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1 BBEAEHUE

BaxHyl0o dYacTp TEOpETHYECKOM W  NPOPECCHOHATBHON  MPaKTHYECKOW  MOATOTOBKU
00y4aroIuXcsl COCTABIIAIOT MPAKTUYECKUE U TaOOpaTOpHbIEC 3aHATHSL.

CocraB u copepx’aHUe NPAKTUUECKUX W JIA0OPATOPHBIX 3aHATHM HaIpaBiICHbl HA PEaTU3aLUI0
®denepallbHOTO TOCYIAPCTBEHHOIO 00pa30BaTEIbHOIO CTAaHAApTa CPEIHEro OO0IIero oO0pa3oBaHUS C
Y4ETOM I0JIYy4aeMOM CIIEUAIbHOCTH.

Benymeit aunakThyeckoll  1€NbI0  MPAKTUYECKUX 3aHATUH  ABiseTcs (GOpMUpOBaHUE
npoeccHoHaNbHBIX MPAKTUYECKUX YMEHUN (YMEHUH BBIMOJHATH OIpe/IeJIeHHbIE JEHCTBUS, ONepaluu,
HEOO0XO/JMMBIE B MOCJTEIYIOIEM B MPOPECCHOHATBHON NEATETbHOCTH) MM Y4EOHBIX MPaKTHUECKUX
YMEHH pemiath 3a/1a4uu 1o pu3rke, HeoOXOIUMBIX B IOCIEAYIOIeH yueOHO e TeNbHOCTH.

Benymieid auaakTHUECKOW WENbI0 J1a0OpPaTOPHBIX 3aHATUH SBISETCS HKCIEPUMEHTAIbHOE
MTOATBEPKJICHNUE U MTPOBEPKA CYLIECTBEHHBIX TEOPETUUECKUX 3aKOHOB, 3aBUCUMOCTEI.

B cootBercTBUM ¢ pabouell mporpammon ydeOHOW AMCHUILIMHBI «Du3KKa» MpearycMOTPEHO
MIPOBEJICHUE MPAKTUYECKUX U JTA0OPATOPHBIX 3aHATHH.

BreimonHenne  mpakTHYeCKMX M J1a0OpaTopHBIX  paboT  oOecmeumBaeT  AOCTHDKEHHE
00y4aroLUMUCS CIEAYIONIUX Pe3yabTaTOB:

e [IPOl cdopMHPOBAHHOCTH MPEACTABICHUH O pOJIM W MecTe (U3UKA M aCTPOHOMHUHU B
COBPEMEHHOM Hay4yHOI KapTHHE MUPa, O CUCTEMOOOpasyrolieil poiu GU3UKU B pa3BUTHH €CTECTBEHHBIX
HAayK, TEXHUKH ¥ COBPEMEHHBIX TEXHOJIOTHH, O BKJIaZIe POCCUUCKUX U 3apYOEIKHBIX yUCHBIX-(PU3UKOB B
pa3BUTHE HAYKU; TOHUMaHUE (PU3NUECKON CYIIHOCTH HAOII0IaeMBbIX SBICHUN MUKPOMHPA, MAaKpOMHPA
M METraMHpa; IMOHMMAaHHE POJIM ACTPOHOMHUHU B IPAKTUYECKON JEATEIBHOCTH YEJIOBEKA U JAJbHEHUIIEM
HAyYHO-TEXHHUYECKOM pPAa3BUTUH, poiid (U3MKU B (HOPMHPOBAHHHM KPYrozopa M (QPYHKIHOHAIBHON
IPAMOTHOCTH Y€JIOBEKA JUIS PEIICHMS IPAKTUYECKUX 3a/a4;

° [1P62 chopMUPOBAHHOCTh YMEHMI pacro3HaBaTh (PuU3MUecKue sBICHUS (IIPOLECCH) U
OOBSICHATH MX Ha OCHOBE M3YyYCHHBIX 3aKOHOB: PaBHOMEPHOE M PABHOYCKOPEHHOE MPSIMOJIMHEHHOE
IBUKEHHE, CBOOOJIHOE MaJCHHUE TeJl, JBUKEHHE IO OKPY)KHOCTH, MHEpPLHs, B3aUMOJCICTBHE Tell,
KosebaTenbHOEe JBM)KEHHE, PE30HAHC, BOJHOBOE JBUXKEHHUE; IU(PQy3us, OpOyHOBCKOE IBMKEHHE,
CTPOCHHME JKHUJIKOCTEM M TBEpABIX TeJl, M3MEHEHHe oObeMa Tell MpH HarpeBaHUM (OXJIAXIECHUN),
TEIJIOBOE PaBHOBECHE, UCIIAPEHHUE, KOHJEHCALUs, TUIABJICHUE, KPUCTAJUIM3ALMs, KUIICHUE, BIIAXXHOCTh
BO3/lyXa, CBSI3b CpEJHEH KUHETUYECKOW SHEPIruu TEIUIOBOIO JBMKEHMSI MOJIEKYNI € aOCOJIIOTHOM
TEMIIEpAaTypOH, MOBBILICHUE NABJICHHS Ta3a IIPU €r0 HAarpeBaHUM B 3aKPBITOM COCYJE, CBA3b MEKIY
rapaMeTpamMu COCTOSIHHs Tra3a B H30NpOLECcCax; DJJIEKTpU3alus TeJ, B3aWMOJCHCTBHE 3apsJiOB,
HarpeBaHue IIPOBOJHUKA C TOKOM, B3aMMOJIEUCTBUE MArHUTOB, JJIEKTPOMArHUTHAsE MHAYKLIMS, 1EHCTBUE
MarHMTHOTO MOJII Ha MPOBOJAHHUK C TOKOM M JBWXKYIIUMHCS 3apsf, 3JE€KTPOMarHUTHbIE KOJeOaHUs U
BOJIHBI, TPSMOJMHEHHOE paclpoCTpaHEHHE CBEeTa, OTpaKeHHe, MpesloMIIeHHe, HHTepdepeHus,
nudpakiys ¥ TOJIApU3aIus CBETa, JUCTIEPCHs CBeTa; PoTorneKkTpruueckuit 3¢ (HEeKT, CBETOBOE JTaBJICHHE,
BO3HMKHOBEHHME JIMHEHYaTOro CIEKTpa aToMa BOJOPOJA, €CTECTBEHHAas M  HMCKYCCTBEHHasd
PaauOAKTUBHOCTE;

° [1IP63 BiaJeHUE OCHOBOIOJATAIOUIMMU (U3UUYECKUMHU TOHATUSMH U BEIUYMHAMH,
XapaKTepU3yloIUMHU  (Qu3nueckue mpouecchl  (CBSI3aHHBIMM € MEXaHWYECKUM  JIBHJKEHUEM,
B3aMMOJICHCTBHEM TeJl, MEXaHUYECKUMHU KOJICOAHUSMHU U BOJTHAMM; aTOMHO-MOJIEKYJISIPHBIM CTPOCHUEM
BEILIECTBA, TEIJIOBBIMM MPOLECCAMU; 3JIEKTPUUECKUM W MAarHUTHBIM IOJISIMH, 3JEKTPUYECKUM TOKOM,
ANEKTPOMArHUTHBIMU KOJICOAQHUSIMU W BOJTHAMH; ONTHYECKUMHU SIBJICHHUSIMH, KBAaHTOBBIMH SIBIICHUSMH,
CTPOGHHEM aTroMa M AaTOMHOrO sJipa, paJAMOAaKTUBHOCTHIO); BIIAJIEHUE OCHOBOIOJIAralOUIMHU
ACTPOHOMUYECKUMM IOHATHSAMH, II03BOJIIOIIMMY XapaKTEPU30BaTh IPOLECCHI, MPOUCXOAAIINAE HaA
3Be3/laX, B 3BE3/IHBIX CHUCTEMaX, B MEXTaJlaKTUUECKOH cpeje; ABMKEHHE HEOECHBIX TeJl, IBOJIIOLHIO
3Be31 U BeceneHHoi;

° [1P6G4 BiazieHWE 3aKOHOMEPHOCTSMHU, 3aKOHAMH M TEOPUSMHU (3aKOH BCEMHUPHOTO
Tsirorenus, I, I u 11 3akonsl HproTOHA, 3aKOH COXpaHEHHUSI MEXAHUUYECKON SHEPIUHU, 3aKOH COXPAHEHUS
HMITYJIbCa, TPUHIUIT CYNEPHO3ULUN CHUJI, IPUHLHUII PAaBHOIPABHOCTU MHEPLUUAIBHBIX CUCTEM OTCYUETA;
MOJIEKYJIIPHO-KMHETUYECKYIO TEOPUI0 CTPOCHHsI BEIECTBA, TIa30BbIE 3aKOHBI, IEPBBIA 3aKOH
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TEPMOJUHAMHKH; 3aKOH COXPAHEHHUS JNIEKTPUYECKOro 3apsAna, 3akoH Kyiona, 3akoH OMa [ ydacTka
1enu, 3akoH OMa /715 ITOJIHOM 3JIeKTpUUEcKOl 1enH, 3aKoH Jxoyis - JleHna, 3aK0H 3J1IeKTpOMarHUTHON
MHIYKIWH, 3aKOH COXPAHCHMs SHEPIHH, 3aKOH MPSMOJMHEHHOIO paCIpOCTPAHEHUS CBETa, 3aKOH
OTPa)XEHUS CBETA, 3aKOH IPEIOMJIEHMSI CBETA; 3aKOH COXPAHEHMsI SHEPruH, 3aKOH COXPaHEHUS
UMITyJIbCA, 3aKOH COXPAHEHHs DJJIEKTPUUYECKOTO 3apsia, 3aKOH COXPAaHEHMS MacCOBOTO 4YHCIIA,
nocrynarel bopa, 3akOH pagMOaKTUBHOIO pacnaja); YBEPEHHOE UCIOJIb30BAaHUE 3aKOHOB U
3aKOHOMEPHOCTEH MU aHanu3e (PU3MUECKHUX SIBIEHUH U IIPOLECCOB;

e [IP6G5 yMeHHE YYHTHIBAaTh TPAHUIBI MPUMEHEHHS W3YYCHHBIX (U3UUYECKUX MOMIETICH:
MaTepuajbHas TOYKA, WHEPLUUAIbHAs CHCTEMa OTCYETa, WICAIBHBIM Ia3; MOAEIU CTPOEHUS Ta3os,
KHUJKOCTEH M TBEPABIX TEJ, TOYCUHBIM JJICKTPUUYECKUN 3apsifl, SAACpHas MOJENb aToOMa, HYKJIOHHas
MO/IEJIb aTOMHOTO Si/Ipa MPH peleHHH (PU3NIECKUX 3a/1a4;

e JIPG6 BJIaZICHHE OCHOBHBIMM METOJIaMH HAyYHOTO I1O3HAHMS, HUCIOJIb3YeMbIMH B (U3UKE:
MPOBOJIUTH NPSMBIE M KOCBEHHBIC M3MEPEHHS (PU3NUECKUX BEIMYHMH, BHIOMpAs ONTUMAIBHBIA CIIOCOO
U3MEpPEHUsI W HCIOJIb3YS W3BECTHBIE METOABI OLEHKU IIOIPEIIHOCTEM W3MEPEHMM, INPOBOIUTH
UCCIICIOBAaHUE 3aBUCUMOCTEH (PU3MUECKMX BEIMYMH C UCIOJIB30BAaHUEM MPSIMBIX H3MEPEHUil,
OOBSICHATH TOJYYEHHBIE PE3yJIbTaThl, UCHOJb3Yd (PU3NYECKHE TEOPHUH, 3aKOHBI U IOHATHS, U JIeNaTh
BBIBOJIBI; COOIOIATh NpaBmiIa 0€301MacHOro Tpya Py MPOBEACHUN UCCIIETOBAaHHA B paMKax y4eOHOTO
JKCHEpUMEHTa U  y4yeOHO-MCCIENOBATENbCKOM JAEATENbHOCTH C  HUCIHOJIb30BAHHEM  IU(PPOBBIX
M3MEPUTENBHBIX YCTPOWCTB U JIaOOpaTOpHOTO 000pYyIOBaHUS; CPOPMHPOBAHHOCTH NPEACTABICHUN O
METOJIaX MOJIY4EHHs] HayYHbIX aCTPOHOMHUUYECKUX 3HAHUM;

e [Pyl chopMUPOBAaHHOCTH MOHUMAHHS PO (PHU3UKH B IKOHOMHYECKOH, TEXHOJOTHYECKOM,
COLMAJIBHOW M 3TUYECKOM cdepax NesTeTbHOCTH 4YeIOBEKa; poju M MecTa (PU3UKM B COBPEMEHHOU
Hay4yHOM KapTHHE MHpPA; pPOJIM ACTPOHOMHUH B MPAKTUYECKOM AESITEIbHOCTU YE€IOBEKa U JaJIbHEHIIEeM
Hay4YHO-TEXHUYECKOM Pa3BUTHH;

e [IPy2 cOpMHPOBAHHOCTH CHUCTEMbl 3HAaHUH O (QHUIUYECKUX 3aKOHOMEPHOCTSX, 3aKOHAX,
TEOpUSAX, ACUCTBYIOIIMX Ha YPOBHAX MHUKPOMMpA, MakpoOMHpa U MeEraMmpa, NIpEICTaBICHHH O
BceoOIIeM xapakTepe (HU3MYECKHMX 3aKOHOB; IMPEICTABICHHA O CTPYKType MOCTpOeHUs (hru3myecKoi
TEOPHH, YTO TO3BOJUT OCO3HATh POJIb (PYHAAMEHTAJIBHBIX 3aKOHOB M HPUHIUIIOB B COBPEMEHHBIX
MIPE/ICTABICHUSIX O MPUPOJE, NOHITHh IPAHULIBI IPUMEHUMOCTH TEOPH, BO3MOKHOCTH UX MPUMEHEHUS
JUIS. OIIMCAHMSI €CTECTBEHHOHAYUHBIX SIBJIEHUI U NIPOLIECCOB;

e [IPy3 copMUPOBaHHOCTb YMEHHUSl pa3iNyaTh YCJIOBUS MPUMEHHUMOCTH MoOJENed (pU3NYECKUuX
TeJ U MPOLIECCOB (SBJICHUI): MHEpIMabHas CCTeMa OTCYeTa, MaTepuajibHasi TOUKa, paBHOYCKOPEHHOE
JBIDKEHUE, CBOOOIHOE TajieHue, a0COMIOTHO ynpyras aedopmariusi, aOCOIOTHO YIPYroe U adCOIIOTHO
HEYIPYroe CTOJKHOBEHHUsI, MOJIEJIeH ra3a, *HUIKOCTH U TBEpAOro (KpUCTAIUINYECKOI0) Tella, HJI€aIbHOTO
rasa, TOYEYHBI 3aps], OJHOPOJHOE JJIEKTPUUYECKOE T0J€, OJHOPOJHOE MAarHUTHOE IIOJIE,
rapMOHUYECKHE KoyeOaHHsd, MaTeMaTHYeCKUd MasTHUK, WJCaIbHbIH MNPYXUHHBIA MAasTHUK,
rapMOHHYECKHE BOJIHBI, UJCANIbHBIN KoJieOaTeabHbI KOHTYp, TOHKAs JIMH3a; MOJIENe aToMa, aTOMHOTO
A]lpa 1 KBAaHTOBOM MOJIENIN CBETA,

e [IPy4 copMHUPOBAaHHOCTb YMEHUS OOBSICHITH OCOOCHHOCTH MPOTEKAaHUS (PU3NUECKUX SIBICHUMN:
MEXaHUYeCKOe JIBUKEHHE, TeIJIOBOE JIBUKEHHE YacTHUI BEIIEeCTBa, TEIJIOBOE paBHOBECHE, OPOYHOBCKOE
nsuwkenue, nuddysusa, wucrnapeHue, KUNEHUE U KOHICHCALMs, IUIABJIEHHE U KpUCTAJLIM3aIus,
HaIpaBJIEHHOCTh  TEIUIONEpPEAAud, JJNEKTPU3alMM  TeJl, OSKBUIOTEHIMAJIBHOCTH  IOBEPXHOCTH
3apsSOKEHHOTO  MPOBOJHMKA,  JJEKTPOMAarHUTHOM  MHIYKUIUH, CAMOMHAYKLHH,  3aBUCHUMOCTH
COIIPOTHBIIEHUS] TOJIYHNPOBOJHUKOB "p-" M "n-TUMOB" OT TemmepaTypbl, pe3oHaHCa, UHTEePPEepEeHIINU
BOJIH, AU(pakuuy, IUCHEPCHUH, TOJHOIO BHYTPEHHEro oTpaxeHus, ¢otorddekr, duznyeckue
NPUHIUIBI CIIEKTPAJIbHOTO aHaiM3a W paboThl Jaszepa, "anmbda-" u "Oera-" pacmansl sjaep, raMma-
U3ITy4eHUe sIep;

e [IPy5 chopMUpPOBAaHHOCTH YMEHHMH TNPUMEHATh 3aKOHBI  KJIACCHYECKOM  MEXaHHKH,
MOJIEKYJISIPHON (PU3UKU U TEPMOJIMHAMUKH, DJIEKTPOJMHAMUKU, KBAaHTOBOW (M3HMKHU [Js aHaIu3a U
OOBSICHEHUS SIBJICHUH MUKPOMHUpA, MAKpOMHpa U MEramupa, pa3iudarh yciaoBHs (TpaHUIbI, 00IaCTH)
MPUMEHUMOCTH (U3MYECKUX 3aKOHOB, MOHMMAaTh BCEOOIIMH XapakTep (yHIaMEHTAIbHBIX 3aKOHOB
(3aKOH COXPAaHEHHS MEXAaHUYECKOM HHEPruM, 3aKOH COXPAHEHUS HMIIYJbCA, 3aKOH BCEMUPHOTO
TATOTCHUs, NEPBBIA 3aKOH TEPMOIMHAMMKH, 3aKOH COXPAaHEHHUS OJJIEKTPUYECKOTO 3apsAd, 3aKOH
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COXPAaHEHMs DJHEPruH) M OrPaHMYCHHOCTh HCIOJIb30BAHMSA YACTHBIX 3aKOHOB; aHAJIM3UPOBATH
¢u3nyeckue MpOLECChl, HCIOJb3YS OCHOBHBIC IOJIOKEHHS, 3aKOHBI M  3aKOHOMEPHOCTH;
OTHOCUTEJIBHOCTh MEXAHMUYECKOTO JBMXKEHUS, (OpPMYJIbl KHHEMAaTUKH PaBHOYCKOPEHHOTO JIBUXKEHUS,
npeoOpa3oBanusi [amuies [UIsI CKOpPOCTM M TEPEMELICHHUs, TpH 3akoHa HbIOTOHA, NPUHIHII
OTHOCUTEJIbHOCTU ['anuiesi, 3aKOH BCEMHUPHOIO TATOTEHHs, 3aKOHbl COXpPAHEHUs UMIYJlbca U
MEXaHUYECKOM HHEepPruu, CBsA3b PAOOTHI CHIBI C W3MEHEHHEM MEXaHHYECKOW OHHEPruH, YCIOBHUS
paBHOBECHsI TBEPAOTO Teja; CBs3b JABICHUS HIEATIBHOIO Ia3a CO CpelHel KMHETHYECKOM 3Heprueil
TEIUIOBOTO JBM)KEHHS W KOHIIEHTPALMEHl €ro MOJIEKYJ, CBSI3b TEMIIEpATyphbl BEILECTBA CO CpeIHEH
KMHETHUYECKOW HEepruel ero 4acTHll, CBA3b JABJICHUS UJCAIbHOIO I'a3a ¢ KOHIEHTpaLued MOJIeKya U
ero Ttemmeparypoil, ypaBHeHue MenneneeBa-KnanelipoHa, nepBblii 3aKOH TEPMOAMHAMHUKH, 3aKOH
COXPAaHEHHUs JHEPrMM B TEILIOBBIX IIPOLIECCAX; 3aKOH COXPAaHEHUsS 3JIEKTPUUECKOIO 3apsjia, 3aKOH
KyiioHa, mOTEeHLMaNbHOCTH 3JIEKTPOCTATUYECKOTO I0JIA, MPUHLUI CYNEPHO3ULUU 3IEKTPUUYECKUX
noJsiel, 3akoHa Kyinona; 3akoHbl OMa /17151 yd4acTKa LENH U JUIsl 3aMKHYTOM 3JIEKTPUYECKON 1IENH, 3aKOH
Jxoynsa-JIeHna, 3aKOH 3JIEKTPOMarHUTHOM MHIYKLUMHU, NpaBwio JleHma, HocTynaThl cliequalbHON
TEOPUH OTHOCHUTEIBHOCTH DWHIITEWHA, ypaBHeHHe DifHmTelHa A ¢hortodddexra, nepBulii 1 BTOPOi
noctynarsl bopa, mpuHuun HeompeneneHHocTu [eii3eHOepra, 3aKOH COXpaHEHMs 3apsijia, MacCOBOIO
YuCclia ¥ SHEPTUHU B SJIEPHBIX PEAKIHAX, 3aKOH PAIMOAKTUBHOIO pacnaa;

o [IPy8 chopMupoBaHHOCTb NPEACTABICHUN O METOAAX MOJYyYEHHUS HAYUHBIX aCTPOHOMHUYECKUX
3HAHWUW; BJIAJICHUE YMCHUSIMH CaMOCTOSATEIHHO (OPMYIUPOBATH IEIb HCCICIOBaHHS (IPOCKTA),
BBIJIBUr'aTh THUIIOTE3bl HAa OCHOBE 3HAHMS OCHOBOIIOJATAIOUIMX (U3MUECKUX 3aKOHOMEpHOCTEH Hu
3aKOHOB, TPOBEPATh WX HKCHEPUMEHTAIBHBIMH CPEACTBAMH; IJIAHUPOBATH M MPOBOJIUTH (hU3UUYECKHE
HKCHEPUMEHTBI, OMNMCHIBATh W AHAJU3UPOBATh IIOJIYYEHHYIO IIPHU BBINOJIHEHUH 3KCIIEPUMEHTa
MH(POPMAIIHIO, ONIPEIENIAT TOCTOBEPHOCTh MOIYYEHHOTO PE3YIbTaTa;

e [[Py 11 oBmageHue pa3aUUHBIMU crocodamMu paboTel ¢ uHpopManuend QU3NIECKOro
COJIEp’)KaHUsI C HCIOJb30BAaHUEM COBPEMEHHBIX HH(OPMALMOHHBIX TEXHOJOTHM, Pa3BUTHE YMEHHM
KPUTHYECKOI'O aHaJIM3a U OLIEHKHU JI0CTOBEPHOCTH MOTy4aeMOl HHPOpMaLIUY;

e [IPy 12 oBnageHue OpraHuM3allMOHHBIMUA M TIO3HABATEJIbHBIMM YMEHUSMU CAMOCTOSITEIBLHOTO
NpUOOpPETeHUs] HOBBIX 3HAHMH B MpOIECCe BBIMOJHEHMs MPOEKTHBIX U y4eOHO-MCCIIEeOBATENbCKUX
paboT, yMEHUSIMU 3aHATUETH B IPYIIIE C BHIIOJIHEHUEM PA3JIMYHBIX COLUANBHBIX POJieH, MIaHUPOBaTh
paloTy TpyYIIbl, PAlMOHATIBHO PaclpelesATh NesTebHOCTh B HECTAHJAPTHBIX CUTYaLUsAX, aJJeKBaTHO
OLIEHMBATh BKJIAJ] KAXKJI0TO U3 YYACTHUKOB IPYIIIBI B PEILIEHUE paccMaTpUBaeMOi MpoOIeMBl;

e MP 8 cmocoOHOCTH M TOTOBHOCTh K CaMOCTOATEIbHOMY IIOMCKY METOJIOB PpeIICHUsS
MPaKTUYECKUX 3aJ]a4, IPUMEHEHHUIO Pa3IMYHbIX METOJOB ITO3HAHUS;

e MP 9 Braserp HaBbIKAMU NOJYy4YeHHUs HHGPOPMALMU U3 HCTOYHHUKOB PpAa3HbIX THIIOB,
CaMOCTOSITEJIbHO OCYIIECTBIATh IMOMCK, aHAJINW3, CUCTEMAaTH3alMI0 M HHTEPIpPETalri0 HHQOpMaluu
pa3NIUYHBIX BUAOB U (POPM IPECTABICHUS;

e MP 10 ¢dopmupoBaHue HaydyHOTO THUIA MBILIUIEHMS], BIaJ€HHE HAYYHOW TEPMHUHOJIOTHUEM,
KJIFOUEBBIMM NTOHATUSAMHU U METO/IaMU;

e MP 21 BBIABIATH NMPUYMHHO-CIEACTBEHHbIE CBSI3M U AKTyallM3UpOBaTh 3a/ayy, BbIIBUIaTh
TUIOTE3Y €€ PEIIEHUs, HAaXOQUTh apryMEHThbI I JI0Ka3aTeIbCTBAa CBOMX YTBEP)KICHHI, 3a7aBaTb
napaMeTpbl U KPUTEPUU PEIICHHUS,;

e MP 17 yMmerp mepeHOCHTh 3HAaHUS B I[I03HABATEIbHYI0 UM MPAKTUYECKYl0 00JacTu
KHU3HECSATEIbHOCTH;

e MP 13 oBnageHue BugaMu A€ATEIbHOCTH 10 MOIYYEHHIO HOBOTO 3HAHMS, €T0 MHTEPIIPETALNH,
MpeoOpa3OBaHUI0 U MPUMEHEHUIO B PA3JIMYHBIX Y4YEOHBIX CHUTYalUsX, B TOM 4YHCJIE MPU CO3JAHUU
y4EOHBIX M COIMATBHBIX IPOEKTOB;

e JIP 13 roToBHOCTH U CIIOCOOHOCTH K 00pa30BaHUIO U CaMOOOPa30BAHUIO HA MPOTXKEHUH BCel
KHU3HU;

e JIP 14 oco3Hanue JIMYHOTO BKJIa/Ia B MOCTPOCHHUE YCTOMUHUBOTO OYIYIIEro

e JIP 23 roTOBHOCTB K TPYyly, OCO3HaHHE IIEHHOCTH MacTepCTBa, TPYA0I00ue;

e JIP 26 criocoGHOCTD OIIEHUBATh CUTYALMIO U IPUHUMATh OCO3HAHHBIE PEIIEHNUs, OPUEHTHPYSICh
Ha MOpaJIbHO-HPAaBCTBEHHbIE HOPMBI U LIECHHOCTH;



ConeprkaHye MPAKTHUECKUX U JJAOOPATOPHBIX 3aHITHI OPHEHTHPOBAHO HA MOATOTOBKY 00Y4arOIINXCs
K OCBOCHHMIO NMPO(ECCHOHATHHOIO MOAYJSl MPOrpaMMbl TOATOTOBKH CHELHUATUCTOB CPEIHEro 3BEHa II0
CIIEIMAILHOCTH U OBIIAJICHUIO HPOPeCCUOHATbHBIMU KOMNEMEeHUUAMU:

I[MIK 1.2 CocraBisiTh CXEMbl CIEHUATH3UPOBAHHBIX Y3JI0B, OJIOKOB, YCTPOWCTB M CHCTEM
ABTOMATHUYECKOTO YIPABJICHUS TEXHOJIOTHUYECKUMHU MTPOLIECCaMHU.

A Takike GOpPMUPOBAHHIO 00U4UX KOMNEMEHUUIL.

OK 01 Bp16upats crmocoObl pemeHust 3a1a4 npohecCuOHATBHOM IeATeTbHOCTH TPUMEHUTEIBHO K
Pa3IMYHbIM KOHTEKCTaM.

OK 02 HMcnosnp30BaTh COBPEMEHHBIC CPEICTBA IMOMCKA, aHAJIM3a M MHTEPIPETalluid HHPOPMALIUH U
nH(OPMAaLIMOHHBIE TEXHOJIOTUH AJIs BBITIOJHEHHS 3a/1a4 IPOo(eCCUOHATILHON JesITeIbHOCTH

OK 03 IlmanupoBaTh M pealM30BBIBATE COOCTBEHHOE MPOPECCHOHATBHOE U JHUYHOCTHOE
pa3BuUTHE, MPEANPUHUMATEIbCKYIO NESTEIBHOCTh B MpodecCHOHaIbHON cdepe, UCIOIb30BaTh 3HAHUS
10 GUHAHCOBOW IPAMOTHOCTH B PA3JIMYHBIX KU3HEHHBIX CUTYAIUSIX

OK 09 ITonb3oBaThcs mpodeccuoHaTBbHON JOKYMEHTAIMEH Ha TOCYIapCTBEHHOM W HHOCTPAaHHOM
SI3bIKAX.

Brinmonnenue oOydaromuxcsi MpakTHUECKUX U JTAOOPaTOpHBIX PadOT MO y4eOHOM AMCHUILIMHE
«Du3nka» HaMpaBJIECHO Ha:

- 0000mIeHne, CHCTeMAaTU3alui, YIUIyOJeHUe, 3aKperyIieHHe, pa3BUTHE U JeTalU3allUIo
MOJIYYEHHBIX TEOPETHYCCKHUX 3HAHUH 10 KOHKPETHBIM TeMaM Y9eOHOW JUCIMILTAHEL,

- (popMuUpOBaHUE YMEHUN MPUMEHSTH MOJIYYCHHbIC 3HAHUS HA MPAKTHKE, peaTn3alfio eIUHCTBA
MHTEJJIEKTYaJIbHOM U IPaKTUYECKON AESITEIbHOCTH;

- ¢opMUpOBaHHE U PA3BUTHE YMEHUU: HAOIIOJaTh, CPAaBHUBATH, COMOCTABIIATh, aHAIM3UPOBATH,
JeNaTh BBIBOJBI W OOOOIIEHHUS, CAMOCTOSITEIHHO BECTH HMCCIEIOBAHHS, MOJb30BATHCSA PA3IUYHBIMU
preMaMu U3MepeHuil, 0hOpMIISTh pe3yNbTaThl B BUIE TAOIUII, CXeM, IPa(HKOB;

- MpUOOpEeTEeHNE HABBIKOB padOThl C pPa3IMYHBIMU NPUOOpaMH, anmnapaTypoil, yCTaHOBKaMHU U
OPYTUMU TEXHUYECKUMU CPEJICTBAMHU JIJISl IPOBEACHUS OIBITOB;

- Ppa3BUTHE HWHTEJUICKTYyaJIbHBIX YMEHHMM Yy OyIylmMX CHEHHAIKUCTOB: aHAJTUTHYECKUX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX H JIp.;

- BBIpAOOTKY MPH PELIEHUH MOCTABIEHHBIX 3a/1a4 NPOPECCHOHATBHO 3HAYMMBIX KayecTB, TAKUX
KaK CaMOCTOSTEJIbHOCTh, OTBETCTBEHHOCTh, TOUHOCTh, TBOPYECKAs UHUIIMATUBA.

[IpakTuueckue win 1a0OpPaTOpHbIE 3aHATHUS TMPOBOJATCS B paMKaxX COOTBETCTBYIOIIEH TEMBI,
MOCJIe OCBOSHUS AUIAKTUUECKUX €IMHUI], KOTOPbIE 00ECIeYnBaIOT HAJIMUKe 3HAHUN, HEOOXOIUMBIX IS
€€ BBIIIOJIHEHUS.



2. METOANYECKHUE YKA3AHUSA
IIpakTnuyeckne padoTsl

Tema 2.1. KnunemaTuka
IpaxkTnyeckoe 3ansitue Nel
Pemenue 3a1a4 no KUHeMaTUKe. Y PAaBHEHUS IBHKEHH .

Heab: HayduTbCs pa3nuyaTh BHIBI MEXAaHUYECKOTO JBI)KEHUS B 3aBHCUMOCTH OT (POPMBI
TPAEKTOPUHU U CKOPOCTHU MEPEMELICHUs Tella, PACCUUTHIBATH €r0 IapaMeTphl, HaydUTbCS M300pakaTh
rpaduuecKy pa3iIuyHble BUABI MEXaHUYECKHUX JBMKCHWH, 3aluChlBaTh YPAaBHEHMs  JBIMIKEHHUS,
pa3nuyaTth €ro OTHOCHTEIBHOCTH, HAYYUTHCSA (POPMYIMPOBATH CICAYIOIINE TMOHSATHS @ MEXaHHYECKOe
IBUKCHHE, CKOPOCTh U YCKOPEHHUE, CHCTEMA OTCYETA, MEXAHUYECKUN IIPUHLUII OTHOCUTEIBbHOCTH.
Boinosinenue padorsl cnocodcTByer popmuposanuio: OK 01, OK 02, OK 03, OK 09, OK 06

MarepuajibHoe o0ecnieyeHue:

MHAMBUAYaAJIbHOE 331aHHE, KOHCIIEKT JIEKLIMH, CIPaBOYHbIE MaTEpUaJIbL.

Ykazanue:

[IpakTuueckass paboTa COCTOMT M3 JBYX uacTell — TeopeTuueckoil um mnpakrtuyeckoil. Ilocne
U3Y4YEHHs TEOPETUYECKOr0 MaTepualla MO>KHO IIPUCTYNATh K BBINOJHEHHUIO IPAaKTHYeCKON dyactu. OHa
COCTOUT W3 JIBYX M OoJiee 3a/1ad JJIsi CaMOCTOSITEIBHOTO BhINMOJMIHEHHs. He 3a0pIBaiiTe 0 MpaBMIIBHOM
oopmienun pemienus. Ha BelosHEHUE IPAaKTUYECKOH OTBOJUTCA JBa aKaJeMUYECKHX Yaca.

3aganme:
1. IIncbMeHHO OTBEThTE HA CJIeYIOIHE BOMPOCHI:
e Kunemartnyeckuil 3aKOH [BIDKEHUS [UISI KOOPAMHATHOTO croco0a OmpesesieHus
ABHUKCHUSA MaTepHaHBHOﬁ TOYKH.
e KuHeMaTH4ecKHil 3aKOH [BIKEHHUS ISl €CTECTBEHHOI'O JBIKEHHUS IS BEKTOPHOTO
crioco0a ompeeIIeHUs TBUKCHHISL.
e Kunemartnyeckuil 3akoH JABW)KEHHS [UIsI €CTECTBEHHOro croco0a ompeseneHus
ABHNXKCHUS.
e Kak HaliTu BEKTOp CKOPOCTHU JJIsi KOHKPETHOTO, BEKTOPHOTO M €CTECTBEHHOT'O CIIOCOO0OB
ompeeTICHUs IBUKEHNS?
e Kak HaifTu BEeKTOp YCKOpEHUs AJis Pa3HbIX CIIOCOOOB OMpeIeTeHHs IBUKEHUS?
2. Hcnoan3ysi popMyJibl AJsl pacyeTa mnapaMeTpoB IBHKEHUsI TeJl, PEIINTD 3aa4H.
3. Ilpoananu3supoBaTthb rpadpuku IBHKEHUS TeJ, ONMMCATH XapaKTep ABUKEHMHSI.

ITopsinok BbINOJHEHHS PadOTHI:
1. TloBTOpPUTH OCHOBHBIE BOIIPOCHI KHHEMATHUKH.
2. Pemmth 3a1aun 1o BapuaHTaMm.
3. OdopMuUTH OTUET B TETPAAN IJISl MPAKTUIECKUX PadoT.

1. TeopeTnyeckas yacTb
OnHoMepHOe nBHXKEeHUE. J[BUKEHNE ¢ TOCTOSSHHOW CKOPOCTBIO.

Ilycts Teno ABMXKETCS B HampaBiI€HUM OCU X C TOCTOSHHONW CKOPOCTBIO V M 3a BpeMs Al =1-1

MPOXOJUT MyTh AX = x —xo . CpeHssi CKOPOCTh

JIBr>KEeHUE ¢ IEPEMEHHON CKOPOCTBIO. Y CKOPEHHE

Ecnu Teno aBukeTcst HampaBIeHUH OCH XC



nepeMeHHo# ckopocThio V(t), To, rpaduku X(t) u v(t) umeroT Bua:

[Ipu 3TOM rOBOPST, YTO TEJIO ABUIKETCS C YCKOPEHUEM.

Yckopenue (i) — CKOpOCTh H3MEHEHHUST CKOPOCTH.

~ AV M
AV:V—V acp:_[a]=1_2
Ecnu 3a Bpemst At=t—1; u3MeHEHHE CKOPOCTH 0, TO CpenHee YCKOPEHHUE: At c .
V=YV
a= = v =V, +aAt
Ms© A " YO = vo +an]
alAt?

x(t) = xo + VoAt +

Ecnu Vo MdcoHANpaBieHbl, TO CKOPOCTh JBHIKCHHUS TElla BO3PACTAaeT, d MMEET
3HAaK «+»; B IPOTUBHOM CJIy4ae CKOPOCTh YMEHbBILIAECTCA U @ UMEET 3HAK «—».

2 2
vi(t)—-v

x(t) = xy + AAORAT

Ecnu Bpems nBukenus [t HEU3BECTHO, TO 2a

2. llpuMepnI pelieHus 3a1a4

1. ITaccaxxupckuii moe3x uaeT co cKopocTh 72 km/4. Ilo coceqHeMy MmyTH ABHIKETCS HaBCTPEUy
TOBapHbIi noe3a anuHoi 140 M co ckopocThio 54 kM/4. CKOJIBKO BPEMEHU MAaCCaKUp, CTOALIUIN
y OKHa, OyJeT BUJIETh IPOXOAIINNA MUMO HETO TOBapHBIN 1oe3 ?

Mano: CH Pewenue:

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

V2 = 54 KkM/4 15 m/c CnepoBarensHo, Bpems, B TEHEHHE KOTOPOTO MUMO NMACCAKUPCKOTO
" " !

=140 m noe3/1a npoiaeT ToBapHslii, onpeaenum no Gopmyne: ¢ = =

E 140
[loacrasnsiem ganupie: t = —— =4 ¢
20415

Omeem: 4 c.

2. IlocagouyHas CKOpOCTh Maccakupckoro camosera 135 kM/4, a amuHa mpobGera ero 500 wm.
Omnpenenuts Bpems mpodera o MocaJouHON M0JIOCE U YCKOPEHHE CaMOJIeTa, CUNTas ABHKEHUE

paBHO3aMEIJIEHHBIM.
Hano: CHU Pewenue:
Vo= 135 km/u | 37,5 m/c| Bpems npobera camonera npu nocajake HaxXoaum 13 (opmyIsl myTu
S=500m S=ypt+ %, TJie @ 771 PAaBHO3aME/IIEHHOTO JIBHIKCHUS OTIPeeTHTCS
v=0wm/c u3 opmynel: V= Uy + at wma = -UTO. CnenoBatesibHO,
v0..2
t-7,a-? S=y,t —% , OTKyaa t=j—j. [loacrasnsem nauHubie: { = % =27 c.
Yckopenne a = -U—to,' a= % =- 1,4 m/c?

Omeem: 27 ¢, - 1.4 m/c’.

3. Teno, nBUrasiCh paBHOYCKOPEHHO U3 COCTOSHUS TOKOS, 3a MATYIO CEKYHIy MpOLUIO MyTh 18
M. Yemy paBHO yCKOpEHHUE U KaKOH IyTh TEJIO0 MpOouuIo 3a 5 c?



Pewenue:

2 2
v .~ y ts t
[1yTs, npoiiaeHHbIH TEIOM 3a MATYIO CeKYHAY S = S5 — Sy = aT - =

=
28 218 2

Orcrona a =~ 9" 5o 4 M/ce.
% G at? 4:25

[1yTs, npoiiaenHslii Tenom 3a 5 cexkyna Ss - S5 = - 50 m.

Omeem: 4 m/c®; 50 m.

4. B mocnenHIO CEKyHIly CBOOOJHO Majarollee TEJ0 MPOIIO IOJOBHHY CBOETO IYyTH.
CKOJIbKO BPEMEHU U C KaKOM BBICOTHI MaJ1aJ10 TEJIO?

Jano: Pewenue:
1 ., = B
h, — hy_1= Eh" [1yTs, npoiizenHsiii 3a Bce Bpems nagenus:  h, = %—.
- 2 - hy _ g(t'l)z
g=9.8 m/c Jlo nmocneaneii ceKyH/ bl TEIO MPOLLIO MYTh ——
. , £
£-7 hy-? CrnenoBatensho, —=g(t—1)2 wm t2—-4t+2=0.

2
242
Otciona t=2++2 =34 c. Buicoranagenns h, = 9'823'4 ~57w™m
Omeem: 3,4¢; 57 m.

5. Kamens namaer B maxrty. Yepes 6 ¢ cibliieH yaap KaMHs 0 JHO MaxThl. OnpenenuTs ryOnHy
IIaXTHI, €CITH CKOPOCTH 3ByKa 330 m/c.

Mano: Pewenue:

t=6¢ Ecnu 00031a4uTh Hepes ty BpEMs MaJICHUSA KaMHs, TO BpEMS paCnpOCTPAHCHHA

v =330 m/c | 3Byka f-t,. [lyrs, npoiinennslii kamueM npu cBoG0AHOM nagenun h = %. a

g=9.8m/c? | 3Bykom —h = v (¢ - t;). CenoBatensHo, g= v(t-t)um gt? + 20ty -20t=0

h-? Pewws oannoe ypasnenue, noryyum t; = 5,5 c¢. I'mybuna maxrter h = ﬁ;
h=2855_ 148

Omeem: 148 m.

3aganus 1J19 CAMOCTOAITEIbHOM PadoThI
Bapuant Ne 1

1. Camoner MJI — 86, nBurasicb paBHOMEpPHO CO CKOpOCcThi0 900 KM/4, B TeueHue 9c coBepiIni
TaKoe ke repeMerieHue, 4ro u camoner Sk — 42 3a 10 c. Onpexnenure ckopocts Sk — 42.

2. I'paduku Kakux JABMKEHUHM Ten mokaszaHbl Ha puc. 1? Ilo rpaduky ompenenure: 1) B kakoit
MOMEHT BPEMEHH Tella BCTPETUIIUCh; 2) KaKhe MyTH Teja MPOIILIH IO BCTPEUH.

0 1 2 3 4.5.6 e

puc.l.

3. [Moe3n uepe3 10 ¢ mocie Havana ABMXEHUS prodpeTaeT ckopocTh 0,6 M/c. YUepes kakoe BpeMs
OT HayaJa IBUKEHHS CKOPOCTh M0€3/1a CTaHeT paBHA 3 M/c?



4. 3a kakoe BpeMsi aBTOMOOMIIb, IBUTAsICh C yckopeHueM 0,4 m/c2 , yBeTUYUT CBOIO CKOPOCTH C 12
10 20 m/c?

5. Ilyns B cTBOJie aBToMara KanmanrtHukoBa ABHXKETCS ¢ yeckopeHneM 616 m/c2 . KakoBa ckopocTh
BbUIETA ITYJIM, €CIIM JUIMHA cTBoJa 41,5 cM?

6. Teno, nBUTasCh MPSAMOIUHEHHO C yCKOpeHueM 5 mM/c2 , mocturio ckopoctu 30 m/c, a 3aTeM,
JIBUTASICh PaBHO3aMEIJIEHHO, OCTaHOBUIIOCH uepe3 10 c. Onpenenure myTh, IPOUICHHBIN TEIOM.

7. Teno cBoOoaHO TamaeT ¢ BBICOTH 125,5 M. Omnpenenure BpeMs MaJcHUS W CKOPOCTh Teja B
MOMEHT yz1apa 0 3eMJIIO.

BapuanT Ne 2

1. Cpennee paccrosaue mexay 3emieid u ConaieM 1 actpoHomuueckas enununa (1 a.e. = 1,496
1011 m). Onpenenure Bpemst npoxoxaeHus ceera ot Coanua 10 3emiau. CKOpOCTh CBETA B BAKyyMeE € =
3- 108wm/c.

2. Ha puc. 2. npencraBiieH rpaduk 3aBUCUMOCTH KOOpAMHATHI Teia oT BpemeHH. Ilo rpaduky
ornpeaenute: 1) CKOJIBKO BPEMEHH TEJI0 HaXOAWIOCh B IBUKEHUH; 2) UeEMY PaBHO €ro MepeMeleHue.

X, m4
|

!

puc.2.

3. Benocuneauct nBuxercs moa ykioH ¢ yckoperueM 0,3 m/c 2 . Kakyro ckopocTs mpuodperer
BenocuneaucT uepes 20 ¢, eci ero HayajibHasi CKOPOCTh paBHA 4 M/c?

4. Cxopocts noe3zaa 3a 20 ¢ ymensmmiace ¢ 72 1o 54 xm/4. Hanucars ¢popMyiny 3aBUCHMOCTH
CKOPOCTH OT BpeMeHH UX(t) U MOCTPOUTH rpayK 3TON 3aBUCUMOCTH.

5. Ilpu aBapuitHOM TOPMOKEHUH aBTOMOOWJIb, IBUKYILIUICS CO CKOPOCTBIO 72 KM/4, OCTaHOBUJICS
yepes 5 ¢. Halitu TOpMO3HOM ITyTh.

6. Yxion nmuHoi 100 M nppkHUK nporren 3a 20 ¢, apurasick ¢ yckopenuem 0,3 m/c 2 . Kakoa
CKOpOCTb JIBDKHUKA B Ha4yajie U B KOHIIE YKJIOHA?

7. Teno cBoOoaHo magaer B TedeHue 4 c¢. Ompenenure BBHICOTY, ¢ KOTOpPOW MagaeT Telo, U
CKOpPOCTh B MOMEHT yJiapa 0 3eMIII0.

®opma nmpeacTaBjieHus pe3yJbTarTa:
BremoaHNUTE 3aaaHueC B TCTpaaAu IJIA NPAKTUUCCKHUX pa60T.

Kpurepum ounenku:
3a mpaBUIILHO BBIIOJHEHHOE 33JaHHE BBICTABIISAETCS IMOJIOKUTENIbHAs OlleHKa — 1 Oasu.
3a HeTMpaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNEe BBICTABIISIETCS OTPUIIATEIbHAS onleHKa — 0 0aioB.
1. Oyenxa «omauuno» evicmasnaemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
2. Oyenxa «xopoutoy svicmasisemcs 3a 80 — 89% npaBUIBHBIX OTBETOB
3. Oyenxa «yoosnemeopumenvnoy gvicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
4. Oyenka «neyooeemeopumenvhoy svicmasisemcs 3a Menee 60%0 MpaBUIBHBIX OTBETOB

Tema 2.1. Kunematuka

IIpakTyeckoe 3ansaTue Ne2
Pemienne 3a1a4 Ha napaMeTpbl BpaliaTeI1bHOI0 ABUKEHUS

Henab: HayunThCs pemiaTh 3a7a4u Ha MapaMeTpbl BpaIlaTeIbHOTO IBUKEHUS



Boinosinenue padotsl ciocodcTByet (hpopmupoBanuro: OK 01, OK 02, OK 03, OK 09

MarepunanbHoe o0ecnmeyeHHMe: HHAMBUAYAJIbHOE 33JaHME, KOHCHEKT JIEKLUH, CIPaBOYHbIE

MaTepHuabl.
3ananmue:
1 OTBeTbTE HA CJIeAYIOLIE BONPOCHI:

e Kakyro ¢opmMyny MOKHO HCIIOIH30BATh JJIsi HAXOXKICHUS ITyTH, €CIIU TOYKA MPOIILIA MPU

KPUBOJIMHENHOM JBUKEHUU?
o Jlokaxxute popMyiy, CBA3BIBAIOIIYIO BEKTOPHI TUHEHHOM U yIIIOBOH CKOPOCTH.

e [loueMy paBHBI BEKTOpPHl TaHT€HUUAIBHOIO U HOPMAJBHOTO YCKOPEHHS B Clydae
KPUBOJIMHEWHOTO ABUKECHHS MaTepUalibHOM TOUku? Kak HAlTH MOAYIM 3TUX BEKTOPOB?
e Uemy paBHBI BEKTOPHI TAHTCHIIMAIBHOTO M HOPMAJILHOTO YCKOPEHHUS M UX MOAYIH JJis

BpalaTCJIbHOI'0 ABMXCHUA MaTepHaﬂbHOﬁ TOYKH?

e Kak cBsi3aH BEKTOpP MOJHOI'O YCKOPEHUS C BEKTOPAMH YIJIOBOI'O YCKOPEHHS U YIJIOBOU

CKOPOCTH JJIsl BpalIaTeIbHOTO JIBUYKEHUS?
IHopsiok BbINOJIHEHUS PA0OTHI:
1. OrtBerbTe NUCHMEHHO Ha BOIPOCHI MPECTABICHHBIE BHIIIIE.
2. Pemute camocTosTenpHYIO padboTy. OdopMuTe penieHre MICEMEHHO B TETPAJIH.

Kpamkue meopemuuiecKkue ceedeHus:

[TycThb Teno ABMKETCS IO OKPYKHOCTHU pajauyca R ¢ HOCTOSTHHON IO 3HAUEHUIO CKOPOCTBIO V

(TMHEHHON CKOPOCTHIO) U 3a BpeMst [t mepemecTuiioch Ha AS u3 T. A B T. B. Bektop V HampasiieH mo

KacaTelIbHOM K OKPY’KHOCTHU U MCHSCT HAIllpaBJICHUEC, T.C. MOKXHO I'OBOPHUTH 00 M3MEHEHUH CKOpPOCTH

_ AV =
-~ a=—=#0
AV =V =V, oTuIm9HOM OT HyJs1. OTCrona: At

LleHTpOCTpEeMUTENBHOE YCKOPEHHUE (d ) — CKOPOCTh M3MEHEHUSI HAIPABIICHHSI BEKTOPA CKOPOCTH.

Onpenenum [“ep| = %ep
Av AS v-AS
—=—=Av=
W3 nono6us tpeyronsunukoB OABu CBD = v R
Av  v-AS AS v?
a., =—= — > V>la=—
P At RAt ;mpulAf—0dq >apg A R |.

BekTop ¢ HampasiieH 1o pagnycy K HEHTPY OKPYKHOCTH.

[Mepurox obparieHust TOYKH 1Mo OKpYX)HOCTH (1) — Bpemsl, 3a KOTOPOE TOYKA OMUCHIBACT OJIHY
OKPY’KHOCTBb.

2R
\'

T _v R A
[T1=1c I3 " ru 71 2 1°

Yacrora 0OpaleHust TOUYKH 10 OKPYKHOCTH ([]) — KOJTHYECTBO MOJTHBIX 000POTOB, COBEPIIAEMBIX

2

T

1 1 v
o V=— [V] == |[v=rF 2 2
TOYKOH B CAMHUITY T | BpeMeHH. c, 2R |a = 4z°v-R|
VrI10Bast CKOPOCTH 0OpAIIeHHs TOUKH MO OKPY>KHOCTH (1) — CKOPOCTb H3MEHEHUs yria moBopoTa [ [
a,
Aa [w] = 12241,
panuyca R, coeAMHAIOMEro TOUKy ¢ HEHTPOM W= AL OKPY>KHOCTH. c

— w=2r— =" — — a:V_zzszz
=[v =2} 27R ~ R =V =wR} |V =27R] R~ R =la=wR]

2. Pemmre 3a1a4M U151 CAMOCTOSITEJIbHOM PadOThI.
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1. ABromMoOMIIb IBMIKETCS IO 3aKpyTiieHUI0 paguycoMm 100 MeTpoB co CKOPOCThIO 36 KM/4.
OmnpenenuTsb ero HEeHTPOCTPEMUTENbHOE YCKOpeHue. (0TB.: 1 M/c)

2. ABTOMOOWJIb JBIDKETCA MO 3aKpyrieHuto paguycoM 80 METpPOB CO CKOPOCThIO 54 Km/4.
OmnpenenuTsd ero HEeHTPOCTPEMUTEIBHOE YCKOPEHHUE.

3. TouunwHblil Kpyr paguycom 10 cm memaer oguH obopot 3a 0,2 ¢. Haiiagure CKOpOCTh TOYEK,
HanboJiee y/IaJeHHbIX OT OCH BpaIICHUSI.

4. CaMonért, BBIXO/1 U3 MUKE, TBUKETCS 110 TPAEKTOPHUH, KOTOpasi B HUKHEH YacTH ABIIAETCS Ayron
okpyxHocTH paguycom 800 M. BelunciuTte yckopeHHe camMoj€Ta MpU €ro JBUKEHUH, €CIIH €ro
CcKOpocTh paBHa 720 km/4. (0TB.: 50 m\c?)

5. CmyTHUK JIBWXKETCS 1O KpyroBoit opoute Ha BeicoTe 630 kM. I[lepuos obpamienus cinyTHuka 97,
5 munyt. Omnpenenure ero JUHEHHYI0 CKOPOCTh M IIEHTPOCTPEMHTENbHOE ycKopeHue. Pannyc
3emmm 6370 kM. (OTB.: 7514 Mm/c; 8,1 M/CZ)

6. Bpems omHoro obGopora BOKpYr ocu paBHO 24 yaca. Belumciaure yrioByl0 M JUHEHHYIO
CKOPOCTH BpaIlleHHs ToUeK Ha skBaTope. Pamnyc 3emumm cautats paBHbIM 6400 kM (oTB.: 0,0007
pan/c; 448 m/c).

7. Tlepuon oOpaileHust EPBOro KOCMUYECKOTo Kopabis — criyTHHKa 3eminn «BocTok» pasusuics 90
MuHyT. CpeaHsst BpICOTa CITyTHHKA Haj 3emuiéii Obuta paBHa 320 kM. Pagmyc 3emim 6400 xwm.
Brruncnute ckopocTh Kopals.

8. KakoBa CKOpOCTH JBW)KCHHS aBTOMOOWIIS, €clu ero koiyieca pamuycom 30 cm gemator 600
000pOTOB B MUHYTY?

9. Jlyna mBmxertcs BOKpyr 3emun Ha pacctossHud 380000 kM oT He€, coBepiias oauH 000pOT 3a
27,3 cyTok. BeruncnuTe eHTpOCTpeMHUTEbHOE yeKopeHue JIyHbI.

®opma npeacTaBieHus pe3yJbTara:
BreinmonHuTh 3ajaHue B TETPaAH Il MPAKTUYECKUX padoT.
Kpurepuu onenku:
3a npaBUJIbHO BBIMOJIHEHHOE 331aHKUE BBICTABIISCTCS MOJIOKUTENbHAS OIleHKa — 1 Oa.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATEIbHAS o1leHKa — ) OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumensroy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 2.2. luHamMuka
IIpakTnyeckoe 3ansaTue Ne3
Pemenne 3aga4 no reme «Buabl cuj1 B MexaHuke.
Cuiia TpeHust NOKOs, CKOJIb/KCHHU S, KAYeHHs1, BPALLCHHU

Heab: packpbITh cosiep:kanne 3akoHOB HbI0TOHA M1 OCOOEHHOCTH CUJI Pa3IMYHON MPUPOJIbI; 3aKPENUTh
YMEHHS U HaBBIKM pEIICHMs 3a7ad Ha BTOPOH 3akoH HpIOTOHa, KOrja Ha Teno NEHCTBYIOT HECKOJIBKO
CHIL

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 03, OK 09

MarepuaibHoe o0ecrieyeHMe: TETPagb Ui TNPAKTHUECKUX paboT, pydyka, METOAMYECKHUE
PEKOMEH/1alliu 10 BBITIOJIHEHHIO pa0doThI, TMHEIKa, KapaH/JaIll.

Yka3zanue: IIpaktuueckas paboTa COCTOMT M3 ABYX YacTe — TEOPETHYECKON M MPAKTUUYECKOH.
[Tocne n3ydeHus TeoOpeTHIeCcKoro MaTepruaia MOKHO MPUCTYIATh K BHIIOJHEHUIO TPAKTHUECKON YacTH.
Ona coctouT M3 ABYX M Oojee 3ajgay JUIsl CaMOCTOSTENLHOro BhIMONHEHUs. He 3a0biBaiiTe o
MpaBWIbHOM O(GopMIIeHUH pelieHus. Ha BbInmoiaHeHHe NMpakTHUYecKON OTBOJIUTCS JIBa aKaJeMHUYECKHUX
qaca.

Ilopsinok BbINOJHEHHSI padOThHI:

1. PaccMmoTpuTe TEOpeTHUECKMH MaTepual IO TeMe M MpUMEphl peleHus 3aaad (CMOTpH
METOAMYECKOE MTOCOOHeE).
2. Pemmre camocrosiTenbHyto padoty. OdopmuTe perieHne MMCbMEHHO B TETPAIH.
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Kpamkue meopemuueckue ceeoenus:
Jlunamuxa. OcHo8Hble NOHAMUSL
Nuepuust — siBIEHUE COXPAHEHUS CKOPOCTH JIBMXKEHHUS Tejla MPU OTCYTCTBUU
BHEIITHUX BO3/ICHCTBHIA.
NHepTHOCTh — CBOMCTBO TEJ, MPOSBIISIONIEECS B TOM, YTO MPHU OJMHAKOBBIX
BHEIIIHUX BO3JICUCTBUIX Pa3HbIC TeJIa MPUOOPETAIOT pa3HbIE YCKOPECHHUS.

Macca (M) — Mepa uHepTHOCTH Tell.  [M]=1kr. |a m,

a2 ml
3a sranoH maccel (1 Kmiorpamm) mpHHATa Macca MEKTYHAPOIHOTO POTOTHIIA
KHJIOTpamMMa.

M3 ombITOB HU3BECTHO, YTO YCKOPEHHUs, IOJIydaeMmble TeJaMH IIpH B3aUMOJAEHCTBUM, OOpaTHO
IIPOIIOPLIUOHAIIBHBI UX MacCaM: .
Ecnu maccy kakoro-im6o Tena NpUHSTh 3a 3TalO0H, TO MOKHO U3MEPUTh MACCy JPYTUX Tell:

Ny m,-a,,
[/7] = 173 Mpgas =— >
M Arpaa
IInotHOCTH Tena (LJ) — OTHOLICHHE MAcChl Tena |p M| mxero o6Bemy V.
s o \
Cuma (F) — mepa MexaHHUYECKOro IEHUCTBHS OJTHOTO Tena Ha Apyroe.

[F]=1H — ubproTOH.

Cuila uMeet HarpaBJI€HUE, T. €. CUNA-8EKMOp .

Cuna Bcerja npujokKeHa K TOMY Tely, Ha3BaHHWE KOTOpPOro CIEAYET B MPEMAJIOKEHUHU IOCIe Ipeiora
«Hay.

CunoBoe nojyie — 0co0bIi BUJ| MaT€pPUH, IOCPEICTBOM KOTOPOTO nepenaéres eCTBUE CUJIBL.

—

PaBHogeiicTBytomIas (pe3ynbTUpyomas) cui ( ﬁ) —CHJIa, paBHas BEKTOPHOW CyMMeE JAaHHBIX CHII F.

R=>F
JlaBienue (p) — OTHOLICHHWE CWJIBI K IUIONIATY IOBEPXHOCTH, HAa KOTOPYK OHa JICHCTBYeT B
NEPNCHAUKYIIIPHOM HAIIPABJICHUH.

H
F [p]_ly_ 1 ITa — mackasnp

I/IMHyJ'H)C TCJ1a (ﬁ)— BCKTOpHAd MCpa MCXAHUYCCKOTO ABUKCHUA, PpaBHAA IMPOU3BCACHUIO MACCHI TCJIa

KI'-M

—— 1=l
Ha ero CKOPOCTb. P c

WmMiynbe cuisl (7 - Ar) — BEKTOpHAs Mepa JEHCTBHS CUJIbI, paBHAs IPOU3BEICHUIO CHIIBI HA BPEMS €€
neucteus. [F-[t] =1 H-c.

3akonbl HeroToHa

O60061muUB pe3yiabTaThl CBOMX HCCIEAOBAaHUHN U, yuTs padboTy [anunes «O IBMKEHUU Tell 10 WHEPIHUNY,
HeroToH chopmynupoBai 3akOHUCHHOE MMOJI0KEHHE, N3BECTHOE KaK MepBbIil 3ak0oH HproToHa:

CylIecTBYIOT CUCTEMBI OTCYETA, OTHOCHUTEIBHO KOTOPBIX TEJI0 HAaXOAMUTCA B IMOKOe JHOO IBMXKETCA
MIPSIMOJIMHENHO U PABHOMEPHO, €CJIM PaBHOJICHCTBYIOIAsl BCEX MPUIIOKEHHBIX K HEMY CHJI PaBHA HYJIIO.

WNuepumanshas cucrema otrcuéra (MCO) — cucTeMa OTCY€Ta, B KOTOPOW BBINOJIHAETCS
nepBhIii 3akoH HeroToHa. F=m3a

o mN
"3 At At roJty4aeM BTOpoH 3akoH HeroToHAa:
JUIsL Tera ITOCTOSIHHOM MAacChl CKOpPOCTh H3MEHEHHWs HMMIYJbCa paBHA IPOU3BEICHHUIO MACChl Ha
YCKOPEHHE.

Bropoii 3akon HeroTona padortaet Tonpko B MCO u mipu yClioBHH, 4TO Macca Tejla U JISHCTBYIONINUE Ha
HETro CHUJIbl IOCTOSHHEI.
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Bropoii 3akoH HrproTOHA chopaBeiuB I PaBHOAECHUCTBYIOIIEH R BCeX CHJI, NIPWIOKECHHEIX K TENT
2 2

MIO3TOMY, ITPEKIIE YEM PEIIaTh 33/1a4H C €ro MPUMEHEHHUEM, HAI0 ONPEAEIUTh R,
Tpetuii 3akon HerotoHa: E__F
CHIIbI, C KOTOPHIMH [BA Tela ACHCTBYIOT — 2 npyr ma gpyra, UHCIGHHO paBHBI W
HaIpaBJIEHbI B IPOTUBOIOJIOKHBIE CTOPOHBI IO OAHON IPSIMOH.

Tpertnii 3akoH Hetotona padoraet Tonsko B UCO.

3aKOH BCEMUPHOTO TATOTEHUS

[Tonaras, uto Bce Tena BeeneHHol B3anMHO nipuTaruBatorcs, HetotoH B 1682 1. chopmynupoBan 3akoH
BCEMUPHOIO TATOTEHHUS: BCE Tela MPUTATUBAIOTCS JpYyr K JAPYyry C CUJIaMH, MPSIMO
MPONOPIMOHATFHBIMU MPOU3BEACHUIO X MacC U 0OpaTHO MPONOPIMOHATLHBIMHU KBAJPATy PACCTOSHUS

MCXKIY HUMHU.

y-m,-m
F, = Rlz 2

rne Fi — cwima  B3aWMHOTO MIPUTSKEHUS TEJI Macc My U My;
[J — rpaBUTAMOHHAs TIocTosTHHAs. (1= 6,6720 - 10 Hv?/xr?.

Cunsl B mpupoie

Cuma  tsokectd  (Fu) —  CHia, cooOmraromas TEIy [
YCKOpPEHHE CBOOOIHOTO TaICHHS. . =M]
Cuna TsHKECTH HaIlpaBJICHa BEPTUKAILHO BHU3 (mepneHuKYIIPHO

KacaTelbHON K MOBEPXHOCTU 3€MJIN).
Peakiusi( N ) — cuiia 1eidcTBHs OIOPHI (IT0Beca) Ha TeJo.

Bec tena (P) — cuma, ¢ KOTOpoO#t Teno neiicTBYyeT Ha OMOPY WJIM MOBEC BCIAECACTBUE MPUTHKEHHS K
3emuire.

HepecomocTh — HCUE3HOBEHHE Beca Tella IIpU ABUKCHUH OIIOPBI C YCKOPCHHUEM CBO60)1HOFO naaCHUA.

Heperpy31<a — YBCIIMUCHHUC BE€CA TCJIa IPU ABHUIKCHUU OIIOPBI C YCKOPCHUEM BBCPX.

F, =—ks

Cuma  ynpyroctu (%) —  cuia, BO3HHKAIOILAs B Teje Mpu Aeopmarum.

3akoH ['yka: cuna ynpyroctu, BO3HMKawomias mpu jAepopMmanuu Tena, HPOHNOPLUUOHAIBHA €ro
a0cooTHOM e opMal U HallpaBlieHa B CTOPOHY, IPOTHUBOIOJIOKHYIO IEPEMEIIEHHUIO YACTHI] TEJa:

Cusa TpeHus TOKOs (Frpn.) — CHIIA, BO3HUKAIOIIAS HA MPAHMIIE CONPUKOCHOBEHHUS TEN MPU OTCYTCTBUM
UX JBUKEHUS! OTHOCUTEIBHO JIPYT ApyTa.

# — xosp¢umment tpemms (3aBucut or |Fp =#N| marepumanos Tpymmxcs moepxHOCTEH).

Cuna TsXKecTH — 3TO T'paBUTALlMOHHAS CHJIA, C KOTOPOil 3emisl mpuTATruBaer k cede tena: F = mg,
r7ie g€ — YCKOpEeHHe CBOOOTHOTO majaeHus, g = 9,8 m/c2. .

Yckopenue cBoOoaHOro majaeHus 3aBucut otr: 1) R 3emnu (reorpaduueckoit mumpotsl): yem R
3emnu 1T (3xBatop), Tem g | 2) h — BBICOTHI Tena HaJl MOBEPXHOCThIO 3emuu: yeM h |, tem g |. Jlns
mo60ro kocmuueckoro tena Frsok o = G Mmuim /(R+h) 2

MuHMManbHas CKOPOCTh, KOTOPYIO HY>KHO COOOIIUTH TETY, YTOObI OHO MOTJIO JIBUTATHCS BOKPYT
3emun o kpyrooit opoute (MC3) - mepBast kocmMudeckas ckopocTs v1 = 7,9 km/c.

MuHMManbHas CKOPOCThb, IPU KOTOPOW TEJIO MPEOA0IEeBAET 36MHOE NMPUTSHKEHUE U CTAaHOBUTCS
cnytHrkoM CosHila (opbuta = mapabosa) — BTopas KocMHYecKasi CKopocTh v2 = 11,2 km/c.
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CkopocTh, MpU KOTOPOM Teno mpeoaosieBacT nputTskeHue ConHina v nokugaetT CoONHEYHYIO
CHCTEMY — TPEThsl KOCMUYECKas CKOpocTh L3 = 16,7 km/c.

Cuiia TpeHHMsi: BO3HUKAET BJOJIb MOBEPXHOCTH IBYX TPYLIUXCS TeJl H3-3a Aedopmanuu 3TUX
MOBEPXHOCTEH M HampaBJeHa BJOJb MOBEPXHOCTH MPOTHB cMemieHus. [Ipupona — 3j1eKTpoMarHuTHasl.
Ftp = n N, rne N — cua peakuuu omnopsl, | — kKodduuueHt tpenus. Cuia TpeHus: ObIBaeT: MOKOS,
CKOJILKEHUSI, KAUCHHS M XKHUJKOe TpeHue. Eciu TpeHue moje3Ho — ero yBeJlIM4YuBaOT (LIypYIbl, IECOK,
IIUIOBKH, PYKaBUIIBI U T.J.), a €CJIM BPEIHO — YMEHbIIAIOT (MOALIMITHUKY, cMa3ka, o0TekaeMasi opma
u 1.7.). Ciiia ynpyroctu — BO3HUKaeT npu Aedopmarun tein. [lpupoaa — anekrpoMaruuTHast.

Hedopmarus ObiBaeT ympyras (pacTshKE€HUE - C)KaThe, M3rH0, CIABUT — Cpe3, KpydeHUe) u
IIacTUYECKas (HEe MCYE3aeT M0CIIE IPEKPALLEHUS BO3AEUCTBHUS.

Jns ynpyro#t aegopmaiiiy BeIONHSETCS 3aKoH ['yka: cuia ynpyroctu npsiMo mpornopLuroHaibHa
ynauaenuto tena: F = — KAl rae k — xectkocts Tena, Al — ero yanuHenue. 3HaK «—» yKa3bIBaeT, YTO
Fynp nanpapneHa npoTHBOIOIOKHO CMEIIEHUIO YaCTHUII TeJa.

Bec tena — 370 cuna, ¢ KOTOpOH TEN0, BCIAEACTBUE €ro MPUTHKEHUS K 3emiie, IeUCTBYET Ha OTIOpYy
uu noneec: P =mg, rne P — Bec Tena, g — yckopeHue cBoOOIHOTO TIafeHus, g = 9,8 m/c2 .

B »3TOM cnyyae omopa MM MOABEC HAXOAATCS B COCTOSIHUM PABHOMEPHOI'O MPSMOJIMHEHHOTO
IBUKEHHSI OTHOCUTENBHO 3eMin. OIHaKo, BEC MOXKET ObITh OOJIbIIIE MIIM MEHbIIIE CUJIbI TsKeCTH. Ecnu
OII0pa WJIM MOJABEC JIBUKYTCS YCKOPEHHO BHM3, TO Bec P = m(g—a).

Ecnu onopa wnu moaBec NBUXKYTCS YCKOPEHHO BBepX, TO Bec P = m(g+a), Teno HCHBITHIBACT
neperpy3ku. Ecnu Teno ABMKETCS TOJBKO TOJA JACHCTBHEM CHIIBI TSDKECTH, TO OHO HAaXOHATCS B
cocrostanm HeBecomoctu (P = 0).

2. [IpumepsI pemienus 3aaay

1. ABTOOyC, Macca KOTOPOTO C MOJHOM HAarpy3Koi paBHa 15 T, Tporaercs ¢ MecTa ¢ yCKOPEHHEM
0,7 m/c 2 . Haiitu cuity TsrH, eciii K03()QUIIMEHT COnpOTHBIICHHS IBIKeHUIO paBeH 0,03.

Mano: Pewenue:

m=151=15-103kr >

a=0,7 M/C2 'E?n {L [' X ﬁTp + N * ﬁ + mg =md

v = 0,03 »72“41*'— 37:7277 OX:-Fp, +F=ma

F-? = V > OY:N-mg=0-N=mg
/)4 Ep, =MN - E, = Mmg

-mmg + F =ma
F=ma + Mmmg=m(a + mg)
F =15 103KF(0.7 m/ct + 0,03:10 m/c?) = 15-103kr-1 m/c? =
15-10°H
Omeem: 15-103H

2. Ha HaKJIOHHOM TUIOCKOCTH AJIMHOW 5 M M BbICOTOM 3 M Haxoautcs rpy3 Maccou 50 kr. Kakyro
CHIy, HalpaBJI€HHYIO BJOJIb IUJIOCKOCTH, HAJ0 MPUIIOKUTh, YTOOBI yJAEpKaTh 3TOT IPY3, €CIU TSIHYTh
ero ¢ yckopenuem 1 m/c 2 ? Koaddunuent tpenus 0,2.
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Hano: Pewenue:

m = 50 kr % S

a=1wm/c? A 4 : R ?1 CocrasuM ypaBHEHHE JABHMKEHNS TeNa:
M = 0,02 g />\ E.p + N+ F+mg=ma

[=35m™m ¢ - VY [ Haiigem npoexumm cujr Ha ocm:

:" )3 M ‘ ‘ Ock OX: -F,, + F - mgsina = ma

Ocs OY: N ~mgecosa =0 —= N =mg cosa

Fy, = MN = E,, = mmg cos a

[lojcrasne Bropoe ypasHeHne B EPBOE, MOJIYHUHM
-mmgcos @ + F - mgsin a= ma

HaxoauMm npon3soaHyio BeJINUNHY:

F = mmgcos a@- mgsina + ma nau

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

ITo onpeaeneHnio CHHyca MMeem

h im
sing=-,sinag=>—=0,6
{ aM

H? OCHOBHOIO TplifOHOth?Tp]l‘iECKDFO TOXIACCTBA

sina? +cosa’=1,
cosa=v1—sina’=y1-036=0,64=038

BH'-IHCJH.\( HCl\'OM}’lO BC}IH'-IHHyZ

F =50 xr{02:10 w'c>- 08 + 10 wc?-0.6:1 w'c?) = 430 H
Omsem: 430 H.

3. Ha miHype, mepeKnHyTOM Yepe3 HEIOABIKHBIN OJIOK, TToBenIeHbI Tpy3bl Maccamu 0,3 u 0,2 kr.
C kakuM ycKOpeHueM ABMXKYTCS rpy3bl? KakoBa cuia HaTsH)KEHUS BO BpeMsl ABMXKECHUSA ?

Hano Pewenue
my =02k \ Cocramnm ypasaucise Inmacisnm L
m; =03 w WYX TeA
a=-Tr-7 " [m,j + T = mya;
mad + T3 = maly

Haltzem npoekian cua ua ocs OY:
Ty —myg = mya,
~Ta 4 myg = mzay’
Fow rens cuesaimdg ool nnrsso, 1o
T T, Twa, »a;=a
T—m,g =ma
-T+myg = ma
Cacokum yri ypanrenns
—nty g+ myg =~ (my + myha wm
wmy — my) = (my + my
Femnnst 310 ypaspenine OTociTemLno HenssecT i seamns s

Tocan

gimy-my) L0 /e (0 S 0 2 ey ) - ’
@' Tt SMMECRNM & = el '] 0/
myemy 0.3 40 20r

Cuny marsckenns waliges ux nepnoroe ypassesss: T ~m, (g + a)
Bamennse T = 0,2xr(10 st/ 4 2m/c?)=24H
Omesom: ZM/c= 24 H

CamocrosiTesibHast padoTa

Bapuant Ne 1

1. Bpycok maccoit 0,2 Kr paBHOMEPHO TSHYT C IMOMOILIBK JAMHAMOMETpPA MO TOPU3OHTAIBHOU
iockoctu croina. [Tokazanue quaamomerpa 0,4 H. Onpenennre ko3 puiineHT TpeHUs CKOIbKEHHS L.

2. Ha HakymoHHO# MIIOCKOCTH ¢ yriaoMm HakioHa 20° HaxomuTcs Teno maccort 20 kr. Onpenenure
CHJTy, HAlpaBJIEHHYIO BJIOJIb IUIOCKOCTH, KOTOPYIO HEOOXOAMMO MPHIOXKUTH K Tedy, 4TOOBI €ro
paBHOMEpHO aBUTaTh BBepX. Koapduuuent tpenus tena o miaockocts 0,4.

3. Ha HuTH, nepekuHyTOl yepe3 HeMmOABMKHBIN OJIOK, ojBemeHs! rpy3bl Mmaccamu 0,3 u 0,34 xr.
3a 2 ¢ mocie Hayasia ABMKEHMSI KX bl rpy3 mpouien myTh 1,2 M. Ilo jaHHBIM onbITa HAMTH yCKOpEHUE
CBOOOJTHOTO TaJICHHS.

4. DneKTpoBO3, TPOTasCh C MeCTa, pa3BUBaeT MakcuManbHyl cuiny Tsaru 650 kH. Kakoe
YCKOpPEHHE OH COOOLIUT KEJIe3HOJOPOXKHOMY cocTaBy Maccoit 3250 1, ecim  koapduuueHT
comnpotuneHus pasex 0,005?

Bapuant Ne 2

1. Kakyto cwily Hajio MpUIOKUTH JI MOJAbeMa BaroHeTku Macco 600 Kr mo 3cTakazue ¢ yriom
HaksoHa 20°, eciu K03 PULIUEHT cOpOTHBIIEHUS IBUkKEeHUIO paBeH 0,057
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2. Ha HaKkJIOHHOM TJIOCKOCTU € yriioM HakJioHa 30° Haxomautces Teno maccoit 20 kr. Onpeaenute
CUIIy, HAMpPaBJICHHYIO BJOJIb IUIOCKOCTH, KOTOPYIO HEOOXOAMMO MPHIOXKUTH K TeIly, YTOOBI €ro
paBHOMepHO nBUTaTh BHU3. KoaddumueHT Tpenus tena o miockocTs 0,6.

3. Ha minype, nepeKuHyTOM Yepe3 HEeTOABUKHBIN OJI0K, MoJiBenieHbl rpy3bl Maccamu 0,3 u 0,2 kr.
C kakuM yCKOpeHHeM ABMXKYTCS rpy3bl? KakoBa cuia HaTsHKeHUS IIHYpa BO BpeMs JBUKCHUS?

4. ABromobuis Maccoii 1 1, Tporasice ¢ Mecta, gocturaer ckopoctu 30 m/c uepes 20 c. Haiitu
CUITY TATH, eclii Kodddurment conporusienus paseH 0,057?

dopma npeacTaBJeHus pe3yabTaTa:

BoinonHuTh 3asaHue B TETPaaM JUIsl MPAKTUYECKUX padoT.

Kpurepun oneHku:
3a mpaBUIILHO BBITOJHEHHOE 33 JaHHE BHICTABIIECTCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHKE BBICTABIISETCS OTpHUIIaTeIbHas olieHka — () 0aos.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenbhoy svicmasgiiemcs 3a Mmenee 60% npaBUIBLHBIX OTBETOB.

Tema 2.3 3aK0oHbI COXpAHEHUS B MEXaHUKeE

IIpakTuyeckoe 3anaTue Ned
3aKoHBI COXpaHEeHHSI B MEXaHMKe M UX PUMEHEHHUe

Henab: 3aKpenuTh yMEHUS U HABBIKU PELICHUS 3a/1a4 Ha 3aKOHbI COXPAHEHUs
Beinosinenue padorsl cnocodcTByer popmupoBanmio: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe ofecmedyeHUHe: TETPaab Ui TPAKTHYSCKUX pPaboT, pydka, METOTUYCCKHEC
PEKOMEH/IallMH IO BBIIIOTHEHUIO Pa0OTHI, TUHEIKA, KapaHalll.

Ykazanmue:

[TpakTuueckass paboTa COCTOUT M3 ABYX dYacTeil — TeopeTuyeckol u mpaktuueckou. I[locne
U3YYEHHUs TEOPETUYECKOT0 MaTepHalla MO>KHO IPUCTYNATh K BBIMOJIHEHHUIO MpakTUyeckoil yactu. Ona
COCTOUT U3 JIBYX M Ooiiee 3ajau sl CaMOCTOSATENIBHOrO BhINONHEHUs. He 3a0biBaiiTe 0 MpaBUILHOM
odopmiiennu pemeHus. Ha BbInogHeHHE MpaKTHYeCKOW OTBOJUTCS JIBa aKa/IeMHUYECKUX Yaca.

ITopsinok BbINOJHEHHS PadOTHI:

1. PaccmoTpute TeopeTHyYecKMM MaTepuald [0 TeMe U MpUMEphl peleHus 3anad (CMOTpH
METOJIMYEeCcKOe ocooue).

2. Pemute camocrosTenbHyto padboTy. OdopMuTe perieHne NucCbMEeHHO B TeTPaIu.

1. TeopeTuyeckas 4acTb
3aKOHBI COXPAHEHUS! UMITYJIbCa, MOMEHTA UMITYJIbCA, SHEPTHH U JIp. IEUCTBYIOT B 3aMKHYTHIX CHCTEMaX.
3amxnymou Ha3bIBaeTCSl CUCTEMa TeJ, B3aUMOJEHCTBYIOIIMX TOJBKO JpYyr C JPyroM U He
B3aUMOJICHCTBYIOIIUX C IPYTUMU TEIaMHU.
Hmnynvc cunvl — BEKTOPHAS BEIMYUHA, SBIISIONIASCS MEPOU IEUCTBHS CHIIBI 32 HEKOTOPBIA MPOMEKYTOK
BPEMEHH.

I =F-t, | —wummynsc cumer F 32 Bpems t
Nmnynee Tenma (KOJIMYECTBO ABMXKEHHS) — BEKTOpHAs (u3WdecKkas BeIMYMHA, SBISIOMIAsCS Mepoi
MEXaHUYECKOTO JIBHIKCHMUS:
Ke M
P=m-0;, ¢
Bropoii 3akon HproTOHA MOKHO 3alUCHIBaTh B BUJIE:
Ft =mv,; — mv;

P — pmmysbe Tena Maccoi m, JBMKYIIEr0OCs CO CKOPOCTRIO U .
3aKOH COXpaHEHUs UMITYJbCa - BEKTOpHas CyMMa HMIYJIbCOB Te€J, COCTAaBISIONIUX 3aMKHYTYIO
CUCTEMY, OCTAETCSI HEU3MEHHOM.

mo, + m,5, = mu, + m,u,
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M1, M2 — MacCCHI TEJI,

01, D2 — CKOPOCTH TEN 10 B3aUMOJICUCTBUS,

U1, Uz — CKOPOCTH TEJI MOCTIE B3aUMOJICUCTBUA.

Ecnu cymMMa BHEWIHHX CHJI, JEUCTBYIOIIMX Ha TEJIa CHUCTEMBI, PaBHA HYJI, TO UMIIYJIbC CHCTEMBI
COXpaHSIETCS:

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

KonuyectBo motpebisieMoli SHEpruM — OJWH W3 TJIABHBIX IMOKA3aTeNiel TEXHHUYECKOTO pa3BUTHSI
obmectBa. [IpoW3BONCTBO, pacmpeneieHue U TOTpeOJICHHEe JHEPrUU HEBO3MOXHO 0Oe3 eé
npeoOpa3oBaHus U3 OJTHOTO BHJA B apyro. Ecimm  mox  nmelictBueM
MOCTOSHHOH  cumsl  F  Teno COBEPIIMJIO  IEpeMEIeHne §, TO
TOBOPAT, YTO CHJIOW COBEpIIeHa paboma.
Pabora (4) —  ckamsipHOe MPOU3BEICHUE BEKTOPOB CHIIBI Fou
MICPEMECIIICHHUS § .

rae [ — yromn Mﬁ:)l(;[yIE u §; Fs=F-cosa — npoeknus F
A:‘If‘-‘§‘-cosa:F-S-cosa:FSS Ha :% HaIpaBJICHHUE.
[4] =1 H-m = [Tk — ox0yIb [N]:lﬂ—mleT

C

MornocTs (N) — ckopocTh coBepIICHHUS paOOThL. — BATT

JHeprus

MexaHnueckasi CUCTEMa — COBOKYITHOCTh MaT€pPHAJIbHBIX TOUYEK, B3aUMOAEHCTBYIOLIUX IPYT C APYTOM U
TeJIaMU, HE BXOASIIUMHU B 3TY COBOKYITHOCTb.

[Tocne cosepiieHusi pabOTHl cHCTeMa MEPEUAET M3 ONHOTO COCTOSHUS B japyroe. Torma pabora —
¢u3nyeckas BeIMYMHA, XapaKTEpU3YIOIas npoyeccrepexoia MEXaHHYeCKOM CHUCTeMbl U3 OJIHOTO
COCTOSIHUSL B JIpYTO€.

MOXHO TOBOpPHUTH, YTO CYHIECTBYET HEKMI MapaMEeTp MEXaHMUYECKOH CHCTEMBI, U3MEHEHUE KOTOPOTO
pPaBHO COBEPIIEHHON paboTe A.

Mexanunyeckasi 3Heprus (E) — mapaMeTp MEXaHHYECKOH CHCTEMbI, U3MEHEHHUE (AE) KOTOPOTO PaBHO

coBepiuénHoit pabore (A). a2 = A, [E]=1 Jx

rac El — MCXaHHNYCCKas SHECPIrus CUCTEMbI B HAYaJIbHOM COCTOSAHUU
Ez — MCXAaHUYCCKas SHCPIrusa CUCTEMBI B KOHCYHOM COCTOSAHUMU.

V3MeHeHre SHEPTHU AE MOXKET OBITh KaK MOJIOKUTENbHBIM, TAK U OTPULIATEIbHBIM, T. €. AE = HAE|
W3 (*) BeITekaeT: paboTa — Mepa U3MEHEHUSI MEXaHUUECKON SHEPTUU CUCTEMBI.

Kunernueckas sHeprus

Kunernueckast sHeprus (E,) — MOJOBUHA TPOU3BEICHUS MACChI TEJIa Ha KBAJIPaT €ro CKOPOCTH.
Kunetnueckast »dHeprus — DHeprus mv2 | ZIBHXKEHHs.

E -
Torma [4=Ee —Eq I/IJ'II/I|A =AE| 1. e. | " 2 | ecnm cuia coBepIIaET MOJIOXKHUTENBHYIO padoTy,
TO KMHETHYECKasi SHEPTusl Tela BO3pacTaeT, 1 0OpaTHO.
IHoreHumnanbHas JHEPrus
[MorenumnansHas sHeprus (Ey,;) — SHEPTUs B3aMMOJICHCTBUS TEI HIIH YacTel Tena.
HyneBoli ypoBeHb OTEHIIMATBHON SHEPTHHA — COCTOSIHUE CHCTEMBI, B KOTOpoM £ = 0.
HyneBoit ypoBeHb TOTEHIMAJIBHOW »HHEPruM B3amMmojaewcTBus Tena ¢ 3emiéd (HYIID3) —

TOPU30HTAJIbHAS TUIOCKOCTh, Ha KOTOPOW MpUHUMaeTcs E, cucteMbl Teno—3emiist paBHON HYJIIO.

ITycTh Temo Macchl M IO JICHCTBHEM CHIIBI TSIKECTH Fiype MEPEMECTHIIOCH C BBICOTHI Ny 10 BBICOTHI hy
0e3 m3MeHeHHsT CKOpocTH. Pabora cuibl TsmkecTH A= FigyS =mg(h —h,) =mgh —mgh, =—(mgh, —mgh,) =

=—(Enz — Eqy) Hﬂﬂm.
[loTeHumanbHas SHEprus B3auMoneHcTBus |E, =mgh| Tema ¢ 3emsedl (E,) — mpousseseHue CHIIbI
TSDKECTH Tella Ha BBICOTY h mosiokeHus LIEHTpa Macc Tena oTHocutenbHo HYIIOD3.
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[ToTennuanpHOM SHEPTUEH B3aMMOICUCTBHS YacTeH Tea 00JadaroT ynpyro AehOpMHUPOBaHHbBIE TEIa

[loreHuumanpHass dJHEpPrUus  yIpyro kx2| nmepopmupoBannoro Ttena (E;) — momoBuHa

npousBefeHus kEécTkocT K Tena Ha E, > | KBaapar ero abcoaroTHOM Je(opMaIyy X.

3aKoHBI COXpaHEHHsI B MEXaHHKe

DHeprus UHTEpecyeT YeI0OBEUYEeCTBO Ha BCEM IyTH €ro pa3Butusa. Bekamu mroau
IIBITAJIUCH nzobpectu MalIuHy («eunwiti 0sucamendvy), MO3BOISIOUIYIO
MOJIy4aTh SHEPTHIO U3 «HUOTKYIa».

3aKOH COXpaHEHHUsl W MpeBpalleHus sHepruu (1.3.2) 3ampeliaer CylecTBOBaHUE BEYHOI'O JBUTATEINS,
OJIHAKO BpeMsI OT BPEMEHU MOSIBIISIIOTCS JIIOU, OOBABIIAIONINE O CO3JJaHIUHN OUEPEIHON €ro MOJIEIH.
3aKoH coXpaHeHHs] MeXaHUYeCKOi IHepruu

BHemrnue cuibsl — CUiibl, JEMCTBYIOIIUE CO CTOPOHBI TEJI, HE BXOJALIUX B JAHHYIO CUCTEMY.

3aMKHyTas MEXaHUYECKasi CUCTEMA TeJl — CUCTEMA, Ha Ka)KJ0€ U3 TeJl KOTOPOI HE AEWCTBYIOT BHELIHUE

CHUIIBI WM PABHOEHCTBYIOIIAS BCEX BHEIIHUX CHJI PABHA HYJIIO, T.€. > Fionew =0,
PaccMoTpuM 3aMKHYTYI0 MEXaHUYECKYIO CUCTEMY TeJ, 3HAaYCHUS! MOTEHIMATbHOM SHEPTUU KOTOPOH B

HAYaJIbHOM M KOHEYHOM COCTOSHUSX PaBHbI £y v Ep, KHHETHYECKOM: By U Eo! |EK1 +En=Eg+Ep |
[TonHas MexaHU4eCcKasi SHEPrUsl CUCTEMbI — CYMMa KUHETUYECKON U MOTEHIHAIIbHON SHEPTUU TE 3TOU
CUCTEMBI.

3aKOH COXpaHEHUS MeEXaHUYECKOM SHEPruy: IMOJIHAS MEXaHWYecKas SHeprus
3aMKHYTOH MEXaHHUYECKOW CHUCTEMBI | TEJI, B KOTOPOM NEHCTBYIOT TOJBKO CHJIBI
TSYKECTM U YIPYTOCTH, OCTaéTcst iZ:l:(EK+E")i =CONSt e smentHoi.

OtnenbHO OT Tena OTCcYéTa HU OIHO TEJIO He 00JIaZlaeT MEXaHUUECKOH SHepruei.

3aKOH COXpaHEHMsI UMITYJIbCa
[Tyctp nBa Tema mMacc Mp U My

. COCTaBJIAKOT 3aMKHYTYHO MEXaHHYCCKYIO CUCTEMY,

JBIKYTCS HaBCTpeuy Ipyr ApPYry U Z p, =CONSt| B3aWMOJECHCTBYIOT C CUIIaMH £ U F .
i=1

ITo Ttperpemy 3akoHy HeloTOHA |pl+p2= p+py fi=-f>. Jo B3auMoneHCTBUS HMITYIbCh Tel

ObLIN [ ub,, rnocie B3aUMOJENCTBUS P1 1 P?.

T.€. BEKTOPHBIE CYMMBI UMITYJIBCOB T€JI 10 U MOCJI€ B3aUMOACHCTBUS OJAMHAKOBBI.

OyHAAMEHTAIBHBIN 3aKOH COXPAHEHUSI UMITYJIbCA: T€OMETPUUECKAs CyMMa UMITYJILCOB T€l 3aMKHYTOM
MEXaHUYECKON CUCTEMBI OCTAETCSI HEM3MEHHOMM.

3aKoH cCOXpaHEeHMsI UMITyJIbca puMeHUM ToJibko B CO.

Anzopumm pewienusn 3a0au
Cpenaiite 4epTEx I KaK0TO Tela, OKAXUTE BEKTOPBI UMITYJIbCOB;
PaccmoTtpuTe XapakTep ABMKEHUS TEI U YCTAHOBUTE, SBJIETCS JIM JJaHHAsI CHCTEMa 3aMKHYTOM;
3anuIunTe 3aKOH COXPaHEHUS UMITYJIbCA B TPOEKIUAX HA OCH;
3anuiuTe Npyu HEOOXOAUMOCTH TONOJHUTENbHbIE (POPMYIIBbI U3 KHHEMAaTUKU U JUHAMUKH;
Pemnre cucreMy ypaBHEHM, IPOAHAIIU3UPYUTE OTBET.

2. [IpuMepsl pelieHus 3a1a4

1. Monekyna maccoit m = 3- 10—23 r, moanieTeBias K CT€HKE cocy/a noj yriaom o = 60°, yrnpyro
yaapsieTcst 0 Hee co ckopoctbio v = 500 M/c u orneraer. Ompenenute UMMIYIbC CUIbl F: At,
[IOJIyYEHHBIM CTEHKOM.
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Mano: Pewenue:

m=3 10726 kr M3meHeHne MMIyabca MOJEKYNIbl PAaBHO

a=60°==C umnynscy cuisl: Ap = FAt
=500 M /3c _ llyers 0Ch 0X HarpasieHa
FAt - 9 ' nepneHaMKyISpHO  CTEHKe,  TOrja

M3MEHEHNE WMIYJIbCa MONIeKyasl Ap =
Apy = my, — ( - mv,) = 2mu,, TAE Uy, =
VCOS @, 0TKyAa Ap =2mucos .
[loacrasus opmyny B ypaBuenue, nonyunm FAt = 2mucos a.
Brruncnenus:
FAt=2-3- 10726 k- 500=+ cos3 = 1,5+ 10723 (kr - m) /c
Omesem: 1,5+ 107> xr w/c.

Puc. 3.2

2. JIBa TOBapHBIX BaroHa JABUXKYTCS HaBCTpEUy APYyT Apyry co ckopoctsmu vl = 0,4 m/c mv2 =0,1
M/c. Macchl BArOHOB COOTBETCTBEHHO paBHBI M1 =12 1, m2 = 48 1. Onpenenure, ¢ KaKOl CKOPOCTHIO V
Y B KaKOM HamnpaBlieHUU OyIyT JBUTaThCsl BArOHBI MOCIIE CTOIKHOBEHHS. Y Iap CUMTATh HEYIIPYTUM.

Jlano: Pewenue:

v; =04 m/c Hcnonb3yem 3aKOH COXPaHEHMS MPOCKLMH MMMYJbCAa HA OCh
v, =0,1 m/c OX, nonoxurensHoe Hanpasiaenue ocn OX coBnmamaer ¢
my =12:103 xr HAMPaBJICHUEM JBHIKCHUS NIEPBOTO BArOHa:

m, =48 10 kr myvy - myvy = (my +my)v. Otkyna v = %

v-?

. o 12:103 k0,4 M/c— 48103 kr0,1m/c _ : .
Beryucnenus: v = = 0. Aranmu3: v = (), caea0BaTeNbHO, MOCIE
12-103 kr + 48103 kr

CTOJIKHOBEHHS BarOHbI OCTAHOBATCS.
Omegem: v =100

3. JIBa Heynmpyrux Ttena, Macchl KOTOPbIX 2 M 6 KI, JABHXKYTCS Ha BCTpedy ApPYr K APYry co
CKopocTsAMH 2 M/c Kaxaoe. OnpenenuTs MOyIb U HalpaBJI€HUE CKOPOCTH KaXJIOTO U3 3TUX TeJ MOcIe
yaapa. Caenatb pUCyHOK CaMOCTOSITENIBHO.

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

OX: myuq - myvy =- (Mg + my)v
_mup - mleZ.

my =2 Kr 1= ,
my = 6 kr - (m1 +mz)
2kr2M/c— 6kr:2m/c 2
U = v, =2 M/ Beruucngem: v = / - L M/c = 0,25 m/c.
i3 — (2Kr+6kKr) 8

IOmeem: 0,25 m/c.

3. CamocrosiTesibHasi pa6oTa

Bapmuanr 1

1. ABTOMOOMIIH Maccoi 1 T. IBMIKETCS CO CKOPOCThIO 72 kM/4. Ompenenute, yepe3 Kakoe Bpems
OH OCTaHOBUTCS, €CJIM BBIKIIOUUTH ABUTaTeNb. CpellHss cuiia conpoTuBiieHus nBrxennto 200 H.

2. Msiu maccoit 200 1. magaeT Ha TOPU3OHTAIBHYIO TUIOMIAKY. B MOMEHT ymapa cKOpoCTh Ms4da
paBHa 5 M/c. OmnpenennTe U3MEHEHUE UMITYJIbCa TP a0COIIIOTHO YIIPYTOM yAape.

3. JIBa mapa maccamu 2 U 8 KI' ABIXKYTCSI HaBCTpedy JIpYyr Jpyry co ckopoctsimu 10 u 2 m/c
co0TBEeTCTBEHHO. C Kakol CKOPOCTHIO OHU OyIyT MPOAOIIKATh JBM)KEHUE NMPH a0COIIOTHO HEYNPYroM
ynape?

4. Tenexka maccoit 80 Kr ABMKETCS CO CKOpocThio 4 M/c. Ha He¢ BepTUKaIbHO MaiaeT Tpy3
Maccoit 20 kr. Onpenenure CKOpoCTb, C KOTOPOUM CTAHET ABUTATHCS TEIEXKKA.
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5. Cuapsin Maccoit 50 Kr, JETSIIHMI BAOIb PEIBCOB cO CKOpocThio 600 m/c, momanaet B miathopmy
¢ meckoM Maccoit 10 T u 3actpeBaet B necke. CKOpOCTh CHapsiJia B MOMEHT MaJieHust o0pasyer yroiu 45°
c ropu3zoHTOM. Yemy paBHa CKOpPOCTh IUIaT(GOPMBI TIOCHE TMOMAJaHUs CHapsaa, eciau Iutargopma
JBMKETCSI HABCTPEUY CHapsiLy cO CKOpocThio 10 m/c?

6. JIogka cTOUT HEMOABUKHO B CTOsSUEH BOJie. YelloBeK, HaXOAAUIUNCS B JIOJKE, MEPEXOJUT C €€
HOca Ha Kopmy. Ha kakoe paccrosiHue nepeMecTuTcs JojIKa, €Ciii Macca desioBeka 60 Kr, Macca JIOJKU
120 kr, nmuna noaku 3 M? ConpoTUBIIEHHE BOJIbI HE YUUTHIBATb.

Bapuanr 2

1. JIBurasch u3 COCTOSHUS IMOKOSI TI0 TOPU30HTAILHOMY ITyTH, aBTOMOOWJIL Maccol 1,5 T uepes 20
C IMoclie Hayaja JBW)KEHUs jpocturaetr ckopoctd 30 m/c. IIpenedperasi cCONpOTHBICHHEM ABHKEHHIO,
OTIpEACTTUTE CUITY TATH JIBUTATEIs.

2. Tenexka maccorr 100 r, IBHXKYIIAsCS CO CKOPOCTBIO 3 M/C, yaapsieTcss o CTeHKy. Omnpenenure
M3MEHEHHE UMITYJIbCca TEJIeXKKH, €CIIH TOCIIe CTOJKHOBEHHUS OHA CTajla JBUTAThCS B MPOTHUBOIOJIOXKHYIO
CTOPOHY CO CKOPOCTBIO 2 M/C .

3. Baron maccoii 10 T aBMXKETCS CO CKOPOCTBIO 1 M/C M CTalKWMBaeTCsS C HEMOJBHYKHOM
atopmoi Maccoit 5 T. UeMy paBHa CKOPOCTh MX COBMECTHOTO JABIDKEHHS ITOCIIE TOTO, KaK cpaboTaer
aBTOCIEIKa?

4. KakoBa CKOpPOCTb OT/Ia4ll BUHTOBKH, HEMOJIBUKHOW MPU BBICTPEIIE, €CJIM Macca BUHTOBKU 4 KT,
Macca mynu 8 r, ckopocTtb mynu 600 m/c?

5. Ha HemoABM)KHOM KeJIe3HOA0POXKHOM TUIaThopMe yCTaHOBJICHO opyaue. Macca miaTgopMel ¢
opyauem 15 1. Opynue crpenser moj yriioM 60° xk ropu3oHTy. C Kakoll CKOPOCTBbEO IOKAaTHTCS
iatgopma, eciim Macca cHapsia 20 KT ¥ OH BBUIETaeT co ckopocThio 600 m/c?

6. [Ipu B3pbIBE KaMEHb pa3pbIBaeTCs HA TP YacTU. [[Ba OCKOJIKa JETAT MO MPSIMBIM YTJIOM APYT
K apyry: maccod ml = 1 kr co ckopocTheio 12 M/c u Maccoit m2 = 2 kr co ckopocTeio 8§ m/c. Tperuit
KYCOK OTJIeTaeT co ckopocThio 40 M/c. KakoBa mMacca TpeThero ocKojika M B KaKOM HalpaBICHUU OH
neTuT?

dopma npeacraBjeHus pe3yabTara:

BreimonHuTh 3asaHue B TETPAAH [Tl MPAKTUYECKUX paboT.

Kpurepuu onenkmn:
3a npaBUIIHHO BBIMOJIHEHHOE 331aHUE BBICTABIISAETCS MOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HelpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIIaTeIbHas olieHKa — () 6aoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumensHnoy svicmasisiemcs 3a 60 — 79% mpaBUIBLHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 2.3 3aKkoHBI COXpaHEHHS B MEXaHHKe

IIpakTHyeckoe 3ansiTHE NeS

Pemenue 3aga4 Ha ¢gopmMyJibl padoTsl cuil. Pa6oTa 1 MOIHOCTHL. DHEpPrusi U ee BU/AbI.

Iesb: 3akpenuTh yMEHUS W HaBBIKM pPeLICHHs 3a/1a4 Ha (HOopMyibl pabOThI, MOIIHOCTH, 3aKOHbI
COXpaHEHHUS

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 03, OK 09

MarepuaibHoe o0ecrieyeHMe: TETPagb Ui TNPAKTHUYECKUX paboT, pydyka, METOAMYECKHUE
PEKOMEHIAlUHU 110 BHITIOJHEHUIO pa0OThI, THHEIKA, KapaHalll.

Ykazanue:

[TpakTnueckass paboTa COCTOMUT M3 JABYX dYacTed — TeopeThyeckod M mpaktudeckoi. ITocme
U3Y4YEHHs TEOPETUYECKOTO0 MaTepHalla MO>KHO IIPUCTYNATh K BBINOJIHEHUIO MpakTH4eckoi yactu. OHa
COCTOUT U3 JIBYX M Oosiee 3ajad sl CaMOCTOSTENIBHOrO BbINOMHEHUs. He 3a0ObiBaiiTe 0 MpaBUIBHOM
oopmienun pemrenusi. Ha BeIosHEHNE TPAaKTUYECKO OTBOJUTCA JBa aKaJeMUYECKHX Yaca.
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Iopsinok BbINMOJIHEHUSI PAa0OTHI:
1. PaccMmoTpuTe TEOpeTHUECKMI MaTepual IO TeMe M MpUMEphl peueHHus 3aaad (CMOTpH
METOAMYECKOE ITOCOOHeE).
2. Pemmre camocrosiTensHyto padoty. Odopmure perieHne MiCbMEHHO B TETPAIH.

1. Kpamkue meopemuueckue céedenusn:

Pabora u MomHOCTH. DHeprus, ee BU/IbI.
3aKoH coOXpaHeHM s JHEPIUH

Onepeus — camasi BakKHasi COXPAHSIONIASCS BEIMYMHA HE TOJHKO B MEXaHHKE, HO M B (U3HKE
BOOOIIE. DHEPTHsl TECHO CBs3aHa C paboToi. Bece MbI, Kak W JIr00bIe JBUTATENH, COBEpIIaeM padoTy,
MPUBOJIUM B JABMXKECHUS TeJla, OJACPKUBAEM 3TO JIBH)KEHUE HIH JK€ MIPEKPAIAEM €ro.

JlelicTBUA cuil HA Tena, NMPUBOASIIME K M3MEHEHUIO MOJIYJSI UX CKOPOCTEH, XapaKTEPU3YIOTCSH
BEJIMYMHOM, 3aBUCSIIEH KaK OT CHJI, TaK ¥ OT IEepEeMEIIeHH Tel, Ha KOTOPBIE 3TH CUJIBI JEHCTBYIOT. DTy
BEJIMUUHY HA3b18aI0OM paOOMOI.

Pabora — ckansipHas BeJIMYMHA, paBHAsS MPOU3BEIACHHUIO MOJYJEH CHIIBI M MepeMEelIeHHs Tela Ha

COS yIila MEKJy HUMHU.
Kl

PaGoTa mocTostHHO#M chitbl £ :

34 [

A=F-§=F §-cosa Jx

rae S — nepemenieHue Tena,
0 — YroJl MEXAy HanpaBJICHHEM JACHCTBUS CHJIbI W HANPABICHUEM
nepeMenIeHusl.

Puc.1

Ecnu BennumHa cuiibl, IEWCTBYIONIEH HA TENO, 3aBUCUT OT KOOPJMHATHI X, TO padoTa 3TOW CHJIBI
YHCJIEHHO paBHa IUI0IIAH 11oj rpadukoM GyHKkuuu F(X).

Enaunauter paboThr: A =1H - 1M = [ = [I)x0ynb.

Lorcoyny — pabota, coBepmaemas cuioil 1 H Ha mepemenienne 1 M, ecinu HampaBlIeHHUE CHIIBI U
nepeMeleHNe COBIaatoT.

1. PabGoTa CHIIBI TSKECTH.

PaboTa cuibl TSHKECTH HE 3aBHCHUT OT TPACKTOPUU ABWIXCHUSA TCJIa U BCCTa

= 3 paBHa U3MEHEHUIO NIOTEHUMAILHOW YHEPTUH TENA, B3ITOMY C POTUBOIIOJI0KHBIM
Q =mg 3HAKOM.

A=08=mg(h1-hz)=-(mgh - mghs)=-(11>-11,)
A=-(H2-171)

Ecnu cuna TskecTd coBepIIaeT OTPULATENbHYIO paboTy, To E, —
yBennuuBaercs. IIpu coBepiieHnn MoyoKuTeNnbHON padoThl — E, yMeHbInaercs.

2. PaboTa cuiibl ynpyrocTu.
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A=F,,S,

F, =k "

rae < — cpenHee 3HaYCHHUE CHJIBI YIPYTOCTH MPH U3MEHEHUH JUIMHBI IPY>KHHBI OT X1
HO X2,

S = X1 - X — CMEIIEHUE.

Pabora cuibl ynpyroctTh paBHa W3MEHEHHIO IMOTCHIMAJIBLHOW SHEPIUH, B3SITOMY C OOpaTHBIM
3HAKOM:

A=k

2 2 I 2 1%
Fx, (x7 —x7) fooy kg
(5 —x) =k _20= |0 | (T, - 1T,)
2 P 2 | 2 2 s

Mowrocmsb

Mowmnocms — ckansipHas (U3NYecKas BEIMYMHA, XapaKTepPH3YIOIIas OBICTPOTY COBEPIICHUS
paboThI, KOTOpast YMCACHHO paBHa paboTe, COBEPIIAEMOi 3a SAMHUILY BPEMEHHU:
A4 _F.§ 1@
N=== =F-u
! t , [dx/c = Bt — Bart],

rae A — pabora, [/JIx]
t—Bpems, [c]

Onepeus
Ecnu Teso wim cuctema Tesl MOryT coBepiiath paboTy, TO TOBOPSAT, YTO OHU 00JIaJat0T SHEPTUCH.
DHeprus B MEXaHUKE — BEIIMUWHA, OTpe/IeiisieMasi COCTOSIHHEM CUCTEMBI — TIOJIOKEHUEM TeJ U BX
CKOPOCTSIMH; M3MEHEHHE SHEPTruu NpPH Iepexoje CUCTEMBl U3 OJHOTO COCTOSHHUS B JAPYroe€ paBHO
paboTe BHEIIHUX CHUJI.
1. Kunemuueckas (Kinema — nBW)KEHHE) — SHEPrHsl MEXaHHYECKOTO JBIIKCHUS CHCTEMBI Tel,
YHCIJICHHO paBHA MTOJIOBHHE TIPOM3BEIEHHUS MAacChl Tella Ha KBaJpaT ero CKOPOCTH.

5
T

E =
2 IIx.

Teopema. Pabota paBHOIEHCTBYIOIIMX CWUJI, MPWIOKEHHBIX K HEMY, paBHa H3MEHEHUIO
KHHETHUYECKOW PHEPTUH Telna.
1= .I'.‘i'f!.": _ .'.'JIJl"
2 2
= A = A Ex (paboTa — u3MeHEHHUE SHEPTHH)
A=FEk, - Exi; =A Ex

2. Ilomenyuanvnas (potentia — BO3MOXXKHOCTb) — DHEPIUs B3aUMHOTO PACIIOJIOKEHHS TEN HIIH
yacTed OJHOrO M TOTO K€ Tejla, YUCIEHHO paBHA IPOU3BEJIEHUI0 MAacChl M Tella Ha YCKOpPEHHUe
cBOOO/IHOTO Ma/ICHUS g U BBICOTY h Ha/l MOBEPXHOCTHIO 3EMIIH.

E,=mgh, [llxc]
A =-(mgh; - mghy)

>4=-AE,
A=-(Ep -Ep))=-AE,
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Ilomenyuanvhas snepeuss — HEPrHsi, 0O0YCIOBICHHAS B3aWMMOJICHCTBHEM pa3UYHBIX TEl WA
qyacTel OTHOTO U TOro k€ Tena. OHa 3aBUCUT OT B3aMMHOI'O PACIIONOKEHMSI TEJ UM BEIMUMHBI YIIPYTroi
nedopmaruu Tena.

ITorennmanpHas ITorennmanpHas ITorennuanpHas
SHEprus TENla | DHEPIUsl  CXKATOU | DHEPTHUS
MO JHSITOIO Ha | WM paCTSHYTOW | IPABUTALIMOHHOTO
BBICOTY, HAaMHOIO | IPYXUHbI B3aUMOJCHCTBUSI
MEHBIIYIO MaTepUAIbHBIX TOYEK
paauyca 3eMiu TN OJTHOPOJIHBIX
E,=mgh ﬁ:i 1apoB
: 2
m @
: E-, __G M
R g )
/! e
o Z
dCiiaio Hynesoi YPOBEHb
cooTBercTByeT R —
0
E,=0

Hynesoit ypoBeHb

Hyneso#l ypoBeHb COOTBETCTBYET X =

cooTBeTcTBYeT h |
=0 (meneopmupoBan

Hasi IpY>KUHA)

3akon coxpaneHus sHepeuu 8 MexanuKe

B 3amMKkHYyTO# cucTeMe Ten MOoJ0XKUTeNbHas padoTa BHYTPEHHUX CHJI YBEIMYUBAET KMHETUYECKYIO
SHEPTUI0 W YMEHBINAeT MOTEHIUaIbHYyI0. OTpunarenbHas pabdoTa YBETWUYMBAET IMOTEHIUAIBHYIO W
YMEHBIIIAeT KUHETUYECKYI0 JHepruro. MMeHHO Ojaromapsi 3TOMY BBITIOTHSIETCS 3aKOH COXpPaHEHHS
SHEPTUH.

E = E, + E,—1onHasg MEXaHU4YECKasi DHEPT U CUCTEMBI, BEJIMYMHA, paBHAsA CyMMe KUHETHYECKON
Y TOTEHIMAIBHON SHEPTUIl CUCTEMBI.

3axon coxpanenus nOIHOU MeXAHUYECKOU SHepeUU
B 3aMKHYTO# cucTeMe MEXaHHYeCKas SHEPTUsi COXPaHSETCS.

E=E, +E, =const
Ep] + E :Ep2 + Eo
Ilpumeuanue: Eciu B 3aMKHYTOM CHUCTEME €CTh CHJIbI TPEHHS, TO MEXaHWYECKass JHEPTrHs He

COXPAHACTCA, T.K. 4aCTb eé NEepexXoauT BO BHYTPCHHIOLO.
3axonu COXPAHERUA IHEP2UU
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DHeprus He CO3[aeTcsl U He HCYe3aeT, a JUIIb NEepeJacTcsl OT OJHOr0 Tela K IPYroMmy HId
IpeBpalaeTcs u3 oJHON (GOPMBI B IPYTYIO B PaBHBIX KOJHMYECTBAX.
2. IIpakTuyeckas padora
Anzopumm pewtenusa 3aoay

1. CrnenaiTe 4epTex.
2. Bsi6epure Hynepoii yposens E, (E,; = 0).
3. YcTaHoBUTE Ha4YaJIbHOE U KOHEUHOE MOJIOKEHHUE TeNa (CUCTEMBI Tel).
4. Ornpenenure MOJHYIO MEXaHUYECKYIO SHEPTHIO TeN (CUCTEMbI T€1) B HAYAJIbHOU U
KOHEYHOM TOYKax.
5. 3anuinuTe 3aKOH COXPAaHEHHS SHEPTUH.
a) s 3aMKHYTBIX cucteM: By = Ep min Ey + E,; = Eo + Ep),

0) npu nepexoje CUCTEMbI U3 HAYaJIbHOTO MOJIOKEHUSI B KOHEUHOE, IIPU IEWCTBUU BHEIIHUX CHIL:
A= E2 - Ej_
Pemmte cucremy ypaBHEHUH.
3. [IpumepsI peieHus 3a1a4

1. ABTOMOOMIb Maccoil 2 T HAYMHAET PA3TOHATHCS M3 COCTOSIHHS MOKOSI 1O TOPU30HTATBHOMY
MyTH TOJ JCWCTBUEM MOCTOSHHOW cwmibl. B Teuenue 10 ¢ oH mpuoOperaer ckopocth 43,2 KM/4.
Onpenenutb BETUYUHY UMITYJIbCA U BEHUMUHY JEHCTBYIOIIEH CUIIBI.

Jano: CH: Pemenue:

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

v =0 Peme ,U — COBIIAJIAET C OCBIO X,

t=10c B CKaJIsIpHOH (hopMe ypaBHEHUE MPUMET BU:
v=43,2 xM/4 12 m/c p=mv=2-10%-12 = 24.10°, P [kr-m/c]

p—7? 2. YuuteiBas BTOpoii 3akoH HeroToHa: Ft = mv — mug
F-7, TXK.vg =0 Ft=mv — F=mvu/t

a, L]
ez '.ﬂ 12 g it
1a

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

3. Bo BpeMsi MaHEBPOB Ha keJe3HOJOPOKHON CTAaHIMM JABe IuaTdopMbl MaccamMu my = 2,4 - 10*
krumy = 1,6 - 10* kr gBHTaTNCH HABCTPEUY APYT APYTY CO CKOPOCTSMH, MOYJTH KOTOPHIX PABHBI V1 =
0,5 m/c m v2 = 1 m/c. Haliaure cKOpOCTh MX COBMECTHOTO JBM)KEHHUS IOCIE TOro, Kak cpaboraer
aBTOCIIETIKA.

Jano: Pemenne:

my=2,4-10* kr > B
my=1,6 - 10* xr = R R
vy = 0,5 m/c

vy = 1M/c

Vo6 - ?

I/I306pa3HM CXEMaTUYHO AEMCTBYIOUINE CHJIbI Ha JBUXKYylIHecs miaTdopMbl. B npoekiuu Ha och

X: Mondy Mo cuer B3anMHO YPaBHOBEILIEHBI.
Mo>KHO TPUMEHUTH 3aKOH COXPaHEHUS UMITYJIbCa:

i |,':' +m ,|')', = {nrl -+ i, ]-I_..l.__”
1

TJIC Vo — CKOPOCTh MIAT(HOPMBI TTOCTIE CIETKH.
B npoekrusix Ha och X: My Vix + My Vax = (M1 + M2) Vosx
T.K. V1x="V1, Vax = - V2, TO Vesx = -0,1 M/cC

3HaK (-) MOKa3bIBAET, 4YTO CKOPOCTh VOO HANpaBJIeHa MPOTHUBOMOIOKHO OCH X (CIIpaBa — HAJIEBO).
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4. Kakyro CKOpPOCTb OTHOCHTEJIBHO pPaKETHHIIBI MpHoOperaeT pakera maccord 600 T, eciu rassl
Maccoii 15 r BeuteTaroT u3 Hee co ckopocthio 800 m/c?

Hano: CH:  Pemenue:
m;=600r 0,6 kr CoriiacHO 3aKOHY COXPaHEHUS UMITYJIbCA:
m,=15r 15 - 103kr MU, + g, = mu, +mg, = m v,
o = mpb,  LS-107° 800 20 M
U, = 800 m\c ™, 0.6 ¢
v1=v2 =0 3HaK (-) IOKAa3bIBAET, YTO I'a3bl JBUXKYTCS B CTOPOHY,
b7 MIPOTHUBOIIOJIOKHYIO HAIIPABJICHUIO PAKETHUILIBIL.

Ortser: - 20 M/c.

5. BaroneTrky maccoii 2 T 110 TOPU30HTaJIbHOMY IIYyTH PaBHOMEPHO Iepemeraer padbounii. Kakyro
paboty oH coBepmuT Ha myTH 100 M M Kakyro paOOTy COBEpIIAET CHJIa TPEHUs, €ClIu KOdIPPULHUEHT
Tpenus paseH 0,017
JlaHo: PucyHnok:
m=2T
S=100m
pn=0,01
g=9,8 m\c?

S g
a=0 e

A-7?
Atp - ?
Pemienue .
Ha BaroHeTky JIeCTBYIOT 4 CHIIBI: CUIIA TSKECTH — mi | CHIa peaKIuy Omopsl —
cnna siru Fr — , cuta Tpernsi — ' Tlo BTOpOMY 3aKOHY HploTOHA X F=0
B oorgiEloo
B npoexuuu Ha ocu: OX: F,—F, =0; F,=F;, OY:N-mg=0; N=mg
A=F-Scosa, 2a=0, cosa =1,cn-v0,A=F - S,F=F,=F,=puN=pumg
PaGora cunbl TpeHus HanpaBieHa MPOTUB PpabOTHI cuila TATH — A = -ATp .
Ap=-19,6 - 10° Ix
Otsetr: A =19,6 x/Ix; Atp =- 19,6 xJIx.
CamocrosiTesbHast padoTa

1. ABromoOuib Maccoi 2 T ABHUKETCS cO CKopocThio 36 kM/4. Kakoe Bpemst TpeOyeTcst 10 MOTHOM
OCTaHOBKM aBTOMOOWJIS NPHU BBIKIIOYEHHOM JIBUTATENE, €CJIM CHUJa TPEHUs KoJec O JI0pory
paBHa 5880 H?

2. Tenexka maccoit 150 Kr IBHKETCS IO TOPU3OHTANIBHOM J0pore co ckopocThio 1 m/c. HaBetpeuy
et OeXKUT ueToBeK Maccoi 75 kr. UenoBek mphiraeT Ha TelnexKy. [locie 3Toro Tenexka BMECTe ¢
YeJIOBEKOM OcTaHaBiMBaeTcs. C Kakoi CKOpOCThIO Oekall 4eaoBeK?

3. Tlpum BepTHUKAIHLHOM TOJIBEME TeJIa Maccoi 2 KT Ha BbicOoTy 10 M coBepieHa pabora 240 JIx. C
KAaKUM YCKOPEHHEM IOIHUMAIH Ipy3?

4. Teno, maccoir 20 Kr MOJAHMMAIOT BepTHKaIbHO BBepx ¢ cwiod 400 H, nHampaBimeHHO# 1O
nskeHuto. Kakas pabora coBepuaercs Ha mytu 10 m?

5. Byner nu BenuunHa NoJI€3HOM MEXaHMYECKON pabOThl OTJIMYHA OT HYJIS, €CIHU MOJbEMHBIN KpaH:

® 1) MOAHMMAET C 3eMIIU TPY3,
® 2)OyneT nepkaTh €ro HEKOTOpPOe BpeMsi Ha BECy B IIOKOE,
® 3) MOAHMMET I'Py3 C 3eMJIM U Cpa3y OMYCTHUT €ro Ha 3eMIIio.

6. Temno maccoii 20 kr cB000HO TaaeT B TeueHue 6 ¢. Haliqure paboTy CHITBI TSKECTH.

7. Kakyio paboTy MOXET COBEpIINUTH JO0 OCTaHOBKM Tesno Maccoil 1000 kr, aBmkymieecs co
CKOpOCThIO 36 KM/4 ?
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8. Haiitu paboTy, KOTOpYIO HAaJO COBEPIINTH, YTOOBI CKATh MPYXKHUHY, )KECTKOCTh KOTOpour 29,4
H/cwm, ma 20 cm.

9. PesunoBwli mHYp mmHOW | M mox aeiictBuem rpy3a 10 H ymmununcs va 10 cm. Hadigure
paboTy CUJIBI YIPYTOCTH.

10. Ha xakyro BBICOTY 3a MUHYTY MoOKeT mofHsATh 400 M> BOJbI HACOC, Pa3BUBAIOIIUN MOIITHOCTH
210° kB1?

11. Ompenenute MOLIHOCTH TEIJIOBO3a, 3HAS, YTO MPHU CKOPOCTU IBMXKEHUS 43,2 KM/4 cuja TATH
paBna 105 kH.

12. Tloe3zn maccoit 1200 T aBMIKETCS MO TOPU3OHTAJIBLHOMY ITYTH C IMOCTOSIHHOM CKOPOCThIO 54
kM/4. Omnpenenure Kod3(h(UIKMEHT COMPOTHUBICHUS IBUKCHHIO, €CIM TEIUIOBO3 pPa3BUBACT
noJsie3Hyro MomHocts N= 882 - 10° Br.

13. Mmnynbc Tena paBeH 8 Kr M/c, a kKuHeTHu4eckas sneprus 16 k. Onpenenute Maccy ¥ CKOPOCTh
Tena.

14. Canu maccoit 60 Kr, CKAaTHBIIUCH C TOPBI, MPOEXaJId MO0 TOPU30HTAIILHOMY Y4acTKy noporu 20
M. Haiigure paboty cuiel Tpenus, ecan | = 0,02.

15. TloaweMHBI KpaH ¢ JBUTATEIEM MOIIHOCTHIO 8 KBT mogHMMaeT rpy3 ¢ MOCTOSSHHOM CKOPOCTHIO
6 m/mMuH. KakoBa macca rpy3a?

16. Kakas paboTa coBepliaercs Ha THUAPOCTAHIIMM B TEUYEHHUE TOJla, €CIH CPEHSS MOIIHOCTb
resepaTtopa pasHa 2,5 MBT1?

17. Yenoek maccoii 70 Kr ciryckaeTcs mo JiecTHuUIe anuHoi 20 M, pacnoioskeHHoM mof yriom 30°
K ropu3oHTy. Haliaure paboTy CHIIBI TSKECTH.

18. Boruncnute paboTy CHIIBI YIIPYTOCTH MPU U3MEHEHUHU JIehOpMallu MPYKUHBI )KeCTKOCThIo 200
H/Morx:s =2cM 10Xy =6 cM.

@dopma npeacTaBJieHus pe3yabTarTa:
BrinonHuTh 3a7anue B TETpaad sl MPAKTHYECKUX padoT.
Kpurepun oneHku:
3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIIIECTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWJIbHO BBIMIOJTHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIlaTebHas olleHka — () GanoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIBHBIX OTBETOB
Oyenka «yooenemeopumensHnoy svicmasisiemcs 3a 60 — 79% mpaBUIBLHBIX OTBETOB
Oyenxa «Heyoosiemeopumenbvhoy svicmasgisiemcs 3a Menee 60% nMpaBUIBLHBIX OTBETOB

Tema 3.1 OcHOBBI MOJICKYJISIPHO-KHHETHYECKOH TEOpHH

IIpakTnyeckoe 3ansaTHe Ne6

Pemenne 3aga4 no teme «OcunoBbl MKT» . Pemienne 3a1a4 Ha ypaBHeHHe COCTOSIHUS
H1eabHOI0 ra3a

Ilenb: 3akpenuTh yYMEHUS M HABBIKM BBIYMCIIEHHS NApaMETPOB COCTOSHUS Ta3a, HCIONb3Ys
ra3oBbI€ 3aKOHBI U ypaBHeHHEe MeHneneesa - Kialinepona.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 03, OK 09, OK 06

MarepuaibHoe of0ecrieyeHHe: TETpaab Uil TNPAKTHUYECKUX pPabOT, pydKa, METOJUYECKue
PEKOMEH/IalliH 1O BBHIIOJHEHHUIO pabOoThI, TMHEIKa, KapaH/aIll.

Yka3anmue: [IpakTrueckas pabota COCTOUT U3 ABYX YacTeld — TEOPETUYECKOW M MPAKTHUECKOH.
[Tocne n3ydeHus TeoOpeTUIEeCKOro MaTepruasa MOKHO MPUCTYINATh K BBHITIOJHEHUIO IPAKTUYECKOM YacTH.
Ona coctouT u3 AByX W Oojee 3agau JUIsl CaMOCTOSTENLHOro BhIMONHEHHs. He 3a0biBaiite o
MpaBWIbHOM O(GopMIIeHUH pelieHus. Ha BbInmoiaHeHHe NMpakTHUYecKON OTBOJIUTCS JIBa aKaJeMHUYECKHUX
yaca. [Tops10K BBIOIHEHUS pabOThI

Ilopsinok BbINOJHEHHSI padOThHI:

1. PaccMoTpute TeopeTndyeckuii MaTepuall IO TEME W NPUMEPHI pelIeHHs 3a1ad (CMOTpH
METOAMYECKOE MTOCOOHeE).
2. Pemmre camocrosiTensHyto padoty. Odopmure perieHne NUCbMEHHO B TETPALIH.
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1. TeopeTnyeckas yacThb

JlJis XapakTepUCTUKU COCTOSIHUS ra3a BBOJAT CHElHabHbIe (PU3NYECKUE BEIMUNHBI, Ha3bIBa€MbIE
napamMeTpamMu COCTOSHUS. B KadecTBe mapamMeTpoB COCTOSHUS BBIOMPAIOT TPU BEIUYMHBL 00BEM
raza(V) ,remneparypy ero T° u naenenue P, mpou3Boaumoe ra3omM Ha CTEHKH cOCyla ,B KOTOPOM OH
3aKIII0YEH. DTO AaBICHUE OOBSICHACTCS yIapaMu ABMIKYIIUXCS MOJEKYIL.

2. llpuMepnl pelieHUs 3a1a4

1. B rasosom Oammtone emxocteio 0,01 M3 maxomurca raz mon masiieHueMm 20 kr/cm2 .Kaxoii
00BbeM 3aiiMeT Ta3, eciu ,He U3MEHsS ero TeMIIepaTyphl , OTKPBITh BEHTHJIb OayutoHa? OKOHYATEIbHOE

nasienue 1 xr/cm2.?

Harno:

Vi=0,01n’ )
P1=20 Kr/cy'=20*0,98*10""H/M2
Po=1 kr/em™=0,98*10° H/m®

Va-?

Pewenue:

ITo ycnoButo 3aaun Temneparypa raza He MEHseTCs,
MOITOMY NPOMCXOANT H30TEPMHUYECKOE H3MEHEHHE
cocrosinus raza. Mcenone3ys 3akon boiinsg-Mapuotra
p1Vi=p2Vz Haxomum Vo= p1Vi/pa.

Boraucnenus: Vo= 20%0,98*1 05*0,01/0,98* 105=O,2(M3)
Omeem: V=02 m’.

2. T'a3 m30TepMHUECKH CKaT OT IMepBoHavaiabHOro obdwvema 0,15 m 3 mo obvema 0,10 m 3
.JlaBneHue ero npu 3ToM NMOBBICWIIOCH Ha 2 Kr/cM2 . KakoBo nepBoHavYaibHOE AaBjieHUE ra3a’?

Jawno:

V1=0,1 Sm°
V>=0,10m" _ )
AP=2 kr/em™=2%*0,98*1 0°n/m>

plz?

Pewenue:

1o 3akony boiins-Mapuorra P1V1=P2Vs. Ho p>=pi+ Ap,
MO3TOMY p|V1=(<P| +A P)V,, otkyaa P1 = AP*V,/V-V2;

P1=2%0,98*107*0,10/0,15-0,10 = 3,9%10° (H/m")
Omeem: P,=3.9%10°[1a.

3. Kak Benuko armocdepHoe TaBieHHE, €CIU MPH UIMHE PTYTHOro cToiomka 12,5¢cM B TOHKOI
TpyOKe AJiMHa CTOJIOMKA BO3/yXa B IEPBOM TOJIOKEHHE 7CM,a BO BTOPOM — 5 cM?

Jlano:
h=12.5¢m
1,=Tcm
1,=5¢m

paTM' ?

Pewenue:

B nepBom ciyuae naBnenue Bo3ayxa BHyTpu Tpyoku Pi=Pany-h. Bo BTopom
ciyyae pr=pansth. 1o 3axony boitns-Mapuorra P, V,=P,V, rge V,=SL,,
V>=SL,. Toraa (par-h)=(parnth)SL,, oTkyaa pyry=h(L1+L2)/L;-L,

Para =12,5%12/2=75(c™m pr cT).

Omeem: Py, = 75 cm pr CT.

4. CxaTblii BO3yX IMOJAETCS B Ta3rojbiep oobemMoM Sm3 . 3a Kakoe BpeMsi €ro HakadaroT J0

JaBlieHust 7 KI/CM2, eclii KOMIIpeccop BcachiBaeT 5,5 M 3 arMocdepHOro Bo3Jyxa B MHUHYTY MpH
nasineHuu 1 kr/cm2 ? Temneparypy cuuTaTh MOCTOSIHHOM.

Jano:
V3=5M3

P,=Tkr/cM*=7*0,98*10°u/m>
V,=5,5m/mun=1,1/12m"/c
P =1 kr/em*=0,98*10°u/m°

t-?

Pewernue:

Jlns HakauMBaHUs BO34yXa B rasroiabaep 10 gasineHus P;
KoMmpeccop paboraer B TeueHue BpeMeru t. Oobem
3acaceiBaemoro Bosayxa V' 1=V, npu nasnenue p;. Koraa
BO3/yX HaKayaiy B ra3rojibaep, OH 3aHsn o0veM V; u ero

nasneHue crano p;. Ha ocnoBanuu 3akona boiina-Mapuorra
P,V'=P,V; unu P,V 1,=P,V, , OTKy/J1a t,=P,V-»/P,V,
t = 7%0,98*%10°*5%12/0,98010°*1,1=380(c).
Omeem: t = 380 c.
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5. OtkphiTas cTekisHHAs TpyOka mmHO0 40 CM HaAmoJIOBUHY ToOrpyxeHa B pryTh. Korma
BEPXHUI KOHEI TPYOKH 3aKpBUIMA U MOJHSIIM €€ 10 YPOBHS PTYTH B COCYJI€, TO BHICOTA YPOBHS PTYTH B
TpyOKe okazanack paBHO# 15 cm. KakoBo aTtMocdepHOe 1aBiieHHe BO BpeMs OTbITa?

Hano: Pewenue:
=40 cm  [lo 3axony boiins-Mapuotrra P;V,=P,V, rae p,;=H-paBnoe armocdepromy
l,-15¢m  naBnenue BO3ayXa HajA PTYThIO A0 3aKpbITHs OTBepcTHA, @ V=L/2S-ero o6nem;
P = P-1, Vo=(L-L,)S-cooTBeTcTBeHHO AaBieHHe U 00bEM BO3AYyXa HAl PTYThIO
H-? MOCJIe TOro, KaK €€ 3aKpbUlK ¥ MOJHSIN 0 YPOBHS PTYTH B cocyae. B npeasiayime
Beipaxkenus P, V,=P,V,Bmecro P\,P, V| V, noacrasum ux 3Hauenus:
HL/2S=(H-L,)(L-L,)s. Orcroaa H=21,(1-1,)/1-21; H=30%*25/10=75(cm™ pT cT).
Omeem: 75 cm pT CT.
CamocrosiTesbHasi padoTa
Bapmuanr 1

1. Hauepture rpaduiku M30TEPMHUYECKOTO, H300apHOTO M U30XOPHOTO IPOIECCOB B KOOPAMHATAX
PuV;PuT,TuV.

2. VineasnbHblid Ta3 CHavama M300apHO PACHIMPHIIM, & 3aTeM M30TEPMHUUYECKU CIKAIH JI0 MPEIKHETO
obwvema. 306pasute 3tu nporecchl B koopaunatax Pu V; PuT; Vu T.

3. B cocyne naxonutcs m=14 xr azora npu T=300 K u gaBnenuu p = 8,3*104 Ila. Onpenenute
o6wvem V cocyna.

4. Ilpu cKaTuM HEU3MEHHOTO KOJIMYECTBAa WJEAbHOIO raza o0beM yMEHbIIMJCS B 2 pasa, a
TeMmIlepaTypa yBeauumiachk B 2 paza. Onpenenure, Kak U3MEHUIIOCH JIaBJICHUE rasa.

Bapuanr 2
1. Ha puc.1

P
A T, < Ty

\\.
S T

\_,Il

'

n300pa’keHbl J1BE€ M30TEPMBl OJHOM M TOM ke Macchl ra3a. UeM OTJIMYAIOTCA COCTOSHHE Ta30B,
€ClIi Ta3bl OJlMHAKOBble? UeM oTiHMuaroTcs rasbl, €ClIU TeMIIepaTypbl ra30B OJIMHAKOBbIE? YKa3aHME:
BOCIIOJIB3YHTECHh YpaBHeHHEM Kianeiipona-MeHieneesa.

2. UpeanpHbll ra3 cHavajga HarpeBaJicd IHpHU IOCTOSHHOM JIaBJIEHUHM, MOTOM €ro JaBlieHUE
YMEHBUIAJIOCh IPU IOCTOSSHHOM 00beMe, 3aTeM IIPU OCTOSIHHOW TemIepaTtype 00beM raza yMeHbIINUJICS
710 IepBOHavyallbHOTO 3HaueHus. [loctpouts rpaduk B koopanHaTHBIX ocsx V-T.

3. B cocyne Bmectumocthio V=0,83 M 3 Haxoaurcs m=2 Kr a3ora npu gasieHuu p = 2*105 [la.
Onpenenute Temnepatypy T azora.

4. Temneparypa V1=2 monp kuciaopoja ,Haxozsmerocs B cocyae, pasHa T1=300 K. Onpenenure

Temriepatypy T2 BoAopojaa, HaXOSIIETOCS B COCYAE TOM K€ BMECTUMOCTH NPU TOW Ke JaBJICHUH,
B3ATOT0 B KOJIMYECTBE V2=2 MOJIb.

®opma npeacTaBiaeHus pe3yJabTara:
BeInmonHuTE 3a1aHue B TETpaau AJs MPaKTHUECKUX padoT.
Kpurepum ounenku:
3a mpaBUIIHLHO BBITOJHEHHOE 33JaHHE BHICTABIISAETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BBICTABIISIETCS OTpUIIATeNTbHAs orleHKa — () 0aioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvHo» svicmasisiencs 3a menee 60%0 mpaBUIBHBIX OTBETOB
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Tema 3.2. OcHOBBI TepMOAMHAMUKH. TenjioBble MAIIMHBI.

IpakTnyeckoe 3ansitue Ne7

Pemenne 3aga4 no reMe «OCHOBBI TEPMOAMHAMHUKH.
«3akoHbl TepMoaMHaAMUKH. IIpuMeHeHHe NMEPBOro HAYa/JIa TEPMOJAMHAMUKH K H30IPOLECCaM.
KII/{ TenjioBBIX ABUATATEJIEI)

Ieab: 3akpenuTh yMEHUSI U HABBIKM PELICHHUA 33]1a4 HA IepBoe Haudano tepmoarHamMuku U KII/]
TEIJIOBOT'O JABUTATEIS.

BoinosineHne padoTsl cioco0CTBYET (POPMUPOBAHMIO:

OK 01, OK 02, OK 03, OK 09, OK 06

MarepuajibHoe o0ecrieyeHHe: TETPagb Ui TNPAKTHUYECKUX paboOT, pydyka, METOAMYECKHUE
PEKOMEH/IalliH MO BBIIOJHEHHUIO pa0OoThI, TMHEIKA, KapaH/alll.

Yka3zanue: IIpaktuueckas paboTa COCTOMT M3 ABYX YacTe — TEOPETHYECKOW M MPAKTHYECKOH.
[Tocne u3ydeHust TEOPETUUECKOTO MaTepraia MOKHO IPUCTYIATh K BBIIIOJHEHUIO TPAKTUYECKON YacTH.
Ona cocrouT ®3 AByX W Oojee 3agad JUlsl CaMOCTOSITENILHOTO BhIMONHEHHs. He 3a0biBaiite o
MpaBWIbHOM O(GOpMIICHUH pelieHus. Ha BbIMONIHEHHE MPaKTUYECKON OTBOJUTCS JBa aKaJeMUYECKUX
Jaca.

IHopsaok BbINOJIHEHUS PA0OTHI:

1. PaccMoTpuTe TeopeTHMUECKHIl MaTepuand IO TEME€ M IpPUMEpbl pelleHus 3anad (CMOTpHU
METOAMYECKOE ITOCOOHE).
2. Pemmute camocTosTenbHYIO padoTy. OdopMuTe penieHne MICbMEHHO B TETPAJIH.

I(pamkue meopemuuecKkue ceeoeHus:

OCHOBY TEpMOJAMHAMUKH COCTABJISAIOT BA 3aKOHA (WM HaYaJia).

IlepBoe Hauyan0 TepMOAMHAMUKM: VI3MeHeHHEe BHYTpPEHHEH >HEpPruu Tejla PaBHO Pa3HOCTU
COOOIIIEHHOTr0 Tey KOJUYECTBA TEIJIOThI U MPOU3BEICHHON HaJ HUM MeXaHndeckoi padboTel AU=Q+A,
AU- u3menenue BHyTpeHHel snepruu, [AU] = JIx, A-pabota BHemHUX cuil (uiu rasa), [A] = Ix, Q-
KOJIMYECTBO TeTuIoThI, [Q]= JIxk.

1) AU=3/2*m/M*R*TA-u3MeHeHue BHYTpEHHeH »Hepruu g ojgHoaTomMHoro rasza (He)
AU=5/2*m/M*R*AT-usmenenne BHyTpeHHeH »Hepruu Juis JByxatomHoro raza (02, H2, N2)
AU=7/2*m/M*R*AT-BHyTpeHH:Is 3HEPTHs UIs TpeX U Oosee aromHoro rasza (CO2)

2) A=P(V2-V1), A>0, ecim paGora raza, A<0, ecnm paGora BHemmuX cwi. 3) KomruecTo
TEIUIOThI, HEOOXOAUMOTO (BBIAEISIEMOro) A HarpeBanus (mpu oxjaxaeHun) tena Q=c*m(T2-T1), rae
C-yZenbHas TEIIOEMKOCTh BEIIeCTBa

KonunuectBo TemioTsl mpu miaBieHUH (Kpuctamnuzauuu): Q=A*m, rae A-ynenbHas TeIuioTa
iaBiaeHus. KonuuyecTBo TemoTel mpu napooOpazoBaHuu (KoHjeHcauuu): Q=L*m, rne L-ynensnas
TeII0Ta mapooOpa3oBaHMUsL.

IlpumeHeHne mepBOro 3aKOHA TePMOAMHAMMKHM K mu3ompouneccam 1. H3orepmuueckuit
npouecc: T=const, uamensercs ooveM (V) u nasienue (P). [lockonbky Temieparypa He U3MEHsIETCS, HE
U3MEHSIETCA U €r0 BHYTPEHHsIA 3Heprus, T.e. AU=0, torga Q=A.

2. Hzoxopusiii mpomecc. OObeM raza ocTaeTcsl MOCTOSHHBIM, MEHSIOTCS €ro JaBjieHHE U
TeMneparypa, 3HauuT A=0, Torna Q=AU.

3. W3006apueiii mporecc. JlaBineHWe oOCTaeTCs MOCTOSIHHBIM, HM3MEHSIOTCS €ro o0beM |
temneparypa. Q=AU+A'".

4. AnnaGaTHbIN TIpolIece — MPOIeCC, TPOUCXOISIINN 0€3 TeIT000MeHa ¢ OKPYKAIOIIUMH TEeJIaMHU.
AU=A" . TennoBoii JBHraTeih mpencTaBiser co0oil yCTpOMCTBO, MpeBpalnaroiiee BHYTPEHHIOKO
SHEPTHIO TOMJIUBA B MEXaHUYECKYIO.

Koaddunment monesnoro neiictBus (KILJ): n=QH-QX/QH*100%, umun n=A/Qu*100%, tae
A=Qn-Qx KIIJ wuneansHoit TeroBor Mamuubel: M=TH-TXx/Te*100%, rme TH - Temmeparypa
HarpeBartens U TX — X0IOoAUIbHHKA.

2. IIpumepsl penienusi 3axa4

Buyrpennss 3ueprus
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1. Onpenenurte CpeaHIO KWHETHYECKYIO SHEpruro <E> MoleKysbl KHCIOpOJaa, HAXOMISIIErocs
pu teMneparype t=17°C.

Jlawo: Pewenue:

T=(174273) K=290 K 'V zByxatomHoii Moeky/Ibl KiCA0POAA 4HCAO cTenereit cBofoHb!
=5 [=5. Cpennsas kunernyeckas sueprus monexynsl <E>=1/2kT,
k=138*107K  <E>=52%138*107TlwK*290 = 1*10° I

<B>.? Omeem: 1¥10°" I

2. OmpenenuTe CPeAHIO KUHETHYECKYIO SHEPrUI0 BpAIAaTeIbHOTO JIBUKEHUS BCEX MOJEKYI,
cojepkamuxcs B m=4 r kuciopoza npu temmneparype t=17°C

Jano: Pewenue:

m=4r=4*10"kr BpauarensHOMy ABHKCHHIO ABYXATOMHOH MOJICKY/IbI IIPHITHCHIBAIOT

M=32%10"kr/Monb  /iBe CTEMeHH CBOGObI, T.€. i=2. JHEPrits BPALIATE/LHOTO IBHKCHHA

T=(17+273)K=290K  oamoii monexynsi kucnopoaa <Ey> =1/2kT=kT. Cpeanss

NA=6,02%10"mons"  KiHeTHUECKAS FHEPIVIA BPAATE/ILHOIO ABHKCHNS BCEX MONIEKYIT

k=1,38*10Jlx/K <Eyp>=n<Ey>=nkT, rae n-uncno monekyn:n=vNy (1)

<Egp>-? Yucno moneit v=m/M, nostomy n=m/MN, (2). [loacraum(2) u (1),
nonyauM <E>=m/N,kT, nimu <E>=m/MRT, tak kak N,k =R, rae
R=8,31/x/(monp*K).

<Eyp>=4*10"kr*6,02% 10" moms"*1,38* 10 [li/K*290K/32% 10" kr/moms=301 1, wmm

<E>=4*107kr*8 31 J[x/(mons*K)*290K/32* 10 kr/mons~301 [[x.

Omeem: 301 /1x

3. B xanopumerpe CMEIMIMBAIOTCS TPU XUMHUYECKH HE B3aMMOJEHCTBYIOIIME KUJKOCTH MAacCaMu
ml=1 kr m2=10 kr m3=5 xr,umeromue cooTBeTCTBEHHO Temneparypsl t1=6°C, t2=-40°C, t3= 60°C u
ynenbHble TertoeMkocTH 2000 JIx/(kr*K). Omnpepenure Temmepatypy cmecu ® u Ttemiory Q
HEOOXOUMYIO /IS TOCIEAYIONIETo HarpeBanus cMmecu 1o t=6°C.

Jlano: Pewenue:

m;=1xkr W13 ypaBHenus tennosoro OanaHca cieayer, 4to anredpandeckas
my=10kr CYMMa IMOJIY4EHHBIX ¥ OTAAHHBIX JKUKOCTAMHU KOJIHYECTB TEIJIOTHI
m3=5Kr paBHa Hya0: micy (0-T1) + macy(®-T>) + msc3(©-T3) =0
T1=(6+273)K=279K Pemus 310 ypaBHeHHE OTHOCHTENBHO O ,nony4uMm:

T>=(-40+273)K=233K ®=m,c,T+mzc>T> +ms3c;T3/mici+m cotmscs
T3=(60+273)K=333K UtoOb! Harpers cmech 10 Temnepatypsl T, HeoOxoaumo Tenaora:
¢1=2000/x/(xkr*K) Q=mci(T-O)+maca(T-O)+msc3(T-O)=(mjci+macartmscs)(T-0)
¢2=4000/1x(xkr*K) O=1kr*200/x/xr K*¥*279K+10xkr*4000/x/xr K*233K+5kr*2000
¢3=2000/1x(xr*K) Jlx/kr K*¥333K/1kr*2000/x/xr K+10kr*4000mx/xrK+5xr*2000
T=(6+273)K=279K Jox/kr K=254 K
0-7Q-?
Q=[2000/1x/(kr*K)* 1 kr+4000x/(xr*K)*10xr+ 2000/ 1x/(kr*K)*5kr]
*(279-254)K=1.3*10° =1.3 M/
Omeem: 1.3 M]x

IlepBoe Haua 10 TEPMOAUHAMUKH

1. Bomopon maccoit 4r,3aHuMasi mepBoHadanbHeiii 00beM V1=0,1Mm3 ,pacumupsiercs 10 oobeMa
V2=1m3 . Ompenenure: 1) Al-paboty raza mpu u3ob0apHOM mporecce, 2) A2-paboTy rasa mpu
n3oTepMuueckoM npouecce. HauanpHas temneparypa raza T1=300K.
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Hawo: X Pewenne:
mdr=4* 107kt 1) Tlpw wsoGapiost pacumpess (py~const) ras cosepusaet padory

Vol Im ArpVaVrily

Vy= In Jlarncsne raza onpeacases uy ypassenns Knanefipona-Mewieneena
M=2*10xkr/mons PVi=m/MRT, orcwoga p=m/M*RT,/V,(2)

R=8 3 Lo sons*K) Hogcranssm dopayay(2) a (Doony: A=mM*RT/V (V. V) (3)
T, =300K 2) Hpst sriomepMuaeckose pacampenne 1 cosepiaet pabory

Ay-? A=m/MRT,InV,/V, (4) (Inl0=2.3)

Ay-? Buicenns

1) A=42107 kr*8, 3 Lo = ) * 300K/2* 107 kr/seons*0, I *( 1’0, 1n"y=4.5*10° s
2) A 10 k2% 10 ke moan* 8 3 s (v * k) 300K * In 1o /0, In ' =1 1,5% 10" )b=
Omaem; A= 4,510 %, Ay= 11,5*10°]1x

2. Omnpenenute U3MeHeHHe BHyTpeHHel Heprun AU jib/1a Maccoil m=>5 Kr B MPOIIECCe ero TasHus
(naBJeHMs ) IPU HOPMAJIBHBIX YCIOBUSX.

Jano: Pewenue:
m=5 Kr W3meHenne BHYTpeHHEH YHEPriyn 13 NEePBOro 3aKOHA TEPMOANHAMHKH:
A=3,35*%10°Jx/kr  Q=AU+A. Orciona AU=Q-A. Jlna Tasuus neodxoauma tennora Q=Q,, =
P=1,01*10°Tla Am, A-yaenbHas TennoTa niasaeHus. Macca oOpazoBasueiics BOABI My,
T=273K Oyzer paBHa mMacce nbaa m. O6wem Boabl Vs, 00pazoBasumiics U3 abjaa
p:=0.9%10°kr/M° V), GyzieT MeHblite, TAK KaK MIOTHOCTb BOJBI Py2o GOIBIIE MIOTHOCTH b
pr2o=10kr/a’ ps. Ilpu nnasnenun nbaa cosepuaerces padota A=po( V- Vy).

Yuuteisas, uto p=m/V,onpeaensem Vo=puo: Vi=m/p, CneagosarensHo,
AU-? A=po(m/pr20-m/pi)=Po m(ps-pr20/pspr20) Beraucnenns:

Q=3,35*10"wx/xr*Skr=1,7*10° k.
A=1,Ol"‘10511.21"‘51<r*0,9*1031<r/M3-10"’1(1"/1»13/0,9"'103Kr/M3 103Kr/M3=-5511x<
AU=1,7*10°Jl-(-55ak)=1,7*10° ]Ik

Omesem: 1,7%10°[x

Xo0J10ANJIbHAasI MAIlIMHA

1. Temmnepatypa HarpeBarenss wuzaeanpbHoM TeroBod MammHbl TH=500 K,remmneparypa
xonoaunbHuka Tx=300 K. Onpenenurte KII/ TenioBoil MamuHbl N U TEWIOTY Q H, MOJYyYEHHYIO OT
HarpeBaTelisi, €CIIM 3a OJMH ITUKJI MalinHa copepiaeT padboty A=400 Jx.

Jawo: Pewenue:

T,=500K Ko duument none3noro AeifcTais TenI0BOI MalMHb ONpeenseTcs no

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

A=400/1x U3 popmynsi 2 cnenyer, uto Qu=A/

1-? Qu-? Borncenenns: n=500K-300K/500K=0,4; Qu=400/1x/0,4=1000Tx=1x/Ix.
Omeem: = 0,4; Qu= Ix/lx.

2. CamocrosiTeqbHast padora
Bapmuanr 1
1. Ins m3ob6aproro HarpeBanus 800 monp raza Ha 500 K emy coobmmnu 9,4 MJIX TEmaoTHI.

Omnpenenurte paboTy ra3a U U3MEHEHHE €r0 BHYTPEHHEH SHEPTUH.

2. OnHoaTOMHBIN HeanbHBIN raz maccoi 20 r mpu pacmiupeHud 0e3 TermIooOMeHa COBEPILUIT
paboty 249 JIx. Ha ckonpKko TpaaycoB H3MEHUIIACh TeMIlepaTypa ra3a’?

3. KakoBa BHyTpeHHs4 sHeprus 20 Moab 0JHOaTOMHOTrO rasza npu 37°C?

4. Azot maccoit 280 r 611 HarpeT npu noctossHHOM AasieHud Ha 100 K. Ompenenute pabory,
KOTOPYIO COBEpPILAET I'a3 IPU PacCLIMpPEHUH.

5. NpeanpHblil ra3 CHavalla OXJIAKIAJICA MPU IMOCTOSHHOM JABJIICHWUHU, MOTOM €ro JaBJICHUE
YBEIIMYMBAJIOCH MPHU TOCTOSSHHOM OOBEeMe, 3aTeM NpU IOCTOSIHHOM TeMmeparype o0beMa rasa
YBEJIMYMIICS 1O IEpBOHAYaJIbHOr0 3HaYeHus. HapucoBaTh rpauk B KOOpAUHATHBIX ocsaX V-T.
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6. Ecnu uaeanbHbIi ra3 noxydus KoJndecTBo TermaoThl 100 [k, U py 3TOM BHYTPEHHSSI SHEPTUS
raza yBennumiachk Ha 100 [, To ra3 B 3TOM mpoiiecce Kakyo paboTy coBepIIiI?

7. Temnepatypa xonoauiabHuka TemioBoi mamuubel 400 K, temneparypa narpesarens Ha 200 K
0oJbIe, 4eM y xoJnoauiabHuKa. Haiitn MakcuManbHO Bo3MOkHBIN KT/ MammHbL.

Bapuant 2

1. Kak 1 Ha CKOJIbKO M3MEHWIACh BHYTPEHHSISI SHEPTHs ra3a, €ClIU MPH ero afnabaTHOM CHKaTHH
HaJ| HUM ObLIa coepieHa padora 200 Jx.

2. Kakyio paboTy coBepLIMJI HACaTbHBI OJHOATOMHBIN ra3 W Kak MPH 3TOM U3MEHHJIACh €ro
BHYTPEHHSISI DHEPrus NMPU H300apHOM HarpeBaHWM JBYX Mojei raza Ha 50 K? Kakoe kommuectBo
TEIUIOTHI MMOJIYYUJI Ta3 B Mpoliecce TeriooomeHa?

3. Tlpu agmabaTtHOM pacmUpeHHMH BoO3ayxa Obuia coBepmieHa pabora 200 J[x. Uemy paBHO
W3MEHEHUE BHYTPEHHEH dHepruu Bo3ayxa?

4. WneanpHplil Ta3 HarpeBajicsl MPU MOCTOSHHOM JABJIEHUH, [IOTOM €r0 JaBJICHHUE YBEINYWIOCHh
IpU TOCTOSIHHOM OOBeMe, 3aTeM IpU MOCTOSHHOM TeMIleparype NaBjeHHE raza yMEHBIIUIOCH [0
nepBoHavanbHOr0. Hapucosats rpaduk B KoopaAMHATHBIX Ocsx P-V.

5. UneanbHblii ra3 noay4mi koiauuecTBo TerioTel 300 Ik u coBepumi padoty 100 . [Ipu atom
KaK U3MEHWIACh €r0 BHYTPECHHSS YHEPTUs?

6.Temneparypa xonoaunpHuka TerioBo MamuHbel 300 K, temneparypa narpesarens Ha 300 K
0oJIbIIIe, YeM y XOJIOAUIbHUKA. YUeMy paBeH MakcUMallbHO Bo3MOKHBIH KIT/] TermoBoii ManmHb1?

7. UeMy paBHa BHYTPEHHSS SHEPTHs 5 MOJIb OJHOATOMHOIO HIEAIBHOTO Ta3a MpHU TeMIlepatrype
47-C?

@dopma npeacTaBJieHus pe3yabTaTa:

BbinonHuTh 3ajaHue B TETPAAM JUIsl IPAKTUYECKUX padoT.

Kpurepun oneHku:
3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIIIETCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISIETCS OTpUIaTeNbHas olleHKa — () 0anoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% mpaBUIBLHBIX OTBETOB
Oyenxa «Heyoosiemeopumenvhoy svicmagisiemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.3 ArperatHbie COCTOSIHUSI BelecTBa U (pa3oBbie mepexoabl

IIpakTuyeckoe 3ansiTue Ne8

JlaByieHue xkuaKocTeil M TBepAbIX TeJl. 3akoH [lackans.

He.]'lb: HAaYUYUTBCA BBIYUCIIATD AABJICHUC B KUAKOCTAX W TBCPABIX TCJIaX. Haqu/ITBCSI NEPEBOAUTDH
€IMHULIBI U3MEPEHHUS B PA3JIMUHBIE CUCTEMBI
Boinosnenue padorsl cnocodcTByeT GOPpMHUPOBAHMIO:
OK 01, OK 02, OK 03, OK 09, OK 06
MarepuanbHoe oOecneuyeHHe: TeTpaib JUId MPAKTUYECKUX pabOT, pyyka, METOIUYECKUE
PEKOMEHIALIMU 110 BBIIOJIHEHUIO Pa0OThI, JTMHEHKA, KapaH JIaIll.
Yka3anme: [Ipaktuyeckas paboTa COCTOUT U3 JABYX 4YacTel — TeopeTnyeckoil u mpakrtuyeckoil. [Tocne
U3Y4YEHHs TEOPETUYECKOTO0 MaTepHalla MOKHO IPUCTYNATh K BBINOJIHEHHUIO MpakTHUUecKo dacTtu. OHa
COCTOMT U3 JIBYX U OoJiee 3a1ay JUIsl CaMOCTOSITENbHOIrO BhIMOIHeHUs. He 3a0biBaiiTe 0 mpaBHIIbHOM
opopmiiennu pemnieHus. Ha BeImoHeHWE MPaKTHYECKOW OTBOIUTCS JBa akajeMudeckux Jaca. [lopsmok
BBINOJIHEHUS pabOThI
Ilopsinok BbINOJHEHHSI padOThHI:
1. PaccMmoTpuTe TEOpeTHUECKMH MaTepual IO TeMe M MpUMEphl peleHus 3aaad (CMOTpH
METOAMYECKOE MTOCOOHE).
2. Pemmre camocrosiTenbHyto padoty. Odopmure perieHne NUCbMEHHO B TETPALIH.

Kpamkue meopemuvuecKue ceeoenus:
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JdaBiaenne. Atmocepnoe napiaenue. 3akon [lackans. 3akon Apxumena

BennuuHa, paBHas OTHOLICHUIO CUJIbI, JACUCTBYIOIIEW INEPIECHAUKYISAPHO ITOBEPXHOCTH, K IUIOLIAAU

3TOM TMOBEPXHOCTH, Ha3bIBaeTcsi oagieHuem. O6o3HavaeTcst OykBoil minnPu m3MmepsieTcs B MACKaJAX
(ITa). PaccunteiBaercs 1o ghopmysie

_F
P=3

Ammocgpeprnoe Oasnenue — 3TO JaBIIEHUE BCEH TONIIM BO3JyXa Ha 3€MHYI0 IIOBEPXHOCTb U Tela,
HaxojdIHecs Ha Hel. ATMoc(epHOe TaBIeHHEe, paBHOE JaBJICHUIO CTOJ0a PTYTH BBICOTON 760MM mipu

temneparypel°C, naspiBaeTcs HOpManbHBIM aTMOCHEPHBIM JTaBIEHUEM.
Hopwmanbroe atmocdeproe nainenue pasuo 101300 ITa = 1013 rlla.
Kaxnpie 12 M naBnenue ymenbiaercs Ha 1mM. pt. cr. (wim Ha 1,33 rlla)

3akon Ilackans: oasnenue, npouzsooumoe Ha HCUOKOCMb UMU 2a3, nepedaemcs 8 Ja0y0 MOUKy
00UHAKOBO 80 BCeX HANPABTICHUSX.

3akoH ApxuMmena: Ha TeNO, MOTPY)KEHHOE B JKHAKOCTh (WIM ra3, WIM I[J1a3My), ACHCTBYeT
BBITAIKMBAIOIIAs cuia (Ha3biBaeMasi CHIIOH ApXumesa)

- 5

fy=-pg
r7ie p — IJIOTHOCTD XKHUAKOCTH (rasa),

— YCKOpeHHe CBOOOIHOTO majeHus, a V — 00BbEM MOrpykEHHOTO Teia (MU YacTh 00bEéMa Tena,
HaxoJsIIasicsl HIKE TMOBEPXHOCTH). BulTankupatomnias cuia (Ha3blBaeMasi TakKe apXUMEJOBOW CHUIION)
paBHa TO MOAYIIO (M MPOTUBOIOJIOKHA [0 HANPABJICHUIO) CUJIE TSDKECTH, JEHCTBOBaBLIEH Ha
BBITECHEHHBIN TEJIOM 00bEeM KUIKOCTH (Ta3a), U MPUJIOKEHA K IIEHTPY TSHKECTH 3TOT0 00bema.

Crnenyer 3aMeTUTh, YTO TEJIO JOJDKHO OBITh MOJHOCTBIO OKPYKEHO JKMIKOCTBIO (JINOO mepeceKkaThes
MOBEPXHOCTHIO JKUAKOCTH). Tak, Hampumep, 3aKk0OH ApXHMeJa Heslb3sl IPUMEHUTh K KYOHKY, KOTOPbIi
JIEXKUT Ha JIHE pe3epByapa, FEpMETUYHO Kacasch JAHa.

Coobmarmomuecsi cocyabl

TIOEE[IHIOCTE
payiETa

PaCCMOTpHM COOGH.[&IOH_II/IGCH COCybl, 3allOJIHCHHBIC HCCMCIIHNBAIOMIUMHUCA KHUAKOCTIAMU C pa3H0171

IUIOTHOCTBIO. JIsSi Kak/IOH SKMIAKOCTH B OTACIBHOCTH CIpaBe{iBO ypaBHenme P2 —Pi+P 8 h
Hcnonb3yeM ero st onpenenenus BeIcOT ctoi00B hy u hy. PaccmoTpum ciydaif, korna Ha cBOOOAHOM
ITOBEPXHOCTH >KMJAKOCTEH JABJIEHUS OJMHAKOBBI M PAaBHBI Po . Tak Kak BCE TOYKM MOBEPXHOCTH pazjiena
IIPUHAJUIEKAT OJHOPOIHOM KUIKOCTH, TO 3Ta IIOBEPXHOCTD SABJIAECTCS OJHOBPEMEHHO U MOBEPXHOCTHIO
PaBHOTO JIaBJICHMS.

IIpuHIUn padoThl NPOCTEHIIMX THAPABIMYECCKHX MAIIMH
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To 00CTOSITENBCTBO, YTO JKUIAKOCTH OYAYYH MPAKTUIECKH HEC)KUMAEMBIM H, PABHOMEPHO TEPENAI0T 110
BCEMY CBOeMYy 00BEMY BHEIIHEE JaBJICHHE, MIMPOKO MCIOIB3YETCS B Pa3IMYHBIX OTPACISIX TEXHUKH (B
THIIPONPUBOIaX, THAPOABTOMATHKE, THIPABIMYECKUX TOPMO3aX M YCHWIIUTENSAX U T.II.). DTO CBOWCTBO
KHUJKOCTH Takke 3(P(HEKTHBHO MPUMEHSIOT B TaKUX MPOCTEHINMX MaIlMHAX, KaK THIPABINYCCKUE
JTOMKpaThI (IMTObEMHHUKH) U TIPECCHI.

[TpuaIMI BX pabOTH OCHOBAH HA CIICAYIOMIEM: UMEIOTCS JIBa COOOIIAIOMINXCS MEXKIY COO0H IUIHHIpa
pasHoro auamerpa [Ipuiaras kK MOPIIHIO MEHBIIETO M3 IUIMHIPOB KaKYO-TO BHELIHIOW CHIY P1, MBI

_h
" —5_
TEM CaMbIM CO3/1aéM Ha IMOBEPXHOCTH JKUIKOCTH B ITOM LWJIMHJAPE JaBIICHUE 1 | KoTOpOE
PaBHOMEPHO IEePeIaeTCsl BO BCE TOUKH MPOCTPAHCTBA, 3aIIOJIHEHHOT'O JKUIKOCThIO. Torma Ha MmopiieHb

OosbIIero w3 IMWIMHAPOB (03 ydera MoTeph) OyAET JCWCTBOBATH MOJBEMHAs CHIIA Py =PiS2 yym

S
P, =P, =
S]- . Takum o6pa30M, yeM OoJIbIIe Pa3HATBCA MCKOAY cobon Iiomaan IOIICPCYHOro CCUCHUA
WIMHAPOB, TeM O0JBIIYIO (TIOBEMHYIO, CKMMAIONIYIO, TIEPEMEIAIONIYI0) CHITYy MBI ITOJIy4aeM B TaKUX

TuApPaBIMICCKUX YCTPOﬁCTBaX.

BenmunHa cuiabl BECOBOro AABJICHUA JXUAKOCTH Ha JHO pE3€pBYyapa 3aBUCUT TOJIBKO OT IIJIOTHOCTHU 3TOH
KHUAKOCTH, INIomain JHa U FJ'IY6I/IHBI €T0 MOI'PYy>KCHUs 110 CBO6OI[HOI71 ITOBCPXHOCTLIO. HpI/I 3TOM BECC
KHUOKOCTHU, HAJIUTON B COCyId, MOKECT OTJIMYATLECA OT CHJIbI JAaBJICHUS, OKa3blBaCMOro €r0 Ha JHO, T.C.
CHJIbI HaBJICHHUA JKXKUIAKOCTH Ha JHO PE3€pByapa HC 3aBUCAT OT €ro (I)OpMLI N KOJINYCCTBa KHUAKOCTHU

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

1 2 3

2)

Tak B PaCIIMPAOIINXCA KBEPXY COCyaAax CHJia BCCOBOI'0 AABJICHWA Ha JHO MCHBIIC BECAa KHUJIKOCTHU, B
LWINHAPUYECKUX OHM OJUHAKOBBI, @ B CYKMBAIOIIMXCSl KBEpXY — CHJIa JaBJeHUs Oouble Beca
3aKJIIOYEHHOM B COCY JKHUJIKOCTH.

Tak kak HailieHHas cuja SBJISIETCS PaBHOJEHCTBYIOIIEH, TO MOMHUMO €€ BEJIMYMHBI HE0O0XOAUMO
OTIpEICTIUTh U TOUKY €€ MPUIIOKEHHS, Ha3bIBAEMYIO LIEHTPOM JaBiieHus. LIeHTp TsxecTu coBmagaer c
LIEHTPOM JIaBJIEHMS TOJBKO TOIZA, KOIZIa paccMaTpuBaeMas IUIOCKas IIOBEPXHOCTh JIEKHUT B
TOPU30HTAIBHOMN TUIOCKOCTH.

[TocKkOJIBKY THAPOCTATUYECKOE NABJIEHUE p SBISAETCS MOAYJIEM THAPOCTATHYECKOTO HAMPSIKEHUS ,
3H}OpBI HOpMaJ'II)HOFO I‘I/I}IPOCT&TI/I‘IGCKOFO Haprl)I(eHI/IH MOFYT 6I)ITI) HOCTpOGHBI C HUCIIOJIB30BAHUECM
3aBUCHMOCTH M TPUMEHEHBl Ji1 ONpEeNCNIeHHs BEIMYMHBI B JO0OM TOYKE paccMaTpuBaeMoit
HOBerHOCTI/I. HpI/I 3TOM cnenyeT IIOMHUTB, YTO OTO HaHpH}KeHI/IC HanpaBneHo 10 HOpMaJ'II/I K INTOIAAKE
JICHCTBUSL.

PaccMoTpuM MOpANOK IOCTPOCHHS DIIOPHl  HOPMA@IBHBIX THUAPOCTATHYECKHUX HANPSKEHUH Ha
BEPTUKAIBHYIO CTEHKY , YPOBEHb JKHUJIKOCTU B KOTOPOU f.
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Oniopvl HOPMATLHBIX 2UOPOCMAMUYECKUX HANPANCEHULL

BHemiHee ruapocraTHuecKoe JaBlIeHHE po PABHOMEPHO IMEpelaeTcs KHUIKOCThIO 110 BCEMY €€ 00BbeMy.
OtnoxxuB B Macmtabe Ha NEPIEHAMKYISIpaxX K paccMaTpUBaeMOW IUIOCKOW CTEHKE B €€ BEpXHEW U
HVDKHEM 4YacTU po U COEAMHMB KOHIIBI BEKTOPOB IPSMOH JIMHHEH, IOJNYyYUM IPSIMOYTOJIbHUK-IIOPY
HOPMAJIbHBIX HAIPSDKEHHH, BBI3BIBAEMBIX BHEUIHMM JaBlieHHEM. 30BITOYHOE THApOCTATHYECKOE
JaBlieHHME HU3MEHSeTCs MO TIJIyOMHE IO 3aKOHy MpsMoi, mpuyeM OHO paBHO O Ha cBOOOIHOM
MOBEPXHOCTH JKUJIKOCTU M MaKCUMaIIbHO — y jiHa (PgH).

Taxkum 06pa3oM, 3MIOPEl HOPMAIBHOTO U30BITOYHOTO MAPOCTATUYECKOIO HANPSDKEHUS UMEIT (hopMy
IPSIMOYTOJIBHOTO TPEYroJIbHUKA. DIMI0pa HOPMAIBHOTO a0COIIOTHOIO MMAPOCTaTUYECKOT0 HAIPSIKEHUS
MIOJIy4aeTCsl B pe3yJIbTaTe CI0KEHUS MPEAbIIYLIUX ABYX 3II0P U UMEET GOpMYy Tparenuu.

AHaANOTMYHO CTPOATCS AMIOPHl HOPMAIBHOTO THJIPOCTATUYECKOTO HAMNPSIKEHUS B CIIy4ae HAKJIOHHOM
creHkd. C MOMOIIBI0 TOMOOHBIX HAHIOP MOXHO Trpapuyeckd CyMMHpPOBaTh HOPMallbHOE
TUAPOCTATUYECKOE HAIPSHKEHUE NPU JIEUCTBUM OAHOPOJHBIX HIIA PAa3HOPOAHBIX MKUIKOCTEM C JIBYX
CTOPOH IUIOCKOW CTEHKH.

C moMOIIBI0 AMIOPEl HOPMATBHOTO THAPOCTATUYECKOTO HAIMPSDKCHUS MOXKET OBITh TMOJICYMTAHA CHJIa
THIPOCTaTUYECKOTO JIaBIIEHUS! Ha IMJIOCKYIO MOBEPXHOCTH, MOCKOIBKY 00BEM TaKOH SMIOPHI YUCICHHO
paBeH BeMYMHE 3TOW cHiIbl. [IprdeM cuia 1aBieHus Ha TUIOCKYIO MMOBEPXHOCTH MPOXOIUT Yepe3 ICHTP
TSOKECTH  DMIOPHI,  MOJOKEHHWE  KOTOPOro  JUisi  TpameleuAalbHOM  JMIOpHl  HOPMAaIbHOTO
THJIPOCTATHYECKOTO HAIPSDKCHUS HA MPSIMOYTOJIBHYIO CTCHKY MOXET OBITh OMpPENEICHO TpaduvaecKu
WK 110 popMyIiam.

1. Ilpumepsl penieHus 3a1a4
1. Onpenenuth naBiieHHe OCH3WHA HA JHO ITUCTEPHBI, €CIU BBICOTA CTON0OAa OcH3WHA 2,4 M, a €ero
MI0THOCTB 710 KI/MC.

Jlano: Pewenue.

h=24mMm p=pgh

p=710kr/™M’ | p=710 kr/m’ + 10 H/kr+2,4 m
g=10H/kr | p=17040 [1a= 17,04 xIla
p—1? Omeem: 17,04 xlla

2. Kakas ®HJIKOCTh HaXOAUTCS B COCYy/IE, eciu cToi0 BbicoTol 0,3 M oka3biBaeT fnasnenue 5400 I1a ?
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Hawno: Pewernue:

h 0,3 M P
2 =5400 Ila p=pgh p= o
&= 10 H/xr 5400 Tla

----- : = 1800 kr/m’

p="
Omeaem: CepHas KHCJIOTA

3. B Gousbmioi cocys ¢ KBapaTHBIM JTHOM IUIOMIABI0 9 M2 B BEpTUKAIBHBIMA CTEHKAMHU HAJIMTA BOJIA
(cM. pucyHok). KakoBa BbICOTa ypOBHS BOABI B COCYZIE, €CIIH CUJIa €€ IaBICHUs Ha OOKOBYIO
MMOBEPXHOCTh COCY/Ia PaBHA CHJIC IaBJICHUSI HA THO?

HdaHxo: :

F,=F, . :

Snng 1

p. = 1000 =L — | }h—?
= A== == =

h—? =

Pemenue:
JlaBneHue BOABI Ha HO cocyAa pasHO: P =p gh.
Ilromans gHA cocyza paBHa: S = a°, Tle @ — CTOPOHA

KBajpara.
2
Cuna ﬂzaBJIeHI/IH Ha AHO cocyza pasHa: F,=P,S=p gha”;
F,=p.gha”.
JaBieHne JKUAKOCTH Ha DOKOBYIO MOBEPXHOCTH COCYAa

yObIBaeT ¢ BBICOTOH OT i, mO3TOMY B cpenHem P, = psgg.

ITnomanes 60KOBOH MOBEPXHOCTH COCYHAA, HCIBITHIBAIO-
meil gaBieHHe, paBHa: S; = 4ah, a cuna gaBieHus1 Ha DOKO-

BYIO IOBEPXHOCTh paBHa: F, = B.S; = pBg%4ah o
Ilo ycinoswuio 3anaun F, = F, Torga p,gha’® = png122—4ah.

Cokpamas Ha p,, &, I, a, nonyuaem: a = 2h, Torga h = 2, HO

2
a=4/S.

JS

Orciona cnexpyer, uto |h = 3 I

IlogcTaBuB B OPMYJIy YHCIOBEIE AaHHBIE, MOJIYIUM:

_49_8_
h= 9 —2—1,5M.

OrBeT: h=1.5 M.

4. B cocyn, umeromuii hopmy munuHApa ¢ paaumycom 10 cMm, Hamum 3,14 Kr MOJACOIHEYHOTO Macia
(cm. pucyHoK). OnpenenuTs JaBjIeHUE Maciia Ha THO COCYy/Ia.
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IHaHoO: CH R
R=10cMm 0,1m e
m=3,14 xr

KI
p=800F
P-7?

Pemernue:

JlaBieHne JKUAKOCTH HA JHO COCYAA PABHO OTHOIIEHHIO
CHLIBI TSIKECTH JKUAKOCTH K ILIONIAAH JHA COCYAa.

Tak kak F = mg — cuia TsayKecTH Macjaa, a S = nR? - mio-

F
mansb AHa cocyzaa, nmoaydmm: P = —

5
m
Orcroona cnenyer, uro |P = nRi A
ITogcraBuB B GOpPMYJIy YHCIOBLIE JaHHBIE, TOJIYIUM:
314-10 .10 _ 1000 Ila.

T 3,14-(0,17 0,01
OrseT: P=1000 Ila.

5. B cocyne HaxoaaTCs OIMH 32 IPYTUM TPH €105 HECMEIIMBAIOLIMXCS )KUIKOCTEH: BOAa, Macio,
PTYTh (CM. pUCYHOK). BricoTa kaxxaoro ciost 5 cMm. OnpenenuTs aBiIeHUE KUIKOCTEeH Ha THO
cocyja U Ha riryousne 7,5 cm.

JHano: CH
hl = hz = h3 =5cm (0,05 ™ :::::::::
h="17,5cx 0,075 m ——Macwp, —| h,
p, = 1000 =L =
= —
——Bopap —| rrh,
KI E e T 2
p o = 900 F e
p, =13600 X% —=Piyiep, —| Fh,
P-? -
P, -7

6. Konmueckas mpoOka mepeKphIBaeT Cpasy JBa OTBEPCTHS B TUIOCKOM COCY/IE, 3aIIOJTHEHHOM
xuakocteto npu gasiaeHuu 2000 I1a (cMm. pucynok). Paguyc otBepctuit R =2 cm, r =1 cm.
OnpenenuTts CUITy, IEHCTBYIONIYIO Ha TPOOKY CO CTOPOHBI KUKOCTH.

Hano: CH
P=20001IIa |0,02m
R=2cm 0,01 m
r=1cm

F-?
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Pemeunmne:
Cuana, aeiicreyiomasi Ha npoOky B 60J15110M OTBEPCTHH,

pasna: F, = PS,, rne S, I10mAaabL HOABIIOro OTHEPCTHMN;
S, = nR?, Torpa F, = PrR®.

Cuna, aeiicreyomast ua npobKy B MAJIOM OTBEpCTHM,
pumm:'Fz = PS,, rae S, MJOMIAAL MAJOro OTBEePCTHH,

S, = nr®, Trorna F, = nPre.
Cuna, aeficreyomas Ha npodKy CO CTOPOHLI JKHJIKOCTH,
2 f P o
pasna: F=F, — F,; F=xPR" — nPr- = nP(R" - r").

Orcona caeanyer, 410 [F‘ = nP(R* — r* )].

IMoacrasus B (3)()[)My.ny HMCJAO0BLIC JAHHLIE, ITOJYHMMI

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

Oreer: F=1,884 H.

CamocrosiTesibHas padora.

1. Bo ckonbko pa3 naBieHHE BOAbI Ha JHO KodeiiHuka Oojblle, 4YeM Ha JHO YalHHKa, eCiH
BbICOTa CTOJ10a BObI B Kodeitnuke 30 cM, a B yaiitHuke — 12 cm?

2. OmnpenenuTs BBICOTY YPOBHS BOJIbI B BOJOHAIMIOPHOI OaIliHe, ecii MaHOMETp, YCTAaHOBIECHHBIN y
ee OCHOBaHMs, noka3biBaeT nasienue 220 klla.

3. BeicoTa cronba Boasl B cTakaHe 8 cM. Ha ckonbKo naBieHue PTYTH HA JHO CTakaHa ObLIO Obl
0oJIbIIIe, €clTi OBl PTYTh HAJWIMA B CTAKaH JI0 TOTO e YPOBHS?

4. Inuna axBapuyma 40 cm, mmpuna — 20 cM, Beicota — 30 cMm (cM. pucyHok). C kakoit cuioit
BOJIa IaBUT Ha JHO akBapuyMa? Bojia HUKe BEpXHEro Kpasi akBapuyMa Ha 2 CM

5. Cocyn umeet Maccy 15 kr. Korga B Hero moBepxy qoJuiu BoJibl, Macca crana 40 kr, a Korja B
3TOT K€ COCYJ HaJIWIN JOBEpPXY HEU3BECTHBIN pacTBOp, TO Macca cTana paBHO# 45 kr. Ompenenuthb
JlaBJICHWE HEM3BECTHOTO pacTBOpa Ha THO COCYJa, €CIIH BbICOTa cocyza paBHa 0,5 M.

6. B uBerounyro Ba3y HanuTa Boja. JlaBnenue Bojsl B Touke (1) Oonbie, ueM B Touke (2), B 1,6
pa3a. Touka (1) orcTout ot AHa Ba3bl Ha 4 cM, a Touka (2) — Ha 10 cm (cMm. pucyHok). KakoBa BbicoTa
BO/JIbI B Baze?

7. B cocyn, miomianb MOMEPEYHOTO CEYCHHS KOTOPOTO YMEHBINAETCS B HANpPaBICHUH OT JIHA K
BEpPXHEW YacTH, HaIUTa JKUIKOCTh Maccod 1,6 kr (cMm. pucyHok). O0beM >KUIKOCTH paBeH 2 I
BricoTa sxxunkoctu B cocyne paBHa 20 cMm. Haiitu naBieHue )uUIKOCTH Ha JTHO cocyna. h

8. Kakyto cuty n1aBieHust UCTIBITHIBACT CTEHKA akBapuyMa AnuHoi 40 oM, eciu yroin ee HaksioHa 60°, a
BbICOTa BOJIbI B akBapuyMe 20 cM (cM. pucyHok)? Atmocheproe nasienue 105 Ila.
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dopma npeacTaBJeHus pe3yabTaTa:

BhImonHUTE 3a/laHue B TETPaIu s MPAKTHYECKUX padoT

Kputepuu onenku:
3a MpaBUIILHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTpUIIATENbHAs olleHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIbHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbHoy svicmasisemcs 3a Mmenee 60% nmpaBUIBHBIX OTBETOB

Tema 4.1 DnexkTpocraTuka

IIpakTuyeckoe 3ansaTue Ne9

Pemenne 3aga4 no teme «JuekrpocraTuka. CoelMHeHHe KOH/IEHCATOPOB

Heab: M3y4yuTh JNIEKTPUYECKOE MOJIE, 3HATH €ro MPHUPOAY, €ro JEHCTBHUE Ha JIIEKTPUYECKHE
3aps/bl U ApYyrue dJaeKTpuueckue mnods. Hayuutbes pemarts 3ajaun Ha COEJUHEHHE KOHJIEHCATOPOB.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 03, OK 09, OK 06

MarepuanbHoe o0ecneyeHHMe: WHJIUMBUIYaIbHOE 3aJlaHUE, KOHCIIEKT JIEKLIUH, CIpPaBOYHbIE
MaTepuabl.

Yxka3anme: [IpakTuueckas paboTta COCTOUT U3 ABYX YacTed — TEOPETUYECKOM M MPAKTUUYECKOU.
ITocne n3ydeHns TeopeTHYeCcKOro MaTepruasa MOKHO IPUCTYNATh K BBITIOJHEHUIO IIPAKTUYECKOM YacTH.
Ona cocTouT W3 JAByX U Oozee 3agad Ui CaMOCTOSITENIbHOTO BbINoNHEeHUs. He 3a0biBaiite o
MpaBIWILHOM O(GOpMIICHUH pelleHus. Ha BhIMOTHEHHE MPaKTUYECKON OTBOIUTCS JBa aKaJeMHUUYECKUX
Jaca.

IHopsaok BbINOJIHEHUS PA0OTHI:

1. PaccMoTpuTe TeopeTHMUECKHIl MaTepuan MO TEeMe U MpUMEpPbl pelleHus 3aaad (CMOoTpH
METOAMYECKOE ITOCOOHE).
2. Pemmre camocTosTensHYO padory. OdhopMuTe pemeHne MICbMEHHO B TETPAJIH.

Kpamkue meopemuueckue ceeoenus:

HannektpuzoBanHoe Teno — TeJ10, 001a1atolee CBOWCTBAMU, MPOSBIISIONIMMUCS B dJIEKTPHUECKUX
SIBJICHUSIX.
Heo0OxomnMa KonyecTBEHHAsI Mepa CBOMCTB HA3JIEKTPU30BAHHOTO TEa.
Dnexrpuueckuii 3apss (Q; q) — Mepa CBOMCTB HAYIEKTPU30BAHHBIX TEJI, TPOSIBIISIONIMXCS B
anekTpuueckux sBiaeHusx [Q] =1 K — kynon.
B3aumoeicTBus Ha3IEKTPU30BAHHBIX T€JI OTHOCAT K 271eKMPOMASHUMHBIM 83AUMOOELCTNEUSIM.
DneKTpu3aiys — nporecc coooueHus Teny (JInbo nepepacnpeaeaeHus MeX Ty YacTIMH Tea)
ANEKTPUYECKOTO 3aps/a.

e OaHMM U3 CIIOCOOOB NEKTPHU3ALMHU ABISIETCS TPEHHE.

e 113 OmbITOB U3BECTHO, YTO CYIIECTBYET JIBa BUJA dJIEKTPUUECKUX 3apsa0B. VX yCIIOBHO Ha3bIBaIOT

MOJIOKUTENBHBIMU U OTPUIIATEIbHBIMH.

Todeunslit 3apsi — 3apsl, PacOIOKEHHBIA Ha TeJe, pa3Mepbl KOTOPOTO MTPEHEOPEKUMO MaJTHI.
W3 ombITOB U3BECTHO:
1) oqHOMMEHHBIE 3apsIIbl OTTATKUBAIOTCS, PA3HOUMEHHBIE — PUTATUBAIOTCS;
2) HauMEHBIINH (JIEMEHTAPHBII) ANEKTPUUYECKUH 3apsil, CYLHIECTBYIOIUI B IPUPOJIE — 3aps]

9
snektpoHa e = L6-1TKy,
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e 3apsn tena g = N-e, rae N — KoJIMUECTBO AIEMEHTapHBIX 3aps/10B € B 3apsje (.
3aKOH COXpaHEHMsI DJIEKTPUUECKOTO 3apsiia: B AIEKTPUUECKU 3aMKHYTOW CUCTEME TEJ MOJTHBIN
UIEKTPUUECKUI 3apsaa (CyMMa BEJTMUUH MOJI0KUTEIBHOTO U OTPULIATENLHOTO 3apsI0B) OcTaéTcs
IIOCTOSIHHBIM.
3HaYMT, SIEKTPUUYECKUN 3apsi]l HE BOZHUKACT U3 HUUETrO M HE Mcue3aeT OeccIeTHO U MOXKET IepeX0InuTh
OT OJHOrO Tejla K Ipyromy Inpu F _p9 9, OUCKTPOMATHHTHEIX B3aMMOJECHCTBUSIX.

-

3akon KyJiona: snexrpuueckas (KyJIOHOBCKasK) cuna F, B3auMomeHCTBHS IBYX TOYEUHBIX

ANEKTPUIECKHUX 3apsiioB (; W (; B BaKyyMe NPSMO MPOTIOPIHOHAIBFHA MPOU3BEACHHUIO WX BEIHYWH, 00paTHO
MPOMOPIIMOHANIbHA KBaApaTy PACCTOSHHSI I' MEXIYy HHMMU W HaIpaBJIeHA BIOJb TNPSMOHN, COCTUHSIONIEH 3TH
3apsabl.

k=9¢mf+ﬂq Fophg_ 1 a4
Kn” - F * dme, ¢° KO3(G(OUIHMEHT MPOMOPIHMOHATBHOCTH.
B psage cinyuaeB s yIpolieHus pacyéroB K ym1o0HO MPeaCTaBiIsTh B
k= J -
BUJIE: dmey | Torna:

Kn”

£y =8.85-10 "7 .
DneKkTpuydecKast MoCTosHHAs — KO3 HUITUEHT H-wm™

e (Cua B3aMMOJIEICTBHS 3apsJI0B B CPEJIE MEHBIIIE, UEM B BaKyyMe.
OtHOcHTeNnbHAS TUIJICKTPUUECKash IIPOHULIAEMOCTb CPe/ibl (&) — BEJIMYHMHA, TOKA3BIBAKOIIAs, BO CKOJIIBKO

pas cuia B3auMmoeiicTeus 3apsaaos B cpenie (F.) MeHble, 4eM B Bakyyme (©+).

AOGCOoMIOTHAS IUAIIEKTPUUYECKAs IPOHUIIAEMOCTh CPEIbl — IIPOU3BEACHUE &o-€.

DNeKTpUYecKoe Iojie — OCOOBIH BHUJ MarepuM, NPOSBISIOLIMICS BO B3aMMOJAEWUCTBUU C
ANEKTPUYECKUMH 3apsIaMH., CyHIECTBYET BOKPYT KaXKJOTO 3apsia U 3apsiibl B3aUMOJICHCTBYIOT IPYT C
APYrOM ITOCPEICTBOM ATOTO MOJIS.

HanpsokéHHocTh amekTprudeckoro mons (L) — BekTOpHas ¢u3uvecKas BEIMYHMHA, YHCICHHO paBHAs
CuJjie, ¢ KOTOPOM I0JIe JEUCTBYET HA €IMHUYHBIN TOUYEUHBIM IOJIOKUTENIBHBIN 3aps/l, IOMEIIEHHBIN B
JAHHYIO TOYKY MOJIA.

A

H g H B
LA -3 [ PATE [ q
g Kn M £ - cunoBas K =14k ;  XapakTEPUCTHKA TOYKH DIIEKTPUUECKOTrO
E-r
T1OJIA.
PaGota nosist mo nepeMmenieHuto 3apsaaa
A=qE A rre AX — Pa3HOCTh KOOPAMHAT KOHEYHOTO M HAYaJbHOIO MOJIOKEHUN 3apsaa.

A=q-tp —@:} rpe #1 %2 - pa3HOCTH TIOTEHIMATIOB.

Css3b HANPAKCHHOCTH U PA3HOCTH NMOTCHIHUAJIOB

B

M. T. e. HaprDKéHHOCTB OIHOPOJHOTO JJICKTPHUYCCKOTO ITOJIA YUCIICHHO paBHA
Pa3HOCTU MOTCHIUAJIOB Ha CAMHULIC NJINHBI CHJIOBOM JTUHHU.

L =) _
£= Ad [E] 1

DrekTpudeckas eMKoCTh nmpoBoanuka (C) — @) OTHOIIeHHE 3apsiya Q MPOBOJIHAUKA K
K C=—
c]l-122 210 o
ero NOTEHIHANY ¢. B — dapan

Konnencarop — cuctema AByX MPOBOTHUKOB (OOKIIAI0K), pa3IelIEHHBIX CIIOEM TUAJIEKTPUKA,
MpeHa3HauYeHHAas 71 HAKOTUICHUS ¥ XPaHEHUs 3apsija.

EMKOCTB nockozo koHeHcaTopa (0OKIaaKN — MIOCKHE MIACTHHBI) ONPeAeNsIoT o gopmyie: , rae S —
IUIOIIA b OOKIIAAKH; 0 — pacCTosTHUE MEX Ty OOKIIaKaMK

Coequnenne KOHAECHCATOPOB:

[TocnemoBarenbHOE COCTMHEHHE KOHIEHCATOPOB — COSAMHEHHE, TIPU KOTOPOM TOCIIE 3apsAKH
OTpHUIATENHHO (TTOJIOKUTETHHO) 3apsbKeHHAst 00KIIaAKa TMPEIbIIYIIEro KOHASHCATOpa COSIMHEHA C
MTOJIOKUTEIBHO (OTPHUIIATEIILHO) 3aPsHKEHHOM 00KIIaAKOM TOCIEYIOIIETO.
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Hapanﬂeﬂbﬂoe COCIUHCHNEC KOHACHCATOPOB — COCAUHCHUC, ITPU KOTOPOM ITOCJIC 3apsAaKH BCC
ITOJIOKHUTECIIBHO 3apsSXKCHHBIC O6KJ'IaI[KI/I C06paHbI B OJUH Yy3€JI, BCC OTPULATEIIbHO 3aps’KCHHBIC — B

JIPYTOH.

i

-26 C,, =C, +..+C,

CamocrosiTesbHast padoTa

1.

2.

3.

C xako# cuioi B3aUMOJEHCTBYIOT ABa 3apsaaa (1M (2, HAXOIAIIMECS HA PACCTOSHUM T B CPENIE C
JURJIEKTPUUECKON IPOHUIIAEMOCTBIO €7

Ha xakoMm paccTosHMM Apyr OT Apyra 3apsabl (iM (2 B3aUMOJEHCTBYIOT ¢ cwilod F, ecnu
OTHOCHTEJIbHAS AUAJIEKTPUUECKask MIPOHULIAEMOCTh cpelibl €7 (q1,02 U € U3 3aaauu Nel)
Onpenenuts BEIMYUHY KaKJIOTO U3 IBYX OJUHAKOBBIX 3apsJ0B, €CIIU B CPENE C OTHOCUTEIBHOU
JIUDJIEKTPUYECKON IPOHMIIAEMOCTBIO CpPEAbl € Ha PacCTOSHUM T Jpyr OT Jpyra OHHU
B3aUMOJICHCTBYIOT C cuiion F.

OmnpenenuTh HANPSHKEHHOCTH TOJSI B TOUKE, TlIE JICHCTBYET IeKTpudeckas cuia F Ha mpoOHbIi
3apsn q.

Haiitu HanpsikeHHOCTB ToJisi, 00pa3oBaHHOTO Toue4HbIM 3apsiioMm q=10 mMxKi.Ha paccrosHum r
B CpEJle C OTHOCUTEIBHON AUAJIEKTPUUECKON IPOHULIAEMOCTBIO €.

B onHOpOAHOM 37€KTPUUECKOM I0JI€ HanpsbKeHHOCThio E mepemeriaercs mo CHIIOBOHM JTMHHUM
3apsan q=10 mxKn. Omnpenenute paboTy 3JIEKTPUUYECKOTO MMOJIs, €CIH MEepeEMELICHNEe COCTaBUIIO
AX.

HanpspkeHne Mexy TOUKaMH 3J€KTPUUECKOTO TOJIS 10 CHWIIOBOM JuHUM paBHO U, paccTosiHue
Mexay HuMu AX(u3 3amaun Ne6). KakoBa HanpsikeHHOCTD 1OJIst?

Kakyto paboTy HY>XHO COBEpLIMTbH JUIsl TOTO, 4yToObI 3aps q=10 HKi nepemectusics U3 TOUKH
MoJis € MOTEHLMAJIOM (1 B TOYKY C MOTEHHHATIOM@2?CxeMy NepeMelieHusl 3apsijia B
JIEKTPUUECKOM T0JIe M300pa3uTh rpauuecKy.

KakoBa €MKOCTh NMPOBOJHMKA, MOTEHIIMAI KOTOPOTO M3MEHSETCSl Ha AQ NpU COOOUIEHUH eMy
3apsana q=9 uKu ?

10. Onpenenuth emrocTh 0aTapen Ce,r, €ciu KoHAeHcaTopsl ¢ eMKocTssMu C1=10 nd, C,=15 n® u

C3=20 n® coemuHunu: a) TocienoBaTenbHO; ©0) mapamnenbHo. CXeMbl COCTUHEHHS
KOHJIEHCATOPOB HAYEPTHUTh.

Ne ] 2 | 3 4 5 \ 6 7 8
B | q | @ r £ F £ r | F q f £ E [AX| U [ | ¢
p HK | BK | om mH cm | MmH | MH | 8Ka | o |HK| e | B |B
1 1 | o Bl
1 | 1 2 81 10 1 2 90 10 5 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 (25| 3 3 6 70 30 15 1 3 30 | 33 | 330 | 300 | 350
4 - 4 8 2,1 40 Bl 8 60 40 20 l - 40 32 | 110 | 400 | 200
5 b 5 10| 6 50 5 2 50 50 25 1 5 50 | 31 | 220 | 500 | 100
6 6 6 2 7 60 6 - 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 | 21| 8 8 S 20 80 40 5 8 80 | 28 | 220 | 800 | 850
9 9 9 8 25| 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

®opma npeacTaBiaeHusl pe3yJabTara:
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BEIMOTHATE 3a/1aHue B TETpaau s PAKTHYECKUX PadoT.
Kpurepun onenkmn:
3a MpaBUIIHLHO BBHITOJHEHHOE 33JJaHHE BHICTABIISICTCS TIOJIOKUTENBbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBUE, 3aJJaHUE BBICTABIIACTCS OTpULIaTeIbHAas oleHKka — 0 OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbHoy svicmasisemcs 3a Mmenee 60% nmpaBUIBLHBIX OTBETOB

Tema 4.2 3aK0HBI IOCTOSTHHOI'O TOKA

IIpakTnueckoe 3ansaTue Nel0
Pemenue 3aga4 «3axkon Oma 1uis1 yuactka nenu. Conporuienue. CMelIaHHoe coeTMHeHHE

MMPOBOJHUKOB»

Heab: 3akpenuTh yMEHUS W HaBBIKM BBIYMCIICHUS CHIIBI TOKA, HAMPSHKEHUS, COMPOTUBICHUS T10
OlpeseNeHu0 U 1Mo 3akoHy Oma Juid y4yacTKa LEeNu, a TakXe C YYeTOM 3aKOHOB pa3JIMYHOTrO
COEIMHEHHS IIPOBOTHUKOB.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 03, OK 09

MarepunanbHoe obecrnieyeHue:

TeTpaab Uil MPAaKTHUYECKUX paboT, pydka, METOAMYECKHE PEKOMEHJAIMU IO BBIIOIHEHUIO
paboThl, TMHEHKA, KapaH/all.

Yka3anmue: [Ipaktuueckas pabota cOCTOUT U3 ABYX YacTed — TEOPETUYECKOM M MPAKTUYECKOU.
[Tocne n3ydeHus TeoOpeTUUYECKOro MaTepruaga MOKHO MPUCTYIATh K BHIIIOJHEHUIO IPAKTUUECKON YacTH.
Ona coctouT W3 JAByX W Oozee 3agad Juis CaMOCTOSITENILHOTO BbINONHEHUsA. He 3a0biBaiite o
IMpaBHUJIbHOM 0(1)OpMJICHI/II/I pelicHus. Ha BreImmomHeHme HpaKTquCKOﬁ OTBOJAUTCA JABa aKaJCMHYCCKHUX
Jaca.

IHopsaok BbINOJIHEHUS PA0OTHI:
1. PaccMoTpute TEOpeTHUYECKUM MaTepual TO TeMe M TPHUMEPHI pelieHus 3axad (CMOoTpu
METOJINYEeCKOe ocooue).
2. Pemmte camocTosTensHYO padory. OdhopMuTe pereHne MICbMEHHO B TETPAJIH.

1. Teopus

1.DnexTpudyeckuil TOK-HaNpaBiIEHHOE JBM)KEHUE CBOOOAHBIX 3apsnoB. Cwioil Toka (I) HaspiBaercs
BEJIMYMHA, YUCICHHO paBHAs 3JIEKTPUUYECKOMY 3apsily, MPOXOASIIEMY uUepe3 CeUYeHHWE IMPOBOJAHMKA B
enuHuIly BpemeHnu: I = g/t, [=n*q*s

3akon Oma mis ygyactka nenu: [=U/R

®opmyna compotuBieHus: R=p*l/S, rme p - yaenpHOEe CONPOTHBIEHHE, 3aBUCSIIEE OT pPOAA
MPOBOAHMKA; |-TMHA TPOBOAHMKA; S - MJIOLIAAb CEUECHHUS.

[Ipn nocnepoBarenbHOM coeauHEHMH NpoBoAHUMKOB: R=R1+R2 [=[1=I2=const U=U1+U2 Ilpu
napawieasHoM coenuHennu mpoBogHukoB: U=U1=U2=const [=I1+I2 1/R=1/R1+1/R2, ecim R1#R2
R=R1/N, rae N- uncio 0AMHAKOBBIX COMPOTHBICHUH, T.€. R1=R2=...RN.

3akon Owma g momuou menu: I=¢/R+r,rme € - BJIC wucrounmka Toka, [€]=B, R-Buemnee
conportusienue [R]=Owm, r-BHyTpeHHEE CONPOTUBIIEHNE WM CONPOTUBIIEHNE UCTOYHMKA TOKa [1]=Om

2. Ilpumepsl penieHus 3a1a4

Cui1a TOKa ¥ IVIOTHOCTH TOKA

1. Onpenenure 4uciaO N AIEKTPOHOB, KOTOPBIE NMPOXOAST Yepe3 IONEPEUYHOE CEYEHHE IPOBOIHMKA
iouaapio s=1MM2 3a t=2 MHH, €CJIM MJIOTHOCTh TOKa B IpoBoaAHUKE j=150A/cM2
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Hano: Pewenue:

S=1mm™=10"n’ Uuco 31eKTPOHOB, MPOXOAALINX YEPe3 MONEPEeHHOe CeUeHNE
t=2 mun=120c MPOBOIHMKA, PABHO OTHOLIEHHIO 3IEKTPUYECKOro 3apsja,
i=150A/cm™=1,5%10*A/M MPOLLEIEro 4epe3 AaHHOE NONEePEeHHOe CeUCHUE, K 3apaay
n-? ynextpoHa:n=Q/e (1). YuursiBas, uro Q/t = I5S (2), nonyunm:

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

2. DnekTpuyecKas 1enp, cocrosmas u3 peauctopoB R1=100 Om,R2=200 Om R3=300 Om, noaxitoueHa
K JIByM MCTOYHMKaM noctostHHoro HanpspkeHus Ul u U2=100B. I1pu kaxom Hanpsokenue Ul cuina Toka
I1 gepes pesucrop R1 Oyzaer paBHa Hymr0?

Jano: Pewenue:

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

R,=200 Om Hanpskenue Us Ha pesucrope R; nomxno Owite paBro Uy, T.e. Us=U;=|R; (1).

R3=300 Om B stom ciyuae pesuctopst R, i R; Briouenst nocneosarensto. [Tosromy

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

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

U=? Yuureisas, uto IR;=U;=U; umeem, U,=U; Ry/Ry+R;3+U;. Ilocne npeoGpazoBanus
nonyuum U;=R3/R,+R3*U,. U;=300 Om/200 Om+ 300 OM*100B=60B.

Omeem: 60B

3akon OMa 1Ji9 MOJTHOH Henmu

3. Onpenenute cuity Toka KopoTkoro 3ambikanusi IK3 6arapeun, 3/1C kotopoit € = 15 B, ecnu npu
MOAKJIIOYEHUH K HEeW pe3uctopa conpotuBieHueM R=3 Om cuia Toka B 1ienu coctaniseTr [=4A

Hano: Pewenue:
e=15B  Cuny Toka KOpoTKOro 3aMbikanus onpeaensem 1no popmyne Ixz=e/R (1), rae
R=30m r-BHyTpeHHee conporusiaenue Oatapen. Cornacto 3akony Oma st nonHoii uenu:

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

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

4. K cern nanpsbkenuem U=200 B npucoenunensl nBa pesucropa. Ilpu ux mnocnenoBaTenbHOM

coequnenuu 11=4,4 A, a npu napamuensHom - 2= 27,5 A. Onpenenure conmporusienue R1 u R2
PE3UCTOPOB.

JMano: Pewenue:
U=220B [Ipu nocnenoBarensuom coeunennn Ryoe, = Ry + Ry; [IFUR o0, 0TKY A
[,=4,4A Ryoenn= U/, Pacuerst: Rnocnp=220B/4,4A=50 Om.
[,=27.5A [Tpu napannenshom coeunennn: Rygpe, = Ri*Ro/(R; + Ry), Lb=U/R jps, 0TKY
R;-? Ry-? R apan U/ Pacuersi: R y450,=220B/27, 5A=8 Om.

Rl*R2/R|+R2=8 OM, Rl R2=400 OM; R1+ R2:50 OM; R] R3=400 OM;

3uaunt: R;=10 Om; Ry=40 Om.

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

CamocrosiTesbHast padora
Bapuant 1
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1. Yepe3 cedyeHue NPOBOAHMKA 3a MPOMEKYTOK BpemeHu At=10c mpoxomut 3apsanx AQ=25 K.
Omnpenenure cuity Toka [ B IpoBOHUKE.

2. Hanmpspkenune Ha ywactke nenu U = 5 B, a ero asnekrpuyeckoe comportuBieHne R = 10 Ow.
Omnpenenure cuity Toka [ Ha 3TOM ydacTke Liemnu.

3. Ilpu nmepememenue 3apsga Q=2Ki1 BHyTpH HCTOYHMKA TOKAa CTOPOHHHE CHJIBI COBEPIIAIOT paboTy
A=20 /Ix. Onpenenure /C ncrounuka.

4. Kak MOKHO TOJTyYUTh CONPOTHUBIIEHUS R, coequHssi BceMU BO3MOXKHBIMU CIIOCO0aMu TPH Pe3UCTOpa
cornpotuieHueM R=6 Om kaxp1ii?

Bapuanr 2

1. Cuna toka B mpoBoanuke | = 1,5 A. Onpenenute 3apsan AQ, mpoTeKarOUUMid Yepe3 CeYEHUe
IIPOBOJHMKA 32 BpeMs At=2c.

2. Onpenenute Hanpsikenue U Ha pesuctope conpoTuiienreM R=10 kOMm nipu cune toka B HeM [=0,5
MA.

3. Cuna Toka B jaMIiodyke kapmanHoro ¢onapuka 1=0,28A npu nanpsbkenun U=3,5B. Omnpenenwure
COIIPOTHBIIEHUE R HUTH NaMIIOUKy.

4. Bo ckonpko compotuBieHne R1 mpu mocnemoBarensHoM coenuHeHnu 10 pesucropoB (n=10)
cornpotusieHueM no R=10 Om Gomsiie, yem ux conporusiaeHue R2 npu napaaieabHOM COeAUHEHUN?
@®opma npeacTaBJieHus pe3yabTarTa:

BoeinonHuTh 3asaHue B TETPaAM JUIsl IPAKTUYECKUX padoT.

Kpurepun oueHku:

3a mpaBUIIHLHO BBITOJHEHHOE 33JaHUE BHICTABIIIETCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.

3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 3a/1aHNE BBICTABIISIETCS OTpHUIIaTeIbHas olieHka — () 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB

Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB

Oyenka «Heyoosiemeopumenbhoy svicmagisiemcs 3a Mmenee 60% nmpaBUIBLHBIX OTBETOB

Tema 4.2 3aK0HBI IOCTOSTHHOI'O TOKA

IpakTuyeckoe 3ansaTue Nell

Pemenne 3aga4 mo reme «Pabora, MOIIHOCTD M CONPOTHBJICHHE JJICKTPHYECKOI0 TOKA»
Henb: HayyuThCs pemiaTh 3aJa4u, UCTIONB3Ya (GOPMYIIbI pabOTHI TOKA U MOIIIHOCTH
Boinosinenue padoTsl cnocodcTBYeT (OPMUPOBAHMIO:
1. OK 01, OK 02, OK 03, OK 09
2. [1P64; I1P66; P67,
3. IIPyl; I1Py2; I1Py3; I1Py4; I1Py5; [1Py9; [1Py11,;

MarepuanbHoe oOecriedeHHe: TETpPaib [Js MTPAKTUYECKUX paldOT, pydyka, METOJAMYECKHUE
PEKOMEHIaLlMU 110 BBIIOJIHEHUIO Pa0OTHI, JIMHEHKa, KapaH Jarll.

Yka3anme: [IpakTrueckas paboTa COCTOUT U3 ABYX YacTed — TEOPETUYECKOM M MPaKTUYECKOU.
ITocne n3ydeHns TeopeTH4ecKoro MaTepruaga MOKHO IPUCTYIATh K BBIIIOJHEHUIO IPAKTUYECKON YacTH.
Ona cocTouT W3 JAByX U Oozee 3agad Ui CaMOCTOSITENILHOTO BbINONHEeHUs. He 3a0biBaiite o
NpaBUIBLHOM Oo(opMIIeHHH pelleHus. Ha BBINOJIHEHHE MPAaKTUYECKONW OTBOJMTCS JIBa aKaJeMHUYECKUX
gaca. [lopsimok BeIOTHEHHS pabOThI

Ilopsinok BbINOJHEHHS padOThI:

1. PaccMoTpuTe TeopeTHMUECKHIl MaTepuan MO TeMe W MpUMEpPhl pelleHus 3aaad (CMOTpH
METOAMYECKOE TIOCOOHE).
2. Pemmre camocrosiTensHyI0 padoty. OdopmuTe perieHrne MICbMEHHO B TETPAIH.

1. Kpamkue meopemuueckue céedenus:
1.IToBTOPUTE hOPMYITBI PAOOTHI K MOIITHOCTH TOKA.
Pabora 1 MOIIHOCTH TOKA
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PaGoty cui snmeKkTpudecKkoro mojsi, CO3AAIOIIEr0 YHOPSAIOYEHHOE NBMKEHUE 3apsHKEHHBIX YacTHIl B
MIPOBOJHHUKE, T. €. JICKTPUUECKUN TOK, Ha3bIBAIOT PabOTOM TOKa:
A =T*U*t,
rae A — paboTa 3JIeKTpUUECKOro TOKa Ha ydacTke 1enu, JIx;
| — cuna Toka Ha TaHHOM y4YacTKe Lenu, A;
U — HampsikeHue Ha yyacTke 1end, B;
t — BpeMsi IPOXOXKACHUS TOKA MO YYaCTKY LIETIH, C.
riae P — mommocTs TOKa, BT.
Eciu Ha ywacTke 1iemu BCS SHEPrusi IMEpPEeXOAUT BO BHYTPEHHIOI HHEPrUI0 IMPOBOJHHKA (HE
coBepIiaeTcs Mexannueckas padora), To Q = [IRt — 3akon xoyns-JIenma.
Q — KOTMYECTBO TEIIOTHI, BBIICIUBIICECS B TPOBOIHUKE, JXK.
Cobepem 1enb, COCTOSIIYI0 M3 MCTOYHUKA TOKA U MOTPEOUTEIs
JIEKTPUYECKON SHEPIUH.
CormacHo 3akony Oma i ydacTkKa IIeNH, HampspkeHue Ha mpoBogHuke U = [-R. Pabora
CTOPOHHUX CHUN Ay, = Apomp.+ Auem.
Anomp. — paboTa IEKTPUUYECKOTO MOJIS [0 NEPEMEIIECHHIO 3apsiia OT TOUKH A K Touke B;

Apomp.= q°U = q-I'R.

HctouHuk TOKa 00janaeT BHYTPEHHHM CONpPOTHUBICHHMEM I. Pabora mo mepemenieHuo 3apsja
BHYTPH MCTOYHHUKA TOKA:

Aqu.: 11”6]
Aem. = €q.
Tornaeq=qI'R+Irqwme=1IR+ [r nm
&
R4y,

I =

3axon Oma Ons 6celi yenu: cuia TOKA B AJIEKTPUUYECKOMN Ilenu mpsiMo mpomnopuuoHaibHa D/C
MCTOYHHKA TOKA U OOpaTHO MPONOPLUOHAIBHA IIOJIHOMY CONPOTUBICHUIO LIEITH.

R — BHemHee compoTHBIICHHE IenH (OOIIee COMPOTHUBICHUE MOTPEOUTENECH SIIEKTPUUECKON
sHEeprun), Om;

I — BHyTpEHHEE CONPOTUBJICHHE LIENH (CONPOTUBIIEHNE UCTOYHHUKA TOKa), OM;

R + r — nonHoe conpoTusieHue nenu, Om.

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

-

[, =

=@

Paboty cuit 35IeKTpUIecKoro TMoJisi, CO3AA0IIECTO YIOPSIOUYSHHOE JIBMKCHUE 3apsHKEHHBIX YaCTHIT
B IIPOBOJHHUKE, T. €. AJCKTPUUECKUN TOK, Ha3bIBAIOT Pa0OTOMN TOKA:
A =1U At
rae A — paboTa NEeKTPUYECKOro TOKa Ha yJacTke menu, JIx;
| — cuna Toka Ha TaHHOM ydYacTKe 1enH, A;
U — HanpshKeHre Ha yyacTke 1enw, B;
At — BpeMs IPOXOXKACHHS TOKA TI0 YJACTKY IIETIH, C.

I’—izsf’—f L
I

rne P — MomHOCTh TOKA, BT.

Ecnu Ha ywacTke memnu Bcs SHEprusi NEPeXOJUT BO BHYTPEHHIOIO PHEPrHI0 MPOBOJHHKA (HE
coBeplIaeTcs MexaHuueckas pabora), To Q = I°’RA¢ — 3aKoH Jbxoynsa-JleHna.

Q — KOJTMYECTBO TETUIOTHI, BBIJCIUBIIIEECS B IIPOBOAHUKE, JK.

IIpumepsl pemenus 3aaa4
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1. Dnextpuyeckuii ABUTATENb padboTaer 5 4. oT cetu ¢ HanpspkeHnneMm 380 B mpu cuite Toka 35 A.
Conporusnenne oomotku neuratens 0,5 Om. OnpenenuTh U3pacXoJ0BAHHYIO JICKTPHUECKYIO
SHEPTHUI0, KOJWYECTBO TEIUIOTHI, BBIAECICHHOW B OOMOTKE 3a 3TO BpeMsS U COBEPUICHHYIO
JIBUTATEJIEM MEXaHUYECKYIO paboTy.

Haro: CH PemeHne: BrrmcieHna

['=380B A=IUA A=35A380B-18000¢c =
I=35A Q={ﬁ@; 22;4-1[!5,,%

R=050m A=A -0 o= (35A)*-0,50M-18000C =
Af=51 18000 ¢ =0,1-10* Ix

A-? A =2410Tx—-0.1-10° T =
o-? =2.3-10 "Ik

Ao —?

Oteer: A=2410°& 0=0,1-10° & 4, =23-10"Ix

2. Ilpm 3aMbIkaHMM HCTOYHUKA deKkTprudeckoi sHeprun ¢ DJIC 4,2 B HUKEITMHOBBIM ITPOBOTHUKOM
jmeoit 10 M u ceuenmem 1,0 MM° cnna Toka B memu 6bua 0,6 A. Haiirn BHYTPECHHEE
COIIPOTHBIIEHUE HCTOYHMKA 3JIEKTPUUECKOM SHEpruu. YIeNbHOE CONPOTUBICHHE HHUKEINHA
4,2-10"Omm.

CamocrosiTesibHas padora
1. DnexTponBuUrarens, COnpoTuBieHrne ooMoTku kotoporo 0,4 OM, paboTaeT OT CeTH ¢ HANpPsHKEHUEM
300 B mpu toke 50 A. Omnpenenure KayecTBO H3PACXOJOBAHHOW PHEPIMM 3a 5 Y., COBEPUICHHYIO
JBUraTesIeM MEXaHUYECKYI0 paboTy U KOJMYECTBO TEIJIOTHI, BBIJICICHHON B OOMOTKE.
2.ABToMOOMIBHBIN cTapTep 3a 10 ¢ paboTsl morpedmser suepruto 6,0-104 J[x. KakoBa cuma Toka,
IIPOXO/ALIET0 Yepe3 CTapTep BO BpeMs 3alycKa JABUraTelis, €CIM HalpshKeHHue Ha ero kiemmax 12 B?
3.CBapounbiM ammaparoMm. PabortarommMm ot cetn HampspkeHuem 45 B 3a 20 muHyT OBLIO
u3pacxo0BaHo 5.4kB1*uac snepruu. Ilpu kakoil cuie Toka npoTekana 1yrobas cBapka ?
4.9nextpudeckuid ytior mourHocThio 800 BT pabGortaer ot cetm 220 B .OnpenenuTh cuiay TOKa B
HarpeBaTelbHOM JJIEMEHTE M €ro CONpPOTHBIIEHHE B paboueM cocTosHUU yTiora. CKOJBKO 3HEPrUu
OyneT u3pacxoIoBaHo 3a 1,5 yaca HeMpephIBHOM padOTHI yTiOTa ?
5.B cetp HanpspkeHneM 120 B nocnenoBaTensHO ¢ 3JEKTPUUYECKOM Qyrod BKIOYeH peoctat . [lanenue
HampsDKeHUsT Ha siekTpomax nyru 45 B ,cuma toka B menu 12 A. Onpenenuts MOUIHOCTh
,IOTPEOIISIEMYIO 1yTOM U K.I1.JI. YCTaHOBKH.
6.Pe3rctop MOAKIIOUEH K MCTOYHUKY TOKa, HampspDKeHHE Ha 3axkuMax kotoporo 6 B. Kakas paGora
coBepuiaerca TOKoM, ecau 3a 0,5 MuHyT uepe3 pesucrop mnpoxoaut 3apsan 24 Kn? Onpenenuts
MOIIIHOCTh TOKa ¥ COIIPOTUBJIEHHE PE3UCTOPA.
7.Kakasg MOIIHOCTh MOTpeOJIAEeTCS AYrOBOM CTalleIUIaBUIIBHOM Ieublo, paboTaromieil OT MCTOYHUKA
HanpspkeHueM 220 B nmpu cune Toka 30000 A? OmpeneiauTb CTOMMOCTb 3JIEKTPUUECKON SHEPrudl ,
M3pacxXoJI0BaHHOM 3aM 5 4acoB paboThI Me4H, O ACHCTBYOLIEMY TapUdy.
8.Hanpspkenune Ha 3akumax reHeparopa 132 B, a y nmotpeburens - 127 B. Omnpenenuth najaeHue
HanpsDKeHWE B MaruCTPaJbHBIX MPOBOJAAX U CONPOTHUBIIEHUE , €CIU MOIIHOCTH TOKAa y MOTpeOUTeINs
paBHa 5 kBT.

dopma npeacraBjIeHus pe3yabTara:

BoeinonHuTh 3asaHue B TETpaaM ISl MPAKTUYECKUX padoT.

Kpurtepun onenkmn:
3a npaBWIILHO BBIMOJIHEHHOE 33JaHHUE BBICTABIISETCS MOJIOKUTENbHAS Ol[eHKa — 1 Oau.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNe BHICTABIISICTCS OTpHUIIaTeNbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIIBHBIX OTBETOB
Oyenra «HeyoosiemeopumenbHoy svicmasgisemcs 3a Menee 60% nmpaBUIBHBIX OTBETOB

Tema 4.4 MaruuTHoe moJie
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IIpakTuyeckoe 3ansaTue Nel2
Pemrenne 3aga4 nmo teme «MarHuTHoOe MoJie M €ro XapaKTePUCTUKI

Henab: 3akpenuTh YMEHUS U HaBBIKM BBIUMCIICHHS BEJIMYMH C UCIIOJIB30BAHHMEM 3aKOHa AMIiepa,
dbopMyI i onpesieNieHrs MAarHUTHOTO TIOTOKa, cuiibl JlopeHa

BoinosiHeHune pa6oTsl criocodcTBYeT (POPMUPOBAHUIO:

OK 01, OK 02, OK 03, OK 09

MarepunanbHoe obecrnieyeHue:

TeTpaab Uil MPaKTHUYECKUX paboT, pydka, METOAMYECKHE PEKOMEHJAIMU IO BBIIOJHEHUIO
paloThl, TMHEHKA, KapaHaall.

Yka3zanme: [Ipaktuueckas paboTa COCTOMT M3 JBYX YacTe — TEOPETHUYECKOW M MPAKTHUYECKOM.
[Tocne n3ydeHns TeoOpeTUIECKOro MaTeprasga MOKHO IPUCTYIATh K BHIIIOJHEHUIO IPAKTUUECKON YacTH.
Ona coctouT W3 JAByX U Oozee 3agad Juis CaMOCTOSITENILHOTO BbiNoNHEeHUsA. He 3a0biBaiite o
NPaBUIBLHOM O(GOpPMIICHHH pelieHrs. Ha BBINOJIHEHHE MPAKTUYECKONH OTBOIMTCS JIBAa aKaJIEMHUYECKUX
Jaca.

Ilopsinok BbINOJIHEHHS PadOThI:

1.PaccmoTpuTe TEOpPETHUYECKUH MaTepuaq MO TeMe€ M MPUMEpbl pelieHus 3anad (CMOTpu
METOANYECKOE TOCOOHeE).

2. Pemute camocrosTenbHyto paboTy. OdopMuTe perienre NucbMEeHHO B TETPaIu.

Teopus
Paccmompum pucynox 1.
|

Puc. 1.
Benuunna cumel, nedCTBYOMIEH CO CTOPOHBI MAarHUTHOTO IOJIS HA MPOBOJHUK IIMHOW L, 1o

KOTOpOMY HJET TOK cwiol I, onpenenserca nmo dopmyne Ammepa: Fa = BxLxIxsina, rne B - moxyns
MarHuTHoM uuaykiui, [B] =Tn, L — anuna npoBognuka [L] = m, | — cuna toka, [I] =A. MaruutHoe
MMOTOKOM 4epe3 IUIOMIAJKy S Ha3bIBAIOT YMCIO CHUJIOBBIX JIMHUM, TMPOXOIAIIUX 4Yepe3 IIomanky: @ =
BxSx cos a, rne @ — maruutHsIi notok [@] =B6.

' >
- ( n; B) - yron mexay BEKTOpoM HOpMaH
/ / / / / (h L S) n BekTOpOM MArHHTHOI HHAYKLii

Benuuuna cuibl, AEHCTBYIOLIEH CO CTOPOHBI MArHUTHOTO MOJS Ha 3apSHKEHHYIO YacTully,
onpenensiercss mo ¢opmyne Jlopenma: Fo = Bxgxvx sin a, rae q — 3apsa 9acTHil, V - CKOPOCTh
JNBWKEHUS YacTull, B — MarHuTHas WHAYKUUA. 3apspKEHHbIE YacTHIBl JIBHXKYTCS B OJHOPOAHOM
MarHuTHOM TI0JIE TIO OKPY>KHOCTH, paanycom R.
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R — panuyc okpyxxHoctu [R] = M, m — Macca yactui, [m] = Kr, q - MOJYJIb 3apsiaa 4acTUIlbl, [q] =

Ki. Bpems, 3a KOTOpoe YacTHUIlbI AT MOTHBIA 000poT (mepuoa oOpamienus) paBHo: T = 2nR/v =
2ntm/qB.

IIpumepsl pemenust 3aga4

1. Onpenenure cuiy, ACHCTBYIONIYIO Ha MPOBOJHUK JIMHOM 20 CM NMOMEIICHHBIM B MarHUTHOE

moJie, MHAYKIMs KoToporo 5T, ecnu cwina Toka B npoBogauke 10 A m on obpasyer yrom a = 30° ¢
HaTPaBJICHUEM ITOJIS.

Hano: Pewenue:

L=20cm=02m Ha npoBosiHIK € TOKOM CO CTOPOHBI MATHUTHOTO MO ACHCTBYET CHIla
B=5Tn Awmnepa: F=B*I*L*sin q, F=5%0,2*10*1/2 =5 (H).

[=10a

o= 30°

F-? Omeem:S H.

2. IInockas pamka miuomaasio S = 80 cM2 , umeromas N=40 BUTKOB, pacronokeHa B OJJHOPOIHOM
MarHuTHOM mnojne uHaykuued B=0,1 Tn. Onpenenute MarHuTHbIM 1noToK ® CKBO3b paMKy, eciu
HOpMaJb K HEHl OCTaBIISIET yroJl o = /6 ¢ BEKTOPOM MarHUTHOW MHAYKLIHH.

Jlawo: Pewenue:

§=80 cx* =810 u’ MaruuTHblii noTOK yepe3 ouH Butok O = BS cos o
N=40 Maruuthiit notok uepe3 pavky @= N, = NBS cos a
B=0,1Tn Borncnenns: © = 40%0,1 Tn*8*10°m™0.87 = 2.8*10” B6
a=m/b

O-? Omaem: 2,8*10° B6

3. C xakon CKOPOCTBKO BBUICTACT O- YaCTULd M3 PAAUOAKTUBHOIO sA[pa, CCJIM, IIolaJgas B

OJIHOPOJIHOE MarHuTHoe nosie ¢ uaAayknuen B = 0,5 Tin nepneHauKkyIsspHO €ro CHIIOBBIM JIMHUSMH, OHA
IBUXKETCA IO Iyre OKpy)HOocTH paguyca R=0,3 m?
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Jano: Pewenue:

_4
Q=+2p=3,2*10"Kn O — HaCTHUIA — AP0 aTOMa Teyns a=,He. 3apsia sapa
B=0,5 Tn Q= 2p, rae p —3apsaa npotona. Macca o — yacTui
R=0,3 m m paBHA Macce aToMa reiaus
M A%10°H
m=—= s HOTb_ = 6,64%107% k2
My = 4x107 kr/momns N, 6,02*107 momw
2 2
mv~ my
OvB =
Na 6,02x 10” moms™ R ,rae R LCHTPOCTPEMUTEIbHAS CHIIA.
BR M
U:Q m=-— (]:QBRN4
V-2 m . 4 M
32*%10" Kn*0,5T2*03m* 6,02 *10% mons ™
U= =7,2*10"~*v/
4*107 K2 ¢
MOJlb

Omeem: 7,2*10° %

2. CamocrosiTesibHAs padoTa

BapuanTt 1

1. KpyroBoii BuTok miomanpio 0.8 M2 pacroyio)keH B OJHOPOJAHOM MAarHUTHOM IIOJIE C
unaykuuen 0,5 Tn. Haligure MarHuTHbINA NOTOK, IPOHU3BIBAIOLINI INIOCKOCTh BUTKA, €CIIM YIOJ MEXIY
BUTKOM MarHUTHOM MHIYKIMHU U OCBIO BUTKa paBeH 600 .

2. ITpoBogHuUK MHOU 1,5 M ¢ TOKOM 2A MOMEUIEH B OJJHOPOJHOE MarHUTHOE T0JI€ C MHAYKIIHEHN
0,1 Tn. HaliTu cuiy, NEHCTBYIOILYIO Ha MPOBOJHUK C TOKOM, €CIIM BEKTOpP MAarHUTHOM HHIYKIIMH
NIEPIEHIUKYJIAPEH HAPABICHUIO TOKA.

3. [IpoBogHuK IMHOM 3M M TOKOM SA moMmeleH B OJHOPOJAHOE MarHUTHOE I0JI€ ¢ MHAYKLIHUEH
0,2 Tn. Haiitn cuity, JEMCTBYIONYIO Ha IPOBOJHHUK C TOKOM, €CIIM YIOJI MEXAY BEKTOPOM MarHUTHOU
uHaykuuu u cuiioit 8 MH. OnpenenuTs miioma s BUTKA.

4. IlpoBoguuk nnuHoW 0,2 M NOMELIEH B OAHOPOAHOE MAarHUTHOE mojie ¢ MHAykuuen 2 Tn
MEPIEeHIUKYJIIPHO JUHUSIM MarHUTHOM MHIYKIUH. HaliTh cuiy Toka B MPOBOJHUKE, €CJIA CO CTOPOHBI
MarHMTHOTIO IOJISl Ha HEro AeiicTByeT cuia 2 H.

5. B OogHOPOJHOM MarHUTHOM IIOJIE PACHOJIOKEH MPOBOJHUK C TOKOM TaK, YTO Yrojl MEXIY
HaIpaBJICHUEM TOKa U BEKTOPOM MarHWTHOM mHAyKuuu paseH 300 . Bo ckoiabko pa3 yBeIMUMBAETCS
CHJIa, IEUCTBYIOIIAsl Ha IPOBOJAHUK, €CIU yroi yBenuuusaercs 10 900 .

6. DIEeKTpOH BJIeTaeT B OJHOPOAHOE MAarHUTHOE IOJIe B BakyyMe co ckopocThio 10 Mwm/c,
HaIlpaBJICHHON NEPHEHANKYISAPHO JIMHUAM HHAYKIMH. HalTu cuiy, NEeHCTBYIOIIYIO Ha DJIEKTPOH CO
CTOPOHBI MATHUTHOTO IOJISA, €CJIM UHAYKLHUA 1oJis paBHa 2 To.

7. IlpuinHKa, 3apsn koropoit 10-5 K u macca 1 mr, BieraeT B OJHOPOJHOE MArHUTHOE IOJIE C
uHaykiuen 1 Tin u nBuxercs no okpykHOCTH. CKOJIBKO 000pOTOB clieNaeT MbUTMHKA 3a BpeMs 3,14c¢ ?

8. DJeKTpoH BiE€TaeT B MarHUTHOE IOJIe MEePIEHANKYISIPHO JMHUSIM MarHUTHONM MHIYKIUU CO
ckopocthio 107 M/c. HaiiinTe MHAYKIMIO OIS, €CIIU JIEKTPOH OMKCAJ B MOJIE OKPYKHOCTH PaINycoM
I cm.

9. B npoBoJHUKE C JUIMHOW aKTUBHOM yacth 8 cM cuia Toka paBHa S0A. OH HaxoIuThCS B
OJIHOPOJHOM MarHUTHOM moje uHaykiueit 20 mTn. Kakyro paboTy coBepuini MCTOYHUK TOKa, €CIU
IIPOBOAHMK NepeMecTriics Ha 10 cM NepneHIuKyIspHO JIMHUSAM UHAYKLHH.

Bapmuanr 2

1. KBagpaTHas pamka, M3rOTOBJIEHHas M3 TOHKOIO IPOBOJHUKA JUIMHOM 2M, IOMEIIEHA B
OJIHOPOJIHOE MarHuTHOEe mnosie ¢ uHAyKuued 1 Ti. JInHMM MarHUTHOW MHIYKIWH MEPHEHIUKYISIPHBI
IJIOCKOCTH paMKH. HaliTH MOTOK MarHMTHOW MHAYKLIMN IPOHU3BIBAIOLIUI paMKy.

2. OmnpenenuTe MJIMHY aKTUBHOM 4YacTU MPOBOAHHMKA, IMOMEUIEHHOIO B MAarHUTHOE IOJE C
uaaykuued 400 Tn, ecnm mpu cune Toka 2,5 A Ha Hero nedcrByer cuwina 100 H. ITpoBognuk
pacnonoxen o yriaom 300 K JIMHUSM MarHUTHOM WHIYKIIVH.
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3. B oIHOpOAHOM MarHWTHOM IoJe ¢ MHAYKUIMeW 12 Tn mapamienbHO JUMHUSIM WHIYKIHA
pacnosnoxeH npoBoaHHMK AnuHOM 0.2m. Ilo mpoBogHMKy TeueT TOK paBHbIM SA. OnpenenuTs cuiy,
NEHCTBYIOIIYIO HAa TPOBOJHHUK C TOKOM

4. ITeunnka c 3apsaom 0,2 Ki BieTaeT B Bakyyme B OJIHOPOJIHOE MarHUTHOE TOJIE CO CKOPOCTHIO
500 m/c meprneHAUKYASIpHO JTUHUSAM MArHUTHON MHAYKUWU. BenuunHa MHIYKIIMM MarHUTHOTO TMOJIS
paBHa 6 Ti. Onpenenure cuiy, IEHCTBYIOLIYIO HA MBUIMHKY.

5. IIpsamoit npoBoa JiauHOM 1 M, MO KOTOpoMy TedeT TOK cuiioit 20A, HaXOAUTCSI B OJTHOPOJHOM
MarHutHoM monie ¢ wuHaykuumer 0,01 Tn. OnpepenuTs yroa MexAy HampaBlIeHUEM OIS U
HampaBJI€HUEM TOKa, €CJIM Ha MPOBOJAHUK AeicTByeT cuia 0,1 H?

6. IIpsiMoif MPOBOJHUK C TOKOM DPACIIOJIOKEH B OJHOPOJAHOM MAarHUTHOM IIOJIE€ Tak, 4YTO YTroil
MEX/1y HalpaBJIe€HUEM BEKTOpa MarHUTHOM MHYKIUMHU U HarpaBieHueM Toka paseH 300 . Uemy nomxeH
OBITh paBEH 3TOT YroJ, YTOOBI cuiia AmIepa, IeHCTBYIOIIAs Ha MPOBOJHUK C TOKOM, YBEIMYUIAch B 2
paza?

7. B OIHOPOAHOM MarHMTHOM IOJjie, MHAYKIUS KoToporo paBHa 0,2014 Tn, mo OKpyXHOCTU
paBHOMEpPHO Bpamaercst npoToH. Onpenennure paanyc OKPYKHOCTH, €CJIM CKOPOCTh IPOTOHA paBHA
3200 xkm/c.

8. KakoBa MHAYKIIMS MarHUTHOI'O NOJIsl, B KOTOPOM Ha MPOBOJIHUK C JJIMHOW aKTUBHOM 4acTu 5 cM
neuctByet cuwiia 50 MH? Cuna Toka B npoBoanuke 25 A. [IpoBOAHMK pacnoioKeH MEePIEeHIUKYISIPHO
BEKTOPY MarHUTHOW MHYKIUH.

9. DREeKTpOH ABHKETCS B OJHOPOJHOM MarHUTHOM mone uHaykuuedl 4 mTn. Haiitu nepuon
oOparmenus anekrpona. Otder o pabote: Pemenue 3a1ad caMoCTOSTENILHON padOThI B TETPAIH.

@dopma npeacTaBJieHus pe3yJbTara:

BoeinonHuTh 3asaHue B TETPaaM JUIsl IPAKTUYECKUX padoT.

Kpurepun oueHku:

3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHUE BBICTABIISIETCS TIOJIOKHUTEIbHAS OLleHKa — | Oasu.

3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISIETCS OTpHUIIaTeIbHAs olieHka — () 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB

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

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

Oyenxa «Heyoosiemeopumenvhoy svicmagisiemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 4.5 DileKTPOMArHUTHAA UHAYKIMS

IIpakTnueckoe 3ansaTue Nel3
Pemenue 3aga4 no teme «JIeKTPOMATHUTHAS MHAYKIUA. 3AKOH 3JIEKTPOMATHUTHOM
HHAYKUMUA. CaMOMHIYKIUSDY

eab: U3y4nTh SIBIEHUE AIEKTPOMATHUTHON MHAYKIMH, paBuiio JIeHia, sBieHue
CaMOWHYKIIMW U HAYYUTHCS PElIaTh 3a1a4H.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 03, OK 09
MarepuanbHoe ofOecnedeHHe:TETPaab NS TMPAKTHUYECKUX paboOT, pydKa, METOAMYECKUE
PEKOMEHIallUH 110 BBITIOIHEHUIO paOOThI, THHEIKA, KapaHIall.

Yka3anmue: [Ipaktrueckas pabota COCTOUT U3 ABYX YacTeld — TEOPETUYECKOW M MPAKTHUECKOH.
[Tocne n3ydeHus: TEOPETUUECKOTO MaTepyraia MOXKHO MPUCTYNATh K BBIMOJHEHHUIO MPAKTUYECKON YaCTH.
Ona cocTouT W3 JAByX W Ooree 3agad Ui CaMOCTOSITENILHOTO BBIMONHEHUs. He 3a0biBaiite o
nmpaBUiIbHOM o(opmieHHU pemieHus. Ha BBIMOTHEHHE MPAKTUYECKOW OTBOAMTCS JIBa aKaJIeMHYECKUX
qaca. [Topsimok BeIoONHEHUs paboThI

IMopsiiok BbINOJIHEHUS] PA0OTHI:

1. PaccMoTpuTe TeEOpeTHYECKHI MaTepuan MO TeMe U MPUMEpPHl pelieHus 3aaad (CMOTpH
METOJANYECKOE ITOCOOHeE).
2. Pemute camocTosTenbHYIO padoty. Odopmute penieHne MICbMEHHO B TETPAIH.

1. Kpamkue meopemuueckue ceedenusn:
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SIBJieHMe JIEKTPOMATHUTHOM HHAYKIIUA
B 1831 romy anmrmwmiickuii ¢usmk M. Dapazneil cepued OMBITOB TMOKa3aj, YTO C ITOMOIIBIO
MEPEMEHHOT0 MAarHUTHOTO MOJISi MOXKHO CO3/IaTh B 3aMKHYTOM IPOBOJIAIIEM KOHTYpE SJEKTPUUYECKUM
TOK.

Henenue snekmpomacHumHoU UHOYKYUy — BO3HUKHOBEHUE 3JIEKTPUYECKOTO TOKAa B 3aMKHYTOM
IIPOBOJSAIIEM KOHTYpe IIpU H3MEHEHMH MAarHUTHOIO IIOTOKA, IPOHU3BIBAIOLIETO KOHTYp. TOK,
BO3HUKAIOIIUKA B KOHTYpE, Ha3bIBaeTCs UHOYKYUOHHbIM (HaBEIEHHBbIM), a co3pawouryto ero 2]JIC
HasbiBatoT I/ C unoykyuu.

IlepBoHauaibHO MHIYKIMsSI ObUIa OTKpPbITa B HEMOABIKHBIX JPYr OTHOCHUTENBHO JApyra
IIPOBOJHMKAX NP 3aMbIKaHUU U pa3MbIKaHUU LEMH OJHON U3 KaTyIlek (puc.l. a) mpu U3BMEHEHUU CUJIbI
TOKa B OJJHOHM M3 KaTyIIEK, MAarHUTHOE I10JIe, KOTOPOE MPOHU3BIBAET BTOPYIO KaTYILIKY, B HEW BO3HUKAET
MHAYKIMOHHBIA TOK (puc. 1. 0) MHAYKIMOHHBIN TOK BO3HUKAET TAK)KE B MPOBOJIOYHON KaTYIIKE MPU
JBM)KEHUH [TOCTOSIHHOTO MAarHWTa BHYTPb KaTYIIKU U IIPU BbIABUI'AaHUU MarHuTa u3 Hee (puc. 1. B).

3aKO0H 3JIeKTPOMAarHUTHON MHAYKIHHU:

OJIC uMHAYKIMHM B 3aMKHYTOM KOHTYPE paBHa IO MOAYJIIO CKOPOCTH M3MEHEHHsS MarHUTHOTO
IIOTOKA Yepe3 OBEPXHOCTh, OTPAHUUEHHYIO KOHTYPOM:

Al
g, =
oAl ’

rae &— OJC unaykuuu, B;

AD= ©,-D; — u3MeHeHre MarHuTHOIroO MoToKa, BO;

At — TPOMEXYTOK BPEMEHH, B TEYEHHE KOTOPOT'O NMPOU30IILIO JAHHOE U3MEHEHMUE, C;

Ady B
At — CKOpOCTI) HU3MCHCHUA MarHuTHOI'O II0TOKAa, C
LA
C y‘leTOM HaHpaBJ’IeHI/ISI I/IHI[YKI_II/IOHHOFO TOKA 3aKOH 3aIIMChIBACTCs TaK: i Al .

Eciu 3aMKHYTBIH KOHTYP COCTOWT U3 N TMOCIE0BATEIHHO COSAMHEHHBIX BUTKOB (HAIPUMEp, B
COJICHOU/IE)
A
At

'E. = _I,'\r'

rzae N — YUClI0 BUTKOB.

HanpaBneHHe HHAYKOWMOHHOI'O0 TOKAa B 3aMKHYTOM IIPOBOJHUKE MOXKHO OIPEACIUTH 110 ITpaBUIly,
ycraHoBieHHOM B 1833 roay pycckum ¢usukom 3.X. Jlennem. Cornacho npasuny Jlenya:

I/IHJ]YKIII/IOHHI)Iﬁ TOK, BOSHI/IKaIOHH/If/'I B 3aMKHYTOM KOHTYpP€, CBOMM MAarHMTHBIM IIOTOKOM
NPEMSATCTBYET TOMY U3MEHEHUIO MarHUTHOTO MIOTOKA, KOTOPHIM OH BBI3BaH.
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Puc. 2 Puc. 3. Onsit, mimoctpupyromuii npasuio Jlenna

Camounaykuus. JAC camonHayKkumn
Camounoykyuss — Bo3HWKHOBeHHe DJIC WHIYKIMM B TPOBOIAIIEM KOHTYpe B pe3yJbTare
U3MEHECHHUS B HEM CHIIBI ToKa. [lOSBISIONIYIOCS JIIEKTPOJBIDKYINYIO Cwiry HasbBaoT J3/[C
camounoykyuu. TIpy M3MEHEHUU TOKAa B KOHTYpPE MEHSETCS MarHUTHBIM TOTOK 4Yepe3 IMOBEPXHOCTb,
OTPaHHYEHHYI0O STUM KOHTYPOM, B pe3yibTare 4ero B Hem Bo3Oyxmaercs DJIC camMOMHIYKINH,
HaIpaBJICHUE KOTOPOM onpenensiercs mpaBuioM JIeHa.
SIBneHMe CaMOWHIYKIIMM MOKHO Ha0JII0/IaTh, cOOpaB SIEKTPUYECKYIO IIeTh, U300paKCHHYIO Ha

puc. 47.
AR —
_/YV\_®_\ r { X} 1
L J1
' mj | _
R K L
s [ el [
Puc. 4. SIBnenue caMoMHIyKIIMU Puc. 5. SIBnenne caMOMHAYKIMU TIPU 3aMBIKaHUU LIENU

IpU pa3MbIKaHUU LIETIH

OneIT 1oOKa3bIBaeT, 4TO NIpHU 3aMmblkaHuu Kkimouda K sammna JIp 3aropaercs HECKOIBKO MO3XKE, YEM
nammna JIj. 370 00bsICHsIETCS BOSHUKHOBEHHEM B KaTylIke 3HaunTenpHol DJ[C caMonHAyKIIMH, KOTopas,
COIJIacCHO mnpaBuily JleHna memaer ObICTPOMY HapacTaHHWIO TOKa B MOMEHT 3aMblkaHus uenu. [lox
neiicteueM OJIC HMHIYKIMU B KOHTYpE IMOSBISETCS HMHAYKUMOHHBIM TOK (TOK CAMOUHIYKIIMH),
KOTOpBIM, HAKJIaAbIBAsCh HA OCHOBHOW TOK B KOHTYpE, 3aMEIIS€T €ro BO3pacTaHUE. OHEPrus
UCTOYHUKA TOKa, 3aTpadyeHHas Ha €ro mpeojojeHue mnporusoxaercteus JJC camMoMHIyKIuH,
HAKaIlJMBAeTCsl B MAarHUTHOM I10JI€ ATOU IIeNH — BHYTPH KaTYIIKHU ¢ cepaeuHukoM. Korga cumna Toka B
LIENY CTAHOBUTCS MIOCTOSIHHOM, TO ¥ DHEPIUsl MAarHUTHOTO TOJISI LIETIH HE U3MEHSETCS.

OOBsICHU CaMOCTOSTENILHO MTPOIIECCHI, BO3ZHUKAIOIIME TTPH pa3MbIKaHUU 1emu (puc. 4).

ONEeKTpUYECKUH TOK, MPOXOIALIMM IO NMPOBOJHUKY, CO3a€T BOKPYI HETO MAarHUTHOE IIOJIE.
MarauTHbIM OTOK CKBO3b IUIOLIA/Ib TOBEPXHOCTH, OTPAHUYEHHYIO CAMUM KOHTYPOM, ITPOMOPLIMOHATIEH
CHJIE TOKa B KOHTYpE:

O=L-I.
Koadduunent nponoprpioHanbHOCTH L Ha3bIBaeTCs uHOYKmMuUGHOCMbI0 KOHTYpa:
@ Bo
= [7 ]
J =I'n (reHpm).

3HaueHue MHAYKTUBHOCTH 3aBHCHUT OT pa3MepoB U (POPMBbI IPOBOAHMKA, & TAKKE OT MarHUTHBIX
CBOMCTB c(epbl, B KOTOPOW OH HAXOJIUTCS.
O/IC caMOMHIYKIIMM 110 3aKOHY JIEKTPOMATHUTHOM MHIAYKIMU PABHA!
g, =—L £ L. = 1—$

s I 4
Al , T.K. dr

rae AI=1I,-1; — u3MeHeHne CUIIbl TOKa B MPOBOJHUKE, A;
At — BpeMs ero u3MeHeHu, C;
Al A

At — cKOpOCTh U3MEHEHUsI CHJIBI TOKa, © .
9HeprI/I$I MAarauMTHOI'O ITOJIA MPOBOAHHKA C TOKOM!

L-1°
Wy = ——
¥

2. Ilpumepsl pelienus 3axa4
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1. 32<a>K1/ITe HaIpaBJICHUE BEKTOPa MarHUTHOW MHAYKIIUU B TOUKE A.
»
'
J

A.

4

I

a) 0)
Pewenue:
Hampagiienre BeKTOpa MarHUTHON MHIYKIIUU ONPEACTISETCS 10 paBuily OypaBunKa:

TOK HAaIlpaBJ€H IPOTUB 4acoBOW cTpesku. Ilo HampaBiieHHIO TOKa BpalllaeM pyudKy
@ OypaBumKa, Torja caMm OypaBuMK OyJeT JBUIaThCsl BBEPX, CJIEIOBATEIbHO, BEKTOP
, I MarHMTHOM MHJYKIIUU HAIIPaBJIEH CHU3Y BBEPX;
0) ¢ HampaBJeHHEM NPSAMOJMHEHHOI0 TOKa JOJDKHO COBIAJaTh HalpaBJIEHUE
, A ] TOCTYnareibHOro JBHKCHHS OypaB4MKy, TOTJa HAaIlpaBJICHHE BpAICHHUS PYKOSTKU B
u@ TOYKE A IOKaXET HalpaBJICHHE BEKTOpPa MAarHUTHOW MHIAYKUUH. To ecTh B Touke A
BEKTOP BBIXOJUT U3 INIOCKOCTU PUCYHKA.

B a) BHIOMpaeM MOJIOKEHHE HAOJI0IaTeNs €CM CMOTPETh Ha MPOBOJHUK CBEPXY, TO
f

2. [IpoBogHMK ¢ cHIIOM TOKa SA MOMEIIEH B OAHOPOJHOE MarHUTHOE MOJI€ C UHIYKIEH 1-107%TA.
Vron MexIy HalpaBJIeHHSAMH TOKa U mois 60°. onpeaenuTe JIMHY TPOBOHKKA, €CJIU MOJIE AEHCTBYET
Ha Hero cuioi 2-102H.

.
F=B-I-f sino, = L= #-isine ;
U/
£=1- 107 T4 - 0.87 54 M.

3. Kakas cuna nelicTByeT Ha 3JEKTPOH, JIETALIMA B OJJHOPOJHOM MarHUTHOM I10JI€ C MHIYKIHEH
1-102 TA NEPIEHANKYJIAPHO JTUHUSAM MATHUTHON MHIYKIUU CO CKOPOCTBIO 3-10° mrc, 3apsA1 2JIEKTPOHA
=1,6:10Ku.
Ha snextpoH, ABMKyIIHNCS B MATHUTHOM I10JI€, IEUCTBYET cuia JIopeHua:

Fa= H-lq -L-sin o
FA=1-102TA-1,6-10° Ki-3-10°m/c=-4,8-10°H

4. Ha ckoibkO W3MEHWJIACh CHJa TOKa B MpoBoAHMKE, eciu 3a 0,2 ¢ B TPOBOJHUKE,
MHAYKTUBHOCTB KoToporo | I'n, nosBunace 9JIC camonnaykunu pasHas 10 B?
ITo 3aKkOHY CaMOMHAYKIUU:

Al [
iy - lEl_:nM.I =T.-i'.r

T 0,20

|as| = -
1iw

=24

5. 3a Kakoi NMPOMEKYTOK BPEMEHM MarHUTHbIM moTtok m3MeHutcs Ha 0,04 BO, eciu B KOHType
Bo3HuKaer DJ1C unaykiuu 16 B?
[To 3aK0HY 3JIEKTPOMArHUTHOW MHAYKIIUU:
Ei =£=:- Ar =ﬂ: At —M
At £ L%
6. MarautHoe noJie KaTyuku ¢ MHAyKTuBHOCThIO 0,1 I'H obmamaer sueprueit 0,8 /x. Uemy paBHa

CHJIa TOKA B KaTylke?

=25.107 %

BHGPFI/ISI MAarHuTHOTO I10JIA HpOBOJ’IO‘-IHOfI KaTylIKy paBHaA:

g LMW T [2. 08 e
”,“:f,.r _\;--="” Wn ;_ (2080

_ . VIBAT = 44
2 [ AN
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1. Omnpenenute MarHUTHBIN MOTOK, MIPOXOISIINA Yepe3 MPSIMOYTOJIBHYIO TUIOMIAJAKY CO CTOPOHAMHU
20x40 cm, ecnu OHa MOMEIIEHA B OAHOPOJAHOE MAarHUTHOE MOJIe ¢ MHIAYKIUEH 5-10TA noJ
yrioM 60° K THHUAM HHIYKIUH TIOJIS.

2. MarHuTHbIH IOTOK, TPOHMU3BIBAIOIINN KaKyIO-TO IJIOLIA/IKY PaBEH: ®=B-S cosa, TK.
IUTOIIA/IKA TIPSIMOYTOJIbHAsL,  S= a8,
re o — Yrojd MEXAy HOPMajbl0 K MOBEPXHOCTH M BEKTOPOM MAarHUTHOM HMHIYKUUU (MIIH
JMHUSMHA MarHUTHON MHAYKIIHN).
Jlns manHOrO Cirydas:
a=90°-8; 0=30°.

3uaunt @ =510 TA-0,2m-0,4m cos30°=
5 V2 L350
5-10° TA-0,2m:0,4m 2 B6

2. CamocTrosiTesqbHasi padora

1. Omnpenenute HHAYKTUBHOCTb KAaTYILIKH, €CIH IIPH YBEIMYEHUHU TOKa B Hel Ha 2,2 A 3a 50- 10
nosiisierca cpennsas DJ1C camounaykuuu, pasHas 1,1 B.

2. B mpoBognuke mmuHoit 0,50 M, ABMXKyHiemMcss co CKOpocThio 3,0 M/C MEpHeHIuKYISIpHO
CUJIOBBIM JIMHUSM OJHOPOJHOTO0 MarHUTHOTO 1oJist, Bo3HukKaet DJIC 6,0- 102 B. Ornpenenure UHIYKIHIO
MarduTHOTO MOJIS.

3. Ompenenure MarHUTHBIM TIOTOK, TPOXOMISINUANA dYepe3 TMPSIMOYrOJbHYIO IUIOMIAIKY CO
ctopoHamu 20x40 cM, eciau OHa NMoMenieHa B OJHOPOJAHOE MarHUTHOE Moje ¢ uHAyKuue 5,0 102 TA
oA yriiom 60° K THHUSAM UHIYKITUU TTOJIS.

4. Omnpenenure D/IC unnykuu, Bo30yxkaaeMyro B KOHType, ecnu B HeM 3a 0,01 ¢ MarHUTHBIHA
OTOK paBHOMepHO yMeHbuiaercs 0,5 no 0,4 BO, urods! B kKoHType Bo30Oyxnanack J/IC unayknuu 3,8
B.

Lh

5. Ompenenure NPOMEXYTOK BpEMEHM, B TEUYEHHE KOTOPOrO MArHUTHBIA  MOTOK,
MIPOHU3BIBAIOIIUI KOHTYp, 1oiKeH yBennuuThes oT 0,01 no 0,20 BO, uroObl B KOHTYype BO30yXkaanach
SC nnaykuuu 3,8 B.

6. Omnpenenute DJIC MHAYKIIMK Ha KOHIIAX KPBUIBEB CaMOJIETa, MMEIOUINX JUTMHY 12 M, eciu
CKOpPOCTh €ro NIpu TOpHU30HTaIbHOM mojere 250 Mm/c, a BepTHUKalbHas COCTABISIONIAs MarHUTHOW
WHYKIIMYA 36MHOTO Maruetusma 5,0- 10° TA.

7. B opHOponHOM MarHuTHOM moje mox yrioM 30° K HampaBlI€HHIO BEKTOpPAa HHAYKLUH,
BeNMYMHA KoToporo 5,0 10° TA, aBmxercs MPOBOJIHUK CO CKOpOCThIO 10 M/C; BEKTOp CKOPOCTH
NEPIEHIUKYIIAPEH TPOBOAHUKY. OINpenenuTe AIUHy IPOBOJHHUKA, eciid B HeM HaBoauTcs D/[C, paBHas
2,5-10%B.

8. Tpakrop obmero HasHadeHus K-700 uzmer co ckopocTbio 28 KM/4. OmpenenuTe pa3HOCTb
MOTEHIIMAJIOB HAa KOHLAX MepeAHeN OCH, eclu JJIMHA €€ OKoJo 2,6 M, a BepTUKaJIbHAsl COCTaBIISIOLIAs
MarauTHOTo mojs 3emiu 5,0- 10° TA.

9. UYemy pasna DJIC caMOHMHIyKITNH, BO3HUKAOIIAS B KATYIIKEe C HHAYKTHBHOCTHIO 2,0- 1072 I',B
KOTOPOU TOK cuiou 7,5 10 A ucuesaer 3a 2,0 102 ¢?

10. MarauTHOE ToJie KaTylmku ¢ HHAYKTUBHOCTBIO 0,1 " obmamaer sueprueit 0,8 Jx. Uemy paBHa
CHJIa TOKa B KaTylke?

11. [IpoBonoyHas npsiMoyrosibHast pamka co ctopoHamu 20 u 30 cM pacronoxeHa B OJHOPOJHOM
MarHMTHOM I0JI€ U NEPHIEHIUKYJISpPHA CUJIOBBIM JIMHUAM. Omnpenennure MHAYKLIUIO TOro IO, €CIU
IIPY €r0 UCYE3HOBEHMH 3a 1,2 10%¢cB pamke HaBoauTcs cpennsas DC 3,5 mB.

12. Yemy paBHa HHAYKTUBHOCTh KaTYIIKH, €CIIM MIPOTEKAIOMUK o Hel Tok cuioit 0,15 A co3gaer
ITOTOK MarHUTHOW MHIYKIIMH 7,5 10° B6?

13. Yemy paBHa MHAYKTUBHOCTH IPOBOJHHMKA, B KOTOPOM IIPH BO3pacTaHuU Toka oT 1,5 mo 1,8 A
3a 0,02 ¢ Bo3Oyxnaercsa DJIC camomnaykiuu 0,9 B?

14. 3a xaxoii MPOMEXYTOK BPEMEHH B KOHTYpe WHAYKTUBHOCTHIO 2,0 10°T IIPY U3MEHEHUU TOKA
Ha 0,5 A Bo3znukaet J/IC camounaykuuu 10 B?
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15. Onpenenure HHAYKTUBHOCTDH KaTYIIKH, €CIIK MPpH Toke 3,0 A MarHUTHOE MoJie B Hel obyamaeT
sHeprueit 6,0 107 k.
®opma npeacTaBieHus pe3yJabTara:
BreImonmHUTE 3aaHue B TETPAAH TS MPAKTUICCKUX PaboT.
Kpurepumn oneHku:
3a mpaBUIIHLHO BBIITOJHEHHOE 33JaHHE BHICTABIIAETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BBICTABIISICTCS OTpUIIaTeIbHAast OlleHKa — 0 0auioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenxa «HeyoosiemeopumenbHoy svicmasisemcs 3a Mmenee 60% nmpaBUITBLHBIX OTBETOB

Tema 5.1 Mexanunueckue KoJe0aHUA U BOJHBI

IIpakTuyeckoe 3ansitue Nel4
Mexanu4yeckue KoJIe0aHUS U HX XapaKTePHUCTHKH

Iesab: 3akpenuTb yMEHUS M HaBBIKM BBIYMCICHHMS HapaMEeTpPOB KOJIEOATEIBbHOTO JBMXKEHUS,
XapPaAKTCPUCTHK MCXAHUYCCKHUX BOJIH.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 03, OK 09

MatepuajibHoe o0ecnieyeHue:

TCTpadb A IMPAKTUYCCKUX pa60T, pyika, METOAUYCCKHNC PCKOMCHIAALUMWKU II10 BBIITOJHCHHIO
paloThl, TMHENKA, KapaHaall.

Yxka3anme: [IpakTuueckas pabota COCTOUT U3 ABYX YacTed — TEOPETUYECKOM M MPAKTUUECKOM.
[Tocne n3ydeHus: TEOPETUUECKOro MaTepualia MOKHO IPUCTYNATh K BHIIOJHEHUIO IPAKTUYECKOMN YacTH.
Ona coctouT W3 AByX W OoJjiee 3amad Jjisl CaMOCTOSTENILHOTO BhIMONHEHHs. He 3a0biBaiite o
IIPABUIBHOM O(OPMIIEHUH PEILICHHS.

Ilopsinok BbINOJHEHHS padOThI:

1. PaccMmoTpuTe TeopeTHUeCKHMH MaTepuad IO TeMe M MpUMephbl peleHus 3aaad (CMOTpH
METOJANYECKOE MTOCOOHE).
2. Pemmre camocrosTenbHyto padoty. Odopmure perieHne NMCbMEHHO B TETPAIH.

1 Kpamkue meopemuueckue ceedenun:

[lepuognueckue konebaHWsT — MEXaHWYECKUE JABWXKCHHUS WIM (PU3MYECKHEe MPOLECCHI,
ITOBTOPSIIOLIUECS] BO BDEMEHH.

INapmonnueckue konebaHusi — KojeOaHUs, MpU KOTOPBIX (U3NYECKas BEIMYMHA MEPUOUYECKU
U3MCHSETCS C TCUCHWEM BPEMEHU I10 3aKOHAM CHHYCa WJIM KOCHHyca. X = xm - sin(wt + ¢0) xm -
aMIUINTY1a, MAaKCUMaJIbHOE OTKJIOHEHHE OT MOJIO0XKEHHS paBHOBECHUS (U3NYECKOUN BeNMnYUHbIL. T- mepuos
Kosie0aHUH, HaUMEHBIINH MPOMEKYTOK BPEMEHH, B TEUEHHE KOTOPOTO COBEPIIAETCS OJHO IOJHOE
konebanue: T =t N , rae N - yncno konebanuid, t — Bpems, t = ¢, eauHuIa u3MepeHus: T = ¢ (cekyHma).
s marematnyeckoro mMasitHuka T =2n l g , rne 1 - anuna HutH, | = M, g - yCKOpeHHE CBOOOIHOTO
najgeHus, g = 9,8 m/c 2 Jlns nmpy>KMHHOTO MasiTHUKA, iepuo] paseH: T = 2n m k , rie m - Macca rpy3a
m = KT, k — koaddunumenT xxectkoctu npyxunsl k = H/Mm Yactora xonebanuii v - yucio xonedaHuii B
eauHuIly BpemeHnu: v=N t ,

Yacrtora u nepuoa B3auMooOpaTHble BenuuuHbl: Vv =1 T umu T = 1 v @0 - HavanbHas ¢daza
KoneOaHmii — aprymeHT @0 rapmonmdeckoil QyHkumu: y = Asin (wt + @0) , ompenensrommii
COCTOSIHUE TeJla B HauaJlIbHbII MOMEHT BpeMeHH t = (. ®- KpyroBas 4acToTa, YUCJIO MOJTHBIX KOJeOaHMi
BBIPQKCHHBIX B paiaHHOM (YIJI0BoW) Mepe, 3a Bpemsit=1c,w =panco =2 T =2nv

2. Ilpumepsl pemieHus 3aga4

1. 'apmonuyeckue KoyiebaHusi BEIMYMHBI X OMMCHIBAIOTCA ypaBHeHHeM X = = 0,2sin 2mt M .
Onpenenure: aMIuMTyay A KoneOaHMH; IUKINYECKYI0 4acTOTyw( ; 4acToTy KojieOaHWH V; Mepuo
konebanuit T; x1 B MoMeHT Bpemern t =T 2 .
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Jano:
x = 0,2sin 2mt [M]
A, Wy, Vv, T, X - ?

Pewenue:
CpaBHHB ypaBHEHHE TapMOHMYECKHX KoieOaHnii
x = Asin (wgt + @() ¢ naHHBIM B 3a1a4e, Haxoaum 4 = 0,2 m;

1
w0=2nc‘1;v=;’—;,omyﬂav=lI‘u;T=;,0TKy£laT=lc.

T
Hoacraaua 3HA4YCHUE [ = ; B YPABHCHHC, JAHHOC B YCIOBUH 3a/1a4H, ONPCACIIACM Xq!:

- .
X5 = 0,251[17“- =0,2sin =0 m.

Omeem: A =02m, wg=2nmc Lv=1T; T=1¢; %, =0m.

2. Hanmummre ypaBHEHHE TapMOHHYECKUX KOJeOaHUH, ecliu aMIUIMTyaa Konebanuih A = 2 cwm,
HayvanbHas ¢aza xonebanuii @0 =30° u 3a t= 10 c coBepmaercs n = 20 MOITHBIX KOJICOAHUH.

Hano:

A=2cm=0,02m
—ne==r

@y =30 ==

t=10

n=20

x(1)-?

Pewenue:
VpaBHeHne  rapMOHMYECKMX  KoneOaHmii  uMeer  BHJI
Asin (wgt + @q). [lepnon konedauuii 7' — Bpemsi, B TeueHue

t
KOTOpOro cosepuaercs oaHo konebanme: T = - 3nas 7,

2w 2mn
onpe,uenaem LHHUKJIHYCCKYH HaCTOTY. Wg = T, Wi Wy = —

t
_2m20
10¢
ypaBHCHHC JAdHHBIX TAPMOHHYCCKHX KosebaHui 6)’)1(‘3'[' HUMETh

Bua: x = (),02sin (4n't + %) [m]
Omeem: x = (),02sin (41tt =+ %) [M]

=4n.

3. Ilepuon xonebanuii Matemaruuyeckoro mastHuka Ha Jlyne Tin = 10 c. Onpenenure nepuon
kosnebanuit T sToro MmasaTHrka Ha 3emiie. Y ckopeHue cBoOoHoro najgeHus Ha Jlyne g=1,6 m/c 2.

JHano:
T,=10c

g, = 1,6 m/c?
g=9.8 m/c?
T-?

1,6 m/c?
Boruucnenus: I'= 1
CIICHUS Oc YT

Omeem: T =4 ¢

Pewenue:
[lepnoasl konebaunuii Maremarnyeckoro mMastiuka Ha Jlyne T)

u3emne I T, =2nJgZ;T=2nJ;£.

Pa3zenus nepBoe ypaBHEHHE Ha BTOPOE YPABHEHHE, MOMYHHM:

T Ba gn
—= |[=omkypaI'=T, [=
T, \J g Y "\’ g

=4c

4. Marematnueckuii MasTHUK, JUIMHA HUTH Kotoporo | = 0,5 M, coBepimaer rapMOHHYECKHE

KoJieOaHusl ¢ aMIumTygou A = 5 cwm.
MaTepuaabHON TOUKH.

Jano:
[=05m
A=5em=0,05m

Vimae =22

Omeem: Uy = 0,22 m\c

Onpenenure MaKCUMAIBHYIO CKOPOCTh UMAX KOJICOTIOIIEHCS

Pewenue:
Maremarndeckuii  MasTHHK  COBEPIIAET TapMOHHHYECKHE
konebanns 1o ypaBHeHHIO ASin (wot + @), TAE W -

2n
coOcTBEHHAs HHKIIHYCCKasA 4acTtoTa, wgy = T; T - nepuon

= ’1
konebauuit mastHuka, I’ = 2n = CIEI0BATENBHO, Wy = |2

[
MakcuMaibHas CKOPOCTh MATEPUANBbHOM TOUKH Upay = AWy =

9,8 m/c?
A ﬁ. BeIuncieHus: Uy, = 0,05 m Lok’

T 0,22 m\c
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CamocTosiTesbHasi padora

Bapuanr 1

1. HutsHo#i masTHUK coBepmua 25 konebanuit 3a 50 c. Ompemenure Mmepuoa M YacTOTy
KOJICOaHUH. 2. Onpenenute, Ha KaKOM PACCTOSHUU OT HaOmoAarens yaapuiaa MoiHus. Eciau oH
yCIIbIIIAaj rpoM depes 3 ¢ mociie Toro, Kak yBUIEN MOJIHUIO.

3. o rpaduxy

\

0 ——X 4 7 — A5
(0.1 0.2\0,3./70400 06 ¢

0.4

OTpeeNIUTe aMILTUTYTy, IEPUOJ] U YaCTOTY KojeOaHUH.

4. KakoBa JUIMHa MaTeMAaTHYECKOTO MAasTHHUKA, COBEPIIAIOIIETO TApMOHUYECKHE KoJeOaHus C
gactotoi 0,5 I't Ha moBepxHocTH JIyHb1? YCckopeHue cBOOOAHOTO majieHus: Ha moBepxHoctu Jlynsr 1,6
M/c 2 . 5. JlmmHa Mopckoi BoiHBI paBHa 2 M. Kakoe konndecTBo koseOanwmii 3a 10 ¢ coBepiuT Ha Hei
MIOTIIIABOK, €CIIM CKOPOCTh PACIPOCTPaHEHUs BOJIHBI paBHa 6 M/C.

6. Kak Hy)XHO M3MEHUTH JJIMHY MATEeMaTHYECKOTO MasTHUKA, YTOOBI MEPUOJ €ro KoseOaHui
YMEHBUIUTH B 2 paza?

7. Onpenenute AJIMHY MaTeMaTUYECKOro MasiTHUKA, KOTophlid 3a 10 ¢ coBepiiaeT Ha 4 MOJHBIX
Koje0aHusl MEHbIIIE, YeM MaTEeMaTHUYeCKU MasgTHUK JUIMHOHM 60 cM.

8. OnMH MaTeMaTH4YeCKU MasTHUK UMEET repuoj kojebanuii 3 ¢, a apyroii — 4¢. Kakoii mepron
KoJe0aHui MaTeMaTUYecKOro MasTHHKA, JJIMHA KOTOPOT'O PaBHA CyMME JUIMH YKa3aHHBIX MasTHUKOB?
9. UeMy paBHa JyTMHA BOJHBI Ha BOJIC, €CIIU CKOPOCTH paclpeiesieHus BOJH paBHA 2,4 M/c, a Telo,
IJIaBarolnee Ha Bojie, copepmaet 30 konebanuii 3a 25 ¢?

Bapmuanr 2

1. Masatnuk coBepmna 50 kosebanuii 3a 25 c. Onpenenure Nepuoa U 4YacTOTy KoJieOaHMM
MasiTHUKA.

2. Panmuobyii B Mope kosebiercs Ha BoJIHAX ¢ nepuoaoM 2 ¢. CKOpocTh MOPCKUX BOJH 1 wm/c.
YeMy paBHa JJIMHA BOJIHBI?

3. ITo rpaduxy

o
of.

i

— - -
/‘l i, ¢

OTIpeIeIUTE aMILTUTYTy, IEPHOJ]  YaCTOTY KoJeOaHUH.

4. Ha Hen3BecTHOM TUIaHeTe MasTHUK JUIMHON 80 cM coBepiui 36 TOJHBIX KojaeOanuii 3a 1 MuH.
Yemy paBHO yCKOpPEHHE CBOOOTHOTO MaJIeHUS Ha ITOM IMaHeTe?

5. Ompenenurte AJIUHY BOJIHBI, PACIPOCTPAHSIOMICHCS CO CKOPOCThIO 2 M/C, B KOTOpoil 3a 20 ¢
npoucxoauT 10 konebaHui.

6. KakoBa jyimHa MaTeMaTHYECKOTO MasTHUKA, COBEPINAIOINIETO 4 MOJHBIX KoieOaHus 3a 8 ¢?

7. Kak m3MeHuTCs 9acToTa KojaebaHui HUTSHOTO MasiTHUKA JUTMHOM 0,5 M, €CIIM YBEIHUUTh JJTUHY
HUTH Ha 1,5 M?

8. Ha o3epe B Oe3BETpEeHHYIO MOTOJY C JIOAKH OpOCHIU TsDKENbIA sikopb. OT MecTa OpocaHus
MOIIIA BOJIHBI. YesnoBeK, CTOSIIMi Ha Oepery, 3aMeTws, 4TO BOJIHA Jomuia 10 Hero uepe3 S50 c,
paccTtosiHue MeXIy coceaHumu ropOamu BoimH 50 cMm, a 3a 50 ¢ 6buto 20 BcruteckoB o Oeper. Kax
Janeko ot Oepera HaxoauiIach JoaKa’?

S7



9. K moTonky mojBelIeHbl Ba MasTHUKA. 3a OJMHAKOBOE BpPEMsI OJMH MAATHUK COBEPIIMI S5
KosnebaHui, a npyroil — 3 xonebanus. KakoBa jymHa KaXJI0ro MasiTHHKA, €CIM Pa3HOCTh MX JJIUH 48
cm?

dopma npeacTaBJieHus pe3yabTaTa:

BoinonHuTh 3asaHue B TETPaAM JUIsl MPAKTUYECKUX padoT.

Kputepuu onenkmu:
3a npaBUIIbHO BBIMOJIHEHHOE 33JaHHE BBICTABIIAETCS MOJIOKUTEIbHAS OlleHKa — 1 Oasu.
3a HelpaBWJIBHO BBIMIOJTHEHHOE JICHCTBUE, 33/IaHUE BBICTABIISETCS OTPHUIIATeIbHAs olleHKa — () 0ayioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenra «Heyoosnemeopumenbvhoy svicmasiiemcs 3a menee 60%0 npaBUIBLHBIX OTBETOB

Tema 5.2 DyleKTPOMarHuTHbIe KOJ1e0aHUS U BOJIHbBI

IIpakTnueckoe 3ansaTue NelS
Pemienne 3a1a4 Ha BU/AbI CONPOTHBJIEHHI B 1eMNsIX NePEMEHHOI0 TOKA.
®opmy.bl TpaHcopmaTopa

Heab: u3y4uTh CBOOOJTHBIEC NEKTPOMATHUTHBIE KOJeOaHUs B KOHTYPE, BUbI CONMPOTUBICHUS B
L[ENU [IEPEMEHHOT0 TOKA, UX OTINYUSA U OCOOCHHOCTH.

Brinosinenue padorsl cnnocodcTByeT GOPMHUPOBAHNIO:

OK 01, OK 02, OK 03, OK 09
MarepuanbHoe ofecrnedyeHue: TeTpaab Ui MNPAKTUYECKHX paboT, pydyka, METOJUYECKHE
PEKOMEH/IallMHY IO BBIIOJHEHUIO pabOThI, TMHEMKA, KapaHalll.

Yka3anmue: [IpakTrueckas pabota cOCTOUT U3 ABYX YacTe — TEOPETUYECKOM M MPAKTUYECKOU.
[Tocne n3ydeHus TeoOpeTUIECKOro MaTeprasa MOKHO MPUCTYNATh K BBIIIOJHEHUIO IPAKTUYECKOM YacTH.
Ona coctouT M3 AByX u Oojee 3agau JUIsl CaMOCTOSATENbHOro BhIMoiHeHHs. He 3a0biBaiite o
IpaBWIbHOM OopopMiIeHUH pelieHus. Ha BbiMmonHeHHe NMpakTUYECKON OTBOJUTCS JBa aKaJeMHUUYECKUX
yaca. [Tops10k BBIOIHEHUS pabOThI

Ilopsinok BbINOJHEHHS padOThI:

1. PaccMmoTpuTe TeopeTHUeCKMH MaTepuad IO TeMe M MpUMephbl peleHus 3aaad (CMOTpH
METOJANYECKOE MTOCOOHE).
2. Pemmre camocrosTenbHyto padoty. Odopmure perieHne NMCbMEHHO B TETPALIH.

Kpamkue meopemuueckue céedenusn:
«IlepeMeHHBIH TOK»

E
—a—
Fa >

HepeMeHHBIﬁ TOK — BBIHY>XXJICHHBIC TAPMOHUYCCKHUE DJICKTPOMAariuTHBIC KojebaHus B IMPOBOJHUKE.
BCJ'IC,Z[CTBI/IG BHCKTPOMaTHI/ITHOﬁ WHAYKIOUU B pPaMKC BO3HUKACT T'apMOHHUYCCKU MCHSAMOMIAACA 3I[C

(e0= BS ‘@ — ammuryna D/1C MHAYKIMH) 1 MOXKHO TOBOPHTH, YTO IOJIyYECH TIEPEMEHHBIH TOK.
e [lepeMeHHBII TOK OBITOBOM AneKTpoceTn uMeeT yactoty v =50 I'm u w = 2zv = 1007 [pan/c].
Pe3ucrop B enu nepeMeHHOTO TOKa

" U 1 U
TANAN
T Ny
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Bkirounm pesucrop conpotusieHus R B ceth nepemenHoro toka Hanpspkerus U(t) = Upsinwt (¥). B

Ka)KI[beI KOHKpCTHbeI MOMCHT BPEMCHH IMPOXOKIACHUC IICPEMEHHOI'O TOKA B PE3UCTOPE KAYECTBCHHO

=YY

HUYEM HE OTJINYAETCS OT NMPOXOKIAEHUS IOCTOSHHOIO U MOAYMHSIETCS 3aKoHy OMa: R Torma
Uy .
1{t) = =L sinet o | (6 = T sinet
I'paduxu 1(t) u U(t), B omHO#M cuCcTEME KOOPIUHAT, HMEIOT BHUL:
e Bcs moaBoauMas K pe3UCTOpPY DJIEKTPUUECKas SHEPrusl IPEeBpaIlacTCsd B TEIUIOBYIO, T. €. OH
o0J1a1aeT aKmusHbIM CONPOMUBTIEHUEM.
AxTtuBHOe (oMuueckoe) conporusienue (R) — conporusieHne peaucropa 6e3 yuéra ero EMKOCTH U
WHJIYKTUBHOCTHU.
EMKOCTB B 1I€NIM IEPEMEHHOTO TOKA

M3BeCTHO, YTO KOH/ICHCATOP MOCTOSHHBIN TOK HE MPOBOAUT (IETTh MKy OOKIIaIKaMH Pa30MKHYTA).
Bxirounm koneHcatop emkoctr C B 1iemb nepeMennoro Toka Hanpspkenust U(t) = Ugsinot (*).
I'pacduku I(t) u U(t) B oHO# cricTeMe KOOPIMHAT, UMEIOT BH/I:

|  — €MKOCTHOE COIPOTHUBIICHHE TEPEMEHHOMY TOKY.

X.=
Com e Xc ymenbImaercs ¢ poctom o u C
210
Het==m, i)
I
| It
L, P | =
|
VHIyKTUBHOCTD B LIENH IIEPEMEHHOTO TOKA
e L

BximiourM KaTymiky HHAYKTHBHOCTH L B 1iens mepemenHoro Toka Hanpspkenus U(t) = Ugsinet (*)
(akTHBHOE COMPOTHBIICHUE MPOBOA KaTyiiku R~ 0).

I'paduxu 1(t) u U(t) B ogHO# crcTeMe KOOPAUHAT, UMEIOT BU/I:

Xi =o- L _ yunykTHBHOE COMPOTHBICHNE MepeMeHHOMY TOKy. (X pacTeT ¢ poctoM  u L).
JlelicTByroIIee 3HAYCHUE MOIITHOCTH TIEPEMEHHOTO TOKa (P) — BeTMUMHA, YUCICHHO paBHAsI MOIIIHOCTH
MOCTOSTHHOTO TOKA Pyocr, TIPH YCIOBUH, YTO 00a TOKA 32 OJIMHAKOBOE BPEMSI, PABHOE TIEPHOLY
nepeMeHHOro Toka 7, Ha paBHBIX PE3UCTOPax R BBIACIAT paBHbIE KOJMUYECTBA TEILUTOTHI Q.
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15R Iy U
N3 P = Pyoer 1 Ug = Ig:R=> 2 2 2R
e JleiicTByrOIIEE 3HAYEHUE MOIIIHOCTH IIEPEMEHHOTO TOKA YaCTO HA3bIBAIOT AKTUBHON MOIIIHOCTBIO.
JlelicTByroIIIee 3HAYCHHUE CHJIBI IEPEMEHHOT0 ToKa (1) — BeTMunHa, YUCICHHO paBHAs CUJIC TOCTOSIHHOTO
TOKA |yocr, IPU YCIOBUH, UTO 00a TOKA 32 OIMHAKOBOE BPEMs, PaBHOE NIEPUOAY IIEpeMEHHOro Toka 7, Ha
paBHBIX pe3ucTopax R BbIIENSAT paBHbIE MOITHOCTH.

IR ot
W3 P = Pyoer= o =17-R" 2 = V2
JlelicTByroIIIee 3HAYCHNE HANPsHKEHUs mepeMernHoro Toka (U) — BenrunHa, YMCICHHO paBHas
HaMpsKEHUIO NOCTOSHHOTO TOKA Uoer, IPH YCIIOBHH, UTO 002 TOKA 32 OJMHAKOBOE BPEMsl, PABHOE
Mepuoay NEPEeMEHHOro Toka 7, Ha paBHBIX PE3UCTOpPax R BBIIEIAT paBHbIE MOIIIHOCTH.

2 3 U
p_ﬂD_T_U_U_U_ U=._'E
s ““2R R > J2
e Ha npakTuke HAC PEIKO HHTEPECYIOT aMILTUTYHbIC MM MTHOBCHHBIC 3HAYCHUS CHITBI, HATIPSKEHUS
WJIM MOIITHOCTH MIEPEMEHHOT0 TOKa. MIHTepec MpeICTaBIsSIoT uX delicmayioujue SHAYCHHUS.

3axon OMma /U151 HepeMeHHOro TOKa

- Lo
g==2
N3BecTHO, UTO B IENAX MEPEMEHHOTO TOKA: a) JJISI aKTUBHOT'O CONPOTHBIICHUS R: R
U u
Ir_, =0 ID = x_':l
0) ms emxoctu C: Xe ; B) JUISl MHAYKTUBHOCTH L L,
' f
R =
Vurts, 4To lp=1+2 Ug=U V2 , TIOJTY4UM 7, 3aKoH OMa Jis IepeMEHHOTrO TOKa JUls
pe3ucTopa, EMKOCTH U UHAYKTUBHOCTH: f= ]
Pe3onanc B 1ienu nepemMeHHoro Toka
U~ L]
()
[

|

[

[

A »
Wl r

Cobepem 11enb U3 KaTyIIKu WHIYKTUBHOCTH L, koHneHcaTopa C, amrepMeTpa NepeMEeHHOTO
TOKa A M UCTOYHHKA I " mepemennoro Hanpsokenus U = Ug-Sinwt ¢ u3mMensiemoit
4acTOTON . AKTUBHOE X, compoTHBJIEHHE MPOBOAOB U KaTyIIKU HHAYKTUBHOCTH R~ 0.
Ouxcupys Uy = const u M3MEHSA 4acTOTy @ OT 0 10 MaKCUMaJIbHO BO3MOKHOI'O

3HA4YCHUA, CHUMEM 3aBUCHUMOCTDL CUJIBI ﬂeﬁCTByIOHlCFO TOKa B LICIIH I(a)) OKaSaJIOCB, 4YTO Ha 4aCTOTC
1

ey = —
vLC Ha6J‘IIOI[aeTC§I pC3KOC yBeHI/I‘-IeHI/IC TOKa.
Pe3OHaHC — SAABJICHUC pezKoro BOSpaCTaHI/Iﬂ aMHJ’II/ITy,lII)I BBIHY)K)IeHHBIX 3HeKTpOMaFHI/ITHBIX KOJ'Ie6aHI/H71

IIpu COBIMAACHUN YaCTOTHI BBIHYKAAOIICTO HAIIPSIXKCHUA C COOCTBEHHOM 4acTOTOM KOJIeOaHu KOHTYpa.
I

-

Fy<=Ra:=R,;

I »

i, e
DNeKTPOMarHUTHBIN pe3oHaHC (KaKk U MEXaHUUeCKU) HaCTyMaeT MU COBIAJeHUH YaCTOThl BHEITHUX
BO3/ICUCTBUII ¢ COOCTBEHHOM 4acTOTOM KOIeOaHUN CHCTEMBI, IIPH 3TOM aKTUBHOE COIIPOTHBIICHHE
JEUCTBYET aHAJIOTMYHO CHJIE TPEHHsI — IEPEBOAUT SHEPTUI0 KOJIeOaHUI B SHEPIHIO NOTEPh (TEIIO).

60



Jlnst pasubix R (pu mocrosiaubix L, C) kpussie |(w) umeroT Bu:

o [Ipu 3HauNTENBHBIX R pe30HaHC MOXKET OBITh MPAKTUYECKU HE3AMETHBIM.

e Pe30HaHC MIMPOKO HCHONB3YIOT B PATUOTEXHUKE (IIPH HACTPOHKE KOHTypa paavonpuéMHHKA Ha
4acToTy BBEIOpaHHOM PaIUOCTAHIINH U TIP.).

pPOTOp

I'enepaTop nepemennoro toka (I'IIT)

IIpocreitmmii ['TIT cocTOUT U3: NOCTOSIHHBIX MarHUTOB 1; KOHTYpa 2; KOHTAKTHBIX KOJIEll 3; IIETOK 4.
[Ipu BpaiieHuM KOHTYpa ¢ YIJIOBOM CKOPOCTBIO (0 €r0 MAarHUTHBIN MTOTOK
® = BS-coswt u DJIC ¢ = -0 = go-Sinwt. Iy KOHTYpa U3 N BUTKOB & = N-gp-SiNwt.
Koncrpyktusno I'TIT cocTouT U3 ABYX OCHOBHBIX YacTeil: HENOABMKHOM — CTaTOpa U BpallaroLencs —
pOTOpa, U3rOTOBJIEHHBIX U3 AJIEKTPOTEXHUYECKON CTaJIH.
e C uenbto yBenuuenust KI1/] reneparopa (0osiee moJHOTO UCIOIB30BaHUSI MATHUTHOTO MTOTOKA) 3a30p
MEKly CTaTOPOM U POTOPOM AENaI0T MUHUMAJIbHBIM.
3HAQUUTENIBHO YIy4YlIatOTCA.
Tpancpopmarop

’fil T =2 JE:;{

Tpancdopmarop — ycTpoilcTBO, IpeiHa3HAuE€HHOE ISl U3MEHEHHs 3HAYCHUH HaNpsKEHUS U CUJIbI

MIEPEMEHHOTO TOKA.

e Tpancopmarop 6bu1 ckoHCTpyHpoBaH B 1876 r. Ilerpom Hukonaesuuem S1610ukoBeiM (18471894,
Poccus).

[Tpocreiimmii TpaHC(HOPMATOP COCTOUT U3 3aMKHYTOI'O CTAIBHOTO CEPJICYHHKA U JIBYX HaJIeTHIX HA HETO

KaTymek ¢ oOMoTkamu. OtHa 0OMOTKA — IEPBUYHAS — MOJIKITIOYAETCS K HICTOYHUKY TIEPEMEHHOTO

HanpsDKeHUs, Ipyras — BTOpUYHas — K motpeduTento. Tok mepBUUHOM 0OMOTKH CO3/1a€T B CEpJICUHUKE

MEPEMEHHOE MarHUTHOE TI0JIe, KOTOPOE MPOHU3BIBAET BUTKH BTOPUIHON OOMOTKH M HABOJHT B HEH

O C unaykumu. )

[Tycth nmepBu4Has 0OMOTKA COIEPKUT N1 BUTKOB, L. 4 BTOpPUYHAS — N2 BUTKOB U K IIEPBUYHOMN

0OMOTKE HPHII0KEHO IepeMenHoe Hanpsokenne Uy, U

L _Ys _Np_

g Uy Ny

l

, Tie K — ko3 dunment tpanchopmanuu.
e Ecmu N>>N;, To TpaHchopMaTop Ha3bIBAIOT MOBBIMIAIOIMNM, No<N1 — MOHUKAIOIIUM.
)
CamocrosiTesibHas padoTa
1. DOJIC unaykiuu, BO3HHUKAIOIIAS B paMKe MPH BpalleHUH €€ B OJHOPOJHOM MAarHMTHOM IIOJIE,
u3MeHsieTca 1o 3akony &(t)=gop-Sinot. Onpenenuts ammurynHoe 3HaueHue DJIC, MrHoBeHHOE
3nauenue DJIC mpu t=0,002c, nepuoa 1 4acTOTy TOKA.

2. MarHuTHbeli TIOTOK B paMKe, PaBHOMEpPHO BpallaloIIelcs B OJHOPOJHOM MArHUTHOM IIOJIE,

n3MeHnsiercs: 1o 3akoHy P=dpcos6280t. Haittu 3aBucumocts DJIC MHIYyKIIMHU, BO3ZHUKAIOIIEH B

paMKe, OT BpeMeHU 6 ONpelenuTh aMIUIUTYHbIE U AeicTByromue 3Hauenus DJC, mepuon u

YacTOTY TOKa.

OnpenenuTs ASHCTBYOIIEE 3HAYCHHUE CHITBI TOKA, H3MEHSIOIIErocs 1mo 3akony I(t)=Ip-sin 54t.

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

5. Konpencarop eMKOCTbIO 10* @ BkimOYEH B ceTh nepeMeHHoro Toka c¢ vacrotoi 50 I'm.
Onpenenutb EeMKOCTHOE CONPOTUBIICHUE KOHIEHCATOPA.

~w

61



6. Konxpencarop emkocteio C BKIIOYEH B CETh NMPOMBIIUICHHOTO TOKa. OmpenenuTh €MKOCTHOE
CONPOTHUBIICHHUE.

7. Karymka waayktuBHOCTRIO 0,5 ['H BK/IIOYEHa B CETh MEPEMEHHOTO TokKa ¢ dactorod S50 I'm.
Ornpenenutb UHAYKTUBHOE COMTPOTUBIICHUE KATYIIIKH.

8. Karymka WHAYKTUBHOCTHIO L BKJIIOYEHA B CE€Th NEPEeMEHHOro Toka C dactoto 50 I
Ornpenenutb UHAYKTUBHOE COMTPOTUBIICHUE KATYILIKH.

9. HanpsokeHuss EpBUYHOW M BTOpUYHOM 0OMOTOK Tpancdopmaropa U; m Uz COOTBETCTBEHHO.
Uucno BUTKOB BTOPUYHONH OOMOTKM Nj. OmpenenuTs: YHCIO BUTKOB MEPBUYHOM OOMOTKH Nj,
koa(durment tpanchopmarmu K u Bua tpanchopmaropa (MOBBIIIAIONINN HIIA TTOHMKAFOIIHH),
OTBET IOSICHUTb.

10. Omnpenenuth MOIIHOCTH TEPBUYHON M BTOpPUYHOU Iieneil TpaHcopmatopa P; u Py, ecnm
u3BecTHbl: HanpspkeHuss U; u U,, Tok I3 mepBuuHO# 0O0MOTKH. Paccumrarh koaddummeHt
tpanchopmannu K u ykazare Buj TpanchopmaTopa (NMOBBILAIOMIMKA WIA MOHMKAIOLIHIL),
OTBET IOSICHUTb.
dopma npeacTaBiaeHns pe3yJabTara:

BreinonHuTh 3asaHue B TETPaAH ISl MPAKTUYECKUX PadoT.
Kpurtepun ounenku:

3a npaBUJIbHO BBIMOJIHEHHOE 331aHKUE BBICTABIISIETCS MOJIOKUTENbHAS OIleHKa — 1 Oa.

3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS olleHKa — 0 OaioB.

Oyenxa «omauunoy svicmagngemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB

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

Oyenxa «yoosnemeopumensvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

Oyenka «HeyoosiemeopumenvHoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 5.2 Dy1eKTPOMarHuTHbIE KOJI€OAHNUSI U BOJIHbBI

IIpakTuyeckoe 3ansaTue Nel6
Pemenue 3a1a4 no teMe «J1eKTPOMATHUTHBIE KOJI€OAHUS M BOJTHBI»

Heab: u3yunTh CBOOOAHBIE DJIEKTPOMArHUTHBIE KOJEOaHUs B KOHTYPE, pacpOoCTpaHEHUE BOJIH,
BUJIBI BOJH UX OTJIAYHS.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 03, OK 09

MarepuanbHoe o0ecrnedyeHue: TETpaab AN MPAKTUYECKUX pabOT, pydka, METOTUYECKHE
PEKOMEHIallUU T10 BHITIOITHEHUIO pa0OThI, TMHEIKA, KapaHIall.

Yka3anmue: [Ipaktuueckas paboTa cOCTOUT U3 ABYX YacTe — TEOPETUUYECKON U MPaKTUUYECKOU.
[Tocne u3ydenus: TEOPETUIECKOTO MaTepraia MOKHO MPUCTYIATh K BBITIOJIHEHUIO TPAKTUYECKON YaCTH.
Ona cocTouT W3 JAByX W Ooree 3amad Ui CaMOCTOSITENILHOTO BbIMONHEHUs. He 3a0biBaiite o
npaBUiIbHOM oopmieHuu pemnieHus. Ha BbIMOTHEHHE MPAKTHYECKOW OTBOJMTCS JBA aKaJIEMHYECKUX
qaca. [Topsimok BeIonHEeHUs paboThI

IMopsiiok BbINOJIHEHHS] PA0OTHI:

1. PaccMoTpuTe TeEOpeTHYECKHI MaTepuan MO TeMe W MPUMEpPHl pelieHus 3aaad (CMOTpH
METOAMYECKOE ITOCOOHE).
2. Pemute camocTosTenbHYI0 padoty. Odopmute penieHne MICbMEHHO B TETPAIH.

1. Teopwus. [IoBTOpUTH TEOPETHUECKUI MaTEpUa MO0 KOHCIIEKTY JICKIH.
2. Tlpumeps! peleHus 3aaad4.
1. UnpyktuBHOCTH KonebOatenmpHOro koHTypa 500 mxI'm. Kakyio eMKOCTh cieayer BbIOpath,
9YTOOBI HACTPOUTH €ro Ha yacTtoty 1 MI'i?
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JaHo: ve—— 1 . |
21 €= 2 i 6.2
KO0J1e0aTeNIbHEI . | 4:3.047 51077 . (107)
W=
I‘/’I KOHTyp Ao - T _ 1 |
— t
=1 20.9.8596-10~ 12 197492108
L=510"T At 8 1
= H =0,005-107" =5-107" " = 50/
PPN
v=10"T'11
Cc=?

2. B ycraHoBKax Juis 3JIEKTPOIMIPaBIMUECKOM 00pabOTKH MaTepuaaoB KOHJIEHCATOPhl paboyero
KOHTypa SBJSIOTCS €MKOCTHBIMM HAKONUTENsIMM d3Hepruu. Ormnpenenure HauOOJbLIYIO CHITY
KpPaTKOBPEMEHHOI'0 TOKA, BO3HHMKAIOIIErO B LIEMHU INPH NPSIMON pa3ps/ike TAKOro KOHJEHcaTropa Ha
IIPOBOJHMK, €CIM M3BECTHO, YTO 3aHECEHHas 3Heprus B KoHaeHcartope 10 /X, MHIYKTMBHOCTH
koHTypa 0,03 MKI'H.

. B _ ,
Hano: k E.,=Eu ,r |2-1u4 'm
KOHT max ~ g — yubhe
P U ]'||3-|u
E = 10" Jix _ =0.8-10% =8.10° A
. [
L=310"Tn 2
max =7 i
—
, _ [2Ea
o |||| L

3.0npenenute Nepuo/ U 4acTOTy COOCTBEHHBIX KoseOaHui KOoHTypa HHAYKTHBHOCTH 0,05M I'H 1
MOCJIEI0BATENBHOTO COEIMHEHHS TPEX KOHAEHCATOPOB €MKOCTBIO 110 6 MKD.

aHo: L | &
A T=2314 ﬁ]ﬂ""ﬁ:
\ 3
K £.284 10107 - 6284107
[IOCJIEI0OBATENLH = B,2010 e

0€ COCIMHCHUC
|

V= = U5 = LAl

L=0,05M T'H=5 ccc 62810
10°TH -

. | Co=n
Ci=6Mxd=6 10
° O [ R TR I.||..l. {J'
N=3 ,
T,y-?

4. Cuna ToKa B CETH U3MEHsEeTCs Mo 3akoHy 1=4,2 sinwt. Kakoe KOIMYecTBO TEIIOTH BBLACTUT
AJIEKTPOKAaMUH 3a 1 4 paboThl, eciu ero conpotusienune 70 Om?
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Jano: Q=I* Rt 1,=4,2A

AIIEKTPOKAMHUH i=lpsinot 1,=0,707-4,2=3A
i=4,2 sinot I Q=3%70-3,6-10%2,3-10% k=
=—==0707-T,
)
t=3,6-10° ¢ | Y= =2,3 MJIx
g
R=70 Om
Q=?

5. Karymka naayktuBHOCTbIO 0,1 I'H M akTHBHBIM conpoTtuBieHueM 25 OM BKIIIOUEHA B CETh
IIPOMBIIIJIEHHOT'O MEPEMEHHOIO TOKA CO CTaHAApTHOM uyacToToil. OmpenenuTe TOK B KaTyILKe, €CIU
HanpsbkeHue Ha ee BBogax 120 B.

6. Ha KOIXO3HYIO MOACTAHIMIO IMMOCTYHaeT TOK HampsbkeHuem 6600 B. mepBuuHas oOMoTKa
Tpancpopmartopa mnoactanuuu wumeer 3300, a Bropuunas 110 ButkoB. Ompexnenute pabouee
HaIpsHKEHUE B KOJIIXO3HOM 3JIEKTPOCETH U MOTPEOIIIEMYIO MOIITHOCTh cuia Toka B cetu 200 A nmorepsimMu
SHEPruu B TpaHchopMaTope npeHedpeyb.

Jlano: Tpaticopmatop o U, . _ 6600110
U600 B wy Uy "' 3300 o

1 | B l"| .c.]:
©;=3300 B R P,=220-220=44-10°Br=44 kBT
,=110 Py=Uzl,
1,=200 A
Uy, Pp=?

7. Cuna ToKa B nepBHUYHONW oOMOTKe TpaHcdopmaropa 0,5 A, HanpspkeHue Ha ee KoHuax 220 B,
BO BTOpHYHOM 00MOTKE cooTBeTCTBeHHO 8 A 1 12 B. Onpenenute KII/ Tpancdopmaropa.

JHano: tpancdopmaropa - 'F:. 100% - 12-8 100% — 8T
1= o= 220-0.5
1,=0,5 A F,
L.r, .
1,=8 A =——: 0%
i
U;=220 B
U,~=12B
n=?

CamocrosiTesibHas padoTa.
1. MarHuTHbBI MOTOK B paMKe, PaBHOMEPHO BPAIIAOLIUICS B OJHOPOJHOM MAarHUTHOM IO,
HU3MEHsIETCs 10 3aKOHy @ = 3 - 10 cos157t. HaiiauTe 3aBHCHMOCTD MIHOBEHHOTO 3HAUCHHS
OJC wuHayknuu, BO3HHUKAIOIIEH B pamke, OT BpeMmeHU. Ompenenure MaKCUMalIbHOE H
nerictBytomee 3Hadenne JJ[C, mepros 1 9acToTy TOKaA.
2. B pamke, paBHOMEpHO Bpalllarolielics B OJHOPOAHOM MAarHUTHOM IIOJIe, WHIYLUPYETCS TOK,
MTHOBEHHOE 3HAaYCHUE KOTOPOTO BBIpa)KaeTcss (OpMysIou 1 = 3 sinl57t. Onpenenure
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10.

11.

12.

13.

14.
15.

16.

17.

18.

aMIUTUTYJHOE, ICMCTBYIONIEE 3HAYEHUE TOKA, MrTHOBeHHOe 3HaueHue Toka npu 0,01 C, nepuog
Y 4acToTy.

Onpenenure MakCUMalbHOE M JEMCTBYyIolee 3HaueHue nepemeHHord JJIC, BO3HUKarolen B
paMKe TpU €€ pPaBHOMEPHOM BpaIllEHWHW B OJHOPOJHOM MAarHUTHOM TMOJE€, €CIU TpHU yrie
moBopoTa pamMku Ha 45~ mruoBeHHoe 3HaueHue IJ[C 156 B.

Cuna Toka B mepBUYHOI oOMoTKe Tpanchopmartopa 0,2 A, Hanpspbkenue Ha kiaemmax 220 B.
Onpenenure HaNpsOKEHUE M CHIIY TOKa BO BTOPUYHOM OOMOTKE TpaHcopmaTopa, eciu
kod¢durnment rpanchopmarnuu 0,2.

Hanumnre ypaBHeHue ajis MrHOBeHHOro u3meHeHus J/]C MHAYKIMU, BOSHUKAIOIIEH B BUTKE
IIpY PaBHOMEPHOM €ro BpalIeHUH B OAHOPOJHOM MAarHUTHOM moje, eciu yepe3 1/600 c mocnie
IIPOXO’KJEHHSI BUTKOM MOMEHTa, ipu kotopoMm DJIC paBHa Hynto, MTHOBEHHOE 3HadeHue DJ[C
cranoButcs 5 B. [lepuon Bpamenus Butka 0,02 c.

Karymka naaykruBHocThio 20 MI'H BKIIIOYEHA B CE€Th MEpEMEHHOro Toka ¢ yactoTod 50 I'm.
Omnpenenure UHAYKTUBHOE COMTPOTUBJICHUE KATYIIKH.

Konpaencarop eMKocCTbiO 8-10’4(1) BKJIIOYEH B CETh NEPEMEHHOro Toka ¢ yactotoil 50 I'm.
OrnpenenuTh CUITY TOKA HA YYacTKE IEMH ¢ KOHJACHCATOPOM, €CJIM COMPOTUBIICHUE TOIBOISIINX
poBo10B 5 OMm, a HanpsKEHHUEe Ha BceM ydacTke uenu 12 B.

Kak wu3mMeHUTCS WHAYKTUBHOE CONPOTHBJICHUE KATYIIKH, €CIM €€ BKIIYUTh B IIEMb
nepeMeHHoro toka ¢ yactorou 10 xI'u, BMmecto 50 I't1?

[lepBuunas oOMoTka TpaHncopmaropa coxepxut 800 BuTkoB, BropmuHast 3200. Ompenenure
ko3 purmeHT TpaHchopMaIm.

Cuna Toka B CETH U3MEHSIETCS 10 3aKoHY 1 = 8,5 sin ® t. Kakoe KoJM4ecTBO TETUIOTHI BBIICITAT
ANEKTPOKaMUH 3a 2 yaca paboTsl, eciiu ero conpotupieHue 80 Om?

Cuna Toka B mepBHYHOM 00MOTKEe Tparcopmaropa 0,6 A, HanpsbkeHHe Ha ee KoHIax 220 B; Bo
BTOpUYHOI 06MOTKe 6 A U 14 B. Onpenenute KIIJI Tpancdopmaropa.

B mepBuuHOl 00MOTKe moBBIIIarOImEero Tpancopmaropa 80 BUTKOB, a BO BropuuHoil 1280.
Hanpsiokenne Ha kKoHIax nepBuyHoi oOMoTku 120 B, a BennumHa TOKa BO BTOPUYHON OOMOTKE
0,25 A. OnpenenuTe MOJIE3HYIO MOITHOCTH TpaHCPOopMaTopa.

Jlisg TpaHCIALMU paauonepeaady MPUMEHSIOT MOHWKAIOMIMKA TpaHcPopMaTop C HAMPSKEHHEM
480 B mo 30 B. Ompenenute MomHOcTh Tpancpopmaropa c¢ KII[ 96%, ecnum k Hemy
nojkiatoueHo 100 penpoaykropos, norpedisromux Tok 0,008 A.

Omnpenenure MakcumanbHyo JJ1C, 3Has1, 4TO npu 30° OJC uaaykmuu 110 B.

Onpexnenure yroia nNoBopoTa BUTKA B OJHOPOJTHOM MAarHUTHOM IIOJIE, 3Hasi, YTO MAaKCHUMaJbHOE

3Hauenue Toka 1002 A, a Tox B jaHabIi MOoMeHT 100 A.

Onpenenure ko3pduumeHT TpaHcpopMmalu 3BOHKOBOrO TpaHc(hoOpMaropa, HTUTAEMOIO
CeTeBbIM TOKOM C HampsbkeHneM 220 B, eciu npeobpa3oBaHHbIN TOK UMeeT HanpskeHue 2 B.
[lepBuuHas oOMOTKa MOBBbIIIANONIEr0 TpaHchopmaropa umeer 45 BUTKOB, a BTOopuuHas 900
BUTKOB. [lepBHuHas KaTyIllka BKJIIOYAETCS B CETh IEPEMEHHOro TOKa ¢ HampsbkeHuem 120 B.
Kaxkoe nanpspkenue OyaeT Ha 3a)KuMax BTOPUYHON 0OMOTKH?

OnexTpuueckas 1yra JoJDKHA ropeTs noj HanpsbkeHueM 40 B, a B cetu 220 B. Ckonbko BUTKOB
JIOJKHA COJiepKaTh BTOpUyHasi 0OMOTKaA, €CJIM B IEPBUYHON 0OMOTKE, BKIIFOUEHHOU B CETh, 385
BUTKOB?

®opma npeacTaBiaeHus pe3yJabTara:
BeInmonHuTE 3a1aHue B TETpaau A MPaKTHUECKUX padoT.
Kpurepum ouenku:
3a mpaBUIIHLHO BBIIOJHEHHOE 33JaHHE BHICTABIISAETCS MOJIOKUTENIbHAs OlleHKa — 1 Gasu.
3a HeTMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISIETCS OTPUIIATEIbHAS OonleHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHo» svicmasisiencs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 5.3. OnTuka
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IIpakTuyeckoe 3ansitue Nel7
3aKOHBI OTPAKEHMSI M TIPeJIOMJIeHHs cBeTa. DopMyJia TOHKOM JIMH3bI.

Henan: [IppumeHeHne 3aK0OHOB OTPAKEHUSI U ITPEJIOMIIEHHUS CBETA IIPU PELLIEHUH 3a/1a4.

BoinosineHne padoThl cioco0CcTBYET (POPMUPOBAHMIO:
OK 01, OK 02, OK 03, OK 09
MarepuanbHoe o0ecnedeHHe:T€Tpaab UId MPaKTUYECKUX paboT, pydyka, METOJUYECKHE
PEKOMEHIAIMA TI0 BBHIMOJTHCHUIO paOOThI, JIMHEHKa, KapaHpam. Ta0iuia 3HAYCHW OCHOBHBIX
TPUTOHOMETPUYECKHUX (YHKIIHI
Yka3zanue: IIpaktuueckas paboTa COCTOMT M3 ABYX YacTe — TEOPETHYECKOW M MPAKTHYECKOU.
[Tocne u3ydeHust TEOPETUUECKOTO MaTEpHalia MOXKHO IPUCTYNATh K BHIIIOJIHEHUIO TPAKTUYECKON YaCTH.

Kpamxkue meopemuueckue céedenus:

3akoH orpa:keHMs cBeTa OTpaXKEHHBIN Jyd JEKUT B OJHOHN IUIOCKOCTH € NaJAOLIMM JIY4OM U
HOpPMaJIbl0 K IOBEPXHOCTH, BOCCTAHOBJIEHHOM M3 TOYKM MaJ€HUS. YTOJl OTPaKEHUsS paBeH YIIy
najieHus: . YIJIbl HaJeHUsl U OTPaXEHUs U3MEPSIOTCS MEXAy HAIpaBJICHHMEM Jiydya U HOPMaJblo K
MOBEPXHOCTU (puC. 2). 3aKOH OTpa)XEHWsI CBETa CHPABEUIMB U JJI1 IIEPOXOBATOW IHMOBEPXHOCTH.
[TapannenbHplii My4oK cBeTa OTpaxaercs oT Hee Tu(dy3HO, OJJHAKO KaXKIbIH JTyd MOJAYUHSIETCS 3aKOHY
OTpa)KEHUS.

3akoH npejomJienus csera. [lokasarens npesomienus. [IpeaoMIeHHBIN J1yd JIKUT B OAHON
IUIOCKOCTH C MaJaroliM Jy4OM U HOPMallbl0 K IOBEPXHOCTH, BOCCTAHOBJIEHHOM M3 TOYKH IMaJEHUS
(puc. 2). OTHOLIEHHE CUHYca yIja NaJeHusl K CUHYCY yIla MPEeJIOMICHHsI €CTh BeJIMYMHA [TOCTOSIHHAsS
JUIS JAaHHOM Napbl BEIECTB!

Ssmma
sin /3

Yron Mexay HOPMaJIbl0 M MAJAOLUMM JIyYOM HA3bIBAE€TCS YIJIOM HaJeHUs. YIoid Mexay
HOpMaJIbl0 M TPEJIOMJICHHBIM JIy4OM Ha3bIBaeTcsl yriaoMm npenomieHus. [loctosHHas BennumHa n2l
Ha3bIBAETCS] OTHOCUTEIBHBIM IIOKA3aTENIEM ITPETOMIIEHUSI BTOPOI CPEAbl OTHOCUTEIBLHO NEPBOM.

[Toka3arenp mHpenoOMIEHUS Cpelbl OTHOCHUTEIIBHO BakyyMa Ha3bIBaeTCsi  aOCOIIOTHBIM
IoKaszareiaeM IpesnomwieHus. Kak mnpaBuio, 3Ty BEIMUMHY Ha3bIBalOT IPOCTO  IIOKA3aTeleM
IIPEJIOMIICHUS.

BonHoBas Teopusl ycTaHABIMBAET IMPOCTYIO CBSA3b IOKA3aTeNs MPEIoMIIEHHS n2] co CKOpOCTBIO
pacnpocTpaHEeHHs! CBETOBBIX BOJIH B JIByX Cpelax

¥i

Va

= n,, = const. (1)

Puc. 2. 3akonsl OTPAXKXCHUA U IIPCIIOMJICHHA CBCTA

IIpakTHYecKas 4acTh.
3aga4u 1719 CaMOCTOSITEILHOIO PeLICHHS:
1. Ha xako# yroa moBEepHETCSl OTPAKEHHBIN OT 3€pKaJla COJTHEYHBIN JIy4 MPU MOBOPOTE 3€pKaja
2. [Ipenmer Haxoawiics Ha paccTossHUM 20 ¢M OT IUIOCKOTO 3e€pKaia. 3aTeM ero oToABUHYIHN Ha 10
cM

66



3. B mockocTH 3KpaHa HaXOAUTCA UCTOYHHMK CBETA, UCITYCKAIOIIMNA Y3KUM My4YOK JIy4ei o
YTJIOM

4. OT nogABEMHOI0 KpaHa, OCBEIICHHOTO COJIHIIEM, MTaJla€T TeHb JJIMHON 75 M, a TEHb OT
BEPTUKAIBHO

5. JIyd cBeTa majaer Ha CUCTEMY JIBYX B3aUMHO MEPIEHIUKYISIPHBIX 3€pKal. YTO MageHus

6. Hag nenTpoM kpyriioro 6acceiiHa paguycom 5 M, 3aIUTOTO JI0 KpaeB BOJIOM, BUCHUT JIaMIIa

7. Beicota Connua Haa ropuzontoM 38°. Ilo KakuM yriioM K TOPU30HTY HAJI0 PaCHOJIOKUTh

8. ConmHeuHbli Ty4, TPOXOASIINUNA Yepe3 OTBEPCTHE B CTABHE, COCTABIIAET C MOBEPXHOCTHIO CTOJIA

9. Heb6ob1110# mpeaMeT pacnooKeH MEeXy IBYMs MIIOCKUMU 3epKaiaMu, 00pa3yroIuMHU yrol

10. Ha kako# BICOTE HaXOIUTCS adpPOCTaT, €Ciu ¢ OanrHu BeicoToi 20 M OH BUJIEH 101 yriom 45°

11. KakoBa momkHa OBITh MUHHMAJIbHASL BEICOTA BEPTUKAILHOTO 3€pKalia, B KOTOPOM YEIIOBEK

12. IlpeameT nomenieH Mexay IByMsl B3aUMHO NEpIIeHIUKYIIpHBIMU 3epKaiamMu. CKOJIbKO

13. Tlox kakuM yrioM K MOBEPXHOCTH CTOJIA HAJIO PACTIONOKHUTH TUIOCKOE 3EPKAII0, YTOOBI
MOJIYYUTh

14. Yenosek, crosmuii Ha Gepery o3epa, BUANT Ha INIAAKONW OBEPXHOCTH BOJBI H300paKeHHE
COJIHIIA

15. Cersmiasics ToUKa MPUOITMIKASTCS K TUIOCKOMY 3€pKaTy co CKOpocThio 4 M/c. C Kakoid
CKOPOCTbHIO

16. [IpeameT HAXOAUTCS OT IJIOCKOTO 3epKaiia Ha pacctossuuu 30 cm. Ha kakoM paccTostHUN

17. ToueuyHsblif ICTOYHHUK CBETA OCBEIIaeT TOHKUI nuck quamerpom 0,2 M. [Ipu 3TOM Ha 3kpaHe

18. ['opu30oHTaIBHBIN JIy4 MaJaeT Ha TNIOCKOE BEPTUKAIBHO PacoiiokeHHOe 3epkaiio. Ha kakoi

19. BepTukainbHo cTOsIIIMIA mecT BhicoToi 1,1 M, ocBemenHbii CotHIleM, 0TOpachiBaeT

20. Ha ropu30oHTaNbHOM CTOJIE 110 NPSAMOH BHKETCs mapuK. 1107 KakuM yrioM K IJI0CKOCTH
cToja

21. Ilnockoe 3epkaiio AB JBHKETCS TIOCTYIATEIBLHO CO CKOPOCTHIO VI=2 M/C, a TOUKa S TBUKETCS

22. Ceersiasics TOYKa paBHOMEPHO JIBIKETCS 0 MPsMoid, oOpa3yromieit yroin 30° ¢ II0CKOCThIO.

KoHnTpoJsbHbIe BONPOCHI
1. Cdopmynupyiite 3aKOHBI TEOMETPUUECKON ONTUKH. Y KQXKUTE TPaHUIIbl IPUMEHUMOCTH STHX
3aKOHOB.
2. JlaiiTe omnpenenenne aOCOTIOTHOTO M OTHOCHTEIBHOTO MTOKA3aTeNsl MPEIIOMIICHHS U TIOKAKHUTE
CBSI3b MEXKy HUMU.
3. KakoB ¢u3udeckuii CMBICI TTOKa3aTeNs MPEJIOMIICHHUS C TOUYKH 3PEHHS BOIHOBOM TEOpUH cBeTa?
YcTaHOBUTE CBA3b MEKIY ITOKA3aTENIEM IPEIOMIIEHUS U JJIMHOW BOJIHBI B BAKyyMeE U CpEJIE.
4. VYKaxuTe OCHOBHBIE IPUUMHBI IOTPEIIHOCTEN N3MEpEHUI
dopma npeacraBjIeHus pe3yabTara:
BoeinonHuTh 3asaHue B TETPaaM JUIsl IPAKTUYECKUX padoT.
Kputepun onenkn:
3a npaBUJIbHO BBINOJIHEHHOE 331aHHUE BBICTABIISIETCS MOJIOKUTENbHASI OlleHKa — 1 Oau.
3a HeMpaBWJIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJ]aHNe BHICTABIISICTCS OTpHUIIaTeNbHAs olleHka — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIBHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyooenemeopumenvHoy svicmasisiemcs 3a MeHee 60%0 npaBUIBHBIX OTBETOB

Tema 7.1 KopnycKyJasipHO-BOJHOBOM AyaIH3M.

IIpakTuueckoe 3ansitue Nel8

Pemenne 3aga4 no teme «3akonsl porodpdexra. YpapHenne JifHIITeHHA»
Heab: M3yunts 3akonsl CtoneroBa A Gporodddexra. Hayuntses pemats 3ajaun Ha ypaBHEHHE
OHHIITENHA.

BoinosiHeHne padoThl cioco0CTBYET (POPMUPOBAHMIO:
OK 01, OK 02, OK 03, OK 09
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MaTtepuaibHoe o0ecnedeHUe:TeTPaah JUISI TMPAKTHYECKUX padoOT, pydKa, METOIHYECKHUE
PEKOMEH/IallMH TI0 BBITIOJTHEHUIO pa0OThI, TMHEHKA, KapaHIaIll.

Yka3zanme: [Ipaktuueckas paboTa COCTOMT M3 JBYX YacTeH — TEOPETHUYECKOW M MPAKTHUECKOMU.
[Tocne n3ydeHus: TEOPETUIECKOTO MaTepraia MOKHO MPUCTYIATh K BHIMOJIHEHUIO MPAKTHYECKOM YacTH.
Ona coctouT W3 AByX W OoJjiee 3amad JUlsl CaMOCTOSITENILHOTO BhIMONHEHHs. He 3a0bIBaiiTe o
NPaBUIBLHOM O(GOpPMIICHHH pelieHrs. Ha BBINOIHEHHE MPAKTUYECKONH OTBOIMTCS JIBAa aKaJIEMHUECKUX
qaca. [Tops0K BBITIOJTHEHUST paOOTHI

Ilopsi1ok BbINOJIHEHHUS PAdOTHI:

1. PaccMoTpuTe TEOpETHYECKMH Marepwal 10 TeMEe M MPUMEPhl pelieHHs 3aaa4d  (CMOTpH
METOAMYECKOE ITOCOOHeE).
2. Pemmre camocrosiTensHyto padoty. Odopmure perieHne NiCbMEHHO B TETPAIH.

1. Teopus.
Buemnuii porodddekT u ero 3aKoHbI
B pa3BuTHM npeacTaBieHUl O MPHUPOJE CBETa BAXKHBIN Iar ObUT CACNaH MPU U3YYEHUU OIHOTO
3aMe4YaTeNIbHOTO sBJIiCHHs, OTKpeiToro I'. I'epieM W THIAaTEIbHO WCCIEIOBAHHOTO BBIIAIOIIMMCS
pycckuM yueHbM A.I". CToneToBbIM. SIBIIeHUE MOTyYHIIO Ha3BaHUE (POTOIIEKTPUIECKOTO dpdeKra.
dorosnextpuueckuii 3¢(ekT OpiBaeT BHEITHUM (HA TOBEPXHOCTU METAJUIOB) M BHYTPEHHUM
(BHYTpH MOIYIPOBOJIHUKOB).

Brewnuii pomosghgpexm — BbIpbIBaHUE 3JEKTPOHOB C MOBEPXHOCTH BELIECTBA MOJ JEHCTBHEM
AJIEKTPOMAarHuTHOro u3inyuenus (puc. 1).

Puc. 1. SIBnenue porodddexra

3akonsbl porodrdpdexra
1. Cuna toka HacklmieHus: — |, mpsMO MpoMOpIMOHANTBHA MAAIONIEMy Ha SJIEKTPOJ CBETOBOMY
U3IIyYCHHUIO.
2. MakcumanbHasi KHHETHUYECKast SHEPrus (POTOIIEKTPOHOB JIMHEHHO BO3PACTAET C YACTOTOM CBETa
Y HE 3aBUCHUT OT MOIIHOCTU CBETOBOTO U3JTYUCHHUSI.
3. Kpacnas rpannna ¢gorosddexra ompenensiercs TOIBKO MaTEpUaIOM DIEKTPOJA U COCTOSHUEM
€ro MOBEPXHOCTH.
Ecnu yacroTta cBeTa MeHbIlIe HEKOTOPOW OMPENEIEHHOM A1 JaHHOTO BEUIECTBA MUHUMAJIbHOM
YaCTOTHl Vmin — HauMeHbIas dactota OMB, Be3biBatomein porodrddexrt, To dotordpdext He
HACTyMaer.
3akoHbl QoTodpderra Henb3si 0OBSICHUTH Ha OCHOBE BOJIHOBOHM Teopuu ceTa. OObsICHEHUE
dotorddekra Obulo maHo DifHmITeHOM, pa3BuBmUM B 1905 1. uagem I[lnanka o mpepwIBUCTOM
WCITyCKaHHUH CBETA.
Hemenkuii ¢usuxk M. Ilmank — ocHOBaTenb KBAaHTOBOW TEOPUU MPEANONIONKUI, YTO AaTOMBI

HUCITYCKAIOT OSOHCPTHUIO OTACIIBHBIMU MMOPIUAMHA — KBAHTAMMU.
mv2 | — ypaBHeHue DifHITelHa 1715 poTodddekTa.
h V = ABI:IX + 2

-34 -31 8
h=6,63-10"" JIx-c;m=9,1-10~" kr; C=3-10" m/c
CremoBarenbHO, paboTa BeIX0a — A4 3aBHCUT TOJILKO OT POJIa BEIIECTBA, IIOATOMY JIJISl pa3HBIX BEIIECTB
pazinyHa.

68



[Tpu ucmyckaHuu cBeT BeJeT ce0sl M0I00HO MOTOKY YacTHUIL C SHEPTHEH.

CpoiicTBa  cBeTa, OOHapy)XKUBaeMble TPH  M3IYYCHUH W  TOTJIOMIEHWH  HA3bIBAIOT
KOPIYCKYJSIPHBIMH.

CBeroBas 4acTuIa Ha3bIBACTCS (POMOH UITH C8EMOBOU KBAHM.

®oTOH 00J1a/1a€T OPLIUEH SHEPTHH:

E="¢ 2y
A

rae v —4acrora [['1];

h — nocrosiunas [Inauka, 6,63-10°%* [[Ix-c].
Macca ¢oToHa ornpeaesercs:

/i€ C — CKOPOCTh CBETa
®DOTOH HE UMEET MACCHI TIOKOSI, T.€. HE CYIIECTBYET B COCTOSIHUH TTOKOSI.
HNmnynsc ¢hoToHA onpeaenseTcs:

rJe l — JJIMHA BOJIHBI U3Iy4YeHUs [M].
Hampagiien ummnynsc GOTOHA IO CBETOBOMY JTy4y.

®opma npeacTaBieHus pe3yJbTaTa:

BemmonHuTe 3agaHue B TETpaaM ISl IPAKTUYECKUX PadoT.

Kpurtepuu onenku:

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

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHHE BBICTABIISCTCS OTpUIIAaTEeIbHAas oleHKa — ) 0aioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB

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

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

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

Tema 7.2. CTpoenue aToma.

IIpakTnyeckoe 3ansaTue Nel9
IToctynarsl Bopa. JHepreTrnyeckue ypoBHH.

Heab: M3yunts noctynatel bopa. Hayuuthbecs pemats 3amadd ¢ y4eToM MEPEXOJ/ia aTOMOB C
OJTHOM OpOUTHI HA APYTYIO.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, 0K 02, OK 03, OK 09

MarepuanbHoe o0ecrieyeHme:

TeTpajab Ui TPAKTUYECKUX pPa0dOT, pydyka, METOJAMYECKHE PEKOMEHJAIMU IO BBIMOIHEHUIO
paboTHI, JIMHEWKA, KapaHIall.

Yka3anmue: [IpakTrueckas pabota COCTOUT U3 ABYX YaCTe — TEOPETUYECKOW M MPAKTHUECKOH.
[Tocne n3ydeHus: TEOPETUUECKOTO MaTepHaia MOKHO MPUCTYNATh K BBIITOJTHEHUIO TPAKTUYECKOW YaCTH.
Ona cocTouT W3 JAByX W Ooree 3agad Ui CaMOCTOSTENILHOTO BBINMONHEHUs. He 3a0biBaiite o
npaBUILHOM oopmieHun pemieHus. Ha BBIMOTHEHWE TMPAKTUYECKONW OTBOIUTCS JBA aKaAECMHUYECKUX
yaca.
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Kparkas Teopusi

Mopnenb aroma Pezepdopaa mpoTuBOpeunT KilacCHUecKon IeKTpoanHaMuke MakceBeia. Berxon u3

CIIOKHBIIIEHCs: cuTyaruu O0but Halinen Hunmbscom Bopom. B 1913 roay on momonamt monens Pesepdopaa

JBYMsI ITOCTYJIaTaMH, Ha3bIBAEMBbIMH KBAaHTOBBIMHU MOCTYy1aTamMu bopa. Ilepeswiii nocmynam bBopa
(nocmynam cmayuoHapHbiX COCMOSHULL).
B aTtome cyiecTBYIOT CTallMOHAPHBIC OPOUTHI, IBUTASCH 110 KOTOPHIM 3JICKTPOH HE M3JTyYaeT.

Bmopou nocmyaram (npasuno wacmom): VI3iydeHne u NOTJIONIEHUE SHEPTUH IPOUCXOIUT MPU IEPEX0JIe

AJIEKTPOHA C OJIHOM CTallMOHAPHOM OpOUTHI HA APYTYIO.
DHeprust U3Ty4eHHOTO WJIH MOTJIOMIEHHOTo ()OTOHA paBHA PA3HOCTH YHEPTUN CTALMOHAPHBIX
COCTOSIHUM
hv = EK - En;
Yacrora uzinyuenus pasaa: V= (Ek - En) / h
Wnu, nnvHa BOTHBI U3Ty4eHUS A paBHA:
A = hc/ (Ek - En), rue h — mocrostunas [Tnanka, ¢ — CKOPOCTh CBETa B BaKyyMe.
Ecnu EK > En, To npoucxoaut u3iaydeHnue ¢orona, ecinu EK < En, To npoucxoauT morsiomeHue
(¢oToHa, TPU KOTOPOM aTOM MEPEXOAUT U3 OJHOTO CTALIMOHAPHOTO COCTOSIHUS B IPyroe. DHeprust
AJIEKTPOHA, KaK U CKOPOCTh U paguyc OpOUTHI, IPUHUMAIOT AUCKPETHBIM HAOOp 3HAYEHUH, T. €.
KBaHTYIOTCS. PacueTsl 4aCcTOT MEPexo0/I0B C SHEPreTUUECKUX YPOBHEH JUIsl aTOMa BOJI0pPO/ia AAl0T
3HAYEHUS, COBIAJAIOIINE C IKCIIEPUMEHTAIbHBIMU BEIMUMHAMU CIIEKTPa BOAOPOA.
Hcnonb3yst NOHATHE SHEPTETHUECKUX YPOBHEH B aTOMAaxX ObUIO OTKPBITO SIBJICHHE WHIYIIUPOBAHHOTO
U3JIy4yeHUs. JTO ABJICHUE UCIIONb3YETCS B J1a3epax, yCTPOICTBAX, KOTOPBIE Jat0T MHAYLIUPOBAHHOE
U3ITy4EHUE B Pa3IUYHBIX JUATA30HAX AJIEKTPOMATHUTHOTO U3ITyYCHHUSI.

IIpakTnyeckas yactb. Pa36op TpeHUPOBOYHBIX 3aJaHUIA.

BribepuTe npaBUIbHBINA OTBET.
KakoBa sHeprust poToHa, H3IIy4aeMOT0 aTOMOM TIPHU Tepexo/ie U3 BO30YKAEHHOTO COCTOSIHUS C
sHepruei E1 B ocHoBHOE coctosiHue ¢ sHeprueit EQ?
BapwnaHTbl OTBETOB:

El - Eo
1) z

Es + Eq
2) h
3) E1— Eo
4) E1+ Eo

[TpaBusIbHBIN BaprHaHT/BapuaHThI (MU MTpaBUIbHBIE KOMOMHANUHU BapuanToB): 3) E1— EOQ.
[Tonckaska: BcmoMHHATE BTOPOi nmoctynat bopa.

2.Pemmts 3amauy: «MakcuMalibHas IJIMHA BOJIHBI, U3JIydyaeMoll B cepun banbmepa paBHa  HMM».
Pemenue:

ITo hopmyne banbmepa-Punbepra:

MakcuManbHas JJIMHA BOJIHBI COOTBETCTBYCT MUHUMAJIbHOMY 3HAUYCHUIO PA3HOCTH:
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B OB e e i
™ ST 0OTAER5 0 W GeEM

R =10973732 m-1.

Orger: Amar = 656 HM

3agauu A9 CaMOCTOSITEIbHOIO PellleHusl:

1. Beruucnuts sHepruto E goTtona, ncmyckaemoro npu nepexoje 3JIEKTPOHA B aTOME BOJAOPOJA C
TPETHEro SHEPreTUUECKOr0 YPOBHS Ha MEPBBIi.

2. HaiinuTe MaKCUMaJIbHYIO JJIMHY BOJHBI, H3Ty4aeMoi B cepun bambmepa.

3. Ilpm mepexonme HJIEKTPOHA B aTOME M3 CTAIlMOHAP-HOTO COCTOSHHS ¢ dHeprue — 4,8 3B
usnydaercss (OTOH, dHEp-Tusi KoToporo paBHa 3,1 3B. Omnpenenure SHEPrU0 KOHEYHOTO
COCTOSIHUS DJIEKTPOHA.

4. Omnpenenutp n3MeHeHue 3Hepruu AE ayiekTpoHa B aromMe BOJOpPOAA MPH U3IYYEHUH aTOMOM
¢dorona ¢ yacrotort 3=6,28-1014 I'u. OTBeT AAaTh B IEKTPOH-BOJIBTAX.

5. Ha ckonbko n3MeHHUIach KHHETUYECKasi SHEPT U AJIEKTPOHA B aTOME BOJOPO/a IPU U3TyUCHHUH
aToMoM (POTOHA C JTMHOMN BOJIHBI A=486 HM?

KOHTpO.]'IbeIe BOIIPOCHI

Cdopmynupyiite nocrynats bopa.

B kakom ciydyae sHeprus morjiomaeTcss aTOMOM, a B KAKOM UCITYCKaeTCsi?

Kakue nmporuBopeuns ectsh B Teopun bopa?

Yemy paBHa OdHeprus (OTOHA, HCIYCKaeMOIO aTOMOM IIpH Tepexolie B JIPYyroe
SHEPreTUIECKOE COCTOSTHHE?

5. Moxer 11 aToM U3J1y4arh U MOrjaoumaTh GOTOHBI C T000M YacTOTOM?

el el

®opma npeacTaBiaeHus pe3yJabTara:

BeImoTHATE 3a/1aHue B TETpaay s MPAKTHYECKUX PadoT.

Kputepun onenkn:
3a MpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIISIETCS TTOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMmpaBUIJIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIISETCS OTpHUIlaTeNbHast olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenra «Heyoosiemeopumenbvhoy svicmagisiemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 7.2 ®u3nka aToMa U AaTOMHOI0 S/Ipa

IIpakTnyeckoe 3ansaTue Ne2(

«3anuch siAepHbIX peakuuii. CTpoeHne aTOMOB M ATOMHBIX sijiep. 3aKOH paIMOAKTHBHOI0
pacnaga».

Ieab: 3aKkpenuTh YMEHHSI M HABBIKM BBIYMCIEHUS DHEPTUH CBSI3U s71pa, a TAK)KE MPABHUIBHOIO
HAIIUCAHUS SIEPHOU PEAKIUU C UCIIOJIb30BAHUEM 3aKOHOB COXPAHEHHsI MacCOBOTO U 3apsA0BOI0 YUCEI
(3CM3Y) u BbIYHCIIEHUS JHEPTETUYECKOTO BBIX0/IA SIIEPHON peaKIuu.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 03, OK 09

MarepunanbHoe obecneyeHue:

TeTpaab JUIsl MPaKTHUYECKUX palboT, pydka, METOAMYECKHE PEKOMEHJALMU IO BHIIOJHEHUIO
paloThl, TMHEHKA, KapaHaall.
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Yka3zanme: [Ipaktuueckas paboTa COCTOMT M3 JBYX YacTeH — TEOPETHUYECKOW M MPAKTHUECKOM.
[Tocne u3ydeHus: TEOPETUYECKOTO MaTepuaia MOKHO MPUCTYNATh K BHITOJIHEHUIO MTPAKTUYECKOW YacTH.
Ona coctouT W3 JBYX M OoJyiee 3amad JJis CaMOCTOSITEIIBHOTO BBINMOJIHEHUs. He 3a0wiBaiiTe o0
MPaBIWIBHOM O(OpMIICHUH pelieHus. Ha BBIMOTHEHHE MPaKTHUYECKOW OTBOJUTCS JBA aKaJIEMHUUYECKUX
yaca.

I[opsiaok BbINOJIHEHUS PA0OTHI:

1. PaccMoTpuTe TEOpETHYECKHM MaTepHal IO TeME M NPUMEPBl pelieHus 3amad  (CMOTpu
METOAHYECKOE IIOCOOHE).
2. Pemmute camocrosaTensHyto padoty. Odopmute pereHue TMCbMEHHO B TETPAJIH.

Kpamkue meopemuueckue ceedenusn:
DOHeprus CBsI3U si[jpa paBHA TOW HSHEPrUHU, KOTOPOW BBIAEISETCS MpU O0Opa3OBaHUU SOpa U3
OTJIETTbHBIX YaCTHIL

E=mc~

DHeprus CBA3M — 3TO DHEPTHUA, KOTOpas HEOOXOoAUMa Ui PACIIEIUICHUs Apa Ha COCTaBIISIOIINE
2
ero yactuilel. EcB = (Zmp +Nmn - MSI)*C
SlnepHBIMH peakIUsSMH Ha3bIBAlOT M3MEHEHUS ATOMHBIX SACp NpPU B3aMMOJICHCTBHH HX C
3JIEMEHTAaMU YaCTUI[AMU WU JAPYT C IPYTOM.

& SR - +
Li,+ H,="He,+ He,
OHEpPreTMYecKUM BBIXOJOM SIJICPHON pEaKIMU Ha3bIBACTCSl PAa3HOCTb SHEPruil IMOKOsS fAApa U
JacTul 10 pC€akKuu 1 IMOCJIC PCaKIu.

DHepreTu4ecKuil BbIX0 SAJEPHON PEAKIMK MOXHO ONpeNenuTh: 1) mo nedekty macchl SAepHOR
peakimy; 2) Io pa3HOCTH CYMMapHOW SHEPIUH CBSI3U 00pa3yIOIIUXCS U HCXOTHBIX sep.

2. Ilpumepsl pemeHus 3agaq
1. Onpeodenume snepeemuueckuii 8bix00 A0EPHOU peaKyuti

“N,+*He,=""O,+'H,

1 cnoco6

1) onpedenumov maccy aopa u uacmuy ml 0o peaxkyutl

2) onpedenums maccy 0pa u yacmuy m2 nocie peakyuil
3) onpedenums usmenenue maccol m ml m?2

E=m*c’
4) paccuumams uzmenenue SHepIULL
M, =14,00307 5 & m+4.00260 a.e. m.==18.00567 a.e.m.
[locne peakuumn:

M,=16,99913 a.e.m.+1,00783 a.e.m.=18,00696 a.e.m.

m=""""2=_0,00129 a. ¢. m.
Dueprus norjaowaercs, T.k. m < 0
E=(-0,00129)*931 M»sB.=-1,2 M1B.

2 croco0
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Jlano: Pewenue:

E =104,653 .

" MsB T)Heprmx CBA3H PABHA HYIIIO, O3TOMY
E, =282937 E=E,-(E,+E,

he M5B )

E,=131754 MsB E= 131,754 MsB —(104,653+28,2937)M3B= -1 2M3B

E-? Omeem: 1,2 M3B
CamocTosiTeJIbHasi padoTa
Bapuanr 1

LraprEicuaia x

16
I OﬂpCﬂCJIHTC JHEPIUKO CBA3H HYKIIOHOB B A1p€ U30TONA g

2 OHpCI_lCIIHTC SHEPIrui0 CBA3U A1pd U YACIbHYK) SHCPIHIO CBA3H I JIMTHA:
235 7

~ 97 J ¢
3. Ckonbko IMPOTOHOB H HEUTPOHOB COACPIKUT AAPO H30TOIA 2™ 2

$ m m. =
4. OnpepenuTe HEPrurd CBA3M HYKIOHOB B SAPE TPHTUS lH( 7=1,00728 a.e.m., B

100866 a.e.m., "Ta ~ 3.01605 a.e.m.).

Bapuant 2
BapHAHT Z
124
1. OnpezennTs SHEPruio CBA3M HYKIOHOB B Spe H30TONA yriepoja:
27

2. Onpenenntsb SHEPrUIO CBA3M AAPA H YACTbHYIO SHEPTHIO CBA3M IS AMOMUHMA

22
-= 7
3. CKONbKO MPOTOHOB M HEHTPOHOB COACPIKHUT SAPO U30TONA ulNag

7 .1 4
> - m,, =7,01601
4. Kaxas sHeprus BbACNACTCA NPH SACPHOI peakunu slit H=>2"gmy a.em.

m, =100728, . . My = 4,00260

(

a.e.m.)

®opma npeacTaBiaeHus pe3yJbTara:
BeImoHUTE 3a/1aHue B TETpaau s MPAKTHYECKUX padoT.
Kputepun onenkmn:
3a mMpaBUIIHLHO BBIMTOJIHEHHOE 33JaHHE BHICTABIISIETCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMmpaBUWIILHO BBINIOJIHEHHOE JEHCTBHE, 3aJJaHNE BBICTABIIAETCS OTpULaTeabHas oleHka — 0 6aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasnaemcs 3a 80 — 89% npaBUIIBHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% mpaBUIBLHBIX OTBETOB
Oyenxa «HeyoosiemeopumenbHoy svicmagisemcs 3a Menee 60% nMpaBUIBHBIX OTBET

JlabopaTopHbie padoThl

Tema 2.1. Knnemaruka
JlabopaTopHoe 3ansitne Nel
«OmnpeznesieHHe NJIOTHOCTH TeJI Pa3jIMYHON (POPMBI»
enpb: SKCIEpUMEHTATILHO ONPEAEINUTD IIIIOTHOCTH KHUAKOCTH U TBEPAOIO TEINA;

* OMNpEAETUTh LIEHY JEJIEHUS U3MEPHUTENbHBIX MPUOOPOB, U3MEPUTh I'€OMETPUUYECKHE pPa3Mephl
TeJ, ONpPENeNUTh X MAaccCy, PacCUUTaTh 00bEM, pe3yiabTaT CPAaBHUTH C TAaOJIMYHBIMU 3HAUCHHUSIMU U
YCTaHOBUTH MOTPEIIHOCTh SKCIIEPUMEHTA

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 06, OK 07, OK 04
MarepunanbHoe obecrnieyeHue:
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BEChI

C pa3HOBecaMu; JIMHEWKa MacluTaOHasl; IITaHTeHIHMPKYJb, MEH3ypKa; BEIleCTBO, IJIOTHOCTbH

KOTOPOTO HYXHO ONPEACIIUTh

NoGaRwWNDEPE

3aganue:

1. O3HaKOMbBTECHh C TEOPETHUECKUM MaTEPHAIIOM IO TEME.

2. Omnpenenute Maccy U 00bEM UCCIIEyeMOTo BEIIECTRA.

3. BoeluucauTe miIOoTHOCTH BEIIECTBA.

4. CocTaBbTe OTUET I10 JIAOOPATOPHOM padoTe.

IHopsiok BbINOJIHEHUS PA0OTHI:
O3HaKOMBTECH C TEOPETUYECKUM MATEPUAIIOM 110 JaHHOU TeMe.
Omnpenenure MWIOTHOCTh TBEPJIOTO TENA..
BrruncnuTe aOCOMOTHYIO M OTHOCUTEIHHYIO MTOTPEITHOCTH U3MEPEHUH.
Jlanubie 3aHecuTe B TaOmIy Nel
Ornpenenure 1EHY JI€EHUS MEH3YPKH.
Omnpenenure MIOTHOCTh BOABI HEOOXOIMMO.
BeruncnuTe aOCOMOTHYIO M OTHOCUTEIBHYIO MTOTPEIIHOCTH U3MEPEHUN
Pe3ynbrate! onbita 3anecute B TaOIUITyNe2.
OTBeThTE Ha KOHTPOJIbHBIE BOITPOCHI:

KoHTpoabHEIE BOIIPOCKI

W3 nByx pasHBIX METalIOB M3TOTOBJICHBI OJIMHAKOBBIC 1O pa3MepaM KyOuku. B3BemmBaHue
MOKa3aJio, 4TO Macca OJHOro KyOuka Oonblne Maccel JIpyroro B 2 pasza. OauHakoBa I
IUIOTHOCTh MeTayuta? Eciii HeT, TO BO CKOJIBKO Pa3 OTINYAIOTCS TUNIOTHOCTHU?

Tpu neranu — MeHast, Kene3Hasi ¥ aTIOMHHHEBAsE — IMEIOT OJlMHAKOBbIE 00bEMBL. Kakas nerannb
MMEeT HaMMEHBIIIYIO Maccy, Kakas HanOoubinyto? [IycToT B 1eTansax HerT.

Kycok meramna o6semom 150 cM® IMeer Maccy 750 r. Onpeaenure MIOTHOCTh MaTepuaa.

Ha yamiku ypaBHOBEIIEHHBIX BECOB ITOCTABIICHBI OJJMHAKOBBIC CTakaHbl. [lociie Toro, Kak B OJIMH
CTaKaH HAJIWJIM MOJIOKO, & B PYTrO# — MOJCOJHEYHOE MACJIO, PABHOBECHE BECOB HE HAPYIIUIIOCH.
O0BEM Kakol U3 KUAKOCTEH OobIe?

3anoJIHUTE OTYET I10 JIA0OPATOPHOM paboTe COTIIACHO TPEOOBAHUSIM.

Yacrp 1. Jlnig onpeneneHus MmIOTHOCTUA TBEPOTO TeJla BEHIYUCIUTE €r0 00HEM.

1. OO6beM npsAMOYTOIBHOTO MapauieNienuIeia BEIUUCIUTE 10 GopMyIe:

V=abh,
r7e a — JyIMHa, M; b — mupuna, M; h — BeicoTa, M.
ol
F=—-:h

2.  OO0Bem nuIuHApa BIYUCIUTE TIO0 popmyre: 4
h — BeIcOTa ITUITHHIPA, M; d — ero AUameTp, M.

3. Ecnm TBepmoe Telo WMeEeT HEMpaBWILHYIO (OPMY, TO €ro 00bEeM OIPEACTUTE C TOMOIIBIO

MEH3YpPKH, B KOTOPYIO OH MOKET OBITh TIOTPYXKEH.

4. VYpaBHOBEChTE BECHI UCITOJIB3YsI MPABUJIa B3BEITHBAHMUS.

5. Ompegenute Maccy Tena.

6. Ilo popmyne p=m/v BEIMUCIUTE TUIOTHOCTH TBEPIOTO TEIIA.

7. Pe3ynbpTaThl u3MepeHHi 3aHecuTe B Tabnuity Nel u cienaiite BeIYHCICHUS.

8. UYactp Ne2. [y onpesiesieHus TUIOTHOCTH BOJIBI HEOOXOMMO:

1. maifTu maccy Tapbl, B KOTOPYIO HYKHO IIOMECTUTh BOJY U ONpPEIETUTh Maccy BOJbI O€3
Tapsbl.

2. OmnpenenuTte LEHY J€JICHUS MEH3YPKH M HalAUTE 00bEM B3BEIICHHON KHUIKOCTH (BOIBI).

3. PesynbraTsl ombiTa 3aHecuTe B TaOIUIy No2.

Tabmuma Nel. Pe3ynbpTaTel H3MEpeHUH.
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Ne Beuwec | mupu | quuHA | BBICOT | 00béM, | Macca | MIOTHOCTH pTab| Ap o

TBO o ,bw) | a, V( pup(kr/m3)

a0 how) [ [ m(xr)

Tabnuua Ne2. Pe3ynbrarsl BEIYMCIICHUM.

Ne [ Bemectso | macca Tapsi , Macca 00BEM, IJIOTHOCTh pTab o
m1(xr) xumkocr | V(M3) pup(kr/
i M3)
m2(Kr)

®opma nmpeacTaBieHus pe3yJbTarTa:
PaGota nomxHa ObITH BBINOJIHEHA B TETPAIU JIJIs JIaDOpaTOPHBIX padoT.
Kputepun onenkmn:
3a IpaBHIILHO BBITIOJIHEHHOE 33/1aHNE BBICTABIISIETCS TTOJIOKHUTENbHAS OlleHKa — 1 Oa.
3a HeNIpaBUIIEHO BBIITOJHEHHOE JEHCTBHE, 3a/JaHHE BHICTABIIICTCS OTpHLIATEIbHAs olleHKa — () 6asuioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyooenemeopumensvHoy svicmagisiencs 3a Menee 60%0 mpaBUIBLHBIX OTBETOB

Tema 2.3. 3aKOHBI COXpaHEHHS B MEXaHHKE

JlaGoparopHoe 3aHsaTHE N2
1. OK 01, OK 02, OK 05, OK 06, OK 07, OK 04

Tema: l3yueHne BRITAIKUBAIOIIEH CHITBI (CHITBI ApXuMena).

[leab pagoThI: UCCIIEA0BATH CBOMCTBA CHJIBI ApXUMea.

OO0opy/IoBaHUE: JMHAMOMETP, OPYCOK IUIACTHUIIMHA, METAINIMYESCKHE IIMIIMHAPBI OJJUHAKOBOIO 00bEMa M pa3HOU
MAacChI, U3MEPUTENBHBIN HWIHHIP C BOJIOW, CTAKaH C HACBHIIIICHHBIM PACTBOPOM COJIH, HUTh.

IIpaBujia TeXHUKHU §€30ACHOCTH.

ColuromaiiTe OCTOPOXKHOCTE Tipu padboTre ¢ Bomoil. Ocreperaiite mMpuOOPHI OT MajgeHus. Ha croje He MOMKHO
OBITh HUKAaKHX JUIIHUX TpeaMeToB. [Ipu pabote co CTeKIsIHHOM mocyAoi Oy/IbTe akKypaTHbI. Eciu CTeKIsTHHAS
Mmocyza pa3omiack, TO COOOIIUTE 00 3TOM YUUTENIO U HU B KOEM Cilydae He YOupaiTe OCKOIKU pykamu!

Onucanue padoThbI:
CoryacHO 3aKOHY ApXHMMeZAa Ha MOTPYKEHHOE B JKHUIKOCTh TEJIO JCHCTBYET BBITAJIKHBAIOIIAS cuia Fa,
paBHas BeCy MQ BHITECHEHHON JKUAKOCTH:
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Fa= mag. (1)
Ecnu Tenmo mnaBaer, To apxumenoBa cuia FA paBHa Becy P Tena (yciaoBue TuiaBaHue Ten):
FA =P.

Jnst cpaBHEHMS apXMMEIOBOM CHJIBI C BECOM Tejla HYXHO HM3MEpPUTh BeCc Tena P ¢ TOMOIIbIo
JUHAMOMETPA ¥ BRIYHCIUTH apXUMENIOBY CHIy Fa. apxumMenoBa cuna Fa onpenensiercs mo (opmyie:

I:A = mg :pAVg (2)1

rae p - miotHocTh Boabel (p = 1000 Kr/M°), AV - 06BbeM BBITCCHEHHOIl TeIOM BOJBL, - yCKOpeHue
cBobGoaHOro mamenus (g = 9,81 m/c?).

O0beM AV BBITECHEHHOM BOJBI MOXKHO U3MEPHUTH C IMOMOIIBI0 U3MEPUTEIHHOTO MWIMHAPA KaK Pa3HOCTh
YPOBHS BOJIbI IIPH MOTPYKCHUU B HETO UCCIICIyEMOTro Tejia u 0e3 Tena.

ApxumenoBy cuiny FA, nelicTByromiero Ha Teno, TOHyIIEe B BOJE, MOXKHO HAlTH, HM3MEPHB C TIOMOIIBIO
JMHAMOMETpa Bec Tena P B Bo3ayxe U CUily Ppyu,, YACPKHUBAIOIIYIO TEJIO B PABHOBECHH MPH MOTPYKECHUU €0 B
BOZY:

P303uyx = I:A + PBo;[a; I:A = PB03)IyX - PBoua- (3)

3ananue |
HccnegoBanne 3aBHCHMOCTH CHJIIBI APXHMeAa 0T MAcChl TeJia.
1. W3meprTe Bec P munmHpa ¢ MOMOIIBI0 JTHHAMOMETpA.
2. OnyctuTe IUIWHAP B W3MEPUTENBHBIN IIMHAP W U3MEphTe ero o0beM AV BhITECHEHHOU
YKUJIKOCTH TIPH IUTaBaHUM HUIIMHIPA B BOJE.
3. Brbluucnute 3HaYeHUE apXUMEIOBON CHIIBI Fa. 3
CpaBHuTe 3HayeHue Beca P gepeBsiHHOTO
LITMHIPA U apXUMEI0BOI CHIIBI.
4. CpaBHUTE pacyeTHOE M OSKCIEPHUMEHTAIbHOE
3HAYCHUS apXUMEIOBOMN CHIIBI.
5. 3anummre pe3ynbTaThl B Ta0muiy 1.
3ananue |l
HccaenoBanne 3aBUCHMOCTH CUJILI APXHMe/Ia 0T IOTHOCTH
KHIKOCTH v, v,
1. TloasechTe MH000M U3 HWJIUHAPOB HA HUTHU K

JUHAMOMETPY. 3alHIINTE OKa3aHUe Beca Tejla Ha
BO37yXe€.

2. OmycruTe NWIHHIP B BOJLY TaK, YTOOBI OH IOJHOCTHIO

OKasaJicsl MOrpy>KEHHBIM B )KUIKOCTh. 3alUIINTE

MoKa3aHue Beca TeJia B BOJIE.

Haiigure cury Apxumena. (3)

4. TlponenaiiTe aHaJOTHYHBINA OTBIT C PACTBOPOM COJIU B
BOJIE.

5. 3anwmmre pe3ynbTaThl B TAOIUIY 2.

w

OTtueTHas Tadanna 1.

Buasl Ten m, Kr Bec B Bec B AV, M Cuna Apxumena,
BO3IyXE, | Boje, Fa, H
PBO3}]., H Pno;]a. H
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Jlerkuii npegmer

Tsxenslit npeaMeT

OTt4yerHast Tadauua 2.

Buabl :kuakocTei Bec B Bo3ayxe,
PBOS}I. H

Bec B Boze,
Pora H

Cuna Apxumena,
Fa H

Bona, p = 1000 kr/m°

PactBop coin B Boze, p= 1030 kr/m°

Crenaiite BBIBOJ 110 IPOAGIAHHOM padoTe.

JlabopaTopHoe 3ansitue Ne3

HccaenoBanue 3aBUCUMOCTH CHJIbI TPEeHUHA CKOJIBKCHUSA OT Be€Ca TEjaa

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04 OK 09
I1P6 6; I1P6 8; I1P6 10;
[1Py 5; TPy §; [Py 12 ;

IIe.m) paﬁoTbI: 1. BBISICHUTDL, 3aBUCHUT JIM CHJIa TPCHUA CKOJIBKCHHUA OT CUJIbI HOPMAJIBHOI'O

nasineHud. 2. Onpenenuts K03 UIMEHT TPEHUS IepeBa 1Mo ABYM MOBEPXHOCTSIM.

IIpuGopsl U MaTepHAIbI: TUHAMOMETD, IEPEBSIHHBIN OPYCOK, MIIOCKOCTH C ABYMsI IOBEPXHOCTSIMH,

Habop rpy3oB o 100 r.

Xoa padoTsl
1. OmpenenuTh 1eHy eIeHHs IIKaIbl JUHAMOMETDA.
Llena nejennss fMHAMOMeTpa:
(2H-1H)/10 nex = 0,1H/nen

2. Onpenenuth Maccy Opycka. CHavasa mojBecuB OpyCOK K JUHAMOMETPY HAWTH Bec Opycka

P6pycka= H
3Hast, uto P=mg u g=10m/c® momydum Méepycka=P/Q
m6pycr<a: KT

3.0Onpenensiem oOmuii Bec Tena (CHIIy HOpMaIbHOTO JaBJICHUS 10 GopMyIie:

P=N=(ml+m2)-g

1.P=N= H
2.P=N= H
3. P=N= H

4.HpOBeCTI/I C IMIOMOUIBIO JTUHAMOMETpAa HU3MCPCHUC CUJIbI TPCHUA (C OIHHUM, NBYM:, U TPEMS I'py3aMU

IO TJIaJIKOH TTOBEPXHOCTH ).
4. Tabnuua ISt 3aMMCH PE3yIbTATOB U3MEPEHH U BBIYUCICHUN:
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P=N=(m;+my)g, H

Ne Macca | Macca O61mmid Cuia Kospduumnent |Cpennee 3Havyenue

onbiTa| Opycka, | rpysa, Bec TeJIa TPeHus, TPeHHus, ko3¢ Ppunuenra
My, k2 | My, Kr | (cwjia HopMmajabHoro | F.,, H Y2, TPeHus,
AaBJICHMS), (ombIT) Hep

0,1
0,2
0,3
0,1
0,2
0,3

OO |WIN|F-

= .
7. B kax1oM ormbITe paccunTarh KO3(O(GUIHUEHT TPEHUS IO popMyIie: N
=

=

=

8. Pe3ynbraThl pacuéToB 3aHECTH B TAOJIUILY.

9. Berancnuth cpeiaee 3HaueHUE K0d(DPHUIIMESHT TPEHUS:
Hep=__

9. Ilo pe3ynbraTaM U3MEpEeHUH MOCTPOUTH IPaPUK 3aBUCUMOCTHU CHUJIbI TPEHHSI OT CHJIBI HOPMAJIBHOTO
JABJICHUSL:

=

10. IToBTOPHTH ONBIT € APYIroil MOBEPXHOCTHIO

11 Cnenatnb BLIBOIBI:

1. Kak cua TpEeHMs 3aBUCHUT OT CHJIBI HOPMAJIBHOTO JJABJICHUS
2. Koo duumeHT TpeHus nepesa no AepeBy NOTYUHIICS paBeH

KonTpoJibHbBIE BOPOCHI.
1. YUto Ha3bIBaeTCS CHIION TPEHUS?
2. KakoBa npupoja cui TpeHus?
3. Ha3oBuTe OCHOBHBIE IPUYMHBI, OT KOTOPBIX 3aBUCUT CHJIA TPEHUS?
4. Ilepeuncnure BUbI TPEHHUSL.
5. MOXHO 11 CUUTaTh sIBJIEHUE TpeHUs BpeaHbIM? [louemy?

JlabopaTopnasi padora Ne 4
Omnpenenenne KIIJI npu noabéme Tesia no HAKJIOHHOM MJIOCKOCTH

1. OK 01, 0K 02, OK 05, OK 06, OK 07, OK 04
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2. I1P62; ITP6Y;
3. [IPy2; ITPy3; I1PyS5;
Heab: SKcnepuMEHTAIBHBIM ITyTEM YOSTUTHCS, YTO MOJIE3HAs paboTa, BEIOJHEHHAs C TIOMOIIBIO
IPOCTOr0 MeXaHn3Ma (HaKJIOHHOH IIOCKOCTH), MEHBIIIE OJTHOM.

Boinosinus padorty, Bel Oynere:

YMETb:

- OIpCACIATh MMPHUHIIUIT I[GflCTBPISI IMPOCTBIX MCXaHU3MOB;,

- yautsiBaTh KII/[ mpu ucnonp30BaHUM IPOCTHIX MEXAHU3MOB.

MarepuanbHoe olecneyeHue: HAKJIOHHAS TUIOCKOCTH (J0CKa), AMHAMOMETp, JIUHEIKa, OpYCOK,

IITATUB ¢ My(PTOM M JIATTKOM.
3aganue:
1 U3y4uTh NPUHLIUI JEHCTBUS MPOCTHIX MEXAHNU3MOB
IMopsiiok BbINOJIHEHUS PA0OTHI:

1. CoOpatrb ycTaHOBKY /JIsl HPOBEACHUS SKCIIEPUMEHTOB.
2. IlIpousBectn HEOOXOAMMBIE U3MEPEHUS.
3. Caenath BBIBOJ IO paboTe.

1 Ay~ B ]

Onpenenuty ¢ MOMOLIBIO JUHAMOMETPA
Bec Opycka.

2. 3akpenuTe JOCKy B JIallKe INTAaTUBa B
HAaKJIOHHOM I10JIOKCHHH.

3. Tlonoxwute Opycok Ha TOCKY, IPUKPETTHB

K HEMY JUHAMOMETP.

IlepemeraiitTe Opycok ¢ MOCTOSHHON CKOPOCTBIO BBEPX 110 HAKJIOHHOW JOCKE.

N3mepbTe ¢ MOMOIIBIO JIMHEHKN MYyTh S, KOTOPBIA Mpojenan OpycoK, U BBICOTY HAKJIOHHOM

mwiockoctu h.

6. Wsmepsre cuy Tsru F.

7. Berancaurte nonesHyto pabory mo ¢dopmyne A, =P-h , a 3arpayenHnyro —mno Qopmyie
A, =F-S

E E=gm=P (gec)

ok~

8. Ompenenute KII/l HaKIIOHHON TIOCKOCTH: 7] = A—” -100%

3
9. Pe3ynbraThl I3MEpPEHHIA U BBIYUCICHUN 3aHECUTE B TAOIHUILY.
Tabmmia 1

h,m P,H Ay, Ik S, m FH A, Ik

A
A, =Ph A, =F.5 |7="100%

10. lonotHUTEILHOE 3a/1aHHE:
1. Hcmonb3ys «30JI0TO€ TPABHUIO» MEXaHWUKH, pPACCUMTANTE, KAKOW BBIUTPBINI B CHIE AT
HAKJIOHHAS TJIOCKOCTh, €CJIM HE YUUTHIBATh TPEHHE.
2. HV3MeHuTE BBICOTY HAaKJIIOHHOW IUIOCKOCTH M JUIS HEE ONpeNeNnuTe MOJEe3HYI0, TOJTHY padoTy H
KIILI.
®opma npeacTaBJieHNus pe3yabTaTa:
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Taoauna 1

h,m P,H Ay, ik S,m F.H A,y K
A, =Ph A, =F-S

4
n =21 .100%

KOHTpOJ’IbHLIe BOIIPOCHI:

3aueM y OIbEMHOT0 KpaHa AealoT IPOTUBOBEC?
Kakue npocTbie MEXaHU3MBI JAIOT BBIUTPHILT B CUJIE?
Kaxkue npoctbie MexaHU3MBbI JAOT BHIUTPHINI B paboTe?
['1e 00BIYHO MPUKPETUIAIOT ABEpHYIO pyuky? [Touemy He 0KOJI0 meTesnn?
3aueM HUCIOJB3YIOT HETOBUXKHBIN OJIOK, BEJlb BHIUTPHIIIA B CUJIE OH HE JacT?
Kaxko¥t BEIMTpBIIIT B CHJIE AT MOJABMKHBIN 0J10k? A B pabdoTte?
Mosxet nu KITJI mexanuszma Ob1Th paBen 120%, 200%, 0%? [Touemy?
Uro Ha3bIBarOT peruaroM? YTo Ha3bIBAOT IJICUOM phluara?
Kpurepum oueHku: cM.CTP.

ONoGa~WONE

JlabopaTopHas padora Ne §
«ITpoBepka 3aK0HA COXpPaHEHHsI MeXaHUYECKOW IHePTUH
NPH ABHKEHUH TeJIa MOJ JelcTBHEM CHJI THAKECTH U YIIPYTrOCTH.

Leas paGoTbl: HaONIOIATh IBUKCHUE TeEJa IMOJ JCHCTBHEM CHJI TSDKECTH U YIPYTOCTH;
ClenaTh BBIBOJ O BBHIMOJIHEHHWH 3aKOHA COXPAHEHHUS IIOJHOW MEXaHWYECKOH SHEpIuu;
MPOBEPUTh  CHPABEJIMBOCTh 3akoHa [yka, yOeauThcs, YTO CHJIa  YIOPYrOCTH
MPONOPIIMOHAIIFHA MACCE HATPY3KH, OTPEIEITHUTD )KECTKOCTD MPYKUHBIL.

IIpudopsl u maTtepuannl: Habop no mexanuke (Xumiia0o): mITaTUB ¢ My(pTaMu JTanKou,
HaboOp CHUpaIbHBIX NPYKHUH, JUHAMOMETp, Habop rpy3oB maccod 100 r, nuHelika ¢
MUJUTUMETPOBBIMH JICTICHUSIMH.

Iopsiiok BbINOJIHEHUS PAdOTHI

OIIBIT 2 OnpenesieHue xKeCTKOCTH NPYKUHbI

s,

1. 3akpenuTe Ha MITaTHBE KOHELl CIIUPAIBHON MPYKUHBI (IPYroil KOHEL MPYXUHbI CHA0XKEH CTPEIKOi-

yKa3aTeJIeM B KPIOYKOM).
2. Psgom ¢ npy>KMHOM WJIM 32 HEW YCTAHOBUTE JTMHENUKY ¢ MUJUIMMETPOBBIMU JEICHUSIMHU.

3. OTMeTbTe M 3aMUIIUTE TO JAEJICHUE JIUHEMKH, MPOTUB KOTOPOIrO MPUXOJIUTCS CTpeliKa-yKa3aTeilb

HPY>KUHBI.

4. [loaBecbTe K MPYKUHE IPYy3 U3BECTHON MAcChl U U3MEPHTE BHI3BAHHOE UM YIJITMHEHHUE MPY>KUHBL.
5. K mepBoMy rpy3y 100aBbTe BTOPOIl, TPETHIA, 3alUChIBas Kaablid pa3 yaauHenue Al npyxussl. [lo

pe3yjibTaTaM H3MCpCHHI>i 3aIllOJJHUTC Ta6J'II/II_[y 1:

LGy YRl D s e e s

No Macca rpy3a | Cwuna Tsbkectu Y nnuHenue KectkocTtb K H
< | ombITa m, KT F=m-'g, H Al, M MPY>KUHBI P!
T
: oo
2 M
= 1 0,1
-2 0,2
3 0,3
1 0,1
2 0,2
N 3 0,3
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6. Ilo pe3ynpTaTamMm U3MEPEHUI MOCTPOTE rpadMK 3aBUCHMOCTH CHJIbI YIIPYTOCTH OT YIJIMHEHUS U,
MOJIb3YSICh UM, OTIPEJEIUTE CPeiHee 3HAUeHN e KeCTKOCTH MIPY>KUHBI U ClIeTIaliTe BBIBOJI.

OIIBIT 1 IlpoBepka 3aKOHa COXpPAaHEHHMS MEXAaHHYECKOHl JHEPIruU NpPH JABHKEHHMH Tejia IO/
AeHCTBHEM CHJI THKECTH U YIIPYTOCTH

Xox padoThbl.

1) 3akpenure TUHAMOMETP BEPTUKAIBHO C MOMOIIBIO MTaTHBA. [l0BEChTE K IPy3 K TUHAMOMETPY.

2) IoanepxuBas Tpy3 JaJ0HBIO, YCTAHOBHUTE yKa3aTelb IPYXUHBI HA HYJIEBOE JICJICHUE JUHAMOMETPA.
3) YOepure naJioHp M MOCTapaiiTechb 3aMETUTh JEJICHHE Ha MIKale JWHAMOMETpPAa, 1O KOTOPOro
MaKCHUMAaJIbHO OTKJIOHSIETCS YKa3aTelsb MPYXUHBI IPU MageHuu rpys3a. [Ipu HeoOX0MMOCTH TOBTOPHUTE
OIIBIT HECKOJIBKO Pa3.

4) VI3mepbTe TUHEHKOW YIITMHEHUE IPYXKHHBI 10 MIKaJIe JMHAMOMETPA.

5) UsmepbTe nuHelKoii yauaenue npyxkuusl Al o mkane quaamomerpa.

6) Boicota nagenus rpysa h pasna yamnenuto npyxunsl Al . Tlorenimansnas sueprus rpysa E1 npu
NaJCHUH [IEPEXOUT B NOTEHIMAIBHYIO SDHEPIUIO PACTAHYTOHN NpPYKUHBI E2.

KAI?
7) Paccuuraiite E; =mgh, rue g=9,8 m/c2 — yCKOpeHue cBoOoaHOoro najenus, u £, = 5
3HaueHus okpyriaute 10 0,001.
8) PesynbTarhl 3aHECUTE B TAOIHITY 2:
Ne Omeita | K, H/™m Macca Y niuaeHue Bricora IlorennmansHas | IlorenuuanpHas
rpy3a MPYKUHBI MaJIeHUs 3HEprus rpysa SHEPTUs
m, Kr Al M rpy3a h, m El, Ix MPY>KUHBI
E2, Ix

AWIN|F

9) CpaBuure 3nadenus E1 u E2, ¢ yuérom abcomoTHO# norpemHocT u3mepenus suepruu 0,001 Tk
(To ecth, pazHuna Mmexay E1 u E2 moxket nocturars 0, 002 [ B mpenenax morpeuHoCTH U3MEPEHNU).
10)  Cnpenaiite BBIBOJ 11O paboTe.

JlabopaTopnasi paGora Ne 6

H3yuyeHnue ycj10BUS PABHOBECHS pPblYyara
He.]]b: IMPOBCPUTHE Ha OIBITC, MpPU KAKOM COOTHOIICHHMUW CHJII M HUX IIJICY pbldyar
HAXO/UTCS B pAaBHOBECHH; IPOBEPUTH Ha OMBITE MMPABUIIO MOMEHTOB.
Beinosnus padory, Bel Oyaere:

YMETh: h

- OIIPEJENSTh YCIIOBUSL PAaBHOBECUS TEIl
-HAXOJIUTh COOTHOILIEHHUE CUJI U IJI€Y, IIPU KOTOPBIX pblUar HAXOAUTCS B PABHOBECHUU
MarepuanbHoe o0ecnedeHMe: pplyar Ha HITaTHBE, HAOOp T'PY30B, M3MEpUTENIbHAs JMHEHKa,
JTUHAMOMETD.

3apanue: .OnpenenuTs yCIOBHs pABHOBECHS pblyara.
KpaTkue TeopeTnueckue cBeieHHUS:

Peruar-tBepnoe Teno, cnocoOHOE BpamaTbcs BOKPYT HEMOABHKHOM OTIOPBI.

Pazimyaror ABa BHIa PbIYaroB. Y peluara epBoro poja To4ka Oropbl HAXOJUTCA MEXIY
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JUHUSAMU IeUCTBUS MPUIIOKEHHBIX CHJI. Y pbluyara BTOPOTO poja TOYKa OMOPHI PAcIOIOkKeHa Mo

OJIHY CTOPOHY OT HUX.

Hcnonb3ys peryar, Mbl MOXKEM MOJIYYUTh BBIMTPHIII B CUJIE M OJHATH HEMOIBEMHBIA TPY3.
PaccrossHue OT TOYKH OIIOpbl OO0 TOYKHU TMPUIIOKCHUA CHJIbI HA3BIBAIOT IUICHOM CHIJIBL.
[Ipuuem, MOKHO paccUuTATh PABHOBECHE CHJI HA pblUuare mo cjeaywmei ¢gpopmy.ie:

F1/F2:|2/|1,

rae F1u Fp — cuitel, aeiicTByrommuye Ha poiyar, a lp u l; — miedun stux cuir.
3aK0oH paBHOBeCHSl pbIYara: pblyar HaXoJIMTCA B PABHOBECHH TOTJIa, KOTJa JEHCTBYIOIINE

Ha HET'O CUJIbI 06paTHO IIPOMOPUKUOHAIIBHEI IICYaM 3THUX CHJIL.

DTOT 3aKOH OBUI yCTaHOBJIEH ApPXHMEIOM eIle B TPETheM BEKe J0 Haimiei 3pel. M3 Hero
CJIEIyeT, YTO MCHbIIEH CHUIIOH MOXKHO YPaBHOBECUTH OOJBIIyIO. J[J1sl 3TOr0 HE00X0IUMO, YTOOBI
IJIe4Y0 MEHbIIeH cuiibl ObTo GoJiblie riieya OoNbLIeH CUiIbl. A BBIMTPBILI B CHIIE, MOJTY4YaeMbld C

IMOMOIIBIO pbIvara, onpecACIACTCsa OTHOMCHUEM I1JICY MIPUIIOKCHHBIX CHUJIL.
HOpfl)IOK BbIITOJTHCHU A paﬁoTbl:

1. VYpaBHOBecuTh pbIUar, Bpallas Taiikd Ha €ro KOHIAX TaK, YTOOBl OH PACIOIOKHICS

TOPU30OHTAJIbHO.

2. UW3mensist Maccy rpy30B U pa3Mep Ijied, IPOBEPUTH 3aKOH PaBHOBECHS phlyara.

1. Paccmotpute m3MeputensHbeie NpuOOpPHI, Haxoasuecss Ha croie. OnpenenuTe MeHy ux
nenenust. Pe3ynprarsl 3anummre B Tabnuiy 1.
Tabnuna 1
Hazpanue mpubopa LI€HA JEJICHUS
JIuneiika
JnnamomeTp
2. YpaBHOBEChTE C NOMOIIBIO T'ACK phl¥4ar B TOPU3OHTAIBHOM -
ITOJIOXKEHUU. @
3. Jlnst 5TOro moABEChTE JABa Tpy3a Ha JIEBOM 4YacTH pblyara Ha

paccTosiHUU, NMPUMEPHO paBHOM 12 cM oT ocu BpauieHus. ONBITHBIM
myTéM YCTaHOBUTE, HA KaKOM DPACCTOSHUH BIIPABO OT OCHU BPAILICHHS
Ha/J0 TOJBECUTh: a) OJUH Tpy3; O) /ABa rpys3a; B) TpU Ipy3a, YTOOBI
pbryar npui€il B paBHOBECHE.

— =

4, Cuntas, 4yTo KaxIplid Tpy3 BecuT 1H, 3anummre gaHHbIE W U3MEPEHHBIE BETUYHMHBI B
Ta0IHILy
Taoauna 1
No Cuna FrHa ITneyo ¢ ) Cwnna F, Ha ITneudo OTHOIIIEHNE CUIT
OIBITa | JIEBOM YacTH oM MpaBoO YacTu (,,c™ U IJIeY
M
peruara, H ppraara, H F, (_1
F, ¢,
1.
2.
3.
5. BerurcnuTe OTHONIICHWE CHJI M OTHOIICHHE TIISY JIJIS KaXKJOTO M3 OIBITOB M MOJydeHHBIC
PE3yJIbTAThI 3AMUIITUTE B MIOCICTHUN CTOIONK TaOJIUIIB.
6. [IpoBephTe, MOATBEPKAAIOT U PE3YNbTATHI OMBITOB YCJIOBHE PAaBHOBECHE phlyara Mo

JIEHCTBUEM MPUIIOKEHHBIX K HEMY CHJI U TIPaBUJI0O MOMEHTOB CHJI.
7. JlonoyIHUTEIbHOE 3a/IaHUE.

A) TlonBecbTe TpH Tpys3a clipaBa OT OCH BpalleHMs pblyara Ha pacctosHuu 5 cm. C
MIOMOUIbI0 JUHAMOMETPA OIpPENEIUTE, KaKyl0 CWIy HYKHO IPUIIOXKUTh Ha
paccTosHUU 15 ¢M OT OcH BpallleHHs IpaBee I'Py30B, YTOOBI yIEp’KUBaTh pbluar B
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paBHOBecuH. Kak HampaBiieHbl B A3TOM Cily4dyae CHUJIbI, ACHCTBYIOIIME Ha pbryar?
3anummre AJIUHY TUIed 3TUX CHJI. Beruuciaute otHotienue cuit Fr / Fy u m momea |, /
|1, 17151 3TOTO CiTydast U caenaiTe COOTBETCTBYIONIUI BHIBO/I.
b) C momompio YCTaHOBKHM, KOTOPYIO BBl HCIOJB30BAIM B JIAOOpaTopHON padore,
U3MEphTE MacCy Kakoro-HuOynapb Tena. OMUIINTE OIMbIT.
dopma npeacraBJieHus pe3yJjbTara

Taoauna 1
No Cuna FrHa [Tineyo ¢ , Cwnna F, Ha [Tneudo OTHOILIEHUE CUIT
OIIbITa JIEBOU JacTu M MPaBOW YacTH (> M U nJjied
9
peruara, H peruara, H F, /.
F, ¢,
1.
2.
3.
KoHTpoJibHBbIE BOIPOCHI:
1. Y10 HA3BIBAIOT ILUIEYOM CHUJIBI?
2. Kakyro pusndeckyro BenUuuHy Ha3bIBAlOT MOMEHTOM CHJIBI?
1. KakoBo ycnoBue paBHOBecHs Tela, UMEIOIIETO 3aKPETUIEHHYIO OCh BpaIleHus?
2. Uro Takoe prruar? Kakoe cBOKWCTBO phluara Bbl SKCIIEPHUMEHTAIBHO BBISICHUIIN?

Kpurepun oueHKH: CM. CTP.

Tema 3.1 OCHOBBI MOJIEKYJISPHO-KHUHETHYECKOI TEOPpUHU

JlabopaTopHas padora Ne 7, 8
“IIpoBepka ra3oBbIx 3aKOHOB. 3y4yeHue H30TepMHUYECKOr0, H300aPHOI0 M M30XOPHOI0
npoueccon”

Heun: M3yunTs B3aMMOCBA3b MAKPOCKOIIMYECKUX MAPAMETPOB I'a3a 3aJaHHON MAaCChI; ONBITHBIM
nyTéM yOoeauTcs B CpaBeAIMBOCTH 3aKkoHa boiins-Mapuotra.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

1. OK 01, 0K 02, OK 05, OK 06, OK 07, OK 04 OK 09,

MarepuanbHoe o0ecnieyeHue:

CunboH (aJFOMUHUEBBIH TI'e€pMETHYHBIH LWIMHAP C TOPPUPOBAHHBIMM CTEHKAMH, HIKAJIOH
YCIIOBHBIX €MHMUII, MOPIIHEM C BEPTHUKAIbHBIM BUHTOM), BO3JYXOBOJHBIN COEIMHUTEIbHBIN IIIAHT,
MaHOMETp, 0apoOMeTp, UCIBITYEMBbIN Ta3 3aJaHHON Macchl — BO3/YX.

3ananne:
1.IToBTOpUTH O0OBEANHEHHBI TA30BBIN 3aKOH.
2.IIpoBepuTh Ha MpakTUKe cobtoeHne 3akoHa boins-Mapuorra.

ITopsinok BbINOJHEHHS PadOThI:

Teopus.

B nannoii nmaGopatopHoii paboTe paccMmarpuBaeTcs coOnojeHHe 3akoHa boiins-Mapuortra,
CIPaBEUIMBOTO ISl M30TEPMHUYECKOIr0 Ipoliecca A JaHHOM Macchl rasza. M3 oOmiero ypaBHEHHs
MenneneeBa-Knanelipona 3akoH bolins-Mapuorra MOKHO 3anucaTh Tak:

Vnpn — C

rae: V— o0beM 3aJlaHHOM MacChl ra3a B N-OM COCTOSIHUU; P — JIaBJICHHE 3a/1aHHOM Macchl ra3a B n-
OM COCTOSTHUH;

C — nocTosiHHBIN KO3 QULIUEHT (KOHCTaHTA).

[Ipu ucnons30BaHMM B pabOTe JaHHOW YCTAaHOBKHU (CM. PUCYHOK) 00BbEeM Tra3a yaoOHO U3MEpsTh B
YCIIOBHBIX enuHUIlaXx o0bema — y.e.0. (1 y.e.0.=0,1Vo, rme Vo — monubeiii 06beM cunbdpona 1 ), a

83



JaBJIeHUE — KaK aTMoc(epHOe JaBJICHHE C JIOMOJHHUTEIbHBIM (0€3 JOMOTHUTEIBHOT0) AaBieHus (10
MaHOMETPY) C NEPEBOAOM HEOOXOIUMBIX €AMHUI] faBieHus B cuctemy CU.

2 . 3agaya CBOOUTCSA K HaXOKICHHUIO KOHCTAHTHI Cn JUIT KaXKAOrO COCTOSHHS OIHOW M TOH K€
MaccCHI ra3a.

Cn = Vn "Po- (1 = Apn)

rae3 : C — KOHCTaHTa N-TO COCTOSIHUA (B YCJIOBHBIX €IMHUIIAX KOHCTAHTHI — y.€.K.); V— 00BbemM
3aJJaHHOI MaccChl Ta3a B N-OM COCTOSHUH (B YCJIOBHBIX €IMHHUIIAX 00beMa — y.e.0.); p — arMochepHoe
nasnenue (B [lackanax — [1a); Ap — nonmonHUTENBHOE JaBJIeHUE MaHOMETpa (B aTMochepax — aTMm).

Yem TouHee W Ommke apyr K apyry Oyayr HaxomuTbes koHcTaHThl Cl, C2, C3 — tem Ooinee
TOYHBIM OKQKETCSl DKCIEPUMEHTAIBHOE MOATBEPKACHUE 3aKoHa boinsi-MapuoTra.

3 - IPUMEHSETCS 3HAK «+» - €ClIU AaBJIEHUE PACTET, U 3HAK «-» - €CJIU JaBIICHUE I1aJ1aeT.

p.s. - 1.YcroitunBas paboTta cmwiboHa BO3MOXHA HPU YCIOBHHM M3MEHEHHs 00beMa BO3IyXa B
HéMm ot 0,5 10 0,9 y.e.o.

2. - nus pacu€TOB €AMHHUIIBI JaBJICHUS OapoMerpa - MM.pPT.CT.(MAJUIMMETP PTYTHOTO CTOJIOA),
MOKHO BOCIOJIb30BaThcs enuHunamu nepeoja B Ila (ITackansax) mo gopmyne: 1 mm.pr.ct=133,33 Ila.
IlepeBoa noka3aHuii MaHOMETpa HE TpedyeTcsl.

1. 1. BHuMareiabHO MPOYUTATH ONMKCAHHUE PAOOTHI U AJITOPUTM JICHCTBHIA;

3. U3meputh atMocdepHOe 1aBlIeHUE B TaHHBIM MOMEHT C TOMOIIbI0 OapoMeTpa;

4. ITpousBecTr 1 3a(hUKCUPOBATH B OJIAHKE OTYETA MPEABAPUTEIHHBIE H3MEPEHHS aTMOC(HEPHOTO

JaBJIeHUA (C IEpeBOIOM B euHUIIbI cucTteMbl CH);

4. 5. CoOpaTh yCcTaHOBKY (CM. PHCYHOK) Tak, 4ToOBbI 00a KiamaHa MaHOMETpa HaXOJIWINCh B
OTKPBITOM COCTOSTHUH, a OPIIEHb CUIIb(OHA — B CAMOM BEPXHEM MOJIOKEHUU;

wmn

A ™

o

3aKphITh BHEIIHUH KJIalaH MaHOMETPa;

6. C moMomIpI0 BpAIAOIIEToCs MOPITHS YCTAaHOBUTH BBICOTY HWJIMHIpPA CHIb(OHA HA OIHOU W3
Tpéx ormerok: 0,6; 0,7; 0,8.

7. TlpousBectu u 3adukcupoBaThb B OJaHKE OT4YeTa IpeIBapUTENIbHbIE HU3MEpeHHs oObema
3aJJaHHOI Macchl Ta3a B OJTHOM U3 TPEX COCTOSHUH (B YCIOBHBIX €IMHHUIIAX 00bEMaA — y.€.0.);

8. Cpasy xe mpomsBecTH W 3apUKCHpPOBaTh B OJIaHKE OTYETa IMPEIBAPUTEIBHBIC H3MEPEHHUS
JIOTIOJTHUTEIBHOTO JIABJICHUSI MAaHOMETpa OJIHOTO U3 TPEX COCTOSIHMM Ta3a (B atMocdepax - atm);

9. Bpruaucnuth aOCOMOTHYIO U OTHOCUTEIBHYIO TIOTPEIIHOCTHA U3MEPEHUI.

KoHnTpoJsbHbIe BONpPOCHI.

1) IIpu xakoMm yciioBUU cIpaBeIUB 3akoH boitng-Mapuotra?

2) Ecnu npu M30TepMUYECKOM IPOLIECCE AABJICHUE MA/IaeT, YTO MPOUCXOAUT C 00BEMOM?

3) IIpou3BoauT u Ta3 1aBJIeHUE B COCTOSHUN HEBECOMOCTH?

4) IToyemy moTydeHHbIE pe3yJbTaThl B paboTe HE HIeaIbHO PaBHBI MEX1y c000ii?

5) YUrto BimseT HA TOYHOCTh U3MEPEHUN B TaHHOM paboTte?

6) MOKHO 71 OIIPENEINTh YCIOBHYIO €IMHULY KOHCTAaHThI B eauHuIax CHU?
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7) KakoBa macca Bo3ayxa B ayJUTOPUHU TUIOMAABI0 64 M2 , BBICOTOM 3 M, mpu Temmeparype 25
oC u gaBieHuu 725 MM.pT.CT.?
®opma npeacTaBieHus pe3yJabTara:
PaboTa nomkHa ObITH BBIMOJIHEHA B TETPAAH ISl JIAOOPATOPHBIX paboT.
Kpurepumn oneHku:
3a mpaBUIIHLHO BBIITOJHEHHOE 33JaHHE BHICTABIIAETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICCTBUE, 3aJJaHUE BBICTABIISICTCS OTpUIIATEIbHAS OlleHKa — 0 0ayuioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenxa «HeyoosiemeopumenbHoy svicmasisemcs 3a Mmenee 60% nmpaBUIBHBIX OTBETOB

Tema 3.3. AFpeFaTHLIe cocTosiHMS BelecTBa. ®a3oBble nmepexoanl.

JlaGopaTopHoe 3aHsiTue Ne 9

Onpenenenue ko3pPpuHeHTa NOBEPXHOCTHOI NJIOTHOCTH KUAKOCTH METO/IOM OTPhIBA Kanejlb

Henn: onpenennuTs NOBEPXHOCTHOE HATSYKEHUE BOJBI U MBIJIBHOI'O PaCTBOpa METOAOM OTPBIBA
Karesib
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 06, OK 07, OK 04 OK 09,

MarepunanbHoe obecrniedeHue:

LINPULL JUIsl YUCTOM BOJBI, LUIPUILL JJI MBUIBHOIO pacTBopa (00bemoM 5—10 i), cTakaHYMK C
YUCTOM BOJOW, CTAKAHYUK C MBUIBHBIM pAacTBOPOM, INITAHICHLUMPKYJIb WIA MHKPOMETpP, OCTPO
OTTOYEHHBIN KapaH/alll.

3aganme:

1 O3HaKOMbTECH C TEOPETUUECKUM MaTEPUATIOM.

Ha xammio, BUCSIIYIO Ha KOHLE Y3KOM TpyOOYKH, NEHCTBYIOT JIBE€ CHMJIBI: CHJIa TSDKECTH Mg
HalpaBJIeHHAs BEPTUKAJIbHO BHU3, M CHWJIa IOBEPXHOCTHOIO HATsDKEHUs >kuiakoctw F moB
pacripesielieHHasl B/I0JIb T'PaHMIIBI JKUIKOCTH C KpaeM TpPYOKM M HaIlpaBlieHHas IO KacaTeJbHOM K
MOBEPXHOCTHU KHUJIKOCTHU MEPHIEHANKYIISIPHO 3TON TpaHHUIIE.

2

>
an

.
myg

Cuia MOBEPXHOCTHOTO HATSOKEHHUS, ICHCTBYIOIIAs HAa HEOONIBIION y4aCcTOK IPaHuUIlbl mnHOM Al
paBHa o |, rie 6 — K0 (PUIIMEHT TOBEPXHOCTHOTO HATSHKEHUS KUIKOCTH.

VYcnoBue paBHOBECHs KallJld HAa KOHIIE TPYOOUKH COCTOMT B TOM, YTO BEKTOpPHAsh CyMMa CHII,
JEUCTBYIOLMX HA OTHAEJbHBIE 3JIEMEHTHl TPAHMUIBI, pPaBHA II0 MOJIYJII0 M IPOTUBOIIOJIOXKHA IIO
HAIMPABJICHUIO CUJIE TAKECTH.

Benuunna oA | mo mepe yBeIMYEHHs MAacChl Kallld OCTaeTCsl HEM3MEHHOW, HO B PaBHOBECUH
Karuisi IpUHUMAET TaKyr (popMy, 4TO yrojl HaKJIOHA CHUJTBI TTOBEPXHOCTHOTO HATSKEHHS K BEPTUKAIIN O
yIIOBJIETBOPSIET YCIOBUIO lo cos = mg , rae | — niauHa rpaHuiibl JKUIKOCTH ¢ TPYOOUKOM.

C yBeIMYeHUEM MACChl KaIlJId YTOJl 0. YMEHBIIIAETCS U, HAKOHEI, TOCTUTAeT HYJIs, a coso, = 1 .

[Ipy panpHelIIeM YBETUYEHHHM MAacChl YCIOBHE pPaBHOBECHSI KaIlld YK€ HE MOXKeT OBITh
BBITIOJIHEHO, U KaIulsl OTPbIBACTCSI.
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Orcrona, npuauMasi, uto I=r d , rae d — BHyTpeHHMI nuameTp Tpybouku, moaydaem: d ow= mg

mg |
G Ey

1.13meputs BHyTpeHHMH puamerp d HakoHeyHMKa mmmpuua. Jlng u3MepeHuss MOXKHO
BOCIIOJIb30BaTbCS OCTPO OTTOYEHHBIM KapaHjaaumloM. BcraBuB KapaHjall B HAaKOHEYHHMK 1O YIOpa,
IIOMEThTE T'PaHUIly COIPUKOCHOBEHUS HAKOHEYHMKA C KapaHjamoM. /lnamerp kapanpaamia Ha ypoOBHE
9TOM I'PaHUIBl MOKHO IPUHATH 32 BHYTPEHHUM JUAMETP HAKOHEYHHUKA M U3MEPUTH €r0 ¢ MOMOLIBIO
HITAaHT'€HLIUPKYJIS WIA MUKPOMETpA.

2.Habpatp B mmpui 4—5 M1 BOJBI U, JiepKa €ro BEPTHKAIBHO U IJIaBHO HAXXMUMas Ha MOPIICHB,
BBUINTh 3—4 MJI B CTakaH4YMK, cuMTas Kamiu. M3mepeHue kosnmyectBa Kameiab N NIPOBECTH HE MEHee
Tpex pa3, 3aTeM 10 OO0IIei Macce BBITEKIIEH BOBI 001l m (MONb3YHTECh MIKAJIOW Ha mmpuie!) HaluTH
CPEAHIOI0 MacCy KaIuld M U MOTrPeIIHOCTh ee onpeneneHus Am. Pe3ynbTarsl 3aHeCTH B TaOIMILy

Tabauya Nel
uzmepeno BbIYUCTICHO
No N m m d A o Ao £
m e m,e 2c m,e 2c ,um | d, um,
P P H/m
o0ow

3.ITonb3ysace dopmynoit (1), paccuntath Kod(h(GUIMEHT MOBEPXHOCTHOTO HATSKEHHSI BOJBI U
a0COJIIOTHYIO MTOTPEIIHOCTh €r0 ONPEAEICHUS

Ao =lo,,., -0

uim maéa| *

4. Berauciauthb OTHOCHUTCJIbHYIO IMOI'PCIIHOCTD H3MCpCHPII>i

A
=2 100 *
(e

madiy

5. AHanoru4HbIM 00pa3oM ONpeAeTauTbh KOAI(PPHUIMEHT MOBEPXHOCTHOTO HATSHKEHUS MBUIBHOTO
pacTBopa (I10JIb30BaThCs OTAEIBHBIM LIMPULIEM U TTOCYI0M!).
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H3MEPEHO BBIYHCJIEHO
Ne|m,.c| N me | m,.e | Ame | Am,e d,mm| Ad, mm (,‘[%l Ao,f%! &

@

6. Crenatb BBIBOJ U 3allMcaTh MOJYyYEHHOE 3HaYeHHE Kod((pullneHTa mOBEpXHOCTHOTO
HATSDKEHHS C YYETOM MOTPEIIHOCTH

KoHTpoJibHbIE BOIPOCHI:

1. Koaddunument noBepxHocTHOTO HaTskeHUs: kepocuHa 0,024 v/M. bosbie uiam MeHbIe Macca
KaIlJIi KepOCHHA 10 CPaBHEHHUIO C KaIlIeil BOJbL, €CJIM KaraTh U3 OJHOM U TOM e MUIETKU?

2. OObscHuTe MOAPOOHO, MOYEMY MAaJIEHBKHE KalleJIbKH JKUAKOCTH MOTYT JIOJITO BHCETh HE
OTPBIBASICh.

3. [Nouemy, mpex/ie 4eM MOKPHITh ITYKATYPKY MAcITHOW KPAacKOM, MPeIBapUTEIBHO TPOU3BOIAT
IPYHTOBKY 0J11(oit?

4. [IpuBeauTe CBOM MPUMEPHI ICUCTBUS CUIIBI TIOBEPXHOCTHOTO HATSKEHUS

®opma npeacTaBieHus pe3yJbTara:

PaGota gomkHa OBITH BBIMOJIHEHA B TETPAIU AJIs JIaDOpaTOPHBIX padoT.

Kpurepuu onenku:
3a npaBUJIbHO BBIMOJIHEHHOE 33JaHHE BBICTABIIACTCS MOJIOKUTENbHAS OlleHKa — 1 Oa.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS o1leHKa — () OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvHoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.3. ArperaTHble cOCTOSIHMS BellleCTBA U (pa30BbIe Mepexoabl

JlabopaTopHnoe 3ausitue Ne 10

Omnpenesenne BJIaKHOCTH BO3yXa U aTMOC(EPHOTro TaBJIeHUs
Leab: n3MepUTH OTHOCUTETHHYIO BIAXHOCTh BO3/yXa B Tabopatopuu Gpusuku
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04 OK 09
MarepuanbHoe obecnieuenue: rurpometp ncuxpomerpudeckuit BUT — C, crakan ¢ kurmsiaeHon
BOJIOM
3ananue:
1. O3HakoMbTech C TEOPETHYECKUM MATEPHAJIOM:

2. Kpamxue meopemuueckue céedenus:

B armocdepe 3emnu Bcerna coaepikarcs BOJsSHbIC Tapbl. X conepkaHue B BO3AyXe XapaKTepH3yeTcs
aOCOJIOTHOW W OTHOCHTENILHOM BJIQYKHOCTHIO. AOCOJIOTHAS BJIAKHOCTH OMPEACISIETCS IUIOTHOCTBHIO
BOJITHOTO TIapa pa, HaXxoJsAIIerocst B arMocepe, WK ero MmapuydaibHbIM JaBieHreM pir. [lapiiaibHbiM
AAaBJICHUEM PII HAa3bIBACTCA JABJIICHHUE, KOTOPOC IMPONU3BOJIUIT OBI BO}IS[HOﬁ Imap, €Ciin OBl BCe APYTUe ra3ol
B BO3JyX€ OTCYTCTBOBaIH. OTHOCHTEIBFHON BIAXXHOCTHIO () HA3bIBACTCS OTHOLICHUE MapIHaIbHOTO
JaBJICHUS PII BOJSHOTO IMapa, COJACPIKAIIErocst B BO3IyXe, K JaBICHUIO HACBIIIEHHOTO Mapa pH.IL., pU
JTaHHOW TemnepaTtype. OTHOCHTEIbHAS BIKHOCTh () MOKAa3bIBAET, CKOJIBKO MPOIICHTOB COCTaBJISET
MapUHaIbHOE AABJICHUE OT IABJICHUS HACBIIIEHHOTO Mapa MpHU JaHHON TEMIIEPATYPE U ONPENEseTCs 0
dbopmyre:
o =L .100%

pl{l}
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[TapunanbHOE AaBIEHHUE PN MOKHO paccuMTaTh MO ypaBHeHUIO MenneneeBa - Knanelipona unu no
TOYKE POCHI.

Touka pockl - 3TO TeMmIieparypa, IMpyu KOTOPOM BOJSIHOM Tap, HAXOIAUIUMKCS B BO3JyXE€ CTAHOBHUTCS
HachIIeHHbIM. OTHOCUTENBHYIO BJIAKHOCTh BO3yXa MOXHO OINPEACIUTbh C MOMOIIBIO CIEIHATIBHBIX
puOOpPOB — MCUXPOMETPA U TUTPOMETPA.

IIcuxpomerp
[IcuxpomeTp COCTOUT U3 CYXOr0 U BJIAKHOT'O TEPMOMETPOB.
PaccmoTpuTe nncuxpomMerp u ONpeAesuTe I1€ CyX0H U BIIaKHBIA TEPMOMETPBI.
a) U3MEPUTH NOKA3aHUs CyXOro U BIaKHOTO TEPMOMETPOB:
0) UCIIOJIB3YS IICUXPOMETPUUECKYIO TaOIUILy, ONPEAECTUTh OTHOCUTEIBHYIO BIAYKHOCTh BO3AYXA.
BHuMmaTenpHO TOCMOTpHUTE HAa ICUXPOMETPHUECKYIO TabnuIly. B mepBoM BepTHKaIbHOM CTONIOLE
HalJIMTe MOKa3aHUs Ballero CyXOro TEPMOMETPA, B IEPBOM TOPU30HTAIBHON CTPOKE HAIUTE Bally
Pa3HOCTb MMOKa3aHUN CyXOro U BJIAXKHOI'O TEPMOMETPOB. To uncio, KOTOpOe HaXOAUTCS Ha
MepeceyeHn  CTOIONA U CTPOKH U SBJISIETCS 3HAUEHUEM BIIaXKHOCTH BO3/1yXa.
N300pakenue, cxema, pUCYHOK SKCIIEpUMEHTA!

Cyxont :
mepsonempl |

& | Baawnwi 2§
) mepaosemp X

Pucynox 1. YcranoBka aist maboparopHoii padotsr Ne5
3. Bemonaute padoty.
4. OTBeTbTEe Ha KOHTPOJIBbHBIE BOIIPOCHI.
5. 3amosHuTe OTUET 1O JabopaTopHOil padoTe.
Ilopsinok BbINOJHEHHS padOThI:
1.Hanute B nmuTaTenb KUISYEHYIO BOLY.
2. Jlatb ¢dutmimro mponuTarhcsi Bomod W uepe3 10-15 MUHYT NPUCTYNUTh K ONPEIEICHHUIO
BJIQ)KHOCTH.
3.0mnpenenuTs NOKa3aHMs CyXoro M YBIa)KHEHHOT'O TEPMOMETPOB.
4.IloBopaunBast aMMO C KpacHOH oIM(POBKOH, COBMECTUTHh MOKa3aHMUsA CYXOTO TEpMOMETpa
(xpacHble IU(PBHI) ¢ TOKa3aHUSAMU YBIAXKHEHHOT'O (UE€pHbIE LIUPPBHI).
5.0mpenenuTb OTHOCUTENBHYIO BIa)KHOCTb 110 KPACHOM CTPEJIKE.
6.Pe3ynbpTaThl N13MEpEeHUI U BHIUMCICHHUM 3aHECTU B TaOIHILY:

Tabmuia Nel
IToka3anust TepMOMETPOB Pa3noctn OTtHocuTebHAS
MOKa3aHUuM BJIAKHOCTH BO3/AyXa @,
TEePMOMETPOB %
At=tcyx-tBJj
cyxoro tecyx BJIAJKHOIO tBJI
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Tab6mawuia Ne2

Temnepary | Touka Hasnenue | [laprmanen | OtHOCuTen | IlnotHOCTE | AGCOMIOTHA
pa pOCBI, °Cc HACBILEHH | 0€ bHas HACBIIICHH | 5
OKPY’KarOII{ oro mnapa, JlaBJICHUE BJIQXKHOCTh | OrO mapa, BJIQ)KHOCTh
ero ITa BOJSIHOT'O BO3IYyXa, %o | & BO3/yXa
BO3/yXa, napa, [1a At

°c

7. Cuenatp BBIBOJ, 3alMCaTh IMOKa3aHUS TUTPOMETPA W JIaTh PEKOMEHAALUH IO IMOAJICPKAHUIO
BJIAXKHOCTH B JJaOOPAaTOPHH B TIpeJiesiaX HOPMBI.
KonTposabHbie Bonpocsl:
1. Kaxoii map Ha3pIBaeTcsl HachlleHHBIM? UTO Takoe MTMHAMHYECKOE PAaBHOBECHE, TOYKA POCHI,
napuuagbHOE JaBjieHue?
[Toyemy nokazaHusi CMOYEHHOTO TEPMOMETpa MEHbIIIE, YEM CyXOro?
Kak, 3Hast TOUKY pOCBHI, MO’KHO OTIPEACTUTh NapIUuaIbHOE JaBICHHE?
4. Cyxol ¥ BIQXHBIH TEPMOMETPHI IICHXPOMETPa MOKa3bIBAIOT OAMHAKOBYIO Temreparypy. Kakosa
OTHOCHUTEIIbHAS BIAYKHOCTH BO3AyXa?
®opma mpeacTaBJieHus pe3yJbTara:
Pabora momkHa ObITH BBIIOJIHEHA B TETPAAH IS JIAOOPATOPHBIX paboT.
Kpurepun oneHku:
3a MpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIISIETCS TIOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMpaBUWJIbHO BHITIOJIHEHHOE JEHCTBHE, 3aJJaHNe BBICTABIISIETCS OTpUIlaTeIbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenra «Heyoosiemeopumenbvhoy svicmagisemcs 3a Menee 60% nMpaBUIBHBIX OTBETOB

wmn

Tema 3.3 ArperatHbie COCTOSIHUSI BeliecTBa U (pa3oBble mepexoabl

JladopaTopnoe 3ansiTue Ne 11

Onpenenenne yaeJbHOM TEMVIOEMKOCTH BeIIeCTBA
Ileb: ONBITHBIM ITyTEM ONPEIEIUTh BEIUYUHY YAECIBHOW TEIUIOEMKOCTH BEIECTBA U BBIACHUTH
¢bu3nvecKkuil CMBICI ypaBHEHHUs TEIJIOBOTO OanaHca.
BbinosiHeHue pa6oTsl crioco0cTBYeT (POPMUPOBAHUIO:
OK 01, OK 02, OK 05, OK 07, OK 04 OK 09
MarepuanbHoe ofecrniedeHHe: BEChl ONTHYECKHWE HA IITATUBE;
BEILECTBO; KAIOPUMETP; TEPMOMETP; JJIEKTPOILIIUTKA; COCYI C BOIOM;
3aganue
1. 3anucatp B TeTpa b Ha3BaHUE PaOOTHI, 1IeTb pabOTHI, MPHUOOPHI U MPHUHAICKHOCTH.
2. HauepTuTh TaONMILy AJIS 3aMIUCU PE3YIbTATOB U3MEPEHUI U BHIYMCICHUI.
3. BBIYHMCIICHUS IPOBECTU COTJIACHO (POPMYIaM:

pa3HOBEC; HCCIIEAYeMOe

Temora, oTnaHHast TOPTIUM TEIOM: Qo =M1C1(t1- 0)

TemoTa, mosydeHHas: KaqopUMETPOM: Q on . =M2C2(0-t2)
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Temora, morydeHHast BOA0M: Qpoxs =M3C3(0-t3)
VYpasuenue teroBoro 6ananca: Qo= Qron
M1C1(t1- 0)= maCa(6-t2)+ M3C3(0-t3)
mM1C1(t1- 0)=( 0-t2)( MaC2+ M3Cs)
Tak xak ty=t3, (0-t)=(0-t3)
c1=(0-t2) (M2Ca+m3Cs)/ (M1 (t1-0)) Iox/(kr- °K).
4. OnpenenuTs NOrpeIHOCTH

A=|Cra:-C1| - AOCONTFOTHAS TIOIPEITHOCTS;

5=(A/c)-100%.
HOpﬂIlOK BBIIIOJIHCHU A paﬁoTLI:

1. OmnpenenuTh Maccy UCCIEIYEMOTO TeJia my;
2. OmycTUTh HCCIEIYEMOE TEJIO B COCYJI C BOJION M HArPETh BOY /10 KUTICHUS;
3. OmpenenuTs Maccy KaJopuMeTpa my;
4, Hamute J0 TIOJIOBHUHBI BOJBI B KAJIOPUMETP U ONPEACIUTh MAacCy BOJBI M3,
5. HM3meputh Ha4yaNbHYIO TEMIIEPATYPy KaJOPUMETPa C BOJIOH tr=13;
6. OmycTUTh HarpeToe TejIo B KAIOPUMETP € BOJON M U3MEPUTH TEMIIepaTypy cMecH 0;
7. PGSYJ'IBTaTbI H3MepeHHﬁ A BBIUMCIICHUM 3aHECHTE B T8.6J'II/II_Iy n cz[enaﬁTe BBIBOA. ITIo oxoHuyaHuu
paboThI MPUHAIICKHOCTH, TETPAIh U TAHHOE PYKOBOACTBO CAATh MPETOaBaTEIIIO.
Taoaunma Nel
1, Macen TREPJIIOTO Tean, K 0y
2. TeMIlepaTypa Tena, VO Ty
3. Macea ls:l'l;rx)llf\llr'll!n. K s
4. Maccea BOUBY, KX (AR B
5. TEeMOICPATYPA ROML II KAJOPIIMETPA, ta =ty
C
6. 1,.-;:““,':,",“,1\,1)“ cmecrr, “C &)
7 \ TR ] OO eMKOCT b \
KanopinMerpa, JRK/(kr - "K)
I B yiensHas ) TeNMOeMKOCTER BROJLET, <y

JL/(ky -"K)
9 VASHNBHAN  TOIDIOOMEOCTE  THOPAOTIO | o
Tenan, Jlad(xr “K)
T10.  racmirmoe Snatteste Vitennitoir c}
TEILIO@EMIKOCTIT LBOPUHOTO resa,

Jlac/(xr °K)

11, OTHOCHTANLIINS [TOTPSIINOCTL, o o

KoHTpoJibHBIE BONIPOCHI:
1. KakoBa pa3zHuIia Mex/y TEINIOEMKOCTBIO TeJla U YAeTbHOU TeI0eMKOCThIO?
2. B uwem cwmpicn ypaBHEHHs TEIJIOBOTO OanaHca M KaKoe OTHOIICHWE OHO MMEET K

3aKOHY COXPaHEHHS DHEPTHUH.

®opma npeacTaBieHus pe3yJbTara:

PaGota gomkHa OBITH BBINOJIHEHA B TETPAIu AJIs JIaDOpaTOPHBIX padoT.

Kpurtepun onenkmn:
3a MpaBUIIHLHO BBITOJIHEHHOE 33JJaHHE BHICTABIISIETCS TIOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JCHCTBHE, 3aJJaHNE BBICTABIISICTCS OTpUIaTeIbHAs olleHKa — () OaoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
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Oyenka «xopouwoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvHo» svicmasisencs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.3 ArperatHble COCTOSIHMSI BelllecTBA U (pa30BbIe MepPexo/ibl

JlaGopaTopHoe 3ansaTue Ne 12

Onpenenenne MoayJs ynpyroctu pesunsnl (MoayJsi FOura)

Hean: Onpenenuts MOAYb YIPYTOCTH PE3UHBI ITPU PACTXKEHUH.
BoinosineHne padoTsl cioco0CTBYET (POPMUPOBAHMIO:
1. OK 01, OK 02, OK 05, OK 07, OK 04 OK 09
MarepuajibHoe o0ecnieyeHue:
HUTKa (JIECKa), pe3MHOBBIN MHYp anuHoi 25—30 cm u ceuennem 4— 10 MM2 , HabOp TPy30B IO
0,1 Kr, ITaTUB, TMHEWKA, IITAHTEHIIUPKYIIb UITU MUKPOMETD.
3aganue:
1. O3HaKOMHTBHCS C TEOPETUUECKUM MaTEPHUATIOM.
I(pamkue meopemuuecKkue ceeoeHus:
[Ipu ycraHoBuBIIEHcS ymnpyroi aepopmanyi paBHOACHCTBYIONIAS BCEX BHYTPEHHHUX CHJI
YOPYTrOCTH, BO3HUKAIOIIMX B TEJI€ B JIIOOOM €ro CEYEHUHU, YPABHOBEIIMBAET BHEIIHHUE CHIIBI,
JeCcTByIOIIME Ha TEJO.
CormacHo 3akoHy ['yka, HampspK€HHE ¢ M BBI3BAHHOE MM OTHOCHTEIIBHOE & Y/UIMHEHUE
npornopunoHaneuel: 0=E ¢, rne E— Moayns ynpyroctu.
[Tocne mpeoOpa3oBaHUs ITOTO BBIPAKCHHS TOTYIHM:

F 1 dmgl
1= § L HIIH E = ’—.g() .
S A md*(1-1,)
JI7isl SKCIIEPUMEHTATIBHOTO OTIPENICIICHUsT MOJIYJISl YIIPYTOCTH HY)KHO M3MEPHUTh BCE BEIUYHHBI:
ol mi *
Ssi= 0
nepopmupytonryto  cuny F (F=mg), ceuenue oOpazma S 4 , €ro

nepBoHavyalbHyt0 Anuny 10 u yanunenue 1.

1. M3yuyeHnue nepopmanu pacTsKeHus.
1. M3mepuTh ¢ MOMOIIBIO HITAHTEHIUPKYISI WIM MHUKPOMETPA TOJIIMHY IIHYPAa W BBIYUCIHTH
IUIOINAb €r0 IONEPEYHOro ce4eHus S.
2. IlogsemmBas x wHYypy rpy3sl Maccoit 0,1 xr, 0,2 xr, 0,3 Kr, U3MEPUTH COOTBETCTBYIOILIME
a0COIOTHBIE Y/UIMHEHUS IHYPA: U BBIUUCIUTH OTHOCUTENbHbBIE YIJIMHEHUS IIHYPA.
3. Ilo pesynpTaTaM W3MEPEHHUH BBIYMCIUTH MOJYJb YIOPYTOCTH pe3uHbl E U OLEeHHTH
MOTPEIIHOCTH SKCTIEPUMEHTA:
Am Al, _Ad Al
£= + +2—+ -
m d [I-1,

AE=F-g
- a0COJTIOTHAS TIOTPELIHOCTb.
5. Pe3ynbTarhl H3MepeHni U BRIYUCICHUN 3aHECTH B TaOJIHILY:

- OTHOCUTCJIbHAs NOTPCHIHOCTDb
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H3MCPCHO BEIYHCIICHO
NJ;E mkr | dom | S.m? | lgm Lm | AlLm| F,H |E, Ila Ecp, AE, £,%
/1 Ila Ila
|
2
3

6. Cnenarb BBIBOI.
KonrpoabHbie BOompochl.
1. Kakwue Buasl nehopmaruii Bel 3HaeTe?
2. W3mensieTcs jau BHYTPCHHSIS SHEPIUs Ae(OpMUPOBAHHBIX TEJI?
®dopma npeacTaBiaeHusl pe3yJabTara:
PaboTa nomkHa ObITH BBIMOJIHEHA B TETPAAH ISl JIAOOPATOPHBIX paboT.
Kpurepumn oneHku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HeMpaBWIBHO BBITIOJHEHHOE JICHCTBUE, 3a]]aHUE BBICTABIISICTCS OTpUIIATEIbHAS OlleHKa — () 0asioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 npaBUIBHBIX OTBETOB

Tema 3.3. ArperatHble cOCTOSIHMS BellecTBA U (pa30BbIe MePexo/ibl.

JlabopaTopHoe 3ansitue Nel3

Onpenenenue ko3(ppuueHTa ynpyrocTu ¥ MOayJist yIpyrocTu npu aeopmanum pactsakeHus H
cKaTus

Henab: ompenenenue koddduiMeHTta ynpyrocTd W MOAYIS YIOPYrocTd TMpH aedopManuu
pacTsKeHus.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 05, OK 07, OK 04 OK 09

MarepunanbHoe obecniedeHue:

BHUpTYyasibHas J1aboparopHas padota 1.09 Onpenenenue korddu-

[MEHTa YIPYTOCTH U MOAYJISI YIPYTOCTH TpU JedopMaIiil pacTsHKEHUS

http://mediadidaktika.ru/mod/page/view.php?id=13

Kpamkue meopemuueckue céedenus:
B Teopum ynpyroctu moj cioBoM «iedopmainusy MOHUMAIOT BCAKOE M3MEHE-HUE B OTHOCHUTEIbHOM
pAacIoNIOKEHNH YacTHUI] TBEPJAOro Tena, Bo3HHKaromee 1moja/ Cpeau MHOXKECTBAa Pas3IMYHBIX BHJIOB
nepopmaluu cieayeT OTMETHTh Mpo-cTelime: nedopMainus pacTskeHus (cxaTus) U aepopmanus
capura. Bce octamp-Hple Buabl AedopManuu MMeEOT Oojiee WM MeHee CIOXKHBIM XapakTtep. B
ciydae,ecnu Aeopmali Maibl, TO MOXHO 00yl naedopMaluio paccMaTpuBaTh VKAKCyMMY
HEKOTOPBIX pacTsbkeHuil u casuros.lIpu mobom Buae aedopmariuu, ecid OHa HE OYEHb BEJIHKA IO
CPaBHEHHUIO Cpa3MepaMH CaMOro Tella, BO3HHMKAET CHJIa, KOTOpas CTapaeTcsi BEPHYTh TEO B Tj
COCTOSIHUE, B KOTOPOM OHO OBLIO 10 JeopMalini. DTa CHJIa U HAa3bIBAETCS CUIION
ynpyroctu. Cuia ynpyrocTy C BeI3bIBatoIIeH ee aedopMaiueii cBszana:
Fynp=- kx,31ecb k — k03¢ duIeHT nponopuoHanbHOCTH, Ha3bIBAEMBbIH JKECTKOCTHIO TeNa;
Pacemorpum gedopmanuio pactsokeHus. [lom neficTBueM cuiibl TsDKECTH Tpy-3a F mpoBoJioka Wiu
CTepKEeHb AIuMHOW L mnomepedyHoro ceueHust S pactaruBa-ercss Ha BenuuuHy L . CBsA3p Mexay
YAJIMHEHUEM NPOBOJIOKHU L 1 cnimoilF = mg , BBI3BIBAIOIIEH 3TO yJIMHEHNE, BEIPAKAETCS 3aKOHOM ['yka
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AL F

’

L S
rae K — Koaq)d)nuneHT YIPYToCTH;
AL
=&
L — OTHOCHTENbHAs Aedopmaris,
F
— = G -
S
ycuine (MEXaHU4YeCKOoe HaIpsiKEHUE).
CrnenoBaTeiabHO,
k-AL.S
L F

Koaddunmentom ynpyroctu Ha3piBaeTcsl GU3HUSCKasi BETMUNHA, YACIICHHO
paBHasi OTHOCUTEILHOMY Y/UIMHEHUIO MIPH JICHCTBUU YCUIIHS PABHOTO €TUHUIIE.
Torna monyns ynpyroctu (Mmoaynb FOura) paBen

=gzt
K AL-S

CnenoBarenbHo, Monayiab HOHra 4YuciI€HHO paBeH OTHOLICHMIO HANpsSKEHUS K OTHOCUTEIbHOMY
yuIMHeHuto. Jpyrumu cinoBamu, MoAynb FOHra 4mcieHHO paBeH TOMY HAIPsDKEHUIO, P KOTOPOM
JUIMHA pacTAruBaeMoro odpasia yaBomsiach Obl (eciii Obl MPU TaKUX HANPSDKEHUSAX TEJNO OCTaBaJIOCh
YIPYIUM U NPOJOJDKAIO clie-10BaTh 3akoHY ['yka). B nmeiicTBuTesnbHOCTH ropa3fo paHblle, yeMm Oyaer
JTOCTUT-HYTO TaKOE HANpPsDKEHHUE, TEJIO UCTIBITACT IUTACTUYECKYIO Je(hopMaIuio 1 pa3o-pBeTcs.

Jlia kaxxoro marepuana Moayib FOHra umeer nocrosHuoe 3Hadenue. Mo-nyns IOunra B CH nzmepstor
B enuHunax nasiaeHus H/m2. [lpu pacTskeHUM CTEpKHS WIM NPOBOJOKH paboTa BHELIHEH CHIIbI
YBEJIIMUUBAET SHEPTUIO YIIPYTOPACTSIHYTON ITPOBOJIOKH.

Onucanue YCTAHOBKHA U M€TO1a U3MEPECHUSL

Prcyworx 1

Jli1s paboThI HCTIONB3YETCs YCTAaHOBKA, MIOKa3aHHAs Ha pPUCYHKE 1, KOTOPYIO HEOOXOAMMO 3aIlyCTHTh IO
CCBUIKE C MOpTaia. Y CTaHOBKA MPEJICTAaBIsAET cOO0M HATSHYTYIO IPOBOJIOKY JUIMHOM L, K HHKHEMY
KOHILY KOTOPOM IIPUKPEIUISIETCS TPy3 Maccoil m. B BepxHeM NpaBoM yri1y pacro-

JIOKEH UHJMKATOP, YKA3bIBAIOIIMNA BEJIMYMHY Je(POPMALUU PACTSIKEHHUS B COTBIX JOJISIX MUJTUMETPOB.
B HmxHeM npaBom yriy umeercs nanens «llapamerpsl yctaHOBKH». B Hell MOXKHO 3a/1aBaTh 3HAYECHUS
JIMaMeTpa M JIUHBI TpoBoJoKd d M L, COOTBETCTBEHHO, Maccy Tpy3a, BBI3BIBAIOLIETO J1e(OpMaIIHIO
pacTsHKEHUs, M U

YIIMHEHHE NIPOBOJIOKH L .

IHopsiAoK BBINIOJIHEHHS PA0OTHI

1 Beenute HyxHble mapamerpsl d, L (BBIOpaTh caMUM MU BBECTHU 33/1aHHBIE

MpEeno/IaBaTesieM) 1 3alHIINTE UX 3HaueHus repes Tadmunen 1 Paccunraiite

TUIOIIAb ITOTIEPEYHOr0 CeUeHHsI MPOBOJIOKH S. Brimmmmre B Tabnuiy 1

2 Mensist 3Hagennst maccol oT 0 10 10 Kr ¢ marom 1, 3anumuTe B TaOJIHILY TTO-

Ka3zanus L.

3 Beruucnure 3Ha4eHUs IeUCTBYIoMmEe cuibl F.
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4 Jlns KaXJ0ro 3HauYeHUs HArpy3Kd ONpENENIUTe CPEeIHIO BenuuuHy kodd-¢umnuenta K u momayns
ynpyrocty E .

5 OueHuTe NOrPEIIHOCTh MOTYYEHHOTO 3HaUeHUs Ecp KOCBEHHBIX U3MEPEHUI.

6 Ucnomp3yiiTe  MONyYECHHBIE  pE3yNbTaThl IS  TMOCTPOCHHS  Tpaduka  3aBUCH-MOCTH
abcomoTHOroyAnuHeHus: ot npuioxeHHou cunsl L =f(F). Cnenaiite BbIBOA O MPUMEHUMOCTH 3aKOHA
I'yka npu 3THX Harpyskax.

HavajabHasi 1jinHa npoBoJioku L =

JAuamerp npoBoJioku d=

ILi1omaap nmomepevHoOro cevyeHusi NPOBOJIOKH S =

Tabnaumua 1.
Harpyska G . | Omnocu- E cp,
- Ha POBO- HANpAKe- " & oy " PIoL: | H/ 2
Ne AL. M i HHE O, . K,w/H |E.HMm s
y JIOKY ’
¥y H/a aAedopma-
m, K2 F.H ke L, £1
1
2
3

7. ITo pe3ynpraTamM U3MEPEHUN ONpEENINTE MaTepuall, u3 KOTOPOro U3roToB-
JIEHA MIPOBOJIOKA.

KonTpoabHbIE BONPOCHI
1. Kakoii Bua gegopmaiy MMeeT MeCTO B AaHHOW pabore? 3amummure 3akoH ['yka g 3TOro Buaa
nedopMaruu.
2. KakoB ¢usuueckuii cmpicn monayns FOura? 3anumure Gopmymny, Mo KOTOPOMMOXKHO pacCUUTATh
Monyinb FOHra.
3. Kakue nedopmariuu HazbiBatoTcsi ynpyruMu? UTo Ha3bIBaeTCs MPENeioM MPO-MOPIHOHATBHOCTH U
npeneioM npounoctu? Hapucyiite nuarpammy HampspKEHUH U KaKOTO-HUOY/Ih BEMISCTBA M HA HEM
MOKAXXUTE 00JaCTH, COOTBETCTBY-IOIINE TPEIETy MPOMOPIMOHAIBHOCTH, TIPEeNy YIPYTOCTH, IPeaety
TEKYYECTH U TIPEJISITY TIPOIHOCTH.
4. BeiBemute popmymy Ui pacueTa SHEPTUU YIpyroi nedopManuu.
5. O0bsicHUTE sABJICHHE Ie(hOpPMAIIUU C TOUKH 3PSHUS CTPOSHUS MOJIEKYIL.
6. [IpuBenuTe mpUMephl TEXHUUYECKOTO MPUMEHEHUS SBICHUS 1eopMalinu.

®opma npeacTaBiaeHus pe3yJbTara:

PaGota gomkHa OBITH BHIMIOJIHEHA B TETPAIHU AJIS JIaDOpaTOPHBIX padoT.

Kputepuu onenkmu:
3a npaBUIIHHO BBIMIOJIHEHHOE 33JaHUE BHICTABIISIETCS TIOJIOKUTENbHAS OIleHKa — 1 6a.
3a HelpaBWJIBHO BBIMIOJTHEHHOE JICHCTBHUE, 3a/IaHUE BBICTABIIICTCS OTPHUIATEeNIbHAS OorleHKa — () 0autoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosnemeopumenbHoy svicmasisiencs 3a meaee 60% MpaBUIBHBIX OTBETO
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Pa3znea 4. JjekTpoguHAMUKA
Tema 4.1. duexkTpocTaTuka
JladopaTopnasi padora Ne 14
OINPEJIEJIEHUE SJEKTPHUYECKOW EMKOCTH KOHIEHCATOPA

Heab padoTbl: HaAyUUTCS U3MEPSTH AEKTPOEMKOCTb KOHAEHCATOpa.

OobopynoBanue:

1. HaGop xonzaeHcaTtopos.

2. MukpoammepmeTp.
3. HCTOYHMK MTOCTOSTHHOTO TOKA

4. CoenuHUTENIBHbIE IPOBO/IA.
Teopus

Baxkneiimiel xapakTepruCcTUKOH J1H000r0 KOHJAEHCATOpa SIBISIETCS €ro 3eKTpuueckas eMkocTh C.
OJEKTPOEMKOCTb IIPOBOAHMKA TOKa3bIBAET 3aBUCUMOCTD 3apsa HAdIEKTPU30BAaHHOIO NPOBOAHUKA OT
pa3MepoB, GOpMbI IPOBOIHUKA U BHEIIHUX ycioBUil. M3Mepsiercst oTHoleHneM 3apsiia C KoHJeHcaTopa
K pa3HocTH noTeHanoB U mexay ero o0KinaaKamu:

Bripaxaercs C B dapanax(D).

KOHI[GHC&TOp - 9TO HpI/I60p AJII HAKOIUICHUA 3apsA10B U SHEPIrun .CDopMlea CMKOCTH IIIIOCKOT'O

KOHJZIEHCaTOpa
C=¢c¢S/d (2

TAC €p- AUDJICKTPHUYCCKAAd MPOHNIACMOCTb BaKyyMa, € AUDJICKTPUYCCKAsA IMPOHUIIAEMOCTE CPEIbI , S -
Iiomanab O6KJ'Ia,[[KI/I KOHACHCATOpPa, d- PpacCTOAHNUE MEKIAY O6K.]'IaI[KaMI/I KOHACHCATOpPA.
EmMxocThb KOHJZCHCATOpa MOXXHO OIIPCACINTL OIIBITHBIM ITYTCM.

Ecmm 3apsKaTb KOHACHCATOP TIOCTOSTHHOM €MKOCTH OT OJHOI'0 UCTOYHHMKA TOKH, a 3aTEM pa3psAKaTb
€ro uepe3 rajJbBaHOMETp, TO CTpPEJIKa raJbBaHOMETpPA BCAKHIA pa3 OyneT oTOpachIBaThCs MO LIKajie Ha
OJIHO U TO € YHCIIO AeNieHU. Y KOHJeHcaTopa APYroil eMKOCTH OTOpPOC CTPENKHU rajbBaHOMETpa
Oynet uHbIM. MIMest KOHAEHCATOPbI U3BECTHONH EMKOCTH, MOXKHO YOEIUTHCS, YTO EMKOCTh KOHJIEHCATOpa
HPSIMO ITPONOPLUOHANIBHA YUCITY JIETICHUH N, HA KOTOPOe 0TOPAchIBAETCs CTPENIKA TalbBAaHOMETpA:

n=kC (3)

ITopsinok BbINOJIHEHUs PadOTHI

1. CocTaBuTh 2IEKTPUUECKYIO LIETb 110 cxeMe (puc. 1) B nienu ycTaHOBUTH OIMH U3
KOHJIEHCATOPOB U3BECTHON EMKOCTH.

2. 3apsauTh KOHJIEHCATOP, 3aTe€M OBICTPO Pa3psIUTh €ro Ha raJIbBAHOMETP M 3aMETaTh 110 €ro IIKaje
MaKCUMAaJTbHOE OTKJIOHEHHE CTPEITKH, OTCUMTHIBAS YHCIIO ICICHUH N.

3. OrmbIT MOBTOPUTH A1t 60JIee TOUHOTO ONpEIENICHUs YKCIIa JeJieHui 2-3 pa3a u Hail- TH
OTHOIIEHHS HAiIGHHOTO KOJIMYECTBA JEIEHNI K M3BECTHOM €MKOCTH B3SITOTO KOHJIEHCATOpa
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k=n/C 4)
4. BBINOJHUTG ONBIT C KOHAEHCATOPOM HEU3BECTHOM EMKOCTH, HAUTH €€, NCIob3ysl (hopMyiTy:
Cx=nx/k (5)
5. Pe3ynbrarhel u3MepeHuil U BBIYMCIEHUH 3alIUCaTh B OTYET.

KonTposbHbIe BONPOCHI

Bapuanr 1

1. KoHnpaeHcatop B epeBoJie - «cryctutenby. [1o kakol mpuuuHe npudopy 1aHo Takoe Ha3BaHHE?

2. Tloyemy eMKOCTb KOHJEHCATOpa MOCTOSHHA?

3. Ortuero u Kak 3aBHCHUT ¢MKOCTh IPOCTEHIIIEro KoHeHcaTopa? 3anumute GopMyiy TOH eMKOCTH.
4, Kak U3MEHHUTCS dJICKTPOEMKOCTh KOHIACHCATOPA, €CIM YMEHBIIUTH IJIOMAAb OJTHOM U3 TO 0OKIIa-

JIOK B JIBa pa3a, a pacCTOSHUE MEXK]ly OOKJIaJKaMH B Tpu paza?

5. OpnHa W3 IUIaCTUH IUIOCKOTO KOHAEHCATOpa COSAMHEHA C JJIEKTPOMETPOM, BTOpas 3a3eMIICHA.
Kak w3MeHSTCs TOKa3aHWs 3JEKTPOMETPOM a)UpH CONVKCHHH TUIACTUH; O) TpW BBEJACHUU JIU-
JNEKTPHKA.

Bapuant 2

1. Kakoit koHJeHcaTop Ha3bIBaeTcs MIOCKUM? Yemy paBHA €ro eMKOCTh?

2.

KaKYI-O OIIaCHOCTb IPCACTABJIAIOT €000 00ecTOYEHHBIE Oy ¢ UMCIOINMMHUCA B HUX KOHACH-

catopamu’?

3.

HN3MeHuThCs 11 Pa3HOCTH IMMOTCHIHUAJIOB IIJIACTUH IIJIOCKOI'0 KOHACHCATOpAa, €CJIN OJHY U3 HUX

3a3EMJINTD?

4.

I[Ba KOHJACHCATOpa CMKOCTBIO 5 u 7 Mmx® nocneaoBaTeIbHO HNOACOSAUHEHBI K HCTOYHHUKY C pa3-

HocThi0 moTeHmmanoB 200 B. KakoBbl OyayT 3apsiaipl M pa3sHOCTh MOTEHIMAIOB Oarapeu, eciu
KOHJIEHCATOPbl OTCOEUHUTH OT UICTOYHUKA U COEAMHUTH NapajliiebHO?

5.

O,Z[Ha N3 IUIACTHUH IIJIOCKOTO KOHJACHCATOPAa COCANHECHA C 3JICKTPOMETPOM, BTOpAd 3a3C€MJICHA. Kak

U3MEHATHCA MOKa3aHMs 3JIEKTPOMETpa MpU MEePEMENICHUH OJHON W3 MIACTUH MapauleNbHO APYroi
mIacTuHe?

Tema 4.2 3aK0HBI IOCTOSTHHOI'O TOKA

Jladoparopnoe 3ansTue Nel5

Onpe)leﬂe}me YAE€JBHOI0 COIIPOTHBJICHUS IIPOBOIHUKA

Henab: onpenenenue yaeab,HOr0 COMPOTUBIICHUS TPOBOAHHUKA IKCIIEPUMEHTAIBHBIM ITyTEM
Boinosnenue padorsl cnocodcTByeT GOPpMHUPOBAHMIO:
1. OK 01, OK 02, OK 03, OK 09
MarepuanbHoe o0ecmedyeHHMe: HCTOYHMK  TOKa, aMIIEpPMETP, BOJBTMETDP, COEIWHUTEIIBHBIE
MPOBOJA, KIIOY, IITAaHTEHIUPKYJb, JIMHEWKA, KYCOK IMPOBOJA, YIAEIbHOE COMPOTHBICHHE KOTOPOTO
orpezensercs.
3aganue:
1. CamocTosTeNnbHO COOPATh AIECKTPUUECKYIO TEMb MO CXEME.
2. CHATH IOKa3aHUS aMIIepMETPa U BOJILTMETPA.
3. Hcnonp3ys IITaHTEHIMPKYIh W JIHHEHKY, HAYYHTHCS OMPEIENSTh T€OMETPUYECKHE pa3Mephl
MIPOBOIHHKA.
4. Omnpenenuth BEIUYNUHY YAECIBHOTO COIPOTUBICHUS METalIa.
Ilopsinok BbINOJTHEHHS PA0OTHI:

1. CoOpatp 1ensb Mo cxeme U MoKa3aTh JJIsi IPOBEPKH PYKOBOIUTEIIO.

+

|
1

|
O
»




2. 3aMKHYTb LICTb M CHATH IMOKA3aHMs aMIIEpMETpa M BOJIBTMETPA.
3. BBIUUCIHUTH COMPOTHBIICHNE IPOBOJIHUKA 110 POPMYIIE.
4. VI3mMepuTh JUIMHY ¥ BBIYHCIHUTD TUIOIIAb TOTIEPEYHOTO CEUEHUS MPOBOJIHUKA IO (hopMyIIe:

, rae - quaMerp MpOBOJHHUKA.

¢_ T el ; I
L = { —_—
4 !
5. BBIUMCINT YIEIBHOE CONPOTUBIIEHUE 10 POPMYIIE:
, RS
{

6. JlanHbie 3aHeCTH B TaOuIry 1.

7. Bpruuciautb abCOMOTHYIO (A) M OTHOCUTEIBHYIO (€) MOTPEIIHOCTH U3MEPEHU o hopmynam:

A
A =|Prsr. — Promvy & =——-100%
Prag.
8. Cnenath BBIBOJ 110 paboTe.
TabaniaNel
U.B I. A R.On| [v | d.ou N A, O
S s M F P i £.%
Owmt-
M

ECIISCTEBO

KonTpoabHbie Bonpochl

1. Ot kakMX BETMYMH U KaK 3aBUCHT CONPOTHUBICHHE MNPSIMOJMHEHHOTO METaNTN4eCKOro
IIPOBOJHUKA?

2. JlBa MeIHBIX IPOBOJHUKA HMMEIOT OJMHAKOBYIO JJIMHY, HO Ppa3IUYHYyIO0 IIJIOLIa]b
MOMEepevyHoro cevyeHus.:1,6 mvm® u 0,8 Mm% Kakoit IIPOBOJIHUK HMEET MEHbIIee
COIIPOTHUBIIEHUE U BO CKOJIBKO paz?

3. CKOIBKO METPOB HHKEIMHOBOTO NPOBOJA IUIOMAAbI0 TomepedHoro cedeHus 0.1 mm
notpelyeTcst Ui U3rOTOBJIEHHSI PeocTata ¢ MAaKCUMaJIbHBIM compoTuBieHueM 180 Om?
VYnenbHoe conpoTrBieHne HuKkeanHa 0,42 10°0m M.

®opma npeacTaBiaeHus pe3yJabTara:
Pabota nomkHa ObITH BBIMOJIHEHA B TETPAIU AJIs 1a0OpaTOPHBIX paboT
Kpurtepun onenkmn:
3a npaBUWIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTENbHAS OlleHKa — 1 Oa.
3a HeMpaBUWIILHO BHITIOJIHEHHOE JIEHCTBHE, 3aJ]aHNe BHICTABIISIETCS OTpULIaTeIbHast olleHKa — 0 0aioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% mpaBUIBLHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

2

Tema 4.2 3aK0HBI MOCTOSAHHOI'O0 TOKA
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JlaGopaTopHoe 3ansiTue Nel6

JKcnepuMeHTaJIbLHAasl MPOBEPKA 3aKOHOB NMAPaJlJIeIbHOTO U MOCJIeI0BATEJIbHOI0 COeTUHEeHMsI
NMPOBOTHUKOB

Henp: M3y4nuTh MOCIENOBATEIBHOE U NAPATUIEIBHOE COCAUHEHUS IPOBOJHUKOB
BoinosiHeHune pa6oTsl crioco0cTBYeT (POPMUPOBAHUIO:

OK 01, OK 02, OK 05, OK 07, OK 04 OK 09

I1P64; ITP66; ITP67; ITP610;

[1Py1; I1Py2; ITPy3; I1Py4; I1PyS; IIPy9; [1Py11,

MarepuasibHoe o0ecnieueHue:

VICTOYHUK 3JIEKTPUYECKON PHEPIMM C MOCTOSIHHBIM HampsbkeHueM (He Bbliie 25B); BosbTMETp
LIKOJIbHBIM; aMIepMeTp IIKOJbHBIM, Ha0Op JIEMOHCTPALlMOHHBIX PE3UCTOPOB C  Pa3HbIMU
COIIPOTHBIICHUSIMH, KIJIFOY, COEJUHUTENbHBIE IPOBOJIA.

3aganue:
1. O3HakombTeCh C TEOPETUUECKUM MaTEPUATIOM:

HwnhE

Kpamxkue meopemuueckue céedenusn:

[TocnenoBarensHOE M MapaieIbHOE COSIMHEHUS B JJIEKTPOTEXHUKE — J[BA OCHOBHBIX crioco0a
COEJIMHEHUS 3JIEMEHTOB 3JeKTpuueckoil nenu. [Ipu mocienoBaTenbHOM COEAMHEHUU BCE 3JIEMEHTHI
CBSI3aHBI JIPYT C IPYI'OM TakK, YTO BKJIIOYAIOIIMM UX Y4aCTOK LU He UMeeT (puc.l) HU OHOrO y3ia.
[Tpu mapanienbHOM coequHEHUH (pUc.2) Bce BXOJAIIME B LEMb JIEMEHThl 00bEIUHEHbI ABYMS y3JIaMU
Y HE UMEIOT CBSI3€H C APYrMMH Yy3JaMH, €CJIA 3TO HE MPOTUBOPEUUT ycioButo. [Ipu mocienoBaTensHOM
COEJIMHEHUM IPOBOJHMKOB CHJIa TOKa BO BCeX IPOBOAHUKAX OJMHaKoBa. [Ipu mocienoBaTenbHOM
COEIMHEHUH MTPOBOJIHUKOB CHJIa TOKA B JTFOOBIX YACTSIX IETH OJTHA U Ta XKe:

=7 = I 2.
[lonHOe HampsbkeHHe B LIETM NPH IOCJEI0BAaTEIbHOM COSIMHEHMM, WIM HAIpsDKEHHE Ha IOJocax
MCTOYHHKA TOKA, PABHO CyMME HAIPsDKEHUH Ha OTAETBHBIX YUaCTKaX HETH:

U=U, + U,
Puc.1.
Rl R2 Rh
- e = = = ] _R:R1+R2+"'+Rll

HpI/I NnapaieJIbHOM COCAWMHCHHUU MAACHUC HAIPSKCHUA MCKAY [ABYMS Y3JIaMU, O6’L€,[[I/IHSIIOH_II/IMI/I
9JICMCHTBI ICIIHN, OAMHAKOBO JJIsSI BCEX 3JICMCHTOB.

HpI/I OTOM BCJIHMYHHA, o6paTHa;1 06meMy CONMPOTUBJICHHUIO LCIIH, paBHa CyYyMMC BCJIHWYHH, O6paTHI:>IX
COIMPOTUBJICHHUAM MAPATJICIIbHO BKIIIOYCHHBIX IIPOBOJHUKOB. Cuna Toka B HepaSBeTBJIeHHOfI qacTHu IS

Me Ch
=] 1 + I 2

HaHmeeHI/Ie Ha ydJaCTKax LEIn AB u Ha KOHIax BCEX MapaJluICIbHO COCAWMHCHHBIX IMTPOBOAHUKOB OJJHO
¥ TO Ke:

U=U, = U,

PI/ICl.z.

Jlyig 1ByX mapasuieIbHO COeIMHEHHBIX PE3UCTOPOB UX 001ee COMTPOTUBIICHHE PABHO:
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~ RyR,
Ry + Ry,

Ri=Ry=Ry=..=R, i

!

Ecmu , TO 00lI1Iee COTPOTUBIIEHUE PABHO:

R
R

n.

[Ipu mapanienbHOM COETUHEHUN PE3UCTOPOB MX O0IIEe COMPOTHBICHUE Oy/IEeT MEHbIIIE HAUMEHBIIETO
U3 CONPOTHUBIICHUN.
2. CHsB NOKa3aHUS HANPSDKEHWH M CHJI TOKAa Ha KaXKJIOM M3 YYacTKOB IIeTIH, HEOOXOAUMO CBEPHUTH
COOTBETCTBYIOILIME M3MEPEHHbIC U BbIUUCIEHHbIC (U3NYECKHE BEIMYUHBI, a IO pe3yJbTaTaM
TaKOW CBEPKH — CJIeNIaTh BBIBOJ O TPOJICIIaHHON paboTe

1. Ilocneoosamenvnoe coedunenue nposoOHUKOE.
1. Cobparts nens no cxeme (puc. 1):

puc. 1

2.  UV3meputs HampsiKeHHUE, CHITy TOKa Ha TIEPBOM PE3UCTOPE.

3. /3MeHMTH cXeMy YCTaHOBKM U H3MEpUTh HAINpsDKEHHE Ha BTOpOM pesuctope. Cxemy
HApUCOBAThH B TETPAIb.

4.  Bpruucautb cymMMy Hanpsbkenuid U1+U2 .

5.  H3MeHuTh cxemy YCTaHOBKH M M3MEPHUTH 00IIee HaNpsHDKeHUeE Ha IByX conpoTusieHusx Ul2 .

6. IIpoBeputs, BeimonHseTcs 11 paBeHcTBo: U12=U1+U2.

7. TlpoBepuTh CIIpaBeUIMBOCTH PABEHCTB

]
Ry»=R;+R, u f_ _E

II. ITapajyienbHOE cOeIMHEHHE ITPOBOIHUKOB.
1. CoGparts tens no cxeme (puc. 2):

puc. 2
2. M3mepuTh HampspKEHUE, CHITy TOKa Ha TIEPBOM PE3UCTOPE.
3. H3MeHHWTHh cXeMy yCTaHOBKM W HM3MEPHUTh CHIIy TOKa Ha BTOpOM pe3ucrope. Cxemy
HapUCOBATh B TETPA/b.
4. Bprauciuts cymmy TokoB 11+12 .
W3MeHuTh cxeMy YCTaHOBKM M U3MEPHUTH OOIIYIO CUTy TOKa B 1ienu 112 .
[TpoBepuTh, BBITIOMHSETCS JIX paBeHCTBO: 112=11+12.
[IpoBepuTh CripaBeIMBOCTH PAaBEHCTB

Nou
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[R=TR Ry gt
L, R

KoHTpoJibHbIE BOIPOCHI:
1. Kakoe coeuHeHHE COMTPOTHBIICHUI HA3bIBACTCS MOCIICA0BaTeIbHBIM? UeMy paBHbBI
COIPOTHBIICHUE, CHJIA TOKA, HAIIPSDKEHHUE B IIETTH IPU TAKOM COSAMHECHUH?
2. Kakoe coennHeHre COMPOTUBIICHUI Ha3bIBACTCs apayieabHbIM? UeMy paBHbBI
COIPOTHBIICHUE, CHJIA TOKA, HAMIPSDKEHKUE B IIETTH IIPU TAKOM COSAMHECHUH?
3. Ha3zoBuTe mitochl 1 MUHYCHI TTAPAJLICIBLHOTO U ITOCIIEI0BATEIBHOTO COSIMHEHUI
MPOBOJTHUKOB?
4. TlpuBenuTe MpUMEpPhI MAPAIIICIBLHOTO U IMOCIEI0BATSILHOIO COSAMHEHUS TPOBOHUKOB.
®dopma npeacTaBiaeHusi pe3yJabTara:
PaGoTa momkHa OBITH BBIMOJIHEHA B TETPAIH IS JIAOOPATOPHBIX padoT
Kpurepun oneHku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKUTEIbHAS OlIeHKa — 1 Oa.
3a HeMpaBWIBHO BBITIOJIHEHHOE JICHCTBHE, 33JJaHHE BBICTABIISICTCS OTpUIIAaTEIbHAsK OlleHKa — 0 0aJuoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasinsiemcs 3a 80 — 89%0 npaBUITBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoos1emeopumebHoy svicmasisiencs 3a menee 60%0 npaBUIBHBIX OTBETOB
Tema 4.2 3aKoHbI IOCTOSIHHOTO TOKA

JlabopaTopHoe 3ansitue Nel7

H3yuyenne padoThl MyJbTHMETPA.
Iesb: HAy4YUTHCS M10JIB30BATHCS MYJIBTUMETPOM JUISI pa3HBIX PEKUMOB PaOOTHI
Brinosnenue padorsl cnocod6cTByeT (POPMUPOBAHNIO:
1. OK 01, 0K 02, OK 05, OK 07, OK 040K 09
2. 1IP64; I1P66; I1P67; 1TPO10;
3. IIPyl; ITPy2; I1Py3; I1Py4; I1Py5; [1Py9; [1Py11,;
MarepuanbHoe olecrieyeHue: MYJIbTUMETP, HaOOp PpPE3UCTOPOB, TUOJBI, TPUOJbI, MCTOYHHUK
TOKa, pe0CTaT, COEAMHUTEIbHBIE IPOBOAA, KITIOY.
HNHcTpyKuus no npuMeHeHHI0 MyJIbTHMeETPA
Ilepexaroyaresb pexuMa U AUANA30HA U3MEPEeHUil.
[lepexmouarens pekruMa M Juana3oHa W3MEpPEHUI MCIONIb3yeTcs JUIsl BKIIOYEHMs MpHOopa, a Takxke
U BBIOOpA KeJaeMoro pekuma palboThl W mpenena u3MepeHus. Jns yBelIWYeHHs CpoKa CIIyKObl
Oarapew, epeBouTE nepekioyarens B nojgoxenue «OFF», mocie BoImoMHEHUS N3MEPEHU.
H3mepenne HanpsizkeHUs1 NOCTOSIHHOTO U NMIEPEMEHHOI0 TOKA.
1.IToaxnrounTte KpacHbI pa3beM B rHE310 «VQmA», yepHbIil pa3beM B rHe310 «COM»
2.YcTaHOBUTE NMEPEKIIIOYATEND PEKUMA U3MEPEHNH Ha JKEJIaeMbIi TMana3oH U3MEPEHUs HANPSKEHUS ,
B ClIy4ae €clIdi HEM3BECTHO IPHUMEpPHOE 3HAYEHUE HAIPsDKEHUS , YCTAaHOBUTE IMepeKIioyaTesb Ha
MaKCHMaJbHOE 3HAUYEHUE U CHUKAKNTE Mpeies U3MEPEHNUS 10 NOJy4EHUs ONITUMAIbHOIO 3HAUEHUS .

Pexum ITar usmepenns ITorpemHnocTs

200 mB 100 MB +0,5 % m1s 3ro 3HaKa
2000 mB 1 MB +0,8 % mis 2ro 3Haka
20B 10 MB

200 B 100 MB +1,0 % ms 2ro 3Haka
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3. IlpukocHuTeCh MPOOHUKAMH K YCTPOWCTBY WJIM TOYKAM DJIEKTPUUYECKOW CXEMBI . TJie TpeOyeTcs
U3MEPUTH HAMPSKEHHE.

4. B cnyyae Hanmu4Msl HaNpsHKEHUs IPUOOP MOKAXKET HAMPSKEHHUE U OIS PHOCTb.

HN3mepeHue NOCTOSSHHOTO TOKA

1.Ilogkmrounte KpacHBIM MPOOHUK K pazbeMy «VQmAy. UepHslid k pazbeMy «COM»(miis u3aMepeHus
ToKOB 0T 200MA 110 10 A ucnosns3yiite pazseM «10A»)

2 VYcraHOBUTE MepeKiovaresab BbIOOpa pekMMa H3MEpPEHUIl Ha >KelaeMblil Ipelen HU3MEepeHus
MTOCTOSIHHOTO TOKa .

3.Pa3benunuTe M3MEPSAEMYIO DJIEKTPUYECKYIO IEMb U MOJCOCTUHUTE MPOOHHUKHU IMOCIEAOBATEIHHO C
Harpy3Koi.

4. Ha nucrinee nosiBUTCS 3HAUEHUSI TOKA.

6. Pazpem «10A» mnpegHazHaueH UIsi HEYACTOTO MCIOJIb30BaHUA. Bpems u3MepeHHs HE [O0JKHO
MpeBBIIATh 15 CEeKyHA, a MEXKIy HM3MEPEHUSMU HEOOXOIMMO BBIIEPKHUBATH HECKOJBKO CEKYHI BO
n30exaHue MOBPEXKACHUS Tpuoopa.

HN3mepeHue conpoTUBJIEHUS

1.IIpucoenuuuTe KpacHslii MPOOHUK K pazbemy «VQmAy. UepHslii k pazsemy «COM».

2.YCcTaHOBHUTE TMEPEKIIIoYaTeh BbIOOpAa peXHMMa HU3MEPEHHH Ha JKeJaeMblid MpeAesl H3MEPEeHHs
COIPOTUBIICHUS.

3. Ilpwioxure npoOHUKKM K H3MEpseMOMy 00paslly, AMCILIEH OTOOpa3UT MpU 3TOM 3HAYECHHE
COINPOTUBIICHUS .

Pexum MHoxuTenb ITorpemnocth
200Q2 0,1 +(1.0% mrs 10ro 3Haka)
20009 1
20KQ 10
+(1.0% mns 4ro 3HaKa)
200KQ 100
2000KQ 1000

IIpoBepka q1noaoB
1.Tloakmrounte KpacHbIA MPOOHUK K pazbeMy «VQmA., yepHbIil K pazbeMy «COM».
2. YcraHOBHTE IIepeKiIouaTeNb BBIOOpa pekuMa U3MEPEeHUH Ha 3Ha4YOK |roa
3. CoeanHNTE KpacHBIN MPOOHUK C aHO/AOM (p) TECTUPYEMOTO M0J1a, @ YEPHBIN MPOOHUK C KaToJ0M (n)
4. Jlucruiell MoOKakeT 3HAYEHHWE HaNpspKeHUs B MB. eciim NOJISpHOCTh AMOAA INEpelyTaHa , AMCILIEH
oTo0pa3uT «1».
HN3mepenue TeMnepatypsl
1.IIpucoenuuute Tepmomnapy k pazpemy «VQmA» u k pazpemy «COM».
2.YcTaHOBUTE NEPEKIII0OYaTeNlb BEIOOpa pekuMa U3MepeHnii Ha u3mepenue Temmeparypsl « TEMID»y
3. JQucnuieit oToOpa3uT 3HaYeHHE TeMIepaTypsl B rpaaycax Llenbcust.
3ByKoBasi NPO3BOHKA
1.IloakmrounTte KpacHBI TPOOHUK K pazbeMy «VQmAY. UepHsrliil k pazbseMy «COM».
2.YcTaHOBUTE NEPEKIII0YaTENb BEIOOpa pekuMa U3MEPEHHUH Ha 3BOHOK
3.IIpucoeauuuTe MpoOHUKU K MPO3BAaHUBAEMOW cxeme, Mpu corpotuBieHnr MeHee 30 OM mopnaercs
3BYKOBOW CUTHAJI.

Ilopsinok BbINOJHEHHSI padOThHI:

1. TIlpouuraiiTe TeOpETHUECKHI MaTepHall:
Kpamkue meopemuueckue ceedenusn:
Ilonynpogoonurogulii 0uoo

Juon comepXuT p-N-mepexojl, 3aKJIYEHHbIH B T€PMETHYECKUM KOPIYC U COCAUHEHHBIA C

METAJUINYECKUMHU BBIBOAAMU. BBIBOM OT p-00:1acTH HA3BIBAIOT aHOIOM, OT N-00J1aCTH — KaTOJOM.
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Juoa- TOTYNPOBOJHUKOBBIA MpUOOp, MpelHa3HAYEHHBIH [ YCHJIEHUS MpeoOpa3oBaHUs
TeHEPUPOBAHUS AIEKTPUUECKUX KOJIeOaHUN pa3InYHON YaCTOTHI.

TpaH3ucTOp COCTOUT U3 TpeX 0bJacTell C pa3aIMYHON MPOBOJAUMOCTHIO. Pa3nuyaroT TpaH3uCTOPHI
tumna p-n-p u n-p-n. CpeaHss 30Ha Ha3bIBaeTcs 6a3zoti. TonuuHa 6a3bl JOHKHA OBITH MEHbILE JTTMHBI
cBoOoHOTO Tpobera anekTpoHa. B TpaHsucrope mmerorcs aBa p-N-mepexona. JleBwlil p-n mepexon
SBJIAETCS MPSAMBIM U OTHENsIeT 6a3y OT 00JacTU C MPOBOJUMOCTBIO P-THUIIA, HA3BIBAEMYIO IMUIMINEPOM.
B aT0i#i 00siacTé aKIenTopHOW MpPUMECH B COTHU pa3 OoJblle, YeM JOHOPHOW mpuMmecH B 0ase, T. €.
IBIPOK B AMHUTTEpPE 3HAUMTEIHHO OOIble, YeM 3IeKTpoHOB B 0Oaze. [lpaBwiii mepexon sBisercs
00paTHBIM U OTHENAeT 0a3y OT 00J1aCTH C MPOBOJAUMOCTBIO P-TUTIA, HA3IBAEMOW KOJLIEKMOPOM.

— 1 r B -
3

1.M3y4nTh HHCTPYKLIMIO 11O SKCIUTyaTalluy puodopa.
2. I3MepuTh CONPOTUBIICHHS PE3UCTOPOB, JTaHHbIE 3aMUCaTh B TaOIHILY

Ne i/ Conporusiaenue, Om

3.Cobparthb 1ens o cxeme

4.3aMKHYTb LI€TIb, TPU HEUCIIPABHOCTH LIETIH MTPO3BOHUTH LI€Mb, HAUTH HEUCIIPABHOCTbD.
5.M3meputh HanpspkeHue Ha OaTapeiike u peocrare.

6. PazomkHyTh 11enIb. MI3MepHUTH TEeMIepaTypy pe3ucTopa U peocTara.

7.3MepuTh COMPOTHUBIIEHHE PE3UCTOPA M PEOCTaTa, JaHHbIE 3alucaTh B TAOIHILY

HaumeHnoBaHue Conporusienune, | Hanpsukenue, B | Temnepatypa,
Om °C
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Pesucrop

Peoctat

WUctoynuk Toka | 00 --—---

8. [ToBTOpUTH TEOPETUUECKUIN MaTEpHaJl 110 MOJIYIPOBOJHUKOBBIM MTPUOOpaM: JUO1Y U TPAH3UCTOPY.
9. [IpoBepuTh AMOIBI (MCTIPABHOCTD, TIOJIIPHOCTH ).
10. Tpanzuctopsl. OnpenenuTs BBIBOIBI TPaH3UCTOPa (KOJUIEKTOpP, 0a3a, IMUTTEP) U TUI TPAH3UCTOPA
(p-n-p) wm (n-p-n)
11. 3anucaTh BBIBOJ IO pabOTE, OTBETUB Ha BOIPOCHI.
KoHTpoJibHbIE BOIPOCHI:
1. Kak BeISICHUTS, 4TO ArOJ HeucnpaBeH? 2. Kak BBIAICHUTH p- U N- KOHTAKTHI quoaa?

2. Kak onpenenuts 0a3y y TpaH3UCTOpA.
3. HazoBure rnaBHble CBOMCTBA AUO/A U TPAH3UCTOPA.
4, YcTpoOWCTBO qM0/a U TPAH3UCTOPA.

Tema 4.2 3aK0HBI MOCTOAHHOIO TOKA

JlabopaTopHoe 3ansitue Nel8

Onpenesienne TeMneparypHoro ko3gpguuneHra Meau

Ieb: pacKpbITh BIUSHUE TEMIEPATYPHI HA SJIEKTPUUECKOE COMTPOTUBIIEHUE METAJNIOB; OIBITHBIM
nyréM  ONpeAenuTh KOIPPHUIMEHT TEPMHYECKOTO CONPOTHBICHHS MEAW; MOCTPOUTH IO
HKCIIEPUMEHTAJIbHBIM JAHHBIM TpaduK 3aBUCUMOCTH COIIPOTUBJICHUSI OT TEMIIEPaTyPhl.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

1. OK 01, OK 02, OK 05, OK 07, OK 04 OK 09

2. TIP64; ITP66; ITPG7; TTP610;. . .;

3. IIPyl; ITPy2; I1Py3; I1Py4; I1Py5; [1Py9; [1Py11,;

MarepunanbHoe obGecrnedeHue: TpUOOp Ul ONpEENIEHUs TEMIIepaTypHOro KodpduuueHTa
CONpPOTHBIIEHUSI Meau, Tepmomerp TexHuueckud ot 0 no 100°C ¢ nenon nenenus 1°C, ommerp,
BHEUIHUI COCy/ KaJlOpUMeTpa C BOJOM, 3JEKTPOIIUTKA, KIIOY, COEAUHUTENbHbIE TIPOBO/IA, IUITATUB C
My(}TOM 1 TanKoi.

Kpamkue meopemuueckue ceeoenus:

DJNEeKTpUYECKOe CONPOTHUBICHHE 3aBUCUT OT Temmeparypbl. OOBSICHAETCS 3TO TeM, 4YTO
YIOPSAOYEHHOMY JBUKEHHMIO CBOOOJHBIX 3JEKTPOHOB AJIEKTPUYECKHII TOK 3TO YIOPSI0YEHHOE
JBIDKEHUE 3apsKEHHBIX YacTHUI] - AJIEKTPOHOB) OKAa3bIBAIOT NMPOTUBOJIEHCTBHE (CONPOTUBIIEHUE) ATOMBI
KPUCTATINYECKON PEIIETKH, MHTEHCUBHOCTH TETIJIOBOTO ABM)KEHUSI KOTOPHIX U3MEHSETCS C U3MEHEHUEM
TEeMIIepaTypsbl.

YV XUMHUYECKHM YHCTBIX METAJUIOB C TMIOBBIIMIEHWEM TeMmiieparypel Ha 1°C  compoTuBieHUE
Bo3zpactaer npumepHo Ha 0,004 (1/273) compotuBnenus mnpu 0°C u BbIpaxaercs THHEHHOU
3aBHUCHUMOCTBIO

Rt =Ro(1+0aAt), rae

Ro—conpotusnenue meramia mpu 0°C,

At- pazHOCTB TeMnepaTyp (KOHEUHOU U Ha4aJIbHON);

0 - TeMIepaTypHbIil KO3 (ULIHUEHT CONPOTUBIICHNUS, MTOKAa3bIBAIONINM, HA KaKyI0 YaCTh HAYaJIbHOTO
conpoTuBiieHus npooanuka mpu 0°C (273K) usmeHsercss ConpoTuBIIeHHE TP HarpeBanuu Ha 1°C uiu
1K.

0=A R/ RoAt umu o=A R/ RoAT
AR=R{—Ry.
ONBITHBIM MYTEM MOXKHO ONPEIENTUTh 0, He Mpuleras K U3MEpPEeHUIo conpoTuBieHus Ro. Jlis sroro
HEe0oOXOIMMO JABaXJbl W3MEPHUTHh COMPOTHUBIIEHUE HccienyemMoro marepuaia R; u Ry mpu pasHbix
TeMIeparypax ti 4 to.
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Ilopsinok BbINOJIHEHHS PadOTHI:

1. Cocyxa ¢ BOJI0#1 MOCTaBUTH Ha JIEKTPOIUTUTKY U BKIIOUUTH €€ B CETh.

2. OnpenenuTh EHY JEICHUS] OMMETPA.

3. M3meputh conpotusiieHrne R1 MeTHON IPOBOJIOKH ITPY KOMHATHOM TeMIiepaType ti.

4. Onyctuth TpubOp B BOJY, YCTaHOBHTH B HEM Tepmomerp. Ilpu HekoTopoii Temmeparype t,
HU3MEpPUTh CONMPOTHUBIICHUE Ry HccienyeMoil mpoBOJIOKH.

5. OneIT MOBTOPUTH HECKOJIBKO Pa3.

6. Berumcauth 2 — 3 pasa a, HCHojb3ys cooTHoImeHue: 0= R; - R/ (R1t; — R tp).

7. OnpenenuTth cpelHee 3HAUEHHE Ogp, U CPABHUB IOJIYYEHHBIH pe3yibTaT ¢ TaOJIMYHBIM 3HaYEHHUEM
TEMIEPATypHOTO  KOX(PQPUIMEHTAa  CONPOTUBICHHUS  MEAHW, BBIYUCIUTH  OTHOCUTEIILHYIO
MOTPEIIHOCTb.

8. Pe3ynbTarhl M3MEpEHUH U BEIYMCIICHUH 3aMKcaTh B TaOJIHILY.

Temmnepaty ComnpoTus Temmnepat Cpennee To. OTHOCHTEJIBH
pa JICHUE ypHBlﬁ 3HAYCHUEC 3HAYCHHUEC as
Ne MeJIHOM k03¢ unu TeMmneparyp TeMmeparyp
Me/THOH NPOBOJIOK eHT HOT0 HOT0 NOrpemrHocTL
NPOBOJIOKH u R, Om CONPOTHBII ko3 dunue ko3 duuuen
CHUsA HTAa Ta
t, °C
L COMpoOTHBJIE CONMpPOTHBIIE
o
a, (°C) HUSA HHUSA
0, %
ocp.

1

2

3

4

5

6

9.Ucnonb3ys naHHBIE SKCIEPUMEHTA, MMOCTPOUTH IpaduK 3aBUCUMOCTH R 0T t, oTKIabIBas
o ocu abeuuce — remnepatypy B °C Ha ocu OpAMHAT — CONPOTUBIICHHE.
10.Cnenatp BBIBOJ IO padoTe.

KoHTpoJbHbIE BONIPOCHI:

1. KaxoBa ¢u3nyeckasi CyIiHOCTb JIEKTPUYECKOTO COMPOTUBIICHUS?
2. Kak 00bsACHUTH yBETHMUEHUS COMPOTUBIICHUS METAJIIOB ITPH HAarpeBaHUU?
3. OO0bscHUTH GopMylTy, TIO KOTOPOH  OIpeneNseTcss TeMIepaTypHBIA
COIIPOTHBIICHUS.
4. Tlouemy TemnepaTypHbIil KO3()PHUIMEHT CONMPOTUBIIEHUS AJIS AIEKTPOJIMTOB OTPULIATEIbHBIN?
5. KakoBo conporusnenue 0,5 Kr MmeJHON NMPoBOJIOKU auamerpom 0,3 Mm?
6. VYkazarh mpakTHYECKO€ NPUMEHEHHWE 3aBUCHMOCTH  COMPOTHBIICHHS
TEMIIEPATYpPHI.
®opMma npeacTraBJIeHUs pe3yabTara:
PaboTa nomkHa ObITH BBINOJIHEHA B TETPAAU ISl IAOOPaTOPHBIX padoT
Kpurepumn oneHku:

KOd(pUIMEHT

IpoOBOAHUKA  OT
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3a MpaBUIILHO BBHITOJIHEHHOE 33JJaHHE BHICTABIISICTCS TIOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HelpaBWJIBHO BBIMOJTHEHHOE JICHCTBUE, 3a/1aHNE BBICTABIISETCS OTpHUIIATeNIbHAs olleHKa — () 0ayioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB

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

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

Oyenka «HeyoosiemeopumenbHoy svicmasisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 4.2 3aK0HBI MOCTOAHHOI0 TOKA

JlaGopaTopHoe 3ansiTue Nel9

Onpenenenue cCONPOTUBIEHHUS PE3UCTOPA METOAOM MAPKHPOBKH
Heab: onpenenuT HOMHHAEHOE COMPOTHBIICHUE PE3UCTOPOB METOJIOM MAPKHPOBKH;
OIpEACTUTh J0NYyCTUMOE 3HAUE€HUE CHIIbI TOKA IS JaHHBIX PE3UCTOPOB MPU U3BECTHOM HOMUHAJIE
MOIIHOCTH.
Beinosinenue padorsl cnocodcTByeT POPMUPOBAHHNIO:
1. OKO01, 0K 02, OK 05, OK 07, OK 04 OK 09
2. [IIP64; I1P66; I1P67; I1PO10;
3. TIIPyl; ITPy2; [1Py3; I1Py4; ITPy5; I1Py9; [1Py11
MarepuanbHoe o0ecnedyeHue: HAOOpP PE3UCTOPOB PaA3HBIX COMPOTUBIICHHMA, Ta0JIHMIa 3HAKOB
MapKUPOBKH.
3ananue.
1. O3HaKOMHUTBHCSH C TEOPETHYECKHMM MAaTEPHAJIOM.
Kpamkue meopemuueckue ceéedenusn:
[Ipu ompexneneHun pexxuMa pabOThl PEe3UCTOPA CIEAYET YUUTHIBATh MAKCHMAJIBLHO JOMYCTHMOE
AJIsi Hero 3HAaYeHHe CHJIbI TOKAa, KOTOPOE OMNPEACNSeTCS 3HAYCHUEM €ro CONPOTUBJICHHS U
MOIIHOCTBIO.
MapkupoBKka HOMUHAJIA PE3UCTOPA OCYIIECTBIISICTCS IIBETOBBIM KOJIOM B BUJIC YETHIPEX I[BETHBIX TOJIOC,
HAHECEHHBIX Ha €ro KOopIryce.
[Tpu 3TOM 3HAYCHHE CONMPOTUBIICHHSI PE3UCTOPA YKa3biBaeTcs B OMax JBYMs MEPBBIMH ITOJIOCAMH U
MHOKHUTENEeM (TpeThs monoca) 10n, rae n - 1r06oe 1enoe Ynucio ot - 2 A0 + 9.

MapKupOoBOYHBIE 3HAKH CIIBUTAIOT K OJHOMY M3 TOPIIOB PE3WCTOpPA, HAIPUMEP, K JICBOMY, H
3aTeM pacrmoniararoT cieBa HaIpaBo B CIeyIoIIeM MOpsTIKE:
mepBasi moJioca - rmepsas nudpa HOMUHAIIA, BTOPast 1OJI0ca - BTOpas MuQpa HOMUHAIA, TPEThS T0JI0Ca -
MHOKUTENb, YeTBEPTasl TI0JI0ca - IOMYCK Ha OTKIOHEHHE (PaKTUIECKOTO COMPOTUBICHHUS OT HOMUHAA.
Ecmu pasmepsr pe3ucTopa He MO3BOJISIFOT Pa3MECTHTh I[BETHBIC IMOJIOCH HECUMMETPUYHO, T. €. OJIIKe K
OJTHOMY U3 TOPIIOB PE3UCTOpa, TO TIEpBast MOJIOCA BBIMOIHAETCS 00JIee ITUPOKOH.

[[Beta 3HAKOB MapKHPOBKH HOMHHAILHOTO COMPOTUBJICHHS B OMax © JOMYyCKOB B %
MIPUBE/ICHBI B TAOJIHIIE:

OIYCK B

IBeT 3HaKa III;]:;;: ]:;:;);: MHoxuTeNb 8 0/};
CepebpucThIii -- -- 10° 10
30J10TUCTBIH -- -- 10" 5
YepHsbIit - 0 1 --
Kopurunesslii 1 1 10 1
KpacHsrii 2 2 10° 2
OpanxeBblil 3 3 10° --

105



Kenrerid 4 4 10* --
3eNneHbIi 5 5 10° 0,5
TonyGoit 6 6 10° 0,25
®duoseToBbIN 7 7 10’ 0,1
Cepsiit 8 8 10° 0,05
Bepiit 9 9 10° -

IMopsinok BbINOJIHEHHUSI PA0OTHI:
1. Pa3noxuth Ha paboueM CTOJIE KOMIUIEKT PE3UCTOPOB.

2. BHuMaTenpHO mpoYMTaTh yKa3zaHHE K padore.
3. OdopmMuTh MAPKUPOBKY PE3UCTOPA B TETPAIH 110 OOPA3ILY
4. 3anoyHUTH TaOIUILY:

Pesucro HomuuansHoe Mounocts | Cuna Toka
p conpotusiieHue R | pesucropa (Br) (A)
1. 0,25
2. 0,25
3. 0,25
4. 0,25
5. 0,25
6. 0,25
7. 0,25
8. 0,25

5. Paccunrats cuiy TOKa py U3BECTHOM MOIIIHOCTH TOKA.

6. Cnienatb BbIBOJ IO padoTe.

KoHnTpoJsbHbBIE BONIPOCHI:

1. B uyem 3aki04aeTcst METOJl MApKUPOBKH.

2. Jlns 4ero Hy»KHO 3HaTh CONPOTUBIIEHUE PE3UCTOPA MPU BKIIOUEHUH €r0 B CXeMY?
3. Ot 4ero 3aBUCUT MOITHOCTh TOKA, TEKYIIETO MO PEe3UCTOpPY?

®opma npeacraBjIeHus pe3yabTara:
Pabota nomkHa ObITh BBIMOJIHEHA B TETPAAU ISl JAOOPaTOPHBIX paboT
Kpurepum ouenku:

3a mpaBUIILHO BBIIOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAs OlleHKa — 1 Oasu.

3a HEIPABUJIBHO BBITIOJITHEHHOC HeﬁCTBHe, 3a1aHUEC BBICTABIIACTCA OTPHULATCIIbHAA OLICHKA — 0 Gamnos.

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

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

Oyenxa «yoosnemeopumenvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvHo» svicmasisiencs 3a menee 60%0 mpaBUIBHBIX OTBETOB
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Tema 4.2 3aK0HBI IOCTOSTHHOI'0 TOKA

JlaGopaTopHoe 3ansitue Ne 20

Onpenenenne KII/ narpeBareJieii
esab: Hay4IUTHCS TMPAKTUYECKU OIPENENATh TEIJIOBYIO OTAady AJIEKTPHUUYECKOTO HarpeBaTels
JI000r0 THMA.
BbinosiHeHue padoThl cOCOGCTBYET (POPMUPOBAHUIO:
1. OK 01, OK 02, OK 05, OK 06, OK 07, OK 04 OK 09
2. 11P64; I1P66; I1P67; I1P610;
3. TIPyl; IIPy2; [IPy3; [1Py4; [IPy5; [1Py9; [1Py11;
MatepuajbHoe o0ecniedeHue: 2 IEKTPUUECKUX HArpeBaTelns, COCyH Uil KHUIISTYCHHS BOJBI,
BOJIa, TEPMOMETP, CEKyHOMED (Yachl), CIPABOYHHUK 110 (PU3HKE.
3ananmue.
1. O3HaKOMHTBCS C TEOPETUYECKUM MaTepHaIOM
Teoperuyeckunii marepuasn:
KoadduumenT moneznoro AeiicTBUS HarpeBaTess CBsA3aH COOTHOIICHUEM:

K.ILJI. = Z—‘; +100%

Q n - HOJIC3HAA TCIJIOTa M OIIPCACIIACTCA I10 (bopMyJIe
Q“:C*m(Tz-Tl)

C — yllelbHas TeIJIOEMKOCTh YKHJIKOCTH,
M — Macca KUIKOCTH, KOTOPYIO KUIIATST,
T1— HayanpHas TemMIepaTypa >KUJIKOCTH,
T, — KOHeYHas TeMIiepaTypa KHJIKOCTH,
Q3 — KOJIMYECTBO TEIUIOTHI, KOTOPYIO BBIACISET HAarpeBaTellb
(3aTpadeHHas TEIJIOTa) U OTpeaeseTcs 1mo Gopmyre:
Q3 =P-t (3),

rae P — MOIIHOCTB 3JIEKTPUIECKOTO HarpeBaTels,
t — HHTEpBaAJI BpEeMEHU, 32 KOTOPBII 3aKHUIIeNa KUIKOCTb.
MOHIHOCTI) QJICKTPHUYCCKOTO HarpeBaTciid OMPCACIIACTCA IO ITACIOPTHBIM JAaHHBIM, YKAa3aHHBIM Ha
npudope.
BpeMH, 3a KOTOPOC 3aKUIIUT KHUAKOCTb, OINPCACIACTCA YacaMu. yI[eJ'II)HaSI TCIIJIOEMKOCTh BOJbI
OIIPEJIEIIICTCS 10 CIIPABOYHHUKY.

ITopsinok BbINOJIHEHHS PadOTHI:
1. TloarotoBuTh TAOMUILy AJIS 3aIMCH PE3YJIBTATOB, OMPEALIIAEMBIX B X0/1€ paOOThHI.

OmnpenenuTs Berauciaurs
Cs m T, T, P t K.II.
.
KT K K Br C %
T\
e K
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3aHecT B Ta0nMIly CIPaBOYHBIC JAHHbBIE YAENbHON TEMIOEMKOCTH BOJBI.
3anucath B TaOJUIy HOMUHAJIBHYIO MOIIHOCTH 3JIEKTPUUECKOI0 HarpeBaTelis, yKa3aHHYIO0 Ha Ipuoope.
B cocyn mns kunsiiueHus Bonbl HaiauTh 200 r BOJBI.
Onpenenutsb HAYaJbHYI0 TEMIIEPaTypy BOJIBI.
BxutounTh HarpeBaTesb OJHOBPEMEHHO C CEKYHIOMEPOM (Jacamu).
7. OcTaHOBUTH CEeKyHIOMEp (4achl) B MOMEHT OypHOro KWIleHUs BoOJIbl. Bpems, 3a KoTopoe 3akumena
BOJIa, 3AHECTHU B TaOIUILy.
8. Berunciure K.I1.JI. anekTpruyeckoro HarpeBaTes.
9. TIoBTOPUTH OMBIT C APYTUM HarpeBaTEIIEM.
10. YuursiBas notepu 3Hepruu chopMyIupoBaTh BHIBO/I.
KoHTposbHbIE BOPOCHI:
1. Veemmuutcs wim ymenbiuutcs K.IIJ[. smektpuyeckoro uaiiHMKa, €clM Ha €ro CTEHKax
MOSIBUJIACH HAKUITb (OTJIOKEHHUE COJeit)?
2. 3aBucut ym KIIJI 37€KTpU4YecKOro YaHWKa OT TOTO OTKPBIT OH WJIM 3aKPBIT?
@®opma npeacTaBJieHus pe3yabTaTa:
PaGota gomkHa ObITH BHIMIOJIHEHA B TETPAIU AJIs Ta0OPATOPHBIX padoT
Kpurtepun ounenku:
3a npaBUJIbHO BBIMOJIHEHHOE 331aHUE BBICTABIISECTCS MOJIOKUTENbHAS OIleHKa — 1 Oa.
3a HelpaBWIBHO BBIMIOJTHEHHOE JICHCTBUE, 3a/IaHUE BBICTABIISETCS OTpPHUIIATEeIbHAs orleHKa — () 0ayioB.
Oyenxa «omauunoy svicmagngemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

oukhwd

JlabopaTtopHoe 3ansiTue Ne 21

HccanenoBanue 3aBUCHMOCTH MOITHOCTH JIAMIIOA HAKAJIMBAHUSA OT HaANPSKCHUSA HA €€ 3aKUMax

Boinosinenue padoTsl cnocodcTByeT GOPMUPOBAHMIO:

1. OKO0I, OK 02, OK 05, OK 06, OK 07, OK 04 OK 09

2. I1P64; 11P66; I1P67; ITPG10;

3. IIPyl; ITPy2; I1Py3; I1Py4; I1Py5; [1Py9; [1Py11,;
Heab: yrnyOuTh NOHUMaHuE (PU3NYECKOTO CMBICIIA PACXOIYEMON MOIITHOCTH U TPAKTHUUYECKHU €€
U3MEPUTH

OobopynoBaHme: 1aMIOYKa, HCTOYHUK MOCTOSIHHOTO HANPSKEHUS, PEOCTAT, KIII0Y, aMIIepMETD,
BOJIbTMETD, KJIH0Y, COEAMHUTENBHBIE IPOBOIA

ITopsinok BbINOJIHEHHS PadOTHI:

1. Onpenenuts 1eHy JeneHus TPpHOOPOB

CocTaBUTh IEKTPUUECKYIO CXEMY, COOJII0Aast MOISIPHOCTh TPUOOPOB

3. Ilocne mpoBepkH CXeMbl HpernojaBaTeseM Lenb pa3oMKHyTb. C MOMOIIBIO peocTaTa BBHICTABUTH
MUHHUMaJIbHOE HanpspkeHre. CHATh MOKa3aHUs U3MEPUTEIbHbBIX TIPUOOPOB

4. TlocTeneHHO MEHATH MOJIOKEHHSI peocTaTa U CHATh 7-8 moka3zaHui mpubopoB

no

5. Jlnd KaXJIOoro 3Ha4YeHWs] HaNpsOKEHUS MOCUYUTAThb MOIIHOCTH  JIAMIIbI, a TaK)Xe JIOMOJIHUTEIBHO
paccyuTaTh CONPOTUBIIEHUE JIAMITBI ITPU PAa3HBIX TOKAX U HANPSIKEHUAX
6. Pe3ynbTaThl pacyeToB ¥ M3MEPEHUH 3aIMCaTh B TAOIHUILY.

~

HOCTpOI/ITb rpadwm 3aBUCUMOCTH MOIIHOCTH JJaMIIbI OT HAIIPSIZKCHUA HA €€ 3aKUMax.
8. Hammucars BBIBO/JI 110 pa60Te 1 OTBCTHUTH MMCbMCHHO HAa KOHTPOJILHBIC BOIIPOCHI
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Ne ombiTa Hanpsi:kenue, Cuna Toka, A MomHocTh ConporuBienue
B JamMnbl, BT HUTH HaKajga, Om

-

KoHnTpoJibHbIE BONIPOCHI:

1. 3anumwure dopmynsl paboThl TOKa W MOIIHOCTH TOKAa uepe3 HampsbKeHWe, CHIIy ToKa u
COTPOTUBIICHUE.

Eaunnibr usmepenus paboThl 1 MOITHOCTH TOKa. UTO 03HayaeT equHuila usmepenus 1 kBr*u.
Omnpenenenue u popmyna 3akona Jxoyns — Jlena.

Uro Takoe KOpoTKoe 3aMbikaHue? UeM OHO BPEIHO M KaK ero N30exkarh?

Yro takoe mpenoxpanuTens? [ 4ero ero HCroib3yroT U Kak 0003HaYaeTcs B IICTIH.

o0 AW

HepCLII/ICJ'II/ITe IMOJIE3HBIC U BPCIHBIC TCIIJIOBLIC I[GflCTBI/I?I TOKa.

JlabopaTopHoe 3ansiTue Ne 22

Tema: "3aBUCUMOCTD JIEKTPUYECKOT0 CONMPOTHBJICHNUS IPOBOAHUKA OT €ro JAJIMHbI, IJIOIAIH
MONEepPevYHOoro ceyeHus U marepuaJa"
BoinosineHue padoTsl cnocod6cTBYET GOPMUPOBAHUIO:
1. OK 01, OK 02, OK 05, OK 06, OK 07, OK 04 OK 09
2. 11P64; 11P66; I1P67; ITP610;
3. TIPyl; ITPy2; [TPy3; [1Py4; [TPy5; T1Py9; [1Py11;

I[env: BHIABUTH 3aBHCUMOCTD 3JIEKTPUYECKOTO COMPOTUBIICHHS MMPOBOJHUKA OT €ro JUTHHBI |, ruromau
MOTIEPEYHOTO CeUCHUs S U MaTepraia (yAeIbHOr0 COMPOTHBICHHUS p).
Oobopyooeanue: NCTOUHUK TOKA, COEAMHUTENBHBIE TPOBOJA, aMIIEpPMETP (C MpeAesoM u3MepeHus 3 A),
BOJILTMETP (C mpenenoM usmepenus 6 B), ko4, Habop MPOBOJIOYHBIX PE3UCTOPOB PAIUYHON JITTHHBI,
ceueHus, MaTepuaia (Habop pe3ucTopoB), peocTart.

Teopus
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OTtHomeHune HaIps>KCHUA U MCXKAY KOHIAMH MCTAIIMYCCKOI'0 IMPOBOAHHKA, ABIAIOLICTOCA YUYaCTKOM
BHGKTqueCKOﬁ OCIu, K CUJIC TOKa I B menu ecTh BeIMYHHA IIOCTOSHHAS - CONPOTHUBJICHHE.

R U
I
OmngIT IMMOKAa3bIBACT, YTO JJICKTPHUYCCKOC COIMPOTUBJIICHHUEC IMPOBOAHHKA IPAMO HNPONMOPHHUOHATIBHO €ro

JJIMHE lu 06paTHO IMPOIIOPHUOHAJIBHO INIOIIAaN S IMOIICPCYHOro CCUYCHUS ITPOBOJHHKA:
R =2
-
IlocTosHHBIN o1 JAaHHOI'O BE€HIECTBA IIapaMETp P Ha3bIBACTCA y()eﬂbelM SJIEKMpU4eCcKum
conpomuejlienuem seujecmed. YI[CHLHOG COIIPOTUBJICHHUEC U3MCPACTCA B OM + MM 2 /M

Hopaook evinonnenusn pabomot:
1. CoGepure nemnp, COCTOALIYIO U3 MOCIEI0BATENBHO COEIMHEHHBIX MCTOYHMKA TOKA, KIIOYa, NaHEIn
pesucropoB, ammepmerpa. K kiaemMmam pesucropa [uid HM3MEpPEHMs] HANPSDKEHUS IOJKIIOUUTE
napajiesibHo BoibTMeTp. He 3a0biBaiiTe cOOMIOIaTh MOJISIPHOCTH NMPH MOAKIIOYCHUH aMIiepMeTpa |
BOJIETMETpa K Lienu. 2. PaccuuTaiite 1ieHy J1eJIeHUs U TOTPELIHOCTh U3MEPUTEIbHBIX IPUOOPOB.
3. Haueptute B Terpanu Tabnmily, B KOTOpYrO OyleTe 3amvchiBaTh 3HAUCHUS (PU3MUECKUX BEIWYHH,
M3MEPEHHBIX U BBIUMCIICHHBIX B XO/I€ BBINOJIHEHUs Ja0OpaTOPHOH paboThl.

Bun MIPOBOJIOYHOTO Cuiia Hanpsixenue CornpoTuBieHue
pesucropa TOKa Ha Pe3ucTope R = 2, Om
I, A U B
OnebIT MPOBOJHUK €  MaJloi
Nel JUIMHOW ITPOBOJIOKH
cTajlb

MPOBOAHUK C  OOJbIIeH
JUTMHOM TTPOBOJIOKH

CTaJIb
Buvi1600: Ilpu yeenuyenuu onunvt | nposoonuxa, e2o conpomugnenue
OnebIT IIPOBOJHMK C IIPOBOJIOKOM
Ne2 MEHBIIIETO0  IONEPEYHOTO
CeueHus

nuxpom (0,05 mm? )

MIPOBOJIHUK C TPOBOJIOKOI
0O0JbIIEr0  MONEPEYHOTro

CEUYCHUS
nuxpom (0,10 mm? )
Bwigoo:  Ilpu  yeenuuenuu — naowaou — NONEPeuYHO20 — CeyeHusi S NPOBOOHUKA, €20
conpomugnenue
OnbIT NPOBOJAHUK C MEHBIIUM
Ne3 YAETbHBIM
CONPOTUBIICHUEM
CTallb
NPOBOJAHUK C OOJBIIUM
yIEIbHBIM
CONPOTUBIICHHUEM
HHUXPOM
Bb1600: IIpu yeenuyeHuu YOenbHo20 conpomuenenus p npo8OOHUKA, e2o
conpomuenenue

4. ITpoBeieHUE ONBITOB:
a) Onoim Nel 1o omnpefeNeHuI0 3aBUCUMOCTU 3JIEKTPUUECKOTO COMPOTHUBIIEHUS MPOBOJHUKA OT €ro
uHE | :
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e [logkirouyuTe B 1IENb NPOBOJHUK C MAJIOM JUIMHOW MPOBOIOKU. ONpeAenuTe SKCIEPUMEHTAIBHO
C MOMOIIBI0 aMIepMeTpa CUly Toka | B menu, npu momMoiu BoJbTMETpa HampsbkeHue U Ha
HCCIIeTyeMOM TIPOBOJIHUKE U 3aIUIIUTE MMOKa3aHUs IPUOOPOB B TAOIUILY.
e PaccuuTaiiTe 3HaU€HUE CONMPOTUBIICHUS R 3TOr0 MpOBOIHUKA 11O opmyne R = % . Bce pacuers!
COIIPOTHUBIICHUS TUCATh B COOTBETCTBYIOIIEM CTOJIOIE TaOIHIIbI.
e 3aMeHHTE MPOBOJHUK HA JPYroi ¢ OOJIBIICH JUIMHON MPOBOJIOKH, HO U3 TOTO K€ MaTepuana u
TaKOM K€ TUIOLIAIA CEUCHUS, U TIOBTOPUTE OIIBIT.
e (CpenaiiTe BBIBOJ O 32aBUCUMOCTH 3JIEKTPUUYECKOTO COMPOTUBIIEHUS ITPOBOIHUKA OT €r0 JIJIMHBI.
06) Onwvim MNe2 1O OHpPENENCHUIO 3aBUCUMOCTU DJIEKTPUYECKOTO COMPOTUBICHHUS OT IUIOIIAIU
MOTIEPEYHOTO CEUYCHUS S MPOBOTHUKA
e 3aMEHHMTE pE3UCTOp B MpEAbIAyIIe Lenu Ha  [POBOJHHUK C IMPOBOJIOKOW MEHBLIETO
nonepevyHoro ceueHus. OnpenennuTe IKCIEPUMEHTAIBLHO C TOMOIIBIO aMIiepMeTpa cuity Toka | B
Leny, MpH MOMOIIM BOJIbTMETpa HampsbkeHue U Ha uccielyeMOM NPOBOJAHMKE M 3alMIIUTE
MOKa3aHus MpruOOpPOB B TAOIUILY.

e PaccuuTaiiTe 3HaYeCHHE CONMPOTUBIICHUS R 3TOT0 MpoBOHKKA 110 opmysie R = % . Bce pacuersl
COIPOTUBIICHUS MTHCATh B COOTBETCTBYIOIIEM CTOJIOIE TaOIHIIBI.
e 3aMEHHTE NMPOBOJHUK Ha APYrod C MPOBOJOKOW OOJBIIETO MOMEPEYHOr0 CEUEHHUsI, HO U3 TOTO
K€ MaTepHualla U TAKOM e JUIMHBI, U TOBTOPUTE OIBIT.
e (CraenaiiTe BBIBOJ] O 3aBUCUMOCTH DJICKTPUYECKOTO COMPOTUBIICHHUS MPOBOJIHUKA OT €0 JIJTUHBI.
B) Onvim Ne3 1o ONpeneeHUI0 3aBHCHUMOCTH JJICKTPHUYECKOTO COMPOTHUBIICHUS IPOBOJHUKA OT €ro
YAEIBHOIO CONPOTUBIICHUS P
e 3aMEHMTE PE3UCTOP B NMPEAbIAYIIECH LENM Ha IMPOBOJHHUK C IMPOBOJOKON MEHBIIErO yIEIbHOIO
comnpotuieHus. Onpenenure SKCIepUMEHTAIFHO ¢ IOMOIIBIO aMIIepMeTpa cuily Toka | B rienu,
MIpY TTOMOIIK BOJIbTMETpa HanpsbkeHue U Ha rcciieryeMoM MPOBOAHUKE U 3AMUIITUTE TTOKA3aHUS
pruOOpoB B TAOIUILY.

. U
e PaccuuTaiiTe 3Hau€HUE CONPOTUBIICHUS R 3TOro MpoBOJHUKA 1O dpopmyne R = - - Bee pacuersr
COIIPOTHBIICHUS MHCATh B COOTBETCTBYIOIIEM CTOJIOE TaOIMIIbI.

e 3aMeHHTE NMPOBOJAHHUK Ha JAPYTrOW C MPOBOJOKOHN OOJBIIETO yIEIbHOTO COMPOTUBIEHUS, HO TOU
K€ JUIMHBI U CEYEHUS], U TIOBTOPUTE OIBIT.

e (CnenaiiTe BBIBOA O 3aBUCHUMOCTH DJIEKTPUYECKOIO CONPOTHUBIECHUS IPOBOJHHKA OT poja
MaTepuaia (€ro yaeJabHOro COPOTHBIICHUS).
5. HaueptuTe cXeMy 3JIEKTPUUECKOMN LEIH.
6. 3anuIuuTe BHIBOJI O IPOJIENIaHHON padoTe.

IIpubop Asst AeMOHCTPALMH 32aBUCMMOCTH CONPOTUBJICHHUS MPOBOAHNKA OT €ro JJIHHbI, IJIOIAAN
MOMEPEeYHOro ceYeHUs1 1 MaTepuasia

HUXPOM  S=005mv’ o

HUXpOM S =0,10 mm’ €

cTanb S =0,10 mm’ ©

PO P00

TUSASOR S0 6 AOSC TRALIN JAIACAAOC T i € OORO | WRE S NPOO0GNMEA
\ OF 10 20000, IUMMGASE CEMEMAA 1 WATEFVARA

T —————

Il

111



JlabopaTopHoe 3ansiTHEe Ne23
Omnpenenenune I/1C 1 BHYTPeHHEro0 CONPOTUBJICHUS HCTOYHUKA TOKA

BoinosiHeHHe padoThl cNIOCOOCTBYET (POPMUPOBAHUIO:
1. OKO01, 0K 02, OK 05, OK 07, OK 04 OK 09
2. IIP64; ITP06; I1P67; ITPO10;

3. TIPyl; ITPy2; ITPy3; I1Py4; [1Py5; [1Py9; TPyl 1
[Ipu ucnonbp3oBaHUM JHOOOT0 UCTOYHUKA TOKA HEOOXOIUMO, MPEXKIE BCero, 3HaTh ero DJC u
BHYTpeHHee conpoTuBieHue. B pabote paccmarpuBarotes npocreiimue crocoos! namepenus 9JC u
BHYTPEHHET0 COIPOTUBIICHUS UICTOYHHUKA TOKA Ha OCHOBE MCIOJIb30BaHuUs 3akoHa OMa 1l 3aMKHYTOMN
LEeMH.

Heanb padotbi: uzmeputsh I/{C 1 BHYTpeHHEE CONPOTUBICHUE HCTOYHHUKA TOKA.
IIpudopsl U MaTepUaJIbI: aMIIEPMETP, UCTOYHHUK TOKA, PE3UCTOP, KIIIOY, COSAUHUTEIbHBIE TPOBOA.

Yka3zanus k paoore.
1.Cobepute 1emb, H300PAKEHHYIO HA PUCYHKE.
|
'

2.13meprre D/IC ncTOYHUKA, TONB3YICh TEM, UTO HAIPSHKEHUE MEX/LY €TI0 MOJIF0CAaMU Majlo
orimuaetcst oT D/IC, ecnmu R >> r.

(&)

3.3aMKHUTE KJIIOY, U3MepbTE cuily Toka I u Hanpsokenue U.
4. Paccunraiite, ucnoib3ys 3akoH Oma JuIs ydacTKa 1IeTH, BHEIIHee conpoTuBieHue R.

5.Paccunraiite BHyTpeHHEe CONPOTUBICHUE UCTOYHHUKA TOKa 110 popmyre: I = 1" R

6. Pe3ynbTarhl n3MepeHuit 3aHeCUTe B TAOIUILY.

O/1C ucrounuka Cuna Toka Hanpsixenne ConpoTuBienue Bnytpennee
,B LA U,B R, Om CONIPOTHUBJIEHUE
r,B

7. CnenaiiTe BBIBOJI.

Tema 4.3 DilekTpUUYECKHI TOK B Pa3JIHYHBIX Cpeax

JlaGopaTopHoe 3ansitue Ne 24

Onpenaenenue 3JeKTPOXMMHYECKOI0 IKBUBAJIEHTA Me/IH B Mpolecce 3JIeKTPoJin3a cyibdara
Me/IH.
Heab: onpenenuts MEKTPOXUMUYECKUHN SKBUBAJICHT MEN YKCIIEPUMEHTAIbHBIM IIyTEM.
BeinosiHenune padoTsl crnoco0cTBYeT (JOPMUPOBAHUIO:
1. OK 01, OK 02, OK 05, OK 07, OK 04 OK 09
2. [1P64; I1P66; I1PG7;
3. TIPyl; ITPy2; [TPy3; [1Py4; ITPy5; TTPy9; ITPy11 ;

MarepunanbHoe olOecredeHHe: BECbl M DPA3HOBECHI;  aMIIEPMETP; YaChl, AJIEKTPOIUIUTKA;
aKKyMYJISITOpHAsi OaTapesi; peocTar; K4, MeIHbIE AJIEKTPOIbI (2 IIT).) CO BCTaBKOM; COSMHUTEIHHBIC
IIPOBO/A; AJIEKTPOIUTUUYECKAS] BaHHA C PACTBOPOM MEJHOTO KyIopoca.

3aganue:

1. IIponabmionarh sIBICHUE IEKTPOJIN3a MEIU U3 paCTBOpPAa MEJHOTO KyIopoca.
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2. HayuuTbcs onpeaensiTh 3JIEKTPOXUMUYECKHII SKBUBAJIICHT MO Pe3yJbTaTaM dKCIIEpUMEHTA.
Iopsaok BbINOJHEHUS Pa0OTHI:

1.

o as

7.

OuncTUTh HaXAaYHOM OyMaroil KaToIHYIO IUNIACTUHKY, ONPEAETUTh B3BEIINBAHUEM MAcCCy

ILTACTUHKHU (1, !,
CocCTaBUTh DJIEKTPUYECKYIO IIeNb MO cXeme. IIpu coCTaBIeHHWH I B3BEIICHHBIN
AIIEKTPOJI COCTMHUTE C OTPULIATEIIHHBIM TIOJTIOCOM HCTOYHUKA AMEKTPUICCKOM SHEPTUH.
3aMKHYTB 1IEIb U 3aMETHTh BPEMs BKIIFOUCHUS TOKA. .

CuSO,

e

R
R

L 1

UYepes 15-20 MUHYT pa30MKHYTH LEIb.
BBIHYTB KaTOHYIO TIACTUHKY, TPOMBITH U IIPOCYIIUTb.
B3BelIMBAHIEM OIPEACIHTb MAcCy KaToxa " :) nocre MPOITYCKaHUS TOKA.

. (1) . m=m.,—-m,
Haiitu maccy BBLJICIMBIIEICS Ha KAaTOJE TIPU SIIEKTPOIIH3E 1o GopmylIe: .

1€ mM1- Ha4yaJlbHasA MaccCa IJNIaCTUHKH, KI'; 1Mpo- KOHCYHAasA MacCa IJIaCTUHKH, KT'.

8. BblUMCINUTB 3IEKTPOXUMHUYECKUN SKBUBAIEHT MEIH U3 (OPMYIIbL:
rZIe M- Macca BBIISIUBIIETOCS BEIIECTBA, KT; m
I- cuna Toka, A;  t- BpeMs 3JIeKTPOJIN3a, C. K=—
9. PesynbTaThl M3MEPEHU W BBIYMCIICHHUN 3aMucaTh B Ta0IHIy 1. I-1
10. CpaBHMTB NOTY4YEHHBIH PE3yNbTAT C TAOTMYHBIM.

1

1. Borunciiuth aOCOMIOTHYIO A ¥ OTHOCUTEIBHYIO €  TOTPEIIHOCTH HM3MEPEHUH 10
bopmymnam:

Crnenatb BbIBOJ 1O padoTe.
Tabmima 1
Ne| Macca menn, | Bpems Bemmumna| SnekTpoximil-| AGCOmOT- OtHOcCHTenbHAA
OTIOKHBIIEH | IPOIYC CILTBI JeCKIIT Has IOTPENTHOCTE
Cs Ha KaTole | KaHIIA TOKa SKBHBAJICHT IOTPemHOCTH £.%
m, ke — 1,4 MeIII A = Ke
p Ke a0
K. ] Ka-c
Ki-c

KoHnTpoJsbHbIe BONIPOCHI

1.

2
3.
4.
5

~No

10.

UYem 00yCIOBIIEH 3JEKTPOXUMHUUECKUNA TOK B DJIEKTPOIUTAX?

Kak paccunrars Maccy BbIAEIMBLIETOCS BEIIECTBA HA DIEKTPOAE?

OT 4ero 3aBUCHUT 3JIEKTPOXUMHUYECKUN SKBUBAIECHT?

Kakoit ¢pusnueckuii cMbICI 3JIEKTPOXUMHUECKOT0 SKBUBAJIEHTA?

Kakoe oOopynoBanue u u3MepuTelbHbIE MPHOOPHI HY)XKHO HMMETb, YTOOBI BBIYHCIUTH
NEKTPOXUMHUYECKUI SKBUBAJIEHT?

Hazpatb pabouyro hopmyity Asisi BBIUMCICHUS 3JEKTPOXUMHUUECKOr0 SKBUBAJICHTA.

Ha xakoM u3 2J1eKTpO/I0B BBIIEISAETCS MEb B YHCTOM BUJE U ITOUYEMY?

B oanexTponauTHuecKyr0 BaHHY MOMECTUM MEAHYIO IUIACTHHKY, CIYXaIlyl0 aHOJOM.
[InacTuHKa TOKpBITA BOCKOM, Ha KOTOPOM HalapamaH PUCYHOK. UYTO NHOJyduTcs mocie
MIPOITYCKaHMs TOKA U yJIaJeHHs BOCKA C TUIaCTUHBI?

Yro Takoe rajJbBaHOCTETHUs, TaJIbBAHOIIACTHKA.

Uepes pactBop MeaHoro kynopoca mnponuio 20 kKi anexktpuuectsa. [Ipu 3ToM Ha ogHOM U3
NEKTPONOB BBIAEISETCS B UYHUCTOM BHAEe Maccod 6,6 rpamm Meau. Onpenenutb
NEKTPOXUMHUYECKUI SKBUBAJICHT ME/IH.
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11. CkonbKO HUKEINS BBIACIUTCS MPHU DJIEKTpoM3e 3a | "ac mpu cuwie Toka 5 Amrep, eciu
M3BECTHO, YTO MOJIIpHAsi Macca Hukens 58,71 r/Mouib, a BAJIGHTHOCTh paBHa 2.

12. Onpenenure Maccy cepeOpa, BBIICTUBIIECTOCS HA KaTOJE MPU DJICKTPOJIH3E a30THOKHCIIOTO
cepeOpa B TeueHHUE 2 4acoB, €CJIM K BaHHE MPHIIOKEHO HampspkeHue 1,2 B, a conpoTuBieHne
BaHHBI 5 OMm.

13. DrekTponu3 MEAHOTO Kylopoca IpoXo it pu Toke 5 Ammep B Teuenue 50 munyT. Kakoe

M

ko, =33100 —
Cr —- -
KOJIMYCCTBO MEAU BBIICINIIOCH HAa KAaTOJ€C, €CIIN K,

dopma npeacTaBJieHus pe3yabTaTa:
Pabota momkHa OBITH BEITIOJIHEHA B TETPAIH I 1a00paTOPHBIX padoT
Kputepuu onenkmu:
3a MpaBUIILHO BBIITOJHEHHOE 33/JaHHE BHICTABIISICTCS TIOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTpHUIIaTENbHAs olleHKa — 0 OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvroy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 4.3 DiiekTpUUYecKH TOK B Pa3JIHYHBIX cpeax

JlabopaTopHoe 3ansitue Ne 25

3aBHCHMOCTDH CONPOTHBJICHHS OT TeMIlepaTypbl 00pa3LOB MeTa/L1a M MOJIYNIPOBOAHUKA

Ienb: u3MeEpATh CONPOTUBICHHE IPOBOJHUKA OMMETPOM; YCTaHOBUTb 3aBHCHMOCTb
COIIPOTHBIIEHUE METAJUIA U TIOJTYIPOBOJHUKA OT TEMIIEPATYPHI.

Brinosinenue padorsl cnnocodcTByeT GOPMHUPOBAHNIO:
OK 01, OK 02, OK 05, OK 07, OK 04 OK 09
[1P64; I1P66; I1P67; I1P610;
[1Pyl; ITPy2; I1Py3; 11Py4; I1Py5; TIPy9; I1Py11
MarepunanbHoe oOecnedeHHMe: MYJIbTUMETp, MPUOOPHI i  HW3YYEHUS  3aBHUCHUMOCTH
CONIPOTHBIIEHUSI METaJljla U IOJYNPOBOJHUKA OT TEMIEPATypbl, TEPMOMETp, 3JIEKTpUUECKas
IUTMTKA, IITATUB C MIPUHAJJIEKHOCTSIMH, KOJI0a ¢ BOJIOM.
3aganue
1. O3HaKOMHUTBHCH C TEOPeTHYECKHMM MaTEepUAJIOM.

Teopernyeckunit marepuan:

Ecnu mponycTuTh 3MEKTpUYECKUH TOK uepe3 CTajlbHYI0 CIHpallb, a 3aTeM €€ Harperb, TO
aMIepMETp IOKAKET YMEHBUICHHE CHJIbl TOKa. JTO O3HA4aeT, 4YTO C HM3MEHEHHEM TEMIIEpaTyphl
COIPOTHBIIEHUE METAJLIa MEHSETCSI.

Bce Meramnpl — KpUCTAIMYECKHE Tela, B Y3JaX KPUCTAUIMUECKOM PpEHIETKH KOTOPBIX
pacrojaraercsi MOJIOKUTENbHO 3apsyKEHHbIE HOHBL. MeXay KOJeOMIOIMMUCS WOHAMM JIBUTAKOTCS
CBOOOJHBIE 3JIEKTPOHBL. BenuunHa 3IEKTPHUUECKOro COMPOTHBIEHHS MeTaljla 3aBUCUT OT YHCIIa
CTOJIKHOBEHHH KOJIEOIIOMMXCS HOHOB M CBOOOIHBIX AJIEKTPOHOB. [Ipu yBennyeHUH TeMmIepaTyphl
MeTajula yBEJTMUMBACTCS aMIUIUTY/1a KoJeOaHU HOHOB. DTO MPUBOJIUT K YBEIMUYCHHUIO CTOJIKHOBEHUH, a
3HAYUT U K YBEIMUEHUIO COMPOTUBIICHUS METaJIa.

B nonynpoBoiHUKE IpU YBEIMYSHUH TEMIIEPATyphl YBEIMUUBAETCS YUCIO CBOOOIHBIX HOCUTENEH
3apsia, MOSIBUBLINXCS NPU Pa3pbIBE€ KOBAJIEHTHBIX CBSI3eH. DTO MPUBOJUT K YBEJIUYEHHUIO CHJIbI TOKAa B
IIOJIYTIPOBOJIHUKE U K YMEHBILIEHUIO CONIPOTUBIICHUS IIPOBOIHUKA.

Ilopsinok BbINOJHEHHS PadOTHI:

1. IToarotoBeTe K paboTe OMMETD:

a) BCTaBbTE MITHIPHKU MPOBOJIHUKOB B THE3/a, 0003HaueHHbIE «» U «o61 COM.»;

0) mocTaBbTe NepekIrouaTesb Ha nugpy «10»;

B) COEIMHUTE CBOOOIHBIE IITHIPHKU POBOJHUKOB M PYUKOH «ycCT. 0» MOCTaBUTh CTPENIKU Ha «0».

Rl A
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2. Ha snektpuueckyio IUIUTKY MOMECTUTE KoiOy c Bomod. Bo m3bexkanuum mazeHUs KOJIObBI
MIOMECTHTE B KOJIBLIO, 3aKpEIUIEHHOE B IITaTHBE. B K0onOy omycTute mpoOUpKy, C MOMEIIEHHON B Hel
KaTyIIKOW U3 MeTHOTO MpoBoAa. OCTOPOKHO OMyCTUTE B IPOOUPKY TEPMOMETP.

3. CB0oOOIHBIEC MITHIPEKK OMMETpA COSTMHUTE C KIIEMMaMH MEIHOM KaTyIIKH.

4. BrirouuTte UIHYp IUIMTKU B PO3ETKY U HU3MEpPbTE COMPOTUBIICHUE KATYLIKU MPH Pa3TUYHBIX
3HAUEHUSAX TEMIIEPATYPHI.

5. BHecute u3mepeHus B TaOJIHILY.

ITpoBoaHUK (Melb)

t’, C

R, Om

6. Ha ocHoBe n3mepenuit nmocrpoiire rpadpuk. CuenaiTe BbIBOJ, KaK COIMPOTHBIICHUE MTPOBOIHUKA
3aBUCHUT OT TEMIIEPATYPHI.

7. IlocraBbTe mepekioyaTens oMmMeTpa ¢ nudpel «10» Ha uudpy «100» u mocraBbTe CTpENKy
ommerpa Ha «0» (Cm. myHKT 1-B).

8. 3aMeHuTe B K0JIO€ MPOOMPKY C METANIOM Ha MPOOUPKY C MOTYIPOBOJHUKOM (TEPMHUCTOPOM).
Omnyctute B mpobupky Tepmometp. K kmemmam TepMucTopa rnojcoeIMHUTE OMMETP.

9. U3mepbTe COMPOTUBIICHHE MOIYIPOBOIHUKA MIPH PA3TUYHBIX 3HAYCHUSIX TEMIIEPATYPHI.

10. Buecute usmepeHusi B TaOJIHILY.
IHoynpoBoaHUK

t°C

R, Om

11. TTocrpoiite rpadux R(t).

12. CnenaiiTe BBIBOJI, KaK COMPOTHBIICHHE MOTYIMPOBOIHUKA 3aBUCHUT OT TEMITEPATYPHI
KoHnTpoJsibHbBIE BONIPOCHI:

1. DnexTpruueckuil TOK B METAJUIaX — 3TO YIOPSI0YEHHOE IBUKEHUE ... .

2. C TOUYKM 3peHMs DJJIEKTPOHHOW TEOPHM SIIEKTPHUUECKOE COMPOTUBIEHUE OOYyCIOBICHO
COYIIapEHUSIMH ... .

3. C noBbIlIEHHEM TEMIIEPATYPBI COMTPOTUBICHUE METAIIA ...

®opma npeacTaBiaeHus pe3yJabTara:

PaboTa nomkHa ObITh BBINOJIHEHA B TETPAAU ISl JAOOPaTOPHBIX padoT

Kpurtepuu onenku:
3a npaBUIIBHO BBINIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — 1 Gasu.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIATEIbHAS o1leHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmassiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

Tema 5.1 Mexannueckue K0J1e0aHUA M BOJHBI

JlabopaTopHoe 3ansitue Ne26

IIpoBepka 3aK0OHOB KOJIe0aHUIT MATEMAaTHYECKOT0 MAITHUKA
He.nb: YCTAaHOBUTHb MAaTEMAaTUYCCKYIO 3aBUCUMOCTD IIEPpHUOaa HUTAHOIO MaATHUKA OT JJIMHBI HUTHU
MasiTHUKA.
BbinosiHeHue pa6oThl crioco0cTBYET (POPMUPOBAHUIO:
1. OKO0I, OK 02, OK 05, OK 07, OK 04 OK 09
2. TIPG6; I1P610;
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3. TIPyl; TIPy2; TIPy5; TIPy7; TIPy12;
4. MarepuajabHoe o0ecnieueHnue:
ANEKTPOHHBIN CEKYHIIOMED, U3MEPUTEINIbHAS JICHTA, IIIAPUK C OTBEPCTUEM, HUTh, IITAaTUB ¢ My(TO
U KOJIBLIOM.

Teopus.

MaremaTHueCKUM MasiTHUKOM Ha3bIBAa€TCsl MaTEpHUabHas TOYKa, II0JIBELICHHAs] HA HEBECOMOW U
HEPaCTSHKUMOM HUTU. MOJIENIbIO MOXKET CITY>KUTh TSDKEIBIN MIapuK, pa3Mepbl KOTOPOTO BEChbMa MaJibl 110
CPaBHEHUIO C JJIMHHOW HMTH, Ha KOTOPOM OH IOJBELIEH (HE CPaBHUMBI C PACCTOSTHUEM OT LIEHTpa
TSKECTH 10 TOUKH MOJBECA).

VYuenwsie ['amuneit, HwroroH, beccenb u Ap. yCTAaHOBWIM CIEAYIOIIME 3aKOHBI KOJeOaHUS
MaTEMaTHYECKOI0 MasiTHUKA!

1.Ilepnon xonebGaHusi MaTEeMAaTUYECKOTO MasTHHKA HE 3aBUCUT OT MacChl MasTHHUKA U OT
aMIUIATY/Ibl, €CJIM Yo pa3Maxa He npesbiaet 10 rpaaycos.

2.Ilepuon koneOaHUs MaTEMAaTHYECKOIO MAasITHUKA MPSAMO MPOMOPLHUOHANIEH KBaIPAaTHOMY KOPHIO
U3 JUIMHBI MasTHUKAa W OOpaTHO MPOMOPLMOHAIEH KBAJPAaTHOMY KOPHIO M3 YCKOPEHHsS CBOOOJIHOTO
MaJCHHUS.

Ha ocHOBaHMM »JTHX 3aKOHOB MOXXHO Hamucatb GOpMyilny Ui Iepuoaa KojeOaHui
MaTEeMaTHYeCKOro MasiTHUKA!

/
l = 2/7 -_—
g
Hcnonb3ys MoOJelnb M 3aKOHbBI KOJeOaHMH MaTeMaTHYeCKOro MasiTHHKA, MOYXHO MPOHAOIIONATh
cBOOO/IHBIE KOJIEOAHUS, a TaKXKE C MX IOMOILIBI0 ONPENEIUTh YCKOPEHHE CBOOOIHOTO HaACHUS JUIsS
CBOEH MECTHOCTHU M CPABHUTH CO CIIPABOYHBIM 3HAUYCHUEM L.

yCKOpeHI/Ie CBO60,I[HOFO ImaaCHUuA MOXCET OBITh BBLIYUCIIEHO I10 (1)OpMyJ'IC
2 [.”\" =
g =41 —
I

1. 3akpenuTh HUTH MasATHUKA B JiepKaTelie MITaTUBA.

2. 3MepuTh AMHY MasgTHUKA (JUIMHA MasTHUKA CUUTAETCS OT TOUYKH MO/IBECA /10 LIEHTPA TSHKECTH
1apuKa).

3. OTKJIOHUTH 1IAapUK Ha yrou He Oonee 10° 1 OTIYCTUTD.

4. OnpenenuTs BpeMs, 332 KOTOPOE MaATHUK coBepiuil 20 KoaebaHmil.

5. Beruucauthb nepuos KojebaHust MasTHUKA, UCTIonb3ys popmyny Nt T .

6. [ToBTOpUTH ONBIT €11le TPU pa3a, yMeHbIIast (WM YBEIUUNBasi) AJTUHY HUTU MasTHHUKA.

7. Pe3ynbTaTel 3aHECTH B TaOJIHILY.

Tabnuma Nel
Ne JlnuHa HUTH MasiTHUKA |, M Yuco noyHbIX Bpewms xonebanuii | [lepuon
KosieOanmii N t, C konebanmii T, ¢
1 20
2 20
3 20
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20

8. C,Z[eJ'IaTB BbIBOJ O 3aBUCHMOCTH II€pHUOAAa HUTAHOI'O MasTHHUKA OT JJIMHBI €I'0 HUTH.
KOHTpOJILHLIe BOIIPOCHI.

orwdPE

o

Urto Ha3bIBAIOT MEPUOJIOM KoJieOaHU MasiTHUKA?
Uto Ha3bIBAIOT YaCTOTOM KoJieOanmii MassTHUKA? KakoBa eMHUIIA YaCTOTHI KOJIeOaHU?
OT KakuX BEJIMYUH U KaK 3aBUCUT MEepUOJI KoueOaHU MaTeMaTH4ecKoro MasTHuKa?
OT KaKuX BEJIMYUH M KaK 3aBUCUT MEPUOJI KOIeOaHUH MPY>KUHHOTO MasiTHAKA?
N3o0pasure MareMaTH4eCKUii MassTHUK B KpalHEH MPaBOW TOYKE M TOKAKHUTE HA YEPTEKE CHIIHI,
JICHCTBYIOLIME HA IIAPUK B JAHHOW TOUYKE TpacKkTopuu. Hapucyiite paBHOJAEHCTBYIONIYIO CUJL.
Kak meHsiercs BenmuunMHa U HampaBieHUE PaBHOACHUCTBYIONICH CUJI B T€YEHHE Ieproa?
dopma npeacTaBieHns pe3yJabTara:
Pabota momkHa OBITH BBITIOJIHEHA B TETPAAM JJIs 1a0OpaTOPHBIX padboT
Kpurtepun ounenku:

3a mpaBUIILHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS o1leHKa — 0 OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB

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

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

Oyenka «HeyoosiemeopumenvbHoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 5.1 Mexanunueckue KoJe0aHUA U BOJHBI

JlaGopaTopHoe 3ansiTue Ne27

N3y4yenne 3aK0HOB NPYKUHHOTO MAasiTHUKA

Henb: 3KcnepMMeHTANbHO YCTAHOBUTH 3aBUCHUMOCTh IE€pHOJia KoJeOaHUN  MNPYKUHHOTO

MasTHHMKA OT KECTKOCTHU MPYKUHBI U MAcChl rpy3a
Boinosinenue padorsl cnocodcTByeT (POPMUPOBAHNIO:

1.

2
3.
4

OK 01, OK 02, OK 05, OK 07, OK 04 OK 09
[1P66; T1P610;
[IPyl1; ITPy2; I1Py5; I1Py7; [1Py12 ;
MarepunanbHoe o0ecnieyeHme: MTAaTUB ¢ My(TOH U Jankoi, HAOOp MPYKUH Pa3HON KECTKOCTH,
Habop Ipy30B Pa3HOI MacChl, CEKYHI0MEP
Ilopsinok BbINOJHEHHsI padOThHI:
Onpedenenue 3a8ucumocmu nepuooa Koaebanuti om maccwvl epy3a

1. CoGepure npyXMHHBIN MasTHUK, UCIIOJIb3Yys BBIIAHHOE 000pYyI0BaHHE.
2. BrpiBenuTe MasTHUK M3 TOJO0XKEHHUS PABHOBECHS, BKIIOUUTE CEKYHJIOMEp M OTCUMTANTE JIECSTh
koJiebaHui. icronp3ys ToKa3aHus CEKyHIOMepa, pacCCUUTANTE EPHOT KOJIeOaHUN 1 3alOJTHUATE
MIEPBYIO CTPOKY TAOJIUIIBL.
Ne N t,c T,C m, KT mllZ,Krll k ,u/m
OTIbITa 2
1
2
3

117



3. TloBropure skcnepumeHT emé 4 pas3a, yBEIMUMBas Maccy HO, HE MeHss MpyxuHbl [lo
MIOJTyYEHHBIM JAHHBIM 3aI10JIHUTE TaOIHILy.
4. Tloctpoiite rpaduk 3aBucHMOCTH mnepuona kosnebanuit (T) or KBagpaTHOrO KOpHS M3 MAacChl
(ml/Z)-
5. Tlo ¢opme rpaduka onpenennte BUA 3aBUCUMOCTH MEXK]y IEPUOIOM U KOPHEM KBaJIPaTHBIM U3
MAacCHl.
Onpeodenenue 3agucumocmu nepuooa KoNeOanutl Om dHceCmkoCmu NPYHCUHbL
1. Cobepure npyKUHHbBII MasTHUK, UCHIOJIb3Ys BbIIAaHHOE 000PYAOBaHHE.
2. BpiBenuTe MasSTHUK M3 HOJOXEHHUS PAaBHOBECHS. BKIIOUHUTE CEKYHIOMEp M OTCUMUTANTE NECThH

KOJIEOAHHU.
3. Hcnonp3ys moka3aHHs CEKYHIOMEpa, pacCUMTaiiTe Iepuoi KoyeOaHHI M 3aIllOJIHUTE IIEPBYIO
Y
CTPOKY TaOJIUIIBL.
Ne ombiTa N t,c T,c m, K k,u/m Kllz,(H/M)ll
2
1
2
3
4
5

4. TloBTopute ’KcnepUMEHT elé 4 pa3a,yBennuyuBas KOOPQPUIUEHT KECTKOCTU HO, HE MEHsST Maccy
rpy3a. [1o mosy4yeHHbIM JaHHBIM 3aMlOJIHUTE TaOJHILY.
5. Tloctpoiite rpaduk 3aBucumocTd nepuoaa konebanuit (T) OT KBaapaTHOro KOpHS U3
K03 uireHTa KECTKOCTH. (kl/z).
6. Ilo ¢opme rpaduka omnpenennure BUA 3aBUCHMOCTH MEXIy MEPHOJOM M KOPHEM KBAJPATHBIM W3
Kod(duImeHTa KECTKOCTH.
7. CpenaiiTe BBIBOJ O 3aBUCHUMOCTH Iepuoja KojiebaHMM OT Macchl Ipy3a M KodpduuueHra
KECTKOCTHU.
KoHnTpoJibHbIE BONIPOCHI:
1. B xakoM MoyI0)keHUN MasiTHUKA CKOPOCTb OyJeT MaKCUMabHOU?
2. B KakoM MOJ0XEHUU MasgTHUKA CKOPOCTh paBHA HYJIIO.
3. YBenuuuiIu WIM YMEHBLIMIU MacCy Ipy3a, MOJABEIIEHHOI0 K NPYKHHHOMY MasiTHUKY, €CIIH: a)
nepuos ero konebanuit cuavdana 6wu1 0, 4 ¢, a mocie u3MeHeHust maccel cran 0, 2 c;
0) yacToTa ero kKonebanuil BHayase Obu1a paBHa 6 'y, a morom ymensimmiach 10 5 ['n?

®opma npeacTaBiaeHus pe3yJabTara:
Pa6ota nomkHa ObITH IPECTaBICHA B TETPAIH AJIs JIaOOpaTOPHBIX paboT
Kpurepum ouenku:
3a mpaBUIIHLHO BBITOJHEHHOE 33JaHHE BHICTABIISETCS MOJIOKUTENIbHAsS OlleHKa — | Oasu.
3a HeTMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNEe BHICTABIISIETCS OTPHUIIATEIbHAS OlleHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmassiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyooenemaopumensvHoy svicmasiienmcs 3a Meaee 60%0 mpaBUIBLHBIX OTBETOB
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Tema 5.2 DaekTpoMAarHUTHbIE KOJIeOAHUA H BOJTHBI

JlabopaTopHoe 3ansitue Ne28

YcrpoiicTBo TpaHchopMaTopa U reieparopa
Henab: u3y4nTh YCTPOICTBO U MPUHLIUII PabOTHI TpaHCHOpPMATOpa U FreHepaTopa.

BoinosiHeHue padoThl cnoco0cTBYET (POPMUPOBAHUIO:
1. OK 01, OK 02, OK 05, OK 07, OK 04 OK 09
2. TIP64; ITP66; ITP67; TTP610;
3. MPyl; [IPy2; [1Py3; [IPy4; IIPy5; TIPy9; ITPyl11 ;
MarepunanbHoe obecrnieyeHue:
TpaHcpopmaTop 1a00paTOPHBIM, daMra HaKaJIMBaHMS, KIKOY 3aMbIKAHUS TOKA, KOMILIEKT MPOBOJIOB
COCAUMHUTCIIbHBIX.
3amanne
1. WByuuth cTpoCHUE, HA3HAYCHUE W MPUHITUI JICHCTBUS TpaHchopMaropa
2. V3yuuTh CTpOCHME, HA3HAYCHHUE W MPUHIUI JACUCTBUS TeHepaTopa.

Ilopsinok BbINOJIHEHHS PA0OTHI
H3zyuenue ycmpoiicmea mpancgopmamopa

Tpancdopmarop mpeobOpasyeT mEpeMEHHBIH TOK OJHOTO HAINPSDKEHUS MPU HEM3MEHHOM YacToTe.
OH cocToMUT U3 3aMKHYTOTO CEpACYHHUKA, U3TOTOBJICHHOTO M3 CHEIHAlbHOM  JTUCTOBOM
TpaHcHOPMATOPHOU CTaJIM, HA KOTOPOM PACIIOJIATAFOTCS JIBE KATYIIKU (MX Ha3bIBAIOT OOMOTKAaMH) C
Pa3HBIM YUCJIOM BHUTKOB M3 MEIHOMN MPOBOJIOKHU.

OI[Ha u3 06MOTOK, HAa3bIBACTCA HCpBH‘-IHOfI, MOAKIIOYACTCA K MCTOUHHKY IICPEMCHHOI'O HAITPSXKCHUA.
YcTpoiicTBa, MNOTPeONSIOMIUE AJIEKTPOIHEPTUI0,  MOAKIIOYAIOTCS K BTOPHUHON 0OOMOTKE, UX MOXKET
OBITH HECKOJIBKO.

[Ipu BoImonmHeHWH pabOTBHl CIEAyeT W3YYUTh YCTPOMCTBO TpaHchOpMaTopa, BKIOUUTH €r0 B
ceThb mnepeMeHHoro Toka (36 B). B pexxume xomoctoro xoga u3MEpUTh HANMPSHKEHHE HA OOMOTKAx U
BBIUUCIUTH Kod(hduimeHT TpaHchopmaiuu, a npu pabote TpaHchopMaTropa «IOJ HArpy3KOu»
YCTAaHOBUTL CBA3b MCXKJAY TOKAMHM HW HAIIPSKCHHUEM B 00OMOTKaxX.

Tpanchopmarop COCTOMT U3 JBYX KaTyliek U
wva  cepieddnka. CepIeyHHMK COCTOMT M3 JBYX IIONOBHH,
KOTOpBIE BCTABISIOT B KATYIIKY U C TTIOMOIIBIO CKOOBI
o 3aKpETUISIOT Ha OCHOBaHHH.

Mepamsnmn
e

Xoa Padornl

Bropwecn 1

PaccmotpuTe  yctpoiicTBO  TpaHcdopmaropa.

Onpenenure NEpBUYHYI0 OOMOTKY (KJIEeMMBI ¢

=y HaAnuchio: 36 win 42 B) u aBe BTOPUYHBIX KIEMMBbI

%) 2,2Bu44B)

; % 2. Hauepture JJIEKTPUYECKYIO cxemy
TpaHchopmaropa.

3. Pazbepute Tpanchopmarop. s 3TOro moBepHUTE €r0 OCHOBAHMEM BBEPX W OTKPYTHUTE JIBE TalKU

KperieHus! CKOObI. BEIHBTE CepAACUHHUK M PACCMOTPHUTE €r0 YCTPOUCTBO.

4. Cobepute Tpanchopmarop. s 3TOro BCTaBbTE CEPACUYHHUK CO CKOOOM B KATYIIKW. Y CTaHOBHTE

TpaHc(hopMaToOp Ha OCHOBAHUE U 3aKPEMUTE ero raiKamu.

H3zyuenue Ycrpoiicrea I'eneparopa.

I'enepaTop MOCTOSHHOTO TOKa (puC. 1) COCTOMT M3 JBYX 4acTeill: HEMOABM)XKHOM M Bpallaronieics.
HenonsukHas yacth (cTaTop) SIBISETCS OCTOBOM MAIUMHBI U OJHOBPEMEHHO CIYXKHUT AJI CO3JaHMS
MarHuTHOTO TIOTOKa. Bo Bpamaromieiics YacTd, Ha3bIBa@MOH SKOpeM (pOTOpOM), HHAYIIUPYETCS
anekTpoaBkyas cuina - S/1C.
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KoHcTpykius renepaTopa MOCTOSIHHOTO TOKa (CM. PHC.2).

HenonBmwkHas 9acTh COCTOUT U3 cTaHUHBI (1), rIaBHBIX MOMIOCOB (2) ¢ 0OMOTKON BO30yxkaeHus (3) u
JOMOJTHUTEIbHBIX TOJTIOCOB (4), YMEHBIIAEMbIX UCKPEHHE MO IETKAMH.

SIlkopp mMeeT cepaevyHUK (5), HaOpaHHBIH M3 TOHKMX CTAJBHBIX JIUCTOB, OOMOTKY sikops (6),
3aJI0KEHHYIO B Ia3bl cepAeuHuka 1 KosekTop (7). Ha moBepXHOCTh KOJJIEKTOpA HAJIOKEHB! YTOJIbHO-
rpaduToBbIe METKH (§), oOecrneunBaroe CKONb3SAIMNNA KOHTAKT ¢ OOMOTKOW BPAIAIOMIETOCs SKOPSL.
KonnexTop umeer GpopMy HUIMHAPA U BINOJIHACTCS U3 N30JIMPOBAHHBIX MEIHBIX IUIACTHH - JIaMeNeH -
K KOTOPBIM TOJICOCAMHEHBI CEKIIMU SIKOPHOH OOMOTKH. Bpamiasce BMecTe ¢ 0OMOTKOM, KOJUIEKTOP
BBINOJIHSAET POJIb MEXaHUYECKOI'O BBITPSMUTEIIS.

KonTpoJibHbIE BONPOCHI
1 BapuanT
1.YTo Ha3bIBAIOT MHIYKIIMOHHBIMH T'€HEepaToOpaMu?

2.Kakoil TpaHcopmaTOp Ha3bIBalOT MOBBILIAIOIIMM, & KAKOW MOHUXKAIOMIUM?

3.Yro Takoe X010CcTOl X0 TpaHchopmaTopa?

4.Tlouemy cepJie4HUK TpaHCPOopMaTOpa U3rOTaBIUBAIOT U3 CTalIU, a HE U3 MeaAU?

5.B nepBuuHOii 06MOTKe TpaHchopMmaTopa, BKIOYEHHOH B ceTh ¢ HampsbkeHueMm 380B. Conepxurcs
1320 ButkoB. OnpenenuTs HalpsHKEeHHE Ha BTOPUYHOM 0OMOTKe, eciu oHa coaepkut 300 BuTkoB. Bug
TpaHchopMaTopa yka3aTb, OTBET MOSICHUTb.

2 BapuaHT

1. Ha3zoBuTe OCHOBHBIC YAaCTH T€HEPATOPA MEPEMEHHOTO TOKA.

Jloka3zaThb, 4TO y MoBbILIAtOLIEr0 TpaHchopmaropa K>1.

N3mensier nu TpancopmMaTop 4acTOTy IpeodpazyeMoro mepeMeHHOTO Toka?
[Touemy cepnredHuK TpaHchopMaTopa COOMPAIOT U3 OTIENIBHBIX IJIACTUH?

Ecnu Ha nepBuuHyto 0OMOTKY TpaHchopMaTopa nojaercs Hanpsbkenue 220B, To Ha
BTOPUYHOM OOMOTKE HpU XOJIOCTOM XOj€ MNoiydaercs HampspkeHue 130B. Yucrno
BUTKOB NepBUYHON 0O0MOTKH paBHO 400. OnpenenuTs YUCIO0 BUTKOB BO BTOPHUUYHOI
obmoTke. Bun Tpancgopmaropa ykazark, OTBET MOSICHUTb.

ok w

3 BapuaHT
1. KaxoBa poisib HHIYKTOpPA U SIKOPSI B YCTPOMCTBE reHepaTopa NepeMeHHOro Toka?

Urto Takoe moHMKarouwmi Tpanchopmarop?

3. Tlowemy cepaedynuk TpanchopMaTopa AeNaloT HE CIUIOMIHBIM. A U3 MHOKECTBA TUIACTHH,
M30JIMPOBAHHBIX JAPYT OT Apyra?

4. Tlouemy MOIIHOCTb, MOTpeOIsieMas OT BTOPUYHOU OOMOTKHU, MEHBIIIE MOIITHOCTH,
MTOABOIMMOM K MIEPBUYHON 0OMOTKE?
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5. CKOJBKO BUTKOB JIOJDKHA MMETh BTOPUYHAsE 0OMOTKA TpaHCPOpMaTopa sl MOHMKCHHUS
Hanpspkenus ¢ 12000 mo 120B, ecnu nepBudHas ooMotka conepxkut 4000 ButkoB? Bun
TpaHc(hopMaTopa yKa3aTh, OTBET MOSICHUTb.

dopma npeacTaBJieHus pe3yabTaTa:
Pabota momkHa OBITH BBITIOJIHEHA B TETPAIH I 1a00paTOPHBIX padoT
Kputepuu onenkmu:
3a MpaBUIIHLHO BBIITOJHEHHOE 33JJaHHE BHICTABIISICTCS TIOJIOKHUTEIbHAS OLleHKA — | Oasu.
3a HelpaBWJIBHO BBIMIOJTHEHHOE JICHCTBUE, 33/IaHUE BBICTABIISETCS OTPHUIIATeIbHAs olleHKa — () 0ayioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvHoy svicmasisiencs 3a menee 60% npaBUIBHBIX OTBETOB
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Pa3gea 5. OnTuka

Tema 5.1. OcHoBHBIE 3aKOHBI OIITHKH.

JlabGoparopHoe 3ansiTue Ne29

«OmnpenesieHue NOKa3aTeJ s MPeJTOMIIEHHUS CTEKJIA.
Heab: 1. HaGmronate npenomiieHue CBETa B PEAIbHBIX YCIOBUSX.
2.HayuuTbcs MCIONIB30BATh 3aKOHBI MPEIOMIICHHUS JIsl pacueTa MoKa3aTelis MPeIOMIICHHUS.
OobopynoBanue 1. CrexnsnHas mactuHka. 2. Tpu uriel. 3. Tpancnoprtup. 4. Kapros. 5. Tabnuna
CHUHYCOB.

MHOPAAOK BBIIIOJTHEHUS PABOTbI

3aganmue 1. BcraBpTe npormynieHHbIe C10Ba B OPMYIMPOBKY 3aKOHOB IPEIOMIICHHS CBETA!

a) OtHoIIeHNE yriia najeHusi K CHHYCY yIJia €CTh BEIMUHHA
JUTSL IBYX JAHHBIX CPEJl.
b) Tlanaromiwmii jryy, Jy4 ¥ HOpMaJIb K rpaHuLe JBYX cpell B
TOYKE IMaJCHUS JICKAT B IUIOCKOCTH.

3aganue 2. [IpuBeaute MpuMepHI SIBICHUS TPEIOMIICHUS B TEXHUKE U OOBIYHOM JKU3HHU.

3aganue 3. 13 npeasioxkeHHBIX BApHAHTOB BBIOEPUTE KaKoil OyKBOM 0003HaYaeTCsl MOKa3aTelb
MIPETOMIICHUSI:
1) v 2) n 3)N 4) Q

3ananue 4. OTBETHTE HA BOMPOC: B YeM (QU3UUECKUN CMBICII MTPETOMIICHUS CBEeTa?

3ananue 5. BcnoMHHMTE OCHOBHBIE IPABWJIA TEXHUKH 0€30IIACHOCTH U 00paTuTe 0codoe
BHUMAaHHE, YTO HEOOX0AMMO:

1. IlpuctynaTh K BBITOJIHEHHIO 33/IaHUSI MOYKHO TOJIBKO MOCIIE pa3pelieHus IpernojaBaTers.

2.Ilocne okoHuyaHHs pabOTHI CleAyeT MPUBECTH B MOPAIOK pabodee MecTo, caaTh Bce MPUOOPHI U
MIPUHAJIC)KHOCTH.

3apanue 6. ONBITHBIM U PACYETHBIM IIyTEM ONpPeIeTUTE MOKA3aTe/ b MPeJOMJIEHUS CTeKJIA.
Xoxa padoThbl

IHAT" 1. IlonoxuTe pa3BepHYTYHO TeTpaap Ha KapToH. Ha smcr TeTrpaau IuamMs IOJOXKUTH
CTEKJISIHHYIO TUTACTUHKY ¥ OOBECTH KapaHAIlIOM €€ KOHTYPHI. n

AT 2. C ogHOI CTOPOHBI CTEKJISIHHOM MJIACTUHKU BKOJIOTH JIBE UTJIbI jb1
TaK, YTOOBI OJIHA U3 HUX PACTIOJIOKUIACh HA BEPXHEH TpaHU IIACTHHKH,

a BTOpas IMpou3BOJIbHO, HO TaK, YTOOBI mnpsamMas, npoxoaduas 4epes3 9TU

I
WTJIbI HE COBIMAJIaja ¢ MEPIECHANKYIISIPOM K BEpXHEU IpaHH. g
IIAI" 3. [TonHATH KapTOH HAa YPOBEHb IJa3 W, TISAA 4Yepe3 CTEKIO, '
BKOJIOTb TPETBIO HIJTTY B HHWXHIOKO TIpaHb KOHTYpa CTEKIITHHOM
MJIACTUHKH TaK, 4TOOBI OHA 3aKphblia COO0M M300payKEHNE JIBYX MEPBBIX J| B
.

uri (CMOTPU PUCYHOK).
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AT 4. CTexsio W WIJIBI CHATH C JINCTA, MECTAa TIPOKOJIOB 0003HAUNTh Toukamu 1, 2 u 3. Yepes Touku
1,2 u 3 mpoBecTH NpsiMbIE JIMHUU 1O INEPECEUEHUSI C KOHTypamH cTeksa. Yepe3 TOuKy 2 MpOBECTH
MEPIEeHIUKYIIAP K TPAHUIIE pa3jiena JIBYX Cpell: BO3AYX — CTEKJIO.
IIAT 5. V3meputh yroa nafeHus i ¥ yroJ npesoMiieHus . 3Ha4eHUsI CHHYCOB dTUX YTJIOB
OTIpEeACTUTH MO TabIUIEe, OKPYTIIUB JI0 COTHIX.
AT 6. OnibIT TOBTOPUTH €1IIE JIBA pa3, MEHSS KaKIbI pa3 yroJi MajieHus jJyya i.
IHAT 7. JInsa Kak10ro ONbITa BBIYUCIIMTH TIOKA3aTelb MPEJIOMIICHUS 110 opMyIie:

sinti

sin g’

HIAT 8. OnpenenuTs NOrPeIHOCTh U3MEPEHUNH METOJIOM CpeiHel apuMeTHIecKoil.

_ n1+n2+n3_
N =—— =
HIAT 9.0npenenuTe aOCOMOTHYIO MOTPEITHOCTb:

Any = |ng, —ny|=
An, = |n

An, = |nCp — n3|:

_ An1+An2 +An3 _

An, = =
cp 3

IOAT 10.0Onpenennure OTHOCUTENBHYIO IOIPELIHOCTB!

5p = %“:100% 2

Pe3y.]'ILTaTLI BCCX I/ISMepeHI/Iﬁ U BBIYMCIICHHM 3aHECUTE B Ta6J'II/II_[y.

Ne| Vron VYron ITokazar | Cpennee AbcomotHa | Cpennss OTtHocHTENBH
NaJIeHu | IpejoMie | eib 3Ha4YeHUe s abcomoTHast | as
o HUS IpeoMII | TIOKa3aTels MOTPENTHOC | MIOTPEITHOCTh | MOTPEITHOCTh
eHUs npejgoMiIeHusl | Thb
i B n Nep An Ang, op
I'pan. I'pan. - - - - %
1
2
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HIAT 11. Caenaiite BbIBOA. Y 1aJIOCh JIM BaM ONPEAEIUTh MOKa3aTeIb IPETOMIICHUS CTEKJIA.
OO0bscHUTE TTOYEMY.
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Pa3znen 6. ®usuka aTtoMma 1 AaTOMHOIO S/IPA.
Tema 6.1. Pa3BuTne npeacraB/jieHuid 0 MPpUpPoOIe aTOMA
JlaGopatopnas padora Ne 30

H3y4yenue TpeKoB 3apsiKeHHBIX YaCTHI 10 TOTOBBIM (hoTorpadpusam
Ilesb: 0OBACHUTD TPAEKTOPUIO M XapaKTep ABHIKEHHS 3apsSKEHHBIX YaCTHULL.
Beinosinus patdory, Bel Oyaere:
YMETh: OOBSICHATh TPACKTOPHIO IBUKEHUS 3aPSPKEHHbBIX YaCTHIL
MatepuanabHoe o0ecniedeHue: Gpororpaduu TPEKOB 3apsHKEHHBIX YaCTHULI.

3aganue:
1. N3yuuTh TpacKTOpUM 3apsKEHHBIX YaCTHLI.
2. [Ipoananm3upoBaTh XapakTep ABUKEHUS YaCTHUI] M KX XapaKTEPUCTHKH.

Kparkue Teopernyeckue cBeieHUS:

1. Tpexku 3apsoKEHHBIX YacTHLl B Kamepe BuibcoHa npeACTaBIsAOT COOOH  LENOYKH
MHUKPOCKOTIMYECKUX KareJeK >KUAKOCTH (BOJIBI WM CIIHPTa), OOpa30BaBIIMXCS BCIEACTBUE
KOHJIGHCAIlUM IEPEeCHIIEHHOr0 Iapa 3TOM JKUIKOCTH Ha MOHAX, PACIOJIOKEHHBIX BJOJb
TPACKTOPUHU 3apsDKEHHOM 4acTHLbl; B IY3BIPPKOBOM Kamepe — LIENOYKHM MHKPOCKOIMMYECKHX
Iy3bIPbKOB Iapa IeperpeToil >KUAKOCTH, OOpa30BaBUIMXCS HAa HOHAX. TpeKku IOKa3bIBAIOT
TPACKTOPHIO ABMXKECHUS 3aPSKEHHBIX YACTHII.

2. JInuHa Tpeka 3aBHCUT OT Ha4aJIbHON SHEPIUU 3apsDKEHHON YacTUIbl U IUIOTHOCTH OKpYXKaroIei
Cpelipl: OHA TeM OOoJbllle, YeM OO0JbIlle SHEPrusl YacTULIBl U YEM MEHbIIE IJIOTHOCTb Cpeabl. 3.
TonmuHa Tpeka 3aBUCUT OT 3apsijia U CKOPOCTH YAacTHUIIbl: OHA TeM OoJiblie, 4yeM OoJIbIle 3apss
YaCTULIBI U YEM MEHbILIE €€ CKOPOCTb.

4. Ilpu nBUXKEHUU 3apsHKEHHOM 4acTUIbl B MAarHUTHOM II0JI€ TPEK €€ MOJIy4yaeTcs UCKPUBICHHBIM.
Paguyc xpuBHU3HBI TpeKa 3aBUCHUT OT MAaccChl, 3apsAJa, CKOPOCTH YAaCTULbI M MOJYJS MHIYKLIUU
MarHUTHOT'O I0JIsi: OH TeéM 0oJbllle, YeM OoJIblile Macca U CKOPOCTh YaCTHULIbI U YeM MEHbIIe eé
3apsAa U MOAYJb MHIYKIIUU MarHUTHOTO TIOJISL.

5. Ilo u3mMeHeHuo pagnyca KpUBU3HBI TPEKA MOXKHO ONPEAEINTD HAIPABIECHUE JIBH)KEHUS YaCTHIIBI
U U3MEHEHHE €€ CKOPOCTU: Havajo €€ JBUKEHHUS U CKOPOCTh OOJIbIIE TEM, Iie OOJbIIe pagnyc
KPUBU3HBI TPEKA.

Ilopsinok BbINOJHEHHS padOTHI:

1. TIpoBeauTe aHaNU3 TPEKOB 3apsHKEHHBIX YACTHIl IO GoTorpaduu
Nel, orBeuast Ha creyroIKe BOMPOCHI:

B kakoM HampaBJIeHHMH JBUTAINUCh  anb(a-4acTUIbI?

2) Ilouemy panuHa TpekoB aib(a-dyacTUl] TNPUMEPHO

OJIMHAKOBO?
3) [loyemy TonmuHa TPEKOB anb(a —4acTHUI] K KOHITY ITpodera
HEMHOTO YBEJIMYUBACTCS?

TOJIBKO B KOHIIE  CBOETO
npobera?

2. TlpoBemuTe aHAIM3 TPEKOB 3apsDKEHHBIX YaCTHUI[ T10
¢dororpaduu Ne2, oTBeuast Ha ClieAyIOIINE BOIIPOCHL:
1) Ilouemy Tpex »dnekTpoHa wumeer GopMmy crnupanu?
2) B KaKkoM HaIlpaBJICHUHU JIBUTAJICS AIEKTPOH?
3) Kak Obu1 HampaBieH BEKTOpP MAarHUTHOM MHIYKIMH?

3. IlpoBenute aHaIU3 TPEKOB
3apSKEHHBIX YaCTHIL 110
dbortorpadun Ne3, orBevas Ha

CJICAYIOIIUC BOIIPOCHI:




1)IToueMy TpekH siiep aTOMOB UMEIOT Pa3HyIO TOJIIHUHY?

2)Kakoii Tpek MPUHAJICKHUT APy aTOMa MarHus, KaJIbIUs U Keye3a’?

3)Kakoii BBIBOJI MOXHO CHEJIaTb M3 CPAaBHEHHUS TOJIIHUHBI TPEKOB SAEp aTOMOB pa3JIMYHBIX
3JIEMEHTOB?

4. YeM OTIMYAIOTCSA TPEKH YacCTHUI, HOJTyYCHHbIE B (DOTOIMYJIBCUH, OT TPEKOB YACTHIl B KaMepe
Bunbscona u ny3sIppKoBOil kKamepe?

dopma npeacTaBiaeHus pe3yJabTaTa: MMCbMEHHBIA OTYET 0 MPEIJI0KEHHBIM BOIIPOCAM.
Kpurepumn oueHKHu: cM. CTP.

125



0)
B)
r)

1)
a)

0)
B)

6)

B)
r)

1)

6)
B)

KPUTEPUU OLIEHKUA

O1eHKA «OMAUYHO)» CTABUTCS, €CIIU CTYJICHT:

BBITIOJHIWI paboOTy B MOJHOM 00beMe C COONIOJACHHUEM HEOOXOIMMOMN IOCIIEAOBATSIBHOCTH MPOBEACHUS
OTIBLITOB Y U3MEPEHUI;

B MPEJICTABIICHHOM OTYETE MPABIIIHO M aKKYPaTHO BBITIONHIII BCE 3aIKCH, TAOIHITY, BRIYUCIECHHUS U Ceal
BBIBO/IBI;

MPABUJILHO BBITIOJHIII aHAJIN3 TIOTPEITHOCTEHH;

coOroan TpeboBaHMs 0€30MMaCHOCTH TPYAa;

OTBETUJI HA KOHTPOJBHBIC BOMPOCHI (YCTHO MJIM MUCHMEHHO).

OI1eHKA «X0pOoui0» CTAaBUTCS B TOM CIIy4ae, €CJIM BBIMOJIHEHBI TPEOOBAHUS K OIICHKE «OTIMYHOY», HO:
OTIBIT TIPOBOIMJICS B YCIOBHUSX, HE 00ECTIEUNBAIOIINX IOCTATOYHON TOYHOCTH U3MEPEHUH;

JOTIYIIIEHO Ba-TPH HEI0UeTa, WK He Ooiiee 0JHON HErpyOor OMMOKHN U OJTHOTO HEJO0YeTa;
OTBETWJI Ha KOHTPOJIbHBIC BOMPOCHI (YCTHO MJIM MUCEMEHHO).

OnenHka «yoosnemeopumensHo» CTaBUTCS, €CIH Pa0dOTa BBIIONHEHA HE IOJHOCTHIO, HO 00BEM
BBITIOJTHEHHOH YaCTH TaKOB, YTO MO3BOJISIET IMMOTYYHUTH MTPABIIIBHBIE PE3YIBTAThl U BBIBOIBI, MIIA €CJIH B XOJIE
MPOBEJICHUSI ONbITA M U3MEPECHUI OBUIH JOIMYIIEHBI CIICAYIONIUE OIIMOKH:

OMBIT MPOBOAWJICS B HEPAIMOHAIBHBIX YCJIOBHSAX, YTO IPHBEJIO K IOJYYCHHIO PE3yJbTaTOB C OOJbIICH
MIOTPEITHOCTHIO;

WIM B OTYETe OBUIM JOMYIICHBI B OOIIEH CIOXHOCTH He Ooyiee JBYX OMIMOOK (B 3alMCAX CIUHMIIL,
M3MEPEHUSIX, B BEIYHUCIICHHUAX, TAOIMIIAX, aHAIM3E TOTPEITHOCTEH | T.J.), HE IPUHIIUIHAILHOTO JUIS JaHHOM
paboTHI XapakTepa, HO IOBIHUSABIINX HA PE3yIbTAT BHITIOTHEHHUS;

WJIM HE BBITTOJIHEH COBCEM HITH BBIITOJIHEH HEBEPHO aHAIIN3 MTOTPEITHOCTEH;

Wik paboTa BBINOJHEHA HE IOJHOCTHIO, OJHAKO OOBEM BBHINIOJHCHHOM YacTH TaKOB, YTO IO3BOJISIET
MIOJTyYUTh MPABUIIbHBIE PE3YIBTAThl M BHIBOJBI II0 OCHOBHEIM, IIPHHIIAITHAIBHO BaXKHBIM 3a/1a4aM PaOoTEHI;
YaCTHYHO OTBETHJI HAa KOHTPOJIbHBIE BOMPOCH (YCTHO WIJIM MMUCHMEHHO).

O1ieHKA «HEy0061eme0pUmMeIbHO» CTAaBUTCS B TOM CITy4ae, eClIu:
paboTa BBITIOJHEHA HE TOJHOCThIO, W OOBEM BBIMOJIHEHHOW 4YacTh pa0OThl HE IO3BOJISCT CHACIATh
MTPaBUIIbHBIX BHIBOJIOB;

WJIM OTIBITBI, U3MEPEHUS, BBIYUCICHUS, HAOIOICHUS POU3BOMIINCH HEPABUIIBHO;
HE OTBETUJI HA KOHTPOJIbHBIE BOITPOCHI.
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BUBJINOTPA®UYECKHUN CIIUCOK

OcHoBHas1 JInTepaTypa

Kysnenos, C. . ®u3uka. OCHOBBI 3JICKTPOAMHAMUKH. DJICKTPOMArHUTHBIC KOJCOAHUS M BOJIHBI
[@nexTponHBIA pecypc]: yuebnoe mocodue / C. W. Ky3nenon. — 4-¢ u3a., ucnp. u Ao — M.:
BysoBckmit  yueOnuk: HUIL[ HWHOPA-M, 2015. - 231 ¢ - Pexum pgocryma:
http://znanium.com/catalog.php?bookinfo=424601
Ousuka. Teopus ¥ MpakTHKaA [3JIEKTPOHHBIM pecypc]: yueOHoe mocodue / moxa pea. mpod. C. O.
Kpamaposa. — 2-e¢ uzn., mon. u nepepad. — M.: U1l PUOP, HUL] UHDOPA-M, 2016. — 380 c. —
Pexum noctyna: http://znanium.com/catalog.php?bookinfo=522108
[Tunckuit, A. A. ®usuka [neKkTpoHHBINA pecypc]: yueonuk / A. A. Ilunckui, I'. 1O. I'pakoBckuii ;
o oom. pea. FO. W. luka, H. C. IlypeimeBoii. — 4-¢ u3x., ucup. — M.: ®OPYM: UHOPA-M,
2017. — 560 c. — Pexxum mocryma: http://znanium.com/catalog.php?bookinfo=559355
JonosHUTeIbLHAS JUTEPaTypa

KysnemoB, C. WM. Kypc neknmii 1o Qusmke. Omekrpocratuka. [lOCTOSHHBIM  TOK.
OnexTpoMaraeTusM. KonebaHnus v BOIHBI [3JEKTPOHHBIN pecypc]: yueOHoe nocodue / Kysuneros C.
U., Cemxuna JI. U., Poro3un K. U. — Tomck: U3a-Bo Tomckoro nonurex. yausepcurera, 2016. —
290 c. — Peskum mocryma: http://znanium.com/catalog.php?bookinfo=675264

Kysnemnos, C. U. ®usuka. Bonnosas ontuka. KBanToBas npupojia u3jrydeHusi. DJIEeMEHThl aTOMHOM
U siiepHON pu3uKu [37eKTpoHHBINH pecypc]: yuel. moc. / C. W. Ky3nenos, A. M. Jluaep — 3-e u3z.,
nepepad. u jmom. — M.: Byszos. yue6.: HUL[ MHOPA-M, 2015. — 212 c. — Pexum pgocryma:
http://znanium.com/catalog.php?bookinfo=438135

HNuTepHeT-pecypcesl

www.fcior.edu.ru (denepanbHblii HEHTP HHMDOPMAIMOHHO-O00PA30BaTEIBHBIX PECYpPCOB).
www.dic.academic.ru (AkagemMuk. CjoBapu ¥ SHIIMKIIOTICIHH).

www.booksgid..com (Books Gid. Daekrponnast 6HOIHOTEKA).

www.globalteka.ru (I'mo6anreka. ['mobanbHass OMOIHOTEKA HAYYHBIX PECYPCOB).
www.window.Edu.ru (EnquHoe okHO IOoCTyma K 00pa3oBaTelIbHBIM pecypcam).
www.stbooks.ru (JIyumias yueOHast ureparypa).

www.school.edu.ru (Poccuiickuii 00pa3zoBaTeNbHbI mOpTal. JOCTYHHOCTh, KadyecTBO,
3(pHEeKTUBHOCTD).

www.ru/book (DnekTpoHHas OMOIMOTEYHAs CHCTEMA).

www.alleng.ru/edu/phys.htm (O6pasoBatenbubie pecypebl MaTepHEeTa DH3nKa).
www.school-collection.edu.ru (Eaunas kosutekius nudpoBbIX 00pa30BaTEIbHBIX PECYPCOB).
www.n-t.ru/nl/fz (HoGeneBckue naypeats! o ¢usuke).

www.nuclphys.sinp.msu.ru (SInepuas ¢pusuka B MHTEpHETE).

www. college. ru/fizika (IToarotoBka k ET'D).
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