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BBEJAEHUE

Baxxnyto yacTh TeopeTudeckoil U npoQeccuOHANbHON MPAKTUYECKON MOATOTOBKU 00yYarOIIUXCsI
COCTABIISIFOT MPAKTUYECKHE U Ta0OpaTOPHBIEC 3aHATHSI.

CocTaB U colepkaHue MPAKTUYECKUX W JaOOpaTOPHBIX 3aHATHH HamNpaBieHbl Ha peau3allUio
denepanbHOTO TOCYAAPCTBEHHOTO 00pa30BaTEIbHOTO CTaHIApTa CPEAHEro oOmero oOpa3oBaHHSA C
Y4ETOM IOIYy4aeMOM CIIENUaIbHOCTH.

Benymieit  TuaakTHYeCKOHM — IENbI0  NPAKTUYECKUX — 3aHATUH  sBIsieTcss  (OpMHUpPOBaHHE
npoeccuoHaANbHBIX MPAKTUYECKUX YMEHHUM (YMEHUH BBIMOJHATH OIpe/IeJIeHHbIE IEHCTBUS, ONepalu,
HEOOXO/MMBIE B MOCJEIYIOMEM B NPOPECCHOHATHHON NEATENbHOCTH) WM YYEOHBIX NMPAKTHUYECKUX
yMeHu# (yMEHUH peliaTh 3a/1auu 1o GU3HKe), HEOOXOIUMBIX B IMOCICAYIONICH YICOHOU NesATEIbHOCTH.

Benymelt nupmakTuueckod 1eNbl0  J1a0OpaTOPHBIX 3aHATUM SIBJSETCS OAKCIEPUMEHTAIBHOE
MOATBEPK/ICHUE U MPOBEPKA CYIIECTBEHHBIX TEOPETHUECKUX MOJIOKEHUH (3aKOHOB, 3aBUCUMOCTEH ).

B cootBercTBHM C paboueil mporpamMmoil y4eOHOW IuCHMILIMHBI «DU3MKa» TPEeayCMOTPEHO
MIPOBEJICHUE MPAKTUYECKUX U JTA0OPATOPHBIX 3aHATHH.

BrImonHeHne npakTHYeCKuX | JIAOOPaTOPHBIX pabOT 00eCTIeYrBAET JOCTHKEHUE 00YJarOIIUMUCS
CIIEIYIOLIUX Pe3yJIbTATOB:

[TPG1. chopMUpPOBAaHHOCTH MPECTABICHUNH O POJIU M MecTe (U3MKU U aCTPOHOMHH B COBPEMEHHOMN
HAyYHOW KapTHUHE MHUpPA, O CHCTEMOOOpa3yroIlied ponu (UMK B PA3BUTHH ECTCCTBCHHBIX HAYK,
TEXHUKH U COBPEMEHHBIX TEXHOJOTHH, O BKJIAJ€ POCCUMCKHX M 3apyOEKHBIX YUEHBIX-(QH3UKOB B
pa3BHUTHE HAYKW; TIOHUMaHUE (PU3UYECKON CYIIHOCTH HAOII0aeMbIX SBICHUH MUKPOMHpPA, MAKPOMHPA
MU MEraMupa; MOHUMAaHHUE POJIM aCTPOHOMHUHU B MPAKTUYECKON JEATEIBHOCTH YEJIOBEKAa U JalbHEHIIeM
HAayYHO-TEXHUYECKOM DAa3BUTHH, POl (GU3NKKA B (OPMHPOBAHUM KPYyro3opa u (GyHKIMOHATIBHOMN
IrPAaMOTHOCTH YeJIOBEKa JIJIsl PEIICHUs MPAKTUYECKUX 3a/1a4;

[TPG2. chopMHupoOBaHHOCTH YMEHUH pacmo3HaBaTh (HU3NUECKUE ABJICHHS (MPOIECCHI) U OOBICHITH UX HA
OCHOBE M3YYEHHBIX 3aKOHOB: pPaBHOMEPHOE W PAaBHOYCKOPEHHOE NPSIMOJMHEUHOE JIBH)KEHHE,
cBOOO/IHOE TMAaJIeHHE TeJl, ABMKEHHME 10 OKPY>KHOCTH, MHEPIMs, B3aUMOJEUCTBUE TeJ, KoyiebaTelbHOe
IBUKEHHE, PE30HAHC, BOIIHOBOE JBIDKeHUE; MU dy3us, OpOyHOBCKOE IBHKEHUE, CTPOCHHUE KHUIKOCTEH
U TBEpPABIX TeJ, M3MEHEHUE O00beMa Tell NpU HarpeBaHUM (OXJaKICHUH), TEIIOBOE pPaBHOBECHE,
HCIapeHue, KOHACHCAlMsl, IIJIaBJICHUE, KPUCTAJIN3AlINS, KUIIEHUE, BIIAXXHOCTh BO3/1yXa, CBSI3b CpEIHEN
KMHETUYECKOM PHEPruM TEIUIOBOTO JBUKEHHUS MOJIEKYJ C aOCOJIIOTHOM TeMIlepaTypoM, MOBBIIIEHUE
JABJICHUS ra3a MPU €ro HarpeBaHUU B 3aKPBITOM COCYJI€, CBSA3b MEXK/y MapaMeTpamMu COCTOSIHUS rasa B
U30IpoLeccax; d3JEKTPHU3alUs Tel, B3aUMOJEHCTBUE 3apsl0B, HArpeBaHHE MPOBOJHUKA C TOKOM,
B3aUMO/ICHICTBME MarHUTOB, JIEKTPOMATHUTHAS MHIYKIHUSA, AEMCTBUE MAarHUTHOTO IMOJISI HA TPOBOJHUK
C TOKOM W JABWXKYIIUWCA 3apsija, OJICKTPOMArHUTHBIC KOJeOaHUST W BOJHBI, TPSMOJHHEHHOE
pacmpocTpaHEHHE CBETa, OTpPakeHUE, MpeloMieHue, UHTepdepeHIws, TUGpaKus H MOISIpU3aUs
CBETa, JucCTepcus cBeTa; (orornekTpudeckuii >(P¢GeKT, CBETOBOE aBJIICHHE, BO3HHUKHOBEHUE
JIMHEWYATOr0 CIEKTpa aTOMa BOJIOPOJa, €CTECTBEHHAsI U UCKYCCTBEHHAs paJIiOAKTUBHOCT;

[1PG3. BnazeHre OCHOBOMOJIATAIOIIUMU (PU3NUECKUMHU MOHATUSAMU U BEIMYUHAMH, XapaKTepU3YIOLUMU
¢usznueckue Tporecchl (CBSI3aHHBIMU C MEXaHHYECKHUM JIBIDKEHUEM, B3aUMOJICHCTBHEM Tell,
MEXaHWYECKUMH KOJIEOaHUSIMUA M BOJTHAMH; aTOMHO-MOJICKYJISIPHBIM CTPOEHHUEM BEIIECTBA, TETIOBBIMHU
MpoleccamMy; JJIEKTPUUYECKUM U MArHUTHBIM TOJSIMHU, BJIEKTPUUYECKUM TOKOM, 3JIEKTPOMArHUTHBIMU
KOJICOAHUSIMU U BOJIHAMU; ONTUYECKUMH SIBICHUSMH, KBAHTOBBIMU SIBJICHUSMH, CTPOCHHEM aToMa H
aTOMHOTO  SiJpa, PAJUOAKTUBHOCTHIO); BJIQJCHHE OCHOBOIIOJATalOIMUMH  aCTPOHOMUYECKUMHU
MOHATUSIMH, TMO3BOJIIOIIMMU XapaKTEepPU30BaTh IPOILIECCHI, MPOUCXOJSAIINE Ha 3BE3/1aX, B 3BE3THBIX
CUCTEMaX, B MEKTATAKTUUECKOM cpeie; IBMKEHIE HEOSCHBIX TEll, SBOIOIUIO 3Be3/1 U BeeneHHo;
[TP64. B1ameHre 3aKOHOMEPHOCTSIMHU, 3aKOHAMH U TEOPUSAMH (3aK0H BceMupHoro tsaroterus, [, 11 u III
3aKOHbI HpI0TOHA, 3aKOH COXpaHEHUS] MEXaHUYECKON SHEPIUH, 3aKOH COXPaHEHUsI UMITYJIbCA, MPUHIIMIT
CYNEPHO3ULMHA CHJI, MPUHLHUI PABHONPABHOCTH HHEPIUAIBHBIX CHCTEM OTCU€Ta; MOJIEKYJISIPHO-
KMHETHYECKYI0 TEOPUIO CTPOEHHUS BEIIECTBA, Ta30BbI€ 3aKOHBI, MEPBbIM 3aKOH TEPMOJUHAMUKH; 3aKOH

3



COXPAaHEHHUs DJIEKTPUYECKOro 3apsna, 3akoH KymoHna, 3akon Oma [y ydacTka nenu, 3akoH Oma i
MOJIHOM AJEKTPUYECKON 1enu, 3akoH Jkoyns - JIeHna, 3aK0H 3JEKTPOMAarHUTHOW WHIYKLHMH, 3aKOH
COXPAHEHUs SHEPIUH, 3aKOH NPAMOIMHEHHOTO PACIIPOCTPAHEHUS CBETA, 3aKOH OTPAXKEHUS CBETA, 3aKOH
IIPEJIOMJICHUSL CBETA; 3aKOH COXPAHEHHs JHEPIUU, 3aKOH COXPAHEHUs MMIIYJIbCA, 3aKOH COXPaHEHUs
UIEKTPUYECKOTO  3apsAfa, 3aKOH COXpPaHEHMs MaccOoBOIO 4HMciaa, nocryinarel bopa, 3akoH
paZMOaKTUBHOIO paclaja); YBEPEHHOE MCIIOIb30BAaHUE 3aKOHOB U 3aKOHOMEPHOCTEW INpU aHalIu3e
(bu3nYeCKUX SIBICHUH U MPOLIECCOB;

[1P65. ymeHue y4WTHIBaTh TpaHUIBl MPUMEHEHHMS HM3YYCHHBIX (DU3MYECKUX MOJeNeil: MarepuaibHas
TOYKAa, MHEpLHaJbHAs CUCTEMA OTCYETA, WACAIBHBIM Ta3; MOAEIU CTPOEHUS TIa30B, JKUIKOCTEH U
TBEP/BIX TEJ, TOYCUHBIN dJIEKTPUYECKUN 3apsl, sACpHAs MOJENb aToMa, HYKJIOHHAsE MOJEJIb aTOMHOTO
A]pa IpyU pelIeHny pU3NUECcKUX 3ajad;

[1P66. B1ageHre OCHOBHBIMH METOAAMU HAyYHOTO MO3HAHMSA, UCIOIB3YEMBbIMU B (PU3HKE: MPOBOAMTH
IpsIMble M KOCBEHHBIE U3MEPEHUs (PU3UYECKUX BEJIMYMH, BHIOMPAs ONTHUMAIbHBIN CIOCO0 M3MEpEHUs U
HCIIONB3YSl M3BECTHBIE METOJBI OLEHKM IIOIPEIIHOCTEM HW3MEPEHUH, IPOBOJUTH HCCIIEIOBAHUE
3aBUCUMOCTEH (PU3NYECKUX BEJIMYMH C MCIIOJIb30BAaHUEM NIPSMBIX U3MEPEHUN, OOBACHATh MOJYyUYEHHBIE
pe3yJIbTaThl, MCNONb3Yysl (U3UYECKUE TEOPUH, 3aKOHBI U IOHATHUS, U JEJIaTh BBIBOABI; COOJIIOJATh
npaBuia 0€30MacHOro TpyAa MpH MPOBEICHUM HCCIEIOBaHUI B paMKax y4eOHOIO SKCHEpUMEHTa U
y4e0HO-HMCCIIeIOBATENBCKON EATEIBHOCTH C MCIIOIBb30BaHNEM HU(POBBIX U3MEPUTEIBHBIX YCTPOICTB
1 1a00paToOpHOro 000pyA0BaHUs; CHOPMHUPOBAHHOCTD MIPEICTABICHUNA O METOAAX MOJTYUYECHUsI HAyYHbIX
ACTPOHOMHUYECKUX 3HAHUM;

ITP67. chopMupOBaHHOCTh YMEHHUS peLIaTh PACUETHBIE 33aJJauM C SBHO 3alaHHON (PU3UUECKOM MOIeNbIO,
UCTONB3ysd (U3NYECKHE 3aKOHBI W TPUHIMIIBEI, HA OCHOBE aHalM3a YCJIOBHS 3a7addl BBIOMPATh
(bu3n4ecKy0 MOJeNb, BBIACIATh (PU3MUECKUe BETHMUMHBI U (POPMYJIbI, HEOOXOAUMBIE AJIS €€ PELICHMS,
IIPOBOAUTH PACUYEThl U OLIEHUBATh PEAIBHOCTH MOJIyYEHHOTO 3HaYEHUS (PU3MUECKOI BEIMUMHBI;, peLIaTh
KaueCTBEHHBIC 3a]a4M, BBICTpPAaUBas JOTMYECKH HEIPOTUBOPEUYMBYIO LIETIOYKY PACCYKIECHHUH C OIOpOM
Ha U3yYEHHbIE 3aKOHbI, 3aKOHOMEPHOCTU U (PU3UYECKUE SABIICHUS;

ITP68. chopMUpPOBaHHOCTH YMEHMS HPUMEHSATHh IOJyYEHHbIE 3HAHUSA IS OOBACHEHHs YCIOBHH
MpOTEeKaHUsd (U3NYECKUX SBICHUM B MpUpPOAE W Ui HPUHATHS MNPAKTUUYECKUX peIlIeHUH B
MOBCEIHEBHOM KU3HU Ul oOecrieyeHHsi 0e30MacHOCTH MpH OOpallieHUuH ¢ OBITOBBIMHU NMpHOOpaMHu U
TEXHUYECKUMHU YCTPOICTBAMH, COXPAHEHUSI 3J0POBbsI U COOJIIO/IEHUSI HOPM KOJIOTMYECKOTO TTOBEIEHUS
B OKpY’Kalollel cpese; MOHUMaHHe HEOOXOJAUMOCTH NMPUMEHEHUS TOCTHXKEHUN (PU3MKH U TEeXHOJIOTHH
JUISl PAllMOHAJIBHOTO IIPUPOIOIIONIB30BAHNS;

ITP69. chopmMHpOBaHHOCTH COOCTBEHHOM MO3MIMHM IO OTHOLICHHIO K (M3NYECKOH HHpOpManuy,
M0JIy4aeMOl M3 pa3HbIX HMCTOYHUKOB, YMEHMH HCIIOJIb30BAaTh LMU(POBBIE TEXHOJOTHUHU MJIs IOMCKA,
CTPYKTYPUPOBAHUS, UHTEPIIPETAIMM U MPEJCTaBICHUS Y4eOHOH M HayyHO-MOMYJIAPHON MH(OpMauy;
pa3BUTHE YMEHUI KPUTHUECKOI0 aHaJIM3a MoJIy4aeMoil HHpopMaluy;

I1P610. oBnageHne ymeHUsIMH pabOTaTh B TPyIIE C BBHIMOJHEHHEM Pa3JIMYHBIX COLMAIBHBIX pOJEi,
IUTAaHUPOBaTh pabOTy TPYIIbI, pPALMOHAIBHO paclpeiensiTh JeATeIbHOCTh B HECTaHAAPTHBIX
CUTyalusX, aJeKBAaTHO OLEHUBAaTh BKJIAJ KaXJOr0 M3 YYaCTHUKOB TPYNNBl B PpELICHUE
paccMaTpuBaeMoi TpoOIeMBI;

I1P611. oBnanenue (chOPMHPOBAHHOCTH MPEACTABICHUIN) MpaBUIAMU 3alUCH (PU3NYECKUX (DopmMyl
penbedHo-ToueuHo# cucteMbl 0603HaueHuit JI. bpaiins (s cnensix ¥ cnaboBUISIIMX 00yUYaroIuXcs);
[1Pyl. cdopmMHpOBaHHOCTh TOHUMAHUS pOJIM (U3UKK B HKOHOMHYECKOH, TEXHOJIOTHYECKOM,
COLIMAJIbHOW M 3TUYECKOM cdepax NesTeNIbHOCTH YeNOBEeKa; pojid U MecTa (U3UKH B COBPEMEHHOM
Hay4yHOM KapTHMHE MHpA; pPOJIM ACTPOHOMHUH B MPAKTUUYECKOM AESATEIBHOCTH YEJIOBEKAa M JaJbHEUIIEM
HAy4YHO-TEXHUYECKOM Pa3BUTHUH;

[TPy2. chopMUpOBAaHHOCTH CHUCTEMBI 3HAHUH O (PUINYECKUX 3aKOHOMEPHOCTSX, 3aKOHAX, TEOPHUSX,
JNEUCTBYIOIMX HA YPOBHAX MHMKPOMHpA, MakpoMHpa M Meramupa, IHpeJICTaBICHUH O BceoOlieM
XapakTepe (PU3NYECKHX 3aKOHOB; MPEICTABICHUN O CTPYKType MOCTPOCHUS (PU3MUECKOW TEOPHH, YTO
MIO3BOJIUT OCO3HATh POJIb (PYHIAMEHTAIBHBIX 3aKOHOB M IPUHILIUIIOB B COBPEMEHHBIX IIPEJCTABICHUSX O



IIPUPOJE, NMOHATh TPAHHULBI IMPUMEHUMOCTH TE€OPUH, BO3MOKHOCTH HMX IPUMEHEHUS UI1 ONUCAHMS
€CTECTBEHHOHAYYHBIX SIBJICHUN U IIPOLIECCOB;

I1Py3. chopMupOBaHHOCTh YMEHHUS pa3ivyaTh yCIOBHUS INPUMEHHMMOCTH Mojenedl (pu3nueckux Ten H
IIPOLIECCOB (SIBJIEHM): MHEpLMallbHAs CHUCTEMa OTCUeTa, MaTepualbHas TOYKA, PaBHOYCKOPEHHOE
IBIKEHHUE, CBOOOJHOE MajieHue, abCOMI0THO yrpyras nedopmanus, aOCOIIOTHO yIPyroe U abCcoI0THO
HEYNpYyroe CTOJIKHOBEHUS, MOJIEEN ra3a, >KMJIKOCTH U TBEPAOIo (KpUCTAIUIMUECKOT0) Teja, NACAIbHOTO
rasa, TOYEYHBIM 3aps], ONHOPOJHOE JJIEKTPUYECKOE TII0J€, OJHOPOJHOE MAarHUTHOE IIOJIE,
rapMOHUYECKHE KoyeOaHWsA, MATeMaTHYeCKUH MAasATHHUK, WJCAIbHBIH MNPYXUHHBIA  MAasTHUHK,
rapMOHUYECKHE BOJIHBI, U€AIbHBIN KoJeOaTeabHbI KOHTYp, TOHKAs JMH3a; MOJEJIEeH aToMa, aTOMHOTO
s/lpa ¥ KBAHTOBOW MOJIENIM CBETA;

I1Py4. chopMUPOBaHHOCTb YMEHHUS OOBACHATb OCOOEHHOCTH IPOTEKaHWs (U3UYECKUX SIBICHHIM:
MEXaHMYECKOE JABM)KEHUE, TEIUIOBOE JIBM)KEHNE YaCTHI] BEIIECTBA, TEIUIOBOE PaBHOBECUE, OPOYHOBCKOE
nBwkeHue, nuddys3us, HUcHapeHue, KUIEHWE U KOHJEHCalus, IUIABJICHHE U KpHUCTaUIM3alus,
HaIpaBJICHHOCTh  TEIUIONEpeAauu, JJEKTpU3alMM  Tell, OSKBUIOTEHIMAIbHOCTH  IOBEPXHOCTHU
3apSOKEHHOIO  IIPOBOJHMKA,  JJEKTPOMAarHUTHOM  MHAYKLUMH, CAMOMHIYKIMH,  3aBUCHUMOCTH
COIPOTHUBIIEHUS IOJYIPOBOJHUKOB "p-" M "n-TUNoOB" OT TemriiepaTypbl, pe30HaHCA, UHTEPPEPEHLIUU
BOJIH, JU(paKiIuM, AUCIHEPCHM, TIOJIHOTO BHYTPEHHEro oOTpaxkeHus, ¢orodddexr, Qusnueckue
MIPUHIIMITEL CIIEKTPAIbHOTO aHaim3a W paboThl yazepa, "ampda-" u "Oera-" pacmagsl saep, ramMma-
U3IIy4eHue Saep;

[TPy5. chopMupoBaHHOCTH YMEHHH NTPUMEHSTH 3aKOHBI KJIACCHYECKOH MEXaHWKH, MOJEKYJISPHON
GU3MKN U TEepMOJUHAMUKH, SJIEKTPOAMHAMHUKH, KBAHTOBOW (M3MKM Ul aHanmu3a U OOBSCHEHHUS
SBJIGHUH MHKpPOMHpa, MakKpoMHpa M Merammpa, pasiudarh ycJoBHs (IpaHullbl, oOnacTu)
IPUMEHUMOCTH (PU3MUECKUX 3aKOHOB, IOHMMAaTh BCEOOIMH XapakTep (yHIaMEHTAJIbHBIX 3aKOHOB
(3aKOH COXpAaHEHHS MEXaHHUYECKOM HHEPruM, 3aKOH COXPAHEHHS HMITYJIbCa, 3aKOH BCEMUPHOTO
TATOTEHUS, NEPBBIA 3aKOH TEPMOIAMHAMMKH, 3aKOH COXPAaHEHHUS JIIEKTPUYECKOro 3apsAja, 3aKOH
COXPAaHEHHUs DSHEpPruuM) M OrPaHUYEHHOCTh HCIOJIb30BAHUS YAaCTHBIX 3aKOHOB; aHAJIM3HPOBATh
¢u3nyeckue MpOLECChl, MCIOJb3YsS OCHOBHBIE IIOJIOKEHMs, 3aKOHbI ¥  3aKOHOMEPHOCTH:
OTHOCHUTEJIbHOCTh MEXaHUYECKOI'0 JIBUKEHHS, (OpPMYJIbl KUHEMATUKH PABHOYCKOPEHHOTO JIBUYKEHHUS,
npeoOpa3oBanusi [amuies JUIsi CKOpPOCTM M TEpeMelIeHus, TpH 3akoHa HblOTOHA, NpUHIMI
OTHOCUTENILHOCTH ['anuiesi, 3aKOH BCEMHMpPHOTO TSATOTEHHUS, 3aKOHbl COXPaHEHUs HMIIyJbca H
MEXaHUYECKOM HHEpPruu, CBsA3b pPAOOTHI CHJIBI C H3MEHEHHMEM MEXaHHYECKOW OHHEpruu, YCIOBHUS
paBHOBECHsI TBEPJOTO Teja; CBA3b JABIEHUS HACABHOTO Ta3a cO CpeIHeH KUHETUYECKOW sHepruem
TEIUIOBOTO JBM)KEHHS U KOHIIEHTPALMEHl €ro MOJIEKYJ, CBSI3b TEMIIEpATypbl BELIECTBA CO CpEIHEH
KMHETUYECKOM PHEpPruel ero 4acTHIl, CBsI3b JaBJIEHMS MJI€aJIbHOTO ra3a ¢ KOHLIEHTpAalUel MOJIEKYT U
€ro TemIepaTypol, ypaBHeHue MennaeneeBa-Knanelipona, NepBblii 3aKOH TEPMOJUMHAMMKH, 3aKOH
COXPAaHEHHUs SHEPrMM B TEIJIOBBIX IMPOLIECCAX; 3aKOH COXPAaHEHHUs 3JIEKTPUUECKOro 3apsijia, 3aKOH
KynoHa, NOTEHIMAIBHOCTH 3JIEKTPOCTATHUUECKOTO MO, NPUHLIMII CYNEPHO3ULUN DIEKTPUUECKUX
nosen, 3akoHa Kynona; 3akonsl OMa JiJIs1 yd4acTKa LENU U I 3aMKHYTOM 3JIEKTPUYECKOM e, 3aKOH
Jbxoynsa-JleHna, 3aKOH AJIEKTPOMAarHWTHOM WHIYKLWHU, NpaBuiao JleHna, mocTynaTsl cHElUalbHON
TEOPUU OTHOCUTEJBHOCTH OWHINTEHHa, ypaBHeHUEe DWHIITeHHA U1 GoTodddekTa, nepBelid U BTOPOH
noctynatsl bopa, mpuHiun HeompeneneHHocTH [eiizeHOepra, 3aKOH COXpaHEHMs 3apsijia, MacCOBOTO
Yuclia ¥ SHEPTUHU B SJEPHBIX PEAKIUAX, 3aKOH PaIMOAKTUBHOTO pacmiaa;

[TPy6. chopMupOBaHHOCTh YMEHUN NPUMEHATH OCHOBOIOJArarollne acTPOHOMUYECKHE MOHATHS,
TEOPUU U 3aKOHBI JJISl aHaIM3a U OOBSICHEHUS (PU3NYECKUX MPOIIECCOB MPOUCXOAUINX HA 3BE3/aX, B
3BE3/IHBIX CHUCTEMax, B MEXTaJaKTHYECKOW cpene; IBHKEHHS HEOECHBIX TeJ, HBOJIOLHUH 3BE3] H
Bcenennoi;

[TIPy7. chopMupoBaHHOCTb yMEHHUH HCCIIEAOBAaTh M aHATU3UPOBATh pa3sHOOOpa3Hble (uznyeckue
ABJICHUSI M CBOICTBa OOBEKTOB, IPOBOAUTH CAMOCTOSITENIbHBIE HCCIENOBAaHUS B PpEAIBHBIX U
71a00paTOPHBIX YCJIOBUSAX, YHMTaTh W AaHAJU3UPOBATh XapaKTEPUCTHKH MPUOOPOB U YCTPOWCTB,
OOBSCHSITH MPUHIIAIIBI UX PAOOTHI;



[TPy8. chopMupOBaHHOCTH NMPEACTABICHUIN O METOJIaX MOJYYCHHS HAYYHBIX aCTPOHOMUYECKUX 3HAHU;
BJIaJICHUE YMEHHSIMU CaMOCTOSITEIbHO (hOPMYyITUpPOBATh ILIEJIb HCCIENOBaHMSA (IIPOEKTA), BBIIBUIATh
TMIIOTE3bl HA OCHOBE 3HAHUSA OCHOBOIIOJAraroIMX (U3MUECKUX 3aKOHOMEPHOCTEH M 3aKOHOB,
IPOBEPATH HMX OKCIEPUMEHTAIBHBIMH CPEJICTBAMHU; IUIAHUPOBaTh W MPOBOIUTH (hrusmueckue
DKCIIEPUMEHTHI, OIUCHIBATh M AHAJU3UPOBATh IIOJYYEHHYIO IIPU BBIIOJHEHUM JKCIEPHUMEHTa
MH(OPMAIIHIO, ONIPEEIIATH TOCTOBEPHOCTh TOIYYEHHOTO PE3yIbTaTa;

ITPy9. chopmMupOBaHHOCTh YMEHHUsS pellaTh pacueTHbIC 3aJjaud C SBHO 3aJaHHOW M HESBHO 33JaHHOU
¢u3nvecKoil MO/IeNbI0: Ha OCHOBAaHUH aHAJIM3a YCIOBUS BHIOMpATh (PU3MYECKHE MOJIENH, OTBEUYAIOIINe
TpeOOBAaHUAM 3aJaud, MPUMEHATH (DOPMYJIbl, 3aKOHBI, 3aKOHOMEPHOCTH U MOCTYJaThl (PU3NUYECKUX
TEOpUH NIPHU HCIOJB30BAHUM MATEMAaTUUYECKHUX METOJOB pELIEHUs 3a]ad, IPOBOAMUTH pacueThl Ha
OCHOBAaHUHU MMEIOLIUXCS aHHBIX, aHAIM3UPOBATh PE3YJIbTaThl U KOPPEKTUPOBATh METOJbI PELICHHUS C
Y4eTOM MOJYYCHHBIX PE3yJIbTAaTOB; PEIIaTh KAUeCTBEHHBIE 3a/1a4i, TPEOyIone NPUMEHEHNS 3HaHUH 13
pasHbIX PAa3/eNoB ILIKOJBHOIO Kypca (DM3MKM, a TAaKKe MHTErpallMy 3HAHUH M3 JPyrux IpeaMETOB
€CTECTBEHHOHAYYHOI0 IIMKJIA: BBICTPAWBATh JIOTMUYECKYIO LEMOYKY pacCyXJIE€HUH C OmNopod Ha
M3yYEHHbIE 3aKOHbI, 3aKOHOMEPHOCTHU U (PU3HUECKUE SIBICHMUS;

[MTPy10. cdopMHpOBaHHOCTh YMEHHH aHAJIM3UPOBAaTh W OLEHUBATh MOCJIEICTBHS OBITOBOH H
IIPOM3BOJICTBEHHON JEATENbHOCTH YEJIOBEKa, CBSI3aHHOW ¢ (PU3MUYECKUMM MpolieccaMM, C IO3UIUH
9KOJIOTMUECKON 0€30MacHOCTH; MPEACTABICHUNH O palMOHAIbHOM IPUPOIONOJIB30BAHUU, a TaKkKe
pa3syMHOM MCIOJIb30BaHUM JOCTMKCHUM HAyKM W TEXHOJOTMH [UId JaJbHEHIIEr0 pPa3BUTUSA
YeJIOBEUYECKOI'0 00IIECTBA;

[1Py11. oBnaneHue pazauMuHBIMU criocobaMu paboThl ¢ MHpOpMaIMed (U3NUECKOro COJEpPKAHUS C
WCIOJB30BAHUEM COBPEMEHHBIX HMH()OPMAIIMOHHBIX TEXHOJIOTUH, pPa3BUTHE YMEHHHA KPUTHUYECKOTO
aHaJIM3a U OLICHKU JOCTOBEPHOCTH MOJIy4aeMoi nH(popMaluu;

[IPyl2. oBnaneHue OpraHW3allMOHHBIMM U TI03HABATEIbHBIMU YMEHUSIMH CaMOCTOSITEIIBHOTO
NpUOOpPETEeHUs] HOBBIX 3HAHMH B MpOIECCE BBIMOJHEHMS MPOEKTHBIX W Y4eOHO-HMCCIIE0BATENbCKUX
paboT, yMEHUSIMH paboTaTh B TPYMIE C BHIMOJIHEHUEM Pa3IMYHBIX COLMAIBHBIX POJIEH, MIIaHUPOBATh
paloTy TpyIIibl, PalMOHATIBHO PaclpelesaTh NesTeIbHOCTh B HECTAHAAPTHBIX CUTYAIUSAX, aJCKBATHO
OLIEHMBATh BKJIAJ] KAXJI0TO U3 YUYACTHUKOB I'PYIIIBI B PEIIEHNUE paccMaTpUBaeMOi pOoOIEeMBl;

I1Py13. cdopmMupoBaHHOCTh MOTHBALMKM K Oynymiedl npodeccHOoHanbHOM —EATENIBHOCTH IO
CHEeLHATLHOCTSIM (PU3UKO-TEXHUUECKOTO TPODUIIS;

MP1. camocrosrensHo (opMyIupoBaTh M aKTyaJM3UpOBaTh IMpoOJIeMy, paccMaTrpuBaTh €€
BCECTOPOHHE;

MP2. ycraHaBnuBaTh CYyIIECTBEHHBIH NpPHU3HAK WIM OCHOBaHMS Ul CpaBHEHMs, KiacCU(UKaLUU U
0000IIICHHS;

MP3. onpenensts Henu AesTENbHOCTH, 3a/1aBaTh NapaMeTPbl U KPUTEPUHU UX JOCTHKECHHUS;

MP4. BBISBISTH 3aKOHOMEPHOCTH U TIPOTHUBOPEUHS B PACCMATPUBAEMBIX SIBJICHUSIX;

MPS5. BHOCUTBH KOPPEKTUBHI B AESITEIBLHOCTD, OLIEHUBATh COOTBETCTBUE PE3YJIbTATOB LIENISIM, OLIEHUBATh
PHUCKHU MOCIEACTBUN JESTENbHOCTH;

MP6. pazBuBaTh KpeaTUBHOE MBIIIJICHUE IPU PELICHUH KU3HEHHBIX MTPOOIIEM;

MP7. BnaneTr HaBBIKAMHU YYE€OHO-HCCIIENOBATENHCKOM M TIPOCKTHOW JEATEIbHOCTH, HaBBIKAMH
pasperieHus npoodiem;

MPS. cnocoOHOCTh U TOTOBHOCTh K CAMOCTOSATEIHHOMY IOWCKY METOJIOB PELICHHS MPaKTHUYECKUX
3a]1a4, IPUMEHEHHIO Pa3IMYHbIX METOJIOB MIO3HAHNUS;

MP9. oBnageHue BHJIaMHM JACATEIBHOCTH IO TOJYYEHHIO HOBOTO 3HAHUSA, €r0 WHTEPIpPETALNH,
npeoOpa3oBaHUI0 M NMPUMEHEHHUIO B PA3IMUYHBIX yUEOHBIX CHUTYyalUsAX, B TOM YHCJIE NPU CO3JaHHUU
y4€OHBIX U COL[MATIbHBIX ITPOEKTOB;

MP10. ¢popmupoBaHrEe HAYYHOTO TUIA MBIIUICHHS, BJIAJCHUE HAYYHOH TEPMUHOJOTHEH, KIHOYEBBIMH
MOHATUAMH U METOJIaMU;

MP11. craButh U ¢GopMyaHpoBaTh COOCTBEHHbIE 33Ja4l B O0Opa30BaTENbHOW MEATEIBHOCTH H
KU3HEHHBIX CUTyalUsX;



MP12. BBIABISATH IPUUMHHO-CIIEICTBEHHBIE CBS3M M aKTYaJIM3UPOBATH 3a/1auy, BBIABUTATh TUIIOTE3Y €€
pellieHns, HaXOAUTh apryMEHTBI JUIsl JOKAa3aTelbCTBAa CBOMX YTBEPXACHMMH, 3ajaBaTh I[apamMeTphl U
KPUTEpUU PELLICHHUS;

MP13. ananu3upoBaTh NOJYUYEHHBIE B XOJI€ PELICHUS 3aJla4l PEe3yJbTaThl, KPUTUYECKU OLIEHUBATH HUX
JIOCTOBEPHOCTh, IPOrHO3UPOBATh U3MEHEHHUE B HOBBIX YCJIOBUSX;

MP14. naBath OIIEHKY HOBBIM CUTYAaIIHsIM, OIICHHBATH PUOOPETCHHBIN OIIBIT;

MP15. pa3pabaTpiBaTh IJIaH pelIEHUs MPOOJEMbI C yYETOM aHalu3a MMEIOIIUXCS MaTepuanibHBIX U
HeMaTepUaIbHBIX PECYpPCOB;

MP16. ocymiecTBIATh IEJICHANPABICHHBI TOUCK TEPEeHOCa CPEICTB M CIOCOOOB JCHCTBUS B
pohecCHOHATLHYIO CPeay;

MP17. ymeTh epeHOCUTH 3HAHUS B IO3HABATEIBHYIO U MPAKTHUECKYIO 00JIaCTH KUZHEEATEIIbHOCTH;
MP18. ymeTh UHTErpUpPOBATh 3HAHUS U3 Pa3HBIX MPEIMETHBIX 001acTe;

MP19. BeIIBUraTh HOBBIE UJEH, NIPEUIAraTh OPUTMHAIBHBIE IOJX0/Ibl U PELICHUS;

MP20. craButh npo0aeMbl U 33a4H, TOIMYCKAIOIIKE AIbTEPHATUBHBIC PELICHUS;

MP21. Bnageth HaBbIKAMH MOJyYeHUs UH(POPMALIMHM M3 MCTOYHUKOB PA3HBIX THUIIOB, CAMOCTOSITEIILHO
OCYIIECTBIATh MOUCK, aHAJIU3, CUCTEMATU3ALUI0 U UHTEPIPETALUI0 HHPOPMALIMU Pa3IMYHbIX BUJIOB U
dbopM mpescTaBICHUS;

MP23. ouieHMBaTh JOCTOBEPHOCTb,

MP24. ucnonp3oBaTh cpencTBa MHPOPMAIMOHHBIX U KOMMYHUKALMOHHBIX TEXHOJOTHI B pELICHUU
KOTHUTHUBHBIX, KOMMYHUKATHBHBIX U OpPraHU3allMOHHBIX 3aJa4 C COOJ0JeHHUEM TpeOoBaHUI
SPrOHOMUKH, TEXHUKH O€30MacCHOCTH, TUTHEHBI, PECypcocOepexeHus], MPaBOBbIX U STUYECKUX HOPM,
HOPM MH(OPMALIMOHHON 0€301TaCHOCTH;

MP26. ocy1iecTBIsAT, KOMMYHHUKAIIMK BO BCeX chepax KHU3HU;

MP28. BnaietTs pa3nuyHbIMH CTIOCOOAMH OOIIICHUS U B3aUMOICUCTBUS;

MP29. apryMeHTHpOBaHHO BECTH JIUAJIOT, YMETh CMATYaTh KOH(QIMKTHBIE CUTYalUH;

MP30. pa3BepHyTO U JIOTMYHO HU3JIaraTh CBOIO TOUKY 3PEHHS C UCIOJIb30BAHUEM SI3bIKOBBIX CPE/ICTB;
MP31. moHMMaTh U UCTIOJIB30BaTh MPEUMYILECTBA KOMAaHIHOW U MHIUBUIyaJIbHON pabOThI;

MP32. BpIOMpaTh TEMAaTUKy M METOJbl COBMECTHBIX JEHCTBHUH C Y4YyeTOM OOIIMX HHTEPECOB U
BO3MOXKHOCTEHN Ka)KJI0TO 4JI€Ha KOJUIEKTHUBA;

MP33. npuHUMaTh eI COBMECTHON J1€ATEIbHOCTH, OPTaHU30BbIBATh U KOOPAUHUPOBATH EUCTBHUS 110
€€ JIOCTHI)KEHHUIO: COCTAaBJISATh IUIAH JACUCTBHUH, PACIPEAENATh POJIM C Y4ETOM MHEHMI YYaCTHHMKOB
00CyXJ1aTh pe3yIbTaTbl COBMECTHOW pabOThI;

MP34. oueHuBaTh KaueCTBO CBOETO BKJIAJa M KaXJOrO y4aCTHHKA KOMaH[bl B OOLIMH pe3ysibTaT Mo
pa3paboTaHHBIM KPUTEPUSIM;

MP35. mnpeanaraTb HOBBIE IIPOEKTHI, OLIEHWBAaTh MJEU C IO3ULHMN HOBU3HBI, OPUTMHAIBHOCTH,
MPAKTUYECKON 3HAYUMOCTH;

MP37. ocymecTBIsATh MO3UTUBHOE CTPATETMYECKOE MOBEACHHUE B PA3IMYHBIX CHUTYyalUsX, IPOSBIATh
TBOPYECTBO U BOOOPAKEHHE, OBITHh HHUITMATHBHBIM;

MP38. caMOCTOSTENBHO OCYLIECTBIATh O3HABATENbHYIO AEATENbHOCTD, BBISBIATH MPOOJIEMBbI, CTAaBUTh
1 (GopMyIHpoBaTh COOCTBEHHBIE 3a/1a4l B 00pa30BaTEIbHON JAESTENbHOCTH U KU3HEHHBIX CUTYAIHSIX;
MP39. caMOCTOSTENPHO COCTABIATH IUJIAH PEIHICHUs MPOOJIEMBI C YyYETOM MMEIOIIMXCS PECYpCOB,
COOCTBEHHBIX BO3MOKHOCTEN U MPEINOUTEHUII;

MP40. naBaTh OLIEHKY HOBBIM CUTYalLIHUsM;

MP41. pactupsaTh paMKi y4eOHOTO TIPeIMETa Ha OCHOBE JIMUHBIX MPEANOUYTECHUIM;

MP42. nenaTh 0OCO3HaHHBIN BBIOOD, ApIYMEHTHPOBATH €T0, OpaTh OTBETCTBEHHOCTD 3a PELICHHE;

MP43. onieHnBaTh TPUOOPETCHHBIN OTIBIT;

MP44. cnioco6cTBOBaTh (OPMHPOBAHMIO M TPOSBICHUIO INUPOKOM SPYIUIMKA B Pa3HBIX 001aCTIX
3HaHWH, MOCTOSTHHO TIOBBIIIATH CBOM 00pa30BaTEbHBIN U KYJIbTYPHBIN

MP45. naBaTh OLEHKY HOBBIM CHUTyalusiM, BHOCUTb KOPPEKTHBBI B JAESITEIbHOCTb, OLIEHUBATh
COOTBETCTBHUE PE3YyJIbTATOB LIEIISIM;



MP46. BrageTh HaBBIKAMHU IO3HABATEIBHON pe(IEKCHUM KaK OCO3HAHMS COBEPLIAEMBIX JEHCTBHNA H
MBICIIUTENIBHBIX [TPOLIECCOB, X PE3YJIbTATOB U OCHOBAHMIA,

MP47. ncnonp3oBath NpueMbl peIeKCHN IS OLEHKH CUTYalluH, BEIOOpa BEPHOTO PELICHHUS;

MP48. ymeTb OLICHUBATh PUCKU U CBOEBPEMEHHO IIPUHUMATD PEILEHUS 110 UX CHUKCHHUIO;

MP54. npuHuMaTth cedst, HOHUMasi CBOM HEAOCTATKU U JIOCTOMHCTBA;

MPS55. npuHEMaTh MOTHBBI M apTyMEHTBI APYTUX JIFOJEH IIPU aHAJIN3€E PE3YJITATOB IEATEIbHOCTH;
MP56. npu3HaBaTh CBOE MPABO U MPABO JPYTUX JIO/IEH HA OIIUOKH;

JIP1. chopMUpPOBaHHOCTb I'pa)@aHCKOW IMO3ULMU OOydYaroLerocs Kak aKTUBHOI'O M OTBETCTBEHHOTO
YjieHa POCCHICKOT0 O0IIECTBa;

JIP3. npuHATHE TPAaJULMOHHBIX HALMOHAJBHBIX, OOLIEUEIOBEUYECKUX T'yMaHUCTHYECKUX U
JEMOKPATHYECKUX LICHHOCTEH;

JIP5. TOTOBHOCTH BECTH COBMECTHYIO [JESTEIbHOCTb B MHTEpecax TIpakJaHCKOro oOIIecTBa,
y4acTBOBaTh B CAMOYIPABICHUM B 00Ie00pa3oBaTeIbHOM OpraHU3alud U JETCKO-IOHOIIECKUX
OpraHM3alLusiX;

JIP6. ymeHue B3auMOAEHCTBOBATh C COLMAIbHBIMU MHCTUTYTaMU B COOTBETCTBUU C UX (YHKUUSAMHU U
Ha3HAYCHUEM;

JIP7. TOTOBHOCTB K TYMaHUTAPHON U BOJIOHTEPCKOM EATEIBHOCTH;

JIP8. copMHPOBAHHOCTH POCCUIHCKOM I'paXkIaHCKOW UAEHTUYHOCTH, TaTPUOTU3MA, YBAKEHUS K CBOEMY
HapOJy, YyBCTBA OTBETCTBEHHOCTH Iepes PoauHOM, ropAoCTH 3a CBOM Kpal, cBOKO PoauHy, CBOM SI3bIK
U KyJIBTYPY, IPOIJIOE ¥ HACTOSAIIEE MHOTOHALIMOHAIBHOIO Hapoaa Poccuy;

JIP9. 1leHHOCTHOE OTHOIIEHHWE K TIOCYJapCTBEHHBIM CHMBOJAM, HCTOPUYECKOMY U HPUPOJHOMY
HaCJIEIUIO, MaMATHHUKaM, TpaguuusaM HaponoB Poccuum, nocrmwxkenusm Poccum B Hayke, HCKYCCTBE,
CHOpTE, TEXHOJOTHSAX U TPYE.

JIP12. chopMUpOBaHHOCTH HPABCTBEHHOI'O CO3HAHMS, STUYECKOTO TIOBEICHNUS;

JIP13. ciocoOHOCTb OLIEHMBATh CUTYalMl0 U NPUHUMATh OCO3HAHHBIE PELICHHS, OPUEHTUPYSACh Ha
MOPAJILHO-HPaBCTBEHHBIE HOPMBI U LIEHHOCTH;

JIP14. oco3HaHue TUYHOTO BKJIaJa B TOCTPOCHUE YCTONYMBOTO OYIyIIIETO;

JIP16. screTHyeckoe OTHONIEHHE K MHpPY, BKIIOYas 3CTETUKY ObITa, HAyYHOI'O U TEXHUYECKOTO
TBOPUYECTBA, CIIOPTa, TPYAA U OOIIECTBEHHBIX OTHOIIECHHUIA;

JIP25. wuHTepec K pas3auuHbIM cdepaM NpOoPecCHOHATBHOM NESATEIbHOCTH, YMEHHE COBEpIIaTh
OCO3HaHHBIN BRIOOp OyayIeit mpodeccun u peaan30BbIBaTh COOCTBEHHBIC )KU3HEHHBIC TIAHBI;

JIP26. rOTOBHOCTb U CIIOCOOHOCTH K 00pa30BaHUIO M caMOOOPa30BaHUIO Ha MPOTSHKEHUH BCEH JKU3HU;
JIP27.  chopMHpOBAaHHOCTH  DKOJOTUYECKOW  KyJIbTYypbl, IOHMMAaHHME BIMSHHUS  COLMAJIBHO-
HKOHOMHUYECKUX MPOIECCOB HAa COCTOSIHUE MPUPOJHON U COLMAIBHONW Cpe/ibl, OCO3HAHUE TI00aIbHOr0
XapakTepa dKOJOTHYEeCKUX poodieM;

JIP28. muianupoBaHME M OCYLIECTBJIEHUE AECUCTBUN B OKPY’KAIOLIEH Cpele Ha OCHOBE 3HAHMS Iielei
YCTOMYHMBOIO pa3BUTHUS YEJIOBEUECTBA;

JIP31. pacupeHue onpITa JeSTEIBHOCTH SKOJIOTMYECKON HapaBIECHHOCTH;

JIP32. cpopmMupoBaHHOCTH MHUPOBO33PEHHUS, COOTBETCTBYIOLIETO COBPEMEHHOMY YPOBHIO Pa3BUTHUS
HAyKHM ¥ OOIIECTBEHHOW MPAKTUKH, OCHOBAHHOTO Ha JTUAJIOTEe KYJBTYp, CIIOCOOCTBYIOIIETO OCO3HAHUIO
CBOET0 MECTa B ITOJIMKYJIBTYPHOM MHDE;

JIP34. oco3HaHME LIEHHOCTH HAay4YHOM JESATEIBHOCTH, TOTOBHOCTb OCYILECTBJIATh IPOEKTHYI U
HCCIIEA0BATENbCKYIO AESATENBHOCTh MHANBUAYAJIBHO U B TPYIIIIE;

CopneprkaHue MPaKTHYECKUX U JJA0OPATOPHBIX 3aHATHI OPHEHTHPOBAHO Ha MOATOTOBKY 0OYYarOIINXCs
K OCBOCHHMIO NMPO(PECCHOHATHHOTO MOIYJSl MPOTpaMMbl TOITOTOBKH CHEHHATMCTOB CPEJHEro0 3BEHa II0
CHEUATBHOCTH U ()OPMHUPOBAHUIO OOIIMX KOMIIETEHIIHIi:

OK 01 Bribupats criocoObl pemieHus 3a1a4d NpopecCuOHaIbHON ASITEeIbHOCTH MPUMEHUTEIBHO K
Pa3INYHBIM KOHTEKCTaM



OK 02 Hcnonp30BaTh COBPEMEHHBIC CPEICTBA IMOMCKA, aHAJIM3a M HHTEPIPETAlu HHPOPMAIIUH U
MH(OPMALMOHHbBIE TEXHOJIOTHH [T BBIMIOJIHEHUS 3a/1a4 TPO(PECCUOHATIBHOM 1S TeTbHOCTH

OK 03 IlmanupoBaTh M peaJu30BBIBATH COOCTBEHHOE MPOGECCHOHATBPHOE W JIMYHOCTHOE
pa3BUTHE, NMPEINPUHUMATEIBCKYIO EATEILHOCTh B MPO(eCcCHOHANBHOM cdepe, MCIoIb30BaTh 3HAHUS
0 MPaBOBOI U (PMHAHCOBOW TPAMOTHOCTH B PA3JIMYHBIX KU3HEHHBIX CUTYaIIHIX

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

OK 05 OcyuiecTBiaaTh yCTHYIO U MUCBMEHHYI0O KOMMYHHMKALIMIO HAa TOCYAapCTBEHHOM S3BIKE
Poccuiickoit @enepanuu ¢ yueToM 0COOEHHOCTEH COLMANBHOTO U KYJIBTYPHOTO KOHTEKCTA

OK 06 IlposBisTh Trpa’kIaHCKO-NATPUOTUYECKYIO IO3ULHUI0, JEMOHCTPUPOBATH OCO3HAHHOE
[IOBE/ICHUE Ha OCHOBE TPAJNULIMOHHBIX POCCUNHCKUX TyXOBHO-HPABCTBEHHBIX LIEHHOCTEN, B TOM YUCIE C
Y4E€TOM TapMOHHU3AIMH MEXHAIIMOHAJIBHBIX M MEKPEIUTHO3HBIX OTHOLICHUH, MPUMEHSATh CTaHIAPThI
AHTUKOPPYILIUOHHOTO MOBEACHUS

OK 07 CopnelicTBOBaTh COXPAaHEHHUIO OKPYKAIOILIEH CpeIbl, PecypcocOEpereHHI0, MPUMEHSTh
3HaHUS 00 M3MEHEHWH KJIMMaTa, MIPHHLIUIBI OEPEeKIMBOTO MPOU3BOACTBA, 3()(PEeKTUBHO NEiiCTBOBATH B
Ype3BBIYAIHBIX CUTYAIHSIX

OK 08 HMcnoap3oBaTh cpencTBa pU3NUECKON KyJIbTYphl A1 COXPAHEHUS U YKPEIJIEHUS 3/10pOBbs
B Ipoliecce MpohecCHOHANbHOM NEATEIbHOCTH U MOJACpKAHUS HEOOXOAMMOro ypOBHS (hHU3HUECKOI
[IO/ITOTOBJIEHHOCTH

OK 09 INonb3oBatbes npodeccHoHanbHON TOKyMEHTalMel Ha rOCyJapCTBEHHOM U MHOCTPAaHHOM
SI3BIKAX

Beimonmnenne o0ydalomuxcsi TPAKTHYSCKUX W/WIH  JIA0OPATOPHBIX PabOT 1O  y4eOHOM
muctuminHe « Pu3rKay HampaBlIeHO Ha!

- o0oOmeHnue, cucTeMaTu3aluio, yriayOjleHue, 3aKpelvieHue, pa3BUTHE U JIETAIU3AINIO
MOJIyYEHHBIX TEOPETUYECKUX 3HAHUH 110 KOHKPETHBIM TeMaM y4eOHOM TUCIUIUINHEL,

- (popMuUpOBaHUE YMEHUN NMPUMEHSTH MOJIYUYCHHbIE 3HAHUS Ha MPAaKTHKE, pealu3alyio €IUHCTBa
MHTEJUIEKTyalIbHON M MPaKTUYECKON AEATENbHOCTH;

- (opMupOoBaHUE U PA3BUTHE YMEHHI: HaOII0JaTh, CPaBHUBATh, COIOCTABISATh, aHAIN3UPOBATH,
Jie7aTh BBIBOABI U OOOOIIEHHs, CaMOCTOSATENBHO BECTH HCCIEIOBAHUS, MOJIB30BATHCS PATMYHBIMU
IpUeMaMu U3MEPEHU, OpOPMIIATH pe3yJIbTaThl B BUJE TaONINII, CXEM, TPapUKOB;

- MpuoOpeTeHHe HaBBIKOB pabOTHI ¢ PA3IMYHBIMU NpHOOpaMH, ammnaparypoi, yCTaHOBKAMHU H
JOPYTUMU TEXHUYECKUMU CPEJCTBAMU JIJIsl IPOBEACHUSI OIBITOB;

- pa3BUTHE WHTEIUIEKTYaJbHBIX YMEHUH Yy OyAylmHMX CHEIUAIKMCTOB: AaHAJTUTHYECKHUX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIP.;

- BBIpaOOTKY MpPU pEIIEHUH MOCTABIEHHBIX 3a/1a4 NMPO(EeCCHOHAIBHO 3HAYMMBIX KAaueCTB, TAKHX
KaK CaMOCTOSATEIbHOCTh, OTBETCTBEHHOCTb, TOUHOCTb, TBOPUYECKAsi MHUIATHBA.

[pakTiueckue U nabOpaTOpHBIE 3aHATHS MPOBOIATCS B pPaMKaX COOTBETCTBYIOIIEH TEMBI, MOCIE
OCBOGHHUSl JWAAKTHYECKUX €IWHMI, KOTOpble OOECHeuMBalOT HAIWYME 3HAHWM, HEOOXOOUMBIX I ee
BBIIIOJTHEHHUSI.



2METOJAUYECKHUE YKA3ZAHUA

Pa3zgen 2 Mexanuka Tema 2.1 KuuemaTuka

IIpakTnyeckoe 3ansitue Nel Pemrenue 3a1a4 o KUHEMATHKe. Y PAaBHEHUS IBUKEHUS

Mean:
TPaeKTOPUHU
rpaduvecku

HAay4YUTbCA pa3jindaTb BHUAbBI MCXAHHWYCCKOI'O ABMXKXCHHUA B 3aBUCUMOCTH OT q)OprI
N CKOPOCTHU MEPEMEIICHUA TECJIa, paCCUUTBIBATH €TI0 IapaMETpbl, HAYUUTHCA I/I306pa}KaTB
pPas3jinuHbIC BHAblI MCXAHUYCCKHUX ﬂBH)KeHHﬁ, 3alMUCbIBaTh YPABHCHUA OBHIXCHUA,

pa3ianyaTh €ro OTHOCUTEIbHOCTb, HAYyUUTHCS (OPMYIUPOBATH CICAYIOLIUE MOHSATHS: MEXaHHYECKOe
ABHUKCHUC, CKOPOCTb U YCKOPCHUEC, CUCTEMA OTCUCTA, MEXaHUYECKUU MMPUHIUIT OTHOCHUTCIBbHOCTH
Boinosinenue padorsl cnocodcTByet (hpopmupoBanuio: OK 01, OK 02, OK 03, OK 09, OK 06
MarepuanbHoe o0ecrieyeHnne:
WHAUBUAYAIbHOE 33J]aH1e, KOHCIIEKT JISKIIHIA, CIPaBOYHbIEC MaTEPUAIIBI.
Yka3zanue:
[IpakTueckoe 3aHATHE COCTOMT U3 JIByX 4acTel — TeopeTudeckod W mpaktuueckou. Ilocme
HU3YYCHUA TCOPCTUUCCKOro Marcpurajia MOXHO IMPUCTYIIATh K BBIITOJHCHUIO HpaKTI/I‘-ICCKOI\/JI gactd. OHa

COCTOUT H3

ABYX U Oozee 3a7a4 Il CaMOCTOSITEIILHOI'O BBINOJNHEHUs. He 3a0bIBaiiTe O IIpaBUJIbHOM

O(i)OpMJIeHI/II/I pelicHus. Ha Bemonxenue MMPAKTUYCCKOI'0 3aAaHusA OTBOJUTCA YCTBIPEC aKaACMHUYCCKHUX

Jaca.
3ananue:
1. O3HakoMbTECh c KpaTKUMU TEOPETUICCKIUMH CBEIICHUSIMU
https://znanium.com/catalog/product/1012153 , ctp 14-18.
2. ITucbMeHHO OTBETHTE HA CJIEAYIOIHE BOMPOCHI:
1. KunemaTuyeckwii 3akOH JBWXKEHHS Ui KOOPAMHATHOTO CIOco0a ompeaeneHus
JBUKCHHSI MATEPUATEHOW TOYKH.
2. KunemaTtnueckuii 3aKOH JBUKEHHS Ui €CTECTBEHHOTO IBMKEHHS Ui BEKTOPHOTO
croco0a onpe/eeHus ABUKCHUSI.
3. KunemaTnueckuii 3aKOH [JIBIDKEHHS I €CTECTBEHHOIO CIoco0a OmpeaencHus
JIBUKCHHSL.
4. Kak HalTH BEKTOP CKOPOCTH ISl KOHKPETHOTO, BEKTOPHOTO M €CTECTBEHHOTO CIIOCO00B

ompeieTIeHUs IBUKEHNS?

5. Kak HaliTh BEKTOp YCKOPEHUS JIIsl pa3HbIX CIIOCOOOB ONpPEEeICHHS IBUKEHUS ?
3. Hcnonb3ys popMmyisl Juis pacueTa napaMeTpoB ABUKEHUS T€J, PEIIUTh 3a]auu.
Ilopsinok BbINOJHEHHs PadOTHI:
1. IIoBTOpHUTH OCHOBHBIE BONPOCH KWHEMATHKH.
Pemmts 3a1aun no BapuaHTam.
3. OdopMuTh OTYET B TETPaIH IJs MPAKTUUECKUX padoT.

IIpumeps! pemenns 3aaau: 1. [Taccaxupckuii moes3n uaet co ckopocts 72 kM/4. 1o cocenqnemy

nyTH
BpEM

JIBIDKETCSI HaBCTpeuy TOBapHbIM moe3n anuHoi 140 M co ckopocTbio 54 km/4. CKOJIBKO

€HH MacCaxup, CTOALUN Yy OKHA, Oy/IeT BUAETh MPOXOIALINI MUMO HETO TOBapHBIi moe3n?
Hauo: CH Pewenue:
v1 =72 km/y 20 m/c | OTHOCHTENBHAS CKOPOCTE IBUKEHUS 0DOMX MOE310B U = Uy + Us.
V2 = 54 km/y 15 m/c CneposatensHo, BpeMs, B TEYEHHE KOTOPOr0 MHMO MACCAKHPCKOTO

“ . I
=140 m Moe3/a MnpoiaeT TOBapHBIi, onpeaeanm no Gopmye: ¢ = -

140
t-7 [loacragnsiem nanueie: t = —— =4 ¢
o a 20415
Omeem: 4 c.
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2. TlocamoyHasi CKOPOCTh MAcCCaXUPCKOTo camoseTta 135 km/4, a miouHa mpobera ero 500 m.

Ompenenuth Bpems mpodera 1o Moca0yHoi MoJIoce U yCKOPEHHE caMoJjieTa, CUMTas ABIKCHUE
paBHO3aMEIJICHHBIM.

Hano: CH Pewenue:
v =135 km/u | 37,5 m/c| Bpems npobera camonera npy nocajaxe HaXoAuM U3 (JOPMYIIbl MYTH
S=500m S=ypt+ ﬂ;, rjie a Ansi PABHO3AMEUIEHHOTO JIBHIKEHHS! ONPeIenTes
v=0wm/c u3 opmynsl: U = vy + at unmMa = - Ut_u CrenoBareisHo,
vo,.2
t-7,a-"? S=ypt- % , OTKyma t =:—:. IToacraBnsem naHubie: = % =27c.
Vekopenne a = -2 q = 7. 1.4 m/c?

St 27
Omeem: 27 ¢, - 1.4 m/c”.

3. Teno, nBUrasch paBHOYCKOPEHHO U3 COCTOSHUS TOKOS, 32 MATYHO0 CEKYHIy MpOLUIO IMyTh 18

M. Yemy paBHO yCKOpEHHUE U KaKOH IyTh TEJIO MPOLUIOo 3a 5 ¢?

Hano: Pewenue:
. . at?  at}
ts—t4=1c [TyTs, npoiineHHBII TEIOM 33 NATYIO CEKYHAY S = S5 — §; = ainl-ak
25 218
S=18m Orcrona a = Ca= = 4 m/c?.
A t2-t3’ 25-16
. . at? 425
t=5¢ I1yTs, npoiinexHeIii TENOM 3a 5 cekyH] S5 == Sc = — - 50 M.
Ss-?7,a-"?

Omesem: 4 m/c®: 50 m.

4. B mocneaH00 ceKyHay CBOOOIHO MaJlatoliee TeJIo MPOLUIO MOJIOBUHY CBOEro myTu. CKOJIbKO
BPEMEHH U C KaKOW BBICOTHI Majaio Tejao?

Hawno: Peuwenue:
1 . . t2
h, — h,_1= Eh'" [IyTs, npoiigenusiit 3a Bce Bpems nagenus: h, = QT,
. h (t-1)?
g=9.8m/c? Jlo mocneaneit CeKyHAbI TENO MPOLLIO MYTh ?” = ‘QT

2
t-? h, -? CnenoBarensHo, % =g(t—1)?% um t>-4t+2=0.

.2 42
Orciona t=2++2 =34 c. Buicora nagenuss h, = 9’823’4 =57 wM
Omeem: 3,4 ¢, 57 M.

5. Kamenp nagaer B maxty. Yepes 6 ¢ cibllIeH yaap KaMHS O JHO IaxThl. OnpeaenuTs riyouny
IIaXThl, €CJIM CKOPOCTh 3ByKa 330 m/c.

Hano: Pewenue:
t=6¢

v =330 m/c

Ecau obosnauntn HEPE3 tl BpEMA MMAICHHA KAMHA, TO BPEMA PACIIPOCTPAHCHHA

" ” gty
3ByKa f-1t; . HyTb, MPOHACHHBIN KAMHEM MTPH ceoboHOM majgeHun h = PR a

2
g=98m/c? | 3BykoM — h = v (1 - t;). CleoBaTensHo, % =v(t-t)um gt +20t,-20t=0

2
. << t
h-1? Peiuus oannoe ypaguenue, noaydum t; = 5,5 ¢. [nyduna waxte h = 971;
9,8:5,5°
h= T: 148 m

Omeem: 148 M.
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PemiuTh 3a1a4i CAMOCTOATEIbLHO:

1. JIBU>KEHHE CTPOUTENbHOM BaroHETKHM 3alaHo ypaBHeHHEM. OIlpenenuTe HaudalbHYIO
KOOPAMHATY, HAYAJIbHYIO CKOPOCTh U YCKOPEHHE IIPU ABUKEHUU.
2. UYenoBek M CTpOMUTENbHAS TENEXKKa JBUKYTCS B OJHOM HampasieHUH. Onpenenure ux

OTHOCHUTEJIBHYIO CKOPOCTh, €CJIM CKOPOCTh YeloBeKa | KM/4, a BaroHeTKH 4 km/4. Pemute 3Ty 3anauy u
IIPYU YCJIOBUH, YTO OHU JIBUKYTCSI B IPOTHUBOIIOJIOKHBIX HAIIPABJICHUSAX.

3. CrpoutenbHbli KpaH HOJHMMaeT TIpy3 Ha BblcoTy h M. OpHOBpeMEHHO KpaH
nepeaBuraerca Ha pacctosHue | M. OmpenenuTts mNepeMelieHue rpys3a, €ro BepTUKAIbHYIO H
TOPU30HTANIBHYIO cocTaBisitonive. M300pa3uTh MX COOTBETCTBYIOIIMMHU BEKTOpaMu. UYemy paBHBI
MOJYJIU 3TUX BEKTOPOB?

4. UYenosek npomen mo npocnekry 240 M, 3aTeM MOBEPHYJ Ha MEPEKPECTKE W MPOIIET B
NEpIEeHIUKYJISIpHOM HampasieHuu eme 70 M. Ha cKoJgbKO IPOLEHTOB MyTh, IPOUIEHHBIH YEIOBEKOM,
OoJibLIIe MOJTYJISl €70 MepPEeMEIEeHUs ?

5. YacoBoil oxpaHsieT CTPOUTENbHBIN 00BEKT, OTOPOKEHHBIN KBaapaTHbIM 3a00pom ABCD,
obxona ero mo nepumerpy. Uemy OyIyT paBHBI €ro MyThb M IE€pPEMEIIEHUE, €CIU OH M3 TOUKU A,
nepei €T B Touky B, 3aTtem Touky C, 3aTtem Touky D, nocie yero BepHércsa B Touky A? JlJinHa CTOPOHBI
KBaJpara a M.

6. Kakyro ckopocTh pa3BuBaeT camocBall 3a BpeMs At mocie Havaja JBUKEHHS, €CIM OH
eaer ¢ yckopenueM a? Kakoit myTb OH IpOXOJAHUT 3a 3TO Bpemsi?

7. IIpuBecTH mpuMepbl CTPOUTENIBHBIX T, HaXOJAIIMXCS B mokoe. [leiicTBue kakux Tel
KOMIIEHCUPYETCS B 3TUX ciayyasx? (3 mpumepa; AeMCTBYIOLME CUIIbI U300pa3UTh HAa PUCYHKE).

8. B nBukymieMcst BaroHe TOBapHOTO 10€3/1a HaXOAATCS NOJI0HBI ¢ ra3o0iokaMu. B mokoe
WIM JIBUKEHUM OHU HAXOJATCS OTHOCHTENIBHO: a) MAaIIMHUCTA 10€3/1a; 0) pesibCcoB; B) 10Ja BaroHa; r)
TenerpadHbIX CTOIO0B?

0. [Toe3n uepes 10 ¢ mocne Havana aBMKEeHUs puolOpeTaeT ckopocth 0,6 m/c. Uepes kakoe
BpeMsl OT Hayaja JIBUKEHUSI CKOPOCTh 110e3/1a CTaHEeT paBHA 3 M/c?

10. 3a kakoe BpeMs aBTOMOOWJb, JBHUrasch ¢ yckopeHueM 0,4 m/c2 , yBEIMUYUT CBOIO
ckopocTh ¢ 12 1o 20 m/c?

11. [Tyns B cTBONe aBToMara KanamHukoBa JBMKETCs ¢ yckopeHueMm 616 m/c2 . KakoBa
CKOpPOCTb BBIJIETA ITYJIH, €CJIU AJIMHa cTBoja 41,5 cm?

12. Teno, nBurasce NpsSMOIMHEWHO ¢ yCKOopeHHeM 5 m/c2 , mocturiio ckopoctu 30 m/c, a
3aTeM, JIBUrasich PaBHO3aMEJIEHHO , OCTaHOBUIIOCH yepe3 10 ¢. Onpenenure myTh, IPOIAEHHBIN TEIOM.

13. Teno cBoOoHO Mazgaet ¢ BbICOTHI 125,5 M. Onpenenute Bpems MajieHUus: U CKOPOCTh Tela
B MOMEHT y/1apa 0 3eMJIt0.

14. . I'pacdukn xakux nBUKEHUH Ten mokaszaHbl Ha puc. 1?7 Ilo rpaduxy onpenenure: 1) B
KaKoil MOMEHT BpEMEHH TeJla BCTPETHIINCH; 2) KaKue MyTH TeJla MPOILIU 10 BCTPEUH.

X, M4

puc.l.

15. Ha puc. 2. npencrabiieH rpaduk 3aBUCUMOCTH KOOPJMHATHI Teia OT BpemeHHu. [lo rpaduky
omnpeaenuTe: 1) CKOJIBKO BPEMEHM TEJIO HAXOAWIOCh B JBMJKEHUHM; 2) 4YeEMY pPaBHO €ro
nepeMenieHue.
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-’

puc.2.

(I)opMa NnNpeacraBjJdCeHus pe3yjabTara:
BrmonxenHbie 3aa4u B TETpadn AJId IMPAKTHYCCKUX pa60T.

Kpurepun oneHku:
3a npaBUJIbHO BBINOJIHEHHOE 331aHUE BBICTABIIETCS MOJIOKUTEIbHAS OLleHKa — 1 Oa.

3a HCIIPABUJIbHO BBIIIOJIHCHHOC HeﬁCTBHe, 3aIaHUC BBICTABJIACTCA OTPHUILIATCIIbHAA OLCHKA — 0 6amnoB.

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

Oyenxa «xopouioy svicmasnsiemcs 3a 80 — 89% npaBUIBHBIX OTBETOB

Oyenka «yooenemeopumenvroy gvicmasisiemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenxa «Heyoosnemeopumenvhoy svicmasnsemcs 3a Menee 60% npaBUIbHBIX OTBETOB
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Tema 2.1 Kuoemaruka

HpaKTI/I‘leCKOC 3ansaTHe Ne 2 Peimenne 3alaY41 HA MapaMeTpbl BpalaTe/JIbHOI0 ABUKCHU S

Ienb: HayYUTHCS paCCUUTHIBATh IAPAMETPHI BPAIATEIBHOTO IBUKEHUS.

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

MarepuasibHoe o0ecnieyeHue:

MHAMBUAYAIbHOE 33JJaHUE, KOHCIIEKT JIEKIIMH, CIIPAaBOYHbIE MaTEpUAJIbI.

Yka3anmue:

IIpakTueckoe 3aHATHE COCTOMT U3 JBYX YacT€d — TEOPETHYECKOM M mpaktudeckou. Ilocie
U3Y4YECHHs] TEOPETUYECKOr0 MaTepualla MO>KHO IIPUCTYNAaTh K BBIIOJHEHUIO IPakTHYeCKON dactu. OHa
COCTOMT U3 JIByX M OoJiee 3aj1ad Jjsl CaMOCTOSTENBHOTO BhIOJMHEHHs. He 3a0biBaiiTe 0 mpaBHILHOM
oopmienun pentenus. Ha BelosHEHNE IPAKTUYECKOTO 3a/1aHUS OTBOJUTCSA JBa aKaJJeMUUYECKHUX Yaca.

3aganue:

O3HakoMbTECH C KpaTKUMU TEOPETUYECKUMHU CBEICHUSMHU
https://znanium.com/catalog/product/1012153 , ctp 18 -19, orBeThTe Ha Bompocs! Ne 12,13,14.
Pemmre 3a1aun caMOCTOATEIBHO UCIIOJB3YS IPUMEPBI U KPATKUE TEOPETUYECKUE CBEICHUS.

Ilopsinok BeINOJHEHHs PadOTHI:
1. W3yuwure u BemmummTe GOPMYJIBI IO TaHHOU TEME:
2. Pa3bepure npumepsl pelIeHHbIX 3a1a4
3. Pemmre caMOCTOATENBHO 3a7a4u
KparTkue Teopernyeckue cBeAeHUA
[lycTp TENO ABUKETCS IO OKPYKHOCTH pajguyca R ¢ MOCTOSIHHOM 10 3HAYEHHUIO CKOPOCTBHIO V
(JTMHEWHOM CKOPOCTHIO) M 3a BpeMsi Af IEpeMeCTHIOCh Ha AS 13 T. A B T. B. Bektop v HampasiieH 1o
KacaTeJIbHON K OKPYKHOCTH U MEHsIET HallpaBJIEHUE, T.€. MOXKHO TOBOPUTH 00 U3MEHEHUH CKOPOCTH

_ AV
AV =V —V, , ONIMYHOM OT HyJs. OTcrofa: @ = m #0,

[enTpocTpemMutenbHOe yCKOpEeHHe (d ) — CKOPOCTh

2
\

M3MEHEHNS HANPABIIEHHs BEKTOPA CKOPOCTH (¢ = — -
BekTop d HampaBieH MO paanycy K IEHTPY OKPY>KHOCTH.
Ilepuon obparieHus: TOUKH 10 OKpYKHOCTH (7) — Bpemsi, 3a KOTOPOE TOUKa OMHUCHIBAET OJHY

OKPY’KHOCTBb.

2 27R 472
v T
7] © Ba R " T = 72

YacroTa oOparnieHust TOUKH 110 OKPY>KHOCTH (V) — KOJIMYECTBO MOJIHBIX 000POTOB, COBEPIIIAEMbIX

. 1 1 Vv —
TOYKOH B eMHUIY BpeMeHn |v=—| [V]=1—; |V =— @ = 4722R|

T c 27R

YrnoBasi CKOPOCTh OOpaIIeHUs TOUKH 110 _ Aa| OKpYXHOCTH (w) — cKOpOCTh

M3MEHEHUs yriia moBopoTa Ao paauyca R, W= ‘At | COEOMHAIOLIETO TOUKY C HEHTPOM
pan 2z vV oV
OKpyxkHOCTH. |W|=1—7 |W=—|\w=21v| w=2T—=—=|v=wR| [v=2mR
Py ] =155 =5 T~ g ==L |

VZ W2R2

g B

IIpumepsl pemienus 3axa4:
1. ABTOMOOWJIB JBMXKETCS IO 3aKPYIJIEHHIO JOPOTH, paauyc Kotopoil paBeH 20 M. Ompenenute
CKOPOCTh aBTOMOOMJISL, €CJIU IIEHTPOCTPEMHUTENBHOE YCKOPEHHE PaBHO 5 M/c?,
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Hano: Peluexue:

R=20m | [To onpenencHui0 HEHTPOCTPEMHTENBHOE YCKOPEHHE Ofpe-
a,=5 m/c? | nenserca no dopmyne

— 2
=g au.—.%ﬂv=‘}au =y 2 m-5m/c = 10m/c.

OrtBer: 10m/c
2. BeHTmasitop Bpamiaercss ¢ IOCTOSAHHOW CKOpPOCTbI0O M 3a JBe MHHYTHI coBepmaeT 2400 0060poToB.
OmnpeaenuTe 4acTOTy BpalleHUs] BEHTHJIATOPA, IEPHO/I 00palleHUs U JIMHEHHYI0 CKOPOCTh TOYKH, PACI0JI0KeHH O
HA KpaIlo JIONACTH BEeHTWJISATOPA Ha paccTosHuu 10 cM oT ocH BpaleHus.

aHo: Peuenue:
5, =2 MUH = n . N 2400 i
=120c¢ O ONPCACNCHNIO: A== M=1ane =205=20 Ty,
N=2400 i i ’
r=10cmM=0,IM| T=—; T= =005c; v =2nm;
T n 20 Tu
STy T {v=2-314-01m-201 1256 % < 1262,

OtBert: 20I'n, 0,05¢, 12,6Mm/c

Pemuts 3a1a4u caMOCTOSATEIHHO
(n - HoOMep 8awe20 8apuaHma no CNUCKy)

l. [louemy oOTaunMBaHME€ Ha TOKAapHBIX CTaHKaxX W3AEIMA OoJibIIOro AMaMeTpa
IIPOM3BOJIUTCS C MEHBLIEH YITIOBOM CKOPOCTBIO, YEM U3JIEIHMIM Majoro quamerpa?

2. Kakyro nauHuio mpencrasisier coOoil TpaeKTopus Kakod - JIMOO TOYKH KoJjieca Ioe3za
OTHOCHTEJILHO €ro KOpIyca Bo BpeMs ABMkeHusa? KakoBa TpaeKTopus Kojieca OTHOCUTEIbHO 3eMJIn ?

3. BaroneTka ABMXKETCS 1O 3aKpYIJIEHUIO PaJUycoOM N METPOB CO CKOPOCThbIO 3,6 KM/U.
OmnpenenuTs ero HEHTPOCTPEMUTENIBHOE YCKOPEHHUE.

4. Ckopoctb JokoMOoTHBa n KM/4. CKOJIBKO OOOpPOTOB B MHHYTY J€Nal0T Kojeca
JIOKOMOTHBA, paanyc KOTOpbIX 1,2 M?

5. TounnbHBIA Kpyr pagnycoM n cM JienaeT oauH obopor 3a 0,2 c. Haiinute ckopocTb
TOYEK, HanboJsee yAal€HHBIX OT OCH BPAIICHHUS.

6. CaMounér, BBIXOAA M3 NHUKE, ABWXKETCA II0 TPAaeKTOPUM, KOTOpas B HMKHEH 4YacTu
SBJISIETCSL TyTOM OKPYKHOCTH PaguycoOM N KM. BbIUMCIINTE YyCKOpPEHHE CaMOJIETa IIPU €ro JBUKEHUH,
€CIIU €ro CKOpOCTh paBHa 720 KM/4.

7. KakoBa ckopocTh IBM)XEHHSI BaroHETKH, €ciin €€ Koj€ca paauycoMm n cM jaemaroT 600
000pOTOB B MUHYTY?
8. CekyHJHas CTpesiKa 4acoB JesiaeT MOJHBIM 000poT 3a 1 MuH. Paauyc cTpenku paBeH n

cMm. KakoBa yryioBas CKOpPOCTb OCTpHUSl CTpEJIKH, €ro JIMHEHHas CKOpOCTb, YacToTa BpalleHUS,
LEHTPOCTPEMUTENILHOE YCKOPEHUe?

9. Jlyna nBuxercst Bokpyr 3emuin Ha pacctossHuu 380000 kM oT He€, coBepiias OAUH
obopor 3a 27,3 cyTok. Beraucnute nieHTpocTpeMuTeIbHOE YeKopeHue JIyHBI.
10. CnyTHUK JBHXKETCS MO KpyroBoil opbute Ha BbicoTe 630 kM. Ilepuon oOpamieHus

ciyTHUKa 97, 5 munyT. Onpenenure ero JUHEHMHYI0 CKOPOCTb U LEHTPOCTPEMHUTENIBHOE YCKOPEHHUE.
Paguyc 3emnu 6370 kM.

1. Bpemsi ogHoro obGopora 3emiin BOKpYr OcH paBHO 24 yaca. Beramcnurte yrioByr Hu
JIMHEWHYIO0 CKOPOCTH BpallleHUs TOUEK Ha skBaTope. Paguyc 3emmuu cuntats paBHbIM 6400 kM.
12. [Tepuon oOparmieHuss TEPBOTO KOCMHYECKOTO KopaOysi — crmyTHHKa 3emiu «BocTox»

paBusuics 90 mMuHyT. CpenHsisi BbicOTa cryTHMKa Haj 3emiéit Obuia paBHa 320 kM. Pagmyc 3emnn
6400xM. Bprauciure ckopocTh KOpaoJs.

13. KOHCO/IBHO-TIOBOPOTHBIN KpaH MABMXKETCS MO 3aKpPYIJIEHUIO PaAMycoM S5 METPOB CO
CKOpOCTBIO 2 KM/4. ONpenenuTs ero HeHTPOCTPEMUTEIBHOE YCKOPEHHE.
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Tema 2.2 /lunamMuka

HpaKTn'{eCRoe 3anaTue Ne 3 Perenne 3aja4 mo TeMe: BUabl clJ1 B MEXaHHUKE. Cunia
TPECHUA MMOKOH, CKOJIbKCHUHA, KAYCHHUSA, BPAIICHUA.

Heab: noayduTh MPEACTABICHHE O CHUJIOBOM JIEUCTBMM OJHOTO Tejla Ha JAPYroe, macce Tea,
pa3nuyarh MOHATUS HHEPUUU U MHEPTHOCTU, HAy4YUTbCA (OPMYJIHUPOBATH MOHSTHUS MACChl, CHIIBI,
3aKOHBI HhIOTOHA. HAYYUTHCS PACCUUTHIBATH ICHCTBYIOIINE CHJIIBL.

Boinosinenue padorsl ciocodcTByet popmupoBanuio: OK 01, OK 02, OK 03, OK 09

MarepunanbHoe obecrieyeHue:

WHAUBUAYaIbHOE 33JaH1e, KOHCIIEKT JICKIIU, CIPaBOYHbIC MaTEpPUAIIbI.

Yka3zaunue:

[IpakTueckoe 3aHATHE COCTOMT U3 JIByX 4acTel — TeopeTHdeckod W mpaktuueckou. Ilocme
M3YUYEHHUS TEOPETHUYECKOTr0 MaTepHaia MOKHO MPHUCTYNAaTh K BBIMOJIHEHUIO MpaKTH4YecKor yactu. OHa
COCTOHT U3 JBYX U Ooyiee 3a7ay IJIsl CaMOCTOSTEIbHOrO BhIMOIHEHHs. He 3a0biBaiiTe 0 mpaBHILHOM
odopmitennu pemeHus. Ha BEITIOTHEHNME MPAKTUYECKOTO 3a/IaHUST OTBOIUTCS JIBA aKaJICMHYCCKHUX Jaca.

3ananue:

O3HakomMbTECh c KpaTKUMU TEOPETUICCKIUMHU CBEACHHUSIMH
https://znanium.com/catalog/product/1012153 , §5,6,7,9,
Pemnre 3amaun caMOCTOSITENIBHO UCIIONB3YSI IPUMEPHI M KPATKUE TEOPETHUECKUE CBEICHUSI.

Ilopsinok BbINOJHEHHs padOTHI:
1. W3yuwute u BeimummTe GOpMYIIbI 110 TaHHOU TeMe:
2. PazGepure npuMepsl pelIeHHBIX 3a7a4
3. Pemmnre caMOCTOSTENBHO 3a1a4u

Kpatkue Teopernyeckue cBeleHUs:
Jnramuka. OCHOBHBIC TIOHATHS
Nuepuuss —  sABIeHUE  COXpaHEHHUs
OTCYTCTBHUM BHEIIHUX BO3JECHCTBUH.
NHEpTHOCTH — CBOMCTBO TEJI, MPOSBIISAIOIIEECS B TOM, UYTO IPU OJUHAKOBBIX BHEIIHUX BO3ACHCTBUAX
pa3HbIe Tela MPUOOPETAIOT pa3HbIE YCKOPEHUSI.

e CKOpPOCTH  ABWXKXCHUA  TCJIa TIpU

Macca (m) — mepa UHEpTHOCTH Ten. [m] =1 KkT. “ m

3a stasion Macchl (1 kujorpamm) mpHHSTa Macca ij MEXTyHapOIHOTO MPOTOTHUIIA
KUJIOTpaMMa. 2!

V3 onbITOB WM3BECTHO, YTO YCKOpPEHWUS, MoJTyJaeMble TeJIaMu npu
B3aUMOJICHCTBHH, 00paTHO Mg, = M1’ 41| HponopUHOHATBHBL HX MACCAM:

Ecnu maccy kakoro-nmbo tena NpUHATH 3a Grenn 9TAaJIOH, TO MOXHO H3MCPHUTh MaccCy
IPYTHUX Tell: "

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

Cwuna (F) — Mepa MEXaHHYECKOTO JIEHCTBHS OJHOIO TENA Ha APYTOE.

[F]=1H — =proTOH.

Cuiia uMeer HarpaBJI€HUE, T. €. CULA-8EKMOp .

Cuia Bcerja mpriokeHa K TOMY Telly, Ha3BaHUE KOTOPOTO CIAEAYeT B MPEJIOKEHUN TTOCTIE TIPEIIora
«HaY.

CuitoBoe moJie — 0coObIi BUJT MaTEPUH, TIOCPEICTBOM KOTOPOTO MepeaacTcs IMCTBUE CHITHI.

PaBHozeiicTByromas (pe3ynbtupytomas) cui ( R ) —CHja, paBHasi BEKTOPHOM CyMMe JaHHBIX cun F) .
R=YF

JlaBnenue (p) — OTHOIICHUE CHJIBI K TUIOIIAIH MMOBEPXHOCTH, HA KOTOPYIO OHa JIEHCTBYET
B [IEPIEHAUKYIIIPHOM HAIPABICHUH.

H
[P1=1-5=|p=

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

1 ITa — mackanb

Wmnynee  Tena  (p)—  BEKTOpHas  Mepa m ¥  MEXaHM4YECKOro  JIBH)KCHMS,

m_| = =

paBHas IPOU3BEJIECHUIO MacCchl Tejla Ha €ro CKOPOCTb. p=m-V
KT - M T 7

[p]=1
c

Wmmynbe cuitel ( 7 - Ar ) — BEKTOpHAs Mepa JCHCTBUS CUJIbI, paBHAs MPOU3BEACHUIO CHIIbI Ha BPEMsI

eé€ necrtus. [F-At]=1 H-c.
3akonsl HeoToHA

O600muKB pe3ysibTaThl CBOMX HCCIENOBaHUM H, yuTs pabory [amunes «O ABMKEHHH Tel MO
uHepuun», HpIOTOH chopMmynrpoBan 3aKOHYCHHOE IIOJIOKEHHE, H3BECTHOE Kak TIEPBBIA 3aKOH
Hprotona:

CymIecTByIOT CUCTEMBI OTCYETA, OTHOCUTEIBHO KOTOPBIX TEJI0 HAXOIUTCS B IMOKOE MO0 JABUKETCS
MPSMOJIMHENTHO U PABHOMEPHO, €CJIM PaBHOJICHCTBYIOIAs BCEX MPUIIOKEHHBIX K HEMY CHJI paBHA HYJIIO.

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

U3 F= i—lj = mTAtV =mad ToJly4aeM BTOpOH 3akoH HproToHa: F=m-a

JUISL TeJla TIOCTOSIHHOM MacChl CKOPOCTh W3MEHEHHS HMITYJIbCa paBHA IPOU3BEACHUIO MAcChl Ha
YCKOpEHHUE.

Bropoii 3akon Hetotona padotaer Toiapko B MCO u mipu yCIIOBUH, YTO Macca Tejla U JICHCTBYIOMIHE
Ha HEro CUJIbI IOCTOSTHHBI.

Brtopoii 3akon HproToHa cripaBenniuB [uisi paBHOACHCTBYIOLIEH 7z BCEX CUJI, PUIIOKEHHBIX K TEIy,

H03TOMY, IIpEXKIe YeM PEelIaTh 3a1aul C ero IPHMEHEHHEM, HAJI0 ONPEIEIHTD R .
Tperuii 3akoH HprOTOHA: CHJIBI, ¢ KOTOPBIMH JiBa Te€ja AEHUCTBYIOT NPyl Ha Apyra, F=-F
YUCJICHHO PaBHbI U HAIPABJICHBI B TPOTUBOIOJIOKHBIE CTOPOHBI 110 OJTHON MPSIMOIA.
Tpertnii 3akon HeroTona pabortaet Tonbko B MCO.
[Tonaras, uro Bce Tena BcenenHoit B3aumHO mputsaruBaiorcs, Heoton B 1682 r. chopmymupoBan

3aKOH BCEMHPHOIO TATOTEHMS: BCE Tela o _yemem, MPUTATUBAIOTCS JIpyr K Jpyry ¢
CUJIAMH, IPsIMO NPOMOPIUOHATIBHBIMK  |712 ~ — p2 MPOU3BEACHUIO UX Macc U OOpaTHO
MIPONOPLUMOHAIBHBIMA ~ KBaJpaTy pPacCTOSIHUSA MEXy HUMH.

rie Fi2 — cuiia B3aMMHOT0 NPUTSKEHMSE TeJI Mace mi U my;
¥ — IpaBUTALlMOHHASI TIOCTOSIHHAS. ‘7: 6,6720 - 107! HMZ/KFZ‘.

N
Cuiibl B ipupoae

- [ )
Cuna tsoxectH ( £, ) — cujia, COOOIIA0IIas TeNy YCKOPEHHE CBOOOTHOTO MaIeHHSI. WJ;;T
F,

TSR

Cuna TsKecTH HallpaBlieHa BEPTUKAJIbHO BHU3 (TMEPIEHAMKYIISIPHO KacaTeNbHOU K
MOBEPXHOCTU 3€MJIN).

Peaxmusi( N ) — cuina AeicTBHs Omopsl (I0Beca) Ha TEIo.

Bec Tena (P) — cuiia, ¢ KOTOPOii TENO AEHCTBYET Ha OMOPY WIIM MOABEC BCIIEACTBUE TIPUTSHKEHUS K
3emure.

HeBecomocTh — MCUE3HOBEHHME Beca Tella HpPU JABMXKEHHHM OINOPbI ¢ YCKOPEHHEM CBOOOIHOTO
Ma/ICHUsI.

[leperpy3ka — yBenMyeHHe Beca Tena IpH JBUKEHHH ONIOPBI C YCKOPEHUEM BBEPX.

Cuia ynpyroct ( 7, ) — Cuila, BO3HUKAIOLIAs B TeJIE NPy JepopMarum.

3akon ['yka: cuma ynmpyroctw, BO3HMKaiouias mpu JedopManuu Tena,
IIPONOPLIMOHAJIbHA €TI0
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abcomoTHON AeQopMaliK U HalpaBiieHa B CTOPOHY, MTPOTUBOMOJIOKHYIO MEPEMEIIEHUI0 YaCTHUI

Tena:
Cuna Tpenuss mnokos (7 ) — CWiIa, BO3HHMKAIOIIAasg Ha TpaHULE

.11

COIMPHUKOCHOBCHUS TEJI IIPU OTCYTCTBHUU UX ABMXCHUSA OTHOCHUTCIIBHO APYT Apyra. FTP

UN

i — K03 UIMEHT TPEHHS (3aBUCUT OT MATEPUATIOB TPYIIUXCS IOBEPXHOCTEH ).

IIpumepsl pemienus 3agaq

1. ABTOOYC, Macca KOTOPOTO C MOJHOW Harpy3Koi paBHa 15 T, Tporaercs ¢ MecTa ¢ YCKOPEHHEM

0,7 m/c 2 . Haiitu cuity 1aru, eciu ko3 duiimenT conpoTusieHus apmxennto pasex 0,03.

JMano: Pewenue:

m =151 =15 103kr K7 e

a =0,7 m/c? =, T X Ep,+N+F+mg=mi
.F, =003 e 1773 OX:-Fp+F=ma

OY:N-mg=0->N=mg
Frp = MN = E;, = nmg
-mmg + F =ma

/ —=

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

—

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

15-10°H
Omeem: 15-103H

2. Ha HaKJIOHHOH MJIOCKOCTH IJIMHON 5 M U BbIcOTOM 3 M HaxomuTcs rpy3 maccoit 50 kr. Kakyro
CWITy, HAIIPABJICHHYIO BJIOJIb TUIOCKOCTH, HAIO MPUIIOKHUTH, YTOOBI YACpKAaTh ATOT I'Py3, €CIU TAHYThH

ero ¢ yckopenuem 1 m/c 2 ? Koapdpunuent tpenus 0,2.

Harno: Pewernue:

m = 50 kr %\"—) ;’7L
S Fiy

a=1wm/c2 =

1 CocraBum YPaBHCHHUC JABHIKCHHUA TClIa:

M = 0,02 L0 1S Fp,+N+F+mg=mad

e “ty = |
[=5m i'/‘;/;,g_ L Haiinem npoekuuu CH1 Ha OCH:
h=3m ) "~ Ocb OX: -F,, + F - mgsina = ma
F-?

Oce OY: N—-mgcosa =0 — N=mg cosa
F, =MN — F, = Mmg cosa
[ToncraBuB BTOpOE ypaBHEHUE B IEPBOE, MOJIYIHM
-mmgcos a + F - mgsin a= ma
Haxoaum npou3BOAHYIO BEIHUHHY:
F = mmgcos a- mgsin & + ma unu
F =m(a + mgcos a + gsin a)
ITo onpenenenuno cuHyca umMmeeM

. h . 3m
sina=—sina=—=0.6

[ S5m

Hii OCHOBHOTO T]Jl»]l’(JH(]MeTpP[‘leCKOl'O TOXIOCCTBA

sina% 4+ cosa? =1,

cosa=v1— sina?=+y1-0,36=+0,64=0.8

Bryucanm HCKOMYH) BCITHYHHY

F =50 kr(0,2:10 m/c*- 0,8 + 10 wm/c? 0,61 wm/c?) = 430 H
Omsem: 430 H.

3. Ha miHype, mepekuHyTOM 4epe3 HeMOABIKHEIN 010K, oABeIeHbI Tpy3bl Maccamu 0,3 u 0,2 kr.

C KakuM yCKOpeHHEM ABUKYTCS rpy3bl? KakoBa cuia HaTS)KEHHUSI BO BpeMsl ABUKECHUS ?
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Jawno: Pewenue:

. S oy agratd &

my =02 kr ¥ Hastecomy CocTaBuM ypaBHEHHE [BHKCHHA IS
1 — yp
m; = 0,3 kr T K 3 IBYX TeJ:
9T . fol "1 A R .
a-7T-? iy e {m1g+T1:m1al_
ni i f o — —_
mag + TZ = Mmadsy

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

T.k. Tena ¢cBsA3aHbI OQHON HUTHIO, TO
Tl =T2 =Tua1 =da; =a,

T—mg =ma
Tor;la,{ T 14 _ =

-T+myg =mya
CroskuM 3TH YpaBHEHHS:
—myg + myg = (my + my)a unu
g(my —my) = (my + my)a
Peumm 310 ypaBHEHHE OTHOCHTEIBHO HEU3BECTHOH BEITHYHHEI

Mo —m 10 m/c2(0,3kr—0,2kr
= M,BHHHCHHM a= 10m/c (03ur—02kr) _ 2 m/c?
my+mz 0,3kr+0,2kr

Cuny HaTszKeHHs HaligeMm ux nepeoro ypasuenus: T =m (g + a)
Boraucaum: T=0,2xkr(10 m/c? + 2m/c?) =24 H
Omeem: 2 m/c%; 2.4 H

Pemuth 3a1a4u caMoCTOATEIBHO
(n - HoMmep 6awe2o 8apuanma no cRUCKY)
1. C noMomipro OarmeHHoro KpaHa nmogHuMaroT rpy3. CKopocTs moabema nocrosiuaa. Onpenenure,
KaKue CUIbl IeHCTBYIOT Ha rpy3? Kakosbl ux HampasieHus? Kakosa paBHoxelicTBytonas? [Touemy? ¥V
HEOIBITHBIX KPAHOBLIMKOB OBIBAIOT OOPBIBBI TPOCOB B TEX CIIydasix, KOTJa OHU HE 00paliatoT BHUMaHUS
Ha CUJIBHO pacKauMBaHUE NMEPEHOCUMBIX Tpy30B. CiryuaiiHbl JIn Tak1e OOPHIBBI?

2. [ToueMy Ha pYKOSATKH, TOJOBKM OOJITOB, Trailku Kpyriaod ¢GoOpMbl, 3aBHHUMBAEMblE U
OTBHHYMBAEMbIE BPYUHYI0, HAHOCAT CIIEUANIbHYIO HAaKaTKy (pudienue)?
3. Koneco (1kuB) npuBoAUTCS B IBUYKEHUE TIPU MOMOIIM peMHs. OrnpeneanTe BU

TPEHMSI, BO3HUKAIOLIETO MEXIy LIKMBOM U PEMHEM: TPEHUE CKOJIBXXECHMS WIN TPEHHE
nokosi? Cuurtaiite, 4TO pEMEHb HE MTPOCKAIb3bIBAET.
4. Onpenenure BHJ TPEHHs, BO3HUKAIOIIETO MEXAY KOJIECOM JABIDKYyLIEHCS

TEJIEKKHU U TPYHTOM, @ TaK)K€ MEXy BTYJIKON
KoJsieca 1 ocblo. Och MpUKpEIJIeHa K TeNexXKe HenoABMKHO (Puc.2).

5. [Touemy Hamo Gepeyub cCMa30UHbIE MaTEPHAIBI OT MOMAJAHMS B HUX TECKa U MbLTN?

6. [Touemy HY>XHO Oepedb TOPMO3HYIO KOJOJKY M TOPMO3HOW OapabaH TPaHCTIOPTHOTO CPEICTBA
OT TIOTaIaHusl MEX]Ty HUIMU Maca?

7. Jlis 9ero mpH COeAMHEHUHM MSTKHX MAaTepUalOB IO/ TOJIOBKY OOJTa M TalKy IMOJKJIAIbIBAIOT
a0y Oospiiero quamerpa’?

8. B kakoM u3 mepeurCIIeHHBIX HIDKE SBICHWU TOJ JEHCTBUEM CHJIBI COBEpIaeTcs pabdora (cwm.

puc.3) TPOC HaXOAUTCS B HATIHYTOM COCTOSIHUHU IOJI IEHCTBHEM CUJIBI TSKECTH; 0) Ha CTOJ JAEHCTBYET
BEC THPH; B) ra3 JaBUT Ha CTEHKU OAJUIOHA; T') MOPILIEHb BBITAJIKWBAETCS U3 IHJIMHAPA MOJ IeHCTBUEM
CHWJIBI IaBJIEHUS a30B; 1) MaJb4UK TSHET BEPEBKY, IPUBA3AHHYIO K IPOYHOU CTEHE?
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“H

Y

7 /]
a ]
Puc. 2
9. Ha ropusoHTalbHOM y4YacTKe IyTH MaHEBPOBBIM TEIUIOBO3 TOJIKHYJ BaroH. Kakue Tena
JCHCTBYIOT Ha BaroH BO BpeMs U nocie Toruka? Kak Oyaer JBUTraThes BaroH MoJI BIUSHUEM 3TUX Te?
10. Bripasute B kmiioBaTTax W Meraparrtax cienyromme MomHoctd: 3500 Bt; 200 Bt; 5000BT;

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

11. Uemy paBHa cuiia TSKECTH, IEUCTBYIONIAs HA YIIAKOBKY € IleMeHTOM Maccou 2,5kr, 600r, 1,2 T,
501?
12.  IlepBblil COBETCKMI HCKYCCTBEHHBIH CHYTHHUK 3eMiu Obul 3amyieH 4 oktsaOps 1957 ropa.

OmnpenenuTs Maccy 3TOr0 CITyTHHKA, €CIIM U3BECTHO, YTO HA 3eMJyie Ha Hero JieiicTBoBaia CHila TSKECTH,
paBHas 819,3H.

13.  Ha HenmoaBWXHOH miuaTgopmMe CTOUT AIMUK C KUPIHYaMH Maccoi n TOHH. Berumcnute u
n300pa3uTe Ha PUCYHKE CHITY TSDKECTH U BEC SIIIUKA.

14. CMosKeTe I Bbl HOJHATH [IACTUHY U3 NPoOKH 00bEMOM n cM>? TTnoTHOCTS npobKu 240Kr/M>.
15. ABTOOYC Maccoii m TOHH eAeT MO TOopu30oHTaIbHOMY Inocce. Kakas cwia TtpeOyercs s
coobmieHus eMy yckopenus 1,4 m/c?.

16.  Baronerka maccoil n TOHH JBIXeTcs moj AeiictBueM cuibl 60 kH. Onpenenure yckopenue eé
JBUKEHUS.

17. JIBa Kopalist Maccoi m TOHH KaXbli, CTOST Ha peiisie Ha pacctosauu 0,5 KM OAUH OT JPYroro.
KaxkoBa cuna nputsskeHHst MeXly HUMU?

18. Ornpeaenuth Maccy Kaxaoro M3 JIBYX OJMHAKOBBIX aBTOMOOWIIEH, eciu Ha pacctossHuu 0,1 kM
Ha HUX JEMCTBYET cuia NpuTskeHus 6,6 7MH.

19. Onpenenuth paccTosiHWE, HAa KOTOPOM [IB€ BaroHeTKM wmacco mo 20 Kr Kaxmgas
B3aMMOJEHCTBYIOT ¢ critoi 67mMKkH.

20. Kakyro cuiny Haao NPWIOKUTH K BaroHy Maccod N TOHH, 4YTOObI OH CTaj JIBUTaThCs
paBHOYcKopeHHO U 3a 30c mpomen myTs 36 M? Koadduuuent tpenus pasen 0,008.

21. [Tox ne¥icTBUEM CHIIBI TSATH CKOPOCTH BaroHa Maccoi m TOHH Bo3pocha ¢ 4,25 m/c mo 32,4 kM/4

Ha mytd 75,5 M. UeMy paBHa cuiia Trd, €cid KO3(QQUIMEHT TPEeHUs NpHU JBWKEHUU BaroHa paBeH
0,025?

22.  Kakyr cuily TSATH JOJKEH pa3BUBATh JBUTATEIb, YTOOBI JOKOMOTHB MAacCOd N TOHH JBUTAJICS:
a) paBHOMEpHO; 0) ¢ yckopenueM 0,2 m/c?.
23.  DAeKTpoBO3 MPHU JBUKCHUU 110 TOPU3OHTAILHOMY MyTH pa3BuBaeT cuiy Tsaru n kH. Ha yuacTtke

mytu anuHoi 600 M ckopocTh moesnia Bo3pocia ¢ 32,4 1o 54 km/4. Onpenenute Cuiy COMPOTUBIICHUS
JBUKEHUIO 10e3/1a, eciau ero macca pasHa 10000 ToHH.

Tema 2.3 3aKkoHBI COXpaHEHHSI B MeXaHHKe

IIpakTuyeckoe 3ansiTue Ne4. 3aKOHbI COXPAHEHHUS] B MeXaHMKeE U MX IPUMEHEHHe.

Lenb: HayyuThCS HCIONB30BATh 3aKOH COXpAHEHHsS HUMITyJbca JUIsl pacuéTa MapaMeTpoB
Pa3IMYHbIX (PU3UUECKUX MPOIIECCOB
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Boinosinenue padotsl ciocodcTByet popmupoBanuio: OK 01, OK 02, OK 03, OK 09

MarepunanbHoe obecrieyeHue:

WHAUBHUAYaIbHOE 33J]aH1Ee, KOHCIIEKT JICKIIHA, CIPaBOYHbIC MaTEpPUAIIbI.

Ykazanue:

[IpakTHueckoe 3aHSATHE COCTOMT M3 JBYX YacTed — TEOPETHYECKOM M mpakTuyeckoil. Ilocie
M3Y4YEHHUS TEOPETUUYECKOr0 MaTepuaia MOKHO MPUCTYNAaTh K BBIMOJIHEHUIO MpaKkTH4Yeckoi yactu. OHa
COCTOMT U3 JBYX U Oosiee 3a7ay IJIsl CaMOCTOSTEIbHOrO BbIMOIHEeHUs. He 3a0biBaiiTe 0 mpaBHIbHOM
odopmiiennu pemeHus. Ha BEIOTHEHNE MPAKTUYECKOTO 3a/IaHUSI OTBOJUTCS JIBA aKaJEMHUYECKHUX Yaca.

3aganue:

1. O3HaKOMBTECh C KPATKUMHU TEOPETUUECKUMHU CBEJICHUSIMU IO CCBUIKE

https://znanium.com/catalog/product/1012153 , §12,13, BeimucaB ocCHOBHBIC (DOPMYJIBI B TETPAIb.
Pemnre 3amauun, caMoCTOATENBLHO UCIIOJIB3YS IPUMEPHI U KPAaTKHUE TEOPETUUYECKHUE CBEICHHUS.

Ilopsinok BbINOJHEHHUs PadOTHI:
1. W3yuwure u BomumMTe (GOPMYJIbI IO TaHHOU TEME:
2. Pazbepure mpuMepsl peIICHHBIX 3a1a4
3. Pemmre camocTOsTENBHO 3a7aUu
2. lIpumepsl pelieHus 3aga4
1. Monekyna maccoit m = 3- 10—23 r, nojyieTeBuias K CTEHKE cocya mmoja yriaom o = 60°, ynpyro

yaapsieTcsi 0 Hee co CKopocThio L = 500 M/c u otneraer. OnpenenuTe UMITYJIbC CHiTbl F+ At moTyYeHHBIH
CTEHKOI.

Jlano: Pewenue:
m=3 1072 kr U3meHenne mmmysnbca MONEKYJbl PaBHO
a = 60° =% uMnynscy cuiel: Ap = FAt

[lycts 0Ch 0X HanpasieHa
v =500 wm/c gt =Y P
R NEPHEeHANKYISPHO CTEHKE, TOTJa

M3MEHEHHE MMIYJIbCa MONEKyasl Ap =
Ap, = my, — (- mv,) = 2mu,, rae v, =
VCOS @, 0TKyAa Ap =2mucos a.

[Toacrasus opmyny B ypaBuenue, nonyunm FAt = 2mucos a.

Boruncnenus:

— =26 - - -23
FAt =2-3- 1074° kr 500:- cosz = 1,5-107%°(kr-m)/c
-23 »

Omeem: 1,5+ 10 ™ kr m/c.

Puc. 3.2

2. JIBa TOBapHBIX BaroHa JABIXKYTCSI HaBCTpedy JApyr napyry co ckopoctsamu 0,4 m/c u 0,1 m/c.
Macchbl BaroHoB cooTBETCTBEHHO paBHbl m1 =12 T, m2 = 48 1. Onpenenure, ¢ KAKOH CKOPOCTHIO L U B
KaKOM HaIlpaBJIEHUU OyyT ABUTAThCS BarOHBI I1OCJIE CTOJKHOBEHUS. Y 1ap CUUTATh HEYIPYTHM.

Jano: Pewenue:

v; =04 m/c Hcnonb3yem 3akOH COXPaHEHMS NMPOEKLMH MMIYJbCa Ha OCb
v, =0,1 m/c OX, nonoxwurensHoe Hampasienue ocn OX coBmamaer ¢
my =12-103 kr HAMpaBJICHUEM JIBHKCHHS EPBOr0 BaroHa:

m, =48 103 kr myvy - myv, = (my + my)v. Otkyaa v = %

v-?

y o 12:103 kr-0,4 M/c— 48103 kr-0,1m/c _ . —
Beuucnenus: v = - - = 0. Aranmu3: v = 0, ciaea0BaTebHO, NOCIE
12107 kr + 48-10° kr

CTOJIKHOBEHHS BarOHbI OCTAHOBSTCH.
Omegem: v =10
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3. JIBa Heympyrux Teja, Macchl KOTOPBIX 2 M 6 KIr, IBUXKYTCS Ha BCTpedy APYr K APYry €O
cKopocTsIMH 2 M/c Kaxaoe. Onpenenuts MOIyJIb U HApaBJICHUE CKOPOCTH KaXIOTO U3 3TUX TEJ MOCIe
yaapa. CaenaTh pUCyHOK CaMOCTOSITENIbHO.

JHano: myU; + myly = (My + my) U. B npoekuusx Ha oCk:

OX: mquq - Moty = - (ml + mz)U
_ Myvuy — Mavz,

my; =2 Kr U :
M =6 xr M) 6xr-2 2
KM2sM/fC— DOEMLZMfC
U = vz =2mc Beraucnsem: v = 4 - L€ = Z \i/e = 0,25 wic.
u-? — (2Zur+6xr) 8

Omeem: 0,25 m/c.

PemmnTh 3a1a4n caMOCTOSITEILHO
(n - HoMmep 6awezo 8apuanma no cUCKYy)
1. OnMHaKkoBO JM CKUMaroTcs Oydepa Npu CTOJKHOBEHUH JIBYX OJMHAKOBBIX BarOHOB, OJUH U3
KOTOpBIX HEmoJBMkKeH? PaccMoTpuTe cilydyau: NOpPOKHUN BaroH HEMOJBUKEH, JBUKETCS IPYKEHbIN;
IpY’KEHHbII HEMOJIBM)KEH, JIBUXKETCS TIOPOXKHUH.
2. UToObl CIBHHYTH C MECTa TSHKEIIBIN KEJIE3HOIOPOKHBIA COCTaB, MAIIMHUCT JAeT 3aIHUNA XO[I,
1oJiaBasi coOCTaB HEMHOT'O Hazal, a MOTOM Yy)e jaaeT nepeanuil xoxa. Ilouemy Ttakum obpazom, serde
TPOHYTh COCTaB C MecTa?
3. Pabouuii, Gerymuii Mo 1nexy co CKopocTblo 7 M/C, TOTOHSAET TENEXKKY C Ipy3aMH, ABHKYILIYIOCS
CO CKOPOCTBIO 2 M/C, 1 BCKakuBaeT Ha Hee. C KaKol CKOPOCTBIO NMPOJOIKAET ABUTATHCS TEIEXKKa, eCIIU
MAaccChl TEJIEKKH U YEJIOBEKA COOTBETCTBEHHO paBHbI 30 kr 1 70 Kr.
4. JIBe Kene3HOA0pOoKHbIE MIAaTGOPMBI IBHKYTCSI HABCTpedy JApyT Apyry co ckopoctsamu 0,6 u 0,4
M/c. Maccsl mnatdopmMbl COOTBETCTBEHHO paBHbI 18 m 28 T. C Kakoil CKOPOCTbIO M B KakoM
HaIpaBJIEHUU OYyAyT ABUraThCs IUIaT(OPMBI MOCE CTOJIKHOBEHUA? Y Aap CUUTATh YIIPYTUM.
5. JKene3HomopoXKHBINM BaroH Maccoil 25 TOHH MOAbe3kaeT co ckopocThio 0,3 M/c K crosiemMy Ha
TOM >K€ MyTH HEMOJBM)KHOMY BaroHy Maccoil m TOHH M aBTOMaTHuYecKH cuerisiercss ¢ HuM. [locne
CLIETIKM BaroHbl JBUXKYTCS NPSIMOIMHENHO. KakoBa CKOpOCTh JBUKEHMS BATOHOB M1OCJIE CLIETIKU ?
6. KenesnonopoxxHblii BaroH maccoil 35 TOHH NOIBE3kKAET K CTOSIIEMY Ha TOM K€ IyTH
HEMNOJBWKHOMY BaroHy Maccoi m TOHH M aBTOMAaTHYECKH cueruisierca ¢ HUM. Ilocie cuenku BaroHbl
JIBUXKYTCS IPSIMOJIMHENHO co ckopocThio 0,5M/c. KakoBa Obuta CKOpOCTh BaroHa Maccoil 35 TOHH nepen
CLIETIKOM?

Tema 2.3 3aKkoHBI COXpaHEHHS B MEXaHHKe

IpakTnyeckoe 3ansitue NeS. Pemenue 3apa4 Ha ¢popmyJinl padorsl cuii. Padora u
MOIIHOCTB. JHEPIHus, e¢ BUAbl. 3AKOH COXPAaHEHMS JHEPrUH

Ieab: HAy4YUTHCS MCHOJIB30BAaTh 3aKOH COXPAHEHUs HMITyJbCa JJIA pacdy€ra MapaMeTpoB pPa3IMYHBIX
(U3NYECKUX MPOLIECCOB

BoinosiHenue padotsl cniocodcTByeT hopmuposanuro: OK 01, OK 02, OK 03, OK 09

MarepunanbHoe obecnieyeHue:

WHAUBUAyaIbHOE 3aJaHK1e, KOHCIIEKT JIEKIIH, CIIpaBOYHbIE MaTepUalbl.

Ykazanue:

[IpakTHueckoe 3aHSATHE COCTOMT W3 JBYX 4YacTe€d — TEOPETHYECKOW M mpakTuyeckoul. Ilocne
HU3YUYCHUA TCOPCTUUCCKOro Marcprajia MOXHO IMPUCTYIATh K BBIITOJHCHUIO HpaKTquCKOﬁ yactu. OHa
COCTOMT U3 JBYX U Ooisiee 3a7au JJIsl CaMOCTOSTEIbHOrO BhIMOIHEeHUs. He 3a0biBaiiTe 0 mpaBUIbHOM
O(bOpMJIeHI/II/I pCuICHUH. Ha BrmonHenue MPAaKTUYCCKOI'O 3aIlaHUs OTBOAUTCH JIBA AKAACMHUYCCKHUX Yaca.

3aganue:
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O3HaKOMBTECH C KPATKUMH TEOPETUUECKIUMHU CBEJICHUSIMU TIO CCBLIKE
https://znanium.com/catalog/product/1012153 , §10,11 u BemumuTe Gopmyiisl 0003HAYCHHBIS
ckoOkamu, Harpumep (10.1) u T.1. U3 yka3zaHHBIX maparpad

Ilopsi1oK BbINOJIHEHHS PAdOTHI:

1. M3yuute u BeIIUIIKATE POPMYJIBI IO TAHHOW TEME:
2. Pazbepure npumMepsl pelICHHBIX 3a71a4
3. Pemmute camoCTOATENBHO 331241
IIpumepsI peneHus 3a1a4

1. OnpeaenuTs MOITHOCTh TEIJIOBO3a, 3HAsI, YTO MPU CKOPOCTH JBMKEHUS 43,2 KM/4 cuia
Tsiru paBHa 105 kH
Hano «C» Pemenue:
Vo= 432 12m/c¢ MOLHOCTb Hax0AuTes 10 hopmyae: n = 2
KM/4 t
105-10°

F=105xH | H Cuna TArM  COBEpIIAET  IOJOKUTEIbHYIO

paboty: A =FScos a, Zo=0, A=F-S
N-?

N=Fv=12wm/c-105-10* =1260-10° Bt

OtBeT: N = 1260 kBT.

2. Teno maccoii 10 kT cB0OOAHO MagaeT ¢ BHICOTHI 20 M U3 COCTOSTHUS MOKOs. UeMy paBHa
KMHETHUYECKasi YHEPTUsl B MOMEHT yJiapa 0 3emitro?
Jano: Puc. Pemenue:
m = 10 kr 1 CornacHo 3akoHy coxpanenus sHepruu: Eq, E=0
vo= 0 M/c Epo + Exo=Ep1 + Exo
ho=20m™m 3a Teno oTcyeTa NPUMeEM 3eMITIO:
hi=0wm 2 mgh0+'";5 g +mTuf yunthiBasg h; =0,v0=0
g =10 m\c? Ex, Ex =0 el = mTul2 win Exi=mgho
Ex —? Exi =10-10-20 = 2000 Tx
OtBert: 2 x/Ix.

Baronetrky maccoit 2 T mo ropusoHTaIbHOMY MYTH paBHOMEpPHO mepememniaeT padounii. Kakyio
paboty oH coBepmuT Ha yTH 100 M ¥ Kakyr paboTy COBepIIaeT CHJia TPEeHHs, eClau KodPuIimeHT
TpeHus paseH ,017
JaHo: Pucynok:
m=2T
S=100wm
p=0,01
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g=9,8 m\c? =
a=0 h_ B

A—-7?
Atp - ?
Pemenue

4]
Ha BArOHETKY NCHCTBYIOT 4 CHIIBI: CHIIA TSHKECTH — mZ | CHITa PeaKIHH OMopsl — v |

crna tsrn £ — , cuna Tpenus — L. [lo BTOé)OMy 3aKOHY HbtotoHa XF =0
Fop i 4 Fp g N — )
B npoekmuu va ocu: OX: Fr—Fpp=0; Fr=Fyp, OY: N-mg=0; N=mg
A=F-Scosa, 2a0=0, cosa =1,cn-H0, A=F - S, F=F;p =F;=puN = umg
Paborta cuibl TpeHHs HaNpaBiIeHa MPOTUB PA0OTHI CHIIA TSITH — A = -ATp .
Awp=-19,6 - 10° JIx
OtBet: A =19,6 xJIx; ATp =- 19,6 kI x.

6. OnpenenuTh MOIIHOCTh TEIJIOBO3a, 3HAs, YTO MPH CKOPOCTH ABMXEHUA 43,2 KM/4 cuiia TATH
pasHa 105 kH.

JlaHo: CH: Pemrenue:
v=A4
v =43,2 kM/4 12wM/ ¢ Mo1HOCTh HaX0UTCs 10 hopMyIie: t
F=105kH 105-10° Cuia TATH COBEpILIAET MOJIOKUTEIBHYIO PaboTy:
|
N-? A=FScosa,2za=0,A=F-S
JIBU>KEeHHE TEIUIOBO3a PAaBHOMEPHOE U MPSMOIMHEHHOE:
F-S
N = = F-vu
S_»
t N=Fv=12wm/c-105-10° =1260-10° Bt

OtBeT: N = 1260 xBT.

PemnTs 321241 cCaMOCTOATENILHO
(n - HoMmep 6awezo 8apuanma no cUcKy)
1. IIpu cTpoUTENBbCTBE KAHATHON JOPOTM B TOPHOM MECTHOCTH CaMOCBaJl MacCOM N TOHH IOJHSIICA
Ha BbeicoTy 400M Hax ypoBHeM Mops. Onpenenutbs MOTEHIHMATbHYIO SHEPTUI0 aBTOMOOWIIS
OTHOCHUTEIIBHO YPOBHS MODSL.

2. Moot kompa s 3abuBanust cBaii maccoit SO0Kr magaeT ¢ BBICOTHI n MeTpoB. Uemy Oyaet
paBHa MOTEHIMAJIbHAS U KNHETUYECKAsi SHEPTUsl MOJIOTA Ha BbICOTE 4MeTpa?

3. Kaxkoit moTeHnmaibHON SHEpPTHUE 001aaeT TeJI0 MacCod n KT, TOJHATOE Ha BhICOTy 15merpa?
Kakyo paboTy 0HO MOKET COBEpPIIMTD MIPU MaJaHUH Ha 3eMTi0?

4. Onpeaenuth MOITHOCTH CEep/Illa BaJbIIOBIIUKA B Mpolecce GU3NIECKON paboThl, 3HAs, YTO MPHU
OJTHOM yJiape OHO coBepIlaeT padoty, paBHyto 16 J[x, a B MUHYTY JienaeT npumepHo 240 ynapos.

5. [Tpu cxxatun OydepHOll MpyXUHBI K/ BaroHa Ha ScM mpowusBeneHa padora 3,75 kJbx. Kakas

cuna Tpedyercs Ui cxatus 3ToM npykuHbl Ha lcm? TlocTpoiite rpaduk 3aBUCUMOCTH YAJUHEHUS
IIPYKUHBI OT BEJIMYUHBI IPUITOKECHHON CUIIBIL.

6. [Tpu ynape nByx BaroHoB OydepHas mpykuHa cxanack Ha n cM. JKectkocts mpykuasl 3000
kH/M. Onpenenuts paboTy MpH CKATUU TIPY>KUHBI.
7. Kakas paboTa npousBezneHa npu cxxaTuu OyQepHol NpyKUHBI KeJIe3HOJOPOKHOIO BaroHa Ha n

CM, €CIIH ISl CKaTHs Py UHBI Ha 1 cM TpeOyetcs cuma 350000H?
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8. TsxenmoBecHsl coctaB ¢ yriiem maccoit 6000t peonoseBaet noabem B 100 MmetpoB. Ha kakyro
BBICOTY MOXXHO MOAHATH Teno Maccod 100 Kr, eciu MCMOIb30BaTh 3amac MOTEHIMAIbHON SHEPIUH B
BEpXHEW TOouke nogbema?

0. Barounerka nBuranach 1mo ropu3oHTJIBHOMY IYTH, Y€pe3 HEKOTOpPOE BpeMsi OCTaHOBUJACh. Ee
KHHETHYecKasi sHeprus crana paBHa 0, a MOTEHIMAIbHAsA OCTallach Heu3MeHHOoU. He Hapymmics mu B
3TOM Clly4ae 3aKOH COXpPAaHEHHUS U MPEBpAIICHUs YIHEPTrUun?

10.  Jlns morpy3ku yriasi B BaroH NpUMEHSIETCS JCHTOYHBIA TpaHCHOPTEp, KOTOPBIM IMepeMeniaeT
yrojib BBEpX MO HAKJIOHY Ha BBICOTY 5 M. B muHyty norpy3uuk pocraeiser 12t yrisa. Baron
3anonHsercs 3a 5 muH. Kakyro paboTy rpu 3ToM coBepiaeT TpaHcnoprep?

11.  TemnoBO3 TSHET COCTaB CO CKOPOCTHIO N KM/4, pa3BuBas MoutHOCTh 880 kBT. Kak Benuka B 3TOM
clly4ae Cujia TATH?

12. JlBurarens opucHoro BeHTHIATOpa nMeeT MomHocTh 0,35 kBTt. Kakyro paboty oH coBepmuT 3a
n MUHYT.

13.  Beruucautbh paboTy, COBEpIIAEMYIO JIEKTPOMEXAaHUYECKUM IOJBEMHUKOM B aBTOMAacTEpPCKOM,
KOTJja OH PaBHOMEPHO MOAHUMAET TPaHCIOPTHOE cpeAcTBO Maccoi 800 Kr Ha BbICOTY 2,2M.

14.  Kakyio paboTy HYXXHO COBepmHTh, 4ToObI moe3n wmaccoi 1000 TOHH, ABWKYIIMIACA CO
CKOPOCTBIO 72KM/4 YBEITUYHII CBOIO CKOPOCTh 110 108 xm/4?

15. Kakoii Maccel Tpy3 MOXET TMOJHUMATh IMOABEMHBIN KpaH CO CKOPOCThIO 1,5M/c, ecnu y HEero
JIBUraTelb MOIIHOCTRIO 12KkBT?

16. [TogbemHBIN KpaH ¢ ABUTATENIEM MOIIHOCTHIO 8 KBT mogHMMaeT rpy3 ¢ MOCTOSTHHON CKOPOCTHIO
6 M/mMuH. KakoBa mMacca rpysa?

17. Kakas pabGorta coBepiiaeTcsi Ha THAPOCTAHIIMM B TEUYEHUE IO/, €CIIU CPEIHSSI MOIIHOCTbH
reHeparopa pasHa 2,5 MBT?

18. UYenosek Maccoit 70 Kr cryckaeTcs 1o JieCTHUIE AauHoM 20 M, pacroiioxkeHHo# moja yriom 30°
K ropu3oHTy. Haiinure paboTy CHIIBI TSXKECTH.

19. Boruncnute paboTy cuibl yOpyrocTH IpU U3MEHEHHUH Ae(opMalvy Npy>KUHbI KecTKocThio 200
H/™Morx; =2cM a0 x2=6cMm.

Paznen3 Mogexkyasipnas ¢gusuka u TepmoaunamMmuka
Tema 3.1 OcHOBBI MOJICKYJISIPHO-KHHETHYECKO TEOPUH

IIpakTuyeckoe 3ansaTue Ne6 Pemenne 3agaq no reme «OcuoBbl MKT. Pemenue 3aga4 Ha
YPaBHEHUE COCTOSHUSA HIeAIbHOI0 ra3a»

Hesab: yriayOuTh M KOHKPETU3UPOBATH MPEJCTABICHHUS O MOJEKYJISPHO-KUHETUYECKOH TEOpHU
BEIIECTBA; HAYYNUTHCS HCIONB30BaTh 3aKoHBI MKT u1s pacuéra OCHOBHBIX TapaMeTPOB COCTOSIHUS Ta3a.

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

MarepuaabHoe o0ecrieyeHme:

WH/IMBUIYaIbHOE 33JJaHNe, KOHCIIEKT JIEKIUH, CIpaBOYHbIE MaTepUaIb.

Ykazanmue:

[IpakTHyeckoe 3aHATHE COCTOMT M3 JBYX YacTed — TeopeTHuecKol M mpaktuyeckoi. [locne
M3YyYEHUS] TEOPETHYECKOT0 MaTepralia MOYKHO MPHUCTYIIATh K BBHIMOJHEHHUIO MpaKTHIecKor yactu. OHa
COCTOMT W3 JIByX M OoJiee 3ajad Jjsl CaMOCTOSTENBHOTO BhINoyiHEeHHs. He 3a0biBaiiTe 0 mpaBUILHOM
oopmienun pemrenus. Ha BeImosHEHNE TPAKTUYECKOTO 3a/1aHUS] OTBOJUTCA JBa aKaJeMUUYECKHUX Yaca.

3aganue:

1. O3HaKOMBTECH C KPATKUMH TEOPETUYECKUMH CBEACHUSMHU 10 CCBHIJIKE
https://znanium.com/catalog/product/1012153 , §17,18, BeimrcaB ocHOBHBIC (POPMYJIIBI B
TeTpaab, Hampumep (17.1) u T.1. U3 yKa3aHHBIX aparpadgos.
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2. Pemmre 3apaum,

CaMOCTOSITENIbHO HCIIONIb3YsSI TpPUMEpPhl U KpaTKHe
CBEJICHHUSI.

TECOPECTUUCCKHUC

HOpﬂ)IOK BbIIIOJTHCHU A paﬁoTbI:

1. W3yuute u BeIIUIIKATE GOPMYJIBI TIO TAHHOW TEME:
2. Pazbepure npumepsl pelICHHBIX 3a1a4
3. Pemmute camoCTOATENBHO 331241

IIpumepsl pemenus 3axa4

1. OnpeuenHTe KOJIMYCCTBO BCHIECCTBA W YHCJIO MOJICKYJI, COACP)KAIIUXCA B OAHOM KHJIOIpaMMeE
YIJICKUCIIOTO Ira3a.

JlaHo: Pemienue:
CO v = N :izﬂ;N:m.NA :V'NA
—  m=lx N, N, n H
v=? y=m
7,
ND
Buiyucnenus: v _ )

~23mom s N =23 Monb-6 -10% 1/momb =1,4-10%
44107 k2 / mow

Otset: N=1,4-10%° mr

2. CKOIbKO MOJIEKYJT KHCIIOPOJia HaxoauTcs B oobeme 1 11 mpu Temnepatype 0°C u napnenue 133,3
[Ia.

I[aHO: CU Pemenue
Oz p
— p =nkT n=
V=1n 103 kT
p=133,3 Ila
t=0°C N P
— =" N=ny NV
N-? 14 xT
Buiuucnenusa: __ 13330a-1074 ~3.5-10°
1,38-107% [fowe/ K - 273K
Oreet: N =3,5-10""mr

3. B raszoBom Oamione emkocTthio 0,01 M3 Haxomutcs ra3 mona maBicHuem 20 kr/cm2 .Kakoit

00BeM 3aiiMeT Ta3, eciu ,He U3MEHSS €r0 TeMIIepaTyphl , OTKPHITh BEHTHIb O0autoHa? OKOHYATEIIbHOE
nasienue 1 xr/cm2.?

Hano:

Vi=0,01m ]
P,=20 kr/cm’=20*0,98*10° H/m"
Po=1 kr/em™=0,98*10" H/m’

Pewenue:

[To ycnosuio 3a1auun TemMnepaTypa ra3a He MEeHSIeTCs,
MO3TOMY NPOMCXOIUT H30TEPMHUYECKOE H3MEHEHHE
cocrosuug raza. Menoneays 3akon bolina-Mapuotra

p1Vi=p2V2 naxonum Vo= piVi/po.

V-7

2 Brraucnenms: Vo= 20%0,98%10°*0,01/0,98*10°=0,2(m”)
Omeem: V2= 0,2 v

4. Ta3 M30TEpMHUECKH CXKaT OT MepBoHavaidbHOro obdwvema 0,15 m 3 mo obvema 0,10 m 3
.JlaBieHue ero nmpu »TOM MOBBICKIIOCH Ha 2 Kr/cM2 . KakoBo nepBoHavYaIbHOE JaBJeHUE Ta3a’?
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Mano:
‘\/’1=[],151\.s13 ITo 3axkony boitna-Mapuorra P1V=P2V2. Ho p2=p1+ Ap,
V320,10M3 nostomy p1Vi=(P1 +A P)V>, otkyna Py = AP*V2/V -V
AP=2 kr/em™=2*0,98*10°n/m”  P;=2*0,98*10°*0,10/0,15-0,10 = 3,9*10° (H/m")

P,=? Omeem: P1=3,9%10°T1a.

Pewenue:

5. Kak Benuko aTMocepHOe NaBJICHHE, €CJIM IIPH JUIMHE PTYTHOTO CTOJOMKa 12,5¢M B TOHKOM
TpyOKe JUTHHA CTOJIOMKA BO3yXa B IIEPBOM IOJIOKEHUE 7CM,a BO BTOPOM — 5 cM?

Hano: Pewenue:
h=12,5¢m B nepsom cnyuae napnenue Bo3ayxa BHyTpu Tpydku Pi=Pspy-h. Bo Bropom
[,=Tcem cnyuae p2=pamth. 1o 3axony boitna-Mapuorra P,V,=P,V, rae V,=SL,,
I,=5cem V,=SL,. Toraa (parm-h)=(parmth)SLs, oTkyAA pany=h(L1+L2)/L;-L;

Py =12,5%12/2=T5(cm pr cT).
Paru=? Omeem: Py =75 cM pT CT.

6 CxaTplif BO3AYyX IMOJAETCS B Ta3rojpiep o0bemMoMm 5SM3 . 3a kakoe BpeMs €ro HakayaroT J0

JaBiieHust 7 Kr/cM2, eciiu KOMIIpeccop BcachlBaeT 5,5 M 3 armochepHOro Bo3qyxa B MUHYTY HpHU
nasnennn 1 kr/cm2 ? TemnepaTypy cUMTaTh MOCTOSTHHOM.

Hawno:

V,=5m"
P,=Tkr/cM’=7*0,98*10"u/m"
V=550 /mun=1,1/12nm/c

Pewenue:

Jlna HakauMBaHHA BO3yXa B Ta3roibjep A0 naBineHus Py
KoMrpeccop paboraer B Teuenue speMenn t. Oobem

3acaceiBaemoro Boszayxa V' =V, npn nasnenue p;. Korga
_ 2 1052 ) ; .
P;=1 kr/em™=0,98*10"0/m BO3/1yX HaKa4alu B ra3rojibjep, OH 3aHsa o0vem Vs 1 ero
naeneHue crano po. Ha ocHopanuu 3akona boiina-Mapuotra
t-?

P,V'\=P,V; wmu PV 14,=P,V,; ., OTKYJa =P, V-/PV,
t=7*%0,98*%10°*5*12/0,98010°*1, 1=380(c).
Omeem: t =380 c.

7. OtTkpplTas cTeKIsiHHas TpyOka umHO0 40 cM HamoJOBUHY MOrpykeHa B pTyTh. Koraa

BEPXHUU KOHEIl TpyOKH 3aKpbUIN U MOJHSIIN €€ JI0 YPOBHS PTYTH B COCY/€, TO BHICOTA YPOBHS PTYTH B
TpyOKe okazanack paBHOM 15 cMm. KakoBo aTMocdepHoe JaBiieHre BO BpeMs OIbITa?

Harno: Pewenue:
1=40 cm

[To 3axony boiins-Mapunorra P,V,=P,V; rae pj=H-paBnoe armochepromy
l)=15¢em

JABJIEHUE BO3IYXa HAJ PTYTHIO J0 3aKpeITHA OoTBepeTHs, a V=L/2S-ero o0nem;

P = P-l; Vo=(L-L,)S-cooTBeTCcTBEHHO AaBIeHHE H 00BEM BO3AYXa HAI PTYTHH)

H-? M0CJIe TOro, KaK €€ 3aKpbUIH U MOJHSIM /10 YPOBHS PTYTH B cocye. B npeasiaymme
Boipaxkenus P,V ,=P,V,Bmecro P;,P; V| V, noacrasum nx 3navenus:

HL/2S=(H-L,)(L-L)s. Orctona H=21,(1-1,)/1-21, H=30*25/10=75(cM pr cT).

Omeem: 75 cM pT CT.

Pemuth 321241 caMOCTOATEILHO
Bapmuanr 1

1. Haueptute rpaduku n30TepMUIECKOTO, H300apHOTO M M30XOPHOTO MPOIIECCOB B KOOPAMHATAX
PuV;PuT;TuV.

2. UneanpHbIi Ta3 cHavajga M300apHO PACIIMPHUIN, & 3aT€M M30TEPMUUYECKH CXKaJU JI0 TMPEKHETO
obwvema. 306pasute stu nporecchl B koopauHatax Pu V; PuT; Vu T.
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3. B cocyne maxoautcs m=14 kr azora npu T=300 K u maBnennn p = 8,3*104 Ila. Onpenenure
o6wvem V cocyna.
4. Tlpu cxaTuM HEU3MEHHOTO KOJIMYECTBA HJCAIBHOTO raza oO0beM yMEHBIIWICS B 2 pasa, a
TeMIiepaTypa yBeaudmiach B 2 pa3a. Onpeaenure, Kak U3MEHUIOCH JaBJICHUE rasa.
Bapuanr 2
1. Ha puc.1

-
K\ %
\‘x}ﬂz
&1
Lt
M300pakKeHBI JIBE M30TEPMbI OJHOM M TOH K€ Macchl ra3a. UeM OTIMYArOTCS COCTOSHHUE Ta30B,
€CJIM Ta3bl OJIMHAKOBBIE? YUeM OTIMYAIOTCS Ta3bl, €CJIM TEMIIEpaTyphl Ta30B OJWHAKOBBIE? YKa3aHUE:
BOCIIOJIb3YHTECh ypaBHeHHEM Krnaneiipona-MeHieneeBa.

2. WpeanbHpli Ta3 cHayalla HarpeBajiCsl MPHU TOCTOSHHOM JaBJICHUHM, MOTOM €ro JaBJCHUE
YMEHbIIAJOCh IPH MOCTOSHHOM 00beMe, 3aTeM MPU MOCTOSHHON TeMIiepaTtype 00beM raza yMEeHbIIUIICS
710 IepBOHavyalIbHOT 0 3HaueHus. [loctpouts rpaduk B koopanHaTHbIX ocsix V-T.

3. B cocyne Bmectumocthio V=0,83 M 3 HaxoauTcs m=2 Kr a3ota npu jaasineHuu p = 2*105 Ila.
Omnpenenure Temmepatypy T azora.

4. Temneparypa V1=2 monp kucnopoja, Haxozsmerocs B cocyae, pasHa T1=300 K. Onpenenure
Temriepatypy T2 Bojaopoaa, HaXOISIIETOCsSs B COCYJE TOM € BMECTMMOCTH MpPU TOW K€ JaBJICHUU,
B3SATOT'O B KOJIMYECTBE V2=2 MOIJIb.

P
Ty < T2

Tema 3.2 OcHOBBI TepMOAMHAMUKH. TerioBbie MAIIIUHBI.

IIpakTuyeckoe 3ansiTue Ne 7. Pemienue 3aga4 no reme « OCHOBbI TEPMOJAUHAMMKH.
IIpumeHeHue NepBOro HAYAJIa TEPMOAUHAMHUKH K U30MpPoLeccamM

Ienb: Ha mpumepe pelleHUs 3aJad HU3Y4YUTh 3aKOH COXPAHEHUS DHEPIMM INPUMEHMUTEIBHO K
TEIUIOBBIM IIpOLleccaM, MYTAX H3MEHEHUS BHYTPEHHEH SHEpruu Teisl, aauadaTH4ecKoM Ipoliecce,
NPUHIUIE PabOThl TEIIOBON MAIIMHBI.

MarepuaabHoe o0ecrieyeHme:

WHAVBUAYAIBbHOE 33JJaHUE, KOHCIIEKT JIEKIIMH, CIIPAaBOYHbBIE MaTEpHaJIbI.

Yka3anmue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX 4acTed — TEOpeTHYecKodM M mpaktudeckou. Ilocne
M3YYEeHHs] TEOPETUYECKOT0 MaTepHralia MO>KHO IMPUCTYNaTh K BBIMOJHEHHUIO MpakTHuueckoil yactu. OHa
COCTOMT U3 JIByX M OoJiee 3ajad Jjsl CaMOCTOSATENBHOrO BhIoiHeHHs. He 3a0biBaiiTe 0 mpaBUILHOM
odopmiiennu pemeHus. Ha BbIogHeHHE MPaKTUYECKOTO 3a/1aHUsl OTBOJAUTCS J1Ba aKaJeMHYECKHX Yaca.

3ananmne:

1. O3HakoMbTECh ¢ KPATKMMH TEOPETUUECKUMHU CBEICHUAMU
2. Pemmre 3aaun, CaMOCTOSITENIBHO MCIIONb3YsI IPUMEPBI U KPAaTKUE TEOPETUUECKUE CBEICHMUS.

IHopsiaok BbINOIHEHUS PA0OTHI:
1. W3yuwute u BeIUIKTE POPMYJIBI TIO TAHHOW TEME:
2. Pazbepure nmpumMepsl pelICHHBIX 3314
3. Pemmnre caMOCTOSTEIBHO 3a0a4u

KpaTkue TeopeTnyeckue cBeIeHUs
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Tennmoobmen (Tertonepenada) — OOMEH BHYTPEHHEW OHHeEpruei 0e3 COBEPIICHHS MEXaHHYECKOM
paboTHL.

KonunuectBo termnotsl (Q) — sHeprusi, nepeianHas B pe3yabTaTe TeII000MeHa.

YaenbHas TEMIOEMKOCTD (€) — KOTMYECTBO TEIUIOTHI, HEOOXOAMMOE JIJIsl HarpeBaHus | KT BelecTBa Ha

JIx
kr-K

__Q [c]=1

1K (1°C).|c= 7

o

— YpaBHCHHUEC TCIIJIOBOT'O OajaHca.

|2 Qun = 3 Quo

_ A
KI'

(4]

_Q
g===
m

I'openue: .

VY nenbHas TerioTa cropanus (¢) — KOJIMYECTBO TEIJIOTHI, BBIACIAEMOE IIPU CTOPAHUH | KT TOIUIUBA.

[TapoobOpa3oBaHue-TIEpPEX0 T BEMIECTBA U3 KHIAKOTO COCTOSIHHS B ra3000pa3Hoe.

Q=r-m [rl=1——

m KT’

VY aenpHas TerioTa mapoodpa3zoBaHus () — KOITUYECTBO TEIUIOTHI, HEOOXOAUMOE TS IPEBPAICHUS B TIap
1 KT *KHAKOCTH IPU MOCTOSIHHOM TeMIieparype.

IInaBnenue — nepexoa BeuieCcTea nu3 TBépI[Ol"O COCTOSHHA B ) KHUIKOC.

2=2ay=1 4%

m KT

VY nenpHas TeruioTa 1aBiaeHus (A) — KOJTUYECTBO TETUIOTHI, HEOOXOAMMOE JIJIs TUTaBJIeHUs | KT BeliecTBa
P TeMIIepaType MIaBICHHUS.

[lepBblit 3aK0H (Ha4an0) TEPMOJUHAMUKHI: U3MEHEHUE BHYTpeHHEHN sHeprun AU cuCTEMBbI paBHO CyMMe
KOJIMYECTBA TETUIOTHI , MepeJaHHOTO CUCTEME, U pabOThI 4, COBEPIICHHOW HaJl HEW BHEITHUMU CHUIIaMHU

AU=Q+ A4

HpI/IMCHCHHe MEpBOro Havajia TCPMOAUHAMUKHU K U30IIpoHcccaM

TeroBas MammHa — MalIMHA, COBEPIIAIOIIAs MEXAaHMUYECKYI0 paboTy 3a CuéT BHYTpEHHEW SHepruu

TOIIJINBA.

HsorepMuecknii mpomecc,
T =const

H3oxoprbIil mpomece,
V = const

Hso0apHelil mpomecc,
D =const

AnmadaTauecknil mpomecc,

0=0

AU=0 = Q=4

4_=0 > Q=AU

0=AU+4_

A_ =-AU
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HarpeBaTens — ycTpoicTBO, coobIiaromiee pabodueMy Teny KOJUYECTBO TEIUIOTHI Q1 MpHU TemIeparype
Th.

XO0JIOMUIPHUK — YCTPOWCTBO, OTHHMMAOIIEee OT pabodero Teja KOJMYECTBO TemioThl Q2 mpu
temneparype 1>. |
-1, s
TTmax = T g ]
1 |

IIpumepsl pemienus 3agaq

1. B amoMuHueBYI0 KacTpiomo Maccoit 0,15 kr manuto 1,2 kr Bogsl pu 20° C. CKOIbKO KHIIATKY
HY’HO JIOIMTh B KaCTPIOIIIO, 4T0Ok! Temneparypa Boabl crana 50° C? IToTepsMu Tema B OKPYKaIONIyIo
cpeny npeHeOpeys.
JaHo: Pemenue:
m,=0,15 xr nojy4yeHHoe Terio Qi=csmy(0—tx); Q2=Cama(0-tx)
m;=1,2 Kr oraanHoe Temno Q3=cym; (t-0)
t=20°C ypaBHeHue Termnosoro 6amanca Qi+Q=Qs
t=100°C CaMg (O-t)+Ma-Ca (0-tx)=Cx10y (£-6)
0 =50°C me=(e,m, +me )0 —t) =
CH (tl‘ - 6)

¢a=920 Jix/xr’C (4200-1,2+0,15-920)-(50-20) _ .~

4200- (100 — 50) o
ce= 4200 JIx/xr’C

Ortser: 0,74 kr
mr _?

2 B npouecce n3obapHoro pacmupenus razy nepenaso 6 MJx rerutotsl. [Ipu aToM ra3 coepiaer
paboty 1,2 M/Ix. 3Menunach 11 BHyTpeHHsIs sHeprus raza? Harperncs ras wim oxmaauics.

Tano: «CW» PeweHwue: BbluncneHusa:

AZL2 MUK |6 1050 |AU= Q-A" | AU=6.106 [Ipk-1,2-105 [k =
Q=6 MILx |, 5 105 = 4,8-10° [

AU-?

3 Onpenenute MakcuMabHblil KI1J] TenmnoBoii MaluHbl, eciiu TemnepaTypa ero Harpesatens 227° C, a
TeMrneparypa xonoauabauka — 27° C.

Ccn PeweHwne: 30

T1=500 K | e 1112

T2=300 K



Hano:

PeweHue:
1=227°C Hmaes 300K =300K _
500K ’
,=27C
T]max_?
4. Bonopoa maccoii 4r, 3anumast nepBoHadanbHbii 00beM V1=0,1M3, pacmmpsiercs 10 o0bema

V2=1m3 . Onpenenure: 1) Al-paboty raza nmpu uzobapHoM mpoiecce, 2) A2-paboTy raza npu
n3oTepMuueckoM mpoiiecce. Hauansnas temmneparypa raza T1=300K.

Hano: Pewenue:

m=4r=4*10"kr 1) I1pn n3o6apuom pacimpennu (py=const) ra3 copepiaer pabory
V=0, 1 A=pi(V-Vy) (1)

Vo=1n’ JlaBnenne rasa onpenensem u3 ypapienus Knaneiipona-Menneneena:

M=2*10kr/monn P,Vi=m/MRT, orcrona p=m/M*RT,/V,(2)
R=8,31 mk(mons*K) [TogcraBum Gopmyny(2) B (1)nonyunm: Aj=m/M*RT,/V,(V..V,) (3).

T,=300K 2) IIpu u3oTepmMuyeckoM paciuMpeHne ra3 cosepiaer padory
Ay-? A>=m/MRT;InV,/V, (4) (In10=2,3)
A-? Boruncnenus:

1) A;=4*10"kr*8 3 1 mr/(mons*K)*300K/2% 10~ kr/mons*0, | m**(1n-0, 1n°)=4.5% 10" [Tk
2) Ay=4*107kr/2% 10 kr/moub*8,3 1 I/ (monb *K) ¥ 300K ¥ In /0, 1n'=11,5%10° [Tk
Omeem: A= 4,5%10*Ilx, A= 11,5%10° [l

5. Omnpenenure n3meHeHne BHyTpeHHel sHeprun AU nbia Maccoil m=5 KI B MPOILECCE €T0 TasHUS
(nyaBieHMs ) TP HOPMAJIBHBIX YCIOBHSIX.

Hano: Pewenue:
m=5 Kr W3menenne BHYTpeHHEl HEPruu U3 MEePBOTo 3aKOHA TEPMOIUHAMHKH:
l=3,35*105ﬂmfﬁr Q=AU+A. Orciona AU=Q-A. [lnsa tasuus neobxoauma ternora Q=Q,, =
Pi=1,01*10"T1a Am, A-ynenbHas Tennota naasneHns. Macca o6pa3sosasuieiics BOabI My,
T=273K Oyner paBna macce nbaa m. O0beM Boasl V; 00pa3oBasumiics 3 1bja
|:|_T=0,9"‘1()31{n’t\.13 V1, OyzeT MeHbILe, TaK KaK MIOTHOCTb BOJIBI Py2o OOMIBLIE MJIOTHOCTH JbJ1d
pr20=10"kr/’ ps. Ilpu nnasnenun nbaa cosepuaerces padbota A=po( V2. Vy).

YuuteiBas, uro p=m/V,onpeaensem Vo=puo; Vi=m/p, CnenosarensHo,
AU-? A=po(m/pr20-m/pn)=Po m(ps-pr20/papr20) Berancnenns:

Q=3,35*10" wx/xr*5xr=1,7%10°JIx.
A=1.01*10Ta*S5kr*0.9* 10 kr/a- 10 kr/m>/0,9% 107 kr/v 10°kr/m’=-55 1%
AU=1,7*10° Ik-(-551x)=1,7*10° [Tx.

Omeem: 1,7%10°[1x

6. Temmnepatypa HarpeBarenss wuaeanbHoOM TeroBod MammHbel  TH=500 K,remneparypa
xonmoaunbHuka Tx=300 K. Onpenenute KIIJ TennoBoit MamuHel M U TEWIOTy Q H, MOJY4YEHHYIO OT
HarpeBaTelIs, €CJIM 3a OJMH IIUKJI MaIirHa coBepiiaeT padboty A=400 JIx.
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Jano: Pewenue:

T,=500K KoauwmenT mone3noro AeiCTBHA TEMNI0BOH MALIMHBI ONPEAEISETCS 110

T=300K thopmyne : 1= Tw-Tx/Tw (1) wmm n=A/ Qu (2).

A=400]1x U3 dopmynet 2 creayer, uto Qu=A/n

n-? Qu-? Beryucnenns: n=500K-300K/500K=0.4; Qu=400/1x/0,4=1000/Tx=1xIx.
Omeem: = 0,4; Qu= 1x/Ix.

Pemurh 3a1a4u CaMOCTOSTEIbHO

B ycnoBun 3a1a4 oTCYTCTBYIOT HUGPHI. 3HAUCHHUS (PU3MUECKUX MMapaMeTPOB ITUX 33124 HEOOXOMMO
Opatpb u3 TabnMubl 1: MO BEPTHKAIBHOW CTPOKE yKa3aH HOMEP BapHaHTa, [0 TOPH3OHTAILHOW — HOMEp
3a7a4H.

1. Kakum cnocobom — coBepuieHHMEM paOOThl WIM TeIUIONEpeladeil W3MEHSIETCS BHYTPEHHSA
SHEpPrusl JIeTalnu B CIEAYIOIIMX ciay4asx: 1) cTporanue neranu; 2) HarpeBaHUE NeTalld B IMEYU IMepea
3aKaJIKoM; 3) ObICTpOE OXJIAXKICHHUE IeTalld B BOJIE (3aKaiika)?

2. Paboume ropsumx I1eXOB HOCAT KOMOWHE30HBI, IMOKPHITHIE METAJUIMUYECKUMHU OJECTIIUMU
yemryiikamu. [logemy OHM XOpOILIO 3aIMIIAIOT YEI0BEKa OT JKapbl?

3. Bopay maccoit m Harpenu c¢ temmeparypsl T 10T2. Kakoe Konn4ecTBO TEMIOTHI 3aTpaTUIIA TIPU
Harpese. (Cy=4200/xkr-K)

4. OmnpenenuTe Maccy Harperod Boabl, ecnu aiusa €€ HarpeBa Ha AT 3aTpaTwiM KOJIMYECTBO
TertoTsl Q. (C, = 4200 Jx/xr -K)

5. Onpenenurth Maccy CropeBLIET0 KAMEHHOTO YIJIsl, €CJIU IIPU CrOpaHuM Belaenuioch Q Jxoynen
Ter1oThl. (q=29M/J1x/Kr)

6. Coupr maccoi m wucnapwicad. ONpenennTs KOJWYECTBO TEIUIOTHI, 3aTPauy€HHOE I
BbInapuBanus cnupra. (r=0,85 MJIx/kr)

7. OnpenenuThs KOJMYECTBO TEIJIOTHI, HEOOXOIUMOE sl pacljaBlIE€HUs  OJOBSHHOTO CIIMTKA
maccoi m. (A= 0,59 MJDx/kr). Kakoe KOIMYeCTBO TeIJia BBIACIUTCS TMPU OXJIAXKICHUH HTOTO
pacIuIaBIEHHOTO CIIUTKA?

8. Ta3 mom maBnenmem P; m3o0apHO pacmumpmics u coBepuun padory 25 JIxk. Ha ckombko
yBenuuuics o0beM raza?

9. Tepmommuammuyeckoiu cucreme nepeaano Q I Temnotel. Kak M3MEHHUTCS BHYTPEHHSISI SHEPTUS
CHCTEMBI, €CI OHa coBepInia padory A?

10. IIpum wum3orepmuueckom pacmupenun (T=const) razom Obuia coBepmieHa paborta A. Kaxoe
KOJMYECTBO TeIIOTH Q coo0IIeHo razy?

11.  Bpruncnuts KIT/] TennoBoit MalvHbl, €ciy TeMneparypa Harpesarens T, xomoauinbHuka T».

12. Kakoil nomkHa ObITh TeMmepatypa HarpeBarens Ti, ytoosr KII/ aBuratens cocraBisi m npu
TeMrnepaType XoJoamibHuKa Tr

13.  TemnoBas snexTpoctaniyst MoutHocThio 2400 MBT notpebnser 1500t yrins B yac. Kakos KI1J]
cTaHuu?

14. JUis TIOBBIMIEHHUS] TBEPIOCTH M IPOYHOCTU CTAJIbHBIX H3JEIMN NPUMEHSIOT 3aKaJKy
(HarpeB 0 HEKOTOPOW TemImepaTyphl C MOCIEAYIOMHUM OBICTPBIM oxJaxaeHueM). Kakoe komuuecTBo
TEIUIOTHI He0OX0UMO, UTOOBI HarpeTh CTaIbHON MONOTOK Maccoit S500r ot 17 mo 817°C? Beruucnure,
KaKoe KOJMYECTBO TEIUIOTHl BBIACNSET MOJOTOK, €CIU €ro OXJaXJaloT B KUAKOM KHCIOpOJE,
temneparypa kotoporo -183°C. Y nenpHas teruioemkocts cranu 460 [Ix/ kr-°C.

15. Kakyro Maccy kokca morpedyercst cxedb, uTo0bl HarpeTh 10T uyryna na 10°C?

32



16. B mnaBunbehyto neus 3arpy3uiu 2000 xr uyryna, B3storo npu 20°C. Kakoe koinuecTBo
TEIUIOTHI 3aTpayeHo B Hell Ha ero ruraBneHue? CKoNbKo jbjaa, B3sAToro mpu 0°C, MOXHO ObUTO OBI
pacmiaBUTh 3a CYET ITOT0 KOJIUYECTBA TEIIOTHI?

17. B muiaBwibHON mMeun 3a OAHY IJIABKY MOJMY4Yuian 250 Kr alfOMUHUS NPU TeMIeparype
660°C. Onpenenure, HACKOJIBKO M3MEHWJIACh BHYTPEHHSIS SHEPrus allOMUHHUA, €CJIM €ro HayajibHas
temneparypa osi1a 20° C. YV nenpHas TeruioTa riaBieHus amromMuaus 3,9 MJK/Kr.

18. UyryH B JIMTEHHBIX I€Xax IUIaBSAT B Ie4ax, Ha3blBaeMbIX BarpaHkamu. Ormnpenenute
KOJIMYECTBO TEIJIOThI, HEOOXOIUMOE /ISl IJIAaBKU 6T YyTyHa, JOBEJICHHOIO /10 TEMIIEpaTyphl MJIaBJICHHUSL.
VnenpHas TermoTa miasiaeHus ciiasa 138 270 JIx/kr.

19. Jlom depHBIX METaJIOB MEPEIUIaBISIOT B CTallb B MAPTEHOBCKUX Ievyax. Kakoe
KOJIMYECTBO TEIIOTHI HEOOXOIMMO JIJIsl HarpeBaHusl U paciuiaBieHus 10 T cTalbHOTO JioMa, eciu
HavanpHas TemnepaTypa ero 20°C? Temneparypa masienus ctauu 1400°C.

20. Kakyro paboTy coBepiiui ujeanbHbI OJHOATOMHBIN ra3 U Kak MpH 3TOM M3MEHWIACh
€ro BHYTPEHHSS SHEprusi Ipu U300apHOM HarpeBaHuu ABYX MoJeil ra3a Ha 50 K? Kakoe konuuecTBo
TEIUIOTHI MOJIYYHJI T'a3 B Mpoliecce TermiooomMeHa?

21. 3. [lpu agmabatHOM pacmmMpeHun Bo3Ayxa Obuta coBepiieHa pabota 200 [x. Yemy
paBHO U3MCHEHUE BHYTPEHHEH SHEPTHU BO3ayXa?
22. 4. VineanbHbli ra3 HarpeBalicsi MPU IOCTOSHHOM JIaBJIEHUH, IIOTOM €ro JaBJICHUE

YBEJIMUMIOCh MpPU IOCTOSSHHOM OOBbeMe, 3aTeM IIpU IOCTOSHHOW TemIeparype [aBiIeHue Trasa
YMEHBILIMIOCH 70 TIepBOHavYanbHOro. HaprcoBaTs rpaduk B KOOpAMHATHBIX Ocsix P-V.

23. 5. Uneanbublit ra3 nomyymi konryectBo TernoTsl 300 [x u coBepmnn padoty 100 JIx.
[Ipu 3TOM Kak M3MEHUIach €ro BHYTPEHHS SHEPTusi?
24, 6.Temnepatypa xonoaunbHuka TerioBoil Mammubel 300 K, Temneparypa HarpeBaTenst Ha

300 K Oonbuie, ueM y xosoawibHUKAa. YeMy paBeH MakcumaiabHO BO3MOXkHBIH KIIJ[ TemoBoii
MalluHbI?

25. 7. UeMy paBHa BHYTPEHHSSI DHEPrUsi 5 MOJb OJHOATOMHOTO HJEAJBLHOIO Trasza IpHU
temneparype 47°C?

Tema 3.3 ArperatHble cocTosiHNS BellecTBa. Pa3oBble nepexoabl

IIpakTuyeckoe 3anaTue Ne8. /laBienue ;kuakocreit u TeepAbIx Teqd. 3akoH [lackans.

Heanb: Ha npumepe perenus 3a1a4 U3y4nTh XapakTep JaBICHUS KUAKOCTEN U TBEPIBIX Tell, UX
IIPUMEHEHHE U YUET, 3aKOHBI, OOBSICHAIONINE ITH SBJICHHUS.

MarepuaabHoe o0ecrieyeHme:

WHAMBUAYAJIBHOE 33JJaHUE, KOHCIIEKT JIEKIIMH, CIIPAaBOYHbBIE MaTEpHaJIbI.

Yka3anmue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JIByX 4YacTed — TeopeTHdeckol M mnpaktudeckou. ITocme
U3YYEeHHs] TEOPETUYECKOT0 MaTepHralia MO>KHO IMPUCTYNaTh K BBIMOJHEHHUIO MpakTHuueckoil yactu. OHa
COCTOMT U3 JIByX M OoJiee 3ajad JJsl CaMOCTOSATENBHOrO BhIoiHeHHUs. He 3a0biBaiiTe 0 mpaBUIbHOM
odopmiiennu pemeHus. Ha BbIogHeHHE MPaKTUYECKOTO 3a/IlaHUsl OTBOJAUTCS J1BA aKaJeMHYECKHX Yaca.

3aganme:

1. O3HakoMbTECh ¢ KPATKUMH TEOPETUUECKUMHU CBEICHUSIMU
2. Pemmre 3amauM, CaMOCTOSITEILHO MCHOJb3ys NPUMEPHl M KpPaTKUE TEOPETHUECKHE
CBEZICHUSI.

IHopsiaok BbINOIHEHUS PA0OTHI:
1. W3yuwute u BeIUIKTE POPMYJIIBI TIO TAHHOW TEME:
2. Pazbepure nmpumepsl pelICHHBIX 3314
3. Pemmre caMOCTOSTEIBHO 3a0a4u
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Kpartkue Teopernyeckue cBeleHUs
JlaBiieHue TBEpIOroO Tea

TBepmoe Tenmo, Haxojnsmieecs Ha — OIOpeE, F| ZAelicTByeT Ha oOmopy C CHIIOH,
KOTOpasi paclpesieieHa 10 IIOBEPXHOCTH oOcHoBauus |P = ¢| Tema.  Jlnms ~ omucaHMs — TaKuX
pacrpe/ieieHHbIX CHUJ BBOAMTCS HOBas (Qundeckas BEJIMUMHA — 0d6/1eHuUe.

JlaBieHue (p) — OTHOLIEHHME CWJIBlI K IUIOIIAJM IIOBEPXHOCTH, Ha KOTOPYIO OHAa JEHUCTBYET B

H
HEPIEHIUKYIIAPHOM HarpasieHu. [p]=1— = 1 Ila — [Tackans
M

JlaBlieHHE B )KUIKOCTIX

OCHOBHBIM OTJIMYMEM SKHIKOCTEH OT TBEPABIX (YIPYTHX) TEN SBISETCA CIIOCOOHOCTH JIETKO
U3MEHSTH CBOIO (hopMmy.

YacTu KUAKOCTH MOTYT CBOOOIHO CIBUTAaThCs, CKOJB3sl JPYr OTHOCHTEILHO Apyra. [loaromy
KUJIKOCTD IIPUHAMAET (POPMY COCY/Ia, B KOTOPBIA OHA HAJIUTA. i i

Ha Teno, NOrpy:xeHHOE B XKMAKOCTb HIIM Ta3, ASHCTBYIOT CHIIbL, pacpeneneHuble || py
[0 MOBEPXHOCTH Tejia. JisAi ONMCAHWs TAaKUX PACIPENENEHHBIX CHJI  TAKKeE
UCIIOJb3yeTCsl (PU3NUECcKas BeJIMYUHA — dds/ienue.

3akon Ilackans: naBieHME B OJKHAKOCTH WM TIa3e IIEPENAeTCs BO BCEX
HAIPABJICHUAX OJMHAKOBO M HE 3aBUCUT OT OPHEHTAIMH IUIONIAJIKH, HA KOTOPYIO OHO
JICHUCTBYET.

JIis WUIOCTpalMy 3akoHa llackaiuss Ha pPUCYHKe H300paXkeHa HeOGOJNbIIas MPAMOYIrOIbHAsA
npH3Ma, OrPyKEHHAs B JKUIAKOCTh. ECIM IPEANONoKHUTh, YTO IUIOTHOCTh MaTepHaia NPU3Mbl paBHa
IUIOTHOCTH SKHMJIKOCTH, TO TPU3Ma JOJDKHA HAaXOIUTHCS B JKUIKOCTH B COCTOSHMH 0€3pasiumvHOro
paBHOBECHs. JTO O3HAYAET, YTO CHJIbI JABJEHHUS, JCHCTBYIONIME HA TPAHU TPU3MBI, JTOJUKHBI OBITH
YPABHOBEIIEHBI. DTO MPOM30UIET TOJIBKO B TOM CIlydyae, €ClM JaBJICHUs, T. €. CHJIbL, JCHCTBYIONINE HA
€JIMHHUILY TUIOLIAIM TIOBEPXHOCTH KaKION IPaHH, OUHAKOBEL pi = p2 = p3 = p.

JlaBjieHUEe KUIKOCTH HA JIHO WK OOKOBBIE CTEHKH COCYJIa 3aBUCHUT OT BBICOTHI CTOJIOA KHIKOCTH.

P

P3

JlaBneHue cronba >KUAKOCTH p HA3bIBAIOT THIPOCTATHUYECKUM JaBlieHueM: h=p-g-h r1ae p —
IUIOTHOCTD JKUIKOCTH, /i — BBICOTA CTOI0a KUIKOCTH.

Ecnu ®uakocTh HaXOOUTCS B HMUJIWHAPE MOJ MOPIIHEM, TO IEHCTBYSI Ha MOPIIEHb HEKOTOPOH
BHEIIIHEW CUJION F, MOXKHO CO37[aBaTh B JKUJKOCTH JOTIOJHUTEIbHOE aaBiieHue po = F/ S, rne S —
TJIOMIA/Ib MTOPIITHS.

Takum 00pa3om, MOTHOE ABJIEHUE B JKUJIKOCTH Ha TIIyOMHE /1 MOXKHO 3aIlucath B
BUJIE: P = P +pgh

Ha Teno, morpyxeHHOe B *KHAKOCTh WM Ta3, NIEHCTBYET BHITAIKUBAIOIIAS CHJIA —
cuna Apxumeoa.

ApxumeioBa cuJjia, ICHCTBYIONIAs HAa MOTPYKEHHOE B KHUJIKOCTh (WK ra3) Telo,
paBHa BeCy KMAKOCTH (MM Ta3a), BRITECHEHHOM TeroM F APX = Py gV
€CIIM CpEeIHSs TUIOTHOCTh Tella pPr OOJbIIE MIIOTHOCTU KHUAKOCTH (WM rasza) p (pr> p), Teno Oyner
OITyCKaThCs Ha JTHO;

e eciu pr<p, TeJIO0 OYIET MIaBaTh Ha MOBEPXHOCTH KUIAKOCTH;
® eCIIU pr = P, TO TEJIO MOXKET IJIaBaTh B TOJIIIE KHUIKOCTH Ha JIF000i TITyOHHe.

3aKoH COOOUIAOIUXCS COCYIOB: dasiieHue 8 1000l MouKe Ha 0OHOM U MOM i
Jice yposHe 6 cooOuanwuxcs cocyoax 00uUHaKkoso: p,= p, ﬁo; ; %
TZie p; U p2> — JABJICHUS HA OJHOM M TOM K€ YPOBHE B MEPBOM M BTOPOM KOJICHE 7 T
h
COOOMIAIOIIETOCS COCY/1a COOTBETCTBEHHO. 1

I'mapaBauyeckuit mpecc

Ecnm 06a BepTHKaIbHO PACTIONOKEHHBIX UJIMHIPA COOOIIAOIITIXCS




COCY/IOB 3aKpPbITh MOPIIHSIMH, TO C TIOMOIIBIO BHEIIHUX CHJI, IPUJIOKEHHBIX K MOPIIHSAM, B KHIKOCTH
MO>KHO €03/1aTh OO0JIBIIIOE IaBJICHUE p, BO MHOTO pa3 MPEBBIIIAIOIIEe THAPOCTATHUECKOE JaBieHue pgh B
mo0oii Touke cuctembl. Ecnu mopmiHu uMMeroT pasHble miomaau S1 U Sz, TO HA HUX CO CTOPOHBI
KUIKOCTU ACUCTBYIOT pa3Hble cuiibl F1 = pS| u F2 = pSe. [lpu $2>>81, To F2 >> F1.

YcrpoiicTBa TaKOT'0 pOJia Ha3bIBAIOT CUOPAGIUYECKUMU MAWMUHAMU

=£ utu E,=F, 5,
S ° oS

|1

S

1

(&

[Tpuniun paboTel NPOCTEHIIUX THAPABIMYECKUX MAIIUH

To ob6cToATeNnbCTBO, UTO KUAKOCTH OYAYUH MPAKTHUECKH HEC)KMMAEMbIM M, PABHOMEPHO MEPeIaroT 10
BCEMY CBOEMY 00bEMY BHEIIHEE JaBJIEHUE, IIUPOKO UCHOJIb3YETCS B PA3JIIMUYHBIX OTPACIAX TEXHUKHU (B
TUIPOTIPUBO/IAaX, THIPOABTOMATHKE, FMAPABIMUYECKUX TOPMO3aX U YCHJIMTEISAX U T.I.). ITO CBOMCTBO
KHUJIKOCTH Takxke 3()(EeKTHBHO NPUMEHSAIOT B TaKUX MPOCTEHIIMX MAaIIMHAX, KaK TUApPaBINYECKHE
JIOMKpaThl (O{bEMHHUKHN) U IIPECCHI.

[MpuHIMT UX PabOTHl OCHOBAH Ha CIIEAYIOIIEM: HMEIOTCS J1Ba COOOMIAONIUXCS MEX/Ty COOOM MUIHHIpA
pazHoro jauamerpa [lpuiaras K MOPIIHIO MEHBIIETO W3 IWJIHHIAPOB KAaKyO-TO BHEIIHIOK CHIY Pi, MBI
P
_5n
P1 _s_
TEM CaMbIM CO3/7a€M Ha TOBEPXHOCTH J>KUAKOCTH B 3TOM IWJIMHIPE AaBJICHHUE 1 | KOTOpOe
PaBHOMEPHO MEPENACTCS BO BCE TOYKH IMPOCTPAHCTBA, 3all0JHEHHOIO XHMIKOCTHIO. Toraa Ha MopIIeHb

Oosplero U3 MWIMHAPOB (0e3 ydera moTeph) OyIeT AeCTBOBATH MOABEMHAs CUia Py =pis; 158105
S
—_p 2
P, =P S,
1, Takum 00pa3om, 4eM OOJIbIlIe PA3HATHCA MEXKTY COOOU IJIOIMIAaN MOMEPEYHOr0 CeYEHUs

LWINHAPOB, TeM O0JBIIYIO (IOJbEMHYI0, CKMUMAIOLIYIO, IEPEMEIAIOIIYI0) CHITy MbI MOIy4aeM B TaKUX
TUAPABINYECKUX YCTPONUCTBAX.

Cratnueckoe AaBJICHUC KUJKOCTU Ha INIOCKYIO IMTOBEPXHOCTD. FI/I)IpOCTaTI/I‘-IeCKI/Iﬁ mapaJgoKcC

Jlns ompeneneHUs CUJIBI JaBIEHUS KUJIKOCTHM P Ha IUIOCKYIO MOBEPXHOCTh, IUIOLIAJb KOTOPOU
paBHsieTCsl S, pa3o0beM ee MPOU3BOJIbHBIM 00pa3oM Ha OecKoHe4YHO Mainble Iutomanu ds. JlaBieHue
KHMJIKOCTH Ha IMOBEPXHOCTb ONPEAEIUTCS KaK CyMMa CUJT JJaBJICHUH Ha 3TH 3JIEMEHTapHbIE IUIOIIAJIKH.

PaccmMoTpuMm sieMeHTapHYHO IUJIOMIAAKY, IIEHTP KOTOPOM pacmojoXeH Ha TIIyOMHe YpOBHS,
MPOXOJISIIET0 Yepe3 LEHTP TsHKeCTH Bcel miomanu T. JlaBiaeHue B IEHTPE TSAKECTH ATOW IUIOMIAAN
o0o03HaunM pr. Torna ruapocTaTHYecKoe AaBIeHUE B IICHTPE dIIEMEHTAPHOM IUIOMAIKH PaBHO
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P=P,*P8M

OxoHYaTeIbHO MOTYUYUM P =p,s
Takum 00pa3oM, cuiia JaBJICHHS KUAKOCTH Ha IJIOCKYIO0 MOBEPXHOCTh pPaBHA MPOU3BEICHUIO TUIOIIAIN
ATOW MOBEPXHOCTU HA BEIMYMHY THJIPOCTATUYECKOTO JABJICHUS B €€ LIEHTPE TSHKECTH.

CnencTBueM SIBIIIETCA  JJOKA3aTENbCTBO THJIPOCTATHMYECKOTO IMapaJoKca, BIEPBbIC MOJYYEHHOE
ITackanem.

BenuunHa CUJIBI BECOBOrO JABIICHUS KUJIKOCTH Ha THO pe3CpByapa 3aBUCUT TOJIBKO OT INIOTHOCTU 3TOM
KHUAKOCTH, INIomaan JHa 1 FHY6I/IHBI €T0 IOI'py>XKCHUS 1101 CBO6OI[HOI71 IMOBCPXHOCTLIO. HpI/I 9TOM BEC
KHUOKOCTHU, HAJIUTOHN B COCYyHd, MOKECT OTIIMYATLCA OT CWJIbI JABJICHUSA, OKAa3blBa€MOro €0 Ha AHO, T.C.
CHUJIbl JaBJICHHUA KXKUIAKOCTH Ha JHO PE3CpByapa HC 3aBUCAT OT €ro (1)OpMBI H KOJIMYCCTBA KHIAKOCTH

P =Py +pgh0; P =(p, +pghy)sg

Tak B paciupArOIHUXCA KBEPXY COCyAax CHJIa BECOBOI'O HAaBJICHHUA Ha NHO MCHBIIC BECa KUJAKOCTHU, B
MUIMHAPUYCCKUX OHHM OJWHAKOBBI, @ B CYXHUBAIOIIHUXCA KBCPXY — CHJIa OABJICHUSA Oosbllle Beca
3aKJIIOYEHHON B COCY KUIAKOCTH.

Tak kak HaWJeHHas CWIa SBISETCS PABHOJICHCTBYIONIEH, TO MOMHUMO €€ BEIUYHHBI HEOOXOIMMO
ONPEACIIUTh U TOUKY €€ NPUII0KEHUS, HA3bIBAEMYIO LIEHTPOM JaBiieHUs. L[eHTp TsuKecTH coBmagaer ¢
LEHTPOM [IaBJICHUS TOJBKO TOI/a, KOTJa paccMarpuBaeMas IUIOCKas TIOBEPXHOCTh JIEKHUT B
TOPU30HTAJILHOM INIOCKOCTH.

[TockoybKy THAPOCTATHUYECKOE [ABJIEHUE p ABISETCS MOJIYJIEM THUIPOCTATUYECKOTO HAIMpPSIKEHUS,
SMIOPHl HOPMAJIBLHOTO THIPOCTATUYECKOTO HAMPSIKEHHUS MOTYT OBITh MOCTPOCHBI C HCIOIH30BAHUEM
3aBUCMMOCTH W TIPUMEHEHBI ISl OMpENETCHUS BEIWYMHBI B JIFOOOHW TOYKE paccMaTpuBaeMoOu
MOBEPXHOCTHU. [Ipu 3TOM CciieyeT MOMHUTB, UTO 3TO HAINPSXKEHUE HANPABJIEHO IO HOPMAJIH K IUIOLIAJKE
TIEWCTBHS.

PaccMOTpuM  MOPSAOK IOCTPOCHMS DIIOPBl  HOPMAJIBHBIX T'MAPOCTATUYECKUX HAIPSHKEHUHM Ha
BEPTUKAIBHYIO CTEHKY, YPOBEHb )KMJIKOCTH B KOTOPOU H.

R B
i . -
T ,.%' j)g,‘/ i - g+ JO_Q/‘/

a 7 6 2
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Oniopvl HOPMATLHBIX 2UOPOCMAMUYECKUX HANPANCEHUL

BHeminee ruapocTaTHUECKOE JaBlICHUE pyg PAaBHOMEPHO IMEPeNaeTcs KHUIAKOCTBIO 110 BCEMY €€ 00BheMy.
OtnoxkuB B Macmtade Ha MEPHEeHIUKYJSpax K paccMaTpuBaeMOMl IUIOCKOI CTEHKE B €€ BEepXHEeH U
HIDKHEW 4YacTU po U COCAUHUB KOHI[BI BEKTOPOB MPSIMON JMHHUEH, MOJIYYUM MPSMOYTOJIbHUK-3IIOPY
HOpMaJIbHBIX HAMNpsHKEHUH, BBI3BIBAEMBIX BHEIIHUM JaBiieHHeM. 30bITouHOE THUIpOCTaTHYECKOE
JABJICHUE W3MEHSETCS 10 TIIyOMHE MO 3aKOHy TpsMOH, mpuiyeM OHO paBHO O Ha CBOOOIHOM
MOBEPXHOCTH KUJIKOCTH U MAaKCUMAJILHO — Yy JHA (pgH).

Taxkum 06pa3oM, FMIOPE HOPMAIEHOTO W30BITOYHOTO THIPOCTATUYECKOTO HAIMPSDKEHUS UMEIOT (GopMy
IPSIMOYTOJIBHOTO TPEYTOJIHUKA. DMI0pa HOPMAIBHOTO a0COIOTHOTO THAPOCTATUYECKOTO HATPSHKEHHS
MOJTyYaeTCsl B pe3yJIbTaTe CIOKEHUS MPEAbIIYIUX ABYX SMIOP U UMeeT (GopMy Tparenuu.

AHAJIOTUYHO CTPOSTCS 3MIOPbl HOPMAJIbHOTO THMAPOCTATUYECKOTO HAIPSKEHUS B CIly4ae HAKJIOHHOM
creakd. C  MOMOMBIO TOMOOHBIX JMIOP MOXHO TpapUYecKd CyMMHpPOBaTh HOPMaIbHOE
TUAPOCTATUYECKOE HAIPSIKEHUWE NP ACHCTBUM OJHOPOIHBIX WIM PA3HOPOIHBIX JKUJIKOCTEH C JIBYX
CTOPOH IUIOCKOM CTEHKH.

C nomoupl0 3MI0Pbl HOPMAJIBHOTO T'MIPOCTATHUECKOTO HANpSKEHUS MOXKET OBbITh
IIOACYATAHA CHJIA THUIPOCTATHYECKOrO [JABJICHHUS Ha IUIOCKYK) IIOBEPXHOCTD, 7 l
IIOCKOJIBKY O0BEM TaKOH 3MIOpbl YMCIEHHO paBeH BeJWYMHE 3ToW cuibl. [Ipuuem
CuJla JaBJECHUS HA IUIOCKYIO IOBEPXHOCTb IPOXOAUT Yepe3 LIEHTP TSKECTH SIIOPHI,
II0JIO’KEHUE KOTOpOro Uil TpaneueuaalbHOU SMIOPBI HOPMAaJIbHOT'O
THIPOCTaTUYECKOTO HANpsHKEHUST Ha MPSAMOYTOJbHYIO CTEHKY MOXET ObITh
orpeJiesieHo rpaduuecKy WK M0 GOpMyIaM.

IIpumepsbl pemieHus 3aaa4
1. OmnpenenuTs naBieHHe OSH3WHA Ha JHO IIUCTEPHBI, €CJIM BBICOTA cTONOa OeH3MHa 2,4 M, a ero
WIOTHOCTH 710 Kr/M>.

Jarno: Pewenue:

h=24M p=pgh

p=710kr/™® | p=710 kr/m’® « 10 H/kr+2,4 m
g=10 H/kr p = 17040 [1a= 17,04 I1a

p—1? Omeem: 17,04 xIla
2. Kakas )XMIKOCTh HAXOAUTCS B cocyne, ecnu cTonb BbicoToi 0,3 M okasbiBaeT nasienue 5400
I1a?

HHawno: Pewenue:

h=0,3m o p

2 =5400 Ila B B

g =10 H/kr =

. - 5400 Ila 3
p=— =1800 kr/m

p— 10 H/xr « 0,3 m
Omeem: Cepnas KHCIIOTa

3. B Gousbioi cocyn ¢ KBaipaTHBIM JTHOM IUIOMIABI0 9 M2 U BEpTUKAIBHBIMA CTEHKAMHU HaJIUTA
BoJa (cM. pUCYHOK). KakoBa BbIcOTa ypOBHS BOJABI B COCY/I€, €CIIHM CHJIa €€ JaBJICHUs Ha
OOKOBYIO TOBEPXHOCTh COCY/Ia paBHA CHJIC JIaBJICHUS HA THO?
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Hdano: |

F,=F, !

S, =9m I

p, = 1000 =5 e }h_?
M :,_L—Z——E—?

h—7? ~— —-—p

PemreHHe:

IaBreHne BOOEI HA THO COCYIA PABHO: Pn = p gh.

ITnomanes mHA coOCVIa paBHAa: S = a’, TIe 4 — CTOPOHA
KBaIpaTa.

. _ _ 2,

Cuma ,I[za:BJIEHHH Ha AHO cocyna pasHa: F, = P, 5 =p_gha”;
F, =p.gha”.

HNasreHdne »KHIKOCTH Ha DOKOBYVID IMOBEPXHOCTE COCYIa
vOBIBaeT ¢ BeICOTOH OT i, moaTomy B cpenHem P, = ng%.

ITnomangs O0OKOBOH MOBEPXHOCTH COCYIA, HCIBITHBIBAN-
mel naBneHHe, paBHa: S; = 4ah, a cuna napneHusa Ha BOKO-
BYIO DOBEPXHOCTE paBHa: F;, = F.S; = ng%-iah.

ITo yemoBHIO 3agadyn FJnc = F, Torga pgghaz = pnggdlah.

Coxpamas Ha p,, £, h, a, monydaem: a = 2h, rorna h = %, HO

a=S.

JS

Orcioga cnegyer, uto b = —|.

2

IlogcTaBuB B hOPMYNY YHCIOBEIE JAHHBIE, MOJTVIHM:

Jo 3
h=Y9_3 _15m.
2 2 M

OreeT: h=1.5 M.

4. B cocyn, umeromuii popMy muiuHaApa ¢ paguycom 10 cm, Hanunu 3,14 KT MOCOJTHEYHOTO
Macna (cM. pucyHok). OnpeaenuTs AaBleHHE Maciia Ha THO COCy/a.

Hamo: CH
R=10cm 0,1m ﬁ

KT
P=800 5
P-1

Pemenmue:

JaBneHne ;KUAKOCTH Ha JHO COCYJa PABHO OTHOIIEHHID
CIUIBI TAMECTH JKUAKOCTH K IUIOIATH AHA COCYAA.

Tak kak F = mg — cuaa TskecT Macaa, a S = TR — mwio-

majak JHA cocyaa, moaydum: P = %
m

Orcrona caengyer, aro |P = Egz

IMogcTaBHE B (hOPMYIY HHCIOBBIE JaHHEIE, ITOJTVIHM:

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

Orser: P=1000 IIa.




5. B cocyne HaxoaATcsi OIMH 32 IPYTHM TPH CJI0S HECMEIIMBAIOIINXCS )KUAKOCTEN: BOAA, Maclo,
PTYTh (CM. pUCYHOK). BricoTa kaxkaoro ciost 5 cMm. OnpenenuTs AaBieHHEe KUIKOCTEH Ha THO
cocyza u Ha riayoune 7,5 cM.

Hano: CH
hl = h2 B h3 =5cM 0,05 M :::::::::
h=175cm 0,075 m ——Maciop, | rh,
p, = 1000 = ==

" e I

= BORAD h,

KT —_——— e 2
p, =900 -3 —
p, =13600 X5 —=Piymp, —|
P-? -
Ph — ?

Pemenmne:

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

P, =p gh, — nasnenue croanba BoasI;

P, =p gh,; — naBnenue cronba macia.

Ob6mee nasrenue Ha AHO cocyaa Oyaer pasHo: P= P, +
+ P, + P3, Tak KaKk hy, = hy, = h, P =p gh, + p,gh, + p,gh; =
=8hy(Py + Pu + Pu)-

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

IToagcrasus B GOpMyJIy YHCJIOBLIE JAHHBIE, IOJIYYHUM:

P=10-0,05-(13 600 + 1000 + 900)=0,5-15 500 =

= 7750 Ila.

JaBneHue Ha riiyOmHe 7,5 CM CKJIaABIBAeTCs H3 JaBJie-
HHA cTonba Macjsia ¥ AaBJI€HHS MOJOBHHBI CTOJOBI BOABI:

- 1
B, =P, +3P.

Orciona caeayer, uro |P, = p 8hy + —;—p,ghz g

IToacraBus B hOopMyTy HHUCJIOBBIE JaHHbIE, TOJYYHUM:

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

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

6. Konunueckas mpoOka mepeKphIBaeT Cpasy JBa OTBEPCTHUS B INIOCKOM COCY/IE, 3aII0JIHECHHOM
x)uakocteio pu AasiaeHuu 2000 ITa (cMm. pucyHok). Pagunyc otBepetnit R =2 cm, r =1 cMm.
OmnpenenuTtsd cuily, JEMCTBYIONIYIO Ha IPOOKY CO CTOPOHBI KUAKOCTH.
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IIano: CH '
P=20001Ia (0,02 m

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

Pemenne:

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

Cuna, peiicTeyomasa Ha npobOKy B MAJIOM OTBEPCTHH,
pasHa: F, = PS,, rage S, — naomajaks MajJoro OTBepcTHSA,
S; = r[rz, Torna F, = nPre,

Cuna, geficTBYOIasa Ha MPOOKY CO CTOPOHBI JKHJAKOCTH,

pasna: F = F, — F,; F=nPR® - nPr’ = nP(R* - ).
Orciona caeayer, uto |[F = nP(R* — r°)

IToacraBue B GOpMyIy YHCIOBBIE JaHHBIE, IOJIYIHM:

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

Orser: F=1,884 H.

Pemiurhb 32124 CaMOCTOSITEIbHO

1. UYeMy paBHaA apXMMeI0Ba CHUJIa, IeHCTBYIONIAs B BOJIE HA MaHENb MACCOM N KT M3 CTeKIa, IPOOKH,
amoMuHus, cBUHIA? (Perexna=1200KI/M>, prposin, =240KT/M>, Pamosmmmii=2700KT/M?, pesurma=11300Kr/Mm>)
2. [Inomiaas Manoro MOpLIHs THAPABIHYECKOro mpecca pasHa 10 cm?, Gonbmoro — 50 cm?. Ha

MaJibli TOpUIEHb TOMECTHIIH TUPIO0 Maccor 1 kr. Kakoii rpy3 Hy»KHO MOMECTUTh Ha OOJIbILION MOPIIEHb,
YTOOBI )KUJAKOCTh OCTAJIaCh B PABHOBECUU?

3. Hacoc narmeraer macio B TuapaBiuWdecKuid mpecc moja aaBieHueM nMlIla. Dto paBneHue
nepenaerca Ha GoybImil MopieHs, mwiomaas kotoporo 800 cm’. Kakyro cuily NaBleHUs HCIIBITHIBAET
3TOT MOPIIECHb?

4. BosiblIoii TOpIIEHb THAPABIMYECKOTOo INpecca Iwiomanbio 180 cm? neiictByer Ha
npeccyemoe Tesno ¢ cwioi nkH. C kakoi cuiiol ASHCTBYEeT Maciio B MPecce Ha Majblid MOPIICHb, €CITH
ero IJomaas paBHa 4 cm??

5. Ompenenuthb naBiieHre OEH3MHA Ha JTHO IIUCTEPHBI, €CITU BBICOTA cTOJI0a OeH3uHa 2,1 M, a
ero miotHocts 710 kr/m?

6. BhluncIuTe JaBlIeHUe M CUITy [aBlIeHHs KepOCHHA Ha JHO 6aka miomazabio 50 am%, ecinn
BBICOTA CTOJI0a KEPOCHHA B OAaKe NCM.

7. Pacmmpsisich, ra3z nmepemectun nopueHb Ha paccrosaue 0,5m. [Inomane nmopuasa 0,02m2,
atMocdepHoe nasineHue HopmaibHoe (101,3 kIla). Ompenenure: paboTy raza Mo NpPOTAIKHUBAHUIO
MOPUIHS; KOJMYECTBO TEIUIOTHI, OTAaHHOe ra3y HarpeBareneM. Cuutaiite KI1/] HarpeBarens paBHbIM 1,
a TpeHHUEM NpeHeOperuTe.

8. B cramenuteiilHOM  MOpPOU3BOJCTBE  «U3JIOKHHUIEH»  Ha3bIBACTCS
Yyr'yHHBIH CTakaH 0e3 JHa, B KOTOPBII BBUIMBAIOT pacIljiaBleHHBbIA MeTal. BepxHee
OTBEPCTUE HU3JI0XHULBI HEMHOTO MEHBIIE HUXKHErO Uil TOr0, YTOOBI MOYKHO OBIIO
M3JI0KHMILY CHATh C OTBEPICBINErO CIUTKA, KOTJa OCTBIHET MeTal. UToObI MeTat
CHHU3Y HE BBUIMBAJICS, U3JI0KHUIIBI CTABAT Ha IIJIOCKOE OCHOBAHME U JIENAIOT UX OYEHb
MaccuBHbIMH. Ha pucyHKe cneBa wn300pakeHa W3JIOKHUIA, CIpaBa — MOIBEM



U3JI0KHUIBI C OTJIMTOro ciauTka. OnpenesnTe CUIy JaBJICHUs, KOTOPYI MPOU3BOAUT Ha MOJIOKKY
W3JI0’KHULIBI HAJIMTBIA YyTyH, €CJIM BBICOTA M3JIOKHMLBI 1,5 M, a miomaap HUkHEro ocHoBanus 1600
cMm?. ITnotHOCTH uyryHa 7000 kr/m>.

9. Bo ckonbko pa3 maBiieHue BOJBI Ha JHO KOQeiHWKa OOoJble, YeM Ha JIHO YailHUKa,
€CJIM BBICOTA CTOJI0a BOIbI B Ko(eitHuke 30 cM, a B yaitHuke — 12 cm?
10. Onpenenuth BBICOTY YpPOBHS BOABI B BOJOHANOPHOHN OaimrHe, €cld MaHOMETD,
YCTAHOBJICHHBIN y €€ OCHOBaHUs, MokasbiBaeT gasieHue 220 klla.
11. Bricora cronba Bonubl B cTakaHe 8§ cM. Ha CKONBKO JaBiieHHWE PTYTH Ha JHO CTaKaHa
ObL710 OBbI O0JIBINE, €CTTU OBl PTYTh HAJIMJIN B CTaKaH JI0 TOTO YK€ YPOBHS?
12. Jnuna akBapuyma 40 cMm, mupuna — 20 cm, Beicota — 30 cMm (cM. pucyHok). C kakou
CHJION BOJIa IaBUT Ha JAHO akBapuyMa? Boja HuXe BepXHEro Kpas akBapuyma Ha 2 cM
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3. . Cocyn umeer maccy 15 kr. Korga B Hero 1oBepxy A0aMiIM BOJbl, Macca crana 40 kr, a
KOI'ZIa B ATOT K€ COCYJ] HaJWJIM JIOBEPXY HEU3BECTHBIM pacTBOp, TO Macca crajia paBHOU 45 Kr.
Omnpenenuts JaBieHHE HEU3BECTHOTO PacTBOPA Ha JIHO COCY/Ia, €CIU BhICOTa cocya paBHa 0,5 m.

14. B uBerouHyro Ba3y HaiuTa Bojaa. JlaBneHue Bobl B Touke (1) Gombie, yeM B Touke (2),
B 1,6 pa3a. Touka (1) oTcTouT OT AHA Ba3wl Ha 4 cM, a Touka (2) — Ha 10 cM (cM. pucyHok). Kakosa
BBICOTA BOJIbI B Baze?

15. B cocya, mionianpb NONepeyHOro CEUYEHHs] KOTOPOTO YMEHBUIAETCS B HANPABIECHUU OT
JTHA K BEPXHEW YacTH, HAIUTA KUJIKOCTh Maccor 1,6 Kr (cM. pucyHok). O0beM KUJIKOCTH PaBEH 2 JI.
Bricota xunkoctu B cocyae paBHa 20 cM. Haiftu naBieHue ®UAKOCTH Ha THO cocyna. h
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16. Kakyro cuily JaBieHHs UCHBITBIBACT CT€HKa akBapuyma anuHou 40 cMm, ecnu yron ee
HaksoHa 60°, a BeIcoTa BoJIbI B akBapuyme 20 cM (cM. pucyHok)? AtmochepHoe nasienue 105 Ila.
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Tema 3.3 ArperaTHblie cOCTOsIHMS BemecTBa. @a3oBble Mepexoabl

IIpakTnyeckoe 3anaTHe Ne9 «AOCOTIOTHBIC M OTHOCHTEJIbHBIE 1e()OPMALIH TBEPABIX TeJ»

Heb: yroyOuTh 1 KOHKPETH3UPOBATH MIPEICTABICHUS O (ha3axX BEIIeCTBA M UX CBOMCTBAX,
HAayUYUTBHCA UCITOJB30BATh 3aBUCUMOCTEL CTPOCHUA (I)aBBI BCIICCTBA 1A 00BACHEHHS (bl/IBI/ILIeCKI/IX
IIPOLIECCOB, IPOUCXOAIIMX C MATEPHATIOM.

MarepunanbHoe obecnieyeHue:

WH/IMBUYaJIbHOE 33JaHUEe, KOHCIEKT JIEKIUH, CIPaBOYHbIEC MATE€PHAIIbI.

Ykazanue:
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[IpakTHueckoe 3aHSATHE COCTOMT M3 JBYX YacTed — TEOPETHYECKOM M mpakTuyeckoil. Ilocie
U3YYEHMsI TEOPETUUYECKOr0 MaTepralla MO>KHO IIPUCTYNAaTh K BBIIOJHEHMIO IpakTHUuecKoi dactu. OHa
COCTOMT U3 JBYX U Oosiee 3a7ay JJIsl CaMOCTOSTEIbHOrO BbIMOIHEeHUs. He 3a0biBaiiTe 0 mpaBHIbHOM
oopmienuu pemrenus. Ha BeImomHEHNE TPAKTUYECKOTO 3a/1aHUS] OTBOJUTCA JBA aKaJeMHUYECKUX Yaca.

3aganue:

1. O3HaKOMbTECH C KPAaTKUMU TEOPETUUECKMMHU CBEJICHUSAMU
2. Pemmre 3amayu, cCaMOCTOSITENILHO HCHOJB3YS HMPUMEPHl M KpPaTKUE TEOPETHYECKUE
CBEZICHHUSI.

Ilopsinok BbINOJHEHHs padOTHI:
1. W3yuwute u BeIUIIKATE GOPMYJIBI TIO TAHHOW TEME:
2. Pazbepure nmpumepsl pelICHHBIX 3a71a4
3. Pemure caMOCTOSITENBHO 3a/1a4U

1.KpaTkue TeopeTnyeckmne cBeleHUs.

KpI/ICTaHHI/I‘leCKaﬂ pecTKa — IPOCTPAaHCTBCHHAA CCTb CBHSGﬁ, Y3JIbI KOTOpOﬁ COBIIaAar0T C
LHECHTpaMH aTOMOB HJIM MOJICKYJI BCUICCTBA.

KpI/ICTaJ'IJ'H/I‘leCKI/Ie BCIICCTBA: MCTAJIJIbl, MUHCPAJIbI, KPUCTAJLJIbL conelt u Aap.

AmMopdHbIe (M30TPOIHbIE) BEIECTBA — BEIIECTBA, (hU3MUECKHUE CBOMCTBA KOTOPHIX OJUHAKOBBHI BO
BCEX HAIPaBJICHUSX.

B aMOpHBIX BEIIIECTBAX J KPHCTAUINYECKOW PENIETKH HET U
’ 2N\
[0 CBOEMY BHYTPEHHEMY YCTPOMCTBY OHH / IOJO0HBI KUAKOCTAM. AMOpQHBIE
BEIICCTBA: CMOJIbI, CTCKJIO, IIJIAaCTMACChl U N ap.
\\/
Z[aHLHI/H/I MopAa0K — CTPOCHUC ds \ BCIICCTBA, pu KOTOpOM 1o
HIO6OMy HAITPaBJICHUIO PACCTOSIHNUEC MCIKIY II000H HapOP'I COCCAHUX 4YaCcTun
OANHAKOBO.

HneanbHbie KPUCTATNINYCCKUC CTPYKTYPBI O6J'IaIlaIOT AAJIbHUM TTOPSAOKOM.

[Ipn w3MeHeHMHM YCIIOBUU arperaTHoe COCTOSHHE BEIIECTBA MOXKET H3MEHHTHCS, MOITOMY B
¢u3uke TBEpPHOE TENO — TEJNO, HMMEIoIee KPUCTAIUIMYECKOe CTpOeHue U olsajaroniee JajbHUM
MOPSIAKOM.

Buabl kpucTaJUIM4eCKUX CTPYKTYP

Tunsl KpucTaNIOB W KPUCTAUIMYECKUX PEHIETOK M3ydaeT HayKa KpucTramiorpadus.
'eomeTpryeckn KpUCTAIIIMYECKHE PEUIETKH MPEACTaBISIIOT CcO0OM MNpU3Mbl WIM NHPAMUABI C
MIPaBUJIBHBIM MHOTOYI'OJIBHUKOM B OCHOBaHMHU: 110 Tumy CBA3€H 4acTUIl BBIAEIECHBI KPUCTAIUINYECKHE

CTPYKTYpBI:

1) atomMHass — B y3/laX HaXOMSATCS HEUTPAIbHBIC aTOMBI, OOBETUHIEMbIC KOBAICHTHBIMHU CBSI3IMHU
(armmas3, TpaduT, KPEMHHH U Ap.);

2) WOHHAs — B y3Jax HaXOJATCS TIOJOXKHUTEIBHBIE M OTPUIATEIbHBIE HOHBI, yIEPKUBACMBIC
cuIaMu deKTpudeckoro B3aumoseiicteus (Na“™ Cl™ u op.);
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3) MoueKyJsipHas — B y3JlaX HaxXOJATCS HEHTpajbHbIE MOJIEKYJIbI, MEXIY KOTOPBIMU JNEHCTBYIOT
CHJIBI MEKMOJICKYJISIPHOTO B3auMoAecTBUs (HadTanuH, TBEPIBIA a30T, cyxou nen CO,, nen H,O0 u

p.);

4) MeTalsIMyecKas — B y3JIaX HAXOJATCA IMOJOKUTEIbHO 3apsSKEHHBIE MOHBI METailia, MEXAY
y3JaMH JIBUXKYTCS CBOOOHBIC JIEKTPOHBI

TennoBoe pacumpenue
W3 ombITOB M3BECTHO, YTO Ta3bl, XKUIKOCTH M TBEPJIbIC TEJla PACIIUPSAIOTCS MPU HATPEBAHUU U

CXKUMAIOTCA IIPH OXJIAXKICHUH. Pasnuyarot aunetinoe u obwvemnoe meniosvie pacuituperus.

JluneiltHoe pacHIMpeHHe — YBEJIMYEHHE OJHOTO0 W3 JIMHEHHBIX pa3MepoB Teia (Kak IMPaBHIIO
JUIMHBI) TIPH TOBBIIICHUU TEMIIEPATYPhI.

e O nUHEWHOM pacIIMPEHUH TOBOPST NPUMEHUTENIBHO K TBEPAbIM TejaM, T.K.I'a3 U KUAKOCTh
MPUHUMAIOT POpMYy cocyza, B KOTOPOM HAXOJSATCA.
O0BemMHOEe paciIupeHue — yBelIuueHre 00beMa BEeIlecTBa IIPH MOBBIIIEHUN TEMIIEPATYPBhl.

e MoOXHO roBOpUTh 00 OOBEMHOM PACIIMPEHUN BELIECTBA BO BCEX arperaTHbIX COCTOSHUSAX
(TBEpIOM, KHIKOM M Ta3000pa3HOM).
Koapdunuent nuneitHoro pacmupenus (@) — OTHOIIEHUE OTHOCUTEIBHOIO U3MEHEHHUS JJIMHBI Tela

AL
7 K BBI3BABILEMY €I'0 M3MEHEHHIO TeMIepaTyphl At. |, - 2. 1| [a] =1rpan’

® (3aBHCHUT OT BEIECTBA.
e JluHeliHOE paclIMpeHue YYWUTHIBAIOT IMPHU MPOCKTUPOBAHWUU 3JaHHMM, MOCTOB U JIp.
00BEKTOB, HCITBITHIBAIOIIUX MIEpEnaibl TEMIIEPATYPHI.
Koaddunment o6béMuoro pacmmpenus (f) — OTHOLIEHHE OTHOCUTEILHOTO M3MEHEHHsI 00bemMa

BemecTBa 2V K BBI3BaBIIEMY €TI0 H3MEHEHHIO TeMIepatyphl At. |z AV L|[f] =1 rpax’ f3aBucur ot

¥ Vo At

BemiecTBa (i TBEPABIX Ten S = 3a). OObeMHOE pacIIMpeHUE YUUTHIBAIOT MPU NMPOEKTHPOBAHUU
MEXaHM3MOB, UCIIBITHIBAIOLINX Tepenaipl TeMueparyp (ABC, Typouns! u ap.).

Buasl negopmanuu. 3akon I'yka.
Heghopmayueti Ha3pIBalOT U3MEHEHNE (HOPMBI HIIM 0ObeMa Tena.

Ynpyeoii nazpBatoT nedopMaiiuio, KOTopas MOJHOCTHIO MCYE3aeT IMOCHe MPEeKpalleHus IeHCTBUS
BHEIITHUX CHIL.

Heynpyeoui (nnacmuueckoti) Ha3bIBalOT JedopMalinio, KOTopas HE HCYe3aeT Mocje MpeKpalieHUs
JIEMCTBUS BHEITHUX CHIL.

Cuna, BO3HHMKarollas B pe3yinbraTte JepopMmali Tejla U HalpaBiIeHHass B CTOPOHY,
MIPOTUBOTMOJIOKHYIO MIEPEMEIICHUI0 YACTHII Tea MPH IeopMaliiu, Ha3bIBACTCS CULOU YNPY2OCU.

[TpuunHO# nedopmanuu Tena SBISETCS JBUKCHHE OJHOM YacTH OTHOCHTENBHO MApYrou, a
CJeICTBHEM JeOopMaIIMH TeJla SBIISICTCS BOSHUKHOBEHHE CHIIBI YIIPYTOCTH.

Bunsr nedopmarnyn

Jedopmarus pacTskeHHs (CxKATHS)
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- 9T0 Jnedopmalusa, NpU KOTOPOM H3MEHSIETCS PACCTOSHUE MEXIy MMapaljIebHBIMU CIIOSIMU
YIPYIroro TBEpIOro Teja.

[Tpu nepopmaruu pacTsHKeHHUs yBETUUYUBAIOTCS pa3Mephl Tea.
[Tpu nepopmaruu cxxaTrsi yMEHBIIAIOTCS pa3Mephl Tea.
Jedopmarus pacTskeHHs (CxKaTHs) XapaKTepU3yeTcsl a0COMIOTHBIM YAJINHEHUEM.

AOCONIOTHOE YJUTMHEHHE [OKa3bIBaeT Ha CKOJBKO HM3MEHSETCS JUIMHA Tela [0 CPaBHEHHIO C
NepBOHAYAILHOW JTMHOM 00pa3ua.

A|=l-|0

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

OTHOCHUTEIBHBIM  Y/UIMHEHHWEM Ha3blBalOT (U3NYECKYI0 BEJIWYHMHY, pPaBHYIO OTHOLIEHMIO
abCOJIIOTHOTO yJUTMHEHUS K MepBOHAYAIbHOM JUTMHE 00pasia.

Al

Hedopmarus u3ruda

Hedopmarun  u3ruba mojaBepraercs TeNo, 3aKpelieHHOE C JBYX CTOPOH M HarpyKeHHoe
HOCepEeNHE, JIN0O0 TEIO, 3aKPENIICHHOE ¢ OJHON CTOPOHBI U HArPYKEHHOE, C IPYrOil CTOPOHBI.

ITpu nedopmaruu m3ruba BOrHyTas 4acTh Teja MoJBepraercs Ae(opMallM CXKATUsl, BBITYKJIas
4yacTh Teja nojasepraercs aedopMaluu pacTKEHHs.

YtoObl TeN1a MeHbIIE OIBEPTATUCH, 1edhopMalliy U3ruoda, uX AeNalT TPyOUuaThIMHU.
Hedopmarus casura

- 9TO Takas Aedopmaiusi, MpU KOTOPOH MPOUCXOAUT CMELIeHHE (CIIBUT) MapasUIeNbHBIX CIIOEB
yIpYyroro TBEPJOro Teja Ipyr OTHOCUTENIBHO IpyTa.

Jedopmarus kpyueHus

Jedopmaruu KpydeHHs OJBEPraeTcsi Teja0, OJUH KOHEIl KOTOPOro 3aKperuieH, a K ApyromMy KOHILY
IIPUJIOKEHBI JIBE€ CUJIBI, pPABHBIE 110 MOAYJIIO ¥ IIPOTUBOIIOJIOKHBIE 10 HAIIPABJIEHUIO.

3akoH ['yka

Cuna ynpyroctd, BO3HUKAOIIAs MPH MalblX AedopMaiusax Teja, MPONOpLHOHANbHA YATUHEHUIO
T€Ja U HAaIpaBJIeHA B CTOPOHY, IPOTUBOIOJIOKHYIO HAllPaBICHUIO IEPEMEIIEHUN YaCTHIL TEa.

Fy =-xkX
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k - KecTkoCTh Tena, 3aBUCHT OT (OPMBI M pa3MEpOB Teia, M OT Marepuaiga, U3 KOTOPOro
U3TOTOBJICHO TEJIO, X - CMEIICHHE.

T_: m

rssre
\ L !
I

X

Cuna ynpyzocmu
Cunpl  ympyroctTd BO3HHMKAIOT MpH  AedopMali Tela ¢ HampaBlIeHbl B  CTOPOHY,
MIPOTHUBOMOJIOKHYIO CMEIIEHUIO YaCTHI TeJIa U3 TIOJIOKEHHUS PABHOBECHSI.
3axon I'yka
Jis Manerx ynpyrux aedopMmanuii pacTsHKEHUS W CXKATHs BBITIONHSCTCS 3axon [yka: cwuia
YOPYTOCTH MPSMO MPONOPIMOHATbHA Y/UIMHEHUIO Teja W HallpaBJlIeHa B CTOPOHY, MPOTHUBOIOIOXKHYIO
HAIPABIICHUIO TTEPEMEIICHUI YaCTHI] TeJa Mpu JaehopManuu:

F=kAl),
riae k — koaddunmeHT xxectkocT, H/Mm;

Al — yuinHeHue Tena, M.
IIpu npoekuu Ha ock X 3aK0H ['yka MpuHUMaeT BU:

Fy:-kx,

riae x = Al — yniuHeHue Tena, M.
(x > 0 npu aedopmarum pactskeHus, x < () npu nepopMaluy CHKaTU).

N
IIpumepsI cuibl yIpyrocTH. N
Cuna peakuuu omopsl (Cuia, AeWCTBYIONIAsi CO CTOPOHBI OMOPHI HA TEJ0) — | |

w

N m
Cwta HOpMaJIBHOTO JIaBJieHUs (Tena Ha Onopy) — m 2 . 5

Cuna peaknuu ONOPbl M CHJIa HOPMAJIbHOTO JaBJICHHS HAaIlPaBICHbI Puc. 8
MEPIEeHIUKYIISIPHO TIOBEPXHOCTH COMPUKOCHOBEHUS TeT (puc.8).

Cuita HaTsDKEHHS — HalrpaBJICHA BJA0JIb HUTHU (Tpoca n T.l'[.) -T.
e |

T g Bec mena. Hesecomocmu
ov v wewaw, C KOTOPOM TEJIO, BCIICJACTBUE €0 MPUTSIKEHUS K 3emiie, IeUCTBYET Ha OMOpy
WUJIH TIOJBEC.

4]
Bec tena, 0603Ha4eHHBIN OYKBO# — 7, IO MOIYIIIO pABEH CHIIE TSHKECTH:
4} (4]
P=m&.

']

©w
Ho sT0 He 3HauuT, uto = u P - 01HO U TOKE.
w

Cuna Tsoxecrn (F+) — ato rpaBUTAIMOHHAS CHJIA, IPUJIOKEHHAS K Tely.
Bec tena — 310 cuita ynpyroctH, NpujoKeHHast K TIOJIBECY.
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2. [IpuMep pemieHus 3a1a4
Ha Tonkoil npoBosioke nojasemieH rpy3 maccor 10 kr. [Ipu 3ToM ajiMHa NMPOBOJIOKKU YBEIMYMIIACH

Ha 0,5 MM. UeMmy paBHa ®KECTKOCTh TPOBOJIOKU?

IléHo:
m:
x=0.5 Mmm 0]5-10> m

k-?

TIp.
CHu Pemenue: Y

10 xr

I'pys, HSI[BGLHCHHLIﬁ Ha MIPOBOJIOKE, HAXOUTHCS B MOKOE. 3HAUUT F yrp. IO MOAYJIIO paBHa Fm.
]?'m=mg; jg'ynp'=_kx
B ckamsproii popmyie ock OY: Fimn-Fynp=0
Fo=Fynp= mg=kx=k

mg 10-9,8 "
k= x ;k=0510"—196000

H
Otsert: 196 - 10° »
Pemuts 3apaun

(n - Homep 6awieco sapuanma no cnucky)

10.

11.

3aueM Ha TOUHBIX U3MEPUTENIbHBIX HHCTPYMEHTAX yKa3biBaeTcs Temmeparypa (o0srano 20 °C)?
O0bsacuuth ¢ Touku 3peHuss MKT coenunenue naeraneit ¢ momouipto kiesd. [louemy TBepabie
MaTepHaibl CKIEUBAIOTCA TPyJHEE, YeM IIacTUuHble? YeM coenMHEeHHEe NeTalell NasHUEM CXOIHO
CO CKJIEUBaHUEM?

IIpu coennHeHuun neranel NasHUEM MOBEPXHOCTH NPEABAPUTEIBHO 3aUMINAIOT OT 3arps3HEHUN U
OKCHJIOB, MHAU€ UKW NMpUIoi He mpucraer K HUM. Kak 370 MOXKHO 00BSCHUTH HA OCHOBE 3HAHUI
0 cUJIax MOJIEKYJISIPHOTO B3aUMOJEHCTBUA?

Urto 0611ero Mex 1y CBApKOH METaNIOB U MassHUEM HX?

JUid coequHEHNs aIIOMUHUEBBIX IIPOBOJIOB, a TAKXKE JETaJIed U3 MEIU, HUKEIS, [IUHKA IIPUMEHSIOT
TaK Ha3bIBAEMYIO XOJOJHYIO cBapkKy. CoenuHseMble MOBEPXHOCTH YKJIAJIbIBAIOT B HAXJIECTKy H
CKUMAIOT NpeccoM 0e3 mpeaBapuTenbHOro HarpeBa. OOBSCHHUTH, MOYEMY IOJIydaeTcs MPOYHOE
coequHeHue. B uem 3akioyaercs CylHOCTbh CBApKH IJIaBICHUEM?

IIpoHMKHOBEHHE AaTOMOB HEKOTOPBIX METAJUIOB (AJIIOMHHMHA, XpOM U 1p.) B IIyOb CTaJbHOIO
W3JIeHs JieflaeT ero MOBEPXHOCTh MPOYHOU U Hepxaseronie. Kakoe ¢usnueckoe sBieHue JEXKUT B
OCHOBE METAJUIM3allMMd TOBEPXHOCTH CTaJM M IMOYEMY OHA MPOM3BOJIUTCS IMpH Oojiee BBICOKOM
Temneparype?

Kak u3BeCTHO, MOJEKYJbl M aTOMbI TBEPJOrO Tela KOJEOIIOTCS OKOJIO HEKOTOPOTO CPEIHEro
MoJIOKeHUs. BceneacTBue 3Toro TBepaple Telna COXpaHSIOT cBOO (opmy HeumsmeHHoH. [louemy B
TaKOM Cllyyae B TBEpAbIX Tedax Bo3MokHa Tuddysus? Ilouemy nuddys3us B HUX MPOUCXOIUT
MEJIEHHO NPU HU3KOM TeMIiepaTtypax U ObICTpee IpU BHICOKON?

Onpenenure cuiay TNOBEPXHOCTHOIO HATSKEHUS, JCHCTBYIOIIYH0 Ha IIIACTUKOBYIO DEHKY,
IIJIABAOIIYIO HA IOBEPXHOCTH BOJBI. [[nuHa periku 20 cm.

IIpoBonoka amuHOM 5,4 M moj JeMCTBUEM Harpysku yJuIMHMIach Ha 2,7 mMm. Omnpenenure
abCOJIIOTHOE ¥ OTHOCUTEIIbHOE yAJTUHEHHE TPOBOJIOKH.

K KoHIaM cTanbHOM NPOBOJIOKM JJIMHOM N METPOB M IUIOIIAJbIO0 IONEPEYHOro ceueHus lmm?
puiIoKeHbl pactsaruBatontue cuiabl mo 200H kaxmas. Haiinure aGcomroTHOE M OTHOCHUTEIHLHOE
YAJIUHEHHUE

[louemy wMeramou3fenuss M3 CTAIM W YyryHa IepeA OTNPaBKOM K IMOTpeOUTENt0 OOUIBHO
CMa3bIBalOT CIIELMAIbHBIMUA MACJIaMHU - TABOTOM WJIM COJIUA0JIOM?

Kakum ¢usndyeckuMm TpeOOBaHMSIM JODKHA OTBeYaTh CMasKa, HpUMeHseMas mpu o0paboTke
METAJJIOB JaBJICHUEM?
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13.
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18.
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20.
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23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

Kaxkue nedopmaruu npoucxoaaT B MeTajljie Mpu 00paboTKe JaBiIcHUEM ?

Kakoe cBOHCTBO METaJIOB UCHOIB3YIOT ITPU 00PaOOTKE MX KOBKOW U TOpsSYE IITaMIIOBKO?
ITouemy OOJBIIMHCTBO CIUIABOB (CTajlb, YYI'yH, OpOH3a) MEHbIIE MOIBEPXKEHbI IIACTUYECKUM
nedopmanusm, 4eM YUCThIe METaJIbI?

Kak n3meHsercs cTpykTypa MeTajuia npu npokare?

IIpu oOpabGoTke MeTanga JdaBJICHWEM Y 3aroTOBKM BO3HHKAeT HAKJICN, €CIIM 3arOTOBKH
IIpeBAapUTENIHO HE HarpeBaroTcs. YeMm melnaer Hakien?

Kak n3mensieTcst sHeprus Telna npH miacTUYecKux aehopManusx?

IIpoBosioKa W3rOTOBJISIETCS Ha BOJOYMIBHOM CTaHE (METa/NIMYEeCKUH HPYTOK MHOTOKPAaTHO
IIPOTATUBAETCSL YEpE3 sl OTBEPCTUH, C IOCTENEHHO YMEHBIIAIOIIMMUCSH oTBepcTusiMu). Kakue
nedopMaluy UCIBITHIBAET PU 3TOM MeTasu1?

[Ipoxkat pexxyT Ha nosnockl npu temneparype 800° C. Paccuurarh JiMHYy TOPSYUX TOJIOC, €CIIA TIPU
temmneparype 20°C OHU JOJIKHBI UMETh JJIUHY 15M.

[Touemy 0OpaboTKa cTanu TpyaHee 00paOOTKH TIOPATFOMUHHS?

IIpoHMKHOBEHHE AaTOMOB HEKOTOPBIX METAJUIOB (IIOMMHUN, XpOM M JAp.) B MNIyOb CTaJIbHOIO
M3JIENUs IENIAeT ero TIOBEPXHOCTh MPOYHOM U Hepxkaperomei. Kakoe gu3ndeckoe siBICHUE JICKHUT B
OCHOBE MeETaJUIM3alluid IMOBEPXHOCTH CTaJM M IOYEMY OHA IPOM3BOIUTCS IpH Oojiee BBICOKOH
Temreparype?

JUis mpuaHusl CTalbHBIM M3EIUSAM TBEPIOCTH HACBIIIAIOT UX MOBEPXHOCTHBINA CIIOH YIJIEpOAOM
(uemeHTanus), azoToM (a3oTHpoBaHME), adOMuHUEM (amoTupoBaHue). Iloyemy mnporecchl
IIPOBOJIAT MPH BBICOKUX TemnepaTypax? Ha kakom (u3nueckoM sSBJIE€HUN OHU OCHOBAHbI?

[Ipu coenvHeHuun neranel massHUEM MOBEPXHOCTH IPEABAPUTEIBHO 3aYHMINAIOT OT 3arpsi3HEHUM U
OKCHJIOB, MHAUE KUIKHUI MpHUINOoi He nmpucTaeT K HUM. Kak 3T0 MO’XKHO 00OBACHUTH HA OCHOBE 3HAHUI
0 cUJIax MOJIEKYJISIPHOTO B3aUMOIeUCTBUA?

BHyTpu 4yryHHOH OTJIMBKM BO BPEMs JIUThSI MOTYT OCTaThbCs IY3bIPbKH T'a3a, YTO YXYJIIAET €ro
MPOYHOCTh. VIMEIOTCS 1M MyCTOTHl B UyT'YHHOW OTJMBKE, eciu ee o0beM 5 nm?, a macca 30,5kr?
Ecnu umerorcs, To kKakoB ux 00bem?

Jlnst maBku MeTaiia TpeOyeTcsi BO3MYIIHOE AyThe, 00ecIeurBaroliee MOCTyIUICHHE B MeYb N M3
BO3Ayxa B cekyHny npu nasienun 200kIla. Kakoit o6bem Bo3nyxa npu gasneHuun 100kIla Hy>xHO
MoJaBaTh KKy CEKYH/y B T€Ub, YTOOBI 00ECIEYUTh €€ padoTy (ITPOoIecC U30TEPMUUECKHIN).
Harpetsle 11 3aKankuy CTajJbHbIE JETAIM OXJIAXIAKOT B BOJAE, Macie. B kakoil cpene oxiaxaeHue
uaeT HauboJee OBICTPO U ToYemMy?

IIpu 06paboTke METaIOB pe3aHHEM B KadeCTBE OXJIAKIAAIOUIUX JKUAKOCTEH IIHPOKO MPUMEHSIOT
Macia u 3mMyiabcun. [louemMy mouTH He MPUMEHSIIOT JUIs 3TUX 11T BOJHBIE PacTBOPHI?

JUnist M3rOTOBJICHUS apMaTyphl KeJIe3HOOCTOHHBIX KOHCTPYKIIMKA MPUMEHSIOT JISTUPOBAHHBIE CTAJIH.
Jlerupytomiue 3J1€MeHThl (MapraHel, KpeMHUH, XpoM) 00pa3yloT C eJle30M TBEpible PacTBOPHL,
CTPYKTypa M CBOICTBa KOTOPBIX OTJIMYAIOTCA OT CTPYKTYphl M CBOWCTB TBEPHABIX PacTBOpPOB
YIJIEpOJIa € KEIE30M — YIIIEPOJUCTHIX cTaliel. B wem coctout 3To oTinune?

KakoB MexaHH3M KpUCTaJUIM3alliu MeTaa?

Bce Buapl TepMuueckoit 00paboTKu (OTXKUT, HOPMAIM3AIKs, OTITYCK, 3aKajKa) CIUIABOB CBOJATCS K
UX HarpeBy JO OIpPEIEICHHON TeMIEepaTyphl, BBIIEPKUBAHUIO IIpU D3TOM TemmepaType u
OXJXKICHHUIO 10 KOoMHaTHOM TemmepaTypsl (+20°C) ¢ pa3Hoil ckopocThio. Kak BiMsieT ckopocTh
OXJIaXJIEHUs Ha (PU3UKO-XMMHUYECKHE CBOMCTBA?

MosxHo 51 3anuBaTh MeTaul B (popMy, CAETaHHYIO U3 MaTepualia, KOTOPbIH CMauuBaeTCs JaHHBIM
MeTauioM?

B nucre cranu umeercs Kpyrioe OTBEpCTHE. YBEIMUUTCS OHO WM YMEHBIIUTCS, €CIU JIUCT CTalu
HarpeTn?

IIpu ucnapeHum, Kak W3BECTHO, TEMIIEpaTypa *XHIKOCTH MoHMWKaerca. [louemy B Takom citydae
TeMmIeparypa BOJAbI, O€H3WHA, CIUPTAa W T. JA. B OOBIUYHBIX YCJIOBUSX IOYTH Takas e, 4To M
TeMIIepaTypa OKpY>KaroLIero BO3yxa, XOTs UX TOBEPXHOCTh OTKpbITa?
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34. JKene3HOOPOKHBIE PENIbChl UMEIOT JJIMHY 25 M M HM3rOTOBJIEHBI M3 cTainu. Kak HU3MeHseTcs ux
JUTMHA, €CIIM TOJI0BbIE U3MEHEHUS TeMIeparypsl kosieomores ot 30 no -30 °C?

35. B xene3Ho0poKHY 0 ITUCTEPHY Morpy3win HegTh oobeMom 50 M* nipu temmeparype 40C. Kakoi
00BeM He(TH BBITPY3WIIH, €CJIM HA CTAHIIUY HA3HAYCHHS TeMIlepaTrypa Bo3ayxa opura -40° C?

36. B mpomnecce KOkcoBaHHsA M3 1 TOHHBI YrONBHOH INMXTHI MONydaoT okono 700 kr kxokca, 330m°
KOKCOBOTO ra3a U okojo 20 kr cMousbl. CKOJBKO KOKCOBOI'O rasa noiydar u3 2,5 TOHH YrOJbHOU
IIUXTHI.

37. Kokc mony4aroT cyXxoi MmeperoHkoid KaMEHHBIX yTJiel B KOKCOBBIX TMEYax, MPEACTABISIONUX CO00M
Y3Ky10 Kamepy mupuHoi okojio 0,5 M, BeicoTol 4,5 M 1 yTiHOM 15 M, 00beTMHEHHBIX B OaTapero.
Kakoit 00bem OaTapen NpUxXoauTCs 00CITYKHBATh TOPHOBOMY, €CIIM YHCIIO MeYei MOXKET JOCTUTaTh
70 mwtyk?

Pa3nen 4 DiiekTpoanHaMuka
Tema 4.1 DnekTpocTaTuKa

HpaKTI/I‘{eCKOC 3anaTue Nel(. Pemenne 3ajJa4v 1mo TeMme «3.]16KTp0CTaTHKa».

Heab: chopMupoBaTh yMEHHsI IPUMEHATH MTOJIyUYECHHbIE 3HAHUS JJIS PELIECHUS IPAKTHUECKUX
3ajad.

MatepuanbHoe o0ecnieyeHue:

MHAMBUAYaJIbHOE 33JjaH1E, KOHCIIEKT JIEKIIMH, CIPaBOYHbIE MaTepUaIIbI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX YacT€d — TEOPEeTHYECKOW M mpaktudeckou. Ilocie
U3Y4YEHHs] TEOPETUYECKOr0 MaTepHalla MO>KHO IIPUCTYNAaTh K BBHIMOJHEHHMIO IpakTHUecKod dactu. OHa
COCTOMT U3 JBYX U Ooisiee 3a7ay JJIsl CaMOCTOSTEIbHOrO BbIMOIHEHUs. He 3a0biBaiiTe 0 mpaBUIbHOM
oopmienun pemrenus. Ha BelmosHEHNE IPAaKTUYECKOTO 3a/1aHUS] OTBOJUTCA JBa aKaJJeMUUYECKHUX Yaca.

3ananne:

1. O3HaKOMBTECH C KPATKUMHU TEOPETUUECKUMHU CBEICHUSIMU
2. Pemmre 3a7aun, caMOCTOSITENIBHO HCIOJIb3Ys PUMEPHI U KPAaTKHE TEOPETUUECKHE
CBEZICHHUS.

Ilopsinok BbINOJHEHHS PadOTHI:
1. W3yuwure u BeIMUIIMTE (HOPMYJIBI IO JAHHON TEME:
2. Pazbepure npumepsl pelICHHbIX 33714
3. Pemmre caMOCTOATENBHO 3a1a4U

KpaTkue TeopeTrnyeckue cBeIeHHs

44 949

[: = y - S
3akon Kynona B Bakyyme: Tt AT
pop 9

3akon Kynona B cpene: e Ameeyr

HanpsikeHHOCTD 271€KTPUUYECKOTO MOJIS:
ot A U
HarnpsiykeHHOCTB 3JIEKTPUYECKOrO MOJIs TOYEYHOT 0 3apsa: WERET  EF
3aKOH COXpaHEHHMS AJIEKTPUUYECKOTO0 3apsiaa: € = g1+ g+ ... + gn.
A

2

Q- 92 =49 = —
Pa3zHOCTEL TOTEHIINAJIOB: 9

4rmee,r  €r

q q
k=
[Toreniman TouevyHoro 3apsja:
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89

E-=
CBsI3b IIOTEHIMAIA U HANIPSHKEHHOCTH: d
c=—4
DIIEKTPOEMKOCTh KOHIEHCATOPA: Y=
W = (I((pl _§03) :ﬂ
DHEPrus 3apsHKEHHOTO KOHJIEHCAaTOpa: 2 2

COCI[I/IHCHI/IG KOHACHCATOPOB:

[TocnenoBarenbHOE COETMHEHNE KOHIEHCATOPOB — COSIMHEHHE, TIPU KOTOPOM TOCTIE 3apsAKH
OTPHIIATENIEHO (TIOJOKHUTEIIBHO) 3apsbKeHHAs 00KIIaIKa MPEIbIAYIIero KOHIEHCATOpa COSIMHEHA C
MOJIOKUTEIBHO (OTPUILIATENILHO) 3aPSKEHHON OOKIaAKON MOCIIEyOUIETO.

11 1 I I 5!
LR Sl
Cl C2 C CﬁaT = Ct

par

HapaJIJIeJH)HOC COCIMHCHNEC KOHACHCATOPOB — COCAMHCHUC, ITPU KOTOPOM ITOCJIC 3apsAaAKH BCC
IMOJIOKHUTCIIbHO 3apsAKCHHBIC O6KJ'IaI[KI/I C06paHLI B OJIUH Y3€JI, BCC OTPULATCIILHO 3apsS’KCHHBIC — B

JIPYTOM.

C = C C

s =C +..+C,
IIpuMepsl pemenus 3axa4
1.-KaKyio-padoTy -COBSpINacT MoIe TIpH TepeMeIneHHH -3apata-2- 107 K-

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

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

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

Jamo wCH» Pemenme: ¥ 0
E—6.10° H q 1 A=F-5-cosa;-F=E-q;-5=£;-A=E-q-f-cos-of
Ko | A=7-10°K16-10° 2 8.1020.0,5=1
g=7-10%Kxn] | T , Kn
£=8-om | 8-10°MY| —1 68103 Tw=1,68MTTx]
=60 o ol
A= Otset:-A=1 68M]TxT 0
o )

Pemints 3agaun:
(M - HOMep Baule2o 8apUAHMA NO CNUCK))

1. HanpspkeHue MexIy MoIocaMu 0atapen akKyMmyJIsaTOpoB N KB. Kakoi 3apsiji MOMIy4UuT KOHAEHCATOP
eMkocThio 500 MKD, ecii ero COeIMHUTD C TIOJIFOCaMH 3TOW OaTapen?
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2. JIe oaquHAKOBbIE HEOOJBIINE MOBEPXHOCTH IIPU TPAHCIIOPTUPOBKE JI€TaNICH MOIYUHIIU 3apsiIbl
6*10°Kn n -12*10°Kn, maxonsummecs Ha pacCTOSHMM N cM JApyr OT apyra. Omnpejnenurte CHIy
B3aUMOJICHCTBUS MEXKIYy HUMH.

3. Ilpu nepememenun 3apsina 2 Kii B 3€KTpUUYECKOM IOJIE CHUJIbI, JEHCTBYIOIIUE CO CTOPOHBI 3TOTO
noJist, copepunuid padoty 8 Jlxx. Uemy paBHa pa3HOCTb MOTEHIIMAJIOB MEXK/y HAYaIbHON U KOHEUHOM
TOYKAMU TTyTH?

4. Ilpu nepeMenIeHUN NEKTPUUECKOTO 3apsAsia MEXIY C TOUYKaMHU C PA3HOCThIO NOTEHIMAIOB § B cuibl,
JCUCTBYIOIIME Ha 3apsi]] CO CTOPOHBI IEKTPUUYECKOTO oI, coBepunian padory 4 /[x. Uemy paBeH
3apsaa?

5. Hanpsbxkenue Mexay ABYMsI TOPU30HTAIBHO pacnosioxkeHHbIMHU TutactuHamu 600 B. B mone aTtux
IJIACTUH HAXOAMTCS B PABHOBECMH 3apsbKeHHas INbUIMHKA Maccoit 3*107°r. Paccrosnme Mmexmy
I1acTUHaMu N MM. OnpeaenuTe 3apsii NbUIMHKY.

6. Kongencarop emkoctsio 0,02 MK®D cOeTUHUIM ¢ ICTOYHUKOM TOKa, B Pe3yJIbTaTe 4ero OH npuoodpen
sapsan 10K, Onpenenure 3HaueHHE HANPSKEHHOCTH II0JISL MEXIy IIACTHHKAMHM KOHJIEHCATOpa,
€CJIM PACCTOSTHUE MEXIY HUMU Nl MM.

7. B HEKOTOpO# TOUYKE IIEKTpUUECKOTro mojisi Ha 3apsan ¢ = 5 uKun peiictByer cuna F = 4-10-7 H. Haittu
HaIpsKEHHOCTh N0JIsA £ B TaHHOM TOYKe.

8. Kakas HalpssKeHHOCTb 3JIEKTPUYECKOro mois E cosnaercs 3apsgoM sapa Heona (Ne) g = 1,6:10718
K 1a paccrostann =107 M oT nenTpa sapa?

9. Ha paccrosiHuu » = 5 cM Jpyr OT Apyra B BaKyyMe€ pacloOJOKEHbl IPOTHUBOIOJOKHBIE 110 3HAKY
3apsapl BenuuuHOW |g| = 7 HKi. HallTu HampsykeHHOCTh SJEKTpUYECKOro moiisi £ B Touke,
HaxOJIIelcs Ha pacCTOSHUU, a = 3 CM OT IMOJIOKHUTEIBHOro 3apsga u B b = 4 cm or
OTPULIATEIILHOTO 3aps/a.

10. B 01HOPOAHOM RJIEKTPUUYECKOM I10JI€ PACCTOSTHUE MEKIY JBYMs TOUYKaMHU BJOJIb CUJIOBOM JIMHUU
7 =N CM, a pa3HOCTb NoTeHaI0B Mex 1y HUMH 100 B. Onpenenure Hanps»keHHOCTH 1o E.

11.  Ilpu HanmpspKeHUH MEXy MIacTMHaMU KoHaeHcartopa 200B pasHouMeHHBIE 3apsbl Ha
miactuHax paHbl 107 K. UeMy paBHa 5€KTPOEMKOCTh KOHIEHCaTOpa?

12.BbraucinTe SHEPTHIO AIEKTPUUECKOTO TIOJS KOHJGHCATOPa MEKTPOEMKOCThIO 10 MK®D, 3apsKeHHOTO 10
HarpspxeHust 10B.

13. Kakas pabota copepiraercst pu nepemenieHun 3apsiaa 4,6 MkKi1 B 2JIEKTpHUECKOM TIOJIE MEXKTY
TOYKaMH C Pa3HOCTHIO MOTeHIMaNIOB 260 kB?
14. B 01HOPOJHOM 3JIEKTPUYECKOM TI0JIe ¢ HanpsikeHHocThIo 18-10° 2 nepememaercs 3apsn 7-107
Kn

Kn Ha pacctosHue n cM noj yrmom 60° k numHEAM HanpsixeHHocTH. ONpeieiuTh padoTy IO
MEepEMENICHUIO ATOTO 3apsija.

15. Omnpenenutb eMKocTh 0aTapen Cear, eciiu KoHAeHcaTopsl ¢ eMkocTsaMu C1=10 nd, C>=15 n® u
C3=20 n® coenuumIM: a) MOCIENOBATENbHO; 0) MapamienbHo. CXeMbl COSUHEHHs] KOHIEHCATOPOB
Ha4YePTHTH.

Tema 4.2 IlocTOSAHHBIN JIEKTPUYECKHH TOK

IIpakTuyeckoe 3ausiTue Nell Pemenue 3apa4 no reme «3akonbl Oma, CONpoTUBJIEHHE,
CMeLIaHHOe COeJMHEeHHe POBOHHKOB.

I_[e.nb: CCbOpMI/IpOBaTI) YMCHUA MPHUMCHATH IIOJYUCHHBIC 3HAHUA IJId PCIICHHA MNPAKTHYCCKUX
3aad B MPOPECCHOHATHHONU JAEATEeIBHOCTH, IS OOBSCHEHHS YCIOBUU MPOTEKaHUS (U3HMUECKUX
SIBJICHU

MarepunanbHoe obecnieyeHue:

WHAMBHUAyaIbHOE 33JaH1Ee, KOHCIIEKT JIEKIIUA, CIPaBOYHbIE MaTepUAIIbI.

Ykazanue:

[IpakTHueckoe 3aHSATHE COCTOMT W3 JBYX YacTe€d — TEOPETHYECKOW M mpakTuyeckoul. Ilocne
HU3YUYCHUS TCOPCTUUCCKOro Marcprajia MOXHO IMPUCTYIATh K BBIITOJHCHUIO Hp&KTH‘IGCKOﬁ yactd. OHa
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COCTOUT W3 JIByX M OoJiee 3a/ad JJIsl CaMOCTOSITEIIBHOTO BBINMOJIHEHHs. He 3a0biBaiiTe 0 MpaBHILHOM
odopmiiennu pemeHus. Ha BEIOTHEHNE MPAKTUYECKOTO 3a/IaHUSI OTBOJUTCS JIBA aKaJEMHUYECKHUX Yaca.
3aganue:
1. O3HAaKOMBTECh C KPATKIMH TEOPETUICCKIMHU CBEJICHUSMHU UCTIONb3YS
cchlIKy https://znanium.com/catalog/product/1012153 , ctp 129-134, ctp 138, c1p
139-141, ctp 144- 146
2. Pemmre 3amaum, caMOCTOSATENBHO WCHONB3Ys MPUMEPHl MU KpaTKUe
TEOPETUYCCKHIE CBEIICHUSI.

Ilopsinok BbINOJHEHHs padOTHI:
1. W3yuwute u BeIUIIKATE GOPMYJIBI TIO TAHHOW TEME:
2. Pazbepure nmpumepsl pelICHHBIX 3a71a4
3. Pemure caMOCTOSITENBEHO 33141

IlpuMepsl perenns 3a1a4
Cuiia TOKa ¥ IVIOTHOCTH TOKA
1. Onpenenure 4YUCIO N 3JIEKTPOHOB, KOTOPBIE MPOXOIAT Yepe3 IMONEpeyHOe CEYeHHE IMPOBOJHUKA
Iomazabio s=1MM2 3a t=2 MHH, €CJIH IIOTHOCTH TOKa B MpoBoaHUKE j=150A/cm2

Hano: Pewenue:

S=1mm’=10"m" UuCo 31eKTPOHOB, MPOXOAALINX YEPE3 MONEPEHHOE CEUEHHE
t=2 mua=120c MPOBOHHUKA, PABHO OTHOLIEHHIO HIEKTPHHECKOTO 3aps/a,
i=150A/cM™=1,5%10"A/m*>  npowesmero 4epes JaHHOE NOMEPEHHOE CeYeHNE, K 3apsiay
n-? yexkrponan=Q/e (1). Yuureisas, uto Q/t = I5S (2), nonyuum:

34 Bpemsd t uepes ceueHue NpoBOAHMKA npoiineTr n= jSt/e.
n=1,5¥10°A/M™*10°M™*120¢/1,6%¥10"Kn=1,2%10"'
Omeem: 1,2*10°'

2. DnexTpuyeckas 1enb, cocrosmas u3 peauctopoB R1=100 Om,R2=200 Om R3=300 Om, noak;iroyeHa

K JIByM UCTOYHMKaM nocTostHHoro HanpspkeHus Ul u U2=100B. I1pu kakom Hanpskenue Ul cuita Toka
I1 uepes pesucrop R1 Oyzaet paBHa Hymto?

Haro: Peutenue:

R;=100 Om Ecmu uepes pesucropR, Tok we uaer, 1.e. [;=0, cnenosarensno, [|R,=0. Torma

R5=200 Om nanpskenue Us na pesucrope Rs gomkno 6wime pasuo Uy, T.e. Us=U=[;R; (1).

R3=300 Om B stom ciy4ae pesuctopsl R, u Ry Brmiouensr nocneaosarensto. [osyromy

U2=100B CHJIa TOKA BO Beex 4acTax uenu oauHakosa: 1=1=1. [lanenue nanpsmxenus

1,=0 U, = IRy+IR;, otkyaa cneayer, uto I= Uy / (Ry4R3) (2)

U,=? Yunreisas, uto IR;=U;=U; umeem, U,=U, Ry/Ry+R;3+U,. [Mocae npeobpazosanus
nonyuum U =R3/Ry+R3*U,. U =300 Om/200 Om+ 300 Om*100B=60B.

Omeem: 60B

3akon OMa 1J1s1 OJTHOM 1enu
3. Omnpenenure cuimy Toka kopoTkoro 3ambikanus IK3 Gartapemn, DJIC koropoi € = 15 B, ecnu npu
MOAKJIIOYEHUH K HEeW pe3uctopa conpotuBieHueM R=3 Om cuna Toka B 1ienu coctaniser [=4A
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Hano: Pewenue:
:=15B  Cusy Toka KOpoTKOro 3ambikanns onpeaensiem no dpopmyne lxs=¢e/R (1), rae
R=30m r-BHyTpeHHee conportusienue 6atapen. Cornacuo 3akony OMa /U1 MOJTHOM Henu:
[=4A I= &-IR-r, otkyna r = &-IR/1 (2). [Togctasum dopmyny (2) 8 hopmyay (1)
Ik3 -? lk3=e/R=el/e-IR.  Ig3=15B*4A/15B-40*3 Om=20A
Omeem: 20A

O/1C ucrounuka snexkrpudeckoit a3Hepruu 12 B. Kako#t pu3udeckuii CMBICI 3TOTO BBIPKECHUS ?

CoenuHeHue NPOBOIHUKOB
4. K cern nanpssxkenuem U=200 B npucoenunensl nBa pesucropa. Ilpu ux mnocnenoBaTesbHOM
coenunennu 11=4,4 A, a npu napammensHom - [2= 27,5 A. Onpenenute conporusienue R1 u R2

PE3UCTOPOB.
Nano: Pewenue:
U=220B [Tpu nocnenosarensuom coeauuennu Ryoe,, = Ry + Ry: [I=U/R ey, 0TKYIA

[;=4.4A Rioeas = U/, Pacuersr: Rnocnn=220B/4,4A=50 Owm.
[,=27.5A [Tpu napannensrom coequnennn: Ry, = Ri*Ro/(R) + Ry), h=U/Ryypqs, 0TKY 22
R;-7 Ry-? Ryiapar=U/Ly. Pacuetsl: Ryp0,=220B/27,5A=8 Om.

Ry*Ry/Ry+R>=8 Om: Ry Ry,=400 Om:; R+ Ry=50 Om; R; R;=400 Onm;

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

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

Pemurh 32124 CaMOCTOSITEIbHO

(n - HoOMep 8awie20 apuanma no CNUCKy)

1.

DNeKTpoBUTaTENb, CONPOTUBIEHUE 0OMOTKH KoTOporo 0,4 OM, paboTaeT OT CeTH C HaNpsIKEHUEM
300 B npu Toke 50 A. Onpenenure KOJUYECTBO U3PACXOJOBAHHON 3HEPTUHU 32 N Y., COBEPIICHHYIO
JIBUTaTelIeM MEXaHUYECKYIO pPadOTy U KOJMYECTBO TETJIOTHI, BBIJICIEHHON B OOMOTKE.

Ompenenure cOmpoTHBICHHE HCTOuHMKA Toka, DJIC koToporo 1,4 B, eciau mpu 3aMbIKaHUU €O
JKeJIe3HBIM TIPOBOJHUKOM JUIMHON 5 M u cedenueM 0,2 MM’ B el BO3HHKAeT TOK N A. Y enbHoe
COTPOTHBIIEHHE *Kefe3a pasHO 9,9-1078 Om'M.

Omnpenenute CONPOTUBICHUE YUacTKa LI€MH, N300paKEHHOTO HA pUCYHKe, ecnu R; = 12 Om, R> = 6
OM, R3=4 OM, Rs=10 OM, Rs5 = Rs= R7=30 Om.

. ONEKTpUYECKUH MasJIbHUK paccuuTaH Ha Hampspkenue 120 B mpu Toke 4,0 A. Kakoil JMHBI

HEoOXOAMMO B3ATh HHXPOMOBBIH MPOBOJ MONEpeuHsIM ceueHueM 3,9-107 M? s M3rOTOBIEHMS
HarpeBaTelIbHOrO 3JIeMeHTa?

. Onpenenure majeHue HaNpsHKEHWs B JIMHUAM 3JeKTponepenaun JumHou 500 M npu cuiie Toka 15 A.

TIpoBoJIKa BIMOJIHEHA ATIOMUHUEBBIM MPOBOIOM ceuenueM 1,4-107 M2,
K nposoaHuKy jumHoi 6,0 M 1 TonepedHsIM cedenreM 10 M? npunoskena pasHocTs noTeHnuanos 5,0 B.
Onpenenure yaeabHOE CONIPOTUBIIEHNE MIPOBOIHHKA, €CIM CHJIa TOKa B 1ieru 1,5 A.

. Knaccnas komnara OCBCHIACTCA IICCTHIO IMApalJICJIbHO COCAMHCHHBIMU MCKIY coOou JaMIIOYKaMU,

KaxJasg U3 KOTOpeIX uMmeeT compotuBieHue 480 Owm. Omnpenenute cuily TOKa B IOJBOISIIMX
MPOBOJIax, eciii HamnpspkeHue B cetr 220 B. ConpoTuBieHHEM TOABOIAIINX MPOBOOB MPEeHEOpEUb.

. K nenmn, cocrosmeil u3 npoBoaHUKoB conpotusieHueM 20 u 30 OM, coeqMHEHHBIX NapauIEIbHO, U

IIPOBOAHHKA COIIPOTHUBICHUCM Il OM, MNOAKIIFOYCHHOI'0O K TIIE€PBBIM ABYM IIOCJICA0OBATCIBHO,
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npuiiokeHo HamnpspkeHue 120 B. Onpenenurte cuily TOKa B HEPAa3BETBICHHOW YacTH LENU U
HaIpsHKEHUE Ha BTOPOM ITPOBOJIHUKE.

9. JlmuHa MeEOHOro MNPOBOJIA, HCMOJIB30BAHHOTO B OCBETUTENbHOM cetu, 100 MeTpoB, mUIOMIAb
TIOIEPEYHOro ceueHus ero 2 Mm>. UeMy paBHO COMpOTHBJIEHME Takoro mpoBoa? (Pwew=1,7 10"
SOm-m).

10. Cuna Toka B cnupainu saekrpuyeckod nammsl 0,7 A, comporuBinenue jamibl 310 Owm.
OnpenenuTts HanpsKEeHUe, 10l KOTOPbIM HaXOAUTCS JIaMIIa.
11.  HuxenuHoBas NPOBONOKA JUIMHOM N METPOB M IUIOIIAABIO TIONepedHoro cedenus 0,5 mMm>

BKJIIOUEHA B LieNb ¢ HanpsbkeHueM 127B. OmnpeaenuTs cuily TOka B mpoBogHuke, eciu p=0,4 -10°
%Om M.
12. PaccuuTaTh 00111€€ CONMPOTHUBIICHUE yYacTKa IEIH:

Re=10_8

13. He pa3marbiBasi ¢ KaTyIIKH MOKPBITYIO H30ISUUEH HUXPOMOBYIO ITPOBOJIOKY, ONPEIECTUTE €€
JUIMHY, €CJIU NIPY BKJIIOYEHUH KaTyIIKU B CETh ¢ HanpsbkeHueM 120 B, B Hell BO3HUK TOK n A.
Ceuenue poBosokH 5,5-107 M2,

14.  Yepes 2neKTPOHHYIO JIaMITy NTpoTeKaeT TOK 6MA. CKOJIBKO 3JEKTPOHOB N NOMAET HAa aHOJ
JIaMIIbl 32 BpEMsI N MUH?

Tema 4.2 ITocToOSAHHBII 3J1eKTPUYECKUH TOK.

IIpakTuyeckoe 3ansaTue Nel2. Pemenue 3agau no reme «Padora, MOIHOCTH M
CONMPOTHUBJIEHHE NIEKTPHYECKOTO TOKA»

Leasn: chopMupoBaTh YMEHHS IPUMEHSATH MOJyUYE€HHBIE 3HAHUS JJIS1 PEIICHUS MPAKTHUYECKUX
3aJ1a4 B MPO(eCcCUOHATBHOM 1€ATEeIbHOCTH, 17151 OOBSICHEHHSI YCIOBUN MPOTEKaHUS GU3NYECKUX
SIBJIEHU

MarepuaabHoe o0ecrieyeHme:

WHAMBUAYAIBbHOE 33JJaHUE, KOHCIIEKT JIEKIIMH, CIIPAaBOYHbBIE MaTEpHaJIbI.

Ykazanmue:

[IpakTueckoe 3aHATHE COCTOMT U3 JIByX 4YacTed — TeopeTHdeckol M mnpaktudeckou. ITocme
M3YYEeHHs] TEOPETUYECKOT0 MaTepHralia MO>KHO IMPUCTYNaTh K BBIMOJHEHHUIO MpakTHuueckoil yactu. OHa
COCTOMT U3 JIByX M OoJiee 3ajad JJsl CaMOCTOSATENBHOrO BhIoyiHeHHus. He 3a0biBaiiTe 0 mpaBUIbHOM
oopmienun pemenus. Ha BeloHEHHE IPAaKTUYECKOT0 3a1aHUS OTBOJUTCA JBa aKaJJeMUUYECKHUX Yaca.

3amanmue:

O3HaKOMBTECH C KPATKMMH TEOPETUYECKMMH CBEIEHUSMH UCIIOIb3YS CCBUIKY
https://znanium.com/catalog/product/1012153 , ctp 142-143,

Pemmre 3amadm, caMOCTOSTENBHO HCIOJB3YS NPUMEPBI U KPAaTKAE TEOPETHYECKHE
CBEZICHUSI.
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IMopsanok BbINOTHEHUS] PAGOTHI:

W3yunte v BeImumute HOpMyJIbI [0 JAHHOU TeMe:

Paz0epute npuMepsl perIeHHbIX 3a/1a4

Pemmre camocTosTENBHO 3a1aUK

OtBetbTe Ha Bompochl Tecta https://znanium.com/catalog/product/1012153 , 319
CTpaHHLa

b=

Kpartkue TeopeTnyeckue cBeleHUs1
TemneparypHbiii KO3QPUUMEHT CONPOTUBICHUS

A
(Q) — OTHOLICHHE OTHOCHTEIBHOTO M3MCHEHHS YAEIbHOrO CONPOTUBICHIS —- K BbI3BaBIIEMY
Po
€ro U3MEHEHHIO TEMIIEPaTyphI
At.  [a] =1 rpagl; |20t 1
Py Ak

3aBUCUMOCTD JIEKTPUUECKOTO U YJIEIbHOI'O CONPOTUBIIEHUS OT TEMIIEPATYPHI:
p(t) = py(1+a - Af)

(f) — ynensHoe conpotusienue Bemectsa npu °C.,

Po— YAETBHOE cOMpoTHBIIeHUE poBoaHKKa 1TpH 0°C, OM-M;
t — remmneparypa no mkaine [enscus, °C;

R(t) = R,(1+ cx - Ab)

9

rie R(t) — conporusnenue npopoanuka npu temmneparype t’C; Ro — conpoTupieHue npoBoHEKa
mpu t = 0°C.

JUIS 9MCTBIX METALIOB o ~ —— °C .

273
CBGle’lpOBOI{I/IMOCTL — NaACHUA YACIIBbHOTO COIIPOTUBIICHUA BEIICCTBA 10 0 npu T~0.

IIpuMepsI peieHus 3aaa4

1. OneKkTpudecKuil 1BUrarenb paboTtaer 5 4. oT cetu ¢ HampsbkeHueM 380 B mpu cuine Toka 35 A.
Conporusinenne oo6bmotku pasurarens 0,5 Owm. Onpenenutb H3PAaCXOJOBAHHYIO JJIEKTPUUYECKYIO
SHEPIUI0, KOJMYECTBO TEIUIOTHI, BBIJCIEHHONH B OOMOTKE 3a 3TO BpeMsl M COBEPILEHHYIO JBUTaTelIeM
MEXaHUYECKYIO paboTy.

Hano: CHu Pemenue: Brruucnenus

U=380B A=IUAt | A=35A-380B-18000c=

I=35A O =PRAt | =2,4-10%]Tx

R=0,50m Ayex=A — 0= (35A)*-0,50M-18000C =
_At=549 [ 18000c | QO =0,1-108Tx

A-? Avexr = 2,4-108Ix —

0-? 0,1-10% Ik =

Apex —? =2,3-10%Ix

Otset: 4 =2,4-10%Tx; 0=0,1- 108]K; Aper = 2,3+ 108 Tk
Pemuth 3agaun:

(n - HoMep 8awie20 6apuaHma no CNUCKy)
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2. DneKTpoABUTaTENh TpoJuieidyca motpediser Tok cuioit 200A npu Hanpspkernn 600B. Kakyro
paboty (B kBT 4) coBepmuT aBuratens 3a 6 4acon?

3. HeoOxoammMo W3roTOBUTH PEOCTAT, PacCUMTAHHBIM Ha HampsbkeHue 15B um 1ok 1,2 A mpm
J0MycTHMO# TIoTHOCTH Toka 3 10°A/M%. Kakoii JMHBI ¥ IIIOIIAIM HONEPEYHOro CedeHus TpedyeTcs
HUKEITMHOBBIN MPOBOJIHUK JIJIsl HAMOTKU peocTara?

4. [lerb cocTOMT M3 TpeX MOCIEAOBATEIBHO COEAMHEHHBIX MPOBOAHUKOB, IMOIKIIOUYEHHBIX K
uctouHuky Hanpspkenusi 24 B. ConpotuBieHue mnepBoro mnpoBojgnuka 4 Owm, BTOporo 6 Owm, u
HaIpsDKEHUE HAa KOHIAX TPEeThero rnpoBoanuka 4B. HailTu cuiny Toka B 11enH, CONPOTUBIIEHUE TPETHETO
MIPOBOJHMKA U HAIPSHKEHHUE HA KOHIIAX MEPBOTr0 U BTOPOTO MIPOBOJHUKOB.

S. ConpotuBieHre 0OMOTKH 3JIEKTPOMAarHuTa, BBHIMOJIHEHHOE M3 MEAHOHN mpoBosiokH, mpu 20°C
obu10 3 OMa, a mocie JUIMTENbHON paboThl cTano paBHo 2,4 Oma. Jlo kKakod TeMIiepaTypbl Harpeaach
obmoTka?

6. Conporusienue BosbppamoBoro npoogHuka npu 20°C Osu1o paBHO 8§ OMoOB. OnpenenuTs ero
conpotusienue npu -40°C, ecnu a=5-107 rpax’’.
7. Haiinute Tok, BbIpaOaThiBaeMblil Ipu paboOTe TPAaHCIOPTHOTO CpeAcTBa ¢ uUcTouyHUKOM, DJC

KoToporo paBHa 13,5B mpu BKIIOUEHHH BO BHEUIHIOKO IIEMb KATYIIKH 32)KUTAaHUS CONPOTHBIICHHE
KOTOpO# paBHO 70OM, C CONPOTUBJIEHUEM OaTapeu

8. HcTounukom Toka B 1enu ciayxut 6arapest ¢ 9J1C 30B. Hanpsxenue Ha 3axxumax 6arapeu 18B,
a cuia Toka B uenu 3 Ammnepa. Onpenenure BHEIIHEE U BHYTPEHHEE CONPOTUBIICHUS IEKTPUUECKON
LETIH.

9. DJIEKTPOABUTaTEIb MOCTOBOI'O KpaHa ¢ MeXaHudeckol MourHocThio 3,49 kBt um kng 75%
pabotaet nmox HanpspxerrneM 220 B. Onpenenure cruity TOKa B IIETIH.
10. JIBa mpoBogHMKa compoTuBieHueM 6 u 9 OM, coelMHEHHBIE MEXIy COOOW mapasuielabHO,

noakiroueHsl k 6arapee ¢ /IC n B u. BuyTpennum comnporusierrem 0,4 Om. Onpenenure cuily Toka,
IIPOTEKAOILEr0 Yepe3 BTOPO MPOBOIHUK.

11.  DnexTpojBurareiab KpaHa MOJHUMAET CKUMMEPHYIO Mty maccor 950 kr Ha BeicoTy 30M 3a 7
MUHYT. OnpenenuTe K 3TOro NoJJbeMHHUKA, €CIIM MOLIHOCTD €ro 3yekrpoasurarens 17,1 kBT.

12. HcroyHukom Toka B 1ienu caykuT 6arapes c 3ac 30 B. Hanpsixenue Ha 3axumax 6arapeu 18 B,
a cuiia Toka B 1enu 3,0 A. Onpenenute BHENIHEE U BHYTPEHHEE CONIPOTUBIICHUE STOU LIEMN.

13. Onc ucroynrka Toka n B. [Ipu BHenHeM compotusnenuu nenu B 1 OM Tok paseH 3 A. Haiigure
TOK KOPOTKOT'O 3aMbIKaHUS.

14.  KakoBa 1eHa neneHus], Npeaesl U3MEpEeHus U MoKa3aHus ammepmerpa?
(OTtBeT nath ynciaMu yepe3 TOUKY ¢ 3amsaTol 6e3 mpoOenoB; 3HaUeHUE B BUJIE
JECSITUUHOM IpoOH MuIlIeM uepes 3amarTyto). (Hanpumep, 0,5;3,2;3) i
15.  DrexTpojBHraTelb, CONPOTHBICHHE O0OMOTKM KoToporo 0,4 Owm, ° -
pabortaet ot cetn ¢ HampspkeHueMm 300 B mpu Toke 50 A. Ompenenute KauyecTBO H3PACXOIO0BAHHOM
SHEPrUM 3a 5 Y., COBEPIICHHYIO JBUTATEJIEM MEXaHHUYECKyI0 paboTy M KOJUYECTBO TEIUIOTHI,
BbI/IEJICHHON B OOMOTKE.

16.  2.ABromoOuIbHBIN cTapTep 3a 10 ¢ pabotel morpebiser suepruto 6,0-104 JIx. Kakosa cuna
TOKa, MPOXOJSILEro Yepe3 crTapTrepa BO BpeMsl 3allycKa JBUTATENsl, €CIU HANpsSKEHHE Ha €ro KIeMMax
12 B?

17. 3.CBapounbiM anmaparoMm. PabGotatommm ot cetu HampspkeHueM 45 B 3a 20 mMunyT ObLIO
u3pacxooBaHo 5.4kBr*uac snepruu. [1pu kakoii cuie Toka mpoTekaia ayroBas cBapka?
18.  4.Dnextpuueckuii ytior MomHocTtbio 800 Bt paboraer ot cetu 220 OnpeaenuTs Cuily TOKa B

HarpeBaTeIbHOM 3JIEMEHTE U €ro COINPOTUBIEHHE B pabdoyeM coCTOSHUU yTiora. CKOJIBKO SHEPrUu
OyJIeT u3pacxoIoBaHo 3a 1,5 yaca HeMpepbIBHOM pabOTHI yTiOoTa?

19. 5.B cerp HanpspkeHueM 120B mocnenoBaTenbHO € 3JIEKTPUYECKOW IYyrod BKIIIOYEH pPEOCTar.
[Tanenue HampsbkeHUs: Ha 3yekTpoaax ayru 45 B, cuna Toka B nenu 12 A. OnpeaenuTs MOIIHOCTb,
MOTPeOIIIeMyI0 IyTOl U K.I1.JI. YCTAaHOBKH.
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20. 6.Pe3ucTop mMOAKIIOUEH K MCTOYHUKY TOKA, HANpsDKEHHE Ha 3axumax kotoporo 6 B. Kakas
pabota coBepiaercsi TOKOM, eciu 3a 0,5 MuHYT uepes pe3ucrop npoxoaut 3apsn 24 Kn? Onpenenuts
MOIIIHOCTh TOKa U COIPOTUBJICHHE PE3UCTOPA.

21. 7.Kakas MOIIHOCTh TOTPEOISIETCS IYyroBOW CTANEIUIABHIBLHOW TIeYbl0, paboTarmeid oT
ucrouHuka HanpsbkeHueMm 220 B mpu cune toka 30000 A? OnpeaenuTh CTOMMOCTb JIEKTPUUYECKOM
SHEPTHUH , U3PACXOAOBAHHOM 3aM 5 4acoB pa0bOTHI MeUH, O ACHCTBYIOMIEMY Tapuy.

22. 8. Hampsbxenue Ha 3akuMax reHeparopa 132 B, a y motpeburens - 127 B. Onpenenuts najaeHue
HaIpsHKEHUE B MAarucTpalbHBIX MPOBOAAX M COMPOTHUBIICHHE, €CIIM MOIIHOCTh TOKa Yy MOTPEOUTEINs
paBHa 5 kBT.

Tema 4.4 MaruuTHoe moJjie

IIpakTnyeckoe 3ansiTue Nel3 Pemenue 3aaga4 no reme « MarHuTHoe 1oJie v ero
XapaKTepUuCTUKI»

Heanb: cdopmupoBaTe nNOHUMaHME poOnM (U3MKM B (HOPMUPOBAHMU  Kpyrozopa u
(YHKIMOHATBPHONH T'PaMOTHOCTH UYEJIOBEKA JUIS DPEHICHUs TNPAKTHYECKUX 3ajad; Uil OOBSCHEHUs
YCIIOBHIA TPOTEKaHUS (PU3NIECKUX SIBIICHUH, YMEHUS BBITIOJIHITH PacyeTHBIC U rpadudecKkue 3a1adu

MaTtepuanbHoe o0ecnieyeHue:

WH/MBUYaJIbHOE 33JJaHUEe, KOHCIIEKT JIEKIUH, CLIpaBOYHbIE MaTE€pHUaIb.

Ykazanmue:

[IpakTHyeckoe 3aHATHE COCTOMT M3 JBYX 4YacTed — TeopeTHuecKod M mpaktuyeckoi. [locne
M3yYEHUS] TEOPETHYECKOT0 MaTepralia MOXKHO MPHUCTYIATh K BBIMOJHEHHUIO MpaKTHIecKor yactu. OHa
COCTOUT U3 JIByX M OoJee 3ajau Jjsl CaMOCTOSATENBHOrO BhIoyiHeHHUs. He 3a0biBaiiTe 0 mpaBUIbHOM
oopmiennu pemrenus. Ha BeIoTHEHHE IPAKTUIECKOTO 3a/1aHUS] OTBOJUTCS JBA aKaJeMHUYECKIX Yaca.

3aganue:

O3HaKOMBTECH C TEOPETUIECKUMHU CBEICHUSIMH UCTIOIB3YSI CCHUIKY
https://znanium.com/catalog/product/1012153, §43,44, Boiucas popMyJibl
OTMEUYEHHbIE CKOOKamu , HarpuMmep( 43.1)

Pemmre 3amaum, caMOCTOSTENBHO HCHOJB3YsS NMPUMEPHl U KpaTKHE TEOPETHUYECKHE
CBEIICHMS.

Ilopsinok BbINOJHEHHUS PadOTHI:
1. W3yuure u BeIIMIINTE (POPMYJIBI IO JAHHOW TEME B BUJI€ KPATKOI'O KOHCIIEKTa
2. PazGepute npuMepsl pelIeHHBIX 3a7a4
3. Pemnre caMOCTOSITENBHO 3a1a4l

IIpuMepsI peieHus 3aaa4

1. TIpoBoHUK ¢ cUiIol ToKa SA MoMeIleH B OHOPOAHOE MATHUTHOE Mojie ¢ uHaykuueit 1-10~2TA.
VYron Mexay HalpaBJIEHUSAMHU TOKa U moiig 60°. onpeaenuTe JUIMHY MPOBOJHUKA, €CIIH MOJie JEeHCTBYET
Ha Hero cuioi 2-102H.

Hano: Pemenue
I=5A F=B-I-{ sino =>{=__F
B-Isina
B=1-10"TA
a =60°
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F=2:-10"H (= 2:10°H

10°Ta 08754 - 040
102Tr 087,

-7

sin 60°~0,87
OtBer: ¢=0,46Mm.

2. Kakas cuia neiicTByeT Ha 3JEKTPOH, JETSAIIMI B OJHOPOJIHOM MAarHUTHOM TOJI€ ¢ MHIYKIUEH
1102 TA meprieHauKyIApHO TMHUASIM MarHUTHON MHIYKIIMH cO CKOpocThio 3-107° M/c, 3apsa snekTpona
e=-1,6-10"" Ku.

Hano «C» Pemenue

v=3-10m/c Ha onexkTpoH, nBWXyuics B

B 5 MAarHUTHOM MOJIe, JACHCTBYET cuia
B=1'10"TA Toperma:
a=90°

Fa=B-|q|-U-sina
e=-1,6:10" Ku.
Fa=1-107TA-1,6:10" Kn-3-10°m/c=

F=?

4,8-10"°H

Orser: 4,8-10°H
PemnTh 321244 CAMOCTOSITEIHLHO
(N - HOMep 6auLez0 6apPUAHMA NO CRUCKY)

1. Ha npsMonauHENHBINA NPOBOAHUK € TOKOM 1,5 A B OAHOPOJHOM MarHUTHOM moje ¢ nHaykuuent 0,4
TA peitictByer cuna ,n H. Onpenenure [MHY NPOBOJHHKA, €CIM OH PAcHojiokeH moj yriioM 300 k
CHJIOBBIM JIMHUSIM.

2. Kakag cuiia IedCTBYET Ha MPOTOH, JIETSIINN B OJHOPOJHOM MarHUTHOM MoJie ¢ uHaykiuen 4-103
TA mnepneHIUKyIsSpHO JIMHUSAM MarHUTHOM HHIYKIUH CO CKOpocThio 2:105Mm/c. 3apsin mpoToHa
q=1,6"10-19KA.

3. JlaiiTe ompeneneHWe MarHUTHOM MHAyKUIMU. B Kakux eauHMIax oHa u3MepseTcs? 3anuiuTe
€IMHUIlY MarHUTHOW MHAYKIIMU Yepe3 OCHOBHbIE

4. enunHuLbl u3MepeHus B cucteme CU.

5. DIeKTpOH IBMXKETCS B BaKyyMe CO CKOpocThio 3-106 M/C B OJHOPOJHOM MarHMUTHOM IIOJE C
unayknuedn B = 0,1 Tn. Yemy paBHa cuna F, nelicTByromass Ha 3JEKTPOH, €CIU Yrojl MEXIY
HaIIPABJICHUEM CKOPOCTH

6. ¥ JMHUAMHU MarHUTHOW MHAYKIMH paBeH 9007

7. IlpssMONMHEWHBIM TPOBOJHUK, MO KOTOPOMY HAET TOK cuiaoil 10 A, moMemieH B OJHOPOJHOE
MarHMTHOE 1oJje, UHAYKIUs Kkotoporo 0,3Tin. Yron Mexay HanpaBjlIeHUEM TOKA U BEKTOPOM MarHUTHON
uHaykuu pasex 300.

8. C xakoit cuioi F neficTByeT MarHUTHOE 110J1€ Ha Y4acTOK IPOBOJHUKA AJIMHOM n M?
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9. Omnpegenute MarHUTHBIA MOTOK, MPOXOJAIIAN Yepe3 MPSIMOYTOJIbHYIO PaMKy CO CTOpOHamMu 2x5
CM, €CJIM OHa IOMEIlEHAa B OJHOpPOJHOE MarHuTHoe noje ¢ uHaykuuen 4-10-3TA nox yriaom 300 k
JIMHUSAM UHIYKLIHH [TOJIS.

10. B opHOpOAHOE MarHUTHOE 10OJI€, MHIYKLUsA KoToporo 1,26-10-3 TA, nomelieH npsiMoi IPOBOAHUK
JUIMHOM n cM. OnpenenuTe Cuily, 1eUCTBYIOIIYIO Ha TPOBOJAHUK, €CJIU 10 HeMy TeueT Tok 50 A, a yron
MEX/ly HallpaBJICHUEM TOKa BEKTOPOM MHAYKLUU cocTasiseT 30°.

11. IIpoBoanuk ¢ cuiioi Toka 5,0 A momenieH B OJHOPOJHOE€ MarHUTHOE moJie ¢ uHaykiuen 1,0-10-2
TA. Yron Mexay HampaBiaeHUsIMU TOKa U 1ojst 60°. Onpenenure akTUBHYIO JJMHY NMPOBOJHMKA, €CIU
noJje AercTByeT Ha Hero cuion 2 10-2 H.

12. Kakytoo paboTy coBepIIaeT OJHOPOJHOE MarHuTHoe mosie wuHaykmued 1,5-10-2 TA mnpum
nepemMelieHun Ha paccrosiuve 0,2 M MpPOBOJAHUKA JUIMHOM 2M, MO KOTOpoMy TeueT Tok 10 A; ecnm
IIEpEMELIEHUE TMPOUCXOAUT BIOJb JeiictBus cui? IlpoBoaHuk pacnosiokeH nox yriom 30° k
HaIpaBJICHUIO MOJIS.

13. Haiinure MHAYKIMIO MarHUTHOTO TOJIs,, B KOTOPOM MaKCHUMaJIbHBIM MOMEHT CHJI, IEUCTBYIOIINX HA
paMKky ¢ TokoM B 3,0 A, pasen 1,5 H-M. Pazmepsl pamku 0,05X0,04 M, 4iCiIO BUTKOB PaBHO N.

14. B opHopogHOM MarHUTHOM nojie ¢ uHaykuuen 0,25 TA HaxonuTcs mpsIMOIMHEHHBIA TPOBOAHUK
mHou 1,4 M, Ha Kotopelid geictByer cwia 2,1 H. Onpenenure yroi Mexay HTPOBOJHHUKOM HU
HaIpaBJIEHUEM BEKTOpa UHAYKIIMA MarHUTHOTO MOJIs, €CIM CHUJla TOKA B IPOBOAHMKE 12 A.

15. Yemy paBHa cuja TOKa B MPSMOM NPOBOAHMKE AIuMHOM 1,0 M, MOMENIEHHOM B OJHOPOIHOE
MarHuTHoe noje ¢ uHaykuumen 1,5-10-3 TA, ecnu Ha 3TOT MPOBOAHUK CO CTOPOHBI MOJISL JACHCTBYET
cuna 2,1-10-3 H? Yron mexay HarpaBiaeHUEM JIEKTPUUYECKOTO TOKA U BEKTOPOM MHAYKIIMH paBeH 45°.

16. Ha 0OMOTKY poTOpa 3JeKTPOABUTATENSI IPU MPOXOKACHUH 0 MPoBoay Toka 20 A meiicTByeT cuia
B 40 H. Ompenenure BeIMUYMHY MAarHMTHOW MHAYKIIMM B MECTE PACIIONIOXKEHUS IPOBOJA, €CIU €ro
mrHa 20 cm. OGMOTKa COAEPKUT N BUTKOB.

17. DnexTpoH ONMCHIBAET B MATHUTHOM I10JI€ OKPYXHOCTB paanycoM 4,0-10-3 M. CKkopocTh IBHKEHUS
3eKTpOHOB paBHa 3,5-106 M/c. HaliquTe WHIYKIIMIO MATHUTHOTO TIOJIS.

18. TIporon aBuxercst co ckopocThio 1,0-106 M/c neprneHAUKYISIpHO OTHOPOJHOMY MarHUTHOMY IOJTIO
c uaaykuueit 1,0 TA. Haiinure cuny, nelicTBYIOIIyI0 Ha IPOTOH, U PAaIUyC OKPYXHOCTH, MO KOTOPOH
OH JIBUXKETCS.

19. DnekTpoH BiE€TaeT B OJHOPOJHOE MArHUTHOE TIoJe, WMHAYKIUS Kotoporo 2,0-104 TA,
NEePIEHIUKYISPHO CUJIOBBIM JIMHUAM cO ckopocThio 1,0 106 M/c. Beraucnure panuyc oKpy>KHOCTH, TO
KOTOpOM Oy/ieT ABUraThCs 3JIEKTPOH.

20. Kakasi cuna AEWCTBYET Ha DJJIEKTPOH, JETSIIUNA B OJHOPOAHOM MAarHMTHOM IOJE C HMHIYKIUEH
1,0-10-2 TA nepneHAUKYISPHO JIMHUSAM MarHUTHOM MHIYKIUHU cO cKOpocTbhio 3,0-106 m/c?

21. DnekTpoH, ABUrasch cO CKOpocThio 3,54-105 m/c, momajmaer B OJHOPOJHOE MAarHUTHOE MOJE C
naayknuend 2,0-10-5 TA nepneHAuKyIsipHO K €ro CHWJIOBBIM JIMHUSAM M NPOAOJDKAET JIBUKEHHE IO
okpyxHocTH paauycoMm 10 cm. Haiinure ynenbHbIN 3apsa] JI€KTPOHA, T.€., OTHOIIEHUE €ro 3apsia K
Mmacce.

22. IIpotoHn, umerommii ckopocts 4,6-105 M/c, BIeTaeT B OAHOPOJHOE MAarHUTHOE TOJIE C MHIYKIUEH
0,30 TA nepneHAMKYJIpHO MarHUTHBIM CHJIOBBIM JIMHMAM. PaccuuTaiiTe pagmyc OKPY)KHOCTH, IO
KOTOPO# OyJIeT IBUTaThCs MPOTOH.

23. ITpoTOH IBHMXKETCS B OJHOPOJHOM MAarHuTHOM Tmone ¢ umHaykuued 3,4-10-2TA B miockoctu,
NEPIEHIUKYISIPHOM K CHJIOBBIM JIMHUAM. OnpenenuTte pajanyc TPacKTOPUHU MPOTOHA, €CIIU JIBHKEHUE
IIPOMCXOUT B BakyyMe 3,3-10° m/c.

24. B opHopoaHOe MarHuTHoe mnosie ¢ uHaykuued 8,5-10-3 TA Bnetaer 3J€KTpPOH CO CKOPOCTBIO
4,6-106 m/c, HamTpaBICHHOW MEPICHANKYJISIPHO K CHIIOBBIM JIMHUSAM. OnpenenuTe CUily, TeUCTBYIONIYIO
HAa 3JIEKTPOH B MarHUTHOM I10JI€ U PainyC IyTU OKPYKHOCTH, I10 KOTOPOH OH JBUKETCS.

25. B marautHOe moisie ¢ unaykuuen 0,5 TA B HampaBiieHMH, COCTaBIAOIIEM yroi 45° ¢ JUHUAMHA
WHIYKIIFH, BIETAET JIEKTPOH cO cKopocThio 2,0-106 m/c. Onpenenurte cuity, IeHCTBYIONIYIO Ha HETO.
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26. B marHuTHOE 1oJie B HAIIPABJICHUHU, MEPIEHAUKYIIPHOM JIMHHUAM MHIYKLUH, BIETACT MPOTOH CO
ckopocThio 3,2-10° m/c. HaiifiuTe MHIYKIHMIO 3TOrO MO, €CIIM MPOTOH ONUCAT OKPYKHOCTh PaidyCcoM
10 cm.
217. 3aja4y Ha MOCTPOCHUS: .

CnpenendTe HANPaENEHWE OEHXEHWA NPOEOAHMES © ToKOM (CHna Amnepa)
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Tema 4.5 DieKTPOMATrHUTHAS UHAYKIIUSA

IIpakTnueckoe 3ansaTue Nel4 . Pemenne 3aga4 no reMe «JIeKTPOMATHUTHAsI MHAYKIUSA.
3aKOH 3JIEKTPOMATHUTHON HHAYKIMU. CaMOUHIYKIIHS»
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Hean: chopmupoBaTh TOHUMaHWE poiaM (GU3UKKH B (POPMUPOBAHWUU KPYrozopa BIAJICHHUE
OCHOBOTIOJIAraloUMHU (PU3NICCKUMU MTOHATHIME, 3aKOHOMEPHOCTSIMH, 3aKOHAMHU U TCOPHUSIMH; YMCHHS
BBITIOJHATH pacyeTHbIE U rpaduuecKue 3a1auu

MarepunanbHoe obecnieyeHue:

WHAUBUAYAIbHOE 33J]aH1Ee, KOHCIIEKT JICKIIHUIA, CIPaBOYHbIC MaTEpPUAIIbI.

Yka3zanue:

[IpakTHueckoe 3aHSATHE COCTOMT M3 JBYX YacTed — TEOPETHYECKOM M mpakTuyeckoil. Ilocie
W3YYCHHSI TEOPETUYECKOTO0 MaTepHralia MOKHO MPHUCTYNaTh K BHITOJHEHHUIO MpakTHUecKoi dactu. OHa
COCTOMT U3 JBYX U Oosiee 3a7ay IJIsl CaMOCTOSTEIBHOrO BbIMOIHEeHUs. He 3a0biBaiiTe 0 mpaBHIbHOM
odopmiiennu pemeHus. Ha BEIOTHEHNE MPAKTUYECKOTO 3a/IaHUST OTBOJUTCS JIBA aKaJCMHYECKHUX Yaca.

3aganue:

1. O3HaKOMBTECH C KPATKUMHU TEOPETHUCCKUMH CBEJICHUSMU HCIIONB3YsI CCHUIKY
https://znanium.com/catalog/product/1012153 ,52§ u kpatkyto 3anucek GopMyI HUKE

2. Pemure 3amaum, camMOCTOATENHHO HCIONB3YS NMPUMEPHI U KPATKUE TEOPETHUYECKHUE
CBEJICHHUS.

Ilopsinok BbINOJIHEHHUS PadOTHI:
1. W3yuwure u BemmummTe GOPMYJIBI IO TaHHOU TEME:
2. PazGepute nmpuMepsl pelIeHHBIX 3a7a4
3. Pemnre caMOCTOSITENBHO 3a/1a4U
4. OtBetbTe Ha BoOmpochl Tecta https://znanium.com/catalog/product/1012153,
ctp331.

KpaTkue Teopernyeckue cBeeHHA
3axon snexmpomacHumHoOU UHOYKYUU:

9I[C HHAYKIIUX B 3aMKHYTOM KOHTYPC paBHa IIO MOAYJIFO CKOPOCTHU HU3MCHCHUSA MArHUTHOI'O

AP , rae & — DJIC unnykuun, B; AD= D»-

MIOTOKA Yepe3 MOBEPXHOCTh, OTPAHUYEHHYIO KOHTYPOM: o —
1

®| — U3MEHEHHE MAarHUTHOTO IIOTOKa, B6, At — MMPOMEIKYTOK BPEMCHHU, B TCUCHUEC KOTOPOT'O IMTPOU3O0IIIIO

AD| _ CKOPOCTb UBMCHCHUA MAI'HUTHOI'O ITIOTOKA, B76 .

4

JaHHOE U3MCHCHHE, C;

C YUCTOM HAIlPAaBJICHUSA HHAYKIIMOHHOT'O TOKA 3dKOH 3aIIUCBIBACTCA TAK: ¢ = _@ .
1 At

Eciu SaMKHYTLIﬁ KOHTYp COCTOHUT U3 N mocnenoBaTelbHO COSAUHEHHBIX BHUTKOB (HaHpI/IMCp, B
4D
At

COJICHOUJIC) ¢ =—N - , Tie N — 9iciIo BUTKOB.

Pasnocts motenmumanoB U Ha KOHIAX MPSMOJMHEHWHOTO TMPOBOJIHWKA IMHOW [, MBUIKYIIETOCS CO
CKOpPOCTBIO 0 B OJJHOPOJIHOM MarHMTHOM I10JI€
U = Blvsina, ,

rac o — yroj MCexxay HallpaBJICHUAMHA BCKTOPOB CKOPOCTU U U MarauTHOM

WHAYKIUU B
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ONEKTPUYECKUN TOK, MPOXOIALIMI IO NMPOBOJHHUKY, CO3AAET BOKPYTI HErO0 MAarHUTHOE IOJE.
MarHuTHBIN NOTOK CKBO3b IUIOIIA/Ib MIOBEPXHOCTH, OTPAHUYECHHYIO0 CAMUM KOHTYPOM, ITPONOPLIMOHAIICH
CUJIE TOKA B KOHType: @=L-1I.

KoadduureHnT nponopruoHaibHOCTH L Ha3bIBACTCS UHOYKMUBHOCbIO KOHTYpa: [L]= {?} = Bo

=I'n (renpnm).

3HaueHNEe WHIAYKTUBHOCTH 3aBUCHUT OT pa3MepoB U (DOPMBI MPOBOJHUKA, & TAKKE OT MArHUTHBIX
cBOMCTB ceprl, B kKoTopoil oH Haxomutcs. DJIC caMOMHIYKIMH IO 3aKOHY SJICKTPOMArHUTHOMN
WHIyKUWW paBHA:

A k. AP,

E. =
IA) At 1A} At
rae AI=1>-1; — "3MeHEeHHe CUJIbI TOKa B TIPOBOJTHUKE, A
At — BpeMs €ro U3BMEHEHHs, C;

ﬂ — CKOPOCTb UBMCHCHHU: CUJIBI TOKA, ﬁ .

At c

) . L-I°
HEPrHsl MATHUTHOTO IOJISL IPOBOJHUKA C TOKOM: py  — , [x]
2

PemnTh 32124 cCaMOCTOATENILHO
(n - HoMep 6auieco 8apuaHma no CRUCKY)

1. Ha ckonpko M3MeHHIAch CUila TOKAa B MPOBOJHUKE, ecin 3a 0,1 ¢ B MPOBOJHUKE, NHIYKTUBHOCTD
kotoporo 4 I'n, mosiBunace DJ]C camounaykuuu paBHas 12 B?

2. 3a xakol MPOMEKYTOK BPEMEHM MarHMTHbBIA moTok m3meHwica Ha 0,01 BO, ecnu B KOHType
Bo3HuKaeT DJ]C unaykiuu n B?

3. MarHuTHoe mojie KaTymku ¢ UHAYKTuBHOCTRIO 0,2 I'H oGmanaer sueprueit 0,4 J[x. Uemy paBHa
CHJIa TOKA B KaTyIIKe?

4. Omnpenenure >HEPrulo, 3alacacMyl0 B MarHUTHOM I0J€ HMHIYKTOpa, KOTOPBIM HCIIOJIB3YETCS B
YCTaHOBKE IS MarHuT UMIYJbCUBHOTO ¢opmoBanus. MHayktuBHOCTh Karymku 7,0-10-7 T', cuma
paspsaHoro Toka 1,45-105 A.

5. Kako#l moTOK MarHUTHOW MHAYKIIMH CO3JAETCS B KOH Type AJIEKTPUYECKUM TOKOM, €CIU IPHU €ro
yMeHblleHnu 10 Hyis 3a 0,01 ¢ B KOHType BO3HHMKAET 3Ac caMOMHAyKInU paBHas 30 B?

6. Ormpenennure 3HEPrUI0 MarHUTHOTO TOJS KaTYIIKH, B KOTOPOM IpH cuie Toka 6,8 A MarHUTHBINA
NOTOK paseH 2,5-10-3 BO.

7. 3a KakoW NMpPOMEXYTOK BPEMEHHM B KaTyIIKe ¢ MHAYKTHBHOCTBIO 0,28 I’ mpomcxonuT HapacTaHue
CHJIBI TOKA OT HYJISL 10 9,6 A, eciu pu 3TOM BO3HUKAET CPEHSAA 3/IC CAMOMHIYKIMH, paBHas 38,4 B?

8. TIpoBOOHMK JUIMHOW N M MEpPEMENIAeTCs B OAHOPOJHOM MAarHUTHOM mojie ¢ uHaykmuen 0,2 TA.
JIBI>KEHHE TPOBOJHUKA MPOUCXOAUT CO ckopocThio 10 M/c mox yriom 45° K MarHUTHBIM CHIJIOBBIM
nuHuAM. Haligure 5a¢ MHIyKIMY, BOSHUKAIOUIYIO B IPOBOJHUKE.

9. Kakoil MarHMTHbBII TIOTOK IPOHM3BIBAET KOHTYp, €CIM IpPd DPABHOMEPHOM HCUYE3HOBEHUH
MAarHUTHOTO TOJISl B TEUEHHE N C B KaTyUIKe UHAYIUPYETCs dAC, paBHasg 0,02 B?

10. Kakoii MarHUTHBIM MOTOK MPOHU3BIBAET IJIOCKYIO MOBEPXHOCTH IUIOIIAJALI0 3 CM2 IPU MHIYKIUU
nosus 0,24 TA, eciii HOpMaJib, K TOBEPXHOCTH PACIOIOKeHa o yriioM 60° K BEKTOPY UHIYKIIHH.
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11. Onpeaenute MHAYKTUBHOCTh KAaTYIIKH, €CIM MPU YBEIMYECHUHU TOKa B HeWl Ha 2,2 A 3a 50-10-2c

MOSIBIISIETCA CPEAHSS H/IC CAMOUHIyKIIMH, paBHas 1,1 B.

12. B nmpoBognuke mmuou 0,5 M, IBHXKyIIEMCS CO CKOpPOCThIO 3,0 M/C MEPHEHAMKYJISIPHO CHIIOBBIX

JUHUNA OJHOPOAHOTO MAarHuTHoro mosist, Bo3Hukaer JJC 6,0-10-2 B. Omnpenenure HHIYKLIHIO

MarHuTHOT'O TOJIS.

13. Onpenennure MarHUTHBIM MOTOK, NMPOXOJAAIIUI uYepe3 MPSIMOYTOJIbHYIO IUIOMIAJKY CO CTOpPOHaMH

20x40 cMm, ecnu OHa MOMENIEHA B OJHOPOJHOE MarHUTHOE Mnoje ¢ uaaykuueit 5,0-10-2 TA nox yriom

60° K TMHUAM UHIYKLIUU TOJIS.

14. Onpenenure D/]C nHayKIMK, BO30YyXIaeMyI0 B KOHType, eciu B HeM 3a 0,01 ¢ MarHUTHBIN MOTOK

paBHOMepHO ymeHbInaercs 0,5 1o 0,4 BO, uroOs! B KoHTYpe Bo30Oyxknanace DJ1C unaykiuu 3,8 B.

15. Onpenenure NMpoMekKyTOK BPEMEHHU, B T€UEHHE KOTOPOTO MArHUTHBIM MOTOK, MPOHU3BIBAIOLIMIA

KOHTYD, nojbkeH yBennuutbes oT 0,01 mo 0,20 BO, utoOsl B KOHTYpe Bo30y)aanack IC uHAyKIUN n

B.

16. Onpenenure DC MHIyKIMM HAa KOHIIAX KpPBUILEB CaMOJIETa, UMEIOUIUMX IJIUHY 12 M, eciu

CKOPOCTh €ro MpH TOpU3OHTaIbHOM mosiere 250 M/c, a BepTHKaldbHas COCTaBJISAIONIas MarHUTHOM

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

17. B ogHOpOIHOM MarHMTHOM mosie moj yrioMm 30° Kk HampaBlICHUIO BEKTOpa WHIYKIMH, BEIMYHHA

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

MEPIEeHIUKYIISIpEH MTPOBOAHUKY. OnpeaenuTe AMTUHY MPOBOJHUKA, eciu B HeM HaBoautcs D/[C, paBHas

2,5-10-2 B.

18. Tpakrop obmero nasHauenuss K-700 wumer co ckopoctbio 28 km/4. Ompenenure pasHOCTh

MIOTEHLIMAJIOB HAa KOHILAX INEepeIHEed OCH, €CIM JJMHA €€ OKOJo 2,6M, BEpTUKaJIbHAs COCTaBJISIOLIAS

MarHuTHOTO 101 3emin 5,0-107 TA.

19. Yemy paBna J3/IC camMOMHIYKIIMH, BO3HUKAIONIAs B KaTyIIKe C MHAYKTUBHOCThIO 2,0-10-2 I, B

KOTOpOU TOK cuioi 7,5-10-2 A ucuezaer 3an c?

20. MarnuTtHOe moje kaT ymku ¢ uHayktuBHOCThIO 0,1 T' oGnamaer sueprueit 0,8 J[x. Uemy paBHa

CuJia TOKa B KaTyIke?

21. IlpoBosiouHas mpsMoyroyibHas pamka co cropoHamu 20 u 30 cM pacrHojio’)keHa B OJHOPOJHOM

MarHMTHOM I0JI€ U NEPHIEHIUKYJIIpHA CHJIOBBIM JIMHUAAM. Onpenennure MHAYKLIHIO TOrO IOJs, €CIU

Ipu ero ncyesHoseHu 3a 1,2-10-2 ¢ B pamke HaBoguTcs cpeansis 9J(C 3,5 mB.

22. Yemy paBHa MHAYKTHBHOCTb KaTYIIKH, €CIIM MPOTEKAOMUN 1o Hel Tok cwioil 0,15 A cosnmaer

MMOTOK MarHuTHou unaykuuu 7,5-10-3 B6?

23. Yemy paBHa MHAYKTMBHOCTb IPOBOJHMKA, B KOTOPOM IIPH BO3pacTaHuM Toka oT 1,5 1o 1,8 A3anc

Bo30Oyxmaercs I1C camounaykiuu 0,9 B?

24. 3a KakoW IPOMEXYTOK BPEMEHU B KOHTYpe MHAYKTHUBHOCTBHIO 2,0-10-5 I' mpu M3MeHEHHUN ToKa Ha

0,5 A Boznukaet DJ1C camonnaykunu 10 B?

25. Ompenenute MHAYKTUBHOCTh KaTYILIKH, €l mpu Toke 3,0 A MarHuTHOe mosie B Hei oOianaer

sHepruen 6,0-10-2 JIx

26. DnekTpuyeckas IeNb coOpaHa MO cXeMme, MpeAcTaBlIeHHOW Ha pucyHke. COmpoTHBIEHHE YJYacTKa
uenu 1 paBHO COMPOTHUBIIEHUIO ydacTKa 1enu 2. CpaBHUTE TOKU, KOTOPbIE OKAXKYT aMIIEPMETPHI A |
u Az cpa3y 1ocie 3aMbIKaHus KIIo4a.

l 0
(A4 y———
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Pa3gea 5 Koj1ie0aHus ¥ BOJHBI

IIpakTnueckoe 3ansaTHe NelS. Mexanunveckue KoJie0aHUsI H X XapaKTePUCTHKH

Heab padoTsi: chopMupoBaTH TOHUMAHKUE POJIH PUUKH B POPMUPOBAHUU KPYTO30pa BIIaJICHUE
OCHOBOMOJIAraiuMu (GU3HUYECKUMHU MOHATHSIMH, 3aKOHOMEPHOCTSIMHU, 3aKOHAMU U TEOPUSIMU;, YMEHUS
BBINOJIHATE PAacueTHBIC U IpaduuecKre 3a1a49n

MarepuasibHoe o0ecnieyeHue:

WHIUBUIYAJIBbHOC 3a/JaHUC, KOHCIICKT HGKHHﬁ, CIIPaBOYHBIC MATCpPHUAJIbI, pa3HaTOqHBIﬁ Marcpual

C 3aJaHUSAMU,

Yka3anmue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX YacT€d — TEOPEeTHYECKOM M mpaktudeckou. Ilocie
U3Y4YECHHsI TEOPETUYECKOr0 MaTepHalla MO>KHO IIPUCTYNAaTh K BBHINOJHEHUIO IPaKTUUeCKON dactu. OHa
COCTOMT U3 JBYX U Ooisiee 3ahay JJIsl CaMOCTOSATEIbHOrO BbIMOIHEHUs. He 3a0biBaiiTe 0 mpaBUIbHOM
oopmienun pemtenus. Ha BelosHEHNE IPAKTUYECKOTO 3a/1aHUS] OTBOJUTCSA JBa aKaJJeMUUYECKUX Yaca.

3aganue: Pemute 3amaun

ITopsinok BbINOJIHEHUs PadoOThI:

[lepen pemenuem 3aaa4 pa3o0paTh KpaTKUE TEOPETHUECKUE CBEICHHS
[IpoBecTn ananu3 BeTUYHH, BXOIAIIUX B (POPMYIIBIL.
3. PemuTs 3amauu ¢ nmpuMeHeHHEM (OpPMYJ MaTEMATHYECKOTO MAasATHUKA, MPYKUHHOTO MasiTHUKA, UX
CMEILIEHUS U YpaBHEHUS] TapMOHUYECKOr0 KoJjieOaHusl. (caMoCcTosITeNIbHas paboTa).

Kpartkue TeopeTrnyeckue cBeleHUs1

Mexanudeckue KojieOaHus

Mexann4ieckoe KoJie0aHue - ~ - MIEPUOIUYECKU IIOBTOPSIOLIEECS
NBIDKEHHE Tena (TOYKH) TO0  KaKoW-TuOo >, N TPAEKTOPHH MOOYEPETHO B
MIPOTUBOIOJIOKHBIX HAPABJICHUSX.

Mexanunueckas koJiedaTelbHasi CHCTeEMA
MIPOUCXOJISAT MEXaHUYECKHE KOeOaHMUs.

IMosi05)keHne yCTOMYHMBOrO0 PaBHOBECHSI — IOJIOKEHHE, PABHOYIAJIEHHOE OT KpallHUX TOYEK
TPaeKTOPHH.

IMonHoe KoeGaHMe — OIMH 3aKOHUYEHHBIHN ITUKIT KOJIeOaHuil, mociie KOTOPOTro TEJI0 BO3BPAIAETCs
B UCXO/JHOE COCTOSIHHE.

Bo3spamaromas (BHyTpeHHsIsI) cHJIA (Fposep) — CHIIA, CTPEMSIILIASACS BEPHYTH TEJO B MOJOKEHUE
YCTOMUYMBOT'O PAaBHOBECHSI.

CoOcTBeHHBbIE KOJIeDaHUsI — KOJIEOAHHUS, COBEPIIAEMbIC TEJIOM IOJ ACHCTBUEM OJHOU TOIBKO
BO3BPAILIAIOIIECH CUJIBI.

CBo0OoaHbIE KOJe0aHusi — KojeOaHWs, COBEpIIaeMble TEJIOM TOJa JCHCTBHEM JBYX CHII:
BO3BPAILAIONIEH U COMPOTUBIICHUS CPEIBI.

Boiny:xkaeHHble KoJie0aHMsi — KOJeOaHWs, COBEpIIAaeMbIe TEJIOM TOJ[ JEHCTBHEM BHEITHEH
BBIHY>K/IAIOIIECH CHUIIBI.

Ynpyrue koJiedbaHusi — KoseGaHHUS, NMPU KOTOPBIX BO3Bpallarolleld CHIJION SBISETCS cuja
YIOPYTOCTH.

MareMaTuyeckuii MasiTHUK — KoyieOaTenbHas CUCTEMa, COCTOSINAs W3 MaTepUATbHOW TOYKH,
MOABEIIEHHOW Ha HEBECOMOW HEPACTSHKUMON HUTH, U 3EeMIIH.

dusnyeckuii MAsITHUK — KoJiebaTebHas CUCTEMA, COCTOsINAs U3 Teja, KOJNeOIIoIerocs BOKpyr
HETIOABIKHOM OCH, 1 3EMJIH.

Ilepuoouueckoe — xonebaHue, MpU KOTOPOM Bce (hM3MUECKHUE BEIMUYMHBI MOBTOPSIOTCS uepe3
paBHbIE TPOMEKYTKHU BPEMEHH.

N —

g

(MKC) — cucrtema Tten, B KOTOpPOi

Taobmuma 1
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Enununa
XapakTepucruka O6o3Hauenue, popmyna Omnpenenenue
WU3MEPECHUS
[Tepuon 27 C JnuTenbHOCTh OAHOTO MOJTHOTO
@ Kosie0aHus
Yacrora . C-l=T Yucno konedaHuil T B €AMHUILY
= —=— = LI
T t BpPEMEHHU t
[uknuyeckas yactoTa o 2gy = 2F pao Yucno konebanuii 3a 270 €TUHUIL
(kpyroBas) r c BpEMEHU
CwMmelieHue ) [TosokeHue TOYKH B JTHO00H
X M
MOMEHT BpemeHu 1o OY
AMIuTy1a MaxkcuManbHOE OTKIIOHEHHE
A M MaTepUaIbHOM TOUKH OT
MOJIOXKEHUS PAaBHOBECHS
daza t . MrHOBEHHOE COCTOSIHUE
P=_ =0l + @, az 9
r P MarepuanbHoi Touku mo OX
HauanbHas ¢a3za o pan Casur ¢a3sl B MOMEHT BpeMeHH t=0

I'apmonuueckue — ipocteiime KonebaHus, IpU KOTOPBIX N3MEHEHHE COCTOSTHUS KoJieOroencs
BEJIMYMHBI IPOUCXOIUT 10 3aKOHY CHHYCa UJIM KOCHHYCA.

‘X:Asin(wﬁ‘(po)‘

Xx=Asinot=Asin@ — TOTYKOM x(t) = A sinot

X=Acos®t=AcoSp — OTTSTHUBAHUEM x(¢) = A sing
L=A®COSOL; Vmax = A®

0=-A®’sinOt; Omax=A®>

2
mo
E

kAZ=muv? — 3aKkoH
p 2

coxpaHeHus sHepruu E=E+E,

A=XmaxM

)
k

ka
2

Tabmuma 2

MareMaTH4ecKuil MasiTHUK [Ipy>KMHHBIA MAaATHUK

_~ [£; F=ma
T—Z”\/; T=2n | F =k
k ynp
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Ynpyras cpeaa — cpena, pu MEXaHMYECKOM BO3JCHCTBUU Ha KOTOPYIO BO3HUKAET CUJIA YIIPYTOCTH.
MexaHnu4eckasi BOJIHA — pacpocTpaHeHHe KoJiebaHuii B ynpyroii cpeze.

JIy4 — nmuHus, BIOJIb KOTOPOU pacpoCTpaHsAeTCs BOJIHA.

Ilonepeunasi BoJIHA — BOJIHA, B KOTOPOH KOJIEOAHHS YACTHI] CPEbl IPOUCXOAST MOMEPEK Tyya.
IIpoxosabHas BOJIHA — BOJIHA, B KOTOPOM KOJI€OaHUsl YaCTULL CPEJIbl MPOUCXOIAT BIOIb JIyya.

6uUobl Ilpooonvnuwvie nonepeumvle
i ========H'}FT{= f_}‘_'l.
h Ay el T
IHepaus Boanwt nepenocam snepzuio, Ho He
nepenocam eeuiecmeo cpeowl
Ycnoeua B cpenax, rae Bo3HUKaeT B cpenax, rae
6o3nuknoeenusn | Fynp npu gedopmaruu BO3HHUKAET Fynp
corcamuist npu nedpopmanuu
cosuza
Cpeoa B TBepabIX, KHUIKHUX, B TBepapix, Ha
ra3000pa3HbIX MIOBEPXHOCTU
KUJKUX TeJ, Ha
IpaHuLe pa3ziena
JIBYX CpeJ C
Pa3IMYHON
IJIOTHOCTBIO
Ilpumep 3BYKOBBIE  BOJIHBI Bonnsl Ha mHYype,
Ha TIOBEPXHOCTH
BOJIbI
Ckopocmp Y = A'v pacnpocTpaHsIOTCs ¢ KOHEUHOH

CKOPOCTBIO, pa3IMYHON B pa3HBIX cpelax

/nuna eéonnut PaccrosiHue Ha KOTOpOE cMemaeTcs BOJIHA 3a
MepUoO.I

J=9*T=>
vV

3eyKoevle 601Hbl
3ByKoBasi BOJIHA (3BYK) — BOJIHA, BBI3bIBAIONIAs Y YEJIOBEKA CIIyXOBBIE OLIYIICHHUS.
HNudpa3Byk — MEXaHHUYECKHE BOJIHBI C 4acTOTOU HIke 16 'y yabTpasByk — Bbime 20000 .
CxopocTs 3ByKa B Bo3ayxe 1pu 0°C — 332 m/c, mpu 20°C — 343 m/c; B Boge — 1483 m/c, B xenese — 5850
Mm/c.

IIpuMepsl pelieHus 3aa4

1. VYpaBHeHue rapMoHmueckux kosneOanmii Touku x=0,4cosmt. Halitm ammmryny, mepuon u
cMmenieHue Touku uepes 0,5 c.
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Jano: M. T. «CH» Pemenne

x(t)=0,4cosmt x=Acosmt

t1=0,5 ¢ x(t)=0,4cosmt

A=?T=? x(t1)=? w2
v=? T ®

1
v=—
T

Brerancaenus: A=0,4 m; o=r;

T=2"_2)
T

1
v=—=05Tn

N

1
x(0,5) =0,4-cosmt-— = 0,4cosE =0
2 2

2 I'py3 maccori 0,4 kr coBepmiaer KojieOaHUS B TOPHU3OHTAIBHOM IUIOCKOCTH Ha MPYKHUHE
XKecTKOCThI0 250 H/M. amIuuTyAa KojeOaHuid Tpy3a 15 cM. HalTH MOJNHYI0 MEXaHHUYECKYIO DHEPTHUIO
KoJIeOaHMUH ¥ HauOOJIBIIYIO0 CKOPOCTh IBWKEeHHA. TpeHneM npeHeOpeys.

. 2 250-0,152
Hano: Epzk‘; B, =0 B == = 2.8 T
o b
PY>KUHHBINA v=0,15 /% =0,15-25=
MasiTHUK E=E,+E«=E, ’
M
=3,75~3.8"
c
m=0,4 kr 5 5 k
mou - =k4d" =>v=4,|—
k=250 u/m "
A=0,15m
E:?, Umax:?

Pemutnb 3agaun
(M - HOMep 8auie2o 6apuaHmMa no CNUCK))

1. HanuimTe ypaBHEeHHE FrApMOHHYECKHX KOJIeOaHHUI ¢ aMILTUTYI0H 5 cM U HadanbHoH dasoii 45°,
ecnu B 1 MuHyTy coBepuiaercs 150 konebanuii.

2. AMITIUTY]a TaApMOHUYECKUX KoyieOaHUIl MaTrepualbHOM TOUKM m cM, mepuon 4 c. Haiigure
MaKCHUMaJIbHbIE CKOPOCTH U YCKOPEHUE U HAMIINTE YpaBHEHWE TapPMOHMYECKUX KOJIeOaHUH.

3. MaremaTtuyeckuil MasgTHUK JJIMHOW 56 cM 3a m MUHYT coBepmaeT 40 MONHBIX KOJIEOaHMA.
Omnpenenure nepuoa KoieOaHUH MasTHUKA M YCKOpPEHHE CBOOOJHOTO MAJCHUS B TOM MeCTe, IJie
HAXOJUTCSI MAATHUK.

4. MarepuanpHas Touka Konebmercs ¢ yactoror v=10 kl'm. Onpemenute mnepuoa, YUCIO
KoJIeOaHUN B MHUHYTY M LUKIMUYECKYIO YacTOTY.
S. Onpenenute mepuoj, YacTOTy, LUKIMYECKYI0 4YacTOTy TapMOHHUYECKHUX  KoyieOaHUM

MaTeMaTHYeCKOro MasTHUKA JAMMHOM 1 M, ecrn g=9,81 m/c?. Bo CKOJIBKO Pa3 U Kak Hajlo M3MEHUTD JTHHY
MasiTHUKA, 9TOOBI TIEpHOo/1 KOJeOaHU YBETUYHIICS B 2 pasa.
6. AMIUTUTY1a TAPMOHUYECKUX KOJIEOaHUI MaTeMaTHYeCKOTO MasiTHUKA JUTMHON 50 MM, epuon 4 c,

VA o v
HauasbHas ¢asa —. Hanmmmre ypaBHEHHE 3TOro KojeOaHUS W HAMIUTE CMEIIEeHHE KOJIeOIIoIencs
4

TOYKHU OT MOJOKEeHMS paBHOBecus ipu t =0 u t=1,5 c.
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(o .
7. VpaBaenue touku x=0,02sin| —7+— |. Haligure nepuona, MakCMMaabHOE 3HAYECHHE CKOPOCTU U
2 4

YCKOpEHHE.
8. Omnpenenute UIMHY MaTeMaTH4YeCKOr0 MasiTHUKA, COBEPILIAIONIETO OAHO MOJIHOE KojeOaHue 3a 2
¢, ecmu q=9,81 M/c’. Bo CKONBKO pa3 Hy’HO HM3MEHMTh JUIMHY MasTHHMKA, YTOOBI 4acTOTa €ro
KoJIeOaHU yBeIMYMIIach B 2 pa3a?

0. VYpaBHeHue rapmoHudeckoro konebanus x=0,4sinSwt. Onpenenure amIuIMTYAy, HEPHO,
CMeEILIEHUE ITpHU t=n C.

10. Ornpenenure *KeCcTKOCTh MPYKUHBI, YaCTOTY, LIUKINYECKYI0 4acTOTy, €ciid Tejao maccoi 0,5 kr,
MOJIBEILICHHOE K ATOM MpYXUHE, coBepiuaeT kojedanus ¢ nepuogom 0,2 c.

11.  MarepuanpHasi TOUKa COBEpIIACT rapMOHUYecKHe Konebanus ¢ ammmutynoi 0,03 M 1 nepuoiom
0,2 c. CocTtaBbTe ypaBHeHHE KoJiebaHus U onpeaenute cMemienue mpu t = 0,1 c.

12. [To nHY cdepruyecKoil Yalku coBepIIacT CBOOOIHbBIE KoJieOaH s 0e3 TPEeHUsT MaJICHBKUH IIapUK.
Omnpenenurte nepuoi kojaebaHus MapuKa, €CId painyCc KPUBU3HBI YalllKu 2,45 M.

13. CocraBbTe ypaBHEHHE TAPMOHUYECKUX KOJIEOAHUN MAaTEMaTUYECKOr0 MasTHHUKA JUIMHON 2,45 M
u amrutyaou 0,1 m.

14.  Teno coBepuiaeT rapMOHUYECKHE KoJIeOaHus 10 3akoHy X = 20sinmnt. OnpenenuTe CKOPOCTh Teaa
nputi=0,5cut,=4c.

15. YckopeHue cBoOOIHOTO MajeHus Ha MoBepXHOCTh JIyHbl 1,6 M/c?. Kakoii JIIMHBI TOTKEH OBITH
MaTeMaTHYeCKU MasTHUK, 4YTOOBI ero nepuoj konebdanus Ha Jlyne 6w 1 ¢?

16. [TocTpoiiTe rpaduk rapMOHHYECKOTO KOJEOAHUS YaCTOTHI MO MapaMmeTpaM: aMIUIUTyla 2 CM,
nepuop 0,4 ¢, HauanbHas (asza 0. 3anumuTe ypaBHEHHE 3TOTO KoJeOaHus.

17.  Teno coBepiiaeT kojedaHus 1Mo 3akoHY X = 60sin2nt. OnpenenuTe CKOpocTh Teaa npu t1 =1 c u
t2=2,5c.

18.  Teno maccoif m rpaMM NOJBENIEHO Ha MPYXKHHE, KECTKOCTh kKoTopoil 2-10° n/m. Onpenenure
4acTOTy, NEPUO/, HUKINYECKYIO YACTOTY CBOOOHBIX KOJIEOaHH 3TOTO Tela Ha Py KHUHE.

19.  MarepuanbHasi TOUKa COBEpILAET FaApMOHUYECKHE KOJIeOaHHsl ¢ aMIUTUTY0M 4 CM U TEPUOIOM 2
c. Harmummre ypaBHeHHEe ABUKEHUSI TOUKH, €CIIH €€ ABH)KEHNE HAUWHAETCS U3 TIOJI0KEHUS X0 = 2 CM.

20.  KakoBa yacToTa 3ByKOBBIX KoJeOaHH B cpejie, eclii CKOpOCTh 3ByKa B 3ToM cpene 500 m/c, a
muirHa BosiHbl 2M? (OTBeT JaiiTe B repuax.)

21.  Ha pacctossHuM n M OT HabmoaTens pabouyre BOMBAIOT CBaM ¢ MOMOIIBIO Konpa. KakoBo Bpems

MEXJ1y BUIUMBIM YJapoM MOJIOTa O CBal0 W 3BYKOM YyJapa, yciblllaHHbIM HaOmomatenem? (OTBeT
naiite B cekyHaax.) CkopocTb 3Byka B Bo3yxe 330m/c. OKpyIiIuTe OTBET C TOUHOCTBIO 70 AECATHIX.

22.  Ckopoctb 3ByKa B Boje 1,5 kv/c. UeMmy paBHa AJIMHA 3BYKOBOW BOJIHBI, PACIIPOCTPAHSIONICHCS B
BoZe, Ipu yactote 3Byka 3 kI'n? (OTBeT naiite B MeTpax.)

Tema 5.2 Dy1eKTPOMArHUTHBIE KOJI€OAHNSI U BOJIHBI

IpakTuyeckoe 3anaTue Nel6 PemeHue 3aqa4y Ha BUABI CONPOTUBJICHUI B ENsIX
nepeMeHHOro Toxka. ®@opmyJisl TpancgopmarTopa.

Heanb: cdopmupoBaTh mOHUMaHMEe ponu (GU3MKK B (QOPMUPOBAHMM  KpPYyrozopa U
(GYHKIMOHATBPHOW TPAaMOTHOCTH 4YeJOBEKa Ui pElIeHUs NPaKTUYECKUX 3a4ay; s OObSICHEHUS
YCIIOBUN MpOTEKaHUsl (PU3MUECKUX SIBICHUI, YMEHUS BBINOJHATH pacueTHbIE U rpaduyeckue 3aaay,
U3YYUTh CBOOOJHBIE AJIEKTPOMArHWTHbIE KoJeOaHUs B KOHTYpe, BUJABI COINPOTUBIEHUS B LENHU
MEPEMEHHOT0 TOKa, UX OTJINYUSA U OCOOCHHOCTH.

MarepuasibHoe o0ecnieyeHue:

WHJUBUIyaJIbHOE 3a1aHUE, KOHCIIEKT JICKLIUM, CIIPABOYHBIE MAaTCPHUAJIBI.

Yka3anmue:

IIpakTHueckoe 3aHATHE COCTOMT U3 JBYX 4acT€ — TEOPETUYECKOM M InpakTudeckoil. Ilocie
U3Y4YECHHs] TEOPETUYECKOr0 MaTepHalla MOKHO IIPUCTYNAaTh K BBIIOJHCHUIO MPAaKTHYeCKON dactu. OHa
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COCTOUT W3 ABYX W OoJyiee 3a/mad JJIsi CaMOCTOSATEIBLHOTO BhIMOJMHEHUs. He 3a0biBaiiTe 0 MpaBHIIBHOM
odopmiiennu pemeHus. Ha BEIOTHEHNE MPAKTUYECKOTO 3a/IaHUSI OTBOJUTCS JIBA aKaJEMHUYECKHUX Yaca.

3aganue:

O3HaKOMBTECh C TEOPETUICCKUMU CBEICHUSMHU UCTIONB3YS CCHUIKY
https://znanium.com/catalog/product/1012153, §54,55, 56 BwimucaB GhopmMyJibl
OTMEUYeHHBIE CKOOKamu , Hanpumep( 54.1)

Pemmre 3amaun, caMOCTOSITENIBHO HCIOJB3Ys MPUMEPHI U KpPaTKHUE TEOPETHYECKHE
CBEIICHHS.

HOpﬂ)IOK BbIIIOJTHCHU A paGOTbI:

[TpuGopsr

Cxema

Cuia Toka

Cnsur da3

Conportusiie
HHUC

1. popmyna

2. 3aBUCUMOC

Th
COIPOTHUBIIEH
HI0 oT

W3yunrte 1 BeImUIuTe GOPMYJIBI IO TaHHOM TeMe B BUE KPaTKOr0 KOHCIEKTa
Pazbepute nmpuMepsl peIICHHBIX 33129

Pemmte camoctosiTeNnbHO 3a1aUn

Bemmomaute  Tect  https://znanium.com/catalog/product/1012153, ctp 334 —
[Tepemennsiii Tok; ctp 336 Tpanchopmarop

=

Kparkue Teopernueckue cBeIeHHs

COHpOTI/IBJ'IeHI/ISI B ICIIU IICPEMCHHOI'O TOKaA

Pesuctop Karymky nnaykruBHoctsio L Konpencarop emkxoctsio C
colpoTHuBieHuEM R

L C
B £ —
L |
U
U af:i'c Lo -
O ~ O

10 Do)
wl 2 2

¢=0 Y,U usmensercs B Hampsokenue onepexaer Tok  HanpsbkeHue orcTaer oT

O/IMHAKOBBIX (ha3ax, a oI mHa ¢ =2 =90° Toka Ha ¢ =2 =90°
2 2

JHEPrusi pacXoAUThCA Ha

TEIIOBOE NEUCTBHUE TOKA

R=22 (1+a) Xe=—
S wc
XL=(,0 L
R
R 4\ RL C
- . - 0 ©
0 - 0 -
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gacTrora

3.

olpeeseHIe AKTHUBHOE — NupykTuBHOE —
COMPOTHUBIICHUE CONPOTHUBIICHUE,
nmoTpeouTers, 00yCJIOBJICHHOE SIBIICHUEM
npeoOpasyroIero CaMOWHYKIIUU
MOJIBOJIUMYIO K HEMY
SHEPTHIO B APYTUE BUIbI
SHEPTUH

3akon Oma 1) = u@ Iy = Uy

R X,

EMxocTHOE —
CONIPOTHUBJICHHE,
00yCJIOBJICHHOE HAIMYHUEM
€MKOCTH B IIeIIH

— 1
[TosHOE CONPOTUBIIEHHUE e TIepeMeHHOro Toka: Z= VR? + (wL — E)Z

3akon Oma JJIsL aMIINIUTY JHBIX 3Ha4YEHMI CUJIBI TOKa lo 1 HaIIPsAKCHUA Uop B enu IICPEMECHHOI'O TOKA:

lo=UoVR? + (wL ——)

PeakTHBHOE — COIIPOTUBJICHUC HOTpe6I/ITeJ'I$I, HC npe06pasylomero IMOABOANMYIO K HEMY SHEPIUIO B

ApyTue BUIbI S3HEpTuu (H-p pakera) X=Xp-X=mL- € ;
wc

X1>X¢ — MHIYKTUBHBIN XapakTep; Xr=Xc¢ — pe30HaHC; X¢>XL — EMKOCTHBIN XapakTep

JelicTBylollee 3HAYeHME MOIIHOCTH IEepPeMEHHOro Toka (P) — BelMuMHA, YHUCIEHHO paBHas

MOIIHOCTHU ITOCTOSAHHOI'O TOKa PHOCT, npu yCIOBUH, YTO oba Toka 3a OONHAKOBOC BpPEM:, PaBHOC
nepuony MnEpeMEeHHOIO TOKa T, Ha paBHBIX PE3HUCTOpPAX R BBIIENAT PpaBHBIC KOJIMYECTBA TCIJIOTHI Q

IgR  1,U, Ug

2 2 2R

AKTHBHONW MOIIHOCTLIO.

IIpuMeps! pemieHus 3axa4

P=— = . HCﬁCTBYIOLHCC 3HAYCHHUEC MOIINHOCTU NECPEMCHHOI0 TOKa YaCTO Ha3bIBAKOT

1. Karymka naayktuBHOCTBIO 0,1 ['H M akTMBHBIM conpoTuBiaeHueM 25 OM BKJIIOYEHA B CETh

MPOMBIIIJICHHOT'O TMEPEMCHHOI'O TOKa CO CTaH,[[apTHOf/'I YacCTOTOM. OHpe,Z[CJ'II/ITC TOK B KaTyIlIKe, CCJIA

HanpspbkeHue Ha ee BBogax 120 B.
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Hano: =Y. x =+/25% +(4:3,14-50-0,1)* =
X
KaTyIka X JRT X7 = =/6251986 = /1611 = 40,10m
1=0,1 Tn —VRZ @) = =120
’ —JR® + @iy 40,1
R=25 Om
v=50T1
U=120B
1,=?

2. Ha KonX03HYIO MOACTAaHLHMIO IMOCTyNaeT TOK HampsbkeHueM 6600 B. nmepBuunas oOMoTka
Tpancpopmaropa mnonactanumu umeer 3300, a BropmuHas 110 BurkoB. Omnpexpenure pabouee
HaIPsHKEHUE B KOJIXO3HOM JIEKTPOCETH M MOTPEOIIIEMYIO MOIIIHOCTh cujia Toka B cetu 200 A morepsamu
SHEpruu B TpaHchopmarope npeHeodpeb.

3. Karymxka uaaykruBHocTsio 0,1 I'H U akTUBHBIM compoTuBiieHHeM 25 OM BKIJIIOYEHA B CETh
IPOMBIIIJICHHOT'O MEPEMEHHOr0 TOKa CO CTaHAApTHOM dacToToi. Ompenenure TOK B KaTyIIKe, €CIU
HanpsbkeHue Ha ee BBogax 120 B.

Hano: xarymka =Y. x =+/257 +(4-3,14-50-0,1)" =
L=0,1TH X

y =+625+986 = /1611 = 40,1 Om
R=25 Om x—.R2Z+X2 — .
v=50Tn \/,71 120 ~34
U=120 B =4/R” + (L))" = . :40,1
1,=? | =+V/R?+@mvLy? ’

Pemuts 3axaun
(M - HOMep 8auie2o 86apuaHmMa no CNUCK))

1. Cuna Toka B mepBHYHON 0OMOTKe TpaHchopmaropa 0,2 A, HanpspkeHue Ha kiemmax 220 B.
Omnpenenure HanpsHKEHUE M CUITy TOKAa BO BTOPUYHOI 0OMOTKE TpaHcpopmaTopa, eciu KodpPHUIueHT
Tpanchopmaruu 0,2.

2. [Tepuunas oOMoTka TpaHcdopmaropa coaepxut 800 BuTkoB, BropuuHas 3200. Onpenenure
ko3¢ duLmeHT TpaHchopMaIiu.

3. Cuna ToKa B CETH M3MEHSETCS MO 3akoHy 1 = 8,5 sin @ t. Kakoe KoIM4ecTBO TEIOThl BBIACITUT
ANIEKTPOKaMUH 3a 2 yaca paboThl, eciiu ero conporusienue 80 Om?

4. Cwita Toka B mepBUYHOM 00MOTKe Tpanchopmaropa 0,6 A, HanpspkeHue Ha ee kKoHiax 220 B; Bo
BTOpU4HOM 00MOTKE 6 A 1 14 B. Onpenenure KIIJ[ Tpancdopmaropa.

5. B nepBuuHOii 00MOTKe moBbIIatoNero Tpaicpopmatopa 80 BUTKOB, a Bo BTopuuHOM 1280.

Hanpsokenne Ha KOHIax nepBu4HOi ooOmMoTku 120 B, a BenmnunHa Toka Bo BTopu4HOil oomoTke 0,25 A.
Omnpenenure MoJIe3HYI0 MOITHOCTh TpaHcpopmaropa.

6. Jis TpaHCIAUMU paavonepenad NPUMEHSIOT MOHMXKAIOIUK TpaHchopMaTop ¢ HampsHKEHHEM
480 B 1o 30 B. Onpenenure moutHocts Tpanchopmatopa ¢ KIIJ1 96%, ecnu xk Hemy noaxitoueno 100
penpoaykropos, norpedmstonux Tok 0,008 A.

7. OmpenenuTe yroia moBopoTa BUTKA B OAHOPOJHOM MarHUTHOM TOJIE, 3Has, YTO MAaKCHMaJbHOE
3Hauyenue Toka 1002 A, a Tok B ganubli MoMeHT 100 A.
8. Omnpenenute ko3P PUIKEHT TpaHchOpMAIMK 3BOHKOBOTO TpaHC(POopMaTopa, MUTAEMOTO CETEBBIM

TOKOM ¢ HamnpsbkeHueM 220 B, eciii mpeoOpa3oBaHHBIN TOK UMEET HanpspkeHue 2 B.
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0. [TepBuunass 0OMOTKa TOBBIMIAONIETO0 TpaHchopmaTopa MMeeT 45 BUTKOB, a BropuuHas 900
BUTKOB. llepBuuHas kaTylika BKJIIOYAaeTCs B CETh NIEPEMEHHOIO Toka ¢ HampsbkeHueM 120 B. Kakoe
HanpspKeHue OyeT Ha 3auMaxX BTOPUYHOU 0OMOTKHU?

10.  DnexTpuueckas ayra J0JbKHA TOpeTh 1moj HanpsbkeHueM n B, a B cetn 220 B. CkoabKO BUTKOB
JOJDKHA COJIEpP)KaTh BTOPHYHAss OOMOTKa, €CIM B TEPBUYHOM OOMOTKE, BKIIOUYEHHOW B ceTh, 385

BUTKOB?

KpaTkue TeopeTnueckue cBeeHUs
Tparcdopmarop
BUJIBI OBBIIIAIOIINHN MOHMKAIOIINI
Omnpenencane tpancopmarop, y | Tpanchopmarop, y
KOTOpOTO YHCIIO | KOTOPOTO YHCIIO
BHUTKOB BO | BUTKOB BO
BTOPUYHOM OOMOTKE | BTOPUYHOM OOMOTKE
OoublIre, yeM B | MEHbIIE, YeM B
MEPBUYHOMN MIEPBUYHOU
Pucynok g
wl w?2 w w?2
Koadduunent n<l n>1
TpaHchopmanuu g o U I, S,
&5 o U, 1, §
KT =L 100% ~ 99%
nmpa/-tcdmp.wwopa -5 0~ 0
TpanchopmaTopa P,

IIpumepsl pemrenus 3agay:

1. Ha KonX03HYI0 MOACTaHIMIO MOCTymaeT TOK HampsbkeHueM 6600 B. mepBuuHas oOMoOTKa

Tpancpopmaropa mnonactanumu umeer 3300, a Bropuunas 110 ButkoB. Omnpenenute pabouee
HanpsDKEHHUE B KOJIXO3HOU AIIEKTPOCETH U MOTPEOIsIeMyI0 MOLITHOCTH cujla Toka B ceTu 200 A morepsiMu

SHEpruu B TpaHchopmarope npeHedpeyb.

JlaHo: o _U

TpanchopmMaTop @ U
U, - U, o,

U;=6600 B 1

®1=3300 B P>=U>1>

®2=110

=200 A

Uz, P»=?

~ 6600-110

s =220 B
3300

P,=220-220=44-10°B1=44xBT
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2. Cuna Toka B nmepBuuHOM 0OMoOTKe TpaHchopmatopa 0,5 A, HanpspkeHune Ha ee KoHmax 220 B,

BO BTOPUYHOM 00MOTKe cooTBeTcTBeHHO 8 A 1 12 B. Onpenenure KII1/] Tpanchopmaropa.

Hano:

Tpancopmaropa

=0,5 A =222 100%

L=8 A

U;=220B

U,=12 B

P 12-8

100% =7~ 350.05 ' 0077

77:

3

U,I

111

n=?

Pemnrn 3apaun

(n - HoMep 8awie20 apuaHma no CNUCKy)

Cuia Toka B mepBUYHOM 00MOTKe TpaHcdopmaropa 0,2 A, HampsbkeHue Ha kinemmax 220 B.
Omnpenenute HampsDKEHHE W CHJIYy TOKa BO BTOPUYHOHM OOMOTKE TpaHchopMmaropa, eciu
kodppuument Tpanchopmaryu 0,2.

[lepBuunas oObMoTka TpaHchopmaropa conaepkuT 800 Butkos, BropuuHas 3200. Ompenenure
KO3 QHULIHEHT TpaHChOpMalHH.

Cuna Toka B CeTH M3MEHSIETCS M0 3aKOoHY 1 = 8,5 sin o t. Kakoe KOJM4ecTBO TEIIOThI BBIICIUT
ANIEKTPOKaMUH 3a 2 yaca paboTsl, eciu ero conporusienue 80 Om?

Cuia Toka B mepBUYHOM 00MoTKe TpaHchopmaTopa 0,6 A, HanpspbkeHue Ha ee koH1ax 220 B; Bo
BTOpU4HOM 00MOTKe 6 A 1 14 B. Onpenenure KIIJ[ Tpancdopmaropa.

B nepBuuHOili 00MOTKe moBbIIatoNIero Tpancpopmaropa 80 BUTKOB, a BO BTopuyHoil 1280.
Hanpsoxenne Ha koHIax nepBu4Hoi oOMotku 120 B, a BennuuHa TOKa BO BTOPUYHON OOMOTKE
0,25 A. Onpenenute MOJAE3HYIO MOITHOCTH TpaHchopMaTopa.

JUist TpaHCIAUM pajuornepeiad MPUMEHSIOT NOHMXKAIOUMK TpaHchopMaTop ¢ HamnpsiKeHHEM
480 B mo 30 B. Omnpenenute MomiHOCTh Tpanchopmaropa ¢ KIIHA 96%, ecam k Hemy
noakmoueHo 100 penpoaykTopos, motpedsromux Tok 0,008 A.

B nepBuyHOif 00OMOTKE MOBBIMIAIONIETO TpaHcopmaropa m BUTKOB, BO BTopuyHoi — 2000
BUTKOB. Kakoe HampspkeHHMe Ha 3aXHMaxX BTOPHYHOM OOMOTKM MOMKHO MOJYYHUTb, €CIHU
BKJIIOUUTH TpaHchopMaTop B ceTh ¢ HanpsbkeHueM 110 B?

IlepBuunas oOMoTka TpaHcdopmaropa coaepxut 800 BuTkoB, BropuuHast 3200. Omnpenenure
ko3¢ duLreHT TpaHchopMaIiu.

Karymka WHIyKTUBHOCTBIO M ['H, aKkTUBHBIM CONpPOTHBIEHHEM 25 OM BKIIOUEHA B CETh
MIPOMBIIIIIEHHOTO MTEPEMEHHOTO TOKAa CO CTaHAAPTHOW 4dacToToW. Omnpenenure TOK B KaTyIIKE,
€CJIM HanpsbkeHue Ha ee BBogax 120 B.
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Tema 5.2 DleKTPOMATrHUTHbIE KOJI€0AHUS U BOJHBI

HpaKTI/I‘leCK()e 3anaTue Ne 17 Pemenne 3agav 1nmo Teme ((3.]'[eKTp0MaFHHTH]>Ie KoJie0aHus

U BOJHBD)

Heasb: cdopmupoBate nOHUMaHMEe ponu (UMK B (HOPMUPOBAHMU  KPYrozopa u
(GYHKIIMOHATIBPHOM T'PAaMOTHOCTH YENIOBEKa JUIS PEUICHUS MPAKTUYECKUX 33/1a4; YMEHHS BBIOJIHSATH
pacueTHble U rpaduUecKue 3a7add, U3YYUTh CBOOOJHBIC HJIEKTPOMArHUTHbBIE KOJeOaHHs B KOHTYpE,
BU/IbI CONTPOTHBIICHUS B LIETIH IIEPEMEHHOTO TOKA, UX OTIMYHS U OCOOCHHOCTH.

MarepunanbHoe obecrieyeHue:

WHIMBHTyaTbHOE 33/1aHHEe, KOHCIIEKT JICKIHi, CIIPaBOYHbIC MaTEepPHaIbI.

Ykazanue:

[TpakTHueckoe 3aHATHE COCTOMT W3 JABYX 4YacTell — TeopeTHdyeckoil m mpakrtuyeckoil. [Tocie
M3yYEHUS] TEOPETHUECKOT0 MaTepralia MOYKHO MPUCTYIATh K BBHIMOJHEHHUIO MpaKTHIecKor yactu. OHa
COCTOMT M3 JIByX W OoJjiee 3ajay JJIsi CaMOCTOSTENBHOrO BbIMONHeHUs. He 3a0biBaiiTe 0 mMpaBUIBHOM
oopmnennu pemrenus. Ha BeIoHEHHE TPAKTUYECKOTO 3a1aHUS] OTBOJUTCS JBA aKaJeMHUYECKUX Yaca.

3aganue:

O3HaKOMBTECH C TEOPETUIECKUMHU CBEICHUSIMH UCTIOIB3YSI CCHUIKY
https://znanium.com/catalog/product/1012153, §57 Beimucas Gpopmyibl OTMEUEHHBIE
ckoOkamu , Hanipumep( 57.1) u T.4.

Pemmre 3amaun, caMOCTOSTENBHO HCHOJB3YS MPUMEPbl U KPATKHE TEOPETHUYECKHUE
CBEIICHHUS.

HOpﬂ}IOK BbIITOJTHCHU A paﬁoTM:

Onpenenenue

[Ipouecce

YciaoBue
BO3HUKHOBEHUS

KoJicOaHui

[Tpumep

b

W3yunrte 1 BeImumuTe GOPMYIIBI IO TaHHOM TeMe B BUE KPAaTKOTO KOHCIIEKTa
Pa30epute npumepsl pelIeHHbIX 3a1a4

Pemmte camocTosiTeNnbHO 3a1aUn

Bemonaute  Tect  https://znanium.com/catalog/product/1012153, crp 337
«ONEeKTPOMArHUTHBIE BOJHBD)

DJIEKTPOMarHuTHbIC KoJIeOaHust

Heszatyxaromue kosieOaHMs, BO3HHKAIOIIUE IOJ ACHCTBUEM BHEIIHEH
nepuoandecku n3mensttomenca J/1C e=gocosmt

Hpouecc, Ipru KOTOPOM DJJCKTPOMArHUTHOC TIOJIC TCPUOJUYICCKHU
HU3MCHACTCA IO BpEMCHU

IlocnenoBarenbHOE COCIUHEHHE:
1) KoHIeHCaTOpa, HAKATUIMBAIOLIETO YHEPTUIO ANEKTPHUUECKOTO MOJIS;
2) KaTyIIKU HaKaIUIMBAOIEH YHEPIHI0 MAarHUTHOTO TOJIS;

3) BO3HMKHOBEHHME CBOOOJHBIX KOJIEOAHWN B KOHTYpe OOYCIOBJIEHO
SIBIICHHEM CaMOMWH Ty KITHH

DJNeKTpudYecKas IeMb, COCTOSINAs W3 KOHACHCATOpa M KATyIIKH, B
KOTOPOH DHEPTUsl AJIEKTPHUYECKOTO IOJII MPEBpAIIACTCS B JHEPTHIO
MarHUTHOTO TIOJISI U 00paTHO
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3aKOHEI
T=27JL-C —

dopmyna Tomcona

1

27N LC

9

Vo=

w, =

1
VLC

OHeprus

R]‘[p:O
cooctBennbsie DMK

E>i=E.\; vo=const

v _r
2 2
CU=LI?
DJIeKTPOMATHUTHBIE BOJIHBI
Onexmpomaenumuas  eoina (OMB) — pacmpocTpaHeHHE OSJIEKTPOMArHUTHOTO — TOJIS
MPOCTPAHCTBE C TCUCHUEM BPEMEHH.
cAt

T

R—Q

1. Bomnyxaennsie konebanusi. Kimrou B «l» —  3apspkaercs

KOHJICHCATOP.

2. CoOctBennble kosieOanus. Kiou «2» 3ieKkTpudyeckoe IMojie

MarHuTHOE ToJje. YacTh SHEPrHH TPATUTCS Ha HarpeB MpoBogoB R—Q
KOJIeOaHUsl 3aTyXarolue.

Jlia mopaep:kaHusi He3aTyXarolMX KojeOaHuW mepeBoguM Kitod  «1»,
3aTeM B «2». BoIHyXIeHHbIE — He3aTyXaollre KoieOaHus

[IpeobpazoBaHue YHEPTHH FICKTPHUSCKOTO TIOJIS B IHEPTUIO MATHUTHOTO
T0JIL ¥ HA00OPOT MO rapMOHUYECKOMY 3aKOHY E,—>Ey
b,

CT

paccrostHue ot paauosokannonHoi cranuu (PJIC) no odwekra: AS = -

OMB (B 3aBHCUMOCTH OT JJIMHBI BOJIHBI A) JACIIAT Ha JUANa30HbI:

1) mmuaEBIe A > 1000 M;

2) cpeaaue 100 < A <1000 m;

3) xopotkue 10 < A <100 m;

4) ynprpakopoTtkue A < 10 m.

CKOpOCTI) BOJIHBI B CPEAC 3aBUCUT OT DJICKTPHYCCKUX U MAarHUTHBIX CBOMCTB Cp€abl:
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C

c
ven n’

C
—= \/Eu=n>1- ontuyeckasi IIOTHOCTb CPE/IbI

%* v —n T —
JlnuHa BosHbI A=9*T = ~ B Cpejie; [T Bakyyma Ap=c *T = -

cT ¢ y!
A== =7°; c- cKopocmb IMé 6 6aKyymy unu 6 6o3dyxe- 3*108mu/c

IIpumepsl pemenus 3axa4

1. Cuna Toka B cetn m3MeHseTcs 1o 3aKkoHy 1=4,2 sinwt. Kakoe KOIMYecTBO TEIUIOTHl BBIICTUT
AJIEKTPOKaMUH 3a 1 4 paboThl, eciii ero conpotuBieHue 70 Om?

Hano: Q=I* Rt In=4,2A

ANEKTPOKAMUH i=Insinmt [,=0,707-4,2=3A

.: 1 = 2- . . 3~ . 6 —

i=4,2 sinmt I,=1—’"=O,7O7-1m Q=3-70-3,6-10°~2,3-10°
J2

t=3,6-10° ¢ =2,3 MJIx

R=70 Om

Q=?

2 B ycTtaHOBKax Jisl 3JEKTPOTUAPABINYECKON 00pabOTKH MaTepHalioB KOHIEHCATOPhI paboyero
KOHTypa SIBJISIIOTCS €MKOCTHBIMM HAaKoNMUTENsIMM 3Hepruu. Ormpenenute HauOONBLIYIO CHITY
KpaTKOBPEMEHHOI'O TOKa, BO3HMKAIOIIETO B LIEMU IPU MPSIMOW pas3psiIKe TaKoro KOHJAEHcaTopa Ha
MIPOBOJHMK, €CIM H3BECTHO, YTO 3aHECEHHas 3Heprus B KouaeHcartope 10 /X, MHIYKTUBHOCTH
koHTypa 0,03 Mx['H.

JlaHO: K — KOHTYp Esn=Em 2.10% 10
Imax = =+/0,66- 10%*
E = 10* JIx y 31070
~08-10°=8.10°A
L=3-10%THu 5 L
a1 2
U
2F
]max = =
L
Imax =?

Pemnrs 3axaun
(M - HOMep Baule2o 8apUAHMA NO CNUCK))

1. ByayT nu HacTpOEHBI B pe30HAHC KOHTYpBI IEpeAaTyrKa U MPUEMHHUKA, eciiu ux napametpsl Ci = 200
II®, L1 =2 mI'w; C2 =100 [1D; Lo =4 mI'H?
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10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

KonebaTenpHbIl KOHTYP COCTOMT U3 KOHJICHCATOpPA €MKOCThI0 SMK®D M KaTyIIKd WHIYKTHBHOCTHIO
0,2 I'n. Onpenenute MakKCUMAJIbHYIO CHIIy TOKa B KOHJIEHCATOPE, €CJIM MaKCHUMajbHas Pa3HOCTh
MOTEHIIMAJIOB Ha oOkaakax kouaeHcaropa 90 B. [Torepsimu Ha HarpeBaHue TPOBOAOB MPEHEOPEUb.
O/IC uHAOyKIMM, BO3HMKAIOIIAs B paMKe NpU BpallleHUU €€ B OJHOPOJHOM MAarHUTHOM IIOJIE,
n3MeHseTcs 1o 3akoHy e = 12 sinl00 nt. Onpeaenure aMIuIMTYJHOE W JICHCTBYIOIIEE 3HAUCHHUE
O/1C, nepuon, yactory, MrHoBeHHOE 3HaueHue IJC mpu t =n c.

MaruutHelii TOTOK B paMKe, PaBHOMEPHO BPAILAIOLIUICS B OJHOPOJAHOM MAarHUTHOM IIOJ€,
u3Mensercs 1o 3akony ® = 3 - 107 cos157t. HaiifuTe 3aBuCHMOCTh MrHOBeHHOTo 3Hauenus DJIC
WHIYKIMHM, BO3HUKAIOIIEH B pamKe, OoT BpeMeHH. OmnpenenuTe MakCUMallbHOE M JIEHCTBYIOIIEE
3Hauenue DJIC, nepuo u 4acToTy TOKa.

B pamke, paBHOMEpHO BpalIaromieiics B OJHOPOAHOM MAarHUTHOM TIOJie, MHAYLHUPYETCS TOK,
MT'HOBEHHOE 3HaUEHHE KOTOPOTO BBIpaxaeTcs: GopMyIoi

1 = 3 sinl57t. Onpenenute amILIUTYIHOE, NEHCTBYIOIIEE 3HAYCHHE TOKAa, MTHOBEHHOE 3HAUYCHUE
Toka pu 0,n ¢, Hepuoa 1 4acToTy.

Onpenenute MakCUMaIbHOE U IEHCTBYOLIEE 3HaUeHue nepemeHHoi J/[C, BOZHUKAIOIIEH B paMKe IPU
ee PaBHOMEPHOM BpAILEHHH B OJHOPOIHOM MArHMTHOM IOJIE, €CIIM TIPH YIJIE OBOPOTa paMKH Ha 45°
MraoBeHHoe 3HadeHue JJIC 156 B.

Onpenenute makcumanbshyio DJIC, 3nast, uro npu 30° DJIC unaykiuu 110 B.

B konebareqbHOM KOHTYpEe € MHAYKTUBHOCTBIO N MIH MakCHMalbHOE HalpsHKEHHE Ha OOMOTKAx
koHneHcatopa 200 B. ompenenute mnepuon koneOaHMA CBOOOJHBIX 3JIEKTPOHOB B KOHTYpE, €CIH
MaKCUMaJlbHas cuiia Toka B KoHType 0,2 A.

Omnpenenure cuily TOKa B K0JIEOATEIbHOM KOHTYpPE B MOMEHT MOJHON pa3psiIKM KOHJAEHCATopa,
€CJIM SHEepIrusi MAarHUTHOTO MOJIsl KaTyku 4,8- 107 Ik, a UHIYKTUBHOCTH 0,24 'H.

Omnpenenure 3HEPTUIO AIEKTPUUECKOIO MO KOHAEHCATOpa eMKOCThI0O N MKD, eciiu HalpshKeHue
Ha ero ooxmankax 400 B.

Omnpenenure nepuos M 4acTOTy COOCTBEHHBIX 3JIEKTPOMArHUTHBIX KOJI€OaHUI KOHTypa, €ClId €ro
MHIYyKTUBHOCTDH 1 MI'H, a emkocTh 100 HO.

Onpenenure cuily TOKa B K0JIeOATEIbHOM KOHTYpE B MOMEHT MOJHOW pa3psiIKM KOHJAEHCATopa,
€CJIM HEepPrusi MArHUTHOTO MoJis KaTymku n Mk, a uHAyKTUBHOCTH 0,12 I'H.

NunyktuBHOCTh KOjeOaTenbHOro koHTypa 500 mMk['H, kakyr0 €MKOCTh ciieqyeT BbIOpaTh, YTOOBI
HACTPOUTH €ro Ha yacTtoTy 1 mI'n?

B ycraHoBkax [uisi ME€KTpOTHAPABIMUECKON 00pabOTKH MaTepHalioB KOHJEHCATOp pabouyero KOHTypa
SIBJISIETCSI EMKOCTHBIM HaKoMUTeNeM sHepruu. Onpesenute HanOoJbIIyI0 CUITy KPaTKOBPEMEHHOTO TOKA,
BO3HHUKAIOILIETO B LIEMHU MPU MPSMOI paspsKe TaKoro KOHAEHcaTopa Ha MPOBOIHUK, €CII U3BECTHO, YTO
3anaceHHast 3Heprus B konaeHcarope 10 k/x, nnaykruBHocTh KOHTYpa 0,03 MKI H.

KonebaTenbHbIi KOHTYp COCTOUT U3 KOHAEHCATOpa EMKOCThIO0 3 MK®D U KaTyIIKH WHAYKTUBHOCTBIO
2:10"2 T'n. Onpenenute coOCTBEHHYIO YacTOTY 3JIEKTPOMATHUTHBIX KONeOaHuii B KOHTYpe.

B KaTylike UHAYKTUBHOCTHIO N 1072 TH coBepIIaroTcs SMeKTPOMArHUTHBIE KOJIEOaHUs ¢ TIEpUOI0M
107 ¢c. OnpesienuTe EMKOCTH CHCTEMBL.

KonebarenbHblil KOHTYp COCTOMT W3 KOHAeHcaropa emkocTeio 0,601 Mk® u Karymku c
uHayKTHBHOCTRI0 10* TH. Onpesmenute Nepwos, 4YacTOTy COOCTBEHHBIX 3JIEKTPOMATHUTHBIX
Kosie0aHUN KOHTYpa.

Konpencarop eMkocThio 3-107 Mk®, 3apskeHHBIH 710 HEKOTOPOTO MOTEHIHMANa, Pa3psKAETCs, 3aTeM
3apspKaeTcsl uepes3 KaTymKy ¢ MHAYKTUBHOCTBIO 1,8 MkI'H. Onpenenure nepuox konebanuit. [Touemy
KaXJ10€ Tocieaytoliee KojedaHue aeT Ha 0OMOTKaX KOHJIEHCATOpa MEHBIIIYIO pa3HOCTh TOTEHIUANIOB,
4yeM npebiayuiee?

Ompenenure MEPUOJ M YACTOTY COOCTBEHHBIX KOJICOAHWM B KOHTYpE MPH €MKOCTH 2,2 MKD u
unaykruBHoctu 0,65 mIH.

Brruucnaure vactoty COOCTBEHHBIX KOJeOaHWM B KOHType C compoTuBieHueM 0 Owm, ecim
UHIYKTUBHOCT, B 3TOM KOHType 12 MI'H, a emxocts 0, 88 mkx®. Kak wu3mMeHHTCS yacToTa
KoJe0aHui, eciiu MocaeI0BaTeNIbHO BKIIOYUTh B KOHTYP €II€ N TaKHUX K€ KoHJeHcaTtopa?
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22. YeMy paBeH mepro1 COOCTBEHHBIX KOJICOAHNH B KOHTYPE C HHIAYKTHBHOCTHIO 2,5 MI'H 1 eMKocThiO 1,5
MK®D? Kak u3MEeHUTCS TIepHo/1 KoJeOaHui, eClTi MapaiellbHO K KOHJIEHCATOPY MPUCOCAUHUTH emie 3
TaKuX ke KoHjieHcaropa?

23. Pe3onaHc B KoiebaTenbHOM KOHTYpe HacTynaeT mnpH 4yactore 4,2 kl'1. OnpenenuTte WHIyKTUBHOCTD
KaTyILKH, €CJIM EMKOCTh KOH/IeHcaTopa 2,2 MKD.

24. B konebaTeqbHOM KOHTYype ¢ HMHAYKTHBHOCTBIO 0,4 T'm u emxocthio 2:10° @ ammumTymHOE
3nauenue Toka 0,1 A. Kakum Oyner HampspkeHUEe B KOHJEHCATOpPE B TOT MOMEHT, KOTJla SHEpruu
JNEKTPUYECKOTO M MAarHUTHOTO ToJlieli OyayT oxuHakoBbl? KomeOaHUS KOHTypa CUHTATh
HEe3aTyXalolUMHU.

25. Onpenenuts JUIMHY BOJHBI, ecliu ee (a3oBas ckopocth 1500m/c, a yacrtora konebanuii n [,

26. Kakoit myTh npoiiaeT ¢aza BoaHoBoro apmwkeHus 3a 0,02¢, ecnu yacrora kosebanuii 2MI 1, a yirHa
BOJIHBI 150M.

27. Onpenenuth 4acTOTy U3IYUYEHHS YJIbTPA3BYKOBOT'O T€HEpaTopa, €ClM MOCHUIAEMbI UM UMITYIIBC,
conepxammii 100 BoJH, Mpo0IKAETCS N. C

28. Onpenenuth ATUHY BOJIHBI YIBTPA3BYKOBOTO I€HEPATOpa B alFOMUHUU, €CIIM YacCTOTa YJIbTPa3ByKa
3MTI 1, a ckopocTh B amoMunuu 5,1%10° m/c.

29. Panmnonepenaruuk padoraet Ha yactore 6 MI'. CkoybKO BOJIH HaxoauTcs Ha paccTossHuU 100km
10 HAIIPABJICHUIO PACIPOCTPAHCHUS paluOCUTHAIA?

Paznen 7 KBantoBas pusuka
Tema 7.1 KopnyckyJIipHO-BOJHOBOM AyaaIu3M.

IIpakTnyeckoe 3anaTue Nel8-19. Pemenne 3aga4 no reme «3akonsnl porodrddexra.
YpaBHenue JiiHIITEHHAY.

Lean padoTsl: chopMHPOBATH TOHUMAHUE POIH (PU3UKU B (OPMUPOBAHUM KPYro30pa BIIAJEHUE
OCHOBOIIOJIAralOMIMMU (PU3MUECKUMH MOHATUAMH, 3aKOHOMEPHOCTSIMH, 3aKOHAMU U TEOPUSMHU; YMEHUS
BBINOJIHATE pacyeTHbIE U rpaduuecKre 3a1a4u

MarepunanbHoe obecnieyeHue:

WHAVBUAYAJIBHOE 33JaHUE, KOHCIIEKT JIEKIIMH, CIIPABOYHbBIE MaTEpHaJIbI.

Ykazanmue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JIBYX YacT€l — TEOpEeTHYECKOW M mpaktudeckou. Ilocie
U3Y4YEHHs] TEOPETUYECKOr0 MaTepHalla MO>KHO IIPUCTYNAaTh K BBIMOJHEHHMIO MpakTHUecKod dactu. OHa
COCTOMT U3 JBYX U Oosiee 3a7ay JJIsl CaMOCTOSATEIbHOrO BbIMOIHEeHUs. He 3a0biBaiiTe 0 mpaBUIbHOM
oopminenun perienus. Ha BeImosHEHNE TPAKTUYECKOTO 3a/1aHUS] OTBOJUTCA JBa aKaJeMUUYECKHX Yaca.

3aganue:

O3HaKOMBTECH C TEOPETUUECKUMH CBEIEHUSIMU
Pemmre 3amaun, caMOCTOSITENIBHO HCIOJB3Ys MPUMEPHl U KpPaTKHUE TEOPETHYECKHE
CBEZICHHUS.

IMopsiiok BbINOJIHEHUS PAOOTHI:

W3yunrte 1 BeIMUIUTE GOPMYJIBI IO TAHHOM TeMe B BUJE KPAaTKOIO KOHCIIEKTa
Pazbepute nprMepsl pEIICHHBIX 3a/1a4

Pemute caMmocTosATeNbHO 3a/1a91

Bemmonmuute  Tect  https://znanium.com/catalog/product/1012153, ctp 346
«Doroadpdext. Dopmyna [Tnankar

b=

KpaTtkue TeopeTnueckue cBeleHUs
Yacrtr 1

DHeprust KXo MOpIMHK MPSIMO PONOPLHOHATBHA YacToTe n3imyueHus — v. E=hv [JIx],
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rae h — nocrosHHas [lnanka, i = 6,63-107 [Ix-c].
HOFHOTI/ITBCH MOXET BCA HOpHI/Iﬂ IICIIUKOM.

DOHeprus cBera AV WAET Ha COBEpIICHHE DPAOOTHI BBIXOJA As M Ha COOOILEHUE DJIEKTPOHY

2 2 2

o muvo muo muo
KUHETUYECKOU SHEPIUU — . hv=A4,+ ; =E..
2 2

Hns xaxmoro BemecTtBa (oTodPdeKkT HaOMOAAaeTCs, €CIM 4YacToTa V > Vuin = hv > A.

. . A
[IpenenbHyI0 4acTOTY Vipin WIN Amax HA3BIBAIOT KpacHOU rpaHuiieil horoadpdexra. Vi, =« ,rne As —
h

pabora BeIxoja snexTpona [[x]. 1B = 1,6-10"° xc.

®oTOH 00J1a]1a€T MOPLUUEH SHEPTUH: F — he _ hv,Tae v—uyacrota [['1];
A

h — nocrostaHas [Tnanka, 6,63-1074 [Ix-c].
hv

~, TJIe ¢ — CKOPOCTH CBETa, c=3-10% m/c.
C

Macca q)OTOHa OIIPCACIACTCA: 5 =

®DOTOH HE HMMEET MAacChl MOKOS, T.€. HE CYHIECTBYET B COCTOSHHH TOKOs. Mmmynabc (oToHa
hv h
OIpeesAeTCs: p:mc:—:z
c

IIpumenenne poroddpdexra

CBolicTBO ()OTOTOKA 3aKIHOYAETCA B TOM, YTO €r0 CHJIa MPSIMO MPOINOPLHUOHAIbHA MOTJIOIIEHHON
SHEPIUM CBETa, HAaXOAUT NpPUMEHEHHe B MNpHOopax-(hOTO’IEMEHTaX, B KOTOPBIX OSHEPrHs CBeTa
YIPaBIISET SHEPTUEN ANEKTPUUYECKOro TOKa WM IIpeodpas3yeTcs B Hee.

PazHooOpazHoe NpUMEHEeHHe HaXOOUT BHYTpPEeHHUH ¢(oTo3ddekr B moaympoBoJHUKAX. ITO
SIBJIGHUE UCTIOJIb3yETCS:

1) B poTOCONPOTUBICHUSAX — MPUOOPAX, COMPOTHBIIEHNE KOTOPBIX 3aBUCUT OT OCBEILIEHHOCTH;

2) B TOJYNpPOBOJHUKAX — Mpubopax, MNpeoOpa3yloIUX CBETOBYIO BSHEPIUI0 B HHEPrHUIO
3JIEKTpUUYecKoro Toka. Takue npuOOpbl choykaT HUCTOYHMKaMHU Toka. CyliecTBYIOT —sBJICHHUS,
00BsICHSIEMbIE KBAHTOBBIMHU CBOMCTBAMU U3TyUYEHHUS.

1. /lasnenue ceéema. IlepBble onbIThl ObUM Mpojenansl B 1900 r. pycckuMm ¢uzukom JleGeneBbim
I1.H. Beruucnenust MakcBemnia moka3ainy, 4TO Ha 3€MJI€ COJTHEYHBIN CBET JAaBUT Ha KBAAPATHBIN METpP
4epHOI MOBEPXHOCTH, PACTIONOKEHHO MepIeHMKYIISPHO TydaM ¢ cuiloi 4,5-10°° H.

2. Tennosoe Oeticmsue ceema. Ilpu TIOTJIONIEHUW W3IYYEHUS TEJIOM BCET/Ia TMPOUCXOJUT
IIPEBPALIEHUE SHEPTUU U3TYyUYEHHS BO BHYTPEHHIOIO SHEPTHUIO TEa.

CoJiHeUHbIE JIy4U TPUHOCAT €xkeceKyHAHO 1370 [k sHepruM Ha KaKIbld KBAJPATHBIA METP
MIOTNIEPEYHOI0 CEYEHUS 3EMIIN.

3. Xumuueckoe Oevicmgue ceema. XWUMHUUYECKHE TMPOIECCHI, MPOUCXOANINE TOJ JCHCTBHEM
U3IY4YeHUs, UMEIOT O0JbIIOe 3HaUeHHE B IPUPO/IE, HAyKe U TEXHUKE:

— (orocunTes;
— CIIOCOOCTBYIOT BO3HHMKHOBEHMIO 3pUTEIBHOTO OMIYIIEHUS Y YeJNOBeKa H
KUBOTHBIX U JAIOT BO3MOXHOCTb Pa3jInyaTh 1IBETA;

— nosyuenue portorpadpum.

XUMHUYECKOE IEHCTBHE U3TYyUYEHUs OYCHBb XOPOIIO 0OBSICHACTCS KBAHTOBOM TEOpHUEH CBeTa.

[Tornomenue GOTOHOB yBETUUNBACT SHEPTHIO MOJICKYJI [JTIPOUCXOIAT XMMUYECKHUE TPOLIECCHI.

IIpuMepsl pemieHus 3a1a4
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1. Ompenenute MaKCUMallbHYI0 CKOPOCTh BBUIETa D3JEKTPOHOB U3 Kanus, paboTa BbIXOAA

3JIEKTPOHOB M3 KOTOPOro paBHa 2,26 5B, mpu ocBemeHHH ero yJibTpaduoIeTOBBIM H3IYyYCHHEM C
nuHo# BoaHbl 200 HM. Macca 351eKTpoHa 9,1-10°! kr.

Hano:
A =200 am CH
PeweHune:

As=12,26 3B 200-1j0

—9,1-103 kr  2,26-1,6-10""° Tx M3 ypaBHEHMA DMHLITENHA ANA BHELIHETO
m- ) > b
c=3-10%w/c doToadpdekTa:
h =

Otset: v = 1,18-10° m/c.

34
6,62:10%* k- G, om0
v—7? A 2 Am,

_ [2(3:10°-6,62:10* —2.107}2,26-1,6-10"°) 7\/(19,& ~7,232)-10

=1,18-10° %
C

2107 -9,1- 10" 9,1-107®

Pemnth 3aga4m caMOCTOSITEIbHO

(n - HOMep 8auie20 apuaHma No CNUCKY)

Yoo

11.
12.
13.
14.

15.

16.

17.

Pabora BeIx0/1a 37EKTPOHOB y OKcuaa Meau 5,15 3B. BeoBer 1 Gporoaddext ynprpaduoieroBoe
usnydenue ¢ yactoroit 0,01-10'7 T'n?

PabGoTa BHIXOJa BJIEKTPOHA C TIOBEPXHOCTH He3us pasHa 1,6-107"° JIx. C kakolf CKOpPOCTBIO
BBUIETAIOT SIEKTPOHBI U3 LE3Hs, €CIU METaJll OCBEILIEH KEJIThIM CBETOM ¢ JUIMHOM BoHbl 0,6-107°
M; me =9,1-1073! xr?

Haiinurte Maccy 1 uMITysbe (OTOHOB ist MHppakpacHbIX (v=10"2T1) u pentrenosckux (v=10" ')
JIy4en.

Haiigure nnuHy m 4yacToTy M3iaydyeHHs, Macca (DOTOHOB KOTOPOIO paBHAa Macce MOKOsS 3JIEKTPOHa
(me =9,1-103! xr).

KaxoB ummyibsc GOTOHa, SHeprus KOToporo pasHa 6-1071% JIx?

OnpeieuTe UMIYIbC GOTOHOB PEHTIEHOBCKUX Iydeit A = 410711 m.

Kakosa mMacca (oToHa, ecl ero sHeprus pasna 2,76-107" Tx.

DHeprus KBaHTa cBeTa paBHa 1,98-1072!. Kakoe 710 u3nydenue?

Omnpenenure sHeprur0 (OTOHOB, COOTBETCTBYIOIIUX HambOojee MAMUHHBIM (A = 0,76 MKM) u
Haunbonee KopoTkuM (A = 0,4 MKM) BOJTHAM BUAMMOM 4acTH CIIEKTpa.

. Kakoit dacToTel cBeT CIICAYyCT HalpaBUTb Ha IMOBCPXHOCTH IIJIATHHBI, 4TO0BI MaKCHUMAaJIbHast

CKOpOCTh (hOTOIIEKTPOHOB ObljIa paBHA N KM/C pabOTOM BbIX0J1a JUIs IJIaTUHBI paBHA 6,3 5B?
[Touemy nosiBnenue Gororpapuueckiux CHUMKOB POU3BOAUTCS IIPH KPAaCHOM cBeTe?

MoxHo 51 ¢ororpadupoBaTh NpeIMEThH B COBEPIICHHO TEMHOW KOMHATE?

Onpenenvte UMITYJILC (POTOHA BUAMMOTO CBETA € JTMHOM BOTHBI S00 HM.

Omnpenenurte JIMHY BOJHBI (POTOHA, UMITYJIHC KOTOPOT'O PAaBEH UMITYJIbCY 3JIEKTPOHA, IPOJIETEBIIETO
YCKOPSIOIIYIO Pa3HOCTh NOTEHIMANOB n B.

Omnpenenute SHEPrUIO M3IIyYeHHs], Macca (POTOHOB KOTOPOTO paBHA Macce MOKOs AJIEKTPOHA Me =
9,1-:10°" kr.

Beraucnaure snepruto porona Bumumoro cera A = 0,4 MKM U cpaBHHUTE €€ ¢ dHepruen (oroHa
yIbTPaduOIECTOBOTO U3MyUYeHUs KBapIeBO# Jamnbl A = 0,25 MKM.

Ipu KaKoii JIMHE SIeKTPOMArHUTHON BOJIHBI SHeprus GoToHa 6biia 661 paBHa 2,8-1071 Tx?
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18. Ompenenute paboTy BBIXO/A DJICKTPOHA C MOBEPXHOCTH IIMHKA, €CIM HAWOOJbIIAs JJIMHA BOJIHBI
¢dorona, Be3bIBatomas porodddext — 0,3 MKM.

19. KakoBa MakcumalibHasi CKOPOCTh (POTOIIICKTPOHOB, €CiIH (POTOTOK MPEKpanaeTcsi Ipy 3aluparoiieM
nanpsxennu 0,6 B (me =9,1-103! kr; & = 1,6-10"° Kir)?

20. Onpenenure KpacHyto rpanuity Gorodddexra ais Metaia ¢ paboToi Beixoaa n 3B.

Yacrsp 2
Tema 7.2 CTpoenune aToma
«3anuch siAepHbIX peakuuii. CTpoeHHe aTOMOB M aTOMHBIX sijiep. 3aKOH PaIMOAKTHBHOIO
pacnaga».

Ilopsinok BbINOJHEHHs padOTHI:
N3yunre KpaTkue TEOPETUUECKUE CBEICHUS
PazbepuTe npuMepsl penIeHHbIX 3a/1a4
Pemnre camocTosITeNnbHO 3a1aun
Bemmomaute  Tect  https://znanium.com/catalog/product/1012153, crtp 347
«CTpoeHnne aTroma u OIpe/ieJIieHHe ero cocTaBa 1o tabnuie MennaeneeBay», cTp 349,
« Slnepnas peakuusa. YpaBHEHHE SINEPHOM peakuun», «PaaroakTUBHOCTB.
SnepHbie CHIIBD K YKa3aHHBIM Haparpadam

=

Kparkue TeopeTuueckue cBeeHHs

[Tpu pannoakTMBHOM pacmajie MPOUCXOIMT MPEBPAILCHNE OJHOTO S/Ipa B IPYroe, KOTOPOE MOTIHHSACTCS
npaBujiaM cMenieHus1, chopmyiupoBaHHbIME CoIu:

1. o-pacnan: X —/ Y+, He — U3IydeHue ajiep Teus.

2. B-pacman: /x—, v+ ¢ —HU3JIydeHHE DJIEKTPOHA.

CtpoeHue aTOMHOTO siipa

IIpomonno-neumponnas mooens amoma — SAPO COCTOUT U3 HEUTPOHOB U TNPOTOHOB, BOKPYT IO
opOuTaM BpamaroTcs 31eKTpoHbl. O0Iee Ha3BaHNUE TPOTOHOB M HEUTPOHOB — HYKJIOHDL.
IIpomon (p) MeeT NMONOKUTENbHBINA 3apsi/l, PaBHBINA 3apsily IEKTpPOHA U Maccy Hokos mp, = 1,6726-10°
27 kr.
Heiimpon (n) — HeliTpanbHas yacTHIA ¢ Maccoil okost m, = 1,6749-107%7 kr.
Maccosoe uucno A — ob1iee 4nuCiIo HyKJIOHOB B aTOMHOM $Si/Ipe, T.€. CyMMa HEUTPOHOB U MPOTOHOB.
3apsadosoe yucio Z — 9UCIO MPOTOHOB B SAPE, COBIANAIOIIEE C MOPSIKOBBIM HOMEPOM XHMHUYECKOTO
3JIEMEHTa B IEPUOJUUECKON CUCTEME 2JIEMEHTOB MeH ierneeBa.

ATOM XUMHYECKOTO JIIEMEHTA 0003HA4AIOT | X .

235
92

4HCII0, KOTOpO€E paBHO 235. N — npoToHOB, T.6. N =4 —Z = N=235-92=143. 4 =Z+ N

Aoepnvie cunvl — CUIbI, KOTOPBIMHU HYKJIOHBI YJIEp>KUBatoTCA B aape. UToObI pa3ienuTh a1po Ha
COCTABIISAIOLINE HYKJIIOHBI HEOOXOIMMO 3aTPaTUTh OOJIBLIYIO SHEPTUIO — OHEP2UIO ATNOMHBIX A0€ep —
paboTa, KOTOPYIO HEOOXOMMO COBEPIINTS IS Pa3eNeHus Apa Ha HyKIOHbL E. = Amc’ rne Am =
Zmp + N-mu — Myopa — 1€PEKT Macchl.

Onepeemuueckum 6bIx000M SIIEPHOIN peakIMM Ha3bIBAIOT PA3HOCTh YHEPTUI TIOKOS sI€p U YACTHIL 10
peakuuu u nocie Hee, To ecTh:AE = (Zm; - Zm;)-c?,

rze Xmj — CyMMa Macc 4acTUll 10 PEaKIHH;

2m; — CyMMa Macc 4acTHI] I10CJIE PEAKIUH.

Ecnmn 2m;>2m;, TO peakuys UAET ¢ BBIICICHUEM 3HEPIUH, €CIIM XM <Xm;, TO PEaKLUs UIET C
MOTJIOIEHUEM YHEPTUU.

Hanpumep, °>U , B KOTOPOM COAEPKUTCA Z — MPOTOHOB M AJIEKTPOHOB, T.6. Z = 92 u A — MaccoBoe
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Hoepras peaxyust — IPEBPAIIEHIE ATOMHBIX €D NPU B3AUMOJIEHCTBHH C HJIEMEHTAPHBIMA YaCTUIIAMA.
SnepHbIe peakiuK MPOTEKAIOT MO-PA3HOMY, T.€. C UCITyCKAHMEM Pa3IMYHbIX YACTHUIL:
.Bet+ He—"C+,n

b
3aKOH COXpanenus dNeKmpUYeckux 3apsio008 U MACCOBbIX Yucel: CyMMa 3apsiI0B (MacCOBbIX YUCeN) sep
¥l YaCTHII, BCTYTIAIOIIMX B SIEPHYIO PEAKIUIO, PaBHA CyMME 3apsA0B (MACCOBBIX YMCEN) KOHEUHBIX

27 1 24 4
IIPOAYKTOB (si7ep U yacTul) peakuuu. Hanpumep: 3 Al+,n—> Na+,H €.
Z (no peaknun) = 13 +0 Z (nocne peakiun) = 11 + 2
A (no peakuun) =27 + 1 A (nocne peakuun) =24 + 4

IIpuMepsI penieHus 3a1a4
1. Kyna cMemaercst moJrydeHHBIN 3JIEMEHT B TaOsuile MeHieneeBa B pe3ysbTaTe AT o-pacnagoB?
- apy,. 2 - - - *He, T.K. UX 5=
]_'[aHo, 41X —5'He+'Y | 0-pacnag, — 570 NOTOK AAep reas — *fle, T.K. UX

Z(S:He) = 52 = 10 — 3apag; A(S:He) = 5.4 = 20 — maccoBoe

OTBeT: 2neMeHT Y OTHOCUTENBHO X CMEIaeTcs Ha JeCsTh KJIETOK K Hadally TaOJIUIIbL.
5. 3aKOHYMTE ANECPHYIO PEAKLUIO: ''B+ 0 — 7+]Li .

[To 3akoHy coxpaHeHus 3apsjia U MacChI:

10 peakuuu Z =5 + 0; mocine peakiuu Z =5 -3 =2;

1o peakuu A = 10 + 1; mocne peakuuu 4 = 11 —7 =4,

[lonydaercst 371eMEHT € 3apsJI0M 10 peakuuu Z =2 u Maccoi 4 =4 — ‘He-

OTBET: " B+'n—>*He+ILi -

1. Onpedenume snepeemuueckuti 8bIX00 s10EPHOU peaxKyull
“N,+*He,=""0,+'H,

1 cnoco6

1) onpedenumov maccy sopa u uacmuy ml 0o peaxkyutl
2) onpedenums maccy s0pa u yacmuy m2 nocie peakyuil
3) onpedenums usmenenue maccol m ml m?2

)
E=m*c"
4) faccqumamb U3MeHeHUe SHePIUU:
A

1 =1400307 4 o 1m+4.00260 a.e.m.==18,00567 a.e.m.
n[]CHC pCﬂKl.LHEi:

M;=16,99913 a.e.m.+1,00783 a.e.m.=18,00696 a.e.m.
m="1""=_000129 a. e. m.

DHeprus nornomaerces, T.K. m < ()
E=(-0,00129)*931 M»B =-12 M>B.

2 cnocod

Nano: Pewenue:

E, =104,653 M>B DHepris CBA3M PaBHA HYJIO, TTOITOMY
E,=282937 E=E,-(E, +E,

E,=13L754 M>B E= 131,754 MaB —(104,653+28,2937)MsB= -1,2M>B
E-? Omgem: 1,2 M3B

Pemuth 321241 caMOCTOATEILHO
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10.

11.
12.

13.

14.

15.

16.
17.

KakoBo ctpoenue spa aToMoB: 6opa B ; OEpUILIUS °Be; a30Ta ' N ; ATFOMUHUS 4/ 7

YeMm oTinmyarorcs sigpa U30TOMOB BOAOpOAA 'H,’H, H ? Kak oHH Ha3pIBaroTCsa?

Kyna cmemaercst anemenT Y B pe3yibTaTe o-, B-pacnajaa B Tadbnuiie Menaeneena?

a) 1x 3% tY; 0) ‘X —>'He t % +Y,;

B) ‘X —>2'He +3 ' +Y; ) ‘x—>*Het3'e+Y.

ITpu GomOapaupOBKe M30TONA a30Ta ' HEUTPOHAMH IOJIYYaTcsi U30TOI yriepoja 'c, KOTOPbIA

OKa3bIBaeTcs -paquoakTUBHBIM. Hanumunte ypaBHEHUS sIIEPHBIX peakLuil.

B pesynbrare 3axBara HEUTPOHA SAPOM M30TOIA A30Ta 'V OOPA3yeTCs HEM3BECTHBIN DIIEMEHT U OL-
yacTuua. Hanummure peakiuio U onpeneanTe HEM3BECTHBINA JJIEMEHT.

Haiigure nmponykr peakuuu npu 60MOapAMPOBKE AP M30TONA MArHUs *)fg O-4aCTHLAMH, ECIH
WU3BECTHO, YTO B 3TOW PEAKLUU BBIJCISIIOTCS HEUTPOHBI.

3anuiuTe CXeMy SIEPHOM peakluu U ONpeAeauTe HEU3BECTHBIM 3JIEMEHT, oOpasyroluiics npu
0OMOApIMPOBKE SIEP WU30TOIOB ATOMHUHHS 2 4] O.-4aCTHULIAMH, €CJIM U3BECTHO, YTO OJUH U3
IIPOYKTOB PEaKIIMU HEUTPOH.

DJIEMEHT Kyp4yaTOBUH MOJMy4YMIH, O0Jy4as IUIyTOHMH 22p, sOpaMu HEOHA > Ne. Hamuiuwure

pEeaxIuio, eClivi U3BECTHO, YTO B Pe3yJIbTaTe 00pa3yeTcs ellle YeThIpe HEHTpoHa.
Harmmmre HemocTarome 0003HAYECHHS B CIICTYOIIHX SICPHBIX PEAKIIUX:

a) 7 Al+'n — ?+:He; 0) 7+ H—=Na+:He;
B) “Mn+?— Fe+!n; T) TAl+y—*Mg+7?;
1) “B+ln—?+as €) Mn+'p —?+!n;
K) ILi+ He —?+ He;  3) *H +y —?+!n-

[IporakTiHui ' Py O-paguoakTuBeH. ONpenennTe, KaKOi JJIEMEHT MOYyYaeTCsi C MOMOLIBIO 3TOTO
pacniaga?

B kako# 5JeMeHT IIpeBpaNaeTes *?¢ Mmocje AByX -pacnajioB U OHOTO o-pacmaa?

Slnpo m3oToma BUCMyTa *°RB; MOJYYHIIOCH U3 PYIOro sjpa Mmocie o-pacnana u B-pacnana. Yro sto
3a s1po?

B pesynbrate 3axBaTa O.-4aCTHUIBI AAPOM M30TOMNA a30Ta '*N 00pasyeTcss HEU3BECTHBINH JIIEMEHT U

npoToH. HamummumTe peakiuio u onpeneauTe HEU3BECTHBIN SJIEMEHT.

Bo3moxHa M peakmMs, NPOUCXOAAIAs MPH OOMOApIUPOBKE ATIOMUHHUS O-YacTUIIAMU H
COTIPOBOX/TAFOIIYIOCS BEHIOMBAHUEM HEUTPOHOB, €CIIM B PE3YyJIbTATE IMOIYUYaETCs PO KPEMHUS C
MaccoBbIM unciiom 307

Ilpu menennu sipa 25y BBIICTSAETCS SHEPIUSL 3,2-10"'! JIx (200 M»B). Paccuuraiite sHepruio,

KOTOpasi BBIACIUTCS IIPU CTOPAaHUH YpaHa KOJIUYECTBOM BEIlECTBA | MOJIb.
Onpezienire SHEPrUIO, BHIAEIAIOIIYIOCSA B XO/I€ TEPMOSIIEPHOM PEAKInK 'H +’H —*He .

3 3
H3zoTon remnus zHe MMoJIy4acTCsa B PE3YJIbTATC 60M6apﬂ1/1p0131<1/1 AACP TPUTHUA 1H IMpOTOHAMMU.

HaitauTe sHEepreTnyeckuii BBIXOI 3TOW PEaKIUH.

JlaGoparopHbie padoThI
Tema 2.1 KunemaTuka
JlabopaTopHnoe 3ansiTe Nel «OnpeneneHue NVIOTHOCTH Tesla Pa3JInYHOM (GopMBbI»

]_[e.m,: SKCHepI/IMeHTaHBHO ONpCACIIMTL IMIIOTHOCTHU KXKUJAKOCTH U TBEPAOTO TCJIA.
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P62,

BoinosiHeHne padoThl cnocodcTBYeT (PDOPMHUPOBAHUIO:
[1P66, ITP6S, T1Py1, I1Py13, I1Py3, ITPy5, Ilpy7, [IPyS, I1Py10, ITPy12, T1P610, Ilpy2, [TPy12,

T1P610, MP3, MP5, MP15, MP23, JIP26, , MP28, MP31, MP32, MP33, MP34, MP37, MP44, MP47,
MP48, MP54, MP55, MP 56, MP 43, JIP34, JIP32,

MarepuasibHoe o0ecnieyeHue:
BEChI C pa3HOBECAMH; JTUHEHKA MaciITa0Has; IMTaHTCHIMPKYJIb, MEH3ypKa; BEIIECTBO, IJIOTHOCTh

KOTOPOI'0 HY>KHO OIIPEACINUTD.

NN EhE WD =

8.

3aganue:

1. O3HaKOMbBTECH C TEOPETUUECKUM MAaTEPHAJIOM IO TEME.
2. OnpenenuTe Maccy U 00bEM HCCIICTyeMOTO BEIIECTRA.
3. BeIYKCIUTE IJIOTHOCTH BEIECTBA.

4. CocTaBbTe OTUET I10 JIJAOOPATOPHOU padoTe.

ITopsinok BbINOJIHEHUs PadoOThI:
O3HaKOMBTECH C TEOPETUYECKUM MATEPUAIIOM 110 JaHHOU TEME.
Omnpeaenurte IIOTHOCTb TBEPOIO TeNA.
BoruncnuTe aOCOMIOTHYIO M OTHOCUTEIBHYIO ITOIPEIIHOCTH U3MEPEHUH.
Jlannble 3anecute B Tabnuiry Nel
Omnpenenure UeHy JEJIEHUS MEH3YPKH.
Omnpenenure IIOTHOCTb BOJIbI HEOOXOAUMO.
Boruncnute aOCOMOTHYIO M OTHOCUTEIBHYIO MTOTPEIIHOCTH U3MEPEHUIN
PesynbraTsl onbita 3aHecuTe B TaOIUITyNe2.
OTBeThTE Ha KOHTPOJIbHBIE BOIIPOCHI:

KOHTpOHbHBIe BOIIPOCHI

1.

1. W3 AByX pa3HbIX METAIJIOB M3rOTOBJIEHbI OJIMHAKOBHIE IO pa3MepaM KyOuku. B3emmBanue
MOKa3ajo, YTO Macca OJHOT0 KyOuka Ooiblie Macchl pyroro B 2 pasa. OJuHaKoBa Ju
IUIOTHOCTH MeTaiu1a? Eciu HeT, TO BO CKOJIBKO pa3 OTINYAIOTCS TNIOTHOCTHU?

2. Tpu peranu — MemHasi, )KeJe3Has U aJIOMHHHEBas — MMEIOT OJMHAKOBbIe 00bEMBI. Kakas

JieTalb UMEeeT HaUMEHBLIYI0 Maccy, Kakas Hauooublryto? ITycToT B neTansix Her.

Kycok Meranna o6bemoM 150 cm® umeer maccy 750 r. OnpesienuTe MIOTHOCTh MaTepHana.

4. Ha yamku ypaBHOBEIIEHHBIX BECOB ITOCTaBJIEHBI OJMHAKOBbIE cTakaHbl. [locie Toro, Kak B
OJIMH CTaKaH HAJWJIA MOJIOKO, a B JIPYIOH — TOJCOJHEYHOE Maclio, paBHOBECHE BECOB HE
Hapymuiock. O0bEM Kakol U3 KUIKOCTEH OobIie?

5. 3amomHUTE OTYET MO JJabopaTOPHON paboTe COrIacHO TPEOOBAHUSIM.

[99)

Xoa padoTsI:
Yacrsp 1. [l onpenienenus INIOTHOCTH TBEPAOTO Tejla BEIUUCIUTE €0 00BEM.
O0BeM MpsIMOYTOJILHOTO MapauieienuIeaa BbiuucauTe no gopmyne: V=a-b-h,

rJie a — JJIMHA, M; b — mupuHa, M; h — BeicoTa, M.

2.

h

3.

oW A

O6beM IMIMHPA BEIYUCITUTE 1O (hopMyIe: 4

— BBICOTA IWJIMHJIPA, M; d — €eT0 AnaMeTp, M.

Ecnu TBepmoe Teno mMmeeT HENpaBWIBHYIO (DOpMY, TO €ro 00beM ONpeIeNuTe C MOMOIIBIO
MEH3YpKH, B KOTOPYIO OH MOKET OBITh IOIPYKEH.

ypaBHOBerTe BCChI UCITOJIb3YS IpaBHJia B3BCIIHMBAHUA.

Onpenenure Maccy Tena.
[To popmyne p=m/v BBIYUCIUTE TNIOTHOCTH TBEPJOTO TENA.
Pe3ynbrarel uamepenuii 3anecute B Tabnuiry Nel u ciemaiTe BEIYUCICHUS
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Tabmuia Nel. Pe3ynbTaTsl H3MEpeHHiA.

Ne Bemec | mmpu | niuuHa | BeICOT | 06%éM, | Macca | MIOTHOCTH pTab| 4p o
TBO Ha. ,b(m) | a, V( pup(kr/m3)
au) hw) |“ | mxr)

Yacrp Ne2. /[t onpeneneHust I0THOCTH BOJbI HEOOXOUMO:

1. HaiiTu mMaccy Tapbl, B KOTOPYIO HY’KHO ITIOMECTUTb BOJAY M OINPENENIUTh MacCy BOJbI 0e3
Tapsbl.

2. OrmpenenuTe LeHY JeJ€HUsI MEH3YPKU U HalliuTe 00beM B3BELICHHOM KUAKOCTH (BOJIBI).

3. PesynbraThl onbiTa 3aHeCUTE B TaOnuIly Ne2.

Tabmuma Ne2. Pe3ynbpTaThl u3MepeHuit

No | Bemectso | macca Tapsl , Macca 00BEM, MJIOTHOCTb pTab o
m1(xr) xuakoct | V(M3) pup(kr/
" M3)
m2(Kr)

JlaGopaTopHoe 3ansitue No2.,

«IIpoBepka 3aK0HA COXPAHEHHS MEXAHMYECKON IHEPIUH NPH IBHKCHHUH TeJIAa MO/
AelicTBHEM CHJI THAKECTH M YIIPYTOCTID).

Lesas paGoTbl: HaOMIOAATh ABWKEHHE Tella MO JISHCTBUEM CHJI TSDKECTH U YIIPYTOCTH; CIENIaTh BBIBOJ
O BBIIIOJIHCHUM 3aKOHA COXPAHEHMs IIOJHOM MEXaHUYECKOM DHEpPruH; INPOBEPUTH CIIPABEIIUBOCTH
3akoHa ['yka, yOeaMTbcsi, YTO CHJIa YNPYTrOCTH TNPONOPLUOHAIBHA Macce Harpys3k, OMNpeAeTIHTb
KECTKOCTb MPYKUHBI.

Brinosinenue padorsl cnocod6cTByeT GOPMHUPOBAHMIO:

[1P62, ITP66, ITPGS, I1Py3, Ilpy7, I1Py8, T1Py10, [TPy12, TIP610, Ilpy2, [TPy12, ITP610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32,

MarepuanbHoe obecneuenue: HaGop mo mexanuke (Xumiabo): mratuB ¢ MypTamu JIalKoH,
Ha0Op CHUPATBHBIX MPYXKUH, AUHAMOMETP, Habop rpy30B Maccoit 100 r, TuHElKa ¢ MUJUTMMETPOBBIMU
ACIICHUSMU.

Ilopsinok BbINOJIHEHHUS PA0OTHI:

Teopus: Ilon medopmarmeld MOHUMAOT U3MEHEHHE oObeMa Wiu (POPMBI Tella MoJ JACHCTBHUEM
BHCIIIHUX CHII. HpI/I HU3MCHCHUHN PACCTOAHUSA MCKAY YaCTUIIaMH BCIICCTBA (aTOMaMI/I, MOJICKYJIaMU,
MOHAMHM) U3MEHSIOTCS CHJIbI B3aUMOJICUCTBUS Mex Ay HUMU. [Ipu yBennueHnn pacCTOSHUS PAaCTyT CHIIbI
NPUTSOKCHUA, a NOpHU YMCHBIICHUW — CHJIbI OTTAJIKMBAHUA, KOTOPLIC CTPCMATCA BCPHYTHL TCJIO B
UCXOAHbIE cOCTOsIHMS. [loaTOMYy CHIIBI yHpPYyrocTH HMEIOT 3JIEKTPOMarHUTHyIo mpupoay. Cuna
YOPYroCT BCCrja HAIIPpaBJICHA K IMOJOXCHUIO PABHOBCCHUA U CTPECMUTCA BCPHYTH TCJIO B HCXOIHOC
cocrostHue. Cuiia ynpyrocty npsiMmo IponopiyuoHaabHa a0COMIOTHOMY yAJUHEHHIO Tela.
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3akon I'yka: Cwia ynpyroctd, BO3HUKAOIIAs Mpu 1edopmaiuy Tesa, mpsMo MponopiroHaIbHa
€ro YJUIMHEHHIO (CKATHIO0) M HalpaBlieHA MPOTUBOIIOJIOXKHO IEPEMEUICHUI0 YacTHUI] Tejla Mpu

nedopmaru

Fynp=kAx, rae k-koaddunment xecrokoctu [k] = %, Ax=AL — MoayJnb yJIMHEHUS TEJa.

KoaddunmenT sx€cTKOCTH 3aBUCUT OT GOPMBI U Pa3MEPOB Tella, a TAK)Ke OT MaTepHara.

BHUMAHUE!

Bo uzbescanue mpaem u nospercoenuro o60pyoosanus, He Oonyckaiime nadenus zpysa!

OnbiT 1 Onpenesnienne ko3¢ puumeHTa KeCTKOCTH NPYKUHBI

Iopsinok BbINOJIHEHHUS PA0OTHI:
1.3akpenuTb TMHAMOMETp B LLITATHUBE.

T U ) 1 U T T 1 1
20 30 40 50 60 70 80 90100]
(B8 R N e 6 o o s
10 20 30 40 50 60 70 80 90100
T ppe PPy
10 20 30 40 50 60 70 80 90100
U T ) 1 T 1 ) L) 1
10 20 30 40 50 60 70 80 90100’

I o E
e =i
1. M3mepuTh JIMHEWKON NMEPBOHAYAIBHYIO JIMHY NPYKUHBI
2. llonsecuts rpy3, maccoit 100 r.
3. W3meputs nuHeMkol ;uyMHy nedopmupoBaHHON pykuHbI L. OnpeaenuTs NorpenHocTh
usmepenus anuHbl: Ax=0,5 nen*Cl1, rne C1 — nena neneHus TMHEHKH
4. BpluuCIUTh yAJIMHEHHUE NPY)KUHBI Ax = AL = x — X
5. Ha nokosmuiics OTHOCUTENBHO NPYKUHBI IPY3 JEUCTBYIOT JBE KOMIIEHCUPYIOIINE APYT
Jpyra CWIBL: TSKECTH U ynpyroctu Fr = Fynp , BeraucnuTs cuity ynpyrocTy 1o
dbopmyne, Fynp = mg. a Fr --BeIYUCIsIEM C TTOMOIIBIO TUHaMoMeTpa. OnpenenuThb
norpemHocTs cunsl:AF = Fynp — Fr
6. Ilogsecuts rpy3 maccoit 200 T ¥ TOBTOPUTH ONBIT IO MTyHKTaM 4-6.
7. Ilogsecuts rpy3 maccoit 300 T 1 TOBTOPUTH ONBIT IO MMyHKTaM 4-6.
8. PesynbraThl 3aHecTH B Ta0nMIy 1.
9. Boruucnure k03 HUIMEHT KECTKOCTU TPYKUHBI TS Kaskaoro usmepenus K = Fynp/Ax
¥ 3aNMIIKTE B TabJuily 91U 3HaueHus. Onpenenure cpeanee 3Hauenus K,
10. BoiOpaTh cucteMy KOOpJMHAT U MOCTPOUTH IpahK 3aBUCUMOCTH CUJIBI YIIPYroCTH Fymp
oT K03(PHUIIMEHTA KECTKOCTH K.
Tabmuna 1
No Macca, Hawampn  Koneunass AOcomotHoe Cuta Koappumn  Cpennee
n/n m(Kr) asg AuHA, JUIMHA, L,  yAJIUHEHHE YOPYTOCTH €HT 3HAUEHUE
Ly (M) Ax; = AL =, x€ctkoctH, , K¢
1
2
3
Borunciaenus:
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1 onbIT:

Ax = AL = x — xo=

Fynp =mg = Fr

K = Fynp/Ax

K,=(Ky + K; + K3)/3

2 ombIT:

3 onbIT: MIOBTOPHUTH BBIUUCIICHUSI.
I'padux:

BeiBOI:

KOHTpOJILHbIe BOITIPOCHI:

Kakyro nedopmariinio Ha3bIBAIOT yIIPYToit?

Ot yero 3aBHCUT KO (HUITUEHT KECTKOCTH?

Yro npencTasiseT co00il rpaduk 3aBUCUMOCTH CUJIBI YIPYTOCTH M KO3 GUIMEHTA )KECTKOCTH?
B kakux npeznenax crnpaseniauB 3akoH ['yka?

Jli1s1 J1:000T0 JIM KOJIMYECTBa Ipy30B OyA€T BBIIOIHATHCA MpsIMasi IPONOpLUOHATIbHAS
3aBHCUMOCTB MEXIY CUJION YIpyrocTu u yamHenuem? (OTBeT 000CHY#TE).

Nk W=

OnbiT 2 IIpoBepka 3aK0OHA COXPAHEHHUS MEeXAHMYECKO IHEPIruy NPH ABMKEHUH TeJIa MO
AeHCTBHEM CHJI TSKECTH U YIPYTOCTH

Ilopsinok BbINOJHEHHs PpadOTHI:
1) 3akpenuTe TMHAMOMETpP BEPTUKAJIBHO C MOMOILIBIO MTaTuBa. [loBECkTE K Ipy3 K JUHAMOMETDY .
2) [lopnepxuBas rpy3 Jal0HbIO, YCTAHOBUTE yKa3aTesb MPY>KUHbBI HA HYJIEBOE JIeJICHHE JTUHAMOMETpA.
3) YOepure naJoHb M MOCTApalTeCh 3aMETUTh JelIeHHE Ha IIKaje TUHAMOMETpa, O KOTOpOTro
MaKCHMaJIbHO OTKJIOHSIETCS yKa3aTelb MPYXHUHBI IPU MajeHuu rpysa. [Ipy HeoOXxoaumMocTu noBTOpUTe
OIIBIT HECKOJIBKO Pas.
4) U3mepbTe TMHEWKON yJUIMHEHNE IPYKUHBI IO LIKajle JUHAMOMETpA.
5) W3mepbTe TUHEHKON yNTMHEHHE MPY)UHBI Al 110 1IKaIe THHAMOMETpA.
6) Bricora magenust rpy3a h paBHa ymmuaenuto npyxxunast Al . TloreHnuansaas sueprus rpysa E1 npu
MaJeHUH NIEPEXO/IUT B NOTEHIIUAIBHYIO SHEPTHIO PaCTAHYTON NpyKUHbI E2.

kAI?
7) Paccuuraiite £, =mgh ,rne g=9,8 M/c2 — yCKOpeHHe CBOOOIHOTO TaaeHus, u £, = >
3HaueHus okpyraute 10 0,001.
8) PesynbTarsl 3aHecuTe B TabIULy 2:
Tabmumna 2
Ne Omprta | K, H/m Macca VY nnunenue Bricota ITorennuanepHas | IloTennuansHas
rpy3a MIPY>KUHBI MaJICHUS SHEprus rpysa SHEPTUst
Al ,m rpy3a h, M IPY>KHHBI
m, KT by E1l, Ix by
E2, Ix
1
2
3
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9) Cpasuute 3Hauenus E1 u E2, ¢ yuérom abGcomoTHOM norpemHocty uamepenus sueprun 0,001 Jx
(to ectb, paznuna mexxay E1 u E2 moxer nocturars 0, 002 [ B mpezenax MorpeniHoCcTH U3MEPEHNUS).
10) CrnenaiiTe BBIBOJ 110 paboTe.

JlabopaTopHoe 3ansitue Ne3.

«M3yuyeHne yc/I0BUSI pABHOBECHSI pbIYara ».

He.]'lb paﬁ()TbI: SKCHICPUMCHTAJIBHO HUCCIICAOBATb, IIPHU KAKOM COOTHOUICHHWH CHJI U HX IIJICY pbIyar
HaxXOJUTCA B paBHOBCCHUU; IIPOBCPUTH HA ONIBITC ITPABUJIO MOMCHTOB.

Brinosinenue padorsl cnocod6cTBYeT GOPMHUPOBAHNIO:
[1P62, T1P66, TTP6S, I1Py3, Ilpy7, [1Py8, ITPy10, [1Py12, T1P610, Ilpy2, [1Py12, [TP610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32,
MarepuanbHoe obecnieuenune: Habop nmo mexannke (Xumitabo): peluar Ha ImTaTUBE, HAOOP I'PY30B,
U3MEpUTEIIbHAS JIMHCHWKA, TTHAMOMETD.
Kpartkue TeopeTndeckue CBEICHUS:
Prraar-tBepoe Tenno, criocoOHOE BpaIiaThCs BOKPYT HEMOBUKHON OTIOPHI.

Pazimyaror ABa BHAA pbIYaroB. Y pelyara InepBoro poja TOYKa ONOpPbI HAXOJUTCS MEKIY JIMHUSIMHU
JEUCTBUS NPUIIOKEHHBIX CHII. Y pbluara BTOPOro poja TOYKa ONOPbI PACIION0KEHA 110 OAHY CTOPOHY OT
HHX.

Hcnonw3ys peryar, Mbl MOKEM IIOJIyYUTh BBIUTPHILI B CUJIE U IIOJHATH HEMIOABEMHBIN Ipy3. PaccTosanue
OT TOYKH OIIOPBI 10 TOYKHU MPUIIOKCHUA CHIIbI HA3BIBAIOT IIJICHOM CHJIBI. HqueM, MOKHO pacCuUuTaThb
paBHOBeCHE CHJI HA pbIYyare no ciaeaymoumei gpopmy.ie:

Fi1/F2=12/h, rae Fiu F> — cunsl, geiictBytoiue Ha poryar, a l> u l; — ruieunt 3Tux cui.

3akoH paBHOBeCHSI pblYara: pblyar HaXOJUTCS B PaBHOBECHUHU TOrJa, KOTJa JCHCTBYIOIIME HA HETO
CHJIBI 00paTHO MPOIOPIIMOHATEHEI TUIEUaM dTUX CHJL.
DTOT 3aKOH OBbLT YCTAaHOBJIIEH ApXHMMEIOM eIllle B TPETheM BEeKe J0 Hamiel 3pbl. M3 Hero ciemyer, uyTo
MEHBIIIEH CHJION MOXHO YPaBHOBECUTH OONbIIyr0. [ 3TOro HE0OXOAMMO, YTOOBI IJIEYO MEHBIICH
CWIBI ObLTO OoMblie Myeda OONbIIeH CUITBI. A BBIUTPHINI B CHIIE, MOJTYYaeMbIi ¢ TMOMOIIBIO phbluara,
ONPEACIISIETCA OTHOMIEHUEM 1€ MPUIJIOAKEHHBIX CHUJL.

MoMeHT cuiabl — 3TO BEKTOpHAas BENWYHMHA, XapaKTepU3yIollas BpalaTelbHOE JEHCTBUE CHIIBI
OTHOCHUTEIBHO TOYKH WU OCH.
M=F*1 rne F- cuina, 1- miae4o cubL.

[TopsoK BBIMOTHEHUS PaOOTHI:
YpaBHOBECUTH pBIYar, Bpamias ralkk Ha €ro KOHIIAX TaK, 9TOOBI OH PaCIOJIOKHIICS TOPH30HTAIBHO.
W3mensist Maccy rpy30B U pa3Mmep Iuied, MPOBEPUTH 3aKOH PAaBHOBECHSI phIuara.

Xom paboThI:

ypaBHOBGCBTe C MOMOMIBIO T'aCK pblyar B TOPU30HTAJIbBHOM ITOJIOKCHHUU.

[TonBechTe Ha phIUar pa3IMYHbIE KOMOMHAIIUH TPYy30B (KOMIUIEKT M3 S5 IIT.) Ha Pa3HBIX PACCTOSHUSIX
OT OCH BpalICHUA. OINBITHBIM HYTéM YCTaHOBHUTC, HAa KaKOM paCCTOAHHUU
BIIPABO OT OCH BpaIllCHUS HAJI0 TTOJIBECUTH: a) OJMH TPpy3; 0) 1Ba rpysa; B)
TPH Ipy3a, YTOOBI phIYar MpUIIET B paBHOBECHE.




Cuuras, 9To KakIbIi Tpy3 uMeeT Maccy 100 r, 3anumure JaHHBIC U U3MEPEHHBIC BEIMYUHBI B TAOJHUILY.
BreraucnuTe OTHOIICHHWE CHJI M OTHOIIICHHE IIJIed AJId KaXKJA0ro M3 OIBITOB M INOJTYYCHHBIC PE3YJIbTATHL
3aMUIIUTE B MOCIECTHUIN CTOJIOUK TaOJIUIIBI.
[IpoBepbTe, MOATBEPAKIAIOT JU PE3YJbTATHl ONBITOB YCIOBUE PABHOBECHUE pblUara IMoJ JICUCTBUEM
MPUJIOKEHHBIX K HEMY CUJI M IPAaBUJIO MOMEHTOB CHIL

JlonoJIHUTEIbHOE 3a1aHKE.
[logBecbTe Tpu Trpy3a copaBa OT OCH BpallleHHs pblyara Ha paccrosHur S5 cM. C IOMOIIbIO
JTUHAMOMETpPA OMPENCIUTE, KaKyI0 CHIIy HY)KHO NMPHJIOXKUTh Ha PACCTOSHHHM 15 CM OT OCH BpallleHHs
rpaBee Tpy30B, YTOOBI yJIEepKUBAaTh pblyar B paBHOBecHMU. Kak HampaBlieHbl B 3TOM ClIy4ae CHJIBI,
JNEUCTBYIOIIME Ha pblyar? 3anuiliuTe JUIMHY IJ1ed 3TUX cuil. Beruuciaure otHomenue cuil Fi/ F2 m m
mied Iz /11, 1uig sToro ciayvast u caenaiTe COOTBETCTBYIOIIUI BBIBOI.
dopma npeacTaBIeHus pe3yabTaTa

No | Macca | Cumna F; | IImeuo | Macca | Cuma F» | IImeuo | Moment | MomerT | OTHOILIIEHUE CHIT
rpy30B | Ha (.. M rpy30B | Ha fy M CHIIBI CHIIBI U IJIeY
m |, Kr | JICBOH my, npaBoit M; M, F, 4,
4acTH KT 4acTH H*M H*M A 2,
phIyara, phIuara, 2
H H
1
2
3
4
5
Fi=mi g
Fz =m:g
M =F 1*1,
MZZF 2*12
BriBon:

KoHnTtposibHbIE BOPOCHI:
YT10 HA3BIBAIOT [IJIEYOM CHIIBI?

Kakyto ¢puznueckyto BeIMUUHY HAa3bIBAIOT MOMEHTOM CHJIBI?

KakoBo ycinoBue paBHOBECHs TeJla, UMEIOLIETO 3aKPEIUIEHHYIO OCh BpaIlleHHs?

Yro Takoe psryar?

Kaxkoe cBOMCTBO pbIyara ObLJIO SKCIEPUMEHTAIHHO MTPOBEPEHO?
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Paznea 3 MoJgiekyasipaas pusuka u tepmoguHamMuka Tema 3.1 OCHOBBI MOJIEKYJISIPHO-
KHHETHYeCKO Teopuu

JlaGoparopnoe 3ansiTue Ne4 IIpoBepka ra3oBbIX 3aKOHOB)

]_[e.m,: I/I3qu/ITB B3aUMOCBA3b MAKPOCKOIIMYCCKUX IMapaMCTPOB rasa BaHaHHOf/’I MacCChbl;, OIIBITHBIM
myTéM yOeauTcs B CIIpaBeTMBOCTH 3akoHa boiins-Mapuorra.

Brinosinenue padorsl cnocod6cTBYeT GOPMHUPOBAHNIO:
T1PG2, TIPG6, [1P68, [IPy1, IIPy13, [IPy3, TIPy5, [Ipy7, IIPy8, [IPy10, [IPy12, IIP610, IIpy2, IIPyl2,
I1P610, MP3, MP5, MP15, MP23, JIP26, , MP28, MP31, MP32, MP33, MP34, MP37, MP44, MP47,
MP48, MP54, MP55, MP 56, MP 43, JIP34, JIP32,

MartepuanbHoe obecniedeHue: IWINHIP C IPOOKOI, BoJa, TpyOKa co LIKaIOH, TnHEelKa, OapoMeTp.

3aganue:
1.IToBTOPUTH OOBEANHEHHBIN ra30BbIN 3aKOH.
2.IIpoBeputh Ha IpaKkTUKE coOIIt0IeHHEe 3akoHa boitns-Mapuorra.
ITopsinok BbINOJIHEHHS PadOTHI:
3akoH boiins-Mapuotra 11 uzorepmudeckoro npouecca (T= const, v=const) sBsieTCs YaCTHBIM
cilydaeM 0ObeAMHEHHOIO Ta30BOr0 3aKOHA: T. €. IaBJI€HUE raza o0paTHO IPONOPLUOHAIBHO €r0

00beMy. DTy 3aBHCUMOCTh MOXHO TIPOBEPUTH OTIBITHBIM ITyTEM:

S|
Il
SSS
o
Il
e
-~

5V, BV =PV,
T

| n T7 .
( j = V2
\ j Ah
! :f

CoOpath ycTaHOBKY IO PUCYHKY

3
Vism

Omnpenenuts 00beM ra3a B TpyOKe, , IPMHSAB TUIONIA/Ib TIONIEPEYHOT0 ceueHus paBHOi 1 cm?

[To 6apometpy onpenenuTs nasienue P =B

OryCTHTb TPYOKY OTKPHITHIM KOHIIOM B BOJY, OIPEICIHTh HOBBIH 066EM Bo3yXxa B TpyOKe V,, m’
Onpenenuth pazHUIly ypOBHEHN BOJIbI BHYTPU U BHE TpYOKH (AL ).

Brrauciauts

P(fH = Pamm + Peoo,cm
roe P, = F - atmocdepHoe nasnenwue, a; P, , . - 1aBlIeHHe BOXHOTO cTON0A, [1a;
Paob.cm. = p ) g ’ Ah

K2 M
p =1000 — noTHOCTL BOABI; g =9,8— — yCKOpEHHE CBOOOIHOTO Ma/IEHHU;
M c

Ah — BbICOTa cTOI0A *KHAKOCTH (cM.pHcC. 1)

[MpuHsiB BTOpO# pe3yabpTaT P 3a HCTHHHOE 3HAYCHUE JABJICHUS, A

(Py - Py)
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BBIYHCITUTH a0COMOTHYIO (A) U OTHOCUTENBHYIO ([]) MOrpenrHoCTy:

PesynbraTsl H3MepeHHid U BBIYMCICHUN 3aHECTH B Ta0uuILy 1.
A
Cnenath BBIBOJ 11O paboTe. E =".100%
6l
®dopma mpeaocTaBICHUs pe3yibTaTa
Tabmuua 1.
O6wem | [aBrnenne| O0bem | JlaBnenue| JlaBnenne Beicora | JlaBmen | AGcomtor | OTHOCHTE
", M croyiba ue JIbHAs
P Ilg | 13T
o 14d MOTPEeIH
KIIKOCT MOTPEIIHO .
B,1la - CTh
3 A Ila 1, ITa
V,,m P,,Ila Py, 1a Ah, m ’ >

KonTpoJsbHbie Bonpocsl.

1) IIpu xkakoM ycnoBuu cripaBeauB 3akoH boitns-Mapuorra?

2) Eciu mpu U30T€pMHUECKOM MPOIIECCE JaBICHUE NAAAET, YTO POUCXOAUT C 00bEMOM?

3) Ilpou3BoaUT 1M ra3 1aBiI€HUE B COCTOSTHUM HEBECOMOCTH?

4) I[loueMy noxy4YeHHbIE pe3yIbTaThl B padOTe HE UJI€ATBHO PABHBI MEXKTY COO0M?

5) Uro BiuseT Ha TOYHOCTh U3MEPEHUI B TaHHOH paboTe?

6) Mo>HO 71 OIIpeeaUTh YCIOBHYIO €IMHUILY KOHCTAaHThI B eauHuiiax CHU?

7) KakoBa macca Bo3Jyxa B ayIUTOPHH IUIOIIAAbI0 64 M2 , BEICOTON 3 M, Ipu Temreparype 25
oC u gaBieHuu 725 MM.pT.CT.?

Tema 3.3 ArperatHble cocTosiHuS BelllecTBa. Pa3oBble nepexoabl

JladopaTopHoe 3ansitue NeS. CBoiicTBa KHAKOCTEH

Ieib: M3y4UTH CBOMCTBA KUIAKOCTEH MPU PA3TUIHBIX CIIOCO0AX MCTIOIB30BAHUS U YCIOBHUSX.

Boinosinenue padoTsl cnocodcTByeT GopMHUPOBAHMIO:

I1P62, I1P66, ITP68, I1Py3, Ilpy7, I[1Py8, I1Py10, [1Py12, I1P610, Ilpy2, [TPyl2, ITP610, MP3, MPS,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32,

MarepunanbHoe obecnieyeHue:

LIMPUIL JUIST YUCTOM BOJBI, IIMPHIL U MBUIBHOTO pacTBopa (o6bemoMm 5—10 i), cTakaHYMK C
YUCTOW BOJOW, CTAaKaHYUK C MBUIBHBIM pacTBOPOM, IITAHTCHLUMPKYJIb WIA MHUKPOMETpP, OCTPO
OTTOYEHHBIN KapaHJalll, JHHaMOMETp, OpyCOK IJIaCTHIIMHA, METAJUINYeCKUe IMIMHIPHI OJMHAKOBOTO 00bEMa
n pa3H0ﬁ MaccChl, H3MCpHTCJ’IBHHI>i HWJIUHADP C BOHOﬁ, CTaKaH C HAaCbIIIICHHBIM paCTBOPOM COJIU, HUTh.

Omnpit 1 Onpenenenue kodhduireHTa TOBEpXHOCTHON TUIOTHOCTH YKHIKOCTH METOJOM OTPBIBA
Karesib

Ha xammio, BUCSIIYI0O Ha KOHLE Y3KOW TpyOOUKH, NEHCTBYIOT JBE CWJIBL CHJIa TSDKECTH mg
HAIIPaBJICHHAsl BEPTUKAIBHO BHU3, M CHJIA IOBEPXHOCTHOI'O HATSKEHUSA JKUAKOCTH F 1oB

5
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pacmpezieieHHasi BJOJb T'PaHUIbl JKUJIKOCTH C KpaeM TPyOKHM W HampaBlieHHash MO KacaTelbHOM K
MMOBEPXHOCTHU KUIKOCTHU MEPIICHAUKYIIIPHO 3TON T'PaHULIE.

Cuia noBepXHOCTHOI'O HATSKEHMsI, IeHCTBYIOIIAs Ha HEOOJIBIION y4yacTOK IpaHUIlbl JUIMHON 41,
paBHa o | , rie 6 — K09 (PUIIMEHT TOBEPXHOCTHOTO HATSIKEHHS KU IKOCTH.

VYcioBre paBHOBECHs Kaluld Ha KOHIIE TPYOOUKHM COCTOMT B TOM, YTO BEKTOpHas CymMMma CHI,
NEHCTBYIOIMX Ha OTHEIbHBIE 3JIEMEHThl TPAaHUIBl, PaBHA [0 MOJYJI0 M IPOTHBOIOJIOXKHA I10
HaIpaBJICHUIO CUJIE TSXKECTH.

Bennuuna o4 1 mo Mepe yBeNIWYEHHSI MAcChl KalUIM OCTAeTCsl HEM3MEHHOW, HO B PaBHOBECUH
KaIuIsl IPUHUMAET Takyto (opMy, YTO yroJl HaKJIOHA CHJIbI IOBEPXHOCTHOI'O HATSKEHUS K BEPTUKAIU O
YAOBIIETBOPSET YCIOBHIO lo cos = mg , rae | — aimuHa rpaHuibl )KHIKOCTH ¢ TPYOOUYKOH.

C yBennueHneM Macchl Kalljld YroJl 0 yMEHbIIAeTCs M, HAaKOHEll, JIOCTUTaeT HyJIs, a cosa = 1 .

[Ipy panpHeiIIeM YBEIMYEHHHM MAacChl YCJIOBUE DPAaBHOBECHS KaIUIM YK€ HE MOXKET ObITh
BBINOJIHEHO, U KaIlJIsl OTPHIBAETCS.

Orcrona, npunuMas, uto l=r d , rae d — BHyTpeHHu nuaMeTp TpyOoukH, noiayyaem: d om= mg

mg

)

Xoa paGoTsI:

1.U3meputh BHYTpeHHUM 1uamMerp d HakoHeUuHHMKa Inmpuna. Jis wu3MepeHuss MOXKHO
BOCIIOJIB30BAaTHCS OCTPO OTTOYEHHBIM KapaHJamoM. BcTraBuB KapaHJall B HAaKOHEYHUK [0 YIIOpa,
MOMETHTE TPAHMIy CONMPUKOCHOBEHHSI HAKOHEYHUKA C KapaHjamoM. J[mameTp kapaHjaia Ha YpOBHE
9TOM TPAaHMULBI MOKHO IPUHATH 32 BHYTPEHHUMN IHAMETP HAKOHEUYHHMKA U U3MEPUTH €ro C MOMOLIBIO
IITAHTCHIIUPKYJIS UM MUKPOMETpA.

2.HaGpatp B mmpwuiy 4—5 M1 BOJBI U, JepKa €ro BEPTUKAIBHO U TUIABHO Ha)KMMasl Ha MOPIIEHB,
BBUIUTh 3—4 MJI B CTaKaH4YWK, cuuTas Karum. M3MepeHne konumdecTBa Kameiab N MpPOBECTH HE MEHEE
Tpex pas, 3aTeM M0 00Iel Macce BBITEKIIEeH BOJbI 001 m (MOJIB3yHTECh MIKAION Ha mmpuiie!) HalTH
CPEAHIOK MACCY KaIlJId M U MOTPEIIHOCTh €€ OnpeaesieHuss Am.

3.ITonp3ysice opmymnoii (1), paccuntarh Kod((UIKMEHT MOBEPXHOCTHOTO HATSKEHHS BOJBI U
a0COJIOTHYIO MMOTPEIIHOCTh €T0 OTpPeIeICHUS

Ao =lo,, 0

M matir|

4. BeruuciauTthb OTHOCHUTCIIbHYIO IIOT'PCITHOCTDH I/ISMCpCHI/Iﬁ

e=2% 100y

¥,

maéin

5. AHamoru4HeIM 00pa3oM ONpeAeauTbh KOA(PPHUIMEHT MOBEPXHOCTHOTO HATSXKEHHSI MBUIBHOTO
pacTBopa (110JIb30BaThCsl OTJEJIBHBIM IINPHUIIEM U TOCYAOM!).

Pe3ynbrarel 3aHecty B Ta0nuIs 1, 2.
Tabauya Nel
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usMepero BbIUUCTICHO
Ne N m mj d Al o Ao £
m ke m, k2 | kecp | mre eep |, mm |d wm, | Hnm
oo
Tabauya No2
H3MEPCHO BBIYHUCIIEHO
No| my.2| N | me | m,e

Am,z Am,, e d, mm| Ad, mm o.hy Aa H &
/M /M

6. C,I[eJ'IaTb BbIBOJ U 3aIIUCATh INOJIYUYCHHOC 3HAYCHHUC KOB(I)CI)I/II_[I/IGHTa IMOBCPXHOCTHOI'O
HaTsOKCHUA C YYETOM IMOTrpCIIHOCTHU

KouTtpoJbHble BOpoChI:

1. Koaddunment moBepxHocTHOro HaTshkeHUs kepocuna 0,024 /M. bonbIie uam MeHble Macca
Karuii KEPOCHHA M0 CPaBHEHUIO C Karuiel BOJIbI, €CITM KaraTh U3 OJJHOM U TOM K€ MUMIETKU?

2. O6bsicHUTE OAPOOHO, TOUEMY MaJeHbKHE KaleabKy )KUIKOCTH MOTYT J0JIT0 BUCETh HE
OTPBIBAsICh.

3. [Touemy, npexie yeM MOKPHITh IITYKATYPKY MAaCISIHOW KPAcKOM, MpeaBAPUTENHHO TPOU3BOIAT
IPYHTOBKY osioii?

4. IlpuBenute cBOU NMPUMEPHI JEHCTBUSI CHIIBI TOBEPXHOCTHOTO HATSKEHUS

OnbiT 2 M3ydeHne BBITATKUBAIOIICH CUITBI (CUIIBI ApXUMeEa).
[IpaBuiia TeXHUKH 0€30MaCHOCTH.
CoburoaiiTe 0OCTOPOXKHOCTB IpU padboTe ¢ Bojoit. Octeperaiite npubops! oT nagenus. Ha ctose He
JOJKHO OBITh HUKAKUX JIMIIHUX TpeameToB. [Ipu paboTe co cTexisiHHON nocynoi OyAbTe akKKypaTHBI.
Ecnu crexinsiHHAs nmocya pa3omiiach, TO COOOLUTE 00 3TOM YUUTEIIO U HU B KOEM Cilydae He yOoupanTe
OCKOJIKH pyKamH!

Onucanue paboThI:
CornacHo 3akoHy ApXuMeJia Ha OTPy>KEHHOE B JKUAKOCTh TEJIO ASHCTBYET BhITAIKKUBatoIIast cuia Fa,
paBHas BeCy Mg BHITECHEHHOM KUIKOCTH:

Fa = mg. (1)

Ecnm teno mmaBaet, To apxumenosa cuia FA paBHa Becy P Tena (ycnoBue muiaBanue Ten):
Fa=P.
J{nst cpaBHEHUS apXUMEIOBOM CHIIBI C BECOM Teja HY>KHO U3MEPUTH BeC Telia P ¢ moMoIibio

JMHAMOMETpPA U BBIYMCIUTD apxXuMenoBy cuity Fa. apxumenosa cuna Fa onpenensercs mo ¢opmyie:
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Fa=mg=pAVg

),

T7ie P - OTHOCTH Bobl (p = 1000 kr/M?), AV - 00beM BHITECHEHHOH TENOM BOJBI, g - YCKOPEHUE

cBoboHOrO maneHus (g = 9,81 m/c?).

O0beM AV BBITECHEHHOMH BOABI MOKHO U3MCPUTH C IIOMOUIBIO U3MEPHUTCIIBHOI'O UJIMHAPA KaK

Pa3HOCTh YPOBHS BOBI IPU MTOTPY)KEHUH B HETO UCCIIEyeMOro Teja u 06e3 Tena.

ApxumenoBy cuity FA, neiicTByIOIIero Ha Tejio, TOHYIIEee B BOJE, MOKHO HAUTH, HW3MEPUB C MOMOIIbIO
nuHaMomeTpa Bec Tena P B Bo3ayxe u cuity Proga, YIEPKHUBAIOIIYIO TEIO B PABHOBECUHU NPU

MOTPY>KEHUH €T0 B BOJY:

PBo3ayx =Fa+ Psona, Fa= Psosuyx — Psona- (3)

3aganue I:

UccnenoBanue 3aBUCUMOCTH CHJIBI ApXHUMEA OT MacChl TENa.

N3mepbTe Bec P iummHApa ¢ TOMOIIBIO THHAMOMETPA.

OnycruTe MWIMHIP B U3MEPUTEIBHBIN MIIMHIP U U3MEPHTE €ro 00beM
AV BBITECHEHHOMW KUJIKOCTH IPH IIJIABAHUU UUAJIMH]IPA B BOJIE.
Brruncnute 3HaueHue apxumenoBod cuibl Fa. CpaBHUTE 3HaUYeHHE

Beca P iepeBsAHHOro NWINHIpA U apXUMEI0BOM CHIIBI.

CpaBHI/ITe pacd4€THOC U SKCIICPHUMCHTAJIbHOC 3HAYCHUA apXHMC,HOBOﬁ

CHIJIBI.

3anummre pe3ysbTaThl B Tadauiy 1.

3amaunue I1:

HCCJ’IGI{OB&HHG 3aBUCHUMOCTH CHUJIBI Apngeaa OT INIOTHOCTHU XUJKOCTH

[ToaBeckTe MH000M M3 MWIMHAPOB HA HUTH K TUHAMOMETPY. 3aMHIINUTE MOKa3aHUE Beca Tela Ha

BO3yX¢C.

OHYCTI/ITC OUJIMHAP B BOAY Tak, YTOOEI OH ITOJIHOCTBIO OKa3aJICs HOTPY)KéHHBIM B X KHUJKOCTB. 3anummure

MOKa3aHue Beca Tela B BOJIE.
Haiinure cuny Apxumena. (3)

IIponenaiite aHaJIOTUYHBINA OIBIT C PACTBOPOM COJIA B BOJIE.
3anuiuTe pe3ynbTarhl B Ta0NUILy 2.

OrtuerHag Tabnuna 1.

Busr Ten m, KT Bec B Bec B AV, m* Cuna Apxumena,
BO31yXe, | BOJIE, Fa,H
PBOS}I., H PBona, H

Jlerkuit mpeamer

Tsoxenslil mpeameT

OTtuerHas Tabania 2.

Bung! xxugkocreit Bec B Bo3ayXxe, Bec B BoIE, Cuna Apxumena,

PBOSZ[. H PBoz{a H FA, H

Bona, p = 1000 kr/m’

PacTBop comu B Bojie, p= 1030 kr/m>
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CrnenaiiTe BBIBOJ 110 TIPOJICTIAaHHON padoTe.

JlabopaTopHnoe 3ansitue Ne6. Onpenesnenne BJIaKHOCTH BO31yXa U aTMOc¢epHOro
JAaBJICHUSA

Heab: SKCrIEpUMEHTANIBHO ONPEIEIUTh BIAKHOCTh BO3AyXa B 1aboparopun Gpu3nku

BoinosiHeHue padoThl cnocodcTBYeT (PDOPMHUPOBAHUIO:
[1P62, T1PG6, ITP6S, I1Py3, Ilpy7, [1Py8, ITPy10, [1Py12, T1P610, IIpy2, [1Py12, ITP610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32,
MarepunanbHoe o0ecmedeHHe: ICUXPOMETp, TMrpoMerp ncuxpomerpuueckuii BUT — C, tabnuua

«l[aBJ'IeHI/Ie HACBIIICHHBIX IMApOB BOJLI ITPU PA3JIMYHBIX TECMIICPATYPAX»

Buumanue! [Ipu BeimonHeHUN pabOTHI ¢ 0COO0N OCTOPOKHOCTHIO OOpalanTecs ¢ TepMoMerpamu. He
oMy cKaiTe najeHus: TepMomMerpal

3ananue:
1. O3HaKOMBbTECh € TEOPETHYECCKHM MATEPHAIOM:
Teopus
B atmocdepe 3emnu Bcerma conepkarcst BoJsHbIe mapbl. VX comepxkaHue B BO3yXe XapaKTepU3yeTcs
a0COJIOTHOM M OTHOCHUTEIBHOM BIAKHOCTHIO. AOCONIOTHAS BIAXXHOCTH OMPENESETCS TUIOTHOCTHIO
BOJSTHOTO Tapa pa, HaXOAsIIerocss B arMocdepe, Win ero napiuuaibHbIM JaBieHueM pii. [lapiuanbHbiM
JABJICHUEM DI HA3bIBACTCS JIABJICHHE, KOTOPOE MPOU3BOIMII OBl BOJISTHOM Tap, €ciik ObI BCE IPYTHE Ta3bl
B BO3JyXe€ OTCYTCTBOBaIH. OTHOCHUTEIHHON BIAXKHOCTHIO () HA3bIBACTCS OTHOIICHUE MAPIHAIBHOTO
JABJICHUST P BOJSIHOTO IMapa, COJIEPIKAIIEerocsl B BO3AyXe, K JABJICHHUIO HACBIIIEHHOTO TMapa pH.IL., TPH
naHHOW Temneparype. OTHOCHUTENbHAs BIIAXXHOCTh () TOKA3bIBAET, CKOJIBKO TPOILIEHTOB COCTABISET
napiuaibHOE JaBJICHHE OT JIaBJICHUSI, HACBIIIEHHOTO Tapa MpU JaHHOW TeMIepaTrype U OmpeaesseTcs
mo ¢opmysie:

@ = P 100%
;}JH?

[TapuuansHOe naBieHHE PI MOKHO paccuMTaTh Mo ypaBHeHUI0O MenneneeBa - Kianeilipona wim mo
TOYKE POCHI.

Touka pockl - 3TO TemIiepaTypa, Ipu KOTOPOH BOASHON Map, HAXOMASIIUWUCS B BO3JLyXE CTAHOBHUTCS
HaChIEHHBIM. OTHOCUTENbHYIO BIAQXKHOCTh BO3AYyXa MOXHO ONPEIENUTh C MOMOIIBIO CIENHaTIbHBIX
puOOpPOB — MCUXPOMETPA U TUTPOMETPA.

IIcuxpomerp
IIcuxpoMeTp COCTOUT U3 CyXOT0 M BJIAXXKHOTO TEPMOMETPOB.
PaccmoTtpuTe ncuxpomMeTp U onpeAenuTe rae CyXon U BIa)KHBIM TEPMOMETPHI.

a) U3MEPUTH TTOKA3aHUs CyXOro U BJIQXKHOTO TEPMOMETPOB:

0) UCIIOJIB3YS ICUXPOMETPUUECKYIO TaOIUILy, ONPEAETUTh OTHOCUTEIBHYIO BIAXKHOCTh BO3yXa.
BHuMaTenpHO MOCMOTPUTE HA IICUXPOMETPUUYECKYIO TabIuIly. B mepBoM BepTHKAIBHOM CTOJIOIIE
HalUTE MOKAa3aHUsl BallIEr0 CyX0ro TEpPMOMETPA, B IEPBOM TOPU3OHTAIBHOM CTPOKE HAWIUTE BaIly
Pa3HOCTD MOKAa3aHUM CyXOT0O U BIAXKHOTO TEPMOMETPOB. T0O 4KCIIO, KOTOPOE HAXOAUTCS Ha
nepeceyeHn  CToI0A U CTPOKH U ABJISETCS 3HAUEHUEM BIIAXKHOCTH BO3/1yXa.

N300paxkeHue, cxema, puCyHOK SKCIIEpUMEHTA!
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Cyxon
mepMoMemp

Baaownnii
mepsoMenyh

Pucynok 1. YcranoBka s 1aboparopHoit paboTer NeS
2. Beimoanute padoTy.
3. OtBeTbTE HAa KOHTPOJIbHBIE BOIIPOCHI.
4. 3amoyHUTE OTYET IO JIabopaTopHOii padoTe.

IHopsaok BbINOIHEHUS PA0OTHI:
1.Hanuth B nmUTaTENb KUMISTYCHYIO BOAY.

2. Jlatb ¢utumo npomnurtathes Bomoil U uepe3 10-15 MUHYT OpPUCTYNHUTH K OIpPEACTICHHUIO
BJIAYKHOCTH.

3.0mnpenenuTs NOKa3aHus CyXxoro ¥ yBIa)KHEHHOIO TEPMOMETPOB.

4.IloBopaumBasi 7MMO C KpacHOW OIM(POBKOH, COBMECTHTH IOKAa3aHUS CYXOTO TEPMOMETpa
(kpacHble M (]pPBI) ¢ TOKa3aHUSAMHU YBIAXKHEHHOTO (YepHbIe LU (PHI).

5.01npenenuTh OTHOCUTENBHYIO BIAYKHOCTD 110 KPACHOM CTpETKe.

6.Pe3ynbraThl U3MEpEHH U BBIYMCICHUN 3aHECTH B TaOJIUILY:

Tabnuua Nel
IToxa3anusi TepmomeTpoB Paznoctn OTtHocuTenbHASA
NMOKAa3aHuM BJI2’KHOCTH BO3/1yXa ¢,
TEPMOMETPOB %
At=tcyx-tBJ
cyxoro teyx BJIAKHOIO tBJI
Tabnuma Ne2
Temnepary | Touka Hasnenue | [lapuumansn | OtHocuten | IlnotHocTh | AGCONIOTHA
pa pocs, °C HACBILIEHH | 0€ bHas HACBIILEHH | 4
OKpYKaroIl oro mnapa, JaBJIeHUE BJIQXXHOCTh | OTO Mapa, BJIQ)KHOCTh
€ero I1a BOJSHOI'O Bo3ayxa, % | 2 BO31yXa
BO3/IyXa, napa, Ila M3

oC

7. Cnenath BBIBOJ, 3alUcaTh MOKA3aHHUsS TMTPOMETpa M JIaTh PEKOMEHIAIMU 1O MOIACPKAHUIO
BJIQXKHOCTH B JJAOOPATOpHUH B MpeiesaX HOPMBI.
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KoHnTpoabHbIe BONpPoCHI:
1. Kakoii map Ha3piBaeTcsi HachImeHHBIM? YTO Takoe AWHAMUYECKOE PABHOBECHE, TOYKA POCHI,
napluuagbHOE JaBjieHue?
2. Iloyemy mokaszaHusi CMOYEHHOT'O TEPMOMETPA MEHBIIIE, YEM CyXOro?

3. Kak, 3Has TOUKy pOChl, MOKHO ONIPEACIUTh MapluaibHOe JaBieHue?

4. Cyxoil U BIaXXHBIM TEPMOMETPHI ICUXPOMETPA MOKA3BIBAIOT OJIMHAKOBYIO TeMmepatypy. Kakosa
OTHOCHTEJIbHAS BIAXKHOCTb BO3/1yXa?

5. Kak no BHEIHEeMY BHly OTJIUYUTH B OaHe TPyOBbI C XOJIOTHON U TOpSYCH BOIOM?

6. UYem 0OBSICHUTH NMOSIBIICHUE 3UMOM MHEes Ha OkHax?. C Kako#i CTOPOHBI CTEKJIa OH MOSIBUTCS?

7. HaiiT OTHOCHTEHHYIO BIAXKHOCTh BO3yxa B komHare ripu 18°C, ecitu Touka pocsr 10 °C.

8. OTHOCHTENBHAS BIAXKHOCTH Bo3Myxa BeuepoM npu 16°C pasna 55%. Bemazer nu poca, eciu

HOYBIO TeMIepaTypa nouusutcs 10 8°C?

JladopaTopHoe 3ansaTie Ne7. Onpene/ieHue y/ieJIbHOH TEIUI0EMKOCTH BellleCTBa
pa3Jan4HbIX (a30BbIX COCTOSTHMIA.

He.]'lb: 3KCH€pI/IMCHTaJH)HO ONpeaACIMThL TCIIJIOCMKOCTh BCHICCTB, CPABHUTH ITOJYUYCHHBIC 3HAYCHHUA C
TaOJUYHBIM 3HaueHueM. HayuuTbcs COCTaBIATH ypaBHEHHE TeIUIOBOro OanaHca. BpIACHUTH
(bu3NIeCKUil CMBICIT YJIeIIbHON TETJIOEMKOCTH BEIIECTB.

Brinosinenue padorsl cnnocodcTByeT GOPMHUPOBAHNIO:
[1P62, T1P66, I1PGS, I1Py3, Ilpy7, [IPy8, I1Py10, ITPy12, I1P610, Ilpy2, I1Pyl12, ITP610, MP3, MPS5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepunanbHoe ofecrnedeHHMe: ATIOMUHUEBBIM WM JIATYHHBIM LMIUHAP, KAJIOPUMETP C BOJOH,
MEH3ypKa, TEPMOMETP, XUMUYECKHUN CTaKaH KAJIOPUMETPA, JJIEKTPUUECKas TUIUTKA, JIEKTPOHHBIC BECHI.

Brumanue! C oCTOPOXKHOCTBIO BBINOJIHATE pabOTHI CO CTEKJIOM U IUIMTKOW. He kacarbcs Harpersix
MOBEPXHOCTEH, BBINOJIHATH pabOTy Ha OTAENBHO OTBEIEHHBIX CTOJIaX, IpU OOHApYyKEHUU
HEHMCIIPaBHOCTH WJIM CKOJIOB Ha CTEKJISHHBIX MEH3ypKax MpeKpaTuTh paboTy U COOOIIUTH 00 3TOM
IIPEIO1aBaTEeIIIO.

Ilonamue mennoemkocmu:

Yoenvnas mennoemxocmoio tena C Ha3bIBAIOT OTHOILIEHHE KOJMYECTBA COOOLIAEMOM €My TEIUIOTHI K
COOTBETCTBYIOIIEMY M3MeHEHHUI0 Temneparypsl Tena: C= dQ/ dT

BennuuHa TemIOEMKOCTH 3aBUCHT OT YCIOBHMH, INPH KOTOPHIX IPOUCXOAUT HarpeBaHHe Tea.
Paznuuaror TermmoeMKocTh Mpu MOCTOSHHOM 00beMe Cv M TeTIOEMKOCTh TPH TIOCTOSIHHOM JTaBICHUH
Cp. IIpu HarpeBaHMHM Teja MPHU MOCTOSHHOM 00BbEME BCE TEIUIO MAET Ha MPUpAICHUE ero BHyTPEeHHEN
SHEpPIrWH, TOTAAa KaK NpU HArpEeBaHUHM TpPU TIOCTOSHHOM JaBJICHWW YacTh Tella WAET eme W Ha
coBepleHre paboThl pacuipenus Tena. Takum obpasom, Cp Beerga 6ombiie Cy U CBSI3aHBI OHU JIPYT C
npyrom dopmyinoit Maiiepa: Cp = Cv +R. Ho sma ¢opmyna cnpaseonrusa nuwe 0asa eazos. B cinydae
TBEPABIX TeJ U3MEHEHHE 00beMa SIBISIETCS HACTOIBKO MAJIEHBKUM, YTO MOKHO cuuTaTh Cp =Cy

Mexay yaAenbHOH W MOAAPHOU Meni0eMKOCMAMY OJIHOTO W TOTO >K€ BEIECTBa CYIIECTBYET
COOTHOIIICHHE

C =cM, rne M — monsipHast Macca BeliecTBa (ornpenensercs 1no raduuie Menaeneesa).

YpaBHeHHE TEIUIOBOTO Oananca: Y Qora =) Qmosa

KomnnuecTBo TEMI0TH IpU HArpeBaHUM U OXJIaKIeHUU: Q=c m At
HarpeBanue Q = cm(tkoHeuHas - tHadaJIbHas)

Oxnaxaenue Q = cm(tHavyanbHasH - tkOHEYHAs )
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OnpenesieHue yaeabHO TEMI10eMKOCTH BObI.
1.Onpenenure B3BEIIMBAHUEM MACCy BHYTPEHHETO AQIFlOMHHHUEBOIO KaJIOPUMETpPA
QTIOMUHHUEBOTO [IWIMHJIPA M.
2.BrirounTe IIIMTKY U HarpenuTe BOY B CTAKAHE O TEMIIEPATypbl KUIICHUS.
3.Bo BHyTpeHHUI cocy 1 KaJOpUMETpa HaJIEUTE BOLy MAacCoil m, Npu KOMHATHOH Temrneparype t,0 C.
4 HarpeiTe altOMUHUEBBIN LWJIMHAP B COCyE C Kulsie Bogoi 1o temnepatypsl 100 C u omyctute
€ro B KaJOpuUMeTp C BOJOH. M3MepbTe Temmeparypy BOAbl B KaJIOPUMETPE MPU YCTAHOBJICHUU
TEIUIOBOro OanaHca.
5.Bpruucnure yAenbHYX TEIIOEMKOCTh BOAbl. Pe3ynbrar M3MEpEeHUN W BBIYKCICHHUI 3aHECUTE B

my W Maccy

Tabuiyl .
Tabnuna 1
Macca Macc | Macca | nayanbHas | Havanena | Temnepar | YaenbHas VnenpHas
KaJIopUM | a UWJIUH | TeMnepary | s ypa BOJBI | TEIIOEMKOC | TEIJIOEMKO
eTpa, BOIBI | pa pa BOABI W | TEMIeEpaT | B KOHIIC | Th CTh BOJBI
My, KI. | My, My, K. | KAIOPUMET | ypa OIIbITA AJTFIOMUHUS . Ax

KT. pa uwmegpa | O, °C Ca’ﬂ_’*‘ kr K

ty, OC ty, OC Kr ‘K
100 880

Breraucnenue:
Cy=
BriBox:

Onpe)le.ﬂelme yHeJILHOﬁ TCIMIOCMKOCTH MECTAJNJINYCCKUX 06p33HOB

MeToaunka onpeesieHHs1 TEMJI0EMKOCTH MeTaJlIoB: V3 onpeneneHus: TemI0eMKOCTH CIIEAYET, YTO
g e€ ompeAeNieHUsT HYXKHO TMOJBECTH K HCCIEAyeMOMY 00paslly TOYHO H3MEpPEHHOE KOJIHMYECTBO
TEIUIOTHI U U3MEPUTH ITOCIICIOBABIIIECE 32 STUM HU3MEHEHHE TeMIIepaTyphl, 00YCIOBICHHOEC U3MEHEHUEM
BHYTpPEHHEH SHepruu Tena (mporecc TemnoodMeHa) B maHHOM ciydae MOXKHO 3amucaTh ypaBHEHUE
TEIJIOBOTO Oananca: Y Qora =) QuoJ

ISl pacdeTa 3HaUSHHsI YICTbHON TEIUIOEMKOCTH HCCIIEIYEeMOTr0 MeTaslia;

Cu = (CBmB+C)(TTp_T1)/ mH(TKI/IH_TTp)a rﬂe

C — MomsipHas TeroeMKocTh, Jx/K  MomspHas TernoeMKocTs KanopumeTpa, paBHas 66 J[x/K;

Cs— YIENIbHAS TEIUIOEMKOCTh BOJIBI, MPUOIM3UTENBbHO paBHas 3HaueHuto 4,2 kJ[x/ (kr-K);

mg— Macca BOJIbl B KaJIOPUMETPE;

My — Macca METAJUTMYECKUX 00pa3IioB;

C — yjaenpHas TemnoeMkocTs , Jlx/ (kr-K)

T — Temneparypa BoJIbl 10 IOTPYKEHHUSI METAITMYECKOTO 00pa3ia;

Tkun — TeMIepaTypa BOJbI, B KOTOPOW HAXOAWJIUCh METaJUIMUecKue oOpas3lbl 1O MOTPYKEHHUS B
KaJIOpUMETD;

Trp— Temneparypa BOABI, KAJIOPUMETpPa U METaNIMYECKOro odpaslia Mociie YCTaHOBIEHUS TEIIOBOTO
paBHOBECHSI.

1. Ha nHO crampHOro pe3epByapa HACHIIBTE CJIOW CTEKJISHHBIX IIAPUKOB, TOJIMIMHON 1-2cM u
3aMoJIHUTE €ro BOJOH, MPUMEPHO Ha JIBE TPETH, Pa3MECTUTE MOBEPX IIAPUKOB METAITMYECKHMA
obpaszen. [locTaBbTe pesepByap Ha HArpPEeBATEIbHYIO IIUTKY M JOBEJUTE BOLY IO KUIICHHS.

2. 3amoJIHATE KaJOPUMETP XOJOIHOW BomOM wm3BecTHOro obwvema (200-300 mm). Paccuumraiite
Maccy BOJbI B KaIOpUMeETpe (M;g). JaHHBIE 3aHECUTE B Ta0IHILy 2.

3. U3 kunsmeit Boasl Ha 10 MUH. MOTpy3UTE OJTHO U3 METAINIMYECKUX TEJ B KAJJOPUMETP C BOJIOM U
IIPOBEIUTE MU3MEPEHUsI TEMIIEPATYphl, A0 YCTAHOBJIEHHS TEIUIOBOTO PAaBHOBECHS, TIIATEIBHO
nepeMenInBas BOay B KaJlOpHUMETpeE.
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4. PaccunTaiiTe TOTPENIHOCTHh BBIYMCIICHHH, CPaBHUBAs C TAOJIMYHBIMHA 3HAYEHUSMH YICIBHYIO

TCIINIOEMKOCTD BCIICCTBA.

S
PT

_PT~Pa

-100%

5. Omnpenenute MOJSIPHYIO TEINIOEMKOCTh BEUIECTBa (JaTyHb U JKeJe30).
6. Pe3ynbraThl U3MEpPEHUN U BEIYHCICHUH 3aHECHTE B TAOIHUILY 2.

tabmnuma 2.1

MeTtannueckuii o6pasell — 1aTyHb, yienbHasl TerioeMKocTh Jiatyau 380 Jx/ (kr-K)

C, I[)K/K Cs, T, K Mg, KT Ty, K My, TTp, K CoGpa3ua, Cobpasua, 8,

amromunns | Jx/ KT Jx/K JIx/ (xr-K) | %
(xr-K);

66 4200

Tabnuma 2.2

Metannnueckuii o6pasell — ctajb, yAeldbHas TermioeMKocTh ctanu 460 JIx/ (xr-K)

C, I[)K/K Cs, T, K mg, KI' Ty, K My, TTp, K Co6pa3ua, Cobpasna,

amromuaus | Jx/ KT Jx/K Jx/ (xr-K)
(xr-K);

66 4200

Cnenaiite BBIBOA O NMpoOJieIaHHOM paboTe.

W

e

10.

11

13.
14.

Bonpocs! 1J1s1 caMOCTOAATEILHON M MHANBHIYAJIBHOM PadoThI
Uro Takoe TemIoeMKOoCTh Tena? Y aenbHas U MOJIsIpHas TEIIOEMKOCTH, KaK OHU CBSI3aHbBI MEXTY
coboi?
Kak cBs3anbl Mexnay coOOil MOJSpHBIE TEIIOEMKOCTH TPH IOCTOSIHHOM JIaBJICHUM H
MIOCTOSIHHOM 00beMe.
[IpuBenuTe OCHOBHBIE MOJIOKEHUSI KIIACCUYECKON TEOPUU TEINIOEMKOCTHU TBEPBIX TEI?
B uem riaBHOe OTIIMYME TEIIOEMKOCTH KUIKUX U TBEPABIX TN OT TEIJIOEMKOCTH Ia30B?
Kaxue TemnepaTypbl OTHOCST K BBICOKMM, a KAKUE K HU3KUM IPU UCCIEN0BAHUU TEIIOEMKOCTH
TBEPABIX TEN?
Kak uzmensercs yaenbHas TEIUIOEMKOCTh METAJIOB C IOBBIILIEHUEM TEMIIEPATyphl?
BriBenute pabouyro popmysy (18) mist onpenenenus yaeabHOM TEMIOEMKOCTH METAJIOB.
Bo Bpemsa »skcnepuMeHTa Ha JHO CTalbHOIO pe3epByapa, KyJa IOMELIAeTCs LNINHIAP
HEOOXOAMMO HACHITIaTh CJIOW CTEKIISIHHBIX IIAPUKOB, TOJIMIMHOW 1-2¢cM  uIsl TOro YTOOBI
UCKJIIOUYUTh COMPUKOCHOBEHHE MPU HATPEBAaHUHM METAJUIMYECKHX O0paslloB ¢ JHOM pe3epByapa.
OO0bscHUTE TTOYEMY.
[TorpemrHoCTh M3MEPEHUH KakUX MapaMeTpoB BHOCHUT HaWOOJBIIMM BKJIAA B TOYHOCTb
oTpesieNieHus YeNbHON TEIJIOEMKOCTH PEJIOAKEHHBIM CIIOCOO0OM.
W3 kakoro merania nenecoodpazHee U3roTaBauBaTh paguaTopbl?

. KakoBa posb B ipupo/ie 60bII0M yASTbHONU TEIIIOEMKOCTH BOJIBI?
12.

Kakoe konmudecTBO TEIUIOTHI HEOOXOIMMO Tepenarh, YTOObI MOBBICUTH TEMIIEPATypy METHOM
neraiu MaccoH 2 kr gHa 3°C?

IToueMy Henb3sl BCKUIISITUTH BEIPO BOABI HA CIUPTOBKE?

ATIOMUHHUEBYI0O U CEpeOpSHYIO JIOKKHA OJIMHAKOBOM MAacChl M TEMIIEpaTypbl OIYCTHJIH B
KUITATOK. PaBHOC JIM KOJIMYECTBO TCIIJIOTHI HOquaT OHH OT BOIII:I?
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15. Ha 9To Gosibllie pacXxoyeTcsl JHEPTUU: Ha HarpeBaHWe YyTyHHOTO TOPIIIKA UM BOJbI, HATUTOU B
HEro, €CJIM UX MacChl OJUHAKOBEI?

JlabopaTopHoe 3ansitue Ne8. Onpenenenne Moay st ynpyrocTv pe3uHbl

Hean: Onpeaenutbs MOAYJb YIPYTOCTH PE3UHBI ITPH PACTHKCHUH.
Brinosinenue padoTsl cnocodcTBYeT (POPpMUPOBAHMIO:
[1P62, T1P66, ITPGS, I1Py3, IIpy7, I1PyS, I1Py10, ITPy12, TIP610, Ilpy2, I1Pyl12, ITP610, MP3, MP5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32,
MarepuasibHoe o0ecnieyeHue:
pe3uHOBBIA MHYpP anuHON 25—30 cM u ceuenuem 4— 10 mm2, Habop rpy3oB mo 0,1 kr, 1kr,
1,5kr, 2 K., IITaTUB, IUHEWKA, IITAHTEHIUPKYIb W1 MUKPOMETD.

Buumanue! H3becaiime nadenus 2py3oe c padoueit nogepxnocmu. Cneoume 3a nonosxcenuem
wmamuea!

3aganue:
1. O3HAaKOMHUTBCS C TECOPETUUECKUM MATEPUATIOM.
Teopus.
[Ipn ycraHoBuBIIeHCs yrpyroil naedopManuu paBHOACUCTBYIOIIAs BCEX BHYTPEHHUX CHII
YHPYFOCTI/I, BO3HUKAKOIINUX B TCJIC B JIIO6OM €ro Cc4YcHuu, ypaBHOBeHII/IBaeT BHCUIIHUE CUIJIBI,
JeICTBYIOIIME HA TEJO.
CormacHo 3akoHy ['yka, Hampsiok€HHE ¢ W BBI3BAHHOE WM OTHOCHTEIIBHOE & Y/IJIMHEHUE
npomnopuroHanslel: 0=E ¢, rne E— Moaynb ynpyroctu.
[Tocne nmpeoOpa3zoBaHuUs 3TOrO BBIPAXKEHUS TOTYUHM:
L“:£f_“ HIIH E:ﬂ_
S Al md?(1-1,)

Z[J'ISI OKCIICPUMCHTAJIBHOI'O OIIPCACIICHUA MOAYJIA YIIPYTIOCTH HYKHO U3MEPUTH BCC BCIMWYHHBI:

§(s="1
(§==D.

nepopmupytomytro  cury F  (F=mg), ceuenue oOpazma S , €ro
nepBoHavyanbHyto AuHy 10 u yuinnenue 1.

Xox pa0doTbi:

H3zyuyenue nepopmManuy pacrskeHus.

1. 3MepuTh C MOMOIIBIK IITAHTEHUUPKYJS WM MHKPOMETpa TOJIIHMHY IIHYpa YU BBIYUCIUTH
IUIOUIA/Ib €r0 NOMEPEYHOro CEUeHUs S.

2. IlopBemmBass k mHypy rpy3sl maccou 0,1 xr, 0,2 kr, 0,3 Kr, U3MEpPUTh COOTBETCTBYIOIUE
a0COJIOTHBIE Y/UIMHEHUS IIHYPa: U BBIYUCIUTH OTHOCUTENbHBIC Y/UIMHEHUS IIHYPA.

3. Ilo pesynpraraM HW3MEpEHUH BBIUNCIUTH MOAYJb YIPYrOCTH pe3WHBl E M OLEHWTH
IIOIPELIHOCTH SKCIIEPUMEHTA!

Am Al Ad Al

£= + +2—+ -

m d [-1,
AE=F-g

- a0COMIOTHAS TTOTPEITHOCTD.
5. Pe3ynbTaThl U3BMEPEHUI M BHIYMCIICHUH 3aHECTH B TAOIUILY:

- OTHOCHUTCJIbHAs NOTPCIIHOCTDb
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H3MEPCHO BBIYHCIICHO
:{gn mkr | dom | S.m? | Lo m Lm | ALm| F,H |E, Ila %;’ ?’IE, £,%
1
2
3

6. CnenaTtb BBIBOJI.

KoHnTpoJibHbIE BOIPOCHI.
Kaxkue Bunpl nedopmanuii Bel 3HaeTe?
N3mensiercs mu BHYTpEeHHsIS S3HEPTUs 1e(hOPMUPOBAHHBIX TEI?
OT Kakux nmapaMmeTpoB 3aBUCUT MOyJb FOHra?
Kakoro Bupma apedopmarus nHabmomaercss mpH 4YeKaHKe, Ipu (OPMHUPOBAHUHM COCTaBa, NPHU
WCIIOIB30BaHUH JIOMKpaTa JijIsi TPAaHCIIOPTHOTO CpeicTBa?

L=

Paznen 4 Danexkrpoannamuka Tema 4.2 I1oCcTOSIHHBIN 3JIEKTPUYECKUH TOK.

JlabopaTopHoe 3ansitue Ne9. OnpenelieHue yaeabHOr0 CONPOTHUBJIEHUS MPOBOIHUKA

He.]]b paﬁoTbIZ OMpCACIICHUC YACIBbHOI'O COIIPOTUBJICHUA MTPOBOAHNKA SKCIICPUMCHTAJIbHBIM IIYTEM

BoinosiHeHne padoTel crioco0cTBYeT (POPMUPOBAHUIO:

[1Py8, ITPy10, ITPy12, I1P610, Ilpy2, [IPyl2, [IPG10, MP3, MP5, MP15, MP28, MP31, MP32,
MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32,

MarepunanbHoe oOecrnedyeHHe: MCTOYHHMK TOKA, aMIIEPMETP, BOJIBTMETP, COCIWHUTEIbHbBIE
MpPOBOJA, KIIOY, IITAaHT€HIUPKYJb, JHUHEWKa, KYyCOK IMPOBOJA, YJEIbHOE COMPOTHBICHHE KOTOPOTO
OIIpEAEIISAETCS.

Buumanue! Ilpu padbome c 3nekmpuuecmeom cobnroaiime npaguia mexHuku dezonacnocmu. /lna
3aMbIKAHUA IIEKMPUYECKOTl enU npu2iacume npenooasamens ons ee npogepku!

3aganue

1. CamocTosATeThHO COOpaTh JIEKTPUUECKYIO IIeTh TI0 CXEME.

2. CHSATh NOKa3aHMS aMIIEPMETPa U BOIBTMETPA.

3. Hcnonb3yss MITaHTEHIMPKYJb W JIMHENKY, HAYYUThCA OINPEAENATh N€OMETPUUYECKHE pa3Mepbl
MIPOBOJIHUKA.

4. Onpenenuth BEIUYUHY yACIBHOTO COMPOTUBIIEHUS METasIa.

ITopsinok BbINOJIHEHHS PadOTHI:

1. CoOpatp 1nens o cxeMe U OKa3aTh JJIsl IPOBEPKU PYKOBOIUTEIIO. R
2. 3aMKHYTb LIETb U CHATDH [MOKA3aHUsI aMIIEpMETpa U BOJILTMETPA.
3. BBIYMCIHTH CONPOTHBIICHUE MPOBOIHUKA 1O (hOpMYyJIE:
rae [ - Tok B mpoBoAHUKE, A; U - majiecHue HaNpsHKeHUsT Ha MPOBOJIHUKE, B.
4. W3mepuTh AIMHY ¥ BRIYUCIUTH TIIOMIAb TIOTIEPEYHOTO CEUCHHs IPOBOIHUKA 11O (hopMmyJIe:
, TIe d - nuameTp IpoBOJHUKA.

R-S
p:_
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Boruncnuth yaenbHOe COPOTUBIICHHE IO PopMyIIe:

6. Jannbie 3anectu B Tabnmiy 1.
7. 7. BpUUCIUTH a0COMIOTHYIO (A) M OTHOCHTENBHYIO (€) MOTPEUIHOCTH U3MEPEHUH 110
dhopmyam:
A= A ;
= |pTA5ﬂ4 - pHOﬂyL/.| E= -100%
, Prasi.

8. Cnaenath BBIBOJ IO paboTeE.

dopma npenocraBieHUs pe3yibTaTa

Tabmuma 1.
P 0
U,B 1,4 ROm | Lm | dym| S ut p,Onp | A, Omia4%
Owm-
M
BEIIECTBO

KoHTposibHBIE BOITPOCHL:
1. OT Kakux BEJIMYMH W KaK 3aBUCUT CONPOTHUBIICHUE TMPSIMOJIMHEHHOTO METAJUIMYECKOrO
MPOBOIHUKA?
2. JIBa MeIHBIX MPOBOJIHUKA WMEIOT OJMHAKOBYIO JJIMHY, HO PA3IUYHYIO TUIOMIAAh MOMEPEIHOTO
ceuenns.:1,6 MM | 0,8 mm2. Kakoit MIPOBOJIHUK UMEET MEHbBIIIEE COMTPOTUBIEHUE U BO CKOJIbKO pa3?
3. CKOJIBKO METPOB HHUKEIMHOBOTO IMPOBOJAA ILIOMAAbI0 morepedHoro ceudenus 0.1 MM?>

noTpedyeTcst AN M3TOTOBJICHUS PeocTara ¢ MaKCHMalbHBIM comporuBieHueM 180 Om? VYiaenbHoe
conpotusienue Hukenuna 0,42 -10°°0m M.

Tema 3.2 3aK0HBI NIOCTOSTHHOIO TOKA

JlabGoparopHoe 3ansiTue Ne 10. [IpoBepka 3akoHoB OMa /I y4acTKAa HeNu U MOJHOM Lenu.
BAX.

Leab padoThI: yCTAaHOBUTh Ha OMNBITE 3aBUCUMOCTh CHJIBI TOKa OT HampsbkeHus. I[loctpouts
BOJIbTAMIIEPHYIO XapakTepucTuky. Onpenenuts IJ{C 1 BHyTpeHHEE COIIPOTUBIEHUE UCTOYHNKA TOKA.

Brinosinenue padoTsl cnocod6cTByeT GOPMUPOBAHNIO:
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[1P64; TTP66; ITP67; I1P6S;

MP8&, MP9, MP10, MP21, MP17, MP13

JIP 26, JIP 14, JIP 23, JIP 13
MartepuanbHoe oOecnedyeHHe: HCTOUHHK DJIEKTPUUYECKON SHEPIHH, PE3UCTOpBI, TPU amIepMmeTpa
MOCTOSSHHOTO  TOKa, TPU BOJBTMETPAa IOCTOSIHHOIO TOKa, PEOCTaT IOJI3YHKOBBIM, KIIOY,
COEMHUTEIIbHBIE IPOBOJA.
Buumanue! Ilpu pabome c rnekmpuvecmeom coonrooaiime npasuia mexHuku odesonacnocmu. /lnsa
3aMbIKAHUA IJIEKMPUYECKOIl Yenu npuziacume npenooasamens 01 ee nposepku!

3aganue:
1. [IpakTryecku yoeaurcs B PU3NUECKOM CyIHOCTH 3aKkoHa OMa 1S y4acTKa IeTlH.
2. VY CTaHOBUTH Ha OIBITE 3aBUCUMOCTb CHJIbI TOKA OT HANPSKEHUS U CONPOTUBJICHUS.

O6opynoBaHue: aMIiepMeTp J1aOOPaTOPHBINA, BOJIBTMETP JIaOOPATOPHBINA, HCTOYHUK MUTAHUS, PEOCTaT,
KITIOY 3aMBIKaHUS TOKA, COSTUHUTENILHBIE TPOBO/IA.

Xom paboThl.
KpaTtkue TeopeTnyeckue cBeIeHHSA

DNEeKTPUUYECKUM TOK - YIOPSIOUYCHHOE ABUKEHUE 3apsHKEHHBIX yacTull. KonndecTBeHHOM Mepoit
AIEKTPUYECKOTO TOKA CIIYXKHUT cuja Toka |

Cuna Toka - ckansipHasi pu3nvecKas BeJIMYMHA, paBHAsl OTHOIICHUIO 3aps/a (, IEPEHOCHMOTO Yepe3
MONEPEYHOE CEUCHHE MPOBOAHUKA 3a HHTEPBAJl BPEMEHU t, K 3TOMY UHTEpPBAIly BPEMEHHU:

g
I==

Z B Mexnynaponnoit cucreme eaunun CU cuma Toka wusMmepsiercs B ammepax [A].
[IA=1Ku/1c] [Ipubop  mnma  w3MmepeHus  cuiabl  Toka Ammepmetp. Bximtouaercs B

OCIb IMOCJIICA0BATCIIbHO

Il (V3
| Ha cxemax QJICKTPHUYCCKUX LCTICU

H amMmepMeTp 0003HavYaeTCst

Hanpsiskenne — 310 dpuznyeckas
BEJIMYMHA, XapaKTEPU3YIOIasl AEUCTBUE NIEKTPUIECKOTO MOJIS HA 3apsKEHHBIE YAaCTHLIbI, YACICHHO
paBHO pabOTE NEKTPUUECKOTrO MOJIS IO MEPEMELICHHIO 3apsAAa U3 TOYKHU ¢ HOTEHIMAIIOM ¢; B TOUKY C

MOTCHIUAJIOM (2

y=2

Un=01—¢2 q

U — nanpsokeHnue

A —paboTa Toka

( — JIEKTPUUYECKHI 3apsij

Enununa nanpsoxenust — Bonet [B], [1B=1/1x/1Kn], Ilpubop ans usmepeHuss HampsHKeHUS —
BoabTMmerp. Iloaxmrouaercs B uenb

! rapajuieIbHO TOMY yYacTKy IIeTH, Ha KOTOPOM
== 2y T/L U3MepsIeTCs pa3HOCTh NoTeHIHaoB. Ha cxemax
= ¥ i
= AJEKTPUYECKUX Lieniel amrnepMeTp o003HayaeTcs

V
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I'padmueckas 3aBUCUMOCTb CUJIBI TOKA I OT HatipsbkeHus U - gonibm-amnephas xapakmepucmuxa
3akoH Oma 171 OJHOPOAHOIO YydacTKa LENH: CUld MOKA 8 NPOGOOHUKE NPSAMO HPONOPYUOHATbHA
NPUTLOHCEHHOMY HANPANCEHUTO U 0OPAMHO NPONOPYUOHATILHA CONPOMUBTLEHUIO NPOBOOHUKA.

. U
"R

[Tonnas (3aMKHyTast) JIEKTpUYECKash ILIEMb COCTOUT M3 HCTOYHUKA Toka ¢ DJIC € U BHYTpEeHHHUM
COIPOTHUBIICHUEM T U MOTPEOUTENS SJIEKTPUUECKOTO TOKA C BHEIIHUM COMpoTHBiIeHneM R. Cuia Toka B

TaKOM Ienu omnpenensercs 3akoHoM Oma Jyisl MOJHOW IeNu: ¢ . Ilpn pazomknyTom kiroue D/C
R+r

I=

HCTOYHHKA TOKA paBHA HAIIPAKCHHUIO HA BHEIITHEH YacTu TCIIN.

HpI/I HU3MCHCHHU COIIPOTHUBJICHUSA HOTpe6I/ITeJI$I BHCKTPHHGCKOﬁ OHCPIrUuU U3MCHACTCA BCIIMYMHA CHJIIbL
TOKa B ICIIN:

L=

=>e=1-(R+r) (1 L=— —e-1,-R+r) 2
R +r 1 2 R +r 2 (Ry+71)
JleBbie yactu ypaBHeHui (1) u (2) paBHBI, 3HAYUT, PABHBI U [IPABbIE YaCTHU:
Iz'Rz_Il’Rl (3)

I(R +r)=0L(R,+r)=>r=
Il _[2

IIpakTrHueckas 4acTb
onbIT 1. 3akoH Oma ans ywactka nenu: i BeIOJHEHUsS pabOThl coOepUTe 3IMEKTPUUYECKYIO IeNb U3
UCTOYHHKA TOKA, aMIIEpPMETPa, PEoCcTara, MPOBOJOYHOIO PE3UCTOPA cONpoTHUBIeHHEM n OM M Kiroya.
[TapannenbsHo MPOBOJIOYHOMY PE3UCTOPY MPUCOEAUHUTE BOJIBTMETP (CM. CXEMY).

Hccnedosanue 3asucumocmu cuibl moka om HAnpsNACeHUs Ha OAHHOM YYacmKe yenu.
Bxmrouute Tok. IIpu momomu peocrata U3MEHUTE HAIIPSOHKEHUE HA 3aKMMax IIPOBOJIOYHOIO PE3UCTOPA
TpoKIbl. Kaxablil pa3 npu 3ToM U3MepsiTe CUITy TOKa U pe3yJIbTaThl 3aluchiBaiiTe B Ta0. 1.

Tabnuya 1. Conpomusnenue y4acmka const
Hanpsbkenue, B
Cuna Toka, A
[To naHHBIM OMBITOB MOCTPONTE TpapuK 3aBUCUMOCTH CUJIbI TOKA OT HanpsikeHus. CaenaiiTe BHIBOJ.

ombIT 2. 3akoH Owma i monHOW menu: /{7 BhIMOJIHEHHs] paboThl cobepuTte | }
ANEKTPUYECKYIO IIeNb U3 MCTOYHMKA TOKa, aMIIepMETpa, peocraTa, Kiroda (CM. :|
CXEeMY).

1. ColepuTe IeKTPUUYECKYIO LETh 110 CXEME: <A>

2. Onpeznenurte HEHY AEICHUS dIEKTPOU3MEPUTEIBHBIX TPUOOPOB.

3. M3ameppre DJIC ucrounuka Toka. Jljist 3TOro omnpenenuTe MOKa3aHHs v |
BOJIETMETpA MPHU Pa30MKHYTOM KJIIOYE. R —

4. I/I3MepI>Te BCJIMYMHBI CUJIBI TOKA U HAITPSIPKCHUSA HAa BHEIIHEH YacTu Oe1u, 3aMbIKas KJIHOY.

5. N3mensis monoxeHne JBUKKA peocTara, MOBTOPUTE u3MepeHus (1. 3) eIne TBaXK/Ibl.
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6. Brruucnure BenMUMHY BHYTPEHHETO COMNPOTUBIEHHUSA, HCmonb3ys ypaBHenue (3) m DJIC,
ucnoib3ys ypaBHenue (1).
7. Brruucnure cpennue 3nadenuss 3J1C 1 BHyTpEHHEr0 CONPOTUBIICHUSI HCTOYHUKA TOKA
8. Pe3ynbraThl M13MEpEeHHii U BBIYMCICHUN BHECUTE B TAOIUILY.
Tabnuya 2

NQ Cp»s
| &B | UB | LA |ROu | rOm ’(");

1
2
3

Cnenatp BbIBOJ 11O pabdoTe.

KoHTpoibHbIE BOIPOCHI

1. Yto Takoe 3JeKTPUUECKUI TOK?

2. Jlaiite onpeneneHue cuibl Toka. Kak o6o3nauaerca? [1o kakoit popmyne nHaxonurcs?

3. KakoBa equHMIIa U3MEPEHUS CUITBI TOKA?

4. Kakum npubopom uzmepsiercs cuia Toka? Kak oH BKITIOYaeTcs B 3JEKTPHUECKYIO LEb?

5. Maiite onpenenenue Hanpspkenns. Kak o6o3nayaercs? I1o xakoii hopmyne Haxoaurces?

6. KakoBa equHuIla U3MEPEHUS HANPSHKEHUS?

7. Kakum npubopom usmepsiercs HanpsbkeHne? Kak oH BKIIIOYAaeTcs B AJIEKTPUYECKYIO 1IETh?

8. Haiite onpenenenue conpotunienus. Kak o6oznavaercs? I1o kakoit popmyse HaxoauTcs?

9. KakoBa envHuIa U3MEPEHUS COIPOTUBIICHUS?

10. Chopmynupyiite 3akon Oma 11 yyacTKa LemH.

11. Tlouemy nokazaHust BOJIbTMETpA MIPU PA30MKHYTOM U 3aMKHYTOM KJIFOU€ pa3IndHbI?

12. Jlns uamepenust JIC MCTOYHMKA TOKA U €r0 BHYTPEHHETO CONPOTUBIIEHHS CTYJIEHT cOOpai cxemy,
n300pakeHHyo Bhite. [Ipu sTom BoseTMeETp mokazan S5 B, a ammepmerp 1 A. Tlocne pasMbikanust
KJIF04a BOJIbTMETp nokasan 6 B. Uemy paBHbl D/IC HCTOYHMKA TOKA U €T0 BHYTPEHHEE
COIIPOTHUBIICHUE?

13. 3/1C ucrounuka Toka 3 B, a BHyTpeHHee conporusienue 0,5 Om. ConpoTHBIEHHE BHEIIHEN YacTH
nenu 10 Om. Haiinute cuiy Toka B Liemu.

14. Cuna Toka B uenu paBHa 0,4 A, BHyTpeHHE CONPOTHBIIEHHE UcTOUHMKA ToKa 0,5 OM, BHeIlIHee —
4,5 Om. Kakosa 9]JIC ucrounnka?

JlabopaTopHnoe 3ansitue Nell. M3yuyenune paboTbl My IbTHMETPA Ha IpUMepe padoThl
JAHO/A0B U 32aBHCHMOCTH CONPOTHUBJIEHHUS OT TeMIlepaTypbl 00pa310B MeTaJIa U NOJYNPOBOJHUKA

I_[e.m,: HAYYUTBHCA MOJB30BATHCA MYJIbTUMETPOM IIPU PA3HBIX PCIKUMOB pa6OTBI.

Boinosinenue padoTsl cnocodcTByeT (OpMUPOBAHMIO:
[1P62, I1P66, ITP6S, I1Py3, Ilpy7, I1Py8, IIPy10, ITPy12, T1P610, Ilpy2, I1Py12, [1IP6G10, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32
MarepuanbHoe olecmedyeHue: MYyJIbTUMETP, HaOOp pPE3UCTOPOB, TUOJBI, TPUOJbI, HCTOYHHUK
TOKa, PEOCTaT, COeANHUTEIbHBIC IIPOBOAA, KII0Y, TPUOOPHI Ul U3YUYEHUS 3aBUCIMOCTH COTIPOTUBIICHUS
MeTaljla ¥ TOJYNpPOBOJHHUKA OT TEMIEPaTypbl, TEPMOMETp, JJIEKTpUYecKas IUIMTKA, ILITaTHUB C
MPUHAIICKHOCTSAMH, K0J10a C BOJIOHA.

HNHcTpyKIus M0 NPpMMEHEHUI0 MYJIbTHUMETPA
IlepexiouaTenb pexxUMa U IUANA30HA U3MEPEHM .
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[lepexmouarens pekuMa M Juana3oHa W3MEpPEHUI MCIONb3yeTcs ISl BKIIOYEHMs MpHOopa, a Takxke
UL BBIOOpA JKEJIaeMoro pekuma palboThl W mpenaena u3MepeHus. s yBelnuyeHHs CpOKa CIyKObI
Oarapew, repeBouTe nepekitoyarens B nojoxenue «OFF», mocie BbImoNHEHUS N3MEPEHUIA.
HN3mepeHue HanpsizKeHUs MOCTOSIHHOTO M TEPEMEHHOT0 TOKA.

1.IToaxmrounTe KpacHbI pazbeM B rHe310 «VQmAY, 4epHblil pazbeM B rHe3/10 «COM»

2.YcTaHOBUTE MEPEKIIOYATENIb PEKUMA U3MEPEHUI Ha KeJTaeMbli TUara30oH U3MEPEHUS HAIIPSKEHUS, B
cllydae €CJIM HEU3BECTHO IPHUMEpPHOE 3HAUYeHUE HaMNpsKEHUs, YCTAaHOBHUTE IMEpeKiIrovaresab Ha
MaKCUMaJIbHOE 3HAYCHHUE U CHIDKANTE Mpeien U3MEpPeHus A0 MOTyUYeHUs ONTUMAIBHOTO 3HAYCHUSI.

Pexum ITar usmepenus IlorpemHocTs

200 mB 100 MmB +0,5 % nms1 3ro 3HaKa
2000 mB 1 MB +0,8 % m1s 2ro 3Haka
20B 10 MB

200 B 100 MB +1,0 % ns 2ro 3HaKka

3. IlpukocHuTeCh MPOOHMKAMH K YCTPOWMCTBY WJIHM TOYKAaM JIIEKTPHUYECKOW CXEMBI. THe Tpelyercs
U3MEPUTH HalpsHKEHUE.

4. B ciydae HaJM4Yus HANPSDKEHUS MPHOOP TOKXKET HANPSHKEHUE U TIOJSIPHOCTb.

HN3mepeHue NOCTOSTHHOIO TOKA

1.IToaxnrounte KpacHbI MPOOHUK K pazbeMy «VQmAY». UepHslil k pazsemy «COM» (a1 uzmMepeHus
ToKOB 0T 200MA 110 10 A ucnomns3syiite pazbeM «10A»)

2 VYcTraHOBUTE MEpeKIOYaTesb BbIOOpa peXHMa H3MEPEeHHH Ha JKelaeMblidi Tpeaen H3MepeHHs
MOCTOSIHHOTO TOKA.

3.PazpeiuHuTE M3MEPSAEMYIO DJEKTPUUYECKYIO LIeNb U IMOJCOECIUHUTE MPOOHUKU IOCIIEAO0BATENBHO C
Harpy3Komu.

4. Ha nucnniee nosiBUTCS 3HaYEHUS TOKA.

6. PazbeM «10A» mpegHazHaueH Jii HEYACTOrO MHCIIOJIb30BaHMs. Bpems u3MepeHus He J0JKHO
IpeBbILaTh 15 CeKyHA, a MeXIy H3MEpEeHUSMH HEeOOXOAMMO BBIIEPKHUBAaTh HECKOJBKO CEKyHI BO
n30exaHue MOBPEKICHUs TpUoOpa.

HN3mepenue conpoTuBIeHUs

1.IIpucoenuuuTe KpacHblii MPoOHUK K pazbeMy «VQmAy». UepHslil k pazbemy «COM».

2.YcTaHOBUTE TepeKiIouaTeNb BbIOOpa peXMMa H3MEPEHUH Ha JKeNaeMblil Mpenesl H3MepeHHs
COIPOTHBIICHUS.

3. Ilpunoxure NpoOHUKKM K HU3MepseMoMy o00pasily, IUCIUICH OTOOpa3uT NpU 3TOM 3HAYCHHE
COIPOTHBIICHUS.

Pexum MHoxuTenb [TorpemHocTh
200Q2 0,1 +(1.0% mns 10ro 3Haxa)
2000Q 1
20KQ 10
+(1.0% nns 4ro 31Haka)
200KQ 100
2000KQ 1000
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IIpoBepka n1uoa0B
1.IonkmrounTte KpacHbI MPOOHUK K pazbeMy « VOQMAY., uepHsiil K pazbeMmy «COM».
2. YcTaHOBHTE MEPEKIIIOUaTENb BEIOOpA pekMa U3MEPEHUH Ha 3HAUOK |aroaa
3. CoenunHuTe KpacHBI IPOOHUK C aHOJIOM (p) TECTHPYEMOTO IU0/a, & YEPHBIM MPOOHUK € KaTOAOM (Nn)
4. Jlucruie NOKa)XKeT 3HAYEHHWE HanpspKeHWs B MB. ecnu MOoJasSpHOCTh AMOJA IepenyTaHa, AUCIUIEH
otobpasut «1».
HN3mepenue TemnepaTypbl
1.IIpucoenunute Tepmonapy k pazbemy «VQmA» u k pazbemy «COM».
2.YcTaHOBHUTE MEPEKIII0YATENh BRIOOpA PeKUMa H3MepeHnid Ha u3Mepenue temrepatypbl « TEMIDy
3. Jducnneit oTo0pa3uT 3HaueHUE TeMIepaTypsl B rpagaycax Lleabcusi.
3ByKoBasi MPO3BOHKA
1.IonkmrounTte KpacHbIA MPOOHUK K pazbemy «VOQMAY. UepHslii k pazbemy «COM».
2.YcTaHOBHTE MEPEeKII0YaTelb BHIOOpa pekruMa U3MEPEHU Ha 3BOHOK
3.Ilpucoeauuute NpoOHUKU K MPO3BAHUBAEMOW cxeme, Mpu conporuBieHuH MeHee 30 OM mopaercs
3BYKOBOM CHUTHAI.
Ilopsinok BbINOJHEHHs padOTHI:

Tlonynpoeoonukoswiii 0uoo
JIMOo CONEPIKUT p-N-TIEPEeXO0Jl, 3aKIFOUYCHHBIH B TEPMETUYCCKUN KOPIYC W COCAMHEHHBIA C
METAJNTNYECKIMHE BBIBOIaMH. BBIBOJI OT p-001acTH HA3bIBAIOT aHOJIOM, OT N-00JIACTH — KaTOJIOM.

p
)

KOJIeD.

r

IBIA Uil ycu s TNpeoOpa3oBaHUs TCHEPUPOBAHUS 3JIEKTPHUECKUX
- M. A

ey --.__= __Tpex obmacTeii ¢ pa3IMYHON MPOBOIUMOCTHIO. Pa3IHUatOT TPAH3UCTOPHI
TUMNa p-n-p U n-p-n. CpeaHss 30HA Ha3bIBaeTcs 6a3oti. TonmuHa 0a3bl JOHKHA OBITH MEHbILE JITTMHBI
cBoOOHOTrO Tpodera anekTpoHa. B TpaH3ucrope umerorcs aBa p-n-mepexoja. JIeBblit p-n mepexon
ABJISICTCA TPSMBIM M OTIEIISAET 0a3y OT 00JACTH C MPOBOJUMOCTBIO P-THUIIA, HA3bIBAEMYIO IMUMMEPOM.
B 53T10if obnacTi akuenTopHoi mpuMecH B COTHH pa3 0oJjblle, 4YeM JOHOPHOW mpumecu B Oase, T. €.
IBIPOK B AMUTTEpPE 3HAUMUTEIBHO OOJblIe, 4YeM 53JIeKTpoHOB B 0Oase. IlpaBblii mepexon sBiseTcs
00paTHBIM U OTIeNAeT 0a3y OT 00JaCTH € MPOBOAMMOCTBIO P-TUIIA, HA3bIBAEMOU KOJLIEKMOPOM.

Dy | 0 | e | 8 |
3 K 3
Is

ime < o

Xon paborsr:
1.MI3y4nTh MHCTPYKIIMIO 1O IKCIUTyaTaIluu Iprodopa.
2. I3MepuTh CONPOTHUBIICHHSI PE3UCTOPOB, JaHHbIE 3aMMCaTh B TaOIHILY

Ne n/m ConporuBienue, Om
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3.Co0pats 11e1b 1Mo cxeme

4.3aMKHYTb LI€TIb, IPY HEUCIIPABHOCTH 1IENH ITPO3BOHUTD 11€1b, HAUTU HEUCIIPABHOCTD.
5.M3MepuTh HampsKeHUE Ha OaTapeiike U peocrare.

6. PazoMkHyTh 1ienb. VI3MepuTh TEMIIEpATYpy PE3UCTOPA U peocTaTa.

7.3MepuTh CONMPOTUBIIEHUE PE3UCTOPA U PEOCTAaTa, IaHHbIE 3aKicaTh B TAOIUILY

HaunmenoBanue Conporusienue, | Hanps:xkenue, B | Temneparypa,
Om 0C

Pesuctop

Peocrtar

Uctounuk Toka | = --—---

8. IloBTOpUTH TEOPETUUECKHI MaTepHal IO MOJIYIPOBOJAHUKOBBIM IPUOOpaM: MOy U TPAH3UCTOPY.
9. IIpoBepuTh 1MOMABI (UCIIPABHOCTH, MOJSPHOCTD).
10. Tpauzuctopsl. OnpeneauTs BBIBOJBI TPaH3UCTOPa (KOJIJIEKTOP, 0a3a, SMUTTEP) U THI TPAH3UCTOpA
(p-n-p) wiu (n-p-n)
11. 3anucaTh BBIBOJ 1O paboTe, OTBETHUB HA BOMPOCHI.
KoHnTpoJibHbBIE BONIPOCHI:
1. Kak BbISICHUTB, yTO J10J HeucnipaBeH? 2. Kak BBISICHUTH p- U N- KOHTAKTHI A1oAa?

2. Kak onpenenuts 6a3y y TpaH3UCTOpA.
3. Ha3oBure rinaBHbIE CBOMCTBA IUOAA U TPAH3UCTOPA.
4. YcTpolCTBO 1MOAA U TPAH3UCTOPA.

Yacts 2 MccnenoBanue 3aBUCUMOCTH ITPOBOJHUKOB U NOJIYIIPOBOAHUKOB OT TEMIIEPATYPhI

Ecau mponyCTUTh AJIEKTPUYECKUM TOK 4Yepe3 CTAJIBHYH CHOUpPAb, a 3aTeéM €€ Harperb, TO
aMIEpMETp TOKAKET YMEHBUIEHME CUJIbl TOKAa. OTO O3HAYaeT, YTO C H3MEHEHHEM TEMIIEpaTyphl
COIIPOTHBIICHUE METAIIA MEHSAETCSI.

Bce Meramibl — KpUCTAUIMYECKHE Telna, B y3JaX KPUCTAUIMYECKOM PELIETKH KOTOPBIX
pacrojaraercsi MOJIOKUTENbHO 3apsHKEHHbIE HOHBL. MeEXIy KOJIEOMIOMUMUCS HWOHAMM JIBUTAlOTCS
CBOOOJHBIE 3JIEKTPOHBL. BenuunmHa 3JIEKTPUUYECKOrOo CONPOTHUBICHMS MeETalja 3aBUCHUT OT YHCIa
CTOJIKHOBEHHUI KOJEOIIOMMXCS HOHOB M CBOOOJHBIX AJIEKTPOHOB. [Ipu yBenMueHUU TeMIepaTypbl
MeTaljla YBeJIMUMBAETC aMIUTUTY/1a KoJieOaHUi HOHOB. DTO IPUBOJUT K YBETMUYEHUIO CTOJIKHOBEHUH, a
3HAYUT U K YBEIIMYECHUIO COIIPOTUBIICHUS METAJLIIA.

B nonynpoBoaHMKe Npu yBETUYEHUH TEMIIEPATyPbl YBETUUUBAETCS YUCIIO CBOOOIHBIX HOCUTENEH
3apsja, NOSIBUBLIMXCS IIPU Pa3pbIBE€ KOBAJIEHTHBIX CBS3€H. DTO NPUBOJUT K YBEIMUEHUIO CHJIBI TOKA B
MTOJIYIIPOBOJITHUKE U K YMEHBIIEHUIO CONTPOTUBIICHHUS IPOBOAHMKA.

Buumanue! Bo u3bexcanue naodenus Koa0vl nomecmume 6 KoOJbYo, 3AKPENnIeHHOE 8
wimamuee. B kon6y onycmume npooupky, ¢ nomeuieHHoil ¢ Hell KAMmyWKoil u3 MeoH020 npoeooa.
Ocmoposricno onycmume 6 npooupky mepmomemp. AKKypamHo 6bINOIHANIME nepemeuieHue
emMKocmu ¢ 2opayei 6000u.
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Iopsinok BbINOJIHEHHUS PA0OTHI:

1. [ToaroroBbTE K paboTE OMMETP:

a) BCTaBbTE LITHIPbKU IPOBOJHUKOB B 'HE3/1a, 0003HaUeHHBbIE «» U «oo1u COM.»;

0) mocTaBbTe NEepeKIovaTeNb Ha nuppy «10»;

B) COEIMHUTE CBOOOIHBIE IITHIPHKU IPOBOJHUKOB U PYUKOH «ycT. 0» mOCTaBUTh CTpenkH Ha «0».

2. Ha s1eKTpu4ecKyro IIIUTKY IOMECTUTE KOJIOY C BOJIOMA.

3. CB0oOOIHBIE ITBIPEKU OMMETpA COEIMHUTE C KIIEMMaMH MEIHOM KaTyILKH.

4. BxirounTe IHYp IUIMTKH B PO3ETKY M M3MEPHTE CONPOTHUBIIEHUE KATYLIKH IPU Pa3INYHBIX
3HA4YEHUSAX TEMIIepaTyphbl.

5. BHecurte u3mepeHus B TaOIUILy.
IIpoBoaHuUK (Meab)

©,C

R, OM

6. Ha ocHoBe usmepenwuii nocrpoiite rpaduk. Cremnaiite BEIBOI, KaK COMPOTUBJICHUE TPOBOIHUKA
3aBHCHUT OT TEMIIEPATYpHI.

R, Om

» 1%, C

7. IlocraBbTe mepekitoyaresnb oMMeTpa ¢ mudpbl «10» Ha mudpy «100» U mocraBbTe CTPENKY
oMmMmeTpa Ha «0» (Cm. myHKT 1-B).

8. 3aMeHuTe B K0J0€ MPOOMPKY C METAUIOM Ha MPOOUPKY C MOIYNPOBOIHUKOM (TEPMUCTOPOM).
Omnycture B mpoOupky Tepmomertp. K kiiemmam TepMucTopa rnojicoeJMHUTE OMMETP.

9. I3mepbTe cONMpOTUBIICHHE TIOTYIPOBOTHUKA MPH PA3IMYHBIX 3HAYEHUSX TEMITEPATYPHI.

10. Baecute nu3mepeHus B Ta0UILy.
IHonnynpoBoaHuK

t°C

R, Om

11. IToctpoiite rpadux R(z).
R, Om%

3
>

t°, C
12. Cnenaiite BBIBOJ, KaK COIPOTUBIICHUE MTOIYITPOBOIHUKA 3aBUCUT OT TEMITEPATYPhI

KoHTpoJibHBIE BOPOCHI:

1. DnexTpuueckuil TOK B METAJUIAX — ITO YIOPSA0YEHHOE IBUIKEHUE ...

2. C TOYkHM 3peHus DSJIEKTPOHHOM TEOpUM DIEKTPUUYECKOE COIMPOTHBICHHE OOYCIOBICHO
COYAAPEHUSIMY ...

3. C NOBBILIEHUEM TEMIIEPATYPHI CONPOTUBJIEHNE METAILIA ...
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JlaGopaTtopHoe 3ansaTue Nel2. Onpenesienne TeMnepaTypHoro ko3gpguuneHra Meau

Ieab: packpbITh BIUSHUE TEMIEPATYPhI HA AIEKTPUUECKOE CONPOTUBIIEHUE METAJIIOB; OIIBITHBIM
nyTEM ONpeaeNuTh KOAPPUIUEHT TEPMUUECKOTO COTPOTUBIICHUSI ME/IN; TOCTPOUTSH 10
HKCIEPUMEHTAIBHBIM JaHHBIM I'pauK 3aBUCUMOCTH COIPOTUBIICHUS OT TEMIIEPATYPHI.

BoinosiHeHue padoThl cocodcTBYET (POPMHPOBAHUIO:

[1P62, I1P66, I1P68, I1Py3, IIpy7, ITPyS8, I1Py10, ITPy12, TIP610, Ilpy2, ITPy12, ITP610, MP3,
MP5, MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32,

MarepuanbHoe obecriedeHue: TpuOOp A ONpeAeNieHUs TemIepaTypHoro koadduiueHTta
compoTuBlieHus meau, TepmoMerp TexHudeckud or 0 no 100°C ¢ nenoit genenust 1°C, ommerp,
BHEUIHUI coCyJ KaJOpUMeTpa C BOJOM, 3JEKTPOIUIUTKA, KII0Y, COCIUHUTENbHbIE IPOBO/IA, IITATUB C
My(QTOH U JIANKOM.

Teoperuyeckunii Mmarepuas:

DJNEeKTpUYECKOe CONPOTHUBICHHE 3aBUCUT OT Temmeparypbl. OOBICHAETCS 3TO TeM, 4YTO
YHOPSAJOYEHHOMY JABM)KEHUIO CBOOOJHBIX AJIEKTPOHOB 3JIEKTPUUECKUH TOK — 3TO YINOPAIOUYEHHOE
JBMKEHUE 3apsKEHHBIX YacTHUI] - JIEKTPOHOB) OKAa3bIBAIOT MPOTUBOJICHCTBHE (CONPOTUBIIEHHE) ATOMBI
KPUCTAJINYECKON PEIIETKH, MHTEHCUBHOCTD TEIIJIOBOTO JABM)KEHUSI KOTOPHIX U3MEHSETCS C U3MEHEHUEM
TeMIIepaTyphbl.

Y XUMHYECKM YHCTBIX METa/NIOB C MOBBIIEHHWEM TemnepaTtypel Ha 1°C  compoTHuBIEHHE
Bo3pacraer mnpumepHo Ha 0,004 (1/273) comporuBnenus npu 0°C u BbIpakaeTcs JIUHEHHOMN
3aBHUCHUMOCTBIO

Rt =Ro(1+0At), rae

Ro—comnporusnenue meramna npu 0°C,

At- pazHOCTB TeMnepaTyp (KOHEUHOH U HadaJIbHON);

0 - TeMIepaTypHbIi KO3((ULINEHT CONPOTUBIICHNUS, TOKA3bIBAIOIINN, Ha KaKyl0 YaCcTh Ha4aJIbHOTO
conpoTuBiieHus npooaHuka mpu 0°C (273K) usmensercss conpoTuBiieHHE MTpHU HarpeBaHuu Ha 1°C uimu
1K.

a=A R/ RoAt nin 0=A R/ RoAT
AR=R: Ro.
OnbITHBIM MYTEM MOXKHO ONPEAETUTH O, HE Mpuberas K U3MEpeHuro conpoTtusneHus Ro. [{ns atoro
HE0oOXO0UMO JABaX]bl W3MEPHUTHh CONPOTHUBIIEHHE HcciexyemMoro marepuana R; um Ro mpu passbix
TeMIeparypax tp u ta.

Ilopsinok BbINOJHEHHs padOTHI:

Cocyn ¢ BOJ0M TOCTaBUTh HA AJIEKTPOILIUTKY U BKJIIOUUTH €€ B CETb.

OnpenenuTs LIEHY AEIEHHUS] OMMETPA.

N3meputsh conporuBneHre Ri MeIHONM TPOBOJIOKH ITPU KOMHATHOM TeMIleparype ti.

Onyctute npubop B BOJY, YCTaHOBUTH B HEM Tepmomerp. [Ipum HekoTopoil Temmeparype to

U3MEPUTH CONIPOTUBIICHUE R2 HccienyeMoi IpoBOIOKH.

OMnBIT NOBTOPUTH HECKOJIBKO pa3s.

Boruucnuts 2 — 3 pasa o, ucnoins3ys cootHouienue: o= Ra - Ri/ (Ri t2 —Ra tr).

7. OnpenenuTh CpeaHEe 3HAUEHUE Ocp U CPABHHB TOJYUEHHBIN PE3yJbTaT C TAOJMYHBIM 3HAYCHHEM
TEMIIEpaTypHOro KO3 QUIMEHTa  CONPOTUBICHHMS  MEAHM,  BBIUUCIUTH  OTHOCHUTEIHHYIO
MOTPEIIHOCTb.

8. Pe3ynbTarhel n3MepeHuil U BEIYUCICHHUH 3amucarh B TaOJIHILy.

AW~

Sl
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Temnepaty Conporus Temnepart Cpennee ToO. OTHOCUTEbH
Ne pa JIeHHe YPHBIH 3HAYeHHe 3HAYeHHe ast
MeTHOi MeTHOi K03 TeMmepaTyp TeMmeparyp MOTPELIHOCTh
MPOBOJIOKH MPOBOJIOK eHT HOT0 HOT'0
t, °C u R, Om COIIPOTHBJI K03 punue K03 unueH
eHus HTA Ta 0, %
a, (°C)! CONpPOTHBJIE CONMpPOTHRBJIE
HHUS HHUS
acp.
1
2
3
4
5
6

9.Wcnonb3ys AaHHBIE SKCIEPUMEHTA, MOCTPOUTHh IpaduK 3aBUCUMOCTH R¢ OT t, OTKIaAbIBas Mo ocu
abcruce — Temneparypy B °C Ha OCH OpJAMHAT — CONIPOTUBJICHHE.

10.Cnenatp BBIBOJ 1O padoTe.

KoHTpoJibHbIE BONIPOCHI:

l.
2.
3.

b

easn:

KakoBa ¢u3udeckas CylHOCTb JIEKTPHUECKOTO COMTPOTHUBIICHUS?

Kak 0OBSICHUTH yBEIMUEHUS CONMPOTUBIICHUS METAJUIOB IIPH HArpEeBaHUHN?
OObsicHuTh  popMysly, 1O KOTOpOH  OmpenenseTcs TeMIepaTypHbIH
COIPOTHBIICHUSI.

[Touemy TemmnepaTypHbIii KOAPOUITUEHT CONPOTUBICHUS TSI SJICKTPOIUTOB OTPUIATENBHBIN?
KaxkoBo conpotusnenue 0,5 kxr meaHo# npoBosioku quamerpom 0,3 mm?

koaurmeHt

Vka3aTb TNpakTHYeCKO€ TPHUMEHEHHWE 3aBUCHMOCTH  CONPOTHBICHUS NPOBOJHUKA  OT
TEMIIEPaTYPBbI.
JladopaTtopHnoe 3anaTue Nel3. OnpeneneHne CONpOTHBJICHUSI Pe3HCTOPAa MeTOI0M
MapKHPOBKH
W3yunth omuH ®3 CIOCOOOB MapKHpPOBKH PE3HUCTOPOB. OMNPEACIUTh HOMHHAIBHOE

COIMPOTUBJICHHUE PE3UCTOPOB METOAOM MAPKHUPOBKH; OMPEACTIUTE AOITYCTUMOC 3HAYCHUC CUJIBI TOKA JJIA
AAaHHBIX PE3UCTOPOB IIPpHU NU3BECTHOM HOMUHAJIC MOIITHOCTH.

Boinosinenue padorsl cnocodocTByeT GOPMHUPOBAHUIO:

I1P62, TIPG6, TIP68, T1Py3, Ilpy7, IIPy8, TIPy10, ITPy12, IIPG10, Ipy2, IIPy12, IIP6G10, MP3, MPS5,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32,

MatepuanbHoe ofecrnieyeHue: HAO0Op pPE3UCTOPOB pa3HBIX CONPOTHBIICHUH, TabiMIa 3HAKOB

MapKHPOBKH.
3aganue

1.

O3HaKOMHTLCH C TCOPETHICCKUM MATEPHUATIOM.

Teopernyeckunii MaTepuas:

[Ipu onpenenennn pexxruMa paboThl pe3UCTOpa CIEIYET YUUTHIBATh MAKCHMAIbHO JOMYCTHMOE sl
Hero 3HayeHMne CHJIbl TOKa, KOTOPOE OIpeesieTcsl 3HAaU€HUEM €r0 COPOTUBIICHHS U MOIIIHOCTBIO.

MapKI/IpOBKa HOMHHAJIa pE3UCTOpPa OCYHICCTBIACTCA IBETOBBIM KOAOM B BUAC YCTBIPEX NBETHBIX I10JIOC,

HAHECEHHBIX Ha ero KopIryce.
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[Ipu 5TOM 3HaUEHUE CONMPOTUBIIEHUS pe3UcTOpa yKka3biBaeTcsi B OMax AByMs MEPBBIMU MOJIOCAMHU U

MHOHUTENEM (TpeThs noisioca) 10n, rae n - nr0doe 1enoe yucio ot - 2 A0 + 9.

MapKI/IPOBOIIHBIC 3HAaKU CABUIalOT K OJJHOMY M3 TOPHOOB PE3UCTOPA, HAIIPUMEDP, K JICBOMY, U 3aTEM

pacroJjararpT clieBa HalpaBo B CIEAYIOIIEM MOPSIKE:
nepBast 1moJioca - rnepas 1udpa HOMUHAJA, BTOpas 1MoJioca - BTopasi nudpa HOMHHAIA, TPEThS MOJI0ca -
MHOXXHUTCJIb, YCTBCPTA IOJI0CA - JOIMYCK Ha OTKIIOHCHHUC q)aKTI/I‘ICCKOFO COIIPOTUBJICHHA OT HOMUHAJIA.

Ecnu pa3zmepsl pe3rctopa He TO3BOJISIOT PA3MECTHTh IIBETHBIC MTOJIOCHI HECUMMETPUYHO, T. €. OJIMKE K

OAHOMY M3 TOPLIOB pE3UCTOPA, TO II€pBas IOJI0CA BBIIIOJIHACTCA boiee MHPOKOﬁ.

HBeTa 3HAaKOB MapKUPOBKHW HOMHUHAJILHOI'O COIIPOTUBJICHHUA B Omax u JOITYCKOB B % IIPpHUBCACHLI B

TadauLe:

ITopsinok BbINOJIHEHHS padOTHI:

IlepBas Bropas | MHoxuTes Honycie
LBeT 3Haka B %
uudpa uudpa b
Cepebpuctsl | -- - 102 10
7}
30J0TUCTBIH | -- -- 107! 5
UYepHslit -- 0 1 --
Kopuunessriit | 1 1 10 1
KpacHsrii 2 2 10? 2
OpanxkeBbiii | 3 3 10° --
Kenterit 4 4 10* --
3eeHsblit 5 5 10 0,5
["omy6oii 6 6 10° 0,25
duoneroBe | 7 7 107 0,1
Cepniit 8 8 108 0,05
benbrii 9 9 10° -

1. Pa3noxuth Ha pabodyeM CTOJIe KOMIUIEKT PE3UCTOPOB.

2. BaumaTenpHO MPOYMUTATH YKa3aHUE K padoTe.

3. OdopmMuTh MapKUPOBKY PE3UCTOPA B TETPAIU IO 00pa3Iy
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7 8 102 %

(1)1,[ cep Kp 30
oJe Bl ac 70
7, 8 k OM mwm 7800 Om 5% ros il |
bl u
4. 3amoyIHUTH TaOIUILY:
Pesuct | HomunanbHOE MouHoCTh Cuia
op conporusiieHne R | pesucropa TOKa (A)
(BT)
l. 0,25
2. 0,25
3. 0,25
4. 0,25
5. 0,25
6. 0,25
7. 0,25
8. 0,25

5. PaccunTaTh CHIIy TOKa TPU U3BECTHOM MOIIHOCTH TOKA.

6. Crenatb BBIBOJ 1O paboTe.

KouTtpoJbHble Bonpochi:

B uem 3akmrouaercss MeTO MapKUPOBKHU.

J11s1 4ero Hy»KHO 3HATh COTIPOTUBIICHNE PE3UCTOPA MPU BKIFOYCHUH €0 B CXeMy?
OT 4ero 3aBUCUT MOIIIHOCTh TOKA, TEKYIIETO MO PE3UCTOPY?

JlaGoparopnoe 3ansitue Nel4 Onpenenenue KIIJI narpesaresei

I_[em,: HAYYUTBHCA MPAKTUYCCKU OMPEACIIATH TCIUIOBYIO OTAAYY JJICKTPUYCCKOTO HArpeBaATCIIA JI000ro
THIIA.

Boinosinenue padoTsl cnocodcTByeT (OPpMUPOBAHMIO:
[1P62, ITP66, I1PGS, ITPy1, ITPy13, TTPy3, I1PyS5, IIpy7, I1Py8, I1Py10, [TPy12, TIP610, IIpy2, [1Pyl2,
I[TP610, MP3, MP5, MP15, MP23, JIP26, , MP28, MP31, MP32, MP33, MP34, MP37, MP44, MP47,
MP48, MP54, MP55, MP 56, MP 43, JIP34, JIP32,

MarepuanbHoe oGecneyeHue: 2 SIICKTPUYECKUX HArpeBarTesisi, COCYI ISl KHUIISTYCHHUS BOJBI,
BOJIa, TEPMOMETP, CEKyHIOMEp (Hachl), CIIPAaBOYHHK 110 (PHU3UKE.

3aganue.
1. O3HAaKOMHUTHCS C TEOPETUYECKUM MATEPUATIOM
Teoperuyeckunii MmaTepuan:

KoaddunmenT noneznoro neiicTBUS HarpeBaTess CBI3aH COOTHOIIEHUEM:
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1.

Q - moNIe3Has TEIUIOTa W Ompeesercs mo Gpopmyse
Qu=C*m(T2-T1) (2)

K.ILJI. = g—‘; «100% (1)

rac ¢ — yacjibHadA TCIIJIOEMKOCTD KUJIKOCTH,
m — Macca XUAKOCTH, KOTOPYIO KHUIIATAT,

T — HayaJIbHAs TEMIEPATypa )KUIKOCTH,

T> — xOHEUYHAs TeMIiepaTypa KUJIKOCTH,

()3 — KOJIMYECTBO TEIUIOTHI, KOTOPYIO BBIIIENISCT HArPEBATEIh
(3aTpadeHHas TEIJIOTa) U OIpeAeseTcs 1mno hopmyre:

0s=P-t (3),

rae P — MOIIHOCTD 3JIEKTPUYECKOTO HArpeBaTes,

t— HHTCPBAJI BpEMCHH, 3a KOTOpLIﬁ 3aKuIIC/Ia X KUAKOCTB.

MOIlIHOCTI) QJICKTPUYCCKOTO HarpeBaTcjisl OIMPCACIACTCA IO HIAaCIOPTHLBIM JaHHBIM, YKAa3aHHBIM Ha

npuoope.

Bpewmsi, 3a KOTOpOo€ 3aKUIUT KUIKOCTD,
ONPEACIISIETCS 110 CIIPABOYHHUKY.

Ilopsinok BbINOJIHEHHUS PadOTHI:

OMpeaAciACTCA 4YacaMu. ViaenpHas TEMIOEMKOCTh BOJIBI

[ToaroroBuTh Ta6m/my AJIg 3alTUCH PE3YJIbTATOB, ONIPEACIACMBIX B XOIC pa6OTH.

Ornpenenursb Beraucnauts
Cs m Ty T P K.IL.
.
“ K |K |B %

IDic\k T 0

e K
1. 3anecTu B TaOJIUIly CIIPAaBOYHBIEC TaHHBIE YIETLHON TETIOEMKOCTH BO/IBI.
2

npubope. B cocya mist kunsuenust Boas! HanuTh 200 T BOJIBI.

W

OrnpenennTs Ha4aJIbHYIO TEMIIEPATYpy BOJIBI.
BxmrounTs HarpeBaTesb OJJHOBPEMEHHO C CEKYHIOMEPOM (Jacammu).

3anucarh B TaOJIUIy HOMUHAIBHYIO MOIIIHOCTD 3JIEKTPUYECKOT0 HarpeBaress, yKkazaHHyIo Ha

5. OcTaHOBUTH CEKYHJIOMEp (4achl) B MOMEHT OypHOTr0 KHIEHUs BOJbl. Bpems, 3a koTopoe
3aKMIIesa BO/a, 3aHECTU B TaOJIUILY.

S

Borunciuts K.I1.JI. anekTprdeckoro HarpeBaTes.
[ToBTOPUTH OMBIT C APYTUM HArpeBaTEIIEM.

8. VYuutsiBasg nmotepu 3Hepruu cHopMyIHpoBaTh BHIBOJ.

KoHTpoJsbHbBIE BONIPOCHI:
1. VYBenmnuurcs wimm ymenbmmtes KUILJI. anexTpuueckoro 4vaiiHuka, eciu

Ha €TI0 CTCHKax
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MOSIBIJIACh HAKUTIb (OTIIOKEHHE COJICH)?
2. 3asucut mu KIIJ[ anekTpuyeckoro yailHMKa OT TOTO OTKPBIT OH MJIM 3aKPbIT?

Tema 4.3 DiieKTpUYECKHUIl TOK B Pa3JIMYHbIX cpeaax

Jla6opaTopHoe 3ausiTue NelS. OnpenesieHue Y1eKTPOXUMUYECKOr0 IKBUBAJIEHTA Me/IH B
npouecce 3J1eKTPoJin3a cyjibdara Meau.

Henb: DOKCIEpUMEHTAIBHO OINPEAEIUTh NIEKTPOXUMUYECKUN SKBUBAJEHT Meau. CpaBHUTH C
TaOJUYHBIM 3HaueHHeM. [I03HAaKOMUTBCS € IIMPOKUM CIEKTPOM NPUMEHEHUS (PU3HMKO-XMMUYECKOTO
nporecca «1aekTposu3». Ero ucnonab3oBaHue B METAITyprUYeCKOM POMBIIIIEHHOCTH.

Boinosinenue padoTsl cnocodcTBYeT (POopMUPOBAHMIO:
I1P62, I1P66, TIPGS, ITPy3, Ilpy7, I1Py8, I1Py10, ITPy12, IIP610, Ilpy2, I[1Py12, ITP610, MP3, MPS,
MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepnanbHoe oOecnedeHHe: OJEKTPOHHBIE BECHI, AMIIEPMETP, 4Yachl, UCTOYHUK IUTAHUS.
MenaHble WM YroJIbHBIE 3JIEKTPOJbI C JEpKaTesieM, pacTBOpP MEJHOrO KyIopoca, K04, peocTar,
IIPOBOJIA.

Ilpu evinonnenuu nad6opamopHoil padomel HOBEPXHOCHIL C 000PYOOBAHUEM OO0JIHCHA OblMb
YCmou4ugoil, 60 uzdexncanue onpoKuObIGaHus mapuvl ¢ rnekmporumom. Cmyoenmol, coouparoujue
cxemy 001CHbL padomams 6 nepuUamKax.

1. 6bINONIHAMb PAOOMY MOJILKO C PA3PEULeHUS YUUMEISL,

2. nodzomosums K pabome u nposepums UCHPAGHOCHb INEKMPUYECKO20 000py008aHus, npubopos
1a60opamopHoil nocyovl,

3. meepovle KpUcmaibl Opamov NUHYEmMoM,

4 Helb3s npoH08amb HA BKYC BeUecmed;

5. OCMOMP U YUCKA INeKMPONPUOOPA NPOUZBOOAMCI RPU €20 OMKIIOYEHUU OM CemiL;

6 npu ONPOKUOLIGAHUU MAPLL BOCNOL3YUMECH CANPEMKOU U NEPUAMKAMU.

Xon padoTsr:
1 [TocTaBUTH Bechbl HAa POBHYIO MIOBEPXHOCTH U OOHYJIUTb.
2.B3BecTu OJIHY U3 YrOJIbHBIX IJIACTHH.
3.B3BENICHHYIO IIACTUHY OTMETHTE.
4.Cobepute 2IeKTPUUECKYIO LIelb, N300pakeHHYIO Ha pUCYHKE. (B3sewennyro nnacmuny
nooknuume K «-».)

5.3aMKHUTE 11enb U 3acekuTe Bpems 20 MuH. :,lj;Elg
6.Cnenute, 94TOOBI B TEUEHUE BCETO OIBITA CHJIA TOKA ObliIa i
MOCTOSIHHOM. CaSO, | | .
7.Yepes 20 MUH. BBIKJIIFOYUTE TOK. . [ A)
8.BcTpsixHHTE IIIaCTUHY, U B3BECTH €€. )74 N
9.Pe3ynbTaThl OIBITA 3aHECUTE B TAOIUILY.
10.ITo popmyie paccunTaiiTe HIEKTPOXUMUIECKHN YIKBUBAIICHT d:j
b 1

=t 1

MEIH. f-1 |

11.ITo ¢popmynam paccunTaiiTe NOrperIHOCTb

3JIEKTPOXMMHMYECKOTO SKBUBAIICHTA ME/IH, CPABHUB €TO C MAOIUYHBIM SHAUCHUEM. 5 _ kp —ka 100%
T

k= 0,3310%ke/Kn;
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Macca xarona Macca Macca Cun toka | Bpewms DNEKTPOXUMHUYECKUM

IO OIIBITa Karoza BBLIEIUBIIEHCS I(A) t(c) SKBUBAJIEHT MeIU
mji(Kr) nocJie Meu Kk, (xr/Ki)
OTIBITA m (Kr)
m; (Kr)

13. CnenaiiTe BBIBOJ 11O IIPOJICITAaHHOM padoTe.
KouTtpoJbHble BOpochI:

1. Hanucats 3akoH @apajest 0 Macce BELECTBA, BBIACIUBLIETOCS Ha JIEKTPOJE.

2. Yemy paBHO 3HaueHue nocrostHHon Papases?

3. Kak 3aBucHUT Macca BEILEeCTBa, BBIJIEIMBILErOCs Ha AJIEKTPOJI€ OT BPEMEHH NPOTEKAHUS
JIEKTPUUECKOrO TOKA.

4. Kaxoii 3apsi1 ©UMeeT KaTo, €ClIM KaTHOH UMEeT 3apsij «+»

5. UeM sBiseTcs yucTas AUCTUILIMPOBaHHAs BoJa?

6. Ha xaxowm u3 3JI€KTPOJIOB BBIJIEISETCS ME/Ib B YICTOM BHJIE U ITOYEMY?

7. B 3MeKTpOIUTHYECKYI0 BaHHY [IOMECTUM MEIHYIO IUIACTHHKY, CIyXallyto aHojaoM. llmactunka

MOKPBITa BOCKOM, Ha KOTOPOM HalapamnaH PUCYHOK. YUTO MOMyduTCs MOcCie MPOIYCKaHUS TOKa U

yJlaJleHusl BOCKA C IJIaCTUHBI?

Yro Takoe raibBaHOCTETHS, TAJIbBAHOIIIIACTHKA.

9. Yepes3 pactBop MenHoro kymopoca mpomwio 20 kKin snekrpuuectsa. IIpu sToM Ha ogHOM U3
AJIEKTPO/IOB BBIIEISAETCS YUCTOM BUJE Maccoll 6,6 rpaMM Meau. OnpeneiauTb 3IeKTPOXUMHUECKUN
HKBUBAJIECHT ME/IH.

10. CkonbKO HHKEINS BBIACIUTCS MPH JEKTPoiau3e 3a 1 yac mpu cuiie Toka 5 Ammep, eclii U3BECTHO,
4TO MOJIIpHast Macca Hukens 58,71 r/Moib, a BaJIGHTHOCTb paBHa 2.

11. Onpenenure Maccy cepeOpa, BBIISIUBILErOCsS Ha KaTo/I€ MPHU 3JIEKTPOIN3E a30THOKHUCIIOTO cepedpa
B TeUEHHE 2 YacoB, €CJIM K BaHHE NMPUIOKEHO Hanpsbkenue 1,2 B, a conpotusienue BaHHbl 5 OM.

12. DnekTponu3 MEAHOro Kyrnopoca mpoxoaws npu Toke 5 Ammep B Teuenue 50 muHyT. Kakoe

k., =33-107 22
KOJINYECTBO ME/IM BBIIETHIIOCH Ha KaTo/1e, €CIH K

*®

Pasznen 5 Koseoanus u BosiHbl Tema 5.1 Mexanuuueckue KoJ1e0aHUA M BOJHBI

JlabopaTopHnoe 3ansitue Nel6. IIpoBepka 3aK0HOB Ko0JIe0aHHIT MATEMaTHYeCKOT0 M
NPYKUHHOI0 MAasgTHUKA

Ilenpb: ycTaHOBUTH MAaTEMATUUYECKYHO 3aBUCHMOCTb IIEPHOJIa HUTSIHOTO U MPY>KMHHOTO MAasTHHUKA OT
napamMeTpoB KoseOaHun

Brinosinenue padorsl cnoco6cTByeT GOPMUPOBAHNIO:
[1P62, I1P66, I1P6S8, I1Py3, Ilpy7, I1Py8, I1Py10, ITPy12, TIP610, IIpy2, I[IPyl2, T1P610, MP3, MPS5,

MP15, MP28, MP31, MP32, MP33, MP34, MP37, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepuasibHoe o0ecnieyeHue:

AJIEKTPOHHBIN CEKYHIOMEp, H3MEepUTENbHAas JICHTA, IIAPUK C OTBEPCTUEM, HUTh, IITATUB C MyPTOMH
M KOJBIIOM; IITaTUB ¢ My(dTON M Janmkou, HAOOp MPYKUH Pa3HOM KECTKOCTH, HAOOP Tpy30B pa3HOU
Macchl, MIAPUK C OTBEPCTHEM, HUTh, IITATUB ¢ My(PTOH M KOJBI[OM; IITATUB ¢ My(TOi 1 ankoii, Habop
MIPYKUH pa3HOM )KECTKOCTH, HaOOp TPY30B pa3HOIl Macchl, CEKyHIOMED

IkcnepumenT 1 MaremMaTu4eckuii MAssTHUK
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MaremaTuyeckuM MasiTHUKOM Ha3bIBaeTcs MaTepuasibHas TOUKa, MOJBEIICHHAs HA HEBECOMOU U
HEPaCTSKUMON HUTH. MOJIEIBI0 MOXKET CIIYKHUTh TSKEJBINA MAPUK, pa3Mepbl KOTOPOTO BeCbMa MaJlbl 10
CPaBHEHHUIO C JJUHHOW HHUTH, HA KOTOPOHM OH MojBelIeH (He CPaBHHUMBI C PACCTOSTHUEM OT LIEHTpa
TSDKECTHU JI0 TOUKH TTO/IBECA).

VYuenwsie ['amuneit, HwiotoH, beccenb W Ap. yCTaHOBWIM CJEAYIOIIME 3aKOHBI KOJeOaHUS
MaTEMaTHYECKOI0 MasiTHUKA!
1.Ilepnon xonebGaHusi MATEeMAaTHUYECKOTO MasTHHKA HE 3aBHUCHUT OT MacChl MasTHUKA M OT
aMIUIATY /b, €CJIM YIOJ pa3Maxa He npesbimaet 10 rpaaycos.

2.Ilepuon koneOaHUs MaTEMaTHYECKOTO MAasITHUKA MPSAMO MPOIMOPLHUOHANIEH KBaIPaTHOMY KOPHIO
U3 JUIMHBI MasTHUKAa U OOpaTHO MPOMOPLMOHATIEH KBAaJPaTHOMY KOPHIO M3 YCKOPEHHS CBOOOIHOTO
MaJeHHUS.

Ha ocHOBaHMuM 5>THX 3aKOHOB MOXHO HamucaTb q)OpMy.]'Iy A [epuoaa KoJIEOaHMH
MATEMAaTHYCCKOIro MassiTHHUKaA.:

Hcnonb3ys MoJelb U 3aKOHbI KOJeOaHMM MaTeMaTHYeCKOro MasiTHHKA, MOYKHO HPOHAOII0IATh
cBOOO/IHBIE KOJeOaHMs, a TAKXKE C MX IOMOINBIO ONPENEIUTh YCKOPEHHE CBOOOAHOTO MajeHHs IS
CBOEH MECTHOCTHU M CPABHUTH CO CIIPABOYHBIM 3HAUYCHHUEM L.

YckopeHue cBOOOTHOTO NaIeHUsI MOXKET ObITh BBIYUCIIEHO 1O (hopMyJIe

g=4;rzﬂl_

Yy

t

Xoa padoThI:

1. 3akpenuTh HUTh MasITHUKA B JIep>KaTesie MTaTuBa.

2. U3Meputh AIMHY MasTHHKA (IJIMHA MasTHUKA CYUTAETCS OT TOYKHU MOJBEca J0 ILEHTpa TKECTU
1apuKa).

3. OTKJIOHUTB IIApHK Ha yroia He Oosiee 10° 1 OTITYCTUTB.

4. OnpenenuTh BpeMs, 32 KOTOPOE MaATHHUK coBepmui 20 KoaeOaHmil.

5. BeuucnuTh nepuos Koyebanus MasTHUKa, UCcronb3ys popmyny Nt T .

6. [ToBTOpPHUTH OMBIT €11e TPU pa3a, yMeHblIas (WM YBEIUUMBas) JJIMHY HUTU MasiTHUKA.

7. Pe3ynbTathl 3aHECTH B TaOJIHILY.

Ta6J'II/II_[a Nel 3aBucHMOCTh nepuoaa MasdTHHUKA OT AJIMHBI HUTU

Ne JlinHa HUTH MasiTHUKA |, M Yucio noyHbIx Bpewmst konebanuii | Ilepuon
kosreOarmii N t,c koneOanmii T, ¢

1 20

2 20

3 20

8. Cnenatb BBIBOJ O 3aBUCUMOCTHU IIEPUOJAa HUTSHOIO MasiTHUKA OT JAJIMHBI €70 HUTH.
Ta6nuua Ne 2 3aBUCUMOCTH epHOAa MAasSTHUKA OT AMIUIUTY/IbI
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OTKIOHATH ImapuK, IIOCTCIICHHO YBCINYHBAasd yroJl HaKJIOHA, TEM CaMbIM MCHAIOT aMILNIUTY Yy

No JnuHa HuTH Yucno nosHbIX Bpewmst konebanuii | AMIuMTya. [Tepuon
MasTHUKa |, M kosie0anuii N t,c AM kosieOanuii T, ¢

1 const 20

2 20

3 20

CI[CJ'I&TI) BbIBOJ O 3aBUCHUMOCTH IIE€pHUOAa HUTAHOI'O MasiTHUKA OT AMHJII/ITy,I[BI

Tabnuma Ne 3 3aBUCHMOCTD Meproa MassTHUKA OT MacChI
B xaxaoM onbiTe U3MEHSATH MacCy IIapuKa

Ne Jnuna HUTH Yuco noyHbIxX Bpewmst konebanmii | Macca m, Kr Ilepuon
MasiTHHKa |, M Kxonebanuii N t, C xonebanuii T, ¢

1 const 20

2 20

3 20

CI{GJ’I&TB BbIBOJ O 3aBUCUMOCTHU MEPpHUOAAa HUTAHOTO MassTHHUKA OT MAaCChbI I'py3a.

KOHTpOJIbeIe BOIIPOCHI.

1.

nbkwn

UTto Ha3bIBAIOT MEPUOIOM KoJleOaHUi MassTHUKA?

Yrto HaA3BIBAIOT YACTOTOM KoJIeOanuii MassTHUKA? KakoBa e quHMIIA YaCcTOTHI KOoineOaHui?

OT KakuX BEJIMYUH U KaK 3aBUCHUT MEPUOJI KOIeOaHU MaTeMaTH4ecKoro MasTHUKA?

OT KaKkuX BEJIMYMH U KaK 3aBUCHUT MEPUOJ] KOJIEOAHUN TTPY>KMHHOTO MasiTHUKA?

N306pa3ute MaTeMaTHUeCKHUI MaITHUK B KpaiiHel MpaBol TOUKE U MOKAXKUTE HA YEPTEIKE CUIIHI,
JIEWCTBYIOIIME HA IAPUK B TAHHOW TOYKE TpaeKTopuu. Hapucyiite paBHOACHCTBYIONIYIO CHUJI.
Kak MeHseTcst BenMurHAa U HallpaBJI€HUE PaBHOACUCTBYIONIEH CUII B TeUeHUe neproa’?

IkcnepumeHT 2 IIpyKMHHBIH MasiTHUK

3aBHCHUMOCTh nepuoaa nNpy>KMHHOTO MasATHUKA OT MAaCChI I'py3a

1.
2.

5.

Cobepure npy>KUHHBIN MasTHUK, UCHIOJIb3YsI BBIIAHHOE 000PY0BaHUE.

BoiBeuTe MasTHUK U3 MOJOKEHUS PaBHOBECHSI, BKIIOUUTE CEKYHJIOMEpP U OTCUUTANTE JECSTh
KosiebaHui. Vcronb3ys MoKa3aHusi CeKyHJJOMEpa, paccunTaiTe nepruo KoiebaHui 1 3aroIHUTe
MIEPBYIO CTPOKY TaOJIUIIBI.

IloBTOpUTE 3KCHEpUMEHT €mé 2 pas3a, yBEIMYMBasg Maccy, HO, HE MeHss npyxuHsl. Ilo
MOJIyYE€HHBIM JIaHHBIM 3all0JTHUTE TaOIUILy.

IToctpoiite rpaduk 3aBucuMoctu nepuoja konedanuit (T) OoT KBagpaTHOro KOpPHS M3 Macchl
(ml/Z).

ITo ¢opme rpaduka onpeaeanTe BUI 3aBUCUMOCTH MEXAY NMEPUOIOM U KOPHEM KBaJIPATHBIM U3
MaccChbl

Tabnuua 4 3aBUCHMMOCTD NEproia MPYKUHHOTO MaITHUKA OT MACChI Tpy3a

I/Z,KFI/

2

Ne
OIIbITA

N t,c T,c m,Kr | m k ,u/™m
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Omnpexnenenne 3aBUCUMOCTH MTEPHO/Ia KOJICOAHUH OT KECTKOCTH MPYKUHBI

~

Cobepurte npy>KUHHBII MasiTHUK, UCIIONIB3Ysl BEIIAHHOE 000PY/I0BaHUE.

2. BoiBeauTe MasSTHHK W3 TOJIOKEHHSI PaBHOBECHS. BKIIOYMTE CEKYHIOMEpP W OTCUMTAWTE JECATh
KOJICOaHUH.

3. Hcnonw3ys TOKa3aHUs CEKyHIIOMEpA, paccuuTaiTe Mepuoj KojeOaHWd M 3alloJHUTE TEPBYIO
CTPOKY TaOJIUIIBI.

4. TloBTOpHTE SKCHIEpUMEHT enié 2 pasa, yBeqnduBas Kod(QGUIHECHT KECTKOCTH, HO, HE MEHSS Maccy
rpy3a. [1o mosy4eHHBIM TaHHBIM 3aII0THATE TAOJIHUILY.

5. Tloctpoiite rpaduk 3aBucumMoctd Tmepuona kojeOanuwii (T) oT KBajgpaTHOrO KOpHS U3
kodddurmenta xéctroctu. (k''?).

6. Tlo dopme rpaduka onpenesuTe BUA 3aBUCUMOCTH MEXIY MEPUOJIOM M KOPHEM KBaJpPaTHBIM U3
KOd(pUITMEHTA KECTKOCTH.

7. CnemaiiTe BBIBOJ, O 3aBHCHMOCTH II€pHOAA KoJeOaHWil OT Macchl Tpy3a U Kod(pQuIMeHTa

JKECTKOCTHU.

Tabmuua 5 3aBUCHMOCTB MEpHUO/Ia MPYKUHHOTO MAATHUKA KECTKOCTH MPYKIUHBI

Ne ombITa N t,c T,c m, KT k,u/m K2, (a/m)V
2

KoHTpoJsibHbBIE BONIPOCHI:
1. B kakoM NoJI0’)K€HUHU MasiTHUKA CKOPOCTh Oy/1eT MaKCUMaJIbHOM ?
2. B KkakoM MonoKeHUH MasgTHUKA CKOPOCTh paBHA HYJIIO.
VYBeMUUuIN WK YMEHBUIWIN Maccy Ipy3a, MOJABEHIEHHOTO K MPYKMHHOMY MAasiTHUKY, €CJIH: a)
nepuoJ ero konedbanuii cHavana 0w 0, 4 ¢, a mocie usmMeHeHust maccel cran 0, 2 c;
0) yacToTta ero koyie0baHuii BHadase Obl1a paBHa 6 ['11, a moTom ymenbImmiachk 10 S5 I'a?
Urto Ha3bIBAIOT MEPUOIOM KOJIeOaHH MasTHUKA?
Yrto HaA3BIBAIOT YAaCTOTOH KoJIeOannii masTHUKA? KakoBa equHMIIA YacTOTHI KOoaeOaHui?
OT KakuX BEJIMYUH U KaK 3aBUCHUT MEPUOJI KOIeOaHU MaTeMaTH4ecKoro MasTHUKA?
OT KaKuX BEJIMYMH U KaK 3aBUCHUT MEPUOJ] KOJIEOAHU TTPYKMHHOTO MasiTHIKA?
N3006pa3ute MaTeMaTHUECKHI MaITHUK B KpaiiHel MpaBol TOUKE U MOKAXKUTE HA YEPTEIKE CUITHI,
JIEWCTBYIOIIME HA IIAPUK B TAHHOM TOUYKE TpaeKkTopuu. Hapucyiite paBHOACHCTBYIONIYIO CHUJL.
10. Kak MeHsieTcs BeJIMUYMHA U HAIlpaBJICHUE PABHOJICHCTBYIONIECH CUIT B T€UEHHUE Nieproaa’?

[99)

A PR R i

Tema 5.2 Dy1eKTpOMarHuTHbIC K0JIe0AHUS M BOJTHBI

JlaGopaTropHoe 3ansiTue Nel7 YcrpoiicTBo TpanchopMmaTopa, reHepaTopa

Heab: M3y4nTh YCTPONUCTBO U MIPUHIIUI PAOOTHI TpaHCHOpPMATOpa U TeHEPATOPA.
BoinosiHeHne padoThI cnocodcTBYeT (PDOPMHUPOBAHUIO:
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I1P62, ITP06, ITPGS, IIPy1, I1Py13, I1Py3, I1PyS, Ilpy7, I1Py8, ITPy10, ITPyl12, IIPG10, Ilpy2,
[TPy12, ITP610, MP3, MP5, MP15, MP23, JIP26, , MP28, MP31, MP32, MP33, MP34, MP37, MP44,
MP47, MP48, MP54, MP55, MP 56, MP 43, JIP34, JIP32

MarepunanbHoe obecnieyeHue:

TpaHcopMaTop Ja0OPAaTOPHBIM, JlaMIla HaKaJUBaHUS, KIIOY 3aMBIKAaHHUSA TOKA, KOMIUIEKT IPOBOJIOB
COCAMHUTCIIbHBIX.

3ananue
1. W3yuuTh CTpOCHHE, HA3HAYCHHUE W MPUHIUI ACHCTBUSA TpaHchopmaTopa
2. WByuutk cTpoeHMe, Ha3HAUCHHUE U MPUHIIUII JECHCTBUS reHepaTopa.

IHopsiioK BbINOJIHEHUS PA0OTHI
H3yuenue ycmpoiicmea mpancghopmamopa

Tpanchopmarop mnpeoOpazyeT NEpeMEHHBI TOK OJHOTO HAaNpPSKEHHs MPU HEU3MEHHOHN 4acToTe.
OH cocTOMT U3 3aMKHYTOI'O CEpACYHMKA, W3TOTOBJIEHHOTO M3  CIELUUAIbHOM  JIMCTOBOM
TpaHcGOpMATOPHOU CTaJId, HA KOTOPOM pACIIOJIararoTCs JIB€ KATYHIKU (MX Ha3bIBAlOT OOMOTKamH) C
Pa3HbIM YUCIIOM BUTKOB U3 MEIHON IIPOBOJIOKH.

Opna u3 0OMOTOK, Ha3bIBAETCSl MEPBUYHOMU, MOAKIIOYACTCS K MCTOUYHUKY MEPEMEHHOTO HAMpSKEHUS.
YerpoiicTBa, MOTPEOIISIIONIUE  AJIEKTPOIHEPTHIO, MOAKIIOYAIOTCS K BTOPUYHOM OOMOTKE, MX MOXKET
OBITH HECKOIIBKO.

[Ipu BeIMONHEHUW PabOTHI CIEAYeT H3YYUTh YCTPOWCTBO TpaHC(hOpMaTopa, BKIIOYHTH €ro B CETh
nepemeHHoro Toka (36 B). B pexume XomocToro xoaa W3MEpUTh HANpsHKEHHE Ha OOMOTKaxX U
BBIYMCIUTh KO3(pduimeHt Tpanchopmanuu, a mnpu paboTe TpaHchopMaTopa «IOJA HArpy3KOH»
YCTaHOBUTH CBSI3b MEXKAY TOKAMH U HAIIPSDKEHHUEM B OOMOTKAX.

Tpancopmarop cocTOUT U3 JABYX KaTylmleK |

cepaeuHuka. CepAeuyHUK COCTOMT M3 JBYX IIOJIOBHH, f1epenas BropuiHas
KOTOpBIE BCTABISIOT B KaTyIIKy M C IIOMOIIBIO CKOOBI N, sumecs ?EM‘”?
3aKpEIISIOT HA OCHOBAHMH. —

TOK

BropuyHbiii
TOK

Xoa Padorsl

MepBu4Hoe

I. Paccmorpure  yctporicTBo TpaHCHOPMATOPA. ammmene
Onpenenure  NEpBUYHYI0  OOMOTKY  (KJIEMMBI € J

Bropuuroe
HarpsikeHue

|

HaAmuchio: 36 win 42 B) u ABe BTOPUYHBIX KIEMMBI 2,2
Bu4,4B) E—
2. HagepTtuTe 2neKTprUeCcKyIo cxemy TpaHchopmMaropa.

3. Paszbepute Tpanchopmarop. Ijist 3TOro MOBEPHUTE €0
OCHOBaHUEM BBEPX U OTKPYTHUTE JIBE TalKU KpETUIeHUs

CKOOBI. BBIHBTE CEpAEYHMK ¥ PACCMOTPUTE €T0
YCTPOMCTBO.

4. Cobepute Tpanchopmarop. Jjis 3TOro BCTaBbTE CEPACUYHHUK CO CKOOOW B KATYIIKU. YCTAaHOBHTE
TpaHcGopMaTop Ha OCHOBAHUE U 3aKPEMUTE €ro raifKkamHu.

H3zyuenue Ycrpoiictea I'eneparopa.

I'enepaTop MOCTOSHHOTO TOKa (pUC. 1) COCTOMT M3 JABYX 4acTeil: HEMOABI)KHOM M Bpalllarolleics.
HemnonBsuxHas yacth (cTatop) SIBASETCS OCTOBOM MAIIMHBI U OJHOBPEMEHHO CIY>KUT JJISI CO3JaHMS
MarHuTHOTO TIOTOKa. Bo Bpamaromielics 4acTd, Ha3bIBaeMOW SIKOpeM (pOTOpOM), HHAYIIUPYETCS
aneKTpoaABIKyIas cuia - DJ(C.

KoHcTpykius renepaTopa HOCTOSHHOTO TOKa (CM. pHcC.2).

HenonBmwkHas 9acTh COCTOUT W3 cTaHUHBI (1), TIaBHBIX MOMIOCOB (2) ¢ 0OMOTKON BO30Yx)aeHus (3) u
JIOTIOJTHUTEBHBIX MOTIOCOB (4), yMEHbIIAeMbIX UCKPEHHUE O] IIIETKAMH.
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Axopr uMmeer cepacuHHMK (5), HaOpaHHBIM W3 TOHKHX CTaJlbHBIX JIMCTOB, OOMOTKY sikops (6),
3aJI0KEHHYIO B Ta3bl cep/ieyHuka U KouiekTop (7). Ha moBepXHOCTh KOJIIEKTOpa HAJIOKEHBI YTOIBHO-
rpadguToBbIie METKU (8), 00ECIeYnBAOIINE CKOIB3SIINA KOHTAKT C OOMOTKOM BpAIIArOIIETOCs SIKOPS.
Komnnekrop umeer ¢hopMy IUIHHIIPA U BBITIOIHSIETCS U3 U30JIMPOBAHHBIX MEIHBIX IUIACTHH - JIAMEJeH -
K KOTOpBIM MOJICOCIMHEHBI CEKLUUU SKOPHON 0OMOTKU. Bpamiasce BMecTe ¢ OOMOTKOW, KOJIIEKTOP
BBITIOJIHSIET POJIb MEXAHUUYECKOT'O BBIIPSIMUTEIIA.

OOmMoTKa BO30YXKIECHHMsI CO3/1aeT TJIaBHBIM MarHuTHBIM MmoTok @ momtocoB. B reHeparopax c¢
HE3aBHCHMBIM BO30YXJICHHEM OHAa IHTAETCS OT IOCTOPOHHETO WCTOYHHMKA TIOCTOSIHHOTO TOKa
(BBITIpSIMUTENISA, aKKyMmyJsiTopa U T.i.). C reHepaTOpoM € MapajliesibHbIM BO30YKIEHHEM OOMOTKa
[JIABHBIX MOJIFOCOB MOJIKJIFOUYEHA K TJIABHBIM HIETKaM, T.€. MapajulesIbHO LEeNu aKops. B cBsi3u ¢ aTuM juist
BO3HUKHOBEHHSA MarHUTHOro notoka u DJ[C HeoOXxoaum XOTs Obl ci1alblif OCTATOYHBIM MarHUTHBII
MOTOK. biaromapss HaTWYWIO OCTATOYHOTO MAarHeTU3Ma BO3HHKAET TIPOIECC CaMOBO30YKICHUS
re’epaTopa.

Puc.2
Puc 1

Xox paborsi:

1.Ctpoenue TpancdopmaTopa:
HadepTuTh cOCcTaBHBIC YaCTH yKa3aTh WX Ha3BaHUE, BBIMTHCATH (DOPMYIIBI
2 CtpoeHue reseparopa:

HA4YepTUTh, COCTABHBIC YACTU yKa3aTh
KonTpoJsbHbIe BOpockl

1 BapuanT

1.YTo Ha3BIBAIOT MHAYKIIMOHHBIMHU T€HEPATOPAMHU?

2.Kaxoii TpancdopMaTOp Ha3bIBAIOT MOBBIIIAIONINM, a KAKOW MOHMKAIOIINM ?

3.Yro Takoe xomnoctoii xo1 TpanchopmaTtopa?

4.Tlouemy cepJe4HUK TpaHCHOpMaTOpa U3rOTaBIMBAIOT U3 CTAJIM, a HE U3 MEIH?

5.B nepBuuHOii 00MOTKE TpaHchopMaropa, BKIOUYEHHOH B ceTh ¢ HanpsbkeHuem 380B. Conepxxurcs
1320 ButkoB. OmnpeAenuTh HAIPsHKEHUE HAa BTOPUIHOM 00MOTKe, eciii oHa coaepxut 300 ButkoB. Bua
TpaHchopMmaTopa yka3aTb, OTBET MOSCHHUTb.

2 BapuaHT
1. Ha3oBuTe OCHOBHBIE YAaCTH F€HEPATOPA IIEPEMEHHOIO TOKA.

2. Jlokasarb, 9TO y MOBBIIIAIONIETO TpaHchopmaTopa K>1.

3. M3menser imu TpancdopmMaTop 4acTOTy Mpeodpa3yeMoro NepeMeHHOro ToKa?
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4. Tloyemy cepaedHHK TpaHChOpMATOpa COOMPAIOT U3 OTACIBHBIX TUIACTHH?

5. Ecnu Ha mepBuuHyro oOMOTKY TpanchopmaTopa nogaercs Hanpsokerue 220B, To Ha
BTOPUYHOW OOMOTKE TIPH XOJIOCTOM XOj€ mojiydaercs HampspbkeHue 130B. Ywmcio
BUTKOB TepBUYHOM 00MOTKH paBHO 400. OnpenenuTs YMCIO BUTKOB BO BTOPUYHOM
oOMoTke. Bua Tpancdopmaropa ykaszarb, OTBET MOSICHUTb.

3 BapuaHT
KaxoBa posp HHAYKTOpa U SIKOPS B YCTPOMCTBE reHepaTopa NepeMeHHOro Toka?

2. Yro Takoe moHMKaroImi Tpanchopmarop?

3. Tloyemy cepaedyHuK TpaHchOpMaTopa JETa0T HE CIIONIHBIM. A U3 MHOKECTBA IUIACTHH,
H30JIMPOBAHHBIX JIPYT OT Japyra?

4. Iloyemy MOIIHOCTb, MOTpeOIIsieMast OT BTOPUYHONH OOMOTKH, MEHBIIIE MOIITHOCTH,
MMOJABOJIMMOM K MEPBUYHON 0OMOTKE?

5. CKOIBKO BHTKOB JOJDKHA UMETh BTOPUYHAsS 0OMOTKa TpaHchopMaropa Ui MOHMKESHUS
HanpspkeHnus ¢ 12000 mo 120B, ecnu nepBuuHas oomoTtka coaepkut 4000 ButkoB? Bupg
TpaHchopmaTopa yKa3aTb, OTBET MOSCHHTb.

dopma npeacTaBlieHus pe3yJbTaTa:

Pabotb! nomkHa OBITH BBIIIOJIHEHBI B TETPAIX AJIs IPAKTUUECKUX WK JIaDOpaTOPHBIX padoT
Kpurepum ouenku:

3a MpaBUJIbHO BBINOJIHEHHOE 33/1aHKUE BBICTABIISIETCS MIOJIOKUTENbHAS OlleHKa — 1 Oa.

3a HenpaBWIBHO BHINIOJIHEHHOE JICHCTBHE, 33J]aHNE BBICTABIIICTCS OTpHUIIaTENbHAs olleHKa — () 0aioB.
Oyenxa «omauunoy svicmasnsemcs 3a 90 — 100% npaBUIBLHBIX OTBETOB

Oyenxa «xopouwto» svicmasnsemcs 3a 80 — 89% npaBUIBHBIX OTBETOB

Oyenxa «yoosnemeopumenbnoy gvicmasisemcs 3a 60 — 79% npaBUIbHBIX OTBETOB

Oyenka «neyooeemeopumenvHoy svicmasisemcs sa MmeHee 60% npaBUIIbHBIX OTBETOB
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