60 Kr, Macca JOJKU
120 xr, nnuHa noaku 3 M? ConpoTUBIIEHHE BOJIbI HE YUUTHIBATD.

Bapuanr 2

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

2. Tenexka maccoit 100 r, nBKyIIascs co CKOPOCThIO 3 M/c, ynapsiercs o cTeHKy. Omnpemenure
M3MEHEHHE UMITYJIbCa TEJIeKKHU, €CIIU MOCNIe CTOJKHOBEHHUS OHA CTajia JABUTaThCS B MPOTHUBOMOJIOKHYIO
CTOPOHY CO CKOPOCTbBIO 2 M/C .

3. Baron maccoit 10 T ABMXKETCSI cO CKOPOCTBIO 1 M/C U CTaJIKMBaeTCs ¢ HEMOABMKHON TIIaTPOPMOI
Maccoii 5 T. YeMy paBHa CKOPOCTbh UX COBMECTHOTO JIBH)KEHUS MTOCIIE TOr0, Kak cpaboTaeT aBTOCIenKa?

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

5. Ha HenmoABM)XKHOMN >KeJIe3HOIOPOKHON MiaTdopMe ycTaHOBIEHO opyaue. Macca miat@opmsl ¢
opyauem 15 1. Opyame ctpenser mox yriom 60° k ropuzoHTy. C Kakoil CKOPOCTBIO TMOKATHTCS
iatgopma, eciim Macca cHapsiia 20 KT ¥ OH BBUIETaeT co ckopocTbio 600 m/c?

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

dopma npeacTaBJieHus pe3yabTaTa:

BeImotHATE 3a/aHue B TETpaay s MPAKTHYECKUX padoT.

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

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

Iesb: 3aKpenuTh YMEHUS M HAaBBIKM pEIICHHs 3a7ad Ha (opMysbl paboThl, MOIIHOCTH, 3aKOHBI
COXPAaHEHHUS
IIpakTnyeckas padora popmupyert: [1PyS, [Ipy9, [1Py13, ITP62, [1P66, ITP67,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
Beinosinenue padorsl cnocodcTByeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepuaibHoe of0ecnedyeHMe: TeTpagb M IPAKTHYECKMX paldoT, pydka, METOIUYECKHE

PEKOMEHIALlH 110 BBIIOJIHEHUIO Pa0OTHI, JIMHEHKA, KapaH Jarll.

Yka3anmue:

[IpakTuyeckas paboTa COCTOMT M3 JIBYX YacTe — TeOpeTHuYecKoil u mpaktudeckoil. Ilocre
U3Y4YEHHs TEOPETUYECKOr0 MaTepuaga MOXXHO IPHUCTYNATh K BBIIOJHEHHUIO IPAakTHYecKOoN udacth. OHa
COCTOMT M3 JBYX W Ooyiee 3amad Jjisi CaMOCTOSITENILHOTO BBHIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
oopmienuu pemnienus. Ha BelosHEHHE NPaKTUYECKOM OTBOJUTCS JBa aKaJeMUYECKHX Yaca.

Ilopsinok BbINOJHEHHS PadOThI:

1. PaccMmoTpuTe TeopeTMYECKM MaTepual IO TeMe€ U IpUMephbl peleHHus 3agad (CMOTpHU
METOAUYECKOE IIOCOOHE).
2. Pemmre camocrosiTensHyto padoty. Odopmure perieHne NMCbMEHHO B TETPALIH.
Xoa paGoTsI:
1.Teopus.
Pabora u momHOCTB. DHeprusi, ee BUJbI.
3aKoH cOXpaHeHHsI JHePrum

OHnepeuss — camas BaKHAsi COXPAHSIOMIAsCA BEIIMYMHA HE TOJIBKO B MEXaHHWKE, HO U B (U3UKE
BOOOIIlEe. DHEPrusi TECHO CBsA3aHa ¢ paboToil. Bce Mbl, kak M moOble ABUraTeny, coBepiiaeM padoTy,
MIPUBOJIUM B JABM)KEHUS TeJla, OJAEPKUBAEM 3TO JIBIKEHUE WIIH XKe MPEeKpalaeM ero.

JleiicTBus cun Ha Tena, NPUBOMALIME K M3MEHEHHIO MOIYJSA MX CKOPOCTEH, XapaKTEpU3YIOTCs
BEJIMYMHOM, 3aBUCSIICH KaK OT CUJI, TaK U OT MEePEMEIICHUN TeJl, Ha KOTOPBIE 3TH CHJIBI IEUCTBYIOT. DTy
BEIMUUHY HA3bI8AIOM pAOOMOL.

Pabora — cxansipHas Benu4MHA, paBHas IPOU3BEICHUIO MOIYJIEH CUIIBI U TIEpEMEIIEHMSI Tela Ha COS
yria MEeXAy HUMMU.

Pa6ota mocrosuuo#M cuibl I

.4—4;':-5—1’"-5-';05{:’}1;1(

rae S — mepemMenieHue Tena,
0L — Yrol MeXAy HampaBlICHUEM JEHCTBHA CHJIBI W HalpPaBIECHUEM

19

MEPEMEIIICHHS.

Puc.1

Ecnu BennumHa CWIbl, AEMCTBYIOIIEH Ha TENO, 3aBUCHUT OT KOOPAMHATHI X, TO paboTa ATOW CHIIBI
YUCJICHHO paBHa IIomaay noja rpagukoM pyakmmn F(x).

Enuauier paboTsr: A =1H - 1M = JIx = JI)x0ynb.
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Iicoyns — pabota, coepriaemast cuiord | H Ha mepememenue 1 M, eciu HampaBleHUE CHUIIBI U
nepeMeleHNe COBMaatoT.
1. PaGoTa cuiibl TSKECTH.

PaGoTa cHBl TS)KECTH HE 3aBHCHT OT TPACKTOPHUHU ABUXXCHUSA TCJIa U BCEria
paBHa U3MCHCHUIO HOTGHHH&HBHOﬁ OHCpPIruu TCJIa, B3ATOMY C IMPOTHBOIIOJOXHBIM
3HAaKOM.

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

Ecnu cuna TsKeCcTH COBEpIIaET OTPHLATENBHYIO paboTy, To E, —
yBennuuBaercs. IIpu coBeplieHnn Mo0KUTENbHON paboThl — E, yMeHbIIaercs.

2. Pabora cuiibl ynpyrocTtu.
A=FS,

F =k X, + X,

rae 2 _ cpenHee 3HAYCHHE CHIIBI YIPYTOCTH MPH W3MEHEHWH JUTMHBI TPY>KUHBI OT X1
HO X2,

S =X; - X2 — CMEILEHUE.

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

Mowmnocmo

Mownocms — ckansipHas (u3MUecKas BEIUYMHA, XapaKTepu3yrollas OBICTPOTY COBEpIICHHS
paboThl, KOTOpast YMCICHHO paBHa padoTe, COBEpIIaeMOi 3a €AMHUILY BPEMEHHU:

f , [Ix/c = Bt — Barr],

rae A — pabora, [[1x]
t—Bpems, [c]

Onepaus
Ecnu Teio wim crcteMa Tell MOTYT COBEpIaTh paboTy, TO TOBOPSAT, YTO OHH 00JIa1at0T SHEPTHEN.
DHeprusi B MEXaHHKE — BEIMUYMHA, OMpPEeisieMas COCTOSHHEM CHCTEMbl — MOJOKEHUEM Tel U UX
CKOPOCTSIMH; M3MEHEHHUE SHEPTHU TPH TIEPEXO0/IC CUCTEMbI M3 OJHOTO COCTOSHHS B PYroe paBHO paboTe
BHEIIHUX CHUIL.
1. Kunemuueckas (Kinema — nBIKCHHE) — SHEPIHs MEXAHUYECKOTO JIBMDKCHUS CHCTEMBI Tell,
YHCIICHHO PaBHA MMOJOBUHE MPOM3BEIACHHS MACChI Tella Ha KBAJIPaT €ro CKOPOCTH.
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Eo— mu

e =
= aﬂ}K'
Teopema. PabGora paBHOACWCTBYIOIIMX CHJ, TPHJIOKEHHBIX K HEMY, paBHAa W3MEHCHHIO
KMHETUYECKOW SHEPruu Tea.

mu; o muy

2 2

A

= A= A Ex (pa6oTa — U3MeHEHUE DHEPIrUH)
A=FExy - Exq =A Fx
2. I[lomenyuanvnas (potentia — BO3SMOKHOCTB) — SJHEPTUS B3aUMHOTO PACIIONIOXKECHHUS TEJT HIIH YacTel
OJIHOTO M TOTO K€ Tela, YUCIEHHO paBHA MPOMU3BEACHHUIO MAacChl m Tejla HAa YCKOpEHHE CBOOOTHOTO
MaJICHUS g ¥ BBICOTY h Ha/l MOBEPXHOCTHIO 3eMJIH.

E,=mgh, [[lx]

A = -(mgh, - mghy)
>A= —A4E,
A:'(Ep2 ‘Ep[}: ‘—AEP

Ilomenyuanvnas suepeus — SHEpPrus, OOYCIOBJIEHHAs B3aUMOICHCTBUEM pAa3JIMYHbIX TeN WU
yacTel OJHOro M Toro ke Tenaa. OHa 3aBUCHUT OT B3aMMHOI'O PacOJIOKEHUS TEJ WIM BEJIUYUHBI YIPYron
nedopmarum Tena.

[lorenumaneHas sHeprus tena | [loreHunanbHas sHeprus | [lorenuumanbHas JHEprus
MIOJHATOrO Ha BBICOTY, | CXKaTOU W PacCTAHYTOH | TPAaBUTALlMOHHOIO B3aUMOJCHCTBUSA
HaMHOI'O MEHBIIYIO paauyca | Ipy>KHHbI MaTepUaIbHBIX TOYEK WIn
3emiu OJIHOPOJHBIX 1IaPOB
E,=mgh v I
m P9 - __Mm
E =-G R
Hynesoii
. R N YPOBEHB
a ! COOTBETCTB
yeT R — o0
y Ep =
Hyneoit _ YPOBCHb Hynesoi YPOBEHb
cooTsercTByeT h =0 coorBerctByer X = 0
(nenedopMupoBaHHAS
MpYy>KHUHA)

3axon COXPAHEHUSL OHEP2UU 6 MEXAHUKE
B BaMKHYTOﬁ CHUCTEMCEC TCJ IMOJOXKHUTCIIbHAA paGOTa BHYTPCHHUX CHWJI YBCIIMYUBACT KUHCTUUYCCKYIO
OHEPTUI0O W YMCHBUIACT ITOTCHIHAJIBHYIO. OTpI/IHaTeJ'IBHaSI pa60Ta YBCIUYMUBACT NOTCHUOUAJIBHYHO M
YMCHBIIACT KUHCTUUYCCKYHO OJSHCPIHUIO. HMmenHo 6.118.1"0,[[8.})5{ 9TOMY BBIIIOJJHACTCA 3aKOH COXpPaHCHHA

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

E = E, + E, —nonHas MEXaHUYECKasi DHEPIUsl CUCTEMBI, BEJIMYMHA, PABHAsA CYMME KMHETUYECKOH 1
ITOTEHIMATIbHON SHEPIUil CUCTEMBI.
3akon coxpanenus noIHOU MEXaAHUYECKOU SHepeuu
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B 3aMKHYTOH cucTEMe MEXaHUYECKast SJHEPIUs COXPAHAETCH.
E=E, +E, =const E,; +Eq =Ep +Eq
Ilpumeuanue: Eciu B 3aMKHYTOM CHCTEME €CTh CHJIbl TPEHHUS, TO MEXAHUYECKAsl SHEPrus He
COXpaHseTcs, T.K. 4acTh €€ ePEXOIUT BO BHYTPEHHIOKO.
3axon coxparnenus snepeuu
OHeprusi HE CO3/1aeTCsd M HE MCYE3aeT, a JUlIb INEepelaeTcs OT OJHOTO Tena K JIpyromy WIH
mpeBpaliaeTcs u3 OAHON (GOPMBI B IPYTYIO B PABHBIX KOJIMYECTBAX.
2. llpakTuyeckas padora
Anzopumm pewrenus 3a0au

1. Crenaiite 4epTex.
2. Bri6epure Hynepoii yposens E, (E,; = 0).
3. VYcTaHoOBHUTE HauaJIbHOE U KOHEYHOE MOJIOKEHUE Tena (CUCTEMBI Te).
4. Omnpenenure MOJHYI0 MEXaHHMUYECKYIO SHEPTHIO Tesl (CHCTEMBI T€lT) B HAYAJIbHOW M KOHEYHOM
TOUKaX.
5. 3anuiuTe 3aK0H COXPaHEHUS SHEPTUU.
a) A 3aMKHYTBIX cucteM: £y = E; wiu E + E,; =Eo + Ep),
0) Tpu mepexo/ie CUCTEMBI U3 HAYaJIbHOTO TIOJI0KEHHUSI B KOHEYHOE, ITPU ACUCTBUHM BHEIIHUX CHIT: A
= Ez - El
6. [Tpu HeoOXxonuMoOCTH 3amuuIuTe OPMYITBI U3 KHHEMATHKH:
v=vy +at S=ut +at’/2 F=mg F=-kx F=uN A=FScosa
7. Pemnre cucreMy ypaBHEHUH.

3. llpuMepsI pelieHUs 3a1a4
1. ABTOMOOMJIb Maccoil 2 T HAYMHAET Pa3TOHSITHCA U3 COCTOSIHUS MOKOS 10 TOPU30HTAIBHOMY ITYTH
MoJ JeHCTBUEM MOCTOSIHHOM cuiibl. B Teuenue 10 ¢ oH mpuoOperaer ckopocTh 43,2 km/4. Onpenenursb
BEJIMYMHY UMITYJIbCA U BEIUUUHY JEHCTBYIOIIEH CUIIBI.

Hano: CH: Pemrenue:
m=2T 2-10°kr 1. Onpenenym BETMYMHY UMITYJIbCA!
v =0 P=m-v ,U — COBIIAJAET C OCBIO X,
t=10c B CKaJIIpHOH (hopMe ypaBHEHUE MPUMET BU:
v= 43,2 xMfu 12 M/c p=mv =2-10%-12 = 24-10°, P [xr -m/c]
p—7? 2. YuuteiBas BTOpoi 3akoH HetoToHa: Ft = mv — mug
F-?, TK.Vg =0 Ft=mv — F=mv/t
L

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

2. CranpHolt mapuk wmaccoi 0,05 kr mamaer ¢ BBICOTBI 5 M Ha cralnbHylo mmrty. [locie
CTOJIKHOBEHMS LIAapUK OTCKAaKMBAaeT OT IUIMTHI C TaKOM K€ MO MOIYJI0 cKopocTbro. Haiinure cumy,
JEUCTBYIOLIYIO Ha IUIMTY IIPH yJape, cuuTas ee NocTosHHOW. Bpems coynapenns pasno 0,01 c.

Hano: cn Pucynox Pemenne
m=0,05 kr .:) IIpu ynape map u rmra JeHCTBYIOT IpYyr Ha
h=5wm ! JIpyra ¢ CWJIaMH, pPaBHbIMH IO MOAYJIO, HO
At=0,01 ¢ F1-? IIPOTUBOIIOJIOKHBIMU o HaIIpaBJICHUIO.
(’) Onpenenus cuily, IEMCTBYIONIYIO Ha IIApPHK CO
CTOPOHBI IUIUTHI, MBI TEM CAMBIM HalJEM CHILY,

-

C KOTOpPOH IIapWK JEHCTBOBaJ Ha IUIMTY 3a
Bpems At. Bo BpeMs coymapeHus Ha IIapuK
JICUCTBYIOT JIB€ CHJIBI: CHJIA TSDKECTH — ", U

cuna F' co cTOpoHBI MITHTEL
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Cornaco ypasenmuio; AP = F - At Ap=(F +mg)- At
OV: muv,—(-mv;) = (F— mg) At

Y4uTBIBas, UTO V2 = V1 =V, MOJIYYHUM IOCIIE Psiia IPeoOpa30OBaHUIA: i

—
p=y2gh.
9

Moynbs CKOPOCTH IIapHKa MpH MaJleHUH €ro ¢ BBICOTHI h onpeaensercs no ¢popmysne: V=

10 m/c

- 2mu
F=mg+—
Hcnonb3ys BEIpaKEHUE: AF

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

ITo Tperhemy 3akony Herotona: I =- F' | cienosatensno, F1 = 100,5 H, cuiia npuiioskeHa K IUIATE U
2 2 2 9

HarpaBJieHa BHU3.
Otser: F = 100,5H .

o 4
3. Bo BpeMs MaHEBPOB Ha KEJIE3HOAOPOKHOU CTAHIMH ABE MaTdhopmbl MaccamMu mp = 2,4 - 10 kr
4
num; = 1,6 - 10" Kr ABUraNHCh HABCTPEUY APYT APYTY CO CKOPOCTSIMHU, MOAYIIH KOTOPBIX paBHBI V7 = 0,5
M/c 1 vy = 1 M/c. Haiinute cKOpoCTh UX COBMECTHOTO JIBUYKEHUS TOCJE TOT0, KaK CpaboTaeT aBTOCLEIIKA.

Hano: Pemesne:

my=2,4-10* xi

my=1,6 - 10* xr e =
vy = 0,5 M/c *

vy, = IM/c

Voo - ?

N300pa3um cxeMaTU4HO AEHCTBYIOLINE CUIIbI Ha ABMOKYIIMECs miaaTdopMbl. B mpoekunn Ha och X:

Nymogy Nom. cunbl B3aMMHO yPaBHOBELIEHBI.
MOHO PUMEHHUTH 3aKOH COXPAHEHHUS UMITYIIbCA:

Ly, m_.u': (e, +m, ]!.-'.1_
H

I Vo5 — CKOPOCTH TUTAT(OPMEI TIOCIIE CIICTTKH.

B mpoexkiusix Ha och X: my Vix + My Vax = (Mg + My) Voox

T.K. D1x="V1, Vox = - V2, TO Voex = -0,1 M/cC

3Hak (-) MOKa3bIBaET, UTO CKOPOCTH VOO HAMpaBJIeHa MPOTUBOMOIOKHO OcH X (CIpaBa — HAJIEBO).

4. Kakyio CKOpPOCTh OTHOCHTEJIHHO PAaKETHHUIIBI MpuoOperaer pakera maccoi 600 T, ecnu rasbl
Maccoii 15 r BeuteTaroT u3 Hee co ckopocthio 800 m/c?

JlaHo: CU: |Pemenue:
m;=600r [ 0,6 kr |CoryiacHO 3aKOHY COXPaHEHHS UMITYJIbCA:
Mz =15T 15 - 103111“ M, + MLy = my +my 0= moy s mg,
Ll L5107 800 3

P T e =-20>
Uz =800 m\c 08 ¢
v1=v2 =0 3HaK (-) MOKAa3bIBAET, YTO I'a3bl JBUKYTCS B CTOPOHY,
-7 POTHBOIOJIOXKHYIO HAIIPABJICHUIO PAaKETHHIIBI.

OTBelTI - 20 M/c.
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5. BaroHetky maccoil 2 T 0 TOPU30HTAJILHOMY IyTH PaBHOMEPHO IepemMernaeT padbounii. Kakyto
paboty oH coBepmuT Ha Tyt 100 M U Kakyro pabOTy COBEpIIAECT CHJIa TPEHUS, €ClIM KOI(PUIIUECHT
TpeHus paseH ,017

Hano:

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

PucyHnok:

g=9,8 m\c? X

a=0

A-?

Atp-?

Pemenne

Ha BAroHETKY HCﬁCTBYIOT 4 cUNBL: CUJIA TAKECTH — M , ChJIa pCAKIIUH OIIOPbI — & )

cuma TarH Fr — , cuna Tpenus — '« . ITo BTopomy 3akony Hetotoma X+ =0

Frogmi 4 F, 4N = 0

B npoexuuu Ha ocu: OX: F, —F, =0; F,=F;, OY:N-mg=0; N=mg
A=F-Scosa, 2a=0, cosa =1,cn-H0,A=F - S,F=F,=F,=puN=pumg
Paborta cuibl TpeHHs HalpaBiIeHa MPOTUB PA0OTHI CHJIA TSATH — A = -ATp .

A

»=-19,6- 10° [k

Otsetr: A =19,6 x/Ix; ATp = - 19,6 x/Ix.

1.

10.

11.

12.

CamocrosiTesibHas padora

ABTOMOOMIIP MAacCOM 2 T IBUKETCSI CO CKOPOCTBIO 36 km/4. Kakoe Bpems TpeOyeTcs 10 MOTHON
OCTaHOBKM aBTOMOOMJISI IIPU BBIKJIIOUEHHOM JIBUTATeElIE, €CIIU CHJla TPEHUs KOJIEC O JI0OpOry paBHa
5880 H?
Tenexxka maccoit 150 Kr ABMKETCSI IO TOPU3OHTAIBHOM Jopore co ckopocThio 1 M/c. HaBcTpeuy
el 0exuT yesoBeKk Maccoi 75 kr. UenoBek mpeiraet Ha TeNexKy. [locie 3Toro Tenexxka BMecTe ¢
4eJI0BEKOM ocTaHaBiuBaeTcs. C Kakoi CKOpOCThIO Oerkall 4eaoBeKk?
[Ipu BepTHKAIBLHOM TMOABEME TeJla Maccol 2 KT Ha BeICOTy 10 M coBepmieHa padora 240 JIx. C
KAaKUM YCKOPEHHEM IOIHUMAIH Ipy3?
Teno, maccoit 20 Kr mogHUMAalOT BepTUKalbHO BBepx c cuioi 400 H, nampaBieHHOH MO
nskeHuto. Kakas pabora coBepuaercs Ha mytu 10 m?
Byner nu BenuunHa 1none3Hol MEXaHUYECKON pabOThl OTIMYHA OT HYJISA, €CJIM MTOAbEMHBIA KpaH:

® 1) MOAHMMAET C 3eMJIU TPY3,

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

® 3) MOAHMMET I'Py3 C 3eMJIM U Cpa3y OMYCTHUT €ro Ha 3eMJIio.
Teno maccoit 20 kr cBoOOHO NagaeT B TeueHue 6 ¢. Haiinure paboTy CUITbI TSKECTH.
Kakyto paboTy MOKET COBEpLIMTH OO OCTAHOBKHM Teio Maccoil 1000 kr, nBmxkyIeecss co
CKOpPOCTHIO 36 KM/Y ?
Haiitu paboTy, KOTOpYI0 HaJ0 COBEPIIUTH, YTOOBI CXaTb MPYKUHY, KECTKOCTh KOTOpo# 29,4
H/cm, Ha 20 cMm.
Pe3unoBslit mHyp [unHOM 1 M nof neiictBueM rpysa 10 H yrmnuncs va 10 cm. Haiiaure paboty
CHJIBI YIIPYTOCTH.
Ha xakyro BeicOTy 3a MuHyTy MOxeT nojaHsATe 400 M?> Boxbl HAacoC, pa3BUBAIOIINN MOLIHOCTh
210° xBr?
Omnpeznenure MOLTHOCTh TEIUIOBO3a, 3HAs, YTO NMPHU CKOPOCTH JBMXKEHUS 43,2 KM/4 cuia TATH
pasHa 105 kH.
[Toe3n maccoit 1200 T ABMIKETCS IO TOPU3OHTAILHOMY ITYTH C IIOCTOSHHOM CKOPOCTBIO 54 KM/4.
Omnpenenure KOA3PGUIUEHT COMPOTHUBICHUS IBUXEHHIO, €CIIM TEIUIOBO3 PAa3BUBAET IOJIE3HYIO
MoIHocTh N= 882 - 10° Br.
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13. Wmmynbc Tena paBeH § Kr M/c, a KuHeTHueckas sHeprusa 16 Jx. Onpenenure Maccy U CKOPOCTh
Tena.
14. Canu maccoii 60 Kr, CKaTUBIIMCH C TOPBI, TPOEXAIH MO0 TOPU3OHTAIBHOMY y4acTKy aoporu 20 m.
Haiinure paboty cuibl Tpenus, ecnu p = 0,02.
15. TloabeMHBIHM KpaH C ABUTAaTEIeM MOIIHOCTHIO 8 KBT mogHMMaeT rpy3 ¢ MOCTOSSHHOU CKOPOCTBIO 6
M/muH. KakoBa macca rpysa?
16. Kakas paborta coBepiiaercsi Ha THAPOCTAHIUH B TEUYEHUE T0Ja, €CIU CPEIHSSI MOIIHOCTh
reHeparopa pasHa 2,5 MBT?
17. Yenosek maccoit 70 Kr cryckaercs mo JiecTHulle JiuHou 20 M, pacmoioxkeHHou o yriaom 30° k
ropu3oHTty. Haiinute paboTy CUJIbI TSKECTH.
18. Bpruncnute paboTy CHiIbl YIPYTOCTH NPU U3MEHEHHHU Ae(opMaruu MpyXKUHBI *KecTKOCThio 200
H/Morx; =2cM gox; =6 cM.
dopma npeacTaBJieHus pe3yabTaTa:
BoinonuuThe 3asaHue B TETpaau JUIsl MPAKTUYECKUX padoT.
Kputepuu onenkmu:
3a npaBUIIbHO BBIMOJIHEHHOE 331aHKUE BBICTABIISIETCS MOJIOKUTENbHAS OIleHKa — 1 Oa.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS olleHKa — () OaioB.
Oyenxa «omauunoy svicmagisemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 2.4 CTaTuka ¥ THAPOCTATHKA

IIpakTnueckoe 3ansaTne Ne6

PaBHoOBecue a0COJIIOTHO TBEPABIX TeJl.

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

IIpakTnueckas padora popmupyert: [1PyS, [Ipy9, [1Py13, I1P62, ITP66, ITP67,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Boinosinenue padorsl cnocodcTByeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09
MarepunanbHoe obecniedeHue:

WHIUBUAYAJIbHOE 331aHHEe, KOHCIIEKT JIEKIIUH, CIIPaBOYHbIE MaTepHAJIbI.

Yka3anmue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX 4YacTeld — TEOPETHMYECKOM M mpakTthdeckou. Ilocne
U3Y4YEHHs] TEOPETUYECKOr0 MaTepuanga MOXXHO IPUCTYNATh K BBIIOJHEHHUIO NMPaKTHUecKoN udacTh. OHa
COCTOMT M3 JABYX M Oosiee 3a1ay Al CaMOCTOSITENbHOrO BbllojHeHUs. He 3a0biBaiiTe 0 mpaBUIbLHOM
opopmienun pemenus. Ha BbIIOTHEHHE MPAKTUYECKOTO 33JaHUS OTBOJAMTCS YEThIpE aKaJeMHUYECKHUX
qaca.

3amanme:

O3HaKOMBTECH C KPATKUMH TEOPETUUECKUMHU CBEJIEHUSIMU IO CCBLIKE
https://znanium.com/catalog/product/1012153, ctp 47-53,

CocraBbTe KpaTKHii KOHCIIEKT OTBeUasi Ha BOIPOCHI K naparpady, ctp 53, 54.

Beimumire ocHOBHBIE (OPMYITBI

Pemmre 3a1aun caMocTOATENBHO

Kparkue TeopeTnyeckue cBeeHHs
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HazBaunue Enunnna

O6o03HaueHne ®opmyna
BEJIMYHHBI U3MEpEHUS
H
Cuna F F1|1: F2|2
M
Ilneuo cunwt |
Momenm
M Hw M = FI
cunl
IIpumepsbl pemieHus 3aaa4
3amaua 1. PaGouuii mpunogauMaet rnpu nomomry peraara muty maccoit 100 xr. Kopotkoe mieduo
peryara pasuo 0,8 m, a mmuHoe — 1,2 M. KakoBa cuiia, KOTOpYIO JOJDKEH HPWIOKHTH pabouuii K

OonpleMy iedy peryara?

[axo: PeweHue: Touxa onops
Fi b
=100 ===
gt F 1
g=98
Fi=P=mg.
I=08m
P I
= 1' o —
k 2w F: L
F; -7 F2=P"“‘=mg!“-
1l 12

T : HO08m_
F>=100kr- 9.8 K 1om 653,3 H.

Orser: F2=653,3 H.

2. 3azaga 2.017 mogpéma Ipyza MO HAKIOHHOH IIIOCKOCTH NPHIOKHIH CHIY. HaNPaETeHHVIO EJOTb HAKIOHHOH

m1ockocTH H paeHyio 300 H. Hafizute Maccy rpyza. ecas H3BeCTHO, 4TO AIHHA HAKTOHHOM IUTOCKOCTH pasHa 1.3 M, a eé
BEICOTA PaBHa 1 M.
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Lawxo: PeweHwue:
F=300H Fruw=mg.
I=15m
h=1m Fiw: 1
g=10-:7 A 4
m -7

Frax _ 450 H _
m-T TO.F-“-”“
Kr

Orser: m = 45 kr.

P_u7 —
[ T
—
=
i —

rt ‘

1. Ha pucynke n300paxxeH pblyar, UMErOInii ock BpamieHus B Touke O. ['py3 kakoil Maccsl Hazl0
HOJBECUTD B TOUKE JUIsl TOTO, YTOOBI pblyar OblJI B paBHOBECUH?

Mano: A

m, = m,=100r=0,] xr ... 17
1, = 4 ep. uimnnt Q

L =2 en. st
g=10 H/xr

0 B
| 7 A

Haiimu:
M-="?

Pewenue:

IMonb3ysick pUCYHKOM, OTIPEAENNM TUICYH CWI, BEIPaXCH-
HBIE B YCJIOBHBIX EAMHULIAX JUIUHBIL.
1. Haiigem cuiy, ZeiCTBYIOLLYIO HA pblYar B TOuke A:
Fi=m-grem=m +m,
F,=(0,1+0,1) - 10=2H.
2. Haiinem cuny F, mpuMeHAA YCIOBHE PABHOBECHs pblyara:

F,
T;' = ;‘I- Orciona BbipasuM Fy:

F, = -F'—l:l—' s B= -274 =4H.
3. Onpenenum Maccy rpysa U3 Gopmyst:
F=M-g= M--l;—;;Mrl%-OAm‘.
Omeem: Ilo?)n:.)) MOABECUTHL B TOoukKe B rpy3 mMaccoit 0,4 kr (wiu

4.Ha menblee tuiedo poruara aevictyer cuia 300 H, na 6onpiiee — 20 H. /nuna menbiero mieva 5
cMm. Onpenenure JIMHY OOJBIIETO TIIeYa.
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Hano: Pewenue:
F =300 H CaenaeM 4eprex K 3agaye /1o 0
£=20H Ilo ycnoBuio paBHOBECHS phlyara: /),,
L =5¢cMm F L r
5 _b Fp
K
Haiimu: Hajinem Gonbluee ruteyo peryara: F,
L—? F -1, H-cm
h="F &= @ "
3005
L= >0 = 75 c™m

Omeem: Bonbluiee nieyo pslyara paBHo 75 cm.

5 Peryar pymnOM 60 cM HaxoauTcs B paBHOBecHu. Kakas cuiia npuioskeHa B Touke B?

Jano: ';.-’2 ‘ Pewenue:

=60 cm 0 IMneun chun onpeseauM U3 PUCYHKA, NPUHKUMAA BO BHU-
P=F=2H i.'_‘_/j; —=B MaHHE, YTO JUIMHA Beero peryara 60 cm.
L =10cMm 1. IMo yC/0BHIO paBHOBECKS phitiara:
1
hL=30cwMm IZHI Y P 1, ¥

B L T

2-10 2
Haimu: h==% =3~%HN

£=? Omesem: K touke B npunoxena cuna = (0,7 H.

Pemurhb 321241 caMOCTOATEIbHO

1. MowmeHT cuibl, AelcTBYIOLIeH Ha pbryar, paseH 20 H*m. Haiitu niiedo cunel 5 H, ecnu peruar
HaXOJUTCS B PABHOBECHH.

2. Kakoe ycunne He00X0IMMO MPUIIOKUTb, YTOOBI TOIHATE Tpy3 1000 H ¢ momonibso mo1BUKHOTO
6noka? Kakas coBepiutcs pabota npu nogabeme rpysa Ha 1 m? (Bec 6510ka u TpeHue He
YUUTHIBATh).

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

4. Tlpu momoIu NOoJBMKHOrO GJIOKA MOAHUMAIOT Ipy3, npuiaras cuity 105 H. Onpenenure cuiny
TpeHus, eciu Bec 6yoka pasen 20 H, a Bec rpy3a 180 H.

5. Macca aeranu TpaHcnopTHOro cpenctsa m = 50 kr. Paguyc 6apabana, Ha KOTOPBI HAMATBIBAIOT
nenb, R = 0,2 M, ;uinHa Kaxa0# u3 qByX pydek Bopota | = 1 M. Kakyro cuiy Hy)KHO IPUIIOKHUTD K
KaX/101 U3 HUX, YTOOBI MOJIHATH JIeTallb HA HEOOXOIMMYIO BETHUUHY?

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

Kpurepum ouneHku:

3a mpaBUIIHLHO BBIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — 1 Gasu.

3a HeMpaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHAE BBICTABIISIETCS OTpUIAaTEIbHAS OrleHKa — () 0aioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

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

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

Oyenka «HeyoosiemeopumenvbHo» svicmasisencs 3a menee 60%0 mpaBUIBHBIX OTBETOB
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Tema 3.1 OcHOBBI MOJIEKYJISIPHO-KHHETHYECKO TEOPUH

IIpakTuyeckoe 3ansaTue Ne7/

OcnoBbl MKT. Pemienue 3a1a4 Ha ypaBHeHUe COCTOSIHUS HI€AJTbHOI0 raza
Henb: 3aKkpenuTh yMEHMS U HAaBBIKY BBIYHUCIICHUS IAPAMETPOB COCTOSIHUS Ia3a, UCIOJIb3Ys T'a30Bble
3aKOHbI U ypaBHeHHE MeHeneeBa - KnalinepoHa.

IIpakTunuyeckas padora popmupyert: [1PyS, [Ipy9, [1Py13, ITP62, [1P66, ITP67,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
Beinosinenue padorsl cnocodcTByer popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06
MarepuanbHoe oOecnedyeHue: TeTpaab I MPAKTUYECKUX paboT, pydyka, METOAMYECKHE

PEKOMEHIAllH 110 BBIIIOJIHEHUIO Pa0OTHI, JIMHEHKA, KapaH Jarll.

VYka3zanme: [IpakTudeckas paboTa COCTOMT M3 JIBYX YacTed — TEOPETHUYECKOM M MPAKTUYCCKOM.

[Tocne u3yueHuss TEOPETUUECKOTO MaTepralla MOYKHO MPUCTYNaTh K BBIIIOJHEHUIO IPAKTUYECKOM YacTH.

Omna cocTouT U3 ABYX U OoJiee 3a/1a4 AJisi CaMOCTOSATEIBHOTO BhIMONHEHUs. He 3a0piBaiiTe 0 npaBUIbHOM

odopmitennun pemieHusi. Ha BBITIOTHEHUE TPAKTHYECKON OTBOJMTCS JBA aKageMUYeckux daca. [Topsmox
BBITIOJTHEHHS paOOTHI

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTLI:

1. PaccMOTpuTE TEOPETHUYECKHI MaTepHal [0 TeME M IPUMEPBI pelleHus 3agad (CMOTpH
METOAMYECKOE IIOCOOHE).

2. Pemute camocTosTensHy0 paboty. Odopmure pemieHne NTMCbMEHHO B TETPAIH.
Xoa paGoThI:
1. TeopeTuyeckasi 4acThb

JIJis XapaKTepUCTUKU COCTOSIHHS Ta3a BBOJAT CHCIHAIbHBIC (PH3UICCKIC BEIUIHHBI, HA3bIBACMBIC
rapamMeTpaMH COCTOSIHUS. B kKauecTBe mapaMeTpoB COCTOSHUS BRIOUPAIOT TPU BEIMYUHBL: 00beM raza(V)
,remneparypy ero T° u gaBnenue P, nmpon3BogumMoe ra3oM Ha CTEHKH COCyJa ,B KOTOPOM OH 3aKJIFOYEH.
DT0 NaBieHHe 00BACHACTCS yaapaMy JBUKYIIINXCS MOJIEKYIT.

2. IlpumMepnl penieHus 3a1a4

1. B razoBom Gamtone emkocthio 0,01 M3 HaxomuTcs ra3 mox gaBineHueM 20 kr/cMm2 .Kakoit 00bem

3aiiMET Ta3, €CJIM ,He U3MEHSISI €r0 TeMIIEpaTyphl , OTKPBITh BEHTHIIH Oasisiona? OKoOHYATEIbHOE JTaBIICHUE
1 xr/em2.?

Mano: Pewenue:

Vi=0,01n° 1o ycnoButo 3agauu TemnepaTypa ra3a He MEHseTCs,

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

Pr=1 kr/em™=0,98*10° H/m’ cocrosinus raza. Mcnone3ys 3akon boitns-Mapuorra
p1Vi=p2V2 naxoaum Vo= p1 Vi/pa.

V2-? Borancnenus: Vo= 20%0,98* 105*0,01/0.98* 1 05=0,2(M3)

Omeem: V>=0,2 M.

2. I'a3 u3orepMuuecku cxaT oT nepBoHavanbHoro oobema 0,15 M 3 10 o6bvema 0,10 m 3 .[laBnenue
ero MpH 3TOM MOBBICUIIOCH Ha 2 Kr/cM2 . KakoBo nepBoHavaibHOE JIaBIeHUE ra3a?

Jano: : Pewenue:
V|=O,15M': ITo 3axony boitns-Mapuotrra P1V=P>V,>. Ho p>=pi1+ Ap,
V>=0.10m"

" ) _ TOITOMY p1Vi=(P: +A P)V2, otkyna Py = A_P*V3<V|—V3;
AP=2 kr/cm =2*0,98*10’u/Mm~  P;=2%0,98%10°*0,10/0,15-0,10 = 3.9*10° (H/m")
P,=? Omeem: P,=3,9*10"1a.

3. Kak Benuko atmocdepHoe OaBieHHE, €CIU MPH JJIMHE PTYTHOro cronduka 12,5¢cM B TOHKOM
TpyOKe JUIMHA CTOJIOMKA BO3yXa B IEPBOM I0JIOKEHHE 7CM,a BO BTOPOM — 5 cM?
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Mano: Pewenue:

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

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

4. Cxatblii BO3yX TOJIaeTCs B Trasroyipaep oobemMoM SM3 . 3a Kakoe BpeMs €ro HakKadarT J0

JaBJICHUS 7 Kr/CM2, eciu KOMIIpeccop BcackiBaeT 5,5 M 3 atmocdepHOro Bo3ayxa B MHUHYTY MpHU
nasiaeHuu 1 kr/cm2 ? TemriepaTypy CUMTATh MOCTOSTHHOM.

Jano: Pewenue:
V3=5M3
P,=Tkr/eM’=7%0,98*10°n/m*
V]=5,5)\13/MHH=1, 1/12m°/c
P=1 kr/cm’=0,98*10u/m’

Jlns HakaumBaHMs BO31yXa B ra3roiabjaep A0 AasineHus P)
KoMmpeccop paboraer B TeueHue BpeMeru t. Oonem
3acaceiBaemoro Bosayxa V'\=V, npu nasnenue p;. Koraa
BO3/yX HAKayallu B ra3rojbjep, OH 3aHsu1 00beM V, u ero

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

t-?

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

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

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

H-?

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

2. UneanpHbIi a3 cHavana u300apHO PaCIIMPWIN, a 3aTeM H30TEPMUYECKH CKAIU 0 TPEKHETO
obwema. M3o0pa3ute 3Tu nponiecchl B koopaunatrax Pu V; PuT; Vu T.

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

4. Tlpu ckaTuM HEW3MEHHOTO KOJIMYECTBA HJEaJbHOr0 raza oO0beM yMEHbINWJICS B 2 pasa, a
TeMIlepaTypa yBeauymiach B 2 pasza. Onpenenure, Kak U3MEHUIIOCH JaBJICHHE ra3a.

Bapmuanr 2
1. Ha puc.1
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M300paxKeHbl ABE U30TEPMBI OJHON U TOMU ke Macchl ra3a. Yem OTJIMYAIOTCSl COCTOSIHHE ra30B, €CIIU
ra3pl oauHakoBbie? UYUem oOTIMUYalOTCS Tra3bl, €CIM TEMIIEpaTypbl Ta30B OJIMHAKOBBIE? YKa3aHUE:
BOCIIOJIb3YiiTECh YpaBHeHUEM Knaneiipona-Menpeneena.

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

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

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

dopma npeacraBieHus pe3yjabrara:

BreinmonHuTh 3asaHue B TETPaau U MPAKTUYECKUX padoT.

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

Tema 3.2 Tepmoannamuka. TenjioBble MaIIMHBI
IIpakTnyeckoe 3ansaTne Ne8

JaBjieHue skuaKocTeil U TBepAbIX Tesl. 3akoH [lackans

Heanb: Ha npuMepe pemieHns 3a1a4 M3y4nuTh XapakTep AaBICHUS )KUAKOCTEH U TBEPABIX TEJ, UX
MPUMEHEHHE U YUYET, 3aKOHBI, 00BICHSIOIINE 3TH SIBICHUSI.

IIpakTnueckas padora popmupyert: [1PyS, [Ipy9, [1Py13, ITP62, I[1P66, ITPG7,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Beinosinenue padorsl cnocodcTByer popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06
MarepuanbHoe o0ecnieyeHmne:

WH/IMBUYaJIbHOE 33aJ]aHNe, KOHCIIEKT JIEKIUH, CIIpaBOYHbIE MaTE€pUab.

Ykazanmue:

[IpakTHyeckoe 3aHATHE COCTOMT M3 JBYX 4YacTedl — TeopeTndeckod u mpaktuueckoil. Ilocne
M3y4YEHUsl TEOPETHUYECKOr0 Mareprajga MOKHO IMPHUCTYINATh K BBINOJHEHUIO MPaKTH4YecKol dactu. OHa
COCTOMT M3 JBYX M Oosiee 3ajau Al CaMOCTOSTENILHOrO BbINONHEHUs. He 3a0bIBaiiTe 0 mpaBUIIBHOM
OCbOpMJ'IeHI/II/I pEeIICHUA. Ha BrmosnHeHNE IMPAKTUYCCKOr'o 3aJaHUs OTBOAUTCA ABAa AKaACMHNYCCKUX Haca.

3amanme:

1. OsHakoMbTECH C KpaTKUMH TCOPECTUICCKUMH CBCACHUAMU
2. Pemmre 3amaum, caMOCTOSITEIBHO HCHOJB3YS IMPUMEPHl UM KpaTKHE TEOPETUYECKHE
CBEIICHHS.
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ITopsinok BbINoOJIHEHUS PadoOThI:
1. U3yuwre u BeIMUIUTE HOPMYJIBI 10 JAHHOU TEME:
2. Pasbepute npuMepsl pelIeHHBIX 3a/1a4
3. Pemmre camocTosATENHHO 33291

Kparkue TeopeTuueckne cBe1eHHs

Z[aBJ'ICHI/Ie TBEPAOTO TClIa

TBepmoe Teno, HaxoAswleecs Ha  ONOpE, F| IeHCTBYET Ha OIOPY € CHJIOH, KOTOpasd
p= S

pacrnpeaciicia 1mo MmoBEPXHOCTH OCHOBAHUA TCJia. I[JBI OIMUMCAHUA TAKUX PACHPCACICHHBIX CHJI

BBOJUTCs HOBasd (l)I/ISI/I‘IeCKaﬂ BEJIUYMHA — 0d61eHuUe.

JlaBrieHue (p) — OTHOIICHHE CHJIBI K IUIONIAJM I[OBEPXHOCTH, HAa KOTOPYIO OHA JICHCTBYET B

H
IEPIEHUKYIAPHOM HampasieHuu. [p] =1— = 1 Ila — Ilackas
M

[[aBJ'IeHI/Ie B XKHNJKOCTAX

OCHOBHBIM OTIMYHMEM JKUIKOCTEH OT TBEPABIX (YHPYIMX) Tell SBISETCA CHOCOOHOCTH JIETKO
U3MEHSATH CBOIO (POpMY.

Yactu KHUJIKOCTH MOI'yT CBO60I[HO CABUIaTbCA, CKOJIB3A APYr OTHOCHUTCIBHO

npyra. [109TOMy KHAKOCTH IPUHEMAET (POPMY COCY/Ia, B KOTOPBIA OHA HAJIMTA. I I
. 2 2
Ha Terno, morpyKeHHoe B JKMIAKOCTh WM Ta3, IEUCTBYIOT CUIIbI, PACTIPEIEIIEHHBIE
[0 TMOBEPXHOCTH Tejia. JiAs ONMCAHWS TAKUX PACIPENETEHHBIX CHJI  TaKkKe
UCIIONB3YeTCsl (PU3NUECKas BEMUNHA — Od6/IeHue. 23

3akon ITackans: AAaBJICHUEC B JKHUIAKOCTU MM Ta3€ IMepecaacTCa BO BCEX

HAIpaBJICHHUAX OAWMHAKOBO U HC 3aBUCHUT OT OPUCHTALIUU TIJIOITAaJAKU, HA KOTOPYIO OHO HCﬁCTByeT.

Jlns nmoctpanuu 3akoHa Ilackans Ha pucyHke nzoOpaskeHa HeOOJbIas MPSIMOYToIbHAsl PU3Ma,
MIOTPYKEHHAs! B KUIAKOCTh. ECiIM NMPeanosokuTh, 4TO IUIOTHOCTh MaTepHalla MpU3Mbl paBHA IJIOTHOCTH
AKHJIKOCTH, TO TPU3Ma JIOJDKHA HAXOAUTHCS B JKUAKOCTH B COCTOSTHMM O€3paziIMuHOro paBHOBECHS. DTO
03HA4YaeT, YTO CHJIbI JABJICHHUS, JECUCTBYIOIIME HA IPAHU MPU3MBI, JOJKHBI ObITh YPaBHOBEIIEHBI. JTO
IIPOU30MAET TOIBKO B TOM Cilydae, €CIM JABJICHMS, T. €. CUIbI, ACHCTBYIOIIME HA €IUHMIY IUIOLIAIU
ITOBEPXHOCTH Ka)KJI0M TpPaHU, OIMHAKOBBL: P1 = P2 = P3 = P.

JlaBiieHre KUJIKOCTU Ha JTHO WJIM OOKOBBIE CTEHKH COCYJa 3aBUCUT OT BBICOTHI CTOJIOA JKUKOCTH.
JlaBnenue cToi0a >KUIKOCTH p Ha3bIBAIOT I'MAPOCTAaTHYECKHUM JaBieHueM: h=p-g-h r1ae p —

IIJIOTHOCTD KUJIKOCTH, h — BeIcoTa cTONIOA KHUOKOCTH.

Ecnu XUIKOCTh HAXOMUTCS B UWJIMHIAPE IMOJA TOPIIHEM, TO JEHCTBYs Ha MOPIIEHb HEKOTOPOH
BHEIIHEH CWiioi F, MOXXHO cO371aBaTh B YKHMIKOCTH JOIMOJHHUTEIbHOE aaBieHue Po = F / S, tme S —
TJIOMIA/Ib TTOPIITHS.

Takum 00pa3oM, MOJHOE JaBJICHHE B )KMIKOCTH Ha riTyOMHEe h MOXHO 3amucarh B
Buze: P = Py+pgh

Ha Teno, morpyxeHHOe B )UAKOCTb WU Ta3, IEHCTBYET BBITAJIKUBAIONIAS CUJIA —
cuna Apxumeoa.

ApXuMe0Ba CHJIa, JICUCTBYIONIAS HA MOTPYKEHHOE B KHUAKOCTh (WM Tra3) Teo,
paBHA BeCy KMAKOCTH (MM Ta3a), BHITECHEHHOM TeroM F Apx =P

KA gVTeJ’Ia
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€CJIM CpEeHSS TJIOTHOCTh Tela P; OOJIBIIE IMJIOTHOCTH KUAKOCTH (WU Tasza) p (pr > p), Teno Oynmer
OITYCKAaThCs Ha JIHO;

e cciu pr < p, TEJO OYJCT IJIaBaTh HA MIOBEPXHOCTH KUJIKOCTH;
® CCIIM Py = P, TO TEJIO MOXKET ILIABATh B TOJIIE YHUJIKOCTH Ha JIF00O0H ITyOnHe.
3aKoH COOOIIAIOIIMXCHA COCYAO0B: OdsieHue 8 000U MouKe Ha 0OHOM U MOM ,_Fl S
Jice yposHe 8 COOOWAIOWUXCSL COCYOAX 0OUHAKOBO: p,= P, |3 "’H
“““ 1]
A Py

rac pi1 U po — JABJICHHUA HA OJHOM MW TOM K€ YPOBHC B IIEPBOM M BTOPOM KOJICHC

COO6H.[3,IOH.ICFOCSI cocyaa COOTBETCTBCHHO.

p—— 3 ———p—i|
: :

I'mppasinueckuii npece

Ecnu 06a BepTUKAILHO PACIIONIOKECHHBIX IMIMHIPA COOOTAIOIINXCS
COCYZIOB 3aKpBITh MOPIIHSAMH, TO C T[OMOIILIO BHEIIHHX CHII,
IMPUIIOKCHHBIX K IMMOPHIHAM, B XHJIKOCTHU MOXHO CO31aTbhb 0oJIBIIOE
JaBJICHUE P, BO MHOTO pa3 MPEBBIIIAOIICE THAPOCTATUIESCKOE TaBICHUE
pgh B m0060#1 Touke cucTeMbl. EciM MOPIIHK MUMEIOT pa3HbIE TUIOMIAIN

S; U 'Sy, TO HA HUX CO CTOPOHBI JKHAKOCTH JCHCTBYIOT pasHble CHIbI Fy =
PS1 u F2 = pSy Ipu S$;>>Sy, To F2 >> Fy. EY
Y CTpoHCTBa TAKOTO PO/IA HASHIBAIOT 2UOPAGIUYECKUMU MAWMUHAMU S, 8, S,

[Tpunimn paboThl TPOCTEHIINX TUAPABIUIECKUX MAIIUH

To 06cTosATENBCTBO, UTO KUJAKOCTH OyIydd MPaKTUYECKH HEC)KUMAEMbIM U, PABHOMEPHO IMEPENAIOT I10
BCEMY CBOEMY O0bEMY BHEILIHEE JaBJICHUE, IIMPOKO HCIIOJIB3YEeTCsS B Pa3IMUYHBIX OTPACIAX TEXHUKH (B
TUIPOTIPUBO/IaX, THAPOABTOMATHKE, THAPABINYECKHX TOPMO3aX M YCHUJIMTENSAX U T.I.). DTO CBOHCTBO
KHUJIKOCTH Takke H(PQPEKTUBHO NPUMEHSAIOT B TAKMX NPOCTEHINMX MAallWHAX, KaK THUpaBIMYECKHe
JIOMKpaThl (O{bEMHHUKHN) U MIPECCHI.

[Tpuniun ux paboThl OCHOBAH Ha CIIEAYIOLIEM: UMEIOTCS JIBa COOOLIAIOIINXCS
Mexay co0oil nunuHApa pasHoro nuamerpa [Ipuiaras K MOPUIHIO MEHBIIETO
13 LWIMHIPOB KaKyl-TO BHELIHIOIO CHIy Pi, MBI TéM caMbIM co37acM Ha

P,

Py =
HNOBEPXHOCTH JKHIKOCTH B JTOM UWIMHIPE JaBJICHUE 51, koropoe
PaBHOMEPHO TIEPENAETCA BO BCE TOYKU IPOCTPAHCTBA, 3aMOJHEHHOIO KUIKOCTHIO. TOraa Ha MOpIIEHb

OoJpIIero W3 HWIMHIpPOB (0e3 ydeTa morepsh) OyJeT ACHCTBOBATH IMOAbEMHAs CHIIA Py =PS2
-

P, =P, =%
51 . TakuMm 06pa3oM, 4eM GONBIIC PasHATHCS MEXKLY COOOM ILIOMAAM MOMNEPEUHOr0 CEUCHHUS

UWIMHIIPOB, TEM OO0JIBIIYI0 (MOIBEMHYIO, CKUMAIONIIYIO, TIEPEMEIIAIONIYI0) CHIIY MBI MOJy4aeM B TaKHX

TUJIPaBIMUYECKUX YCTPONCTBAX.

Crarndeckoe JAAaBJICHUC KUAKOCTU Ha IIJIOCKYIO MOBEPXHOCTD. FHZ[pOCTaTI/IquKI/Iﬁ nmapaaokc

Jlyist ompeniesieHust CUITBI TaBJICHHS KUIAKOCTH P Ha TIOCKYIO TOBEPXHOCTH, TIJIOMIAh KOTOPOU paBHIETCS
S, pa300beM ee TPOU3BOJIBHBIM 00pa3oM Ha OECKOHEYHO Malble Tuiomanu ds. /laBieHue >KUIKOCTH Ha
MMOBEPXHOCTh OMPENEITUTCS KaK CyMMa CHJT JIAaBJICHUI Ha 3TH JIEMEHTAapHbIE TUTOIAIKH.

PaccMoTpuM 351eMeHTapHYIO IIOMAKY, LIEHTP
KOTOPOM pacroyioXkKeH Ha IN1yOuHe ypoBHs,
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MPOXOAIIETO YEPE3 LEHTP TSHKECTH Beel tuomanu T. /[aBiieHUe B LEHTPE TSAKECTH ATOM IIIOLIAIN
0003HauMM p,. Torna rugpocTaTHuecKoe AaBjIeHUE B IICHTPE dJIEMEHTAPHOM IITOMAAKU PaBHO
P=P:*P '8N  OkonuaremsHo momyanm P =D,S

Takum o0pa3zom, cuiia JaBiI€HUS >KUJIKOCTH Ha IUIOCKYIO MMOBEPXHOCTh paBHA MPOU3BEACHUIO ILIOIIAIN
9TOM MOBEPXHOCTH HA BEJIMYMHY THIPOCTATUUECKOTO JIaBJICHUS B €€ LICHTPE TSKECTH.

CJ'ICI[CTBI/IGM ABJICTCA OOKA3aTCIIBCTBO TMAPOCTATUYCCKOI'O IapaaoKca, BIICPBLIC ITOJTYUECHHOC ITackanem.

BennunHa criibl BECOBOrO JaBICHUS KUAKOCTH Ha JHO pe3CpByapa 3aBUCUT TOJIBKO OT IJIOTHOCTHU 3TOM
KHUIAKOCTH, IIoIainu JHa H FJ'IY6I/IHBI €0 IOIPpY>KEHUA 1101 CBO6OI[HOI>1 ITOBEPXHOCTHIO. HpI/I 3TOM BC€C
KHUOKOCTH, HAJIUTON B COCyd, MOXCT OTIMYATHCA OT CHUJIbI OABJICHUSA, OKAa3blBACMOI'0 €0 Ha JHO, T.C.
CHUJIBI HABJICHHA XHJIKOCTHU HAa AHO PE3C€pByapa HE 3aBUCAT OT €ro (bOpMBI N KOJIHYCCTBaA XHUJIKOCTHU

P =Py +pgh”; P =(py +pghy)s,

1) 2) 3) 2)
Tak B pacupsArOIMHUXCs KBEPXY COCYAaX CHJIa BECOBOI'O HAaBJICHHA HAa JHO MCHBIIC BE€Ca KXKUIAKOCTH, B
III/IJII/IHI[pI/ILIeCKI/IX OHH OJHMHAKOBBI, a B CY)KI/IBaIOHH/IXCSI KBerY — CHJIa JOaBJICHUSA 6OJII>HIC BCCa
3aKJIFOYEHHOU B COCYH ) KUIAKOCTH.

Tak kak HalileHHas CHJia SBJIETCS PaBHOJEHCTBYIOIIEH, TO MOMHUMO €€ BEIMYHMHBI HEOOXOAMMO
ONPENEIUTh U TOYKY €€ IMPHUIIOKEHUs, Ha3bIBAEMYIO LICHTPOM JaBiieHMs. LIeHTp TsKecTH coBmamaer ¢
LEHTPOM JaBJE€HUS TOJBKO TOIZA, KOIJA paccMarpuBaeMasl IUIOCKas IOBEPXHOCTb JIEXKHUT B
TOPU30HTAILHOM TUIOCKOCTH.

[TockoybKy THAPOCTATUYECKOE AABICHUE p ABJISIETCS MOAYJIEM THAPOCTATUYECKOTO HANPSIKEHUS, SITFOPBI
HOPMAaJbHOTO THAPOCTATUYECKOTO HAMPSDKEHUS MOTYT OBITh  MOCTPOEHBI C  HCIOJb30BAHHEM
3aBUCMMOCTH M TIPUMEHEHBI [Jis OINpEeJeieHUs BEIMYMHBI B JIFOOOW TOYKE paccMaTpuBaeMoun
MOBEPXHOCTHU. [Ipy 3TOM clleyeT NOMHHUTB, YTO 3TO HAIPSIKEHUE HANIPABICHO IO HOPMAJIU K IUIOLIAJKE
JIEHCTBHS.

PaccMoTpuM  NOPAZOK IOCTPOEHMS DIIOPbl  HOPMAIBHBIX TMAPOCTATHUYECKUX HANPSDKCHUM Ha
BEPTUKAIBHYIO CTEHKY, YPOBEHb )KHJIKOCTH B KOTOPOU H.
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Oniopvl HOPMATLHBIX 2UOPOCMAMUYECKUX HANPAHNCEHULL
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BHemHee ruzppocTaTuyeckoe JABIEHUE po PABHOMEPHO MeEpenaeTcs KUIKOCTBIO IO BCEMY €€ 00BheMy.
OTnoxuB B MacmiTade Ha TMEPIeHAMKYIApax K paccMaTpUBAEMOM IUIOCKOW CTEHKE B €€ BEpXHEH M
HIDKHEW YacTH pp U COCJAMHUB KOHIIBI BEKTOPOB MPSIMOM JIMHUEH, MOJYYHM MPSIMOYTOJbHUK-3IIOPY
HOpMaJIbHBIX HANpsHKEHUHM, BBI3BIBAEMBIX BHEIIHUM JaBieHHEeM. W30bITOYHOE THAPOCTaTUYECKOE
JIABJICHUE U3MCHSICTCS 10 TIyOHHE 10 3aKOHY MPSMOM, MpudeM oHO paBHO (0 Ha CBOOOJHON MOBEPXHOCTH
KMIKOCTH U MaKCHMaibHO — y aHa (pgH).

Takum 00pa3oM, 3MIOPHl HOPMATHHOTO M30BITOYHOTO THIPOCTATUYECKOTO HANPSIKEHHUS UMEIOT (hopmy
IPSIMOYTOJBHOTO TPEYTOJBHHUKA. DIMIopa HOPMAIBHOTO a0COMIOTHOTO THAPOCTATUYECKOTO HATPSHKECHHS
MIOJTyYaeTCsl B PE3yJIbTaTe CIOKEHUS MPEIbIIYIINX ABYX IIOP U UMeeT (GOopMy Tpareuuu.

AHAJIOTUYHO CTPOATCA SMIOPbl HOPMAJIBHOI'O TUAPOCTATUYECKOIO HAIPSIKEHUs B Cllydae HAKIOHHOMW
creikd. C TOMONIIBIO TMOAOOHBIX JMIOP MOXHO Trpaduueckd CYMMHUPOBAaTh HOPMaJIbHOE
TUAPOCTATUYECKOE HAIpPSHKEHUE IPU JCHCTBUM OJHOPOAHBIX WM Pa3HOPOJHBIX JKUIKOCTEH C JBYX
CTOPOH IUIOCKOM CTEHKH.

C moMoIIbI0 3MIOPEl HOPMAJIBHOTO THIPOCTATUYECKOTO HAMPSIKCHUS MOXET OBbITh TOJCYWTAaHA CUja
THIPOCTATHYECKOTO JIaBJICHUS Ha IUIOCKYIO MOBEPXHOCTH, IMOCKOJBKY OOBEM TAaKOH 3IMIOPBI YHCICHHO
paBeH BEIMYUHE ATOW CHIIbL [IprueM cHila JaBJICHHS Ha IUIOCKYIO MOBEPXHOCTH
MIPOXOJIUT YePe3 LEHTP TSHKECTH AIIOPHI, MOJOKEHHE KOTOPOT'O IS TPAICIEH IATbHOM
3MIOPBl HOPMATBHOTO THAPOCTATHYECKOTO HAMPSIKEHHUSI HA MPSIMOYTOJIbHYIO CTEHKY
MOJKET OBITh OIpeIeNIeHO TpadUIecKu WIH 1o popmynam.

F

IIpuMepsI pelieHus 3aaa4
1. Onpenenuth maBieHHE OCSH3WMHA HA JHO IUCTEPHBI, €CIM BhICOTA CTON0Aa OeH3mHa 2,4 M, a ero
MI0THOCTB 710 KI/MC.

Jano: Pewenue:

h=24mM p = pgh

p = 710 kr/m’ p =710 kr/m> « 10 H/kr+2,4 m
g=10 H/kr p=17040 Ila= 17,04 klla
p—1 Omeem: 17,04 xI1a

2. Kakas KuaKOCTh HaXOJUTCS B COCY/IE, €Cli ¢ToI0 BeicoToM 0,3 M oka3wiBaeT aaBienue 5400 I1a?

HHano: Pewernue:

/I 0,3 M - i _ Yz
p = 5400 [la RS B o
=10 H/Kr 5400 Tla

P =1800 kr/m’

B 71 0 H)lcr' -707,3 M

Omeem. CepHas KHCJIOTa

p—2?

3. B Gonbmioit cocys ¢ KBapaTHBIM JTHOM TUIOMAALI0 9 M2 U BEpTUKAIBHBIMUA CTEHKAMU HAJIUTA
Boza (cM. pucyHOK). KakoBa BeICOTa ypOBHS BOJBI B COCY/IE, €CIIM CUJIA €¢ AaBlieHUsI Ha OOKOBYIO
MOBEPXHOCTh COCYJIa paBHA CWJIE IaBJIEHUS HA THO?
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Jaxmo: 1

Fa—Ts 2 X

S, =9m 1

p. = 1000 =% e h—2
= = == —|=

h_ 2 ———S— L

PemreHHue:

JlaBinenue BOABI HA AHO cocynaa pasHO: P, =p gh.

ITnmomans mHEHAa cocyma paBHAa: S = a°, Tme a — CTOpOHA
KBaaparTa.

Cuna nasineHus1 Ha AHO cocynaa pasHa: F, =P, S = psghaz;
F, = p.gha®.

JdaBirmeHHne >KHAKOCTH Ha DOKOBYIO MOBEPXHOCTE COCYVaa

- h

yvOBIBaeT ¢ BBICOTOM OoT /i, moaToMy B cpenHem F, = pBgE.

Ilmomans OOKOBOM MOBEPXHOCTH COCYAA, HCOBITHIBAIO-
mel gaBjieHHe, paBHAa: S; = 4dah, a cuiia gaBJIeHHUusI Ha DOKO-

BYIO NOBEPXHOCTEL paBHa: F;, = F.S; = psg%4ah .
ITo ycnosmio 3anaun F, = F,, Toraga pughaz — pag%4ah.
Coxpamas Ha P, &, iz, a, monygaem: a = 2h, Torga iz = %, HO

a=-/S.

OTcrooga caenyer, 94To |z =

2

TTomcTaBsuB B QOPMYJIY HHCIAOBHIE HJAaHHBIE, [MOJYIHAM:

e e
h——z —2—1,5M.

OrTBeT: zA=1.5 nm.

4. B cocyn, umeronuii popmy muHapa ¢ paanycoMm 10 cm, Hamwunu 3,14 KT HoICOTHEYHOTO Maciia
(cM. pucyHOK). OnpenenuTs 1aBlIeHUe Macia Ha THO COCcyaa.

JdaHxo: CcHh e
R=10cm O, 1M
m=3,14 Kr é

p = 800 =L
™M
P—?
Pemmenaue:
JMaBimeHHne >XKHAKOCTH HAa AHO COCYAa PABHO OTHOIIEHHWIO

CHJIIBI TSIJKECTH JKHUAKOCTH K ILJIOIaay JHa cocyaa.
Taxk kak F = mg — cljia TS>KeCTH Macia, a S = nR? — ono-

_F
maabk AHa cocyaa, nmoayaum: P = -
OTrcoaga caenyerT, ato | P = mg2 5
ITopcraBuB B OPMYJIYy YHCJIOBLIE JaHHBIE, IIOJYIHM:
$:14-10 . .10 . 1000 IIa.

~ 3,14-(0,1)° 0,01
OrTBeT: P=1000 Ila.
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5. B cocyne HaxoasTCst OJIMH 3a IPYTUM TPH CII0S1 HECMEIITUBAIOIINUXCS KUJKOCTEN: BOJa, MaclIo,
PTYTh (CM. pUCYHOK). BbicoTa kaxxaoro ciost 5 cMm. OnpenenuTh TaBiIeHUE )KUIKOCTeH Ha THO
cocyza u Ha riayoune 7,5 cM.

Hano: CcH
h‘ = h2 = hs =5cm |0,05m :::—:_—_:_—_:
h=17,5cm 0,075 m —— Macmop, — | ~h,
p. = 1000 XL e

= —— Bouap, —| fh.
Pu =900 —5 e
P, = 13600 5 = —
P=:7 -
Ph —— ?

Pemenne:

Onpenesnum nasjeHne HA JHO KaXKJAO0OH KHJAKOCTH!:
P, =p,gh, — nasnenune croaba pryru;

P, =p_gh, — nasnenue cronba Boabl;

P, =p gh, — naBnenne cronba macia.

Ob6mee nasnenue Ha AHO cocyaa Gyaer pasuHo: P= P, +
+ P, + P3, Tak Kaxk h; = hy, = hg, P=p gh, + p,gh, + p,g&hs =
- ghl(pp + Pa + pu)'

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

IToacrasus B GOpMYJIY YHUCIOBEIE JaHHBIE, MOJIYYHM:

P=10-0,05-(13 600 + 1000 + 900)=0,5-15 500 =
= 7750 Ila.
JaBinenue Ha rinyonHe 7,5 CM CKJAIaABIBAeTCH M3 JaBJie-

HHUA cTonba macia m AaBJIEHHA IIOJIOBHHBI CTOJIOBI BOABI:
1
B, =P, +3P.

Orcioza cneayer, uro |B, = p, 8hy + %p,ghz .

IToacrasus B (hopMyTy YHCIOBEIE JaHHBIE, TOJAYYHM:

B, =900-10-0,05+1-1000-10-0,05=450+250=

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

6. Konmdeckas mpoOka mepeKphIBaeT Cpasy JiBa OTBEPCTHUS B TNIOCKOM COCYJIE, 3aITOJTHEHHOM
xuakoctero pu nasneHun 2000 I1a (cm. pucynok). Paguyc otBepetuit R =2 em, r =1 cm.
Onpenenutsb CUiTy, JEHCTBYIONIYIO HAa TPOOKY CO CTOPOHBI KUKOCTH.
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A ano: CH
P = 2000 Ila 0,02 m

R=2cm 0,01 ™
r=1cm
F—?

Pemenmune:

Curna, nedcTrByOIIasi Ha TpoOkKy B O0JIbIIIOM OTBEPCTHH,
pasHa: F, = PS,, rone S, — mimomanak 600100 OTBEPCTHS;
S, = nR?, Troraa F, = PnR>.

Curna, geidicTBylnas Ha NpoOKy B MaJIOM OTBEepPCTHH,
pasHa: F, = PS,, rae S, — naomanak MaJOro OTBEpPCTHA]
S, = nr®, Torna F, = nPre.

Cuina, neficTByOIas Ha IPOOKY CO CTOPOHEI JKHJAKOCTH,
pasua: F=F, — F,; F=nPR® — nPr° = nP(R* — ).

OTcroaa cineayver, 9TO [F = nP(R? — ’_z;l-

IMToacrasue B GOPMYJIYV YHCJIOBLIE JAaHHBLIE, HOJIYYHM:

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

OrTBeT: F=1,884 H.

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

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

MaJIblii TOpIIEHb MOMEeCTHSM Trupio Maccoi 1 kr. Kakoil rpy3 HyXHO NMOMECTUTh Ha OOJBIION
MOPUIEHb, YTOOBI KUAKOCTh OCTAJIach B PABHOBECUU?

Hacoc Harmeraer macio B TuApaBiIMYeckui mpecc nox apasieHueM NMIla. Orto naBnenue
nepenaeTcss Ha OOJBIIMIT MOpIIEHb, IUTomans Kotoporo 800 cwm®. Kakyio cuily aaBieHHs
UCIBITHIBAET 3TOT MOPIIECHB?

BOJIBIIIOl MTOPIIEHB THAPABIMYECKOro PECca IIoma/pio 180 cM? IEHCTBYET Ha IPECCYEMOe TEJIO ¢
cwiton NkH. C xakoil cuwilofl JefcTBYeT Macilo B Mpecce Ha Majblil MOPIIEHb, €CINA €ro IUIOIALb
paBHa 4 cM>?

Omnpenenuth naBieHue OeH3WHA HA JTHO IUCTEPHBI, €CIM BbICOTa cToiiba OeH3uHa 2,1 M, a ero
motHocTs 710 kr/m®

BbIUKCIINTE JABICHAE W CHUTY IaBICHHS KepOCHHA HA JHO Gaka mmomagsio 50 1M, ecid BhICOTA
cToyiba KepocuHa B 6ake Ncwm.

Pacummpssace, ra3 nepemectun nopueHb Ha paccrosaue 0,5Mm. Ilnomaas mopmns 0,02m2,
atmocdepHoe nasnenne HopMmaiabHoe (101,3 kIla). Onpenenute: paboTy ra3a Mo MPOTATKUBAHHUIO
MOPLIHSA; KOJMYECTBO TEIUIOTHI, OTHaHHOe ra3y HarpepareneMm. Cumraiite KIIJ[ HarpeBatens
paBHBIM 1, a TpeHHEM IIpeHeOperuTe.

B cranenuTeiHOM NMpPOM3BOACTBE «M3JI0KHUIIEH» HA3bIBAETCSA UYT'YHHBIM CTaKkaH

06e3 aHa, B KOTOPBIA BBUIMBAIOT pacIllaBJIeHHbIH MeTayll. BepxHee oTBepcTue JﬁL
U3JI0KHUIIBI HEMHOTO MEHbIIE HIDKHEro Ui TOro, YTOOBI MOXKHO OBLIO IRl |
U3JIOKHUILY CHSTh C OTBEPJAEBILIErO CIUTKA, KOTJa OCTHIHET MeTaul. UToObl d_h 1Bl
METaJIJl CHU3y HE BBUIMBAJICS, W3JIO)KHULBI CTAaBIAT HA IUIOCKOE OCHOBAHHME U
JIeNaloT UX O4YeHb MacCUBHBIMH. Ha pucyHke cieBa m300pa)keHa H3JI0KHHIIA,
CIpaBa — IMOABEM M3JIOXKHUIBI € OTIUTOro ciautka. Omnpenenure cuily
JaBJICHUs, KOTOPYIO MPOU3BOIUT Ha MOJUIOKKY H3JIOKHHUIBI HAJIUTHIA YYTyH,

f—
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10.

11.

12.

13.

14.

15.

16.

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

Bo ckonbpko pa3 maBieHHe BOJBI Ha JHO KOoQeiHUKa OOJbINe, YeM Ha JIHO YailHHWKA, €CIIM BBICOTA
crosiba Bojbl B kodeitHuke 30 cm, a B yaiitHuke — 12 cm?

OmnpenenuTb BBICOTY YPOBHS BOJBI B BOJOHANOPHOW OalmiHe, eciu
MaHOMETp, YCTAHOBJICHHBIM y €€ OCHOBaHHUs, MOKA3bIBacT naasiieHue 220
klla. =

Bricota cronba Boabl B crakaHe 8 cM. Ha ckoiibko naBieHHe pTyTH Ha
JHO cTakaHa ObLIO ObI OoJIbIle, eciy Obl PTYTh HAJIWIN B CTaKaH J0 TOTO e
K€ YpOBHA? =
Jnuna axBapuyma 40 cm, mmpuna — 20 cm, Beicota — 30 cm (cMm.
pucynok). C kakoii CuiIoi BoJa JaBUT Ha JHO akBapuyMa? Boja Huxe BepXHEro Kpas akBapuyma
Ha 2 cM
. Cocyn umeer maccy 15 kr. Korga B Hero noBepxy I0JuiIu BoJibl, Macca ctaia 40 kr, a korja B
ATOT K€ COCYJ HaJWIN JOBEPXY HEU3BECTHBIM PacTBOp, TO Macca craja ﬂ
paBHOil 45 kr. OmpenenuTs aBJeHHE HEM3BECTHOTO pPAcTBOpa Ha JHO ——\ |
cocy/a, eciy BbicoTa cocyna paBHa 0,5 M. ; h
B uBerounyto Ba3y Hanuta Boza. /laBienue Bojsl B Touke (1) Oosnblie, uem ——
B Touke (2), B 1,6 paza. Touka (1) orcTout OT AHa Ba3bl HA 4 cM, a TOUKa (2)

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

B cocyn, miomaas momnepeyHoro ceueHus KOTOPOro YMEHBIIAETCS B

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

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

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

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

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

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

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

Tema 3.2 OcHOBbI TepMOAUHAMUKH. TenjioBbie MAIIMHbBI

IIpakTnyeckoe 3ansiTue Ne9

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

OTJIMYaTh A0COIIOTHOE U OTHOCUTENBFHOE Y/UIMHEHHE.
IIpakTnueckas padora ¢popmupyert: [1PyS, [Ipy9, [TPy13, I1P62, ITP66, ITP67,
JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10

BoinosiHenue pa6orsl cnocodcTByet hopmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06

MarepuanbHoe o0ecniedeHne: TETPaab IS MPAKTHUECKUX PadoT, pyyka, METOJUYECKIE PEKOMEH IAINH
10 BBITIOJTHEHUIO pa0OTHI, JIMHEIKA, KapaHalll.
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Yka3zanue: [Ipaktuueckas paboTa COCTOMT U3 ABYX YacTeid — TEOPETUYECKOH M NPaKTHUECKOM.
ITocne u3ydeHuss TEOPETUYECKOr0 MaTeprala MOXKHO IIPUCTYNATh K BBIIIOJHEHUIO IPAKTUYECKON YaCTH.
Omna cocTtouT U3 AByX U OoJiee 3a/1a4 JJIsl CAMOCTOSTENILHOTO BBINIOJHEHUs. He 3a0bIBaiiTe 0 MpaBUIIBHOM
oopmienun peuieHus. Ha BblnosHeHHe MpakTUYECKONH OTBOAMTCS JiBa akaJeMudeckux daca. [lopsaok
BBITTOJIHEHUS pabOTHI

ITopsinok BbINOJIHEHHSI PAa0OTHI:

1. PaccMoTpuTe TEOpeTHMUECKMM MaTepual IO TEeME€ U NpUMEpbl pelleHus 3anad  (CMOTpu
METOAMYECKOE ITOCOOHeE).
2. Pemmre camocrosiTensHyto padoty. Odopmure perieHne NiCbMEHHO B TETPAIH.
Xox padoThI:
1.Teopus.

Bunsbl negpopmanuu. 3akon I'yka.
Jepopmayueri Ha3pIBAIOT U3MEHEHUE (POPMBI WK 00bEeMa Tena.

YI’lpyZOﬁ Ha3bIBAIOT I[erOpMaI_II/IIO, KOTOpasAa IMOJIHOCTBbIO HMCYEC3aCT IIOCJIC IIPCKpAIICHUA HeﬁCTBHH
BHCIIHUX CHUIJI.

Heynpyzoii (nnacmuueckotii) Ha3pIBaIOT IedOpMalnio, KOTOpas HE HCYE3aeT IOCHe MpeKparieHHs
JEHCTBUS BHEIIHUX CHIL.

Cuna, BO3HHMKaOUlas B pe3yinbrare jAepopmanuu Tela U  HaAOpaBleHHas B CTOPOHY,
IIPOTUBOIOJIOKHYIO IEPEMEILIEHUIO YaCTUIL Tela MpH eopMaliii, Ha3bIBACTCS CULOU YNPY2OCU.

HpH‘lHHOﬁ ,Z[e(I)OpMaI_[I/II/I TCJa ABJIACTCA ABUKCHHUC OI[HOﬁ 4aCTHu OTHOCHUTCIBHO I[pyTOﬁ, a CJICACTBUCM
Ile(bOPMaIII/H/I TCJIa ABJIACTCA BOSHUKHOBCHHE CHUJIbI YIIPYT'OCTH.

Bunet nedpopmanun
Hedopmarust pacTspkeHUs (CKATHS)

- 3T0 Aedopmarus, Ipyu KOTOPOH U3MEHSETCS] PACCTOSHUE MEXK/Y MapauleIbHBIMU CIOSIMH YIIPYTOTro
TBEPJIOTO Tela.

[Tpu nedopmanuu pacTsKeHUs YBEIUUHUBAIOTCS pa3Mephl Tela.
[Tpu nedopmariuu cxaTvs yMEHbIIAIOTCS pa3MeEpHI Tela.
Jedopmarus pacTspkeHHs (CKaTHs) XapaKTepu3yeTcs: aDCOMOTHBIM YAJTMHEHHEM.

AOCONIOTHOE YIJIMHEHHE I[OKa3bIBA€T Ha CKOJIBKO W3MEHSAETCS MANMMHA Tela IO CPaBHEHHUIO C
MepBOHAYAILHON JUTMHOW 00pasiia.

Aiz:'!il

le—1lo

2

A1> 0 nedopmanus pactsoxenus A 1 <0 nepopmanus cxatus
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OTHOCHUTEBHBIM YAJMHEHUEM Ha3bIBAIOT (PM3UUECKYIO BETHUUHY, PABHYIO OTHOIICHUIO a0COTIOTHOTO
YIUIMHEHUS K MIepBOHAYAILHON JIMHE 00pa3La.

Al

=
lo

Hedopmarnus n3ruda
Hedopmariun u3ruba moaBepraeTcs TeIo, 3aKPEIIEHHOE ¢ IBYX CTOPOH M HArpy>KEHHOE MOCEPEIIHE,
1100 TEJ0, 3aKPEIUICHHOE C OJJHOI CTOPOHBI M HATPYKEHHOE C APYrOd CTOPOHBI.
[Tpu nedopmanuu n3rnda BOrHyTast 4acTh Teja MOABEpraeTcs aeGopMaIiy CoKaTHsI, BBITYKIIAs 4acTh
Tela moJBepraercs aehopMaluy pacTsHKCHHS.
YroOBkI TeJIa MEHBIIIE MOIBEPTAIUCH, NeOpPMALIUU U3rHda, UX JACTIAl0T TPYOUaThIMU.
Hedopmarus cipura
- 9TO Takas jaedopmarus, MpU KOTOPOH MPOUCXOTUT CMEIeHHE (CIBUT) TapaIebHBIX CIOCB
YIIPYrOro TBEPAOTO Tella IPYT OTHOCHTEIILHO JIPYTa.
Hedopmarust kpydeHUs
Jedhopmanuu KpydeHuUs: TOABEPracTcsl TEJO, OJWH KOHEI KOTOPOTO 3aKpEIUIeH, a K JAPYroMy KOHILY
NPUJIOKCHBI JIBE CUJIbI, PAaBHBIE 10 MOYJIIO U TIPOTHUBOIIOJIOKHBIC [0 HATIPABJICHUIO.
3akoH ['yka
Cuiia ynpyrocTH, BOZHUKAIONIAS TPH MAJIBIX Ae(opManusax Tela, MpornopIroHalibHa YIJTUMHEHUIO Tella
Y HalpaBJicHa B CTOPOHY, IIPOTUBOIOJIOKHYIO HANPABICHUIO MIEPEMEILICHUI YaCTHUI] TeJIa.
Fy=-kX
K - sxecTKOCTB Tesa, 3aBUCHT OT (JOPMBI M pa3MEpOB Tella, U OT MaTrepualia, U3 KOTOPOrO H3rOTOBICHO
TEJIO, X - CMELICHHUE.

Cuna ynpyeocmu
Cuiisl ynpyrocTy BO3HUKAIOT NpH JeopMallii Teja U HalpaBJIeHbl B CTOPOHY, IPOTUBOMOIOKHYIO
CMELICHUIO YaCTHI] TEJIA U3 TOJI0KEHUS PABHOBECHSI.
3axon I'yka
Jnsa maneix ynpyrux naedopManuidi pacTsDKEHHMsT M CKaTWsl BBINONHSETCS 3akoHn [yka: cuna
YIPYTOCTH MPSIMO IPONOPLUOHAIBHA Y/UIMHEHUIO TEJla W HAIpPaBJI€HA B CTOPOHY, NPOTHUBOIOJIOXKHYIO
HaIpaBJIEHUIO MTEpEMEILEHUI YacTHIl Teja Mpu AedopMaluu:
F=k -|41],
riae kK — koaddurment xectroctu, H/m;
Al — ynnuHeHHe Tena, M.
IIpu npoeknuu Ha ock X 3aK0H I 'yka IpuHUMaeT BUA:
Fy=-kx, AN

rae x = Al — ynnmuHeHue Tena, M. ..E:L.

(x > 0 npu nedopmaruu pactskenus, x < () mpu 1epopMaluu CHKaTH).
IIpumepsI cuibl yOpyrocTH. (P

Cuua peakiuu onopsl (Cuia, JEHCTBYIOIIAst CO CTOPOHBI OMOPHI Ha Teno) — V.

i
Cuna HOpMaJIBHOTO J1aBJIE€HU (TeNa Ha oropy) — m& .

Cuna peakuuM ONOpPbl M CHUJAa HOPMAJIBHOTO JABJIEHUS HAIPABIICHBI Puc. 8
NEPIEHANKYIISIPHO IOBEPXHOCTH CONPUKOCHOBEHHMS Tel (puc.8).
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Cuna HaTsDKEeHUs — HallpaBJieHa BAOJIb HUTH (Tpoca U T.11.) — 7.

Bec mena. Hesecomocmu Y I ™
. W /= /i
Bec mena — cuna, ¢ KOTOpoil Teylo, BCICACTBUE €ro MPUTSHKEHUS K 3emie, ..’; L
JICHCTBYET Ha OMOPY WJIU ITOJBEC. b RN Y
)
............. i

Bec Tena, 0603Ha4eHHbIH OyKBO# — I, IO MOYJIIO pABeH CHJIC TSHKECTH: P

Ho 310 HE 3HaUUT, 9TO

P= mé& .

FiuP- OJIHO U TOXKE.

Cuna tsxectd (©+) — 3T0 rpaBUTALMOHHAS CHIa, IPHIIOKEHHAS K TEIY.

Bec Tena — 310 cuia ynpyrocTtH, NpuioKeHHas K MOJABECY.

2. [IpuMep pemieHus 3a1a4

Ha tonko# npoBosioke nojseiieH rpy3 maccoi 10 kr. [Ipu 3ToM jiiHa IPOBOJIOKHM yBEIMYWIACh HA
0,5 mM. UeMy paBHa K€CTKOCTb TPOBOJIOKHU?

. y X ymp.

Hano: cn Pemienue:

m=10 kr

x=0,5 MM _0[5-10° m

k-?

I'pys3, IOJBENICHHEIH HA IPOBOJIOKE, HAXOAUTHCS B IOKOE. 3HAUMT ;) TIO MOAYJIIO paBHA Fm.
F m— ‘Lr; "Llynp‘:'kx
B ckansapnoit popmyine ock OY: Fp-Fyy,=0
Fm=Fymp, = mg=kx= k

mg 10-9.8 fH
k= x ;k=0510" 2196000

H
Otser: 196 - 10°
CamocrosiTeibHas padora.

1. Teno maccoil 2 Kr TAHYT MO INIAJKOM AOCKE C IOMOIIBIO NMPYKUHBI, KOTOpas NMpHU IBUKCHUU
pactsaHynach Ha 2 cM. Kectkocts mpyxussl 200 H/M. Onpenenure ycKOpeHHE, C KOTOPBIM
JBUKETCSI TEIO.

2. Bbpycok TSHYT MO TOpU30OHTaNbHON TJIaJKOW MOBEPXHOCTH C MOMOIIbIO MPY>KUHBI, )KECTKOCTHIO
150 m/c?. Onpenenuths Maccy Opycka eciid JJIMHA MPYXKUHBI 1OCIe JABWKEHHs M3MEHWIAch Ha 3
CM, a ycKopeHue Opycka coctaBuiio 1,5 M/c??

3. Yenosek maccoit 70 Kr momHuUMaeTcs B JUQTE, JBMXKYILIEMCS PaBHO3aMEJJICHHO BEPTHKAIBHO
BBEPX C yCKOopeHuem 1 M/c2. OnpenenuTth CUTy JaBJICHUS Y€I0BEeKa Ha MOJI KaOUHBI JTUQTA.

4. I'py3 maccoii 45 Kr nepemeraercs no TOPU30HTAIbHON TNIOCKOCTH MO AeicTBUEM cuilbl 294 H,
HAaIMpaBJICHHON TMOJ YIjoM 30° x ropuzoHTy. Konddumuent tpenus rpyza o miaockocts 0,1.
OINPEAEINTh YCKOPEHHUE JBUKEHMS TPYy3a.

5. Teno CKOJB3UT PAaBHOMEPHO IO HAKJIOHHOM IIJIOCKOCTH C YIJIOM HAKJIOHA 40°. Onpenenure
KO3 PHUIIMEHT TPEHUs O TIOCKOCTh (2=0).

6. ITog jeiicTBreM mocTosHHOM crubl 1,210 H. MarepuanbHas Touka npomuia myts 30M 3a nepebie
10 c. OnpenenuTs Maccy TOUYKH.

7. Ha nBa Tena neiictByroT paBHble cuibl. [IepBoe Teno nmeer maccy 50 T ¥ ABUXKETCS C YCKOPEHUEM
1 M/c®. Bropoe Teio JBHKETCS ¢ yCKopeHueM | m/c?, Yemy paBHa Macca BTOpOro Tena?

8. ABTOMOOMIBL Macca 3 T JBUXKETCS cO cKopocTeio 28,8 km/4. Ilpu TOpMOXKEHHH OH
ocTaHaBIUBaeTcs uepes 6 ¢. OnpenenuTs CUIly TOPMOKEHHUSL.

9. Baron, macca koroporo 11 T, maér co ckopocteto 18 km/4. KakoBa momkHa OBITH cuia

TOPMOKCHUA, YTOOBI OCTAHOBHMThH BaroH Ha pacCTodIHNN 250 M OT TOYKH Hadaa TOpMO)KCHI/I}I?
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

HaiitTn BennunmHy TOpMO3sIIed CHUIIBl JEHCTBYIOIIEW Ha Tenexky maccoil 500 kr, ecnu mpu
ckopoctH nBrkeHus 40 M/c TOpMO3HOHM TTyTh ObLT paBeH 70 M.
Kakoii myTb mpu TOPMOXKEHUU MPOUJET MOTOLMKI, UMesl HaYaJIbHYIO0 CKOpocTh 120 7 xm/4, pu
Macce 250 kr u cuiie Topmoxkenus 4 kH.
IToesy cuua, TsKeCTH KoToporo 3,92-10° H, aBmkercs co cKOpoCTBio S4kM/d. ONpeenuTh CHTy
TOPMO’KEHHUSI, €CIU MYyTh, KOTOPBIM MOE3] MPOLIENl OT Hayajaa TOPMOKEHHS 10 OCTAHOBKH, PaBEH
200 m.
Teno maccoit 500 Kr nmogBecUM Ha KaHaTe, U OHO JABUKETCS PAaBHOIIEPEMEHHO BHU3. 3a NEPBBIC
10 ¢ oT Hauana ABUKEHUM TEJIO MPOXOIUTh MyTh 20 M. UeMy paBHa cuiia HaTsSHKEHUsI KaHaTa?
Kanatr moxer Bwiaepkath Harpy3ky 2,5 kH. C kakum MakCHUMaJdbHBIM YCKOPEHHUEM MOKHO
nogHuMath Tpy3 200 Kr, yTOOBI KaHAT HE pa3opBaics?
Teno maccoit 0,2 kr. [lagaeT BepTUKaIbHO BHHU3 C YCKOpeHHEM 9,2 m/c?. Uemy paBHa cpeaHsis
CHUJIa CONPOTUBIIEHNUS BO3yXa?
Teno ABMXETCS O CKOPOCTHIO 6 M/C M OCTaHABIIMBAETCS MIPH TOPMOXKEHUU depe3 3¢c. Uemy paBeH
K03 unmeHT TpeHus?
ITox neiictBueM cuibl 10 H npyxuna ynnununace Ha 0,1 M npu anune B 1 M. KakoBa xecTkocTb
IPYXUHBI?
Teno paBHOMEpPHO ABMKETCS MO HAKIIOHHOM 1uiockoctu. Ha Hero aeiicTByroT cuna tsxectu 50 H,
cuna tperns 30H u cuna peakuuu onopst 40 H. Kakos koadunuenT tperns?
Ha npyxune nonsemiena rupst maccoit 200rp., koTopasi, nehopMupys MpyKUHY, pacTArUBacT €€
Ha 5 cM. Yemy paBeH K03 (HUITUEHT KECTKOCTU TPYKUHBI.
JIBe Tenexku, MpUXKAThl APYr K APYTy U CXKHUMAIONIME MpYyXuHy, ormyctunu (puc. 5). Korma
Npy)KHHA paclpsiMHIIIAch, TEJIeKKa Maccoi 5 Kr mpuobOpena ckopocTh 3 m/c. KakoBa ckopocTb
BTOPOM TEJIEKKH Maccou 2,5 Kr?

my,= 2,5 Kr m, =5 Kr

T R EEESASSSS S 30HTanbHON  JOPOKKE. 3a 3 ¢ UX CKOPOCTh
yMEeHbIINJIach Ha 6 M/c. CI/ma TpeHus caHok o Jopoxky 12 H. KakoBa macca caHok?

Macca CIIOPTUBHOTO AApa OKOJIO 7 xr. C Kako¥ CUJION ero MMPUTATHUBACT 3emis?

®opma npeacraBiaeHus pesyabTara:
BeImonHuThE 3a1aHue B TETpaau A MPaKTHUECKUX padoT.
Kputepuu onenkmn:

3a IpaBIIILHO BBITIOIHEHHOE 33/1aHUE BBICTABIISETCS TTOJIOKUTEIbHAS OlleHKa — 1 Oa.

3a HEeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNEe BHICTABIISICTCS OTpUIIaTeIbHAast orleHKa — ) OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB

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

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

Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

Tema 3.2 OcHoBbI TepMOAUHAMUKH. TenjioBbie MAIIMHbBI

IMpakTuyeckoe 3ansaTue Nel(, 11

OcHoBbBI TEPMOAUHAMHUKMA. HpnMeHeHne MEPBOro HavaJsia TCPMOAUHAMUKHU K H30IIpoueccam.

KII/I TenioBbIX ABUTaTe e

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

TEIUIOBBIM TIpoOIleccaM, IyTAX HM3MEHEHUS BHYTPEHHEW »Hepruu Tel, aauabaTHuecKoM Ipoliecce,

NPUHIUIE PAa0OThI TEIIOBON MAITHHBI.

53



IIpakTnuyeckas padora popmupyert: [1PyS, [Ipy9, [1Py13, ITP62, [1P66, ITP67,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
Boinosinenue padorsl cnocodcTByer popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06
MarepuaibHoe o0ecledyeHue: HWHAMBHUIYyalbHOE 3aJaHHE, KOHCIEKT JIEKLUI, CIpaBOYHBIE

MaTepuabl.

Yka3anmue:

[IpakTueckoe 3aHATHE COCTOMT U3 JBYX YacTed — TEOPETHUYECKOM M IpakThueckou. Ilocie
U3y4eHHs] TEOPETHUYECKOI0 MaTepHaiga MOKHO HPUCTYNATh K BBINOJIHEHUIO MpakTHYecKod vactu. OHa
COCTOMT M3 JBYX W Ooyiee 3ajad Al CaMOCTOSITENIbHOTO BhIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
oopmienun pemienus. Ha BbIIIOJHEHHE MPAKTUYECKOrO 3aJaHMsl OTBOJAUTCS uemblpe aKaJeMUYECKHX
qaca.

3aganue:

1. O3HakombTeCh ¢ KPAaTKUMHU TEOPETUUECKUMU CBEACHUSIMU
2. Pemmre 3a1aun, CaMOCTOSATENIBHO UCIIOb3Ys IPUMEPBI U KPAaTKHE TEOPETUYECKUE CBEJICHHS.

ITopsinok BbINoOJIHEHUs padoOThI:
1. Wsyuure u Bomuimute GOpMYJIbl 110 TaHHOHN TeMe:
2. Pa30epute npumMepsl pelIeHHBIX 3a/1a4
3. Pemmre caMoCTOATENBHO 3a/1a4U
Kparkue Teopernueckue cBeeHHsA

TennoobmeH (Temnonepenaya) — 0OMEH BHYTpEHHEN 3Hepruei 6e3 coBeplIeHHs] MEXaHUYECKON paboThI.
KonnuectBo temots (Q) — sHeprus, nepeaaHHas B pe3ybTaTe TeII000MeHa.
Q=c-m-AT

Y aenpHas TEINIOEMKOCTh (C) — KOJIHNYCCTBO TCIIJIOTHI, HCO6XOI[I/IMO€ AJId HarpCBaHU s 1 kr BCIICCTBA Ha 1

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

K (1°C). [c

— YpaBHCHHE TCIIJIOBOT'O Oananca.

|>-Quu = > Quon

- o=g. _Q __1_)13“
l'openue: qull. q [q]

VY aenpHas TemioTa CropaHus (CI) — KOJIMYCCTBO TCIJIOTHI, BBIACIACMOC ITPHU CTrOPAHUN 1 xr TomMBa.

Hapoo6pa30BaHMe-nepexo;[ BCIICCTBA U3 ) KUJIKOI'O COCTOSAHHUA B T a3006pa3Hoe.

Q=rmf (r==| [r] = i—):

VY aenpHas TemioTa Hap006pa303aHH${ (r) — KOJIMYCCTBO TCILIIOTHI, HCO6XOI[I/IMOC AJIg TIpCBpAlICHUA B I1ap 1
KT )KUJAKOCTH IIpH IIOCTOSTHHOM TeMIICpaTypcC.

IInaBneHue — nepexon BeuecTea nu3 TBépI[Ol"O COCTOSHHA B ) KUIKOC.

_ _Qrpyoq &
2= Q-1

KT
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VY enpHas TeIioTa iaBieHus (A) — KOJUYECTBO TEIUIOTHI, HEOOXOUMOE IS TUIaBJICHUS | KT BellecTBa
IIPU TEMIIEPATYPE IUIABJICHHUSL.

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

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

HpI/IMeHeHI/Ie IIEPBOro Havyajia TCpMOJMHAMUKHU K U30IIpoHeccaM

Hsoxoprsdi mponecc, | HsoapHbill npomecc, | AIEAdaTHYecKEE OPOLEC,

¥ =romst P 0=

| H30TepME9eCKH mpotece.

1 =const

= const

O=AU<+4 4
V=ab=a.,, “ame

TennoBas MammHa — MallMHA, COBEPIIAIONIAs MEXaHWYECKYI0 paboTy 3a Cu€T BHYTPEHHEH SHEPTHH

TOIUJIUBA.
PaGouee Teno — ras, coBepiiaronuii paboTy B TEIIOBOI MallluHE.
HarpeBarenb — ycTpoiicTBO, coo0iaroiiee padoueMy Teiny KOJIMYECTBO TEIIoThl Q1 mpu Temmneparype 7.

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

LT,

Ti -]

MTmax =

IIpumepsl pemienus 3agaq

1. B amromunueByro kactpromo Maccoi 0,15 kr Hanuto 1,2 Kr BoAsl Iipu 20° C. CkomnbKo KUIIATKY
HYKHO JIOJNIUTH B KACTPIONIO, 4Tl Temieparypa Bosl crana 50° C? [ToTepsiMu Teruia B OKPY/KAOLIYIO
cpeny npeHeopeyb.

JaHo: Pemenue:

m,=0,15 xr nosydeHHoe Termao Q1=C,.My(0—ty); Q2=C,Ma(6-ty)

my=1,2 xr otaanHoe Termto Q3=C,.m; (t-0)

t=20°C ypaBHeHUe TermnoBoro 6ananca Q;+Q,=Q3

t=100°C Co My, (0-1,)+M,.Ca (0-t)=C,m; (-6)

0 =50°C M= (e,m, +m,c,)(0 -t,) =

;=920 I[)K/KPOC
cs= 4200 Jix/kr’C

C(f (tr - 9)
(4200-1,2 +0,15-920) - (50 — 20)

m, —?

~ 0,74k
4200 - (100 —50)

Ortser: 0,74 kr

2 B mporuecce uzobapHoro pacumpenus ra3y nepenano 6 MJx temnotsl. [Ipu 3ToMm ras copepiaet

paboty 1,2 M/Ix. I3menunach 11 BHYTpeHHsIsI SHeprus ra3a? Harperncs raz wim oxJiaauics.

JaHo: «Ch» PeweHue: | BolumcneHus:
AZL2 MIK 61080 [AU=Q-A" | AU=6-10° Ixk-1,2-10° [k =
Q=6 M/Ix 1,2-10° 15k 48105 I
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AU-?

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

. cun PeweHue:
HaHO' PeweHne:
- T, -T,
1,=227°|CT1=500 K | mpp= =2 =7 _500K ~300K _
' ™ sooK

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

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

Jlano: Pewenue:
m=4r=4*10"kr 1) [1pu n306aprom pacimpennu (py=const) ra3 coBepaer pabory
V=010’ AEpi(V2-Vy) (1)

=In JlaBnenne raza onpeznensem u3 ypaBuenns Knaneitpona-Menneneesa:

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

T,=300K 2) I1pu n3oTepMuyecKoM paciiMpeHue ra3 copepuaet padory
Az-? A2=m/MRTlInV3/Vl (4) (lnlO=2,3)
A-? Beraucnenus:

1) A=4* 10°kr*8,3 1 ox/(Monb*K)*300K/2*1 0 kr/momb*0, 1 MS*( Im-0,1 M3)=4.5* 10* /1
2) Ay=4*10"kr/2*10 kr/Monb*8,3 1 I/(Mons *K) ¥300K*In Im*/0, 1m°=11,5%10° [Tk
Omeem: A= 4,5%10"11x, A= 11,5%10°[Ix

5. Omnpenenure u3MeHeHHUEe BHYTpeHHEHW sHepruu AU Jibia Maccoit m=5 Kr B IPOLIECCe €ro TasHHs
(TaBieHMs ) TPH HOPMATBHBIX YCIOBUSX.

Jano: Pewenue:
m=5 Kr W3meHenne BHYTPEHHEH SHEpPriu 13 nepBoro 3ak0Ha TEPMOJANHAMUKN:
A=335*10"lx/kr  Q=AU+A. Orciona AU=Q-A. Jlns tasiunst Heobxoauma temiora Q=Q,, =
Po=l,01"‘105 ITa Am, A-yzenbHas Tennota miasnesns. Macca o6pa3oBasuieiicst BOAbI Mmoo
T=273K Oyner paBaa mMacce nba m. O6bem Boabl V, 00pa3soBasiumiics u3 bja
p=0,9%10°kr/n’ V), OyaeT MeHble, Tak Kak MIOTHOCTb BOJBI Py2o O0JIBLIE MIOTHOCTH b3
pHg(>=103 Kr/M° pa. Ilpu nnasnenun nbaa cosepuaercs padora A=po( V- V).

YunteiBas, uto p=m/V,onpeaensiem Vo=puo: Vi=m/p, CrneaosarensHo,
AU-? A=po(m/pr20-m/p)=Po m(ps-pr20/pspr20) Beraucnenns:

Q=3,35*10° mk/kr*5xr=1,7*10 .
A=1,01*10°TTa*Skr*0,9* 10*kr/a’- 10 kr/v/0,9% 10 kr/m 10 kr/m’=-55 1%
AU=1,7*10°Tx-(-552k)~1,7*10° k.

Omgem: 1,7*10°1x
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6. Temnepatypa HarpeBaTens uicanbHod  TemoBod  MammHbl  TH=500 K,remmneparypa
xonoaunbarka Tx=300 K. Onpegenure KIIJ TenmoBod MamwuHbl N U TEIOTY Q H, MOJYYEHHYIO OT
HarpeBaTelIs, €CJIH 32 OJMH [UKJI MalinHa coepinaet padboty A=400 J[x.

Jano: Pewenue:

T,=500K Koydduunent none3noro aeifcTus Ten10Boi MaMHb ONPEACALETCS 110

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

A=400/1x U3 opmyst 2 ceayer, uro Q=AM

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

Pemurhb 3a1a41 caMOCTOATEIbHO

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

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

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

3. OmpenenuTh MacCy CropeBLIEro KaMEHHOIO YIJIs, €ClIU MpU cropaHuu Beiaenuwiock Q Jlxoyneit
Ter1oThl. (=29MIx/Kr)

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

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

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

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

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

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

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

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

kr | °C | °C | K [|xxMJ/x 1 r |kIla|] °C | °C n °C
1 1 5 8 | 10 | 100| 10 [200| 20 | 100] 100| 20 | 0,9 10
2 2 10 | 90 | 20 | 200 | 20 | 400]| 40 [ 200|200 30 | 0,8 | 20
3 3 151 95| 30 [ 300] 30 | 600| 60 | 300|300 40 | 0,7 | 30
4 4 20 [ 100 | 40 | 400 | 40 | 800 | 80 [400(| 100| 25 | 0,6 | 40
5 5 5 85 | 50 | 500 50 [ 100 10 | 500]200| 35| 0,5 | 50
6 6 10 | 90 | 60 | 600| 60 | 200] 12 [ 600|300| 45| 0.4 | 60
7 7 151 95| 70 | 700 | 70 | 300| 14 | 700 | 100 | 30 | 0,95 | 70
8 8 20 [ 100 | 80 | 800 | 80 | 400| 16 | 800 | 200| 40 | 0,85 | 80
9 9 5 85 1 90 | 900 | 90 [ 500 18 | 900|300 | 50 | 0,75 | 90
10 1 10 | 90 [ 100 | 100 | 100 | 600 | 20 | 100 | 400 60 | 0,35 | 100

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Kakum crocobom — coBepiieHueM paboThl MM TeIulonepesadyeii n3MeHsAeTCcs BHYTPEHHSS SHEeprus
JIETallv B CJIEAYIOIIUX Cilydasx: 1) cTporanue aeTtaiy; 2) HarpeBaHUe JeTald B [I€4YH MEePeJ] 3aKaIKOM;
3) GrICTpOE OXJIAKICHHUE JETAIH B BOJIE (3aKanka)?
Paboune ropsYMX 1[EXOB HOCAT KOMOWHE30HBI, TOKPBITBIE METAIHUYECKUMH  OJICCTSIIUMH
yemyiikamu. [louemy OHM XOPOIIO 3alUINAIOT YEI0BEKa OT JKapbl?
TennoBas anexTpoctaniuss MomHocThio 2400 MBT notpebnger 15001 yrns B uwac. KakoB KIIJ|
cTaHuu?
JUis TIOBBIIEHUS TBEPAOCTH M IPOYHOCTH CTAJBHBIX H3JIENMA NPUMEHSIOT 3aKalKy (HarpeB 1o
HEKOTOPOI Temreparypbl ¢ MOCIEAYIOUIMM OBICTPBIM OXJaxaeHueM). Kakoe KOIM4ecTBO TEmIOTHI
HE00XO0MMO, YTOOBI HArpeTh CTaabHON MOJIOTOK Maccoit S00r ot 17 go 8§17°C? Beruucnure, Kakoe
KOJIMYECTBO TEIUIOTHI BBIAENSET MOJOTOK, €CIIU €r0 OXJIAKIAIOT B )KUJIKOM KHCIIOPOZE, TEMIIepaTypa
kotoporo -183°C. VY nenbHas TeroemMkocTs ctainu 460 JIx/ kr-°C.
Kakyto maccy kokca notpedyercs cxeub, yToObl HarpeTs 10T uyryna Ha 10°C?
B mnaBunbnyto neus 3arpy3mwin 2000 xr uyryna, B3storo npu 20°C. Kakoe KOJWYECTBO TETUJIOTHI
3aTpayeHo B Hel Ha ero ruiaBiaeHue? CKoJbKO JbJa, B3sToro npu 0°C, MokHO ObUIO OBl pacIjIaBUTh
3a CYET 3TOr0 KOJMYECTBA TEIIOTHI?
B muaBunbpHOM neud 3a oAHy IMuaBky nonydwin 250 kr amomuHMs npu Temneparype 660°C.
Onpenenure, HACKOJIbKO HW3MEHWJIACh BHYTPEHHSS OSHEPrus allOMUHUSA, €CIM €ro HadajbHas
temmneparypa obuta 20° C. Y aenpHast TeIuIoTa IuaBieHus amoMuHus 3,9 MJx/kr.
UyryH B JIMTEHHBIX IeXax IUJIaBAT B IeyaX, Ha3blBaeMbIX BarpaHkamu. OrmnpeaenuTe KOJIUYeCTBO
TEIJIOThI, HEOOXOAMMOE Uil IUIaBKM OT 4YyryHa, JOBEIEHHOIO JI0 TeMIIepaTyphl IIJIaBJICHHS.
VnenpHas TeroTa miaBieHus crutasa 138 270 Jx/kr.
JIoM 4epHBIX METAJJIOB MEPEIUIABIIAIOT B CTAJIb B MAPTEHOBCKUX Iedax. Kakoe KOJIM4ecTBO TEIIOTHI
HeoOX0IMMO JUIsl HarpeBaHus U paciiaBieHus 10 T cTagbHOro JoMa, €clii HadajbHas TeMmIiepaTrypa
ero 20°C? Temneparypa mnasnenus ctanu 1400°C.
Kakyro paboTy coBepmun uACabHBIA OJHOATOMHBIM Ta3 M Kak MPU OTOM HM3MEHUJIACh €ro
BHYTPEHHSS PHEPTus NMpU M300apHOM HarpeBaHUM IBYX Mousied raza Ha 50 K? Kakoe kommuectBo
TEIUIOTHI MOJIYYUJI Ta3 B Mpoliecce TermiooomeHa?
IIpu agnabaTHOM pacuIMpeHUH Bo3ayxa Oblia coBepiieHa padora 200 J[x. UeMy paBHO M3MEHEHHE
BHYTPEHHEHN YHEPrUU BO31yXxa?
WneanbHblil Ta3 HarpeBajicd MpU MOCTOSHHOM JaBJIEHUH, IIOTOM €r0 JAaBJIEHHUE YBEIMUYUIIOCH MPHU
IIOCTOSIHHOM O0O0BbEMe, 3aTeéM IpU IOCTOSHHOM TeMIeparype JaBIE€HUE TIa3a yMEHBIIUIOCh [0
nepBoHayanbHOro. Hapucosats rpaduk B KOopAMHATHBIX Ocsix P-V.
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23. WneanbHblil a3 nomyunn koiauyectBo Tertotsl 300 [x u coepimn padoty 100 k. IIpu sTom kak
M3MEHUJIACh €r0 BHYTPEHHSSI SHEPTus?
24. Temneparypa xononuinbHuka TtemioBod wmamuubel 300 K, temneparypa narpeBatens Ha 300 K
OoJIbIIIe, YeM Y X0JI0IuIbHUKa. UeMy paBeH MakcuMaabHO Bo3MOkHBIH KI1JI TerumoBoit mammHb?
25. Uemy paBHa BHYTPEHHSISI SHEPrus 5 MOJIb OJHOATOMHOTI'O M/I€aIbHOTO ra3a npu temuneparype 47°C?
dopma npeacTaBJieHus pe3yabTarTa:
BbImonHUTE 3a/1aHUE B TETPAAX AJIS MPAKTHYECKUX padoT.
Kpurepumn oneHku:
3a mpaBUIIHLHO BBIITOJHEHHOE 33JaHHE BHICTABIIAETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHKE BBICTABIISETCS OTpHUIIaTebHas olleHka — () 0aos.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosnemeopumenbvhoy svicmasisiemcs 3a menee 60%0 npaBUIBLHBIX OTBETOB

Tema 4.1 DuekTpocraTuka

IIpakTuyeckoe 3ansaTue Nel2, 13

3JIeKTp0CTaTI/IKa. Coennnenue KOHAECHCATOPOB B 6aTapelo

]_le.]]bZ C(i)OpMI/IpOBaTL YMCHHUS MIPUMCHATD NOJYUCHHBIC 3HAHUA JIA PCIICHUS IIPAKTUYCCKUX 3a/a4.

IIpakTnueckas padora ¢popmupyert: [1Py5, [Ipy9, [TPy13, I1P62, ITP66, ITP67,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
Brinosinenue padorsl cnocodocTByer popmupoBanmio: OK 01, OK 02, OK 03, OK 09
MarepuanbHoe olOecneyeHue: HWHIMBHAyaJIbHOE 3aJaHUE, KOHCIEKT JIEKIHM, CIPaBOYHBIC

MaTepuabl.

Yka3zanue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX YacTed — TEOpeTHYecKoll M mnpakrtuueckou. Ilocne
U3Y4YEHUs] TEOPETUYECKOro MaTepuaiga MOXHO IPUCTYNATh K BBINOJHEHHUIO MpakTHueckoi uyacth. OHa
COCTOHMT M3 ABYX M Ooyiee 3amay Al CaMOCTOSITENBHOTO BHITIONIHEHUs. He 3a0biBaiiTe 0 MpaBUIBLHOM
opopmiennu pemieHusi. Ha BbIMOTHEHUE MPAKTUYECKOTO 3aJlaHUS OTBOJUTCS Yemblpe aKaJIeMUUYECKHX
Jaca.

3ananmue:
1. O3HAaKOMBTECh C KPATKUMH TEOPETUYECKIMH CBEICHUSIMU
2. PeHII/ITe 3aJa4uu, CaMOCTOATCIIBHO I/ICHOJ’II)3Y$I HpI/IMepBI %1 KpaTKI/Ie TeopeaneCKHe CBCIOCHUSI.

Ilopsinok BbINOJHEHHS padOThI:
W3yuuTe 1 BeIMUIIATE GOPMYJIBI IO JAHHOH TeMme:
Pa30epute npumepsl pelIeHHbIX 3a1a4
3. Pemmute caMOCTOSATENBHO 3a/1a4n
Kparkue Teopernuyeckne cBeeHHA

N

F=phd: 449
3akoH KynoHna B Bakyyme: P oAme g
['. i .4, q,4,
3akoH KyJ'IOHa B cpene: er 4ree o

')
HaprDKeHHOCTI) SJICKTPHUYICCKOTO ITOJIA: <

HarnpsiykeHHOCTB 3JIEKTPUYECKOr0 MOJIs TOYEYHOT0 3apsia: e Lol
3aKOH COXpaHEHUs 3IEKTPUUECKOTO 3apsaa: § = g1+ go+ ... + On.
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Q- g2 =Ap
PasHocTh IIOTCHIIAJIOB:

L
[ToTeHIIHa TOYEIHOTO 3apsa: hr

/‘, x'\q’
CBs3b NOTEHIMANA M HANIPSDKEHHOCTH:  d
(. o &g
DIeKTPOEMKOCTh KOHIEHCATOpa: @=90:
w99 -9, _ ql
2
DHeprust 3apsKEHHOr0 KOHIEHCATOpa: s 2

CoenuHeHne KOHIEHCATOPOB:

[TocnenoBarenbHOE COCTMHEHHE KOHJICHCATOPOB — COSAMHEHUE, TIPU KOTOPOM ITOCIIE 3apSAKU
OTpHUIATENHLHO (MTOJIOKUTENBHO) 3apsKeHHAsT 00KIIAIKa MPEBbIIYIIEr0 KOHACHCATOpa COSNHEHA C
MOJIOKUTEIHHO (OTPHUIIATEIBHO) 3apsHKEHHON OO0KIaIKON MOCIEAYIOLIETO.

l L |
—e—t—t b — =  —=) —
C-. C._ (:'nim gcn

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

JIPYTOH.

Co = 2.C, C.

1 [ahihs

=C,+...+C,

Mpumepsbl peweHuna 3aaay
1. -Kakyio-padoTy cOBepllacT Nole IpH - MepeMelleHHH -3apaga-2- 10-*-kr-

H3-TOYUKH-C-TIOTeHTHATOM -7 00-B -B-TOUKY ¢ IoTeHIHATOM - 20087
Brrncnenae:

Jaro™| Pemenme
=-2.105-KnT A A='2-1{?'3'KJI{?GD-B—2 00B)=Y
9= &= =—= T[ =-1-10-5- Tt
@ =-700BY g
@=200B1 A=(ey —)- g
T —?
¢ A ll

2_-B-ogHOpPOOHOM - 3IeKTPHYSCHOM - [I0JI8- C - HalpTHeHHOCTBRY - 6- 103- i -
Ko
mepeMentaeTed-3apan-7- 10-%-Kn-Ha-paccToanse - 8 -ca-moa-yraomM -60% K - s
HANPCEEHHOCTH. -ONpeJeTHTs-padboTy TIo-NepeMelleHHIO -3TOT 0 -3apana v

Jaro™| «CHY] Permense | )
o 6-10° Haq 1 A=F-S-cosa; - F=E-q;-5=£; A=E-g-f-cos-af
| T A=7-10°K1-6-10° 2 .8.10-2:.0,5=7
g=7-10%Kny |1 , Ko
£=8-cn-q 8-107MY| =1 68107 Ma=1.68MTxT
=60 o ol
A9 OtBet:-A=1 680 &Y O
o o

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

1. Hanpsbxkenue Mexay mojirocamMu 06ataped akKyMyJasiTopoB N kB. kakoi 3apsi MOJyYUT KOHJIEHCATOP

eMKOCThI0 500 MK®D, eciii ero COeTUHUTH C MOJIF0CaMU IToW OaTtapen?
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2. JIBe ogrHAKOBBIE HEOOBININE TOBEPXHOCTH MPH TPAHCIIOPTUPOBKE JIETANICH TOTYUMIH 3apsIbl
6*10°Kn u -12*10°Kn, maxomsumecs Ha paccTosstHUM N cM JApyr oT napyra. Omnpenenure CUiIy
B3aUMOJICHCTBUS MEXKYy HUMH.

3. Ilpu nepememienuu 3apsiaa 2 Kii B a1eKTpUYECKOM I10JI€ CUIIBI, IEHCTBYIOIINE CO CTOPOHBI ATOTO IMOJIA,
coBepmmiin padory 8 JIx. Uemy paBHa pa3sHOCTh NMOTCHIMATIOB MEXIY HAYalbHOH M KOHEYHOMH
TOYKaMu MyTu?

4. Ilpu nepeMeleHnN IEKTPUYECKOT0 3apsa MEXAy ¢ TOUYKaMU C pa3HOCTBHIO NOTEHIMANoB 8 B cuibl,
JEHCTBYIONME HA 3apsil CO CTOPOHBI JIEKTPUUECKOro IMouist, coBepumin padory 4 Jx. Uemy paBen
3apsan?

5. Hanpspkenue Mexay AByMS TOPH3OHTAIBHO pacmojiokeHHbIMH ImactuHamMu 600 B. B mone stux
IUIACTUH HAXOAUTCA B PABHOBECHM 3apsDKEHHAsl MbUIMHKA MAaccoil 3*10®r. Paccrosiaue MEXKITY
wiacTuHaMu N MMm. OnipeaenuTe 3apsii NbUTHHKY.

6. Konnencarop emkoctpio 0,02 MKk® COCAMHUIM C UCTOYHUKOM TOKA, B PE3YJIbTATE YEro OH MPHOOpen
sapsin 10°Kur. Onpejienute 3sHauCHHE HAIPSYKEHHOCTH OIS MEXKILY IUIACTHHKAME KOHICHCATOPA, SCIIN
paccTostHuEe MEXAY HUMHA N MM.

7. B HEeKOTOpO# TOUKe AIIeKTpUUecKoro mojs Ha 3apan = 5 uKn neiictByer cuna F = 4-10-7 H. Haiitu
HaIIpSHKEHHOCTD 0JI £ B TaHHOM TOYKE.

8. Kakas HanmpspKeHHOCTh AJICKTPUYECKOTro Mouis £ co3maercs 3apsaaoMm sapa HeoHa (Ne) ( = 1,6:10™8 K
na paccrosianu r=10"° m ot nenTpa sxpa?

9. Ha paccrossHuu r = 5 c¢M Japyr oT JIpyra B BaKyyMe€ pacHOJIOKEHBI MPOTHUBOIMOJOXKHBIE MO 3HAKY
3apsiabl BenmumHOM || = 7uKi. HaliTh HanpsyKeHHOCTb 3JIEKTPUYECKOro moist E B TOUKe,
HAXOJIAIIEHCS HA PACCTOSHUM, @ = 3 CM OT MOJIOKHUTEIBHOTO 3apsiaa u B b = 4 ¢cM OT OTpUIIATEIBHOTO
3apsna.

10. B 0HOPOJHOM 3JEKTPUUECKOM I0JI€ PACCTOSHUE MEXKIY JIBYMsl TOUKAMH BJ0Jb CHIJIOBON JIMHUU
I =N cMm, a pa3HOCTh oTeHUuanoB Mexay Humu 100 B. Onpenenure HanpsyKeHHOCTh 1o E.
11.  Tlpu HanpspKeHUH MEXIY IUIacTMHaMU KoHJeHcaTopa 200B pa3HouMeHHbIe 3aps/ibl Ha IIaCTUHAX

-4
paBubl 10™ Kii. UeMy paBHa 3JIeKTPOEMKOCTh KOHICHCATOpa?

12.Bbrumicnute SHEPruro 3IEKTPUUECKOTo OIS KOH/IGHCATOpa MEKTPOeMKOCThI0 10 MKD, 3apsKeHHOTO0 10
Harpspxenust 10B.

13. Kaxkast pabora coBepiaercs npu nepemerieHuu 3apsiaa 4,6 MKKil B 21€KTpUUECKOM Moje MEXIy
TOYKaMH C Pa3HOCTBIO MOTeHIMAaI0B 260 kB?
14. B 0ZHOPOIHOM >/IEKTPHUECKOM TOJNe ¢ HanpsukeHHocThio 18-10° M mepemernaercs 3apsi 7-10°
Kn

Kin Ha paccrosHMe N cM mox yriom 60° Kk mHHAAM HanpsbkeHHocTu. Omnpenenuts paboTy Mo
NepeMEILEHHUIO 3TOr0 3apsiia.

15. Omnpenenutb eMkocTh 6atapen Cgar, €ciiu KoHAeHcaTopbl ¢ emMKocTsiMu C1=10 n®, Co=15 n® u
C3=20 n® coenuHmWIM: a) MocieaoBaTeNbHO; 0) mapamuieabHo. CXeMbl COSIMHEHHs] KOH/IEHCATOPOB
HAYEPTHUTh.

®opma npeacTaBiaeHus pe3yJabTara:
BrImoTHATE 3a/1aHUE B TETPAIN IS IPAKTHYECKUX padoT.
Kpurtepun onenkmn:

3a mMpaBUIIHLHO BBHITOJIHEHHOE 33JJaHHME BHICTABIISIETCS TIOJIOKUTEIbHAS OlleHKa — | Oasu.

3a HeMpaBUWIILHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BHICTABIISICTCS OTpHUIIaTeNbHAs olleHKa — () 0aoB.

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

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

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

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

Tema 4.2 3aK0oHBI NOCTOSAHHOI'0 TOKA
IIpakTuyeckoe 3anaTue Nel4, 15
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3akonbl Oma. Conporusiienne. CMelIaHHOE cOeJHHEeHHEe NIPOBOTHUKOB

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

IIpakTuyeckasi padora gopmupyer: [1Py5, I1py9, [1Pyl13, I1P62, ITP66, I1PG7,

JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
Boinosinenue padotsi ciocodcTByet (hpopmupoBanuio: OK 01, OK 02, OK 03, OK 09
MarepunanbHoe obecrnieyeHue:

TeTpajlb JUIsl MPAKTUYECKUX padoT, pyuka, METOANYECKUE PEKOMEH/IAllMHU MO BBIOJIHEHUIO PabOTHI,
JIMHEMKA, KapaHanl.

VYka3zanme: [IpakTudeckas paboTa COCTOMT M3 JIBYX YacTed — TEOPETHUYECKOM M MPAKTUYCCKOM.
[Tocne u3yueHus TEOPETUUECKOT0 MaTeprajia MOKHO MPUCTYNATh K BHIIOJIHEHUIO MTPAKTUYECKONW YaCTH.
Omna cocTouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATEIbHOIO BhINOIHEHUs. He 3a0biBaiiTe 0 npaBuibHOM
odopmitennu pemeHusi. Ha BEIIOTHEHUE MPAKTUICCKOW OTBOJIUTCS uembipe aKaJeMHUIeCKHX Jaca.

Ilopsinok BbINOJIHEHHS PadOThHI:

1. PaccMoTpute TEOpPETHYECKHMU MaTepual IO TeMe W MPUMEpHl pelIeHus 3agad (CMOTpHU
METOAMYECKOE ITOCOOHE).
2. Pemmre camocTosTensHYO padory. Odhopmute pemeHne MICbMEHHO B TETPAJIH.
Xoxa padoTbI:
Teoperuvyeckue cBeeHUs

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

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

®opmyna conportusnenusi: R=p*l/S, rue p - yneiabHoe CONpOTUBICHUE, 3aBHUCIEE OT PO/a MPOBOIHUKA;
|-1y1MHa MPOBOIHMKA; S - TUIOIIAAb CEUCHUS.

[Ipu mnocnepoBarenbHOM coequHeHUH NpoBOAHUKOB: R=RI1+R2 [=[1=I2=const U=U1+U2 Ilpu
napaie’TbHoM coeauHeHnn mpoBogHukoB: U=UI1=U2=const [=[1+I2 1/R=1/R1+1/R2, ecniu R1#R2
R=R1/N, rae N- unciao 0AMHAKOBBIX COMPOTHBIEHUH, T.e. R1I=R2=...RN.

3akon Oma anst nmonHo# nenu: [=¢/R+r,rne € - 3/1C ucrounuka Toka, [€]=B, R-BHemHee conpoTuBieHne
[R]=Owm, r-BHyTpEHHEE CONPOTUBIIEHUE WJIN CONIPOTUBIIEHUE UCTOYHUKA TOKA [1]=OM

IIpumeps! pelnenus 3agay
Cuiia Toka M IJIOTHOCTDH TOKA
1. OmpenenuTe YMCIO N 3JIEKTPOHOB, KOTOPBIE MPOXOAAT yepe3 IMONEepPeyHOe CEUYEeHUE MPOBOIHMKA
TIOMmABI0 s=1MM? 32 t=2 MUH, €CIIM TUIOTHOCTB TOKA B IPOBOIHUKE j=150A/cMm?

Hano: Pewenue:

S=1mm™=10"m" Yucno 3neKTpoOHOB, MPOXOAALIMX HEPEe3 MONEPEHHOE CEUCHHE
t=2 mun=120c MPOBOIHMKA, PABHO OTHOLIEHHIO 3IEKTPHYECKOro 3apsija,
j=150A/CM::1,5*]OZA/MZ MPOLIEAIIEro Yepe3 JaHHOE NMONEPEHHOe CCUYCHNE, K 3apsaay
n-? ynekrpona:n=Q/e (1). YuursiBas, uro Q/t = I=S (2), nonyuum:

3a BpeMsi t yepe3 ceyeHune NpoBoIHMKA npoiiaer n= jSt/e.
n=1,5*10°A/M**10°M**120¢/1 ,6*]0'[9Kn=1 2%10%
Omeem: 1,2*10'

2. DneKkTpuyeckas 1enb, cocrosmas u3 peauctopoB R1=100 Om,R2=200 Om R3=300 Om, nogkiroueHa kK
IBYM MCTOYHHMKaM nocrostHHoro HanpspkeHust Ul n U2=100B. ITpu xakom Hanpsbkenue Ul cuita Toka I1
yepe3 pe3uctop R1 Oyner paBHa Hym0?
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Mano: Pewenue:

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

R,=200 Om Hanpskenue Us Ha pesucrope Rj nomkno Obith paBuo Uy, T.e. Us=U=L|R; (1).

R3=300 Om B stom ciyuae pesuctopset R, u R3 Bkimodens! nocnenosarensto. [Tostomy

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

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

U,=? YuuteiBas, uto IR;=U;=U; umeem, U,=U; Ry/R,+R3+U,. Ilocne npeobpa3zoBanus
nonyuum U;=R;/R,+R3*U,. U;=300 Om/200 Om+ 300 Om*100B=60B.

Omeem: 60B

3akon OMa /151 IOJTHOM enu
3. Onpenenute cuiay Toka KopoTkoro 3ambikanus IK3 Garapeu, DJIC koropoir € = 15 B, ecau npu
MOAKJIIOYEHUH K HEeW pe3uctopa conpotuBiaeHneM R=3 Om cuia Toka B 1enu cocraniser [=4A

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

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

3J1C ucrounuka snekrpuaeckoit sHeprun 12 B. Kakoit ¢pusndeckuii cMbICT 3TOTO BEIpaKEHUS ?
CoenuHeHue NPOBOHUKOB
4. K ceru nanpsoxkenuem U=200 B mnpucoeaunensl jBa pe3ucropa. lIpm ux mnocienoBaTeabHOM

coenunenun 11=4,4 A, a npu napamiensHoMm - 2= 27,5 A. Onpenenute comporusieHue R1 u R2
PE3UCTOPOB.

Hawno: Pewernue:

U=220B [Ipn nocnenoBarensHoM coequHeHUM R o= Ry + Ry T1=U/R o000 » OTKY 1A
[,=4.4A Rioenn= U/IL. Pacuersr: Rnocna=220B/4,4A=50 Om.

L,=27.5A Ilpu napannensHoM coeaAMHEHUN: Rypan = Ri*Ry/(R; + Ry), L=U/Rapaq, OTKY A
R,-? Ry-? Riapan =U/L>. Pacuersi: Rygpa=220B/27,5A=8 Om.

Rl*Rz/R1+R3:8 OM; R] R3:400 OM; R1+ R3:50 OM; R] R3:400 OM;
3uaunt: R;=10 OM; R>=40 Om.
Omeem: R1=10 Om; R,=40 OmM
CamocrosiTesibHas padora
Bapmuanr 1
1. Yepe3 ceueHue MNpOBOAHMKA 3a NpoMexyTok BpemeHH At=10c mpoxomut 3apsan AQ=25 K.
Omnpenenure cuity Toka [ B IpoBOIHHUKE.
2. Hampsbxkenne Ha ywactke nenm U = 5 B, a ero anekrpudeckoe comporuBieHne R = 10 Owm.
Omnpenenure cuity Toka [ Ha 3TOM y4acTke LiEMu.
3. IIpu nepemenienue 3apsina Q=2Ki BHYTpHM HUCTOYHMKA TOKa CTOPOHHHE CHJIBI COBEpPILIAIOT paldoTy
A=20 JIxx. Onpenenure IC ncrounuxa.
4. Kak MOXXHO TIOJIYYUTh CONPOTHBJICHUS R, coeauHsiss BCeMH BO3MOXKHBIMH CIIOCOOaMHU TPH pe3UCTOpa
conpotuieHneM R=6 Om kaxp1ii?
Bapuanr 2
1. Cuna Ttoka B mpoBomHuke I = 1,5 A. Omnpegenure 3apsa AQ, NpoTeKalIMUA uyepe3 ceueHue
IIPOBOJIHMKA 3a BpeMs At=2c.
2. Onpenenute Hanpsbxkenue U Ha pesuctope conporusieHneM R=10 kOwm npu cune toka B Hem [=0,5
MA.
3. Cuna Toka B Jlammouke kapmaHHoro ¢onapuka [=0,28 A npu nanpsokenun U=3,5B. Omnpenenure
COIIPOTHBIIEHUE R HUTH TaMIIOYKH.
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4. Bo ckonpko conporuBieHue R1 mnpu mnocnenoBarenbHoM coenuHeHun 10 pesucrtopos (n=10)
conpotusiieHreM 1o R=10 Om Gombliie, yeM ux conpoTuieHue R2 mpu mapamienbHOM COSTUHCHUH?

dopma npeacTaBJeHus pe3ybTarTa:

BEIMONTHUTE 3a/laHue B TETPaIu s IPAKTHYECKUX PadoT.

Kputepuu onenku:

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

3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTpUIIATENbHAs olleHKa — 0 OaioB.

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

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

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

Oyenka «HeyoosiemeopumenbHoy svicmasisemcs 3a Mmenee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.2 3aK0OHBI MOCTOAHHOI'O0 TOKA

IIpakTuyeckoe 3ansaTue Nel6

PaboTa, MOIIIHOCTDH M CONMPOTHUBJIEHHE YJIEKTPUYECKOI0 TOKA
Llesib: HAYyYIUTHCS pemIaTh 3a1a41, UCTIONIB3Ys POpPMYIIbI pabOTHl TOKA M MOIITHOCTH
IIpakTnueckas padora ¢popmupyert: [1Py5, [Ipy9, [TPy13, I1P62, I1P66, ITP67,
JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
Brinosinenue padorsl cnnocodocTByer popmupoBannio: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe o0ecnedyeHue: TeTpaab IS MPAKTUYECKUX padoT, pydyka, METOAMYECKUE
PEKOMEHIALIMH TI0 BBIIOJTHEHUIO PA0OTHI, JIMHEHKA, KapaH arll.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M MPAKTUYECKOM.
[Tocne n3ydeHus] TEOPETUYECKOTO MaTeprana MOXKHO MPUCTYNATh K BBITOJHEHHUIO MPAKTHYECKOW YaCTH.
Omna coctouT U3 AByX U OoJjiee 3a/1a4 JJIsl CAMOCTOSTENILHOTO BhINIOJHEHUs. He 3a0bIBaiiTe 0 MpaBUIIBHOM
oopmiennn pemenus. Ha BbimoiHeHNe MPaKTHYECKONH OTBOAWTCS JIBa akajeMudeckux daca. [lopsmaok
BBINOJIHEHUS pabOThI

Iopsinok BbINoJIHEHUs padOTHI:

1. PaccMmoTpuTe TeopeTHYECKM MaTepual N0 TeMe€ U IpUMephl pelleHHus 3agad  (CMOTpHU

METOJANYECKOE MTOCOOHE).
2. Pemmre camocrosiTenbHyto padoty. Odopmure perieHne NMCbMEHHO B TETPAIH.
Xoa pa6oTsl:
TeoperuyecKkue cBeAeHUA

1.IToBTOPUTE OpMYIIBI paOOTHI U MOILITHOCTU TOKa. PaboTa 1 MOIIHOCTH TOKA
PaboTy cuil 35eKTpUYECKOro MOJIs, CO3/JAIOIEro YHOpSAOYEHHOE BM)KEHHE 3apsKEHHBIX 4YacTHIl B
IIPOBOJHHUKE, T. €. AIEKTPUUECKUHN TOK, HAa3bIBAIOT pabOTOM TOKA:
A =T*U*t,
rae A — paboTa 3JIEKTpUIECKOro TOKa Ha yJacTke 1enu, JIx;
| — cuna Toka Ha JAHHOM Y4YacTKe LIeNH, A;
U — HanpshKeHHe Ha yJacTKe 1emnu, B;
t — BpeMs IpOX0XKJICHHsI TOKA [0 YYacTKy IEMH, C.
riae P — mommocTh TOKa, BT.
Ecnmu Ha ywacTke Henu BCsS DHEPrusi MEPEXOJUT BO BHYTPEHHIOIO

SHEPTHUI0 MPOBOJHMKA (HE COBEpIIAETCS MeXaHuyeckas pabdora), To Q = A 5 }_l_
IRt — 3axon Ixoyns-Jlenua. rt
Q — KOTMYECTBO TETUIOTHI, BBIJSIUBIIIEECS B IPOBOAHUKE, JK.

CobepeM 1iemb, COCTOALIYI0 M3 MCTOYHUKA TOKAa M MOTPEOUTENsS —

ANEKTPUYECKON SHEPTUH.
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CornacHo 3akoHy OMa qns ydacTka LE€NUW, HampsDKEHHE Ha
nposoaHuke U = I'R. Pabota cTOpOHHUX CUN Ay, = Apomp.+ Auem.
Anomp. — pabOTa NIEKTPUYECKOTO TOJIS 110 NEPEMEIIEHHUIO 3apsiia OT
TOYKH A K Touke B;
Anomp.= q'U = q'I'R.
Hcrounnk Toka oOnamaeT BHYTPEHHHUM COINPOTHBICHHEM I. Pabora mo mepemenieHuio 3apsaa

BHYTPHU MCTOYHHUKA TOKA:
&

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

3axon Oma 0na 6ceu yenu: CUilia TOKA B DJEKTPUUYECKOW ILIeNMH MpsiMo mnponopuuoHanbHa DJC
MCTOYHUKA TOKA U 0OpATHO MPOMOPLIUOHAIIEHA MTOJTHOMY CONPOTHUBIICHUIO LIETIH.

R — BHemiHee CcOMpPOTHBICHHE IleNu (0OIIee COMPOTHBICHHE MOTPEOUTENCH DIEKTPUUECKOM
sHeprumn), OwMm;

I' — BHyTpEHHEE CONPOTUBIICHHE LIENH (COPOTUBIIEHUE UCTOYHUKA TOKa), OM;

R + r — nonHoe conpoTtuneHue nemnu, OMm.

B,

B snexTpuueckoil enu BO3HUKAET KOPOTKOE 3aMblkaHue, eciu R=0: o »

Paboty cuit 31eKTpU4ecKoro MmoJsi, CO31A0IIEro YHOPSIJ0YeHHOE ABUKEHUE 3apsUKCHHBIX YacTHUI] B
MPOBOJIHUKE, T. €. IEKTPUIECKUI TOK, Ha3bIBalOT paboroii Toka: A = I-U-AE,

rie A — paboTa 3J1eKTpUYECKOro TOKa Ha ydacTke nen, Jx;

| — cuna Toka Ha TAaHHOM YYacTKe LEeNH, A;

U — HanpspKeHHe Ha yJacTKe 1emnu, B;

At — BpeMs TPOXOKJICHHUS TOKA MO YYaCTKY IETIH, C

[
t , rae P — momHocTh ToKa, BT.

Ecmu Ha ywacTKke IlemM BCSI DHEPTUsl MEPEXOTUT BO BHYTPEHHIOIO SHEPTHIO TNPOBOJHHKA (HE
coBeplIaeTcs MexaHuueckas pabora), To Q = I°’RA¢ — 3aKoH Jbxoynsa-JleHna.

Q — KOTMYECTBO TETUIOTHI, BBIJCIUBIIEECS B POBOAHUKE, JK.

IIpumepsI pemenus 3aga4
1. DOnextpuueckuil ABUratenb pabortaer 5 4. oT cetu ¢ HampspkeHueM 380 B mpu cuie Toka 35 A.
Comnporusnenne ooMoTku asurarens 0,5 Om. Omnpeaenuth U3pacxoJOBAHHYIO AJIEKTPUUYECKYIO
SHEPIui0, KOJMYECTBO TEIUIOTHI, BBIJIEJIEGHHOW B OOMOTKE 3a 3TO BpeMs U COBEPLICHHYIO
JIBUTATEJIEM MEXaHHYECKYIO paloTy.

Hamo: CH Pemerne: Brmncierns

['=380B A=ITUAr A=35A"380B-18000¢c =
I=35A szﬁv@i t‘2=4-lﬂm

R=050uM Ay =A—-0 0= (35A)*-0,50M-18000C =
Afr=51 18000 ¢ =0,1-10° &

A-1? A =24 10 Tx—0.1-10° Ik =
0-2 =23-10 ' IIx

A —?

Oteer: A=2410"x; 0=0,1-10°:x; 4, =2310" &

2. Ilpu 3amMbIKaHUU UCTOYHMKA dJeKTpudeckoit sHeprun ¢ J/1C 4,2 B HUKEINHOBBIM MPOBOJIHUKOM
ot 10 M 1 ceuenmem 1,0 mm° cmna Toka B menu Gbuta 0,6 A. Haiitu BHYTpPEHHEE
CONPOTUBIICHUE WCTOYHUKA DJIEKTPUYECKONM DHEPIUM. Y ACIBHOE COINPOTHUBIICHUE HUKEIWHA
4,2-10"0Om ™.

CamocrosiTesbHast padora
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1. DnekTpoaBUraTeNb, COMPOTHUBIeHHEe 00MOTKH KoToporo 0,4 Owm, paGoTaeTr OT CEeTH C HaIpsHKEHHUEM
300 B nmpu Toke 50 A. Omnpenenure KauyecTBO M3PAcXOJOBAHHOW PHEPIMM 3a 5 Y., COBEPLICHHYIO
JIBUTATENIEM MEXaHUYECKYIO Pa0OTy U KOJUYECTBO TEIUIOTHI, BBIJICIIEHHONH B OOMOTKE.

2.ABToMOOUIBHBIN cTapTep 3a 10 ¢ pabGotbl morpebmusier snepruto 6,0-104 JIx. KakoBa cuma ToKa,
MIPOXO/ISIIETO Yepe3 CTapTep BO BpeMs 3alycKa ABUTATElIs, €CJIU HapsbKeHUe Ha ero kiemmax 12 B?

3.CBapounbiM armapatom. Pabotaronum oT cetu HanpspkeHueM 45 B 3a 20 MUHYT ObIIIO M3pacXo0I0BaHO
5.4xBt*4ac sneprun. [Ipu kakoi cuiie Toka mpoTeKaia qyropas cBapka ?

4.9nextpudeckuid ytior momHocThio 800 Bt pabGotaer ot cetm 220 B .Omnpeaenuth cuiny Toka B
HarpeBaTeIbHOM 3JIEMEHTE U €ro COINpPOTUBJIIEHHE B paboyeM cocTOsHUU yTiora. CKOJBKO SHEpruu
OyJzeT u3pacxo0BaHo 3a 1,5 yaca HenmpepbIBHOM pabOThI yTiora ?

5.B cetp HamnpsbkenueM 120 B mocnienoBaTenbHO C 3JIEKTPUUECKON Jyroi BKiIrO4YeH peocrar . [lagenue
HanpsDKeHUsT Ha ajekTpomax ayru 45 B ,cunma Toxka B menu 12 A. OmnpenenuTs MOIIHOCTb
,JIOTPEOIISIEMYIO IYTOH U K.I1.JI. YCTaHOBKH.

6.Pe3uctop monkioueH K MUCTOYHHMKY TOKa, HANpshKEHUE Ha 3akuMax Kotoporo 6 B. Kakas pabota
coBepuiaercs TOkKoM, ecid 3a 0,5 MuUHYT uepe3 pe3uctop mnpoxoaut 3apsan 24 Kun? Onpenenutsb
MOIIHOCTh TOKa U COIPOTUBJICHHE PE3UCTOPA.

7.Kakass MomIHOCTH MOTpeOsseTCs IYyroBOW CTalCIIaBUIIBHON Ie4bl0, paboTaromiell OT HCTOYHHUKA
HanpspkeHueM 220 B npu cune toka 30000 A? Onpenenuth CTOMMOCTh 3JEKTPUUYECKOM IHEPruu
M3pPaCcX0/I0BAHHOM 3aM 5 4acoB pabOTHI IIE€UH, 10 ACHCTBYIOIIEMY Tapudy.

8.Hanpsbkenue Ha 3axkuMmax reHeparopa 132 B, a y morpebutens - 127 B. Omnpenenutb najaeHue
HaIpsDKEHUE B MaruCTpalibHbIX MPOBOJAX M COMPOTUBIIEHHE , €CJIM MOIIHOCTh TOKA y MOTpeOuTeNs
paBHa 5 kBT.

dopma npeacTaBiaeHus pe3yJabrara:
BreimonHuTh 3asaHue B TETPAAH [T MPAKTUYECKUX paboT.
Kputepun onenkn:

3a mpaBUIIBHO BBINIOJHEHHOE 33 JaHHE BBICTABIISETCS MOJI0KHUTENbHAs OLleHKa — | Gasu.

3a HelpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISAETCS OTpHUIaTeIbHas olieHKa — () 6anoB.

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

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

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

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

Tema 4.3 DeKTpUYeCKHl TOK B Pa3JINYHBIX Cpeaax
IIpakTueckoe 3ansaTue Ne 17

JIEKTPUYECKUH TOK B Pa3JIHYHBIX cpeAax
Heasn: chopmupoBaTh NOHUMaHKUE PoiH (HU3UKU B (POPMUPOBAHUU KPYro3opa U (HyHKIIMOHATBEHOU

IrpaMOTHOCTHU 4YCJIOBCKa I PCUHICHUA HNPAKTUYCCKHUX 3aaad; I 00BSICHEHHS yCHOBI/Iﬁ IMPOTCKAHUA
(bI/ISI/I‘-ICCKI/IX HBHCHHﬁ, YMCHHUS BBITIOJIHATE PACUCTHBIC U Ppa(I)I/I‘-ICCKI/IC 3agadn

IIpakTnueckas padora ¢popmupyer: [1PyS, [Ipy9, [TPy13, I1P62, ITP66, ITP67,
JIP1, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP&, MP10
BoinosiHenue padorsl ciocodcTByeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09

MarepuajibHoe o0ecnieyeHue:
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WHIAUBUIYAJIBbHOC 3aJIaHUC, KOHCIICKT HGKHHﬁ, CIIPpaBOYHBIC MATCPpUAJIbI.

Yka3zanue:

[IpakTueckoe 3aHATHE COCTOMT U3 JBYX YacTed — TEOPETHUYECKOM M IpakThueckou. Ilocie
U3y4eHHs] TEOPETHUYECKOI0 MaTepuajga MOKHO HPUCTYNATh K BBINOJIHEHUIO MpakTHYecKod yactu. OHa
COCTOMT M3 JBYX W Oojiee 3ajau JJisi CaMOCTOSATENBbHOTO BBINOJHEHUs. He 3a0piBaiiTe 0 MpaBUIBLHOM
oopmienun pemienus. Ha BelosHEHNE NPAKTUYECKOTO 3alaHUsI OTBOJUTCS /1BA aKaJEMHUECKUX Yaca.

3ananmue:

O3HaKOMbBTECH C TEOPETUUYECKUMHU CBEICHUSIMU UCIIOJIb3Ys CCHUIKY
https://znanium.com/catalog/product/1012153. Ctp 133, 134. «3aBHCUMOCTb CONPOTUBIICHUS
METAJUINYECKOT0 MMPOBOAHUKA OT TEMIIEPATYPhD)

Kparkue TeopeTuyeckue cBeleHUs
DIJIEKTPUUYECKUIN TOK B )KHIKOCTAX

PaCTBOPI)I " pacCIilyiaBbl, IPOBOJAIINC SHGKTpH‘{eCKI/Iﬁ TOK, HAa3bIBAKOTCA 23JIeKMpPOIUmaAmu.

CobepeM 3IeKTPUIECKYIO 1Ielb, B KOTOPOW COSTUHUM COCY/I C TUCTUILTUPOBAHHOMN BOIOM
ANEKTPUUYECCKYIO JTAMIIOUKY M HCTOYHHK TOKA. B cOCy1 OIyCTUM TUIACTUHBI, CO3/IAIOIINE B )KHIKOCTH
ANEKTPUUIECKOE TOJIC. DT TUIACTUHBI HA3BIBAIOTCS AJICKTPOIaMU. DJIEKTPOJI, COSTUHEHHBIN C
OJIOKUTEIBHBIM IIOJIFOCOM TOKA, Ha3bIBACTCS AHOOOM, @ SJICKTPOJI, COSAMHEHHBIN ¢ OTPUIIATEIbHBIM
IMOJIFOCOM — KAMOOOM.

3aMKHYB LIeTb, yOeAUMCSI, YTO JIAMIIOYKa HE CBETUTCS, TO €CTh TUCTHILTUPOBAHHAS BOJIa TOK HE
npoBoauT. Jlo6aBuM B Boay noBaperHyro coiib (NaCl). Jlamna HaunHaeT CBETUTHCS, T.€. PACTBOP
MIPOBOMT JJICKTPUUCCKUH TOK, T.€. B HEM MOSBIIIMCH CBOOO/IHBIC 3apsKEHHBIC YaCTHIIEL.

OT0 00BSICHICTCS TEM, YTO MOJICKYJIbI PACTBOPHUMBIX BCIICCTB COCTOAT U3 HOHOB
IMPOTHUBOITIOJIOKHOT'O 3HAKA, KOTOPLIC YACPIKUBAIOTCA APYT OKOJIO ApYyTa SJICKTPUICCKUMU CUIIaMHA
MPUTAXKCHUA.

B3aI/IM0I[CI\/JICTBI/Ie 9TUX MOJICKYJ C IMOJIIPHBIMH MOJICKYJIaMH BOJIbI IPUBOAXUT K YMCHBIICHUIO CHJIbI

2
MIPUTSKEHUSI MOHOB B MOJIEKyJaxX (g — kq > A BOTIBI & = 81).
e-R
[Ipu xa0THYECKOM JBUKEHUU MOJIEKYJI PACTBOPEHHBIX BEUIECTB U PACTBOPUTEIIEH IPOUCXOMSAT UX
CTOJIKHOBEHUSI, KOTOPBIE MPUBOJIAT K paciaay MOJIEKYJ Ha OTAEIbHbIE PA3HOMMEHHBIE 3aPSKEHHbIE
HOHBI. DTOT MPOIIECC HA3BIBACTCS 2IEKMPOIUMULECKOU OUCCOYUayUell.

[IpoxoskaeHue Toka yepe3 JIEKTPOIUT COMTPOBOXKIAETCS BBIIEICHUEM Ha 3JIEKTPOJIaX COCTaBHBIX
yacTel pacTBOPEHHOTO BEIIECTBA. DTOT MPOLIECC HA3BIBAETCS AIEKTPOIU30M. [los1oKuTETBHO
3apsKEHHbIE MOHBI (KAaTHOHBI) IBMKYTCS K KaTOy U IPUOOPETAIOT Ha 3TOM 3JIEKTPOE HEJOCTAOIINE
ANEKTPOHBI. OTPULIATENBHO 3apsKEHHBIE HOHBI (AHHMOHBI) OTJAIOT aHOLY JIMIIHUE MIEKTPOHbI. Takum
00pa3omM, Ha aHO/1€ IPOMCXOUT PEAKIIMS OKHCICHHS, @ Ha KaTOJle — BOCCTAHOBJICHUSI.

3]18Kmp0]lu30]|/l HAa3bIBAKOT ITPOLECCC BBIACIICHUA Ha 3JICKTPOJAaxX BCUICCTB, CBSI3aHHBIN C
OKHCJIIMTCIIBHO-BOCCTAHOBUTCIIBHBIMU PCAKIIUAMMU.

KonnyecTBeHHBIE XapaKTEPUCTUKH DIIEKTPOIIA3A ONIPEEISIOTCS 3aKOHOM 3JICKTPOJTN3a (3aKOHOM
dapanes):

Macca eewgecmea, gvloenuguie2ocsi Ha 21eKmpooe, NPAMONPONOPYUOHATILHA 3apsA0Y, NPOULeOueMy
uepes 271eKmpoum.
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m=k-q,
r7ie M — Macca BeLIECTBa, BBIJCIMUBIIETOCS Ha 3JIEKTPOJIE, KT;
g — 3aps, OpoLIEAIn yepes deKTposut, Ki;

Kk — 3HCKTpOXI/IMI/I‘leCKHﬁ OKBHBAJICHT BCIIICCTBA (XapaKTepI/ICTI/IKa BCIICCTBA, OIIPEACIACTCS 110

TabnuIe), Kr .
Kn

Tak kak | :ﬂ: q=1-4t= m=k-i4t —3axkoH Papazes,
at

rae | — cuia Toka B AeKTpouTe, A;

At — IpOIOJIKUTENBHOCTD AIIEKTPOIIN3A, C.

Bemmunny k = # HaspIBalOT arekmpoxumuueckum skguganenmom [k]= << .
F-n Kn

HpuMeHeHue AJleKmpoius3a 6 mexHukKke

1. JInst OYMCTKU METAIJIOB OT HEOOIBIIOrO KoJIMuecTBa mpumMeceit (padunuposanue). [lonydyenue
YHCTBIX: MEIH, cepedpa 1 30J0Ta. ITOT MPOLIECC Ha3bIBACTCA PAaPUHUPOBAHUEM.

2. JIns nmony4eHusl METAJIJIOB U3 pacTBOpa (LIMHK M HUKENb). DTOT MPOLECC Ha3bIBAETCS
JIEKTPOIKCTPAKLUEH.

3. [TokpbiTHE OTHOTO METAJLIA CJIOEM JPYroro Metauia (HUKEIMPOBaHUE, XPOMUPOBAHHE | T. I1.).
DTOT npoliecc Ha3bIBaeTCs raJibBAHOCTETUEH.

4. [lonydyeHue konuil peiabePHbIX N300pakeHUH (TalbBaHOIJIACTHKA).
5. JInst cHATHSL IepOXOBATOCTH U3AEIUH (3JEKTPOIIOIINPOBKA) U IP.
DNeKTpUUECKUi TOK B MeTaslIe
HarpeBanue npoBoJHHKA ITPH MIPOXOKIEHUH IO HEMY MOCTOSHHOI'O TOKA MOKHO OOBSICHUTB TEM,

YTO KUHETUYECKAsl SHEPTHUSI JIEKTPOHOM MEPEIAETCs TPU CTOJIKHOBEHMH HOHOB KPUCTAIIIMYECKOM
pEIIEeTKU.

p=po(l+at),
T7I€ p,— yAEIbHOE conpoTuBieHue nmposoanuka npu 0°C, Om-m;
t — Temneparypa no mkase Lenscus, °C;
p — YAEIBHOE CONPOTUBIIEHHE IpH TeMneparype t, Om-Mm;

o — TeMIepaTypHbId K03 (OULIHUEHT CONPOTUBIICHHS METaIa, 1

k
Bospactanue yaenbHOTrO CONPOTHBIEHHS MOKHO OOBSICHUTH TEM, UYTO C POCTOM TeMIEepaTyphl
aMIUIUTyJa KoJIeOaHMM HMOHOB KpPUCTAUTMYECKON pEIIeTKH METaJIOB YBEJIWYMBAeTCS M BO3pPAcTaeT
BEPOSITHOCTh MX CTOJIKHOBEHUS C 3JeKTpoHaMU. [Ipu CTONKHOBEHUH C MOHAMU 3JIEKTPOHBI TEPSIOT CKOPOCTh
HaIpaBJICHHOTO JABWXEHHUS. DTO U MPUBOJUT K BO3PACTAHUIO YJEIILHOTO COMTPOTUBIICHHUSI.
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Jliis Bcex MeTajuloB ¢>1 U Majio MEHSAETCs IPU U3MEHEHNUHU TeMIiepaTypsl. i YUCTBIX METAIIOB o
~_ L, st 95eKTpoanToB 0<0 ¥ C YBEIMYEHUEM TEMIIEPATYPhI YMEHBIIAETCS.
273K
MHorue npoBOJHMKM 00JaJal0T CBOMCTBOM CBEPXIPOBOJUMOCTH
COCTOSILLIEM B TOM, YTO WX CONPOTHUBICHHE CKAYKOM IaJaeT A0 HyJsS Ipu
OXJIQX/IEHUM HUXKE OIPEJeIEHHON KPUTUYECKON TeMIIepaTyphl, XapaKTepHOU
s ganHoro BemectBa. B 1911 r. rommanackuii ¢usuk X. Kamepnur-
OuHec 0OHAPYKHJI, YTO MPU MOHWKEHUH TeMiiepaTypsl prytu 1o 4,15° K ee
yIelbHOE CONpOoTUBIIeHUE najaer 1o 0.

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

o -6 Kr .
CHITY TOKa TIPH JJICKTPOIH3E. DIEKTPOXUMUIECKHI SKBUBAICHT cepedpa 1,12-107° —
? Kn

JaHo: Pemenue:

m=4,55r=4,55-10" | 3anumiem 3akoH 3ekTponn3a Papaes:
3

KT
m = xlIAt = |:i
At=30 Mug. = KAt
103
1,8-10%c | ~2.26 A

k=1,12-10°2

-2

OHeprus nOHU3AIMKU aToMOB pTyTH paBHa 10,4 3B. Kakoii HanMeHbI11e# CKOPOCTHIO JOJIKEH
o01azaTh JIEKTPOH, YTOOBI MPOU3BECTH HOHU3AIMIO aTOMa PTYTH yaapom?

Hano: Pemenue:
W;=10,4 5B = 16,6410 15B=1,6-10"]1x
19
Jx Jist TOro, yT0OBl HOHU3UPOBATh
m=9,1-10%kr aTOM PTYTH, JJIEKTPOH JOJKEH
S 007a1aTh KUHETUYECKOM SHEprueit
min—

E\, paBHOW SHEPIUM HOHU3ALUU:

E. =W, umu mUTmi”:Wi,

rae m —macca 3JICKTpPOHa,
Umin — HAUMCHbBIIIass CKOPOCTh 3JICKTPOHA, ITPpU KOTOpOﬁ BO3HHKACT MOHU3allHA.

OTkyna vmin = 2W; ! Omin= 1,9-106%'
m

JlBa mpoBo/IHMKA C TeMIepaTypHbIMU Kod(duuneHTamu conpoTtusieHus ol u a2 umerot npu 0 °C
conpoTuBieHUs Ro1 1 Roz. UeMy paBeH TemnepaTypHblii KO3()PHUIUEHT CONMPOTUBICHUS POBOAHUKA,
COCTABJIEHHOT'O M3 JIBYX JAHHBIX IPOBOJAHUKOB, COEIMHEHHBIX: @) nocriedosamenvHo, 0) napanneibno?
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Pemenue. CornacHo cooTHomEeHHO (2.5.1) conpoTUBICHUS TPOBOJHUKOB IPU TEMITEpaType t
COOTBETCTBEHHO PABHBI:

R1=Roi(1 + at),
R2 = Ro2(1 + ot)
a) [Ipu mocnenoBaTeIbHOM COEAMHEHNUH, COTJIACHO opmyre (2.8.6), o0I1iee COMpOTHBICHNE
R =R+ R2=Ro1 + Roz2 + (a:Ro1 + a2Rp)t
C npyroit CTOpOHBI, MOKHO HAIUCATh:
R =Ro(1 + a't),

rae Ro = Ro1 + Rop, @ o' — nckoMbliil TeMmiepatrypubiii koadduiuent. Otcroaa

. _ Bor®; + Rop®p
Roy + Ry

0) ITpu nmapatiensHOM coeauHeHHH, coracHo dopumyie (2.8.13), obmee conpoTHBIcHNE

. RgyRog(1 + 0qt)(1 + agt) , )

R = g +od+ Byl wogh) — ok +at),
Ro.R

R, - e

Ro1 + Roy : °C 5
race — COIIPOTHEICHHE MNapaliIcIbHO COCIJHHCHHBIX IIPOBOJHHKOE IIPH 0°C. Hpexeoperaﬁ WICHaMH,
IPONOPIHOHAIRHBIMHE NPOH3IBCICHIAM TEMIICPaTyPHBIX !\‘OB@@!’H—IHEHTOE= KaK MaJIbIMH. ITIOTYYTHM:

”n

L Ryy0ty + Ry 09
Ry, + Ry,

Pemurhb 321241 caMOCTOATEIbHO

-2
1. [Ipn snexTponuse cepHOKUCIOro HUHKa B TeueHue 5,0 u Beigenunoch 3,06-10 kr nuHKa.
Omnpenenure CONPOTUBIEHHUE AIIEKTPOINTA, €CIHU AIEKTPOIIN3 MPOXOANT pu Hanpsbkenuu 10 B.

2. [Ipu snexkTponuse pacTBopa CEpHOKUCIIONO IMHKA B TeueHue | 4 Bbaenuiock 2,45 107 kr muHKa.

Haligute BenuunHy CONPOTUBIIEHUS, €CIM BOJIBTMETp MOKa3biBaeT 6,0 B,

3. Kakoe xonmdecTBo cepeOpa BbIAETAETCS MPH AIEKTpoin3e B TeueHue 0,5 4, ecim conpoTUBICHHE
anekTposntudeckor BaHHbl 2,0 OM, a HanpsbkeHne Ha ee 3akumax 3,0 B?

4. B snekrponmtuueckoil MeqHOM BaHHE 3a 40 MMH BBLIEIWIOCH 1,98:10° kr mesm. Onpenenure 31c
Oatapen, HEOOXOIUMYIO JUISl MUTAaHHUS TOKOM BaHHBI, €CIIM CONMpPOTHBIEHUE pacTtBopa .1,3 OM, BHyTpeHHee
conpotusienue 6arapeu 0,3 Om.

S. XKenesnsle TpyOKM panuvaTopa OXJIXKACHHUS JBUTATENs TPAKTOpa IMOKPHIBAIOT MEJbIO
rajlbBaHU4YecKuM criocoboM. Ompenenure TOMMIMHY CIIOS MeId Ha TpyOKe, eciu MOKphITHE BeneTcs 1 9
15 muH npu iotHOCTH TOKa 30 AN,

6. Jns  npupanus  OOJBIION HPOYHOCTH
CTePXHSM, COCIUHSIONUM TYCEHHUIIBI TPAaKTOpa, HMX IOBEPXHOCTh XPOMHPYIOT TallbBAHWYCCKUM
criocobom. TommuHa c10s XpoMa JOJIKHA COCTaBIATh 5,0-10'5 M. IInotHOCTH TOKA paBHA 2,6'102A/M2.
CKOJIBKO BpeMEHH OyAET MPOTEKATh MPOIECC XPOMUPOBAHHUS, €CIIA XPOM IIECTUBATICHTHBIN?
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7. Conpotusienue MenHoro nposoga npu Temmeparype 0° C paBro 4 Owm. Haiiqure ero
conpotusnenue npu 50° C, eciu TemnepaTypHblii koddpuuuent conpotusnenus meau (TKC) o=4,3*10-
3K-1

8. Conporusnenne nposoguuka npu 20° C pasuo 25 Owm, a npu 35° C - 25,17 Om. Haiigute
TEeMIIEPATYPHBII KO3(PPUIHESHT COMPOTHBIICHUS.
9. ConpoTHBIIEHHE CTaILHOrO MpoBoAHKMKa rpu Temmneparype t1=10°C R1=10 Om. Haiigute npu

KaKoi TeMIeparype ero comporuBiieHue yBenuuntcs Ha 1%. TemmeparypHbiii ko3 unueHt
conpoTusiieHus cramu 6*10-3 K-1

10. ConpoTupjieHue BolbOpaMoBoil HuTH nammbl HakamuBanus npu 20° C pasmo 20 Owm.
TemneparypHblii kKo3hduIeHT conpoTuBieHus Bojbppama 4,6*10-3 K. Haitaure TeMIIepaTypy HUTH
HakaJja JIaMIIbl [IpU BKIOYEHUHU €€ B CeTh ¢ HanpskeHueM 220 B u cuioit Toka 1 A

dopma npeacTaBJieHus pe3yabTaTa:
BbImoTHUTE 3a/1aHUE B TETPaAIN IS IIPAKTHYECKUX PadoT.
Kputepuu onenkmu:
3a MpaBUIILHO BBITOJHEHHOE 33/JAHHE BHICTABJISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTpUIIaTeIbHAast orleHKa — 0 OaioB.
Oyenxa «omauunoy svicmagisemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.4 MarauTHoe 1moJjie
IIpakTuyeckoe 3ansaTue Nel8, 19

MarHuTHoe moJie H ero XapaKTEPUCTUKHU. l[eﬁCTBHe MAarHMTHOI'O IOJISI HA 3apsaa

Heab: chopMupoBaTh NOHUMaHuE posiu PU3UKU B (POPMHUPOBAHUM KPYro3opa U (pyHKIIMOHATbHON
IPaMOTHOCTH 4eJOBEKa Ui PELICHHs NMPaKTHYECKUX 3ajad; JUid OOBSCHEHMs YCIOBHM NpPOTEKaHMS
(bu3NYeCKUX SIBIICHUH, yMEHUs BBIOIHATh PacyeTHbIE U rpaduyeckue 3a1aun

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

I1PysS, Ipy9, I1P62, TTPG6, ITP67,

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

MarepunanbHoe obecrnieyeHue:

WH/IMBUIYAIbHOE 3aJ]aHUe, KOHCIIEKT JISKITUH, CIIPaBOYHBIE MaTEPHAIbI.

Yka3anmue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX YacTed — TEOPETHYECKOM M mpakTthueckou. Ilocne
U3yYeHHs] TEOPETUYECKOI0 MaTepHuajga MOKHO HMPUCTYNaTh K BBIMOJIHEHHUIO NMpakTHueckoi vactH. OHa
COCTOMT M3 JABYX M Oosiee 3a1ay Al CaMOCTOSITENBbHOIO BbINoNHEHHUs. He 3a0biBaiiTe 0 mMpaBUIIBHOM
oopmienun perienus. Ha BBIOJTHEHHE MPaKTHUECKOTO 3aJaHUs OTBOAMTCS Yembvlpe aKaJAeMUYECKHUX
qaca.

3aganme:

O3HaKOMBTECH C TEOPETUUECKUMU CBEICHUSMU UCIIOJIb3YS CCHUIKY
https://znanium.com/catalog/product/1012153, §43,44, BeimucaB GpopMyiibl OTMEYEHHBIE CKOOKaMH,
Hanpumep( 43.1)

Pemmre 3a1a4n, caMOCTOSTENEHO UCTIONB3Ysl IPUMEPHI U KPAaTKHE TEOPETUUECKUE CBEICHHS.
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Ilopsinok BbINOJHEHHS padOThI:

1. N3yunre u BeImUImuTe GOPMYIIBI 10 JAHHOW TEME B BHJE KPATKOTO KOHCIICKTA
2. Paz0epuTe nprMepsl perIeHHbIX 3a/1a4
3. Pemure camocTosATenbHO 321291

IIpumepsl pemieHus 3aaa4

. . -2

1. [IpoBOgHUK C cUJION TOKa SA MOMEIIEH B OAHOPOIHOE MarHuTHOE Tosie ¢ uHaykuue 1-10°TA.

Yroa Mex1y HalpaBiIeHUAMHU Toka 1 1o 60°. onpeennTe 1aMHy IPOBOJHUKA, €CIIHU MOJIE AeHCTBYET Ha
Hero cwioii 2-10H.

JaHo: Pemenue
I=5A F=BI-{ sino. =>t=__F
B=1-10TA B-1sina
a =60°
F=2:10"H (= 210°H 0.

1-102T+-0.87-5A
-7
sin 60°~0,87

OtBet: €=0,46Mm.

2. Kakas cuna JeHCTBYET Ha 3JIEKTPOH, JETALMN B OJHOPOJAHOM MAarHUTHOM IIOJIE C MHIYKLHEH
-2 o -6
110 TA nepneHANKYASPHO JIMHUSAM MAarHUTHOM MHAYKIIUU CO CKOPOCThIO 3-107™ M/c, 3apsii 3NeKTpoHa
-19
e=-1,6-10"" K.

Hano «C» Pemmenue

v=3-10%w/c Ha osnektpoH, nBwxymuics B

B=1-10TA MAarHUTHOM MOJIe, JACHCTBYET cuiia

0=90° Jlopenua:

_ 1 £.1n-19

e=1,6-10"" K. FA=B:[g|-U-sina

F=? —1.102TA 1 1091 +.2.100+ /e
FA=1-10"TA-1,6-10 Kir-3-10°m/c=
4.810"H

OrtBert: 4,8-10'15H

PemuTh 3a1a4d caMOCTOSATEIbHO (n - HOMep eauieco eapuarnma no cnucxy)

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

2. Kakasg cuima JeicTByeT Ha MPOTOH, JICTAIINA B OJHOPOAHOM MarHUTHOM IOJie ¢ HMHIyKIuei 4103
TA neprneHAMKYISApHO JMHUSAM MarHUTHOM HHAYKIMH cO CKOpocThio 2-105w/c. 3apsn mporoHa
q=1,6"10-19KA.

3. aiite ompeneneHue MarHUTHOM HMHIAYKIMU. B Kakux enWHUIIAX OHA u3MepseTcs? 3anuiuuTe
€IMHUIlY MATHUTHOW MHAYKIIUY Yepe3 OCHOBHBIE €IMHULIBI U3MepeHus B cucteme CU.

4. DIeKTpoH IBIKETCS B BakyyMe €O cKopocThio 3-106 M/c B OJHOPOJHOM MAarHMTHOM IIOJIE C
uaaykiued B = 0,1 Tin. Yemy paBHa cuna F, nelicTByromias Ha AJIEKTPOH, €CIHA YroJI MEXIY
HaIPaBJIEHUEM CKOPOCTH U JIMHMSIMH MarHUTHOM MHAYKLUU paBeH 9007
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

[IpssMonuHENHBIH NPOBOJHUK, MO KOTOPOMY HIET TOK cwioil 10 A, momemeH B OZHOPOJHOE
MarHuTHOE Tone, MHAYKIHUs Kotoporo 0,3Tn. Yronm Mexay HampaBJI€HHEM TOKAa M BEKTOPOM
MarHuTHON uHAykuuu paBeH 300. C kakoi cuioit F nelicTByeT MarHUTHOE MOJE€ Ha y4acTOK
MPOBOJHUKA JUTUHON N M?

Onpenenure MarHUTHBIN MTOTOK, IPOXOASILUN Yepe3 IPSIMOYTOJIbHYIO PaMKy CO CTOPOHaMU 2x5 cM,
€CJIM OHa TOMEIIEHAa B OJHOPOJHOE MarHUTHOE MOJIE ¢ MHAYKIUEH 4-10°TA nox yriom 30° x
JUHUAM UHIYKLIUH TOJIS.

B oaHopogHO€ MarHUTHOE TOJI€, UHIAYKIHS KOTOPOTO 1,26-10‘3 TA, nomenieH npsaMoil MPOBOJHUK
UIMHOHM n cM. Onpenenure cuily, AEUCTBYIOLIYIO Ha MPOBOJHUK, €CIM 1O HeMy TedeT Tok 50 A, a
YTOJI MEX/1y HaIllpaBJIE€HUEM TOKA BEKTOPOM MHAYKIIMU cocTaBiisgeT 30°.

IIpoBoanuK ¢ cuitoil Toka 5,0 A moMenieH B OJHOPOJHOE MarHUTHOE 10J1€ ¢ UHAyKIuen 1,0 10 TA.
VYron Mexay HampaBieHUsIMU Toka M mojig 60°. Onpenenutre akTUBHYIO JJIMHY MPOBOJHHUKA, €CIU
ToJie IEUCTBYET HA HErO CUJION 2 102 H.

Kakyro paboty coBepiiaeT 0oJHOPOHOE MarHUTHOE TOJIe HHAYKIen 1,5 102 TA NP MepEMEIICHUN
Ha paccrosiHue 0,2 M IPOBOAHMKA JUIMHOM 2M, 10 KOTOpoMy TeueT Tok 10 A; ecnu nmepeMenieHue
MIPOUCXOAUT BAOJB AeiicTBUs cui? IIpoBoHUK pacnionoxkeH noa yriaoMm 30° K HalpaBJIeHUIO TOJIA.
HaitaguTe MHIYKIIMIO MarHUTHOTO TOJIs, B KOTOPOM MaKCHMaJbHbIA MOMEHT CHUJI, ACHCTBYIOIIMX Ha
paMKy ¢ TokoM B 3,0 A, paseH 1,5 H-m. Pazmepsl pamku 0,05x0,04 M, uncio BUTKOB paBHO n.

B onHopoaHoM marautHoM mnosie ¢ uHaykuueil 0,25 TA HaxoguTcst MpsIMOJIMHEHHBIA MPOBOIHUK
qHou 1,4 M, Ha kKotopwld geiictByer cuna 2,1 H. Omnpenenute yroa mexnay HpOBOJHUKOM M
HaIpaBJIEHUEM BEKTOpa UHAYKLIMHA MarHUTHOI'O HOJIs, €CJIU CUJIAa TOKA B MPOBOJHUKE 12 A.

Uemy paBHa cuila TOKa B MPSMOM HPOBOJHUKE JIMHOM 1,0 M, NOMEIIEHHOM B OJHOPOAHOE
MAarHUTHOE TO0JIE C UHIAYKLIHEH 1,5-10° TA, ecu Ha sTOT MIPOBOJHUK CO CTOPOHBI MOJS JEHCTBYET
cua 2,1-10° H? Vron MEK/1y HAIPABIECHUEM BJIEKTPUYECKOI0 TOKA U BEKTOPOM MHIYKIUU PaBEH
45°.

Ha oOMoTKy poTOpa 31eKTpoaBUraTes MpH MPOX0XKIEHUH 0 MPpoBoay Toka 20 A neiicTByeT cuia B
40 H. Onpenenute BeMWYMHY MarHUTHOM MHAYKIIMHM B MECTE PACIOIOXKEHHUS MPOBOJAA, €CIHU €ro
mHa 20 cM. OOMOTKa COAEPKUT N BUTKOB.

DNEeKTPOH OMUCHIBAET B MAarHUTHOM I0JI€ OKPYXHOCTh paanycoM 4,0-10-3 M. CkopocTh JBUKEHUS
ANEeKTPOHOB paBHa 3,5-106 m/c. HaliguTe MHIYKIIMIO MATHUTHOTO TOJIS.

[Ipoton nBukeTCs co ckopocThio 1,0-106 M/c meprneHIuKyaIpHO OJHOPOIHOMY MarHUTHOMY TIOJIO C
nuayknuen 1,0 TA. Haligute cuity, I€MCTBYIONIYIO Ha IPOTOH, M PAJNyC OKPYKHOCTH, IO KOTOPOM
OH JIBUXKETCS.

ONEeKTpOH BJETa€T B OJHOPOJHOE MArHUTHOE Ioje, HMHAYKIUS kotoporo 2,0-104 TA,
MEPIEHIUKYJIAPHO CUJIOBBIM JIMHUAM €O ckopocThio 1,0 106 m/c. Beruncnute paanyc OKpyKHOCTH,
110 KOTOPOM OyJIeT IBUTaThCS SIEKTPOH.

Kakas cuna nelicTByeT Ha 3JIEKTPOH, JETSAIIUNA B OTHOPOJHOM MarHUTHOM MoJie ¢ uaaykuuei 1,0-10-
2 TA nepneHIuKyIspHO JUHUAM MarHUTHOM MHAYKIIUHU cO cKOopocTbhio 3,0:-106 m/c?

DJIEKTPOH, ABUTasCh CO CKOPOCThIO 3,54 10° M/C, TIOMAJaeT B OJHOPOJHOE MArHUTHOE IOJE C
naayknuen 2,0-10-5 TA nepneHIuKysnIsapHO K €ro CHIIOBBIM JIMHMSIM M IIPOJOJDKAET IBUKEHUE 10
OKpY’KHOCTH paguycoM 10 cm. Haliiure ynensHbIN 3aps 3JIEKTPOHA, T.€., OTHOLIEHHE €r0 3apsaa K
Macce.

[IpoToH, uMeronMi CKOPOCTh 4,6-105 M/C, BIETAET B OJHOPOJHOE MArHUTHOE TOJIE€ C WHAYKIHEH
0,30 TA neprneHIUKYJIIpHO MarHUTHBIM CHJIOBBIM JIMHHUAM. PaccumTaiiTe paguyc OKpy>KHOCTH, IO
KOTOpOi1 Oy1eT IBUraThCsl MPOTOH.

[IpoToH nBHXKETCS B OAHOPOJAHOM MAarHUTHOM mojie ¢ uHAaykuued 3,4-10-2TA B miIocKoCTH,
MEPIEeHIUKYJIAPHON K CHIIOBBIM JIMHUAM. Onpeenure paanyc TpaeKTOpUU MIPOTOHA, €CIIU IBUKEHHE
IPOMCXOUT B BakyyMe 3,3-10° m/c.

B ogHOpOIHOE MarHUTHOE TOJIE C MHIYKIMEN 8,5° 10 TA Bneraer 3JIEKTPOH CO CKOPOCTHIO 4,6 10°
M/C, HampaBJIeHHOW MEPNEeHIUKYISIPHO K CUJIOBBIM JIMHUAM. Omnpenenure cuily, IEHCTBYIOIIYIO Ha
3JIEKTPOH B MAarHUTHOM I10JI€ U PAJUyC IyTH OKPYKHOCTH, IO KOTOPOIl OH JBUKETCS.
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22. B marautHoe mone ¢ umHAyknuen 0,5 TA B HampaBIeHHH, COCTABISIONIEM Yroa 45° ¢ TUHUSMU
WHAYKIUH, BJIETAET 3JIEKTPOH CO CKOPOCTHIO 2,0- 10° m/c. Onpenenure cuily, IMCTBYIONIYIO HAa HETO.

23. B MarHWTHOE TOJiE B HANPABICHUU, MEPICHANKYISIPHOM JHHHUSIM HHIYKIIMH, BIETa€T MPOTOH CO
CKOpPOCTBIO 3,2:10° m/c. Haiimure MHIYKIIMIO 3TOTO TMOJsA, €CJIM MPOTOH OMUCAT OKPYXHOCTb
paguycom 10 cm.

24.  3ajaym Ha NOCTPOEHHMS:

DnpedendTe HaNnpaeNeHHe AEW¥EHWA NPOEOAHHKS C TOKOM (cuMna Amnepa)
—— i H ® }{

T I S H H H i

H o H H I

[~ ] [s] ® —=

H

L A

M H H ¥ ¥ ® X
® H ® X ® ®
" H H ¥ ® H
"~
OTEET: OTEET: OTEET:
OnpefendTe NONAPHOCTE OnNpefendTe HANpaEneHWe | YEIHATE THHWK
MATHKTA TOKS B NPOEOOHAKE MArHWMTHOrO NonA

Sy

N A
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®opma npeacraBjIeHud pe3yabTara:
BbInonHuTE 3a1aHUE B TETPAaU AJIs MPAKTHUECKUX padoT.
Kpurepum ouenku:
3a mpaBUIILHO BBIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.
3a HeMpaBWJILHO BBIIIOJHEHHOE AEHCTBHE, 3aJJaHUE BBICTABIIAETCS OTpULaTeabHas oleHka — 0 Oamos.
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Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoos1emeopumenbHoy svicmasisiencs 3a menee 60%0 npaBUIBHBIX OTBETOB

Tema 3.5 DyleKTPpOMArHUTHAST UHAYKIIAS
IIpakTuyeckoe 3ansitue Ne20, 21

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

Hean: cdopmupoBarh MOHMMaHUE poiu (U3MKA B (OPMHUPOBAHUHM Kpyrosopa BIIaJCHHE

OCHOBOIIOJIararonmumMun (1)I/I3I/ItI€CKI/IMI/I MMOHATHUAMHU, 3aKOHOMCPHOCTSAMHU, 3aKOHAMH U TCOPUAMH, YMCHUSA

BBIIIOJIHATE PACYCTHLIC U rpa(bnqecm/le 3aJa4un

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

[1PyS, IIpy9, I1P62, TTPG6, ITP67,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
MatepuajibHoe o0ecnieyeHue:

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

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX YacTe€d — TEOPETHUYECKOM M IpakThdeckou. Ilocne

HU3YUCHUSA TCOPETUYCCKOrO MAaTCpHala MOXHO HNPUCTYIATH K BBIITOJIHCHUIO HpaKTquCKOﬁ yactu. OHa
COCTOUT U3 OBYX H Ooiee 3aJ1a9 JJI9 CaMOCTOSATSIBHOI'O BEIMTONHEHHS. He 3a0bBIBaliTe O IMpaBHUJIIbHOM
O(l)OpMJ'IeHI/II/I pCHICHUA. Ha BrinonHeHue MMPAKTUYCCKOI'0 3aJaHusl OTBOAUTCH uemblpe aKaJACMHYCCKUX

qaca.
3aganue:

1. Os3HakoMbTECH C KpPaTKUMH TCOPECTUICCKUMU CBCACHUAMMA UCIIOJIB3Yysd CChUIKY

https://znanium.com/catalog/product/1012153 ,52§ u kpaTkyro 3aruch GopMyI HHXKe

2. Pemmure 3aaa4u, CaMOCTOATCIbHO UCIIOJIB3Ys NPUMEPHLI U KPATKUC TCOPETUICCKUC CBCICHHA.
IMopsiniok BbINoOJIHEHUS padOTHI:

1. W3yuute u BeIMUIINATE GOPMYJIIBI IO JJAHHOM Teme:

2. Pa3bepute npumepsl pelieHHbIX 3a/1a4

3. Pemmire camocTosITeIbHO 3a1a4K

4. OtBeThTe Ha Bompockl Tecta https://znanium.com/catalog/product/1012153, ctp331.

4yepe3 MOBEPXHOCTh, OTPAaHUYEHHYIO KOHTYPOM: . —

Kparkue TeopeTuueckne cBeeHHs
3aKOH 3JICKTPOMArHUTHOW WHIYKITUH

OJ1C MHAYKIUY B 3aMKHYTOM KOHTYPE paBHa MO0 MOJYJIIO CKOPOCTH U3MEHEHUS MAarHUTHOTO ITOTOKA
AP\ e e — DJAC unayknuu, B; AD= ®,-d; —

U3MCHCHHUC MAarHuTHOI'O ITOTOKAa, B6, At — MMPOMECIKYTOK BPEMCHH, B TCUCHUC KOTOPOIro IMPOHU3O0ULIO

JaHHOE U3MCHCHMUE, C;

— CKOpPOCTb UBMCHCHHUA MArHUTHOTO IMOTOKA, i6

c

AD
At
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C YUYE€TOM HallpaBJICHUA HHAYKIIHOHHOI'O TOKAa 3aKOH 3aIlIUChIBACTCA TaK: g = _—-—".
! At

Ecmu 3aMKHYTBII>'I KOHTYp COCTOHUT H3 N II0CIC0BAaTCIIbHO COCIMHCHHBIX BHTKOB (HaanMep, B
AD
At

, A N — 4uCcI0 BUTKOB.

COJICHOHJIE) g =-N-
Pasnocts moreHnuagoB U Ha KOHIAX MNPSAMOJIMHEHHOrO IPOBOJHMKA JUIMHOW |, JBHXKyImerocs co
CKOPOCTBIO 0 B OJIHOPOJHOM MarHuTHOM mosie U = Blvsina ,

TJIe 0. — YroJI MEX/1y HAlPaBJICHUSIMI BEKTOPOB CKOPOCTH 0 ¥ MarHUTHOW MHAYKIMu B

DONEeKTpUUECKUH TOK, MPOXOASIIMN IO IMPOBOJHUKY, CO3JA€T BOKPYI HEr0 MAarHUTHOE IIOJIE.
MarHuTHBIM NOTOK CKBO3b ILIONIAJb TOBEPXHOCTH, OTPAHHUYECHHYI0 CAMUM KOHTYPOM, MPONOPLUHUOHAIICH
cuiie ToKa B KoHType: @=L:I.

Kosdduuuent nponopumonansHocTu L HasbiBaeTcst unoykmuenocmoio KoHTYypa: [L] ={12} =—=1In
(renpn).

3HaueHUEe WHIYKTHBHOCTH 3aBUCHT OT pa3MepoB U (POPMBI MPOBOJHUKA, a TAKKE OT MATHUTHBIX
CBOWMCTB cdepbl, B KoTopoi oH Haxoautcs. DJIC caMOWHIYKIIMU 10 3aKOHY 3JEKTPOMArHUTHON

MHYKUWUA PaBHA: g = —Lj—l» TK g = ‘f

rae A1=l,-1; — u3MeHeHne cuitbl TOKa B MPOBOJHUKE, A
At — BpeMsi ero u3MEeHeHus, C;

il — CKOPOCTb UBMCHCHUS CUJIBI TOKA, A .

At c

2
OHeprust MarHUTHOTO MOJIs1 IPOBOJHHKA C TOKOM: \,, = L2 k]
2

PemuThb 3a1a4i CaMOCTOSITEIbLHO (n - HOMep sauileco eapuanma no CI’lZ/lCKy)

1. Ha ckonbko M3MeHMIACh CHJIa TOKAa B NMPOBOJAHUKE, eciau 3a 0,1 ¢ B MPOBOAHMKE, WHAYKTUBHOCTh
koroporo 4 I'n, nossuitace DJ1C camonHaykuuu pasHas 12 B?
2. 3a Kakoil TPOMEXKYTOK BPEMEHHW MarHMTHBIA MOTOK m3MmeHwics Ha 0,01 BO, ecnm B KOHTYype
Bo3HuKaeT DJ1C unaykiuu n B?
3.  MaruuTHoOe noJje KaTylmku ¢ MHAyKTuBHOCThIO 0,2 I'H o6namaet sueprueit 0,4 J[x. Yemy paBHa cuia
TOKa B KaTylke?
4. Ormpenenure 3HEPrUI0, 3aMacaeMyl0 B MarHUTHOM IOJI€ MHAYKTOpA, KOTOPBIA HCIIONB3YETCs B
YCTaHOBKE JUJIi MAarHUT HMITYJbCUBHOTO (opmoBaHus. MHAYKTHBHOCTh KaTyLIKU 7,0-107 T, cuna
paspsiaHoro toka 1,45- 10° A.
5. Kakoll moTok MarHUTHOM MHIYKIUMU CO3JIa€TCSl B KOH Type€ JIEKTPUYECKUM TOKOM, €CJIM MpPHU €ro
ymeHnbeHnn 10 Hyns 3a 0,01 ¢ B KOHType BO3HHMKAET 3/1C CaMOMHYKIUH paBHas 30 B?
6. OmpenenuTe SHEPrHUI0 MarHUTHOTO TOJS KAaTYIIKH, B KOTOPOHM INpH cuile TOKa 6,8 A MarHUTHBIH
notox pasen 2,5-10°° BG.
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7. 3a Kakoi MPOMEXKYTOK BPEMEHH B KaTylIKe ¢ MHAYKTHBHOCTBHIO 0,28 I mpomcxoauT HapacTaHuUE
CHJIBI TOKA OT HYJS 10 9,6 A, eciiu mpy 3TOM BO3HUKAET CPEIHSA 3JIC CAMOMHAYKIIUM, paBHas 38,4 B?

8. IIpoBomHUK UIMHOW N M TMEpPEeMEIIaeTcsl B OJHOPOJHOM MarHUTHOM mone ¢ mHaykmueid 0,2 TA.
JIBI>KeHHE TPOBOAHMKA MPOUCXOAUT CO CKopocThio 10 M/c mox yrimom 45° K MarHUTHBIM CHIIOBBIM
nuHuAM. HaliquTe 31¢ MHIyKIIMY, BOSHUKAIOUIYIO B IPOBOJHUKE.

9. Kakolf MarHuTHbBI IOTOK NPOHMU3BIBAET KOHTYpP, €CIM IPU PABHOMEPHOM HCUE3HOBEHUU
MAarHUTHOTO TOJISl B TEUYEHHE N C B KaTylIIKe MHAYIUpPYeTcs 3¢, paBHas 0,02 B?

10. Kakoii MarHUTHBIN MOTOK MPOHMU3BIBAET IUIOCKYIO MOBEPXHOCTh IJIOUIAJBI0 3 cM2 IpPHU MHIYKLHUU
nosust 0,24 TA, eciii HOpMaJib, K TOBEPXHOCTH PACIIOOKeHa 1o yriioM 60° Kk BEKTOPY UHIYKIIUH.

11. OmpenenuTe MHIYKTHBHOCTb KATYIIKH, €CIH IPH YBETMYCHHH TOKa B Hell Ha 2,2 A 3a 50-107%
MOSIBIISIETCS CPEAHSS DAC CAMOUHAYKIIMH, paBHas 1,1 B.

12. B npoBoanuke mmmHoW 0,5 M, ABWXKyIIEeMcs €O CKOpOcThio 3,0 M/C MEepHEeHIUKYISPHO CHIIOBBIX
JUHUAWA OJHOPOJHOTO MAarHUTHOTO T10Js, Bo3HuKaer JJC 6,0 102 B. Onpenenure WHAYKIHIO
MarHUTHOT'O MOJIS.

13. Onpenenute MarHUTHBIM MOTOK, MPOXOASIIUI depe3 MPSMOYToJbHYIO IUIOIIAAKY CO CTOPOHAMHU
20x40 cm, eciii OHa IOMeENIeHa B OJHOPOAHOE MarHUTHOE I0Jie ¢ MHAYKIuen 5,0 102 TA noa yriom 60°
K JJMHUSAM UHJYKIUU TOJIS.

14. Omnpenenute D/1C uHayKIMH, BO30YXIaeMyl0 B KOHType, eciau B HeM 3a 0,01 ¢ MarHUTHBIN TOTOK
paBHoMepHO ymenbmiaercs 0,5 1o 0,4 B6, uto6s1 B KoHTYpe Bo30yxnanack J/1C naaykuuu 3,8 B.

15. Ompepenute NpOMEXYTOK BPEMEHM, B TEUEHHUE KOTOPOTO MAarHUTHBIA IOTOK, NPOHU3BIBAIOIUI
KOHTYD, noJkeH yBenuuuthes ot 0,01 1o 0,20 BO, uro6s! B KoHTYpe Bo30yknanack I/C nnaykuuu n B.

16. Omnpenenure 3/C MHIYKIMK HAa KOHIIAX KPBUIBEB CaMoJIeTa, UMEIOIUX JUIMHY 12 M, €cllu CKOpOCTh
€ro MHpu TOpU3OHTAIbHOM mnosere 250 m/c, a BepTHKaIbHAs COCTABIISIOIIAS MArHUTHOW HHAYKIUH
3eMHOTO MarLerusma 5,0 10° TA.

17. B onHOpOJHOM MarHuTHOM moje noja yrioMm 30° K HampaBiICHHUIO BEKTOpa MHIYKIMH, BEJIWYMHA
koTtoporo 5,0-10-3 TA, ABMKeTCs MPOBOJHUK CO CKOPOCTHIO 10 M/C; BEKTOP CKOPOCTH MEPHEHIUKYISIPEH
npoBoAHUKY. Onpenenure JIMHY POBOJHUKA, eciii B HeM HaBoautcs D/1C, paBHas 2,5- 107 B.

18. Tpaktop oOmero nasHaueHus K-700 wmmer co ckopocteio 28 km/4. Ompenenute pa3sHOCTh
MOTEHIIMAJIOB Ha KOHIAX NepeaHel OcH, eclM JJIMHA €€ OKOJIO 2,6M, BEpPTHKAaJIbHAs COCTaBIISIOIIAS
MarHuTHOTrO nosst 3emiu 5,0 10° TA.

19. Yemy pasna DJIC caMOMHIyKIMH, BO3HMKAIONIAs B KaTylIKe C HHIYKTUBHOCTbIO 2,0 10T, B
KOTOpPOM TOK CHJIOHN 7,5- 10 A ucuesaer 3a n ¢?

20. MarHuTHOeE noJje KaT YK ¢ UHAyKTuBHOCThIO 0,1 I' o6nanaet sneprueii 0,8 [x. Uemy paBHa cuia
TOKa B KaTylke?

21. TIpoBomouHast mpsiMoyrosibHas pamka co cropoHamu 20 m 30 cM pacroyioxeHa B OXHOPOJIHOM
MarHMTHOM I10JI€ U MEePIEHAUKYISIPHA CUJIOBBIM JIMHUAM. OmpenenuTe HHIYKIUIO 3TOT0 MOJisl, eCH Ipu
ero ucuesHosenun 3a 1,2:10% ¢ B pamke HaBoautcsa cpennss I/C 3,5 mB.

22. Yemy paBHa WHAYKTUBHOCTh KaTYIIKH, €CIIH MPOTEKAIONINI 110 Hel TOk critoit 0,15 A co3maeT moTok
MarHMTHON MHIyKIUH 7,5 10 B6?

23. Yemy paBHA HHAYKTUBHOCTbH IIPOBOJIHUKA, B KOTOPOM IIpH BO3pacTaHuu Toka ot 1,5 10 1,8 A3anc
Bo30yxnaerca I/1C camonnnykuuu 0,9 B?

24. 3a xakoil MPOMEXYTOK BPEMEHHU B KOHTYPE UHAYKTUBHOCTHIO 2,0 10°T IIpU U3MeHeHUH Toka Ha 0,5

()
(A —— 7

”

A Boznaukaet DJIC camonnnykuuu 10 B?
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25. Omnpenenute WHAYKTUBHOCTh KAaTYIIKH, eciau mpu Toke 3,0 A MarHuUTHOE ToJie B HEMl oOJyamaer

sueprueit 6,0-1072 [k

26. DnexTpuyeckas Lenb coOpaHa MO CXeMme, MPEJCTAaBICHHON Ha pucyHKe. CONpOTHUBIEHHE ydacTKa
1enu 1 paBHO COIPOTUBIIEHUIO ydacTKa 1enu 2. CpaBHUTE TOKU, KOTOPbIE OKAXYT aMIIepMETphl A
1 Ay cpasy mocie 3aMbIKaHus KIII0Ya.

27. BcTaBUTh IPOMYIICHHBIC CIIOBA:

1. Pabora snexrporeyn OCHOBaHA Ha 3aKOHAX TOKa U (ha30BBIX MTPEBPAILICHUI.

I'paduToBBIC IEKTPOIBI AIEKTPHUECKON MEUYH C BHICOKOHM TeMIepaTypoi, COCTOSAIINE U3 OMPEIeICHHOTO
KOJIMYECTBA CErMEHTOB, MOIPYKalOT B METAUIMYECKYI0 HIMXTY (EMKOCTb ¢ MeTraioiiomoM). Yepes
OIIPE/ICIIEHHOE BPEMS COJEPKUMOE MEPEXOAUT U3 TBEPAOrO arperaTHOrO COCTOSHUS B JKMJIKOE, TaK Kak
OKa3bIBaeTCs JieificTBHE TOKA.

2. CyliecTByeT Tako€ COCTOSHUE DJJIEKTPUUYECKOM Lenu, HOpu KOTOPOM TOK MPOXOJUT IO
HEJOIyCTUMOMY MaplIpyTy, Ha KOTOPOM OOBIYHO MPAKTUYECKH OTCYTCTBYET (WJIM OYEHb HHU3KOE)

JIEKTPUYECKOE CONIPOTHUBIICHHE. TaKON TOK OKa3bIBAa€T PA3pYyLIUTEIbHBIE IEUCTBUS M HA3bIBAETCS - TOK

KOPOTKOI'O 3aMbIKaHUS . HHSI 3aIIUTBI SJICKTPOSHCPICTUYCCKUX CUCTEM OT 3TOI'O ABJICHHUSA HMCIIOJIB3YHOTCA
YCTpOKMCTBA-

Pa3gen 5 Kojie0anusi ¥ BOJIHBI
Tema 5.1 Mexanun4decKkue KoJIe0aHUA M BOJIHBI
IIpakTuyeckoe 3ansaTHe No22

MexaHuuyecKHe K0Je0aHus U UX XAPaKTEPUCTUKH

Heasn: chopmupoBaTh NOHUMaHKUE poiH (PU3UKU B (POPMUPOBAHUU KPYro3opa U (hyHKIIMOHATIBHOU
IPaMOTHOCTH 4YeJIOBEKa JUIsl PELICHUs] MPAaKTHUYECKUX 3a/ad; g OOBSCHEHHS YCIOBUH TNPOTEKAHMS
(bu3NYECKUX SIBICHUN, YMEHUS BBINOIHATH pacueTHbIE U IpaduyuecKue 3a1auu

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

[1PysS5, Ipy9, I1P62, TTIPG6, I1P67,
MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP§, MP10

MarepuanbHoe o0ecrieyeHue:

WHAWBUAYAIbHOE 33/1aHUEe, KOHCTIEKT JICKIIHIA, CIPAaBOYHBIE MaTePHAIIHI.

Ykazanmue:

[IpakTHyeckoe 3aHATHE COCTOMT M3 JBYX 4YacTel — TeopeThdeckod M mpaktuueckoil. Ilocne
M3YyYEHHS] TEOPETHUYECKOTO MaTepHaja MOXKHO MPUCTYNaTh K BBITIOJHEHUIO MpakThdeckoi dactu. OHa
COCTOMT M3 JBYX W Oosiee 3ajauy Al CaMOCTOSITENIbHOTO BbIMONHeHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
oopmiennu pernrenus. Ha BeIOTHEHHE IPAKTUIECKOTO 3aIaHUS OTBOJIUTCS JIBA aKaIEMHUECKUX Jaca.

3amanme:
O3HaKOMBTECH C TEOPETUICCKUMU CBEJICHUSIMUA HUCTIONB3Ys CCHUIKY
https://znanium.com/catalog/product/1012153, §47, 48,49 BeimucaB GopMyIibl OTMEUYEHHBIE CKOOKAMH ,
Hanpumep( 47.1)
Pemmre 331241, caMOCTOSTENIFHO UCTIONB3YS IPUMEPHI U KPAaTKUE TEOPETUUECKHUE CBEICHUS.

IMopsinok BbINoJIHEHUs PadOTHI:
1.  H3zyuwure u BeIUIIUTE GOPMYIIBI IO JAHHON TEME B BUJIE KPATKOTO KOHCIIEKTa
2.  Pas0epute mpuMephl PEIICHHBIX 3a71a4
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3. Pemmte caMOCTOSITEIILHO 3a1a4n
4. BemonauTts Tect https://znanium.com/catalog/product/1012153. ctp 328
IIpumepsl pemieHus 3aaa4

1. VpaBHeHue rapmMoHuYecKux kosieOanmii Touku x=0,4cosmt. Haiitm ammimutyny, nepuox u
cMmenieHue Touku uepes 0,5 c.

Hano: M. T. «CH» Pemenne
x(t)=0,4cosnt x=Acosmt
t,=0,5 c x(t)=0,4cosnt
A=? T=? x(11)=? w2 o2
v="? T ®

v==
T

Brruucinenusa: A=0,4 m; o=,

T=2_ )
T

1
v=—=0,5T1
2

1 T
x(0,5) =0,4-cosm - E =0,4cos— =0

2 I'py3s maccoit 0,4 kr coBepmiaeT KojiebaHHS B TOPU3OHTAIBHON IIJIOCKOCTH Ha MPY>KUHE
XKecTKocThio 250 H/M. aMIIUTyAa KoleOaHuil rpy3a 15 cM. HAWTH MOJHYI0 MEXaHMYECKYI0 SHEPTHIO
Kose0aHuil 1 HauOOJBIIYIO0 CKOPOCTh ABMKEHUA. TpeHrneM npeHeopeyn.

. 2 250-0,152
Jano: Epzk,:\ E, =0 E- 222 — 2.8 Ix
NPY>KUHHBIN v =0,15_| ii? =0,15-25 =
MasTHHUK E=E,+E.~E, ’
M
=3,75~38%
C
m=0,4 xr Kk
2 2
mo‘ =kA"=>v=A|—
k=250 /M m
A=0,15m
E=?, Umax="?

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

1. Hanumure ypaBHEHHE TapMOHHUYECKUX KOJeOaHHMH ¢ aMITUTYIOM 5 ¢M M HaudanbHOHU Qa3oi 45°,
ecnu B 1 MuHyTy coBepuiaercs 150 xonebanuii.

2. AMIUmmTyna TapMOHHYECKMX KoeOaHWii MaTephalbHOW TOYKHM N oM, mepuon 4 c. Haiinure
MaKCHMaJbHbIe CKOPOCTH M YCKOPEHHUE U HAMUIINTE YpaBHEHNE TAPMOHUYECKUX KOJICOaHUH.

3. Maremarndyeckuii MasSTHHK JUIMHOW 56 c¢M 3a N MuHYT coBepmaeT 40 TOJMHBIX KOJeOaHWH.
Ompenenure mepuoj KojieOaHUN MasTHUKA U YCKOPEHHE CBOOOJHOTO TAJCHUS B TOM MECTE, TJe
HaxOJIUTCS MASITHUK.

4, MarepuanpHast Touka kojebnercs ¢ yactotoir v=10 k. Onpenenure nepuo, 4UCcio KojieOaHui B
MHHYTY U IUKJIMYECKYIO YaCTOTY.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Onpexnenute nepuo/i, 4aCTOTy, HIUKINYECKYIO YaCTOTY TApMOHUYECKHUX KOJIeOaHUI MaTeMaTH4eCcKOro
MasiTHUKA JuimHOM 1 M, ecnu g=9,81 M/c%. Bo CKOIBKO pa3 U Kak HaJl0 U3MEHHTH JUIMHY MasiTHUKA,
9TOOBI IEPHO/T KOJICOaHH YBEITMUWIICS B 2 pa3a.

AMIIIITYIa TAPMOHUYECKUX KOJEOAaHWH MaTeMaTH4ecKoro MasTHUKa JUIMHON 50 mm, mepuon 4 c,

T o o
HavaspHas ¢asa — . Hanummre ypaBHEHHE 3TOT0 KojleOaHUs U HAWAUTE CMEICHUE KOJeOromecs
4
TOYKHU OT MOJI0KeHUs paBHOBecus ipu t =0 u t=1,5 c.

(T 7z .
YpaBHEHHE TOYKHU x=0,02$|n(t+j. Haiinure nepuon, MakCUMaJbHOE 3HAYEHHE CKOPOCTH U
2 4

YCKOpEHHUE.
Omnpexpenurte JUIMHY MaTeMaTHYECKOTO MasTHUKA, COBEPILAIOLIETO OJHO MOJIHOE KojiebaHue 3a 2 c,
ecmn 0=9,81 M/c®. Bo CKOIBKO pa3 HY)XHO HM3MEHHUTHh JIMHY MasTHUKA, YTOOBI YacTOTa €ro
Koje0aHuil yBeauuuiach B 2 pasza?

VYpaBHeHue rapMoHHUYecKoro koedanus x=0,4sin5xt. Onpepenure aMITUTY Ly, IEPHOJI, CMEIICHHE
pu t=n c.

Ornpeienute XKECTKOCTh MPYXKHUHBI, YaCTOTY, HMUKIMYECKYIO0 4YacTOTy, eclii Teno maccou 0,5 Kr,
IIO/IBELLIEHHOE K 3TOM MpYXUHE, coBepiIaeT kojaedanus ¢ nepuogom 0,2 c.

MatepuanbHas TOUKa COBEpILAeT rapMOHHUYEcKUe konebanus ¢ ammuntynoi 0,03 M u nepuogom
0,2 c. CocTtaBbTe ypaBHeHHE KoliebaHus u onpeaenute cMemienue mpu t = 0,1 c.

Ilo nHy cdepuueckoil dalky coBepIaeT CBOOOIHbIE KoneOaHUs 0e3 TPeHHs MaJCHbKHH IIapuK.
Omnpenenure nepuo] KojaeOaHus apuKa, €Ciau paJuyc KpUBU3HBI YaIIKku 2,45 M.

CocraBbTe ypaBHEHHE rapMOHMYECKHX KOJICOAHUN MaTeMaTHYeCKOro MasiTHUKA JUIMHOW 2,45 M U
ammuintynoit 0,1 m.

Teno coBepiaer rapMoHHYecKue KonebaHus mo 3akoHy X = 20sinmt. OmpeaenuTe cKOpocTh Tena
mput1=0,5cut,=4c.

YCcKopeHHe CBOGOIHOTO MajeHHs Ha MOBEPXHOCTH JIYHBI 1,6 M/c?. KaKoil JUTHHBI TOJKEH OBITH
MaTeMaTHYeCKU MasgTHUK, YTOOBI ero rnepuoj kosnedanus Ha Jlyne Ob1 1 ¢?

ITocTpoiiTe rpaduk rapMOHHYECKOro KOJIEOAHUS YacTOThI MO IMapaMeTpaM: aMIUIMTyAa 2 cM,
nepuof 0,4 ¢, HauanbHas gasza 0. 3anuIIUTe ypaBHEHHE 3TOTO KOJIeOaHusl.

Teno coBepinaet konedanus Mo 3akoHy X = 60Sin2xt. Onpenenurte ckopocts Tenanpu t1=1cuty =
2,5c.

Teno maccoil N rpaMM MOJBEMIEHO Ha MPYKUHE, KECTKOCTh KOTOPOU 2:10° u/m. Omnpenenure
4acTOTY, MEPUO]I, IUKIUIECKYIO YACTOTY CBOOOIHBIX KOJICOaHUI 3TOTO Tejla Ha MPYKUHE.
MatepuanbHasi TOUKa COBEpILIAET TapMOHUYECKHE KOJIeOaHUs ¢ aMITTUTYJ0M 4 CM U MEepHoJIoM 2 C.
Hanwmmre ypaBHeHHE IBHKEHHS TOUKH, €CITH €€ IBUKCHNE HAYMHACTCS M3 TTOJIOKEHHS X9 = 2 CM.
KakoBa uwacToTa 3BYKOBBIX KOJeOaHUN B Cpelle, €clii CKOPOCTh 3ByKa B 3Tod cpeme S00 m/c, a
JuiHa BoJIHBI 2M? (OTBET faiiTe B repiax.)

Ha paccrossauu N M oT Habmogaresns pabouyre BOMBAIOT CBau C MOMOIIbI0 Kompa. KakoBo Bpems
MEXy BUIAUMBIM YAapOM MOJIOTA O CBalO M 3BYKOM yJapa, yciblllaHHbIM HaOmronatenem? (OTBer
naiite B cekyHaax.) CkopocTh 3Byka B Bo3ayxe 330m/c. Okpyriure OTBET C TOYHOCTBIO JI0
JECSITHIX.

Ckopoctb 3ByKa B Boje 1,5 km/c. Uemy paBHa JiIMHA 3BYKOBOM BOJIHBI, pacIpOCTPaHSIOIIEHCS B
BoJIe, mpu yacToTte 3ByKa 3 k['11? (OTBeT naiite B MeTpax.)

®opma npeacTaBieHus pe3yJabTara:
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BreImomHUTE 3a1aHUE B TETPAIH IS MPAKTUYECKUX PaboT.

Kpurepun oneHku:
3a mpaBUIIHLHO BBITOJHEHHOE 33JaHHE BHICTABIIAETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS OllcHKa — 0 OalIoB.
Oyenxa «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 5.2 DileKTPOMarHuTHbIE KOJIEOAHUS U BOJIHBI

IIpakTuyeckoe 3ansaTue Ne23, 24, 25
Pemenne 3a1a4 Ha BHIbI CONMPOTHBJIEHUI B IeNsIX MEPEMEHHOT0 TOKA.
IlepeMeHHBI JIeKTPUYECKUI TOK

Dopmyabl TpaHcphopmaTopa

Henab: chopMupoBath NOHUMaHUE poiiu PU3UKU B (HOPMHUPOBAHUH KPYro3opa U (yHKIIMOHATHHON
IPaMOTHOCTH 4YEJOBEKa JIJIsi pEIICHUs MPAKTHUECKUX 3a1ad; JUIsi OOBSICHEHHUS YCJIOBHM IPOTEKaHUs
(bu3nyecKuXx SBICHUN, YMEHHUS BBIMOJHATH pacdyeTHble U TrpaduUyecKue 3aqadu, U3y4UTh CBOOOJIHBIC
3JIEKTPOMAarHUTHBIE KOJICOAHHS B KOHTYPE, BUJIbI COMPOTUBIICHHUS B IIETIH MIEPEMEHHOT0 TOKA, UX OTIWYUS
1 OCOOCHHOCTH.

Boinosinenue padorsl cnocodcTByeT GOPMHPOBAHMIO:

I1Py5, Ipy9, I1P62, TTPG6, T1PG7,

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

MarepuajnbHoe o0ecnieyeHue:

WH/IMBUYalIbHOE 33aJ]aHUe, KOHCIIEKT JICKIUH, CIIPAaBOYHBIC MaTEPUAIIbI.

Yka3anue:

[IpakTHyeckoe 3aHATHE COCTOMT W3 JIBYX 4YacTell — TEOPETHYECKONW M mpakTuueckoit. [locie
M3YUYEHHUS] TEOPETHUYECKOTO MaTepHajga MOKHO MPUCTYNaTh K BBIMOJHEHUIO MpakTHUeckod ydactu. OHa
COCTOUT M3 JIBYX W OoJjiee 3ajad JJIsi CaMOCTOSITEILHOTO BBIMONHEHUs. He 3a0bIBaiiTe 0 mpaBUIBHOM
oopmieHun perrenusi. Ha BBIMOJHEHWE MPAKTHUECKOTO 33JaHHsI OTBOJMTCS uemblpe aKaIeMHUYECKHX
yaca.

3aganue:

O3HAaKOMBTECh C TEOPETUYCCKUMHU CBEICHUSIMHU HCIIOJIb3Ys CCHIIKY
https://znanium.com/catalog/product/1012153, §54,55, 56 Bbinucas GopMyIbl OTMEUEHHbBIC CKOOKAMH ,
Hanpumep( 54.1)
Permre 3a1a4un, CaMOCTOSATEILHO UCIIOIB3Ys IPUMEPDI U KPATKHE TEOPETHUECKUE CBEICHUS.

IMopsinok BbINOJIHEHUs PAOOTHI:
W3yuute u BeImummTe GOPMYIIHI IO JaHHON TeMe B BHJIE KPaTKOrO KOHCIIEKTa
Pasbepute nprMepbl pEIICHHBIX 3a/1a4
Pemmre caMOCTOSTEILHO 3a0a9i
Brmomauts Tect https://znanium.com/catalog/product/1012153, crp 334 —IlepeMennslii Tok; cTp 336
TpanchopmaTop

el N =

Kparkue Teoperuyeckue cBeleHUs

Tpaucdopmarop

BUIBI IOBBIIIAIOIIHHN TOHM KON
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Onpenenenue TpaHcopmarop, y KOTOPOro dHCIO | TpaHCchoOpMaTrop, Yy KOTOPOTO
BUTKOB BO  BTOPUYHOH  OOMOTKE | YHCIO BHUTKOB BO BTOPHYHOU
00JIbIIe, YeM B IIEPBUYHOMN oOMOTKE  MEHbIlIE, YEeM B
IIEpBUYHON
Pucynox 3 g 3
wl w?2 wl 2
Koapdpuument n<l n>1
TpaHcpopmaru N b @ u I, S,
& w, U, | §
KN4 TpaHchopmaTopa P
nmpum‘([)op.mrmopa = 100% ~ 99%
P3
ComnpoTHBI€eHUS B LENU NEPEMEHHOT0 TOKA
[Tpubopsr Pe3zucrop Karymky nnaykrusaoctsio L | Konaencarop emxoctsio C
conpoTubiieHneM R
Cxema R L I C
v U
U 0 -0 —o -
C Gt U
niaa TOKa L\L) = 1 SULLn |(t) :Jsin(wt_z) I(t):Can)sin(a)t+%)
ol 2
Cnpur a3 9=0 Y,U usmenserca B | Hanpsoxenue onepexaer Tox | Hanpsokenue orcraeT or
OJJMHAaKOBBIX (1)333)(, adJl. | ga p= i :900 TOKa Ha ¢ = i :900
JHEprusli PacXOJMUThCS Ha 2 2
TEIJIOBOE JIEUCTBUE TOKA
Comnpotusine
HH 14 1
c R:p_0(1+ogt) X=—
1. popmyna S X =o L e
2. 3aBHCHMOC R R
Th L R,
CONIPOTUBJIEH
J7040) oT 0 o
4acToTa ® ' » -
cTo E 0 w 0 ©
AKTHBHOE — COITPOTUBJICHHC, Emnucinue -
CONPOTHBJICHUE 00YCJIOBJIEHHOE SIBJICHHEM COIPOTUBIICHUE,
3. oTpeduTeEIS, CaMOWHIYKIUU 0OYCIIOBIICGHHOE HAITHMYHUEM
onpeacicHue peoOpa3yrouiero EMKOCTH B IICIIN
MOJBOJMMYIO K HEMY
SHEPIUIO B JPYrUe€ BUBI
SHEPrUuu
3akoH Oma Ul(t U )
I(t):—() IO:_O |0: 0
R X X¢

142
[TosHOE CONPOTHBIIEHHE ENH TIEpeMeHHOro Toka: Z= VR? + (wlL — E)

3axkon OMa JJ1s1 aMIUIMTYAHBIX 3HAaY€HU cuitbl ToKa lo m Hanpsokenust Uy B 11enu NEpeMeHHOro ToKa:
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lo= Uo/\/ﬁ + (a)L - ﬁ)z

PeakTuBHOE — COIIPOTUBJICHUC HOTpe6I/ITeJ'I${, HC HDCO6D&3VI—OH_IGFO INOABOAVMYIO K HEMY DHEPI'UIO B

JIpYTUe BUIBI SHEPTHH (H-p pakeTa) X=X -X.=oL- i ;

X >X¢ — MHIYKTUBHBIN Xapakrep; X| =X, — pe30HaHC; X >X| — EMKOCTHBIN XapaKkTep

JleiicTByI01Ilee 3HAYeHHMEe MOIIHOCTH INepeMeHHOro Toka (P) — BelWuYMHA, YHUCICHHO paBHAs
MOIIIHOCTH TOCTOSIHHOTO TOKa Ppocr, MPU YCIOBUHM, UYTO 00a TOKAa 3a OJUHAKOBOE BpEMs, PaBHOE
MIEPHOJy TMEPEMEHHOT0 TOKa 7, Ha PaBHBIX PE3UCTOpax R BBIACIAT paBHBIC KOJIMYECTBA TETUIOTHI Q.
P:I‘?TR:%:;/—;Z. [JelicTByrolee 3HAYEHHE MOIIHOCTH IEPEMEHHOIO TOKa YacTO Ha3bIBAOT

AKTHUBHOM MOIIHOCTBIO.

IIpumepsl pemieHus 3agaq

1. Karymka uaayktuBHocThio 0,1 I'H ¥ akTUBHBIM compoTuBieHHeM 25 OM BKIIOYEHa B CETb
IIPOMBIIIJIEHHOIO NEPEMEHHOT0 TOKa CO CTaHAapTHOW yacToToi. Ompenenute TOK B KaTyIIKE, €CiIH
HanpsbkeHue Ha ee BBogax 120 B.

JlaHo: KaTyIKa =Y. X =+/25% + (4-3,14-50-0,1)2 =
X
=1/625+986 = /1611 = 40,10M
L=0,1 T'n X=VRE XL =
=+/R? +(wL)? = Ig:@~3,4
R=25 OM — JRZ + (@nL)? 401"
v=50 11
U=120B

2. Ha xonxo3Hyl MOACTAaHIMIO MOCTyHaeT TOK HampsbkeHuem 6600 B. mepBuunas oOMoTka
Tpanchopmatopa noactaniuu umeet 3300, a Bropuunas 110 ButkoB. Onpenenure pabouee HaNPsIKEHNE
B KOJIXO3HOHM 3JIEKTPOCETH M MOTPEOIIEMYI0 MOUTHOCTH cuia Toka B ceTd 200 A moTepsiMu SHEPrUH B
TpaHchopmaTope npeHeOpeyb.

Hano: Tpanchopmarop o _Up U, = 6600-110 _ .., g

0, U, 3300
U,;=6600 B U, = Y19

oo P,=220-220=44-10°Br=44 kBT

®1=3300 B

Po=Uyl,
0)2:110
1,=200 A
U2, P2:?

3. Karymka waayktuBHOcThIO 0,1 'H M akTUBHBIM compoTuBieHHeM 25 OM BKIIOYEHa B CETh
IIPOMBIIIJIEHHOIO NEPEMEHHOT0 TOKAa CO CTaHAApTHOM yacToToW. OmpenennTe TOK B KaTyIKE, €CIH
HanpsbKeHue Ha ee BBogax 120 B.

83



JlaHo: kaTynika =Y. % \:-'25.' F(4-3.04-50.0.1)°

a

L=0,1Tn W =
R=25 Om « 'u"l“ ' X2 xe’-.;_'\— 186 = 1611 = 40,1 O
v=50 'y =3 2 120 =34
U=120 B SV RT el = o400
=? | JRT 4 (2mel)y’ ¢

4. Cuia Toka B repBHYHON 00MOTKe TpaHchopmaropa 0,5 A, HanpspkeHue Ha ee koHIax 220 B, Bo

BTOpUYHOI 00MOTKEe cooTBeTcTBeHHO 8 A 1 12 B. Onpenenute KI1J[ Tpancdopmaropa.

JaHo: TpaHchopmaTopa 12-8 o o
1,=0,5 A n= i 00 = n = 550.0.5 100 = B7 %
,=8 A # ’

U;=220 B Ul

U128 = —222.100%

2 U\l

10.

11.

12.

Pemurh 3agaun (n - HOMeEDp sauieco eapuauma no CI’lMCKy)

Cuna Toka B mepBHYHOM 0OMOTKe TpaHchopmaropa 0,2 A, HanpsokeHwe Ha kinemmax 220 B.
Omnpenenute HaNpsHKEHWE W CHIly TOKAa BO BTOPUYHOH OOMOTKE TpaHCpopmaropa, €ciu
kod¢pdunment rpanchopmaruu 0,2.

[lepBuunas obmotka TpaHcdopmaropa comepkuT 800 BuTkoB, BropuuHass 3200. Omnpenenute
ko3 purmeHT TpaHchopMaIm.

Cuia ToKa B CeTW M3MeHsieTcs 1o 3akoHy | = 8,5 sin @ t. Kakoe KOMMYECTBO TEIUIOTHI BBIICIHT
AIIEKTPOKAMUH 3a 2 "aca padoThl, eciiu ero conpotupieHue 80 Om?

Cuna Toka B mepBUYHON 0O0MOTKe Tpancdopmaropa 0,6 A, HampsbkeHue Ha ee kKoHmax 220 B; Bo
BTOpHUYHOI 00MOTKe 6 A 1 14 B. Onpenenute KIT/l Tpancdopmaropa.

B nepBuuHOil 00MOTKE moOBbIIIaONMIEro TpaHchopmaropa 80 BUTKOB, a BO BTopuuHOH 1280.
Hanpsoxenne Ha kKoHIax nepBuuHoi oOMoTku 120 B, a BenmunHa Toka Bo BTopuuHOi oOMoTke 0,25
A. Onpenenvre NOJIE3HYIO MOILTHOCTH TpaHchopmaropa.

JUist TpaHCIAUUKM pajuornepead MPUMEHSI0T NOHMXKALMK TpaHchopMmaTop ¢ HanpsbkeHueMm 480
B o 30 B. Onpenenure momuocts Tpancdopmatopa ¢ KII/I 96%, ecnu x Hemy noaxmoueHo 100
penpoIyKTopoB, nmoTpedstomux Tok 0,008 A.

Omnpenenure yrojl MOBOpPOTa BUTKA B OJHOPOJHOM MAarHUTHOM IIOJIE, 3HAs, YTO MaKCHUMaJIbHOE
3HaueHue Toka 1002 A, a Tok B 1aHHBII MoMeHT 100 A.

Ompenenure kodPuUIUeHT TpaHCcHOpMAIIMKU 3BOHKOBOTO TpaHChoOpMaTopa, MUTAEMOTO CETEBBIM
TOKOM ¢ HampspkeHreM 220 B, eciu npeoOpa3zoBaHHBIN TOK UMeeT HanpskeHue 2 B.

IlepBrynHas 0OMOTKa MOBBILIAIOIIET0 TpaHcPopMaTopa uMmeeT 45 BUTKOB, a BTopuyHast 900 BUTKOB.
IlepBuuHasg KaTyllka BKJIIOYAaeTCd B CETh INEPEMEHHOIO Toka ¢ HampsbkeHuem 120 B. Kakoe
HanpshkeHue OyeT Ha 3a)KMMax BTOPUYHON 0OMOTKH?

OnexTpuueckas ayra J0JKHA ropers noj HanpsbkeHueM N B, a B cetn 220 B. Ckonbko BUTKOB
JOJKHA COJIEp’KaTh BTOPUYHAs OOMOTKa, €Cli B NMEPBUYHONM OOMOTKeE, BKIIOUEHHOW B ceTh, 385
BHUTKOB?

B nepBuyHOi1 00MOTKE MOBBIIIAIONIETO TpaHchopmaTopa N BUTKOB, BO BTOpuyHON — 2000 BUTKOB.
Kakoe HampshpkeHHe Ha 3aXHUMaX BTOPHUYHOM OOMOTKM MOKHO TIOJyYUTh, €CJIH BKJIIOYHUTH
TpaHcopmarop B ceTb ¢ HanpspkeHuem 110 B?

Karymka mnayktuBHocThto 20 MI'H BKIIIOUEHa B CETh NEPEMEHHOIO TOKa ¢ 4actoTtod N I'm.
Onpenenure UHAYKTUBHOE CONIPOTUBIIEHUE KATYIIKH.
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13.

14.

15.

16.

Konnencatop eMKOCTBIO 8-10'4(1) BKJIFOYEH B CETh MEPEMEHHOrO ToKa ¢ yactoroit 50 I'u. Onpenenurs
CWJIy TOKa Ha Y4acCTKe LIETH ¢ KOH/IEHCATOPOM, €CIM COIPOTUBIIEHHE MOABOAAIINX IpoBoA0oB N OMm, a
HaIpspKeHHUE Ha BCEM ydacTke menu 12 B.

Kak n3mMeHuTCss MHOYKTUBHOE CONPOTHBIIEHUE KAaTYLIKH, €CJIU €€ BKJIKYUTh B LEMb IEPEMEHHOIO
Toka ¢ yactorod 10 xI'11, BMecTo 50 I'1?

[lepBuunas obmotka TpaHchopmartopa comepxkut 800 BuTkoB, BropmuHas 3200. Omnpenenure
KO3 GHUIHEHT TpaHchopMaLnu.

Karymka uHAYKTUBHOCTBIO N ['H, aKTUBHBIM comnpoTuBieHHeM 25 OM BKIIOYEHa B CETh
IIPOMBIILIJIEHHOT'O IEPEMEHHOIO TOKA CO CTAHJAPTHOM 4acTOTON. OIpenenuTe TOK B KaTyLIKe, eCIIN
HanpsbkeHue Ha ee BBogax 120 B.

dopma npeacraBjeHus pe3yabTara:
BbInonHuTh 3a1aHue B TETpaau AJs MPAKTUUECKUX paloT.
Kputepun onenkmn:

3a MpaBUIIbHO BBITOJHEHHOE 33JJAHHE BHICTABIISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HeMpPaBWIBHO BBITIOJHEHHOE JICHCTBHUE, 3aJ]aHNUE BBICTABIIICTCS OTPHUIIATEIbHAS OlleHKa — 0 0aJlIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

Oyenxa «xopoutoy svicmasinsiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB

Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB

Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 npaBUIBHBIX OTBETOB

Tema 5.2 DileKTPOMarHuTHbIE KOJIEOAHUS U BOJIHBI
IIpakTuyeckoe 3ansaTue Ne26

JIeKTPOMATrHUTHBIE KOJIeOAHNS U BOJIHbBI

Heasn: chopmupoBaTh HOHUMaHKUE poiH (PU3UKU B (POPMUPOBAHUU KPYro3opa U (pyHKIIMOHAIBHON

rpaMOTHOCTH YCJIOBCKA [JIA PCHICHUA TMPAKTUYCCKUX 3adad; YMCHHA BBIIIOJIHATH PpPaCYCTHBIC U
Fpaq)I/ILICCKI/Ie 3aaavyu, U3Y4YUTHb CBO6OI[HLIC SJICKTPOMArdHuTHBIC KoneOaHusT B KOHTYpPC, BHUIBI
COIMPOTUBJICHHSA B LCIIU IICPEMCHHOI'O TOKA, UX OTIINYHA U OCOOCHHOCTH.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

I1PysS, Ipy9, I1P62, TTPG6, ITP67,

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

MHAMBUAYaJIbHOE 33/1aHHE, KOHCIEKT JIEKIIUH, CIIPaBOYHbIE MaTepHaIIbI.

Yka3anmue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX YacTed — TEOPETHYECKOM M mpakTthueckou. Ilocne

M3y4YEHUsl TEOPETUUECKOr0 Marepuajga MOKHO MPHUCTYNATh K BBINOJHEHUIO MpakTH4Yeckol dactu. OHa
COCTOMT M3 ABYX M Ooyiee 3amad i CaMOCTOSTEIHLHOTO BBITONHEHUS. He 3a0bIBaiiTe O MpaBHIIBHOM
odopmiiennu pemeHus. Ha BBIOTHEHNE MPaAKTUYECKOTO 3a/IaHUSI OTBOJUTCS 08a aKaIEMUYECKUX Yaca.

3aganue:

O3HaKOMBTECH C TEOPETUICCKIMH CBEICHUSIMU HCIONB3YS CChUIKY
https://znanium.com/catalog/product/1012153, §57 BeimucaB GopMyIibl OTMEUCHHBIE CKOOKAMHU ,

Hanpumep( 57.1) u t.4.
Permute 3a1a4n, caMOCTOATEIBHO UCIIONB3YsI TPUMEPHI M KPATKHE TEOPETUIECKUE CBEICHHS.

1.

Ilopsinok BbINOJHEHHSI padOThHI:

W3yuuTe 1 BeIMUIIKATE GOPMYIIBI ITO JAHHOH TeMe B BUJI€ KPATKOI'O KOHCIIEKTa
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cooctBennble DMK

E,;=E,; vo=const
cu? L

2 2
CU?=LI?

3JIeKTp0MaFHI/ITHble BOJIHBI

2. Pa30epute npuMepsl pelIeHHBIX 3a/1a4
3. Pemmure camocTosITENbHO 331241
4. Bemoanuts Tect https://znanium.com/catalog/product/1012153, ctp 337 «DneKTpoMarHuTHBIE
BOJIHBI»
KpaTtkue Teopernyeckue cBe1eHHS
JIeKTPOMArHUTHbIE KoJIeOaHus
Omnpenenenue Hezaryxaromue koniebaHusi, BOZHHUKAIOIIME MOJ JCWCTBUEM BHEIIHEH
nepuoanuecku uamenstonieiics IJ1C e=gycoswt
[Ipouecc [Ipouecc, mpu KOTOPOM DIIEKTPOMATHUTHOE T0JIE€ MEPHUOJUUYECKH
W3MEHSIETCS TI0 BpEMEHU
Ycnosue [TocnenoBarenbHOE COETUHEHUE:
BO3HUKHOBEHUS 1) KoHACHCAaTOPA, HAKATUTMBAIOIIECTO YHEPTHUIO MIEKTPUIECKOTO TOJIS;
Kosie0aHuit 2) KaTyIIKN HAKarIMBAOIIEH SHEPTHI0 MATHUTHOTO TOJIS;
3) BO3HMKHOBEHHE CBOOOJHBIX KOJICOAHHH B KOHTYpE OOYCIOBJICHO
SIBJICHUEM CAMOWHIYKIINH
[Tpumep DneKTpuUecKas Iemb, COCTOSAIMAs W3 KOHJCHCATOpAa W KATYIIKH, B
KOTOpPOI JHEprusi 3JIEKTPUYECKOro IO MPEBpaIlaeTcs B JHEPTHUI0
MaFHI/ITHOFO nona 1 00paTHO
3aKOHBI
T=27/L-C — H l
dbopmyna Tomcona —
Vo = t i
2zLC R—Q
JLC 1. BLIHY)KI[GHHLIC konebanus. Kimrou B «1» — 3apsikaercs KOHIASHCATOP.
2. CobctBennble koneOanus. Kirou «2» snekTpuueckoe mone o
MarHuTHoe moje. YacTh SHepruu TpaTUTCs Ha HarpeB mpoBoaoB R—Q
KoJe0aHus 3aTyXarolue.
Jlnst moiep kaHusl HE3aTyXaloMUX KOJeOaHU MepeBOANM KU «1»,
3aTeM B «2». BeIHYKIeHHBIE — He3aTyXallIrue KoueOaHus
OHeprus [IpeoOpa3oBaHue HHEPrUM  BJEKTPUYECKOTO TMOJsl B  DHEPTHUIO
MarHMTHOTO TIOJISt 1 HA00OPOT MO TapMOHUYECKOMY 3aKOHY E, «»E,
Rnp:0 - £ = ——r A

Onexmpomaznumnasn 6oina (OMB) — pacnpocTpaHEHUE AIIEKTPOMArHUTHOTO TOJS B NPOCTPAHCTBE C

TECYCHHUEM BPEMECHU.

paccrostaue ot paauosiokannonHoi craniuu (PJIC) no oOwekra: AS = 02 ,

At

OMB (B 3aBHCHMOCTH OT JJIMHBI BOJIHBI A) JACNIAT Ha JUANa30HBbI:

1) mmuaEBIe A > 1000 M;

3) xopotkue 10 < 4 <100 m;
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2) cpeqaue 100 < A <1000 m;

4) ynerpakopotkue A < 10 m.

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

_C-
=

9
Jmuna BosHbl A=9*T = . B CpPeAe; Ui BaKyyma Ag=c*T

C
—= v/ Eu=n>1- ontuyueckasi MIOTHOCTH CPEIbI

R Ile

2
270; c- cKopocmb IMé 6 6aKyymy unu 6 6o3odyxe- 3*108mu/c

IIpumepsl pemienus 3agaq

1. Cua TOKa B CeTH HM3MEHsETCs 10 3aKkoHy 1=4,2 Sinwt. Kakoe KOIWYeCTBO TEIIOTHI BBIICIUT

ANEeKTpoKaMuH 3a 1 4 paboThl, eciu ero conpotusienue 70 Om?

Hano:
DJIEKTPOKaMUH
i=4,2 sinwt
t=3,6-10° ¢

R=70 Om

Q=2

ly =

Q=I° 4Rt
i=lpsinot

Im

=0,707-1,

S

lm=4,2A
,=0,707-4,2=3A
Q=3270-3,6-10°~2,3-10% [Ix=

=2,3 M/Ix

2B YCTaHOBKax JIs BHCKTpOFHHpaBHquCKOﬁ O6pa6OTKI/I MaTCepraJIOB KOHACHCATOPLI pa6oqer0

KOHTYpa

SABIIAIOTCA

CMKOCTHBIMH  HAaKOIIUTCIIAMHU

JHEPTrUH.

Onpenenure

HauOOJBIIYIO  CHITY

KPaTKOBPEMEHHOTO TOKa, BO3HUKAIOMIETO B IIEMU MPU TPSIMOM paspsaKke TaKoro KOHJEHcaTopa Ha

MIPOBOJIHUK, €CJTM U3BECTHO, UTO 3aHECEHHAas dHeprus B kKoHaeHcaTope 10 kK, MHAYKTHBHOCTh KOHTYpa

0,03 MxI'H.

JlaHO: K — KOHTYD

E=10* Ik
L=310%Tn
Imax =?

—/0,66.10%18 —

Eon=Eu 2.10%
Imax =g
U 3-10
-08-10% =8.10%A
2
E - LI
- 2
U
. _[E,
mCY L

Pemurs 3anaum (N - Homep sauieco 8apuanma no cnucky)

1. Bynyr a1 HacTpOEHBI B PE30HAHC KOHTYPHI MepeaTuuka U NMpHUeMHHKa, eciy ux napamerpsl C; = 200
D, Ly =2 mI'w; C, =100 [1D; L, =4 mI'H?
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

KonebaTenpHbIl KOHTYP COCTOMT M3 KOHJEHCATOpa €MKOCThI0 SMK®D W KaTyIIKd WHIYKTHBHOCTHIO
0,2 I'n. Ompenenure MakCUMaJIbHYIO CHUJIy TOKa B KOHJIEHCATOpPE, €CJIM MaKCHMajbHas Pa3HOCTb
MOTEHINAJIOB Ha 0OKIaaKax KoHaeHcaropa 90 B. [lorepsmu Ha HarpeBaHue MPOBOJOB IPEHEOPEUb.
OJIC uHAyKUMH, BO3HMKAIOUIash B paMKE MpU BPALLIEHUU €€ B OJHOPOJHOM MAarHUTHOM IIOJE,
U3MeHseTCs 1Mo 3aKoHy e = 12 sin100 nit. OnpenenuTe aMILTMTYAHOE U JeiicTByoIee 3Hauenue D/1C,
MEepUO/I, 4acTOTy, MrHOoBeHHOe 3HaueHue DJIC mpu t =n c.

MaruutHelii TOTOK B paMKe, PaBHOMEPHO BpallalOMIMiics B OJHOPOJAHOM MAarHUTHOM TOJE,
u3Mensiercsa no 3akony @ = 3 - 102 cos157t. HatignTe 3aBucHMOCTh MTHOBEHHOTO 3HadeHus DJ1C
WHIYKIIMKM, BO3HUKAWOIIEH B pamke, oT BpeMmeHH. Omnpenenutre MakCUMalbHOE M JEHCTBYIOLIEE
3Hauenue DJIC, mepro U 4acToTy TOKA.

B pamke, paBHOMEpHO Bpalarouieiics B OAHOPOJHOM MAarHUTHOM IIOJ€, HWHIYLUPYETCS TOK,
MT'HOBEHHOE 3HaUEHHE KOTOPOTO BBIpaXxaeTcs: GopMyinoi

I = 3 sinl157t. Onpeaenure aMIUIUTYAHOE, ACUCTBYIOIICE 3HAUCHUE TOKA, MTHOBEHHOE 3HAYCHUE TOKA
mpu 0,N ¢, epHoJ U YacTOTYy.

Onpenenute MakCUMallbHOE U ACUCTBYIOIIee 3HaYeHue nepemenHor JJIC, BO3HUKaOIIEH B paMKe MpU
€e PaBHOMEPHOM BpaIlleHUH B OJHOPOJHOM MAarHUTHOM TOJI€, €M IMPU yIiie TOBOPOTa PaMKU Ha 45°
MraoBeHHoe 3HadeHue JJIC 156 B.

Onpenenure makcumanbuyto D/C, 3nas, uro npu 30°DJ1C uHaykimu 110 B.

B xonebaTtenpHOM KOHTYpE C HMHIYKTHBHOCTBIO N MI'H MakcMManbHOE HampspKeHHE Ha OOMOTKax
koHzeHcatopa 200 B. ompenenute mnepuoj KoieOaHU CBOOOJHBIX JJIEKTPOHOB B KOHTYpE, €CIH
MaKcHMaslbHas cuiia Toka B KoHType 0,2 A.

Omnpenenure cuily ToKa B KoJiebaTeJIbHOM KOHTYPE B MOMEHT IMOJIHOM pa3psaIKu KOHAEHCATOpa, €ClIU
SHEPIrus MarHUTHOTO MO KaTYIIKH 4,8-10'3 Jx, a unnykTuBHOCTD 0,24 T'H.

Onpenenurte 3HEPTUIO AIEKTPUUECKOTO MOJIS KOHJEHcaTopa eMKOCThio N MK®D, ecnu HampsikeHue Ha
ero obknaakax 400 B.

Onpenenure MepuoJl U YaCTOTYy COOCTBEHHBIX AJIEKTPOMAarHUTHBIX KojeOaHUN KOHTypa, €CIH €ro
UHIYKTUBHOCTH | MI'H, a emkocTh 100 HO.

Omnpenenurte cuily Toka B KoJiebaTeIbHOM KOHTYPE B MOMEHT MOJHOM pa3psaIKku KOHAEHCATOpa, €CIIU
SHEPTUsi MAarHUTHOTO oISt KaTymku N M/[x, a unayktuBHocTh 0,12 I'H.

NunyktuBHocTh KosebaTenbHOro koHTypa 500 MKI'H, Kakyl0 €MKOCTh CIeIyeT BhIOpaTh, UTOOBI
HACTPOUTH €ro Ha yactoTy 1 mI'm?

B ycraHoBkax misi 3JEKTPOTHIPaBIMYECKON OOpaOOTKM MaTepualioB KOHAEHCATop padoyero KOHTypa
SIBJISIETCS €MKOCTHBIM HaKoMuTeneM 3Hepru. Onpenenure HauOOMNbIIYI0 CHITy KPaTKOBPEMEHHOIO TOKa,
BO3HHUKAIOIIETO B LIEMH HPH MPSIMOMN paspsi/ike TaKoro KOHJEHcaTopa Ha MPOBOJIHUK, €CIM M3BECTHO, UYTO
3anaceHHas 3Heprus B kouaeHcarope 10 k/[x, naayktuBHOCTh KOHTYpa 0,03 MkI H.

KonebaTenbHbBIN KOHTYP COCTOUT U3 KOHJEHCATOpa eMKOCThIO0 3 MK®D M KaTyIIKU WHIYKTHUBHOCTHIO
2102 I'n. Onpenennure COOCTBEHHYIO YaCTOTY 3JEKTPOMAarHUTHBIX KOJeOaHUI B KOHTYpE.

B karymike MHAYKTUBHOCTBIO N 102 I'n COBEpUIAIOTCS AJIEKTPOMArHUTHBIE KOJIEOaHUs C MEPHOJOM
10%¢. Omnpenenure eMKOCTh CHCTEMBI.

KoneOarenbHblii KOHTYp COCTOMT U3 KOHAeHcaTopa eMmkocThio 0,601 MKk® u Karymku c
WHIYKTUBHOCTBIO 10* Tn. Onpenenure MepUON, YacTOTy COOCTBEHHBIX AJIEKTPOMArHUTHBIX
Kose0aHuil KOHTYpA.

Konnencarop eMKoOCTbIO 3.10° MK®, 3apsHKEHHBIM 10 HEKOTOPOro MOTEHIHMANA, pa3psiKaeTcs, 3aTeM
3apspKaeTcsl uepe3 KaTymky ¢ MHAYKTUBHOCTHIO 1,8 MKI'H. Ompenenure nepuon konedanuit. [Touemy
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20.

21.

22.

23.

24,

25.
26.

217.

28.

29.

Ka)XJ10€ TOocleayoliee Kouedanue AaeT Ha 0OMOTKaX KOHJIEHCATOpa MEHBIIIYIO Pa3HOCTh MOTEHIUAJIOB,
4yeM npenplayniee?

Omnpenenure MeproJ M YacTOTYy COOCTBEHHBIX KojeOaHWW B KOHType mpu emkoctd 2,2 MKD u
unayktuBHoctu 0,65 mIH.

Breruncnute 4actoTy COOCTBEHHBIX KoJieOaHWii B KOHType ¢ comnportuBieHunem 0 Owm, eciau
WHJIYKTUBHOCTH B 3TOM KOHType 12 MI'H, a emkocTh 0, 88 Mx®. Kak u3MeHHTCsSI YacToTa KoJIeOaHUH,
€CJIM MOCIIeI0BATEIbHO BKIIFOUUTH B KOHTYp €lle N TaKuX ke KoHaeHcaropa?

Uemy paBeH rmeproj] COOCTBEHHBIX KOjeOaHH B KOHTYPE C MHAYKTUBHOCTHIO 2,5 MI'H B eMKOCThIO 1,5
MK®D? Kak u3MeHHTCs meproj KojieOaHui, eciu maparielibHO K KOHISHCATOPY NMPUCOCTUHHUTD eIe 3
TaKuX ke KoHjaeHcaropa?

Pe3onanc B konebaTenbHOM KOHType HacTymaer npu udactore 4,2 k['u. Omnpenenurte MHIYKTUBHOCTh
KaTyIIKH, €CIIM EMKOCTh KOH/ieHcaTopa 2,2 MKD.

B KoJ1e6aTeIbHOM KOHTYpE ¢ HHAYKTHBHOCTBIO 0,4 T'H 1 eMkocTbio 2-10™° & aMmmTyIHOe 3HAYCHHE
toka 0,1 A. Kakum Oyner HampspkeHHEe B KOHAEGHCATOpe B TOT MOMEHT, KOTJa SHEPTruu
ANEKTPUYECKOTO W MarHuTHoro mosied OyayT oauHakoBbel? KoneGaHusi KOHTypa CuUMTaTh
HEe3aTyXaIoIUMH.

OnpenenuTth JUIMHY BOJHBI, eclii ee Ga3oBas ckopocth 1500m/c, a gacrora koiedanuii N I,

Kakoii myte npoiizer ¢asza BosHOBoro aAsmxenus 3a 0,02c, ecnu yactora konedbanuit 2MI', a niuuHa
BOJIHBI 150M.

Onpenenuts 4acTOTy HM3IYYEHHs YIbTPa3BYKOBOTO T'€HEpaTOpa, €CIM MOCHUIAEMBI UM HMITYJIhC,
coaepxarmuii 100 BoaH, mpoaosxkaercs N. ¢

Onpenenuth ATUHY BOJHBI YIBTPa3BYKOBOI'O I€HEPATOpa B aTIOMHUHUU, €CIIM YaCTOTa YIbTPa3ByKa
3MI'L, a CKOPOCTh B AIFOMUHUU 5,1"‘103 M/C.

Panuonepenarunk paboraer Ha yactrore 6 MI'. Ckoapko BOJIH HaxoAauTcst Ha pacctossaun 100kM 1o
HaIpaBJIEHUIO PACIIPOCTPAHEHUS paJuoCUTHaa?

(DopMa NpeacraBjJacHus pe3yjabTara:

BrmoaHNUTE 3aIaHUC B TCTpaJau AJId NPAKTHICCKUX pa60T.
Kputepun onenkmn:

3a mMpaBUIILHO BBITOJHEHHOE 33JaHHE BBICTABIISIETCS TIOJOKHUTENbHAS OlleHKa — | Oasu.

3a HeMpaBUWIIbHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIISETCS OTpHUIlaTeIbHas olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB

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

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

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

Tema 5.3 OnTuka
IpakTuyeckoe 3ansitue Ne 27

3aKOHBI reOMETPUYECKON ONITHKHU

Heab: chopMupoBaTh NOHUMaHUE posiu PU3UKU B (POPMHUPOBAHUM KPyro3opa U GyHKIIMOHATHHON

I'PaMOTHOCTH YEJIOBEKA JJI PELICHUS NMPaKTUYECKUX 3a7ad, U3yUUTh 3aKOHBI PACIPOCTPAHEHHUS CBETA.
Xox stydeil. 3aKOHBI OTPAKEHUS U IPEIOMIIEHUS U IPUMEHSATh UX MPU PEILICHUHN

Brinosinenue padoTsl cnocodcTBYeT GOPMHUPOBAHMIO:
[1PyS5, Ilpy9, I1P62, I1P66, I1PG7,
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MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10

MarepuanbHoe oOecriedeHue: TeTpaab I MPaKTUYECKUX padoT, pydyka, METOAMYECKHE
PEKOMEH/IAllMY TI0 BBITIOJTHEHHUIO pa0OTHI, TMHEHKA, KapaHIaIll.

VYka3zanme: [IpakTtudeckas paboTa COCTOMT M3 JIBYX YacTed — TEOPETHUYECKOM M MPAKTHYCCKOM.
[Tocne u3yueHus TEOPETUUECKOro Marepuasga MOKHO MPUCTYNATh K BBHIIOJHEHUIO MPAKTUYECKON YacTH.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATENbHOIO BhINoNHEeHUs. He 3a0piBaiiTe 0 npaBuIbHOM
odopmiiennn pemieHusi. Ha BbITIOTHEHUE TMPAKTHYECKON OTBOAMTCS JBa akageMu4eckux daca. [lopsmox
BBITIOJTHEHHS paOOTHI

ITopsinok BbINOJIHEHHUSI PAa0OTHI:
1. PaccMmoTpuTe TeOpeTHYECKH MaTepuall MO TeMe€ U TpUMEphl peleHHus 3agad  (CMOTpH
METOAMYECKOE ITOCOOHeE).
2. Pemmre camocrosTensHyto padoty. Odopmure perieHne MICbMEHHO B TETPAIH.
Xoxa padoTsl

1. Teopus.
3aKOHBI TEOMETPUUYECKON ONTUKHU

|. 3axon npsamonunelinoco pacnpocmpanenus ceéema:. céem 8 0OHOPOOHOU cpede paAcnpOCMPAHAEHICSl
NPAMOJIUHEUHO.

JIyu — nuHus, BIOJB KOTOPOU pacripoCTpaHsIeTCs CBETOBAs SJHEPTUsl.
Hoxazamenvcmeo:

1) oOpa3oBanue TeHel U MOJyTEHEH OT MPEAMETOB;
2) TIOTJIONICHUE CBETA HEMIPO3PAUYHBIMU MPEIMETAMH.
Us 050 = 3-10° M/c=c; Voo = 2,25.108 M/C; Us cmerie = 2:108 m/c.

Il. 3axon nezasucumocmu ceemosvix nyuell: 1yyu npu nepeceueHul He 803mywarom opye opyad.

1. 3axon ompasicenusn ceema.

Veon naodenus (@) (ompadicenust y)— yroiu, oOpa3oBaHHbBIH nadarowum (OmpanceHHvim)

a |
JTy4OM W TEPIEHINKYISIPOM, BOCCTAHOBIEHHBIM K IMOBEPXHOCTH B TOUKE MaJICHUS JTyda
(puc. 12).
Puc. 12. Magatowmii u 1. Iaoarowuii u ompasiceHHblll TyuU 1eHcam 8 0OHOU NIOCKOCIMU C NePREHOUKVIAPOM,

60CCMAHOGICHHbIM 8 MOYKe NAOeHUS Jyua.
OTpPaXKeHHbIN Nyun.

2. Yeon nadenus pasen yeny ompasxcenust (a6 = y).

Cnedcmeue: «Obpamumocms ay4deli»: ECAv nagatowmin nyd NycTuTb NO HaNpPaBAEHMIO OTPAXKEHHOrO, TO HOBbIM
OTParKEHHbIV SIy4 NOWAET NO HanpasAeHUIO NajatoLwero.

3epKanbHoe OnddysHoe
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2 1" 2" ' 1" Tabnunua 12
1 1' 1"
3epranbHoe — oTparkeHue npu Kotopom | AuggysHoe — oOTpaxkeHue, npu
OTPayKeHHble Nyum OCTaloTCA | KOTOPOM B OTPAXKEHHbIX /y4ax HeT
napanienbHbIMu nopsakKa (MaToBas NOBEpPXHOCTb)
IV 3aKoH npenomneHus ceema.
o
N“ BO3/1YX
) S /4 CTeKRNo HpeﬂomeHue ceema — U3SMCHCHUC HAIIPABJICHU JIyda CBCTA IIPU MEPEXOAC
AL 7 U3 OIHOW cpenbl B apyryto. Yeon npenomnenus (B) — yrom Mexmy
BO3A4YX
\‘37\ Ay MMPEIIOMJICHHBIM JIY4YOM H MNEPIICHAUKYIIAPOM, BOCCTAHOBJICHHBIM U3 TOYKU

MaJieHus JTy4ya K TpaHuIe IBYX Cpel.

Puc. 13. NpenomneHune cBeTOBOrO /yya.

1) nay4u, nadarowulli u npesnomaeHHoll, nexcam 8 00HOU MA0CKOCMU C MnepreHOUKYASPOM,
80CCMAHOB/IEHHbIM U3 MOYKU MAOEHUA ay4Ya K nogepxHocmu pasoesna 08yx cpeo;

2) ommnowenue SIN yena nadenuss K SIN yena npenomaeHuss Onsi OAHHbIX CPed eChib GeluduHd
NOCMOAHHAA, U HA3bleAemcs ONMHOCUMENbHbIM noxKasameilem npejiomieHusl emopoﬁ cpedbz OomHocumeslbHoO
nepeoll.

sina, no2N_v

21

sinp n, v,

Cneocmeue.: «Obpamumocms nyueiiy: Eciu najaromuii 1yy HarpaBUTh 1O MYTH TPETOMIIEHHOTO, TO
IIPEJIOMIJIEHHBIN JIy4 UAET 10 IIYTH NaJaroIlero.

Ilonnoe enympenne ompadicenue — SBICHUE, INIPU KOTOPOM CBETOBOE W3JIyYEHUE IIOJHOCTBIO
OTpa)kaeTcst OT MOBEPXHOCTH pa3jiena Mpo3pauHbix cped (puc. 14).

npeAenbHbIi 1) npu T (o B T;
L B 2) B =90° — CKOJB3MT 10 'PAHHUIIE Pa3eia ABYX CPEl — NpedeibHblll yeor,
pu sosax  3) T q, B>90° = B — MOTHOCTBIO OTPAKAETCS TIO 3AKOHY OTPAKEHHS.

Vi Ve

nonHoe
77 VZa

V2
BHYTPEHHEE

Puc. 14. NonHoe BHYTpeHHee
oTpaKeHue. 33213‘11/1 ISl CAMOCTOATEC/ILHOI'O PCIICHUA

1. JIyu cBeTa majaer Ha MOBEPXHOCTh BOJBI MOJ YIJIAMHU 40°. Tlox kakuMm YIJIOM JOJDKEH YIacTh JIy4 Ha
MOBEPXHOCTh CTEKJIA, YTOOBI YTOJI MPEJTOMIICHHUS OKA3aJICsl TAKUM Ke?

2. Jlydn cBeTa majaloT Ha IMOBEPXHOCTh pa3zena BoAbl M Bo3ayxa moj yriom 50°. Haiiaure yron
npenomsieHus: syded. llokazarens mnpemomuieHuss Boxabl 1,33. EcTe 1M 1ojHOE BHYTpEHHEE
oTpaxeHue?

3. Haiigure npenenbHbIN yrod NajeHus JIyda Ha TPaHuIly pa3zeiia CTEKJIa U BOJBI.
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4. CBeToBbIC BOJIHBI B HEKOTOPOM KUAKOCTH uMeroT aauHy 600 HMm u wactoty 5-10™ ' Onpenenute

W

aOCOIIOTHBIN TOKA3aTeNb MPETOMIICHUS KUAKOCTH.

. Onpenenure aOCOJIOTHBINA MOKA3aTellb MPEIOMIICHUS U CKOPOCTh PACIPOCTPAHEHUs CBETa B CIIOJE,

€CIIM TIPH yTJIe majieHus cBeta 54° yron npenomienus 30°.

8 .
6. B ammasze cBer pacmpocTpassercs co ckopocTthio 1,22:-10° m/c. Ompenenute TpeneinbHBIA yToJ

MIOJIHOTO BHYTPEHHETO OTPaXKCHUs CBETa B ajiMas3e MpHU IMEpPexoje CBETOBOro Myd4yKa W3 ajlMasa B
BO3YX.

CBeTOBOM My4YOK IEPEXOIUT M3 BO3JyXa B BOAYy. YToa maaeHus 76°, yrona mpenomiieHus 47°.
Omnpenenure CKOPOCTh CBETA B BOJIE.

0 0
8. Yrom nmajgaHus Jiyda cBeTa Ha IOBEPXHOCTh MOJCOJHEYHOro Mmacia 607, a yrona mnpeiaomieHus 36°.

Haiitu noka3zarenp npesoMiaeHus macia.

9. ®OTOH BBIICTACT W3 BOABI B BO3YX. Brinerur au CI)OTOH M3 BOJbI B BO34YX, €CJIM OH IAaAacT Ha

10.

11.

12.

13.

14.

15

16.

17.

18.

IpaHuIly pa3jelia Boabl ¥ Bo3ayxa mox yrioM 50°? Tlogemy?

Jlyu cBeTa mepexoauT co CTeka «JIerkuit kpon» n=1,57 B Bogy. Yroma najneHus yBenuuuBaioT. Kakos
MpeieJbHBINA YroJl TOJTHOTO BHYTPEHHETO OTPAKECHHUS?

BrruncnuTe npefenbHblil yroi MOJHOTO BHYTPEHHETO OTpaKEHUS JAJIs alMas3a Ha TPpaHulle ¢ BOJOH,
3Has, 4TO aOCOTIOTHBIN TOKa3aTesb mpeioMieHus anmasa 2,417, a Boasr 1,333.

Onpenenure OTHOCUTENBHBIM MMOKa3aTelh MPEIOMIICHHS, eciii yroil naacaus 30°, a MpeoMIICHUS
20°.

Jlyun COJTHEYHOTrO CBETa MaJar0T Ha MOBEPXHOCTh BOABI moj yriaoMm 74°. Ilox kakum, yriom K
TOPU30HTY BOJ10J1a3, OIIYCTUBLINIICS B BOY, OYJET BUAETH COJMHIE?

Omnpenenurte moka3aTesb MPEJIOMIICHUS BEUIECTBA, €CIIH MPEAETbHBIN Yol MOJHOTO OTpaXkeHus 42°.

. .Hy‘l CBCTA MAaJICT Ha INIOCKOIMAPAJJICIIbHYIO CTCKIIAHHYIO IIJIACTUHKY ITOJ YIJIOM 60°. KakoBa TOJIIIMHA

TJTACTUHKH d, €CIU MpH BBIXOJIE U3 Hee JIyd cMecTiics Ha 20 mm?

Jlyd cBeTta majaer Ha IUIOCKYIO CTEKJIIHHYIO IJIACTUHKY ToimuHOoW  d = 3 cm mox yriom 70°.
Omnpenenurte cMelIeHUe JTy4a BHYTpHU TiacTuHKH. [Tokazarens npenomieHus crekia 1,5.

VYrom mageHusi CBETOBOTO ITyYKa, MIYIIET0 M3 CTEKJIa C MOoKas3aTeleM IMperomieHus crekna 1,67 B
BOJY C TIoka3atesieM npesiomiienus 1,33, pasen 60°. Ha kakoi yroi OTKIOHSIETCS CBETOBOM MMy4OK Ha
rpaHulle, TO )K€ MpH yrie najaexHus 53°7

MOHOXpOMATHUYECKUI JIyd IMajaeT HOPMAJbHO Ha TPaHb MPU3MBI, MOTNEPEUYHOE CEYCHHE KOTOPOU
PaBHOCTOPOHHHM TPEyroJbHUK: MMOKa3aTens npenomieHus 1,1. OnpenenuTe yroia OTKIOHEHUS Jiyda
MIPH BBIXOJIE U3 MPU3MBI OT €T0 MIEPBOHAYATIHLHOTO HAIIPABJICHUS.

®opMma npeacTraBJIeHud pe3yabTara:
BbInonHuTh 331aHue B TETPAAX AJIs MPAKTUUYECKUX paloT.
Kpurepum ounenku:

3a mpaBUIILHO BBIIOJHEHHOE 33JaHHE BBICTABIISAETCS IMOJIOKUTENIbHAs OlleHKa — 1 Oasu.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNe BBICTABIISIETCS OTPUIIATEIbHAS onleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosn1emeopumensHoy svicmasisiemcs 3a Mmenee 60% mpaBHITEHBIX

Tema 5.3 OnTuka

IpakTnyeckoe 3ansitue Ne 28

3aK0HbLI BOJTHOBOI ONTHKH
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Heasn: chopmupoBaTh HOHUMaHKUE POl (HU3UKU B (POPMUPOBAHUU KPYro3opa U (HyHKIIMOHATEHOU
IPaMOTHOCTH YeJIOBEKa JJI PEUICHHs MPaKTUYECKUX 3a7ad, U3yYUTh 3aKOHBI PAaCIPOCTPAHEHUS CBETA,
KaK BOJIHBI U IPUMEHSATH UX MIPH PEIICHUN

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:

[1PysS, Ipy9, I1P62, TTPG6, I1P67,
MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10

MarepuajibHoe of0ecreyeHHe: TETpagb IS MPAKTHYECKHX paldoT, pydka, METOIUYECKHE
PEKOMEH/IalliH 10 BBIIOJHEHHUIO pa0OThI, TMHEIKA, KapaHJalll.

Yka3anue: [Ipaktuueckas paboTa COCTOMT M3 ABYX 4YacTeii — TEOPETUYECKON M MPAKTHUECKOM.
[Tocne u3yueHus: TEOPETUYECKOT0 MaTepHralia MOXKHO MPUCTYNATh K BBHIIOJHEHUIO MPAKTHUECKON YacTH.
Omna coctouT U3 AByX M OoJiee 3a/1a4 JJIsl CAMOCTOSTENILHOTO BBINIOJHEHUs. He 3a0bIBaiiTe 0 MpaBMIBHOM
odopmiiennn peuieHusi. Ha BbIoHEHUE MPaKTUYECKOM OTBOAMTCA JBa akageMuueckux vaca. [lopsmox
BBITIOJIHEHUS pabOTHI

ITopsinok BbINMOJIHEHHSI PA0OTHI:
W3yuuth KpaTkue TeopeThyeckue cBeieHus —https://znanium.com/catalog/product/1012153, Beinucas
dbopmy1bl ¢ naparpados 65, 66 . oTMedueHHbIe ckoOkamu, Harpumep (66.1)
Pazo0patb mpuMepsl pemeHus 3a1aq
OTtBeTuTh Ha BOIpOCkl TecTa https://znanium.com/catalog/product/1012153, k §64,65,66,67.
IIpumepsI pemienus 3a1a4
1 B Boze nHTEp(EPHPYIOT KOrepEHTHBIC BOTHBI 4acToTol 5 - 10 I'ii. Yenmurest nnn ocnabuer cer B
TOYKE, €CJIM TeOMETpUUECKasi pa3HOCTh X0/a Jiyuel B Hell paBHa 1,8 MxMm? [TokazaTenb npeaomiieHUus
BoAasl 1,33.

Hano:
2. KorepeHtH. ucr.
i " 21,3350 800"
v=5-10%TIy Ar=n-AS=2 m= 3108 =
ﬂ
AS=18-10%m [=2¥ = 7,98 = 8 — yeTH. —
m 2emAS
n=1,33 = max yCUJICHUE CBeTa
c=3-10% m/c
m _?

2. Onpenenure 4 HaMMEHBIINE TOJIIMHBI MPO3PAYHOM IUIEHKHM ¢ ONTHYECKOW MIJIOTHOCTBIO 1,5, 4TOOBI
IIPU OCBEIIEHUU MX NEPHEHAUKYISIPHBIMU KPACHBIMHU JydyaMu ¢ JUiMHON BoiHbI 750 HM oHuM Oblin
BHUJIHBI B OTPAKEHHOM CBETE KPACHBIMU.
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10.

Iamo: rIeHxa _ 4dn 750 750
n=1.5 A, ,L‘ : d, == = — 125HMm
). = 750 Haz < 4-15 £
k=0123 TP e B =3-125 =375 Hx
do. d,. da. 4-n d, = 5d, = 625 Hn
d; —2 o 2 3 = 7do = 875 Eix
= 4n
e
d, = 3d
4an
d,= 5d,
d_; — 7dc

3. CepeToBasa BOIHA OIEHOH 530 Hy nanaeT OepIeHIHEVIIAPHO HA IPOIPIIHVIO
OHEOPAKOHOHHVIO pPeIOeTKy. IIIOCTOSHHAaa KoTopodE 1.8 wmxmvm OmnopemenHETe  VIOI
OEOPAKOHEHE. [0 KOTOPEIM OOpPasveTrcs max HaHOOIBIISTIO HOPAIKA.

Jdamo: gadpaxkaHas y) 1.8-10° 1800
2=530-10%n sin @ = S =1 e <—— ! — = — = 3.4
d=1.8-10%x d 530-10 530
e DXL 2y g2l Ko =3
P d A " 3-520-1077 =
= singp = ————— = 0_883
< _ Ko - A 1.8-107"
2D)sing = ———
d @ = 62°

3anauu JUIsl CaMOCTOSATEIBHOTO PEILICHUS
KakoBa onTuueckasi pa3HOCTb X0/a JBYX KOT€PEHTHBIX MOHOXPOMAaTHYECKHX BOJIH B BELIECTBE C
MoKazaTesieM npeaomiieHus 1,6, eciiu reoMeTpuyeckasi pa3HOCTh X0/1a ayuei 2,5 cm?
Ha Tonkyro mieHKy ¢ mokazaTeseM IpesioMileHus 1, 5 mepneHauKyaspHO €€ IMOBEPXHOCTH NaaaeT
NapajuieJbHbII My4YOK KENThIX Jydyeil ¢ juuHor BonHbl 600 Hwm. Ilpu kakoil HauMeHbIIeH TOJILIUHE
IUIEHKH OHA B OTPAXEHHOM CBeTe OyJeT Ka3aTbCs )KeATON?
JIBa KorepeHTHBIX Jiyda ¢ anuHamu BoiaH 404 HMm mepecekarorcs B ogHOW TOYKEe Ha 3kpaHe. Urto
Oyzner HaONIOAaThCS B 3TOM TOUKE — YCHJIEHHE WM OCIa0JIeHUuE CBETa, €CJIM ONTHYECKas pa3HOCTb
xona imyuen 17,17 Mkm?
Bo ckoibpKO pa3 yBenmMUMTCS PAacCTOSHHUE MEXAY COCEIHWMHU MHTEPPEPEHLMOHHBIMHU IMOJIOCAMU Ha
sKkpaHe B onbiTe FOHra, ecnu 3eneHpli cBeTOQUIbTP € JUIMHON BOJIHBI 25+ 107 cM 3aMeHnTH KpacHBIM
¢ JJIMHOM BOJIHEI 6,5 - 107 em?
B HEKOTOpyl0 TOUKYy MpOCTpPaHCTBA MNPUXOIAT JABE KOTEPEHTHBIE BOJIHBI C T€OMETPUYECKOU
pasHoCThIO X07a 1,2 MKM, AnmHa KOoTopeIxX B Bakyyme 600 Hm. Onpenenure, 4To Ipou30MAET B 3TOM
TOUKE BCJIEACTBUE UHTEp(EepeHLInU B Bo3ayxe, B Boze (1,33), B crekie (1,5).
Pa3nocTh x0/1a myuei ByX KOT€PEHTHBIX HCTOYHUKOB CBETA C JUIMHOW BOJHBI 6 107 M, CXOJSIIIMXCS
B HEKOTOPOU TOUKe, paBHa 1,5: 10° M. Veunenne wm ocnaGlieHne ceera Oyner B 3TOM TOukKe?
Ecnu cnexTpbl TpeTbero M 4YETBEPTOro MopsAaka Mpu audpakuuy Oenoro cBera, HOPMAJIbHO
MaJAoIIero Ha TUPPAKIMOHHYIO PEIIETKY, YACTHYHO TEPEKPHIBAOTCS, TO HA JUIMHY BoJHBI 780 Hm
CIIEKTPA TPETHETO MOPSJIKA HAKIIAABIBAETCS IJINHA BOJHBI ... CIIEKTPA YETBEPTOTO MOPSAKA.
Hudpakimonnas pemerka umeeT 50 mrpuxoB Ha MM. [1oJ KakUMU yriamMu BUJHBI max MEpPBOTO U
BTOPOT'0O MOPSAAKOB MOHOXPOMATUYECKOTO U3JIydeHus ¢ AauHou BosHbl 400 Hm?
Onpenenure ONTHYECKYIO pa3sHOCTh Xoda BosH jainuHoM 540 Hwm, mnpomenmmx uepes
TUGPAKIMOHHYIO peIeTKy U 00pa30BaBIIMX max BTOPOTO MOpsIIKa.
Omnpenenure ONTHYECKYIO PA3HOCTh XOJa BOJIH, MPOLIEIIINX Yepe3 NU(pakIMOHHYIO PEIIETKY, eCIH
MaKCUMaJIbHOE YCUJIEHUE BOJIH BUIHO MO yIiioM | 1°. Hocrostuuast PELIETKN 2 MKM.
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11.

12.

13.

14.

Judpakuronnas pemerka ¢ nmoctossHHoi 0,004 MM ocBemaeTcsi CBeToM ¢ JJIMHOW BoJH 687 Hwm.
[Ton kakuM YrioM K pemieTke HY>KHO IMPOM3BOAUTH HAOMIONEHHs, YTOObI BHICTH M300pa’keHHE
CIEKTpa BTOPOro mopsiaka?

Omnpenenute MOCTOSHHYIO AU(PPAKIMOHHONW PEIIETKH, €CIH MPU €€ OCBEIICHHH CBETOM C JJIUHOMN
BOJIH 656 HM criekTp BTOpPOro nopsiika BUAEH O] YIJIOM 15°.

Omnpenenurte JUIMHY BOJIHBI ISl JIMHUK B TU(GPAKLIUOHHOM CHEKTpe 3-TO MOpsIKa, COBMAAIOIEH C
JIMHUEH B CIIEKTPE YETBEPTOIro MOpsiiKa ¢ JIMHON BOIHBI 490 HM.

Kaxoit HanOobIIuil OPSAIOK CIIEKTpa MOXKHO BUACTHh B AUPPAKIIMOHHON perieTke, nMeromiei 500
IITPUXOB HAa | MM MpHU OCBEILIEHUH €€ CBETOM C JUIMHOM BOHBI 720 H

®opma npeacTaBiaeHusi pe3yJabTara:

BeImonHuTh 3a1aHKe B TETPaIy Ui IPAKTUYECKUX PAOOT.

Kpurepumn oueHku:

3a IpaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKUTEIbHAS OlleHKa — 1 Oa.

3a HeMpPaBWIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNUE BHICTABIISCTCS OTPUIIATEIbHAS olleHka — 0 0auoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB

Oyenxa «xopoutoy svicmasinsiemcs 3a 80 — 89%0 npaBUITBHBIX OTBETOB

Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB

Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 npaBUIBHBIX OTBETOB

Paszpnen 7 KBantoBasi pusuka
Tema 7.1 KopnycKkyJIsSIpHO-BOJTHOBOM 1yaJIu3M
IIpakTnyeckoe 3ansiTue Ne29

3akonbl poroddpdexra. YpaBHeHue JifHIITeHA

Heab padoTbl: chopMupoBaTh MOHUMAaHKUE POJIM (U3UKU B (POPMHUPOBAHUHM KPYro3opa BilaJIeHUE

OCHOBOIIOJIararonmumMun (1)I/ISI/I‘I€CKI/IMI/I MOHATHUAMHU, 3aKOHOMCPHOCTSAMHU, 3aKOHAMHU U TCOPUAMH, YMCHUA

BBIITOJIHATDH paCYCTHBIC U rpaq)nqecm/le 3aga4uu

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

[TPyS, Tlpy9, I1P62, I1PG6, TTIP67,

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
MarepuajnbHoe o0ecnieyeHue:

WHJUBUIyaJIbHOE 33/1aHK€, KOHCIIEKT JICKIIUI, CIPABOYHBIE MaTEpHUAIIbI.

Yka3anue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX YacTed — TeopeTH4eckoil u mnpakrtuueckou. Ilocne

HU3YUCHUSA TCOPECTUUYCCKOro Marc€pHajia MOXHO HNPUCTYyIaTb K BBIITOJIHCHUIO HpaKTquCKOﬁ gactu. OHa
COCTOUT U3 IBYX U Ooiee 3agad JJjii CaMOCTOATCIBHOI'O BBIIIOJTHCHUA. He 3a0biBaiiTe o MMpaBHUJIbHOM
OCbOpMJ'IeHI/II/I peIICHU. Ha BrimonmHeHmMe IMPAKTUYCCKOr'o 3aJaHUs OTBOAUTCA ABAa AKaACMHNYCCKUX Haca.

3aganme:

(O3HaKOMBTECH C TECOPCTUUCCKUMU CBCACHUAMU
Pemmte 3aaa4u, CaMOCTOATCIIbHO UCHIOJIB3Ys NPUMEPBI U KPATKUC TCOPECTUICCKUC CBCICHUA.

N

ITopsinok BbINOJHEHHS PadOTHI:
W3yunte n BemumuTe GopMyJsibl O JaHHOW TeMe B BUJE KPATKOIO KOHCIEKTa
Paz6epute npuMepsl pelIeHHbIX 3a/1a4
Pemmre camocTosTeNnbHO 3a0a4n
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4.  Bemonnutsk Tect https://znanium.com/catalog/product/1012153, ctp 346 «Dotoadpdexr. Dopmyna
[Tnanka»

Kparkue Teopernueckue cBeeHHA
DHeprusi KXo MOPLUH MPSIMO MIPOIOPIHOHANIbHA YacToTe 3ayueHus — V. E=hv [ Ix],

rae h — mocrosunas ITnanka, h = 6,63-10 [dx-c].
[TOrIOTUTHCSA MOKET BCS IIOPLHS LIETUKOM.

DHeprusi cBeta hv umaer Ha coBepiieHHe pabOThl BbIXOJA A, M Ha COOOINCHHE 3IICKTPOHY

2 2 2
. m m m
KHHETHYECKOil SHeprun — — 2, hy=4,+ 2 ;. 1Y —p
2

2 F

Jiis kaxoro BerectBa Goroddhdekt HadIr0aaeTCs, €CIIM YacToTa V> Vinin = hv > A. [Ipenensuyio

. N A
YACTOTY Vinin WIM Amax HA3BIBAIOT KpacHOU rpanuieii pororddexra. vimin =« ,rae 4, — paboTa BbIXOAa
h

anexktpona [[Ix]. I»B = 1,6 10 ITore.

®DoTOH 00J1a/1aET MOPLIUEH SHEPTHH: E — he _ hv, e v—u4acrota [I'i];
A

h — nocrosunas [lnanka, 6,63-10° [dx-c].

hv

C2

Macca oTtona onpenensieTcsi: m=——, IJie ¢ — CKOPOCTh CBETa, c=3-10% m/c.

®oTOH HE HMMEET MAaCCHI IMMOoKOosA, T.C. HC CYHIECTBYET B COCTOAHHU IIOKOS. I/IMHYJ'II)C (i)OTOHa

hv h
OMpeNeNsieTcs: p=mC=— = n
C

IIpumenenne porodpdexra

CaoiicTBO (hoTOTOKA 3aKiIrOUaeTCss B TOM, YTO €ro CHJa MPsIMO MPOHNOPIMOHAIbHA MOTJIOIEHHON
SHEPTUM CBETA, HAXOJUT MPUMEHEHNE B MpUOopax-(hoTO3IEMEHTAX, B KOTOPHIX SHEPTUs CBETA YIIpaBIIsIeT
SHEpruen IeKTPUIECKOro TOKa MU Ipeodpa3yercs B Hee.

Pa3HooOpa3zHoe npUMEHEHHWE HaxOOuT BHYTpeHHUil (oTodddekT B MONynpoBOJHUKAX. ITO
SIBJICHUE UCTIOJIb3YETCS:

1) B oTOCONPOTUBIEHUAX — IPUOOPAX, CONPOTUBIIEHNE KOTOPBIX 3aBUCUT OT OCBELIEHHOCTH;

2) B TMOJYNPOBOJAHMKAX — TNpUOOpax, MpeoOpa3ylolMX CBETOBYIO JHEPrHi0 B JHEPTUIO
ANIeKTpUYecKoro Toka. Takue mnpuOOpHl CiIyKaT MCTOYHUKAaMH Toka. CyllecTBYIOT SIBJICHUS,
00BbsICHAEMbIE KBAaHTOBBIMH CBOMCTBAMH U3ITyYCHHUS.

1. /lagnenue ceema. IlepBbie onbiThl ObuTH TIposenanbl B 1900 1. pycckum dusukom JlebeneBbim
[1.H. Beruucnenus MakcBemia mokasajiy, 4TO Ha 3eMJie COJHEUHBIM CBET JaBUT HAa KBAAPATHBIA METP
YEpHOU MTOBEPXHOCTH, PACTIONIOKEHHON EPIEHANKYIISIPHO JIydaM C CHIION 4,5®10° H.

2. Tennosoe Oeiicmeue ceéema. llpu TOTIOMEHUM UW3IY4YEHUS TEJIOM BCErJa IPOUCXOAUT
MpeBpalIeHIe SHEPTUU U3TYUCHHs BO BHYTPEHHIOIO SHEPTHUIO Tea.

ConHeuHble JIydd NOpUHOCAT execeKyHAHO 1370 Jk sHeprum Ha KaXIbli KBaJpaTHBIM METp
MOTIEPEYHOT0 CEUEHUS 3eMIIH.

3. Xumuuecxoe Oeticmeue ceéema. XUMHUYECKUE TPOLIECCH, MPOMUCXOJAIIUE TOJ JIEHCTBHEM
W3JIYYCHHS, UMEIOT OOJIbIIIOE 3HAYCHHWE B TMPHUPOJIC, HAYKE M TEXHUKE: (DOTOCHMHTE3, CIOCOOCTBYIOT
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BO3HUKHOBEHHUIO 3PUTEIBHOIO OIIYIIEHUS Yy YEJIOBEKAa U >KMBOTHBIX U JAIOT BO3MOYKHOCTH pa3inyaTrh
1BeTa, noixydeHue pororpaduu.
XUMHYECKOE NEHCTBUE U3IIYUYEHUSI OYE€Hb XOPOLIO OOBSACHAETCS KBAaHTOBOW TEOpPUEH CBETA.
[Tornomenue GOTOHOB yBETUUMBACT SHEPIHIO MOJIEKYJI IPOUCXOIAT XMMUUYECKHE ITPOLIECCHI.
IIpumepsl pemieHus 3aaa4

1. Ompenenure MakKCHUMAJBHYIO CKOPOCTh BbUJICTa JJCKTPOHOB M3 Kajus, paboTa BbIXOna
AJIEKTPOHOB U3 KOTOPOTO paBHa 2,26 3B, mpu ocBeneHn: ero yiIbTpa(uoIeTOBBIM U3ITyYSCHHEM C JUTHHOM
31
BostHBI 200 HM. Macca anektpona 9,1-10°" kr.

Hano:

A =200 um CH Pemenne:

A,=2,26 3B 200-10°° W3 ypaBHeHUs DUHIITEITHA 1J1 BHEIIHETO
m =9,1-10% kr  2,26-1{6-10" JIxc horosdexra:

ch mo? 2(ch—JA_);
c=3-10%w/c A*A“” 2 :“:\/ am, '

h=6,62-10* Ix-c

v—"7?

-118-100° %

2(3-10°-6,62-10  —2-107-2,26-16-10 )  [(19,86—7,232)-10 7°
v= - 91.10°% c

2.107.91-10°*
OTBeT: v = 1,18-106 Mm/c.
Pemmntsh 3a1auu caMocToATEAbHO (N - HOMED 6awe20 sapuanma no CHUCKY)

1. PaGota BBIXOJa PNEKTPOHOB y okcuaa Meau 5,15 sB. BezoBer mu Gorodddext ynpTpaduoneToBoe
n3nydenue ¢ yacrorou 0,01 .10Y I'u?

2. PaGoTa BBIX0/1a HIEKTPOHA ¢ TIOBEPXHOCTH 1esust paHa 1,6-10™° k. C kakoif CKOPOCTBIO BBLIETAIOT
BJIEKTPOHBI M3 LIE€3Usl, €CIIM METAJJI OCBEIICH EIThIM CBETOM C JJIMHOW BOJIHBI 0,6-10'6 M; Mg =
9,1-10° xr?

3. Haiigure Maccy i uMiyibe pOTOHOB utst mH(pakpackbix (V= 107 T) u pentreHoBeknx (v=10% ')
JIy4en.

4. Haiigure UIMHY M YacCTOTY M3Iy4eHHs, Macca (POTOHOB KOTOPOT'O paBHA Macce MOKOs JIEKTpoHa (Mg

=9,1-10 k).

KakoB ummynbsc ¢poToHa, 3HEpPrusi KOTOPOro paBHa 6-10™° Jix?

Onpenenure UMITYJIHC (POTOHOB PEHTTC€HOBCKUX JIyde A = 410" m.

KakoBa macca oTOHa, €cii ero 3Heprusi paBHa 2,76-10™ Jix.

DHeprusi KBaHTa CBETa paBHA 1,98-10"%!. Kakoe 310 n3Iy4yeHue?

© o No o

Omnpenenurte sHepru0 (OTOHOB, COOTBETCTBYIOIINX Haubosee AMUHHBIM (A = 0,76 MKM) U HauOomee
KopoTkuM (A = 0,4 MKM) BOJTHAM BUJIMMOM YacTH CIIEKTpa.

10. Kakoii 4acTOTHI CBET ClIeIyeT HANPaBUTh HA TOBEPXHOCTh IUIATHHBI, YTOOBI MAKCHMaJIbHAsI CKOPOCTh
(hoTO2IeKTPOHOB OBLIa paBHA N KM/C pabOTOM BBIXOJa IS IJIaTHHBI paBHA 6,3 2B?
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11.
12.
13.
14.

15.

16.

17.
18.

19.

20.

[Touemy nosiBnenue Gpororpapuueckux CHUIMKOB MPOU3BOAUTCS MTPU KPAaCHOM cBeTe?

MosxHo 11 ¢otorpadupoBaTh MPEIMETHI B COBEPIICHHO TEMHOW KOMHATE?

Onpenenure UMITYJIbC OTOHA BUMMOTO CBETA C JUTMHOM BOJIHBI 500 HM.

Omnpenenurte ATUHY BOJHBI (JOTOHA, UMITYJIBC KOTOPOTO PABEH UMITYJLCY AJIEKTPOHA, MPOJIETEBIICTO
YCKOPSIOUIYIO Pa3HOCTh ITOTEHLHAIOB N B.

Onpenenure 3HEPrUI0 M3IMY4YCHUs, Macca (DOTOHOB KOTOPOTO paBHA Macce IMOKOS 3JEKTpoHa Mg =
9,110 kr.

Boruncnute sHepruto (ortoHa Buaumoro ceera A = 0,4 MKM U cpaBHUTE ee C dHeprueil ¢orona
yIBTPAPUOIETOBOTO U3MYUYCHHSI KBAPIEBOM TaMIibl A = 0,25 MKM.

[Ipu xakoi nuHE JIEKTPOMAarHUTHOM BOJIHBI dHEeprus (hoToHa ObLTa ObI paBHA 2,8:10% JIx?
Omnpenenure paboOTy BbIXOAA DJIEKTPOHA C TOBEPXHOCTH IIUHKA, €CIM HAWOOJNbIIAs JTMHA BOJHBI
(dotona, Be3bIBatomias Gotodddext — 0,3 MKMm.

KakoBa mMakcumanpHasi CKOPOCTh (POTODNIEKTPOHOB, €CIM (POTOTOK MPEKpaIlaeTcs MpU 3auparoniem
Hanpspkennu 0,6 B (me = 9,1.10°% KT, e = 1,6-101° Ki)?

Omnpenenure kpacHyro rpanuily Gorodddexra ans meTamia ¢ padoToi Bexoaa N 3B.

®opma npeacTaBiaeHus pe3yJbTaTa:

BBIMOTHUTE 3a/1aHUE B TETPAIN IS IPAKTHYECKUX PadoT.

Kpurtepuu onenku:

3a MpaBUIIbHO BBIOJHEHHOE 33JJaHHE BBICTABIISICTCS TIOJIOKHUTEIbHAS OLleHKA — | Oasu.

3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATEIbHAS o1leHKa — ) OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB

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

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

Tema 7.2 CTpoeHue atoma

IIpakTnyeckoe 3ansitue Ne30

3anuce aaepHbIix peakuuii. CTpoeHne aTOMOB M ATOMHBIX siiep. 3aKOH PaJHOAKTHBHOIO pacnajaa

Hean padoTbl: chopMupoBaTh MOHMMAaHUE POy (GU3UKUA B (POPMHUPOBAHUM KPyro3opa BIaJeHUE

OCHOBOIIOJIararonmmuMun (bPISI/I'-IeCKI/IMI/I MMOHATHUAMU, 3aKOHOMCPHOCTAMHU, 3aKOHAMU W TCOPHAMU, YMCHUSA

BBIITOJIHATE paCYC€THBIC U rpaq)nqecxne 3aga4un

Brinosinenue padorsl cnoco6cTBYeT GOPMUPOBAHMIO:

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

MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP8, MP10
MarepuanbHoe o0ecrieyeHme:

WMHAVBHUAYAJIBHOE 331aHUE, KOHCIIEKT JIEKIIMH, CIIPABOYHbBIE MaTEpHaJIbI.

Ykazanmue:

[IpakTHueckoe 3aHATHE COCTOUT U3 ABYX YAacTel — TeopeTHueckoll M npaktuueckoil. Ilocie

HU3YUCHUSA TCOPECTUYCCKOro Marc€pHajia MOXHO HNPUCTYyIIaTb K BBIITOJIHCHUIO HpaKTquCKOﬁ gactu. OHa
COCTOUT U3 IABYX U Ooiee 3aga4 JJid CaMOCTOATCIBHOI'O BBIITOJTHCHUA. He 3a0riBaiiTe o MMpaBHUJIIbHOM
O(bOpMJ'IeHI/II/I pEUICHUA. Ha BrimmonHeHne IMPAKTUYCCKOr'o 3aJaHus OTBOAUTCA ABAa aKaACMHNYCCKUX Haca.
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3amanmue:

1. O3HaKOMBTECh C TCOPETUUCCKUMHU CBEICHUIMHU
2. Pemure 3a1a4n, cCaMOCTOSTEIBHO UCIIONIB3YsI IPUMEPHI M KPATKHE TEOPETUUECKUE CBEICHMSL.
3. BeImonHUTH TECT
ITopsinok BbINOJIHEHHSI PAa0OTHI:
1. Wsyuwnte KpaTKHe TEOPETUIECKUE CBEICHHS
2. Pas0epute mpuMepsl peIICHHBIX 3a1a4
3. Pemure caMOCTOATENBHO 3a1a91
4. Bemoaauth TecT https://znanium.com/catalog/product/1012153, crp 347 «CtpoeHue aromMa u

ompeJieJieHue ero cocraBa mo Tabmuue MenpaeneeBa», ctp 349, « SnepHas peakuus. YpaBHEHUE
SICPHON peakun», «PaaroakTHBHOCTD. SIIepHbIC CHIIBI» K YKa3aHHBIM Haparpadam

Kparkue Teopernueckue cBeeHHsA
[Ipu paaroakTUBHOM paciiajie MPOUCXOAUT MPEBPAILEHNE OJTHOTO si/ipa B APYroe, KOTOPOE MOAYMHAETCS

IIpaBuJIaM CMCUICHUA, C(i)OpMy.]'II/IpOBaHHBIMI/I COI[I[I/IZ

1. o-pacmax: ;X —.7Y+ He — usnydenue siaep remusi.

2. PB-pacmax: X —,2Y+ e — u3ilydeHHE 3JIEKTPOHA.
CtpoeHue aTOMHOTO siipa
lIpomonno-netimponnas mooensb amoma — s,APO COCTOUT U3 HEUTPOHOB U MPOTOHOB, BOKPYT 1O OpOUTamM

BpallarTcs MEeKTpoHbl. O01ee Ha3BaHUE IPOTOHOB U HEUTPOHOB — HYKIOHbL.

IIpomoHn (p) UMeeT NONOKUTEIbHBIN 3apsill, PaBHBIN 3apsAy 3JIEKTPOHA M MacCy HOKOs My = 1,6726:10%
KT.

. . . -27
Hetimpon (n) — HeliTpaibHas YaCTHIIA C MACCOM TTOKOst M, = 1,6749-10™" k.
Maccosoe uucno A — ob1iee 9nuciio HyKIOHOB B aTOMHOM SI/Ipe, T.€. CyMMa HEUTPOHOB U IIPOTOHOB.

3apsaoosoe uucno Z — 4UCIIO MPOTOHOB B SJIPE€, COBIMAJAIONIEE C MOPSIKOBBIM HOMEPOM XUMHUYECKOTO
3JIEMEHTA B IEPUOANYECKON CUCTEME PTIEMEHTOB MeHieneeBa.

ATOM XMMHUYECKOT'0 3JIEMEHTa 0003HAYAIOT ZAX .

Hanpumep, ;U , B KOTOPOM COAEPKUTCS Z — IIPOTOHOB H YIEKTPOHOB, T.¢. Z = 92 i A — MaccoBOe 4HCIIO,

koTopoe paBHO 235. N — mpotoHoB, T.e. N =4 —Z = N =235-92=143. 4 =Z + N

Aoephvie cunvl — CUITBI, KOTOPBIMH HYKJIOHBI YACPKUBAIOTCA B siipe. UTOOBI pa3eiiuTh apo Ha
COCTaBJISIONINE HYKJIOHBI HEOOXOAMMO 3aTPATUTh OOJBIIIYIO SHEPTHIO — YHEPSUIO AMOMHBIX s10ep —
paboTa, KOTOPYI0 HEOOXOIUMO COBEPIITUTH ISl pa3/iesIeHUs s/ipa Ha HYKJIOHBI. E ., = Amc? e Am = Zmp
+ N-mj — M,9p0 — BedEKT Macchl.

OHepeemuueckum 6blx000M SICPHON peaKIIUU HA3bIBAIOT PA3HOCTh SHEPTHM IMOKOS SIIeP ¥ YaCTHUIL JI0
2
peakiuu u mocie Hee, To ecth:AE = (Zm; - Zm;)-c*,

r7Ie XMj — CcyMMa Macc 4acTHIl 0 PEaKInH,
2Mm; — cymMMa Macc 4acTHI] TIOCIIC PEaKIIUH.

99


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

Ecau Xm; >2m;, TO peakuus UIeT ¢ BBIACIECHUEM YHEPTUH, €CIM XM <XMj, TO peaKUus UAET C
MOIJIOIIEHUEM SHEPIHUU.

Hoepuas peaxyusi — IpeBpaICHUE aTOMHBIX sSIEP MPU B3aUMOICHCTBUU C JIEMEHTAPHBIMH YaCTHUIIAMHU.
SnepHble peakiuy MPOTEKAIoT MO-Pa3HOMY, T.€. C UCITYCKAHUEM PA3JIMYHbBIX YACTHII:

9 4 12 1
,Be+,He—C+/n '

3axon coxpanenus 21eKmpuyecKux 3apsa008 U Macco8ulx yucea: CyMMa 3apsoB (MAaCCOBBIX UHCEIN) sAep
Y 4aCTUll, BCTYNAIOUIUX B SJEPHYIO PEAKIINIO, paBHA CyMME 3apsii0B (MacCOBBIX YHCEI) KOHEUHBIX
IIPOJYKTOB (si1ep M yacTul) peakuuu. Hanpumep: i Al+on—;Na-+;He .
Z (o peakiuu) = 13 + 0 Z (mocne peakruu) = 11 + 2
A (no peakuun) =27 + 1 A (mocie peakuun) = 24 + 4

IIpumepsl pemienus 3agaq

1. Kyna cMemiaercst moJrydeHHBIN 3JIeMEHT B TaOsuie MeHeneesa B pe3ysbTaTe MsITH o-paciagaoB?
o-pacnag — 3To NOTOK Ajep reavs — :He, T.K. X 5=

Z(5*He) = 5-2 = 10 — 3apsa; A(5*He) = 5-4 = 20 — maccoBoe

OtBeT: 2neMeHT Y OTHOCUTEIBHO X CMEILAETCs Ha AECATh KIETOK K Haually TaOJIuIbl.
5. 3aKOHYMTE ANEPHYIO PEAKLUIO: B+ 1n —2+]Li.

[To 3aKOHYy COXpaHEHUs 3apsia U MacChl:
1o peakuu Z = 5 + 0; mocie peakiuu Z =5 — 3 = 2;
no peakuu 4 = 10 + 1; mocne peakuuu 4 = 11 -7 =4,

[lomy4aeTcs 31€MEHT ¢ 3aps/1oM JI0 peakiuu Z = 2 u Maccod 4 =4 — ‘He.
OrtBeT: ! B+n—>, He+,Li -

1. Onpeodenume snepeemuueckuii 8b1x00 A0EPHOU peaKyuti
“N,+*He,=""0O,+'H,

1 cnoco6

1) onpedenumov maccy saopa u uacmuy ml 0o peaxyutl
2) onpedenums maccy a0pa u yacmuy m2 nocjie peakyuil
3) onpedenums usmenenue maccol m ml m?2

4 E=m¥*c*
)pacc'mmamb U3MEeHeHUue 3Hep2uu.
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M, =14,00307 5 ¢ m+4,00260 a.c.m ==18,00567 a.e.m.
[locne peaknumn:

M, =16,99913 a.e.m.+1,00783 a.e.m.=18,00696 a.e.m.
m=""""2=_0.00129 a. ¢. m.

DHeprus norjaowmaercs, T.k. m < 0
E=(-0,00129)*931 M»>B.=-1,2 M»B.

2 crocod

Jlano: Pewenue:

By 108,653 M»sB DHeprust CBS3u paBHa HYJIO, HOITOMY

E, =282937, . E=E,—(E,+E,,

o —I5014 M»B E= 131,754 MaB —(104,653+28,2937)M»B= -1,2M»1B
E-? Omeem: 1,2 MaB

Pemurhb 331241 caMOCTOATEIbHO

KaxkoBo cTpoenue sigpa aToMoB: 6opa YB; oepuLus LBe; a30Ta N ; alOMUHHSA S Al ?
Yem oTaHMYArOTCS SA/Ipa U30TOIOB BoAopoaa 'H , *H, *H ? Kak onu HaspBaroTcs?

Kyna cmemaercs anement Y B pe3yibTaTe o-, B-pacnaaa B Tadbmuiie Menueneena?
a) X >3l +Y; 0) XX He t Je +Y;

B) ZAX —)Z;He + 3726 + Y, r) ZAX —);He + 3je +Y.

ITpu GomOapaupoBKe HM30TOMa a3ora ‘N HEMTPOHAMM MOJIYYaTcs M30TOIN Yriiepojaa 'C, KOTODBIH
OKa3bIBaeTcs -pauoakTUBHBIM. HanuimuTte ypaBHEHUS sIEPHBIX peaKiuii.
B pesynbrare 3axBaTa HEWTPOHA AJPOM M30TOMNA a30Ta YN 0OpasyeTcsi HEU3BECTHBINA DJIEMEHT U OL-

yactula. Hanummre peakiyio U onpeaennTe HeM3BECTHBINA JIEMEHT.
Haiinure mpoayKT peakuuu npu 60MOapAMPOBKE SI€p M30TONA MarHus Mg O-4acTUIAMH, €CITH
U3BECTHO, YTO B 3TOM PEAKIIUH BBIAEIISAIOTCS HEUTPOHBI.
3anumure cXeMmy SJepHOM peaklMHU W OIpeNeIuTe HEU3BECTHBIH 3JIeMEHT, oOpasyloluiics mpu
0OMOapIMpOBKe sA/IEp HU30TONOB ATKOMUHHUS Al O-4aCTUI[AMH, €CJIH M3BECTHO, 4YTO OJUH W3
IIPOJYKTOB PEAKIIUN HEUTPOH.

T 7 2 2
DJIEMEHT Kyp4aTOBMH MONYYMiId, OONydYas IUIyTOHMH *7Py sjapamu HeoHa ?Ne. Hamwmwre

PEAKIINIO, ECITM U3BECTHO, YTO B PE3YIILTATE 00PA3yeTCs Ellle YEThIPE HEWTPOHA.
Hamimmre HerocTaronye 0003Ha9€Hus B CIIETYFONIMX STEPHBIX PEAKIIUSX:
a) ZZAl+mn — ?+;He; 0) 2+ H—>2Na+,He;

B) *Mn+?—Fe+.n; ) ZAl+ y—2Mg +?;

1) YB+n—>2+a; €) 2 Mn+p —>2+.n;
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10.

11.
12.

13.

14.

15.

16.
17.

K) ILi+ He >2+He;  3) ZH +y —>2+.n.

[IporakTinuil **'Pg o-paanoakThBeH. ONpenennTe, KaKol 3JIEMEHT MOJNYYaeTCsi ¢ TIOMOIIBIO 9TOTO
pacrniaga?

B kako# 371€MeHT NpeBpamaetes U mocie AByX [-pacragos u OJHOro o-pacmaja’?

Slnpo u3oTona BUCMyTa 2B MOJIYy4UIIOCH U3 APYTOro spa nocie o-pacnana u B-pacnazna. Yro sro 3a
SApo?

B pesynbrare 3axBaTa O-4aCTHLbI AJPOM H30TONA a30Ta N 00pasyeTcss HEM3BECTHBIM DIIEMEHT M
pOTOH. Hanummre peakuuio U onpeneanTe HEU3BECTHBINA JJIEMEHT.

BosmoxkHa 15u  peakuus, MOpoucXoismias Npu OoMOapIMpOBKE QIIOMHHHS —O-4aCTUIAMH U

COTPOBOXK/TAOIIYIOCS BbIOMBAaHUEM HEHWTPOHOB, €CIM B PE3yJbTaTe MOJYYaeTCs SAPO KPEMHUS C
MaccoBBIM unciaoMm 307?

[lpu nenennn siapa U BBIIEISCTCS SHEPTHS 3,2-10 Jx (200 M»sB). Paccuuraiite sHepruio,

KOTOpasi BBIICIUTCS MIPU CTOPAHUU ypaHa KOJIMYECTBOM BelecTBa 1 MOJIb.
Ornpenenure SHEPTUIO, BBIJICISIONIYIOCS B X0/I€ TEPMOSIICPHON PEaKIINU H+H—,He.

U3oron renus He nojy4aeTcs B pesyiibrare 60MOapIMPOBKH SI€p TPUTUSA *H TpoToHamu. Hakinure

SHEPreTUYECKUN BBIXOJ 3TOU PEaKLUH.

®opma npeacrapiaeHus pe3yJabTara:
BeInonHuTh 3a1aHue B TETpaau AJs MPAKTUUECKUX paloT.
Kputepun onenkmn:

3a IpaBHIIBLHO BBITIOIHEHHOE 33/I1aHUE BBICTABIISETCS TTOJIOKUTEIbHAS OIleHKa — | Oa.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

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

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

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

Pa3nes 8 DiieMeHTHI aCTPOHOMMH U ACTPO(PHU3NKH

Tema 8.1 DiieMeHTBI ACTPOHOMMH U ACTPOPHU3NKH

IIpakTnyeckoe 3ansitue Ne31

Crpoenne u coctaB ConHeuHoii cucremsbl. ['anakTuku. Padora ¢ kaproii 38é31H0ro Heba

Heab: M03HaKOMUTHCS C MOABMXKHON KapToil 3BE31HOT0 HEOA, HAYUUTHCS OMPEENATh YCIOBUS

BUJHUMOCTH CO3B€3Z[I/II71, HAaY4YUTHCA OMPECACIIATL KOOPAUHATHI 3BC3 1 I1O KapTEe

Boinosinenue padorsl cnocodocTByeT GOPMUPOBAHUIO:
1. TIPG1; ITPG2; TT1P63; I1P064; ITPG6; TIPGS;
2. TIPyl; ITPy2; I1Py3; ITPy4; ITPy5; I1Py9;
3. MP§MP9,MP10,MP21,MP17, MP13
4. JIP 26,JIP 14,J1P 23,JIP 13

MarepuanbHoe o0ecnedeHue: TeTpaab I TMPAKTHYECKUX padOT, pydKa, METOIUYECKHE

PEKOMEHIAaLlH 110 BHIIOJIHEHUIO PA0OTHI, JIMHEHKA, KapaH Jarll.
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Yka3zanue: [Ipaktuueckas paboTa COCTOMT U3 ABYX YacTeid — TEOPETUYECKOH M NPaKTHUECKOM.
ITocne u3ydeHuss TEOPETUYECKOr0 MaTeprala MOXKHO IIPUCTYNATh K BBIIIOJHEHUIO IPAKTUYECKON YaCTH.
Omna cocTtouT U3 AByX U OoJiee 3a/1a4 JJIsl CAMOCTOSTENILHOTO BBINIOJHEHUs. He 3a0bIBaiiTe 0 MpaBUIIBHOM
oopmienun peuieHus. Ha BblnosHeHHe MpakTUYECKONH OTBOAMTCS JiBa akaJeMudeckux daca. [lopsaok
BBITTOJIHEHUS pabOTHI

ITopsinok BbINOJIHEHHSI PAa0OTHI:

1. PaccMoTpuTe TEOpeTHMUECKMHM MaTepual IO TeME€ U NpUMEphl pelleHus 3axad  (CMOTpu
METOAMYECKOE ITOCOOHeE).
2. Pemmre camocrosiTensHyto padoty. Odopmure perieHne NiCbMEHHO B TETPAIH.

Xox padoThI:

Teopus.

Bun 3Bé3aHoro Heba m3aMeHsieTcs M3-3a CyTOYHOTO BpaleHus 3emiu. M3MeHeHune Buaa 3BE31HOTO

HeOa B 3aBHCHMOCTH OT BPEMEHHU Tojia MPOUCXOAWT BCICACTBUE oOpamieHus 3emiin BOKpyr ComHIa.
Pabota nocpsiieHa 3HaKOMCTBY CO 3BE3/IHBIM HEOOM, PELICHUIO 3a/1a4 Ha YCJIOBHS BUIMMOCTH CO3BE3IUi
U OIIpe/ieNIEHU UX KOOpAMHAT.
Ilepen Hauanom paOoThl pacmedyaTaTh NMOJBH/KHYI0 KapTy 3Be3JHOr0 He0a, OBaJ HAKJIaJHOIO Kpyra
BBIpE3aTh 10 JIMHUHM, COOTBETCTBYIOLICH Teorpaduueckol mupoTe Mecra HaOmoaeHus. JInaus Bipes3a
HaKJIaJHOro Kpyra OyaeT n300pakaTh JIMHUIO TOPU30HTA. 3BE3AHYIO KapTy U HAKJIAQJAHON KPYr HaKJIEUTh
Ha kapToH. OT (ora K ceBepy HaKJIAJAHOIO Kpyra HaTSHYTh HHUTb, KOTOpas MOKaKET HaIlpaBJICHUE
HeOeCHOro MepuauaHa.

Ha kapre:
® 3BE3/bI IOKa3aHbl YEPHBIMU TOUKAMM, Pa3MEPbl KOTOPBIX XapaKTEPU3YIOT IPKOCTb 3BE3;
® TYMaHHOCTHU 0003HAYEHBI IITPUXOBBIMU JIMHUSIMU;
® CEBEpHBII MOII0C MUpa N300pakEH B LIEHTPE KAPTHI;
[ ]

JIMHHAHU, UCXOJISIINE OT CEBEPHOTO TOJIF0CA MHUPA, TOKA3bIBAIOT PACTIOIOKEHNE KPYTOB

ckioHeHus. Ha 3B&31HOM KapTe Ams ABYX OMMKaWIINX KPYTroB CKIOHEHUS YTIIOBOE

paccrosinue paBHo 1 u;

e HeOecHbIe nmapauienu HaHeceHsl yepe3 30°. C ux moMoIIbio MOKHO MTPOU3BECTH OTCUET
CKJIOHEHHUE CBETHII J;

® TOYKH IEPECCUYCHUA SKITUIITUKH C DKBATOPOM, I KOTOPBIX IIPAMOC BOCXOXKIACHUC Om12 4.,
Ha3bIBAIOTCS TOYKAMU BeCeHHETo g 1 W paBHOJECHCTBUI;

® IO Kparo 3Bé3)IHOI71 KapTbl HAHECCCHBI MECALILI M YMCJId, 4 HAa HAKIIAJTHOM KPYIe — 4acChbl;

® 3CHHT PACIMOJIOKEH BOJIM3H IIEHTPa BhIpe3a (B TOUKE NepeceueHus] HUTH, N300pakaronien

HeOECHBIN MepuIraH ¢ HeOECHOH mapaenblo, CKIOHEHHE KOTOPOil paBHO reorpaduueckoit

UpOTEC MCCTAa Ha6J'IIOI[eHI/ISI).

103


http://infofiz.ru/images/astron/lk/pr1/pr1astr-1p.jpg

DOAMREAR CAFTA INEARNN G WrRs PARKARNOR WFHT & SAPTE BNE0AMGE 0 HERA

P .

afuad

Jis1 onpeaesieHUs1 MeCTOIOJI0KEHUSI HEOECHOT0 CBETHJIAa He00X0IMMO Mecsill, YMCJI0, YKa3aHHOe HA
3BEé31HOM KapTe, COBMECTUTh C 4acOM HA0JII0leHUs HA HAKJIAJHOM Kpyre.

HebecHrblil 3xkBaTOp — 6o1bUi0l Kpye HebecHOU cghepbl, NIOCKOCIMb KOMOPO20 NePRneHOUKYIAPHA OCU
mupa u cognadaem ¢ niOCKOCMblo 3eMH020 dKkeamopa. HebecHbIN dKBaTOp nenuT HeOeCHYIO cdepy Ha
JIBa TIOJTYIIAPHS: CEBEPHOE MOJYIIApHE, C BEPIINHONW B CEBEPHOM IOJIOCE MHpPA, M FOXKHOE MOJIyIIApHUE, C
BEPIIMHOH B 10)KHOM Moyroce Mupa. Co3Be3usi, 4epe3 KOTOPhIC MPOXOIUT HEOSCHBIH SKBATOP, HA3bIBAIOT
AKBaTOPHAIBLHBIMU. Pa3ndaroT co3Be3/usl 10)KHbBIC U CEBEPHBIE.

CoszBe3ngust CeepHoro mnonymapus: bonbmas u Manas Measeaunnl, Kaccuones, Lledeit, [Ipaxon,
Jlebenp, JIupa, Bonomnac u ap.

K roxxsbIM oTHOCATCes FOxHbIM Kpecr, Llenrap, Myxa, )KeprBennuk, FOxHb1i1 TpeyroapHuk.

IMosoc Mupa — mouka Ha HebecHOU cghepe, B0Kpy2 KOMOPOU HPOUCXOOUM BGUOUMOE CYMOUHOe
osudcenue 36630 uz-3a epawjeHusi 3emau 6oxpye ceoeti ocu. Hanmpasinenne Ha CeBepHBIN MoJIIOC Mupa
COBIIAJIaeT C HaNpaBlieHWEM Ha reorpaduyeckuii cesep, a Ha HOXHBIN MOTIOC MUpa — C HaNpaBICHUEM
Ha reorpaduueckuii ror. CeBepHBI TOJIOC MHUpa HAXOAUTCS B cO3Be3auu Mamoit MeaBeauiisl ¢
MOJIAPUCCUMON (BUIMMAs sipKasi 3Be3/ia, HaXOAsIascss Ha ocu BpaieHus 3emin) — [lonsipHoii 3Be310H,
FO’KHBIA — B c03Be3/Iuu OKTaHT.

TyMaHHOCTD — yuacmox medxHc36€30HOU cpeobl, 8blONAOUUIC CBOUM USTYYEHUEM UTU NO2TIOUjeHUeM
uznyuenus Ha obwem ¢pone neda. PaHee TyYMaHHOCTSMU Ha3blBaJM BCAKHHM HEMOJBIKHBIA Ha HebOe
mpoTsDKEHHBIA 00beKT. B 1920-¢ TOABI BBISICHUIIOCH, YTO CpPEId TYMaHHOCTEH MHOTO TaJIaKTHK
(narmpumep, TymaHHOCTH AHApomensl). [lociie 3TOro TepMHH «TYMaHHOCTB» CTall MMOHUMAThCs Oosiee
y3KO0, B YKa3aHHOM BBIIIE CMbICIIe. TYMaHHOCTH COCTOSIT U3 ITBLIH, Ta3a U TUIa3MEI.

DKJIUNTHKA — 00abUOU Kpye HebecHoU cghepvl, N0 KOMOPOMY HPOUCXOOUM BUOUMOE 200UYHOE
osudcenue Connya. TIIOCKOCTh SKIMNTHKA — IJIOCKOCTh oOpatieHus 3emiun Bokpyr CouHIa (3eMHOM
OpOUTHI).

B 3aBucuMocTH 0oT MecTa HabmoaTeNns Ha 3emiie MEHsIeTCs BUJ 3BE3HOr0 Heba M XapakTep CYyTOYHOTO
nBKeHus 3Be3ql. CyTOYHbIC MyTH CBETUJI Ha HEOECHOU chepe — 3TO OKPYKHOCTH, TUIOCKOCTH KOTOPBIX
napajuieNbHbl HEOECHOMY SKBAaTOPY.

PaccmoTpuM, kak M3MeHsAETCs BUJ 3B€3JHOr0 Heba Ha mosrocax 3emid. [loiaroc — 3To Takoe mecto Ha
3eMHOM IHIape, TJIe OCh MUpa COBIMAJAET C OTBECHOM JIMHHEH, a HEOECHBIN YKBATOP — C TOPU3OHTOM.
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st nabnromarens, Haxosmerocss Ha CeBepHoM noitoce 3emuu, [lomsipras 3Be3na OyneT pacnojaraTbes
B 3€HUTE, 3BE3/Ibl OyAyT JBUIaThCs 10 Kpyram, napauieIbHbIM MaTeMaTHUYeCKOMY FOPU30HTY, KOTOPBIi
COBIIQJAET ¢ HEOECHBIM 3KBATOPOM. [Ipu 3TOM Hajx ropu30HTOM OYAYT BUAHBI BCE 3BE3IIBI, CKIOHEHUE
KOTOPBIX MOJIOXKUTEIBHO (Ha FOxHOM nosmtoce, HA000poT, OyAyT BUIHBI BCE 3B€3/Ibl, CKIIOHEHUE KOTOPBIX
OTPHIIATENIFHO), @ UX BBICOTA B TEUCHHE CYTOK HE OYAET U3MEHSTHCA.

[TepemecTMcsi B IPUBBIYHBIC IS HAC CPEIHUE IIUPOTHL. 3/I€Ch YK€ OCh MHpa M HEOSCHBIA IKBATOP
HAKJIOHEHBI K TOpu3oHTY. [loaTOMy M cyTOouHble MyTH 3BE3M Takke OyAyT HAKJIOHEHBI K TOPU3OHTY.
CrnemoBaTellbHO, HA CPEJHHUX MIMPOTAX HAOJIONATEb CMOXET HaOII0JaTh BOCXOMISINNE W 3aXOJSIINE
3BE3/IBL.

HO}] BOCX010M nornumaemcs sejleHue nepeceyeHus Cceemuiom 80CMOYHOU Yacmu UCMUHHO20
copuzonma, a noa 3axoaoM — 3anaoHol Yacmu 3mo2o copuzonma.

IToMmumMmo 9TOro, 4acCTb 3Bé3I[, pacmnojiararommuxcsa B CCBEPHBIX OKOJIOIMOJIAPHBIX CO3BE3AHAX, HUKOT A HE
6yI[YT OITyCKaTbCA 3a TOPU30HT. Takwue 3BE31b1 IIPUHATO HA3bIBaTh HE3aXOAAIMMMU.

A 3BE371BI, pacmonokeHHble OKono FOKHOro momroca Mupa A HaOJIroAarens Ha CPeAHHX MIMPOTax
OyIyT SBISATHCS HEBOCXOAAIUMM.

OTtnpaBuMcs Janblile — Ha 3KBaTOp, reorpaduyeckas MUpPoTa KOTOPOTrO paBHA HYIO. 3/1€Ch OCh MHpa
COBIIAJIAET C MOJYACHHON JIMHUEH (TO €CTh pacmoiaraeTcs B MIIOCKOCTH TOPU30HTA), a HEOECHBIN YKBATOP
MIPOXOAUT Uepe3 3CHUT.
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CyrouHble yTH BCeX, 0€3 MCKIIOYEHUs, 3BE3]l MEPHEHAUKYISIPHBI TOpu30oHTY. [loaTomMy Haxomsch Ha
9KBATOpE, HAOIIOJATENIb CMOKET YBUJIETh BCE 3BE3/IbI, KOTOPHIE B TEYCHHE CYTOK BOCXOAT U 3aXOJAT.

BOO6H_IC, JJIA TOro, YTOOBI CBETHIIO BOCXOJWJIO M 3aXOOAUJI0, €I0 CKIIOHCHHUE II0 a0COIIOTHON BEJINYHMHE

16] < 90°— ¢
JOJI’KHO OBITH MCHBIIEC, YEM .
16| = 90°— ¢ .
Ecnu , To B CeBepHOM MONyIIapuu oHa OyAeT ABIAThCA Hezaxoasamen (s KOxunoro —
HEBOCXOJISIIIEH).
6] <90°— ¢
Torma oueBWIHO, YTO TE€ CBETHJIA, CKIIOHEHHUE KOTOPBIX , SIBJISIFOTCS. HEBOCXOJISIIMHU

i CeBepHoOro noiymapus (Win Hezaxoaaummu Juist FOxHoro).

3KB3TOpI/IaJ'[bHaﬂ CucremMa KoopaAuHaAT — 09mo cucmema HebeCHbIX KoopduHam, OCHOBHOU
njiocKkocmsio 6 Komopoﬁ ABNIAEMCs NIOCKOCb HebeCH020 oKeamopa.

3KBaT0pHaJ’[LHBIe HeOecHbIE KOOpAUHATBI:

1. Ckaonenue (0) — yenogoe paccmosanue ceéemuna M om nebecnozo 3keamopa, uzmepeHHoe 600.b
kpyea ckionenus. OGBIUHO BRIpAaXaeTCHA B I'paflycaX, MUHYTaxXx U CEeKYHJax AYI'H.
CKJIOHEHHE NIOJIOXHNTEJNBbHO K CeBepy OT He6EeCHOI'0 BKBaTopa U OTPUILATEJIbHO
K ory or Hero. O6BeXT Ha He6eCHOM 5HKBaTope HMeeT CKJOHeHue 0°.
CkxIOoOHEeHHEe CeBEepHOro mnoJmwca Heb6ecHou codeprr paBHO +90° CrioOHeHUe
IOXHOT'O moJiroca paBHo —90°.

2. Ilpsamoe BocxoOXkaeHHe cBeTWJa (0) — )Y2r1080e paccmosiHue, UumMepeHHoe 6007b HebeCH020
oKeamopda, om mo4Ku 6eCeHHeco pa8H00€HCWl6uﬂ 00 MoyKuU nepecederus Hebecnoz2o aKkeamopa ¢ Kpyeom
CKIIOHEeHUsL C8emud.

ITocsienoBaTeIbHOCTH BBINIOJHEHHS MPAKTHYECKOH padoThI:
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3agauyu npakTH4ecKoii padoThl:

3apaua 1. Onpenenute s3kBaTopuaibHbie KoopAauHaTel AnbTaupa (o Opna), Cupuyca (o bonbmoro [1ca)
u Beru (a JIupsr).

3anaua 2. Mcnonw3ys kapTy 3BE3HOTO HeOa, HaWIUTE 3BE3 /Ty M0 €€ KoopauHataM: 0 = +350; o = 14 6Mm.

3agaua 3. Onpenenure, Kakoi sBisieTcs 3Be31a 6 CTpenbiia, s HAOI01aTels, HaXOISAIIeTr0 Ha IUPOTe
550 15'. OnpenenuTh, BOCXOMSIICH WJIM HEBOCXOIAIICH SBIsETCS 3Be3da ABYMS CIIOCOOaMH: C
MCIOJIb30BAHNEM HAKIIQJHOTO KPyra IMOABMKHOW KapThl 3BE3HOTO HEOAa W C MCIOJIb30BaHUEM (hopmyi
YCJIOBHSI BUTTUMOCTH 3BE3]I.

IpakTuyecknii cmocod. PacrnosiaraeM MOABMKHBIA KpYyr Ha 3BE3HOM KapTe W INPU €ro BpalleHUU
oTpesieNisieM, SIBJISIETCS 3B€3/1a BOCXOIAICH MITM HEBOCXOISALICH .

TeopeTuyeknm cnocob.

Hcnonb3yem GpopMyIIbl YCIOBHSI BUIUMOCTH 3BE3/:

181 <90°—¢

Ec , TO 3B€3/a SABISAETCS BOCXOMAIIEH U 3aX0IIIIEH.

JIPI|5|1_:=9'[]| —@

Ec , TO 3B€3/1a B CeBepHOM MoJIymapuu sBJISICTCA He3axoAsIeH

_181<90°— ¢

Ec , TO 3Be3/1a B CeBEpHOM IOJIyILIAPHUH SIBIISIETCS HEBOCXOISILIEH.

3agaua 4. YCTaHOBUTH MOJBMXKHYIO KapTy 3BE3MIHOTO He0a Ha JeHb M 4ac HAONIOJIEHUS W Ha3BaTh
CO3BE3/IMsI, PACIIOJIOKEHHBIE B FO)KHOW 4YacTH Heba OT TOPU3OHTA JI0 TOJI0CAa MHUPA; Ha BOCTOKE — OT
TOPU30HTA JI0 MOJII0Ca MUPA.

3anaua 5. Haiitu co3Be3qus, pacroyio’keHHbIE MEX/ly TOUKaMU 3amaja u cesepa, 10 oxts0ps B 21 yac.
[IpoBepuTh NpaBUIBLHOCTH ONPEAEIEHUS BU3YAIbHBIM HAOIIOACHUEM 3BE3THOTO Heoa.

3agaua 6. Haiitu Ha 3BE3QHON KapTe co3Be3/Usl C 0003HAYEHHBIMU B HUX TYMaHHOCTSIMU U TPOBEPUTb,
MO’KHO JIM UX HaOJI0JIaTh HEBOOPYKEHHBIM IJIa30M IJ1a30M Ha JIeHb M 4Yac BBIMTOJHEHHs J1a0OpaTOpPHOM
paboTHI.

3agaua 7. Onpenenutb, OynyT iu BUAHBI co3Be3aus JleBwl, Paka. BecoB B monHoub 15 centadps? Kakoe
CO3BE3/IME B OTO KE BpeMs OYJeT HaXOUThCs BOJIU3H rOpU30HTA HA ceBepe?

3anaua 8. OnpenenuTh, KakKue U3 EPEUNCICHHBIX co3Be3auit: Manas Mensenuna, Bomonac, Bo3zauumii,
OpuoH - 115 Baieil MUpOTHl OyIyT HE3aXOAAITUMU?

3agaua 9. Ha kapre 3BE3aHOrO Heba HAWTHU MATH TIOOBIX NEPEUYUCIEHHBIX co3Be3nuid: bombimas
Mensenunia, Manas Mensenuna, Kaccuones, Auapomena, Ilerac, Jlebenp, JIupa, I'epkynec, CeBepHas
KOpPOHA — W ONpPEAETUTh NPUOTMKEHHO HEOECHBIE KOOPIUHATHI (CKIOHEHHE, U MIPSIMOE BOCXOXKIEHHE) a-
3BE3] DTUX CO3BE3IUN.

3agaya 10. Ompenenuth, Kakue co3Be3nusi OyayT HaxoAuTbess BOIM3M ropusoHTa Ha Cesepe, lOre,
3amane u BocTtoke 5 Mas B ITOJIHOYB.

KOHTpOHbHLIe BOIIPOCHI JISH 3aKPEIUVICHUA TEOPETUYECCKOI0 MaTepuaja K IPaKTHYECKOMY
3aHATHIO:

1. Uto Takoe 3B&31HOE HEOO? (3BE3THOE HEOO - MHOXKECTBO HEOCCHBIX CBETHJI, BUAUMBIX C 3€MIIH HOYBIO,
Ha HeOSCHOM CBOJIe. B sICHYIO HOYB YeJIOBEK C XOPOIIMM 3pSHHEM YBHJIUT Ha HeOOCBoJe He Ooee 2—3
TBICSY MEPIAIOIINUX TOYeK. ThICAYM JIET Ha3aJ IPEBHUE ACTPOHOMBI pa3leiWid 3Be3AHOEC HEOO Ha
ABCHaAIlaTb CCKTOpOB 158 HpI/II[YMa.HI/I UM UMCHAa U CUMBOJIBI, 110, KOTOprMI/I OHH U3BCCTHHI U HOHI:IHG.)
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2. YUro takoe co3pe3aus? (Co3Be3aus - y4acTKH, HAa KOTOpBIE pa3jerieHa HebecHas cepa aist ynodcrsa
OPHEHTHPOBAHMS Ha 3BE3MHOM HeOe. B mpeBHOCTH CO3BE3AMSMH HA3BIBAINCH XapaKTEpHbIC (QUTYPHI,
o0pa3zyemble SpKUMU 3BE3IAMU. )

3. CkoJIbKO Ha ceroAHsHui aeHb co3pe3auit? (Ceronns ecth 88 co3Beznuil. Co3Be3nus pa3ivyHbl 110
3aHMMaeMOH IUI0IaAn Ha HeOecHO! cdepe M KOIMYECTBY 3B€3/ B HUX.)

4. IlepeyrcnuTh OCHOBHBIE CO3BE3USI WU T€, KOTOpHIE Bbl 3HaeTe. (CyliecTBYIOT OOJIBbIINE CO3BE3TUS U
Masienbkre. K mepBeiM oTHOcsATcs bonemas Mensenuna, I'epkynec, lIlerac, Boponei, Bouomnac,
Annpomena. Ko BropeiMm - FOxnbiii Kpect, Xameneon, Jleryuas Priba, Mansiii [1éc, Paiickas Iltumna.
KoHnewHo, Mbl Ha3BaJM JIMIIH MY TOJIMKY, HAaOOJIee U3BECTHEIE. )

5. Yro Takoe kaprta Heb6a? ( OTo n3o0pakeHue 3BE3AHOrO Heba WK ero 4acTu Ha rockocT. Kapry Heba
aCTPOHOMBI pa3JeJIMIIU Ha 2 YaCTH: F0XKHYIO U CEBEPHYIO (110 aHAJIIOTMHU € TOJIYIIApUSIMU 3EMIIH. )

6. UYrto Takoe wHeOecHbli skBarop? (bompmoi kKpyr HeOecHOW cdepbl, IUIOCKOCTh KOTOPOTO
NEePIEeHUKYIIIPHA OCH MUPA U COBHAJIAET C INIOCKOCTHIO 36MHOT'O 9KBAaTOPA.

®dopma npeacTaBiaeHusl pe3yJabTarTa:
BrimmonHuTh 3aaHueC B TCTpaaAu IJIA IPAKTUUICCKHUX pa60T.

Kputepuu onenkmu:
3a MpaBUIIbHO BBITOJHEHHOE 33JJAHHE BHICTABIISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpPaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATEIbHAS onleHKa — 0 OaioB.
Oyenxa «omauunoy svicmagisemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasgisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

JlaGopaTopHbie paGoThI
Tema 2.1 Kunematuka
JlaGopaTopHoe 3ausitue Nel

OmnpenesieHne NJIOTHOCTH BeLIeCTBA
Heb: DKcnepruMEHTATBHO OMPEACIUTD ITOTHOCTH KUJIKOCTH U TBEPIOTO TETa.
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1P62, I1PG6, T1PGS, T1Pyl, ITPy13, T1Py3, IIPyS, Ilpy7, I1PyS8, I1Py10, [1Py12, ITP610, I1py2, I1Py12,
I1P610, MP3, MP5, MP15, MP23, JIP26, MP28, MP31, MP32, MP33, MP34, MP37, MP44, MP47,
MP48, MP54, MP55, MP 56, MP 43, JIP34, JIP32,
MarepunanbHoe obecrnieyeHue:
BEChI C pa3HOBECAMU, JIMHEHKa MaCIHTa6Ha${; IOTaHTCHIUPKYJIb; MCH3YpKa, BEIICCTBO, IIJIOTHOCTH
KOTOPOT'0 HY>KHO OIIPEIEIUTD.
3ananue:
1. O3HaKOMBTECH C TEOPETUUECKUM MATEPUATIOM IO TEME.
2. OnpenenuTe Maccy U 00bEM HCCIIETyeMOTO BEIIECTRA.
3. BeluucanTe mIOTHOCTh BEIIECTBA.
4. CocraBbTe OTYET 110 JJabopaTOpHOU padoTe.
I[opsaok BbINOJIHEHUS PA0OTHI:
O3HaKOMBTECH C TEOPETUYECKUM MAaTEPHAIIOM 110 JaHHOU TeMe.
Onpenenure MIOTHOCTb TBEPJOTO TENA..
Brruucnute aOCOMOTHYIO U OTHOCUTETBHYIO TTOTPEITHOCTH U3MEPEHUH.
Jlannblie 3aHecuTe B Tadmuiry Nel
Onpenenure 1eHy AeEHUS MEH3YPKH.

pPONMREPE
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No o

8.

Omnpenenure IIOTHOCTD BOJIBI HEOOXOAUMO.

Beruncianre abcoMOTHYIO M OTHOCHTENBHYIO TIOTPEITHOCTH H3MEPEHUH
Pesynbrats! onbita 3aHecute B TaOIUIryNe2.

OtBeThTE HA KOHTPOJILHBIE BOTIPOCHI:

KoHTpoJibHBIE BOOPOCHI

9.

1.
V=abh,

rJie a — JyInHa, M; b — mupuHa, M; h — BeIcoTa, M.

2.

W3 nByxX pasHBIX METaUIOB W3TOTOBICHBI OJMHAKOBBIE MO pa3MepaM KyOuWku. BipemmBanue
M0Ka3aJio, YTO Macca OJHOro KyOuka OoJiblie Macchl Apyroro B 2 paza. O1MHaKOBA JIU IUNIOTHOCTh
Metauia? Eciu HET, TO BO CKOJIBKO pa3 OTJINYAIOTCS IJIOTHOCTU?

Tpu neranu — MenHas, *ele3Hasl U aIFOMUHHUEBAs — UMEIOT OJIMHAKOBble 00bEMBL. Kakas neranb
MMeeT HAaMMEHBIYI0 Maccy, Kakasi Hanboupiryro? [IycToT B AeTansx HeT.

Kycok meramna o6semom 150 cM® umeer Maccy 750 r. Onpenenure MIOTHOCTh MaTepuaa.

Ha vamiku ypaBHOBELIEHHBIX BECOB MOCTaBJICHbI OJIMHAKOBBIE cTakaHbl. [locie Toro, kak B 0JMH
CTaKaH HaJWJIA MOJIOKO, a B IpYroi — MOJCOTHEYHOE MAacjo, paBHOBECHE BECOB HE HAPYLIUIOCH.
O0BEM Kakol U3 )KUIKOCTEH OobIIe?

3anoyHUTe OTYET MO J1abopaTOPHOI paboTe cormacHo TpeOOBaHUSIM.

Xoa paGoTsI:
Yacts 1. Jlng onpeneneHus IIOTHOCTH TBEPAOTO Tella BEIYMCIUTE €0 00bEM.

O0BeM NpsAMOYTOIBHOTO MapajuIesIeHIIe1a BBIYUCINTE 1O GOopMyIIe:

J _mr-ﬁ

O0beM MWIMH]IPA BEIYUCIUTE 110 (hopMyIIe: 4

h — BeicOoTa 1IMIIMHApA, M; d — €ro AUaMeTp, M.

3.

© Nooa &~

Ecnu TBepmoe Teno uMeeT HENpaBWIbHYIO (OpMY, TO €ro o0BbEM OINpeNieIuTe C MOMOILBIO
MEH3YpPKH, B KOTOPYIO OH MOKET OBITh IOTPYKEH.

ypaBHOBeCBTe BEChI UCITOJIB3Y: ITpaBUJIa B3BCIIMBAHUAA.

Onpenenure maccy Tena.
ITo hopmyne p=m/v BBIYUCIUTE IUIOTHOCTH TBEPJOTO Tea.
Pesynbrarel usmepenunii 3anecute B Ta0nuiy Nel u cenaite BIYUCICHUS.

Yactp Ne2. I[J'I}I OIPEACIICHUA IINIOTHOCTHU BOJAbI HCO6XOI[I/IMOI

1. mnHaiiTu mMaccy Tapbl, B KOTOPYIO HYXXHO TIOMECTHTh BOAY U OMPENETUTh MacCy BOIbI 0€3
Tapsbl.

2. Ompepaenute MeHY JEICHUS MCH3YPKU U HAWIUTE 00HEM B3BEIIICHHOW YKHUIKOCTH (BOIBI).

3. PesynpTaThl ombiTa 3aHecuTe B Tadnuiry No2.

Tabmuma Nel. Pe3ynbTaTsl H3MEpeHUH.

Ne Bewec | mmpu | qumua | BeIcOT | 0058M, | Macca | IIOTHOCTH pmab| Ap o
TBO Ha. ,bm) | a, V( pnp(xz/m3)
a(w) hv) || mxr)

Tabnuma Ne2. Pe3ynbpTaThl BEIYUCICHUN.
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No | Bemectso | macca Tapsi , Macca 00BEM, IUIOTHOCTb pmad o

m1(kr) xuakoct | Vn3) pnp(re/
u, M3)
m2(Kr)

®opma npeacTaBiaeHusl pe3yJabTara:
Pabora nomkHa ObITH BBIMOJIHEHA B TETPAAH ISl JIAOOPATOPHBIX paboT.
Kpurepun oneHku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKUTEIbHAS OIICHKa — 1 Oa.
3a HeMpaBWIBHO BBITIOJIHEHHOE JICUCTBHE, 3aJ]aHNUE BHICTABIISCTCS OTPHUIIATEIbHAS OolleHKa — 0 0auIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasinsiemcs 3a 80 — 89%0 npaBUITBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 nmpaBUIBHBIX OTBETOB

Tema 2.3 3ak0oHBI COXpaHEHHS B MeXaHHKe

JlaGopaTopHoe 3aHsiTue Ne2

Omnpenesienne K03 PUIHEHTA )KECTKOCTH YIIPYIOro reJia

Heab: M3yunTh 3aBUCHMOCTH CHJIBI YIPYTOCTH OT JHMHEHHOH paedopMmanuu; Ha IMpUMEpe
neopManuu pacTsHKEHHS SKCIIEPUMEHTAIBHO TIOATBEPANUTE CIIPABEIIMBOCTh 3aK0oHA ['yKa; onpeenuTsh
pacu€THBIM U TpapUUECKUM criocobaMu K03(HGUIMEHT yIpYrocTH (3kECTKOCTh) MPYKHUHBI (PE3UHBI).

Boinosinenue padoTsl cnocod6cTBYeT GOPMUPOBAHMIO:

[1P62, 11P66, ITP68, T1Py3, Ilpy7, [1Py8, I1Pyl0, I1Pyl12, ITP610, Ilpy2, I1Py12, T1P610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

Marepuanbnoe odecneuenue: lllratu ¢ mydToil u aepxaTensIMu, TUHAMOMETP C MCCIETYEeMOM
MPYKUHOU U 3aKPBITOM IIKANOW (MM UCCIIEAyEeMBbIi JIOCKYT pe3HHbI), TWHEHKa, Yamia OT BECOB, HA0Op
rpy30B ¢ u3BecTHbIMU Maccami (1o 100 u 50 rpammoB).

IHopsaok BbINOJIHEHUS PA0OTHI:

1. O3HakoMbTech ¢ TeOPeTHYECKUM MATEPHAJIOM.

B nanHoit naboparopHoii paboTe paccMaTpuBaeTcs yrpyras JUHEHHas AeopMalius pacTssKeHUs
NPYXHUHBl (MM PpE3UHBbI), CBSI3aHHAs C OTUM CUJAa YOPYIOCTH, U, COOCTBEHHO, cama CBS3b,
BbIpa)karoliasics B U3BECTHOM 3aKoHe ['yka, KOTopblil (6e3 yueTa pa3sHOHANPABICHHOCTH JehopMaluu 1
CHJIBI YIIPYTOCTH) MOYKHO 3aIllUCaTh B CIEAYIOIIEM BUIE:

B =k-x

rae: F y — abcomoTHoe 3HaYeHne CHITbl YIpyrocTy; [ — ko3((UIeHT ynpyroct (’KE€CTKocTh); [
— abCOIOTHOE yIIJTMHEHHE.
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sl bl beladadalalals

Inin

&2

To ectb ¢ pocrom aedopmanuu MOAyNnb (3HAYEHHE) CHIIBI YHOPYrocTd (B Mpenenax YHIpyrux
nedopmaruii) pacter npsmo nponopuroHanbHo. Koaddumuent ynpyroctu u3 3akona ['yka Jierko HaTu,
yuuThIBasi 4uCiIeHHOe paBeHCTBO (mo Ill-my 3akony HbroToHa) cuibl ynmpyrocTd W Beca Telna,
HATSATHBAIONIETO MPYXUHY (pe3UHY):

mg
k = —
-
rae: K — xodd¢unment ynpyroctu (KECTKOCTb) NMPYKUHBI (pE3WHBI); M — macca rpysa; g—
YCKOpEHHE CBOOOAHOTO MAJCHUS; X — aOCOIIOTHOE YJUIMHEHUE MIPYKUHBI (PE3UHBI).
C npyroii cTopoHBI W3 Tpaduueckoil Gopmbl ypaBHeHUs KodduumeHnT k MOXHO HaiTH, Kak
TaHTeHC yria HakioHa Jy4da /Fy/(x) k ocu abcuuce.
2. O6a 3HaveHust k ciemyer CpaBHUTb, M 1O PE3yJibTaTaM 3TOTO CPaBHEHHs CHENaTh BBIBOJ O

MIPOJIeJIaHHO padoTe.

Xox padoTsI:
1. BuumarenbHO MPOYUTATh ONUCAHUE PaOOTHI U AITOPUTM JIEHCTBUM;
2. CoOpatb M 3aUKCUPOBATh YCTAHOBKY (CM. PHCYHOK) TaK, YTOObI 3aKpeIUIeHHas K IMpYXHHE
(pe3uHe) mycTas yalia BECOB HE3HAUUTENIBHO pacTAruBalia IpyXUHY (PE3UHY);
3. Crnenatb OTMETKY «HYJIEBOT'O» YPOBHS HPYKUHBI (PE3UHBI), OT KOTOPOro OYAYT OTCUHUTBHIBATHCS
JTMHEWHBIC Y/UTMHEHHS,
4. TlonmokuTh Ha YaIly BECOB I'Py3 IPOU3BOJILHONW MacChl;

5. TlpomsBecTn M3MEpeHUs CIENYIOIMX BEIWYHH: [] — Macca rpy3a (CymMMa Macc Tpy30B B Halle
BecoB); [ | — abCOMIOTHOE yUIMHEHUE NIPYKUHBI (PE3UHBI);
6. IloBTOPUTH ABAXKIBI

7. Tlpom3BecTH MNPOMEXKYTOUYHBIE BBIYHUCICHHUS OCHOBHOM BEJIMYMHBI JUIA KaXIOro M3 TPEX
n3Mepenuit: [11; ATI2; [ — koapummeHTs! ynpyroctu ((KECTKOCTh) MPYKUHBI (PE3UHBI) ;

8. IlpousBecTH NPOMEXYTOUHbIE BBIYMCICHUS CleAyoumx BenuuuH: [lcp; Allcp; [ep (mo
MPUHATHIM TPAaBUJIaM BBIYUCICHUIA U HAXO0XKICHUS ITOTPEITHOCTEH );

9. 10. Ha Onanke oTyera HayepTUTHh | YETBEPTh CHUCTEMBbI KOOPAMHAT C OChbi0 abcuucc - [] —
abCoMIOTHOE YIJIMHEHUE; U ocbio opauHaT - F y — abcomoTHOe 3Hau€HHWE CHUJIbI YIPYTOCTH.
BriOpath MacTabbl eAMHULL U3MEPEHUS JUTs JaHHBIX OCE Tak, YTOObI MaKCUMaJIbHbIE 3HAYECHHUS
M3MEPEHHBIX W BEIYMCIICHHBIX BEJTMYUH HE BBIIUIN 32 TPEICITBI CHCTEMBI KOOPIUHAT;

10. Ha xoopauHatHO# tuiockocTH oTMeTuTh Touku: A(x1;|FY1]); B(x2;|FY2|); C(x3;|FY3|); rme: xn —
OJIHO W3 3HAUEHUH YAJIMHEHUS NMPY>KUHBI (PE3UHBI) 110 U3MEPEHUSIM AaHHOTO anroputma; [FYn| -
OJIHO M3 3HAYEHMM CHJIbI YIIPYTrOCTH, YNCIEHHO PaBHOM BeCy Ipy3a mng, I€ Macca — U3MEPEHUE
JTAHHOT'O aJIrOPUTMa;

11. ITpoBectu mpsimyto uepe3 Touku A, B, C (ecin TOUKM He JeXaT Ha OJHOM MpsAMON — MpPOBECTH
MPSMYIO TakK, YTOOBI TOUKH PaBHOYAAIEHHO HAXOIUIUCH IO 00€ CTOPOHBI OT MPSIMOM).
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12. ITpousBecTu u 3aUKCUPOBATH B MyHKTE 5. O1aHKa 0TuéTa 3HaYeHue kodpdunuenta k’, papHoro
TaHIeHCY YIJla HaKJIOHA 3TOM MPsIMOM K OCH abcuuce (IPpU BEIYUCICHUH tg o< 0053aTEIbHO
HEO0OXOMMO YUUTHIBATh MacIITaObl M OCH a0CITUCC, M OCH OpAMHAT!);

13. CpaBHUTH KOAPPUIUEHTHI YIIPYTOCTH (3KECTKOCTH ), KOTOPBIC BEIYUCTSUTUCH. ClIenaTh BEIBOI.
KoHnTpoJibHbIE BOIPOCHI
1) B uém 3akmrouaercs 3akoH ['yka?

2) Uto Takoe ynpyras aedopmanus?
3) Korna Bo3HuKaeT cuiia yrnpyroctu?
4) Uto 03HauaeT 3HaK «—» B 3akoHe ['yka?
5) Ot vero 3aBUCUT KOAPPUIMEHT YIPYrocTu?
6) Kak pomkeH nBuUratbcs TUHAMOMETP, YTOOBI, HECMOTpPSA Ha IOJBELICHHBIH K HEMY TIpy3,
MpYXHHA OCTaBaJlaCh HEPACTIHYTON?
7) )KecTKOCTh MPY>KUHBI U KECTKOCTh MPOBOJIOKH, U3 KOTOPOH OHA COCTOUT — 3TO OJHO U TOXKe?
[Touemy?
dopma npeacTaBJieHus pe3yabTarTa:
Pabora momkHa ObITH BBIIOJIHEHA B TETPAAH IS JIAOOPATOPHBIX paboT.
Kpurepun oneHku:
3a mpaBUIIHLHO BBIMTOJHEHHOE 33JaHHE BHICTABIIICTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISCTCS OTpHUIIaTeNIbHAs omeHKa — () 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopouioy svicmasinsiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% nmpaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenbhoy svicmagisiemcs 3a menee 60% nmpaBUIBLHBIX OTBETOB

Tema 2.3 3aK0oHbI COXpAHEHHUS B MEXaHUKeE

JladopaTopHoe 3ansitue Ne3

N3ydenne nepopmanum pacrsakeHust

Heab: onpenenuts MOAYNIb YIPYTOCTH PE3UHBI IPH PACTSKEHUH.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

I1P62, I1P66, I1PGS, I1Py3, Ilpy7, I1Py8, I1Pyl0, IIPy12, I1P610, Ilpy2, I1Pyl12, 1TIP610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepuanbHoe oOecneyeHHe: WHAMBUAYyaJIbHOE 3aJjaHHE, KOHCIEKT JIEKIIUH, CIpaBOYHbIE
MaTepuaibl, pe3UHOBBIM MHYp MIMHON 25—30 cm u ceuenuem 4— 10 MM, Habop rpys3os no 0,1 xr,
LITaTUB, JTUHEWKA, IITAHTEHIIUPKYIb UJIK MUKPOMETD.

Yka3anmue:

JIaGoparopHasi paboTa COCTOMT M3 JABYX vacTed — TeopeTHuecko M mpakrtuyeckoi. Ilocme
W3y4YEHUsl TEOPETHUYECKOr0 MaTepraja MOKHO IPHUCTYNATh K BBITOJIHEHUIO IpakTHYecKord vyacth. OHa
COCTOMT M3 JBYX W Oosiee 3ajauy Al CaMOCTOSITENIbHOTO BbIMONHeHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
odopmiiennu pemeHus. Ha BbImogHeHNE MPaKTHYECKOW OTBOJUTCS /1B aKaIeMUYECKHX Jaca.

MarepunanbHoe obecrnieyeHue:

3aganue:

1. O3HaKOMHTBCS C TEOPETUYECKUM MATEPHATIOM.
Teopus
IIpu ycraHoBuBHIEHCS ynpyroi aedopManuu paBHOAEHCTBYIOUIAs BCEX BHYTPEHHUX CHII
YIOPYTOCTH, BO3HHMKAIOIIMX B Tejie B JIIOOOM €ro CEeYeHHH, YpaBHOBEIIMBACT BHELIHUE CHJIBI,
JENCTBYIOIIUE Ha TEO.
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CormacHo 3aKOHY FyKa, HAIMpsoKCHUE o0 W BBI3BAHHOC UM OTHOCHUTCJIBHOC & YIJIMHCHUC
nponopiuoHansHbl: 0=E ¢, rne E— mMoayne ynpyrocrtu.
[Tocne mpeoOpazoBaHUs ITOTO BBIPAKCHHS TOTYIHM:

F- 3 dmgl

S Al md*(1-1,)

HJ’IH OKCIICPUMCHTAJIBHOT'O OIIPCACIICHUA MOAYJIA YHPYIOCTH HYXHO HU3MEPUTH BCC BCIMYMHBI:

2
S (S=—-)
nedopmupyromyto cuny F (F=mg), ceuenne obpasma S 4 , €ro TIEPBOHAYAIBHYIO
mny 10 u yuymmaenue 1.
Xox padoTbI:
N3yuenue nedpopmanum pacrskeHust
1. V3MepuTh C MOMOIIBIO INTAHTEHUUPKYIS WIM MHKPOMETpa TONIIMHY IIHYpa U BBIYUCIUTH
TIJIOIIA/Ib €ro MOMEPEUYHOTO CeYCHUS S.
2. TlogBemmBas k mHYypy rpy3sl maccoit 0,1 kr, 0,2 kr, 0,3 Kr, U3MEpPUTh COOTBETCTBYIOILLINE
a0COTFOTHBIC Y/UIMHECHUS IITHYPA: U BEIYUCIUTH OTHOCUTENBHBIC YIJIMHEHUS IITHYPA.
3. Ilo pe3ynpTaTam U3MepeHHil BEIUUCIUTh MOIYJb YIIPYTOCTH pe3uHbl E U OIIEHUTh MOrpenIHoCTH
IKCIIEPUMEHTA:
Am Al Ad Al
&= + +2—+ -
m d [-l

AE=FE-¢
- a0COJIIOTHAS TIOTPEITHOCTb.
5. Pe3ynbTarhl U3MEPEHUI U BHIYUCIICHHI 3aHECTH B TAOIHILY:

- OTHOCUTCJIbHAA MOTPCIIHOCTD

H3MCPCHO BBIYHUCIICHO
N;g mokr | d,m | S,m? | Lo m Lm | ALm| F,H |E, Ila Ee, AE, g, %
n/m Ila Ila
1
2
3

6. Cruenatb BBEIBOJIL.
KoHnTpoJsbHbIe BOnpockl.
Kakue Bub! neopmanuii Bel 3HaeTe?
W3mensieTcs a1 BHYTPEHHSSI SHEPrus AeOPMUPOBAHHBIX TeJ?
3. Kak u3meHuTcs yuIMHEHUE IPOBOJIOKH, €CIIH, HE MEHsIsI Harpy3KH, €€ 3aMeHUTH APYTroil U3 TOro
e MaTepuaa, ToH ke JUIMHBI, HO C B/IBO€ OOJIBIIUM AUaMeTpoM?
4. Kaxoii nuaMeTp UMeeT CTepKeHb, €CIIN MO/ IEHCTBHEM CHIIBI 2 10°H B HEM BO3HHKAET
MexaHnuyeckoe Hanpspkenue 160 MIla?
ITon neficTBreM Kakoil cuibl npyxuHa xéctkoctbio 100 H/M yummamnace va 0,02 merpa?
6. Ilon metictBuem cwibl 4 H npyxuna yamuamnacsk Ha 0,02 M. KakoBa kECTKOCTB TPYKUHBI?

N

o

dopma npeacTaBiIeHus pe3yabTaTa:
Pabota nomkHa OBITH BBINOJIHEHA B TETPAIU JUIS JJAOOPATOPHBIX padoT.
Kpurepum ouenku:
3a IpaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISIETCS TTOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HeNpaBUIIBHO BBIITOJHEHHOE EHCTBHE, 3a/laHHE BHICTABIISIETCS OTpHLIATEbHAs OleHKa — ) 6ayuioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB
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Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIbHBIX OTBETOB

Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbvHoy svicmasisemcs 3a Mmenee 60% nmpaBUIBLHBIX OTBETOB
gvicmasnaemcs 3a Menee 60% npaBUIIBHBIX OTBETOB

Tema 3.1 OcHOBBI MOJIEKYJIAPHO-KMHETHYECKOH TeOpuH

JlabopaTopHoe 3ansitue Ned

IIpoBepka razoBbIX 3aKOHOB

Henpb: M3yunTs B3auUMOCBSI3b MAaKPOCKOIIMYECKUX [1aPaMETPOB ra3a 3aJaHHOM MacChl; OIIBITHBIM
nyTéM yOequTcs B CIpaBeATIMBOCTH 3aKoHa boiins-Mapuotra.

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:

I1P62, 11P66, I1P68, ITPyl, I1Pyl13, I1Py3, IIPyS, Ipy7, I1Py8, IIPy10, IIPyl12, I1P610, Ilpy2,
IT1Py12, ITP610, MP3, MP5, MP15, MP23, JIP26, , MP28, MP31, MP32, MP33, MP34, MP37, MP44,
MP47, MP48, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepunanbHoe obecrnieyeHue:

CunpdoH (aTIOMUHHEBBI TEPMETUYHBIH IMIUHAP C TOQPUPOBAHHBIMU CTEHKAMH, IIKAIOH
YCJIOBHBIX €/IMHUI], MOPIIHEM C BEPTHKAIbHBIM BUHTOM), BO3JyXOBOJHBIH COEAMHUTENIbHBIA IUIaHT,
MaHOMETp, 0apOMETp, UCIBITYEMBIN Ta3 3aJaHHOH MacChl — BO3/YX.

3aganue:
1.IToBTOpUTH OOBENNHEHHBIN ra30BbINA 3aKOH.
2.IIpoBeputh Ha IpaKkTHUKE coOII0IeHHEe 3akoHa boitnsg-Mapuorra.

Ilopsinok BbINOJHEHHS Pa0OTHI:
Teopernveckue cBeIeHUS

B nanHoli naGopaTopHOil paboTe paccmarpuBaercs coOmoieHne 3akoHa boitns-Mapuorra,
CIPaBEIIMBOIO JUIsI M30TEPMHMUYECKOr0 Ipolecca A JaHHOM Macchl rasza. M3 oOmiero ypaBHEHUs
MenpeneeBa-Knanelipona 3akoH boinss-MaprnoTrra MOXKHO 3aIIucaTh Tak:

Vnpn — C

rre: V— o0beM 3a1aHHON Macchl T'a3a B N-OM COCTOSIHUM; [ | — IaBlIeHUe 3aJaHHOM Macchl ra3a B n-
OM COCTOSIHUU;

] — mocTossHHBINA K03 PULIMEeHT (KOHCTaHTA).

[Ipu ucnonb3oBaHuM B pabOTE TaHHOM YCTAaHOBKH (CM. pUCYHOK) 00OBEM Taza yA0OHO M3MEpSAThH B
YCIOBHBIX enuHHIax obvema — y.e.0. (1 y.e.0.=0,1Vo, rne Vo — monuelii o0bem cuwibpona 1 ), a
JaBJIEHHE — Kak aTMoc(epHOe AaBlieHUE C JIONOJHUTENbHbIM (0€3 JOMOJHUTEIBHOr0) JaBieHus (1o
MaHOMETPY) C NEePEBOJAOM HEOOXOIUMBIX €AMHUI] laBieHus B cuctemy CU.

2 . 3amadya CBOAWUTCS K HAXOXXIEHHWIO KOHCTAHTHI Cn I Ka)KJIOTO COCTOSTHUS OJTHOM M TOM XKe
Macchl rasa:

Cn == Vn "Po (1 i = Apn)

rre3 : [J — KOHCTaHTa N-TO COCTOSIHUA (B YCJIOBHBIX €IMHHUIIAX KOHCTAHTHI — y.€.K.); [1— o0beM
3aITaHHONM MAacChl ra3a B N-OM COCTOSIHMU (B YCJIOBHBIX €IWHMIIAX O0BeMa — y.e.0.); [| — aTMocdepHoe
nasnenue (B [Tackamsax — [1a); Al — qonomHUTENBHOE TaBIeHUE MaHOMETpa (B aTMocdepax — aTm).

Yem TouHee u Ommxke APYr K Apyry Oyaytr Haxoautbes koHcTanThl Cl, C2, C3 — Tem Oonee
TOYHBIM OKXKETCS HKCIIEPUMEHTAIbHOE MOITBEpKAeHUE 3aKoHa boiinsa-MapuoTra.

3 - MPUMEHSETCSI 3HAK «+)» - €CIH JaBJIEHUE PACTET, U 3HAK «-» - €CJIM JABJIICHUE TaJIaeT.

p.s. - 1.YcroiiunBas paboTta cuiib(oHa BO3MOKHA IIPU YCIOBUM U3MEHEHUsI 00beMa BO3AyXa B HEM
ot 0,5 10 0,9 y.e.o.
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2. - Juid pacy€ToB eIWHUIIBI JaBJeHUs OapoMeTpa - MM.PT.CT.(MHJUIMMETP PTYTHOTO CTOJI0a),

MOXHO BOCTIOJNIb30BaThCs eauHuIamu nepesoa B Ila (ITackamsax) mo dopmyne: 1 mm.pt.ct=133,33 Ila.
[lepeBon noka3anuii MaHOMETpa He TpeOyeTcs.

1.

wmn

o

Xox padoThI:

1. BHUMarTeapbHO MPOYUTATH ONMCAHUE PAOOTHI U aJITOPUTM JICHCTBHIA;

3. U3meputh armochepHOE aBIeHUE B JaHHBII MOMEHT C ITOMOILBIO OapoMeTpa;

4. IlpousBectu u 3ahUKCUPOBATH B OJaHKE OTYETa MPEABAPUTEIbHBIE U3MEPEHUsI aTMOC(EepHOTO
JaBiieHus (C mepeBoAoM B enquHuIbI cucteMbl CH);

5. CoOpath ycTaHOBKY (CM. PUCYHOK) TakK, 4ToObI 00a KjamaHa MaHOMETpa HaXOAWIUCH B
OTKPBITOM COCTOSIHUH, a OPILEHb CUIb(OHA — B CAMOM BEPXHEM IOJI0KEHUY;

3aKphITh BHEIIHUH KJIallaH MaHOMETPa;

C moMOIIBI0 BpAIAIOMIETOCsl MOPIIHS YCTAaHOBUTH BBICOTY IMJIMHApA CHIb(QOHA HA OJHON W3
Tpéx ormerok: 0,6; 0,7; 0,8.

[IpousBectu u 3apuKcUpoBaTH B OJIaHKE OTYETA MpPEABAPUTEIbHBIE U3MEPEHUsT 00beMa 3aJaHHON
Macchl ra3a B OJHOM M3 TPEX COCTOSHUI (B YCIOBHBIX €IMHHIIAX 00BEMaA — y.€.0.);

Cpa3y ke mnpousBecTH M 3apuKcUpoBaThb B OJaHKE oOT4YeTa MpEeBAapUTEIbHBIE H3MEpPEHUs
JIOTIOJTHUTEIBHOTO JIABJICHUSI MAaHOMETPa OJTHOTO U3 TPEX COCTOSIHMM Ta3a (B atMocdepax - aTm);
Boruncnuth aOCONIIOTHYIO U OTHOCUTEIBHYIO MOTPEIIHOCTH U3MEPEHUH.

KoHnTpoJsbHbIe BONPOCHI.

1) IIpu xkakoMm ycioBUU cipaBeUIUB 3akoH boitng-Mapuotra?

2) Ecnu npu ©30TepMUYECKOM IPOLIECCE AABICHUE MAa/IaeT, YTO MPOUCXOANUT C 00BEMOM?

3) IIpou3BoauUT Jiu Ta3 1aBJICHUE B COCTOSSHUN HEBECOMOCTH?

4) ITouemy moTy4eHHbIE pe3yJbTaThl B paboTe HE UJIealIbHO PaBHBI MEXy c000ii?

5) Uro BiusieT Ha TOUHOCTh U3MEPEHU B TaHHOW paboTe?

6) MO>XHO JT ONPEAETUTh YCIOBHYIO €IUHHILY KOHCTaHTHI B einHuIax CHU?

7) KakoBa Macca Bo3yxa B ayIUTOPUH IUIOIMaa60 64 M2 , BeIcOTOM 3 M, ipu Temnepatype 25 oC
U JaBJaeHUuu 725 MM.pT.CcT.?

®opma npeacraBjIeHus pe3yabTara:
PaboTa nomkHa ObITH BBIMOJIHEHA B TETPAAM ISl JJaOOPaTOPHBIX paboT.
Kpurepum ouenku:

3a mpaBUIIHHO BBIOJHEHHOE 33JaHHE BBICTABIISIETCS TOJI0KUTENbHAs OLleHKa — | Oasu.

3a HeMpaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHAE BBICTABIISIETCS OTpUIAaTEIbHAS OrleHKa — () 0aioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB

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

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

Oyenka «neyoosiemeopumenvno» svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB
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Tema 3.3 ArperaTHblie COCTOSIHUS BellleCTBa U (pa30BbIe Mepexo/bl

JlaGopaTopHoe 3aHsiTue NeS

Onpenenenne k03¢pGUuMEHTA MOBEPXHOCTHON MJIOTHOCTH KUIKOCTH METOIOM OTPbIBA KameJib

Lenab: onpenennTs NOBEPXHOCTHOE HATSKEHUE BOABI M MBUIBHOI'O PACTBOPA METOIOM OTpPbIBA KaIlellb

BoinosiHeHune pa6oTsl crioco0cTBYeT (POPMUPOBAHUIO:

I1P62, I1P66, T1IPGS, IIPy3, Ilpy7, I1Py8, I1Pyl10, I1Py12, IIPG10, IIpy2, IIPy12, ITP610, MP3, MPS5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepuajbHoe o0ecnieyeHue:

HINPHI JUIS YUCTOW BOJBI, LIMPHI] JUISI MBUIBHOTO pacTBopa (oO6bemoM 5—-10 muir), cTakaHYMK C
YUCTOM BOJOM, CTAKaHYUK C MBUIBHBIM pPACTBOPOM, UWITAHICHIUPKYJIb WJIA MHKPOMETp, OCTPO
OTTOYCHHBIN KapaH/alll.

3aganue:

1 O3HaKOMbTECH C TEOPETUUECKUM MaTEPHUATIOM.

Ha karutio, BHCAIIYI0O Ha KOHLE Y3KOW TpyOOUKH, AEHCTBYIOT JBE CHJIBL: CHJa TSDKECTHM mg
HaIpaBJICHHAs BEPTUKAJIbHO BHU3, U CHJa IIOBEPXHOCTHOIO HATSXKEHUs kujakoctu F moB
pacripesieieHHasl BJOJb I'PAaHUIbBI KUJAKOCTH C KpaeM TpyOKM M HampaBlIeHHas IO KacaTeJbHOM K
MOBEPXHOCTHU KUJIKOCTHU MEPIEHAUKYIISIPHO 3TOM IpaHMIIE.

Fros

»
myg

Cuiia MOBEpXHOCTHOTO HATSKCHUSI, ICHCTBYOMIAas Ha HEOOJNBIION YY4acTOK IPaHUIbl ATUHON Al |
paBHa o |, rie 6 — K03 (PUIIMEHT TOBEPXHOCTHOTO HATSIKEHHS KU IKOCTH.

VYcnoBue paBHOBeCHs Kaluld Ha KOHIIE TPYOOUKHM COCTOMT B TOM, YTO BEKTOpHAas CymMMa CHII,
JCWCTBYIOIUX HA OT/ACIbHBIE DJIEMEHTHl TPAaHMIBI, paBHA IO MOJYJII0 M TPOTHUBOMOJIOXKHA II0
HaMpaBJICHUIO CHJIE TSKECTH.

Bennuuna o4 1 mo Mepe yBelnMYeHHs MacChl KAl OCTAeTCs HEM3MEHHOM, HO B PABHOBECHH Karlis
IPUHUMAET TaKylo (GOpMy, YTO YroJl HakJIOHa CHJIbI MOBEPXHOCTHOTO HATSKEHHMS K BEPTUKAIM O
YIOBJIETBOPSET YCIOBUIO lo cos =mg, rae | — nnuHa rpaHuibl )KUJIKOCTH C TPYOOUKOiA.

C yBennueHHeM Macchl Kallii YToJl o YMEHbIIAeTCsl M, HAKOHELL, IOCTUTaeT HyJIs, a cosa = 1 .

[lpn panpHeWIIEM YBETWYEHWH MAacChl YCJIOBHE paBHOBECHS KaIlUTM YK€ HE MOXKET OBITh
BBINOJIHEHO, U KaIlJIsl OTPHIBAETCS.

Orcrona, npuauMas, uto I=n d , rae d — BHyTpeHHU#N quameTrp Tpyoouku, moiaydaeM: d om= mg
o="8 |

ey
Xoxa padoTsl

1.3meputh BHyTpeHHUH nuameTp d HakOHeYHUKa Impuma. Jas wu3MepeHus MOXKHO
BOCIIOJIB30BaTbCsd OCTPO OTTOYECHHBIM KapaHJamoMm. BceTaBuB KapaHJall B HAaKOHEYHUK JO YIIOpa,
ITIOMETHTE T'PAHUI]Y CONPUKOCHOBEHMSI HAaKOHEUHMKa C KapaHjaamowm. J[mameTrp kapaHjaama Ha ypOBHE
9TOM TPaHULBI MOXKHO IIPUHATH 32 BHYTPEHHUN JUaMETP HAKOHEYHUKA U U3MEPUTH €r0 C IOMOILBIO
IITAHT€HIUPKYJISl HIIM MUKPOMETpA.
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2.Habpatp B mmpuil 4-5 M BOJBI H, JepkKa €ro BEPTHKAIBHO M IJIABHO Ha)KMMasi Ha MOPIICHb,
BBUIUTHh 3—4 MJI B CTaKaHYMK, cuuTas Kamiu. M3MepeHue kojimuecTBa Kameiab N MPOBECTH HE MEHEE TpeX
pa3, 3areM 1o oOmmie Macce BBITEKIIEH BOABI 00Im[ m (MONB3YyWTECh MIKANOW HA mmpuie!) HalTH
CPEIIHIOI0 MacCy KaIlJld M | MOTPEIIHOCTh ee onpeaeneHuss Am. Pe3ynbTaTsl 3aHECTH B TAOJIHITY

Tabauya Nel

uzmepero BbIUUCIEHO

Ne N m m d A o Ao €
m e m,e ecp | me eep |, mm | d mm, | Hm
odw

3.ITonp3ysace dopmynoii (1), paccuntaTh KO0I()PHUIMEHT TOBEPXHOCTHOTO HATSIKCHHS BOJIBI U
a0COJTIOTHYIO TIOTPEIIHOCTD €TI0 ONPEIACICHHS

Ao =lo,, -0

uim ma6a| *

4. BolYMCIIUTh OTHOCUTEIBHYIO MTOTPEIIHOCTh U3MEPEHUN

A .
g=—2_.100% "
o.m.u'n

5. AHaJOrMYHBIM O0pa30oM ONpeNeNnuTh KO3()PUIMEHT MOBEPXHOCTHOTO HATSLKEHUS MBUIBHOTO
pacTBopa (I10JIb30BaThCs OT/IEJIbHBIM IHINPHIIEM U ITOCYA0M!).

H3MEPCHO BBIYUCJICHO
N me | my2 | Ame | Am e d,mm| Ad, mm mf%l AU’[%! &Y

No | m

(7
o0u?

o

6. CnenaTb BBIBOJ U 3aMucaTh MOJy4eHHOE 3HaYeHHE K03 PULlmeHTa MOBEPXHOCTHOTO HATSKEHHS
C YYETOM MOrPEUIHOCTH

KoHnTpoJsbHbIe BONIPOCHI:

1. Koaddunment nosepxnoctHoro HaTskeHus kepocuna 0,024 u/m. bonbIiie nian MeHble Macca
KaIlJIi KEpOCHHA 110 CPAaBHEHHUIO C KaIlJIEH BOJBI, €CIIN KaNaTh U3 OJHOM U TOM e MUIETKU?

2. O6bsicHUTE OAPOOHO, TOUEMY MaJIeHbKHE KalledbKU )KUIKOCTH MOTYT JI0JITO BUCETh HE
OTpPBIBASICH.

3. [Touemy, mpexie 4eM MOKPBITh IITYKATYPKy MACIISTHOW KPACKOM, MPEABAPUTEIIBHO ITPOU3BOIAT
I'PYHTOBKY ONU(ON?

4. IlpuBenute CBOU NMPUMEPHI JEHCTBHSI CHIIBI IOBEPXHOCTHOTO HATSKEHUS

dopma npeacraBJeHus pe3yabTara:

Pabota nomkHa OBITH BBITIOJIHEHA B TETPaAM s 1a0OpaTOPHBIX padoT.
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Kpurtepun onenkmn:
3a MpaBUIILHO BBHITOJIHEHHOE 33JJaHHE BHICTABIISICTCS TIOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATENbHAs olleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIbHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbvHoy svicmasisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.3 ArperaTHLIe COCTOAHUS BelleCTBa U (l)a30B]>Ie nmepexoabl

JlaGopaTopHoe 3aHsiTue Ne6

OnpenesieHne BJIAKHOCTH BO31yXa U aTMOC(EpPHOro 1aBjIeHUs
Llesib: H3MEPUTH OTHOCHUTEIBHYIO BIQXKHOCTD BO3AyXa B JIAOOPaTOpUH (PU3UKH
Beinosinenue padorsl cnocodcTByeT GOPMHPOBAHMIO:
[1P62, I1P66, ITP6S, ITPy3, Ilpy7, IIPy8, I1Py10, IIPy12, I1P610, Ilpy2, IIPyl2, ITP610, MP3, MPS5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepuanbHoe ob6ecniedenue: rurpomerp ncuxpomerpuyeckuit BUT — C, crakan ¢ KkunsueHoi Bo10H
3amanne
1. O3HakombTech C TeOpPeTHYECKUM MAaTEPHAJIOM:

B armocdepe 3emmu Bcerma copaepikarcsi BOAsSHbIE Tapel. VX copepkaHMe B BO3IyXe
XapaKTepu3yeTcsi aOCOIIOTHOW W OTHOCHUTENIBHOW BIIQXKHOCTBIO. AOCOJIIOTHAS BIIAXKHOCTH OIPEICIIACTCS
IUIOTHOCTBIO BOJISTHOTO TMapa pa, HAXOMSAIIETocs B arMocdepe, WIH ero MapiualbHBIM JaBICHHEM PII.
[TapumaibHBIM JTaBJICHUEM PII Ha3bIBACTCS JABJICHUE, KOTOPOE MPOU3BOIMI Obl BOASIHOM map, eciau Obl
BCE JPyTue Ta3bl B BO3MyXe OTCYTCTBOBAU. OTHOCUTEIIFHON BIIAXHOCTHIO () HA3BIBACTCS OTHOIICHHE
MapIHUaIbHOTO JaBIEHUS PN BOJSHOTO Tapa, COJEpsKallerocss B BO3JAyXe, K JIaBICHHIO HACBIIIEHHOTO
napa pH.I., pU JTaHHOW TemriepaType. OTHOCUTENbHAS BIAXKHOCTH () TIOKA3bIBAET, CKOJBKO MPOIEHTOB
COCTaBJISIET MapluaibHOE NaBJCHHE OT JaBJCHHS HACBHIIICHHOTO IMapa MpH JaHHON TemmepaType u
ompenensiercs mo Gopmye:

o =L .100%
lel

[TaprmanbHOE TaBJIEHHUE PII MOYKHO PACCUMTATh 110 ypaBHEHUI0O Menaeneesa - Knaneiipona uinu mo
TOYKE POCHI.

Touxka pochl - 3TO TeMIieparypa, Mpu KOTOPOl BOJISIHOM Map, HAXOIAIIMICS B BO3yXe CTAHOBUTCS
HachIIIEHHBIM. OTHOCUTENIBHYIO BJIAKHOCTH BO3JyXa MOYHO OINPEIEINUTH C IOMOIIBIO CHEUAIBHBIX
pruOOPOB — IMCUXPOMETPA U TUTPOMETPA.

IIcuxpomerp

[IcuxpomeTp COCTOUT M3 CYyXOr0 U BJIaJKHOT'O TEPMOMETPOB.

PaccmoTpuTe ncuxpoMeTp 1 ONpeAeaInTe IAe CyX0d U BIaKHBI TEPMOMETPHI.

a) U3MEPUTh NIOKa3aHUs CyXOro U BIaKHOTO TEPMOMETPOB:

0) UCHONb3ysl NCUXPOMETPHUUECKYIO TaONUILy, ONpPEACIUTh OTHOCUTENBHYIO BIIQXKHOCTH BO3YXa.
BHuMarenbHO TOCMOTpUTE HAa MCUXPOMETpPUYECKYIO0 Talnuiy. B mepBoM BepTHKaIbHOM CTOJOLE
HalJUTE TMOKAa3aHUS BAIllErO0 CyXOro TEPMOMETpA, B MEPBOW TOPU3OHTAIBHOW CTPOKE HAaWIUTE Bally
Pa3HOCTh MOKA3aHUM CyXOT0O M BIIAXXHOTO TEPMOMETPOB. TO 4MCII0, KOTOPOE HAXOAUTCS HA MEPECCUCHUHN
CTOJIOIA U CTPOKH U SBJISIETCS 3HAUEHHEM BJIaKHOCTH BO3]yXa.

N3o06paxenue, cxema, pUCyHOK 3KCIIEPUMEHTA!
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Pucynox 1. YcranoBka ajist 1abopatopHoi padoThl N5

Cyxont

- |mepyovenp||E

Baawnwil

R ) meprosemp X

2. BemonauTe padoTy.
3. OTBeThTE HAa KOHTPOJILHBIC BOIIPOCHI.
4. 3amoJIHATE OTYET I10 JIA0OpaTOpPHOU padoTe.

Ilopsinok BbINOJHEHHS PadOTHI:

1.Hanuth B nmUTaTENb KUMSTYCHYIO BOMY.
2. Jlatp ¢uTwno nponuTarbess BoaoM M uepe3 10-15 MHMHYT NOpUCTYNHUTH K ONpEAENCHUIO

BJIa’)KHOCTH.

3.0npenenuTs NOKa3aHMs CyXOro U YBIQXXHEHHOTO TEPMOMETPOB.
4.TToBopaumBasi TUMO C KpacHOH OIU(PPOBKOW, COBMECTUTH IIOKAa3aHHUS CYXOro TEPMOMETpa
(xpacHble IU(PBI) C TOKA3aHUSMU YBIAKHEHHOTO (YE€pHBIE LIUQPHI).
5.0mnpenenuTb OTHOCUTENBbHYIO BIaKHOCTb 110 KPACHOM CTpEJIKE.
6.Pe3ynbpTaThl UI3MEpEeHUId U BHIUMCIICHH 3aHECTU B TaOIHILY:

Tabmuia Nel
Ioxa3anus TepMoMeTPOB Pa3noctn OTHocuTebHAs
NMOKa3aHMil BJI2KHOCTH BO3/1yXa @,
TEPMOMETPOB %
At=tcyx-tBJ
Ccyxoro teyx BJIAJKHOI O tBJI
Tabmurma Ne2
Temnepary | Touka Hasnenue | [lapuumansn | OtHocuten | IlnotHocTh | AGCONIOTHA
pa pOCHlI, °c HACBILLIEHH | 0€ bHas HACBIIICHH | s
OKpYXaro oro mnapa, JIaBJICHUE BJIQXXKHOCTh | OTO 1apa, BJIAXKHOCTh
IETO Ila BOJISIHOTO BO3/aYXa, %0 2 BO3/IyXa
BO3yXa, napa, Ila at
0
C

7. C)IeJ'IaTI) BBIBOJI, 3aIUCaTh IIOKa3daHUA THI'POMETpa W AaTb PCKOMCHOAIMU 110 MOAACPKAHUIO
BIIQXKHOCTH B TAOOPATOPHH B MpeieaX HOPMBI.
KoHTpoJibHbIE BOIPOCHI:
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1. Kaxoil map Ha3bIBaeTCsl HACHILIEHHbIM? YTO Takoe AMHAMHUYECKOE PABHOBECUE, TOYKA POCHI,
NnapuraibHOE AaBjaeHue?
[Touemy moka3aHusi CMOYEHHOTO TEPMOMETPA MEHBIIIE, YEM CYyXOro?
Kak, 3Has1 TOUKY pOChI, MOXHO OTPEACIUTh NapluuaibHOE 1aBlIeHUE?
4. Cyxoil 1 BIaXHBIH TEPMOMETPHI IICUXPOMETPA MMOKA3bIBAIOT OJIMHAKOBYIO TemmepaTypy. Kakosa
OTHOCHTEJbHAs BIaKHOCTh BO3/1yXa?
®opma npeacTaBieHus pe3yabTara:
Pabota nomkHa OBITH BBITIOJHEHA B TETPaAM s TaOOpaTOPHBIX padoT.
Kpurtepuu ouenku:
3a npaBUIIbHO BBIMOJIHEHHOE 33JaHHUE BBICTABIIAETCS MOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTpUIIATENbHAs olleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopoutoy evicmagnsemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvhoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

wmn

Tema 3.3 ArperatHble COCTOSIHUS BelllecTBa U (pa3oBble Nepexoabl

JlaGopaTopHoe 3ansitue Ne/

OmnpenesieHne yaeabHOM TENJI0EMKOCTH BelleCTBA

Henb: ONBITHBIM MyTEM ONPEACIUTH BEJIWYUHY YJEIbHON TEIJIOEMKOCTH BEIIECTBA M BBIICHUTH
(bu3nuecKuil CMBICT YpaBHEHHS TEIJIOBOTO OaliaHca.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1P62, I1P66, 1TP68, ITPy3, Ilpy7, I1PyS8, I1Py10, I1Py12, I1P610, Ilpy2, I1Py12, I1P610, MP3, MPS5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepunanbHoe olGecrnedeHHe: BEChl ONTUYECKUE HaA INTATUBE; Pa3HOBEC; MCCIEAYEMOE BELIECTBO;
KaJIOpUMETP; TEPMOMETD; FIEKTPOIUIUTKA; COCYJ] C BOJOM;
3amanmne
1. 3anucarp B TeTpa b Ha3BaHUE PadOTHI, LEdb pabOThI, TPUOOPHI U MPUHA/IEKHOCTH.
2. HaueptuTh TabnuIty AJs 3a1IUCH PE3Yy/IbTaTOB U3MEPEHUHN U BHIUMCIICHUI.
3. BBIUMCJIEHUSI IPOBECTU COTIAacCHO GopMyJiaM:

Terutora, oTanHas TOPSTYUM TETOM: Q=M1 Ca (13- 0)

Terutora, monydeHHast KaTopUMETPOM: Qo =M2C2(6-t2)

Temota, monydeHHas BOIOM: Qyon.5. =M3C3(0-13)

YpaBuenue temmoBoro 6amanca: Qo= Quox  M1C1(t1- 0)= maCo(0-t2)+ M3C3(0-13)
miCi(ts- 0)=( 0-t2)( M2C+ M3Cs)

Tak kak to=t3, (0-t2)=(0-t3)  c1=(0-t2)(M2Co+m3C3)/(My(t1-0))Ix/(kr-°K).
4. OnpenenuTh NOrPemHOCTH A=|Cra,-C1| - @0COMIOTHAS TTOTpEIIHOCTD; &=(A/c)-100%.

ITopsinok BbINOJHEHHS PadOTHI:
1. Omnpenenuth Maccy HcciIeyeMoro Tejia my;

2. OmnycTUTh UCCIIEyeMOE TEJIO B COCY/] C BOJIOM M HarpeTh BOAY 10 KUTICHUS,
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No gk ow

OmnpenenuT Maccy KaJlopuMeTpa my;

Hamuto J0 IIOJIOBHUHBI BOJIbI B KAJIOPUMETP M OIIPCACIIUTH MAaCCy BOJbI M3,

N3mepuTs Ha4albHYIO TEMIIEpaTypy KaJlopuMeTpa ¢ BOIoH tr=t3;

OnycTuTh HarpeToe Tello B KAJIOPUMETP C BOJOW U U3MEPHUTH TEMIIEpaTypy cMmecu 0

Pe3ynbraThl M3MepeHU W BBIYMCICHHA 3aHECHTE B TaONMIly M caenaiTe BbIBOA. [lo okoHUYaHMM

paboThI MPUHAUICKHOCTH, TETPAIb U JAHHOE PYKOBOJICTBO C/IATh MPEMOAABATEINIO.

Tadauma Nel
1. macca TBEepIOIO Tera, KI m,
2. TeMmaeparypa Temxa, °C t;
3. Mmacca KaJTopmMeTrpa., KT m-
4. mMacca BOIOBI., KT ms
5. Temmoeparypa BOXBI II KaJdopiImMeTrpa. L=t
b S
6. TemMmraeparypa cMmecii. °C o
7= vVIerasHasT TeIITIOSeMKOCTE c>
KaxopIMeTpa. J I/ (xr-°K)
S.yvoeasHAasT TeIINIOEeMKOCTE BOIBI, Cs
A/ -"K)
9. yOmemsHAasi TeIlMIOeMKOCTIHB TITBepIoIrIo ci
Terxa., Jx/(xr-°K)
10. pa-leisssa-s=cel IHagIeHIIS YVIeIBHOII Ccr
TEeILIOESeMKOCTII TBEepIOIO TEeIia,
I/ (xr -7 K)
11. orHOCIITEeIEHAsS IO penrHocTs,. 26 o

KoHnTpoJsbHbBIE BONIPOCHI:

3a mpaBUIIHLHO BBITOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAsS OlleHKa — | Oasu.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHUE, 3aJJaHNE BBICTABIISIETCS OTpUIIAaTEIbHAS OlleHKa — () 0aioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB

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

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

Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

1. KakoBa pa3zHuna Mex/ay TEINIOEMKOCTBIO TeJa U YAEeIbHOU TEMI0EMKOCTBIO?

2. B yem cmeIch YpaBHCHHA TCIIJIOBOT'O OalaHca M Kakoe OTHOIICHHE OHO HMEET K

3daKOHY COXpaHCHHA SHCPTHUU.

C[)opMa NpeacraBjJacHusd pedyjabTara:

Pabora JOJDXKHa OBITh BEITIOJIHCHA B TCTpaau IJIsd J'Ia60paTOpHLIX pa60T.

Kpurepum ounenku:

Tema 3.3 ArperaTHbie cOCTOSIHMS BewiecTBa U (a3oBbie nepexoabl
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JlaGopaTopHoe 3ansiTue Ne8

Onpenenenne MOayJIsl YIPYTOCTH Pe3HHBI

Hean: Onpeaenutbs MOIYJIb YIPYTOCTH PE3UHBI IIPH PACTHKCHUH.

Boinosinenue padorsl cnocodcTByeT GOPMIUPOBAHMIO:

I1P62, ITP66, ITP68, T1Py3,

[py7, ITPyS, IIPy10, [TPy12, I1P610, IIpy2, [1Py12, TTP610, MP3, MP5, MP15, MP28, MP31, MP32,
MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepunanbHoe olecnieyeHne: pe3nHOBBIA MWIHYp UIMHON 25—30 cMm u ceuenuem 4— 10 MM, Habop
rpy3oB 1o 0,1 kr, 1kr, 1,5kr, 2 Kr., ITaTUB, JIMHEHKA, IITAHTCHIUPKYJIb U MUKPOMETP.

Buumanue! H3zbezaiime naodenusn 2py3oe c paooueii noeepxuocmu. Cneoume 3a noJ0zHCeHUEM
wmamusga!

3aganue:
1. O3HaKOMHTbHCS C TEOPETUUECKUM MaTEPUATIOM.
Teopus.

[Ipu ycranoBuBIIElcCs ynpyroi paedopManuu paBHOACHCTBYIOUIAs BCEX BHYTPEHHUX CHII
YIPYrOCTH, BO3HUKAIOIIMX B Tejle B JIIOOOM €ro CEYEHHM, YpPaBHOBEIIMBAET BHEIIHUE CHJIBI,
JIEACTBYIOLIME HA TEJIO.

CornacHo 3akoHy ['yka, HampsyK€HHME ¢ M BBI3BAHHOE MM OTHOCHUTENIBHOE ¢ Y/UIMHEHHE
IponopuuMoHaNbHbL: 0=FE ¢ , rae E— Moayib ynpyrocru.

E=£-li i T dmgl,

S Al md>(1-1I,)
ITocne npeoOpa3oBaHUs ATOTO BBIPAKECHUS OTYUHM:
JUis SKCIIEPUMEHTAILHOTO ONPEEICHNUsST MOAYINSI YIPYTOCTH HYXHO HU3MEpPUThH BCE 2
BenuuuHE: jAedopmupyromyo cuny F (F=mg), ceuenme ob6pasma S, ero § (S = ),
nepBOHAYANbHYIO JuHY 10 n yamuaenue |. -

Xoa paGoTsI:

N3yuenne nepopmanum pacrskeHus.

1. U3mMepuTh C MOMOIIBIO INTAHTCHLUUPKYJS WIM MHKPOMETpa TOJIIMHY IIHYpa U BBIYUCIUTH
IJIOLIA/Ib €r0 NOMEPEYHOr0 CEUeHUs S.

2. llomBemmBas k mHypy rpy3sl maccod 0,1 kr, 0,2 kr, 0,3 kr, U3MEpUTh COOTBETCTBYIOLINE
a0COJIOTHBIE YAJTMHEHUS IIHYpa: U BBIUUCINTh OTHOCUTEIbHBIE YATMHEHUS IIHYpa.

3. Tlo pe3ynpTaTamMm U3MEpPEHHUI BBIUMCIUTD MOJYJIb YIIPYTOCTH pe3uHbl E U OIIeHUTh MOrpenIHoCcT!
JKCIIEPUMEHTA:

Am Al Ad Al
&= + +2—+ -
m d [-1

AE=E-¢
- a0COIOTHAS TIOTPELTHOCTb.
5. Pe3ynbraThl u3MepeHuil U BRIYUCICHUHN 3aHECTH B TaOJIHILY:

0 - oTHOCHTENBHAS TOTPEITHOCTD

H3MEPECHO BBIYHUCIICHO
N:g mkr | dom | S,m® [ lgm | Lm [ ALm| F,H |E. Ila Eq, | AE, £, %
/o [la Ila
1
2
3
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6. CnenaTh BBIBO.

KoHTpoJibHBIE BOIPOCHI.
Kakwue Buzap! neopmanmii Bel 3HaeTe?
W3menseTcs nmu BHYTPEHHSS SHEPTrus 1e()OPMHUPOBAHHBIX T’
Ot Kakux mapaMeTpoB 3aBUCUT Mo1yJb FOHra?
Kakoro Buma pedopmanus HaOmomaeTcs Npu 4YeKaHKe, Npu (OPMUPOBAHMU COCTaBa, IPU
MCTIOJIB30BAHUH JIOMKpaTa Ui TPaHCIIOPTHOTO cpeacTBa?

el N =

dopma npeacTaBJeHus pe3yabTaTa:
Pabota momkHa OBITH BBITIOJIHEHA B TETPAAM s 1a0OpaTOPHBIX padoT.
Kputepuu onenkmu:
3a MpaBUIIHLHO BBHITOJHEHHOE 33JJaHHE BBICTABIISICTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATEIbHAS o1leHKa — () OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.3 ArperatHble cocTosiHUS BelecTBa. Pa3oBble nepexoabl

JlaGopaTopnasi pa6ora Ne 9

Haémionenne pocra KpuCTaII0B U3 pacTBoOpa

Ilenv pabomwi: HabOmoOEHNE 3a MPOLECCOM POCTa KPUCTAIOB M3 PACTBOpa B J1aOOPATOPHBIX
YCIIOBUSIX, CPAaBHEHUE CKOPOCTU POCTa KpUCTAJIa B PA3JINYHBIX HAMPABICHUSIX

Boinosinenue padoTsl cnocodcTBYeT (POPMUPOBAHNIO:

[1P62, 11P66, 1TP68, T1Py3, Ilpy7, [1Py8, I1Pyl0, I1Pyl12, I1P610, Ilpy2, I1Py12, T1P610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepuanbHoe o0ecnedeHne: CTakaH, BOJA, KACTPIOJs, KapaHJalll, HUTb, COJIb.

3ananue

Hayuurtbcs rOTOBUTE HACBILLIEHHBIA PACTBOP COJIM.

[Iponaburonath 3a MPOLECCOM KPUCTAIIITN3ALUH.

Onpenenutsb yCinoBHsl, IPU KOTOPBIX IPOUCXOJUT POCT KPUCTAIIIOB.

I'padmuecku n300pa3nuTh KPUCTAIUIBI, MOSBUBILIKECS B MPOIECCE KPUCTAIIIN3ALINN, CPABHUTD UX.
Iopsiiok BbINOJIHEHUS PA0OTHI

PwnE

B3t 2 yactu Bojbl ¥ 1 9acTh COMM, pacTBOP TIIATEIBHO NEPEMENIATH B KACTPIOJIE.

Harpets pactsop.

[Iepenuts pacTBOp B CTaKaH.

[IpuBs3aTh K KapaHJally HUTh, YTOOBI OHA OIYCTHUJIACh B PACcTBOP.

[TonoxuTe KapaHam cBEPXy CTaKaHa.

OcTaBUTh CTakaH Ha HECKOJIBKO JTHEM.

[TocmoTpeTh, uTO 00pa3oBaOCh HA HUTH (M300Pa3UTh TPaPUIECKH).

O1ueHuTs pazMepsl U (opMy KPHCTAIIIOB.

Pesynbrarel HabOmtoneHMA, 3aHECTH B TaOnUIly 1, coOMIOmas MOPSAIOK ACHCTBUS W aHATH3UPYS
pe3yJbTar.

©CoNo~WNE
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10. Cpenatp BBIBOA 1O paboTe.
dopma npeaocTaBeHHs pe3yabTaTa

Tabmauua 1

Ne n/n | OevictBune PesynbTtat gencrema

Konmponsnsie éonpocut

=

Uto Takoe kpucTami?
Yro Takoe aHU30TPOITUS KPUCTAIIIOB?
CpaBHHMTE CKOPOCTH pOCTa KpUCTaUla B TOPU3OHTAJIBHOM M BEPTUKAJIBHOM HAalpaBJICHUSX.
Paznuuarorcs nu oHun?
Kak Ha3bpIBaeTcs sIBIEHUE 3aBUCUMOCTH (PU3NYECKUX CBOIMCTB KpUCTaJIa OT HAIlpaBiIeHUs?
Uro Takoe arperaTHble COCTOSIHMSI BELLIECTBA U €ro (a3bl?
KakoBbl xapakTepHble CBOHCTBa ra3000pa3Hoii (a3bl BemiecTBa?
KaxoBbl XxapakTepHble CBOWCTBa *KHIKOU (ha3bl BemecTna?
KakoBbl xapakTepHble cBolcTBa TBEPIOM (ha3bl BelecTa?
[Touemy TBEpOE TENIO TPYyIHEE CKATDH, YEM KHUIAKOCThH?
®opma npeacTraBiaeHus pe3yJabTara:
Pabora momkHa OBITH BBIIOJIHEHA B TETPAAH IS JJAOOPATOPHBIX paboT.
Kpurepun oneHku:
3a mpaBUIILHO BBHIMTOJHEHHOE 33 JaHHE BHICTABIISIETCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HenpaBWIBLHO BBINOJIHEHHOE JIEHCTBHE, 33JaHNE BBICTABIISETCS OTpHUILIATENIbHas oLeHKa — 0 6aioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB
gvicmasnsemcs 3a menee 60% MpaBUIIBHBIX OTBETOB

wn

© N A

Tema 4.2 ITocTOAHHBIN 31eKTPHYECKUH TOK

JlaGopaTopHoe 3ansiTue Nel0

Onpeneﬂe}me YaeJbHOI0 CONMPOTUBJCHUSA MMIPOBOIHUKA

Lean: onpeneneHne yaeabHOTO CONPOTUBIEHUS TPOBOIHUKA SKCIIEPUMEHTAIBHBIM TyTEM
Boinosinenue padorsl cnocodcTByeT GOPpMIUPOBAHMIO:
I1P62, I1P66, I1PGS, I1Py3, Ilpy7, IIPyS8, I1Pyl0, I1Py12, I1P610, IIpy2, I1Pyl12, ITP610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepuanbHoe oOecrmedeHHe: HCTOYHUK TOKA, aMIIepMETP, BOJBTMETP, COEIUHUTEIbHBIE
MPOBOJIA, KIIIOY, IITAHTEHIUPKYJb, JIMHEHWKA, KYCOK IPOBOJA, YACIBHOE COIMPOTHBICHHE KOTOPOTO
ONPEACIISIETC.
3ananue:
1. CamocrosTensHO cOOpaTh MEKTPUIECKYIO IIENb MO CXEME.
2. CHATB TIOKa3aHUS aMIIEpMETPa U BOJILTMETPA.
3. Hcmonp3ys MTaHTEHIUPKYJIb U JIMHEWKY, HAYYUTHCS OMPEAENsATh TeOMETPUUYECKHE pa3Mepbl
IIPOBOJHUKA.
4. OmnpenenuTth BETUYUHY YICIBHOTO COMPOTUBICHUS METalIa. - +
Iopsinok BbINOJIHEHUSI PadOTHI:
Cobpats 11emb 1Mo cXeMe U MOKa3aTh IS MPOBEPKH PYKOBOUTEIIO. —




2. 3aMKHYTbH LI€TIb M CHATH [TOKa3aHHs aMIIEpMETpa U BOJILTMETPA.
3. BplYMcIuTh CONPOTHBIICHUE POBOIHUKA 11O (hOPMYIIE.
4. W3MepuTh IIUHY ¥ BBIYUCIUTH TUIOMIA/Ib IOMIEPEYHOTO CEUCHUSI TPOBOAHMKA 110 (hOpMYyIIe:

Tod’ r

_ S=— R = L

, Tae - mnamerp mpoBOIHHUKA 4 !
5. BwuUCIUTH yIeIbHOE COMPOTUBIICHUE 11O (HOPMYIIE: R-5S
6. JlanHbie 3aHecTH B TabauIy 1. P = T

7. Bprauciauth a0CcomoTHYIO (A) M OTHOCUTENBHYIO (€) OTPEITHOCTH U3MEPEHHH 0 hopMyIIam:
A
N = — o — 0/
A= p]".—!hl]’. pi.l'ii'ﬂ"n’. &= -100%
Praga.

8.Caenarp BBIBOJ IO padoTe.
Tab6mumaNel

U.B I. A R.On| [bm | d.ou S p.1

A, O
p mai

Onm-
M

= s
E.70

BEEeMECTBO

KoHTpoJibHbIE BOPOCHI
1. Or Kkakux BEIUYMH M KAaK 3aBUCUT CONPOTHBIICHUE MPSIMOJMHEHHOTO METATMYECKOTO
MPOBOJIHHUKA?
2. JIBa MemHBIX TPOBOJHHWKA HMEIOT OJMHAKOBYIO JUTMHY, HO PA3IMYHYIO IDIOMA]b IOTEPEIHOTO
ceuenus.: 1,6 MM 1 0,8 Mm%, Kakoii MIPOBOJIHUK UMEET MEHBIIIEE CONMPOTUBIEHUE U BO CKOJIbKO pa3?
3.  CkoJBbKO METPOB HUKEIMHOBOTO IMPOBOJIA IUIOMAAbI0 mornepeunoro ceuenus 0.1 Mm? noTpedyeTcst
JUISL W3TOTOBJIEHMS peocTara C MaKCUMalbHbIM compotuBieHuem 180 Owm?  VYgaensHoe
conpoTuBiieHne Hukenuna 0,42 10°0M M.
dopma npeacTraBJieHus pe3yJbTara:
Pa6ota nomkHa ObITH BBINOJIHEHA B TETPAIU AJIs 1a0OpaTOPHBIX padoT
Kputepun onenkmn:
3a mpaBWIHHO BHITIOJIHEHHOE 3a/IaHUE BBICTABIISCTCS MOJIOKUTEbHAS OlleHKa — 1 0ast.
3a HeMpaBWJIbHO BBIMIOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIIaTebHas olleHka — () GamoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenra «Heyoosiemeopumenbhoy svicmasgisemcs 3a Menee 60% nmpaBUIBHBIX OTBETOB

Tema 4.2 ITocTOSATHHBIN 31EKTPHUUYECKUI TOK

JlaGoparopnoe 3ansaTue Nell

JKCNEPUMEHTAJIBbHAS NIPOBEPKA 3aKOHOB NAPAJLICIbLHOI0 M MOC/Ie10BATEIbLHOI0 COeIMHECHUS
NPOBOAHMKOB

Heab: u3y4uTh nocjiegoBarebHOE U NapauieibHOE cOeJMHEeHHs] IPOBOHUKOB
Brinosinenue padorsl cnoco6cTBYeT GOPMUPOBAHUIO:
I1PG2, I1PG6, I1PGS, I1Py3, I1py7, [1Py8, I1Py10, ITPy12, T1P610, IIpy2, ITPy12, I1PG10,
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MP3, MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43,
JIP34, JIP32

MarepunanbHoe obecrnieyeHue:

M CcTOYHMK AIEKTPUYECKOW SHEPrHMU C IMOCTOSHHBIM HampsokeHueMm (He Bbime 25B); BOIbTMETp
IIKOJIbHBIM;  aMIepMeTp  IIKOJbHBIA, HAO0Op JEMOHCTPAIMOHHBIX PE3UCTOPOB C  Pa3HBIMH
COIPOTHUBIICHUSIMH, KJIIOY, COSIUHUTENbHBIE TPOBOJIA.

3ananmue:

1. O3HakoMbTeCh C TEOPETHUECKUM MaTepUATIOM:
Teopus

[TocnenoBarenbHOE M MapalieIbHOE COEIMHEHUS B AJIEKTPOTEXHHKE — J[BA OCHOBHBIX Crocoba
COCJIMHEHMS BJIEMEHTOB 3JeKTpuyeckod 1menu. [Ipu mociaenoBaTenbHOM COEIWHEHUM BCE 3JIEMEHTHI
CBSI3aHBI JIPYT C IPYTOM TakK, YTO BKJIIOYAIOMIMM UX Y4aCTOK I[eNH He uMeeT (puc.l) Hu 0OAHOrO y3Ia.

[Tpu napamieTbHOM COeAMHEHUU (PUC.2) BCE BXOJAIINE B LIEIb SJICMEHTH 00BEAMHEHBI ABYMS Y3JIaMU U
HE MMEIOT CBA3CH C JAPYyruMHU y3JIaMH, €CJIM 3TO HE MPOTUBOPEUuT ycinoBui. [Ipu mocnepoBareabHOM
COCIMHCHUM TPOBOJHUKOB CHJIa TOKAa BO BCEX IIPOBOJHUKAX oOJuHaKoBa. [Ipu mociemoBaTelbHOM
COEIMHEHUH NMPOBOHIUKOB CHJIA TOKA B TIOOBIX YACTAX LIEMH OJTHA U Ta KeE:

=5, =1,
[TonHoe HampspkeHHE B LENU MPU MOCIEAOBATEIHLHOM COEIWHEHUHW, WM HaMpsDKEHHE Ha MOIcax
HMCTOYHHMKA TOKA, PABHO CYMME€ HaIPsHKEHUN HA OTETBHBIX YYaCTKaX ICIH:

U=U, + U,
Puc.1.
R, R; R,
T R:H1+R2+"'+Rn

HpI/I napaujieJibHOM COCIUHCHHUU IMAACHUC HAIIPSIKCHUA MCKAY ABYMS Yy3JIaMH, O6’b€I[I/IH$II-OH_[I/IMI/I
9JICMCHTBI ICIIH, OAMHAKOBO J1JIsSI BCEX 3JICMCHTOB.
HpI/I OTOM BCJIMYHHA, 06paTHa;1 O6H_ICMy COIIPOTUBJICHUIO HCIH, paBHa CYMMC BCIIMYUH, O6paTHBIX
COIMPOTUBJICHUAM MapaAJUICIIbHO BKIKOUYCHHBIX ITPOBOAHWKOB. Cuja Toka B HGp&?.BCTBJ'IGHHOI\/JI qacTu 1 CIH

ME eH
[ :I 1 + I 2

HaprDKeHI/Ie Ha y‘-IaCTKaX menn AB 1 Ha KOHIOax BCEX HapaJ'IJ'IeJ'II)HO COCINHCHHBIX HpOBO}IHI/IKOB OIHO U
TO XKe€:

U=U, =U,

PI/IC‘.Z.

Ry H; Hy

Jliig 1ByX mapasuieIbHO COEIMHEHHBIX PE3UCTOPOB X 00Illee CONMPOTHUBRIEHUE PABHO:
1

RlRQ

R1:R2:R3:...:Rn = =

Ecmu , TO 00IIIee COMPOTUBIICHUE PABHO:
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[Tpu mapannenbHOM COEIMHEHUU PE3UCTOPOB MX OOIIee COMPOTHUBIECHUE OyAeT MEHbIIE HAaUMEHbILEro
W3 CONPOTHUBJIEHUM.
2. CHSB MOKa3aHUA HAIMpPSDKEHUN M CHJI TOKA Ha KaXJIOM M3 YYAacTKOB LIETH, HEOOXOJMMO CBEPHUTD
COOTBETCTBYIOILINE HM3MEPEHHbIC M BBIYMCICHHBIC (M3WYECKHE BEIMYUHBI, a MO pPe3ylbTaTaMm
TaKoOW CBEPKH — CeNaTh BBIBOJ O IPOeIaHHOM paboTe
Xon padoThl:
1. ITocneooseamenvrnoe coeounenue npoeoOHUKOS.
1. Cobparts niens mo cxeme (puc. 1):

puc. 1
2.  V3Meputb HampspKeHUE, CHITy TOKa Ha IIEPBOM PE3HCTOPE.
3. V3MeHHTH cCXeMy YCTAaHOBKM W W3MEpPHUTh HANpsHKEHHE Ha BTOpoM pesucrope. Cxemy
HapHUCOBAaTh B TETPAb.
4.  Beramcnautb cymmy Hanpspxernid U1+U2 .
5.  HM3MeHuUTH cXxeMy YCTaHOBKHU M U3MEPUTH 00lIlee HaMpsDKeHNE Ha ABYX conpoTuBieHusx Ul2 .
6. IIpoBeputs, BeImomHsETCS 1 paBeHcTBo: U12=U1+U2.
7. TIpoBepuTh CIpaBeIMBOCTH PABEHCTB
Riz=R+R, u 21 = &
U, R

II. ITapajyienbHOE cOeIMHEHHE ITPOBOJHUKOB.
1. CoGpats nens no cxeme (puc. 2):

puc. 2
2. M3mepuTh HampspKEeHUE, CHITy TOKa Ha TIEPBOM PE3UCTOPE.
3. H3MeHHWTHh cXeMy YCTaHOBKM W W3MEPHUTh CHIIy TOKa Ha BTOpOM pesuctope. Cxemy
HapUCOBATh B TETPA/b.
4. Bprauciuts cymmy TokoB 11+12 .
W3MeHuTh cxeMy YCTaHOBKM M U3MEPHUTH OOIIYIO CUTy TOKa B 1ienu 112 .
[TpoBepuTh, BBITIONHSETCS JIX paBeHCTBO: 112=11+12.
[IpoBepuTh CripaBeIMBOCTh PAaBEHCTB

Nou

1/Ri>=1/Ri+1/Ro u l_‘ - &
I, R

2 1

KoHTpoJsbHbBIE BONIPOCHI:
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1. Kakoe coennHeHne CONPOTUBIEHUI HAa3bIBAETCS NOCIEA0BATENbHBIM? UeMy paBHBI
COINPOTHUBIICHUE, CHUJIA TOKA, HAPSHKEHUE B LIETIH IPU TAKOM COECTUHEHHUH?
2. Kakoe coennHeHre COPOTUBICHUI Ha3bIBaeTCs apayyienbHbIM? YeMy paBHBI
COIPOTHUBIICHUE, CUJIA TOKA, HAPSHKEHUE B LIETIH IIPU TAKOM COSTUHEHHUH?
3. HazoBute mmochl 1 MUHYCBHI TAPAJIETBHOTO U ITOCIEI0BATEILHOTO COSIMHEHUIH
MPOBOJHUKOB?
4. TlpuBenute MpUMeEpHI MAPAJUIETBHOTO U MOCIEA0BATEILHOIO COSAMHEHUS TPOBOIHUKOB.
dopma npeacTaBJieHUs pe3yJabTarTa:
PaboTa nomkHa ObITH BBIOJIHEHA B TETPAAU ISl IAOOPaTOPHBIX paboT
Kpurepun oneHku:
3a mpaBUIIHLHO BBIITOJHEHHOE 33JaHHE BHICTABIIETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JIEHCTBUE, 33JaHUE BBICTABIIACTCS OTpHUIaTeNbHas olleHKa — () 0aoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenbhoy svicmagiiemcs 3a menee 60% nmpaBUIBLHBIX OTBETOB

Tema 4.2 ITocTOSIHHBII 3/1eKTPUYECKUH TOK
JlaGopaTopHnas padora Ne 12
IIpoBepka 3akona Oma 1J1s1 y4acTKA Henu

Leab padoThl: U3MEpEHHE TOKA M HAINPSLKEHUS JIA0OPATOPHBIMU MPUOOpaMHU, SKCIEPUMEHTAIbHAS
MIPOBEpPKa BHIMOIHEHUS 3aKkoHa OMa.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

I1P62, I1P66, I1PGS, I1Py3, Ilpy7, I1Py8, I1Py10, ITPy12, 11P610, IIpy2, I1Py12, I1PG10, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepunanbHoe o0ecnieyeHre: amrepMeTp J1abopaTOPHBIN, BOJIBTMETP J1aOOPATOPHBINA, HCTOUYHUK

MUTaHUs, Habop U3 TPEX pe3uctopoB compotuBieHussMU 4 Om, 6 OM, 12 Om, peocrart, K104
3aMbIKaHUS TOKA, COeAMHUTEIbHBIE TPOBOAA.

3ananue

1. Ilpaktuyecku yoenurcs B (puU3MUECKOM CyIIHOCTH 3aKkoHa OMa Ui yyacTKa Lemnu.
2. YCTaHOBUTbH Ha ONBITE 3aBUCUMOCTb CHJIbI TOKA OT HANPsKEHUS U COMPOTUBIICHUS.
ITopsinok BbINOJIHEHHS PadOTHI

3JICKTpI/IquKI/Iﬁ TOK U HANPSIKCHUC SABJIAIOTCA OCHOBHBIMHU (1)I/I3I/I‘-ICCKI/IMI/I BCIIMYKMHAMU,
XaPaAKTCPUIYIOUMU SJICKTPOMArHUTHBIC ITPOLCCCHI B BHCKTqueCKOﬁ OCIIN.

HaHpH)KCHI/IC Ha Yy4YaCTKe 3J'ICKTpH‘ICCKOﬁ nenu U3sMepACTCA BOJIBTMETPOM, BKIIFOUCHHBIM MCKIY
ABYMS TOYKaMU LCIH MMAPAJUICIIbHO 3TOMY YYACTKY.

Tok nemnu HU3MEPACTCA aMIICPMETPOM, BKIIFOUCHHBIM MTOCJICA0BATCIIBHO C LCIIBIO.

Cxema BKIIIOUCHHS BOJIbTMCTpPA V " aMIIepMeTpa A moka3aHa Ha PUCYHKaX:
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Tok u HAIIPSPKCHUE Ha Y4YaCTKE SHCKTpI/I‘IeCKOﬁ ey € pE3UCTHUBHBIM 3JICMCHTOM R cBs3anbl

3akoHoM OmMma: || = —

1. HccaenoBanue 3aBUCHMOCTH CHJIBI TOKA OT HaNPSAKCHUA HA TAHHOM YYaCTKe L ECINn.
Bxknrouute TOK. HpI/I oMo pe€ocCTaTa AOBCAUTC HAIIPAKCHUC HA 3a)KUMaAX IIPOBOJIOYHOI'O pE3UCTOPA 10

1.5 B, 3arem 10 2 B 1 1o 3 B. Kaxxplii pa3 npu 3TOM U3MepsiiTe CUTy TOKa M pe3yJbTaThl 3alChIBATE B
Tabm. 1.

Al

Tabauua 1. 08

U, B
Hanpsi’KeHne

I, A

CHJIA TOKA U [B]

[TocTpouts rpaduk 3aBUCUMOCTHU CUJIBI TOKA OT HAPSKEHUSI

2. WccaenoBaHue 3aBUCMMOCTH CHJIBI TOKA OT CONPOTHBJIEHHS YYACTKA LEeNU MPHU NMOCTOSHHOM
HANPSAKEHUN HA ero KOHIAX.

BxmrounTe B 11€mb MO TOM K€ cXeMe MPOBOJIOYHBIN PE3UCTOP CHavasia conpoTuBiecHueM 4 OMm, 3ateMm

6 Om u 12 Om. ITpu moMorm peocTara ycTaHABIMBAHTE HAa KOHIIAX YYacTKa KOKIBIA pa3 OJHO U TO XKe

HanpspDKeHue, Hampumep, 2 B. M3wmepsiite mnpu

5TOM CHJIy TOKa, pe3yJbTaThl 3amuchiBaiite B | '™ 1
Tabnuiy 2. 08
Tabnuma 2. as
04

R, Om
02

CONPOTHBJICHHE
0

U 8]
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I, A

CHJIAa TOKA

HOCTpOI/ITB Fpa(l)I/IK 3aBUCUMOCTH CHUJIbI TOKA OT COIIPOTHUBJICHUA

1. Pe3ynbTarhl U3MEpeHUN U BBIYMCICHUN 3aHECTH B TaOMMIBI | ¥ 2 ¢ MOCTPOCHHEM COOTBETCTBYIOIINX

rpa¢uKoB.

2. CpenaTh BBIBOJ 11O padoTe.

KOHTpOJ’[LHbIe BOIIPOCHI

1. Hampspkenue Ha 3akuMax ayiekrpuueckoro ytiora 220B, ConpoTuBiieHHEe HarpeBaTeIbHOIO 3JIEMEHTA

ytiora 50 OM. Yemy paBHa cuiia TOKa B HArpeBaTEIbHOM AJIEMEHTE?

2. Cuna Toka cnupanu snekrpudeckoi nammsl 0,7A, comporusienue gammnbel 3100M. Ompenenute

HaIIPsAKCHUE, 110 KOTOPBIM HAXOAWUTCA JIaMIIa.

3. MoHO JI1 BKJIIOYHUTH B CeTh ¢ HanpspkeHneM 220BoabT peoctat, Ha KOTopoM Hammcano: a) 300m, SA;

6)2000 Om, 0,2 A.

. Manbl rpaduku 3aBUCUMOCTH CHITBI TOKA OT HAMIPSHKEHUS TS KaXI0TO U3 JIBYX MapajuieIbHO
COEMHEHHBIX MPOBOAHUKOB (cM.puc.l). OnpeaenuTs cuily TOKa B HEPa3BETBIEHHON YacTH, LENH,
KOI'Jla HalpsKeHUE Ha KOHLAX ydacTka. 2 B.

N

T(A)

5
4
3
2
1

A

1

2 3 4

5

.
U(®B)

J(A)‘

il

.
U (B)

5. JlaHbl rpaduKky 3aBUCHMOCTH CHJIBI TOKA OT HANPSKEHUS IBYX Y4acTKOB 1ienu (cM.puc.2). Ha kakom
y4acTKe COMPOTUBIIEHUE OOJIBIIE U BO CKOJIBKO pa3?

(I)opMa NnpeacraBJCHus pe3yjabTara:
PaGora JOJIDKHa OBITh BEHITIOJIHCHA B TETpaau IJIsd J'Ia60paT0pHBIX pa60T.

Kpurtepum ounenku:

3a MpaBWJIBHO BBHIMOJTHEHHOE 33/1aHKE BBICTABIISIETCS TIOJIOKUTENbHAS OIleHKa — 1 Ga.

3a HeTpaBWJILHO BHITIOJTHEHHOE JICHCTBHE, 33aHNE BBICTABIISIETCS OTpUIIATEIbHAS OlleHKa — 0 0aioB.
Oyenka «omauunoy evicmasisiemcs 3a 90 — 1009 nmpaBUIBHBIX OTBETOB

Oyenka «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenxa «yoosnemeopumensvho» svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

Oyenka «neyoosnemeopumenbHoy svicmasisiemcs 3a menee 60% MpaBUIBLHBIX OTBETOB
svicmagnaemcs 3a MeHee 60% paBUILHBIX OTBETOB

Tema 4.2 ITocTOSAHHBIN 3J1eKTPUYECKUH TOK

JlabopaTopHoe 3ansitue Nel3
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HN3ydenue padorsl mysabTuMerpa. Onpenesenue J/1C u BHyTpeHHEro CONpoOTUBJICHUSA UCTOYHUKA
3JIEKTPUYECKOI IHEPTrumn

Leab: HAyYUTHCS MOIB30BATHCS MYJIBTUMETPOM ISl PA3HBIX PEKUMOB pabOThI
BoinosiHeHue pa6oTsl cnocodcTBYeT (POPMUPOBAHUIO:
[1P62, ITP66, I1P6S, I1Py3, IIpy7, I1Py8, I1Py10, I1Py12, I1PG10, IIpy2, I1Py12, TTP610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34,
JIP32,
MatepuajbHoe o0ecrnedyeHHe: MYyIbTHMETP, HaOOp PE3UCTOPOB, OUOIBI, TPHUOMABI, UCTOYHUK TOKa,
peocTar, COeAMHUTENbHBIE TPOBO/IA, KITFOY.
HNHcTpyKuus no npuMeHeHHI0 MyJIbTHMeTPA
IHepexiouaTesb pexxuMa U IUANA30HA U3MEPEHMI.
[epexmtouarenp pexuMa U Juana3oHa K3MEPEHH HCIIONB3YETCs ISl BKIIOUSHHS IPUOOpa, a TaKXKe JUIs
BBIOOpA JKeIaeMoro pexkuma paboThl U mpesena usmepenus. g yBenuueHus: cpoka ciy:k0bl OaTapeu,
MepeBOANTE Mepekiovaresis B nojoxenue «OFF», mocie BIONHEHUS N3MEPEHU .
HN3mepenue HanpsizKeHUS MOCTOSIHHOTO M NIEPEMEHHOIr0 TOKA.
1.IToaxnrounte KpacHbIi pa3beM B rHe310 «VQmA», uepHblil pa3beM B rHe310 «COM»
2.YCcTaHOBUTE MEPEKIIOUATENb PEKUMA U3MEPEHUIN HA JKeJIaeMbli 1MaNa30H U3MEPEHUS HAIIPSKEHUs , B
ClIy4a€ €CJIA HEHW3BECTHO NPUMEPHOE 3HAYCHHE HAINPSIKEHHUs , YCTAHOBUTE IIEPEKIIIOYATENh Ha
MaKCUMaJbHOE 3HAUEHHUE U CHIDKANTE Mpeen U3MEPEHHs A0 MOIYyYEHUsI ONTUMAIbHOTO 3HAYEHUS .

Pexum [Tar usmepenus IorpemnocTs

200 MB 100 MB +0,5 % ns 3ro 3Haka
2000 mB 1 MB +0,8 % s 2ro 3Haka
20B 10 MB

200 B 100 MmB +1,0 % mu1s 2ro 3HaKka

3. [lpukocHutech NMpoOHMKAMU K YCTPONCTBY WJIM TOUKAM 3JIEKTPUUECKON CXEMbI . rie Tpedyercs
U3MEPUTH HANPSKEHUE.

4. B cnyuyae HanmuuMsl HarpsKEHUsI TPUOOP MOKaXKET HAPsHKEHNE U MOJISIPHOCTbD.

HN3mepeHue NOCTOAHHOIO TOKA

1.IToaxntounte KpacHbIi MPOOHUK K pazbeMy «VQmAy». YUepHsblil k pazpemy «COM»(mist nusmepeHus
ToKOB 0T 200MA 110 10 A ncnone3yiite pazseM «10A»)

2 VYcraHOBHTE NEpeKtoYaTeNlb BbIOOpAa peXMMa HM3MEPEHHH Ha JKEJIaeMbll Mpenen H3MepeHus
IIOCTOSIHHOT'O TOKA .

3.Pa3beuHuTe M3MEpSEMYIO0 SJEKTPUYECKYIO IeNb U MOJCOEIMHUTE MPOOHMKHU MOCIEA0BATENbHO C
Harpy3Kou.

4. Ha nucruiee mogBUTCS 3HAYECHUS TOKA.

6. Pazpem «10A» mnpengHasHaueH I HEYACTOTO HCIIOJIB30BAHMA. BpeMs u3MepeHMs HE JOJDKHO
npeBbllaTh 15 cekyHJ, a MeXay H3MEpEeHUSMH HEOOXOIHMMO BBLIEPKMBATh HECKOJIBKO CEKYHJ BO
n30exaHue MOBPEeXIeHUs proopa.

HN3mepenue conpoTuBJICHUSA

1.IIpucoenunuTe KpacHblii IpoOHUK K pazbeMy «VQmMAY. UepHslii k pazbemy «COM».

2.YcraHOBUTE TIEpeKItoyaTellb BbIOOpa peXHMMa H3MEpPEHMH Ha JKelaeMblii TMpenes H3MEpeHUs
COIIPOTHBIICHUS.

3. Ilpunoxure npoOHUKM K wH3MepseMoMy oOpa3ily, AuCIUIe OToOpa3uT MNpU 3TOM 3HAUYEHHE
COIIPOTHBIIEHUS .

Pexxum MHoxuTenb Tlorpemnocts

200Q2 0,1 +(1.0% mns 10ro 3Haka)
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2000Q2 1

20KQ 10
200KQ 100 +(1.0% nns 4ro 3Haka)
2000KQ 1000

IIpoBepka quonos
1.IlogkmrounTte KpacHbIA MPOOHUK K pazbeMy «VQmAy., 4epHbIii kK pazbemy «COM».
2. YcTaHOBHTE TIEpEKITI0UaTeNh BBIOOPA peKUMa U3MEPEHUN Ha 3HAYOK |Iroa
3. CoenMHHATE KPACHBIA TPOOHUK C aHOJIOM (P) TECTUPYEMOTO THO/Ia, & YSPHBIN MPOOHUK ¢ KaToAoM (1)
4. Jlucrinel mokakeT 3Hau€HUE HanpspkeHus B MB. eciau mossipHOCTh aMoAa mepenyTaHa , JUCIUIEH
oToOpa3uT «1».
N3mepenue Temnepatypsbl
1.ITpucoeaunure Tepmomnapy k pazbeMy «VOmMA» u k pazbemy «COM».
2.YcTaHOBHTE MEePEKII0YaTelb BHIOOpa pexruMa U3MepeHuid Ha u3mepenue temnepatypsl « TEMIT»
3. Qucnuieit oToOpa3uT 3HaUeHHE TeMIepaTypsl B rpanycax Llenbcus.
3ByKoBasi IPO3BOHKA
1.IMonkmrounTe KpacHbI MPOOHUK K pazbemy «VQmAy. UepHslit k pazbemy «COM».
2.YcTaHOBHTE MEPEKII0YaTebh BHIOOpa pexkruMa U3MEPEHUN Ha 3BOHOK
3.Ilpucoenunure nNpoOHUKH K MPO3BaHMBAaEMOW cxeme, npu comnpotuBieHun mMeHee 30 OMm mopaercs
3BYKOBOM CUTHAIL.
Ilopsinok BbINOJHEHHS Pa0OTHI:
[IpounTaiite TeOpeTUUECKHI MaTepHal:
Teoperuyeckunii Mmarepuasn:
Ilonynpogoonuxosulii 0uoo
Juon  comepxutr  p-N-mepexon, — 3aKIOYEHHbIH B |

TEPMETUYECKUI KOPIYC M COEIUHEHHBIH C METAJTIMYECKUMHU

BbIBOJIaMU. BbIBoJ OT p-o0jacTu Ha3bIBAIOT aHOAOM, OT n- ‘ (ST

00/1aCTH — KaTOIOM. ?

JAuon- TONYNPOBOJHUKOBBIM TpuOOp, MNpeAHAa3HAUYEHHBIM JUIs yCUJICHHS MpeoOpa3oBaHUS
TEHEPUPOBAHUS HTEKTPUUECKUX KOJICOAHHUI pa3IMuHON YaCTOTHI.

TpaH3ucTOp COCTOUT U3 TpeX oOyacTell ¢ pa3NTUYHON MPOBOAUMOCTHIO. Pa3nuyaroT TpaH3uCTOPHI
Tuna p-N-p u n-p-n. Cpegnsisi 30Ha Ha3bIBaeTCs Oazou. TonmmHa 6a3bl H0HKHA OBITH MEHBIIE JITTUHBI
cBoOOAHOrO Mpobera snekTpoHa. B TpaH3ucTope mMMeroTcs nBa p-N-mepexoma. JleBwlil p-n mepexon
SIBJISIETCS TIPSIMBIM U OTJIENSIET 0a3y OT 00JIaCTH ¢ IPOBOJUMOCTBIO P-THUIIA, HA3bIBAEMYIO omummepom. B
ATON 00JACTH aKIENTOPHON MPUMECH B COTHH pa3 OOJbIlle, YeM JOHOPHOU ImpuMecH B 0ase, T. €. ABIPOK B
OMUTTEpPE 3HAYUTEIHLHO OOJbINE, YeM JJIEKTpOHOB B Oasze. [lpaBblii mepexos sBIseTCS OOpaTHBIM W
otaensieT 6a3zy OT 00JIaCTH C MPOBOJIUMOCTBIO P-THIIA, HA3BIBAEMOU KOLIEKMOPOM.

— 1 N i — —4 i F | _—
3 K 3

Xox padoThI:

132



1.M3yunTh MHCTPYKIIHIO 110 SKCILTyaTalluy Mpuodopa.
2. 3MepuTh CONPOTUBIIECHUS PE3UCTOPOB, JaHHBIE 3allHCaTh B TAOIUILY

Ne n/m Conporusiaenue, Om

3.Cobparhb 1ermb 1Mo cxeme

4.3aMKHYTb LI€TIb, IPU HEUCIIPABHOCTH LIETIH ITPO3BOHUTH LIEMb, HAWUTH HEUCIIPABHOCTb.
5.M3MepuTh HampsKeHUE Ha OaTtapeiike u peocrare.

6. PazoMkHyTh 11eTIb. VI3MepuTh TEMIIEPATYpy pE3UCTOPA U peocTaTa.

7.3MepuTh CONMPOTUBIIEHUE PE3UCTOPA U PEOCTAaTa, JaHHBIE 3alKicaTh B TAOIUILY

HanmeHoBanue ConporusJienune, Om Hanpsizxkenne, B Temneparypa, °C

Pesuctop

Peocrar

WUcroyuuk Toka | eeee-

8. IloBTOpHUTH TEOPETUUECKHI MaTepHal MO MOJIYIPOBOJIHUKOBEIM MPUOOpaM: TUOAY U TPAH3UCTOPY.
9. [IpoBepuTh AMOBI (UCIIPABHOCTD, TIOJIIPHOCTH ).
10. Tpauzucropsl. OmnpeaenuTs BBIBOJBI TpaH3UCTOpa (KOJUIEKTOpP, 06a3a, SMUTTEpP) U THUI TPaH3UCTOpa
(p-n-p) niu (n-p-n)
11. 3anucaTh BBIBOJ 1O paboTe, OTBETUB Ha BOMPOCHI.
KoHnTpoJibHbIE BONpOCHI:
1. Kak BbisicHUTD, 4TO Au0A HeucnpaeH? 2. Kak BBISICHUTD p- U N- KOHTAKThI [uojaa’?

2. Kak onpenenuts 6a3y y TpaH3UCTOpA.
3. HasoBure riaBHble CBOICTBA AMOAA U TPAH3UCTOPA.
4. VYcTpoiicTBO IM0Ja U TPAH3UCTOPA.

Yacrs 2. U3yueHnne siBj1eHUS 3JIEKTPOMATHUTHOM MHAYKIHMH
Ilesab paGoThI: ONBITHBIM NyTeM YOEAUTHCS B MOSBICHMM WMHAYKIIMOHHOI'O TOKAa U MPOBEPUTH 3aKOH
Jlenna.
OOopynoBanmue: MUUIMAMIIEPMETP, MUCTOUYHUK MHUTAHUS, KaTYIIKHM C CepACUYHUKAMH, AYrOOOpa3HbIH
MAarHuT, BBIKJIIOUATeNb KHOMTOYHBIN, COeIMHUTENbHbIE TPOBO/Ia, MArHUTHAS CTpEJIKa (KoMIac), peocTar.
Teopernyeckas 4acThb:

SIBneHue DIEKTPOMArHUTHOW MHAYKLIMHU 3aKI0YacTCsd B BO3HUKHOBEHHMM JJIEKTPUYECKOIO TOKA B
MIPOBOJSIIEM KOHTYpE, KOTOPBIH JINOO MOKOUTCS B NMEPEMEHHOM BO BPEMEHHM MarHHUTHOM Iojie, OO
JIBMDKETCSI B TIOCTOSSHHOM MAarHMTHOM TIOJI€ TakKUM OOpa3oM, YTO YHCIO JIMHUN MarHUTHOW HMHIYKLUH,
MIPOHU3BIBAIOIIUX KOHTYp, MeHsieTcs. B Hamem ciydae pazymHee Obulo Obl MEHSATH BO BpPEMEHH
MarHuTHOE MOJIe, TaK KaK OHO CO3/aeTcsl IBMKYIIUMHCS (cBOOOAHO) MarHUTOM. COTacHO MpaBHITy
JleHna, BO3HHMKAOIMMII B 3aMKHYTOM KOHTYpPE WHIYKIMOHHBI TOK CBOMM MAarHUTHBIM I10JEM
MIPOTUBOJECUCTBYET TOMY U3MEHEHHUIO MarHUTHOI'O IIOTOKA, KOTOPBIM OH BbI3BaH. B JaHHOM citydae 3TO
MBI MO’KEM Ha0JII0/1aTh MO0 OTKJIOHEHHUIO CTPEIKH MIJTHAMIIEpMETpa.

ITopsinok BbINOJHEHHS padOTHI:

1. BcTaBbTe B OJJHY U3 KaTyLIEK JKEJIE3HBIN CEPICUHHUK, 3aKpENNB €ro raiikoi. Iloakmrounre 3Ty Karymky
4yepe3 MWUIMaMIIEpPMETP, PEOCTaT U KIIOY K HCTOYHUKY NUTAHWS. 3aMKHHUTE KIIOY U C IOMOIIBIO
MarHMTHON CTpenKu (KoMIaca) OIpelesuTe pPacIoyioKEeHUEe MArHUTHBIX IOJIOCOB KAaTYIIKH C TOKOM.
3adukcupyiiTe, B KaKyl0 CTOPOHY OTKJIOHSETCS IIPU 3TOM CTpelKka MuuMammnepmerpa. B pambHelimem
IIPU BBIMOJIHEHUH PAabOThI MOKHO OYyJIeT CyAMTb O PACHOJIO)KEHWHM MAarHUTHBIX IOJIFOCOB KaTYLIKU C
TOKOM I10 HaIIPABJICHUIO OTKJIOHEHMS CTPEIKH MAJUIMAMIIEPMETPA.
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2. OTKJIIOYUTE OT IIEMH PEeoCTaT M KoY, 3aMKHUTE MUJLTMAMIICPMETpP Ha KaTYIIKY, COXPAaHHUB MOPSI0K
COCMHEHUS MX KJIIEMM.
3. [IpucraBpTe cepieYHUK K OJJHOMY U3 TOJIOCOB JYyrooOpa3HOro MarHuTa W BIBUHBTE BHYTPb KaTYyIIKH,
HaOJII0/1as1 OTHOBPEMEHHO 3a CTPEJIKON MIJUTHaMIIEpMETpa.
4. [ToBTopuTe HAOIIOJCHNE, BBIABHUIAs CEPIACYHHUK U3 KATYIIKH, a TAK)KEe MEHSIS MOJIF0CAa MarHUTA.
5. 3apucyiiTe cxemMy OIbITa U MPOBEPHTE BHIMOJIHEHHE MTpaBuia JICHIIa B KaXKIOM ClTydae.
6. Pacnonoxwute BTOpYIO KaTyIIKy PSIOM C TIEPBOM TaK, YTOOBI MX OCH COBIIAIAIH.
7. BcraBpTe B 00€ KATyIIKH JKEJIE3HBIC CEPACYHUKH W TPHUCOCAMHUTE BTOPYIO KATYIIKY Yepes
BBIKJTIOYATEIh K UCTOYHHKY MTUTAHUSI.
8. 3ambIkas ¥ pa3MbIKas K04, HAaOIr0IalTe OTKIIOHCHHUE CTPEIIKA MUJLTHAMIIEPMETPA.
9. 3apucyiiTe cxeMmy omnbITa U IPOBEPHTE BBHINIOIHEHUE MpaBuiia JIleHa.
KoHTpoJibHBbIE BOIPOCHI:
1.B dem 3akitouaercs SBJICHUE JIEKTPOMArHUTHOM UHTYKIIUU?
2.Kak noimKeH JBHUTraTtbCs 3aMKHYTBHIA MPOBOISIIMKA KOHTYP B OJHOPOJHOM MAarHUTHOM IIOJIEM . HE
3aBUCSIIEM OT BPEMEHH, MTOCTYIATELHO WM BPAIAaTEeIbHO, YTOOB B HEM BO3HHUK MHIYKIIMOHHBIH TOK?
3.Metamn4yeckoe KOJbII0 MOXET CBOOOTHO JBUTaThCs MO CEPACYHUKY KATYIIKH, BKIIOYCHHOW B ICIb
MOCTOSTHHOTO TOKa. YTO OyAET MPONCXOIUTh B MOMEHT 3aMBIKaHUS M Pa3MBIKAHUS LIETTH ?

®dopma npeacTaBiaeHusl pe3yJabTarTa:

Pabora nmomkHa ObITH BBIOJIHEHA B TETPAAH ISl IAOOPATOPHBIX padoT

Kpurepun oneHku:
3a mpaBUIILHO BBHIMTOJHEHHOE 33JaHHE BHICTABIIICTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBWIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNUE BHICTABIISCTCS OTpUIIATEIbHAsI OlleHKa — 0 0aJuIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% nmpaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 npaBUIBHBIX OTBETOB

Tema 4.2 ITocTOSIHHBII 3J1eKTPUYECKUH TOK
Jladoparopnasi padora Neld

HccnenoBanue 3aBUCHMOCTH MOIIIHOCTH, HOTpeﬁﬂﬂeMOﬁ JaAMIIOM HAKAJIMBAHUS OT HaANPSAKCHUS HA
€€ 3a’KumMax

Ilem, paﬁoTbI: HnCcCjaca0BaTb 3aBUCUMOCTH MOIITHOCTH, HOTpC6J'I$I€MOI>i JIaMIoO#i HaKaJuBaHUS OT
HAIIPSPKCHUA Ha €€ 3aKUMax

Boinosinenue padorsl cnocodcTByeT GOpMHUPOBAHMIO:

I1P62, T1P66, 1TP68, ITPy3, Ilpy7, I1Py8, I1Py10, I1Py12, I1PG10, IIpy2, ITPy12, TTP610, MP3, MP5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepuanbHoe obecniedenue: 6aTapes akKyMyJITopa, JJIEKTpUYecKas JJaMIouKa ¢ HaTpOHOM, peocTar

CO CKOJIB3AIIUM KOHTAaKTOM, aMIICPMETP, BOJIBTMETP MOCTOAHHOTO TOKAa, COCAMHUTCIIBHBIC ITPOBOJA,
KJIIO4.

3ananue

1. BBIICHUTB, KaK 3aBUCUT MOIIIHOCTb AJIEKTPHUUYECKOTO TOKA OT HAIPSKEHUS U CUJIBI TOKA B IIETIH.
2. DKCIIepUMEHTAILHBIM IYTEM MTOTBEPIUTH ITY 3aBUCHMOCTbD.
IHopsiiok BhINOJIHEHHS PA0OTHI
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1. Cobpats 11e11b 110 CXEME.

2. 3aMKHYTb LIETIb U U3MEPUTH HAauOOoJIbIlIee HAPSXKEHUE
Ha 32)KMMaXx JaMIIbl U BEJIMYMHY TOKA B IIETH, a 3aTeM

BBIYHCIIUTH MOITHOCTE TOKa P=]-U.

3. YMeHbIINTH HAIIpsKCHUC HA 3aKUMax JIaMIIbI C
IMOMOIIbBIO pCOoCTaTa U UBMCPUTH CUITY TOKA B LICIIH, A

3aTEM BbBIYHMCIINTH MOIIHOCTDH TOKA.

4. IIpousBecTy ONBIT elI€ pa3, YMEHBIINB HANPSHKEHUE Ha

3aXuMax.

5. Pe3ynbTarhl BceX U3MEPEHUHN M BHIYMCIICHUH 3amucaTh B Ta0uuy 1.

6. HpoaHaanpOBaTL HU3MCHCHHUEC MOIIHOCTH, HOTpC6H$IeMOI>'I JIAMITOM HaKaJIMBaHUs, IIpU H3MCHCHUU

HaIIpsKCHUA Ha e€ 3axumax.

7. Cnenatb BbIBOJ IO padoTe.

O, —O-

.I_

(I)opMa nmpeaocraBjJacHus pe3yjabTaTra

Tabmuna 1.

\I1 Cuna Toka, A

Hanpsxenue, B

MomrHocTs, BT

KOHTpO.]II)HbIe BOITPOCHI

=

HAIps>KCHUA U CUJIbI TOKa?

w

UTto Ha3bIBatOT MOUTHOCTBIO U KaK €€ paccuuTarh?
2. Yrto mpHHUMAIOT 3a eAMHUILY MolTHOCTH? Kak BbIpaxkaeTcsi eTMHHIIA MOLTHOCTH Yepe3 eIMHUIIbI

Kakue CAMHUIBI MOIITHOCTU HCIIOJIB3YIOT B HpaKTI/IKe?

4. B uens c HanpsbkeHueM 127 B BkiItoueHa aeKTpuueckas jJamia, cuiia Toka B kotopoit 0,6A. Haiitu

MOIIIHOCTH TOKa B JIaMIIC.

5. DneKTpoIuIMTKa paccurTaHa Ha HamnpspkeHue 220B u cuny Toka 3A. Onpenennute MOIIHOCTh TOKA B

IIJIMTKE.
CbopMa NpeacTaBJICHUs pe3yjabTara:

PaboTa nomkHa ObITh BBINOJIHEHA B TETPAIM Ul JJaOOPaTOPHBIX paboT.

Kpurepum ounenku:

3a IMMPaBUJIbHO BBIIIOJIHCHHOC 3aJaHUEC BBICTABIIACTCS ITOJIOKUTCIIbHAA OLCHKA — 1 Oamn.

3a HeMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNEe BHICTABIISIETCS OTPHUIIATEIbHAS onleHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmassiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB

Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenbhoy svicmasisemcs 3a Mmeaee 60% nMpaBUIBLHBIX OTBETOB
svicmagniemcs 3a MeHee 60% paBUILHBIX OTBETOB

Tema 4.2 ITocTOSATHHBIN 31EKTPHUUYECKUI TOK

JlabopaTopHoe 3ansitue NelS
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Onpenesienue TeMneparypHoro kodgpduuneHra Meau

Heab: packpbITh BIUSHUE TEeMIEpPaTyphbl Ha ANEKTPUUECKOE COMPOTUBICHHE METANIOB; ONBITHBIM
nyréM  ONpeAeNuTh  KOAXPQPHUIMEHT TEPMUYECKOTO  CONPOTHUBICHHS  MEAW; TOCTPOHUTH IO
9KCIIEPUMEHTAIbHBIM JAaHHBIM TpaduK 3aBUCUMOCTH COIIPOTUBIICHHS OT TEMIIEPATYPBhI.

BoinosiHeHune pa6oTsl crioco0cTBYeT (POPMUPOBAHUIO:

I1P62, I1PG6, I1PGS, I1Py3, Ilpy7, I1Py8, I1Pyl0, I1Py12, I1P610, Ilpy2, I1Pyl12, ITP610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepuanbHoe oOecnedeHue: MpUOOp ISl ONpPENEICHUS TEMIEPATypHOTO KOIPduIeHTa
CONpOTUBIIECHUS MeliU, TepMomeTp TexHuueckuid ot 0 1o 100°C ¢ uenoit aenenus 1°C, omMeTp, BHELIHUMA
COCYyJl KaJIOpUMETpa C BOJAOH, AJIEKTPOIUIUTKA, KIF0OY, COSAUHUTENbHBIC MMPOBO/A, MTATUB ¢ My(TON H
JIAIIKOM.
Teopernueckuii MaTepuas:

DNEeKTPUUECKOE COMPOTHUBIEHUE 3aBUCUT OT TemmepaTypbl. OObsCHsIETcs 3TO TeM, UTO
YIOPSAOYEHHOMY JBM)KEHHMIO CBOOOJHBIX JJIEKTPOHOB AJIEKTPUYECKHMM TOK 3TO YHOPSJOYEHHOE
JBUKCHHUE 3apsHKEHHBIX YaCTHUI[ - 3JEKTPOHOB) OKa3bIBAIOT MPOTHUBOJCIHCTBHE (COMPOTHUBIICEHUE) aTOMBI
KPUCTAJINYECKON PEIIETKU, HHTEHCUBHOCTD TEIJIOBOTO JBUKEHHSI KOTOPBIX U3MEHSETCS C M3MEHEHUEM
TEMIIEPATYPHI.

VY XMMHUYECKH YUCTBHIX METAJJIOB C MOBHIIIEHHEM TeMieparypsl Ha 1°C conmpoTHBIIEHHE BO3pacTaeT
npumepro Ha 0,004 (1/273) conpotusnenus npu 0°C 1 BeIpaskaeTcst TMHEHHONW 3aBUCUMOCTBIO

Rt =Ro(1+0aAt), toe

Ro—conpotusnenue meramia mpu 0°C,

At- pa3HOCTB TemIiepaTyp (KOHEYHON U HayaJIbHOK);

o - TeMrepaTypHbld KOd((PUIIMEHT COMPOTHUBIICHNUS, MOKA3bIBAIONINH, HA KaKyl0 YacTh HA4aJbHOTO
conpotusiieHus npopoauuka npu 0°C (273K) usmenseTcss conpoTuBiieHHe Npu HarpeBanuu Ha 1°C uimu
1K.

0=A R/ RoAt mm o=A R/ RoAT
AR= Rt -R 0-
OnBITHBIM MYTEM MOKHO ONPEAENUTh 0, HE Mpuoderas K u3MepeHuto conportuBieHus Rg. [as storo
HEO0O0XO/JMMO JIBaXJIbl M3MEPUTh COINPOTHBIIEHHE HccieqyemMoro MaTtepuana Ri m Ry mpu pasHbix
TeMIIeparypax t; u tp.

ITopsinok BbINOJHEHHS PadOTHI:

1. Cocyn ¢ BoJo MOCTaBUThH HA AJIEKTPOIIUTKY U BKIIIOUUTH €€ B CETh.

2. OnpenenuTp LEHY JIeIEeHUsT OMMETpa.

3. N3meputs conpoTuBieHne Ry MeTHON MPOBOJIOKK P KOMHATHOM TeMIlepaType ti.

4. OnycTtuTth MpuOOp B BOJLY, YCTAHOBUTH B HEM TepMoMmeTp. [Ipu HeKoTOpo# TeMiieparype ty U3MepUTh
conpotusieHue Ry necnenyeMoi mpoBOJIOKH.

5. OnbIT MOBTOPUTH HECKOJIBKO Pa3.

6. Berumcauts 2 — 3 pasa a, uCnojb3ys cooTHoIreHue: o= R, - R/ (R1t; — R tp).

7. OnpenenuTh CpelHee 3HAUYEHUE Ogp, U CPABHUB IOJIYUYEHHBIH pe3yiabTaT ¢ TaOIWYHBIM 3HauUCHHEM

TEMIIEPATYPHOTO KO3PPUIIUEHTA COMPOTUBIICHUS MEIH, BEIUNCIUTH OTHOCUTENBHYIO TOTPEIIHOCTD.
8. Pe3ynbTarhl N3MEpEHUH U BHIUMCIICHUH 3anucaTh B TAOIUILY.

Temnepary Conporu Temnepat Cpennee TO. OTtHocuUTeNbH
Ne pa BJICHHE YPHBIii 3HAYeHHe 3HaYeHHe as
MeTHOI MeTHOI k03¢ dpunn TeMIeparyp TeMIeparyp NOIPEelIHOCTh
NMPOBOJIOKH NMPOBOJIOK eHT HOT0 HOT0
t, °C u R, Om CONMPOTHUBJ ko3 dunue kodpunue
eHust HTA HTA o, %
a, (°C)* conpoTHuBIe CONMpoTHBIE
HUS HUS
acp.
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9.Hcnonb3ysi naHHBIC HKCIIEPUMEHTAa, MOCTPOUTH IrpaduK 3aBUCHMOCTH R OT t, OTKIaabIBas MO OCH
abcucc — remneparypy B °C Ha OCH OpJIMHAT — COTIPOTHUBIICHUE.

10.Cnenatp BBIBOA 1O pabdoTe.

KoHTpoJibHbIE BONIPOCHI:

KaxoBa pusudeckast CymHOCTb 3JIEKTPHUUECKOTr0 COPOTUBIICHUS?

Kak 0OBSICHUTH YBEIMUEHUS COITPOTUBIICHHUS METAJUIOB TIPU HArpEeBaHUHN?

OO0bsacHUTD (HOpMYITy, 10 KOTOPOU ONpeAeNsieTcs TeMIIepaTypHbIi KOOPGUIIUEHT COMPOTUBIICHUS.

[Touemy TemrepaTypHblii KOAPGUIUEHT CONPOTUBICHUS TSI SJIEKTPOIUTOB OTPUIATEIBHBIN?

KaxkoBo conpotusnenue 0,5 kr meaHoM npoBosioku quametrpom 0,3 mm?

VYkazaTh npakTU4eckoe MPUMEHEHHE 3aBUCUMOCTH COMPOTHUBIICHUS IPOBOJHHUKA OT TEMIIEPATYPH.

dopma npeacTaBJeHus pe3yabTaTa:

PaGota gomkHa ObITH BHIMIOJIHEHA B TETPAIU AJIs Ta0OPATOPHBIX padoT

Kputepuu onenkmu:

3a npaBUIIbHO BBIMOJIHEHHOE 331aHUE BBICTABIISECTCS MOJIOKUTENbHAS OlleHKa — 1 Oa.

3a HelpaBWJIBHO BBIMIOJTHEHHOE JICHCTBUE, 3a/IaHNUE BBICTABIISIETCS OTpHUIIATeIbHAs olleHKa — () 0ayuioB.

Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB

Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB

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

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

SourwdE

Tema 4.2 ITocTOSAHHBIN 31eKTPHYECKUH TOK

Jladoparopnoe 3ansTue Nel6

OnpenesieHue CONPOTUBJIEHNSI PE3UCTOPA METOI0M MAPKUPOBKHU

Lean: onpenenuTe HOMUHAIBHOE COMPOTUBIIEHUE PE3UCTOPOB METOJOM MapKUPOBKHU; ONIPENEITUTH
AOIYCTUMOEC 3HAUYCHUEC CUJIBI TOKA JJI AaHHBIX PE3UCTOPOB NP U3BECTHOM HOMHWHAJIC MOIITHOCTH.
Beinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

[1P62, T1P66, 1TP68, T1Py3, Ilpy7, I1Py8, I1Pyl0, [1Py12, ITP610, Ilpy2, I1Py12, T1P610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepuanbHoe oOecnedeHue: HAOOpP PE3UCTOPOB PA3HBIX COMNPOTHBICHHM, TabJMIla 3HAKOB
MapKUPOBKH.

3anaunmue.

1. O3HAKOMHUTBHCSH C TEOPETHYECKHUM MATEPHUAJIOM.

Teopernyeckuii marepuas:

[Ipu onpenenennu pexxuMa pabOTHl PE3UCTOPA CIEAYET YIUTHIBATH MAKCMMAJIBLHO JIOIYCTHMOE I
HEero 3HauYeHue CHJIbI TOKA, KOTOPOE OMPEEseTCs 3HAYEHHEM €r0 COMPOTHBICHUS M MOIIHOCTBIO.
MapkupoBKa HOMUHAJA PE3UCTOPA OCYILIECTBIISIETCS LIBETOBBIM KOJOM B BHJI€ YETHIPEX L[BETHBIX IOJOC,
HaHECEHHBIX Ha €T0 KOPITyCe.

[Ipu 3TOM 3HaUE€HHME CONMPOTHUBIIEHUS pe3UCTOpa yKa3biBaeTcss B OMax ABYMs MEPBBIMU MOJOCAMH U
MHOXHUTENEM (TpeThs mosioca) 10n, rae n - 1r0doe 1menoe 9nucio ot - 2 10 + 9.

MapkupoBOUHbIE 3HAKU CIIBUTAIOT K OJHOMY M3 TOPILIOB PE3UCTOPA, HAIPUMEP, K JIEBOMY, U 3aTE€M
pacroJiararoT clieBa HampaBo B CIEIYIOIIEM MOPsIIKE: TIepBas moJyioca - nepast 1udpa HOMUHAA, BTOpast
nmoJjioca - BTOpas umbpa HOMMHHAJIa, TPCThbS IOJIOCA - MHOKHUTCIIb, YCTBCPTAdA IOJOCAa - JOIYCK Ha
OTKJIOHEHHE (PAKTHUECKOTrO COMPOTUBIEHUS OT HOMHUHana. Eciu pa3Mepsl pe3ncTopa HE MO3BOJISIOT
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Pa3MeCTUTh [BETHBIE MMOJOCHI HECUMMETPUYHO, T. €. OJIKe K OJJHOMY U3 TOPIIOB PE3WCTOpPa, TO TepBas
I10JIOCA BBITIOJTHSACTCS 00JIee IHUPOKOH.

[[BeTa 3HAKOB MapKUPOBKH HOMHUHAIBHOTO COMPOTHUBIICHUSI B OMax M JIOMYCKOB B % MPUBEICHBI
B Ta0IHIIE:

Homyc
IBer 3Haka IlepBas uudpa Bropas uundpa MHosKuTeNb KB %
CepebpucTblii -- -- 10° 10
3010THCTHIN -= - 107" 5
YepHsrii -= 0 1 -
Kopuunessrit 1 1 10 1
KpacHsrit 2 2 10° 2
OpaHXeBBbIi 3 3 10° -
Kenterit 4 4 10* --
3enenbrit 5 5 10° 0,5
TonyGoit 6 6 10° 0,25
DuroneToBEIi 7 7 107 0,1
Cepbiii 8 8 10° 0,05
Benprit 9 9 10° -
IMopsiiok BbINOJIHEHUS PAOOTHI:
1. Pa3noxuth Ha paboyeM CTOJIE KOMIUIEKT PE3UCTOPOB.
2. BHuMaTenpHO MpOYMTATh YKa3aHHE K padoTe.
3. OdopMuUTH MAPKHPOBKY PE3UCTOPA B TETPAIH 11O 00PA3ILY
4. 3anoyHUTH TaOIUILY:
Pesucrop Homunansnoe conporusienue R | MomHocts pesuctopa (Bt)| Cuia Toka)
(A)
1. 0, 25
2. 0,25
3. 0,25
4, 0, 25
5. 0, 25
6. 0,25
7. 0,25
8. 0, 25

5. Paccunrath cuity TOKa Ipy N3BECTHOM MOIIHOCTH TOKA.

6. Cnenatb BbIBOJ IO padoTe.

KoHnTpoJsbHbIE BONIPOCHI:

1. B uyeM 3aki04aeTcst METOJl MApKUPOBKH.

2. Jlnis 4ero Hy»KHO 3HaTh CONPOTUBIIEHUE PE3UCTOPA IPU BKIIOYEHUH €ro B cXeMy?
3. Ot 4ero 3aBUCUT MOITHOCTh TOKA, TEKYIIETO MO PEe3UCTOpPY?

®opma npeacTaBiaeHus pe3yJabTara:
PaboTa nomkHa ObITH BBIMOJIHEHA B TETPAAU ISl JAOOPaTOPHBIX padoT
Kpurepum ouenku:
3a mpaBUIIHLHO BBIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — 1 Gasu.
3a HeTMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISIETCS OTPUIIATEIbHAS OonleHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

138



Oyenka «HeyoosiemeopumenbHoy svicmasisemcs 3a Mmenee 60% nmpaBUIBHBIX OTBETOB

Tema 4.2 IloCcTOSIHHBIN YJIEKTPUIECKHH TOK

JlabopaTopHoe 3ansiTne Nel7

Onpenenenue KII/I narpeBareieit

Ieab: Hay4yuThCS NPAKTHUUECKH ONPENENATh TEIUIOBYIO OTIAdy 3JIEKTPUYECKOr0 HarpeBaTels
m000ro0 THIIA.

BbinoJsiHenune padoTsl crioco0cTBYeT (POPMUPOBAHUIO:

I1P62, 11P66, 11P6S8, I1Pyl, I1Pyl13, I1Py3, IIPyS, IIpy7, I1Py8, IIPy10, IIPyl12, I1P610, Ilpy2,
IT1Py12, ITP610, MP3, MP5, MP15, MP23, JIP26, , MP28, MP31, MP32, MP33, MP34, MP37, MP44,
MP47, MP48, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MatepuaiabHoe obecniedeHHe: 2 3JIEKTPUUECKUX HarpeBaTess, COCyA Ul KUISTYeHUsI BObI, BOJA,
TEPMOMETp, CEKyHIOMEp (J4achl), CIIPABOYHHK 110 (PHU3HKeE.

3aganmne.

1. O3HakoMHTbCS ¢ TEOPETUUECKUM MaTepUaIoM
Teopernueckuii MaTepuas:

KOS(b(bI/II_[I/ICHT ITOJIC3HOI'O ,HeﬁCTBPIH HarpeBarTejid CBA3aH COOTHOIICHUCM:
i
K111, = — +100% (1)

Q . - mone3nas Temora u onpeaensercs mo popmyne Q,=C*m(T,-T1) (2)

TZie C — ylenbHas TeIJI0EMKOCTb KHIKOCTH,
M — Macca KHUJIKOCTH, KOTOPYIO KHIIATHT,

T1— HavanpHas TEeMIEpaTypa KHUJIKOCTH,

T, — KoHeuyHast Temreparypa >KUJKOCTH,

Q3 — KOJIMUYECTBO TEIJIOTHI, KOTOPYIO BBIIENISIET HAarpeBaTelb

(3aTpaueHHas TeIUIOTa) U onpeaensercs o popmyre: Q3 =P -t (3),

rne P — MOIIHOCTB DJIEKTPUYECKOTO HarpeBaTeds,

t — uHTEepBaJI BpeMEeHH, 32 KOTOPBII 3aKHIesna KUIKOCTb.

MOUIHOCTh AJIEKTPUYECKOTO HarpeBaTelsl OMPEAeNsieTCs M0 MACIOPTHBIM JIAaHHBIM, YKa3aHHBIM Ha
npubope.

Bpewmsi, 3a KOTOpO€e 3aKHIHT )KUIKOCTh, ONPEACIeTCsS YacaMu. Y IeJIbHAast TETIOEMKOCTh BOIBI
OIIpeJIeIIAETCs 110 CIIPABOYHHUKY.

Ilopsinok BbINOJHEHHS Pa0OTHI:

1. [ToaroToBUTH TAOMMITY AJIS 3aMUCH PE3YIBTATOB, ONPEAETIEMBIX B X0A€ PabOTHI.
OnpenenuThb Brrunciutb
Cs m LB T, P t K.ILA.
0
e K KT K K Bt C %
2. 3aHecT B TaOnMIly CIPaBOYHBIC JAHHBIE YAENbHON TEMIOEMKOCTH BOJBI.
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w

3amnucarts B T36JII/II_[y HOMHWHAJIBHYIO MOIIHOCTDb 3JICKTPHUYCCKOT'O HArpeBaTciid, YKa3aHHYIO0 Ha
npuoope.

4, B cocyn ans xunsiyeHus Bonbl HaauTh 200 r BOJBI.

5. Onpenenuth HAYadbHYI0  TEMIEPAaTypy BOJIBIL.

6. BxmrounTs HarpeBartesib OJHOBPEMEHHO C CEKYHIIOMEPOM (Jacamm).

7. OcTaHoBUTh CEKyHJOMEp (Yachl) B MOMEHT OYpHOTO KHIIEHHUS BOJbI. Bpewms, 3a koTopoe
3aKuIIesa BO/Ia, 3aHECTH B TaOJIHITY.

8. Boruucnuts K.I1.JI. anexkTprdeckoro HarpeBarteis.

9. [ToBTOPHUTH OIBIT C IPYTUM HAarpeBaTEICM.

10. YuuThiBas NoTepy dSHEPTUU CHOPMYITUPOBATH BBIBOI.

KoHTpoJibHBIE BOIPOCHI:
1. Veemmuutcsa wunu ymenbmutces KUILJ[. snektpuyeckoro uaiiHMKa, €CIM Ha €ro CTEHKax
MOSIBUJIACH HAKUITh (OTIIOKEHUE COJIeit)?
2. 3aBucut ym KIIJI 37€KTpUYeCKOT0 YalHMKAa OT TOTO OTKPBIT OH HJIM 3aKPBIT?
dopma npeacTaBJieHus pe3yabTaTa:
PaGota nomkHa ObITH BHIMIOJTHEHA B TETPAIU AJIs Ta0OPATOPHBIX padoT
Kputepuu onenku:
3a npaBUJIbHO BBIMOJIHEHHOE 331aHUE BBICTABIISETCS MOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HelpaBWIBHO BBIMIOJTHEHHOE JICHCTBUE, 3a/IaHNUE BBICTABIISICTCS OTPHUIIATEeIbHAsS onleHKa — () 0ayuioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagniemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.3 DyiekTpUUYeCKHUIl TOK B Pa3JIHYHBIX cpeax

JlabopaTopHoe 3ansiTue Nel8
Onpeaenenue 3JIeKTPOXUMHYECKOI0 IKBUBAJIEHTA MeIU B NpoLecce 3J1eKTPoIu3a cyabdara meau

Hean: onpenenuTs 3MEKTPOXUMUYECKUN SKBUBAJIEHT MEAN SKCIIEPUMEHTAIBHBIM ITyTEM.
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1P62, I1P66, I1P68, [1Py3, [Ipy7, I1Py8, I1Py10, [1Py12, T1P610, Ilpy2, I[1Py12, TIP610, MP3, MPS5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepuanbHoe ob0ecnevyeHue: BEChl M Pa3HOBECHI; aMIepMeTp; 4Yachl, DJIEKTPOIUIUTKA,
aKKyMYIIITOpHasi OaTapesi; peocTaT; KJII0Y; MEIHbIC AJIEKTPOAbI (2 IIIT).) CO BCTaBKOM; COSAMHUTEIbHBIC
MPOBO/IA; AJEKTPOJIUTUUYECKAS BAHHA C PACTBOPOM MEIHOTO KYIOopoca.
3ananue:
1.ITponabmronaTh SIBICHHUE SIEKTPOJIH3A MEAN U3 PACTBOPA METHOTO KyIopoca.
2. HayuuTbcs onpenensiTh 3J1€KTPOXUMUUECKUI SKBUBAJICHT T10 pe3yJbTaTaM SKCIIEPUMEHTA.
Ilopsinok BbINOJHEHHSI padOThHI:
1. OuucTuTh HAXIAYHON OyMaroi KaTOAHYIO MIACTHHKY, — | | | | I +

ONPENIETUTh B3BEIIMBAHUEM MACCY TUIACTUHKHU (m,),

2. CoCcTaBUTh DIJIEKTPUYECKYIO Iemb 1Mo cxeme. [lpu
COCTaBJICHUH 11T B3BEIICHHBIHN JIEKTPO] COSAMHUTD C
OTPHUIATEILHBIM TTOJIOCOM HMCTOYHHKA DJIEKTPUUCCKOMN ~ I7
SHEPIUH. i =

3. 3aMKHYTH LIETb U 3aMETUTh BPEeMs BKIIFOUEHUS TOKA.

4.Yepe3 15-20 MUHYT pa30MKHYTb LI€TIb.

5. BBIHYTh KaTOHYIO TUTACTUHKY, IPOMBITH M IPOCYIIHUTD.

6. B3BemmBaHueM OnpeaenuTh Maccy KaToaa (m-) nocne IIPOITyCKaHMsI TOKA. W= . —m
= M T
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7. Haiitu maccy (m) BBIJICIUBIICHCS] HA KATOJIE TIPH AJICKTPOIU3E 10 hopMyIie:
IJIe Mj- HaYajabHas Macca IJIACTUHKHY, KT; My- KOHEUHAsl Macca IJIaCTHHKH, KT.
8. BBIYHCIUTP AMEKTPOXUMUYCCKHI SKBUBAICHT MEIH U3 (HOPMYJIBL:

€ M- Macca BbIJAEIUBILIETrOCs BEMIECTBA, KT; m
I- cuna Toka, A;  t- BpeMs 2JIEKTpOIIn3a, C. K=—
9. Pe3ynbrarhl M3MEpEHUH M BHIYMCICHUN 3anucarh B Tadmiy 1. -t
10. CpaBHHTbH MOTYyYEHHBIN PE3yJIbTAT C TAOJIUYHBIM.
11. BoryncauTh aOCOMIOTHYIO A ¥ OTHOCUTENBHYIO € MOTPEIIHOCTH U3MEpPEHU Mo hopMyiam:
CraenaTp BBIBOJ 1O paboTe.
Tabmma 1
Ne | Macca menn, | Bpems Bemmumaa| S1eKTpoXnMH-| AGCOTIOT- OTtHOCHTEeNbHAA
OTJIOKHBHIEH | IPOMycC CILIEI JeCKIII Has MOTPelIHOCTh
cs Ha Karole | KaHIA TOKa SKBIBAJISHT MIOTPEeNIHOCTH &£.%
m, ke —— I, A MeIII A Ke
K. Ke Kui-c
Ki-c

arONE

~No

10.

11.

KoHTpoJibHbIE BOPOCHI
UYem 00yCIIOBIIEH 3JEKTPOXUMUUECKUN TOK B 3JIEKTPOIUTAX?
Kak paccunrtars Maccy BBIIETUBIIETOCS BEIIECTBA Ha 3JEKTPoe?
OT 4ero 3aBUCHUT JEKTPOXUMHUYECKUN HKBUBATICHT?
Kaxko¥t ¢u3uvecKkuii CMBICIT AJICKTPOXUMHYECKOTO SKBUBAJICHTA?
Kakoe oOopymoBanwe ¥ HW3MEPHUTEIbHBIC MPUOOPHI HYKHO HWMETh, 4YTOOBI BBIYHUCIHUTH
AJIEKTPOXUMHUYECKUM SKBUBAJICHT?
HazBate pabouyto ¢hopmyny sl BEIYUCICHUS SJIEKTPOXUMHUYECKOTO IKBHBAJICHTA.
Ha kaxom u3 37€KTpo/10B BBIAEISIETCS MEAb B YUCTOM BUJE U TOYEMY?
B snexTponuTHyecKkyl0 BaHHY MOMECTUM MEIHYIO TUTACTHHKY, CIIYXallyr aHoiom. llmactunka
MOKpbITA BOCKOM, Ha KOTOPOM HalapanaH PUCYHOK. UTO MOJIy4yuTcs MOcie MpOINyCKaHWs TOKa U
yAQJICHHS BOCKA C TUTACTHHBI?
Yto Takoe raJbBaHOCTETHUs, TaIbBaHOIIJIACTHKA.
Uepes pactBop MemHoro kymopoca mnponuio 20 kKn snexrtpuuectBa. I[lpu 3ToM Ha ogHOM U3
3JIEKTPOJIOB BBIJEISIETCS B YUCTOM BUAE Maccoit 6,6 rpamm Menu. OnpeaenuTh 3JIeKTPOXUMUYECKUI
SKBUBAJICHT MEIMU.
CKOJIBKO HMKEJS BBIACIUTCS MPH 3JIEKTponu3e 3a 1 yac mpu cuiie Toka 5 Ammep, €Ciu U3BECTHO,
YTO MOJIsIpHAs Macca HuKens 58,71 r/Mob, a BAIGHTHOCTh paBHA 2.

12. Onpenenute mMaccy cepebpa, BBIISIUBILIETOCS HA KaTOJ1e PU JIEKTPOJIM3€ a30THOKKCIIOro cepedpa B

TEUEHHE 2 YacoB, €CJIM K BAHHE MPUJI0KEHO HanpsbkeHue 1,2 B, a conpoTuBiieHne BaHHBI 5 OM.

13. DnexTponu3 MenHOro Kymopoca Npoxoausi npu Toke 5 Ammep B TeueHue 50 muuyt. Kaxoe

- P
k., =33-10
KOJIMYECTBO ME€AU BBIJICIIMJIOCH HA KaTOAEC, €CIIN Ka .

®opma npeacTraBjIeHUd pe3yabTara:
PaboTa nomkHa ObITh BBIMOJIHEHA B TETPAAM Ul JJaOOPaTOPHBIX paboT
Kpurepum ounenku:

3a IpaBHIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISETCS ITOJIOKUTEIbHAS OlleHKa — 1 Oa.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHAE BHICTABISICTCS OTpUIATEIbHAS OlleHKa — () 0asioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB

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

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

141



Oyenka «HeyoosiemeopumenbHoy svicmasgisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 4.3 DieKTpUYeCKHii TOK B Pa3JIMYHBIX cpeaax

JladopaTropnoe 3ansiTue Nel9
3aBHCHMOCTH COMPOTHBJIEHHUSI OT TEMIIEPATYPHI 00PA3I0B METAJJIa M MOJIYIPOBOAHUKA

Henab: wu3MepsaTh CONPOTUBICHHE TMPOBOJHHMKA OMMETPOM; YCTAaHOBUTH  3aBUCHUMOCTH
COIIPOTHBIIEHUE METAJUIA U NIOJYIIPOBOJHUKA OT TEMIIEPATYPHI.

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:

I1P62, I1P66, ITPGS, I1Py3, Ilpy7, [1Py8, I1Py10, ITPy12, TTIP610, IIpy2, ITPy12, ITPG10,

MP3, MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43,
JIP34, JIP32

MarepuanbHoe ofecrnedeHue: MYJIbTUMETpP, MNPUOOPHl AN HM3YyYEHUS  3aBUCHUMOCTHU
COIPOTUBIIEHUSI MeTajlyla M TMOJYIPOBOAHHMKA OT TEMIIEPATypbl, TEPMOMETpP, DJIEKTPUYECKasl IUINTKA,
IITaTUB C IPUHAISKHOCTSIMH, KOJI0a ¢ BOJIOM.

3aganue

1. O3HAaKOMHUTBHCSH C TEOPETHYECKHMM MAaTEpPUAJIOM.

Teoperuyeckunii Mmarepua:

Ecnu mponycTuTh SJEKTpUYECKUN TOK 4Yepe3 CTadbHYIO CIOUpalb, a 3aTeM €€ Harperb, TO
amMIepMeTp MOKaKET YMEHbIIEHUE CHJIbl TOKAa. OTO O3HAYaeT, 4TO C H3MEHEHUEM TeMIIepaTypbl
COIPOTUBIICHUE METAJIa MEHSETCSI.

Bce wMetamnel — KpuUCTaNIMYECKHE Tela, B y3/1aX KPUCTAJUIMYECKOM pELIeTKH KOTOPbIX
pacrojaraercsi MOJOXKUTEIbHO 3apsHKEHHBbIE HOHBI. MEXIy KOJeOMIOUIMMUICS HOHAMHU JBUTAIOTCS
CBOOO/IHBIE AJIEKTPOHBI. BenuuuHa 3JIEKTPUYECKOrO0 CONPOTUBICHUS MeTajlla 3aBHCUT OT 4YHCIa
CTOJIKHOBEHHUI KOJIEONIOMNUXCS MOHOB U CBOOOJHBIX JNIEKTPOHOB. [lpu yBenmmueHHM TemmepaTypsl
MeTaJljla YBEIMYMBAETCS aMIUTUTYy1a KOoJeOaHUH MOHOB. DTO MPUBOAMT K YBEJIUUYECHUIO CTOJKHOBEHUH, a
3HAYUT U K YBEIMUEHUIO COTIPOTUBIICHUS MeTallja.

B nonynpoBoiHUKE MIPH yBEIMUYEHUH TEMIIEPATYpbl YBETUUYUBAETCA YUCIO CBOOOJHBIX HOCUTENEH
3apsifia, TMOSBUBIIUXCS MPU pa3pbiBe KOBAICHTHBIX CBsI3e€d. JTO MPUBOAMT K YBEIWYEHHUIO CHJIBI TOKA B
MOJIYTIPOBOJIHUKE U K YMEHBILIEHUIO COIPOTUBIICHUS IIPOBOIHUKA.

Ilopsinok BbINOJIHEHHS Pa0OTHI:

1. IToaroroBbTE K paboTe OMMETP:

a) BCTaBbTE MITHIPHKU MPOBOJIHUKOB B THe3/a, 0003HaueHHbIE «(» U «o0uy COM.»;

0) mocraBbTe NepeKIouaTenb Ha Hudppy «10»;

B) COGIMHUTE CBOOOHBIC IITHIPHKU MPOBOIHUKOB U PYUKOH «yCT. 0» MOCTaBUTh CTPENKH Ha «0».

2. Ha onexTpuyeckyr IUIMTKY TOMECTHTE KO0y ¢ Bojoil. Bo um3bexxanue maneHus KOOI
MIOMECTHTE B KOJIBLIO, 3aKPEIJICHHOE B IITaTuBe. B KonOy omycTuTe MpOoOHpKY, C MOMEIICHHOW B Hel
KaTyIIKOW U3 MeTHOTO MpoBoAa. OCTOPOKHO OMyCTUTE B IPOOUPKY TEPMOMETP.

3. CBoOOIHBIE ITHIPFKK OMMETpA COEIMHUTE C KIIEMMaMH MEIHOM KaTyIIKH.

4. BKIIIOYHTE TIHYP TUTUTKH B PO3ETKY M M3MEPHTE CONPOTHUBIICHHWE KATYIIKH TPU Pa3THMIHBIX
3HAYEHUSX TEMIIEPATYPHI.

5. BHecute u3mMepeHus B TaOIUILy.

IIpoBoaHUK (Meab)
t°, C
R, OMm

6. Ha ocHoBe u3mepenuii nocrpoiite rpaduk. Crenaiite BbIBOJ, KaK CONPOTHUBICHHE MPOBOIHUKA
3aBUCHUT OT TEMIIEPATYpBhI.
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7. IlocraBpTe mepexioyatenb oMmMeTpa ¢ mu@pel «10» Ha mudpy «100» U mocraBbTe CTpPENKY
ommeTpa Ha «0» (CM. myHKT 1-B).

8. 3aMeHuTe B KOJIOE MPOOHPKY C METAUIOM HA MPOOUPKY C MOIYMPOBOJHUKOM (TEPMUCTOPOM).
Omnycture B npoOupky repmomerp. K kiiemmam TepMucTOpa MoJICOEAUHUTE OMMETP.

9. 3MepbTe CONPOTUBIIEHHE MTOJIYIIPOBOIHUKA IIPU PA3IUYHbIX 3HAUYEHUSAX TEMIIEPATYPHI.

10. BHecute u3mepeHus B TaOJIHILY.
IHonynpoBoaHuK

t°C

R, Om

11. IToctpoiite rpaduk R(t).

12. CpenaiiTe BbIBOJ, KaK COIPOTHUBIIEHUE MOIYIPOBOAHHUKA 3aBUCUT OT TEMIIEPATYpPhl
KoHTpoJibHBbIE BOPOCHI:

1. DnexTpuieckuil TOK B METaNIax — 3TO YINOPSAOUYECHHOE JABUKECHUE ... .

2. C TOYKM 3pEHUs DJJICKTPOHHOM TEOPHH DIIEKTPUYECKOE COIPOTHUBICHHE OOYCIOBJICHO
COYIIapEeHUSIMH ... .

3. C NOBBIIIEHHEM TEMIIEPATYPhI COTPOTHUBIICHUE METAIIA ...

®opma npeacTaBieHus pe3yJabTara:

PaGoTa nomkHa ObITh BBIMOJIHEHA B TETPAIH IS JIAOOPATOPHBIX padoT

Kputepuu onenkmu:
3a MpaBUIILHO BBITOJHEHHOE 33JJAHHE BHICTABIISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATEIbHAS olleHKa — 0 OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvroy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.3 DyeKTpUYeCKHil TOK B Pa3JIMYHBIX Cpeaax
JlaGopaTopHnas padora Ne2(
N3yuenue 3jieKTprYeCKUX CBOCTB MOJIYIIPOBOAHHKOB

IIEJ'IB paGOTbIZ er'IY6I/ITB ITOHMMAaHHeC (1)I/I3I/ILIGCKOFO CMBICJIA ITOHATHUA TTOJYIIPOBOAHUK U
MCXaHHU3Ma €ro NpoOBOJUMOCTH.

Brinosinenue padorsl cnoco6cTBYeT GOPMUPOBAHHUIO:
I1P62, 11P66, 11P68, ITPy3, Ilpy7, I1Py8, I1Py10, I1Py12, I1PG10, Ilpy2, ITPy12, TTP610, MP3, MP5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepunanbHoe obecrniedeHue: NICTOYHUK TOKA, aMIIEPMETP, PEOCTaT, K04, JHO/,

COCIMHUTEIIbHBIE TTPOBO/IA.
3aganue

1. U3yuuth cBOicTBa  3JEKTPOHHO-IBIPOYHOIO  IEpeXoja M  HUCIOJb30BaHUE €ro B
MOJIYTIPOBOTHUKOBBIX MpHOOpax.
2. YMeTb Ha4epTUTh INEKTPHUECKYIO CXeMy M OOBSICHUTH NPHUHLMI JCUCTBUS BBIIPSIMUTENS U
YCUWJIMTEIS TOKA HA MOIYNPOBOJHUKOBBIX JUOAAX U TPUOIAX.
IHopsiiok BhINOJIHEHHS PA0OTHI

[TonynpoBOTHUKY XapaKTEPU3YIOTCS OTIWYHOW OT MPOBOJHUKOB IMPOBOAMMOCTBIO: COOCTBEHHOM,
JIBIPOYHOM (P-TUIIA) U ANEKTPOHHOH (N-THUIIA).
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[TonynpoBOHKUKK MOTYT HMETh JIBa THMAa MPUMECHON IMPOBOJUMOCTHU: JJIEKTPOHHYIO (N-THM),
OOYCJIOBJICHHYIO JOHOPHBIMH MPHUMECSMH, M ABIPOYHYIO (p-THI), OOYCIOBICHHYIO AaKIIEITOPHBIMHU
puMecsiMUA. B n-nonynpoBOJIHMKE OCHOBHBIE HOCUTENH 3apsifia — JJIEKTPOHBI, a B P-IIOJIYIIPOBOJIHUKE -
IpIpku. KpoMe OCHOBHBIX HOCUTENEH 3apsi/ia B KaKIOM BEILECTBE B 3HAYUTEIBHO MEHBIIEM KOJIUYECTBE
COJZIEP’KaTCsl U HEOCHOBHBIE HOCHUTEIM 3apsia IPOTHUBOIOJIOXKHOIO 3Haka. OHM BO3HMKAIOT 3a CYET
pa3pylIeHHs] KOBAJIEHTHBIX CBS3EH.

Ecnun nBa mpoBojHMKa ¢ MPOBOAUMOCTBIO Pa3HOTO POJia MPUBECTH B KOHTAKT, TO HA MECTE KOHTaKTa
oOpa3zyercs 3aUpPaIOIIUN CII0M, KOTOPBIA XOPOIIO MPOBOJUT TOK B OJHOM HAIPaBJIEHUU U IMPAKTHYECKU
HE TPOBOJIUT TOKA B IPYTOM. DTO CBOMCTBO UCIIOJIb3YETCS B TOJIYIIPOBOJHUKOBOM TEXHHKE.

I'panuna CONPUKOCHOBEHHUS JBYX IOJYINPOBOJHUKOB, OJUH U3 KOTOPBIX HMMEET 3JEKTPOHHYIO, a
JOPYro — JBIPOYHYIO ITPOBOJUMOCTh, HA3bIBAETCS p-n nepexoaoM. [IpakTruuecku p-n mepexos co3naercs
HE MEXAHMYECKMM KOHTAKTOM JBYX IOJYINPOBOJHUKOB, a BHECEHHEM JOHOPHBIX M aKLENTOPHBIX
nmpuMeced B pa3IMYHbIE  YacTH  YHCTOIO
MOJIYIIPOBOJIHUKA.  OJTHU  MEpPEeXOJbl  SBJISAIOTCS | ‘ Tt '

1 1
1 1
OCHOBHOU OOJBIITMHCTBA COBPEMEHHBIX | | : D‘ |
1 1
MOJTYITPOBOTHUKOBBIX TTPHOOPOB. ' !

IIpoBepka oxHOCTOPOHHEN MPOBOAMMOCTH AUOAA.
1.  CocraBuTs 11e0b IO CXEME PUCYHKa 1. v
2.  Jluox /12 BKIIOYUTH B IPSIMOM (TIPOITYCKHOM) m

HAIpPaBJICHUHU: OTMETKA «+» JTOJDKHA OBITH AN

oOparteHa k nosntocy ucrounuka IJ[C. Puc.1

3aMKHYTb LI€Nb U1 OTMETUTD [MOKA3aHUS
amnepmerpa. Llenb pa3oMKHYTB.
3. Jwon /12 BKIOYHTE B 00paTHOM HarpasiieHUH (3amopHoM). Llenb 3aMKHYTh 1 yOeTuThCs B
OTCYTCTBHMHM TOKa B 11enH. Llenb pa3oMKHYTB.
4.  Pesynbrarel HaONIOACHUN 3aHEeCTH B TaOIuUIy 1.
CHsiTHE BOJIbTAMIIEPHOI XapaKTepPHUCTUKH AUOJA.

=

CocTaBHTH IIENb IO CXE€ME PUCYHKA 2: rTTTTo !
Jlyoa BKITIOYUTH B MPOITYCKHOM HAlpaBICHUH.
3. 3amknytsh nems. [logobpars momosxkesme [ | | |1
JBUKKA PeocTaTa Tak, YTOObI BOIITMETP
MoKa3aJjl caMmoe Mayioe HanpsikeHue. CHATh - () <>
MOKAa3aHUsl U3MEPUTEIbHBIX TPUOOPOB.
4.  Tlepememarhb MOCTENEHHO JABMXOK peocTaTa 1
CHSITh HE MEHEe 7 3HAUCHUN HANPSKEHUS U
CHJIBI TOKA. Pa30MKHYTB 11€TIb.
PesynbTarel u3MepeHuii 3aHecTy B TaOIUILY 2.
6. Iloctpouts rpaduk 3asucumoctu I(U). [To ocu 0X
orknaneBath U (B), mo ocu OV - | (A).
7. CrenaTth BBIBOJI.

no

v

Puc.2

o

dopma npeaocTaBIeHHs pe3yabTaTa
Tabnura 1

IIpoBepka 0IHOCTOPOHHEN TPOBOJAUMOCTH JUOA.
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Tabnuua 2

No Crioco6 BKITIOUEHUS [Tokazanus amnepmerpa
m\
CHsiTHE BOJIBTAMIIEPHON XapaKTEPUCTUKHU JUO/IA.
No Toxk, MpOXOAsIIH Yepe3 AUO, Hanpsoxenue, nmoganHoe Ha U0/,
m\it I (A) U (B)

KonTposbHbIe BONPOChI

B uém paznuune npoBOAMMOCTH IPOBOJIHUKOB U MOJIYIPOBOAHUKOB?

Kakoii Tun noaynpoBOAHMKA MOTYYUTCS, €CITU K TePMaHUI0 100aBUTH puMech Gochopa?

Kakoii Tum noynpoBOHHKA MTOIYYUTCS, €CITU K TePMaHUIO 100aBUTh PUMECh MHTUS ?

Kaxkoe siBnenue Ha6JHO,Z[aCTC${ IIpHu BCTPECUC CBO6OI[HOI"O QJICKTpOHA C I[]':»IpKOﬁ B HOJ'IyrIpOBOI[HI/IKe?

Kak MmoxxHO YCUJINTh MHTCHCUBHOCTD I'CHCPpAlINU I1ap «BJICKTPOH-AbIPKa»

Kakx 00bscHUTD YBCIMYCHHUC YACIBbHOI'O COIIPOTHUBJICHUA MTOJYIIPOBOAHHKA ITPU YMCHBILICHUN

TeMIiepaTypbl?
Uro sBsIETCS B CXEME TPHO/1a BXOTHOM IEMbIO, @ UTO — BBIXOIHOM?

KakK CJICAYCT BKIIFOYUTH B LECIIb TPAH3UCTOP, 4TOOBI OH IIGIZCTBOBEL]I H KaK Iuoa B IIpsAMOM

HamnpaBjieHUU?
Uro moka3bIBaeT BOJIbT-aMIepHas XapaKTEPUCTHKA Truoaa?
®opma npeacTaBiaeHus pe3yJabTara:
Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU JIJIs JIaDOpaTOPHBIX padoT.
Kputepun onenkn:
3a mpaBUIIHLHO BBHIMTOJIHEHHOE 33JaHHE BHICTABIISIETCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HCIIPABUJIBHO BBITIOJIHCHHOC HeﬁCTBHe, 3a1aHUC BBICTABJIAICTCS OTPULIATCIIbHAA OLICHKA — 0 6amoB.

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

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

Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyooenemaopumensvHoy svicmasgiiemcs 3a MeHee 60%0 MpaBUIBLHBIX OTBETOB
gvicmasnsaemcs 3a Menee 60% mpaBUILHBIX OTBETOB

Pa3gen 5 Kosie0anus ¥ BOJIHBI
Tema 5.1 Mexannueckue KoJe0aHUA M BOJHBI

JlabopaTopHoe 3aHsiTHe Ne2l

IIpoBepka 3aKOHOB K0JIe0aHUI MATEMATHYECKOI0 MASITHUKA

He.]'Ib: YCTAHOBUTH MATCMATUUYCCKYIO 3aBUCUMOCTD IICPUOJa HUTSAHOTO MAadATHHUKA OT MJIMHBI HUTHU

MasiTHHUKA.
Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

[1PG2, I1PG6, I1PGS, I1Py3, Ipy7, I1Py8, I1Py10, ITPy12, T1IP610, I1py2, ITPy12, I1PG10,

MP3, MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43,

JIP34, JIP32
MarepunanbHoe obecrniedeHue:
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ANEKTPOHHBINA CEKYHOMEp, U3MEPUTENbHAS JICHTA, ApUK C OTBEPCTUEM, HHUTh, IITATUB ¢ My(TOi
M KOJIBLIOM.

Teopus.

MaTteMaTH4eCKUM MasTHHKOM Ha3bIBaeTCS MaTepuajbHas TOYKA, IMOJBEIICHHAs HAa HEBECOMOH M
HEpacCTSKUMON HUTH. MOJIENTbI0 MOXKET CIYKUTh TSDKEJIBIA MIApUK, pa3MepPbl KOTOPOTO BEChbMa MaJlbl 110
CPaBHEHHUIO C JUIMHHOW HUTH, Ha KOTOPOW OH MOJBEIICH (HE CPaBHUMBI C PAcCTOSIHUEM OT IIEHTpa
TSDKECTHU 710 TOUKH TI0/IBECA).

VYuenwsie [amweir, HproToH, beccenb W Ap. ycTaHOBWIM CJEAYIOIIME 3aKOHBI KOJIeOaHUS
MaTeMaTU4YeCKOro MasTHHKA:

1.Ilepuon konebGaHUsT MaTeMaTHUYECKOrO0 MasTHHKAa HE 3aBHCHUT OT MacChl MasTHHKAa MU OT
aMIUIATY/Ibl, €CJIM YroJ pa3Maxa He npesblimaeT 10 rpanycos.

2.Ilepuon konebaHUsI MaTEeMAaTHUYECKOTO0 MasTHUKA MPSMO IPOIMOPIMOHANIEH KBAJAPAaTHOMY KOPHIO
U3 JUIMHBI MasTHUKAa W OOpPaTHO NPOMOPIIMOHATICH KBAJPAaTHOMY KOPHIO U3 YCKOpPEHUsS CBOOOIHOTO
nageHus.

Ha ocHOBaHWM »JTHX 3aKOHOB MOXHO Hamucath GopMyny Juisi Tepuoja KojeOaHwmid

. /
r=2x[|—"
g
MaTEMAaTHYECKOTO MAasTHUKA:

I/ICHOHBSYH MOJCJIb M 3aKOHBI KOJIEOAHMH MAaTeMaTHYECKOTO MasiTHHKaA, MOXKHO HpOHa6JIIOL[aTL
CBO60[[HBI€ KOHe6aHI/Iﬂ, a TaKXKC C UX IOMOLIBIO ONPECACINTL YCKOPCHHUEC CBO60[[HOFO nmaacHus AJis cBOCH
MCCTHOCTH U CPABHUTH CO CIIPABOYHBIM 3HAYCHHUEM &Z.

2 1."\" =

-

£

g=4r
Yckopenne cBOOOTHOTO TaIeHUsI MOXKET OBITh BEIYMCIIEHO 10 (hopMyIe
Xox pabdoThI:
1. 3akpenuTh HUTh MasATHUKA B JiepKaTelie MITaTUBA.
2. V3mepuTh JUIMHY MasTHUKA (IJIMHA MasTHUKA CUMTAETCS OT TOYKHM IOJBECa JO LIEHTPA TSHKECTH
1apuKa).
3. OTKJIOHUTBH IIAapUK Ha yrou He Oonee 10° ¥ OTIYCTUTB.
4. OnpenenuTs BpeMs, 32 KOTOPOE MaATHUK coBepmiui 20 KojaebaHmil.
5. BeruncnuTh nepuoa KosiebaHus MasTHUKA, UCTIoNb3yst popmyny Nt T .
6. [ToBTOpPUTH ONBIT €11e TPU pa3a, yMeHbIIast (WM YBEIMUNBasi) AJTUHY HUTH MasiTHHUKA.
7. Pe3ynbTatrhl 3aHECTH B TaONIHUILY.

Tao6mmma Nel
Ne JlinHa HUTH MasiTHHKA |, M Yucno monHsIx Bpewms konebanunii | Ilepuon
Konebanuiit N t, c kosieOanmii T, ¢
1 20
2 20
3 20
4 20

8. CnenaTp BBIBOJ O 3aBUCUMOCTH MEPHUOJA HUTSHOTO MasiTHUKA OT JUIMHBI €r0 HUTH.
KoHnTpoJsbHbIe BONIPOCHI.

Urto Ha3bIBaIOT MEPUOIOM KoJIeOaHU MasiTHUKA?

Uro Ha3bIBAIOT YacTOTOH KojeOaHuit MasTHUKa? KakoBa eTMHHIIA YacTOThI KOeOaHui?
OT KakuX BEJIMYUH U KaK 3aBUCUT Mepuo/1 KoueOaHU MaTeMaTH4eckoro MasiTHuKa?

OT KaKMX BEJIMYMH U KaK 3aBUCUT IIEpUO]] KOJIeOaHUH MPYKUHHOTO MasiTHUKA?

PobhdE
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5. H3obpa3ute MaTeMaTHUECKUIl MasTHUK B KpaifHel MpaBoi TOUKE M MOKAXKHUTE HA YEPTEKE CHUJIBI,
JICHCTBYIOIIME HA IIAPUK B TAHHOM TOUYKE TpaeKkTopuu. Hapucyiite paBHOACHCTBYIONIYIO CHUJI.
6. Kak MeHsieTcs BelMUMHA U HANIpaBJIeHHE PABHOACUCTBYIOIICH CHII B TeUEHHE Tepruoia?
@dopma npeacTaBJieHus pe3yabTarTa:
PaboTa nomkHa ObITH BBIIOJIHEHA B TETPAAU ISl IAOOPaTOPHBIX paboT
Kpurepun oneHku:
3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIISAETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHKE BBICTABIISETCS OTpHUIIaTeNIbHas oreHka — () 0aos.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosnemeopumenbvhoy svicmasgisiemcs 3a menee 60%0 npaBUIBLHBIX OTBETOB

Tema 5.1 MexanuyecKkue KoJIe0aHUA M BOJIHBI

JlabopaTopHoe 3aHsiTHe Ne2?2

N3y4yeHnne 3aKOHOB NPYKUHHOTO MAasITHUKA

Lesb: IKCIEPUMEHTANBHO YCTAaHOBHUTH 3aBHCHMOCTB TEPHOAA KOJICOAHUI MPYKUHHOTO MAasTHUKA OT

KECTKOCTHU MPY>KUHBI U MAaCChI Ipy3a

Boinosinenue padoTsl cnocodcTByeT GOPMHUPOBAHMIO:

I1P62, I1PG6, ITPGS, I1Py3, I1py7, I[1Py8, I1Py10, ITPy12, TTP610, I1py2, ITPy12, ITPG10,

MP3, MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34,

JIP32

MartepuanbHoe odecrniedeHue: MTATUB ¢ My(TOI U Jankoi, HabOp MPYKUH Pa3HOM KECTKOCTH, HAOOP

IPy30B Pa3HOI Macchl, CEKYHI0MEp

IMopsinok BbINOJIHEHUS PadOTHI:

Onpeoenenue 3agucumocmu nepuoodd KoaeOaHutl om mMaccol epy3a

1. CoGepure npyXHHHBINA MasTHHUK, UCTIONb3Ys BEIIAHHOE 000OpYyIOBaHHE.

2. BrBeauTe MasSTHHK W3 TIOJIOKEHUS PABHOBECHS, BKIIOUUTE CEKYHIOMEP M OTCUHMTANTE NIeCAThH
kosneOanuii. Mcmonb3ys moka3aHUs CEKyHIOMepa, pacCuuTaiTe mepuoja KoieOaHWil W 3amoiHUTE
MIEPBYIO CTPOKY TAOIUIIBI.

Ne omrwiTa N t,c T, m, KT m* kr'* k ,u/™m

1
2
3
4
5
3. ToBropure skcniepuMeHT emE 4 pasa, yBeIUIHBas MacCy HO, HE MEHSS NMPYXUHBL. [1o MOTyd4eHHBIM
JTAHHBIM 3aII0JIHUTE TaOIMILYy.
[Toctpoiite rpaduk 3aBucumoctu nepuoaa koiedbanuit (T) o kBaapaTHOrO KOpHS U3 Macchl (m
ITo hopme rpaduka onpenenure BUA 3aBUCUMOCTH MEX]Ty IEPUOIOM U KOPHEM KBaJIpaTHBIM U3
Macchl.
Onpeodenenue 3asucumocmu nepuooa KoaebaHuil om HECMKOCMU NPYHCUHbL
1. Cobepure npyXKMHHBII MasTHUK, UCIIOJIb3YS BbIIAaHHOE 00OpYIOBaHHE.
2. BpiBenuTe MasATHUK W3 MOJIOKEHHsSI PaBHOBECHUS. BKIIOUMTE CEKYHJIOMEpP M OTCUMTATe AECATh
KOJIeOaHUH.

112
).

o s
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3. Hcnonp3ys moka3aHus CEKyHIOMEepa, pacCUUTaiTe Mepruo/1 KojaeOaHuil 1 3aTI0JTHUTE MEPBYIO CTPOKY
TaOJIULIBL.

Ne onbITa N t,c T,Cc m, KT k,u/m KUZ,(H/M)”2

AW N

5

4. TloBropure skcnepuMeHT euié 4 pasza,yBennunBas KOd(GUIUEHT KECTKOCTU HO, HE MEHsSI Maccy
rpy3a. [1o mosy4eHHbIM JIaHHBIM 3aMOJHUTE TAOIUILY.
5. Iloctpoiite rpaduk 3aBucumMocTH mnepuona kosebanuii (T) OT KBaaApaTHOrO KOpPHSA W3
koo puumenta xécrroctu. (k72).
6. Ilo ¢opme rpaduka ompeaenuTe BHUI 3aBUCUMOCTH MEXAY MEPUOJIOM M KOPHEM KBaJpPaTHBIM U3
KO3 dUITMeHTa KECTKOCTH.
7. CpenaiiTe BBIBOJI O 3aBHUCHMOCTH IepHoja KoyiebaHUl OT Macchl Ipy3a U KOdPQUIMEeHTa
JKECTKOCTHU.
KoHTpoJibHbIE BOIPOCHI:
1. B xakom nojoXeHUH MasTHUKa CKOPOCTh OyJeT MaKCUMAaJIbHOU?
2. B xakoM MOJ0KEHUU MasTHUKA CKOPOCTh PaBHA HYIIIO.
3. VYBenmu4wiv WM YMEHBIIHIN MacCy Tpy3a, MOABCIICHHOTO K MPYXKHHHOMY MasiTHUKY, €CIIU: a)
nepuoJ ero koyebanuii cunavdana owu1 0, 4 ¢, a mocie u3mMeHeHus: maccel cran 0, 2 c;
0) gacroTa ero kosjeOaHuii BHa4yase Obuta paBHa 6 ', a moTom ymMeHbIMIach 10 S5 I'11?

®opma npeacTaBiaeHus pe3yJbTara:
Pabora nomkHa ObITH IPECTaBICHA B TETPAIH s JIaOOpaTOPHBIX paboT
Kputepun onenkmn:
3a paBHIILHO BHITIOJIHEHHOE 33/1aHNE BBICTABIISIETCS ITOJIOKHUTENbHAS OolleHKa — 1 6a.
3a HeMpaBUWIIbHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIISETCS OTpHUIlaTeIbHas olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIIBHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 5.2 JnexTpomaruuTHbIe

JlaGopaTopHoe 3aHsiTHe Ne23
YcrpoiicTBo TpaHchopMaTopa U reHeparopa
Henab: n3y4nTh yCTPOICTBO M IPUHLUI pabOTHI TpaHC(hOpMaTOpa U reHepaTopa.

Boinosinenue padoTsl cnocodcTByeT GOPMIUPOBAHMIO:

I1P62, T1P66, TTP6S, I1Pyl, ITPy13, I1Py3, I1Py5, Ilpy7, I1Py8, I1Py10, ITPy12, I1P610, Ilpy2,
[TPy12, ITP610,

MP3, MPS5, MP15, MP23, JIP26, , MP28, MP31, MP32, MP33, MP34

MarepuanbHoe o0ecnieyeHmne:
TpaHcopMaTop J1abOpaTOPHBINA, JamIia HaKallMBaHUSA, KIFOU 3aMBIKaHUS TOKA, KOMIUIEKT MPOBOIOB
COEIMHUTEIIbHBIX.
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3ananne
1. U3yuwTth cTpoeHUE, HA3HAYEHUE W MPHUHIIUI ACUCTBHS TpaHchopMaTopa
2. W3yuuTh cTpoeHHe, Ha3HAUCHHE M MPUHIIMUII ACHCTBHS FeHEepaTopa.

Iopsiaok BbINOJHEHUS PA0OTHI
H3yuenue ycmpoiicmea mpancghopmamopa

Tpancdopmarop npeobpaszyeT NepeMEeHHbI TOK OAHOTO HAIPSDKEHUS NIPU HEM3MEHHOH yacToTe.
OH cOoCTOMT U3 3aMKHYTOTO CEpIEYHHMKA, HW3TOTOBIEHHOTO M3  CIEUUAIBHOW  JIMCTOBOM
TpaHC(OPMATOPHOM CTaaM, HA KOTOPOM PpAacIojararoTcsl JBE KaTyHIIKH (MX Ha3bIBAalOT OOMOTKaMu) ¢
Pa3HBIM YMCIOM BUTKOB M3 MEIHOM MPOBOJIOKH.

OnHa U3 OOMOTOK, Ha3bIBaeTCsl IEPBUYHOM,  MOJKIKOYAETCS K MCTOYHUKY IE€PEMEHHOrO
HaNpsDKCHUS. YCTPOMCTBA,  MOTPEONAIONIME  3JIEKTPOIHEPTHIO, MOAKJIIOYAIOTCA K BTOPUYHOU
0OMOTKE, UX MOXKET ObITh HECKOJIBKO.

[Ipu BBIMOMTHEHMH pPabOTHl CIENYyEeT H3YyYUTh YCTPOMCTBO TpaHC(HOpMaTOpa, BKIKOYHUTH €T0 B
ceTb nepeMeHHoro toka (36 B). B pexxume xomoctoro xoma HU3MEpUTh HANpsHKEHHE Ha OOMOTKaxX W
BBIUUCIUTH KO3 duuument tpanchopmammu, a mpu pabore TpaHchopMaTopa «IIOA  HArpy3KO»
YCTQHOBUThH CBSA3b MEXJY TOKaMH W HaIpsDKEHHEM B OOMOTKaX.

Tpancdopmarop cocTOUT U3 ABYX KaTylleK U cepaedHuka. CepIedyHUK COCTOMT M3 JBYX MOJOBHH,
KOTOpbIE
BCTaBISIIOT B KATYyIKy HM C TOMOINBIO  CKOOBI
3aKpeIUIAIOT Ha OCHOBaHMH.

N, stnce

Nepamann
e

——
e

Giopivineil Xox padoTsl

+

— 1. Paccmorputre  ycTpoiicTBO  TpaHcdopmaTopa.
Onpenenure NEpPBUYHYIO  OOMOTKY  (KJIEMMBI €
Haamuchio: 36 unu 42 B) 1 1Be BTOPUYHBIX KIEMMBI 2,2
' Bu4,4B)
== 2. HagepTuTte sneKkTprueckyro cxemy Tpanchopmaropa.
3. Pa3Gepute Tpancdopmarop. s 3TOrO MOBEpHUTE
% €r0 OCHOBAaHHMEM BBEpPX M OTKPYTUTE [IB€ TalKu
KperyieH!s: CKOOBbl. BBIHbTE CeplIeYHUK U PacCMOTPUTE

TR0

nArpEa e

€ro yCTpOMCTBO.
4. Cobepure Ttpanchopmarop. s 3TOro BCTaBbTE CEPJCYHUK CO CKOOOW B KATYIIKU. YCTAaHOBUTE
TpaHc(hopMaToOp Ha OCHOBAHUE U 3aKPEMUTE ero raiKamu.

N3y4yenne ycTpoiicTBa renepaTopa.

I'enepatop moctosiHHOro TOKa (pUC. 1) COCTOMT M3 JBYX YacTeil: HEMOJABMKHOW M BpallaroIIeics.
HenoasuxHas yacTh (cTaTop) SBISETCS OCTOBOM MAIIMHBI U OJHOBPEMEHHO CIIYKUT JUIS CO3JIaHUS
MarHuTHOTO TIOTOKAa. Bo Bpamaromieiicss 4dacTtu, Ha3bIBaeMOW SKOpeM (POTOpOM), HHIYIUPYETCS
anexTpoaBrkymas cuna - S/1C.

KoHcTpykius renepatopa nocTOSHHOTO TOKa (CM. puc.2).

HenonBmwkHas yacTh COCTOUT M3 CTaHUHBI (1), TIaBHBIX TONOCOB (2) ¢ 0OMOTKON BO3OY)aeHus (3) u
JOTIOTHUTEIHHBIX TIOJFOCOB (4), YMEHBIIIAEMBIX HCKPEHHE TTO]T IIIETKAMH.

SIkopb UMeeT cepieyHHUK (5), HAOpaHHBIA U3 TOHKUX CTAJIbHBIX JIUCTOB, OOMOTKY SIKOpsI (6), 3a10)KEHHYIO
B Ma3bl cepjeyHuka U kojuiekTop (7). Ha moBepXHOCTh KOJIIEKTOpa HaJIOXKEHbI YroJbHO-TpapUTOBHIE
metku (8), obecreunBaroNIe CKOJB3AIIMA KOHTAaKT ¢ OOMOTKOH Bpamatomierocsi sikops. Komnexrop
umeeT (HopMy IWIMHAPA U BBITOIHSACTCS U3 M30JIMPOBAHHBIX MEIHBIX TUIACTHH - JIAMENIeH - K KOTOPBIM
MOJICO€IMHEHBI CeKIMH SKOPHOW 00MOTKHU. Bparasice BMecTe ¢ 0OMOTKOH, KOJIJIEKTOP BBIMOIHSAET POJIb
MEXaHUIECKOTO BBITPSIMUTEIIS.

OOMoTka BO30OYXIEHHMS  CO3[aeT TIJaBHbIM MarHUTHbI mnoTok @ momocoB. B reneparopax c
HE3aBHCUMBIM BO30Y)X/IEHHEM OHa TIMTAaeTCd OT IIOCTOPOHHEr0 KCTOYHHMKA IIOCTOSHHOTO TOKa
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(BBITIpSIMUTEISA, aKKyMynsaTopa ¥ T.m.). C TreHeparopoM C MapaliebHBIM BO30YXKJACHHEM OOMOTKa
[JIABHBIX MOJIOCOB MOJKIIOYEHA K ITIaBHBIM LIETKAaM, T.€. NapaJyIeIbHO LENu sKops. B cBsA3M ¢ aTuM mis
BO3HUKHOBEHUS MarHutHOro motoka u DJIC HeoOXomuMm XOTs Obl CHaOblii OCTATOYHBIA MAarHUTHBIN
noTok. brarogaps Hamu4MiO OCTATOYHOTO MAarHeTU3Ma BO3HHMKAeT MPOIecC CaMOBO30YXIACHUS
reHeparopa.

Puc.1. Puc.2.
Xoxa padoThI:
1. Ctpoenne TpancdopMaTopa - HAYCPTHTh, COCTaBHBIC YAaCTH yKa3aTh, (POpPMyJbl 3ammcarh, Ha
KOHTPOJIbHBIE BOIPOCHI OTBETUTb.
2. CTpoeHme reHepaTopa - HAYEPTUTh, COCTABHBIC YACTH YKa3aTh, (DOPMYJIbI 3aKCaTh, HA

KOHTPOJIbHBIC BOIIPOCHI OTBETUTD.

KonTposabHbie Bonpockl
1 BapuanT
1.Yto Ha3pIBarOT MHIYKIMOHHBIMHU I'€HEPATOpaMu?

2.Kakoii TpaHchopMaTOp Ha3bIBAIOT MOBBIMIAIOIINM, a KAKOH MOHMKAIOIINUM?

3.Uto0 Takoe x0y0CcTOM X011 TpaHchopmaropa?

4.Tlouemy cepaeuHHUK TpaHc(hopMaTopa U3roTAaBIMBAIOT U3 CTAJIM, @ HE U3 MeJu?

5.B nepBuuHOli 00MOTKE TpaHcopmaropa, BKIIOUEHHOH B ceTh ¢ HampspkeHueMm 380B. Coxepkutcs
1320 ButkoB. OnpenenuTts HaNpspDKEHUE Ha BTOPUYHOM 0OMOTKe, eciu oHa coaepxuT 300 ButkoB. Bupg
TpaHnchopmaTopa yKaszaTh, OTBET MOSICHUTb.

2 BapuaHT

1. HazoBute oCHOBHBIE YacTH reHeparopa N€pEeMCHHOI'O TOKaA.

2.  JlokasaTb, 4TO y MOBBIIIAIONIETO TpaHchopmaTopa K>1.

W3mensier nu TpanchopMaTop 4acToTy Npeodpa3yeMoro mepeMeHHOro Toka?

[Touemy cepmeuHuk TpancpopMaTropa COOMPAIOT U3 OTACTBHBIX IJIACTUH?

Ecnu Ha mepBuuyHYyl0 OOMOTKY TpaHcdopmaropa nojaercs Hampspbkenue 220B, To Ha BTOpUYHON
0OMOTKE MpHU XOJIOCTOM XOjie nosydaercs HanpsbkeHue 130B. Yucino BUTKOB MepBUYHON OOMOTKH
paBHo 400. OmpenenuTh YMCIO BUTKOB BO BTOPUMYHOM 0oOMoTke. Bua Tpancdopmaropa ykaszaTb,
OTBET IOSICHUTb.

3 BapuaHT

o s w

1.  KakoBa posib HHAYKTOpA U SIKOPS B YCTPONCTBE T€HEpaTopa MepeMeHHOro Toka?

2. Urto Takoe moHmxarouui Tpaacopmarop?
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3. Tlouemy cepneuHuK TpaHchopmaTopa AeNalT He CIUIONIHBIM. A U3 MHOXKECTBA TUTACTHH,
W30JIMPOBAHHBIX APYT OT Ipyra?

4.  TloyeMy MOIIHOCTh, TOTpeOIsieMasl OT BTOPUYHON OOMOTKH, MEHBIIIE MOIITHOCTH, ITOJABOTUMOMN K
MepBUYHON 0OMOTKE?

5. CkombKO BUTKOB [IOJDKHA HWMETh BTOPUYHAs OOMOTKa TpaHcopmaTopa Uil TOHIKEHUS
HanpspkeHus ¢ 12000 mo 120B, ecnm mepBuunas oOmoTka coaepkut 4000 BuTkoB? Bupg
TpaHcopmaropa ykazarb, OTBET MOSICHUTD.
®dopma npeacTaBiaeHusi pe3yJabTara:

Paborta nomkHa OBITH BEITIOJTHEHA B TETPAIU JJIs TA0OPATOPHBIX PadoOT
Kpurepun oneHku:

3a npaBUIIHHO BBIMIOJTHEHHOE 331aHUE BBICTABIISICTCS TIOJIOKUTEIbHAS OIleHKa — 1 6ay.

3a HeMpaBWIIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BBICTABIISICTCS OTPUIIATEIbHAS OlleHKa — () OauIoB.

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

Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% nmpaBUIBHBIX OTBETOB

Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 5.3. OnTuka
JladoparopHoe 3ansTue Ne 24
OnpeneneHue nMoka3aTeJisi MPeJIOMJIEHHUS CTEKIA
Ilenb pabomwl: onipeieTUTH MOKA3aTEIb MPEIOMIICHUS CTEKJIa SKCIIEPUMEHTATBHBIM ITyTEM.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

T1P62, TIP66, IIP6S, TIPy3, Ilpy7, TIPy8, IIPy10, IPy12, TIP610, Ipy2, IPyl12, TIP610, MP3, MP5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MatepuanbHoe ofecreyeHue: MIACTUHKA C MapajuIeIbHBIMU T'paHsIMU; OyJaBKU; YUCTHIM JUCT Oymaruy;
JIUCT KapTOHA; TPAHCIIOPTUP; OIBEMHBIN CTOJIMK; TaOJIUIa 3HAUEHUSI TPUTOHOMETPUYECKUX (DYHKIINH.

3aoanue
1. [TocTpouTh X0/ CBETOBOTO JTyya Yepe3 CTEKIISHHYIO IJIACTUHY.
2. [Ipoananu3upoBaTh X0 CBETOBOTO JIy4a Y€pe3 CTEKJIIHHYIO IUIACTUHY.

3. OmnpenenuTh MOKa3aTeNb MPEIOMIICHHS CTEKIIA U PACCUUTATh IOTPEITHOCTD YKCIIEPUMEHTA.
IHopsiaiok BhINOJIHEHHS PA0OTHI

=

Ha mogbeMHBIi CTOHMK TOJI0KUTH YUCTHIN JIUCT OyMaru ¢ MoJI0KEHHBIM CHIU3Y KapTOHOM.

2.  C omHOU CTOPOHBI CTEKJIa HAKOJOTh IBe OynaBKku | u 2 Tak, 4TOOBI IpsiMasi, TPOXOAIIas yepes
HUX, COCTaBIIsIA YTOJI 01 C IEPIICHANKYISIPOM K TIJIOCKOCTH TUIACTUHKH (puc. 1).

3. TlomHsATh pUCYHOK Ha YpOBHE TJIa3 U, HAOMIOAas Yepe3 IUIACTUHKY, HAKOJIOTh JABE APYyrue OyiIaBKU
TakK, 4YTOOBI BCE UeThIpe OyJIaBKU OKa3aIlCh Ha OJHOM MPAMOI.

4. Crewio u OynaBKH CHSTh, MECTa HaKOJOB OTMETUTh Toukamu 1,2,3.4 u uepe3 HUX TPOBECTH

MpsIMBIE JIMHUM JI0 TIepecedeHusl ¢ TpaHumnamu ctekia (puc. 2). IlpoBectn depes touku 2 u 3

nepIeHIuKyIsApsl k rpanuiam cpex AB u CD.

TpancopTHPOM HU3MEPUTH YTJIbI TTAJEHUS O U YTIIbI IPETOMIICHUS 3. sina

[To Tabnuile 3HAYECHUI CUHYCOB OMPECIUTh CHHYCHl U3MEPEHHBIX yIJIOB., | ———— =

7.  Bwruucauts ko3duiueHT npeaomieHus no Gopmyie: sin

o o

n

151



8.  OmbIT NOBTOPUTH TPH pasa.

Puc. 1. Puc. 2

9.  PesynbraThl U3MEPEHUIl, BEIYUCIICHUI U TAOJIMYHBIC TaHHBIC 3aIKCaTh B TA0IUILY 1.
10. BeruucauTh aOCOMOTHYIO (A) M OTHOCHTEIBHYIO (€) MIOTPEIIHOCTH IO POpMYyTIam:
11. Cpnenatb BBIBOJ 1O padboTe

A
— . 0, = —_
&= 100% A=N,.6. N,
nma5.1
Tabmuna 1
Ne  [Vron manenusi Yromnpe- | Koaddu- 2 o ©
< ° < <] R o
OTBITa | CBETOBOTO JIOMJICHUS IUEHT 5 g i = 5 4 = w
NP L o T 3 0
ny4a CBETOBOTO | MpEJIOM- S B = = £ 9 E 9 55
) Q o o &
ayda JIeHUs o 5 5 = = g M 5 3 s g
o (D] 5}
a, T S 9 T S 3 S & S 32
B, n 3 3 2 3 % < B £ 5
| & X = X = o =
1
2
3

KOHmpOﬂbele 60NPOCHL

UTO Ha3bIBAIOT CBETOBBIM JIy4OM?

ChopmynmpyiiTe 3aK0H OTpaKEHHs CBETA.

KakoB ¢u3udeckuii cMbICI TOKa3aTeNsl MPEIOMICHHS cBeTa?

Yewm otnmvaetcst aDCOTIOTHBIN TTOKA3aTelNb MPEJIOMIICHUS CBETa OT OTHOCHUTEIHLHOTO?
CdopmynupyiiTe 3aK0H MPETOMIICHHSI CBETA.

UTo Ha3BIBAIOT MOJIHBIM OTPAKEHHUEM CBeTa?

KakoBa ckopocTh pacnipocTpaHEHHUs CBETa B BaKyyme?

Yto Ha3BIBACTCS ONTUYECKON MIOTHOCTHIO BEIIECTBA?

Jly4 cBeTa mepexoAuT U3 CpPeAbl ONTUYECKU Ooiee MIOTHOW B Cpely ONTHYECKH MEHEE IJIOTHYIO.
Kak u3meHsieTcs mpu 3TOM 4acToTa KoJeOaHUi U TMHA BOJIHBI?

10. B uyem coctouT npuHNuI [ rolirenca?

11. Jlyy mepexoauT U3 BOJBI B CTEKJIO. YTOJ MaJeHUs o = 30°. Haittu yrou npenomnenus (N = 1,3; Ney
=1,6).

CoNoUA~WNE
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12.  VYron npenomiieHus cBeTa B MNIMLEPUHE 45°. Haitru yros najieHus B Bozayxe (N, =1.47).

13. Jlyuy magaeT Ha TOBEPXHOCTh BOJBI O] yIIIOM 30°. Tlox kakum YIJIOM JIOJDKEH YHacTh JIyd Ha

MOBEPXHOCTh ajiMa3a, YTOOBI YroJ MPETOMICHHS OCTAICS TaKUM Ke? (Nposn= 1, Nponu=1,33, Nap.=

2,42).

14. Haiitu pa3HOCTh CKOPOCTEH CBETA B BOJIC U CTEKIIE, €CIH Npoyy=1,33, Nerex =1,5.

15. Ompeaenuts NpeneNbHBI yroj IMOJHOrO OTPaKEHHs s BOJABI, cTekia, anmasza. (Ne.= 1,6;
Nooms=1,33, Nanne.= 2,42) (OTB.: 0101=49°, 010,=40°, 0103=24°).

®opma npeaocTaBIeHus pe3yabTaTa

BrInoTHEHHBIH OTYET B TETPaAH [Tl Ta0OPATOPHBIX PaboT.
Kpurepum ouenku:

OueHKa «Omau4vHo) evicmaenAienmcs. TIPAaBUIbHO BbIIIOJIHEHBI BCC 3adaHUsA B COOTBETCTBHUHU C
Tpe6OBaHI/I$IMI/I, IMpaBUJIbHO BBIIIOJIHCHBI JOIIOJHUTCIBHBLIC 3aJdaHusl, CBOCBPCMCHHO IIPCIOCTABJICH
OTYCT O BBIIIOJIHCHHNU pa6OTBI.

OI/;eHKCl «xopouio» evicmaendemcs: IIPAaBUJIIBHO BbIIIOJIHCHBI BCC 3aJdHHA B OCHOBHOM 4acCTu,
JOITOJIHUTCIIBHBIC 3aJaHKs BBIIIOJHCHBI HC B ITIOJTHOM 06’LeMe, npeaoCTaBJICH OTYCT O BBLIIIOJHCHHU
pa6OTI>I, mmbo B CJIydya€ HECBOCBPCMCHHOI'O IMPEAOCTABJICHUA OTYCTA4 UWJIKM C HAJIUYUCM
HECYIICCTBCHHBIX OIINOOK B BBIITOJIHEHHHU 3aJaHHuA.

Oyenka «y0061emeopumenbHo» 8blCmMasisemcs: BHIIIOIHEHBI He Bce, HO Oosee 50% 3amanuii paboThl,
JOTIOTHUTEJIbHBIE 3aJlaHUsl HE BBIMOJIHEHBI, HECBOCBPEMEHHO MPEAOCTaBICH OTYET O BBIMOJIHEHHUU
paboTHI.

Oyenka «HeyoosIemeopumenvhoy evicmaesisemcs:. BeIIONHEHO MeHee 50% paOoThI, HE BBITOJIHEHBI
3

JOITOJHUTCIIBHBIC 3aJaHus, OTUCT O BBIIMIOJTHCHHUHA pa6OTI>I HC IPECIOCTABJICH.

Tema 5.3 OnTuka
JlabopaTopHas padora Ne25

Haonronenne nurepgepenunu u nugpakunu cBera

Ilesab padoThI: SKCIEPUMEHTAILHBIM YTEM MTPOHAOII0AATh UHTEPPEPEHLINIO U TU(DPAKIIHNIO CBETA

Boinosinenue padorsl cnocodcTByeT GOpMHUPOBAHUIO:

I1P62, 11P66, 11P68, ITPy3, Ilpy7, I1Py8, I1Py10, I1Py12, I1PG10, IIpy2, ITPy12, TTP610, MP3, MP5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepuanbHoe o0ecnedyeHMe: ITACTUHBI CTEKJIIHHbIE — 2 INT., JlamMIa C OPsIMOM HUTBIO HAaKaia,

[ITAHTCHIIUPKYJIb.

3amanne

1. TlponaGmromath U U3y4UTh UHTEPDHEPEHIIMOHHBIE KAPTUHBI.
2. IlponaGaronare ¥ U3Y4UTh AU(PAKIIMOHHBIE CIIEKTPHI.
ITopsinok BbINOJIHEHHS PadOTHI

Habaonenne uarepdepeHunH cBeTA.

1. CrexisiHHBIE IUIACTUHBI THIATCIBHO NPOTCPCTh, CIIOKUTH BMCCTC U CXKATh NMaJIbLIaMU.
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PaccMmoTpeTh miacTUHBI B OTpaXXEHHOM CBeTe Ha TEMHOM (oHe (pacronarath X Hajo TaK, YTOOBI
Ha TIOBEPXHOCTH CTEKJIa HE OOpPa30BBIBATHCH CIHUINKOM SIPKHE OJHMKH OT OKOH WJIM OT OelbIX
CTEH).

3. B oTnenpHBIX MecTax CONPUKOCHOBEHUS IIACTUH HAOMIOAATh SIPKUE padyKHbIe KOJIbIE0Opa3HbIe
WJIM HETIPaBUWJIBHON ()OPMBI MTOJIOCHI.
4. 3aMeTuTh HU3MEHEHHE (OPMBI M PACIONIONKECHHS] MONYYEHHBIX HHTEPPEPEHIMOHHBIX IOJOC C
W3MEHEHUEM HaXXUMa.
5. TlombiTaTbes yBUAETH HHTEP(EPEHIIMOHHYIO KAPTUHY B POXOASILEM CBETE.
Ha6aronenune nuppakumuu cera.
1. VYcranoButh MeXIy IyOKaMy MITAHTCHIUPKYIIS eI IUpUHON 0,5 MM.
2. IlpuctaBuTh 1€ BIUIOTHYIO K IJ1a3y, PACIIOIOXKUB €€ BEPTHUKAILHO.
3. CMoOTpsi CKBO3b WIENIb Ha BEPTUKAIHHO PACIOJIOKEHHYIO CBETAIIYIOCS HHUTh, HAOMIOAATH 1O 00€
CTOPOHBI HUTU Paly’KHbIE MOJIOCHI (AUPPaKIIMOHHBIE CLIEKTPHI).
4. Wswmensis mupuny menu ot 0,5 mo 0,8 MM, 3aMeTUTh, KaK 3TO BIMSICT Ha JUPPAKIUOHHBIC
CHEKTPBI.
5. 3amomHuTh TabIUIY 1, CACTATH BBIBOJ MO HAOIIOJAEMBIM SIBIICHUSIM.
dopma npenocraBiieHus pe3yJjbTaTa
Tab6mmma 1
No uHTEpEepeHIUs nudpakius
T Haxarue Bun narepdepeHnnoHHbIx Pasmep Bun
MOJIOC HIeNTU, MM TG PaKIIMOHHOTO
CIEKTpa
1 CUJIBbHOE 0,5
2 cpenHee 0,6
3 ciraboe 0,8
KoHnTpoJsbHbBIE BOPOCHI
1. Kak nomy4aroT KOrepeHTHbIE CBETOBBIE BOJIHBI?
2. B uéMm cocrout siBiieHne MHTep(DEepeHINH cBeTa?
3. C xako#t pu3NYECKON XapaKTEePUCTHUKON CBETOBBIX BOJIH CBS3aHO pa3lUyue B 1BeTE?
4. Tlocne ynapa kaMHEM IO TIPO3PAYHOMY JIbJTy BOSHUKAIOT TPEIIHUHBI, IIEPETUBAIOIINECS BCEMU

S.
6.
7.

useramu panyru. [louemy?
[lepeuncnure OCHOBHbIE IPUMEHEHUS] HHTEPHEPEHIINN.

UYro HazbIBatoT qudpakuueii ceera? Korna ona Habmonaercs?

Chopmynupyitre npunmun ['toiirenca-®Openens.

®opma npeacTaBiaeHus pe3yJbTara:

Pabota gomkHa ObITH BBINOJIHEHA B TETPAIu AJIsl JIaDOpaTOPHBIX padoT.

Kputepun onenkmn:

3a mpaBUIIHLHO BBHITOIHEHHOE 33JJaHHME BHICTABIISIETCS TIOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMpaBUWJILHO BHITIOJIHEHHOE JIEHCTBHE, 3aJ]aHle BBICTABIIAETCS OTpULlaTeIbHast olleHKa — 0 0aioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB

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

Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyooenemeopumenvHoy svicmagisiemcs 3a MeHee 60%0 npaBUIbHBIX OTBETOB
gvicmasnsemcs 3a menee 60% MpaBHIIBHBIX OTBETOB
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Tema 5.3 OnTuka
JlaGopaTopnas padora Ne26

Onpenenenue JJIHHBI CBETOBOM BOJIHBI € IOMOIIBIO JM(PPAKIIMOHHON pelIeTKH
Lesb padoThI: H3ydeHUE SBICHUS AU(PAKIMK U ONPEACTICHHS JUIMHBI BOJTHBI CBETa

BobinosiHeHune padoThl cOCOOCTBYET (POPMHUPOBAHHIO:

I1P62, TIPG6, ITP6S, I1Py3, Ilpy7, I1Py8, I1Py10, I1Py12, I1P610, Ilpy2, IIPy12, I1P610, MP3,
MP5, MP15, MP2§, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepuanbHoe o0ecnieyeHue: TuPaKIMOHHAS PEUIETKA, HCTOYHUK CBETA, yCTAaHOBKA IS

HaOoIeHUsT TUPPAKIIMOHHOW KaPTUHBI
3amanue

1. B xone skcriepuMeHTa MpoHadr01aTh TudpaKIuio CBeTa.
2. OTmBITHBIM ITyTE€M BBIYUCITUTH JITTHHY CBETOBOM BOJIHEI.
Iopsiaok BbINOJHEHUS PA0OTHI

Cxema yCTaHOBKH

YcranoBka gans  HaOmogeHUs AuQpaKIrOHHON
KapTUHBl COCTOMT M3 JEPEBSHHON pEWKH, Ha KOTOPOU
ykpemieHa nudpakinuonnas pemérka JP. Ilo pelike
nepementaercss mUToK LIl ¢ y3koi mienpro U JIMHEHKOHU ¢

” MWUIMMETPOBOW IKajgoH. Pojb JIMH3BI  BBIMOJHACT
xpyctanuk riaza XP. M3o0paxenue menu odpa3yeTcs Ha

cetuarke T1naza CI' wu wHabmomaercs Ha  (doHe
MUJUIMMETPOBON HiKansl. Pasmepamu riasHoro si6jgoka u

—

— paccTosiHUEM OT TJ1a3 J0 PelETKH MOXKHO MpeHedpeyb 1o
i = CPaBHEHHMIO C pPAacCTOSHHEM OT INenu A0 pemérku L.
m‘a PU [Ilens ocewmaercsa 3yeKTpUdecKou nammnoukou JI. Ecium
CMOTpETh Ha OCBEIIEHHYIO CBETOM LIENb 4Yepe3 AU(PPAKIUOHHYIO PEeIIETKY, TO KpOMe LEeHTpanbHOro 1]

n300paXkeHus e B 6eI0oM cBeTe Mo 00€ CTOPOHBI BUAHBI €€ CHMMETPUUHBIE pay’KHbIE N300paKeHUs
PU (cmextpel). Yronm audpakiuu ompenensercs MO MOJOKEHUI0 AUPPaKIMOHHOTO MaKCMMyMa Ha
MUJUTMMETPOBON HIKAJIE.

U3 reomerpuueckux mnoctpoenuit scuo, uro |/L=1tg@, e I-paccrosnue or nenrpansHoro
n3o0paxenus menn (K = 0) 10 ogHOro N3 GOKOBBIX H300pakeHHH; L— paccTosHIE OT PEHIETKH 10 IIEIH.

Yuureisas, uto Q@ ~ SINQ 11 Manbx yriioB upakuy, MoIyaum I / L~sine
(1)

Hcnons3ys ¢opmyny (1) v ycioBHe IJIaBHOTO MaKCHMMyMa MHTEHCHBHOCTH CBETA, MPOIIEIIIErO
CKBO3b PEIIETKY csinp=KkAx,
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rjie ¢ — MOCTOSHHAS pelleTku (uau apyroe Hassanue — mepuon pemerku) K =0, £1, +2... — Homep

WM IOPAAOK MaKCHMyMa, IIOJYYUM BBIPAXKCHHUC IJId BBIYUCICHUSA OJIMHBI BOJIHBI 7\,, B KOTOpPOM BCE

l.c

BEJIMYUHBI JIETKO U3MEPSAIOTCS Ha yCTaHOBKE: A=—— (2

k-L

BoinosiHeHune pa6oTsl

1. Bxirouurte yCTaHOBKY B CETb.
2. Tlpubnu3uB rna3z Kk AUGPaKIMOHHON pEemIETKe, HAlpaBbTe IMPUOOP HAa MCTOYHHMK CBETA TaK, YTOOBI
ObUIM BUIHBI 110 00€ CTOPOHBI OT LIENIM Ha MIMTKE AU(PPAKIIHOHHBIE CTIEKTPHI 1-T0 U 2-T0 TOPSIIKOB.
3. 3amepbte paccrosiHue L- ot mmTka 10 AupakuruoHHON peiéTKe .
4. 3amepbre paccTosiHMe | — OT cepeluHBbI IIEHTPAIBLHOIO MAaKCHMyMa 0 CEPEIHHbI MaKCUMyMa
MIEPBOTO MOPSAJIKA CHHETO IIBETA.
5. Ilo ¢popmyie (2) BEIYUCINUTE AJIMHY BOJIHBI CUHETO LIBETA.
6. OmnbIT npoaenaiiTe 1jisi BTOPOro Mopsika CUHEro 1npeta. [lomyueHHble JaHHBIC 3aHECUTE B TAOIHILY.
7. AHaJIOTWYHBIE W3MEPEHUSl MPOBEIUTE IS JKEJITOTO, 3€JIEHOT0 M KPAaCHOTO ILBETOB IO YKA3aHHIO
MpernoaBaTers.
8. PaccuuTaiiTe oTKJIOHEHHE OT cpeaHero AA = —L 2 y3anecure B Tabnuiy 1.
Tabnuna 1.
IBer k | cm A, HM <A>, HM A\, HM
CUHHIA 1
2
3eJIeHBIN 1
2
YKEITHIN 1
2
KpaCHBIN 1
2
9. Cnenaiite BbIBOJ O paboTe.
®opma npegocTaBjieHus pe3ybTaTa
1. 3amomnuTh Tabmuny 1, crenaB He0OX0AMMBbIE pacu€Thl MO TAOJIUIIEH.
I{Ber k | cm A, HM <A>, HM A\, HM
CHUHMI 1
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3CJICHBIN 1
2
JKEJITBIN 1
2
KpaCHBIN 1
2

2. CpnenaiiTe BBIBOJ IO paboTe.
KoHTpoJibHBIE BOIPOCHI.

1. Yro takoe audpakiusa? B kakux KOHKPETHBIX SBJICHHUSIX OHA MPOSIBIAETCS?
2. Kak ¢popmynupyercst npunim [ toiirenca-Openens?

3. Yro Takoe rinaBHble MakcuMyMbl? Kak oHM BO3HUKAIOT?

4. Yro takoe audpakiuonnsie MUHUMYMbI? KakoBa ux npupozga?

5. Uto nporcxoaut ¢ nuppaKkIMOHHON KapTHHOH 1pH yBenndyeHuu uncia menerd N? (ITosicHuth
rpaduveckn).

6. Uro Takoe audpakuuonHas pemerka? Kak oHa u3roraBivuBaercs?
7. Kak 3anucatb 1 00bSCHUTH (OPMYITY TJIaBHBIX MaKCUMYMOB ((hopmyny AUPpaKIIMOHHOMN perieTku)?

8. Kakas kapTuHa HaOII0Ja€TCSl HA DKPaHE TP OCBEIICHUH PEIIETKH OEJIBIM CBETOM, CBETOM PTYTHOM
JIAMIIBI?

9. HauwnHas ¢ kakoro nopsika M rnepekpsiBaroTcs JUGpakMOHHbIE CIIEKTPbl BUIUMOTO cBeTa?

10. KakoBa poJib JTMH3BI 3pUTENIbHON TPYOB! B 00pa30BaHUM TUPPAKINOHHON KapTUHBI? MOXKHO 11
JIMH3Y 3aMEHUTD I1a30M?

11. Ha xakoM paccTOSIHUU OT JIMH3bI 3pUTEIbHON TPYOBI ClIeAYeT YCTAHOBUTD IKPAH ISl HAOIIOICHUS
TU(PPaKIMOHHOM KapTUHBI?

12. Kakoe npumeHeHne uMeeT Tudpakiys B HayKe U TeXHUKe?

13. O0bsicHUTE BO3HUKHOBEHHE O€JI0H MOJIO0CH B LIEHTpE NU(PAKIIMOHHON KapTUHBI IPU OCBEILIEHUN
O€eJIBIM CBETOM.

14. KakoB mops/IoK cle0BaHus I[BETOB B TU(PAKIIMOHHBIX CIIEKTpax?

®opma npeacTaBieHus pe3yabTara:
PaGota gomkHa OBITH BHINOJIHEHA B TETPAIu AJIs JIaDOpaTOPHBIX padoT.
Kpurepun onenkmn:
3a IpaBUIIbHO BBIIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJI0KUTENIbHAS OLleHKa — | Gasu.
3a HCIIPABUJIBHO BBITIOJIHCHHOC I[Cf[CTBHG, 3a1aHUC BBICTABJISICTCS OTPULIATCIIbHAA OLICHKA — 0 6amm0B.
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Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB
gvicmasnsemcs 3a menee 60% npaBUIBLHBIX OTBETOB

Tema 5.3 OnTuka
JladopaTopHas padora Ne27

Haobuaronenne cnjiomHoOro 4 JHHEN4YaToro CneKTpoB

I_Ie.m, paﬁDTbI: OKCIICPUMCHTAJIbHBIM HYTéM HpOHa6J'IIOI[aTB CIICKTPbI UCITYCKAHHA U IMOTJIOIICHU S

mnpeajaracMbiX BEIICCTB.

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:
I1P62, T1P66, I1P6S, I1Py3, Ilpy7, I1Py8, I1Pyl10, ITPy12, T1P610, IIpy2, I1Py12, I1P610, MP3,

MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MatepuanbHoe oOecnedeHHe: MPOCKIIMOHHBIM ammapar, CHeKTpalbHble TPYOKH C BOZOPOIOM,

HEOHOM HJIM I'CIIMEM, BBICOKOBOJBTHBIHN HUHIAYKTOp, 6aTapeﬂ AKKYMYJIATOPOB, IOTATHB, COCANHUTCIIbHBIC

npoBoJia (00IIHe Ha ayTUTOPHIO), CTEKIITHHAS TTACTHHA CO CKOIIEHHBIMH IPAHsAMU (BBIIAETCS KaXKIOMY).

1.
2.

3aganue

[Tponatironate 00pa3oBaHKE CIIEKTPOB MCITYCKAHUS U TIOTJIOIICHHUS.
BbIssBUTh IpUyKMHY 00pa30BaHuUs CIIEKTPA.
IopsaoK BHINOJTHEHUS PaGoThI

Eciu HU3ITYUYCHUC NCTOYHUKA CBETA HAIIPABUTH HA CTCKIIAHHYIO IIPU3MY, HA IIYTHU ITPOMICAIINX YCPE3

pu3sMy nyqeﬁ MOCTAaBUTB JKPaAH, TO HA 3KpPAaHC MOKHO Ha6J'IIOI[aTB Ha60p HOBCTHBIX IMOJIOC — CIICKTDP.
HpI/I‘{I/IHa Ha6J'IIO,Z[aeMOFO SABJICHUSA COCTOUT B TOM, UTO CBETOBLIC JTYdYH UMCIOT OANHAKOBYIO CKOPOCTH CsB
BaKyyMC, a B I[pyTOfI cpeae, (HaanMep, B CTeKJ'Ie) HX CKOPOCTb HCOJAMHAKOBA W 3aBUCUT OT YACTOTHI
kosiebanmii. Tak Kak KOB(I)(l)I/II_[I/ICHT MMPEJIOMJICHUA 3aBUCHUT OT CKOPOCTU PaACHPOCTpPAHCHUA CBCTOBBLIX
BOJIH, TO JIYYH PA3HBIX 4aCTOT OMPEACTIAIOTCA IMO-PA3SHOMY.

1.

o

Pacnionoxuth miacTuHy TOpU30HTaIBHO Tiepea TiiazoM. CKBO3b T'paHM, COCTaBISIOIIME YTOJ 45°,
HaONIO/IaTh CBETIYI0 BEPTUKAIBHYIO MOJOCKY Ha JKpaHe — H300paKEHUE Ppa3[IBIKHOW IIETH
MPOEKIIMOHHOTO amnmapara.
BbigenuTs OCHOBHBIE IIBETa IMOJYYEHHOTO CIUIOIIHOTO CIEKTpa M 3amucarh MX B HaOJI0IaeMoi
IOCJIEIOBATEIILHOCTH.
[ToBTOPUTH OMBIT, paccMaTpUBasi OJOCKHU Yepe3 TpaHu, 00pa3yIoIie yroi 60°. 3amucars paznuuus B
BH/JIC CIIEKTPOB.
HabGmronate nuHeHYaThle CHOEKTPhl BOJOPOJA, TeNHUs WM HEOHa, pPacCMaTpHUBasl CBETALIUECS
CHeKTpajbHbIE TPYOKH CKBO3b TPaHU CHEKTPAIBHOW TJIACTHHBI. 3amucaTh HauOoJyiee SiPKUe JTMHUHU
CHEKTPOB.
Pesynbrarer HaOMOIeHM peIcCTaBUTH B TabmuIe 1.
Cnenatb BBIBOJ 1O paboTe.

dopma npenocraBieHus pe3yJbTaTa

Tabmuna 1
Ne Pacnonoxenue HaOmronenune JInHedyaTeIi JInnenyatei | JIngeddaTel
o\l | rpaHel IIaCTHH CILIOIIHOTO CIIEKTp BOJOpOAA CIIEKTP CIIEKTP
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Ioxg y1".]'IOM CHeKTpa TelIuia HEOHAa
1 45
2 60°

arONE

KOHTpOJ’[LHbIe BOIIPOCHI

KaxoBa npuunHa pas3noxeHus 0e0ro cBeTa npu3Moi?
Kak 00BACHUTH TPOUCXOXKICHHE JINHEWYIATBIX CIIEKTPOB?
B uém paznuune nudpakioHHOTO M TUCTIEPCHOHHOTO CIIEKTPOB?
[Toyemy 1o criekTpam 3BE31 MOXKHO ONPENEIUTh UX XUMHUECKHIA COCTaB?
N3menuTes au 1BET 3€IEHOTO JIyya Mpu Mepexojie u3 Bo3ayxa B Boay? [louemy?

®opma npeacTaBiIeHus pe3yJabTaTa:

Pabota nomkHa OBITH BBIMOJIIHEHA B TETPAJIH JUIS JIAOOPATOPHBIX padoT.
Kpurepun oneHku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS TTOJIOKUTENIbHAS OlleHKa — 1 Oa.
3a HeMpaBWIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNUE BHICTABIISCTCS OTPHUIIATEIbHAS OllcHKa — 0 OaJlIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasinsiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 paBUIBHBIX OTBETOB

gvicmasnsemcs 3a menee 60% npaBUIBHBIX OTBETOB
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