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BBEJAEHUE

Baxxnyto yacth TeopeTudeckor M MpodecCHOHANbHOM MPaKTUUYEeCKON MOATOTOBKH OOYYaroIIUXCs
COCTABJISIIOT IPAKTUYECKUE U J1a0OPATOPHBIE 3AHATHUS.

CoctaB u cojaep:KaHHE MPAKTUYECKUX W J1a0OpATOPHBIX 3aHSATUI HANpaBJiCHbl HAa peaU3alhio
@enepatbHOTO TOCYAAPCTBEHHOTO0 00pa30BAaTENbHOTO CTAaHAApTa CPEIHEro oO0INero oOpa3oBaHUS C
Y4ETOM IOJIy4aeMOM CEeUaIbHOCTH.

Benymieid  qumakTUYeCKOM — IENbI0  NPAKTUYECKUX — 3aHATHHA  sBIsieTcss  (hOpMHUpPOBAHHE
npo(hecCHOHANBHBIX MPAKTUYECKUX YMEHUN (YMEHHH BBINOJIHATH OMpEeSICHHbIE JEeUCTBUA, ONEpallH,
HEOOXOMMBIE B TIOCIEAYIOUEM B MPO(ECCHOHATBHON NEATETbHOCTH) WM Y4YeOHBIX NPAKTUYECKUX
yMeHul (yMEHHUH pelaTh 3a/1a4u 1m0 PU3UKe), HEOOXOIUMBIX B IOCICAYIONIECH YIeOHON AeTEIHbHOCTH.

Benmymeli TumIakTHYeCKOH eI  JTa0OpATOPHBIX 3aHATUN  SBJISCTCS  OKCIICPUMCHTAIBLHOE
MOJITBEPIK/ICHUE U MPOBEPKA CYIIECTBEHHBIX TEOPETHUUECKUX MOJIOKEHHUH (3aKOHOB, 3aBUCHMOCTEH ).

B cootBercTBHM ¢ paboueil mporpamMmoil yueOHOW mucHMIUIMHBI «DHU3MKa» TMPEeTyCMOTPEHO
MPOBEJICHUE MPAKTUYECKUX U JTA0OPATOPHBIX 3aHATUH.

BrImonHeHne NpakTH4ecKuX U JJAOOpaTOPHBIX paboT 00ecreunBaeT AOCTHKEHHE O0yJatoUMHUCS
CIEYIOIIUX Pe3yJIbTATOB:

I1P61. chopMUpOBaHHOCTH TPEACTABICHUH O POJIIM U MecTe (U3UKA M aCTPOHOMHUH B COBPEMEHHOM

HAYYHOU KapTHHE MUPA, O CUCTEMOOOpa3yolel poiau GU3UKH B Pa3BUTHH €CTECTBEHHBIX HAYK, TEXHUKU
U COBPEMEHHBIX TEXHOJIOTHH, O BKJIaJIe POCCUICKUX U 3apYOSKHBIX YUCHBIX-(PU3UKOB B pa3BUTHE HAYKU;
NOHMMaHHUE (PU3NYECKOW CYITHOCTH HAOII0OJAaeMbIX SIBICHHUI MHUKPOMHpA, MaKpOMHpa M Meramupa;
MOHMMAHHUE POJU ACTPOHOMHUU B TMPAKTUUYECKOH MAESITETbHOCTH 4YeJNOBEKAa M JalbHEHIleM HaydHO-
TEXHUYECKOM Pa3BUTUHU, posin (U3UKU B (GOPMHUPOBAHUU KPyrozopa U (HyHKIIMOHAIBLHON TPaMOTHOCTH
YeJIOBEKa JJIS PEIICHUS TPAKTUUYECKUX 3a]1a4;

[TP62. copMupoBaHHOCTH YMEHUM pacro3HaBaTh (PU3UUYECKUE SIBJICHUS (MPOIECCHI) M OOBICHATh UX Ha
OCHOBE M3yUYEHHBIX 3aKOHOB: PAaBHOMEPHOE M PaBHOYCKOPEHHOE MPSIMOJIMHENHOE IBUKEHUE, CBOOOIHOE
najieHue Tej, JBM)KCHHE TI0 OKPYXHOCTH, MHEPIIUS, B3aUMOJICHCTBUE TeJ, KojebaTenbHOe IBUKEHUE,
pEe30HaHC, BOJIHOBOE ABIMXKEHUE; Muddy3us, OpoyHOBCKOE TBUKEHHE, CTPOCHUE KHUAKOCTEH U TBEPbIX
Tel, W3MEHeHHe oO0beMa Tell MpU HarpeBaHWU (OXJAKIEHHH), TEIJIOBOE paBHOBECHE, HCIApPEHHE,
KOHJIEHCAllUs, IUIaBJI€HHE, KpUCTAJUIM3alus, KUIIEHHE, BJIAXHOCTh BO3/lyXa, CBA3b CpeaHEH
KMHETUYECKOW JHEPrMU TEIJIOBOTO JBIKEHUS MOJIEKYNT C aOCONIOTHOM TeMIepaTypoil, MOBBIIICHHE
JIABJICHUS Ta3a MPHU €ro HarpeBaHWUU B 3aKPHITOM COCYJIE, CBSI3b MEXKIY MapaMeTpaMy COCTOSIHHS Ta3a B
M30MpOoLEeccax; AJNEKTpU3alMs TeJl, B3aWMOJAEWCTBUE 3apslOB, HarpeBaHHE IPOBOJHHKA C TOKOM,
B3aUMO/ICCTBUE MAarHUTOB, DJICKTPOMArHUTHAS WHIYKIUS, JEMCTBHE MarHUTHOTO TOJISl HA TPOBOJHUK C
TOKOM ¥ JBWKYIIUHCSA 3apsil, OJIEKTPOMArHUTHBICE KOJEOAHWS ¢  BOJHBI, MPSMOJMHEHHOE
pacmpocTpaHeHHe CBETa, OTpaKeHUe, IpeloMiieHue, HHTephepeHIrs, TudpaKius U MOIIpU3aIUs CBETa,
mucrepcust cBeta; (GoTodNeKTpudeckuii 3(pQexT, cBeToBOoe aBlIeHHE, BO3SHUKHOBEHHE JHMHEHYATOrO
CIIEKTpa aTomMa BOJIOPO/JIa, ECTECTBEHHAsI U UCKYCCTBEHHAsl PaJOAKTUBHOCTH;

[TPG3. BnageHre OCHOBOMOIATAIOIIUMU (PU3NUYECKUMH MOHATHUSAMHU M BEIMYMHAMH, XapaKTePU3YIOIIHIMH
dbu3ndeckue Tporecchl (CBA3aHHBIMM C MEXaHWYECKUM JIBIDKCHHEM, B3aWMOJICHCTBHEM T,
MEXaHUYECKUMH KOJICOAHHSIMU U BOJHAMH; aTOMHO-MOJICKYJIIPHBIM CTPOCHHEM BEIECTBA, TETUIOBBIMU
MpOLECCaMH; DSJEKTPUUYECKUM U MArHUTHBIM TOJSIMH, 3JEKTPUUYECKUM TOKOM, 3JIEKTPOMATrHUTHBIMU
KOJIeO0aHUSIMU M BOJHAMM;, ONTHYECKUMHU SIBICHHUSIMH; KBAaHTOBBIMU SIBJICHHUSIMH, CTPOCHHEM aToMa M
ATOMHOTO sI/Ipa, pauO0aKTUBHOCTBIO); BJIAJICHUE OCHOBOIOJIATalOIIMMHU ACTPOHOMHUYECKUMU TTOHATUSIMU,
MO3BOJISIIOIIMMH  XapaKTepU30BaTh MPOILECChl, MPOUCXOALIME HA 3BE3JaX, B 3BE3JIHBIX CUCTEMaX, B
MEXTaTaKTHIEeCKON Cpefie; ABIKEeHNE HeOECHBIX Tell, IBOJIOLUIO 3Be3/] 1 BeeneHHoi;



[1PG4. BnageHNEe 3aKOHOMEPHOCTSMH, 3aKOHAMU U TEOPHUSMHU (3aKOH BcemupHoro Tsarotenus, I, I u II1
3aKkoHbl HpIOTOHA, 3aKOH COXpaHEHUS] MEXaHWYECKOM 3HEPIUH, 3aKOH COXPAHEHMsI UMITYJIbCA, IPUHLIMII
CYNEpHO3ULMN CHJI, HPHUHLUII PABHONPABHOCTH MHEPLHUAIBHBIX CHUCTEM OTCYETA; MOJEKYJISIPHO-
KMHETUYECKYI0 TEOPUIO CTPOEHMS BEILECTBA, FA30BbI€ 3aKOHBI, NEPBBIA 3aKOH TEPMOJMHAMUKHU; 3aKOH
COXPAaHEHHUs JJIEKTPUUECKOTo 3apsjaa, 3akoH Kynona, 3akoH Oma Juis yyacTka Lenu, 3akoH Oma ais
IIOJIHOM 3JIeKTpHUecKoi 1enu, 3akoH Jxoyns - JleHua, 3aKoH 3J€KTPOMarHUTHOM MHIYKLHH, 3aKOH
COXPAHEHMsl PHEPIUH, 3aKOH MPSAMOJIMHEHHOr0 PACHpPOCTPAHEHUs CBETA, 3aKOH OTPAXKEHMsI CBETA, 3aKOH
IPEJIOMIIEHUS] CBETA; 3aKOH COXPAaHEHMsI SHEPIMH, 3aKOH COXPAHEHMs HUMILYJbCa, 3aKOH COXPaHEHMs
JIEKTPUUECKOTO 3aps/a, 3aKOH COXPaHEHUs1 MacCOBOI'0 YMCIa, OCTyJaThl bopa, 3aKoH pajinoakTUBHOIO
pacmnaja); yBepeHHOE UCTOIb30BAHUE 3aKOHOB U 3aKOHOMEPHOCTEH NpU aHaln3e (PU3NYECKHX SBICHUN U
IIPOLIECCOB;

[1P65. ymeHHe yduTBHIBaTH TPAHMIBI NMPUMEHEHHS HM3YYCHHBIX (U3UYECKUX MOJEJICH: MaTepHalibHas
TOYKa, MHEPLHAJIbHAS CUCTEMA OTCUETA, U/I€aIbHBIN I'a3; MOJIEIM CTPOEHUS I'a30B, )KUIKOCTENW U TBEP/IbIX
TeJI, TOYCUHBIN JEKTPUUECKUN 3apsil, siiepHas MOJENb aToMa, HyKJIOHHAs MOJIeNIb aTOMHOIO sipa Mpu
peleHnH (PU3NYECKUX 3a/1a4;

[TP66. BiageHne OCHOBHBIMM METOJAMH HAy4YHOI'O IO3HAHUS, UCHOJIb3YEMBbIMU B (DU3HKE: MPOBOIUTH
IpsIMble U KOCBEHHbIE M3MEpEeHUs (PU3UYECKUX BEJIWYMH, BBIOMpAas ONTUMAJbHBIA CIOCO0 U3MEPEHUs U
UCIIOJIb3YSl W3BECTHBIE METOJbl OLIEHKM IOTPEIIHOCTE M3MEPEHUH, IPOBOAUTH HCCIIEAOBAHNE
3aBHCUMOCTEH (DM3NYECKUX BEIMYUH C WCIOIH30BAHUEM MPSMBIX W3MEPEHUH, OOBICHATH IMOyYEeHHBIE
pe3yIbTaThl, NCHOB3Ys (PU3UYECKIE TEOPHH, 3aKOHBI M IOHSTHUS, M IENIaTh BHIBOJIBI;, COOIIOIATh TpaBUIIa
0e30MmacHOro TpyjAa IMpH NPOBEACHUM HCCIENOBAaHUN B paMKaxX ydyeOHOro SKCIepUMEHTa U ydeOHO-
UCCIIEIOBATEIbCKON JIEATENbHOCTH C MCIOJIb30BAHUEM LHM(PPOBBIX H3MEPUTENIBHBIX YCTPOWCTB H
nabopaTopHOro o0opyaoBaHuUs; C(HOPMUPOBAHHOCTh MPEACTABICHUH O METO/AaX MOJYYEHUs HayUHBIX
ACTPOHOMHYECKUX 3HAHU;

[TP67. chopMHpPOBaHHOCTh YMEHHsSI pPelIaTh pacueTHbIE 33au C SIBHO 3a/laHHON (U3MUECKON MOEIbIO,
UCTONB3ysl (U3MUECKHe 3aKOHBI M MPUHLUIBI;, HAa OCHOBE aHajlu3a YCJIOBHUS 3a/Jaud BBIOMpATh
(bu3NYECKyI0 MOJEIb, BBIACNIATh (PU3NUYECKUE BEIUYUHBI U (POPMYJIbl, HEOOXOUMBIE Ul €€ PEIICHUs,
IPOBOAMTH PacueThl U OILIEHUBATh PEATbHOCTh MOJIYYEHHOrO 3Hau€HUsl (PU3MUECKOI BEJIMYUHBI; PelIaTh
KayeCTBEHHbIE 3aJ1a4M, BBICTpauBasi JJIOTMUECKH HETIPOTUBOPEUNBYIO LIETIOUKY PACCYKIEHHM C OMOpoi Ha
U3YyYEHHbIE 3aKOHbI, 3aKOHOMEPHOCTU U (U3NYECKHUE SIBICHMUS,

I1P68. chopMUPOBAaHHOCTH yMEHHS TNPUMEHATh TOJNYyYEHHbIE 3HAHMUA IS OOBSCHEHHUS YCIOBUH
NpOoTeKaHUs (PU3NYECKHUX SBJICHUN B MPUPOJIE U IS IPUHATHS MPAKTHUECKUX PEIIEHUH B TTOBCEAHEBHOM
KHU3HU 11 oOecrieueHHss 0€30MacHOCTH NMPH OOpaIIeHUU C OBITOBBIMM NMPUOOPAMU U TEXHUYECKUMHU
YCTPOHCTBaMHM, COXPaHEHUS 3/J0POBbS U COOIOACHUS HOPM HKOJIOTHUECKOTO TMOBEACHUS B OKpYXKaroIlei
cpele; TOHUMaHHE HEOOXOOUMOCTH TPHUMEHEHHUs JIOCTHKEHUM (U3MKM U TEXHOJOTMH s
PaIMOHATIBLHOTO MPUPOIONOIB30BAHUS;

ITP69. cdhopmupoBaHHOCTH COOCTBEHHOM TMO3MLMK MO OTHOIIEHUIO K Qu3ndeckod HHpopmanuu,
M0JTy4aeMOM M3 pa3HbIX HCTOYHUKOB, YMEHHUN HCIOJIb30BaTh LHU(PPOBbIE TEXHOJOTHH [UIsl TOHUCKA,
CTPYKTYPHUPOBAHUS, UHTEPIPETALMM U TPEACTaBICHUS Yy4eOHOW M HAay4HO-TIOMYJISIpHOW MH(OpMAIUy;
pa3BUTHE YMEHUH KPUTHUECKOTO aHAIN3a OTy4aeMoi nH(popMaIuu;

[1P610. oBnaneHue yMmMeHUsIMH pabOTaTh B TPYIIIE C BBHIIOJHEHHEM pa3IMYHBIX COLMAIBHBIX POJICH,
IUTAHUPOBATh PA0OTY TPYIIIEI, PAIIHOHAIBHO PACHPEACTATh ACSITEIbHOCTh B HECTAHAPTHBIX CUTYAIHSIX,
a/IeKBATHO OLICHMBATh BKJIAJ] KaKJOI'0 U3 YYACTHUKOB I'PYIIIBI B pEIIEHHE PACCMaTPpUBAEMON IPOOIIEMBI;

[1PG11. oBnagenue (chopMHUPOBAHHOCTH NPEICTABICHUN) TpaBUIaMHU 3amucH (Quanueckux Gopmy
penbedHO-TOUeYHOM crucTeMbl 0003HaueHu JI. bpaitns (71 cienbx ¥ cTaboBUIAAIINX 00YUYaOIINUXCs);



[1Py1. chopMupOBaHHOCTH MOHUMAHUS POJIU (PU3UKH B SKOHOMUUYECKOU, TEXHOJIOTHIECKOM, COIIMATbHON
U 9THYECKOM cepax AesTEIbHOCTH YeIOBEKa; POJIH U MecTa (PM3UKHU B COBPEMEHHON HAayYyHOU KapTHHE
MUDa; POJIM ACTPOHOMUU B NPAKTUYECKON EATEIbHOCTH YEJIOBEKA U JlajbHEHNILIEM HAyUYHO-TEXHUYECKOM
pa3BUTHH;

[TPy2. copMHUpPOBaHHOCTh CHCTEMBl 3HAHHH O (QHU3UYECKUX 3aKOHOMEPHOCTSAX, 3aKOHAX, TEOPHSIX,
JEUCTBYIOIIMX Ha YPOBHSIX MHUKPOMHpA, MAaKpoMHMpa M Merammpa, IpeJICTaBIeHUH O BceoOleM
xapakTepe (U3NYECKUX 3aKOHOB; IPEACTABICHUN O CTPYKTYpe MOCTPOEHHs (PU3MUECKOW TEOpHH, 4TO
IIO3BOJIMT OCO3HATh POJIb (PYyHAAMEHTAIbHBIX 3aKOHOB M MIPUHLUIIOB B COBPEMEHHBIX MPEACTABICHUAX O
IPUPOJE, MOHATH TPAHULBI IPUMEHUMOCTH TEOPUHM, BO3MOXHOCTM MX IPUMEHEHUS IS OIHMCAHUSA
€CTECTBEHHOHAYUHBIX SIBJIEHUM U IIPOLIECCOB;

[TPy3. chopMUpOBaHHOCTD YMEHHs Pa3UyYaTh yCJIOBHUS NMPUMEHHMOCTH MoJeneld (QHU3MUecKux Tena u
IIPOLIECCOB (SIBJIGHUI): HHEpLMaJIbHAs CUCTEMa OTCYETa, MarephajibHas TOYKa, PaBHOYCKOPEHHOE
IBUKCHHE, CBOOOIHOE TaJieHue, abCONMIOTHO yrpyras jaedopmarnus, abCOJIOTHO YIPyroe U abCOIIOTHO
HEYIPyroe CTOJIKHOBEHUs, MoJeliel ra3a, )KMJIKOCTU U TBEpAOro (KpUCTANIMYECKOro) Teja, U1ealbHOro
ra3a, TOYeUHbIN 3apsJl, OJHOPOJHOE IEKTPUUECKOE M0JI€, OAHOPOJHOE MarHUTHOE I10JI€, TAPMOHUYECKHE
KoJIeOaHUsl, MAaTeMaTUYeCKHMH MAasTHHUK, WJEaJbHbI NPYXUHHBIM MasTHUK, T'apMOHUYECKUE BOJIHBI,
u/eanbHbIi KoJeOaTeNbHbI KOHTYpP, TOHKasl JIMH3a; MOJEJIe aToMmMa, aTOMHOTO siipa M KBAaHTOBOM
MOJIEJIH CBETA;

[1Py4. chopMupoBaHHOCTE yMEHHUS OOBSCHATH OCOOCHHOCTH NPOTEKAHUS (PU3NUECKUX SBICHUI:
MEXaHUYECKOE JIBUKEHUE, TEIJIOBOE JBMKEHHE YACTHI] BEILIECTBA, TEINIOBOE paBHOBECHE, OPOYHOBCKOE
nBuxkeHue, nuddysus, wucnapeHue, KHUIEHWE W KOHJEHCalMs, IUIaBJI€HHE U KpHUCTaUIM3alus,
HAIPAaBJIEHHOCTD TEIUIONEPEIAaUH, dJIEKTPU3ALMH TeJl, SKBUIIOTEHIINAIbHOCTH TOBEPXHOCTHU 3apSKEHHOTO
IPOBOJAHMKA, DJJIEKTPOMAarHUTHOM  MHAYKLUWU, CAMOUHIYKIMHM, 3aBUCUMOCTH  CONPOTHBIICHUS
HOJYIIPOBOJHUKOB "p-" W "n-THMOB" OT TeMmepaTypbl, pe30HaHca, UHTepPEpEeHIIMH BOJIH, TU(PPAKIINY,
JMCTIEPCUH, TIOJHOTO BHYTPEHHEro OTpaxeHHs, (HoTodPQexT, Gpu3nueckue NMPUHLIMIBI CIEKTPaIbHOIO
aHanmu3a 1 paboThl Ja3epa, "anbda-" u "O6era-" pacnanasl aaep, raMmMa-u3IydeHue sSaep;

[IPyS. chopmupoBaHHOCTP YMEHHUH MNPUMEHSATH 3aKOHBI KJIACCHUYECKOM MEXaHUKH, MOJIEKYJISpPHOU
(GU3MKN ¥ TEPMOJAMHAMUKH, SJIEKTPOJUHAMHUKY, KBAHTOBOM (PU3MKH JJIsl aHAIM3a U OOBSICHEHUS SBICHUI
MHUKpPOMHpA, MaKpoOMHpa M Meramupa, pas3iudarh YcJoBHsS (TpaHUlbl, 00JAacTH) NPUMEHUMOCTH
¢bu3nYeCKuX 3aKOHOB, MOHMMATh BCEOOIIMM XapakTep (yHIaMEHTAIbHBIX 3aKOHOB (3aKOH COXpaHEHUS
MEXAHWYECKON PHEPIUH, 3aKOH COXPAHEHMsI MMIIYJIbCA, 3aKOH BCEMUPHOIO TATOTEHUs, NEPBBIA 3aKOH
TEPMOJMHAMMKHN, 3aKOH COXPAaHEHHUS JJIEKTPUYECKOIO 3apsA]ia, 3aKOH COXPAHEHUs DJHEPruu) H
OTPaHUYEHHOCTh MCIIOJIb30BAaHMSI YACTHBIX 3aKOHOB; aHAJIU3UPOBATh (PU3MUYECKHE MPOLECCHI, NCTIOIb3YS
OCHOBHBIE IIOJIO)KEHHS, 3aKOHbl M 3aKOHOMEPHOCTH: OTHOCHUTEIBHOCTH MEXAHWYECKOIO JABM)KECHHS,
dbopMyINibl KMHEMaTHKH PaBHOYCKOPEHHOIO IBWXKEHHs, mpeoOpa3oBaHus [amunes Aas CKOPOCTH U
nepeMenieHusi, Tpu 3akoHa HpIOTOHA, NpUHIUN OTHOCUTENbHOCTH ['anuies, 3aKOH BCEMHUPHOIO
TATOTEHUS, 3aKOHBI COXPAaHEHHS UMITYJIbCa U MEXaHMYECKON IHEPTHH, CBSI3b PA0OTHI CHIIbI C U3MEHEHHEM
MEXaHUYECKOM SHEpruu, yCJIOBHUS PaBHOBECHUS TBEPAOIO Tella; CBA3b JABJIEHHUS HIEaIbHOrO ra3a co
CpeHEN KHHETUYECKOW DHEprueil TEIUIOBOIO JBMKEHUS W KOHLEHTpalUeH €ro MOJIEKYN, CBs3b
TEMIIEPATYPbI BEIIECTBA CO CPEAHEN KMHETHMUYECKON 3HEPrHel ero 4acTHull, CBA3b JABJIEHUS UAEAIBHOTO
ra3a ¢ KOHIIEHTpallell MOJIEKYJ M €ro TeMIlepaTrypol, ypaBHeHHe MenzaeneeBa-Knaneiipona, nepsblii
3aKOH TEPMOAVHAMUKH, 3aKOH COXPAHEHHUs JHEPIMM B TEIUIOBBIX IPOILECCAX; 3aKOH COXPAHEHMS
JNEKTPUYECKOrO 3apsifa, 3akoH KynoHa, NOTEHIMANbHOCTH JIIEKTPOCTATUYECKOTO IIOJISl, MPHHLIMII
CYINEPIIO3UIINHU ATIEKTPUYECKUX MoJiel, 3akoHa KynoHa; 3akonsl OMa 11 yyacTKa HUENH U ISl 3aMKHYTOU
ANIEKTPUYECKOM 1enu, 3akoH Jxoyns-JIeHna, 3aKOH 3JIEKTPOMArHUTHOM WHAYKUIMH, NpaBuio JIeHiia,



MOCTYJIaThl  CIEIUAaJIbHOM TEOPUU OTHOCUTEIBHOCTH OWHINTEHHA, ypaBHEHHE OWHINTEWHA A
dororddekra, mepBeiii U BTOpOod mocTynatel bopa, mpuHImN HeompeaeneHHocTH I eiizenOepra, 3akoH
COXpaHEeHHMS 3apsi/ia, MACCOBOT'O YMCIIA M SHEPTHH B SACPHBIX PEAKIMAX, 3aKOH PaJHMOaKTHBHOTO pacmaja;
[TPy6. chopmupoBaHHOCTH YMEHHI MPUMEHSITH OCHOBOIIOIATAIONINE ACTPOHOMUYECKHIE TIOHSATHUS, TCOPHH
Y 3aKOHBI JUUIS aHANIM3a U 00BACHEHUS (PM3MUYECKUX MPOIECCOB MPOUCXOISAIINX Ha 3BE3/1aX, B 3BE3/IHBIX
CUCTEMaXx, B MEKTaJIaKTUUECKOH cpeie; NBIKEHUSI HeOeCHBIX Tell, DBOJIIOLUY 3Be3/1 U BeeneHHoi;

[1Py7. chopMHUPOBaHHOCTh YMEHUH UCCIIEIOBATh U aHAIU3UPOBATh pa3HOOOpa3Hble (PU3NUECKUE SIBIICHUS
U CBOWCTBa OOBEKTOB, MPOBOIUTH CAMOCTOSITEIbHBIC HCCIEAOBAHUS B pealbHBIX U J1a0OpaTOPHBIX
YCIIOBUSIX, YUTATh U aHAJU3UPOBATh XaPaKTEPUCTUKH MPUOOPOB U YCTPOICTB, OOBACHATH MPUHLUIIBI UX
paboThI;

[TPy8. chopMHUpOBAaHHOCTH MPEICTABICHUH O METOJaX MOJYYCHUS HAYYHBIX aCTPOHOMUYCCKUX 3HAHHIA;
BJIQJICHUE YMCHHSIMH CaMOCTOSTEIIBHO (HOPMYIHpOBATh IIEJIb HCCIEAOBaHUs (IIPOEKTA), BBIJIBUTATh
THIOTE3bl HA OCHOBE 3HAHUSI OCHOBOIIOJIATAIONINX (PU3MYECKUX 3aKOHOMEPHOCTEH U 3aKOHOB, IIPOBEPSTH
UX OKCIEPUMEHTAIbHBIMUA CpPEJICTBAMU; IUIAHUPOBATH W TPOBOAUTH (U3UYECKUE DKCHEPUMEHTHI,
OMKCHIBATh M aHATM3UPOBATH MOJTYUYEHHYIO MPH BHIOJHEHUH SKCIIEPUMEHTA WH(GOPMALIUIO, ONPEACTSATh
JIOCTOBEPHOCTH MOJYYEHHOTO Pe3yIbTaTa;

[TPy9. chopMUPOBAaHHOCTh YMEHHUsI pellaTh pacyeTHHIE 3aJaud C SIBHO 33/JIaHHON M HEABHO 3aJaHHOU
(bu3HYECKON MOJICTbIO: HA OCHOBAaHUU aHAJIM3a YCIIOBUS BBIOMPATh (PU3NYCCKUE MOJECITH, OTBCUAIOIIUE
TpeOOBaHUSAM 3aJa4d, MPUMCHITH (OPMYJIBI, 3aKOHBI, 3aKOHOMEPHOCTH W TIOCTYJIAThI (PUINICCKUX
TEOpUH MPH HCIOIH30BAHUH MATEMATHYECKUX METOJIOB PEIICHHS 3aJa4, TPOBOJHUTH pPACUYETHl Ha
OCHOBaHWW UMEIONINXCS JTAHHBIX, aHATH3UPOBATH PE3YJIbTaThl U KOPPEKTUPOBATH METOJBI PEIICHUS C
Y4eTOM MOJYYeHHBIX Pe3ylIbTaTOB; pellaTh KAYeCTBEHHBIC 3a7auu, TpeOyIolue MpUMEHEHHUs 3HAaHUH U3
pa3HBIX pa3eNioB LIKOJBHOTO Kypca (QU3WMKHM, a TakKe WHTErpalid 3HAHWW W3 JAPYTUX MPEIMETOB
€CTECTBEHHOHAYyYHOTO IMKJIA: BBICTPAaWBaTh JIOTUYECKYIO I[EMOYKY pACCYX ACHHH C OMOpod Ha
W3YYECHHBIE 3aKOHBI, 3aKOHOMEPHOCTU U (DU3UYECKHUE SIBICHHUS,

[1Py10. chopmupoBaHHOCT, YMEHUW aHANIW3UPOBATh U OLEHHUBATh TMOCHEACTBHUS OBITOBOM U
IIPOM3BOJICTBEHHOHN JIEATENIFHOCTH YeJOBEKa, CBS3aHHOW € (DM3WYECKHMMH MpOIleccaMH, C ITO3UIHHA
9KOJIOTUYECKO 0e30MacHOCTH; MPEACTAaBICHUH O palMOHAIBFHOM MPUPOIONOIB30BAHUN, a TaKKe
pa3yMHOM WCIIOJNB30BAaHUM JIOCTMDKCHWH HAayKd W TEXHOJNOTHUH JUIS JajdbHEHIIEero pa3BUTHS
YeJI0BEYECKOr0 OOIIECTBA;

[MIPyl1. oBmageHue pa3nuuHbIMH criocoOaMu paboThl ¢ WHPOpMAIMEH (U3MUECKOTO COJIEPKAHUS C
UCTIONIb30BAaHUEM COBPEMEHHBIX HMH()OPMAIIMOHHBIX TEXHOJOTHHA, pa3BUTHE YMEHUH KPUTHYECKOTO
aHaJIM3a U OIICHKH JIOCTOBEPHOCTH MONydyaeMoil nHpopmanmu;

[IPyl2. oBnageHue OpPraHW3AIMOHHBIMH W  TO3HABATEILHBIMH  YMEHUSMH CAaMOCTOSTEIHHOTO
PHOOpPETEHUST HOBBIX 3HAHWW B TIPOIECCE BBIMOJHCHUS MPOSKTHBIX W Y4eOHO-HMCCIIEI0BATEIHCKUX
paboT, yMeHUsMH paboTaTh B TPYIIE C BBIMOJIHCHHEM Pa3IMYHBIX COIMAILHBIX POJICH, TIAHHPOBATH
paboTy TPYIIIEI, PalMOHATBHO PaCHpPeeNIATh JIEATSIBHOCTh B HECTAHJIAPTHBIX CHTYAIUSIX, aJeKBAaTHO
OIICHUBATh BKJIA] KAXIOTO U3 YUACTHUKOB TPYIIIHI B PEIICHUE PAaCCMaTPHBAECMON TTPOOIIEMEI;

[MPy13. cdopmupoBaHHOCT, MOTHBAIMM K Oyaymied mpodeCcCHOHAIbHOW JIEATEIBHOCTH IO
CHEUUATBHOCTAM (PU3NKO-TEXHUYECKOTO MPOPHIIS;

MP1. camocTosTenbHO (POPMYIUPOBATH U AKTYAIU3UPOBATH MPOOIEMY, pacCMaTPUBATh €€ BCECTOPOHHE;
MP2. ycraHaBnuMBaTh CYIIECCTBCHHBIH MPU3HAK WM OCHOBAHWS JUIS CPABHEHHS, KIACCH(PUKAIUU H
000011IeHNS;

MP3. onpenenars 1enu AesTeIbHOCTH, 3a/1aBaTh apaMeTphbl U KPUTEPUH UX JTOCTHKEHUS;

MP4. BbISBIATH 3aKOHOMEPHOCTH U MPOTHUBOPEUHS B PACCMATPUBAEMBIX SIBJICHUSIX;



MP5. BHOCHTB KOPPEKTHBBI B JEATEIBHOCTD, OLICHUBATh COOTBETCTBUE PE3YJIbTATOB LIEJISAM, OLICHUBATH
PHUCKHU NOCIEACTBUN NEATENBHOCTH;

MP6. pa3BuBaTh KpeaTUBHOE MBIIIJIEHUE IIPU PELIEHUH )KU3HEHHBIX ITPO0IIEM;

MP7. Bnagerb HaBbIKAMU Yy4YeOHO-HCCIICOBATENILCKOM M TPOEKTHOH JESATEIBbHOCTH, HaBBIKAMHU
paspernieHus mpooieM;

MP8. criocoOHOCTh U TOTOBHOCTb K CAMOCTOSITEJIbHOMY ITOMCKY METOJIOB PEIIEHUs] IPAKTUYECKUX 3a7a4,
IIPUMEHEHHUIO Pa3JIMYHbIX METOJOB II03HAHNUS;

MP9. oBnaneHue BuAaMM JEATENBHOCTH 10 IIOJYYEHUIO HOBOIO 3HAHMS, €r0 HHTEPIPETALMH,
npeoOpa3oBaHUI0 W MPUMEHEHHIO B Pa3IUYHBIX Y4YeOHBIX CHTyallUsX, B TOM 4YHCJIE NPU CO3JaHUU
y4€OHBIX U COLUAIbHBIX IIPOEKTOB;

MP10. ¢opmupoBaHHe HAYYHOTO THIIA MBIIUICHUS, BJIAJCHUE HAYYHOH TEPMHHOJIOTHEH, KIIIOUEBBIMHU
HOHSTUSMH U METOJIaMU;

MPI11. craButh u (opMynupoBaTh COOCTBEHHBIE 3aJaud B 0OpPa30BaTENbHOW JCATENBHOCTH U
JKU3HEHHBIX CUTYyalUsX;

MP12. BBIABIATH NPUYMHHO-CIEACTBEHHBIE CBA3M U aKTyaJIM3UPOBATh 3a/ady, BBIABUIATH TUIIOTE3Y €€
pELIeHUs, HaXOOUTh apryMEHTHl [UIsl JOKa3aTeJIbCTBA CBOMX YTBEPKIACHMM, 3alaBaTb IapaMeTpbl U
KPUTEPUU PELICHUS;

MP13. ananu3upoBaTh MOJIyYEHHBIE B XOJ€ PEIICHUs 3aJaud Pe3yJbTaThl, KPUTUUECKU OLIEHWBATh MX
JIOCTOBEPHOCTbH, IPOTHO3UPOBATh U3MEHEHUE B HOBBIX YCIIOBUSX;

MP14. naBaTh OLIEHKY HOBBIM CUTYaIlUsIM, OLICHUBATH IPUOOPETEHHBIH OIIBIT;

MP15. pa3pabaTbiBaTh IUIaH peIIEHUs MPOOJIEMBI C yY4E€TOM aHajiu3a MMEIOLIMXCS MaTepuaibHBIX U
HEMaTepUaAIbHBIX PECYPCOB;

MP16. ocymecTBIsATh IieNIeHANpaBIeHHbI MOUCK IEpPEeHOca CPeJCTB M CHOCOOOB JEHCTBHUS B
podeCCHOHATIBHYIO CPEAY;

MP17. ymeTb nepeHOCUTh 3HaHUS B TIO3HABATENBHYIO U MPAKTUUECKYIO 00J1aCTH )KU3HEACATEIbHOCTH;
MP18. ymeTb HHTETrpUpOBaTh 3HAHUS U3 Pa3HBIX MPEIMETHBIX 00acTei;

MP19. BbIiBUraTh HOBBIE HJIEU, MIPEJIaraTh OPUTHHAIBHBIE TOAXO0/bI U PEIICHNUS;

MP20. cTaBuTh npobaeMbl U 337a4H, T0MYyCKaIOIINE albTepHATUBHBIE PEILICHUS;
MP21. Brnagers HaBbIKAMU NOJIYYEeHHS MH(POPMALUU M3 MCTOUYHUKOB PA3HBIX THUIIOB, CAMOCTOSTEIbHO

OCYIIECTBIISITh MOUCK, aHATN3, CUCTEMATH3allMI0 U WHTEPIPETANI0 WH(OOPMAIUK Pa3TUYHBIX BUIOB U
dbopM TpeCTaBICHNUS;

MP23. oueHuBaTh JOCTOBEPHOCTb,

MP24. ucnonb3oBaTh CpeACTBa MH()OPMAIMOHHBIX M KOMMYHHUKAI[MOHHBIX TEXHOJOTMHA B pEIICHUHU
KOTHUTHBHBIX, KOMMYHUKATHBHBIX M OpPraHU3al[MOHHBIX 33Jady C CcoONIoIeHHueM TpeboBaHUMN
SPrOHOMMKH, TEXHHKH O€30MaCHOCTH, TMTHEHBI, pecypcocOepex eHHs, MPaBOBBIX M ATHUYECKHX HOPM,
HOPM MH(POPMAIIMOHHOM 0€30TaCHOCTH;

MP26. ocy1iecTBIATh KOMMYHHKAIIMK BO BCeX cepax KU3HU;

MP28. BnasieTh pa3aIMuHBIMU CIIOCOOAMHU OOIIEHUS U B3aUMO/ICHCTBHS;
MP29. apryMeHTHpOBaHHO BECTH JUAJIOT, YMETh CMATYaTh KOH(IUKTHBIE CUTYallUH;

MP30. pa3BepHYTO U JJOTUYHO M3JIaraTh CBOIO TOUKY 3PEHUS C UCIOJIb30BAaHUEM SI3bIKOBBIX CPEJICTB;
MP31. moHUMAaTh U UCTIONH30BATh MTPEUMYIIIECTBA KOMAHIHOW U MHIUBUIYATbHON pabOTHI;

MP32. BbIOMpaTh TEMaTHMKy W METOJAbl COBMECTHBIX MACWCTBUI C ydeToM OOLIMX HWHTEPECOB U
BO3MOKHOCTEH Ka)KJOr'0 4JIeHa KOJUIEKTUBA;

MP33. npuHMMaTh L€ COBMECTHOM N€ATEIbHOCTH, OPTaHU30BbIBATh U KOOPAMHUPOBATH IEUCTBUS IO
€e JOCTMIKEHUIO: COCTaBJIATH IUIAH JACHCTBUM, PACIPENENATh POJIM C y4eTOM MHEHHM YYaCTHUKOB
00CyX1aTh pe3yJbTaThl COBMECTHOM PaOOTHI;



MP34. oneHnBaTh Ka4eCTBO CBOETO BKJIaJla M KaXJAOTO yYaCTHHKA KOMaHIbI B OOIIMHA pe3yJbTaT IO
pa3paboTaHHBIM KPUTEPHUSIM;

MP35. mpennaraTb HOBBIE IIPOEKTHI, OLIEHMBAaTh HUAEM C [O3ULUU HOBHU3HBI, OPUTMHAIBHOCTH,
IPAaKTUYECKOH 3HAUUMOCTH;
MP37. ocymiecTBiIsATh NO3UTUBHOE CTPATErMUECKOE MOBEJEHUE B PA3IMYHBIX CUTYalMsIX, MPOSIBISTH

TBOPYECTBO U BOOOpaKEeHUE, OBITh MHUIIMATUBHBIM;

MP38. caMOCTOSITEIPHO OCYIIECTBIISATh IO3HABATEIBHYIO I€ATEIIEHOCTD, BBISBIATH MMPOOJIEMBI, CTABUThH U
(opMyIMpoBaTh COOCTBEHHBIE 331a4K B 00pa30BaTEIbHON JESTEIbHOCTH U )KU3HEHHBIX CUTYaLHSIX;
MP39. caMOCTOSTEIBHO COCTaBIATH IUIAH PEIIEHUS MpOoOJeMbl C YYETOM HMEIOIIUXCS PEeCypCoB,
COOCTBEHHBIX BO3MO>KHOCTEH U ITPEIOYTECHUH;

MP40. naBaTh OLICHKY HOBBIM CUTYallUsIM;

MP41. pacuupsaTs paMKy y4eOHOTO MIpeAMETa Ha OCHOBE JIMYHBIX MPEIOYTCHHI;

MP42. nenaTh 0CO3HaHHBIN BHIOOP, apryMEHTUPOBATH €r0, OpaTh OTBETCTBEHHOCTD 3a PEILIECHUE;

MP43. ouieHuBaTh NPUOOPETEHHBIN OIBIT;

MP44. cnocoOcTBOBaTh (POPMHUPOBAHUIO U IMPOSBICHUIO IIUPOKON JpyAHMLIMHM B Pa3HbIX 00JACTIX
3HaHUH, MOCTOSIHHO MOBBIIIATh CBOM 00pa30BaTeIbHBIN U KyJIbTYpPHBIN

MP45. naBaThb OLIEHKY HOBBIM CHUTyalUsiM, BHOCHUTb KOPPEKTHBBI B JESTEIbHOCTb, OLICHUBATh
COOTBETCTBHUE PE3YJIbTATOB LIETSIM;

MP46. Brnagerb HaBbIKaMH IO3HABaTENIbHOM pediieKCMM KaK OCO3HAHHUsS COBEpLIAEMbIX JACUCTBUN U
MBICJIUTEIIBHBIX IIPOLECCOB, UX PE3YIbTATOB U OCHOBAHUN;

MP47. ucnonp3oBath npueMsl peIeKCHN AJIs OLEHKH CUTYalluH, BbIOOpa BEPHOTO PELICHNUS;

MP48. ymeTb OllcHMBAaTh PUCKU U CBOEBPEMEHHO TPUHUMATD PELLIEHUS 10 UX CHUKEHHUIO;

MP54. npuHuMaTh ceOst, HOHUMasi CBOM HEJOCTATKH U JIOCTOMHCTBA,;
MP55. npuHMMaTh MOTHUBBI M @PTYMEHTBI IPYTUX JIFOACH IIPUA aHAIU3€E PE3yIbTaTOB ACATEIbHOCTH,
MP56. npu3HaBaTh CBOE IPaBO U MPaBO APYTUX JHOAEH Ha OIIUOKH;

JIP1. copMHpPOBaHHOCTh TPAKAAHCKON MO3UIMHM OOydYarollerocs Kak aKTHUBHOTO M OTBETCTBEHHOI'O
YIEeHa POCCUIICKOro 00I11ecTBa;

JIP3. nmpuHsATHE TPAJUUMOHHBIX  HAIMOHAJbHBIX, OOIIEYENIOBEUECKHMX T'yMaHUCTHUECKUX H
JIEMOKPAaTUYECKHUX LIEHHOCTEM;

JIP5. rOTOBHOCTBH BECTH COBMECTHYIO JESTENbHOCTh B MHTEPECAX IPAXKIAHCKOT0 OOIIeCTBa, y4acTBOBATh
B CaMOYIIpaBJIeHHH B 00111€00pa30BaTEIbHOM OpraHn3alluy U JETCKO-IOHOIIECKUX OpraHU3allusiX;

JIP6. ymeHHe B3aUMOJCHCTBOBATh C COLMAIbHBIMU MHCTUTYTAaMH B COOTBETCTBHM C MX (DYHKIUSIMH U
Ha3HA4YCHUEM,;

JIP7. rOTOBHOCTB K TYMaHUTAPHON U BOJIOHTEPCKOU IEATEIIBHOCTH;

JIP8. copMUpOBaHHOCTH POCCUNCKON TPAKIAHCKONW UACHTUYHOCTH, MATPUOTU3MA, YBAXKEHHUS K CBOEMY
HapoJdy, YyBCTBAa OTBETCTBEHHOCTHU mnepea PoauHoN, ropaocTu 3a CBOM Kpai, cBOw0 PoaunHy, CBOM SI3bIK U
KyJIbTYpY, IPOIJIOE U HACTOSIIEE MHOTOHALIMOHAIBHOrO Hapoaa Poccuy;

JIP9. 1EHHOCTHOE OTHOLICHME K TOCYAAPCTBEHHBIM CHMBOJIAM, HMCTOPHYECKOMY W IPHUPOIHOMY
HAaCJIEeINI0, MaMATHUKaM, TpaguuusaMm HaponoB Poccum, mocrtmxenusMm Poccum B Hayke, MCKYCCTBE,
CIIOpPTE, TEXHOJIOTUSX U TPYLE.

JIP12. chopMHpOBaHHOCTH HPABCTBEHHOT'O CO3HAHUS, STHYECKOT'O TIOBEICHHUS;

JIP13. cmocOOHOCTH OLIEHUBATh CHUTYallMI0 M MPUHUMATh OCO3HAHHBIC PEIICHUs, OPUEHTUPYSICh Ha
MOpaJIbHO-HPABCTBEHHBIE HOPMBI U LICHHOCTH;
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JIP14. oco3HaHne TUYHOTO BKJIaJa B IOCTPOCHUE YCTOHYMBOTO Oy IyIIIETO;

JIP16. »scretmyeckoe OTHOLIEHME K MHpPY, BKIIOUYas ACTETUKY ObITa, HAYYHOIO M TEXHUYECKOTO
TBOPYECTBA, CIIOPTA, TPYAa U OOLIECTBEHHBIX OTHOILICHUI;

JIP25. wuHTepec K pasnuuHbIM cdepam NTpoPecCHOHANbHON AEATENbHOCTH, YMEHHE COBEpIIATh
OCO3HAHHBII BEIOOp OyAyIIel MpoQeccuu U peaarn30BhIBaTh COOCTBEHHbIC KU3HEHHBIC TIAHBI;

JIP26. rOTOBHOCTb U CIIOCOOHOCTH K 00pPa30BaHUIO M caMOOOPa30BAHUIO Ha MIPOTSHKEHUU BCEH )KU3HU;
JIP27. cpopMHUPOBAHHOCTh 3KOJIOTUYECKOH KyJIbTYphl, IOHUMAaHUE BIMSIHUS COLMATIBbHO-IKOHOMHUYECKUX
IPOLIECCOB HAa COCTOSIHHUE IPHUPOJHOW M COLMAIBHOM Cpellbl, OCO3HAHUE IJI00AJIBHOIO XapakTepa
9KOJIOTUYECKUX MPOo0dIIeM;

JIP28. miaHuUpoOBaHWE U OCYIIECTBICHUE JCUCTBUN B OKpPYXAIOLIEH Cpelle Ha OCHOBE 3HAHMS Lieliel
YCTOMYMBOT'O Pa3BUTHS YEJIOBEUECTBA;

JIP31. pacumpeHue onpiTa AesITEIbHOCTH SKOJIOIMUECKON HalpaBIeHHOCTH;

JIP32. copMHpPOBaHHOCTH MHPOBO33PEHHSI, COOTBETCTBYIOLIETO COBPEMEHHOMY YPOBHIO Ppa3BHUTHS
HayKHd M OOILECTBEHHOM NMPAKTUKU, OCHOBAHHOI'O HA JUAJIOre KyJIbTYp, CHOCOOCTBYIOLIETO OCO3HAHMIO
CBOET0 MECTa B IIOJUKYJIbTYPHOM MUDE;

JIP34. oco3HaHME UEHHOCTM HAYYHOM JEATEIBHOCTH, TOTOBHOCTb OCYILIECTBJIATH IPOCKTHYIO H
MCCJIEIOBATEILCKYIO ACSITEIbHOCTh HHAMBUAYAIbHO U B TPYIIIIE;

ConeprxkaHue MPakTHYECKUX U J1a0OPaTOPHBIX 3aHATUH OPUEHTUPOBAHO HA IIOATOTOBKY O0YyUarommxcs K
OCBOCHHUIO MPO(ECCHOHATBHOIO MOAYJSl MPOrpaMMbl MOATOTOBKU  CIELMAIMCTOB CPEAHETO 3BEHA II0
CIIELIUATIBHOCTY U OBJIAJICHUIO HPOHecCUOHATbHBIMU KOMNEMEHUUAMU:

I1K 1.5 OGecneunBarh 1 KOHTPOJIUPOBATh COONIOACHNE paOOTHUKaMU TpeOOBAaHUI OXpaHbl TPy/a,
MOKapHOMU, IPOMBILIUIEHHOHN U SKOJIOIMYeCKON 0€3011aCHOCTH.

[1K 2.1 BpImonHATH pacyeTsl MapaMeTpoB TEXHOJIOTMUYECKUX MPOLECCOB OOpabOTKH METAUIOB
JTaBJIeHUEM, pabOThI 000PYI0BaHUS, XaPAKTEPUCTUK UCXOJHBIX 3aTOTOBOK U METAJIJIONPOTYKIUH.

1K 2.2 Ocy1mecTBIATs MEPOIIPUATHS 110 MOJTOTOBKE 3arOTOBOK K Ipoleccy 00paboTKH METasloB
JTaBJICHUEM.

A Takike GOpMHPOBAHMIO 00UUX KOMNEMEHYLIL:

OK 01 Bri6upaths crioco0sl pemieHus 3ajad npodeccCuoHaIbHON 1eATEeNbHOCTH MPUMEHUTENBHO K
Pa3INYHBIM KOHTEKCTaM

OK 02 Vcnonb30BaTh COBPEMEHHBIE CPE/ICTBA MIONCKA, aHAJIM3a U MHTEpHpeTaluu nHGopmMauuu u
UH(POPMALIMOHHBIE TEXHOJIOTHH JUIs BBIOJIHEHUS 33]1a4 IPOPEeCCHOHATBHOM e TeTbHOCTH

OK 03 [InanupoBaTh U peann30BbIBaTh COOCTBEHHOE MPO(ecCHOHAIbHOE U TUYHOCTHOE pa3BUTHE,
NPEANPUHUMATENBCKYIO JIEATEIbHOCTE B TpodeccHoHanbHOM cdepe, HUCMONB30BaTh 3HAHUA IO
(uHAHCOBOM TPAMOTHOCTH B Pa3IMYHBIX KU3HEHHBIX CUTYaIUsIX

OK 04 DddexTnBHO B3aUMOIEHCTBOBATh M pabOTaTh B KOJIJICKTUBE M KOMaHIe

OK 05 OcymecTBiasiTh yCTHYK0 M NHCBbMEHHYI0 KOMMYHHUKAIIMIO Ha TOCYJApCTBEHHOM S3BIKE
Poccuiickoit @enepanuu ¢ yueToM 0COOEHHOCTEH COLMANBHOTO U KYJIBTYPHOTO KOHTEKCTa

OK 06 IIposBiaTh Tpa)xxIaHCKO-NATPUOTUYECKYIO IIO3MIMIO, JAEMOHCTPHUPOBATh OCO3HAHHOE
MOBEJICHUE HA OCHOBE TPAJUIMOHHBIX OOIEYETOBEYECKUX IIEHHOCTEH, B TOM 4YHCIE C YYETOM
rapMOHM3allMd  MEXHAI[MOHAJIBHBIX W  MEXKPEJIUTHO3HBIX OTHOUIEHWH, TPUMEHSATh CTaHAapThl
AHTUKOPPYNLIUOHHOIO OBEIECHUS

OK 07 CopneiicTBOBaTb COXpaHEHUIO OKPY’KAIOLIEH cpefbl, pecypcocOepekeHHIo, MPUMEHSTh
3HaHUS 00 M3MEHEHWHU KIUMarta, MPUHLIUIBI OEepexIMBOr0 MPOU3BOJCTBA, 3(PPEKTUBHO NEiCTBOBATH B
Ype3BbIYANHBIX CUTYALUSIX

OK 08 Hcnonb3oBath cpeacTBa (pU3nYecKor KyJIbTYPHI Ul COXPAHEHHS U YKPETIJICHUS 310POBbsI B
mporecce MpPOoPECCHOHAIBHONW JACSITEIBPHOCTH M TOJACPKaHUS HEO0OXOAMMOTro YpOBHS (Qu3MUECKOn
HOJTOTOBJIEHHOCTH

OK 09 Tlons3oBarbcsi MPOPECCHOHATBPHONW TOKYMEHTAIMEeH Ha TOCYAapCTBEHHOM M WHOCTPAHHOM
SA3BIKAX
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Brimonnenne 00yJarommxcsi MPaKTUYSCKUX W/UIH 1a00paTOPHBIX padOT MO Y4eOHOU TUCIUTLINHE
«®Du3nkay» HaNpaBJICHO Ha:

- 00001IeHne, CUCTEMaTU3aIUIo, YTIITyOJIeHue, 3aKpeIUIeHUe, Pa3BUTUE U ICTATU3AINIO TIOTYYSHHBIX
TEOPETUYCCKUX 3HAHUW TI0 KOHKPETHBIM TeMaM Y4eOHOH JTUCIUILTHHBI;

- (opMHUpOBaHHE YMEHHH NMPUMEHSATH MOJYYCHHbIC 3HAHUS Ha MPAKTHKE, PEATH3ALUI0 €IUHCTBA
WHTEJUICKTYaJIbHOW M MTPAKTUYECKOM JICATEIIbHOCTH;

- (opmHpoBaHHE W pa3BUTHE YMEHHIA: HaAOIIONaTh, CPAaBHUBATh, CONOCTABIATH, AHAIM3HUPOBATH,
JieTaTh BBIBOABI W OOOOIIEHHS, CAMOCTOSITEILHO BECTH HCCICIOBaHMS, IOJIb30BATHCS PA3IMYHBIMU
npyueMaMy U3MepeHuid, oopMIIATh pe3yIbTaThl B BUAE TaOJIHII, CXeM, IpaUKOB;

- TpUOOpeTeHWEe HAaBHIKOB pPA0OTHI C pa3IMYHBIMH TPUOOpAMHM, armapaTypoi, YCTAaHOBKAMH U
JIPYTUMHU TEXHUYECKHUMHU CPEACTBAMHU JUIsI TPOBEACHUS OIIBITOB;

- Ppa3BUTHE WHTCIUICKTyaJIbHBIX yMEHUH y OyAylIMX CICHUAINCTOB: aAHAJUTHYECKHX,
POCKTHPOBOYHBIX, KOHCTPYKTHUBHBIX U JIP.;

- BBIPAOOTKY MPH PEIICHUH MMOCTABICHHBIX 33/1a4 MPO()eCCHOHAIBHO 3HAYMMBIX Ka4eCTB, TAKMX KaK
CaMOCTOSITENIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPYECKAsi MHUIIMATHBA.

[pakTiueckrie u J1IaOOpPAaTOPHBIC 3aHSITHS TPOBOASATCS B pPaMKaxX COOTBETCTBYIOIICH TEMbI, MOCIEe
OCBOCHHS JUIAKTUYECKUX €IUHMI], KOTOpBhIE OOCCIEUMBAIOT HAJIMYME 3HAHUW, HEOOXOIMMBIX U e
BBITIOJTHCHUSI.
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2METOANYECKHUE YKA3AHUSA
Pa3zgen 2 Mexanuka Tema 2.1 Kunematuka

IIpakTnyeckoe 3ansitue Nel Pemenue 3a1a4 no KUHeMaTHKe. Y paBHEHUS IBUKEHUS

Heab: HayduThcs pa3ivyaTh BHIBI MEXAaHUYECKOTO JBMKCHHS B 3aBHCUMOCTH OT (HOPMBI
TPACKTOPUU U CKOPOCTH IEpEeMEIeHUsl Teja, PacCUUTHIBATh €ro MapaMeTpbl, HAYYUThCS H300paxarhb
rpaduyecKky pa3TuYHBIC BHJIBI MEXaHUUYECKUX JIBWKCHUIA, 3aIMCHIBATh YPABHCHHUSI JBUKCHUS, PAa3TNdaTh
€ro OTHOCHUTEJIbHOCTb; HAY4YUThCS (OPMYJIUPOBATH CIEAYIOLIUE MOHATHSA: MEXaHHMYECKOe IBUKEHHE,
CKOPOCTb M YCKOPEHHUE, CUCTEMa OTCYETa, MEXAaHUUYECKUN MPUHIIUI OTHOCUTEIHLHOCTH

Boinosinenune padorsi ciocodcTByet popmupoBanuio: OK 01, OK 02, OK 03, OK 09, OK 06

MarepunanbHoe obecrieyeHue:

VMHJIMBUIyaIbHOE 33/1aHUE, KOHCIEKT JEKLUH, CIPABOYHbIE MAaTEPHUAJIbI.

Ykazanmue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX YacTed — TeopeTHdeckoil M mnpakrtudeckou. [locne
M3Y4YeHUs TEOPETUUYECKOr0 Marepuaja MOXKHO MPHUCTYINATh K BBIMOJHEHHUIO MpakTHdeckor yactu. OHa
COCTOMT M3 ABYX M 0OoJjee 3aJay A CaMOCTOSTEIbHOro BblMoNHEHUs. He 3abbiBaiiTe 0 mpaBUILHOM
opopmiieHnn penieHus. Ha BBINOMHEHUE MPAKTHYECKOTO 3aJaHUS OTBOJUTCS YEThIPE aKaJeMUYCCKUX
yaca.

3amanmne:

1. O3HakombTECh c KpaTKUMHU TEOPETHUYECKUMU CBEJICHUSIMU
https://znanium.com/catalog/product/1012153 , ctp 14-18.
2. IlucbMeHHO OTBeThTE HA CJIeAYIONIHE BONPOCHI:
1. KunemaTuueckuii 3aKOH JABMKEHUS JUIsI KOOPAMHATHOTO CIIOC00a OMpeieeH s ABIKESHUS
MaTepUAIbHON TOYKH.
2. KunHemaTuyeckuil 3aKOH JBW)XEHHS [JIi €CTECTBEHHOIO JBWJKEHHS ISl BEKTOPHOIO
crioco0a omnpeieTICHUs JBUKEHUS.
3. Kunematuueckuii 3aKOH ABM)KEHUS JUIS €CTECTBEHHOTO CIIOCO0a OMPEIeIeHUS TBUKCHHSI.
4. Kak HallTH BEKTOpP CKOPOCTH I KOHKPETHOTO, BEKTOPHOTO U €CTECTBEHHOTO CIIOCOOOB
OnpeieNeHUs] TBUKEHUS?
5. Kak HaliTu BEKTOp YCKOPEHHUS JIJIsl Pa3HbIX CIIOCOO0B OMpeIeTICHUS TBUKEHNSA?
3. Hcnonb3ys popMymsl Ui pacueTa mapaMeTpoB ABHKEHUS TEJN, PEIIUTh 331a4u.
Iopsinok BbINOJIHEHUS PA0OTHI:
1. TToBTOpUTH OCHOBHBIE BOMPOCHI KHHEMATUKH.
2. PemmwmTh 3a7a4M O BapUaHTaM.
3. OdopMHUTH OTUET B TETPAIH JIJIS MPAKTUYECKUX PaboT.

IIpumepsl pemenus 3aaau: 1. [laccaxxupckuii moe3n uaer co ckopoctsb 72 kM/4. [lo cocennemy
NYTU JBWXKETCS HABCTpedy TOBapHBIA moesn anuHoi 140 M co ckopocTthio 54 km/4. CKOJIBKO
BPEMEHH acCaXHp, CTOSALINI Y OKHA, OyJIeT BUAETh MPOXOIAIINI MUMO HETO TOBapHbIi moe3 ?

Hawno: CH Pewenue:
V1 = 72 km/u 20 m/c | OTHOCHTENBbHAS CKOPOCTD ABHIKEHHS 000MX MOE310B V = Uy + V5.
V2 = 54 km/u 15 m/c CnenosatensHo, Bpems, B TEYEHHE KOTOPOr0 MHMO MACCAKHPCKOTO

5 s 1
=140 ™ noe3/a MpoiAeT TOBApHBIii, onpeaennm no Gopmyne: ¢ = -

140
t-? [loacragnsem gauHbe: t = —— =4 ¢
A A 20415
Omeem: 4 c.
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2. Ilocagounass CKOpOCTh Maccakupckoro camoiera 135 km/4, a mmmHa mpobera ero 500 M.

OmnpenenuTb BpeMsi ipoOera 1o Mocag04yHON MOJI0Ce U YCKOPCHHUE CaMOJIeTa, CYMTAs IBH)KCHHE
pPaBHO3aME/IJICHHBIM.

Hano: CHU Pewenue:
Vo= 135 km/u | 37,5 m/c| Bpems npoﬁera CaMOJIETa MPH MOCAIKE HAXOAUM i3 (JOPMYIIBL IyTH
§=500m S =yt +—

s DAC @ 714 deHOdeB,IU[BH HOT'O IBHIKCHHA ONPEACIHTCA

v=0wm/c H3 qjopmyﬂbl. V= v+ at uma=- T' CrnenoBarensHo,
Lo, 2
—t

, ‘ 28 2500
t-7,a-"? S= U[]t—[T , OTKyga t == [ToacraBnsem naHueie: { = e 27c.
0 )
v, 3? 5
Vekopennie a =-—5 a= - 1.4 m/c?
t ?.?

Omesem: 27 ¢, - 1.4 m/c”.

3. Teno, aBUrasch paBHOYCKOPEHHO U3 COCTOSIHUS MOKOS, 3a MATYI0 CEKYH]ly IPOIUIO IyTh 18 M.
YeMmy paBHO yCKOpEHHE U KaKOM ITyTh TEJIO MPOILIo 3a 5 ¢?

Hawo: Pewenue:
. . at?  at}
ts—ty=1c [lyTs, npoiifeHHEI TeNOM 32 NATYIO CeKYHAY S = S5 — S = -5
25 218

S=18m Orcropa a = Ca= = 4m/c.

A tZ -1}’ 25-16
t=5c¢ [1yTs, npoiineHHsrii TenoM 3a 5 cexyHa Ss =—- 55 =——=50m.
Ss-7,a-"

Omeem: 4 m/c*: 50 w.

4. B mocneaHion CeKyHIy CBOOOTHO MaJarolee TeNlo MPOIUIO MOJIOBUHY CBOEro myTu. CKOJIBKO
BPEMEHU U C KaKOW BBICOTHI 1a/1aJI0 TEO?

Hano: Pewenue:
1 . . t2
— h,_ == [IyTe, npoiineHHEIii 3a Bce BpeMs nageHus: h, = C
n—1 2 }"T p p n 2
2 w hy _ g(t-1)2
g=98 m/c Jlo nocneaneit ceKyHaBI TENO NPOLLTO MYTh CER—
2
L3 L3 r
-? h,-? CrnenoBarensHoO, ET =g(t—1)? um t>-4t+2=0.

.2 42
Orciona ¢ =2 ++2 = 3,4 c. Buicora nagenns  h, = 9’823’4 =57 m
Omeem: 3,4¢; 57 m.

5. Kamens nmasmaet B maxty. Uepes 6 ¢ CIbllIeH yaap KaMHS O JHO maxThl. OnpeaenuTs TiayouHy
HIaXThl, €CJIK CKOPOCTH 3ByKa 330 m/c.

Hano: Pewenue:

t=6¢ Ecan obosnaunte HEpE3 tl BpeMA NTAJICHAA KAMHA, TO BpEMA PAClIpOCTPAHCHHA

o w t
v =330m/c | 3ByKka f-t; . Ilyrs, npoiinenuslii kaMHeM npu cBobOHOM nageHun h = ‘ng, a
g=98 m/c?

2
3ByKOM — h = v (1 - t;). CenoBaTensHo, % =v(t-t)nmgti +20t,-20t=10

2
. c < gt
h-? Peuuue oannoe ypagrerue, nonyyum t, = 3,5 ¢. I'nyouna waxtst h = can

27
h= '”255 148 M

Omeem: 148 M.

PemiuTh 3a1aun CaMOCTOSITEJILHO:
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1. JIBM>KEHHE CTpOUTENIbHON BaroHETKHM 3alaHO ypaBHEeHHEeM. OmnpenenuTte HadaJbHYIO
KOOpJMHATY, HAYaJIbHYIO0 CKOPOCTh U YCKOPEHUE IIPU JBUKEHHH.

2. YenoBek M CTpOUTENIbHAS TEJIEKKa ABMKYTCA B OJHOM HampasieHHH. OmpenenuTre ux
OTHOCUTEJIbHYIO CKOPOCTb, €CIM CKOPOCTh YenoBeka 1 km/4, a BaroHeTku 4 kM/4. Pemmte 3Ty 3ama4y u
IIPY YCJIOBUH, YTO OHU JIBUXKYTCS B IPOTUBOIIOJIOKHBIX HAIIPABICHUSX.

3. CrpouTenpHblii KpaH TMOAHMMAaeT Trpy3 Ha BbicOTy h M. OIHOBpEeMEHHO KpaH
nepeaBuraercs Ha pacctosHue | M. Omnpenenuts nepeMmelieHHe TIpy3a, €ro BEPTHKAIBHYIO MU
TOPU30HTANIBHYIO COCTaBJIsIomuUe. M300pa3uTh MX COOTBETCTBYIOLIMMH BEKTOpaMu. UeMy paBHBI MOTyTH
3THUX BEKTOPOB?

4. UYenosek mpowen no npocnekty 240 M, 3aTeM MOBEpPHYJ Ha IEPEKPECTKE W IPOLIEN B
HepHeHIuKyJIspHOM HampaiaeHuu eme 70 M. Ha ckoibKO IMPOLEHTOB MyTh, MPOWICHHBIN 4EI0BEKOM,
00JIbIIIE MOYJISI €T0 NEpEMELLIEHUS ?

5. YacoBoil 0XpaHsSeT CTPOUTEIbHBIH 0OBEKT, OrOPOXKEHHBIH KBaapaTHBIM 3a60poM ABCD,
00xo/s ero mo nepumerpy. Yemy OyAyT paBHBI €T0 IyTh U IEPEMEIIEHHE, €CITH OH U3 TOUYKH A, TIepernéT
B TOUKy B, 3atem Touky C, 3aTem Touky D, nmocie dyero BepHércs B Touky A? JlimHa CTOPOHBI KBajipara a
M.

6. Kakyto ckopocTh pa3BuBaeT camocBall 3a BpeMs At 1ociie Hayasia ABMKEHHs, €CIIM OH eJIeT
¢ yckopenuem a? Kakoii myTs OH MPOXOIUT 3a 3TO BpeMsi?

7. [IpuBecTH mpUMEpBI CTPOUTENIBHBIX TEJ, HAXONAIIMXCS B MOKoe. JIEMCTBHE KaKuX Tell
KOMIIEHCUPYETCS B 3TUX cinydasx? (3 mpumMepa; AeHCTBYOIUE CUIIbl H300pa3UTh Ha PUCYHKE).

8. B nBrxyiemcst BaroHe TOBapHOI'O I0€3/1a HaXOAATCS MMOAJIOHBI ¢ razodsokamu. B nokoe
WIN JIBUKEHUU OHM HAXOAATCS OTHOCHTEIBHO: a) MALIMHMCTA 0e3/1a; 0) pesibcoB; B) I0Ja BaroHa; I)
TeserpaHbIX CTOI00B?

9. [Toe3n uepe3 10 ¢ mocne Havana ABMKEHUs MpuoOpeTaeT ckopocTh 0,6 M/c. Uepes kakoe
BpeMsl OT Hauaja JBUKEHUSI CKOPOCTb [10e3/]a CTaHeT paBHa 3 m/c?

10. 3a kakoe BpeMsi aBTOMOOWIIb, ABHUrasch ¢ yckopenuem 0,4 M/c2 , yBEIMYHUT CBOIO
ckopocTh ¢ 12 10 20 m/c?

11. [lyns B cTBONe aBTOMara KamnamHukoBa ABMXETCs ¢ yckopeHueM 616 m/c2 . Kakoma
CKOpOCTb BbUIETA MYJIU, €CJIH JITMHA cTBosA 41,5 cm?

12. Teno, nBurasce MpsMOJMHENHHO C yCKOpeHueM 5 Mm/c2 , mocturio ckopoctu 30 m/c, a
3aTeM, ABUTasCh PaBHO3aMEIJIEHHO , OCTaHOBMIIOCH uepe3 10 ¢. Onpenennre myTh, IPONRACHHBII TEIOM.

13. Teno cBoOoHO nanaet ¢ BeICOTH 125,5 M. Onpenenute BpeMs MaJeHUsl U CKOPOCTh Tela B
MOMEHT yz1apa 0 3eMJIIO.

14. . I'padukm xakux nBukeHuil Ten mokasaHel Ha puc. 1? Ilo rpaduky ompenenute: 1) B
KaKoil MOMEHT BPEMEHH TeJa BCTPETHIINCH; 2) KaKUe IyTH Tella MPOLUIN 10 BCTPEUH.

X, M4

puc.1.
15. Ha puc. 2. npexacrtasineH rpadyk 3aBUCUMOCTH KOOpPAMHATHI Tena oT BpeMmeHH. [lo rpaduky
ompezenuTe: 1) CKOIBKO BPEMEHH TeJI0 HaXOAWIOCh B IBUKEHUH; 2) UEMY PaBHO €0 IepeMeIleHHE.
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-

puc.2.

CDopMa NnmpeacraBjJacHusd pedyJjabTara:
BrImonmaeHHEBIC 3aaa4u B TETpaau OJId IMPAKTHYCCKUX pa60T.

Kpurepum ouenkmu:
3a MpaBUWJIbHO BBINOJIHEHHOE 33/1aHUE BBICTABIISIETCS MOJIOKUTENbHASI OLleHKa — 1 Oa.

3a HCIIPABHUJIbHO BBIIIOJIHCHHOC ,HeﬁCTBHe, 3a/1aHHUEC BBICTABJIICTCA OTPULIATCIIbHASA OLICHKA — 0 6amioB.

Oyenka «omauyunoy svicmasnsiemcs 3a 90 — 100% npaBUIbHBIX OTBETOB

Oyenxa «xopowio» svicmasnsemcs 3a 80 — 89% npaBUIbLHBIX OTBETOB

Oyenka «yooenemeopumenvhoy evicmasnsiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «Heyoos1emeopumenbHo» gvicmasiiemcs 3a menee 60% rpaBuIbHBIX OTBETOB
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Tema 2.1 Kunuemaruka

HpaKTI/I‘leCKOC 3ansaTHe Ne 2 Peimenne 3a/la4 HA MapaMeTpbl BpallaTeJIbHOT0 ABUKCHU S

Ilesib: HAYYUTHCSA PACCUUTHIBATH MApaMETPhI BPAILATEIbHOTO IBUKEHUS.

Beinosinenue pa6orsl cnocodcTByer popmuposanuto: OK 01, OK 02, OK 03, OK 09

MarepuajbHoe o0ecrieueHue:

UHIUBUAYAIbHOE 3aJJaHKie, KOHCIEKT JIEKIUM, CIPAaBOYHbIE MAaTEPUAJIBL.

Yka3anue:

IIpakTHueckoe 3aHATHE COCTOMT M3 JBYX YacTed — TEOPETHUYECKOM M Ipaktudeckou. Ilocne
U3y4YeHHs] TEOPETUUYECKOI0 MaTepHaia MOXKHO IPUCTYNATh K BBIIOJIHEHUIO MpakTHUecKod yacth. OHa
COCTOUT M3 JABYX M OoJjee 3agad JJisi CaMOCTOSTENBHOTO BBINOJIHEHUs. He 3a0piBaiiTe 0 MpaBUIBLHOM
odopmienun peuienus. Ha BelnosHeHre MPaKTUYECKOT 0 3a/1aHUsl OTBOJIUTCS JIBA aKaJ€MHUECKUX daca.

3aganue:

O3HaKoOMbTECHh c KpPaTKUMHU TEOPETUYECKUMU CBE/ICHUSIMU
https://znanium.com/catalog/product/1012153 , ctp 18 -19, oTrBeTbTE Ha BOTIpoch! Ne 12,13,14.
PemnTe 3a1a4n caMOCTOSATENIBHO UCHOB3YsI IPUMEPBI U KpaTKHE TEOPETUUECKUE CBEICHUS.

Iopsiaok BbIMOIHEHHs PA0OThI:
1. Wsyuwnte u BemmummTe GOPMYIIHI 10 TaHHON TeMe:
2. Pa3Gepute npuMepsl pelIEHHBIX 3a7a4
3. PemuTe caMOCTOATENBHO 3a/1a4H
Kpartkue TeopeTrnyeckue cBeleHUs
ITycTh TENO ABMKETCS MO OKPYKHOCTH paguyca R ¢ IMOCTOSITHHOM 110 3HAYEHUIO CKOPOCTBIO V
(TMHEWHOM CKOPOCTBIO) M 3a BpeMs Af TIepeMecTHIIOCh Ha AS 13 T. A B T. B. Bekrop vV HampasiieH mo
KacaTeJIbHON K OKPY>KHOCTH U MEHSIET HalpaBJIeHHUE, T.€. MOXKHO TOBOPUTH 00 U3MEHEHUH CKOPOCTH

- \%
AV =V —V, , OTNIMYHOM OT HyJs. OTCrofa: @ = m #0,

LleHTpoCTpEeMUTENbHOE YCKOPEHHE (d ) — CKOPOCTh

V2

M3MEHEHHS HATIPABICHHS BEKTOPA CKOPOCTH | = —
BekTop @ HampasieH Mo PaanycCy K LEHTPY OKPYKHOCTH.
[Tepuon obparieHust TOUKH 1Mo OKpykHOCTH (7) — Bpemsl, 3a KOTOPOE TOUKA ONUCKHIBAET OJHY

OKPY’KHOCTb.

2 27R 47
[T]=1c U3 a= 1/1V=—:>a:L2.R
R T T

Yactora oOparieHust TOYKd 10 OKPY>KHOCTH (V) — KOJTUYECTBO MOJTHBIX 000POTOB, COBEPIIIAEMBIX

1 A%
TOYKOHW B €MHUILY BpEMEHH |V = 1 vl=1=; |v= TR .

T c
VYrnoBas CKOpoOCTh OOpAIEHUs TOYKH 110 Ac| OKPYXXHOCTHU (w) — CKOPOCTb
W3MEHEHUS yTiia ToBopoTa Aol paguyca R, W=7/ | coenuHsIONEro TOUKy ¢ IEHTPOM
an 2z A\
OKpPYKHOCTH. [W] S W= :>; w= 2ﬁﬁ = E:>|V =WwR |; |V =27nVR|;
c b7
2 2p2
s et

IIpumepsl pemieHus 3axa4:
1. ABTOMOOWJIb IBHIKETCS IO 3aKPYTIICHHIO JOPOTH, pagruyc KoTopoi paBeH 20 M. Omnpenenute CKOpoCcTh aBTOMOOMIIS, €CITn
IIEHTPOCTPEMUTENLHOE YCKOPEHUE PaBHO 5 M/c2.

17


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

JaHo: Pewienue:

R=20m | To onpenencHuio UEHTPOCTPEMHTENbHOE YCKODEHHE Ofpe-
a,=5 m/c? | nensercs no dopmyne

— 2
=g au.-.%:u:‘/au =2 m-5m/c = 10m/c.

OrtBer: 10m/c
2. BeHTHJsSITOpP Bpamiaercs ¢ MOCTOSTHHOW CKOPOCTBHIO M 32 IBe MUHYTHI coBepuiaeT 2400 o6opoToB. Onpeneante
YacTOTy BpalleHHs] BEHTWIATOPA, Mepuod 00palieHHsl W JUHEHHYI0 CKOPOCTh TOYKH, PACHOJIOKEHHOH Ha Kpaio
JIONIACTH BEHTUJIATOPA HA paccTosiHuU 10 ¢cM 0T ocH BpallleHuUsl.

aHo: Pewsenue:
b= W= Tlo onpeneneHuIO: A ———2400—201—-20 Iy
=120 ¢ peR I BT ey gl TG
N=2400 i l ’
r=10cmM=0,1M| T=—; T= =0,05c; v = 2nm;

— T n 20 T'u
Py T |v=2-304-01m-200 12568 < 1262,

OtBert: 20I'n, 0,05¢, 12,6Mm/c

Pemuts 3a1a4u caMOCTOSATEIHHO
(n - HOMep 8auie20 apuaHma nNo CNUCKY)

1. [Touemy oOTaunBaHNE HAa TOKAPHBIX CTAHKAX M3/AEIMHA OOJIBIIOrO AUaMeTpa MPOU3BOJUTCS
C MEHBIIEH YTI0BOM CKOPOCTHIO, YEM U3JIETUN MaJIOro quaMerpa’?

2. Kakyto nuHHIO mpeicTaBisieT coOOW TpaeKTOpHsl Kakod - MO0 TOYKHM Kojeca Ioes3za
OTHOCHUTEIIBHO €T0 KopIyca Bo BpeMs ABMkeHUs? KakoBa TpaekTopus Koieca OTHOCUTENbHO 3eMiIn?

3. Baronerka JIBMXKETCS MO 3aKpYIVIEHHIO PaMyCcOM N METPOB CO CKOPOCTBIO 3,6 KM/d.
OnpenenuTts ero HEHTPOCTPEMUTENBHOE YCKOPEHHE.

4. CkopocTb ToKOMOTHBA h KM/4. CKOJIBKO 000POTOB B MUHYTY JI€NAI0T KOJIeca JIOKOMOTHBA,
paauyc KoTopsix 1,2 M?

3. TounnpHBIN KPYT panycoM n cM jenaeT oauH oboport 3a 0,2 c. Haiigute ckopocTh ToUek,
HauOoJee yAaa€HHbIX OT OCH BpallleHusl.

6. CaMonér, BBIXOAS U3 IHKE, ABUKETCA M0 TPAEKTOPUH, KOTOpask B HY)KHEN YacTH SBISAETCS
JyTOM OKPYKHOCTH PaAMyCOM h KM. BeIumciauTe yCKOpEeHHE caMoOJETa IPU €ro JBHKEHHH, €CIU €ro
CKOpOCTh paBHa 720 KM/4.

7. KakoBa ckopoCTh NBM)XEHHSI BaroHeTKH, eciu €€ koyiéca paauycoM n cMm aemaroT 600
000pOTOB B MUHYTY?
8. CexyHJHas CTpeJKa 4acoB JielaeT MOMHbIN 000poT 3a 1 MuH. Panuyc cTpenku paBeH n cM.

KakoBa yriioBass CKOpPOCTb OCTpHUSI CTPEJIKHM, €ro JIMHCHHas CKOpPOCTh, YacTOTa BpAIICHUS,
[ICHTPOCTPEMUTEIBHOE YCKOpeHHE?

9. Jlyna nBuxkercs BOKpyr 3emun Ha pacctosHuu 380000 kM ot He€, coBeplas oAuH 000poT
3a 27,3 cyTOK. Bpruncinre HeHTpOCTpEMUTENBHOE YCKOopeHne JIyHBI.
10. CryTHUK JBWXKETCS MO KpyroBoil opbure Ha BbicoTe 630 kM. Ilepuon oOparienus

cnytHuka 97, 5 muHyT. Onpenenure €ro JUHEHMHYI0 CKOPOCTh U LIEHTPOCTPEMHUTEIBHOE YCKOPEHHE.
Paguyc 3emun 6370 kM.

1. Bpemst omHoro oGopora 3eMiau BOKpYyr OcH paBHO 24 dYaca. Berymciurte yrioByw u
JUHENHYIO0 CKOPOCTH BpallleHUs TOYEK Ha skBaTtope. Paauyc 3emnu cuntath paBHbIM 6400 kM.
12. [Tepuon oOpaimieHus TEPBOrO KOCMHUYECKOTO KOpalis — crmyTHHKAa 3eMiau «BocTok»

paBusuicss 90 munyTt. CpenHsisi BbICOTa ciyTHUKa Hajn 3emnéil Obuta paBHa 320 kM. Pagmyc 3emmu
6400xM. Beraucinure ckopocTh KOpaoIs.

13. KOHCOIBHO-TIOBOPOTHBII KpaH JBUXKETCS IO 3aKPyIJICHUIO PajuycoM 5 METpPOB CO
CKOpOCTBIO 2 KM/4. OIpeenuTh ero HEHTPOCTPEMHUTEIBHOE YCKOPEHHE.
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Tema 2.2 /lunamMuka

IpakTuyeckoe 3anaTue Ne 3 Pemmenne 3a1a4 no reme: Buasl cuit B mexanuke. Cuiia TpeHus
MOKO51, CKOJIbKEeHH I, KAUeHHUsI, BpalleHHsl.

Heab: monyyuTh MpeACTaBICHUE O CHJIIOBOM JEWCTBMM OJIHOIO Tella Ha Jpyroe, macce Telna,
pa3ianyaTh MOHATHS MHEPIUU U UHEPTHOCTH, HAYYUTbCA POPMYIUPOBAThH MOHITHS MAacChl, CHIIbI, 3aKOHBI
HproToHA. HAYyYHTHCS PACCUUTHIBATH JCHCTBYIONINE CHIIBI.

Boinosinenue padotsi ciocodcTByet opmupoBanuio: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe obecrieyeHue:

WMHIUBUAYATbHOE 3aJ]aHKe, KOHCIEKT JIKIIH, CIPaBOYHbIC MaTEpUAIIbI.

Yka3zaunmue:

[TpakTHyeckoe 3aHSATHE COCTOMT M3 JBYX YacTel — TeopeThdyecko W mpaktuyeckoil. Ilocme
U3YYCHHS TEOPETUYECKOI0 MaTepuajga MOXXHO MPHUCTYNAaTh K BBITOJHEHUIO MpaKTHYecKoH dactu. OHa
COCTOMT M3 ABYX M 0OoJjee 3ajay Al CaMOCTOSTEIbHOro BblMoNHEHUs. He 3a0biBaiiTe 0 mpaBUILHOM
odopmiieHuu perieHus. Ha BeImogHEeHNE TPaKTUYECKOTO 3a/1aHMsI OTBOJIUTCS JBA aKaJIEMUUECKHUX Yaca.

3ananue:

O3HaKoMbTECH c KpaTKUMU TEOPETUICCKIUMH CBEJICHUSIMU
https://znanium.com/catalog/product/1012153 , §5,6,7.9,
Pemute 3a1aun caMOCTOSITENIBHO UCIIONB3YS IPUMEPHI M KPATKUE TEOPETUUECKUE CBEACHUSI.

ITopsinok BbINOJIHEHHS PadOTHI:
1. W3yuure u BeimummTe GOPMYIIbI 110 JaHHON TeMe:
2. Pa3bepure npuMepsl pelIEHHBIX 3a7a4
3. PemmTe caMOCTOATENBHO 3a/1a4H

KpaTtkue Teopernyeckne cBeleHUs:
Jlnaamuka. OCHOBHBIC ITOHSITHS
Nuepuuss —  sABIEHHME  COXpPAHEHUSA
OTCYTCTBHM BHEIIHUX BO3JCHCTBUM.
NHepTHOCTH — CBOMCTBO TEJl, POSBIAIOLIEECS B TOM, YTO MPU OJUHAKOBBIX BHELIHUX BO3JCHCTBUAX
pasHbIe Teaa MPUOOPETAIOT pa3HbIe YCKOPEHUSI.

St CKOPOCTH JABHIKCHUSA TCl1a npu

Macca (m) — Mepa UHEepTHOCTH Tenl. [m] = 1 kr. . m

3a stanon Maccel (1 kujgorpamm) mpUHSTA Macca ij MEXTyHapOIHOTO MPOTOTHUIIA
KHJIOTpamMMa. 2!

M3 OomBITOB H3BECTHO, YTO YCKOPECHHS, MoJTyJaeMble TeTaMu npu
B3aUMO/IEICTBUH, 00paTHO My, = M e MIPONOPIMOHATIEHBI X MaccaM:

Ecnu maccy kakoro-iubo Tena NpUHATH 3a Grena 3TaJIOH, TO MO>XHO HM3MCPHUTH MaccCy
JIPYTHX TEI: "

IInotrocts Tema (p) — [P =75 | lel= 1%

Cuina (F) — Mepa MEXaHHUYECKOTO JISHCTBHS OJJHOTO TeJla Ha JPYTOE.

[F]=1H — HbplOTOH.

Cwita nMeeT HalpaBJI€HUE, T. €. CUNA-BEKMOp.

Cuna Bceraa npuiIokeHa K TOMY Telly, Ha3BaHUE€ KOTOPOTO CIEAYET B IMPEIOKEHUH TIOCIE Mpeasora
«H.

CunoBoe mosne — 0coObli BUA MaTepuH, MOCPEICTBOM KOTOPOTO Mepenaéres AeCTBUE CUIIBI.

PasHoseiicTByIomAas (pe3yasTupyromas) cui ( R ) —cuia, paBHas BEKTOPHOI cyMMe JaHHbBIX cun F) .
R=3F

JaBnenue (p) — OTHOILIEHUE CHUJIBI K IUIONIA/IA MOBEPXHOCTH, HA KOTOPYIO OHA JEHUCTBYET B
NEepIEHINKYIIPHOM HAIIPABICHHH.

H
[P]:lgz p=

v |
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1 ITa — mackann

Wmnynse Tema  (p)—  BEKTOpHas  Mepa m ¥ MEXaHU4EeCKOro JBUKEHUS,

n_ 5 = =

paBHas IPOU3BEJCHHUIO MAacChl Tejla Ha €ro CKOPOCTb.
KT - M o =

[p]=1
C

Nmnyiiee cuibl ( 7 - Ar ) — BEKTOpHAsE Mepa JICUCTBUSI CUIIBI, PaBHAs TIPOM3BE/ICHUIO CHIIBI HA BPEMS €€

nevicrBuda. [F-At]=1 H-c.
3akonsl HeoToHa

O6006muMB pe3ynapTaThl CBOMX HCCIENOBaHMNA M, yuTs paboty [amunes «O OBUXKEHHH Tell IO
uHepn», HeloToH chopMyIrpoBall 3aKOHUYSHHOE MTOJIOKEHHE, U3BECTHOE KaK IepBhlii 3akoH HploToHA:

Cy11ecTBYIOT CUCTEMBI OTCYETa, OTHOCUTEIHHO KOTOPBIX TEJIO HAXOAUTCS B MOKOE JTUOO ABIMXKETCS
IIPSIMOJIMHEMHO U PAaBHOMEPHO, €CJIM PaBHOJAEHCTBYIOIAsA BCEX ITPUIIOKEHHBIX K HEMY CHJI PaBHA HYJIIO.

WuepunansHas cucrema orcuéra (MCO) — cucrema orcuéra, B KOTOPOI BBIMOJIHSAETCS MEPBBIA 3aKOH
Herorona.

P Ap _ mAv

N3 F= —— =ma TmoJiy4yaeM BTOpoii 3akoH HeloTOHA: o =
At At y F=m-a

JUId Tela IOCTOSHHOW MAacChl CKOPOCTb WM3MEHEHHs HMILyJbCa pPaBHA IIPOM3BEICHHUIO MAcChl Ha
YCKOPEHHE.

Bropoii 3akon HetoToHa paboTaer Tosiabpko B UCO u npu yciaoBuu, 4To Macca Teia U AeUCTBYIONUE Ha
HErO CHJIbI IOCTOSIHHBI.

Bropoit 3akoH HploTOHA cripaBeiuB JUIs PaBHOACHCTBYIOIIEH 7 BCEX CHJI, IIPUIOKEHHBIX K TENly,

TI03TOMY, TIPEXKJIE YEM PEIIATh 3aa4M C Er0 TIPUMEHEHHEM, HaJI0 ONPEIEIUTS R .
Tperuii 3akoH HpIOTOHA: CHIIBI, ¢ KOTOPBIMH JIBa Te€ja AEHUCTBYIOT JIpyr Ha Apyra, F=-F
YUCJIEHHO PaBHBI U HAIIPABJICHBI B IPOTHUBOMOJIOKHBIE CTOPOHBI 110 OJTHOM MPSIMOIA.
Tperuii 3akon Hertorona padotaer Tosnbko B UCO.
[Tonarasi, uto Bce Tena BcenenHoi B3amMmHO mputsruBarotcs, HeiotoH B 1682 r. chopmynupoan

3aKOH BCEMHMPHOIO TATOTEHUS: BCE Tesa o _yemem MPUTATUBAIOTCS  APYr K JApyry C
cuiamy, IpsAMO NPOMOPIUOHATBHBIME  |712 ~ — p2 IPOM3BEACHUIO UX Macc U 0OpaTHO
IPONOPUMOHAIBHBIMA ~ KBaJpaTy pacCTOSHUSA MEXy HUMH.

rze Fi2 — cuia B3auMHOTO NPUTSKEHUS! TEJ Macce m1 U my;
¥ — IpaBUTALIMOHHAS! IOCTOSIHHAS. ‘7/: 6,6720 - 107! HMZ/KFZ‘.

Cuibl B npupoje
- ®
Cuna tspxectu ( £, ) — cujia, COOOMIAOIIas TENy YCKOPEHHE CBOOOTHOTO MaeHUSI. va;-n_wL-n

Cuna TspKeCTH HamnpaBlieHa BEPTUKAIBLHO BHHU3 (MEPIEHANKYIISIPHO KacaTelbHOU K
MOBEPXHOCTU 3€MJIN).

Peakumsi( N ) — cria IeiicTBHs Omopsl (II0BECa) Ha TEIIO.

Bec tena (P) — cuiia, ¢ KOTOPOM TENO JEHCTBYET Ha ONMOPY WJIM MOABEC BCIEACTBUE NPUTIKEHHS K
3emuie.

HeBecoMocTh — HcUe3HOBEHHE Beca Tella IMPH JABMKEHHM OIOPHI C YCKOPEHHEM CBOOOJHOTO
naJieHusl.

[Teperpy3ka — yBenuueHre Beca Tea MpH JBIKEHUH OMIOPBI C YCKOPEHHUEM BBEPX.

Cuna ynpyrocts ( 7, ) — Ciila, BOSHUKAIOLIAs B TeJe NP AehopMaLiy.

Bakom I'yka: CHia YNOpyrocTH, BO3HMKaromas npu aedopmamum Ttema, |/ =K

NPOTIOPIIMOHATIFHA €0

abcomoTHON AedopMalii U HalpaBjieHa B CTOPOHY, IPOTHUBOIMOJIOXKHYIO MEPEMEIICHUIO YaCTHI]
Tena:
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Cuia TpeHHs TOKOs (ﬁm_n_) — CuWja, BO3HUKAIOWIAsl Ha TpaHULE

COIPUKOCHOBEHUSA TEJI IIPU OTCYTCTBUM UX ABUKEHUSA OTHOCHUTEIIBHO APYT Apyra. £y =uN
i — KO3 PUITEHT TPeHUs (3aBUCHUT OT MATEPHAIIOB TPYIIMXCS TOBEPXHOCTEN ).

IIpumeps! pemienus 3aga4
1. ABTOOYC, Macca KOTOPOTO C MOJHOM Harpy3koi paBHa 15 T, TporaeTcs ¢ MmecTa ¢ yckopenuem 0,7
m/c 2 . Haiftu cuity Tsru, eciu ko3 (GUIIMEHT CONPOTHBIICHUS IBIKeHUIo paBeH 0,03.

Jawno: Pewenue:

m = 151 = 15- 10%kr

a =0,7 m/c? Fm+lv+ﬁ+mg’=m&
m=0,03 OX: -Fp +F=ma

F-?

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

M
ry

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

F = 15-10%kr(0,7 m/c? + 0,03:10 m/c?) = 15-10%kr1 m/c? =
15-10°H

Omeem: 15-103H

2. Ha HakjIOHHOW IUTIOCKOCTH JJIMHOM 5 M M BBICOTOM 3 M HaxoauTcs rpy3 maccoi 50 kr. Kakyro
CUJTy, HAIIPABIICHHYIO BJIOJIb IIOCKOCTH, HAJO MPUJIOKHUTH, YTOOBI yIepPKATh 3TOT TPY3, €CIIU TIHYTh €ro
¢ yckopenuem 1 m/c 2 ? Koadduuuent tpenus 0,2.

Haro: Pewernue:

m = 50 kr v

a =1 wm/c? 3 7, CocTaBuM ypaBHEHHE JBMIKCHUS TEla:
M= 0,02 | Fp+N+F+mg=mad

I=5m [ Haiigem npoeKuuu CUjl Ha OCH:

g _‘,3 M '~ Ocw OX: -E,, + F - mgsina = ma

Ocb OY: N—-mgcosa =0 - N=mg cosa
Fp =MN — F, = Mmg cosa
[ToncTaBuB BTOpOE ypaBHEHHE B NEPBOE, MOIYHYUM
-mmgcos a + F - mgsin a= ma
Haxoaum npou3BOAHYIO BEIHUHHY:
F = mmgcos a- mgsin a + ma unu
F =m(a + mgcos a + gsina)
ITo onpeneneHno CUHYCAa UMEEM

. h . 3m
sina=—,sina=—=0.6

I 5m

U3 ocuoBHOrO TPHTOHOMETPHYECKOTO TOKIECTBA
sina’ 4 cosa?=1,
cosa=V1— sina=y1-10,36=+0,64=0,8
Brruncnnm HCKOMYH) BEJTHYHHY:
F =50 xr(0,2:10 m/c?- 0,8 + 10 wm/c?-0,6:1 w/c?) = 430 H
Omeem: 430 H.
3. Ha miHype, nepeknHyTOM 4epe3 HEMOABMKHBIN OJIOK, moABelieHb Tpy3sl Maccamu 0,3 u 0,2 Kr.
C KakuM yCKOpeHHeM JIBWKYTCS Tpy3bl? KakoBa cuiia HaTs>KEHUsI BO BPEMS IBHDKCHHS ?
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Hano: Pewenue:

L Sreish Loy agraed A

my =02 kr Nlaaadits CocTtaBuM ypaBHEHHE JBHKCHUA A
1 ~— yp
my = 0,3 kr AT K 3 IBYX TEJ:
9 ‘ [ ; i . —_—
a-7T-? iy i {m1g+T1:m1al_
ni i f o — . |
maog + TZ = Mmsydsy

Haiinem nmpoexiuu cuit Ha ock OY':
{ T —myg =ma,
=T, + myg = myay’

T.k. Tena cBA3aHBI OHON HUTBIO, TO
Tl =T2 =Tua1 =a; =a,

T—myg =ma
Tor}]a,{ T 14 _ =

-T+myg =mya
CrosKuM 3TH YPABHEHUSI:
—my g + myg = (my + my)a unu
g(my —my) =(my + my)a
Pewnm 910 ypaBHEHHE OTHOCHTEIBHO HEU3BECTHOH BEIIHYHHE

Mo —m 10 m/c2(0,3kr—0,2kr
= M,BHHHC:IHM a= 10 m/c 03er-02m) _ 2 m/c?
mq+imsz 0,3kr+0,2kr

Cuny HaTskeHHs HaiineM ux nepeoro ypasHenus: T =mq(g + a)
Beruncmum: T=0,2kr(10 m/c? + 2 m/c?)=24H
Omeem: 2 m/c%; 2.4 H

Pemuth 3a1a4u caMoCTOATEIBHO
(n - Homep awieco 6apuanma no cNUcK)y)
1. C nomoripio 0aleHHOro KpaHa MmogHUMAaT Tpy3. CKOpoCTh mojabemMa noctosHHa. Onpenenure,
KaKHe CHJIBl IeHMCTBYIOT Ha rpy3? KakoBel ux HanpasineHus? Kakosa paBHoxelcTByromas? [louemy? ¥V
HEOTBITHBIX KPAHOBILIKMKOB OBIBAIOT OOPBIBBI TPOCOB B TE€X CIyyasix, KOIJla OHU HE 00paliatoT BHUMAaHUS
Ha CWJIbHO pacKauyrMBaHUE MEPEHOCUMBIX rpy30B. CiryuailHbl JIn Takue OOPbIBbI?

2. [Toyemy Ha pYKOATKH, TOJIOBKM OONTOB, Tallku Kpyryiod ¢opMbl, 3aBUHUYMBAEMbBIE U
OTBHHYMBaEMbI€ BPYUHYI0, HAHOCAT CHEMAbHYIO HaKaTKy (pudienue)?
3. Koneco (mkuB) mpuBOAUTCS B IBMXKEHUE MPHU MOMOIIH peMHsl. OTpeieTuTe BUI

TPEHMSI, BO3HUKAIOLIETO MEXy IIKMBOM U PEMHEM: TPEHUE CKOJIBKEHHUS WM TPEHHE
nokosi? CuurtaiiTe, YTO PpEMEHb HE IPOCKAJIb3bIBACT.
4. Onpenenure BHI TPEHUs, BO3ZHUKAIOIIEIO MEXAY KOJIECOM JIBHXKYIIEHCS

TEJIEKKH U TPYHTOM, a TAK)KE MEX]Yy BTYJIKOU
KoJsieca U ocbto. Och MpUKpEIJIeHa K TeleXKe HenmoABMKHO (Puc.2).

5. [Touemy Hamo OGepeub CMa30YHbIE MATEPHAIBI OT MOMAAAHUS B HUX TECKA U TBLUTH?

6. [Toyemy HYXHO O6epedb TOPMO3HYIO KOJIOJKY M TOPMO3HOU OapabaH TPaHCIIOPTHOTO CPEACTBA OT
MOTIa/ITaHUST MEXKTy HUMHU Macia’?

7. JInist 9ero MpH COeNMHEHWHM MATKHUX MaTepUaJIOB TIOJ TOJIOBKY OONTa W TaiKy IOAKIIAIBIBAIOT
a0y Gospliero quamerpa’?

8. B kakom W3 mepeurcleHHBIX HUXE SBJICHWM TOJ JEUCTBHEM CUJIBI CoBepmiaeTcs pabdota (cwm.

puc.3) TpOC HAXOAUTCS B HATSHYTOM COCTOSIHMM TOJ JIEHCTBHEM CHIIBI TSKECTH; 0) Ha CTOJN JeiicTByeT
BEC THpH; B) ra3 JaBUT Ha CTEHKHU OaJIOHA; I') MOPIIEHb BHITAIKUBAECTCS U3 IMIMHAPA MO JEHCTBUEM
CHJIBI JIaBJICHUSI Ta30B; 1) MAIbYHUK TSHET BEPEBKY, IPUBI3aHHYIO K IPOYHOU CTEeHE?
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9. Ha ropusoHTalbHOM y4acTKe NyTH MaHEBPOBBIM TEIJIOBO3 TOJIKHYJ BaroH. Kakwe tena
JEHCTBYIOT Ha BaroH BO BpeMs U nocie Tomuka? Kak Oyaer qBuratbest BATOH MO/ BIUSTHUEM 3TUX TET?
10. Bripazute B kmioBaTTax M MeraBartax cienyrome mouHoctd: 3500 Bt; 200 Bt; 5000BrT;

110000BT. Bripasute B Barrax cieayromue momrHoctu: 3 kBt; 1,5 xBt; 0,6 xBT; 0,04 MBT; 0,0001
MBT.

11. Uemy paBHa cuiia TSXKECTH, JEHCTBYIOIIAs HA YIMAKOBKY C IleMeHTOM maccoit 2,5kr, 600r, 1,2 T,
501?
12.  IlepBblil COBETCKHUI HCKYCCTBEHHBIH CHYTHUK 3emyn Obul 3amyuieH 4 oktsa0ps 1957 ropa.

Ornpenenutb Maccy 3TOTO CIIyTHHKA, €CJIM U3BECTHO, YTO HA 3e€MJIE€ Ha HEro JIeMCTBOBAJIA CUJIA TAKECTH,
paBHas 819,3H.

13.  Ha nHemoaBumxHOW miuaTgopmMe CTOUT SIIUK C KUPHOHMYAMU Maccoil n TOHH. Beruucnure u
1300pa3uTe Ha PUCYHKE CUITY TSYKECTH U BEC SIUKA.

14. CMoKeTe 1M BBl IOJHATH MIACTUHY U3 IPoOKH 00bEMoM n cM>? [TnoTHOCTS Mpobku 240Kr/Mm>,

15. ABTOOyC Maccol m TOHH €IeT N0 TOpU3OHTaIbHOMY Imocce. Kakas cwiia TpeOyercss st
coobuenus emy yckopenus 1,4 m/c2.

16.  Baronerka Maccoil n TOHH JBMXeTcs moa AeiictBueM cuibl 60 kH. Onpenenure yckopenue eé
JBUKECHHUS.

17. JIBa xopabsiss Maccoit nm TOHH KaXJbli, CTOST Ha peie Ha paccTosHu 0,5 KM OJIUH OT JPYTOTO.
KakoBa cuna npuTsbKeHHs MeX1y HUMU?

18. OrnpenenuTh Maccy KakJI0TO U3 JIBYX OJMHAKOBBIX aBTOMOOWIIEH, ecnu Ha pacctosauu 0,1 kM Ha
HUX JEHCTBYET CHIa NpUTshkeHus 6,6 7MH.

19. OrnpenenuTh pacCcTOsTHUE, HA KOTOPOM JBE BarOHETKH Maccoil o 20 KT Kaxaasi B3auMOJICHCTBYIOT
¢ cuoit 67mMkH.

20. Kakywo cwily Haao MPWIOXKHUTh K BaroHy Maccod N TOHH, 4YTOObI OH CTajl JBUTaThCs
paBHOYcKopeHHO U 3a 30c npomen nyTh 36 M? Koadduuuent tpenus pasen 0,008.

21. [Tox meiicTBUEM CHIIBI TSTH CKOPOCTH BaroHa Maccoil n TOHH Bo3pocia ¢ 4,25 m/c 1o 32,4 km/4 Ha
nytu 75,5 M. UemMy paBHa cuia TATH, eciii K03 (UIIMEHT TPEeHUs MTpU ABMKEHHH BaroHa paseH 0,025?

22. Kakyto cuity T4ru JomKeH pa3BUBaTh JBUTATENb, YTOOBI JOKOMOTHB Maccoi N TOHH JABUTAJICS: a)
paBHOMepHO; 0) ¢ yckopeHuem 0,2 m/c?,

23.  DexTpoBO3 IpU ABUKEHHH IO FTOPU3OHTAILHOMY MyTH pa3BuBaeT cwily Tard n kH. Ha ydactke
nyty anuHor 600 M ckopocTh moesna Bo3pocia ¢ 32,4 1o 54 xm/4. Onpeaenure CUILy CONPOTHBICHUS
JIB>KEHUIO Toe3/1a, ecau ero macca pasHa 10000 ToHH.

Tema 2.3 3ak0oHBI COXpaHEHHs B MEXaHHKe

IIpakTnyeckoe 3ansaTHe Ne4. 3aKOHBI COXpAHEHHMS B MEXaHMKE U UX IPUMEHEHHUe.

Iesab: HayyuTbCs HCHOJIB30BATH 3aKOH COXPAHEHUs HMIyJibca Ui pacu€ra I[apameTpoB
pa3IMYHbIX (PU3UYECKHUX MPOLIECCOB

Brinosinenue padotsi ciocodcTyeT opmupoBanuro: OK 01, OK 02, OK 03, OK 09
MarepunanbHoe obecrieyeHue:
UHIUBUAYATbHOE 3aJ]aHKe, KOHCIEKT JIEKIIH, CIPaBOYHbIE MaTepUAIIbI.
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Ykazanmue:

[IpakTyeckoe 3aHATHE COCTOMT U3 [BYX YacTed — TEOPETHYECKOM M Ipaktudeckou. Ilocne
U3YYEeHUSI TEOPETUUECKOr0 MaTepuajia MOXXHO IMPUCTYNaTh K BBIIOJHEHUIO MpakTHueckod dactu. OHa
COCTOUT M3 JABYX M OoJjee 3agad JJisi CaMOCTOSTENBHOTO BBINOJIHEHUs. He 3a0piBaiiTe 0 MpaBUIBHOM
odopmiieHuu peuieHusi. Ha BoImoHEHNE MPAaKTUYECKOTO 3a/1aHUs OTBOJUTCS /1B aKaIEeMUYECKUX Yyaca.

3amanmue:

1. O3HaKOMBTECH C KPATKUMH TEOPETUYECKUMU CBEICHUSAMU IO CCHUIKE

https://znanium.com/catalog/product/1012153 , §12,13, BemrcaB ocHOBHBIE ()OPMYIIBI B TETPAIb.
Pemmnre 3ana4un, caMOCTOSTENIBHO UCTIOIB3YS IPUMEPHI U KPAaTKHE TEOPETUUECKUE CBEICHUSI.

IHopsinok BbINOJIHEHHUS PA0OTHI:
1. Wsyuwute u BommummTe GOPMYIIHI 110 TaHHON TeMe:
2. Pa3Gepute nmpuMepsl pelIEHHBIX 3a7a4
3. PemuTe caMOCTOATENBHO 3a/1a4U
2. I[Ipumepsl penieHus 3aaa4
1. Monekyna maccoit m = 3- 10—23 r, mojjieTeBiias K CTeHKE cocyaa moj yriaom o = 60°, ynpyro
yaapsieTcst 0 Hee co ckopocThio L = 500 m/c u omieraer. Onpenenute UMIyasc cuibl F- At momy4yeHHbIi
CTEHKOM.

ano: Pewienue:
= -26 U- > n 5 .
m=3 107°° kr 3MEHEHHE MMIYJIbCA MOJIEKYJIbI PaBHO
a=60°==C uMnyascy cunsl: Ap = FAt
2 I

CTh 0oCh 0X HanpasJieHa

v =500 m/c 4 y p

FAE -2 NEPHEeHANKYISPHO CTEHKE, TOoraa

M3MEHEHHE MMIYJIbCa MONeKyabl Ap =
Ap, = mu, - ( - mv,) = 2mv,, rae v, =
VCOS @, 0TKYAa Ap =2mucos a.
[ToncraBus opmyny B ypaBrenue, nonyuum FAt = 2mucos a.
Boraucnenus:
FAt=2-3- 10726 kr- 500 = cosg =1,5-10"23(xr- m)/c
Omeem: 1,5+ 107> xr m/c.

Puc. 3.2

2. JlBa TOBapHBIX BaroHa JIBMXKYTCS HaBCTpedy Apyr Apyry co ckopoctsmu 0,4 m/c u 0,1 m/c.
Macchl BaroHOB COOTBETCTBEHHO paBHBI m1 =12 T, m2 = 48 1. Onpenenure, ¢ KaKkoil CKOPOCTHIO VU U B
KaKoOM HaIlpaBJICHUH OYIyT JIBUTaThCsl BarOHbI IOCIIE CTOJIKHOBEHHS. Y 1ap CUMTATh HEYIIPYTUM.

Mano: Pewenue:

v; =04 m/c HUcnonb3yeM 3aKOH COXPaHEHHMs NMPOCKLMU MMIYIbCa HA OCh
v, =0,1 m/c OX, nonoxwurensHoe Hampasienue ocu OX coBmagaer ¢
m; =12 103 kr HanpaBJICHHEM JBHKCHHUS NIEPBOI0 BaroHa:

m, = 48 103 kr myvy - Myv, = (Mg + my)v. Otkyma v = %

v-?

) _12+10% kr0,4 M/c— 48:10° kr0,1M/c _ o
Beruucnenus: v = = (. Ananu3: v = 0, ciaea0BaTeabHO, MoCie
12:103 xr + 48103 kr

CTOJIKHOBEHHS BarOHbI OCTAHOBATCS.
Omeem: v=1()

3. JIBa Heympyrux tesa, MacChbl KOTOpPbIX 2 M 6 KI, JABHXKYTCS Ha BCTpedy Jpyr K IPYyry co
CKOpOCTsMH 2 M/c kaxaoe. OnpenenuTs MOIYJIb U HAMpPaBICHHE CKOPOCTH KaXKIOTO M3 ITUX TEN IMOCIe
yaapa. CienaTb puCyHOK CaMOCTOSITENIBHO.
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Jano: myU; + myly = (Mg + my) U. B npoekuusx Ha 0Ck:

OX: mquq - Myl = - (ml + mz)U
_ Mvq — Mavz,

my; =2 Kr v = :
m; =6 xr M) 6xr-2 2
KMaM/fC— DEMAMfC
U = vz =2mc Beraucnsem: v = 4 - L€ = Z \i/e = 0,25 mle.
v -2 — (2Kr+6Kr) 8

Omeem: 0.25 m/c.

PemmnThb 321241 cCaMOCTOSITEILHO
(n - HoMmep 6awe2o 6apuanma no chUcky)
l. OnnHakoBO 1M cxuMaroTcs Oydepa HpU CTOJIKHOBEHUH JABYX OJMHAKOBBIX BaroHOB, OJUH U3
KOTOpBIX HENoABMKEeH? PaccMmoTpute cilydau: MOPOKHUN BaroH HEMOIBH)KEH, JBHMIKETCS T'PYKEHBIN;
I'py’KEHHBIN HETIOJIBUXKEH, IBUKETCS OPOKHUM.
2. UToObl CABUHYTH C MECTa TSDKEJBIM KEIEe3HOJOPOKHBIM COCTaB, MAIIMHUCT JaeT 3aJHUN XO[,
nojaBas COCTaB HEMHOIO Ha3aJ, a IOTOM Yyke jaer nepenHuil xoxa. Ilouemy Takum oOpazom, jerue
TPOHYTb COCTaB C MecTa?
3. Pabounii, 6erymuii mo nexy co CKOpocTbio 7 M/C, JOTOHSET TENEXKKY € Ipy3aMH, ABMKYILYIOCS CO
CKOPOCTBIO 2 M/c, M BCKakuBaeT Ha Hee. C KakoW CKOPOCTBIO NPOAOJIKAET IBUIAaThCS TEJIEXKKA, €CIH
Macchl TEJIEXKKHU U YelloBeKa COOTBETCTBEHHO paBHbI 30 Kr u 70 Kr.
4. JIBe Kene3HOI0pOKHbIE IIIATPOPMbI IBUKYTCS HaBCTpeuy Apyr Apyry co ckopoctsmu 0,6 u 0,4
Mm/c. Maccbl aTgpopMbl COOTBETCTBEHHO paBHBI 18 1 28 1. C Kakol CKOPOCTBIO U B KAKOM HAIlpaBJICHUH
OyayT ABUTaThCA MIATPOPMBI IOCIIE CTOIKHOBEHUSI? Y Jap CUUTATh YIPYTHUM.
5. XKene3HonopokHBIA BaroH Maccoil 25 TOHH MOABE3kKaeT co ckopocThio 0,3 M/c K crosmemMy Ha
TOM € IyTH HENOJBWXHOMY BaroHy Maccod n TOHH M aBTOMaTHYecKHu cueruisiercs ¢ HuM. llocne
CLIENIKM BaroHbl JIBUXKYTCS MPSIMOIMHENHO. KakoBa CKOpOCTh IBUYKEHUS BAarOHOB I10CIJIE CLENKN?
6. XenesHolOpoXkHBI BaroH maccod 35 TOHH NOIBE3kKACT K CTOSALIEMY Ha TOM XK€ IyTH
HEMOJBUYKHOMY BaroHy Maccoi N TOHH M aBTOMAaTHYECKU cleruiieTrcs ¢ HUM. Ilocie cuenku BaroHsl
JIBUXKYTCS TIPSIMOJIMHENWHO co ckopocThio 0,5M/c. KakoBa Oblyia ckopocTh BaroHa Maccoil 35 TOHH nepej
CLIETIKOM ?

Tema 2.3 3aKkoHbI COXpaHEHHS B MeXaHHKe

IIpakTyeckoe 3ansaTue NeS. Pemenue 3aga4 Ha opmyanl padorsl cui. Padora n
MOIIIHOCTb. JHEPrusi, ee BUbl. 3AKOH COXPAHEHMS JHEPTrUH

eab: HAYYUTHCS HCIONB30BAaTh 3aKOH COXPAHEHHs] UMITyNbCa ISl pacuéTa MapameTpoB pa3iMYHbIX
(bU3UYECKUX MPOIECCOB

Beinosnenue padorsl cnocodcrByer popmuposanuio: OK 01, OK 02, OK 03, OK 09

MarepuajabHoe o0ecrieyenue:

WHIUBUAYATbHOE 3aJ]aHKe, KOHCIIEKT JICKIIH, CIPAaBOYHBIE MaTEPUAIIHI.

Ykazanmue:

[TpakTHdeckoe 3aHSATHE COCTOMT M3 JBYX YacTed — TeopeThdyeckol W mpaktuuyeckoil. ITocme
U3YYCHHS TEOPETUYECKOI0 MaTeprajga MOXXHO NMPHCTYNaTh K BBITOJHEHUIO MpaKTHYecKoH dactu. OHa
COCTOMT W3 JBYX W 0Oojee 3ahau AJisi CaMOCTOSTEIHHOrO BbIMONHEHUs. He 3a0pIBaiiTe 0 mMpaBUILHOM
odopmiieHnu peuieHusi. Ha BoImoHEHNE MPAaKTUYECKOTO 3a/1aHUs OTBOJUTCS /1B aKaIeMUYECKUX yaca.

3amanmue:

O3HAaKOMBTECH C KPATKUMH TEOPETUYECKUMU CBEICHUSAMU IO CCHUIKE
https://znanium.com/catalog/product/1012153 , §10,11 u BemumuTe GopmMyIisl 0003HaAUYEHHBIE CKOOKaMH,
Harpumep (10.1) u 1.1, U3 yka3zaHHBIX naparpad

IMopsinok BHINOJIHEHHUS PadOTHI:

1. W3yuute u BeImUIMATE GOPMYJIIBI IO TAHHON TEME:
2. Pa3bepure nmpuMepsl peICHHBIX 33124
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3. Pemmure caMOCTOSATENBHO 3a0auu
IIpuMepsI peieHus 3a1a4

1. OmnpenenuTs MOIIHOCTH TEIUIOBO3a, 3HAs, YTO IPU CKOPOCTU IBMKEHUsS 43,2 KM/4 cuia
Tsru paBHa 105 kH
Hano «CI» Pemenue:

v o= 432112 ¢ | MommocTs HAXOMUTCA TIO dopmyrne: y =4
t

KM/4

105-10°
F=105xkH | H Cuna TIrM  COBEpIIACT  IMOJIOKUTEIBHYHO
N, paboty: A =FScos a, Zo=0, A=F-S

N=Fv=12m/c-105-10* =1260-10° Bt

OtBetr: N = 1260 xBT.

2. Teno maccoit 10 kT cBOOOIHO MagaeT ¢ BbICOTHI 20 M U3 COCTOSHUS MOKos. Uemy paBHa
KHHETHYECKasi YHEPTUsS B MOMEHT yAapa 0 3emi1to?
JaHo: Puc. Pemienue:
m =10 kr 1 CornacHo 3aKoHy coxpanenus sHepruu: Ey, E=0
vo= 0 M/c Epo + Exo=Ep1 + Exo
ho=20 ™ 3a Teno orcyeTa NpUMeM 3eMITIO:
hi=0m 2 g + mzuj  mgh +mTu,z yuntbiBast hy =0,00=0
g =10 m\c? Ex, En =0 el = L;ﬁ wi Exi=mgho
Ex1 —? Ex; =10-10-20 = 2000 dx
Otsert: 2 xk/[x.

Baronetrky maccoif 2 T mo ropu3oHTaIbHOMY IyTH PaBHOMEPHO Mepemeniaer padouuii. Kakyio
paboty oH coBepmuT Ha yTH 100 M U Kakyr pabOTy COBEpIIAeT CHiia TPEHUs, eciau KodhdumueHT
Tpenus paseH ,017
HaHno: Pucynoxk:
m=2rt
S=100wm
p=0,01
g=9,8 m\c? X

y

g
a=0 Jon o

A-7?
Atp -?
Pemenue

Ha BaroneTky neiicTByIOT 4 CUIIBL: CHJIA TSDKECTU — & | CUJIa PEAKLIUHU OIIOPbI — N ,
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cuna taru 7 — , cunia tpenus — Fw . Ilo BTOpOMY 3aKOHY HbioTOHA SF =0
Foppmg 4 £, 4N = ()
B npoexuun Ha ocu: OX: Fr—Fp=0; F:=Fp, OY: N—-mg=0; N=mg
A=F-Scosa, 2za=0, cosa =1,cn-v0, A=F - S, F=F;p=F;=uN = umg
PaGota cubl TpeHus HampaBieHa MPOTUB PabOThI cuila TATH — A = -ATp .
Awp=-19,6 - 10° Ix
Otsetr: A = 19,6 xk/Ix; Atp = - 19,6 kJ[x.

6. OnpenenuTh MOUIHOCTH TEIUIOBO3a, 3HAs, YTO MPH CKOPOCTU JABWXEHUA 43,2 KM/4 CHiIa TITU
paBHa 105 xH.

JaHno: CH: Pemenue:
v
v =432 km/4 12wm/ ¢ MormnHocTh HaxXoAUTCS 0 popmyiie: t
F=105xH 105-10° Cuna TAru coBepIlaeT MOJOKUTEIbHYIO PadoTy:
N-? A=FScosa, 2za=0,A=F-S
JIBuKeHMe TEI10B03a PaBHOMEPHOE U MPSMOJIMHENHOE:
F-S
N=—==Fwv
S_b
4 N=Fv=12wm/c-105-10° =1260-10°* Bt

Otset: N = 1260 xBr.

Pemuts 3a1a4n caMOCTOSATEILHO
(n - Homep 6awezo eapuanma no CRUCKY)
1. [Ipu cTpouTenbCcTBE KAaHATHOM JOPOTH B TOPHOW MECTHOCTH CaMOCBaJI MacCOM N TOHH MOJIHSUICS
Ha BbIcoTy 400M Han ypoBHeM Mopsi. OnpeaenuTh MOTEeHIIHATBFHYI0 YHEPTHIO aBTOMOOMIISI OTHOCUTEIBHO
YPOBHS MOPA.

2. Morot konpa A 3abuBaHus cBail Maccoil SO0KT majfaeT ¢ BHICOTHI N MeTpoB. YeMy OynieT paBHa
NOTEHLMaNbHAasl U KUHETUYeCKasi DHEPIUsl MOJIOTa Ha BbicoTe 4MeTpa?

3. Kakolt moreHmansHON sHepruei 061aaaeT TeJIo Maccoil n Kr, MOAHITOEe Ha BhICOTY 15Merpa?
Kakyto paboTy 0HO MOKET COBEPIIUTD MPH MaJJaHUU Ha 3eMITI0?

4. OmnpenenuTs MOIIHOCTH CEpJla BalbLIOBIIMKA B Ipolecce (Gpu3nueckoi paboTsl, 3Hasi, YTO MpU
OJIHOM yJIape OHO coBepIIaeT padbory, paBHyo 16 Ik, a B MUHYTY nenaeT nmpumepHo 240 ynapos.

5. ITpu cxxatum OydepHON NMpy>KUHBI XK/11 BaroHa Ha ScM npoussenaeHa padora 3,75 kJlx. Kakas cuna

TpeOyeTcst Ui cxkatust 3Tol npyxunbl Ha 1eMm? [loctpoiite rpaduk 3aBUCUMOCTH YAJUHEHUS MPY>KUHBI
OT BEJIMYMHBI IPUIIOKEHHON CHIIBIL.

6. [Ipu ynape nByx BaroHoB OydepHasi mpykuHa cxkanach Ha n cM. JKecTkocTh npyskuHbl 3000
kH/M. Onpenenuts paboTy IpU CHKATUH MPYKHUHBI.

7. Kakas pabota npousBeneHa npu cxatuu 0ydepHOU Mpy>KUHBI JKEJIE3HOIOPOKHOTO BaroHa Ha n
CM, €CIIU JIJIs CKaThs NpY>KUHBI Ha 1 cM Tpebyetcs cuina 350000H?

8. TsoxenoBecHslll cocTaB ¢ yriieM maccor 6000t mpeononeBaer noaseM B 100 meTpoB. Ha kakyro
BBICOTY MOXHO MOAHATH Tejao maccod 100 Kr, ecau MCHOIb30BaTh 3arac MOTEHLMAIbHOW SHEPruu B
BEpXHEW TOUKe nmoabema’?

9. Baronerka nBuranach mo ropu3OHTAJIBHOMY IIyTH, Y€pe3 HEKOTOPOE BpeMsi OCTaHOBUiach. Ee
KMHETHUYECKas dHeprus crana pasHa (, a MOTeHUMalbHas ocTajach Hem3MeHHOW. He Hapymmica nu B
ATOM CJIy4ae 3aKOH COXPaHEHMsI U IIPEBPALCHHs] SHEPTrun?

10. s morpy3Ku yriis B BaroH MPUMEHSETCS JIEHTOYHBIN TPaHCIIOPTEP, KOTOPHIA MEPEMENIAET YIOJIb
BBEpX I10 HAKJIIOHY Ha BBICOTY 5 M. B MHHYTy norpy3uuk goctasiser 12t yris. Baron 3anonnsercs 3a 5
MuH. Kakyto paboTy nmpu 3TOM coBepIiaeT TpaHcmopTep?
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1. TemnnoBo3 TAHET cOCTaB CO CKOPOCTHIO N KM/4, pa3BuBasi MomHOCTh 880 kBT. Kak Benuka B 3ToM
cilyvae cuia Taru’?

12. JlBuraTenb opucHOTO BeHTUIIsATOpa BMeeT MomHocTh 0,35 kBT. Kakyro paboTy oH coBepmuT 3a n
MUHYT.

13.  Bpuuciauth paboTy, COBEpIIAEMYIO 3JIEKTPOMEXAaHUYECKHM IOJAbEMHUKOM B aBTOMAaCTEPCKOM,
KOI'/Ia OH PaBHOMEPHO MOJAHUMAET TPAHCIIOPTHOE cpeAcTBO Maccoi 800 Kr Ha BbICOTY 2,2M.

14. Kakyio paboTy Hy»HO COBEpIINTh, 4TOOBI 1moe31 Maccor 1000 TOHH, ABMKYIIUNUCS CO CKOPOCTHIO
72KM/9 yBEIUYHII CBOIO CKOPOCTh 10 108 km/a?

15. Kako#t macchl rpy3 MOXET MOJHUMATh MOIBEMHBIH KpaH CO CKOpPOCThIO 1,5M/c, eciam y Hero
IBUTATEIbh MOIITHOCTLIO 12KkBT?

16. [ToabeMHBIN KpaH ¢ JBUratesieM MOIIHOCTHIO 8 KBT mogHMMAaET rpy3 ¢ MOCTOSIHHOW CKOPOCTBIO 6
m/muH. KakoBa macca rpysa?

17. Kakas pabora coBepuiaeTcsi Ha THUAPOCTAHIIMM B TEYEHHE T0Jd, €CIU CPEIHSS MOIIHOCTD
reHeparopa pasHa 2,5 MBTt?

18. YenoBek maccoil 70 Kr ciyckaercs 1o JieCTHULE JIMHOM 20 M, pacnofioxkeHHOU nof yriaom 30° k
ropu3oHTy. Haiinure paboTy CUIIbI TSAXKECTH.

19. Brruncnute paboTy cuiibl yOPYrOCTH MPU U3MEHEHUU AeQopMalliy MpYy>KUHBI KeCTKOCThIo 200
H/™Morxi =2cM a0 x2=6cMm.

Pasznen3 Moaexkyasipaas ¢pusuka u TepmoaunamMmuka
Tema 3.1 OcHOBBI MOJIEKYJISIPHO-KHHETHYECKO TeOpUH

IIpakTuyeckoe 3ansiTue Ne6 Pemenne 3axa4 no reme «OcHoBsl MKT. Pemenue 3ana4 Ha
YPaBHEHUE COCTOSIHUS MI€ATbHOI0 ra3a

Hesab: yriyOuTh W KOHKPETHU3UPOBATH TIPEJICTABICHUS O MOJIEKYJISIPHO-KHHETHYECKOW TEOPHH
BEIIIECTBA; HAyUYUThCS UCNOIb30BaTh 3akoHbl MKT 11151 pacuéra OCHOBHBIX MapaMeTpOB COCTOSHUS rasa.

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

MarepuanbHoe o0ecnieyeHue:

WH/IMBUYaIbHOE 33JaHHE, KOHCIIEKT JIEKIINH, CIPaBOYHBIE MaTEPHAJIBI.

Ykazanmue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX YacTed — TEOpPEeTHYeCKOoMl M mpaktudeckou. Ilocne
U3yUYeHHs] TEOPETUYECKOr0 MaTepuaia MOXKHO HPUCTYINATh K BBHIMOJIHEHUIO MpakTHUecKol yacth. OHa
COCTOWT W3 ABYX M OoJjiee 3amad IJIsi CaMOCTOSTEIBHOTO BBIIOJMHEHWs. He 3a0piBaiiTe 0 MpaBUIBHOM
oopmienun pemienus. Ha BelmonHeHNE TPaKTUYECKOTO 3a/1aHUS] OTBOJUTCA JBa aKaJIEMHUUECKUX daca.

3ananue:

1. O3HaKOMbTECH C KPAaTKUMH TEOPETUYECKHUMHU CBECHUSMH 10 CCBHUIKE
https://znanium.com/catalog/product/1012153 , §17,18, BeinrcaB 0oCHOBHbIE (JOPMYJIBI B
TeTpaab, Harnpumep (17.1) u T.1. U3 yKazaHHBIX aparpagos.

2. Pemmre 3amauym, caMOCTOSTENBHO WCIOIB3YS TPUMEPHI H KpaTKHE TEOPETHUYECKHE
CBEJICHHUSL.

ITopsinok BbINOJIHEHHS PadOTHI:
1. W3yuwute u BoimummTe GOPMYIIHI 110 TaHHON TeMe:
2. Pazbepute nmpumepsl pelICHHBIX 33724
3. PemmuTe caMOCTOATENBHO 3a/1a4H

IIpuMepsl pelieHus 3a1a4

1. Onpe;[enHTe KOJMYCCTBO BCHICCTBA U YHUCIIO MOJICKYJI, COACPKAIIUXCA B OJHOM KUJIOTpaMMC
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https://znanium.com/catalog/product/1012153

YIJIEKHUCIIOro rasa.

[aHo: Pemenue:
CO;

v=?

N D

Buiyucnenus: v _ 1kr
44107 ke / moaw

Ortser: N=1,4-10% wt

<230 s N =23 Monb+6 -10% 1/momb =1,4-10% wrr

2. CKOJIbKO MOJIEKYJ KHCIOPOJa HaXxoauTes B ooseMe 1 11 mpu Temnepatype 0°C u naBnenue 133,3
I1a.

gaHO: CU Pemenne
b
_ _pP
V=11 | o R
p=133,3 [[la
-no

Nt?—OC n=§:>N=n-V N=£T-V
—9 K
Boiuucnenus:

_1333Ma-107a°
1,38-107% [{nc/ K - 273K

~3,5-10"
Ortset: N =3,5-10""mt

3. B razosom Oamtone eMkocteio 0,01 M3 Haxomurces ras nox gasienueM 20 xkr/cm2 .Kakoit 00bem

3aiiMeT ra3, €clid ,He U3MEHsS €r0 TeMIIEPATypPhl , OTKPHITh BEHTHIIb OaiisioHa? OKOHYAaTeIbHOE aBJICHHE
1 kr/em2.?

Hawo:

Vi=0,01n’ ]
P1=20 kr/em’=20*0,98*10° H/m"
P>=1 kr/em™=0,98*10° H/m®

Pewienue:
ITo ycnoBuio 3a1a4u TEMIEPATYPa raza HE MEHAETCH,
MO3TOMY MPOUCXOAUT H30TEPMHUYECKOE H3MEHEHHE
cocrosinus raza. Menons3ys 3akon boiina-Mapuorra
p1Vi=p2V2 Haxoaum Vo= p1Vi/pa.

Beramenenus: Vo= 20%0,98%10°%0,01/0,98%10°=0,2(n’)
Omgem: V:=02 m'.

Va-?

4. I'a3 ©30TepMHUYECKH CKaT OT mepBoHadaibHoro oobema 0,15 M 3 1o o6wema 0,10 m 3 . JlaBnenue
€ro MpHu 3TOM MOBBICKIIOCH Ha 2 Kr/cM2 . KakoBO nmepBOHaYaIbHOE JTaBJICHHE raza?

Hawno: Pewenue:

‘\/’1=[],15M3 [To zakony boiins-Mapuorta P11V =P2V2. Ho p2=pi+ Ap,
V3=0,10M3 nostomy p1Vi=(P1 +A P)V,, otkyna Py = AP*V,/V-Vo;
AP=2 kr/em™=2*0,98*10°w/m"  P;=2%0,98*10°*0,10/0,15-0,10 = 3,9*10° (H/m)

P1=?

Omeem: P=3,9*10°[1a.

5. Kak Benuko atmocepHoe naBieHHE, €CU MPH IJINHE PTYTHOTO cTonOuka 12,5¢cM B TOHKOM
TpyOKe JyiMHa CTOJIOMKA BO3AyXa B TIEPBOM TMOJIOKEHHE 7CM,a BO BTOPOM — 5 cMm?

Jano: Pewenue:

h=12 5cm B nepsom crnyuae naBnenue Bo3ayxa BHYTpH Tpyoku P=Psmy-h. Bo BTopom

1,=7cm Cydae p>=pan,th. Io 3axony boiins-Mapworra P, V,=P,V, rne V,=SL,,
,=5¢m V,=SL;. Toraa {paTM_h)z{piiThl+h)SL21 OTKYOa pantzh{]-'l +L2)"{LL‘L2

Purw =12,5%12/2=75(c™m pT CT).
Paru=? Omeem: P, =75 cM pT CT.
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6 Cxarblii BO3AYyX IMOJAeTCs B Tasrojbiaep oobemMoMm Sm3 . 3a Kakoe BpeMsi €ro HakadaroT 0

JMaBJiICHHUST 7 Kr/cM2, ecid KOMIIPEeccop BcachiBaeT 5,5 M 3 arMoc(epHOTO BO3AyXa B MUHYTY MpH
nasneHun 1 xkr/cm2 ? TemnepaTypy CUMTaTh OCTOSIHHOM.

Hano: Pewenue:
Vo=5m"
P,=Tkr/cM*=7*0,98*10°u/m°
V=55 mun=1,1/12xm"/c
P,=1 kr/em®=0,98*10°u/m*

ﬂﬂﬂ HAKa4YUBAHHA BO3OYXd B rasrojpacp a0 JaBJICHHA Pz
KOMIIpEccop padoTaer B TeueHue spemenu t. Oonem
3aCacCblBACMOTO BO3yXa V‘|=V2 [IPpH JaBJICHHE P;. K()rﬂ,ﬂ
BO3OYX HaKa4allH B Ia3rojipacp, OH 3dHAJI odnem Vz H €ro
JaBJICHHE CTAN0 Pa. Ha ocuoBanuu 3akoHa B()ﬁﬂﬂ-MapH()TTﬂ
PyV'\=P>V, unu P1V1t|=P2V22 OTKYJa t,=P,V./P,V,
t= ?*0,98*]05*5*]2;’0,93{]103*l,l=330{c).
Omeem: t = 380 c.

t-?

7. OTKpbITast CTEKIsIHHAS TpyOKa AnnHoI0 40 cM HAMOJIOBHHY MOTpyXKeHa B pTyTh. Koraa BepxHuit

KOHEIl TPYOKH 3aKpbUIM W MOJHSUIA €€ JI0 YPOBHS PTYTH B COCYJE, TO BBICOTA YPOBHSI PTYTH B TpyOKe
oka3zarach paBHO 15 cM. KakoBo atmocdepHoe naBieHue Bo BpeMsi OmbITa?

Harno: Pewenue:
=40 cm 1o 3akony boiina-Mapuotra P,V ,=P,V,; rae p,=H-paBnoe armochepromy
li-15¢m  npaBnmeHMe BO3AyXa HAI PTYTHIO A0 3aKpbITHA OTBepcTHA, a V=L/2S-ero o0beMm;
P = P-1;, V,=(L-L)S-cooTBeTCTBEHHO NaBiIeHHE H 00BEM BO3AYXa HA PTYThIO
H-? MOCJIE TOrO, KaK €€ 3aKPbUIM M NOHSUIH 10 YPOBHS PTYTH B cocyae. B mpeasiaymme
Beipaxkenusa P,V ,=P,V;Bmecto PP, V| V; noacraBum ux 3HadeHus:
HL/2S=(H-L,)L-L,)s. Orcroga H=21,(1-1,)/1-21; H=30%25/10=75(cM pT cT).
Omeem: 75 cM pT CT.
Pemruthb 321241 caMOCTOSATEIHHO
Bapmnanr 1

1. Haueptute rpaduku H30TEPMUIECKOTO, M300apHOTO U MU30XOPHOTO MPOIECCOB B KOopauHaTax P
uV;PuT;TuV.

2. UneanbHblil Ta3 cHavana M300apHO PACIIUPHIIM, & 3aT€M HM30TEPMUUYECKU CHKAIU JI0 MPEKHETO
o0wvema. M300paszute 3tu nporecchl B koopaunatax Pu V; PuT; Vu T.

3. B cocyne naxoaurca m=14 kr azorta npu T=300 K u nanenun p = 8,3*104 Ila. Onpenenure
o0beM V cocyna.

4. Tlpy ckaTMM HEW3MEHHOTO KOJMYECTBA HACAIBHOTO Tra3a oObeM YMEHBIIWJCS B 2 pasa, a

TEeMIIEpaTypa yBeanywiach B 2 pasza. Onpenennre, Kak U3MEHUIIOCH JaBJICHHE rasa.
Bapmuanr 2

1. Ha puc.1

P
& T, < Ty

Tz
1}

Lt
M300pakeHBbI IBE U30TEPMBI OJTHON M TOM k€ MacChl ra3za. YeMm OTIMYAr0TCsI COCTOSTHUE Ta30B, €CIIH

ra3pl oAauHakoBble? Uem OTIMYAIOTCS Tra3bl, €CIAU TEMIIEpaTypbl Ta30B OJMHAKOBbIE? YKa3aHUE:
BOCIIOJNIb3yiTECh ypaBHeHUEM Kianelipona-Menpaeneesa.
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2. WpeanbHbIl Ta3 cHayajla HarpeBajCsl NPU TOCTOSTHHOM JAaBJICHHHM, MOTOM €ro J1aBJCHUE
YMEHBIIIAJIOCh TIPU TIOCTOSIHHOM 00bEeMe, 3aTeM IPH MOCTOSHHOW TeMIepaType 00beM raza yMEeHbBIITUICS
110 TiepBOHavYaIbHOTO 3HaYeHus. [loctpouts rpaduk B koopanHaTHbIX ocsax V-T.

3. B cocyne Bmectumocthio V=0,83 M 3 HaxoauTcs m=2 Kr a3oTa npu gaBieHuu p = 2*105 Ila.
Onpenenure Temnepatypy T azoTa.

4. Temneparypa V1=2 monp kuciopoaa, Haxozsuierocs B cocynae, pasia T1=300 K. Onpenenure
temneparypy T2 Bojopoja, HaxOJISIIErocsi B COCyJEe TOHM K€ BMECTMMOCTH INPH TOH K€ JaBJICHHH,
B3SITOTO B KOJIMYECTBE V2=2 MOJIb.

Tema 3.2 OcHoBbI TepMOAUHAMUKH. TenjioBbie MAIIIUHBI.

IpakTnyeckoe 3ansiTue Ne 7. Pemenne 3a1a4 no reme «OCHOBBI TEPMOIHHAMHUKH.
I[IpuMeHeHne MepBOro HAYAJIA TEPMOTHHAMUKH K H30MPOIeCcaM

Heanb: Ha npuMepe pelIeHHs 3a/1ad U3YYUTh 3aKOH COXPAHEHUSI YHEPTUU MPUMEHUTETHHO K TETUIOBBIM
mpoleccam, MyTAX U3MEHEHUs BHYTPEHHEH dHEpruu Tell, aquabaTudeckoM Ipolecce, MpUHIune padboTsl
TCIIOBOM MaIlIHMHbI.

Beinosinenue padorsi cnocodcTByer popmupoBanmnio: OK 01, OK 02, OK 03, OK 09, OK 06

MarepuaabHoe odecrieuenme:

VMHJIMBUIyaJIbHOE 33/1aHUE, KOHCIEKT JEKLUUH, CIPABOYHbIE MAaTEPHUAJIbI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX YacTed — TeopeTHdeckoil M mnpakrtudeckou. [locne
M3Y4YeHUs TEOPETUUYECKOr0 Marepuajga MOXKHO MPHUCTYINATh K BBIMOJHEHHUIO MpakTHdeckor yactu. OHa
COCTOMT M3 ABYX W 0OoJjee 3aJay A CaMOCTOSATEIbHOro BbIMONHEHUs. He 3a0bIBaiiTe 0 mpaBUIHLHOM
odopmiieHnu perieHus. Ha BeImogHEeHNE TPaKTUYECKOTO 3a/IaHKs OTBOJIUTCS JIBA aKaJIEMHUYECKUX Yaca.

3aganue:

1. O3HakomMbTeCh C KPATKUMH TEOPETUUCCKUMHU CBEACHUSIMU
2. Pemmute 3a1auu, CaMOCTOSATENBHO UCIOJIB3YsI IPUMEPHI U KPATKUE TEOPETUUECKUE CBEICHHUS.

ITopsinok BbINOJIHEHHS PadOTHI:
1. W3yuute u BeinummTe (POPMYJIbI 10 JAHHON TEME:
2. Pa3bepure npumepsl pelIeHHbIX 33714
3. Pemmre caMOCTOSITENBHO 3a4a4UH

KpaTtkue TeopeTrnyeckue cBegeHHs

TenmooOMeH (Terutonepenaya) — 0OMeH BHyTpeHHEH 3Heprueil 6e3 coBepIIeHUs MEXaHU4YeCKOH paboThI.

KonmuaectBo temnotsl (Q) — sHeprus, nepeanHas B pe3yJbTaTe TeI000MeHa.

VaenpHas TEIIOEMKOCTD (€) — KOJIMYECTBO TEIJIOTHI, HEOOXOAUMOE ISl HarpeBaHus | Kr BemiecTBa Ha |

:& [c]=1 Hox
mAT kr- K

o

K (1°C).

|ZQWL => Quon. |— ypaBHEHHE TEIJIOBOTO OayaHca.

Q IS
. =0 = — = 1—
Topenue: . q o (4] .

VY nenbHas TemioTa cropaHus (g) — KOJIMYECTBO TEIUIOTHI, BBIAEIAEMOE IPU CrOpaHuM 1 KT TOIUIMBA.
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Hap006pazoBaHHe-nepexoz[ BCIICCTBA U3 )KUAKOI'O COCTOSAHHA B F33006p33H06.

9 =122

m KT

Q=r-m

VY nenbHas Temiora napooOpazoBaHus (7') — KOJIMYECTBO TEIIOTHI, HEOOXOIMMOE JIJIsl TpeBpaleHus B nap 1
KT )KUAKOCTH IIPH [TOCTOSIHHOM TeMIepaType.

IInaBaeHue — nepexoa BCuecCTBa nu3 TBépI[OI‘O COCTOsSHHSA B )KHJIKOC.

222 ay=1 A%

m Kr

VY aenpHas TemoTa IUaBieHus (A) — KOJIUYECTBO TEIUIOTHI, HEOOX0AMMOE JUIs IJIaBJIeHus | KI BellecTBa
IIpU TEMIIEPATYPE IIABJICHUS.

[lepBblii 3aKOH (HAaYaJI0) TEPMOIMHAMUKHU: U3MEHEHUE BHYTPEeHHEHN sHeprun AU CUCTEMBbl PaBHO CyMMeE

KOJINYCCTBA TCIIJIOTHI Q, nepeaaHHOIro CUCTEME, U pa6OTLI A, COBGpH.ICHHOfI HaJ HEM BHEUIHUMHU CUJIAMH

AU =Q+ 4

HpI/IMeHeHI/Ie IIEPBOro Hadajia TCpMOAMHAMHKHA K U30IIponcccaM

H3oTepMivecknii mpomecc,
T =const

H3ox0pHblil mpomece,
V = const

H3o0apHblil mpomece,
D = const

AnmadaTiveckuil mporecc,

0=0

AU=0 = Q=4

4 =0 = Q=AU

0=AU+4_

A_ =-AU

20

TemyioBas MalmHa — MallliHA, COBEpIIAIOLIAs MEXaHMYECKYI0 paldoTy 3a CUET BHYTPEHHEW 3HEpPIruu

TOILIINBA.
Pabouee Teno — ra3, coepuIaromuii paboTy B TEIJIOBOM MallliHE.
Harpesarenb — ycTpoiicTBO, coobuiaroiiee paboueMy Tesry KOJIMYECTBO TErIoThl Q1 npu temneparype 71.

XOJOIMIBHUK — YCTPOMCTBO, OTHUMAIOIIEE OT pabovero Tejia KOJHYECTBO TEIIOTH Q2 IpH TEMIepaType
1. |

L -1,

77max -

T, SO

IIpuMeps! pemienus 3aa4

1. B amoMuHHEBYIO KacTproio mMaccoit 0,15 kr mamuro 1,2 kxr Boasl npu 20° C. CKONBKO KUIMATKY
HY’KHO JIOJUTh B KAacTPIOJIIO, YT0ObI Temreparypa Boasl ctaita 50° C? TloTepsiMu Temaa B OKPYKaIONIyIO
cpemy mpeHeOpeyb.

Jano: Pemienue:

m,=0,15 xr nosrydeHHoe Tero Qi=cyms(0—tx); Q2=Cama(6-ty)

m;=1,2 KT oTaaHHoe Terio Q3=cym; (t-0)
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t=20°C ypaBHeHHUe TerioBoro 6amanca Q1+Qx=0Q3

trleOOC CB-l’IlB (e'tx)+ma-ca (e‘tx):CB'mI‘ (tr'e)
0 =50°C m=(¢m, +mc)0—1) =
Ce (tr - 9)
_ 0
€a=920 [x/xr’C (4200:12+015-920)-(0-20) _ .

4200-(100-50)
ce= 4200 JTx/xr’C

Otser: 0,74 xr

mr _?

2 B mpouecce uzobapuoro pacmupenus razy nepeaano 6 M/Ix ternotsl. [Ipu sTom ra3 cosepiiaer
paboty 1,2 M/Ix. M3meHnIack 11 BHYTpEeHHAS SHEprus ra3a? Harpescs ras umm oxiaauics.

Tlano: «CWN» PeweHune: BbluncnenHus:

A=1,2 Mk 6-10%0>k AU= Q-A’ AU=6-10° 1»k-1,2-10° A =
=6 M

Q=6 M) 5 1050 - 4,8-10° [

AU-?

3 Onpenenute MakcumanbHblii KITJ[ TermmoBoii MaluHLl, eclu Temneparypa ero Harpesatens 227° C, a
TeMIepaTypa Xonoaunsauka — 27° C.

. cun PeweHwne:
Jano: PeweHue:
- T,-T

£;=227°|C11=500 K | = =1—2 _ 500K —300K
- Tl ﬂmax-W = 0,4

t,=27°( T2=300 K
T]max*?
4. Bonopon maccoit 4r, 3aHumas nepBoHadaibHblii 00beM V1=0,1M3, pacmmpsiercs 10 o0bema

V2=1m3 . Onpenenure: 1) Al-paboty raza npu uzo0apHoMm mnporiecce, 2) A2-paboTy raza npu
n3oTepmMuyeckoM npoiecce. HauanbHas remneparypa raza T1=300K.
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Hano: Pewenue:

m=4r=4*10"kr 1) I1pu n306aprom pacumpennu (p;=const) ra3 coepuraet padory
V,=0,1n’ AFpi(Va-Vi) (1)
Vy=In’ JlaBnenne rasa onpenensem u3 ypapHenns Knaneitpona-Menneneea:

M=2*10kr/mo1n P,Vi=m/MRT, orctona p/=m/M*RT,/V,(2)
R=8,31 mx(monp*K) [Toncrasum popmyny(2) B (1)nomyuum: A;=m/M*RT,/V,(V..V)) (3).

T,=300K 2) Ilpu H30TepMHYECKOM paciHpeHHe ra3 coBepiaer padbory
Ay? A;7=m/MRT,InV,/V; (4) (Inl10=23)
A7 Brruncnenns:

1) A=4*107kr*8,3 1 wr/(Moms*x)*300K/2* 10 kr/moms*0, m**(1m°-0, 1m°)=4.5%10* 1k
2) A7=4*107kr/2* 10 kr/mons*8,3 1 [/ (Mo *x)* 300K *In1a/0, Inr'=11,5%10° 1.
Omeem: A= 4,5%10"[lx, A= 11,5%10°JIx

5. Omnpenenure u3MeHeHne BHyTpeHHel sHeprun AU jbpaa maccoil m=5 KI B MPOIECCE €ro TasHUS
(naBneHus ) MPU HOPMAIBHBIX YCIOBHSIX.

Hano: Pewenue:
m=3 Kr W3meHeHne BHYTPEHHEI 3HEPrUH U3 IEPBOTO 3aKOHA TEPMOHHAMUKH:
A=3,35*10° Jl/kr Q=AU+A. Orcrona AU=Q-A. JIns tasuus neodbxoauma temnora Q=Q,, =
Pe=1,01*10°Tla Am, A-yznenbHas Ternota miasneHns. Macca oOpa3sosasiueiicst BOJbI myo,
T=273K Oyner paBHa macce nbaa m. O6wsem Boasl V, o06pasoBasiniics u3 baa
pa=0,9* 10°kr/m’ V1, OyaeT MeHsblLe, Tak Kak IIOTHOCTb BOJBI Puo 00/IBIIE MIOTHOCTH JIb/
sz():103 K/ pa. [Ipn mnaenennu nuza coBepiuaercsa padora A=py( V2. Vy).

Yuureisas, uro p=m/V,onpenensem Vo=pmo; Vi=m/p, CnenosarensHo,
AU-? A=po(m/prao-m/pn)=Po m(ps-pr20/pspr2o) Beruncnenns:

Q=3,35*10° mr/kr*Skr=1,7*10° 1.

A=1,01*10"TIa*5kr*0,9* 10’ kr/s’-10°kr/m*/0,9% 10°kr/v’ 10°kr/v'=-55 T
AU=1,7%10° ITkc-(-55 1)~ 1,7%10° [Tk

Omeem: 1,7%10° I

6. Temnepatypa HarpeBaTens uaeanbHoOM  TeruioBod  MammHel  TH=500 K temneparypa
xononmibHUKa Tx=300 K. Onpenenure KIIJ] TernnoBoit MamuHbl N U TemwioTy Q H, MOJYYEHHYIO OT
HarpeBaTelis, €CJIM 3a OJMH LIUKII MalnHa coBepinaet padboty A=400 JIx.

Mano: Pewenue:

T,=500K Kosuument none3xoro AeicTBis TEMI0BON MALIHHE ONPeENseTcs 1o

T,=300K (opmyne : 1=Tu-Tx/Tu (1) wm n=A/ Qu (2).

A=400/Tx 3 gopmynsi 2 cnenyer, uto Qu=AM

n-? Qu-? Berncnenns: 1=500K-300K/500K=0,4; Qu=400/1x/0 4=1000/{x=1x[Jx.
Omgem: 1= 0.4; Qu= 1x/lx.

Pemurh 3a1a4i CAaMOCTOATEIBHO

B ycnoBum 3ama4 oTcyTCTBYIOT HM(pPHI. 3HaueHHUsS (PU3MYECKHX MapaMeTpoOB 3THUX 3a/ad HEOOXOIUMO
Opatb u3 Tabauubl 1: MO BEepTUKAIBHON CTPOKE YKa3aH HOMEp BapuaHTa, MO0 TOPU3OHTAILHOH — HOMEp
3a/1a4H.
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1. KakuMm crnoco6oM — coBeplieHHEM pPa0OThl WIM TeIulonepenadeld M3MEHSETCs BHYTPEHHSI
DHEpPrus JAETaau B CIENYIOIIMX ciaydasx: 1) cTporaHue Aeranu; 2) HarpeBaHUE JETalu B IE€YM IEpe]
3aKaKoi; 3) ObICTpOE OXJIKICHUE JETAIH B BoJIe (3aKaika)?

2. Paboune roOpsUMX ILEXOB HOCAT KOMOHMHE30HBI, MOKPBHITHIE METATHYECKUMH OJeCTAIIMMU
yemryiikamu. [loyeMy OHM XOpOIIO 3aIIMINAIOT Y€I0BEKa OT JKaphbl?

3. Boay maccoit m Harpenu ¢ temneparypel Ti 10T2. Kakoe KOIMYECTBO TEIUIOTHI 3aTPaTUIIM MPU
Harpese. (Cz=4200/[xkr-K)

4. OmnpenenuTbh Maccy HarpeToi Boabl, eciu i €€ HarpeBa Ha AT 3aTpaTuin KOJIMYECTBO TEIIIOTHI
Q. (¢, =4200 Jiw/xr - K)

5. Ompenenautb Maccy CropeBLIEro0 KaMEHHOTO YIUIS, €CJIM IPU CropaHuu Bbiaenwiocs Q Jlxoyneit
Ter1oThL. (q=29MJI/KT)

6. Cnupt maccoil m ucnapuics. OnpenenuTb KOJINYeCTBO TEIUIOThI, 3aTPaueHHOE I BhIIIapUBAHUS
crapTa. (r=0,85 MJx/kr)

7. Ompenenuth KOJMYECTBO TEIUIOTHI, HEOOXOIMMOE JUIS PACIUIABICHUS  OJIOBSIHHOTO CIIUTKA
maccoi m. (A= 0,59 MJlx/kr). Kakoe KoiaMuyecTBO TeIula BBIACTUTCS HPU OXJAXKICHUU 3TOTO
pacIIaBJIEHHOTO CIIUTKA?

8. T'a3 monm maBnmenuem P; um3o0apHO pacmupuics u cosepmun pabory 25 Jx. Ha ckoibko
yBEIUYMICS 00beM rasza?

9. Tepmoaunamuueckoil cucteme nepenao Q JIx temnorsl. Kak u3MeHUTCS BHYTPEHHSS SHEPruUs
CUCTEMBI, €CJIM OHA COoBepLIia paboty A?

10. Ilpu wuzorepmuyeckoM pacmupenun (T=const) raszom Oblna coBepuieHa pabora A. Kakoe
KOJIMYECTBO TEIIOTHI Q cooOI1IeHo razy?

11.  Bpruucnuts KIIJ] TemioBoil MamuHel, €ciiyu TemnepaTtypa Harpesarens T1, xonoaunbHuka To.

12. Kakoil nomxHa ObITh TemnepaTypa HarpeBaTens T1, uroObl KIIJl nBuratenst coctaBisul 1 npu
TEMIIEPATYPE XONOAWIbHUKA T2

13.  Temnnosas snextpoctanius MomHocTbio 2400 MBT1 notpebasier 15001 yrnst B wac. Kakos KII/]
CTaHUUU?

14. s TMOBBIMIEHHS TBEPAOCTH M MPOYHOCTH CTAJBbHBIX M3AEIUN MPUMEHSIOT 3aKalKy
(HarpeB 70 HEKOTOPOH TeMIlepaTyphl C MOCIEAYIOUIMM OBICTPBIM oOxJyaxaeHueMm). Kakoe koimdecTBo
TEIJIOTHl HEOOXO0UMO, YTOOBI HarpeTh cTaibHONM MOJ0TOK Maccoi S00r ot 17 go 817°C? Beruucnure,
KaKo€ KOJIMYECTBO TEIUIOTHI BBIIEISET MOJIOTOK, €CIM €ro OXJaXAAlT B JKUIKOM KHCIOpPOJXE,
temneparypa kotoporo -183°C. VY aenbHas TerioemMkocTs cranu 460 J[x/ kr-°C.

15. Kakyto maccy kokca notpedyercs cxeub, yToObl HarpeTh 10T uyryHa na 10°C?

16. B mnaBuneHyro neus 3arpysunu 2000 kr uyryHa, B3storo npu 20°C. Kakoe konn4ecTBo
TEIUIOTHI 3aTpayeHo B Heil Ha ero muaBineHue? Ckoibko nbaa, B3aroro npu 0°C, MOXKHO ObUIO ObI
PacIUIaBUTh 3a CYET 3TOT0 KOJUYECTBA TEIIOTHI?

17. B nuaBuibHOI neuM 3a oAHy IUIaBKy nony4ywin 250 Kr aJlOMMHMSI IIPU TEMIIEpaType
660°C. Omnpenenute, HACKOJIBKO W3MEHWJIACh BHYTPEHHSS SHEPIUsl AIIOMUHHS, €CIU €ro HadalbHas
temrneparypa 6buta 20° C. Y nenpHas TeuioTa riaBieHus amoMunus 3,9 MJDx/kr.

18. UyryH B JMTEHWHBIX I€Xax IUIaBAT B Ie4yaX, Ha3blBaeMbIX BarpaHkamu. Ompenenure
KOJINYECTBO TEIIOThI, HEOOXOIUMOE I TUIaBKU OT YyTyHa, JOBEJCHHOTO JI0 TEMIIEPaTyphl IJIaBJICHUS.
VnenpHas TeroTta miaasieHus crasa 138 270 JIk/kr.

19. JloM 4epHBIX METAIIOB MEPEIIABIAIOT B CTAJIb B MAPTEHOBCKUX Nedax. Kakoe komndecTBo

TEIIOTHl HEOOXOIMMO JIJIsl HarpeBaHusl U paciiaBieHus 10 T CTaJIbHOTO JIoMa, €CIIM HayallbHas

temneparypa ero 20°C? Temneparypa mnasnenus cranu 1400°C.

20. Kakyto paGoTy coBepiini uaeanbHbIA OJTHOATOMHBINA Ta3 U KaK MIPH TOM U3MEHHJIACH €ro
BHYTPEHHSAS SHEpPrus NpH HM300apHOM HarpeBaHuu IBYX Mosed rasa Ha 50 K? Kakoe kommyectBo
TEIUIOTHI MOJIy4nII I'a3 B IIpolecce TemIoooMeHa?

21. 3. IIpu anuabaTHOM pacuIMpeHHH Bo31yxa Obuia coBepiieHa padora 200 Jx. Yemy paBHO
M3MEHEHUE BHYTPEHHEHN YHEPTUM BO3ayxa?
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22. 4. WpeanbHbll Ta3 HarpeBajcsi MNPH IOCTOSHHOM JaBJICHHUHM, MOTOM €ro JaBJICHHE
YBEJIMYWIIOCh TPH TIOCTOSIHHOM OOBeMe, 3aTeM IMpH TIOCTOSIHHOW TeMIeparype IaBJICHHE rasa
YMEHBIIUIIOCH JI0 epBOoHavYaibHOT0. Hapucosarts rpaduk B KOOpAUHATHBIX Ocsix P-V.

23. 5. UneanbHblil Ta3 nonyumn konuuectBo Teriotrsl 300 Ik u coBepuun padoty 100 Jx.
[Ipu 3TOM Kak U3MEHUIACh €r0 BHYTPEHHSIS SHEPTUs?

24. 6.Temrniepatypa xonoauiabHuka TerioBoi mammasl 300 K, temneparypa narpeBatelns Ha
300 K 6ompiie, uem y xonoauibHuKa. YUemy paBeH MakcuMaibHO BO3MOXxHBIN KIT/] TermoBoi MammHb1?

25. 7. Uemy paBHa BHYTPEHHSISI SHEPrus 5 MOJb OJHOATOMHOIO HJICAJTIBHOIO rasza IpHu
temneparype 47°C?

Tema 3.3 ArperatHbie cocTosiHUS BenlecTBa. Ma3oBble Mepexoabl

IpakTuyeckoe 3anaTue Ne8. /laBjeHue :kuakocreil u TBepabIx Teqd. 3akoH [lackans.

Henab: Ha npumepe perienust 3a1a4 U3y4nuTh XapakTep JaBICHUS KUAKOCTEH U TBEPIBIX TEl, UX
IMPUMCHCHUC 1 y‘-IéT, 3aKOHBI, O6T)$[CH$IIOHII/I€ OTHU SIBJICHUA.

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

MarepuaabHoe odecnieyenme:

WHIUBUAYATbHOE 3aJ]aHKe, KOHCIIEKT JICKIIH, CIPaBOYHbIC MaTEPUAIIHI.

Yka3zaunmue:

[TpakTHyeckoe 3aHSATHE COCTOMT M3 JBYX YacTel — TeopeThdyeckol W mpaktuyeckoil. Ilocme
HN3YUYCHUS TCOPECTUYCCKOro Marcpuaia MOXHO HNPUCTYNATbh K BBIMTOJIHCHUIO HpaKTquCKOﬁ gactu. OHa
COCTOHMT M3 ABYX W 0OoJjee 3aJay A CaMOCTOSTEIbHOro BbIMONHEHUs. He 3a0bIBaiiTe 0 mpaBUIHLHOM
Oq)OpMJ'IeHI/II/I peuicHus. Ha Brimonnenne MPAKTUYCCKOI'o 3alaHus OTBOAUTCA JIBa aKAACMHUYCCKHX Haca.

3ananue:

1. O3HakoOMbTECH C KPaTKUMHU TEOPETUUECKUMHU CBECHUSIMU
2. PemmuTe 3agaud, CaMOCTOSATEIBHO HCIIONIB3YS MPUMEPhl M KPATKHE TEOPETUUYECKUE
CBEJICHUS.

ITopsinok BbINOJIHEHUs PadOTHI:
1. W3yuure u BeimummTe GOPMYIIbI 110 TaHHON TeMe:
2. Pa3bepure npuMepsl pelIEHHBIX 3a7a4
3. PemmuTe caMOCTOATENBHO 3a/1a4H

Kpartkue TeopeTrnyeckue cBeleHUs
JlaBiieHue TBEpIOTrO TENa
Teepmoe Teno, Haxomdlleecs Ha  OIOpE, F| nmelcTByeT Ha Onopy ¢ CWIOH, KOTOpast
pacrpefeniena 10 MOBEPXHOCTH OcHOBaHMs Tena. Jns |P = ¢| ommcaHus TakuX pacmpeieNeHHbIX CHII
BBOJMTCS HOBasi (hU3MUECKasi BEJIMUNHA — 0d6/IeHuUe.
JlaBneHue (p) — OTHOIIEHWE CHJIbl K IUIOLIAJM TOBEPXHOCTH, Ha KOTOPYIO OHa JEWUCTBYET B

HEepIEHIUKYJIIPHOM HAIIPABICHUHU. [p] = 1% = 1 Ila — [Tackanb
M

JlaBiaeHne B )XUAKOCTIX
OCHOBHBIM OTIUYHEM >KUIKOCTEH OT TBEPABIX (YNPYTHX) TEN SBISETCS CIHOCOOHOCTH JIETKO
HU3MEHSTH CBOIO (hopmy.
YacTtu KHUAKOCTH MOTYT CBOOOJHO CHIBHTaThCS, CKOJIb3Sl APYT OTHOCUTENBbHO Apyra. [loaromy

KHUJKOCTb TPUHUMAET (HOPMY COCy/1a, B KOTOPBIH OHA HATUTA.
Ha TCJI0, MMOTPYKCHHOC B X XUJAKOCTb UJIU T'a3, I[GIZCTBYIOT CHJIbIL, paCIpCaACIICHHBIC pl j2
0 TOBEPXHOCTH Tena. JImsd ommcaHus TaKUX paclpelelCHHBIX CHJI TaKkke 2
UCTIONB3YyeTCs (pu3nueckasi BeIUUNHA — Oas/1eHue.
P3
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3akoH [lackans: naBieHUE B KUAKOCTU WK Ta3e MMEPEJacTCsl BO BCEX HANPABJICHUSAX OJAMHAKOBO U
HE 3aBUCUT OT OPUEHTALIMHU IIOLIA/IKH, HA KOTOPYIO OHO JEHCTBYET.

Jns wimoctpanuu 3akoHa [lackans Ha pucyHke uzobpaxeHa HeOobIask MPSIMOYTOJbHAs MPU3Ma,
NOTpYXKEHHAasi B JKUJKOCTb. ECIM MpeAnonoxuTh, 4To INIOTHOCTh MaTepuana MpU3Mbl paBHA MJIOTHOCTU
KUAKOCTH, TO MpHU3Ma J0JDKHA HAXOAMUTHCA B KUAKOCTU B COCTOSIHUU O€3pa3IMYHOrO paBHOBECHUS. DTO
O3HayaeT, YTO CUJIBI JaBJICHUS, ACUCTBYIOIIME HA TPAHHU MPHU3MBI, JTOJKHBI OBITh YPaBHOBEHICHBL. DTO
MPOU30MIET TOJIBKO B TOM Ciydae, €CJIM JaBJICHUS, T. €. CHJIbI, JIECHCTBYIOIINE HA €IUWHULY IUIOLIAJH
MOBEPXHOCTHU KaX10M I'paHu, OAMHAKOBBL: p1 = p2 = p3 = p.

JlaBiieHue KHUIKOCTU Ha JTHO WJIM OOKOBBIE CTEHKH COCYJa 3aBUCUT OT BBICOTHI CTOJI0A JKUIKOCTH.

JlaBneHue cronda JKUIKOCTH p HA3bIBAIOT T'HJIPOCTATUYECKUM JiaBleHWeM: h=p-g-h TtIoe p —

IUIOTHOCTE JKUAKOCTH, /I — BEICOTA CTOJIOA KUIKOCTH.

Ecin >KMIKOCTh HAXOMUTCS B IWJIMHIPE TOJ IOPIIHEM, TO JCHCTBYS Ha MOPIICHH HEKOTOPOM
BHEIIHEH CcHiloil F, MOXKHO CO3/1aBaTh B KHUAKOCTU JOMOJHHUTENbHOE naBieHue po = F / S, rae S —
TUTONIA/Tb TTOPIITHS.

TakuMm oOpa3om, MOJIHOE JaBJICHHUE B KHUAKOCTU Ha IIyOMHE /1 MOKHO 3amucarh B
BULC: P = p+pgh

Ha Teno, morpyxeHHOE B )HUJAKOCTh WJIHM Ta3, NEHCTBYET BBHITAIKUBAIONIAS CHJIA —
cuna Apxumeoa.

ApxuMeIoBa CHJIa, ICHCTBYIOIIAS HA IMOTPYKEHHOE B KHJIKOCTh (MM Ta3) TeJo,

paBHa BeCy JKHIKOCTHU (MM ra3a), BeiTecHeHHOM TenoM FApx =P, 8V ..

€CJIM CpeIHss IUIOTHOCTh TeNla Py OOJbIIe MIOTHOCTH KHUAKOCTU (WM rasza) p (pr> p), Teno Oyner
OITYCKAaThCs Ha JIHO;

e cciau pr < p, TENO OyJET MIaBaTh HA MOBEPXHOCTH KHUIKOCTH;

® €CIH pr = P, TO TEJIO MOXKET IUIaBaTh B TOJIIIE YKHUIKOCTH Ha JIFO0O0H riryOuHe.

3aKoH cO0OIIAIOIIMXCH COCYA0B: OasiieHue 8 N000U MouKe Ha OOHOM U MOM
JIce yposHe 6 cooOuaiouuxcs cocyoax 00UHaKo6o: p,= p,

=™
=—d

S===

TAE p; U p2> — JABIIEHUSA HA OJHOM U TOM K€ YPOBHE B IIEPBOM M BTOPOM KOJICHE
COOOIIAIOIIETOCs COCYy/1a COOTBETCTBEHHO.
I'mppaBnuueckui mpecce

Ecnu 06a BepTUKATBHO PACMONIOKEHHBIX [MIJIUHAPA COOOIIAOIINXCS
COCYJIOB 3aKpbITh TMOPIIHAMH, TO C TOMOUIGIO BHEIIHUX CHJI,
MPUIOKEHHBIX K TMOPIIHSAM, B JKUIKOCTH MOXHO C€O37aTh OOJIBIIOE
JIaBJICHUE p, BO MHOT'O pa3 MPEBBIIIAIONIEE THAPOCTATUUECKOE JTaBICHUE
pgh B m000#1 Touke cucTembl. ECM MOPITHN UMEIOT pa3Hble TUIOIIAIN
S1 1 S2, TO Ha HUX CO CTOPOHBI KUJIKOCTH JEUCTBYIOT pa3HbIe CUJIbI F| =
pS1u 2= pS Hpu $2>>81, T0o F2 >> F1.

VYcrpolictBa TaKOTO POJia HA3bIBAIOT 2UOPAGAUUECKUMU MAUMUHAMU
== yau F,=F, 5,

TR

|1
o |

S

1

[TpunHimn paboTel MPOCTEHIINX THAPABINYECKUX MAIIHH

To 00OCTOATENBCTBO, YTO KUAKOCTH OyIydd MPaKTUYECKH HEC)KUMACMBIM M, PABHOMEPHO MEPEAAr0T IO
BCEMY CBOCMY O6’beMy BHCIIHCC NABJICHUC, IUPOKO HCIIOJB3YCTCS B PA3JIMYHBIX OTPACIAX TCXHUKU (B
THJIPONIPUBO/IAX, THIPOABTOMATHKE, THAPABINYCCKUX TOPMO3aX M YCHIHUTENSX WU T.I.). DTO CBOWCTBO
KHUJIKOCTH Takke S(PQPEKTUBHO NPUMEHSIOT B TaKUX MNPOCTEHIIMX MAalIMHAX, KaK THIPABIUYECKUE
JIOMKpPAaThI (MTOABEMHUKH) U TIPECCHI.

37



[MpuHnun ux paboThl OCHOBAH Ha CJICAYIOLIEM: UMEIOTCS JIBa COOOIIAIOIIMXCS MEXTy cOOOH LIINHIpa

pasHoro auamerpa [Ipuiaras K MOPIIHIO MEHBILETr0 U3 LWIHHAPOB KaKyI0-TO BHEIIHIOK CHITy P1, MBI TeM
P1 =3

CaMbIM CO3/1a¢M Ha MOBEPXHOCTH XKUJIKOCTH B 3TOM LIMIIMHPE JIaBICHHE 51, KOTOpOE PaBHOMEPHO

IepeacTcss BO BCE TOUKH IPOCTPAHCTBA, 3aIIOJHEHHOTO XKUIKOCThIO. Torna Ha mopiieHs GOJIbLIETo M3

P, =P, 2
WIHHIPOB (0e3 ydera moTepb) OyneT NeiHCTBOBATh OIBEMHAS CHIIA Py =PiSy yny 51, Takum
o0Opa3oMm, ueM OoJibllie Pa3HATHCA MEXIY COOOW IMIIOIIAIU MOMEPEYHOro CEYCHHsI IWJIMHIPOB, TEM
001bIIYI0 (TIOABEMHYIO, CKUMAIOIIYIO, IEPEMENIAIONIYI0) CHIIY MBI MTOJy4aeM B TaKUX THAPABINYECKUX
YCTPONCTBAX.

Cratudeckoe JaBJIeHUE )KUJIKOCTH Ha IJIOCKYIO MOBEPXHOCTh. ['MIpocTaTHUeCKUil apaioke

I[JISI OMpPCACIICHUA CUJIbI JAaBJICHUA JXUIAKOCTH P ma IIOCKYIO IMOBEPXHOCTD, INIOAAb KOTOpOfI PaBHACTCA
S, pa306LeM €€ IIPOU3BOJIbHBIM o6pa30M Ha OECKOHEYHO MaJble IjIomaaun ds. I[aBJ'ICHI/Ie KHUIKOCTH Ha
IMMOBEPXHOCTH OIMPEACIIUTCA KaK CyMMa CHUJL I[aBJIeHI/Iﬁ Ha 3TH 3JICMCHTAPHBIC ITJIOIIAAKH.

PaccmoTpuM snemMeHTapHyIO TIOMIAIKY, IEHTP KOTOPOH PacioioKeH Ha TIIyOUHE YPOBHS, POXOISIIETO
yepe3 LEeHTP THKECTH Bced muomaau T. JlaBneHue B IEHTpPE TSHKECTH 3TOM IUIOMAaTud 0003HAUUM pr.
Toraa ruapocTaTnyeckoe JaBleHNE B IEHTPE JIEMEHTAapHOM IUIOIMIA KA PABHO

P=P;tP &M

OKOHYATEIBHO MOIYyYUM P =p,s

Takum 06pa30M, CuJia HaBJICHUA KUJKOCTHU Ha INIOCKYIO IMOBCPXHOCTH paBHA IMPOU3BCACHUIO ILJIOMIAAN
3TOM MMOBEPXHOCTHU HA BEIMUUHY THUAPOCTATUYCCKOTO AJABJICHUA B €€ HCHTPE TAXKCCTH.

CJ'IC,Z[CTBI/ICM SABJIICTCA JOKA3aTCIIbCTBO TUAPOCTATUYCCKOTO IMMapa0KCa, BIICPBLIC ITOJTYYCHHOC ITackanem.

BennunHa cuibl BECOBOTO AABJIEHUS JKUIKOCTH Ha JIHO PE3€pByapa 3aBUCUT TOJBKO OT IJIOTHOCTH 3TOH
KHUJIKOCTH, IUIOMIAIN JAHA U TIIyOWHBI €ro MOTPY>KEHHs MO CBOOOJHON MOBEpXHOCThIO. [Ipu 3TOM Bec
KUAKOCTH, HAJIUTOW B COCYJ, MOXKET OTJINYATbCsl OT CHJIBI JABJICHMS, OKa3bIBAEMOIO €0 Ha JHO, T.C.
CHJIBI JIaBJICHUS JKUAKOCTH Ha JHO pe3epByapa HE 3aBUCAT OT €ro (OpMbI U KOJIUYECTBA KUIKOCTH

P =Py +pgh0; P =(p, +pghy)sg
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Tak B paciupArOIINXCa KBEPXY COCydax CHJiIa BECOBOI'O AABJICHUA Ha NHO MCHBLIIC BECa XHUAKOCTH, B
LWINHAPUYECKUX OHHM OJMHAKOBBI, a B CYXMBAIOIIMXCA KBEpXy — CHJIa JlaBleHUs OoJjblle Beca
3aKJIIOUYEHHOH B COCY[ )KUIKOCTH.

Tak kak HaﬁHeHHaﬂ CHJIa ABJIICTCA paBHOHeﬁCTBYIOHleﬁ, TO IIOMHMO €€ BCINYNHBEI HeO6XOI[I/IMO
OIPCACIIMTL U TOUYKY €€ IMPUITOXKCHUA, HA3BIBACMYIO LHCHTPOM JIaBJICHHA. ]_IGHTp TAXKCCTH COBIIAAACT C
HCHTPOM JOaBJICHHUA TOJIBKO TOI'/Ida, KOorga paccMarpuBacMasd IIJIOCKas ITIOBCPXHOCTb JICKUT B
FOpH?;OHTEUII:HOfI TIJIOCKOCTH.

[TockonbKy rUAPOCTATUYECKOE AABICHUE p SBIIAECTCS MOAYJIEM FMAPOCTATUYECKOTO HAMPSKEHUS, S0P
HOPMAJIbHOTO THUAPOCTATUYECKOTO HAMPSKEHUS MOTYT OBITh IOCTPOCHBI C  HMCIOJb30BaHUEM
3aBUCMMOCTH M TIPUMEHEHBI I OMNpEICICHUS BEIMYMHBI B JIFOOOW TOYKE paccMaTpuBaeMoi
MOBEpXHOCTHU. [Ipn 3TOM ciielyeT MOMHHUTB, YTO 3TO HAIPSIKEHUE HANIPABICHO MO HOPMAJIU K IUIOMIAJKE
NEeNUCTBUSL.

PaCCMOTpI/IM IOpAAOK TIOCTPOCHHA OIIOPbBI HOPMAJIBHBIX THAPOCTATHUYCCKUX HaprDKeHI/Iﬁ Ha
BCPTUKAJIBHYIO CTCHKY, YPOBCHb KUJIKOCTU B KOTOpOﬁ H

)

i

—13

—

Il e po"' ﬁgH i . /gf-_p_gf/
a 1] b e

Oniopvl HOPMATLHBIX 2UOPOCMAMUYECKUX HANPANCEHUL

BHemnee ruspocTtaTHuecKoe JaBICHUE py PABHOMEPHO MeEpelaeTcst KHUJIKOCThIO MO BCEMYy ee 00beMy.
OtnoxxuB B Macmtabe Ha MEPIEHAMKYIIpax K paccMaTpUBAeMOW IUIOCKOW CTEHKE B €€ BepXHed H
HIOKHEM 4acTH pp U COEIUHUB KOHI[l BEKTOPOB MNPSIMON JIMHHUEW, MOJYyYUM MPSIMOYTOJbHUK-3IIOPY
HOPMAJIbHBIX HAIPsDKEHHUM, BBI3BIBAEMBIX BHEUIHMM JaBiieHHEM. V30BITOUHOE T'HMIPOCTaTHYECKOEe
JTaBJICHUE U3MEHsIeTCs 10 TITyOUHE 10 3aKOHY MPsAMOii, mpudyeM oHO paBHO () Ha CBOOOHON MOBEPXHOCTH
KUAKOCTH U MaKCUMaJIbHO — y J1Ha (pgH).

TakuM oOpa3om, AMIOPHl HOPMAIBHOTO M30BITOYHOTO THAPOCTATHYECKOTO HAMPSIKEHHUS UMEIT (hopmy
IPSAMOYTOJIBHOTO TPEYTOJbHUKA. DII0pa HOPMAIBLHOTO a0COIIOTHOTO THAPOCTATHYECKOTO HAIPSIKEHUS
MOJTy4aeTCs B pe3yibTaTe CIOKEHHs MPeAbIAYIINX ABYX 3MIOP U UMeeT (popMy Tparenuu.

AHaJOTMYHO CTPOSITCSI SIMIOPHl HOPMAJIbHOIO THUAPOCTATUYECKOTO HANPSIKEHMSI B Clydyae HAKJIOHHOM
cteHkd. C MOMOLIbI0 MOJOOHBIX BIMIOP MOXHO Trpa@uuecku CyYMMHUPOBAaThb HOpPMaibHOE
TUIPOCTATUYECKOE HAIPSIKEHUE TPU JEHUCTBHUM OAHOPOJHBIX WJIM Pa3HOPOIHBIX JKUJIKOCTEH C JABYX
CTOPOH IJIOCKOM CTEHKH.
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C momouipio 3MIOpbl HOPMAJIBHOTO THAPOCTATUYECKOTO HANPSDKEHUS MOXKET OBbITh MOJCYMTAaHA CHUIIa
TUIPOCTATUYECCKOTO JIaBJICHUS Ha TUIOCKYIO MOBEPXHOCTh, MOCKOJIBKY OOBEM TAaKOW SIMIOPHI YUCICHHO
paBeH BelMuuHE 3ToM cuibl. [IpuyeM cuna gaBieHHs Ha IUIOCKYIO MMOBEPXHOCTh MPOXOIUT Yepe3 LIEHTP
TSKECTH SIIOPHI, TTOJIOKEHUE KOTOPOTO JIJISl TpanelenaaIbHON 3MI0Pbl HOPMAJIBHOTO THIPOCTATUYECKOTO
HANPSDKEHUS Ha MPSMOYTOJIBHYIO CTEHKY MOKET OBITh OllpeiesieHo Irpadudecku Win o (opmyraam.

IIpumepsbl pemienust 3aaa4
1. OmnpenenuTh NaBieHUEe OCH3WHA HA JTHO LUCTEPHBI, €CIIM BBICOTA CTONOa OcH3WHA 2,4 M, a €ro
mwIoTHOCTE 710 Kr/™m>.

Jawno: Pewenue:

h=24mM p=pgh

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

h’nl

2. Kakas KuAKOCTh HAXOAUTCS B cOCyi€, eciu cToy0 BbicoToM 0,3 M OKa3bIBacT

S
nasienue 5400 [1a? m ]

HHawno: Pewernue:

h= 0,3 M . % _ P
p=5400Ila |P7~P8% P=_,
£= 10 Hxr 5400 Tla

=1800 kr/m’

p=10 H/xr « 0,3 m

Omeem: CepHas KHCIIOTa

p—2?

3. B Gounbioit cocy ¢ KBapaTHBIM THOM TUIOMIAAbI0 9 M2 U BEpTUKAIBHBIMUA CTEHKaAMU HaJIMTA
Boja (cM. prcyHOK). KakoBa BbICOTa ypOBHS BOJBI B COCY/I€, €CIIM CUJIA €€ AaBlIeHUs Ha OOKOBYIO
MOBEPXHOCTh COCY/Ia paBHA CUJIE IaBJICHUS Ha THO?
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Hano: |

Fa=Fs 2 |

S,=9m I

p., = 1000 =L e }h_?
M = - == =

h—? I——s {7

PemeHnHe:

HasreHHe BOILI HA JHO COCYIA PABHO: PJI =p.gh.

ITnomane mHA cOCVIA pPaBHAa: S = a, TOe @ — CTOPOHA
KBaJpara.

. _ _ 2,

Cuna ,I[za_'B.]IE'HH.'FI Ha AHO cocyda paBHa: F =P, 5=p_gha”;
F, =p.,gha”.

IMapnerne »KHEIKOCTH HA DOKOBYI0 HOBEPXHOCTE COCYIA
yOBIBaeT ¢ BeICOTOH OT A, moasTOMYy B cpengHeMm F, = ng%.

IMnomans DOKOBOH MOBEPXHOCTH COCYVIA, HCIOBITBIBAK-
mel gaBaeHHe, paBHa: S; = 4ah, a cuna gaBneHHa Ha GoKo-
BYIO IOBEPXHOCTE paBHa: I, = B.S, = ng%-iah.

ITo yenosuio sagaun F, = Fg, Torga pggkaz = pnggdlah.

Corxpamas Ha p,, g, h, a, monydaem: a = 2h, Torma h = %, HO

a = JS.

JS

Orcwopa caenyer, uto |h = —|.

2

HG,I(CT&BHB B QOopMyIYy 9HCIOBLEIE JaHHEBIE, IIOJAVIHM:
h = ﬁ = § = 1,5 M.
2 2

Oreer: h=1.5 M.

4. B cocya, umeromuii popmy mmnuHApa ¢ paauycom 10 cm, Hammu 3,14 KT MOICOTHEUHOTO Macia
(cM. pucyHOK). OnpenenauTs 1aBIeHHe Macia Ha JHO COCya.

Hawmo: CH
R=10cm 0,1m ﬁ

KT
p=800
P-7

Pemenune:

JaBaeHne }KHAKOCTH Ha JHO COCY/Ja PABHO OTHOIIEHHIO
CHJIBI TAMKECTH KHIKOCTH K ILIOIATH JHA COCY/IA.

Tak kak F = mg — cuia Tsavxectn Macaa, a S = R — mwio-

mans JHA cocyaa, moaydam: P = %
m

Orcrona exenyer, uto [P = E‘%

IMoxcTasuE B GOPMYIY YHCIOBBIE JaHHEIE, IIOJYYHM:

3,14-10 10
=9 = = 1000 Ia.
3,14-(0,1° 0,01

Oreer: P=1000 IIa.
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5. B cocyne HaxoaaTCs OAMH 3a APYTMM TPHU CJIOSI HECMELINBAIOIINXCS AKHUIKOCTEH: BOJIa, MaclIo,
PTYTb (CM. pUCYHOK). BricoTa kaxk1oro ciost 5 cMm. OnpenenuTs 1aBIeHUE KUAKOCTENH Ha THO
cocyja u Ha Tiyoune 7,5 cMm.

Hauo: CH
h=17,5cm 0,075 m ::ﬂi___f_-: h,
P, = 1000 =3 —
- W
P = 3 ——
p, =13600 X —Piviep, — }hl
P9 -
Ph — ?

Pemenmne:

Onpenenum naBjeHne HA AHO KAXKAOH JKUIKOCTH!:
P, =p,gh, — nasnenue croaba pryru;

P, =p gh, — nasnenue croaba Boasl;

P, =p gh,; — naBnenue cronba macia.

Ob6mee nasnenue Ha AHO cocyaa Oyaer pasHo: P= P, +
+ P, + P3, Tak Kak hy, = h, = hy, P =p gh, + p,gh;, + p,gh3 =
= ghl(pp + pl ;5 pu)’

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

IMoacrasus B hOpMyJIy YUCJIOBLIE JaHHBIE, MOJYYUM:

P=10-0,05-(13 600 + 1000 + 900)=0,5-15 500 =
= 7750 Ila.
JaBneHue Ha riiyOmHe 7,5 CM CKJIaABIBAeTCS H3 JgaBlie-

HHA CcTOoJMDa MacJia U AaBJEHHUS MOJOBHWHEI CTOJOBI BOJABI:
1
R =P + EP"'

Orciona caeayer, uro |P, = p 8hy + -;—p,,,gh2 :

IToagcraBuB B GOpMyIy YHMCJIOBBIE JaHHBIE, OJYYHM:

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

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

6. Konunueckas npoOka nepekpbIBaeT cpasy JiBa OTBEPCTHUS B INIOCKOM COCY/IE, 3aII0OJTHCHHOM
skuakocTeio pu gasiaeHun 2000 Ila (cm. pucynok). Panuyc orBepetnit R =2 ecm, r =1 cm.
OnpenenuTts cuily, JEMCTBYIOIIYIO Ha IPOOKY CO CTOPOHBI JKUAKOCTH.



IIano: CH '
P=20001Ia (0,02 m

R
R=2cwm 0,01 m — /7&_*
r=1cm i_—_ r—2L
G

Pemenne:

Cuna, geiicTByiomas Ha Tpo0Ky B 00JBIIOM OTBEPCTHH,
pasHa: F; = PS,, rme S; — niomaas 60JBIIOr0 OTBEPCTHSA;
S, = nR®, rorpa F, = PnR®.

Cuna, peiicTBywoniasa Ha npoOKy B MAJIOM OTBEpPCTHH,
pasHa: F, = PS,, rae S, — njomajaks MajJoro OTBepcTHSA,
S; = r[rz, Torna F, = nPre,

Cuna, geficTBY0OIasa Ha MPOOKY CO CTOPOHBI JKHIKOCTH,

pasua: F = F, — Fy; F = nPR? - nPr’ = nP(R* - r’).
Orciona caeayer, uro |[F = nP(R* — r?)|.

IToacTaBue B OpMYIy YHCIOBBIE JaHHBIE, IOJYIHM:

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

OrserT: F=1,884 H.

Pemurh 3a1a4i CaMOCTOSITEIbLHO

1. Yemy paBHa apXMMe0Ba CUIIa, JEiCTBYIOmAs B BOJE Ha MMAHENb MACCOM N KT M3 CTEKIIA, ITPOOKH,
amoMuHus, cBUHLA? (Perexna=1200KI/M>, prposin, =240KT/M>, Pamovmmmi=2700KT/M?, pesuma=11300Kr/M°)
2. [Inomaas Manaoro MopIiHs THAPABIMUYECKOro mpecca paBHa 10 cm?, Gonbmoro — 50 cm?. Ha

MaJiblil MOPILIEHb NOMECTHIIM THpo Maccoi 1 kr. Kakoi rpy3 Hy>KHO MOMECTUTh Ha OOJBIION MOPIIEHB,
YTOOBI KHUAKOCTh OCTAIaCh B PABHOBECHH?

3. Hacoc wnarmeraer macino B THApaBIMuYecKuil mpecc mona naeienueM nMlla. Dto naBnenue
nepejiaeTcss Ha OOJBIIMIA TOpIIEHs, miomaas kotoporo 800 cm?. Kakyio cuily JaBIeHHs HCIIBITHIBAET
ATOT MOPIICHB?

4. Bonblnol MOpIIeHs THAPABIMYECKOTO mpecca Iomanbio 180 cm? feficTByer Ha
npeccyemoe Teso ¢ cuiioit nkH. C xakoi cuioif 1elicTByeT Macjo B IIPecce Ha MaJIbIi MOPIIEHb, €CITH €T0
IJI01a/1b paBHa 4 cm??

5. Onpenenuth naBiaeHue OCH3WHA HA JTHO IMCTEPHBI, €CJIM BBICOTA cTONI0A OeH3uHa 2,1 M, a
ero mioTHocTh 710 kr/m>

6. BhluucuTe JaBjieHKMe W CHITy JaBJIeHHs KepOoCHHA Ha JHO 6aka miomanbio 50 am’, eciu
BBICOTA CTOJI0a KEPOCHHA B OaKe NCM.

7. Pacmmmpsisics, raz nepemectri nopiueHb Ha pacctosiaue 0,5m. Ilmomaas mopuasa 0,02m2,
atmoctepHoe namienne HopmanbHoe (101,3 kIla). Ompegenure: paboTy rasa MO MPOTATKUBAHUIO
MOPUIHS; KOJIMYECTBO TEIJIOTHI, OTAaHHOe ra3zy HarpeBateneM. Cuntaiite KI1/] HarpeBaTens paBHbIM 1, a
TPEHUEM NpeHeOperure.

8. B  cramenuteiiHOM  NpPOU3BOJCTBE  «U3JIOKHHIEH»  HA3bIBACTCS
YYT'YHHBIA CTakaH Oe3 JHa, B KOTOPBHIN BBUIMBAIOT pacIiUIaBIeHHBIA MeTamul. Bepxuee
OTBEPCTHE HW3JIOKHUIIBI HEMHOTO MEHBIIE HUXHETO AJisi TOTO, YTOOBI MOXKHO OBLIO
U3JIOKHUITY CHATH C OTBEPJEBIIETO CIUTKA, KOTJA OCTBIHET MeTaul. UTOOBI MeTasl
CHU3Y HE BBUIMBAJICA, U3JI0OKHHUIIBI CTaBAT HA IJIOCKOE OCHOBAHUE U JIENAI0T UX OYEHb
MaccuBHbIMH. Ha pucyHke cieBa u300pakeHa HW3JIOKHHIA, CIpaBa — IOJbEM
W3JI0KHUIBI C OTIUTOrO ciauTka. Onpenenure CUIly JaBiI€HUS, KOTOPYIO IPOU3BOIAUT
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HA TIOJUTOKKY M3JIOJKHHIIBI HATUTEHIA dyTYH, €CTH BBICOTA M3JIOXKHHUIBI 1,5 M, a IUIOIAh HIDKHETO
ocuosanus 1600 cm?. [lnotHOCTH uyryHa 7000 Kr/m’.

9. Bo ckonbko pa3 naBneHue BoJbl Ha AHO KodelHuKa 0oJblie, YeM Ha JHO YailHMKa, ecliu
BbICOTa CTOJI0a BOJBI B Kodeiinuke 30 cM, a B yaiiHuke — 12 cm?
10. Onpenenuth BBICOTY YPOBHS BOJbI B BOJOHANOPHOM OallHe, €CiIM MaHOMETP,
YCTaHOBJICHHBIN y €€ OCHOBaHUsI, Moka3biBaeT aasienue 220 klla.
11. BricoTa cTonba Bojbl B cTakaHe 8 cM. Ha ckobKo AaBieHHE PTYTH Ha JHO CTaKaHa ObLIO
051 OoJTbIIIe, €CTTM OBl PTYTh HAIMJIM B CTaKaH JI0 TOTO K€ YPOBHs?
12. Jnuna akBapuyma 40 cM, mmpuaa — 20 cM, BeicoTa — 30 cM (cM. pucyHok). C Kakoi cuioi
BOJIa IaBUT Ha JIHO akBapuyMa? Bojia Huke BepXHEro Kpasi akBapuyma Ha 2 cM
L
S
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|
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3. . Cocyn umeer Maccy 15 kr. Korna B Hero noBepxy Aoiuiu Bojbl, Macca ctana 40 kr, a
KOTJa B 3TOT € COCYJ HaJWIM JOBEpXy HEHU3BECTHBIH pacTBOp, TO Macca cTaja paBHOM 45 Kr.
OnpenenuTts JaBiIeHHE HEU3BECTHOIO pacTBOpPA Ha JIHO COCY/1a, €CIIM BbIcOTa cocyia paBHa 0,5 M.

14. B nBerounyro Ba3zy Hanuta Boja. JlaBneHue Bojbl B Touke (1) Oonble, ueM B Touke (2), B
1,6 pa3za. Touka (1) orcTout OoT nHa Ba3bl HA 4 cM, a Touka (2) — Ha 10 cM (cMm. pucyHok). Kakosa
BBICOTA BOJIbI B Baze?

15. B cocyn, miomaip NonepeyHoro CEYeHNus: KOTOPOro YMEHBIIAETCS B HAIIPABJICHUU OT JIHA
K BEpXHEW 4acTH, HalWUTa KUAKOCTh Maccod 1,6 kr (cM. pucyHOK). OOBbeM KHJIKOCTH PaBeH 2 I
Bericota xuakoctu B cocyzae pasHa 20 cMm. HaiiTu naBineHue )KuaKoCTH Ha HO cocya. h

O

[—\

L —————
=Y\
Y
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16. Kakyro cuily naBiieHHs HCHBITBIBAET CTEHKAa akBapuyma anuHo 40 cm, ecim yron ee
HakJioHa 60°, a BeIcOTa BO/IBI B akBapuyMe 20 cM (cM. pucyHok)? Atmocheproe aasienue 105 Ila.

Tema 3.3 ArperaTHble cocTOsiHNS BemecTBa. @a3oBble Mmepexoabl

IpakTuyeckoe 3anaTue Ne9 «AGCOTIOTHbIE H OTHOCHTEIbHBIE 1e(hopMaALIU TBEPAbIX TeJ,
JINHelHoe, 00beMHOe PACIIMPEeHUEe»

Heanb: yrioyOuTh U KOHKPETU3UPOBATH MPEICTABIICHUS O (ha3ax BEIIECTBA U UX CBONCTBAX,
HAYYUTHCS UCTIOIH30BATh 3aBUCUMOCTh CTPOSHUS (hpa3bl BEIIECTBA ISl OOBSICHEHHS (PU3NIECKUX

IPOLIECCOB, MPOUCXOAAIINX C MATEPHAIIOM.
Beinosnenue padorsl cnocodcTByet popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06

MarepuajbHoe o0ecrieueHue:
HHAWBUAYAJIBHOC 3aJaHUC, KOHCIICKT HGKHHﬁ, CIIPpaBOYHBIC MAaTCPpUAJIbI.

Yka3zanmue:
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[IpakTHueckoe 3aHSITHE COCTOMT M3 JIBYX YacTe — TeopeThudeckod u mpaktudeckou. [locrme
U3Y4YEHUs] TEOPETUUECKOI0 MaTepuaiga MOXKHO IPUCTYNaTh K BBIIOJHEHUIO IPakTHUecKod dacTtu. OHa
COCTOMT M3 ABYX M 0OoJjee 3aJay JJisi CaMOCTOSTEIbHOro BblMojiHeHUs. He 3a0biBaiiTe 0 mpaBUILHOM
oopmnennu pemienus. Ha BeImonHeHHE TPAKTUYECKOTO 3a/1aHUS] OTBOJIUTCS JBAa aKaIEMHUUECKUX daca.

3aganue:

1. O3HaKOMbTECH C KPAaTKUMU TEOPETUUECKUMHU CBEACHUSIMU
2. Pemure 3amayu, CaMOCTOATEIbHO HCIIONB3Yysl MPUMEPbl U KpPaTKUE TEOPETHYECKHE
CBECHMUSL.

ITopsinok BbINOJIHEHHS PadOTHI:
1. W3yuute u BeImUIMTE GOPMYJIIBI IO TAHHOHK TEME:
2. Pa3bepure npuMepsl peLIEHHBIX 3a4a4
3. PemuTe caMOCTOATEIHHO 3a/1a4H

1.KpaTkue TeopeTnyeckmne cBeleHUs.

Kpucrajuimueckass penieTrka — IIpOCTPAaHCTBCHHAA CCTb CBHSGﬁ, Y3JIbI KOTOpOfI COBIIaAarOT C

HOCHTPaMH aTOMOB MJIM MOJICKYJI BCUICCTBA.
KpI/ICTaJ'IJ'II/I‘IeCKI/Ie BCIICCTBA: MCTAJLJIbl, MUHCPAJIbI, KPUCTAJLJIbI coJiey u Ap.

AMOD(bHBIe (I/ISOTDOHHBIC) BCIICCTBA — BCIICCTBA, (bHSI/I‘leCKI/IC CBOMCTBA KOTOpPBIX OJUWHAKOBBLI BO

BCCX HAIIPaBJICHUAX.

B aMOpPQHBIX BEIECTBAX J KPUCTAUINYECKOH PEIIETKH HET U 110
] 2N\

CBOEMY BHYTPEHHEMY YCTPOMCTBY OHHU / MOJOOHBI  KUAKOCTAM. AMOpQHBIE

BE€IICCTBA: CMOJIBI, CTCKJIO, IINIaCTMACChl M N ap.

\\/
JanpHuit _TOpANIOK —  CTpoeHue " BELLECTBa, PU KOTOPOM IO J1000MY
3

HAIIPaBJICHUIKO PACCTOSAHHUEC MCIKIY 0001 Hap()ﬁ COCCAHUX YaCTUll OJUHAKOBO.

W neanpHble KpUCTAINIMYECKHE CTPYKTYPBI 00J1a/1at0T JAJIbHUM HMOPSIKOM.

HpI/I U3MCHCHHUHU }’CJ'IOBI/II\/'I arperaTHoC COCTOSAHNEC BEIICCTBA MOXKET USMCHUTHLCA, ITIO3TOMY B @)HSI/IKC
TBé[)g!OG TEJIO — TCJI0, UMCHOIIECE KPUCTATNIMICCKOEC CTPOCHUC U 06na11a10mee JAJIBHUM IMOPAAKOM.

Buabl kpucTaJUIM4eCKUX CTPYKTYP

Tuner KpUCTANIOB U  KPUCTAJUIMYCCKUX  PCHICTOK  HU3y4YaCT HAYyKa KDI/ICTaJ'IJ'IOFDad)I/IH.

['eomeTpryecku KpUCTAJUIMUECKUE PEIIETKH MPEACTaBIsSIOT CcO0OM MpU3MBI WJIM NUPAMUIBL C
MIPaBUJIBHBIM MHOTOYTOJIBHUKOM B OCHOBaHWH: [I0 TWmy cBsi3el 4acCTHUIl BBIIEIIEHBI KPUCTAJUIMYECKUE

CTPYKTYpBHI:

1) ATOMHasl — B Yy3JlaX HaxXOIATCsA HeﬁTpaJ'IBHBIe aTOMBI, O6’B€)II/IH$[€MI)I€ KOBAJICHTHBIMHU CBS35IMU
(anmma3s, rpaduT, KPEMHUH U JIp.);

2) HOHHAad — B y3JIaX HAXOOATCS IMMOJIOKUTCIIBHBIC U OTPULATCIIBHBIC HOHBI, YICP)KUBACMBIC CUJIaMU
snekrpudeckoro Bzaumoneiicteus (Na* ClI™ u ap.);
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3) MonekynspHas — B y3JIax HaxOJSATCS HEUTpalbHbIE MOJEKYJbI, MEXIY KOTOPBIMHU JIEHCTBYIOT
CWJIBI MEXMOJIEKYJISIPHOTO B3auMOJeHCTBUS (HadTanuH, TBEPABIA a30T, cyXxou nex  CO,, nen H,0 u

ap.);

4) MerauiMueckass — B y3JaX HaxOJATCS MOJIOKUTEIbHO 3apsKEHHBbIE MOHBI METallla, MEXIy
y3JIaMH JIBHXKYTCSI CBOOOTHBIC DJICKTPOHBI

TemoBoe pacuupeHue
W3 ombITOB M3BECTHO, YTO Ta3bl, KUJAKOCTH W TBEPJbIC TeJia PACIIMPSIOTCS MPU HAarpeBaHUU U

CIXKUMAIOTCA IIPpU OXJIAXKICHUU. Paznmnuarot runetinoe u obvemHoe meniosvie pacuiuperusl.

JIuneiHoe pacliupeHyne — yBEIMUYEHUE OJHOTO U3 JIMHEWHBIX pa3MepoB Tesa (Kak MpaBUIIO JJIUHBI)

ITPU MMOBBIIICHHUU TCMIICPATYPHI.

e O aMHENHHOM PACHIMPEHUU TOBOPAT MPUMEHUTEIBHO K TBEPABIM TelaM, T.K.ra3 U *KHUJIKOCTb
NPUHUMAIOT (HOPMY cocyia, B KOTOPOM HaXOJISATCS.
OO6beMHOe paciupeHue — yBearnueHrne 00bemMa BellecTBa Py MOBBILIEHUN TEMIIEPATYPhl.

e MOXHO TOBOPUTH 00 00BEMHOM DPACHIMPEHUU BEIIECTBA BO BCEX arperaTHBIX COCTOSIHHSIX
(TBEpIOM, KHJIKOM M ra3000pa3HOM).
KoaddummenT nuHeHOro pacnmpenus (@) — OTHOIICHHE OTHOCUTEILHOTO M3MEHEHUS JITHHBI Tella

Al A A1 -1 -1
™ K BBI3BaBIIEMY €r0 U3MEHEHUIO TeMIEPaTyphl Af. |q = N [a] =1rpan
0 0

® (2 3aBUCHT OT BEILIECTBA.
e JluHeliHOE pacllupeHHUe YYUTHIBAIOT IPU MPOEKTUPOBAHUHU 3[aHUM, MOCTOB U JIp. 0OBEKTOB,
VCIBITBIBAIOIINX NIEPENabl TEMIIEPATYPHL.
Kosddurment o6npémHOro pacmmmpenus (f)) — OTHOIICHHE OTHOCHUTEIBHOTO H3MEHEHMsI 00bema

BemecTBa 2/ K BBI3BABIIEMY €ro H3MEHEHHIO TEMIepaTypbl Af. = LI[B]=1rpag’ B3aBucur or

Vo v, A

BemectBa (mns TBEpABIX Ten S =~ 3o). OObEeMHOE pacHIMpEeHHE YUWUTBHIBAIOT IMPH MPOEKTUPOBAHUU
MEXaHU3MOB, UCTIBITHIBAIOIINX Nepenasl Temiepatyp (ABC, TypOuHs! u ap.).

Buasbl negpopmanmu. 3akon I'yka.
Jlepopmayueii Ha3pIBAIOT N3MEHEHHE (POPMBI I 0OBbEMa Tea.

Vnpyeoii Ha3piBaloT aedopmaluio, KOTopasl MOJHOCTBIO HCYE3aeT IOCNE IMpeKpalleHus AeHCcTBUS
BHEILIHUX CHII.

Heynpyzoii (nnacmuueckoii) Ha3bIBalOT JedopMalnio, KOTOpas HE HCYe3aeT IOcie MpeKpalieHHs
JIEHCTBUS BHEIITHUX CHJT.

Cuna, BO3HHKawIIas B pe3ynbrare nAepopmanuu Tena W  HANpaBlIeHHas B  CTOPOHY,
MIPOTUBOMOJIOKHYIO MIEPEMEIICHUIO YaCTHIL Teja NMpH AedopMaiiiy, Ha3bIBACTCSI CULOU YAPY2OCHU.

[TpuumHo¥ nedopmariuu Tena SABISETCS TBUKEHUE OJHON YacTH OTHOCHTEIILHO JAPYTOM, a CIEACTBUEM
,Z[e(bOpMaLII/II/I TCJ1a ABJISICTCA BOSHUKHOBCHHUEC CUJIBI ynperCTI/I.

Bunst nedopmariu

Jedbopmarius pacTsbKeHHS (COKATHSA)
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- 3T0 nedopmanus, Ipyu KOTOPOH U3MEHSETCS] PACCTOSIHIE MEXy MapaIeIbHBIMU CIOSMHU YIIPYTOro
TBEPAOIO Tela.

[Tpu nedopmarum pacTsHKeHHUs yBETUYNBAIOTCS pa3Mephl Tea.
[Tpu nedopmarum cxxaTrsi yMEHbIIAIOTCS pa3Mephl Tea.
Jedopmarius pacTskeHUs (CKaTUs) XapaKTepU3yeTcs aOCOTIOTHBIM yATHHEHUEM.

AOCONIOTHOE YAJIMHEHHE IIOKa3blBaeT HA CKOJIBKO HM3MEHSETCS JUIMHA Tela II0 CPaBHEHHIO C
IIepBOHAYaJIbHON JIMHON o0Opa3ua.

A|=|-|O

A 1> 0 nedopmanms pactsokenus A 1 < 0 nedopmarus cxaTus

OTHOCHTENBHBIM YJUIMHEHUEM Ha3bIBAIOT (PU3MUECKYIO BEIHMUNHY, PAaBHYIO OTHOILIEHUIO aOCOIIOTHOTO
yIUIMHEHUS K ITepBOHAYaIbHOM JUTMHE 00pasia.

Al

Hedopmarus n3ruda

Hedopmaruu u3ruba noasepraeTcs Tejo, 3aKperieHHOe ¢ ABYX CTOPOH M Harpy>K€HHOEe MOCepeIuHe,
1100 TeNo, 3aKPEIIEHHOE C OIHOM CTOPOHBI U HArpy>KE€HHOE, C IPYyTrOd CTOPOHBI.

[Tpu gedopmarnu u3rnda BorHyTas 4acTh Tela NmoaBepraeTcs nedopMaluu CKaTHs, BBIMYKIIas 4acTh
TeJa moaBepraeTcst AeOpMaIiK PaCTHKEHUS.

UtoObl Tesla MEHbIIIE MOIBEPTalIuCh, 1eopMaliiy U3ruda, ux AenaT TpyOUyaThIMH.
Hedbopmanus ciaBura

- 9TO Takas Jeopmainus, MpU KOTOPOHl MPOUCXOIUT CMeEIleHHe (CIBUI) MapajlIeNIbHBIX CJIOEB
YIPYroro TBEpJAOTo Tella IPyr OTHOCUTEIBHO JIpyTa.

Jlepopmarius KpydeHust

Jlepopmaru KpyueHHUs! OJIBEPTaeTcsl TeNO, OJUH KOHEI[ KOTOPOro 3aKpeIuieH, a K JAPYyromMy KOHILY
IIPUJIO’KEHBI JIBE€ CUJIBI, PABHBIE 110 MOAYJIIO U IIPOTUBOIIOJIOKHBIE TI0 HAIIPABJIEHUIO.

3akoH ['yka

Cuna ynpyroctu, BO3HUKAIOLIAs IpU MajibiX JedopMalusax Tena, IpoHoplHoHaibHa YAJINHEHHUIO Tela
U HampasJieHa B CTOPOHY, IPOTUBOIOJIO0KHYIO HAIIPABJICHUIO IEPEMEIIEHUN YaCTHUL TEJA.

Fy=-kX
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k - )eCTKOCTh TeJa, 3aBHCUT OT (HOPMBI M pa3MEpOB Tela, U OT MaTepHaia, U3 KOTOPOTO U3TOTOBICHO
TEJIO, X - CMELICHUE.

T_: m

SIS mm

L
I

=

X

Cuna ynpyzocmu
Cunbl yIpyrocTy BOSHHKAIOT IpU AedopMaIlii TeJa U HaIlPaBJICHbI B CTOPOHY, MPOTHBOIIOIOKHYIO
CMEIIECHHIO YaCTHUI] TeJIa U3 MOJIOKEHHS PABHOBECHS.
3axon I'yka
Jis manmeix ynpyrux JgedopManuii pacTsDKCHHUS M CKATHUS BBINONHSETCS 3axon [yka: cuna
YOPYTOCTH MPSMO MPOMOPLHUOHANBHA YIUTMHEHUIO Tela W HampaBlieHa B CTOPOHY, MPOTHUBOMOIOKHYIO
HAIPABJICHUIO TIEPEMEIICHUI YaCTHII TeJIa P AeHopMaIiu:

F=k4l),
rae k — koaduimeHT xxectroct, H/Mm;
Al — yuiiHeHue Tena, M.
[Ipu npoeknuu Ha ock X 3aKoH I'yka nmpuHUMaeT BU:

Fy:-kx,

rae x = Al — ynnuHeHue Tena, M.
(x > 0 mpu geopmaru pactsbkeHus, x < () npu aedopmanuu cxxaTus).

N
[IpuMmeps! cribl yIpyrocTH. \N

.
Cuita peakiuu onopsl (Cuja, AeHCTBYIOIAs CO CTOPOHBI ONOPHI Ha Tesio) — NV | | |
Cuna HOpMaJILHOTO JIaBNeHUs (Tena Ha Omopy) — msS . "

Cuna peakuuu OHOphl U CHJAa HOPMAJIBHOTO JaBJIEHHS HaIlpPaBJICHbI Puc. 8
HEePIEHIUKYJIIPHO TTOBEPXHOCTH CONPUKOCHOBEHHUS Tel (pHcC.8). '
Cuna HaTs>KeHUs — HalpaBJieHa BAOJIb HUTH (Tpoca U T.11.) — 7.

HATb 2 e !
N

gy Bec mena. Hesecomocmo

Tt
ov v wassw, C KOTOPOM TEJO, BCIEJACTBUE €T0 MPUTSKEHUS K 3emiie, IEUCTBYET Ha ONOPY WIH
IIOJBEC.

4]
Bec tena, 0603HaueHHbINH OYKBON — £, 10 MO0 PaBEH CHIIE TSKECTH:
©w w
P=m§ .

w

£

(&'}
Ho »10 He 3Haunt, yto *~ u P - 0HO U TOXKE.
w

Cuia TsxecTn (F ) — 3TO IpaBUTALMOHHAS CUJIa, IPUIIOKEHHAS K TEey.
Bec Tena — 310 cuna ynpyroctu, NpuaoKeHHas K IOJBECY.

48



2. [Ipumep pemieHus 3aaay
Ha Tonkoli npoBosioke noxaseleH rpy3 maccoid 10 kr. Ilpu 3ToM JyiMHA MPOBOJIOKH yBEIUUMIIACh HA
0,5 mm. YeMy paBHa ®KECTKOCTb ITPOBOJIOKH?

I[:aHOZ CHUu Pemienue: y 1 ymp.
m=10 kr
x=0,5 MM 0]5-107 M

k-?

(4]
l"wpya, nganmeHHHﬁ Ha IIPOBOJIOKE, HAXOUTHCA B MOKOE. 3HAYUT F ynp TIO MOYITIO paBHA Fm.
Fo=m¢¥; Fynp=-kx
B ckansipuoii popmyne ocb OV: Fin-Fynp=0

10- 9.8
0,5-10°
=196000

OtBe

T: 196
H

103 »

Pernutsb 3agaun
(n - Homep 6aweco sapuanma no cnucky)

1. 3aueM Ha TOYHBIX U3MEPUTEIBHBIX HHCTPYMEHTAaX yKa3bIBaeTcs TeMmeparypa (o0erano 20 °C)?

2. OO0bscuuth ¢ Touku 3peHuss MKT coenunenuwe neraneit ¢ momomibio kies. Ilouemy TBepabie
Marepuaibl CKIEUBAIOTCS TPYJIHEE, YeM IUIaCTUYHbIe? UeM coelMHEeHHE AeTallel MassHueM CXOIHO CO
CKJIeHBaHUEM?
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10.

11.

12.
13.
14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

[Ipu coeauHeHuun neranedl MasstHUEM IMOBEPXHOCTH NPEABAPUTENBHO 3a4MINAIOT OT 3arps3HEHUN U
OKCHJIOB, MHAYE KHUJIKHUI MPUTION HEe TpUcTaeT K HUM. Kak 3T0 MOXKHO 0OBSCHUTH HA OCHOBE 3HAHUIA O
CUJIaxX MOJIEKYJISIPHOTO B3aUMOJECHCTBUS?

Uro o0111ero MeXIy CBapKOi METaUIOB U MasTHUEM UX?

Jns coenvHEeHUsT aMFOMHHHUEBBIX MPOBOJOB, a TAKXKE JETajJed U3 MEIU, HUKEIS, IUHKA IPUMEHSIOT
TaK Ha3bIBaEMYIO0 XOJOJIHYIO cBapKy. CoequHsieMble MOBEPXHOCTH YKJIAAbIBAlOT B HAXJIECTKY MU
CKMMAaIOT TpeccoM 0e3 mpeaBaputerabHoro HarpeBa. OOBSCHUTH, MOYEMY IMOJIY4YaeTcsl MPOYHOE
coeuHeHueE. B ueM 3akiroyaeTcs CyIHOCTh CBapKH IJIaBJICHUEM?

[IpoHUKHOBEHHE ATOMOB HEKOTOPBIX METAIIOB (JIFOMUHHIM, XPOM U Jp.) B IIyOb CTAJILHOTO U3JIEIHS
JIEJIaeT ero MOBEPXHOCTh MPOYHON W Hepkaperoliel. Kakoe (usmdeckoe siBIieHUE JICKHUT B OCHOBE
MeTaJIJIM3alMU TTOBEPXHOCTH CTaJIH U [TOYEMY OHA MPOU3BOAMUTCA MU OoJiee BBICOKOI Temiieparype?
Kak wu3BecTHO, MOJEKyJIbl M aTOMbl TBEPAOIO Tejia KOJEOJIOTCS OKOJIO HEKOTOPOro CpEAHETro
MOJIOKEHHUs. BcerencTBue 3TOro TBepjble Tella COXpPaHSAT CBOKO ¢GopMy HeusmeHHOMl. [louemy B
TaKOM cJy4ae B TBEpIbIX Tenax Bo3MokHa auddysusa? Ilouemy muddysus B HUX TPOUCXOIUT
MEJIEHHO MPU HU3KOH TeMIiepaTtypax u ObIcTpee Mpu BHICOKON?

Onpenenure cuily TOBEPXHOCTHOI'O HATSXKEHUS, JCHCTBYIOLIYyI0 Ha IUIACTUKOBYIO peElKy,
IJIABAOIIYIO HA MOBEPXHOCTU BOAbL. Jlnnna peliku 20 cm.

[IpoBosioka nmnmuHOM 5,4 M Mo JeWCTBMEM HArpy3ku ymaauHuiack Ha 2,7 mm. Onpexpenure
a0COTIOTHOE U OTHOCHUTEIIFHOE yAJTUHEHHE TPOBOIOKH.

K koHuam cranpbHOW NpPOBOJIOKM JJIMHOM N METPOB M IUIOWIAAbI IONEPEYHOro cedeHus |mm?
npuiiokeHbl pactsruBaromue cuibl o 200H kaxnas. Haiinure abcontoTHOE W OTHOCUTENBHOE
yAJUHEHHUE

[Touemy meTamnousenusi U3 CTAIH U YyTyHa Iepe]] OTIPABKON K MOTPeOUTENI0 OOMIBHO CMa3bIBAIOT
CHeIHaIbHBIMU MacjlaMH - TABOTOM WJIM COJIUJ0JIOM?

Kakum ¢usndecknm TpeboBaHUAM JOHKHA OTBEYATh CMa3Ka, MpUMeHsieMasl mpu 00paboTKe METaIOB
JaBJIeHUEM?

Kakwue nedopmaiinu mpoucxoasT B MeTaiie mpu o0paboTke AaBieHuem?

Kaxoe cBoICTBO METaJIOB HCTIONB3YIOT MPU 00pabOTKE UX KOBKOM U ropsiyeil TaMnoBKoni?

[Touemy OONBIIMHCTBO CIIABOB (CTalb, YYT'yH, OpOH3a) MEHBIIE MOJBEPKEHBI IIACTHYECKUM
nedopmarusM, 4eM YUCThIE METAILITBI?

Kaxk u3mensiercst cTpykTypa MeTaia mpu npokare?

[Ipu oO6pabGoTke MeTamia JaBJICHHUEM Yy 3arOTOBKM BO3HMKA€T HAKIIEIN, €CJIM 3arOTOBKH
MpeBapUTENIbHO HE HAarpeBaroTcs. YeM MemaeT Hakien?

Kax nzmensiercst sHeprus tena npu miacTU4eckux aedopmanusix?

[IpoBosioka M3rOTOBISIETCS HA BOJOUYMIBHOM CTaHE (METAIUIMYECKUHA TMPYTOK MHOTOKPATHO
MPOTATUBAETCST 4Yepe3 psAl OTBEPCTHUM, C MOCTENEHHO YMEHbINAIIMMUCS oTBepcTusiMu). Kakue
nedhopMaIuy UCTIBITHIBAET MIPH TOM METa?

[IpokaT pexxyT Ha mosocskl mipu Temrepatype 800° C. Paccuntarh AiMHYy TOPSYUX MOJIOC, €CIU MPHU
temneparype 20°C oHM JOKHBI UMETH JUIMHY 15M.

[Touemy 06paboTKa cTanu TpyaHee 00pabOTKH TFOPATIOMUHUS ?

[IpoHUKHOBEHHE aTOMOB HEKOTOPBIX METAJNIOB (IFOMHHHIA, XPOM U Jp.) B TIIyOb CTAILHOTO U3JIETHS
JiefaeT ero MOBEPXHOCTh MPOYHOW M HeprkaBeromiell. Kakoe ¢gusznueckoe siBIEHUE JIEKUT B OCHOBE
METaJUIM3alMH TIOBEPXHOCTH CTAJM U TOYEMy OHa IPOU3BOAMUTCS MpH OoJiee BHICOKOI Temmnepatype?
Jns mpupaHus craibHBIM M3AETUSM TBEPAOCTH HACBHIMIAIOT MX MOBEPXHOCTHBIM CIIOW YIJIEPOJIOM
(uemeHTanus), a30TOM (a30THPOBaHUE), ATIOMUHUEM (anoTHpoBaHue). IloyeMy mporeccsl MpoBOAAT
IIPHU BBICOKUX Temreparypax? Ha kakom ¢pu3ndeckoMm sIBJICHUU OHH OCHOBAHBI?

[Ipu coenuHeHuu aeranedl massHUEM IMOBEPXHOCTH MPEABAPUTENIHHO 3aUMINAIOT OT 3arps3HEHUil u
OKCHJIOB, MHAYE KUJKHUH MPUTION HE TPHUCTAaeT K HUM. Kak 3T0 MOXKHO OOBSICHUTH HAa OCHOBE 3HAHUH O
cUJIaxX MOJIEKYJISIPHOTO B3aUMOJEHCTBUS?

BHyTpu 4yryHHOIl OTJIMBKHM BO BPEMS JUThS MOTYT OCTAThCSl Iy3bIPbKH ra3a, 4TO yXyIULIAeT €ro
npoYHOCTh. IMeroTCs M MyCTOTHI B UyTYHHOW OTJIMBKE, eciiu ee o0beM 5 am?, a Macca 30,5kxr? Eciu
HMEIOTCS, TO KAKOB UX 00beM?
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25

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

Jlis mnaBku MeTaiia TpeOyeTcs BO3IYyIIHOE AyThe, oOecledrBaroliee MOCTYyIUIEHHE B Ieub n M
BOo3/yxa B cekyHny npu gaBieHuu 200x[la. Kakoit o6bem Bo3ayxa npu gaienuu 100xIla nyxHO
[0JaBaTh KA1yl CEKyHAY B I1€4b, YTOOBI 00ecneunTh ee paboTy (Ipolecc U30TePMUIECKUN).
Harpetsle nns 3akanku crajbHbIE JETalIM OXJIAXKIAKOT B BOJAE, Macie. B kakoll cpeae oxnaxkaeHue
uaeT HanboJsee OBICTPO U ToveMy?

[Ipu 06paboTKe METaNIOB pe3aHHEM B KAueCTBE OXJIAXKIAIOMIMX >KUIKOCTEH IIMPOKO MPUMEHSIOT
Macia 1 3Mysbcun. [loueMy 1ouTH He IPUMEHSIIOT 11 3TUX Lieel BOJIHbIE PacTBOPbI?

Jl1g M3roTOBIEHUS apMaTyphl KEIE€3HOOETOHHBIX KOHCTPYKLUMN IPUMEHSIOT JIETMPOBAaHHBIE CTaJIU.
Jlerupyromue >JeMeHThl (Maprasel, KpeMHMH, XpoM) 00pa3yloT C JKElIe30M TBEpAbIE PacTBOPSI,
CTPYKTypa U CBOMCTBA KOTOPBIX OTJIMYAKOTCS OT CTPYKTYpPBI U CBOMCTB TBEP/BIX PACTBOPOB yIJIepoaa
C JKeJIe30M — YIJIEpOAUCTHIX cTanell. B uem cocrout 1o otiuuune?

KaxoB MexaHu3M KpucTtaiim3alnuu Metamia?

Bce Buzbl TepMuyeckoit 00paboTKU (OTKUT, HOPMAIU3aLMsl, OTIIYCK, 3aKaJIKa) CIUIABOB CBOASATCS K UX
HarpeBy /10 OINpEAEICHHONW TeMIIEPATypPbl, BBIAEPKUBAHUIO IPU ATON TEMIEPATypPe U OXTKICHHUIO 110
KoMHaTHOU Temnepatypsl (+20°C) ¢ pa3Hoil ckopocThio. Kak BIMSIET CKOPOCTh OXJIaXACHHUS Ha
($uU3MKO-XMMHUYECKHE CBOMCTBA?

Mo>HO 11 3aJaMBaTh METala B (OpMy, CAEIaHHYIO W3 MaTepuana, KOTOPbIH CMauMBaeTCsl JaHHBIM
MeTaom?

B sucte cranu mMeercst Kpyriioe OTBEpCTHE. YBEIMUUTCS OHO WJIM YMEHBLIMTCS, €CIIU JHUCT CTalu
HarpeThb?

Ilpy ucnapeHuu, Kak HM3BECTHO, TeMIlepaTypa XHJIKOCTH HoHmxkaercs. [louemy B TakoM ciydae
TeMIeparypa BOJbl, OCH3WHA, CIHPTa W T. J. B OOBIYHBIX YCJIOBUSX MOYTH Takas e, 4TO WU
TeMIIepaTypa OKpY’KaroIlero BO3ayxa, X0Ts UX MOBEPXHOCTb OTKPHITa?

Kene3znonopoxxHble peabChl UMEIOT JJIMHY 25 M U U3TOTOBJIEHBI U3 cTanu. Kak u3meHseTcs ux ajivHa,
€CIIM TOJI0BBIE U3MEHEHUS TeMIepaTypsl konedmtoTes ot 30 o -30 °C?

B xene3HonopoxkHyro nuctepHy norpy3uwin HepTh oobemoMm 50 m? mpu Temneparype 40C. Kaxoii
00beM He(TH BBITPY3UJIM, €CIIM Ha CTAHLIMU Ha3HAYEeHUs TeMIlepaTypa Bo3ayxa Oblia -40° C?

B mpomuecce KOKCOBaHMS M3 | TOHHBI YTONbHON HMIMXTHI HodydaroT okono 700 kr kokca, 330m3
KOKCOBOT0 raza u okojo 20 kr cmoibl. CKOJIBKO KOKCOBOTO ra3a IojydaT u3 2,5 TOHH YrOJbHOU
IIAXTEHI.

Kokc nomy4aroT cyxoil meperoHkoil KaMeHHBIX yriiell B KOKCOBBIX Ieuax, MPeICTaBISIONIMX COOOH
y3Kyl0 Kamepy mmpuHoi okono 0,5 M, BeicoToit 4,5 M 1 1iauHOM 15 M, 00BeAMHEHHBIX B Oatapero.
Kakoit o6beM Oarapen npuxoauTcss 00CIyKHBaTh TOPHOBOMY, €CIIM YUCIIO MeYe MOXKET JOCTUTraTh
70 wtyk?

Pasnen 4 DuexkrpoanHamMuka
Tema 4.1 DiekTpocTaTuKa

IIpakTnyeckoe 3ansaTue Nel(. Pemenne 3ana4 no remMe «JIeKTPOCTATHKA».

Heab: chopmupoBaTh yMEHUS MPUMEHSATH OJTyUYE€HHBIE 3HAHUSA JUIS PEIICHUs TPAKTUYECKUX 3aay.
Beinosnenue padorsl cnocodcrByer popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06
MartepuajabHoe o0ecrieyenue:

MHIUBUAYAIbHOE 3aJJaHKE, KOHCIEKT JIEKIUH, CIPaBOYHbIE MAaTEPUAJIBI.

Yka3anue:

IIpakTHueckoe 3aHATHE COCTOMT M3 JBYX YacTed — TEOPETHUYECKOM M Ipaktudeckou. Ilocne

U3YYEHUSI TEOPETUUECKOr0 MaTepuaia MOXXHO MPUCTYNaTh K BBIIOJHEHUIO MpakTHueckod dactu. OHa
COCTOMT W3 JBYX W 0Oojee 3amay A CaMOCTOSTEIHHOrO BBIMONHEHUs. He 3a0pIBaiiTe 0 mMpaBUIBLHOM
odopmiennu pemieHusi. Ha BoImoHEHNE MPAaKTUYECKOTO 3a/1aHUs OTBOJUTCS JIBAa aKaIeMUYECKUX Yaca.

3amanmue:
1. O3HaKOMBTECH C KPATKUMH TCOPETUICCKUMH CBEACHUSIMU
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2. Pemure 3amaud, caMOCTOSITEILHO HCIONIB3Ys MPHUMEPHl U KPaTKUE TEOPETUUYECKUE

CBCACHUA.

Iopsiaok BbINOIHEHUS PA0OTHI:
1. M3yuute u BeImUImTe GOPMYJIIBI IO TAHHON TEMeE:
2. Pa30epure nmpuMepsl PeIICHHBIX 3314
3. PemmTe caMOCTOSTENBHO 3aa41

KpaTKne TCOPETHYECCKHUE CBCACHUSA

F=k 949> _ 99,

=

3akoH Kyiona B Bakyyme: re Ameyr
F:k(IIqZ — qlq?_
3akon Kysona B cpene: e AxeEgr
- F
D st
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e 8 5 4
= L _4
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1. Hanpsbkenue Mexay moJirocaMu OaTaped akKyMyJIsITOpOB N KB. Kako#l 3apsij MOJyYUT KOHIEHCATOP
eMKOCThI0 500 MK®D, ecii ero COeTMHUTH C MOJIFOCaMH Toi OaTapen?

2. JIBe oaMHAKOBBIE HEOOIbIIKME TOBEPXHOCTHU MPU TPAHCIIOPTUPOBKE JIeTANCH MOTYUUIIH 3aps]Ib

6*10°Kn u -12*10°Kn, maxonsumecs Ha pacCTOSHUM N CM Apyr oT jpyra. Ompeienute CHIy

B3aUMOJICUCTBUS MEXAY HUMH.

3. Ilpu nepememiennn 3apsiaa 2 Kit B 371eKTpUYECKOM M0JI€ CUIIbI, AEHCTBYIOLIUE CO CTOPOHBI 3TOTO MO,
coBepmmmiii padory 8 k. UeMy paBHa pa3sHOCTh NMOTCHIIMAIOB MEX]y HayalbHOW M KOHEYHOM
TOYKaMU IyTU?

4. Ilpu nepemenieHNH 3IEKTPUYECKOTO 3apsaa MEKy ¢ TOUKAMHU C Pa3HOCTBIO NOTEHIMAIOB 8 B cuibl,
JEHCTBYIOIIME HA 3apsij] CO CTOPOHBI 3JEKTPUUECKOIo 10Jis, coBepmin padory 4 [x. UeMy paBeH
3apsia’?

5. Hampsbkenue mexay ABYyMs TOPU30HTAIBHO pacnojiokeHHbIMHM IiacTuHamMu 600 B. B mone stux
IJIACTUH HAXOJAMTCA B DPABHOBECUM 3apsKeHHAs IbUIMHKA Maccoi 3*1078r. Paccrosuue mexnmy
1acTuHaMu n MMm. OnipeenuTe 3aps/l IbUTUHKY.

6. Konpencarop emkoctbio 0,02 Mk® coeuHUIM ¢ HICTOYHUKOM TOKa, B pe3yJbTaTe 4ero OH MpHoOpen
3apsaz 10°Kin. Onpenenure 3HaUYeHHE HANPSKEHHOCTH TOJIS MEK/Y IIACTUHKAMHU KOHIGHCATOPA, €CIIH
pPacCTOSIHUE MEXIY HUMU N MM.

7. B HEKOTOpO# TOUKE AJIEKTpUUecKoro mojs Ha 3apan ¢ = 5 HKn neiictByer cuna F' = 4-10-7 H. Haiitu
HaIPSKEHHOCTh NOJIs1 £ B JaHHOM TOYKE.

8. Kakas Hanps:KeHHOCTH dIIEKTpUueckoro nons E cosmaercs 3apanoMm sapa neona (Ne) g = 1,610 Kz
Ha paccrosaun =107 M ot nenTpa spa?

9. Ha paccrossHuu » = 5 c¢M JIpyr OT JApyra B BaKyyM€ pacoOJIOKE€Hbl MPOTHUBOINOJIOXHBIE M0 3HAKY
3apsanel BenumuuHOM |g| = 7 uKn. HaliTu HanpseHHOCTh 3JIEKTpUYECKOro moisi £ B TOUKe,
HaXOJIAIIEHCs Ha PACCTOSIHUM, @ = 3 CM OT TOJIOKUTEIBHOTO 3apsA/ia U B b = 4 CM OT OTPUIIATEIHLHOTO
3apsa.

10. B 0JHOPOAHOM 3JIEKTPHUUECKOM I0JI€ PACCTOSHHUE MEX/Y ABYMS TOUKAMHU BJIOJIb CUJIIOBOM JINHUU 7
= N CM, a pa3HOCTh NOoTeHIHANOB Mex Ay HuMH 100 B. Onpenennre HanpskeHHOCTH modis E.

Tema 4.1 DnekTpocTaTuka

IpakTuyeckoe 3anaTue Nell Pemenue 3axa4 no treme «CoeiuHeHNe KOHACHCATOPOB)

Iesb: U3yYUTh JIEKTPUUYECKOE MOJIE, 3HATh €r0 MPUPOY, €r0 ICUCTBUE HA AIEKTPUUECKUE 3aPsi bl
U Apyrue s37eKkTpuyueckre mnois. HayuuTtees pemars 3aaui Ha COEUHEHUE KOHIEHCATOPOB.

Boinosnenue pa6orsl cnocodcTByet popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06

MarepuanbHoe oOecrnedeHHe: WHIUMBHUIYAIbHOE 3aJaHUE, KOHCHEKT JIEKIHMH, CIpaBOYHBIE
MaTepHAaIIbI.

VYka3zanue: [Ipaktuueckas paboTa COCTOUT U3 JABYX YacTed — TEOPETHUYECKON M MPAKTUYECKOM.
[Tocne u3ydeHus: TEOPETUUECKOr0 MaTepraia MOKHO MPHUCTYNaTh K BBHIMOJHEHHUIO MPAKTUYECKOW YaCTH.
Omna cocTouT U3 IByX u OoJiee 3a/1a4 JJi1 CAMOCTOSTEIHLHOTO BBINMOMHEeHUs. He 3a0bIBaiiTe 0 MpaBUILHOM
odopmiieHnn perieHus. Ha BeIMoTHEHNE TPAKTUYECKON OTBOIUTCS JIBA aKaJIEMHUYECKUX Jaca.

Iopsiaok BbINOIHEHUs PA0OTHI:

1. PaccmoTpute TeopeTHUECKHil Marepual IO TEeMe€ U MpUMepbl peuieHus 3agad  (CMOTpH
METOIMYECKOE ITOCco0ue).
2. Pemmute camoctosaTenbHyto padoty. OdhopmuTe perieHrne MMCbMEHHO B TETPa/IH.

1.Teopus
HasnexTpuszoBaHHOeE TeO — TeJ0, 001a1at01ee CBOWCTBAMU, MPOSBIISIONINMIUCS B SJICKTPHUECKUX
SBJICHUSIX.
HeobxonmuMa KomuecTBEHHAs! Mepa CBOWCTB HAYJIEKTPU30BAHHOTO TENa.
Onektpuueckuii 3apsia (Q; ¢) — Mepa CBOMCTB HAdJICKTPU30BAHHBIX TEJI, IPOSBIISIOIINXCS B
anekTpuueckux sBiaeHusx [Q] = 1 Ki — kyinoH.
B3aumoaeiicTBus HA3IEKTPU3OBAHHBIX T€J1 OTHOCAT K 21€KMPOMAHUMHBIM 83AUMOOEUCTEUSIM.

53



DJeKTpU3aIus — MpoIecc COOOIIeHHS Teny (100 mepepacipeneseHus MeXy YacTSIMH TeJla)
AIIEKTPUYECKOTO 3aps/a.

e OJHUM U3 CIOCOOOB ANEKTPU3ALINHU SBIISETCS TPEHUE.

® 13 onbITOB M3BECTHO, YTO CYIIECTBYET JBa BUJA SJICKTPUUYCCKUX 3apsiioB. VX yCIOBHO Ha3bIBAIOT

MOJIOKUTETILHBIMU U OTPULIATEIHHBIMHU.

ToueuHsbI# 3apsiT — 3aps/l, PACIOIOKEHHBIN Ha Telle, pa3MepPhbl KOTOPOTO MPEHEOPEKIUMO MAJTHI.
W3 onbITOB U3BECTHO:
1) onHOUMEHHBIE 3aps/ibl OTTAIKUBAIOTCS, PA3HOMMEHHBIE — PUTATUBAIOTCS;
2) HauMEHbBIINH (3JIEMEHTAPHBIN) ANEKTPUUYECKUIl 3apsl, CYIIECTBYIOLIUI B IPUPOJIE — 3aps]l JIEKTPOHA
e=1610""Kp,

e 3apsn tena g = N-e , rae N — KOIMUECTBO 3JIEMEHTAPHBIX 3aps/IOB € B 3apslie g.
3aK0H COXpaHEHUs AMEKTPUUECKOTO 3apsia: B ICKTPUUECKH 3aMKHYTOM CUCTEME TEeJl TOJHBII
ANEKTPUUECKUH 3apsi]] (CyMMa BEJIMUMH MOJIOKUTEIHHOTO M OTPUIIATEIIHLHOTO 3apsiIoB) OCTAETCs
MOCTOSTHHBIM.
3HAYUT, FTCKTPUUSCKUN 3apsi1 He BO3HUKACT U3 HUYETO U HE McUe3aeT OECCIeTHO M MOXKET ITePEXOIUTh
OT OJIHOTO Tela K APYroMy MpH 3JIEKTPOMArHUTHBIX B3aUMOJICHCTBHSIX.

DnekTpuueckas eMKOCTh mpoBoaHuKa (C) — oTHolIeHue 3apsaaa Q MpoBOJHUKA K

c]=1 210 c.Q

€ro TMOTEHIHAIY ¢. B — bapan @

KonneHncarop — cucrema IByX NpoBOJHUKOB (0OKJIA0K), pa3IeIeHHBIX CII0EM TUAIEKTPUKA,
npeIHa3HauYeHHAsS U1l HAKOTUICHUS i XpaHSHHS 3apsijia.

EMKocTh niockozo xonaeHcaTopa (00KIagKK — IIOCKUE TIACTHHBI) ONpEAeNioT o Gopmye: , rae S —
oAb OOKJIaKU; d — pacCTOSIHUE MEX1y OOKIIaAKaMu

CoenuHeHHe KOHICHCATOPOB:
ITocaenoBaTesibHOE COeIMHEHNE KOHICHCATOPOB — COEIMHEHNUE, IIPU KOTOPOM ITOCIIE 3apsSIKU
OTPHLIATENBHO (TOJ0KHUTENBHO) 3apsKeHHast 0OKJIaIKa MPebI Iy Iero KOHIeHcaTopa COeAMHEHa ¢
MOJIOKHUTETHHO (OTPHULIATENBHO) 3apsKEHHON 00K KoM

MIOCJIETYFOIIETO.
Aytom P 005 O 050 D5 O Py
= LI S S Win L o & i ‘ ‘_ i [ S [ SN )
CGaT Cl C2 C” 6ar i=1 Ci Q‘ ‘Q Q‘ ‘Q Q‘ ‘Q ‘ ‘Q

G G, G C,

Hapa.lme.nbﬂoe COCIMHCHUE KOHACHCATOPOB — COCANHECHHUE, IIPHU KOTOPOM I10CJIE€ 3apsA KN BCE
TMMOJIOKUTCIIBHO 3aps’KCHHBIC 06KJ'IaIIKI/I CO6paHBI B OJIUH Y3€JI, BCC OTPULATCIIbHO 3aPSAKCHHBIC — B

ApYTOH. + |

S
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JHeprus JIeKTPUUYECKOro MoJist Q-A ) C-Agp 2 Q2| 3apsKEHHOro
0 0

KOH/IEHCATOPA: W.=A4= = =

O0béMHAsI IVIOTHOCTH SHEPTUHU 1MOJIsA (W) — OTHOIICHUE dHEPTHH W ToJIs K ero 00bEmy V. |w =

2 2 2C

w
%

[w] =1 2%
M

CamocrosiTesibHas padoTa

1.

2.

10.

C kakoi cujoi B3aMMOZICHUCTBYIOT JBa 3apsza 1M (2, HAXOISAIIKUECS HA PACCTOSHHUU I B CpEZe ¢
JURJIEKTPUYECKON TPOHUIIAEMOCTBIO €7

Ha kakoMm paccTosHMM Ipyr OT JApyra 3apsasl i (2 B3aMMOZICHCTBYIOT ¢ cuiod F, eciu
OTHOCHUTEJIbHAS AUDJIEKTPUUECKas IPOHNULIAEMOCTb cpelibl €7 (q1,q2 U € U3 3a7aun Nel)
Onpenenuts BEIMYMHY KaXI0T0 U3 ABYX OJUHAKOBBIX 3apsi/iOB, €CIU B CPEIE C OTHOCUTEIBHON
JUAJIEKTPUYECKONH IPOHMULIAEMOCTBIO CpEIbl € HA pPAcCTOSHUM T Jpyr OT Jipyra OHHU
B3aMMOJIEUCTBYIOT ¢ cuiIou F.

Onpenenuth HaNpsHKEHHOCTh MOJS B TOUKE, TJie AEHCTBYyeT ayekTpuueckas cuia F Ha nmpoOHbIT
3apsn q.

Haiitu HanpspkeHHOCTH 10JIs, 00pa3oBaHHOTO ToYeuHbIM 3apsiaoM q=10 mxKi.Ha paccrosiHum r B
Cpelle C OTHOCUTENBHON ANDIIEKTPUUECKON IPOHUIIAEMOCTBIO €.

B onHOpoaHOM 3€KTpUYECKOM IOJie HampsDKeHHOCThio E mepemeraercst 1o CHIIOBOM JIMHUU
3apsaa q=10 mMxKi. Onpenenurte paboTy 3JIEKTPUYECKOTO IMOJIS, €CIU MepeMeIleHHue COCTaBUIIO
AX.

HanpspbkeHne Mexay TOYKaMH 3JIEKTPUUYECKOTO IOJI IO CHIIOBOM JMHMK paBHO U, paccTosiHHE
Mmexy HUMHu AX(u3 3agaun Ne6). KakoBa HanpsiKeHHOCTD 1Mouis?

Kakyto paboTy HyXHO COBEpIINTH JUIsl TOro, 4yToObl 3apsan q=10 HKn mepemecTuiics U3 TOUKH
NoJii C TMOTEHIMAIOM (1 B TOYKY C MOTeHUUaIoM@2?CxeMy TMepeMellleHus 3apsijaa B
AIIEKTPUUYECKOM TI0JI€ M300pa3uTh rpadMuecKy.

KakoBa €MKOCTh NMpOBOJHUKA, MOTEHIIMAT KOTOPOro M3MeHseTcsl Ha A@ Npu COOOIMIEHUH eMy
3apsna q=9 uKon ?

Onpenenuth eMKocTh 0aTapen Cear, ecimu KoHaeHcaTopbl ¢ eMkocTaMu C1=10 n®d, Co=15 nd u
C3=20 nd® coeauHWIM: a) TMOCHEeNOBaTelabHO; O) mapauienbHo. CXeMbl COEAMHEHUS
KOHJIEHCATOPOB HAYE€PTUTb.
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Ne 1 2 3 4 5 6 7 8
Ba qi Q@ r £ 3 r F F q r € E |AX| U | 0
p BEK | BHK | oM MH cm | MH | mH | 8K1 | cm HK|cqM | B |B
i I i Bl

1 1 1 2 81 10 1 2 90 10 5 1 1 10 | 35 | 110 | 100 | 500

2 2 2 4 2,1 | 20 2 4 80 20 10 1 2 20 | 34 | 220 | 200 | 400

3 3 3 6 2,51 30 3 6 70 30 15 1 3 30 | 33 | 330 | 300 | 350

4 4 4 8 2,1 | 40 4 8 60 40 20 1 4 40 | 32 | 110 | 400 | 200

5 5 5 10 6 50 5 2 50 50 25 1 5 50 | 31 | 220|500 | 100

6 6 6 2 7 60 6 4 40 60 30 5 6 60 | 30 | 330 | 600 | 1000
7 7 7 4 81 70 7 6 30 70 35 5 7 70 | 29 | 110 | 700 | 900

8 8 8 6 2,1 | 80 8 8 20 80 40 5 8 80 | 28 | 220 | 800 | 850

9 9 9 8 251 9 9 2 10 90 45 5 9 90 | 27 | 330 | 900 | 700
10| 10 | 10 10 | 2,1 | 10 1 4 50 10 50 5 1 10 | 26 | 110 | 100 | 600

1. [Ipu HanpskeHUU Mexay IiacTuHaMu KoHaeHcaTopa 200B pasHoMMEHHbIE 3apsA/ibl Ha IIACTUHAX

paBubl 10 Ki1. UeMy paBHa 31€KTPOEMKOCTh KOHIEHCATOPA?

12.Bbr4uciinTe 3HEPTHIO AJIEKTPUIECKOTO OIS KOHICHCATOPa AMEKTPOEMKOCThI0 10 MKD, 3apsyKeHHOTO 10
Hanpspkenus 10B.

13.  Kakas pabora coBepmiaercst mpu repemerieHnd 3apsaa 4,6 MKKi B AIeKTpHYecKOM TOJie MEXIY
TOYKaMH C Pa3HOCTHIO MoTeHIanoB 260 kB?

14. B 01HOPOJHOM JIIEKTPUUYECKOM T10JIe ¢ HampshkeHHocThIo 18-10° H# mepemernaercs 3apsan 7-107

Kn
Kn Ha paccrosHue n cM non yriaom 60° k nuHuMAM Hanps:keHHoOcTH. ONpenenuTh paboTy MO
NepPEMELICHHIO 3TOTO 3apsijia.
15. Omnpenenuts emkocTh 0atapen Cear, €cii KoHAeHCATOPHI ¢ eMKocTsaMu C1=10 nd, Cr=15 n® u
C3=20 n® coeauHUIU: a) MOCIENOBATENbHO; 0) mapawieabHo. CXeMbl COSTMHEHHUS! KOHACHCATOPOB
HAYEPTHUTb.

Tema 4.2 IlocTOSAHHBII JIeKTPUYECKUH TOK

IIpakTuyeckoe 3anaTue Nel2 Pemenue 3apau no teme «3akonsl OMa, cONpoOTHBIICHHE,
CMellIaHHoe CoeIMHeHHe MPOBOIHUKOB.

Hesb: chopMupoBaTh yMEHUS TPUMEHSTD MOJyUYSHHbIE 3HAHUS JUIs PELLICHUs TPAKTUYECKUX 3a]a4
B IPO)eCCHOHATBHON eI TETFHOCTH, TSI OOBSICHEHUS YCIOBUI MPOTEKaHUsI (PU3MUECKIX SBICHUH

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

MarepuajabHoe o0ecrieyenue:

WH/IMBUYalIbHOE 33/JaHie, KOHCIIEKT JIEKLUH, CIpaBOYHbIE MaTepHaJIbl.

Ykazanmue:

[IpakTuyeckoe 3aHATHE COCTOMT M3 JIByX YacTed — TeopeTuueckoil um mpakTtuueckoid. Ilocne
U3yYeHHS] TEOPETHYECKOTO MaTepHaia MOXKHO TPUCTYIATh K BBITIOJIHEHUIO MpaKTHUecKor dacTh. OHa
COCTOUT M3 JABYX M Oojee 3agau JJisi CaMOCTOSTENBbHOrO BbINOJHEHUs. He 3a0biBaiiTe 0 mpaBUIBLHOM
oopmnennu penieHns. Ha BeImoTHEHHE TPaKTUIECKOTO 3a/IaHUSI OTBOIUTCS 1B aKaJIEMHUUECKUX daca.

3amanmue:

1. O3HaKOMBTECH C KPATKUMH TEOPETUICCKUMHU CBEICHUSMH UCTIONIB3Y S
cchUIKY https://znanium.com/catalog/product/1012153 , ctp 129-134, ctp 138, cTp
139-141, crp 144- 146

2. Pemmre 3amaun, caMOCTOATENBHO WCHOJB3YsS TNPUMEpPBl M KpaTKHe
TEOPETUYECKHE CBEICHUS.

IHopsinok BbINOJTHEHUS PA0OTHI:
1. Wsyuwute u BomummTe GOPMYIIHI 110 TaHHON TeMe:
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https://znanium.com/catalog/product/1012153

2. Pazbepute nmpumepsl pelICHHBIX 3aa4
3. PemuTe caMOCTOATENBHO 3a/1a4U

IIpuMepslI pelieHus 3a1a4
Cuiia ToKka M IJIOTHOCTh TOKA
1. Ompexnenure 4YUCIO N AJIEKTPOHOB, KOTOPBIE NPOXOMAAT 4Yepe3 MOMNEPEYHOE CEYEHUE IMPOBOJHMKA
1060 s=1MM2 3a t=2 MUH, €CJIM INIOTHOCTh TOKA B MpoBoAHUKE j=150A/cm2

Hano: Pewenue:

S=1mm’=10"m UnC0 3MeKTPOHOB, MPOXOAAILINX Yepe3 NOoNepedHoe cedeHne
t=2 mun=120c MPOBOJHHKA, PABHO OTHOIIEHHIO IIEKTPUYECKOT0 3aps/a,
j=150A/cM*=1,5%10°A/M>  mpOIIEIIEro Yepe3 AHHOE MOMEPEUHOE CEUeHHE, K 3apaay
n-? anexTpoHa:n=Q/e (1). YuursiBas, uro Q/t = I=5]S (2), nonyunm:

3a BpeMs t yepes ceyeHue NpoBOAHKMKA npoiiaer n= jSt/e.
n=1,5%10°A/m**10°Mm**120¢/1,6*10 °Kn=1,2*10"
Omeem: 1,2%10°!

2. DnekTpudeckas 1enb, cocromas u3 pesuctopoB R1=100 Om,R2=200 Om R3=300 Om, noakaroueHa K
JBYM UCTOYHHMKaAM noctosiHHoro HanpsbkeHust Ul u U2=100B. [Ipu xakom Hanpspkenue Ul cuna toka [1
yepes pesuctop R1 Oyzaer paBHa Hym0?

Hano: Pewenue:

R;=100 Om Ecmn uepes pesucropR; Tok ne uzer, t.e. [;=0, cnenosarensno, }R=0. Torna

R>=200 Om Hanpszxenue Us Ha pesucrope Rs nomkHo Owite pasno Uj, T.e. Us=U=[R; (1).

R3=300 Om B stom cinysae pesuctops Ry n Rs Brmouens! nocnenosarensHo. [lostomy

U2=100B CHJIa TOKA BO BCex yacTsax uenu oaunakosa: l;=1,=1. [lagenne nanpsoxenus

L,=0 U, = IR,+IR;, otkyna cneayer, uto I= U,/ (Ry+R3) (2)

U,=? Yuureiead, uto IR;=U;=U, umeem, U,=U; Ry/Ry+R;3+U;. Ilocne npeobpazopanus
noayuum U=R3/R,+Ry*Us. U;=300 Om/200 Om+ 300 Om*100B=60B.

Omeem: 60B

3axon OMa 119 MOJTHOH e

3. Onpenenute cuiny Toka KopoTkoro 3ambikanus IK3 Garapeu, DJIC koropoit € = 15 B, ecnu nipu
MOJIKJIFOUEHUH K Hell pe3ucTopa conpotuBieHneM R=3 Om cuia Toka B 1ienu cocTaBisier [=4A

Hano: Pewenue:
¢=15B  Cuny Toka kopoTkoro 3amelkanus onpezensem no gopmyne Ixz3=¢&/R (1), roe
R=30m r-BHyTpeHHee conporusienue Oarapen. Cornacno 3axony Oma 71s nonHo# nenu:

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

OJ1C uctounuka snexkrpudeckoi 3Hepruu 12 B. Kako# pu3ndeckuii CMBICI 3TOTO BBIPAKEHUS?

CoenuHeHHe NPOBOJIHUKOB

4. K cerun nanpssxkenuem U=200 B npucoenunensl nBa pesucropa. llpm ux mnocnenoBaTeabHOM

coequnennun I1=4,4 A, a npu nmapamnensHoM - [2= 27,5 A. Onpenenure conportusieHue R1 u R2
PE3UCTOPOB.
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(m
1.

10.

11.

12.

Jano: Pewenue:
U=220B [Ipu nocnenorarenshoM coeHeHut Ryoer = Ry 4+ Ry; [IFUMR oens , 0TKY A
[[=4.4A Rioens = U/Ny. Pacuersi: Rnocnp=220B/4,4A=50 Om.
;=27 5A [1pu napannensHoM coeMHEHHH: Ry = Ri*Ro/(R1 + Ry), h=U/Ryypan, 0TKY 1A
R;-? Ry-? R apan =U/L. Pacuetnr: Ryp,,=220B/27,5A=8 Owm.

R*Ro/R+R>=8 Om: Ry Ry=400 Om; R+ Ry=50 Om; Ry Ry=400 Owm:;

3naunt: R;=10 Om; Ry,=40 Owm.

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

Pemuth 3agavu CaMOCTOATEJIBHO
- HOMep sauieco eapuarma no CI’ZMCKy)

DJeKTpoJIBUTaTENb, CONPOTUBIEHNE 00MOTKH KoToporo 0,4 Om, paGoTaeT OT CeTH ¢ HalpsKEHHEM
300 B npu Toke 50 A. Onpenenure KOJIUYECTBO M3PACXOJOBAHHON 3HEPIHM 32 N Y., COBEPLICHHYIO
JIBUTATEJIeM MEXaHUYECKYIO PabOTy U KOJIMYECTBO TEIIOTHI, BbIICJIEHHON B OOMOTKE.

Onpenenure comportuBiieHne ucrounuka Toka, IJC koroporo 1,4 B, ecnum mpu 3ambIKaHUU €rO
JKEJIE3HBIM MPOBOJHMKOM JUIMHON 5 M U ceuenreM 0,2 MM? B Il BO3HHKAeT TOK N A. YjeibHoe
CONpOTUBIIEHHE XKeje3a paBHO 9,910 Omm.

Onpenenure CONPOTUBIIEHNUE yYacTKa LENU, U300pakeHHOro Ha pUCYHKe, ecinu R; = 12 Om, R2 = 6
OMm, R3=4 OMm, Ry=10 OM, R5s = Rs= R7 =30 Om.

DONeKTpUYecKUi NasulbHUK paccuuTaH Ha HampspkeHue 120 B mpu Toke 4,0 A. Kakoil nimuHbI
HEOOXOMMMO B3ATh HUXPOMOBBIA MPOBOJ TONEpedHbIM cedeHueM 3,9-107 M? ais M3roToBjeHHMs
HarpeBaTeJIbHOTO 3JIeMeHTa?

. Onpenenure naaeHWe HaNpsDKEHWs B JIMHMM eKTponepenaun umHond 500 M mpu cuine Toka 15 A.

ITpoBo/IKa BBINOIHEHA ATIOMUHHUEBLIM IIPOBOIOM cedenneM 1,4-107 M.
K npoBomHuKy JuTHHOM 6,0 M 1 HonepedHbIM cedenreM 10 M? mpuokeHa pasHOCTh MoTeHIHanos 5,0 B.
Ornpenenmure yaensHOe CONPOTHBIEHHUE IPOBOHMUKA, €CIIN CUJIA TOKa B 1ienH 1,5 A.

. Kimaccunas xomuara OCBCHIACTCA HICCTHIO MAPAJUICIIBHO COCAWHCHHBIMU MCKIY coboi JaMIIO4YKaMu,

Kaxaass U3 KoTopbix umeeT conpoTtusieHne 480 Om. Ompenenute cuily TOKa B IMOABOJSIIMX
poBoJax, eciau HanpsbkeHue B cetu 220 B. ConpoTuBieHHEM OIBOASLINX POBOOB IpeHeOpeyb.

. K nenu, cocrosimieir u3 npoBoaHukoB conpotuBieHreM 20 u 30 OM, coeIMHEHHBIX MapauieIbHO, U

IIPOBOJHMKA CONPOTUBIEHUEM N OM, MOAKIIOYEHHOTO K IIEPBBIM JBYM MOCJIEI0BATENBHO, IPUIOKEHO
HanpspkeHue 120 B. Onpenenure cuily TOKa B HEPA3BETBICHHOM YacTW LENU W HANpsDKEHUE HA
BTOPOM IIPOBOJIHUKE.

. JnmuHa MemHOro mnpoBoOAa, HCMHOJIB30BAHHOTO B OCBEeTHTENbHOM cetu, 100 MeTpoB, mmomanb

TONEPeYHoro cedeHus ero 2 Mm>. UeMy paBHO CONpPOTHBIEHHE Takoro mpoBoAa? (Pwew=1,7 107
SOm-m).

Cuna Toka B cnupanu oayekrpudyeckod samnel 0,7 A, comporusieHue namnsel 310 Owm.
OnpenenuTts HalpsHKEHUE, O] KOTOPHIM HaXOAUTCA JaMIia.

HukenuHoBass mpoBojiOKa AJIMHOW N METPOB M IUIOWIAAbK monepedHoro ceueHus 0,5 mm
BKJIIOUYEHA B LIeNb ¢ HamnpsbkeHueM 127B. OnpeaenuTs cuily TOKa B MpoBoAHUKeE, eciau p=0,4 -10°
%Om-m.

2

PaccunTate 0011ee cOonpoTHUBIICHHE YYacTKa IEIH:
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13.  He pa3MaTsiBasi ¢ KaTyIIK{ TOKPBITYIO U30JISIHEH HUXPOMOBYIO MPOBOJIOKY, ONPEAETUTE €€
JUIMHY, €CJIU PU BKJIIOUYEHUH KaTyIIKU B ceTh ¢ HanpsbkeHueM 120 B, B Hell Bo3Huk Tok n A. CeueHue
npoBonoku 5,5-107 M2,

14.  UYepes 7eKTpOHHYIO JamMIy nMpoTekaeT Tok 6MA. CKOJIBKO 3JEKTPOHOB N MOMAAET Ha aHOJ
JamIibl 32 Bpemsi n MUH?

Tema 4.2 ITocTOAHHBIN 3/1eKTPUYECKUH TOK.

IIpakTuyeckoe 3ansaTue Nel3. Pemenue 3agau no reme «Padora, MOIIHOCTH H

COMPOTUBJICHHUE ITCKTPUICCKOI0O TOKAa»

I_[e.m): C(bOpMI/IpOBaTI) YMCEHUA NPUMECHATH IMOJTYYCHHBIC 3HAHUA AJId PCIICHUA IMTPAKTUYCCKUX 3a1a4 B

npohecCuOHANBHOM NeATENIbHOCTH, ISl OObSICHEHUS YCIOBUI NMPOTEKaHUs PU3NUECKUX SBICHUI
Boinosinenue pa6orsl cnocodcTByet popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06
MarepunanbHoe odecnieyeHue:
WHIUBUAYAIbHOE 3aJJaHKe, KOHCIEKT JIEKIHU, CIPaBOYHbIE MaTEpUAIIbI.

Yka3zanmue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX YacTed — TEOpPEeTHYeCKOoM M mpaktudeckou. [locne
U3Y4YEHHs] TEOPETUUECKOI0 MaTepuaia MOXKHO IPUCTYNaTh K BBIIIOJHEHUIO NPAKTHYeCKOM dacTu. OHa
COCTOUT M3 ABYX M Oojee 3agad JJIsi CaMOCTOSATENBHOrO BbINOIHEHUs. He 3a0biBaiiTe O mpaBUIBHOM
oopmiennn pemienus. Ha BelmonHeHNE TPaKTUYECKOTO 3a/1aHUS] OTBOJIUTCSA JBa aKaJIEMHUUECKUX daca.

3aganue:

O3HAaKOMBTECH C KPATKUMH TEOPETUIECKUMU CBEICHUSIMU UCTIONB3YS CCHUIKY
https://znanium.com/catalog/product/1012153 , ctp 142-143,

Pemute 3aaa4yu, CaMOCTOATCIIBHO HCIIOJB3YySd HNPUMEPbBI U KPATKUC TCOPCTHYCCKUC
CBCICHUA.

IHopsinok BbINOIHEHHs PA0OThI:

1.

2.
3.
4

W3yunTe 1 BRIMUIIATE POPMYJIBI IT0 JAHHOH TeMme:

Pas0epute nmpumMepsl peleHHbIX 3a1a4

Pemmre camocTosITeIbHO 3a1a4K

OtBeThTe Ha BOMNpOCHl TecTa https://znanium.com/catalog/product/1012153 , 319
CTpaHUIIa

Kparkue TeopeTnueckue cBeeHHs
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DJleKTPpUYECKOoe CONMPOTUBJIEHHE MPOBOAHUKA (R) — BEIMYMHA, XapaKTEpU3yOIIasi ClIOCOOHOCTh
MIPOBOIHHKA MPEMSATCTBOBATH MMPOXOKICHHUIO TI0 HEMY JIEKTPUUIECKOTO TOKA.

R=p—
s

Pabota Toka - paboTa 3JIeKTPUUECKOro TOKa 10 NePEHOCY AIEKTPUUECKHUX 3apsI0B.

Pabora Toka Ha y4acTKe IIeTIM paBHA MPOU3BEICHUIO CHJIBI TOKA, HANPSHKCHHUS U BPEMEHU, B TCUCHHE

KOTOpOTo paboTa coBepIIaiach. A=1"-R-At ; A=1-U-Nt , [4] =1 Ix.

MomHOCTh MOCTOSIHHOTO TOKA - OTHOILIEHUE pabdOThl TOKa 3a BpeMsl !/ K 3TOMY HUHTEpBally
BPEMEHH.

A P
P=— _2.RIP=1-Ullp=Y| pm_
At:>P I” - R| ;|P=— | [Pl=1Br.

3akon :xoyas—Jlenua: ecnu Ha y4acTKe LIEMU BCS DHEPTHs TOKA MEPEXOIUT BO )
BHYTPEHHIOIO SHEPTHUI0 MMPOBOJHMKA (HE COBepIIaeTcs MexaHnueckas paboTa), To Q — ] . R . At

KOJIMYCCTBO TCILIOTHI, BEIACIIMBIICCCA B IIPOBOJHUKE.

IIpumeps! pemenus 3aga4
l. DOnexTpuueckuidl aBurarenab padoraer 5 4. ot cetu ¢ HanpsbkeHueM 380 B mpu cune toka 35 A.
Conpotusnenue ooMotku asurarens 0,5 Om. OnpeaenuTs U3pacxog0BaHHYIO IEKTPHUECKYIO SHEPTHIO,
KOJINYECTBO TCIIJIOTHI, BI)I)ICJ'ICHHOfI B OOMOTKE 3a D3TO BpeMsA MW COBCPUHICHHYIO JBUTATCIICM
MEXaHHUYECKYI0 paldoTy.

Jano: CHu Pemenue: Borancnenus

U=380B A=IUAt |A=35A-380B-18000c=
I=35A O =PFPRAt |=24-10%Tx

R=10,50m Apex=A4— 0= (35A)*-0,50M-18000C =
At=54 18000 ¢ | O =0,1-10% I

A-? Asex = 2,4-108]Ix —

0-? 0,1-108]x =

Apiex =7 =2.3-108Tx

OtBet: A =2,4 10821>1<; 0=0,1" 10821>1<; Apex=2,3- 10821>1<.
PemmuTn 3axaun:

(n - HOMep 8auie20 apuanma no CNUCKY)

2. DnekTpoABUTaTeNlb Tposuieioyca morpediser Tok cwior 200A npu Hanpspkenun 600B. Kakyro
paboty (B kBT 4) coBepiuT 1BUTaTENb 32 6 4acOB?
3. HeoO6xoaumMo HM3roTOBHTH peOCTaT, pacCUYMTaHHBIM Ha HampsbkeHue 15B m 1ok 1,2 A mipm

nomycTuMoii motHocTH Toka 3 10°A/m%. Kakoli JIMHBI ¥ TIIOIIAAH TIOMEPEYHOro ceueHus Tpebyercs
HUKEJTMHOBBIN MPOBOJHUK JJIs1 HAMOTKH peoctara?
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4. Lens cocToMT M3 Tpex TMOCIEIOBAaTEIbHO COEAMHEHHBIX IPOBOJHUKOB, TMOAKIIOYEHHBIX K
ucTOYHUKY HanpspkeHuss 24 B. Comnportuiienue nepBoro npoBoaHuka 4 Owm, BTOoporo 6 OMm, u
HaNpsDKEHUE Ha KOHLAX TpeThero npoogHuka 4B. Halitu cuily Toka B 1€y, COMPOTHUBIIEHUE TPETHETO
IIPOBOJHMKA U HAIIPSHDKEHHUE HA KOHIIAX IIEPBOIO U BTOPOT'O ITPOBOJHUKOB.

5. ConpoTuBiieHHE OOMOTKH 3JEKTPOMArHWTa, BBIMOJIHEHHOE M3 MEIHOW MpoBookH, mpu 20°C
6buto 3 Oma, a mocne JIMTENbHON paboThl ctano paBHO 2,4 Oma. Jo kakoil Temmeparypbl Harpenach
oOMoTKa?

6. Conporusienue BoibhpamoBoro npoogauka npu 20°C 6suto paBHO 8 OmoB. OnpenenuTb ero
conpotusienue npu -40°C, eciu a=5-107 rpax’.
7. Haiinute TOK, BbIpabaTbiBaeMblii mpu padoTe TPaHCIOPTHOrO cpeacTBa ¢ ucrouyHUKOoM, DJC

KoToporo paBHa 13,5B mnpu BKIIOYEHHMHM BO BHEUIHIOK I€Mb KATYIIKH 3aKUTaHUS CONPOTHBIICHUE
KOTOpOil paBHO 70M, C CONIPOTHBIIEHUEM OaTapen

8. Hcrounukom Toka B nenu cinyxut 6atapes ¢ 3/1C 30B. Hanpsokenue Ha 3axxumax 6arapeu 18B, a
cuia Toka B 1ienu 3 Ammnepa. OnpenenuTe BHEIIHEE U BHYTPEHHEE CONPOTUBIICHUS AJIEKTPUUECKON LIEH.
9. DJIEKTPOJABUTaTEIb MOCTOBOTO KpaHa € MexaHMueckod MoinHocThio 3,49 kBt m kng 75%
paboraet nox HanpspkeHueM 220 B. Onpenenute cuity ToKa B LEMH.

10. JlBa mpoBoaHuKka compoTuBieHHeM 6 u 9 Owm, coeAMHEHHbIE MEXIy COOOW MapajuieNnbHoO,
noaktoueHsl Kk 6arapee ¢ 3/IC n B u. BHyTpenaum conpotusieHueM 0,4 Om. Onpenenure cuily TOKa,
MPOTEKAIOIIET0 Yepe3 BTOPOIl MPOBOTHUK.

11. DNeKTpoABUTATENIb KpaHa MOAHUMAET CKUMMEPHYIO IIUTy Maccoil 950 kr Ha BbicoTy 30M 3a 7
MuHYT. Onpenenure Kij 3Toro NoJbeMHHUKA, €CJIH MOIIHOCTh €ro anekTpoasurarens 17,1 kBT.

12.  Hcroynukom TOKa B 1eTH CirykuT O6arapes ¢ 3ac 30 B. Hanpsokenne Ha 3axxumax Oarapen 18 B, a
cuia Toka B e 3,0 A. Onpenenute BHEIIHEE U BHYTPEHHEE COMPOTHBIICHUE 3TOH IICTIH.

13. Onc ucrounuka Toka n B. IIpu BHemHem comportusnenuu uenu B 1 Om Tok paBeH 3 A. Haiinure
TOK KOPOTKOTO 3aMbIKaHUS.

14. KakoBa mniena nenenusi, mpeaesn u3MepeHus M MOKa3aHUsi amrepmerpa’?
(OTBeT naTh ynciIaMu yepe3 TOUKY ¢ 3amlsTol 0e3 nMpoOenoB; 3HaUeHUE B BUJIE
JECSITUYHOM Ipo0u nuIleM uepes 3amartyto). (Hanpumep, 0,5;3,2;3) i
15. DNeKTpOoABUTaTEh, COMPOTUBICHHE O0OMOTKH KoTtoporo 0,4 Ow, = -
paboraer ot cetu ¢ HamnpsbkeHuem 300 B mpu Toke 50 A. Ompenenute KauecTBO HU3PACXOAOBAHHOM
SHEPrMM 3a 5 Y., COBEPLICHHYIO JIBUTaTeJIeM MEXaHMUYECKyl0 paboTy U KOJHMYECTBO TEIUIOTHI,
BBIJICJICHHOW B OOMOTKE.

16.  2.ABTroMoOUIBHBIN cTapTep 3a 10 ¢ paboTsl noTpediiser suepruto 6,0-104 /Ix. KakoBa cuna Toka,
IPOXOJAIIETO Yepe3 cTapTepa BO BpeMsl 3allyCcKa JABUraTels, €CIM HalpsbKeHNe Ha ero kiemMMmax 12 B?

17. 3.CBapounbM ammapaToM. PaOortatomum ot cetn Hampspbkenuem 45 B 3a 20 mMuHyT OBLIO
n3pacxoioBaHo 5.4xkBt*uac sneprum. [Ipu kakoii cuiie Toka mpoTeKana Iyropasi cBapka’?

18.  4.Dnextpuyeckuii ytior momHocteio 800 Bt pabortaer ot cetn 220 OnpenenuTs CHIly TOKa B
HarpeBaTeIbHOM AJIEMEHTE U €r0 CONPOTUBJIEHHUE B paboyeM cocTOSTHUU yTiora. CKOJIbKO SHEpruu Oyaer
U3pacxoJI0BaHo 3a 1,5 yaca HenpepbIBHOM paboTH! yTiora?

19. 5.B cerb Hanpspkenuem 120B mocnmenoBaTenbHO € 3JIEKTPUYECKOW JYTrod BKIIOYEH PEOCTarT.
[Tanenue HanpsbxkeHust Ha snekTponax ayru 45 B, cuna toka B nenu 12 A. OnpenenuTs MOIIHOCTD,
noTpedsseMyo 1yroi U K.I.JI. YCTAaHOBKH.

20.  6.Pe3ucrop moaxiOueH K UCTOYHHMKY TOKA, HANpsDKEHHME Ha 3axumax kotoporo 6 B. Kakas
pabota coBepiaercss TokoM, eciu 3a 0,5 MuUHYT uepe3 pesuctop npoxoauT 3apsn 24 Kn? Onpenenutsb
MOIIIHOCTh TOKa ¥ COIIPOTUBIIEHUE PE3NUCTOPA.

21. 7.Kakast MOIITHOCTB TTOTPEOIISIETCS AYTOBOM CTAJICTNIABUIILHOM TIE€UbI0, paboTaromel OT HICTOYHHUKA
HanpspkeHueM 220 B mpu cune toka 30000 A? OmnpenenuTb CTOMMOCTb IEKTPUYECKOW PHEPIUM ,
M3pPacX0JIOBAHHOM 3aM 5 4acoB pabOTHI UM, 10 ACHCTBYIONIEMY Tapudy.

22. 8.Hanpsokenue Ha 3axuMmax reHeparopa 132 B, a y morpeburens - 127 B. Onpenenuts naneHue
HaNpsDKEHUE B MarMCTPAIbHBIX MPOBOJIAX M COMPOTUBIICHHE, €CIM MOLTHOCTh TOKA y MOTPEeOUTENs paBHA
5 kBT.
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Tema 4.3 DieKTpUYecKHUil TOK B pa3JIMYHbIX Cpeaax
IpakTuyeckoe 3ansaTue Nel4. Pemenue 3agau no reme «J1eKTPUUYECKHI TOK B JKHJAKOCTHAX,
MeTaJl1aX U BAKKYyMe»

Heab: chopMupoBaTh yMEHHUS MPUMEHSThH TIOTyUYECHHBIC 3HAHUS JJIs PEIICHUS IPAKTHYECKUX 3a/1a4 B
npodheccuoHaNbHOM NeSTeNIbHOCTH, ISl OObSICHEHUS YCIOBHUI MPOTeKaHUs PU3NUECKUX SBICHUI

Boinosinenue padorsi ciocodcTByet popmupoBanuio: OK 01, OK 02, OK 03, OK 09, OK 06
MarepunanbHoe obecrieyeHue:
WHIUBUAYAIbHOE 33JjaHKe, KOHCIEKT JICKIIHIA, CIPaBOYHbIEC MATEPUAIIbI

KpaTKne TCOPETHYECCKHUE CBCACHUSA

DIIEKTPUUYECKHI TOK B METAJJIaX

[Ipy npoxoxkaeHUM TOKAa METauIbl HarpeBaroTCsa. B pe3ynpTaTe 4ero MOHbBl KPUCTAJUIMYECKON pPELIeTKU
HAUMHAIOT KosiebaTbes ¢ OouiblIel aMIIUTYAON BOJIM3M MOJOXKEHUH paBHOBecHus. B pesynbraTte 3TOrO0
IOTOK JJIEKTPOHOB 4Yallle COYAApsACTCA ¢ KPUCTAUIMYECKOM PELIETKOW, a CIIEAOBATEIbHO BO3PACTACT
COIIPOTUBIICHUE UX ABWKECHMIO. [Ipy yBenmnuenuu temneparypel pacTeT CONPOTUBIIEHUE IIPOBOIHUKA.

O — YUeAbHOE CONPOMNSASHIE RPGSOORLK
Gy — yoenvioe conpomuenenue npu ty = 0'C

R — conpomuenstue mposoonuid

R, — conpomusnenue wpu t;=0"C

p T JO 0 (1 + ﬂ'ﬂf) 8 — PEAREPARPRBE KoaPPULeHIN CONPOMLERSHIR

ol =1—1, — MeMREPARIVEE

[R] =10 [ ,.::3'] =10 ¢ [-::r] — BespaiMepHaA
[¢]=1"C

R=R,(1+aat)

Kaxxnoe BemiecTBo xapakTepu3yercss COOCTBEHHBIM TEMIIEPATYPHBIM KO3(PPUIIMEHTOM CONPOTHUBICHUS -
TabnanuHas BenuunHa. CyIIeCTBYIOT CIIEIUalbHbIE CIUIABBI, COMPOTUBICHUE KOTOPBIX MPAKTUUYECKU HE
M3MEHSETCS IPU HarpeBaHUH, HAIPUMEP MAaHTaHUH U KOHCTAHTaH.

A
(a) — OTHOIICHHUEC OTHOCUTCIIBHOT'O U3MCHCHUA YACIIbHOTO COIMPOTHUBIICHUA 'ad K BbI3BABHIEMY €T'O

Po
U3MEHEHUIO TEMIIEPATYPEI

At.  [a] =1rpaxh; |, 1] L
Py At k

siBJienue cBepxnpoBoauMocTu. [lpu TeMrepaTypax Onu3kux k abcomotrHomy Hymo (-273°C) yaensnoe
COIIPOTHBIIEHUE MPOBOJHMKA CKAuYKOM TMajgaer 10 Hyils. CBepXNMpOBOAMMOCTh - MHUKPOCKOIMHYECKUH
KBaHTOBBIN d(PQeKT.

4 —e- A Pa6oTa BbIX0Aa (Aswx) — MUHUMAJIbHAS pab0Ta, KOTOPYIO TOJDKEH COBEPIINUTH
BBIX ¢ AJIEKTPOH, YTOOBI BRINTH U3 METaJLIA.

TepMod/1eKTPOHHAS IMHCCHS — BBIXOJ CBOOOIHBIX 3JICKTPOHOB U3 METaJlJIa IPH HarPEeBaHUH.
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Tepmo3/IeKTPOHHASI IMHCCHS B BaKyyMe: BO3bMEM 3BaKyMpPOBAHHBIM CTEKJISIHHBINA OaJJIOH C ABYMS
METaJUIMYECKUMU IUIACTUHAMHU BHYTpH. [loAkiarouMM K BBIBOJAM IUIACTMH WCTOYHHMK Hampspkenus U.
AMIepMeTp pEerucTpupyer oTcyTcTBUE Toka B nenu. Harpeem katon. [Ipubop mokaxker Halnuue TOKA.
3HAYUT, MPOUCXOIUT TEPMOIJICKTPOHHAS IMHCCHUS W TIOJ JCUCTBUEM IO CBOOOJHBIC SJICKTPOHBI
JOCTUTAIOT aHoja. PaboTa mosis o nepeMenieHuio JIEeKTPoHa OT KaToda K aHOAy 4 =e-U . Bes ona unér

2
. m-v
Ha YBEJIMYEHNE KNHETUYECKOW IHEPTUH (Pa3roH) 3JIEKTPOHA! — =U-e.

DJIEKTPUUYECKUH TOK B )KHIAKOCTAX

Kak n3BecTHO, XUMUUECKU YUCTas (AUCTWIIIMPOBAHHAs) BOJA SIBJIAETCS IUIOXUM IPOBOAHKUKOM. OHAKO
IPU PacTBOPEHUM B BOJE PA3IUYHBIX BELIECTB (KHUCIOT, LIEIOYE, COJe M Ap.) pacTBOP CTAHOBUTCS
IPOBOJTHUKOM, u3-3a pacrnazaa MOJIEKYJI BEILlECTBA Ha MOHBIL. 910 SBJICHUE
Ha3bIBACTCS 21€KMPOIUMUILECKOU Ouccoyuayueli, a caM pacTBOP 21eKMpoaunom, ClioCOOHBIM IIPOBOJAUTH
TOK.

B otnmuune ot MeramioB u ra3oB MPOXOKACHUEC TOKA YCPE3 BJICKTPOJIUT COIIPOBOKAACTCA XUMHUICCKUMU
p€aKknusAMHU Ha JJICKTpOAaX, 4YTO IMPHUBOAUT K BBIACICHHUIO HAda HUX XUMHWYCCKHX 3JICMCHTOB, BXOIAIIHUX B
COCTaB JJICKTPOJIUTA.

JneKTponna pacteopa CuClz

aHoq KaTon

=] e
D -

@
_%@ £

[TepBriii 3axkon Dapanes: Macca BEIIECTBA, BBIACISIONIETOCS Ha KAKOM-ITHOO W3 JIIEKTPOJIOB, MPSMO
[IPOIOPLMOHATIbHA 3aPsily, MPOLIEANIEMY Yepe3 dIEKTPOIUT

= AMECCE SSLyECEd
K — anexmpoXuMuieckus SKHENeanesm
§ — SEEKMPLYSCKUN Fapad

! — cuna mora

m = Kq af — EPEMA MPORSHARLE BRI

[ 172] = e [K‘]:l% [¢]=1%x
m=Klat| [1=14 [a]=1

3H€KTp0XI/IMI/I‘-IeCKPIﬁ OKBUBAJICHT BCIIICCTBA - TaOJIMYHAas BEIMYHHA.

Bropoii 3akon ®apanes:
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K - SJEEHP?@GMEECHHIE NGRS RN

=

F — nocwmpannas Papades, F =N, =596500 it

1
F Ao
M — MOSRPRAR MICCE SSBCMIER

£ — BOASHIMHOCE SRS CRREX

K:C— Er A AT

Z [ Z ] —DespasrapHas

M| ez e -

HpOTeKaHI/IG TOKa B JXUJAKOCTAX COIMPOBOXKAACTCA BBIACICHUCM TCIIJIOTHI. HpI/I 3TOM BBIIIOJHACTCA 3aKOH

Jxoyns-Jlenna.

[IpumeHeHue MeKTpUYECKOro TOKa B METaJIax

JlamMna HakaJInBaHuA IMPOU3BOJHUT CBCT 3a CUCT JJICKTPHUYCCKOI'O TOKA, IIPOTCKAIOIICT'O 110 HUTH HaKaJI

a.

Martepuan HUTH Hakaja UMEET BBICOKYIO TEMIEpaTypy IUIaBICHUs (HallpuMep, Boiab(ppam), TaKk Kak OHa

pasorpeaetcs 10 TemiepaTtypbl 2500 — 3250K. HuTh momelneHa B CTEKISIHHYIO KO0y ¢ HHEPTHBIM
ra3om.

SHCKTpI/I‘-ICCKI/Iﬁ TOK B ra3dax

I'a3pl B €CTECTBEHHOM COCTOSIHUH HE MMPOBOJAT SJICKTPUICCTBA (HBJ’IHIOTCH LlI/IBJIeKTpI/IKaMI/I), TaK KaK
COCTOSAT U3 SJICKTPUICCKU HeﬁTpaJILHI)IX ATOMOB M MOJICKYII. HpOBOJIHI/IKOM MOXET CTaTh
PIOHH3I/Ip0BaHHBII>'I ras, conepmamnﬁ SJICKTPOHBI, IIOJOXKHUTCIIbHBIC U OTPHULATCIbHBIC HOHEI.

HoHn3anus MoKeT BO3HUKATH O] IEUCTBUEM BBICOKUX TEMIIEPATYP, PA3INYHBIX U3ITy4CHUI
(ynpTpadmoneToBoro, peHTTEHOBCKOTO, PAIMOAKTUBHOTO), KOCMUYECKHX JIy4el, CTOJTKHOBEHUS YaCTHI]
MEXTy COOOM.

HNonusnpoBaHHOE COCTOSIHHE Ta3a MOJIy4YnsIo Ha3BaHue mJaa3Mbl. B Macmtabax Beenennol minasma -
Han0oJiee pacrpoCTpaHEHHOE arperaTHoe cocTossHue BemecTna. 13 Hee cocroar CoinHie, 3Be3/bl,

BEPXHHE CJION aTMOCHEPHI.

[TpoxoskaeHne IMEKTPUIECKOTO TOKA Yepe3 ra3 Ha3bIBACTCS ra30BbIM Pa3psiIoM.
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B "pexnaMHOI" HEOHOBOH TpyOKe MpoTeKaeT maerowuti pazpso. CBETAIIMICS Ta3 MPEICTaBIIET COO0M
"KUBYIO IJ1a3my".

Hcxkpoesoii pazpso HabmogaeM B MOJTHHAX. 371€Ch HANPSDKEHHOCTH 3JIEKTPUYECKOTO MO JOCTUTAET
npobuBHOro 3HayeHus. Cuna Toka okoso 10 MA!
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s koponnozo pazpsioa XapakTepHO CBEUEHUE Ta3a, 00pasys "KOpoHY', OKPYKaIOIIYIO 3JIEKTPOI.
KoponHslii pa3psx - OCHOBHOM MCTOYHHK IIOTEPh YHEPTUH BBICOKOBOJIBTHBIX JIMHUM 3JIEKTPOIEPEIAYH.

DNEKTPUYECKUH TOK B BaKyyMe

A BO3MOJKHO JIH paclipoOCTPaHEHHE JIEKTPUISCKOTO TOKA B BaKyyMe (OT JlaT. vacuum - myctora)?
[Tockonbky B Bakyyme HET CBOOOHBIX HOCHUTENEH 3apsiioB, TO OH SIBIISIETCS

HNACAJIbHBIM JTU3JICKTPUKOM. TlosiBiIeHME HOHOB IMPUBECIIO OBI K MCYE3HOBEHUIO BaKyyMa 1 IIOJYYCHUIO
MOHHM3UPOBAHHOTO ra3za. Ho BOT mosiBeHre cBOOOTHBIX NIEKTPOHOB 00ECIIEUNUT MPOTEKaHNE TOKA Yepes
BakyyM. Kak moiy4nts B Bakyyme cBOOOIHBIE 3JIEKTPOHBI? C TIOMOIIBIO SIBICHUS MEPMOINEKMPOHHOU
aMuccuy - UCITyCKaHUsI BEIIECTBOM JJIEKTPOHOB MPU HArpeBaHUH.

BaxyyMHubIit 1o, Tpuo, 3EKTPOHHO-TTydeBast TpyOKa (B cTapbIX TeleBU30pax) - mpuOopskl, padboTa
KOTOPBIX OCHOBaHA Ha SBJICHUU TEPMOIJIEKTPOHHON dMHUCCUU. OCHOBHOM MPUHIUI JEHCTBUS: HATMYNE
TYT'OIUIAaBKOTO MaTepuaa, 4epe3 KOTOPBI MPOTEKAET TOK - Kanoo, XOIOAHBIN 3IEKTPOJI, COOMpPAIOIINit
TEPMO3JICKTPOHBI - AHOO.
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Ia'MA“

BAKYYMHbIV Anoa

KOHCTPYKUMA
SNEKTPOAOB

Pemenue 3amau

1. PabGota BbIxo/1a U3 Kayius paBHa 2,2 3B. OnpenenuTs BeIMUNHY NOTEHIIMAIBHOTO Oapbepa.

ano:

Haitu:

«Cm» Pemrenue:

OTtBeT

2. Onpenenuts TepMoIIC xKene30KOHCTAaHTAaHOBOM TepMoriapel npu HarpeBanuu ee oT 700K mo
2100K, ecnu ee ynenbHas TepmMo/IC pasHa 5,3-10°B/K.

Jano:

«Cn» Pemenne:

Hawntu:

OtBer

3. IIpu »71eKTponu3e CEpHOKHCIOro IMHKA B TEYEHHE 5YacoB BhLAETUIOCH 3,06-1072 Kr 1MHKA.
Onpenenure CONPOTUBIICHUE IIEKTPOIIUTA, €CITH IEKTPOIU3 MPOXOAUI Mpu HanpsokeHuu 10B.
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Hano: «Cn» Pemenne:

Haiitu: OtBeT

KOHTpOJH)HI)IC BOIIPOCHI U 3aJa4n

Pemuts 3apaun

1. PaGora BbIx0/a U3 Bosib(ppama paBHa 4,5 3B. Onpenenuts BeIUUYUHY MOTEHIIMAIBHOTO Oapbepa.

2. Pabora BeIxoaa u3 nmutHs paBHa 2,4 3B. Onpenenuts BETUINHY TOTEHIMAIBHOTO Oapbepa.

3. Pabora BeIxona u3 ne3us pasHa 1,8 3B. Onpenenuts BeTUYHHY HOTEHIIMAIBHOTO Oapbepa.

4. OnpenenuTth pabOTy BBIXOJA 3JEKTPOHOB W3 IUIATHHBI, €CJIM BEJIMYHMHA ITOTCHIUAIBHOTO
Oapbepa 6,3 B.

5. Onpenenutb TepMoI/IC Kene30KOHCTaHTAaHOBOM TepMonapbl npu HarpeBanuu ee oT 330K no
1500K, ecnu ee yaenbHas TepmodJIC pasra 5,3-10°B/K.

6. Onpenenuts TepMoI{C HUKENBb-IIATUHOBOM TepMonapbl ipu HarpeBanuu ee oT 450 o 1700K,
eciu ee yaenbnas Tepmod/IC pasn 1,1:10°B/K.

7. Ha ckonbKko TpaaycoB Obla Harpera cepeOpsHO-TUIaTUHOBAsI TepMorapa, eciau Bo3Hukiaa JJ[C
0,006B. Y nenbnas TepmodJIC pasna 1,2-10°B/K.

8. Ilpu »eKTponu3e PacTBOpa CEPHOKUCIOrO IMHKA B TedeHHe | 4 Beyienunoch 2,45-107 kr
uuHKa. Haiinure BeMunMHy CONPOTUBIIEHUS, €CIIA BOJIBTMETP MoKa3biBaet 6,0 B.

9. Kakoe komuyecTBO cepebpa BBIAEISIETCS TpU  dJekTposm3e B TeueHue 0,5 4, ecinu
CONPOTHUBIICHUE NEKTPOIUTUYECKON BaHHBI 2,0 OM, a HanpsbkeHue Ha ee 3axkumax 3,0 B?

10.B snexTposuTHYecKoil MemHON BanHe 3a 40 MuH BbIiemuioch 1,98-107 kr memu. Onpenenure 37c
Oartapen, HEOOXOAUMYIO ISl TTUTAHWsS TOKOM BaHHBI, €CIIM COMPOTHBIeHHE pacTBopa 1,3 Om, BHyTpeHHee
conporusienue d6atapeu 0,3 Om.

11. XKenesnple TpyOKH paauaTopa OXJOKIACHHUS JBUTATENs TPAaKTOpa TMOKPBIBAIOT MEbIO
raJlbBAHUYECKUM criocoboM. Omnpenennure TOJMIIMHY CJIOS MEAU Ha TpyOKe, eciu MOKpbITHE Benercs 1 4
15 MUH TIpH MIOTHOCTH Toka 30 A/m?.

12. Mennsiii anon, pasmepbl koToporo 400*100*8mm, ObUT TMONMHOCTBIO H3PACXOJOBaH TPU
JJIEKTPOJIM3E pacTBOpa MEAHOro Kynopoca 3a 250 yacoB. OnpenenuTs CUly TOKa, IPOTEKABILErO Yepes3
IEKTPOIIUTUYECKYIO BaHHY.

13. 13.KakoBa macca meau, BblaenuBIIElcS 32 1 4 Ha Karoje, €CIM CWia TOKa 4epe3 pacTBOp
MeJIHOTO Kyropoca pasHa 5000 A? DiekTpoxuMudeckuii sxpupanent meau 3,28 107 kr/Ku.

14. 14.Yepe3 BoAy MpomycKaroT 3eKTpuueckuil Tok. B Tteuenune 1 4 momydeno 0,5 1 kuciaopoaa
nox nasienueM 1,33-10° IMa. OnpenenuTe TeMnepaTypy BBIACIHBIIErocs KHCIOPO/a, €CIH CUIa TOKa 2,6
A. DJIeKTpOXHMHUYECKHUI SKBUBaNeHT kucnoponaa 8,29-1078 kr/K.

15. Ilpm xakoii cuiie Toka 4epe3 pacTBop cyibdara muHka ZnSO4 Ha KaToje 3a 5 1 Beigenutcs 30,6
r nuHKa? DIEKTPOXMMUYECKUH SKBUBAJICHT [IMHKA paBeH 3,4 107 kr/Kn.

16. Ilnst cepeOpeHus JIOKEK TOK MPOIYCKAJICS Yepe3 pacTBOpP COJIM cepedpa B TEUCHHE S5 U.
Kartonom ciysxkat 12 noxek, Kaxkaas U3 KOTOPbIX UMEET IJI0MA b MoBepXHOCTH S0 cm?. Kakoit TommmHb
cJIoi cepebpa OT JIOKUTCA Ha JIOKKaxX Mpu cuje Toka 1,8 A? DIeKTpoXUMHYECKUI SKBUBAJICHT cepedpa
pasen 1,12-10°° kr/Ku, mnotHocTs cepedpa 10500 kr/m?>.
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17. Tlpu mpomyCKaHUU SJIEKTPUYECKOrO TOKA YEpe3 pacTBOP MEIHOr0 Kymnmopoca Ha KaTozAe
BBIICIIMIIOCH 768 Mr Meau 3a 20 MuH npu cuiie Toka 2 A. Onpenenure 3IeKTPOXUMUYECKUM SKBUBAJICHT
MeH.

18. 3a xakoe BpeMms IpHU 3JIEKTPOJU3€ BOABI BBIIEIUTCS | I' KUCIOpOJa, €CIM CHJIa TOKa 4Yepes3
31eKTponuT 2 A? AToMHas Macca Kuciopoaa 16 r/mons, BanenTHocTs 2. ITocTosuHas ®apanes 9,65 10*
Ki/momb.

Tema 4.4 MaruurtHoe 1moJjie

IIpakTuyeckoe 3anaTue NelS Pemenue 3axa4 no reMe « MarHuTHoe 1moJie u ero
XapaKTePUCTHKH»

Hess: chopmupoBaTh NOHUMaHKE POiH GU3UKU B (OPMHUPOBAHUU KPYro3opa M (GyHKIIMOHATIBLHON
IPaMOTHOCTH Ye€JIOBEKa JUIA PEIIeHHs MPAKTHUYECKUX 3a/1ad; JUIsi OOBSICHEHHs YCIOBUI MpPOTEKaHUS
(bu3nUeCKUX SBICHUA, YMEHHSI BBITIOIHATh PacueTHBIC U rpaduuecKue 3a1a4un

Boinosnenue pa6orsl cnocodcTByet popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06

MarepuanbHoe o0ecnieyeHue:

WH/IMBUIYaIbHOE 33JaHHE, KOHCIIEKT JIEKIIUH, CIPaBOYHBIC MaTEPHAIBI.

Ykazanmue:

IIpakTHueckoe 3aHATHE COCTOMT M3 JBYX YacTed — TEOPETHUYECKOM M IpakTudeckou. Ilocne
U3y4YeHHs] TEOPETUYECKOr0 MaTepHaia MOXKHO IPUCTYNATh K BBHIIOJIHEHUIO MpakTHYecKod yactu. OHa
COCTOUT M3 ABYX M OoJjee 3amad JJisi CaMOCTOSITEIBHOTO BBINIOJNHEHHUs. He 3a0biBaiiTe 0 MpaBUIBHOM
odopmienun pemienus. Ha BelmonHeHNE TPaKTUYECKOTO 3a/1aHUS] OTBOJUTCSA JBa aKaJIEMHUUECKUX daca.

3aganue:

O3HaKOMbBTECH C TEOPETUYECKUMU CBEJICHUSIMH UCIIOIb3Ys CCHUIKY
https://znanium.com/catalog/product/1012153, §43.44, BbinuicaB popMyJIbl OTMEUEHHBIE
ckoOkamu , Haripumep( 43.1)

Pemmmre 3amaum, caMOCTOSITETPHO HCHONB3YsS MPHUMEPHl M KpaTKHE TEOPETHYECKUE
CBEJICHMUSL.

ITopsinok BbINOJIHEHHS PadOTHI:
1. W3yuute u BeIUIIMTE (HOPMYJIBI IO JAaHHOW TEME B BHJI€ KPATKOTO KOHCIIEKTA
2. Pa3bepure npumepsl peLIeHHBIX 33134
3. PemmTe caMOCTOATENBHO 3a1a4H

IIpuMeps! pemenus 3aa4

1. ITpoBOJHUK C CHIION TOKa SA MOMelleH B OJHOPOJHOE MATHUTHOE ToJie ¢ uHayKiuei 1-102TA.
VYron Mexy HanpaBJIeHUsIMH TOKa U 1oJist 60°. onpenenuTe JUIMHY MPOBOJIHUKA, €CIIH 110JIE IEHCTBYET Ha
Hero cunoii 2-102H.

Jano: Pemenne
I=5A F=B-I-{sino. =(=__F ;
B-Isina
B=1-10"TA
o =60°
(=  2:10°H N
F=2-10°H 1-10°Ta-0.87-5A 0,46
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sin 60°~0,87
OtBet: €=0,46Mm.

2. Kakas cuna aeiicTByeT Ha 3JEKTPOH, JIETAIIUN B OJHOPOJHOM MarHHUTHOM IOJI€ C MHAYKIHEH
1:10? TA mepneHuKyISpHO JTUHUAM MAarHUTHONW MHAYKIUM co ckopocThio 3-10° m/c, 3apsan snmekTpona
e=-1,6-10"Ku.

Jano «C» Pemenue

v=3-10%w/c Ha onexkTtpoH, nBWXymuiics B

5 MAarHUTHOM MOJIe, JACHCTBYET cuia
B=1-10"TA Topeia:
0=90°

Fa =B-‘q‘-l)~sina
e=-1,6-10"" Ku.
Fa=1-10"TA1,6:10" Kn-3:10°w/c=

F=?

4,8-10°H

Otsert: 4,8:10"°H
PemnTh 321244 CAMOCTOSITEIHLHO
(0 - HOMep 6aLe20 6aPUAHMA NO CRUCKY)

1. Ha npsmMonuHeNHHbI MPOBOAHUK C TOKOM 1,5 A B OIHOPOJHOM MAarHMTHOM MoJje ¢ uHayknuen 0,4
TA peiictByer cuna ,n H. Onpenenure IvHY IMPOBOAHMKA, €CIM OH pacrnojoxkeH nox yriaoMm 300 k
CUJIOBBIM JIMHUSIM.

2. Kakas cuia JeiCTBYeT Ha MPOTOH, JIETALIUI B OAHOPOJHOM MAarHUTHOM Mose ¢ uHaykuuen 4-103
TA neprieHANKYJISIPHO JUHUSAM MarHUTHOW MHIYKIIMH cO CKOpocThio 2-105m/c. 3apsin nporona q=1,610-
19KA.

3. [aiite ompeneneHWe MarHUTHOM MHAYKIHMH. B KakuxX eguHUIIAX OHa u3MepseTcs? 3anuiiuTe
€MHUIlY MAarHUTHOW MHIYKIIUU Yepe3 OCHOBHbIE

4. eauHulbl u3Mepenus B cucreme CH.

5. DNeKTpoH IBUXKETCS B BaKyyMe cO CKOpocThio 3-106 M/c B OZHOPOJHOM MAarHUTHOM TIOJE C
nanykiuedn B = 0,1 Tn. Yemy paBna cwia F, pgelcTByromas Ha 3JIEKTPOH, €CIU Yrodl MEXIy
HaIpaBJIEHUEM CKOPOCTH

6. U JUHUSIMH MarHUTHOM MHIYKIMU paBeH 9007

7. llpsMONMHENHHBI NPOBOAHMK, IO KOTOpPOMY HAET TOK cuiod 10 A, momemeH B OZHOPOJHOE
MarHuTHoOE MnoJje, HHAYKuus kotoporo 0,3Tn. Yron Mexay HanmpaBiI€HUEM TOKAa M BEKTOPOM MarHUTHOU
uHaykuuu pasel 300.

8. C xakoi cumnoil F neficTByeT MarHuTHOE M0JI€ Ha yYaCTOK MPOBOJHUKA JJIMHON n M?
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9. Omnpenenute MarHUTHBIN MOTOK, MPOXOIAIINN Yepe3 MPSAMOYTOJIbHYIO PaMKy CO CTOPOHAMHU 2x5 cwM,
€CJIM OHA IOMEIEHA B OJHOPOJHOE MarHuTHoe nosie ¢ uuaykuueit 4-10-3TA nox yriom 300 Kk TMHUAM
WHIYKLWHU MTOJIS.

10. B ogHOpoIHOE MarHUTHOE MOJ€, UHAYKIMS KoTtoporo 1,26-10-3 TA, nomenieH npsMoi NpoBOIHUK
JuHOM n cM. OnpenenuTe cuily, IeUCTBYIONIYIO Ha TPOBOJAHUK, €ClK 10 HeMy TedyeT Tok 50 A, a yrou
MEX/ly HallpaBJIEHUEM TOKA BEKTOPOM MHIYKIMU cocTaBisieT 30°.

11. TIpoBonnuk ¢ cuiior Toka 5,0 A mOMEIIEH B OJJHOPOJHOE MarHUTHOE mosie ¢ uHAykuuen 1,0-10-2
TA. Yron mexay HampaBieHUsIMUA Toka U nosist 60°. OnpenenuTe akTUBHYIO JUIMHY MPOBOJHUKA, €CIU
noJjie JAeicTByeT Ha Hero cuiioi 2 10-2 H.

12. Kakyro paboTy coBepmiaeT OJHOPOJHOE MarHutHoe mone wuHaykinued 1,5:10-2 TA npum
nepemMeleHnu Ha paccrosiuue 0,2 M MPOBOJHUKA JUIMHOW 2M, MO KOTOpoMy TedeT Tok 10 A; ecnu
IEepEMELICHUE IPOUCXOIUT Baoib JAeiictBus cun? IlpoBognuk pacnosnoxeH nox yriaoM 30° k
HaIlpaBJIECHUIO MOJIS.

13. HaiiguTe MHIYKIIMIO MATHUTHOTO TOJISl, B KOTOPOM MaKCUMAaJIbHBIH MOMEHT CHJI, JIEHCTBYIOIIUX Ha
paMKky ¢ TokoM B 3,0 A, paBen 1,5 H-m. Pazmepsl pamku 0,05X0,04 M, 4uClIO BUTKOB PaBHO n.

14. B onHOposHOM MarHUTHOM nojie ¢ muHayknue 0,25 TA HaxonuTcs NpSMOJMHEWHBIM MPOBOJHUK
quHo 1,4 M, Ha kotopelii aeiictByer cuna 2,1 H. Onpenenute yronm mexay NPOBOJAHUKOM U
HaIpaBJIEHUEM BEKTOpA MHAYKLIUHA MAarHUTHOTO MOJIsI, €CIIM CUjla TOKa B IPOBOAHUKE 12 A.

15. Yemy paBHa cuia TOKa B OPsIMOM NPOBOAHUKE JMHOM 1,0 M, MOMEMIEHHOM B OJHOPOJHOE
MarHuTHoe tosie ¢ uuayknuen 1,5-10-3 TA, ecniu Ha 3TOT TPOBOJHUK CO CTOPOHBI TOJIS IEUCTBYET CHJIA
2,1-10-3 H? Yron Mexly HalpaBJI€HUEM JIEKTPUUECKOI0 TOKA U BEKTOPOM MHIYKUUHU paBeH 45°.

16. Ha 0OMOTKY poTOpa 3JIEKTPOABUTATENS TIPU MTPOXOKACHHUH 110 TIPOBOAY Toka 20 A 1elicTByeT cuiia B
40 H. Onpenenurte BeIMUMHY MarHUTHOW MHJYKLIUU B MECTE PACIIOJIOKEHUS ITPOBOJIA, €CIIH ero anuHa 20
cM. OOMOTKa COAEPKUT N BUTKOB.

17. DOneKTpoH ONUCHIBAET B MATHUTHOM IIOJIE OKPYXHOCTh panuycoM 4,0-10-3 M. CkopocTs ABMKEHUS
3JIEKTPOHOB paBHa 3,5-106 M/c. HalimuTe WHIYKIIMIO MAarHUTHOTO TTOJIS.

18. IIpoton aBmxketcs co ckopocTbio 1,0:-106 M/c neprneHAUKyYISIpHO OJTHOPOJHOMY MarHUTHOMY ITOJIIO C
unaykuuen 1,0 TA. Haligute cumy, AefcTBYIONIYIO Ha MPOTOH, U PalyC OKPY>KHOCTH, IO KOTOPOIl OH
JBUKETCS.

19. DnekTpoH BIeTaeT B OJAHOPOJAHOE MAarHUTHOE TMoJie, HUHAYKIUs Kotoporo 2,0-104 TA,
HNEePIEHIUKYJIIPHO CHIIOBBIM JIMHUAM €O ckopocTbio 1,0 106 m/c. Brruncnure paauyc OKpyX HOCTH, IO
KOTOpOM OyJIeT IBUraThCsl SJEKTPOH.

20. Kakas cuna IeHCTBYET Ha DJIEKTPOH, JETAIUN B OJTHOPOJAHOM MarHUTHOM IoJie ¢ uaaykuuen 1,0-10-
2 TA nepneHauKyISpHO JUHUSIM MarHUTHOM MHAYKLIUU cO cKopocThio 3,0-106 m/c?

21. DnekTpoH, OBUTAsACh CO CKOpocThio 3,54:-105 Mm/c, momamaer B OJHOPOJHOE MAarHUTHOE IOJIE C
uaaykauen 2,0-10-5 TA nepneHauKyJIsspHO K €ro CHJIOBBIM JIMHUSM M TPOJOJDKAET JIBHKEHHE IO
okpyxHocTu panuycoM 10 cm. HalimuTte ynenbHbBIN 3apsa 2JI€KTpPOHA, T.€., OTHOIIEHHE €ro 3apsja K
macce.

22. TlpotoH, umeromuid ckopocts 4,6-105 m/c, BneTaer B OJHOPOJHOE MAarHUTHOE MOJIe C WHAYKIIMEH
0,30 TA mnepneHIUKYJIIPHO MAarHUTHBIM CHJIOBBIM JIMHHM. Paccuwraiite paanyc OKpY’KHOCTH, IO
KOTOpPO# OyJIeT IBUTaThCsI TPOTOH.

23. IIpoTOH ABWXKETCS B OJHOPOAHOM MArHUTHOM Imoje ¢ uHayknued 3,4-10-2TA B miockocTtw,
NEPNEHIUKYJISIPHON K CWJIOBBIM JIMHUAM. OIpenenuTe paguyc TPacKTOPUU IMPOTOHA, €CIU ABM)KEHUE
TIPOUCXONT B BakyyMme 3,3-10° m/c.

24. B opHOpPOAHOE MarHUTHOE MoJje ¢ uHaykuuen 8,5-10-3 TA Bieraer a5eKTpoH co ckopocThio 4,6-106
M/C, HaIlpaBJICHHON MNEPHEeHAUKYJISPHO K CHUJIOBBIM JHMHUAM. Omnpenenure cuily, ACUCTBYIOLIYIO Ha
AJIEKTPOH B MArHUTHOM I10JI€ ¥ PAANYC AYT'H OKPYKHOCTH, IO KOTOPOU OH JIBUKETCSI.

25. B marnutHoe noisie ¢ uHaykuued 0,5 TA B HampaBiieHHH, COCTaBISIOMIEM yroj 45° ¢ JTUHUSAMHU
WHAYKIIAH, BJIETAET JJIEKTPOH cO cKopocThio 2,0-106 m/c. Onpenenure cuity, IeUCTBYIONIYIO HA HETO.

26. B marmuTHOE moJie B HANpPABICHWM, NMEPIECHINKYJISIPHOM JIMHUSAM HWHIYKLHH, BJIETA€T MPOTOH CO
ckopocThio 3,2-10° M/c. Haiinute HHIYKIMIO 3TOrO TI0JIS, €CIIM IIPOTOH OIKCAN OKPYKHOCTB paarycom 10
CM.
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27. 3a7auu Ha TOCTPOECHUS:
ClnpefennTe HaNpaeneHHe JEW¥EHHWA NPOEOAHKES © TOKOM [CHia Amnepa)l
X E S

— ¥ ¥
T I S H o H H H
¥ o H ¥ I H
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:{ W # :{ W #
:{ W # :{ W #
P —
CTEET: CTEET: CTEET:
CnpenenvTe NOAARHOCTE CnpenenvTe HanpaeneHde |YEa¥HTE TMHKAW
MATHHUTA TOKA B NPOECAHHEE MAMTHHUTHOMD NonA
.
N l1
i F —
CTEET. OTMETE Ha Marddte |JTEeT: CTEET:

28. ChopmynupyiTe 3a1a4y U PELUINTE €€
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Tema 4.5 DiieKTpOMarHuTHAsi HHAYKIUS

IpakTuyeckoe 3ansiTue Nel6 . Pemenne 3aaa4 no reme «JIeKTPOMATHUTHASA UHAYKIUA.
3aK0H 3JIEKTPOMATHUTHONH MHAYKIUH. CaMOUMHIYKIIHS»

lens: chopmupoBaTh mOHUMaHWe poiu (GU3UKK B  (GOPMHUPOBAHWUK  KPyro3opa BIIaJICHUC
OCHOBOITOJIararomiuMu (1)I/I3I/I‘-I€CI(I/IMI/I MNOHATHUAMU, 3aKOHOMCPHOCTSAMHU, 3aKOHAMU U TCOPUAMHU, YMCHUA
BBINOJIHATH PACUCTHBIE U TpadUUECKUe 3a1a49H

BrinosiHeHne padoThl cmocod0cTBYET (DOPMUPOBAHUIO:
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ITPyS, Ilpy9, [1P62,I1P66, [1P67, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45,
MP42, MP 43, MP&, MP10

MarepuanbHoe obecrieyeHue:

WHJIMBHIYAIbHOE 3a1aHUE, KOHCTIEKT JICKIIUH, CITPABOYHBIE MAaTEPHAIIHI.

Yka3zanue:

[IpakTHueckoe 3aHSITHE COCTOMT M3 JIBYX YacTel — TeopeThudeckod u mnpaktudeckou. [locrie
W3YUYEHUsl TEOPETUUYECKOr0 Marepuaja MOXKHO IPHUCTYINATh K BBIMOJHEHHUIO MpakTHuecko yactu. OHa
COCTOUT M3 JBYX M 0OoJjiee 3a/ay I CaMOCTOATEILHOIO BBINMOJIHEHUs. He 3a0pIBaiiTe O NMpaBHIBHOM
odopmiieHnu pemieHus. Ha BeIToTHEHNE MPAKTUYECKOTO 3a/IaHUsI OTBOJUTCS JIBA aKaIEMUYECKUX Yaca.

3aganue:

1. O3HakomMbTeCh C KPATKUMH TEOPETUUECKUMHU CBEICHUSIMU UCIIOJIb3Ysl CCHUIKY
https://znanium.com/catalog/product/1012153 ,52§ 1 KpaTKyI0 3a01Ch (DOPMYJI HIDKE

2. PemmuTe 3amaud, CcaMOCTOSTEIHHO HCIIONB3YS MPUMEPhl M KPATKHE TEOPETUUYECKUE
CBEICHUS.

IMopsinok BbINOJIHEHUS PadOTHI:
1. Wsyuwure u BomummTe GOPMYIIHI 10 TaHHON TeMe:
2. Pa3Gepute nmpuMepsl pelIeHHBIX 3a7a4
3. PemuTe caMOCTOATENBHO 3a/1a4H
4. OrtBeTbTe Ha BONPOCHI TecTa https://znanium.com/catalog/product/1012153, ctp331.

KpaTKne TCOPETHYECCKHUE CBCACHUSA

3axon anekmpomacHumHoOU UHOYKYUU:

3)1C WHAYKIUA B 3aMKHYTOM KOHTYPC paBHaA 110 MOAYJIIO CKOPOCTU U3MCHCHUSA MAarHuTHOI'O ITOTOKA

4epe3 MOBEPXHOCTh, OIPAHMUEHHYIO KOHTYPOM: APl rne & — DJC unpykuuu, B; A= 0r-O; —
'

1

W3MEHEHUE MarHUTHOTO MOTOKa, BO; At — mpOMEXyTOK BpEeMEHHU, B TEUYEHHE KOTOPOTO MPOU30ILIO0

JaHHO€ U3MEHEHUE, C; AD| _ CKOpPOCTh M3MCHEHMSI MAarHUTHOTO ITIOTOKA, 376
At c
C Y4€TOM HaIlpaBJICHUS MHAYKIIHOHHOI'O TOKA 3aKOH 3alIMChIBACTCS TaAK: g = _@_
l At

Ecnu 3aMKHYTBI KOHTYp cocToUT M3 N MOCIEA0BATEIbHO COEAMHEHHBIX BUTKOB (HalpuMep, B

AD

COJICHOU/IC) g =—N- e rae N — 4HCIIO BUTKOB.
t

Paznoctes motenmuanoB U Ha KOHIAX MNPSIMOJIMHEHHOTO TPOBOJHUKA JUIMHOW [, JMBIKYIIETOCS CO
CKOpPOCTBIO 0 B OJJHOPOJHOM MAarHMTHOM I10JI€

U = Blvsino, ,
TJI€ 0. — YIoJI MEXKTY HalpaBICHUSIMHU BEKTOPOB CKOPOCTH 0 U MAarHUTHOMN
WHAyKIUU B

ONEKTPUYECKUA TOK, NPOXOASIIMN IO TNPOBOJHUKY, CO3/a€T BOKPYI HETO MarHUTHOE IIOJIE.
MarsHuTHbII OTOK CKBO3b IUIOLIAJb IIOBEPXHOCTH, OTPAHUYEHHYI0 CAMUM KOHTYPOM, IIPONOPLMOHAIIEH
CUJIe TOKa B KOHType: @=L-I.
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KoadduumeHT nponopruoHaibHOCTH L Ha3bIBACTCS UHOYKMUBHOCMbIO KOHTYpa: [L]= {?} = B6_

A
I'a (renpn).

3HaueHue MHAYKTHUBHOCTH 3aBHCHT OT pa3MepoB U (POpPMBI MPOBOJHUKA, a TAKKE OT MArHUTHBIX
CBOMCTB cdeppl, B KoTopoil oH Haxomutcs. DJIC caMOMHAYKIHMH TIO 3aKOHY JJIEKTPOMAarHUTHOU
WHIYKI[MY PaBHA:

AD
__Lﬂ, T.K. & =—)

is At i A
rae AI=1>-1; — i3MeHeHHe CUJIbl TOKA B IPOBOJHUKE, A;
At — Bpems ero U3BMeHEeHusl, C;

ﬂ — CKOPOCTb UBMCHCHHA CHUJIBI TOKA, é .

At c

2
OHeprust MarHUTHOTO MOJIs1 IPOBOJHHKA C TOKOM: Jy, = L-I7 [x]
2

PemnTsh 3a1aun caMOCTOATEIBHO
(n - HOMep auie20 apuanma no CNUCKYy)

1. Ha ckonbko M3MeHMIach Cujia TOKa B MPOBOJAHUKE, ecau 3a 0,1 ¢ B mpoBogHMKE, HHIYKTUBHOCTb
kotoporo 4 I'n, mosisunace DJ]C camonnaykiuu paBaas 12 B?

2. 3a kakoil IpPOMEXKYTOK BPEMEHHM MarHMTHBIA MoTok u3MmeHwica Ha 0,01 BO, ecnmu B KoOHType
Bo3HHKaeT J/]C uaaykumu n B?

3. MarnuTHOe nojie KaTylmku ¢ UHAyKTuBHOCThIO 0,2 I'H obnanaet sueprueit 0,4 J[x. Yemy paBHa cuia
TOKa B KaTyIIKe?

4. Omnpenenure >HEPIrHI0, 3aracaéMyl0 B MarHUTHOM IIOJIE MHAYKTOpPA, KOTOPBIM HCIOJIB3YeTCsl B
YCTaHOBKE JUIsi MarHUT HMITYJIbCUBHOTO (opmoBanus. MuaykruBHocTs katymku 7,0-10-7 T, cuna
paspsaHoro Toka 1,45-105 A.

5. Kaxo#l mOoTOK MarHUTHOW MHIYKLWH CO3JAETCS B KOH Type JJIEKTPUYECKHM TOKOM, €CIIA IIPH €ro
yMeHbleHnu a0 Hyss 3a 0,01 ¢ B KOHType BO3HMKAET 3C caMOMHAYKIMK paBHast 30 B?

6. Ormpenennute SHEPTHI0 MAarHUTHOTO MOJIA KaTyIIKM, B KOTOPOM IpH cuiie ToKa 6,8 A MarHUTHBIN
NOTOK paseH 2,5-10-3 BO.

7. 3a KakoW NPOMEXKYTOK BPEMEHHM B KAaTylIKe ¢ MHAYKTHUBHOCTBIO 0,28 I' mpomcxoauT HapacTaHue
CWJIBI TOKA OT HYJISI 10 9,6 A, eciiu pu ATOM BO3HUKAET CPEHSAA 3/IC CAMOMHIYKIMH, paBHas 38,4 B?

8. 1IpoBOOHMK MJIMHOM N M IEpEeMENIaeTCs B OJHOPOJHOM MAarHWTHOM mosie ¢ uHayknuen 0,2 TA.
JIBI>keHHe MPOBOJHMKA MPOUCXOAMT cO cKopocThio 10 M/c mox yriom 45° K MarHUTHBIM CHJIOBBIM
auHusAM. HaliquTe 5/c MHIYKIIUY, BOSHUKAIOIIYIO B TPOBOJAHHUKE.

9. Kakoii MarHMTHbII TNOTOK NIPOHU3BIBAET KOHTYp, €CIM IPd PABHOMEPHOM HCYE3HOBEHUHU
MAarHUTHOTO TOJISl B TEYEHHE N C B KaTylIKe HHAYIUpPYeTcs 3AcC, paBHasa 0,02 B?

10. Kakoii MarHuTHBI MOTOK MPOHU3BIBAET IUIOCKYIO MOBEPXHOCTH IUIOMIAAbI0 3 CM2 IpHU MHAYKLHU
nonst 0,24 TA, eciii HOpMaJb, K TOBEPXHOCTH PacnoiokeHa no1 yriiom 60° K BEKTOPY UHAYKIIWH.

11. Onpenennure MHAYKTUBHOCTh KaTYLIKH, €CJIM IPU yBEJIWYEHHM TOKa B Hell Ha 2,2 A 3a 50-10-2c
MOSIBJISIETCS CPEHSAS 3/IC CAMOMHIYKIIMH, paBHas 1,1 B.

12. B mpoBognuke miuuHOM 0,5 M, ABIXKYyHIEMCS CO CKOpocThio 3,0 M/C MEpHEHAUKYISAPHO CHIIOBBIX
JUHUA OJHOPOJHOTO MarHuTHoro moiisi, Bo3Hukaetr JIJC 6,0:-10-2 B. Onpenenure HHAYKIUIO
MarHUTHOTO TOJIS.
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13. Onpenenute MarHUTHBIA MOTOK, MPOXOASAIIMN Yepe3 MPSAMOYTOJIbHYIO IUIOMIAKY CO CTOpPOHAMH

20x40 cM, ecau oHa MOMEIIEHA B OAHOPOJAHOE MarHuTHoOe nojie ¢ uHaykiueit 5,0-10-2 TA nox yrimom 60°

K JIMHUSIM UHTYKIUH TTOJISL.

14. Onpenenure DJIC uHayKIMU, BO30YyX)AaeMyl0 B KOHType, eciid B HeM 3a 0,01 ¢ MarHUTHBIN MOTOK

paBHOMepHO yMeHbmaercs 0,5 mo 0,4 BO, uto6s! B kKOHTYpe Bo30ykaanack I/1C nnnykuuu 3,8 B.

15. Omnpenenure NpOMEKYTOK BPEMEHH, B TEYEHHE KOTOPOTO MATrHUTHBINA IMOTOK, MPOHU3BIBAIOLIUI

KOHTYD, MoJbKeH yBeaununtbes ot 0,01 1o 0,20 B6, uToOs! B KOHTYpe Bo30y ) aanack I/1C nnaykuuu n B.

16. Omnpenenure 3/]C uHAYKIIMU HA KOHIIAX KPBUIHEB CaMOJeTa, UMEIOIUX ATUHY 12 M, eciiu CKOpOCTh

€ro IMpu ropu3oHTaIbHOM TojieTe 250 M/c, a BepTUKalbHAs COCTABIISIONIAs MAarHUTHOM WHAYKLIHU

3eMmHoro maraerusma 5,0-10-5 TA.

17. B ogHOpOJAHOM MarHUTHOM Tosie moj yrioM 30° K HampaBJICHHUIO BEKTOpa MHAYKIMH, BEIUYMHA

koToporo 5,0-10-3 TA, aBukeTcs MPOBOAHKUK CO CKOPOCTHIO0 10 M/C; BEKTOP CKOPOCTH MEPICHAUKYIISIPEH

NpoBOJHUKY. Onpenenure JIMHY NPOBOAHMKA, eciid B HeM HaBoautces D/C, paBHas 2,5-10-2 B.

18. Tpakrop o6mero HasHaueHus K-700 wmmer co ckopocteto 28 km/4. Ompenenure pa3sHOCTb

MOTEHIIMAJIOB Ha KOHIIAX IMEpEeAHE OCH, €ClIM JIMHA €€ OKOJIO 2,6M, BEepTHKaJIbHAs COCTaBISIOLIAS

MarauTHOTO 1mojist 3emutu 5,0-107 TA.

19. Yemy paBnHa D/IC caMOMHIyKUMH, BO3HHMKAIOIIAs B KaTylIKe ¢ MHAYKTUBHOCThIO 2,0-10-2 I', B

KOTOpoOi Tok cuiioit 7,5-10-2 A ucuesaer 3a n c?

20. MarnuTHOe ToJIe KaT yIKu ¢ MHayKTuBHOCThIO 0,1 I oOmamaet sneprueii 0,8 k. Uemy paBHa cuia

TOKa B KaTyIlIKe?

21. IIpoBosiouHas mpsMOyToJibHasi paMka co cropoHamMu 20 u 30 cM pacmoyio’)keHa B OJHOPOJIHOM

MarHUTHOM I10JI€ ¥ MEePIEHAUKYIISIPHA CUIIOBBIM JIMHUSIM. OTpeAenTe HHAYKIIUIO 3TOr0 MOJIs, €CIU MpU

ero ucueznopeHuu 3a 1,2-10-2 ¢ B pamke HaBoautcs cpeanss I/C 3,5 mB.

22. Yemy paBHA MHAYKTUBHOCTb KaTYyILIKH, €CJIM NMPOTEKAIOINI 10 Hel Tok cuitoil 0,15 A co3maer notok

MarHuTHOM uHayKIwWu 7,5-10-3 B6?

23. Yemy paBHa MHAYKTUBHOCTbh IPOBOJHMKA, B KOTOPOM IpHU Bo3pacTaHuu Toka oT 1,5 no 1,8 A3anc

B030ykaaerca DJIC camounaykuuu 0,9 B?

24. 3a kakoi MPOMEXYTOK BPEMEHH B KOHTYype MUHAYKTUBHOCTHIO 2,0-10-5 I' mpu uzmenenuu toka Ha 0,5

A BozHukaet O/[C camounnykuuu 10 B?

25. Omnpenenure MHIYKTUBHOCTH KaTyIIKH, ecilu npu Toke 3,0 A MarHuTHoe moJjie B Hed obOiajaer

sHepruent 6,0-10-2 Jx

26. DnexkTpuyeckas Liefb coOpaHa MO CXeMe, NMpeJCTaBIeHHOW Ha pucyHKe. CONpOTHUBIIEHHE ydacTKa
uenu 1 paBHO CONMPOTUBIIEHUIO yyacTKa 1enu 2. CpaBHUTE TOKH, KOTOPbIE MOKAXYT aMIepMeTphl A
1 Az cpa3y 1ocie 3aMbIKaHHs KIIFo4a.

’ 0
(A4 ——

Pa3pen 5 Kojed0anusi M BOJIHBI

IIpakTuyeckoe 3ansiTue Nel7. Mexanuueckue Ko0JIeOAaHUSA U UX XapPaKTEePUCTUKHU
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Hean padoTsi: chopmMupoBaTh MOHUMAHUE POJIM (PU3UKU B (OPMHPOBAHUU KPYro30pa BIIAJICHHE
OCHOBOITOJIararouiuMu (1)I/I3I/I‘I€CKI/IMI/I MMOHATHUAMHU, 3AKOHOMCPHOCTAMHA, 3aKOHAMU U TCOPHUAMH,, YMCHHA
BBITIOJIHATDL paCYCTHBIC U I‘pa(i)I/I‘-ICCKI/IC 3aa4u

BobinosiHeHue padoThl c1oco6cTBYET (OPMUPOBAHMIO:
[TPyS5, Ilpy9, ITP62,ITP6

6, I1P67, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45, MP42, MP 43, MP§,
MP10

MarepunanbHoe obecrieyeHue:

MHIUBHUIyTBHOE 3aJaHNe, KOHCIEKT JICKIIUH, CIIPABOYHBIC MaTEPHAIIbl, pa3IaTOYHbIA MaTepHa C

3aJaHHUAMU,

Yka3zanue:

[TpakTHyeckoe 3aHSATHE COCTOMT M3 JBYX YacTel — TeopeThyecko W mpaktuyeckoil. Ilocme
H3y‘IGHI/I$I TeOpeTI/I‘-IeCKOFO MaTepI/IaJIa MOXHO HpI/ICTYHaTI) K BBIIIOJIHCHHUIO HpﬁKTH‘-IGCKOfI qacCTu. OHa
COCTOMT M3 ABYX M 0OoJjee 3ajay A CaMOCTOSTEIbHOro BblMoNHEHUs. He 3a0biBaiiTe 0 mpaBUILHOM
O(l)OpMJIeHI/II/I pCHICHI/IfL Ha BBIIIOJTHCHUC HpaKTI/IquKOFO 3aJaHUA OTBOAUTCA ABA aKAACMHUYCCKUX Haca.

3aganmue:

Iopsiaok BbINOJIHEHUS PA0OTHI:

1. Tlepen pemenuem 3amad pa3oOpaTh KpaTKHE TEOPETHUECKUE CBEICHUS
[TpoBecTu aHanM3 BETUYHH, BXOIAUINX B (DOPMYJIBI.
3. Pemmuths 3amauv ¢ mpuMeHeHUEM (OPMYIN MATEMATHYECKOTO MAasTHUKA, MPYKHHHOTO MasSTHHKA, HX
CMEIIIEeHUS U ypaBHEHUSI TAPMOHUYECKOTO KoNleOaHus. (caMocTosTeNbHas padoTa).
KpaTtkue TeopeTnueckue cBe1eHust
Mexannyeckue KoneOaHus
Mexannueckoe KojgedaHue — IEPUOIUUECKH MOBTOPSIONIEECs JIBIKEHUE TeTa
(TOUKM) TO KakOW-MMOO TPAaeKTOPHUH TOOYEPENHO B  MPOTHUBOIOJIOKHBIX
HaIpaBJICHUSX.
Mexann4deckas: kosnedareapHas cucrema (MKC) — cucrema ten, B KoTopoi
MIPOUCXOIAT MEXAaHUUECKHUE KOJICOaHMUs.
IHonoxkeHue yCcTOMYMBOIO PABHOBECHUS — IIOJOXKEHUE, PABHOYNAIEHHOE OT KpPAWMHUX TOYEK
TPaCKTOPHH.
ITosHoe KoJIe0aHue — OTMH 3aKOHYEHHBIN ITUKI KOJIeOaHU, TTOCTIE KOTOPOTO TEJIO BO3BPAIAETCS B
HCXOJIHOE COCTOSIHHE.
Bo3ppamawmas (BHYyTpeHHss1) ¢ (Frop) — CUJIA, CTPEMSIIIASICS BEPHYTh TEJO B MOJIOKEHUE
YCTOMYHMBOTO PaBHOBECHS.
CoOcTBeHHbIE KOJIe0aHusl — KOJeOaHUs, COBEpIIaeMble TEIOM MOJ JACWCTBUEM OTHOM TOJBKO
BO3BPAIIAIOIIEH CHIIBI.

CBoOoanble KojgedaHust — KojeOaHUs, COBEpIIaeMbIE TEJIOM IOJA JCHCTBHEM JBYX CHI:
BO3BPAlIAIONICH U COMPOTUBIICHUS CPEbI.

BoinykjaeHHbIe KoJe0aHuss — KojeOaHUs, COBEpIIaeMble TEIOM IO JCHCTBHEM BHEIIHEH
BBIHY K/JIAfOIIIEH CHJIBI.

Yupyrue kojedanusi — KoneOaHUs, TPH KOTOPHIX BO3BPAIIAIONICH CHIION SIBISETCS CHIIA
YIPYTOCTH.

MartemMaTH4ecKUii MasiTHMK — KojeOaTelnbHAs CUCTEMa, COCTOSINAs W3 MaTepHUaTbHOW TOYKH,
MOJBEIICHHON HA HEBECOMOU HEPACTSXKUMON HUTH, U 3EMJIH.
@u3nyeckuii MAsITHUK — Koyie0aTellbHAs CUCTEMA, COCTOSIIAsI U3 Tela, KOJICOIIOMErocs BOKPYT
HEMOABMXHOM OCH, U 3eMIIH.
Ilepuoouueckoe — xonebaHue, MPU KOTOPOM Bce (PU3MYECKUE BEIMYMHBI TOBTOPSIOTCS Yepes3
paBHBIE TPOMEKYTKH BPEMEHU.
Tabmuna 1
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Enunnna
XapakTepucTuka O6o3nauenue, popmyna Omnpenenenue
U3MEpEHUs
[epuon 2z C JUTMTenbHOCTh OJJHOTO TTOJIHOTO
@ Kosie0aHus
Yacrora . C-l=T Yucno xonedaHuil T B €AMHUILY
= _—=— == LI
r t BpPEMEHHU t

[uxnuueckas yactora o 2gy = 2F pao Yucno konebanuii 3a 270 €IUHUIL
(kpyrosas) T c BpPEMEHHU
Cwmerenue ) [TonoxxeHre TOYKH B OO0 MOMEHT

X M

BpeMeHu 1o OY

AMIUTya MaxkcuManbHOE OTKIIOHEHHE

A M MaTepuaIbHOU TOUYKU OT MOJIOKECHHUS

paBHOBECHSI

®da3za ¢ . MrHOBEHHOE COCTOSIHUE

P ==+ @, az o

r P MaTepuaibHoi Touku mo OX

Hauanbnas ¢a3za o pan Casur ¢a3el B MOMEHT BpeMeHH t=0

TI'apmonuueckue — npocteime kojaeOaHus,

IIpU KOTOPBIX U3MCHCHHUE COCTOAHUSA KOHC6J’IIOH.ICI\/‘ICH

BCJIIMYMHBI IPOUCXOOUT 110 3aKOHY CUHYCa UJIM KOCUHYCA.

‘X:Asin(wt'i‘(po)‘

x=Asinot=Asing — TOTYKOM
X=Acos®t=Acos(p — OTTITUBaHUEM
L=A®OCOSOL; Vmax = A®
0=-A®*Sin®Ot; tmax=A®’

A=XmaxM

E
p

E =
k

ka
2

x(t) = A sinot

x(@) = A sing

2
mo

2

kAZ=mu? — 3aKoH

coxpaHeHus sHepruu E=E+E,

2
kA k
= —_— = A A
m m
MareMaTnuecKkuii MassTHUK [Ipy»xuHHBII

Tabnuia 2

MasiTHHUK
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r=27 |t F=ma .
g kK ymp

Ynpyras cpeaa — cpena, Ipu MEXaHMYECKOM BO3ACHMCTBUU HA KOTOPYIO BO3HUKAET CHJIA YIIPYTOCTH.
Mexanu4eckasi BOJIHA — paclpocTpaHeHHe KojeOaHu B ypyroi cpee.

JIy4 — 1HUsA, BIOJIb KOTOPOM pacpOCTPAHSAETCS BOJIHA.

Ilonepeuynasi BOJIHA — BOJIHA, B KOTOPOH KOJIEOAHUSI YACTHIL CPEIBI MPOUCXOAAT MOMEPEK Tyya.
IIpoxosnbHas BoJIHA — BOJIHA, B KOTOPOH KOJI€OaHUS YaCTULL CPEIbl IPOUCXOIAT BIOJIb JIyya.

6uobl Ilpooonvnuwvie nonepeumvle
- ¥ . >‘—>|.
IV LI ] ..
—2 s ! e T
* .
IHepus Boanwt nepenocam snepzuio, Ho He

nepenocsim eeuiecmeo cpedbl

Ycnosua B cpenax, rae Bo3HUKaeT B cpenax, rae
603HuKHOo6eHus  Fynp nipu nedopManyu BO3HUKAET Fynp
corcamuist npu aedopmaru
cosuea
Cpeoa B TBepabIX, KUIKHX, B tBepapIx, Ha
ra3000pa3HbIX MIOBEPXHOCTU

KUJIKUX TEN, Ha
rpaHule pas3ziena
IBYX Cpef C
Pa3IMYHOMN
IINIOTHOCTBIO

IlIpumep 3BYKOBBIE " BOJIHBI BouHbl Ha mHype,
Ha MOBEPXHOCTH
BOJIBI

Ckopocmb Y = AV pacnupocTpaHsIoTCS ¢ KOHEUHOH
CKOPOCTBIO, Pa3INYHON B pa3HBIX Cpeax
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Jnuna eonmnwt PaccTosiHue Ha KOTOpO€E cMemaeTcs BOJIHA 32
nepuos

I= 9T
v

3eykoevie 6onnbl

3ByKoBasi BOJIHA (3BYK) — BOJTHA, BBI3BIBAIOIIAS Y YETIOBEKA CITyXOBBIC OIIYIICHHUS.

Nudpa3Byk — MexaHUUYECKHE BOJIHBI ¢ YacTOTOW HU*ke 16 I'1r; yabTpa3Byk — Boimie 20000 I'.

CxopocTs 3ByKa B Bo3ayxe mpu 0°C — 332 m/c, mpu 20°C — 343 m/c; B Bome — 1483 m/c, B xenese — 5850
m/c.

IIpumepsl pemienus 3agaq

1. YpaBHeHue rapMoHuYeckux KosneOaHuii Touku x=0,4cosmt. Haiitu ammmryny, nepuoa u
cMmernienue Touku uepes 0,5 c.

Jano: M. T. «CI» Pemienue
x(t)=0,4cosmt x=Acosmt
t1=0,5 ¢ x(t)=0,4cosmt
A=? T=? x(t1)=? R .
T ®
v=?

Brrancaenus: A=0,4 M; o=T;

T=2" _ )
T

1
v=—=0,5T1u
2

1 T
x(0,5) =0.,4-cosnt-— = 0,4cos— =0
2 2

2 I'py3 maccoit 0,4 kr coBepiiaeT KosieOaHHs B TOPU3OHTAJIBHOW IUIOCKOCTH Ha MpPYXKHUHE
&KecTKocThio 250 H/M. aMIuMTyna KoiebaHui rpy3a 15 cM. HalTH MOJHYI0 MEXaHHUYECKYIO SHEPTHIO
KoJIeOaHU M HauOOJIBIIYIO0 CKOPOCTh IBWKEeHUA. TpeHneM npeHeOpeus.

. 2 . 2
I[aHO. E :kA E. =0 E:M:LSI[)K
P 2 2 K 2
o 2
NPY>KUHHBIN v=0,15/229% _015.25=
0,4
MasiTHUK E=E,+E«=E,
M
=3,75~3,8=
C
m=0,4 kr 5 5 k
mv° ZkA" =>v=A4,]—
k=250 n/m "
A=0,15m
E:?’ Umaxz?

Pemurn 3agaun
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(n - HOMep 8auie20 apuanma no CNUCKY)

1. Hanumure ypaBHEHHE TapMOHMYECKHX KOJIeOaHHH ¢ aMIIUTYI0M 5 cM M HavanbHOU (azoif 45°,
ecnu B 1 MuHyTy coBepinaercs 150 xoebaHMii.

2. AMIUTMTYla TapMOHUYECKHX KOJICOAaHWH MaTepHallbHOW TOYKM n cM, nepuon 4 c. Haimgure
MaKCHUMaJIbHBIE CKOPOCTH M YCKOPEHUE W HAMUIINTE yPaBHEHNE TAPMOHUYECKUX KOJICOAHU.

3. MareMaTHuecKrii MasTHUK JUIMHOM 56 c¢M 3a m MUHYT coBepiiaeT 40 TOJHBIX KoJieOaHUH.
Onpenenure mepuos KojeOaHWN MasSTHUKAa M YCKOPEHHWE CBOOOJHOTO MaJIeHUs B TOM MeECTe, TIe
HAXOAUTCS MAsATHUK.

4. MarepuanpHas Touka Konebnercs ¢ yacroroid v=10 k', Onpenenute nepuoi, YUCiIo KoneOaHui
B MUHYTY ¥ [IUKITUYECKYIO YACTOTY.
5. Omnpenenure  Mepuoj, YacToTy, LUKIMYECKYI0  YacTOTy  TapMOHHMYECKUX  KOJICOaHWid

MaTeMaTHYECKOro MasTHUKA JUIMHON 1 M, ecin g=9,81 M/c?. Bo CKOIBKO pas U KaK Haj0 M3MEHUTh JJIHHY
MasTHHUKA, 4YTOOBI IEpUOJ KoJeOaHnH yBemTUUmiIcs B 2 pasa.
6. AMIUIMTY1a TApMOHMYECKUX KOJIEOaHUI MaTeMaTH4ecKoro MastHuka ainuHoi 50 mm, nepuon 4 c,

T v o
HadanbHas (paza — . HammmuTe ypaBHEHUE 3TOT0 KOJICOAHUS Y HAMIUTE CMEIICHUE KOJICOITIOICIHCS TOUKH
4

0T NoJI0keHus paBHoBecus pu t =0 u t=1,5 c.

A 1 .
7. VYpauenue touku x=0,02sin| —z+— |. Haligure nepuon, MakcMMallbHOE 3HAUEHHE CKOPOCTH U
2 4
YCKOpEHHE.
8. Omnpenenure AJUHY MaTeMaTHYECKOr0 MasTHHKA, COBEPILAIOLIET0 OJHO MOJHOE KojebaHue 3a 2

¢, ecn q=9,81 m/c?. Bo cKOIBKO pa3 HY)KHO U3MEHMTH JUTMHY MAasTHHKA, YTOOBI 4aCTOTa €ro KoyeOaHuit
yBeIUUMiIach B 2 paza?

9. VYpaBHeHnue rapmoHudeckoro konebanus x=0,4sinSnt. Omnpenenurte aMmIuIUTy1y, TEpPUOL,
CMEIIEHUE TIPH t=n C.

10. Ornpenenure KECTKOCTh MPYKUHBI, YaCTOTY, IUKIMNYECKYI0 4acTOTy, eciiu Teso maccoit 0,5 kr,
HOJBEIIEHHOE K 3TOH MpyXHHe, coBeplIaeT Kojaebanus ¢ nepuoaom 0,2 c.

11.  MarepuanbHas TOYKa COBEpIIaeT rapMoHudeckue kojaedanus ¢ ammautyaoi 0,03 M u nepuoaom
0,2 c. CocraBbTe ypaBHEHHE KosiebaHUs U onpeaenuTe cmenenue npu t = 0,1 c.

12.  Tlo aHy chepuyeckoi Yamiku COBEepIIaeT CBOOOIHBIE KojieOaHusl O€3 TPeHUSI MAJICHBKUN MIApHK.
Omnpexnenure nepuo]| KojaeOaHus MapuKa, eciau painyc KpUBU3HBI YAk 2,45 M.

13. CocraBbTe ypaBHEHHE TAPMOHUYECKUX KOJIEOAHUN MAaTeMaTHYECKOTO MasgTHUKA JJTUHON 2,45 M u
ammumryzaon 0,1 m.

14.  Teno coBepiaeT rapMOHHUYECKHE KosleOaHus 1o 3akoHy X = 20sinmt. Onpenenure cKOpOCTh Tena
mput1=0,5cut,=4c.

15.  VYckopeHue cBOGOIHOIO MajieHMs HA MOBEPXHOCTH JIyHBI 1,6 M/c’. Kakoil [JIMHBI JOIKEH OBITH
MaTeMaTUYECKHI MasiTHUK, 4TOOBI ero nepuo/ konebanus Ha JIyHe Ob11 1 ¢?

16.  IloctpoiiTe rpaduk rapMOHMYECKOrO KOJIOAHUS YACTOTHI IO MapaMeTpaM: amIUTUTyAa 2 cM,
nepuon 0,4 ¢, HawanbHas (a3za (. 3anummTe ypaBHEHHE 3TOTO KOJIeOaHUsI.

17. Teno coBepiaeT konedanus no 3akoHy X = 60sin2nt. Onpenenute CKOpocTb Tenanpu t1=1cu tz
=2,5c.

18. Teno Maccoif n rpamMM MOJBENIEHO HA MPYKHUHE, KECTKOCTh KoTopoit 2-10° m/m. Onpenenute
4acTOTY, NEPUO/I, IUKIUYECKYIO YaCTOTY CBOOOHBIX KOJIEOaHUI 3TOTO Tela Ha MPYKHUHE.

19. MarepuanbpHasi TOUYKa COBEPIIACT TAPMOHUYECKHE KOJICOaHUsI C aMIUTUTYAOU 4 CM U TIEPUOIOM 2
c. Hannmmre ypaBHeHHEe IBUKEHMS TOUKH, €CIIH €€ ABM)KEHUE HAUMHAETCS U3 MOJIOKEHUS X0 = 2 CM.

20. KakoBa dactoTa 3ByKOBBIX KOJIeOaHUH B cpefie, €ClM CKOPOCTh 3ByKa B 3Tou cpeme S00 m/c, a
nuHa BoJiHbI 2M? (OTBET naiite B repiiax.)

21.  Ha paccrossHuu n M OT HaOroaTENsl paboure BOMBAIOT CBaW ¢ OMOIIBI0 Kompa. KakoBo Bpems
MEXY BUJUMBIM YJapOM MOJIOTA O CBAalO M 3BYKOM yJapa, yCIbIIaHHbIM HaOmonatenem? (OTBeT naite
B cekyH1ax.) CkopocTh 3ByKa B Bo3ayxe 330m/c. OKpyrauTe OTBET C TOYHOCTBIO JI0 JECATHIX.
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22. CxkopocTts 3ByKa B Boje 1,5 km/c. UeMy paBHa JIjIMHA 3BYKOBOM BOJIHBI, PACIIPOCTPAHSIONMICHCS B
BOJie, ipu yactoTe 3ByKa 3 kl'u? (OTBeT naiite B MeTpax.)

Tema 5.2 Dy1eKTPOMATrHUTHbIE KOJI€0AHHUS U BOJIHBI

IpakTuyeckoe 3ansaTue Nel8 Pemenue 3a1a4 Ha BUAbI CONMPOTUBJIEHUH B IleNAX
nepeMeHHoro Toka. @opmyJisl Tpanchpopmaropa.

Hess: chopmupoBaTh NOHUMaHKE PO GU3UKU B (POPMHUPOBAHUHU KPYro3opa M (HyHKIIMOHATIHLHON
TPAMOTHOCTH 4YEJIOBEKa JJIsi PEHICHUs MPAKTHYECKUX 3a1ad; Uil OOBSICHCHHS YCJIOBHH IPOTEKaHUS
(bU3HYECKUX SIBIICHUN, YMEHUS BBIMOJHATH pacdeTHbIe W TpaduyecKkue 3ajgadd, U3YIUTh CBOOOHBIC
3JICKTPOMArHUTHBIE KOJICOAHMS B KOHTYPE, BUIbI COIPOTUBIICHUS B IIETIH TIGPEMEHHOT'O TOKA, UX OTJIMYHS
1 OCOOEHHOCTH.

Beinosinenue padorsi cnocodcTByet popmupoBanmnio: OK 01, OK 02, OK 03, OK 09, OK 06

MatepuanbHoe odecrieyeHue:

WHIUBUAYATbHOE 3aJ]aHKe, KOHCIIEKT JICKIIH, CIPaBOYHbIC MaTEPUAIIbI.

Yka3zanue:

[TpakTHyeckoe 3aHSATHE COCTOMT M3 JBYX YacTel — TeopeThyecko W mpaktuyeckoil. Ilocme
U3YYCHHS TEOPETHUYECKOI0 MaTepuajga MOXXHO MPHUCTYNaTh K BBITOJHEHUIO MpaKTHYeCcKoH dactu. OHa
COCTOMT M3 ABYX M 0OoJjee 3ajay A CaMOCTOSTEIbHOro BblMoNHEHUs. He 3abbiBaiiTe 0 mpaBUILHOM
odopmiieHnn pemieHus. Ha BEINOMTHEHNE MPAKTUYECKOTO 3a/IaHUsT OTBOJIUTCS JIBA aKaIEMUYECKUX Yaca.

3aganue:

O3HAKOMBTECh C TCOPETUYCCKUMU CBEICHUSMH HCITOJIB3YS CCHUIKY
https://znanium.com/catalog/product/1012153, §54.55, 56 Brinucas GOpMYIbI
OTMEYCHHBIE cCKOOKaMHu , HanmpuMmep( 54.1)

Pemmte 3amaum, camMoOCTOSTENHHO HCHOJIB3YS MPUMEPHl U KPAaTKHE TEOPETUUYECKUE
CBEJICHHUS.

IMopsinok BHINOJIHEHHUS PAadOTHI:

W3yunte u BeImUmuTe GOpMyJIbl IO JAHHOM TEME B BUI€ KPATKOTO KOHCTIEKTa
Pa36epute mpuMepsl pereHHbIX 3a/1a4

Pemute caMoCTOSATENBLHO 3a1a9d

Bemomaute  TecT  https://znanium.com/catalog/product/1012153, crtp 334 -
ITepemennsblii TOK; c1tp 336 Tpanchopmarop

AW~

KpaTkue TeopeTrnyeckue cBeIeHHs

COHpOTI/IBHCHI/IH B [ICTIU IICPEMCHHOT'O TOKa

[Tpubopst Pesucrop Karymky nnayktuBnocteto L Konupencarop emkoctsio C
COINIPOTHUBIIEHHEM R

Cxema L C
I“"‘E_l Y _|
| I |
U
U :r:rc S
O~ 0
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Cuia Toxa

Cnsur ¢a3

CormnpoTusie
HHUC

1. bopmyma

2. 3aBUCUMOC
Thb
COTIPOTHUBIICH
HIO OT
4acToTa

3.
orpeeieHne

3akon OMa

I1(t) =1,sin ot

U, T
1(t) = —Lsin(owt — =
®) L ( 2)

9=0 Y,U usmensercs B HampspkeHue onepexaer TOk

ONIMHAKOBBIX (azax, a ol. ya o =2=9(°
SHEPrUsl PACXOJUTHCS HA 2
TEIIOBOE JCHCTBUE TOKA

Rz"’TOf (1+at)

X=o L
4 R,
0 o 0 ©
WHayKTUBHOE —
AKTHBHOE — COIIPOTHUBIIEHUE,
COIIPOTHBIICHHUC 00YCIIOBIIEHHOE SIBJIEHUEM
noTpeduTens, CAMOMH/TYKIIHH
IpeoOpa3youero
MOJBOANMYIO K HEMY
SHEPIHUIO B JPYTUe BHUJIBI
SHEPrUH
Ut u
10=29 Iy =~
R L

1(t) = CUwsin(at + %)

Hanpsixenue orcraer ot

TOKa HA ¢ = % =90°

EmxocTtHOE -
COTPOTHUBIICHUE,
00yCJIOBJICHHOE HaJIMYUEM
€MKOCTHU B ILICIIHU

— 1
[TosHOE COMPOTHBIIEHHE IETTH TIepeMeHHOoro Toka: Z= VR? + (wL — E)z

3axon OMma AJId aMIUTUTY IHBIX 3HAYEHHUI CUJIBI TOKa lo 1 HaIIPSIPKCHU A Uo B menu MNEPEMCHHOT'O TOKaA:

Io=UoVRZ + (wL — ﬁ)z

PeakTHBHOE — CONTPOTUBIICHHUE MOTPEOUTENS, HE IPEOOPA3YIONMIETO MOABOAUMYIO K HEMY SHEPIHIO B

JpyTHE BUJIbI SHEPTUU (H-P paKeTa) XZXL-XCZOJL-L ;
wc

X1>Xc — MHAYKTUBHBIA XapakTep; XL=Xc — pe30HaHC; Xc>X1 — EMKOCTHBIN XapakTep
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HeiicTByI0lllee 3HAYEeHHE MOIIHOCTH TNepeMeHHOro Toka (P) — BenWyuMHA, YWCICHHO paBHas
MOIIIHOCTH TOCTOSIHHOTO TOKa Procr, TPU yCIOBUH, YTO 00a TOKAa 3a OJUHAKOBOE BpEMs, PaBHOE
Nepuoly MEepeMEHHOro Toka 7, Ha paBHBIX PE3UCTOpax R BBIACIAT paBHbIE KOJWYECTBA TEIUIOTHI Q.

IR I,U, U .
PZTZTZE' HCI/ICTBYIOH_IGG 3HAYCHHUEC MOIINIHOCTU MEPEMCHHOI0 TOKa YaCTO HAaA3bIBAKOT

AKTHBHOM MOIIIHOCTBIO.

IIpumepsl pemienus 3agaq

1. Karymka manyktuBHOCTBIO 0,1 ['H M akTUBHBIM conpoTuBieHUEeM 25 OM BKJIIOYEHA B CETh
MPOMBIIIJICHHOTO TEPEMEHHOr0 TOKa CO CTaHIAapTHOW 4YacToToi. OmpenenuTe TOK B KaTyIIKe, €CId
HanpsbkeHue Ha ee BBogax 120 B.

JaHo: I:H; x=\/252+(4‘3,14~50~0,1)2 =

KaTyI]_IKa x< 7%/@ . =1625+986 =+/1611 =40,10m
=JR? + (wL)? =

L=0,1Tn ) =120 4,
=JR? + @) 40,1

R=25 Om

v=50T11

U=120B

1,=?

2. Ha koyixo3HyI0 MOJACTAaHIMIO MOCTyHaer TOK HampsbkeHuem 6600 B. mepBuunHas oOMoOTKa
tpanchopmaropa noactaniuu umeet 3300, a Bropuunas 110 ButkoB. Onpenenute pabouee HaNpsKEHUE
B KOJIXO3HOHM 3JIEKTPOCETH M MOTPEOIIEMYIO0 MOITHOCTh cuia Toka B ceTh 200 A moTepsiMu SHEPruM B
TpaHchopmaTope npeHeOpedb.

3. Karymka uanyktuBHocTbio 0,1 I'H M akTUBHBIM compoTuBieHneM 25 OM BKIIIOYEHa B CETh
IIPOMBIIIIEHHOIO NEPEMEHHOI0 TOKAa CO CTaHAApPTHOW 4YacToToM. OnpenenuTe TOK B KaTyIIKE, €CIU
HanpsbKeHue Ha ee BBogax 120 B.

JaHo: KaTymka =Y. X:\/253+(4.3,14.50.0,1)3 =
L=0,1TH X

’ =+/625+986 =+/1611 = 40,1 Om
R=25 Om X =R+ X = ’
v=50 T \/2712 —120 ~3A4
U-120 B R N TN
1,=? | =JR7+@mv)’ ’

Peurnrs 3aaaun
(n - HoMep sawe2o 8apuaHma no CRUCKY)

l. Cuna toka B mepBH4YHOM oOMoTke Tpanchopmatopa 0,2 A, HampspkeHue Ha kiemmax 220 B.
Onpenenure HaNpsHKEHUE W CHITy TOKa BO BTOPUYHOM OOMOTKE TpaHchopmaropa, eciau KOdP(GUIIHECHT
Tpancpopmarmu 0,2.

2. [lepBuunas obmotka Tpanchopmaropa coaepkut 800 BuTkOB, BropuuHas 3200. Ompenenute
K023 punreHT TpaHchopMaImH.
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3. Cuna Toka B CETH M3MEHsETCS IMo 3akoHy 1 = 8,5 sin o t. Kakoe KomM4ecTBO TEIUIOTH BBIACIUAT
AIIEKTPOKAaMUH 3a 2 yaca paboThl, eciiu ero conpoTusiieHue 80 Om?

4. Cuita TOoKa B MepBHYHON 00MOTKe Tpanchopmaropa 0,6 A, HanpspkeHue Ha ee koHiax 220 B; Bo
BTOpru4HOU 00MOTKE 6 A 1 14 B. Onpenenute KIT1J[ Tpanchopmaropa.
5. B nepBuuHON 00MOTKE TOBBIMIANOIIEro TpaHchopmaropa 80 BUTKOB, a BO BTopuuyHOU 1280.

Hanpspxenne Ha koHIax nepsuyHoi oOmMoTku 120 B, a BenmuunHa Toka BO BTOpuyHON oOMoTKe 0,25 A.
Omnpenenure MoJie3HYI0 MOITHOCTh TpaHcopmaropa.

6. JUist TpaHCIIAUMU pajronepeaay IpUMEHSIOT MOHKAIOMIMKA Tpanchopmarop ¢ HanpspkerueM 480
B no 30 B. Ompenenute mouHocTh Tpanchopmaropa ¢ KIII 96%, ecnu k Hemy moakitouerHo 100
penpoaykropos, morpedmstonux Tok 0,008 A.

7. Onpeznenute yron moBOpOTa BUTKA B OJHOPOJHOM MAarHHUTHOM IIOJ€, 3Has, YTO MaKCHMAaJbHOE
3Hayenue Toka 10042 A, a Tok B gaHHbIi MoMeHT 100 A.

8. Omnpenenure koddduimeHT TpanchopMauu 3BOHKOBOTO TpaHChOpMaTopa, MUTAEMOT0 CETEBBIM
TOKOM C HanpspkerneM 220 B, eciu mpeoOpa3zoBaHHBIN TOK UMEET HanpshkeHue 2 B.

9. [lepBuunass oOMOTKa MOBBIIIAOIIETO TpaHchopmaTopa umeer 45 BUTKOB, a BTopuuHas 900
BUTKOB. [lepBuuHas KaTylika BKJIIOUAETCS B CETh MEPEMEHHOro Toka ¢ HampsbkeHueMm 120 B. Kakoe
HanpspKeHue OyAeT Ha 3aKUMaX BTOPUYHOU 0OMOTKHU?

10. DnekTpuyeckas Jayra JA0JhKHA TOpeTh moja HanpspkeHueMm n B, a B cetu 220 B. Ckoabko BUTKOB
JOJKHA CO/Iep KaTh BTOpUYHAsi OOMOTKA, €CJIH B IEPBUYHON OOMOTKE, BKIIFOUEHHOI B ceTh, 385 BUTKOB?

KpaTKne TCOPETHYECCKHUE CBCACHUSA

TpaHchopmarop
BUJIBI MTOBBITITAIOTITHH TTOHWKAIOIIN I
Onpenenenue TpaHcdopmarop, y TpaHchopmarop, Y
KOTOPOTo YHUCIO KOTOPOro YHCII0
BUTKOB BO BHTKOB BO

BTOPUYHOM OOMOTKE BTOPUYHOW OOMOTKE

Oounlre, yeM B MEHBIIE, YeM B
IIEPBUYHON MIEPBUYHOMN
PucyHnoxk
w1 w?2 w1 ®?2
Koadpounuent n<l n>1
TpaHchopManuu
& o U _L_S
52 a)2 U2 1 Sl
P
KHI[ nmpanct[)op,mmopa = 100% ~ 99%
Tpancdopmaropa B
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IIpumeps! pelienus 3agay:

1. Ha KOIXO3HYIO0 NOJCTaHIMIO IOCTyHaeT TOK HamnpsbkeHueM 6600 B. mepBuuHas oOMOTKa

tpanchopmaropa noactanuu umeer 3300, a Bropuynas 110 ButkoB. Onpenenure pabouee HANPSIKEHUE

B KOJIXO3HOH 3JIEKTPOCETU U MOTPeOIIEeMYI0 MOIIHOCTh cuiia Toka B cetd 200 A moTepsMu SHEPruu B

TpaHchopmaTope IpeHeOpedb.

Jano:
TpaHnchopmaTop

U1=6600 B
®1=3300 B
®2=110

=200 A

o _U
0, U,
U, = U, o,
®;
P=U>-Ir

Us, P>=?

~ 6600-110

2 =220 B
3300

P»=220-220=44-10°Bt=44xBT

2. Cuna Toka B epBHYHOM 00MOTKe TpaHchopmaropa 0,5 A, Hanpspkerue Ha ee konmax 220 B, Bo

BTOpUYHOU 00MOTKE cooTBeTCTBeHHO 8 A 1 12 B. Onpenenure KI1J[ Tparcdopmaropa.

Jano:
Tpanchopmaropa

1,=0,5 A
L=8 A
U;=220B

U,=12 B

n=?

n="10100% =
_%hs 600,
1]1

n

12-8

=—-100% = 87%
220-0,5

Pemnrs 3axaun

(n - HoMep sauie20 eapuanma no CNUCKYy)

1. Cuna Toka B mepBUYHOM oOMOTKe TpaHcdopmaropa 0,2 A, HampsokeHue Ha kiemmax 220 B.
Omnpenenure HampspkeHHE M CHIYy TOKa BO BTOPHYHOM OOMOTKE TpaHcopmaropa, €ciu
koa¢unmeHT Tpanchopmaruu 0,2.

2. TlepBuunast oOMoTka TpaHcdopmaropa conepkut 800 BuTkoB, BTOopuuHas 3200. Onpexnenure
ko3 purmeHT TpaHchopMaIum.

3. Cuna ToKa B CETH M3MEHSETCS IO 3akoHy 1 = 8,5 sin @ t. Kakoe KOIM4YecTBO TEIIOTHI BBIICITHUT
AIIEKTPOKAMUH 32 2 yaca paboThl, eciii ero conpotusienue 80 Om?

4. Cwuna ToKa B mepBUYHON 00MOTKe TpaHchopmaropa 0,6 A, HanpspkeHue Ha ee koHax 220 B; Bo
BTOpU4HOU 00MOTKE 6 A 1 14 B. Onpenenute KIT] Tpancdopmaropa.
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5. B mepBuuHOii 00MOTKe mMoBBIIaroniero tpanchopmaropa 80 BUTKOB, a BO BTopuyHOM 1280.
Hanpspxkenne Ha xoHnax nepsuyHoi oOMoTku 120 B, a BenmumHa TOKa BO BTOPUYHON OOMOTKE
0,25 A. OnpenenuTe MOJE3HYIO MOIIHOCTH TpaHCchopMaTopa.

6. Jus TpaHCIALMHU pagronepeady MPUMEHSIOT MOHKAIINN TpaHchopmartop ¢ HanpsbkeHuem 480
B o 30 B. Onpenenure momHocts Tpanchopmatopa ¢ KITJ 96%, ecnu k Hemy noakiatodero 100
penpoaykTopoB, norpedmstonmx Tok 0,008 A.

7. B mepBUYHOW OOMOTKE MOBBIMIAIONIECTO TpaHchoOpMaTopa N BUTKOB, BO BTopuuHOM — 2000
BUTKOB. Kakoe HanpskeHre Ha 3a)KMMax BTOPUYHOW OOMOTKHM MOYXHO IOJIY4YUTb, €CJIU BKIIOUUTh
TpaHchopmaTop B ceTh ¢ HanpsikeHuem 110 B?

8. IlepBuunas obMoTka Tpanchopmartopa comepxkut 800 ButkoB, BropuuHas 3200. Onpenenute
K03 urmeHT TpaHchopMaIum.

9. Karymka HMHIyKTUBHOCTbIO N I'H, akTUBHBIM comnpoTuBieHHeM 25 OM BKJIIOYEHAa B CETh
MPOMBINIJICHHOTO MEPEMEHHOI0 TOKa CO CTaHAApTHOW yacToToil. OmpenennTe TOK B KaTYIIKe,
ecJIM HampsbKeHne Ha ee BBojax 120 B.

Tema 5.2 DyleKTPOMArHUTHbIE KOJI€OAHNUS U BOJIHbI

IpakTuyeckoe 3anaTne Ne 19 Pemenue 3aga4 mo reme «J1eKTPOMAarHUTHbIE KOJIeOaHUA U
BOJIHBD)

Heab: chopmupoBaTh NOHUMaHUE POIH (PU3NKU B (POPMUPOBAHUU KPYro3opa U PYHKIIHMOHAIBHON
TPAMOTHOCTH 4e€JIOBEKA I pEHICHUs MPaKTUYeCKHX 3a/a4; YMEHHUS BBINOJHATH pacCUyEeTHbIC U
rpaduyeckue 3aJayd, U3YYUTh CBOOOJHBIE JIIEKTPOMATHUTHBIE KOJNEOAaHHS B KOHTYpEe, BHIBI
COTIPOTHUBIICHHUS B LIETIH MIEPEMEHHOT0 TOKa, UX OTIMYHS U OCOOCHHOCTH.

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

MarepuajbHoe o0ecrieuyeHue:

WHJIMBUIyaIbHOE 33/1aHN€, KOHCIEKT JEKLNH, CIPAaBOYHbIE MaTEPHAJIbI.

Yka3zanue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX YacTed — TeopeTHdeckoil M mnpakrtuueckou. [locne
W3Y4YeHUs TEOPETUUECKOr0 Marepuaja MOXKHO MPHUCTYINATh K BBIMOJHEHHUIO MpakTHdeckor yactu. OHa
COCTOHMT M3 ABYX M 0Oojee 3aJay A CaMOCTOSTEIbHOro BbIMONHEHUs. He 3a0bIBaiiTe 0 mpaBUIHLHOM
odopmiieHnu perieHus. Ha BeImogHEeHNe TPaKTUYECKOTO 3a/IaHKsI OTBOJIUTCS JIBA aKaJIEMHUYECKUX vaca.

3aganmue:

O3HaKOMBTECH C TEOPETUUECKUMH CBEIACHUSMHU UCTIONB3YS CCHUIKY
https://znanium.com/catalog/product/1012153, §57 BeimucaB pOpMYIJIbl OTMEYEHHEIE
ckoOkamu , HanmpuMep( 57.1) u T.4.

Pemnre 3amaum, camMOCTOATENHHO HCIONb3Ysl NMPUMEPbl U KPATKUE TEOPETHUYECKUE
CBEJCHUS.

IHopsinok BbINOIHEHHs PA0OThI:

W3yunte u BeImUIIUTe GOPMYJIBI IO JAHHOM TEME B BUI€ KPATKOTO KOHCTIEKTa
Pazbepute nmpumMepsl pelieHHBIX 3a1a4

Pemnte caMocTOSATENBHO 33434

Bemonnute  TecT  https://znanium.com/catalog/product/1012153, ctp 337
«DIIEKTPOMArHUTHBIC BOJIHBILY

AW =

DJIEeKTPOMarHuTHbIE KoJieOaHusI

Omnpenenenue Hesaryxaromue koneOaHusi, BOSHHKAIOIINE IO JCHCTBHEM BHEUTHEH
nepuoandecku n3menstomeiicsa I/1C e=gocosmt

86


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

[Tponecc

VcnoBue
BO3HUKHOBEHUS

KoJieOanuit

[Ipumep

3aKOHBI
T=2zJL-C —

dbopmyna Tomcona

1
27[@

3

Vo=

W, =

1
VLC

OHeprus

Rnp:()
coocTBeHHbIE DMK

E>r=Eu; vo=const

CU* LI
2 2
CU*=LI?

ITpouecc,
HU3MCHSACTCA 110 BpCMCHHU

OpU KOTOPOM 3JIEKTPOMArHUTHOE TMOJ€ MEePUOJIUYECKU

[TocnenoBarenbHOE COETUHEHNUE!
1) KoHeHCaTOpa, HAKAIUIMBAIOLIETO SHEPTUIO IEKTPUUYECKOT0 OIS,
2) KaTylIK1 HAKaIUIMBAOLIEH S3HEPTUI0 MATHUTHOIO TOJIS;

3) BO3HUKHOBEHHE CBOOOJHBIX KOJICOAHWI B KOHTYpPE OOYCIOBIEHO
SIBJICHUEM CaMOUHIYKIIUU

DneKTpudYecKasl Ielb, COCTOSIIAs W3 KOHACHCATOpAa M KAaTYIIKH, B
KOTOPOW DJHEPTHsi SJIEKTPUYECKOTO IIOJISI TPEBPAIIaeTCs B JHEPTHIO
MarHuTHOTO TIOJI U 00paTHO

e

R—Q

1. BoiHyxnennsle konebanus. Kmou B «l» — 3apsbkaercs

KOH/JIEHCATOP.

2. CoOctBennbie kosieOanus. Kiou «2» dlEKTpUYECKOEe Tojie &
MarHuTHoe moje. YacTh SHepruu TpaTUTCS HA HArpeB MpoBoaoB R—Q
KoJIeOaHMsl 3aTyXaromue.

Jis monepkaHusl He3aTyXaloIUX KojdeOaHWi MepeBOAUM KoY  «1»,
3aTeM B «2». BboIHYKJIeHHBIE — HE3aTyXarolue KoieOaHus

[TpeoOpa3oBaHue SHEPTHH HIEKTPHUUECKOTO MO B SHEPIHIO MAarHUTHOT'O
HOJIs1 U HA00OPOT MO TapMOHUUYECKOMY 3aKOHY Esr¢>Ey
b

um g
mm 5
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3JIeKTp0MaFHI/ITHI>Ie BOJIHBI

Inexmpomacnumuasn 6oiua (OMB) — pacnpocTpaHeHHE JIEKTPOMAarHUTHOTO TOJISI B POCTPAHCTBE
C TEUEHUEM BPEMEHHU.

o At
paccrosinue ot paguosiokannonHoi craniuu (PJIC) no oObekra: AS = CT’

OMB (B 3aBHCHUMOCTH OT JIJTHHBI BOJIHBI A) JAEJST HA TUATa30HbI:
1) nmuaEBIe A > 1000 M; 3) kopotkue 10 < A <100 m;
2) cpeanue 100 < A <1000 m; 4) ynbrpakopoTtkue A < 10 m.

CKOpOCTL BOJIHBI B CPCAC 3aBUCUT OT JJICKTPHYCCKUX U MAIHUTHBIX CBOICTB CpcabIl:

C C C

=—; — = /éu=n>1- onTHuecKas NJIOTHOCTb CPEMIbI
o n [ pen

9 c
Jnuna BonHbl A=9*T = — B CpeJie; I BakyyMma (Ag=c *T = -
cT _¢c _ 4

— =~ =5 C- CKOPOCHb IME 6 6AKYYMY UL 6 6030yxe- 3*108m/c

IIpumepsl pemienus 3agaq

1. Cuna Toka B ceTH U3MEHseTCs Mo 3aKkoHy 1=4,2 sinmt. Kakoe KOJWYeCTBO TEIJIOTHI BBIACIIUT
3JIEKTPOKAaMUH 3a 1 4 paboThl, eciu ero conpoTusiaeHue 70 Om?

JlaHo: Q=I* Rt Im=4,2A

3EKTPOKaMUH 1=Imsinot [,=0,707-4,2=3A

‘: 1 — 2. . . 3~ . 6 —

1=4,2 sinwt - I, ~0.707-1, Q=3-70-3,6-10°~2,3-10° /1
V2

t=3,6-10% ¢ =2,3 MJIx

R=70 Om

Q=?

2 B ycraHOBKax Juis 3NEKTPOTUAPABIUYECKON 0O0paOOTKH MaTepuanioB KOHJICHCATOPHI paboyero
KOHTypa SIBISIOTCS €MKOCTHBIMH HAKONMUTENSIMH dSHepruu. Omnpenenutre HaUOONBIIYI0  CHITY
KPaTKOBPEMEHHOI'O0 TOKa, BO3HUKAIOLIErO B IE€MNU MpPU NPsIMOM paspsake TaKoro KOHJEHcaTopa Ha
MIPOBOJIHUK, €CJTH U3BECTHO, UTO 3aHECEHHAas dHeprus B KoHaeHcaTope 10 kK, HHIYKTHBHOCTh KOHTYpa
0,03 mxI'H.
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JlaHO: K — KOHTYp Esi=En 5104
I = 1| ———= =10,66-10%"8 =
max ) ’

E= 104 J—I)K U 3.10

~08-10% =8.10°A
L=310%Tu p LI
2
U
]max = %
L

Inax =?

Pemntse 3an0aun

(n - HoMep aule2o sapuanma No CNUcKy)

1. BynayTt nu HacTpoeHbl B pe30HAHC KOHTYPHI MepeJaTyuka U IpueMHuUKa, ecia ux napamerpsl C1 = 200
I[ID, L1 =2 M, C2 =100 I1D; L, =4 mI'H?

2. KoneGaTenbHblii KOHTYP COCTOMT M3 KOHAEHCATOpa €MKOCTbIO SMK®D M KaTyIIKM MHAYKTUBHOCTBIO
0,2 T'H. Ompenenurte MakCUMalbHYIO CHJIy TOKAa B KOHJIEHCATOpE, €CJIM MaKCHUMalbHas pa3HOCTb
NOTEHIMAJIOB Ha oOKiaakax KoHaeHcaropa 90 B. IlorepsiMu Ha HarpeBaHue NpoBOAOB IpeHEOPeUb.

3. DJIC uHAOyKuuW, BO3HUKAIOIIAs B PAMKE IPU BpPALICHUMM €€ B OJHOPOJHOM MAarHUTHOM IIOJIE,
u3MeHsiercs 1o 3akoHy e = 12 sin100 xnt. OnpenenuTe aMIIMTYAHOE U JeiicTByrolee 3Hauenue D/(C,
Nepuo, 4acToTy, MrHoBeHHoe 3HaueHue DJ1C npu t =n c.

4. MarHuTHeIi MOTOK B paMKe, PABHOMEPHO BpAIIAOIIMNCA B OJHOPOJHOM MAarHUTHOM IIOJE,
u3MeHsiercs 1o 3akony @ = 3 - 107 cos157t. HaiiuTe 3aBUCMMOCTh MrHOBeHHOro 3HadeHus DJIC
WHAYKIMH, BO3HHUKAIOLIEH B pamKe, OT BpeMeHU. OIpenenuTe MaKCUMaJIbHOE U JIEHCTBYIOLIEE
3Hauenue JJIC, mepro 1 4acToTy TOKa.

5. B pamke, paBHOMEpPHO BpalLAIOLIEHCS B OJHOPOJHOM MAarHUTHOM IIOJIE, WHAYLUPYETCS TOK,
MI'HOBEHHOE 3Ha4€HUE KOTOPOTO BhIpaxkaeTcst popMyJsion

6. 1= 3 sinl57t. OnpenenuTe aMIUIUTYAHOE, JEHCTBYOIIEE 3HAUEHUE TOKA, MTHOBEHHOE 3HaY€HUE TOKa
npu 0,n ¢, epuo U YacToTy.

7. Ormpenenure MakCUMaIbHOE U JIeCTBYOLIEE 3HaUeHHe nepeMeHHol D/IC, BO3HUKAOLIEH B paMKe IIpH
ee pPaBHOMEPHOM BpAILEHHH B OJHOPOJHOM MAarHHUTHOM IIOJIe, €CIIM HpH YIJe TI0BOPOTa paMku Ha 45°
MraoBeHHoe 3HaueHue DJIC 156 B.

8. Onpenenure Makcumasayto DJIC, 3Has, uro mpu 30° DJIC mamyximum 110 B,

9. B konebatenbHOM KOHTYpe € MHAYKTHBHOCTBIO M MI'H MakcHMajbHOE HalpshkeHHe Ha OOMOTKax
koHaeHcatopa 200 B. ompenenute mnepuos KoseOaHWil CBOOOIHBIX D3JEKTPOHOB B KOHTYpE, €CIU
MaKCHMasIbHas Cuiia Toka B KoHType 0,2 A.

10. Onpenenute cuily TOKa B KoJeOaTeIbHOM KOHTYpE B MOMEHT IOJIHOM pa3psiIku KOHJEHCATOopa, €CIu
SHEprysi MAarHUTHOTO NoJis Karymku 4,8-107 JIxk, a uaaykTuBHOCTS 0,24 T'H.

11. Onpenenute 3HEPruIo IEKTPUUECKOIO MO KOHACHCATOpa EMKOCThIO N MK®D, eciu HanpspkeHue Ha
ero ookimaakax 400 B.

12. Onpenenute Mepuoj M YaCTOTY COOCTBEHHBIX 3JEKTPOMAarHMTHBIX KOJICOAHUN KOHTYpa, €CIU €ro
MHIYKTUBHOCTH | MI'H, a eMkocTs 100 HOD.

13. Onpenenute cuily TOKa B KOJeOaTEIIbHOM KOHTYpE B MOMEHT IOJIHOM pa3psiIku KOHJEHCATOpa, €CIIH
SHEPrys MarHUTHOTO MOJIs KaTymku n Mk, a uHAyKTUBHOCTH 0,12 I'H.

14. UnayktuBHOCTh KonebaTenpHOro KoHTypa 500 MKI'H, Kakyi0 €MKOCTb CIIEAyeT BhIOpaTh, 4TOOBI
HAaCTPOUTH €ro Ha yacTtoTy 1 mI'm?

15. B ycraHoBKax il 3JEKTPOTHIPABIMYECKOM OOpaOOTKM MaTepHanoB KOHJEHCATOp pabodero KOHTYypa

ABJIAETCS €MKOCTHBIM HaKOMUTENeM sHepruu. Onpenenure HauOOMbIIYI0 CHITy KPaTKOBPEMEHHOTO TOKa,
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BO3HMKAIOILIETO B IIENH IPH MPSIMOM pa3psKe TaKoro KOHAEHCATopa Ha MPOBOJHUK, €CIIU W3BECTHO, UTO
3anaceHHast 3Heprus B konaeHcarope 10 k/[x, nnaykruBHocTs KoHTYpa 0,03 MKI H.

16. KonebarenbHbIii KOHTYP COCTOMT M3 KOHJIEHCATOpAa €MKOCThIO 3 MK®D M KaTyIIKW WHIYKTHUBHOCTHIO
2:10”? T'u. Onpenenute cOGCTBEHHYIO YaCTOTY 2JIEKTPOMATHUTHBIX KOJleOaHuii B KOHTYPE.

17. B KaTymke MHAYKTHBHOCTHIO N 1072 I'H coBepIIaroTCs 31eKTPOMArHUTHBIE KONEOAHUS C MEPUOIOM
10 c. Onpeenure eMKOCTh CHCTEMEL.

18. KonebarenbHplli KOHTYp COCTOMT U3 KOHIeHcatopa eMkocthio 0,601 mMx® u karymku c
MHIyKTHBHOCTBIO 10 T'm. OmnpejenuTe NepHOf, YacTOTy COOCTBEHHBIX 3IEKTPOMATHHTHBIX
KoJIeOaHUI KOHTYpa.

19. Konnencarop eMkocTbio 3-107 Mk®, 3apspkeHHBIH 10 HEKOTOPOTrO MOTEHIMANA, Pa3pshKaeTcsl, 3aTeM
3apspKaeTCsl Yepe3 KaTymiky ¢ MHIYKTUBHOCTBIO 1,8 MkI'H. Omnpenenure nepron konebanwii. [Touemy
KaX70€ Hocieayrolee kojedaHue AaeT Ha 0OMOTKaX KOHJIEHCATOpa MEHBILYIO Pa3HOCTh ITOTEHIUAJIOB,
YeM Tpeabiayiee?

20. Onpenenure MEpUOA M YACTOTY COOCTBEHHBIX KOleOaHUN B KOHType mpu emkoctd 2,2 MKD u
uHayktuBHocTy 0,65 MI'H.

21. Beluncnaure 4actoTy COOCTBEHHBIX KojieOaHM B KOHType ¢ comportuBieHueM 0 Owm, eciu
WHIYKTUBHOCTH B 3TOM KOHTYpe 12 MI'H, a emkocTh 0, 88 Mx®. Kak u3meHurcs yacrora kojaeOaHmid,
€CJIU MOCJIEZI0BATENIbHO BKIIOYUTh B KOHTYP €Ille N TAKUX K€ KOoHJeHcaTopa?

22. Yemy paBeH Ieproj COOCTBEHHBIX KOJIeOaHWI B KOHTYpE ¢ MHAYKTUBHOCTBIO 2,5 MI'H 1 emkocTbio 1,5
MK®? Kak u3meHMTCs nepuop KosieOaHui, eciii NapajulelIbHO K KOHAEHCATOpy MPUCOSIUHUTH emie 3
TaKUX ke KOHjeHcaTopa?

23. Pe3oHaHc B KoyeOaTeIbHOM KOHTYpe HacTymaer npu vactote 4,2 kl'u. Onpenenure MHAYKTUBHOCTh
KaTyIIIKH, €CTH eMKOCTh KOHeHcaTopa 2,2 MKD.

24. B xoneGarenbHOM KOHTYpE C MHAYKTHBHOCTBIO 0,4 I'H 1 eMKocThIO 2-107 ® aMIUIMTYIHOE 3HAaYEHHE
toka 0,1 A. Kakum Oyner HampspkeHME B KOHAEGHCATOpe B TOT MOMEHT, KOTJa SHEPruu
ANIEKTPUYECKOTO0 M MarHUTHOro mnojed Oyayr oauHakoBbl? KonebaHusi KOHTypa CuUUTaTh
He3aTyXalolUMHU.

25. OmnpenenuTh UIMHY BOJIHBIL, ecliu ee (hazoBasi ckopocTh 1500M/c, a yactora konebanuii n I'm.

26. Kakoit nyTb npoiaer ¢ga3a BoaHoBoro aeuxkeHus 3a 0,02¢, ecnu yacrora konebanuii 2MI'n, a qymHa
BOJHBI 150M.

27. OnpenenuTs 4acTOTy H3JIyYEHHS YJIbTPa3BYKOBOI'O T€HEPAaTOpa, €CIM MOCHUIAEMBbIH UM HMIIYJIbC,
conepskauuii 100 BosiH, mpoaoKaeTcs n. ¢

28. OnpenenuTs IIMHY BOJHBI YJIbTPa3BYKOBOI'O I€HEpaTopa B IIOMHHHM, €CIIM 4acTOTa yJIbTpa3ByKa
3MTI', a CKOpPOCTh B aTFOMUHUU 5,1%10% m/c.

29. Pagunonepenatuuk pabortaet Ha yactote 6 MI'11. Ckoipko BOJH HaxoAWTcs Ha pacctossHuu 100xkM mo
HaIpPAaBJIEHUIO PACIIPOCTPAHEHUSI paluOCUTHAA?

Tema 5.3. OnTuka

IpakTnyeckoe 3ansitue Ne2() 3aKoHbI 0Tpa:keHHMs U NPeJIOMJIeHHs cBeTa. DopMyJIa TOHKOM
JIMH3BI.

He.ﬂl): HpI/IMeHeHI/Ie 3aKOHOB OTPAXXCHHA U MMPECIOMJICHUSA CBETA IPU PCUHICHUHA 3a1a4.

Beinosnenue pa6orsl cnocodcTByet popmupoBanuio: OK 01, OK 02, OK 03, OK 09, OK 06

MarepuanbHoe o0ecnedeHue:TeTpaab s MPAKTHYECKUX pPabOT, pydyka, METOJUYECKUE
PEKOMEHJALMU 10 BBIMOJHEHHIO pa0OThl, JHHEWKa, KapaHpam. Tabmuma 3HAYeHUH OCHOBHBIX
TPUTOHOMETPUUYECKUX (QYHKIUN

Yka3zanue: [IpakTuueckas paboTa COCTOMT U3 JBYX 4YacTed — TEOPETHYECKOW M MPAKTHUECKOM.
[Tocne n3ydeHuss TCOPETUUECKOTO MaTeprana MOKHO IIPUCTYNATh K BBITOJHEHUIO IPAKTUYECKON YacTH.

Kparkas Teopus.
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3akoH oTpaxkeHusi cBeta OTpaXE€HHBIA Jyd JIEKUT B OJAHOW IUIOCKOCTH C MAaJArOIIUM JTy4OM U
HOPMAaJIbIO K IOBEPXHOCTH, BOCCTAHOBJIIEHHOM U3 TOUYKH MAJEHUA. YTOJ OTPAXKEHUS PABEH YIUIy MMaJCHUS:
. YIUIbl MaiecHusl U OTPAKEHUsI U3MEPSAIOTCS MEXIy HAIpaBICHUEM JIyda U HOPMAJbIO K IOBEPXHOCTH
(puc. 2). 3aKoH OTpa)KeHHUs CBETA CIPABEUIMB U JUIS 1I€pOX0BaToi noBepxHocTU. [lapaiienbHblil mydok
CBeTa oTpakaeTcs oT Hee MU Py3HO, OJHAKO KaXKIbIH JTyY MOJUUHSIETCSA 3aKOHY OTPasKEHUSI.

3akon npenomiienus csera. Iloka3arenb npesiomieHusi. [IpesoMIeHHBIN JTyd JIEKUT B OJHOU
IUIOCKOCTH C MaJIAl0IIUM JIY4YOM U HOPMaJblO K MMOBEPXHOCTH, BOCCTAHOBJICHHON M3 TOUKH MajeHus (puc.
2). OTHoOllIEHHE CHHYCA YyIia MaJeHUusT K CHHYCY yIJIa MPEJOMJICHHS €CTh BETWYMHA MOCTOSIHHAS IS

JaHHOM Taphbl BELIECTB:
SN

ﬁ = H,, = COnSL. (l}

Vron MeXIy HOPMalbl0 W HAJAlOUIMM JIyd4OM HAa3bIBAETCA YIJIOM MaJeHHsA. YTOl MEXKIY
HOPpMAJIbIO U MPCIOMJICHHBIM JIYYOM HA3bIBACTCs YIJIOM IIPCIIOMIICHUSA. IlocrossnHas BennumHa n2l
Ha3bIBACTCA OTHOCUTCIIBHBIM ITOKA3aTCJICM ITPCIOMIICHUSA BTOpOf/’I Cp€abl OTHOCUTCIIBHO HGpBOfI.

IToka3zarenn MMpEIOMJIICHUS CPEAbl OTHOCUTCIIBHO BaKyyMa Ha3bIBACTCA a0COJIFOTHBIM II0Ka3aTeaeM
npenomienus. Kak npaBmiio, 5Ty BeJMUMHY Ha3bIBAIOT IIPOCTO MOKA3ATEIEM MPETOMIICHHSL.

Bonnonas TEOpHUA YCTAHABJIMBACT MPOCTYIO CBA3b IIOKA3aTCJIA IMPCIOMIICHUS n21 co CKOpPOCTBIO
pacipoCTpaHCHUs CBETOBLIX BOJIH B IBYX Cpe€laX

Vi

n

n

Puc. 2. 3akOHBI OTpaXEHUs U MPEIOMIIEHUS CBETA

IIpakTHYeckast 4acThb.

3agaum 11 CAaMOCTOSITEILHOTO PelIeHus :

1. Ha xako# yroa moBepHETCS] OTPAKEHHBIN OT 3€pKaJjia COJTHEYHBIN JIyd MPU MOBOPOTE 3€pKaja

2. Ilpenmet Haxoauics Ha paccTossHUM 20 CM OT TUIOCKOTO 3€pKaja. 3aTeM €ro OToABUHYJM Ha 10
cM

3. B miockocTu sKpaHa HaXOUTCSl UCTOYHHUK CBETA, UCITYCKAIOIIMM Y3KUN MTy4OK JTydel MoJ] yriioM

4. OT NoABEMHOTO KpaHa, OCBEIICHHOTO COJTHIEM, MTa/Ia€T T€Hb JUIMHON 75 M, a TEHb OT
BEPTUKAIBHO

5. JIy4 cBeTra majaeT Ha CUCTEMY JIBYX B3aMMHO IEPIEHAUKYIISPHBIX 3€pKaA. YTOJI NaJCHUS

6. Hax nenTpoM kpyrioro 6acceiiHa paguycom 5 M, 3aTUTOTO J0 KpaeB BOJIOH, BUCUT JIaMIIa

7. Beicota ConHua Haa ropu3oHToM 38°. [1o KakuM yriiomM K TOPU30HTY HAJ0 PACHOJIOKHUTh

8. ConHe4HbIN JTy4, IPOXOIAIIUNA Yepe3 OTBEPCTUE B CTABHE, COCTABIISIET C MMOBEPXHOCTHIO CTOJA

9. HeGomb1110#1 TpeIMeT pacIioiosKeH MEX1y IBYyMsI IDIOCKUMU 3epKajlaMy, 00pa3yIoIIUMHU Yo

10. Ha xakoii BICOTE HAaXOIUTCS adpPOCTaT, €CIIM ¢ OanTHu BbicoToi 20 M OH BUJIEH 10T yTiioM 45°

11. KakoBa 1o/mkHa ObITh MUHUMAJIbHAS BHICOTA BEPTHKAILHOTO 3€pKaJia, B KOTOPOM YEIOBEK
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12. [IpenmeT momMenieH Mex1y ABYyMs B3aMMHO NEPIECHIUKYISPHBIMU 3epkanaMu. CKOJIbKO

13. Tlox kakuM yTIOM K MMOBEPXHOCTH CTOJIA HAJIO PACTIONOKHUTH TUIOCKOE 3epKaJio, YTOOBI
MOJIyYUTh

14. Yenosek, cTosmuii Ha Oepery o3epa, BUIUT HA TJIAJIKON MTOBEPXHOCTH BOJIbI H300paKeHHE
COJIHLIA

15. Cersimasicst TOUKa MPUOIMKAETCS K TNIOCKOMY 3€pKaly co CKOpocThio 4 M/c. C Kakoii
CKOPOCTBIO

16. IIpeamet HaXOAUTCS OT IJIOCKOTO 3epKaiia Ha pacctossuuu 30 cm. Ha kakoM paccTossHUN

17. ToyeyHbI1 ICTOYHUK CBETA OCBEIIACT TOHKUM AUCK auameTpom 0,2 M. [Ipu sToM Ha sKkpaHe

18. I'opu30oHTaNBHBIN Y4 MAJaeT Ha MIOCKOE BEPTUKAIIBHO PAcoioKeHHOe 3epkaiio. Ha kakoi

19. BepTukaiibHO cTOSIIIMM mecT BeicoTol 1,1 M, ocBemeHHbIi ColiHIIEM, OTOpachIBaeT

20. Ha ropu30oHTaJIbHOM CTOJIE 110 MPSAMOI IBUKETCs mapuK. 110 KakuM yrioM K IJI0CKOCTH CToja

21. Ilnockoe 3epkano AB aBHkeTCS TOCTYyNaTeIbHO CO CKOPOCThIO VI=2 M/C, a TouKa S JBUKETCS

22. Ceersmiascs TOYKa paBHOMEPHO JIBIIKETCS 0 MPsiMoid, oOpa3yroreid yros 30° ¢ TIOCKOCTBIO.

KonTposbHbie BONPOCHI
1. CdopmynupyiiTe 3aKOHBI TEOMETPUUECKOM ONTUKHU. YKAXKUTE TPAHULIBI TIPUMEHHUMOCTH 3TUX
3aKOHOB.
2. [aiite onpeneneHre abCOIIOTHOIO U OTHOCUTEIBLHOTO MOKa3aTess IPEIOMIICHHS U TOKaXHUTE
CBSI3b MEXKy HUMH.
3. KakoB ¢u3nuecKkuii CMBICI IOKa3aTelsi IPEIOMIICHHUS C TOYKU 3PEHUS BOJTHOBOU TEOPHH CBETa?
VYcraHoBUTE CBA3b MEXKIY MOKA3aTEIEM MPETOMIICHHS U IJIMHOM BOJIHBI B BAKYYME U Cpe/ie.
4. YkaxuTre OCHOBHBIE IPUUMHBI IOIPEIIHOCTEN U3MEpEHU I

Pa3znesn 7 KanroBas pusuka
Tema 7.1 KopnyckyJasipHO-BOJIHOBOM AyaaIu3M.

IIpakTuyeckoe 3anaTne Ne2l. Pemienue 3apa4y no reme «3axkonsnl porodddexra. YpaBHeHHue
DifHIITEl HAY.

Hesas padoTbl: chopMUpOBaTh MOHUMAHUE POJIU (GU3UKU B (POPMUPOBAHHM Kpyro3opa BIIaJCHUE
OCHOBOITOJIATAIOIIMMU (PU3UUECKUMH TOHATHIMM, 3aKOHOMEPHOCTSIMH, 3aKOHAMH U TEOPHSIMU; YMEHUS

BBITNOJHATH pacyeTHbIe U rpaduyecKue 3a1aun

Boinosnenue pa6orsl cnocodcTByet popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06

MarepunanbHoe obecrieyeHue:

WHIUBUAYAIbHOE 3aJ]aHKe, KOHCIEKT JIEKIHU, CIPaBOYHbIE MaTepUAIIbI.

Yka3anue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX YacTed — TEOpPEeTHYeCcKOoMl M mpaktudeckou. Ilocne
M3Y4YEHHs] TEOPETUUECKOr0 MaTepuaiga MOXKHO IPUCTYNaTh K BBIIOJHEHUIO NPAKTHYeCKOM dacTu. OHa
COCTOMT M3 ABYX M 0OoJjee 3ahay JJii CaMOCTOSATEIbHOro BblMoJiHEHUs. He 3a0bIBaiiTe 0 mMpaBUIIBHOM
oopmienun pemienus. Ha BelmonHEeHHE TPAKTUYECKOTO 3a/1aHUS] OTBOJUTCSA JBa aKaJIEMHUUECKUX daca.

3ananue:

O3HaKOMBTECH C TEOPETUYECKUMU CBEIECHUSIMU
Pemnre 3amaum, caMOCTOSTENbHO HCIOJIB3Ys IPUMEPbl M KpaTKUE TEOPETHYECKUE
CBEICHMUSL.

Iopsinok BbINOJIHEHUS PA0OTHI:
1. W3yuute u BeImUmmTe GOPMYJIBI IO TAHHOK TEME B BUJIE KPATKOTO KOHCIIEKTa
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2. Pazbepute nmpumepsl pelICHHBIX 3aa4

PermnTe caMOCTOSATENBHO 3a0a4l

4. BpmonaHuth  TeCcT  https://znanium.com/catalog/product/1012153, ctp 346
«Dororpdhexr. Popmyna [Tnankay

(O8]

KpaTkue TeopeTnyeckue cBeeHUs
DHeprus KaKA0i MOPIHUY MPSIMO MPONOPIUOHAIBLHA YacToTe u3nydeHus — v. E=hv [[1x],
rae h — nocrosiaHas [Inanka, 4 = 6,63-107 [[Ix-c].
[TornoTuThCs MOKET BCS OPIUS LIETUKOM.
DHeprus cBeTa hv HIET Ha CcoBeplieHHEe padoThl BbIXOJAAa A; M Ha COOOIIEHUE JJIEKTPOHY

2
KMHETHYecKoM sHeprun — 1Y hyv=A,+
2

2 2
mvv ., mv _
P} _EK.
2

Jiis kaxxoro BemiecTBa GoTodPGeKT HAOIIOACTCS, €CITH YaCTOTa V> Viyin = hv > A. [IpenenbHyro

. . A
YaCTOTY Vinin WU Amax HA3BIBAIOT KpacHOU rpanuiei gorosddexra. vinin =< ,rne 4¢ — paboTa BbIXOJa
h

snexrpona [Ix]. I9B = 1,6-107"° [xc.

doToH 00s1aaeT MOPLUEH YJHEPTHH: F — he _ hv,Tae v—uacrora [['1];
A

h — nocrosaHas [Tnanka, 6,63-10°* [Ix-c].
hv

Macca dorona onpenensiercs: = -, [JIe ¢ — CKOPOCTh CBETA, c=3-10% m/c.
C

®oTOH HE HMEET MAaCCHI IMOKO#A, T.C. HC CYHCCTBYET B COCTOSIHHWH IIOKO. I/IMHYJ'II)C (i)OTOHa

hv h
ONIPENIENSACTC: p=mc=— = "
C

IIpumenenne porodddexra

CBoiicTBO (HOTOTOKA 3aKITIOYAETCS B TOM, YTO €0 CHJIa MPSMO MPOMOPIIMOHATbHA MOTJIOMICHHON
SHEPTHH CBETAa, HAXOIUT MPUMEHEHHUE B MPUOOpax-POTOITEMEHTAX, B KOTOPBIX SHEPTHs CBETA YIPABIISIET
SHEpPruel MEKTPHUUECKOTo TOKa WU mpeoldpa3yercs B Hee.

PazHooOpa3zHoe nprvMeHEHHE HaxOJUT BHYTpeHHUl (oTorddeKkT B MOIyNpOBOAHHUKAX. ITO
SIBJICHUE UCTIOJIb3YETCS:

1) B poTOoConpoTUBIIEHUAX — TPUOOPaAX, COMPOTUBIIEHNE KOTOPBIX 3aBUCUT OT OCBEUICHHOCTH;

2) B TONYNpPOBOJHUKAX — TMpUOOpax, MpeoOpa3yromuX CBETOBYIO OJHEPTHUI0 B DHEPTHIO
AJIEKTPUYECKOTO TOKa. Takwe mpuOOphl Ciy)aT MCTOYHUKAMU Toka. CyIecTBYIOT SBIICHUS,
00BsICHSIEMbIE KBAHTOBEIMU CBOWCTBAMH U3ITyUEHUSI.

1. /lagnenue ceema. llepBbie onbIThl ObuUIH Tpoaenansl B 1900 r. pycckum ¢usukom JlebeneBpim
[1.H. Beruncnenuss MakcBemnia mokasajid, 4TO Ha 3eMJIe COJIHEUHBIM CBET JaBUT Ha KBAJPATHBIA METP
4epHOI MOBEPXHOCTH, PACIIONOKEHHON HepIeHUKYIIpHO TydaM ¢ cumoii 4,5-107¢ H.

2. Tennosoe Oelicmeue ceema. Ilpu TIOTIIONICHUH W3IIYYCHHS TEJIOM BCETa MPOUCXOIUT
MpEeBpallleHHE SJHEPTUU U3TyUYECHUsI BO BHYTPEHHIOIO YHEPTHUIO TEa.

CosHeuHbIE JTy4yd NPUHOCAT execekyHIHO 1370 JIk sHepruyM Ha KaXAbld KBaJIpaTHBIA METP
MONEPEYHOTO CEYCHUS 3EMIIU.

3. Xumuueckoe Oeticmeue ceema. XHUMHYECKHE TPOIECCHI, MPOUCXOMAIINE TOJ EeHCTBHEM
U3ITyYeHUs, IMEIOT OOJIBIIIOE 3HAYCHHE B MPUPOJIC, HAYKE M TEXHUKE:

— (dorocunTes;
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— CIOCOOCTBYIOT BO3HMKHOBEHUIO 3pUTEIBHOIO OIIYIIEHHS Y YeJIOBEKa U AKUBOTHBIX
U Jal0T BO3MOYKHOCTb Pa3JIM4aTh L[BETA;
— nosrydeHue ¢otorpadumu.
XUMHUYECKOe eHCTBUE H3IIyUYEHHUS] OY€Hb XOPOIIO O0OBSICHIETCS KBAHTOBOM TEOpPHEH CBETA.
[Tornomenue GoTOHOB yBETUYHUBAET SHEPTHIO MOJIEKYJT [IIIPOUCXOIAT XMMUYECKHE IIPOLIECCHI.

IIpumepsl pemienus 3agaq

1. Ompenenure MakKCHMaJbHYHO CKOPOCTb BbIJIE€TAa 3JEKTPOHOB M3 Kajius, paboTa BbIXoJa
3JIEKTPOHOB U3 KOTOPOTo paBHa 2,26 3B, mpu ocBenIeHnH ero yiabTpaduoieTOBIM U3ITyUYSeHHEM C JUTHHOM
BonHbI 200 HM. Macca snektpona 9,1-10°! kr.

Jano:
A =200 um CH
PeweHune:
As=2,26 3B 200-10
—9,1-103 kr  2,26-1)6-10""° Tx M3 ypaBHEHMA DMHLIITENHA ANA BHELUHETO
m- ’ > b
c=23-10%w/c doToadpdekTa:

h=6,62-10>* Ix-c 2
’ A oy M [eh=iA) ;
v—7? A 2 Am,

B /2(3-108-6,62-10’34—2-10’7-2,26-1,6-10"9)7 (19,86 —7,232)-107
2-107-9,1-10*

- =118-10° 2
9,1-10~ c

Otser: v = 1,18-10° m/c.

PemnTsh 3a1aun caMOCTOSATEIBHO
(n - HoOmep 8awie2o apuanma no CNUCKY)

1. PaGota BeIXOAa 3JIEKTPOHOB y OoKkcuaa mMeau 5,15 »B. Bezoser au dhotodrddext ynpTpaduoieroBoe
u3Tydenue ¢ gactoroit 0,01-10'7 T'?

2. Pa6ota BBIX0OJ1a SNEKTPOHA C IOBEPXHOCTH He3us pasHa 1,6-107 JIxk. C kakoif cCKOPOCTBIO BBLUIETAIOT
SJIEKTPOHBI M3 I€3Usl, eCId MeTall OCBELIEH KENThIM CBETOM ¢ JIMHON BojiHbI 0,6-10° M; me =
9,1-10°! kr?

3. Haiigure maccy u umiynbe GpoToHOB s uHPpakpacHbX (v=10'2Tu) u pentrenosckux (v=10" I')
Ty4qei.

4. Haiigute IMHY M 4acTOTY M3JIydeHHs], Macca (POTOHOB KOTOPOTO paBHA Macce MOKOs 3JEKTPOHA (Me

=9,1-103! kr).

KakoB uMmyJbc (OTOHA, SHEprus KoToporo pasHa 61071 ITx?

OnpesienuTe UMIYIbC GOTOHOB PEHTIEHOBCKUX Tydeit A = 410711 M.

KaxoBa macca (poTOHa, ecili ero sHeprus papna 2,76-101% Jix.

DHeprus kBaHTa cBeta pasHa 1,98-102!. Kakoe 510 nsnydenue?

Onpenenure 3HEPTUI0 (HOTOHOB, COOTBETCTBYIOIIMX HamOoJee NIUHHBIM (A = 0,76 MKkM) 1 Haubosee

KopoTkuM (A = 0,4 MKM) BOJTHAM BHJIMMOM YacCTH CIIEKTpa.

10. Kakoii 4acTOTHI CBET ClIeTyeT HAIPAaBUTh Ha MOBEPXHOCTh IUIATHHBI, YTOOBI MAaKCHMAaJIbHAsI CKOPOCTh
($0oT037eKTPOHOB OblIIa paBHA N KM/C pabOTO BbIXOJIa JUIS IJIATUHBI paBHA 6,3 3B?

11. TTouemy nosiBnenue ¢pororpadhuuecKuX CHUMKOB IMPOU3BOIUTCS MPU KPACHOM CBETE?

12. MoxHo 11 oTtorpadgupoBaTh NpeAMETHI B COBEPILICHHO TEMHOM KOMHaTe?

13. Onpenenure umITyIsbe poTOHA BUAMMOTO CBETA € JTMHON BOJHBI S00 HM.

A S AN
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14. Onpenenure NIMHY BOJHBI (DOTOHA, UMITYJIBC KOTOPOTO PaBEH UMMYJBLCY JIEKTPOHA, MIPOJIETEBILETO
YCKOPSIOILYIO pa3HOCTh OTEHIIMAIOB N B.

15. OnpenenuTe 3HEPTUIO U3ITydeHHUs, Macca (POTOHOB KOTOPOIO PaBHA Macce MOKOS JJIEKTPOHA Me =
9,1-10°! xr.

16. Beruucnure sHepruto ¢oroHa Bugumoro ceera A = 0,4 MKM W CpaBHHUTE €€ ¢ 3Heprued QoroHa
yIbTPaQHOIETOBOTO U3ITyUYCHHsI KBapIeBO jJammbl A = 0,25 MKM.

17. T1pu kaKoii AKMHE 21EKTPOMATHUTHOM BOIHBI SHEprHs (poToHa Oblaa Ob paBHa 2,8-10717 JIx?

18. Onpenenure paboOTy BBIXOJA AJICKTPOHA C MOBEPXHOCTH IIMHKA, €CIM HAWOOJNbIIAs JUIMHA BOJHBI
¢doToHa, Be3bIBaromIas ¢Gotodddext — 0,3 MKMm.

19. KakoBa MakcuMaibHas CKOPOCTh (POTORIEKTPOHOB, €CiIi (POTOTOK MPEKpaIlaeTCs MPU 3alupPaoIIeM
Hanpsokernn 0,6 B (me =9,1-103! xr; ¢ = 1,6-10"° Kn)?

20. Onpenenure KpacHyto rpanuity Goroaddexra amas meramia ¢ paboToit Beixoaa n 3B.

Tema 7.2 CTpoenue aroma

IMpakTuyeckoe 3anaTue Ne22 [Mocryaaresl bopa. JHepreruyeckne ypoBHH.

Hean: U3yunts nocrynatel bopa. HayunTbes pemars 3ajauu ¢ y4eTOM IEPEX0a aTOMOB C OJHOM
OpOUTHI HA IPYTYIO.

Beinosinenue padorsi cnocodcTByer popmupoBanmio: OK 01, OK 02, OK 03, OK 09, OK 06

MarepuaabHoe odecrieuenme:

TeTpajb Ui MPAKTUYECKUX paboT, pyuKa, METOJAHUYECKUE PEKOMEH/IAIIMHU IO BBIIOJIHEHUIO PabOTHI,
JIMHENKa, KapaHIalll.

VYka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETUUYECKON M MPAKTUYECKOM.
[Tocne n3ydeHus: TEOPETUYECKOTO MaTEpraga MOKHO MPUCTYNATh K BBIMOJHEHUIO MPAKTUYECKOW YaCTH.
Omna cocTouT U3 ABYX u OoJiee 3a/1a4 AJis1 CaMOCTOATEIHHOTO BhINMONHEeHUs. He 3a0bIBaiiTe 0 mpaBUiIbHOM
odopmiieHnn perieHus. Ha BpIMoTHEHNE TPAKTUYECKON OTBOJIUTCS JIBA aKaJIEMHYECKUX yaca.

Kpartkas Teopus

Mopnens atoma Pezepdopaa mpoTUBOPEUUT KIACCHUECKOM dNeKTpoauHamMuke MakcBenna. Beixon u3
CIOXUBIIIEHcs cuTyanuu 061 HalineH Hunscom bopom. B 1913 roxy on monomuun moaens Pezepdopaa
JIBYMsI TIOCTYJIaTaMH, Ha3bIBAEMbIMH KBaHTOBBIMU MOCTyJaTaMu bopa. [lepswiu nocmynam bopa

(nocmynam cmayuoHaApHsIX COCMOSHULL):
B atome cymiecTByIOT cTarimoHapHBIE OPOUTHI, IBUTASCH 11O KOTOPHIM AJIEKTPOH HE U3ITyJaeT.

Bmopou nocmynam (npasuno wacmom): 3ydeHue U MOTJIONICHUE YHEPTHH MPOUCXOIUT MPHU TIEPEeX0Ie

AJIEKTPOHA C OHOM CTAIIMOHAPHOM OPOUTHI HA APYTYIO.

DHeprust U3y4YeHHOTO WU MOTJIOICHHOT0 (DOTOHA paBHA Pa3HOCTH SHEPTUN CTALIMOHAPHBIX COCTOSHUMN
hv = Ek - En;

Yacrora uznydenus pasHa: v = (Ek - En) / h
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Wnu, ruivHa BOJIHBI U3JIyYEHHUS A paBHA:

A= hc/ (Ek - En), tne h — nocrosiuHas [limanka, ¢ — CKOpOCTh CBETa B BaKyyMe.

Ecmu Ek > En, To mpoucxoauT uzjaydeHue ¢gorona, ecinu £k < En, TO MPOUCXOIUT NMOTJIOMIEHHE
(oTona, npu KOTOPOM aTOM MEPEXOAUT U3 OJHOTO CTALIMOHAPHOTO COCTOSIHUS B IPYroe. DHEprus
AJIEKTPOHA, KaK ¥ CKOPOCTh U Payc OpOUTHI, MPUHUMAIOT JUCKPETHBIA HAOOp 3HAYCHUH, T. €.
KBAaHTYIOTCS. PacueTsl 4aCTOT EPEX0I0B C SHEPIrETUUECKUX YPOBHEH JUIsl aTOMa BOJOPO/ia AAI0T

3Ha4YCHHUs, COBIIAAIOIIUE C SKCIICPUMCHTAJIBHBIMU BEJIMYMHaAMU CIICKTpa BOAOPOAA.

I/ICHOHB3YSI MOHATHUEC DHCPICTUICCKUX ypOBHCfI B aTOMax OBLIO OTKPBITO SABJICHUC MHAYIHUPOBAHHOI'O
H3JIYyYCHUS. 9TO SBJICHUE HCIOJIB3YCTCA B JIa3€pax, yCTpOﬁCTBaX, KOTOPBIC NAOT UHAYIIUPOBAHHOC

H3JTYYCHUC B PA3JIMYHBIX AHUAIIA30HAX SJICKTPOMArHUTHOI'O U3JTYyUCHUS.

IIpakTnyeckas yacTb. Pa3oop TpeHNpPOBOYHBIX 3aJaHUI.

BriOGepure npaBUIIbHBIN OTBET.

KaxoBa sneprus (oToHa, U31y4aeMoro aToMOM MpHU NEPEXo]ie U3 BO30YKIEHHOTO COCTOSIHUS C dSHEpruei

E1 B ocHOBHOE cocTosinue ¢ sHeprueit EQ?

BapuaHTsl OTBETOB:

E, — Ep
1) -

E, + E;
2) h
3)El-E0
4) E1+ EO

[IpaBunbHBIN BapuaHT/BapHaHThI (MU NpaBUIbHbIE KOMOMHALMU BapuaHToB): 3) E1— EO.

[Tonckaska: BcnoMHUTE BTOpOi nmoctyJiat bopa.

2.Pemnth 3a1auy: «MakcumanbHas AJIMHA BOJIHBI, H3Ty4aeMoil B cepun banbmepa paBHa HM».

Pemenue:
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ITo popmyne bansmepa-Punbdepra:

=R (G- )

22 nt

PN

OTtcropa:

1
A=

1 1.
R'(?_n_:)

MakcumanbHas JJIMHA BOJIHBI COOTBCTCTBYCT MUHUMAJIbBHOMY 3HAYCHUIO PA3HOCTU:

36 36

——r ﬁ:m:&% » 107" = 656 HM

A

R =10973732 m-1.

Or1Ber: ’{nmx = 656 HM

3agauu 1019 CaMOCTOSITEILHOTO PeLieHH s :

1. Boruucnute sHepruio E oToHa, ucmyckaemMoro mpu mnepexojie 3JIEKTpoHa B aTOME BOAOPOAA C
TPETHETO SHEPreTUUYECKOI0 YPOBHS Ha MEPBBIi.

2. Haiinnre MakcuMaJIbHYO JUIMHY BOJIHBI, M31y4acMol B cepun banbmepa.

3. Ilpu mepexoge HJIEKTPOHA B aTroMe W3 CTAllMOHAP-HOTO COCTOSIHUA ¢ JHeprued — 4,8 »B
u3nydaercss (OTOH, 3Hep-rMs Kotoporo pasHa 3,1 sB. Omnpenenure >HEpPrur0 KOHEYHOTO
COCTOSIHUS DJIEKTPOHA.

4. Omnpenenuts u3MeHeHue sHepruum AE aiieKTpoHa B aromMe BOJOpOJa MPU HM3IYYEHHM aTOMOM
dotona ¢ yactoroit 3=6,28-1014 I'i. OTBET 1aTh B AIEKTPOH-BOJIBTAX.

5. Ha ckonpko M3MEHMJIaCh KMHETUYECKAsi SHEPTUs JIEKTPOHA B aTOME BOAOPOAA MPU U3Iy4EHUU
aToMoM (poToHa C JITMHON BOTHBI A=486 HM?

KoHTpoJibHbIE BONIPOCHI

Chopmynupyiite moctynaTtsl bopa.

B kakoM ciyuyae sHeprus norjiomaeTcss aTOMOM, a B KAKOM HCITyCKaeTcs?

Kaxwne nmporuBopeuns ects B Teopun bopa?

Yemy paBHa dHeprus (HOTOHA, HCIYCKaeMOro aTOMOM IIpH Iepexojie B JApYyroe
JHEPreTUYecKoe COCTOsIHUE?

5. MoxerT a1 aTOM U3JIy4aTh U MOTJI0MATh (POTOHBI € JIF0OOH 4acTOTOM?

AW~
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Tema 7.3 AToMHOe IPO

IIpakTuyeckoe 3ansitue Ne 23. «3anuch siiepHbIX peakuuii. CTpoeHHe aTOMOB M aTOMHBIX
siiep. 3aKOH PaJHOAKTHBHOI0 PacHaiay.

Heab padoTbl: copMupoBaTh MOHUMAHHUE PONU (HU3UKU B (POPMHUPOBAHUM KPYro3opa BiaJleHuE
OCHOBOTIOJIATAIOMIUMHU (PHU3UICCKUMH MOHSITUSIMH, 3aKOHOMEPHOCTSIMHU, 3aKOHAMH U TEOPUSIMU; YMEHUS
BBITIOJHATH pacueTHBIC U TpaduyecKue 3a1auu

Boinosnenue pa6orsl cnocodcTByet popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06

MarepuanbHoe obecrieyeHue:

WH/AMBUYalIbHOE 33aJJaH1€e, KOHCIIEKT JIEKLIU, CIPaBOYHbIE MaTepHUaJIbl.

Ykazanmue:

[TpakTuyeckoe 3aHATHE COCTOMT M3 JIByX 4acTed — TeopeTudeckoil um mnpaktuueckoid. Ilocne
N3YUYCHUS TCOPECTUYCCKOr0 MarcpHaia MOXHO HPUCTYHNATb K BBIITOJIHCHUIO Hpﬁ.KTH‘-IGCKOfI yactu. OHa
COCTOUT M3 JABYX M Oojee 3agay AJIsi CaMOCTOSATENBHOrO BbINOJIHEHUs. He 3a0biBaiiTe 0 MpaBUIIBHOM
O(l)OpMJ'IeHI/II/I peicHus. Ha BemoaHeHme IMMPAKTUYCCKOI'0 3alaHus OTBOAUTCA JIBa AKAACMUYCCKHX Haca.

3amanmne:

O3HaKOMBTECH C TEOPETUIECKUMHU CBEICHUSIMHU

Pemnrte 3amaun, caMOCTOSITENbHO HCIOJIB3Ys IPUMEPbl M KpaTKUE TEOPETHYECKUe
CBEJICHMUSL.

BeinonHuTh TECT

IHopsinok BbIMOIHEHUs PA0OTHI:

1. H3yuuTe KpaTkue TEOPETUYECKUE CBEICHUS

2. Pa3Gepute nmpuMepsl peLIEHHBIX 3a7a4

3. PemmTe caMOCTOSTENHHO 3a4auu

4. Brmoauuts TecT https://znanium.com/catalog/product/1012153, ctp 347 «CtpoeHue
aToMa U OIpeJelICHHUE €ro cocTaBa 1o Tabimie MenaeneeBay, ctp 349, « SnepHas
peakiusd. YpaBHEHHE SAEpPHON peakiuny, «PagnoakTUBHOCTh. SIAepHbBIE CHUIBD K
YKa3aHHbIM maparpadam

KpaTkue TeopeTuyeckue cBeIeHUs
[Ipu pagroakTHBHOM pacriajie MPOUCXOAUT MPEBPAIICHUE OJTHOTO SApa B IPYroe, KOTOPOE MOAUHNHSIETCS
IpaBHJiaM cMellleHus1, chopMyaupoBaHHbIMU Coau:
l. a-pacman: /X —/Y+,He — M3Iy4eHHUE A1€p TENUS.

2. B-pacnman: /x—,4y+ ¢ — H3Iy4eHHUE DIIEKTPOHA.
CrtpoeHne aTOMHOTO si1pa

IIpomonno-netimponnas mooensb amoma — SJIpo COCTOUT U3 HEUTPOHOB U MPOTOHOB, BOKPYT MO OpOUTaM

BpalaroTcs 1eKTpoHbl. OO0111ee Ha3BaHHE TPOTOHOB U HEUTPOHOB — HYKJIOHYL.

IIpomon (p) UMeeT MONOKUTEbHBIN 3aps/, PaBHBIHA 3apsTy >J1eKTPOHA U Maccy Hokos m, = 1,6726-1077

KT.

Hetimpon (n) — He#TpaabHas 4acTHIIA ¢ MAcCoil TToKos my, = 1,6749-10°%7 r.

Maccosoe uucno A — obuiee 4UCI0 HYKJIOHOB B @aTOMHOM SIIpe, T.€. CyMMa HEMTPOHOB U IIPOTOHOB.

3apaooeoe uucno Z — 4UCIO MPOTOHOB B SAPE, COBMAJAIOIIEE C MOPSIKOBBIM HOMEPOM XMMHUYECKOTO

3JIEMEHTA B MIEPUOJUYECKON CUCTEME PIIEMEHTOB MeHieneeBa.

ATOM XUMHYECKOTO 37ieMenTa 0603HauaoT | X .

Hanpumep, *>U , B KOTOPOM COJIEPKHUTCA Z — IPOTOHOB M 3JIEKTPOHOB, T.€. Z = 92 n A — MaccoBoe 4ucIIo,

KoTopoe paBHO 235. N — npoTOHOB, T.6. N =4 —Z = N=235-92=143. 4 =Z+ N
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HoepHule cunvbl — CHITBI, KOTOPBIMHU HYKJIOHBI YJIEPKHBAIOTCS B siipe. UTOOBI pa3aenuTh SApo Ha
COCTaBJISIONINE HYKJIOHBI HEOOXOAMMO 3aTPATUTh OOJIBIIYIO YHEPTHIO — 9HEPSUIO AMOMHBIX s10ep —
paboTa, KOTOPYIO0 HEOOXOIMMO COBEPIIUTS ISl pa3jieeHus Aapa Ha HYKIOHbL E.s = Amc’.rne Am = Z-m,
+ N-my — Muopa — NedeKT Macchl.
DHepeemuuecKuM 6blX000M AJIEPHON peaKIIMU Ha3bIBAIOT PA3HOCTh SHEPTUI MMOKOA AJIep U YaCTHUIL J10
peaknuu u nocne Hee, To ecTh:AE = (Zm; - m;)-c?,
rje m; — CyMMa MaccC YacCTHIl IO PEaKII1H;
Xm; — CyMMa Macc YacTHI] MIOCIIE PEaKIUH.
Ecau Xm;>Xm;, TO peakuus UJET C BbIICICHUEM YHEPIUH, €CIIM XM <Xm;, TO PEAKIHs UIET C
MOTJIOIIEHUEM SHEPTHUH.
Hoepnas peaxyus — IpEeBpaILIEHUE aTOMHBIX sJIep TP B3aUMOJICHCTBUU C AJIEMEHTAPHBIMU YaCTHIIAMHU.
SnepHble peakuy MPOTEKAIOT MO-Pa3HOMY, T.€. C UCITyCKAaHUEM Pa3IUYHBIX YACTHII:
. Bet+ He—':C+ n

5
3axon coxpanenus neKmpudeckKux 3apsa008 U Maccosvlx yucesl: CyMMa 3apsioB (MACCOBBIX YUCEN) AlIep
U YaCTHll, BCTYNAIOLIUX B SAEPHYIO PEAKIIHIO, paBHA CYMME 3apsiI0B (MacCOBBIX YHCEI) KOHEUHBIX

2 24 4

IPOAYKTOB (si7ep U yacTul) peakuuu. Hanpumep: i Al+on—>Na+;He .
Z (no peakuun) = 13 +0 Z (nocne peakiun) = 11 + 2
A (mo peakuun) =27 + 1 A (mocine peakuun) = 24 + 4

IIpuMepsI pelieHus 3aa4
1. Kyzna cMeniaercs moJiy4eHHBIH 3JIeMeHT B Ta0ymiie MeHieneeBa B pe3yyibTare IsaTH O.-pactaioB?
.4 4 ? - — _ 4
JaHo: X 55/ Het'Y | o-pacnag, — 370 NOTOK AAep reans — * fle, T.K. UX 5=

Z(5Z4He) =52 = 10 — 3apag; A(S:He) = 5.4 = 20 — maccosoe
OTBeT: 3JIEMEHT Y OTHOCUTEIHHO XCMCIJ_[aeTCH Ha J€CATH KIJIICTOK K HaYaJ1y Ta6J'II/II_U>I.
5. 3aKOHYHTE ANEPHYIO PEAKLUIO: "B+ — 7+ ]Li .

[To 3akoHy coxpaHEeHHUs 3apsia U MaCChI:

1o peakiuu Z = 5 + 0; mocne peakiuu Z =15 —3 = 2;

1o peakiuu A = 10 + 1; nocne peakuuu 4 = 11 —7 = 4.

ITosy4aeTcst 7IEMEHT € 3apAIOM 110 peakinu Z =2 u Maccon 4 =4 — *ffe.

OtBeT: "'B+'n— He+]Li-

1. Onpeodenume snepeemuueckuil 8b1X00 A0EPHOU PeaKyutl
“N,+*He,=""0,+'H,

1 cnocoo

1) onpedenumsv maccy aopa u wacmuy ml 0o peaxyuii
2) onpedenums maccy A0pa u yacmuy m2 nocie peaxyui
3) onpedenums usmenenue maccol m ml m2

E=m*c’
4){7accqumamb U3MEHEeHUue 3Hep2uu.
M, =14,00307 5 o m+4.00260 a.e.m.==18,00567 a.e.m.
l_lm:n-s: pCﬂKLUf[[fl:

My=16,99913 a.e.m.+1,00783 a.e.m.=18,00696 a.e.m.

m="""" = _ (00129 a. e. m.
DHeprus noraomaercs, T.k. m <
E=(-0,00129)*931 MaB .= -1.2 MaB.

2 crmocod

99



10.

1.
12.

13.

14.

15.

16.
17.

Nano: Pewenue:

E, =104,653

" MsB DHEprus CBA3M PABHA HYJIK, TOITOMY
E,=282937 . E=E-(+E,
E,=131754 M>B E= 131,754 MaB ~(104,653+28 2937)M»B= -1, 2M»B
E-? Omesem: 1,2 MaB

Pemuth 3agavuu CaMOCTOATEJIBbHO

Kakogo ctpoenue sapa aToMoB: 60pa B ; OEPUILIUS °Be; a30Ta N ; AIFOMUHUS > 4] ?

YeMm oTiiMyaroTCs sApa M30TOIOB BOAOPOAA 'H , *H , *H ? Kak oHM Ha3bIBarOTCS?

Kyna cmemaercs snemeHnt Y B pesyibTaTe o-, B-pacnanaa B Tabmune MenaeneeBa?

a) ‘x—>3°%tY; 0) /X Het e tY,

B) 'X—>2'He +3 % tY; ) ‘X—>'He+t3 ‘% +Y.

[Ipu GomObapaMpoBKe M30TONMA a30Ta '“N HEWTPOHAMHM IOJy4YaTcsi M30TOIl YIIEPOAA '“C, KOTOPBIH
OKa3bIBACTCs [-paJiiOaKTUBHBIM. Hanmummmre ypaBHEHUS SIEPHBIX PEAKITHI.

B pesyibrare 3axBara HEWTPOHA SIPOM M30TONA a30Ta “N 00pasyeTcsi HEM3BECTHBIN SIEMEHT M OL-

yactuua. Hanumure peakuuio U onpeaesnTe HEM3BECTHBIM AIEMEHT.

Haiinure mpomykT peakuuu npu 60MOapAMpOBKE SI€p M30TONA MAarHus g O-4aCTHLAMH, €CIIH
W3BECTHO, YTO B 9TOW PEAKIIUM BBIIEIIAIOTCS HEUTPOHBI.

3anuiuTe CXeMy SACPHOM peakuuu U ONpPENeNIUTE HEU3BECTHBIN 3JIEMEHT, O0pa3yoIuics MpH
OOMOapIMPOBKE sA/IEP M30TONOB ATIOMUHHA 2 4] OL.-4aCTULAMH, €CIIH M3BECTHO, YTO OJMH M3
MPOJYKTOB PEaKMi HEUTPOH.

DIEMEHT Kyp4aTOBMA MMONyYWsId, OOiydas IUlyTOHMH 22py, sApaMd HeoHa >Ne. Hamummre

PEaKIINIO, €CJIM U3BECTHO, YTO B PE3YJIbTaTe 00pa3yeTcs elle YeThIpe HEHTPOHa.
Hanvmre Heoctaronpe 0003HaYeHHs B CICAYFOIINX STICPHBIX PEaKIHsX:

a) Y Al+!n — 7+ He; 0) ?+'H—>%Na+'He;
B) SMn+ 7> Fetln; ) JAl+y—>%Mg+7?;
n) “B+ln—?2+as €) SMn+'p —2+/n;
K) Li+‘He — 7+ He; 3) 2H +y — ?+/n.

IIporakTuHui %' Py O-pamroakTuBeH. Onpesenure, Kakoi dJIEMEHT MOTyYaeTcs ¢ MOMOIIBIO 3TOTO
pacmana?

B kaxoii 27I€eMEHT peBpamaeTcs 2 mocie AByX -pacnagoB U OIHOIO ci-pacnajia’?

Slnpo u30TONA BUCMYTA 2! B; MOJIYYHIIOCH W3 APYTOTO A1pa Mocje o-pacnana u B-pacnana. Yro s1o 3a
aapo?

B pesysnbrare 3axBata O-4aCTHIBI SAPOM HM30TOIA a30Ta '“N 00pasyeTcs HEM3BECTHBIA DJIEMEHT M

npoToH. Hanmummre peakuuio U onpeaenuTe HeM3BeCTHBIM AIIEMEHT.

Bo3moxHa 15u  peakiuusi, OPOUCXOAsIIas Mpu OOMOapIUpOBKE QIIOMHHHS O-4acTULAMU U
COIIPOBOK/IAIOIIYIOCSI BHIOMBAaHMEM HEUTPOHOB, €CIM B PE3yJbTaTe IMOMYYaeTCs sIPO KPEMHHUS C
MaccoBbIM 4ynciaom 307

llpu nenenuu simpa ¥/ BBIACISETCS SHEPTUS 3,2-107"" JIxx (200 M»3B). Paccuuraiite sHepruto,
KOTOpas BBIICIUTCS [IPU CTOPAHUU YpaHa KOJTMYECTBOM BellecTBa 1 MOJb.

Onpenenure SHEPrUIO, BHIAEIAIOIIYIOCS B XO/I€ TEPMOSIIEPHOM PEAKUK 'H+ H — He .

N3oton renus *He NOyvaeTcs B pe3yabraTe 00MOapAMPOBKM sAep TpUTHUs *H nporoHamu. Hakgure

SHEPrETUYECKUH BBIXOJ 3TOW PEAKIUU.
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JlabopaTopHblie padoThI

Tema 2.1 KunemaTuka
JlaGoparopHoe 3ansiTue Nel «OnpeneseHue NJIOTHOCTH TeJIa PA3JIMYHON popMbI»

HCJIL: 9KCH€pI/IMeHTaJ'IBHO OIIPECACIINUTD IIJIOTHOCTH JKUAKOCTH U TBEPAOTO TEA.

BrinosiHeHne padoTsl cnocod0cTBYeT (DOPMUPOBAHUIO:
I1P62, I1P66, I1P68, I1Py1, ITPy13, I1Py3, ITPyS, IIpy7, I[IPyS, I1Py10, ITPy12, IIP610, Ilpy2, [TPy12,
I1P610, MP3, MP5, MP15, MP23, JIP26, , MP28, MP31, MP32, MP33, MP34, MP37, MP44, MP47,
MP48, MP54, MP55, MP 56, MP 43, JIP34, JIP32,

MarepuanbHoe obecrieyeHue:

BECHl C pa3HOBECaMM; JIMHEHWKa MaclITa0Hast, ITAaHTCHIMPKYJIb; MEH3YpKa; BEIIECTBO, IUIOTHOCTD
KOTOPOTO HYKHO OIPEACTUTh.

3ananue:

1. O3HaKOMBTECH C TEOPETUYECKUM MATEPUAIOM IO TEME.
2. Ompenenute Maccy U 00beM UCCIEAYEMOro BEIIECTBA.
3. BeruucauTe mioTHOCTh BEIIECTBA.

4. CocraBbTe OTYET M0 JIabopaTOpHOIi paboTe.

IHopsinok BbIMOIHEHUs PA0OThI:
O3HaKOMBTECH C TEOPETUUECKUM MATEPUATIOM TI0 JAHHOM TeMeE.
Ornpenenure MIOTHOCTb TBEPAOTO TENA.
Beranciaute abCOMOTHYIO U OTHOCUTEIIBHYIO MOTPEITHOCTH U3MEPEHUH.
Jannbie 3anecute B Tabmuiry Nel
Ornpenenure 1eHy ACICHUS] MEH3YPKH.
Omnpenenurte MIOTHOCTh BOABI HEOOXOIMMO.
BrruncnauTe abCOMOTHYIO U OTHOCUTENIBHYIO MOTPEUTHOCTH H3MEPEHUN
Pe3ynbTath! onbiTa 3aHecuTe B TaOIHITyNe2.
OTBeTHhTE HA KOHTPOJIHHBIC BOITPOCHI:

KoHTpoabHEBIE BOIIPOCKI

PN R WD ==

1. W3 nByX pa3HBIX METaJlIOB M3TOTOBIEHBI OJMHAKOBBIE MO pa3MepaM KyOuku. B3BemmBanue
MOKa3ajio, 4YTO Macca OJHOTO KyOuka Oosblie Macchl apyroro B 2 pasza. OauHakoBa Iin
MJIOTHOCTH MeTasuia? Ecinu HeT, TO BO CKOJIBKO pa3 OTINYAOTCA IIOTHOCTU?

2. Tpum geranmu — memHas, KeJe3Has M ATIOMUHHUEBAas — UMEIOT OAWMHAKOBbIe 00BEMBI. Kakas

JeTallb UMEET HAUMEHBIITYI0 Maccy, Kakas HanOoubinyro? [IycToT B AeTansx Her.

Kycok meTanna o6bemoM 150 cm?® umeer maccy 750 r. OnpeienuTe MIOTHOCTh MaTepHana.

4. Ha yamku ypaBHOBELIEHHBIX BECOB IMOCTaBJIEHBI OJAMHAKOBbIE cTakaHbl. [locne Toro, kak B
OJIMH CTaKaH HAJIWJIXA MOJIOKO, a B JIPYroil — TOJACOJHEYHOE MAacjio, PaBHOBECHE BECOB HE
Hapymuwiock. O0bEM Kakoi U3 KUIKOCTEH OobIe?

5. 3amoigHUTEe OTYET MO JIAbopaTOpHOU paboTe COTIACHO TPEOOBAHUSM.

(8]

Yacrs 1. [I51s1 onpeniesieHus IIIOTHOCTH TBEPAOTO TeJIa BEIYUCIUTE €0 00BEM.
1. OO6beM npsAMOYTOJIILHOTO MapajiesienuIeia BEIYucanTe o popmyie: V=a-b-h,
rJe a — JJInHAa, M; b — mupuHa, M; h — BeicoTa, M.
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2. OO0Bem HuIMHApA BIYUCINUTE N0 (popmyIie: 4
h — BeicoTa nunuHapa, M; d — ero AuamerTp, M.

3. Ecmm TBephoe Teno MMeeT HEMpaBWIIbHYIO (OpMY, TO €ro OOBEM OIpeNeNuTe C MOMOIIBIO
MEH3YPKH, B KOTOPYIO OH MOXKET OBITh IOTPYKEH.

ypaBHOBCCBTC BCChI UCIIOJIB3Y: IMpaBUJia B3BCIIMBAHUA.

Onpenenure Maccy Tena.
[To hopmyne p=m/v BBIYHCIUTE IUIOTHOCTH TBEPOTO Tea.
Pesynbrarel u3amepenuii 3anecute B Tabauiry Nel u cienaite BBIYMCICHHS

N s

Tabmuua Nel. Pe3ynbraTsl H3MEpeHHIA.

Ne Bemec | mupn | qpHa | BRICOT | 00BEM, | Macca | mIoTHOCTH pTab| Ap o
TBO Ha. ,bm) | a, V( pup(xr/m3)
a(m) hv) | M| mr)

Yactb Ne2. [l onpenenenus MI0THOCTH BOAbI HEOOXOAUMO:

1. HaliTM Maccy Tapbl, B KOTOPYIO HY>KHO IIOMECTUTh BOJAY U OIpPENEeNUTh Maccy BOJbl 0e3
Tapsbl.

2. Ompenenute LieHY JeICHUS MEH3ypKU M HalAUTe 00beM B3BEIIEHHON KHUIKOCTU (BODI).

3. PesynbTaThl onbiTa 3aHecUTE B TaOIUILy No2.

Tabnuua Ne2. Pe3ynbraTsl H3MepeHHi

No | Bemectso | macca Tapsl , Macca 00BEM, MJIOTHOCTh pTab o
m1(kr) xunkoct | V(M3) pup(xr/
" M3)
m2(Kr)

Tema 2.2 /Iunamuxa JladopaTtopnoe 3ansitue Ne2.
«IIpoBepka 3aK0HA COXPaHEHHUS MeXaHMYECKON YHEPIruu NPH IBHKEHUH TeJia Mo
AEHCTBHEM CHJI THKECTH U YIIPYTOCTH».

Lesas padoThl: HaOMIOATH ABM)KEHHUE Tesa MO I€HCTBUEM CHUJI TSXKECTU M YIPYTOCTH; C/IENaTh BBIBOJ O
BBIIIOJIHCHUM 3aKOHA COXPAHECHMS ITOJIHOM MEXAaHUYECKOU SHEPIMH; IIPOBEPUTH CIIPABEIIIMBOCTL 3aKOHA
I'yka, yOemuThCs, 4TO cuja yNpPyrocTH MPONOPIUOHATIBHA Macce HArpy3KH, OINpPEICNIUTh >KECTKOCTh
IPY>KUHBI.

Beinosnenue padorsl cnocodcTByet popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06
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MarepuanbHoe odecniedenne: Habop mo mexanuke (Xumita0o): mrTaTuB ¢ MypTaMu JIamKoMH,
Ha0Op CIMpalIbHBIX MPYXHUH, TUHAMOMETp, Habop rpy3oB mMaccoit 100 r, TuHEWKa ¢ MUJUTUMETPOBBIMH
JICTICHUSIMH.

IHopsi1oK BHINOJHEHUS PAa0OThI:

Teopus: Tlog nedopmanuedt MOHMMAaKOT M3MEHEHHE Oo0bemMa MM (OPMBI TeNa TOJ JCHCTBUEM
BHEIIHUX cui. [IpM M3MEHEHHH pPACCTOSHUS MEXIY YacTUIAMH BellecTBa (aTOMaMH, MOJICKYJIaMH,
MOHAMH ) U3MEHSIFOTCS CHJIBI B3aUMOJICHCTBUS MKy HUMU. [Ipy yBeTMUEHUH PACCTOSIHUSL PACTyT CHIIBI
HPUTSKEHUS, a TIPU YMEHBIIEHUU — CUJIbl OTTAIKHBAHUSA, KOTOPBIE CTPEMSTCS BEPHYTh TE€JIO B HCXOTHBIC
coctosiHusl. [103TOMY CHIIBI YIPYTrOCTH MMEKOT DJIEKTPOMAarHUTHYIO npupoxy. Cuima ynpyrocta Bceria
HampaBjieHa K IOJIOKEHHIO PAaBHOBECHUS U CTPEMHUTCS BEPHYTh TEJIO B HCXonHOE cocrostHue. Cuia
YIPYTOCTH MPSIMO TPOIIOPIIMOHATIbHA a0COIIOTHOMY YIJTMHEHUIO Tea.

3akon I'yka: Cuna ynpyroctd, BOHUKaOMas mpu aedopMalvy Tenia, IpsMo MPONOpIHOHAIbHA
€ro Y/UIMHCHHIO (C)KaTUI0) ¥ HAaINpaBlICHA MPOTHBOIOJIOKHO TMEPEMEIICHUI0 YacTHI[ Tela IpH
nedopMaruu

Fynp=kAx, rae k-koaddunment xectokoctu [k] = %, Ax=AL — Monynb yAJIMHEHUS TeNa.

KoaduimeHT sxECTKOCTH 3aBUCUT OT POPMBI U Pa3MEPOB TeJla, a TAKIKE OT MaTepUaa.

BHUMAHHE!
Bo uzbesrcanue mpaem u nospesrcoenuro 000pyoosanus, He Oonyckaiime nadenus zpysa!

OmnbiT 1 Onpenesnenne KO3(PPUUMEHTA KECTKOCTH NPYKUHBI
Iopsiaok BbINOJIHEHUS PA0OTHI:
1.3akpenuTb TMHaAMOMETp B IITATHUBE.

|
|
|

0 20 30 40 50 60 70 80 90100
1

0 20 30 40 50 60 70 80 90100

10 20 30 40 50 60 70 80 90100
P

10 20 30 40 50 60 70 80 90100

¥
I
4
|

[

i

Ef'

dh

H3mepuTs IMHEWKOM NEPBOHAYAIBHYIO JJIMHY IIPYKUHBI

. IToxsecuts rpy3, maccou 100 r.

3. Wzmeputs nuHeiikol AmuHy aedopMupoBaHHOM npyxuHb! L. OnpenenuTs NorpemHocTb
n3mepenns muHbl: Ax=0,5 nen*Cl, rae C1 — 1ieHa qeneHus JIMHSHKN

4. BpraucauTh yuIMHEHUE NpykuHbl Ax = AL = x — x

N —

5. Ha noxosmuiicss OTHOCUTENBHO MPYKUHBI IPY3 IEHCTBYIOT JIB€ KOMIIEHCUPYIOIIHE IPYT
JpyTa CUJIbL: TSDKECTH U yrpyroctu Fr = Fynp , Beraucnuts cuity ynpyrocts o gopmyie,
Fynp = mg. a Fr --BbIUKCISAEM C IOMOLIBIO0 JUHAMOMETpa. OnpenenuTh MOrpelHoCTb
cunsl:AF = Fynp — Fr

6. Ilogsecuts rpy3 maccoii 200 T 1 TIOBTOPUTH OMBIT IO ITyHKTaM 4-6.

7. Iloasecuts rpy3 Maccoi 300 r ¥ MOBTOPUTH OMBIT MO MyHKTaM 4-6.

8. PesynbTaThl 3aHecTH B Ta0HIy 1.

9. Berunciure kodPpPUIUEHT KECTKOCTH MPYKUHBI 7151 Kaka0ro u3Mmepenust K = Fynp/Ax u

3anuiuTe B Tabnuily 9tu 3Hauenus. Onpenenure cpeanee snavenus K,

10. Be16parth cucteMy KOOPAMHAT U MTOCTPOUTD IpauK 3aBUCUMOCTH CHIIBI yIpyroctu Fymnp ot
KOd(pUITMEHTA KECTKOCTH K.

Tabmuma 1
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No Macca, Hawanpn Koneunas AOcomotHoe Cuna Koappumn  Cpennee

n/n m(Kr) as AMHA, JUIMHA, L,  yAJUHEHHE YOPYTOCTH  €HT 3HaYEHUE
Ly (m) Ax; = AL = xéctrocTH, , K¢
(M) L—Lo(w)  Fynp,(H) K, (Hwm)
1
2
3
Beruuciienus:
1 onbIT:
Ax = AL = x — xp=
Fynp =mg = Fr
K = Fynp/Ax
ch:(Kl + KZ + K3)/3
2 onbIT:
3 onbIT: HOBTOPUTH BHIYUCIICHUS.
I'paduk:
BriBoa:
KonTposbHbIEe BONIPOCHI:
1. Kakyro aedopmaiiuio Ha3bIBalOT YIIPYTOi?
2. Ot 4gero 3aBUCUT KO3YPPUIIHUEHT KECTKOCTH?
3. UYro npencrasisier co00il rpaguK 3aBUCUMOCTH CUJIbI YIIPYTOCTH U KOAPPUIIUEHTA KECTKOCTU?
4. B kakux mpenenax cupaseIuB 3akoH I'yka?
5. st mo6oro u KonMyecTBa rpy30B OYJET BBITOJIHATHCS MpsiMasi MPONOPLMOHAIbHAS

3aBHCUMOCTb MEXKAY CUJION yNpyrocTH U yuinHeHneM? (OTBeT 000CHYITE).

OnsbiT 2 IIpoBepka 3aK0HA COXPAHEHHMS MEXAHMYECKOH IHEPIUH NPH ABMKEHUH TeJIa MO
ACHCTBHEM CHJI THKECTH U YIIPYTOCTH

ITopsinok BbINOJIHEHHS PadOTHI:
1) 3akpenuTe TMHAMOMETP BEPTUKAIBHO C TOMOIIBIO mITaThBa. [logBECHTE K TPy3 K AMHAMOMETPY.
2) IlonnepsxuBas rpy3 J1aJI0HbIO, YCTAHOBUTE yKa3aTelb MIPYKUHBI HA HYJIEBOE JIEJIEHUE JUHAMOMETPA.
3) YVOepute najoHb W TIOCTapalTeCh 3aMETUTh JEJCHHE Ha IIKajge JIUHAMOMETpPA, 10 KOTOPOTO
MaKCHUMaJIbHO OTKJIOHSIETCS yKa3aTesb MPY>KUHBI IpU MaJeHuu rpy3a. [Ipu HeoOXoauMoCTH MOBTOPUTE
OIIBIT HECKOJIBKO pa3s.
4) N3meppTe IMHENKON YUIMHEHUE TIPYKUHBI 110 MIKaJIe AJMHAMOMETPA.
5) W3mepbTe TMHEHKON yNIMHEHHE TIPYKUHBI A/ TI0 HIKAlle AHHAMOMETPA.
6) Bricora majenus rpysa h pasHa yummHenuto npyxkunsl Al . TloreHnuansaas sHeprus rpy3a E1 mpu
MaJICHUU NEPEXOAUT B NOTCHIIMAIBHYIO SHEPTUIO PACTSIHYTOM NPYKUHBI E2.

kAI?
7) Paccuntaiite E, = mgh e g = 9,8 m/c2 — yckopenne cBoGOIHOr0 manenus, n £, = >
3HaueHus okpyraute o 0,001.
8) PesynbTathl 3aHecuTe B TaOIUITY 2:
Tabmumna 2
Ne Ompita | K, H/™m Macca YV naenne Bricota ITorennuanepHas | IloTeHnuannHas
MIPY>KUHBI nageHus DHEPIUs
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rpysa Al , M rpy3a h, m SHEprus rpysa IPYKUHBI

m, Kr El, I E2, JTx

9) CpaBuute 3Hadenust E1 u E2, ¢ yuérom abGcomotHoit norpeninocty uamepenus suepruu 0,001 Ix (to
ecTb, pazHuua mexay E1 u E2 moxer nocturars 0, 002 J[>x B ipefesiax morpeuHocTd U3MEPEHMS).
10) Crnenaiite BbIBOJ IO paboTe.

Tema 2.4 CtaTuka u rugpocratuka JlaboparopHoe 3ansitue Ne3.

«I/Iayqeﬂne YcioBus paBHOBECUSA pbIvyara ».

He.]'ll) paﬁoTbl: SKCIICPUMCHTAJIbHO HCCICOO0BATh, IMPW KAaKOM COOTHOHWICHHMU CUJI U HUX INICH pblyar
HaxXOoAUTCA B paBHOBCECUH; IPOBCPUTH HA OIIBITC IPABUIIO MOMCHTOB.

Boinosinenue pa6orsl cnocodcTByet popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06
MarepuanbHoe obecnieyenue: HaGop mo mexanuke (Xumiabo): pelyar Ha mITaTuBe, HAOOP TPY30B,
M3MEpUTENbHAS JINHEHKa, TMHAMOMETD.
Kpartkue TeopeTndeckue cBeIeHUS:
Prruar-TBepoe Teno, criocoOHOe BpaliaThCsl BOKPYT HETTOIBUKHOM OMOPBHI.

Pasimuaror aBa BHAA pbIYAroB. Y pelyara IepBOro pojia TOYKAa ONOPBI HAXOAUTCS MEXAY JIMHUSAMHU
JENCTBUS NMPUWIOKEHHBIX CHJI. Y pbluara BTOPOTO pojJia TOYKa OMOPBI PACIOJIOKEHA 110 OAHY CTOPOHY OT
HHX.

Hcnonp3ys pslyar, Mbl MOYKEM IMOJTYYUTh BBIMIPHILI B CUJIE U MOAHATH HEMOABEMHBIN Tpy3. PaccTosiHue
OT TOYKH OIIOPBI JO TOYKHU HNPHUIIOKCHHA CHUJIbI HA3bIBAIOT IIJICHOM CHIIBI. HpI/Iqu, MOKHO pacCuuTaThb
paBHOBecHe CHJI HA pblYyare 1o ciaeaymouei gopmyJie:

Fi1/F2=12/l, rae Fiu F> — cunsl, aeiictBytromue Ha peyar, a l> u i — rieun 3tux cui.

3aK0oH paBHOBeCHSl pbIYara: pbluar HaXOJMUTCS B PAaBHOBECHM TOTJla, KOrja JEHCTBYIOIIME HAa HEro
CHJIBI 0OPaTHO TIPOIIOPIIMOHAIIBHBI TIEUYaM dTHUX CHIL.
DTOT 3aKOH OBLT YCTAaHOBJIEH ApPXUMENOM elle B TPETheM BEKe JI0 Hallei 3pel. M3 Hero ciemyer, 4To
MEHBIIIEH CUIION MOKHO YPaBHOBECUTH 00JbIITyI0. [IJ1st TOr0 HEOOXOIMMO, YTOOBI TJIEYO MEHBITICH CHUITBI
ObUIO0 Oonbllie TIeda OOMNBIICH CWJIBL. A BBIMUTPHIII B CHIIE, IMOJTY4YaeMbId C TIOMOIIBIO phIUara,
ONpENENAETCS OTHOUICHUEM I1J1€Y MPUII0KEHHBIX CHIL.

MoMEHT cuiIbl — 53TO BEKTOpHAas BEIMYMHA, XapaKTepU3yIollas BpalaTelIbHOE JEHCTBUE CUIIBI

OTHOCUTCJIBbHO TOYKHU HUJIN OCH.
M=F*1 rne F- cuia, 1- niae4o cuebl.
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[Topsinok BhIMONHEHUS PaOOTHI:
YpaBHOBECUTH phIYar, Bpamas Talku Ha ero KOHIaX TaK, 9YTOOBI OH PACIIOJIOKHIICS TOPHU3OHTAIBHO.
W3meHsst Maccy rpy30B U pa3Mmep IUied, IPOBEPUTH 3aKOH PaBHOBECHS phlyara.

YpaBHOBECHTE C IOMOIIBIO FA€K PbIYar B TOPU30HTATHLHOM MOJIOKEHHUU.

[TonBeckTe Ha pbIYAr pa3NTUYHbIE KOMOMHAIUH TPY30B (KOMIUJIEKT M3 5 IIT.) HA PAa3HBIX PACCTOSHUSAX OT
ocu BpamieHuss. ONbITHBIM NYTEM YCTAaHOBHUTE, Ha KaKOM
pacCcTOSIHUM BIIPaBO OT OCH BPAILCHHS HAJIO0 MOABECUTH: a) OAMH
0) Ba rpy3a; B) TpU I'py3a, YTOOBI pblyar Mpuiicsl B paBHOBECHE.
Cuuras, uto Kaxaslii rpy3 umeer maccy 100 r, 3anuimmre 1aHHbIE
U3MEpPEHHbIC BEIMYUHBI B TAOIUILY.

Brruncnure OTHOLIEHNE CUJI M OTHOILIEHHE IUIeY JUIS KaKIOro M3
OMBITOB U TIONYyYEHHBIE pE3yJbTaThl 3aMUIIMTE B TMOCIEIHUN
CTOJIOMK TaOJIHIIBI.

[IpoBeprTe, MOATBEPkKAAIOT U PE3YJIbTAThl OMBITOB YCIOBHE PAaBHOBECHE pblyara moj ACHCTBHEM
NPUJIOKEHHBIX K HEMY CHJI U TIPAaBUJIO MOMEHTOB CHJI.

JononHuTenpsHOE 3a1aHKE.

[TonBecbTe Tpu Ipy3a cupasa OT OCH BPALEHUS pblyara Ha paccTosiHUM 5 cM. C IOMOIIBIO JMHAMOMETPA
OIpeIeNIuTe, KaKyl0 CHJIy HY’KHO IPUJIOKUTh Ha PacCTOSHUU 15 cM OT OCH BpallleHHs NpaBee Ipy30B,
YTOOBI yJEepXKHBaTh phlyar B paBHOBecHM. Kak HampaBiieHbl B 3TOM Ciydae CHJIbl, JEHCTBYyIOIIME Ha
ppiuar? 3anuiure JUIMHY 11ed 3Tux cuil. Beruncnure otHouenue cuil Fi/ F2 m u moeu L2 / i, 1u1st aToro
cllydasi ¥ cfieJlaifiTe COOTBETCTBYIOLIUI BHIBOI.

®dopma npeacTaBIeHUs pe3yabTaTa

Ne | Macca | Cuima Fp | ITmewo | Macca | Cuna F2 | Imeuo | MomMenT | MomeHnT | OTHOIIIEHUE CHIT
Tpy30B | Ha l, M rpy30B | Ha fy M CHUJIBI CHIIBI U Tie4
m |, KT | JIGBOH mo, paBo M M; F, ?,
YacTH KT YacTH H*m H*m 7 4,
pbryara, pbryara, 2
H H
1
2
3
4
5
Fi=mj g
Fo=m2g
M =F 1*1
M2=F »*]
Brison;:

KoHTposbHbIE BOIPOCHI:
YT0 HA3BIBAIOT IUIEYOM CHJIIBI?
Kakyio ¢usndeckyro BeTHYHHY Ha3bIBAIOT MOMEHTOM CHUJIbI?
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KakoBo ycroBre paBHOBECHS Tella, UMEIOIIETO 3aKPETUIEHHYIO OCh BPAICHHS?
Uro Takoe prruar?
Kakoe cBoi#icTBO ppryara ObLIO YKCIIEPUMEHTAIBHO MPOBEPEHO?

Pa3zjnen 3 Mogexkyasipaasi pu3uka 4 TepMOIUHAMMKA
Tema 3.1 OcHOBBI MOJIEKYJIAPHO-KMHETHYECKOH TeOpUH

JlabopaTopHoe 3ansitue Ne4 IlpoBepka ra3zoBbIX 3aKOHOB»

Heab: M3yunTh B3aMMOCBS3b MaKpPOCKOMUYECKHX MapaMeTpoOB ras3a 3aJaHHON MaccChl; OMBITHBIM
nyTéM yOequTcs B CripaBeAJIMBOCTH 3akoHa boiinsa-Mapuorra.

Beinosinenue padorsi cnocodcTByet popmupoBanmnio: OK 01, OK 02, OK 03, OK 09, OK 06
MaTtepuaabHoe odecriedeHue: IWIHHIIP ¢ TPOOKOH, Boa, TPyOKa Co IIKAIOH, TNHElKa, GapoMeTp.

3aganue:
1.IToBTOpUTH 00BETUHEHHBII Ta30BBINA 3aKOH.
2.IIpoBepuTh Ha npakTuKe coOIt0eHNe 3aKoHa boiins-Mapuorra.
IHopsinok BbINOJHEHHUSI PA0OTHI:

3akon boins-Mapuorra s uzorepmudeckoro npoiiecca (T= const, v=const) sBJII€TCSI YaCTHBIM
cilydaeM 00beIMHEHHOTO Ta30BOT0 3aKOHA: T. €. IABJICHUE ra3a 00paTHO MPOTMOPIIMOHATIBLHO €ro
00BeMy. DTy 3aBUCUMOCTb MOKHO MPOBEPUTH OMBITHBIM MTyTEM:

av _B-V, B-V=p"7,

S|
Il
SIS
Ra®
[l
a®
=

CoOpatb ycTaHOBKY IO PUCYHKY

3
Viom

Onpenenutbh 00beM raza B TpyOKe, , TIPUHSIB TLJIOIIA/b MOTIEPEUHOT0 CeUeH s PaBHOM 1 cm?

[To Gapomerpy onpenenuTs aasinenue P, =B

OnycTuTh TPyGKY OTKPHITHIM KOHIIOM B BOJLY, ONPEIC/THTh HOBEIA 00BbEM Bo3ayxa B TpyOKe V), M’
OnpenenuTts pa3HUIly YpOBHEH BOJIbI BHYTPH U BHE TPYOKU (Ah ).

Beruncnute
PKI[ = Pam,w + PsuDAcmA
rne P, = B -armocdeproe nasnenue, Ia; P, ., - 1aBleHHe BOIHOTO cTON0A, Ila;
B;ot).cm. = p ‘g Ah

107



0 =1000

3
M

Ke

Ah — BBICOTa CTOJIOA KUAKOCTH (cM.pHC. 1)

M
MJIOTHOCTb BOJIBI;, g = 9,8—2 — YCKOpEHHE CBOOOTHOTO IMaJICHHS;
c

[MpuHsiB BTOPOH pe3yibrar P 3a HCTHHHOE 3HAYCHHUE JIABJICHHUS, A= ( P, - PaI)
BBIUHCIIUTH a0COMIOTHYIO (A) M OTHOCUTENBHYIO ([]) HOrpenrHoCTy:
Pe3ynbrarhl m3MepeHnii ¥ BEIYUCICHUI 3aHECTH B TaOMIy 1.
A
Crnenatb BbIBOJ 110 padoTe. E =".100%
6ll
®dopma npeaocTaBIeHUs PE3yIbTara
Tabmuna 1.
O6wem | llaBnenne | O0bem | [laBnenue| JlaBnenue Beicota | JlaBnen | A6comor | OTHOCHTE
Vi, cronba ue JbHast
Has
Py, 1la IOTpELIH
KIIKOCT MOTPELLHO .
B,Illa - CThb
3 A,lla
v, m P, Ia Py, Ila Ah , [, ITa

KonTpoJibHBIE BOIPOCHI.
1) ITpu kaxom ycioBuU crpaBeIuB 3akoH boitns-MapuoTra?

2) Ecnu ipu H30TepMHUUECKOM Ipoliecce AaBIeHHUE NalaeT, YTO MPOUCXOANUT C 00BEMOM?
3) Ilpou3BoauT U ra3 JaBiI€HUE B COCTOSSHUU HEBECOMOCTH?
4) [Touemy moy4eHHBIE Pe3yJIbTaThl B pab0oTe HE UJI€aIbHO PaBHbBI MEXy c000ii?
5) Uto BiusieT Ha TOYHOCTh U3MEPEHUN B JaHHOM paboTre?
6) MOHO 71 OIIPENENNTh YCIOBHYIO €IMHUILY KOHCTaHThI B eauHuLax CHU?
7) KakoBa Macca Bo3ayxa B ay JUTOPHUH IUIOIIAb0 64 M2 , BbICOTOM 3 M, npu Temnepatype 25 oC
U JaBi€HUHU 725 MM.pT.CT.?

Tema 3.2 OcHoBbI TepMOAUHAMUKH. TenioBble MAIIMHBI

JlaGoparopHoe 3ansTue NeS. OnpenesneHue yaeJbHOH TEMJIOEMKOCTH BellleCTBA Pa3JIHYHbIX
(a30BbIX COCTOSITHMI.

He.]'IB! 3KCHGpI/IMCHTaJIBHO OMPCACIIUTL TCIIJIOCMKOCTh BCHICCTB, CPABHUTL ITOJTYYCHHBIC 3HAUCHUA C
TaOJMYHBIM 3HaueHHeM. HayuuTbces cocTaBisaTh ypaBHEHUE TEIUIOBOrO OaylaHca. BoIACHUTH Gu3nueckuit
CMBICJI y,Z[GJIbHOfI TCIIJIOCMKOCTH BCIICCTB.
BoinosHenune padorsl ciocodcTByet popmupoBanuio: OK 01, OK 02, OK 03, OK 09, OK 06
MarepunanbHoe oOecnedyeHue: aIIOMMHMEBBIM WM JIATYHHBI LWJIMHAP, KaJOpPUMETp C BOJOM,
MEH3ypKa, TEPMOMETP, XMMUYECKHN CTaKaH KaJOPUMETPA, dJIEKTPUIECKAs IIJIMTKA, dJICKTPOHHBIE BECHI.
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Buumanue! C oCTOpOXHOCTBIO BBINIOJTHATH PaOOTHI CO CTEKJIOM W IUIMTKOW. He kacaTbcs Harperbix
HOBerHOCTCﬁ, BBIINIOJIHATH pa60Ty Ha OTACIIbHO OTBCACHHBIX CTOJIAX, IIPHU O6Hapy)KeHI/II/I HCHUCIIPABHOCTH
WM CKOJIOB Ha CTEKJISIHHBIX MEH3YpKaX MPeKpaTuTh paboTy U cOOOUIUTH 00 STOM MPENOaBaTEINO.

Ilonamue mennoemxkocmu:

Yoenvnasa mennoemxocmoro tena C Ha3bpIBalOT OTHOIIEHHE KOJMYECTBA COOOIIAEMON €My TEIUIOTHI K
COOTBETCTBYIOIIEMY U3MEHEeHHUI0 Temreparypsl tena: C=dQ/ dT

BennunHa TEmI0eMKOCTH 3aBHCUT OT YCJIOBHM, IPH KOTOPBIX MPOMCXOAUT HarpeBanue Tena. Pazmmuaror
TETUIOEMKOCTh TPH MOCTOSIHHOM o0beMe Cvy M TeIUIOEMKOCTh TpHU mocTossHHOM naaBieHuu Cp. [lpu
HarpeBaHWU Tella MPHU MOCTOSHHOM 00BbeMe BCE TEIJIO MAET Ha MpHpalleHUe ero BHYTPEHHEH SHEPruu,
TOT/Ia KaK MPU HarpeBaHUU MPU OCTOSTHHOM JIABJICHUH YacTh TEIUIA UICT eI U Ha COBEPIICHHE paboThI
pacupenus tena. Takum oOpa3zom, Cp Becerna 6ombine Cy M CBS3aHBI OHU JPYT C IpyroMm (opmyson
Maiiepa: Cp= Cv +R. Ho sma ¢opmyna cnpaseonusa nuwiv 015 2a308. B ciydae TBEpIbIX TEI U3MEHEHHE
o0beMa SBIISIETCS] HACTOJIBKO MaJICHBKHM, YTO MOXKHO cuutaTh Cp =Cv

Mexay YIOenbHOW W MOIAPHOU MenI0eMKOCmAMY OIHOTO W TOTO JK€ BEIIeCTBa CYIIECTBYET
COOTHOIIICHUE

C =cM, rne M — mossipHasi Macca BeliecTBa (onpeaensercs rno tadbiuie Menaeneesa).

YpaBHEeHHE TEIIOBOTO OanaHca: »y Qora =) QmoJ

KoJyin4yecTBO TEIIOTHI IPH HATPEBAHUU U OXJIKICHUU: Q=c m At
HarpeBanne Q = cm(tkoHeuHas - tHaYaIbHast)

Oxnaxaenue Q = cm(tHayayibHas - tkoHEYHAs)

OmnpeneieHue yaeabHOM TEMJI0eMKOCTH BO/bI.
1.OnpenennTe B3BEIIMBAHHUEM MAacCy BHYTPEHHETO aTIOMHHHEBOTO KaJOopuMeTpa Mm;, U Maccy
ATIOMUHUEBOTO HWJIUHIPA M.
2.BxiitounTe MIUTKY U HarpenTe BOAY B CTaKaHE 10 TEMIIepaTypbl KUTICHHUS.
3.Bo BHyTpeHHHI cocy1 KaJopuMeTpa HaJleiTe BOLy Maccoil m, Mpu KOMHATHOM TeMrieparype t;0 C.
4. HarpeliTe aqlOMMHHUEBBIN TWIMHAP B COCyAE C Kumsmend Boaoi Ao temneparypsl 100 C u onmycrute
€ro B KAJIOpUMETP ¢ Boou. MI3MepbTe TeMIIepaTypy BOAbI B KAIOPUMETPE TMPU YCTAHOBICHUHU TEILIOBOTO
OajaHca.
S5.BeruncnuTe ynelbHYH TEIJIOEMKOCTh BOAbL. Pe3ynbTaT M3MEpeHWd W BBIYMCICHHN 3aHECHTE B

Tabnuiyl .
Taobmuma 1
Macca Macc Macca  nHavanpHas ~ Hauanbna Temmnepar VY aensHas VY enpHas
KaJIOpUM  a UWIMHA TeMIepary s ypa BOJIbI TEIUIOEMKOC TEIIOEMKO
erpa, BOJBI  pa pa BOABI M TEMIIEpaT B KOHIE Tb CTb BOJIBI
My, KT. m,, My, KI.  KaJOpHUMET  ypa OITBITa aMOMUHHUS ¢ fx

KT. pa uwmegpa O, °C C,, 2 kr K

t1> OC tz, OC kr -K
100 880

Brruncienue:
C,=
Brison:

OnpenesieHne yeabHON TEMI0EMKOCTH MeTANINYECKUX 00pa31l0B

MeTonuka omnpeaeaeHusl TENJI0eMKOCTH MeTa/LuIoB: M3 ompeseneHus TEMJIOEMKOCTH CIEIyeT, YTO
JJIS eé OMMPCACIICHUA HYKHO HIOJABCCTH K HUCCICAYCMOMY 06pa3uy TOYHO H3MCPCHHOC KOJIUYCCTBO
TETUIOTHI ¥ M3MEPUTH MOCIIEAOBABIIEE 32 STUM H3MEHEHUE TEMIIEpaTyphl, 00yCIOBICHHOE H3MEHEHUEM
BHYTpPEHHEH SHeprum Tena (mporecc TermioodMeHa) B mgaHHOM ciydae MOXKHO 3amucaTh ypaBHEHHUE
TerIoBOro Oananca: Y Qora =) QmoJ
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IJId pacycTa 3HAYCHHA yﬂeHBHOﬁ TCIIOEMKOCTHU UCCIICAYEMOT'O METaJljla:
Cu = (CBmB+C)(TTp_T1)/ m]_l(TKHn_TTp), I‘,I[e

C — mouspHas TerIoeMKocTh, JDK/K  MonspHas TerioeMKocTh KanopumeTrpa, paBHas 66 JIx/K;

Cs— YJICNIbHAS TEIIOEMKOCTH BOJIbI, MTPUOIM3UTENBHO paBHas 3HaueHuIo 4,2 kJ[x/ (kr-K);

mg— Macca BOJbl B KaJJOPUMETPE;

My — Macca METAUTMYECKUX 00Pa3IoB;

C — YylHenbHas TeII0eMKOCTh , JIk/ (kr-K)

T1 — TemmepaTypa BOJbI IO MOTPYKEHUSI METAJUTHUECKOTO 00pasia;

Tikun — TeMIepaTypa BOJABI, B KOTOPOH HaxOJWIMCh METAJUIMYECKHe OO0paslbl 0 MOTPYXKEHHS B
KaJIOPUMETD;

Tp— TemmepaTypa BOJbI, KaJIOpPHUMETpa U METAIUIMYECKOro oOpaslia IMOocie YCTaHOBIEHHUS TEIJIOBOTO
paBHOBECHS.

1. Ha nHO crambHOrO pe3epByapa HACBIIbTE CJIOW CTEKJISHHBIX MIAPUKOB, TONIIMHOW 1-2cM U
3a0JIHATE €r0 BOJOW, MPUMEPHO Ha JIBE TPETH, Pa3MECTUTE MOBEPX IIAPUKOB METALUTUYECKUM
oOpaszer. [locTaBpTe pe3epByap Ha HarpeBaTeNbHYIO IUIUTKY U IOBEAUTE BOAY J0 KUIMICHUSI.

2. 3anojHUTEe KaJOPUMETP XOJIOAHOM BOOM m3BecTHOro oobema (200-300 mi). PaccuuTaiite maccy
BOJIbI B KQJTOPUMETpE (Mz). JaHHBIE 3aHECUTE B TAOIUILY 2.

3. U3 xumsmeit Boasl Ha 10 MUH. OTPY3UTE OHO M3 METAUIMYECKHUX TeJl B KaJOPUMETP C BOAOU U
MPOBEIUTE HU3MEpPEHUsl TEeMIIepaTyphl, /10 YCTAaHOBIEHHUS TEIJIOBOIO PAaBHOBECHUS, TIIATEIBHO
nepeMeIInBas BOJYy B KaJOPUMETPE.

4. PaccuurtaiiTe MOTPEIIHOCTh BBIYMCICHUH, CpaBHHBAas C TAOJIMYHBIMH 3HAYEHUSMU YACIbHYIO
TEIMI0EMKOCTh BEIIECTBA.

_ P17 Pn

3 -100%

P
5. Ompenenute MOJISIPHYIO TETNIOEMKOCTh BEIIECTBA (JIaTYHb U JKEJIE30).
6. Pe3ynbTaThl M3MEpPEHUI U BHIYUCICHU 3aHeCUTE B TaOIUILY 2.

Tabnuna 2.1
Meramnaeckuii oOpasell — JaTyHb, yAelbHas TertoeMkocTs JaTyan 380 [Ix/ (kr-K)
C, I[)K/K Cs, T, K ms, KI' T, K my, TTp, K Coﬁpazua, Cobpasua, 6,
o/ KT JIx/K %
amroMubns  (kr-K); JIx/ (xr-K)
66 4200
tabnuua 2.2
Mertannudeckuii oopasell — cTaib, yaelbHas TeroeMKocTh ctanu 460 J[x/ (kr-K)
C, 21)1(/ K Cs, T, K msg, KI' TKI/I]‘[, K my, TTp, K CoGpa3ua, Cobpasiia, 6,
Jox/ KT Jx/K %
amoMubust  (kr-K); Jx/ (xr-K)
66 4200

CnenaiiTe BBIBOJ O POJIeIaHHON padoTe.

Bonpoch! 1J1s1 caMOCTOAATEILHON M MHANBHAYAJIBHOM padoThI
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1. Yto Takoe TemnoeMKOCTh Tena? YaelbHas U MOJSpHAs TEIUIOEMKOCTH, KaK OHU CBSI3aHBI MEXIY

coboi?

2. Kak cBsi3aHbl MEXIy COOOM MOJISIPHBIC TEIUIOEMKOCTH IPHU ITOCTOSHHOM JaBJICHUU U ITOCTOSHHOM
o0BeMe.

3. TlpuBeauTe OCHOBHBIC MOJOKEHUS KJIACCHYSCKON TEOPHH TEIIOEMKOCTH TBEPABIX TE?

4. B YCeM I'JIaBHOC OTJIMYUC TCIIJIIOCMKOCTHU XKUAKUX U TBepI[BIX TCJI OT TCILNIOEMKOCTH FaSOB?

5. Kakwue TemmepaTypbl OTHOCAT K BBICOKMM, a KAKME K HU3KUM IIPH HCCJICIOBAHUHU TEILIOEMKOCTH

TBEPBIX TEN?

6. Kak n3mensercs ynenbHas TEIJI0EMKOCTh METAJUIOB C MOBBIIIEHUEM TEMIIEpaTyphl?

Brisenute pabouyto ¢popmyity (18) st onpeneneHus yienbHON TEMTOEMKOCTH METAILIOB.

8. Bo Bpems »skcrmepuMeHTa Ha JHO CTaJbHOIO pe3epByapa, Kyda IOMELaeTcs LWINHAP
HEOOXOMMO HACBINATh CJIOM CTEKISHHBIX IIAPUKOB, TOJIIMHOW 1-2cM  ais TOro uToOBI
UCKJIIOUUTh CONPUKOCHOBEHHUE IPU HArpeBaHUU METAJUIMYECKHX 00pa3loB C JTHOM pe3epByapa.
OObsicHUTE TTOUEMY.

9. IlorpemHocTb HU3MEpEeHUIl KaKUX MapaMeTpoOB BHOCUT HauWOOJbIIMM BKIaJA B TOYHOCTh
oIpezesieHus yIeIbHON TEMIOEMKOCTH MPEITI0KEHHBIM CIIOCOOOM.

10. U3 kakoro meraiuia LejaecooopazHee U3roTaBiIuBaTh pajiuaTopbl?

11. KakoBa posib B npupoze 00JbIION y1eIbHON TEMIOEMKOCTH BOJIbI?

12. Kakoe KOIMYECTBO TEIJIOThI HEOOXOAMMO IepelaTh, YTOObI MOBBICUTH TEMIEpPATypy MeIHON
nerany Maccoii 2 kr Ha 3°C?

13. [Touemy Henb3si BCKUIIATUTH BEJPO BOJBI HA CIUPTOBKE?

14. AfOMMHHEBYIO U CEPEOPSHYIO JIOKKH OJIMHAKOBOM Macchl U TEMIIEpPaTypbl OMYCTUIN B KUIISATOK.
PaBHOE /11 KOJIMYECTBO TEIJIOTHI [1OJy4aT OHU OT BOJIbI?

15. Ha uro Gosblie pacxoayeTcsl SJHEPruyu: Ha HarpeBaHue YyryHHOTO IOpIIKa WM BOJAbI, HAJIUTOH B
HETO0, €CJIM UX MacChl OJIUHAKOBBI?

~

Tema 3.3 ArperatHble cocTosiHNS BelllecTBa. Pa3oBble nepexoabl

JlabopaTopHoe 3ansitue Ne6. CBolicTBa KHUAKOCTEH

Heab: u3y4nTh CBOMCTBA )KUAKOCTEH MPU PA3TUYHBIX CIIOCO0AX UCTIOIB30BAHMS U YCIOBUSX.

Boinosnenue padorsl cnocodcTByet popmupoBanuio: OK 01, OK 02, OK 03, OK 09, OK 06

MarepunanbHoe obecrieyeHue:

HINPUL JUIS YUCTOM BOABI, INIPHI] A MBUIBHOTO pacTBopa (00bemoM 5—10 wmir), cTakaHUYUK C
YUCTOM BOJOHM, CTaKaHUYMK C MBUIBHBIM pPacTBOPOM, INTAHI€HUMPKYJIb WIM MHUKPOMETP, OCTPO
OTTOYEHHBIHN KapaHail, 1nHaMoMeTp, OPYCOK MIacTUINHA, METAJUINYECKHE IFIIMHAPHI OJUHAKOBOTO 00bEMa U
pa3Hoﬁ MaccChlI, I/IBMepI/ITeHBHHﬁ HWJIWHADP C BOI[Ofl, CTaKaH C HAaCbIIICHHBIM paCTBOPOM COJIU, HUTb.

OmnbiT 1 Onpenesienne K0O3PGUUMEHTA NOBEPXHOCTHOMN IVIOTHOCTH KMIKOCTH METOI0M
OTpbIBA Kamneilb

Ha kammio, BHUCSIIYI0O Ha KOHIIE Y3KOM TpyOOYKH, JEHCTBYIOT JBE CHJIbI: CHJIa TSDKECTH mg
HaIlpaBJICHHAs BEPTUKAJIbHO BHU3, M CWJIA IOBEPXHOCTHOIO HaTsHKeHUs xkuakoctu F moB
pacripenienieHHasi BIOJb TPAaHUIIBl KUAKOCTH C KpaeM TPYOKM W HampaBjeHHAs IO KacaTeNbHOW K
MOBEPXHOCTH KUJIKOCTH NEPIEHANKYJIIIPHO ATON TPaHUIIC.
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mg

Cwila TOBEepXHOCTHOTO HATSDKCHUS, EHCTBYIONIAs Ha HEOOJBIIONH Y4acTOK TpaHuUIlbl JuIHON Al ,
paBHa o |, rae 6 — K03 PULIMEHT MTOBEPXHOCTHOTO HATSKEHUS KUAKOCTH.

VYcnoBrue paBHOBECHS Kaluld Ha KOHIIE TPYOOYKHM COCTOMUT B TOM, YTO BEKTOpHAas CyMMa CHII,
JNEHCTBYIOIINX Ha OTACIBbHBIC JIIEMEHTHl TPAHMIBI, paBHA MO MOAYII0O M MPOTHBOIOJIOXKHA II0
HAIPaBJICHUIO CUJIE TSKECTH.

Bennuuna oA | mo Mepe yBenMueHHsI MacChl Kallld OCTAeTCs HEM3MEHHOM, HO B PAaBHOBECHH Karuis
NPUHUMAET Takyl (OpMy, YTO YroJI HakKJIOHA CHJIBI MOBEPXHOCTHOTO HATSHKEHUS K BEPTHKAIH O
YJIOBJICTBOPSIET YCIOBHIO lo cos = mg , rae | — nimiHa rpaHuIlbl )KUKOCTH C TPYOOUIKOM.

C yBenuueHueM Macchl Karld Yroi 0. YMEHbILIAeTCs U, HaKOHell, JOCTUraeT HyJs, a coso = 1 .

[Ipu nanmpHelmeM yBEIWYEHWH MAacChl YCJIOBHE pPABHOBECHS KaIIM YK€ HE MOXXET OBITh
BBINIOJTHEHO, M KaIlIsl OTPBHIBACTCSI.

Ortcrona, mpuanmast, uto I=n d , rae d — BHyTpeHHU# nuamerp TpyOouku, momydaem: d omr= mg

mg
N0

1.U3meputs BHyTpeHHui guamerp d HakoHeyHWKa tmmpuia. s W3MEpeHHss MOKHO
BOCIIOJIB30BaThCAd OCTPO OTTOYEHHBIM KapaHJaamoMm. BcTaBuB KapaHJall B HAaKOHEYHUK JI0 YHOpa,
MOMEThTE TPAHMILy CONPUKOCHOBEHMS] HAKOHEYHWKA C KapaHjamom. J[uamerp kapaHjaaiia Ha ypOBHE
3TOM TpaHUIIBl MOXKHO NMPUHSATH 33 BHYTPEHHUW THWAaMETP HAKOHEUYHHWKA U U3MEPHUTHh €r0 C MOMOIIbIO
MITAaHTCHIIUPKYJIS UITH MUKPOMETPA.

2.HaGpatp B mmpui; 4—5 M1 BOJBI U, IepKa €ro BEPTUKAIBHO U TUIABHO Ha)XMMasl Ha MOPIICHbD,
BBUIHTH 3—4 MJI B CTAaKaHUYUK, cunuTas Kariu. M3mepenue koiaudecTBa Kameiib N TPOBECTH HE MEHEE Tpex
pa3, 3areM Mo oO0ImIeil macce BBITEKIEH BOABI 00H[ m (MONB3yHTeCh IIKauoiW Ha mmpwuie!) HalTH
CPEIHIOI0 MacCy Karuld m U MOTPEIIHOCTh €€ onpeaeneHus Am.

3.ITonb3ysacey dopmynoit (1), paccuutath K0d(D(PUIMEHT MOBEPXHOCTHOTO HATSHKCHHS] BOJIBI U
a0COTIOTHYIO MOTPEIIHOCTh €r0 OMpPeIEeIeHUS

Ao =lo,, -0

HIM mafir|

4. BerunciuTh OTHOCHUTCJIbHYIO IMOTI'PCITHOCTD I/IBMCpCHI/Iﬁ

e=2% 100y
[

maéin

5. AHaloOru4HbIM 00pa3oM OmpeaenuTh Kod()PHUIMEHT MOBEPXHOCTHOTO HATSKEHUS MBUIBHOTO
pacTBopa (1oIb30BaThCs OTACIBHBIM LITPULIEM U TOCY10#!).

Pesynbrath 3anecty B TabmwmIls 1, 2.
Tabauya Nel

USMEPEHO B8blYUCIEHO
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Ne N m m d A o Ao €
m ke m,ke | kecp |mxe | ecp |, mm | d mm, | Hm
obw
Tabnuya No2
H3MEPCHO BBEIYHCJICHO
NE nir}r’j 1 T *'JV m,e mﬂ;ﬂ 14

Am,z Am,, d, mm| Ad, mm 0.,[—%! QJ:H £

M

6. Cnenatp BBIBOJ U 3aIMCATh TOJIYYEHHOE 3HAYeHHE KO (UIMEHTA TTOBEPXHOCTHOTO HATSKCHUS
C YYETOM IOTPEIIHOCTH

KoHTpoJibHbIE BONIPOCHI:

1. KoaduimeHnT noBepxHocTHOTO HaTshkeHUs kepocuHa 0,024 u/m. Bornbiie nin MeHble Macca
KaIlJId KEPOCHHA M0 CPABHEHUIO C Karyied BOJbI, €CJIM KaraTh U3 OJHOM U TOH K€ MUIETKU?

2. O0BsACHUTE TOAPOOHO, TOYEMY MaJIEHbKUE KaleIbKH KUIKOCTH MOTYT JIOJITO BUCETh HE
OTPBIBASACH.

3. [Toyemy, mpesxie YeM MOKPHITH MITYKATYPKY MAaCIISTHOW KPAacKOM, MPeABAPUTEIIHLHO TPOU3BOIST
TPYHTOBKY onoit?

4. IlpuBeauTe CBOU MPUMEPHI IEHCTBUSI CHIIBI TTOBEPXHOCTHOTO HATSKEHUS

OnbiT 2 U3yuyeHne BHITAJIKUBAIOLIEH CHJIbI (CHJIbI ApXUMea).

[IpaBuna TexHuKH 6€30MaCHOCTH.

ColmroaiiTe 0OCTOPOKHOCTE TIPH paboTe ¢ Boaoil. Octeperaiite mpubops! oT magenus. Ha crone He
JIOJKHO OBITh HUKAKHX JIMIIHUX MpeaMeToB. [Ipu pabote co CTeKISHHON OCy 101 OyAbTe aKKypaTHBI.
Ecnu cTexnsHHas mocyna pa3ousiach, TO COOOIIUTE 00 3TOM YUUTEIIO U HU B KOEM Cllydae He youpaiite
OCKOJIKH pyKamH!

Onwucanue paboThI:
CornacHo 3aK0oHY ApXume/ia Ha MOrpyKeHHOE B )KUJIKOCTh TEJIO JEHCTBYET BhITAJIKUBaroIas cuia Fa,
paBHasi BECYy Mg BHITECHEHHOM JKUJKOCTH:
Fa = mg. (D)
Ecnu Teno niasaert, To apxumenosa cuiia FA paBHa Becy P Tena (ycnoBue niaBaHue T€d):

Fa=P.

JI1st cpaBHEHUS apXUMEIOBOM CUIIBI C BECOM TEJIa HYKHO U3MEPUTH Bec Tena P ¢ moMomisio
JMHAMOMETpPA U BBIYMCIUTH apXxuMeoBy cuity Fa. apxumenosa cuna Fa onpenensercs no ¢opmyie:
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Fa=mg=pAVg (2),

r7e p - IWIOTHOCTH Boasl (p = 1000 kr/m>), AV - 06beM BBITECHEHHOM
TEJIOM BOJIBI, g - YCKOpeHHe cBobogHoro mageHus (g = 9,81 m/c?).
O6bemM AV BBITECHEHHOU BOJIBI MOKHO U3MEPUTH C TOMOIIIbIO
U3MEPUTENILHOTO [WJIMHAPA KaK pa3HOCTh YPOBHS BOJAbBI IIPU
MOTPYKEHUH B HETO UCCIIEyeMOro Tena u 6e3 Tena.

ApxumenoBy cuity FA, neiicTByromiero Ha Teio, TOHyIlee B BOJIE,
MO>KHO HAWTH, MU3MEPHUB C TOMOIMIBIO JHHAMOMETpA Bec Tena P B
BO31yXe U CUITY Proxa, YACPKUBAIOIIYIO TEJIO B PABHOBECUU ITPU
MOTPYXKEHUH €TO B BOIY:

PBoaz[yx =FA+ Psoma, Fa= PBoz;{yx — Psona. (3)
3ananue I:

HccnenoBanue 3aBUCMMOCTH CHIIBI ApXUMeEZa OT Macchl Tena.
NsmepsbTe Bec P nunuHapa ¢ TOMOIIBIO JMHAMOMETPA.

OnycTure MUIMHAP B U3MEPHUTEIBHBIN IIMHIAP W U3MEPhTE €ro 00beM AV BBITECHEHHOW JKHUIKOCTH

IIpH IJIaBaHWU MUWJIMHIpPa B BOAC.

Boruncnure 3Hauenue apxumenoBoi cuibl Fa. CpaBHUTe 3HaueHue Beca P epeBsIHHOrO MWJIMHApPA U

apXHMCHOBOﬁ CHIIBI.

CpaBHHUTE pacyeTHOE U SKCIEPUMEHTAIBHOE 3HAUCHUSI ApXUMEIOBOM CHUJIBI.

3anumuTe pe3yapTarsl B Tadauiy 1.

3amaunue II:

HccnenoBanue 3aBUCUMOCTH CHIIBI ApXHUMe/a OT TUIOTHOCTH JKUJIKOCTH

[TonBeckTe M1000#1 M3 TUIMHAPOB HA HUTH K TUHAMOMETPY. 3aMHIINTE MOKa3aHHUE Beca Tejla Ha BO3/yXe.
OnyctuTte WIMHIP B BOAY TaK, YTOOBI OH MOJHOCTHIO OKA3aJICS MOTPYKEHHBIM B )KHUJIKOCTh. 3alUIINTE

NOKa3aHue Beca Teja B BOJIE.

Haiigute cuny Apxumena. (3)

IIponenaiiTe aHAIOTUYHBIN OMBIT C PACTBOPOM COJIU B BOJIE.
3anumuTe pe3yabTaThl B TaOIUILy 2.

OtuerHas Tabaua 1.

Bunsl ten m, KT Bec B Bec B AV, M

BO3JIyXe, | BOJE,
Psosn, H | Peoma, H

g

Cuna Apxumena,
Fa,H

Jlerxuii mpeamer

Tsxenpri mpeaMer

OtueTHasg Tabauua 2.

Bungl )xugxocreit Bec B BO3ayX€E, Bec B BOIIE,
PBO3Z[. H PB();[a H

Cuna Apxumena,
Fa, H

Bona, p = 1000 kr/m’

PactBop comu B Bozie, p= 1030 kr/m’

CnenaiiTe BBIBOJ 110 NMPOJIETaHHOM paboTe.
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JlabopaTopHoe 3ansitue Ne7. Onpenesienne BJIaKHOCTH BO31yXa U aTMOc(epHOro AaBjieHUs!

eJsb: 5KCIIEpUMEHTAIBLHO ONPENIEINUTh BIAKHOCTh BO3/yXa B J1a0opaTopuu GU3NKU
Boinosinenune padorsi ciocodcTByet popmupoBanuio: OK 01, OK 02, OK 03, OK 09, OK 06
MarepuajibHoe o0ecnedeHue: TCUXpOMETp, rurpomerp ncuxpomerpuueckuii BUT — C, tabnuua

((I[aBJ'IeHI/Ie HACBIIICHHBIX IIAPOB BOJBLI IIPU PA3JIMYHBIX TEMIICpATypax»

Buumanue! [Ipu BeImoaHeHNH pabOTHI ¢ 0CO00W OCTOPOKHOCTBIO OOpariaiiteck ¢ TepmMomeTpamu. He
JIONyCKaiTe majicHusi TepMomeTpal

3ananue:
1. O3HaKOMBbTECh C TEOPETHYECCKUM MATEPHAJIOM:

Teopus
B armocdepe 3emnu Bcerna copepikarcs BoJsHbIe mapbl. VX copepxkaHune B BO3AyXe XapaKTepU3yeTcs
a0COJIIOTHOW M OTHOCUTEIBHON BIAXHOCTHIO. AOCOJIIOTHAS BIIAXKHOCTh OMNPEAENSAETCS TUIOTHOCTHIO
BOJISIHOTO Tapa pa, HaxoJsulerocs: B arMocdepe, Uiu ero napuuainbHbIM AaBieHueM pil. [lapuuanbHeiM
JABJICHUEM PII Ha3bIBACTCS JABJICHUE, KOTOPOE MIPOU3BOIIII OB BOASIHOM Tap, €ClIi OBl BCE APYTHE T'a3hl B
BO3JyXe OTCYTCTBOBaNM. OTHOCHUTENBHON BIQXKHOCTHIO () HA3bIBACTCS OTHOLICHHE MapIUAIbHOTO
JABJICHUS PII BOASHOTO Tapa, COAEPXAIIETocs B BO3AYXE, K JABJICHUIO HACBIIEHHOTO Mapa pH.IL., MpU
naHHoW Temneparype. OTHOCUTENbHAs BIQKHOCTh () TOKAa3bIBa€T, CKOJIBKO IPOLIEHTOB COCTABIISIET
napIuaibHOE JABJICHHUE OT JAaBJICHUS, HACHIIIICHHOTO Tlapa MU JaHHOM TeMIlepaType U OMPEeeseTCs 1Mo

dbopmyie:
@ = P 100%
;}JH?

[TapunaneHOE AaBlIEHWE PO MOKHO paccuuTaTh IO ypaBHeHUI0O MenneneeBa - KiamelipoHa unu 1mo
TOYKE POCHI.

Touka pocel - 3TO TemIeparypa, IPU KOTOPOH BOISAHOW Iap, HaXOIALIUNCA B BO31yXE CTAHOBUTCS
HachIIEHHbIM. OTHOCHUTENIbHYIO BJIQKHOCTh BO3[yXa MOYKHO OMNPEIENIUTh C MOMOIIBI0 CHEIUATIbHbBIX
nprOOPOB — MCUXPOMETPA U TUTPOMETPA.

Ilcuxpomerp
IIcuxpoMeTp COCTOUT U3 CYXOro U BIAKHOI'O TEPMOMETPOB.
PaccmoTtpuTe ncuxpoMeTp U ONpEeAeNInTE I1€ CyXOW U BIIAXKHBIM TEPMOMETPBI.
a) U3MEPUTH NIOKA3aHUs CYyXOro U BIa)KHOTO TEPMOMETPOB:
0) UCroNB3ysl ICUXPOMETPUUECKYIO TAaOJIHILY, OIPEAETUTh OTHOCUTENIBHYIO BIa)KHOCTh BO3/1yXa.
BHuMaTensHO TOCMOTpHTE Ha ICUXPOMETPUUECKYIO TabuuIly. B mepBoM BepTUKaILHOM CTOJIOIE
HaluTe OKa3aHMs Ballero CyXOoro TEPMOMETPA, B IEPBOM TOPU30HTAIBHON CTPOKE HAUTE Bally
Pa3HOCTB MTOKa3aHUM CYyXOr'0 U BIAXKHOI'O TEPMOMETPOB. TO 4HCII0, KOTOPOE HAXOAUTCS HA IIEPECEYECHUN
CTOJIOIIA U CTPOKHU U SIBJISIETCS 3HAUEHUEM BIIAKHOCTU BO3TyXa.
N3obpakenue, cxema, pUCyHOK IKCIIEPUMEHTA:

115



Cyxon
mepMoMemp

Baawnnii
mepsoMenph

Pucynok 1. YcranoBka s 1aboparopHoit paboTer NeS
2. Beimonaute padoTy.
3. OtBeTbTE HA KOHTPOJIbHBIE BOIIPOCHI.
4. 3amonHUTE OTYET IO JIabopaTOpHOU padoTe.

IHopsiaok BbINOIHEHHs PA0OThI:
1.Hanutek B nUTaTENb KUMSTYCHYIO BOIY.

2. Jlatp ¢uTmn0 nponuTathcs BoAoM M uepe3 10-15 MUHYT NOpPUCTYNHUTH K ONpEAEICHUIO
BIIQYKHOCTH.

3.0Hpe,[[eJ'II/ITB IMMOKa3aHUs CyXO0ro U yBJIAJKHCHHOI'O TCPMOMCTPOB.

4.IloBopaunBasi 1MMO C KpacHOW OIM(POBKOW, COBMECTHTH IIOKAa3aHUS CyXOro TEpMOMETpa
(xpacHble IM(pPBI) C MOKA3aHUSIMU YBIAKHEHHOTO (YepHBbIE LIU(PHI).

5.0mpenenuTh OTHOCUTENBHYIO BIAXHOCTB 110 KPACHOW CTPEJIKE.

6.Pe3ynbTaThl N3MEpeHU U BHIYHUCIICHUH 3aHECTH B TAOIUILY:

TaGnuua Nel
Iloxa3anusi TepmomMeTpoB Paznoctn OTtHocuTebHAA
NMOKAa3aHuM BJIAKHOCTH BO3/AyXa @,
TEPMOMETPOB %
At=tcyx-tBJ
cyxoro tcyx BJIAKHOIO tBJI
Tao6mmia Ne2
Temnepary | Touka Hasnenue | [lapuumansn | OtHocuten | IlnotHOCTh | AGCONIOTHA
pa pocsl, °C HACBILIEHH | 0€ bHas HACBILLEHH | 4
OKpYKaroIl oro mnapa, JTaBJIeHNE BJIQXKHOCTh | OTO Mapa, BJIQ)KHOCTh
€ero I1a BOJSHOI'O Bo3ayxa, % | 2 BO31yXa
BO3/IyXa, napa, Ila M3

oC

7. CnenaTh BBIBOJI, 3alUCaTh MOKa3aHUSI TUTPOMETPAa M JaTh PEKOMEHAALMH MO MOAJACPKAHUIO
BJIQXKHOCTH B JTJAOOPAaTOpUHU B MpesiesaX HOPMBI.
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KounTpoJibHbIE BONPOCHI:
1. Kaxoil map Ha3pIBaeTCs HACBILICHHBIM? YUTO Takoe JMHAMHUYECKOE PAaBHOBECHE, TOYKA POCHI,
napuuagbHOE JaBjieHue?
[Touemy moka3aHusi CMOYEHHOT'O TEPMOMETPA MEHbIIIE, YEM CyXOTo?
Kak, 3Hast TOUKy pOChI, MOXHO OIPEACIIUTD MapluaIbHOE J1aBjieHue?
Cyxo#t ¥ BIaXHBIM TEPMOMETpPHI IICUXPOMETpa MOKa3bIBAIOT OJMHAKOBYIO Temmeparypy. Kakosa
OTHOCUTEJIbHAS BIIAYKHOCTH BO3yXa?
Kaxk o BHemnHeMy BUIy OTJIUYUTH B OaHE TPYOBI C XOJOIHON U TOpsYEit BOIOM?
UeM 0OBSICHUTH MOSIBIICHUE 3UMOU MHEest Ha okHaxX?. C KaKkoil CTOPOHBI CTEKJIA OH MOSBUTCS?
HaiiTu OTHOCHTEBHYIO BIAXKHOCTh BO3yXa B komHare nipu 18°C, eciu Touka pockr 10 °C.
OTHOCHTENbHAS BIAKHOCT BO3yXa BedepoM npu 16°C pana 55%. Brimazer nu poca, eciu
HOYBIO TeMIepaTypa noHusutcs 10 8°C?

it N

PN

JlabopaTopHoe 3ansitue Ne8. Onpenenenne Moay./st ynpyrocTv pe3uHbl

Heab: Onpeneautb MOAYJb YIIPYTOCTH PE3UHBI IIPU PACTIKECHUH.
Boinosinenue pa6orsl cnocodcTByet popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06
MartepuajbHoe odecriedeHmne:
pe3uHOBIN mHYpP HON 25—30 cM u ceyennem 4— 10 mm2, Habop rpy3os no 0,1 kr, 1kr, 1,5k,
2 KT., IITaTUB, JIMHEHKA, IITAHT€HIIUPKYJIb UIH MUKPOMETP.

Buumanue! H3zoezaiime nadenus 2py3oe c padoueii nogepxuocmu. Cneoume 3a nonoxiceHuem
wmamuea!

1.Teopus:
[Tpu nedopmanuu Tesia BO3HUKAET cuiia yrnpyroctu. [Ipu masbix nedopmainusx cuiia yrnpyrocTd co3IaeT
MEXaHWYECKOE HANpsHKEHUE O, NPSIMO MPOMOPIHOHAIBHA OTHOCHTEIbHOW nedopmanuu €. Ira
3aBHCHUMOCTh Ha3bIBACTCS 3aKOHOM [ 'yKa M UMEeT TaKoW BUJI:
il g O
— = ’ e .
o= Ele|, I ¢
rae 6 = F/S; F - cuna ynpyroctu; S - miomaas mornepeyHoro ceueHus oopasia; rie
Al,m - aGcomoTHast nedopmanus;
ly-,M HavanmpHas AMMHA 00pa3Ia;
[,m - IIMHA pacTIHYTOTO 00pa3Ia;

pFo
S.AL
E = o/e-monyab ynpyroctu (FOura). OH XapaktepuszyeT CHOCOOHOCTh MaTepHaia MPOTUBOCTOSTH

nedopMaIuu ¥ YUCICHHO paBEeH MEXaHWYEeCKOMY HampspkeHHo mpu € = 1 (T.e. koraa 1 = 210). PeansHo
Takoi nedopmalnii He BBIAEPKUBACT HU OJIHO TBEPAOE TEJO W pa3pyllaeTcs. YKe 3a 3HAUMTEIbHOU
nedopMaIuu OHa TepecTaeT ObITh yIpyroi u 3akoH ['yka He BeimonHseTcs. Yem Oombie Moayns FOHTa,
TEM MeHBIIIe 1ehopMUpyeTCs CTEPKEHb IPU TPOYUX PABHBIX YCIOBUAX (0aMHAKOBEIX F, S, [j).
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1.3akpenuTe Ha IITATUBE PE3UHOBBIH JKI'YT WIM METAITUYECKYIO MPYKUHY.
2. I3MepbTe HaYaIbHYIO JJIMHY, TPUIOXKUTE CHITY 1KT,2KT 1 M3MEPhTe KOHSUHYIO JTHHY
3. Onpenenure :
l)npunoxennyto cuiny F = mg, roe g = 9,8 m/c2.
2) Abcomotayto aedopmanuio Al,m
3) OTHOCUTENBHYIO JedOpPMAITHIO . €
4) [1nomaap MONepeyHoro CeYeHus S, Ui MPSIMOYTOJIbHUKA, 111 OKPY>KHOCTH puc 1
5) Mexanuueckoe HanpsbkeHue o, [1a
6) Monyns ynpyroctu E, I1a.

Pe3ynbpTaThl 3aMHIIATE B TaOIHILY.
Ne onbTa lo, M [, M AlM F,H S,m? g o, Ila E, Ia.
1
2
3
4

4. ITo momy4eHHBIM JaHHBIM MTOCTPOTE rpa)uK 3aBUCUMOCTH MEXaHUYECKOTO HAIIPSKEHUS G OT
OTHOCHTEJBHOTO YJTMHEHHUS €.

5 Cnenaiite BbIBOJI O ITPOJIEIIAHHOM padoTe.

Tabnu4HbIC 3HAYCHUS

E (pe3unsn)=15%10°-5%10°T1a

E (;xene30)=19-20,* 101°Ta.

KonTpoJbHbIe Bonpockl
1. Tlouemy Monyns FOHra BelpaskaeTcst TaKuM OOJIBIIUM YHUCIOM?
[ToueMy npakTHyeCKH HEBO3MOKHO OINPENEIUTh MOAYIb FOHTa MpsMbIMU U3MEPEHUSIMHU T10
ONpeNIETICHUI0?
3. Yro xapakrepusyet Moayib KOHra?
[Touemy moxyns KOHra BbIpaxaercsi CTOJIb OONBIINM YHCIOM?
Kaxue Buzab! nedopmanmii Bol 3HaeTe?
W3mensieTcs a1 BHYTpeHHA SHEprus Ae(opMUpPOBaHHBIX Te?
OT KaKkux nmapaMeTpoB 3aBUCUT MOysb FOHra?
Kakoro Buna nedopmariust HabmogaeTcs Ipy YeKaHke, MpU (pOPMUPOBAHUM COCTaBa, IIPH
MCIIOJIb30BaHUU JIOMKpaTa Jyisi TPAaHCIIOPTHOT'O CPeCTBa?

Nown ke

Pemnre 3agaum:

1. Uemy paBHO a0COMOTHOE yAsIMHEHUE MenHOM mpoBooku (130*109 I1a) qmuuoit 50 M 1 TIoIa b0
nonepeunoro ceuenus 20 mm2 nipu cuse 600 H. (otBet: At=1,15 cm)

2. OnpenenuTbh MEXaHUYECKOE HANIPSHKEHUE Y OCHOBaHMS CBOOOJIHO CTOSAIIEH MPaMOPHON KOJIOHHBI
BbicoToi 10 M. ITnoTHOCTE Mpamopa 2700 kr/m3. (otBeT: 6=27*104 I1a)

JlaGopaTtopHoe 3ansaTHEe Ne9 «Onpenenenue adCOMIOTHOM e opMalui TBEPAOTO TeJIa MPH
AedopManum pacTsKeHUsI M ee 3aBUCMMOCTH OT Pa3JIUYHBIX IAPAMETPOB »

Leab padoThi: HAYYUTHCS BHIYUCIATH a0OCOTIOTHYIO J1ehOpMalllio U YCTaHABIMBATh 3aBUCHMOCTh
abcomoTHOU AedopMaIii OT MaTepralia CTEP>KHS M €ro TeOMETPUYECKUX pPa3MEpOB.
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BoinosiHeHue padoThl cnocodcTBYeT (POPMUPOBAHUIO:
[1P62, I1P66, ITPGS, ITPy3, Ilpy7, I1Py8, I1Py10, IIPy12, TIP610, IIpy2, I[IPyl2, T1P610, MP3, MP5,
MP15, MP2§, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32,

OO0opynoBaHme: METaNIMYECKUE 3aTOTOBKH, TPY3bl, JINHEHKA, IITAHTCHIIUPKYJIb.
Kparkas Teopus
Pacmsoicenue - cocamue — smo naubonee npocmoii 810 npoOoIbHOU Odepopmayuu CmepIHCHA ULU
opyca, 603HUKaAIOWULL 8 MOM ClyYde, eclu HA2PpYy3Ka K HeMy NPUKIaovleéaemcs no e20 npoooabHOU OCU
(pasnodelicmeyrouias cuil, 8030€liCMEVIOUUX HA He20, HOPMANbHA NONEPEYHOMY CEeHUeHUl0 CMEPICHA U
npoXoOuUm uepes e2o YeHmp macc).
O6pabotka MeramwioB aaBieHueM (OMJ]) — omuH U3 cmocoO60B 00pabOTKH METAJLIOB, OCHOBAHHBIN
Ha TPUMEHEHUHU CHJIOBOTO BO3CHUCTBUS Ha UCXOTHYIO 3arOTOBKY.
JlanHbIi TIpollecC OCyIIECTBIsCTCS Oyiarojapsi BHICOKON IUIACTUYHOCTH HCIOJB3YEMBIX MPH 00paboTKe
MaTepHajoB, B PE3yJNbTaTe YEro MPOAYKT MpuoOpeTaeT HEoOXoaumyro ¢GopMy, a ero MeXaHHYecKue
CBOICTBA MOBBIIIAIOTCS.
MHuoroo6pasue Bu10B 00pabOTKH METAJIJIOB JaBJICHUEM MOXKHO Pa3AeIuTh Ha 2 TPYIIIIbL:
1. Ilpomecchl Ui MONy4YeHUs JIMHHOMEPHBIX 3arOTOBOK IOCTOSIHHOTO IOMEPEYHOro ceueHus (Tpyosl,
OPYTKH, TPOBOJOKA, JUCTBI M T. J.), KOTOpble MOJUIeXAT MOCIEAYIOMEH MeTaluioo0padoTKe st
U3TOTOBJICHUS JIeTaleld WM MPUMEHSIOTCS KaK TOTOBBIE €IMHUIBI MPOIYKIUU B HEKOTOPBIX OTpAcisX,
HalpuMep, B CTPOUTENLCTBE. TakMMU BUIAMH METAUIOOOPAOOTKH JaBJICHUEM SIBIISIIOTCS: IPOKATKa,
IPECCOBAHUE U BOJIOYCHHE.
2. TIpoueccsl Ads MOJy4YeHHs jAeTajieil WJIM 3aroTOBOK, MaKCUMAJIbHO NPHOJM:KEHHBIX K gopme
roToBOro u3aeaus. B sToM ciayyae TOMOTHUTENbHBIE ONEPAllMd MOTYT MPUMEHSTHCS JTUIIb [Tl IPUAAHUS
OKOHYATEIbHOW (OPMBI WM ISl yJIy4dIICHUS MOBEpXHOCTH netanu. Cpenu TakuX TPOIECCOB MOXKHO
BBIJICTIUTH: KOBKY, IITAMIIOBKY

1. IIpokamka

[Ipokatka — cnoco® 00pabOTKM [aBJICHUEM, KOTOPbI OCYIIECTBISETCS 3a CUET

BO3/JICUCTBUS HAa METaJUl ~ BpalllaTeNbHBIX HMHCTPYMEHTOB —  BaJKOB. B mpouecce /!
METauI000pabOTKH MaTepuall MPOXOAUT MEXIy BaJkaMH, Ae(hopMUpyEeTCS W MPUHUMAET %
HeoOxonumyto ¢opmy. JlaHHOMY Ipoleccy CBO HCTBEHHO OJIHOBPEMEHHOE YMEHbILIEHHE \
TOJINTUHBI N YBCIIMUCHUC JJIMHBI HCXOOHOU 3aroTOBKH.

HpOKaTKa OCYHICCTBIIAICTCA KAaK B ropsA4€M, TaK U B XOJIOJHOM COCTOSTHUU.

2.IIpeccosanue
[IpeccoBanue — cmocod MeTamuioo0padOTKH, MPH KOTOPOM METAII, HAXOJSIIUNCS fz%

B SaMKHYTOﬁ (bopMe (ManI/II_IC), BBLAABJIMBACTCA YCPE3 CIICHHUAJIBHOC OTBECPCTHUC B Hel §_A

IIPH ITOMOIIY MOIITHOTO Tpecca. dopma U pa3Mephl MOMEPEYHOT0 CEUCHHS TOTYYCHHON
neTanu omnpenensiercss (GoOpMol U pa3MepoM CEUYEHHS OTBEPCTHs B MaTpHIle, 4epes
KOTOPOE MPOXOJIHUT 3arOTOBKA.

[IpeccoBanre MOXET MPOBOJUTHCS B XOJIOJAHOM WIIM TOPSYEM COCTOSHUHU, YTO 3aBHCHT OT MEXaHHMYECKHX
CBOMCTB MCXOJHOTO Marepuana. [lmactuunbie MeTayibl (QTIOMUHHMA, MEIb W Jp.) TOHJIek)aT oOpaboTke
B XOJIOJJHOM COCTOSTHUH, a Ooyiee XpYyNKHe — MOJBEPTaloTCs MPeIBaApUTEILHOMY HAarpeBy

nepez IpeccoOBaHUEM. %

3. Bonouenue i%z,_
Bosouenne — mporecc NpOTArMBaHUS 3arOTOBKM 4YE€pe3 OTBEPCTHE B CIELUAIbHOU /
BBICOKONIPOYHOM (opme — Guiibepe. MeTamn MociefaoBaTeIbHO HPOXOAUT uepe3 psin

OTBEPCTHM, JIMaMETphl KOTOPBIX IIOCTEIIEHHO YyMEHbINAKTCs. B pesynbrare Takou %
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06pa6OTKI/I IOMNEPEYHOC CCUYCHHUE 3arOTOBKM CTAHOBUTCA MCHBUIC, a AJIMHA ACTaJId, COOTBETCTBCHHO,
YBCIIUUMUBACTCA. Taxkoit MeTO/1 Jalie BCero HCIIOJIB3YCTCA AJId U3TOTOBJICHUSA ITPOBOJIOKH.

4.Koeka

KoBka — mporiecc MetaimiooOpaboTKu, MpPH KOTOPOM (HOPMOM3MEHEHHE TPOHCXOIHT
32 CYET TOCJIEIOBATEIILHOTO BO3JICHCTBUS WHCTPYMEHTA HA ONMPEICICHHBIE YYaCTKH
oOpabaTbIBacMOi 3arOTOBKH.

B TpagunuoHHOM BHE KOBKa SBISETCS BBICOKOTEMIIEPATYPHBIM METOJOM 00paboTKH
metaisioB. [Ipunganue onpeneneHHOW (GOPMBI OCYIIECTBISIETCA IIyTEM COBEPIICHHUS yAapoOB

HHCTPYMCHTA 11O HArp€TOMY MCTAJLITY. //////////////

KoBKky Takxe MOKHO IPOBOJUTH B XOJIOJAHOM COCTOSIHUHU, YTO SIBJISETCS €€ 0COOBIM BUOM,
HaOWPAOLIUM IOIYJIAPHOCTH B MOCIIEIHEE BPEMSL.

MexaHnuecKkue CBOMCTBA TBEPIOTO Tela PacCMOTPUM Ha mpuMmepe aedopmanum pactsokeHus. B mrobom
CeueHUU ae(OpMHUPOBAHHOTO TeJa JACUCTBYIOT YIPYTHE CUJIbI, MPENSATCTBYIOIINE Pa3phIBy ATOrO Tella Ha

yacTtu. CocTosHUE Je(POPMUPOBAHHOTO TeJa XapaKTEPU3yeT

Iy 1.MexaHHYECKOE HAIIps’KCHUEC: & = E, ra¢ 6 — MCXaHUYCCKOC HAIIPSAKCHUC I1a H 5 F-
S

2
M

cuia ynpyroctd H; S — muiomanas mornepeyHoro ced4eHusi, MepreHAUKYISIPHOTO JTHHUH

NYUIUI NeHCTBHS CUIbI, M%, B 3aBUCHMOCTH OT I'€OMETPUYECKOH (hOPMBI OCHOBAHHUS IIOLIA b
P TI0IepeYHOro ceyenus: S=a x b umu S=md?/4

6= | € | E — 3akon ['yka npu maisix nedopmanusx

2. Mooynv IOnea (takxke: modynv ynpyeocmu I pooa, MoOyab NpoOOabHOU Yynpyeocmu) — MEXaHUYecKas

XapaKTePUCTHKA MaTepHaJIOB, OTIpEeIeIISIOIAsT 175 CTIIOCOOHOCTh COTIPOTHBIIATHCS

0 x

IPOJOIBHBIM AedopMmarusiM. DU3NYECKUN CMBICI: TIOKa3bIBa€T CTEMEeHb JKECTKOCTH Marepuana. F—
[Tackans [[1a] — BenuunHa TabIMYHAS.

Cuna, npuioXeHHas B KauecTBe Harpy3ku: Fynp=K | AL | =mg

Lo
OtHocutenbHast n1edopManus: =—

L
AOcoumoTHas aedopmarus: AL=L-Lo

B comporuBieHUM MarepuanoB MOAYJAb MNPOAOJIBHOM  YNPYTOCTH HCHOJB3YETCS B pacyerax Ha
JKECTKOCTh MPHU PACTSHKCHUU-CIKATUM U U3THOE, a TAKKE B pacueTax CHKaThIX CTEPIKHEW Ha YCTOMYHUBOCTD.
Hcrnionp3yst naHHBIE TAOMWIBI BBIYHCIWATH a0CONIOTHYIO JedopMaruio Mpu pa3IidHBIX Harpy3Kax,
pPa3IMYHBIX MATEPHAIOB M 3arOTOBOK, M3MEPEHUSI 3aHECTH B TAOJMIIBI, TTOCTPOUTH TpaduKH 3aBUCUMOCTH
AL ot F, cnmemath BBIBOS.

XapaKTEPUCTUKU CrepeHb CIIONIHON KBagpartnas Cns6 mpsSsMOYTOIBHBIN
d=40 mm 3aroToBKa 250MmM (TonmmruHa-const) *
150mM x150MMm 1500mM (mmpuHa
nepeMeHHas)
CBHHeEI] cTajlb CBHHeEI[ cTajlb CBHHeEI[ CTaJlb
Hauanrnasg gouna 6M 6M Sm 5M 4m 4m
Moayas FOnra 17I'T1a 220I'TIa 17T'T1a 220I'TIa | 171'T1a 220I'TIa
Harpy3ska 500 kr mo 1000 xr ( mocTosTHHAS 7Sl pa3IMYHBIX 00pa3IoB)
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https://isopromat.ru/sopromat/teoria/mehanicheskie-harakteristiki-materialov
https://isopromat.ru/sopromat/teoria/mehanicheskie-harakteristiki-materialov
https://isopromat.ru/glossary/deformacii
https://isopromat.ru/sopromat
https://isopromat.ru/sopromat/primery-reshenia-zadach/raschet-na-zhestkost
https://isopromat.ru/sopromat/primery-reshenia-zadach/raschet-na-zhestkost
https://isopromat.ru/sopromat/teoria/rastyazhenie-szhatie
https://isopromat.ru/sopromat/teoria/izgib
https://isopromat.ru/sopromat/teoria/ustojchivost-szhatyh-sterzhnej

Brruucnennd:

1. CrepxeHb CIUIOIHON

Lo,m | E,Ila| FH S, AL, m
M2
CBUHEI]
cTallb
2. Ksamparnas 3aroroBka
Lo,m | E,Ila | FH S,mM” | AL, m
CBHHEI]
CTalb
3. Cusab npsMOyroJibHbIN
Lo,m | E,IIa | FH S,mM” | AL, m

CBHHCI

CTallb

Briso:

A FaH

AL, M
AAFI{

AL, M
AAFI{

- AL, M
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JlaGopaTopHoe 3ansitue Nel(

Onpenesenne ko3¢ GuuneHTa JUHEHHOT0 paclIMpeHUusi TBEPAbIX TeJl

Lesb: 5KcriepUMEHTAIBFHO ONPENeNUTh KOA(P(OUIIMEHTH JTUHEHHOTO pacIIMPEeHUs] TBEPAbIX TEN:
CTaJIM, JIFOMUHUSA, CTEKJIa U OPOH3BI.

MarepuanbHoe oOecnedeHue: TpuOOp Ui ompeneneHuss KodhduuueHTta JIUHEHHOTro
pacliMpeHus, B COCTaB KOTOPOTO BXOJAT CTEp)KHEBble OOpa3lbl (CTaJbHOW, alOMUHHEBBII,
CTEKJISIHHBIN, OPOH30BBIN ), IITAHT €HIIUPKYJIb.

Boinosinenue padorsl ciocodcTByet (hopmupoBanuio: OK 01, OK 02, OK 03, OK 09, OK 06

MarepuanbHoe oOecnedeHue: TpuOOp Ui ompeneneHuss KodhduuueHTa JIUHEHHOTro
pacliMpeHus, B COCTaB KOTOPOTO BXOJAT CTEp)KHEBble OOpa3lbl (CTaJbHOW, AIIOMHUHUEBBIH,
CTEKJITHHBIA, OpOH30BBIN), YETHIPE CTEKISIHHbIE MPOOMPKH, HWHAWKATOP MAJBIX NepeMelleHui,
TEPMOMETp Ja00paTOPHBIN, XUMUYECKHH CTaKaH ¢ BOJOMH, IITATUB, IITAHT€HIIUPKYJIb.

KPATKASA TEOPUA

Bce TBepaple Tena MmpH OXJAXKICHUHM W HArpeBaHWU M3MEHSIOT CBOM pa3mephl. Kak mpasuiio, ¢
IMMOBBIIICHUEM TCMIICPATYPBI PASMEPLI TCJI YBCIIMYUBAKOTCA.

Kak wu3BecTHO, TBepIbple Tejla MOXHO pa3[eliuTh Ha JIBe Tpynnbl: aMopdHbie Tena u
Kpuctaumiaeckue Tena. K aMopdHBIM TenaM OTHOCATCS CTEKIIO, IIACTMAacChl. DTH BEIIECTBA BEAYT
ce0s1 KaK JKUJKOCTH C aHOMAJIBHO OOJIBIIION BSI3KOCTHIO. KpHCTasimdyeckue BElecTBa OTIHYAIOTCS OT
aMOp(HBIX PABIILHBIM PACTIOIOKEHUEM YaCTHUIl. B KpHCTAUTMYECKOM peneTKe TBePAOTo Tejia KaKaas
yacTulla (MOH, aTOM WJIM MOJIeKyJa) UMeeT OMpeesieHHOE MOJI0KEHWE PAaBHOBECHS, OKOJIO KOTOPOTO
OHa COBEpIIAET KOJIeOaHuUs.

BzaumopeiicTBue MeXIy dYacTUIlaMd JIOOOrO BUAA B KpUCTAIE MOXET OBbITh MPEACTaBICHO

MOTEHIIMATBLHON KPUBOM, N300paKeHHOM Ha puCyHKe 1.
E4}

Ny

Puc. 1

TakuM 00pa3oM, OYEBHJIHO, YTO MpPHU BO3PACTAHUU AMIUIUTY[bl KOJIeOaHMHM aTOMOB BCIEICTBUE
HarpeBaHUsl KPUCTAJUIa, POCT CHJI OTTAJKUBAHUS MEXIY aTOMaMM INpeoOsiaaeT HajJ pPOCTOM CHII
MPUTSDKEHUSA. OTO TPHUBOJUT K YBEIWYEHUIO CPEOHEr0 PACCTOSHMS MEXIy YacTHIAMHU W,
ClIeZIOBATENbHO, K YBEJIMUEHHIO 0ObeMa Tella IPU ero HarpeBaHHH.

[logBomst wTOr, 3aKIFOYaeM, YTO MPUYMHOM TEIUIOBOIO PACIIMPEHUsS TBEPABIX TEN SBIAETCA
aHrapMOHMYHOCTH KOJIeOaHHI aTOMOB B KPUCTAJUIMYECKOH peleTKe.

KonnyecTBeHHON XapaKTEpUCTHKON TEIUIOBOT'O PACHIMPEHHS CIy’aT KO03()(UIIMEHTHI JIMHEHHOTO
1 00bEMHOT0 PaCIIUPEHHUS.

KoadduuueHnr nuHEHHOro TEpMHUYECKOrOo pacCIIMpEHUs IOKa3blBaeT, Ha KaKyl0 4acTb
IIEpBOHAYAJILHOM JAJIMHBI WM IMPUHBI U3MEHUTCS pa3Mep TeNa, €CIM €ro TEMIIEpaTypa MOBBICUTCSA Ha |
rpagyc.
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[Tpumep:

10 KM IKEJIEe3HOMOPOXKHOTO MYTH MPH YBEIMYCHHUH TEMIIEpaTypbl BO3ayXa Ha 9 TpaaycoB
(mammpumep, ot -5 1o +4) ynmuastorces Ha 10 000 * 0,000012 *9 = 1,08 metpa. 1o 3T0ii MpUYnHE MEXITY
y4aCTKaMH PEIbCOB OCTABJISIFOT IIPOMEKYTKH.

TepMmudeckoe paciIdpeHHe HaJA0 YYUTBIBAaTh M B TPyOONMpPOBOJAX, TaM HCIOJb3YIOTCS
KOMIICHCATOPbl - H30THYThIE TPYObl, KOTOpbIC MPH M3MEHCHHH TEMIIEPaTypbl BO3ayXa IpH
HEOOXOJIMMOCTH MOTYT crubarbcs. VHkeHepaM, MPOEKTUPYIOLUIMM MOCTBI, 000OpyIOBaHHE, 3aHus,
KOTOpBIC MOJBEPKEHbl M3MCHEHUSIM TEMIIEPaTypbl, HEOOXOJMMO 3HaTh, KaKHE MaTepHalbl MOXXHO
COCNIUHSITD, YTOOBI HE 00Pa30BATUCH TPEIIHUHBI.

DJIeKTpUKaM, KOTOPbIE MPOTATUBAIOT JIMHHUU 3JICKTpOINepeadyd, HEO0OXOJAMMO 3HaTh, KaKUM
MU3MCHEHUSIM TEMIIepPaTypbl OyayT MOJBEPKEHbI MpoBoaa. Eciu JIeTOM NpOBO/Ia HATSHYTHI, TO 3MMOM
OHU 000PBYTCA.

[Ipu TepMHUYECKOM PACITUPECHUN METAJJIOB UCIOJIB3YIOT aBTOMATHUECKHE BBIKITIOYATEIIN TEIIIOBBIX
npuOOPOB. DTOT BHIKJIIOYATEh COCTOUT M3 JABYX IUIOTHO COCTUHECHHBIX TUIACTUH Pa3IMYHBIX METaJIOB

(c pa3TMYHBIMH TEPMUYECKUMHU KO DUITCHTAMH).

C u3MeHeHHeM JTUHEHHBIX pa3sMEPOB U3MCHACTCA TAKIKEC U 00BeM Tena.

[Tyctob LO — nnuHa obpasua npu 0°C, L — pnuna oOpasiia mpu Temmneparype {, torma Pa3HOCTh

AL=L-L, £ At
TUTHH MPONIOPIIHMOHATIFHA Y Pa3HOCTH TEMITEPaTyp . MoxHoO 3anucarb

rae & — ko3 uIEeHT MPOMOPIHOHATBHOCTH, HA3bIBAEMBIH KOA()(HUIIHEHTOM TMHEWHOTO PaCIIUPEHHS.
N3 (1) umeem:

L1y Lo AL 2
Ly At Ly At
0 HIIN 0 .

KoadduimenT nMHEHHOro paciimpeHusi, MoKa3blBaeT yBEIMUYEHHUE KaKI0M €AMHMIIBI JUIMHBI Tela
npu Harpesanuu Ha | K, npu aToMm cunraem O He 3aBHCAIIMM OT TEMIEPATYPHI.

[IpakTiyeckr MNpU HEOONBIINX HM3MCHEHUSIX Temiepatypsl & He3HAYUTENbHO W3MEHSETCH,
MO3TOMY JUIsl pacdeToB MOXKHO BOCHOJIb30BaThCS BEIMUYMHOM cpeaHero kodd@uimeHta JIUHEHHOTo
pacLIpeHus

Lo L-L _ AL 3)
Li(t,-1) L(-1)

M

t t L
rae ‘! u “2 — HavanpHas U KOHEYHas TEMIEepaTyphl Tena, | M 2 — JUIMHA Tella, COOTBETCTBYIOMIAs
STUM TEMIIEPaTypaM.

AHanornuHo omnpenenseTcs KodhPuImeHT 00beMHOTO PaCIIUPEHUS p :
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N R\ @
Volt=ty) Ly(r—1o)

Koadduunent 06beMHOro paciimpeHus Moka3blBaeT yBeINYEHUE KaX /101 enHUIbl 00beMa Tea

1pu HarpeBaHuu Ha 1K.
Tak kak OOJBIIMHCTBO KPHUCTAIUIOB aHU3OTPOIHBI, TO KO3 HIMEHT NuHEHHOTO pacmupenuns O
U1 TaKUX KPHUCTAJIOB OYZeT pa3lM4HbIM B pPa3HbIX HampasieHusx. Koadduuuments: rtermnoBoro
paclipeHuss 1O TpPeM KPUCTALIOrpaUUecKUM OCSIM  KpPUCTaUla  Ha3bIBAIOTCS  IJIaBHBIMU

o

a a
Kod(p(UIMEHTAaMH PACHIUPEHUS W O0003HAYAIOTCS 2, %3, Torma xodpduuueHT 0OHEMHOIO

=0 +0,+0 o o
paciipeHus] KpUcTallja BbIpa3uTcs p 1 2 3. Jlnst KpUCTAILIOB ¢ KyOUYecKOH CUMMETpHeii

U JUTS U30TPOITHBIX TEJT U =0 =05 = B=3a

ITopsinok BbINOJHEHUs PadoOThI:
1. CrexiissHHBIE TPOOUPKY Ha 1/2 0ObeMa 3aIlOJIHATE BOJIOH KOMHATHOM TeMITEpPaTypHhI.
W3meputs TeMIiepatypy BoJibl B OTHOM U3 IPOOUPOK.
2. 3MepuTh MITAaHT€HIMPKYJIEM HaYallbHYIO JJIMHY 00pa3LoB. Pe3ynbTaThl 3aHECTH B TAOIHILY.
3. OnmycTUTh B KQX/Iy10 U3 IPOOUPOK 10 UCIBITYEMOMY CTEPXKHIO ChepruuecKuM KOHILIOM BHU3 U
IIOMECTUTD B LITATUB.
4. OTBecTH NOBOPOTHBIM KPOHUITENHH, HA KOTOPOM 33aKPEIUIEH MHIUKATOP MaJIbIX IepeMELCHUH,
Ha 4eTBEPTh 000pPOTa B CTOPOHY A0 ynopa. [Tocne yero npoOUpKy ¢ UCHBITYEMbBIM CTEPKHEM
BBECTH B OTBEPCTHE HarpeBarells Yepe3 Pe3MHOBYIO MTPOKIIAJIKY .
5. OTTAHYTH IITOK HHIUKATOPA BBEPX, YCTAHOBUTH UHIUKATOP HaJ MPOOUPKON U OMYyCTHUTH
LITOK B yrilyOsieHne Ha KOHIle cTep kHs. KpoHIuTeiH 3adukcupoBaTh BAHTOM. 3aMETUTh
MOJIOXKEHHE CTPEJIKU Ha IIKaJie MHAWKATOopa (71 IEPBOro OMbITA JIy4llle CTPEJIKY HHANKATOpa
YCTAaHOBUTH Ha HYJIEBYIO OTMETKY).
6. BxirounTh NUTaHWE KHOMIOYHBIM BBIKIIIOUaTeneM. JJoBecTH BOJy 1O KUIIEHUS. Y BEIMUEHUE
JUTMHBI 00pa3iia onpeeNaeTcs 0 OTKIOHEHHUIO CTPEIKH MHIMKATOpa MaJlblX MepeMeleHni B
MOMEHT 3aKUIIaHUS BOJIBI.
7. Ans npoaomkeHust paboThl U IPOBEAECHUS ONBITOB € IPYTMMHU 00pa3liaMu HEOOXOUMO:
OTKJIFOUUTH UTaHKUE PHOOpa;
MHJVKAaTOp Ha IOBOPOTHOM KPOHIUTEMHE OTBECTH B CTOPOHY O YINOpPA, NPEIBAPUTEIBHO
OTTSHYB IITOK UHAMKATOPA BBEPX;
U3BJIeYb W3 NpuOOpa Harperyr MNpPOOUPKY CO CTEpPXKHEM, MOCJIE YEero H3BJIeUb CTEPKEHb W3
MPOOUPKH, a TOPAUYYIO BOAY BBUIUTh B XUMHUYECKUI CTaKaH;
10 Mepe OCThIBaHUS 00pa3iia MOArOTOBUTH €T0 K CIEAYIOLIEMY U3MEPEHUIO.
8. AHaJOrMYHO MPOBECTU U3MEPEHUS JUIS TPEX OCTABLIMXCS 00pa3LoB. Pe3ynbraThl 3aHECTH B
Ta0IHIy.
9. IlpoBectu moouepeHO U3MEPEHHS T KaX/10ro oOpasiia He MeHee TpeX pas.
10. IlpousBectu pacyeT YUCICHHOTO 3Ha4eHHsI KO3 (DUIIMEHTA JINHEHHOTO PacIiupeHHs U
OIIPEAEIUTD MOTPELIHOCTD U3MEPEHUM.

, TOra .

Tabnuya
1 2 3 4
Hcnbrtyemsii Ne Havanbnas Hauanenas
oOpasen OnbITa nuHa L1, M Temmeparypa ti, °C
AJFOMUHUEBBIN 1
CTEP>KEHb 5
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3
CTaJIbHOMU 1
CTEP)KEHb
2
3
CTCKJITHHBIN 1
CTEP)KECHb 5
3
OpOH30BBIN 1
CTEP)KCHb
2
3
5 6 7 8 9 10
[Toxazanus HHIUKATOpA AL o, o TabmuaHoe g,
B JICJIEHUSIX TIPH M 1/K 1/K o 1/K %
h, °C £=100°C

KOHTPOJIBHBIE BOITPOCHI
TBepasle Tena. MOHO- M MOJTUKPUCTAILIIBI.
CrtpoeHne U 0COOEHHOCTH KPUCTAJUIMYECKUX U aMOP(HBIX Tell. AHU3OTPOIIHS.
OOBACHUTD TEIIOBOE PaCIIMPEHHE TBEPABIX TEN.
Uro Ha3biBaeTcs KO3 OUIHEHTOM JTMHEHHOTO paclIupeHns 1 00BEMHOTO PaCIIuPEeHUs?
Kakas cymiecTByeT cBs3b MEXy KOAQPHUIMEHTAaMH JTUHEHHOTO U 00bEMHOT0 pacIiupeHus?
Pacckaxxute o MeTojie onpeaeneHus KodpuimeHTa IMHEHHOro paciiupeHust TBEPAbIX Ted,
KOTOPBIN MCIONIB3YETCs B TaHHON padoTe.
[IpoananusupyiTe, 4eM ONpPENETAETCS IOIPEHIHOCTD U3MEPEHMSL.

OO hA N~

~

JlabGoparopHoe 3ansitue Nell

Omnpenesienne kK03(ppuuMeHTa 00bEMHOT0 PACIIMPEHUS JKUIKOCTEl

Henab: sxcriepuMeHTaNBEHO ONPEneIUTh KO3 OUIHUEHTH TMHEHHOTO PaCIIMPEHUs KUIKOCTEN

MarepuanbHoe obecnedeHue: 1) Bechl, 2) pa3HOBeC, 3) IITAHTCHUUPKYJIb, 4) TepMOMETp, 5)
nmpoOupKa ¢ pe3nHOBOM MPOOKOW U TPYyOKOil, 6) KojIOa KOHWYECKast, 7) CTaKaH XUMHUYECKUN C XOJIOTHOM
BOJIOM, §) KJIIMH M3MEPUTENbHBIA ¢ OCHOBaHHEM 8 MM U BbicoToM 40 MM, 9) yailHuk (0JAMH Ha BECh
kiacc). Ha pucynke 1 mokazano o6opyaoBaHHueE K 3TOM padoTe.
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Boinosinenue padorsl cnocodcTByet popmuposanuro: OK 01, OK 02, OK 03, OK 09, OK 06
B pa6ote onpenensroT ko3hGUIHEHT 00BEMHOTO PACIIUPEHUS BOIBI, TTOJIB3YSCh (HOPMYJITOit

rae AV - npupaiieHue oobeMa MpU HarpeBaHUU BOJBI OT HaualbHOW KOMHATHOM TeMIiepaTyphl 110
temrepatypsl ty (mopsiaka 40° - 50° C), a Vi - 00beM BOABI NIPU TeMIlepaType ti. 31ech MOXKHO HE
MPUBOAUTh HayalbHBIA 00beM BoAbl kK 4° C, Tak Kak JOMyCKaeMas MHpU 3TOM IOrPEIIHOCTh

OKa3bIBACTCSI HE3HAUUTEIIBHON M €0 MOXKHO ITPEHEOPEYb.

JUis BBINOJHEHMS OIbITa MOJB3YIOTCS HPOOUPKOH C PEe3UHOBOIM MPOOKOW, B KOTOPYIO IJIOTHO
BCTaBJICHA CTEKIISTHHAs TpyOKa JuaMeTpoM mpuOim3utensbHo 3 MM u jmuHor 120 - 130 mm. K
npoOupKe 3apaHee MOJOMpaeTCss XOpoIIas MpoOKa, C BHYTPEHHEH CTOPOHBI KOTOPOW JOJKHO OBITh
ClIelIaHO KOHycooOpa3Hoe yIilyOJieHHe, KaK II0Ka3aHO B pa3pe3e Ha pucyHKe 1. DTO MO3BOJIUT
n30exaTh 00pa3oBaHMs BO3AYIIHOIO ITy3bIpbKa 1101 IPOOKOM, KOI'/1a BCTABIISIOT €€ B IPOOUPKY.
[lepBoHayasbHbIl 00beM BOJBI Vi HAXOAAT IIyTEM B3BELUIMBAHUS: CHAayaja B3BEIIMBAIOT IYCTYIO
npoOHUpKy BMecTe ¢ MpOOKOM W TPyOKOH, a 3aTeM ¢ XOJOJHOW BOJOH, TeMIlepaTypy KOTOpOM ti
U3MEpAIOT 3apaHee. Macca BOAbI B IpaMMax [JaeT BO3MOXHOCTb C JOCTaTOYHOW TOYHOCTBIO
OIpeJIeNIUTh MEPBOHAYATILHBINA 00bEM BOJIbI B KyOMUECKHUX CAHTUMETPAX.

[Ipn HanosHEeHUW MPOOUPKHU BOAY CIEAYyeT HE JIOJMBATh A0 KpaeB MpUOIM3UTENBbHO Ha 5-7 MM. B
3TOM CiIy4yae ypOBEHb BOJbI B TPyOKe MpHU 3aKphIBAHUU MPOOUPKH yCcTaHOBUTCA Ha 15-20 MM Bbile
npo6ku. HauanbHoe 1osioskeHre ypoBHsI BObI OTMEUAIOT Ha TPyOKe TOHKOM YepHUIbHOW 4epTOH.
ITocne sToro momMemniaroT MpoOUPKY B KoyIOy ¢ ropsdei Bojoi (45°-50°C), koTOpyro HAJIMBAIOT U3
oOuiero /sl BCEX 3BE€HbEB YalHMKA, U HAOJIOAIOT 3a YPOBHEM Bojbl B TpyOke. Korna mosbliienue
YPOBHS MPEKpPaTUTCSA, €ro CHOBa OTMEYAIOT YepTOd U, MOMEHMBas BOJLYy B KoyOe, H3MEpSIOT
KOHEYHYIO TEMIIEpATypy t2.

HITaHreHIUpPKYJIeM U3MEPSIOT PACCTOSHUE MEXY CAETaHHBIMM Ha TPyOKE OTMETKaMH M HaXOJST
yBenuueHue L cronbuka BoAbl B TpyOKe. 3aTeM U3MEPSIOT AUAMETp TPYOKH, MOIb3YsSICh KIMHOM.
AKKYypaTHO BCTaBJISIIOT KJIIMH B TPYOKY M OCTPO OTTOUYEHHBIM KapaHAAIIOM IMPOBOJAST HAa HEM JINHUIO
0 BEpXHEMY Kpaio TpyOKd. BbIHMMalOT KIMH W H3MEpSAIOT AJIMHY HAHECEHHOH JUHHUU
IITAHTeHIUPKYJIEM, T. €. HaxoJIAT Juamerp TpyOku. V3mepenue mnoBTOpstoT 2-3 paza U U3
MOJIyYE€HHBIX BEJIMUUH OepyT cpe/lHee 3HaUCHHUE.

OmpenenuB TakuM 00pazoM auamerp TpyOku D m yamHeHue ctonduka Boasl B TpyOke L, Haxomsr

npupaiieHre oobema AV B KyOMUECKUX CaHTUMETpax:
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_ TLD?

3
- CM a 3aTeM KOd HIIUCHT O6’beMHOFO ACIINPECHUSA BOJIbBI:
21000 s Gdun p p b

B [1LD?
4 %1000 % Vy(t, —t;)

p

Bce N3MCPCHHUA U BBIYUCIICHUSA 3dHCCHUTC B Ta6J'II/II_Iy2

D, nnameTtp Vi, omr’ t; °C t, °C L, MM B, l/rpan
TpyOKH,
MM

[TomyuyeHHBIH pe3yabTaT CpaBHUTE C TAOIUYHBIM 3HAUCHHEM.
Crenaiite BBIBOA IO MpOZETaHHOI paboTe.

2 cnoco6: M3Meputh KOAPGUIIMEHT 00BEMHOTO PACIIMPEHUS )KUIKOCTH MOXKHO CIIEAYOITIM
obOpaszom. CrexisHHas KoiOa, CHaOXeHHas Y3KOM UWUIMHAPUYECKON Imeikoil (puc 2),
HATIOJTHSETCS] UCTIIBITYEMOM KUAKOCTHIO 10 ONPECIICHHOM METKU Ha Iieiike. 3aTeM Kooy
HArpeBaroT ¥ OTMEYAIOT, HACKOJILKO TIOTHSUICS YPOBEHB JKUIKOCTH B IIICHKE.

Puc. 2. [Tpubop ans nsmepenus kodpduimenta 00eMHOTO PaACITUPEHUS] JKUIKOCTH
Eciu m3BecTHBI HaYaNmbHBIA 00BEM COCYJa, IJIOMIA[b CEYCHUS KaHaja B IICHKE KOJOBI W

HU3MCHCHUC TCEMIICpATYypbl, TO MOXHO OIPCACINTb, KaKasd MJ0JA Ha4aJbHOI'O o0BbeMa

1K

KUJAKOCTH B KOJIOE TMepenuia MpU HAarpeBaHUU Ha B I1Ieiiky koyiObl. OjHaKo

KOA((GUIIMEHT pacHIMpPEHUs] KUAKOCTU OOJIbIIEe 3TOM BEIMUYMHBI, TaK KaK OJHOBPEMEHHO
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https://scask.ru/m_book_phis9.php?id=6
https://scask.ru/m_book_phis9.php?id=6

Harpeilach M pacmmpwiach — cama  koi6a.  YroOsl  HaWTH  KOA(DHUIMEHT
paCIIMPEHUs KUIKOCTH, HYXXHO K OTOH BenMurMHE A00aBUTHh KOA(DPHUIMEHT 0OBEMHOIO
pacmupeHus crekia. Brmpodem, kodDPUIIMEHT 00BEMHOTO paCHIMPEHUs CTEKJIa OOBIYHO
3HAUUTEIBLHO MEHbIE K03 PUIMeHTa 00BEMHOTO PACIIMPEHUS KUIKOCTU, U MPHU TPyOBIX
M3MEPEHUIX UM MOXKHO TIPEHEOpEeUb.

KoHTponbHBIE BOIPOCHL:

1) CpoiicTBa )XUIKOCTEI.

2) O6beMHbIe KO3PHUITUEHTHI PACIIUPEHUS KUKOCTH.
https://www.indigomath.ru/formuly-po-fizike/par-zhidkosti-tvjordoe-sostojanie/teplovoe-rasshirenie-
obema-zhidkosti.html

3) Cocys COCTOMT M3 pe3epByapa U FOpIIBILIKA, MIIOMAAb CEYeHHs] KOToporo pasHa S = 0,496 mm°. B
5TOM COCYyJl€ HAXOMUTCS KHIKOCTh, 00bEM KoTopoii Vo = 400 MM’ , a kKo3pPUIUEHT 0OBEMHOrO
pacmmpenus f = 0,000124. O0bEM KUIKOCTH HACTOJIBKO BEIMK, YTO OHA YK€ HAXOJUTCS B TOPJIBIIIKE
cocyna Ha pacctosHun AL = 6,3 MM oT ero kpas. Ha CKoJIBKO TrpaayCcoB [IOJDKHA YBEJIUYUTHCS

TEMIICparypa, YTOOBI KHUAKOCTh Ha4dajla BBIJIMBATBCA U3 cocyz[a?

KoadduiuneHTs 00beMHOT0 pacIupeHUs KUIKOCTEH

Kuakocth B-107

AHWIMH 85

Aneron 143

benson 122

Bona 21

I'muuepun 47

M-Kcnon 99

Metui HOIUCTBIN 120

H-IlenTan 155 -=
PryTh 18,1 g
Cepoyriepon 119 %
Cxunupgap 96 -
CnupTt METUIIOBBIN 119 %E
Crnupt >TUIOBBIN 108 _i_
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https://scask.ru/m_book_phis9.php?id=6
https://www.indigomath.ru/formuly-po-fizike/par-zhidkosti-tvjordoe-sostojanie/teplovoe-rasshirenie-obema-zhidkosti.html
https://www.indigomath.ru/formuly-po-fizike/par-zhidkosti-tvjordoe-sostojanie/teplovoe-rasshirenie-obema-zhidkosti.html

Tonyon 107
VYkcycHas Kkuciaora 107
denon 79
Xnopohopm 127
YeTsIpexXI0pUCThIi 122
yIIepos

DT OPOMUCTHIIN 140
D¢up >THIOBBII 163
H2SO4, 100% 56

B tabnune npuBeacHbI 3HAYCHUS § =

(1/Vy) (dVi/dt) mpu t = 20°C.
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Pasnea 4 Duexkrpoannamuka Tema 4.2 IlocTOAHHBIN 3JIEKTPHUYECKHI TOK.
JlabopaTopHoe 3ansitue Nel2. «OnpeaesieHne ONbITHBIM IyTeM

YA€JABHOI'0 COIMPOTHBJICHUA METAJTJIUNYCCKOT0 IIPOBOIHUKA)

Buumanue! Ilpu pabome c rnekmpuvecmeom coonrooaiime npasuia mexHuku odesonacnocmu. /lnsa
3aMbIKAHUA IJIEKMPUYECKOIl Yenu npuziacume npenooasamens 01 ee nposepku!

Lens paGoTbl: HaydyuTbesi caMOCTOSATENBHO COOMpATh AJIEKTPHUECKUE IIENMH 10 CXEeMaM; CHUMATh
MOKa3aHWs amIepMerpa W BOJBTMETPA; IIOJB30BATHCS IMITAHTCHIUPKYJIEM; OKCIIEPHUMEHTAIBLHO
OTIPEICNIUTh BEIMYHUHY yIEIBHOTO COMPOTUBIICHUS METalIA.
Boinosinenue padorsl ciocodcTByet hopmuposanuro: OK 01, OK 02, OK 03, OK 09, OK 06
MartepuaibHoe oOecmedeHHe: HCTOYHUK TOKa, COCIMHUTEIbHBIC IMPOBOJAA, amrepMmerp (c
npeaesnoM usMepenust 3 A), BoabTMETp (¢ mpenenom uaMepenus 6 B), kirod, HaOOp MPOBOJIOYHBIX
PE3UCTOPOB Pa3IMYHOMN JITMHBI, CEYCHUs, MaTepualia (Habop pe3uCcTOPOB), peocTart.

3aganue

1. CaMOCTOSTENbHO COOPaTh MIEKTPUUECKYIO IIETIb 10 CXEME.

2. CHATb OKa3aHUs aMIIEpMeTpa U BOJIbTMETPA.

3. Hcnonp3ys MTaHTeHIUPKYIb U TUHEUKY, HAyUYUThCS ONPENETATh
reOMETPUUYECKUE Pa3MEPBI IPOBOJHUKA.

4. OnpenenuTs BETUYUHY YIEIbHOIO CONPOTUBIIEHUS! METAJIA.

1. Teopus:

OnpITHBIM ~ TyTeM  YCTaHOBJIEHO,  YTO  JJEKTPUUECKOE  CONPOTUBJICHHE  MPOBOJHHKA
MPSIMOTIPOTIOPIIMOHANIBHO €r0 JJIMHE / W OOpaTHOMPOMOPIIMOHATIBHO IJIOMIAN MONEPEYHOTO CEYSHUS
S, a TakKe 3aBUCHUT OT POja BEIIECTBA, U3 KOTOPOTO U3TOTOBJIEH MPOBOTHUK:

Yoenvnvim conpomuenenuem npoBOOHUKA HA3BIEAIOM CONPOMUBIEHUE NPOBOOHUKA Oaunou 1 m u
nIowaovio cevenus 1 M2, U320mo6enHo20 us OaHHO20 Beuecmsd.

— eaqnanna CH, Ho Ha

R-S Om- M’
EI[I/IHI/H_Ia HU3MCPCHUA P TIOJYYACTCAd U3 (I)OpMyJ'IBI o= [p]: =Om-m

0
IIPAKTUKE Yalll€ BCEro NpPHUMCHAIOT APYTryr0 €AUHUIY Om-mn®, T.K. INIOINAAL IMOINCPEUYHOI'0 CEUYCHUA

IMPOBOAHHKA 0OBIYHO HU3MEPACTCA B MM2.

I7ie P — YAETbHOE NEKTPUUECKOE COMPOTUBIIEHNE IPOBOIHUKA.
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HJ’IH JaHHOIo BE€UICCTBA 3TO IIOCTOAHHAA BCIWMYMHA, YbC 3HAYCHUC MOXKHO HaliTH B CITPaBOYHBIX

TaOIULAaxX.
2. Tabmuna
N PP o, — )
g 9 S, U) R, ’ T’ 5=u~100"
n/ | M M M LA B Om Om- | Om a
I M M

3.Briuncnenus:
W3meppTe nuHY MPOBOIIOKH JTUHEUKON U AMaMeTp d POBOJIOKU IITAHTEHIIUPKYJIEM.

2
Beraucmuts miomans nonepeyHoro ce4eH s IpoBOIOKU ¢_ 7 d.
4
CobepuTte AMEKTPUYECKYIO LIeTb M0 cxeMe. M3MepuB cuily TOKa U HalpshKEHUE Ha KOHIIAX MPOBOJIOKH,

ONPE/ENNTE COPOTHBIICHUE POBOJIOKA ,_U.

l
CpaBHHTE MOTYYEHHBIN pe3yJbTaT ¢ TAOJIUYHBIMH JTAHHBIMUA U OTIPENICTTUTE TIOTPEITHOCTh U3MEPECHHIA.

Brruncaure YACJIBbHOC COMMPOTHUBJIICHUEC ITPOBOJHUKA p R-S.

Pe3ynbTaThl U13MEpeHUii U BBIYUCIEHUN BHECUTE B TaOJIHILY.
4. BriBo.

KonTtponbHbie BOITpOCH!

1. Ot KaKuX BETUYMH U KaK 3aBUCUT COMPOTUBIICHUE MPIMOIMHENHOT0 METAIIIMYECKOTO TPOBOIHUKA?
2. JIBa MeOHBIX MPOBOJHHMKA HMMEIOT OJWHAKOBYHO JUIMHY Ha pa3IMYHYK IUIOWAAb MONEPEYHOTrO
ceuenus: 1,6 mm? u 0,8 Mmm?. Kakoif IpOBOHUK UMEET MeHbIIIEE CONPOTUBIIEHUE U BO CKOJIBKO Pa3?

3. CKOIbKO METPOB HHMKEJIEBOrO MPOBOJA ILIOMIA/IbI0 monepeunoro ceuenus 0,1 mm? motpebyercs s
M3rOTOBJIEHUS PEOCTaTa ¢ MAKCUMAITbHBIM cotipotuiieHueM 180 Om? YV nenbHOE COMPOTUBICHHE HUKEINHA
0,42-10° Om-m.

JlabopaTopHoe 3ansitue Nel3. UcciienoBanue 3aBUCMMOCTH 3JIEKTPUYECKOT 0
CONMPOTHURBJIEHHUS OT MATEPHAJIA U TEOMETPHUYECKUX Pa3MepoOB NMPOBOIHUKA.

Ilesqb paGoThI: BHISIBUTH 3aBUCUMOCTh 3JIEKTPUYECKOTO COIPOTHBIIEHHS NMPOBOJHUKA OT €ro JJIUHEI /,
IUIOUIA/IM TIONEPEYHOro ceueHus S u Matepuana (yIeJIbHOTO COMPOTHUBIIEHUS P) IKCIEPUMEHTAIbHBIM
CIIOCOOOM.

BbinosiHeHune pa6oThl crioco0cTBYeT (POPMUPOBAHUIO:

[TPy8, ITPy10, ITPy12, T1P610, IlIpy2, [IPyl2, [TP610, MP3, MP5, MP15, MP28, MP31, MP32,
MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32,

MarepuanbHoe o0ecnedeHHMe: HCTOYHHUK TOKA, COCOUHUTENLHBIE IPOBOJA, amIepMmeTp (cC
npeaenoM usMepenust 3 A), BoabTMETp (¢ mpeaenoM usMmepenust 6 B), kiatou, HAOOp MPOBOJIIOYHBIX
PE3UCTOPOB Pa3IMIHON JITUHBI, CEUCHUs, MaTepuana (Habop pe3ucTopoB), peocTar.
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Buumanue! Ilpu pabome c r3nekmpuvecmeom coonrooaiime npasuia mexHuku odesonacnocmu. /lnsa
3aMbIKAHUA IJIEKMPUYECKOIl Yenu npuziacume npenooasamens 01 ee nposepku!

Teopus
OtHowmenne HampspkeHus: U MexXay KOHIIAMU METAJUIMYECKOTO MPOBOJHMKA, SBIISIFOLIETOCS YYaCTKOM
3JIEKTPUYECKOM LIETH, K CUJIE TOKA | B LIeNU €CTh BEIMYUHA ITIOCTOSIHHAS - CONPOTHBJICHHE:

OnbIT MOKa3bIBAaET, UYTO SJEKTPUYECKOE CONPOTUBIIEHUE IPOBOJHHUKA MPSIMO HPONOPLHUOHAIBHO €ro
IIHE [ 1 00paTHO MPOMOPLUOHAIBHO IJIOIAAN S TONEPEYHOr0 CEUCHHUS IIPOBOIHUKA:

pl
R = —.
S
[locTosiHHBIM 171 JAaHHOTO BELIECTBAa MapaMeTp P Ha3bIBACTCS VOENbHbIM  INEeKMPUUECKUM
conpomusnenuem eewjecmea. Y IeJIbHOE COIPOTUBJICHKE U3MepseTcs B OM - MM 2 /M.

Ilopaook evinonnenusn pabomot:
1. CobGepute 1€Mb, COCTOSIIYIO U3 MOCIEI0BATEIbHO COCIUHEHHBIX MCTOYHMKA TOKA, KIFOYa, MaHENn

pesucropoB, amnepMmerpa. K kiaemMmaMm pe3ucropa Al M3MEPEHHs HANpsKEHUS IOAKIIOUNTE
napajiesibHO BObTMETp. He 3a0biBaiiTe COOMIOIATh MOJNSPHOCTH NMPH TOAKIIOYCHHH aMIepMeTpa H
BOJIbTMETpa K 1ienH. 2. Paccunraiite 1ieHy JeIeHUs ¥ NOrPEUIHOCTh U3MEPUTEIbHBIX IPUOOPOB.

3. Haueptute B TeTpaam Tabiuily, B KOTOPYIO OyAeTe 3amuChIBaTh 3HAYCHUS (PU3NUYECKUX BEIHUYHUH,
M3MEPEHHBIX U BHIYMCIEHHBIX B X0/1€ BBIIIOJHEHUS J1JAOOpaTOPHON pabOTHI.

Bun IIPOBOJIOYHOTO Cuna Hanpspokenne Conporusienue
pesucropa TOKa Ha PE3UCTOpE
U
R = 7, Om
LA U B

OnbiT MIPOBOJHUK €  MaJlod
Nel JUIMHOW MTPOBOJIOKH

cTajlb

MPOBOAHUK C  OoJbLIei
JUTMHOM TTPOBOJIOKH

CTaJIb

Bui16o0: Ilpu ysenuuenuu onunsvl | npoeoonuxa, e2o conpomusienue,

OnbIT MPOBOJIHUK C MPOBOJIOKOM
Ne2 MEHBUIETO  IONEPEYHOTO
CEUYCHUS

auxpom (0,05 mm?)

IIPOBOJHUK C IPOBOJIOKOMN
0OJBIIET0  MOMEPEYHOTO
CeueHus
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auxpom (0,10 mm?)

Bwisoo:  Ilpu  ysenuuenuu  niowaou — nonepeuHoeo  cedeHus S NPOBOOHUKA, €20
conpomusinenue
OnbIT NPOBOJAHUK C MEHBIIUM
Ne3 y€IbHBIM

COIIPOTHBIICHUEM

cTallb

IPOBOAHUK C OOJBIIUM

yICIBHBIM

COIIPOTHBIICHUEM

HHUXPOM
Bv1600: IIpu yeenudeHuu YOenbH020 conpomuenerus p NPOBOOHUKA, e2o
conpomusierue

4. TIpoBeneHne OMbITOB:
a) Onvim Nel mo ompefeNneHUuI0 3aBUCUMOCTU DJIEKTPHUUECKOTO COMPOTHUBIICHUS MPOBOJHUKA OT €ro

JJIIMHBI
[ ]

[:
[ToaxmrounTe B 1IeNb IPOBOJAHUK C MaJOW JIIMHON NMPOBOJOKH. OnpenennuTe SKCepuMEHTAIBHO
C IOMOUIBIO aMIIepMeTpa CHUIly TOKa / B LIENM, IIPU IOMOIUM BOJIbTMETpa HampsbkeHue U Ha
HCCIIETyeMOM IPOBOJIHUKE U 3alUIIUTE MOKa3aHUsI IPUOOPOB B TaONIHUILY.

. U
Paccunraiite 3HaueHHe cONPOTUBIEHUS R 3TOro nmpoBoAHuKa o popmysne R = T Bce pacuertsr

COIIPOTUBJICHUS ITUCATh B COOTBECTCTBYIOIIEM CTOJ'I6I_[6 Ta6J'II/II_II>I.

3aMeHUTE IMPpOBOAHUK Ha ,[[perfI ¢ OoubIeit JIIMHOH IIPOBOJIOKH, HO U3 TOI'0 XK€ MAaTCpUualia U
TaKOH XK€ IUIOIIaau CCUCHUS, U IOBTOPUTEC OIIBIT.

Cz[enaﬁTe BBIBOZ O 3aBUCUMOCTHU IJICKTPHUYCCKOI'O COIIPOTUBJICHUA ITPOBOAHUKA OT €TI0 AJIMHBI.

06) Onvim MNe2 1O OHpPENENEHHUIO 3aBUCUMOCTU 3JIEKTPUYECKOTO CONPOTUBIEHHUS OT IUIOIMIAIU
MOTIEPEYHOT0 CEYeHHS S TPOBOHUKA

3aMEHMTE pE3UCTOp B MpEeAbIAyLIEd Lenu Ha  IPOBOAHMK C IIPOBOJIOKOM MEHBIIETO
MIONEPEYHOro ceueHns. OnpenenuTe IKCIEPUMEHTAIBHO C TOMOIIBIO aMIIEpMETpa CHILy TOKa [ B
LENH, IIPU IIOMOLIM BOJBTMETpa HampspkeHue U Ha ucciaeayeMOM IIPOBOJHMKE U 3allUIIUTE
MOKa3aHus MPUOOPOB B TAOJIHUITY.

o U
Paccuuraiite 3HaueHNe cONPOTUBIEHUS R 3TOro mpoBoAHMKa o popmysne R = e Bce pacuetsl

CONMPOTUBJICHUS ITUCATh B COOTBCTCTBYIOLIEM CTOJ'I6I_IC Ta6J'II/II_[LI.

3aMeHHTE MMPOBOAHUK Ha ,Z[pyTOﬁ C HpOBOJ’IOKOﬁ OOJIBIIIETO MOIMNECPCUYHOTO CCYCHHA, HO U3 TOTI'O
K€ MaTcpuaia U TaKOU K€ JJIMHBI, 1 ITIOBTOPUTE OIIBIT.

CﬂenaﬁTe BBIBOJ O 3aBUCUMOCTH DJICKTPHYCCKOT'O COIMPOTUBJICHUA ITPOBOAHUKA OT €TI0 AJIWHBI.

B) Onvim Ne3 1o ompeneseHUuI0 3aBHCHMOCTH JJICKTPHUYECKOTO COTPOTHUBIICHUS MPOBOJHUKA OT €T0
YAEIBHOTO COMPOTUBIICHUS P

3aMEeHHUTE pPe3UCTOp B MPEABIAYLIEH LIEeNu Ha IMPOBOJHHUK C IPOBOJIOKOM MEHBUIETO yAEIbHOTO
conpoTuBiieHUs. ONpenenuTe 3KCIePUMEHTAIFHO ¢ MTOMOIIBI0 aMIIepMeTpa CHITy TOKa / B IIeMH,
IIpy TOMOIIX BOJIBTMETPA HANIPAKCHUC U na HCCICAYCMOM NPOBOJAHUKE U 3alIMIIUTC ITOKA3aHUA
MPUOOPOB B TAOJIHITLY.
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. U
PaccuuTaiite 3HaueHue CONPOTUBIICHUS R 3TOr0 MPOBOJHUKA 1O opmyse R = T Bce pacuertsl
COIIPOTHBIIEHUS TUCATh B COOTBETCTBYIOIIEM CTOJIOIE TaOJINLIBI.

3aMeHHUTE TTPOBOJAHMK HA JPYTOM C MPOBOJOKOW OOJBIIETO YACTLHOTO CONPOTHBICHUS, HO TOU
K€ JUIMHBI U CEUYEHHUSI, U IOBTOPUTE OIIBIT.

Cnenaiite BBIBOJ O 3aBUCHMOCTH 3JIEKTPUYECKOTO CONPOTUBJICHMS IMPOBOAHHKA OT poja
MaTepuaia (€ro yJ1eJIbHOro COnpoTUBIIEHNUS).

5. Haueptute cxeMy 3JIEKTPUUECKOM LETIH.

6. 3anuIuTe BHIBOJ O TIPOJICIaHHON padoTe.

Hpnﬁop AJIA JEMOHCTPA MM 3AaBUCUMOCTH CONIPOTUBJICHUS IIPOBOJAHUKA OT €10 AJIMHBI, IIJIOIAAN
MONMEPEYHOro CCHCHUA U MaTepHaJIa

HUXPOM S =0,05mm’

HUXPOM S=010mm @

200200

cTanb S =010 mm’ ©

TVPASOR SR EMOHG TRALING JABACUAOC T H COOPO TN 1N NPOODMINEA
OF K10 0004, NNOLGAZM CEMEMAR 1 MATEFMARA

L

Tema 3.2 3aK0HBI IOCTOSTHHOIO TOKA

JlabGoparopHoe 3ansTue Ne 14. [IpoBepka 3akoHoB OMa /I y4acTKA HeNy U MOJHOM Lenu.
BAX.

Lenap padoThI: yCTAHOBUTH HA OIBITE 3aBUCUMOCTh CHJIBI TOKa OT HamnpsbkeHus. IloctpouTs
BOJIbTAMIIEPHYIO XapakTepucTuky. Onpenenuts IJ{C 1 BHyTpeHHEE CONIPOTUBIEHUE HCTOYHNKA TOKA.

Brinosinenue padorsl cnocod6cTByeT GOPMHUPOBAHNIO:
[1P64; I1P66; I1PG7; T1PGS;

MPg§, MP9, MP10, MP21, MP17, MP13
JIP 26, JIP 14, JIP 23, JIP 13

MarepnanbHoe o0ecnmedeHHe: HCTOYHUK DJIEKTPUYECKON HHEPrUH, PE3UCTOpPbI, TPU aMIepMeTpa

IMOCTOAHHOI'0O TOKa, TpPHU BOJBTMETpa IMOCTOAHHOIO TOKa, pcocTart HOHSYHKOBBII;'I, KJIIO4,
COCAUHUTCIIBHBIC ITPOBOAA.

Buumanue! Ilpu pabome c rnekmpuuecmeom cobaiooaiime npasuia mexuuku oesonacnocmu. /lns
3aMbIKAHUA IJIEKMPUYECKOIl enu npuziacume npenooasamens 01 ee nposepku!

3aganue:
I. [IpakTudecku yoenurcs B GU3MUECKOM CYIIHOCTH 3aKkoHa OMa I ydacTKa [emnu.
2. VY CTaHOBUTH HA OIIBITE 3aBUCUMOCTH CHJIBI TOKA OT HAMPSKEHUSI U COMTPOTHUBIICHHMS.

Ob6opynoBaHue: amrnepMmeTp Ja00paTOPHBI, BOJBTMETP J1a00OPATOPHBIA, UCTOYHUK MUTAHUS, PEOCTaT,
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KJIIOY 3aMbIKaHHs TOKa, COCIUMHUTCIIBHBIC ITPOBOAA.

Kp ATKHE TCOPETHYECCKUEC CBCACHUSA

DNEeKTPUUYECKUM TOK - YIOPSAIOUYECHHOE JBUKEHUE 3apsKeHHbBIX yacTull. KoanuecTBeHHOM Mepoit
3JEKTPUYECKOTO TOKA CIIYXKUT cuia Toka |

Cuna Toka - ckansipHast pu3nvecKas BeJIMYMHA, paBHAsl OTHOIICHUIO 3aps/a (, IEPEHOCHUMOT0 Yepes
MIONIEPEYHOE CEUEHHE MPOBOAHUKA 3a MHTEPBAJI BPEMEHU t, K 3TOMY MHTEPBAIly BPEMEHHU:

g
I==

Z B Mexnynapoanoit cucreme eaunun, CHM cuna Toka wu3MmepsieTcs B ammepax [Al].
[TA=1Ki/I1c] [Ipubop  nmns  w3MepeHWs  Cwibl  Toka Ammepmerp. Bkitouaercs B

OCIIb IIOCIACA0BATCIIbHO

II v
| Ha cxemax QJICKTPHUUYCCKUX LCIICH

H amrepMeTp 0003HaYaeTCs

Hanpsizkenue — 310 puzndeckas
BEJIMYMHA, XapaKTEpU3YIOIasi AeMCTBHUE AIEKTPUIECKOTO OIS Ha 3apsHKEHHBIE YACTHIIbI, YUCICHHO
pPaBHO pabOTe MEKTPUIECKOTO IMOJIS TI0 TIEPEMELICHHIO 3apsiaa U3 TOYKH C TOTEHIIAJIOM @7 B TOUKY C
MOTEHIIUAJTIOM (2

y=2

Un=01—¢2 g

U — HanpsbkeHue

A —pabota Toka

q — IEKTPUYECKUH 3apsi]

Enununa nanpsokenust — Bonst [B], [1B=10x/1Kn], [Ipubop mist usmepeHus HanpssKeHUs —
BoabT™merp. [loakmrouaercs B 1eNb
napajuiesIbHO TOMY Y4acTKy I€H, Ha KOTOPOM
U3MEpSETCs pa3HOCTh NMoTeHIManoB. Ha cxemax
ANEKTPUYECKUX LIeTIel aMmnepMeTp 0003HaYaeTcsl

\Y

&

O 12345 UB
Fpa(pnquKaﬂ 3aBUCUMOCTb CHJIBI TOKA [ OT HaIIPs’KCHU A U - BOJIbM-AMNEPHAA XAPAKMEPUCMUKA
3akor Oma I OAJHOPOAHOro y4dacTKa MLCIU: cula moKa 6 npoeoOHuKe npAMO nponopyuUoOHAIbHA
NPUIOIAHCEHHOMY HANPANCEHUIO U o6pamH0 nponopyuoHalIbHa cConpomuelenuro npoeodHuKa.

" U
"R

[Tonnas (3aMKHyTast) AJIEKTPUYECKas IIETb COCTOUT M3 HMCTOYHWKA Toka ¢ DJIC &€ W BHYTpEHHHM

CONMPOTUBJICHHUCM T U HOTpGGI/ITe.HSI QJICKTPHUYCCKOI'O0 TOKa C BHCIIHUM COITPOTHUBIICHUCM R. Cuna Toka B

TakoM 1enu ompenensierca 3akoHoM Oma Jyisi TOJIHOW LIeTIH: P [Ipu pazomknyToM kitoue DJ[C
TR+r
HMCTOYHHMKA TOKA PaBHA HAIIPSHKEHUIO HA BHEIIHEW YacTH LIETH.
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HpI/I HU3MCHCHHU COIIPOTHUBJICHUSA HOTp€6I/IT€JI$I I-)JICKTpH‘-IGCKOfI OHCPTUU U3MCHACTCA BCIIMUYMHA CHJIIbL
TOKa B LICIIN:

&
I, = =e=1-(R+r) ) I, = i =¢e=1,-(R,+r) 2)
R +r R, +r
JleBble yactu ypaBHeHui (1) v (2) paBHBI, 3HAYHT, paBHBI U IIPABbIC YaCTH:
LR —1-R 3)

IL(R +r)=1,(R,+r)=>r=
11 _Iz

IIpakTHueckas 4acTb
onbIT 1. 3akoH Oma ans ywactka nenu: Ui BeIOJHEHUs pabOThl coOepUTe 3IEKTPUUYECKYIO LeNb U3
UCTOYHHKA TOKA, aMIIEpPMETPa, PEOCcTara, MPOBOJIOYHOIO PE3UCTOPA cONpoTUBIeHUEM n OM M Kiroya.
[TapanenbHO IPOBOJIOYHOMY PE3UCTOPY MPUCOEAUHUTE BOJIBTMETP (CM. CXEMY).

Hccnedosanue 3asucumocmu cuibl moka Om HAnpPAANACeHUs Ha OAHHOM YYacmKe yenu.
Bxmrounre Tok. [Ipy nomomm peocrara U3MEHUTE HAPSIYKEHUE HA 3aKMMax IIPOBOJIOYHOIO PE3UCTOpA
TpoK bl Kaxaplil pa3 npu 3ToM U3MepsiTe CUILy TOKa U pe3yJIbTaThl 3aluchiBaiiTe B Ta0I. 1.

Tabauya 1. Conpomuenenue yuacmra const
Hanpsbxenue, B
Cuna Toka, A
[To TaHHBIM OMBITOB MOCTPONTE rpadK 3aBUCUMOCTH CHJIbI TOKA OT HanpsikeHus. CenaiTe BHIBOI.

onbIT 2. 3akoH Oma s monHOW menu: st BbimosHeHUsT paboThl cobepute | |

AJIEKTPUUYECKYIO LIeTlb U3 MCTOYHHMKA TOKa, aMIIepMeTpa, peocTara, Kir4da (CM. :| |
CXemy).
I. CobepuTe dMEKTPUUECKYIO IIENb IO CXeMe: <A>
2. Onpenenure 1eHy ACICHUS dEKTPOU3MEPUTEIHHBIX TPHOOPOB.
3. Mameppre DJIC uctounuka Toka. Jljist 3TOro omnpenenute MoKa3aHWs v 1 |
BOJITMETpA MpPH Pa30MKHYTOM KIIFOYE. —
4. N3mepbTe BENMUMHBI CHIIBI TOKA U HAIIPSDKEHUS Ha BHEIIHEH YacTH LETH, 3aMbIKask KIII0Y.
5. W3meHss monokeHne JBUKKaA peocTara, IOBTOpUTE U3MepeHHs (I1. 3) ellle ABaXK/IbI.
6. Boruncnure BenMUMHY BHYTPEHHEIO CONPOTUBIEHHUS, Hcnonb3ys ypaBHenue (3) u J/IC,
ucnosnb3ys ypaBuenue (1).
7. Boruncnure cpegnue 3Hauenus 3/1C 1 BHyTPEHHETO CONPOTUBIIEHUSI HCTOUHUKA TOKA
8. Pe3ynbTaThl u3MepeHHii U BEIUMCICHU BHECUTE B TAOIHILY.
Tabauya 2
Mol oB | uB | LA |ROM| nOu |
/o Om
1
2
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3

Cnenatp BbIBOJ 110 paboTe.

KoHTposbHbIE BOIIPOCHI

Uto Takoe 3JIeKTPUIECKUM TOK?

Haiite onpenenenue cuiibl Toka. Kak o6o3nauvaerca? 1o kakoit popmyne Haxonutcs?
KaxoBa enqununa usmepenus cuibl Toka?

Kakum npubopom usmepsiercs cuiia Toka? Kak oH BKITIOYAaeTCs B 3JIEKTPUUECKYTO LETTh?
Jaiite onpenenenne HanpsokeHus. Kak o6o3navaercs? 1o kakoit ¢hopmyse HaxoauTcs?
KaxoBa enqununa usmepeHus HanpsKeHus?

Kaxum npubopom nzmepsiercs HanpspkeHne? Kak oH BKIIIOUaeTCs B 2JIEKTPUUECKYIO LEMNb?
Haiite onpenenenue conporusienus. Kak o6oznauaercs? [1o kakoit ¢popmyrne Haxoaurcs?
KaxoBa equnuIa usmepeHus ConpoTUBICHUs?

10. Chopmynupyiite 3akon OMa 1715 yyacTKa IeH.
11. Tlouemy moka3aHusi BOJIBTMETPA IIPU PA30OMKHYTOM M 3aMKHYTOM KIJIFOUE PA3TUUHBI?
12. ns usmepenus DJ1C ucTOYHMKA TOKA U €T0 BHYTPEHHETO COMPOTHUBIICHUSI CTYJICHT COOpajl CXeMy,

n300pakeHHYIo Bhiie. [Ipu 3ToM BosmbT™eTp Tokasai 5 B, a amnepmerp 1 A. [ocne pa3smbikaHus
KJIFO4a BOJIbTMETp nokasai 6 B. Uemy paBubl 3/IC HCTOYHUKA TOKA M €r0 BHYTpPEHHEE
COITPOTHUBIICHUE?

13. B/1C ucrounuka Toka 3 B, a BHyTpeHHee conportusierue 0,5 OM. ConpoTHBIIEHUE BHENIHENW YaCTH

uenu 10 Om. Haiinure cuimy Toka B LIETH.

14. Cuna Toka B uenu paBHa 0,4 A, BHyTpeHHE CONPOTHUBIIEHHE UCTOYHUKA TOKa 0,5 OM, BHEIIHEe —

N

4,5 Om. Kakosa 3/1C ucrounmka?

JlabopaTopHoe 3ansitne NelS

3KCHepHMeHTaJH)HaH MPpOBEPKa 3aKOHOB NMAPAJJICJIBHOI'O U MOCJIEA0BATEC/IBHOTO
COCTUHCHUSA NTPOBOTHUKOB

eab: M3y4uTh NOCIEAOBATEIBHOE U NAPAILIEIBHOE COSUHEHNUS TIPOBOIHUKOB

Boinosinenue padorsl cnocod6cTByeT GOPMHUPOBAHNIO:

OK 01, OK 02, OK 05, OK 07, OK 04 OK 09

[1P64; I1P66; I1P67; ITP610;

[1Py1; [1Py2; I1Py3; I1Py4; I1PyS; I1Py9; I1Py11;

MP8,MP9,MP10,MP21,MP17, MP13

JIP 26,JIP 14,JIP 23,JIP 13

MarepunanbHoe obecnieyeHue:

HICTOYHUK AJIEKTPUYECKOW PHEPrHM C MOCTOSIHHBIM HampsbkeHueMm (He Bbiiie 25B); BonbTMeTp

MKOHBHBIﬁ; aMIICpMCTp MKOHBHLIﬁ, Ha6op ACMOHCTPAIUOHHBIX  PE3UCTOPOB C PpasHbIMH
COIMPOTUBJICHUAMMU, KIIIOY, COCIUHUTCIIbHBIC IIPOBOAA.

Buumanue! Ilpu pabome c rnekmpuvecmeom coonrooaiime npasuia mexHuku odezonacnocmu. /[nsa
3aMbIKAHUA IJIEKMPUYECKOIl enu npuziacume npenooasamens 01 ee nposepku!

1. Teopust

3akonomeprHocmu coeouHeHul NPOBOOHUKO8
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th

[TocnenoBarensHOE [TapannenbHOE cCOeqMHEHUE
COEJIMHEHUE
IL.I=11=D I.I=011+ D
22.U=U,+U: 22.U=U;=U;
3.R=R; +R> 3.lzi+i
i | R R R |

ColepuTe 3IMEKTPHUUECKYIO IIETIb 110 CXEME.
OnpenenuTe 1EHy AIEKTPOU3MEPUTENHHBIX TPUOOPOB.

© &
©

Hpu HEeOOCMAamoyHOM KOIU4ecmee BOJIbMMEMPOE8 U AMNEPMEMPOE MOINHCHO UCNOTIb306ANTb 00UH

amnepmemp u 00UH BOJIbmMMemp. ,ZZ]I}Z 5020 HEOOXO0UMO MEHAMb UX MECMONONONCEHUE CO2NIACHO CXeMe.

2. TadoauumbI:

1. ITocmenoBaTeIbHOE COECTMHEHNE

No ]1, A Iz, A U], Ug, U, B R[, Rz, R,
/11 B B Om Om Om
1
Brraucnenmst:
1. Usmepste 15, [, U, U, U,.
2. Brruumcmure Rlzﬂ; szg; 2 U
]1 i 12 I
3. CpaBuute 3HaueHus I; v I> v cienaite BHIBOJ.
4. Cpasuure 3Hauenust U u U; + U> u caenaiite BBIBO/I.
5. Cpasuute 3HaueHust R u R; + R, v caenaiite BBIBOJ.
6. VamepeHns u pe3ynbTaThl BBIYUCICHU BHECUTE B TAOIUILY.
2. ITapannensHoe COeqMHEHNE
Ne LA | I,A| LA |U,B | U,B| Ry R, R,
/o Om Om Om

Borucnenus:

1. M3mepwTe 00IIyIO CHITy TOKa /, CHITy TOKa B PE3UCTOpE [; M CHITy TOKa B

1. 1

peocrare />.
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2. CpaBuute 3HaueHust [ u I; + [, chaemaiite BBIBOA M 3allMIINTE €0 B
TETPa/IH.
3. H3MepbTe HanpspkeHUE Ha KOHIIax pe3uctopa U; u Ha koH1ax peocrara U,
CpaBHUTE IOJTyUYEHHbIC 3HAUYEHUSI U ClIETalTE BHIBO/I.
4. Beruucnute o0I1ee CONPOTUBICHUE LU p_ U, WIM U, ; CONPOTHBJICHUE PE3UCTOPA PEOCTara

I I
R Ui g _Uss
1 ]1 2 12
5. Bebruuciure 3Havenus 1 u 1 L. CpaBHUTE NOIyYEHHbIE PE3YJIBTATHI U CACTANTE BBIBO/.

R Rl RZ
6. HSMepeHI/Iﬂ 1 BBIYUCJICHHS BHECUTEC B Ta6J'II/IHy.

3.BeiBox

KoHTposbHBIE BOIIPOCHI

1. JIBa pe3uctopa c conporuieHueM Ri=5 Om R,=10 OM coennHeHbI oCie10BaTeNbHO. YeMy

PaBHO OTHOILICHHE HANPSKEHHUIH Y\ nasmix pesucropax?
2
2. Tlo xaxoii (hopmysie onpeaemnsieTcs CONPOTHBICHUE IBYX MMapajuIeIbHO COSTNHEHHBIX
IIPOBOJAHUKOB R?
3. Ompenenure 00111€€ COMPOTUBICHUE YIACTKA IJIEKTPUUECKON

LIETIH, IPEICTABJIEHHOW HAa PUCYHKE.

4. Kakoe coeJuHeHNE CONMPOTUBICHUN HA3bIBACTCS MOCIIEI0BaTENbHBIM? YeMy paBHbI
COIIPOTHUBIIEHUE, CUJIA TOKA, HANPSYKEHUE B LIETIH ITPU TAKOM COETUHEHUU?

5.Kakoe coenuHeHne conpoTUBICHUI Ha3bIBaeTCs NapaieabHbIM? UeMy paBHBI COPOTHBIICHUE,
CHJIa TOKa, HAIPSXKECHUE B LCTIH IIPHU TAKOM COG)]I/IHGHI/II/I?

6. HazoBwuTe mIt0CH 1 MUHYCHI ITAPAUIETLHOTO U TTOCIIEIOBATEIHFHOTO COCTMHEHUH MPOBOHIUKOB?
7. TlpuBeauTe mpUMeEpPHI APAIIETHHOTO U TIOCIEA0BATEIIBHOTO COSAMHEHHUS TPOBOTHUKOB.

JlabopaTopHoe 3ansitue Nel6

«HccaegoBanue 3aBUCHMMOCTH MOIITHOCTH JIAMIIOH HAKAJIMBAHUA OT HapsKCHUS Ha €¢
3aXKuUMax>»

Brinosinenue padoTsl cnocodcTByeT (OopMUPOBAHMIO:

1. OKO0I, OK 02, OK 05, OK 06, OK 07, OK 04 OK 09

2. I1P64; ITP66; I1PG7; ITPG10;

3. IIPyl; ITPy2; ITPy3; I1Py4; IIPyS; IIPy9; IIPy11;
Heab: yramyOuTh noHHMMaHue (GU3NYECKOTO CMBICIIa PACX0LyeMON MOIIIHOCTH U IPAKTHUUYECKU €€
U3MEPUTH
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OO0opynoBaHme: 1aMIIOYKa, ICTOYHHUK MTOCTOSIHHOTO HaNpsKEHUs!, peocTar, K4, aMIepMeTp,
BOJIbTMET, KJII0Y, COEMHUTEIBHBIEC POBOIA

Buumanue! Ilpu pabome c rnekmpuvecmeom coonrooaiime npasuia mexHuku odesonacnocmu. /lnsa
3aMbIKAHUA I]IEKMPUYECKOIl Yenu npuziacume npenooasamens 01 ee nposepku!

IHopsinok BbINOJHEHHUSI PA0OTHI:

1. Onpenenuts LEHY J€I€HHs IPUOOPOB

2. CocTaBUTh JIEKTPUYECKYIO CXEMY, COOII0Aast MOJISPHOCTh IPUOOPOB

3. Ilocne mpoBepku cXeMbl IpernojaBaTeieM Lenb pa3oMKHyTh. C NOMOIIBIO peocTaTa BBICTABUTH
MUHHUMaJIbHOE HanpspkeHre. CHATh MOKa3aHUs H3MEPUTENIbHBIX IPUOOPOB

4. IlocTeneHHO MEHATH MOJIOKEHHS peocTaTa U CHATh 7-8 moka3aHui npubopoB

5. JAnd KaXJI0oro 3HAa4YEHMs] HaNpsIKEHUS MOCUMUTAThb MOIIHOCTb JIAMIIbI, a TAaKXE JIONOJHUTENBHO
paccyuTaTh CONPOTHBIICHHE JAMITBI TP PA3HBIX TOKAX M HATPSIKCHUSIX

6. Pe3ynbTarhl pacueToB U U3MEPEHUH 3alicaTh B TAOIUILY.

7. HocTpouTh rpa)MK 3aBUCHMOCTH MOIITHOCTH JIAMIIbI OT HANIPS’KEHUS HA ee 3a:KMMax.

8. Hamucatp BbIBOJ 110 paboTe U OTBETUTh NMCbMEHHO Ha KOHTPOJIbHBIE BOIIPOCHI

Ne onbiTa Hanpskenue, Cuaa Toka, A MouHocTh ConportuBienue
B JamMibl, BT HUTH Hakajga, Om

KoHTpoJsibHbIE BONIPOCHI:

1. 3anummure ¢GopMmysnsl pabOTHl TOKa M MOIIHOCTH TOKA Yepe3 HampsDKeHHWEe, CHIIy TOKa H
COIIPOTHBIICHUE.

Enununst usmepenust paboThl 1 MOITHOCTH TOKa. YTO 03HavaeT eAuHUIA u3Mepenus | kBT*u.
Omnpenenenue u Gpopmyia 3akona Jxoyns — Jlenna.

Yro Takoe KOpoTKoe 3aMblkaHue? UeM OHO BpeIHO M KaK ero n3dexarb?

Al o

Urto Takoe npegoxpaHuTenb? [ 4ero ero ucnoyib3yoT U Kak 0003HAYaeTCs B LCTIH.
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6. Ilepeuncnurte NMoJie3HbIE U BPEHBIC TEILUIOBbIC JEHCTBUS TOKA.

JlaGopatopnoe 3ansaTue Nel7. U3ydyenue padoTbl MyJbTHMETPA HA IPpUMepe padoThI
JAMOJ0B ¥ 32aBMCUMOCTH CONPOTHBJIEHUS OT TeMIlepaTypbl 00pa310B MeTAJLJIA M NOJYNPOBOJHUKA

Heab: Hay4YNUTHCS MOJB30BATHCSA MYJIBTUMETPOM MPU PA3HBIX PEXKUMOB PAOOTHI.

BoinosiHeHne padoThl cioco0CTBYET (DOPMUPOBAHMIO:
I1P62, I1P66, ITPGS, I1Py3, Ipy7, ITPyS, I1Py10, [TPy12, IIP610, Ilpy2, IIPyl12, ITP610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepunanbHoe oOecmedyeHue: MyJIbTUMETP, HaOOp pPE3UCTOPOB, OUOJbI, TPUOJbI, UCTOYHHMK
TOKa, PEOCTaT, COeAMHUTEIbHBIE IPOBOAA, KI0Y, IPUOOPHI ISl H3YUYEHUS 3aBUCUMOCTH COITPOTUBIICHUS
MCTAaJUIa W TIOJYIPOBOAHHWKA OT TEMIICPATYPbl, TCPMOMCTP, OJCKTPHUYCCKAsA IIJIMTKA, MITAaTUB C
MPUHAAIISKHOCTAMH, K0J10a ¢ BOJIOM.

HNHcTpyKuus N0 NPUMEHEeHUI0 MyJIbTHMETPa

ITepexioyarens peskuMa U AMANA30HA H3MEPEHH .

[lepexntouarens pexuMa M Juana3oHa U3MEPEHUI UCIOJb3YyeTcs Ul BKJIIOYEHHUsS Mpulopa, a Takxke
IJIs1 BBIOOpa JKENaeMoro pexumMa padoThl M Tpenena u3MepeHus. [l yBenuueHHs Cpoka CIyKObl
Oarapeu, epeBoAMTe MepeKiIouaTesns B noynoxenue «OFFy, nmocie BpIOTHEHHS H3MEPEHUH.
N3mepenne HanpsizkeHUs1 IOCTOSIHHOTO U NePeMEHHOI0 TOKA.

1.IloaxnrounTte KpacHsIi pa3beM B rHE310 «VQmAY, uepHblil pa3beM B rHe310 «COM»

2.YcTaHOBUTE MEPEKIIOYaTeNh PeKUMa U3MEPEHHUH Ha JKeIaeMblil 11ana3oH U3MEpPEeHUs HalpsKEHMs], B
Cllydae €CIM HEHU3BECTHO IIPUMEPHOE 3HAUEHUE HaNpsDKEHUs, YCTAHOBUTE IIEpEKI0YaTelb Ha
MaKCHMaJIbHOE 3HAYEHUE U CHUXKAMTe Mpeien U3MepeHus 10 NOJy4YeHUs: ONTUMaIbHOIO 3HAYEHUS.

Pexum ITar usmepenus IlorpemHocTs

200 mB 100 MmB +0,5 % nms1 3ro 3HaKa
2000 mB 1 MB +0,8 % g 2ro 3Haka
20B 10 MB

200 B 100 MB +1,0 % n1s 2ro 3Haka

3. IlpukocHuTech MPOOHUKAMHM K YCTPOMCTBY MJIM TOYKAaM JIJIEKTPUUYECKOW CXEMBI. The TpelOyercs
U3MEpUTH HaNpsKEHHE.

4. B ciydae HaJqM4us HAMPsDKEHUS TPHOOP MOKAXKET HANPsHKEHUE U MOJSIPHOCTb.

H3mepeHue nocTOSIHHOTO TOKA

1.IMonkmounTte KpacHbI MPOOHUK K pazbemMy « VQmAy». UepHslil k pazbemy «COM» (a5 usmepeHus
TokOB OT 200MA 10 10 A ucnons3yite pazbem «10A»)

2 VYcTaHOBUTE MEpEKIOYaTeNb BbIOOpa peXHMa H3MEPEeHHH Ha JKelaeMblid Tpeaen H3MepeHHs
MOCTOSIHHOTO TOKaA.

3.PazpeiuHuTE M3MEPSAEMYIO BJCKTPUYECKYIO LENb U IMOJCOCAMHUTE MPOOHUKU IOCIIEHAOBATENBHO C
Harpy3Kom.

4. Ha nucninee nosiBUTCS 3HAYEHUS TOKA.

6. Pazpem «10A» mnpenHasHayeH [JIsi HEYACTOrO MCIOJIb30BaHUA. Bpems HM3MepeHHsT HE TOJLKHO
NpeBbILATh 15 CeKyHA, a MEeXIy H3MEpPEeHUSMH HEOOXOAMMO BBIIEPKHMBAaTh HECKOJIBKO CEKyHI BO
n30eKaHNue MOBPEXKIACHUS TpuOopa.
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HN3mepeHue cCONpOTUBICHUS

1.IIpucoenunnTe KpacHblii poOHUK K pazbeMy «VQmAy. YepHslii k pazbemy «COM».

2.YcTaHOBUTE IEpeKIIouaTesb BbIOOpa peXuMMa H3MEPEHHUH Ha JKelaeMblil Ipenesl HU3MepeHHs
COIIPOTHBIICHUS.

3. Ilpunoxwure nNpoOHUKKM K HU3MepseMOMy o0paslly, JUCILIEH OTOOpa3uT NpU 3TOM 3HAYCHHE
COIIPOTHBIICHUS.

Pexum MHoxuTensb IlorpemHocts
200Q 0,1 +(1.0% mnst 10ro 3HaKa)
2000Q 1
20KQ 10
+(1.0% nns 4ro 3HaKa)
200KQ 100
2000KQ 1000

IIpoBepka q1uox0B
1.IToaxmrounTte KpacHbIA NPOOHUK K pazbeMy « VOQmMAY., yepHbIif k pazbeMmy «COM».
2. YcTaHOBHTE NIEPEKITIOUATENh BBIOOPA PeKUMa U3MEPEHNUI Ha 3HAYOK |Iroaa
3. CoeauHuTe KpaCHBIA MPOOHUK C aHOAOM (p) TECTUPYEMOTO IM0/1a, @ YEPHBIN MPOOHUK C KaToA0M (n)
4. Jlucruiel mokakeT 3Ha4YeHHe HamnpspkeHus B MB. ecnu mossipHOCTH Moja NepemnyTaHa, AUCIIIei
oTo0pazut «1».
N3mepenue Temnepatypbl
1.IIpucoenunute Tepmonapy k pazbemy «VQmA» u k pazbemy «COM».
2.YcraHOBHTE MEpEKII0YaTeNb BIOOpa pexrma u3MepeHuil Ha usmepenue temnepaTtypsl « TEMID»
3. lucruielt oroOpa3uT 3HaUeHUE TeMIepaTypsl B rpagycax Llenbcus.
3ByKoBasi NPO3BOHKA
1.INonkmounTte KpacHbI MPOOHUK K pazbeMy «VQmMAY. UepHslit k pazbemy «COM».
2.YcTaHOBUTE MEPEKII0YaTeNb BIOOpa pexXruMa U3MEPEHU Ha 3BOHOK
3.ITpucoenuuute NMpoOHUKHM K MpPO3BAaHMBAEMOM cxeme, npu conpotuBieHnn MeHee 30 Om monaercs
3BYKOBOH CUTHAJL
Ilopsinok BbINOJHEHHUS PadOTHI:

Ilonynpogoonurogulii 0uoo
Jlnon COnEpKHUT p-n-IIEpexoJl, 3aKIIOUYEHHBIM B TE€PMETHUYECKHHA KOPIYC W COEAUHEHHBIN C
METAJUINYECKUMHU BBIBOAAMU. BrIBO/I OT p-001acTH HAa3BIBAIOT aHO/IOM, OT N-00J1aCTH — KaTOZOM.

4

] IBIA UL ycu s npeoOpa3oBaHUsl T€HEPUPOBAHUS DJIEKTPUUECKUX
KoJed. = —
ey -—-__= __Tpex obmacTeii ¢ pa3THYHOM MPOBOINMOCTBIO. Pa3IHUaoT TpaH3HCTOPHI
TUna p-n-p u n-p-n. Cpeansist 30Ha Ha3bIBaeTcs 6azou. TonmmHa 6a3bl JOKHA OBITH MEHBIIE JJTMHBI
cBoOOoHOTrO Tpobera snekTpoHa. B TpaH3ucrope mmerorcs aBa p-n-mepexona. JIeBblil p-n mepexon
ABJISICTCA MPSAMBIM M OTIEINsAET 0a3y OT 00JACTH C MPOBOJUMOCTBIO P-THUIIA, HA3bIBAEMYIO IMUMMEPOM.
B 3T10if o0nacTu akuenTopHoOi MpuUMecH B COTHHU pa3 0oJjblle, 4YeM JOHOPHOW mpuMecu B Oase, T. €.
IBIPOK B AMHTTEPE 3HAUUTENIBHO OOJbIllE, YeM 3JIeKTpOHOB B Oase. IlpaBblii mepexon sBiseTcs
00paTHBIM U OTHENAeT 0a3y OT 00JaCTH C MPOBOAUMOCTBIO P-TUIIA, HA3bIBAEMOW KOJLIEKMOPOM.
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1.M3y4nTh MHCTPYKLUIO 110 3KCILTyaTalluy Ipudopa.
2. 3mMepuTh CONPOTUBIIEHUS PE3UCTOPOB, JaHHBIE 3allMCaTh B TAOIUILY

Ne ni/m Conporusienue, Om

3.Co0paTs 1ersb 1Mo cxeme

4.3aMKHYTb 1€, IPU HEUCIIPABHOCTHU LEMU MPO3BOHUTH LEMb, HAUTH HEUCITPABHOCTD.
5.U3meputh HanpskeHue Ha OaTtapeiike U peocTare.

6. PazoMkHyTb 1enb. MI3MepuTh TEMIIEpATYpy PE3UCTOPA U peocTaTa.

7.VI3MepuTh COMPOTUBIIEHNE PE3UCTOPA U PEOCTATa, JaHHBIC 3aNTMCATh B TAOIHILY

HaunmeHnoBanue ConporuBienue, | Hanps:xkenue, B | Temneparypa,
OMm oC

Pesucrop

Peocrar

WUcroynuk Toka | 000 --—--

8. [ToBTOpUTH TEOPETHUECCKUI MaTEPHAI 11O TTOJTYITPOBOTHUKOBBIM MMPUOOpaM: TUOAY U TPAH3UCTODPY.
9. [IpoBepuTh AMO/IBI (UCIIPABHOCTD, OJIIPHOCTH ).
10. Tpauszuctopsl. OmnpeneauTs BHIBOJBI TpaH3UCTOPa (KOJUIEKTOp, 06a3a, SMUTTEP) U THI TPAH3UCTOPA

(p-n-p) wu (n-p-n)
11. 3anucaTh BBIBOJ 1O paboTe, OTBETHUB HA BOMPOCHI.
KoHnTpoJibHbIE BONIPOCHI:

1. Kak BbISICHUTB, 4TO U0 HeucnpaBeH? 2. Kak BBISICHUTB P- M N- KOHTaKThl Juoaa’?
2. Kak onpenenuts 6a3y y TpaH3uCTOpA.

3. HazoBure riaBHbIe CBOWCTBA IUOJA U TPAH3UCTOPA.

4. YcTpolicTBO 1MOAA U TPAH3UCTOPA.

Yactp 2 MccnenoBanue 3aBUCHMOCTH ITPOBOJHUKOB U MOITYITPOBOAHUKOB OT TEMIIEPATyPhl
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Ecnu mponmyCTUTh 3NEKTPUYECKHMH TOK Yepe3 CTajlbHYIO CIHpallb, a 3aTE€M €€ Harperb, TO
aMIepMEeTp IOKAKET YMEHBUIEHHE CUJIbl TOKAa. OJTO O3HA4aeT, YTO C H3MEHEHHEM TEeMIIEpaTyphbl
COIIPOTHBIICHUE METAJIA MEHSETCSI.

Bce wMeramibl — KpUCTAUIMYECKHE Telna, B y3JaX KPUCTAUIMYECKOM PEHIETKH KOTOPBIX
pacrioyiaraercsi MOJIOKUTENBbHO 3apsHKEHHblE HMOHBI. MexXy KOJeOIIOIUMUCS HOHAMU JBUTAIOTCS
CBOOO/IHBIE 3JIEKTPOHBL. BenuumHa 3JIEKTPUYECKOTrO CONPOTHBIIEHHS METaula 3aBUCUT OT 4HCia
CTOJIKHOBEHUM KOJIEOIIOIMXCS MOHOB M CBOOOAHBIX 3JIEKTPOHOB. IIpu yBenuueHUM TeMIepaTypbl
MeTaJljla YBEJIMUMBACTCS aMILIUTY/1a KoJieOaHU MOHOB. DTO IPUBOJUT K YBEITMUYEHUIO CTOJIKHOBEHUH, a
3HAYUT U K YBEJIMYEHUIO CONPOTHUBIICHUS METaJLIa.

B nonynpoBoaHMKE NpU YBETUYEHUH TEMIIEPATYPbI YBEIUUUBAETCS YUCIO CBOOOIHBIX HOCUTETIEH
3apsija, NOSIBUBLIMXCSA IIPU PAa3pbIBE€ KOBAJIECHTHBIX CBSA3€H. DTO NPUBOJUT K YBEIMUYEHUIO CHJIBI TOKA B
IIOJIYIIPOBOJIHUKE U K YMEHBUICHUIO COIIPOTUBIICHUS IIPOBOAHMKA.

Bunumanue! Bo wu3bexcanue nadenusa Kon0bl nomecmume 6 KOAbUo, 3AKPenieHHOe &
wimamuee. B konoy onycmume npooupky, ¢ nomewieHHoll 6 Hell KAMyWKol U3 MeoOH020 npoeooa.
Ocmoposcno onycmume 6 npooupky mepmomemp. AKKYpamHo 6blnojHAlmMe nepemeujenue
emMKocmu ¢ 2opaueit 6000il.

ITopsinok BbINOJHEHUs padoOThI:

1. [ToaroroBbTE K paboTe OMMETP:

a) BCTaBbTE LITHIPbKU IPOBOJHUKOB B THE3/1a, 0003HaUeHHBbIE «» U «oo1y COM.»;

0) mocTaBbTe NepeKIroUaTeNb Ha nuppy «10»;

B) COEIMHUTE CBOOOIHBIE IITHIPHKU IPOBOJHUKOB U PYUKOH «ycT. 0» MOCTaBUTh CTpEsIKU Ha «O».

2. Ha sniekTpudeckyro MIUTKY OMECTUTE KO0y C BOAOH.

3. CB0oOO/IHBIE ITHIPHKK OMMETpA COEIMHUTE C KIIEMMaMH MEIHOM KaTyIIKH.

4. BxitounTe MIHYp IUIMTKU B PO3ETKY M M3MEPHTE CONPOTHUBIIEHUWE KATYIIKH NPHU Pa3IUUHBIX
3HAUEHUAX TEMIIEPATYPBI.

5. BHecuTe u3mepeHus B TabIuULLy.
IIpoBoaHuUK (Meab)

©,C

R, OM

6. Ha ocHoBe u3mepenuii nocrpourte rpaduk. Crenaiite BEIBOJ, KaK COMPOTUBIICHHE TTPOBOIHUKA
3aBUCHUT OT TEMIIEPATYPBI.

R, Om

)tO’C

7. IloctraBbTe mepexitoyarenab omMmerpa ¢ mudpsl «10» Ha nuppy «100» U mocraBbTe CTPEIKY
ommeTpa Ha «0» (CMm. myHKT 1-B).

8. 3ameHuTe B KoJIOE MPOOHMPKY € METAIJIOM Ha MPOOUPKY C MOIYIPOBOIHUKOM (TEPMHUCTOPOM).
Omnycture B npoOupky Tepmomertp. K kiiemmam tepMucTopa nojacoeJMHUTE OMMETP.

9. 3mepbTe cONMpOTUBIICHNUE TOIYIPOBOIHHUKA MIPH PA3IMYHBIX 3HAYEHUSIX TEMIIEPATYPHI.

10. Baecute n3MepeHus B TaOIHILy.
IHonynpoBoaHMK

0 C | | | | |
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[ R, Om | | |

11. TToctpoiite rpaduk R(t).
R, OM%

3
>

t°, C
12. Cpenaiite BbIBOJ, KaK CONPOTHUBIIEHUE MOIYIIPOBOJHUKA 3aBUCUT OT TEMIIEPATYPBI

KonTpoJibHbIe BONpoCHI:

1. DnexTpuuecknuii TOK B METaJUIax — 3TO YINOPSAOYEHHOE IBUJKEHUE ...

2. C TOYKM 3peHMs DJIEKTPOHHOW TEOPUM JIIEKTPUYECKOE CONPOTUBJICHUE OOYCIOBICHO
COyJIapEeHUsIMH ...

3. C noBBILLIEHUEM TEMIIEPATYPbI CONIPOTHUBIIEHUE METAILIA ...

JlabopaTopHoe 3ansitue Nel8 Omnpenesnenne TemnepaTypHoro ko3¢ duuuenra meaun

Ienb: packpbITh BIMSHUE TEMIIEPATYPHI HA JIEKTPUYECKOE COIIPOTUBIICHUE METAIJIOB; OIBITHBIM
nyTEM ONpeaenuTb KOAPPHUIMEHT TEPMUUYECKOIO COIIPOTHBIICHUS ME/IH; TIOCTPOUTH 110
9KCIIEPUMEHTAJIbHBIM JAHHBIM I'pauK 3aBUCUMOCTHU COIIPOTUBIIEHUS OT TEMIIEPATYPHI.

Brinosinenue padorsl cnocodocTByeT GOPMHUPOBAHUIO:

I1P62, I1P66, ITP6S, I1Py3, IIpy7, ITPyS8, I1Py10, ITPy12, TIP610, Ilpy2, ITPy12, ITP610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32,

MarepuanbHoe ofecriedeHue: TpUOOp s ONpeAeNieHUs TeMIepaTypHoro KoddduimeHTta
compoTuBlieHUs Mmeau, TepmoMerp TexHudeckud or 0 mo 100°C ¢ menoit aenenust 1°C, ommerp,
BHEIIHUM COCYJl KaJOpUMETpPA C BOJIOH, 3JIEKTPOIUIUTKA, KIIFOY, COCIMHUTEIbHbIE MTPOBO/IA, ILITATUB C
My(QTOH U JIaNKOM.

Teoperuyecknii Mmarepuas:

DJNEeKTpUYECKOe CONPOTHUBICHHE 3aBUCUT OT Temmeparypbl. OOBICHAETCS 3TO TeM, 4YTO
YHOPSAJOYEHHOMY JBM)KEHHUIO CBOOOJHBIX AJIEKTPOHOB 3JIEKTPUUECKUH TOK — 3TO YHMOPAI0UYEHHOE
JBIDKEHHUE 3apsKEHHBIX YaCTHUI] - AJIEKTPOHOB) OKA3bIBAIOT NMPOTUBOJICHCTBHE (COMPOTHUBIICHHE) ATOMBI
KPUCTAJINYECKON PEIIETKN, MHTEHCUBHOCTD TEIIJIOBOTO JBM)KEHUSI KOTOPBIX U3MEHSETCS C U3MEHEHUEM
TEMIIEPATYPBHI.

Y XUMHYECKM YHCTBIX METAJUIOB C IMOBBIIEHHWEM TemnepaTypel Ha 1°C  compoTuBiEeHHE
Bo3pactaer mpumepHo Ha 0,004 (1/273) comporuBnenus npu 0°C u BeIpaxaeTcs JIUHEHHOMN
3aBUCHUMOCTBIO

R: =Ro(1+aAt), roe

Ro—comnporusnenue meramia npu 0°C,

At- pa3HOCTB TemriepaTyp (KOHEYHON U HaYaJIbHOK);

0 - TeMIIepaTypHbIA KOI(PUIIMEHT CONMPOTUBIICHNUS, TOKA3bIBAIOLIHI, Ha KaKyl0 4acTh HAa4yaJIbHOTO
conpotusiienus npoBoaruka rnpu 0°C (273K) uzmensercs conpoTusieHue npu HarpeBanuu Ha 1°C nmm
1K.

0=A R/ RoAt unmu a=A R/ RoAT
AR=R; Ro.
OnBITHBIM TYTEM MOXHO OIpENeuTh 0, He mpuleras K U3MepeHuto comnportusieHust Ro. [ns storo
HEOOXOMMO JIBaXK/Ibl U3MEPUTH CONPOTHUBIIEHHE HccienyeMoro marepuana R; u Ry mpu pasHbix
TeMmeparypax ti 4 to.

145



IMopsinok BbINOJIHEHUSI PA0OTHI:

1. Cocyn ¢ BOJ10M IOCTaBUTh HA AIEKTPOIUIUTKY U BKIKOUYUTDH €€ B CETh.

2. OnpenenuTh LEHY JIeICHUs] OMMETpa.

3. U3meputh conpotusieHre R MeqHONM IPpOBOJIOKK TP KOMHAaTHOW Temneparype ti.

4. OnyctuTth npubop B BOAY, YCTaHOBUTH B HEM Tepmometp. Ilpu HekoTopoil Temmeparype t2
U3MEPUTH CONIPOTUBIIEHUE R2 nccienyeMoin IpoBOIOKH.

5. OnbIT HOBTOPUTH HECKOJIBKO Pas.

6. Beraucnuts 2 — 3 pasa o, ucrnonb3ys cootHomrenue: o= Rz - Ri/ (Ri t2 —Ra tr).

7. OnpenenuTtb cpefHee 3HAUEHUE Ocp U CPABHUB MOJYYEHHBIH pe3ysbTaT ¢ TaOJIMYHBIM 3HAYEHHUEM
TEMIEPATypHOTO  KOX(P(UIMEHTa  CONPOTUBICHUS  MEAHW, BBIYUCIUTH  OTHOCHUTEIBHYIO
IIOrPEIIHOCT.

8. Pe3ynbTarhl U3MEpeHUH U BHIYMCICHUH 3anucaTh B TaOJIUILY.

Temnepary Conporus Temnepart Cpennee ToO. OTHocUTeNbH

Ne pa JleHue YPHBIi 3HaYeHHue 3HAYeHHe asi

MeIHOMH MeHOMH K03 (punu TeMIeparTyp TemIepartyp NOTPelHOCTh

MMPOBOJOKHA MpPOBOJIOK CHT HOIro HOI'0o

t, °C u R, Om CONPOTHBJ k03 dpunue k03¢ PpunueH

eHus HTA Ta 0, %

a, CC)! CONpOTHBIIE CONpPOTHBJIE

HUsA HUA
acp.
1

2

3

4

5

6

9.Wcnonb3ys naHHbIE SKCIEPUMEHTA, MOCTPOUTH IpaduK 3aBUCUMOCTH R OT t, oTkiIaabiBas Mo ocu
abcrucc — remnepatypy B °C Ha ocH OpAMHAT — CONPOTHUBIICHHE.

10.Cnenatp BBIBOJ 1O paboTe.

KoHTpoJibHbIE BONIPOCHI:

1.
2.
3.

b

Hean:

KaxoBa ¢usndeckasi CyniHOCTb 3JIEKTPUUECKOTO COPOTUBIIEHUS?

Kak 00BsICHUTH yBETTMUEHUS COMPOTUBIICHUS METAJIOB ITPH HAarpeBaHUU?
OO0bsacHUTL  QopMylly, TO KOTOpPOH  OIpelensieTcs TeMIepaTypHBIH
COIIPOTHUBIICHHUS.

[Touemy TemmnepaTypHblii KOAPGUIUEHT CONPOTUBICHUS ISl 3JIEKTPOIUTOB OTPULIATENbHBIN?

KodpduIueHT

KaxoBo conporusnenue 0,5 Kr MegHON IpoBOJIOKK AuaMeTpoM 0,3 mm?
VYka3aTb TNpakTUYeCKOe MPUMEHEHHE 3aBUCHUMOCTH  COINPOTUBJICHHS IPOBOJHUKA  OT
TEMIIEPATYPHI.

JlabopaTopHnoe 3ansitue Nel9. OnpenesieHne cONPOTHBIICHUS] Pe3HCTOPA METOI0M
MapKHPOBKHU

W3yuntb omuH U3 cnocoOOB MAapKUPOBKU PE3UCTOPOB. OMNPENEIUTh HOMHHAIbHOE

COMMPOTUBJICHUEC PC3UCTOPOB METOAOM MAPKUPOBKH; OIMMPCACIUTL AOIIYCTUMOC 3HAYCHUC CUJIbI TOKA JJIA
AAaHHBIX PE3UCTOPOB IIPpHU NU3BCCTHOM HOMUHAJIC MOIITHOCTH.

BoinosiHeHne padoThI cnocodcTBYeT (PDOPMHUPOBAHUIO:
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TIP62, TIPG6, TIP6S, TTPy3, TIpy7, TIPyS, TTPy10, IIPy12, IIP610, IIpy2, IIPy12, TIP610, MP3, MPS,

MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32,

MarepuanbHoe obGecrieyeHue: HAOOpP PE3UCTOPOB PA3HBIX COMPOTHBICHUH, TablMIa 3HAKOB

MapKHUPOBKH.
3amanue

1. O3HAKOMHTBLCH € TEOPETHYECKHMM MaTEPUAJIOM.

Teopernyeckunii MaTepuas:

[Tpu onpenenennu pexxuma paboThl Pe3UCTOPa CIEAYET YIYUTHIBATh MAKCHMAJIBLHO I0NMyCTUMOE /Il
Hero 3HaYeHHne CHJIbl TOKa, KOTOPOE OIIPENEISIETCS 3HAUEHUEM €T0 COIPOTUBIIEHHS U MOIHOCTHIO.

MapKI/IpOBKa HOMMUHAJIA pE3UCTOPa OCYHICCTBIIACTCA IBETOBBIM KOAOM B BUAC YCTHIPECX NBETHBIX I10JIOC,

HAaHCECCHHBIX Ha €TI0 KOpITyCe.

IIpu 3TOM 3HaU€HUE CONPOTUBIIEHUS pe3UCTOpa yKa3biBaeTcsi B OMax JAByMs IEPBBIMU IIOJIOCAMHU U

MHOXHUTENEM (TpeThs mmosioca) 10n, rae n - 1r0doe 1meoe Ynucio ot - 2 10 + 9.

MapkupoBOYHBIE 3HAKU CABUTAIOT K OJHOMY M3 TOPIIOB PE3UCTOpa, HAIIPUMED, K JIEBOMY, U 3aTEM

pacnojiararoT CJI€Ba HAIIPpaBO B CICAYIOLICM ITOPAAKE:
IIepBad 110JI0Ca - II€pBasd umbpa HOMHHAJIa, BTOpasd 110Joca - BTopas un(bpa HOMHHAJI4, TPCThA 110J10Ca -
MHOXHUTCJIb, YETBEPTAs I1OJI0CA - JOIIYCK Ha OTKIIOHCHUEC (1)8.KTI/I‘ICCKOFO COIIPOTUBJICHHA OT HOMHHAJIA.

Ecmu Pa3MEPLI pE3UCTOPA HE MO3BOJIAIOT Pa3MECTUTH LIBETHBIC ITOJIOCBI HECCUMMCTPHUYHO, T. €. OMmmKe K

OIHOMY U3 TOPLOB PE3UCTOPA, TO IICPBA I1OJIOCA BBIITOJIHACTCH Ooiee MHpOKOﬁ.

HBCTa 3HAKOB MapKUPOBKHU HOMHUHAJIbHOT'O COIIPOTUBJICHHUSA B Omax u JAOITYCKOB B % IpUBCACHBI B

Tadimue:

IlepBas Bropas | Muoxuren Honycie
I[BeT 3HaKa B %
uudgpa nuppa b
Cepebpuctsl | -- - 102 10
i
30J10TUCTBIA | -- -- 107! 5
YepHsblit -- 0 1 --
Kopuunessiii | 1 1 10 1
KpacHbprii 2 2 10° 2
OpanxeBbiii | 3 3 10° --
Kenterit 4 4 10* --
3eIeHbIi 5 5 10 0,5
Tomy6oii 6 6 10° 0,25
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duoneroBei | 7 7 107 0,1

Ceppiii 8 8 108 0,05

benprii 9 9 10° -

Ilopsinok BbINOJHEHHS PadOTHI:
1. Pa3noxxuTh Ha pabovyeM CTOJIE KOMIUIEKT PEe3UCTOPOB.
2. BaumarenbHO NMPOYMUTATH YKa3aHUE K padoTe.
3. OdopMuTh MapKUPOBKY PE3UCTOPA B TETPAIH 110 00pa3Iy

7 8 102 %

(1)1/1 cep Kp 30
oJie BIii ac J10
7, 8 k OM w7800 Om 5% ros |
bI nu
4. 3amnoyHUTH TaOIUILY:
Pe3uct | HomunanbHOE MomiHocTh Cuna
op conpotusieHue R | pesucropa ToKa (A)
(Br)
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. PaccuuTaTh CHIly TOKa IIPU U3BECTHOM MOIIIHOCTHU TOKA.

6. Cnenatb BBIBOJ IO padoTe.

KoHTpoJsbHbIE BONIPOCHI:

B uem 3akmrouaercs MeToa MapKUPOBKHU.

Jlj1 4ero Hy»KHO 3HaTh CONPOTUBIIEHUE PE3UCTOPA IIPU BKIIIOUEHUH €70 B cXemy?
Ot yero 3aBUCUT MOITHOCTh TOKA, TEKYIIETO MO PE3UCTOPY?
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JlaGoparopnoe 3ansitue Ne20) Onpenenenue KIIJI HarpeBaresei

Lesb: HAyYUTHCS MPAKTUYECKH OMPEAETATh TEIUIOBYIO OTAady AJIEKTPHUECKOr0 HarpeBaressl JIIo0oro
THUIIA.
BbinosiHeHune padoThl cOCOOCTBYET (POPMUPOBAHUIO:
[1P62, TTPG6, T1P68, [1Py1, ITPy13, ITPy3, I1PyS5, IIpy7, I1Py8, I1Py10, I1Py12, I1P610, IIpy2, I1Pyl12,
[1P610, MP3, MP5, MP15, MP23, JIP26, , MP28, MP31, MP32, MP33, MP34, MP37, MP44, MP47,
MP48, MP54, MP55, MP 56, MP 43, JIP34, JIP32,

MatepuanbHoe olecnedeHue: 2 >IEKTPUUYECKUX HArpeBaTelsis, COCYI S KHUISTYEHUS BOIBI,
BOJIa, TEPMOMETP, CEKyHI0MEp (Yachl), CIPAaBOYHHK MO (PU3HKE.

3aganue.
1. O3HaKOMUTHCS C TEOPETUUECKUM MAaTEPHAIOM
Teopernyeckunii MaTepuas:

KoadduumeHT mosneznoro AeiicTBUS HarpeBaTells CBsA3aH COOTHOIICHHEM:

K.IL /JI. = Z_I; *100% (1)

Q « - MOJIe3HAs TEIUIOTA W OMPEIEIsIeTCs 1Mo popmyIie
Qur=C*m(T2-T1) (2)
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1.

IZI€ C — yJeIbHas TEMI0EMKOCTh JKUIKOCTH,
m — Macca KUIKOCTH, KOTOPYIO KUIIATAT,

T — HayaJIbHAs TEMIEPATypa )KUIKOCTH,
1> — KOHEUYHas TeMIiepaTypa JKUIKOCTH,

()3 — KOJIMYECTBO TEIIOTHI, KOTOPYIO BBIAEISICT HArPeBaTeh
(3aTpaueHHast TEIUIOTA) U OMpeAessieTcs o hopmyIie:

0s=P-t (3),

rze P — MOIIHOCTb 3JIeKTpUUYECKOrO HarpeBaress,
t — MHTEepBaJI BpDEMEHMU, 32 KOTOPBIN 3aKUIIENa KUAKOCTb.

MOI.HHOCTI:» OJICKTPUYCCKOI'0 HarpeBarciisd OIPCACIIACTCA

pudope.

BperI, 3da KOTOPOC 3aKUIIUT KUIKOCTD,

OIIPEIEIIAETCS 110 CIIPABOYHHUKY.

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTI)I:

OIIPEaACIIACTCA

10 MaCIIOPTHBIM

JaHHbIM, YKAa3aHHbIM Ha

yacaMM. YAellbHasg TEIIOEMKOCTb BOJbI

[HoaroroBuTk TabMUILY /Ui 3alIUCU PE3YJIBTATOB, ONPEAEISEMBIX B X01€ PAOOTHI.

Ornpenenutsb Beruucnauts
Cs m T 12 P t K.II.
.
“ K |K |B %

ﬂ:)fC\K T C 0

e K
1. 3aHecTH B TaONHILy CIIPAaBOYHBIC TAHHBIC yICTHLHOU TEIIOEMKOCTH BOJIBI.
2

npudope. B cocya mist kunsuenust Boasl HaMUTh 200 T BOJIBI.

W

OrnpenennTs HaYaJIbHYIO TEMIIEPATYpy BOJIBI.
BxmrounTs HarpeBaTesb OJJHOBPEMEHHO C CEKYHIOMEPOM (Jacammu).

3anucarh B TaOJUIy HOMUHAJIBHYIO MOIIIHOCTb 3JIEKTPUUYECKOT0 HarpeBaress, yKkazaHHyIo Ha

5. OcTaHOBUTH CEKYHJOMEp (4achl) B MOMEHT OypHOTr0 KHIEHUs BOJbl. Bpewms, 3a koTopoe

3aKuIea Bojia, 3aHECTH B TaONIHILy.
Berunciuts K.I1.I. anekTprdeckoro HarpeBaTens.
[ToBTOPUTH OMBIT C IPYTUM HATPEBATEIIEM.

S

8. YuurtsiBasg nmotepu 3Hepruu cHopMyIMpoBaTh BHIBOJ.

KoHnTpoJsbHbIE BONIPOCHI:
1. VBemnuurcs win ymenbmntcs KUIIJI. anexTpuueckoro daliHMKa, €ClIM HAa €ro CTEHKax
MOSIBWJIACh HAKUMb (OTIOKEHHE CONIeil)?

2. 3asucut mu KIIJ[ anekTpudeckoro yaitHMKa OT TOTO OTKPBIT OH MJIM 3aKpPbIT?
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Tema 4.3 DyieKTpUYeCKHUil TOK B Pa3JIM4YHbIX Cpeaax

JlabopaTopHoe 3ansitue Ne21. OnpeaesieHue 3JeKTPOXUMHYECKOT0 IKBUBAJIEHTA Me/H B
npouecce 3J1eKTPoJIn3a cyjibdara Meamu.

Henb: DOKCIEpUMEHTAIBLHO OINPEAEIUTh 3JIEKTPOXUMHUYECKUM 3KBUBajIeHT Meau. CpaBHUTH C
TaOJIMYHBIM 3HAaYeHHEM. [[03HAKOMUTBCS C HMIMPOKUM CIEKTPOM MPUMEHEHUs (PU3UKO-XUMHUYECKOTO
npoiiecca «IeKTpoau3y». Ero ucnoib3oBanne B METATyPrUu€CKON MPOMBIIIICHHOCTH.

BoinosiHeHne padoThl cioco0CTBYET (DOPMUPOBAHMIO:
I1P62, I1P66, ITP6S, ITPy3, Ilpy7, I1Py8, I1Py10, ITPy12, TIP610, Ilpy2, [1Pyl2, ITP610, MP3, MP5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepnanbHoe olecriedeHHe: OJEKTPOHHBIE BEChl, aMIIEPMETP, Yachl, MCTOYHUK ITUTAHHUS.
Menanble WM YroJdbHBIE JJIEKTPOJBI C JIep:KaTeleM, pacTBOpP MEAHOIO KyIopoca, K4, peocTart,
IIpOBOJA.

Ilpu evinonnenuu nadopamopHol padoomvl NOGEPXHOCHMb ¢ 000PYO0BAHUEM O00JIHCHA OblMb
ycmouuueoil, 60 uzbexncanue OnpoKuovleanus mapwl ¢ rnekmporumom. Cmyoenmul, codupaoujue
cxemy 001HCHbL pabomams 8 NePUAMKaXx.

1. 6bINONIHAMb PAOOMY MOJLKO C PA3PEULCHUS YUUMEISL,

2. no02omosums K padome u npogepums UCNPAGHOCMb INEKMPULECKO20 000py008anus, npubopos
J1a6opamopHoil nocyovl,

3. meepovle KpUCMAIbl Opams NUHYEMOM,

4 Heb3s npoO08amd HA BKYC Beuecmed;

5. OCMOMP U YUCMKA INEKMPONPUOOPA NPOU3BOOAMCI RPU €20 OMKIIOYEHUU OM Cemi;

6 npu ONPOKUOBIGAHUU MAPbL BOCHOIL3YUMECH CANDEMKOU U NePUAMKAMU.

1 [TocTaBUTH BeChbl HA POBHYIO IOBEPXHOCTH U OOHYJIUTb.

2.B3BecTu 0JIHY U3 YrOJbHBIX IJIACTHH.

3.B3BenieHHyo MIacTUHY OTMETHTE.

4.Cobepute 2IeKTPUUYECKYIO LIelb, N300pakeHHYIO Ha pUCYHKe. (B3sewennyio niacmuny nodxnouume

K (=), 2

5.3aMKHUTE 1eNb U 3acekuTe Bpems 20 MUH. ‘:D;ﬂ)

6.Cniequre, 94TOOBI B TEUEHHE BCETO OIbITA CUJla TOKa ObLIa i

IOCTOSHHOM. CaSO, i | §

7.Yepes 20 MUH. BBIKIFOUHUTE TOK. . [ A 3

8.BcTpsixHUTE TUIaCTUHY, U B3BECTH €€. )74 N

9.Pe3ynbTaThl OMIBITA 3aHECUTE B TAOIHILY.

10.ITo ¢popmyie paccuuTaiiTe 2IeKTPOXUMUYECKUNA IKBUBAIIEHT [:}j
=L bl Pl

MEJIU. f-f I

11.ITo popmynam paccunTaiiTe MOrpeHIHOCTh

JIEKTPOXUMHYECKOTO SKBUBAIICHTA ME/IH, CPABHUB €TI0 C MAONUUHBLM SHAUCHUCM. 5 _ kr —ky 100%
fer
x = 0,3310%2/Kn;
Macca karona Macca Macca Cun toka | Bpewms DIIEKTPOXUMUYECKU I
JI0 OIIBITA KaToJa BBIJICTIMBILIECHCS I[(A) t(c) SKBHUBAJIEHT MEJIH
mi(Kr) mocJe MeIu Ky, (kr/Ko)

OnbITa m (kr)
mo (Kr)
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13. CnenaiiTe BBIBOJ 1O TIPOJICITAaHHOM padoTe.
KouTpoJbHbIe BOpOCHI:

1. Hamucatb 3akon @apajiess 0 Macce BEUIECTBA, BBIACIMUBIIETOCS HA JJIEKTPO/IE.

2. Yemy paBHO 3HaueHue nocrostHHon Papanes?

3. Kak 3aBUCHT Macca BEIIeCTBa, BBIICTUBILIEIOCS HA JIEKTPOC OT BPEMEHHU MPOTEKAHUS
AJIEKTPUIYECKOTO TOKA.

4. Kako#t 3apsiq ©MeEeT KaTo/, €ClU KaTUOH UMEET 3apsil «+»

5. Uewm sBisieTcs yMCTask AUCTUIUTMPOBAHHAS Boda?

.°\

Ha xakoM u3 351eKTpOA0B BbIJENAETCS Me/lb B YUCTOM BUJIE U TIOYeMY?

7. B 2I€KTPOIUTHUYECKYI0 BaHHY IIOMECTUM MEJHYIO IUIACTUHKY, CiIyXkallylo aHoioM. llmactuHka

IIOKpPbITa BOCKOM, Ha KOTOPOM HalapanaH pPUCYHOK. UYTO MOJIy4UTCs MOCJE MPOIYyCKaHUS TOKA U

yJaJICHHs] BOCKA C TUIACTUHBI?

Yro Takoe rajbBaHOCTETUs, FaJIbBaHOIJIACTUKA.

9. Yepes pactBop MenmHoro kymopoca mnpouuio 20 kKin snextpuuectBa. Ilpu sTom Ha omgHOM WH3
3JIEKTPOJIOB BBIAEISACTCA YUCTOM BHJE Maccol 6,6 rpamm Meau. ONpenesuTh 31eKTPOXUMHUYECKHMA
SKBHUBAJICHT MEJIH.

10. CxonbKO HMKENS BBIISIUTCS MPU AJIEKTPOIM3e 3a 1 yac mpu cuie Toka 5 Amnep, €ciid U3BECTHO, UTO
MoJIsIpHas Macca Hukens 58,71 r/Moiib, a BAIGHTHOCTD paBHa 2.

11. Ompenenute mMaccy cepeOpa, BbIIECIMBIIETOCS Ha KaToO/A€ MPH JIEKTPOJIU3€e a30THOKUCIIOro cepedpa B
TE€YEeHHE 2 YacoB, €CJIM K BaHHE NMPUIIOKEHO HanpsbkeHue 1,2 B, a conporusnenue BanHbl 5 OM.

12. DnexTponu3 MeNHOro Kymnopoca mnpoxoauin mnpu Toke 5 Ammnep B TeueHue 50 muHyTt. Kakoe

k., =33-107 22

KOJIMYECTBO MEJU BBIIEIWIIOCH HAa KaTOAE, ECIIN K

*®

Tema 4.5 DjIeKTPOMATHUTHAS UHIAYKIHMS

JlabopaTopHoe 3ansitue Ne22 «McciiefoBanue siBJIeHUs 3J1eKTPOMATHUTHOH MHAYKIIHN

—esb: DKCIEpUMEHTAIBHO UCCIEA0BaTh 3aBUCUMOCTh CUJIbI MHAYKIIMOHHOTO TOKa OT CKOPOCTHU
U3MCHCHUA MAar"HuTHOI'O IIOTOKa, 3aBUCHUMOCTH BHC HHAYKOUHU OT MOAYJA CKOPOCTH [ABUIKCHUA
MPOBOJIHUKA, €r0 UIMHBI U MOAYJS MarHUTHOM WHIYKUWHU; MPOBEPUTH HKCIEPUMEHTAIBLHO MPABUIIO
Jlenna.

Boinosinenue padoTsl cnocodcTByeT (OPpMUPOBAHMIO:

[1P62, I1P66, I1P68, I1Py3, Ilpy7, I1Py8, I1Py10, I1Py12, TIP610, Ilpy2, I1Pyl2, TTIP610, MP3,

MPS, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34,

JIP32

MartepuaabHoe obecnedyeHue: JIBE MPOBOJIOYHbIE KATYIIKH PA3HOr0 AUAMETPa, MUJUIUAMIIEPMETD,

JABa MaromTa, UICTOYHUK TOKaA, p€oCTarT, KJIK04, JUIMHHBIN IMPOBOJHUK, COCANHUTCIIbHBIC ITIPOBO/JA.

Teopus
SIBNeHHEe AIEKTPOMArHUTHOW MHAYKIMU 3aKJIIOYAeTCs] B BOSHUKHOBEHHH 3JIEKTPUYECKOTO TOKA B
3aMKHYTOM IIPOBOJHUKC IMPU U3MCHCHUUN MAIrHUTHOT'O MOTOKA YCPE3 IIOIIAaAb KOHTYpa MPOBOAHUKA.

a 0 B 152

zZ w
BT ]

— TS T <—>will T 1% R



3aKoH BHCKTpOMaFHHTHOﬁ HWHAYKIAHA:

OJC uHIyKIuMU B 3aMKHYTOM KOHTYpE paBHa IO MOAYJII CKOPOCTHM H3MEHEHHS MAarHUTHOIO
IIOTOKA 4Yepe3 MOBEPXHOCTh, OTPAHUYEHHYIO KOHTYPOM:

_AD |

T

OcHOBBIBasICh Ha 3aKOHE COXpaHEHUS dHEepruu, pycckuit ¢pusuk 3.X. JIleHI| npeanoxun npaBuio,
10 KOTOPOMY OMPEAEIISIETCS HANMPABIECHNE UHAYKIMOHHOIO TOKA: MHAYKUMOHHBIA TOK, BOZHHKAIOIIUN B
3aMKHYTOM IPOCTPAHCTBE, HANpPaBJIEH TAK, YTO CO3/IaBa€Mbli UM MAarHMTHBIM MOTOK 4Yepe3 IUIOIIA[Ib,
OTPAaHUYECHHYI0 KOHTYPOM, CTPEMHUTCS MPEMSITCTBOBaTh TOMY H3MEHEHHIO IMOTOKA, KOTOPOE BBI3BIBAET
JTAaHHBIA TOK.

Tlopsook evinonnenus pabomoi

1. IToouepenHo cobepute Lenoyky u3 onbiToB M.Papazes (a,0,B).

2.HaGmropaiiTe mokazaHusi MUJJIMaMIIEPMETPa B MOMEHTBI 3aMbIKaHUS U Pa3MbIKaHUS KITIOYa.

Kak ymenpmmnace cuima Toka B Manod Karymke? Ilouemy B Oosblied KaTylike MHOSBHICS
AIEKTPUYECKUAN TOK?

3. 3aMKHHTE KJII0Y U Ha6JIIO,Z[aI>'ITC IOKa3aHusg MUJIMaMIICpMETpaA.

[ToueMy cmycTs KOpOTKOE BpeMsi CTpellka MULTHAMIEpMeTpa yCTaHABIUBAETCS Ha HYJEBOE
negeaue’?

4. Ilepemeriasi ABM>KOK peocTaTa BIIEBO M BIPABO, HAOMIOAANTE MOKa3aHUsI MUJLTHAMIIEPMETPA.
5. CnenaiiTe u 3anmumuTe o0 BBIBOJ B TETPAIb.

6./crionp3yiiTe KaTylmKy ¢ MHJUTMAMIIEPMETPOM U MOJIOCOBON MarHur.

7.BaBUraiTe M BBIABUTANTE MAarHUT B KaTyLIKY U U3 HEe.

8.Crenaiite BBIBOJIBI 110 IPOUCXOASILEMY.
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9.0mpenenuTe HalpaBieHUE UHAYKIIMOHHOTO TOKa BO BCEX CIyYasX.

IO.HO‘ICMY IIpyu IIO0JIOKCHHMKM PABHOBCCHUA MarHuTa MUJIJIMaMIICPMETP IIOKa3bIBA€T HYJICBOC
3HAa4YCHUC.

CrenaiiTe BBIBOJ 10 IIPOJICTIAaHHOM padoTe.
KoHTpoJibHBIE BOIIPOCHI

1. Kak u3MeHsIcss MarHUTHBIN MOTOK Yepe3 KaTyIIKY:

2. MarHuTHbIN TOTOK yepe3 KOHTYp 3a S0 Mc paBHOMepHO ymeHbImics ot 10 MB6 mo 0 MB6.
Onpenenure 3Hauenue /]C B KOHType B 3TO BpeMsl.
3. B meramniMueckoe KOJNbLIO B TEYEHHE IEPBBIX IBYX CEKYyHJ BABUTAIOT MAarHUT, B TEUCHUE
CIIEYIOIIUX JIBYX CEKYHJ MarHUT OCTABJIAIOT HEMOABHKHBIM BOKPYT KOJIbIIA, B TEUEHUE MOCIETYONINX
JBYX CEKYHJI €ro BBIHUMAIOT U3 KOJbIa. B Kakue mpoMexXyTKH BpeMEHH B KaTYIIKe T€UeT TOK?

4. Kpyriblii MpoBOJOYHBIA BHTOK IUIOIAAM 2 M’ pacHONOKEH INEPHEHAUKYISPHO IHHUAM

MarHuTHON MHIYKUWU OJHOPOJHOTO mouist. BennunHa BekTopa MmarHuTHOM MHAYyKIMHU paBHa 0,04 TA. 3a
Bpemss 0,01 ¢ marHuTHOe 1mose paBHOMEpPHO cnajnaer A0 Hyuad. Yemy paBHa OAC uHAYKIMH,
BO3HHUKAIOIAs B BUTKE:

Pa3gen 5 Kojsieoanusa u Boaubl Tema 5.1 Mexanudyeckue K0J1e0AHUA M BOJTHbI

JlabopaTopHoe 3ansitne Ne23. IIpoBepka 3aK0HOB K0J1€0aHHIT MATEMAaTHYEeCKOI0 1
NPY’KHHHOT0 MasiTHHKA

eab: ycTaHOBUTH MAaTEMATHUYECKYIO 3aBUCUMOCTb IEPHOJIa HUTSIHOTO U MPY>KMHHOTO MasiTHUKA OT
rapameTpoB KoJieOaHu

Boinosinenue padorsl cnocod6cTByeT GOPMHUPOBAHNIO:

T1P62, T1PG6, TIP68, [TPy3, [py7, [IPy8, [IPy10, [IPy12, TIP610, Ipy2, [IPy12, IIP610, MP3, MP5, MP15,

MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepuaabHoe o0ecrieyeHme:

AJIEKTPOHHBIN CEKYyHJIOMEpP, U3MEPUTENIbHAS JICHTA, IIApUK C OTBEPCTHEM, HUTh, IITATHUB ¢ My(PTOMH
U KOJBIIOM; IITaTHUB ¢ My(QTOH W JamKoi, Habop MPYKUH Pa3HOW >KECTKOCTH, HaOOp Ipy30B pa3HOU
Macchl, MIAPHK ¢ OTBEPCTUEM, HUTh, IITATUB ¢ My(PTOH U KOJBIIOM; IITATUB ¢ My(TOil 1 nankoii, Habop
MIPYKUH PA3HOU KECTKOCTH, HAOOP TPY30B pa3HOM MAaCChl, CEKYHIOMED

Ikcnepument 1 MaremaTuyeckuii MAssTHUK

MareMaTuuecKUM MasTHUKOM HAa3bIBA€TCS MAaTEpUalIbHAs TOYKA, IOJBELICHHAs HA HEBECOMOU U
HEPACTSHKUMON HUTH. MOZIENTBIO MOXKET CIIY’KUTh TSKEJbIA IApUK, pa3Mepbl KOTOPOrO BECbMa MaJlbl 10
CPAaBHEHMIO C JUIMHHOW HHUTH, Ha KOTOPOW OH MOJBELIEH (HE CPaBHUMBI C PACCTOSHUEM OT IIEHTpa
TSKECTH J10 TOUKHU II0J[BECA).

VYuensle [anuneii, HpiotoH, beccenb u ap. yCTaHOBHIM CJEIyIOIIME 3aKOHBI KOJIeOaHUS
MaTEMaTHYECKOr0 MasiTHUKA:

1.Ilepuon komebGaHMs MaTEeMaTHYECKOTO MasTHUKA HE 3aBHCUT OT MacChl MasTHHUKAa M OT
aMIUIATYIbI, €CJIM YrOoJ pa3Maxa He npessimact 10 rpamycos.

2.Ilepuon koneGaHHUsT MaTEMAaTUYECKOTO MasTHUKA MPSIMO MPOMOPLUOHAIECH KBaJIpPaTHOMY KOPHIO
U3 JUIMHBl MasSTHHKAa U OOpaTHO NPOMOPLUOHAJIEH KBAJIPAaTHOMY KOPHIO M3 YCKOPEHHs CBOOOJHOTO
MaJICHUs.
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Ha ocHoBanun

OTUX 3aKOHOB

MaATEMAaTHUYCCKOIoO MassiTHHUKA.

I/ICHOJIB?;ySI MOACIb MW 3aKOHBI KoJIeOaHMI MaTeMaTHYECKOro MasTHHKa, MOXKHO HpOHa6HIOI[aTb
CBO6OI[HBI€ KOJ'IC63HI/I${, a TaKXKC C UX IIOMOUIIBIO OIIPEACTIUTh YCKOPECHUEC CBO60,Z[HOFO naacHus ajis cBOCH

MOXXHO Hamnucartb

MCCTHOCTH U CPABHHUTH CO CIIPABOYHBIM 3HAYCHHUCM Z.

dopMmyiry I mepuojga  KojeOaHui

YckopeHrne cBOOOIHOTO MAJACHHSI MOXKET OBITh BEIYUCIICHO TI0 (hopmyIie

-

4 1!’1 [

g=4r"
f

-

1. 3aerHI/ITL HHUTb MasATHHUKA B ACPIKATCIIC IITATUBA.

2. I/I3M€pI/ITI) JJIMHY MasgTHHKa (IIJII/IHa MasATHUKa CUHUTACTCA OT TOYKH IIOABECA OO HLCHTPA TAXKCCTU

IIapHKa).
3. OTKJIOHUTH LIApUK Ha yroJ He Oosiee 10° U OTIYCTUTB.
4. Onpenenutb Bpems, 3a KOTOpoe MasiTHUK coBepini 20 koneGaHui.

5. Beruncnuts nepuojt kosebaHusl MasiTHUKA, Ucronib3ys gopmyny Nt T .
6. IIoBTOPUTB OMBIT €11l TPU pa3a, yMEHbIlas (UM yBETUYNBasi) JUIMHY HUTH MasiTHHUKA.
7. Pe3ynbTaThl 3aHECTH B TaOJIHILY.

Tabnuna Nel 3aBucUMOCTb NepHOJIa MasiTHUKA OT JAJTMHBI HUTH

Ne JlnuHa HUTH MasiTHUKA |, M Yucno noyHbIX Bpewms konebanuii | Ilepuon
kosieOanuii N t,c koseOanmii T, ¢

1 20

2 20

3 20

8. Cnenatp BBIBOJI O 3aBUCUMOCTH MEPUO/Ia HUTSHOTO MAsTHUKA OT JUIMHBI €70 HUTH.
Tabnuna Ne 2 3aBUCMMOCTD NEepHOa MAITHUKA OT AMILTUTYIbI
OTKJIOHATH MIApUK, TOCTENIEHHO YBEIMUYUBAs yToJl HAKJIOHA, TEM CAMBIM MEHSIOT aMILIUTY 1y

No JnvuHa HuTH Hucno noyHbIX Bpewms konebanuit | AMmiurya. [Tepuon
MasiTHHKa |, M Konebanuii N t, C AM konebanmii T, ¢

1 const 20

2 20

3 20

CI[eJIaTI: BbIBOJ O 3aBUCUMOCTHU MEpHUOAa HUTAHOTO MAasATHUKA OT AMHJII/ITy,III:I




Tabnuua Ne 3 3aBucuMocTh EpUOAa MaITHUKA OT MACChI
B xak7j0M onbITe U3MEHATH Maccy IapuKa

No JnuHa HuTH Yucno nosHbIX Bpewms konebanuii | Macca m, kr [Tepuon
MasTHUKa |, M kosie0anuii N t,c kosieOanuii T, ¢

1 const 20

2 20

3 20

CI[CJ'I&TB BBIBO O 3aBUCUMOCTHU MEpHUOAA HUTAHOTO MAasATHUKA OT MACChI I'py3a.

KoHTpoJibHBbIE BOIPOCHI.

M

Uro Ha3bIBalOT NEPUOIOM KOJIeOaHU MasiTHUKA?

Yro Ha3bIBaIOT YacTOTOH KojebaHuii MasTHUKa? KakoBa equHMIIa 4acTOThI KosieOaHu?

OT KaKuX BEJIMYHMH U KaK 3aBUCHUT TIEPUO]] KOJIeOaHNI MaTeMaTHIECKOTO MasiTHUKA?

OT KaKkMX BEJIMYMH U KaK 3aBUCUT IepUO]] KoJeOaHUH Py KMHHOTO MasiTHUKA?

N300pa3ute MareMaTHYECKH MasTHUK B KpailHEH MpaBOW TOYKE M MOKAXHUTE HA YEPTEKE CUJIBI,
JEMCTBYIOIME Ha IIAPUK B IaHHOM TOYKe TpaeKkTopuu. Hapucyiite paBHOAEHCTBYIOLIYIO CHIL.

Kak meHsiercs BenuuMHa U HalpaBJeHUE PaBHOAEHUCTBYIOLIEH CUJl B TeUEHHUE repuoia’?

JdkcnepumeHT 2 [IpyKMHHBIH MasiTHUK

3aBHCHMOCTD rnepruoaa nmpyxuHHOro MasgiTHUKa OT MAaCChI I'py3a

1.
2.

CobepuTte npy>KUHHBIM MasiTHUK, UCIIOJIB3YS BbIJIaHHOE 000PYIOBaHHUE.

BriBequTe MasATHHK M3 IOJIOKEHUS PAaBHOBECHs, BKJIIOUHUTE CEKyHIOMEP M OTCUHUTANTE NIECATH
koJnebanuit. Mcnonb3ys moka3zaHusi CEKyHI0OMEpa, pacCUYUTanTe MEPHOJ KOJICOAHUI U 3aMOJIHUTE
MIEPBYIO CTPOKY TAOJIUIIBL.

[ToBTOpUTE SKCepuMeHT em€ 2 pasa, yBEIUYMBas MacCy, HO, He MeHAs mpyxuHsl. Ilo
MIOJTyYEHHBIM JJAaHHBIM 3aIl0JIHUTE TaOJIHILy.

[Toctpoiite rpaduk 3aBucumoctu nepuonaa konebanuil (T) oT kBagpaTHOro KOpHS M3 Macchl
(m1/2)'

[To ¢opme rpaduka onpenenuTe BHUI 3aBUCUMOCTH MEXIY MEPUOJOM M KOpPHEM KBaJpaTHBIM M3
Macchbl

Tabnuma 4 3aBUCHMOCTD MepHOJa MPYKUHHOTO MAITHUKA OT Macchl rpy3a

Ne m, KT

OIIbITa

N t,c Tc k ,1/m

9

Onpenenenue 3aBUCUMOCTH MEepHo/ia KoJeOaHuil OT KECTKOCTH MPYKHUHBI

~

Cobepure npyKUHHBIN MasiTHUK, UCIIOJNIB3Ysl BBIIAHHOE 000PY/I0BaHUE.

BBIBCI[I/ITG MAasATHHUK H3 IIOJOXKCHHUA PaBHOBCCHUA. BKIIIOYUTE CCKYHIAOMEP U OTCUHMTANTE JECATh

KOJIeOaHUIA.

Hcnonp3ys mokazaHusi CEKyHA0MEpPA, paCCUUTANTE MEePHO] KOJICOaHHI U 3all0JIHUTE TIEPBYIO CTPOKY

TaOJIULIBI.



4. TloBTOpHTE 3KCIIEpUMEHT eni¢ 2 pa3a, yBenuunBas Ko3(puiumeHT KECTKOCTH, HO, HE MEHSISI MacCy
rpy3a. [1o morydeHHbIM JaHHBIM 3aIIOJTHUTE TaOIHILy.

5. Tloctpoiite rpaduk 3aBucuMOCTH nieproja konedanwuii (T) oT KBagpaTHOro KOpHS U3 KodhdUimeHTa
xéctkoctu. (k'2).

6. Tlo dopme rpaduka onpereauTe BU 3aBUCUMOCTH MEXIy NMEPUOJOM W KOPHEM KBaJpaTHBIM H3
Kod(ppuUIMeHTa KECTKOCTH.

7. Crnenaiite BBIBOJ O 3aBUCIMOCTH IIEPHUO/Ia KOJICOaHUI OT Macchl rpy3a U Ko HUIHEeHTa )KECTKOCTH.

Tabnuna 5 3aBUCHMOCTD MEpUOJIa MPY>KMHHOTO MasiTHUKA KECTKOCTH MPY>KUHBI

Ne ombITa N t,c T,c m, KO k,n/M K'2,(m/m)"
2

KoHTpoJibHbIE BOIPOCHI:
1. B xakoM MoJI0O’)KEHUH MasTHUKA CKOPOCTh OyIeT MAaKCUMAIbHOM ?
2. B KakoM MoJjioKeHUU MasiTHUKA CKOPOCTh paBHA HYJIIO.
VBeNUUuiIn Wi YMEHBIIUIN MacCy Tpy3a, MOJBEIICHHOTO K MPYKUHHOMY MAasTHHKY, €CIIH: Q)
nepuoJ ero koyebanuii cnavdana owu1 0, 4 ¢, a mocie u3mMeHeHus: maccel cran 0, 2 c;
0) yacroTa ero kojeOanuii BHavyase Obuta paBHa 6 11, a moToM ymMeHbImIach 10 5 I'i?
UTto Ha3bIBAIOT MEPUOIOM KoJleOaHHi MasiTHUKA?
Yrto HaA3BIBAIOT YAaCTOTOM KoJIeOanuii MassTHUKA? KakoBa e quHMIIA YaCTOTHI KoineOaHui?
OT KakuX BEJIMYUH U KaK 3aBUCHUT MEPUOJI KOIeOaHU MaTeMaTH4ecKoro MasTHUKA?
OT KaKkuX BEJIMUMH U KaK 3aBUCHUT MEPUOJ] KOJIEOAHU TTPY>KMHHOTO MasiTHUKA?
N300pa3ute MmaTeMaTHuyecKuii MasSTHUK B KpailHeW MpaBOil TOUKE U MOKaXUTE HA YEPTEKe CHUIIBI,
JIEWCTBYIOIIME HA IAPUK B TAHHOW TOYKE TpaeKTopuu. Hapucyiite paBHOACHCTBYIONIYIO CHUJL.
10. Kak MeHsieTcs BeIMUMHA U HAIlpaBJICHUE PABHOICHCTBYIONIEH CUIT B T€UEHHUE Nepuoaa’?

A SR NI

Tema 5.2 DileKTpOMarHuTHbIC KOJICOAHUSI U BOJTHBI

JlabopaTopHoe 3ausitue Ne24 YcrpoiicTBO TpancdopmaTopa, reneparopa

Heab: M3y4nTh YCTPONUCTBO U MPUHIIUI PabOTHI TpaHCHOpMATOpa U TeHEPATOPA.

Boinosinenue padoTsl cnocodocTByeT GOPMHUPOBAHUIO:

I1P62, TTP66, I1P6S, ITPyl, ITPy13, TIPy3, I1Py5, [Ipy7, I1Py8, I1Py10, [1Py12, IIP610, Ilpy2,
[TPy12, T1P610, MP3, MP5, MP15, MP23, JIP26, , MP28, MP31, MP32, MP33, MP34, MP37, MP44,
MP47, MP48, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepuaabHoe o0ecrieyeHme:

TpaHcopMaTop J1aOOpATOPHBINA, Jamra HaKaWBaHUS, KIIOU 3aMBIKaHUS TOKA, KOMIUIEKT MPOBOJIOB
COCIMHUTEIIbHBIX.

3ananue
1. W3yuuts cTpoeHue, Ha3HAUYCHUE U MPUHIIMII ASUCTBHS TpaHchopMmaTopa
2. HW3yuuTh cTpoeHHE, HA3HAYCHUE W MPHUHIIUI ICUCTBUS T€HEpaTOopa.

Iopsiiok BbINOJHEHUS PA0OTHI
H3yuenue ycmpoiicmea mpancgopmamopa

Tpanchopmarop mnpeoOpasyeT TMeEepeMEHHBII TOK OJHOTO HAMPSOKCHHS NMPH HEM3MEHHOW YacTOTe.
On COCTOUT u3 3aMKHYTOI'O CCpACYHUKA, HN3TOTOBJIICHHOT'O u3 CHeIlHaHBHOfI JIUCTOBOH
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Tpanc(hOpMaTOPHON CTalld, HA KOTOPOM pAcCTOJIararoTCsA JBE KaTyIIKU (MX Ha3bIBAlOT OOMOTKaMu) ¢
Pa3HbIM YHUCJIOM BUTKOB U3 MCI[HOI\/'I ITPOBOJIOKH.

Opna u3 0oOMOTOK, Ha3bIBAETCS MEPBUYHOM, MOJKIIIOYAETCS K MCTOUYHUKY MEPEMEHHOIO HaIpsDKEHUS.
YcTpoiicTBa, MOTPEOISIONIHE  AICKTPOIHEPTHIO, MOIKIIOYAIOTCS K BTOPUIHON 0OMOTKE, UX MOXKET OBITh
HECKOJIBKO.

[Ipu BeIMONHEHMH PAOOTHI CIEAYET H3YYHUTh YCTPOWCTBO TpaHChOpMAaTopa, BKIIOYUTH €ro B CETh
nepeMeHHoro Toka (36 B). B pexxume X010CTOro xo/1a U3MEPUTh HAIPsHKEHHE Ha OOMOTKAaX U BBIUUCIHUTD
kod(durmeHT tpanchopmanuu, a npu padbore TpaHchopMaTOpa «IOJ HATPY3KOH» YCTAaHOBHTH CBSI3b
MEX/1y TOKAMU U HAaIpsDKEHUEM B 0OMOTKaX.

Tpanchopmarop COCTOMT W3 JBYX KATyIIeK H

cepaeunuka. CepAeuyHUK COCTOMT M3 JIByX IIOJIOBUH, Mepenras Bropniman

obmotka
obmoTka

KOTOpBIE BCTABIIIOT B KaTYHIKy M C MOMOIIBIO CKOOBI N, sumios o
2

3aKPEIUIAIOT Ha OCHOBAHHH. —
TOK
| B .
-:__‘;-‘:_; TODTZ:HBM
1.  PaccMoTpuTe  YCTPOMCTBO  TPAHCHOPMATOPA.  omene

BropuiHoe
HanpsxeHue

|

Onpenenure  NEPBUYHYI0  OOMOTKY  (KJIEMMBI € ‘
Haanuchlo: 36 wiu 42 B) U 1Be BTOPUYHBIX KIEMMBI 2,2 J _
Bu4,4B) E—
2. HadepTuTe 251eKTpHUECKYIO cXeMy TpaHchopMaropa.

3. Paz0epute Tpanchopmarop. st 3TOro moOBEPHUTE €ro

OCHOBAaHUEM BBEPX U OTKPYTUTE [IBE€ I'aliKu KpEIUICHUs %’
CKOObl. BbIHBTE CEpAEYHMK U PacCMOTPUTE €ro
YCTPOMCTBO.

4. Cobepure Tpanchopmarop. s 3TOro BCTaBbTE CEPJIEYHUK CO CKOOOM B KATYIIKHU. Y CTAaHOBUTE
TpaHc(hopMaToOp Ha OCHOBAHUE U 3aKPEMUTE ero raikamu.
H3zyuyenue Ycrpoiictea I'eneparopa.

I'enepatop moctossHHOro TOKa (puC. 1) COCTOMT M3 JBYX 4acTeil: HENOJBMYKHOW M Bpallarolieics.
HenonBmwxkHas vacTe (cTaTop) SBJISETCS OCTOBOM MAIIMHBI M OJAHOBPEMEHHO CIY>KUT Ui CO3JAaHUS
MarHMTHOrO MoOTokKa. Bo Bpamiaromielics 4acTu, Ha3bIBaeMOM SKOpeM (pOTOpOM), HHIYLHPYETCs
aneKTpo B KyIIas cuia - DJ1C.

KoHcTpykuus renepaTopa NocTOSHHOTO TOKa (CM. puc.2).

HenonBukHasi yacTh COCTOUT M3 CTaHUHBI (1), TIaBHBIX MOMOCOB (2) ¢ 0OMOTKON BO3OYk1eHus (3) u
JIOTIOJTHUTEBHBIX MOJTIOCOB (4), YMEHbIIAeMbIX HCKPEHUE O] IIETKAMH.

SIxopb UMeeT cepaedHuK (5), HAOpaHHBIN U3 TOHKUX CTABHBIX JUCTOB, 0OMOTKY SIKOPs (6), 3a10KEHHYIO
B ma3bl cepiaeuHuka u Koswiektop (7). Ha moBepXxHOCTh KOJUIEKTOpa HAJIOXKEHBI YTroJbHO-TPadUTOBBIE
metku (8), obecreynBarONIe CKOJB3SIINN KOHTAaKT ¢ OOMOTKOHM Bparmatouierocs sikops. Kommextop
uMeeT GopMy LMIMHAPA U BBITOJIHAETCS U3 W30JIMPOBAHHBIX MEIHBIX IUIACTUH - JIaMeJlel - K KOTOPhIM
MOJICO€IMHEHBI CeKIMH SKOpHOH 00MOTKH. Bparmasice BMecTe ¢ 0OMOTKOM, KOJIJIEKTOP BBIMOIHSAET POJIb
MEXaHUYECKOTO BBITIPSIMUTEIIS.

OOmoTKa BO30OYKIEHHUS CO37MaeT TJaBHBIM MarHUTHBIA mMmoTok @ momocoB. B reneparopax c
HE3aBHCUMBIM BO30Y)X/IEHHEM OHa THUTAeTCd OT IOCTOPOHHEr0 MCTOYHHUKA IIOCTOSHHOTO TOKa
(BBITIpSIMUTENSA, aKKyMynaTopa W T.m.). C TeHeparopoM C MapalielbHBIM BO30YXKICHHEM OOMOTKa
TJIaBHBIX MOJIOCOB MOJKIIIOYEHA K IIaBHBIM IIETKaM, T.€. MapauieJbHO LenH sKops. B cBsa3u ¢ atum ans
BO3HHUKHOBEHHSI MarHMUTHOro ImoToka M DJIC HeoOXoauMm XOTs ObI ClIaObIi OCTAaTOYHBI MarHHTHBIN
notok. brnarogaps Hamu4MiO OCTATOYHOTO MAarHeTU3Ma BO3HHMKAeT MPOIECC CaMOBO30YXKACHUS
re’eparopa.
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Puc.2
Puc 1

1.Ctpoenue TpancdopmaTopa:
HavepTuTh cocTaBHBIC YaCTH yKa3aTh WX Ha3BaHUE, BBITUCATH (DOPMYIIBI
2 CtpoeHue reseparopa:

Ha4YepTUTh, COCTABHBIE YACTH YKa3aTh
KonTpoJbHbIE BONPOCHI

1 BapuanT

1.YTo Ha3BIBAIOT MHIYKIIMOHHBIMHU T€HEpATOPaMU?

2.Kaxkoii TpaHcopMaTOp Ha3bIBAIOT MOBBIIIAIONINM, a KAKOW MOHMKAIOINM?

3.Yto Takoe xonoctoil xo TpanchopmaTtopa?

4.Ilouemy cepaeuHHUK TpaHc(hopMaTOpa U3roTaBIMBAIOT U3 CTAJH, @ HE U3 Men?

5.B mepBuuyHOi 00MOTKE TpaHC(hOpMaropa, BKIIOUEHHOH B ceTh ¢ HampsbkeHueM 380B. Copepxutcs
1320 BuTkOB. Onpenenuts HaIpsHKEHUE Ha BTOPUYHOM 00MOTKe, eciiu oHa cojepkuT 300 ButkoB. Bun
TpaHchopMaTopa yKka3aTb, OTBET MOSCHUTb.

2 BapuaHT
1. Ha3oBuTe OCHOBHBIE YAaCTH T€HEPATOPA IEPEMEHHOTO TOKA.
2. Jlokasatp, 4TO y MoBBILIaONIEr0 TpanchopmaTopa K>1.
3. U3menser a1 TpaHchopMaTop 4acToTy NMpeodpazyeMoro nepeMeHHoro Toxka?
4. Tloyemy cepaedHuK TpaHchOpMaTOpa COOMPAIOT U3 OTACIHHBIX TUIACTHH?
5. Ecnu Ha mepBuYHYyI0 00MOTKY TpaHcdopmaropa mojaercs HampsbkeHue 220B, To Ha
BTOpPUYHOM OOMOTKE TpPH XOJOCTOM Xojie moiyyaercss HampsbkeHue 130B. Yucno
BUTKOB TepBUYHONU 00MOTKM paBHO 400. OmnpenenuTs YUCIO BUTKOB BO BTOPUYHOMN
oOMoTke. Bua Tpancopmaropa ykazarb, OTBET MOSICHUTb.
3 BapuaHT

1. KakoBa poJib HHAYKTOpPA U SIKOPS B YCTPOMCTBE T€HEPATOpa MEPEMEHHOTO TOKa?

2. Yto Takoe MOHMXAIOHIH TpanchopmaTop?

3. Tlodemy cepaedHuK TpaHcpopMaTopa AenaroT He CIUIOMHBIM. A U3 MHOKECTBA TUIACTHH,
M30JIMPOBAHHBIX APYT OT Apyra?

4. Tloyemy MOITHOCTB, MOTPeOIIIeMast OT BTOPHYHONH 0OMOTKH, MEHBIIIE MOIITHOCTH,
MOIBOJIUMOM K IEPBUYHON 0OMOTKE?
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5. CKOJBKO BUTKOB JOJKHA MMETh BTOpPHUYHAs OOMOTKa TpaHchopMaTopa Jjsl MOHMUKEHUS
Hanpsbkenus ¢ 12000 no 120B, ecnu nepBuunas oomotka conepxut 4000 ButkoB? Bun
TpaHchopMaTopa yKa3aTb, OTBET MOSCHUTb.

Tema 5.3 OnTuka

JlabopaTopHoe 3ansitue Ne2S. OnpenesieHue nokaszareJisi NpeJOMJICHUS CTEKJIA.

]_le.]]b paﬁoTbIZ OIIPECACIIUTD IMOKA3aTCJIb MPEIIOMIICHHUA CTEKIIA SKCIICPUMCHTAJIbHBIM ITyTCM.

BoinosiHeHne padoThl cioco0CTBYET (DOPMUPOBAHMIO:

[1P62, TTP66, I1P68, ITPyl, ITPy13, TTPy3, I1Py5, [Ipy7, I1Py8, I1Py10, [1Py12, IIP610, IIpy2,
[1Pyl12, I1P610, MP3, MP5, MP15, MP23, JIP26, , MP28, MP31, MP32, MP33, MP34, MP37, MP44,
MP47, MP48, MP54, MP55, MP 56, MP 43, JIP34, JIP32,

MarepuanbHoe o0ecneyeHHe: MIACTUHKA C MapajUIeNbHBIMH TPAHIMH; OyJIaBKU; YUCTHIN JIMCT
OyMarw; JIUCT KapTOHA; TPAHCIIOPTHUP; MOJABEMHBIA CTOJHK; Ta0JMIAa 3HAYCHUS TPUTOHOMETPHUUCCKHX
byHKIUi.
3ananue

1. [TocTpouTh X0/ CBETOBOIO JIy4a Yepe3 CTEKJISIHHYIO IUIaCTUHY.
2. [Tpoananu3upoBaTh X0 CBETOBOIO Jy4ya Yepe3 CTEKISIHHYIO [IJIaCTUHY .
3. OnpenenuTtsb MoKazaTesab MPETOMICHHS CTEKIIAa M paCCUUTATh MOTPEUTHOCTh AKCIIEPUMEHTA.

[Topsnox BeIMoNHEHNs pabOThI

1. Ha nogbemMHBIi CTONMMK MOJIOKUTH YUCTHINA JTUCT OyMaru ¢ moJjI0’)KeHHBIM CHU3Y KapTOHOM.
2. C oHOM CTOPOHBI CTEKIIa HAKOJIOTH J1Be OynaBKku 1 1 2 Tak, 4TOOBI psiMasi, TPOXOIAIIas Yepe3 HUX,
COCTABJIsIJIa YTOJ 0] C IEPIEHIUKYIISIPOM K IIOCKOCTH TUIACTHHKHU (CM. puc.1).

3.  IloaHATh pUCYHOK Ha ypOBHE I'Jia3 U, Habr01as yepes
MJIACTUHKY, HAaKOJIOTh JIBE JIpyrue OylaBKH TakK, YTOOBI BCE YETHIpe
OyJaBK{ OKa3aJuCh Ha OJHOM MPSAMOIL.
4, Crekiio u OynaBKH CHSTh, MECTa HAKOJIOB OTMETUTH ToukaMu 1,2,3,4 1 4epe3 HUX MPOBECTHU MPSIMbIS

JIMHUHM JI0 TIepeceueHus ¢ rpaHuiiaMu crekia (puc.2). [IpoBectu yepes Touku 2 v 3 neprneHANKYISPbI K
rpanuiam cpex AB u CD.

TpancnopTupoM U3MEPHUTH YIJIbl MAJEHUS 0. U YTIJIbI IPETOMIICHUS [3. - =
Io TabmnuIe 3HAUEHHIT CHHYCOB OINPEIETUTH CUHYChI H3MEPEHHBIX yIiioB. | Sin S
Brrauciants ko3ddunpieHT npenomiienus mo Gopmysie:
OnbIT NOBTOPUTH TPH pas3a.

Pe3ynbrarel u3aMepeHuii, BEIYUCICHUH 1 TaOJIMYHbBIC JaHHBIC 3aIUcaTh B Tadmiy 1.
0. Boraucnute abcomoTHYIO (A) M OTHOCUTENBHYIO (€) MOTPEIIHOCTH 110 (popMyiam:

sin &
n

e S B
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E= -100%

Az‘n

mabn.

—-n

maou.

cp.

11. Cpnenatb BBIBOJ IO paboTe

Tabmuna 1
dopma npeaocTaBiICHUs pe3yibTaTa

Ne VYron VYrou npe- Koaddu- Cpennee TabnuaHOE AbcomoT- OTHOCHTENBH
OMbITa | MAJEHUs JIOMJICHHS [[UEHT 3HAYCHHE 3HAYCHUE HAasOrpel- ast

CBETOBOTO | CBETOBOTO [Mpenomn k03 du k03¢h ¢ HOCTb HOTPELIHOCTh

JIy4ya JIyya €HUS LIMEHTA HLIUEHTA A &,%

s B, n MPENOMJICHHS | MPEIOMIICHUS

b b
ncl’ nmaﬁ,’l.

1
2

KoHTpoabHEIE BOIIPOCH M 3aJ1a49d

UTo Ha3bIBAIOT CBETOBBIM JTy4OM?

ChopmynupyiiTe 3aKOH OTpaKeHUS CBETA.

KakoB ¢u3uueckuii cMbICI TOKa3aTesl MPeIoMIIeHHs cBeTa?

Uewm otnryaeTcst aOCOMOTHBIN MTOKA3aTeNb MPEJIOMIICHUS CBETA OT OTHOCUTEIBHOTO?

CdopmynupyiiTe 3aKOH MPETOMICHHS CBETA.

UTo Ha3BIBAIOT MOJIHBIM OTPAXKEHUEM CBeTa?

KakoBa ckopocTh pacnpocTpaHeHUs CBeTa B Bakyyme?

UTo Ha3BIBAETCS ONMTHYECKOM INIOTHOCTHIO BEIIECTBA?

Jlyu cBeTa mepexoAMT U3 Cpebl ONTUYECKH Oosiee TUIOTHOM B Cpely ONTHYECKH MEHEe IJIOTHYIO.

KaK M3MEHSIETCS TIPU 3TOM YacTOTa KOJeOaHU U ITTHHA BOJTHBI?

10. B 4em cocrouT npuHuu I 'roiirexca?

11.  Jly4 mepexouT u3 BOABI B CTek10. Yron nagenus o = 30°.
e = 1,6).

12.  Yron npenomnenus ceta B runepune 45°. Haittu yron nagenus B Bo3ayxe (nm =1.47).

13. Jly4 majaer Ha moBepXHOCTH Boabl mof yriom 30°. Tlox kakuMm yrioMm JOIKEH ymacTh JIyd Ha

MMOBEPXHOCTD ajIMa3a, YTOOBI YTOJI IPEIOMIIEHUS OCTAIICS TaKUM Ke? (Nposx. = 1, Npogm=1,33, Namn. = 2,42).

14. Haiitu pa3HOCTb CKOPOCTEH CBETa B BOAE U CTEKJIE, €CIU Npox=1,33, Nerex. =1,3.

15. OmnpenenuTh TpeAeTbHBI yTod TOJHOTO OTPaKEHHs IS BOJBI, CTEKJa, anMmasa. (Ner=

Nsos=1,33, Name= 2,42) (OTB.: 0101=49°, c102=40°, 0103=24").

o R

Haiitu yron npenomnenus. (ns = 1,3;

1,6;

TaOnuipl TPUroHOMETPUYECKUX (PYHKIIMIMA

0.0 sino tgol ctga cosa.
0 0,0000 | 0,0000 1,000 90
1 0175 0175 57,3 1,000 89
2 0349 0349 28,6 0,999 88
3 0523 0524 19,1 999 87
4 0698 0699 14,3 998 86
5 0,0872 | 0,0875 11,4 0,996 85
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6 1045 1051 9,51 995 84
7 1219 1228 8,14 993 83
8 139 141 7,11 990 82
9 156 158 6,31 988 81
10 0,174 0,176 5,67 0,985 80
11 191 194 5,145 982 79
12 208 213 4,705 978 78
13 225 231 4,331 974 77
14 242 249 4,011 970 76
15 0,259 0,268 3,732 0,966 75
16 276 287 487 961 74
17 292 306 271 956 73
18 309 325 3,078 951 72
19 326 344 2,904 946 71
20 0,342 0,364 2,747 0,940 70
21 358 384 605 934 69
22 375 404 475 927 68
23 391 424 356 921 67
24 407 445 246 914 66
25 0,423 0,466 2,145 0,906 65
26 438 488 2,050 899 64
27 454 510 1,963 891 63
28 469 532 881 883 62
29 485 554 804 875 61
30 0,500 0,577 1,732 0,866 60
31 515 601 664 857 59
32 530 625 600 848 58
33 545 649 540 839 57
34 559 675 483 829 56
35 0,574 0,700 1,428 0,819 55
36 588 727 376 809 54
37 602 754 327 799 53
38 616 781 280 788 52
39 629 810 235 777 51
40 0,643 0,839 1,192 0,766 50
41 656 869 150 755 49
42 669 900 111 743 48
43 682 933 072 731 47
44 695 966 036 719 46
45 0,707 1,000 1,000 0,707 45

cosa ctgo tgal sino 0.0
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a)
6)

B)

KPUTEPUU OLIEHKU

O1leHKa «OMIUYHO» CTABUTCS, €CIIH CTY/ICHT:

BBIITOJHUI pPabOTy B TMOJHOM O0beMe C COOJIIOJCHHEM HEOOXOAMMOMN IOCIeI0BATEILHOCTH
MIPOBEJICHUS OIBITOB M U3MEPCHHUIA;

B MPEJCTABICHHOM OTYETEe MPABUILHO U aKKYPATHO BBIMOJHKI BCE 3aIKMCH, TAOIUILY, BBIYACICHHS
U cJieTiall BBIBO/IbI;

MPaBUJIbHO BBIMOJIHWII QHAJIN3 OTPEITHOCTEH;

coOroan TpeboBaHus 0€30MaCHOCTH TPYIa;

OTBETUJI HAa KOHTPOJIbHBIE BOIPOCHI (YCTHO WIIM MUCHMEHHO).

OleHKa «Xopowtoy» CTaBUTCSI B TOM Cllydyae, €CIM BBINOJIHEHbI TPEOOBaHHS K OIICHKE
«OTIMYHOY, HO:

OIIBIT MPOBOJIUIICS B YCIIOBHSIX, HE 00CCIICYMBAIOIINX JOCTATOYHON TOYHOCTH U3MEPEHHIA;
JOMYIIEHO JBa-TPH HEI0YeTa, WM He OoJiee OTHON HErpyOOil OIMOKH M OJHOTO HEA0YETa;
OTBETUJI HAa KOHTPOJIbHBIE BOIPOCHI (YCTHO WIIM MIUCBMEHHO).

O1neHKa «y0osiemeopumenbHo) CTaBUTCS, €CIM pabdoTa BBINOJIHEHA HE IOJIHOCTHIO, HO
00bEeM BBIMTOJHECHHON YacTH TAKOB, YTO MMO3BOJIACT MOJYUYUTh MTPABUIBHBIC PE3YJIBTATHI H BBIBO/IHI,
WM €CJTHA B XOJI¢ ITPOBEICHHUS OIBITA U M3MEPEHUI OBUTH TOMYIIEHBI CIICTYFOIIHE OUTHOKH:

OIBIT TIPOBOJAWJICS B HEPALMOHAIBHBIX YCJIOBHUSX, YTO HPHUBEIO K IMOJYYCHUIO PE3yJbTaTOB C
00JIbIIIEH TOTPEIIHOCTHIO;

WIK B OTYeTe OBUIM JIOMYIICHBI B OOIICH CIIOKHOCTU HE OoJiee IBYX OUIMOOK (B 3aIUCSX €IMHMUIL,
U3MEPEHHUSX, B BBIYUCICHUSX, TAOIUIIAX, aHATM3E OTPEITHOCTEH U T.11.), HE MPUHIMITHAIBLHOTO IS
JaHHOW pabOoThI XapaKTepa, HO MOBJMSBIINX HA PE3YJIbTAT BBIMOIHCHUS;

VI HE BBITIOJTHEH COBCEM HJTU BBITIOJHEH HEBEPHO aHAIIU3 TOTPEIIHOCTEH;

WK paboTa BBITIOJHEHA HE MOJHOCTBIO, OJJHAKO 00EM BBIIIOJIHEHHOM YacTH TaKOB, YTO IO3BOJISET
MOJIyYUTh TPABUIILHBIC PE3YJIbTAThl M BBIBOJBI 10 OCHOBHBIM, MPUHIIMITMAIBHO Ba)KHBIM 3aJla4aM
paboTHI;

YaCTUYHO OTBETUJI Ha KOHTPOJIBHBIC BOIPOCHI (YCTHO MIJIM TUCHBMEHHO).

O1ieHKa «Hey006/1emeopumenbHoy) CTaBUTCS B TOM Cliy4ae, eCIlu:
paboTa BBHIMOJIHEHA HE MOJIHOCTHIO, U 00BbEM BBIMOJIHEHHOW YacTH pabOThl HE TO3BOJISET CleIaTh
MIPaBUJIBHBIX BHIBOJIOB;

WJIH OTIBITHI, U3MEPEHUS, BBIYHUCIICHHUS, HAOJIOICHHSI TPOU3BOIUIIMCH HETIPABUIILHO;
HE OTBETHJI Ha KOHTPOJIbHBIC BOITPOCHI.
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