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BBEJIEHUE

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

CocTaB u cojepkaHue IMPAKTUUYECKUX M JJAOOPATOPHBIX 3aHATHI HalpaBiIeHbl HA PEATU3ALUIO
denepanbHOr0 TrOCYAApCTBEHHOINO 00pa30BaTEIbHOIO CTaHIApTa CPeAHEro oouiero odpa3zoBaHHs C
Y4ETOM I0JTy4aeMOM CIELHAIbHOCTH.

Benymeli  aunakTudeckodl  Ledb0  NPAKTHUECKUX  3aHATUH  sBiseTcs  (OpPMHUpPOBAaHUE
npoeCCHOHATBHBIX MPAKTUYECKUX YMEHUHN (YMEHUI BBINOJIHATH ONPEICICHHBIC IEHCTBHS, ONEPaIiH,
HE0O0XO/AUMBIE B MOCIEIYIOIEM B IPOPECCHOHATIBHOM EATEIBHOCTH) MM YyYEOHBIX MPaKTHUECKUX
YMEHUH (YMEHUH pemiath 3a1a4u 1o (pusnke), HEOOXOIUMBIX B OCIEAYIONIEH yueOHOM eI TeTbHOCTH.

Benymeli aupakTuueckol 1Lenbro J1a0OpAaTOPHBIX 3aHATHM ABISETCA HKCHEPUMEHTAIbHOE
IIOATBEPK/ICHUE U IPOBEPKA CYILIECTBEHHBIX TEOPETUUECKUX MOJIO0KEHUH (3aKOHOB, 3aBUCHMOCTEMN ).

B cootBercTBuM c paboueil mporpammol y4eOHOW IUCHMIUIMHBI «DPHU3MKa» MPEeayCMOTPEHO
IIPOBEJICHUE NMPAKTUYECKUX U JTA0OPATOPHBIX 3aHATUH.

BeinonHenue npakTH4ecKuX M JIabOpaTOpHBIX paboT oOecreunBaeT JOCTHKEHNE 00yJYaroIUMUCS
CIIEYIOIUX Pe3yabTATOB:

ITP61. chopMupoBaHHOCTH MpPENCTABIECHUN O POJIM U MecTe (PU3UKU M aCTPOHOMHHM B COBPEMEHHOM
HAyYHOH KapTHHE MHpa, O CHUCTEMOOOpasyromeld poiau (U3WKA B PA3BUTUM €CTECTBEHHBIX HAyYK,
TEXHUKH U COBPEMEHHBIX TEXHOJOTHH, O BKJIaJe POCCUHCKHUX M 3apyOeXHbIX YUEHBIX-(U3UKOB B
pa3BUTHE HAYKH; TOHUMaHHe (PU3NIECKOHN CYIIHOCTH HAOIIOJaeMbIX SIBICHHH MHUKPOMHPA, MaKpOMHUPA
U Merammpa; OHMMaHHE POJIM aCTPOHOMMH B IPAKTHUYECKON AEATEIBbHOCTU YEJIOBEKA U JAIbHEUIEM
HAYYHO-TEXHHUYECKOM DAa3BUTHH, pPOJIU (UMUK B (OPMHPOBAHWUHU Kpyrosopa H (PyHKIHOHAIEHON
I'PaMOTHOCTH Y€JI0BEKa JIJIsl PELICHMsI IPAaKTUYECKUX 3a/1a4;

[TP62. chhopMHUPOBAHHOCTH YMEHUH pacrio3HaBaTh GU3HUSCKUE SBICHHUS (ITPOLIECCHI) U OOBICHATH MX Ha
OCHOBE W3YYEHHBIX 3aKOHOB: PaBHOMEPDHOE U DPABHOYCKOPEHHOE MPSAMOJIMHEHHOE JIBUJKEHUE,
cBOOO/IHOE MaJICHUE TeJl, ABM)KEHUE 10 OKPYXHOCTHU, MHEPLHMs, B3aUMOJAEHCTBHUE TeJ, KouebaTelbHOe
JBMKEHUE, PE30HAHC, BOJHOBOE JABIKeHHE; MU (Dy3Hsi, OpOYHOBCKOE IBUKEHHE, CTPOCHUE KUAKOCTEH
U TBEpPAbIX TeJ, M3MEHEHHWE Oo0beMa Tell NpU HarpeBaHuM (OXJaXIEHHH), TEIJIOBOE pPaBHOBECHE,
UCIIapeHNe, KOHJIEHCAlMsl, TUIaBJIEHUE, KPUCTAJUIN3ALUs, KUIIEHUE, BIIAXXHOCTh BO3/1yXa, CBS3b CpEeIHEN
KMHETUYECKOW PHEPruM TEIUIOBOTO JBHMKEHHS MOJIEKYJ] C aOCOJIFOTHOM TeMIlepaTypol, MOBBILIEHUE
JABJICHUA Ta3a IIPU €r0 HarPEBAHUU B 3aKPBITOM COCYJE, CBSA3b MEXY ITapaMeTpaMH COCTOSIHUS ra3a B
U30Ipoleccax; 3JEKTpU3alus Tejl, B3aUMOJEWUCTBUE 3aps0B, HarpeBaHUE NPOBOJHHUKA C TOKOM,
B3alMOJICIICTBME MAarHUTOB, dJIEKTPOMarHUTHAsl MHAYKLUS, IEHCTBUE MAarHUTHOIO TOJISl HA IIPOBOJHUK
C TOKOM M JBIXKYIIUHCSA 3apsij, OJJIEKTPOMAarHUTHbIE KoJeOaHUs M BOJHBI, NPSIMOJIMHEHHOE
pacrpocTpaHeHHE CBeTa, OTpaKeHHe, INpeoMJIeHHe, MHTepdepeHuus, TUpakuus U MOISPU3ALUL
CBETa, Jucrepcus cBeTa; (orornekTpudeckuii >(P¢GeKT, CBETOBOE aBJIICHHE, BO3HHUKHOBEHUE
JIMHENYATOro CIeKTpa aToMa BOJIOPOAA, ECTECTBEHHASI U NCKYCCTBEHHAs paOAaKTUBHOCTH;

[1PG3. BnazeHre OCHOBOMOJATAIOIIUMU (PU3UUECKUMHU MOHATUSAMU U BEIMYUHAME, XapaKTepU3YIOUTUIMHU
¢usnyeckue mpouecchl (CBA3aHHBIMH C MEXaHHMYECKUM JIBIDKEHHEM, B3aUMOJICHCTBHEM  Tell,
MEXaHUYECKUMHU KOJIeOaHUSIMH U BOJIHAMM; aTOMHO-MOJIEKYJIIPHBIM CTPOCHHEM BEIIECTBA, TEIIJIOBBIMU
IIpoLeccamMy; 3JEKTPUUYECKMM W MarHUTHBIM IOJSIMH, 3JIEKTPUUECKUM TOKOM, 3JIEKTPOMAarHUTHBIMU
KoJe0aHUSMU U BOJIHAMU; ONTHYECKUMHU SIBICHUSIMU; KBAaHTOBBIMH SIBICHUSMHU, CTPOEHHEM aTtomMa U
aTOMHOTO  si/Ipa, PaJHOAKTUBHOCTBIO); BJAJE€HHE OCHOBOIIOJATAIOUIMMU  aCTPOHOMUYECKUMU
MOHATUSIMH, MO3BOJISIOIIMMU XapaKTEepH30BaTh IPOIIECCHI, MPOUCXOJAIINE Ha 3BE3/1aX, B 3BE3JHBIX
cucTeMax, B MeXTalaKTUYECKOU cpeie; ABMKEeHHEe HeOECHBIX T, YBOJIIOIUIO 3Be3/] U BeenenHoi;
[1P64. BnaneHne 3aKOHOMEPHOCTSIMH, 3aKOHAMH U TEOPHUSIMH (3aKOH BceMupHOro tarorenus, I, II u I
3aKkoHbI HpI0TOHA, 3aKOH COXpaHEHMsI MEXAHUUYECKOM PHEPTUH, 3aKOH COXPAHEHUS UMITYJIbCA, IIPUHIUI
CYNEpHO3UIMA CHJI, IPUHLHUII PABHONPABHOCTH HHEPIHUAIBHBIX CHCTEM OTCU€Ta; MOJIEKYIISIPHO-
KMHETUYECKYIO TEOPUIO CTPOCHMSI BEILIECTBA, [A30BbIE 3aKOHBI, IEPBBIN 3aKOH TEPMOAMHAMUKH; 3aKOH
COXpAaHEHU AJIEKTPUUECKOTO 3apsiaa, 3akoH Kyiona, 3akoH Oma 11 ydacTka uenu, 3akoH Oma s
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IIOJIHOW 3JIEKTPUYECKOMN 1ienu, 3akoH J[xoyns - JleHna, 3aKOH 2J€KTpPOMAarHUTHOM MHIYKLHH, 3aKOH
COXPAHEHHUS DHEPIUH, 3aKOH NPAMOJIMHEHHOTO PACIIPOCTPAHEHUS CBETA, 3aKOH OTPAXCHMS CBETA, 3aKOH
IIPEJIOMJICHUSI CBETA; 3aKOH COXPAHEHHs JHEPIUH, 3aKOH COXPAHEHUs HMMIIYJIbCa, 3aKOH COXPaHEHUs
UIEKTPUYECKOTO  3apsfd, 3aKOH COXpaHEHMs MacCcOBOIO 4HMcia, nocTyiaarel bopa, 3akoH
paZMOaKTUBHOIO paclaja); yBEPEHHOE MCIIOIb30BAaHME 3aKOHOB U 3aKOHOMEPHOCTEW IpU aHaIMU3e
(buU3NYECKUX SIBICHUH U IPOLIECCOB;

[1P65. ymeHue y4uThIBaTh TPaHUIBI MPUMEHEHHMS HM3YYEHHBIX (DU3MUYECKUX MOJENeil: mMarepuaibHas
TOYKAa, MHEpLHaJbHAs CUCTEMA OTCYETA, MACAIBHBIM Ta3; MOAEIU CTPOEHUS Ta30B, JKUIKOCTEH U
TBEP/BIX TEJ, TOYECUHBIN dJIEKTPUUYECKUN 3apsl, sACpHAs MOJEIb aTOMa, HYKJIOHHAsE MOJEIb aTOMHOI'O
A]Ipa IpU pPeLIeHnN PU3NUECKUX 3a1a4;

[1P66. B1ageHre OCHOBHBIMU METOAAMU HAayYHOTO MO3HAHMSA, UCTOJIb3yeMbIMU B (PU3HKE: MPOBOAMTH
IpsIMble U KOCBEHHBIE U3MEPEHUs (PU3UYECKUX BEJIMYMH, BHIOMPAsk ONTHUMAIbHBIN CIOCO0 M3MEpEHUs U
HCIIONB3Ysl W3BECTHBIE METOJABl OLIEHKH IIOIPEIIHOCTEN M3MEPEHUM, IPOBOAUTH HCCIEAOBaHUE
3aBUCUMOCTEH (PU3NYECKUX BEJIMUYUH C MCIIOJIb30BAaHUEM MPSAMBIX U3MEPEHUH, OOBACHATH IOJIY4YEHHBIE
pe3yabTaThl, UCHONB3YS (U3UUYECKHE TEOPHH, 3aKOHBI M TOHSTHSA, W JeNaTh BBIBOJABI;, COOJIIOIATH
npaBuia 0€30MacHOro TpyAa MpHU MPOBEIEHUM MCCIEJOBAHUN B paMKax y4eOHOro 3KCIEpUMEHTa U
y4eOHO-HMCCIIeIOBATENBCKON JAEATEIBHOCTH C MCIIOIBb30BaHNEM HU(POBBIX W3MEPUTEIBHBIX YCTPOICTB
1 1a00paToOpHOro 000pyA0BaHUs; CHOPMHUPOBAHHOCTD MIPEICTABICHUNA O METO/1aX MOJIY4YEHUS HAyYHbIX
ACTPOHOMHUYECKUX 3HAHUU;

ITP67. cpopMupOBaHHOCTh YMEHHUS pPeLIaTh PaCUETHBIE 33J]auu C BHO 3a/laHHON (PU3NYECKOI MOIENbIO,
UCTONB3ysl (U3NYECKHWE 3aKOHBI W TIPUHIMIIBI, HA OCHOBE aHalM3a YCJIOBUS 33Ja4ydl BHIOWpATh
(bu3nN4ecKyr0 MOJEIb, BBIACIATh (pU3nUecKre BeIMUUHBI U (POPMYJIbl, HEOOXOAUMBIE /JIs €€ pelleHus,
IIPOBOAMTH PAaCUYEThl U OLIEHUBATh PEAIbHOCTh MIOJIyUEHHOTO 3HaYEHUs (PU3MUYECKOI BEIMUMHBI;, pelIaTh
KAaueCTBEHHBIE 3a/layM, BBICTpauBasl JOIMYECKH HENPOTHUBOPEUMBYIO LIETIOUKY PACCYKICHHUM C ONOpOH
Ha U3YyYEHHBIE 3aKOHbI, 3aKOHOMEPHOCTU U (PU3UUYECKUE SABJICHUS;

I1P68. chopMUPOBAaHHOCTH YMEHMS HPHUMEHSATHb IIOJyYCHHbIE 3HAHUSA IS OOBACHEHMs YCIOBHH
MpPOTEeKaHUs (U3NYECKUX SBJICHUM B MNpUpPOAEe W JUIS HPUHATHS NPAKTUUYECKUX pEIIeHUd B
MOBCEIHEBHOM JKU3HU Ul oOecrieyeHHsl 0e30MacHOCTH MpH OOpaleHuH ¢ OBITOBBIMH NpHOOpaMHu U
TEXHUYECKUMHU YCTPOMCTBaAMH, COXPAHEHUS 37J0POBbs M COOJIIOIEHNS HOPM SKOJIOTMYECKOTO OBEIEHUS
B OKpy’Karoliel cpese; MOHUMaHHe HEOOXOIUMOCTH NMPUMEHEHUs TOCTHXKEHUN (PU3MKH U TEXHOIOTUH
JUISl PAllMOHAJIBHOTO TIPUPOIOIIONIB30BAHNS;

ITP69. cdopmMHpOBaHHOCTH COOCTBEHHOM MO3UIMHM IO OTHOLICHHIO K (U3MYecKod HHpopMaluy,
MOJIy4aeMO M3 pa3HbIX HMCTOYHUKOB, YMEHHUU HCIIOJIb30BATh LMU(POBBIE TEXHOJOTHH MAJIs IOMCKA,
CTPYKTYpUPOBAHUS, UHTEPIPETALIMM U MPEJCTaBICHNUs y4eOHOM M Hay4HO-MOMYJISApHON MH(OpManuuy;
pa3BUTHE YMEHUN KPUTHUECKOI0 aHaJIM3a MoJIydaeMoil uHpopmaluy;

I1P610. oBnageHne ymeHUs MM paOOTaTh B TPYIIE C BBINOJHEHHUEM DPa3JIMYHBIX COLMAIBHBIX poJei,
IUTAaHUPOBaTh pabOTy TPYIIbI, pPALUOHAIBHO pacHpeleNsiTh JAeATeIbHOCTh B HECTAaHAAPTHBIX
CUTyalUusX, aJeKBATHO OLEHWBAaTh BKJIAJ KaXJIOr0 M3 YYaCTHUKOB TPYIIBl B pELICHHE
paccMaTpuBaeMoi TpoOIIeMBI;

I1P611. oBnanenue (chOpMHPOBAHHOCTH MPEACTABICHUH) MpaBUIAMU 3amUCH (U3NYECKUX (DopMyl
penbedHo-ToueuHO cucteMbl 0603HaueHuit JI. bpaiins (s cnensix ¥ cnaboBUASIIMX 00yUYaOLIXCs);
[IPyl. cdopMHpOBaHHOCTh TMOHUMAHUS pOJAM (U3UKK B HKOHOMHYECKOH, TEXHOJIIOTHYECKOH,
COLIMAJIbHOW M 3TUYECKOM cdepax NesTeNbHOCTH YeNOBEeKa; poJid U MecTa (U3UKU B COBPEMEHHOM
HAay4YHOW KapTHMHE MHPA; pPOJIM ACTPOHOMHUH B MPAKTUUYECKOM AESITEIBHOCTH YE€JIOBEKAa U JaJbHEHUIIEM
Hay4YHO-TEXHUYECKOM Pa3BUTHH;

[1Py2. cpopMHUpPOBaHHOCTh CHCTEMBI 3HAHUH O (PU3MUECKUX 3aKOHOMEPHOCTSX, 3aKOHAaX, TEOPHUSX,
NEHCTBYIOIMX Ha YPOBHAX MHUKPOMHpPA, MaKpOMHUpa M Merammpa, MpeacTaBiIeHHl o BceoOlem
xapakTepe (PU3NYECKHX 3aKOHOB; MPEACTABIECHUI O CTPYKType MOCTPOeHHS (PU3HMUECKOW TEOpUH, UTO
MTO3BOJIUT OCO3HAThH POJIb GyHIaMEHTAIbHBIX 3aKOHOB U MPUHIUIIOB B COBPEMEHHBIX MPEACTABICHUSIX O
IIPUPOJE, NMOHATh TPaHMULIBI IMPUMEHUMOCTH TEOpPUH, BO3MOKHOCTH HMX IPHUMEHEHUS U1 ONHUCAHMS
€CTECTBCHHOHAYYHBIX SIBJICHUU U IIPOLIECCOB;



[TPy3. chopMUPOBAaHHOCTh YMEHHUS pa3inyaTh yCJIOBUS NPUMEHMMOCTH Mojeneil (uznueckux Ten u
IpoLeccoB (SIBJICHMI): HMHEpIHMalbHAs CHCTEMa OTcueTa, MaTepualbHas TOYKa, PaBHOYCKOPEHHOE
IBUKCHHE, CBOOOIHOE MajicHue, a0COIIOTHO ynpyras Aedopmaiius, a0COIIOTHO yIPyroe U abCOIOTHO
HEYIPYroe CTOJIKHOBEHHUS, MOJIENe ra3a, >KUIKOCTH U TBEPAOro (KPUCTAUIMYECKOT0) Tela, UIeaIbHOTrO
ra3a, TOYEYHBI 3apsl], OJHOPOJHOE DJIIEKTPUYECKOE TII0J€, OJHOPOJHOE MAarHUTHOE IIOJIE,
rapMOHHYECKHE KOJIeOaHMs, MaTeMaTUYeCKUH MaATHUK, HACaJbHBIH MPYKUHHBIM  MasTHUK,
TapMOHWYECKHE BOJHBI, UACABHBIN KOJIeOATebHBIA KOHTYP, TOHKAS JIMH3Q; MOJIEJIeH aToMa, aTOMHOTO
s/1pa ¥ KBAHTOBOW MOJIEJIU CBETA,

[1Py4. chopMUPOBAaHHOCTH yMEHHUS OOBSACHATH OCOOEHHOCTH MPOTEKaHHWsS (U3NYECKUX SBICHHIMA:
MEXaHUYECKOE JBM)KEHUE, TEIUIOBOE JIBI)KEHHE YaCTHIL BEIIeCTBa, TEIUIOBOE paBHOBECHE, OPOYHOBCKOE
nBkeHue, nuddys3us, ucnapeHue, KHUIIEHHWE M KOHJCHCAlWs, IUIABJICHHE W KPUCTAJUIM3aIus,
HaIlpaBJIEHHOCTh  TEIUIONEpENayu, dSJEKTPU3alUU  TeJl, SKBHUIIOTEHUHAJIbHOCTH IOBEPXHOCTH
3apSOKEHHOIO  NIPOBOJHMKA,  3JEKTPOMAarHUTHOM  MHAYKLUUH, CAMOMHAYKIMH,  3aBUCHUMOCTH
COMPOTHUBIICHUS TOJYIPOBOAHUKOB "p-" M "n-TMMOB" OT TeMmeparypbl, pe30HaHCa, MHTEPPEPECHITUN
BOJIH, JU(paKIUKM, AUCIEPCHH, TIIOJIHOTO BHYTPEHHETO oOTpakeHus, ¢orodddekr, Quznueckue
MIPUHIUIIBI CTIICKTPAIIbHOTO aHaln3a M paboThl jasepa, "ambda-" m "Oera-" pacmanmbl saep, ramMmma-
U3JIyYEHUeE sIIEp;

[1Py5. chopMUpPOBAaHHOCT YMEHUW MPHUMEHSTHh 3aKOHBI KJIACCUYECKOW MEXaHWKH, MOJEKYISpPHON
GU3MKH W TEPMOJUHAMUKH, DIIEKTPOAMHAMHUKH, KBAHTOBOW (M3HMKHM Ui aHanmu3a W OOBSCHEHHUS
SABIIGHUH MHKpPOMHpa, MaKpOMHpa M MeEramupa, pas3iudarh ycloBHs (TpaHUIbl, 001acTH)
NPUMEHUMOCTH (PH3MYECKUX 3aKOHOB, NMOHMMATh BCEOOIIM XapakTep (yHIaMEHTalIbHBIX 3aKOHOB
(3aKOH COXpaHEHHS MEXaHMYECKOHW HHEPruM, 3aKOH COXPAaHEHHUS HMITYJIbCa, 3aKOH BCEMUPHOTO
TATOTEHUS, NEPBbIM 3aKOH TEPMOJAMHAMMKH, 3aKOH COXPAaHEHUS JJIEKTPUYECKOro 3apsja, 3aKOH
COXPAaHEHUS DSHEPruu) M OrPAaHUYEHHOCTh WCIOJB30BaHUS YACTHBIX 3aKOHOB; aHAIU3UPOBATH
¢u3nveckne TMpOLECCHl, WCIOJB3YS OCHOBHBIC IOJIOKEHHs, 3aKOHBI M  3aKOHOMEPHOCTH:
OTHOCHUTENIbHOCTh MEXAaHMYECKOTO JBUKEHHs, (POpPMYJIbl KMHEMATUKH PaBHOYCKOPEHHOTO JBUKCHHS,
npeoOpazoBanusa ['amwies A CKOpPOCTHM W MEpeMelleHus, Tpu 3akoHa HblOTOHa, NpHUHLHUI
OTHOCUTENIBHOCTH ['anuines, 3aKOH BCEMHMpPHOIO TATOTEHHS, 3aKOHBI COXPAaHEHUs MMIIYyJbca H
MEXaHUYECKON DSHEpruu, CBsi3b pPA0OTHI CHUJIBI C M3MEHEHHUEM MEXaHUYECKOW HHEpPruH, YCIOBHS
paBHOBECHsI TBEPJOrO TeEJa; CBA3b JABIEHUS HICAIBHOIO Ta3a CO CpelHEH KMHETHYECKOM HEprHei
TEIUIOBOTO JIBMDKEHHS W KOHIIEHTpAlMeil ero MOJIEKYJ, CBSI3b TEMIIepaTyphl BEILECTBA CO CpeIHEH
KMHETUYECKOW PHEPTUEl €ro 4acTHII, CBSI3b JABJICHMs MIEaJIbHOIO ra3a ¢ KOHLIEHTPALMEH MOJIEKYN U
€ro TeMmIlepaTrypoil, ypaBHeHne MeHneneeBa-Kianeiipona, nmepBblid 3aKOH TEPMOJAWMHAMHUKH, 3aKOH
COXPAaHEHHs DPHEPIMM B TEIUIOBBIX IPOLIECCAX; 3aKOH COXPAaHEHUS DJIEKTPUUECKOTO 3apsla, 3aKOH
Kynona, moTeHIMalbHOCTh 3JIEKTPOCTATUUECKOTO TMOJsl, MNPUHIMI CYHEPHO3ULUN DIEKTPUUECKUX
noJiel, 3akoHa Kyinona; 3akoHsl OMa 171 ydacTKa LENH U JUIsl 3aMKHYTOM 3JIEKTPUUYECKOM LENH, 3aKOH
Jxoynsa-JIeHnia, 3aKOH 3JIEKTPOMAarHMTHOW WHAYKUWH, TpaBWiIo JIeHIa, MOCTYJIAaThl CHEUHAIBHOMN
TEOPUH OTHOCUTEIBHOCTH DMHIITENHa, ypaBHeHUe DifHmTelHa 1 (hoTtodddexTa, nepBblil U BTOPOil
noctynarel bopa, npuHuun HeompeaeneHHocTH ['elizeHOepra, 3aKOH COXpaHEHHs 3apsijia, MacCOBOIO
4KCJIa M SHEPTUHU B SJIEPHBIX PEAKIMAX, 3aKOH PAIMOAKTUBHOTO pacmana;

[1Py6. chopMHUpPOBAaHHOCTH YMEHUN NPUMEHSATH OCHOBOMOJATAIONIMe AaCTPOHOMUYECKHE IOHATHS,
TEOPUH M 3aKOHBI Il aHAINW3a U OOBACHEHUSA (PU3MUECKUX IMPOLECCOB MPOUCXOMANIMX Ha 3Be3/aX, B
3BE3JHBIX CHUCTEMaX, B MEXKTaJIaKTUYECKON cpene; ABM)KEHHUS HEOECHBIX Tel, SBOJIOLUUU 3BE3]l U
Bcenennoli;

[1Py7. cdopMupOBaHHOCTb YMEHHMI HCCIEIOBaTh M AaHAJIU3UPOBATH Pa3HOOOpaszHblE (QU3NYECKUE
SABJICHUSI M CBOMCTBa OOBEKTOB, MPOBOJUTH CAMOCTOSITEIbHBIE HCCIEIOBAHUSA B pEalbHBIX U
71a00paTOPHBIX YCIOBUSX, YUTaTh M aHAJIM3UPOBATh XapaKTEPUCTUKH TMPUOOPOB U YCTPOUCTB,
OOBSICHATH MPUHIIUIIBI UX PaOOTHI;

[TPy8. chopMupOBaHHOCTH MPEACTABICHUN O METO/IaX MOJYICHHS HAYYHBIX aCTPOHOMUYECKUX 3HAHHM;
BJIaJICHUE YMEHHMSIMHU CaMOCTOSITEIbHO (HOPMYIUpPOBaTh IIeNb HCCIIEAOBAaHUS (TMPOEKTa), BBIIBUTATh
TUIOTE3bl Ha OCHOBE 3HAHHUS OCHOBOIOJNAralomMx (U3MUYEeCKUX 3aKOHOMEPHOCTEH U 3aKOHOB,
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NPOBEPATh MX OKCIEPUMEHTAIBHBIMH CPEJICTBAMH; IUIAHUPOBaTb W MPOBOIUTH (hu3HUecKHe
HKCIEPUMEHTBI, ONMCHIBATE W AHAIU3UPOBATh IIOJYYCHHYIO IIPU BBIIOJIHEHUU SKCIIEPHUMEHTa
MH(OPMAIIHIO, ONIPENENIATH TOCTOBEPHOCTh MOIYYEHHOTO PE3yibTaTa;

ITPy9. chopMHpOBaHHOCTh YMEHUS pellaTh pacueTHbIE 3a7aud C SBHO 3a/JlaHHOW M HESBHO 3a/1aHHOU
¢u3nUecKoil MO/IeNIbI0: Ha OCHOBAaHUM aHAJIM3a YCJIOBUS BHIOMpATh (PU3MUYECKHE MOJEIU, OTBEUAIOIINE
TpeOOBaHUAM 3aJjaud, MPUMEHATH (DOPMYJIbI, 3aKOHBI, 3aKOHOMEPHOCTH U HOCTYJaThl (U3NYECKUX
TEOpUH NIPHU HCIHOJB30BAHUU MATEMATHUUYECKUX METOJOB pELIEHUs 3ajad, IPOBOAUTH pacyeThl Ha
OCHOBAHUU UMEIOIIUXCS JTaHHbIX, aHAJIM3UPOBATh PE3YJIbTaThl U KOPPEKTUPOBATH METObl PELICHUS C
YYETOM IOJYUYEHHBIX PE3YJIbTATOB; PEIIaTh KAUECTBEHHBIE 3a/1a4M, TPEOYIOIINE IPUMEHEHUS 3HAaHUH U3
pasHbIX PAa3/eloB LIKOJBHOIO Kypca (M3MKH, a TAK)K€ MHTErpallid 3HAHUM W3 APYrHX IMPEIMETOB
€CTECTBEHHOHAYYHOI'0 IIMKJIA: BBICTPAWBATh JIOTMUECKYIO LIETOYKY PACCY)KJIEHUH C ONOpoill Ha
M3yYEHHbIE 3aKOHbI, 3aKOHOMEPHOCTHU U (PU3HUECKUE SABICHMUS;

[1Py10. cdopMHpOBaHHOCT, YMEHHH aHAJIM3UPOBATh M OLEHUBATh MOCJIEICTBUS OBITOBOH H
IIPOM3BOJICTBEHHOIN JAEATENbHOCTH 4YEJIOBEKa, CBSI3aHHOM € (PU3MUYECKHMMM INpOLIECCaMU, € IMO3ULMH
9KOJIOTMUECKON 0€30MacHOCTH; MPEACTABICHUNH O palMOHAIbHOM IPUPOIONOIB30BAHUU, a TaKkKe
pa3syMHOM MCIIOJIb30BAaHUM JIOCTHKEHMH HayKM U TEXHOJOIMH JUIsl JajdbHEHIIero pa3BUTHUS
YeJIOBEUYECKOI'0 O0IIECTBA;

[1Pyl1. oBnageHue pazauuHBIMU cllocobaMu padoThl ¢ MHpOpMaIMed (U3NUECKOro COJEpPKAHUS C
UCTIOJIB30BAHUEM COBPEMEHHBIX HH()OPMAITMOHHBIX TEXHOJOTUH, Pa3BUTHE YMEHHHA KpPUTHYECKOTO
aHaJIM3a U OLICHKU JJOCTOBEPHOCTH MOJIydaeMoi nH(popMaImu;

[IPyl2. oBnazeHue OpraHu3allMOHHBIMU UM [I03HABATEIbHBIMU YMEHUSIMH CaMOCTOSITEIBHOTO
pUOOPETEHUs] HOBBIX 3HAHMH B MpPOILECCE BBIMOJHEHMS MPOEKTHBIX U y4eOHO-MCCIIEOBATENbCKUX
paboT, yMEeHUsMU pabOTaTh B TPYIIE C BHIIIOJIHEHUEM PA3JUYHBIX COIMAIBHBIX POJIEH, IMIaHUPOBAThH
paloTy IpyIIbl, PALUMOHATIBHO PACIpPENeNATh NeSITeIbHOCTh B HECTAHAAPTHBIX CUTYAIUX, aJEKBATHO
OLIEHMBATh BKJIAJ] KAXJI0TO U3 YYACTHUKOB I'PYIIIBI B PEILIEHUE paccMaTpUBaeMOM IpoOJIeMBl;

[1Py13. cdopmMupoBaHHOCTb MOTHBALMU K Oyaymed npodeccuoHaIbHOM —AEATENbHOCTH 10
CHELHUATILHOCTSIM (PU3UKO-TEXHUUECKOTO TPODUIIS;

MP1. camocrosTenbHo (OpMyIUpoBaTh M aKTyalM3UpoBaTh IMpoOJIeMy, paccMaTpuBaTh €€
BCECTOPOHHE;

MP2. ycraHaBnuBaTh CYLIECTBEHHBIH NpPU3HAK WM OCHOBaHMS Uil CPaBHEHMs, KiacCU(UKALUU U
0000IIICHHS;

MP3. onpenenars nenu JesTENIbHOCTH, 3a/1aBaTh IapaMeTpPbl U KPUTEPUH UX JTOCTH)KEHUS;

MP4. BbISBISATH 3aKOHOMEPHOCTH U IPOTUBOPEUHS B PACCMATPUBAEMBIX SIBJICHMSIX;

MPS5. BHOCUTb KOPPEKTUBHI B AEATEIBHOCTD, OLIEHUBATh COOTBETCTBUE PE3YJIbTATOB LIESAM, OLICHUBATD
PHUCKHU NOCIEACTBUN JESTENbHOCTH;

MP6. pa3BuBaTh KpeaTUBHOE MBIIIJICHUE IPU PELIEHNH KU3HEHHBIX MTPOOIIeM;

MP7. BrnaneTh HaBBIKAMHU Y4e€OHO-HCCIIEIOBATENBCKOM M TIPOCKTHOM JEATEIbHOCTH, HaBBIKAMH
paspelnieHus npooiem;

MPS. cnocoOHOCTh U TOTOBHOCTHh K CAMOCTOATEIBHOMY IOHCKY METOJIOB PEIIEeHUs MPaKTHYECKUX
3a]1a4, IPUMEHEHHIO Pa3IMYHbIX METOJIOB MIO3HAHNUS;

MP9. oBnageHue BHJIAMM JACATEIBHOCTH IO TOJYYEHHIO HOBOTO 3HAHUSA, €r0 WHTEPIpPETALNH,
npeoOpa3oBaHUIO M MPUMEHEHHIO B PA3JIMUYHBIX YYEOHBIX CHUTYyalUsiX, B TOM YHCJIE HPU CO3JaHUU
y4eOHBIX U COIUAIBHBIX TPOEKTOB;

MP10. ¢popmupoBaHre HAYYHOTO TUMA MBIIIJICHUS, BIaJCHUE HAYYHOH TEpPMHUHOJIOTHEH, KIFOUEBBIMU
MOHATUSIMU U METOJIaMU;

MP11. craButh U (GopMyIHpPOBaTH COOCTBEHHbIE 33Ja4d B OOpPa30BaTENbHOU NEATEIBHOCTH H
KU3HEHHBIX CUTYaIHsIX;

MP12. BBIABIATH NPUUNHHO-CIIEICTBEHHBIE CBSA3M U aKTyaJU3MpOBATh 3aj]audy, BBIABUTaTh TUIIOTE3Y €€
pellleHns, HaXOAUTh apryMEHThI Ul J0Ka3aTelbCTBA CBOMX YTBEPXKICHUMU, 3aJaBaTh MapaMmeTpbl U
KPUTEPUHN PELLEHUS;



MP13. ananu3upoBaTh MOJIyYEHHBIE B XOJI€ PEIICHUS 3aJa4l Pe3yJbTaTbl, KPUTUYECKU OLEHUBATh UX
JIOCTOBEPHOCTh, IPOTHO3UPOBATh U3MEHEHHUE B HOBBIX YCIOBHSX;

MP14. naBath OIICHKY HOBBIM CUTYAaIlUSIM, OIICHUBATH IPUOOPETCHHBIN OTIBIT;

MP15. pa3pabaTeiBaTh IUIaH pelIeHUs MPOOJIEMbl C Y4eTOM aHalli3a MMEIOIIMXCS MaTepUaIbHBIX U
HEMAaTepHUaIbHBIX PECYPCOB;

MP16. ocymecTBIATh II€JICHANPABICHHBIH TIOMCK TIEPEHOCAa CPEICTB M CIIOCOOOB JEHCTBUS B
poecCHOHABHYIO CPey;

MP17. ymeTh NEpEHOCUTH 3HAHUS B [IO3HABATEIBHYIO U IPAKTHUECKYIO 00JIaCTH KUZHEEATEIIbHOCTH;
MP18. ymMeTh UHTETPUPOBATH 3HAHUS U3 PA3HBIX MPEAMETHBIX 00JIacTei;

MP19. BeIIBUraTh HOBBIE UJEH, NIPEIAraTh OPUTMHAIBHBIE OIXO0/IbI U PELICHUS;

MP20. cTraBuTh nmpoOiIeMbl U 33/1a49H, TOMYCKAIOIINE ATbTCPHATHBHBIC PEIICHIS;

MP21. Bnagetrh HaBbIKAMH MOJy4eHUS WH(OPMALMU M3 MCTOYHUKOB PA3HBIX THUIIOB, CAMOCTOSITEIILHO
OCYIIECTBIISTh TIOUCK, aHAJIN3, CUCTEMATH3AIMI0 M HHTEPIPETAINI0 HH(OPMAIIUU PA3INIHBIX BUJIOB U
(dbopM mpescTaBIeHUS;

MP23. ouieHMBaTh JOCTOBEPHOCTb,

MP24. ucnonp3oBaTh cpencTBa MHPOPMAIMOHHBIX U KOMMYHHUKAIMOHHBIX TEXHOJOTHH B PELICHUU
KOTHUTUBHBIX, KOMMYHHUKATHUBHBIX W OPraHU3AIMOHHBIX 3aJad C CcOOMIoJeHueM TpeOOBaHUI
SPrOHOMUKH, TEXHUKH O€30MacCHOCTH, TUTHEHBI, PECypcocOepexeHus], MPaBOBBIX M STUYECKUX HOPM,
HOPM HMH(OPMAIMOHHON 0€301MaCHOCTH;

MP26. ocymiecTBIsATh KOMMYHUKAILIUU BO BCeX chepax KU3HU;

MP28. Bi1aieTs pa3IMuyHBIMUA CIIOCOOAMH OOIIEHUS ¥ B3aUMOICHCTBUS;

MP29. apryMeHTHPOBAHHO BECTH JIUAJIOT, YMETh CMAT4YaTh KOH()IMKTHBIE CUTYaIlUH;

MP30. pa3BepHyTO U JIOTUYHO HU3JIaraTh CBOIO TOUKY 3PEHMSI C UCIIOJIb30BAHUEM SI3bIKOBBIX CPE/ICTB;
MP31. noHrMaTh U HCMONB30BATh MPEUMYIIIECTBA KOMAHTHOW U UHAUBHUIYaIbHON pabOTHI,

MP32. BeIOMpaTh TEMAaTUKy W METOIbl COBMECTHBIX JCHCTBHA C y4eTOM OOIIMX HHTEPECOB H
BO3MOKHOCTEH Ka)KJI0T0 4JIEHA KOJUIEKTUBA;

MP33. npuHUMaTh eI COBMECTHON J1€ATEIbHOCTH, OPTaHU30BbIBATh U KOOPAWHUPOBATDH IEUCTBUS 110
€€ JOCTWKEHHIO: COCTaBJATH IJIaH ACHCTBUN, paclpelnemsiTh pPOJIM C YYETOM MHEHUN YYaCTHUKOB
00CYyXXIaTh pe3ylbTaThl COBMECTHON pabOThI;

MP34. oneHuBaTh Ka4eCTBO CBOErO BKJIAJa M KaXKJIOTO y4acTHHKA KOMaHJABI B OOLIUIl pe3ynbTaT Mo
pa3paboTaHHBIM KPUTEPUSIM;

MP35. mnpepsiaraTh HOBBIE TPOEKTHI, OLEHUBATH HJEU C TMO3UIUU HOBHU3HBI, OPUTMHAIBHOCTH,
MPAKTUYECKON 3HAYMMOCTH;

MP37. ocymecTBAsATh MO3UTUBHOE CTPATErMUYECKOE MOBEACHHUE B PA3IUYHBIX CUTYyalUsAX, MPOSBIATH
TBOPYECTBO U BOOOPAKEHUE, OBITh MHUIIUATUBHBIM;

MP38. caMOCTOATENHHO OCYIIECTBIIATH MO3HABATENBHYIO JI€ATEIbHOCTD, BBISBISATH MPOOIEMbI, CTABUTh
1 (hopmMyIrupoBaTh COOCTBEHHBIC 3a/1a4l B 00pa30BaTEIbHOM JIEATETLHOCTH U )KU3HEHHBIX CUTYaIUsX;
MP39. caMOCTOATEIBHO COCTaBIATH IUIAH PEIICHHUS MPOOJIEMbI C YYETOM HUMEIOIINXCS PECypCoB,
COOCTBEHHBIX BO3MOKHOCTEN U MPEIOUTEHHII;

MP40. naBath OLIEHKY HOBBIM CUTYalIHSIM;

MP41. pactupsTh paMKi y4eOHOTO TIPEIMETa Ha OCHOBE JIMYHBIX MPEIOYTCHUIH;

MP42. nenath 0co3HAaHHBIN BBIOOp, apTyMEHTUPOBATH €r0, OpaTh OTBETCTBEHHOCTD 3a PEIICHUE;

MP43. ouleHnBaTh MPUOOPETEHHBIN OIIBIT;

MP44. cnocoOGcTBOBaTh (DOPMUPOBAHHUIO U TPOSBICHUIO IIMPOKOW SPYAUIIMH B Pa3HBIX O0JIACTAX
3HAHUMU, TOCTOSTHHO MOBBILIATH CBOM 00pa30BaTENbHbIN U KyJIbTYPHBII

MP45. naBaTh OLIECHKY HOBBIM CHUTYallMsiM, BHOCHUTb KOPPEKTHUBBI B JE€ATEIbHOCTh, OLIEHUBATH
COOTBETCTBHUE PE3YyJIbTATOB LETAM;

MP46. BnageTh HaBbIKAMU TO3HABATEIbHOM pediieKCMM KaK OCO3HAHUS COBEpIIAEMbIX ICHCTBHM U
MBICIIUTENBHBIX MTPOLIECCOB, UX PE3YIbTATOB U OCHOBAHMUIA;
MP47. ucions30BaTh MprueMbl peIICKCUH IJIsI OIEHKH CUTYaIllH, BHIOOpA BEPHOTO PEIICHNUS,



MP48. yMmeTh OLIEHUBATh PUCKU U CBOEBPEMEHHO IPUHUMATD PELLIEHUS 10 UX CHUKEHHUIO;

MP54. npuaumats ce0s, MOHUMAasE CBOM HEJOCTATKH M JIOCTOMHCTBA;

MPS55. npuHUMAaTh MOTHUBBI M aPTYMEHTBI IPYTUX JIFOACH PU aHAIU3€ PE3YJIbTaTOB JEATEIbHOCTH;
MP56. npu3HaBaTh CBOE IPaBO M MPABO APYTHX JIFOICH HA OIIMOKH;

JIP1. chopMHPOBAaHHOCTh T'PAXIAHCKOW MO3UIMK OOYYaAIOMIErocs KaK aKTUBHOTO M OTBETCTBEHHOTO
YJIeHa POCCHIICKOT0 00IeCTBa;

JIP3. nmpuHATHE TPAaJUIMOHHBIX HALMOHAIBHBIX, OOLICYCIIOBEUECKUX T'YMAHUCTHUECKUX H
JEMOKPATUYECKUX [IEHHOCTEW;

JIP5. TOTOBHOCTH BECTHM COBMECTHYIO JEATEJIbHOCTh B HWHTEpEcax TIpaxJaHCKOro OOIIeCTBa,
y4acTBOBaTh B CAaMOYIPABICHUH B 0011€00pa3oBaTeNbHON OpraHu3alud M JeTCKO-FOHOILIECKUX
OpraHM3alusix;

JIP6. ymenue B3auMOJAEHCTBOBATH C COLIMANBHBIMU MHCTUTYTaMU B COOTBETCTBUHU C UX (YHKIUSAMH U
Ha3HAYCHUEM,;

JIP7. roTOBHOCTb K TYMaHUTAPHON U BOJOHTEPCKOM JIEATEIIbHOCTH;

JIPS. chopMHupOBaHHOCTH POCCUHCKOM IPaKIAaHCKOW HICHTHYHOCTH, TATPUOTH3MA, YBAXKCHHS K CBOCMY
HapoJly, YyBCTBa OTBETCTBEHHOCTH Iiepea PoauHoii, ropaoctu 3a cBoil kpaid, cBoro PosinHy, CBOM SI3bIK
U KyJIbTYpY, [IPOIIIOE U HACTOSIIEE MHOTOHAIIMOHAIBHOIO Hapoaa Poccuu;

JIP9. 1EeHHOCTHOE OTHOIIEHHE K TOCYIapCTBEHHBIM CHMBOJIAM, HCTOPUYECKOMY H HPHUPOIHOMY
HaCJIEUIO, MaMsITHUKaM, TpaauuusM HaponoB Poccum, noctwxkenusm Poccum B Hayke, UCKYCCTBE,
CHOpTE, TEXHOJIOTUAX U TPYAE.

JIP12. cdopMupOBaHHOCTH HPABCTBEHHOTO CO3HAHUS, STUUYCCKOTO ITOBEICHHS;

JIP13. ciocoOHOCTh OlLIEHUBATh CHUTYAIMI0 U NPUHUMATh OCO3HAHHBIC DPELICHUS, OPUEHTUPYSACH Ha
MOpaIbHO-HPABCTBEHHbIE HOPMBI U [IEHHOCTH;

JIP14. oco3Hanue IMYHOTO BKJIaJa B MIOCTPOEHUE YCTOWYMBOTO OyIyIIEro;

JIP16. scTeTHueckoe OTHONIIEHHE K MHUDY, BKJIIOYas ICTETUKY ObITa, HAyYHOI'O U TEXHUYECKOIO
TBOPUYECTBA, CIIOPTa, TPYAa U OOIIECTBEHHBIX OTHOIICHHUIA;

JIP25. wuHTepec K pa3nuuHbIM cepaM NpoPecCHOHANbHON JEATEIbHOCTH, YMEHHE COBEpIIATh
OCO3HaHHBIHM BBIOOP OyaymIeil npodeccuu u peann30BbIBaTh COOCTBEHHBIE )KU3HEHHBIE TUIAHBL;

JIP26. TOTOBHOCTB M CITIOCOOHOCTH K 00pa30BaHUIO U CaMOOOPA30BaHUIO HA MPOTSHKEHUN BCEH JKU3HH;
JIP27.  cOopMHPOBAaHHOCTh  HKOJOTMUECKOM  KYJbTYpbl, IOHHUMAaHUE BIMSHUA  COLMAIBHO-
SKOHOMMYECKHX MPOILIECCOB HA COCTOSIHHE NMPUPOAHON M COLMAIBHON CpeJlbl, OCO3HAHME INI00ATLHOTO
XapakTepa 3KOJIOIMYECKHX MpolieM;

JIP28. miaHupoBaHre W OCYIIECTBICHHE JEUCTBUI B OKPYKAIOIICH Cpelle Ha OCHOBE 3HAHUs LieJeit
YCTOMYMBOIO Pa3BUTHUS YEJIOBEUECTBA;

JIP31. pacmmpenue omnbITa 1eITeIbHOCTH YKOJIOTHYECKON HAPaBICHHOCTH;

JIP32. chopMHpPOBAaHHOCTE MHMPOBO33PEHMSI, COOTBETCTBYIOIIETO COBPEMEHHOMY YPOBHIO pa3BUTHUS
HayKH U OOLIECTBEHHON MPAaKTHKH, OCHOBAHHOTO HA JHAJIOTe KYJIbTYp, CIOCOOCTBYIOIIETO OCO3HAHUIO
CBOETO MECTa B MOJIUKYJIBTYPHOM MHPE;

JIP34. oco3HaHME LEHHOCTHM HAYYHOW JAESATEIBHOCTH, TOTOBHOCTH OCYLIECTBJIATH IPOEKTHYIO M
HCCIIEIOBATENBCKYIO AESITENbHOCTh HHANBUAYAIBHO U B IPYIIIIE;

ConepxaHue MpaKTUIECKUX U JaO0PaTOPHBIX 3aHATHI OPUEHTUPOBAHO Ha MOATOTOBKY 00YUYaIOIINXCS
K OCBOCHHUIO NMPO(PECCHOHATBHOIO MOAYJS MPOrpaMMbl IOJTOTOBKH CHEHUAIMCTOB CPEJHEr0 3BEHa II0
CNIELMAIBHOCTY 1 JOPMHUPOBAHMIO 00X KOMIICTeHIMIA:

OK 01 BeiOupats ciocoObl pemeHus 3aa4 npopeccCuoHaNbHON AeSTEIbHOCTH MPUMEHUTENIBHO K
pa3IMYHbIM KOHTEKCTaM

OK 02 Hcnonb30BaTh COBPEMEHHBIE CPEACTBA MOMCKA, aHAJIN3a U MHTEPIIPETallMi HHDOpMALIUY U
MH(pOPMAaIMOHHbIE TEXHOJIOTHH [T BBIMOJIHEHUS 3a/1a4 PO eCCHOHATIBHOM 1€ TeIbHOCTH

OK 03 IlnanupoBaTh M peau30BbIBaTh COOCTBEHHOE Mpo(deccuoHaTbHOE W JIMYHOCTHOE
pa3BUTHE, MPEIIPUHUMATENBCKYIO JIESTEIbHOCTh B NMPO(ecCHOHAIBHON cdepe, HCIoNb30BaTh 3HAHUS
10 IPABOBOM U (PMHAHCOBOM IPAMOTHOCTHU B PA3JIMUHBIX JKU3HEHHBIX CUTYaLUAX



OK 04 D¢ddexTuBHO B3aUMOICHCTBOBATh U pabOTaTh B KOJUICKTHBE M KOMAaH/IE

OK 05 OcymiecTBisiATh YCTHYI0O U MUCbMEHHYIO KOMMYHHUKAIMI0 Ha TOCYIapCTBEHHOM SI3bIKE
Poccuiickoit @enepanuu ¢ yueToM 0COOEHHOCTEH COLMAIBHOTO U KYJIbTYPHOTO KOHTEKCTA

OK 06 IlposiBasTe rpaxaaHCKO-MATPUOTHYECKYIO TMO3UIMI0, JEMOHCTPUPOBAThH OCO3HAHHOE
IIOBE/ICHUE Ha OCHOBE TPAJNULIMOHHBIX POCCUNCKUX TyXOBHO-HPABCTBEHHBIX LIEHHOCTEN, B TOM YUCIE C
Y4eTOM TapMOHHU3AIMH MEXHAI[MOHAJIBHBIX M MEXPEIUTHO3HBIX OTHOLIECHUH, MPUMEHSTh CTaHIAPThI
AHTUKOPPYILMOHHOIO IIOBEJICHUS

OK 07 CopneiicTBOBaTh COXpPaHEHUIO OKPYXKAIOIIEH CpEIbl, pPecypcocOepeKeHUI0, MPUMEHSITh
3HaHUS 00 M3MEHEHHH KJIMMaTa, MPUHLIUIBI OEpPEeKIMBOTO MPOU3BOACTBA, 3()(PEeKTUBHO NeiicTBOBATH B
Ype3BbIYAITHBIX CUTYAIHIX

OK 08 Hcnonp3oBarh cpencTBa GU3NIECKON KyIbTYPHI IJIi COXPAHEHUS ¥ YKPEIUICHUS 3J0POBbS
B Ipoliecce MpodecCHoHaNbHOM eATeIbHOCTH U MOJACepkKaHUs HEOOXOAMMOro YpOBHS (hHU3HUECKOI
IIO/ITOTOBJIEHHOCTH

OK 09 ITonb3oBaThcs mpodeccHOHATBLHON JOKYMEHTAIMEH Ha TOCYIapCTBEHHOM W HHOCTPAaHHOM
SI3BIKAX

BreimonmHenne oOydaromuxcsi TPAKTHUYSCKUX W/WIH  JIA0OpATOPHBIX PaboT 1O  y4eOHOM
mucruinHe «du3nkay HarpaBiIeHo Ha:

- 00oO0mieHne, CHCTEMATH3alMIO, YIIyOJIeHHe, 3aKpeluieHHe, pa3BUTHE W JEeTAIN3aIHIO
MOJTYYEHHBIX TEOPETUYECKUX 3HAHUH 110 KOHKPETHBIM TeMaM y4eOHON TUCIUTUINHBI;

- (opMupoBaHUEe yMEHHI MPUMEHSTH MMOJyYCHHBIC 3HAHUS HA TPAKTHKE, pEaTu3aliio eIMHCTBA
MHTEIUICKTYaJIbHOHN U MPAKTUYECKOH AEATEIbHOCTH;

- (popmupoBaHue M pa3BUTHE YMEHHIi: HAOIIOJATh, CPABHUBATH, COMOCTABIATH, AHAIN3UPOBATH,
JenaTh BBIBOABI M OOOOIICHMS, CAaMOCTOSTENIFHO BECTH HWCCJIEJOBAHMUS, IOJIB30BATHCS Pa3IUUYHBIMU
preMaMy U3MepeHuit, 0pOpMIISITH pe3yIbTaThl B BUAE TaOJHII, CXeM, rpaduKOB;

- mpuoOpeTeHne HABBIKOB paldOTBHl C PA3IMYHBIMU MPUOOpAMHM, aNmIaparypoil, YCTaHOBKaMH M
IPYTUMH TEXHUYECKUMHU CPEICTBAMH IS TPOBE/ICHUS OIBITOB;

- pPa3BUTHE MHTEJJIEKTYQJIbHBIX YMEHHUH Yy OyaylmIMX CHIEHUATUCTOB: AHAJIMTUYECKUX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTHBHBIX U JIP.;

- BBIpa0OTKY IpPU pElIeHUH MOCTABIEHHBIX 3a/1a4 NMPO(EeCCHOHAIBHO 3HAYMMBIX KAayeCTB, TAKHX
KaK CaMOCTOSATEIBHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOpYECKAst MHUIIMATHBA.

[pakTtiueckue U jabOpaTOpHBIE 3aHATHS MPOBOJATCA B paMKaX COOTBETCTBYIOLIEH TeMbl, MOCie
OCBOCHHS JMIAKTUYECKUX EIMHUII, KOTOphle OOECIEeUMBAIOT HAIMYME 3HAHWH, HEOOXOIUMBIX I ee
BBITIOJTHEHHUSL.
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2METOANYECKHUE YKA3AHUA
Pa3znen 2 Mexanuka Tema 2.1 KnnemaTuka

HpaKaneCRoe 3ansaTue Nel Pemenne 3aJga4v nmo KHHEMaTHukKe. YPaBHeHI/IH ABUKCHUSA

Henab: HayuuThCcs pa3nuyaTh BHUIBI MEXaHUYECKOTO MABM)KEHHUS B 3aBHUCHUMOCTH OT (HOPMBI
TPAGKTOPUU U CKOPOCTH NEPEMEIEHHs Tella, PACCUUTHIBATH €r0 MapaMeTphl, HAYYUThCS H300paxarhb
rpadUyecKyd pa3iuyHbIe BHABl MEXAaHUYECKHX JBM)KCHUH, 3amUChIBaTh YypaBHEHHUS JIBHXKEHUS,
pa3nuyaTth €ro OTHOCHUTENBHOCTh; HAYYHTHCA (POPMYNIMPOBATH CIEAYIOUINE MOHSATHS: MEXaHHYECKOe
JBUKEHHE, CKOPOCTh M YCKOPEHHUE, CHCTeMa OTCYEeTa, MEXaHUYECKUN TPUHLIUIT OTHOCUTEILHOCTH

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

MarepuajibHoe o0ecnieyeHue:

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

Yka3zaunue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JIBYX 4YacT€ — TEOpeTHYeCKOW M mpaktudeckou. llocie
U3YYEHUS TEOPETUYECKOro MaTepHralia MO>KHO MPUCTYNAaTh K BHIMOJHEHHUIO MpakTHueckod yacTu. OHa
COCTOMT W3 JIByX M OoJiee 3aad JJIsl CaMOCTOSITEIBHOTO BBINMONHEHH. He 3a0biBaiiTe 0 MpaBHILHOM
odopmiienun penienus. Ha BbIlONHEHHE MPAKTUYECKOTO 3a7aHMsl OTBOJUTCS YETHIPE aKaJeMHUUYECKUX
Jaca.

3aganue:

1. O3snakombTech c KpaTKUMU TEOPETUUYECKUMHU CBEICHUSIMU
https://znanium.com/catalog/product/1012153 , ctp 14-18.
2. IIucbMeHHO OTBETHTE HA CJIeAYIOlHe BONPOCHI:
1. Kunemartnueckuil 3aKOH [BMXKCHHS U1 KOOPAMHATHOTO Crocoba ompeneseHus
JBUKECHHS] MAaTEPHAIIbHON TOUKH.
2. Kunematnyeckwii 3aKOH JIBUKCHHUS JUII €CTECTBEHHOTO JBIIKCHHS JUISI BEKTOPHOTO
crioco0a onpeaeaeHns ABHKEHHS.
3. KunemaTtwueckwii 3aKOH JIBIDKEHHS IS ©CTECTBEHHOIO CIOCO0a  OIpe/IeieHUs
JIBUKCHHUSL.
4. Kak HaliTH BEKTOP CKOPOCTH JUIsl KOHKPETHOTO, BEKTOPHOTO U €CTECTBEHHOT'O CIIOCOO0B
OIIpeJIeJIEHUs! IBUKEHUA?
5. Kak HaliTu BeKTOp yCKOpEHHUs JIJIsl Pa3HbIX CIIOCOO0B OMpeIeTIeHUs TBUKEHUS?
3. Hcnonb3ys popmymsl 471 pacueTa mapaMeTpoB ABMKEHUS TeJ, PEIIUTh 3aauu.
Ilopsinok BbINOJHEHHS padOThI:
1. TloBTOpUTH OCHOBHBIE BOIIPOCHI KHHEMATHUKH.
2. PemmTh 3a7a4u 110 BapUaHTaM.
3. OdopmMuTh OTYET B TETPaIH IS MPAKTUUECKUX paboT.

IIpumeps! pemenus 3aaau: 1. [accaxupckuii moe3q unaet co ckopoctsh 72 km/4. o cocennemy
MyTHU JIBUXKETCS HaBCTpedy ToBapHbIM moe3a anuHoil 140 M co ckopocThio 54 km/4. CKOJIBKO
BPEMEHU MAaCCaXXUP, CTOALIMNA y OKHA, OyAeT BUAETh MPOXOIAIIMNA MUMO HETO TOBAPHBIH moe3n?

Hano: CHU Pewenue:
V1 = 72 kM/4 20 m/c | OTHOCHTEIBHAS CKOPOCTD JABHKEHHS 000MX MOE30B V = Uy + Us.
V2 = 54 kM/4 15 m/c CnepoBatenbHO, BpeMs, B TEHEHHE KOTOPOrO MHMO MACCAKUPCKOTO

" N !
=140 m 1oe3/1a NpoieT TOBapHBLIii, onpeaenum no gopmyne: ¢ = -

v
= : e
t-7 [loacraBnsem nauuwie: = —— =4 ¢
20+15
Omeem: 4 c.
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2. IlocagouyHas CKOpOCTH Maccakupckoro camosera 135 xkm/4, a amuHa mpobGera ero 500 wm.

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

JHano: CHU Pewenue:
Vo= 135 km/u | 37,5 m/c| Bpems npo6era caMoJIeTa MpH NOCAjKe HAXOAUM 13 (OPMYIIbI yTH
S=500m S = vyt +—, rae a o paBHOBaMCJUIEHHOI‘O JBHIKCHUS OTPECTHTCS
v=0m/c u3 q)opmynbl. V= vp+ at uma=- T' CrneoBaTesnbHo,
vo,.2
t-?,a-? S =yt —T; , OTKynat =E. [ToacraBnsiem gauubie: t = % =27c.
Yckopenne a = -2 = E =-14 m/c?

b 27
Omeem: 27 ¢, - 1.4 m/c”.

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

Jano: Pewenue:
2 2

ts-t4=1c [1yTb, npoiifeHHBII TEIOM 3a NATYIO CeKyHAY S = S5 — Sy = 75 = ‘“T"

_ __2 . _ 218 _ 2
S=18m Orciona a Z-q %" 5o 4 m/ce.

425

t=5c¢ [lyTs, npoitaeHHslii Tenom 3a 5 cekyna Ss =—' 55 = =50m
Ss-?,a-?

Omeem: 4 m/c%; 50 m.

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

Hano: Pewenue:
1 v = £
hy — hp_1= Ehﬂ [1yTe, npoiinenusiii 3a Bce Bpems nagenus: h, = =
2 " h, _g(t-1)*
g=928 m/c Jlo nocneaneii cekyH/bI TEJIO MPOLLIO MYTh e
. . t?
t-?7 hy-? CnenoBaTesbLHO, g— =g(t—1)% wm t?-4t+2=0.

Orciona t=2+ \/_ 3,4 ¢. Beicora magenuss h, = ﬂ ~57m
Omeem: 3,4¢; 57 m.

5. Kamenb nagaer B maxty. Uepes 6 ¢ ciblilieH yaap KaMHs O JHO maxThel. OnpenenuTs rryouny
IIaXThl, €CIIM CKOPOCTh 3ByKa 330 m/c.

Hano: Pewenue:

t=6¢ Ecnu 0003HauuTh yepes t; BpeMs MajeHus KaMHsl, TO BPeMsi paClpOCTPaHeHHs

2
& i t
v =330m/c | 3ByKka f-t;. Ilyrs, npoiifenHslii kamHeM npu cBoO0AHOM nagennn h = ng, a

2
g=9.8m/c? | 3BykoM — h = v (¢ - t1). CienoBatensHo, %= v (t-ty) unu gtl2 +20t;-20t=10
h-? Pewus oannoe ypasnenue, noryuum t; = 5,5 c¢. I'myouna maxrtet h ==—
h=222 5~ 148 m

Omeem: 148 M.
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Pemurhb 3a1a41 caMOCTOATEIbHO:

1. JIBM>KEHUE CTPOUTENIBHOM BAarOHETKW 3aJaHO ypaBHEHHEM. ONpeaesnTe HaydaabHYIo
KOOpAUHATY, HAYAJIBHYIO CKOPOCTh X YCKOPEHUE IIPU IBIIKCHUU.
2. YenoBek M CTpOMTENbHAs TENEXKKa JBUXKYTCA B OJHOM HampaBieHud. Onpenenure ux

OTHOCHUTEINIbHYIO CKOPOCTh, €CII CKOPOCTh UeJoBeKa | KM/4, a BaroHeTku 4 km/4. Pemute 3Ty 3a1auy u
IIPU YCJIIOBUH, YTO OHU JIBUXKYTCS B IPOTUBOIIOJIOKHBIX HAIIPABICHUSIX.

3. CrtpouTenbHbIi KpaH NOJHMUMAeT Trpy3 Ha BbicOTy h M. OnHOBpeMEHHO KpaH
nepeaBuraerca Ha pacctosHue | M. Omnpenenuts NepeMelleHue Ipy3a, €ro BEPTUKAIbHYIO U
TOPU3OHTAIBHYIO CcOCTaBisifonme. M300pa3uTh MX COOTBETCTBYIOIIMMHU BEKTOpaMu. Uemy paBHBI
MOJTyJI 3TUX BEKTOPOB?

4, UYenosek mpoien no mpocrekTy 240 M, 3aTeM MOBEPHYJ Ha MEPEKPECTKE W MPOIIET B
NepIeHANKYJIIpHOM HamnpasieHuu enie 70 M. Ha cKolbKO IPOLIEHTOB MyTh, POHAECHHBINH YEIOBEKOM,
OoJIbIIIe MOJTYJISI €T0 MEPEeMEIEeHUs ?

5. YacoBoii oxpaHseT CTPOUTEIbHBIA 00BEKT, OTOPOKEHHBIN KBaapaTHbIM 3a00pom ABCD,
ob0xoxst ero mo mepumerpy. Yemy OyayT paBHBI €ro IyTh M NEpEeMEIIEHHE, €CIH OH M3 TOUYKH A,
nepenIET B Touky B, 3aTtem Touky C, 3atem Touky D, nocne yero BepHércs B Touky A? JlJInHA CTOPOHBI
KBajipaTa a M.

6. Kakyto ckopocTb pa3BuBaeT camocBaji 3a BpeMs At mocie Hayana JBHKEHMsS, €CIM OH
enieT ¢ yckopenueM a? Kakoii myTh OH IPOXOJUT 3a 3TO BpeMs?

1. [IpuBecTu mpuMepbl CTPOUTENBHBIX TEJ, HaXOAAUIMXCA B IMOKoe. JlelicTBUE KAaKUX Tell
KOMIIEHCUPYETCs B 3TUX ciaydasax? (3 mpumMepa; JelcTBYyOIUE CUilbl H300pa3uTh Ha PUCYHKE).

8. B nBuyiieMcsi Barone ToBapHOIo 1oe3/ja HaXoAsTcs MOI0HbI ¢ ra3odiokamu. B mokoe
WIN JABM)KEHUM OHM HAaXOJATCSl OTHOCHTEIBHO: a) MALIMHMCTA 10e3/a; 0) pelbCcoB; B) I0JIa BaroHa; r)
TesnerpadHbIX CTOIO0B?

9. IToe3n uepe3 10 ¢ nmocne Havyana ABMXKeHMs puodpeTaeT ckopocTh 0,6 M/c. Uepes kakoe
BpeMs OT Haydasa JABMKEHUS CKOPOCThH MTOE3/1a CTaHeT paBHa 3 m/c?

10. 3a Kkakoe BpeMs aBTOMOOWIb, JOBUTasCh ¢ yckopeHuem 0,4 m/c2 , yBEIWYHUT CBOIO
ckopocTh ¢ 12 10 20 m/c?

11. [lyns B crBosie aBTOMara KamanmrHukoBa JBHKETCS ¢ yckopeHueM 616 m/c2 . Kakoma
CKOpPOCTb BBIJIETA IyJIN, €CIIN AJMHA cTBoJda 41,5 cm?

12. Teno, nBurasch NpsAMOIUHENHO C ycKOopeHueM 5 m/c2 , nocturio ckopoctu 30 m/c, a
3aTeM, JIBUTasiCh PaBHO3aMEUIEHHO , OCTaHOBUIIOCH yepe3 10 ¢. Onpenennre myTh, IPOHAECHHBIN TEIOM.

13. Teno cBoOGoHO MagaeT ¢ BoICOTHI 125,5 M. Onpeaenurte BpeMs aJeHUS U CKOPOCTH Tesa
B MOMEHT yz1apa 0 3eMJII0.

14. . I'padukn kakux ABM>KEHHUH Ten mokaszaHbl Ha puc. 1? Ilo rpaduky onpenenure: 1) B
KAaKOW MOMEHT BPEMEHHU TeJla BCTPETUIINCH; 2) KaKUe IIyTH Tella IMPOILIN 10 BCTPEUH.

¥, Mt

puc.l.

15. Ha puc. 2. npencrasieH rpaduk 3aBUCUMOCTH KOOPJAMHATHI Tesa OT BpeMeHU. [lo rpaduxy
ompenenuTe: 1) CKOJIBKO BpeMEHHM TeIO HAaXOAWIOCh B [IBIDKCHWH; 2) 4YeMy paBHO €ro
nepeMelIeHHe.
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puc.2.

®opma npeacTaBiaeHns pe3ybTaTa:
BeimonHeHHbIE 331241 B TETPAIN ISl PAKTHYECKUX PadoT.

Kpurtepun onenkmn:
3a nNpaBUIIbHO BBIIIOJHEHHOE 33JaHHE BBICTABIISIETCS MOJIOKUTENIbHAs OLleHKa — 1 Gasu.

3a HCIIPABUJIbHO BBIIIOJIHCHHOC IIGI\/JICTBI/IG, 3a1aHUC BBICTABJIACTCA OTpULATCIIbHAA OLICHKA — 0 0aoB.

Oyenxa «omauunoy svicmagnsemcs 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB

Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbHoy svicmasisiencs 3a menee 60%0 mpaBUIBHBIX OTBETOB
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Tema 2.1 KuuematTuka

IpakTnyeckoe 3ansitue Ne 2 Pemmenne 3a1a4 Ha mapaMeTpbl BPAIIATEJIbHOT0 JIBUKEHUSA

Lesb: HAYYUTHCS PACCUUTHIBATH MAPAMETPhI BPAILIATEILHOTO JABUKCHUSI.

Boinosinenue padotsi cnocodcTByeT popmupoBanuio: OK 01, OK 02, OK 03, OK 09

MarepunanbHoe obecrnieyeHue:

WHIUBUIYaJIbHOE 3aJIaHKE, KOHCIICKT JICKIIUI, CIPABOYHBIE MaTEpHUAaIbI.

Yka3anue:

[IpakTHueckoe 3aHSATHE COCTOMT W3 JABYX 4YacTed — TEOpPETHUYECKOW M mpakTuyeckoul. Ilocne
M3Yy4YEHUsl TEOPETUUYECKOTr0 MaTepHraia MOKHO MPHUCTYIATh K BBINOJIHEHUIO MpakTHdecko vyactu. OHa
COCTOUT M3 ABYX M 0oJiee 3a/ay Il CaMOCTOSTEIBLHOTO BhIMOJHEHUs. He 3a0biBaiiTe 0 MpaBHIBHOM
odopmiiennu pemeHus. Ha BEIOTHEHNE MPAKTUYECKOTO 3a/IaHUsT OTBOJIUTCS JIBAa aKaIEMUIECKUX Jaca.

3aganue:

O3HaKOMbTECh c KpaTKUMHU TEOPETHUYECKUMU CBCACHHUSIMU
https://znanium.com/catalog/product/1012153 , ctp 18 -19, orBeThTe Ha Bompocs Ne 12,13,14.
Pemnre 3a1aun caMOCTOSITENIBHO UCTIONB3Ys IPUMEPHI M KPATKUE TEOPETHUECKUE CBEIACHUSI.

Ilopsinok BbINOJHEHHS padOThI:
1. W3yuuTte u BeIUmUTE GOPMYJIBI [10 JAaHHOH TeMme:
2. Pa3bepute nmprMepsl pelIeHHBIX 3a/1a4
3. Pemmre camocTosTENHHO 3aaUU
KpaTkue TeopeTnueckue cBeieHUs
ITycTh TEn0 ABUXKETCS MO OKPY>KHOCTHU pajuyca R ¢ MOCTOSHHOMN MO 3HAY€HUIO CKOPOCTBIO V
(7TMHEHHON CKOPOCTHIO) U 3a BpeMst At mepemMecTHiioch Ha AS u3 T. A B T. B. Bektop vV HampasiieH mo
KacaTeIbHON K OKPYKHOCTH U MEHSIET HalpaBJIeHUE, T.€. MOXKHO TOBOPHTH 00 H3MEHEHUH CKOPOCTH

N \Y%
AV =¥y, ~ V5, OTIHUHOM OT Hynsi. OTcroma: 4=~ # 0.

LleHTpocTpeMuUTeIbHOE YeKOpeHue (d) — CKOPOCTh

V2

M3MEHEHNS HATIPABIICHUS BEKTOPA CKOPOCTH |4 = —
BekTop a HampaBneH 1o paanycy K HEHTPY OKPY>KHOCTH.
[Mepuox obparieHust TOYKH 1Mo OKpyx)HOCTH (1) — Bpemsl, 3a KOTOPOE TOYKA OMUCHIBACT OJTHY

OKPY>KHOCTb.

v? 27R 4r?
[T1=1c U3a=—uv=""->la=—r-

R T T
YactoTa 0OpallieHHs: TOYKH M0 OKPY)KHOCTH (V) — KOJHYECTBO MOJIHBIX 000POTOB, COBEPIIIAEMbBIX

. 1 ! __V
TOYKOH B CIMHUILY BpEMECHHU |V = — [vl=1-; |v= ﬁ .

T ¢

VYrnoBas cKOpOCTh 0OpaIIeHNsI TOUKH 110 Ac| OKPYXXHOCTH (w) — CKOPOCTb

W3MEHEHUs yria moBopoTa Ao panuyca R, W= ‘At | COEIMHSIOMIETO TOUYKY C LIEHTPOM
pazn 2z v \

OKPY>KHOCTH. [W] = IT_ w= 7 :>; w= Zﬂﬁ = E:|V = wR|; |V = 27vR |

v:  w'R? >
a=—= =la =w'R|.

R R

IIpuMepsl pelieHus 3a1ay4:
1. ABTOMOOWIIL JBIDKETCS IO 3aKPYIJICHUIO JIOPOTH, pamuyc kotopod paBeH 20 M. Ompemenute
2
CKOpPOCTBh aBTOMOOMIISI, €CIIM LIEHTPOCTPEMHUTENILHOE YCKOPEHUE PAaBHO S5 M/C”.
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HaHo: Pelnenue:

R=20m Mo onpeseNcHHI0 UCHTPOCTPEMHTC/IBHOE YCKOPCHHE Onpe-
a,=5 m/c? | neaserca no dopmyne

= a, =—2=0-J0R J 2 M+ 5m/c? = 10m/c.

Ortger: 10m/c
2. BeHTHWIATOP Bpaliaercsd ¢ TOCTOSHHOW CKOPOCTHI0O W 32 JaBe MHHYTHI coBepmaer 2400 oGopotos.
Onpenejure YacTOTy BPAINEHUS] BEHTUJISATOPA, EPUO/ 00pAIleHHs] H JIMHEIHYI0 CKOPOCTh TOYKH, PACIOI0KEHHO T
HA KPalo JIONACTH BEHTUJIATOPA Ha paccTosinuu 10 cM 0T ocu BpamieHus.

Hano: Pewenue:
=2 MHH = ) N 2400 | .
=120 ¢ Mo onpeaenchuio: n=—; ' 1= T30c 2OE=20 Iu;
N=2400 ’
=10cm=0,1 M T=—l-; T=20lr = 0,05 c; v = 2rm;

_2 T2 iy B
fa T e=2304-00m- 200 s 12568 1260

Oteer: 20I'n, 0,05¢, 12,6Mm/c

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

1. [louemy oOTaunMBaHMEe Ha TOKApHBIX CTaHKaX W3ACIHA OONBIIOrO JMaMeTpa
IIPOM3BOIUTCS ¢ MEHBIIECH YTII0BOM CKOPOCTHIO, YEM U3/ENUil Maioro quamerpa?

2. Kakyto nmuuuio mpencrasisier coO0il TpaeKTOpusi KakOW - JIMOO TOYKH KoJieca IMoe3/a
OTHOCHUTEJIBHO €ro KopIiyca Bo BpeMs ABuxkeHHs1? KakoBa TpaekTopus Kojieca OTHOCUTEIBHO 3eMIIn?

3. Baronerka JBWIKETCS MO 3aKPYTJICHUIO PAJMYCOM N METPOB CO CKOPOCTBIO 3,6 KM/4.
OmnpenenuTs ero HEHTPOCTPEMUTEIIBHOE YCKOPEHHUE.

4, Cxopocts JnokomMoTHBa n Km/4. CKOJBKO OOOpPOTOB B MHUHYTY JI€NIAlOT KoJjieca
JIOKOMOTHBA, paAnyC KOTOpbIX 1,2 M?

o. ToumnbHBI Kpyr paanycoM n cM Jenaer oguH oOopotT 3a 0,2 c. Haiinure ckopocTh
TOueK, HanboJjee yJalEéHHBIX OT OCH BpalCHHUS.

6. Camonér, BBIXOIS M3 THKE, IBUKETCS 1O TPACKTOPHH, KOTOpas B HWKHEW YacTH
ABIISICTCSA 1yTOM OKPYKHOCTH PaJUyCcOM n KM. Bwlumciure yckopeHHe caMoiyiéTa MpU €ro JIBHKEHUH,
€CJIN €ro CKOpOCTh paBHa 720 km/u.

7. KakoBa cKOpOCTh JBM)KEHHUSI BaroHeTKH, eciu e€ kojéca paauycoM n cMm aenatoT 600
000pOTOB B MUHYTY?
8. CekyH1Has cTpesika 4acoB JejaeT MOoJaHbINH 00opoT 3a 1 MuH. Paguyc ctpenku paBeH n

cm. KakoBa yrioBas CKOpPOCTb OCTpPHUSl CTpENIKH, €ro JIMHEHHas CKOpOCTb, 4YacTOTa BpalleHMUs,
LEHTPOCTPEMUTENBHOE yCKOpeHue?

9. Jlyna nBuwxkercs Bokpyr 3emiu Ha paccrosHun 380000 kM oT He€, coBepmias OJIWH
00opoT 3a 27,3 cyToK. Beruucnure nieHTpoCcTpeMuTENbHOE YCKOpeHue JIyHBI.
10. CnyTHUK JBIKETCS TO KpyroBoi opbute Ha BbicoTe 630 kM. Ilepmon oOpamenwus

cnytHuka 97, 5 munyt. Onpenenure ero JMHEHMHYIO CKOPOCTh U LIEHTPOCTPEMHUTEIBHOE YCKOPEHHE.
Pagnyc 3emmm 6370 kM.

11. Bpemst onHoro oGopora 3emim BOKpYr ocM paBHO 24 daca. Beiumcnure yrioByoo u
JIMHEWHYIO0 CKOPOCTH BPAILLIEHUsI TOYEK Ha sKkBaTope. Paguyc 3emmu cuntars paBHbBIM 6400 kM.
12. Ilepuon oOpamieHus MepBOro KOCMHYECKOTO KOpadyss — crmyTHHKa 3emun «BocTok»

paBHsuicst 90 munyT. CpenHsst BbicOoTa cnyTHHKa Haja 3emi€il Obuta paBHa 320 kM. Pammyc 3emmm
6400xM. Beraucnure cKopocTb KOpaois.

13. KoHCOIbHO—TIOBOPOTHBI KpaH ABUKETCS IO 3aKPYIJICHUIO PaguycoM S5 METPOB CO
CKOpOCTHIO 2 KM/4. ONpeaenuTh ero HEHTPOCTPEMHUTEIHLHOE YCKOPEHHE.
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Tema 2.2 JInnamuka

IIpakTuyeckoe 3ansiTe Ne 3 Pemenue 3axa4q no reme: Buabl cuil B Mexanuke. Cuiia
TPEHHS NMOKOs1, CKOJIbKEHHs], KAaUeHNsl, BpallleHUsl.

Iesab: momyunTh NpeACTaBICHUE O CHJIOBOM JEHCTBHM OJHOrO Tejla Ha JApYyroe, Macce Tena,
pa3nuyath MOHATHS MHEPIMM M WHEPTHOCTH, HAYYUTHCA (OPMYJIHMPOBATH IMOHATHUS MAaCChl, CHIIBI,
3akoHbl HpI0TOHA. HAyYUThCS PACCUNUTHIBATH AEHCTBYIOLINE CUIIBI.

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

MarepuajibHoe o0ecnieueHue:

MHAMBUAYaAJIbHOE 33/1aHUE, KOHCIIEKT JIEKLIUH, CIIPABOYHbIE MaTEpHAJIbI.

Yka3zanmue:

IIpakTHueckoe 3aHATHE COCTOMT M3 JIBYX 4YacT€W — TEOPETUYECKOM M mnpakTudeckoil. Ilocie
U3y4YEHHs] TEOPETHUECKOro MaTepualla MOXHO HNPUCTYNATh K BBIIOJHEHMIO NpakTHueckoi yactu. OHa
COCTOMT W3 JIByX M OoJiee 3a1ad JJIsl CaMOCTOSITEIILHOTO BBINONHEHHs. He 3a0biBaiiTe 0 MpaBHILHOM
oopmienun pemienus. Ha BeloHEHNE TPAKTUYECKOT0 3a/1aHUS] OTBOJUTCS J1BA aKaJIEMUUECKUX daca.

3aganue:

O3HaKoOMbTECH c KpaTKUMHU TEOPETUYECKUMHU CBEJICHUSIMU
https://znanium.com/catalog/product/1012153 , §5.,6,7,9,
Pemure 331241 caMOCTOATENBHO UCIIOJIB3Ys IPUMEPBI M KPATKUE TEOPETHUECKUE CBEICHUS.

ITopsinok BeINOJHEHHS PadOTHI:
1. H3zyuute u BeIUIIKATE GOPMYIIBI IO JAHHOH TEMe:
2. Pa30epute npuMepsl pelIeHHBIX 3a/1a4
3. Pemmre caMoCTOATENBHO 3a/1a4U

Kparkue Teopernueckue cBeJleHHs:
Jnaamuka. OCHOBHBIC HOHSATHS
Nuepuuss —  sABIEHUE  COXpaHEHHS
OTCYTCTBHUU BHELIHUX BO3JECHCTBUM.
NHepTHOCTH — CBOMCTBO TEJI, MPOSABIISIONICECS B TOM, YTO MPU OJJMHAKOBBIX BHEIIHUX BO3JECHCTBUSAX
pasHble Tena MPUOOPETAIOT pa3HbIe YCKOPEHUSI.

CKOpPOCTH  ABMIXKCHHUA  TEJIa IIpH

oo

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

3a sranon Maccel (1 KWjgorpamm) MpHHSTAa Macca a*=ﬁ MEXTyHapOIHOTO MPOTOTHITA
KMJIOTPaMMa. t

W3 ONBITOB HM3BECTHO, YTO YCKOPEHHHS, oJTy4aeMble TeIaMu pH
B3aMMO/ICHCTBHH, 00patHO M., , = M1 81| [pONOpLUHOHATBHEI HX MACCaM:

Ecnm maccy kakoro-mu6o Tea MpuHSTH 3a 41ear | HTANOH, TO MOKHO H3MEPHTh MAcCy
IPYTHX TE: m

[TotHOCTH Tena () — P=y [,0]=1%

Cuna (F) — M€pa MEXaHUYECKOTr0 JACHCTBUS OJHOTO Tejla Ha APYroe.

[F]=1H — HprOTOH.

Cuiia uMeer HarpaBJi€HUE, T. €. CULA-6EKMOp .

Cuia Bcerja mpriiokeHa K TOMY Telly, Ha3BaHHE KOTOPOTO CJIEAYET B MPEUIOKEHUHN TTOCIE Tpejiora
«Ha.

CuiioBoe moJie — 0coObIN BUJT MaTEPUH, TIOCPEICTBOM KOTOPOTO TepeaaéTcs IeWCTBUE CHIIBI.

—

PasHoneicTByIomas (pesyaprupyromas) cui ( R ) —cuia, paBHas BEKTOPHON CyMMe JaHHbIX cuil .

R=>F
JlaBnenue (p) — OTHOIIEHUE CHJIBI K IUIOINAAM MMOBEPXHOCTH, Ha KOTOPYIO OHa JEHCTBYET

B HepHeHI[I/IKy.]DIpHOM HaHpaBHCHI/II/I. [ p] — ]_E — F
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1 ITa — mackanb

Nmnynee Tema  (p)—  BEKTOpPHas — Mmepa m vV  MEXaHMYeCKOro  JIBHKEHUS,

m__ |5 - -

paBHas TMPOU3BEACHUIO MAacChl Tejla Ha €ro CKOPOCTb. p=m-v
KT - M T z

[p]=1
c

Nmitynbe cuitbl ( 7 - Az ) — BEKTOpHAst Mepa JICHCTBHS CHIIBI, PaBHAs IPOM3BEICHHUIO CHIIBI Ha BpeMs

e¢ neiicrBus. [F-At] =1 H-c.
3akonbl HeoTOHa

OO000UMB pe3yabTaThl CBOMX MCCIENOBaHUN M, yurs pabory lammnes «O OBWXKEHUM Tel MO
uHepuun», HpoTOH chopmynupoBan 3aKOHYEHHOE IIOJOXKEHHE, H3BECTHOE KaK IEePBBIM 3aKOH
HerotoHa:

Cyl11ecTBYIOT CUCTEMBI OTCUETa, OTHOCUTEIHHO KOTOPBIX TEJIO HAXOJIUTCS B MOKOE JIMOO TBUKETCS
IIPSAMOJIMHEMHO ¥ PABHOMEPHO, €CJIM PaBHOIEHCTBYIOIIAsL BCEX MPUIIOKEHHBIX K HEMY CHJI PaBHA HYJIIO.

Nuepunanshas cuctema orcuéra (MCO) — cuctema oTcuéra, B KOTOPOIl BHIMOIHIETCS MEPBbI 3aKOH
HeroTona.

- Ap mAV . —

U3 F = N A ma T10Jly4aeM BTOpOH 3akoH HeroToHA:! F=m-a

JUIsL TeJla TOCTOSIHHOM MacChl CKOPOCTh M3MEHEHHs HMITYJIbCa PaBHA IPOU3BEACHHUIO MACChl Ha
YCKOpPEHHE.

Bropoii 3akon Herotona pabotaer Toiapko B MCO u mpu ycnoBuM, 4YTO Macca Tella U ASHCTBYIOIIUE
Ha HEro CUJIBbI IIOCTOSTHHBI.

Bropoii 3akon HproToHa cripaBenuB [Ulsl paBHOACUCTBYIONIEHM g BCEX CHII, IPUIIOKEHHBIX K TEIy,

I09TOMY, HPEXKJIE YEM PELIATh 3a/1a4H C €r0 IIPUMEHEHHEM, HaJ0 OIPEIEIIUTH R.
Tperuii 3akoH HeloToHa: Cuiibl, ¢ KOTOpPBIMH JiBa Teja JEHCTBYIOT Ipyr Ha Opyra, [g _ g
YHCJICHHO PaBHBI M HAIIPABJICHBI B TPOTHBOITIOJIOKHBIE CTOPOHBI 110 OHOM MPSMOH.
Tpertuii 3akoH Hetotona paboraet Tonsko B UCO.
[Tonaras, uro Bce Tena Bcenennoit BzaumHo mputsruBatorcs, Hetoton B 1682 r. chopmymnupoai

3aKOH _ BCEMHPHOIO TATOTEHUSA: BCE Tela y-m,-m,| TPUTATHBAIOTCA APYr K JIpPYry ¢
CHJIaMH, psIMO POTOpIHOHANBHEIMA | 12 = R2 IIPOM3BEACHUIO X Macc U 0OpaTHO
NPONOPIMOHATBHBIMU ~ KBaJIpaTy PacCTOSHUS MEXy HUMH.

rne Fip — cuiia B3aMMHOTO MPUTSDKEHHSI TEJI Mace My 1 My,
¥ — TPaBUTALlMOHHAsL TIOCTOSIHHAS. ‘y: 6,6720 - 10™ HMZ/KFZ‘.

Cuuiisl B ipupoge
— [ ]
Cuna tspkectH ( 7, ) — CHIIA, COOOIIAOMIAs TeTy YCKOPEHHE CBOOOJHOTO MaJICHUS. rml::l-m

Cuna TsKeCTH HallpaBlieHa BEPTUKAJIbHO BHU3 (TMEPIEHIUKYIISPHO KacaTelbHOU K i
MOBEPXHOCTU 3€MJIN).

Peaktusi( N ) — cuta 1eicTBHsI OMOPHI (IT0IBECa) Ha TEJO.

Bec Tena (P) — cuna, ¢ KOTOPOH TEJIO AEHCTBYET Ha ONOPY MIIH HOABEC BCIEACTBUE IPUTSHKEHHS K
3emute.

HeBecomocTs — MCUYE3HOBEHHME Beca Tella MPU JBIKEHUH OIMOPHI C YCKOPEHHEM CBOOOIHOTO
MaJICHusl.

[leperpy3ka — yBenmueHue Beca Tema pu ABMKEHUH OTIOPHI C YCKOPEHHUEM BBEPX.

Cuna ynpyroctH ( 7, ) — CHJIa, BO3HHKAIOIIAs B TEJE TIPH 1eOpMaIuy.

Bakon I'yka: CHIa yIOpyrocTd, Bo3HMKaromas npu aedopmammm Tema, |F =KX
IIPONOPLIMOHAIIBHA €r0
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abcooTHON AeopMaliii U HAIpaBlieHa B CTOPOHY, IPOTUBOMOIOKHYIO MEPEMEIICHUIO YaCTHUI
Tena:

Cuma Tpenns mokos (7, ) — CWIa, BO3HMKAOWIAA HA TPAHMIE

CONPUKOCHOBEHMUS TEJI IIPU OTCYTCTBUU UX JABUKEHUS OTHOCHUTEIIBHO APYT Apyra. Fp=#N
# — KO3 PUITEHT TPeHUs (3aBUCHUT OT MATEPHAIOB TPYIIMXCS MOBEPXHOCTEN ).

IIpumepsl pemennst 3axa4
1. ABTOOYC, Macca KOTOpOTO C MOJHOW HArpy3Koi paBHa 15 T, Tporaercs ¢ MecTa ¢ yCKOpEHUEM
0,7 m/c 2 . Haiitu cuny Tsru, ecini Ko3pGUIIMEHT COPOTUBIICHUSI IBHKeHHIO paBeH 0,03.

Jano: Pewenue:

m =151 =15- 103kr Y

a =07 m/c? “ By +N+F+mg=ma
m=0,03 OX: -Fp +F=ma

F-?

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

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

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

Omeem: 15-103H

2. Ha HakJIOHHO# MJIOCKOCTH JJTMHOW 5 M U BbICOTOM 3 M HaxomuTcs rpy3 maccoi 50 kr. Kakyto

CHITy, HANPABJICHHYIO BJOJb IJIOCKOCTH, HAJIO MPUIIOKHTh, YTOOBI yACPKATh ITOT IPY3, €CIHU TAHYTh
ero ¢ yckopenuem 1 m/c 2 ? Koaddunuent tpenus 0,2.

Hano: Pewenue:

m = 50 K1 ¢ s x .
N r )

a=1m/c? \ ROl COoCTanuM ypaBHEHHE JIBHIKEHUS TeNa:
XN / ) A - -

M = 0,02 0 1S [ FEy+N+F+mg=ma

[=5m YL BT

oz V! | Haiinem npoexumum cuir na ocm:
h=3m 4 > Ock OX: -F, + F - mgsina = ma
Ocs OY: N ~mgecosa =0 — N=mg cosa
Fy, = MN = E,, = Mmmg cos a
[lojcrasne Bropoe ypasHeHne B EPBOE, MOJIYUHM
-mmgcos @ + F - mgsin a= ma
HaxoauM npon3BojiHyio BeJIHUHHY:
F = mmgcos a- mgsina + ma nan
F=m(a + mgcos a + gsin a)
[To onpeaeneHmio curyca nmeem

) 3
sina == sina = —= 0,6
{ 5m

F-?

M3 ocuosroro TPHIOHOMETPHYECKOINO TOAICCTBE
sina® +cosa’ =1,
cosa=v1— sina’=y1-036=y0,64=08
Brraucanm HCKOMVH) BCJIHYHHY.
F = 50 xr(0.2:10 wic? 08 + 10 wc?-0.6:1 sw/c’) = 430 H
Omsem: 430 H.
3. Ha mmype, nepeknHyTOM Uepe3 HEeTOABMKHBIN OJI0K, TToiBeIeHb! Tpy3bl Mmaccamu 0,3 u 0,2 kr.
C kakuM yCcKOpeHHeM ABUKYTcs rpy3bl? KakoBa cuiia HaTS>KEHUsI BO BpeMs IBU>KEHHUS?
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Mano: Pewenue:

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

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

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

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

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

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

PemmmTsb 3a1a4n caMOCTOSITEIbHO
(n - Homep 6awezo sapuanma no cnucky)
1. C nomouipto 6AIEHHOT0 KpaHa MoAHUMAOT Tpy3. CKopocTh MojibeMa NnocTosiHa. Onpenenure,
Kakue cuibl IeHcTBYIOT Ha rpy3? KakoBbl ux HanpasieHusi? Kakosa paBHonelcTBytomas? [louemy? ¥V
HEOIBITHBIX KPaHOBILMKOB ObIBalOT OOPBIBBI TPOCOB B TEX CIIydyasiX, KOrJa OHM He 00pallaloT BHUMaHUS
Ha CWJIBHO pAaCKaYMBaHUE MMEPEHOCUMBIX TPYy30B. CirydaiiHbI I TaKue OOPHIBBI?

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

3. Koneco (mkuB) mpuBOAUTCA B IBMXKEHUE TIPU MOMOITU peMHs. OmnpeneanTe BUA

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

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

S. [Touemy Hamo Gepeyb CMa30YHBIE MaTEpUAJIbl OT TOTAAHNS B HUX MECKA U MbUIA?

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

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

8. B kakoMm W3 MepeuncIeHHbIX HWXKE SBICHUH IMOJA JEHCTBHEM CHIIBI COBEpIIaeTcsi pabora (CM.

puc.3) TpOC HAXOAUTCS B HATSIHYTOM COCTOSTHUM IOJ1 IEWCTBUEM CHJIBI TSDKECTH; 0) Ha CTON AeHCTBYyeT
BEC TMpH; B) T'a3 JaBUT HAa CTEHKH OAJUIOHA; T) MOPIICHb BBITAIKUBAETCS U3 LIIMHAPA MO AEHCTBHEM
CHJIBI JIaBJICHUS Ta30B; 1) MaJb4MK TSHET BEPEBKY, IPUBA3AHHYIO K TPOYHOU CTeHE?
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el

7 3
Q ¢ 6 2
Puc. 2
9. Ha ropuszoHTaJIbHOM y4YacTKe IyTH MAaHEBPOBBIM TEIJIOBO3 TOJKHYJ BaroH. Kakue Ttena
JICHCTBYIOT HA BaroH BO BpeMs U mocie Toruka? Kak Oyner ABUraThCsi BaroH MO BIMSHUEM 3TUX Te?
10. Bripazute B kmiioBarTax M Meraparrtax cienayromue momHoctd: 3500 Bt; 200 Bt; 5000BT;

110000BT. Beipazute B Bartax cieayromue momuoctu: 3 kBrt; 1,5 kBt; 0,6 xBt; 0,04 MBt; 0,0001
MBT.

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

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

13. Ha nenonBwxkHOW margopMe CTOUT SMIMK C KUPOUYaMHU Maccoil N TOHH. Beuucnure u
n300pa3uTe Ha PUCYHKE CHITY TSDKECTH U BEC SIIHKA.

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

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

17. JIBa xopalist Maccoi N TOHH KaXbli, CTOST HA peiisie Ha paccTosHuu (0,5 KM OJIMH OT JIpyroro.
KakoBa cuma npuTsHkeHUs MeXIy HUMH?

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

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

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

21. [Tox ne¥icTBUEM CHIIBI TSATH CKOPOCTH BaroHa Maccoil N TOHH Bo3pocia ¢ 4,25 m/c mo 32,4 xm/4

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

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

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

23.  DeKTpoBO3 MPH ABMKEHUU MO TOPU3OHTAILHOMY MYyTH pa3BuBaeT cuiy Tsaru N kH. Ha yuactke

nyta uHOM 600 M cKopocTh moesna Bo3pocia ¢ 32,4 1o 54 km/4. Onpeaenure Cuiy COmpOTHBICHUS
JBUKEHUIO 10e3/1a, eciau ero macca pasHa 10000 ToHH.

Tema 2.3 3aKkoHBI COXpaHEHHS B MEXaHHKe

IIpakTHyeckoe 3anATHE Ned4. 3aKOHBI COXPAHEHUsS] B MEXaHUKE U UX IPUMEHEHHeE.

Heab: HayduThCS KCIIONB30BATh 3aKOH COXPAHEHWS MMITylbca IS pacuéra IMmapamMeTpoB
Pa3NUYHbBIX (PU3UYECKHX MPOLIECCOB

BoinosiHenue padorsl ciocodcTBYeT (hopmuposanuro: OK 01, OK 02, OK 03, OK 09

MarepunanbHoe obecrnieyeHue:
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WHAVBUAYAJIBHOE 331aHUE, KOHCIIEKT JIEKIIMH, CIIPAaBOYHbBIE MaTEpHaJIbI.

Yka3anmue:

IIpakTrueckoe 3aHATHE COCTOMT M3 JIBYX 4YacTe — TEOPETUYECKOM M mnpakTudeckoil. Ilocie
U3y4YEHHs] TEOPETHUECKOro MaTepualla MOXKHO IPUCTYNATh K BBITOJHEHHIO NpakTHueckoi yactu. OHa
COCTOUT U3 JIByX M OoJiee 3aj1ad JJIsl CaMOCTOSTEIBHOTO BhINMONHEHHU. He 3a0biBaiiTe 0 MpaBUILHOM
oopmienun pemtenus. Ha BelosHEHHE TPAKTUYECKOT0 3a/1aHUS] OTBOJUTCS [1BA aKaJIEMUYECKUX daca.

3ananmue:

1. O3HaKOMbBTECH C KPATKMMHU TEOPETUYECKUMU CBEJIEHUSIMH IO CChUIKE

https://znanium.com/catalog/product/1012153 , §12,13, BeinucaB OCHOBHbIC ()OPMYJIbI B TETPA/Ib.
Pemmre 3a1a4m, caMOCTOSATENBHO UCIIONb3Ysl IPUMEPBI U KPATKHE TEOPETUUECKUE CBEICHHS.

Iopsinok BbINOJIHEHHSI PAa0OTHI:
1. H3yuuTte u BeIUIMATE GOPMYIIBI IO JAHHOH TeMe:
2. Pazbepure mpuMepbl PEIICHHBIX 3a1a4
3. Pemmre camocTosTENHHO 3a0a9U
2. llpuMepnl pelieHUs 3a1a4
1. Monekyna maccoid m = 3- 10—23 r, moaJyiereBiiasi K CTEHKE cocyja 1moj yriom o = 60°, yrpyro

yaapsieTcsi o0 Hee co ckopocThio L = 500 m/c u otneraer. Onpenenure UMITyIbC CuIbl F+ At mosydeHHbIi
CTEHKOMU.

Jano: Pewenue:
m=3 10726 gr W3meHeHHe MMIy/IbCa MOJEKYJbl PaBHO
a=60°0==1 uMnynescy cuisl: Ap = FAt
3
[lycrs 0Ch (0).¢ HanpasieHa
v =500 m/c = y P
FAf .9 MepPreHANKYIsPHO CTEHKE, TOraa

M3MEHEHME MMIY/bCa MOJEKyabl Ap =
Ap, = my, — ( - mv,) = 2mu,, rae v, =
VCOS @, 0TKyAa Ap =2mvcos a.
[Toacrasus opmyny B ypauenue, noayuum FAt = 2mucos a.
Beruncnenus:
- _ -26 M T =23
FAt =2-3- 1074° kr 500:- cosz = 1,5-107%°(kr-m)/c
-23
Omeem: 1,5+ 10 = xr m/c.

Puc. 3.2

2. JIBa TOBapHBIX BaroHa JBMXKYTCSl HaBCTpedy JIpyr Apyry co ckopoctsmu 0,4 m/c u 0,1 m/c.
Maccsl BaroHoB COOTBETCTBEHHO paBHbI M1 =12 1, M2 = 48 1. Onpenenure, ¢ Kakoil CKOPOCTHIO V U B

KaKOM HaITpaBJICHUU 6y,HYT JABHUI'aTbCsA BAaroHbI ITOCJIC CTOJIKHOBCHU. Yz[ap CUNUTATb HEYIIPYT'UM.

Hano: Pewenue:
v; =04 m/c HUcnonb3yem 3aKOH COXpaHEHHS MPOCKLMH MMITY/IbCA HA OCh
v, =0,1 m/c OX, nonoxurenbHoe HanpasaeHue ocu OX coBnagaer c
my =12:103 kr HAMPaBICHUEM JBHKCHUS MEPBOTO BaroHa:

= 3 2 ; _ mquy — mauz
my =48- 107 xr myvy - myvy = (Mg + my)v. Otkyma v = TR
v-?

12:103 kr0,4 M/c— 48-10° kr0,1m/c
12103 kr + 48-103 kr
CTOJIKHOBCHHA BArOHbI OCTAHOBATCS.

Omegem: v =100

Beiyucnenusa: v =

= 0. Agaimu3: v = 0, ciesoBaTenbHO, MOCe

3. JlBa Heynpyrux Teaa, MacChbl KOTOPBIX 2 M 6 KI, IBMXKYTCS Ha BCTpedy IpPYr K JIPyry co
CKOpocTsIMH 2 M/c Kaxaoe. OnpenenuTs MOyIb U HalpaBJI€HUE CKOPOCTH KaXJI0TO U3 3TUX TeJ MOcCIe
ynapa. CuenaTb pUCYHOK CAMOCTOSITENIBHO.
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Jaro: myU; +myU, = (my +my) U. B npoekunsix Ha ochb:

OX: myuy - myvy =- (Mg + my)v
__myvy — mpuy

my =2 Kr D = tms +as)

3 - (m1 +m2
Wy —~GRe ” < __ 2kr2M/c— 6kr2M/c _ 2 —09 /
U, = v, =2 Mlc Beruncnsem: v = ==m/c=0,25 m/c.
qsidi — (2Kr+6kKr) 8

Imeem: 0.25 m/c.

Pemuthb 3a1a4u caMOCTOATEIHHO
(n - Homep aweeo 6apuanma no cnucky)
1. OnuHakoBO M CXUMarOTcs Oydepa mpu CTOJIKHOBEHHH JIBYX OJWHAKOBBIX BaroHOB, OJUH M3
KOTOpBIX HEmoJBMXeH? PaccMoTpuTe cilyyau: NOpPOKHUN BaroH HEMOJBUIKEH, JBUKETCS I'PY)KEHBII;
IPYKEHHBII HETIOABHKEH, IBHKETCS TIOPOKHUM.
2. UToObl CIBUHYTH C MECTa TSDKEJBIN KEJIE3HOJOPOKHBIN COCTaB, MAIIMHKCT JAeT 3aJHUN XO[I,
Mo/iaBasi COCTaB HEMHOTO Ha3aj, a MOTOM YyKe AaeT mepennuil xoxa. Ilouemy Takum oOpazom, jerde
TPOHYTb COCTaB C MecTa?
3. Pabouwnii, 6erymuii o 1exy co CKOpocThio 7 M/C, IOTOHSIET TEIEXKKY C Tpy3aMu, JTBUKYIIYIOCS
CO CKOPOCTBIO 2 M/C, 1 BCKakuBaeT Ha Hee. C KakoW CKOPOCTBIO MIPOI0IDKAET JBUTATHCS TEIEKKA, €CIH
MAacChl TEJIEKKH U YeTIOBEKa COOTBETCTBEHHO paBHbI 30 Kr u 70 Kr.
4, JIBe KeNe3HOJOPOKHBIC TIAT(OPMBI IBMKYTCSI HABCTPEUY APYT APYyry co ckopoctsmu 0,6 u 0,4
M/c. Maccsl miaatgopmbl cOOTBETCTBEHHO paBHbl 18 um 28 T. C Kakoil CKOpPOCTBIO W B KaKOM
HaNpaBJICHUHU OyIyT ABUTAThCS IUIAT(HOPMBI IOCIE CTOIKHOBEHUSA? Y Jap CUNTATH YIIPYTHM.
5. Kene3znomopokHbIN BaroH Maccoil 25 TOHH Moabe3kaeT co ckopocThio 0,3 M/c K cTosIeMy Ha
TOM JK€ IyTH HENOABM)KHOMY BaroHy Maccoil N TOHH M aBTOMaTH4YecKH cuerisiercss ¢ HuM. [locie
CUENKH BaroHbl ABMXKYTCA MpsAMOINHENHO. KakoBa CKOpOCTh IBH>)KEHHS! BArOHOB OCJE CLIETKU?
6. KenesnonopoxxHblii BaroH Maccoil 35 TOHH NOIBE3kKAET K CTOSIIEMY Ha TOM K€ IyTH
HETMOABMKHOMY BaroHy Maccoi N TOHH M aBTOMAaTHYECKH clerigercs ¢ HuM. [locne cuenku BaroHsl
JBUXKYTCS IPSIMOJIMHENHO co ckopocThio 0,5M/c. KakoBa Obu1a cCKOpOCTh BaroHa Maccoil 35 TOHH nepen
CUEenKou?

Tema 2.3 3aKkoHbI COXpaHEHHS B MeXaHHKe

IIpakTyeckoe 3ansaTue NeS. Pemenune 3axa4 Ha popmyanl padorsl cui. Padora n
MOIIHOCTDH. JHEPrus, ee BUAbL. 3AKOH COXpaHEHMs JHEPrUH

Ilesb: HayuYuTHCS MCHOJIB30BATH 3aKOH COXPAHEHMs UMITYJIbCA JUIs pacyéTa mapaMeTpoB Pa3IMYHbIX
(u3NYECKUX MPOIIECCOB

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

MarepuanbHoe o0ecnieyeHmne:

UHIMBUYaJIbHOE 33J]aHNe, KOHCIIEKT JIEKIUH, CIIpaBOYHbIE MaTEepHab.

Yka3anmue:

[IpakTHyeckoe 3aHATHE COCTOMT M3 JBYX 4acTedl — TeopeTHuecKol W mpaktuyeckoi. [locne
M3YUYEHHS TEOPETHUECKOTO MaTephalia MOXXHO MPUCTYNATh K BBITOJHEHHIO MpakTHUecKoi dactn. OHa
COCTOUT U3 JIByX M OoJiee 3ajau sl CaMOCTOSTENIBHOTO BhINMONHEHHUs. He 3a0biBaiiTe 0 MpaBUILHOM
oopmiennu pemienus. Ha BeIoTHEHHE IPAKTUYECKOTO 3a/IaHUS OTBOIUTCS JBA aKaJeMHYECKHIX Jaca.

3ananmne:

O3HaKOMBTECH C KPATKUMH TEOPETUICCKUMHU CBEICHUSMH IO CCBIJIKE
https://znanium.com/catalog/product/1012153 , §10,11 u BemummTe GOpPMYIIBI 0003HAUECHHBIE
ckobkamu, Harpumep (10.1) u T.4. U3 ykazaHHbIX naparpad

ITopsinok BbINoJIHEHUs padoOThI:
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1. H3zyuuTte u BeIUIMTEe GOPMYIIBI 110 TAHHON TeMe:
2. Pazbepute mpuMephl PEIICHHBIX 3a71a49
3. Pemmre camocTosATENHHO 3aa9U

IIpumepsl pemenus 3agaq

1. OnpeaenuTh MOITHOCTh TEIIOBO3a, 3HAsI, YTO MPU CKOPOCTH JBMXKEHUS 43,2 KM/4 cuia
Taru paBHa 105 kH
Hano «CI» Pemenue:
Vo= 432 12m/c MOLHOCTb HAXOAUTCA 10 GopMmye: N = 2
KM/4 t
105-10°
F=105xH |H Cuna TSIrM  COBEpHIACT  IOJIOKUTEILHYIO
paboty: A =FScos a, Zo.=0, A=F-S
N-?

Otser: N = 1260 xBrT.

2.

Hano:
m =10 kr

vo= 0 M/c

hoZZOM

h1:0M

g=10 m\c?

Ea—7?

OtBert: 2 k/Ix.

N =Fv=12m/c-105-10° =1260-10° Bt

Teno maccoii 10 kT cBoO0IHO nagaeT ¢ BbICOTHI 20 M U3 cOocTOsIHUS MOKOosl. Yemy paBHa
KMHETHYECKasi SHEprHsi B MOMEHT yaapa o 3emiito?

Puc. Pemenue:
1 CormnacHo 3akoHy coxpaneHus saeprun: E,, E,=0
Ep() + Eo= Epl +Eq
3a Teno oTcyeTa NpUMeM 3eMITIO:
2 mgh, + mzvoz _ mh1+m7t)f yuntbBas h; =0,v9=0
E E, =0

2 —_
mah, :ng wim Ex;=mghg

Ex: = 10-10-20 = 2000 ik

Baronetky maccoii 2 T mo TOpU30HTaIFHOMY MYTH PaBHOMEPHO Tepememiaer padounii. Kakyro
paboty oH coBepmuT Ha myTd 100 M U Kakyr0 pabOTy coBepiIaeT cuja TPEeHHs, eciu Kod(hdUuineHT

TpEHUs PaBEH
Hano:
m=2T
S=100m
p=0,01

g =98 m\c?

D,01?
Pucynoxk:

a=0

A-?

24



Atp-?
Pemenue
: v
Ha BaroHeTKy JeHCTBYIOT 4 CHIIBL: CHIIA TSDKECTH — ™, CUJIa PEAKIIMK OTOPBI —
cra TATH Fi — , cuna tpenus — ‘'~ . Ilo BropoMy 3akoHy HproTona X F=0
E . a
Fotmzt b +¥ =0
B npoexknun Ha ocu: OX: F,—F, =0; F,=F; OY: N-mg=0; N=mg
A=F-Scosa, «a=0, cosa =1,cn-Ho,A=F-S,F=F,;=F,=puN=umg
PaboTa cunbl TpeHust HanpaeneHa NpoTnB paboTbl cuna Tarm - A = -ATp .

Ap=-19,6-10° Ox
Otet: A =19,6 xJIx; ATp =- 19,6 kI x.

6. OnpenenuTh MOIIHOCTh TEIJIOBO3a, 3HAs, YTO MPU CKOPOCTH ABMKEHUS 43,2 KM/4 CHUla TATH
paBna 105 kH.

Hano: CH: Pemenne:
v =4
v =43,2 kmM/4 12m/ ¢ MOUIHOCTh HaXOAUTCS TI0 POpMyIIE: f
F=105kH 105-10° Cuiia TATH COBEPIIACT MOJIOKHUTEIBHYIO padoTYy:
|
N-7? A=FScosa, za=0,A=F.S
JIBM>KCHHE TETUIOBO3a PABHOMEPHOE | MPSMOJIMHEHHOE:
N o= -8 SN ST
s
£ N =F-.u =12 m/c-105-10° =1260-10° Bt

Otset: N = 1260 Br.

PemmnTh 32124 CaMOCTOATEILHO
(n - Homep saweco sapuanma no cnucky)
1. IIpu cTpouTenbCcTBE KAHATHOM JOPOTW B TOPHOM MECTHOCTH CaMOCBajJl MacCcod N TOHH IOJHSIICA
Ha BbicoTy 400M Hax ypoBHeM Mops. OnpenenuTb MOTEHIHUAIBHYIO 3HEPIrUI0 aBTOMOOWMIIA
OTHOCHUTEIIHO YPOBHS MODSI.

2. Mornot kompa nans 3abuBaHusi cBail Maccoit SO0Kr magaeT ¢ BBHICOTHI N MeTpoB. Uemy Oymer
paBHA MOTEHIIMATbHAS U KUHETHYECKasi SHEPTHS MOJIOTa Ha BhICOTE 4MeTpa’?

3. Kakoli moTeHnnaapHON PHEprueil obagaeT Tejao Maccoi N Kr, MOAHSTOE Ha BBICOTY 15meTpa?
Kakyro paboTy 0HO MOKET COBEPUINTD NPH MaJlaHuu Ha 3eMITt0?

4, OnpenenuTh MOIIHOCTH CEP/IIa BaJbI[OBIIKKA B Mpoiecce GU3MUEcKoil paboThl, 3HasA, YTO MPH
OJIHOM yJIape OHO COBepIIaeT padboty, paBHyw0 16 Ik, a B MUHYTY nenaeT npumepHo 240 yaapos.

S. [Tpu cxarun OydepHOil mpyKUHBI /1 BaroHa Ha ScMm mpousBereHa padora 3,75 k/lx. Kakas

cwiia TpeOyercs nisl cxartust 3Toil npyxkusbl Ha lcm? IlocTpoiiTe rpaduk 3aBUCUMOCTH yITMHEHUS
MIPYXUHBI OT BETUYHUHBI IPUITOKEHHON CUIIBI.

6. [Tpu ynape nByx BaroHoB OydepHas mpykuHa ckainach Ha N cMm. XKectkocth npyxunsl 3000
kH/M. Onpenenuts paboTy npu CHKaTUH MPYKUHBI.

7. Kakas paGota mpousBeneHa npu cxaTuu 0yhepHoN NpyKHUHBI KeJIe3HOJOPOKHOTO BaroHa Ha N
CM, €CITU JUIsl CKaThs Ipy>KuHbI Ha 1 cM Tpebyetcs cuina 350000H?

8. TsxenoBecHslil coctaB ¢ yriem Maccot 6000t mpeononeBaer noabeMm B 100 MmerpoB. Ha kakyto
BBICOTY MO>KHO MOAHATH Teno maccodl 100 kr, ecim MCHOiIb30BaTh 3amac NOTEHLUAIbHONW 3HEPTUU B
BEpXHEH TOUKe nmoabema?
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0. Baronetka nBuranachk 1o ropu3OHTaJIBHOMY ITYTH, Y€pe3 HEKOTOPOE BpeMs OcTaHOBMIACh. Ee
KMHETHYecKasi dHeprus crajna paBHa 0, a mOTeHIMalIbHAs OCTajlach HeM3MeHHOH. He Hapymmmics nu B
3TOM CIIy4ae 3aKOH COXPaHEHMsI U IIPEBPALLIEHUS SHEPTUN?

10.  /JIns morpy3ku yriisi B BaroH MPHUMEHSIETCS JICHTOYHBIM TpaHCIOPTEp, KOTOPBIA IepeMeriaer
yrojib BBEpX II0 HAKIOHY Ha BbICOTY 5 M. B MuHyry norpysuumk npocrasiger 12T yrisa. Baron
3anonnsercs 3a 5 muH. Kakyro paboTy rpu 3ToM coBepiuaer Tpancnoprep?

11. TenaoBo3 TSHET COCTaB CO CKOPOCTHIO N KM/4, pa3BuBas MoutHOCTh 880 kBT. Kak Benuka B 3TOM
cllydae Cujia TATH?

12.  JIurarens opuCHOTO BEHTHWIATOpa uMeeT MOIHOCTh 0,35 kBT1. Kakyro paboTy oH coBepmuT 3a
N MUHYT.

13.  Bpuucnuth padoTy, COBEPIIAEMYIO JIEKTPOMEXAaHHUECKUM IMOJIBEMHUKOM B aBTOMACTEPCKOM,
KOTJla OH PaBHOMEPHO MOJHUMAET TPaHCIOPTHOE cpeacTBO Maccor 800 Kr Ha BBICOTY 2,2M.

14. Kakyio paboTy HYXHO COBEpIINTh, 4YTOOBI moe3n Maccoid 1000 TOHH, IBMKYIIMHCS CO
CKOPOCTBIO 72KM/4 YBEIIUYHUI CBOKO CKOPOCTH 710 108 km/9?

15. Kakoii Maccel Tpy3 MOXKET MOJHUMATh IMOABEMHBIM KpaH CO CKOpPOCThIO 1,5M/c, ecnu y Hero
IBUTATEIb MOIIHOCTRIO 12kBT?

16. [TogbemHBIN KpaH ¢ ABUTATENIEM MOIIHOCTHIO 8 KBT nmogHMMaeT rpy3 ¢ MOCTOSSHHON CKOPOCTBIO
6 M/mMuH. KakoBa macca rpysa?

17. Kakas pabGorta coBepuiaercs Ha TMJIPOCTAaHUUH B TEUEHUE I0Ja, €CIU CPEAHSISI MOILHOCTbH
reHeparopa pasHa 2,5 MBT?

18. UYenosek Maccoit 70 Kr cryckaercs 1o JiecTHULE AauHoi 20 M, pacronokeHHou noj yriom 30°
K TOpu30HTY. Haiiute paboTy CUITBI TSKECTH.

19. Beraucinte paboTy CUiIbl yIPYroCcTH NpU U3MEHEHHH JIeOopMalii MPYKUHBI KeCTKOCThI0 200

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

Pasznen3 Mogekyasipnas ¢pusuka u Tepmoaunamuka
Tema 3.1 OcHOBBI MOJICKYJISIPHO-KHHETHYECKO TEOPUH

IIpakTuyeckoe 3ansaTue Ne6 Pemenue 3agaq no teme «OcuoBbl MKT. Pemenue 3agau Ha
YPaBHEHHUE COCTOSTHUSA M1eaIbHOI0 ra3a

Hesab: yrinyOuTh W KOHKPETU3UPOBATH MNPEICTABICHUS O MOJEKYJIIPHO-KUHETUYECKOH TEOpHU
BEIIECTBA; HAYYUThCA UC0JIb30BaTh 3akoHbI MKT muist pacuéra OCHOBHBIX TapaMeTPOB COCTOSTHUS Ta3a.

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

MarepuanbHoe o0ecnieyeHue:

WHAVBUAYAJIHOE 331aHUE, KOHCIIEKT JIEKIIMH, CIIPAaBOYHbBIE MaTEpHaJIbI.

Yka3anmue:

[IpakTnueckoe 3aHATHE COCTOMT U3 JBYX 4acTed — TeopeTHdeckod M mpaktudeckou. ITocme
M3YYEHUs TEOPETUYECKOT0 MaTepualia MOKHO MPHUCTYNaTh K BBIMOJHEHHUIO MpakTHueckod yactu. OHa
COCTOUT U3 JIByX M OoJiee 3ajau JjIsl CaMOCTOSTENIBHOrO BhINONHEHHUs. He 3a0biBaiiTe 0 MpaBUILHOM
odopmiiennu pemeHus. Ha BbImogHeHHE MPaKTUYECKOTO 3a/IaHUsl OTBOJAUTCS J1BA aKaJeMHUECKHX Yaca.

3ananmne:

1. O3HakombTeCh C KPaTKUMHU TEOPETUYECKUMU CBEACHUSIMHU IO CCHUIKE
https://znanium.com/catalog/product/1012153 , §17,18, BeinmucaB OCHOBHBIE ()OPMYJIBI B
TeTpaapb, Hampumep (17.1) u T.1. U3 yka3zaHHBIX maparpadgos.

2. Pemmre 3amaum, caMOCTOSTENBHO WCHOJIB3ys TPUMEPBI M KPATKHE TEOPETHUECKUE
CBEZICHHUS.

Ilopsinok BbINOJIHEHHS PadOThI:
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1. H3yuuTte u BeIUIIKTE GOPMYIIBI ITO JAHHOH TeMe:
2. Pazbepute mpuMepbl PEIICHHBIX 3a71a4
3. Pemmre camocTosATENHHO 3a0a9U

IIpumepsl pemennst 3axa4

1. Onpeﬂenme KOJIMYCCTBO BCHICCTBA W YHCJIIO MOJICKYJI, COACPKAIUXCA B OAHOM KHJIOIpaMMC
YIUJICKUCIIOro rasa.

HaHno: Pemenue:
co, b NN N
—  m=lxr N, N, u H
v =? V:m
Y7
N D
Buviyucnenus: v _ Lk

~ Bmoms s N =23 Momb6 -10% 1/momb ~1,4-10% 1wt
4410 % ke | Mo
Ortser: Nz1,4-1025 IIT

2. CKONBbKO MOJIEKYJ KUCTIOpOo/ia HaXoAuTcs B 00beme 1 11 ripu Temieparype 0°C u nmasienne 133,3
I1a.

Hato: Cu Pemrenue
O,

V=1n
p= 1303,3 Illa
t=0"C N p

- - - | =N —n. N=-£_.
N_ " =y =NV N \

Buviyucnenus:

107M

_133,3[1a-107°/°
Howe 1381072 Jlowc/ K - 273K
Otset: N = 3,5-1017HIT K

~35-10"

3. B raszoBom Oamione emkocTthio 0,01 M3 Haxomutcs ra3 mona maBicHueMm 20 kr/cm2 .Kakoit
o0BbeM 3aiiMeT ras, eciu ,He U3MEHss €ro TeMIIepaTyphbl , OTKPHITh BEHTWIb OayuioHa? OKOHYaTeNbHOEe
nasienue 1 kr/cm2.?

Hano:

Pewenue:
Vi=0,01m" ITo ycnoButo 3aaun Temneparypa raza He MEHSETCs,
P1=20 kr/cM’=20%0,98*10° H/m’ MOITOMY NPOMCXOAUT H30TEPMUHECKOE H3MEHEHHE
P>=1 l(r/cr~.13=0,98"‘105 H/m® cocrosHus raza. Mcnone3ys 3axon boiins-Mapuorra
p1Vi=p2Va naxomum Vo= p1Vi/pa.
V-2

Beramcnenus: Vo= 20%0,98%10°*0,01/0,98%10°=0,2(w’)
Omeem: V=02 m".

4. Ta3 M30TEepMHUECKH C)KaT OT MepBoHadaigbHOro obdwsema 0,15 m 3 mo obvema 0,10 m 3
.JlaBreHue ero nmpu »TOM MOBBICKIIOCH Ha 2 Kr/cM2 . KakoBo nepBoHavYaIbHOE JaBJIeHUE Ta3a’?

Hano:
V1=0,15M3 ITo 3axony boitns-Mapunorra P1V1=P2V>. Ho p>=p1+ Ap,
V3=0,IOM3 . , mosToMy p1V1=(§P; +A P)V>, otkyaa Py = AP*V,/V-Va;
AP=2 kr/cm =2%*(0,98* 10°u/m°

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

Pewenue:

5. Kak Benmuko atmMocdepHOe AaBICHHUE, €CHM MPH JJIMHE PTYTHOTO CTOJOMKa 12,5¢M B TOHKOM
TpyOKe JAJIMHA CTOJIOMKA BO3/IyXa B IEPBOM MOJIOKEHUE 7CM,a BO BTOPOM — 5 cM?
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Jlano: Pewenue:

h=12,5¢m B nepBom ciyusae naBnenue Bo3ayxa BHyTpH Tpyoku P=P,ny-h. Bo BTopom
1,.=Tem ciyyae pr=pansth. 1o 3axony boitns-Mapuorra P, V,=P,V, rge V,=SL,,
IL=5cm V>=SL,. Toraa (parm-h)=(parnth)SL,, oTkyna pary=h(L1+L2)/L;-L,

Para =12,5%12/2=75(c™m pr cT).
Paru-? Omeem: Py, = 75 c™m pT CT.

6 CxaTelii BO3AyX IMOJAETCS B Ta3rojpiep o0beMoM SM3 . 3a Kakoe BpeMsi ero HakaydarT 10

JaBJICHUS 7 Kr/cM2, eciii KOMIpeccop BcachiBaeT 5,5 M 3 arMocepHOro BO3AyXa B MUHYTY MpH
nasneHuu 1 kr/cm2 ? TemrnepaTypy CUMTATh MOCTOSTHHOM.

Jano: Pewenue:
V3=5M3
P,=Tkr/cM*=7%0,98*10°u/m>
V,=55m/mun=1,1/12m"/c

P =1 kr/em*=0,98*10°u/m°

Jlns HakauMBaHus BO3yXa B rasroiabaep 10 aasineHus P;
koMmmpeccop paboraer B TeueHue Bpemeru t. Oobem
3acaceiBaemoro Bosayxa V' 1=V, npu nasnenue p;. Koraa
BO3/yX HaKayajiy B ra3rojibaep, OH 3aHsn o0vem V; u ero

nasneHue crano p;. Ha ocnoBanuu 3akona boiina-Mapuorra
P,V'\=P,V; unu P,V t,=P,V;, otkyna t;=P,V,/P,V,
t = 7%0,98*10°*5%12/0,98010°*1,1=380(c).
Omeem: t = 380 c.

t-?

7. OtTkpblTas CTEKIsHHas TpyOka anuHOo 40 CM HamoJOBUHY MOrpykeHa B pryTb. Koraa
BEPXHUI KOHEL TPYOKH 3aKpbUIN U MOJHSIIN €€ 10 YPOBHS PTYTH B COCYJI€, TO BBICOTA YPOBHS PTYTH B
TpyOKke okazanack paBHOM 15 cMm. KakoBo aTMocdepHoe naBiieHre BO BpeMs OIbITa?

Hano: Pewenue:
=40 cm  [lo 3akony boiins-Mapuorra P,V ,=P,V, rae p,=H-paBnoe armocdepromy
l,-15¢cm  naBnenwme BO3ayxa Haj PTYTHIO 10 3aKpeITHS OTBEpCTHs, a V,=L/2S-ero o0neMm;
P = P-1; V,=(L-L,)S-cooTBeTcTBEHHO AaBIeHHE U 00BEM BO3AYyXa HAJl PTYThIO
H-? NOCJIe TOro, KaK €€ 3aKpbUK ¥ MOJHSIH A0 YPOBHS PTYTH B cocyae. B npeasiaymme
Beipaxkenus P,V,=P,V,Bmecro PP, V| V, noacraBum nx 3Hauenus:
HL/2S=(H-L,)(L-L,)s. Orcroga H=21,(1-1,)/1-21; H=30%*25/10=75(c™ pT cT).
Omeem: 75 cm pT CT.
PemmTs 3a1a4n CaMOCTOSITETLHO
Bapmuanr 1

1. Haueptute rpaduku ©30TepMUIECKOTO, H300apHOTO M U30XOPHOTO MPOIIECCOB B KOOPWHATAX
PuV;PuT;TuV.

2. WneanbHblil ra3 cHavajga W300apHO pacHIMPUIIN, a 3aTeM M30TEPMUUYECKU CHKAIU JI0 MPEKHETO
obbema. M300pazute 3tu npoueccs B koopauHarax Pu V; PuT; Vu T.

3. B cocyne maxomgutcst m=14 kr azora npu T=300 K u naBnenun p = 8,3*104 Ila. Onpenenure
oobeM V cocyna.

4. Tlpu cxaTuu HEW3MEHHOTO KOJIMYECTBA HACAIBHOTO raza oO0beM yMEHBIIWICS B 2 pasa, a

TeMIIEpaTypa yBeJInymiach B 2 pasza. Onpenennure, Kak NU3MEHUIIOCH JaBJICHUE rasa.
Bapmuanr 2

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

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

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

4. Temneparypa V1=2 monp kucnopoaa, Haxozsuerocs B cocyae, pasHa T1=300 K. Onpenenure
temriepatypy T2 Bomopoja, HaXOISMIETOCS B COCYAE TOW K€ BMECTUMOCTH TpPHU TOW K€ JIaBJICHUU,
B3SITOT'O B KOIUUECTBE V2=2 MOJIb.

Tema 3.2 OcHOBBI TepMOIMHAMUKH. TenioBble MAIIUHBI.

IpakTnyeckoe 3ansitue Ne 7. Pemenne 3aga4 no reme «OCHOBbI TEPMOAMHAMUKH.
IIpumeHeHue NepBOro Ha4YAJIa TEPMOAUHAMHUKH K U30MpoLeccam

Henb: Ha mpuMmepe pelieHUs 3aqad W3YYUTh 3aKOH COXPAHEHHUS SHEPIHMHM MPUMEHHUTEIHHO K
TEIUIOBBIM TIpolleccaM, NYTSIX HM3MEHEHMs] BHYTPEHHEH HHEpPruM Tell, aauadaTHYecKOM IIpoliecce,
MPUHIIKIE PAOOTHI TETIOBOM MAITHHBI.

MarepuajibHoe o0ecnieyeHue:

WHJUBUIyaJIbHOE 3a/1aHK€, KOHCIIEKT JIEKLIUWA, CTPaBOYHbIE MaTEPHUAIIBI.

Yka3anue:

[IpakTHueckoe 3aHSATHE COCTOUT M3 JIBYX 4YacTell — TeopeTuyeckod M mpaktudeckoil. Ilocme
U3Y4YEHHUs TEOPETUYECKOT0 MaTepHalla MO>KHO IPUCTYNATh K BBIMOJIHEHHUIO MpakTUyecKoil yactu. OHa
COCTOHT U3 JBYX W OoJiee 3a7ay JJIsl CaMOCTOSTEIHHOTO BBHIMONHEHUsS. He 3a0biBaiiTe 0 MpaBUILHOM
O(l)OpMJ'IeHI/II/I peHICHI/IfL Ha BBIITOJIHCHUC HpaKTI/I‘-IGCKOFO 3aJaHUsS OTBOAUTCSA OIBA aAKAACMHUYCCKUX Haca.

3aganmue:

1. OSHaKOMBTCCB C KpaTKI/IMI/I TeopeTI/IquKI/IMI/I CBCACHUAMU
2. Pemute 337241, CAMOCTOSITENTFHO UCIIONB3Ys IPUMEPHI U KPATKHUE TEOPETHUECKUE CBEACHHUS.

ITopsinok BbINOJHEHHS padOThI:
1. Wsyuure u BoIumuTe GOPMYJIBI IO TAHHOU TeMe:
2. Pa30epute npuMepsl pelIeHHBIX 3a/1a4
3. Pemmre caMoCTOATENHHO 3a/1a91

KpaTtkue Teopernyeckue cBeeHUs

TennooOmeHn (Teruionepenada) — OOMEH BHYTPEHHEW SHeprueil 0e3 COBEpIICHHUS MeXaHUYECKOMH
paboTHI.

KonmuaecTtBo temnotsl (Q) — sHEprus, nepefanHas B pe3yabTaTe TeriooOMeHa.
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VY nenapHas TEMI0EMKOCTD (¢) — KOJIMYECTBO TEIJIOTHI, HEOOXOAMMOE Il HarpeBaHus 1 Kr BEIIecTBa Ha

0 _Q faqoq A
1K (1%0). o= [e] =1

|ZQ0”L = Quon. | — ypaBHEHHUE TEIUIOBOTO OajiaHca.

- [0=aml la= Q _—1_113“
FO[!CHI/IC. . q [q] .

y,Z[CJ'IBHaH TEILIOTA CropaHus (Q) — KOJIMYECTBO TCIJIOThI, BRIACIACMOC IIPHU Cr'OPaHUU 1 xr ToTIIIMBA.

Hapoo6pa30BaHI/Ie-nepexoz[ BE€IICCTBA U3 ) KUJIKOI'O COCTOSIHHUSA B F83006p33HOC.

- _Q| o A
Q=r-m| [r= [r]_lKr

VY nenbHast TerioTa napoodpasoBanus () — KOJIMYECTBO TEIIOTHI, HEOOXOAUMOE ISl IPEBPAIIICHHUS B TIAp
1 KT *KHIKOCTH TIPU TTOCTOSIHHOM TeMIleparype.

IInaBneHmue — nepexoa BeuieCTea us3 TBépIIOFO COCTOSIHHA B ) KHJIKOC.

- _ Q=g
2= 2=

KI'

V nenbHast TEIJIOTA IUIaBieHus (A) — KOJIMYECTBO TEILUIOThI, HEOOX0AMMOE IS TUIaBJICHHS | KT BEIIeCTBa
IIpU TEMIIEpaType IMIaBICHHUS.

IlepBEIii 3aK0H (Haqano) TCPMOAMHAMUKH . U3MCHCHUC BHYTpeHHeﬁ SHEpPTUun AU cucremsl paBHO CyMMC

KOJIMYECTBA TEIIOTHI , epelaHHoro cucteMe, U paboThl A, COBEPILIEHHOM HAJl HEl BHEIIHUMU CHJIaMU

AU=0Q+A

HpI/IMeHeHI/Ie MEpBOro Havajia TCPMOANHAMUKHU K U30IIpoHeccaM

| H3oTepumdeckni npomecc, | H3ovopusdi mpomecc, | Hso0apsbii npomece, = AI@alaTHd9ecKul Dpolecc,
T e ~

- - Z N »=const N_0
I =Lonst F =comnst £ = onS y_‘v

150 == 0=4 I =0 = O=AU =AU+ A 4 ==Al ‘
AU=0 = @=4 A4_=0 = 0=Al O=AU+4_, 4. =-Al ‘

TennoBas mMammHa — MalIMHA, COBEPIIAIOIIAs MEXaHHYECKYI0O paboTy 3a CUET BHYTPEHHEH SHEpruu

TOTUTUBA.
PaGouee Teno — ras, coBepiiaronuii paboTy B TEIIOBOI MalluHE.

HaF[zeBaTC.H - YCTpOﬁCTBO, coonanmee pa60quy TCJIY KOJUYCCTBO TCIIJIOTHI Q1 IIpu TCMIICPATYpPEC
1.

XOJIOMMIBHUK — YCTPOWCTBO, OTHHMMAlOIIee OT paboyero Tejaa KOJIMYECTBO TEIIOThl Q2 mpu
TeMiieparype 7>. |
i i
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L-1
Thrax Tl

IIpumepsl pemenus 3agaq

1. B amromunueByro kactpronto Maccot 0,15 xr Hanuro 1,2 Kr Bozbl Ipu 20° C. Crombko KUIIATKY
HYKHO JOJIHTB B KACTPIONIO, 4To0BI TeMieparypa Boxbl crana 50° C? [ToTepsiMu Telia B OKPYKakOLIyIo
cpeny nmpeHeOpeys.
[aHo: Pemenue:
m,=0,15 kr nosrydeHHoe Termno Q1=C,.My(0-ty); Q2=C,M4(0-ty)
my=1,2 xr otaanHoe Termno Q3=C, M, (t-0)
t,=20°C ypaBHeHHe TemoBoro 6ananca Qi+Q,=Qs
—100°
tr—loo C CB-mB (e'tx)+ma-Ca (e'tx):CB-mr (tr'e)
6 = 50°C M= (e,m, + m,e, )0 -t,) =

=920 Jx/xr°C

cs= 4200 Jix/kr’C

m, —?

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

~ 0,74ke
4200 - (100 —50)

Ortser: 0,74 kr

2 B mporuecce nuzobapHoro pacuupenus rasy nepenano 6 MJx tertorst. [Ipu 3ToMm ras coepiaer
paboty 1,2 M/Ix. I3menunach 11 BHYTpeHHsIs SHeprus ra3a? Harperncs rasz wim oxJiaauics.

NaHo: «CU» PeweHue: | Bblumcnenus:
AZL2MAX 161050 |AU=Q-A" | AU=6-10°1-1,2-10° [k =
Q=6 Mk 1,2-10° 15k - 4,810° I

AU-?

3 Onpenenure MakcuMaibHbli KIT] TeruioBol MammHel, €Ciii TeMITepaTypa €ro HarpeBarTess 227°C, a

TEeMIIEpaTypa XOJIOJUIbHUKA — 27°C.

JaHo: c

t,=227°CT1=500 K

t,=27° ¢ T2=300 K

PeweHue:
PewweHue:

500K —300K _

Tl nmax:
S00K

0,4
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MNmax—?

4, Bonopoa maccoii 4r, 3aHuMas nepBoHavaiibHbI 00beM V 1=0,1M3, pacmmpsercs 10 oobema
V2=Im3 . Onpenenute: 1) Al-paboty raza npu nzod6apHom mpoiecce, 2) A2-padoty raza npu
n3oTepmuyeckoMm mnpoiecce. Hauansnas remneparypa raza T1=300K.

JMano: Pewenue:

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

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

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

T,=300K 2) Ilpu n30oTepMuyeCcKOM paciuMpeHue ra3 copepuaet padory
Ay-? A;=m/MRT,InV,/V, (4) (In10=2,3)
A-? Brruncnenus:

1) A=4*107kr*8,3 1 /(Mo *k)*300K/2* 10 kr/moms*0, I *(1n°-0, 1m%)=4.5*10° [k
2) Ay=4*10"kr/2*10" kr/Monb*8,3 1 I/ (Mmons*K) ¥300K*In Im*/0, 1 m*=11,5%10° [Tk
Omeem: A= 4,5%10* 11k, A= 11,5%10° [

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

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

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

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

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

Q=3,35*10"wx/xr*Skr=1,7*10° [k

A=1,01%*1 Osﬂa*SKr*O,‘)* 10°ke/M-10°kr/m/0,9%10° kr/m® 103Kr/M3=-55I[)K
AU=1,7*10°J-(-552k)=1,7%10° k.

Omesem: 1,7%10° [

6. Temmneparypa HarpeBateiss wuaeanbHOW TemmoBod Mammeabl  TH=500 K,Temmeparypa
xonoaunbHuka Tx=300 K. Onpenenute KIIJ] TennoBoil MammHel 1 U TemIOTy Q H, MOJYYEHHYIO OT
HarpeBaTelIs, €CJIM 3a OJNH IIUKJI MaIiinHa coBepiiaeT padoty A=400 JIx.

Jlawo: Pewenue:

T,=500K Ko duument none3noro AeicTBis TENI0BOH MaLIMHE ONpeenseTcs no

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

A=400/1x U3 dopmynst 2 cnenyer, uro Q=AM

1-? Qu-? Borncnenns: n=500K-300K/500K=0,4; Qu=400/1x/0,4=10001x=1x .
Omeem: = 0,4; Qu= Ix/lx.
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PemuThb 3a1a4i caMOCTOSATEILHO

B ycnoBuu 3anay oTcyTcTBYIOT HUQPHI. 3HAaUCHUS (PU3NYECKUX ITApaMETPOB ATHX 3a/1a4 HEOOXOAMMO
Opath U3 TaOnuipbl 1: MO BEepTUKANBHOM CTPOKE yKa3aH HOMEp BapHaHTa, MO TOPU3OHTAIBHOW — HOMEp
3a/1a4H.

1.  Kakum crocobom — coBepuieHHeM paboThl WM TeIulonepenayeidl M3MEHSEeTCS BHYTPEHHSSA
SHEpPrusl JeTalu B CIEAYIOIIUX ciydasx: 1) crporanue neranu; 2) HarpeBaHue JeTalld B IeUd Mepen
3aKaJIKoi; 3) OBICTPOE OXITAKICHHE JIETANIN B BOJIE (3aKaika)?

2. Paboume ropsumx 1eXOB HOCAT KOMOMHE30HbBI, IMOKPHIThIE METAJUIMYECKUMHU OJECTIIUMU
yemyiikamu. [louemy OHM XOpOILIO 3aIMIIAIOT YEI0BEKA OT Kapbl?

3. Boay maccoii m narpenu ¢ remnepatypsl T1 10T,. Kakoe KoanuecTBO TEIIOTHI 3aTpaTUiId MIPU
Harpese. (C;=4200/x\kr-K)

4. OmpenenuTh Maccy Harperoil Bojbl, ecnu aius e€ HarpeBa Ha AT 3aTpaTuiu KOJUYECTBO
ternoTel Q. (C,, = 4200 Tx/kr - K)

5.  OmpenenuTsh Maccy CropeBLIEro KAMEHHOTO YIS, €CJIM MPU CropaHuu Beiaenmiock Q Jlxxoyneit
TertoThl. (=29MIx/Kr)

6. Cnoupr wmaccoii m wucnapwica. OmnpeaenuTs KOIWYECTBO TEIJIOTHI, 3aTpaueHHOe s
BhimapuBanus cupTa. (r=0,85 MJx/kr)

7. OmpenenuTh KOIUYECTBO TEIUIOTHI, HEOOXOAMMOE ISl PACIUIaBIEHUS  OJIOBIHHOTO CIIUTKA
Maccor m. (A= 0,59 MJx/kr). Kakoe KOJIMYECTBO TeIla BBIACIUTCS MPU OXJIKICHUH 3TOTO
pacrmiaBIeHHOTO CIIUTKA?

8. T'a3 mox naBnenumeM P; m3o0apHO pacmmpuics u coBepmui padory 25 Ix. Ha ckonbko
yBeJIUYMICS 00beM raza?

9. TepmoamHammueckoi cucreme nepenano Q JIx termmorel. Kak M3MEHHUTCS BHYTPEHHSST SHEPTHUS
CHCTEMBI, €CIM OHa coBepInia padory A?

10. IIpu wuszorepmuueckoM pacmupenun (T=const) razom Obuia coBepuieHa pabora A. Kakoe
KOJINYECTBO TEIUIOTHI Q coob1ieHo razy?

11. Beraucauts KIIJ[ TennoBoil MamMHel, €CIIM TeMIieparypa HarpeBaTens 11, XxonoauibHuka To.

12. Kakoii nomkHa ObITh TemmepaTypa HarpeBatens Ti, uroosr KIIJ] nBuratens coctaBisii 1 npu
TeMnepaType XoJoauibHuKa Ta

13. TennoBas snekrpoctanuus MomHocTbio 2400 MBT notpebaster 15001 yrns B wac. Kaxos KIT/
cTaHmn?

14. JInsi MOBBIIIEHUSI TBEPAOCTH M TMPOYHOCTU CTAIBHBIX M3ICIHM MPUMEHSIOT 3aKaJKy
(HarpeB 0 HEKOTOPOW TemImepaTyphl C MOCIEAYIOIINUM OBICTPhIM oXJaxaeHueM). Kakoe konnuecTBo
TEIIOTHl He0OXO0IMMO, YTOOBI HarpeTh CTalbHOM MonoTOK Maccoit 500r ot 17 mo 817°C? Beruucnure,
KAaKo€ KOJMYECTBO TEIUIOThl BBIAENSET MOJOTOK, €CIIH €ro OXJKAAIT B JKUIAKOM KHCIIOpPOJE,
Temneparypa kotoporo -183°C. Y nenpHas teroemkocTs ctanu 460 [Ix/ kr-°C.

15. Kakyro maccy kokca notpedyercs cxeub, 4To0bl HarpeTh 10T yyryna Ha 10°C?

16. B nnaBuibHyto neus 3arpysuwiu 2000 xr uyryHa, B3sroro npu 20°C. Kakoe koinuecTBo
TEIUTIOTHI 3aTpadyeHoO B HeW Ha ero maBieHue? CKombKO Jbaa, B3sToro mpu 0°C, MOXHO ObUTO OBbI
pacIuIaBUTh 3a CUET ITOTO KOJIUYECTBA TEIJIOTHI?

17. B nnaBusibHOM meuw 3a OAHY IUIaBKY moiyduiau 250 Kr alllOMHHUSL NP TeMIeEpaType
660°C. Omnpenenure, HACKOJIBKO M3MEHWJIACh BHYTPEHHSISI SHEPTUsl alIOMUHUS, €CIM €ro HadallbHas
temrepatypa Osuta 20° C. Y aenpHas TeruioTa miaBieHus amroMuaus 3,9 M Jx/kr.

18. UyryH B NUTEHHBIX II€XaX IUIABSIT B Ie€uYax, Ha3bIBa€MbIX BarpaHkamu. Omnpeneaute
KOJIMYECTBO TEIJIOThI, HEOOXOAUMOE /7S TUTaBKHU OT YyTr'yHa, JOBEJECHHOIO /10 TEMIIepaTyphl MIaBICHHUS.
VY nenbHas TerioTa miaBieHus cruiasa 138 270 Jx/kr.

19. JloM 4epHBIX METAJIJIOB MEPEIIAaBISAIOT B CTallb B MapTEHOBCKUX Neudax. Kakoe
KOJIMYECTBO TEIIOTHI HEOOXOIMMO JIJIsl HarpeBaHusl U paciuiaBieHus 10 T CTalIbHOTO JIoMa, eCiH
HauyanbHas Temreparypa ero 20°C? Temneparypa miaBinenus ctanu 1400°C.

33



20. Kakyto pa®oTy coBepIini uaealbHbII OJHOATOMHBIA ra3 M Kak MPH 3TOM HM3MEHWIACh
€ro BHYTPEHHSIS SHEPrus Mpu W300apHOM HarpeBaHuM JBYX Mosier raza Ha 50 K? Kakoe kommdectBo
TEIUIOTHI MOJIYYHII T'a3 B MIPOLIECCE TeII000MeHa?

21. 3. Ilpu agmabaTHOM pacmIMpeHHH Bo3ayxa Obuta coBepiieHa pabora 200 k. Yemy
PaBHO U3MEHEHUE BHYTPEHHEH SHEPTUM BO3yxa?
22. 4. VineanbHbI ra3 HarpeBalicsi MPH MOCTOSHHOM JIaBJIEHUHM, TIOTOM €ro JaBJICHUE

YBEJIMUMIIOCh TPU TOCTOSHHOM OOBEMe, 3aTeM Tpu IOCTOSHHON TeMmIepaTrype [aBlIeHHUE Trasa
YMEHBIIIUIIOCH JI0 TepBOoHaYaIbHOTrO0. HapucoBarh rpaduk B KOOpAMHATHBIX ocsax P-V.

23. 5. UneanpHbid ra3 momyumn KommdecTBo TeroTsl 300 JIx u coBepmmn padoty 100 k.
[Ipu 5TOM KaK U3MEHUIach €ro BHYTPEHHSS SHEPTrusi?
24. 6.Temnepatypa xonoauibHuKa TeroBoi Mamuubel 300 K, Temneparypa HarpeBaress Ha

300 K Oompmre, yeM y XoJoawibHHKA. UYeMy paBeH MakcuManbHO Bo3MOkHBIM KIIJ TeruoBoi
MallIuHbI?

25. 7. Uemy paBHa BHYTPEHHSS SHEPrus S5 MOJb OJHOATOMHOIO HJICANBHOTO rasa IMpu
temrepatype 47°C?

Tema 3.3 ArperatHble cocTosiHUS BelecTBa. P@a3oBble NMepexoabl

IIpakTuyeckoe 3ansaTue Ne§. JlaBjieHue kuaKocTed U TBepabIX Tejl. 3akoH Ilackass.

Heanb: Ha npuMepe penieHus 3a/1a4 U3y4nuTh XapaKTep AaBJICHUS )KUAKOCTEA U TBEPABIX TEJ, UX
MPUMEHEHUE U YUYET, 3aKOHBI, 00BACHSIOIINE 3TH SBICHUSI.

MarepuanbHoe obecrieyeHnne:

WHAUBUAYAIbHOE 33/1aHUEe, KOHCIIEKT JISKIIHIA, CIIPaBOYHbBIC MaTEPHAIIBI.

Yka3anue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JIBYX 4YacTeil — TeopeThueckod M mpaktudeckoil. Ilocne
U3Y4YEHHUs TEOPETUYECKOT0 MaTepHallia MO>KHO IPUCTYNATh K BBIMOJIHEHUIO MpakTUyeckoil yactu. OHa
COCTOHT U3 JBYX U Ooyiee 3a7ad A7 CaMOCTOSATEIHHOTO BhIMOJIHEeHUs. He 3a0biBaiiTe 0 mpaBHIBHOM
O(l)OpMJ'IeHI/II/I peHICHI/IfL Ha BBIITOJIHCHUC HpaKTI/I‘-IGCKOFO 3aJaHUS OTBOOUTCA ABA aKAICMHUYCCKUX Haca.

3aganmue:

1. O3H&KOMBTCCB C KpaTKI/IMI/I TeopeTHqGCKHMH CBCACHUAMU
2. PemuTe 3amaym, caMOCTOATENIHHO HCHOJIB3Ys MPUMEPHl M KpPAaTKUE TEOpPETHUYECKHe
CBEJCHHSL.

Ilopsinok BbINOJHEHHS padOThI:
1. H3yuuTte u BeIUIIKTE GOPMYJIBI IO JAHHOH TeMme:
2. Pa3bepute nmprMepsl pelIeHHBIX 3a/1a4
3. Pemmre camocTosTENHHO 3aa4U

Kpartkue TeopeTrnyeckue cBeleHUs1
JlaBiieHue TBEpIOroO TENa

TBepmoe Teno, HaxoAsguleecs Ha  OIOpE, F| ZAedAcTByeT Ha OIOpy C CHIIOH,
KOTOpasi paclpeiesieHa IO IOBEPXHOCTH OCHOBAaHMS ng Tena. s OINACAHWUSI  TaKWX
pacmpeieieHHbIX CHUJT BBOAWTCS HOBas (Qu3ndeckas BEIIMYMHA — 0d6/1eHUe.

Jlapnenue (p) — OTHOILICHWE CHIIBI K IUIOMIAJAHM TOBEPXHOCTH, Ha KOTOPYIO OHAa JCHCTBYeT B

NEePIEeHAUKYIIIPHOM HAIlpaBIEHUH. [p]= 1% = | Ila — ITackanp
M

JlaBiaeHne B )XUAKOCTIX
OCHOBHBIM OTIMYHEM KHAKOCTEH OT TBEpABIX (YNPYrux) TeN SBISETCS CIOCOOHOCTH JIETKO
M3MEHSTH CBOIO (popMy.
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YacTu KHIKOCTH MOTYT CBOOOJHO CIBHMIaThCs, CKOJIB3SI JPYr OTHOCHUTEIbHO npyra. ITostomy
KHUJIKOCTh TPHHUMAET (OpMY COCy/a, B KOTOPBIH OHA HAJIUTA. I I

Ha Terno, morpy)xeHHOE B JKHKOCTh WM a3, JCHCTBYIOT CHIIbI, paclpe/iCIICHHbIC 2
0 TIOBEPXHOCTW Teia. J[iusi ommMcaHusi TakWX paclpeleNieHHBIX CHJI  TaKke
UCTIOJIb3yeTCsl pru3ruecKas BeIMUNHA — Od6/1eHUe.

3akon [Ilackans: pnaBieHWE B JKHJKOCTH WM Ta3e IepelacTcs BO BCeX
HAMpaBJICHUAX OJMHAKOBO M HE 3aBUCUT OT OPUEHTAIIMH ILIOIIAIKUA, HA KOTOPYIO OHO
JEUCTBYET.

Jlns wutoctpaiuu 3akoHa Ilackaiis Ha pUCYHKE H300pakeHa HeOObIIas MPSIMOYTrOJbHAs
npuU3Ma, MOTPY)KEHHAs B JKUIAKOCTh. ECITU MPEnoNokuTh, YTO TUIOTHOCTh Marepuajia NMpU3Mbl paBHA
IUIOTHOCTH JKUJIKOCTH, TO MPHU3Ma JO/DKHA HAXOMUTHhCS B JKUAKOCTH B COCTOSHHH O€3pa3IndHOTO
paBHOBeCHs. DTO 0O3HAYaeT, YTO CHJIBI JIABJICHUS, JACUCTBYIOIIME HA TPAHHU NPHU3MBI, JTOJDKHBI OBITh
YPaBHOBEIICHBI. JITO MPOU30UICT TOJIBKO B TOM ClIydae, €ClI JIaBJICHUsA, T. €. CHJIbI, JCHCTBYIOIIUE Ha
SIMHUILY TUIOMIAIM TIOBEPXHOCTHU KaXKJIOW TPaHU, OJMHAKOBBL: P1 = P2 = P3 = P.

JlaBnieHHe KUAKOCTH Ha JIHO WK OOKOBBIC CTEHKH COCY/Ia 3aBHCHUT OT BBICOTBI CTOJIOA KHIKOCTH.

')

Ps

l[aBJ'IeHI/Ie crojba JKHUIKOCTH p HA3bIBAIOT T'MAPOCTATHYCCKHMM JIABJICHHCM. h = p-g- h rac p —

[JIOTHOCTB KUJIKOCTH, h — BBICOTa cTOI0A KUIKOCTH.

Ecnu sxuaKocTe HaxoIuTcs B IWIMHAPE IMOJ MOpPIIHEM, TO JIEHCTBYS Ha MOpIIEHb HEKOTOPOU
BHEIIHEW cuiod F, MOXKHO co3aaBaTh B KHMIKOCTH JOIOJHUTEIbHOE AaBieHue Po = F / S, rme S —
IUIOIIA/b TOPLIHS.

Takum 00pa3oM, MOJIHOE JaBJICHHE B )KUIKOCTH Ha riyOuHEe h MOXHO 3amucarth B
Buze: P = p,+pgh

Ha teno, norpykeHHOe B )KMJKOCTb WJIM I'a3, IEHCTBYET BbITAJKMBAIOUIAsl CUIa —
cuna Apxumeoa.

ApxXuMeioBa CHJIA, JICHCTBYIOIIAs HA MOTPY)KEHHOE B *KHMJIKOCTb (WM Ta3) Telo,
paBHa Becy >KMAKOCTHU (UM ra3a), BhITeCHEHHOH Tenom F Apx =P
€CIIM CpEeIHsS IUIOTHOCTh Tella pP; OOJbIIE MIIOTHOCTU KUJAKOCTH (WM Trasza) p (pr> p), Teno Oyner
OIyCKaTbCs Ha JTHO;

e cciu p; < p, TENO OYJET IIaBaTh Ha MOBEPXHOCTH YKHUIKOCTH,
® ¢€CIH Py = P, TO TEJO MOXKET IJIABATh B TOJIIIIE YKUIKOCTH Ha JIF000i TiryOuHe.

JKUT gVTena

3aKoH cO00IIAIIMXCS COCYAOB: OagneHue & N1000U MmouKe Ha OOHOM U MOM
Jice yposHe 6 COOOWAIOUUXCsL COCYOax 0OOUHAK080: P = P,

rac pl nu pz — JAAaBJICHUA HA OJHOM U TOM XKC€ ypOBHe B HepBOM nu BTOpOM KOJICHC
COOOIIAIOIIETOCS COCY/Ia COOTBETCTBEHHO.
I'mppaBaunyeckuit mpecc

Eciu 00a BepTHKAIBHO PACIIONIOKEHHBIX IIHHIPA COOOIIAFOIIUX CS
COCYOB 3aKpbIThb MOPHIHAMH, TO C IIOMOIIBIO BHCIIHUX CHII,
IMPUIIOKCHHBIX K IMOPHIHAM, B XHJIAKOCTHU MOXHO CO31aTbhb 6OJII)HIO€
AJaBJICHUC p, BO MHOTI'0O pa3 NpCBbIAIICC THAPOCTATHICCKOC NABJICHUC
pgh B m0060it Touke cucTeMbl. EciiM MOPIIHN MMEIOT pa3HbIe TUIONMIAIN
Sj_ u SZ, TO Ha HUX CO CTOPOHBI JKUAKOCTU ﬂeﬁCTBYIOT PAa3HbIC CHUJIbI F]_ =
pSl uk,= pSz HpI/I Sz>>81, T0 Fo >> F4.

YCTpOﬁCTBa TaKoro poJga Ha3bIBArOT zudpaeﬂultecmtmu mauwiuHanmu

F, 3,

=— umu F,=F
S Y

|1

S

1

(&

[TpunHimn paboThl MPOCTEHIINX THAPABINYECKUX MAIIHH
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To 06cTOSITENBCTBO, YTO KUIKOCTU OYAy4YH MPAKTUUYECKU HEC)KMMAEMbIM U, PABHOMEPHO MEPEA0T MO
BCEMY CBOEMY 00bEMY BHEIIIHEE JaBJIEHUE, IINPOKO UCHOIb3YETCs B PA3JIMYHBIX OTPACiIAX TEXHUKU (B
TUJIPOTIPUBO/IaX, TMIPOABTOMATHKE, I'MIPABIMUECKUX TOPMO3aX M YCWIHUTEISX U T.I.). DTO CBOMCTBO
KHUJIKOCTH Takxke 3()(EeKTHBHO NPUMEHAIOT B TAaKUX MPOCTEHIIMX MalIMHAX, KaK TUApPaBIMYECKHE
JIOMKpAaThl (IObEMHHUKHN) U IIPECCHI.

[Tpuniun ux paboThl OCHOBAH Ha CJIEAYIOIIEM: UMEIOTCS JBa COOOIIAIOUINXCS MEXTy cO00M IUINHIIPA
pasHoro auamerpa [lpunaras Kk MOPIIHIO MEHBIIET0 U3 LUJIMHAPOB KAaKyKO-TO BHELIHIOW cuiy Pi, MbI
P
1

Py =
TEM CaMbIM CO3Ja€M Ha IMOBCPXHOCTHU KUJAKOCTH B 3TOM HUWIMHIAPC HOABJICHUC 51 , KOTOpOC
PAaBHOMCPHO IICPCAACTCA BO BCC TOUKHU IIPOCTPAHCTBA, 3AIIOJIHCHHOI'O JKHIKOCTBIO. Torna na IMOpHICHb

OosbIIero w3 IWIMHAPOB (03 ydera MoTeph) OYyAET JCHCTBOBATH MOJBEMHAs CHIIA Py =PiS2 yym
S

P, =P, =
51 . Takum 0Gpa3oM, deM GONbIe PA3HATHCS MEXIY cOOOH IUIOMAAN MOMEPEIHOr0 CCUCHMs

WIMHAPOB, TeM O0JBIIYIO (TIOJBEMHYIO, CKMMAIONIYIO, TIEPEMEIAIONIYI0) CHITYy MBI ITOJIy4aeM B TaKUX
TUJIPaBIMYECKUX YCTPONCTBAX.

CraTtudeckoe AAaBJICHUC KUJIKOCTU Ha INIOCKYHO ITIOBEPXHOCTD. rI/II[pOCTaTI/I‘-ICCKI/Iﬁ mapaaokc

I[J'[f[ OnpeacICHUA CHJIBI OAaBJICHUA KUAKOCTHU P ma IJIOCKYIO TTOBCPXHOCTH, INIOIIAIb KOTOpOi/JI
paBHACTCA S, pa306beM €C MPOHU3BOJIbBHBIM 06pa30M Ha OCCKOHEUHO MaJlbIe IIomaau ds. Z[aBJ'IeHI/IC
KHUJIKOCTHU Ha MTOBEPXHOCTD OIMPCACIIMTCA KaK CyMMa CUJT )IaBJ'IeHI/II\/JI Ha 3TH 3JICMCHTAPHBIC IMJIOHIAAKH.

PaccmMoTpuM aneMeHTapHYIO IUIOHIA/IKy, LIEHTP KOTOPOH pacmlojoXeH Ha TiayOuHe YpOBHS,
IIPOXOALIETO Yepe3 LEHTP TsKeCcTH Bcel muiomanu T. J[aBneHue B LEHTpE TSKECTH ATOU IUIOIIAIU
0003HauuM p,. Toraa ruIpoCTaTH4ecKoe JaBJICHUE B LIEHTPE 3JIEMEHTapHOM IUIOIIAKU PaBHO

P=p,+p-gm

OKOHYATENBHO MOTYyYUM P =p.s

Takum 06pa30M, CrJia OABJICHUA KUAKOCTU Ha INIOCKYHO IMOBCPXHOCTH paBHA NPOU3BCACHHUIO IIIIOMIAAN
3TOH IMOBEPXHOCTU HA BECIIMYNHY T'HIPOCTATUICCKOI0O JaBJICHHA B €€ HEHTPE TAXKCCTHU.

CnenctBueM  sIBIIsIETCA  JOKA3aTENbCTBO THUJIPOCTATUYECKOrO TMApajoKca, BIIEPBbIE IMOJYYEHHOE
ITackaneM.

36



BenuuunHa cuibl BeCOBOTO JaBJIEHUS KUJIKOCTU HA JIHO pe3epByapa 3aBUCHUT TOJIBKO OT IJIOTHOCTHU 3TOM
KUJKOCTH, TUIOIIAJH JTHA W TIIYOMHBI €r0 MOTPYXEHUs 1Mo CBOOOIHOM MoBEepXHOCTHIO. [Ipu 3TOM Bec
KUJKOCTH, HAJTUTON B COCY/, MOXKET OTJIMYAThCSA OT CHJIbI JIaBJICHUS, OKa3bIBAEMOI'0 €10 Ha JHO, T.C.
CWJIBl JIABJICHUS JKUIKOCTH HA JTHO Pe3epByapa HE 3aBUCAT OT €ro (opMbl M KOJIMYECTBA JKUJIKOCTH

P =ps +pghn; P =(p, +psgh,)s,

1) 2) 3)

Tak B PaCIIMPAOIINXCA KBEPXY COCyAax CHJiIa BCCOBOI'O AABJICHWA Ha JHO MCHBIIC BCCAa KHUJIKOCTHU, B
LWINHAPUYECKUX OHM OJUHAKOBBI, @ B CYKMBAIOIIMXCSl KBEpXYy — CHJIa JaBjeHUs Oousblie Beca
3aKJIIOYEHHOM B COCYJ JKMJIKOCTH.

Tak kak HailieHHas cuia SBJISETCS PABHOJACHCTBYIOIIEH, TO MOMHUMO €€ BEJIMYHMHBI HEOOXOIUMO
OIIPEAEIUTh U TOUKY €€ MPUIIOKECHHS, Ha3bIBAEMYIO LIEHTPOM JAaBiieHus. LIeHTp TsxecTu coBHagaer ¢
LEHTPOM JIaBJIEHUS TOJBKO TOIZA, KOTJa paccMarpuBaeMas IUIOCKash IIOBEPXHOCTb JIEKHUT B
TOPU30HTAIBHOM IUIOCKOCTH.

[TockonbKy THAPOCTATUYECKOE [aBICHUE p SBISETCS MOMAYJIEM THUIPOCTATHUECKOTO HAMpPSLKEHUS,
BHIOpI)I HOpMaJII)HOFO FHI[pOCTaTI/ILIGCKOFO HaprDKCHI/ISI MOFYT 6I>ITI) HOCTpOGHI)I C HCIIOJIB30BAHUECM
3aBUCHUMOCTH M TPUMEHEHBI NJs OIpeleieHHs BEeTUYMHBI B JIOOOH TOYKE paccMaTpuUBaeMoi
HOBerHOCTI/I. HpI/I 3TOM cne):[yeT IIOMHUTB, YTO OTO HaprDKeHI/Ie HaHpaBJ'IeHO 110 HOpMa.TII/I K II0maaKe
JICUCTBUSL.

PaCCMOTpI/IM MOpPAAOK TIMOCTPOCHUSA OIIOPbI HOPMAJIBHBIX THUAPOCTATHUYCCKUX HaHpH)I(eHI/IfI Ha
BCPTUKAJIBHYIO CTCHKY, YPOBCHDb KUJIKOCTHU B KOTOpOfI H

r.’ B
I S I e
T ,.%' ﬁg,‘/ i - /gfp_{)//

a 7] 8 e

Onropvl HOPMANLHBIX 2UOPOCMAMUYECKUX HANPANCEHUL

BHemHee ruapocTaTHUECKOE JaBlIeHHE po PABHOMEPHO IMEpelaeTcs KHUIKOCThIO 110 BCEMY €€ 00beMy.
OtnoxuB B Macmtade Ha MEPHEHIUKYISIpax K paccMaTpuBaeMOM IUIOCKOM CTEHKE B €€ BEpXHEeH U
HIDKHEM 4YacTH po U COEAMHMB KOHIIBI BEKTOPOB IPSMOI JIMHUEH, MOJYyYUM HPSIMOYTOJIBHHUK-IIIOPY
HOpMaJIbHBIX HANpsHKEHUH, BBI3BIBAEMBIX BHELIHUM JaBiieHHeM. I30bITouHOE TuUapOoCcTaTHYEecKOoe
JaBlieHHEe HW3MEHSeTCs MO TIJIyOMHE IO 3aKOHy MpsIMoi, mpuyeM OHO paBHO O Ha cBOOOIHOM
MOBEPXHOCTH JKUJAKOCTH M MaKCUMaJIbHO — y jiHa (PgH).
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Takum 00pa3zoMm, SMIOPbl HOPMAIBHOTO M30BITOYHOTO THAPOCTATUYECKOTO HAMpPSHKEHUS UMEIOT (hopmy
IPSIMOYTOJBHOTO TPEYTOJIFHHUKA. DMI0pa HOPMAIBHOTO a0COIIOTHOTO THAPOCTATHYECKOTO HATPSHKEHHS
MOJTyYaeTCsl B PE3yJIbTaTe CIIOKEHUS MPEIbIIYIINX ABYX IIOP U UMeeT (GOopMy Tpareuuu.

AHAJIOTUYHO CTPOATCS SMIOPbl HOPMAIBHOIO T'MAPOCTATHYECKOIO HANPSKEHUS B Cllydae HAKJIOHHOM
creakd. C MOMOMIBI0 TOMOOHBIX JMIOP MOXHO TpapUYeckd CyMMHPOBaThH HOPMAbHOE
TUAPOCTATUYECKOE HAIPSIKEHUE MPU ACHUCTBUU OJHOPOIHBIX WIIM PAa3HOPOAHBIX JKUIKOCTEH C JIBYX
CTOPOH IUIOCKOM CTEHKH.

C MOMOIIIBIO 3MIOPBI HOPMATIBHOTO THAPOCTATUYECKOTO HAMPSDKCHUS MOXKET OBbITh MOJCYMTAHA CHIIa
TUAPOCTATUYCCKOr0 OAaBJICHUA HA IJIOCKYIO IMOBCPXHOCTH, ITOCKOJIBKY 06'beM TaKou OMIOPbI YUCJIICHHO
paBeH BeUYMHE 3TOM CuJibl. [IprdeM cuiia TaBJIeHHs Ha IUIOCKYIO TIOBEPXHOCTh MPOXOMUT Yepe3 LEHTP
TSOKECTH  OIIOPBI,  MOJOXKEHHE  KOTOPOro  JUIA  TPaleleHJAIbHOW  SIIOPHl  HOPMAaJIbHOTO
THIPOCTATUYECKOTO HAMPSHKCHUS Ha MPSAMOYTOJIbHYIO CTEHKY MOXET OBbITh OMpeieieHo rpadgudecku
WM 110 hopMyJiam.

ITIpumepsl penieHus 3aaa4
1. Omnpenenuth maBiieHWe OCH3WHA HA JIHO IUCTEPHBI, €CJIM BBICOTA CTON0A OeH3mHA 2,4 M, a ero
WIOTHOCTH 710 Kr/M°.

Hano: Pewenue:

h=24Mm p=pgh

p=710l<l‘/M3 p=1710 kr/m° « 10 H/kr«2,4 M
g =10 H/kr p = 17040 I1a= 17,04 kIla
p—? Omeem: 17,04 xlla

2. Kaxkas XUIKOCTh HAXOAUTCS B cocyne, eciu cToid BeicoToi 0,3 M okasbiBaeT naBienue 5400
I1a?

Hano: Pewenue:

fi =03 m — _p
p = 5400 Ila PEREh 0= o
=10 H/Kl‘ 5400 Tla.

= : = 1800 kr/m’
100 H/xkr« 0,3 m

Omeem: Cepuas KHCIIOTA

‘T

p—?

3. B 6onbmioii cocyn ¢ KBaApaTHBIM JHOM IJIOMIAABI0 9 M2 U BEePTHKAIBHBIMU CTEHKaAMH HAJTUTa
BoJa (cM. pUCYHOK). KakoBa BbIcOTa YpOBHS BOJBI B COCY/JI€, €CIIH CHJIa €€ JaBJICHUS Ha
OOKOBYIO TIOBEPXHOCTh COCY/Ia paBHA CHUJIE IaBIICHUS Ha THO?
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Hdano: :

Fa=Fs 2 |

S,=9m .

p. = 1000 =L —— }h—?
= B e

h—? =]

Pemenue:
JlaBneHue BOABI Ha HO cocyAa pasHO: P =p gh.
IInomanes AHA cocyma paBHa: S = az, rae a — CTOpPOHAa

KBagpara.
2
Cuna ,leaB.TIeHI/IH Ha AHO cocyza pasHa: F,=P,S=p_gha”;
F,=p.gha”.
JaBieHne JKUAKOCTH Ha DOKOBYIO MOBEPXHOCTH COCYaa

yObIBaeT ¢ BBICOTOH OT i, mOaTOMY B cpeaHeMm P, = psg%.

ILtomages 60KOBOI IMOBEPXHOCTH COCY/Aa, HCOBITHIBAIO-
meil gaBieHHe, paBHa: S; = 4ah, a cuna gaBireHus1 Ha DOKO-

BYIO MOBEPXHOCTB paBHa: F;, = F,S; = psg%4ah .
Ilo ycinoswuio 3agaun F, = F,, Torga p,gha® = png%4ah.

Coxpamas Ha p, &, I, a, norydaem: a = 2h, Torga h = 3, HO

2
a=+/8S.

JS
h=-——|

2
IlogcTaBuB B GOPMYJy YHCIOBBLIE AaHHBIE, MOJIYIUM:

_N9_3_
h= 9 —2—1,5M.

OrBeT: h=1.,5 M.

Orcoma cieayer, 4To

4. B cocyn, umeroniuii popmy mmuuHapa ¢ paguycom 10 cm, Hanunu 3,14 Kr HoJCOTHEYHOTO
Macina (cM. pucyHok). OnpeaenuTs AaBlieHUe Maciia Ha THO COCy/a.

IHaHoO: CH

R=10cmMm 0,1m ﬁ
m = 3,14 kr

p =800 £T @

M |
P

Pemenue:

JlaBneHne JKUAKOCTH HA JHO COCYAa PABHO OTHOIIEHHIO
CIJIBI TSIZKECTH JKUAKOCTH K ILIOIaAy JHA COCY/a.

Tak kak F = mg — cuia TsSyKeCcTH Macjaa, a S = R — mwio-

F
majab JHA cocyaa, moaydaum: P = —

5
m
Orcrona caeayer, uro |P = Egz
IlogcTaBus B (hopMy.Iy YHCIIOBLIE JaHHEIE, IOJTYIUM:
S14:10 ... 10 . 000104,

~3,14-(0,1F 0,01
OrsBeT: P=1000 Ila.



5. B cocyne HaxonsATCs OAMH 32 IPYTUM TPU CIIOSI HECMEITNBAIOIINXCS KHUIKOCTEH: BOJIa, MaclIo,
PTYTh (CM. pUCYHOK). BricoTa kaxxaoro ciost 5 cM. OnpenenuTs JaBIeHUE )KUIKOCTEeH Ha THO
cocyza u Ha riayoune 7,5 cM.

HNauo: CH
hl = hz = h-3 =dcMm 0,05 M :::::::::
h=17,5cm 0,075 m ::¥ici_pt_§ h,
P, = 1000 =5 ——

» e,

—— Bopap — h,

KI' e N 2
Py = 900 l_ll-a- S — ——
p, =13600 X% —Piymp, —| Fh,
P-? -
Ph = ?

Pemenne:

Onpenenum gaBjeHne HA JHO KaKN0H MKHIKOCTH:
P, =p,gh, — nasnenue cronba pryru;

P, =p gh, — nasneaune cronba Boasl;

P, =p gh, — naBnenune cronba macia.

Ob6mee nasnenme Ha AHO cocyja Oyaer pasHo: P = P, +
+ P, + P3, tak KaKk hy = hy = hy, P=p gh, + p,gh, + p,gh; =
= ghl(pp + p- + pu)'

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

IToacrasus B hOopMyJIYV YHUCJIOBEIE JAHHLIE, MOJYYIHUM:

P=10-0,05-(13 600 + 1000 +900)=0,5-15 500 =
= 7750 Ila.
Jasnerne Ha rayomHe 7,5 CM CKJIaABIBaeTCs H3 JAaBJie-

HHUA cTos0a Macjia ¥ AaBJ€HHS MOJOBHHBI CTOJOBI BOABI:

1
B, = P, +3P,

Orciona caeayer, uro |B, = p, 8hy + %p_gh.z L

ITogcrasus B (hopMyJIy YHCIOBEIE JaHHBIE, HOJIYYHM:

P, =900-10-O,O5+1-1000-10-0,05--450+250=

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

6. Konmueckas mpoOka mepekpbIBaeT cpa3y JBa OTBEPCTHUS B TUIOCKOM COCY/I€, 3aMI0JTHEHHOM
xuakoctero pu nasneHuu 2000 I1a (cm. pucynok). Paanyc otBepetuit R =2 em, r =1 cm.
Onpenenutsb cuity, TEHCTBYIOMIYIO HA IPOOKY CO CTOPOHBI KUAKOCTH.
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Hano: CH
P=2000IIa |0,02m

R=2cm 0,01 m
r=1cm
F-7?

Pemenmne:

Cuna, aeiicTByiomas Ha TpoOKy B 60JbIIOM OTBEPCTHH,
paBHa: F, = PS,, rae S, — mromajab 60JbIIOI0 OTBEPCTHSA;
S, = nR?, Troraa F, = PrR>.

Cuia, geiicTBywinas Ha npoOKy B MaJIOM OTBEpPCTHH,
paBra: F, = PS,, rae S2 — IJIONIa/Ib MAJIOrO OTBEpPCTHA;
S, = nr?, rorna F, = nPre.

Cuna, neiicTByiomas Ha NTPpoOKY CO CTOPOHBI JKHIKOCTH,
pasua: F = F, — F,; F=nPR* — nPr* = nP(R* - ).

Orciona creayer, uto |F = nP(R* - r?)|.

IToacraBus B Q)opMy.rly HYHUCJIOBbIE JaHHbIE, ITOJIYIHUM:I

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

OrsBeT: F=1,884 H.

Pemurhb 3a1a4i CaMOCTOATEIbHO

1. Uemy paBHA apXHMeJI0Ba CHJIA, ICHCTBYIOIIAS B BOJIC HA TTAHEIb MACCOM N KT M3 CTEKJIA, IPOOKH,
3 3 3 3
amoMuHus, CBUHIA? (Perexna=1200KT/M”, Prposin, =240KT/M°, Pamosmrmii=2 700KT/M”, Pepma=11300KT/M°)
2 2
2. [Tnomans Manoro mopmiHs ruapaBiardeckoro npecca pasaa 10 cm®, 6ompmoro — 50 cm”. Ha

MaJIblii TOpIIeHb MoMecTHIIN Tupro Maccoit 1 kr. Kakoit rpy3 Hy)kHO IOMECTUTh Ha OOJIBIION MOPIIEHB,
YTOOBI KHUIKOCTh OCTAJach B PABHOBECUU?

3. Hacoc HarHeraer macio B rujpaBivyeckuil mpecc mox aasieHueM nNMIla. Dto naBnenue
nepeaaeTcsi Ha OOJBIINHN MOPIICHB, TUIONaAL KoToporo 800 M’ Kakyro cuity naBiieHHSI HCTIBITHIBAET
3TOT NOPIIEHH?

4. BOIBIIOH TOpIICHs THAPABIMYECKOr0 Tmpecca miomageio 180 cm’ meiictByer Ha
npeccyemoe Teno ¢ cuinor NkH. C kakoil cuioi AeHCTBYET Macio B Mpecce Ha Malbli MOPIIEHb, €CIU
€ro IIoIa s paBHa 4 cm??

5. Omnpenenutsb naBieHre OEH3WHA HA JHO IIUCTEPHBI, €CIIM BBICOTa CTON0a OeH3uHa 2,1 M, a
ero miotsocth 710 kr/m®

6. BbruucnuTe gaBneHue U CHIy JaBJeHHs KEPOCHHA Ha JHO Oaka ruiomaaso 50 P, ecin
BBICOTA CTOJI0a KEPOCHHA B OaKe NCM.

7. Pacmmpssce, raz nepemectun nopuieHb Ha paccrosgHue 0,5m. Ilnomane mopmnsa 0,02m?,
atmocdepHoe masienne HopmanmbHOoe (101,3 xIla). Ompenmenute: paboTy raza mo NPOTATKUBAHHUIO
MOPILHS; KOJMYECTBO TEIIOTHI, OTAaHHOe ra3y HarpeBareneM. Cunraiite KI1J1 HarpeBatens paBHbIM 1,
a TPeHHEM MpeHEOpETHTe.

8. B cranenuTeiiHOM  TNPOW3BOACTBE  «M3JOXKHHIEH»  Ha3bIBAETCS
YYI'YHHBIM cTakaH 0e3 JHa, B KOTOPHIM BBUIMBAIOT pacIUIaBlIeHHBIH MeTaml. Bepxhee N
OTBEPCTUE HU3JI0KHUIBI HEMHOTO MEHBIIIE HUXKHErO Ui TOT0, YTOOBI MOXKHO OBIJIO ‘ |1 |
U3JIOKHUILY CHSATH C OTBEPHEBIIETO CIMTKA, KOTJA OCThIHET MeTayul. YToObl MeTasul
CHHU3Y HE BBUIMBAJICS, U3JI0KHUIIBI CTABST HA MJIOCKOE OCHOBAHME U JIENAIOT UX OYEHb
MaccuBHbIMH. Ha pucyHke cneBa n300pakeHa W3JIOKHUIA, CIpaBa — MOIBEM

=H=3.



M3JIOKHUIIBI C OTIUTOro ciuTka. OnpenenuTe CHIIy AaBIICHUS, KOTOPYIO MPOM3BOJIUT Ha IMOIJIONKKY
W3JIOKHUIBI HATUTBIA YyTYH, €CJIM BBICOTA M3JIOXKHUIBI 1,5 M, a momans HmwkHero ocHoBaHus 1600
cM?. TInotrocTs uyryna 7000 kr/m°,

9. Bo ckonbko pa3 maBineHue BOJbI Ha AHO KodeilHMKa Ooiblie, 4YeM Ha JHO YailHHKa,
ecli BbIcoTa ctosba Bojbl B Kodeitnuke 30 cm, a B yaiiHuke — 12 cm?

10. Onpenenuth BBICOTY YpPOBHS BOABI B BOJOHAINOPHOI OalHe, ecid MaHOMETD,
YCTaHOBJICHHBIN y €€ OCHOBaHMsI, MoKa3biBaeT AaBieHue 220 klla.

11. Bricora cronba Bonbl B cTakaHe 8 cM. Ha CKONbKO JaBieHHE PTYTH Ha JHO CTaKaHa
ObLT0 OBI O0JIBIIE, €CITU OBl PTYTh HAJMIIN B CTaKaH JI0 TOTO XKE YPOBHS?

12. Jnunaa akBapuyma 40 cMm, mumpuna — 20 cMm, Beicota — 30 cM (cM. pucyHok). C Kakou

CWJIOHN BOJIa IaBUT Ha AHO akBapuyMa? Bozja Hue BEpXHETo Kpasi akBapuyma Ha 2 cM
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13. . Cocyx umeer maccy 15 kr. Korga B Hero nmoBepxy JOJHIN BOABI, Macca crana 40 xr, a
KOTJIa B ATOT K€ COCYJ| HAJWJIM JIOBEPXY HEU3BECTHBIM pacTBOp, TO Macca cTaia paBHOU 45 Kr.
Onpenenutsd JaBieHUE HEM3BECTHOTO pacTBOPA Ha JIHO COCY/JIa, €CIIM BbICOTa cocyia pasHa 0,5 M.

14. B uBetounyro Ba3zy HanuTta Boja. JlaBnenue Bozbl B Touke (1) Oonblie, uem B Touke (2),
B 1,6 pa3a. Touka (1) orcTout ot nHa Ba3sl HAa 4 cM, a Touka (2) — Ha 10 cm (cMm. pucyHok). KakoBa
BBICOTA BOJIbI B Ba3e?

15. B cocyn, miomaas NonepeyHoro Ce4YeHHs KOTOPOTrO YMEHbLIAeTCs B HalpaBICHUH OT
JTHa K BEpXHEH 4acTu, HAJIUTA KHUAKOCTh Maccoi 1,6 kr (cMm. pucyHok). O0beM KUIKOCTH paBeH 2 JI.
BricoTa xunkoctu B cocyne pasHa 20 cm. HaiiTi naBienue »XUAKOCTH Ha THO cocyna. h

16. Kakyro cuiy naBieHHS HCTBITBIBA€T CTEHKa akBapuyma JuHON 40 cMm, ecrlu yron ee
HaksioHa 60°, a BeIcOTa BO/IbI B akBapuyMe 20 cM (cM. pucyHok)? Atmocheproe paienne 105 Ila.

Tema 3.3 ArperaTHbie cocTosiHUsI BemiecTBa. @a3oBble nmepexoabl

IIpakTnyeckoe 3ansaTHEe Ne9 «AOGCOTIOTHBIE M OTHOCUTEIbHBbIE Je(opMalu TBepPABbIX TeJ»

Hesb: yrioyOuTh 1 KOHKPETU3UPOBATh MPEICTABIICHUS O (ha3ax BEIIeCTBA U UX CBOMCTBAX,
HAyYUTHCS UCTIOIH30BATh 3aBUCUMOCTD CTPOEHUS (ha3bl BEIIECTBA sl OOBSICHEHUS (PUINIECKUX
MIPOIIECCOB, MPOUCXOAIINX C MATEPUATIOM.

WHJIMBUIyaJIbHOE 3a/1aHK€, KOHCIEKT JIEKIUW, CIPAaBOYHbIE MaTEPHAIIbI.

Yka3anue:
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IIpakTrueckoe 3aHATHE COCTOMT M3 JBYX 4YacT€W — TEOPETUYECKOM M mnpaktudeckoil. Ilocie
U3Y4YEHHs TEOPETUYECKOr0 MaTepHalla MOKHO IIPUCTYNATh K BBIMOJHEHHUIO IPAKTHYECKON 4yactu. OHa
COCTOMT U3 JIByX M OoJiee 3a1ad sl CaMOCTOSTEIBHOTO BhINMONHEHHU. He 3a0biBaiiTe 0 MpaBUILHOM
oopmienun pemtenus. Ha BeloHEHNE TPAKTUYECKOT0 3a/1aHUS] OTBOJAUTCS [1BA aKaJIEMUYECKUX daca.

3aganmue:

1. O3HakoMbTECH C KPATKUMH TEOPETUYECKUMHU CBEICHUSIMU
2. Pemmre 3amaum, CaMOCTOSITENBHO HCHOJB3YsS NMPUMEPBl U KpPATKHE TEOPETHUYECKHE
CBEZICHHUS.

ITopsinok BbINOJIHEHHUSI PAa0OTHI:
1. W3yuute u BeIUIIMATE GOPMYIIBI ITO JAHHOH TEeMe:
2. Pa30epute npuMeps! peLICHHBIX 3a/1a4
3. Pemmre camocTosATENHHO 3aa9U

1.KpaTkue TeopeTniecKue cBeJIeHUsI.

Kpucrajummyeckass pemerka — IpOCTPAaHCTBCHHAA CCTb CBH3€I>'I, Y3JIbL KOTOpOﬁ COBIIaAAaOT C

HECHTpaMH aTOMOB HJIM MOJICKYJI BCIICCTBA.
KpI/ICTaJ'IJ'H/I‘leCKI/Ie BCIICCTBA: MCTAJIJIbI, MUHCPAJIbI, KPUCTAJIJIbL coJie u Ap.

AMODd)HLIe (I/ISOTDOHHBIC) BCIICCTBA — BCIICCTBA, (1)I/ISI/I‘ICCKI/I€ CBOMCTBA KOTOPBIX OJUHAKOBBI BO

BCCX HAIIPpABJICHUAX.

B aMOp(HBIX BEIIECTBAX d, KPUCTANINYECKON pEeIIeTKH HeT U
[0 CBOEMY BHYTPEHHEMY YCTPOWCTBY OHH s / Nﬁ HOJOOHBI JKUAKOCTSAM. AMOpQHbIE
BEILIECTBA: CMOJIBI, CTEKJIO, IJIACTMACCHI U N / ap.
N
JlanpHUN  TOpSAIOK  —  CTPOCHHE ;i "~ BellecTBa, MpH  KOTOpOM  TIO
M000MY HaIPaBICHUIO PACCTOSTHUE MEXAY 000 mapoi COCeIHUX YacTHl]

OJHNHAaKOBO.
HneanbHbie KPUCTATINYCCKUC CTPYKTYPBI O6J'Ia,[[aIOT JaJIbHUM HTOPAAKOM.

[Ipn w3MeHeHMM YCIOBUU arperaTHOe€ COCTOSHHE BEIIECTBA MOXKET H3MEHHUTHCS, MOITOMY B
¢u3uke TBEpHOE TENO — TENO, HMMEIoLee KPUCTAIUIMYECKOe CTpPOeHHE U obJajaroniee JajbHUM
MOPSIAKOM.

Buabl kpucTaJUINYECKUX CTPYKTYP

Tunsl KpucTaZIOB W KPUCTAUIMYECKHX pEHIETOK M3y4yaeT Hayka Kpucramiorpadus.

['eomeTpryeckn KpUCTAIIMYECKHE PEmETKH NPEACTaBISIIOT CcOO00OM MNpU3Mbl WM NHPAMUABI C
IIPaBUJIBHBIM MHOT'OYTOJIBHHUKOM B OCHOBaHMHU: 110 Tumy CBsI3€il 4acCTHIL BBIAECIEHBI KPUCTANINYECKHE

CTPYKTYpBI:

1) aTomMHass — B y37laX HaXOMATCSl HEUTPAIbHBIE aTOMBI, OOBETUHIEMbIE KOBAJICHTHBIMHU CBSI3IMHU
(anmmas, rpaduT, KpEMHUH U JIp.);

2) HOHHAasg — B Yy3JIaX HaxoOATCA ITOJIOKUTCIBHBIC W OTPULATCIBHBIC HMOHBI, YIACPKHBACMBIC
o + _
cuiamu ssekTpuueckoro Bzaumoseiicteus (Na” Cl™ u ap.);
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3) MoueKyssipHas — B y3JaX HaXOIATCS HEHUTpajbHbIE MOJIEKYIbI, MEXIY KOTOPHIMU JEHCTBYIOT
CHJIBI MEKMOJIEKYJISIPHOTO B3auMojelcTBus (HadTanuH, TBEPABIA a30T, cyxoil nex  CO,, neg H,0 u

zIp.);

4) MCTAJUIMYCCKASA — B Y3JIaX HAXOAATCA IHOJOXHUTCIBbHO 3apsi’KCHHBIC MOHLI MCETalllla, MCKAY
y3J1aMH ABUIKYTCS CBO6OI[HBIC QJICKTPOHBI

TennoBoe pacuupenue
W3 onbITOB M3BECTHO, UTO Ta3bl, *UAKOCTH M TBEPAbIE TeJa PACIIUPSIOTCS IMPU HArpeBaHUU U

CXKUMAIOTCA IIPHU OXJIAXKIACHUU. Pasnuuarot aunetinoe u obvemnoe meniosvie pacuituperusl.

JImHetHOe pacIIMpeHHE — YBCINYCHHUE OJHOI'O U3 JIMHEMHBIX pasMEpoB TCJila (KaK IIpaBUJIO

JUIMHBI) [IPY MOBBIIICHUU TEMIIEPATYPBhI.

e O NMHEWHOM PACHIMPEHNUN FOBOPST NPUMEHUTENIBHO K TBEPABIM TElaM, T.K.ra3 U *KUAKOCTb
MPUHUMAIOT (pOpMy cocyza, B KOTOPOM HaXOJSATCS.
OO0bEMHOE paclIUpPEHUE — yBEINYEHHE 00beMa BEIIECTBA IIPU MOBBIILIEHUU TEMIIEPATYPHI.

e MOXXHO rOBOPUTH 00 OOBEMHOM PACHIMPCHHUU BEIIECTBA BO BCEX arperaTHbIX COCTOSHHSIX
(TBEpIOM, KHIKOM M Ta3000pa3HOM).
Koaddurment suneiiHoro pacimpenus (@) — OTHOIIEHHE OTHOCHTEIBHOTO U3MCHEHHSI UTHHBI Teja

Al -1
R K BBI3BABIIIEMY €r'0 U3MEHECHHUIO Temieparypsl Al. |, =22, 2 | [a] =1rpan
4 ly At
0 0

® (! 3aBHCUT OT BEIIECTBA.

e JluHeliHOe paclIMpeHUE YUYWUTHIBAIOT MPU TMPOEKTUPOBAHWMU 3/aHHUM, MOCTOB U [p.
00BEKTOB, UCTIHITHIBAIOIINX TIEPETaIbl TEMIIEPATYPHI.

Koaddunment 06bémHOr0 paciimpenus (f) — OTHOIIEHHE OTHOCHTEIBHOTO U3MEHEHHS 00beMa

AV

-1
BEIECTBA ~Y. K BBI3BABIICMY €r0 M3MEHEHHUIO Temrepatypsl At. |z -2V . LI [#] =1 rpag™~ [ 3aBucur OT
VO

BemiecTBa (s TBEPABIX Ten f = 3a). OObeMHOE pacIIUpEeHUE YYUTHIBAIOT MPU MPOEKTUPOBAHUU
MEXaHU3MOB, UCTIBITHIBAIOIIMX Nepenasl Temieparyp (ABC, TypOuns! u ap.).

Buasl negpopmannu. 3akon I'yka.

Hedhopmayueti Ha3pIBalOT U3MEHEHNE (HOPMBI MM 0ObeMa Telna.

Ynpyeoii nazpiBaoT nedopMalinio, KOTopas MOJHOCTHIO MCYE3aeT MOCHe MPEKpaIIeHHs JAeHCTBUS
BHEIITHUX CHJL.

Heynpyzoii (nnacmuueckoti) Ha3pIBalOT JeQOpMalMIo, KOTOpas HE HCUE3aeT IOcie MpeKparieHHs
JIEHCTBHS BHEIITHUX CHIL.

Cuna, BO3HHMKarollas B pe3yiapTaTe JAepopmanuu Teaa U HalpaBiIeHHass B  CTOPOHY,
MIPOTUBOTMOJIOKHYIO MEPEMEIICHUI0 YaCTHII TeIa MPH e opMaliu, Ha3bIBACTCS CULOU YNPY2OCTU.

[TpuunHoil nedopmanuu Tena SBISETCS JBUKEHHE OJIHOM dYacTW OTHOCHTENIBHO JApYroi, a
clIeZICTBHEM Jle(hopMalliK Tella SIBISIETCS BOSHUKHOBEHHE CHIIBI YIIPYTOCTH.

Buner nedopmaniuu

Jedopmarust pacTskeHUS (CKATHS)
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- 910 nedopmMaius, TPU KOTOPOH H3MEHSETCS PACCTOSHUE MEXIY MapauIeIbHBIMU CIIOSMHU
YIpPYyroro TBEpAOro Tena.

[Tpu nedopManuu pacTsKeHHUsS YBEIMUHUBAIOTCS pa3Mephl Tela.
[Tpu nedopmaniuu ckaTrs yMEHBIIAIOTCS Pa3MeEphI Tela.
Jedopmarus pacTspkeHHs (CKaTHs) XapaKTepu3yeTcs: abCOMOTHBIM YATMHEHHEM.

AOCONIOTHOE Y/UIMHEHUE I[IOKAa3bIBAE€T HA CKOJBKO M3MEHSAETCS /JIMHA Tejla MO CPAaBHEHUIO C
NepBOHAYAJILHON JUTMHOW 00pasiia.

A!="|(_]

A1> 0 nebopmanus pactsoxenus A 1 <0 nepopmanus cxaTust

OTHOCUTENIBHBIM  YAJIMHEHHWEM Ha3blBalOT (U3UYECKYI0 BEIUYHMHY, pPAaBHYIO OTHOIICHUIO
a0COJIFOTHOTO YJIMHEHHS K NIePBOHAYAIBHON JUTMHE 00pasiia.

Al

Hedbopmarus nzruda

Jedopmanun u3ruba mnoaBepraercs TeNO, 3aKPEIJICHHOE C JBYX CTOPOH M HarpyKeHHOE
nocepenHe, JIN00 TeJo, 3aKPeNIeHHOE ¢ OJJHOM CTOPOHBI U HarpykKeHHOE, C IPYTrOil CTOPOHHBI.

[Tpu nedopmarnmm m3ruba BOTHYTas 4acTh Teja IMoOJBepraercs aedopmaluu cxKaTusl, BBIITYKJIas
4acTh TeJa MnoJBepraercs Ae(opMau pacTsKeHUs.

YroOBbI TeJIa MEHBIIIE MOIBEPTAUCH, NeOPMALIUU U3TH0a, UX JACTAI0T TPYOUaTHIMH.
Hedopmarus capura

- 9T0 Takas nedopmanusi, IpU KOTOPOH HPOUCXOAUT CMELIEHHE (COBUT) MapajielbHBIX CJIOEB
YIPYToro TBEPJAOro Teja APyl OTHOCUTEIBHO ApPYTa.

Hedopmarus kpydeHust

I[C(I)OpMaL[I/II/I KpY4YCHHS IMMOABEPTacTCA TCJIO, OJUH KOHCI KOTOPOTO 3aKPCIJICH, a4 K IPpYIroMy KOHIY
MMPUIIOKECHBI ABC CHUJIbI, PABHBIC 10 MOJAYJIIO U IIPOTUBOIIOJIOKHBIC IO HAIIPABJICHUIO.

3axoH ['yka

Cuna YIIPYroCcT, BO3HUKAKOMIAsA MpPHU MaJlbIX Ile(l)OpMaI_II/ISIX TCJIa, NpONOpHHUOHAaIbHA YIJIMHCHUIO
TEJIa U HAITpaBJICHA B CTOPOHY, IIPOTHUBOIIOJIOKHYIO HAITPABJIICHUIO nepeMemeHHﬁ HaCTHII TC1a.

Fy=-kX
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K - >KecTKoCTh Tenla, 3aBUCHT OT (OPMBI U pa3MepoB Teia, M OT Marepuaya, U3 KOTOPOTO
U3TOTOBJIEHO TEJIO, X - CMEIIIEHUE.

m

Cuna ynpyeocmu
Cunpl  ympyrocTH BO3HHMKAIOT IpH  JedopMalMyd Tela W HANpaBIeHbl B  CTOPOHY,
MPOTUBOMNOJIOKHYIO CMEIIEHUIO YaCTHUII TeJla U3 MOJ0KEHHUSI PABHOBECHSI.
3axon I'yka
Jns manbix ynpyrux nedopMmanuii pacTsyKEHUS M CKATHsl BBINONHSETCS 3axoH [yka: cuna
YOPYTOCTH HPSAMO IPONOPLUOHANIBHA Y/UIMHEHUIO T€Jla M HalpaBjeHa B CTOPOHY, MPOTHUBOIOJIOKHYIO
HAIPAaBIICHUIO MTEPEMEIEHUI YacTHIl TeJa npu aedopmannu:

F=k4l|,
riae kK — koadpunment sxectrkoctu, H/m;
Al — ynnuHeHue Tena, M.
IIpu npoekuu Ha ock X 3aK0H I'yka IpuHUMAaET BUJ:

FY:-/OC,

rae x = Al — ynnuHeHue Tena, M.
(x > 0 npu nedopmanuu pactskeHus, x < () mpu 1epopMaluu CHKaATH).

—
IIpumepsI cuibl yOpyrocTH. N
Cuna peakuuu onopsl (cuiia, JeMCTBYIONIAs CO CTOPOHBI OMOPHI HAa TEJI0) — ‘
(31
N m
Cuna HopMaJIbHOTO JaBieHHs (Tesa Ha ornopy) — M 2 Iz
Cuna peakuuu OHOpPbl M CHJIA HOPMAaJbHOIO JABJICHMS HalpaBICHBI Puc. 8

MEPIEeHIUKYJIIPHO TOBEPXHOCTH COMPUKOCHOBEHMSI TeN (PHC.8).
Cuna HaTsDKEHUS — HallpaBlieHa BIOJIb HUTH (Tpoca U T.1.) — 7.

Bec mena. Hesecomocmu

P in? o o
PO <ssvaw, C KOTOPOU TEJIO, BCICACTBHUEC €TI0 IMPUTIKCHUA K 3eMne, ACUCTBYET Ha OIIOPY

WM ITIOABEC.

Bec Terna, 0003HaueHHBIH OYKBOI — ', 10 MOJIYIIIO PaBEH CHIIC TSHKECTH:
P= mét.

Ho 10 He 3Ha4uT, uto ©+ u P - ogHO U TOXe.
I

Cuna Tsoxect (£1) — 5To rpaBHTALIMOHHAS CHIIA, IPUIOKEHHAS K TSIy,
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Bec Tena — 310 cuna ynpyroctu, NpuiaoXkeHHas K IOJBECY.

2. [IpuMep pemeHus 3a1a4
Ha Tonkoil npoBosioke nojaseiieH rpy3 maccor 10 kr. I[Ipu 3ToM ajiHa NPOBOJIOKH YBEJIUYMUIIACH

Ha 0,5 MM. Uemy paBHa KECTKOCTh TPOBOJIOKU?

IL%lHo:
m:
x=0,5 MM 0}5:10° M

k-?

CHu Pemenue:

10 xr

['py3, OJBEIICHHBIN Ha IPOBOJIOKE, HAXOJUTHCS B TIOKOE. 3HAYUT ¥ yup. 10 MOJTyJTIO paBHa Fm.
Fo=mE: f;:ynp.:-kx
B ckansapnoit popmyine ock OY: Fp-Fyy,=0
Fm=Fyup = mg=kx =k

mg 1098 H
k= x : k=517 2196000

H
Otser: 196 - 10° 4
Pemmuts 3agaun

(n - Homep awezo 6apuanma no cnucky)

10.

11.

3aueM Ha TOUHBIX U3MEPUTENIbHBIX HHCTPYMEHTAX yKa3biBaeTcs Temnepatypa (oosrano 20 °C)?
O6bsacuuth ¢ Touku 3peHuss MKT coenunenue aeraneit ¢ momouipto kiesd. [louemy TBepabie
Marepuaibl CKIEHBAIOTCS TPYAHEE, YeM IUIacTU4YHbIe? YeM cOoeMHEHUE JieTajeil NasHUEeM CXOIHO
CO CKJIEUBaHUEM?

[Ipyu coenuHeHuun AeTanel NMasHUEM MOBEPXHOCTH NPEABAPUTENBHO 3aUMILAKOT OT 3arpsA3HEHUN U
OKCHJIOB, MHAYE JKUJIKUI MPUION HE MpUcTaeT K HUM. Kak 3T0 MOKHO OOBSICHUTH Ha OCHOBE 3HAHUI
0 CHJIaX MOJIEKYJIIPHOTO B3aUMOJENUCTBUSA?

Urto 0611ero Mex1y CBApKOH METaNIOB U MAassHUEM HX?

Jlns coequHeHus: altOMUHHUEBBIX IPOBOJIOB, a TAK)KE ACTAlIed U3 MEIU, HUKENsS, IIMHKA TPUMEHSIOT
TaK Ha3bIBAEMYIO XOJOJHYIO cBapKy. CoenuHseMble MOBEPXHOCTHU YKIJIAJbIBAIOT B HAXJIECTKYy H
CKUMAIOT npeccoM 0e3 mpeaBapuTenbHOro HarpeBa. OOBSICHHTH, MOYEMY IOJy4aeTcs MPOYHOE
coenuHeHue. B ueM 3akirouaeTcs CyImHOCTb CBapKU TUTABJICHHEM?

[IpoHUKHOBEHHE aTOMOB HEKOTOPBIX METAJUIOB (QJIIOMHHMM, XpOM U JIp.) B TJIyOb CTaibHOTO
W3JIeIMs JieflaeT ero MOBEPXHOCTh MPOYHON U HepxkaBeromie. Kakoe (usnueckoe sBieHue JEXKUT B
OCHOBE MeETaJUIM3alluid TOBEPXHOCTH CTaIM U MOYEMY OHA MPOM3BOJIUTCSA IMpH Oojiee BHICOKOIL
Temreparype?

Kak u3BeCTHO, MOJEKYJbl M aTOMbI TBEPJOrO Tela KOJEOMIOTCS OKOJIO HEKOTOPOTO CPEIHEro
noJyiokeHus. BeneacTBue 3TOro TBepaple Tena COXpaHST cBOKO (opmy HemzMeHHOH. [louemy B
TAaKOM cly4yae B TBepHAbIX Tenax Bo3MoxkHa muddysus? Ilouemy nuddysuss B HUX TPOUCXOIUT
MEJIEHHO TPU HU3KOM TeMIiepaTrypax U ObICcTpee Mpu BHICOKON?

Onpenenure cuiay MOBEPXHOCTHOTO HATSDKEHUS, JCHCTBYIOUIYIO Ha IIIACTUKOBYIO pEHKY,
IJIaBAIOIYI0 Ha MOBEPXHOCTH BOAKI. JlnnHa periku 20 cwm.

IIpoBonoka amuHOM 5,4 M mOJ JEHCTBHEM HArpyskd YUIMHMIach Ha 2,7 mm. Onpenenure
abCOJIIOTHOE ¥ OTHOCUTEIBHOE YJTMHEHHE MTPOBOJIOKH.

K kxoHuam craabHON NPOBOJOKM UIMHOW N METPOB M IUIOHIA/bIO0 MONEPEUYHOro ceueHus 1Mm?>
MpUIOKEHbI pactsaruBaronue cuibl Mo 200H kaxnmas. Haiinure aGCcoNOTHOE M OTHOCHUTEIBHOE
YIJIMHEHUE

[Touemy wmeramousnenust U3 CTAIM W 4YyryHa I[epel OTIPaBKOW K MOTPeOUTEN0 OOMIBHO
CMa3bIBAIOT CHEIUATBHBIMHU MacllaMU - TABOTOM WJIM COIUA0TIOM?
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32.

Kakum ¢usndyeckuMm TpeOOBaHMSIM JODKHA OTBeYaTh CMasKa, NpUMeHseMas mpu o0paboTke
METAJLJIOB JaBJIEHUEM?

Kakue nedopmariy mpoucxonsit B MeTaiie mpu o0paboTke AaBIeHHEM?

Kakoe cBOMCTBO METAJIJIOB UCIIOJIB3YIOT IIPH 00Pa0OTKE X KOBKOW U TOpsSYEH IITAMIIOBKOM?
[Touemy OOJNBIIMHCTBO CIUIABOB (CTallb, YyryH, OpOH3a) MEHbBIIE TMOIBEPKEHBI IIACTUYECKUM
nedopManusiM, 4eM YUCThIe METalIbI?

Kak u3zmensiercs crpykrypa Meraiia npu rnpokare?

IIpu oOpaGoTke MeTamia JaBICHHEM Y 3aroTOBKM BO3HUMKAET HAaKJIEN, €CIU 3aroTOBKH
IIPEIBAPUTENILHO HE HarpeBaroTcsa. YeM Meniaer Hakien?

Kak u3mensiercst sHeprus Tena npu miacTuueckux aedopmanusx?

IIpoBonoOka W3roTOBISIETCS Ha BOJOYWJIBHOM CTaHe (METaUIMYECKUM IPYTOK MHOTOKpPaTHO
MPOTATUBACTCS Yepe3 pPsii OTBEPCTUH, C MOCTENEHHO YyMEHBbIIAIOIMMUCA OTBepcTusMu). Kakue
nedopMaIuy UCIBITHIBAET PU 3TOM METasl1?

[Ipokat pexxyT Ha noJsiockl ipu Temnepatype 800° C. PaccunTaTh JyIMHY rOpsiYMX MOJIOC, €CJIU MIPU
temneparype 20°C oHM JOJDKHBI UMETh JUITMHY 15M.

[Touemy 06paboTka cTanu TpyaHee 00pabOTKH TIOPATIOMUHUS?

[IpoHMKHOBEHHE aTOMOB HEKOTOPBIX METAJUIOB (QJIIOMUHUN, XpOM M Jp.) B TNIyOb CTaJIbHOTO
W3JIeHs JieNlaeT ero MOBEepXHOCTh MPOYHON U HepxkaBeromiei. Kakoe ¢usnueckoe sBieHue JEKUT B
OCHOBE METAJUTM3AllMM TIOBEPXHOCTH CTaIM W MOYEMY OHA MPOHM3BOIUTCA IpH 0OJiee BBICOKOI
Temrneparype?

JUig mpuaHusl CTaJbHBIM M3JEIHMSIM TBEPAOCTH HACBHILAIOT UX MOBEPXHOCTHBIN CIOW yIiiepoioM
(uemeHTanus), azoToMm (a3oTUpoBaHME), adOMuHUEM (amoTHpoBaHue). I[loyemy mporecchl
MIPOBOJIAT TPH BBICOKHUX TeMnepaTypax? Ha kakom (pu3mueckoM sSIBICHUH OHU OCHOBAHBI?

[Ipu coenvHeHuu neranel masHUEM MOBEPXHOCTU MPEIBAPUTEIHHO 3a4YHMINAIOT OT 3arps3HEHHUH U
OKCHJIOB, MHAYC KHUJIKUI MPUTION HE TPUCTAaeT K HUM. Kak 3T0 MOXHO 00BSCHUTH HAa OCHOBE 3HAHUH
0 CHJIaX MOJIEKYJISIPHOTO B3aUMOAeHCTBUSA?

BHyTpu 4yryHHOU OTJIMBKHM BO BpEMs JIMThbSI MOTYT OCTAaThbCsS MYy3BIPBKU Ta3a, YTO YXYJIIAE€T €ro
MPOYHOCTb. MIMEIOTCS M MyCTOTHI B YYyT'yHHOW OTJIMBKE, eciiu ee ooveM 5 am®, a macca 30,5kr?
Ecim numerorcs, To KakoB X 00beM?

Jlns minaBKu MeTaiia TpeOyeTcsl BO3AYIIHOE AyThe, oOecledynBaroliee MocTylmjieHue B nedb N m?
Bo3ayxa B cekyHny npu gasienuu 200kIla. Kakoit o6bem Bo3ayxa npu naeinenun 100xIla HyxHO
M0JIaBaTh KAXKAYIO CEKYHIY B I1€4b, YTOOBI 00ecneunTh ee paboTy (Ipolecc U30TePMUIECKU).
Harpetsie /i1 3akanku cTajgpHbIE JeTalld OXJaXIAlOT B BOjE, Macie. B kakoil cpene oxnaxaeHue
uzaet Hanbosee OBICTPO U oYeMy?

[Ipn 00paboTke METauIOB pe3aHHEM B KauecTBE OXJIAXAAIOIIMX KUAKOCTEH IIUPOKO MPUMEHSIOT
Macina u 3mMyiabcuu. [loueMy mouTn He IPUMEHSIIOT JUIs 3THUX LI€JIEN BOJHBIE paCTBOPHI?

Jlj1 M3rOTOBNIEHUS! apMaTyphl KeI€3HOOETOHHBIX KOHCTPYKLUUNA MPUMEHSIOT JETUPOBAHHBIE CTAJH.
Jlerupyromnue 3JeMeHThl (MapraHel, KpeMHUH, XpoM) 00pa3zyroT C JKele30M TBEepible PacTBOPHI,
CTPYKTypa U CBOICTBa KOTOPBIX OTJIMYAIOTCA OT CTPYKTYpPhl U CBOWCTB TBEPJABIX PacTBOPOB
YIJIEpO/ia C KEIE30M — YIIEPOAUCTHIX cTaslel. B ueM cocTout 310 oTiinuune?

KakoB MexaHN3M KpuCTaJUITM3aMU MeTasuia?

Bce Buzbl TepMHuUecKoil 00pabOTKH (OTKUT, HOpMaIM3alus, OTIYCK, 3aKajlka) CIUIaBOB CBOJASATCS K
WX HarpeBy /0 ONPEICJICHHON TeMmmepaTyphl, BBIACPKUBAHUIO TpPU OSTOW TemIeparype U
OXJIAKIEHUIO 10 KOoMHaTHOM TemmepaTypsl (+20°C) ¢ pa3Hoil ckopocThlo. Kak BiMseT CKOpOCTh
OXJIAXICHHS Ha (PU3HKO-XUMHYECKHE CBOMCTBA?

Mo>HO 1 3a71MBaTh MeTal B GOpMy, CACTAaHHYIO M3 MaTepuaia, KOTOPbIil cMauuBaeTCsl JTaHHBIM
MeTauIoM?

B nucre cranu nMeercs Kpyriioe OTBEPCTHE. Y BEIMYUTCS OHO WJIM YMEHBIIUTCS, €CIHU JIUCT CTaIu
HarpeTsb?
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33.

34.

35.

36.

37.

[Ipun ucmapenun, Kak M3BECTHO, TEMIEpaTypa >KUJIKOCTU MOHMKaercd. [loueMy B TakoM ciiydae
TeMIeparypa BOJbl, OC€H3MHA, CIUPTa M T. A. B OOBIYHBIX YCIIOBUSIX IOYTH Takas >kKe, 4TO U
TEMIIEpaTypa OKPYKaroIlero BO3/1yXa, XOTs X IOBEPXHOCTh OTKpbITa?

XenesHoIOpoXKHBIE PENTBChl UMEIOT AJIUHY 25 M M H3rOTOBJIEHBI U3 cranu. Kak m3meHnsercs ux
JUTHA, €CIIM TOJI0BbIE U3MEHEHUS TeMIiepatypsl koieoitores ot 30 go -30 °C?

B xene3HoopoxHyr0 1ucTepHy norpy3wim HegTh oobeMoM 50 M3 mpu Temneparype 40C. Kakoii
00BbeM He(TH BBITPY3WIIH, €CIIM HA CTAHIIUY HA3HAYCHUS TeMIleparypa Bo3ayxa Obuia -40° C?

B mponecce kokcoBanusi U3 1 TOHHBI YrOJbHOW IIMXTHI MOJy4daroT okojio 700 Kr Kokca, 330m°
KOKCOBOTO ra3a u okojio 20 kr cMousbl. CKOJIBKO KOKCOBOT'O ra3a Iojy4ar u3 2,5 TOHH YroJIbHON
IIUXTHI.

Koxkc momyuatoT cyxoil meperoHKoi KaMeHHBIX YIJIel B KOKCOBBIX Ieuax, MPEACTaBISIONUX CO00i
Y3KyI0 KaMepy MUpUHON okojio 0,5 M, BeicOTOM 4,5 M 1 JyiiHOU 15 M, 00BEIMHEHHBIX B OaTapero.
Kakoit 00bem GaTapen mpUxoauTcs 00CIY)KMBAaTh TOPHOBOMY, €CIIM YHCIIO MEeYe MOXKET TOCTUTATh
70 wtyk?

Pazjen 4 DiekTpoamHaMuka
Tema 4.1 DnekTpocraTuka

HpaKTI/I‘{eCKOC 3anaTue Nel(. Pemnenne 3ajJa4v 1o TeMe (<3J'IeKTp0CTaTHKa».

]_leJIBZ C(i)OpMI/IpOBaTL YMCHUS MPUMCHATDH NOJTYUCHHBIC 3HAHUA [JIA PCHICHUS ITPAKTHUICCKUX

3aja4.

MatepuajibHoe o0ecnieyeHue:

MHAMBUYaJIbHOE 33/1aHUE, KOHCIIEKT JIEKIIUHA, CIIPAaBOYHbIE MaTepHaJIbI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JIBYX 4YacT€ — TEOpeTHYeCKOW M mpaktudeckou. llocie

HU3YUCHUS TCOPECTUUYCCKOI'O MaTCpHraia MOXHO MPUCTYIATh K BBIIIOJIHCHUIO HpaKTH‘ICCKOﬁ yactu. OHa
COCTOMT U3 ABYX H Ooiee 3amad Iy CaMOCTOSATEIBHOr0 BhIMOIHEHUS. He 3a0kIBaliTe O MMpaBUJIbHOM
O(I)OpMJ'IeHI/II/I peuiCHus. Ha BrimonHeHue MPAaKTUYCCKOI'O 3alaHUs OTBOAUTCA JIBA AKAACMHUYCCKUX Yaca.

3aganue:
1. O3HakombTeCh ¢ KPATKUMHU TEOPETUYECKUMU CBEACHUSIMH
2. Pemmre 3ama4n, CaMOCTOSITEIILHO HCIIONIB3YS MIPUMEPHI U KPATKAE TCOPETHUCCKUE
CBEJICHMUSI.

ITopsinok BbINOJHEHHS PadOTHI:
1. Wsyuure u BomuimuTe GOPMYJIbI IO TAHHOU TeMe:
2. Pa30epute npuMepsl pelIeHHBIX 3a/1a4
3. Pemmre caMoCTOATENBHO 3a/1a9U

KpaTtkue Teopernyeckue cBeeHUs

F=k N __9%

3akon Kynona B Bakyyme: o AmE
F=k "f,l'!‘: it qlq‘i‘

&r- 4mEE r°

3akoH KynoHa B cpene:

= F

E
HaHpH)KCHHOCTB QJICKTPUYICCKOTO ITOJIA: o

__l g =k =

Harpsi’keHHOCTB AJIEKTPUYECKOTr0 MOJIs TOYEYHOTO 3aps/a: e LR
3aKOH COXpaHEHUs IEKTPUUECKOTO0 3apsfa: § = g1+ go+ ... + On

Pa3HoCTE HOTEHIINATIOB:

@1 w2 =A@

q
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[ToTeHIMaN TOYEUHOTO 3apsaja; e e
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CBsI3b MMOTEHIMAJIA M HATIPSKEHHOCTH: d

C=
DIEeKTPOEMKOCTh KOHIEHCATOpa: L

4 —,) ¥
w-2@-9) 4l
DHeprust 3apsKEHHOr0 KOHIEHCATOpa: 2 2

CocauHeHUE KOHACHCATOPOB:

[TocnengoBarenbHOE COETUHEHUE KOHJIEHCATOPOB — COEUHEHHE, ITPU KOTOPOM IOCIIE 3apsIKU
OTPHLIATENHEHO (TIOJOKHUTENBHO) 3apsDKeHHAast 00KIIaIKa MPEabIIYIIero KOHIEHCAaTOpa COSAMHEHA C
MOJIOKUTEIBHO (OTPHUILIATEIHHO) 3apsHKEHHON O0KIaIKON MOCIEAYIOLIETO.

1 1 1 I 1
A c 2C

ar Cl 3 o=

HapannenLHoe COCIUMHCHUEC KOHACHCATOPOB — COCAUMHCHUC, IIPU KOTOPOM IIOCJIC 3apAAKHU BCC
IMOJIOKHUTCIIBHO 3aps’KCHHBIC 06KJIaI[KI/I C06paHI)I B OJIUH Y3€JI, BCC OTPHULATCIIbHO 3apsS’KCHHBIC — B

JAPYTOi.
O = :E:{: C-b'q]‘ = {'_-' +..+ {_ﬂh.

Mpumepbl peweHuns 3agay
1.-KaKyio-padoTy -COBSpINacT MoIe TIpH TepeMeIneHHH -3apata-2- 107 K-

H3 TOYKH ¢ TIOTeHImHAn0M 700 BB To4Ky ¢ moTeHImaToM-200B 7]
Brmucnense:

Jamo| Pemenme:
) 5 A A=-2-10*Kn-{700-B-200B)=1
g=2-10"Knf o-0.="= 1 =-1.10°5- 7]
@1="700B g
@=200B7 A=(o-o.)-q
1 42
¢ A 1

2.-B-0oOHOpOOHOM 3/IeKTPHYeCKOM TI01e- C- HAllPsCReHHOCTBIO - 6- 10°- E -
K
nepeMemaeTed-3apan-7-10-4-Kir-Ha-paccrogane-§-cum-mog-yraom-60% k- maHm-
HANpsCKeHHOCTH. “ONpeJeIHTh-padoTy 10 TepeMelleHHI0-3T0r0-3apaaa. |

Jamo wCH» Pemenme: ¥ 0
E—6.10° E q 1 A=F-5-cosa;-F=E-q;-5=£;-A=E-q-f-cos-of
o | T A=7-10°K16-10° 2 8.1020.0,5=1
g=7-10%Kxn] | T , Kn
£=8-cM-| 8-10MY) —1 68103 x=1.68 T
=60 o o
A OtseT:-A=1,68MITxKT o
) )

Peumurn 3agaun:
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1. Hampspkenune Mexay MmojrocaMu 6artapen akKyMynsTopoB N KB. kakoil 3aps/ MosydyuT KOHJIEHCATOP
eMKoCcThI0 500 MKD, ecii ero COeMHUTE C TIOJIF0CaMH 3TOW OaTapen?

2. JIBe ogrHAKOBBIC HEOOBINNE TOBEPXHOCTH MPH TPAHCIIOPTUPOBKE JIETANICH TIOTYYMIIH 3apsIbl

6*10°Kn u -12*10°Kn, Haxomsmmecs Ha paccTossHUM N cM Jpyr oT apyra. Omnpeaenure CHiy

B3aUMOJICHCTBUS MEXKIY HUMH.

3. Ilpu nepememennu 3apsana 2 Ki B 3eKTpu4ecKoM MOJE CUJIbI, JACUCTBYIOUIME CO CTOPOHBI 3TOTO
noJist, coBepuru padoty 8 Jlx. Uemy paBHaA pa3HOCTh MOTCHIIMATIOB MKy Ha4alIbHON M KOHEUHOM
TOYKaMu MyTu?

4. Tlpu nepeMenieHnu MEKTPUUECKOTO 3apsJia MKy ¢ TOUYKAMU C PA3HOCTHIO MOTEHIHANIOB § B cuibl,
JEHCTBYIOLIME HA 3apsijl CO CTOPOHBI AIIEKTPUYECKOTO Mo, coBepiuuiau padboty 4 [x. Uemy paBen
3apsan?

5. Hanpspkenue Mexay IBYMsI TOPH30HTAIBHO pacmoyiokeHHbIMH TutacTuHamu 600 B. B mone stux
IUIACTUH HAXOJUTCS B PAaBHOBECHUM 3apsKECHHAs NbUIMHKA MacCOu 3*10°r. PaccrosiHue MEKY
mracTuHaMu N MM. Onipeaenure 3apsii NbUIMHKU.

6. Kongerncarop emMkocthio 0,02 MK®D COCTUHWIM ¢ HCTOYHUKOM TOKa, B Pe3yJIbTaTe Yero OH Mpruoodpet
3apan 10°°Kon. Onpenennre 3HAYCHUE HAMPSIKEHHOCTH TOJIS MEXIY IUIACTUHKAMHM KOHAEHCaTopa,
€CJIM PACCTOSTHUE MEXKITY HUMHU N MM.

7. B HeKkoTOpoil TOUKe 2NEeKTpHUUecKoro nois Ha 3apsa q = 5 uKun gelictByer cuna F = 4-10-7 H. Haiitu
HaIIpSKEHHOCTD 0JI £ B TAHHOM TOYKE.

8. Kakas HampspKeHHOCTh 3JIEKTPUYECKOTo Mojis £ cosmaercs 3apsiaoM sjpa HeoHa (Ne) q = 1,6-108
K7 na paccrosHun r=10"% m or LeHTpa sapa’?

9. Ha paccrostHuu I = 5 cM JIpyr OT JApyra B BaKyyMe€ PaclojOKEHbl MPOTHUBOIOJIOKHBIE MO 3HAKY
3apsael BenmuuuHOW | = 7 HK3. HaliTm HampspKEHHOCTh DJICKTPHYECKOro Tojisi £ B TOYKe,
HAXOJAIEIHCS Ha PACCTOSHUHM, @ = 3 CM OT MOJOXKHUTEIBHOrO 3apsiga U B b = 4 cm or
OTPHUIIATEILHOTO 3aps/ia.

10. B oqHOpOAHOM 3JIEKTPUYECKOM I10JI€ PACCTOSTHUE MEXKIY IBYMs TOUKaMHU BJIOJIb CUJIOBOU JIMHUU
I =N cMm, a pa3HOCTh oTeHuuanoB Mexay Humu 100 B. Onpenenure HanpsyKeHHOCTH noJis E.

11. Mpn HanpAXeHUM mexay NaacTMHaMmM KoHaeHcaTtopa 200B pasHoOMMeHHble 3apagbl Ha
NAACTMHAX PaBHbI 10 Kn. Yemy paBHa 3N1€KTPOEMKOCTb KOHAEeHcaTopa?

12. BbluncavTe sHepruto SNeKTPUYECKOro NOA KOHAEHCATOPA 3/IEKTPOEMKOCTbIO 10 MKP, 3apAXKeHHOro
00 HanpsxeHuAa 10B.

13. Kakas pabota coBepluaeTca npu nepemelleHnn 3apsga 4,6 MkKn B afiekTpuyeckom nose mexay
TOYKaMM C Pa3HOCTbIO NoTeHUManos 260 KB?

14. B o4HOPOAHOM 3N1EKTPUYECKOM Moe C HaNPAXKEHHOCTbIO 18-10° # nepemetaerca 3apag 7-10°
K

8 Kn Ha paccrosHue n cm nog yraom 60° K AMHMAM HanpsskeHHOCTM. Onpegenutb paboTy no
nepemeLLeHuMIo 3TOro 3apaaa.

15. Omnpenenutb eMKOCTh 0aTapen Ce,r, €ciiu KoHAeHcaTopsl ¢ eMKocTsaMu C1=10 nd, Co=15 n® u
C3=20 n® coemuumM: a) MocieNOBaTENbHO; 0) mapamuienbHo. CXeMbl COeIMHEHHsI KOHIEHCATOPOB
Ha4YePTHTh.

Tema 4.2 IlocTOSAHHBIN JIEKTPUYECKUH TOK

IIpakTuyeckoe 3anaTue Nell Pemenue 3anau no reme «3akonbl OMa, cONpOTUBIIEHHE,
CMeLIaHHOEe COeJMHEeHHe POBOIHUKOB.

I_[e.nb: CCbOpMI/IpOBaTI) YMCHUSA MPUMCHATH IOJYYCHHBIC 3HAHUA IJId PCIICHHA MNPAKTHYCCKUX
3aja4 B NPO(PECCUOHATBHON JESATEeIbHOCTH, UIA OOBACHEHHs YCIOBUH MpPOTEKaHUS (HU3NIECKUX
SIBIICHU U

MarepunanbHoe obecrniedeHue:

VHIMBUYaJIbHOE 3aJJaHUE, KOHCIEKT JIEKIUH, CIIPaBOYHBIC MATEPHAIIbI.

Ykazanue:
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IIpakTrueckoe 3aHATHE COCTOMT U3 JBYX 4YacTe — TeOpeTHYecKorM M mpaxktudeckoi. llocie
U3Y4EHHs TEOPETUYECKOr0 MaTepHalla MOKHO IIPUCTYNATh K BBIIOJHEHUIO IMpakTH4ecKod yactu. OHa
COCTOMT U3 JIByX M OoJiee 3a1ad sl CaMOCTOSTEIBHOTO BhINMONHEHHU. He 3a0biBaiiTe 0 MpaBUILHOM
oopmienun pemienus. Ha BplosHEHNE IPAKTUYECKOT0 3a/1aHUS] OTBOJUTCA JBa aKaJeMUUYECKHUX Yaca.

3aganmue:

1. O3HaKOMBTECH C KPATKMMH TEOPETUYECKUMU CBEICHUSMHU UCIIOIb3Ys
cebuiky https://znanium.com/catalog/product/1012153 , ctp 129-134, ctp 138, c1p
139-141, crp 144- 146

2. Pemnre 3amaum, CaMOCTOSATEIBHO HCIIOIB3YS IPUMEPBI M KpaTKue
TEOPETUYECKHUE CBEIICHUS.

Iopsinok BbINOJIHEHHSI PAa0OTHI:
1. W3yuute u BeIUIIMTE GOPMYIIBI IO JAHHOH TEeMe:
2. Pazbepure mpuMepbl PEIICHHBIX 3a1a4
3. Pemmre camocTosTENHHO 330291

IIpuMepsI pelieHus 3aaa4
Cuiia ToKka M INIOTHOCTh TOKA
1. Onpenenute YUCIO N 3JIEKTPOHOB, KOTOPBIE MPOXOAAT Uepe3 MOMEPEeYHOE CEUEHHE MPOBOJHUKA
wioaapo s=1mMm?2 3a t=2 MHH, €CJIH IIJIOTHOCTh TOKa B MpoBoAHUKE j=150A/cM2

Jano: Pewenue:

S=1mm™=10"n’ Yucno MeKTPOHOB, NPOXOAALINX YEPe3 MONEPEHHOE CEYEHHE
t=2 mun=120c MPOBO/IHMKA, PABHO OTHOLIEHHIO 3EKTPUYECKOro 3apsja,
i=150A/cM™=1,5%10"A/M>  mpoureamero yepes AaHHOE MOMEPEUHOe CeYeHHe, K 3apsy
n-? anextpoHa:n=Q/e (1). YuursiBas, uro Q/t = I=jS (2), nonyunm:

3a BpeMsi t yepe3 ceqeHHe NPoBOAHMKA npoiiaer n= jSt/e.
n=1,5*10°A/M**10°M**120¢/1,6*10"Kn=1,2*10""
Omeem: 1,2*10*'

2. DnekTpuyeckas 1ens, cocrosmas u3 pesucropos R1=100 Om,R2=200 Om R3=300 Om, noakiroueHa

K JIByM HCTOYHHMKaM noctostHHoro HanpsbkeHus Ul u U2=100B. I1pu kaxom Hamnpsikenune Ul cuna Toka
I1 uepes pesuctop R1 Oyner paBHa Hym0?

Hano: Pewenue:

R;=100 Om Ecnu yepes pesucropR, Tok ve uzer, 1.e. [;=0, cnenosarensho, I;R,;=0. Toraa

R>=200 Om Hanpsukenne Us Ha pesucrope R; nomkno Ovbith pasuo Uy, T.e. Us=U;=I|R;3 (1).

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

U2=100B CHJ1a TOKa BO Beex yacTsx uenu oauHaxkosa: 1=L=1. [lanenue nanpsxenus

[,=0 U, = IR, +IR;, otkyna cneayer, uto I= U,/ (Ry1R;) (2)

U,=? YuursiBas, uto IR3=Us=U; umeem, U,=U; Ry/Ry+R;3+U;. [locne npeobpazosanus
nony4uM U;=R3/Ry+R;*Us. U;=300 Om/200 Om+ 300 Om*100B=60B.

Omeem: 60B

3akon Oma 1151 IOJTHOM Lenu
3. Onpenenute cuty Toka KopoTkoro 3ambikanusi IK3 6artapeu, 3/1C xotopoii € = 15 B, ecnu npu
MOJKJIFOYEHUH K HEW pe3ucTopa conpoTuBieHneM R=3 Owm cuiia Toka B ienu coctapisger [=4A
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JHano: Pewenue:
e=15B  Cuny Toka KOpOTKOro 3aMbikanus onpeaensem no popmyne Ixz=e/R (1), rae
R=30m r-BHyTpeHHee conportusienue Oatapen. CornacHo 3akony Oma uist NONHOM Henu:
[=4A [= g-IR-r, orkyza r = &-IR/ (2). [loacrasum opmyny (2) B hopmyny (1)
lm -? lxz = ?,/R=£[/£-1R. Im =15B*4A/15B-40*3 Om=20A

Omeem: 20A

OJ1C ucrounuka snexkrpudeckoit s3aepruun 12 B. Kakoit ¢puzndeckuii CMBICT 3TOTO BBIpAKEHUs?

CoenuHeHue NPOBOIHUKOB

4. K ceru nanpssxkenuem U=200 B npucoenunensl nBa pesucropa. Ilpu ux mnocnenoBaTenbHOM
coequHennu 11=4,4 A, a npu napawienbHom - 2= 27,5 A. Onpenenure conpotuienne R1 u R2
PE3UCTOPOB.

Jano: Pewenue:
U=220B [Ipu nocnenosarensuom coeaunennu Ry, = Ry + Ro; [;I=U/R 00, 0TKY A
[,=4,4A Ryoenn= U/, Pacuerst: Rnocnp=220B/4.4A=50 Om.
,=27,5A [1pu napannensHoM coeHeHHn: Ry, = Ri*Ro/(R + Ry), Lh=U/R a4, 0TKY 1A
R;-? Ry-? R japan =U/Ly. Pacuerst: Rypa,=220B/27 5A=8 Om.

R{*Ry/Ri+R5=8 Om; R; Ry=400 Om; R+ Ry=50 Om; R} Ry=400 Om;

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

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

PemmnTe 32124 cCaMOCTOATEILHO
(N - Homep aweco sapuanma no cnucky)

1. DnextponBurarenb, cOnpoTuBieHHe 0OMOTKH KoToporo 0,4 Om, paboTaeT OT CeTH ¢ HalpsKEHHEM
300 B npu toke 50 A. Onpenennure KOJUYECTBO U3PACXOJOBAHHON 3HEPTUU 3a N Y., COBEPIICHHYIO
JIBUTaTelIeM MEXaHUYECKYI0 pabOTy U KOJMYECTBO TEIJIOTHI, BBIICIIEHHONW B OOMOTKE.

2. Ompenenure compoTuBlieHHe UCTOYHHKA Toka, DJIC kotoporo 1,4 B, ecnu mpu 3aMBIKaHWH €T0
JKEJIE3HBIM IIPOBOJHUKOM JUIMHON 5 M 1 ceueHneM 0,2 MM” B 11enu BO3HUKaeT TOK N A. YaenbHoe
COTPOTHUBIICHHUE Keje3a paBHO 9,9 10 Omm.

3. OmpenenuTe CONMPOTUBIEHUE yyacTKa LEMH, U300pakKeHHOro Ha pUcyHke, ecia Ry =12 Om, R, = 6
Om, R3=4 OM, R4 = 10 OM, Rs = Rg= R7 =30 Om.

4. DnekTpuUecKUi MasuIbHUK paccuuTaH Ha HanpspkeHue 120 B mpu Toke 4,0 A. Kakoil amunb
HEOOXOMMO B35Th HUXPOMOBBIM IPOBOJI TOMEPEYHBIM CEUECHUEM 3,9-10'7 M? JUIS U3TOTOBJICHHS
HarpeBaTeNbHOIO AJIEMEHTA?

5. Onpenenute najeHUe HANpsHKEHUS B JMHUM AnekTporepenayn mmuHoi 500 M mpu cuie Toka 15 A.
[IpoBo/iKa BBINONIHEHA ATFOMUHUEBBIM IPOBOAOM ceueHueM 1,4 10° M2

6. K nmpoBomHuKy aimmHOM 6,0 M 1 TIOTIEpEYHBIM CEYEeHUEM 10° M MIPUIOKEHA Pa3HOCTh NMOTeHIMaioB 5,0 B.
Onpenenure yaeiabHOE CONIPOTUBIIEHNE MIPOBOTHUKA, ECIM CHJIa TOKA B 1ieru 1,5 A.

7. KnaccHast KOMHaTa OCBEIIAeTCsl IIECThIO MapajljieIbHO COSAMHEHHBIMU MEXIy cOo0O0H JIaMIOuYKaMH,
Kakgas U3 KoTopbix umeer compotusieHue 480 Om. Ompexnenute cuily TOKa B IMOABOJSIIMX

MPOBOJIax, ecyiu HanpspkeHue B cetr 220 B. ConpoTuBiaeHHEM OABOIAIINX TIPOBOJIOB MPEHEOPEUb.

8. K nemu, cocrosimeit u3 npoBoaHukoB conpotusieHreM 20 u 30 OM, coeAMHEHHBIX NapaJlIeNbHo, U
MPOBOJHMKA compoTuBieHueM N OM, MOAKIIOUEHHOT0 K TMEpBBIM JBYM MOCIEA0BATENbHO,
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npwiokeHo Hanpsbkenue 120 B. Ompepenute cuily TOKa B HEpPA3BETBJIECHHOM 4YacTU LENU U
HanpspKeHHEe Ha BTOPOM IIPOBOIHHUKE.

9. lnmHa MEIHOTO TIPOBONA, WCIIOIB30BAHHOIO B OCBETHTEIbHOU ceTH, 100 MerpoB, MIIomaab
MOINEPEYHOI0 CEYCHUs €ro 2 MM°. Uemy paBHO CONMPOTHBIICHHE TaKoro mpoBonaa? (Pyem—1,7 10
fom m).

10. Cuna Toka B cnupaiu sJjekTpudyeckod jammbl 0,7 A, comporuBieHue jaamnbl 310 Owm.
OrnpeenuTh HANMPSHKEHUE, 1101 KOTOPBHIM HaXOUTCA JIaMIIa.

9 2

11.  HuxkenuHoBas MPOBOJOKA AJUHOW N METPOB M IUIOIMIAJLI0 momepeyHoro cedeHus 0,5 mMm

BKJIIOYEHA B IeMb C HampspbkeHueM 127B. Onpenenuts cuily Toka B npoBoaHuke, eciu p=0,4 -10°
*Om-m.
12.  Paccuutarh 0011I€€ CONPOTUBIICHUE YIaCcTKA IICTIN:

i R I
= [{ness |y Hwm H
= - =y~ F OHE® — 1 Re=12 |
1 " }
1;,,»4 —
! 1 - | Ry=-1 } "
- | » 1 —| »y~-8 }
1 E '3 '
{ m.- J
13 He pa3MaTbiBasd € KaTYHIKU IIOKPBITYHO H30H$IHH€I>1 HUXPOMOBYIO ITPOBOJIOKY, OIIPCACIIUTC €C

JUTHHY, €CJTH MPU BKIIOYCHUH KATYIIIKH B ceTh ¢ HanpspkeHueMm 120 B, B Hell BO3ZHHK TOK N A.
Ceuenne mpoBomokn 5,5-107 M.

14. Yepes sneKTpOHHYIO JIaMITy TTpoTeKaeT TOK 6MA. CKOIbKO 251eKTpoHOB N mormaaer Ha aHO
JaMIbl 32 Bpems N MuH?

Tema 4.2 ITocTOAHHBIN 3JIeKTPHYECKHH TOK.

IIpakTuyeckoe 3anaTue Nel2. Pemenue 3anau no reme «Paéora, MouHocTs 1
CONPOTHBJICHHE JJIEKTPHYECKOI0 TOKA»

Heab: chopmupoBaTh yMEHUS TPUMEHSATH MOTYYEHHBIE 3HAHUS JUIS PEIICHUS TPAKTHUECKIX
3a/1a4 B MpodecCHOHAIBHOMN IeATeIbHOCTH, 17151 OOBSICHEHHSI YCIOBUHM MPOTeKaHUS PUZNUECKUX
SIBJICHUN

MarepunanbHoe obecrnieyeHue:

WHAUBUAYAJIBHOC 3aJIaHUC, KOHCIICKT JICKI.II/IfI, CIIPAaBOYHLIC MATCpHUAJIbI.

Yka3zanue:

HpaKTI/I‘-ICCKOC 3aHATUC COCTOUT H3 IBYX JacTen — TeOpeTI/I‘{eCKoﬁ u HpaKTquCKOﬁ. Ilocne
M3y4YEHUsl TEOPETUYECKOr0 MaTepHala MOKHO IPUCTYIATh K BBIOJIHEHUIO NMPAKTHYEeCKOW dacTh. OHa
COCTOUT U3 ABYX U 60.1'[66 3ada4 OJIs1 CaMOCTOSATCIIbHOI'O BBIIIOJTHCHHUA. He 3a65113a1?1Te O IMPaBUJIBHOM
OCbOpMJ'IeHI/II/I peH_IeHI/ISI. Ha BBIITOJITHCHUC npaKTqucxoro 3alaHUA OTBOAUTCA ABA AKAACMHUYCCKHUX Haca.

3aganme:

OSH&KOMBTGCB C KpaTKI/IMI/I TeopeTI/IquKI/IMI/I CBCIACHUSAMU I/ICHOJ’ILSYS[ CCBIJ'IKy
https://znanium.com/catalog/product/1012153 , crp 142-143,

Pemmmre 3amaum, camMOCTOSITEILHO HMCHOJIB3YS NMPUMEPBI U KPATKUE TEOPETHYECKUE
CBCACHMUA.
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Iopsinok BbINOJIHEHHSI PAa0OTHI:
1. W3yuuTte u BeIUIIKATE GOPMYIIBI IO JAHHOH TEeMe:
2. Pa36epute nmpuMepsl pelIeHHBIX 3a7a4
3. Pemmre camocTosATENHHO 3aa9U
4. OrtBeThTe Ha BOMPOCHI TecTa https://znanium.com/catalog/product/1012153 , 319
CTpaHuIa

Kparkue TeopeTnueckue cBeIeHHs

TemnepaTypHbIit KO3 PULMEHT CONPOTUBAEHUA
A

() = oTHOWeEHME OTHOCUTENBHOFO U3MEHEHMA YAENbHOrO CONPOTUBAEHMUS 2P K Bbl3BaBLllemy
Po

€ro USMeHeHUIo TemnepaTypbl

At. [d=1rpag ™ 1 |01
K p, At

3aBUCUMOCTb SNEKTPUYECKOTO M YAENbHOIO COMPOTMBAEHNA OT TEMNEpPaTypbl:
pt) = po(1+a - Af)

p(t) — yaensbHoe conpoTuenenme selyectsa npu t°C.,

Po— YAENbHOE CONPOTMBAEHME NPoBOAHMKa npu 0°C, Om-m;
t — TemnepaTtypa no wkane Lenbcua, °C;

R(t) = R,(1+ o - At)],

rae R(t) — conporuBienne npooHuKa npu Temneparype t°C; Ro — conpoTHBICHHE IPOBOIHAKA
npu t = 0°C.
‘ct.

Z[J'ISI YUCTBIX METAJIJIIOB « = i
273

CBepxXnpoBOAUMOCTD — TIAJICHUS YJISITBHOTO compoTuBIIeHUs Bemecta 0 0 mpu 7' ~ 0.

Mpumepsbl peweHna 3aga4
1. OnexkTpudeckuil 1BUrarens pabortaer 5 4. oT cetu ¢ HanpsbkeHueM 380 B mpu cune Toka 35 A.
ComporuBnennie oOMoTku nBurarens 0,5 Owm. OmnpenenuTh U3PACXOIOBAHHYIO AJIEKTPUUYECKYIO
SHEPIUI0, KOJIMUYECTBO TEIUIOTHI, BBIJCICHHONH B OOMOTKE 3a 3TO BpeMsl M COBEPILEHHYIO JIBUTATEIeM
MEXaHUYECKYIO paboTy.

JaHo: CH PeweHune: BbluncneHua

U=3808B A=[UAt | A=35A"380B'18000 c =
/=35A Q = PRAt ~2,4-10% 1

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

A-=? Apex = 2,4:10% 1 — 0,1-10% O3k
Q-? =

Apex =7 =2,3-10% 0k

OtBeT: A =2,4-10%k; Q = 0,1-1031K; Ayey = 2,3-10%05k.
Pemnts 3agaun:
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(n - Homep sawezo 6apuanma no cnucky)

2. DnexTpoaBUrarens Tpoiuieiidyca norpednser Tok cuinoi 200A nmpu Hanpspkernun 600B.  Kakyro
paboty (B kBT 4) coBepmut aBuUraTens 3a 6 4acon?
3. Heo0xonnMo WM3roToBUTH peOCTaT, pacCUMTAHHBI Ha HanpsbkeHue 15B u Tox 1,2 A mpu

JONYCTUMOM IUIOTHOCTH TOKa 3 10°A/M%. Kakoil JIMHBI ¥ IUIOWALH MOTNIEPEYHOT0 CeUEHHUs TpedyeTcs
HUKEJIMHOBBIN IIPOBOJIHUK JUIsl HAMOTKHU peocTara?

4, Ilenbp COCTOMT M3 TpeX IMOCIEAOBATEIbHO COEAMHEHHBIX IPOBOJHUKOB, MOJKIIOYEHHBIX K
uctouyHuky HampsbkeHust 24 B. ComnporuBnenue nepBoro nposojgHuka 4 Owm, Broporo 6 OM, u
HanpspKeHUE Ha KOHLAX TpeThero rnpoBojHuka 4B. HaliTu cuity Toka B 11eny, COMPOTUBIICHUE TPETHETO
IIPOBOJHMKA U HAIIPSHKEHHUE HA KOHIIAX MEPBOIO M BTOPOT'O IIPOBOJHUKOB.

5. CormnpoTuBieHHe 0OOMOTKH 3JICKTPOMAarHuTa, BBIIIOJIHEHHOE M3 METHOW TpoBOJoKH, mpu 20°C
obuto 3 Oma, a mocie JMTeNbHONM paboThl crano paBHo 2,4 Oma. Jlo kakoil TemmepaTypbl Harpeiach
oOMoOTKa?

6. Comnpotusnenue BosibppamoBoro npooauuka npu 20°C 0buto paBHo § OMoB. OnpenenuTs ero
conportuBieHue npu -40°C, ecnum a=5- 10° rpan'l.
7. Haiingute TOK, BbIpaOaThiBaeMblil IpU paboTe TPAHCIIOPTHOIO CpelncTBa ¢ UcTouHuUkoM, DJIC

KoToporo paBHa 13,5B mpu BKIIOUEHHWH BO BHEIIHIOI IIEMb KATYIIKH 3a)KUTAaHUS COMPOTHUBIICHUE
KOTOpoil paBHO 70M, ¢ cONpOTHUBIIEHUEM OaTapeu

8. HcTounukom Toka B 1enu ciayxut 6atapes ¢ 9J1C 30B. Hanpsokenue Ha 3axxumax 6arapen 18B,
a cwia Toka B uenu 3 Amnepa. OnpenenuTe BHEIIHEE U BHYTPEHHEE COIPOTHUBIICHUS SJIEKTPUUYECKOM
LeMH.

9. DneKTpoJABUraTeIb MOCTOBOIO KpaHa ¢ MexaHudeckoi MmouHocthio 3,49 kBt u xng 75%
pabotaet nox HampsbkenueM 220 B. Onpenenute cuily ToKa B IISTIH.
10.  /IBa mpoBomHWKa compoTuBicHHeM 6 W 9 OM, COeAMHEHHBIE MEXIy C000i mapajuieNbHO,

noakimoueHsl Kk 6atapee ¢ 3C N B u. Buyrpenaum conpotusienuem 0,4 Om. Onpenenute CULy TOKa,
MIPOTEKAIOILEr0 Yepe3 BTOPOIl MPOBOIHUK.

11.  DnextpoaBurarenb KpaHa MOAHUMAET CKUMMEPHYIO IUIUTY Maccoil 950 kr Ha BeicoTy 30M 3a 7
MUHYT. Onpeennure K 3Toro No/beMHHUKA, €CJIM MOLUTHOCTD €ro anektpoasurarens 17,1 kBT.
12.  HcrouHukoM TOKa B IIeNH CIyXUT 6artapes ¢ 31¢ 30 B. Hanpspkenue Ha 3axkumax 6arapeu 18 B,
a cuna Toka B uenu 3,0 A. Onpenenute BHEUIHEE U BHYTPEHHEE CONIPOTUBIIEHUE STON LEMH.
13. Onc ucrounnka Toka N B. [Ipu BHenHeM conpotusnenuu uenu B 1 OM Tok paseH 3 A. Hailigute
TOK KOPOTKOT'O 3aMbIKaHUSI.
14.  KakoBa 1ieHa JieneHus], Ipeaea U3MEpeHus: U MoKa3aHus amiepmerpa’? 5

1

(OTBeT natp ymuciIaMH Yepe3 TOUKY C 3amsToi 6e3 mpoOesioB; 3HAYCHUE B BHUJIC
JEeCATHYHOM qpo0H MuIlieM Yepes 3amaTyio). (Hampumep, 0,5;3,2;3)

15. DNeKTpOABUTATENb, COMPOTHBJICHHE OOMOTKH KoToporo 0,4 Ow,
pabotaer ot cetu ¢ HampsbkeHueM 300 B mpu toke 50 A. OnpenenuTe KadecTBO M3pacxXoJI0BAHHOM
SHEPrUu 3a 5 4., COBEpUICHHYIO JBUTaTelleM MEXaHMUYeCKyl0 paboTy M KOJUYECTBO TEIUIOTHI,
BBIJICJIEHHON B OOMOTKE.

16. 2.ABToMOOUIBHBINA cTapTep 3a 10 ¢ pabotel moTpebmsier sHepruto 6,0-104 J[x. Kakosa cuna
TOKa, MPOXOJSILEro Yepe3 cTapTepa BO BPEMs 3allyCKa JBUTATENs, €CIM HANPSHKEHHE HA €ro KIeMMax
12 B?

17. 3.CBapounbiM amnmaparoMm. PaGoratommm oT cetu HampsbkeHueM 45 B 3a 20 muHyT OBLIO
u3pacxozoBaHo 5.4xBr*uac snepruu. [Ipu kakoil cuse Toka mpoTekasia 1yroas cBapka?

18.  4.Onextpuueckuii yrior mourHocThio 800 BT pabotaer ot cetn 220 OmnpenenuTts Cuily TOKa B
HarpeBaTeJIbHOM 3JIEMEHTE U €ro COINpPOTUBJIEHHE B paboueM cocTOsHUU yTiora. CKOJbKO SHEpTruu
OyzeT u3pacxoa0oBaHo 3a 1,5 yaca HenpephIBHOM paboThI yTiora?

19. 5.B cerp nanpsskenueM 120B mociienoBaTenbHO € 3JIEKTPUYECKOM AYrod BKIIKOYEH pPEOCTar.
[Tanenue HampspkeHUs Ha 3ekTpoaax ayru 45 B, cuna toka B nenu 12 A. Onpenenuts MOIIHOCTb,
NoTpeOIsIEMYyIO Tyrol U K.I1.Jl. YCTAaHOBKH.

L] A .
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20. 6.Pe3ucTop moakiIrO4YeH K MCTOYHUKY TOKA, HaNpsDKEHHME Ha 3akuMax kotoporo 6 B. Kakas
pabota coBepiIaercst TOkoM, eciu 3a 0,5 MUHYT depe3 pe3uctop npoxoauT 3apsan 24 Kn? Onpenenutsb
MOIIHOCTb TOKa ¥ COIIPOTUBJIEHUE PE3UCTOPA.

21. 7.Kakass MOIIHOCTh TOTPEOISAETCA MYrOBOM CTaJCIUIaBWIIBHOW TI€4bl0, paboTaromieil oT
ucrouyHuka HanpspkeHueM 220 B nmpu cune toka 30000 A? OnpenenuTs CTOUMOCTb 3JIEKTPUUECKOM
SHEPIUH , U3pacX0JI0OBAaHHOM 3aM 5 4acoB paboThI MeuH, 10 JeHCTBYyOLIEMY TapUdy.

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

Tema 4.4 MaruurtHoe moJie

IpakTuueckoe 3ansitue Nel3 Pemenne 3a1a4 no reme «VMarHuTHoe 1oJie ¥ €ro
XapaKTePUCTHKH»

Heanb: cdopmupoBats nOHMMaHue ponu GU3MKH B (HOPMUPOBAHMM  KpPYyrozopa u
(GYHKIMOHAIBHOM TI'PaMOTHOCTU YEJIOBEKa JUI DELICHUs MPAKTUYECKUX 3ajad; s OOBSCHEHHUs
YCIIOBHIA TPOTEKaHUS (PU3NIECKUX SIBIICHUH, yMEHUS BBITIOJIHATH PacYETHBIC M TpapuUuecKue 3a1aun

MatepuajibHoe o0ecnieyeHue:

WH/IMBUIYAIbHOE 33aJ]aHNe, KOHCIIEKT JICKIUH, CIIPaBOYHBIC MaTEePHAIIbI.

Ykazanue:

[IpakTrueckoe 3aHATHE COCTOMT U3 JIBYX 4YacT€ — TEOpeTHYeCKOW M mpaktudeckou. llocie
M3YyUYEHHs] TEOPETHUECKOro MaTepualla MOYKHO MPUCTYNATh K BBHIMNOJIHEHUIO IpakTHYeckoi yactu. OHa
COCTOUT W3 JIByX M OoJiee 3aad JJIsl CaMOCTOSITEIIHOTO BBINMONHEHHs. He 3a0biBaiiTe 0 MpaBHILHOM
oopmienun pemtenus. Ha BelosHEHNE IPAKTUYECKOTO 3a/1aHUS OTBOJUTCSA JBa aKaJeMUUYECKHUX Yaca.

3ananne:

O3HaKOMBTECH C TEOPETUUECKUMHU CBEJICHUSIMH UCIIOIb3Ys CCHUIKY
https://znanium.com/catalog/product/1012153, §43.44, BeinucaB GopMyIbl OTMEYEHHBIC CKOOKAMH ,
Hanpumep( 43.1)

Pemmire 3ama4un, caMOCTOSTENNFHO UCTIONB3Ysl IPUMEPHI U KPATKHE TEOPETUIECKUE CBEIICHHS.

Ilopsinok BbINOJHEHHS padOThI:
1. W3yuuTte u BeIMUIIMATE GOPMYJIBI [T0 JAHHOM TeMe B BUJIE KPAaTKOTO KOHCIIEKTa
2. Pa3bepute nmprMepsl pelIeHHBIX 3a/1a4
3. Pemmre camocTosTENbHO 3aaUU

IIpuMepsl peleHus 3aaa4

1. IIpoBogHMK C CHIION TOKa SA MOMENIEH B OJHOPOJHOE MarHUTHOE T0JI€ C MHIYKIUEN 1-10°2TA.
VYron MexIy HalpaBIeHHsAMH ToKa U mois 60°. onpenenuTe JUIMHY IPOBOIHKMKA, €CJIU MOJIE AeHCTBYET
Ha Hero cutoit 2-10H.

Hano: Pemenue

I=5A F=BI-{ sino =>(=__F

B-Isina
B=1-10TA
o =60°

-2
_ (=200 o4

F=2-10"H 1-1072T4-0.87 -5A
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€-7

sin 60°=0,87
’ Otset: £=0,46Mm.

2. Kakas cuia AeiicTBYeT Ha 3JIEKTPOH, JICTSAIIUMHA B OJJHOPOJHOM MAarHMTHOM MOJI€ C MHAYKIHEH
1-110% TA MEePIECHIUKYJISIPHO JIMHUSAM MarHUTHOW MHAYKIUHA CO CKOPOCTHIO 3-10° m/c, 3apsij AJIEKTpOHA
e=-1,6:10""Ku.

Hano «CH» Pemenne
v=3-10%w/c Ha onexkTtpoH, nBWXyuiics B

P’ MarHUTHOM IIOJIE, JIEHCTBYET CHJIaA
B=1-10"TA Topenna:
a=90°

Fa=B:|q-0-sina
e=-1,610"Ku.
FA=1-10?TA1,6: 10 Kir:3-10°m/c=

F=?

4.810°H

OrtBer: 4,8-10'15H
Pemursb 321241 cCaMOCTOSTEILHO
(n - Homep saweeco eapuanma no cnucky)

1. Ha npsaMonuHelHbI TPOBOAHUK € TOKOM 1,5 A B OHOPOJHOM MarHUTHOM moJje ¢ uHaykuuen 0,4
TA peiictByer cuna ,n H. Onpenennre nuMHy NpOBOJHUKA, €CIM OH pacnojiokeH moj yriaoMm 300 k
CHJIOBBIM JIMHUSIM.

2. Kakas cuna neficTByeT Ha MPOTOH, JIETSAIIUN B OJTHOPOJHOM MAarHUTHOM Iojie ¢ MHIyKuuen 4-103
TA nepHneHAUKYISIpHO JUHUSM MarHMTHOM HHAYKIMHM cO cKopocTbio 2-105M/c. 3apsn mporoHa
q=1,6-10-19KA.

3. JlaiiTe ompeeleHWe MarHUTHOW WHAYKIIMU. B KakuxX eJIMHUIAX OHA HW3MepseTcs? 3aruimmTe
€IMHUIlY MATHUTHOW MHAYKLIUY Y€PE3 OCHOBHBIE

4. enununbl uamepenus B cucreme CH.

5. DNeKTpoH IBMXKETCS B BaKyyMe CO CKOpocThio 3:106 M/C B OJHOPOJHOM MarHUTHOM IIOJiE C
naaykiued B = 0,1 Tin. Yemy paBna cuna F, peicTByromasi Ha 3JIEKTPOH, €CIU YIroJl MEXIY
HaIPaBJIEHUEM CKOPOCTH

6. ¥ JUHUSMU MarHUTHOW MHAYKIHH paBeH 9007?

7. TlpsmMonuHeHHBI MPOBOAHMK, MO KOTOPOMY HIET TOK cuijoi 10 A, momemieH B OJHOPOIHOE
MarHuTHoe 1noJjie, UHAYKIus koroporo 0,3Tn. Yron mexny HanpaBieHHEM TOKAa U BEKTOPOM MarHUTHOU
nHaykuuu pasel 300.

8. C xakoii cuwiioit F meficTByeT MarHMTHOE T10JI€ HAa y4acTOK IMPOBOTHUKA JUTMHOM n M?
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9. Omnpenenure MarHUTHBIA MOTOK, MPOXOJSAIINA Yepe3 MPSIMOYTOJIBHYIO PaMKy CO CTOPOHAaMHU 2x5
CM, €CJIM OHAa IMOMEIIECHA B OJIHOPOAHOE MarHuTHoe mnosie ¢ uHaykuueit 4-10-3TA nox yriaom 300 k
JUHUSAM UHIYKLIUH OIS,

10. B ogHOpOAHOE MarHUTHOE TOJIe, HHAYKIHS KoToporo 1,26-10-3 TA, momenieH npsiMoii pOBOTHUK
UIMHOM n cM. Onpenenure cuily, JEHCTBYIOILYIO HAa IPOBOJHUK, €CIU 110 HEMY TeueT Tok 50 A, a yron
MEX/y HAIpaBJIEHUEM TOKA BEKTOPOM MHIYKLUHU cocTaBisieT 30°.

11. TIpoBoguuk ¢ cuioit Toka 5,0 A ToMeleH B OHOPOJHOE MarHUTHOE moJie ¢ uHaykuei 1,0-10-2
TA. Yron Mexay HanmpaBJIeHUSIMA TOKa U 1oJig 60°. Onpenenvure akTUBHYIO JUIMHY MPOBOJHUKA, €CIIU
noJie JielcTByeT Ha Hero cuioit 2 10-2 H.

12. Kakyro paboTy coBepiiaeT OJHOPOAHOE MarHuTHoe Tosne wuHAaykmued 1,5-10-2 TA npum
nepeMeneHu Ha pacctosHue 0,2 M IpPOBOJHMKA JJIMHOW 2M, IO KoTopoMmy TedeT Tok 10 A; eciu
MEepeMeIlCHUE MPOUCXOAUT BAOJb AeiicTBUs cui? IlpoBogHuk pacnosiokeH mnoxn yriaom 30° k
HaIpaBJICHUIO MOJIS.

13. HaiiguTe MHAYKLIHIO MATHUTHOTO MOJIS,, B KOTOPOM MaKCUMAaJbHBI MOMEHT CHJI, ACHCTBYIONINX Ha
pamky ¢ TokoM B 3,0 A, pasen 1,5 H-m. Paszmepsl pamku 0,05X0,04 M, unuciio BUTKOB paBHO N.

14. B ogHoponHOM MarHuTHOM noje ¢ uHaykiued 0,25 TA HaxoauTcs NpSAMOIMHEWHBIN MPOBOIHUK
mHot 1,4 M, Ha kortopbiii neictByer cwia 2,1 H. Omnpepenurte yroa Mexay NpPOBOJHUKOM H
HaIlpaBJIE€HUEM BEKTOpa MHIYKIIMU MAarHUTHOTO TOJIsl, €CJIM CHJIa TOKA B MPOBOJHUKE 12 A.

15. Yemy paBHa cuia TOKa B HPSIMOM NPOBOJHUKE JIiIMHOW 1,0 M, MOMENIEHHOM B OJHOPOJHOE
MarHuTHoe noje ¢ uHaykume 1,5-10-3 TA, ecnum Ha 3TOT NPOBOJHUK CO CTOPOHBI MOJIA JEHCTBYET
cwia 2,1-10-3 H? Yron mexy HarpaBlI€HUEM JIEKTPUYECKOTO TOKA U BEKTOPOM MHIYKLIUU paBeH 45°.

16. Ha oOMOTKy poTopa 37eKTpOABUTaTeNs P MPOXOXKISHUH 0 MpoBoay Toka 20 A aeicTByeT cuia
B 40 H. Ompenenure BeIWYMHY MArHUTHOW MHJYKIUU B MECTE PACIOJIOKEHHUS MPOBOJA, €CIU €ro
mrHa 20 cM. OOMOTKa COJIEP)KHUT N BUTKOB.

17. DnexkTpoH ONUCHIBAET B MArHUTHOM I10JI€ OKPY>KHOCTb paanycoM 4,0-10-3 m. CKopocTh JIBHKEHUS
ANEeKTPOHOB paBHa 3,5-106 m/c. Haliaute nHIYKIMIO MATHUTHOTO TOJIS.

18. TIporon aBmxercs co ckopocThio 1,0-106 M/c eprieHIUKYISIPHO OJTHOPOJHOMY MAarHUTHOMY TIOJTEO
c uaaykuuen 1,0 TA. Haiinure cuny, IEeHCTBYIOIIYIO HA IIPOTOH, U PaJuyC OKPYKHOCTH, IO KOTOPOH
OH JIBHXKETCSI.

19. DnexkTpoH BieTaeT B OJHOPOAHOE MArHUTHOE TOJe, HHAYKIUsS KoToporo 2,0-104 TA,
MEPIEeHIUKYJIIPHO CUJIOBBIM JIMHUSAM co ckopocTbio 1,0 106 M/c. Beiuncnure paguyc oKpy»XKHOCTH, 110
KOTOpO# OyJIeT IBUTaThCs SIEKTPOH.

20. Kakas cwia JeWCTBYeT Ha JJICKTPOH, JIETSIIUNA B OJHOPOAHOM MAarHUTHOM TIOJIE C HMHJIYKITUEH
1,0-10-2 TA nepneHAUKYISPHO JIMHUAM MarHUTHOM MHAYKIMH cO cKOpocThio 3,0-106 m/c?

21. DnexTpoH, IBUTAsACh cO CKOpocThio 3,54-105 wm/c, momagaer B OJHOPOJHOE MAarHUTHOE TIOJE C
uaaykuuend 2,0-10-5 TA nepneHAuKyIsIpHO K €ro CUJIOBBIM JMHUSM U MHPOJOJIKAET JBHXKEHHE IO
okpyxHOCTH paauycoMm 10 cm. Haiinure ynenbHbIN 3aps] 3J€KTpOHA, T.€., OTHOIICHHWE €ro 3apsia K
Mmacce.

22. TIpoToH, uMeronHii ckopocTh 4,6-105 M/c, BIeTaeT B OJHOPOJHOEC MAarHUTHOE TIOJIE C MHJIYKITUCH
0,30 TA nepneHAMKYISpHO MAarHUTHBIM CHJIOBBIM JHMHHUSAM. PaccuuTaiiTe paauyc OKpY>KHOCTH, IO
KOTOPOU OyZIeT ABUTATHCS TPOTOH.

23. TIpoTOH HOBWXKETCS B OJHOPOJHOM MarHUTHOM mone ¢ uHayknueud 3,4-10-2TA B mimockoctu,
MEePIEHIUKYISIPHON K CHJIOBBIM JIMHHUSAM. OmpenenuTe pajanyc TPaeKTOPUU MPOTOHA, €CIU JIBUKEHUE
POMCXOUT B BakyyMe 3,3-10° m/c.

24. B onmHopomHOe MarHUTHOe moiie ¢ mHayKuend 8,5-10-3 TA BueraeT >JIeKTPOH €O CKOPOCTBHIO
4,6-106 m/c, HarIpaBIeHHOHN MEPIIEHANKYISAPHO K CUIIOBBIM JMHUAM. Onpenenure cuiy, 1eHCTBYIOUIYIO
Ha AJICKTPOH B MATHUTHOM TIOJI€ U PAJANYC AyTH OKPYKHOCTH, TI0O KOTOPOU OH JBUKETCSI.

25. B marnutHoe mone ¢ uuHaykmnuei 0,5 TA B HampaBIeHUM, COCTaBISONMIEM Yroa 45° ¢ IHMHHUSIMH
WHJIYKITAA, BIETAET DJIEKTPOH cO cKOopocThio 2,0-106 M/c. Onpenenure cuiy, ASHCTBYIONIYIO HA HETO.
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26. B marHuTHOE 1oOJe B HANpaBJICHUU, NEPIEHAUKYISIPHOM JIMHHUSIM MHIYKIWHU, BJIETACT MPOTOH CO
CKOpOCThIO 3,2° 10° m/c. Haiiure WHIYKIMIO 3TOTO MOJIs, €CJIM MPOTOH OMKCAl OKPYXHOCTh PagnyCcoM
10 cm.

27. 3amaun Ha TOCTPOCHUS:

CnpefendTe HanNpaeleHWe EMMEHWA NPOBOAHWES C TOKOM [CHia Amnepal
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OTEET: OTEET: OTEET:
COnpefendTe NoNApHOCTE  |[OnpenendTe HanpaeleHde | YEA3ATE THHAKW
MArHuTa TOKa B NPOEOOHHEE MaErHWTHOro nNonAa
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Tema 4.5 DiiekTpOMarHuTHasi HHAYKIHS

IpakTuyeckoe 3anaTue Nel4 . Pemenue 3aaa4 no reme «J1eKTPOMATHUTHAST MHAYKIIUS.
3aK0H 3JIEKTPOMATHUTHOMH MHAYKIUH. CaMOUHIYKIIH»

60



Hean: chopmupoBarh NOHUMAaHUWE pPOIM (GHU3UKK B (POPMHUPOBAHUHM KpYrozopa BiaJeHHUE
OCHOBOIIOJIATAIOMIUMU (PU3NUECKUMHU MOHATUSAMH, 3aKOHOMEPHOCTSIMH, 3aKOHAMU U TEOPUSMU; YMEHUS
BBINOJIHATE PacueTHBIC U rpaduuecKre 3a1a4u

MarepuajibHoe o0ecnieyeHue:

MHAMBUAYaAJIbHOE 33/1aHUE, KOHCIIEKT JIEKLIUH, CIIPABOYHbIE MaTEpHAJIbI.

Yka3anmue:

IIpakTrueckoe 3aHATHE COCTOMT U3 JBYX 4acTe — TEOpEeTHYeCKOM M mpaktudeckou. llocie
U3yUYEHHs] TEOPETHUECKOro MaTepuaa MOKHO IPUCTYIaTh K BBINOJIHEHUIO MpakTU4eckoi yactu. OHa
COCTOUT U3 JIByX M OoJiee 3a1ad JjIsl CaMOCTOSTEIBHOTO BhINMONHEHHUS. He 3a0biBaiiTe 0 MpaBUILHOM
oopmienun pemienus. Ha BelosHEHNE IPAaKTUYECKOT0 3a1aHUsS] OTBOJUTCA JBa aKaJeMUUYECKHUX Yaca.

3aganmue:
1. O3HaKOMBTECH C KpaTKUMH TCOPECTUUYCCKNMU CBCACHUAMM HUCII0JIb3Ys CCBIIKY
https://znanium.com/catalog/product/1012153 ,528§ u KpaTKkyo 3anuch GOpMYyJI HHKE
2. Pewure 3a1a4i, CaMOCTOATCIIbHO UCIIOJIb3Ys IIPUMEPBI U KPATKHUE TCOPETHUICCKUEC CBCACHUA.

IMopsaoK BHINOJTHEHHSI PAGOTHI:

W3yunTe 1 BeIMUMmMATE GOPMYIIBI IO JAHHOH TEMe:

Pa3bepure npuMephl peIIeHHBIX 33139

Pemmre caMOCTOSTENBHO 3a1aUH

OtBeTbTe Ha BOMpoCk TecTa https://znanium.com/catalog/product/1012153, cTp331.

el N =

KpaTKne TCOPETUYECCKHUE CBCACHUA

3axon 2nekmpomacHUmMHOU UHOYKYUU:

3I[C HHAYKIIMK B 3aMKHYTOM KOHTYPC paBHA IIO MOAYIIHO CKOPOCTU HU3MCHCHUSA MArHUTHOI'O

AP , rae & — OJ1C unnykiuu, B; AD= O,-

MIOTOKA Yepe3 MOBEPXHOCTh, OTPAHUUYEHHYIO KOHTYPOM: ¢ —
[

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

AD| _ CKOPOCTb UBMCHCHUA MAI'HUTHOI'O ITIOTOKA, ﬁ

c

JaHHOE U3MCHCHHE, C;

C yueToM HampaBlIeHHs HHIYKIIMOHHOTO TOKA 3aKOH 3aIllMChIBAECTCA TaK: o, — _AD
! At
Ecnu 3aMkHyTBIH KOHTYp cocToMT U3 N mocienoBaTenbHO COCTMHEHHBIX BUTKOB (Hampumep, B

AD
At

COJICHOUJIE) ¢ =—N - , Tme N — gucito BUTKOB.

Pa3HOCTh MOTEHIIHANIOB U Ha KOHIIax HpHMOHHHCﬁHOFO IMPOBOAHUKA JIIMHOMU |, ABHUXKXYHICTOCSA CO
CKOPOCTBIO U B OAHOPOJHOM MArHUTHOM II0JIC

U = Blvsina ,
I7ie 0. — YToJl MEX]ly HallpaBJICHUSIMH BEKTOPOB CKOPOCTH 0 M MarHUTHOM
uHayKuu B

ONEeKTPUYECKUM TOK, MPOXOIAIIMI IO IMPOBOJHHUKY, CO3JAa€T BOKPYI HEr0 MAarHUTHOE IIOJIE.
MarsHuTHBI OTOK CKBO3b IIIOIIA/(b IOBEPXHOCTH, OTPAHUUYEHHYIO CAMUM KOHTYPOM, ITPONOPLIHOHAJICH
cuie Toka B KoHType: @=L-I.
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@
Koa¢dunuent nponopruonanbHocTu L Ha3bIBaeTCs uHOyKmMusHoCmylo KOHTypa: [L]= [T} =

=I'H (renpnm).

3HaueHNEe WHAYKTUBHOCTH 3aBUCHUT OT pa3MepoB U (DOPMBI MPOBOJHUKA, a TAKXKE OT MarHUTHBIX
CBOMCTB ceprl, B KoTopoil oH HaxomuTcs. DJIC CaMOMHAYKIMH IO 3aKOHY JJIEKTPOMArHUTHOM
WHIYKIWW paBHA:

A k. 49,

is At 54t

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

il — CKOPOCTb UBMCHCHUS CUJIbI TOKA, é .

At c

2
DHeprus MarHUTHOTO TOIs MPOBOIHMKA ¢ TOKOM: v, — L 1=, [JTxk]
2

Pemiurs 321241 caMOCTOSATEILHO
(n - Homep sawezo éapuanma no cnucky)

1. Ha ckoipko M3MEHUIAch CUJIa TOKa B MPOBOJIHUKE, eciin 3a 0,1 ¢ B MPOBOJAHUKE, HHIYKTUBHOCTh
kotoporo 4 I'n, noasuiace 3/1C camonHaykiuu pasHas 12 B?
2. 3a KakoW TPOMEKYTOK BPEMEHHM MarHuWTHBIA moTokK m3MmeHwics Ha 0,01 BO, ecnm B KoHTYype
Bo3HuKaeT J/IC nnaykuuu n B?
3. MarnuTtHOe moje Karymku ¢ HHIyKTHBHOCTRIO 0,2 ' obnamaer sueprueit 0,4 J[x. YUemy paBHa
CHJIa TOKa B KaTylke?
4. Omnpenenure 3HEPruio, 3aMacaeMyl0 B MarHUTHOM I10J€ HWHIYKTOpa, KOTOPBIM HCIOJIB3YyeTCsl B
YCTAHOBKE JUIi MarHuT HMMITYyJbCHUBHOrO (opmoBanus. MuayktuBHocTh KaTymku 7,0-10-7 T', cuna
paspsnHoro Toka 1,45-105 A.
5. Kakoif moToK MarHUTHOM MHIYKLIMU CO3JIa€TCs B KOH TYPE€ AJIEKTPHUUECKUM TOKOM, €CIH NPH €ro
yMeHbleHnu A0 Hyis 3a 0,01 ¢ B KOHTYpe BO3HHMKAET 3/C caMOMHAYKIMK paBHast 30 B?
6. Ompenenurte >HEPTUI0 MAarHUTHOTO TOJI KAaTyIIKH, B KOTOPOW MpH cuiie Toka 6,8 A MarHUTHBINA
oTOK paseH 2,5-10-3 BO.
7. 3a Kakoil mMpOMEXYyTOK BPEMEHHU B KaTyllke ¢ MHAYKTHBHOCTHIO 0,28 I' mpoucxoaut HapacTaHue
CHJIBI TOKA OT HYJIA 110 9,6 A, eciii pu 3TOM BO3HHMKAET CPEIIHSSA HAC CAMOMHAYKIUH, paBHas 38,4 B?
8. IIpoBomHUK AIMHON N M NepeMeriaercss B OJHOPOAHOM MarHuTHoM mone ¢ uHaykmuen 0,2 TA.
JIBM>KeHHe MPOBOAHMKA MPOUCXOAUT cO cKopocThio 10 M/c mon yrioM 45° K MarHUTHBIM CHJIOBBIM
nuHUAM. HaliquTe 51¢ MHIYKIIMY, BOSHUKAIOUIYIO B IPOBOJHUKE.
9. Kakoii MarHuUTHBI TIOTOK TPOHU3BIBAET KOHTYp, €CIU TIPH PABHOMEPHOM HCUE3HOBCHHH
MarHMTHOTIO TOJISl B TEUEHHUE N C B KaTyLIKe UHAYLUpPYeTCs 3¢, paBHas 0,02 B?
10. Kakoif MarHUTHBIA MMOTOK MPOHHU3BIBAET IJIOCKYIO TIOBEPXHOCTH IUIOMABI0 3 cM2 MPH HHIYKIIUU
noisist 0,24 TA, ecim HopMalib, K TOBEPXHOCTHU PACIIONIOKEHA MO yIiioM 60° K BEKTOPY MHIYKIIUH.
11. Ompenenute MHAYKTUBHOCTH KATYIIKH, €CIIM MPU YBEIMYEHUU TOKa B Heil Ha 2,2 A 3a 50-10-2c
MOSIBJISIETCS CPENHSAA AC CaMOMHAYKLUH, paBHas 1,1 B.
12. B npoBomnuke mmHOU 0,5 M, ABIKYyIIEMCS CO CKOpPOCThIO 3,0 M/C MEpIEHANKYISPHO CHIIOBBIX
JUHUANA OJHOPOAHOTO MAarHuTHoro mossi, Bo3Hukaer JJC 6,0-10-2 B. Omnpenenure HHIYKLIHIO
MarHMTHOT'O TOJIS.
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13. Onpenenute MarHUTHBIA MOTOK, MPOXOASAIINA Yepe3 MPSMOYTOJBbHYIO IUIOLIAIKY CO CTOPOHAMHU

20x40 cM, ecnu OHa MOMENIEHA B OAHOPOJHOE MarHUTHOE noje ¢ uaaykuueit 5,0-10-2 TA nox yriom

60° K TMHUAM UHAYKLIUHU TOJIS.

14. Omnpenenure SAC uHAYKIIMH, BO30YKIaeMyI0 B KOHTYpe, eciii B HeM 3a 0,01 ¢ MarHUTHBIN MTOTOK

paBHOMepHO ymeHbIaercs 0,5 1o 0,4 BO, uro6sr B koHTYpe Bo3Oyxaanack DJ]C nnnykunu 3,8 B.

15. Ompepenute MpOMEXYTOK BpEMEHH, B T€UEHHE KOTOPOrO MAarHUTHBIA MOTOK, MPOHHU3BIBAIOIIUN

KOHTYp, JoipkeH yBenmuuutbes oT 0,01 o 0,20 BO, uyTo6sl B KOHTYpe Bo30yxaanack DJC uHaAyKIHH N

B.

16. Onpenenure D/JIC MHIYKIMM Ha KOHIIAX KpPBUIBEB CaMoOJieTa, MMEIOIUX UIMHY 12 M, ecinu

CKOPOCTb €ro MpH TOpU3OHTAIbHOM mosiere 250 Mm/c, a BepTHKalbHas COCTAaBJSAIONIAs MarHUTHOM

MHAYKIMU 3eMHOro Maruerusma 5,0-10-5 TA.

17. B oaHOpogHOM MarHuTHOM moJie moxa yrioM 30° K HampaBiICHHIO BEKTOpa MHAYKLHHU, BEIMYMHA

kotoporo 5,0-10-3 TA, nBuxercs NPOBOAHUK €O CKOpocThio 10 M/c; BEKTOp CKOPOCTH

MEPIEeHIUKYIIApEH MPOBOAHUKY. OmpenenuTe ATUHY MPOBOJHUKA, eciu B HeM HaBoautcs D/IC, paBHas

2,5-10-2 B.

18. Tpaktop o6mero HazHaueHuss K-700 wmger co ckopocteio 28 kM/4. Ompenenute pa3HOCTb

MIOTEHLIMAJIOB HAa KOHIAX IEpeIHEN OCH, €CIM JJUHA €€ OKOJo 2,6M, BEepTUKaJbHAs COCTaBJISIOLIAs

MarHuTHOTro mojs 3emiu 5,0- 10° TA.

19. Yemy pana D/IC caMOWHIYKIIMH, BO3HUKAIOMIAS B KATyIIKe C WHAYKTUBHOCTHIO 2,0-10-2 T', B

KOTOpoH Tok cuiioi 7,5-10-2 A ucyesaer 3an c?

20. MarnuTtHOe Tone Kar ymku ¢ uHayktuBHOCThIO 0,1 I obmamaer sueprueii 0,8 [[x. Uemy paBHa

CHJIa TOKA B KaTylike?

21. TIpoBomouHasi mpsAMOyroyibHass pamka co cropoHamu 20 m 30 cM pacroyiokeHa B OJHOPOTHOM

MarHMUTHOM MOJI€ U TEePHeHANKYISIpHA CUIOBBIM JHUHUAM. Onpenenure MHAYKIUIO 3TOrO MO, €Clu

Ipu ero ncyesHosenu 3a 1,2-10-2 ¢ B pamke HaBoguTtcs cpeanss DJC 3,5 mB.

22. Yemy paBHA MHAYKTUBHOCTb KaTYIIKH, €CIU IpOTEKaroluil nmo Hel Tok cuioir 0,15 A cozmaer

MOTOK MarHUTHOU uHaykuuu 7,5-10-3 BO?

23. YeMy paBHa UHIYKTUBHOCTh IPOBOJHHMKA, B KOTOPOM IpU BO3pacTaHuu Toka oT 1,5 1o 1,8 A3anc

Bo30yxaaerca DJ1C camonnaykuuu 0,9 B?

24. 3a Kakoi MPOMEXYTOK BPEMEHHU B KOHTYpe MHAYKTHUBHOCTBIO 2,0-10-5 I' nmpu n3MeHeHUH TOKa Ha

0,5 A Boznukaet DJ1C camounaykuuu 10 B?

25. Ompenenute MHAYKTUBHOCTh KaTYIIKH, eciid mpu Toke 3,0 A MarHUTHOe mojie B Hed oOnajaer

sueprueit 6,0-10-2 Ix

26. DnexTpuyeckas Ienb coOpaHa MO cxeme, MpeJcTaBlIeHHONH Ha pucyHKe. CONpoTHUBIIEHHE ydacTKa
1enu 1 paBHO CONMPOTHUBIIEHUIO yyacTKa 1enu 2. CpaBHUTE TOKU, KOTOPbIE MOKAXYT aMIepMeTpbl Ag
u A, cpa3y 1ociie 3aMbIKaHHUs KIIIo4a.

l
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Pa3gen 5 Kojed0anusi M BOJIHBI

IIpakTuyeckoe 3ansaTre NelS. Mexanudeckue K0JIeOAaHUSA U MX XaPaAKTEPUCTUKHU

Iesan padoTbl: chopMUPOBATE TOHUMaHUE PO (PU3MKHU B (POPMUPOBAHUM KPYro30pa BilaJileHUE
OCHOBOIIOJdararonimMun (1)I/ISI/II-IGCKI/IMI/I MNOHATHUAMU, 3aKOHOMCPHOCTSAMHU, 3aKOHAMH U TCOPHUAMU;, YMCHUSA
BBINOJIHATh pacyeTHbIE U rpaduuecKue 3a1a4u

MarepunanbHoe obecrnieyeHue:

WHIUBUIYAJIBbHOC 3a/IaHUC, KOHCIICKT JICKI_[I/II\/JI, CIIPaBOYHLIC MAaTCpUAJIbI, pa3;:1aTquLH71 Marcpuall
C 3aJaHUsIMU,;

Yka3anmue:

IIpakTueckoe 3aHATHE COCTOMT U3 JBYX 4acT€ — TEOpEeTHYECKOM M mpaktudeckou. llocie
U3y4EHHs] TEOPETHUECKOro MaTepualla MOXHO IMPUCTYNATh K BBIIOJHEHMIO NpakTHueckoi yactu. OHa
COCTOUT W3 JIByX M OoJiee 3ajad JIJIsl CaMOCTOSITEIIBHOTO BBINONHEHH. He 3a0biBaiiTe 0 MpaBHILHOM
oopmienun pentenus. Ha BeloHEHHE TPAaKTUYECKOTO 3a/1aHUS] OTBOJUTCSA JBa aKaJJeMUUYECKHUX Yaca.

3aganue:

Ilopsinok BbINOJHEHHS padOThI:

=

[lepen pemenuem 3aaa4 pa3o0paTh KpaTKUe TEOPETHUECKUE CBEICHHS
[IpoBecTu ananu3 BeTUYNH, BXOISAIIUX B (POPMYJIBI.
3. PemuTs 3amauu ¢ npumMeHeHueM GopMysl MaTEeMaTHYECKOTO MAasTHUKA, IPY>KUHHOTO MasiTHUKA, UX
CMEILIEHUS U YpaBHEHUS] TApMOHUYECKOr0 KoJjieOaHusl. (caMOoCTOsITeNbHAs paboTa).

KpaTkue TeopeTuyeckue cBeieHuUs1

Mexann4deckue KojieOaHus P

Mexanuyeckoe KoJebaHne — VAR W NEPUOIUYCCKH IIOBTOPAIOLICECS
NBUKEHME Tena (TOYKH) M0  KakoW-Iuodo it TPaCKTOPUHU IIOOYEPENHO B
MIPOTUBOMOJIOKHBIX HAMPABICHHSIX.

Mexannueckas KoJiebaTebHasi cMCTeMA
MIPOUCXOJISAT MEXaHUYECKHE KOJeOaHMUs.

IMono:xeHne yCTOMYHMBOIO PaBHOBeCUSI — TIOJIOKEHHUE, PABHOYIAIEHHOE OT KpaWHUX TOYEK
TPaeKTOPHH.

IMonHoe KoebaHMe — OIMH 3aKOHUYEHHBIHN ITUKIT KOJIeOaHuil, mociie KOTOPOTro TEeJIO BO3BPAIAETCs
B UCXOJHOE COCTOSIHHE.

Bosppamaromasi (BHyTpeHHsis1) cHia (Fyosp) — CHIIA, CTPEMSAIIAsCS BEPHYTH TEIO B IOJIOKCHHUE
YCTOWYUBOI'O PAaBHOBECHS.

CoOcTBeHHBbIE KOJIe0aHUs — KOJIEOAHHUs, COBEpIIAEMbIC TEJIOM IOJ ACHCTBUEM OJHOU TOJIBKO
BO3BPAIIAOIICH CUJIBI.

CBoOoanbie KoJieDaHUsi — KojeOaHUs, COBepIIaeMble TEJIOM TMOJ JEHCTBUEM JABYX CHIIL:
BO3BPAILAIOIIEH U CONPOTHUBIICHUSI CPEIIBI.

Boiny:kieHnble KoJiefaHusi — KoyieOaHUs, COBEpIIaeMble TEIOM TMOJ JACWCTBUEM BHEUTHEH
BBIHYK/JIAfOIIEH CHJIBI.

Yapyrue koJiedbaHusi — KoieOaHHUS, MPH KOTOPBIX BO3BpAIIAIONICH CHIION SBISETCS CHUIa
YIOPYTOCTH.

MartemaTu4ecKuii MaAAITHUK — Koyie0aTelbHas CUCTEMa, COCTOSIIAs U3 MaTepHallbHON TOYKH,
MOJIBEIIEHHON HA HEBECOMOM HEPACTSXKUMOUN HUTH, U 3EMJIH.

@u3nyeckuii MAITHUK — KoJlebaTebHasl CUCTEMA, COCTOSINAs U3 Tela, KOJIEOIIOMEerocss BOKPYT
HEIIOABI>KHOM OCH, M 3€MIIH.

Ilepuoouueckoe — xonebaHue, MPU KOTOPOM Bce (DM3MUECKHUE BEIMUYMHBI MOBTOPSIOTCS uepe3
paBHBIE TPOMEKYTKHA BPEMEHH.

no

(MKC) — cucrtema Tten, B KOTOpPOi

Taobmuma 1
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Enununa
XapakTepucTuka Ob6o3nauenue, hopmyina Onpenenenne
HU3MEPECHUS
[Tepuon 27 C JnmuTensHOCTh OJTHOTO MOJHOIO
@ KosieOaHus
YacrtoTta y 1 n Cclr Ywucio konebanuii T B SAHHUILY
=——=— — LI
r t BpeMeHH t
[Muknuueckas yacrora ) 27 pao Yucno xonedanuil 3a 21 eJUHUIL
w=2rv=— —
(kpyroBas) c BpEMEHU
CwMmelenue () [TosokeHre TOYKH B JIHO00H
X M
MOMEHT BpeMeHu 1o OY
AMIuTyaa MaxkcuManbHOE OTKIIOHEHHE
A M MaTepUaIbHOM TOUKH OT
MOJIOXKEHUS PAaBHOBECHS
daza t MrHOBEHHOE COCTOSIHUE
@ =—=wt+e@, pan .
T MartepuanbHoi Touku o OX
HavanpHas daza ¢o pan Cnasur ¢a3el B MOMEHT BpeMeHH =0

I'apmonuueckue — npocTeiire Konebdanusi, Ipyu KOTOPbIX U3MEHEHUE COCTOSHUS KOJeOoencs

BCJIMYHHBI IPOUCXOAMUT IO 3aKOHY CHMHYCA UJIM KOCUHYCA.

‘XZASi n(cot+(po)‘

X=Asinot=Asine — ToaKoM
X=AcoS®ot=AC0S(p — OTTATHBaHUEM
L=A®COSOL, Vmax = A®

— A 2ainnte A2
o=-A®SINOL, Omax=A®

A=XmaxM 2

k X2 mo

p 2 k-
coxpanenus sHeprun E=E,+E,

2
kA /
V= :A. K
m m

X(t) = A sinwt

X(p) = A sing

~ 3axon

Tabmura 2

MareMaTnyecKkil MassTHUK [IpyXxMHHBIN MasATHUK

_ L F=ma m
T—ZH\E T=2n|—; F =-kx
k ymp
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Yupyras cpena — cpena, Ipyu MEXaHUYECKOM BO3/ICHCTBUU Ha KOTOPYIO BO3HUKAET CUJIA YIIPYTOCTH.
Mexanu4yeckasi BOJIHA — pacpoCTpaHeHUE KoJeOaHuli B yIIpyrou cpeje.

Jly4 — nuHus, BAOJIb KOTOPOH pacpoCTpaHsIeTCs BOJIHA.

Ilonepeuynasi BOJIHA — BOJIHA, B KOTOPOU KOJIEOAHHS YaCTHUI] CPEbl IPOUCXOIAT MONEPEK Tyya.
IIpogoabHas BoJIHA — BOJTHA, B KOTOPOI KoJIeOaHMsI YACTHIL CPE/IbI POUCXOAAT BIIOJIb JIy4a.

Ul IIpooonvuwvie nonepeunvie
- ========H'}FT{= f_h_'l.
* A, RS
IHepzus Boanwl nepenocam snepzutro, Ho ne
nepeHocaAm geuyecmeo cpeol
Ycnosua B cpenax, roe Bo3HuKkaer B cpenax, rue
6o3nuknoeenun | Fy,, npu nedopmanun BO3HHKAET Fyyp
corcamust npu aegopManuu
cosuea
Cpeoa B TBepabIX, KUAKUX, B tBepabIX, Ha
ra3zo00pa3HbIX MTOBEPXHOCTHU
KHUJKUX TeJN, Ha
TpaHHIle pa3jiena
JIBYX Cpefl C
Pa3IMYHON
IIJIOTHOCTBIO
Ilpumep 3BYKOBBIE  BOJIHBI Bonnsl Ha mHYype,
Ha MMOBEPXHOCTH
BOJIBI
Ckopocmp Y = AV pacnpoCTpaHSIOTCS ¢ KOHEYHON

CKOPOCTBI0, Pa3JIMYHOM B Pa3HbIX Cpelax

/nuna eonnwi PaccTosiHue Ha KOTOpO€E cMemaeTcs BOJIHA 32
nepuos

I= 9T
Vv

36yKoebie 6onnbl
3ByKoBasi BOJIHA (3BYK) — BOJIHA, BHI3BIBAIOIIAS Y YEJIOBEKA CIYXOBBIC OLIYIICHUS.
HNudpa3Byk — MexaHMUECKHE BOJIHBI ¢ yacToToM HUXke 16 I'1y; yaprpasByk — Boite 20000 I'm.
CropocTb 3BykKa B Bozayxe mpu 0°C — 332 m/c, mpu 20°C — 343 m/c; B Boze — 1483 m/c, B xkerese — 5850
Mm/c.

IIpuMepsl peleHus 3aaa4

1. YpaBHeHue rapmMoHuueckux KoneOaHuii Touku x=0,4cosmt. Haiitu amrmumrynmy, mepuoa u
cMmenieHue Touku uepes 0,5 c.
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JaHo: M. T. «CHN» Pemienue

x(t)=0,4cosnt x=Acosmt

1,=0,5 ¢ x(t)=0,4cosmt

A=? T=? x(t;)=? G
v=? T I0)

1
v=—
T

Brruncinenusa: A=0,4 m; o=1;

T=2%_ )

=05 T

NP g

Vv =

1
x(0,5) = 0,4 - cosn- — — 0,4c0s — = 0
2 2

2 I'py3 maccoii 0,4 xr coBepiraer KojeOaHUS B TOPU3OHTAIBHOW IUIOCKOCTH Ha MPYKHUHE
KeCcTKOCThI0 250 H/M. amIuTyna KojeOaHuid Tpy3a 15 cM. HAWTH MONHYI0O MEXaHHMYECKYIO DHEPTHUIO
KoJIeOaHUH 1 HanOOJIBIIYIO0 CKOPOCTh IBIKEHHA. TpeHneM npeHedpeus.

. 2 250-0,152
Hano: Ep:k';  E, =0 E == =28
NPY>KUHHbBIN L= 0,15\/§0,15- 25 =
MasTHUK E=E,+E=E, '
M
=3,75~382%
C
m=0,4 kr ) , k
mo° =kA" = v=A,|—
k=250 u/m m
A=0,15M
E=?, Umax=?

Pemutsb 3agaun
(n - Homep sawezo sapuanma no cnucky)

1. Hanummre ypaBHeHHE TrapMOHUYECKUX KOJeOaHUH ¢ aMIUIUTYA0H 5 ¢M U HayalnbHOU (hazoil 45°,
eciu B 1 MunyTy coBepiaetcst 150 xonebanumii.

2. AMIUIUTYZ]a TapMOHUYECKUX KojeOaHWi MarepuaibHOM Touku N cM, nepuoa 4 c. Haiinute
MaKCHMaJbHble CKOPOCTH M YCKOPEHUE U HAIMIINTE YpaBHEHNE TAPMOHUYECKUX KOJICOaHUH.

3. MaremaTnueckuii MasTHUK JUIMHOW 56 cM 3a N MUHYT coBepiiaeT 40 MOJHBIX KOJeOaHW.
Ompenenure mepuoj KojdeOaHW MasTHHKA W YCKOPEHHE CBOOOJHOTO TMaJCHHS B TOM MeCTe, TJe
HaXOJUTCSI MasATHHUK.

4, MarepuanpHas Touka Konebmercs ¢ yactotor v=10 kl'm. Omnpemenure mnepuoa, YUCIO
KoJ1e0aHui B MUHYTY U HUKINYECKYIO YACTOTY.
5. Onpenenute NepHOJ, YACTOTy, UMKIMYECKYI0 YacTOTy TapMOHHUYECKHUX  KoyeOaHui

. 2
MaTeMaTH4eCKOTo MasgTHUKa AIuHOM 1 M, eciin §g=9,81 m/c”. Bo ckoJIbKO pa3 U Kak HaJ0 U3MEHUTH JJTUHY
MasiTHUKA, 4YTOOBI TepHO/1 KojieOaH!i yBETMUMIICS B 2 pasa.
6. AMIUTUTY1a TAPMOHUYECKUX KOJIEOaHUI MaTeMaTHUecKoro MasiTHUKa JAinuHoi 50 MM, nepuoa 4 c,

T o o
HavanbHasg ¢asza — . Hammmure ypaBHeHHE 3TOro KoIeOaHUS M HAWIUTE CMEIIEHHE KONeOromencs
4

TOUYKH OT NOJI0kKeHUs paBHOoBecus npu t =0 n t=1,5 c.

67



(T & .
7. VYpasuenue touku x=0,02sIn| —t+— |. Haiinure nepuos, MakcUMalbHOE 3HAYEHHE CKOPOCTU U
2 4

YCKOpEHHUE.

8. Onpeznenure JUIMHY MaTeMaTUYECKOIO MasiTHUKA, COBEPIIAIOLIETO OJHO MOJIHOE KojebaHue 3a 2
c, ecnn 0=9,81 Mm/c’. Bo CKONBKO pa3 HYKHO W3MEHHTb JUIMHY MAasTHHKA, 4TOOBI 9ACTOTA €ro
KoJieOaHU# yBenInuuiach B 2 paza?

0. YpaBHeHue rapMoHuyeckoro kosebanus x=0,4sind5nt. Omnpepenute amIUIUTYAy, TMEPHOI,
cMenieHue npu t=n c.

10.  Ompepenute K€CTKOCTH MPY>KUHBI, YACTOTY, HUKINYECKYIO YaCTOTY, €ciu Teno macco 0,5 kr,
MOJIBEIIEHHOE K ATOH MpyXKHHE, coBepuIaeT Konedanus ¢ nepuogom 0,2 c.

11. MarepuanbpHas TOUKa COBEpIIAET TapMOHUYECKHE KosieOaHus ¢ amruiutyaon 0,03 M u epuogomMm
0,2 c. CocraBbTe ypaBHEHHE KosieOaHus U onpeaenute cmemenne npu t = 0,1 c.

12. ITo aHy cdeprueckoii Yamku coBepiaeT CBOOOIHBIC KoJieOaHusl 0€3 TPEeHUS MAJICHBKUH IapHK.
Omnpenenure nepuoj KojaedaHus MapuKa, eCiid pajnyc KpUBU3HBI Yalllku 2,45 M.

13.  CocraBbTe ypaBHEHHE rapMOHHYECKHUX KOJICOAHHI MAaTEMaTUYECKOTO MAasSTHHUKA JUIMHOHN 2,45 M
u ammuintyoit 0,1 m.

14.  Teno coBepIraeT rapMOHHUYECKHE KojiebaHus 10 3akoHy X = 20Sinnt. Onpeaenure CKOPOCTh TeNa
mput;=05cut,=4c.

15. YckopeHnue cBOOOAHOrO MajieHus Ha MOBEPXHOCTH JIyHbI 1,6 M/c?. Kakoi JUTUHBI JIOJKEH OBITH
MaTeMaTHYECKUH MasiTHUK, 4YTOObI €ro rnepuojl kosedanus Ha Jlyne Ob11 1 ¢?

16.  TIloctpoiiTe rpaduk rapMOHHYECKOrOo KoJeOaHHs YacTOTHI MO MapaMeTpaMm: amIuTuTynaa 2 cM,
nepuon 0,4 ¢, HavanpHas dasa 0. 3anummre ypaBHEHHE 3TOTO KOJICOAHHUS.

17.  Teno coBepiiaer Koyebanus 1Mo 3akoHy X = 60sin2nt. Onpenenute ckopocth TeMa npu tp =1 c u
tz = 2,5 C.

18.  Temo Maccoif N rpaMM MOABELICHO HA MPYKHHE, KECTKOCTh KoTopoil 2-10° m/M. Ompenenute
4acTOTY, HEPUO/JI, HUKINYECKYIO YaCTOTY CBOOOHBIX KOJIeOaHU 3TOTO Tea Ha NMPYKHUHE.

19.  MarepuanbHas TOYKa COBEpIIAET FApMOHNYECKHE KOJICOAHUS C aMILTUTYI0H 4 CM M TIEpHOI0M 2
c. Hanumure ypaBHeHHEe ABMKEHHSI TOUKH, €CIIM €€ TBMKEHUE HAYMHACTCS U3 MOJIOKEHHS Xo = 2 CM.

20. KakoBa yacToTa 3ByKOBBIX KOJI€OaHMI B Cpele, €l CKOpPOCTh 3ByKa B 3Toi cpene 500 m/c, a
mrHa BostHbI 2M? (OTBeT faiiTe B repiax.)

21.  Ha paccrosHum N M OT HaOmogaTess paboure BOMBAIOT CBau ¢ TIOMOIIBIO Kompa. KakoBo Bpems

MEXIy BUIUMBIM YIapoM MOJIOTa O CBAal0 W 3BYKOM YyJapa, yciblaHHbIM HaOmromarenem? (OTBeT
naite B cekyHaax.) CkopocTs 3Byka B Bo3ayxe 330m/c. OKpyrJIMTe OTBET C TOUHOCTHIO JIO I€CSTHIX.

22.  Ckopocts 3ByKa B Boze 1,5 kM/c. UeMy paBHa AJTMHA 3BYKOBOIl BOJIHBI, pacIipOCTPAHSIONMICHCS B
BOJIe, pu yacToTte 3ByKa 3 k[ 11? (OTBET naiite B MeTpax.)

Tema 5.2 DyieKTpOMarHuTHbIC K0JI€0AHUS M BOJTHBI

IIpakTuyeckoe 3ansiTue Nel6 Pemenue 3aqa4 Ha BUABI CONNPOTUBJICHUN B IENMAX
nepeMeHHoOro Toka. ®opmy.sl Tpancopmaropa.

Heab: copmupoBaTe mNOHMMaHME poiu (U3MKK B  (QOPMHPOBAHMHM Kpyrosopa U
(GYHKIMOHATBHOM TI'PaMOTHOCTH YEJOBEKA JUIA pELICHHs NPAKTUUYECKUX 3ajad; s OOBSCHEHHUs
YCIIOBUHM MpOTEKaHUS (PU3NYECKUX SBJICHHUM, YMEHHUS BBINOJIHATH pacueTHble U rpaduueckue 3ajauu,
U3YYUTh CBOOOJHBIE JJIEKTPOMArHUTHBIE KOJEOAaHUS B KOHTYpE, BUJABI COMNPOTHUBICHHUS B IENH
MEPEMEHHOT0 TOKa, UX OTJINYHUS U OCOOEHHOCTH.

MarepunanbHoe obecniedeHue:

WHAMBUAYaJIbHOE 33/1aHH€, KOHCIIEKT JIEKIIUA, CIIPaBOYHbIE MaTepHAIIbI.

Yka3anmue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JIBYX 4YacTell — TeopeTHdYecKoW M mpaktudeckoil. Ilocie
U3Y4YEHHs TEOPETUYECKOTO0 MaTepHala MOKHO IPUCTYNATh K BBINOJIHEHHUIO MpakTHUUecKoi dactu. OHa
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COCTOUT U3 ABYX U Ooiee 3aJa4 IjIs CaMOCTOSTEIbHOr0 BhIMOJIHEHUS. He 3a0bIBaliTe O MMpaBUJIbHOM
O(bOpMJ'IeHI/II/I pEeLICHUS. Ha BrimonHeHME IMPAKTUYCCKOI'0o 3aJaHUs OTBOAUTCA JiBa aKaACMUUYCCKHUX Yaca.

3ananmue:

O3HaKOMBTeCB C TeOpeTI/I‘leCKI/IMI/I CBCIACHUsIMU I/ICHOJ’IBSYH CCBIJ'IKy
https://znanium.com/catalog/product/1012153, §54.55, 56 BeimmcaB hOPMYIIEI

OoTMedeHHble ckoOKkamu , Harnpumep( 54.1)

Pemmte 3ala4i, CaMOCTOATCIIbHO HCIIOJb3ySA IMPUMEPBI U KPATKUC TCOPCTHYCCKUC

CBCIACHUS.

ITopsinok BbINOJIHEHHUSI PAa0OTHI:
1. H3zyuuTte u BeIMUIMTE GOPMYIIBI [0 JAHHOH TeME B BHJIE KPATKOTO KOHCIIEKTA
2. Pa36epute npuMepsl pelIeHHBIX 3a7a4
3. Pemmre camocTosATENHHO 3aa9U
4.

[TpuGopst

Cxema

Cwniia Toka

Cnsur das

Compotusie
HUE

1. popmyna

2. 3aBHCHUMOC
Tb

COIPOTHBIICH
HIO oT

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

ctp 334 —

Ilepemenusblii Tok:; ctp 336 Tpanchopmarop

KpaTKne TECOPETUYECCKHE CBCACHUS

COHpOTI/IBHeHI/IH B ICIIK IICPEMCHHOI'O TOKa

Pesucrop
conpotupieHuemM R

U
O ~ O

1(¢t) = Iysinot

9=0 Y,U usmenserca B Hampspkenue onepexaer TOk

() = %sin(wt—%)

OJIMHAKOBBIX (azax, a 3. pa ¢ =2 =90°
2

OHEPIrUsa pacXOoIUThCA Ha
TEIUIOBOE JIEHCTBHE TOKA

R= %Of (1+at)

0

ey

XL:(D L

Karymky naaykTuBHOCTBIO L

o

Konpaencarop emkocthro C

_| C

r

1(t) = CUwsin(ar + %)

Hanpsixenune otcraer ot

TOKa Ha ¢ = % =90°
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qacToTa

3.

olpeseseHne AKTHBHOE — NHayKTUBHOE —
CONIPOTUBJICHUE CONIPOTHUBJICHHUE,
nmoTpeouTerns, 00YCIIOBIICHHOE SIBIICHUEM
peoOpa3yIoIIEro CaMOWHIYKIUU
MOJIBOJIUMYIO K HEMY
SHEPIHUIO B APYrUue BUBI
SHEpPruu

3akoH Oma 1) = U_(t) Iy = Uy

R Xy

EMKocTHOE —
COIIPOTHUBJIICHHE,
00YCJIOBICHHOE HAJIMYHUEM
€MKOCTH B IISIIH

142
[TosHOE CONPOTUBIIEHHUE EMH TIEpeMEHHOr0 ToKa: Z= VR? + (wL — E)

3akon Oma AJIL aMIUTUTY JHBIX 3HAYCHUHN CHUJIBI TOKA |o H HAIIPSAXKCHUA U() B ICIIU IICPEMCHHOI'O TOKA:

lo= UoVR? + (wL — —)’

PeakTHBHOE — COIIPOTUBJICHUEC HOTpe6I/ITeJ'I$I, HC npeo6pa3vfomer0 IMOABOANMYIO K HCMY DHCPI'UIO B

1.

Apyrue Buabl sHepruu (H-p pakera) X=X -X.=ol- -
[

X >X¢ — MHIYKTUBHBIN Xapakrep; X| =X, — pe30HaHC; X >X| — EMKOCTHBIN XapaKTep

JleiicTByIOllee 3HAYEHHE MOINHOCTH TeEpPeMeHHOro Toka (P) — BelWYWHA, YUCICHHO paBHAs

MOIIHOCTHU ITOCTOSAHHOI'O TOKa PHOCT, npu YCJIOBUH, YTO oba Toka 3a OONHAKOBOC BpPEM:, PaBHOC
nepuony MnepeMeHHOro TOKa T, Ha PaBHBIX PE3UCTOpPAX R BBIACIIAT paBHBIC KOJIMYECTBA TCIIOTHI Q

IGR _ IU, _Uj

2 2 2R
AKTHUBHOM MOIIIHOCTBIO.

IIpuMepsl peleHus 3aaa4

P=— = . ﬂeﬁCTBYIOIHCC S3HAYCHHUEC MOIIHOCTH TIMEPEMCHHOIO TOKa 4YaCTO HAa3bIBAIOT

1. Karymka naayktuBHOCTBIO 0,1 ['H M akTHBHBIM conpoTuBiaeHueM 25 OM BKIIOYEHA B CETh

MIPOMBIIIJIEHHOTO MEPEMEHHOI0 TOKa CO CTaHAapTHOM udacToToil. OmpenenuTe TOK B KaTyILIKe, €CIU

HanpspkeHue Ha ee BBogax 120 B.
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JlaHo: =Y. X =+/252 + (4-3,14 -50-0,1) * =
X

=1/625+986 = /1611 = 40,1 Om
KatylKa X = R+ X7 =

L=0,1 Tu VR (@D = ] =120,
=R? + (2mnL)? 40,1
R=25 Om

v=50T1g

U=120B

I,=2

2. Ha KOJIXO3HYI0 MOACTAHIMIO TOCTyHaeT TOK HampsbkeHHem 6600 B. mepBuunas oOMoTka
Tpanchopmaropa mnonacranumu umeer 3300, a Bropmunas 110 ButkoB. Omnpenenure pabouee
HaIpsHKEHUE B KOJIIXO3HOM JIEKTPOCETH M MOTPEOIIIEMYIO MOIITHOCTh cuia Toka B cetu 200 A nmorepsimMu
SHEpruu B TpaHchopmarope npeHeodpeyb.

3. Karymka uanyktuBHocThio 0,1 I'H 1 akTHBHBIM conpoTuBieHHeM 25 OM BKJIIOYEHA B CETh
IIPOMBIIIJIEHHOT'O MEPEMEHHOIO TOKa CO CTaHAApTHOM uyacToToil. OmpenenuTe TOK B KaTyILKE, €CIU
HanpsbkeHue Ha ee BBogax 120 B.

ﬂagoli KaTyIka L x =425 +(4-3,14.50.0.1) =
L=0,1THu ' . .

R=25 Om = 'IR Pt — = '\.."{:IZS-r':JLéﬁ = 1611 = 0,1 (ks
v=50 T _ “'_ i - 120 Y

U=120B VR (el | =40

|a=? | =R +1’2'.ILI.'|._!|J ¢

Pemmntn 3axaun
(n - HoMep sawezo sapuanma no cnucky)

1. Cuna Toka B mepBUYHOM 0OMoTke TpaHcopmaropa 0,2 A, HampsbkeHue Ha kinemmax 220 B.
Omnpenenure HaIpsDKEHUE M CHITY TOKa BO BTOPUYHOM 0OMOTKE TpaHcdopMaTopa, eciu KodpUIueHT
Tpancpopmanuu 0,2.

2. [lepBuunas obmoTka TpaHchopmaropa conepkut 800 BuTkoB, BropuuHas 3200. Onpenenure
K03 GHUIMEHT TpaHCHOpMAIHH.

3. Cuia ToKa B CeTH M3MEHsIeTCs 1Mo 3akoHy | = 8,5 Sin o t. Kakoe KOMHYecTBO TEIIOTHI BBIICIUT
ANIEKTPOKAMUH 3a 2 yaca paboThl, eciiu ero conpoTtusieHue 80 Om?

4. Cuna Toka B mepBUYHOM 00MoTKe TpaHcdopmaropa 0,6 A, HanpspkeHue Ha ee KoHuax 220 B; Bo
BTOpu4HOU 00MOTKe 6 A 1 14 B. Onpenenure KII/] Tpancdopmaropa.

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

Hanpsokenne Ha koHnax nepsuuHoi oOMoTku 120 B, a BenuunHa TOoka Bo BTOpu4HOM oOMoTKe 0,25 A.
Omnpenenute NOJIE3HYIO MOLTHOCTH TpaHC(hopMaTOpA.

6. Jns TpaHcnAuuMM paavonepenad MPUMEHSIOT MOHMKAIOUUN TpaHchOpMaTop ¢ HampsbKeHHEM
480 B no 30 B. Onpenenure mourHocTh Tpanchopmatopa ¢ KITI 96%, ecnu k Hemy noakmodeno 100
penpoIyKTOpoB, moTpedstomux Tok 0,008 A.

7. Onpenenute yros moBOpoTa BUTKa B OAHOPOJHOM MAarHUTHOM TOJI€, 3Hasl, YTO MaKCUMaJbHOE
3Hauenne Toka 1002 A, a Tox B 1aHHbI MoMeHT 100 A.
8. Omnpenenure kodhdunMeHT TpaHchopMaIiy 3BOHKOBOTO TpaHChopMaTopa, MUTAEMOTO CETEBBIM

TOKOM ¢ HampsbkeHueM 220 B, ecnu mpeoOpa3oBaHHBIN TOK HMEET HanpspokeHue 2 B.
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9. [lepBuynHass oOMOTKa MOBBIIIAIOIIErO TpaHcopmaropa umeer 45 BUTKOB, a BropuuHas 900
BUTKOB. [lepBuyHas KaTyllika BKJIIOYAETCS B CETh MEPEMEHHOro Toka ¢ HampsbkenueM 120 B. Kakoe
HanpspDKeHue OyeT Ha 3a)KMUMax BTOPUYHON 0OMOTKH?

10. DJleKTpruYecKas ayra JA0JKHA ropeTh 1moj HanpsbkenueM N B, a B cetn 220 B. CkoJibKO BUTKOB
JOJDKHA COJepKaTh BTOPUYHAs OOMOTKa, €CIM B NEPBUYHON OOMOTKE, BKJIIOYEHHOW B CeTh, 385

BUTKOB?
KpaTkue TeopeTnyeckue cBeaeHUs
TpanchopmaTop
BUJIBI OBBIIIAIOIINHN MOHMKAIOIINI
Onpenencuaue tpanchopmarop, y | Tpanchopmarop, y
KOTOpOTO YHCIIO | KOTOPOTO YHCIIO
BHUTKOB BO | BUTKOB BO
BTOPUYHOM OOMOTKE | BTOPUYHOM OOMOTKE
OoublIre, yeM B | MEHbIIE, YeM B
TEPBUYHOI MIEPBUYHOU
Pucynok
Koaddunment n<l n>1
TpaHchopManuu nof_ u I, S,
82 0)2 U2 Il Sl
KHﬂ nm ancopmmopa = 5 100% ~ 99%
TpanchopmaTopa pancpopumoptp.

IIpumepsl pemienus 3agay:

1. Ha KonXo3Hyl0 MOACTaHIMIO TMOCTyHaeT TOK HampsbkeHueM 6600 B. mepBuuHas oOMOTKa

TpaHcpopmaTopa NOJACTAHIMHU UM

eer 3300, a BropuunHas 110 ButkoB. Omnpenenure pabouee

HaIIps’KCHUC B KOJIXO3HOH QJICKTPOCETHU U HOTpe6J'I$IeMYIO MOIIHOCTH CHJIa TOKa B CCTHU 200 A IoTepsAMU

SHEpruu B TpaHchopmarope npeHeopeyb.

JlaHo: o _ YU

TpanchopmMaTop 02 U
U, = U -0,

U;=6600 B “1

®1=3300 B Po=Uzl2

0)2:110

1,=200 A

Uz, Pzz?

6600 -110

. =220 B
3300

P,=220-220=44-10°B1=44xBT
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2. Cuna Toka B nmepBuuHOM 0OMoTKe TpaHchopmaTopa 0,5 A, HanpspkeHune Ha ee kKoHax 220 B,

BO BTOPUYHOM 00MOTKe cooTBeTcTBeHHO 8 A 1 12 B. Onpenenure KI1/] rpanchopmaropa.

Hano:

Tparcopmaropa

11=0,5 A =—-=.100%
u,l

1,=8 A

U;=220 B

U,=12B

12 -8

n=-"-100%="7= 350 o5 100% =87%

Jo|5o

U1,

171

n=?

Pemmnrn 3agaun

(n - Homep sawezo 6apuanma no cnucky)

Cuna Toka B mepBUYHON oOMOTKe TpaHcdopmartopa 0,2 A, HampspkeHue Ha kiemmax 220 B.
Omnpeznenure HaNpsDKEHUE W CUIY TOKa BO BTOPUYHOM OOMOTKE TpaHcdopmaropa, eciu
kodurment tpanchopmanuu 0,2.

[lepBuunas oOMoTka TpaHcopmaropa coxepxut 800 BuTkoB, BropmuHast 3200. Ompenenure
ko3 purmeHT TpanchopMaIu.

Cua Toka B CeTH M3MeHseTcs 1o 3akoHy I = 8,5 sin o t. Kakoe KOMM4YecTBO TEIIOTHI BBIACIUT
ANIEKTPOKaMUH 3a 2 yaca paboThl, eciii ero conpotusienue 80 Om?

Cuia Toka B mepBUYHOM 00MoTKe TpaHchopmaTopa 0,6 A, HanpspbkeHue Ha ee koH1ax 220 B; Bo
BTOpU4HOM 00MOTKe 6 A 1 14 B. Onpenenure KIIJI Tpanchopmaropa.

B nepBuuHOii 00MOTKe moBbIIaoNIero Tpancpopmaropa 80 BUTKOB, a BO BTopuyHoil 1280.
Hanpsoxkenne Ha koHIax nepBu4Hoi oOMotku 120 B, a BennumHa TOKa BO BTOPUYHON OOMOTKE
0,25 A. OnpenenuTe MOJE3HYIO MOITHOCTH TpaHCPOpMaTOpa.

JUis TpaHCIALUKM paauoneperad MPUMEHSIOT MOHMXKAMUK TpaHchopMaTop ¢ HampsKeHHEM
480 B mo 30 B. Ompenenute MomiHOCTh Tpancpopmaropa ¢ KIIHA 96%, ecam k Hemy
nojkiatoueHo 100 penpoaykropos, norpedsromux Tok 0,008 A.

B mepBuyHOI 0OMOTKE MOBBIMIArOIEro Tpanchopmaropa N BUTKOB, BO BTopmuHOoW — 2000
BUTKOB. Kakoe HampspkeHHMEe Ha 3aXHMaxX BTOPUYHOM OOMOTKM MOXHO HOJYYHTh, €CIH
BKJIIOUUTH TpaHchopMaTop B ceTh ¢ HanpsbkeHueM 110 B?

IlepBuunas oOMoTka TpaHcdopmaropa coaepxut 800 BuTkoB, BropruHas 3200. Omnpenenure
kod(purmeHt Tpanchopmarm.

Karymka MHIyKTUBHOCTBIO N I'H, aKkTUBHBIM CONpPOTHBIEHHEM 25 OM BKIIIOUEHA B CETh
MPOMBIIIUIEHHOTO TIEPEMEHHOT0 TOKAa CO CTaHAAPTHOM 4yacTtoTod. OmpenennTe TOK B KATYIIKE,
€CJIM HanpspbkeHue Ha ee BBoaax 120 B.

Tema 5.2 DyieKTpOMarHuTHbIE K0JIe0AHUSI M BOJTHBI

IIpakTnueckoe 3ansTie Ne 17 Pemienne 3aaa4 no remMe «J1eKTPOMArHUTHbIE KOJ1e0aHUA
U BOJIHBD»

Hean: chopmupoBaTh mNOHMMaHWE pPoOdW (PU3UKK B  (HOPMHUPOBAHMHM Kpyrozopa H
(YHKIMOHATBLHOM TPaMOTHOCTH YeNOBEKa Ul PELICHHS MPAKTUYECKHX 3aady; YMEHHs BBIIOIHSITH
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pacueTHble U rpaduueckue 3amadl, U3y4YUTh CBOOOIHBIC AJIEKTPOMATHUTHBIC KOJNEOAHUS B KOHTYpE,
BUJIbI COMIPOTHUBIICHUS B LIENU MIEPEMEHHOTO TOKA, UX OTINYUSA U OCOOCHHOCTH.
MarepunanbHoe obecrnieyeHue:
WHAUBUAYAIbHOE 33/1aHUEe, KOHCIEKT JIEKIIUA, CIIPaBOYHbIC MaTepHAIIbI.
Ykazanue:
[IpakTHueckoe 3aHSATHE COCTOMT M3 JBYX YacTe — TEOpeTHYECKOW W mpakTuyeckoil. Ilocie
M3Yy4YeHUs TEOPETHUUYECKOTr0 MaTepHraia MOKHO MPHUCTYIATh K BBIMOJIHEHUIO MpakTHdeckor vyactu. OHa
COCTOHT U3 JBYX U Ooiiee 3a7ay Il CaMOCTOSTENBHOrO BhINMOIHEHUA. He 3a0biBaiiTe 0 mpaBUILHOM
odopmiiennn pemeHus. Ha BEIOTHEHNE MPAKTUYECKOTO 3a/IaHUsI OTBOJUTCS JIBa aKaJeMUIECKIX Jaca.

3aganue:

O3HAaKOMBTECH C TEOPETUYECKUMHU CBEICHUAMM UCIIOJIb3Ys CCHUIKY
https://znanium.com/catalog/product/1012153, §57 Beinucas GOpMyIbl OTMEUYECHHBIE

ckoOkamu , HanpuMep( 57.1) u T.4.

Pemmte 3aaa4r, CaMOCTOSATCIIBHO HCIIOJB3ysA IMPUMEPBI U KpPaTKUE TCOPETHYCCKHUC
CBCIACHUS.

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTbI:

Ornpenenenue

[Tpouecc

YcnoBue
BO3HUKHOBCHUA

KoJIeOaHuil

IIpumep

el A

I/ISY‘H/ITC W BBIIIUIIIUTC (I)OpMYJ'ILI 10 ,I[aHHofI TEMC B BUAC KPATKOI'O KOHCIICKTA
PazbepuTe npuMepsl perIeHHbIX 3a/1a4

Penmure caMmocTosITEILHO 3aJa4uu

Bemonaute  tect  https://znanium.com/catalog/product/1012153,  ctp

337

«DJIEKTPOMarHUTHBIC BOJIHED

3J'I€KTpOMal"HI/ITHLIe KoJie0aHus

Hesaryxatomue konebOaHusi, BOZHHMKAIONIME MO/ JEHCTBHEM BHEIIHEH
nepuoanuecku uamensronieiics IJ1C e=gycoswt

[Ipouecc, mpu KOTOPOM DIIEKTPOMATHUTHOE II0JIE€ IEPHUOJUYECKH
WU3MEHSETCA 110 BpEMEHU

[MocnenoBarenbHOE COCTUHCHUE:
1) koHIEeHCaTOPa, HAKATUTUBAKOIIETO YHEPTHIO AIEKTPUIECKOTO TTOJIS;
2) KaTyIIKU HaKAITMBAKOIICH SHEPTHIO MATHUTHOTO TIOJIS;

3) BO3HUKHOBEHHE CBOOOJHBIX KOJIEOaHH B KOHTYpe OOYCIOBIEHO
SIBIIGHUEM CAMOWHIYKIINH

3J'IeKTpI/I‘-ICCKa${ IOCIb, COCTOAINAA M3 KOHJACHCATOpPAa MW KATYIIKH, B
KOTOpOﬁ OHEPIrusa BJICKTPUUCCKOTO IIOJA IMPEBpAllaCTCd B IJHCPIUIO
MAargauMTHOI'O IIOJIAA U 06paTHO
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3aKOHEI
T=2zJL-C —

dopmyna Tomcona

1 - L
Vo = ’
2zJLC
R—Q
1
Wy =—F—
JLC 1. Bemyxngenaole konebanus. Kimrou B «1» —  3apsbkaercs
KOHJIEHCATOoP.
2. CoOcrtBennble koseOanus. Kiod «2» dIEKTpUYECKOE IMojIe
MarHuTHOE ToJje. YacTh SHEPTHH TPATUTCS Ha HAarpeB mpoBoaoB R—Q
KOJIeOaHUs 3aTyXarollue.
Jlia mopzep kaHus He3aTyXaroIIUX KojeOaHUW MepeBoauM KIod  «1»,
3aTeM B «2». BoIHYKIeHHbIE — He3aTyXarolue KoieoaHus
DHeprus [Ipeobpa3oBanue FHEPTUH SACKTPUUECKOTO OIS B SIHEPTUIO MATHUTHOTO
110JI1 1 HA00OpOT 110 rapMOHUYECKOMY 3aKoHY E,«<>E,
- bl
302y I = b
--.\"-&.I
Rup=0
cobctBeHHbie DMK -l _ il
N j %]
- = = I“--‘".--u-_y'l
E,,=E.; vo=const
cvr e
2 2
CU%=LP
JIEKTPOMArHUTHbIE BOJTHbBI
Onexmpomaenumnas 6oina (OMB) — pacnpocTpaHE€HHE dSJIEKTPOMArHUTHOTO — TTOJIS

T

MPOCTPAHCTBE C TCYCHUEM BPEMEHH.

cAt

paccrostHue ot paauoiokanuonnoi cranuu (PJIC) no odwekra: AS = BN

OMB (B 3aBHCHMOCTH OT JJIMHBI BOJIHBI A) JACNIAT Ha JUANa30HBbI:

1) mmuaEBIe A > 1000 M;

2) cpeaaue 100 < A <1000 m;

3) kopotkue 10 < A <100 m;

4) ynpTpakopotkue A < 10 m.

CKOpOCTB BOJIHBI B CPEAC 3aBUCHUT OT JSJICKTPUUYCCKUX U MAarHUTHBIX CBOICTB CpCabl:
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C C
Y= —:;; —= v/ Eu=n>1- ontryeckas MIOTHOCTb CPEIbI

Veu
* ks . * ¢
Jivna BostHbl A=9*T = — B CpeJie; i BaKyyma Ay =c*T = -
cT C lo * 8
A ==~ =75 C- CKOPOCHIb IME 6 6AKYYMY UL 6 6030yxe- 3*10°m/c

IIpumepsl pemenus 3aaa4

1. Cuna ToKa B ceTH U3MEHsETCs 1o 3akoHy i=4,2 sinmt. Kakoe KOJIMYECTBO TEIIOTHI BBIICIHT
AJIEKTPOKaMUH 3a 1 4 paboThl, eciii ero conpotuBierue 70 Om?

JlaHo: Q=I° Rt lm=4,2A

AJIEKTPOKAMUH i=l,sinot 1,=0,707-4,2=3A

. . a2 3.9 2100 Ture

i=4,2 sinmt |g=|—”‘ ~0,707-1_ Q=3%70-3,6-10°~2,3-10° [Ix=
X V2

t=3,6-10° c =2,3 M

R=70 Om

Q=2

2 B ycTraHOBKax Jisl 3JEKTPOTUApaBINYecKoil 00paboTKM MaTepralioB KOHAEHCATOPhl paboyero
KOHTypa SBJSIOTCS €MKOCTHBIMM HakomuTenssMu d3Hepruu. Ormnpenenure HauOOJIbLIYIO CHITY
KpaTKOBPEMEHHOI'O TOKa, BO3HUKAIOIIETO B LEMU NPU HPSIMON pas3ps/IKe TAaKOro KOHJEHcaTopa Ha
MIPOBOJHMK, €CIM M3BECTHO, YTO 3aHECEHHas 3Heprus B KouaeHcatope 10 /X, MHIYKTMBHOCTH
koHTypa 0,03 Mk[H.

JlaHo: K — KOHTYp E,=E. 2.10%
lmax = {——5 =066 10+ =
E=10" JIx U 3.10
. ~08-10% —8.10°A
L =310°Ix L out
n=
U
2E

Sl

Imax =?

Pemmnrn 3agaun
(n - Homep sawezo sapuanma no cnucky)

1. Byayr Jin HaCTpOEHBI B pE30HAHC KOHTYPHI IepelaTunka U MpUEeMHUKa, eciti ux napamerpsl C1 = 200
I[ID, Ly =2 mIw; C, =100 I1D; Ly =4 mI'H?

76



oo

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

KonebarenbHbIil KOHTYp COCTOUT M3 KOHJIEHCATOPa €MKOCThIO SMK®D M KaTYIIKH WHAYKTUBHOCTBIO
0,2 T'n. Onpenenute MakKCUMAJIBHYIO CHJIy TOKa B KOHJAEHCATOPE, €CIM MaKCHMallbHas pa3HOCTh
MOTEHIMAJIOB Ha 0OKIaaKkax KoHaeHcaropa 90 B. Ilorepsmu Ha HarpeBaHue MPOBOJOB IPEHEOPEUb.
OJIC mHAyKIMU, BO3HMKAIOIIAs] B PAMKE IPU BPALIEHUU €€ B OJHOPOJHOM MArHUTHOM IIOJIE,
U3MeHseTcs 1o 3akoHy e = 12 sin100 nt. Onpenenure aMIIMTYAHOE W JACHUCTBYIOIICE 3HAYCHHE
OJ1C, nepuon, yactory, MrHoBeHHoe 3Hauenue J/JC npu t =n c.

MarsHuTHbIl OTOK B paMKe, PAaBHOMEPHO BpPAILAIOLIMICA B OJHOPOAHOM MAarHUTHOM IIOJIE,
HU3MEHSIETCA 1Mo 3aKoHy @ = 3 - 102 cos157t. Haiigute 3aBHCMMOCT, MTHOBEHHOTO 3HadeHus DJ1C
MHIYKIMM, BO3HUKAIOIIEH B paMKe, OT BpeMeHH. OIpenenuTe MakCUMallbHOE M JIEHCTBYIOILEE
3Hauenue DJ1C, nmepuoi ¥ 4acTOTy TOKa.

B pamke, paBHOMEpHO BpalaroUIeiicss B OJHOPOAHOM MAarHUTHOM II0JI€, MHAYLHUPYETCS TOK,
MI'HOBEHHOE 3HAYE€HHE KOTOPOTO BbIpaXkaeTcsi GopMyIoi

I = 3 sinl57t. Onpexenurte aMIUIUTYIHOE, ICHCTBYIOIICE 3HAYCHUE TOKA, MTHOBEHHOE 3HAYCHUE
Toka npu 0,N ¢, mepuoa u 4acTory.

Onpenenute MakCUMaIbHOE U ACUCTBYIOIIEe 3HaueHue nepeMmeHHoi J/IC, BO3HUKAIOLIEH B paMKe Ipu
€€ PAaBHOMEPHOM BpaIllEHUU B OJTHOPOJJHOM MAarHUTHOM I10JIE, €CIM IIPU YyIJie IOBOPOTA paMKU Ha 45°
MraoBeHHoe 3HadeHne DJIC 156 B.

Onpenenure Mmakcumanbhyro 9/1C, 3Has, uro npu 30° OJC unaykuuu 110 B.

B koneGareqbHOM KOHTYpe € MHAYKTMBHOCTBIO N MI'H MakCHMalbHOE HamNpsDKEHHE HAa OOMOTKAax
koHgeHcaropa 200 B. ompenenurte mnepuoa KoleOaHWil CBOOOAHBIX SJIEKTPOHOB B KOHTYpE, €CIH
MaKcHMaslbHas cuiia Toka B KoHType 0,2 A.

Omnpenenure cuily TOKa B KoyeOaTebHOM KOHTYpE B MOMEHT MOJHOW pa3psAKd KOHAEHCaTopa,
€CJIM DHEPIrusl MArHUTHOTO TOJISl KaTYILIKH 4,8-10'3 JIx, a uaykTuBHOCTD 0,24 T'H.

Onpenenure 3HEPTUIO0 IEKTPUUECKOTO IMOJISI KOHJAEHCATOpa eMKOCThI0 N MK®D, ecnu HanpspKeHUe
Ha ero obkiazakax 400 B.

Omnpenenure mepuoa M 4acTOTy COOCTBEHHBIX SJIEKTPOMArHUTHBIX KOJIEOaHWM KOHTYpa, €Clid €ro
UHIYKTUBHOCTDH | MI'H, a emkocTh 100 HO.

Omnpenenure cuily TOKa B KoJjeOaTeNTbHOM KOHTYpe B MOMEHT IOJHOW Pa3psIKd KOHJEHCATopa,
€CJIM PHEPTUsl MarHUTHOTO 1o Katymmku N Mk, a unaykTuBHOCTh 0,12 I'H.

NupykTHBHOCTH KonebaTenbHOro koHTypa 500 MKI'H, Kakyi0 eMKOCTh CleqyeT BbhIOpaTh, UYTOOBI
HAcCTPOUTH ero Ha yactoTy 1 mI'm?

B ycraHoBKax aisl ANEKTPOrHApaBIMUYECKONM OOpabOTKM MaTepHalioB KOHJIEHCATOp pabodero KOHTypa
SIBJISIETCS €MKOCTHBIM HakonureseM sHepruu. Onpenenure HauOobIIYI0 CHITy KpaTKOBPEMEHHOTO TOKa,
BO3HUKAIOILIETO B LIEMH IIPH MIPSAMOM pa3psaaKe TaKOro KOHAEHCATOpa Ha MPOBOAHUK, €CIIM U3BECTHO, YTO
3anaceHHas Heprus B konzgeHcarope 10 kJ[x, naayktuBHOCTh KOHTYpa 0,03 MKI H.

KonebarenbHbI KOHTYp COCTOUT U3 KOHJEHCATOpa eMKOCThIO 3 MK®D U KaTyIIKH UHIYKTUBHOCTbHIO
2102 I'n. Onpenennure COOCTBEHHYIO YaCTOTY 3JE€KTPOMAarHUTHBIX KOJeOaHUM B KOHTYpE.

B karymke MHAYKTUBHOCTBIO N 102 T COBEpIIAIOTCS 3JIEKTPOMAarHUTHbBIE KOJEOaHUs C MEPUOJIOM
107 ¢. OmpeenuTe eMKOCTb CHCTEMbI.

KoneOarenbHblit KOHTYp COCTOMT M3 KOHJeHcaTopa eMmkocTbio 0,601 Mxk® u KaTymku c
UHIYKTUBHOCTBIO 10* Tw. Omnpenenure MepHoja, YacTOTy COOCTBEHHBIX 3JIEKTPOMArHUTHBIX
KoJieOaHUH KOHTYpa.

Konnencatop eMKOCTBIO 3.10° mk®, 3apsDKEHHBIN 10 HEKOTOPOTO MOTEHLMANA, Pa3psuKaeTes, 3aTeEM
3apspKaeTCsl uepe3 KaTyliky ¢ MHIyKTUBHOCTBIO 1,8 MKI'H. Onpenenute mepuos konedanuid. [Touemy
Ka)X710€ Mocieayoliee Kojaedanue 1aeT Ha 0OMOTKaxX KOH/IEHCATOpa MEHBIIIYIO Pa3HOCTh MOTEHIHANIOB,
4yeM npeapiayee?

Omnpenenure mepuoa M 4acTOTy COOCTBEHHBIX KojeOaHWH B KOHType mpu eMKocTd 2,2 MKD u
nHaykTuBHOCTH 0,65 MI'H.

Bbruuciute 4acToTy COOCTBEHHBIX KoJieOaHUl B KOHType ¢ comporuBieHueM 0 Owm, eciu
WHAYKTUBHOCTH B 3TOM KOHType 12 MI'H, a emkocts 0, 88 Mk®. Kak wu3MeHHTCS dYacToTa
KoJieOaHUH, €CIIH MOCTIeI0BATENbHO BKIIOUUTH B KOHTYD €I1e N TaKuX ke KoHaeHcaropa?
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22. Yemy paBeH MepHoji COOCTBEHHBIX KOJICOAHUH B KOHTYpE C MHAYKTUBHOCTBIO 2,5 MI'H 1 eMKocThIO 1,5
MK®D? Kak u3MeHHUTCSl TIeproj] KoJIeOaHH, €CITU MapajuIeIbHO K KOHICHCATOPY MPUCOCTUHNUTL erie 3
TaKuX ke KoHjaeHcaropa?

23. Pe3onaHc B kojeOaTenTbHOM KOHTYpe HacTymaeT npu dactote 4,2 kl'u. Onpeaenure HHAYKTUBHOCTh
KaTyIIKH, €CIIM EMKOCTb KOH/IeHcaTopa 2,2 MKD.

24. B konebaTenbHOM KOHTYype ¢ HHIYKTUBHOCTBIO 0,4 I'H M €MKOCTBIO 2:10° @ aMILTUTYTHOE
3nayenue Toka 0,1 A. Kakum Oyner HampspkeHHEe B KOHJIEHCATOpE B TOT MOMEHT, KOTJa HEPTrUu
ANEKTPUYECKOTO M MArHUTHOrO mojeil Oynyt oauHakoBbl? KonebaHus KOHTypa CUMTATh
HE3aTYXAIOIUMH.

25. OnpeenuThb JUIMHY BOJIHBI, €CIi ee azoBas ckopocTh 1500m/c, a wacTora kosnebanuid N I'1r.

26. Kakoit myTh npoizer ¢aza BoaHoBoro asmxenus 3a 0,02c¢, ecnu yactora konebanuit 2MI 1, a ninna
BOJIHBI 150M.

27. OnpenenuTh 4acTOTy M3IYyYCHHs YIbTPa3BYKOBOTO T'€HEPATOpa, €CIIM MOCHUIAEMBIH UM HUMIYJbC,
coaepsxamuii 100 BoaH, mpoaoxkaercs N. ¢

28. OnpenenuTh JUIMHY BOJHBI YJIBTPa3BYKOBOTO T€HEPATOpA B AIFOMUHUH, €CITU YacTOTa yJIbTPa3ByKa
3MI', a CKOpPOCTh B alltfoMUHUH 5,1 * 10° m/c.

29. Pammonepenatauk padoraet Ha yactore 6 MI'm. Ckoyibko BOJH HaxoauTcs Ha paccTosHUU 100km
10 HAIMPaBJICHUIO PACHIPOCTPAHEHUS paguocuryana’?

Pasnen 7 KBanToBas pusuka
Tema 7.1 KopnyckyJISpHO-BOJTHOBOM 1yaJIH3M.

IIpakTuyeckoe 3anaTue Nel8. Pemenue 3agau no teme «3akonsl poroddpdexra.
YpaBHeHune JAHIITEHHA.

Leab padorsl: chopMupoBaTh MOHUMAHKUE POJIA PU3UKHU B (POPMHUPOBAHUU KPYro3opa BIllaJCHHE
OCHOBOTOJIAraloiuMu (pU3nIecKUMHI MOHITHSIMH, 3aKOHOMEPHOCTAMHU, 3aKOHAMHU U TEOPHUSIMH; YMEHHUS
BBHITIONHSATH pacyeTHbIE U IpaduuecKue 3a1aun

MartepuanbHoe o0ecrieueHne:

I/IHI[I/IBI/I)IyaHI)HOG 3aJaHuC, KOHCIICKT J'IGKHI/II\/'I, CHpaBO‘IHBIG MaTepI/IaJ'H)I.

Yka3zanue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JIBYX 4YacTell — TeopeThueckod M mpaktudeckoil. Ilocne
U3Y4YEHHUs TEOPETUYECKOTO0 MaTepHalla MO>KHO IPUCTYNATh K BBIMOJIHEHUIO MpakTHUyecKoil yactu. OHa
COCTOHT U3 JIBYX W OoJiee 3a7ay ISl CaMOCTOATEIHHOTO BhIMOIHEeHUs. He 3a0biBaiiTe 0 mpaBUILHOM
O(i)OpMJ'IeHI/II/I pGHICHI/IfL Ha BBIITOJITHCHUC HpaKTI/I‘IGCKOFO 3aJaHUS OTBOOUTCA ABA aAKAICMHUYCCKUX Haca.

3aganmue:

O3HaKOMBTECH C TEOPETUYECKUMH CBEICHHUSIMU
Pemnre 3amaun, camMoCTOATENBHO HCIONB3YS MPUMEPHl U KPATKUE TEOPETHUUECKUE
CBEJICHUS.

IMopsinok BBINOJTHEHUS PA0OTHI:

W3yunte u BeImUmuTe GOpMYIIbI IO JAHHOM TeMe B BUAE KPATKOrO KOHCIIEKTa
Paz0epute nmpuMepsl peIICHHBIX 331a9

Pernre caMoCTOSTEIBHO 3a0a4i

Bemomaute  Tect  https://znanium.com/catalog/product/1012153, ctp 346
«DPotorpdexr. Dopmyina ITmankan

el A

KpaTkue Teoperuyeckue cBeieHUs1
DHeprus KaxIoi MOPLUUH MPSIMO MPOIOPIHOHANTbHA YacToTe M3aydeHust — V. E=hv [[Ix],

rae h — nocrostanas [nanka, h = 6,63-10°%* [[Ixk-c].
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ITormoTUTHCS MOXKET BCS nopuus NCJINKOM.

Dueprust cBeta hv maer Ha coBepiieHHe pabOThI BbIXOga A; W Ha COOOIICHHE DJICKTPOHY
2 2 2
mo® . mo
. hv=4+ 5 : =F..

o mo
KHHCTUYCCKOU SHECPTHUHU — >

Jns kaxmoro BemectBa (GoTodddekT HabMomacTes, €Cld YacTtota Vv > Vnn = hv > A,

. o A
[IpenenbHy0 4acTOTY Viin WM Amax Ha3bIBAIOT KpacHOM TpaHuiie ¢potodddexra. vinin =« ,re A, —
h

pabota Beixoa 3nekrpona [[Ix]. 1B = 1,6 10 e

®oTOH 00J1a/1a€T NOPLUUEH SHEPTUH: F — he —hy, e v—uacrora [['11];
A

h — nocrosunas [lnanka, 6,63-10° [dx-c].
hv

Macca porona onpezensercs: m=—_, Tie ¢ — CKOPOCTh CBETa, ¢=3-10% m/c.
C

@DOTOH HE MMEET MAaccChl MOKOS, T.e. HE CYIIECTBYET B COCTOSHHMH IOKOs. MMmynbc (oToHa
hv h
OIIPEETSIETCS: p:mC:—zz
C

IIpumenenune pororpdexra

CBoiicTBO (OTOTOKA 3aK/IIOYACTCA B TOM, UYTO €r0 CHJjia MPsIMO IPONOPLUOHATIbHA MOIJIOIEHHON
SHEPIUU CBETa, HAXOIWT NPUMEHEHHE B MpuOOpax-(hOTOdIEMEHTaX, B KOTOPBIX OSHEPIHsl CBETa
YIIpaBJIIe€T SHEPrHeN IEKTPHUUECKOro TOKA WM peoOpa3yeTcs B Hee.

Pa3HooOpa3zHoe npUMEHEHHWE HaxOIUT BHYTPEHHUH (OoT03(PPexT B MOIYNPOBOJHHKAX. ITO
SIBJICHUE UCTIOJIb3YETCS:

1) B hoTOCONPOTUBIEHUAX — IPUOOPAX, CONPOTHUBIEHNE KOTOPBIX 3aBUCUT OT OCBELLIEHHOCTH;

2) B MOJYNPOBOJHUKAaX — Mpubopax, NpeoOpa3yroIIUX CBETOBYIO JSHEPrHMI0 B 3HEPrUI0
ANIeKTpUYecKkoro Toka. Takue mnpubOpsl ciayXkaT HMCTOYHMKAMH Toka. CyIIecTBYIOT SIBJIEHUS,
00BbsICHAEMbIE KBAaHTOBBIMH CBOMCTBAMH U3ITyUCHHUS.

1. lasnenue ceema. IlepBuie onbIThl ObLTH TIpoaenansl B 1900 1. pycckum pusukom JleGeaeBbim
II.LH. Brruncnenns MakcBeiia 1okasajiu, 4To Ha 3eMJI€ COJHEYHBIN CBET JAaBUT Ha KBAJPaTHBIA METp
4epHOI MOBEPXHOCTH, PACTIONOKEHHOM eI IHKY/ISPHO JTydam ¢ critoi 4,510 H.

2. Tennogoe oeiicmseue ceema. Ilpu TOTIOMIEHUH W3ITYYEHUS TEIOM BCET/Ia IMPOUCXOIUT
IIPEBPALCHUE SHEPTUU U3IYyUYEHMS BO BHYTPEHHIOIO dHEPTHUIO TeJa.

ConHeyHble JTydd MPUHOCAT execeKyHAHO 1370 JIx sHeprum Ha KaxIblid KBaIpaTHBIA METP
MIOTNIEPEYHOI0 CEYEHUS 3EMIIN.

3. Xumuueckoe Oeiicmeue ceéema. XVUMHYECKHE TIPOIECCH, MPOUCXOJIIINAE MO JEHCTBUEM
U3IY4YEHHUs, IMEIOT O0JIbIIOE 3HaUeHHE B IPUPOJIE, HAyKe U TEXHUKE:

— (orocunTes;
— CIOCOOCTBYIOT BO3HHUKHOBEHMIO 3PHUTEIBHOIO OINYIIEHHS Yy 4YelloBeKa U
KUBOTHBIX U JAIOT BO3MOXHOCTb Pa3JINyaTh 1IBETA;

— nosydenue ¢otorpadpum.

XUMHYeCcKoe JeHCTBIE U3IIy4YeHNs OUY€Hb XOPOIIO 00BIACHAETCS KBAaHTOBOM Teopuel cBeTa.

[Tornomenue GOTOHOB YBETUUNBAET SHEPTHIO MOJIEKYJI MPOUCXOIAT XMMUYECKHE MTPOLECCHI.

IIpuMepsI pelieHus 3aaa4

79



1. OmpenenuTe MaKCUMalbHYIO CKOPOCTHh BBIJIETa SJCKTPOHOB W3 Kaius, paboTa BBIXOAA
AJICKTPOHOB M3 KOTOpPOTO paBHa 2,26 3B, mpu OCBEMIEHHH €ro yabTpadHOJETOBBIM H3IIYYCHHEM C
mmHo# BomHB 200 HM. Macca anektpona 9,1 10% kr.

Hano:
A =200 ™M CH
9 PeweHne:
A,=2,26 3B 200-10°
m =9,110% ke 2,26.1,6-107° JIx N3 ypaBHEHWA DNHLWITEHA ANA BHELHEro
c=3-108w/c dboToadpdekra:
h=6,62:10% ix-c h mo?

ch_p ML faCh AL
v—" A 2 Am,

_ [2(310°6,62.10* —2.10 7| 2,261,610 *°) _ \/(19,86) ~7,232)-10°%

=118-10° Y
21079110 9110® L c

OTtBeT: v = 1,18~106 m/c.

PemmTsh 3a1a4M caMOCTOATEIBHO
(n - Homep saweeco eapuanma no cnucky)

1. Pabota BbIX0/a 3JIEKTPOHOB Y OoKcuaa Meau 5,15 sB. Beoser m dpotodrddekt ynpTpaduoneroBoe
U3ITy4eHUE C YaCTOTOU 0,01~1017 I'u?

2. PaGora BBIXOa SJEKTpOHA ¢ mOBepxXHocTH mesms pasHa 1,6-10%° k. C kakoif CKOpOCTBIO
BBUIETAIOT AJIEKTPOHBI U3 LIE€3Us, €CIIM METAJIJI OCBEIIEH JKEIThIM CBETOM C JUJIMHOM BOJIHBI 0,6-10°°
M; Me = 9,1-10'31 Kr?

3. Haiinure maccy u ummynbsc (OTOHOB 111 MHPPAKPACHBIX (V= 10%T'w) u PEHTreHOBCKUX (v=10" I'mr)
JIy4en.

4. Haiigute IUIMHY W 9acTOTy M3JIy4eHHs, Macca (JOTOHOB KOTOPOTO paBHAa Macce IMOKOS DJIEKTPOHA

(Me = 9,1-10° kr).

KakoB ummynbsc ¢poToHa, S3HEPrusi KOTOPOro paBHa 6-10° JTx?

Ornpenenure UMITYJIHC (POTOHOB PEHTIC€HOBCKHUX JIyde A = 410" m.

KakoBa macca ¢oToHa, eciiu ero sHeprusi papHa 2,76-10™"° IIx.

OHeprus KBaHTa CBETa paBHA 1,98-10"%!. Kakoe 10 U3yyeHue?

Omnpenenure sHeprut0 (OTOHOB, COOTBETCTBYIOIIMX HambOonee MMHHBIM (A = 0,76 MKM) u

Haubosee KopoTkuM (A = 0,4 MKM) BOJTHAaM BUAMMOM YaCTH CIEKTPA.

10. Kakoii 9acTOTBl CBEeT CIIeAyeT HANpaBUTh Ha MOBEPXHOCTh IUIATHHBI, YTOOBI MaKCHMallbHAs
CKOpOCTh (hOTOIIEKTPOHOB OblIa paBHa N KM/C pabOTOM BbIX0JIa JUIs IJIaTUHBI paBHA 6,3 5B?

11. louemy nosiBieHue Gpororpadpuyeckux CHUMKOB IPOU3BOJUTCS NPH KPACHOM CBETE?

12. MoxHo 51 ¢ororpadupoBaTh NpeIMETH B COBEPIICHHO TEMHOW KOMHATE?

13. Omnpenemire UMITYITBC (POTOHA BUIIMIMOTO CBETA C JUTMHOW BOJHBI 500 HM.

14. Onpenenute JUIMHY BOJIHBI (POTOHA, UMITYIBC KOTOPOT'O PABEH UMIYIIbCY JEKTPOHA, IPOJICTEBILETO
YCKOPSIIOIIYIO Pa3HOCTh MOTEHIMaI0B N B.

15. Onpenenute SHEPrHIO M3IyYeHHs, Macca (POTOHOB KOTOPOTO paBHA Macce MOKOs 3JIEKTPOHA Mg =
9,1.10°% kr.

16. Beruncnute sHepruro GoroHa BUIUMOTO cBeta A = 0,4 MKM U CpaBHHUTE ee ¢ dHepruei (orona
yIAbTPaUOIETOBOTO U3IYUYEHHUS KBapLeBOi Jamibl A = 0,25 MKM.

17. Ilpu xako# AMHE 3J€KTPOMAarHUTHOM BOJIHBI SHEPTHs (oToHA Obliia ObI paBHA 2,8-10™% J1x?

© XN O
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18. Onpenenute paboTy BBIXOAA AJIEKTPOHA C MOBEPXHOCTH IIMHKA, €CJIM HAWOOJbINAs JIMHA BOJIHBI
(dbotona, Be3BIBatomias Gpotodddext — 0,3 MKm.

19. KakoBa MakcuMasibHast CKOPOCTh (POTOIIEKTPOHOB, €clU (POTOTOK MPEKPAIACTCs MPHU 3aMUPAOIIEM
Hanpspkeauu 0,6 B (me = 9,1-10'31 KT e = 1,6-10'19 Ki)?

20. Ompenenure kpacHyto rpaduily Goroaddexra ais Meramia ¢ paboToi Bbxoaa N 3B.

Tema 7.2 CTpoenne aroma

IpakTuyeckoe 3ansaTue Ne 19. «3anuch sigepHbIX peakuunid. CTpoeHre aTOMOB U AaTOMHBIX
siiep. 3aKOH PaJuOAKTHBHOIO PACHaiay.

Heab padorsi: chopMupoBaTh MOHUMAHKUE POJIU GUZUKH B (OPMUPOBAHUU KPYTro30pa BiIaJeHUE
OCHOBOMOJIAraoiuMu (pU3nIecKUMHI MOHITHSIMH, 3aKOHOMEPHOCTAMHU, 3aKOHAMHU U TEOPHUSIMH; YMECHHUS
BBITIOJHSATH pacyeTHbIE U IpaduuecKue 3a1auu

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

[1PyS5, Ipy9, 1TP62,ITP66, T1P67, MP1, MP3, MP15, MP12, MP13, MP17, MP19, MP 20, MP45,
MP42, MP 43, MP§, MP10

MarepuanbHoe ofecrneyeHue:

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

Yka3zaunue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JIBYX 4YacT€ — TEOpeTHYeCKOW M mpaxktudeckou. llocie
M3YYEHHUS] TEOPETUYECKOr0 MaTepralia MO>KHO MPUCTYNATh K BBHIMOJIHEHHUIO MpakTHuueckoil yactu. OHa
COCTOMT U3 JBYX U OoJiee 3a7ay JJIsl CaMOCTOSTENbHOrO BhIMONHEHU. He 3a0biBaiiTe 0 mpaBUIBHOM
odopmiiennu pemeHus. Ha BEIMOTHEHNE MPAKTUYECKOTO 3a/1aHUsI OTBOJUTCS JIBa aKaJJEMUYECKHX Yaca.

3aganue:

O3HaKOMBTECH C TEOPETUYECKUMH CBEIEHUSIMU

Pemmre 3amaun, caMOCTOSITENIBHO HCIOJB3YS MPUMEPbl U KpPAaTKUE TEOPETHYECKHE
CBEJICHUA.

BrinosiHUTh TECT

IMopsiiok BbINOJIHEHUS PA0OTHI:

N3yunTe KpaTkue TEOPETUUECKUE CBEICHUS

Pa30epurte npumepsl pelIeHHbIX 3aa4

Pemmre camocTosTeIbHO 3a1a491

Bemomaute  Tect  https://znanium.com/catalog/product/1012153, ctp 347
«Ctpoenne aToMa U OIpENEIEHNE €0 COCTaBa Mo Tabauie Mengeneesay, cTp 349,
« _SlnepHag peaknms. YpaBHEHHE SASpHOM peaknumy, «PaanmoaKTUBHOCTE.
SlnepHble CHIIBDY K YKa3aHHBIM maparpadam

el AN

Kparkue Teopernyeckue cBeieHUsA
[Ipu paaroakTHBHOM pacrajie MPOUCXOIUT MPEBpaIlleHHEe OJTHOTO si/ipa B IPYroe, KOTOPOe MO TUNHSIIETCS
IpaBUjIaM cMeleHus, chopMynupoBaHHbIMU CoIH:

1. a-pacmanx: X —.7Y+ He — nsnydenue saaep remus.

2. PB-pacmanm: 2X—,AY+ % — M3TyueHUE IEKTPOHA.
CTpoeHue aTOMHOTO siapa
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IIpomonno-neimponnas mooeib amoma — SAPO COCTOMT U3 HEHTPOHOB U IPOTOHOB, BOKPYI IIO

opOuTaM BpamaroTcs 31eKTpoHbl. O0Iee Ha3BaHNWE TPOTOHOB 1 HEUTPOHOB — HYKJIOHDL.

gpomon (p) MMeET MOJI0KUTENbHBIHN 3apsil, paBHBIN 3apsay JIEKTPOHA U Maccy mokos My = 1,6726-10°
KT

Hetimpon (n) — HeliTpaJibHAs YaCTHIIA C MACCOM TIOKOST My, = 1,6749-10% xr.

Maccosoe uucno A — ob1iee 9iCiIo HyKJIOHOB B aTOMHOM S/Ipe, T.€. CyMMa HEHTPOHOB U MTPOTOHOB.
3apsioosoe yucio Z — 9uciIo NPOTOHOB B sIIPE, COBIMAIAIOIIEE C IMOPSIKOBBIM HOMEPOM XHMHUYECKOTO
3JIEMEHTA B IEPUOAUYECKON CUCTEME AIIEMEHTOB MeEH eleeBa.

A
ATOM XMMHYECKOr0 d1IeMeHTa 0003Ha4aT , X .
Hanpumep, 2 , B KOTOPOM CONEPXKHUTCSA Z — MPOTOHOB M 3JICKTPOHOB, T.€. Z = 92 u A — MaccoBoe

4qucio, kotopoe paBHO 235. N — mpotoHoB, T.6. N =4 —Z = N = 235-92=143. 4 =Z + N
Hoepnvie cunvl — CUIBL, KOTOPHIMU HYKIIOHBI YIEPKUBAIOTCS B sfipe. UTOOBI pa3ienuTh SIpo Ha
COCTaBJISIONINE HYKJIOHBI HEOOXOAUMO 3aTPATUTh OOJIBIIIYIO SHEPTUIO — IHEP2UIO AMOMHBIX s10ep —
paboTa, KOTOPYIO HEOOXOAMMO COBEPIIHUTH JUISl PA3/ICIICHUS Ipa HAa HYKIOHBL. E. = Amcz,rz{e Am =
Zmp + N-Mp — Mgy, — aedexT Macesl.
DOnepeemuueckum 6b1X000M SACPHON peakliiy HA3bIBAIOT PA3HOCTh YHEPTU MTOKOS sIIep U YaCTHUIL JI0
peaxkiuuu u 1nocie Hee, 1o ectb:AE = (Xm; - Zmi)-cz,
rae XMj — cyMMa Macc 4acTHIl 10 PEAKIIUU;
2Mm; — cymMMa Macc 4acTHI] IIOCJIE PEaKLIUH.
Ecmm 2m; >Xm;, To peakiuys UJET C BBIACICHUEM 3HEPTUH, €CIIH XM; <XM;, TO peakIus UIET C
MOJIOLIEHUEM SHEPTUHU.
Hoepnas peaxyus — IpeBpalieHre aTOMHBIX sSIep MPU B3aUMOJACUCTBUHU C JIEMEHTAPHBIMU YaCTUIIAMHU.
SnepHble peakiuu MPOTEKAIOT MO-Pa3HOMY, T.€. C UCITYCKAaHHEM PA3JIMYHbBIX YACTHII:
,Be+,;He—C+.n 1
3axon coxpanenus 21eKmpuUlecKux 3apsa008 U Macco8ulx yucea: CyMMa 3aps 0B (MacCOBBIX UHCEN) SAep
Y 4aCTUIl, BCTYNAIOUIUX B AIEPHYIO PEAKIINIO, paBHA CyMMe 3apsA0B (MAaCCOBBIX UYMCEN) KOHEUHBIX
MIPOJYKTOB (s1ep M YacTul) peakiuu. Hampumep: i Al+n—;Na+;He .
Z (mo peakiuu) = 13 + 0 Z (mocne peakmun) = 11 + 2
A (no peakuun) =27 + 1 A (nocne peakuun) =24 + 4

IIpuMepsl pelieHus 3aaa4
1. Kyna CMCIIACTCA HOqueHHLIﬁ 3JICMCHT B Ta6J'II/II_[e MeHI[eneeBa B pC3YJIbTATC IIATHU oc-pacnaz[OB?
c A 4 ? - aj — 370 NOTo epre - ‘“He, T.K. ux 5=
[[aHo_ ZX—>52He+?Y | o-pacnag — 3To NOTOK AAep renma 2He T.K. UX

Z(Sz“He) = 5.2 = 10 - 3apag; A(524He) = 5.4 = 20 — maccoBoe

OTBert: ayieMeHT Y OTHOCUTENILHO X CMEIIAeTCs Ha IECATh KJIETOK K Hayally TaOJIHIIbI.
5. 3akoHumnTE AZIEPHYIQ PEAK IO nfon =2+l
z 2 Z-10
[To 3akoHy cOXpaHEeHHs 3apsijia U MacCh:
no peakuu Z =5 + 0; mocie peakiuu Z =5 — 3 = 2;
1o peakiuu 4 = 10 + 1; mocne peakiuun A = 11 -7 = 4.
[omy4aeTcst SJIEMERT C 3apsijioM JI0 peakiuu Z = 2 v Maccoi 4 = 4 — ‘He.

OTBeT: *B+In—>;He+]Li-

1. Onpeodenume suepeemuueckuii 8bix00 A0EPHOU PeaKyuti
“N,+*He,=""0,+'H,

1 cnocoo
1) onpedenumov maccy sopa u uacmuy ml 0o peaxkyutl
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10.

2) onpedenums maccy s0pa u yacmuy m2 nocie peakyuil
3) onpedenums usmenenue maccol m ml m?2

R g .
4) paccuumamu usmenenue snepeuu. E=m%*c
M, =1900507 5 e.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=""""=_000129 a.¢. m.

DHeprus norjaouaercs, T.k. m < 0
E=(-0,00129)*931 M»sB.=-1,2 M»B.

2 ciocod

Jlano: Pewenue:

E, =104,653 MsB Heprus CBS3M PaBHa HYJIO, OITOMY
E,=282937 E=E,-(E,+E,,

k, =131,754 MsB E= 131,754 MaB —(104,653+28 2937)M3B= -1 2M1B
E-? Omeem: 1,2 M3B

Pemmnts 3aga4um caMOCTOSITE/IbLHO

Kakoso CTpOEHUE gJpa aTOMOB!: 60pa 1;3; 6epI/IJ'IJ'II/I}I j Be, a3oTa 19“N ; aJ'IIOMI/IHI/I}IfEAl ?

UeMm oTimyarorcs siapa u30TOMOB BOJAOpOAA 'H,H, 1 ? Kak onu HaspBaroTcs?

Kyna cmemaercs anemenT Y B pe3ynbrare o-, B-pacmnana B Tabnuie Menaeneena?

a) 2X >3 % tY; 0) XX >iHe * ‘e tY;
B) ’X 52 He +3 % tY; r) X—iHe+3% +Y.

[Ipu GomOGapaupoBKe U30TOMA a30Ta “N HEHTPOHAMHU MOJYYATCs M30TOM YIepoaa C, KOTOpPbIH

OKa3bIBACTCA B'pa,[[I/IOB.KTI/IBHBIM. Hamuiure YpaBHCHUS AACPHBIX peaKHHﬁ.

B pesynbrare 3axBara HEUTPOHA SIPOM M30TOMA a30Ta “N 00pa3yeTcss HEU3BECTHBIH DIEMEHT U Ol

qacTula. Harmmmwure PCAKIUIO U OIIPEACIIUTE HEU3BECTHBIN DJICMEHT.

Haiiure nponykT peakiuu npu 60MOapAMpOBKe siep MU30TONA MArHus *Mg O-4aCTULAMH, €CIHU

W3BECTHO, YTO B 3TOM PEAKIIMU BBIJAECISIOTCS HEUTPOHBI.

3anummTe CXeMmy SIEpHOW peaklMd M OMpeAeNUTe HEU3BECTHBIM AJIeMEHT, oOpasyroluiics mpu
OoMOapaMpOBKE sEpP M30TOTOB ATFOMUHUS ZAl Ol-4aCTHUI[AMU, €CJIM HM3BECTHO, YTO OJUH M3

IIPOTYKTOB PEAKIIMY HEUTPOH.

DneMeHT Kyp4yaTOBUM MONYy4MIH, OOJyd4as IUTyTOHMH ““Pu ApaMu HEOHAa *Ne. Harmmmmure

PEAaKIINIO, €CITH U3BECTHO, YTO B PE3yJbTaTe 00pa3yeTcs elie YeThipe HeUTPOHa.
Hanuimmre HemocTaronye 0003HaYCHHS B CICAYIOIIHX SIEPHBIX PEAKITHSX:

a) ZAl+In —2+He; 0) ?2+H—*Na+ He;
B) ®Mn+?—>2Fe+!n;  T) ZAl+y—2Mg+7?;
1) “B+in >+ a; ) EMn+lp —>2+.n;
K) ILi+He —>?+He;  3) 2H +y —>2+n.

[TporakTuHMit *1pg O-paJiMOAKTHBEH. Onpenenure, KaKOH 3JIEMEHT MOJYYaeTCA C TOMOIIBIO 3TOTO

pacmana?
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11.
12.

13.

14.

15.

16.
17.

T 23 - - 9
B kaKoii 511eMEHT mpeBpaIaeTes 29 mocie AByX 3-paciajioB v OJJHOTO O-pacrajia’
210p; - -
Snpo uzorona BuCMyTa °Bj MOJYYHIIOCH M3 JIPYTOTO sijipa mocie o-pacnazna u B-pacnana. Yro sto
3a s1Apo?
B pesynbrare 3axBara o-4acTHIpbI SAPOM M30TOMA a30Ta “N 00pasyeTcs HEM3BECTHBIN JIEMEHT U

IpoTOH. HanmuimmTe peakiuio u onpeaesinTe HEN3BECTHBIIM AJIEMEHT.

BosmoxHa M peakmmsi, TPOUCXOASIIAs MPU OOMOApIMPOBKE ATIOMUHUS O-9aCTULAMU H
COIPOBOKIAIOIIYIOCS BHIOMBAaHUEM HEHTPOHOB, €CIIM B PE3yJIbTaTe TOIYYaeTCs SIPO KPEMHUS C
MaccoBbIM unciiom 307

Ilpu penenun sapa %Y BBIIEISETCS HEPrUs 3,2:10 Ik (200 M»B). Paccuuraiite 3HEpruto,

KOTOpasi BBIICIUTCS MTPU CTOPAHUH ypaHa KOJIMYECTBOM BeIIecTBa 1 MOJIb.
OnpenenuTe SHEPTHIO, BBUIEISIONIYIOCS B XO/I€ TEPMOSICPHON PeakM *H -+ H—‘He-

3 3
Hzoron remus 3He TONYYacTCsi B pe3yibTaTe OOMOapIUPOBKHU sIIEP TPHUTHS *H TPOTOHAMH.
Haitaure sHepreTnyeckuii BbIX0 3TOM PEaKIUu.

JlaGoparopHbie padoThI
Tema 2.1 KunemaTtuka
JladoparopHoe 3anaTne Nel «OnpeesieHne IIOTHOCTH TeJia Pa3JIM4HOi popmMbI»

Henp: DxcnepUMeHTaNbHO ONPEAEIUTD INIOTHOCTH )KUIKOCTH U TBEPIOTO Tea.
MarepunanbHoe obecrnieyeHue:
BECHI C pa3HOBECAMU; JIMHEWKA MaclITa0Hast; IITaHT€HIIMPKYJIb; MEH3YpPKa; BEIECTBO, IUIOTHOCTb

KOTOPOT'0 HY>KHO OIIPEIEIUTh.

3ananue:

1. O3HaKOMbBTECH C TEOPETUUECKUM MaTepUaIoM MO TeMe.
2. Onpenenute Maccy U 00bEM HCCIIETyeMOTO BEIIECTRA.
3. BeruncnuTe mioTHOCTH BEIIECTBA.

4. CocTaBbTe OTUET 110 JIA0OPATOPHOM padoTe.

Ilopsinok BbINOJHEHHS padOThI:
O3HaKOMBTECH C TEOPETUYECKUM MATEPUAIIOM 110 JaHHOU TEME.
Onpenenure MIOTHOCTh TBEPJIOTO TeENA.
BeruucnuTe abCOMOTHYIO M OTHOCUTENBbHYIO TOTPETHOCTH U3MEPEHUH.
Jlannble 3aHecuTe B Tadbnuiy Nel
Onpenenure 1eHy AEIEHUS MEH3YPKH.
Ompenenure MIOTHOCTh BOJBI HEOOXOIUMO.
BbruucnuTe aGCOMOTHYIO M OTHOCUTENIBHYIO MOTPEIIHOCTH U3MEPEHUI
Pe3ynbrate! onbiTa 3aHecute B TaOIUITyNe2.

. OTBeTbTE HA KOHTPOJILHBIE BOIIPOCHI:

ONoa~WONEPRE

KoHTpoJIbHBEIE BOOPOCHI

1. U3 aByx pa3HBIX METANIOB U3TOTOBJICHBI OJMHAKOBBIE 1O pa3MepaM KyOuku. B3pemmBanue
MOKa3ajo, 4YTO Macca OJIHOTO KyOwKa Ooibllle Macchl Japyroro B 2 pasa. OnuHaKoBa U
IJIOTHOCTh MeTaiuia? ECiii HET, TO BO CKOJIBKO Pa3 OTIMYAIOTCS TIJIOTHOCTH?

2. Tpu nmeranu — MenHasl, *elle3Hass U aFOMUHHUEBAas — UMEIOT OJIMHAKOBbIe 00BEMBI. Kakas
JIeTaIh IMEET HAMMEHBIITYIO MaccCy, Kakas HanOoupinyto? [TycToT B neTansix HeT.

3. Kycok metamna o6semom 150 cM® nmeer Mmaccy 750 r. Onpenenure IIOTHOCTh MaTepUana.
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4. Ha yamku ypaBHOBEIICHHBIX BECOB MOCTaBICHBI OJIMHAKOBHIE cTakaHbl. [locne Toro, kKak B
OJIMH CTaKaH HAJWJIA MOJIOKO, a B JIPYTrOW — TOJCOJHEYHOE Maclio, paBHOBECHE BECOB HE
Hapymwiock. OObEM Kakol U3 )KUIKOCTEH OobIIe?

5. 3amosHUTE OTYET IO JIA0OPAaTOPHOU paboTe COTIIACHO TPEOOBAHUSM.

Yacts 1. i1 onpeiesieHus IUIOTHOCTH TBEPJIOTO Tejla BBIYUCIIUTE €r0 00BEM.
1. OObeM mpsMOYTOJILHOTO MapajuieieuIe/ia BhraucauTe o gpopmyie: V=a-b-h,
rje a — JJIMHa, M; b — mupuHa, M; h — BeicoTa, M.

2.  OO0beM nuIuHApa BEIYUCIUTE IO opmyre: 4
h — BeicOTa IUITMHIPA, M; d — ero AuameTp, M.

3. Ecmu tBepmoe Teno mMmeeT HempaBWIBbHYIO (OpMY, TO €ro 00bEeM OIpEeesuTe C MOMOIIBIO
MEH3YpPKH, B KOTOPYIO OH MOKET OBITh IOTPYIKEH.

ypaBHOBCCBTe BCChI UCITIOJIb3Y: ITPpaBUJjia B3BCIIMBAHUAA.

Omnpenenure Maccy Tena.
ITo dopmyne p=m/v BEIMHCIUTE MIIOTHOCTH TBEPJOTO TENa.
Pesynprarsl u3mMepenuii 3anecure B Ta0nauny Nel u cienaiite BEIUMCIEHUS

No o &~

Tabnuma Nel. Pe3ynbTaTsl U3MEpeHUH.

Ne Bewec |mmpu | jymnHa | BeicoT | 0058M, | Macca | mwioTHOCTH pmaob| Ap o
TBO Ha. ,bm) | a, V( pnp(xz/m3)
a() hv) |* | mr)

Yacre Ne2. /I onpeneneHust MIOTHOCTH BOJbI HEOOXOUMO:

1. maifTu maccy Tapbl, B KOTOPYIO HY’KHO ITOMECTHTH BOJY U OIpPEEIUTh Maccy BOJbI O3
Tapebl.

2. OmnpenenuTe LEHY J€JICHNUS MEH3YPKHU U HailinTe 00beM B3BEIIEHHOMN JKUKOCTH (BOJIBI).

3. Pesynbrats! onbiTa 3aHecuTe B TaOIUIy No2.

Tabnuua Ne2. Pe3ynbTaThl U3MepeHU

No | Bewecreo | macca Tapsi , Macca 00BEM, IJIOTHOCTh pmab o
m1(xr) xuakocr | V(u3) pnp(xe/
" Mm3)
m2(kr)
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Tema 2.2 [Innamuka JladopaTtopHoe 3ansitue Ne2.

«ITpoBepka 3aK0HA COXpaHEHHsI MeXaHUYECKOil IJHePrUH NMPH ABHKEHUH TeJIa Mo
JAeiCTBHEM CHJI TSIKECTH M YIPYTOCTHY.

Lesas padoTbl: HaOMIOAATH ABWKEHHE Tela MO JICHCTBUEM CHJI TSDKECTH U YIIPYTOCTH; CeNaTh BHIBOJ
O BBIIIOJIHEHUM 3aKOHA COXPAHEHMS IIOJHOW MEXaHMYECKON SHEpPruM; IMPOBEPUTH CIPABEIIUBOCTH
3akoHa ['yka, yOenuThCs, YTO CHJIa YOPYTOCTH MpPONOPLMOHAIbHA Macce Harpys3Ku, OINpeAeNuTh
KECTKOCTb MPY>KUHBI.

MatepuaibHoe obecnedenue: HaGop mo mexanuke (Xumiiabo): mTAaTuB ¢ My(pTamMH JarKowu,
HaOOp COUPATBHBIX MPYXKUH, AUHAMOMETP, Habop rpy30B Maccoit 100 r, TuHelKa ¢ MUJUIUMETPOBBIMU
TETICHUSIMU.

Iopsinok BbINOJIHEHHSI PAa0OTHI:

Teopus: Ilon nedopmarueii mOHUMAOT U3MEHEHHE OO0beMa Wi (OPMBI Tela IO JCHCTBUEM
BHEIIHUX CWI. [Ipm M3MEHEHHHM pAacCTOSHHUS MEXAY YacTUIAaMH BeIlecTBa (aTOMaMH, MOJEKYJaMHu,
MOHAaMH ) U3MEHSIOTCS CHJIBI B3aUMOJICHCTBHS MEX Ty HUMU. [Ipu yBeIMYeHUN PacCTOSHUS PaCTyT CHIIBI
NPUTSDKEHUS, @ TPU YMEHBIIEHUM — CHJIBl OTTaJKWBaHUSA, KOTOPBIE CTPEMSTCS BEPHYTh TElO B
UCXO/AHBIE cOCTOSHUA. [loATOMY CHIIBI YHPYrocTH HMEIOT 3JEKTPOMarHuTHy0 mnpupoxy. Cuia
VIOPYrOCTH BCErjla HallpaBJIeHa K MOJIO)KEHUIO PAaBHOBECUS U CTPEMHUTCS BEPHYTh TEJIO B HCXOJHOE
cocrostHue. Cuiia ypyroctu npsiMmo IpornopLuyuoHaibHa a0COIIOTHOMY YIJIMHEHUIO TeNa.

3akon I'yka: Cuia ynpyrocty, BO3HUKarOIas mpu aedopMaluy Tena, npsmMo MIponopruoHaaIbHa
ero y/UIMHEHHWIO (CKaTHIO) WM HaIpaBlieHa TMPOTHUBOIOJIOKHO TMEPEMEIICHUIO YacTHI Tela MpU
nedopmaru

Fynp=kAx, rae k-xoadpdunuent sxecroxoctu [K] = %, AX=AL — Monynb yanuHEeHUs Tena.

KoaddunmenT :x€cTKOCTH 3aBUCUT OT GOPMBI U Pa3MEPOB Tella, a TAK)Ke OT MaTepuarna.

BHUMAHHUE!
Bo uzbescanue mpaem u nospesxcoenuro 060pyooeanus, He 0onyckaiime nadenus zpysa!

OmnpiT 1 Onpenesenne KOIPPUIHEHTA JKECTKOCTH NMPYKUHbI
ITopsinok BbINOJHEHHS PadOTHI:
1.3akpenuTh TMHAMOMETp B LLITATHUBE.

[8] 3 [ 8] [8]
£ “a:"E‘ S| 13 ¥
+5 +=E i = [
o 2| = [Fg = 12 = o
_c' = o = o t: &
~ P A = R = IR
2 = s T8 = |8
‘1:1' | -2, S -3- 2 Pg
&) ks (3 » i3
|L8 -2 8 o | »8
L»E | & I -2 =
1. MsmepuTs TMHENWKON NEPBOHAYATIBHYIO UTMHY TPYKUHBI
2. Tlonsecuts rpy3, maccoit 100 .

3. UWsmepwutb nmuHeikoil ;muHY 1eopMUpOBaHHOM NPy HHEI L. OnpenenuTs NorpenrHocTh
n3mepenus uuHbL: Ax=0,5 nen*C1, rae C1 — neHa jaeneHus JIMHESHKH

BoeruncnuTs yuinHeHue npykusbsl Ax = AL = x — x

Ha nmokosmuiics 0THOCUTEIIBHO IIPYXKUHBI IPY3 AEUCTBYIOT IBE KOMIIEHCUPYIOIIUE IPYT
Jpyra CWIbL: TSKECTU U YIPYroctu Fr = Fynp , BBIYUCIUTB CUILY YIIPYTOCTH 110

ok
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dbopmyne, Fynp = mg. a Fr --BeIYUCIsIEM C TOMOIIBIO TUHaMoMeTpa. OnpenenuTsb

norpemHocTs culbl:AF = Fynp — Fr

IToasecuts rpy3 Maccoi 200 T ¥ MOBTOPHUTH OIIBIT MO IMTyHKTaM 4-6.

[Tonsecuts rpy3 maccoii 300 T ¥ TOBTOPUTH OIIBIT MO MTyHKTaM 4-6.

Pe3ynbrarh 3anectu B Tabauiy 1.

Boruncnute k03 PUIMeHT KECTKOCTU MPYKUHBI AJIs Kaxaoro usmepenus K = Fynp/Ax

¥ 3aIMIIMTE B TabJuily 91U 3HaueHus. Onpenenure cpeanee 3nauenus K,

10. Beibpath cuctemMy KOOpAMHAT U OCTPOUTH IpaduK 3aBUCUIMOCTHU CHIIbI yIpyrocta Fynp
ot k03 Punuenra xectkoctu K.

©CoNo

Tabnuna 1
No Macca, Hawanpn Koneunas AOcomotHoe Cuna Koadpdummu  Cpennee
n/m mM(xr) asd JUIMHA, JIMHA, L,  yJJIMHEHHE YIOPYTOCTH  €HT 3HAYCHHUE
Ly (m) Ax; = AL = xéctkocth, |, K,
(M) L—Lo(v)  Fynp,(H) K, (Hw)
1
2
3
Berunciienus:
1 onbIT:
Ax = AL = x — xp=
Fynp = mg = Fr
K = Fynp/AXx
K.,=(K; + K; + K3)/3
2 onbIT:
3 ombIT: MTOBTOPUTH BBIYHCIICHHUS.
I'paduk:
BriBoa:
KoHTpoJibHbIE BONIPOCHI:
1. Kakyro nedopmannio Ha3bIBalOT yIpPyroi?
2. Ot uero 3aBUCHUT K03 PULIneHT KECTKOCTU?
3. Uro mpencrarisier co00# rpaduk 3aBUCHMOCTH CHIIBI YIIPYTOCTH U KOA((PHUIIMEHTA KeCTKOCTH?
4. B xaxkux mpezenax crpaBeaiauB 3akoH ['yka?
5. Jlns mro0oro i KonuyecTBa rpy30B OYJET BBIOIHATHCA MpsiMasi MPONOPLHOHATbHAS

3aBUCUMOCTB MEX1y CUJION ynpyroctu u yanuHeHuem? (OTBeT obocHyiiTe).

OnbiT 2 IIpoBepka 3aK0HA COXPAHEHHMS MEXAHMYECKOH IHEPIruu NPH IBHKEHUH TeJIa MO/
ACHCTBHEM CHJI THAKECTH U YIIPYTOCTH
ITopsinok BbINOJHEHHS padOThI:
1) 3akpenuTe TUHAMOMETP BEPTUKAIBHO C MOMOIIBIO MTaTHBA. [10/BEChTE K IPy3 K TUHAMOMETPY.
2) IlonnepsxuBasi Tpy3 JIaJOHBIO, YCTAHOBHUTE YKa3aTelb NPYKHHbI HA HYJEBOE JIEJICHUE TUHAMOMETDA.
3) Yoepure 5ajioHp W TOCTapaiiTech 3aMETHTh JEIICHWE Ha IIKaJle IHHAMOMETpa, JO0 KOTOPOTro
MaKCHUMaJIbHO OTKJIOHSIETCS YKazaTelsb MPYXHUHBI IPU MajgeHuu rpys3a. [Ipu HeoOXoquMoCcTH MOBTOpHUTE
OIIBIT HECKOJIBKO Pa3.
4) VI3mepbTe TUHEHKOW YIITMHEHUE IPYKHHBI 10 IIKajIe JMHAMOMETPA.
5) UsmepbTe nuHelkoii yamuuenue npyxkuasl Al o mkane munamomerpa.
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6) Beicora nagenus rpysa h pasna yumnennro npyxkunsl Al . [Torenuunanshas sueprus rpysa E1 npu
MaJICHUU TIEPEXOAUT B TOTEHIHAIBHYIO SHEPTUIO PACTSIHYTOW NpyKUHbI E2.

. 5 KAI?
7) Paccumraiite £, =mgh, rue g = 9,8 M/c4 — yckopenune cBo6oanoro nagenus, u £, = 5
3HaueHus okpyriauTe 10 0,001.
8) Pesynbrarhl 3aHECHTE B TAOIUILY 2:
Tabumma 2
Ne Omeita | K, H/™m Macca Y nnuaeHue Bricora Ilorenunansaas | IlorenuuanpHas
rpy3a MPY>KUHBI MaJICHUS SHEprus rpysa SHEPTUst
Al m rpysa h, m P YXKUHBI
m, Kr by El, JIx Py
E2, Ixx
1
2
3
4

9) Cparuure 3navyenus E1 u E2, ¢ yuérom abcomoTHO# morpemHocT u3mepenus sueprua 0,001 Tk
(To ectb, paznuna mexay E1 u E2 moxer gocturars 0, 002 [ B mpeaenax norpeniHoCcTH U3MEPEHN).
10)  Cpenaiite BBIBOJ IO paboTe.

JlabopaTopHoe 3ansiTue Ne3.

«A3y4eHne ycJIOBHSI PABHOBECHS pblYyara ».

Ilem. paﬁon,l: OKCIICPUMCHTAJIBHO HCCIICAOBATH, IIPH KAaKOM COOTHOUICHHWU CHII U UX IIJICY pbIyar
HaxXOJUTCA B paBHOBCCHUH; IPOBCPUTH HA OIIBITC ITPABUJIO MOMCHTOB.

MarepuanbHoe odecnieuenue: Habop mo mexannke (Xumiia0o): peluar Ha IMTaTUBE, HAOOP TPY30B,
U3MEepUTeNbHAs JTHHEHKa, TUHAMOMETD.
Kpatkne TeopeTrueckne CBEACHMS:
Prraar-tBepoe Teno, cnocoOHOE BpaIiaThCs BOKPYT HETIOBUKHON OTIOPBHI.

Pasnunualotr gBa BMAA pblyaroB. Y pblyara mepBOro poja TOYKA OMOPHI HAXOAUTCS MEXKIY JIMHUSIMHU
JCHCTBYS MPUJIOKEHHBIX CHJI. Y phldara BTOPOTro pojia TOYKa OIMOPHI PACIIONIOKEHA 110 OJTHY CTOPOHY OT
HUX.

Hcnonb3yst peryar, Mbl MOKEM TTOJIYYUTh BBIUTPHIII B CHJIE U TTOJHATH HETIObEMHBIN Tpy3. PaccrosHue
OT TOYKH OTIOPBI JIO TOYKH MPHIIOKCHUS CHJIBI Ha3bIBAIOT TUICYOM CHUIBL. [IprdeM, MOXKHO paccuyuTaTb
paBHOBecMe CUJ Ha pblyare no cneayrouwen popmyne:

Fi/Fy=13 /11, tae F1u F, — cuiel, neficTByromye Ha peryar, a ly u l; — rieun 3Tux cui.

88



3aKOH paBHOBEeCMA pblyara: pblyar HaxXOJWUTCS B PaBHOBECUHU TOTJa, KOrja ACHCTBYIOLIME Ha HEro
CHJIBI 00paTHO MPOMOPIMOHAIBHEI IJIeYaM 3TUX CHIIL.
DTOT 3aKOH ObUT YCTAaHOBJIEH ApPXHUMEIIOM €Ille B TPETheM BEKe JI0 Haiieu 3pel. M3 Hero ciuegyer, 4To
MEHBIIeH CHUJION MOXHO YpaBHOBECUTH OO0JbIIyI0. JlJis 3TOr0 HEOOXOAMMO, YTOOBI IJIEU0 MEHbIIEH
CHJIbl ObUTO OOJIbINE IJIeya OOJbINEH CHIIBI. A BBIUTPBHIII B CHUJIE, TOJIYYaeMBbId C MOMOIIBIO pblUara,
OTIpEEISETCS OTHOIICHUEM ILIeY MPUIIOKEHHBIX CHIL.

MOMEHT CcHJIBl — 3TO BEKTOpPHAs BEJIMYWHA, XapaKTCPU3YIOIIas BpaIlaTeIbHOC CHCTBHE CHIIBI
OTHOCHUTEIHHO TOYKH WIIA OCH.
M=F*l  rne F- cuna, |- medo cuisl.

[TopsiIoK BBIMOTHEHUS PAOOTHI:

YpaBHOBECUTD phIuar, Bpaias ralkv Ha ero KOHI[aX Tak, 4YTOObI OH PaCIIONIOXKHUIICS TOPU30HTAIBHO.
N3mensis Mmaccy Tpy30B U pa3Mep Iuied, IPOBEPUTh 3aKOH PAaBHOBECHS phluara.

Xon paboThI:

VYpaBHOBEChTE C TOMOIIIBIO TA€K pblYar B rOPU30HTAIBHOM IOJI0KEHHUH.

[TonBecbTe Ha pbIYAr pa3nUYHbIE KOMOMHAIIMK TPY30B (KOMIUIEKT U3 5 IIT.) HA Pa3HBIX PACCTOSHUAX
oT ocu BpamieHus. ONBITHBIM MyTEM YCTAHOBHUTE, HA KAKOM PAaCCTOSIHUHU
BIIPaBO OT OCH BpPAILEHHUS HAJ0 MOJBECUTH: a) OJIMH Ipy3; 0) ABa rpy3a; B)
TPH TPy3a, YTOOBI phIuar MpHUIIET B paBHOBECHE.

Cuuras, yto Kaxnabli rpy3 umeer maccy 100 r, 3anuimumre JaHHBIE U
W3MEPECHHBIC BETMYUHBI B TAOJIUILY.

Brerunciante OTHOIIEHHE CHI M OTHOIIEHHE IUIEY I Ka)KIOr0 M3 OIBITOB
Y TIOJTy4eHHBIC PE3YJIbTAThl 3aMUIIATE B TTOCISAHHA CTOJIOUK TAOIUIIBI.
[IpoBeprTe, MOATBEPKAAIOT JIU PE3YJIbTAThl OMBITOB YCIOBHE DPABHOBECHE pblyara IMoj JEHCTBUEM
MIPUJIOKEHHBIX K HEMY CHJI ¥ TIPABUJIO MOMEHTOB CHUL.

JlonomHUTETbHOE 3a/1aHHUE.

[logBecbTe Tpu rpy3a copaBa OT OCH BpalllEHHUs pblyara Ha paccrosHud S5 cMm. C TOMOILIbIO
JMHAMOMETpPA OIpEeIUTe, KaKyl0 CUIy HYXHO HPUJIOKUTh HA PAacCTOSHUU 15 CM OT ocu BpalleHHs
mpaBee TPy30B, YTOOBI YIEp>KMBaTh pbluar B paBHOBecud. Kak HampaBieHBl B 3TOM Cly4ae CHIIBI,
JEUCTBYIOIIME Ha phryar? 3amuIlnTe JIMHY TUIeY 3THX CHJ. Bbruanciute oTHommeHue cui Fi/ F, u m
nney |, / |y, 1st 5TOTO CiTydas U cenaiTe COOTBETCTBYIOIINM BBIBO/I.

®dopma npeACTaBICHHS PE3yIbTaTa

No | Macca | Cuna Fq | [Imeuo | Macca | Cuna Fo | [Imeuo | Moment | MomeHT | OTHOLIIEHUE CHAIT
rPy30B | Ha " rPy30B | Ha {y , M CUJIBI CUJIBI U TUIeY
M 1, KT | IeBOH my, MpaBou M; M, E l,
1 -
4acTH KT 4acTu H*m H*Mm F_ 51
phIuara, pbluara, 2
H H
1
2
3
4
5
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Fi=myg
Fz =mzg
M 1=F 1*I
MZZF 2*'2

BriBox:

KoHTposbHBIE BOIIPOCHL:

Yro HA3BIBAIOT IJICYOM CHUJIBI?

Kakyro pusudeckyro BeTUIMHYy HAa3bIBAIOT MOMEHTOM CHJIBI?

KakoBo ycinoBue paBHOBeCHS Tejla, UMEIOIIETO 3aKPEIUIEHHYIO OCh BpallleHUs?
Uro Takoe ppruar?

Kaxkoe cBOMCTBO pbIyara ObLJIO SKCIEPUMEHTAIBHO MTPOBEPEHO?

Paznen 3 Mogiexkyasipuas ¢pusuka u tepmoauHammuka Tema 3.1 OcHOBBI MOJIEKYJISIPHO-
KHHETHYeCKO Teopuu

JlabopaTopHoe 3ansitue Ned IIpoBepka razoBbIX 3aKOHOBY

Heapb: M3yunTh B3aMMOCBSI3b MaKpPOCKOMMYECKUX MapaMeTPOB ra3a 3aJaHHOW MacChl; OIMBITHBIM
nyTéM yOequTcs B ClIpaBeNIMBOCTH 3aKoHa boitnsa-Mapuotra.
MartepuanabHoe odecnedeHue: IWINHIP C MPOOKOH, BoJa, TpPyOKa Co IIKaIOH, JIMHEHKa, GapoMeTp.

3aganue:
1.IToBTOpUTH OOBEANHEHHBIN ra30BBIN 3aKOH.
2.IIpoBepuTh Ha MpaKkTUKe coOIt0IeHHe 3akoHa boitnsg-Mapuorra.
ITopsinok BbINOJIHEHUS PadOTHI:
3akon boinsg-Mapuotra ans uzorepMudeckoro npoiecca (T= const, v=const) siBisieTcs YaCTHBIM
cilyyaeM 00beIMHEHHOTO Ta30BOI0 3aKOHA: T. €. JIaBJIEHUE raza 00paTHO MPONOPLUOHATIBHO €T0

O6T>€My. 9Ty 3aBUCUMOCTDB MOXHO ITPOBCPUTH OIIBITHBIM ITYTCM:

RS

| no\/ 1 _
- BV, RV =RV, P,

<|<

S
o
N
<
N

CobpaTh yCTaHOBKY IO PUCYHKY

3
V), m

OHpC,Z[C.HI/ITB 0o0beM raza B Tp}I6KC, , IPUHSB IJIOIAAb IMTOTICPCYHOI'O0 CCUHCHU A paBHOﬁ 1 CM2

ITo 6apomerpy onpenenutsb aasineuune P, =P

OmycTUT TPYOKY OTKPHITHIM KOHIIOM B BOJLY, OIIPE/ICTHTh HOBBI 00BEM BO3ayXa B Tpy6Ke V,, M’
OrmpeenuTh pa3HUIly YPOBHEH BOIBI BHYTPH U BHE TpyOKu (Ah).

Bbluncnuntb P _p 4P

6ll amm goo.cm.
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roe P

p =1000

amm

= P,- atmocdepHoe aasnenve, Ila; P, - AaBneHue BoaHoro ctonba, Ila;

P

soo.cm.

oo.cm.

Ke

M
7 NNoTHOCTb Boabl; g = 9,8— — yckopeHue cBoboaHOro nageHns;
M c

Ah — BbicoTa cTon6a Kuakoctn (cm.puc.1)

[puHsB BTOpO# pe3yabrar P, 3a HCTHHHOE 3HAUCHHUE JaBJICHHUS, A= (p _P )
=M~ Ma

BBIUUCIIUTH a0COTIOTHYIO (A) ¥ OTHOCHTEIbHYIO ([]) MOTPEHIHOCTH:
PesynpraThl H3MepeHnii U BHIYUCICHUHN 3aHECTH B TaOmuIy 1. A
Cnenatb BBIBOJ 1O paboTe. E = —_.100%

sl

dopMa peaoCTaBICHUs pe3yJIbTaTa
Tabmuna 1.

O6vem | [laBnenmne| O0bem | JlaBnenue| [laBnennd Beicora | JlaBnen | A6contor | OTHOCHTE

Vv, m° cronba ue JbHast

P I HaA
and1d HIOTPeIIH
JKUIKOCT norpewHo

P.Ila A P OCTb

1) u CTb
3
V2,M PzaHa PBI7Ha Ah,M A,Ha D’Ha

KoHnTpoJsbHbIe BONPOCHI.

1) IIpu kakoMm ycioBUU cpaBeUIUB 3akoH boitng-Mapuotra?

2) Ecnu npu H30TepMUYECKOM IPOLIECCE AABICHUE MA/IaeT, YTO MPOUCXOANUT C 00BbEMOM?

3) IIpou3BoauUT Jiu Ta3 1aBJICHUE B COCTOSSHUN HEBECOMOCTH?

4) Ilouemy moydeHHbIE pe3yJbTaThl B paboTe HE HJIealIbHO PaBHbBI MEXy c000ii?

5) Yrto BimsieT HA TOYHOCTh U3MEPEHUN B TAaHHOHN padoTe?

6) MOKHO 11 OIIPENEIUTh YCIOBHYIO €IMHUIY KOHCTAaHThI B eAuHuLax CHU?

7) KakoBa macca Bo3ayxa B ayJUTOPHUH IIOMaAbt0 64 M2 , BEICOTOM 3 M, ipu TemmepaType 25
oC u gaBneHuu 725 MM.pT.cT.?

Tema 3.3 ArperaTHble cocTosiHNsI BemiecTBa. @a3oBble Mmepexoabl

JlabGoparopHoe 3ansaTue NeS. CBoiicTBa KMAKOCTE

He.]'Ib: HU3YYUTH CBOMCTBA KUAKOCTEH IIpU pa3JINYHbIX CIoco0ax UCIOIb30BaHUS U YCIOBUAX.

MarepunanbHoe obecneyeHue:

HITPHI] JUTSI YUCTOM BOJIBI, IIMPHUIL JUISI MBUTBHOTO pacTBopa (o0beMom 5—10 M), cTakaHUMK C

YHCTOM BO,HOﬁ, CTaKaHYUK C MBUIBHBIM pPacTBOPOM, MTAHTCHUOUPKYJIb WIAX MUKPOMETP, OCTPO
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OTTOYCHHBIN KapaHJall, THHaMOMETD, 6pyCOK IJIaCTUJINHA, MCTAJUIMYCCKUEC HUIIUHAPBI OJUHAKOBOI'O 00BéMa
n pa3H0171 Macchl, I/I3MCpI/ITCJ'H>Hblf/’I HMWJIWHAP C BO,HOﬁ, CTaKaH C HACBIIIICHHBIM paCTBOPOM COJIU, HUTh.

OmnpiT 1 Onpenenenue ko3¢ UIHEHTA TOBEPXHOCTHOHN MIOTHOCTH KUAKOCTH METOZOM OTpPbIBa
Karielb

Ha xammio, BUCSIIYI0O Ha KOHLIE Y3KOW TpyOOYKH, NEHCTBYIOT JIB€ CHJIBL: CHJIA TSDKECTH mg
HAaIIPaBJICHHAsl BEPTUKAIBHO BHU3, M CWJIA IOBEPXHOCTHOIO HATSKEHUSA JKUAKOCTM F moB
pacripenielieHHasi B/IOJIb TPAHHIBI JKUIKOCTH C KpaeM TPYOKM M HaIpaBlieHHAs IO KacaTeJbHOW K
MIOBEPXHOCTHU KUJIKOCTH NEPIEHAUKYIISIPHO 3TON IPaHULIE.

>
an

»
myg

Cuuta MOBEPXHOCTHOTO HATSHKEHHS, ACHCTBYIOIIAsl HA HEOOJIBIION yIaCTOK I'PaHUIIbl JuTHHOU 4l
paBHa o |, rie 6 — K03 (PUIIUEHT TOBEPXHOCTHOTO HATSIKEHHS KU IKOCTH.

VYcioBue paBHOBECHsS Kaluld Ha KOHIIE TPYOOUKHM COCTOMT B TOM, YTO BEKTOpHas CymMMa CHI,
JCWCTBYIOIIUX HAa OTHENbHBIC JJIEMEHTHl TPAaHUIBl, paBHA IO MOIYJII0 M IPOTHBOIOJIOXKHA IO
HAIPaBJICHUIO CHJIE TSDKECTH.

Bennunna o4 1 mo Mepe yBelWYeHHUS MacChl KalUld OCTAeTCS HEM3MEHHOW, HO B PaBHOBECHH
KaIulsi IpUHUMAET Takyio (opMy, YTO YroJl HaKJIOHA CHJIbI TOBEPXHOCTHOI'O HATSKEHUS K BEPTUKAIU O
YAOBIJIETBOPSIET YCIOBUIO lo cos = mg , rie | — aiiMHa rpaHuilbl )KUJIKOCTH C TPYOOUKOH.

C yBennueHHeM Macchl Karljld YToJl 0. YMEHbIIaeTcs M, HAaKOHell, IOCTUTaeT HyJsd, a cosa = 1 .

[lpn nanpHeieM yBETMYEHUH MACChl YCIIOBHE PABHOBECHS KaIlIM YK€ HE MOXET OBITh
BBINOJIHEHO, U KaIlJIsl OTPHIBAETCS.

Orcrona, npunuMas, uto l=n d, rae d — BHyTpeHHuUil nuameTp TpyOouku, nomrydaem: d om= mg

mg |

=
Xox padoTsI:

1. 3meputh BHyTpeHHMH nuameTp d HakoHeUYHHMKa Impuma. [ias u3MepeHus MOXKHO
BOCIIOJIb30BAaThCS OCTPO OTTOYEHHBIM KapaHJalmoM. BcTaBuB KapaHaall B HAaKOHEYHUK [0 yIOpa,
MMOMETHhTE T'PAHUIy CONPUKOCHOBEHHUSI HAKOHEUHWKA C KapaHjamoM. J[mamerp kapaHjaamia Ha ypOBHE
9TOM TPAaHULBI MOKHO IPUHATH 32 BHYTPEHHHUMN IHAMETP HAKOHEUYHHMKA U U3MEPUTH €ro C IMOMOLIBIO
IITAHTCHIIUPKYJISI WM MUKPOMETpA.

2.HaGpatp B mmpuiy 4—5 M1 BOJBI U, JepKa €ro BEPTUKAIBHO U TUIABHO Ha)KMMasl Ha MOPIIEHB,
BBUINTh 3—4 MJI B CTaKaH4YWK, cuMTas Karui. M3MepeHune koiaumdecTBa Kameiab N MpOBECTH HE MEHEe
Tpex pas, 3aTeM M0 00IIei Macce BBITEKIEeH BObI 001 m (MOIb3yiTech MIKANON Ha mmpuile!) HallTH
CPEAHIOK MACCY KaIlJld M U MOTPEIIHOCTh €€ onpeaesieHuss Am.

3.IMonb3ysace dopmynoit (1), paccuntath Kod(h(GUIMEHT MOBEPXHOCTHOTO HATSIKEHUS BOJBI H

a0GCONIOTHYIO TTOrPEITHOCTE €r0 ONpeIeIeH s
Ao =|o

uim maéa| *

4. BelYMCIUTh OTHOCUTEIBHYIO NTOTPEIIHOCTh U3MEPEHUN
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Ao .
E=—2 100 *
g

madiy

5. AHalOru4HbIM O0pa30oM OMpeNeIuTh KOI(PPHUIMEHT MOBEPXHOCTHOTO HATSHKEHUS MBUIHLHOTO
pacTtBopa (I0JIb30BaTHCS OTACIBHBIM HITTPUIIEM U MIOCYAOH!).

Pesynbrarel 3anectu B Tabnuis 1, 2.

Tabauya Nol
usMepeHo BLIYUCTECHO
Noe N m m d A o Ao £
m ke m,ke | xecp | mxe eep |, mm | d wmm, | Hm
oowy
Tabauya No2
H3MEPCHO BBIYUCJICHO
Ne|my.el N | me | mye |Ame | Am 2| d.ouu Ad,wm| o }%{ Ao,[%! &Y
1.
2.

6. CnenaTh BBIBOJ M 3aITMCATh MOTYYCHHOE 3HaYeHHE K03 PUIimeHTa moBepXHOCTHOTO
HaTSKEHMSI C yUE€TOM MOTPEIIHOCTH

KoHnTpoJsbHbBIE BONIPOCHI:

1. Koaddunment nosepxnoctHoro HaTskeHus kepocuna 0,024 /M. bonbiie nian MeHblie Macca
KaIlJIi KEPOCHHA 110 CPAaBHEHHUIO C KaIlJIEH BOJBI, €CJIN KallaTh U3 OJHOM U TOM K€ MUIETKU?

2. O6bsicHUTE TOAPOOHO, TOUYEMY MaJICHbKUE KalleIbKU KHUIKOCTH MOTYT J0JT0 BUCETh HE
OTpPBIBASCH.

3. [Touemy, mpexie 4eM MOKPBITh IITYKATYPKy MACIISTHOW KPACKOM, MPEABAPUTEIIBHO ITPOU3BOIAT
I'PYHTOBKY OJTU(OH?

4. IlpuBenute CBOU NMPUMEPHI JEHCTBHSI CHIIBI IOBEPXHOCTHOTO HATSKEHUS

OnbiT 2 V3ydyeHne BHITATKUBAIOMICH CUITBI (CHITBI ApXUMeEa).
[IpaBuiia TexHUKH 0€30MaCHOCTH.
CobnroaiiTe 0CTOPOKHOCTE TIpH paboTte ¢ Bojoi. Octeperaiite mpubopsl ot maaenus. Ha cromne He
JOJHKHO OBITh HUKAKUX JTUITHKUX TpeaMeToB. [Ipu paboTe co cTeKITHHOM MOoCcy10i OyaAbTe akKKypaTHBI.
Ecnm crexnsaHas nmocyna pa3ousiack, TO COOONTUTE 00 TOM YUUTENIO M HU B KOEM Cilydyae He youpaiTe
OCKOJIKH pyKaMmu!

Onucanue paboThI:
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CornacHo 3akoHY ApxuMeia Ha MOIPY>KEHHOE B )KUJKOCTh TEJIO JEHCTBYET BhITAJIKKBaOImas cuia Fa,
paBHas BeCy MJ BBITECHEHHOM KUIKOCTH:
Fa= mg. 1)

Ecnu teno nnaBaet, To apxumenosa cuna FA paBHa Becy P Tena (ycioBue miaBaHue Ten):
FA =P.

JIy1st cpaBHEHUS apXHUMEIOBOM CHIIBI C BECOM TeJla HYKHO U3MEPUTH Bec Tena P ¢ moMolsio
JMHAMOMETPA U BBIUMCIUTh apXUMEJOBY clily Fa. apxumenosa cuna Fa onpenensiercs nmo ¢opmyse:

Fa=mg =pAVg (2),

e p - IIOTHOCTH BoJbI (p = 1000 KF/M3), AV - 00beM BBITECHEHHOM TeIOM BO[bI, J - YCKOPEHHE
cBoOoHOTO maaeHus (g =9,81 M/Cz).

O6bem AV BBITECHEHHOM BOJIBI MOKHO U3MEPUTH C IMTOMOIIBIO H3MEPHUTEIBHOTO HMIMHAPA KaK
Pa3sHOCTh YPOBHS BObI IPU MOIPYKEHUH B HETO UCCIIEyeMOro Teja u 6e3 Tena.

ApxumenoBy cuiny FA, 1elicTBYIOIIET0 Ha TEJIO, TOHYIIEE B BOJIE, MOXKHO HAalTH, W3MEPUB C IIOMOILBIO
JMHaMOMeTpa Bec Tena P B Bo3ayxe U cuity Pyopa, YIEPKUBAIOIIYIO TEJIO B PABHOBECUU IIPU
IIOTPY>KEHUH €T0 B BOAY:

PBo3)1yx = FA + Psouay I:A = Psosuyx - Psoua- (3)

3ananue l:

HccnenoBanue 3aBUCUMOCTH CHIIBI ApXMMeZia OT Macchl Tena.

N3meppTe Bec P nunuHApa ¢ MOMOIIBI0 JUHAMOMETpA. o8

OmnycTuTte HUIMHAP B U3MEPUTENbHBIN LIUIMHIP U U3MEPBTE €ro 00beM [+

AV BBITECHEHHOW XUAKOCTU IIPU IIJIaBaHUM LUIMHIPA B BOJE. E!
Boruncnute 3HaueHue apxumenoBoil cuibl Fa. CpaBHuTe 3HaueHue

Beca P iepeBsHHOIrO IMIMHAPA U apXUMEJOBOM CUIIBI.

CpaBHUTE pacueTHOE U HKCIIEPUMEHTAIILHOE 3HAUEHUS apXUMEI0BOM

CHUIBI.

3anuiuTe pe3ynbTarhl B Tabnuiy 1.

3amaunmue ll:
HccnenoBanue 3aBUCUMOCTH CHITBI ApXHMe/ia OT MJIOTHOCTH KUAKOCTH

[TonBechTe M000# U3 HWIMHAPOB HA HUTH K IMHAMOMETPY. 3allUILIUTE [TOKa3aHHe Beca Tela Ha
BO3/YyXeE.

OmnycTuTte HUIUHAP B BOAY TaK, YTOOBI OH MOJHOCTBIO OKA3aJICs MOTPYKEHHBIM B )KUIKOCTb. 3alUILIUTE
MOKa3aHue Beca Teja B BOJIE.

Haiinure cuny Apxumena. (3)

[IponenaiiTe aHATIOTMYHBIN OMBIT C PACTBOPOM COJIU B BOJIE.

3anummre pe3yabTaThl B Ta0OIuUIy 2.

Otuernas Tabnuna 1.

Bunrel Ten m, Kr Bec B Bec B AV, M Cunia Apxumena,
BO3/yX€E, | BOIE, Fa,H
PB03}1., H PBona, H
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Jlerkunii mpeamer

Tsxenbiil mpeaMeT

OtueTHag Tabmuna 2.

Bung! xxugkoctei Bec B BO3ayXe€, Bec B BOIE, Cuna Apxumena,
Psorm. H PBoaa H I:A, H

Bosa, p = 1000 kr/m°

PactBop coun B Boge, p= 1030 kr/m°

Cruemnaiite BBIBOJ 10 IIPOJIEJIAHHOM padoTe.

JlaboparopHoe 3ansaTHe Ne6. OnpenesieHue BJaKHOCTH BO3AyXa H aTMOC(EPHOro
JAaBJIeHUs

LeJsib: 5KCTIEPUMEHTAIEHO OTIPEIEINUTh BIAXXHOCTH BO3yXa B J1a00paTopun GU3NKU
MarepuanbHoe oOecmedyeHue: INCUXPOMETp, rurpomerp ncuxpomerpuueckuid BUT — C, tabnuua

«/laBiIeHHE HACBIIEHHBIX NTAPOB BOJIBI IIPH PA3JIMYHBIX TEMIIEpATypax»»

Buumanue! [Ipu BeimonHeHUN pabOTHI ¢ 0COOON OCTOPOKHOCTHIO OOpaIanTecs ¢ TepmoMeTpamu. He
JoTycKaiTe najeHus: TepmomMerpal

3aganme:
1. O3HakoMbTeCh C TEOPETHYECKUM MATEPHAJIOM:
Teopus
B armocdepe 3emnu Bceraa coziepikarcs BosHbIE mapbl. X comepikaHue B BO3AyXe XapaKTepu3yeTcs
aOCONIOTHOW M OTHOCUTENBHON BIAXXHOCTHIO. AOCONIOTHAs BJIKHOCTH OIPEAESeTCS TUIOTHOCTBIO
BOJISTHOTO Tapa pa, HaXO/IsIIIerocs: B atMocdepe, Wiiu ero napiuaibHbIM AaBieHueM pi. [lapiuaisHeiv
JIaBJICHUEM DI Ha3bIBaeTCs JaBJICHHE, KOTOPOE MPOU3BOAUI Obl BOASHON Map, €ciii Obl BCE IPYTHe ra3bl
B BO3JyXe OTCYTCTBOBaIM. OTHOCHUTEIHHON BIAXKHOCTHIO () HA3bIBAETCS OTHOIIEHHE MapIHAIILHOTO
JABJICHUS PI BOJSHOTO Iapa, COAEPXKaIllerocss B BO3yXe, K JIABJICHUIO HACHIIIEHHOTO Mapa pH.II., IPU
naHHOM TemmepaTrype. OTHOCUTENbHAS BIAXHOCTh () MOKA3bIBAET, CKOJBKO IMPOIIEHTOB COCTABIISIET
MapiuansHOe JaBJIeHHE OT JaBJICHUS, HACBHIIIEHHOTO Mapa MpH JaHHOW TeMIiepaType U ONpeaemnseTcs
o ¢popmyre:

o =L . 100%
plU}

[TaprmanbHOE aBJIEHHE pI MOKHO PacCUMTaTh MO ypaBHeHUI0 MeHneneeBa - KianelipoHa wim mo
TOYKE POCHI.

Touka pockl - 3TO TeMIeparypa, Mpyu KOTOPOW BOJSIHOM Tap, HaXOASUIMKCS B BO3JyXE CTAHOBUTCS
HAaChIEHHBIM. OTHOCUTENBHYIO BIQXKHOCTh BO3AYyXa MOXHO OMNPEIENIUTh C MOMOIIBIO CHEIUAIBbHBIX
pruOOPOB — NMCUXPOMETPA U TUTPOMETPA.

IIcuxpomerp

[IcuxpoMeTp COCTOUT M3 CYXOr0 U BJIAJKHOTO TEPMOMETPOB.

PaccMmoTpuTe ICUXpOMETpP U OIIPEAEIIUTE TI€ CYXOU U BIIaXKHBIM TEPMOMETPBI.

a) U3MEPUTH TIOKa3aHUs CyXOro U BIaKHOTO TEPMOMETPOB:

0) MCTIOJIB3YS MICUXPOMETPUUYECKYIO TaOJHILy, OIPEAETUTh OTHOCUTENIBHYIO BIQXKHOCTh BO3/1yXa.
BHuMarenbHO MOCMOTpUTE Ha IICUXPOMETPUUYECKYIO Ta0IuIly. B mepBoM BepTHKaIbHOM CTOJIOLE
HaWJUTe NIOKa3aHMs BalIEro CyXOro TEPMOMETPA, B IIEPBOM TOPU30HTAIBHON CTPOKE HAIUTE Bally
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Pa3HOCTb MoKa3aHui CYXOT'0o 1 BJIAXKHOT'O TCPMOMCETPOB. To YHrCJI0, KOTOPOC HAXOAUTCA Ha
MNEPECCUCHUHN CTOJ'I6I_[a N CTPOKH U ABJISACTCA 3HAYCHHUEM BJIAXKHOCTH BO3yXa.

N3o0paxenue, cxema, puc

—

;:‘_..

Pucynok 1. YcranoBka st 1ab0opaToOpHOMA pa6dTI)1 Ne5

YHOK SKCIICPUMCHTA:

h

Cypont |3k
mepmovempl=|

X | Bawwnan |-
) mepaosenmp R

2. Bemmonnaure padoTy.
3. OTBeThTE Ha KOHTPOJIEHBIE BOIIPOCHI.
4. 3amoyiHUTE OTYET IO JIabopaTOpHO padoTe.

Ilopsinok BbINOJIHEHHS PadOTHI:
1.Hanuth B nmUTaTENb KUISTYCHYIO BOMY.
2. Jlatp ¢utumo nponurtarthes BomoM W uepe3 10-15 MUHYT HOpPUCTYNHUTH K OIpEAEICHHUIO

BJIa’)KHOCTH.

3.0mnpenenuTs NOKa3aHus CyXxoro 1 yBIa)KHEHHOI'O TEPMOMETPOB.
4.IloBopaunBasi n1UMO C KpacHOH OIM(POBKOH, COBMECTHUTHh MOKAa3aHHUSA CYXOTO TEPMOMETpa
(kpacHble M (}pPBI) ¢ TOKa3aHUSAMHU YBIAKHEHHOTO (YepHbIe LU (PHI).
5.01npenenuTh OTHOCUTENBHYIO BIXKHOCTD 110 KPACHOM CTpeTKe.
6.Pe3ynpTaThl U3MEepeHU U BBIYMCICHUN 3aHECTU B TaONIUILY:

Tabmuia Nel
IToxa3anus TepmomeTpoB Pa3znoctn OTtHocuTeIbHASA
NMOKAa3aHuM BJI2Q’KHOCTh BO3/1yXa @,
TEPMOMETPOB %
At=tcyx-tBJ
Ccyxoro teyx BJIAKHOIO tBJI
Tabmuna Ne2
Temnepary | Touka Hasnenue | [lapuumansn | OtHocuten | IlnotHoCTh | AGCOMIOTHA
pa pOCHlI, °c HACBILLIEHH | 0€ bHas HACBILLEHH | 4
OKPY’KaroIll oro mapa, JIaBJICHUE BJIQXXHOCTh | OTO Mapa, BJIQ)KHOCTh
€ero Ila BOJISTHOTO BO31yXa, % | & BO3lyXa
BO3/yXa, napa, [1a e
°’c
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7. Cnenath BBIBOJ, 3alMcaTh MOKAa3aHHsS TUTPOMETpa M JIaTh PEKOMEHJAIUM IO TOIEPKaHHIO
BIIQ)KHOCTH B JJAOOPATOPHH B MpeieaX HOPMBI.

KoHnTpoabHbIe BONPOCHI:
1. Kaxoii map Ha3pIBaeTcsl HachlleHHBIM? UTO Takoe TMHAMHYECKOE PAaBHOBECHE, TOYKA POCHI,
napuuagbHOE JaBjieHue?

2. Tloyemy nmoka3aHusi CMOYEHHOTO TEPMOMETPA MEHBIIIE, YEM CYXOro?

3. Kak, 3Has TOUKy pOCHI, MOKHO OIIPEICIUTh MapIHaIbHOE JaBIeHUE?

4. Cyxoil 1 BIaKHBIM TEPMOMETPHI ICUXPOMETPA MOKA3bIBAIOT OJIMHAKOBYIO Temmepatypy. Kakosa
OTHOCHTEJIbHAS BIaXKHOCTh BO3/1yXa?

5. Kak 1o BHenHeMy BHy OTJIWYUTH B OaHE TPYOBbI C XOJOIHON U TOpsTYei BOION?

6. Uem OOBSICHUTH MOSBICHUE 3UMOM MHEsI Ha OKHaX?. C KaKoil CTOPOHBI CTEKJIA OH MOSIBUTCS?

7. HalTu OTHOCHUTEIBHYIO BJIQXXHOCTh BO3/lyXa B KOMHATE MPH 18°C, eciut Touka pocsl 10 oC.

8. OrtHocuTeNbHas BIAXKHOCTH BO3/IyXa BEYEPOM IPHU 16°C paBHa 55%. Beimazer nu poca, eciiu

0
HOYbIO TEeMIIepaTypa noHusurcs 10 8 C?

JladoparopHoe 3ansaTie Ne7. OnpenesieHue y1eJbHOH TEIUI0EMKOCTH BellleCTBa
pa3Jan4HbIX (a30BbIX COCTOAHMIA.

Heﬂb: 3KCH€pI/IMCHTaJII)HO ONpeACIMThL TCIIJIOEMKOCTH BCHICCTB, CPABHUTH IOJYUCHHBIC 3HAYCHHA C
TaOMMYHBIM 3HaueHueM. HayuuTbcs COCTaBIATH ypaBHEHUE TEIUJIOBOro OanaHca. BpIICHUTH
(bu3N4IeCKnil CMBICIT YACTBbHOU TETJIOEMKOCTH BEIIECTB.

MarepunanbHoe oOecmedeHHMe: ATIOMUHUEBBIM WM JIATYHHBIM LMIMHAP, KaJOPUMETP C BOJAOH,
MCH3YpKa, TCpMOMCETP, XUMHWYECKUH CTaKaH KaJIOpUMETpa, SJICKTPUICCKAA IJIINTKA, OJICKTPOHHBIC BECHI.

Brumanue! C ocTOpOXKHOCTBIO BBINOJHATH pabOTHl CO CTEKIOM M IUIMTKON. He kacaThcsi Harpetbix
MOBEPXHOCTEH, BBIMONHATH pPabOTy Ha OTAENBHO OTBEJIEHHBIX CTOJIaX, MpPU OOHAPYKEHUU
HEUCIIPABHOCTH WJIM CKOJIOB Ha CTEKJSHHBIX MEH3YpKax MpPEeKpaTHTh padOTy U COOOMIUTH 00 ITOM
MPENoIaBaTelNo.

Ilonsamue mennoemkocmu:

Voenvuasa mennoemxocmoio tena C Ha3bIBAIOT OTHOIICHHE KOJMYECTBA COOOIIAEMOW €My TETUIOTHI K
COOTBETCTBYIOLIEMY U3MEHEHUIo TeMiieparypsl Tena: C= dQ/ dT

BennumHa TEMIOEMKOCTH 3aBUCHT OT YCJIOBHH, INPH KOTOPBIX IPOMCXOJWUT HAarpeBaHHWe TeJa.
PaznuuaroT TemnoeMKocTh NMpH MOCTOSHHOM 00beMe Cy U TEeIIOEMKOCTh NP MOCTOSHHOM JIaBJICHUH
Cp. IIpu HarpeBaHuM Tena MpH MOCTOSTHHOM 00BbEME BCE TEIUIO WAET Ha MPHpAIeHHE €r0 BHYTPEHHEH
SHEpPIruM, TOTAa Kak IpU HarpeBaHUM NpPU TOCTOSHHOM JaBJICHHWM YacTh Telja WAET eme U Ha
coBepiieHne padoThl pacmupenus Tena. Takum oopasom, Cp Beerna Oonbirne Cy U CBS3aHBI OHU JIPYT C
apyrom dopmynoit Maitepa: Cp = Cy +R. Ho sma ¢gopmyna cnpaseonusa nuws 0ns 2a308. B cimydae
TBEPJIBIX TeJ U3MEHEHHE 00beMa SBISIETCS HACTOJIBKO MaJI€HbKHM, 4TO MOKHO cuuTaTh Cp =Cy

Mexay yaenbHOH W MOJAAPHOU MEenioeMKOCHsAMY OTHOTO W TOTO JK€ BEIIECTBA CYIIECTBYET
COOTHOILIEHHE

C =cM, rne M — monsipHast Macca BelecTBa (ornpeensercs 1no tadnune Menaeneesa).

YpaBHeHHe TEIIoBOTO Oananca: Y Qora =) QmoJ

KonngecTBo TEIUIOTHI IPH HATpEBAaHUH U OXJIAKIEHUH: Q=c M At
Harpesanune Q = cm(tkoHeuHas - tHauaabHas)

Oxnaxaenue Q = cm(tHavyasibHast - tKOHEUHasT)
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Onpenenenue yaeJbHOH TENJIOEMKOCTH BOJbI.
1.0Onpenenute B3BEHIMBAaHMEM MAacCy BHYTPEHHErO aJIIOMHHHMEBOIO KaJlOpUMETpa
QIIOMUHHUEBOTO LIWIMHpA M,,,.
2.BxirouuTe IUIMTKY U HarpeiTe BOAy B CTaKaHE /10 TEMIIEPATYPbl KUIIEHUS.
3.Bo BHyTpeHHHMII cocy]l KalopuMeTpa HajlelTe BOy Maccoil m, npu KOMHaTHOU Temneparype t10 C.
4.HarpeliTe al'OMMHHUEBBIN LIUIUHAP B coCyAe ¢ Kunsuied Bogoi 1o temneparypsl 100 C u onmycrure
€ro B KaJIOpUMETp ¢ BOJOW. M3MmepbTre TemmepaTypy BOABI B KAJIOPUMETPE IIPU YCTAHOBJICHUM
TEIJIOBOro OasaHca.
5.BeluncnuTe yAeNbHYI TEIUIOEMKOCTh BOABL. Pe3ynbTaT M3MEpeHHH W BBIYUCICHHUN 3aHECUTE B

my W Maccy

tabmmnyl .
Tabmuma 1
Macca Macc | Macca | HavanbHas | Havanena | Temmepar | ¥V aenbHas VYnenbHas
KaJIOpUM | a UWIUHA | Temnepary | s ypa BOJBI | TEIIOEMKOC | TEIJIOEMKO
eTpa, BOJBI | pa pa BOABI U | TeMmepar | B KOHIIE | Th CThb BOJIbI
my, K. | my, M, KI. | KalOpUMET | ypa OTIbITa AITIOMUHHUS " Ao

KT. pa uwmeapa | O, °C » Jore e K

t11 OC t21 OC xe K
100 880

Brruncnenue:
C,=
BriBo:

OmnpenesieHne yaejJbHON TENJI0EeMKOCTH MeTAIMYECKUX 00pa3oB

MeToauka onpeaeieHnsl TEIUVIOEMKOCTH MeTAJLI0B: 3 onpeneneHus TeIOeMKOCTH CIEoyeT, Y9TO
i e€ ompeAeNieHus HYXHO TOJBECTH K HCCIEAyeMOMYy 00pas3lly TOYHO H3MEPEHHOE KOJIMYECTBO
TEIUIOTHI U U3MEPUTH MOCIIEA0BABIIEE 3a ITUM U3MEHEHUE TeMIIepaTyphl, 00YCIOBIEHHOE U3MEHEHHEM
BHYTpEHHEH »Heprum Tena (mpolecc TernaoodmMeHa) B pgaHHOM ciyyae MOXKHO 3amucaTbh ypaBHEHUE
TEIJIOBOTO Oasianca: » Qotra =) QuoJ

IUTSL pacdeTa 3HAUYCHHsI YACITbHOMN TEIIOEMKOCTH UCCIIEAYEMOT0 MeTalIa;

¢y = (csmy+C)(Try—T 1) Mmy(TurT'rp), THE

C — monsipHas TeroeMkocTs, [Lx/K  MossipHas TerioeMkocTh Kaopumerpa, pasHas 66 Jx/K;

Cy— YJIeJIbHAs TEIUIOEMKOCTb BOJIbI, IPUOIM3UTENBbHO paBHas 3HaueHuto 4,2 kJ[x/ (kr-K);

M,— Macca BOJbl B KAJIOPUMETDE;

M, — Macca MeTAJUIMYEeCKUX 00pa31oB;

C — yHaenpHas TernoeMKkocTs , JIx/ (kr-K)

T1 — TemnepaTypa BOJbI 10 MOTPY>KEHUSI METAJUTMUECKOT0 00pasia;

Tiun — TEMIlEpaTypa BOABI, B KOTOPOH HaXOAMJIHCh METAUIMYECKHE O0paslibl 10 MOTPYXKEHHS B
KaJIOpUMETD;

T.;— TemmepaTypa BOJIbI, KaJJOpUMETPA M METAUIMYECKOTO 00paslia MOCle YCTAHOBIEHHS TEIIOBOTO
paBHOBECHSI.

1. Ha nHO crambHOro pe3epByapa HAaChIIbTE CIIOM CTEKJISHHBIX IIAPUKOB, TOJLIMHON 1-2cM U
3aMO0JIHUTE €ro BOJOH, MPUMEPHO Ha JIBE TPETH, Pa3MECTUTE MOBEPX IMIAPUKOB METATIIMYECKUMA
oOpaszern. [TocTaBpTe pe3epByap Ha HarpeBaTeIbHYIO IUIUTKY U IOBEAUTE BOAY /10 KUTIEHUSI.

2. 3amoyHUTEe KaJOpHUMETp XOJIOJHOW BOAOM mu3BecTHOro oowvema (200-300 mur). PaccuumTaiite
Maccy BOJBI B KAJIOPUMETpPE (Mg). TAaHHBIC 3aHECUTE B TAOJIHILY 2.

3. U3 kunsmeit Boas! Ha 10 MUH. IOTPY3UTE OAHO U3 METAUTMYECKUX TEJ B KAJIOPUMETP C BOAOH U
MIPOBEIUTE U3MEPEHUsI TeMIepaTyphl, A0 YCTAHOBJIEHHS TEIJIOBOI'O pPaBHOBECHS, TIIATEILHO
IepeMeIInBas BOAY B KaJOPUMETPE.
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4.

Paccuwnraiite MOrpCIIHOCTb BI:I‘-II/IC.HGHI/If/'I, CpaBHHBas C TaOJIMYHBIMYA 3HAYEHUSIMHU YACIBbHYIO
TCINJIOEMKOCTH BEIIICCTBA.

5=LT 7P 10006
PT
5. Ompeznenure MOJSPHYIO TEIJIOEMKOCTD BEIIECTBA (JATYHb U JKEJe30).
6. PesynbraThl H3MEpEHHIA U BBIYUCICHUN 3aHECUTE B TaOIUILy 2.
tabmuna 2.1
Meramumueckuii oOpasell — JIaTyHb, yaeidbHas TeroeMKocTh gatyHu 380 JIx/ (kr-K)
C, HX(/K CB, Tl) K mB) K TKI/IH) K mua TTpa K C06pa3ua, Coﬁpasuaa 8’
amromuaus | [/ KT Jx/K Jx/ (xr-K) | %
(xr-K);
66 4200
Tabmuma 2.2
MeTtannnueckuii o6pasell — ctajib, yaenpHas TemnoeMkocts ctanu 460 Jx/ (kr-K)
C, HH(/K CB, Tl) K mB) KT TKI/IH: K mua TTp: K Co6pa3ua, Co6pa3uaa 8?
amromuaus | [/ KT Jx/K Jx/ (xr-K) | %
(xr-K);
66 4200

CrenaiiTe BBIBOJ O TIPOJICITAaHHOM padoTe.

ok w

~No

10.
11.
12.

13.
14.

Bonpocs! 1J151 caMOCTOATEILHOM M MHAUBHAYAJIBbHOI padoThI
Yro Takoe TEemnoeMKOoCTh Tena? Y ienbHas U MOJISIpHAs TEIUIOEMKOCTH, KaK OHHU CBSI3aHBI MEXKIY
coboi?

Kak cBs3aHbl Mexay coOOH MOJSpHBIE TEIMIOEMKOCTH TIIPH IOCTOSHHOM JIaBJI€HUH U
MIOCTOSIHHOM 00beMe.

IIpuBenuTe OCHOBHBIE MOJIOKEHUSI KIIACCUYECKON TEOPUU TEINIOEMKOCTHU TBEPIBIX TEIN?

B yem riaBHOe OTIMYME TEIUIOEMKOCTH KUIAKUX U TBEPJBIX TN OT TEMJIOEMKOCTH ra3oB?

Kaxue TemnepaTypsl OTHOCST K BBICOKMM, a KAKUE K HU3KUM IPU UCCIIEN0BAHUU TEIUIOEMKOCTH
TBEPABIX TEN?

Kak uzmensercs yaenpHas TEIUIOEMKOCTh METAJNIOB C ITOBBIILIEHUEM TEMIIEPATYPhI?

Brisenute padouyro hopmyny (18) 1 onpenenenus yneiabHONW TEIUIOEMKOCTH METAJLIOB.

Bo Bpems »skcnepuMeHTa Ha JHO CTalbHOIO pe3epByapa, KyJa IOMEIAeTCsl LMIUHAP
HEO0OXOJIMMO HACHINATh CJIOH CTEKJISIHHBIX LIAPUKOB, TOJMIMIMHON 1-2c¢cM 18 TOro 4ToObI
UCKJIIOUYUTh COMPUKOCHOBEHHE MPU HATPEBAaHUHM METAJUIMYECKUX OOpa3loB C JHOM pe3epByapa.
OO0bscHUTE TOYEMY.

[TorpemHoCTh M3MEPEHMH KakUX IapaMeTpoB BHOCHUT HaWOOJBIIMM BKJIAA B TOYHOCTb
orpesieNieHus yAeIbHON TeIIOEMKOCTH MPEII0KEHHBIM CIIOCOOOM.

W3 kakoro merania nenecoodpazHee U3roTaBiIuBaTh paguaTopbl?

KaxoBa ponp B ipupojie 6051b1110# yAeTbHOM TEMI0EMKOCTH BObI?

Kakoe xomm4ecTBO TEIUIOTHI HEOOXOIUMO Mepeaarh, 4TOOBI MOBBICUTH TEMIEpPATypy MEIHOM
neTtaiau Maccol 2 kr gHa 3°C?

[loueMy Henb3sl BCKUIISATUTH BEAPO BOABI HA CIIUPTOBKE?

AJIOMUHUEBYIO U CepeOpsHYI0 JIOKKH OJIMHAKOBOM Macchl M TEMIIEpaTypbl ONYCTWIH B
KUITITOK. PaBHOE 1IN KOJIMYECTBO TEIUIOTHI IIOJIy4YaT OHU OT BOABI?
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15. Ha uyTo 6osble pacxoayercsi JHEPTuu: Ha HarpeBaHUe YyT'YHHOTO TOPIIIKA UM BOJBI, HATUTON B
HETrO0, €CJIM UX MacChl OIMHAKOBBI?

JlaGoparopnoe 3ansaTue Ne§. Onpenesnenue MoayJsi YIPYroCTH Pe3HHbBI

Hean: Onpenenuts MOAYb YIPYTOCTU PE3UHBI IPU PACTKEHUU.

MarepuajibHoe o0ecnieyeHue:

pe3uHOBBIA MHYp 1uHON 25—30 cM u ceuenuem 4— 10 mm2, Habop rpy3oB no 0,1 kr, lkr,
1,5kr, 2 KT., IITaTUB, JIMHEHKA, IITAHTCHIUPKYJIb WA MUKPOMETP.

Buumanue! Hzoezaiime nadenusa 2py3oe c pabvoueii nogepxnocmu. Cieoume 3a nojioxcenuem
wmamuea!

3aganue:
1. O3HaKOMHTBCS C TECOPETUYECKUM MATEPHUATIOM.
Teopus.
[Ipn ycranoBuBLIeHCS yHpyroi aedopManuy paBHOACUCTBYIOIIAS BCEX BHYTPEHHHUX CHII
VIPYTOCTH, BO3HUKAIOIIUX B TEJIC B JIIOOOM €ro CEYCHWHU, YPABHOBEIIMBACT BHEIIHUE CHIIBI,
JeicTByIOIIME Ha TEJO.
CornacHo 3akoHy ['yka, Hamps»KeHHE ¢ M BBI3BAHHOE WM OTHOCHTEIBHOC & Y/JIMHEHHUE
npornopunoHaneuel: 0=E €, rae E— Moayns ynpyroctu.
[Tocrne mpeoOpa3oBaHUS ITOTO BBIPAKCHHUS TOTYIHM:
E=£-1i WJIH Ezﬂ.
S Al md>(1-1I,)

Z[J'ISI OKCIICPUMCHTAJIBHOI'O OIIPEACIICHUA MOAYJIA YIPYIOCTH HYKHO U3MEPUTH BCC BCIMYHHBI:

|
(§==-)

nepopmupytonryto  cuny F (F=mg), ceuenue oOpazma S , €ro
nepBoHavyalbHyto AnunHy 10 u yanunenue 1.

Xoa paGoTsI:

N3yuenne nepopmanum pacrskeHus.

1. VI3meputh ¢ MOMOIIBIO IITAHTEHIUPKYISI WIM MHUKPOMETpa TOJIIIMHY IIHYpa M BBIYUCIHUTH
IUIOLIA/Ib €r0 NOMEPEYHOr0 CEUeHUs S.

2. TlogsemmBast k wHYypy rpy3sl mMaccoit 0,1 xr, 0,2 kr, 0,3 Kr, U3MEpUTh COOTBETCTBYIOLIUE
a0COJIOTHBIE YAJMHEHUS IIHYpa: U BBIUUCIUTh OTHOCUTEIbHBIE YATUHEHUS IIHYpa.

3. Ilo pesynpTaTam H3MEpPEHUN BBIYMCIUTH MOJIYJb YOPYrocTH pe3uHbl E u  oueHuthb
MOTPEIIHOCTH SKCIIEPUMEHTA:

Am Al Ad Al
&= + +2—+ -
m d [-l,

AFE=F-¢
- a0COMIOTHAS TIOTPELTHOCTb.
5. Pe3ynbratrhl u3MepeHuil U BRIYUCICHUN 3aHECTH B TaOJIHILY:

- OTHOCHUTECJIbHAS NOTPEUIHOCTD
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H3IMCPCHO BBIYHCIICHO
:{gn mkr | d,m | S,m® | lom | Lm |AlLm| F,H |E, Ila %:’ ?’IE, &. %
|
2
3

6. CnenaTh BBIBO.

KoHTpoJibHBIE BOIPOCHI.
Kakwue Buzpl neopmanmii Bel 3HaeTe?
W3menseTcs nu BHYTPEHHSS SHEPTrHs 1e()OPMHUPOBAHHBIX TEN?
Ot Kakux nmapamMeTpoB 3aBUCUT MOy FOHra?
Kakoro Buma nedopmarusi HaOMOmaeTcs NMpH YEKaHKe, NMpHU (OpMHpPOBaHMM COCTaBa, IPU
WCTIOJIB30BAHUH JIOMKpATa Ui TPAHCTIOPTHOTO cpeacTBa?

el A =

Pa3nea 4 Daexrpoannamuka Tema 4.2 IlocToOAHHBIH 3JIeKTPUYECKHI TOK.

JlabopaTopHoe 3ansiTue Ne9. OnpenesieHue yAe1bHOI0 CONNPOTHBJICHHUA NIPOBOIHUKA

Lenp paboTbl: oOIpenercHUE YAEIBHOIO COINPOTUBIEHUS IPOBOJHUKA SKCIIEPUMEHTAIBHBIM
IIyTeM

MarepuanbHoe oOecneyeHHe: MCTOYHHUK TOKAa, aMIIEPMETP, BOJBTMETP, COEIUHUTEIbHbBIE
IIPOBOJA, KIIOY, INTAaHT€HUUPKYJb, JIMHEHWKA, KYCOK IPOBOJA, YIEIbHOE COINPOTHBIIEHHE KOTOPOTO
OIIpEAECIIAETCS.

Buumanue! Ilpu pabome c rnekmpuuecmeom coodaooaiime npasuia mexuuku éezonacnocmu. /Insa
3aMbIKAHUA IJIEKMPUYECKOIl enu npuziacume npenooasamens 01 ee nposepku!

3aganue
1. CamocTosATeabHO coOpaTh SJIEKTPHUUECKYIO IIeTh 110 CXEME.
2. CHSITh MTOKa3aHUs aMIIepMeTpa | BOJIbTMETPA.
3. Hcnone3ysl MITaHTEHIUPKYJIb U JHHEWKY, HAYYUTHCS OMpPENeisTh T€OMETPHYECKHE pa3Mepbl
IIPOBOJIHUKA.
4, OnpenenuTh BETUYUHY YIEIBHOTO COMPOTUBRIECHUS METAaJLIA.
| |
| [
IMopsinok BbINOJIHEHHUS PadOTHI: <
A)
1. CoOparthb 11ens o CXeMe U MoKa3aTh JJIsl IPOBEPKU PYKOBOIUTEINIO. R
2. 3aMKHYTB ICIIb U CHSTH ITOKA3aHUA aMnepMeTpa Hu BO.]'H)TMeTpa.

3. BpIuuCINUTH COMPOTHUBIIEHNE TIPOBOJIHUKA 110 POpMYIIE:
rae | - Tox B npoBoanuke, A; U - manenue HanpsokeHus Ha IPOBOAHKKE, B.

4. V3MepuTh JUTMHY U BBIYUCIUTH TUIOIA/Ib MOMIEPEYHOTO CEUCHHUs TPOBOAHMKA 11O (hOpMyIIe:
, Tae d - quameTp mpoBOIHKKA.

R-S

7Z'd2 U P==
S=— rpr_=2
4 "7
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5. BwIUUCINTE yIeIbHOE COMPOTHBIICHUE IO (hopMYyIIe:
6. Jlanubie 3aHecTH B TabmuUIy 1.

7. 7. Beraucnuth abCcomoTHYIO (A) M OTHOCUTENBHYIO (€) OTPEITHOCTH U3MEPEHHH 10
dhopmynam:

A= |pTAE/7. - pnom/q.| &= -100%

Prasi.

8. Caenats BBIBOJ 1O paboTe.

®dopma npeaocTaBIeHUs pe3yibTaTa

Tabmuma 1.
u,B I, A ROw | llm | dym| S ut 2, O | A, Om 1%
Om-
M
BEIIECTBO

KoHTpobpHbIE BOIPOCHI:
1. OT Kakux BeJIMYMH M KakK 3aBUCHT COMNPOTHBICHHE MPSIMOJIMHEHMHOTO METAUTMYECKOTO
MPOBOTHUKA?
2. JIBa MeOHBIX MPOBOJAHHMKA UMEIOT OJMHAKOBYIO JJIMHY, HO Pa3lWYHYIO TUIOIMIAIh MOMEPEYHOrO
ceenns.:1,6 mm’u 0,8 Mmm?. Kakoid MIPOBOJIHUK UMEET MEHBIIIEE COMMPOTUBIICHUE M BO CKOJIbKO pa3?
3. CKOJIBKO METPOB HHUKEIMHOBOI'O IMPOBOJA IUIOWIAJbI0 momnepeyHoro ceuyeHus 0.1 MM

notpedyeTcsl Il M3TOTOBJIEHUS PeocTaTa ¢ MaKCUMalbHbIM comnportuBieHueMm 180 Om? VY naenbHoe
conpoTuBieHue Hukenuxa 0,42 10°0M M.

Tema 3.2 3aK0HBI HOCTOSTHHOI'O TOKA

JlaGoparopnoe 3ansiTue Ne 10. [IpoBepka 3axkonoB OMa /11 y4acTKAa HeNu U MOJTHOM Lenu.
BAX.

Ieab padoThI: yCTAaHOBUTH Ha OMNBITE 3aBUCUMOCTh CHJIBI TOKa OT HampsbkeHus. l[loctpouts
BOJIbTAMIIEPHYIO XapakTepucTuky. Onpeaennts 3/1C 1 BHYTpeHHEE CONTPOTUBIIEHUE UCTOYHUKA TOKA.

MarepuanbHoe o0ecnme4eHHe: HCTOYHHMK DSJIEKTPUUYECKOM SHEPIrHH, pPE3UCTOPbI, TPU amMIepMmeTpa
MMOCTOSIHHOTO TOKa, TPH BOJBTMETPA TIOCTOSHHOTO TOKAa, PEOCTaT TOJI3YHKOBBIM, KIIOY,
COEIMHUTEIIbHBIE TPOBO/IA.

Buumanue! Ilpu pabome c rnekmpuyecmeom coonrooaiime npasuia mexHuku odesonacnocmu. /[nsa
3aMbIKAHUA IJIEKIMPUYECKOIl Yenu npuziacume npenooagamens 01 ee nposepku!
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3aganme:
1. [TpakTruecku yoeauTcs B GU3NIECKOM CYITHOCTH 3akoHa OMa JyTsl y4acTKa [EeTIH.
2. Y cTaHOBUTE HA ONBITE 3aBUCUMOCTE CHJIBEI TOKA OT HAIps>KCHUA U COITPOTHUBIICHUA.
OO6opynoBanue: amrepMerp Ja00paTOPHBI, BOIBTMETP Ja00OpATOPHBIN, UCTOUHUK IHTAHHS, PEOCTaT,
KITIOY 3aMbIKaHHS TOKA, COSAMHUTEIILHBIC TIPOBO/IA.

Xon paboThl.
Kpartkne Teopernyeckne cBeaeHus

DJIEKTPUYECKUH TOK - YIOPSIAOUECHHOE IBUKEHUE 3aPSKEHHBIX yacTull. KonmdyecTBEeHHOM Mepoid
AJIEKTPUYECKOTO TOKA CIIY>)KUT cuja Toka |

Cuna Toka - ckangpHas puznyecKkasi BeIMYnHa, paBHasl OTHOIICHHUIO 3apsa (, IEPEeHOCUMOTro Yepes
MONEpPEeYHOe CEUCHHE MPOBOAHUKA 32 MHTEPBAJl BpEMEHU t, K 3TOMY UHTEPBAIly BPEMEHHU:

L2
{ B Mexnynaponnoit cucreme eaununl CU cuima Toka wusMmepsiercs B ammepax [A].
[LA=1Kxn/1c] I[Ipubop  mns  w3MepeHuss  cwibl  Toka Amnepmerp. Bkimrowaercs B

OCIIb I10CIACA0BATCIIbHO

| ' L Ha cxemax syiekTpuyeckux nemneu

‘ A
W aMIICpMCTP o003HayaeTcs

Hanpsiskenue — 310 dhusznyeckas
BEJIMYMHA, XapaKTePU3YIOIIasi ICUCTBUE IIEKTPUUECKOTO MOJIS Ha 3apSKEHHBIC YACTHUIIbI, YACICHHO
paBHO paboTe MEKTPUUECKOTO MO IO MEPEMELIEHUIO 3apsia U3 TOUKH C MMOTEHIIUAJIOM (1 B TOUKY C

ITOTEHIUAJIOM 2

y=2

U =¢1—¢2 q

U — HanpsixeHue

A —pabora Toka

( — 2JIEKTPUYECKUN 3apsij

Enununa nanpsoxkenus — Bonst [B],  [1B=11x/1Kun], IIpubop ans usmepeHust HanpsyKeHUs —
BoabTMerp. Iloakmrouaercs B uenb

! pa— ‘—‘ NapajuIeJIbHO TOMY YYacTKY LIENIH, HA KOTOPOM
A= sy =5 A a é; n3MepseTcs pa3HOCTh MoTeHuanoB. Ha cxemax
3J1eKTquec1<Hx Henei amrnepmerp 0603HavaeTcs

® 12348 UB

I'padmueckas 3aBucUMOCTb cuiibl TOKa | OT Hanpspkenus U - gonbm-amnepnas xapakmepucmuxa
3akoH Oma JUIsi OZHOPOAHOTO YYacTKa WLEMNH: Culd MOKa 6 NPOBOOHUKE NPAMO HPONOPYUOHANbHA
NPUTLOHCEHHOMY HANPANCEHUTO U 0OPAMHO NPONOPYUOHATILHA CONPOMUBTLEHUIO NPOBOOHUKA.

U

I=—
R
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[TonHast (3aMKHYyTast) 3JIEKTpHUECKas IIeNb COCTOMT M3 UCTOuYHMKa Toka ¢ DJIC € M BHYTpeHHUM
COIIPOTHBIIEHUEM I U MOTPEOUTEIIS IIEKTPUUECKOT0 TOKA C BHEIIHUM conpoTuBieHreM R. Cuia Toka B

TaKO# Leny omnperensiercs 3akoHoM Oma jursd nomnuoi nenu: | _ ¢ . Ilpu pasomkuayrom kmoye D/C
R+r
HMCTOYHHMKA TOKA PaBHA HAIPSHKEHUIO HA BHEIIHEW YacTH LIeTH.

HpI/I HU3MCHCHHU COIIPOTHUBJICHUSA HOTpGGI/ITGHSI BHGKTpH‘{eCKOfI OHCPIruu U3MCHACTCA BCIIMYMHA CHIIBL
TOKa B LICIIN:

Riir:>5=|1-(R1+l‘) (1) |2:R2‘9+r:>g:|2.(R2+r) (2)

JleBble yacTv ypaBHeHui (1) 1 (2) paBHbI, 3HAYUT, PaBHbI U NPaBble YacTu:
I, -R,—1,-R, (3)

LR +r)=1L(R,+r)=>r=-2 IZ I

I, =

1

1 2

[TpakTudeckas 4acTh
ombIT 1. 3akon Oma s ydactka miend: J[js BeITOJIHEHUsT pabOThl COOEPHUTE ANEKTPUUICCKYIO IIEThb W3
HMCTOYHHMKA TOKA, aMIIEPMETPaA, peocTaTa, MPOBOJIOYHOTO PE3UCTOpA cOnmpoTUBIeHHEM N OM U Kitoya.
[TapaniensHO MPOBOJIOYHOMY PE3UCTOPY MPUCOSAUHUTE BOJIBTMETP (CM. CXEMY).

Hccneoosanue 3a8ucumocmu cuibl moka om HAnpAd#Cenus Ha OAHHOM yYacmke yenu.
Bxumounte Tok. [Ipy momomu peocrtara U3MEHUTE HaNpsHKEHUE Ha 3aKMMax IMPOBOJIOYHOTO PE3UCTOpa
TpwkAbl. Kaxplil pa3 npu 3ToM U3MepsiiTe Cuily TOKa M pe3yibTaThl 3aluchiBaiiTe B Ta0d. 1.

Tabnuya 1. Conpomusnenue yuacmka CONst
Hanpsokenne, B
Cuna Toka, A
ITo TaHHBIM ONBITOB NOCTPOITE IrpaK 3aBUCUMOCTH CHJIBI TOKA OT HanpshkeHus. Cuenaite BbIBOJI.

ombIT 2. 3akoH Oma s TojHOW merw: J[s BHIMOJTHEHHS] paboThl coOepuTe | |

AJIEKTPUUYECKYIO LIeMb U3 UCTOYHHMKA TOKA, aMIIepMETpa, peocTara, Kirda (CM. :| |
CXemy).
1. Cobepurte 2EKTPUUYECKYIO IIETIh M0 CXEME: <A>
2. Onpenenure 1EeHY AIEHUS dJIEKTPON3MEPUTEIBHBIX TPHOOPOB.
3. N3meppre DJIC umctrouHuka Toka. s 3TOro ompenesnnuTe MOKa3aHUsA v 1 |
BOJIBTMETpPA IIPU Pa30MKHYTOM KIIHOYE. —
4. M3MmeppTe BEIMUYMHBI CHIIBI TOKA U HAIPSYKEHUS HAa BHEITHEHN YacTH LIENH, 3aMbIKasi KII04.
5. W3mensis monoxeHue JBUKKA PeocTara, MOBTOPUTE U3MepeHus (1. 3) eIne TBaXKIbl.
6. Bbruncnure BeTMUMHY BHYTPEHHETO CONPOTUBICHHUS, Hcmonb3ys ypaBHenue (3) u DI/IC,
ucnosnp3ys ypaBHeHue (1).
7. Boruncnute cpennue 3Hauenus 3/{C 1 BHyTPEHHETO CONPOTUBIIEHNS NCTOYHUKA TOKA
8. Pe3ynbrarhl u3MepeHuii U BRIYUCICHUN BHECUTE B TaOJIHILY.
Tabauya 2
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B U8B LA R,Om | r,Om | re, Om

3

Cnenatp BbIBOJ 110 paboTe.

KoHTpobHBIE BOIPOCHI

UTto Takoe 31eKTPUUECKUN TOK?

JaiiTe onpenenenue cuiibl Toka. Kak o6o3navaercs? [1o kakoii popmyne Haxoautcs?

KaxoBa enqununa usmepeHus cuibl Toka?

Kakum npubopom usmepsiercs cuiia Toka? Kak oH BKIIOYAeTCsl B 3IEKTPUUECKYIO LeMb?

Haiite onpenenenue HanpsbkeHus. Kak o6o3nagaercs? 1o xakoii hopmyse HaxoauTcs?

KaxoBa enqununa usmepeHus HanpsKeHus?

Kaxum npubopom nsmepsiercs HanpsikeHue? Kak oH BKIIIOUaeTCs B 3JIEKTPUUECKYIO LEMb?

Haiite onpenenenue conporusienus. Kak o6oznavaercs? [1o kakoit ¢popmyne Haxonurcs?

KaxoBa enqunuia usmepeHus ConpoTUBIEHUs?

0. Chopmynupyiite 3akoH Oma JyIs yyacTKa LIEIH.

1. [Touemy noka3zaHusi BOJILTMETPA MIPU PA3OMKHYTOM U 3aMKHYTOM KITFOYE Pa3IMYHbI?

12. JTns m3mepenus DJ1C UCTOUHMKA TOKA U €r0 BHYTPEHHETO COITPOTUBIICHUS CTYAEHT COOpal CXeMy,
n300paxkeHHyto Beie. [Ipu aTom BonbT™MeTp mokasat 5 B, a amnepmerp 1 A. Iocne pazmbikanust
KJIF04a BoJIbTMETp nokasan 6 B. Uemy paBHbl D/IC HCTOYHUKA TOKA U €I0 BHYTPEHHEE
COIIPOTHUBIICHUE?

13. B/IC ucrounuka Toka 3 B, a BHyrpeHnee conporusienue 0,5 Om. ConpoTuBiieHne BHENIHEH YacTu
nenu 10 Om. Haiinute cuimy Toka B Liemu.

14. Cuna toka B uenu paBHa 0,4 A, BHyTpeHHe CONpOTHBIIEHHE HcTouHMKa ToKa 0,5 OM, BHelHee —
4,5 Om. Kakosa 3/1C ucrounmka?

RBOoo~NoORwNE

JlabopaTopHnoe 3ansiTue Nell. M3ydenne padoTsl My IbTHMETPA Ha IpUMepe padoThl
JAHOO0B U 32aBHCHMOCTH CONPOTHUBJICHHUS OT TeMIIePaTypbl 00pa3l0B MeTAJLJIA U NOJYIPOBOIHUKA

Ilesib: HAy4YUTHCS MOJIB30BATHCA MYJIBTUMETPOM MPH PA3HBIX PEKUMOB PAOOTHI.

MarepuanbHoe olecrieyeHue: MYJIbTUMETP, HaOOp PpPE3UCTOPOB, TUOJBI, TPUOJbI, MCTOYHHUK
TOKa, PEOCTaT, COeAMHUTEIbHBIE POBOIA, K0, IPUOOPHI ISl U3YUYEHUS 3aBUCUMOCTH CONTPOTHBIICHUS
MeTajula W IIONYIPOBOJAHHUKA OT TEMIEPATyphl, TEPMOMETpP, DJIEKTPUYECKasl INIMNTKA, IITAaTUB C
MPUHAIIIEKHOCTAMH, K0J0a ¢ BOJIOM.

HNHcTpyKuus no npuMeHeHHI0 MyJIbTHMeETPA

ITepexiouarenb peskuMa U ANANA30HA U3MEPEHH .

[lepexmtouarens pexuMa M AMANa30Ha U3MEPEHUH UCMONb3yeTcs s BKIIOUEHHs Mpubopa, a Takke
U1 BBIOOpA KEIaeMoro pekuma palboThl U Impenena uzMepeHus. s yBelIWYeHUs CpOKa CIIyKObl
6arapeu, epeBoAUTE MepeknouaTens B noynoxenue «OFFy, nmocne BeIMOMTHEHUS U3MEPEHUH.
N3mepenne HanpsizkeHUsI TOCTOSIHHOIO U NePeMEHHOI0 TOKA.

1.IToaxnrounte KpacHslil pa3beM B rHE310 «VQmA», uepHbIil pa3beM B rHe310 «COM»

2.YcraHOBHTE MEpEKIIoYaTeh PeKuMa U3MEPEHHUH Ha JKelaeMblil 1hana3oH U3MEpEeHHs HalpsKEHMs], B
cllydae €CIM HEHU3BECTHO IIPUMEPHOE 3HAUEHUE HaNpsDHKEHUs, YCTAHOBUTE IEpPEKI0OYaTeNb Ha
MaKCHUMaJIbHOE 3HAUE€HUE U CHIDKANTE Mpeesl U3MEPEHMsI 1O OIY4YEeHUs ONTUMAILHOIO 3HAYEHUS.
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Pexum Iar uzmepenus Iorpemnocts

200 mB 100 MB +0,5 % ns 3ro 3Haka
2000 mB 1 MB +0,8 % st 2ro 3Haka
20B 10 MB

200 B 100 MB +1,0 % misg 2ro 3Haka

3. IlpukocHutech MPOOHMKAMU K YCTPOMCTBY WM TOYKaM JIJIEKTPUYECKOW CXEMBbl. Tne Tpelyercs
U3MEPUTH HaNPsKEHUE.

4. B cnyyae HanmuuMsl HarpsKEHUsI IPUOOP MOKaXKeT HANPsKEHNE U MOISPHOCTbD.

H3mepeHue moCTOSIHHOTO TOKA

1.IToaxmrounte KpacHbI MPOOHUK K pazbeMy «VQmAY. UepHnsblil k pazbeMy «COM» (11 usMepeHus
ToKOB 0T 200MA 110 10 A ucnosne3yiite pazseM «10A»)

2 VYcraHOBUTE MepeKIoYaTeab BbIOOpa peXKMMa HU3MEPEHHIl Ha >KelaeMblil mpenen u3MepeHHs
MIOCTOSIHHOT'O TOKA.

3.Pa3zbeuHuTe M3MEPSAEMYIO DJIEKTPUYECKYIO IENb U MOJCOCTUHUTE MPOOHUKU IOCIEI0BATEIBLHO C
Harpy3Koi.

4. Ha pucrnnee mosiBUTCS 3HAYEHUS TOKA.

6. Pazpem «10A» mpemHazHaueH s HEUACTOTO HCIOJIb30BaHUsA. Bpems wu3MepeHHs HE OIKHO
IpeBbIIaTh 15 CeKyHA, a MEXIy HM3MEpPEHUSIMU HEOOXOIMMO BBIIEPKUBATH HECKOJIBKO CEKYHJI BO
n30eKaHue MOBPEXKACHUS TPHOOpa.

HN3mepenune cONpPOTUBJICHNS

1.IIpucoenuuuTe KpacHblii MPoOHUK K pazbemy «VQmA». UepHslii k pazbemy «COM».

2.YcTaHOBUTE MepeKiIouaTeNb BbIOOpa peXMMa H3MEpPEHUH Ha JKelaeMblil Mpenesl HU3MepeHHs
COIPOTHBIICHUS.

3. Ilpunoxwure NpoOHUKM K HU3MepseMOMYy o00pasily, JUCIIe OTOOpa3uT NpU 3TOM 3HAYCHHE
COIPOTHBIICHUS.

Pexxum MHoxuTens [TorpemHocTh
200Q 0,1 +(1.0% m1st 10ro 3Haka)
2000Q2 1
20KQ 10
+(1.0% ms 4ro 3HaKa)
200KQ 100
2000KQ 1000

IIpoBepka q1uox0B
1.TlogkmrounTte KpacHBI TPOOHUK K pazbemMy «VQOmA., depHbIil K pazbemy «COMy.
2. YcraHOBHTE TIepeKiIoUaTeNb BBIOOpA peKuMa U3MEPEHUH Ha 3Ha4YOK |Iroa
3. CoeauHMTE KpacHBIA MPOOHUK C aHOIOM (p) TECTUPYEMOTO IM0/1a, @ YEPHBIN MPOOHUK C KaToAoM (n)
4. Jlucruied MOKaKeT 3HAa4YEHHE HampshKeHUs B MB. eciu MosiIpHOCTH Iuoza NepemnyTraHa, JUCIUIEH
0T00pazut «1».
HN3mepenue TeMnepatypsl
1.ITpucoeaunure Tepmomnapy k pazbeMy «VOmMA» u k pazbemy «COM».
2.YcTaHOBUTE NEPEKIII0YATENb BEIOOpa pekuMa U3MepeHHid Ha u3mMepenue Temreparypsl « TEMIDy
106



3. Jlucruielr oroOpa3uT 3HaUeHUE TeMIepaTypsl B rpagycax Llenbcust.
3ByKoBasi NPO3BOHKA
1.INonkmrounTte KpacHbI MPOOHUK K pazbemMy «VOQmAy. UepHslit k pazbemy «COM».
2.YcTaHOBUTE NEPEKIII0YaTelb BEIOOpa pekuMa U3MEPEHHUH Ha 3BOHOK
3.Ilpucoenuuure NpoOHUKHM K IPO3BAHUBAEMOM cXeme, Mpu comportuBieHuH MeHee 30 OM mopaercs
3BYKOBOW CUTHAJI.
Ilopsinok BbINOJHEHHS padOThI:

Ilonynpogoonurogulii 0uoo
JIno COMEpKHUT p-N-TIEPEX0J], 3aKIFOUCHHBIH B TEPMETHYECKUN KOPIMYC M COCIMHEHHBIH C
META/UIMYECKUMHU BbIBOJaMHU. BBIBOM OT p-001acTH HA3BIBAIOT aHOJIOM, OT N-00J1aCTH — KATOJIOM.

’
)

KOJIED.

r

IBIA I ycu a1 npeoOpa3oBaHUsl TEHEPUPOBAHUS DICKTPUUECKUX
Bl
. . Tpex 00sacTeil ¢ pa3IuYHON MPOBOJUMOCTHI0. Pa3nuyaroT TpaH3uCTophl
tumna p-N-p u n-p-n. CpeaHss 30HA Ha3bIBaeTCs 6a3ot. TommuHa 0a3bl JOHKHA OBITh MEHBIIE JITHHBI
cBoOOHOrO Tpodera anekTpoHa. B TpaH3ucTope mmeroTcs aBa p-N-mepexoxa. JIeBwlid p-n mepexon
SIBJIICTCS TIPSIMBIM U OTIENSIeT 0a3y OT 00JacTH C MPOBOJUMOCTHIO P-THITA, HA3BIBACMYIO MUMIMEPOM.
B 310t 00nacTu aKkienTopHON MpuUMecH B COTHU pa3 OoJjbllle, YeM TOHOPHOW mpuMecH B Oase, T. e.
IBIPOK B DMHUTTEPE 3HAYMTEIHHO OOJIbINE, 4YeM J3JIEKTpOHOB B 0Oase. IlpaBelii mepexon sBIsSETCS
o0OpaTHBIM U OTAeNseT 06a3y 0T 00JaCTH ¢ MPOBOAUMOCTBIO P-TUIIA, HA3BIBAEMOU KOJLIEKMOPOM.

Xox padoTsI:
1.13y4nTh MHCTPYKILIMIO 11O IKCIUTyaTalluu puodopa.
2. I3MepuTh CONPOTUBIICHHSI PE3UCTOPOB, JaHHbIE 3aMUCaTh B TaOIHILY

Ne ni/m ConporusJienune, OM

3.Cobparth 1ens Mo cxeme
4.33MKHYTI) ETb, P HCUCIIPAaBHOCTHU LICIIU ITPO3BOHUTH LICIIb, HanTH HCHUCITPABHOCTD.
5.M3meputh HanpspkeHue Ha OaTtapeiike u peocrare.
6. PazoMkHyTh 11enb. I3MepuTh TEMIepaTypy pe3ucTopa U peocrara.
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7.3MepuTh CONPOTHUBIICHHE PE3UCTOPA U PEOCTaTa, JaHHbIE 3aMucaTh B TaOIHILy

HaumenoBanue Conporusinenue, | Hanpsuxkenune, B | Temmepatypa,
OMm OC

Pesncrop

Peocrat

HUcroynuk Toka | 000 --—---

8. IloBTOpUTH TEOPETUUECKUI MaTepHall IO MOJIYIPOBOJIHUKOBBIM IPUOOpaM: 1UOAY U TPAaH3UCTOPY.
9. IIpoBepuTh 1MOABI (UCIIPABHOCTD, MOJSPHOCTD).
10. Tpanzuctopsl. OnpenenuTs BBIBOIBI TPaH3UCTOPa (KOJUIEKTOpP, 0a3a, IMUTTEP) U TUI TPAH3UCTOPA
(p-n-p) wu (n-p-n)
11. 3anucaTh BBIBOJ 110 paboTe, OTBETHUB HA BOIPOCHI.
KoHTpoJibHbIE BOIPOCHI:
1. Kak BBISICHUTB, 4TO AuOJ HeucnpaBeH? 2. Kak BBIICHUTH p- U N- KOHTAKTHI quoa?

2. Kak onpenenuts 6a3y y TpaH3UCTOpA.
3. HazoBure riaBHbIC CBOMCTBA IUO/AA U TPAH3UCTOPA.
4. YcTpoWCTBO qM0/a U TPAH3UCTOPA.

Yacts 2 MccnenoBanue 3aBUCUMOCTH TPOBOJHUKOB U MOJIYIIPOBOJHUKOB OT TEMIIEPATYPhI

Ecnu mponycTuth 31EKTPUYECKUH TOK Yepe3 CTajlbHYI0 CIHpallb, a 3aTeM €€ Harperb, TO
aMIIEpMETp IOKaXET YMEHBUICHME CUJbl TOKA. OJTO O3HAYaeT, YTO C M3MEHEHUEM TEMIIEpaTyphl
COIIPOTHBIIEHUE METAJLIA MEHSETCSI.

Bce Meramnbl — KpUCTaIMYECKHE Tena, B y3JaX KPUCTAJUIMYECKOM pEeIIeTKH KOTOPBIX
pacrioyiaraercsi MOJIOKUTENIBHO 3apsHKeHHbIE HMOHBI. MexXIy KOJeOIIOIUMICS HOHAMU JBUTAKOTCS
CBOOO/IHBIE 3JIEKTPOHBL. BennumHa 3IeKTPUYECKOro COMPOTHBIICHMS METajla 3aBHCUT OT 4HCia
CTOJIKHOBEHHH KOJEOIOMHUXCSI HOHOB M CBOOOJHBIX 3JEKTPOHOB. Ilpu yBenmueHUM Temieparypsl
MeTaJljla yBEJTMYMBAETCA aMIUIUTY/a KojleOaHU HOHOB. DTO IPUBOJUT K YBEIMUEHHUIO CTOJIKHOBEHUH, a
3HAYUT U K YBEIIMUEHUIO CONPOTUBIICHUS METAILIA.

B nonynpoBoaHUKE NpU YBETUYEHUH TEMIIEPATYPHI YBEIUUHUBAETCS YUCIO CBOOOIHBIX HOCUTENEH
3apsija, NOSIBUBLIMXCS IPU PAa3pbIBE€ KOBAJICHTHBIX CBSI3€H. DTO NPUBOJUT K YBEJIMUEHHUIO CHJIBI TOKA B
MIOJIYTIPOBOJIHUKE U K YMEHBILIEHUIO COIPOTUBIICHUS IIPOBOIHUKA.

Bunumanue! Bo wu3bexcanue nadenusa Koabdvl nomecmume 6 KoOJbUO, 3AKPENIEHHOE 6
wmamuee. B konoy onycmume npooupky, ¢ NOMEUW|eHHOI 6 Hell KAMmYWIKoll U3 MeOH020 npoeooa.
Ocmoposcno onycmume 6 npooupky mepmomemp. AKKYpamno 6vlnojHAlme nepemeujenue
emMKocmu ¢ 2opayeil 6000u.

I[opsaok BbINOJIHEHUS PA0OTHI:

1. [ToaroToBsTE K paboTe OMMETD:

a) BCTaBbTE MITHIPHKHU MPOBOIHUKOB B THE3/a, 0003HaYeHHBIE «OQ» 1 «o01r COM.»;

0) mocTaBbTe Mepekodarens Ha udpy «10»;

B) CO€JIMHUTE CBOOOHBIC ITHIPHKU MPOBOIHUKOB U PYUKOU «yCT. 0» MOCTaBUTH CTPENKH Ha «0».

2. Ha snekTpruyeckyro IIMTKY TOMECTUTE KOOy C BOJIOH.

3. CBoOOIHBIE MITHIPHKK OMMETPA COEAMHUTE C KIIEMMaMU MEAHON KaTYyIIIKH.

4. BxyrounTe MIHYp IUINTKH B PO3ETKY M M3MEPHTE CONPOTUBICHUE KATYIIKU IPU PA3IUYHBIX
3HAQUYEHUSIX TEMIIEPATypPHI.

5. BHecuTte u3mepeHus B TaOJIHILY.
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IIpoBoaHUK (Meab)

t’, C

R, Om

6. Ha ocHoBe n3mepenwuii nmocrporre rpaduk. CrenaiiTe BBIBOJ, KaK COPOTUBIICHHE TTPOBOTHUKA
3aBUCUT OT TEMIIEPATYPHI.

R, Om

>1°, C

7. IlocraBbTe mepekioyaTens oMmMeTpa ¢ nudpel «10» Ha uudpy «100» u mocraBbTe CTpENKy
ommerpa Ha «0» (Cm. nmyHKT 1-B).

8. 3ameHuTe B K0J0€ MPOOUPKY C METANIOM Ha MPOOUPKY C MOITYIPOBOJHUKOM (TEPMUCTOPOM).
Onycrute B mpobupky Tepmometp. K KiieMmam TepMUCTOpA MOJACOSTHHUTE OMMETP.

9. U3mepbTe COMPOTUBIICHHE MOIYIPOBOIHUKA MPH PA3TUYHBIX 3HAUCHUSX TEMIIEPATYPHI.

10. Buecurte usmepeHust B TaOJIHILY.
IHoynpoBoaHUK

t°C

R, Om

11. ITocrpoiite rpaduk R(t).
R, OM%

t°, C
12. Cz[enaﬁTe BBIBO/J, KaK COHpOTI/IBJ'IeHI/Ie HOJIyrIpOBO,[[HI/IKa 3aBUCHUT OT TeMl‘IepaTprI

KoHnTpoJsibHbBIE BONIPOCHI:

1. DNeKTpUYeCKuit TOK B METAJUIAX — ATO YIOPSIOUYEHHOE JIBIDKCHHE ...

2. C TOUYKM 3peHHs DJJIEKTPOHHOW TEOPHM JIIEKTPHUUECKOE COMPOTUBJIECHUE OOYCIOBIECHO
COYIApEHUSIMU ...

3. C NOBBILLIEHUEM TEMIIEPATYPHI CONTPOTUBIEHUE METAILIA ...

JladoparopHoe 3anaTue Nel2. Onpenesnenue TemnepaTrypHoro kodgduuuesra Meau

Ieab: packpbITh BIMSHUE TEMIIEPATYPHI HA DJIEKTPUUECKOE COITPOTUBIEHUE METAINIOB; OIBITHBIM
nyTéM  OmpenenuTh Kod(Q(UIMEHT TEPMUYECKOTO  COMPOTUBIEHHUS  MEIW; IOCTPOUTH IO
HKCHEPUMEHTATbHBIM JaHHBIM I'pauK 3aBUCUMOCTH CONPOTUBIIEHUS OT TEMIIEPATYPHI.

MarepuanbHoe obecrnedyeHue: TpuOOp A ONpeAeNieHUs TeMIlepaTypHoro KoadguiueHTa
CONPOTUBIIEHUST Meau, TepMmomeTp TexHudeckuid ot 0 mo 100°C ¢ uenont genenus 1°C, ommerp,
BHEUIHUI cOCy/ KaJlOpUMeTpa ¢ BOJOMW, JEKTPOIUIUTKA, KII0Y, COETUHUTENbHbBIE POBO/IA, ITATUB C
My(}TOI 1 TanKOM.

Teoperuyeckunii marepuan:
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DNEKTPUUECKOE COMPOTHUBICHUE 3aBUCHUT OT TeMmreparypbl. OOBSCHSETCS 3TO TEM, 4TO
YIOPSAOYECHHOMY JBHKEHHUIO CBOOOJHBIX AJIEKTPOHOB 3JIEKTPUUECKUH TOK — 3TO YHNOPAJOUYEHHOE
JBIKEHUE 3apsSKEHHBIX YACTHUIl - 3JIEKTPOHOB) OKA3bIBAIOT MPOTUBOCHCTBUE (COMPOTUBIICHUE) ATOMBI
KPUCTAIINYECKON PEeIETKH, HHTEHCUBHOCTH TEIIJIOBOTO ABM)KEHUSI KOTOPBIX U3MEHSETCS C U3MEHEHUEM
TEeMIIepaTyphl.

Y XMMHMYECKHM YHCTBIX METaUIOB C IMOBBIIIEHWEM Temneparypsl Ha 1°C  compoTuBieHHE
Bo3pacraer npumepno Ha 0,004 (1/273) comporunenuss npu 0°C u BbIpaxkaercss JIMHEHHOMN
3aBUCUMOCTBIO

Rt =Ro(1+0aAt), rae

Ro—comnporusnenne meramia npu 0°C,

At- pazHOCTh Temnepatyp (KOHEYHOW U HaYaIbHOMN);

0 - TEMIEPATYPHBIH KOAP(DUIIMEHT CONMPOTHBIICHHUS, MIOKA3bIBAIOIINI, HA KAKYIO YaCTh HAYAJLHOTO
conpotusiienus nposoanuka npu 0°C (273K) usmensiercs cornpoTuBiIeHUe Mpu HarpeBanuu Ha 1°C uiamn
1K.

0=A R/ RoAt nmn 0=A R/ RoAT
AR= Rt R 0-
OnpITHBIM TTyTEM MOXHO OIpPENeNIHuTh 0, He Impuderas K u3MepeHuto cornpotuBieHus Ro. g sroro
HE0OXOIMMO JBaXKIbl WU3MEPHUTHh CONPOTHBIICHHWE HCcieayemMoro marepuana Ry m Ry, mpu pasHbIX
TeMIeparypax ty 4 to.

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTbI:

1. COC}/I[ C BOHOﬁ INOCTABUTD HaA 3JICKTPOIIMTKY U BKIIFOYHUTH €€ B CETb.

2. OmnpenenuTh HEHY JIEICHUS OMMETPA.

3. U3mepuTtsh conpotuBneHre Ry MeaHOM MPOBOIOKH MPU KOMHATHOM TeMIieparype ti.

4. Onyctuth npuOop B BOJy, YCTaHOBUTh B HEM TepMomerp. IIpu HexoTopoil Temmeparype t;
HU3MCPUTDH COIIPOTHUBIICHUC R2 HCCHCI{y@MOﬁ IIPOBOJIOKH.

5. OnbIT MOBTOPUTH HECKOJIBKO Pa3.

6. Boraucouthb 2 — 3 pasa a, ucrnois3ys cootHorrenue: a= R, - Ry/ (Rt — R tp).

7. OnpenenuTts cpeHEE 3HAUEHHE O¢p U CPABHUB IOIYYEHHBIH pPe3ylbTaT ¢ TaOJIMYHBIM 3HAYEHUEM
TEMIICPATYPHOT'O KOB(I)(l)I/IL[I/IeHTa COIIPOTUBJICHUA MEOH, BBIYMCIUTD OTHOCHUTCIIBHYIO
IOrp€IIHOCTb.

8. Pe3ynbTarhl M3MEpEeHUH U BEIUMCIICHUH 3anucaTh B TaOIMILYy.

Temnepary Conporus Temnepat Cpennee T6. OTHoCHTEeNbH

Ne pa JieHue yPpHbIii 3HAYeHHe 3HAYeHUe ast

MeIHOH MeHOH K03 unu TeMIeparyp TeMIepaTryp MOrPelHOCTh

MPOBOJIOKH MPOBOJIOK €HT HOT0 HOT0

t, °C u R, Om CONPOTHUBJI K03 (ppuuue K03 unueH

CHHA HTa Ta 0, %

0, (°C)* CONpPOTHBIIE CONpoOTHBIE

HHUS HUS
acp.
1

2

3

4

5

6

9.Wcnonb3ysl aHHBIE YKCIEPUMEHTA, MOCTPOUTH IpaduK 3aBUCUMOCTH R OT t, OTKiIaabIBas Mo ocu
adcrucc — remriepatypy B °C Ha OCH OpAMHAT — COMPOTHUBJICHHE.
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10.Cnenats BbIBOJ IO paboTe.
KoHTposbHbIEe BOIPOCHI:

1. KakoBa ¢u3uueckasi CyIHOCTb JIEKTPUYECKOTO COMTPOTHBIICHUS?

2. Kak 00bsSCHUTH YBEIMUEHHUS COMPOTHUBIICHUS METAJJIIOB IIPH HarpeBaHUu?

3. OObacHuTh ¢opMyly, TO KOTOPOH OINpenensercs TeMIepaTypHblid KO3 (HUIHEHT
COIPOTHUBIICHUS.
[Touemy TemmnepaTypHbIii KO3()(HUIIMEHT COMTPOTHUBIICHUS ISl AIEKTPOIUTOB OTPULIATEIBHBIIN?
KakoBo conpotunenue 0,5 Kr MegHOM TPoBOJIOKH Auamerpom 0,3 Mm?
VkazaTh NPaKTHUECKOEC TPUMEHEHHWE 3aBUCHUMOCTH  CONpPOTHBICHHS MPOBOJHUKA  OT
TEeMIIEPaTypBhI.

o o~

JlabGoparopnoe 3ansiTue Nel3. Onpenesienne CONPOTUBICHUA PE3UCTOPA METOA0M
MApPKHPOBKH

Henab: M3yunth oOIWH #3 CIOCOOOB MApPKHUPOBKH PE3UCTOPOB. OMPEACIUTH HOMHUHAIBHOE
COIIPOTHBIICHUE PE3UCTOPOB METOJIOM MapKHPOBKH; OMPEIEIUTh JOMYCTUMOE 3HAYCHUE CHIIbI TOKA IS
JAaHHBIX pe3I/ICTOpOB HpI/I N3BECTHOM HOMHUHAJIC MOIIIHOCTH.

MarepuaibHoe oGecrieueHHe: HAOOP PE3UCTOPOB PA3HBIX COMPOTHBIICHUH, TAaOJIMIIA 3HAKOB
MapKHUPOBKHU.
3amanue

1. O3HaKOMHUTBLCS € TEOPETHYECKMM MATEPUAIOM.
Teopernyeckuii MaTepuas:

ITpu onpenenenuu pexxuMa paboThl pe3UCTOpa CIeyeT YUUThIBATh MAKCHMAJIBHO J0NMYyCTHMOE /ISl
HEro 3HaYeHHe CHJIbl TOKA, KOTOPOE OIIPENEISETCS 3HAUEHUEM €70 CONIPOTUBIIEHHSI U MOIHOCTBIO.
MapxkupoBKka HOMHHaJIAa PE3UCTOPa OCYIIECTBIIAETCS IBETOBBIM KOJOM B BU/JIE YETHIPEX LIBETHBIX MOJIOC,
HAHECEHHBIX Ha ero KopIryce.

ITpu 3TOM 3HaUEHHE CONPOTUBIIEHUS PE3UCTOPA yKa3biBaeTcss B OMax JBYyMs NEPBBIMU MOJIOCAMH U
MHOKHUTENEM (TpeThbs nosioca) 10n, rae n - nr0d0e 1enoe yucio ot - 2 A0 + 9.

MapkupoBOYHBIE 3HAKH CIIBUTAIOT K OJTHOMY M3 TOPIIOB pE3MCTOpa, HAIpUMeEp, K JIEBOMY, U 3aTeM
pacmojararoT clieBa HalpaBo B CIEAYIOIIEM MOPSIKe:

nepBas oJioca - epBast Iudpa HOMHUHAJA, BTOpas 1M0JIoca - BTopast IiuQpa HOMHUHAJA, TPEThS 10JI0Ca -
MHOXHTEJIb, YeTBEPTAs MI0JI0CA - JOMYCK HA OTKIOHEHHE (PaKTUIECKOTO COTPOTUBIICHUSI OT HOMUHAIA.
Ecnu pazMepbl pe3ucTopa He MO3BOJISTIOT Pa3MECTHTh I[BETHBIE ITOJIOCHI HECUMMETPHYHO, T. €. OJIKe K
OJTHOMY W3 TOPIIOB PE3HCTOPA, TO MEPBasi OJI0CA BBHITOIHIETCS O0JIee IMUPOKOA.

HBeTa 3HAaKOB MapKUPOBKHW HOMHWHAJIBHOT'O COIIPOTUBJICHHA B Omax n J0ITYCKOB B % IMPUBCICHEBI B

Tadmme:
Honmyck
IlepBas Bropas | MHoxkuTe
LBer 3Haka B %
uudpa uudpa b
CepeOpuctsr | -- -- 10 10
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HOpﬂ)IOK BbIITOJTHCHU A paGOTBI .

i

30/10TUCTBIA | -- -- 10™ 5
YepHblid -- 0 1 --
Kopuunessrii | 1 1 10 1
Kpachbrit 2 2 10° 2
OpanxeBbiii | 3 3 10° --
Kenterit 4 4 10* --
3eneHblii 5 5 10° 05
Tomy6oii 6 6 10° 0,25
duoneroBeiii | 7 7 10’ 0,1
Cepblit 8 8 10° 0,05
benbrit 9 9 10° -

1. Pa3noxuth Ha paboueM CTOJIE KOMIUIEKT PE3UCTOPOB.

2. BHuMaTenbHO mpounTaTh yKazaHue K padore.

3. OdopMuTh MapKUPOBKY PE3UCTOPA B TETPAH 110 00pasIly

7 8 100
(1)1/1 cep Kp 30
one Bl ac 10
7, 8 k OM i 7800 Om 5% 1o w0
bl u
4. 3amnoiHUTH TAOIUILY:
Pesuct | HomunanbsHOE MouHoCTb Cuna
op conpotusieHue R | pesucropa ToKa (A)
(BT)
1. 0,25
2. 0,25
3. 0,25
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4. 0,25
S. 0,25
6. 0,25
7. 0,25
8. 0,25

5. PaccuuTaTh cuily TOKa IpH M3BECTHOW MOIITHOCTH TOKA.

6. Cnenatpb BBIBOJ IO padoTe.

KouTtpoJbHble Bonpochi:

B ueMm 3akmmrouaeTcss MeTO1 MApKHUPOBKH.

J1y1s1 4ero Hy»KHO 3HATh COMPOTUBIICHUE PE3UCTOPA MIPU BKIIFOUCHHUH €T0 B CXEMY?
OT 4ero 3aBUCUT MOLIHOCTb TOKA, TEKYILETO 110 PE3UCTOPY?

JlabopaTopnoe 3ausitue Nel4 Onpenenenue KII/{ narpeBareei

Iesb: HayuuThCS NPAKTUYECKU ONPEAEATh TEIUIOBYIO OTAAdy 3JIEKTPUUYECKOI'O Harpemaress JIro0oro
THIIA.

MarepuaiabHoe olecnedeHue: 2 >JIEKTPUUYECKHX HarpeBarelis, COCYH A KUISTYEHHUS BObI,
BOJIa, TEPMOMETP, CEKYHIOMEp (9achl), CIIPAaBOYHHK 110 (PHU3UKE.

3ananue.

1. O3HaKOMHTBCS C TEOPETUUYECKHM MaTepUaIOM
Teoperuyeckunii marepuasn:

KoaddunmenT nonesnoro neiicTBUs HarpeBarTess CBA3aH COOTHOIIEHUEM:

K.I1.1.= = +100% (1)
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Q ;- mose3Has TemIoTa U oIpenenseTcs no Gpopmymne

rac ¢ — ya€iabHada TCIINIOEMKOCTD XXHUJAKOCTH,

M — Macca )KUIKOCTH, KOTOPYIO KHIIATAT,
T1— HayanpHas TemMnepaTypa >KUIKOCTH,
T, — KOHe4Hast TeMIeparypa XHJIKOCTH,

Q3 — KOJIMYECTBO TEIUIOTHI, KOTOPYIO BBIJCIISCT HArpeBaTeIb
(3aTpadeHHas TEIUIOTA) U OIpeAeseTcs 1mo hopmysie:

Qs=P -t (3),

rac P- MOINHOCTB 3JICKTPUUYCCKOI'0O HArpeBaTceid,
t— HHTCpBAJI BPEMCHH, 3a KOTOpBIfI 3aKuIICjia  KUJIKOCTb.
MOH_IHOCTB QJICKTPHUYCCKOI'0 HarpeBarciisl OIPCACIIACTCA 110 MNAaClOPTHBIM AdaHHBIM, YKAa3aHHBIM Ha

npuoope.
Bpewms,

3a KOTOpPOC 3aKUIIUT XUAKOCTD,
OIIPECACIIACTCA 110 CIIPABOYHUKY.

Ilopsinok BbINOJIHEHHS PadOTHI:

onpezensercs

Qu=C*m(T>-T1) (2)

qacaMu. YIIGJH)HEUI TCIINIOEMKOCTh  BOJIbI

1. T[oaroroBuTh TaOIUILY JJI 3alMCU PE3YIbTATOB, ONPEAEIAEMBIX B X0/€ paOOTHI.

Onpenenuts Boruncnuth
Cs m T, T, P t K.II.
.
KT 0
T K K Br |c Yo
e K
1. 3anecTu B TaOJUILy CIPABOYHBIC TAHHBIE YIEIBHON TETNIOEMKOCTH BO/IBI.
2. 3ammcaTh B TaOJUILy HOMHHAIBHYIO MOITHOCTH JIEKTPUYECKOTO HAarpeBaress, yKa3aHHYIo Ha
npudope. B cocya mist kunsiuenus oAbl HaMUTh 200 T BOJIBI.
3. OnpenenuTh HAYATBHYIO TEMIIEPATYPY BOJBI.
4. BxIouuTh HarpeBaTellb OJHOBPEMEHHO C CEKYHIOMEPOM (dacammu).
5. OcTaHOBUTH CEKyHJOMEp (Yackl) B MOMEHT OypHOTO KUIeHHsI BOJbl. Bpems, 3a koTopoe
3aKuIIeNa BO/Ia, 3aHECTH B TAOIHILY.
6. Bwrauciute K.I1.J1. anmekTpryeckoro HarpeBaress.
7. TIOoBTOPUTH OMBIT C IPYT'MM HarpeBaTEIEM.
8. VYuuteiBasg nmorepu sHEpruu CHopMyJIUpOBaTh BHIBOI.

KoHTpoJibHBIE BONIPOCHI:

1. Veemmuutcsa wnu ymenbmutces KUILJ[. snexkTpuyeckoro uallHMKa, €CIM Ha €ro CTEHKax
MOSIBUJIACH HAKUITb (OTIIOKEHHUE Coyei)?
2. 3asucut i KI1J] a51ekTpudeckoro YaifHUKa OT TOTO OTKPBIT OH WIIH 3aKPHIT?
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Tema 4.3 DulekTpHYecKnii TOK B Pa3JIMYHBIX cpeaax

JlaGoparopnoe 3ansaTue NelS. OnpenesieHne 3JIeKTPOXUMUYECKOT0 SIKBUBAJIEHTA MeIH B
npouecce 3J1eKTPoIn3a cyJab(paTa Meau.

Heab: DKCNEpUMEHTATBHO OMNPEACIUTh AJICKTPOXUMHYECKUM SKBUBaJICHT Meau. CpaBHUTH C
Ta0JIMYHBIM 3HA4YeHHEM. [[03HAKOMHUTHCS C IMIMPOKUM CIEKTPOM MPUMEHEHUS (PH3UKO-XUMHUYECKOTO
npouecca «JIeKTposin3». Ero ucnosib30BaHne B METALTYPTUUE€CKON MTPOMBIIIICHHOCTH.

MarepuanbHoe olecnedeHue: DJICKTPOHHBIE BEChl, AMIIEPMETP, YacChl, HCTOYHUK IHTAHUS.
MenHble WIM YTOJbHBIE 3JIEKTPOABI C JAEp)KaTeleM, PacTBOP MEIHOTO Kylopoca, KI4, peocTar,
MPOBO/JA.

Ilpu evinonnenuu nabopamopHoi padbomsvl NOEEPXHOCHML C 000PYO0BAHUEM OO0JIHCHA OblMb
ycmouuueoil, 60 uzbexcanue OnpoKuovleanus mapwl ¢ dnekmpoaumom. Cmyoenmul, codupaioujue
cxemy 001CHBL padomams 6 nepuamKax.

1. 6bINONIHAMb PAOOMY MOJLKO C PA3PEULEHUS YUUMETISL,

2. no020mosums K padome u npogepums UCNPAGHOCMb INEKMPULECKO20 000py008anus, npubopos
1a60pamopHoil nocyovl,

3. meepovle KpUCmaiivl 6pams NUHYEMOM,

4 Heb3s npob06amb HA BKYC 8eUecmed;

5. OCMOMP U YUCMKA INeKMPONPUOOPA NPOU3BOOAMCI RPU €20 OMKIIOYEHUU OM CemiL;

6 npu ONPOKUOLIBAHUU MAPLL BOCNOIL3YUMECH CANPEMKOU U NEPUAMKAMU.

Xon pa6oTsi:
1 IlocTaBUTH BEChl HA POBHYIO ITOBEPXHOCTh M OOHYJIHUTD.
2.B3BecTu OJIHY U3 YTOJbHBIX IJIACTHH.
3.B3BeleHHyI0 MIIaCTUHY OTMETBTE.
4.Cobepute 2JIeKTpUUYECKYIO LeMb, N300pakKeHHYIO Ha pUCYHKE. (B3gewennyio niacmuny nodxnouume

K «')).2

5.3aMKHUTE LIeNb U 3acekuTe Bpems 20 MUH. @)
6.Caenure, UTOOLI B TEUEHHE BCETO OIBITA CHJIa TOKA ObLIa i
HOCTOSTHHOIA. CaS0; i .
7.Yepes 20 MUH. BBIKIIFOYHTE TOK. . [ A
8.BcTpsixHMTE MIaCTHHY, U B3BECTH €€. 7 NS
9.Pe3ynbTathl onbiTa 3aHECUTE B TaOIHUILY.
10.ITo ¢popmyne paccuuTaiiTe MeKTPOXUMUYECKHIA SKBUBAIECHT d:j
i or

= — ls

MeEJIH. L1 l

11.ITo popmynam paccunTaiiTe MOrpenIHOCTh
3JIEKTPOXMMHYECKOTO SKBUBAIICHTA ME/IU, CPABHMB €0 C MAOIUUHbIM SHAYCHUEM. 5 _ kp —Ka 100%

kp
K = 0,3310°ke/Kn,
Macca karona Macca Macca Cun toka | Bpewms ONEKTPOXUMHUYECKHUM
710 OITbITa KaroJa BBIJICJIUBIIEUCS I[(A) t(c) SKBUBAJICHT MEIU
my(xr) nocJne Meau Ky, (xr/Kir)
OIbITa m (xr)
m; (kr)
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13. CnenaiiTe BBIBOJ 11O TIPOJICITAHHOM padboTe.
KoHTpoJibHBIE BOIPOCHI:

1. Hamucats 3akon @apaziest 0 Macce BEUIECTBA, BHIIACIUBIIETOCS Ha SJIEKTPO/IE.

2. Yemy paBHO 3HaYeHHUE NIocTOssHHON Dapajes?

3. Kak 3aBucuT Macca BellecTBa, BBIISIHUBILErOCs Ha 3JIEKTPOJIE OT BPEMEHH MPOTEKAHUS
3JEKTPUYECKOTO TOKA.

4. Kaxoit 3apsii UMEeT KaTo/, €CJIU KaTUOH UMEET 3apsiJl «+»

5. Yewm sBisieTCs UMCTas TUCTUIIMPOBAHHAsS BoaA?

o

Ha xakoM u3 3/1eKTpo/10B BBIIEISAETCS. MEIb B YUCTOM BUJE U NToueMy?

7. B »1eKTpoNMTUYECKYI0 BaHHY MOMECTHM MEIHYIO IUIACTHHKY, CIy)Kallylo aHoxoM. Ilnmactunka
MIOKPBITa BOCKOM, Ha KOTOPOM HallapamaH pUCYHOK. UTO MoiyduTcs MOcie MPOMYCKAaHHS TOKA U
yJaJIeHUs] BOCKA C IJIACTUHBI?

8. Uro Takoe raJpBaHOCTETHS, TAJIbBAHOIIIIACTHKA.

9. Yepe3 pactBop MenHoro kymopoca mnpouwio 20 kKu snextpuuectBa. Ilpu 3ToM Ha ofHOM H3
ANEKTPO/OB BBIJEISIETCA YUCTOM BHUJE Maccoil 6,6 rpamm Meau. OnpenenuTb 3IEKTPOXUMUYECKUI
HKBUBAJIECHT MEJIH.

10. CKOIBbKO HUKENS BBIACTUTCS MPH JIEKTPOJn3e 3a | ac mpu cuiie Toka 5 Amrmep, eciii U3BECTHO, U4TO
MoJisipHas Macca HuKens 58,71 r/Moub, a BaJIeHTHOCTh paBHa 2.

11. Onpenenure maccy cepebpa, BBIICIUBIIETOCS Ha KaTOAE MPU AIIEKTPOJIM3E a30THOKKCIIOro cepedpa B
TE€YEHHE 2 4acoB, €CJIM K BaHHE NPUIIOKEHO HanpsbkeHue 1,2 B, a conporusienue BaHHbl 5 OM.

12. DnexTponu3 MemHOro Kymopoca MpoXonwi mpu Toke 5 Ammep B TedueHue 50 muuyTt. Kaxkoe

ke =33107 25

KOJIHMYCCTBO MCIHM BBIACINIIOCH HAa KaTOAC, €CIIN K

Pa3gen 5 Kosieoanus v Boaubl Tema 5.1 Mexanudyeckue K0J1€0AHUA M BOJTHbI

JlabopaTopHoe 3ansitue Nel6. IIpoBepka 3aK0HOB KOJ1€0aHMI MATEMATHYECKOI0 U
NPY’KHHHOTO0 MAasITHHKA

He.]'lb: YCTaHOBUTb MAaTCMATUYCCKYIO 3aBUCUMOCTD IIEPUOJa HUTAHOTO U IPYKUHHOI0O MasATHHUKA OT
rapameTpoB KoJieOaHuM

MarepunanbHoe obecnedeHue:

ANEKTPOHHBINA CEKYHJIOMEp, U3MEPUTENIbHAS JIEHTA, IIapUK C OTBEPCTHEM, HUTb, IITATUB C MyPTOM
U KOJIBLIOM; INTaTUB ¢ MYy(TOW M Jankoi, HaOOp MPY>KUH Pa3HOM >KECTKOCTH, HabOp T'Py30B pazHOM
MAaccChl, MapUK C OTBEPCTUEM, HUTh, IITATUB C My(PTON U KOJIBIIOM; IITATUB C My(dTOH U JTanKko#, Habop
NPYXUH Pa3HOM KECTKOCTH, HAOOp TPY30B pa3HOM MaccChl, CEKYHI0MEp

IkcnepumeHT 1 MaTtemMaTH4ecKnii MasiTHUK

MaTteMaTH4eCKUM MasTHHKOM Ha3bIBa€TCS MaTepuaibHas TOYKA, MMOJBEIICHHAs Ha HEBECOMOU U
HEpacTSKUMON HUTH. MOJIENTbI0 MOXKET CIYKUTh TSKEIBIA MIAPUK, pa3Mepbl KOTOPOTO BEChbMa MaJlbl 10
CpPaBHEHHWIO C JUIMHHOW HUTH, Ha KOTOPOH OH TOABENICH (HE CpPaBHUMBI C PACCTOSHUEM OT IIEHTpa
TSDKECTU 10 TOUKHU MOJBECA).

Vuenwsie [ammneir, HproToH, beccenp u nap. ycTaHOBWUIM CIEAYIOIIHUE 3aKOHBI KOJICOAHUS
MaTeMaTUYeCKOro MasiTHUKA:

1.Ilepuon konmebGaHUsT MaTeMaTUYECKOTO0 MAasTHUKA HE 3aBHUCUT OT MacChl MasTHHKAa WU OT
aMIUTUTY/IbI, €CIIM YTOJ pa3Maxa He npesbimaeT 10 rpaaycos.
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2.Ilepuon koneGaHUsT MaTEMAaTUYECKOTO MasSTHUKA MPSIMO MPOMOPLUUOHAIEH KBAaJpPaTHOMY KOPHIO
U3 JUIMHBl MasTHUKAa W OOpaTHO NPOMOPIMOHANIEH KBAaJIpaTHOMY KOPHIO W3 YCKOPEHHS CBOOOTHOTO

naacHus.

Ha ocHoBanun

OTUX 3aKOHOB

MaATEMAaTHUYCCKOIro MassiTHHUKA.

/

T’ = 2/7 —
g

MOX>XXHO Hamnucartb

dbopMmynny s mepuoga  KojeOaHui

I/ICHOJIB?;YSI MOACIb MW 3aKOHBbI KOoJIeOAaHMI MaTEeMaTHYECKOIrO MasTHHKaA, MOXHO HpOHa6JIIOI[aTB
CBO60,Z[HBI€ KOJ'IC63HI/I$I, a TaKXKE C UX IIOMOIIBIO OIMPEACTIUTh YCKOPECHUEC CBO60,Z[HOFO naacHus ajis CcBOCH
MCCTHOCTH U CPABHHUTL CO CIIPABOYHBLIM 3HAYCHHUCM Z.

YckopeHrne CBOOOIHOTO MAJACHHS MOXKET OBITh BEIYMCIICHO TI0 (hopmyIie

> l.”\":
g=4r"—
£

Xox pabdoThI:

1. 3aerHI/ITB HHUTb MasiTHUKA B ACPIKATCIIC IOTATUBA.
2. I/I3MepI/ITI) JJIMHY MasdTHHUKa (IIJH/IHa MasATHHUKA CUHUTACTCA OT TOYKH IMOABECA OO HLCHTPA TAKCCTU

IIapHKa).

3. OTKIOHUTH TIAPUK Ha yroj He 6oyiee 10° ¥ OTITYCTHUTS.
4. Onpenenutb Bpems, 3a KOTOpoe MasiTHUK coBepni 20 koneGaHui.

5. Beruucnauts nepuos konebanusi MasiTHUKA, UCTIONb3ys hopmyny Nt T .
6. IIoBTOpUTH OMBIT €11le TPU pa3a, yMEHbIIAs (WM YBETUUMBAs) [UIMHY HUTH MasiTHUKA.
7. Pe3ynbrarel 3aHECTH B TaOJIULLY.

Tabnuna Nel 3aBucUMOCTb NEepHOJIa MasiTHUKA OT JAJTUHBI HUTH

Ne JlnuHa HUTH MasiTHUKA |, M Yucno monHsIx Bpewms xonebanuii | Ilepuon
kosie0anuii N t,c koseOanmii T, ¢

1 20

2 20

3 20

8. Cnenatp BBIBOJI O 3aBUCUMOCTH IIEPUO/Ia HUTSHOTO MasATHUKA OT JUIMHBI €70 HUTH.
Tabmuma Ne 2 3aBucUMOCTb IEpUOAa MAaITHUKA OT AMITITUTY/bI
OTKJIOHATH MIApUK, TOCTENIEHHO YBEJIMYUBAsS yroJl HAKJIOHA, TEM CAMBIM MEHSIOT aMILUIUTYy

No JlnviHa HUTH
MasiTHHKA |, M

Yuciio noJaHBIX
KoJiebannii N

t,

Bpewms xonebanuit

AMIaTyaa.
AM

[Tepuon
xoneOanunii T, ¢

1 const

20
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2

3

20

20

CI[eHaTb BbIBOJ O 3aBUCHUMOCTHU MEpHUOaa HUTAHOIO MasgTHHUKA OT AMHJII/ITYI[BI

Tabmuma Ne 3 3aBucuMocTh IEpUOAA MaITHUKA OT MACChI
B xax710M ombITe U3MEHSATH Maccy IIapuKa

No JnuHa HuTH Yucno noJHbIX Bpewms konebanuii | Macca m, xr [Tepuon
MasTHUKa |, M kosieOanuii N t,c kosieOanuii T, ¢

1 const 20

2 20

3 20

CI[CJ'IaTb BBIBOJ O 3aBUCHUMOCTHU IIEpHOAa HUTSAHOTO MAasITHUKA OT MACCHI I'py3a.

KoHTpoJibHBIE BOIPOCHI.
Uro Ha3bIBalOT NEPUOIOM KOJIEOAaHUN MasiTHUKA?
Yro HaA3BIBAIOT YaCTOTOM KoJieOanuii masTHuKa? KakoBa equHMIIA YacTOTHI KOJeOaHMii?
OT KaKuX BEJIMYUH M KaK 3aBUCHUT TEPHOJT KOJICOAHUN MaTeMaTHIeCKOro MassTHUKA?

akrownE

o

1.
2.

5.

OT KaKuX BEJIMYMH U KaK 3aBUCHT nepuon KoJIEOaHMH IIPY>XXUHHOI'O MasATHHKA?

N300pa3ute MaTeMaTHYECKUI MasTHUK B KpailHEW MpaBOW TOYKE M TOKAKHUTE HA YEPTEKE CHIIB,
JEMCTBYIOIME HA IIAPUK B IaHHOM TOYKe TpacKkTopuu. Hapucylite paBHOIEHCTBYIOLYIO CHIL.
Kak meHsiercs BenmuuMHa U HalpaBJieHUE PaBHOACHUCTBYIOLIEH cHil B TeUeHUE nepuoa’?

JdkcnepumeHT 2 [IpyKMHHBIH MasiITHUK

3aBUCUMOCTD NIEPUOAA IPYKUHHOTO MasTHUKA OT MaccChl rpys3a
CobepuTte npy>KUHHBIM MasgTHUK, UCIIOJIB3YS BbIJaHHOE 000PYIOBaHHUE.
BeiBequTe MAasATHHK M3 IOJIOKEHUS PABHOBECHS, BKIIIOUUTE CEKYHIOMEP M OTCUHUTANTE NECATH
koJnebanuit. Mcnonb3ys moka3zaHusi CEKyHIOMEpa, pacCuuTaiTe mepuoj] KoiaeOaHuii v 3amoJIHUTE
MIEPBYIO CTPOKY TaOJIUIIBL.
[ToBTOpUTE SKCHepuMeHT emé 2 pasa, yBeIMuUMBasg Maccy, HO, He MeHss npyxussl. [lo
MOJTyYEHHBIM JJAaHHBIM 3aI10JIHUTE TaOIHILy.
[Toctpoiite rpaduk 3aBucumoctu nepuonaa konebanuil (T) oT KBagpaTHOro KOpPHS M3 Macchl

(m1/2).

ITo dbopme rpaduka onpeaenuTe BUA 3aBUCUMOCTH MEXAY MEPHUOIOM U KOPHEM KBAJPATHBIM M3

MacCChbl

Tabnuma 4 3aBUCHMOCTD MEepHOa MPYKUHHOTO MAasiTHUKA OT Macchl Tpy3a

No
OIIBITA

N t,c

T,.c

m, KT

-
KT

2

m k ,u/™m

1

2

Omnpenenenne 3aBUCUMOCTH Mepro/ia KoineOaHul OT )KECTKOCTH MPY>KUHBI
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1. Cobepute Mpy>KWHHBINA MasTHUK, HCTIOJB3Ys BBIJAHHOE 000OpYIOBaHHE.

2. BpiBenuTe MasTHUK W3 IOJIOKEHHS PAaBHOBECHUS. BKJIIOUHUTE CEKYHJOMEpP M OTCUMTANTE IECSTb
KoJie0aHui.

3. Hcnonb3ys moka3aHus CEKyHIOMEpPA, PACCUUTANTE MEpUOT KOJICOAHUH U 3aIIOTHUTE MIEPBYIO CTPOKY
TaOJIULIBIL.

4. TloBTOpuTE 3KCIIEpUMEHT eulé 2 pas3a, yBenuunBas Ko3(puuueHT KECTKOCTHU, HO, HE MEHSSI Maccy
rpy3a. I1o nosyyeHHbIM TaHHBIM 3aII0JHUTE TAOIUILY.

5. Iloctpoiite rpa(%)mc 3aBUCUMOCTH rnepuoja konedbanuii (T) oT kBagpaTHOro KOpHs U3 K03 Puumenra
xéctroctn. (kM%)

6. Ilo ¢opme rpaduka ompenenuTe BUJ 3aBHCUMOCTH MEXAY MEPHOJOM U KOPHEM KBaJIpaTHBIM M3
koa(durmenTa XKECTKOCTH.

7. CpemnaiiTe BBIBOJ O 3aBUCMOCTH NIEpUO/Ia KOJIeOaHUI OT Macchl rpy3a M KO3 HUIIHMEHTA KECTKOCTH.

Tabmuua 5 3aBUCHMOCTB MEpHUO/Ia PYKUHHOTO MAITHUKA JKECTKOCTH MPYKHHBI

Ne ombiTa N t,c T,c m, KI k,u/m Kllz,(H/M)ll
2

KoHTpoJibHBIE BONIPOCHI:
1. B xakoM MoJI0)keHUN MasgiTHUKA CKOPOCTh OyJeT MaKCUMaJIbHOWU?
2. B KakoM MOJ0XKEHUU MAaITHUKA CKOPOCTh paBHA HYJIIO.
3. YBenuuuiIu WIM YMEHBIIWIM MacCy Ipy3a, MOJBEHIEHHOTO K MPYXMHHOMY MasiTHHKY, €CIHU: a)
nepuoj ero konebanuit cuavyana 6wu1 0, 4 ¢, a mocne u3MeHeHust maccel cran 0, 2 c;
0) yacToTa ero kosebanuii BHauasie Obu1a paBHa 6 I'1i, a morom ymensimiach 10 5 ['n?
Uro Ha3bIBalOT MEPUOIOM KOJIeOaHUI MasiTHUKA?
Yro Ha3bIBAIOT YacTOTOH KojeOaHui MasTHUKa? KakoBa eMHMIIA YacTOThI KOeOaHUi?
OT KaKuMX BEJIMYHMH U KaK 3aBUCHT TIEPUO]] KOJIeOaHMI MaTeMaTHIeCKOTO MasiTHIKA?
OT KaKkKMX BEJIMYMH U KaK 3aBUCUT NepHO/]] KoJeOaHUH MPYKUHHOI'O MasiTHUKA?
N300pa3ute maTeMaTuyecKuii MasTHUK B KpailHel MpaBoOi TOYKE U MOKAXUTE HA YEPTEKE CUIIbI,
JENCTBYIOIIME Ha IIAPUK B JAHHOW TOYKE TpacKTopuu. Hapucyiite paBHOAEHCTBYIOLYIO CHUIIL.
10. Kak MeHsieTcsl BeIMYMHA U HAIIPABIICHUE PABHOACHCTBYIOIICH CHII B TEUCHHE Tiepruoaa?

©oN R

Tema 5.2 DileKTPOMarHuTHbIE KOJIEOAHUS U BOJIHBI

JlabopaTopHoe 3ansitue Nel7 YcerpoiicTtBo Tpancgopmaropa, reseparopa

Heab: u3yunTh yCTPOICTBO U MPUHLIUIT pabOTHI TpaHCHOpPMaTOpa U reHepaTopa.

Brinosinenue padorsl cnoco6cTBYeT GOPMUPOBAHMIO:

MarepuanbHoe o0ecnieyeHme:
TpaHchopmaTop Ja0OpaTOPHBIM, JaMmIla HaKaJWBaHUS, KIIIOY 3aMBbIKaHUS TOKA, KOMILJIEKT MPOBOJIOB
COCIMHUTCIIbHBIX.

3ananue
1. UByuuTth cTpoeHUe, HA3HAUYCHUE W MPUHIUIN JSHCTBUS TpaHchopMaTopa
2. W3yunTh cTpoeHHe, Ha3HAUEHUE W MPUHIIMIT ACHCTBHSI TeHEepaTopa.

IMopsinok BbINOJHEHUS PA0OTHI
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H3yuenue ycmpoiicmea mpancgpopmamopa

Tpancdopmarop mpeodpa3yeT mepeMeHHBI TOK OJIHOTO HAIPSDKEHHUS MPU HEM3MEHHOW 4acToTe.
OH cOoCTOMT U3 3aMKHYTOTO CEpIEYHMKA, M3TOTOBJICHHOTO M3  CHELUAJIbHOM  JHMCTOBOM
TpaHc(OPMATOPHOH CTadM, Ha KOTOPOM pACHOJaraloTcs ABE KaTYHIKH (MX Ha3bIBAlOT OOMOTKaMu) C
Pa3HbIM YHCIOM BUTKOB U3 MEIHON IPOBOJIOKH.

Onna 3 0OMOTOK, Ha3bIBACTCS MEPBUYHON, MOJKIIOYACTCS K MUCTOYHUKY TMEPEMEHHOTO HAIPSIKEHUSL.
YcrpoiicTBa, MOTPEOIAIOMINE  3IIEKTPOIHEPTHUIO, MOAKIIOYAIOTCS K BTOPUYHON OOMOTKE, UX MOXKET OBITh
HECKOJIBKO.

IIpu BbIONHEHMHM PAOOTHI CIEAYET H3YYUTh YCTPOWCTBO TpaHC(HOpPMATOpa, BKIIOYUTH €ro B CETb
nepeMeHHoro Toka (36 B). B pexxume Xxom0cToro Xxoza n3aMepHUTh HanpsHpkKeHue Ha 0OMOTKAX U BEIYUCIUTH
Ko3QpUIUEHT TpaHcopMaluu, a npu padoTe TpaHchopMaTopa «IOJ HAarpy3Koil» yCTaHOBHUTH CBS3b
MEX/1y TOKAMU U HAaIIPsDKEHUEM B OOMOTKaX.

Tpancpopmarop COCTOMT U3 JBYX KaTylleK U

cepaeuHuka. CepAeuyHUK COCTOMT M3 JBYX IIOJIOBHH, . r—

KOTOpbI€ BCTaBJISIIOT B KaTyLIKy U C MOMOIIbIO CKOOBI . st
3aKpEIUISIOT Ha OCHOBAHHH. | S—

—h = Bropwsesh

Xoa PaGorsl = g,

1.  PaccMoTpuTe  YCTPOKMCTBO  TPAaHCHOPMATOPA. e | T ‘
Onpenenure  NEPBUYHYIO  OOMOTKY  (KJIEMMBI € a o :: Bproon
Haanuchlo: 36 wiu 42 B) u 1B€ BTOPUYHBIX KIEMMBI 2,2 | _ U uy
B u 4,4 B) e —
2. HagepTtuTe 31eKTpUYECKYIO CXeMy TpaHchopMaropa. - ——
3. Pa36epute Tpanchopmarop. st aTOro noBepHUTE €rO v
OCHOBaHUEM BBEPX U OTKPYTHTE JBE TAWKU KPETUICHUS ety

CKOObl. BBIHBTE CepJeUYHUK U PACCMOTPUTE €ro
YCTPOMCTBO.

4. Cobepure Tpancdopmarop. lyis 3TOro BCTaBbTE CEPAECYHUK CO CKOOOM B KaTyIIKHU. YCTAaHOBHUTE
TpaHcGopMaTOp Ha OCHOBAHKE U 3aKPEMUTE €ro raiikamu.

Hsyuyenue Ycrpoiicrea I'eneparopa.

I'enepaTop mocTossHHOTO TOKa (pUC. 1) COCTOMT M3 JBYX YacTeil: HEMOJABMKHOW M Bpallaroiieics.
Hemnoasuxnass gacTh (cTaTtop) SIBISIETCS OCTOBOM MAIllMHBI M OJHOBPEMEHHO CIYKHUT JUJISi CO3JaHUs
MarHMUTHOTO TMOTOKa. Bo Bpamiaromelics dYacTd, Ha3blBaeMOW SKOpeM (pOTOpOM), HHIYLUPYETCs
aieKTpoBIKYyIIas cuia - DJ1C.

KoHcTpykius renepaTopa mocTOSHHOTO ToKa (CM. puc.2).

HemnoasmxHas 4yactb cocTOMT U3 cTaHUHBI (1), TIaBHBIX TOMIOCOB (2) ¢ 0OMOTKOU BO30Yy)aeHus (3) u
JIOTIOTHUTEIBHBIX MONIOCOB (4), YMEHBIIIAeMbIX UCKPEHHUE MO IIETKAMHU.

Sxopb nMeeT cepaieuHuK (5), HAOpaHHBIM U3 TOHKUX CTAJIbHBIX JUCTOB, 0OMOTKY K0P (6), 3aJ10)KEHHYIO
B Ma3bl cepjeyHrKa U KoiuiekTop (7). Ha moBepXHOCTh KOJIJIEKTOpA HANIOKEHBI YrOJbHO-TPaUTOBHIE
meTku (8), obecrneunBarONIMe CKOJB3SNMNA KOHTAaKT ¢ OOMOTKOW Bpamjaromierocs sikops. Kommektop
uMeeT GopMy LUIUHAPA U BBITOJIHSAETCS U3 W30JIMPOBAHHBIX MEIHBIX TUIACTUH - JIaMENel - K KOTOPBIM
MTOJICOCTMHEHBI CEKIIUU SKOPHOM 0O0MOTKHU. Bparasce BMecTe ¢ 0OMOTKOM, KOJUIEKTOP BBITIOJHSET POJIb
MEXaHUYECKOTO BBITPSIMUTETIS.

OOmMOTKa BO30YXKIEHHUS CO3JaeT TJaBHBIM MarHUTHBIA TOTOK @ momocoB. B reHeparopax c
HE3aBHCHMBIM BO30Y)KIIEHHEM OHa TIHMTAeTCd OT MOCTOPOHHETO0 WCTOYHHKA TOCTOSIHHOTO TOKa
(BeIIpIMHUTENSA, akKKymyssitopa W T.m.). C reHepaTopoM C TapajUIebHBIM BO30YXKIECHHEM OOMOTKa
[JIABHBIX MOJIOCOB MOJIKJIFOUYEHA K IJIaBHBIM IIETKaM, T.€. MapajyIelbHO Lenu SKops. B cBs3u ¢ 3TuM s
BO3HUKHOBEHMsI MarHUTHOTO ToToka M DJIC HeoOxoaumm XOTs Obl CIa0blid OCTATOYHBI MarHUTHBIN
noTok. brnarogaps HamU4MIO OCTATOYHOTO MAarHEeTU3Ma BO3HHMKAeT TMPOIECC CaMOBO30YXKICHUS
reHeparopa.
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Puc.2
Puc 1

Xon padoTsl:

1.Ctpoenue Tpancdopmaropa:
HavepTuTh cOCcTaBHBIC YaCTH yKa3aTh UX HA3BaHKE, BHIMKCATH (DOPMYITBI
2 CtpoeHue reseparopa:

HA4YepTUTh, COCTABHBIC YACTU yKa3aTh
KonTpoJbHbIE BOPOCHI

1 Bapuanr

1.YTo Ha3bIBAIOT MHIYKIIMOHHBIMH T'€HEpaTOpaMu?

2.Kaxkoiil TpancopMaTOp HA3bIBAIOT MOBBIIIAIONINM, a KAKOW MOHMKAIOLIUM?

3.Yro Takoe Xx010CcTOl X0 TpaHchopmaTopa?

4.Tlouemy cepJie4HUK TpaHC(POopMaTOpa U3rOTaBIUBAIOT U3 CTaJIU, a HE U3 MeaAU?

5.B mepBuyHOii 00MOTKE TpaHChOpMaTopa, BKIIOUEHHONH B ceTh ¢ HampsbkeHueMm 380B. Conepxxutcs

1320 BuTkoB. OmnpenenuTh HaNpsHKEHWE Ha BTOPUYHONW 0OMOTKeE, eciii oHa conepkuT 300 BuTkoB. Bun
TpaHcopmaTopa yKka3aTh, OTBET MOSCHUTb.

2 BapuaHT
1. Ha3zoBuTe OCHOBHBIE YaCTH T'€HEpaTOpa MePeMEHHOI0 TOKa.

Jlokasatk, YTO y HOBBIMIAIOIIETO TpaHchopmaTopa K>1.

W3mensiet nu TpanchopMaTop 4acToTy peodpa3zyeMoro nepeMeHHoro Toxka?

[Touemy cepaeunuk Tpancpopmaropa coOUparOT U3 OT/EIbHBIX IJIACTHH?

Ecnu Ha nmepBuuHyro oOMOTKY TpaHcopmaropa nojaercs Hanpsokenue 220B, To Ha
BTOPUYHOM OOMOTKE TpPH XOJOCTOM Xoje TNoiy4aercs HampspkeHue 130B. Yucno
BUTKOB TNepBHUYHONU 00MOTKM paBHO 400. OmnpenenuTh 4MCIO BUTKOB BO BTOPHUYHOU
oOMoTke. Bua Tpancopmaropa yka3arb, OTBET MOSICHUTb.

ok w

3 BapuaHT
1. KaxoBa poisib HHAYKTOpPA U SKOPSI B YCTPOICTBE reHepaTopa NEPeMEHHOro Toka?

UYro Takoe nmoHWxkaromui Tpancopmarop?
3. Touemy cepaeunmk TpancopmaTopa JearoT HE CIUTOMTHBIM. A U3 MHOYKECTBA TUTACTHH,
W30JIMPOBAHHBIX JIPYT OT Apyra?
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4. Tlouemy MOIIHOCTb, MOTpeOIIIEMast OT BTOPHYHON OOMOTKH, MEHBIIIE MOIIIHOCTH,
MTOABOIMMOM K MIEPBUYHON 0OMOTKE?

5. CKOIBKO BHUTKOB JIOJDKHA MMETh BTOpHUYHAs 0OMOTKa TpaHChopMaTopa Uil MOHMKEHUS
HanpspkeHus ¢ 12000 qo 120B, ecnu nepBuyHas oomotka coaepkut 4000 ButkoB? Bun
TpaHcopmaropa ykazarb, OTBET MOSICHUTD.

Tema 5.3 OnTuka

JlaGoparopnoe 3ansaTue Nel8. Onpenesienne mokazareJisi NpejJOMJIEHHUs CTeKJIA.

]_le.]]b paﬁoTbII OIIPECACIIUTD IMOKA3aTCIIb IIPEIOMIICHHUA CTEKIIA SKCIICPUMCHTAJIbHBIM ITYTCM.

MatepuajbHoe ofecneyeHHe: TUIACTHHKA C MApaUICIbHBIMU TpaHsAMH; OyJaBKW; YHCTBHIA JHCT
Oymaru; JMCT KapTOHA; TPAHCHOPTHUP; HMOJBbEMHBIH CTOJMK; TAaOJIMIa 3HAYCHHUsS] TPUTOHOMETPUUECKUX

GyHKIHH.
3ananue

1. [TocTpouTh X0/ CBETOBOTO JIy4a Yepe3 CTEKISHHYIO MIACTHHY.

2. [Tpoananu3upoBaTh X0 CBETOBOIO JIyya Yepe3 CTEKISHHYIO IIJIaCTUHY.

3. OnpenenuTtsb MoKazaresb MPEIOMIICHHS CTEKIIAa U PACCUUTATh MOTPEUTHOCTh IKCIIEPUMEHTA.
[Topsanox BeIMoONMHEHUS PabOTHI

1. Ha noxbemMHbIi CTOMUK MONT0KUTh YACTBIN JIUCT OyMaru ¢ MojAjJ0KEeHHbIM CHU3Y KAPTOHOM.
2. C o1HOM CTOPOHBI CTEKJIa HAKOJIOTh J1B€ OynaBku 1 1 2 Tak, 4To0bI IpsiMast, IPOXOAIIas Yepe3 HUX,
COCTaBJIsLJIAa YTOJI 0 C MEPIEHAUKYIISIPOM K IUIOCKOCTH IIACTUHKHU (cM. puc.l).

';.Jl‘. °C 3
) "R i
v L ¥ |
- ~§_ ‘
T~ L_—J-‘«<
120 YR
3. IloguATH PUCYHOK Ha YpOBHE TJla3 U, Haboqas yepes IIacTHHKY,

HAKOJIOTh JIBE JIpyrue OyJaBKH TakK, YTOOBI BCE UEThIpe OYyIaBKU OKa3aalCh HAa OJHOM MPSAMOIL.

4. Crexio u OylaBKH CHATh, MECTa HAKOJIOB OTMETUTh ToukaMu 1,2,3,4 1 yepe3 HUX MPOBECTH NMPsIMbIE

JIMHUH J10 TIepeceueHus ¢ rpaHuiiaMu crekia (puc.2). [IpoBectu yepe3 Touku 2 v 3 neprneHANKYISPHI K

rpanunam cpea AB u CD.

TpancnopTupoM U3MEpUTH YIiibl NAJACHUS O U YTJIbI IpeToMIICHUS . - -

To Tabnuie 3HAYEHHH CHHYCOB ONPENETUTh CHHYCH H3MEPEHHBIX yrios. | SN f

Boruncnuth k03ppuirent npenomiieHus no Gopmye:

OnseIT NOBTOPUTH TPH pasa.

Pe3ynbrarel u3MepeHuid, BEIYUCICHUN 1 TaOJIMYHbIe JaHHBIE 3alrcaTh B Ta0uIy 1.

10. BbruucauTh a0COMOTHYIO (A) M OTHOCUTENBHYIO (€) MOTPEIIHOCTH 10 hopMyIiam:
A -100%

n A=

maomn.

sin
n

©o~No O

E =

11. Cpenatp BbIBOJ 1O paboTe
Tabnuna 1
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dopma npeaoCcTaBIeHHS pe3yIbTaTa

No VYron VYroxa mpe- Koaddu- Cpennee Tabmuunoe AbcomoT- OTHOCUTENBH
OmbITa | MaACHUS JIOMJICHHS LIUEHT 3HauCHHE 3HaUCHHE HasIorper- ast
CBETOBOTO | CBETOBOTO [Mpenomn k03 du K03 P HOCTB TTOTPEITHOCTD
Tyda Iyda SHUS IUCHTA HICHTA A £,%
a,’ B n MPEJIOMIICHUS | TIPETIOMIICHUS
nCP nmaﬁ.v.
1
2
3

KoHTpoabHEIE BOIIPOCH M 3aJ1a49Hd

UYTo Ha3bIBAIOT CBETOBBIM JTy4OM?

ChopmynupyiiTe 3aK0H OTPaKCHHS CBETA.

KakoB (hu3ndeckuii CMBICIT ITOKa3aTeNs MPEIOMIICHHS cBeTa?

Uem oTiimyaeTcst aOCOOTHBIN MMOKa3aTelhb MPEIOMIICHHS CBETa OT OTHOCHUTEIIBHOTO?
CdopmynupyiiTe 3aK0H MPEIOMIICHUS CBETA.

UTo HA3BIBAIOT MOJHBIM OTPAKCHHUEM CBETa?

KakoBa ckopocTh pacrpocTpaHeHus CBeTa B Bakyyme?

Yto Ha3BIBAETCH ONTHYECCKOM IIJIOTHOCTHIO BEIIECTBA?

Jlyu cBeTa mepexoauT U3 Cpebl ONTUYECKU Ooiee MIOTHOW B CpeAy ONTUYECKH MEHee IJIOTHYIO.
KaK U3MEHSETCS TIPU ITOM YacTOTa KOJICOAHUN U ITTMHA BOJTHBI?
10. B uewm cocrout npuniun [ roiirenca?

11.  JIyd4 mepexouT U3 BObI B CTEKI0. Yo nagenns o = 30°,
Ner = 1,6).

12.  VYron mpenomiieHHs cBeTa B TIIAIEPUHE 45°. Haitru yroy najeHus B Bozayxe (N, =1.47).

13. Jlyu mamaer Ha MOBEPXHOCTH BOJBI MOJ YIIIOM 30°. TMox xaxum yIJIOM JOJDKEH ymacThb Jy4 Ha
MMOBEPXHOCTh ajiMa3a, YTOOBI YOI MPEIOMIICHHUS OCTANICA TaKUM Ke? (Ngosn. = 1, Npore=1,33, Naw. = 2,42).
14. Haiitu pa3HOCTh CKOPOCTEH CBETa B BOJIE U CTEKIIE, €CIH Npory=1,33, Nerex. =1,5.

15. OmnpenenuTh NpeaebHBIA yroj TOJHOTO OTPaXEHHs IS BOJbI, CTekia, anmaza. (Ne= 1,6;
Nsorer=1,33, Namy.= 2,42) (OTB.: 001=49°, 00,=40°, 0103=24).

CoNoUA~AWNE

Haiitu yronm npenomiienus. (N, = 1,3;

®opma npeacTaBieHus pe3yabTara:

PaGoTb! 10KHBI OBITH BBITIOIHEHBI B TETPAAH JUIsl MPAKTUYECKUX UM J1a00paTOPHBIX paboT
Kpurepun onenkn:

3a mpaBUIIHHO BBHITTOJHEHHOE 33JJaHHE BHICTABIISICTCS ITOJIOKUATEIbHAS OIleHKa — | Oasu.

3a HempaBWIBHO BHIMOJIHEHHOE JICHCTBHE, 33aHNE BHICTABIISETCS OTpULaTeIbHas olleHKa — 0 0aioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIEHBIX OTBETOB

Oyenka «xopoutoy» evicmaensemcs 3a 80 — 89% npaBUIBHBIX OTBETOB

Oyenxa «yooenemeopumenvhoy evicmasisemcs 3a 60 — 79% npaBUIEHBIX OTBETOB

Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a Menee 60%0 mpaBUIBHBIX OTBETOB
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