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BBEJIEHUE

BaxHyto 4acTh TEOpeTH4YECKO U MPOoecCHOHATBHON MPAKTUYECKON MOATOTOBKU OOYYaIOIINXCS
COCTABJIAIOT MPAKTUYECKUE U Ja0OpaTOPHbIE 3aHATUS.

CocrtaB u coaepKaHWE MPAKTUYECKUX M JIAOOPATOPHBIX 3aHATUN HANpaBlIeHbl HA PEATH3ALHUIO
denepanbHOr0 rocyAapCTBEHHON0 00pa3oBaTEIbHOIO CTaHJApTa CpPeAHEro oOuiero oOpa3oBaHMs C
Y4ETOM I10JIy4a€MOH CIIELIMAIBLHOCTH.

Benymeli  aunakTudeckodl  Ledb0  NPAKTHUECKUX  3aHATUH  sBiseTcs  (OpPMHUpPOBAaHUE
npoeCCHOHATBHBIX MPAKTUYECKUX YMEHUH (YMEHUI BBIOJIHATH ONPEACICHHBIC ICHCTBHSI, ONEpaIiH,
HEOO0XOAUMBIE B IOCIENYIOIEM B NPOPECCHOHATBHON JEATEIBHOCTH) WIN Y4E€OHBIX NPAKTHYECKUX
YMEHUH (YMEHUH pemiath 3a1a4u 1o (pusnke), HEOOXOIUMBIX B OCIEAYIONIEH yueOHOM eI TeTbHOCTH.

Benymeli aupakTuueckoil 1enbio Ja0OpaTOPHBIX 3aHATHH SBISETCA HKCIEPUMEHTAIbHOE
IIOATBEPIK/ICHUE U IIPOBEPKA CYILIECTBEHHBIX TEOPETUUECKUX MOJ0KEHUH (3aKOHOB, 3aBUCUMOCTEMN ).

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

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

I1P61. chopMupOBaHHOCTH MPENCTABICHUH O POJIM W MecTe (PU3MKH M aCTPOHOMHH B COBPEMEHHOMU
HAyYHOM KapTHHE MHUpPA, O CHCTeMOoOpasywiield ponu (U3UKH B Pa3BUTHH ECTECTBEHHBIX HayK,
TEXHUKA W COBPEMCHHBIX TEXHOJOTHH, O BKJIAJC POCCUUCKHX M 3apyOEKHBIX YYCHBIX-(PHU3UKOB B
pa3BUTHE HAYKHU; IOHUMaHUE (HU3HUECKON CYIIHOCTH HAOII0JaeMbIX SBICHHI MUKPOMUpPA, MaKpOMHUpPa
YW MEramupa; NOHMMAaHHE POJIM aCTPOHOMHUHU B MPAKTUUYECKOW AECATEIbHOCTH YEJIOBEKA M JaJbHEUIIEM
HAyYHO-TEXHUYECKOM DPAa3BUTUH, poiid (U3UKU B (HOPMHUPOBAHMHM KpPYyrozopa U (GpyHKIHOHAIHHOU
rPaMOTHOCTH YEJIOBEKA ISl PEIICHUS TPAKTUYECKHUX 3aaY;

[TP62. chopMUpOBaHHOCTH YMEHUH pacro3HaBaTh GU3MUECKUE SIBICHHUS (IIPOLIECCHI) U OOBICHITH X Ha
OCHOBE M3YYEHHBIX 3aKOHOB: PABHOMEPHOE M PABHOYCKOPEHHOE MPSIMOJMHEHHOE JBUKEHHE,
cBOOO/IHOE TAZICHHE Tel, ABUKEHHE MO OKPY>KHOCTH, MHEPIHS, B3aUMOACHCTBHE Tel, KoieOaTelbHOe
JBIDKEHUE, PE30HAHC, BOJIHOBOE JIBIKEHHE; MU (y3usi, OpOyHOBCKOE IBIXKCHHUE, CTPOCHUE KUIKOCTEH
U TBEpPIBIX TeJ, W3MEHEHHWE Oo0beMa Tel MpU HarpeBaHUM (OXJAKICHHH), TEIJIOBOE pPaBHOBECHE,
WcrapeHue, KOHJCH calus, TUIaBJICHNE, KPUCTAIUIN3AlNsl, KUTICHUE, BIAKHOCTh BO3/lyXa, CBSI3b CPEIHEHN
KMHETUYECKOW PHEPrHH TEIUIOBOTO JBHIKEHHS MOJIEKYJ C aOCONIOTHON TeMIlepaTypol, MOBBIIICHUE
JTABJICHUS ra3a MpH €ro HarpeBaHUM B 3aKPBITOM COCYJIE, CBSI3b MEK]y MapamMeTpaMu COCTOSTHUS rasa B
M30MpoLIECCaxX; DJIEKTPU3ALMUsA TEN, B3aUMOJCUCTBUE 3aps/OB, HAarpeBaHUE MPOBOJHHMKA C TOKOM,
B3aWMO/ICVICTBUE MArHUTOB, 3JICKTPOMArHUTHAsI MHAYKIUSA, JEHCTBUE MAarHUTHOIO IMOJIs HA TPOBOJAHUK
C TOKOM W JBIDKYIIUHCS 3apsijl, DJIEKTPOMAarHUTHBIE KOJE€OAaHUS ¥ BOJHBI, NPSIMOJIHHEWHOE
pacmpocTpaHeHHEe CBeTa, OTpaKEHUe, MpelioMJIeHue, HMHTepPepeHius, MUu(pakius U TOJIAPU3ALIHI
CBeTa, JAWcrepcus cBera; ¢oTodIeKTpudeckuii 3¢ eKT, CBETOBOE [aBJICHHE, BO3HUKHOBEHHE
JINHEYaTOro CIeKTpa aToMa BOJ0OpO/ia, ECTECTBEHHAs U UCKYCCTBEHHAs! PaAuOaKTUBHOCTD;

[TPG3. BnasieHrie OCHOBOIOIATAIOIIMMH (PU3NIECKUMHE MMOHSATUSIMHU U BETMUYUHAME, XapaKTEPU3YIOLITUMU
¢uzmveckue Tporecchl (CBA3aHHBIMHM C MEXAHWYECKHUM JBHIKEHHUEM, B3aUMOJICHCTBHEM Tel,
MEXaHHYECKUMHU KOJICOAHHUSIMH U BOJTHAMM; aTOMHO-MOJIEKYJISIPHBIM CTPOCHHEM BEIIECTBA, TEIIJIOBBIMU
MPOLECCAMH; BJIEKTPUYECKUM M MAarHUTHBIM TOJISIMHU, SJEKTPUYECKUM TOKOM, 3JIEKTPOMAarHUTHBIMHU
KoJeOaHUsSIMU W BOJIHAMH; ONTHYECKUMHU SIBICHUSMHU; KBAHTOBBIMH SIBICHUSMHU, CTPOCHHEM aroMa U
aTOMHOTO  Si[pa, PaJUOAKTUBHOCTHIO); BJIQJCHHE OCHOBOIIOJATAIOMIMMH  aCTPOHOMUYECKUMHU
MOHATUSIMH, IO3BOJSIONIMMU XapaKTEPU30BaTh IMPOLECCHI, MPOUCXOIAIINE HA 3BE3/1aX, B 3BE3IHBIX
CHUCTEMaX, B MEXXTaJaKTHUECKOU cpeie; NBMKEHIE HEOSCHBIX TEJ, IBOJIONNIO 3Be3/ 1 BcenenHoi,
[1P64. B1aneHne 3aKOHOMEPHOCTSIMH, 3aKOHAMH U TEOpHUsIMH (3aKOH BceMHupHOTO TsaroreHus, [, II u III
3akoHbl HpIOTOHA, 3aKOH COXpaHEHUsI MEXaHWYECKOM SHEPTUHU, 3aKOH COXPaHEHUS] UMITYJIbCA, TPUHIIUIT
CYNEPHO3ULIMU CHUJI, NPUHLMI PABHONPABHOCTU HWHEPUUAIBHBIX CHUCTEM OTCUETA; MOJIEKYJSIPHO-
KUHETUYECKYIO TEOPUIO CTPOEHHUS BEIIECTBA, Ia30BbIC 3aKOHBI, MIEPBbIA 3aKOH TEPMOJAMHAMHKHU; 3aKOH
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COXPAaHEHHUs DJIEKTPUYECKOro 3apsina, 3akoH Kynona, 3akon OMma [y ydacTka nenu, 3akoH Oma i
TOJTHOM AJIEKTpUYECKON 1enu, 3akoH Jkoyns - JIeHna, 3aK0H 3JEKTPOMAarHUTHOM WHIYKIHWH, 3aKOH
COXPAHEHHUS SHEPIUH, 3aKOH NPSIMOJIMHENHOTO PACIIPOCTPAHEHNUS CBETA, 3aKOH OTPAXKEHMSI CBETA, 3aKOH
IPEJIOMIIEHUS] CBETA; 3aKOH COXPAaHEHHs SHEPrHM, 3aKOH COXPAHEHMs HMIIYJbCa, 3aKOH COXpPaHEHUs
NIEKTPUYECKOTO0  3apsha, 3aKOH COXpAaHEHMs MaccoBOIO uucia, nocryiaatel bopa, 3akoH
palMOAaKTUBHOIO paclaja); YBEpPEHHOE HCIOJIb30BAHUWE 3aKOHOB M 3aKOHOMEPHOCTEH IpU aHaIU3e
(U3HYECKUX SBICHUN U TIPOIIECCOB;

I1P65. ymMeHue y4yuThIBaTh IpPaHUIBl IPUMEHEHHS H3YYEHHBIX (U3MYECKUX MOJENeH: mMarepuanbHas
TOYKa, MHEpLHUaJIbHAs CUCTEMA OTCUETA, WACAJIbHBIM Ta3; MOJAEIU CTPOEHUS Tra3oB, JKUIKOCTEH U
TBEPJIBbIX TEN, TOUECUHbIN IEKTPUUECKUH 3aps, siAepHas MOJeb aTOMa, HyKJIOHHasi MOJIEJIb aTOMHOI'O
Spa IpU PElICHnU PU3NUECKUX 3a1a4;

ITP66. BnageHre OCHOBHBIMU METOAAMU HAy4YHOI'O MO3HAHMSA, UCMOJIb3yeMbIMU B (pU3MKE: MPOBOAUTH
npsIMble ¥ KOCBEHHBIE M3MEPEHHSI (PU3NUECKUX BEIWYHMH, BHIOUPAst ONTUMAIBHBINA CII0CO0 U3MEpPEHUs U
UCMOJb3ysl H3BECTHbIE METOJbl OLIEHKM IOIPEIIHOCTEH HM3MEpeHH, IMPOBOAUTh HCCIEIOBaHUE
3aBUCUMOCTEH (DPU3NYECKUX BEIMYMH C MCIIOJIB30BAHUEM MPSMBIX U3MEPEHUH, OOBSACHITH TOJTYYCHHBIC
pe3yabTaThl, UCHOIb3Ysd (U3NUYECKUE TEOPHM, 3aKOHBl M IOHATHUSA, W JelaTb BBIBOJBI, COOJIIOJATh
npaBwia 0€30IaCHOr0 TpyJda IpH MPOBEACHUM MCCIEIOBAaHUN B paMKax yuyeOHOro SKCIIEpUMEHTa U
y4eOHO-HCCIIEI0BATENIbCKOM 1€ATEIbHOCTH C MCIIO0JIb30BaHUEM LIU(POBBIX U3MEPUTENIBHBIX YCTPOICTB
1 1a00paTopHOTo 000PYAOBaHUS; CHOPMHUPOBAHHOCTD MPEJICTABICHHIA O METOAAX MOTYYCHHSI HAYIHBIX
aCTPOHOMUYECKHX 3HAHUH;

ITP67. chopMupoOBaHHOCTH YMEHHUS PEUIaTh PaCYETHBIEC 33]]aUM C SIBHO 33/IaHHON (PU3NYECKOI MOJIEIbBIO,
UCHONb3ysd (U3MYECKHE 3aKOHbI W TNPUHLMIIBI, HAa OCHOBE aHaliM3a YCJIOBUS 3aJayd BbIOMpATh
(bU3NIECKYI0 MOJETb, BBIACTATHh (pU3MUeCcKre BETHMUUHBI U (POPMYIIbI, HEOOXOAUMBIE ISl €€ PeIeHHs,
IIPOBOJIUTH PAacUeThl U OLICHUBATh PEATbHOCTD MOJIyYEHHOI'O 3Ha4eHUs (PU3MyYecKoi BEIMUYUHBI; pellaTh
KaueCTBEHHbIE 3a/1ayM, BhICTpauBasi JOIMUYECKH HENPOTUBOPEUMBYIO LIETIOUKY PACCYKIEHHUM C OMOpoi
Ha U3Y4YEHHBIE 3aKOHBI, 3aKOHOMEPHOCTH U (PU3UYECKUE SBICHUS;

[TP68. cdhopMUpOBAaHHOCTH YMEHUSI TPUMEHSTh TOJYYCHHBIC 3HAHUSA JJII OOBSICHEHHUS YCIOBHIA
npoTeKaHus (U3MUECKUX SIBICHUM B MpPUPOAE M s NPUHATHS TPAKTUUYECKUX PpELIeHUH B
MTOBCE/IHEBHOM KM3HM JUIsl oOecrieueHusi 0e30MacHOCTH MpHU OOpallleHUH ¢ OBITOBBIMU IpUOOpamMu U
TEXHUYECKMMHU yCTPOICTBaMHU, COXpAaHEHHUS 3/I0POBbS U COOJIIOJIEHHUS] HOPM HKOJIOTHUECKOTO MOBEIEHUS
B OKpYXarollel cpene; MOHMMaHue HeoOXOUMOCTH MPUMEHEHHUs JOCTHKEHUH (PU3MKU M TEXHOJIOTUI
JUI PaliMOHaIbHOIO IPUPOIOTIOIB30BaAHUS;

I1PGY. cdopmupoBaHHOCTH COOCTBEHHOM MO3MLMU [0 OTHOIIEHHWIO K (u3mueckoi uHpopmanuu,
MOJy4yaeMoil M3 pa3HbIX HCTOYHUKOB, YMEHHMH HCHOJIB30BaTh LUGPOBBIE TEXHOJOTHHM IS TOHUCKa,
CTPYKTYpUPOBAHHUS, UHTEPIIPETALIUU U MPEACTaBICHUsS y4eOHON M Hay4HO-TIOMYJISpHON MH(pOpMaluy;
pa3BUTHE YMEHUI KPUTHUECKOTO aHAJIM3a MOJydaeMoi nH(popMaluu;

[1P610. oBnageHne ymMeHUSIMU paboOTaTh B IPYMIE C BBITOJHEHUEM pPA3JIMYHBIX COLMAIbHBIX pOJIEH,
IUTAHUPOBaTh PabOTy TpyNNbl, pPALUOHAIBHO PACHPENENATh JAESITEeIbHOCTh B HECTaHIApTHBIX
CUTyalusiX, aJeKBAaTHO OLEHWBAaTh BKJIAJ KaXJIOr0 M3 YYaCTHUKOB TpYNIbl B pELIEHUE
paccMaTpuBaeMoi MpoOIeMBl;

[IP611. oBnmageHue (chOpMHPOBAHHOCTH TPEACTABICHHI) MpaBWIaMU 3amUCH (U3HYECKUX (PopMyI
penbedHO-TOYeyHOH crucTeMbl 0003HaueHuit JI. bpaiins (s cnenbix u cnaboBUAALIMX 00yJaromuxcs);
[IPyl. cdopmMupoBaHHOCTb MOHMUMAaHUS POJIM (U3UKK B DSKOHOMHYECKOM, TEXHOJOTHYECKOM,
COLIMAJIbHOW M 3THUYECKOM cdepax NesTeTbHOCTH YeIOBEKa; POJM M MecTa (PM3UKM B COBPEMEHHOU
HAay4YHOM KapTHHE MHpA; pPOJIM ACTPOHOMHUH B MPAKTUYECKOM AESTENbHOCTH YelIOBEKa U JalbHEUIIeM
HAy4YHO-TEXHUYECKOM Pa3BUTHH;

[1Py2. chopMHpOBaHHOCTH CHCTEMBI 3HAHUN O (U3NYECKUX 3aKOHOMEPHOCTAX, 3aKOHAX, TEOPHUSX,
JIEUCTBYIOIMX HAa YPOBHSAX MHKPOMHpA, MakpoMHpa M Meramupa, HpeJCTaBIeHUA O BceoOlieM
xapakrepe (PU3MUECKUX 3aKOHOB; MPEACTABICHUIN O CTPYKTYpe MOCTPOCHUsI GU3NYECKON TEOpHH, UTO
MO3BOJIUT OCO3HATh POJIb GYHIAMEHTAIBHBIX 3aKOHOB U MPUHIIUIIOB B COBPEMEHHBIX MPEICTABICHUSIX O



IIPUPOJE, NMOHATh TPAHMULIBI IPUMEHUMOCTH TEOpPUH, BO3MOKHOCTH HMX NPHUMEHEHUS U1 ONUCAHMS
€CTECTBEHHOHAYYHBIX SIBJICHUH U IIPOLIECCOB;

[TPy3. chopMUPOBAaHHOCTh YMEHUS pa3inyaTh YCJIOBHS NPUMEHHUMOCTH Mojenel (U3NYEeCKUX Tel U
MPOLIECCOB (SIBJICHMI): MHEpIHMalibHAs CHUCTEMa OTcueTa, MaTepualbHas TOYKa, PaBHOYCKOPEHHOE
IBUKCHHE, CBOOOIHOE MajicHue, a0COIOTHO ynpyras Aedopmaius, a0COIOTHO yIPyroe U abCOIOTHO
HEYIPYroe CTOJIKHOBEHHUS, MOJIENIeH ra3a, >KUJKOCTH U TBEPAOro (KpUCTAJUIMYECKOT0) Teja, UICalIbHOTO
rasa, TOYEYHBI 3apsj], OJHOPOJHOE DJIIEKTPUYECKOE TII0J€, OJHOPOJHOE MAarHUTHOE IIOJIE,
rapMOHHYECKHE KOJIeOaHMs, MaTeMaTUYeCKUH MaATHUK, HACaJbHBIH MPYKUHHBIM  MasTHUK,
rapMOHUYECKHE BOJIHBI, HACATbHBIN KoJeOaTeNbHbIN KOHTYp, TOHKAsI IMH3a; MOJIeNIeii aToMa, aTOMHOTO
s/1pa ¥ KBAHTOBOW MOJIENIN CBETA,

[1Py4. chopMUPOBAaHHOCTb yMEHHUS OOBSACHATH OCOOEHHOCTH MPOTEKaHHsS (U3NYECKUX SBICHHIMA:
MEXaHHYECKOE JBM)KEHUE, TEIUIOBOE JIBI)KEHHE YaCcTHIL BEIIeCTBa, TEIUIOBOE paBHOBECHE, OPOYHOBCKOE
nBkeHue, nuddys3us, HcHapeHue, KHUIEHWE U KOHJEHCAlus, IUIABJICHHWE U KPHCTALTU3AIHs,
HaIlpaBJIE€HHOCTh  TEIUIONEpENayu, dSJEKTPU3alUU  TeJl, SKBHUIIOTEHUUAJbHOCTH IOBEPXHOCTH
3apSOKEHHOIO  MPOBOJHMKA,  3JCKTPOMAarHUTHOM  MHAYKUMH, CAMOMHAYKLIHMH,  3aBHUCHUMOCTH
COINPOTHUBIICHUS TOJYIPOBOJHUKOB "p-" M "n-TUMOB" OT TeMIeparypbl, pe3oHaHca, WHTEp(epeHIuu
BOJIH, JU(paKIuM, AUCIEPCHH, TIIOJIHOTO BHYTPEHHETO oOTpakeHus, ¢orodddekr, Quznueckue
MIPUHIUIIBI CTIICKTPAIIbHOTO aHalM3a M paboThl jasepa, "amb(da-" m "Oera-" pacmanbl saep, ramMmma-
U3IIy4yEHUE SIIEp;

[TPy5. chopMUpPOBAaHHOCTh, YMEHUN MPUMEHSTh 3aKOHBI KIACCHUECKONW MEXaHWKH, MOJICKYISIPHOM
GU3MKN W TEPMOJUHAMUKH, DIIEKTPOAMHAMHUKHM, KBAHTOBOW (M3MKHM Ui aHanmu3a W OOBSCHEHHUS
SABIIGHUH MHKPOMHpa, MaKpoOMHpa M Meramupa, pas3iudarh ycloBHs (TpaHUIbl, 001acTH)
NPUMEHUMOCTH (PH3MYECKUX 3aKOHOB, TMOHMMATh BCEOOIIMH XapakTep (yHIaMEHTAIBHBIX 3aKOHOB
(3aKOH COXpaHEHHS MEXaHMYECKOW HHEPruM, 3aKOH COXPAaHEHHUS HMITYJIbCa, 3aKOH BCEMUPHOTO
TATOTEHUS, NEPBbIM 3aKOH TEPMOJAMHAMMKH, 3aKOH COXPAaHEHUS JJIEKTPUYECKOro 3apsja, 3aKOH
COXPAaHEHUS OHEPruu) M OrPaHMYEHHOCTb HCIIOJIb30BAHMSI YACTHBIX 3aKOHOB; aHAIM3UPOBATh
¢u3nyecKkue MpOIECChl, HCIHOJb3YsSd OCHOBHBIE IIOJIOKEHHUS, 3aKOHbl M  3aKOHOMEPHOCTH:
OTHOCHUTEJIBHOCTh MEXAaHMUYECKOTO JIBM)KEHUS, (POPMYJIbI KHHEMAaTUKU PAaBHOYCKOPEHHOTO JBMKCHMS,
npeoOpazoBanusa [ammies A CKOpPOCTHM W MepeMelleHMs, Tpu 3akoHa HeloToHa, npuUHIUI
OTHOCUTENIBHOCTH ['anuiues, 3aKOH BCEMHMpPHOIO TATOTEHHS, 3aKOHBIl COXPAaHEHUs MHMIIYyJbca H
MEXaHUYECKON DSHEpruu, CBsi3b pPA0OTHI CHUJIBI C M3MEHEHHEM MEXAaHUYECKOW HHEpPruH, YCIOBHS
paBHOBECHsI TBEPJOrO TEJa; CBA3b JABIEHUS HICAIBHOIO Ta3a CO CPEAHEW KMHETHMYECKOM DHEprueu
TEIUIOBOTO JIBM)KEHHS W KOHIIEHTpAlMeil ero MOJIEKYJ, CBSI3b TEMIIepaTyphl BEILIECTBA CO CpeIHEH
KMHETUYECKOW PHEPTUEl €ro 4acTHIL, CBSI3b JABJICHMs MIEaJIbHOIO ra3a ¢ KOHLEHTPALMEH MOJIEKYNI U
€ro TeMmIepaTrypoil, ypaBHeHne MeHnneneeBa-Kianeipona, mepBblid 3aKOH TEPMOIAMHAMHUKH, 3aKOH
COXPAaHEHHs DHEPIMM B TEIUIOBBIX IPOLIECCAX; 3aKOH COXPAHEHUS DJIEKTPUUECKOTO 3apsla, 3aKOH
Kynona, moTeHIMalbHOCTh 3JIEKTPOCTATMUECKOTO TMOJs, MNPUHIMI CYNEPHO3ULUN DIEKTPUUECKUX
noJiel, 3akoHa Kyiona; 3akoHbl OMa Ji71s ydacTKa LENU U U1 3aMKHYTOM JIEKTPUYECKOU 1IETH, 3aKOH
Jxoynsa-JIeHna, 3aKOH 3JIEKTPOMAarHMTHOW WHAYKUIWH, TpaBWwio JIeHIa, MOCTYJAaThl CHENHAIBHOMN
TEOPUH OTHOCUTEIBHOCTH DWHIITENHa, ypaBHeHUe DifHmTelHa 1 hoTtoaddexTa, nepBblil U BTOPOit
noctynatel bopa, npuHuun HeomnpeneneHHocTH ['elizeHOepra, 3aKOH COXpaHEHUs 3aps]a, MacCOBOTO
4KCJIa M SHEPTUHU B SJEPHBIX PEAKIMAX, 3aKOH PAIMOAKTUBHOTO pacmana;

[1Py6. chopMHUpPOBAaHHOCTH YMEHUN NPUMEHATH OCHOBOMOJATalolIMe AacTPOHOMUYECKHE IOHATHS,
TEOPUH M 3aKOHBI Il aHAINW3a U OOBACHEHUS (PU3MUECKUX IMPOLECCOB MPOUCXOAIINX Ha 3BE3/aX, B
3BE3JHBIX CHUCTEMaX, B MEXKTaJIaKTUYECKON cpene; ABM)KEHHUS HEOECHBIX Tel, SBOJIOLUUHU 3BE3]l U
Bcenennolii;

[1Py7. cdopMupOBaHHOCTb YMEHHMI HCCIEIOBaTh M AaHAJIU3UPOBATH Pa3HOOOpazHblEe (QU3NYECKUE
SABJICHUSI M CBOMCTBa OOBEKTOB, MPOBOJUTH CAMOCTOSITENbHBIE HCCIEAOBAaHUS B PEAIbHBIX U
1a00paTOPHBIX YCIOBUSX, YUTaTh M aHAJIM3UPOBATh XapaKTEPUCTUKH TPUOOPOB U YCTPOUCTB,
OOBSICHATH MPUHIIMIIBI X PaOOTHI;



[TPy8. chopMupoBaHHOCTH MPEACTABICHUI O METOAAX MOIYYEHHUS HAYYHBIX aCTPOHOMUYECKHUX 3HAHHIA;
BJIAJICHNE YMEHMSIMH CaMOCTOSTEIbHO (HOpPMYyIUpOBaTh ILE€Ib HCCIEAOBaHMS (IIPOEKTa), BBIABUIaTh
TUIIOTE3bl HA OCHOBE 3HAHWS OCHOBOIIOJATalOMMX (PU3MUYECKUX 3aKOHOMEPHOCTEH M 3aKOHOB,
IPOBEPATh HMX OKCIEPUMEHTAIbHBIMM CPEICTBAMHU; IUIAHUPOBaTb W IPOBOJUTH (huU3HUEeCcKHe
SKCIIEPUMEHTHI, OIUCHIBaTh M AaHAIW3UPOBATh IIOJYYEHHYIO IIPU BBIIIOJHEHUU HKCIEPUMEHTA
MH(OPMaLHIO, ONIPENEINIATh 10CTOBEPHOCTh MOJIYYEHHOTO PE3yibTaTa;

[TPy9. chopMHpOBaHHOCTH YMEHUS pelIaTh pacueTHBIE 3a7aydl C SBHO 33/JaHHOW M HESBHO 33/JaHHOU
¢u3n4ecKoil MO/IeNbI0: Ha OCHOBAaHUM aHAJIN3a YCJIOBUS BBIOMpATh (PU3MUECKUE MOJIENH, OTBEYAIOLIHE
TpeOOBaHUAM 3aJaud, MPUMEHATH (POPMYIBI, 3aKOHBI, 3aKOHOMEPHOCTH W MOCTYJAaThl (PU3NYECKUX
TEOpUH IIPH HCIOJb30BAHUM MAaTEMATHYECKUX METOJOB DEIIEHUs 3ajad, IPOBOJWUTH DPACUETHI Ha
OCHOBAHMHU MMEIOIIMXCS JAHHBIX, aHAJIU3UPOBATh PE3YJIbTaThl U KOPPEKTUPOBATH METOIbI PEIICHUS C
YU€TOM HOJIYYEHHBIX PE3yJIbTAaTOB; pellaTh KaueCTBEHHBIE 3a1auu, TpeOyrolne IPUMEHEHU 3HaHUH 13
pasHBIX PAa3/eNoB IIKOJBHOTO Kypca (M3WKH, a TAaK)Ke HMHTETpallid 3HAHUN W3 APYTHX NPEIMETOB
€CTECTBEHHOHAYYHOIO0 IMKJIA: BBICTPAWBATh JIOTMYECKYIO ILETNOYKY pPAaCCyXKICHHH C OIOpOH Ha
M3yYEHHBIE 3aKOHBI, 3aKOHOMEPHOCTH U (PH3HUECKUE SBIICHHS;

[1Py10. cdopMHpOBaHHOCT, YMEHMH aHaAIU3UPOBaTb W OLEHUBATh HOCJIEACTBHS OBITOBOH H
IIPOM3BOJICTBEHHON JI€ATEIbHOCTU YEJIOBEKA, CBS3aHHON € (PU3MYECKHMMM IpoLieccaMH, C IMO3ULUHN
HKOJIOTUYECKOM 0e30MacHOCTH; MNPEJCTAaBICHUH O PpALMOHAIBHOM IPHPOJOIOJIB30BAaHUM, a TaKXKe
pa3yMHOM MHCIOJb30BAaHUM JOCTHKEHUM HAyKM W TEXHOJOTHH Juid JajbHEHIIero pa3BUTHUS
YeJI0BEYECKOIo O0ILECTBa;

[MIPyl1. oBmameHue pa3aUYHBIMH crioco0amMu paboThl ¢ WHMOpMaNKeld (U3NYSCKOTO COACPNKAHHUS C
UCIOJIb30BAHUEM COBPEMEHHBIX HMH()OPMAIMOHHBIX TEXHOJIOTUH, pPa3BUTHUE YMEHHMH KpPUTHUECKOTO
aHaJIM3a U OLIEHKH JIOCTOBEPHOCTH MOJIy4aeMoi HH(OpMaLnu;

[IPyl2. oBnaneHne OpraHW3allMOHHBIMA UM II03HABATEIbHBIMA YMEHHUSIMH CaMOCTOSITEJIBHOIO
NpUOOpPETeHUs] HOBBIX 3HAHWW B MPOIECCE BBIMOJHEHHS MPOEKTHBIX M Yy4eOHO-HCCIIEOBATENbCKIX
paloT, yMeHusIMU paboTaTh B IPYIIE C BHIIOJIHEHUEM DPA3JIMYHBIX COLMAIBHBIX POJEH, IUIAHUPOBATh
paboTy rpyIIbl, pallMOHAIBHO PACIPENEATh ACSITEIbHOCTh B HECTAHAAPTHBIX CUTYaIUSAX, a/IeKBATHO
OLIEHUBATh BKJIAJ KaX10T0 U3 YYaCTHUKOB I'PYIIIbI B PELIEHUE pacCMaTpUBaeMOil po0IieMbl;

[1Py13. cdopMupoBaHHOCT, MOTHBAMM K Oyaymed mpodecCHOHAIbHOW JEATEIbHOCTH 10
CHEeLUANBHOCTAM (PU3UKO-TEXHUYECKOTO IPOQHIIS;

MPI1. camocrosTenbHO (QOPMYIMpPOBaTH M aKTyaJM3UpOBaTh MpoOJieMy, paccMaTpuBarh €€
BCECTOPOHHE;

MP2. ycraHaBiuBaTh CYyLIECTBEHHBIM NMPU3HAK WM OCHOBAHUS JJS CPAaBHEHHUS, KJIAaCCU(PUKALUU U
0000IICHHS;

MP3. onpenensrts Henu AesTeIbHOCTH, 3a/1aBaTh apaMeTpbl U KPUTEPUH UX JTOCTHXKEHUS;

MP4. BbIABIATH 3aKOHOMEPHOCTH U IPOTUBOPEYHS B pACCMATPUBAEMBIX SIBJICHUSX;

MPS5. BHOCUTBE KOPPEKTHBBI B I€ATEIBHOCTD, OLIEHUBATh COOTBETCTBUE PE3YyJIbTAaTOB LIENIAM, OLICHUBATh
PHUCKHU NOCIEACTBUN NEATEIBHOCTH;

MP6. pa3BuBaTh KpeaTUBHOE MBIIIIJICHHE MTPU PEIIEHUH KU3HEHHBIX Po0Iiem;

MP7. Bnagerb HaBbIKAMHU Y4eOHO-MCCIIEOBATENbCKONM M MPOEKTHOW JAEATeNbHOCTH, HABBIKAMH
paspernieHus mpooem;

MPS8. cnocoGHOCTh M TOTOBHOCTH K CaMOCTOSATEIBHOMY TOMCKY METOJOB PEIICHHs MPaKTHYECKUX
3a/1a4, IPUMEHEHUIO Pa3JIMYHbIX METO/IOB ITO3HAHHUS;

MP9. oBnageHue BHIAMU JEATEIBHOCTH IO TOJYYEHHIO HOBOIO 3HAHMS, €ro HHTEPIpPETaLUH,
MpeoOpa3OBaHNI0 U MPUMEHEHUIO B PA3JIMYHBIX Y4YEOHBIX CHUTYalUsX, B TOM 4YHCIE NPU CO3JAHUU
y4eOHBIX M COIIMATBHBIX IPOEKTOB;

MP10. ¢opmupoBaHuEe HAy4YHOTO THIA MBIIUICHUS, BIaJIEHUE HAYYHOM TEPMUHOJIOTHEN, KIIIOUEBBIMHU
MOHATUSIMA U METOJIaMU;

MPI11. craButh u ¢opMyIUpOBaTh COOCTBEHHBIE 3a/ladyll B O0pa30BaTENbHON JEATENBHOCTH U
KU3HEHHBIX CUTYalUsX;



MP12. BBIABIATH IPUUMHHO-CIIEICTBEHHBIE CBSA3M U aKTyaJIU3UpOBAThH 3ajady, BbIABUTaTh TUIIOTE3Y €€
pEIIeHNs, HaXOAWTb apryMEHThl U1 JOKa3aTEeJbCTBA CBOMX YTBEPXKICHHM, 3aJaBaTh NapaMmeTpsl U
KpUTEPUHN PELLEHUS;

MP13. ananu3upoBaTh NOJYYEHHBIE B XOJ€ PEIICHUS 3a1a4M Pe3yJIbTaThl, KPUTUYECKU OLICHUBATH UX
JIOCTOBEPHOCTb, IPOTHO3UPOBATh U3MEHEHHUE B HOBBIX YCIIOBUSIX;

MP14. naBath OLICHKY HOBBIM CUTYaIIHsIM, OLICHHBATh TPUOOPETECHHBIN OIIBIT;

MP15. pa3pabaTbiBaTh IJIaH PEUICHUS MPOOJIEMBI C yYETOM aHajh3a MMEIOIIUXCS MaTepHabHBIX H
HEMaTEpUaIbHBIX PECYPCOB;

MP16. ocymiecTBiATh II€JICHANPABICHHBIN TMOUCK MEPEeHOCa CPEICTB U CIOCOO0B JCHCTBUA B
poeCCUOHATILHYIO CPEAY;

MP17. ymeTs IEpEHOCUTH 3HAHUS B MIO3HABATEIBHYIO M IPAKTHYECKYIO 001aCTH )KU3HEACATEILHOCTH;
MP18. ymeTh HHTETpUPOBATh 3HAHUS U3 PA3HBIX MPEIMETHBIX 00JIaCTeH;

MP19. Bb11BUraTh HOBBIE UJIEH, NIPEAJIaraTb OPUTHHAIBHBIE TOAXO0/IbI U PEILICHUS;

MP20. ctaBuTh IpOOIEMBI U 33]1a4H, TOIYCKAIOIINE allbTepHATUBHbIE PELLICHMUS;

MP21. BiageTs HaBbHIKAMH TOJYYEHUS WH(GOPMAUU U3 MCTOYHUKOB PA3HBIX THIIOB, CAMOCTOSTEIHEHO
OCYILLIECTBIATh MOMCK, aHAJIU3, CUCTEMATHU3aLUI0 U UHTEPIPETalMi0 HH(GOPMALMK PA3IUYHBIX BHJIOB U
(dbopM TIpeICTaBICHHUS,

MP23. onileHMBaTh I0CTOBEPHOCTD,

MP24. ucnonp30BaTh cpencTBa WHPOPMALMOHHBIX M KOMMYHHKAIIMOHHBIX TEXHOJIOTHH B pEIICHUH
KOTHUTHBHBIX, KOMMYHUKAaTHUBHBIX M OpraHU3alMOHHBIX 3a37ad C CcoOyoJieHueM TpeOoBaHUN
SPrOHOMUKH, TEXHUKH O€30IaCHOCTH, TUTHEHBI, PECYpPCOCOEPEHKEHHS, PABOBBIX U ITUYECKUX HOPM,
HOpM MH(}OpPMAIIMOHHON 0€30I1aCHOCTH;

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

MP28. BnasieTh pa3IMyHbIMU CIIOCOOAMU OOILEHHS U B3aUMOJICHCTBUS;

MP29. apryMeHTHpPOBaHHO BECTH IUAJIOT, YMETh CMSTYaTh KOH(IUKTHBIE CUTYAIlUH;

MP30. pa3BepHYTO U JIOTUYHO HU3JIaraTh CBOIO TOUKY 3PEHMSI C UCIIOJIBb30BAHUEM SI3BIKOBBIX CPE/CTB;
MP31. noHMMaTh U UCNOIb30BATh IPEUMYIIECTBA KOMAHIHON U MHAUBUAYAIbHON pabOThI;

MP32. BeIOMpaTh TEMAaTUKy M METOJbl COBMECTHBIX JEHCTBHH C y4eToM OOIIMX HHTEPECOB U
BO3MOYKHOCTEH KakJ10TO YJeHa KOJUIEKTHBA;

MP33. npuHMUMaTh L€ COBMECTHON JIEATENBHOCTH, OPIraHU30BbIBATh U KOOPAMHUPOBATh ACUCTBUS 110
€€ JOCTHKECHHIO: COCTaBJIATH IIAH JCHCTBUM, PAcHpeneisATh POJIM C YYETOM MHEHUN YYaCTHUKOB
00CyX/1aTh pe3yJIbTaThl COBMECTHOU PabOTHI;

MP34. oueHuBaTh Kaue€CTBO CBOEr0 BKJIA/Ja M KaXKJIOTO y4aCTHHKA KOMaHJbI B OOLIUIl pe3ynabTaT IO
pa3pabOTaHHBIM KPUTEPUSIM;

MP35. mnpeanaratb HOBbIE NPOEKTHI, OLIEHWBATh MJIEM C TO3ULUU HOBU3HBI, OPUTMHAJIBHOCTH,
IIPaKTUYECKON 3HAYMMOCTH;

MP37. ocymiecTBIsATh MO3UTUBHOE CTPATETMUYECKOE MOBEACHHUE B PA3IUYHBIX CUTYalUSIX, IPOSBIATH
TBOPYECTBO U BOOOpaKeHUE, ObITh MHUIIMATHBHBIM;

MP38. caMOCTOATENBHO OCYIIECTBIATH [MO3HABATENbHYIO J1€ATEIbHOCTD, BBISBIATH MPOOIEMbI, CTABUThH
1 GOpMYIHPOBaTh COOCTBEHHBIE 33/1a41 B 00pa30BaTENbHON AEATEIBHOCTH U )KU3HEHHBIX CUTYallUsX;
MP39. caMOCTOATEIBHO COCTaBIATH IUIAH PEIHICHHUsS MPOOJIEMbl C YYETOM HMEIOIIMXCS PECypCOB,
COOCTBEHHBIX BO3MO>KHOCTEH M MPEANOYTEHUH;

MP40. naBaTh OIIEHKY HOBBIM CUTYyaIUsM;

MP41. pacupsATh paMKi Y4€OHOTO MpeiMeTa Ha OCHOBE JIMYHBIX MTPEINOYTEHUH;

MP42. nenaTh 0co3HaHHBIN BBIOOp, apryMEHTHUPOBATh €r0, OpaTh OTBETCTBEHHOCTD 3a PEIIECHHUE;

MP43. orieHHBaTh MPUOOPETEHHBIH OTIBIT;

MP44. cnocoOGcTBOBaTh (HOPMUPOBAHMIO U TMPOSBICHUIO IIUPOKOW 3PYIUIMU B Pa3HbIX 001acTAX
3HaHUi, TOCTOSIHHO MOBBIIIATH CBOM 00pa30BaTeIbHBIN U KYJIbTYpPHBIN

MP45. naBaTh OLICHKY HOBBIM CHUTYallMsIM, BHOCHTb KOPPEKTHUBBI B J€ATEIbHOCTb, OLICHWBATH
COOTBETCTBHUE PE3YJILTATOB LIEIISM;



MP46. BrnageTs HaBbIKAMH ITO3HABATEIIBHOW PEQIICKCHH KaK OCO3HAHMS COBEPIIACMBIX JCHUCTBUU H
MBICJIIMTCIIBHBIX MMPOLECCOB, UX PC3YJIBTATOB U OCHOBaHI/IfI;

MP47. ucnonbs3oBaTh npueMsbl peQuieKCUH ISl OEHKU CUTYaI[H, BHIOOpa BEPHOTO PEIICHHUS;

MP48. ymeTh OLIeHUBAaTh PUCKU U CBOEBPEMEHHO IPUHUMATh PELLIEHUS 110 UX CHUKEHHUIO;

MP54. npuHuMath ce0sl, HIOHMMas CBOM HENOCTATKHU U JJOCTOMHCTBA;
MPS55. npuHEMaTh MOTHBBI M apTyMEHTBI APYTUX JIOJEH IIPU aHAJIN3€ PE3YJIBTATOB EATENbHOCTH;
MP56. npu3HaBaTh CBOE MPABO U MPABO JPYTUX JIOIEH Ha OIINOKH;

JIP1. chopMHPOBAaHHOCTh T'PAXIAHCKOW MO3UIMK OOYYAIOIIEToCs KaK aKTUBHOTO M OTBETCTBEHHOTO
YJIeHa POCCUIICKOT0 00IeCTBa;

JIP3. nmpuHATHE TPAaJUIMOHHBIX HALMOHAIBHBIX, OOLICYCIIOBEUECKUX T'YMAHHUCTHUECKUX H
JEMOKPATUYECKUX [IEHHOCTEN;

JIP5. TOTOBHOCTP BECTHM COBMECTHYIO JICSTEIIBHOCTh B HHTEpEcax TIPaKJAHCKOTO OOIIECTBa,
y4acTBOBaTh B CaMOYIIpaBJIeHHMM B 0OOIIe00pa30BaTeIbHON OpraHU3allMl U JAETCKO-IOHOIIECKUX
OpraHM3alusix;

JIP6. ymeHue B3auMOJEHCTBOBATH C COIMAIBHBIMA MHCTUTYTAMU B COOTBETCTBUU C UX (YHKIUSIMHU U
Ha3HAYCHUEM;

JIP7. roTOBHOCTb K TYMaHUTAPHOM U BOJIOHTEPCKOU IEATEIILHOCTH;

JIPS. chopmMHupOBaHHOCTH POCCUICKOM IPaKIAHCKOW HICHTHYHOCTH, TATPUOTH3MA, YBAXKCHHUS K CBOCMY
HapoJly, YyBCTBa OTBETCTBEHHOCTH Iiepea PoauHoil, ropaoctu 3a cBoil Kpaid, cBoro PosinHy, CBOM SI3bIK
U KyJIbTYpY, [IPOLIIOE M HACTOsIIee MHOTOHAIIMOHAIbHOIO Hapoaa Poccuuy;

JIP9. 1eHHOCTHOE OTHOIIEHHE K TIOCYJapCTBEHHBIM CHMBOJIAM, HCTOPHYECKOMY U IMPUPOJHOMY
HaCJIEUIO, MaMsITHUKaM, TpaauuusM HaponoB Poccum, noctwxenusm Poccum B Hayke, UCKYCCTBE,
CHOpTE, TEXHOJIOTUAX U TPYAE.

JIP12. cpopMupoBaHHOCTH HPABCTBEHHOT'O CO3HAHMUSI, STUUYECKOTO TTOBEICHNUS;

JIP13. cnocoOHOCTh OLEHMBATh CUTYallMI0O W NPUHUMATh OCO3HAHHBIE PEIICHUS, OPUEHTHPYACh Ha
MOpaIbHO-HPABCTBEHHbIE HOPMBI U [IEHHOCTH;

JIP14. oco3Hanue TMYHOTO BKJIaJa B IOCTPOEHUE YCTOWYUBOTO OyIyIIEro;

JIP16. scTeTnueckoe OTHOIIEHHE K MHUDY, BKIIOYas ICTETHKY ObITa, HAYyYHOTO U TEXHHYECKOIO
TBOPYECTBA, CIIOPTA, TPY/Aa U OOLIECTBEHHBIX OTHOIIECHUH;

JIP25. wuHTepec K pa3nuuHbIM cepaM NpoPecCHOHANbHON JEATEIbHOCTH, YMEHHE COBEpIIATh
OCO3HaHHBIHM BBIOOP OyayiIei npodeccuu U peaan30BbIBaTh COOCTBEHHbIE KU3HEHHBIE IIIAHBI;

JIP26. TOTOBHOCTB M CITIOCOOHOCTH K 00pa30BaHUIO U CaMO00pa30BaHUIO Ha MPOTSHKEHUU BCEH JKHU3HH,
JIP27.  chopMHpOBAaHHOCTH  DKOJNOTUYECKOW  KYNIbTYypbl, TOHMMAaHHE BIMSHHS  COIMAIBHO-
HSKOHOMMYECKUX MPOILIECCOB HA COCTOSIHME MPUPOAHON U COLMATIBLHOW CpeJibl, OCO3HAHHE II100aIbHOTO
XapakTepa 3KOJIOIMYECKHX IpolieM;

JIP28. nymaHupoBaHuE U OCYUIECTBJICHUE JECWCTBUU B OKPYXKAIOIIEH Cpele Ha OCHOBE 3HAHUA LNl
YCTOMYMBOIO Pa3BUTHUS YEJIOBEUECTBA;

JIP31. pacimpenue onbiTa AeSITEIbHOCTH 3KOJIOTHYECKON HAITPABICHHOCTH;

JIP32. cdhopMHpPOBAaHHOCTE MHMPOBO33PEHHsI, COOTBETCTBYIOIIETO COBPEMEHHOMY YPOBHIO pa3BUTHS
HayKH U OOLIECTBEHHON MPAaKTHKH, OCHOBAHHOTO HA JHAJIOTe KYJIbTYp, CIIOCOOCTBYIOIIETO OCO3HAHUIO
CBOETO MECTA B MOJUKYJIBTYPHOM MHPE;

JIP34. oco3HaHME LIEHHOCTHM HAY4YHOW JESATEIBHOCTH, TOTOBHOCTh OCYHIECTBIATH NPOEKTHYIO U
HCCIIEA0BATENbCKYIO ACSITENbHOCTh UHIUBUAYAIBHO U B TPYIIIIE;

ConepxaHue MpaKTUIECKUX U JaO0PaTOPHBIX 3aHATHI OPUEHTUPOBAHO Ha MOATOTOBKY 00YUYaIOIINXCS
K OCBOCHHIO NMPO(PECCHOHATBHOIO MO/ MPOrpaMMbl IOJTOTOBKH CHEHUAIMCTOB CPEJHEr0 3BEHa II0
CNIELMAIBLHOCTY U (JOPMHUPOBAHMIO 00X KOMIICTEHIMIA:



OK 01 Beibupatb criocoObl pemeHus 3a1a4 nNpopeccuoHaIbHON AEATEIbHOCTH TPUMEHUTEIBHO K
pa3IUYHBIM KOHTEKCTaM

OK 02 Hcrmonp30BaTh COBpEMEHHBIE CPEICTBA MOMCKA, aHAIN3a U MHTEPIPETaluy HH(pOpMaIuu 1
MH(GOPMaLMOHHbIE TEXHOJOTHH JUIs BBINOJIHEHU 3a/1a4 IPOpEeCCHOHATIBHOM 1€ TeIbHOCTH

OK 03 IlmanupoBaTh M pealM30BBIBATE COOCTBEHHOE MPOPECCHOHATBHOE W JUYHOCTHOE
pasBUTHE, NPEIIPUHUMATENBCKYIO EATEIBHOCTh B NMPO(eCcCHOHANBHON cdepe, UCIOoNb30BaTh 3HAHUS
10 NIPABOBOW M (PMHAHCOBOI IPaAMOTHOCTHU B PA3IMYHBIX KU3HEHHBIX CUTYaIHIX

OK 04 3¢ddexTrBHO B3aUMOACHCTBOBATH U PaOOTaTh B KOJUICKTUBE U KOMAaH/Ie

OK 05 OcymecTBasTh YCTHYIO M NMUCHBMEHHYI0 KOMMYHHUKAIIMIO Ha TOCYIAapPCTBEHHOM S3bIKE
Poccutickoit denepariuu ¢ y4eToM 0COOCHHOCTEH COIMAIbHOTO M KYJIBTYPHOTO KOHTEKCTA

OK 06 IlposBasTh rpa’KaaHCKO-IIATPUOTUYECKYIO IO3ULMIO, JIEMOHCTPUPOBATH OCO3HAHHOE
IIOBEJICHHE HA OCHOBE TPAJULMOHHBIX POCCUMCKUX TYXOBHO-HPABCTBEHHBIX LIEHHOCTEH, B TOM YHCIIE C
YYETOM TapMOHHU3AIMH MEKHAIMOHAIBHBIX U MEXPEIUTHO3HBIX OTHOIICHWN, MPUMEHSTh CTaHIapThI
AHTUKOPPYILMOHHOTO OBEJCHUS

OK 07 CopneiicTBOBaTh COXpPAHEHUIO OKPYKAIOLICH CpEIbl, PeCypcocOepekeHUI0, MPUMEHSThH
3HaHUS 00 M3MEHEHMM KJIMMaTa, MPUHLUIBI OEpPEeKIUBOTO MPOU3BOJACTBA, 3(PPEKTUBHO EHCTBOBATH B
YpEe3BBIYANHBIX CUTYAIHSIX

OK 08 Hcnonb3oBath cpecTBa PU3NUECKOM KYJIbTYpPbI AJIsl COXPAHEHUS U YKPEIUIEHUs 3/J0POBbs
B Ipoiiecce MpodhecCHOHATLHOW NEATEIHbHOCTH U TOJACPXKAHUS HEOOXOAMMOTO YPOBHS (DU3UYECKOH
[IOJIFOTOBJICHHOCTH

OK 09 ITonb30BaThCst TpoQecCHOHANBHON JOKYMEHTAIME! Ha TOCyIapCTBEHHOM U HHOCTPAHHOM
A3bIKAX

Broimonnenue oOyuaromuxcst MTPAaKTHUECKUX W/WIM  J1abopaTOpHBIX padoT 1o  y4eOHOM
mucuuiuiHe «Du3nKay HalpaBlieHO Ha:

- 00001meHue, cucTeMaTH3alUIo, YrIyOJNeHUe, 3aKperyieHue, pa3BUTHE U JIeTaTU3alHio
MOJTYYCHHBIX TEOPETUYECKUX 3HAHUH 110 KOHKPETHBIM TeMaM y4eOHOU JUCIUTUINHEL,

- (popMupoBaHUE YMEHUH MPUMEHSATH MOJIyYE€HHbIE 3HAHMUS HA MPAKTUKE, peau3alliio eNHCTBA
MHTEIJUICKTYaJIbHON M MIPAKTHYECKON JEATEIbHOCTH;

- (popmupoBaHue U pa3BUTHE YMEHMI: HaOIIOAaTh, CPAaBHUBATH, COMOCTABIATH, AHAIN3UPOBATH,
Je7IaTh BBIBOABI W OOOOIICHHUS, CAMOCTOSITENTbHO BECTH HCCIEIOBAHUS, TOJIB30BATHCS PA3THYHBIMU
preMaMy U3MepeHuit, opopMIIATh pe3ynbTaThl B BUAE TalOMIl, CXeM, rpauKoOB;

- NpuOOpeTEeHNE HABBIKOB PA0OTHI C pa3IMYHBIMU NpUOOpamH, ammnaparypoil, ycTaHOBKaMu M
JAPYTUMH TEXHUYECKUMHU CPEICTBAMHU I IPOBE/ICHUS OIBITOB;

-  pa3BUTHE WHTEIUICKTYAIBHBIX YMEHHH y OyIymIMX CIEMUAIUCTOB. aHAIMTUYECKHX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTHBHBIX U JIP.;

- BBIpa0OTKY TIPH PEIICHUH TOCTABICHHBIX 3a/1a4 MPO(eCcCHOHANBHO 3HAYMMBIX KaueCTB, TAaKUX
KaK CaMOCTOSATEIbHOCTb, OTBETCTBEHHOCTh, TOUHOCTh, TBOpYECKasi NHUIMATUBA.

[NpakTiueckie W abOpaTOpHBIE 3aHSTHS TPOBOIATCS B paMKaX COOTBETCTBYIOIICH TEMBI, ITOCIE
OCBOGHMS MAAKTUYECKUX EIUHUIl, KOTOpble OOECHeUMBAalOT HAIMYME 3HAHMH, HEOOXOOMMBIX Ui ee
BBITIOJTHEHHSI.



2METOAUYECKHUE YKA3AHUS

Pa3znen 2 Mexanuka Tema 2.1 KnnemaTuka

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

Henab: HayuuThCcs pa3nuyaTh BHUIBI MEXaHUYECKOTO MABM)KEHHUS B 3aBHUCHUMOCTH OT (HOPMBI
TPACKTOPUU U CKOPOCTH IEPEMEIIEHUS Tela, PACCUUTHIBATH €0 MapaMeTpbl, HAYYUTHCS U300paKaTh
rpadUyecKyd pa3iuyHbIe BHABl MEXAaHUYECKHX JBM)KCHUH, 3amUChIBaTh YypaBHEHHUS JIBHXKEHUS,
pa3nuyaTth €ro OTHOCHUTENbHOCTh; HAYYHTHCA (DOPMYNIMPOBATH CIEAYIOUIHE MOHSATHI: MEXaHHYECKOe
JBUKEHHE, CKOPOCTh M YCKOPEHHUE, CUCTeMa OTCUYEeTa, MEXaHUYECKUN MPUHIUIT OTHOCUTEIbHOCTH

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

MarepuajibHoe o0ecnieueHue:

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

Yka3zaunue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JIBYX 4YacT€ — TEOpeTHYeCKOoW M mpaktudeckou. llocie
M3YYECHHS TEOPETUYECKOro Marepualia MO>KHO MPHUCTYNAaTh K BHIMOJHEHHUIO MpakTHUecKkod 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 ]ISl KOHKPETHOTO, BEKTOPHOTO M €CTECTBEHHOI'O CIIOCO00B
OIIpeJIeJIEHUs! IBUKEHUA?
5. Kak HaliTu BeKTOp yCKOpEHHUs JIJIsl Pa3HbIX CIIOCOO0B OMpeIeTIeHUs TBUKEHUS?
3. Hcnonb3ys Gpopmymsl 171 pacueTa mapaMeTpoB ABUKEHUS TEJ, PEIIUTh 3aauu.
Ilopsinok BbINOJHEHHS padOThI:
1. TloBTOpUTH OCHOBHBIE BOIIPOCHI KHHEMATHUKH.
2. PemmTs 3a7a4n 110 BapuaHTaM.
3. OdopmMuTh OTYET B TETPaIH IS MPAKTUUECKUX paboT.

IIpumeps! pemenus 3aaau: 1. [accaxupckuii moesa uuet co ckopocts 72 km/4. Ilo coceqnemy
MyTHU JIBUXKETCS HaBCTpedy ToBapHbIM moe3a anuHoil 140 M co ckopocThio 54 km/4. CKOJIBKO
BPEMEHH MACCAXUP, CTOALINN y OKHA, OyAeT BUAETh MPOXOIAIINNA MUMO HETO TOBAPHBIH 1moe3a’?

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. Ilocago4yHas CKOpOCTh MacCaKUpcKoro camosiera 135 km/4, a qmmHa mpoGera 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 COCTOSHUS IOKOS, 33 IATYIO CEKYHAY MpoLuIo myTh 18
M. Uemy paBHO yCKOpEHHUE U KaKOH IMyTh TEJIO MpoLuIo 3a 5 ¢?

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 3a1a44 caMOCTOATEIbHO:

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

OTHOCHUTEIIbHYIO CKOPOCTh, €CITM CKOPOCTh YeloBeka | km/4, a BaroHeTKH 4 kM/4. Pemute 3Ty 3a1a4y u
IIPU YCIIOBUH, YTO OHU JBUXKYTCS B IPOTUBOIIOJIOKHBIX HAIIPABICHUSIX.

3. CrtpouTenbHbIi KpaH NOJHMUMAeT Trpy3 Ha BbicOTy h M. OnHOBpeMEHHO KpaH
nepeaBuraercs Ha paccrosHue | M. OmnpenenuTs NepeMelleHue Ipy3a, €ro BEpTUKAIbHYI H
TOPU3OHTAIBHYIO CcOCTaBisifonme. M300pa3uTh MX COOTBETCTBYIOIIMMHU BEKTOpaMu. Uemy paBHBI
MOJIyJIM 3TUX BEKTOPOB?

4, UYenosek mpoien no mpocrekTy 240 M, 3aTeM MOBEPHYJ Ha MEPEKPECTKE W MPOIIET B
HepIeHANKYJIIpHOM HampasieHuu eme 70 M. Ha cKonbKko IMPOLIEHTOB MyTbh, IPOIIEHHBIN YEI0BEKOM,
OoJIbIIIe MOJTYJISI €T0 MEPEeMEIEeHUs ?

5. YacoBoii oxpaHseT CTPOUTEIbHBIA 00BEKT, OTOPOKEHHBIN KBaipaTHBIM 3a00poMm ABCD,
ob0xoxst ero mo mepumerpy. Yemy OyayT paBHBI €ro IyTh M NEpEeMEIIEHHE, €CIH OH M3 TOUYKH A,
neperIET B Touky B, 3aTtem Touky C, 3aTtem TouKy D, nocie yero BepHércs B Touky A? JlJInHA CTOPOHBI
KBajipaTa a M.

6. Kakyto ckopocTb pa3BuBaeT camocBaji 3a BpeMs At mocie Hayana JBHKEHMsS, €CIM OH
eaer ¢ yckopenueM a? Kakoit myTb OH IPOXOJHUT 3a 3TO Bpemsi?

1. [IpuBecTu mpuMepbl CTPOUTEIBHBIX TEJ, HaXOIAUIMXCA B Mokoe. JlelicTBUe KaKUX Tell
KOMIIEHCUPYETCs B 3TUX ciaydasax? (3 mpumMepa; JelcTBYyOIUE CUilbl H300pa3uTh Ha PUCYHKE).

8. B nBuxyiieMcsi Barone ToBapHOIo 1oe3/ja HaXoAsTcs MOI0HbI ¢ ra3obiokamu. B mokoe
WIN JBM)KEHUM OHM HAXOJATCSl OTHOCUTEIBHO: a) MAlIMHKCTA 10e3/a; 0) peabCcoB; B) M0JIa BaroHa; I)
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 Kakoe BpeMs aBTOMOOWIb, ABUTasChb ¢ yckopeHuem 0,4 m/c2 , yBEIMYUT CBOIO
ckopocTh ¢ 12 10 20 m/c?

11. [lyns B crBosie aBTOMara KamamrHukoBa aBMKETCS ¢ yckopeHuem 616 m/c2 . Kakoa
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 uepe3 10 ¢. Onpenenure myTh, IPORICHHBIN TEIOM.

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

14. . I'padukn kakux ABMKEHHUH Ten mokaszaHbl Ha puc. 1? Ilo rpaduky onpenenure: 1) B
KAaKOW MOMEHT BPEMEHHM TeJla BCTPETWIINCH; 2) KaKHe IIyTH TeJla IPOILIN 10 BCTPEUH.

¥, Mt

puc.l.

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

®opma npeacTaBiaeHus pe3yJbTarTa:
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 BBICTABJIAICTCS OTPHULATCIIbHAA 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 npaBUIBHBIX OTBETOB
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Tema 1.2 KuuematTuka

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

Heb: HAYYUTHCS PACCUUTHIBATH MAPAMETPhI BPAILIATEILHOTO JABUKCHUSI.

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

MarepunanbHoe obecrneyeHue:

WHIUBUIYaJIbHOE 3aJIaHKE, KOHCIICKT JICKIIUI, CIPABOYHBIE MaTEpHUAaIbI.

Yka3anue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX 4YacTed — TEOpPETHYECKOW M mpakTuyeckoil. Ilocie
M3Y4YEHUsl TEOPETHUUYECKOTr0 MaTepHralia MOXKHO MPHUCTYIATh K BBITOJHEHUIO MpakTHUecko dactu. OHa
COCTOUT M3 ABYX M 0oJiee 3a/ay Il CaMOCTOSTEIBLHOTO BhIMOJHEHUs. He 3a0biBaiiTe 0 MpaBHIBHOM
odopmiiennu pemeHus. Ha BEIOTHEHNE MPAKTUYECKOTO 3a/IaHUSI OTBOJUTCS J[BA aKaJCMHUYECKHUX Yaca.

3aganue:

O3HaKOMbTECh c KpaTKUMHU TEOPETHUYECKUMU CBCACHHUSIMU
https://znanium.com/catalog/product/1012153 , ctp 18 -19, orBeThTe Ha Borpochkl Ne 12,13,14.
Pemnre 3a1aum caMOCTOSITENIBHO UCIIONB3Ys IPUMEPHI M KPATKUE TEOPETHUECKUE CBEACHUSI.

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
(JTMHEHHON CKOPOCTHIO) U 3a BpeMst At mepeMecTHiioch Ha AS u3 T. A B T. B. Bektop vV HampasieH 1o
KacaTeIbHON K OKPYKHOCTH M MEHSIET HalpaBJICHHUE, T.€. MOXKHO TOBOPUTH 00 M3MEHEHUH CKOPOCTH

— \%
AV = Vg —V, , OTITMYHOM OT HyJs. OTcrona: 4 = A_t #0,

LleHTpocTpeMuTeIbHOE yeKOpeHue (d) — CKOPOCTh

V2

M3MEHEHNS HANPABIICHNA BEKTOPA CKOPOCTH |4 = —
BexTop d HampasiieH 1Mo paguycy K HEeHTPY OKPYKHOCTH.
[Tepuon oOparieHus: TOYKH 1O OKpYKHOCTH (7) — BpeMmsi, 32 KOTOPOE TOYKa OIMHCHIBACT OJTHY

OKPY>KHOCTb.

v2 27R 4r*
[T]=1c UBa=—nv=—"r=la=—:

R T T
Yacrtora O6paH.[eHI/I$I TOYKHU 110 OKPYKHOCTHU (V) — KOJIMYCCTBO ITOJIHBIX O60pOTOB, COBCPHIACMBIX

. 1 1 v
TOYKOM B €IMHUILY BpeMeHn |v=—| [v]=1—; [V = TR .

T c

VYrnoBas cKOpoCTh 0OpaIIeHUs TOUKH 110 Ac| OKPYXHOCTH () — CKOPOCTh

M3MEHEeHHs yriia moBopoTa Ao paanyca R, W= At | COEIMHSAIOIIETrO TOYKY C HIEHTPOM
an 27 vV v
OKPY>KHOCTH. [W] = lpT_ w= 7 :>’ w= 272'% = E:>|V = WRL |V = 27vR
2 2p2

ca=Y MR o]

R R

[Ipumeps! pemienus 3a1ad:
1. ABTOMOOWJIb ABMIKETCS MO 3aKPYIJICHHIO JIOpOTH, paguyc KoTopoi paBeH 20 m. Ompenenure
CKOpPOCTb aBTOMOOMIISA, €CIIM LIEHTPOCTPEMUTENIBHOE YCKOPEHUE PaBHO 5 M/c2.
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HaHo: Pelnenue:

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

-9 2
A a,l=%=v=JauR=ﬁM'5da=10M/c.

Otser: 10Mm/c
2. BeHTHIATOp BpaliaeTcs C MOCTOSHHOM CKOPOCThEO M 3a JBe MUHYTHI coBepimaetT 2400 oboporos. Ompenemure
YaCTOTY BpAILCHUS BEHTUIATOPA, MIEPUOJ] OOpaIeHUs] U JIMHEWHYIO CKOPOCTh TOYKHU, PACIIOIOXKEHHON Ha KPako JIOMACTH
BEHTUIIATOPA Ha paccTossHuu 10 cM OT ocH BpaleHus..

Hano: Pelenue:
31—2% zmu— Mo onpeaencHKIo: n=4-; n=%;(;—'g=20-é-=20 M
N=2400 I | )
r=10eM=0IM| T=—=; T=r—-=005c; v=2rm
n 20 T'u
n—=1%T—=17 ] M M
L3 b=2304-01M-20L <1256 % ~ 1264,
Otser: 20I'1, 0,05¢, 12,6Mm/c
PemmTsb 3a1a4n caMOCTOSITEIbHO
(N - Homep saweco sapuanma no cnucky)
1. [louemy oOTaunMBaHMEe Ha TOKApHBIX CTaHKaX W3ACIHA OONBIIOrO JMaMeTpa
IIPOU3BOIUTCS ¢ MEHBIIEH YIII0BOM CKOPOCTBIO, YEM M3EIUI Manoro 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 PAIMyCOM 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 paauycoM n cM jenaer oguH obopot 3a 0,2 c. Haiinure ckopocTb
TOueK, HanboJsee yJaléHHbIX OT OCH BpAICHHUS.
6. Camonér, BBIXOIS M3 THKE, IBUKETCS 1O TPACKTOPHH, KOTOpas B HWKHEW YacTH

ABJIAETCS YTOM OKPYXHOCTU paguyCcoM h KM. Brlumcnure yCKOpeHHE caMmoOj€Ta IpU €ro JBUKCHHH,
€CJIN €ro CKOpOCTh paBHa 720 km/u.

7. KakoBa cKOpOCTh JBMKEHHUSI BaroHeTKH, eciau e Kojéca paauycoM n cMm jgenator 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,
LEHTPOCTPEMUTENILHOE YCKOpEeHUe?

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. Omnpenenure e€ro JMHEHMHYIO CKOPOCTh U LIEHTPOCTPEMUTEIHHOE 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 KOCMHYECKOro KOpadysi — 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. OnpenenuTh ero HeHTPOCTPEMHUTEIbHOE YCKOPEHHE.

®opma npegocTaBjieHus pe3ybTaTa

BrinonHeHHbIe 331241 B TETPan JJIs MPAKTHUECKUX padoT.
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Kpurtepun onenkmn:

3a MpaBUIIHLHO BBITOJHEHHOE 33JaHHE BHICTABIISICTCS TIOJIOKHUTENIbHAS OlleHKa — | Oasu.

3a HeNmpaBWJIBHO BBHINOJIHEHHOE JEHCTBHE, 3aJaHWE BBICTABISIETCS OTpHIlATeNbHas oreHka — 0
6aioB.

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

Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

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

Oyenka «HeyoosiemeopumenvbHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 2.2 3akonnl Mexanukn HeioToHa

HpaKTn'{eCRoe 3ansaTue Ne 3 Pemenne 3aja4 mo TeMe: BUabI CHJI B MeXaHUKE. Cuia
TPECHUA MMOKOH, CKOJIbKCHUHA, KAYCHHUSA, BPAILICHUA.

Heapb: nomyuuTh NpeacTaBiIeHUE O CUIOBOM JEHCTBUM OJHOIO Tejla Ha Jpyroe, Macce Tena,

pa3jindaTtb IOHATHA HMHEPpHHUU U HWHCPTHOCTH, HAYUUTHCS (I)OpMy.HI/IpOBaTB IIOHATHUA MacCChbl, CHIIBI,
3aKoHbI HproTOHA. HAay4YUTBHCA paCCUNTBIBATH I[CflCTB}GOHII/IC CHIJIBI.

Brinosinenue padorsl cnocodocTByer popmuposannio: OK 01, OK 02, OK 03, OK 09
MarepuanbHoe obecrieyeHnne:

WHAUBUAYaAIbHOE 33/1aHUEe, KOHCIIEKT JISKIIHIA, CIPaBOYHbIC MaTEPHAIIBI.

Yka3zanue:

[IpakTuueckoe 3aHATHE COCTOMT U3 JBYX 4YacTeil — TeopeTudeckod W mpaktuueckou. ITocme

HU3YUCHUSA TCOPCTUUYCCKOro Marcpurajia MOKHO IMPUCTYIIATh K BBIITOJHCHHIO HpaKTHHeCKOfI gactu. OHa
COCTOUT U3 ABYX U Oounee 3aJad AJi1 CaMOCTOATCIIBHOI'O BBIITOJIHCHMA. He 3aOwIBaiiTe o IIpaBUJIbHOM
O(i)OpMJIeHI/II/I peuicHus. Ha BrimonneHme MPAKTUYCCKOI'0 3alaHUs OTBOAUTCA JIBa aKAACMHUUYCCKHUX Yaca.

3apanmue:
OSHaKOMBTCCB C KpaTKI/IMI/I TGOpGTI/I‘{eCKI/IMI/I CBCACHUSIMU
https://znanium.com/catalog/product/1012153 , §5,6,7,9,
PGHII/ITG 3aa9u CaMOCTOATCIbHO I/ICHOJ‘II;SYSI HpI/IMepI)I nu KpaTKI/Ie TGOpCTI/I‘IGCKI/Ie CBCIICHUA.

Ilopsinok BbINOJHEHHS padOThI:
1. W3yuuTte u BeIUIINATE GOPMYJIBI IO JAHHOH TeMme:
2. Pasbepute nmpuMepsl pelIeHHBIX 3a/1a4
3. Pemmre camocTosTENHHO 3aa4U

Kparkue Teopernyeckue CBeACHUA:
Junamrika. OCHOBHBIE TOHATHS
WHepuust —  sABIEHME  COXPAHEHHUS

e CKOpPOCTH  ABWXKXCHUA  TCJIa TIpU

OTCYTCTBHMH BHEUIHUX BO3JECHCTBUH.

I/IHepTHOCTL — CBOICTBO TCJI, IPOABJIAIOIICCCA B TOM, UTO IMPU OJMHAKOBBIX BHCITHUX BO3JIEHCTBUAX

pa3HBIE Tella MPUOOPETAIOT pa3Hble YCKOPEHHSI.

Macca (M) — Mmepa uHepTHOCTH Test.  [M] =1 kr. a m
— 2
3a stasion Macchel (1 kujorpamm) mpuHSATa Macca 2 m | MexayHapomHoro MPOTOTHUIIA
KHJIOTPaMMa. 2
W3 OmBITOB H3BECTHO, YTO YCKOPEHHS, MOJTy4aeMble TeaMU npu
N m,,-a
B3aUMOJICHCTBHH, o0paTtHO |m..,, = % MPOTOPIOHATIBHBI UX MaccaM:
Ecnu maccy kakoro-nu0o Tena npuHsThH 3a TEAA | 93TaJIOH, TO MOXHO H3MEPUTh Maccy
APYTHX TEII: m
—_— KT’
[TnoTHOCTH Tenma (p) — P=y [p]=1?

Cuina (F) — Mepa MEXaHMYECKOTO JACHCTBHS OJHOTO TENA HA IPYTOE.
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[F]=1H — HbtoTOH.

Cuna uMmeer HampaBlieHUE, T. €. CUNA-8EKMOp .

Cuna Bcerja npusaoXeHa K TOMy Telly, Ha3BaHHE KOTOPOI'o CJIEAYET B MIPEAJIOKEHUH TIOCIIE TIPEIIora
«Hay.

CunoBoe nojie — 0coObIi BUJ MAaTEPHUH, IOCPEICTBOM KOTOPOT0 Nepeaaércs AeMCTBUE CUIIBL.

—

PasHozelicTByromas (pesynsrupyromas) cui ( R ) —cuiia, paBHas BEKTOPHON CymMe MaHHbIX cun F, .

R-YF

JlaBneHue (p) — OTHOIICHUE CUJIBI K IUIOIIAAM MMOBEPXHOCTH, Ha KOTOPYIO OHa JICUCTBYET
B IEPIICHIUKYIIPHOM HAIPABIICHUH. [p]= 122 = |p= F
1 Ila — mackaiub M S
Nmnynec  Tema  (p)—  BEKTOpHas  Mepa m v MEXaHUYECKOI'0  JIBMIKEHUS,
paBHas TMPOU3BEACHUIO MAacChl Tejla Ha €ro — CKOPOCTb. p=m-v
KT+ M o 7

[p]=1
C

Nmmynbe cuitsl ( F - Az ) — BEKTOpHAst Mepa JIEUCTBUS CHJIbI, PaBHAS IPOM3BEIECHHUIO CHIIBI Ha BPEMS

e¢ neiictBus. [F-At] =1 H-c.
3akonsl HeoToHa

O600muMB pe3ynbTaThl CBOMX HCCIENOBaHUN u, yuTs pabory lamunes «O ABMKEHHH TeN IO
uHepuun», HpoTOH copmMynupoBan 3aKOHYEHHOE IIOJIOKEHHE, H3BECTHOE KaK IEPBBIM 3aKOH
HbrotoHa:

CyImIecTBYIOT CUCTEMBI OTCYETA, OTHOCUTEIBHO KOTOPBIX TEJIO0 HAXOIUTCS B MOKOE MO0 JBHKETCS
MPSIMOJIMHEIHO U paBHOMEPHO, €CJIM PAaBHOACUCTBYIOIIAS BCEX MPUIIOKEHHBIX K HEMY CHJI paBHA HYIIIO.

Nuepumanshas cucrema orcuéra (MCO) — cuctema oTcuéra, B KOTOPOH BBITIOJIHSIETCS TIEPBBIN 3aKOH
Hprotona.

U3 F= % = mA—AtV = md momy4aeM Bropoii 3akon HerotoHa: FE-m-a

JUIST Tela TIOCTOSIHHOM MacChl CKOPOCTh W3MEHEHHS HWMITYJIbCa paBHA IPOU3BEACHUIO MAacChl Ha
YCKOpEHHE.

Bropoii 3akon Heiorona padoraer Tossko B UCO u mipu yciioBHH, YTO Macca Tejia U JeHCTBYIOIINE
Ha HETO CHUJIBI TIOCTOSIHHBI.

BTOpOfI 3akoH HprotoHa CIIpaBCAJINB JIA paBHOﬂeﬁCTBymmeﬁ R BCCX CHUJI, IPUIIOKCHHBIX K TEITY,

MOATOMY, MPEK/E YEM pEeIIaTh 33/1a4y C €r0 IPUMEHEHUEM, HAJ0 ONPEAETUTh R.
Tperuii 3akoH HprOTOHA: CHIIBI, ¢ KOTOPBIMH JIBa Te€ja JCHWCTBYIOT NPyr Ha Apyra, Ifl _|32
YHUCJICHHO PaBHbI U HAIPABJIEHBI B TPOTUBOIOJIOKHBIE CTOPOHBI 110 OJTHOM MPSIMOM.
Tpernii 3akon HeroTona padoraet Tosbko B UCO.
[Tonaras, uto Bce Tena BcenenHoit B3aumHO mputsaruBaioTcs, Hetoton B 1682 r. chopmymnmpoBan

3aKOH _BCEMHPHOIO TArOTEHHUS: BCE Tela y-m, -m,| TPHTATHBAKOTCA IPYr K APYry ¢
CHJIaMH, psIMO PONOPIHOHANEHEIMI | F12 T RZ | TpOM3BEIECHHIO UX MAacC U O0OpaTHo
NPONOPIMOHATIBHBIMU  KBaJIpaTy PacCTOSHUS MEXy HUMH.

rne Fip — ciita B3aMMHOTO MPUTSDKEHHSI TET Macce My 1 My,
¥ — TPaBUTALlMOHHASL TIOCTOSIHHAS. ‘72 6,6720 - 10™ HMZ/KFZ‘.

Cuuibl B mpupoae
) — cuia, cooOIIaroIas Teay YCKOpeHHEe CBOOOTHOTO MaeHHs. ﬁgw
Cuna TsOKeCTH HaIlpaBlieHa BEPTUKAIBLHO BHU3 (TIEPIICHIUKYIISIPHO KacaTeIbHOW K
MIOBEPXHOCTU 3€MJIN).
Peakuusi( N ) — cuia AeicTBHs omopsl (IOABECa) Ha TEIIO.

Cuna tsxectH ( 7,

SIK
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Bec Tena (P) — cuia, ¢ KOTOPOH TeIo JEHCTBYET Ha ONOPY MM MOABEC BCIIEACTBUAE NPUTSHKEHUS K
3emute.

HeBecomocTh — McUe3HOBEHHE Beca Teia IIpyu ABMIXXCHHUHU OIIOPbI C YCKOPCHHUEM CBO6OI[H01"O
naacHus.

[leperpy3ka — yBennueHue Beca Teja Ipu IBHKEHHH OMOPBI C YCKOPEHUEM BBEPX.
Cuna ynpyroctu ( 7, ) — CuJia, BO3HUKAIOLIAs B TEJE NPHU Jiehopmanym.

Bakon ['yka: cHna yhOpyrocTd, BO3HHKaromias npu aedopmarmm Ttema, |Fv =—kx
MPONOPIIMOHAIIFHA €ro

abcomoTHON AeopMalK U HalpaBiieHa B CTOPOHY, IPOTUBOMOIOKHYIO MEPEMEIIEHUI0 YaCcTHUIL
Tena:

Cuna Tpenus mnokos (7 ) — CHIA, BO3HMKAIOUIAS HA TPAHMIE

COIPUKOCHOBEHHUS TEJ MPHU OTCYTCTBUU UX JBUKEHUSI OTHOCUTENIBHO JAPYT ApYra. F, =N
i — ko3P PHULIMEHT TpeHuUs (3aBUCUT OT MAaTEPUATIOB TPYIIUXCS TIOBEPXHOCTENH ).

IIpumeps! peenus 3aga4
1. ABTOOYC, Macca KOTOPOTO € IOJIHOW HArpy3koi paBHa 15 T, Tporaercs ¢ MecTa C yCKOpPEHHEM
0,7 m/c 2 . Haiitu cuity TsrH, eciii K03()(QUIIMEHT COMPOTHBIICHHS IBIKeHUIO paBeH 0,03.

Jano:

m= 15t =15-103kr

a=0,7 m/c? FW+N+ﬁ+[1]g=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- 103kr-1 m/c? =
15-10°H
Omegem: 15-103H
2. Ha HakJIOHHO# MJIOCKOCTH JIJTMHOW 5 M U BbICOTOM 3 M HaxomuTcs rpy3 maccoi 50 kr. Kakyto

CHJTy, HalPaBJIEHHYIO BJOJb IUIOCKOCTH, HAa/0 MPUIOXKUTh, YTOOBI yJepxkKaTb 3TOT I'Py3, €CIU TAHYTh
ero ¢ yckopenueM 1 M/c 2 ? Koadduuument tpenus 0,2.

Hano: Pewenue:

m = 50 Kr o — A

a =1 m/c? " \ T Cocrasum ypaBHeHHe JABUKEHUS Tea:
M = 0,02 g )\ 131.,, + N+ F+mg=ma

5 53M ¢ f 2y Haiinem npoexkummn cuit na ocu:

h M y

Ock OX: -F, + F - mgsina = ma
Ocs OY: N ~mgecosa =0 —= N=mg cosa
F, =MN = E, = Mmg cos a

l.‘ -?

[lojicranne Bropoe ypasHeHue B EPBOE, MOJNYHUHM
-mmgcos @ + F - mgsin a= ma

HaxoauMm nponisoanyio BeJInUnHy:

F = Mmgcos a- mgsina + ma niau

F=m(a + mgcos a + gsin «)

[To onpeaeneHmio curyca nmeem

) 3
sina =— sina =—=10,6
{ 5m
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H3 0cHOBHOTO TPHIOHOMETPHYECKOND TOKICCTRA
sina® +cosa’=1,
cosa=vV1— sina’=y1-10,36=10,64=08
Brrancanm HCKOMVH) BCIHYHHY.
F = 50 xr(0.2:10 wic? 08 + 10 wc?-0.6:1 sw/c’) = 430 H
Omsem: 430 H.
3. Ha miHype, mepeKuHyTOM Yepe3 HeOABIKHEIN 010K, oABenieHbl Tpy3bl Maccamu 0,3 u 0,2 kr.
C kakuM yCKOpeHUeM ABUXKYTCs rpy3nl? KakoBa cuiia HaTs»KeHUs BO BpeMs IBUKECHHUS?

MHano: Pewenue:
my =0,2 kr N liaals T CoctaBum ypaBHEHHE JBWKCHHUS UTs
my =03 kr N 5 JBYX TeJ:
9T 9 2] ke e ¢ - I —_—
a-?7T-7 I v {mlg+T1=m1a1_
" I8, vy % —_— iy
myg + T, = mya;

Haiinem npoexunu cni Ha ocs OY:
{ T —-myg=ma
—Tz + mpg = mzaz‘
T k. Tena cBA3aHbl OHOIT HUTBIO, TO
Tl =T2 =Tua1 =a =aq,
Torpa, {_TT:_TY;Q —:mla 5
20 = mpa
CnoxuM 3TH ypaBHEHUS:
—-myg + myg = (my; + my)a uin
g(my —my) =(my + my)a
Pemmnm 310 ypaBHEHHE OTHOCUTEIBHO HEN3BECTHOH BETMYMHBI

mp—m 10 m/c2(0,3kr—0,2Kr
= M.Bbl‘lllc;’lm\i a= a2 2 w/c?
my+m; 0,3kr+0,2kr

Cuny HaTsDKeHMS Haiiaem ux nepsoro ypasHenusi: T=mq(g + a)
Boiuncmum: T = 0,2kr(10 m/c? + 2m/c?) =24 H
Omeem: 2 M/Cz; 24H

Pemuth 3a1a4n caMoOCTOATEIBHO
(n - Homep saweco sapuanma no cnucky)
1. C nomotpio 0anmeHHoro Kpana moHUMAarOT rpy3. CKOpocTh moabemMa nocrosiuaa. Onpenenure,
KaKue cuibl IeHCcTBYIOT Ha rpy3? Kakosbl nx HanpasieHus? Kakosa paBHoxelicTByromasn? [Touemy? vV
HEOIBITHBIX KPAHOBLIMKOB OBIBAIOT OOPBIBBI TPOCOB B TEX CIIydasix, KOTJa OHU HE 00paliaroT BHUMaHUs
Ha CUJIBHO pacKauMBaHUE MEPEHOCUMBIX TPpy30B. CitydaifHbl 1M Takue OOpBIBbI?

2. [loueMy Ha pYKOATKH, TOJOBKM OOJTOB, Tallku Kpyrjiod ¢OpMbl, 3aBHHUMBAaEMble U
OTBUHYMBAEMbIE BPYUHYI0, HAHOCAT CIIEUANIbHYIO HAaKaTKy (pudienue)?

3. Koneco (1kuB) npuBoAuTCS B IBUKEHUE IIPU MOMOIIM peMHs. OrnpenenanTe BU

TPEHMSI, BO3HUKAIOIIETO MEXAY LIIKMUBOM M PEMHEM: TPEHUE CKOJIBXECHHS WIN TPEHHE ‘r:.‘.“- b
nokosi? Cuurtaiite, 4TO peMEeHb HE MPOCKAIb3bIBAET. - ,ml _°
4. Onpenenure BHUJ TpPEHHUS, BO3HUKAIOIIETO MEXAY KOJIECOM JBIKYIIEHCA Q) e
TEJIEKKHU U TPYHTOM, a TAK)KE MEXY BTYJIKOM Puc. 1

KoJsieca 1 ocbo. OCh NMPHUKPEIUIeHA K TeJeKKe HemoABMKHO (Puc.2).

S. [Touemy Hao Gepeub cMa30uHbIE MaTEPUANIBI OT MONAIAHUS B HUX MECKa U MbLIH?

6. [Touemy HY>XHO Oepedb TOPMO3HYIO KOJOJKY M TOPMO3HOU OapabaH TPaHCIIOPTHOTO CPENICTBA
OT IONalaHusl MEXJly HUMU Maca?

7. Jlns yero mpu COeNMHEHUU MSTKMX MaTepHalioB IO FOJOBKY 00JTa W TalKy MOAKIAaIbIBAIOT
a0y Gospiiero quamerpa’?

8. B kakoM W3 mepedyrcIeHHBIX HIDKE SBJICHHWM IO JIEWCTBHEM CHIIBI COBepIIaeTcsi paboTa (CM.

pI/IC3) TPOC HAXOOUTCA B HATAHYTOM COCTOAHHHU IO JIEHCTBUEM CHJIbI TSOKCCTH, 6) Ha CTOJI ﬂeﬁCTByeT
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BEC THPH; B) Ta3 JNaBUT HA CTEHKU OAJUIOHA; T) MOPIIEHBb BBITAJKUBACTCS M3 IIJIUHAPA MOJ] ISHCTBUEM
CHJIBI IaBJICHUS Ta30B; 1) MaJbUUK TSHET BEPEBKY, IPUBA3AHHYIO K TPOYHOU CTeHE?

=
4 Yz
7 Vi
q 0
Puc. 2
9. Ha ropusoHTanbHOM yuyacTKe HYTH MAaHEBpPOBBIM TEIUIOBO3 TOJKHYJI BaroH. Kakue Ttena

JEHCTBYIOT Ha BaroH BO BpeMs H mocie Toiuka? Kak Oyner ABUTaThCsl BaroH Mol BAUSHAEM dTUX Tel?
10. Bripazutre B xunoBaTTax M meramartax cienytomue momnoctu: 3500 Br; 200 Bt; 5000BT;
110000Bt. Beipa3ute B BarTax cieayrmue momuoctu: 3 kBr; 1,5 kBr; 0,6 kBt; 0,04 MBt; 0,0001
MBT.

11. Yemy paBHa cuiia TSHKECTH, JEHCTBYIOLIAs Ha YIAKOBKY € LIeMEHTOM Maccol 2,5kr, 600r, 1,2 T,
50t1?
12. [TepBblif cOBETCKMI MCKYyCCTBEHHBIM CHYTHUK 3emiu Obln 3amyuieH 4 oktsa0ps 1957 ropa.

Onpenenutb Maccy 3TOro CIIyTHUKA, €CJIM U3BECTHO, YTO Ha 3eMJIe Ha HEro JIeHCTBOBaJIa Cujla TSXKECTH,
paBHas 819,3H.

13. Ha nemonsmxkHOW TtuiaTopMe CTOUT SIMUK C KUPIHYAMH Maccoi N ToHH. Beraucinure u
n300pa3uTe Ha PUCYHKE CUITY TSDKECTH U BEC SIIUKA.

14. CmoxeTe 11 Bbl HOJHATH IUIACTUHY U3 MPOOKHU 00BEMOM N cM>? TI10THOCTD poOKu 240kr/M°.
15.  ABTOOyc Maccoii N TOHH eleT NO Topu3oHTalIbHOMY Inocce. Kakas cuna tpebyercs mis
cOOBILIeHHs eMy ycKoperus 1,4 m/c?.

16.  Baronertka maccoil N ToHH JBMXeTcs noa AeiicrBuem cuibl 60 kH. Onpenenure yckopenue eé
JBUKEHMUSL.

17. JIBa xopabist Maccoil N TOHH KaXKIbld, CTOAT Ha peiine Ha paccTtosHuu 0,5 KM OJIUH OT JIPYroro.
KaxoBa cuia npuTsokeHUs: MeXAy HUMH?

18.  OmnpenenuTth Maccy KaxJ0ro M3 JIBYX OJIMHAKOBBIX aBTOMOOMIeH, eciu Ha paccrostHuu 0,1 kM
Ha HUX JeicTByeT cuiia nputshkeHus 6,6 7mMH.

19.  Onpenenuth paccTOsHUE, Ha KOTOPOM JIB€ BaroHeTkH Maccol mno 20 Kr Kaxjaas
B3alMOJIEHCTBYIOT ¢ cuitoil 67mMKkH.

20. Kakyro cuny Hajgo NpPWIOKHUTH K BaroHy Maccoili N TOHH, YTOOBI OH CTajl JIBUTraThCs
paBHOYcKOopeHHO U 3a 30c mpouen nyth 36 M? Koaguuuent tpenus pasen 0,008.

21. [Ton melicTBHEM CHIIBI TSATH CKOPOCTH BaroHa Maccoi N ToHH Bo3pocna ¢ 4,25 m/c no 32,4 kxm/4

Ha nytu 75,5 M. Uemy paBHa cuiia TATH, e€cid KO3((UUIMEHT TpeHUs Npu JBUKEHUM BaroHa paBeH
0,025?

22.  Kakyro cuiy TSTH JIOJDKSH pa3BUBATh JBUTATENb, YTOOBI JIOKOMOTHB MacCOd N TOHH JBUTAJICS:
2

a) paBHOMepHO; 0) ¢ yckopenuem 0,2 m/c”.

23.  DJIeKTpOBO3 MpH JABIKEHHUHU IO TOPU3OHTATBHOMY ITyTH pa3BUBaeT cuiny Tsru N kH. Ha ygactke

nyty JuHoi 600 M ckopocTh moesna Bo3pocia ¢ 32,4 1o 54 km/4. Omnpenenure Cuity COmpoTHBICHHUS
JBH>KEHUIO Moe3/1a, eciu ero macca pasHa 10000 ToHH.

®opma npenocTasJieHns pe3ybTaTa
BrinmonHeHHbIE 33]a41 B TETPAIU AJIsl IPAKTHUECKUX padoT.
Kpurepum ouenku:
3a npaBWIIHHO BBIMIOJIHEHHOE 33JaHHE BHICTABIISICTCS MOJIOKUTENbHAS OIleHKa — 1 6a.
3a HeNmpaBHJIBHO BHITIOJIHEHHOE NEHCTBHE, 3aJlaHWe BHICTABISIETCS OTpHIlaTeNbHas oreHka — 0
0aJIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBLHBIX OTBETOB
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Oyenka «xopouwto» evicmagnaemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbHoy svicmasisemcs 3a Menee 60% nmpaBUIBHBIX OTBETOB

Tema 2.3 3aKkoHBI COXpaHEHHS B MEeXaHHKe

IIpakTuyeckoe 3ausiTue Ne4. 3aKOHbI COXPAHEHHUSI B MeXaHUKeE U MX IPMMEHEHHe.

Henb: HayuyuThHCS HCHOJB30BATh 3aKOH COXpPaHEHMs] UMIyJbca [Js pacuéra IapamMeTpoB
pa3UYHbIX (PU3NYECKHUX IIPOLIECCOB

Boinosinenue padotsl ciocodcTByeT (hopmupoBanuio: OK 01, OK 02, OK 03, OK 09

MarepuanabHoe odecrneyeHue:

WH/IMBUYalIbHOE 3aJ]aHUe, KOHCIIEKT JICKIUH, CIIPAaBOYHBIC MaTEPUAIIbI.

Ykazanmue:

[IpakTHyeckoe 3aHATHE COCTOMT W3 JBYX YacTe — TEOPETHYECKOW M mpakThyeckoi. [locie
W3YYCHHS TEOPETUICCKOT0 MaTepHalia MOKHO NPHUCTYIATh K BBIMOJTHCHHUIO MPaKTHYeCKoi dactu. OHa
COCTOUT W3 JIBYX M OoJiee 3aja4 JijIsl CAaMOCTOSITEIbHOTO BBINOJIHEHHs. He 3a0biBaiiTe 0 MpaBHILHOM
odopmitennu pemeHus. Ha BEIOTHEHNE MPAKTUISCKOTO 3a/IaHUsI OTBOJUTCS /1B aKaIEMUYCCKUX Yaca.

3aganme:

1. O3HaKOMBTECh C KPATKUMH TEOPETUICCKIMHU CBEJICHUSMHU TIO CCBIIKE

https://znanium.com/catalog/product/1012153 , §12,13, BbinucaB OCHOBHbIE ()OPMYJIbI B TETPAIb.
Pemmte 3a1a4um, caMOCTOSATEIBPHO UCTIONB3YSI IPUMEPHI M KPATKHE TEOPETUICCKHIE CBEICHUSI.

IMopsiiok BbINOJIHEHUS PA0OTHI:
1. Usyuute u BomumuTe GOPMYIBI IO TAHHOU TeMe:
2. Pa30epure mpuMepsl peIICHHBIX 3a71a4
3. Pemure caMOoCTOSITENBHO 331241
2. IlpumMepnl penieHus 3a1a4
1. Monekyna Maccoit m = 3- 10—23 r, mojyieTeBIIas K CTEHKE cocya oA yriom o = 60°, ynpyro
yaapsieTcsi o0 Hee co ckopocThio v = 500 M/c u otnetaet. Onpenenute UMITYJIbC CHIIbl F+ At momydeHHBIN
CTEHKOM.

Hano: Pewenue:

m=3 10726 gr g M3meHeHHe MMIyabca MOJEKYIIbl PaBHO

a=60°== uMnynescy cunel: Ap = FAt

3 o [I
CThb 0Ch 0X HanpasieHa
v =500 m/c oK1 > Y p
FAf -9 g MEPHEeHANKYISPHO CTEHKE, TOrAa
' M3MEHEHNE WMIY/IbCa MONeKyasl Ap =
Apy = mu, — ( - mv,) = 2mu,, TAE Uy =
Puc. 3.2

VCOS @, 0TKyAa Ap =2mycos a.
[ToacraBus opmyny B ypaBrenue, nonydum FAt = 2mucos a.
Brruncnenus:

FAt =2-3- 10726 kr- 500“-:- cosg =1,5-10"23(kr- M) /c

Omesem: 1.5+ 107> xr w/c.

2. JIBa TOBapHBIX BaroHa ABIXKYTCSl HaBCTpedy Jpyr Jpyry co ckopoctsmu 0,4 m/c u 0,1 m/c.
Macchbl BaroHoB cOOTBETCTBEHHO paBHbI M1 =12 T, M2 = 48 1. Onpenenure, ¢ KaKOH CKOPOCTHIO L U B
KaKOM HaIlpaBJIEHUU OYAYT ABUTaThCS BarOHBI I1OCJIE CTOJKHOBEHUS. Y 1ap CUUTATh HEYIIPYTHM.
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Harno: Pewenue:

v; =04 m/c WUcnonb3yem 3aKOH COXpaHEHHMS MPOCKLMH MMITY/IbCA HA OCh
vy =0,1 m/c OX, nonoxurtensHoe HanpasaeHue ocu OX coBmagaer ¢
my =12-10% kr HAMPaBICHUEM JIBHKCHUS NIEPBOTO BArOHa:

miqvy — Mmpv
my =48 10 kr myvy - My, = (my +my)v. Otkyma v = —=2;

V-9 my +mj;

) _12:10% kr0,4 M/c— 48-10% kr0,1m/c _ o
Beiuucnenus: v = = = 0. Amanus: v = 0, ciaenoBaTenbHO, MOCHIE
12103 kr + 48:103 kr

CTOJIKHOBEHHS BarOHbI OCTAHOBATCS.
Omeem: v=10

3. JlBa Heynpyrux Tena, Macchl KOTOPbIX 2 M 6 KI, ABMXKYTCSI Ha BCTpedy ApYr K JIPYyry co
CKOpoCTsAMH 2 M/c Kaxaoe. OnpenenuTs MOyJIb U HallpaBJIEHUE CKOPOCTH KaXJI0T0 U3 3TUX TeJ MOcIe
yaapa. Caenatb pUCyHOK CaMOCTOSITENIBHO.

Nano: mqU; + mot, = (My + m,) U. B npoexkuusx Ha OCb:
1U1 2U2 1 2
OX: myuy - myvp, =- (Mg + my)v

mivy — mzup

my =2 xr =~
— — 1 2

my =6 kr __ 2Kkr2M/c— 6kr2m/c _ 2 . /
U = vy =2wmlc Beruucngem: v = - ==M/c=0,25 m/c.
bl — (2Kr+6kKr) 8

Imeem: 0,25 m/c.

Pemuth 3a1a4n caMOCTOATEILHO

(n - Homep 6aweco sapuanma no cnucky)
1. OpnuHakoBO M CXUMarOTcsl Oy(depa Mpu CTOIKHOBEHMM JBYX OJMHAKOBBIX BaroHOB, OJIMH W3
KOTOpBIX HEMOJBMXEH? PaccMOTpuTe cilydau: NOpPOKHUN BaroH HEMOJBHIKEH, JBUXKETCS I'DY)KEHBIN;
I'PYKEHHBIN HETIOJIBUKEH, JBUKETCS TOPOKHU.
2. YroObl CIIBUHYTh C MECTa TSDKENbIM )KeIe3HOAOPOXKHBIM COCTaB, MALIMHUCT JaeT 3aJHUll XOJ,
[0/1aBasi COCTaB HEMHOTO Ha3aj, a MOTOM YyKe AaeT nepenHuil xoxa. Ilouemy Takum oOpazom, jeruye
TPOHYTb COCTaB C MecTa?
3. PaGouunii, Oerymmii mo 1exy co cKopocTbio 7 M/C, JOTOHSIET TEIEKKY € Ipy3aMH, ABHKYILYIOCS
CO CKOPOCTBIO 2 M/C, U BCKakuBaeT Ha Hee. C Kakoi CKOPOCThIO MPOJIOJIKAET ABUTaThCs TEJIEKKa, €ClIn
MacChl TEJIKKH M YeJIOBEKa COOTBETCTBEHHO paBHBI 30 KT 1 70 KT.
4. JIBe jxene3HoA0pOKHbIE MIaT(GOPMBI IBUKYTCS HABCTpeUy ApyT Apyry co ckopoctsamu 0,6 u 0,4
M/c. Maccol mnat@opmbel COOTBETCTBEHHO paBHBI 18 m 28 T. C Kakoil CKOPOCTBIO U B KaKOM
HanpaBJIeHUU OyIyT ABUraThCs IUIaT(HOPMBI IOCIIE CTOIKHOBEHUA? Y Iap CUUTATh YIIPYTHM.
5. Kene3HomopoKHBIN BaroH Maccoi 25 TOHH MOABE3XKAET cO CKOpocThio 0,3 M/C K cTosIIeMy Ha
TOM >K€ IyTH HEMOABM)KHOMY BaroHy Maccoil N TOHH M aBTOMAaTH4YECKH cuerisiercss ¢ HuUM. [locne
CLIETIKM BaroHbl JBUXKYTCS IPSIMOIMHEHHO. KakoBa cKOpOCTh JBUKEHHS BATOHOB IOCIIE CLIETKU?
6. KenesnonopoxxHbIlli BaroH Maccoil 35 TOHH NOXBE3XKAET K CTOSIIEMY Ha TOM K€ IIyTH
HEMOJIB’KHOMY BAaroHy Maccoil N TOHH M aBTOMAaTHUYECKHU cueruisiercsa ¢ HUM. llocie cienku BaroHbl
JBIDKYTCS IPSAMOJIMHEIHO co ckopocThio 0,5M/c. KakoBa Obu1a cKkOpocTh BaroHa Maccoit 35 TOHH nepen
CUEnKOon?

dopma npeacraBjIeHus pe3yabTara:

BoeinonHuTh 3aaHKe B TETPaay IJs MPAKTUYECKUX padoT.

Kpurtepun onenkmn:
3a npaBUIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISIETCS MOJIOKUTENbHAS OlleHKa — 1 Oau.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTpHUIIaTENbHAs olleHKa — 0 OaoB.
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Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoos1emeopumenbHoy svicmasisiencs 3a menee 60%0 npaBUIBHBIX OTBETOB

Tema 2.3 3aK0HBI COXPaHEHHUS B MEXaHUKeE

IIpakTyeckoe 3ansaTHe NeS. Pemmienue 3aga4 Ha opmyinl padorsl cui. Padora n
MOIIHOCTb. JHEPIrus, ee BUAbl. 3AKOH COXPAHEHHUS IHEPTUU

Llesb: HaAyYUTHCS MCHOIB30BATH 3aKOH COXPAaHEHHS UMITYJIbCA JJIsl pacuéra mapaMeTpoB Pa3IMYHbIX
(GU3MYECKUX MPOLECCOB

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

MatepuajabHoe o0ecnieyeHue:

WHIMBUIYAIbHOE 33aJ]aHNe, KOHCIIEKT JICKIUH, CIIPaBOYHBIC MaTEPHAIIbI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX 4YacTe€ — TEOpeTHYeCKOoW M mpaxktudeckou. llocie
U3yUYEHHs] TEOPETHUECKOro MaTepualla MOKHO MPUCTYIaTh K BBINOJIHEHUIO MpakTU4eckoil yactu. OHa
COCTOUT W3 JIByX M OoJiee 3aad JJIsl CaMOCTOSITEIILHOTO BBINONHEHH. He 3a0biBaiiTe 0 MpaBHILHOM
oopmienun pemienus. Ha BelosHEHNE NPAaKTUYECKOTO 3a/1aHUs OTBOJUTCS JBa aKaJEMHUECKUX Yaca.

3ananne:

O3HaKOMBTECH C KPATKMMHU TEOPETUYECKUMU CBEJICHUSIMH IO CChUIKE
https://znanium.com/catalog/product/1012153 , §10,11 u BeimumuTe GOpMYJibl 0003HAUCHHBIC
ckobkamu, Haripumep (10.1) u T.4. U3 yKazaHHBIX naparpad

IMopsinok BbINoOJIHEHUs PadOTHI:

1. H3yuuTte u BeIUIIKTE GOPMYJIBI IO JAHHOH TeMme:
2. Pa3bepute nmprMepsl pelIeHHBIX 3a/1a4
3. Pemmre camocTosATENHHO 3aa4U
IIpuMmepsl peleHus 3aaa4

1. OnpenenuTh MOIIHOCTH TEIUIOBO3a, 3HAs, YTO IPU CKOPOCTH ABMXKEHUS 43,2 KM/4 cuia
Taru paBHa 105 xkH
Jano «CH» Pemenue:

v = 4321 12wmc MoUHOCTL HaXoAUTCA 1o GopMyIie: N _A
t

KM/4
105-10°
F=105xH |H Cuna TiITM  COBEpIIACT  IOJIOKUTEIEHYIO
> paboty: A =FScos a, Za.=0,A=F-S
N -7

N =F-v =12 m/c-105-10° =1260-10° Bt

Oteet: N = 1260 kBT.

2. Teno maccoit 10 kT cBoO0AHO TagaeT ¢ BBICOTHI 20 M U3 COCTOSIHMS TTOKOsl. Uemy paBHa
KMHETUYECKasi JHEPTHsI B MOMEHT yAapa o 3eMiIto?
Hano: Puc. Pemenue:
m =10 kr 1 CornacHo 3akony coxpanenust sHepruu: E,, E,=0
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vo= 0 M/c Epo + Ewo = Epi + Ewo

hy=20m™ 3a Teso oTcyeTa NpuMeM 3eMIIIO:

hi=0wM 2 mah, + m;é :mgh1+mTz)f yuutbiBast h; =0,v9=0
g=10 m\c? Ex E; =0 mgho=m7012 w Ex;=mghg

Exi —7? Ex; =10-10-20 = 2000 dx

Otget: 2 k/[x.

Baronetky maccoii 2 T mo ropu3oHTaIBPHOMY IYTH PaBHOMEPHO mepemernaer padoumii. Kakyro
paboty oH coBepmuT Ha ytd 100 M ¥ Kakyro pabOTy coBepIIaeT cuia TPEHHS, ecliu Kod(hduimueHT
Tpenus pasen ),017
JaHo: Pucynoxk:
m=2T
S=100m
n=0,01
g=19,8 m\c? X

-
|

a=0

A-7?
Atp-?
Pemenne )
Ha BaroHeTky eHCTBYIOT 4 CHIIBL: CHIIA TSKECTH — miZ | CHJIA PeaKIuH Omopsl —
cwita T i — , cua TpPEHHS — " To BTOpOMY 3aKoHy HbloTona X F=0
P mit 4 B4 ¥ 2
B npoekuun Ha ocu: OX: F,—F, =0; F, =F;, OY: N-mg=0; N=mg
A=F-Scosa, 2a=0, cosa =1,cr-v0, A=F - S, F=F,,=F =puN=pmg
Pabota cuiibl TpeHus HampaBieHa MPOTUB PabOThI CUIa TATH — A = -ATp .
Ap=-19,6 - 10° Ik
Otser: A =19,6 x/Ix; ATp =- 19,6 k/[x.

6. OnpenenuTh MOIIHOCTh TEIJIOBO3a, 3HAs, YTO MPHU CKOPOCTH ABMKEHUS 43,2 KM/4 CHlla TATH
paBHa 105 xH.

Hano: CH: Pemenue:
=4
v =432 xmM/u 12 M/ ¢ MottHOCTh HaxouTCs 1o hopMyIe: f
F =105 xH 105-10° Cwuia TATH COBEPIIAET TOJIOKHUTENBHYIO paboTy:
|
N-? A=FScosa,2a=0,A=FS
JIBr>KeHHE TEII0BO3a PABHOMEPHOE U MIPSIMOJIMHEMHOE:
wv=L"5 _p.on
s
£ N =Fwv=12wm/c-105-10° =1260-10° Br

OtBet: N = 1260 xBT.
Pemmnte 3a1a4u cCaMOCTOATEIHLHO
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(n - Homep 6aweeco eapuanma no cnucky)

1. IIpu cTpouTenbCTBE KAHATHOW JOPOTH B TOPHOM MECTHOCTH CaMOCBaJ MacCOM N TOHH MOJIHSIICS
Ha BbeicoTy 400M Hax ypoBHeM Mops. OnpenenuTbs MMOTEHUHMAIbHYIO SHEPrui0 aBTOMOOMIISA
OTHOCHUTEIIBHO YPOBHS MOPSI.

2. Moot kompa ans 3abuBaHusi cBaii mMaccoir SOOKr mamaer ¢ BBICOTBI N MeTpoB. Yemy Oyxaer
paBHA MMOTEHUMAJIbHASA U KUHETHYECKasl SHEPTUs MOJIOTa Ha BbICOTE 4MeTpa’?

3. Kakoli moTeHIuaapHON PHEPrueil 00JiajaeT TeJI0 Maccoi N Kr, MOJHITOE Ha BBICOTY 15meTpa?
Kakyro paboTy 0HO MOKET COBEpIIMUTD MPH MMaJaHUU Ha 3eMITI0?

4, Onpenenuth MOIIHOCTH CEP/Ia BaJbIIOBIIHUKA B Mpoiecce GU3HUECKON paboThl, 3HAs, YTO MPH
OJIHOM yJIape OHO cOoBepIIaeT padoty, paBHywo 16 JIk, a B MUHYTY nenaeT npumepHo 240 yaapos.

S. [Tpu cxxarum OydepHOIl Py KUHBI K/1 BaroHa Ha ScM mpowm3BeneHa padora 3,75 kJlxk. Kakas

cwiia Tpedyercst ansi cxkatusi 3Toil npyxunsl Ha lem? IlocTpoiite rpaduk 3aBUCUMOCTH YIUTHHEHHUS
MPY>KUHBI OT BEJIMYMHBI PUIIOKECHHOU CHJIBI.

6. IIpu ynape nByx BaroHoB OydepHas mpykuHa cxamnach Ha N cM. XKectkocth npykunbl 3000
kH/M. Onpenenuts paboTy Ipu CHKaTUH MIPYKUHBL.

7. Kakas pabota mpousBeneHa npu cxxaTu 0yhepHoii IpyKUHBI KeJIe3HOJOPOKHOTO BaroHa Ha N
CM, €CJIM JUIsl CoKaTus IpyKUHbI Ha 1 cM Tpedyetcs cuna 350000H?

8. TsxenoBecHslld coctaB ¢ yriem maccoi 6000t npeogosieBaer noabem B 100 merpoB. Ha kakyro
BBICOTY MOXXHO MOAHATH Telo Maccor 100 Kr, ecau MCHoJb30BaTh 3amac MOTEHIMAIbHONW PHEPrUU B
BEpXHEU TOUYKe mojbema?

9. Baronerka nBuranach 1o ropu3oHTJIBHOMY ITYTH, Y€pe3 HEKOTOpOoe BpeMsi ocTaHoBuiach. Ee
KMHETHYecKasi dHeprus crana paBHa 0, a MOTEHIMAIbHAA OCTallach HeM3MeHHoU. He Hapymmiics ou B
3TOM ClIy4ae 3aKOH COXpPaHEHUS U MPEBpaIICHUS IHEPTUn?

10.  /Insg morpy3ku yriisi B BaroH MPHUMEHSIETCS JICHTOYHBIM TpaHCIOpTEp, KOTOPBIA MepeMeriaet
Yrojb BBEpPX MO HAKJIOHY Ha BBICOTY 5 M. B muHyry morpy3umk pocraBiser 12t yrisa. Baron
3anonHsiercs 3a 5 muH. Kakyro paboTy mpu 3ToM coBepiaeT Tpancrnoprep?

11. TennoBo3 TSHET COCTAaB CO CKOPOCTHIO N KM/, pa3BuBas MmoutHoCcTh 880 kBT. Kak Benuka B aTOM
ciiy4ae cuia taru’?

12.  JIurarens opuCHOTO BEHTWIATOpa uMeeT MOIHOCTE 0,35 kBt. Kakyro paboTy oH coBepmiuT 3a
N MUHYT.

13.  Bemuuciuth paboTy, COBEPIIAEMYIO JJICKTPOMEXaHUYECKHM IMOJBEMHUKOM B aBTOMAaCTEPCKOMH,
KOTJja OH paBHOMEPHO MOAHUMAET TPAHCIIOPTHOE cpeAcTBO Maccoi 800 Kr Ha BBICOTY 2,2M.

14. Kakyio paboTy HYXHO cOBepmIUTh, 4TOObI moe3n Maccod 1000 TOHH, ABMXKYIIMIHCA CO
CKOPOCTBIO 72KM/4 YBETTUYHII CBOIO CKOPOCTH 110 108 xMm/4?

15. Kaxoit maccel rpy3 MOXeT MOAHUMATh MOJABEMHBIH KpaH CO CKOpOCThIO 1,5M/c, eciu y HEro
JIIBUTATEIb MOITHOCTEIO 12kBT?

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

17. Kakas pabGota coBepiiaercs Ha THIPOCTAaHIMM B TEUEHUE TO0Ja, €CIM CPEAHSSI MOIIHOCTbH
reseparopa pasHa 2,5 MBT?

18. UYenosek Maccoi 70 KT cIycKaeTcs Mo JeCTHUIEe JMHON 20 M, pacnonokeHHou moj yriiom 30°
K ropu3oHTy. Haiiiure paboTy CHItbl TSXKeCTH.

19. Boruncnute paboTy cuiibl yIpyrocTy Ipyu U3MEHEHUH eopMaluy Npy>KuHbI xKecTKocThio 200

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

®opMma npegocTaBJAeHHs pe3yJibTaTa
BrinonHenHbIe 331241 B TETpaIn AJIS MPAKTHUECKUX padoT.
Kpurepum ouenku:
3a mpaBUIIHHO BBIIOJHEHHOE 33 JaHHE BBICTABIISETCS MOJIOKUTENIbHAS OlleHKa — 1 Gasu.
3a HeMpaBWJIBHO BBIIIOJHEHHOE JACHCTBUE, 3aJJaHUE BBICTABIIAETCS OTpULaTeIbHas olleHKa — 0 0aoB.
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Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenxa «yoosnemeopumenvhoy svicmasgiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoos1emeopumenbHoy svicmasisiencs 3a menee 60%0 npaBUIBHBIX OTBETOB

Tema 2.4 CtaTuka U THAPOCTATUKA

HpaKaneCRoe 3ansaTHe Ne6. Pemenne 3ajJja4v HaA TeEMY 3aKkoHbI cTaTUKH. MOMeEHT CHJIbI,
IJ1e40 CHJIbI.

Heab: yrimyOWTh WM KOHKPETHU3UPOBATH MPEACTABICHUS O 3HAYUMOCTH 3aKOHOB COXPaHCHWSI.
Hay4YHUThCS HCIIOJIH30BaTh MPUIIOKEHHS 3aKOHA COXPAHEHUS MEXaHMYECKOW SHEPTHH JUIS BHITIOJHEHUS
IIPAKTUYECKUX 3aaHUM.

Brinosinenue padorsl cnocodocTByer popmupoBannio: OK 01, OK 02, OK 03, OK 09

MarepuanbHoe obecrieyenne:

WHIUBUAYAIbHOE 33J]aH1e, KOHCIIEKT JICKIIHH, CIPaBOYHbIE MaTEpUAIIbI.

Yka3anue:

[IpakTuueckoe 3aHATHE COCTOMT U3 JBYX 4YacTeil — TeopeTudeckod u mpaktuueckou. [locme
U3Y4YEHUs TEOPETUUYECKOT0 MaTepHallia MO>KHO IPUCTYNATh K BBINOJIHEHUIO MpakTUYecKoil yactu. OHa
COCTOHT U3 JBYX W Ooiiee 3a7ay ISl CaMOCTOATEIHHOrO BhIMOJIHEHUs. He 3a0biBaiiTe 0 mpaBUILHOM
O(bOpMJIeHI/II/I pGHICHI/IfL Ha BBIITIOJIHCHUEC HpaKTI/I‘IeCKOFO 3aJaHUs OTBOIUTCA qumpe AKAJICMHUIUYCCKUX
yaca.

3aganue:

O3HaKOMBTECh C KPATKMMH TCOPETUICCKUMH CBEJICHUAMHU TI0 CCBUIKE
https://znanium.com/catalog/product/1012153, ctp 47-53,

CocTtaBbTe KpaTKHif KOHCIIEKT OTBeUasi Ha BOMPOCHI K maparpady, ctp 53, 54.

Brinummre ocHOBHBIE (hOPMYITBI

Pemnre 3amaun caMoCTOATENHHO

Kpartkne Teopernyeckne cBegeHHs

Ha3zsanue Ennnuna
O06o3HaueHne ®opmyna
BEJTUYMHBI HU3MEpEeHUs
Cuna F H F1|1: F2|2
ITneuo cunwm | M
Momenm cunol M HwMm M = FlI

IIpuMepsI pelieHus 3aaa4
3agava 1. PaGounii mpunmogHuMaeTr mpu momomnM peryara mauty maccod 100 kr. Kopotkoe
ruiedo peraara pasro 0,8 m, a gmuaHOe — 1,2 M. KakoBa cuia, KOTOpYIo T0JDKEH MPUIIOKUTH pabouuii k
OosnplIeMy miiedy psryara?
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[faxo: Pewenue: Touxa onopet
F b
m =100 —_=
o F L
£2=98 %
Fi=P=mg
L=08m
= £ob
h=12m A ooy
il ey
2 -? Fz-Ph-mgb.
F:=100x-98 1 32M - 65331
Orser: F2=653,3H.
2. 3azava 2.1 nozpéMa rpysa N0 HAKIOHHOH ILTOCKOCTH NPHIOKHIH CHIY, HANpaBIeHHVIO BIOTh HAKIOHHOH

1ockoctH B paeayio 300 H. Hafinnte Maccy rpyza, eciid H3BECTHO, 9TO JTHHA HAKIOHHOM IUIOCKOCTH paeHa 1,5 M, a eé
BBICOTA paBHa 1 M.
HAano:

F=300H
I=15m
h=1m

=108
F=10

Orser: m = 45 xr.

3. Ha pucynke n300pakeH pbriar, IMEIOIUi och BpamieHus B Touke O. ['py3 kakoi Macchl HaJI0
MO/IBECUTDH B TOUKE ISl TOTO, YTOOBI phIYar ObLJI B paBHOBECUU?
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Hano: A 0 B Pewenue:

mo=m=100r=0,1 kr VA 74 2 | ITonb3ysick pUCYHKOM, ONIPEAETAM TUICUH CWI, BHIPAXEH-

I, = 4 en. wmust O HbIE B YCJIOBHbBIX €HHMLIAX JUIUHBIL.

L= 2en. pmus 1. Haiigem cuy, IEHCTBYIOLLYIO Ha phiyar B Touke A:

g=10 H/kr $ F=m-grem=m +m,

Y F=@0,1+01) - 10=2H.
2. HaiineMm cuny F,, npUMeHAA YCIOBHE paBHOBECHS phlyara:

Haiimu: F 4

M—1 ?z = 7; Orciona Buipasum Fy:

F-h . 24
£ = 5 F=—5—=4H

3. Onpepenum Maccy rpysa u3 GOpMybI:
£ 4
F=M-g=» Mu—gl;M=-l-6=0.4xr.

Omeem: Hano noxsecuth B Touke B rpy3 maccou 0,4 Kr (mnu
400 r).

4.Ha menbmiee tuiedo peraara aevictyet cuia 300 H, na 6onpmee — 20 H. /Inuna menbmiero mieva 5
cM. Onpenenure JUIMHY OOJIBIIETO TIeYa.

Hano: Pewenue:
F,=300H CaenaeM 4YepTex K 3agaye /1o 0
H=20H Ilo ycnoBuio paBHOBECHS phlyara: A
L =5cm F 1 =4
£ _b F)
K
Haimu: Haiinem Gonbluee rieyo peruara: F,
L—2? F, -1 H-om
l2 = -—I:_z—- . ll = H =CM
3005
L= S 75 cMm.

Omesem: Bonbliee nie4o pbiyara paBHoO 75 cM.

5 Peruar mmnoii 60 cm HaxoauTcs B paBHOBecHH. Kakas cuia mpuioxeHa B Touke B?

Hano: E: Pewenue:
2

1= 60 cm 0 TTneyn cun onpesesinM U3 PHCYHKA, TIPHHHMAA BO BHM-
P=F=2H ;_'_'/i - B MaHHe, YTO THHA Beero puryara 60 oM,
5 =10 cm ! S 1. Tlo ycnoBuio paBHOBCCHA phivara:
h=130cm |2H| R b op.hih

A e

2:-10 2
Haiimu: 1\ =35 =3=07H
F=? Omsem: K touke B npwioxena cuna = 0,7 H.

Pemmnrhb 3a1a4u caMOCTOATEILHO

1. MowmeHT cuibl, AelcTBYOLIeH Ha poryar, paseH 20 H*m. Haiitu niiedo cunst 5 H, ecnu peraar
HaXOJUTCSI B PABHOBECHH.

2. Kakoe ycunme He00X0IMMO MTPUIIOKUTE, 9TO0BI MOAHATE Tpy3 1000 H ¢ moMotipio mogBHKHOTO
6moka? Kakas coBepiutest pabota npu noabseme rpysa Ha 1 m? (Bec Oioka u TpeHue He
YUUTBIBATB).

3. Cucrema 6JI0KOB Hax0aUTCA B paBHOBecuu. OnpeieuTe Bec mpaBoro rpysa. (Bec 6510koB u
CHJIy TPEHUS HE YUUTHIBATh).
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4. Tlpu momoIM NOJBMXKHOTO 0JIOKA MOAHUMAIOT Ipy3, npunaras cuiy 105 H. Onpenenure cumy

TpeHus, eciu Bec 6soka pasen 20 H, a Bec rpy3a 180 H.
5. Macca aerajim TpaHcnopTHoro cpeacTsa m = 50 kr. Paaunyc 6apadana, Ha KOTOPbIii

HAMATBHIBAIOT Henb, R = 0,2 M, IJIMHA KaXK10ii U3 ABYX pydek Bopora | = 1 m. Kakyio cuiy

HY’KHO NPUJIOKUTDH K KaKI0H M3 HUX, YTOObI MOJAHATH J€TAJIb HA HE0OXOAUMYI0
BeJIUYHUHY.?

@dopma npeaocTaBieHUs pe3yJibTaTa

BrimonHeHHbIe 331241 B TETpaan IS PAKTHIECKUX padoT.

Kpurepumn oueHku:

3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIISAETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HEIIPABUJIBHO BBIIIOJIHEHHOC HeﬁCTBHC, 3a1aHUEC BBICTABJIACTCS OTpHULATCIIbHAA OLICHKA — 0 6amnnos.

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

Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 npaBUIBHBIX OTBETOB

29



Pa3znen3 MoaexkyaspHast pusuka u Tepmoannamuka
Tema 3.1 OcHOBBI MOJIEKYJIAPHO-KMHETHYECKOM TeOpuH

IIpakTuyeckoe 3ansitue Ne8 Pemenne 3axa4 no reme «OcHoBsl MKT. Pemenue 3anau Ha
YPaBHEHHUE COCTOSIHUSA UIeAJTbHOI0 ra3a

Heab: yrimyOuTh W KOHKPETH3UPOBATH IPEACTABICHHUS O MOJEKYISPHO-KHHETHUYECKOH TEOPUH
BEILIECTBA; HAYYNUTHCS UCMOJIBb30BaTh 3aKOHBI MKT 1151 pacuéTa OCHOBHBIX TapaMETPOB COCTOSIHUS Ta3a.

Boinosinenue padotsi ciocodcTByet (hpopmupoBanuio: OK 01, OK 02, OK 03, OK 06

MarepunanbHoe obecrneyeHue:

WHJIUBUYAIbHOE 3aJlaHUE, KOHCIIEKT JIEKI[UH, CIIPABOYHBIE MAaTEPUAIBI.

Yka3anue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JIBYX 4YacTell — TeopeThyeckod M mpaktudeckoil. Ilocie
M3Yy4YeHUs TEOPETHUYECKOTr0 MaTepHraia MOKHO MPHUCTYIATh K BBIMOJTHEHUIO MpakTH4ecko vyactu. OHa
COCTOHT U3 JBYX U Ooiiee 3a7ay JJIsl CaMOCTOSTENBHOIO BBINMONHEHUS. He 3a0biBaiiTe 0 ImpaBUILHOM
odopmitennu pemeHusi. Ha BEITIOTHEHNE MPAKTUIESCKOTO 3a/IaHUsT OTBOUTCS JIBA aKaIEMUYCCKUX Yaca.

3aganue:

1. O3HakoMbTeCh C KPAaTKMMHU TEOPETUUSCKUMHU CBEACHUSIMHU I10 CCBHLIKE
https://znanium.com/catalog/product/1012153 , §17,18, BbinucaB OCHOBHbIC ()OPMYJIBbI B
terpanb, Hanpumep (17.1) u T.1. U3 yKa3aHHBIX naparpados.

2. Pemmre 3amadu, CaMOCTOSTENBHO WCIOIB3Ys MPUMEPHl W KpaTKUE TEOPETHUYECKUE
CBCICHHSL.

ITopsinok BbINoOJIHEHUs padoOThI:
1. Wsyuure u BoIuuTe GOPMYJIBI 10 TAHHOU TeMe:
2. Pa30epute npuMepsl pelIeHHBIX 3a/1a4
3. Pemmre caMoCTOATENHHO 3a/1a9U

IIpuMepsl pelieHus 3aaa4

1. OHpGZ[GJ'II/ITe KOJIMYCCTBO BCHICCTBA W YHCJIIO MOJICKYJI, COACPKAIUXCA B OAHOM KHJIOIpaMME
YTJICKUCIIOTO Ira3a.

HaHno: Pemenue:
COZ V= N ﬂzm;sz'NA:V.NA
— m=lxr N, N, u H
v =? 1/:m
i
N_D
Bviuucnenus: v _ Lxr ~ Bmonss N =23 MoIb6 -10% 1/momb ~1,4-10% mr

44 .10 % ke | Mo
OtBet: N=1,4- 10% wr

2. CKOJIbKO MOJICKYJT KACI0opoia HaxoauTes B o0beme 1 1 ipu temrieparype 00C u nasienne 133,3
ITa.

HaHO: CuU Pemenne
02 _ T n—i
V=1n 10%w3 P =nk KT
p=133,3 Il
t=0°C N p
_— = _ -n. N=—.
N_ 2 =y N=nY N v
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Buiuucnenus: - 133301a-107°°
1,38 -10 % JJowc /| K - 273K

~35.100 OtBer: N = 3,5-10 "t

3. B rasosom Oamione emxocThro 0,01 M3 Haxomutcsa ras mon gasiieHueMm 20 kr/cm2 .Kakoit

00BEM 3aiiMeT Ta3, eciu ,He U3MEHsS €r0 TeMIIePaTyphl , OTKPHITh BEHTHIIh O0amuioHa? OKOHYATEeIbHOE
nasienue 1 xr/cm2.?

Hano: Pewenue:
3
V1=0,01m 1o ycnoButo 3agaun TemnepaTypa ra3a He MEHsieTcs,
2 5 2
P1=20 xr/cm™=20%0,98*10" H/m MOITOMY NPOMCXOUT H30TEPMUHECKOE H3MEHEHIE
2 5 2 2
P>=1 kr/em™=0,98*10" H/m cocrosHus raza. Ucnone3ys 3akon boitnsa-Mapuorra
p1Vi=p2Va naxoaum Vo= p1 Vi/pa.
V-2

Boruncnenus: Vo= 20*0,98*l05*0,01/0,98*105=0,2(M3)
Omeem: V2=02 m’.

4. Ta3 M30TEPMHUECKH CKaT OT IepBoHadainbHOro odnbema 0,15 m 3 mo obvema 0,10 m 3
.JlaBneHue ero npu 3ToM NMOBBICWIIOCH Ha 2 Kr/cM2 . KakoBo nepBoHavYaibHOE AaBjieHUE ra3a’?

Jawno: Pewenue:
V1=0,15Mj ITo 3axony boitns-Mapuorra P1V1=P2V>. Ho p>=p1+ Ap,
V2=0,10Mm

MO3TOMY p|V1=gP| +A P)V,, otkyaa P1 = AP*V,/V-V2;
P1=2%0,98*10"*0,10/0,15-0,10 = 3,9%10° (H/m")
Omeem: P,=3,9*10°1a.

AP=2 kr/cm’=2%0,98*10°u/m"
P 1 =?

5. Kak Benuko arMocdepHOe TaBJICHHE, €U MPH JUTMHE PTYTHOro ctoibuka 12,5¢M B TOHKOM
TpyOKe AJinHa CTOJI0UKa BO3/lyXa B IEPBOM MOJIOKEHHE 7CM,a BO BTOPOM — 5 cM?

Jlano: Pewenue:
h=12,5¢m B neprom ciyusae naBneHue Bo3ayxa BHyTpH Tpyoku P=P,ny-h. Bo BTopom
1,=Tcem ciyyae pr=pansth. 1o 3axony boitns-Mapuorra P, V,=P,V, rge V,=SL,,
IL=5cm V>=SL,. Toraa (parm-h)=(parnth)SL,, oTkyzaa pyry=h(L1+L2)/L;-L,

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

6 CxaTpli BO3yX MOAACTCs B TIa3rojibacp oobemMoMm 5m3 . 3a kakoe BpEMA €0 HaKa4daroT OO0

NaBiieHUs 7 Kr/cM2, ecid Kommpeccop BcacbiBaeT 5,5 M 3 armocgepHOro Bo3[yxa B MHUHYTY HpH
nasneHuu 1 kr/cm2 ? TemnepaTypy cUUTaTh HOCTOSTHHOM.

Jano:
V,=5m" Jlna nakauMBaHus BO34yXa B rasroiabaep 10 aasinexus P;
P,=7xr/cM*=7*0,98*10°n/m’ KoMrpeccop paboraer B TeueHue BpeMenu t. Odvem
Vi=5,5m /mun=1,1/12m’/c

Pewenue:

3acaceiBaemoro Bosayxa V' 1=V, npu nasnenue p;. Koraa
2 5 2
P=1 kr/em™=0,98*10"1/m" BO3/1yX HAKauyallu B ra3rojbjaep, OH 3aHs1 00beM V; U ero
nasneHue crano p;. Ha ocnosanuu 3akona boiina-Mapuorra
t-?

P,\V'1=P>V; unu P,V t,=P,V,, OTKY/J1a t,=P,V-»/P,V,
t=7%0,98*%10°*5%12/0,98010°*1,1=380(c).
Omeem: t =380 c.

7. OTkpbITas CTEKIsHHAs TpyOka anuHO0 40 CM HamoJOBUMHY MOTpykeHa B pryTb. Koraa

BEPXHUI KOHEI TPYOKH 3aKpbUIU U MOJHSIIN €€ JI0 YPOBHS PTYTH B COCYJI€, TO BBHICOTA YPOBHS PTYTH B
TpyOKe okazanach paBHOU 15 cM. KakoBo atMocdepHoe gaBiieHre BO BpeMsi OmbITa?
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Hano: Pewenue:

=40 cm [lo 3akony boiins-Mapuorra P,V,=P,V; rae p,=H-paBnoe armocdepHomy

l,-15¢cm  naBnenue BO3ayXa HajA PTYThIO A0 3aKpbITHs OTBepeTHA, a V=L/2S-ero o6nem;
P = P-1, V,=(L-L,)S-cooTBeTcTBeHHO AaBieHHe U 00bEM BO3AYyXa HAl PTYThIO

H-? MOCJIe TOro, KaK €€ 3aKpbUIK M MOJHSIN 0 YPOBHS PTYTH B cocyae. B npeabiayime
Belpaxkenus P,V,=P,V;Bmecro P,,P, V|, V;, noacrasum nx 3nauenus:
HL/2S=(H-L,)(L-L,)s. Orcroaa H=21,(1-1,)/1-21; H=30%*25/10=75(cm™ pr cT).
Omeem: 75 cm pT CT.

PemmTsh 3a1a4M caMOCTOATEIBHO
BapuanTt 1

1. Haueprute rpaduku 130T€pMUYECKOTr0, H300apHOTO U U30XOPHOTO MPOIIECCOB B KOOPMHATAX
PuV;PuT,TuV.

2. WneanbHbIiA Ta3 cHadana n300apHO PacIIMPWIIN, a 3aTEM W30TEPMHUUECKU CXKAIIU JI0 MPEKHETO
obwema. M3o0pa3ute 3Tu nporecchl B koopaunatrax Pu V; PuT; Vu T.

3. B cocyne naxogurcs m=14 kr azora npu T=300 K u nasnenun p = 8,3*%104 I1a. Onpenenute
o0wsem V cocyna.

4. Ilpu cxatuu HEM3MEHHOIO KOJIMYECTBA UJEAIBHOTO raza o0beM yMEHbIIWICS B 2 pasa, a
TeMIlepaTypa yBeaudmiach B 2 pa3a. Onpegenure, Kak U3MEHWIOCH JaBJICHUE Ta3a.

Bapuanr 2
1. Ha puc.1

P
A T, < Ty

\“'.
o T

\_,Il

'

n300pa’keHbl 1B€ M30TEPMBbl OJHOM M TOM ke Macchl ra3a. UeM OTJIMYAIOTCA COCTOSHHE T'a30B,
€ClIi Ta3bl OJMHaKOBble? UeM oTiHMuaroTcs rasbl, €CIU TeMIIepaTypbl ra30B OJIMHAKOBbIE? YKa3aHHE:
BOCIIOJIB3YiTECH YypaBHeHHEM Kianeiipona-MeHeneesa.

2. WpeanpHblil ra3 cHavajga HarpeBajicsi IPU IOCTOSHHOM JIaBJICHHM, MOTOM €ro JaBJeHHE
YMEHBILIAJIOCh IPU IOCTOSSHHOM 00beMe, 3aTeM IIPU MOCTOSIHHOW TemIiepaTtype 00beM raza yMeHbIINUJICS
710 IepBOHaYalIbHOTO 3HaueHus. [loctpouts rpadux B KOOpAHHATHBIX ocax V-T.

3. B cocyne Bmectumocthio V=0,83 M 3 Haxoaurcs m=2 Kr a3oTa npu aasiaeHuu p = 2*105 Ila.
Omnpenenure Temneparypy T azora.

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

Temriepatypy T2 Bomopoaa, HaXOISAMIETOCS B COCYJE TOW K€ BMECTHMOCTH TPU TOW K€ JIaBJICHUH,
B3ATOT0 B KOJIMYECTBE V2=2 MOJIb.

®opma npegocTaBieHHs pe3yJibTaTa

BbimosiHeHHBIE 3a1a4 B TETPAIH IS IPAKTUIECKUX PadoT.

Kpurtepun onenkmn:
3a mpaBUIIHLHO BBITOIHEHHOE 33JJaHHE BHICTABIISICTCS TIOJIOKHUTEIbHAS OlleHKa — | Oasu.
3a HeNpaBUIILHO BBIITOJHEHHOE JICHCTBHE, 3a/JaHHE BHICTABIISICTCS OTpHLIATEIbHAS OlleHKa — () OasuIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIBHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenxa «HeyoosiemeopumenbHoy svicmasgisemcs 3a Mmenee 60% mpaBUITBLHBIX OTBETOB
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Tema 3.2 OcHOBBI TepMOAHMHAMUKH. TenioBble MAIIUHBI.

IpakTnyeckoe 3ansitue Ne 9. Pemenne 3aga4 no reme «OCHOBbI TEPMOJAMHAMUKH.
IIpuMeHeHNe MEPBOro HAYAJIA TEPMOAUHAMMKH K U30IPoIeccam

IpakTuyeckoe 3ausiTue Nel(. Pemenne 3aga4y no reme «OcHoBbl TepmMoanHaMuku. KITJI

Henab: Ha npumepe peuieHus 3a/1a4 U3YYUTh 3aKOH COXPaHEHUsS 3HEPTUU NPUMEHUTENIBHO K TEIJIOBBIM
mpoueccaMm, MyTAX HW3MEHEHHUs BHYTPEHHEW SHEpruu Tej, aanadaTHuecKoM Ipolecce, MPUHLUIE
paboThI TEIUIOBOI MAIIUHBL.

MarepuajibHoe o0ecnieueHue:

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

Yka3zanmue:

IIpakTrueckoe 3aHATHE COCTOMT U3 JBYX 4YacTe — TEOpeTHYeCKOM M mpaktudeckou. llocie
U3YYEHHS TEOPETUYECKOro Marepualia MO>KHO MPHUCTYNAaTh K BHIMOJHEHHUIO MpakTHUecKkol yactu. OHa
COCTOUT W3 JIByX M OoJiee 3ajad JIJIsl CaMOCTOSTEIBHOTO BBINMONHEHH. He 3a0biBaiiTe 0 MpaBHILHOM
odopmiiennu pemeHus. Ha BbIMOTHEHNE MPAKTUYECKOTO 3a/1aHUsl OTBOJUTCS JIBa aKaIEMUYECKUX Yaca.

3aganue:

1. O3HakombTech ¢ KPATKUMU TEOPETUYECKUMU CBEACHUSIMH
2. Pemmre 3a1a4n, CaMOCTOSATEILHO UCIIONB3Ysl IPUMEPBI U KPATKHE TEOPETUIECKUE CBEIICHHS.

IMopsinok BbINoOJIHEHUs PadOTHI:
1. V3yuwute n BeImHIIATE (GOPMYIIBI IO JAHHOH TEMeE:
2. Pasbepute nmprMepsl pelICHHBIX 3a/1a4
3. Pemmre caMmocTOsATENHHO 3a1a49U

KpaTKne TCOPETUIECCKHUE CBCACHUA

TennooOmen (Temsomnepenaaya) — oOMEH BHYTpEHHEH sHepruei 0Oe3 COBEpLICHHS MeXaHHMYECKOU
paboThI.

KonnyectBo Temnots! (Q) — 3Heprus, nepeaHHas B pe3ysbTaTe TemioooMeHa.

VY aenapHas TEMI0EMKOCTD (¢) — KOJMYECTBO TEIJIOTHI, HEOOXOAMMOE /Il HarpeBaHus 1 KT BellecTBa Ha

0 oo @ |1o1oq 22K
IK(1°0).[e=—= [c] IKF.K

— YpaBHCHHUC TCIIJIOBOT'O Oananca.

|2 = 2 Qs

l'openue: . q=

VY aenpHas TemioTa CropaHus (Q) — KOJIMYCCTBO TCIIJIOTHI, BBIACIACMOC IIPHU CrOPAHUN 1 xr TomMBa.

3 |0

[Tapoobpa3oBaHue-TIepexo 1 BEMIECTBA U3 )KUIKOTO COCTOSHHS B ra3000pa3Hoe.

Q=rm r=9 [r] :121)1(

m KIr
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VY nenbHas TeroTa napoodpazoBanus () — KOJMIECTBO TEIUIOTHI, HEOOXOAUMOE JUTS MPEBPAILCHUS B TIap
1 Kr *KHIKOCTH IPU MTOCTOSIHHOM TeMIieparype.

IInaBneHue — nepexoa BEUECTBa us3 TBépI[Ol"O COCTOSIHHA B ) KHIKOC.

=2n=12E

m KT

V nenbHast TEIIOTAa IUIaBieHus (A) — KOJIMYECTBO TEILUIOThI, HEOOX0AMMOE JUIs TUIaBJICHHS | KT BEIIeCTBa
IIpU TEMIIEpATypE IJIaBICHHUS.

[lepBblil 3aK0H (HA4YaJI0) TEPMOIMHAMUKHU: U3MEHEHUE BHYTpeHHel sneprun AU cuctemsl paBHO cymMMe

KOJIMYeCTBa TEIIOTHI Q, MEpPEeJaHHOTO CUCTEME, B pabOThI A, COBEPLICHHOM HaJl HEH BHEIITHIUMHU CHIIAMH

AU =Q+ A

HpI/IMeHeHI/Ie IMEpBOro Hayajia TCPMOANMHAMUKHU K U30IIpoucccamM

30TepMEUeCKER nponece, | H3oxopHsdi mpomecc, | HsofapHbil mpomecc, | AIHadaTH9ecKHE DPOLeE,

T =com T = pome b =const n_0
T =cons F =const p=cons 0=1

TemnoBas MalMHa — MallrHa, COBEpHIaromas MEXaHUYCCKYHO pa60Ty 3a CUeT BHYTpeHHeﬁ OHCPIUuun

TOILIMBA.
PaGouee Teno — ras, coBepiiaronuii paboTy B TEIIOBOI MallluHE.

HaF[ZCBaTeJ'I - YCTpOﬁCTBO, coo6u1a10mee pa60quy TCJIY KOJUYCCTBO TCIJIOTHI Ql IIpu TEMIICPATYpPEC
1.

XOJOMUIBHUK — YCTPOWCTBO, OTHHMAIOIIEE OT padodero Tena KOJIMYECTBO TEIUIOTHl Qy Tmpu
TeMieparype 1>. |
g =h=h T
max —_— : .......... :
Tl ... i

IIpuMmepsI pemieHus 3aaa4

1. B amromunmneByro kactpronto Maccou 0,15 xr Hanuro 1,2 Kr Bozbl Ipu 20° C. Ckonbko KUIIATKY
HYKHO JIOJIUTh B KaCTPIOJII0, YTOOBI TEMIIEpaTypa BOJbI cTana 50°C? [ToTepsimu Tema B OKpyKarollyro
cpeny npeHeopeyb.
Hano: Pemenue:
m,=0,15 xr nosxydeHHoe Termao Q1=C,.My(0—-ty); Q2=CaMjy(0-ty)
m,=1,2 xr ornanHoe Temno Qs=C, m; (t-0)
t=20°C ypaBHeHHUe TeroBoro 6amanca Q;+Q2=Q3
—100°
t=100"C Co My (0-t)+M,.Ca (0-t)=C,m; (t-6)

34



0 =50°C m,= (c,Mm, +mc,)(0-t,) =
Cg (tr - 9)

=920 JIx/xr’C (4200 -1,2 + 0,15 - 920) - (50 — 20)
4200 - (100 — 50)

~ 0,74xe

cs= 4200 Jix/kr’C
Otser: 0,74 xr

m, —?

2 B mporecce u3o0apHoro pacmupenus ra3y nepeaano 6 MJx temnotsl. [Ipu 3ToM ra3 coBepiaet
paboty 1,2 M/[x. I3meHunach 11 BHYTpEHHsISI SHeprus ra3a? Harperncs rasz wim oxJiaauics.

Tlauo: «CN» PeweHune: | Bolumcnenus:

A=1,2 Mk 6-10°0x |AU=Q-A" | AU=6-10° x-1,2-10° ik =
=6 M

Q=6 Mk 1) 5 1050 = 4,8-10°

AU-?

o~ o 0
3 Onpenenure makcuManbHbiil KITJ[ TeruoBoi mMamumHel, ecinu Temmneparypa ero Harpesarens 227 C, a
0
TeMreparypa xonoauibHuka — 27 C.

. cn Pewenwne:
I[aHO' PeweHue:
t1:2270 CT]':SOO K Nmax= Tl — T2 500K —300K
—_— Tl nmax=w = 0,4
t2:270 a T,=300 K
T]max—?
4, Bonopon maccoii 4r, 3anuMas nepBoHadasibHbIN 00beM V1=0,1Mm3, pacmmpsiercs 10 oobema

V2=1m3 . Onpenenurte: 1) Al-paboty raza npu nzo0apHoMm mporecce, 2) A2-paboTy raza npu
n3oTepMuueckoM mpoiecce. Hauanpnas temmneparypa raza T1=300K.

Jano: Pewenue:

m=4r=4*10"kr 1) [1pu n3o6aprom pacumpennu (py=const) ra3 coBepaer pabory
Vi=0,1n’ A=pi(V2-Vy) (1)

Vo=1n’ JlaBnenue raza onpeznensem u3 ypaBuenus Knaneitpona-Menjeneesa:

M=2*10kr/monb P,V,=m/MRT, orciona p,=m/M*RT,/V,(2)
R=8,3 1 mx(monp*K) [Toacrasum opmyny(2) B (1)nonyuum: A;=m/M*RT,/V,(V,..V)) (3).

T,=300K 2) [lpu u3oTepMu4eckoM pacumpeHue ra3 copepuiaer padbory
Ay-? A,=m/MRT,InV,/V, (4) (In10=2,3)
A-? Beruncnenns:

1) A=4*10"kr*8.3 1 o/ (Moms*k)*300K/2* 10~ kr/momns*0, 1 n13:“( Im>-0,1v°)=4.5%10" 1k
2) A3=4*10'3Kr/2* 10~ kr/monb*8.3 ]ﬂ)lf/( Mosb*K)*300K*In1m’/0,1 w=11,5% 103LI>K.
Omeem: A\=4,5%10°]Ix, A= 11,5%10°[x
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S. Onpenenure n3mMeHeHne BHyTpeHHel sueprun AU nbja Maccoit m=5 Kr B MPOLIECCE €ro TastHUs
(TuTaBJICHMST) IPU HOPMAJIBHBIX YCIIOBHSIX.

Jano: Pewenue:
m=5 Kr W3meHenue BHYTPEHHEH YHEPruy U3 NepBOro 3aKOHA TEPMOAMHAMHKN:
A=3,35*10° Jbx/kr  Q=AU+A. Orciona AU=Q-A. Jlna Tasuus neobxoauma tennora Q=Q,, =
Po=1,01*10"I1a Am, A-yaenbHas Tennora riasneHus. Macca o0pasoBaBuieiics BOABI Mo,
T=273K Oyzer paBHa Macce nba m. O6beM Boasl V; 00pa3oBasiuniics u3 nbja
p=0,9%10°kr/n’ V1, Oyaer MeHblle, TaK KaK IIOTHOCTb BOABI Py2o O0JbILIE MIIOTHOCTH JIbJ1a
pr2o=10kr/a’ pa. [lpn nnasnennn npaa cosepiuaercsa padbora A=po( V- Vy).

YuursiBas, uto p=m/V,onpeaensem Vy=puo; Vi=m/p, CnenosarensHo,
AU-? A=po(m/pr20-m/p1)=Po m(ps-pr20/psprzo) Beruncnenus:

Q=3,35*10° ox/xr*5kr=1,7%10° .

A=1,01*10TTa*5kr*0,9%10°kr/M-10°kr/v/0,9*10°kr/v’ 10°kr/v'=-55 1k

AU=1,7*10°T-(-55ak)~=1,7*10° .

Omeem: 1,7%10° [l
6. Temneparypa HarpeBaTenss ujeanbHOM TemnoBord MammHbl  TH=500 K,Temmneparypa
xonoamibhuka Tx=300 K. Onpenenure KIIJl TeroBoi mamwuHbl M U TEWIOTy Q H, MOJYYEHHYIO OT
HarpeBaTelis, eCJIM 3a OJWH LIMKII MallinHa coBepiaet padboty A=400 Jx.

Jawo: Pewenue:

T,=500K Ko duument nonesnoro AeicTBis TENI0BOH MLIMHD ONPEAEISETCS 10

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

A=400/Tx U3 gopmynsi 2 cnenyer, uto Qu=A/

n-? Qu-? Borncnenns: n=500K-300K/500K=0,4; Qu=400/1x/0,4=1000x=1x [x.
Omsem: 1= 0,4; Qu= 1x/lx.

Pemurhb 3a1a4i CaMOCTOSATEIbHO

B ycnoBuu 3a1a4 oTcyTCTBYIOT U PHL. 3HAUCHUS (PU3UIECKUX MTapaMEeTPOB ITHUX 3a7a4 HEOOXOIUMO
OpaTh U3 TaOmuIBl 1: MO BEpTUKAIBHOM CTPOKE yKa3aH HOMEpP BapHaHTa, IO FOPU30HTAIBLHOM — HOMEp
3aJ1a4H.

1.  Kakum cmocobom — coBepiieHHeM paOOThl WIM TeIUlonepenadyeld M3MEHSeTCs BHYTPEHHSS
SHEpPrus JeTalu B CIEAYIOLUX ciydasx: 1) cTporaHue neranu; 2) HarpeBaHUE JeTajld B IE€YU Iepea
3aKayikoi; 3) ObICTpOE OXJIAXKIACHHUE NeTallu B Boje (3akanka)?

2. Paboume ropsumx IEXOB HOCAT KOMOWHE30HBI, IMOKPHITHIC METAJUTMUYECKUMHU OJIECTSIIUMU
gemryiikamu. [logemy OHHM XOpOIIIO 3aIIUIIAI0T YeIOBEKa OT JKaphl?

3. Boay maccoii m narpenu ¢ temnepatypsl T1 10T,. Kakoe kKoau4ecTBO TEIIOTHI 3aTpaTUiId pU
Harpese. (C;=4200/]x\kr-K)

4.  OmnpenenuTh Maccy Harperoi Bonbl, ecinu sl e€ HarpeBa Ha AT 3aTpaTwim KOJHMYECTBO
termnoTel Q. (C, = 4200 Tx/kr - K)

5.  OmnpenenuTh Maccy CrOpeBIIEr0 KaMEHHOTO YIJIsl, €CIH MPHU CropaHuu Beiaenmwioch Q Jxoymnei
TerIoThL. (=29M/Ix/KT)

6. Coupr ™accod M wucnapwics. OnpenenuTh KOJWYECTBO TEIUIOTH, 3aTpayeHHOe ISt
BbInmapuBanus cnupTta. (r=0,85 MJx/kr)
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7. OmnpenenuTh KOJMYECTBO TEIUIOTHI, HEOOXOIUMOE sl pacIljIaBI€HUs]  OJOBSHHOTO CIIUTKA
maccoi m. (A= 0,59 MJx/kr). Kakoe KOJIMYECTBO TeIJa BBIACIUTCS TPH OXJAKICHHUH 3TOTO
pacIuIaBJIeHHOTO CJIUTKA?

8. T'a3 mox naBnenumeM P; m3o0apHO pacmmpuics u coBepmui padory 25 k. Ha ckonbko
yBeNU4MIICS 00beM raza?

9. Tepmoaunamuueckoit cucreme nepenano Q JIx temnorsl. Kak u3MeHUTCS BHYTPEHHSS SHEPrus
CHCTEMBI, €CIM OHa coBepInia padory A?

10. Tlpu wm3oTepmmueckoMm pacmupeHuu (T=const) razom Obuia coBepmieHa pabdota A. Kakoe
KOJMYECTBO TEIIOTH Q coo0ImIeHo razy?

11. Boruucnuts KIIJ[ TemioBoil mammHel, €ciiv TeMiieparypa HarpeBaress 11, XxonoauwibHuka Ts.

12. Kaxoii nomxna ObITh Temneparypa HarpeBaTens 11, uroOsr KIIJ] nBurarens coctaBisul 1 mpu
TeMIeparype XojaoauibHuka T

13. TemnoBas snekrpoctannus MomHocTbio 2400 MBT notpebmsier 1500t yris B yac. Kakos KIIJ]
crtaHuuu?

14. JUis TOBBIIIEHUSI TBEPJOCTH U IMPOYHOCTU CTAJbHBIX H3JEIUN NPUMEHSIOT 3aKaJIKy
(HarpeB O HEKOTOPOW TeMIMepaTyphl C MOCIEIYIOIIUM OBICTPHIM OXJIaxaeHHeM). Kakoe koamdecTBo
TEIUIOTHI HE0OXO0IMMO, YTOOBI HArpeTh CTAIbHON MOOTOK Maccoit S500r ot 17 mo 817°C? Beruucnure,
KaKoe KOJHMYECTBO TEIUIOTHl BBIAENSET MOJOTOK, €CIU €ro OXJIaXJalT B KHUAKOM KHCIOpOJE,
temneparypa kotoporo -183°C. Y nenbnas termnoemkocts cranu 460 Jx/ kr-°C.

15. Kakyto maccy kokca notpedyercs cxeub, yToObl HarpeTs 10T uyryna na 10°C?

16. B nnaBunbhyto neus 3arpysunu 2000 xr uyryHa, B3groro npu 20°C. Kakoe koau4ecTBo
TEIUIOTHI 3aTpayeHo B Heil Ha ero ruiaBieHue? CkonbKo Jbaa, B3siToro mpu 0°C, MOXKHO ObIIO ObI
pacmiaBUTh 3a CYET ITOTO KOJIMYECTBA TEIIOTHI?

17. B nnaBunbHON meud 3a onHY MIaBKY Hoiayuwnu 250 KU aqlOMUHHUS TPU TEMIEparype
660°C. Ormpenenute, HACKOJIbKO M3MEHWJIACh BHYTPEHHSISI HEPIUsl allOMUHHUS, €CIM €ro HadajibHas
temneparypa 6si1a 20° C. Y aenpHas TemioTa riaBieHus amroMuHus 3,9 MJDx/kr.

18. UyryH B JUTEHHBIX I€Xax IUIaBAT B I€4ax, Ha3blBaeMbIX BarpaHkamu. Ormnpenenute
KOJINYECTBO TEIUIOTHI, HEOOXOMMOE JUIs MIJIaBKU OT YyryHa, J0BEIEHHOTO JI0 TeMIIEpaTyphl IIIaBICHUS.
VY nenpHas TeruioTa miaBieHus cruiasa 138 270 Jx/kr.

19. JIoM YepHBIX METaJJIOB MEPEIIaBIAIOT B CTAllb B MapTEHOBCKUX nevax. Kakoe
KOJIMYECTBO TEIIOThI HEOOXO0IMMO sl HarpeBaHusl U paciiaBieHus 10 T cTaqbHOTO JiomMa, eCiu
HavanpHas Temneparypa ero 20°C? Temneparypa mnasnenus cranu 1400°C.

20. Kakyro paGoTy coBepiimi ujeanbHbI OAHOATOMHBIN ra3 M Kak IpPH 3TOM M3MEHUJIach
€ro BHYTPEHHsIsl 3HEprus Mpu M300apHOM HarpeBaHMM JIBYX Mosed rasa Ha 50 K? Kakoe xommuecTBo
TEIUIOTHI MOJIYYUJI Ta3 B Mpoliecce TermiooomeHa?

21. 3. Ilpu aguaGaTHOM pacIIMpeHUHM Bo3ayxa Obula coBepuieHa paborta 200 Dx. Uemy
paBHO U3MEHEHHME BHYTPEHHEN YHEPrUM BO3/1yXa?
22. 4. VpneanbHblli Tra3 HarpeBalcs IPU IOCTOSHHOM JaBJI€HUHM, IIOTOM €ro JaBJICHHE

YBEIUYWIOCh TIPH TIOCTOSIHHOM OOBEeMe, 3aTeéM IIpu IOCTOSHHOM TeMIlepaType MJaBJieHHE Trasa
YMEHBIIUJIOCH A0 NIepBOHavYansHOr0. HapucoBath rpaduk B KOOpAWHATHBIX Ocsix P-V.

23. 5. MneanpHbiii a3 nomyuni komdecTBo TermioTel 300 [Ix u coBepmmn padoty 100 Ix.
IIpu 3TOM Kak M3MEHUIAach €ro BHYTPEHHS DHEPT U ?

24. 6.Temnepatypa xonoamwibHuKa TerwioBod MamuHbl 300 K, TeMneparypa HarpeBaTens Ha
300 K Oombmie, yem y xonoawibHuKa. Yemy paBeH MakcuMaibHO BO3MOXkHbIM KIIJ[ TeroBoii
MAIIHHBI?

25. 7. Uemy paBHa BHYTPEHHSS SHEpPrus S5 MOJb OJHOATOMHOIO MHJICANIBHOTO rasa Ipu
temnepatype 47°C?

®opma npeacraBiaeHus pe3yJabTara:
BbInonHuTh 3a1aHue B TETPaan AJIs MPAKTHUECKUX padoT.
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Kpurtepun onenkmn:
3a mpaBUIILHO BBHITOJIHEHHOE 3a/IJaHKE BBICTABIISICTCS TIOJIOKHUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATENbHAs olleHKa — () OaioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopoutoy evicmagnsemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbvHoy svicmasisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.3 ArperaTtHblie cOCTOSIHUS BeliecTBa. Ma3oBblie nepexoabl

IIpakTyeckoe 3ansaTue Nell. /laBiieHue s;kuakocreil U TBepabIx Tea. 3akoH Ilackas.

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

MarepuanbHoe o0ecrieyenne:

WHAWBUAYaIbHOE 33/1aHUE, KOHCIIEKT JISKIIHiA, CIPaBOYHbIE MaTepUaIbl.

Yka3anue:

[IpakTuueckoe 3aHATHE COCTOMT U3 JBYX 4YacTeil — TeopeTudeckod u mpaktuueckou. Ilocme
U3Y4YEHHUs TEOPETUUYECKOT0 MaTepHallia MO>KHO IPUCTYNATh K BBINOJIHEHHUIO MpakTUyecKoil yactu. OHa
COCTOHT U3 JBYX W OoJiee 3a1ay ISl CaMOCTOSITENBHOIO BBINMONHEHUsA. He 3a0biBaiiTe 0 mpaBHIIBHOM
O(i)OpMJIeHI/II/I pCHIeHI/IfL Ha BBIITOJIHCHHUC HpaKTI/I‘-IeCKOFO 3aJaHUsS OTBOOUTCA ABAa aKAACMHUYCCKHUX Haca.

3aganme:

1. OSHaKOMI)TeCI) C KpaTKI/IMI/I TGOpeTI/IquKI/IMI/I CBCACHUAMU
2. Pemure 3amayn, caMOCTOATEIBHO HCIIONB3yS MPUMEPbl U KPATKHE TEOPETUYECKUE
CBCCHHSL.

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

KpaTKne TECOPETUIECCKHUE CBCACHUA
ﬂaBJ’IeHI/Ie TBCPAOTO TEJIa

TBepmoe Teno, HaxoAsuieecs Ha  ONOpE, F| ZedcTByeT Ha OHoOpy C CHIIOH,
KOTOpasi pacmpesesieHa MO MOBEPXHOCTH OCHOBaHUS ng tena.  Jlia  omwMcaHMs  TakMx
pacmpeieNieHHbIX CHJI BBOJUTCA HOBas (u3nyeckas BEJIMYMHA — 0d6/1eHuUe.

ﬂaBJ’IeHI/Ie (p) — OTHOHICHUC CHJIbl K IUIOIIaAW IMOBEPXHOCTHU, Ha KOTOPYIO OHa HeﬁCTByeT B

H
NEPIEHIUKYIAPHOM HanpasiieHuu. [p]=1— = 1 I1a — ITackanp
M

JlaBrieHHE B KHUIKOCTSIX

OCHOBHBIM OTJIMYHEM KHIKOCTEH OT TBEPAbIX (YIPYTHX) TEN SIBISAETCS CIIOCOOHOCTH JIETKO
U3MEHSTH CBOIO (hopMmy.

YacTtr XHUJIKOCTH MOTYT CBOOOJHO CABHUTAThCS, CKOJB3s JPYr OTHOCHUTEIBHO npyra. [lostomy
XKHJIKOCTh TpUHUMAET (OPMY COCy/ia, B KOTOPBIN OHA HAJIMTA. I I

Ha Tteno, morpyxeHHOe B )KHJIKOCTh WJIH Ta3, IEHCTBYIOT CHIIBI, paclpe/IeIICHHBIS 7
MO0 TIOBEPXHOCTH Teia. J[ims ommcaHWs TakuX pPAcHpele/ieHHBIX CHJI  TaKkKe
UCTIOJNIBb3YeTCs (PU3NUecKas BeIMUYNHA — 0dé/ieHuUe.

3akon [lackans: JaBJieHWE B JKUJKOCTH WM Ta3e IMEpenacTcs BO BCEX
HaIPaBJICHUSAX OJMHAKOBO W HE 3aBHCUT OT OPHUEHTAIMH IUIOMIAIKH, HA KOTOPYIO OHO
JEUCTBYET.

Py

?3
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Jus wumoctpanmu 3akoHa [lackans Ha pHCYHKe H300paxeHa HEOONbIas NPSIMOYroJbHas
npu3Ma, NOrpyXeHHasl B )KMJIKOCTh. Eciii mpeamnonaoxkuTh, YTO MJIOTHOCTh MaTepuaia MpU3Mbl paBHA
IJIOTHOCTU JKUJIKOCTHU, TO TMPHU3Ma JODKHA HAXOJUTHCA B KUIAKOCTH B COCTOSHUU O€3pa3iIMuHOrO
paBHOBecHs. DTO O3HAYaeT, YTO CUJIbI JaBJICHUS, JCHCTBYIOLIME HA TPaHU HPU3MBI, JOJKHBI OBITH
YpaBHOBEIIEHBI. ITO MPOU30UIET TOJIBKO B TOM Cly4yae, €ClId JaBJICHUs, T. €. CHJIbI, TeHCTBYIOIINE Ha
€IMHHUILY ITOIIAAH IOBEPXHOCTH KaXKI0M IpaHu, OJUHAKOBBL: P1 = P2 = P3 = P.

JlaBiieHue )KUAKOCTU HA JHO WK OOKOBBIE CTEHKU COCYJa 3aBUCHUT OT BBICOTHI CTOJIOA KUAKOCTH.
JlaBnenue cronba >XKUIAKOCTH p HA3bIBAIOT I'MJPOCTATHUECKUM JaBlieHueM: h=p-g-h rae p —

IINIOTHOCTB XHUAKOCTH, h — BeIcoTa cToN0a KHUIKOCTH.

Ecnu xuakocTs HaXOmUTCA B LWIMHAPE IOJ MOPIIHEM, TO JICHCTBYS Ha MOPIICHb HEKOTOPOI
BHEIIHEW cuiod F, MOXXKHO co3aaBaTh B KHMIKOCTH JOIOJHUTEIbHOE AaBieHue Po = F / S, rme S —
TUTOIIA (b TIOPIIIHS.

Takum 00pa3om, MOJTHOE AABJICHUE B KUAKOCTH HA TIIyOMHE N MOKHO 3ammcarh B
Buze: P = P,+pgh

Ha Tteno, norpyxeHHO€ B JKUIKOCTh WJIM Ta3, ICHCTBYET BBHITAJKUBAIOLIAS CHJIA —
cuna Apxumeoa.

ApXHMeI0Ba CWJIAa, ICHCTBYIOIIAS HA NOTPYKEHHOE B JKUAKOCTH (MM ra3) Telo,

paBHa BeCy XKUAKOCTH (MU ra3a), BelTecHeHHoi Tenom FApx =0, 9V,
€CJIM CpEeIHssA IUIOTHOCTh Tella p; OOJIbIIE IJIOTHOCTH >KUAKOCTH (wim rasza) p (pr > p), TEIO
OyzeT olycKaTbes Ha JTHO;

e cciu p; < p, TENO OYJET IIaBaTh HAa MOBEPXHOCTH YKHUIKOCTH,

® ¢€ClH Py = P, TO TEJIO MOXKET IIABAaTh B TOJIIIIE YKUIKOCTHU Ha JIF000ii riryOuHe.

3aKoH cOOOIIAIOIIUXCS COCYI0B: OasiieHue 8 11000l MouKe Ha 0OHOM U MOM
Jice yposHe 6 COOOWAIOUUXCSL COCYOax 0OOUHAK080: P = P,

rac pi1 U pp — JABJICHUA Ha OJHOM W TOM K€ YPOBHC B IICPBOM U BTOPOM KOJICHC

COOOIIAIOIIETOCS COCY/Ia COOTBETCTBEHHO.
I'mapaBaunyeckuit mpecc

Ecim 06a BepTHKaIbHO PACIIONOKEHHBIX IMINHAPA COOOMIAIONINXCS
COCYHOB 3aKpbIThb IMOPHIHAMH, TO C IIOMOIIBIO BHCIIHUX CHII,
IMPUIIOKCHHBIX K IMMOPHIHAM, B XHJIKOCTHU MOXKHO CO344aTb 60JIBHIOC
JaBJICHUC p, BO MHOTI'O pa3 MpeBbIA0OIIEC TMAPOCTATUICCKOC NABJICHUC
pgh B 15060#1 ToYKe crcTeMbl. ECITM MOPIIHA MMEIOT pa3HbIC TUIOMIAN
Sl u 82, TO Ha HUX CO CTOPOHBI ) KUAKOCTU ﬂeﬁCTByIOT Ppa3HbIC CHUJIbL F]_ =
pSl nk,= pSz [Tpu S,>>S,, To Fo >> F.

YCTpOﬁCTBa TaKoro poJga Ha3bIBArOT 2u0pa8ﬂulleCKuMll Mawiunamu
F, 3,

=— umu F,=F
L9, Y

|1

S

[TpuHimn paboTel MPOCTEHIINX THAPABINYECKUX MAIIHH

To ob6cToaTenbeTBO, UTO KUAKOCTH OYAY4H NMPAKTHUECKH HEC)KUMAEMbIM M, PABHOMEPHO IEpeatoT Mo
BCEMY CBOEMY 00beMY BHEIIHEE JaBJIEHUE, IIUPOKO UCIOIb3YEeTCS B PA3IMYHBIX OTPACISAX TEXHUKH (B
THJIPONPUBOJIAX, THAPOABTOMATUKE, THIPABIMUYECKUX TOPMO3aX M YCHIIUTENSAX U T.II.). DTO CBOHUCTBO
KHUAKOCTU Takke 3(P(EKTUBHO MPUMEHSIOT B TAaKUX MPOCTEHIIMX MAaIIMHAX, KaK TUIPaBINYECKHE
JOMKpaThl (OJbEMHUKHN) U TIPECCHI.
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[TpuHIMn ©X pabOTHI OCHOBAH HA CIIEAYIOIIEM: HMEIOTCS JBa COOOIIAIONIMNXCS MEKIY COOOM IHINH/IPA
pasHoro auametpa IIpuiaras K MOPIIHIO MEHBIIETO U3 HUIMHIAPOB KaKylHO-TO BHEIIHIOKW CHIy P1, MbI

_h
P _5_
TEM CaMbIM CO3JaeéM Ha IOBEPXHOCTH KHMIKOCTH B 3TOM IMIIMHAPE IABJICHHE 1, KOTOpOE
PaBHOMEPHO IMEPeaeTCsi BO BCE TOUKHM MPOCTPAHCTBA, 3aMOJTHEHHOTO KHJIKOCThI0. Torma Ha mopiieHb

Oompliero u3 mUIMHAPOB (0e3 ydera moreph) OyaeT NeWCTBOBAaTh MOJAbEMHAs CHja Py =PiS2 yym
54

P, =P,
51 . Takum o0Opa3om, "eM OoJIbIlie Pa3HATHCS MEKIY COOOW TUIONIAIU MOTCPEYHOTO CEUSHUS
WIMHAPOB, TeM OOJIBIIYI0 (OBEMHYIO, CKHUMAIOIIYIO, IEPEMEIIAIONIYI0) CHITy MBI ITOJIy4aeM B TaKUX

TUAPABINYECKUX YCTPONCTBAX.

Cratudeckoe AaBJIeHUE )KUJIKOCTH Ha IIJIOCKYIO TOBEPXHOCTh. ['MapocTaTHuecKuii mapaokc

JIns ompeneneHus CHIBI JaBICHUS JKUIKOCTH P Ha IUIOCKYI0 MOBEPXHOCTh, IUIOMIAIb KOTOPOi
paBHseTCsS S, pa300beM ee MPOHM3BOJILHBIM 00pa3oM Ha OeckoHeuyHO Majble ruomann ds. JlaBnenue
’KUJIKOCTH Ha MMOBEPXHOCTb OINPECIUTCS KaK CyMMa CHJI IaBJICHUH Ha 9TH JIEMEHTapHbIE IUIOIIA/IKH.

PaccMOTpuM  sreMEHTapHYIO IUJIOLIAJKy, LEHTP KOTOPOM pacmojokeH Ha TIJIyOuHe YpOBHS,
MIPOXOAAIIETO Yepe3 LEHTP TSHKECTH Beel mromanu 1. JlaBieHHe B LEHTpE TSHKECTH ATOM IUIOLIAIH
0003HaunM p,. Toraa ruIpocTaTiyeckoe JaBlIeHUE B LIEHTPE 3JIEMEHTapHOM IUIOIIAKU PaBHO

P=p,+p 8

OKOHYATEIHHO MoJIy4uM P = P.S
Taxum O6p330M, CuJia AaBJICHUA XUAKOCTHU Ha INIOCKYIO IMOBEPXHOCTHh paBHA NPOU3BCACHHUIO IJIOMIAAN

3TOH MMOBCPXHOCTU HA BCIUYHUHY THIPOCTATUICCKOI'O JaBJICHHA B €€ HECHTPC TAKCCTU.

CrnencrBueM ABISIETCS  JIOKA3aTEJIbCTBO THAPOCTATUYECKOTO IapajioKca, BIEPBBIE MOJIYYEHHOE
ITackanem.

BenwmunHa cHIBI BECOBOTO JaBIICHHS KUIKOCTHU Ha AHO pE3C€PBYyapa 3aBUCUT TOJBKO OT IIJIOTHOCTHU 3TOM
KUIKOCTH, IUIOIIAAN JHA U FHY6I/IHBI C€TO MOTr'PYKCHUS 110 CBO60,[[HOI71 MMOBCPXHOCTHIO. HpI/I 9TOM BEC
KHUOKOCTH, HAJIUTON B COCYyId, MOXKET OTJIMYATHECA OT CHJIBI JaBJICHHUS, OKa3blBa€MOro €0 Ha JHO, T.C.
CHJIbI HAaBJICHUA JKUIAKOCTH Ha JHO PE3CpByapa HC 3aBUCAT OT C€ro (I)OpMLI N KOJINYECTBA XHUIAKOCTH

P =po +PEhy. P =(py +pghy)s,
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Tak B pacCIIupAOIINXCA KBEPXY COCydax CuJia BECOBOI'O AAaBJICHWA Ha JHO MEHBIIC BECAa XHJIKOCTU, B
MUJIMHAPUYCCKUX OHHM OJWHAKOBBI, @ B CYXHUBAIOIIHUXCA KBCPXY — CHJIa OABJICHUSA OoJbllle Beca
3aKJIFOUYCHHOM B COCYI ) KUAKOCTH.

Tak kak HaiiieHHas cuja SBJISETCS PAaBHOJACHCTBYIOIIECH, TO TOMHMO €€ BEITHYMHBI HEOOXOIUMO
OIIPEAEIUTh U TOUYKY €€ NPUIIOKECHHS, Ha3bIBAEMYIO LIEHTPOM JAaBiieHus. LIeHTp TshkecTH coBmagaer ¢
LIEHTPOM [JIaBJICHUs TOJIBKO TOIZa, KOIJa paccMarpuBaeMas IUIOCKAas IIOBEPXHOCThb JIEKUT B
TOPU30HTAJIBHON IJIOCKOCTH.

[TockobKy THAPOCTATUYECKOE [ABJIEHUE p ABJISETCS MOJYJIEM THAPOCTATUYECKOTO HaIpSKEHUS,
SMIOPHl HOPMAJIBHOTO THIPOCTATUYECKOTO HAMPSIKEHHUS MOTYT OBITh MOCTPOCHBI C HCIOIb30BAaHUEM
3aBUCMMOCTH W TIPUMEHEHBI [UJIsl ONpENEICHUS BEIUYMHBI B JIFOOOM TOYKE paccMaTpUBaeMOM
noBepxHoctu. [Ipu 3TOM ciieyeT NOMHHUTB, YTO 3TO HAIIPSYKEHUE HAIIPABJICHO MO HOPMAJIH K IJIOIIAIKE
JICHCTBHS.

PaccMOoTpuM MOpANOK ITOCTPOCHMS 3IIOPHl  HOPMA@IBHBIX THUAPOCTATHYECKUX HANPsIKEHUN Ha
BEPTUKAIBHYIO CTEHKY, YPOBEHb KMJIKOCTH B KOTOPOU f.

g A
e
T ,.%" j)gf/ —’ - g'f' JO!,?/"/

a ] 8 2

Oniopsl HOpMATLHBIX 2UOPOCMAMUYLECKUX HANPANCEHULL

BHemnee ruppocraTrdeckoe JaBieHHE py PABHOMEPHO IEPENAeTCs KHUIKOCTHIO IT0 BCEMY €€ 00BeMy.
Ot1noxuB B MacmTabe Ha MEPIEeHAMKYIIpax K paccMaTpuBaeMOl IIOCKOW CTEHKE B €€ BEpXHEeW U
HIDKHEH Y9acTH po U COSJMHHUB KOHIIBI BEKTOPOB IMPSMOW JHMHHUEH, TOIyYHM IMPSIMOYTOJBHHK-IIIOPY
HOPMAJIbHBIX HAMPSDKEHHH, BBI3bIBAEMBIX BHEIIHUM JaBJIeHHEM. M30BITOYHOE THIPOCTATHYECKOE
JaBJICHUE W3MEHSETCS 10 TIIyOMHE IO 3aKOHy NpsMoW, mpudeM oHO paBHO (0 Ha CBOOOAHOM
MOBEPXHOCTH JKUIKOCTH M MaKCUMalbHO — y aHa (PgH).

Takum 06pa3oM, 3MIOPEl HOPMAIBHOTO W30BITOYHOT'O THIPOCTATUYECKOTO HAIMPSKEHUS] UMEIOT (GopMy
MPSIMOYTOJIBHOTO TPEYroJIbHUKA. DIMI0pa HOPMAIBHOTO a0COMIOTHOTO MMAPOCTaTUYECKOT0 HANPSIKEHUS
MOJTy4aeTCsl B pe3yJIbTaTe CIOKEHUS MPEeIbIIyIINX ABYX S0P U UMeeT (popMy Tparenuu.

AHAJOTMYHO CTPOSITCSI 3MIOPhl HOPMAJIBHOTO THIPOCTATHYECKOI0 HANpPSDKEHUS B Clydae HaKJIOHHOM
creHku. C TOMOIIBIO TMOAOOHBIX DBIIOP MOXHO Tpaduyeckd CyYMMHUpPOBaTb HOPMAaJbHOE
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TUAPOCTATUYECKOE HAIPSHKEHUE NPU JEUCTBUM OAHOPOIHBIX WIIM PAa3HOPOAHBIX MKUIKOCTEM C JOBYX
CTOPOH IIOCKON CTEHKH.

C IIOMOIIIBIO SIMIOPBI HOPMAJIBHOI'0 T'HAPOCTATUYCCKOI'0 HAIIPAKCHHUA MOXKET 6BITB ImoacuruTaHa cujia
THIIPOCTATUYECKOTO JIaBIICHHS HA IJIOCKYIO TTOBEPXHOCTh, IOCKOJIIBKY 00BEM TaKOH AMIOPHI YUCICHHO
PaBEH BENIMYMHE 3TOM CHibl. [IprueM cuita 1aBieHHs Ha IUIOCKYIO TOBEPXHOCTh MPOXOJUT Yepe3 LICHTP
TSOKECTH  DIIOpPBI,  TMOJOXKEHHE  KOTOPOro  JUIss  TPaleleHJAIbHOW  AIIOPEl  HOPMAaJIbHOTO
THJIPOCTATUYECKOTO HAIPSDKEHHSI HA MPSMOYTOJIBHYIO CTEHKY MOXET OBITh OIpeNesieHO IpaduuecKu
uy 1o popmyiiam.

IIpumepsl pemieHus 3aaa4
1. Omnpenenuth naBiieHue OCH3MHA HA JTHO IIMCTEPHBI, €CJIM BBICOTA CTONI0A OeH3MHA 2,4 M, a ero
wioTHOCTb 710 Kr/Mm®,

Jano: Pewenue.

h=24Mm p=pgh

p=710kr/™M’ | p=710 kr/m® » 10 H/kr+2,4 M
~g=10 H/kr p = 17040 Ila= 17,04 klla
p—? Omeem: 17,04 xlla

2. Kakast )XuAKOCTh HAXOIUTCS B cOCyqe, eciau cToyd BeicoToil 0,3 M okaspiBaeT maBieHue 5400

[Ta?
Hano: Pewenue:
/i = 0,3 m P
p =5400 Ila P=pgh; p= gh
&= 10 H/xr 5400 Tla

=1800 kr/m’

R Al O 7H/1<r -_0,3 M

Omeem: Cepuas KHCIIOTa

p=7

3. B 0onbmoit cocyn ¢ KBaApaTHBIM THOM IDIOMAAbI0 9 M2 U BEepTHKAIBHBIMU CTCHKAMH HAJTUTA
BoJa (CM. pHCYHOK). KakoBa BeICOTa YpOBHS BOJIBI B COCY/IE, €CITH CHJIA €€ JIaBJICHUS Ha
OOKOBYIO IOBEPXHOCTh COCY/1a paBHA CUJIE IaBJICHUS Ha JTHO?
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Hdano: :

Fa=Fs 2 H

S’,‘:gM 1

p, = 1000 =L —— }h—?
= B S

h—2 ———S — 1

Pemenue:
JlaBneHue BOABI Ha HO cocyAa pasHO: P =p gh.
IIromans AHA cOocyha paBHa: S = @, TIe a@ — CTOPOHA

KBagpara.
o — — 2,
Cuna ;gaBJIeHna 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, = ng%-

ILtomages 60KOBOI IMOBEPXHOCTH COCY/Aa, HCOBITHIBAIO-
meil gaBaeHHe, paBHa: S; = 4ah, a cuia gaBieHUsI Ha DOKO-

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

Coxpamas Ha p, &, I, a, norydaem: a = 2h, Torga h = -‘—l-, HO

2
a=+/8S.

|
2
IlogcTaBuB B GOPMYJy YHCIOBBLIE AaHHBIE, MOJIYIUM:

_N9_3_
h= 9 —2—1,5M.

OrseT: h=1.,5 M.

Orcoma cieayer, 4To

4. B cocyn, umeromnuii popmy mmumuHapa ¢ paanycoMm 10 cm, Hamwum 3,14 KT moICOTHEYHOTO
Macina (cM. pucyHok). OnpeaenuTs AaBlieHUue Maciia Ha THO COCy/a.

IHaHoO: CH

R=10cmMm 0,1m ﬁ
m=3,14 xr

ngooK_g @

- M |
P2

Pemenue:

JlaBneHne JKUAKOCTH HA JHO COCYAa PABHO OTHOIIEHHIO
CIIBI TSYKECTH KUAKOCTH K ILIONIAAH JHA COCY/a.

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

F
majab JHA cocyaa, moaydaum: P = —

5
m
Orcrona caeayer, uro |P = Egz
ITopgcTaBuB B (hOpMYJIy YHCIOBBIE JAHHBIE, IOJTYIHM:
314+10 ... 10 1000 Ila.

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



5. B cocyne HaxoasTCst OJIMH 3a IPYTUM TPH CII0S1 HECMEIITUBAIOIINUXCS KUJKOCTEN: BOJa, MaclIo,
PTYTh (CM. pUCYHOK). BbicoTa kaxxaoro ciost 5 cMm. OnpenenuTh TaBiIeHUE )KUIKOCTeH Ha THO
cocyza u Ha riayoune 7,5 cM.

HNauo: CH
hl = h2 = h3 =5cMm |0,05 M :::—:::_—_:
h=1,5cum 0,075 m —— Macaop, —| rh,
p, = 1000 £L —
o ==

=900 KI -:&i& -— h,
Pu =900 —5 —_—
p, =13600 X —Prymp, — }n,
P-? -
Ph —— ?

Pemenmne:

Onpeznenum gaBjaeHue Ha JHO KasKJAOH KHKOCTH!:

P, =p,gh, — nasnenue cronba pryru;

P, =p gh, — nasnenue cronba Boasl;

P, =p gh, — nasneane cronba macua.

Ob6mee nasnenme Ha AHO cocyja Oyaer pasHo: P = P, +
+ P, + P3, tak Kaxk hy, = hy = hs, P=p gh, + p,gh, + p,ghs =
= ghl(pp + p- L px)'

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

IMoacTrasus B (hOopMyJIY YHUCJIOBEIE JaHHLIE, MOJAYIHUM:

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

HHUA cTonba Mmacyia u AaBJI€EHHA TTOJOBHHBI CTOJIOBI BOABI:
1
B, = P, +3P,

Orcioza caeayer, uro |P, = p 8hy + %p_gh2 :

IToacrasus B (hOPMYyTy YHCJIOBBIE JaHHBIE, MOJAYIHM:

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

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

6. Konmdeckas mpoOka mepeKphIBaeT Cpasy JiBa OTBEPCTHUS B TNIOCKOM COCYJIE, 3aITOJTHEHHOM
xuakocteio pu nasneHuu 2000 I1a (cm. pucynok). Paauyc otBepetuit R =2 em, r =1 cm.
OrnpenenuTts CUiTy, IEHCTBYIONIYIO Ha TPOOKY CO CTOPOHBI JKUIKOCTH.
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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 3a1a4d CaMOCTOSATEIbHO

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 aasiaeHueMm nNMIla. Dto naBnenue
nepeaaeTcst Ha OOJBIINHN MOPILIEHb, IIOMaaAb KoToporo 800 oM’ Kakyro cuity naBiieHHSI HCTIBITHIBAET
3TOT NOPIIEHH?

4. BOIBIIOH TOpIICHs THAPABIMYECKOr0 Tmpecca miomageio 180 cm’ meiictByer Ha
npeccyemoe Teno ¢ cuinod NkH. C kakoil cuioi IelCTBYET Macio B IPecce Ha Majbli 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. BrruucnuTe gaBneHue U CUIy 1aBieHHs KEpPOCHHA Ha JHO Oaka ruiomaaso 50 P, ecin
BBICOTA CTOJI0a KEpOCHHA B OaKke 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 HarpeBateneM. 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 Uil TOTO, YTOOBI MOXKHO OBLIO ‘ |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
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M3JIOKHUIIBI C OTIUTOro ciuTka. OmnpenenuTe CHIIy AaBIICHUS, KOTOPYIO MPOM3BOJIUT Ha IMOJIONKKY
W3JIOKHUIBI HATUTBIA YyTYH, €CJM BBICOTA M3JIOXKHUIBI 1,5 M, a momans HwkHero ocHoBaHus 1600
em’. TlnotHocts 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, miomans NONepevyHoOro CEYEeHUs KOTOPOro YMEHBIIAETCS B HAIlPaBICHUU 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 cuny naBieHHUs UCHBITHIBACT CTEHKa akBapuyma JuiHHOW 40 cM, ecnu yroi ee
HaksioHa 60°, a BeIcOTa BO/IbI B akBapuyMe 20 cM (cM. pucyHok)? Atmocheproe paienne 105 Ila.

®opma nmpeacTasJieHusi pe3yJbTarTa:
BrmogHNUTE 3aIaHUC B TCTpaau AJId NPAKTHICCKUX pa60T.

Kpurepum ouenku:
3a mpaBUIILHO BBHITOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHAE BBICTABIISIETCS OTpUIATEIbHAS OlleHKa — () 0aioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenxa «xopoutoy svicmassiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB
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Tema 3.3 ArperaTHble cocTOsiHNsI BenecTBa. @a3oBble Mepexoabl

IpakTnyeckoe 3ansitue Nel2 «AOCOJIOTHBIE M OTHOCUTEJIbHBIE 1e()OpMAIIUN TBEPAbIX
TeJ»

esb: yriayOuTh U KOHKPETH3UPOBATh MPEICTaBICHUs O (ha3axX BEIIEeCTBA U UX CBOMCTBAX,
HAYYUTHCS UCTIOIH30BATh 3aBUCUMOCTD CTPOSHUS (ha3bl BEIIESCTBA ISl OOBSICHEHUS (PU3NICCKUX
MIPOIIECCOB, MPOUCXOAIINX C MATEPUATIOM.

MarepunanbHoe obecrnieyeHue:

WHIUBUIYAJIbHOE 3aJIaHKHE, KOHCIICKT JICKIIUI, CIPABOYHBIC MaTEpHUAIbI.

Yka3anue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX 4YacTed — TEOpPETHYECKOW M mpakTuyeckoil. Ilocie
M3Yy4YEHUsl TEOPETHUYECKOTr0 MaTepHalia MOXKHO MPUCTYIATh K BBIMOJIHEHUIO MpakTH4Yecko yactu. OHa
COCTOUT M3 ABYX M 0oJiee 3ajay Il CaMOCTOSTEIBLHOTO BhIMOJHEHUs. He 3a0biBaiiTe 0 MpaBHIBHOM
odopmitennu pemeHus. Ha BEITIOTHEHNE MPAKTUISCKOTO 3a/IaHUsT OTBOIUTCS JIBA aKaIEMUYCCKUX Yaca.

3aganme:

1. O3HaKOMBTECH C KPATKUMU TEOPETUUECKUMHU CBEIICHUSIMHU
2. PemuTe 3amayn, caMOCTOATEIBHO HCIONB3yS MPUMEPbl U KPATKHE TEOPETUYECKUE
CBCCHHSL.

IMopsinok BbINoOJIHEHUs PadOTHI:
1. V3yuwute n BeImHIIATE (GOPMYIIBI IO JAHHOH TEMeE:
2. Pasbepute nmprMepsl pelICHHBIX 3a/1a4
3. Pemmre caMmocTOsATENHHO 3a1a49U

1.KpaTkue TeopeTnyeckune cBeJleHHs.

Kpucraumueckass pemerka — IMPOCTPAHCTBCHHAA CCTb CBﬂSGﬁ, Y3JIbL KOTOpOﬁ COBIIaAar0T C

LIEHTPaMU aTOMOB WJIM MOJIEKYJI BELLIECTBA.
Kpucranmmyeckue BemiecTBa: MeTaLIIbl, MUHEPAJIBI, KPUCTAIUTBI COJIEH | JIp.

AMop(dHbIe (M30TPOIHBIE) BEIIECTBA — BEIIECTBA, (PU3MUECKHUE CBOMCTBA KOTOPBIX OJUHAKOBBI BO

BCCX HAITpaBJICHUAX.

B aMopHBIX BELIECTBAX d, / ; KPUCTAJUIMYECKOM PEIIETKH HET U
110 CBOEMY BHYTPCHHEMY YCTPOICTBY OHH t+t T\A/z MOAOOHBI KHAKOCTSIM. AMopdHbIe

BEUIECTBA: CMOJIbI, CTCKJIO, IIJIaCTMAaCChl U ap.
pd N \/

JanbHuil [OPAZIOK —  CTPOCHHE BEIIECTBA, TMPU  KOTOPOM IO
3
JT000MY HaIPaBJIEHUIO PACCTOSIHUE MEXY m000i Tapol COCEMHUX YaCTHIL
OJIMHAKOBO.

WneanbHble KpUCTANIMYECKUE CTPYKTYPBI 001a/1at0T JAIbHUM MOPSIKOM.

[Ipy M3MEHEHUHU YCIIOBUIM arperaTHOE COCTOSHUE BEILECTBA MOXKET HM3MEHHUTHCS, MOITOMY B
¢usuke TBEPIOE TENO — TENO, HUMEIOIIee KPUCTAIMYECKOe CTPOEHHEe M olbsajaroniee JadbHUM
MOPSIKOM.

Buabl KpucTaIn4ecKuX CTPYKTYP
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Tunsl KpucCTasIOB W KPUCTAUIMYECKHMX PpEHIETOK M3y4yaeT Hayka Kpucramiorpadus.

['eomeTpryeCcKH KPUCTALIMUECKUE PEIIETKH TNPEACTABIIOT cO00M MpH3MBl WIM THPAMHUABI ¢
IIPaBUJIHBIM MHOI'OYT'OJIBHUKOM B OCHOBaHMHU: 110 Tumy CBsI3€l 4acCTHUL BBIAECICHBI KPUCTALUIMYECKHUE

CTPYKTYPBL:
1) atomMHas — B y37aX HaXOAATCS HEUTpaIbHBIE aTOMBI, OOBETUHIEMbIC KOBAICHTHBIMU CBS3SIMHU

(anmas3, rpaduT, KpeMHHIA U 1p.);

2) HOHHAd — B Yy3JIaX HaxXOoOATCA ITOJIOKUTCIIBHBIC W OTPHULATCIBHBIC HOHBI, YACPKHBACMBIC
(v + —
cuiamu ssekTpuueckoro B3aumoeiicteus (Na” Cl™ u ap.);

3) MosekysspHas — B y3JaX HaXOAATCS HEUTPaJbHBIC MOJIEKYJIbI, MEX1Y KOTOPBIMH J€HCTBYIOT
CHJIBI MEXMOJICKYJIIPHOTO B3aUMOZEHCTBUS (HadTamuH, TBEPABINA a30T, cyxoit gjen  CO,, mex H,0 u

p.);

4) MeTayTMYecKas — B y3Jlax HAXOJATCA IMOJOXKUTEIBHO 3apsSKEHHBIE MOHBI METajlla, MEXIY
y3J1aMU JBUXKYTCSI CBOOOTHBIC SJIEKTPOHBI

TennoBoe pacuiupenue
W3 ombITOB M3BECTHO, UTO Ta3bl, XUAKOCTU M TBEPAbIE TeJa PACIIUPSIOTCS MPU HArpeBaHUU H

C)KMMAIOTCS MPH OXJIAXKACHUU. Paznuyaror runetinoe u ob6vemHnoe menyiogvie pacuiupeHus.

JIMHEHOE pacIIupeHue — YBCIUYCHHUEC OJHOIO U3 JIMHENHBIX pasMEpoB TCiIa (KaK IIpaBUJIO

JUIMHBI) TIPY TOBBIIICHUU TEMIIEPATYPBhI.

e O JMHEWHOM PACHIMPEHNU FOBOPAT NIPUMEHUTENBHO K TBEPABIM TENaM, T.K.ra3 U KUAKOCTb
MPUHUMAIOT POpMYy cocyza, B KOTOPOM HAaXOJATCS.
OO6beMHOE pacIIUpeHne — yBeIMYeHHe 00beMa BEIIECTBA MTPH MOBBIILIEHUN TEMIIEPATYPH.

e MoxHo TOBOPUTH 00 00BbeEMHOM pacliupC€HHU BCUICCTBA BO BCCX arpe€raTHbIX COCTOAHUAX
(TBEpIOM, KHMJIKOM U Ta3000pa3HOM).
Koaddunment nuneitHoro pacumpenus (@) — OTHOIICHHE OTHOCHTEIBHOTO W3MEHEHHSI JUTHHBI Tela

Al A1 _ -1
— K BBI3BaBIIIEMY €r0 H3MEHEHHUIO TeMIrepatypsl At. [, = 2L. | [a] =1rpan

‘o Tty A

® (' 3aBHCHUT OT BCUICCTBA.

e JluHeliHOE paclIMpeHue YYWTHIBAIOT MPHU MPOEKTHUPOBAHWUU 3/IaHHMM, MOCTOB U [p.
00BEKTOB, HCIBITHIBAIOIIUX NIEpenaibl TEMIIEPATyphI.

Koaddunment 06pémuOro pacimmpenns (f) — OTHOIIEHHE OTHOCHTEIBHOTO W3MEHEHHS 00beMa

BemtectBa 2V K BBI3BABIIEMY €ro H3MEHEHHIO TeMrepaTyphl At. [;_ AV 1| [B] =1 rpax™” f3aBucur or

Vg Vo At

BemecTBa (st TBEPABIX Ten [ =~ 3a). OOBEeMHOE pacHIMpeHHe YYWUTBHIBAIOT TPU TPOCKTUPOBAHUH
MEXaHU3MOB, UCTIBITHIBAIONINX Mepenasl Temieparyp (ABC, TypOuHs! u ap.).

Buasl negpopmanun. 3akon I'yka.
Jlepopmayueri Ha3pIBAIOT U3MEHEHUE (POPMBI Wi 0ObeMa Tea.

Ynpyeoii nazpBatoT nedopMaiuio, KOTopas MOJHOCTHIO MCUE3aeT IMOCHe MPEKpalleHus AeHCTBUS
BHEITHUX CHUII.
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Heynpyeoii (niacmuueckoti) Ha3pIBalOT Aedopmanuio, KOTopas HE HCcUe3aeT MOocie MPEeKpalieHus
JEHCTBUSI BHEIITHUX CHII.

Cuna, BO3HHKaiolas B pe3yiapraTe JAeopmanvu Tejaa U HampaBiIeHHass B  CTOPOHY,
IPOTHBOIOJIOKHYIO IIEPEMELICHHUIO YaCTHUI] TeJa MU AeGOpMallii, HA3bIBACTCS CULOU YNPY2OCHU.

[Mpuunsoii nedopmamuu Tenma SBISETCS JBUKEHUE OJHOW YAaCTH OTHOCHUTENBHO JIpYyroil, a
cileficTBHEM Jie(opMalvy Tella sIBJISETCS BOSHUKHOBEHHUE CHIIbI YIIPYTOCTH.

Bunst nedopmariu
Jedopmarust pacTskeHUS (CKATHS)

- 910 nedopmManus, TPU KOTOPOW HM3MEHSETCS PACCTOSHUE MEXIy MMapalieIbHBIMUA CIOSMHU
YIPYroro TBEPIOIo Tena.

[Tpu nedopmanuu pacTsKeHUs YBEIUUNBAIOTCS pa3Mephl Tela.
[Tpu nedopmariuu cxatrs yMEHbILIAIOTCS Pa3MEPHI Tela.
Jedpopmarnus pacTsxeHHs (CxKaTHsI) XapaKTepU3yeTCsl a0COTIOTHBIM YAJTUHEHUEM.

AOCONIOTHOE Y/UIMHEHUE IIOKa3bIBaeT HAa CKOJBKO HM3MEHSETCS JJIMHA Teja IO CPaBHEHUIO C
NepBOHAYaJIbHOM IIMHOM o0Opa3ua.

A!z"l(:]

A1> 0 nedopmanus pactskenus A 1 <0 nepopmanus cxatus

OTHOCHTEILHBIM YAIUHCHUEM  HA3bIBAIOT (i)I/ISI/ILIeCKYIO BCIIMYMHY, PaBHYIO OTHOIICHHIO
a0COIOTHOTO YAJIMHCHUSA K HepBOHa‘laﬂbHOﬁ JJIMHE o6pa3ua.

Al

b

Hedopmarus usruda

£

Hedopmanun  u3ruba mojaBepraercs TeNO, 3aKPElJIeHHOE C JBYX CTOPOH M HarpyKeHHOe
HOCepeMHE, JIN0O0 TEJ0, 3aKPENJICHHOE ¢ OJJHOM CTOPOHBI U HAarpy»KEHHOE, C IPYTrOi CTOPOHBI.

[Tpu nedopmarnmm u3ruba BOTHYTas 4acTh Tejia IMojABepraercs JAedopMalluu CKaTusi, BBITYKJas
4acTh TeJa MmoJBepraercs AeGopMarui pacTsKeHUS.

YtoObl Tes1a MEHbIIIE MOIBEPTATUCH, 1ehopMalliy U3ruoda, uX JeNalT TPYyOUaThIMHU.
Hedopmarus casura

- 9T0 Takas JedopMmanusi, IpU KOTOPOH NPOUCXOAMUT CMEUIeHHE (CIBUT) MapajlIe/IbHBIX CIIOEB
YIIPYToro TBEPJOro Teja IPYr OTHOCUTEIBHO JPYyTa.
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Hedopmarus kpydeHus

Jedopmarum kpydeHHs TOIBEPraeTcs TEJIO, OJUH KOHEIl KOTOPOTO 3aKpeIlieH, a K APYyroMy KOHILY
IPUIIOKEHBI IBE CUJIbI, paBHBIE 110 MOAYJIIO U IPOTHUBOIOJIOXKHBIE 10 HAIIPABJICHUIO.

3akoH ['yka

Cuna ynpyroctd, BO3HUKAIOUIAs MPH MalbIX AeQOpManusx Tejia, MPOMOPLUUOHATIbHA YIUTMHEHUIO
TeJa U HalpaBJIeHa B CTOPOHY, IPOTUBOIOJIOKHYIO HAIIPABICHUIO IIEPEMELICHUN YaCTHIL TEJA.

Fy=-kX

K - >kecTKoCTb T€J1a, 3aBHCUT OT (bOpMI)I U pasMEpoB TC€j1a, U OT Marc€pHalia, U3 KOTOPOIo
HN3TOTOBJICHO TECJIO, X - CMCIICHUC.

m

Cuna ynpyzocmu
Cunpl  ympyrocTd BO3HHKAIOT MpH  AepopMaliil Tejla ¢ HampaBlIeHbl B  CTOPOHY,
MPOTHBOIOJIOXKHYIO CMEICHHUIO YaCTHUI] TeJa U3 TOJI0KECHUS PABHOBECHSI.
3axon I'yka
Jns manelx ynpyrux naedopMmanuii pacTsDKEHUS W CKaTHs BBINONHSCTCS 3akoH [yka: cuna
YIPYrOCTH MPSMO MPONOPLHMOHATbHA YAJMHEHUIO Tella U HallpaBlieHa B CTOPOHY, MPOTHUBOIOJIOKHYIO
HaNpaBJICHUIO TIEpEeMEIICHII YaCTHIl TeJla Ipu AehopMaIiim:

F=k-41|,
rie kK — koadunment sxectrkoctu, H/Mm;
Al — ynnuHeHue Tena, M.
IIpu npoekuu Ha ock X 3aK0H I 'yka MpuHUMAeT BUJ:
Fv=-kx,
rae x = Al — ynnuHeHue Tena, M.

(x > 0 npu neopmanmu pactspkeHus, x < () mpu nedopMaliiy CHKaTus).

IIpumepsI cuibl yOpyrocTH.
Cuna peakuuu omnopsl (Cuiia, IEWCTBYIOIIAsl CO CTOPOHBI ONOPHI HA TEJN0) —

il
l_l

Cuna HOpMaJIbHOTO /1aBlIeHUs (Tena Ha oropy) — M 2 =

Cuna peakiuu ONOPbl M CHJIa HOPMaJbHOTO JIaBJIEHHS HampaBieHbI Prc. 8
NEPIEHIUKYJIIPHO TOBEPXHOCTH CONPUKOCHOBEHMS T€N (PHC.J).

Cuna HaTsDKEeHUs — HallpaBlieHa BAOJIb HUTH (Tpoca U T.11.) — 7.
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Bec mena. Hesecomocmsb
Bec mena — cuna, ¢ KOTOpOW TeNO, BCIEACTBUE €ro MPUTSHKEHUS K 3eMiie, IEUCTBYET HA OMOpYy

WJIK ITI0ABEC.

Bec Tena, 0603HaueHHBIi OyKBOI — £, 10 MOJYIIIO PaBEH CHIIE TAKECTH:
P= méE&.

Ho 570 He 3HauuT, uto " M P - OHO U TOXe.
-

Cuna Tsoxectd (£1) — 3To rpaBUTALMOHHAS CHIIA, TIPHIIOKEHHAS K TEITY.
Bec Tena — 310 cuna ynpyroctu, NpuiaoXKeHHas K IOJBECY.

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

Ha 0,5 MM. Uemy paBHa &KECTKOCTh TPOBOJIOKU?

Z[éHo:
m:
x=0.5 MM 0|5-10° M

k-?

TIp.
Cu Perrenue: YAV

10 xr

['py3, HO/BENIEHHBIH HA IPOBOJIOKE, HAXOMUTBCS B OKOE. 3HAYUT ¥ yip. IO MOJTYJTIO paBHa Fm.
F m=m E"', F yrlp.:-kx
B ckansapnoit popmyine ock OY: Fp-Fyy,=0
Fn=Fymp = mg=kx = Kk

mg 1098 H
k= x ; k= 95107 2196000

H
Otser: 196 - 10° 4
Pemurh 3amaun

(n - Homep aweco sapuanma no cnucky)

3adeM Ha TOYHBIX U3MEPUTETHLHBIX HHCTPYMEHTaX yKa3biBaeTcs Temmneparypa (0osrano 20 °C)?
OOmbsicauth ¢ Touku 3peHuss MKT coenunenue neraneit ¢ momourpio kies. [louemy TBepable
MaTepuaibl CKIEMBalOTCA TpyJHEe, YeM IiacTuuHbele? UeM coerHEHHE JeTallell MasHUEM CXOAHO
CO CKJIEUBAaHUEM?

[Ipu coenvHeHun neranell massHUEM MOBEPXHOCTH MPEIBAPUTEIBHO 3a4YMINAIOT OT 3arps3HEHUH U
OKCHJIOB, MHAUE KUIKUI MpHUIOI He mpucTaeT K HUM. Kak 3T0 MOKHO 0OBSACHUTH HA OCHOBE 3HAHUM
0 CHJIaX MOJIEKYJIIPHOTO B3aUMOJIEUCTBUSA?

UYro 0o011ero Mex1y CBapKoi METaIOB U MastHUEM UX?

Jlyis coequHEeHMs aTlOMUHUEBBIX IPOBOIOB, a TaKXKe JeTajlel U3 MeIu, HUKeJs, [IMHKA PUMEHSIOT
TaK Ha3bIBaEMYI0 XOJIOAHYIO CBapKy. CoequHseMble NOBEPXHOCTU YKJIAJBIBAIOT B HAXJECTKY U
CKMMAIOT TpeccoM 0e3 mpenBapuTenbHOro HarpeBa. OOBSCHUTH, MOYEMY MOJIy4YaeTcsl MPOYHOE
coequHEeHMe. B uem 3akiroyaercs CyIHOCTb CBAPKH IJIaBICHUEM ?

[IpoHMKHOBEHHE aTOMOB HEKOTOPBIX METAJUIOB (QJIOMMHHMM, XpOM U Jp.) B TJIyOb CTaJbHOTO
U3JIeNUs eNIaeT ero MOBEPXHOCTh MPOYHOM U Hepxkaseroueil. Kakoe gusnueckoe siBIeHUE JEKHUT B
OCHOBE METAJIM3allMi MOBEPXHOCTU CTAJd W IMOYEMYy OHA IPOU3BOJUTCS MpU Oojiee BBICOKOM
Temneparype?

Kak wu3BecTHO, MOJIeKyJbl M aTOMbI TBEPAOIrO Teja KOJEOJIOTCS OKOJIO HEKOTOPOTO CPEIHEro
noJIoKeHUs. BeieacTsue 3Toro TBepible Tela COXpaHAIT CBOIO (GopMmy HensMmeHHOW. Ilouemy B
TakoM cllyyae B TBepAbIX Tenax Bo3MmoxHa audpdysusa? I[louemy muddys3us B HUX MPOUCXOTUT
MEIJICHHO NP HU3KOH TeMIepaTypax 1 ObICTpee MPU BHICOKOM?
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10.

11.

12.
13.
14,

15.
16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

217.

28.

29.

Onpenenure Culy TIOBEPXHOCTHOTO HATSXKEHHUS, JACHCTBYIONIYIO Ha IUIACTUKOBYIO pEHKY,
IJIaBaIOIYI0 Ha MOBEPXHOCTH BOABI. J{nuHa periku 20 cwm.

[IpoBosioka mmmHOM 5,4 M 104 JEHCTBUEM HArpy3Ku Y/UIMHWIAChL Ha 2,7 mMm. Omnpenenute
a0COIIOTHOE ¥ OTHOCHUTEIBHOE YITMHEHHUE ITPOBOJIOKH.

K koHIaM cTanbHOM NPOBOJIOKM JJIMHOM N METPOB M IUIOIIAJbIO0 IONEPEYHOIo ceueHus lmm?
MpUJIOKEHBI pactsaruBaronue cuibl 1Mo 200H kaxnmas. Haiinure aGCcoOTHOE M OTHOCHUTEIBHOE
YIJIMHEHHE

[Touemy wMmeramousnenusi U3 CTAIM M YyryHa Iepel OTHPaBKOW K NOTpeOUTento OOUIBHO
CMa3bIBalOT CIIELUAIbHBIMUA MACJIaMU - TABOTOM WJIM COJIUA0JI0M?

Kakum ¢usnyeckum TpeOOBaHUSM [OJKHA OTBEYAaTh CMaszka, NpuUMeHsiemas Npu o0paboTke
METaJUIOB JIaBJICHUEM?

Kakue nedopmanuu npoucxogsT B Metasie npu o0paboTke AaBieHuemM?

Kakoe cBOICTBO MeTaJIOB HCHOJIB3YIOT P 00PadOTKE MX KOBKOW M TOpsYei ITaMITIOBKOM?
[TouemMy OOJBIIMHCTBO CIUIABOB (CTallb, YYr'yH, OpOH3a) MEHbIIE TMOJBEP>KEHBI IJIACTHUYECKUM
nedopmarisiM, 4eM YUCThIE METAILIIBI?

Kak u3mensiercs ctpykrypa Metaiia npu npokare?

[Ipu oOpabGoTke MeTanga [daBJICHWEM Yy 3aroTOBKM BO3HHKAeT HAKJICN, €CJIM 3arOTOBKH
MIpe/IBApUTENILHO HE HarpeBaloTcs. YeM Menraet Hakien?

Kak n3mensieTcst sHeprus Telna npy MIacTUYeCKuX ehopManusx?

[IpoBonoOKka W3rOTOBISIETCS Ha BOJOYWJIBHOM CTaHe (METaNIMYeCKUd MPYTOK MHOTOKPATHO
MIPOTATUBACTCSL Yepe3 pPsii OTBEPCTUM, C MOCTENEHHO YMEHbIIAIMMUCSH oTBepcTHsMH). Kakue
nedopMaIuu UCTIBITHIBAET IIPU STOM METaI?

[Ipoxat pexxyT Ha mosiockl npu Temneparype 800° C. Paccuurarh JiuHYy TOPSYUX TMOJIOC, €CIIU TPU
temmneparype 20°C OHU JOJIKHBI UMETh JJIUHY 15M.

[Touemy 00paboTKa cTaimu TpyaHee 00paOOTKH TIOPATFOMUHUS?

[IpoHUKHOBEHHE aTOMOB HEKOTOPBIX METAIOB (QJIIOMHHMMA, XPOM U Jp.) B IIyOb CTalIbHOIO
M3JIeMs JieflaeT ero MOBEPXHOCTh MPOYHON U Hepxkaseromie. Kakoe ¢usnueckoe sBieHue JEXKUT B
OCHOBE MeETaJUIM3alluid TOBEPXHOCTH CTaIM U MOYEMY OHA IPOMU3BOJIUTCA IMpH Oojiee BHICOKOIL
Temreparype?

JIns mpuaHus CTadbHBIM HM3JEIUSAM TBEPAOCTHU HACBHIIIAIOT MX MOBEPXHOCTHBIN CIOW YIIepoaoM
(uemeHTanus), azoToM (a3oTHpoBaHME), adtOMuHUEM (amoThpoBaHue). I[loyemy mnporecchl
MIPOBOJSAT MPH BBICOKUX TeMIiieparypax? Ha kakom Qpu3ndeckoMm sIBICHUHA OHH OCHOBAHBI?

[Ipu coenvHeHun neranell massHUEM MOBEPXHOCTH MPEIBAPUTEIBHO 3a4YMINAIOT OT 3arps3HEHUH U
OKCHJIOB, MHAUE UKW MPUTION He MpHUcTaeT K HUM. Kak 3T0 MOXHO 00BSICHUTH HAa OCHOBE 3HAHUI
0 CHJIaX MOJIEKYJIIPHOTO B3aUMOJIENUCTBUSA?

BHyTpu 4yryHHON OTJIMBKM BO BpPEMsI JIUThbSI MOTYT OCTAaThCsl MY3BIPBKH ra3za, YTO YXYAIIAET €ro
MPOYHOCTh. VIMEIOTCS 1M MyCTOTHl B UYT'YHHOW OTJIMBKE, eciiu ee oO0beM 5 nm?, a macca 30,5kr?
Ecnu umerorcs, To KakoB Ux 00bem?

Jlia mnaBku Mmetayuia TpeOyeTcs BO3AYLIHOE AYThe, oOecleyuBarollee MocTymjieHue B mneyb N w3
Bo3ayxa B cekyHay mpu naeneHuu 200x[la. Kakoit o6bem Bo3ayxa npu naBinenun 100kIla Hy)HO
MOJaBaTh KAKIYIO CEKYH/Y B I€Ub, YTOOBI 00ECTIEYUTh €€ padoTy (IIpoliecc N30TEPMUUYECKHI ).
Harpetble /st 3akaliku CTabHBIE JE€TANM OXJIaXIalT B BOoAE, Maciie. B kakoil cpene oxiaxiaeHue
uaeT HanboJee OBICTPO U MoYemMy?

IIpu 06paboTke METaIOB pe3aHHeM B KayeCTBE OXJAKIAIOIIUX >KUIKOCTEH IIMPOKO MPUMEHSIOT
Macia u 3myiabcun. [louemMy moyTu He MPUMEHSIIOT JUIsl 3TUX 1LIeJIeil BOJHBIE PACTBOPHI?

Jl7is U3rOTOBIIEHUSI apMaTyphl JKeIe3HOOETOHHBIX KOHCTPYKIIMA MPUMEHSIOT JETUPOBAHHBIE CTAJH.
Jlerupyroiue 3J1eMeHThl (MapraHel, KpeMHHUH, XpoM) 00pa3yloT C EJIe30M TBEpAble PacTBOPHI,
CTPYKTYpa U CBOWCTBa KOTOPBIX OTJIMYAIOTCA OT CTPYKTYpbl M CBOWCTB TBEPABIX PacTBOPOB
YIJIEpO/Ia € XKEJIE30M — YIIIEPOJUCTHIX cTallel. B wem coctout 3To oTinune?

KakoB MexaHu3M KpHUCTAIIM3ALUK MeTasIa?
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30.

3L

32.

33.

34.

35.

36.

37.

Bce BBl TepMuUecKoil 00pabOTKU (OTKUT, HOpMaIHU3alus, OTIYCK, 3aKajlka) CIUIaBOB CBOJATCS K
UX HarpeBy JI0 OIpPEICIEHHOM TeMIepaTyphl, BbIIECPKUBAHUIO IIpU ITOM TeMIeparype u
OXJIAKJEHUIO 10 KoMHaTHOM TemmepaTypsl (+20°C) ¢ pa3Hoil ckopocThlo. Kak BiMseT ckopocTh
OXJIaXIeHUs Ha PU3UKO-XMMHUYECKHE CBOMCTBA?

MOXHO 1 3a7MBaTh METaT B GOpPMY, CACTAHHYIO U3 MaTepHalia, KOTOPBI CMayMBaeTCsl TaHHBIM
MeTauioM?

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

IIpn ucnapeHuu, Kak M3BECTHO, TEMIIEpaTypa XHJIKOCTU IOHMkaercs. IloueMy B TakoM ciyuae
Temreparypa BOAbl, O€H3MHA, CIUPTAa U T. J. B OOBIYHBIX YCJIOBHUAX IOYTH Takas e, 4yTO U
TEMIIEpaTypa OKPYKaroIero BO3/1yXa, XOTs UX IOBEPXHOCTh OTKpbITa?

XKene3HonopoKHBIE PENbCHl UMEIOT JUIMHY 25 M M H3rOTOBJIEHBI M3 cranu. Kak u3MeHsercs ux
JUTMHA, €CIIM TOJI0BbIE U3MEHEHUS TeMIiepatypsl kKoieobmoTes ot 30 o -30 °C?

B xene3HoopoxHy0 1McTepHy norpy3wim HegTh oobemMoM 50 m* mpu Temneparype 40C. Kakoii
00beM HETH BBITPY3WIIH, €CIIM Ha CTAHIIMU Ha3HAYCHUS TEeMIIepaTypa Bo3ayxa obiia -40° C?

B mpouecce xokcoBanus M3 | TOHHBI YrOJbHOM WIMXTHI MOJy4yaroT okojio 700 Kr Kokca, 330M°
KOKCOBOTO ra3a U okojio 20 kr cMousbl. CKOJIBKO KOKCOBOT'O ra3a Mnojydar u3 2,5 TOHH YroJIbHON
LIUXTHI.

Kokc nmonyuaror cyxoi neperoHKol KaMEHHBIX YIJIel B KOKCOBBIX I€4aX, MPEICTABIIAIOMUX COO0M
y3KYI0 KaMepy MupuHoi okoino 0,5 M, BbicoTo#l 4,5 M u unHOM 15 M, 00beIMHEHHBIX B OaTapero.
Kakoit 00bem OaTapen mpUxoauTcs 0O0CTY)KHBATh TOPHOBOMY, €CIIM YHCIIO TeYeH MOXKET TOCTUTATh
70 mTyk?

®opma npegocTaBJieHHs pe3yJbTaTa

BremonHeHHBIC 3ala4yu B TCTpadu AJId IMPAKTHYCCKUX pa60T.

Kpurepun oneHku:

3a IpaBHIIBLHO BBITIOJIHEHHOE 33/1aHNE BBICTABIISCTCS TTOJIOKUTEIbHAS OIIeHKa — 1 Oa.

3a HeMmpaBUIJIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIIETCS OTpHUIlaTeIbHAs olleHKa — 0 0aoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIEHBIX OTBETOB

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

Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIIBHBIX OTBETOB

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

Pazjen 4 DiekTpoamHaMuka
Tema 4.1 JnekTpocraTuka
IIpakTnyeckoe 3ansiTue Nel3. Pemenue 3a1a4 no reme «JI1eKTPOCTATHKAY.

IIpakTyeckoe 3ansaTne Nel4 Pemenne 3axa4 no reme «CoeqMHeHHe KOHIEHCATOPOB B
o0aTapero»

He.]'Ib: C(I)OpMHpOBaTL YMCHHUS MPUMCHATH NOJTYUCHHBIC 3HAHUA IJIA PCIICHUSA IIPAKTHUYICCKUX

3aaa4.

MarepunanbHoe obecrniedeHue:

WHAMBUAYaJIbHOE 33/1aHH€, KOHCIIEKT JIEKIUH, CIPaBOYHbIE MaTepUAIIbI.

Yka3anmue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JIBYX 4YacTell — TeOopeTHYecKoW M mpaktudeckoil. Ilocie

M3y4YeHUsl TEOPETUUYECKOr0 MaTepHaia MOKHO MPUCTYIATh K BBINOJIHEHUIO MpakTH4eckol yactu. OHa
COCTOUT M3 ABYX M 0oJiee 3a/ad JJIsi CaMOCTOSATEIbHOTO BhITIOIHEHH. He 3a0biBaiiTe 0 mpaBUiIbHOM
odopmiiennu pemieHus. Ha BEIOTHEHNE MPAKTUYECKOTO 3a/IaHUsI OTBOJUTCS JIBa aKaIEMUYECKUX Yaca.

3aganue:
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1. O3nakombTeCh C KPAaTKUMHU TEOPETUUECKUMU CBEACHUSIMU
2. Pemmre 3agaum, caMOCTOSATENIBHO UCIOJb3Ys IPUMEPHI U KPaTKHE TEOPETHUYECKHE
CBEIICHMSL.

Ilopsinok BbINOJIHEHUs padoOTHI:
1. M3yuwnte n BeImHIIMTE (GOPMYIIBI IO JAHHOH TEMeE:
2. Pa3bepute npuMepsl pelIeHHBIX 3a/1a4
3. Pemmre caMmocTOATENHHO 3a/1a91

KpaTKne TECOPETUYECCKHUE CBCACHUA

F=fN% __9%

3akoH Kynona B Bakyyme: reo AmE
F=phda. 99
3akoH Kynona B cpene: G
= F
HanpsikeHHOCTD 3JIEKTPUYECKOrO MOJIS: q
pact Gy, @

HanpskeHHOCTB 3JEKTPHUUYECKOT0 TIOJISl TOUYEYHOTO 3apsija: dree, r- &

3aKOH COXpaHEHHMS IEKTPUUYECKOro 3apsiaa: § = g1+ go+ ... + On.

@i @2 =A@
Pa3sHOCTB MMOTEHIHAJIOB: .
Q= i =K —

[ToTeHIa TOYEIHOTO 3aps/ia: AnEE,r  ET

E= A
CBs3b OTEHIMANA U HANPSKEHHOCTH: d

c=—1

DJEeKTPOEMKOCTh KOHJICHCATOpa: L

W= %P -9;) _ qU
DHeprus 3apsKEHHOTO KOHJIEHCATOPa: 2 =

CoeauHeHue KOHACHCATOPOB:

[TocnenoBarenbHOE COETMHEHNE KOHIEHCATOPOB — COSIMHEHHE, TIPYU KOTOPOM TOCTIE 3apsIKH
OTpHUIATENHHO (MTOJIOKUTENBHO) 3apsKeHHast 00KIIaAKa MPeIbIIyIero KOHASHCATOpa COSTMHEHA C
MOJIOKUTEIBHO (OTPUIIATENEHO) 3aPsHKEHHOM 00KIIaAKOM MOCIEYIOIIETO.

I 1 1 1 Rl
ettt — ¢ ¢

Jar 2 o=

HapaﬂnenLHoe COCIMHCHNEC KOHACHCATOPOB — COCAMHCHUEC, ITPU KOTOPOM ITOCJIC 3apsAaAKH BCE
TMOJIOKUTCIIBHO 3aps’KCHHBIC O6KJ'I&,Z[KI/I CO6paHLI B OJIUH Y3€JI, BCC OTPULATCIILHO 3apsA’KCHHBIC — B

JPYTOM.

Cop = ;C C-Z‘kl‘ = +..+ {_"

IIpuMepsI pelieHus 3aaa4

54



1.-KaKyo-padoTy -coBeplIaeT TIoe TIPH TepeMellleHHH -3apaaa-2- 107 K-

H3-TOYKH-C TIOTeHIHAT0M-700-B-B-To4Ky ¢ moTeHImaToM-200B ™
Brmucnerse:

Jamo Pemenme:
) 5 A A=-2103Kn{700-B-200B)=1
=2 107Ky a-0,===1 =1-10° ]
@1="T00B q
@=200B7 A=(-0:)-q
1 A-7?
T ! 1

2_-B-0OHOPOIHOM 3IEKTPHISCKOM TI01e- ¢- HANPCKeHHOCTBIO - 6- 10°- E -
K
nepeMemaeTcd-3apan-7-10-%-Kir-Ha-paccrogsne -8 -eym-mog-yraoM-60% k- THHIIM-
HanpaxeHHOCTH. -OnpeJeaHTs padoTy o MepeMelleHHIO -3Tor0-3apana. |

Jamo| «CH»Y Pemexme Y 0
E—6.10° H q 1 A=F-5-cosa; - F=E-q;-5=¢f;,-A=E-q--cos-of
o | ] A=7-10%K1-6.10° H .8.10%.0,5=
¢=T-10%Knf | T K
£=8-on-q 8-10MT) =1 68.10-Tx=1,68MITxT
a=600z = o}
A-29 OteeT:-A=1 68MxY o
o ju)

Pemurn 3a1aun:

(n - Homep sawezo éapuanma no cnucky)

1.

2.

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

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

3.

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

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

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

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

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

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

HaNpsHKEHHOCTH MOJIs £ B TaHHOM TOUKE.

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

Ha paccrostnuu r = 5 ¢M JIpyr oT Ipyra B BaKyyme pPacliOiOKEHbl MPOTUBOMNOJIOKHBIE M0 3HAKY
3apsanbl BenmuuuHOM || = 7 vKn. Halitm HanpspkKeHHOCTH DJIEKTpHYECKOro Toyis E B TOUKE,
HAXOMAIICHCS Ha PAcCTOSHUM, @ = 3 CM OT IMOJOXHUTEIBHOTO 3apsga U B b = 4 cm or
OTPULIATEIILHOTO 3aps/a.
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10. B ogHOpPOIHOM 3IEKTPUYECKOM TOJIE PACCTOSIHUE MEXKIY ABYMSI TOUKAMH BIOJb CHIIOBOM JTMHUH
I =N cM, a pa3HOCTh NOTeHIIUANIOB Mexay HUMH 100 B. Onpeaennre Hanps>keHHOCTH oS E.

11. [Tpu HampspkeHUH Mexy IacTuHaMu KonaeHcaropa 200B pasHouMeHHbIe 3aps/ibl Ha
IJIACTUHAX PABHBI 10 K. UeMy paBHa 3JE€KTPOEMKOCTh KOHJIeHCaTopa?

12.Berauciire SHEPTHIO SJIEKTPUIECKOro MO KOHICHCATOpa MIEKTPOSMKOCThIO 10 MKD, 3apshKeHHOTO 110
HanpspkeHus 10B.

13. Kaxkast paGora coBepiiaercs mpu nepemMeriennu 3apsna 4,6 MKKiI B 3J€KTpUYECKOM TI0JIE MEXITY
TOYKaMU C Pa3HOCThIO noTeHIuanoB 260 kB?

14. B o1HOpOIHOM AJIEKTPUUECKOM TOJIE C HAMPSKEHHOCTHIO 18-10° H nepemMeniaeTcs 3apsii 7.10°®

Kn
Kn na paccrosHre N cM moj yriom 60° k nuHEAM HarnpspkeHHOCTH. OnpenenuTs padoTy Mo
MePEMENICHUIO ATOTO 3apsija.
15. Omnpenenutb eMKOCTh 0aTapeu Ce,r, eciiu KoHAeHcaTopsl ¢ eMkocTsMu C1=10 nd, C,=15 n® u
C3=20 n® coemuHwIM: a) MOCIENOBATENILHO; 0) mapauieabHo. CXeMbl COSAMHEHHSI KOHIEHCATOPOB
Ha4YePTHTh.

(I)opMa NpeacraBjJacHusd pedyjabTara:
BreimonauTs 3a7anue B TETpaau OJi MPAKTHUICCKUX pa60T.

Kpurepun oneHku:
3a IpaBIIBLHO BBHITIOJIHEHHOE 33/1aHUE BBICTABIISICTCS TOJIOKUTEIIbHAS OlICHKa — 1 Oa.
3a HeMpPaBWIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPHUIIATEIbHAS OlleHKa — 0 0auIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «Heyoos1emeopumebHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 4.2 IlocTOSAHHBII 3JIeKTPUYECKUH TOK

IIpakTuyeckoe 3anaTue Nel5,16 Pemenue 3axa4 no reme «3akoHbl OMa, CONPOTUBJICHHE,
CMellIaHHoe COeIMHeHe TPOBOHUKOB.

Hean: chopMupoBaTh yMEHHS HPUMEHSTHh MOJYUYEHHbIE 3HAHUS JUIS PEUICHUs NPaKTHYECKUX
3a7a4 B NPOPECCHOHATBHOW JAEATEIbHOCTH, JUIsl OOBSCHEHUS YCIOBUN NpPOTEKaHHUS (PU3MUECKUX
SIBJICHUU

MarepuanbHoe obecrnieyeHue:

VMHAVBHUAYAJIBHOE 3a/1aHUE, KOHCIIEKT JIEKIIMH, CIIPABOYHbBIE MaTEpHAJIbI.

Ykazanue:

[IpakTnueckoe 3aHATHE COCTOMT U3 JBYX 4acTed — TeopeTHdeckond M mpaktudeckou. ITocme
M3Yy4YEHUsl TEOPETUYECKOr0 MaTepHala MOKHO IPUCTYIATh K BBITOJHEHUIO NMpakTHYecKoh dactu. OHa
COCTOUT U3 JIByX M OoJiee 3ajau sl CaMOCTOSTEIBHOrO BhINONHEHHUs. He 3a0biBaiiTe 0 MpaBUILHOM
OCbOpMJ'IeHI/II/I pEeIICHUA. Ha BrmosnHeHNE IMPAKTUYCCKOr'o 3aJlaHUs OTBOAUTCH JIBa aKaACMHNYCCKUX Haca.

3amanme:

1. O3HaKOMBTECH C KpaTKUMH TCOPETUICCKUMU CBCACHUAMUA UCIIOJIb3YS
ccbuiky https://znanium.com/catalog/product/1012153 , ctp 129-134, ctp 138, c1p
139-141, crp 144- 146

2. Pemmre 3amauM, CcamMOCTOSITENBHO MCIHOJB3YS IPUMEPBI U KpaTKUE
TEOPETUYECKHE CBEJICHUSI.

IHopsiaoK BbINIOJIHEHHS PA0OTHI:
1. W3yuuTte u BeIUIIKTE GOPMYIIBI IO JAHHOH TeMme:
2. Pazbepure mpuMepbl PEIICHHBIX 3a71a4
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3. PemmTe caMOCTOSATEIBHO 3aJa4u

IIpuMepsbI pelieHus 3aaa4
CuJja Toka M INIOTHOCTh TOKA
1. Onpenenure YUCIO N 3JIEKTPOHOB, KOTOPBIE MPOXOMAST YEpe3 MOIMEPEYHOE CEYEHUE MPOBOIHUKA
IJI0MIAabI0 s=1MM2 3a t=2 MUH, €CJIM TUIOTHOCTh TOKa B IpOBOaHUKE j=150A/cM2

Mano: Pewenue:

S=1mm’=10"m Yuc0 3MeKTPOHOB, MPOXOAALINX YEPEe3 MONEPEHHOE CEUCHHE
t=2 mua=120c MPOBOIHMKA, PABHO OTHOLIEHHIO 3EKTPUYECKOro 3apsja,
i=150A/cM™=1,5%10*A/M>  mpomremero yepes AaHHOE MOMEPEUHOE CeYeHHe, K 3apsy
n-? snextpoHa:n=Q/e (1). YuursiBas, uro Q/t = I5S (2), nonyunm:

3a Bpems t uepe3 ceueHne nNpoBOHMKA MpoiiaeT n= jSt/e.
n=1,5*10°A/M**10°M>*120¢/1.6*10 " Kn=1,2*10*
Omeem: 1,2"‘102l

2. DnekTpuyeckas 1enp, cocrosas u3 pesuctopoB R1=100 OM,R2=200 Om R3=300 Om, noakiaroueHa
K JIByM UCTOYHMKaM nocrosiHHoro HanpspkeHus Ul u U2=100B. I1pu kakom nanpsixenue Ul cuia Toka
I1 gyepes pesuctop R1 Oyner paBHa Hymt0?

Hano: Pewenue:

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

R>=200 Om Hanpskenne Us Ha pesucrope R; nomkno Ovith paBuo Uy, T.e. Us=U;=I|R;3 (1).

R3=300 Om B stom ciyuae pesucropsi R, n R3 Bkmodensr nocnenosarensHo. [losromy

U2=100B CHITa TOKA BO BCeX 4acTax uenu oaunakosa: [;=hL=1. [laxenue nanpsxenuns

11:0 Ug = 1R2+1R3. OTKyJa CJICAYCT, 4TO I= Ug/ (R2+R3) (2)

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

Omeem: 60B

3akon OMa 1151 MOJTHOM Iermn

3. Omnpenenure cuny Toka kopoTkoro 3ambikanusi IK3 Gartapen, DJIC xortopoit € = 15 B, ecnu npu
MOJIKJIFOUEHUH K Hell pesuctopa conpotuBieHueM R=3 Om cuia Toka B 1ienu cocranisier [=4A

JHano: Pewenue:
e=15B  Cuny Toka kopoTkoro 3ameikauus onpeaensem 1no popmyne Ixz=€/R (1), rae
R=30m r-BHyTpeHHee conpotusiaenue Oatapen. Cornaco 3akony Oma st nonHoii uenu:

[=4A [= g-IR-r, orkyza r = &-IR/ (2). [loacrasum opmyny (2) B hopmyny (1)
I3 -? Ik3=¢/R=¢l/e-IR.  Ix3=15B*4A/15B-40*3 Om=20A
Omeem: 20A

O/1C ucrounuka sexkrpuueckoit sHeprun 12 B. Kakoii ¢pusznueckuii CMbICT 3TOTO BhIpaXKEHUS?

CoeguHeHHe NMPOBOIHUKOB

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

coequHennn [1=4,4 A, a npu napamiensHom - 12= 27,5 A. Omnpenenute comportuieHue R1 u R2
PE3UCTOPOB.
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Jano: Pewenue:
U=220B [Ipu nocnenosarensuom coeaunennu Ry, = Ry + Ry; [I=U/R 000, 0TKY A
[,=4,4A Ryoenn= U/, Pacuerst: Rnocnp=220B/4.4A=50 Om.
1,=27,5A [Tpu napannensHoM coeHeHHH: Ry, = Ri*Ro/(Ry + Ry), L=U/R a4, 0TKY 22
R;-? Ry-? R apar =U/L. Pacuernt: Rypa,=220B/27 5A=8 Om.

Ri*Ro/Ri+R5=8 Om; R, R,=400 Om; Ry+ Ry=50 Om; R; R,=400 Owm;

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

Omeem: R,=10 Om; Ry7=40 Om

Pemuthb 3a1a4u caMOCTOATEIHLHO
(n - Homep sawezo éapuanma no cnucky)

1. DnexTponaBurarenb, CONpOTHBIEHHE 00MOTKH KoToporo 0,4 Owm, paboTaeT OT CeTH ¢ HaNpPsHKEHHEM
300 B npu Toke 50 A. Onpenenure KOJIMYECTBO U3PACXOJOBAHHON 3HEPIUH 3a N 4., COBEPUICHHYIO
JIBUTATEJIEM MEXaHMUYECKYIO pa0OTy U KOJUYECTBO TEIUIOTHI, BBIJICIICHHONW B OOMOTKE.

2. Ompenenure CONMPOTHUBIIEHHWE UCTOYHUKA Toka, DJC KOTO}T)OFO 1,4 B, ecnu mpu 3aMbIKaHUU €r0
YKEJIE3HBIM MIPOBOJHUKOM JUTHHOM 5 M u cedyenrem 0,2 MM“ B LIlenM BO3HUKAET TOK N A. YnenbHOe
CONPOTHUBIICHUE Xkee3a paBHO 9,9 10 Om'm.

3. Ompenenure CONPOTUBICHHUE y4acTKa LM, U300paKeHHOro Ha pUCYyHKe, ecii Ry =12 Om, Ry, = 6
OMm, R3=4 Om, R4 =10 OM, Rs = Rg= R7 =30 Om.

4. DneKkTpuYecKuil MasulbHUK paccuuTaH Ha HamnpsbkeHue 120 B mpu Toke 4,0 A. Kakoif nmuHbl
HEO0OXOIMMO B3SITh HUXPOMOBBIN IPOBOJ] MOTEPEYHBIM CEUCHUEM 3,9-107 M? I M3rOTOBICHUS
HarpeBaTeNbHOTO dJIeMeHTa?

5. OmnpenenuTe najeHUe HANpPSHKEHUS B JIMHUM AnekTponepenaun jmmHoi 500 M mpu cune Toka 15 A.
[IpoBo/Ka BBINONIHEHA ATFOMUHUEBBIM IIPOBOAOM ceueHueM 1,4 10° M2

6. K nmpoBomHuKy aimmHOM 6,0 M 1 TIOTIEPEYHBIM CEYEeHUEM 10° M MIPUIIO’KEHA pa3HOCTh noteHuuanos 5,0 B.
Onpenenure yaeasHOE CONPOTUBIIEHNE MMPOBOTHHUKA, €CIIM CHJIa TOKa B 1ieru 1,5 A.

7. KiaccHast koMHaTa OCBEIIAETCs MIECThIO MapalIeIbHO COCIMHEHHBIMUA MEXIY COOOM JIaMITIOYKaMH,
KaxJasg U3 KOTOpeIX uMeeT compotuBieHune 480 Owm. Omnpenenute cuily TOKa B TMOJIBOISIIMX
IpoBoAax, eciu HanpsokeHue B cetu 220 B. ConpoTrBieHneM NoaBOAAIIUX TPOBOJOB IIPEeHEOpeyb.

8. K nenu, cocrosieit u3 npoBoaHukoB conpotusieHueM 20 u 30 OM, coeAMHEHHBIX TapajuieIbHO, U
MPOBOJIHUKA compoTuBieHneM N Owm, TOAKIIOYEHHOTO K TIEPBBIM JIBYM TIOCIEIOBATEIBHO,
npuioxkeHo HampsbkeHue 120 B. Omnpenenurte cuiny TOKa B HEpPa3BETBIEHHOM YacTH LENU U
HaIpsDKEHNE Ha BTOPOM MTPOBOJTHUKE.

9. lnmHa MeIHOTO TPOBOJA, KCIOIB30BAHHOIO B OCBETUTEIbHOU ceTH, 100 MeTpoB, MiomAAb

2 -
MONIEPEYHOT0 ceueHus ero 2 mMm°. UeMy paBHO COMpOTHBIEHUE Takoro mpoBoAa? (Puem=1,7 10
8
OM ™).

10. Cwia Toka B cnupaiu dekTpudeckor nammbel 0,7 A, comportuBieHue jamnbel 310 Owm.
Onpenenuts HapsHKEHUE, 10 KOTOPBIM HAXOAUTCS JIaMIIa.

. 2

11. HukennHoBass mpoBOJIOKAa JJIMHOM N METPOB W IUIONIAAbI0 mornepedHoro cedeHus 0,5 MM

BKJIIOYEHA B II€Nb ¢ HampspkeHueM 127B. Onpenenuts cuily Toka B mpoBojaHuke, ecau p=0,4 -10°
*Om-m.
12.  Paccuurars o01ee CONpoTHBIECHHE yJacTKa LEenH:
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[(Ress HA w0 H{ Rewe | Ra=io8 }

13.  He pa3marbiBasi ¢ KaTyIIK{ TOKPBITYIO U30JISUEH HUXPOMOBYIO IIPOBOJIOKY, OTIPEACIINTE €€
JUTMHY, €CJIM TIPU BKJIFOYEHUM KATYIIKU B CETh ¢ HanpsbkeHueM 120 B, B Heil BO3HUK TOK N A.
Ceuenue poBoOJIOKH 5,5+ 107 M2,

14.  UYepes anekTpoHHYIO Jamny mpoTekaeT Tok 6MA. Ckonbko 31ekTpoHoB N momajer Ha aHO[
JamMIIbl 32 Bpemsi N MUH?

Tema 4.2 IlocTOSAHHBII 3J1eKTPUYECKUH TOK.

IIpakTnyeckoe 3ansiTue Nel7. Pemenne 3aga4y no reme «Padora, MOIIIHOCTDL U
CONPOTHUBJIEHHE YIEKTPHYECKOT0 TOKA)»

He.]'lb: C(l)OpMPIpOBZlTL YMCHUA MPUMCHATH IMOJTYYCHHBLIC 3HAHUA A1 PCIICHUA ITPAKTHUYCCKUX 3a/1a4 B
HpO(beCCHOHaHBHOﬁ ACATCIBbHOCTH, AJIA 00BsACHEHHS YCJIOBI/Iﬁ IMPOTCKAHUA (I)I/I3I/I‘IGCKI/IX SIBJIICHHUI

MarepuajnbHoe o0ecnieyeHue:

MHJUBUIyaJIbHOE 3a/1aHK€, KOHCIIEKT JIEKIUI, CIPABOYHBIE MaTEPHUAIIbI.

Yka3zanue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JIBYX 4YacTell — TeopeThueckod M mpaktudeckoil. Ilocrne
U3Y4YEHUs TEOPETUYECKOT0 MaTepHalia MO>KHO IPUCTYNATh K BBIMOJIHEHHUIO MpakTHUyeckoil yactu. OHa
COCTOHT U3 JIBYX W OoJiee 3a7au JJIsl CaMOCTOSITEIHHOIO BBIMONHEHUsA. He 3a0biBaiiTe 0 MpaBUIBHOM
O(i)OpMJ'[CHI/II/I pGHICHI/IfL Ha BBIITOJIHCHUC HpaKTI/ILIGCKOFO 3alaHuA OTBOAUTCS ABAa aKaAEMHUUYCCKHUX Haca.

3apanmue:

O3H&KOMBTCCB C KpaTKI/IMI/I TGOpCTI/I‘IGCKI/IMI/I CBCACHUAMU I/ICHOJ’II:BYSI CCBIHKy
https://znanium.com/catalog/product/1012153 , ctp 142-143,

PGIHI/ITG 3aJa4uyu, CaMOCTOATCIBHO I/ICHOJ'II)3y5I HpI/IMCpI)I 158 KpaTKI/Ie TCOpCTI/I‘IeCKI/IC
CBCICHHS.

IMopsaaok BbINOTHEHHSI PA0OTHI:

N3yunrte n BeImummTe GOpMyIIbl IO TaHHOU TeMe:

Pa3bepure npuMepsl penieHHbIX 33134

Pemmre camocTosTEeNBbHO 3a/1a9H

OtBeThTe Ha BOMpOCH TecTa https://znanium.com/catalog/product/1012153 , 319
CTpaHHIIa

el el

Kpartkue Teopernyeckue cBeeHUs
TemmneparypHblii K03 (PUUHEHT CONPOTUBIECHHUS

A
(a) — OTHOIIIEHHME OTHOCHUTEIHHOI'O U3MEHEHUS YIECILHOI'O COIPOTHUBIICHUA 2P K BBI3BaBIIEMY
Po

€ro U3MEHEHUIO TeMIIepaTyphbl
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At. [a] =1 rpag™; |,_22. 1 1
Py At| k

3aBUCUMOCTD OJIEKTPHUYCCKOI'0 U YACJIBbHOI'O COIIPOTHUBJICHUA OT TEMIICPATYPHI:
p) = py(l+a-Ar)

p(t) — yzensHoe conpoTHBIeHNe BemmecTBa npu t°C.,

Po— YIAEIBHOE conpoTusienue nposoanuka npu 0°C, Om-m;
t — remneparypa no mxane Lenscus, °C;

R() = R,(L+ ¢ - Al)

rae R(t) — conpoTuBienre npoBoHUKA MPU TEMIIepaType t°C; Ro — CONIPOTHUBJIEHUE MPOBOIHUKA
npu t = 0°C.

1 0n-1
JI1s1 YUCTHIX METAIOB o ~ — C .
273

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

IlpuMepsl pereHnst 3a1a4
1. DJNeKTpUYeCKUil IBUTATENb paboTaeT 5 4. oT cetr ¢ HanpspkernneM 380 B mpu cune Toka 35 A.
Conporusnenue obmotku jurarens 0,5 Owm. Omnpenenuts H3pacxoJ0BaHHYI 3IIEKTPUUYECKYIO
SHEPIUI0, KOJMYECTBO TEIUIOTHI, BBIJCICHHONH B OOMOTKE 32 3TO BpeMsl M COBEPIIECHHYIO JIBUTATEIEM
MEXaHHYECKYIO padoTy.

Jano: CHu Pemenue: Brruucnenus

U=380B A=ITUAt |A=35A-380B-18000 c =
1=35A Q=I1°RAt | =2,4-10%TT

R=0,50m Aver=A— | Q=(35A)*0,50m"18000C =
At=514 18000 ¢ | Q =0,1-10%1x

A-? Ayex = 2,410 Ik —

Q-? 0,1-10%1x =

Aver —? =23-10%x

Orser: A =2,4-108Ix; Q = 0,1-10%I1x; Aex = 2,3 108 k.
Pemutnb 3agaun:

(n - Homep saweco eapuanma no cnucky)

2. DnexTpoBUrarens Tposuieiidyca norpediser Tok cunoi 200A nmpu Hanpspkerun 600B. Kakyro
paboty (B kBT 4) coBepmutT nBuraTens 3a 6 4acoB?
3. Heo0GxoauMo HM3roTOBUTH PEOCTaT, pacCUMTaHHBIM Ha Hampsokenue 15B um tok 1,2 A mpu

JOYCTUMOM TUIOTHOCTH TOKa 3 10°A/M?. Kakoil [uIMHBL 1 IUIOMAU MOTNIEPEYHOT0 CeUEHUs TpedyeTcs
HUKEJIMHOBBIN IIPOBOJIHUK JUIsl HAMOTKHU peocTara?

4, Ilernb coCTOMT W3 TpeX IMOCIEAOBATENBHO COEAMHEHHBIX IPOBOJAHUKOB, IMOAKIIOYEHHBIX K
uctouHuky HampspkeHust 24 B. ComnporuBnenue nepBoro nposogHuka 4 Owm, Broporo 6 OM, u
HaIlpsDKEHUE HAa KOHIAX TPEThero mpoBoaHuKa 4B. Haiitu cuiy Toka B ey, CONPOTUBIEHUE TPETHETO
IIPOBOJIHUKA U HAIPSLKEHHUE HA KOHIIAX MIEPBOIO U BTOPOIrO NPOBOJAHUKOB.

5. ConpoTuBieHre 0OMOTKH 3J€KTPOMAarHuTa, BBIMOJIHEHHOE M3 MEIHOW mpoBojoku, npu 20°C
6buto 3 Oma, a mocie JIUTeNbHOW padoThl crano paBHO 2,4 Oma. Jo kakoil TemmepaTypbl Harpeiach
obmoTka?
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6. Conpotusienue BoibppamoBoro nposoanuka npu 20°C Obuto paBHo § OMoB. Onpenenutsb ero
conporusieHue npu -40°C, ecnum o=5- 10° rpaz['l.

7. Haiinure TOK, BbIpabaTeiBaeMblii Mpu paboTe TPAHCHOPTHOTO CPEACTBA ¢ UCTOYHHKOM, DJIC
KoTOporo paBHa 13,5B npu BK/IIOUEHMM BO BHEUIHIOK LIEMb KATYIIKM 3aKUTAaHUS COIPOTHUBIICHHE
KOTOpoil paBHO 70M, € cONpOTHUBIIEHUEM OaTapeu

8. Hcrounnkom Toka B nenu ciyxkut 6arapes ¢ 9J1C 30B. Hanpsokenne Ha 3axxumax O6arapen 18B,
a cwia Toka B uenu 3 Amnepa. OnpenenuTe BHEIIHEE U BHYTPEHHEE COIPOTHUBIICHUS 3JIEKTPUUECKOM
LEIH.

0. DneKTpoJABUTraTelb MOCTOBOIO KpaHa ¢ MexaHudeckol MmouHocthio 3,49 kBt u xng 75%
paboraet oz Hanpspkenuem 220 B. OnpenenuTe cuiry ToKa B IEMH.
10.  /IBa mpoBomHuKa compoTuBicHHeM 6 U 9 OM, COeAMHEHHBIE MEXIy co00il mapaiensHO,

noakoueHsl k 6arapee ¢ /IC n B u. BHyTperHum conporusiernem 0,4 Om. Onpeaenure cuiry Toka,
IIPOTEKAIOILEr0 Yepe3 BTOPOIl IPOBOIHUK.

11. DIIeKTPOABUTATENIh KPaHa MOJHUMAET CKUMMEPHYIO TUIUTY Maccoi 950 kr Ha BeicoTy 30M 3a 7
MUHYT. OTpeIesTuTe KI1J1 TOT0 MObEMHHUKA, €CITM MOIIHOCTD €ro 3jekTpoasurarens 17,1 kBr.

12. HcTounukom Toka B 1ienu ciy>kuT 6arapes ¢ 31c¢ 30 B. Hanpsokenue Ha 3akumax 6arapeu 18 B,
a cunia Toka B uenu 3,0 A. Onpenenure BHEUIHEE U BHYTPEHHEE COIPOTUBIIEHUE STOU LIEH.

13. Onc ucrounuka Toka N B. [Ipu BHemHeM conpoTtusieHuu 1ienu B 1 OM Tok paBeH 3 A. Haiigute
TOK KOPOTKOT'O 3aMbIKaHUSI.

14, KakoBa 1iena peneHusi, mpeaen U3MEpeHHsl U MOKa3aHus amrepmeTpa’?

(OtBer maTh yHMcIaMU 4epe3 TOUKY C 3aIsaToi 0e3 mpoOenoB; 3HaUCHUE B BUJIC
JECATHYHOMN Ipo0H MuIlieM Yepes 3ansatyio). (Hampumep, 0,5;3,2;3)

15. DJNIeKTPOABUTATENb, CONPOTHBICHHE OOMOTKH KoToporo 0,4 Ow,
paboraet ot cetu c¢ HampspkeHueM 300 B mpu toke 50 A. Ompenenute KauyecTBO M3PACXOAOBAHHOM
SHEPIMU 3a 5 Y., COBEPIICHHYIO [BUTATEIIEM MEXaHHYECKyI0 paboTy W KOJWYECTBO TEIUIOTHI,
BbIJIETICHHOW B OOMOTKE.

16.  2.ABromoOwmibHEI cTapTep 3a 10 ¢ pabotsl moTpednser sHepruto 6,0-104 JIx. Kakosa cuia
TOKa, MPOXOASAIIET0 Yepe3 cTapTepa BO BpeMs 3allyCKa JABUTATEINs, €CIU HANpsDKEHUE Ha €ro KiIeMMax
12 B?

<
° A

17. 3.CBapounbiM amnmaparoM. Paboratromum oT cetu HampspkeHuem 45 B 3a 20 MuHyT ObLIO
n3pacxoaoBano 5.4kBr*uac suepruun. [Ipu kakoit cuiie Toka mpoTekasia ayrobas cBapka?
18.  4.Onextpuueckuil ytior mourHocthio 800 BT pabotaer ot cetn 220 Onpenenuts cuily TOKa B

HarpeBaTeJIbHOM 3JIEMEHTE U €ro COINpPOTUBIEHHE B padoueM cocTOosHHMU yTiora. CKOJBKO SHEpruu
OyzeT u3pacxoa0BaHo 3a 1,5 yaca HenpephIBHOM paboThI yTiora?
19. 5.B cerp nampsikenueM 120B mocnenoBaTeNbHO C SJEKTPUYECKON yrod BKIFOUEH DPEOCTarT.
[Tagenune HampsbkeHus Ha dyekTponax Ayru 45 B, cuna Ttoka B menu 12 A. OnpenenuTs MOIIHOCTS,
MOTpeOIIEeMYIO Tyroi U K.I1.J. YCTAHOBKH.
20.  6.Pe3ucrop moakiroueH K MCTOYHHKY TOKa, HampspKeHHE Ha 3axuMmax kotoporo 6 B. Kakas
pabota coBepiraercst TOkoM, eciu 3a 0,5 MUHYT depe3 pe3uctop npoxoauT 3apsan 24 Kn? Onpenenutsb
MOIIHOCTb TOKa ¥ COIIPOTUBIIEHUE PE3UCTOPA.
21. 7.Kakass MOIIHOCTH TOTPEOISETCS MYrOBOM CTaJCIUIaBIJIBHOW TIe4bl0, paloTaromieil oT
ucrouHuka HamnpspkeHueMm 220 B mpu cune toka 30000 A? OnpenenuTs CTOUMOCTb 3JIEKTPUUECKON
SHEPTHH , U3PACXOIOBAHHOMN 3aM 5 9acoB pabOTHI MIEUH, 1O JEHCTBYIOIIEMY Tapudy.
22, 8.Hamnpspkenue Ha 3axxumax reHeparopa 132 B, a y norpebutens - 127 B. Onpenenuts naaenue
HampspKeHWE B MAaruCTPaJIbHBIX MPOBOJAX M CONPOTHUBJIEHHE, €CIM MOIIHOCTh TOKa y MOTpeOuTens
paBHa 5 kBT.

dopma npeacraBJieHUs pe3yabTara:

BbInonHuTh 3a1aHUE B TETPaAAX AJIs MPAKTHUECKUX padoT.

Kpurepum ouenku:
3a mpaBUIIHHO BBIIOJHEHHOE 33 JaHHE BBICTABIISETCS MOJIOKUTENIbHAS OlleHKa — 1 Gasu.
3a HeNpaBWJIBHO BBINIOJHEHHOE JEHCTBHE, 3aJJaHNE BBICTABIIAETCS OTpULIATENbHAs OlleHKa — 0 OaoB.
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Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoos1emeopumenbHoy svicmasisiencs 3a menee 60%0 npaBUIBHBIX OTBETOB

Tema 4.3 DieKTpUUeCKHii TOK B Pa3JIMYHBIX cpeaax

IIpakTnyeckoe 3ansiTue Ne 18 Pemenne 3apa4 Ha TeMy: JJIeKTPUUYECKHA TOK B Pa3JIHYHBIX
cpeaax»

Heab: chopMupoBaTh yMEHUS IPUMEHSTH OJTy4YECHHBIC 3HAHUS IS PEIICHUS TPAKTHYSCKUX 33134 B
npodeccuoHaNbHOM e TeIbHOCTH, ISl OObSICHEHUS YCIOBHM MpoTeKaHus PU3NUECKUX SBICHUI

MarepuajibHoe o0ecnieyeHue:

MHAMBUYaJIbHOE 33/1aHUE, KOHCIEKT JIEKIIUH, CIIPAaBOYHbIE MaTepHaJIbI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JIBYX 4YacT€ — TEOpeTHYeCKOW M mpaktudeckou. llocie
M3yUYEHHs] TEOPETHUECKOro MaTepualla MOXKHO HMPUCTYNATh K BBIIOJHEHHIO NMpakTHUeckoi yactu. OHa
COCTOUT W3 JIByX M OoJiee 3aad JjIsl CaMOCTOSITEIILHOTO BBINONHEHH. He 3a0biBaiiTe 0 MpaBHILHOM
oopmienun pemienus. Ha BolosHEHNE NPAaKTUYECKOTO 3a/1aHUs OTBOJUTCS JBa aKaJEMHUYECKUX Yaca.

3aganue:

1. O3HakoMbTECH C KPATKUMH TEOPETUYECKUMHU CBEICHUSIMU
2. Pemmre 3amaum, CaMOCTOATENBHO WCIIONB3yS TPHUMEPHl W KpaTKue
TEOPETUYECKHE CBE/ICHUS.

ITopsinok BbINoOJIHEHUs padoOThI:
1. Wsyuure u BomuiuTe GOPMYJIBI 10 TAHHOU TEMe:
2. Pa30epute npuMepsl pelIeHHBIX 3a/1a4
3. Pemmre caMoCTOATENHHO 3a/1a9U

Bo3bMéM BaHHY ¢ TUCTHIITUPOBAHHOM BOJIOW U OMYCTHM B He€ A51eKTpoabl. CoOepéM INEKTPUUECKYIO
uens. JlaMna He cBeTUTCS, T. €. AMCTWIIIMPOBAHHAS BOJa TOK HE MpoBOIUT. J[06aBUM B BOJy COJISTHOM
kuciotsl H'CI™. Jlamma cBeTutCs, T. €. pacTBOp IIPOBOIUT HIEKTPHUECKHUIl TOK. OOBACHIIOT 3TO TaK:
monekyna HCI — qumons, cocrosmmii u3 nmonoxkurensaoro nosa H u orpunarensaoro Cl . Tpu
B3aMMOIEICTBIM ¢ MONEKYJIaMHU BOJbI UIONH pachagatotcs Ha nonsl H' u Cl, ymopsmouenHnoe
JBAYKEHNE KOTOPBIX CO3AAET IJIEKTPUUECKUN TOK.

I_II/ICCOIII/IaIII/Iﬂ — pacnaag MOJICKYJI Ha MOHBIL.
ACCOIII/IaIII/IH - OGBCI{I/IHCHHG HOHOB B MOJICKYIJIBI.

SHeKTPOHI/ITH‘leCKaH AUCCOHAIUA — pactiad MOJICKYJI Ha MOHBI IO JIehcTBUEM pPacTBOPUTCIIA.

e Jluccormarms (H'CIT — H' + CI) wmpmér Hapany c¢ accormarueit (H™ +
ClI" —» HCI). duccornuaiusi mporCXOAUT MpH @ pacTBOpeHUNU KHCJIOT U
ieao4en B pacTBOPHTEIISX (aMeKTposMTHYECKas), a TaKKe
NpU HAarpeBe KHUCIOT M COJEH 10 BBICOKHX @ TEMIIepaTyp.

3JIeKTp0JII/IT — )KI/II[KI/II\/’I IMPOBOAHUK, B KOTOPOM OCHOBHBIMH HOCHUTECIISIMU

3aps/ia SBIISTFOTCS HOHBI.
e DIIEKTPOJIUTAMU SBJISIOTCS PACTBOPHI U PACIJIABBI.
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5.1.3.2.2. DjieKTpUUYECKHMid TOK B 3JIEKTPOJIUTAX. DJIEKTPOJIH3
OnycTuM B BaHHY C anextposutom (HCI) nse

IUIACTHUHBI (3JIEKTPOIbI) U MOJKIIIOYMM K HUM Oatapero.

AHOJ — 3JIEKTPOJ, HOJKJIIOUYEHHBIN K «1)» KIIEMME

HUCTOYHHKA HAITPAKCHHUL.

Karon — anekrpon, HOAKJIIOUEHHBIN K «—» KJIIEMME

HCTOYHHMKA HAMPSHKCHHUS.
- +
Housl CI” (anuoHbI) IBIKYTCS K aHOAY, H' (KaTHOHBI) — K KaToy.

e TOK B 2JIEKTPOJUTAX — YIOPSATOUCHHOE JBUKEHNE aHUOHOB M KATUOHOB.
Cl” otmarot Ha aHO/IE JIMIITHKE TIEKTPOHBI M 00BEIUHSIOTCS B MOJIeKyJb raza Cly.

H" Ha kaTo/e MONYYaroT YMEKTPOHBI ¥ 0OBEANHSIOTCS B MOJIEKyIbI Taza Ho.
VYpaBHeHus nporecca :

a) mucconuanus: 2HCI <> 2H" +2CI°;

0) na anoze: 2C1—2e — Cl, T

B) Ha karoxe: 2H' + 2e — H, 7.

3HeKTp0HI/I3 — COBOKYITHOCTb XUMHUYCCKUX IMPOLECCCOB, IPOUCXOAANIUX B DJICKTPOJIUTE IIPHU
MPOXOKIACHUHN UCPE3 HCTO IMOCTOAHHOI'O JICKTPHUICCKOT'O TOKA.

e TOK B 3JIEKTPOJIUTE NOJUMHAETCA 3aKOHY OMa.
e VYienbHOE CONPOTUBJIEHHE DJEKTPOJIUTA C POCTOM TEeMIepaTyphl TMOHUXaeTcs (pacTeT
JTUCCOITUAITHSA).

3JICKTPOJII/I3, COl'lpOBO)K}IﬂlOIIIHﬁCﬂ PacTBOpPEHHUEM aHOAA

Ecmu QJICKTPOJIHUT — PaCTBOP COJIM BEHICCTBA, U3 KOTOPOIr'o CACIaH aHOI, TO BEUICCTBO IIPHU SJICKTPOJIN3C
BBIICTIACTCA TOJIBKO Ha KaToJA€C, a aHoo pacmeopsiemcsi.

Hamnpumep, B BaHHY € COJIBIO a30THOKHCIIOTO cepedpa OMyCKaroT cepeOpsiHbIe deKTpo sl Katon —
TOHKasi cepeOpsiHas IIaCTUHA; aHOJ[ — TOJICTas IJIACTHHA U3 cepedpa ¢ TUIICKTPHUSCKUMHU MIPUMECSIMHU.
[Tpu sexTponu3e cepedpo MEePEHOCUTCS C aHOIa Ha KaTol, MPUMECH OCEAAI0T Ha JIHO, T.€. IPOUCXOIUT
OYMCTKA MeTau1a. Macca aHoJ1a IOCTEIIEHHO YMEHBIIIAETCS /IO TIOJTHOTO €r0 PACTBOPEHHUSL.

L4 KOHI_ICHTpaI_[I/I}I pacTBOpa B IpOUCCCC HEC MCHACTCA.
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3axon @apajes sl 3JIEKTPOJIN3A

Ecnu von BemecTBa uMeeT Maccy Mg U 3apsz (o, IPH JIEKTPOIU3E BbIACIMIOCH N HOHOB U UMU

TepeHecéH 3apsi g, To ux odmas maccam =mgNu N =-L;
9o
. B ) u K
Qo = €Z, I/ie Z — BAJICHTHOCTh HOHA. Toraa, ¢ yuéToM m, = ~— , HoJIydnM m=——. —.
Ki H 9 % *
Yucao ®Papanes (F) — npoussenenue Na-e. | F = 96500 oy 3Ha4UT, m = F (*).U3 g=1-t u(¥)
MOJIb .z

MOJTY4HM:

u-l-t
m == |- 3aKon dapajest 1715 YJIEKTPOJIH3A.

- Z
DAeKTPOXUMHYECKHI IKBHBAJEHT BelleCTBA — BEIMYMHA [k = F'u
- Z

XuMHYeCKHil ’)KBUBAJIEHT BellleCTBA — BEJIUYMHA E
V4

r=t4
m-z
IS BBIZEIEHHS Ha 3JEKTPoaax 1 MOJIb OJHOBAJIEHTHOIO BEIIECTBA.

e Yucno dapanes MOKAa3bIBACT, KAaKOW 3apsiJ HEOOXOJAUMO MPOITYCTUTh Yepe3 DIEKTPOIHUT

IIpumep pemenus 3agauu

ITpu cepebpennn nzaenus Ha kato[ 3a 30 MUH. OTIOXKHUIIOCH cepedpo Maccoit 4,55 r. Onpenenute
o -6 KU .
CHJTY TOKa IIPH JIEKTPOiIN3e. DIEKTPOXUMHUECKHUI SKBUBaJIeHT cepedpa 1,12-10 67KH

JaHo: Pemenue:

m=4,55r=4,55-10" | 3anumiem 3akoH sekTponn3a Papaes:
3

KT
m=xlAt= -
At=30 MuH. = 1At
103
1,8:10%¢ | ~2.26 A

k=1,12:10°2

-7

Peumurn 3agaun:
[Ipu KakOM TOKE MPOTEKAI AIEKTPOIU3 B PACTBOPE MEHOTO Kynopoca, eciid 3a SO MUH Ha KaToJie

BBIJICJIMIIOCH 6 T MeAu? DIEKTPUUYECKUN SKBUBAJIEHT Meau 3,3 107 KT,
Kn

Hano: ‘ CHu ‘ Pemenne: Beruucnaenmusi:
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2
[Ipu snexTposnze cepHOKHUCIOro IuHKa B TedeHue 5,0 4 Bbyaemwioch 3,06-10° kr nuHkKa.
Omnpenenute COPOTUBIIEHUE IEKTPOIIUTA, €CIH IEKTPOIU3 MPOXOIMII IIpu HanpspkeHuu 10 B.

2 Ilpu snexTposin3e pacTBOpa CEPHOKHUCIOro IMHKA B TeueHue | 4 Bbpaenuiaoch 2,45 10 kr
uuHka. Haitaure BenMurHy CONPOTUBIICHUS, €CJIM BOJILTMETp Mokasbiaet 6,0 B,

3. Kakoe xkoimuecTBO cepebpa BbIACISIETCS TMpU dJeKTpoauze B TedeHue 0,5 4, ecnm
COMPOTHUBIICHUE AIEKTPOIUTHYECKOM BaHHbI 2,0 OM, a HanpsbkeHue Ha ee 3akumax 3,0 B?

4 B MeKTPOIHTHYCCKON MesHoi BanHe 3a 40 MuH Bhyzenmiocs 1,98-10% kr mexn. Onpenennre s1c
Oaraper, HEOOXOIMMYIO JUTsl TUTAHUSI TOKOM BaHHBI, €CJIM COMPOTHBIICHHE pacTtBopa .1,3 Om, BHyTpeHHEe
conpotusieHue darapeu 0,3 Om.

5. JKenesnble TpyOKM paguatopa OXJIQXKACHUSI JBHUraTelsl TPaKTOpa IOKPBHIBAIOT MEAbIO
rajJbBaHMYECKUM crioco0oM. OmpeaenuTe TONMUHY CI0s MM Ha TPYOKe, €CII MOKPhITHE BeaeTcs 1 4
15 muH npu motHocTH ToKa 30 A

6. Jlns npuganus OONbIION MPOYHOCTU CTEPHKHAM, COSAUHSIIONIUM I'YCEHUIBI TPAKTOPa, UX
MOBEPXHOCTh XPOMHUPYIOT TAJIbBAHUYECKUM crIoco0oM. ToummHa citost Xpoma J0KHA COCTABIIATh
5,0-10" m. ITnoTHOCTB TOKa paBHa 2,6-10°A/M%. CKOIBKO BpeMeHH GYeT MPOTEKaTh IIPOLIECe
XPOMHPOBAHUS, €CIIM XPOM IIECTUBAJICHTH

®opma nmpeacTaBJieHus pe3yJbTarTa:
BrmoaHNUTE 3aIaHUC B TCTpaau AJId NPAKTHICCKUX pa60T.

Kpurtepuu onenku:
3a mpaBUIIBHO BBIIIOJHEHHOE 33 JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — 1 Gasu.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenxa «xopoutoy svicmassiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB
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Tema 4.4 MaruutHoe moJjie

IpakTuyeckoe 3ansiTue Nel9 Pemenne 3axa4 no reme «MarHuTHoe 1oJie u ero
XapPaKTePUCTUKID)

IpakTuyeckoe 3ansiTue Ne 20. Pemienue 3aga4 no reme /leiictBue MAarHMTHOTO MOJISI HA
3apsa

Heasb: cdopmupoBate nOHUMaHue pond (UMK B (HOPMUPOBAHMM  KpPYyrozopa u
(GYHKIIMOHATIBHOM TPaMOTHOCTH YEJNOBEKa ISl pELICHUS NpPAaKTHUSCKHX 3a7ad; I OOBSICHEHHS
yCIOBUI1 MPOTEeKaHUsI (PU3NIECKUX SBICHUH, YMEHUS BBIIOIHATH PACUCTHBIC U IpayecKue 3a/1a9u

MarepunanbHoe obecrnieyeHue:

WHJUBUIyaJIbHOE 3a/IaHKe, KOHCTIEKT JIEKIUW, CIPAaBOYHbIE MAaTEPHAIIBI.

Yka3zanue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX 4YacTEd — TEOpeTHYeCKOM M mpaktudeckou. llocie
M3YYECHHS TEOPETUYECKOro Marepualia MO>KHO MPHUCTYNAaTh K BHIMOJHEHHUIO MpakTHUecKkod yactu. OHa
COCTOWT U3 JBYX W OoJiee 3amad I CaMOCTOSTEIHHOIO BBIMOTHEHHS. He 3a0biBaiiTe 0 MpaBHILHOM
odpopmiieHnH perieHus. Ha BeIMoTHEHNE TPAaKTUYECKOTO 3a/IaHKs OTBOJIUTCS J[BA aKaJIEMHUYECKUX Jaca.

3aganue:

O3HaKOMBTECH C TEOPETUYECKUMH CBEACHUSIMU UCITONIB3YS CChUIKY
https://znanium.com/catalog/product/1012153, §43.44, BeinucaB HOpMYIIbI
OTMEYEHHBIE CKOOKaMH , Hanmpumep( 43.1)

Pemnre 3amaum, camMoOCTOATENHHO HCIOIB3YS NMPUMEPHI U KPATKUE TEOPETHUYECKHUE
CBEICHHSL.

ITopsinok BbINOJHEHHS PadOTHI:
1. Wsyuwre u Bomuimute GOpMyJibl 110 TaHHOM TeMe B BUJE KPATKOTO KOHCIIEKTa
2. Pa30epute npuMeps! peLIeHHBIX 33134
3. Pemmre caMoCTOATENHHO 3a/1a9U

IIpumeps! pemenus 3agaq

. . -2

1. ITpoBOAHUK € CUJIOM TOKA SA TOMEIEH B OJIHOPOIHOE MarHuTHoOE moje ¢ uHaykiuei 1-10“TA.

Yros MexIy HalpapIeHHsIMH ToKa 1 1o 60°. onpesenuTe JUIMHY IPOBOJHHUKA, €CIH MOJie AeiCTByeT
Ha Hero cutoit 2-1072H.

Tlano: Pemenue

I=5A F=BI-t sino. =>{=__F ;

B-Isina
B=1-10°TA
o =60°
[zﬁz

F=2-102H 1107T, 087 58 %

iy

- 0
sin 60°=0,87 OtBet: €=0,46m.
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2. Kakas cuna A€iCTBYeT Ha JIEKTPOH, JIETAIIUMNA B OJJHOPOAHOM MarHUTHOM IOJI€ C MHIYKIIMEH
1-110% TA MEePIECHAUKYJISIPHO JIMHUAM MarHUTHOW MHIYKIIUK CO CKOPOCTBHIO 3-10° m/c, 3apsij] AIEKTpOHA
-19
e=-1,6-10"" K.

Hano «CH» Pemenne
v=3-10%m/c Ha »snexTpoH, ABWXKyIIHiACS B

> MarHMTHOM II0JIe, JICHCTBYET chiia
B=1-10"TA Topenna:
a=90°

Fa=B:|g-0-sina
e=-1,6-10"° K.
FA=1-10°TA1,6:10"° K-3-10°m/c=

F=?

4.8-10°H

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

1. Ha npsMonuHelHbI TPOBOAHUK ¢ TOKOM 1,5 A B 0IHOPOAHOM MAarHUTHOM Mojse ¢ uuaykuueit 0,4
TA peiictByer cuna ,n H. Onpenennre nuMHy NpOBOJHUKA, €CIM OH pacnojiokeH moj yriaoMm 300 k
CHJIOBBIM JIMHUSIM.

2. Kakag cuna geiicTByeT Ha MPOTOH, JETAIIUN B OJHOPOJHOM MAarHUTHOM MoJyie ¢ uHayKiuei 4-103
TA nepneHAUKYISIpHO JIMHHUSM MarHMTHOM HHAYKIMHU CO CKOpocThio 2:105M/c. 3apsin mpoToHa
q=1,6-10-19KA.

3. [aiite ompeneneHWe MarHUTHOW WHIAYKIWW. B KakuxX enWHUIIAX OHAa w3MepsieTca? 3anumuTe
€IMHUIY MATHUTHOW MHAYKLIUN Y€pPE3 OCHOBHBIE

4. enununbl uamepenus B cucreme CH.

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

6. ¥ JUHUSAMU MarHUTHOW MHAYKIHH paBeH 9007

7. IlpsMonuHEHHBIH MPOBOAHMK, MO KOTOPOMY HIET TOK cuijiod 10 A, momemieH B OJHOPOJHOE
MarHuTHoe noJiie, uHAyKus koroporo 0,3Tn. Yron mexny HanpaBieHHEM TOKAa U BEKTOPOM MarHUTHOU
nHayknuu pasel 300.

8. C kakoii cuioii F eficTByeT MarHUTHOE TI0JI€ Ha Y9aCTOK MMPOBOJIHUKA JTTHHOHN n M?

9. Ompenenute MarHUTHBIN MOTOK, MPOXOAALIMHA Yepe3 MPSIMOYTOJbHYIO PAMKy CO CTOPOHAMHU 2x5
CM, €CIIM OHAa MOMEIIEHA B OJIHOPOAHOE MarHuTHoe mnosie ¢ uaaykuueit 4-10-3TA nmox yrimom 300 k
JUHUAM UHIYKLIUU TOJIS.

10. B omHOpOIHOE MarHWTHOE TIOJIE, MHAYKIHS KoToporo 1,26-10-3 TA, momenieH npsmMoii pOBOIHUK
UIMHOM n cM. Onpenenure cuily, JEMCTBYIONIYIO HAa POBOJIHUK, €CIIU IO HEMY TeueT Tok 50 A, a yron
MEJK]1y HalpaBJICHUEM TOKa BEKTOPOM MHAYKIMU cocTaBisieT 30°.
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11. IIpoBomHuK c cuioif Toka 5,0 A moOMeIleH B OJHOPOIHOE MarHUTHOE moje ¢ uaaykmuen 1,0-10-2
TA. Yron Mexy HanmpaBlIieHUSIMA ToKa U 1ojst 60°. OnpeaenuTe akTUBHYIO JUJIMHY MPOBOJHUKA, €CIH
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 IPOBOJHMKA JJIMHOW 2M, IO KoTopomy TedeT Tok 10 A; eciu
MEepeMeIICHUE MPOUCXOAUT BAOJb AchcTBUsA cwi? [lpoBogHuk pacnonoxkedn mnojn yriom 30° k
HAIPaBJICHUIO MOJIS.

13. HaiiguTe MHAYKLIHIO MATHUTHOTO TOJIS,, B KOTOPOM MaKCUMAaJIbHBI MOMEHT CHJI, ACHCTBYIOLINX Ha
pamky ¢ TokoM B 3,0 A, pasen 1,5 H-m. Pazmeps! pamku 0,05X0,04 M, 4yiciio BATKOB paBHO n.

14. B ogHOopoaHOM MarHMTHOM mojie ¢ uHayknuen 0,25 TA HaxoauTcs MPSAMOJMHEHHBIA MPOBOIHUK
mHo 1,4 M, Ha kortopbiil neictByer cwia 2,1 H. Onpepenurte yroia Mexay NpPOBOJHUKOM U
HaIpaBJIEHUEM BEKTOpa MHAYKLIUYA MarHUTHOTO MOJIs, €CIIH CUjla TOKa B IPOBOAHMKE 12 A.

15. Yemy paBHa cuia TOKa B HPsIMOM HPOBOAHMKE AnuHOW 1,0 M, IOMENIEHHOM B OJHOPOJHOE
MarHuTHoe noJie ¢ uuaykmuend 1,5-10-3 TA, ecin Ha 3TOT MPOBOJHUK CO CTOPOHBI IMOJISA JECUCTBYET
cwia 2,1-10-3 H? Yron mexy HarpaBlI€HUEM JIEKTPUYECKOTO TOKA U BEKTOPOM MHIYKIIUU paBeH 45°.
16. Ha oOMOTKyY poTopa 31eKTpOABUTaTENs MIPH MPOX0XKACHUH 0 IpoBoay Toka 20 A neiicTByeT cuia
B 40 H. Ompenenure BeIMYMHY MArHUTHOW MHJYKIUU B MECTE PACIOJIOKEHHUS MPOBOJA, €CIU €ro
mrHa 20 cM. OOMOTKa COZIEPIKHUT N BUTKOB.

17. DnexkTpoH ONUCHIBAET B MArHUTHOM I10JI€ OKPY>KHOCTb paguycoM 4,0-10-3 m. CKopocTh IBUKEHUS
ANEeKTPOHOB paBHa 3,5-106 m/c. Haliaute HHIYKIMIO MATHUTHOTO TTOJIS.

18. TIporon aBmxercs co ckopocThio 1,0-106 M/c meprieHIUKYISIPHO OJHOPOJHOMY MAarHUTHOMY TIOJTEO
¢ unaykuued 1,0 TA. Haliqute cuity, AeMCTBYIONIYIO HAa IPOTOH, U PalyC OKPYKHOCTH, 110 KOTOPOMH
OH JIBHKETCSI.

19. DnekTpoH BieTaeT B OJHOPOAHOE MArHUTHOE TMOJe, HHAYKIUS KoToporo 2,0-104 TA,
NEPIEHIUKYIISIPHO CUIIOBBIM JIMHUSAM cO cKopocTbio 1,0 106 m/c. Beraucnure pannyc OKpyKHOCTH, TIO
KOTOPO# OyJIeT IBUraThCs SIEKTPOH.

20. Kakast cuma JeiicTByeT Ha 3JIEKTPOH, JIETSIIMA B OJHOPOJHOM MAarHUTHOM TIOJ€ C WHIYKIHEH
1,0-10-2 TA nepneHAUKYISPHO JIMHUSAM 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 CHJIOBBIM JIMHHUSM U TPOJOJDKAET JBHXKEHHE IO
okpyxHOcTH paauycoMm 10 cm. Haiinure ynenbHbIN 3aps] 3J€KTpOHA, T.€., OTHOIICHHUE €ro 3apsia K
Macce.

22. TlpoToH, uMmeronwii ckopoctsh 4,6-105 M/c, BieTaeT B OJTHOPOJHOEC MAarHUTHOE TIOJIE ¢ MHYKITHCH
0,30 TA nepneHAMKYISpHO MarHUTHBIM CHJIOBBIM JHHUSAM. PaccuuTaiiTe paamyc OKpYKHOCTH, IO
KOTOPOU Oy/IeT ABUTATHCS TPOTOH.

23. TIpoTOH HOBWXKETCS B OJHOPOJHOM MarHUTHOM mone ¢ uHaykuueud 3,4-10-2TA B mmockoctu,
MEePHEHIUKYISIPHON K CHJIOBBIM JIMHHUAM. OmnpenenuTe paanyc TPaeKTOPUM MPOTOHA, €CIU JIBIKCHHUE
IIPOUCXOJUT B BakyyMme 3,3 10° m/c.

24. B onmHopomHOe MarHUTHOe moiie ¢ mHAyKIuend 8,5-10-3 TA Bueraer >JIEKTPOH CO CKOPOCTBHIO
4,6-106 m/c, HarIpaBIEeHHOHN MEPIEHANKYISAPHO K CUIIOBBIM JIMHUAM. Onpenenure cuiy, 1eHCTBYIOUIYIO
Ha AJICKTPOH B MArHUTHOM TI0JI€ U PAJNYC AyTH OKPY>KHOCTH, TI0O KOTOPOU OH JIBUIKETCSI.

25. B marnutHoe mone ¢ uuHaykmnuei 0,5 TA B HampaBiIeHUM, COCTaBISIONMIEM Yroa 45° ¢ THHHUSIMH
WHJYKITAA, BIETAET DJIEKTPOH cO cKOopocThio 2,0-106 M/c. Onpenenure cuiy, ASHCTBYIONIYIO HA HETO.
26. B MarHuTHOE 1MOJI€ B HAMpaBICHHUH, MEPIECHAUKYIIPHOM JTUHUSM HHIYKIIMH, BIETAeT MPOTOH CO
CKOpOCThIO 3,2 10° m/c. Haiiure MHIYKIHWO 3TOrO IO, €CIU MPOTOH ONUCAT OKPYKHOCTh PAaInyCOM
10 cm.

27. 3amaun Ha TOCTPOCHUS:
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®opma npeacraBiaeHus pe3yJbTara:
BbInonHUTE 331aHUE B TETPAAN JJIsl IPAKTHUECKUX padoT.

Kpurtepun onenkmn:
3a IpaBUJIBHO BBIOJHEHHOE 33JaHHUE BBICTABIISETCS MOJI0KUTENIbHAS OLleHKa — | Oasu.

3a HCIIPABUJIBHO BBITIOJIHCHHOC HeﬁCTBHC, 3a1aHUC BBICTABJISICTCS OTPHULIATCIIbHAA OLICHKA — 0 6amoB.

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

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

Oyenka «yooenemeopumensbHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenka «HeyoosiemeopumenbHoy svicmasgisemcs 3a Menee 60% nmpaBUIBHBIX OTBETOB
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Tema 4.5 DyieKTPpOMArHUTHAs UHAYKIIAS

IpakTuyeckoe 3anaTue Ne2l . Pemienue 3aga4 no reme «J1eKTPOMATHUTHASI MHAYKIIUS.
3aKOH 3JIEKTPOMATHUTHON UHAYKIMUA. CaMOUHIYKIIHSI»

Lens: cdopmupoBarh nNOHMMaHWE ponu GU3MKH B (HOPMHUPOBAHUU KPYrozopa BIAJCHHE
OCHOBOIIOJIArAIOIUMH (PU3HYECKUMHU TOHATHUAMHE, 3aKOHOMEPHOCTSIMU, 3aKOHAMH M TEOPHUSIMH; YMEHHS
BBINOJIHATE pacueTHBIC U rpadUuecKre 3a1a49u

MarepunanbHoe obecrnieyeHue:

UHIMBUAYaIbHOE 3aJaHKe, KOHCIICKT JICKI[UH, CIIPAaBOYHBIC MaTEPHAJIbI.

Yka3aHnue:

[TpakTHyYecKoe 3aHATHE COCTOMT M3 JABYX 4YacTell — TEOpeTHUYEeCKOM M mpakThueckoil. ITocie
H3YUYCHHS TEOPETHUYECKOT0 MaTepraia MOYKHO MPHUCTYIATh K BBIMOJHECHHIO MpaKkTHUYecKoi yactu. OHa
COCTOMT M3 JIBYX W OoJiee 3a7a4 JJIsi CaMOCTOSTENILHOTO BbIMoMHeHUs. He 3a0biBaiiTe 0 MpaBUIbHOM
oopmieHuu perrenus. Ha BeIOMHEHHE TPAKTUYECKOTO 3aIaHUS OTBOIUTCS JBA aKaICMHUCCKUX Yaca.

3aganme:

1. O3HaKOMBTECH C KPATKUMHU TEOPETHYCCKUMU CBEACHHUSIMH HUCITOIb3YS CCHLIKY
https://znanium.com/catalog/product/1012153 ,528 u KpaTkyro 3anuch GOpPMYJI HHKE

2. Pemmre 3amaun, CaMOCTOSTEIBLHO HCIOJB3YsS MPUMEPHI M KpPAaTKHE TEOPETHUCCKUE
CBEIIECHU.

IMopsaaok BbINOTHEHHS] PA0OTHI:
1. H3zyuute u BeIUIIKATE GOPMYIIBI IO JAHHOH TEMe:
2. Pasz0epute mpuMmepsl pelIeHHbIX 3a/1a49
3. PemmTe caMOCTOSITENIFHO 3a1a49H
4. OtBerpTe Ha Bompockl Tecta https://znanium.com/catalog/product/1012153,

crp331.

KpaTkue Teoperndeckue cBeeHUs

3axon anekmpomacHumHoOU UHOYKYUU:

OJC uvHIyKIMU B 3aMKHYTOM KOHTYpE paBHA IO MOJYJI0 CKOPOCTH HM3MEHEHHS MarHUTHOTO
AD

IOTOKA 4Y€PE3 MOBCPXHOCTb, OI'PAHUYCHHYKO KOHTYPOM: o —

, rae & — O/JC unnykuun, B; AD= O,-
i

@1 — U3MEHEHHE MAarHUTHOT'O IIOTOKa, B6, At — MMPOMCIKYTOK BPEMCHHU, B TCUCHUC KOTOPOT'O IMPOU30ILILIIO

AD| _ CKOPOCTb USMCHCHUA MAIrHUTHOI'O ITIOTOKA, @

c

JTaHHO€E U3MEHEHHE, C;

C YUYCTOM HaAlIpaBJICHUSA HHAYKIIMOHHOI'O TOKA 3aKOH 3aIlIUCBIBACTCA TAK: g, = _@,
! At

Ecnu 3aMkHyTBIH KOHTYp cocToUT U3 N mocienoBaTenbHO COEIMHEHHBIX BUTKOB (Hampumep, B

40 , Tme N — gucito BUTKOB.

COJICHOUJIE) ¢ =—N -

Pasnocte motennmamoB U Ha KOHIAX MPSIMOJIMHEHHOrO MPOBOJHHMKA JIHHON |, mBrKymerocs co
CKOPOCTBIO 0 B OAHOPOJHOM MAarHUTHOM IIOJIE
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U = Blvsina. ,
IJIe 0, — YroJI MEXK]1y HAIPaBJICHUSIMH BEKTOPOB CKOPOCTH 0 M MarHUTHOM
uHayKnuu B

DNEKTPUUECKUN TOK, MPOXOJSAIINI IO MPOBOJHUKY, CO3/Ia€T BOKPYr HETO MAarHUTHOE IOJIC.
MarHuTHBIN MOTOK CKBO3b TUIONIA/Ib MOBEPXHOCTH, OTPAHUUYEHHYIO CAMUM KOHTYPOM, ITPOMOPIIHMOHATICH
cujie Toka B KoHType: @=L-I.

Koa¢dpunment nponoprpionanbHocTy L HazpiBaeTcs undoykmusHocmoio KOHTypa: [L]= [12} =—
=TI'n (renpmn).

3HaueHUE WHIYKTUBHOCTH 3aBHCHT OT pa3MepoB U (DOPMBI MPOBOJIHUKA, a TAKKE OT MAarHUTHBIX
cBOMCTB ceprl, B KoTopoir oH Haxomutcs. DJIC CaMOMHIYKIMH IO 3aKOHY JJICKTPOMArHUTHOM
WHIYKIUU paBHA:
Al 4D

= =,T.K. g = ,
8IS LAt, 8|S It

rae A1=l,-1; — u3MeHeHHe CUITbl TOKA B IPOBOJIHUKE, A
At — BpeMs ero u3MeHeHwus, ¢,

il — CKOPOCTb UBMCHCHUS CUJIBI TOKA, A .

At c

2
9Hepr1/151 MAarauTHOI'O IOJIAA MPOBOAHHKA C TOKOM! Wy, = L'2| , [I[)K]

PemmnTsh 3a1a4M cCaMOCTOSATEIBHO
(n - Homep sawezo 6apuanma no cnucky)

1. Ha ckoapko M3MEHUJIACh CHJIa TOKa B MPOBOJIHUKE, eciiu 3a 0,1 ¢ B MpOBOJAHUKE, HHIYKTUBHOCTh
kotoporo 4 I'n, nossuiace 3/1C camonHaykiuu pasHas 12 B?

2. 3a KakoW TPOMEKYTOK BpPEMEHH MarHWTHBIH TMOTOK m3MmeHwics Ha 0,01 BO, ecim B KoHTYype
Bo3HuKaer DJ1C unaykiuu n B?

3. MarnuTtHOe mojie Karymku ¢ HHAyKTHBHOCTRIO 0,2 ' obmamaer sueprueit 0,4 J[x. YUemy paBHa
CHJIa TOKa B KaTylke?

4. Omnpenenute 3HEPruIo, 3amacaeMyld B MarHUTHOM II0JIE WHAYKTOpa, KOTOPBIM HCIIONB3YyeTcs B
YCTAHOBKE JUIi MAarHuT HMMITYJbCHUBHOTO (opmoBanus. MuayktuBHocTh KaTymku 7,0-10-7 T', cuna
paspsiagHoro Toka 1,45-105 A.

5. Kakoif moTok MarHUTHOM MHIYKLIMU CO3JIa€TCS B KOH TYPE AJIEKTPHUECKUM TOKOM, €CJIU MPU €ro
ymeHbeHnu 10 Hyns 3a 0,01 ¢ B KOHType BO3HUKAET 3AC caMOMHAYKIMK paBHas 30 B?

6. Ompenenure >HEPTUI0 MAarHUTHOTO TOJI KAaTYIIKH, B KOTOPOW MpH cuiie ToKa 6,8 A MarHUTHBINA
MoTOK paseH 2,5-10-3 BO.

7. 3a Kakoil MpOMEXYTOK BPEMEHHU B KaTyllKe ¢ MHIYyKTUBHOCThIO 0,28 I' mpoucxoauT HapacTaHue
CHJIBI TOKA OT HYJIA 10 9,6 A, eciii pu 3TOM BO3HHUKAET CPEIIHSIS 31C CAMOMHAYKIUM, paBHas 38,4 B?
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8. [TIpoBOmHUK JUIMHON N M TepeMeliaeTcs B OJHOPOJAHOM MarHUTHOM moiie ¢ mHayknuei 0,2 TA.

JIBroKeHrEe TIPOBOJIHUKA MPOUCXOIUT CO CKOpocThio 10 M/c mox yriiom 45° K MarHUTHBIM CHJIOBBIM

nuHUAM. HaliquTe 31¢ MHIYKIMY, BOSHUKAIOUIYIO B IPOBOHUKE.

9. Kakoii MarHMTHbBII TIOTOK MPOHU3BIBAET KOHTYp, €CIM IMpPH PABHOMEPHOM HCYE3HOBEHHUH

MarHuTHOTO TOJIS B TEUEHHUE N C B KaTYIIIKE HHAYLHUpYyeTcs 3¢, paBHas 0,02 B?

10. Kakoii MarHuTHBINA MOTOK MPOHU3BIBAET IJIOCKYIO MOBEPXHOCTD IIOIMIAALI0 3 CM2 MPHU MHIYKIUU

noiist 0,24 TA, eciiu HopMalib, K TOBEPXHOCTHU PACIIONIOKEHA 01 yIiIoM 60° K BEKTOPY MHIYKIIUH.

11. Omnpenenure MHAYKTHBHOCTh KAaTYIIKH, €CIIM NIPH YBEIMYCHUH TOKa B Hed Ha 2,2 A 3a 50-10-2c

MOSIBIISIETCA CPEAHSS AC CAMOUHIYKIIMH, paBHas 1,1 B.

12. B mpoBomHuke anmuHON 0,5 M, ABMXKYIIEMCS €O CKOPOCThIO 3,0 M/C MEepHeHIUuKYISIPHO CHIIOBBIX

JUHUI OJHOPOJHOTO MAarHUTHOro mojs, BosHukaer JJIC 6,0-10-2 B. Omnpenenure HHIYKIUIO

MarHMTHOTO TOJIS.

13. Onpenenute MarHUTHBINA MOTOK, MPOXOMALIMNA Yepe3 MPSMOYTOJIbHYIO IJIOMIAJKY CO CTOPOHAMHU

20x40 cMm, ecnu OHa MOMENIEHA B OJHOPOJHOEC MAarHUTHOE MnoJje ¢ uaaykuueit 5,0-10-2 TA nox yriom

60° K TMHUAM UHAYKLIUHU TOJIS.

14. Ompepenute D/IC unaykuuu, Bo30yxaaemMyro B KOHType, eciau B HeM 3a 0,01 ¢ MarHUTHBIN MOTOK

paBHOMepHO ymeHbImaercs 0,5 1o 0,4 BO, uro6sr B KoHTYpe Bo3Oyxnanack DJIC uamyknuu 3,8 B.

15. Ompepenute MpOMEXYTOK BPEMEHH, B T€YCHHE KOTOPOrO MAarHUTHBIA MOTOK, MPOHHU3BIBAIOIIUN

KOHTYp, AobkeH yBenuuutbest ot 0,01 no 0,20 BO, utoObl B KOHTYpe Bo30yx)aanack DC nHIYKIMHN n

B.

16. Onpenenure D/IC WHIyKIMM Ha KOHIAX KPBUIbEB CaMOJeTa, MMEIONMX JUIMHY 12 M, ecnn

CKOPOCTh €ro MpH TOpPU3OHTAIbHOM mosiere 250 Mm/c, a BepTHKaIbHAas COCTABISIONIAs MarHUTHOM

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

17. B opHOpogHOM MarHWTHOM moJie moA yrioM 30° K HampaBlICHHIO BEKTOpAa MHAYKLWHU, BETUYHHA

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

MEePIEHAUKYISIPEH NPpOBOAHUKY. Onpeaenure IIuHy IPOBOJHUKA, eciid B HeM HaBoautcea D/1C, paBHas

2,5-10-2 B.

18. Tpakrop obmero HazHaueHuss K-700 wuper co ckopocthio 28 kM/4. Ompezpenute pazHOCTb

MOTEHIIMAJIOB Ha KOHIIAX MEepeIHEed OCH, €CIM JJUHA €€ OKOJOo 2,6M, BepTHKalbHas COCTaBJISAIOLIast

MarauTHOTo mojs 3emiau 5,0- 10° TA.

19. Yemy pana D/IC caMOWHIYKIIMH, BO3HUKAIOMIAS B KATyIIKe C WHAYKTUBHOCTHIO 2,0-10-2 T, B

KOTOpOU TOK cuioi 7,5-10-2 A ucuezaer 3an c?

20. MarnuTHOE ToJie KaT ymku ¢ mHaykTHBHOCTRIO 0,1 T oOmamaer sueprueir 0,8 [[x. Uemy paBHa

CHJIa TOKa B KaTylke?

21. TIpoBomouHasi mpsMOyToJibHasE pamka co cropoHamu 20 m 30 cM pacroyio’keHa B OJHOPOTHOM

MarHMTHOM I0JI€ U NEPHEHIUKYJSPHA CUIOBBIM JIMHUAM. Ompenennte MHAYKLIUIO 3TOrO IOJs, €CIIU

pu ero ucyesHoseHu 3a 1,2-10-2 ¢ B pamke HaBoguTcs cpeanss 9J(C 3,5 mB.

22. YeMy paBHAa MHAYKTUBHOCTb KaTYILIKH, €CIU MpoTeKaroumidi mo Heil Tok cuioit 0,15 A co3maer

MOTOK MarHUTHOM uHAyKuu 7,5-10-3 B6?

23. Yemy paBHa HHAYKTUBHOCTb IPOBOJHHKA, B KOTOPOM IPHU BO3pacTaHUM Toka oT 1,5 1o 1,8 Azanc

Bo30Oyxmaercs DIC camonnaykiuu 0,9 B?

24. 3a KakoW MPOMEXKYTOK BPEMEHHU B KOHTYpe MHAYKTHUBHOCTHIO 2,0:-10-5 I' nmpu n3MeHeHHH TOKa Ha

0,5 A Bosamkaet J/[C camounnykuuu 10 B?

25. Ompenenute MHAYKTUBHOCTh KaTYIIKH, eclii mpu Toke 3,0 A MarHuTHOEe mojie B Heil obmamaer

sHepruen 6,0-10-2 JIx

26. DnexTpuyeckas 1enb coOpaHa MO cxeme, MpeJcTaBlIeHHONH Ha pucyHKe. CONpOTHUBIIEHHE ydacTKa
Leny 1 paBHO CONPOTHUBIICHUIO ydacTKa 1enu 2. CpaBHUTE TOKH, KOTOPBIE ITOKAXKYT aMIepMeTphl A
u A, cpa3y 1ociie 3aMbIKaHus KIIto4a.

72



Pa3gen 5 Kosie0anus ¥ BOJHBI

IIpakTuyeckoe 3ansaTre Ne23. Mexanudeckue K0JIeOAHUSA U UX XaPAKTEPUCTUKHU

Heas padoTsi: chopMHUPOBATH MOHUMAaHUE PO (PU3UKH B (POPMUPOBAHUH KPYro30pa BiiaJieHUE
OCHOBOIIOJIArAIOIUMH (PU3NIECKUMH MOHSATHAMH, 3aKOHOMEPHOCTSMH, 3aKOHAMHU ¥ TEOPHIMH;, YMEHHUS
BBITIOJIHSTH PAaCUETHBIC M TpauyecKue 3a/1a9u

MarepuajibHoe o0ecrnieyeHue:
WHJUBUIyaJIbHOE 33JlaHHU€, KOHCIIEKT JICKIIMi, CIpaBOYHbIE MaTEpPHalIbl, pa3AaTOYHbIN MaTepuan

C 3aIaHUSIMU,

Yka3anue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX 4YacTeld — TeopeTHdeckod u mpaktuueckou. Ilocme
U3Y4YEHHUs TEOPETUUYECKOT0 MaTepHallia MO>KHO IPUCTYNATh K BBINOJIHEHHUIO MpakTUYecKoil yactu. OHa
COCTOHT U3 JBYX W OoJiee 3a7ay JJIsl CaMOCTOSITEIHHOTO BBIMONHEHUS. He 3a0biBaiiTe 0 MpaBUILHOM
O(l)OpMJ'IeHI/II/I pGIHCHI/IfL Ha BBIITOJIHCHUC HpaKTI/I‘-IGCKOFO 3alaHuA OTBOAUTCA ABA aKaAEMHUUYCCKHUX Haca.

3apanmue:

IHopsaok BbINOJIHEHUS PA0OTHI:

=

[Tepen pemenneM 3aau pazodpaTh KpaTKUE TEOPETUIECKUE CBEICHUS
[IpoBecTu aHaMM3 BEMTUYHH, BXOIAIINX B (DOPMYIIBL.
3. PemmTs 3amauu ¢ mpuMeHEHHEM (OPMYJT MATEMATHYECKOTO MasATHUKA, MPYKUHHOTO MasiTHUKA, HX
CMEIIIEHHUS U YpaBHEHUS TAPMOHUYECKOT0 KoJiebaHusl. (caMocTosITenbHas paboTa).
Kparkue Teopernueckue cBegeHU
MexaHn4eCKHE KOoIcOaHus
MexaHuueckoe KoJie0aHue -
NBIDKEHHE Tela (TOYKH) IO  KaKOW-THu00
MPOTUBOIIOJI0KHBIX HAIIPABIEHUSIX.
Mexannueckas KojiedaTejbHasi CHCTEMA
MIPOUCXOIAT MEXAaHNYECKUE KOTIeOaHwHsI.
IMosi0:)keHne yCTOHYHUBOrO0 PaBHOBECHSI — IIOJOKEHHE, PAaBHOYIAJIEHHOE OT KpaWHUX TOYEK
TPaeKTOPHH.
IlosiHOe KoJIe0aHue — OJTMH 3aKOHUYEHHBIN ITUKI KOJIeOaHHH, MOCIe KOTOPOTO TEI0 BO3BPAIAETCS
B MCXOJHOE COCTOSIHHE.
Bospamaromasi (BHyTpeHHsis1) cuia (Fyosp) — CHIIA, CTPEMSIAsCS BEPHYTh TEIO B IOJIOKEHUE
YCTOWYMBOTO PABHOBECHSI.
CoOcTBeHHBbIE KOJIe0aHUsI — KOJIeOaHUs, COBEpIIaeMbIe TEIOM TOJ JCHCTBHEM OJHON TOIBKO
BO3BPAIAONICH CUJIBI.
CBoOoHble KoJeOaHUsi — KoJeOaHUs, COBEpIIAEMbIE TEJIOM IO/ JCHCTBHEM JBYX CHIL
BO3BpAIIAIOIIEH U COMPOTUBIICHUS CPEBI.

no

MEePUOINYECKH HOBTOpSIOLIEECs
TPaeKTOpUHU I00YEPETHO B

(MKC) — cucrema Tten, B KOTOpPOi
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BbiHy:KIeHHBbIEe KoJIe0aHMs — Koie0aHMs, COBEpLIaeMble TEJIOM IOJ JEHCTBHEM BHEIIHEH

BBIHYKJIAIOIIECH CUIIBI.

Ynpyrue kojed6aHusi — KojeOaHUs, TPU KOTOPHIX BO3BPAIIAIONICH CHIIOW SIBISETCS CHIIA

YIPYTOCTH.

MaremaTu4yecknili MasATHHK — KoyieOaTelnpHas CUCTEMa, COCTOSINAs U3 MaTEepUAIbHOM TOYKH,
MOJIBEIICHHON HA HEBECOMOM HEPACTSX)KUMOUN HUTH, U 3EMJIH.
@u3nyeckuii MAITHUK — KoJieOaTebHAs CUCTEMA, COCTOSINAS U3 Tela, KOJICOIIOMIEerocss BOKPYT
HEIIOIBM>KHOM OCH, M 3eMIIH.
Ilepuoouueckoe — xonebaHue, MPU KOTOPOM Bce (DM3MUECKHUE BEIMYMHBI MOBTOPSIOTCS 4Yepe3
paBHBIE TPOMEKYTKHA BPEMECHH.

Tabnuna 1
Ennuuna
XapakTepucTuKa O6o3Hauenue, hopmyna Onpenenenue
U3MEpEHUS
[Tepuon 27 C JnUTearHOCTh OJTHOTO MOJTHOTO
@ KoseOaHus
YacroTta 1 n Cclr Uwucio konebanuii T B €AUHUILY
V=—=— = H
T t BpeMenu t
[uknnyeckas yactoTa oy 2T pao Yucno konebaHuii 3a 21 €TUHUIL
w=2rv=—7 —
(kpyroBas) T c BpEMEHU
Cwmenienue () [TonoxxeHre TOUKU B JTH0O0M
X M
MOMEHT BpeMeHH 1o OY
AMiunryna MakcumanbHOE OTKIIOHEHUE
A M MaTepuaibHOU TOYKU OT
MOJIOKEHUSI PABHOBECHUS
daza t MrHoBEHHOE COCTOsIHUE
Q=—=uot+p, pan N
T MarepuanbHoi Touku mo OX
HauanbHas ¢a3za ¢o pan Casur ¢a3el B MOMEHT BpemeHu t=0

I'apmonuueckue — ipocteiine KonebaHus, IpU KOTOPBIX U3MEHEHHE COCTOSTHUS KOJIeOroencs

BCJIMYHHBI IPOUCXOOUT IO 3aKOHY CHUHYCA UJIM KOCUHYCA.

‘X:Asi n(mt+(po)‘

X=Asinot=Asing — Toa4KoM

X=Acos®ot=AC0S(p — OTTSITHBaHHEM

X(t) = A sinwt

X(p) = A sing

L=A®COSOL, Vmax = A®

a=-Aw25in0)t; amaXIsz
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2

2

P2 k 2
coxpanenus sueprun E=E,+E,

7% \F
= 7:14 —_
m m

A=XmaxM

Tabmuua 2

MareMaTHu4ecKuil MasiTHUK [Ipy>XMHHBIN MAaITHUK

_ L F=ma m
T—ZH\E T:2n1/—; F=-kx
k yup

YprFaH cpeaa — cpcaa, Mpu MEXaHUYCCKOM BO3,H€I>'ICTBI/IH Ha KOTOPYIO BO3HUKACT CUJIa YIIPYT'OCTH.

Mexanuyeckasi BOJIHA — paclpoCTpaHEHUE KoJieOaHuil B ypyrou cpee.

Jly4 — nuHus, BAOJIb KOTOPOH paclpoCTpaHIETCs BOJIHA.

IMonepeuynasi BOJIHA — BOJIHA, B KOTOPOH KOJI€OaHHS YaCTHUI] CPEJIbI TPOUCXOIAT MONEPEK JIyda.
IIpogoabHas BoJIHA — BOJTHA, B KOTOPOI KOJeOaHMsI YAaCTHII CPEMIbI MPOUCXOAAT BIOJb JIy4a.

U0l Ilpooonvnuwvie nonepeunuvle
- ========H'}FT{= f_h_'l.
h A, RS
IHepzus Boanwl nepenocam snepzuro, Ho ne
nepeHoCcam 8eulecmeo cpeovl
Yenosus B cpenax, rae Bo3HUKaeT B cpenax, rae
6o3nuxknosenus | Fy,, nipu nepopmanyn BO3HHKAET Fypp
colcamus npu nedopMaluu
cosuza
Cpeoa B tBepabIX, KUIKUX, B tBepabix, Ha
ra3000pa3HbIX MMOBEPXHOCTHU
KUJKUX TEJ, Ha
TpaHUIle pa3jena
JBYX Cpel C
pa3IMYHON
IJIOTHOCTBIO
Ilpumep 3BYKOBBIE* BOJHBI Bonnsbl Ha mHype,
Ha MOBEPXHOCTH
BOJIBI
Ckopocmb Y = AV pacnpocTpaHsIOTCS ¢ KOHEYHOH

CKOPOCTBI0, Pa3JIMYHOM B Pa3HbIX Cpelax
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/nuna eonnwl PaccTosiHue Ha KOTOpO€E cMelaeTcs BOJIHA 32
nepuos

I= 9T
Vv

3eyKoevle 601HbL
3ByKoBasi BOJIHA (3BYK) — BOJTHA, BBI3BIBAIONIAS Y YETIOBEKA CIIYXOBBIC OIIYIIICHUS.
HNudpa3Byk — MexaHUUECKHE BOJIHBI ¢ YaCTOTOM HUXkE 16 I'l; yabTpa3Byk — Bbiie 20000 I'm.
Ckopocts 3ByKa B Bosayxe mpu 0°C — 332 m/c, mpu 20°C — 343 m/c; B Boge — 1483 m/c, B xeiese — 5850
Mm/c.

IIpumepsl pemenus 3aaa4

1. YpaBHeHnue rapmoHuueckux KosneOanuil Touku x=0,4cosmt. Halitu ammmuryny, nepuoa u
cMmenieHue Touku uepes 0,5 c.

Hano: M. T. «CH» Pemienue
x(t)=0,4cosnt x=Acosmt
t,1=0,5 ¢ x(t)=0,4cosnt
A=? T=? x(11)=? w2
v=? T ®

1
v=—
T

Brruncienusa: A=0,4 m; o=1;

T=2%_ ()

v=—=05Tn

NP g

1
X0.5) =04 -cost-~ = 0,4cosg -0

2 T'py3 maccoii 0,4 kxr coBepumiaer KosieOaHUS B TOPU3OHTAIBHOW IUIOCKOCTH Ha MPYXKHUHE
&KecTKocThio 250 H/M. ammuTyna KojebaHui rpy3a 15 cM. HalTH MOJHYIO MEXaHUYECKYIO SHEPTHIO
Kos1e0aHui 1 HauOOJBIIYIO0 CKOPOCTh ABMKEHUs. TpeHuem npeHedpedsb.

. 2 250-0,152
Hano: Ep:kA JE. =0 E == = 2,8/
IIPY’KWHHBIN L= 0,15@045- 25 =
MAasITHUK E=E,+E~E, '
M
=375~38%
C
m=0,4 xr , ) k
mo® =zkA"=>v=A|—
k=250 u/m m
A=0,15m
E=?, Umax=?

Pemmnrn 3agaun

(n - Homep sawezo 6apuanma no cnucky)

1. Hanumure ypaBHeHHe rapMOHUYECKHX KOJICOAHUH C aMIUTMTYIOW 5 CM 1 HadaibHOH Qa3zoit 45°,
ecnu B 1 MunyTy coBeprnaetcst 150 xonebanmid.
2. AMIUIMTYZ]a TapMOHUYECKHUX KojeOaHWi marepuanbHOMl Touku N cM, nepuoa 4 c. Haiinute

MaKCHMaJbHble CKOPOCTH M YCKOPEHHUE U HAMUIINTE YpaBHEHNE TApMOHUYECKUX KOIeOaHui.
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3. MareMaTHuecKuil MasTHUK JUIMHOW 56 cM 3a N MHHYT coBepuaeT 40 MoiHbBIX KojieOaHuil.
Omnpenenure nepuosa KosneOaHUH MasTHUKA M YCKOpEHHE CBOOOJHOrO MAaJECHUS B TOM MeCTe, IJie
HaXOJUTCSI MAATHUK.

4, MarepuanpHas Touyka Konebnercs ¢ yactotor v=10 kl'u. Onpexenure nepHoOa, YHUCIO
KoJe0aHUi B MUHYTY U IIUKIUYECKYIO YaCTOTY.
5. Omnpenenute TEpUOA, YacTOTy, [HMKIMYECKYI0  YacTOTY TapMOHHMYECKHMX  KOJIeOaHMA

MaTeMaTU4ECKOro MasiTHUKa AIuHOH 1 M, ecnu 9=9,81 M/c?. BO CKOJIBKO pa3 U KaKk HaJl0 U3MEHUThH JIIUHY
MasITHUKA, 4YTOOBI IEpHO/ KoJieOaHUi yBelIn4miIcs B 2 pasa.
6. AMIIUTY1a TAPMOHUYECKUX KOJIEOaHUI MaTeMaTHYECKOT0 MasiTHUKA JTUHON 50 MM, iepuon 4 c,

T o o
HavaibHas (aza — . Hamummmre ypaBHEHHE 3TOro KOJICOAHWS M HAWIUTE CMEIICHHE KOJICOFOIIeHCs
4

TOYKHU OT MOJI0KeHUs paBHOBecus ipu t =0 u t=1,5 c.

(T 7z .
7. VYpauenue touku x=0,02sIn| —t+— |. Haiinure nepuos, MakcUMalbHOE 3HAYEHHE CKOPOCTH U
2 4
YCKOpEHHUE.
8. Onpeznenure JUIMHY MaTeMaTUYECKOI0 MasiTHUKA, COBEPIIAIOLIETO OJHO MOJIHOE KojebaHue 3a 2

2
c, ecmn (=9,81 m/c”. Bo CKOJIBKO pa3 HYXHO HW3MEHHTH JJIMHY MAasTHHKA, YTOOBI YacTOTa €ro
KoseOaHuil yBenuuuiIach B 2 pasza?

9. VYpaBHeHue rapMoHuyeckoro kosebanus x=0,4sin5nt. Omnpepenure aMmIUIUTYAy, TMEPHOI,
cMemenue npu t=n c.

10.  Ompepenute >K€CTKOCTh MPY>KUHBI, YACTOTY, IIUKIMYECKYIO 4acTOTY, €clid Tesno maccoit 0,5 Kr,
MOJIBEIICHHOE K ATOM MPYKUHE, coBepiiaeT kojebanus ¢ nepuoaom 0,2 c.

11.  MarepuanpHasi TOYKa COBEpIIAeT rapMOHUYecKre konebanus ¢ ammuutyaoi 0,03 M u nepuogoM
0,2 c. CocraBbTe ypaBHEHHE Kosebanus 1 onpeaenure cmemenune npu t = 0,1 c.

12. [To nHYy cdepuyeckoil YalIku coBepiIaeT cBOOOIHbIE KoeOaHus 06e3 TpeHus: MaleHbKUN MIapUK.
Omnpenenurte nepuos KojaedaHus MapuKa, €Clid pajnyc KpUBU3HBI Yalllku 2,45 M.

13.  CocraBbTe ypaBHEHHE TapPMOHHUYECKUX KOJICOAHUI MaTeMaTHYeCKOTO MasiTHUKA JUIMHOU 2,45 M
u amruiatynoit 0,1 m.

14.  Teno coBepiaeT rapMOHHYECKHE KOIeOaHus 110 3akoHy X = 20sinmtt. OnpeenuTe CKOPOCTh Tesa
mput;=05cut,=4c.

15. VYckopeHue cBOOOJHOrO MajieHus Ha moBepxHocTh JIyHsl 1,6 M/c%. KaKOW JUIHHBI JOKEH OBITH
MaTeMaTHYeCKU MasiTHUK, 4YTOOBI ero nepuos konedanus Ha Jlyne 6b11 1 ¢?

16.  Iloctpoiite rpaduk rapMOHHYECKOro KojeOaHHs 4acTOTHI MO MapaMeTpaM: aMIUTUTYyAa 2 CM,
nepuon 0,4 ¢, HavanbHas ¢aza 0. 3anummTe ypaBHEHHE 3TOTO KOJIeOaHusI.

17.  Teno coBepiiaer KonebaHus 1o 3akoHy x = 60sSin2nt. Onpenenure ckopocTh Tena npu t1=1c u
t,= 2,5 C.

18. Teno maccoil N rpaMm MOJABEIIEHO HA IPYXKUHE, JKECTKOCTh KOTOPOU 2-10° n/m. Omnpenenure
4acTOTY, HEPUO/I, IUKINYECKYIO YACTOTY CBOOOHBIX KOJIeOaHUH 3TOTO Tela Ha MPYKHUHE.

19. MarepuanbpHas TOUKa COBEPIAET TAPMOHUYECKHUE KOJIEOAHUS C aMIUTUTYA0U 4 CM U TIEPUOIOM 2
c. Hanumure ypaBHeHHe ABMKEHHSI TOUKH, €CIIH €€ TBMKEHUE HAYMHACTCS U3 MOJIOKEHUS Xo = 2 CM.

20. KakoBa yacToTa 3BYKOBBIX KOJeOaHUN B cpelie, €Clid CKOPOCTh 3ByKa B 3Toil cpeae 500 m/c, a
muirHa BostHbl 2M? (OTBeT faiiTe B repuax.)

21.  Ha paccrosHuu N M oT HabmoaTens paboure BOMBAIOT CBau C MOMOIIbIO Kompa. KakoBo Bpems

MEXIy BUIUMBIM YIapoM MOJIOTa O CBal M 3BYKOM yJapa, yCJbIIaHHbIM HabOmogatenem? (OTBer
naiite B cekyHaax.) CkopocTb 3ByKa B Bo3ryxe 330m/c. OKpyriuTe OTBET C TOUHOCTBIO JI0 AECATHIX.

22, Cxopoctb 3ByKa B Boje 1,5 km/c. UeMmy paBHa AsiMHA 3BYKOBOM BOJIHBI, paclipOCTpaHSIONIEHCS B
BOJIe, pH yactoTe 3Byka 3 kl['i? (OTBeT gaiite B MeTpax.)

®opma npeacTaBiaeHusl pe3yJabTara:
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BreimoaHuTh 3aIaHUC B TCTpaau NI NPAKTUICCKUX pa60T.

Kputepuu onenkmu:
3a MpaBUIIHLHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TTOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BBICTABIIACTCS OTpULIaTeIbHas oieHka — 0 0aioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUILHBIX OTBETOB
Oyenka «xopouto» evicmagngemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbHoy svicmasisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 5.2 DileKTpOMarHuTHbIE K0JIe0aAHUSI M BOJIHBI

IpakTnyeckoe 3ansitue Ne24 Pemenne 3a1a4 Ha BUAbI CONIPOTUBJIEHUI B IeNAX
NepeMeHHOr0 TOKa.

Heanb: cdopmupoBaTe nNOHUMaHue ponnd GU3MKK B (GOPMHUPOBAHHMU  Kpyrozopa u
(YHKIMOHATBPHONH T'PaMOTHOCTH YEJOBEKA JUIS DPEUICHHs TNPAKTHYECKUX 3ajad; sl OOBSCHEHUs
yCIOBUH NMpOTEKaHUs (PU3MUYECKUX SIBICHUM, YMEHHs BBINOJHATh pacueTHbIC U rpaduyeckue 3aaaui,
U3Y4YUTh CBOOOJHBIE AJIEKTPOMAarHUTHbIE KoJeOaHUs B KOHTYpE, BHUJAbl CONPOTHUBIEHUS B LENU
IIEPEMEHHOI'0 TOKa, UX OTJIMYUSA U OCOOCHHOCTH.

MarepunanbHoe obecrnieyeHue:

UH/IMBUYaJIbHOE 3aJJaHUEe, KOHCIEKT JICKIUH, CIpaBOYHbIEC MAaTE€pUabI.

Ykazanue:

[IpakTHyeckoe 3aHATHE COCTOMT M3 JBYX 4acTed — TeopeTHuecKol M mpakrtuyeckoi. [locne
U3Y4YEHHUs TEOPETUYECKOr0 MaTepuajla MO>KHO IMPUCTYNAaTh K BBHINOJIHEHHUIO IpakTHuecKoil yactu. OHa
COCTOUT U3 JIBYX M Ooiiee 3ajau /sl CaMOCTOSATENIBHOTO BhINONHEHUs. He 3a0biBaiiTe 0 MpaBUIbLHOM
odopmiiennu pemeHus. Ha BbImogHEHNE MPaKTUYECKOro 3a/1aHUsl OTBOJUTCS JIBA aKaJIEMUYECKUX Yaca.

3aganue:

O3HaKOMBTECH C TEOPETUUECKUMU CBEIEHUSMHU UCIIOJB3YS CCBUIKY
https://znanium.com/catalog/product/1012153, §54.55, 56 BeinucaB GpopMysibl
OTMeYeHHbIe ckoOKamu , Hanpumep( 54.1)

Pemmre 3amaun, caMOCTOSTENBHO HCIOJIB3YS NPUMEPHI M KpPaTKUE TEOPETUYECKHE
CBEZICHHUS.

ITopsinok BbINOJHEHHS PadOTHI:

N3yunte n BeImumuTe GOpMyJsibl IO JAHHOW TeMe B BUJAE KPaTKOro KOHCIIEKTa
PazGepute npuMepsl pelIeHHbIX 3a/1a4

Pemnre caMocTOsITENHHO 3agauu

Bemomautes Tect https://znanium.com/catalog/product/1012153, crp 334 —
Ilepemenusniii Tok; ctp 336 Tpancdopmarop

el oA

Kpartkue Teopernueckue cBeJ1eHust

COHpOTI/IBHCHI/IH B [ICTIU IICPEMCHHOT'O TOKa

[Tpubopsr Pesucrop Karymky nnaykrusaocteio L Konpencarop emkoctsio C
compoTtuBieHuemM R
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Cxema

Cwnia Toka

Cnsur da3

Compotusiie
HUE

1. bopmyna

2. 3aBHCHUMOC
Th
COIIPOTHUBIICH
HI0 oT
4acToTa

3.
OIIpEIEIIEHUE

3akon Oma

R

— 1

U
O ~ 0

1(t) =1I,sinawt

9=0 Y,U usmenserca B Hampspkenue onepexaer TOk

OJIMHAKOBBIX (pazax, a 3.
JSHEPTUSA PACXOLUTHCSA HA
TEIUIOBOE IEUCTBUE TOKA

R= %0’ (1+ot)

0

ev

AKTHBHOE —
COIPOTHBIICHUE
noTpeduTens,
IpeoOpa3yIoIIero
MOJIBOJMMYIO K HEMY
SHEPTHIO B APYTrUe BUIBI
SHEPTUU

1 =9®

() = %sin(wt —%)

Ha ¢ :% =90°

XL:(D L

UHayKTUBHOE —
CONIPOTHUBJICHHUE,

00YCJIOBIICHHOE SIBIICHUEM
CaMOMHAYKIIMHN

1(t) = CUwsin(et + %)

Hanpsixenue orcraer ot

TOKa Ha ¢ :% =90°

EMKocTHOE
CONIPOTHUBJIICHHE,

00yCJIOBIICHHOE HAJIHMYHUEM

€MKOCTH B ILICIIN

— 1
[TostHOE COMPOTHBIIEHHE IETTH TIepeMeHHOro Toka: Z= VR? + (wlL — E)Z

3akon OMa 151 aMIUTMTYIHBIX 3HAYeHUH CHITBI TOKa lo 1 HanpsokeHust Uy B 1€y IEpeMeHHOr0 ToKa:

lo= Uo/\/ﬁ + (oL — ﬁ)z
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PeakTHBHOE — COIIPOTUBIICHHUE MOTPEOUTENS, HE MPeoOpa3yIIIEro MOABOJUMYIO K HEMY YHEPTHIO B

JIpYTUe BUIBI SHEpTHH (H-p pakeTa) X=X -X.=oL- ic X
(0]

X >X¢ — MHIYKTUBHBIN Xapakrep; X| =X, — pe30HaHC; X >X| — EMKOCTHBIN XapaKTep

JleiicTByI01Ilee 3HAYeHHMEe MOIIHOCTH INepeMeHHOro Toka (P) — BelWuYMHA, YHUCICHHO paBHAs
MOIITHOCTH TIOCTOSTHHOTO TOKa Ppocr, MPH YCIOBHH, YTO 00a TOKa 3a OJMHAKOBOE BpEMs, paBHOE
MEePHOJy TMEPEMEHHOro TOKa 7, Ha PaBHBIX PE3UCTOpax R BBIACIAT paBHBIC KOJIMYECTBA TEIUIOTHI Q.

IR I,U, U .
p=-0"="020_20| JleHCTBYIONIEE 3HAYEHHWE MOIIHOCTH IEPEMEHHOr0 TOKa YacTO Ha3bIBAIOT

2 2 2R
AKTHBHOI MOIIHOCTHIO.

IIpumepsl pemenus 3agaq

1. Karymka nanyktuBHocTbiO 0,1 I'H M akTUBHBIM conportuBieHueM 25 OM BKIIIOYEHA B CETh
IPOMBIIIICHHOI'O MEPEMEHHOr0 TOKa CO CTaHAapTHOM dacToToi. OmpenenuTe TOK B KaTyILIKe, €CIH
HanpsbkeHue Ha ee BBogax 120 B.

Jano: =Y. X =+/252 + (4-3,14 -50-0,1) 2 =

KaTylIKa x :i/w _ = /6251986 = /1611 = 40,1 Om

L=0,1 T'n =R+ @ = || 2120 .
=JR? + @r)? 401

R=25 Om

v=50T1

U=120B

1 ,=?

g

2. Ha KonXO03HYIO0 MOACTAHLIMIO IMOCTyMaeT TOK HampsbkeHueM 6600 B. mepBuunas oOMoOTKa
TpaHcpopmartopa mnoactanuuu wumeer 3300, a Bropuunas 110 BurtkoB. Omnpenenute pabouee
HaIpsDKEHUE B KOJIXO3HOM JIEKTPOCETH M MOTPEOJIIEMYIO MOIITHOCTh cuia Toka B cetu 200 A morepsmu
SHEPTUH B TpaHchopmaTope mpeHeOpeyb.

3. Karymka uanyktuBHocTsio 0,1 I'H 1 akTUBHBIM conpoTuBieHHEM 25 OM BKJIIOYEHA B CETh
MIPOMBIIIJIEHHOTO MEPEMEHHOI0 TOKa CO CTaHAapTHOM udacToToil. OmpenenuTe TOK B KaTyILIKe, €CIU
HanpspkeHue Ha ee BBogax 120 B.

Hano: xatyuika L x=a257 +(4-3,14-50-0,1}) =
L=0,1 T x ) .

_ [ - = 4 B25+0EE = 1611 = L1
R*ZSOM X:.JR +}{| — b a-r WA A
v=50 It — . 120 1y
U=120B VR el | = 40,1
|y=’_) | =R +1’2'.ILI.'|._IIJ 4

Pemmutnb 3axaun

(n - Homep sawezo éapuanma no cnucky)
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1. Cuna Toka B mepBUYHOM oOMoTKe TpaHcopmaropa 0,2 A, HampspkeHue Ha kiemmax 220 B.
Ompenenure HaNpspDKEHWE W CUITYy TOKA BO BTOPUYHOM 0OMOTKE TpaHchopmaropa, eciu KodphUIUeHT
tpancpopmanuu 0,2.

2. [Tepuunass oomoTka Tpancopmaropa comepxut 800 BuTkoB, BropuuHas 3200. Omnpenenure
KO3 GHUIHUEHT TpaHCcHOpMAIHH.

3. Cuia ToKka B CeTH M3MEHsieTcs 1o 3akoHy | = 8,5 Sin @ t. Kakoe KoiaM4ecTBO TEIUIOTHI BBIICIUT
ANIEKTPOKAMUH 3a 2 "aca padoThl, eciiu ero conpotusieHue 80 Om?

4, Cwita Toka B mepBUYHOM 00MOTKe TpaHcopmaropa 0,6 A, HanpspkeHue Ha ee kKoHmax 220 B; Bo
BTOpUYHOI 06MOTKe 6 A U 14 B. Onpenenute KITJI Tpancdopmaropa.

5. B nepBuyHOI 00MOTKe moBBIMAtomero Tpancdopmaropa 80 BUTKOB, a BO Bropu4HOou 1280.

Hanpsoxenue Ha KoHIIax nepBu4HOi oOMoTku 120 B, a BennumnHa ToKa Bo BTopruHON 06MoTKe 0,25 A.
Omnpenenurte MoJe3HYI0 MOIHOCTH TpaHcopmaropa.

6. JUis TpaHCIAUMU paauonepenad MPUMEHSIOT MOHMKAIIIUN TpaHchopMaTop ¢ HampsHKCHHEM
480 B g0 30 B. Onpenenure mourHocts Tpanchopmatopa ¢ KIIJ 96%, ecnu k Hemy noaxmoueno 100
penpoIyKTopoB, notpedstomux Tok 0,008 A.

7. Omnpenenute yroja MoBOpOTa BUTKA B OJHOPOJHOM MAarHUTHOM IIOJIe, 3HAs, YTO MaKCUMAalbHOE
3Havyenue Toka 1002 A, a Tok B gaHHbIi MomeHT 100 A.

8. Omnpenenure korhdunmeHT TpaHchopMauu 3BOHKOBOTO TpaHcPopMaTopa, MUTAEMOT0 CETEBBIM
TOKOM ¢ HamnpspkeHreM 220 B, ecii mpeoOpa3zoBaHHBIN TOK HMeeT HanpsokeHne 2 B.

0. [lepBuunas oOMOTKa MOBBIIIANOIIEro TpaHchopmaropa umeeT 45 BHUTKOB, a BTopuuHas 900
BUTKOB. llepBuyHas kaTylika BKJIIOYAETCS B CETh NEPEMEHHOTo Toka ¢ HampsbkeHueM 120 B. Kakoe
HampsbKeHUe OyAeT Ha 3a)KuMaxX BTOPUYHOM 0OMOTKHU?

10. DneKkTpuyeckas ayra A0 KHA ropeTh moja HanpstkeHueM N B, a B cetn 220 B. Cxoibko BUTKOB
JOJDKHA COJepKaTh BTOpUYHAash OOMOTKa, €ClM B IMEPBUYHONM OOMOTKE, BKIIIOUEHHOW B ceTh, 385
BUTKOB?

®opma nmpeacTaBJieHus pe3yJbTarTa:
BremoaHNUTE 3aIaHUC B TCTpaau AJId NPAKTHICCKUX pa60T.

Kpurtepuu onenku:
3a IpaBHIBLHO BBITIOIHEHHOE 33/I1aHUE BBICTABIISETCS TTOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HEeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BBICTABIISIETCS OTPUIIATEIbHAS onleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumenshoy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 5.2 Dy1eKTpOMarHuTHbIC K0JIe0AHUSI M BOJTHBI

IIpakTHyeckoe 3anaTHe Ne 25 Pemenue 3aga4 o reme «J1eKTPOMAarHUTHBIE KOJ1e0aHUsA
U BOJIHBD»

Heab: copmupoBaTts mNOHMMaHME poiu (U3MKK B  (QOPMHPOBAHMHM Kpyrosopa U
(GYHKIMOHATIBHOM TPaMOTHOCTH YeJIOBEKa Ui PELIeHMsS MPAKTUYeCKUX 3a]ad; yMEHHUS BBIIOJIHSATDH
pacueTHble U rpaduueckue 3aJay, U3y4YuTh CBOOOHBIE AJIEKTPOMArHUTHBIE KOJEOaHUS B KOHTYpE,
BUJIbI CONPOTHUBIICHHS B LIEMH EPEMEHHOT0 TOKa, UX OTJINYUSA U OCOOEHHOCTH.

MarepuanbHoe o0ecnieyeHme:

WHAVBHUAYAJILHOE 3a1aHUE, KOHCIIEKT JIEKIIMH, CITPAaBOYHBIE MaTEPUAJIbI.

Yka3anmue:
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IIpakTrueckoe 3aHATHE COCTOMT U3 JBYX 4YacTe — TeOpeTHYecKorM M mpaxktudeckoi. llocie
U3Y4YEHHs TEOPETUYECKOr0 MaTepHalla MOKHO IIPUCTYNATh K BBIMOJHEHHUIO IPAKTHYECKON 4yactu. OHa
COCTOUT U3 JIBYX M OoJiee 3a1ad JJsl CaMOCTOSTEIBHOTO BBIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
oopmienun pemienus. Ha BolosHEHNE NPAKTUYECKOTO 3alaHUs OTBOJUTCS JBA aKaJEMHUECKUX Yaca.

3aganmue:

O3HaKOMBTECh C TEOPETUICCKUMH CBEJICHUSMHU UCIIOIbB3Ys CCHUIKY
https://znanium.com/catalog/product/1012153, §57 Bbinucas hOpMYJIbl OTMEYEHHBIE
ckoOkamu , HanpuMep( 57.1) u T.1.

Pemmre 3amaun, caMOCTOSTEIBHO HCIOJB3Ys MPUMEPbl W KPATKHE TEOPETHUYCCKHUE
CBEJICHMUSL.

Iopsinok BbINOJIHEHHSI PAa0OTHI:

Onpenenenue

IIpomecc

YciaoBue
BO3HUKHOBEHUSA

KosieOaHuii

[Ipumep

3aKOHBI

T=2zJ/L-C —

dbopmyna Tomcona

1
2z LC

VOZ

W3yuuTe 1 BeIMUmMTE GOPMYIIBI IO JAHHON TeME B BIJI€ KPATKOTO KOHCIIEKTa
Paz6epure npumMepsl perieHHBIX 3a/1a4

Pemnre caMocTOSITENHHO 3a1a4u

Bemomuautes  tect  https://znanium.com/catalog/product/1012153,
<<3JI€KTDOMaFHI/ITHI)I€ BOJIHBI))

el el =

ctp 337

JJIeKTPOMArHUTHBIE KOJIeOaAHNs

Hesaryxaromue konebaHus, BOSHHMKAIOIIME MOJ JCWCTBUEM BHEIIHEH
nepuoanuecku n3menstomercs IC e=goCosmt

Hpouecc, Ipu KOTOPOM DJJICKTPOMAIrHUTHOC IIOJIC IICPUOANYCCKHU

U3MEHSETCS 10 BpEMEHU
ITocnenoBarenbHOE COEIUHEHUE:

1) KoHJIeHCaTOpa, HAKAIUIMBAIOLIETO YHEPTUIO AIEKTPUUECKOT0 TOJI;
2) KaTyIIKN HaKaIUIMBAOIEH SHEPIHI0 MAarHUTHOTO MOJIS;

3) BO3HMKHOBEHHME CBOOOJHBIX KOJIEOAaHHW B KOHTYpe OOYCIIOBJICHO
SABJICHUEM CAMOHWHIAYKIIUH

DneKTpuUecKas Ielb, COCTOSIMIAs W3 KOHACHCATOpa W KaTYIIKH, B
KOTOPOUW JHEPrHsi 3JEKTPUYECKOTO IIOJIS TPEBPAIIaeTCs B JHEPTHUIO
MarHUTHOTO TIOJISI U 0OpaTHO

=

i

R—Q

1. Boinyxnennsie konebGanus. Kimrou B «I»

3apsHKaeTCs
KOHJICHCATOP.
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2. CobOctBennble koneOanus. Kiou «2» anekTpuueckoe Tmole o
MarHuTHOE ToJje. YacTh SHEPrHH TPATUTCS Ha HAarpeB mpoBoaoB R—Q
KOJIeOaHHUs 3aTyXarollue.

HJ’ISI MMOAACPIKAaHUS HE3aTyXarolIux KoJIEOaHMH MEPEBOAUM KIIHOY «1»,
3aTeM B «2». BI)IHY)KIIGHHBIG — HE3aTyXarouiue KoJIeOaHUs

DHeprust [IpeoOpazoBanue SHEPTUU ICKTPUUECKOTO MOJISI B SHEPTUIO MAarHUTHOTO
OJIE U HA00OPOT MO rapMOHUYECKOMY 3aKOHY E, «>E,

Rip=0 - N

coocTBeHHbIc DMK —— . 1‘2‘4

E,=E.; vo=const

cur _ue
2 2
CU*=LP
JIEKTPOMATrHUTHbIE BOJTHbBI
Onexmpomaenumnas 6oana (OMB) — pacnpocTpaHeHHE 3JEKTPOMAarHUTHOTO  MOJIS

MPOCTPAHCTBE C TEYCHUEM BPEMEHH.

. cAt
paccrosinue ot paguonokanuonnoit cranuuu (PJIC) no obwekra: AS = 7 ,

OMB (B 3aBUCUMOCTH OT JUITMHBI BOJIHBI A) A€JAT Ha TUANa30HbL:

1) anmunnbie A > 1000 Mm; 3) xopotkue 10 <A <100 m;

2) cpeaaue 100 < A <1000 m; 4) ynpTpakopoTtkue A < 10 m.

CKOpOCTB BOJIHBI B CPEAC 3aBUCHUT OT JSJICKTPUUYCCKUX U MAarHUTHBIX CBOICTB Cp€abl:
c _c. ¢

9 =—= — = 4/& =n>1- onTUyeckas INIOTHOCTE CPENbI
Veu n’on H pea

9
JyimHa BoytHBI A=9*T = — B CpeJie; Uii BaKyyma Ap=c*T = s

c A
A== 270; c- cKopocmp 2Mé 6 6aKyymy unu 6 6030yxe- 3*108mu/c

IIpuMepsl peleHus 3aaa4
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1. Cuna TOKa B ceTH M3MEHsieTcsl 1o 3akoHy 1=4,2 sinwt. Kakoe KOJUYeCTBO TEIUIOTHI BBIICIUT

3NEeKTpoKaMuH 3a 1 4 paboThl, eciu ero conpotusienue 70 Om?

JlaHo: Q=I° Rt Im=4,2A

AJIEKTPOKAMUH i=lsinot 1,=0,707-4,2=3A

. . a2 3.9 2108 Muee
1=4,2 sinmt Iy:I—m:OJO? 1 Q=3°.70-3,6-10°~2,3-10° Txx

J2

t=3,6-10° ¢ =2,3 MJIx

R=70 Om

Q=7

2 B ycraHoBKax ISl 3JEKTPOTHIPABIMYECKON 00pabOTKH MaTepuaioB KOHJAEHCATOPBI paboyero

KOHTYpa ABJSIOTCA CEMKOCTHBIMHU HAKOIMWTCISAMU  SHCPIUH. OHpe,Z[CJII/ITC HaI/I6OJ'II>I_Hy1-O Cuity
KpaTKOBPECMCHHOI'O TOKAa, BO3HHMKAIOLICIO B LCIIK IIPH HpHMOﬁ paspAaaAKEe TAaKOro KOHIACHCATOpPA Ha

IIPOBOJHMK, €CIM M3BECTHO, YTO 3aHECEHHas 3Heprus B KouaeHcarope 10 k/[X, MHIYKTHUBHOCTH

koHTypa 0,03 Mk['H.

JIaHO: K — KOHTYp E,=Ey 2.10%
max =5 =066 10+
E=10" JIx U 3.10
-08-10% =8.10%A
L=310°Tn Lo
> 2
U
I _ 2E3.'1
max L
Imax =7

Pemmnrn 3agaun

(N - Homep awezo sapuanma no cnucky)

1.

2.

Bynyt nu HacTpoeHsI B pe30HaHC KOHTYPHI TIepeaTiiKa U MPUEMHNKA, eciii ux napametpsl C; = 200
I[P, Ly =2 M, C, =100 [1dD; Ly =4 mI'u?

KonebaTenbHbIit KOHTYp COCTOUT U3 KOHJEHCATOpa eMKOCThI0 SMK®D M KaTyIIKU WHIAYKTUBHOCTHIO
0,2 I'n. Onpenennre MakCUMalbHYIO CHIIy TOKa B KOHAEHCATOpE, €CIM MaKCHMalbHas pa3HOCTb
MOTEHITMAIOB Ha 00KIaaKax koHaeHcaTopa 90 B. [Torepsmu Ha HarpeBaHue MPOBOOB MPEHEOPEYb.
O/1C mHAOyKuMM, BO3HMKAIOIIAs B paMKe INpU BpallleHUU €€ B OJHOPOJHOM MAarHUTHOM IIOJIE,
U3MeHseTCs 1o 3akoHy e = 12 sin100 nt. Onpenenure aMIUIMTYIHOE W JEHCTBYIOIIEE 3HAYCHHE
S/1C, nepuon, yactoTy, MrHOBeHHOE 3HaueHue JJIC npu t =n c.

MarsHuTHbII MOTOK B paMKe, PaBHOMEPHO BpPAILAOIIMICA B OJHOPOAHOM MAarHUTHOM IIOJE,
U3MeHsieTcs 1o 3akoHy @ = 3 - 10 cos157t. HaiiguTe 3aBHCHMOCTH MIHOBEHHOTO 3HaueHns DJIC
MHIYKIIMHM, BO3HUKAWOIIEH B paMmke, oT BpeMeHH. OmnpeaenuTe MakCUMallbHOE M JIEHCTBYIOIEE
3Hauenue JJIC, nepuoa 1 4acToTy TOKA.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

B pamke, paBHOMEpHO BpalaroUIeiicss B OJHOPOAHOM MAarHUTHOM IIOJI€, MHAYLHUPYETCS TOK,
MIHOBEHHOE 3HAY€HHE KOTOPOTO BBIPAXKAETCs POpMYJII0it

I = 3 sinl57t. OnpenenuTte aMIUTUTYIHOE, NEHCTBYIONIEE 3HAYCHHUE TOKA, MTHOBEHHOE 3HAYCHUE
Toka npu 0,N ¢, mepuoa u 4acTory.

Onpenenute MakCUMaIbHOE U AEUCTBYIOIIEE 3HaUeHne nepeMmeHHoi J/IC, BO3HUKAIOLIENW B paMKe Ipu
¢e PABHOMEPHOM BPALICHHH B OHOPOXHOM MArHHTHOM IIOJIE, €CIIH U YIIIe [IOBOPOTA paMKH Ha 45°
MrHoBeHHoe 3HadeHune JJIC 156 B.

Onpenenute MakcuManbhyto JJ1C, 3Has1, 4To npu 30° OC unaaykuuu 110 B.

B koneGareqbHOM KOHTYpe € MHAYKTUBHOCTBIO N MI'H MakCHMalbHOE HaNpspKEHHE HAa OOMOTKAx
koHneHcatopa 200 B. ompenemute mnepuon koseOaHWd CBOOOJHBIX IJIEKTPOHOB B KOHTYpE, €CIH
MaKcUMaslbHas cuiia Toka B KoHType 0,2 A.

Onpenenure cuily TOKa B KoyieOaTeIbHOM KOHTYpE B MOMEHT MOJHOW pa3psiiKd KOHAEHCaTopa,
€CJIM DHEPIrusi MArHUTHOTO TOJIS1 KaTYILIKU 4,8-10'3 JIx, a unyktuBHOCTD 0,24 T'H.

Onpenennre HEPTUIO IEKTPUUECKOTO IMOJISI KOHAEHCATOpa eMKOCThI0 N MK®D, eciu HanpspKeHUe
Ha ero obkiazakax 400 B.

Omnpenenure mepuoa M 4acTOTy COOCTBEHHBIX SJIEKTPOMArHUTHBIX KOJIEOAHWM KOHTYpa, €CIH €ro
UHIYKTUBHOCTDH | MI'H, a emkocTs 100 HO.

Omnpenenure cuily TOKa B KoyeOaTelbHOM KOHTYpPE B MOMEHT MOJHOW pa3psAKd KOHAEHCaTopa,
€CJIM PHEPrUsl MarHUTHOTO 1oJig Karymku N Mk, a unayktuBHocTs 0,12 ['H.

WNunyktuBHocTh KojiebaTenbHOro koutypa 500 mMk['H, kKakyro eMKOCTh cienyeT BhIOpaTh, YTOOBI
HAcCTpOUTh €ro Ha yactoTy 1 mI'?

B ycraHoBkax Jyisi 1€KTpOrHIpaBIMUYecKoil 00pabOTKU MaTepualioB KOHIEHCATOp pabovero KOHTypa
SIBJISIETCS EMKOCTHBIM HakonureseM sHepruu. Onpenenure HaubobIIyI0 CUITy KPaTKOBPEMEHHOTO TOKA,
BO3HMKAIOLLIETO B LEMHU MPH NPSIMOM Pa3psi/Ike TAaKOro KOHIEHCATOpa Ha MPOBOJHUK, €CIIM U3BECTHO, YTO
3anaceHHas Heprus B kongeHcarope 10 kJ[x, naayktuBHOCTh KOHTYpa 0,03 MKI H.

KonebaTenbHbIit KOHTYpP COCTOUT U3 KOHAEHCATOpa eMKOCThIO 3 MK®D M KaTyIIKH UHAYKTUBHOCTHIO
2102 I'n. Onpenennure COOCTBEHHYIO YaCTOTY 3JE€KTPOMAarHUTHBIX KOJIeOaHUM B KOHTYpE.

B karymke MHAYKTUBHOCTBIO N 102 T COBEpIIAIOTCS 3JIEKTPOMAarHUTHbBIE KOJEOaHUs C MEPUOJIOM
10%¢. Ornpenennure eMKOCTh CUCTEMBI.

KoneOarenbHblii KOHTYp COCTOMT W3 KOHJeHcaTopa eMmkocTtbio 0,601 Mx® u KaTymku ¢
uHAyKTHBHOCTEI0 10 TH. Omnpemennrte TEpHOI, YaCTOTY COOGCTBEHHBIX JIEKTPOMATHHTHBIX
KoJIeOaHUM KOHTYpa.

Konnencatop eMKOCTBIO 3.10° Mk, 3apsDKEHHBIA 10 HEKOTOPOTO NOTEHLMANIA, pa3psuKacTcsl, 3aTeM
3apspKaeTcsl uepe3 KaTyliky ¢ MHIyKTUBHOCTHIO 1,8 MKI'H. Onpenenute nepuoj konedanuid. [Touemy
Ka)X710€ Mocieayoliee KojedaHue 1aeT Ha 0OMOTKax KOH/IEHCAaTOpa MEHBIIIYIO Pa3HOCTh MOTEHIHAIOB,
4yeM npebiayiiee?

Omnpenenure mepuoa M 4acTOTy COOCTBEHHBIX KojieOaHMH B KOHType mpu eMKocTd 2,2 MKD u
nHayktuBHOCTH 0,65 MI'H.

Bbruuciute 4acToTy COOCTBEHHBIX KojieOaHWl B KOHType ¢ compotuBieHueM 0 Owm, eciu
WHJIYKTUBHOCTh B 3TOM KOHType 12 mI'H, a emkocte 0, 88 Mx®. Kak wn3meHuTcs wyactora
KoJIeOaHUH, ecIIH MOCIIeI0BaTeNbHO BKIIOUNTh B KOHTYD €I1e N TaKuX ke KoHaeHcaropa?

UeMy paBeH Iepuo]i COOCTBEHHBIX KOJIeOaHHU B KOHTYpE ¢ MHAYKTUBHOCTBIO 2,5 MI'H 1 eMKkocThio 1,5
MKD? Kak usmeHHTCs iepro]] KoneOaHuii, eciy napajuielibHO K KOHAEHCATOpy MPUCOEANHHUTH emle 3
TaKHX K€ KOHJeHcaTopa?

Pe3onanc B kone0aTenbHOM KOHTYpe HactymaeT npu yactote 4,2 kl'u. Onpenenure MHIYKTUBHOCTD
KaTYyILKH, €CIIM eMKOCTh KOHJIeHcaTopa 2,2 MKD.

B Kkone6aTenbHOM KOHTYpe ¢ HHAyKTHBHOCTRIO 04 T'H m emxocteio 2:10° @ ammmurymmoe
3HayeHue Toka 0,1 A. Kakum Oyner HampspkeHHe B KOHJIEHCATOpe B TOT MOMEHT, KOTJa SHEpPruu
ANEKTPUYECKOTO M MAarHUTHOro mojeil Oynyt oauHakoBbl? KoneOaHUS KOHTypa CUMTATh
HE3aTyXaloLUMHU.

OnpenenuTsb JIMHY BOJHBI, €CTU ee azoBast ckopocTh 1500m/c, a wacTtoTa konebanuii N I'1r.
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26. Kakoii myTh npoiiier ¢aza BomHOBOTO ABKeHus 3a 0,02¢, ecnu yactorta xonedanuiit 2MI', a mimHa
BOJIHBI 150M.

27. OnpenenuTh 9acTOTY M3JIYYCHHS YJIBTPA3BYKOBOTO I'€HEPATOpa, €CIU MOCHUIAEMBI UM HMITYJIBC,
coaepsxaruii 100 BosH, mpoaoxkaercs N. ¢

28. OnpenenuTs ATUHY BOJIHBI YIBTPa3BYKOBOTO I'eHEpaTOpa B aTIOMUHUU, €CIIM YacTOTa YIbTPa3ByKa
3MI', a CKOPOCTh B ATIOMUHUHT 5,1”‘103 Mm/c.

29. Pamuonepenatauk padoraet Ha yactore 6 MI'm. Ckoibko BOJTH HaxoauTcs Ha paccrosHuM 100xm
10 HAIMPaBJICHUIO PACIIPOCTPAHEHUS paguocuryana’?

Tema 5.2 DyleKTPOMarHuTHbIe KOJe0AHUS U BOJIHbBI

IIpakTnueckoe 3ansaTue Ne 26 Pemenne 3anauy Ha temy ®opmyJibl Tpancgopmaropa

Leas padoTsi: chOpMHUPOBATH TIOHUMAHUE PO (PU3UKU B (OPMHUPOBAHUHU KPYro30opa BIIAJICHUE
OCHOBOIIOJIAral0IUMU (PU3UYECKUMHU MTOHATUSAME, 3aKOHOMEPHOCTSIMH, 3aKOHAMH U TEOPHSMMU;, YMEHHUS
BBINOJIHATE pacyeTHbIE U rpaduuecKue 3a1a4u

MarepuainbHoe o0ecreyeHMe: TETpagb Uil INPAKTHUECKUX paboT, pydyka, METOAMYECKHUE
PEKOMEHIALINH TI0 BBIIOJTHEHUIO PA0OTHI, JINHEHKA, KapaH aIll.

Yxka3anme: [IpakTuueckas pabota COCTOUT U3 ABYX YacTed — TEOPETUYECKOM M MPAKTUYECKOU.
[Tocne n3ydeHus: TEOPETUUECKOro MaTepualia MOKHO IPUCTYNATh K BHIIIOJHEHUIO IPAKTUYECKOMN YacTH.
Ona coctouT W3 AByX W Oojee 3ajgad Jajsl CaMOCTOSTENLHOTO BhIMONHEHHs. He 3a0biBaiite o
IPaBUIBHOM O(GOpMIIEHHH pelleHus. Ha BbINOJIHEHHE MPAKTUYECKOH OTBOAMTCS JIBa aKaJIEMHUECKUX
yaca. [Topsok BeinonHeHus paboTh

ITopsinok BbINOJHEHHS PadOTHI:

=

[epen pemenunemM 3agad pa3odpaTh KpaTKHE TEOPETUICCKHUE CBEICHUS

[IpoBecTu aHaM3 BENTUYHH, BXOIAIINX B (DOPMYIIBI.

3. Pemmrp 3amaum ¢ mpumeHeHueM (opMyn KoieOaHWKH B CETH TEPEMEHHOTO TOKa, BHUIOB
COMPOTUBIIEHUS B IENH TEPEMEHHOr0 TOKa, (Gopmya TpaHCHOPMATOPOB Pa3IUYHOTO BHIA
(camocTrosTenpHas padboTa).

no

Kparkue Teopernueckue cBeIeHHSs
Kparkue TeopeTnueckue cBeeHHs

TpanchopmaTop
BHIBI HOBBIIAIOIINHN MMOHIDKAIOIINHN

Omnpenenenue Tpancdopmarop, y | Tpanchopmarop, y
KOTOpOTO YHCIIO | KOTOPOTO YHCIIO
BUTKOB BO | BUTKOB BO
BTOPUYHOM OOMOTKE | BTOpPUYHOU OOMOTKE
Oomplle, 4yeM B | MEHbIIE, YeM B
MIEPBUYHON MIEPBUYHON

Pucynox
Koaddurment n<l n>1
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Tpanchopmauu G_E_ @ u I, s,
82 a)z Uz Il Sl
Knﬂ 77"7 ﬂH('([J(}]Hm(} a = & ‘100% ~ 99%
TpaHncpopmaropa pancpopnmopt = p

IIpumepsl pemenus 3aga4:

1. Ha KOIXO03HYIO MOACTAHIIMIO TOCTYyHaeT TOK HampspkeHueM 6600 B. mepBuuyHas oOMOTKa

Tpancpopmaropa mnonactanuumu umeer 3300, a Bropuunas 110 ButkoB. Omnpenenure pabouee

HaNpPsDKEHUE B KOJIXO3HOU AJIEKTPOCETH U MOTPEOIIIEMYI0 MOIITHOCTh CHita ToKa B ceTh 200 A motepsMu
JHEPTUU B TpaHCHOpMaTOpe MpeHeOpeUb.

Hano:
Tparcdopmarop

U;=6600 B
®1=3300 B
®2=110

1,=200 A

Uz, Pzz?

o _ Uy
0, U
U, = U, -0,
0]
P=U,I,

_ 6600 -110

U2
3300

=220 B

P,=220-220=44-10°B1=44xBT

2. Cuna ToKa B nepBUYHOM 00MOTKe TpaHcopmaropa 0,5 A, HanpsbkeHHe Ha ee KoHIax 220 B,

BO BTOPUYHOI 00MOTKe cooTBeTcTBeHHO 8 A 1 12 B. Onpenenure KII1/] tpanchopmaropa.

Jano:
Tpancopmaropa

11=0,5 A
|2:8 A
U;=220 B

U2:12 B

n

n=?

2%_100%: 7 :%-100% — 87%
Ul -100%
Ulll

Pemmnrn 3agaun

(n - Homep sawezo 6apuanma no cnucky)

1. Cwua Toka B mepBUYHOIl 0OMOTKe TpaHchopmaropa 0,2 A, HanpsbkeHue Ha kiemmax 220 B.
Omnpenenure HampspDKEHHE W CHJIY TOKa BO BTOPUYHOM OOMOTKe TpaHcdopmaropa, eciu
kod(purment tpanchopmanuu 0,2.
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2. IlepBuunast oOMoTka Tpanchopmaropa cogepxut 800 ButkoB, BropuuHas 3200. Omnpenenure
kod(purmeHT TpanchopmaIu.

3. Cua TOKa B CeTH M3MeHsieTcs 1Mo 3akoHy 1 = 8,5 sin ® t. Kakoe KoaMuecTBO TEIUIOTHI BBIICITHT
AJIEKTPOKAMUH 3a 2 yaca paboThl, eciiu ero conpoTtusienue 80 Om?

4. Cuna ToKa B mepBUYHOM 00MOTKe TpaHcopmaTopa 0,6 A, HanpspkeHue Ha ee kKoHmax 220 B; Bo
BTOpu4HOI 00MOTKe 6 A 1 14 B. Onpenenute KII/] Tpancdopmaropa.

5. B mnepBuuHOii 00MOTKe MOBBIIaroOIEro Tpancpopmaropa 80 BUTKOB, a Bo BropuuHoil 1280.
Hamnpspkenue Ha koHIax nepBuyHOM oOMoTku 120 B, a BenmvrHa TOKa BO BTOPUYHON OOMOTKE
0,25 A. Onpenenure MOIE3HYIO MOITHOCTh TpaHchopmaropa.

6. Jns TpaHcusmuM paguonepenady MpUMEHSIOT MOHIKAIOMUK TpaHchopMaTop ¢ HampsbKeHHEM
480 B nmo 30 B. Ompenenure MomHOCTh TpaHchopmaropa ¢ KIIJI 96%, ecnu k Hemy
noakoueHo 100 pernpoaykropos, nmoTpedstomux Tok 0,008 A.

7. B mepBuuyHON OOMOTKE MOBBIMIAIOIIETO TpaHcpopmaropa N BUTKOB, Bo BropuuHoil — 2000
BUTKOB. Kakoe HampspkeHHe Ha 3a)XUMaX BTOPUYHOW OOMOTKM MOMKHO TOJYYHTh, €CIIH
BKJIIOYHTH TpaHCPOPMATOpP B ceTh ¢ HanpspkerueM 110 B?

8. IlepBuunas obmoTka TpancdopmaTtopa coaepxut 800 BuTkoB, BTopuuHas 3200. Onpenenure
Kod(uUnmeHT TpanchopMaIum.

9. Karymka WHAYKTUBHOCTHIO N ['H, akTHBHBIM compoTuBieHueM 25 OM BKJIIOYEHA B CETh
IIPOMBIIIJIEHHOT'O NEPEMEHHOIO TOKA CO CTaHAAPTHOW yacToToil. Omnpenennure TOK B KaTyIIKE,
€CJIu HanpspbkeHue Ha ee BBogax 120 B.

Tema 5.3

Ontuka IlpakTtuyeckoe 3ansitue Ne 28 Pemenne 3aga4 Ha TeMy 3aKOHBI OTPaKeHUS U
NpeJIOMJICHHS CBeTa.

Hens: chopmupoBaTh MOHMMaHUE POJIU (QU3MKKU B (POPMUPOBAHHUU KPYrozopa M (yHKIIMOHAIbHOU
IPaMOTHOCTH Y€JIOBEKa JUISl PELICHUs NMPAaKTUYECKUX 3a/lad, U3YYUTh 3aKOHBI PACIPOCTPAHEHHUS CBETA.
Xon nydeil. 3aKOHbI OTPAXKEHUS U TIPETIOMIICHUS ¥ IPUMEHSTh UX IPU PEIICHUN

MarepuaibHoe o0ecrnedyeHMe: TETpagb Ui TNPaKTHUYECKUX paboT, pydyka, METOAMYECKHUE
PEKOMEH/Ialli 1O BBIIOJHEHUIO pabOThI, TMHEIKa, KapaH/Jalll.

Yka3zanue: [Ipaktuueckas paboTa cOCTOMT M3 ABYX YacTe — TEOPETHUYECKOW M MPAKTHUYECKOH.
[Tocne n3ydeHus TEOpETUIECKOTO MaTepraia MOKHO IIPUCTYIATh K BBIIOJHEHHUIO IPAKTUYECKON YACTH.
Ona coctouT M3 AByX M Oojee 3ajgad JUIsl CaMOCTOSITENILHOrO BhIONHEHHs. He 3al0biBaiite o
MpaBWIbHOM opopMieHUH pelieHus. Ha BbIMonHEeHHe NMpakTUYECKON OTBOJUTCS JBa aKaJeMHUUYECKUX
qaca. [Tops10k BBIIOIHEHUS pabOThI

IHopsaok BbINOJIHEHUS PA0OTHI:
1. PaccMoTpuTe TeopeTHMUECKHIl MaTepuan MO TeMe W MpUMEpPbl pelleHus 3aaad (CMOoTpH
METOAMYECKOE ITOCOOHE).
2. Pemmre camocrosTensHyI0 padoty. OdopmuTe pereHne MICbMEHHO B TETPaIH.
Xox padoTsl

1. Teopus.
3aKOHBI TEOMETPUIECKON OTITUKHU

|.  3axkon npamonunetinoco  pacnpocmpanenus — ceema. ceem 8 OOHOPOOHOU  cpeoe
DPacnpocmpansAemcs npAMOIUHEUHO.

JIyu — nuHUs, BIOJIb KOTOPOM pacipoCTpaHsIeTCs CBETOBAs SHEPTUsl.
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ﬂoxas’ameﬂbcmeo:

1) oOpa3zoBaHue TEHEW U MOIYTEHEH OT MPEAMETOB,;
2) TMOIJIOIIEHHE CBETA HEMTPO3PAYHBIMU IIPEIMETAMH.
Usgos0 = 3:10° M/e=c; U, o = 2,25:10° M/C; Uy emenre = 2:10° M/,

Il. 3akon nezasucumocmu ceemoguix yuell: 1yuu npu nepeceyeHul He 803Myuwarom opye opyeaa.

1. 3axon ompasicenusn ceema.

Veon nadenus () (ompadsicenusi y)— yroi, 00pa3oBaHHbIH nadarowum (Ompaxcennvim)

o |V
JY4OM U TEPIIEHANKYISPOM, BOCCTAHOBJICHHBIM K TIOBEPXHOCTH B TOUKE MaICHHA JTyda
(puc. 12).
Puc. 12. Nagatowuii u 1. Iaoarowuii u ompasicenHwil 1yyu aexcam 6 0OHOU NIOCKOCMU ¢ NEPREHOUKVIAPOM,

B60CCMAHOGICHHbIM 8 MOYKe NAOEHUS Jyua.
OTPaKEHHbIW Ny4n.

2. Yeon nadenus pasen yeny ompasxicenust (= 7).

Cneocmeue: « Obpamumocms ayuetiy: Ecnn nafaromuii 1yd MyCTUTH 110 HANIPABIEHHIO OTPAKEHHOTO, TO
HOBBII OTpa>XCHHBIN JTy4 MOKWJET MO HAIIPABICHUIO IaJaroIIETo0.

Tabmuua 12
OTpaxeHue
3epkaibpHOE Huddysaoe
2! 1![ 2![ 2! 1([
I
3epranvroe — oTpaxkeHHe NpU KOTOpoM | ugdysrnoe OTpaXXeHue, mpHu
OTpPaKEHHbIE Jy4uH OCTAIOTCSl | KOTOPOM B OTPKEHHBIX JIydaX HeET
napajuieJIbHbIMU Hopsiyika (MaToBasi IOBEPXHOCTH)
I\, 3axou nperomnenus ceema.
a
N\ BO3yX
) N //CTeKno HpeﬂOMﬂeHue ceema — HU3MCHCHHC HaIIpaBJIICHUA Jiyda CBETa IIpU
v PN 7 nepexoJic U3 OJHON cpenbl B Apyrywo. Yeon npenomnenus () — yron
BO34yX
\‘37\& MCKAY MPCIOMIICHHBIM JIYHYOM H IMNECPICHAUKYIAPOM, BOCCTAHOBJICHHBIM

N3 TOYKHU NMaACHUA JIyda K 'paHUuIE ABYX CPEI.
Puc. 13. NpenomneHune cBeTOBOrO /yya.

1) nyuu, nadarowuii u nperOMAEHHbIU, Aexcam 8 OO0HOU NIOCKOCMU C NEPREeHOUKVISIPOM,
80CCMAHOBNIEHHBIM U3 MOYKU NAOEHUsL IY4d K NOBEPXHOCIU PA30ela 08YX Cpeo;
2) ommuowenue SIN yena nadenus k SIN yena npenomienusi Ofis OAHHBIX Cped eCcmb GelUdUHA

NOCMOAHRHAA, u  Hasvleaemcs  ONHOCUMENIbHbIM  noxKasamenem  npeiomMierus 6m0p0ﬁ cpedbz
OMHOCUMETIbHO nepeoﬁ.
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sina n, v,
sinp n

Cneocmsue.: «Obpamumocms ayyetiy: Ecau nafaromuyi Jiyd HalpaBUTh MO MyTH MPETOMIIEHHOTO,
TO TPEJIOMJICHHBIN JTy4 UAET 10 MyTH MaJaI0IETO.

Ilonnoe enympenne ompadcenue — SBICHUE, IPU KOTOPOM CBETOBOE H3JIyYEHHE IOJIHOCTBIO
OTpa’kaeTcs OT MOBEPXHOCTH paszfiesia Mpo3pavHbIX cpe (puc. 14).

npeaenbHbIi 1) npu T (o B T,
L B 2) B = 90° — CKONB3UT MO TPAHHMIIE pa3jieia JABYX CPEIl — NpedeibHblil
5 BO3A4YX yeor,
cas o 3) T o, B >90° = B — MONHOCTHIO OTPAXKAETCS O 3AKOHY OTPAXKEHHS.
; P s B Va

BHYTpeHHee

Puc. 14. NonHoe BHYTpeHHee
oTpa)keHue. Saaaqn AJIA CAMOCTOATEJIBHOI'O PCIICHUSA

. JIyd cBera magaer Ha IOBEPXHOCTH BOABI 1O YIJIaMHU 40°. Tlox Kakum YIJIOM JOJDKEH YIacTh
JIy4 Ha MOBEPXHOCTh CTEKJIA, YTOOBI YTOJI IPETOMIIEHHUS OKa3aJICs TAKUM ke?

2. Jlyum cBeTa majar0T Ha MOBEPXHOCTH pasfelia BOABI U Bo3ayxa mox yriiom 50°. Haliaure yron
npenomiienus jyueil. [lokazatens npesnominenus Boas! 1,33. EcTb 11 nosHoe BHyTpeHHEe oTpaskeHue?

3. Haiipure npenenbHbIN yroi najieHus iydya Ha TpaHuIly pa3ziesia CTeKJIa U BOJBI.

4. CeTOoBBIE BOJIHBI B HEKOTOpPOM XUAKOCTH uMeroT anuHy 600 Hm u wacrory 5-10% I'o.
Onpenenure abCONIOTHBIN NTOKA3aTENb IPETOMIICHUS KHUIKOCTH.

5. Omnpenenure aOCOMIOTHBIN MOKa3aTellb MPEIOMIIEHUSI U CKOPOCTb PACHpPOCTPAHEHHUsI CBETA B
CIIFOJIe, €CITU TIPH yTJIe MajieHus cBeTa 54° yroi npenomieHus 30°.

6. B anmase cBeT pacnpocTpaHseTcs CO CKOPOCThIO 1,22:10° m/c. Onpenenure NpeesbHbIN yroi
MIOJIHOTO BHYTPEHHETO OTPaKEHUS CBETA B ajMa3e IpHU MEpPEeXo/ie CBETOBOIO MyUKa U3 ajaMa3a B BO3IYX.

7. CBeTOBOM MYyYOK MEPEXOJUT U3 BO3JyXa B BOAY. YToia majeHus 76°, yron npeiomienus 47°.
Omnpenennure CKOPOCTh CBETA B BOJIE.

8. Yron mamaHus igyda CBETa HA IOBEPXHOCTH MOCOIHEYHOIO Macia 60°, a yroJl MPEeTOMIIEHUS
36°. Haiitu mokasarellb IpeIOMIICHHS MACa.

9. ®OTOH BbUIETAET U3 BOABI B BO3AYX. BbuleTHT 11 ()OTOH M3 BOJBI B BO3YX, €CIIM OH MaJaeT Ha
TpaHUIly pa3jelia Boabl ¥ Bo3ayxa o yriioM 50°? Tlouemy?

10. JIyd cBeTa mepexoauT co CTeKIa «JIETKUuil KpoH» n=1,57 B BoAy. YTOJI MaJeHUs yBEINUUBAOT.
KaxoB npenenpHbIif yroJ MoJIHOro BHYTPEHHETO OTPaXEHUS?

11. Beruncnaure npeaenbHblil yroia NOJHOTO BHYTPEHHETO OTPa)KEHHUS JUIS ajiMa3a Ha TPAHUILE C
BOJIOH, 3Has1, YTO a0COJIOTHBIN MTOKa3aTel b MpeioMiIeHus ainmasa 2,417, a Boasr 1,333.

12. OmpenenuTe OTHOCUTENBHBIN IOKa3aTelb MPEIOMIICHUS, eciu yron mnagenus 30°, a
npenomiieHus 20°.

13. JIyun comHEUHOTro CBeTa MajaloT Ha MOBEPXHOCTh BOJBI 1oj yriaoM 74°. Ilog kakuM, yriom K
TOPU30HTY BOJ10J1a3, OIYCTUBLINIICS B BOY, OYJET BUAETH COJHIE?

14. Omnpenenure nokasarenb MPEIOMIEHHSI BELIECTBA, €CIM NPEAEIbHBIA Yrojl IOJHOTO
oTpaxkeHus 42°.

15. JIy4 cBera majer Ha IJIOCKOMApaIENIbHYIO CTEKISIHHYIO MJIacTUHKY moj yriom 60°. Kakoa
TOJIIIMHA TJIACTUHKY d, €CJIM MPHU BBIXOJIE U3 Hee JTyd cMecTuics Ha 20 Mm?

16. JIyu cBera majiaeT Ha MJIOCKYIO CTEKJISTHHYIO IUIACTUHKY ToinmuHoH  d =3 cM noj yriom 70°.
Onpenenure cMenieHue JTy4ya BHYTpH MmacTuHkH. [lokazarens npemomienus crekia 1,5.
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17. Yron mageHus cBETOBOrO IydKa, MAYIIETO M3 CTEKJIA C MOKa3aTeJIeM IPEIOMIIEHUS CTEKIa
1,67 B Bomy c mokazateneMm mpenomieHus 1,33, paBen 60°. Ha kakoil yros OTKIOHSETCS CBETOBOM
My4OK Ha TPaHHULIE, TO XK€ MPH yrie najaeHus 53°7

18. MoHOXpoMaTHYeCKHil Jyd MagaeT HOPMajJbHO HA TpaHb MPHU3MBI, MOMEPEYHOE CEUYCHHE
KOTOPOU paBHOCTOPOHHUN TPEYroJbHUK: TTOKazarelpb npenomiienus 1,1. Onpenenure yroa OTKJIOHEHUS
Jy4a MpU BbIXO/E U3 MPU3MBI OT €T0 NEPBOHAYAIILHOTO HAPaBICHHUS.

IIpakTnueckoe 3ansaTue Ne 29 Pemienne 3ana4 Ha Temy @opmysia AndppakuuoHHOR
pelIeTKH.

Heasb: cdopmupoBats nOHUMaHue pond (UMK B (HOPMUPOBAHMU KpPYyrozopa u
(GYHKIIMOHATIBHOM TPaMOTHOCTH YeJOBEKa ISl PEUICHUS MPAaKTUYECKHX 3ajad, H3YYUTh 3aKOHBI
pacrpoCcTpaHeHHs CBETa, KaK BOJIHBI U IPUMEHSTh UX IIPU PELICHUU

MarepuajbHoe oOecrmedeHHe: TETpaab JUIA TNPAKTUYECKUX palboT, pydyka, METOIMYECKHE
PEKOMEHIALIMH TI0 BBIIOJTHEHUIO Pa0OTHI, JIMHEHKA, KapaH arll.

Yka3zanue: [IpakTuyeckas paboTa COCTOMT U3 JBYX 4YacTel — TEOPETUYECKON M MPAKTHYECKOM.
[Tocne n3ydeHus: TEOPETUIECKOTO MaTepralia MOYKHO MPUCTYNATh K BHIIOJHEHUIO TPAKTUYECKON YaCTH.
Ona coctouT M3 AByX M Oojee 3agau JUlsl CaMOCTOSATENbHOro BhIMoiHeHHs. He 3a0biBaiite o
NPaBUIHLHOM O(GOpPMIICHHH pelieHrs. Ha BBINOIHEHHE MPAKTUYECKONH OTBOIMTCS JIBAa aKaJIEMHUYECKUX
yaca. [lopsaok BeIogHEHUsS paboThI

Ilopsiiok BBINOJHEHUS PA0OTHI:

M3yuuth KpaTKue TeopeTHueckue cBeaenus  https://znanium.com/catalog/product/1012153,
BbINMCAaB hopMyisl ¢ maparpados 65, 66 . oTMeYeHHBIE CKOOKaMu, HarpumMep (66.1)

Pazo0patrhk mpuMepsI perieHus 3a1aq

OTtBetuTh Ha BOmpockl Tecta https://znanium.com/catalog/product/1012153, k §64,65,66.67.

IIpuMepsl peleHus 3aaa4
1 B Boge unreppepupyroT KOrepeHTHbIE BOJIHBI YaCTOTOM 5 * 10* T Vemmurest wnu ocmaGrer
CBET B TOUKE, €CIIM N'€OMETpUYECcKas pa3HOCTh X0/1a JIy4ell B Hel paBHa 1,8 Mkm? [lokaszarens
npesomiieHus Bojs! 1,33.

Hano:
2. KorepeHTH. ucr.
“ m_1-13.1.-5-|n‘-l:x-m‘"
v=5-10%Tq Ar=n-AS=2 m= oM -
ck
AS=18-10%m |=2¥ =7,98 ~ 8 — uerH. —
_ wmaAs
n=1233 T max yCUJICHUE CBETa
c=3-10%m/c
mo_0

2. Onpenennre 4 HaMMEHBUIME TOJIIMHBI IPO3PAYHOM IIJIEHKM C ONTUYECKOW IUIOTHOCTBIO 1,5,
YTOOBI MIPHU OCBEIICHWU UX MEPHEHIUKYISPHBIMH KPAaCHBIMH JydyaMH ¢ JUIMHOM BosiHbl 750 Hm oHu
ObUIM BUJIHBI B OTPA)KEHHOM CBETE KPACHBIMHU.
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AaHo: nieHka . 4dn 750 750
p=1:5 A 'm\ : d =——= = 125HMm
)= 750 Hy .ot 45k1 6
k=0123 EL i B d, =3-125 = 375 Has
dc., dl: d:z . 4:n d: = Sdg =625 Hu
d3 -7 d. = A d_l = 7d.c =875 HuM
" dn
A
d, L = i,
4n
d3= 5d.3
d;=7d,

3. Ceetoeasz pomHAa AmHHEOH 530 HM magaeTr nepneHIHKYIAPHO HA IPO2PATHVIO
IHOQPAaKUHOHHVIO pEINeTKY. NOCTOfHHAaA KoTopoH 1.8 M. OmnpegemHre yrox
IHOPAKIHE. I0J KOTOPEIM 00pasyeTcs max HaHOOIBIIETo IOPANKA.

Hao: ’mq’gm . k2 1.8-10° 1800
L=530-10"nm singp =—=<1 o T=——=34
d= 1:3.10-6 M d 530-10 530
- =_k.’max 1) k—A <Lk< i Ko =3
o= d A ; 3-330-107 s
3 singg =——— =088
o Ko S 1.8-107
2)singp =———
o =062°

3agauu 1019 CaMOCTOSITEILHOTO pelleHu s
KaxoBa onTudeckasi pa3HOCTb X0/1a IByX KOT€PEHTHBIX MOHOXPOMAaTHYECKUX BOJIH B BEILIECTBE C
MoKazaTesieM npeaomiieHus 1,6, eciiu reoMeTpuyeckasi pa3HOCTh X0/1a ayuei 2,5 cm?
Ha ToHKyro miieHKy ¢ moKa3aTesleM NpeaoMIIEHHS 1, 5 NMepHeHIUKYISIpHO €€ IOBEPXHOCTH
najaeT MapajyielbHbI IMYy4OK JKENATHIX Jydedl ¢ jumHod BonHbl 600 Hwm. Ilpm kaxoii
HauMEHbUIEH TOJIIMHE IJICHKH OHA B OTPAKEHHOM CBeTe OyJIeT Ka3aTbCs KeaTON?
JIBa KorepeHTHBIX Jy4a ¢ JiuHaMu BoiaH 404 HM nepecekaroTcst B OJJHOM TOUKe Ha dKpaHe. UTo
Oyzner HaOMIOAATBCA B STOW TOYKE — YCHJICHME WJIM OCJIa0JIeHHE CBETa, €ClIM ONTHYecKas
paszHocThb xona ayuei 17,17 mxm?
Bo ckosbko pa3 yBelIMUYHMTCS pacCTOSTHHE MEXKAY COCETHUMM UHTEPPEepEeHIIMOHHBIMU MOJI0CaMU
Ha ’KpaHe B onbliTe KOHra, ecnu 3ei1eHbli CBETOPUIBTP C JUIMHON BOJIHBI 25- 10 cM 3amMeHHT
KpPacCHBIM C JUTHHOW BOJIHBI 6,5 - 107° cm?
B HekoTopyro TOYKY NpPOCTPAaHCTBA MPUXOIAT JIBE KOTE€PEHTHBIE BOJHBI C T'€OMETPUUYECKOU
pa3HOCThIO X012 1,2 MKM, JuIMHa KOTOpbIX B BakyyMe 600 Hm. Onpenenure, 4To npon3oiieT B
ATOM TOYKE BCIEACTBUE HHTEphepeHIuu B Bo3ayxe, B Boae (1,33), B crekie (1,5).
PasHOCTh XOJa Jydell JBYX KOFEPEHTHBIX HCTOYHHKOB CBETa C JUIMHOHN BOmHBI 6-107 M,
CXOJAIIMXCST B HEKOTOPOM TOYKE, paBHA 1,5-10° M. Ycunenne wmm ocnabienue cBera Oyzer B
9TOU TOUKe?
Ecnu cnexTpbl TpeTbero M 4eTBepTOro mopsaka mnpu audpakiuuu O0enoro cBera, HOPMajabHO
Ma/1aI01IEero Ha TU(PPAKIMOHHYIO PELIETKY, YaCTUYHO MEePEKPHIBAIOTCS, TO HAa AJITUHY BOJIHBI 780
Hw™ cniekTpa TpeTbero nopsjika HakJaJAbIBae€TCs AJIMHA BOJHBI ... CIIEKTPa YETBEPTOTO MOPSAKA.
HudpakimonHnas pemierka umeer 50 mtpuxoB Ha MM. [ToJl KakuMu yriaMu BUAHBI Max NEPBOTO
1 BTOPOTO MOPSAJKOB MOHOXPOMATHYECKOTO U3ITydeHHUs ¢ JIMHOU BoJHBI 400 Hm?
Onpenenure ONTHYECKYIO pa3HOCTh Xoja BosH jiuuHOM 540 HM, npowmeammumx uepes
T (PaKIMOHHYIO PEMIETKY M 00pa30BaBIIMX Max BTOPOTO MOPSIKA.
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10. Onpenenute ONTHYECKYIO Pa3HOCTh X0Ja BOJIH, MPOIICAIINX Yepe3 NU(PAKIMOHHYIO PEIIETKY,
€CJIM MaKCUMAJIbHOE YCUJICHUE BOJH BUIHO O] yIiIoM 1 1°. MocrosHuas PEIIETKH 2 MKM.

11. ucdpaxumonnas pemerka ¢ nocrosuHor 0,004 MM ocBemIaercsi CBETOM € JIMHON BOJH 687
HMm. Ilom xakum yriom K pemieTke HYKHO NPOU3BOAUTH HAOIIOJEHMs, 4YTOOBI BUICTDH
n300pakeHue CIEKTpa BTOPOTO MOpsiIka’?

12. Onpenenute NOCTOSHHYIO AUGPAKIIMOHHON pEHIeTKH, €CIM MPU €€ OCBEUICHHH CBETOM C
JUIMHOM BOJH 656 HM criekTp BTOporo nopsiaka BUAEH 01 YIIIOM 15°,

13. Onpenenure AJIMHY BOJIHBI IS TUHUU B AUPPAKIIMOHHOM CIIEKTpe 3-T0 MOpsiiKa, COBNAAA0Ien

C JIMHUEH B CHEKTPE YETBEPTOIrO MOpsiiKa ¢ JIMHOM BoaHbI 490 HMm.

14. Kakoli HauOOJBIINUN MOPSIOK CIIEKTPa MOYKHO BUJETh B TU(MPAKIIMOHHON PEIIeTKE, HMEIOIIEH
500 mTpuxoB Ha 1 MM IIPU OCBEIICHUH €€ CBETOM ¢ JUTHHOM BosiHbl 720 H

Paznen 7 KBantoBas pusuka
Tema 7.1 KopnyckyJasipHO-BOJHOBOM Ayaau3M.

IpakTuyeckoe 3anaTue Ne3(. Pemenue 3agau no reme «3axonnl porodpgexra.
YpaBHenune JiiHIITEHHAY.

Hean padoTsi: chopMHUPOBATH MOHUMAaHUE PO (PU3UKH B (POPMUPOBAHUH KPYTro30pa BiiaJieHUE
OCHOBOIIOJIArAIOIUMH (PU3MYECKUMHU TOHSATHUAMH, 3aKOHOMEPHOCTSIMU, 3aKOHAMH U TEOPUSIMH; YMEHUS
BBITIOJIHAThH PAacUeTHBIC U TpaduyecKue 3a1auu

MatepuajibHoe o0ecnieyeHue:

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

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JIBYX 4acTe — TEOpeTHYeCcKOW M mpaktudeckoil. Ilocie
U3Y4YEHHs TEOPETUYECKOTO0 MaTepHalla MOKHO IIPUCTYNATh K BBIMOJHEHHUIO IPakTHYecKoW yacTu. OHa
COCTOMT U3 JBYX U Ooiiee 3a7ay JJIsl CaMOCTOSITENbHOIO BhIMONHEHHs. He 3a0biBaiiTe 0 mpaBUIBHOM
oopmienun pemienus. Ha BeImosHEHNE NPAaKTUYECKOTO 3a/1aHUs OTBOJUTCS JBa aKaJEMHUECKUX Yaca.

3ananne:

O3HaKOMBTECH C TEOPETUYECKUMH CBEIEHUSMU
Pemmre 3amaun, caMOCTOSTENBHO HCIOJB3YS NPUMEPHI U KpPaTKUE TEOPETUYECKHE
CBEZICHHUS.

ITopsinok BbINOJHEHHS PadOTHI:

N3yunte n BeImumuTe GopMyJsibl IO JAHHOW TeMe B BUAE KPAaTKOr0 KOHCIIEKTa
PazGepute npuMepsl pelIeHHbIX 3a/1a4

Pemnre caMocTOsITENHHO 3agauu

Bemomautes  tect  https://znanium.com/catalog/product/1012153, ctp 346
«Dorodddext. Dopmyna [lnankay

PonhE

Kpartkue TeopeTrnyeckue cBeleHUs1
DHeprus KaI0i MOPIUH MPSIMO MPOMOPIHOHATbHA YacToTe 3ayueHus — V. E=hv [Ix],
e h — nocrosianas [nanxka, h = 6,63-10°%* [[Ix-c].
[TornoTUTHCA MOXKET BCSI TOPLIUS LIETTUKOM.
Dueprust cBeta hv maer Ha coBepiieHHe pabOThI BbIxoga A; W Ha COOOIICHHE DJICKTPOHY
mo? mo® . mo? _

KUHETHUYECKOU dHEepruu — —— . hv=4,+ ; Ey.
2 2 2
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Jns kaxmoro BemectBa (GoTodddekT HaOmomaeTcs, €cld 4Yactota vV > Vgin = hv > A.

. o A
[IpenenbHy0 9acTOTY Viin WM Amax Ha3bIBAIOT KpacHOW TpaHunierd ¢portodddexra. vinin =—¢,rae A, —
h

pabota Beixoa 3nekrpona [Ix]. 1a3B = 1,6 10 e
®doTOH 00J1a]1a€T TOPUUEH SHEPTHH: E — % =hv,rae v—uyacrota [['1];
h — nocrosunas [lnanka, 6,63-10° [dx-c].

hv

CZ

8
Macca ¢orona onpeaensiercs: m= -~ , TJe ¢ — CKOpocTh cBeTa, ¢=3-10" m/c.
@DOTOH HE MMEET MacChl IMOKOs, T.€. HE CYIIECTBYET B COCTOSHHUHM TOKOs. Mmmynsc ¢oroHa
hv h
OIPECIISIETCSL: p=mC=—=z

IIpumenenune porodpdexra

CBoiicTBO (OTOTOKA 3aK/IIOYACTCA B TOM, YTO €ro CHJjia MPsIMO NPONOPLUOHATIbHA MOIJIOIEHHON
SHEPIUU CBETa, HAXOIWT NPUMEHEHHE B MpHOOpax-(hOTOdIEMEHTaX, B KOTOPBIX SHEpPrHs CBETa
YIIpaBJII€T SHEPrHeN JIEKTPUUECKOr0 TOKA WK peoOpa3yeTcs B Hee.

PazHooOpazHoe mpuUMEeHEHHEe HAaXOMUT BHYTpeHHUH ¢Gorodddekr B moTynmpoBOgHHKAX. ITO
SIBJICHUE UCIIOJIb3YETCA:

1) B poToCcOnpoTUBICHUSAX — IPUOOPAX, COMMPOTHBIICHHE KOTOPBIX 3aBUCUT OT OCBEIICHHOCTH;

2) B TIOJNYNPOBOIHHMKAaX — HpHOOpax, MpeoOpasyroliX CBETOBYK) JSHEPrHI0 B OJHEPrHIO
AJIEKTPUUYECKOTO TOKa. Takwe mnpuOOpsl CIyXKar HCTOYHHKaMU Toka. CyIIecTBYIOT —SIBIICHUS,
00BbsICHAEMbIE KBAaHTOBBIMU CBOMCTBAMH U3JTyUCHHUSL.

1. lasnenue ceema. IlepBbie onbIThl ObLTH Tpoaeiansl B 1900 1. pycckum pusukom JleGeneBbim
II.LH. Brruncnenns MakcBeiia 1okasajiy, 4To Ha 3eMJI€ COJHEYHBIN CBET JAaBUT Ha KBAJpaTHBIA METP
YEPHOU MTOBEPXHOCTHU, PACIIOIOKEHHON NEPIICHANKYIIAPHO JIy4aM ¢ CHIION 4,5-10° H.

2. Tennogoe oOeiicmseue ceema. Ilpu TOIJNOIMIEHUU U3ITYYEHUS TEJIOM BCErja MPOUCXOAUT
MpEBpALICHIE SHEPTUU U3TYUEHHs BO BHYTPEHHIOIO SHEPTHUIO Tea.

ConHeuHble JTy4d NPUHOCAT execeKyHIHO 1370 Jx oHeprum Ha KaXKAbl KBaJpaTHBIM METp
MONEPEYHOI0 CEYEHUS 3EMIIU.

3. Xumuueckoe Oeiicmeue ceéema. XUMHYECKHE IPOLECCHl, MPOUCXOJAIINE MOJ JeicTBUEM
U3JTy4EHUs, UMEIOT OO0JIbIIIOE 3HAUYEHUE B PUPOJIE, HAYKE U TEXHUKE:

— (¢oTocuHTE3;
— CHOCOOCTBYIOT BO3HHKHOBEHHIO 3pUTEIBHOIO OIIYIIEHUS Yy 4YeJlOBEeKa U
KUBOTHBIX U JAIOT BO3MOXHOCTb Pa3JINyaTh LIBETA;

— nonyuyeHue gororpadpuu.

XUMHUECKOE JAeWCTBUE U3ITyUYEHHs OU€Hb XOPOIIO OOBIICHIETCS] KBAHTOBOM T€OpHei cBeTa.

[Tornomuienrie pOTOHOB yBENNYMBAET SHEPTUIO MOJIEKYH [JIPOUCXOJIAT XUMUYECKUE MPOIIECCHI.

IIpuMmepsI pelieHus 3aaa4

1. OmpenenuTe MaKCHUMalbHYI) CKOPOCTHh BBIJIETa DSJEKTPOHOB M3 Kanusi, paboTa BBIXOA
AJIEKTPOHOB W3 KOTOpPOro paBHa 2,26 5B, mpu OCBEIIEHHH €ro yIbTpapuOJETOBBIM H3IYYEHHEM C
nHou BoaHb 200 HM. Macca anektpona 9,1 10% kr.

Hano:
A =200 am C1

0 PeweHwne:
A,=2,26 3B 200-10

N3 ypaBHEHUA DMHLWTENHA ANA BHELWHEro 94

doToaddeKra:

2
hop M [2eh—AL);
A i 2 imﬁ




m =9,1.10% kr  2,26-1,6-10™° [Tk

c=310%w/c

h=

6,62-10"%* ix-c

v—"?

e \/2(3-103 -6,62-10 % -2-107-2,26-1,6-10 %) _ \/(19,86 ~7,232)10%

-118.10° %
C

2.107.91-107* 91-1073%

OrtBerT: v = 1,18.106 m/c.

PemuThb 3a1a4i CaMOCTOSITEIbHO

(N - Homep saweco eapuanma no cnucky)

1.

© XN G

11.
12.
13.
14.

15.

16.

17.
18.

19.

20.

Pabora BeIxo/1a 37eKTPOHOB y okcuaa meau 5,15 3B. BeizoBer mu Gporoaddext ynprpaduoneToBoe
U3ITy4eHUE C YaCTOTOU 0,01~1017 I'u?

PabGora BbIXOJa 3JEKTpOHA C TIOBEPXHOCTH IIE3Us paBHA 1,610 k. C kaxoii CKOPOCTBIO
BBUIETAOT AJIEKTPOHBI U3 LIE3Us, €CIIM METAJIJI OCBEIIEH JKEIThIM CBETOM C JJIMHOM BOJIHBI 0,6-10°°
M; Me = 9,1-10'31 Kr?

Haiigure maccy u umiynbc GOTOHOB 11 UHMpaKpacHbIX (V= 10”1 1) ¥ PEHTI€HOBCKUX (v =10" ['11)
JIy4en.

Haligure nmuHy ¥ 9acToTy M3IydeHHs, Macca (D)OTOHOB KOTOPOTO paBHA Macce IMOKOS JJICKTPOHA
(Me =9,1:10° k).

KaxoB ummnynbc hoTOHA, SHEPTUs KOTOPOTO paBHA 6-10™%° ITx?

Onpenenure UMIyIbC POTOHOB PEHTTEHOBCKUX JTydel A = 410" m.

KakoBa macca oToHa, eciu ero sHeprusi papHa 2,76-10™%° JIx.

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) BOJITHAaM BUAMMOM YacTH CIEKTPA.

. Kakoi#t dacToTel cBeT CJICAYCT HaIpaBUTb Ha IMOBCPXHOCTH IIJIATHHBI, yTOoOBl MaKCHUMaJbHast

CKOpOCTh (hOTOIIEKTPOHOB OblIa paBHa N KM/C paboTOM BbIX0J1a JUIs IJIaTUHBI paBHA 6,3 3B?
[Touemy nosiBnenue Gpororpapuueckux CHUMKOB MPOU3BOAUTCS IIPU KPAaCHOM CBeTe?

MoxHo 51 ¢potorpadupoBaTh NpeIMETh B COBEPILICHHO TEMHOW KOMHATE?

Onpenenvte UMITYIILC (POTOHA BUAMMOTO CBETA € JTMHOM BOJIHBI S00 HM.

Omnpenenurte JJIMHY BOJHBI (POTOHA, UMIYJIBC KOTOPOTO PaBEH UMMYIbCY JEKTPOHA, IPOJIETEBILETO
YCKOPSIIOIIYIO Pa3HOCTh MOTEHIMAI0B N B.

Omnpenenute SHEPrUI0 U3IIy4eHHsI, Macca (POTOHOB KOTOPOrO paBHA Macce MOKOsS AJIEKTpOHA Mg =
9,1.10°% kr.

Boruucnure sHepruto ¢gotona Bumumoro csera A = 0,4 MKM M CpaBHHUTE ee C dHepruei ¢GoroHa
yIAbTPaUOJIETOBOTO U3IYUYEHHUS KBapLeBOi Jamibl A = 0,25 MKM.

[Ipu xakoil 1IMHE IeKTPOMarHuTHOM BOJTHBI 3HEpPrUst (poToHa Obla Obl paBHA 2,8-10™% J1x?
Onpenenure paboTy BBIXOJA JIEKTPOHA C MOBEPXHOCTH LMHKA, €CIM HauOOJIbIIas JJIMHA BOJIHBI
¢dorona, Be3bIBatomas Gorodpdext — 0,3 MKM.

KaxoBa makcumaibHas cKOpocTh (POTO3JIEKTPOHOB, €l (OTOTOK IMpPEKpaIlaeTcs Mpy 3aruparomieM
Hanpsbkenuu 0,6 B (me = 9,1-10'31 KT, e = 1,6~10'19 Ki)?

Omnpenenurte KpacHyto rpanuny ¢porodddexra ans meramia ¢ paboToii Bexona N 3B.
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Tema 7.2 CTpoeHue aToma

IpakTuyeckoe 3ausaTue Ne 31. «3anuch saepHbIX peakuunid. CTpoeHre aTOMOB U ATOMHBIX
siiep. 3aKOH PaJuOAKTHBHOIO PACHaay.

Leab padorsli: chopMupoBaTh MOHUMAHKUE POJIM PU3UKHU B (POPMHUPOBAHUU KPYro3opa BIlaJicHHE
OCHOBOTIOJIAraloMUMHU (PU3NIECKUMU MTOHSATHSAMH, 3aKOHOMEPHOCTSIMH, 3aKOHAMHU M TCOPUSMU; YMEHUS
BBITIONHSATH pacyeTHBIE U TpadUuecKre 3a1a9u

MarepuajibHoe o0ecnieyeHue:

WHJUBUIyaJIbHOE 3a/IaHKe, KOHCTIEKT JIEKIHUH, CIPAaBOYHbIE MAaTEPHUAIIBI.

Yka3anue:

[IpakTHueckoe 3aHSATHE COCTOMT M3 JBYX 4YacTed — TEOpPETHYECKOM M mpaktuyeckoil. Ilocie
M3Yy4YeHUs TEOPETHUYECKOTr0 MaTepHraia MOKHO MPHUCTYIATh K BBIMOJTHEHUIO MpakTH4ecko vyactu. OHa
COCTOHT U3 JBYX U OoJiee 3a7ay JJIsl CaMOCTOSTENBHOIO BBINMONHEHUS. He 3a0biBaiiTe 0 MpaBUILHOM
odopmitennu pemeHusi. Ha BEITIOTHEHNE MPAKTUISCKOTO 3a/IaHUS OTBOJIUTCS JIBA aKaIEMUYCCKUX Yaca.

3aganme:

O3HaKOMBTECH C TEOPETUYECKUMH CBEICHHUSIMU

Pemmte 3amaun, caMOCTOSITENIBHO HCIHONB3YS MPUMEPHI U KpPaTKHUE TEOPETHYECKHE
CBCCHHSL.

BEIIOIHHATE TECT

Ilopsiiok BBINOJHEHUS PA0OTHI:

N3yunTe KpaTKue TEOPETUYECKUE CBEICHUS

Paz0epute nmpuMephl peIICHHBIX 3a/1a4

Pemmte caMOCTOSTEILHO 3a0a9i

Bemonnutes  Tect  https://znanium.com/catalog/product/1012153, crp 347
«CTpoeHne aTomMa M ONpeaeiieHue ero cocrasa 1mo rabaume Menaeaeesay, cTp 349,
« SlpnepHas peakuus. YpaBHCHHME SICPHOW peakiuuy», «PaJMoaKTHUBHOCTD.
SlnepHBble CIIIBDY K VKa3aHHBIM aparpadam

Eall el

Kparkue Teopernyeckue cBeieHUsA
[Ipu paaroakTHBHOM pacmajie MPOUCXOIUT MPEBpAILEHNE OJJTHOTO si/ipa B IPYroe, KOTOPOe MOTUNHSIETCS
IpaBUjIaM cMeleHus, chopmyarpoBanHbiMUu Conu:

1. o-pacmanm: X —.Y+,He — u3nydenue sjaep reaus.

2. P-pacman: 2X—,4Y+ % — U3llydeHHE DJIEKTPOHA.
CtpoeHue aTOMHOTO siipa
IIpomonno-neiumponnas mooeib amoma — SAPO COCTOMT U3 HEHTPOHOB M IPOTOHOB, BOKPYT IIO
opOuTaM BpamaroTcs 31eKTpoHbl. O0Iee Ha3BaHWE TPOTOHOB M HEUTPOHOB — HYKJIOHDL.
gpomon (p) UMeeT NOJI0XKUTENbHBIN 3aps, paBHBIN 3apsiy MEKTPOHA U Maccy mokos M, = 1,6726-10
KT

Hetimpon (n) — HeliTpaJibHAS YACTHIIA C MACCOM TIOKOSI My, = 1,6749-10'27 KT.

Maccosoe uucno A — ob11ee 4iCiIo HYKJIIOHOB B aTOMHOM Si/Ipe, T.€. CyMMa HEHTPOHOB U MTPOTOHOB.
3apsioosoe yucno Z — 9ACIO MPOTOHOB B SApPE, COBMAJAIOIIEE C TOPSAIKOBBIM HOMEPOM XHMHYECKOTO
JJIEMEHTa B TIEPUOJNUYECKOM crcTeMe dIIeMEeHTOB MeH/ieneeBa.

ATOM XMMHYECKOTO 3eMeHTa 0603HavatoT , X .
Hanpumep, ;U , B KOTOPOM COJEPKUTCSA Z — NPOTOHOB U DIEKTPOHOB, T.e. Z = 92 U A — MaccoBoe

qucio, koropoe paBHo 235. N —nporonoB, T.e. N =4 —Z = N =235-92=143. 4 =Z + N
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Hoepnvie cunvl — CUIBL, KOTOPHIMU HYKIIOHBI YIEPKUBAIOTCS B sfipe. UTOOBI pa3ienuTh SIpo Ha
COCTaBJISIONINE HYKJIOHBI HEOOXOAUMO 3aTPATUTh OOJIBIIIYIO SHEPTUIO — IHEP2UIO AMOMHBIX s0ep —
paboTa, KOTOPYIO HEOOXOAMMO COBEPIIHUTH JIJISl PA3ICIICHUS pa HA HYKIOHBL. E . = Amcz,rne Am =
Z-my + N-mp — M, — AeexT Macchl.
Dnepeemuueckum b1X000M SACPHON peakly Ha3bIBAIOT PA3HOCTh YHEPTUN MOKOS sIIep U YaCTHUIL JI0
peaxIuu u mocie Hee, 7o ectb:AE = (Zm; - Zmi)-cz,
rae XM; — cyMMa Macc 4acTHIl IO PEaKIuu;
XMm; — cymMMa Macc 4acTHI] TIOCJIe PEaKLIUH.
Ecnu Xm; >Zm;, To peakuus UIeT ¢ BBIACICHUEM YHEPTUH, €CIM XM <XMj, TO peaKUus UAET C
MOTJIOLICHUEM SHEPTUU.
Hoepnas peaxyus — IpeBpaIIeHUE aTOMHBIX SIEP MPU B3aUMOICHCTBUHU C JIEMEHTAPHBIMH YaCTHUIIAMHU.
SlnepHbie peakiy MPOTEKAIOT MO-Pa3HOMY, T.€. C UCITyCKaHHEM Pa3IMYHbIX YaCTHII:
,Be+,He—C+,n ,
3axon coxparenus 21eKMpuUecKux 3apsa008 U Maccogulx yucea: CyMMa 3apsoB (MAaCCOBBIX UUCEIN) sAep
Y YaCTHI], BCTYIAIOIINX B SICPHYIO PEAKIINIO, paBHA CYMME 3apsA10B (MAaCCOBBIX YMCE) KOHEUHBIX
IPOJYKTOB (s11ep U yacTull) peakuuu. Hampumep: i Alon—iiNa+;He :
Z (no peakuuu) = 13 + 0 Z (mocne peakuuu) = 11 + 2
A (no peakuun) =27 + 1 A (mocne peakuun) = 24 + 4

IlpuMepsl pereHnst 3a1a4
1. Kyna cMemaercst moJrydeHHBIN 3JIeMEHT B TaOsuilie MeHaeneesa B pe3ysbTaTe MsITH o-paciaaoB?
© A 4 E - - -4 K. UX 5=
I[aHo, ; X _)52 He+Y | 0-pacnag, — 370 NOTOK AAep reana — 7 He, T.K. ux

Z(S:He) = 5.2 = 10 — 3apsag; A(5;He) = 5.4 = 20 — maccoBoe

OtBer: snemeHT Y (JTHOCI/ITGJ'II)HO X cMmemraeTcst Ha IeCATh KJIETOK K Hadally TaOJIUIIbI.
5. 3akoHunTE STIEPHYIQ PEAKLHIO napfton — 2+ Li-
z 2 Z-10
[To 3akoHY coxpaHEeHHUs 3apsa U MACCHI:
1o peakuu Z = 5 + 0; mocie peakiuu Z =5 — 3 = 2;
no peakiuu 4 = 10 + 1; mocne peakiuu A = 11 -7 = 4.
[onmy4aercs aneMeHT ¢ 3aps/ioM JI0 peakimu Z =2 u Maccon 4 =4 — ‘He.

OTBeT: ¥ B+in—>;He+]Li-

1. Onpeoenume snepeemuueckuii 6b1x00 A0ePHOU pearKyuti
“N,+'He,="O,+'H,

1 cnocoo

1) onpedenums maccy aopa u vacmuy ml 0o peaxyuii
2) onpedenums maccy A0pa u wacmuy m2 nocie peaKyutl
3) onpedenumsv uzmenenue maccel m mil m?2

p E=m*c’
)paccqumamb USMEHEHUE DHEPCUU.

M, =14,00307 a. em+4,00260 a.e. m.==18,00567 a.e.m.
Ilocne peakuumn:

M,=16,99913 a.e.m.+1,00783 a.e.m.=18,00696 a.e.m.

m="1""2=_0.00129 a. ¢. m.
DHeprus norjaowaercs, T.k. m < (
E=(-0,00129)*931 M»aB.=-1,2 M»B.
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10.

11.
12.

13.

14.

15.

16.

2 crmocoo

Hano: Pewienue:

B, =104,633 MsB DHeprus CBA3M PaBHA HYIIIO, I0ITOMY

E, =282937 3B E=E,-(E,+E,,

By =131,74 MsB E= 131,754 MaB —(104,653+28,2937)M3B= -1 2M3B
E-? Omeem: 1,2 M3B

Pemurhb 3a1a4i CaMOCTOSTEIbHO

KakoBo cTpoeHwue siyipa aroMoB: Oopa B Oepuius . Be; a30Ta N ; aIIOMUHHUA 2 A ?
Yewm oTaMYAOTCS sApa U30TOIOB BOAOPOaa 'H, 1M, *H ? Kak oHM Ha3bIBaroTCs?
Kyna cmemaercs anement Y B pe3yibTaTe o-, B-pacnaaa B Tadbnuiie Menueneena?
a) AX >3 % +Y; 0) AX > iHe t %e +Y;
B) ’X >2/He +3 % +Y; ) *X—>!He+t3°% +Y.
ITpu GomOapaupOBKe M30TOMNA a30Ta N HEHTPOHAMH IOJY4YaTCsk U30TOI YIJIepoja “C, KOTOPbIA
OKa3bIBaeTCs 3-paauoaKTUBHBIM. HanmummmTe ypaBHEHUS SIEPHBIX PEaKIuii.
B pesysbrare 3axBata HEUTPOHA SIPOM M30TOINA a30Ta N 00pa3yeTCs HEU3BECTHBIA IIEMEHT U OL-
yactuna. Hanummre peakuuo U onpenennTe HEU3BECTHBIN JIEMEHT.

71 24 -
Haiinure npoaykT peakuuu npu 00MOapAMpOBKE sIEp U30TONA MarHus *\Mg O-4acTULAMHM, €CIH
U3BECTHO, YTO B 3TOM PEAKLUH BBIACIIAIOTCS HEUTPOHBI.
3anuiuTe CXeMy SJIEpHOW peaklMyd M ONpEeAESIUTE HEU3BECTHBIM AJIEMEHT, oOpa3yroluiica npu
0oMOapaMpoBKe sjiep M30TOIOB ANIOMUHES 27 Al O.-4aCTUL[AMH, €CIM U3BECTHO, YTO OAWH W3
IIPOJYKTOB PEAKIIUN HEUTPOH.
DNeMeHT KypuaTOBUH MOMY4YMISIM, OO0Jy4yas IUTyTOHMH “2Pu AIpaMH HEOHa **Ne. Harnnmure

PEAKIINIO, €CITH U3BECTHO, YTO B PE3YJbTaTe 00pa3yeTcs elie YeThipe HEUTPOHa.
Hanmmmre HemocTarone 0003HaYCHHS B CICAYIOIIMX SIEPHBIX PEAKIHSX:

a) ZAl+n —2+.He; 0) 2+H—>*Na+ He;
B) “Mn+?—2Fe+!n; ) ZAl+y—*Mg+?;
1) “B+n—>?+a; €) “Mn+lp »>2+.n;
K) ILi+He »>?2+He;  3) ’H +y —>2+n.

[IporakTuHuil 2Py O-pagnoakTuBeH. Onpenennre, Kakoi SJIEMEHT MOTy4aeTCst ¢ TIOMOUIBIO 3TOrO
pacmana?

B KaKoii o11eMEHT mpeBpaIaeTes 9 mocie AByX [3-pacnajioB v OJHOTO O-pachaia’?

Slnpo uzoroma BuCMyTa %°Bj MOIYYUIIOCH U3 APYTOTO Spa Mocie o-pacnana u B-pacnana. Uro sto
3a apo?

B pesynbrare 3axBara oi-4aCTHIbI SJAPOM H30TONA a30Ta “N 00pasyeTcsi HEM3BECTHBINA DJIEMEHT U
npoToH. Hanummre peakiuio u onpeneanTe HEM3BECTHBINA IJIEMEHT.

Bo3moxkna nm  peakmus, TpoWCXofsmias mnpu OoOMOapAMpPOBKE aTIOMHHHS O-YaCTUIIAMH |

COIPOBOXKAAIOIIYIOCS BHIOMBAaHHEM HEUTPOHOB, €CIH B PE3yJbTaTe IMONYYaeTCs AP0 KPEMHHS C
MaccoOBbIM yuciiom 30?

Ilpu nenexnu simpa U BBIACISACTCS SHEPIUs 3,210 Ik (200 M»B). PaccuuraiiTe 3HEpruto,

KOTOpasi BBIIECIUTCS MIPU CTOPaHUU ypaHa KOJIMYECTBOM BelllecTBa 1 MOJb.
Ornpenenure 3HEPTUIO, BBIICSIONIYIOCS B X0/I€ TEPMOSIICPHON peakluu TH+H— He.
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3 3
17. W3oton remust He mONy4aeTcst B pesyibTare OOMOApIMPOBKH sACP TPUTUS *H NPOTOHAMH.

Haitaure sHepreTnyeckuil BBIXO 3TOM PEaKLUU.

JlabopaTopHbie padoThI
Tema 2.1 Kunematuka
JlaGoparopHoe 3ansaTe Nel «OnpenesieHne NJIOTHOCTH TeJIa PA3JIMYHOH PopMbD)

Heab: DxcnepuMeHTaNbHO ONPEAETUTh INIOTHOCTH KUIKOCTH U TBEPIOTO Tena.
Brinosnenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01, OK 02, OK 05, OK 06, OK 07, OK 04, OK 09

MarepunanbHoe obecrnieyeHue:
BECHI C Pa3HOBECAMH; JIMHEHKa MacIITa0Has; ITaHIeHIMPKYJIb; MEH3ypKa; BEIIECTBO, IUIOTHOCTh

KOTOPOT'0 HY>KHO OIIPEIEIUTh.

ONoarWONEPRE

3aganme:

1. O3HaKOMBTECH C TEOPETUUECKUM MATEPUAIIOM 110 TEME.

2. Onpexnenute Maccy U 00BbEM UCCIIEAYEMOIO BEIIEeCTBa.

3. BbruncauTe mioTHOCTb BEILIECTBA.

4. CocTaBbTe OTUET I10 JIJAOOPATOPHOU padoTe.

Ilopsinok BbINOJIHEHHS padOThHI:
O3HaKOMbBTECH C TEOPETUUECKUM MAaTEPHAIIOM IO JAHHOM TeMe.
Omnpenenure MIOTHOCTb TBEPIOTO TENA.
Beruuciure abCOMOTHYIO M OTHOCUTENBbHYIO TOTPELIHOCTH U3MEPEHUH.
Jlannble 3aHecuTe B Tadnuiy Nel
Omnpenenure 1eHy AEJIEHUS MEH3YPKH.
Onpenenure MIOTHOCTh BO/BI HEOOXOIMMO.
Bbruuciure aGCOMOTHYIO M OTHOCUTEIBHYIO MOIPEIIHOCTH U3MEPEHUI
Pesynbrate! onbita 3aHecute B TaOIUIryNe2.
OTBeThTE Ha KOHTPOJIBHBIE BOIIPOCHI:

KoHTpoJIibHBIE BOOPOCHI

1.

1. W3 nByx pa3HBIX METAJUIOB M3TOTOBJICHBI OJJMHAKOBBIC 110 pa3MepaM KyOWku. B3pemmBanue
MoKa3aJlo, YTO Macca OJHOro KyOuka Oosblie Macchl Apyroro B 2 paza. OauHakoBa Ju
IUIOTHOCTH MeTasuia? Eciu HeT, TO BO CKOJIBKO pa3 OTIMYArOTCS ITIOTHOCTH?

2. Tpu neranu — MeHas, jKele3Has M alIOMHUHUEBAs — UMEIOT OJMHAKOBbIe 00BEMBI. Kakas

JeTatbh UMEeT HAaUMEHBIIYIO Maccy, Kakas HauoOoubinyto? I1ycToT B 1eTansx HeT.

Kycok meramia oGbemoM 150 cm® mmeer maccy 750 r. Onpe/iennTe IIoTHOCTh MaTepHaa.

4. Ha vamku ypaBHOBEIIEHHBIX BECOB ITOCTABIICHBI OJMHAKOBHIC cTakaHbl. [locie Toro, Kak B
OJIMH CTaKaH HaJWIA MOJIOKO, a B JIPyrod — MOJCOJHEYHOE Maclio, paBHOBECHE BECOB HE
Hapymuioch. O0bEM Kakoi U3 KuaKocTel 6ombiie?

5. 3amosHUTE OTUYET 10 JabopaTOPHOI paboTe COrIacHO TPEOOBAHUSIM.

w

Yacrp 1. /{4 onpenenenus IIOTHOCTH TBEPAOTO Tejla BEIUUCIUTE €0 00BEM.
OO6BbeM MpsSMOYTOIBHOTO TTapaIelenuIieia Berauciure 1mo popmyse: V=a-b-h,

rJie a — JJIMHA, M; b — mupuHa, M; h — BeicoTa, M.

2.

h

O0BeM UIMHAPA BEIYUCIHTE 110 (opMyIIe: 0

— BBICOTA IWJIMHJIPA, M; d — eT0 AnameTp, M.
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3. Ecmu tBepmoe Teno mMmeeT HempaBWIBbHYIO (OpPMY, TO €ro 00bEM ONpEIeNUTe C MOMOIIBIO
MEH3YPKH, B KOTOPYIO OH MOXET OBITh ITOTPY’KEH.

ypaBHOBeCBTe BCChI UCITIOJIb3YS ITPpaBUJia B3BCIIMBAHUSA.

Omnpenenure Maccy Tena.
[To hopmyne p=m/v BBIYUCIUTE IUIOTHOCTH TBEPJOTO Tea.
Pesynbrarel uamepenunii 3anecute B Tabauiry Nel u caenaite BHIYMCICHHS

No o &~

Tabnuma Nel. Pe3ynbTaTsl U3MEpeHUH.

e Bemec | mmpu | quuHa | BRICOT | 006EM, | Macca | IIOTHOCTH pTab| Ap a
TBO Ha. ,bm) | a, V( pup(kr/m3)
a() hv) | ™| mxr)

Yactp Ne2. [ onpeeneHus IIOTHOCTH BOIBI HEOOXOUMO:

1. mnaiiTu maccy Tapbl, B KOTOPYIO HYKHO IIOMECTUTH BOJLY U ONPEAEIUTh Maccy BOJbI 0€3
Tapsbl.

2. Ompepnenute MEHY JEICHUS MCH3YPKU U HAIUTE 00HEM B3BEIICHHOW YKHUIKOCTH (BOIBI).

3. Pe3ynbraThl onbiTa 3aHeCUTE B Ta0uily No2.

Tabnuma Ne2. Pe3ynbrarsl usmepeHuit

No | BemectBo | macca Tapsi , Macca 00BéM, IJIOTHOCTb pTab o
m1(kr) xupkoct | V(M3) pup(kr/
" M3)
m2(Kr)

JlaGopaTopHoe 3ansTHe No2.

«IIpoBepka 3aK0HA COXpaHeHUS] MeXaAHMYeCKOI IHEPIruu NPH IBUKEHUH TeJia Mo/
AeHCTBHEM CHJI THAKECTH M YIIPYTOCTH.

Iesas paGoTbl: HaOMIOAATH ABWKEHHE Tela MO JICHCTBUEM CHJI TSDKECTH U YIIPYTOCTH; CeNaTh BHIBOJ
O BBIIIOJIHCHUM 3aKOHA COXPAHEHMS IIOJTHOM MEXaHUYECKOM DHEpPruH; IPOBEPUTH CIIPABEIIUBOCTH
3akoHa ['yka, yOeauThCs, YTO CHJIa YINPYrOCTH TNPOMOPLHOHAIBHA Macce Harpys3kKH, ONpeaeiuThb
KECTKOCTb MPYKUHBI.

BoinosiHeHne padoThl cioco0CcTBYET (POPMUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

Marepuanbnoe odecneuenue: HaGop nmo mexanuke (Xumiiabo): mratuB ¢ MyQpTamu JIaKoH,
Ha0op CIUpPaJIbHBIX MPYXKHUH, TUHAMOMETp, Habop rpy30B Maccoit 100 r, TuMHelKa ¢ MHUJUTUMETPOBBIMHU
JACJIICHUAMMU.

ITopsinok BbINoJIHEHUs padoOThI:
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Teopust: Ilon nedopmarmeid moHMMaOT M3MEHEHHE oObeMa WM (OpPMBI Tena MO JeHcTBUEM
BHEHIHUX cWI. [Ipm M3MEHEeHHM pacCTOSHHUS MEXAY YacTUI[AMH BelecTBa (aTOMaMH, MOJEKYJaMHu,
MOHAMU) U3MEHSIOTCS CHJIBI B3aUMOJICUCTBUSL MKy HUMU. [Ipu yBennueHun pacCTOsTHUSL PACTyT CHUJIbI
MPUTSKEHUS, @ MPU YMEHBIIEHWHM — CHJIBI OTTAJIKMBAaHUSA, KOTOPBIE CTPEMATCS BEPHYTh TEJIO B
UCXOJHbIE COCTOSIHMS. IloaTOMy cCHIIBI yHpyrocTM HMEIOT 3JEKTPOMarHUTHY npupony. Cuna
YOPYrOCTH BCEria HaIlpaBj€HA K IOJIOKEHUIO PAaBHOBECHUS M CTPEMUTCS BEPHYTh TEJIO B MCXOJHOE
cocrostHue. Cuiia yrpyrocTy npsiMo IponopLUyuoHaibHa a0COMIOTHOMY YJUIMHEHUIO TEJa.

3akon I'yka: Cuna ynpyroctu, BO3HHKAIOLIas Mpu AeGopmaliiu Teia, IpsMo MponopiroHaIbHa
€ro YAJIMHEHUIO (CXKAaTHI0O) W HallpaBJIeHAa IPOTHBOIIOJIOKHO IIEPEMEIICHUI0O 4YacTULl Teja IpU

nedopmaru

Fynp=kAx, rae k-xoapdunuent sxecroxoctu [K] = %, AX=AL — Monynb yanuHeHus Tena.

KoaddunmenT :x€cTKOCTH 3aBUCUT OT GOPMBI U Pa3MEPOB Tella, a TAK)Ke OT MaTepuara.

BHUMAHUE!

Bo uzbexmcanue mpaem u nospercoenuio 060pyoosanus, He oonyckaiime nadenus zpysa!l

OnbiT 1 Onpenesnenne ko3¢ puuneHTa KeCTKOCTH NPYKUHBI

ITopsinok BbINoOJIHEHUs padoOThI:
1.3akpenuTb TMHAMOMETp B LLITATHUBE.

N

ok

©oNOo

[.—8— =l sl
e 2 g
fg‘ o= &l = &3 s b 4

=2 = sl = s = §s

-2 % 42 'F.'i;" Lo = ke

32 =™ i3 S8 = %

‘Lg Q lﬁ Lo F of

V3] ) a2

-3 ¥z f | '3 ,-s"

8| ks -8 3 8

FR 3 8 o R

L'Q | I—’E -2 o

N3mepuTs JIMHENKOM NepBOHAYAIBHYIO JUIMHY IPYKUHBI

ITonsecuts rpys, maccoi 100 r.

W3mepuTh uHENKON AMUHY Ae@OopMUpOBaHHOM NpyxuHb! L. OnpeaenuTs NOrpenHocTb
n3mepenus umuHbL: Ax=0,5 nen*C1, rae C1 — nena aencHus JIMHEHKH

BoruncnuTs yzuimHeHue npykusbsl Ax = AL = x — x

Ha noxosmuiicss OTHOCUTEIBHO MIPYKHUHBI TPY3 IEHCTBYIOT IB€ KOMIIEHCUPYIOLIME IPYT
Jpyra CUIIbL: TSDKECTU M ynpyrocty Fr = Fynp , BerauciauTs cuity ynpyrocTu 1o
¢dopmyne, Fynp = mg. a Fy --BblUnCIIsI€M C TIOMOLIbIO TuHaMoMmeTpa. OnpeaenuThb
orpemHocTh CWIbLAF = Fynp — Fr

[Momsecuts rpy3 Maccoit 200 T ¥ TOBTOPUTH OIIBIT O MTyHKTaM 4-6.

[Tonsecuts rpy3 maccoit 300 T 1 TOBTOPUTH OIBIT IO MMyHKTaM 4-6.

Pesynbrarel 3aHectu B Tabnuiy 1.

Brraucime ko3 OUIHEHT )KECTKOCTH TPYKUHBI TS Kaskaoro u3mepenus K = Fynp/Ax
¥ 3aIMIIKTE B TabJuMIly 9TU 3HaueHus. Onpenenure cpeanee 3nauenus K,

. Be1OpaTh cucteMy KOOpAMHAT U MOCTPOUTH TpaduK 3aBUCUMOCTH CUJIBI yIIpyroctu Fymnp

ot k03 Punuenrta xectkoctu K.

Tabmuna 1
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Ne Macca, Hawanen Koneunas  AoGcomtotHoe Cuna Koaddunm Cpennee

/1t M(Kr) as JUIMHA, JIMHA, L,  yIJIMHCHHE YOPYrOCTH  €HT 3HAYEHUE
Lo (m) Ax; = AL = x€cTKOCTH, , K
(M) L — Ly,(m) Fynp,(H) K, (H/wm)
1
2
3
Berumnciienus:
1 onbIT:

Ax = AL = x — xy=

Fynp =mg = Fr

K = Fynp/AX

K,=(K; + K; + K3)/3

2 onbIT:

3 onbIT: MTOBTOPUTH BBIYUCIICHUS.
I'padmk:

BeiBOa:

KOHTpOJ’[bHLIC BOITPOCHI:

Kakyto neopmariuro Ha3bIBarOT ynpyrou?

Ot yero 3aBUCUT KOA(DUITHEHT KECTKOCTH?

UYro npencTasiseT co0o0il rpaduk 3aBUCUMOCTH CHIIBI YIPYTOCTH M KO3 (UIIMEHTA KECTKOCTH?
B kakux npenenax crpaBe B 3akoH ['yka?

Jlis1 1:000T0 M KOJIMYeCTBa Ipy30B OyeT BBHIIOIHATHCS MpsAMasi IPONOpLUOHATbHAsS
3aBUCHUMOCTh MEXy CUJION yrpyrocTu u yjyrHenuem? (OTBeT o0ocHyiiTe).

okrwdPE

OnbiT 2 IIpoBepka 3aK0HA COXPAaHEHHUS MeXaHMYeCKO IHEPIruu NPH ABMKEHUM TeJia Mo/
AeHCTBHEM CHJI THKECTH U YIPYTOCTH

ITopsinok BbINOJIHEHHS PadOTHI:
1) 3akpenurte TUHAMOMETP BEPTUKAIBHO C MOMOIIBIO MTaTHBA. [10/BEChTE K IPy3 K TUHAMOMETPY.
2) IoanepxuBas Tpy3 JaJ0HBIO, YCTAHOBUTE yKa3aTelb MPYKUHBI HA HYJIEBOE JICJICHUE TUHAMOMETPA.
3) YOepure najioHp M MOCTapaiiTech 3aMETUTh JCICHHE Ha INKaIe JUHAMOMETPA, 1O KOTOPOTO
MaKCHMaJIbHO OTKJIOHSIETCS yKa3aTeslb MPYKUHBI NP MafieHuH rpy3a. [Ipy HeoOXoquMOoCTH TOBTOPUTE
OIIBIT HECKOJIBKO Pas.
4) V3mepbTe TUHEHKOW YIJTHHEHUE IPYKHHBI 10 IIKaJe JMHAMOMETpA.
5) UsmepbTe nuHelKol yanunenue npyxkunsl Al mo mkane nunamomerpa.
6) Beicora nagenus rpysa h pasna ymmnennto npyxunbl Al . [Torennuansnas saeprus rpysa El npu
NaJCHUH NIEPEXOINUT B OTEHIMAIBHYIO DHEPIHIO PACTAHYTOMN NpYKHUHBI E2.

5 ) kAl?
7) Paccuuraiite £, =mgh, rae g = 9,8 M/c4 — yckopenue cBo6oaHOro najaeHus, u £, = >
3HaueHus okpyriaute 10 0,001.
8) Pe3ynbTarhl 3aHECUTE B TAOIHILY 2:
Tabnuma 2
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Ne Omrerra | K, H/m Macca VY nnunenue BricoTa ITorennuanepHas | IloTeHnuansHas
rpysa MPY>KUHBI HaacHus 3HEprus rpysa SHEprus
Al M rpy3za h, m IPYKHHBI
m, xr by E1l, Ix by
E2, JIx
1
2
3
4

9) Cpasuure 3uadenus E1 u E2, ¢ yuérom abcosroTHOM morpemHocT u3mepenust sHepruu 0,001 JIx
(To ecth, pazuuna mexay E1 u E2 moxert nocturars 0, 002 J[>x B mpeenax morpenrHocTy u3MEpeHusl ).
10) CrnenaliTe BEIBOJ 1O paboTe.

Pasznen 3 MoaekyaspHasi Qu3uKa 1 TePMOAUHAMMKA
Tema 3.1 OCHOBBI MOJIEKYISIPHO-KUHETHYECKOI TEOpHH

JlabopaTopHoe 3ansiTue Ne3 IIpoBepka razoBbIX 3aKOHOB»

Hean: M3yuynTh B3aMMOCBSA3b MAaKpPOCKOIIMYECKHUX ITapaMETPOB ra3a 3aJaHHOM MacChl; ONBITHBIM
nyTéM yOoeauTcs B CIpaBeAIMBOCTH 3aKkoHa boiins-Mapuotra.

BbinosiHeHue pa6oTsl crioco0cTBYeT (POPMUPOBAHUIO:
OK 01, OK 02, OK 05, OK 06, OK 07, OK 04, OK 09
MatepuanabHoe o0ecniedeHue: IUIMHIP ¢ TPOOKOi, Bosia, TpyOKa co LIKaoi, TuHelka, 0apomeTp.

3aganue:
1.IToBTOpUTH OOBEANHEHHBIN ra30BBIN 3aKOH.
2.IIpoBepuTh Ha MpaKkTHUKe coOII0IeHHe 3akoHa boitnsg-Mapuorra.
ITopsinok BbINOJIHEHUS PadOTHI:
3akon boins-Mapuotra ans uzorepMudeckoro npoiecca (T= const, v=const) siBisieTcs 4aCTHBIM
cilyyaeM 00beIMHEHHOTO Ta30BOI0 3aKOHA: T. €. JIaBJIEHUE raza 00paTHO MPONOPLUOHATBHO €T0

00BbeMy. DTy 3aBUCUMOCTb MOKHO MPOBEPUTH ONBITHBIM ITyTEM:

noes R-Vi P-V,=P,.V,

|

| E{Ah P

. :> P2 _ |ZZ°l .V1

e, |,:U
< |N<

=

CobpaTh yCTaHOBKY 10 PUCYHKY

3
Ompenenutb 00beM ra3a B TpyOKe, Vi m , IPUHSB IUIOMIAb MONEPEYHOI0 CEUCHUS paBHOU | cm®
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ITo 6apomerpy ompenenuTh aasiexue P, =P

amm

OrycTHTb TPYOKY OTKDHITHIM KOHIIOM B BOJY, OIIPEIEIHTh HOBBIA 00BEM Bo3yXa B TpyoKe V,, i’

OmnpenenuTh pa3HUIy YpOBHEH BOIBI BHYTPU U BHE TPYOKH ( Ah).

Brruncinuts

rne P

0 =1000

amm

P,=P, +P

6ll = " amm goo.cm.

= P,- armocdepHoe nasnenue, Ia; P

goao.cm.

- JJaBJIEHUE BOJHOTIO CTOJI0a, [1a

Peodcm. = ,D ’ g ' Ah

Ke

M
" IJIOTHOCTB BOJIBI; = 9,8? — YCKOpEHHE CBOOOTHOTO MaJICHHUS;

Ah — BbIcOTa cTOJI0A KUAKOCTU (CcM.puc.1)

IIpuHsAB BTOpOH pe3ynpTar P, 3a HCTUHHOE 3HaYCHUE AABJICHUS, A= (PA
BBIYUCIIUTH a0COMOTHYIO (A) ¥ OTHOCUTENbHYIO ([]) MOTpelIHOCTH:

PesynbpraThl H3MepeHnii U BHIYUCICHUH 3aHECTH B TaOmuIy 1. A
Cnenatb BBIBOJ 11O paboTe. E = "_.100%

aII_PéI)

6ll

dopma npenocraBieHUs pe3yabTaTa

Tabmuma 1.

O6bem | [laBnenue| O0bem | JlaBnenue| [laBienue Beicora | laBnen | AGcomoT | OTHOCHUTE

3
ue
V), m cToba o Has JbHAs
an1a HIOTPeIIH
SKHIKOCT HIOTPEIIHO
P,1la CTh OCTh
1 u
3
V,,m P, 1la Py, [a Ah, x A Ila 1, Ia

KoHTpoJibHBbIE BOIIPOCHI.

1) Ilpu xakoM ycioBuHM cripaBeaauB 3akoH boiis-Mapuorra?

2) Ecnu mpu u30T€pMHUECKOM MpoIlecce JaBlIeHHUE MaJaeT, 4YTO MPOUCXOAUT C 00bEMOM?

3) Ilpou3BOaUT M ra3 1aBICHUE B COCTOSTHUM HEBECOMOCTH?

4) I[loueMy noy4eHHbIE Pe3YyIbTATHl B padOTe HE HI€aTbHO PaBHBI MEXLY COO0M?

5) Uro BIusieT HA TOYHOCTH M3MEPEHUN B JaHHOU paboTe?

6) Mo>HO 71 OTIpeIeUTh YCIOBHYIO €IMHUILY KOHCTaHThI B eauHuLax CHU?

7) KakoBa macca Bo3ayxa B ayJUTOPHUH IIOMAAbI0 64 M2 , BEICOTOH 3 M, ipu TemmepaType 25
oC u naBnenuu 725 Mm.pt.cT.?
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Tema 3.3 ArperaTHble cocTOsiHNsI BenecTBa. @a3oBble Mepexoabl

JlaGoparopHoe 3ansiTue Ned. Onpenesnenue Ko3(pPpuiuueHTa moBePpXHOCTHON MIIOTHOCTH
JKH/IKOCTH METO/I0M OTPbIBA KameJib

He.]]b: ONpECACIINTD ITOBEPXHOCTHOC HATAXKCHHUE BOJAbI U MBIJIBHOT'O paCTBOpa METOJAO0M OTpPEIBa
KaricJib

Brinosinenue padoTsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 06, OK 07, OK 04, OK 09

MarepuajibHoe o0ecnieyeHue:

IITIPHIL 711 YMUCTOW BOJBI, LIMPHI] AT MBUTBHOTO pacTtBopa (o0bemom 5—10 mir), cTakaH4HK C
YUCTOM BOJOW, CTAKAHYUK C MBUIBHBIM pAacTBOPOM, INTAHICHLIUPKYJIb WIA MHKPOMETpP, OCTPO
OTTOYCHHBIN KapaH/alll.

3aganue:

1 O3HaKOMBTECH C TEOPETHUECKUM MaTEPUATIOM.

Ha xarro, BUCSIIYIO Ha KOHIE Y3KOW TPYOOYKH, ACHCTBYIOT JBE CHJIBI: CHJIA TSDKECTH Mg
HalpaBJi€HHAss BEPTUKAJbHO BHU3, U CHJIa IIOBEPXHOCTHOIO HATSDKEHHMS JKuakocth F moB
pacmpesielieHHas BIOJb TPAHUIBI JKUJIKOCTH C KpaeM TPYOKHM W HampaBlIeHHAs IO KacaTelbHOW K
MMOBEPXHOCTHU KUIKOCTH NEPIICHIUKYISPHO 3TON I'PaHULIE.

Fros Fros

»
my

Cuila MOBEPXHOCTHOTO HATSHKCHUS, ISHCTBYIONIAs HAa HEOOJIBIIONH yIaCTOK TpaHuIlbl JTHHOM Al |
paBHa o |, rie 6 — K03(h(PUIIMEHT TOBEPXHOCTHOT'O HATSXKEHUS KU JIKOCTH.

VYcroBre paBHOBECHS Kaluld Ha KOHIE TPYOOUKH COCTOMT B TOM, YTO BEKTOpHAas CymMMa CHII,
JEUCTBYIOIMX Ha OTJENbHbIE AJIEMEHTHI TPaHUIIBl, paBHAa MO MOIYJI M MPOTHBOIOJIOXKHA MO
HATPaBJICHUIO CHIIE TSHKECTH.

Bennunna o4 1 no Mepe yBenuM4eHUs MacChl Kaluld OCTAeTCs HEM3MEHHOW, HO B PaBHOBECHH
Karusi IPUHUMAET Takyro (OopMy, UTO YroJl HAaKJIOHA CHIIBI IOBEPXHOCTHOT'O HATSHKEHUSI K BEPTUKAIH O
YIOBIIETBOPSIET yCIoBUIO lo cos =mg , rae | — 1irHa rpaHuiibl )KUAKOCTH € TPYOOUKOH.

C yBenmmueHHeM MacChl KAk yroJl 0 YMEHBIIASTCs M, HAKOHEIl, IOCTUTaeT Hyls, a cosa = 1 .

[lpn nanpHeieM yBETMYEHUH MAcChl YCIIOBHE PABHOBECHS KaIllIM YK€ HE MOXKET OBbITh
BBITTOJIHEHO, ¥ KAILJIsl OTPBIBACTCS.

Ortcrona, npunumasi, uro I=r d, rae d — BHyTpeHHUil AuameTp TpyOOouKH, nomydaem: d or= mg

mg |
ey

Xon paborsr:

1.13meputh BHyTpeHHHH puamerp d HakoHeYHMKa mmmpuna. J{nsg u3MepeHuss MOXKHO
BOCIIOJIb30BaTbCSl OCTPO OTTOYEHHBIM KapaHJamloM. BcTaBMB KapaHzanl B HAaKOHEYHHMK [JO YIIOPA,
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IIOMETHTE TPaHUIy COIPUKOCHOBEHUS HAKOHEYHMKA C KapaHjamoM. /[namerp kapaHjaiia Ha ypOBHE
3TOW TpaHUIIBl MOXXHO MPUHATH 32 BHYTPEHHUN AMAMETP HAKOHEYHHMKA U MU3MEPHUTH €ro C MOMOIIbIO
LITAHTEHIUPKYJISI UM MUKPOMETpA.

2.Ha6patp B mmpui 4—5 M1 BOJBI U, JepKa €ro BepTUKAIBHO U IUIABHO Ha)KMMas Ha MOPILIEHB,
BBUINTh 3—4 MJI B CTakaH4MK, cuuTas Kamiau. M3MmepeHue konuuecTBa Kamesilb N NPOBECTH HE MEHee
TpeX pas, 3aTeM MO O0IIel Macce BBITEKIIEH BOJbI 001 m (TOJb3yWTeCh MKAJIOK Ha Impuie!) HalTh
CPEIHIOI0 MacCy KaIuld M U MOTPEIIHOCTh ee onpeneneHuss Am. Pe3ynbTarel 3aHecTH B TaOIHILy

Tabauya Nel

uMepero BbIYUCTEHO

No N m m d A o Ao £
m ke m,,ke | kecp | mke eep |, mm | d wmm, | Hm
oow

3.ITonb3ysace dopmynoit (1), paccuntath Kod(h(GUIHMEHT MOBEPXHOCTHOTO HATSKEHHSI BOJBI U
a0COJIIOTHYIO MTOTPEIIHOCTh €r0 ONPEAEICHUS

Aa=|a

wn 2 maéa|*
4. Brerunciauts OTHOCHUTCJIbHYIO ITIOI'PCIITHOCTD I/ISMepeHI/Iﬁ
Ao

£=—.1007"
ag

madiy

5. AHaJOTHYHBIM O0pa3oM OMpeneauTh KOI(PPHUIMEHT MOBEPXHOCTHOTO HATSHKEHUS MBUIBHOTO
pacTtBopa (MoJIb30BaTHCS OTACIBHBIM HITTPUIIEM U MIOCYA0MU!).

H3MEPCHO BBIYUCJICHO
Lod | N me | m,,e Am,2 Am,, .2 d,mm| Ad, mm o. [%l Ao, [%! &

No| m

6. Caoenath BBIBOJ] M 3aITMCATh MOJTYYCHHOE 3HaYeHNE K0d(D(DUITMEeHTa TTOBEPXHOCTHOTO
HATSHKEHUS C Y4ETOM ITOTPELIHOCTH

KoHnTpoJsbHbIe BONIPOCHI:

1. Koaddunuent noBepxnoctHoro HaTskeHus kepocuna 0,024 v/M. bonblie uinm MeHblle Macca
KaIlJIi KEpOCHHA 110 CPAaBHEHHUIO C KaIlJIE BOJBI, ECIIN KaNlaTh U3 OJHOM U TOM K€ MUIETKU?
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2. O6BsAcHUTE TOAPOOHO, TOYEMY MaJICHbKHE KaIleIbKH KUAKOCTH MOTYT JIOJITO BUCETh HE
OTPBIBASACH.

3. ITouemy, mpexae 4eM NOKPBITh IITYKaTYpPKy MACISHOM KpacKoH, IpeaABapUTEIbHO ITPOU3BOIAT
IPYHTOBKY oJiioii?

4. IlpuBeauTe CBOM MPUMEPHI AEUCTBUS CUIIbI IOBEPXHOCTHOT'O HATSKEHUS

JladopaTropHoe 3ansaTHe NeS. OnpenesieHue BJAKHOCTH BO3AyXa U aTMOC(EPHOro
JAaBJIEHUS

eab: SKCrIEpUMEHTANIBEHO ONPENEIUTh BIAKHOCTh BO3AyXa B Jabopatopun GU3NKu

BoinosineHne padoTsl cioco0CTBYET (POPMUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuanbHoe olecnedyeHue: TMCUXpOMETp, rurpoMerp mncuxpomerpuueckuii BUT — C, tabnuia
«/laBieHre HACBIILIEHHBIX IMAPOB BOJBI IIPU PA3JIMYHBIX TEMIIEPATYPAX»

Buumanue! IIpu BeimonHeHun paboTel ¢ 0CO00N OCTOPOKHOCTHIO OOpalaiTecs ¢ TepmoMeTpamu. He
JOMyCKalTe majieHus: TepMomeTrpal

3ananne:
1. O3HakoMbTeCh ¢ TeOpPeTHYECKUM MaTepHaJIOM:
Teopus
B armocdepe 3emiuu Beerna cozpepkarcst BoasHble napbl. MIX cojepkaHue B BO3IyXe XapaKTepu3yercs
aOCOJIOTHOW W OTHOCHUTEIIFHOW BIIQXKHOCTBIO. AOCONIOTHAS BIAXXHOCTH OMPEIENSETCS IUIOTHOCTHIO
BOJIIHOTO Tlapa pa, HaXoJslIerocs B aTMocdepe, WK ero napluuaibHbIM JaBieHueM pii. [lapuuanbHeiM
JaBIICHUEM PIT Ha3bIBACTCS AaBJICHHE, KOTOPOE TIPOU3BOIIII OBl BOJSTHOMN Tap, ey Obl BCe APYTHE Ta3bl
B BO3/yXe OTCYTCTBOBaIU. OTHOCHUTENBHOW BJIAXXHOCTBIO () HA3bIBAETCSl OTHOILEHHE HaplUalIbHOIO
JaBIICHHs PI BOASIHOTO Tapa, COAEPIKAIIEerocss B BO3AyXe, K JABJICHUIO HACBHIIIEHHOTO Mapa pH.IIL., MIPH
JnaHHOM TemnepaTtype. OTHOCHTENbHAs BIAKHOCTh () IMOKa3bIBAET, CKOJIBKO MPOIEHTOB COCTABISET
NMapluyabHOE JaBJIEHUE OT JaBJICHHS, HACHIIIEHHOTO Mapa MpHU JaHHOW TeMIepaType W OmpeaessieTcs
no opmyie:

o =L . 100%
pIU)

[TapunanpHOE NaBleHHE PII MOXKHO PacCYMTaTh IO ypaBHEHHIO MeHpeneeBa - KnaneiipoHa uiau 1o
TOYKE POCHI.

Touka pocel - 3TO TemIeparypa, IpM KOTOPOM BOASHOM Iap, HAXOMSIIMKCS B BO31yXE CTAHOBUTCS
HAaChIIeHHBIM. OTHOCUTENBHYIO BJIAXXHOCTh BO3JyXa MOXHO OIPEACIIUTH C IOMOIIBIO CIEIHAIBHBIX
puOOPOB — MICUXPOMETPA U TUTPOMETPA.

IIcuxpomerp
IIcuxpoMeTp COCTOUT U3 CYXOr'0 U BJIAYKHOI'O TEPMOMETPOB.
PaccmoTpuTe nicuxpoMeTp U onpeAesuTe TI€ CyX0l U BIIaKHBIA TEPMOMETPHI.

a) U3MEPUTH TIOKA3aHUS CYXOr'0 U BIAKHOT'O TEPMOMETPOB:

0) UCIIOJNIB3YS IICUXPOMETPUUECKYIO TaOIHUILYy, ONIPEAETUTh OTHOCUTEIBHYIO BIQXKHOCTh BO3AYXA.
BHumarenbHO HOCMOTpHUTE HAa ICUXPOMETPUUECKYIO TabnuIy. B mepBoM BepTUKaIbLHOM CTOJIOIE
HalJIMTe NOKa3aHUs BallEro CyXOro TEPMOMETPA, B IEPBOM TOPU30HTAIBHON CTPOKE HAWIUTE Bally
Pa3HOCTB IOKA3aHUM CYXOT'0 U BIAXKHOI'O TEPMOMETPOB. T0 4KCII0, KOTOPOE HAXOAUTCS Ha
MEPEeCeUEHUH CTOJI0LA U CTPOKHU U ABJISETCA 3HAYEHUEM BJIQXKHOCTU BO3/1yXa.

N306pakenue, cxema, pUCyHOK SKCIIEPUMEHTA:
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Cyxol 2
mepsoxemp|=

X | Baawonwan |-§:
) mepaosenp R

Pucynox 1. YcranoBka ajist 1abopatopHoi padoThl N5
2. BemonauTe padoTy.
3. OtBeTbTe HA KOHTPOJIbHBIE BOMIPOCHL.
4. 3amoyIHUTE OTYET I10 JIA0OpaTOPHOU padoTe.

Ilopsinok BbINOHEHHS padOThI:

1. Hanute B nuTaTENIb KUIITUEHYIO BOLY.

2. Jlatp ¢utuaro mponurTaThes Bomod M uepe3 10-15 MUHYT OPHUCTYNUTH K OIpPEIEICHUIO
BJIQ)KHOCTH.

3.0mnpenenuTs NOKa3aHus CyXoro ¥ YBJIa)KHEHHOI'O TEPMOMETPOB.

4.IloBopaunBast n1MMO C KpacHOH oOLM(POBKOH, COBMECTUTHh IOKa3aHHUSA CYXOTro TEpMOMETpa
(kpacHbIe U(PHI) C TOKA3aHUSMHU YBIAKHECHHOTO (YepPHBIC ITUQPHI).

5.0mnpenenuTb OTHOCUTENBHYIO BIaKHOCTb 110 KPACHOM CTPEJIKE.

6.Pe3ynbTaThl H3MEpeHHId U BBIYMCIICHUN 3aHECTH B TaOIUILY:

Tabnuia Nel
Ioxa3anus TepMoMeTPOB Pa3noctn OTHocuTebHas
NMOKAa3aHU BJIA2KHOCTH BO3/1yXa @,
TEPMOMETPOB %
At=tcyx-tBJ
cyxoro teyx BJIAJKHOIO tBJI
Tabmuma Ne2
Temnepary | Touka Hasnenue | [Mapmmanen | OtHocuTen | IlnotHOCTh | AGCOMIOTHA
pa pOCHI, °c HACBIILIEHH | 0€ bHas HACBHIIICHH | s
OKpY>Karolil oro mnapa, JIaBJICHUE BJIQXKHOCTH | OTO Iapa, BJIAXKHOCTh
€ero [Ta BOJSTHOTO BO3nyxa, % | & BO3J1yXa
BO3/1yXa, napa, Ila TS

oc

7. Cnenath BBIBOJ, 3alMcaTh MOKA3aHHsS TUTPOMETpa M JIaTh PEKOMEHIAIMU TI0 TMOICPKAHUIO
BIIQXKHOCTH B JTAOOPATOPHH B MpeieTiaX HOPMBI.
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KoHTpoJibHbIE BOPOCHI:
Kakoii map Ha3blBaeTcsi HachlllleHHbIM? UTO Takoe OTUHAMHYECKOE pPaBHOBECHE, TOYKA POCHI,
NapUUaIbHOE JaBlIcHUE?
[ToueMy noka3aHusi CMOYEHHOI'O TEPMOMETPA MEHBIIIE, YEM CYXOro?
Kak, 3Has TOYKy POCBI, MOXKHO OIIPEAEIUTD apLUUaIbHOE NaBJIeHUE?
Cyx0i1 1 BIaXXHBII TEPMOMETPBI ICUXPOMETPA MTOKA3bIBAIOT OJAMHAKOBYIO TeMieparypy. Kakosa
OTHOCHTEJIbHAS BIAKHOCTb BO3/1yXa?
Kak o BHeniHeMy BUy OTIIMYUTH B OaHe TPYOBI C XOJIOTHON M ropsiaeii BOAOi?
Uem 00bACHUTH MOSIBIICHUE 3UMOI1 MHEesd Ha okHax?. C KakoW CTOPOHBI CTEKJIA OH MOSIBUTCS?
HaiiTi OTHOCHTEIbHYIO BIAXHOCTB Bo3yxa B komuate npu 18°C, ecin Touka pocsr 10 °C.
OTHOCHUTENBbHAS BIAXXHOCTh BO3/AyXa BEYEPOM IIPU 16°C paBHa 55%. Beinmazer nu poca, eciu
HOYBIO TEMIIEpaTypa moHmu3utes 10 8°C?

JladopaTropHoe 3ansaTie Ne6. Onpenesienue yeJbHOM TEeMI0eMKOCTH BellleCTBA

He.]'lb: OIIBITHBIM IIYTEM ONPCACINTL BCIINYUHY }Q[CJII:HOﬁ TCIIJIOEMKOCTHU BCIICCTBA U BBIACHUTH

(bHSPI“IeCKI/Iﬁ CMBICJI YPAaBHCHUS TCIIJIOBOI'O OajaHca.

Boinosinenue padorsl cnocodcTByeT GOPMHPOBAHMIO:

OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MaTepnaﬂbnoe o0ecmeyeHHe: BeChl OIITHYECKHE Ha OTAaTUBC; PA3HOBEC; HCCICAYCMOC

BELIECTBO; KAJIOPUMETP; TEPMOMETP; IIEKTPOILIUTKA; COCY/L C BOJIOMH;

3aganue
1. Ucnonb3ys TepMOIMHAMUYECKHE 3aKOHBI COCTAaBUTh YpaBHEHHE TEIUIOBOrO OanaHca Jyis
BBIYHUCJICHUA H€O6XOI[I/IMOI7I BCJIINYUHEI.
2. Pe3ynbpTaThl U3BMEPEHUH U BHIYMCICHUI 3aHECTH B TAOIUILY.
3. OTBeTHTH Ha KOHTPOJILHBIE BOITPOCHI
4, HamucaTb BEIBOJ

Bunumanue! Ilpu ucnonv3oeanuu 20pAvuUX HPeOMEmMoO8 U  IJIEKMPUYECKOU NAUMKU C
O0CHOPOIHCHOCHbIO 00PaAAmMbCs ¢ 000pYOosaHUEM.
Tabnua.

1. macca TBepzIoro Tena, Kr m;
2. Temneparypa tena, °C t1

3. Macca KaJIoOpuMeTpa, Kr m;
4. Macca BOJIBI, KT ms

5. TeMmeparypa BOAbl U KaJlOpUMETpa, | tr=t3

°C

6. Temriepatypa cmecu, °C 0
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7. yAenbHas TETIIOEMKOCTH | Cy

kanopumeTtpa, J[x/(kr:°K)

8 .yACJIbHaA TCIINIOEMKOCTD BOJHI, | C3

JIx/(xr-°K)

9. yAeIbHaAsA TCIUIOEMKOCTh TBEPAOTO | C1

tena, J[x/(xr-°K)

10. TabnuyHOE 3HAYECHHE YACIBHOM | Cr

TETUIOEMKOCTH TBEPJIOTO Tena,
JIx/(kr-°K)
11. oTHOCHTEBHAS TIOTPEITHOCTE, %0 )

[Topsiiok BeITOTHEHHUS PAOOTHI

Onpenenuts Maccy UCCIEAYEMOTO Tea my;

OnycTuTh ucciieyeMoe TeJ0 B COCYJ, C BOJOW U HarpeThb BOAY A0 KUIICHUS;
Omnpenenuts Maccy KaJlopuMeTpa my;

Hamuts A0 IMOJIOBUHEI BOABLI B KAJIOPUMCETP U OMPECACIINTbL MAaCCy BOJAbI mas,
M3mepuTh HaYaIpHYyIO TEMIIEpATypy KaJlopuMeTpa ¢ BOJIoH tr=ts;

OnycTUTh HArpeToe TEJIO B KAJIOPUMETP C BOAOU U U3MEPHUTH TEMIIEPATypy cMecH 0

No ok~ wnE

CocTaBuTh ypaBHEHHE TEIUIOBOTO OanaHca U OMPEACeIUTh YASIbHYIO TEMIOEMKOCTh BEeIIECTBA.
Temora, oTnanHast ropstaum TeiaoM: Qi =M1Cy(ts- 0)

Terutora, mony4yeHHast KaTopuMeTpoM: Qponx =M2C(0-12)
Temora, morydeHHast BOAOM: Qpons. =M3C3(0-13)
VYpasaenue TernoBoro 6ananca: Qo= Qnox

m1Cy(t1- ) = MyCy(0-12) + m3c3(0-13)

mM1Cy1(t1- 0) =(0-t2) (MaCo+ M3Cs)

Tak kak t)=t3, (0-ty) =(0-t3)

c1=(0-tp) (MaCa+msc3)/(my(t-0)) JIx/(xr-°K).

8. OHpCIleJ'II/ITL IOTPCITHOCTHU
A:|C'ra6n'cll
5=(A/c) -100%.

9. Pe3ynbpTaThl n3MepeHuit U BBIYUCICHUHN 3aHECHTe B TaONMUIy U cAenaiite BeiBoA. [1o okoHUaHUU
paboTHl MPUHAIIICIKHOCTH, TETPAIh U JAHHOE PYKOBOJICTBO CIATh MIPETIO1aBaTEIO.
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KoHTpoJibHBIE BOPOCHL:

1.  KakoBa pazHuna Mex1y TEIUIOEMKOCTBIO TeJla U YAEIbHOMN TEMI0EMKOCTHIO?
2. B uem cMmbICil ypaBHEHMs TEIUIOBOro OajlaHCa M KAaKOe OTHOLIEHHE OHO MMEET K 3aKOHY
COXPaHEHMsI SHEPIUn?

JlaGoparopHoe 3ansTue Ne7. OnpeneneHue MOAYJIsl YIPYTOCTH Pe3UHbI

Hean: OnpenenuTs MOAYIb YIPYTOCTH PE3UHBI IIPU PACTKEHUH.
BoinosineHne padoTsl cioco0CTBYET (POPMUPOBAHMIO:
[1P62, T1P66, ITP68, I1Py3, Ilpy7, I1Py8, I1Py10, ITPy12, IIP610, Ilpy2, [1Pyl12, [TP610, MP3, MPS5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32,
MarepunanbHoe obecrnieyeHue:
pe3uHOBBIA MHYpP mauHOM 25—30 cM u cedyennem 4— 10 mm2, Habop rpy3oB mo 0,1 kr, 1kr,
1,5kr, 2 Kr., IITaTUB, JIMHEWKA, IITAHTEHIUPKYJIb WJIM MUKPOMETP.

Buumanue! H3zbecatime nadenus 2py3oe ¢ paooueit nosepxuocmu. Cieoume 3a nonoxiceHuem
wmamuea!

3aganue:
1. O3HaKOMHTbHCS C TEOPETUUECKUM MaTEPUATIOM.

Teopus.
[Ipu ycraHoBuBLIEWCS YHpPYroil negopManuy paBHOJCHCTBYIOIIAS BCEX BHYTPEHHHX CHII
YIIPYrOCTH, BO3HUKAIOLUIMX B TeJieé B JIOOOM €ro CEYeHUH, YPaBHOBEIIMBACT BHELIHHE CHUJIbI,
JICHCTBYIOILIIE HA TEJIO.
CornacHo 3akoHy I'yka, HampsoK€HME 0 M BBI3BAHHOE UM OTHOCHUTEIBHOE & YIJIMHEHHE
nponopuuoHanbHel: 0=F ¢ , rae E— mMoayns ynpyrocru.
[Tocne mpeoOpa3oBaHus 3TOTO BHIPAKEHUS TOTYUHM:

F dmgl,
ad*(1-1,)

o —

2w E=
S Al

JI1s1 SKCIEpUMEHTAIIBHOTO OIPEAEIICHUS] MOAYJISl YIIPYTOCTH HYXXHO U3MEPHUTHh BCE BEIUYMHBI:

SHES = 5,
nedpopmupytomyto cmity F  (F=mg), ceuenue oOpasua S 4 , €ro
nepBoHavyanpHyo AnunHy 10 u ynnunenue 1.

Xoa pa0doThI:
HN3yuyenue nedopmManum pacTsizKeHus.
1. U3Meputh C MOMOIIBIO IITAHTEHUUPKYJS WIM MUKPOMETpA TOJIIWHY LIHYpa U BBIYUCIHUTH
TIJIOIIA/Ih €r0 MOMIEPEYHOTO CEYCHUS S.
2. loaemmBas k mHypy rpy3sl maccou 0,1 xr, 0,2 kr, 0,3 Kr, U3MepUTh COOTBETCTBYIOIIUE
aOCOJIOTHBIC YITTMHEHUS ITHYPa: U BBIYUCIUTh OTHOCUTENIbHBIC YITTHHEHUS ITHYPA.
3. Ilo pe3ynbraraM H3MEpPEHUN BBIUMUCIUTH MOAYJIb YHOPYrocTH pe3uHbl E U OLEeHUTH
MOTPEUTHOCTH DKCIIEPUMEHTA!
Am Al Ad Al
= + +2—+ -
m d [-l

AE=FE-g
- a0COJIOTHAS TOTPELIHOCTbD.
5. Pe3ynbTarhl n3MepeHnii ¥ BHIYUCIICHUA 3aHECTH B TAOJIHILY:

- OTHOCUTCJIbHAs NOTPCHIHOCTDb
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H3MEPCHO BBIYHCIICHO
?:gn mykr | d,m | S,M* [ lpom | Lm [ AlLbm| F,H | E,Ila I;:_;: ‘?_IE" £. %
1
2
3

6. Cnenarhb BBIBOL.

KoHnTpoJbHbIE BOIPOCHI.
Kaxkue Bunbpl nedopmanuii Bel 3HaeTe?
W3meHnsieTcs v BHYTPEHHSISI SHEPTUs AePOPMUPOBAHHBIX TEI?
Ot Kakux nmapaMmeTpoB 3aBUCUT MOAyJib FOHra?
Kakoro Buma nedopmarus HaOIrOmaeTcs NpU YEKaHKe, NpH (GOPMUPOBAHUU COCTaBa, IPH
WCIIOIB30BaHUH JIOMKpaTa JijIsi TPAaHCIIOPTHOTO CpeicTBa?

PopnE

Pa3znea 4 DuekTpoauHaMuka
Tema 4.2 IlocTOSAHHBII 3J1eKTPUYECKUH TOK.

JlabopaTopHoe 3ansiTue Ne§. OnpenesieHue y/e1bHOI0 CONPOTHBJICHHUS NIPOBOIHUKA

He.]]b paﬁoTbI: OIIPCACIICHUC YACIIBHOTO COITPOTUBJICHHUS ITPOBOAHUKA SKCIICPUMCHTAJIbHBIM ITYTEM

Boinosinenue padorsl cnocodcTByeT GOpMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 06, OK 07, OK 04, OK 09

MarepuanbHoe o0ecrnedeHHe: MCTOYHHMK TOKAa, aMIIEPMETP, BOJBTMETP, COEIMHUTEIbHbBIE
[IPOBOJA, KIIOY, IITAHI€HUUPKYJb, JUHEHKA, KYyCOK IIPOBOJA, YACIBHOE COIPOTUBICHUE KOTOPOIO
OIIpEAEIIAETCSL.

Buumanue! Ilpu pabome c 3nekmpuuecmeom cobnrooaiime npaguia mexHuku desonacunocmu. /{ns
3aMbIKAHUA IJIEKIMPUYECKOIl enu npuziacume npenooasamens 01 ee nposepku!

3amanue

1. CamMocTosATeIbHO coOpaTh SJIEKTPHUECKYIO IIeTh 110 CXEeMe.

2. CHSTP ITOKa3aHUs aMIIepMeTpa | BOJIbTMETpa.

3. Hcnone3ysl MITaHTEHIMPKYJb W JIMHEWKY, HAYYUTHCS OMPENesITh F€OMETPHUYECKHE pa3Mephl
MTPOBOTHHKA.

4, OnpenenuTh BETUYUHY YIEIBHOTO COMPOTHUBIECHUS METAaJLIA.

Iopsaok BbINOIHEHUs PA0OTHI:

®
1. CoOparthb 11ens N0 CXeMe U ToKa3aTh AJIsl IPOBEPKU PYKOBOIUTEIIO. R
2. 3aMKHYTh IIeTb U CHATH MIOKa3aHUs aMIIepMETPa U BOJIbTMETPA.
3. BpIuucIuTh COnMpoTHBIIEHNE IPOBOJIHUKA 11O POpMYIIE:

rae | - Tok B mpoBojHUKE, A; U - ajgeHue HaNpsKeHUs: Ha MPOBOJIHUKE, B.
4. W3mepuTh IIMHY U BBIYUCIUTH TIJIOMIA/h TIOTIEPEYHOTO CEYCHHS TIPOBOIHUKA 11O (hopMyJIe:
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, Tae d - nuamerp NpoBOJAHHUKA.

o R-S
2 -
7-d
g-7d ._u
4 I
5. Bpluucnuth yneiabHOe COMpPOTHUBIIEHUE O hopMyIie:
6. Jlannabie 3aHecTH B TaOUILy 1.
7. 7. Berauciuth abCOMIOTHYIO (A) M OTHOCUTENBHYIO (€) IOTPENTHOCTA U3MEPEHHH 110
dbopmynam:
_ A
A= |pTAE/7. - pnom/q.| &= -100%
, Prasi.

8. Cnenatp BBIBOJ 1O paboTe.

dopma npenocraBieHUs pe3yabTaTa

Ta6muma 1.
P
U,B I,A ROm | Lm | dym| S ut pOrpy | AOwAai%
Owm-
M
BEILIECTBO
KoHTposbHbIE BOTPOCHI:
1. OT Kakux BETMYMH W KaK 3aBUCUT COMPOTHUBJIEHUE TMPSIMOJIMHEHHOTO METALTUYECKOTO
MPOBOJIHHUKA?
2. JIBa MeIHBIX MPOBOJHHMKA WUMEIOT OJAMHAKOBYIO JIJIMHY, HO PAa3JIMYHYIO IUIOLIAIb MOMEPEYHOTO
ceuenus.: 1,6 MM 1 0,8 mm?. Kakoii MPOBOJHUK UMEET MEHBIIEE COMTPOTUBIICHUE U BO CKOJIBKO pa3?
2
3. CKOJIIBKO METPOB HHUKEIMHOBOIO IMPOBOJAA IUIOWIA[bI0 morepeyHoro ceueHus 0.1 MM

notpedyeTcsl Il M3rOTOBJIEHUS peocTaTa ¢ MaKCUMalbHbIM comportuieHueMm 180 Om? VYaenbHoe
-6
conpotuieHue Hukenuna 0,42 -107Om M.

Tema 3.2 3aK0oHBI IOCTOSIHHOTO TOKA
JladGoparopnoe 3ansaTue Ne 9. [Iposepka 3akoHoB OMa 1JI y4acTKA HeNy U MOJHOM Lenu.
BAX.

Ieab padoOThI: yCTAaHOBUTH Ha OMNBITE 3aBUCUMOCTh CHJIBI TOKAa OT HampsbkeHus. l[loctpouts
BOJIbTAMIIEPHYIO XapakTepucTuky. Onpenenuts J1C 1 BHyTpeHHEe COPOTUBIECHIE HCTOUHMKA TOKA.

BoinosiHeHne padoThl cioco0CTBYET (POPMUPOBAHMIO:
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OK 01, OK 02, OK 05, OK 06, OK 07, OK 04, OK 09

MartepuanbHoe o0ecnmedeHHe: HCTOYHHK DJIEKTPUUYECKON SHEPIHH, PE3UCTOpbI, TPU amIepMmeTpa
MOCTOSIHHOTO ~ TOKa, TPU BOJBTMETpAa IOCTOSIHHOIO TOKa, PEOCTaT IMOJI3YHKOBBIM, KIIIOY,

COCAUHUTCIIBHBIC ITPOBOAA.

Buumanue! Ilpu pabome c rnekmpuuecmeom coonrooaiime npasguia mexuuku oezonacnocmu. /{ns

3AMBIKAHUA ITIEKMPUYECKOU enu npuziacume npenooagamens 01 ee npoeepku!

3aganue:
1. [IpakTryecku yoeaurcst B PU3NIECKOM CynTHOCTH 3akoHa OMa /1S y4acTKa IeTu.
2. VY CTaHOBUTH Ha OIBITE 3aBUCUMOCTb CHJIbI TOKA OT HANPSKEHUS U CONPOTUBJICHUS.

O6opynoBaHue: aMIiepMeTp J1abopaTOpPHBINA, BOJIBTMETP JIAOOPATOPHBINA, UCTOUHUK MUTAHUS, PEOCTarT,

KJTIOY 3aMbIKaHUS TOKA, COCTUHUTEIILHBIC TPOBO/IA.
Xom paboThl.
KpaTkue TeopeTnyeckue cBeIeHHA

DNEeKTpUYECKUH TOK - YIIOPSIOUYEHHOE JIBUKEHUE 3apsKeHHbIX yacTHll. KonnuecTBeHHON Mepoit
JIEKTPUUYECKOrO TOKA CIIy’KUT CHUJIa TOKa |

Cuna Toka - ckansipHas pu3nyeckas BeJIMYMHA, paBHasl OTHOIICHUIO 3aps/a g, IEPEHOCUMOro Yepes
[IONIEPEYHOE CEUEHUE MPOBOIHMKA 3a UHTEPBAJI BpEMEHH t, K 3TOMY UHTEpPBaly BPEMEHHU:

{ B Mexnynaponnoit cucreme eaununl CU cuna Toka wusmepsercda B ammepax [A].

[LA=1Kxn/1c] [Ipubop  mns  w3MepeHus  Cuwibl  Toka Ammepmetp. Briatouaercs
LEMb MMOCIIEI0BATEILHO

el | bt

| ' L Ha cxemax s5iekTpuyeckux nemneu
A

‘ W AMIICpMETP 0003HayaeTcs

-lla

Hal'lEﬂ)KeHl/Ie — 9TO (1)I/I3I/I‘-I€CKa$[ BCJIMYHMHA, XapaKTCPpU3yrouiad ﬂeﬁCTBHe SJICKTPHUYCCKOTO IT0JIA Ha
3apAKCHHBIC 9aCTULBI, YUCIICHHO PABHO pa60Te QJICKTPHUYCCKOTIO ITOJIA 110 IICPEMCIICHUIO 3apsiaa U3
TOYKH C IMIOTCHUUAJIOM (1 B TOUKY C IIOTCHIHUAIIOM (2

y=2

Uz = 91— ¢2 4

U — HanpsixeHue

A —pabora Toka

( — 2JIEKTPUYECKHN 3apsij

Enununa nanpsoxenus — Bonst [B],  [1B=11x/1Kun], Ilpubop ans usmepeHust HanpsHKeHUs —
BoabTMmerp. Iloakmrouaercs B uenb

! — —J napajyieJIbHO TOMY Y4acTKYy €U, HA KOTOPOM
B

M3MepseTcs pa3HOCTh MoTeHuanoB. Ha cxemax

S
4 f | g 3JICKTpI/I‘leCKI/IX Heneu amrnepmMerp 0603HavaeTcs
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Fpa(bI/ILICCKaH 3aBHCHMOCTD CUJIBI TOKa | OT HaIps>KCHUA u- GOJIbM-AMNEPHAA XAPAKMEPUCMUKA
3akon Oma A1 OAHOPOAHOro y4dacCcTKa LCIU: cula moKa 6 npoeoOHuKe npsamo nponopyuoHalbHa
NPULOIAHCEHHOMY HANPAIICEHUIO U 06pamH0 nponopyuUoOHaIbHa COnpomueleruo npoeodnuka.

I U
"R

[Tonnas (3aMKHyTasi) 3JIEKTpUYECKasl LIETb COCTOUT M3 HMCTOYHUKA Toka ¢ DJIC € W BHYTpEeHHHM

COIPOTHUBIICHUEM I U MOTPEOUTENS SJIEKTPUUECKOTO TOKA C BHEIIHUM conpoTuBieHueM R. Cuna Toka B

TaKO# Leny omnperensiercs 3akoHoM Oma juisd nmonHo# uenu: | ¢ . Ilpu pasomkuyrom kmoye D/C
R+r

HCTOYHHKA TOKA paBHA HAIIPAKCHHUIO HA BHEIITHECH YacTH TCITN.

[Ipn u3MeHeHUH CONPOTUBICHUSI TOTPEOUTENS AIEKTPUUECKOW SHEPTUU U3MEHSETCS BEIMYMHA CHUJIbI
TOKa B LIEIH:
& &
=—"—=e¢=1-(R+r) @) I, = Se=1,-(R,+1) )
R +r R, +r
JleBble yactu ypaBHeHu# (1) 1 (2) paBHBI, 3HAYUT, PaBHBI U [IPABbIE YACTHU:

I,-R,—1,-R (3)
(A

LR +r)=1L(R,+r)=r=

1 2

[TpakTuyeckas 4acTh
onbIT 1. 3akon Oma nyst yuactka menu: st BeIMOTHEHUST pabOThl COOEPUTE DIIEKTPUUECKYIO 1IeTh U3
HMCTOYHHMKA TOKA, aMIIEPMETPA, peOcTaTa, MPOBOJIOYHOTO PE3UCTOpa cOMpoTUBIeHHEM N OM U Kitoya.
[TapaniensHO MPOBOJIOYHOMY PE3UCTOPY NMPUCOSAUHUTE BOJILTMETP (CM. CXEMY).

Hccneoosanue 3a8ucumocmu cuibl moka om HAnpAd#Cenus Ha OAQHHOM yuacmke yenu.
Bxumounte Tok. [Ipy momomu peoctara U3MEHUTE HaNpsHKEHUE Ha 3aKMMax IMPOBOJIOYHOTO PE3UCTOpa
TpwkAbl. Kax bl pa3 npu 3ToM U3MepsiiTe Cuily TOKa M pe3yiIbTaThl 3aluchiBaiiTe B Ta0. 1.

Tabauya 1. Conpomuenenue yuacmxa COnst
Hanpsoxenne, B
Cuna Toka, A
[1o TaHHBIM OTBITOB MOCTPOUTE rpaK 3aBUCUMOCTH CHJIBbI TOKA OT HanpsihkeHus. ClieaaiTe BEIBOI.

ombIT 2. 3akoH OMa I MOJTHOHM 1ienw: J[JIs BBIMOTHEHHUS paOdoThl COOCPUTE IIEKTPUICCKYIO IEIh U3
MCTOYHUKA TOKa, aMIIEPMETpa, peocTaTa, Kiiroda (CM. CXemy).

1. ColepuTe 2IeKTPUUIECKYIO IETh 10 CXEMeE: ¥
2. Onpenenure 1eHy AEICHUS MIEKTPOU3MEPUTEIHHBIX MPUOOPOB. |!




3. N3meppre OJIC uncrounumka Toka. [l 3TOro ompenenure MOKa3aHUs BOJIBTMETpA IIpU
Pa3OMKHYTOM KJIIOYE.

4. M3MepbTe BETMYMHBI CHIIBI TOKA U HANPSDKEHUS Ha BHEIIHEH YacTH LENH, 3aMbIKask KITFOY.
S. M3MeHss nono)xeHue IBUKKa peocTara, IOBTOPUTE U3MepeHus (1. 3) erie ABaKIbl.
6. Boluncnute BeNMYMHY BHYTPEHHETO CONPOTUBIEHMs, ucnoib3ys ypaBHeHue (3) u OJC,
ucronb3ys ypaBaenue (1).
7. Boruncnute cpennue 3Hauenus 3/{C 1 BHyTpEHHETO CONPOTUBIIEHNS HCTOYHUKA TOKA
8. Pe3ynbpTaThl H3MepeHUi U BBIYUCIICHUH BHECUTE B TAOJIHILY.
Tabnuya 2
Ne r
e B UB LA | RLOm | 1,0Om >
/i Om
1
2
3

Cnenatp BbIBOJ 11O padoTe.

KoHTposbHbIE BOIIPOCHI

Uto Takoe 3IEeKTPUIECKUM TOK?

Haiite onpenenenne cuibl Toka. Kak o6o3nauaerca? [1o kakoit popmyne Haxomurcs?

KakoBa euHuIIa H3MEPEHUs CUIIbI TOKA?

Kaxum npubopom n3mepsiercs cuina Toka? Kak oH BKIIIOUaeTCsl B 3JIEKTPUUECKYIO LIETb?

Haiite onpenenenue HanpsbkeHus. Kak o6o3naqaercs? Ilo kakoii opmyse Haxoaurcs?

KaxoBa enqununa usmepeHus HanpsKeHus?

Kakum npubopom usmepsiercs HanpsbkeHne? Kak oH BKJII04aeTcs B 3JIEKTPUUYECKYIO LEMb?

Haiite onpenenenue conporusieHus. Kak obo3nauaercsa? 1o kakoit popmyne Haxonurcs?

KaxoBa enquHuIa U3MEpEHUs CONPOTUBIICHUSA?

0. Chopmynupyiite 3akor OMa JJIs ydacTKa Iemu.

1. ITouemy noka3zaHusi BOJILTMETPA MPHU PA30OMKHYTOM U 3aMKHYTOM KIJIIOY€ Pa3InyHbI?

12. inst m3mepenns DJ]C HCTOUHMKA TOKA ¥ €r0 BHYTPEHHETO COITPOTUBIICHUS CTYICHT COOpai cXemy,
n300pakeHHy1o BbIe. [Ipu 3ToM BonbT™MeTp nokaszain 5 B, a amnepmerp 1 A. Iocne pazmbikanus
KJIFo4a BoJIbTMETp nokazai 6 B. Uemy paBHbl 3/IC HCTOYHUKA TOKA M €r0 BHYTPEHHEE
COIIPOTHUBIICHUE?

13. BJIC ucrounnka Toka 3 B, a BHyTpenHee conporusierue 0,5 Om. ConpoTUBICHUE BHEITHEH YaCTH
uenu 10 Om. Haiinure cuiny Toka B Lieny.

14. Cuna Toka B 1ienu paBHa 0,4 A, BHyTpeHHE CONPOTUBIIEHHE UCTOYHKKA ToKa 0,5 OM, BHelIHee —
4,5 Om. Kakosa 3/1C ucrounuka?

RRoOoo~NoOR~wNE

JlaGopatopnoe 3ansaTue Nel0. DkcnepuMeHTAIbHAS MPOBEPKA 3aKOHOB NapPaJLieJbHOT0 1
MOCJIe/I0BATEJBHOI0 COCIMHECHNS IPOBOIHNKOB

Ienp padoTbl: MPOBEPUTH 3aKOHBI MAPAIEIBHOTO COEIUHEHUS IMPOBOJHUKOB 3KCIEPUMEHTAIBHBIM
IIyTEM.

Boinosinenue padoTsl cnocodcTByeT GOPMIUPOBAHMIO:
OK 01, OK 02, OK 05, OK 06, OK 07, OK 04, OK 09

MarepunanbHoe o0ecnmedeHHe: HCTOYHUK D3JIEKTPUYECKON HHEPrUH, PE3UCTOpPbI, TPU aMIepMeTpa
IIOCTOSIHHOTO ~ TOKa, TPH BOJBTMETpPa IIOCTOSHHOIO TOKA, pEOCTaT IOJ3YHKOBBIM, KIIIOY,
COEMHUTEIIbHBIE TPOBOJA.
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Buumanue! Ilpu padome c 3nekmpuuecmeom coonrooaiime npaguia mexHuku oesonacnocmu. /ns

3AMbBIKAHUA QﬂEKmpu'IBCKOﬁ uenu npuciacume npenodaeamefm 011 ee npoeepku!

el AN

3ananmue:
[ToBTOPUTH 3aKOHBI COCTMHEHUI
Odopmuts paboty B TETpaab
[IponenaTh OMBITHI

CraenaTh BBIBOJI O IPO/ICTAHHOM paboTe

3akonomeprocmu coeouHeHul NPOBOOHUKO8

COCAMHCHHUEC

ITocnenoBarenbHOE

[TapanenbHOE COeqMHEHNE

-1 -1

—>|2

Ry R,
U, U,
1. 1= |1 = |2
2.U=U; +U,
3.R=R; +Ry

|1 — cnna Toka B IepBOM MPOBOJIHUKE, A;

| — ob11as crita Toka, A;

U
Li=l+1,
2.U=U;=U,
3111
R R R

2

U; — HanpskeHUe Ha KOHIIaX NIEpBOro MPOBOIHUKA, B;

U- 06mee HAIIPS’KCHUEC Ha KOHIAX COCANHCHU ITPOBOAHUKOB, B;

R1 — conpoTHBIIeHNE TIEPBOr0O MPOBOAHUKA, OM;
R— ob1iee conpoTuBiaeHne TPOBOJHUKOB, OM.
Tlopsook evinonnenus pabomul

1). [TocrenoBaTensHOE COSAMHEHUE TPOBOHUKOB.

1. Cobepwurte MEKTPUUECKYIO IIEIIb [0 CXEeME.

&)
)

OnpenenuTe 1EHY AEKTPOU3MEPUTENBFHBIX TIPUOOPOB.

I\

HpI/I HEAOCTATOYHOM KOJIMYECTBE BOJIbTMCTPOB U aMIICPMECTPOB MOKHO UCTIOJIB30BATH OAUH
aMIICpMETP U OAUH BOJIBTMCTD. I[JISI 9TOro HCO6XO,Z[I/IMO MCHSATH UX MCCTOITIOJIOKCHUEC COIJIaCHO CXEMCE.

2. Uamepste |y, I, U, Uy, Us.
3. Brmuwnciaure u U

SRR

1
| | |

1 2
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4. Cpasuure 3Hauenus I u |, u cnenaiite BBIBOSI.

5. Cpasuute 3nadenus U u U; + U, u caenaiite BBIBOJI.

6. Cpasuute 3HaueHus R u R; + R, u caenaiite BBIBOI.

7. VI3amepeHwst 1 pe3yJIbTaThl BBIYMCICHUA BHECHTE B TAOJIHILY.

Ne H/H Ilu A |2, A Ulr B Uz, B U, B Rlv OM Rz, OM R, OM

2). [lapanenbHoe coeAMHEHNE TPOBOTHUKOB.

1. CobepuTe 31EKTPUIECKYIO LIETIb 110 CXEME:

2. M3meppTe obmryto cuity Toka |, cumy Toka B pesuctope |y u cuimy Toka B
peocrare ly.

3. CpaBuute 3Havyenusi | u |y + |y, cmenaiite BBIBOA WM 3allUIIATE €TO B
TETpaJIy.

4. V3amepbTe HanpsbKeHUE Ha KoHIax pesucropa U; W Ha KoHIAX peocrara
U,, cpaBHHTE MTOJTy9ICHHBIC 3HAYCHUS U CICNIANTE BHIBO/I.

5. Bbmuucrure obliee  COMPOTHBIEHME Uemd U, wm . _U,;
| |
CONPOTHBIICHHE PE3NCTOPa M peocTata , _U,; o _U,.
1 I1 2 I ,
6. Borunciure 3HaueHns 1 v 1 1 . CpaBHHUTE MOJTYYEHHbIC PE3Y/IbTAThI
R R, R, W

U c/ieJIaiiTe BHIBO/. | )

7. VI3Mepenws U BBIYMCIICHUS] BHECUTE B TaOJIHILY. C@
Ne /i1 I, A I, A I, A U, B U, B Ry, Om R,, Om R, Om

1

),

KoHTposeHBIE BOITPOCHI

1. /IBa pesucropa ¢ conpotuieHneM R1=5 OM R;=10 OM coeuHeHsl ociaeoBarensHo. YeMy paBHO
OTHOIIIEHUE HANPSDKEHUH ; HA 3THX PE3UCTOpax?
U
2. Ilo xaxo# (hopMyJie ONpeAenseTcs: CONPOTUBIICHHUE JBYX MapajljIeIbHO COEIMHEHHBIX IPOBOJHUKOB
R?

3. Omnpenenure 0011Iee CONPOTUBIEHUE yUacTKa AIEKTPUIECKON 6 Om
LTI, TIPEICTABJICHHOM Ha PUCYHKE.

JlabopaTopHnoe 3ansitue Nell. U3ydyenue paGoTsl MyJIbTHMETPa HA IPpUMepe padoThl
AHONOB U 3aBMCHMOCTH CONPOTHBJICHHUS OT TeMIIEPaTypPhbl 00pa3oB MeTa/llIa U MOJYIPOBOIHNKA

Ieab: Hay4YnUTHCS MOIB30BATHCS MYJIBTUMETPOM JUISl PA3HBIX PEKUMOB PaOOThI

BoinosiHeHne padoTsl cnioco0cTBYET (POPMUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuanbHoe olecrieyeHue: MYJIbTUMETP, HaOOp pPE3UCTOPOB, TUOJIbI, TPUOJbI, MCTOUYHHK
TOKa, pe0CcTaT, COEAMHUTEIbHBIE IPOBOAA, KITIOY.
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HNHcTpyKkuus no npuMeHeHHI0 MYJIbLTHMeETPA

IlepexiarouaTesb pexumMa U JUANA30HA U3MEPEHUId.

[lepexmouarens pekuMa M Juana3oHa W3MEpPEHUI MCIONIb3YyeTcs ISl BKIIIOYEHHs MpHOopa, a Takxke
UL BBIOOpA JKEJIaeMoro pekuma palboThl W mpeaena u3MepeHus. s yBenMuyeHHs CpOKa CIyKObI
Oarapew, repeBouTe nepekitoyarens B nojgoxenue «OFF», mocie BoImonHEeHUS H3MEPEHUIA.
HN3mepeHue HanpsizKeHUs MOCTOSIHHOTO M NEPEMEHHOr0 TOKA.

1.IToakmrounTe KpacHbI pa3beM B rHe310 «VmAY, yepHblid pazbeM B rHe370 «COM»

2.YcTaHOBUTE MEPEKIIOYATENIb PEKUMA U3MEPEHUI Ha KeJTaeMbli TUara3oH U3MEPEHUS HAIIPSKEHUs, B
cllydae €CJIM HEU3BECTHO IPHUMEpPHOE 3HAUeHUE HANpsKEHUs, YCTAaHOBHUTE IMEpeKIovareib Ha
MaKCUMaJIbHOE 3HAYCHHUE U CHIDKANTE Mpee U3MEPEHHs 10 MOJTYYSHUS! ONTUMAIbHOTO 3HAYCHHUS.

Pexum ITar usmepenus [TorpemHnocts

200 mB 100 MB +0,5 % ns 3ro 3HaKa
2000 mB 1 MB +0,8 % g 2ro 3Haka
20B 10 MB

200B 100 MB +1,0 % g1 2ro 3HaKa

3. IlpukocHHuTECh MPOOHMKAMH K YCTPOWCTBY WJIM TOYKaM OJJIEKTPUYECKOH CXEMBI. Tae TpeOyercs
U3MEPUTH HaNPSKEHUE.

4. B ciryuae HaJM4Yus HANIPSDKEHUS MPHOOP TOKXKET HANPSHKEHUE U TOJSIPHOCTb.

HN3mepenue NOCTOAHHOIO TOKA

1.INonkmounrte KpacHbIi MPOOHUK K pazbeMy «VQmAy. UepHslil k pazbemy «COM» (1711 u3MepeHus
ToKOB OT 200MA 10 10 A ucnons3yiite pazbem «10A»)

2 VYcTaHOBUTE IEpeKIoYareNb BbIOOpa peXHMa H3MEpEeHHH Ha JKelaeMblid Tpeaen H3MepeHHs
MOCTOSIHHOTO TOKA.

3.PazpeiuHuTE M3MEPSAEMYIO SJEKTPUYECKYIO LENb U IMOJICOCAUHUTE MPOOHUKU IOCIEA0BATEIBHO C
Harpy3Koi.

4. Ha nucniiee nosiBUTCS 3HAYEHUS TOKA.

6. Pazpem «10A» mpengHazHaueH Uil HEYACTOTO MCMOJIb30BaHUS. Bpems u3MepeHHs HE AOIKHO
IpeBbILaTh 15 CeKyHA, a MeXIy H3MEpEeHUSIMH HEO0OXOIMMO BBIIEPKUBATh HECKOJIBKO CEKYH]I BO
n30exaHue MOBPEKICHUs TpUoopa.

HN3mepenue conpoTuBIeHUs

1.IIpucoenuuuTe KpacHblii MpoOHUK K pazbemMy «VQmA». UepHslii k pazbemy «COM».

2.YcTaHOBUTE MepeKiIouaTesb BbIOOpa peXMMa H3MEPEHUH Ha JKeNaeMblil Mpenesl H3MepeHHs
COIPOTHBIICHUSI.

3. Ilpunoxure NpoOHUKKM K HU3MepseMoMYy oO0pasily, IHCIJIe OTOOpa3uT NpU 3TOM 3HAYCHHE
COIPOTHBIIECHUSI.

Pexxum MHoxuTenb [TorpemHocTs
200Q 0,1 +(1.0% myst 10ro 3HaKa)
2000Q 1

+(1.0% ms 4ro 3HaKA)

20KQ 10
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200KQ 100

2000K€Q2 1000

IIpoBepka n1uoa0B

1.IMonkmrounTe KpacHbIA MPOOHUK K pazbemMy «VQmAY., 4epHbIi K pazbemy «COM».

2. YcTaHOBHTE MEPEKIIIOYaTeNb BIOOpa pexkruMa U3MEPEHUI Ha 3HAYOK |1ruo/1a

3. CoenuHATE KPaCHBIN IPOOHHK C aHOAOM (p) TECTUPYEMOTO TMO0/Ia, & YUEPHBIN MPOOHUK C KaToa0M (n)
4. Jlucruie mMOKa)XXeT 3HAYEHHE HamnpsbKeHWs B MB. ecinu MOJIsSpHOCTh JAMOJA IMEpenyTaHa, JUCILIEH
otobpazur «1».

HN3mepenue TemnepaTypbl

1.IIpucoenunute Tepmonapy k pazbemy «VQmA» u k pazpemy «COM».

2.YcTaHOBUTE MEPEKIII0YATENb BRIOOpA PeKUMa H3MEpEeHU Ha u3Mepenue temreparypbl « TEMID»

3. ducnuieit oToOpa3uT 3HaYeHHE TeMIeparypsl B rpaaycax Llenbcust.

3ByKoBasi NPO3BOHKA

1.IMonkmounTte KpacHbI MPOOHUK K pazbemy «VQmAy. UepHslit k pazbemy «COM».

2.YcTaHOBHTE MEPEKII0YaTeIb BHIOOpa pexruMa U3MEPEHUN Ha 3BOHOK

3.Ilpucoeauuute NpoOHUKU K MPO3BAHUBAEMOW cXeme, Mpu colportuBieHur MeHee 30 OM mopaercs
3BYKOBOW CUTHAJI.

ITopsinok BeINOJHEHHS PadOTHI:
1 IIpounTaiiTe TeOpeTUUECKUI MaTepual:

Teoperuyeckuii marepuasn:
Tlonynposoonurkoswiii 0uoo

Juon comepKuT p-N-mepexoll, 3aKIIOYEHHBIM B TEPMETUYECKUU KOPIYC U COCIMHEHHBIA C
METaJUTMY€CKUMU BBIBOJAMU. BBIBO/I OT p-00J1acTH HAa3bIBAIOT aHOAOM, OT N-00JIACTH — KATO/IOM.

Jlnoa- mOTYNpPOBOJHUKOBBIA MNpHUOOp, TNpeAHAa3HAYEHHBIM Ul YCWJIEHUS IpeoOpazoBaHUs
TeHEPUPOBAHUS ANEKTPUIECKUX KOJIEOAHUN Pa3InYHON YacTOTHI.

TpaH3ucTop cocTouT U3 Tpex obaacTeil ¢ pa3IMYHON MPOBOJAUMOCTHIO. Pa3znuyaroT TpaH3UCTOPHI
tumna p-N-p u n-p-n. CpeaHss 30Ha Ha3bIBaeTcs 6a3oti. TonmuHa 0a3bl JOHKHA OBITH MEHbILE JITMHBI
cBoOOHOTrO Tpodera anekTpoHa. B TpaH3ucrope mmerorcs aBa p-h-mepexona. JleBwlit p-n mepexon
SBJIAETCS MPSAMBIM U OTHENseT 06a3y OT 001acTU C MPOBOJUMOCTBIO P-THUIIA, HA3BIBAEMYIO IMUIMINEPOM.
B aT0if obsacTi akuenTopHoi mpuMecH B COTHHU pa3 0oJjblle, YeM JIOHOPHOM mpumecu B Oase, T. €.
IBIPOK B AMHUTTEpPE 3HAUUTEIBHO OoJiblIe, 4YeM 5JeKTpoHOB B 0Oase. IlpaBblii mepexon sBiseTcs
00paTHBIM U OTIeNAeT 0a3y OT 006JaCTH C MPOBOAUMOCTBIO P-TUIIA, HA3bIBAEMOW KOJLIEKMOPOM.
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Xopn padoThl:
1.M3y4nTh MHCTPYKIIMIO 110 SKCIUTyaTalluy Npuoopa.
2. I3MepuTh COPOTHUBIICHHS PE3UCTOPOB, TAHHbIE 3aMCATh B TAOIHILY

WI

Ne ni/m ConporusJjenue, OM

3.Co0parthb 1ens Mo cxeme

4.3aMKHYTb LI€Mb, IPU HEUCIIPABHOCTHU LEMU IPO3BOHUTH L€Ib, HAUTH HEUCIIPABHOCTb.
5.W3meputh HanpskeHue Ha OaTtapeiike u peocTare.

6. PazoMkHyTh 1ienb. MI3MepuTh TEMIIEpATYpy PE3UCTOPA U peocTaTa.

7.I3MepuTh COMPOTUBIIEHNE PE3UCTOPA U PEOCTaTa, JaHHBIC 3aITUCATh B TAOIHILY

HanmeHoBanue ConporusBienune, | Hanpsixkenue, B | Temneparypa,
Om oc

Pesncrop

Peocrar

Ucrounuk Toka | 0000 -----

8. IloBTOpUTH TEOPETUUECKHI MaTepHall IO MOJIYIPOBOJIHUKOBBIM MPUOOpaM: THOAY U TPAH3UCTOPY.
9. IIpoBepuTh 1MOABI (MCIIPABHOCTD, MOJISPHOCTB).
10. Tpauzuctopsl. OmnpenenauTs BBIBOJBI TpaH3UCTOPa (KOUIEKTOp, 0a3a, SMUTTEP) M TUIT TPAH3UCTOPA
(p-n-p) i (n-p-n)
11. 3anucaTh BBIBOJ 1O paboTe, OTBETHUB HA BOIPOCHI.
KoHnTpoJbHbIE BONIPOCHI:
1. Kak BeIsICHUTB, 4TO Au0A HeucnpaeH? 2. Kak BEISICHUTH p- U N- KOHTAKThI [uoa?
2. Kak onpenenuts 6a3y y TpaH3UCTODA.
3. Hasoswure riaBHBIE CBOICTBA AMOAA U TPAH3UCTOPA.
4. YcTpOoWCTBO AMO/a U TPAH3UCTOPA.

Yactb 2
Heab: u3Meparb CONPOTHBICHUE MPOBOJHUKA OMMETPOM; YCTAHOBHUTH 3aBHCHUMOCTb COINPOTHUBIICHHE
MeTaJula U MOJIYIPOBOJIHHUKA OT TEMIIEPATYPHI.
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BoinosiHeHne padoThl cioco0CTBYET (POPMUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09
MarepuanbHoe obecniedeHue: MyJIbTUMETP, TPUOOPHI AJIS U3YUEHUS 3aBUCUMOCTH COIIPOTHBIICHUS
MeTaJula U MOJYIPOBOJIHHUKA OT TEMIIEPATYPbI, TEPMOMETP, DJICKTPUUECKAs TUIMTKA, IITATUB C
MIPUHAJIJICKHOCTSIMH, K0J10a C BOJIOM.

3aganue.

1. O3HaKOMHTBLCS € TEOPETHYECKMM MATEPUATIOM.

Teopernyeckuii MaTepuas:

Ecan mpomnyCTuTh 3MEKTPUYECKUN TOK Yepe3 CTaIbHYIO CHUpallb, a 3aTeéM €€ Harperb, TO
aMIepMeTp MOKaXET YMEHBIICHHE CHJIbl TOKa. DTO O3HAYaeT, YTO C H3MEHEHHEM TeMIIepaTyphl
COMPOTHUBIICHNE METaJlIa MEHSIETCSI.

Bce Meramnbl — KpUCTAIMYECKHE Tela, B y3JlaX KPHUCTAJUIMYECKOM pEeIIeTKH KOTOPBIX
pacrojiaraeTcsi TOJIOKUTEIBHO 3apsHKCHHBIC HOHBI. MEXIy KOJEOMIOMUMUCS WOHAMH JIBUTAFOTCS
CBOOO/IHBIE SJEKTPOHBL. BennuumHa SJIEKTPUYECKOTO COMPOTHBICHHUS METalla 3aBHCUT OT 4HCIa
CTOJIKHOBEHHH KOJICOIOMMXCSI MOHOB M CBOOOIHBIX 3JEKTPOHOB. llpm yBenMuUeHUM TemIieparypsl
MeTalljia yBeTMYUBACTCA aMILTUTY/a KoJleOaHWi HOHOB. DTO MPUBOJUT K YBETHYECHUIO CTOJIKHOBEHUH, a
3HAYUT U K YBEITUYCHHUIO COMIPOTUBIICHUS METAJLJIA.

B nonynpoBoaHUKE NpU YBETUYCHUH TEMIIEPATYPhI YBEIMUHUBAETCS YHCIO CBOOOTHBIX HOCUTENEH
3apsAaaa, NOABUBIIMXCS IPHU PAa3PbIBC KOBAJICHTHBIX CBsI3eH. DTO MMPUBOJUT K YBCIIMYCHUIO CHUJIBI TOKA B
MOJIYIPOBOJIHUKE U K YMEHBILIEHUIO COIPOTUBIICHUS TIPOBOIHUKA.

Buumanue! Bo u3bexcanue nadenus Kondvl nomecmume 6 KObUO, 3AKPENeHHOE 6
wmamuee. B konby onycmume npooupky, ¢ nOMEeu|eHHOIl 8 Hell KAMYWIKoll U3 MeOH020 npoeooa.
Ocmoposicno onycmume 6 npooupky mepmomemp. AKKypammno 6vblnoIHANUmME nepemeujeHue
emKocmu ¢ 2opaueil 6000il.

Ilopsinok BbINOJHEHHS padOThI:

1. IToarotoBbTe K paboTe OMMETD:

a) BCTaBbTE LITHIPbKU MPOBOIHUKOB B THE3/a, 0003HaueHHbIE «» U «0611 COM.»;

0) mocTaBbTe NepekIrovaTesb Ha nuppy «10»;

B) COEJJMHUTE CBOOOIHBIE IITHIPHKU MPOBOJIHUKOB U PYUKOH «yCT. 0» MOCTaBUTH CTPENKU Ha «0».

2. Ha snexkTpuyecKkyro MIUTKy IOMECTUTE KOJIOY ¢ BOJIOM.

3. CBOOOIHBIE ITHIPHKM OMMETpPA COEAUHUTE C KIIEMMaMU MEAHON KaTyIIKH.

4. BxirouuTe HIHYp IUIMTKH B PO3ETKY M M3MEPHTE CONPOTHBIICHUE KATYIIKHM IPU PA3IAYHBIX
3HAYEHUSX TEMIIEPATYpHI.

5. BHecute u3mepenus B Ta0nuily.
IIpoBoaHuK (Meb)

t, C

R, Om

6. Ha ocHoBe u3mepenuii noctpoiitre rpapuk. Crenaiite BbIBOJ, KaK CONPOTHBIICHHE MPOBOAHUKA
3aBHCHUT OT TEMIIEPATypHhI.

R, Om

A 4
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t°, C

7. IloctraBbTe mepexitoyarenab omMmerpa ¢ mudpsl «10» Ha nuppy «100» U mocraBeTe CTPENKY
ommeTpa Ha «0» (CMm. myHKT 1-B).

8. 3ameHuTe B KosiOe MPOOUPKY C METAIIOM Ha MPOOUPKY C MOIYIPOBOJAHUKOM (TEPMHUCTOPOM).
Omnycture B npodupky Tepmomerp. K kiieMmam TepMucTOpa MOJICOEAUHUTE OMMETP.

9. 3mepbTe cONMpOTUBIICHNUE TOIYIPOBOJHHUKA MTPH PA3IMYHBIX 3HAYEHUSIX TEMIIEPATYPHI.

10. BHecute u3mepeHus B TaOJIHILY.
IHonynpoBoaHuK

t°C

R, Om

11. IToctpoiite rpaduk R(t).
R, OM%

0
t,C
12. Cz[enaﬁTe BBIBOJ, KaK COIIPOTHUBJICHUC ITOJIYIIPOBOAHUKA 3aBUCUT OT TEMIICPATYPhbl

KoHTpoJibHbIE BOIPOCHI:

1. DeKTpUYECKUi TOK B METAJUIAX — 3TO YIOPSIOYEHHOE JIBIXKCHHE ...

2. C TOUYKM 3pEHHUS DOJICKTPOHHOW TEOPUU IIEKTPUUYECKOE COMPOTUBICHHE OO0YCIOBICHO
COY/IAPEHUSIMH ...

3. C NOBBILLIEHUEM TEMIIEPATyPhI COPOTUBJIECHUE METAIA ...

JlaGopaTopHnoe 3ansitue Nel2. Onpenesienue TeMnepaTypHoro kodggpuuuenta Meau

Ileb: pacKphITh BIMSHHUE TEMIEPATYPHI HA JIEKTPUUECKOE COITPOTUBIIEHUE METAIIOB; OIBITHBIM
nyréM  ompeAenuTb Kod(pQGUIMEHT TEPMHUYECKOIO  CONPOTHBIEHUS  MEAM; MOCTPOUTH IO
9KCIIEPUMEHTAIBHBIM JAaHHBIM T'pauK 3aBUCUMOCTH COIIPOTUBIIEHUS OT TEMIIEPATYPHI.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuanbHoe obecmnedyeHue: TpuOOp A ONpeeNieHus TemrepaTypHoro KoiagduuneHTa
COMpoTuBIeHUs Meau, tepmoMerp TexHudyeckuid or 0 no 100°C ¢ nenoit genenust 1°C, ommerp,
BHEUIHUI coCy/ KaJlOpUMeTpa C BOJOM, 3JEKTPOILUIUTKA, KII0Y, COEAUHUTENbHbBIE TIPOBO/IA, IITATUB C
My(}TOI 1 TanKOM.

Teopernyeckunii marepuan:

DJNEeKTPUYECKOEe CONPOTHUBICHHE 3aBHCHUT OT Temmeparypbl. OOBSICHAETCS 3TO TeM, YTO
YIIOPSJOYCHHOMY JABI)KEHHIO CBOOOIHBIX 3JIEKTPOHOB 3JEKTPUUYECKUNH TOK — 3TO YIOPSI0YEHHOE
JBUKEHHE 3apsUKEHHBIX YaCcTHUIL - 3JIEKTPOHOB) OKA3bIBAIOT NMPOTHUBOACHCTBHE (COMPOTUBIIEHNE) aTOMBI
KPUCTANINYECKOM peIIETKH, UHTEHCUBHOCTD TEIJIOBOTO JIBUKEHHUSI KOTOPBIX U3MEHSETCS C U3MEHEHUEM
TEMIIEPATYPHI.

Y XUMHUYECKH YHCTHIX METa/NIOB C TMOBBIIIEHUEM TemmepaTypel Ha 1°C  compoTHBIECHUE
Bo3pactaer mpumepHo Ha 0,004 (1/273) comporuBnenus mnpu 0°C u BeIpaxkaeTcss JIUHEHHOMN
3aBHCUMOCTBIO
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Rt =Ro(1+0aAt), e

Ro—comnporusnenne meramia npu 0°C,

At- pa3HOCTB TemIiepaTyp (KOHEYHON U HayaJIbHON);

0 - TeMIepaTypHbIil KOA(h(ULIHUEHT COMPOTUBIICHHUS, MTOKAa3bIBAIONINHN, HA KAKYI0 YaCTh HAYaJIbHOTO
conpotusiienus npoBoanuka rnpu 0°C (273K) uzmensiercs cornpotusieHue npu Harpesanuu Ha 1°C umu

IK.

0=A R/ RoAt it 0=A R/ RoAT
AR=R; Ry

OnpITHBIM ITyTEM MOXHO OIPENEIUTH 0, HE Ipuderas K U3MepeHuro conporusieHus Ro. g aroro
HEOO0XOAMMO JIBaXK/Ibl M3MEPUTh CONPOTUBIIEHUE HccienayeMoro martepuana Ri; m Ry mpu pasHbIx
TeMIeparypax t; 4 to.

ITopsinok BbINOJIHEHHSI PAa0OTHI:

1. Cocyn ¢ BOJo¥ MOCTaBUTh HA 3JIEKTPOIIUTKY U BKIIIOUUTH €€ B CETb.

2. OmpenenuThb LIEHY JEICHHS] OMMETPA.

3. N3meputs conpoTuBieHne Ry MeTHON MPOBOJIOKK IPYU KOMHATHOM TeMIiepaType ti.

4. Onyctuth mpubOp B BONY, YCTaHOBUTh B HEM TepmomeTp. Ilpu HekoTopoii Temmepatype t;
W3MEpPUTH CONPOTUBIICHUE Ry HccienyeMoi mMpoBOJIOKH.

5. OnbIT MOBTOPHUTH HECKOJIBKO pPa3.

6. Berumcauts 2 — 3 pasa a, ucnojb3ys cootHoieHue: o= R - R/ (R1t2 — Ry ty).

7. OnpenenuTth cpeHee 3HAUCHHUE O¢p, U CPABHMB IOJIyUYEHHBIH pe3yNbTaT ¢ TaOJIMYHBIM 3HAYCHHUEM
TEMIIEPATypHOTO KO3 (UIMEHTA  CONMPOTHBICHUS  MEIH, BBIUYUCIUTH  OTHOCHUTEIBHYIO
MOTPEIIHOCTb.

8. Pe3ynbTarhl M3MEpEHUH U BEIYMCIICHUH 3acaTh B TaOJIHILY.

Temnepary Conporus Temnepart Cpennee ToO. OTHocuTeIbH

Ne pa JleHue YPHBIi 3HaYeHHue 3HAYeHHe asi

MeHOMH MeIHOM K03 (punu TeMIeparyp TeMIeparyp NOrPelHOCTh
IPOBOJIOKH MPOBOJIOK €HT HOIr 0 HOI'0
t, °C u R, Om CONMPOTHUBJI ko3 punue ko3 unuen
eHusl HTA Ta 9, %
0, (°C)* cONnpoTHBIe cOnpoTHBIe
HUA HUA
acp.
1
2
3
4
5
6

9.Wcnonb3ysl 1aHHBIE YKCIEPUMEHTA, MOCTPOUTH I'paduK 3aBUCUMOCTH R OT t, OTKiIaabIBasg Mo ocu
abcuucc — remneparypy B °C Ha OCH OpAMHAT — CONIPOTUBJICHHUE.

10.Cnenats BBIBOJ 1O paboTe.

KoHTpoJibHbIE BONIPOCHI:

1.
2.
3.

ok~

KaxkoBa (husndeckas CynmHOCTb 3JIEKTPUIECKOTO COMPOTHUBIICHUS?

Kak oObsICHUTH yBEIUUYEHUS COMTPOTUBICHHUS METAJIIOB TIPU HArpeBaHUU?
OO0bsacHUTh  QopMydy, TIO KOTOPOH  Ompenensercs TemIepaTypHBIi
CONPOTHUBIICHUS.

[Touemy TemmnepaTypHbIii KO3()HUIIUEHT COMTPOTHUBICHUS ISl SIEKTPOIUTOB OTPULIATEIBHBIN?
KakoBo conpotunenue 0,5 Kr MegHO# TpoBOJIOKH AuameTrpoM 0,3 Mm?

KOd(pUIMEHT
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6. Vkasarb

MPaKTHYECKOE

TEeMIIEPaTyphI.

IIPUMEHEHHUE

3aBUCUMOCTH

CONMPOTUBJICHUA

MPOBOJIHUKA

JlabopaTopHoe 3ansiTue Nel3. OnpeesieHue CONPOTUBJIEHHUS Pe3HCTOPA METOI0M
MApPKHPOBKH

ean:

N3yunts

OIMH W3

CII0CO00B

MapKUPOBKH PE3UCTOPOB.

OIIPEJIEIUTh

oT

HOMHWHAJIBHOC

COIMPOTUBIICHUE PE3UCTOPOB METOAOM MAPKHUPOBKHU; OIIPEACTIUTE AOIIYCTUMOEC 3HAYCHUC CHUJIBI TOKA JJIA
AaHHBIX PE3UCTOPOB IIPpHU N3BECCTHOM HOMUHAJIC MOITHOCTH.

BoinosineHne padoThl cioco0CcTBYET (POPMUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MaTepnaﬂbnoe odecmeyeHue:

MapKHPOBKH.
3amanue

1. O3HAKOMHUTBCS C TEOPETHUYECKHMM MATEPHATIOM.

Teopernyeckuii MaTepuas:

HAaOOp PE3UCTOPOB PA3HBIX CONPOTHBIICHUH, TAaOIMLA 3HAKOB

[Ipu onpenenenun pexrumMa paboThl pe3UCTOpa CIEYET YUUThIBATh MAKCHMAJIBbHO JOMYCTHMOE /Il

HEr0 3HAYECHUE CUJIBI TOKA, KOTOPOC ONPCACTIACTCA 3HAYCHUCM €TI0 COIPOTHUBJICHUA 1 MOIIHOCTBIO.

MapKI/IpOBKa HOMMUHAJIA pE3UCTOPa OCYHICCTBIIACTCA IBETOBBIM KOAOM B BUJIC YCTBIPCX NBETHBIX I10JIOC,
HAaHCECCHHBIX Ha €TI0 KOpPITyCe.

IIpu 3TOM 3HaUEHUE CONPOTUBIIEHUS pe3ucTOpa yKaszbiBaeTcsi B OMax ABYMs MEPBBIMHU MOJIOCAMU U

MHOKHUTENEeM (TpeThs monoca) 10n, rae n - 1r060e 1enoe Ynucio ot - 2 A0 + 9.

MapkupoBOYHBIE 3HAKU CABUTAIOT K OJHOMY U3 TOPIIOB PE3UCTOPA, HAIIPUMED, K JIEBOMY, U 3aTEM

pacrojararpT clieBa HalpaBo B CIEAYIOIIEM MOPSIKE:

IepBasd 1oJIoca - repBas umbpa HOMUHAJIA, BTOpas MoJIoCa - BTOpas un(ppa HOMUHAJA, TPCThs IOJIOCA -
MHOKHUTCJIb, YETBEPTAs IIOJIOCA - JOITYCK Ha OTKIIOHCHUEC (I)aKTI/I‘{eCKOl"O COIIPOTUBJICHUA OT HOMUHAJIA.
Ecmu Pa3sMEPLI pE3UCTOPA HE MO3BOJIAIOT Pa3MECTUTHL IBCTHBIC ITOJIOCBI HECUMMCTPHUYHO, T. €. OmmKe K
OIHOMY M3 TOPLOB PE3UCTOPA, TO IIE€pPBas IMOJIO0CA BBITTOJIHACTCS Ooiee IJ.IHpOI(OfI.

HBeTa 3HAaKOB MapKUPOBKHU HOMHUHAJIIbHOT'O COIIPOTUBJICHHUA B Omax u JAOITYCKOB B % IMPpUBCCHLI B

Tadimue:

IlepBas Bropas | MHoxuren Honycie
IBer 3HaKa B %
uudpa nudpa b
Cepebpuctsl -- 10 10
i
30J10TUCTBIN -- 101 5
YepHblii 0 1 --
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Kopuunessiii | 1 1 10 1
Kpachbrit 2 2 10° 2
OpanxeBbiii | 3 3 10° --
Kenteii 4 4 10* -
3enenbiit 5 5 10° 0,5
Tony6oi 6 6 10° 0,25
duoneroBeid | 7 7 10’ 0,1
Cepbiit 8 8 10° 0,05
benbrii 9 9 10° -

IMopsaaok BbINOTHEHHS] PAGOTHI:
1. Pa3noxwuts Ha pabodeM CTOJIEe KOMIUIEKT PE3UCTOPOB.
2. BHuMaTenpHO mpoYMTaTh yKa3zaHHE K padore.

3. OdopMuUTH MAPKHPOBKY PE3UCTOPA B TETPAIH 110 00PA3ILY

7 8 102 5%

(1)1/1 cep Kp 30
ole BIA ac J10
7, 8 k Om wma 7800 Om 5% 1o A
bl u -
4. 3anosHUTH TAOIHILY:
Pesuct | HomunanbHOE MouHoCTb Cuina
op conporusieHne R | pesucropa ToKa (A)
(Br)
1. 0, 25
2. 0, 25
3. 0, 25
4. 0,25
5. 0,25
6. 0,25
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7. 0,25

8. 0,25

5. PaccumTars cuity ToKa mpy U3BECTHOM MOITHOCTH TOKA.
6. Cnenatp BbIBOJ 110 padoTe.
KoHTposabHbIe BONPOCHI:
1. B uewm 3akirodaercsi METOJ MapKUPOBKHU.
2. Jlnst 94ero Hy’>KHO 3HaTh CONPOTUBIIEHHE PE3UCTOPA MPH BKIIOUEHHUHU €T0 B CXeMy?

3. Ot yero 3aBHCHUT MOIIHOCTB TOKa, TCKYLICTO I10 peBI/ICTOpY?

JlabopaTopnoe 3ausitue Nel4 Onpenesnenue KII/[ narpeBareseit

ue.ﬂb: HAYYUTHCA MMPAKTUYCCKU ONPEACIIATH TCIUIOBYIO OTHAYy JJICKTPUYCCKOTO HArpeBaTCIIsd JH000r0
THIIA.

Beinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MatrepuainbHoe olecnedeHue: 2 >JIEKTPUUYECKHX HarpeBarelis, COCYH A KUISTYEHUS BOJbI,
BOJIa, TEPMOMETP, CEKYHIOMEp (9achl), CIIPAaBOYHHK 110 (PHU3UKE.

3ananue.

1. O3HaKOMHTBCS C TEOPETUYECKHM MaTepHaIoM
Teoperuyeckunii marepuasn:

KO3(1)(1)I/II_II/IGHT MOJIE3HOT'O ACHCTBUS HarpeBareiisl CBA3aH COOTHOICHUCM:

K.ILJI. = % «100% (1)
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Q ;- mose3Has TemIoTa U oIpenenseTcs no Gpopmymne
Qu=C*m(T2-T1) (2)

rlie ¢ — yAelIbHas TCIIOCMKOCTh JKMIKOCTH,
M — Macca JXUJIKOCTH, KOTOPYIO KUILATAT,
T1— HauaspHas TeMIepaTypa *KHUIAKOCTH,
T, — KOHe4Hast TeMIeparypa KHJIKOCTH,
Q3 — KOJIMUYECTBO TEIIOTHI, KOTOPYIO BBIIENSIET HArpeBaTellb
(3aTpadeHHast TEIJIOTA) U ONpeaesnseTcs 1no Gopmyne:
Qs=P-t (3),

rae P — MOIIHOCTD 37IeKTPUYECKOr0 HarpeBaTess,
t — MHTEpBaAJI BpEeMEHH, 32 KOTOPbII 3aKHUIIea KUIKOCTb.
MOIIHOCTh 3JEKTPUYECKOTO HArpeBaTelisi ONMpPEACssIeTCs MO MAaCHOPTHBIM JaHHBIM, YKA3aHHBIM Ha
pudope.
Bpemsi, 3a KOTOpoe 3aKUIHT JKHIKOCTh, OMNpEICIsAeTCS dYacaMu. YJelbHas TEIUIOEMKOCTh BOJIbI
OIPECIISIETCS 1O CIIPABOYHHUKY.

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTbI:

1. IToaroroButh Ta6nnuy JJISL 3alIUCHU PE3YJIbTATOB, OIIPEACIACMBIX B XO/I€ pa6OTBI.

Ornpenenursb Boruucnuts
Cs m T, T, P t K.II.
.
“ K |K |B %
T\ T |c 0
e K
1. 3anectu B TaOJUILy CIPABOYHBIC TAHHBIE YJIEIBHON TETUIOEMKOCTH 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. BxaouuTh HarpeBaTellb OJHOBPEMEHHO C CEKYHIOMEPOM (dacammu).

5. OcTaHOBUTH CEKyHJOMEp (Yachl) B MOMEHT OypHOTO KHIEHHsI BOJbl. Bpems, 3a koTopoe
3aKuIeNa BO/Ia, 3aHECTH B TAOIHILY.

6. Bwrauciute K.I1.J1. amekTprdyeckoro HarpeBaress.

7. TIOBTOPUTH OMBIT C IPYT'MM HAarpeBaTEIIEM.
8. YumureiBas motrepu SHEPTUU CHOPMYINPOBATH BHIBO/I.

KoHTpoJibHbIE BONIPOCHI:
1. VBemnuurcs winm ymensiiutces KJILJ. snekrpuueckoro dYaiHUKa, €CIM Ha €ro CTEHKax
MOSIBUJIACH HAKUITH (OTIIOKEHUE COJIei)?
2. 3asucut nu KIIJ] anekTpudeckoro 4aifHUKa OT TOTO OTKPBIT OH WM 3aKPhIT?
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Tema 4.3 DulekTpHYecKnii TOK B Pa3JIMYHBIX cpeaax

JladoparopHnoe 3ansiTue Nel5. OnpenesieHne 3JIeKTPOXUMHYECKOT0 IKBHBAJIEHTA Me/IH B
npouecce 3J1eKTPoIn3a cyJab(paTa Meau.

Heab: DKCIEpUMEHTAIBbHO ONPENEIUTh SJIEKTPOXMMHUYECKUN SKBUBAJIEHT Menu. CpaBHUTH C
Ta0JIMYHBIM 3HAYCHHEM. [[03HAKOMHUTHCS C MIMPOKUM CIEKTPOM MPUMEHEHUS (PH3UKO-XUMHUYECKOTO
rporecca «JIEKTpoiau3». Ero ucnosp3oBaHue B METANTYPrUYECKON TPOMBIIIIIEHHOCTH.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 06, OK 07, OK 04, OK 09

MarepuanbHoe o0ecrnedeHue: DJIEKTPOHHBIE BEChl, aAMIIEPMETP, YacChl, MCTOYHUK IHTAHUS.
MenHbple WM YrojibHbIE 3JEKTPOJBI C JEp)KaTeleM, PacTBOP MEIHOr0 Kylopoca, KIK4, PeocTar,
MpOBO/IA.

Ilpu evinonnenuu nadopamopHoli padomsvl NOBEPXHOCHIL C 000pyOOGaHUeM O0INHCHA Oblmb
ycmouuueoil, 60 uzbexncanue OnpoKuOvIGanuUs mapwl ¢ nekmpoaumom. Cmyoenmul, coduparoujue
cxemy 001HCHBL pAdOmams 6 nepuamKax.

1. 6bINONIHAMb PAOOMY MOJILKO C PA3PEULEHUS YUUMEISL,

2. n0020mosums K padome u npogepums UCNPAGHOCMb INEKMPULECKo20 000py008anus, npubopos
1a60opamopHoil nocyovl,

3. meepovle KpUCmaiivl 6pams NUHYEMOM,

4 Helb3s npo606amb HA BKYC BeUeCmed;

5. OCMOMP U YUCMKA INeKMPONPUOOPA NPOU3BOOAMCI RPU €20 OMKIIOYEHUU OM CemiL;

6 npu ONPOKUOLIGAHUU MAPbL BOCNOL3YUMECH CANPEMKOU U NEPUAMKAMU.

Xoa paboThI:
1 IlocTaBUTH BEChl HA POBHYIO ITOBEPXHOCTh U OOHYJIHUTD.
2.B3BecTy 0JIHY U3 YroJbHBIX IIACTHH.
3.B3BelieHHyo0 IaCTUHY OTMETBTE.
4.Cobepute 2JIeKTPUUYECKYIO LeMb, N300pakKeHHYIO Ha pUCYHKE. (B3gewennyio niacmuny nodxknouume

K (=), l

5.3aMKHUTE LeNb U 3acekuTe Bpems 20 MUH.
6.Caenure, 4TOOLI B TEUEHHE BCETO OIBITA CHJIa TOKA ObLIa
MOCTOSIHHOM. CaS0,

7.Yepes 20 MUH. BBIKIIOYHMTE TOK. . [ A)
8.BcTpsXHHTE IIIaCTHUHY, U B3BECTH €€. J NS
9.Pe3ynbTathl onbITa 3aHECUTE B TaOIHUILY.
10.ITo hopmyiie paccunraiiTe 37€KTPOXUMHUUECKUN SKBUBAJIECHT d:j
TH o1 -
ff=— P
MeIH. i1 I

11.ITo popmynam paccunTaiiTe MOrpenIHOCTh
3JIEKTPOXMMHMYECKOTO SKBUBAIIEHTA ME/IH, CPABHUB €TO C MAOIUUHBIM SHAUCHUEM. 5 _ kt —Ka 100%
k

T
x = 0,3310%k2/Kn;

Macca karona Macca Macca Cun toka | Bpewms DNEKTPOXUMHUYECKUM
110 OITbITa Karoja BBIJICJIMBIIEUCS I[(A) t(c) SKBUBAJICHT MEIU
my(xr) rocie MeIn K, (xr/Ki)
OnbITa m (kr)
m; (kr)
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13. CnenaiiTe BBIBOJ 11O IIPOJICITAaHHOM padboTe.
KouTpoJbHble BOonpochI:

1. Hanucats 3axoH @apayiest 0 Macce BEIECTBA, BBIICIUBILIETOCSA Ha MIEKTPOJIE.

2. Yemy paBHO 3HaueHHe MoctostHHON Dapanes?

3. Kak 3aBucuT Macca BemecTBa, BBIICIUBIIETOCS Ha HJIEKTPOJIE OT BPEMEHH MPOTEKAHHS
AIIEKTPUYECKOTO TOKA.

4. Kakoif 3aps UMeeT KaTo/, €CIIM KaTHOH UMEET 3apsizl «+»

5. Yewm sBiseTCA 4nuCTas AUCTHIUIMPOBAaHHAs Bosa?

o

Ha xakoM u3 3/1eKTpo/10B BBIIEISAETCS MEb B YUCTOM BUJE U ToueMy?

7. B »IeKTpoNMTHYECKYI0 BaHHY MOMECTUM MEIHYIO IUIACTUHKY, CIyXKallylo aHoxoM. I[lmactunka
MIOKPBITa BOCKOM, Ha KOTOPOM HallapamnaH pUCYHOK. UTO MoiyduTcs Mocie MPOMYCKaHUsS TOKA U
yJaJIEHUs] BOCKA C IJIACTUHBI?

8. Uro Takoe raqpBaHOCTETHS, FAJIbBAHOIIIIACTHKA.

9. Yepe3 pactBop MenHoro kymopoca mnpouwio 20 kKin snextpuyectBa. [Ipu 3ToM Ha ofHOM u3
AJIEKTPO/OB BBIJEISIETCA YUCTOM BUJE Maccoil 6,6 rpamm Meau. OnpenenuTb 3IEKTPOXUMUYECKUI
HKBUBAJIECHT MEJIH.

10. CKOJBbKO HUKENS BBIACTUTCS MPH JEKTPOU3e 3a | yac mpu cuiie Toka 5 Amrep, eciu U3BECTHO, YTO
MoJisipHas Macca HuKens 58,71 r/Moub, a BaJIeHTHOCTh paBHa 2.

11. Onpenenure maccy cepebpa, BBIICIUBIIETOCS Ha KaTOAE MPU AIIEKTPOJIM3€ a30THOKKCIIOro cepedpa B
TE4YeHHUe 2 4acoB, €CIU K BaHHE NPUIIOKeHO HanpsbkeHue 1,2 B, a conporusienne BaHHbl 5 OM.

12. DnexTponu3 MEIHOro Kymopoca MpoxXoawi mpu Toke 5 Ammep B Teuenue S50 mumuyt. Kakoe

+ N

ko, =33100" —
Cr —a- -
KOJIHMYCCTBO MM BBIACINIIOCH HAa KaTOAC, CCIIN K

Pa3gea 5 KoJsie0anus M BOJIHBI
Tema 5.1 Mexannyeckue KoJe0aHUA M BOJHBI

JladopaTopnoe 3ansiTue Nel6. [IpoBepka 3aKkoHOB K0JIeOaHMIE MATEMATHYECKOI0 MasiTHHKA

]_le.]'lb: YCTaHOBUTb MAaTCMATUYCCKYIO 3aBUCUMOCTD IIEPUOJa HUTAHOTO MAasATHUKA OT AJIMHBI HUTHU
MasiTHHKa

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepunanbHoe obecniedeHue:

ANEKTPOHHBINA CEKYHJIOMEp, U3MEpPUTENIbHAS JIEHTA, IIapUK C OTBEPCTHEM, HUTb, IITAaTUB C MyPTOM
U KOJBIIOM; IITaTUB ¢ My(pTOH W Jamkoil, HAOOp MPYXKHUH Pa3HOU KECTKOCTH, HAOOp TPY30B pa3HOU
MAaccChl, CEKYHIOMED

Teopus.

OnpiT 1

MaremMaTHueCKUM MasTHHKOM Ha3bIBaeTCS MaTepUalbHAs TOYKA, MOJBEIICHHAs HAa HEBECOMOW U
HepaCTSI)KI/IMOfI HHUTHU. MOH@J’ILI—O MOXKET CITYXUTb TSDKEITBIN mIapukK, pa3MEpbl KOTOPOro B€CbMa MaJibl 110
CPAaBHEHMIO C JUIMHHOW HHUTH, Ha KOTOPOW OH MOJABELIEH (HE CPaBHUMBI C PACCTOSHUEM OT IIEHTpa
TSDKECTH JIO TOYKH TTOJBECA).
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VYuensle [anuneii, HpiotoH, beccens u ap. ycTaHOBMIM CJEOYyIOIIME 3aKOHBI KOJICOAHUS
MaTEeMaTHYECKOr0 MasiTHUKA!

1.Ilepuon komebaHMs MaTEeMaTHYECKOTO MasTHUKA HE 3aBHCUT OT MAacChl MasTHUKAa U OT
aMIUIATYIbI, €CJIM YroJ pa3Maxa He npesslmaet 10 rpanycos.

2.Ilepuon koneGaHUsT MaTEMAaTUYECKOTO MAasSTHUKA MPSIMO MPOIOPLUUOHAIECH KBAaJPaTHOMY KOPHIO
U3 JUIMHBl MasTHHKAa U OOpaTHO NPOMOPLUOHAJEH KBAaJIPAaTHOMY KOPHIO M3 YCKOPEHMsI CBOOOIHOIO
IaJICHUS.

Ha ocHOBaHMM 3THMX 3aKOHOB MOXXHO HamucaTb (GopMmMyidy JUisi Tiepuoja KoseOaHHi
MaTEeMaTHYECKOro MasiTHUKA:

T’ = 2/7 —
g

I/ICHOJII)?;}UI MOACIb MW 3aKOHbI KOJIEOAaHMI MaTEeMaTHYECKOIrO MassTHHKaA, MOXHO HpOHa6JIIO[[aTI)
CBO6OI[HBI€ KOJ'IC6aHI/IH, a TaKXKC C UX NOMOILIBIO ONPEACIUTDh YCKOPCHHUEC CBO6OI[H01"O naaCHus aJjis cBoOEiH
MCCTHOCTH U CPABHUTH CO CIIPABOYHLIM 3HAYCHHUEM Z.

YckopeHrne CBOOOIHOTO MAJACHHS MOXKET OBITh BEIYHCIICHO TI0 (hopmyrie

2 ] ."\" 2

£

g=4r

Xox pabdoThI:

1. 3akpenuTh HUTH MasITHUKA B JIepKaTele TaTUBaA.

2. U3MepuTh JUIMHY MasTHHKa (AJIMHA MasTHHKA CUMTAETCA OT TOYKHM IOJBEca JO LEHTpa TSHKECTU
[1apuKa).

3. OTKJIOHUTH MAPHK Ha yroJ He 6osiee 10° 1 OTIYCTHUTS.

4. Onpenenutb Bpems, 3a KOTOpoe MasiTHUK coBepini 20 koneGaHui.

5. Beruuciauts nepuos konedanusi MasTHUKA, UCTIONb3ys hopmyny Nt T .

6. IIoBTOPUTH OMBIT €11I€ TPU pa3a, yMEHbIIAs (WM YBETUUMBas) [UIMHY HUTH MasiTHUKA.

7. Pe3ynbrarhl 3aHECTH B TaOJIUILY.

Tabnuna Nel 3aBucUMOCTb NepHOJIa MasiTHUKA OT JAJIUHBI HUTH

Ne JlnuHa HUTH MasiTHUKA |, M Yucno monHsIx Bpewms xonebanuii | Ilepuon
koyieOanuii N t,c kosebanmii T, ¢

1 20

2 20

3 20

8. Cnenatp BBIBOJI O 3aBUCUMOCTH IEPUO/1a HUTSHOTO MasTHUKA OT JUIMHBI €70 HUTH.
Tabnuna Ne 2 3aBUCUMOCTD MepHOJa MAsITHUKA OT AMIUIUTY/IbI
OTKJIOHATH MIApUK, TOCTENIEHHO YBEJINYUBAs yroJl HAKJIOHA, TEM CaAMbIM MEHSIOT aMIUIUTYAY

Ne JnuHa HuTH Hucno noyHbIX Bpewms xonebanuit | Ammuryna. [Tepuon
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MasTHHKa |, M

KoJieOanuii N

t,

xonebaumii T, ¢

1 const

2

3

20

20

20

CI[CJ'I&TB BbIBOJ O 3aBUCHMOCTH IIE€pHUOAAa HUTAHOI'O MasTHHUKA OT AMHJ’II/ITy,I[BI

Tabnuma Ne 3 3aBUCHMMOCTD Meproaa MasiTHUKA OT MacChI

B xaxxJ1oM onbITE U3MEHATH MacCy mapukKa

Ne JnuHa HuTH
MasiTHHKa |, M

Yuciio DoJIHBIX
KoJiebanuii N

Bpewms xonebanuit
t,c

Macca m, kr

[Tepuon
xonebanuii T, ¢

1 const 20
2 20
3 20

CI[CJIaTI) BbIBO O 3aBUCHMOCTHU IIE€pHUOAa HUTAHOIO MajdTHHUKA OT MAaCChI I'py3a.

KouTtpoJbHble BOpochI.

UTto Ha3bIBAIOT MEPUOJIOM KoJieOaHuii MasiTHUKA?

Uto Ha3bIBAIOT YaCTOTOM KoJieOaHmii MassTHUKA? KakoBa eHMIIA YaCTOTHI KOJIeOaHU?

OT KakuX BEJWYUH U KaK 3aBUCUT MEPUOJI KoeOaHU MaTeMaTH4ecKoro MassTHUKa?

OT KaKuX BEJIMYUH U KaK 3aBUCHUT MEPUOJ] KOJIeOaHU MPY>KUHHOTO MasiTHUKA?

N300pa3ute MmaTeMaTuyecKuil MasTHUK B KpailHel MpaBoOi TOYKE U MOKAKUTE HA YEPTEKE CHUIIBI,
JICWCTBYIOIME HA IIAPUK B TAHHOW TOYKE TpaeKTopuu. Hapucyiite paBHOAEHCTBYIONIIYIO CHUJL.

Kak MeHsieTcs BenMurHa 1 HallpaBJIE€HUE PABHOACUCTBYIONIEH CUIT B T€UEHUE nieproia’?

orwbPE

o

JlabopaTopnoe 3anusitue Nel7 UccienoBanue 3aBUCMMOCTH MEPHOIa MATEMATHYECKOTO U
NPYKMHHOT0 MAsTHUKA

Heab: ycTaHOBUTH 3aBUCUMOCTD NEPUOJIa KOIeOaHUIN NPYKMHHOTO MasiTHUKA OT ’KECTKOCTU MPYKHUHBI U
MacChl Tpy3a

Boinosnenue padors cnocodcTByeT GopMUPOBAHUIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepunanbHoe obecneyeHue:

ANEKTPOHHBIA CEKYHJIOMEp, U3MEpPUTENbHAS JICHTA, IApUK C OTBEPCTUEM, HUTh, IITATUB C My(TOi
U KOJIBLIOM; INTaTUB ¢ My(TOW W Jankoi, HaOOp MPY>KUH Pa3HOM KECTKOCTH, HabOp T'Py30B pazHOM
MaccChl, CEKyHJIOMEp

OnpiTl
3aBUCHMOCTH TIEPHO/Ia IPYKMHHOTO MasTHUKA OT MacChl rpy3a
1. Colepute npyXHHHBIN MasTHHUK, UCIIOJB3Ys BEIIAHHOE 00OpYyI0BaHHE.
2. BeiBenmuTe MasSTHUK W3 IOJIOKCHHSI PABHOBECHS, BKJIIOYHTE CEKYHJIOMEP M OTCUHMTAWTE JECATh
kosnebOanuii. Mcmonp3ys Mmoka3aHusi CeKyHAOMEpa, pacCuuTaiTe Mmeproj] KoJeOaHuii U 3aroIHUTE
TIEPBYIO CTPOKY TAOTHIIBI.
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No N t,c T,c m, KT mllz,Krl/ k ,u/m
OIIBITA

1

2

3. ITloBropure skcnepuMeHT emEé 2 pas3a, yBeIUYHMBash Maccy, HO, He MeHss mnpyxuHsl. Ilo
MOJIY9EHHBIM JJAHHBIM 3aIIOJTHUTE TaOIUILy.

4. Tloctpoiite rpaduk 3aBUCUMOCTH mepuona kosneOanuii (T) OT KBaApaTHOrO KOPHS M3 MAacChl
(m1/2).

5. Tlo ¢opme rpaduka onpenennure Buj 3aBUCUMOCTH MEX]Ty IEPUOJIOM U KOPHEM KBaJPAaTHBIM U3
Macchl.

Onpeodenenue 3a8ucumocmu nepuooa Ko1edanuti om HECMKOCmu nPY#CUHbL
OnbiT2

1. Cobepure npyXKUHHBII MasTHUK, UCIIOJB3Yys BBIIAHHOE 00OPYAOBaHHE.
2. BbiBenuTe MasTHUK W3 IOJIOKEHHsI PaBHOBECHUS. BKIIIOUUTE CEKYHJIOMEpP M OTCUUTaiTe AecATh

KoJIeOaHMiA.
3. I/ICHOHBSYH IMOKa3aHus CEKYHAOMCEDA, paccanaﬁTe nepuon KOHC6aHHI>i U1 3aII0JIHUTE IICPBYIO CTPOKY
TaOIUIIBL.
Ne ombiTa N t,c T,c m, KI k,u/m Kllz,(H/M)ll
2
1
2

4. TloBTopuTe ’KCIEepUMEHT emié 2 pa3a, yBenuuuBas Ko3(QPUIMEHT KECTKOCTH, HO, HE MEHSSI Maccy
rpys3a. ITo mosy4yeHHbIM JaHHBIM 3aMlOJIHUTE TaOJHILY.
5. Tloctpoiite rpa(%)m( 3aBHCUMOCTH nepuojia kosuebanuii (T) oT kBagpaTHOro KOpHS U3 Ko duiueHTa
xécrkocrn. (kY2).
6. Ilo ¢opme rpaduka ompenenuTe BHJ 3aBUCUMOCTH MEXAY MEPHOJOM U KOPHEM KBaJIPATHBIM M3
Kod(duImeHTa KECTKOCTH.
7. CpenaiiTe BBIBOJ O 3aBUCHMOCTH MEpHOIa KoJIeOaHUW OT MacChl Tpy3a U KoduimeHTa KECTKOCTH.
KoHnTpoJsbHbBIE BONIPOCHI:
1. B xakom nojoXeHUH MasTHUKAa CKOPOCTh OyAeT MaKCUMaJIbHOM?
2. B KakoM Moi0XeHUU MAaATHUKA CKOPOCTh paBHA HYJIIO.
3. YBenmnuwiv WM yMEHBIIWIH MacCy Tpy3a, MOJIBEHIEHHOTO K NMPYXKHHHOMY MasiTHHKY, €CIH: a)
nepuoJ ero kosiebanuii cHavyana Obu 0, 4 ¢, a mocie u3MeHeHus maccol crai 0, 2 c;
0) yacToTa ero kosiebaHui BHadase Obla paBHa 6 ['11, a moTom ymenpmmiace 10 S5 I'u?

KoHTpoJibHBbIE BONIPOCHI.
7. UTO HA3BIBAIOT MEPUOAOM KOJIEOaHHI MasTHUKA?
8. Uro Ha3wIBarOT yacToTOM KoJeOannil MagaTaruka? KakoBa equHuIia 4acTOTHI KOJICOaHUA?
9. Or kakuX BETUYHH U KaK 3aBUCHUT MEPHO/] KOJICOaHUI MaTeMaTH4YeCKOro MasiTHUKA?
10. OT KaKuX BENWYHH U KaK 3aBUCHT NEPUO]T KOJIeOaHUI MPY)KMHHOTO MasiTHAKA?
11. N3o0pa3ute MaTeMaTHYECKUN MAsTHUK B KpailHel MpaBoOd TOYKE U MOKAKUTE HA YEPTEKE CHIIBI,
JICWCTBYIOIIME HA IIAPUK B TAHHOW TOUYKE TpaeKkTopuu. Hapucyiite paBHOAEHCTBYIONIYIO CHUJI.
12. Kak meHsieTcsl BeMMYMHA U HAMIPaBIIEHHWE PaBHOACHCTBYIOIIECH CUIT B TeUEHHUE Tiepruoa’?
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Tema 5.2 DileKTpOMarHuTHbIEe KOJIeOAHUSI U BOJTHBI

JlabGoparopHoe 3ansitue Nel8 YcrpoiicTBo Tpancopmaropa, reHepaTopa

Llesb: U3y4nTh YCTPOHCTBO M MPUHLIUT pabOTHI TpaHc(hopMaTopa U reHepaTopa.

BoinosiHeHne padoThl cnoco0CcTBYET (POPMUPOBAHUIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuajibHoe o0ecnieyeHue:
TpaHchopmaTtop 1a00OpaTOPHBIN, JaMIia HaKaJIMBaHUS, KIIIOY 3aMBIKaHUS TOKA, KOMILJIEKT MPOBOJIOB
COEIMHUTEIIbHBIX.

3aganue
1. WByuuth cTpoeHUE, HA3HAYCHUE W MPUHIUN JeWCcTBUS TpaHchopmaropa
2. W3yuyuTh cTpOeHUE, HA3HAUYCHUE W IPHUHITUI JICHCTBUS TeHEpaTopa.

Ilopsinok BbINOJIHEHHS PA0OTHI
H3zyuenue ycmpoiicmea mpancgopmamopa

Tpancdopmarop mpeodpasyeT TmepeMeHHBI TOK OJIHOTO HAIPSDKEHUS MPU HEM3MEHHOW YacToTe.
OH cocroMT H3 3aMKHYTOTO CEpACYHHKA, W3TOTOBIEHHOTO W3  CHEIHAIbHOM  JIMCTOBOU
TpaHc(OPMATOPHOI CTamM, HAa KOTOPOM pACHOJaraloTcs ABE KaTyMIKH (MX Ha3bIBAlOT OOMOTKaMu) C
pa3HBIM YMCIIOM BUTKOB U3 MEITHOW TIPOBOJIOKH.

OnHa 3 0OMOTOK, Ha3bIBACTCS MEPBUYHOM, MOJKIIOYACTCS K MCTOYHHUKY NEPEMEHHOTO HAIPSKCHHUS.
YcTpoiicTBa, MOTPEOISIONINE  SIEKTPOIHEPTHIO, MOAKIIOYAIOTCS K BTOPUYHON 0OMOTKE, MX MOKET OBITh
HECKOJIBKO.

[Ipu BBIIONIHEHHH PAOOTHI CIEAYET W3YYUTh YCTPOWCTBO TpaHC(HOpPMATOpa, BKIIOYUTH €r0 B CETh
nepemeHHoro Toka (36 B). B pexkume X0m0cToro xoaa u3MEepUTh HaNpsiKeHHUE Ha OOMOTKAX U BBIYUCIUTD
Ko3ppHUIMEHT TpaHcopMalum, a npu padboTe TpaHchopMaTopa «IOJ Harpy3Koil» yCTaHOBHUTBH CBS3b
MEXy TOKAMU U HaIPsDKEHHEM B OOMOTKAX.

Tpancopmarop cocToMT M3 JBYX KarTyllek H

cepaeynnka. CepIedyHUK COCTOMUT W3 JBYX IIOJOBHH, . B
KOTOpbIE BCTABIISAIOT B KaTYHIKy M C HOMOIIBIO CKOOBI N, e
3aKpEIUISIOT HA OCHOBAHHH. —

Xoa PadoTtnl g,
2 Neparmarze E .'., +4
1. Paccmorpure  yCTPOMCTBO — TPaHCHOPMATOPA.  oenes | '“- é
Onpenenute  TEPBUUHYID  OOMOTKY  (KJIEMMBI € o e LT oo
Haanuchio: 36 win 42 B) u ABe BTOPUYHBIX KIEMMBI 2,2 | _ ‘ .
B u 4,4 B) e —
2. HauepTuTe 31eKTpHUECKyIO CXeMy TpaHchopMarTopa. e Y

3. PazGepute Tpancopmarop. J{i1st 3TOro NOBEPHUTE €ro >
OCHOBAaHHMEM BBEPX M OTKPYTHUTE JIB€ TFallKU KpEIUICHUS K
CKOObl. BBIHBTE CEepJEUYHUK U PACCMOTPUTE €ro

YCTPOMCTBO.

4. Cobepure Tpanchopmartop. ljis 3TOro BCTaBbTE CEPAEYHMK CO CKOOOM B KaTyIIKHU. YCTAaHOBUTE
TpaHcGopMaTOp Ha OCHOBAHUE U 3aKPEIUTE €ro raikamu.

H3zyuyenue Ycrpoiicrea I'eneparopa.

I'enepatop mocTosHHOro ToKa (puc. 1) COCTOMT M3 JABYX YacTell: HEMOABMKHOW W Bpallaromiencs.
HenoaswxkHast gacTh (cTaTop) SBISIETCS OCTOBOM MAIIMHBI W OJHOBPEMEHHO CIY)KUT JUISL CO3JIaHUS
MarHUTHOTO TMOTOKa. Bo Bpamjaromieiicss 4acTu, Ha3blBaeMOW sKOpeM (POTOpPOM), HHIYLHPYETCS
aneKTpoaBKYyIas cuia - J/(C.

KoHcTpykius renepaTopa oCTOSHHOTO TOKa (CM. puc.2).
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HenonBmwkHas 4acTh COCTOUT M3 CTaHUHBI (1), TIaBHBIX MOMOCOB (2) ¢ 0OMOTKOM BO30YxkaeHus (3) u
JIOTIOJTHUTENBHBIX MOIOCOB (4), yMEHbIIAEMbIX UCKPEHHUE O] IIETKAMH.

Sxopb uMeeT cepaedHuK (5), HAOpaHHBIN U3 TOHKUX CTAIBHBIX JHCTOB, 0OMOTKY SIKOPs (6), 3JI0)KCHHYIO
B Ma3bl cepieyHuka u koiuiekTop (7). Ha moBepXHOCTh KOJJIEKTOpa HAJIOXKEHBI yroJbHO-TPa@UTOBHIE
metku (8), o0ecreunBaIIrue CKOJB3SIMNUNA KOHTAKT ¢ OOMOTKOW Bpararomierocsi sikops. Komiekrop
uMeeT GopMy LUIMHAPA U BBIIOJIHAETCS U3 W30JIMPOBAHHBIX MEIHBIX TUIACTHH - JIaMeJlel - K KOTOPhIM
MIOJICOCMHEHBI CEKIMH SKOPHOW 00MOTKHU. Bpaiasice BMecTe ¢ 00MOTKOM, KOJJIEKTOP BBITOJIHAET POJIb
MEXaHUYECKOT'O BBITPSMUTEIIS.

OOMoTKa BO3OYXKIIEHHSI CO37aeT TJaBHBIM MarHUTHBIA MmoToKk @ momocoB. B reHeparopax c¢
HE3aBHCUMBIM BO30Y)K/IEHHEM OHa THUTAeTCd OT IIOCTOPOHHEr0 KCTOYHHMKA TIIOCTOSHHOTO TOKa
(BBIIpAMUTENS, aKKyMylsiTopa u T.1.). C TeHepaTopoM C MapajuleIbHBIM BO30YXJAEHHEM OOMOTKa
[JIABHBIX IMOJIOCOB MOJKIIFOUYEHA K IJIaBHBIM ILIETKaM, T.€. NapaJIe]bHO LEnu IKops. B cBsA3u ¢ 3TuM s
BO3HUKHOBEHUS MarHutHOro motoka u DJIC HeoOXomuMm XOTs Obl CHaObIii OCTATOYHBIA MAarHUTHBIN
notok. brnarogaps HamuuMiO OCTATOYHOTO MAarHeTU3Ma BO3HHUKAeT MPOIeCC CaMOBO30YXICHUS
reHeparopa.

Puc.2
Puc 1

Xox pa0doThI:

1.Ctpoenue Tpanchopmaropa:
HauepTuTh cocTaBHBIC YacTH yKa3aTh UX HAa3BaHHE, BBIMHCATH (DOPMYIIBI
2 CtpoeHue reaeparopa:

Ha4epTUTh, COCTABHBIC YACTHU YKa3aTh
KoHTpoJibHBIE BONIPOCHI

1 BapuanT

1.Yto Ha3pIBalOT MHIYKIIMOHHBIMHU I'€HEPATOpaMu?

2.Kakoii TpaHcopMaTop Ha3bIBAIOT MOBBIIAIONIUM, & KAKOW MOHMKAIOIIUM?

3.Uto Takoe x0JI0cTOM X0 TpanchopmaTopa?

4.Tlouemy cepaeuHHUK TpaHCc(hopMaTopa U3rOTaBIUBAIOT U3 CTaU, a HE U3 Mean?

5.B nepBuuHOli 00MOTKE TpaHcopmaropa, BKIIOUEHHOH B ceTh ¢ HampspbkeHuem 380B. Copepkutcs
1320 ButkoB. OnpenenuTts HanpspDKeHUEe Ha BTOPUYHON 0OMOTKe, ecnu oHa coaepxut 300 BuTkoB. Bua
TpaHnchopmaTopa yKazaTh, OTBET MOSICHUTD.

2 BapuaHT
1. Ha3oBute oCHOBHBIE YaCTH reHepaTOpa NePEMEHHOr0 TOKa.

2. Jloka3zatb, 4TO y moBbIIatomero tpaachopmaropa K>1.
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W3mensiet nu TpaHcpopMaTOp 4acTOTy MpeoOpa3yeMoro NepeMeHHOro Toka?

[Touemy cepaeuHuk TpanchopmaTopa cOOUPAIOT U3 OTACTBHBIX IIACTHH?

Ecnm Ha mepBuuHyro 0OMOTKY TpaHchopmaTopa mojaercsi HanpspkeHue 220B, To Ha
BTOPUYHOM OOMOTKE MpPH XOJOCTOM XojJe moiydaercs Hampspkerue 130B. Ywmcno
BHUTKOB TEPBUYHOM 0OMOTKH paBHO 400. OmpenenuTh YUCIO BUTKOB BO BTOPUYHOM
obMmoTke. Bua Tpancdopmaropa ykazarb, OTBET MOSICHUTD.

ok w

3 BapuaHT
KaxoBa posip HUHAYKTOpa U SIKOPsI B YCTPOMCTBE reHEpAaTOpa NEPEMEHHOI0 TOKa?

UYro Takoe MmoHWkKaromui Tpancpopmarop?

3. Ilouemy cepaeuHuk TpaHcopmaTopa JeNalOT HE CIUIOIIHBIM. A U3 MHOKECTBA IUIACTHH,
M30JIMPOBAHHBIX JAPYT OT Apyra?

4. Tlouemy MOLIHOCTB, TOTpeOIsieMas OT BTOPUUHOW 0OMOTKH, MEHbIIIE MOIIIHOCTH,
MOABOAMMOM K MIEPBUYHON OOMOTKE?

5. CKOJBKO BUTKOB JOJDKHA UMETh BTOpUYHas oOMOTKa TpaHc(opmaTopa A MOHMKEHHS
HanpspkeHus ¢ 12000 no 120B, ecnu nepuuHas oOMoTka conepxxut 4000 BuTkoB? Buj
TpaHc(hopMaTopa yka3aTb, OTBET MOSCHUTb.

Tema 5.3 OnTuka

JlaboparopHnoe 3ansaTue Nel9. Onpenesnenne nmoxkasareJsisi MpeJIOMJIEHHsI CTEKJIA.

Leap padoThl: OnpeenuTh I0Ka3aTelb MPEJIOMIICHUS CTEKIIa SKCIIEPUMEHTAIbHBIM ITYTEM.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01, OK 02, OK 05, OK 07, OK 04, OK 09

MarepuanbHoe o0ecneyeHHe: MIACTUHKA C MapajUIeNbHBIMU TPaHSIMH; OyJIaBKU; YHCTHIN JIUCT
OyMaru; JIMCT KapTOHA; TPAHCHMOPTUP; MOIBEMHBIN CTOJMK; TaOIUIA 3HAYCHHUS TPUTOHOMETPUUYECKUX

byHKIHi.
3aganue

1. ITocTpouTh X011 CBETOBOIO Jy4ya Yepe3 CTEKISHHYIO MIJIaCTUHY.
2. [Tpoananu3upoBaTh X0 CBETOBOTO Jyya Yepe3 CTEKISHHYIO IJIaCTUHY.
3. Ornpeaenuts noka3areiab NIPETOMICHHS CTEKIIA U pacCYUTaTh NOTPEIIHOCTD SKCIIEPUMEHTA.

HOpH,Z[OK BBITIOJTHCHHU A pa60TBI

1. Ha nmogbemMHbIi CTOMK MOJI0KHUTH YUCTHIN JIUCT OyMaru ¢ MoAJ0KEHHBIM CHU3Y KAPTOHOM.
2. C oHOM CTOPOHBI CTEKJIa HAKOJIOTH J1B€ OynaBku 1 1 2 Tak, 4T0OBI IpsiMast, IPOXOAIIas Yepe3 HUX,
COCTABJIsLJIAa YTOJI 01 C MEPIEHANKYISIPOM K IUIOCKOCTH TIACTUHKHU (cM. puc.1).
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3.

4.

[TomHATH PUCYHOK Ha YPOBHE IJ1a3 U, HA0II01as Yepe3 IUIACTUHKY, HAKOJIOTh JIBE Ipyrue OyJIaBKH Tak,
YTOOBI BCE YEThIpe OyIaBKH OKA3aJMCh HA OJTHOM MPSIMOM.
Crexio 1 OyiaBKH CHATH, MECTa HAaKOJIOB OTMETUTH ToukaMu 1,2,3,4 1 yepe3 HUX MPOBECTH MPSIMbIE
JIMHUU 10 NepecedeHus ¢ rpanuiamu crekna (puc.2). Ilposectu yepes Touku 2 1 3 neprneHAuKyIspbl K

rpanunam cpea AB u CD. sin o
5. TpaHCOpTHPOM U3MEPUTH YIIIbI MAJCHUS O U YIIIbl IPEIOMIICHUS 3. . -n
6.  Ilo TaGuuie 3HAYCHUI CHHYCOB ONPENEIUTh CUHYChI H3MEPEHHBIX yriIoB. | SN S
7.  Bpruaucauth ko3 duimeHt nperomiaeHus mo Gopmyie:
8.  OmbIT MOBTOPUTH TPH paza.
9.  Pe3ynbrarhl U3MEPEHUN, BEIUMCICHUN U TaOIUYHbBIE TaHHBIE 3aKcaTh B TabIuIy 1.
10. BpruaucauTh a0COMOTHYIO (A) U OTHOCUTENBHYIO (€) MOTPEIIHOCTH 1O hOopMyiam:
A
£ = -100% ‘ N n
nmab',z maon. cp.
11. Cpenatb BBIBOJ 11O paboTe
Tab6numa 1
dopma npeoCcTaBICHHS PE3yJIbTaTa
No VYron Yron npe- | Koaddu-mey Cpennee Tabnuunoe AbcomoT- OTHOCHUTEB]
OMbITA | MAJICHUS | JOMJICHUSA 3HA4YCHHE 3Ha4YCHHE HaAMOrpel- | ag
IIpenomn
CBETOBOTO | cBeTOBOrO | P ko3 pu K03h P HOCTD MOrPEIIHOCT
A
my4a ay4a J— .
[IUCHTA HUIUEHTA &%
a,’ B n MIPEIIOMIICHUS| TIPETIOMIICHUS
nCP nmaé.z
1
2
3

KOHTDOJ'II)HI)IG BOITPOCHI ¥ 3a1a491

©CoNo~WNE

10.

UTo Ha3bIBAIOT CBETOBBIM JTy4OM?
Chopmynupyiite 3aK0H OTpakeHUs CBETA.
KakoB ¢u3nueckuii cMbICI oKa3aTess MpeIoMiIeHUs cBeTa?

UeMm oTnryaeTcst aOCOMIOTHBINM IMOKA3aTeNb MMPCJIOMJIICHUA CBECTA OT OTHOCUTCIILHOT 0?

ChopmynupyiiTe 3aKOH MPETOMIICHUS CBETA.

UTo Ha3bIBAIOT MOJIHBIM OTPAXKEHUEM CBETA?

KaxoBa ckopocTh pacripocTpaHeHHUs CBETa B BaKyyme?
YTto Ha3bIBaE€TCS ONTUYECKON MJIOTHOCTHIO BEIlleCTBA?
Jlyd cBeTa mepexoauT U3 Cpelbl ONTUYECKH O0Jiee MIOTHOW B CPENy ONTHUYECKH MEHEE TUIOTHYIO.
KaK HU3MCHACTCA IIPU 3TOM HaCTOTa KOJICGaHI/II/I u OJIMHa BOJIHEI?
B uem cocrout npuniumn ['roitrenca?
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11. Jlyy mepexoauT U3 BOJbI B CTEKJIO. YTOJI MaJICHUS 0L = 30°.  Haiitu yrou npenomienus. (N, = 1,3;
Ner = 1,6).

12.  VYron npenomiieHHs cBeTa B MIIMLEPUHE 45°. Haiiru yroJs najieHus B Bozayxe (N, =1.47).

13. Jlyy magaeT Ha MOBEPXHOCTH BOJBI ITOJ YIJIIOM 30°. TMox xakum YIJIOM JIOJDKEH YIacTh Jyd Ha
MOBEPXHOCTh ajiMa3a, YTOOBI YTOJI MPEIOMIICHHUS OCTANICA TAKUM Ke? (Nposn. = 1, Npore=1,33, Naw. = 2,42).
14. HaiiTu pa3HOCTh CKOPOCTEH CBETA B BOJIEC U CTEKJIIC, €CITH Nyony=1,33, Nerer, =1,5.

15.  OmnpenenuTh Npeae/IbHBIA yroj IOJHOTO OTPaXEHUs IS BOIbI, CTekia, anmaza. (N, = 1,6;
Neom=1,33, Nam.= 2,42) (O1B.: 0101=49°, 010,=40°, 0195=24°).

®opma npeacTaBiIeHUs pe3yabTara:

Pabota jomkHa OBITH BBIMOJIHEHA B TETPAIU JUIS JTA0OPATOPHBIX WM MPAKTHYECKUX PAdOT
Kpurepum ouenku:

3a paBUIBHO BHIMIOJIHEHHOE 33/IaHKE BBICTABIISICTCS MTOJIOKHUTEIbHAS OlleHKa — 1 Oai.

3a HeMpaBWILHO BHITIOJHEHHOE JICHCTBHE, 3a]aHNE BHICTABIISICTCS OTPHUIIATEIbHAS olleHKa — 0 0aIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB

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

Oyenxa «yoosnemeopumensvHoy svicmasnsemcs 3a 60 — 79% npaBIWIBHBIX OTBETOB

Oyenka «Hey0081emeopumenbHoy svicmasisiencs 3a Menee 60% npaBUIBLHBIX OTBETOB
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