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1 BBEAEHUE

BaxHyro yacTb TeopeTndeckoil u npodeccuoHaNbHOM MPAaKTUYECKOH MOATOTOBKH 00y4YaroIInuXcst
COCTABIISIFOT MPAKTUYECKUE U Ta0OpaTOPHbIEC 3aHATHSI.

CocrtaB u cojepxaHHWE NPAKTUYECKUX U JIAOOPATOPHBIX 3aHATHH HAIpPaBJIECHbl HAa peaau3alHio
denepanbHOr0 rocyJapcTBEHHOIO 00pa30BaTENIbHOTO CTaHAApTa CPEIHEro oOmero oOpa3oBaHHS C
YYETOM I0JTy4aeMOH CIELIMAIBHOCTH.

Benymieidi qupakTH4ecKoM — [ENbI0  NPAKTUYECKUX — 3aHATUH  sBIsieTcs  (OpMUpOBaHHE
IpoeCCHOHATIBHBIX MPAKTUYECKUX YMEHUH (YMEHUI BBINOJIHATH ONpEAEICHHbIE IEHCTBUSI, ONepalui,
HEOO0XO/JMMBIE B MOCJEIYIOIEM B HPOPECCHOHATHHON NEATETBHOCTH) MM YYEOHBIX MPaKTHUYECKUX
YMEHUH pemiaTth 3a1a4u 1o (pusnke, HEOOXOAUMBIX B MOCIEAYIOIEH Y4eOHON AeATeNbHOCTH.

Benymieid aunakTH4eckoil Lenbi0  JIAOOPATOPHBIX 3aHATUH  SIBIAETCS SKCIIEPUMEHTAIBHOE
IIOATBEPKICHUE U IPOBEPKA CYLLIECTBEHHBIX TEOPETUUECKUX 3aKOHOB, 3aBUCUMOCTEH.

B cootBercTBHM C pabodyeil mporpamMmol y4eOHOW IUCHMIUIMHBI «DPU3MKa» MPETyCMOTPEHO
IIPOBE/ICHUE MPAKTUUECKUX U JJAOOPAaTOPHBIX 3aHATHH.

BrimonHeHne mpakTHYeCKUX | JIAOOPATOPHBIX pabOT 00ecTIeYrBaET JOCTHKEHHE 00YIarOIIUMHUCS
CIIENYIOIUX Pe3yabTATOB:

e IIP61 chopMHUPOBaHHOCTh NPEACTABICHHA O pPOJM WU MeCTe (QHU3UKM W ACTPOHOMHH B
COBPEMEHHOW HAY4YHOH KapTHMHE MHpa, O CHCTeMOooOpasyromeid ponu (U3NKA B Pa3BUTHU
€CTECTBCHHBIX HAayK, TEXHMKHM M COBPEMEHHBIX TEXHOJIOTHH, O BKJIAaJ€ POCCUHUCKUX U
3apyOeKHBIX YYCHBIX-(OU3UKOB B pPa3BUTHE HAyKH, IMOHUMaHWE (U3NYECKOH CYIIHOCTH
Ha0JII01aeMBbIX SBJICHUH MUKPOMHUPA, MAKpOMHUpPA U MeraMmupa; OHUMaHUe POJIM aCTPOHOMMUU B
IIPAKTUYECKON JESATENbHOCTH YEJIOBEKAa M JaJIbHEHIIEM HAYYHO-TEXHUYECKOM Pa3BUTHU, POJIH
¢u3uku B GOPMHUPOBAHUU KPYro3opa U (pyHKIMOHAIBHON I'PaMOTHOCTH Y€JIOBEKa Ul peIleHUs
IIPAaKTHUYECKUX 3a/1a4;

e [IPG2 cdopmHpOBaHHOCTE YMEHHMH pacno3HaBaTh (HU3MYECKUE SBIEHHUS (IIPOLECChl) U
OOBSICHATh HX HAa OCHOBE U3YYEHHBIX 3aKOHOB: pPAaBHOMEPHOE U PABHOYCKOPEHHOE
NpSIMOJIMHENHOE JIBU)KEHUE, CBOOOJHOE MaJIeHUE TeJl, IBUKEHHE IO OKPYXHOCTH, MHEpIuS,
B3aUMOJIeicTBUE Tel, KojeOaTeabHOe JABMKEHHME, PEe30HAHC, BOJIHOBOE IBIKEHUE; TUdy3us,
OpOYHOBCKOE JABM)KEHHE, CTPOEHHUE >KMJKOCTEH M TBEpIBIX TeJ, U3MEHEHHE oObeMa Tell NpHU
HarpeBaHuu (OXJAXAECHUH), TEIJIOBOE pPAaBHOBECHE, HCHApeHHe, KOHJEHCalus, IJIaBlIeHHE,
KpUCTAJUIM3allMsl, KHIIEHWE, BJIAXXHOCTh BO3/1yXd, CBA3b CpEIHEH KHHETHYECKOW DHHEPruu
TEIUIOBOTO JABMKEHHSI MOJIEKYJI ¢ aOCOJIIOTHOM TeMIepaTypol, MOBBILIEHUE JaBJICHUS ras3a MpH
€ro HAarpeBaHWH B 3aKPBITOM COCYyJAE, CBS3b MEXKAY IIapaMeTpaMu COCTOSIHUSA ras3a B
U30IIpoLIeCccax; IEKTpU3aLus Tell, B3aUMOJCUCTBUE 3apsAI0B, HArpEBaHUE IIPOBOJHUKA C TOKOM,
B3aUMOJICVICTBUE MAarHWTOB, AJIEKTPOMArHUTHAs MHAYKLHs, JEHCTBHE MAarHUTHOTIO IOJIA Ha
IOPOBOJHUK C TOKOM W JIBHXKYIIMHCS 3apsi, 3JEKTPOMarHUTHbIE KOJIeOAHHUS U BOJIHBI,
NpSIMOJIMHEHOE  pachpoCTpaHEHUE CBETa, OTpaKE€HUe, IMpesIoMIIeHHe, WHTephEepeHLus,
TUQpakuus ¥ MOJApU3alMsl CBETa, TUCIEPCHs CBeTa; (POTOINEKTPUUECKUN APQEeKT, CBETOBOE
JIaBJICHUE, BO3HUKHOBEHHME JIMHEHYATOro CIEKTpa aToMa BOJOpPOAA, €CTECTBEHHAas U
UCKYCCTBEHHAs paluOaKTUBHOCTD;

e [IPG3 BmageHue OCHOBOMOJATAIONIUMU  (PU3UUYECKHUMH  TOHATHUSIMH UM BEIUYMHAMHU,
XapaKTepU3yIOIMMMH (U3HUYECKHE TMPOoLEecchl (CBSI3aHHBIMU C MEXaHWYECKUM JIBUKEHHUEM,
B3aUMOJICHICTBUEM TeJ, MEXaHMYECKHMMM KOJEOAHUSMH U BOJIHAMH; AaTOMHO-MOJIEKYJISPHBIM
CTPOCHHMEM BEIIECTBA, TEIUIOBBIMU IPOLECCAMH; DJIEKTPUYECKMM W MArHUTHBIM IOJISIMH,
AIIEKTPUYECKUM TOKOM, JJIGKTPOMAarHUTHBIMH KOJNEOAHUSIMHM M BOJHAMHU; ONTHYECKUMU
ABJICHUSIMU;  KBAaHTOBBIMM  SIBIICHHSMM, CTPOEHHMEM  aromMa W  aTOMHOIO  s1pa,
pPalMOaKTUBHOCTBIO);  BJaJiEHHE OCHOBOMNOJAraloMMMU  aCTPOHOMHYECKUMH  MOHATHUSIMH,
MO3BOJISIIOIIMMH  XapaKTE€PU30BaTh IPOIECCHl, IPOUCXOAAIIME HA 3B€3/1aX, B 3BE3JHBIX
cHUCTeMaX, B MEXIaJaKTHYECKOH cpeae; MABIKEHHE HEOECHBIX TeJ, SBOJIIOLUIO 3Be3d H
BcenenHnolii;



[1P64 BnaneHne 3aKOHOMEPHOCTSAMH, 3aKOHAMHU U TEOPUSMH (3aKOH BCEMUPHOTO Tsrotenus, I, 11
n Il 3akonsl HploTOHA, 3aKOH COXpaHEHUSI MEXAHMYECKOW SHEPruu, 3aKOH COXPaHEHUs
UMITYJIbCA, NPUHLHUI CYNEPIO3ULUU CWI, IPUHLUI PABHOIPABHOCTH HMHEPLUAIBHBIX CUCTEM
0TCYETA; MOJIEKYJIAPHO-KMHETHYECKYIO TEOPHIO CTPOEHUS BEIIECTBA, Ia30BbIE 3AKOHBI, MEPBBII
3aKOH TEPMOJAMHAMUKH; 3aKOH COXPAHEHUs JIEKTPUUECKOro 3apsa, 3akoH Kynona, 3akon Oma
JUIsl ydacTKa 1enH, 3akoH OMa Ji71s TOJIHOW 3JIEKTPUYECKOM Lenu, 3akoH Jlxoyid - JleHua, 3akoH
JJIEKTPOMATHUTHOM MHAYKIUHU, 3aKOH COXPAHEHMUS DJHEPrUU, 3aKOH MPSAMOJIUHEHHOIO
pacnpoCTpaHEHUs] CBETA, 3aKOH OTPaKCHHs CBETa, 3aKOH IIPEJIOMIICHHs CBETa; 3aKOH
COXPAHEHHUsI DHEPIUH, 3aKOH COXPAHEHUsI UMITYJIbCa, 3aKOH COXPAaHEHHUs DJIEKTPUUECKOrO 3apsja,
3aKOH COXPAaHEHHUS MacCOBOIO 4YHCIa, MOCTyJaThl bopa, 3aKOH pajMOAaKTHBHOIO pacrnaja);
YBEpEHHOE HCIIOJIb30BaHUE 3aKOHOB M 3aKOHOMEPHOCTEW MpU aHaiu3e GU3NUYECKUX SIBICHUH U
IIPOLIECCOB;

[1P65 ymeHHe y4YUTHIBaTh TPAaHUIBl TPUMEHEHUS HM3YYCHHBIX (HU3UUYECKUX MOJIETICH:
MaTepualbHas TOYKA, MHEPLUAIbHAS CHCTEMa OTCYETa, WACAIBHBIA TIa3; MOJEIU CTPOCHUS
ra3oB, KUJKOCTEH M TBEPABIX TEJ, TOUEUHBIN JJICKTPUUYECKUU 3apsil, sSAepHas MOJECIb aTOMa,
HYKJIOHHAs! MOZIETTb ATOMHOTO sIIpa MPH PEIICHUN (PU3UIECKUX 3a1a4;

[IP66 BnajxeHHEe OCHOBHBIMH METOAAMU HAy4YHOIO IIO3HAHUS, MCIIOJIb3YEeMbIMH B (U3HKE:
MIPOBOJIUTH TNPSIMbIE M KOCBEHHBIC M3MEPEHUs (DM3MYECKHX BEIMYHMH, BBIOMpAs ONTHMAJIbHBIN
Croco0 HU3MEpEeHUs U MCIOJIb3YS U3BECTHBIC METO/bl OLEHKH IOIPEHIHOCTEH H3MEepeHui,
MIPOBOJIUTH HCCIIEAOBAHUE 3aBHCUMOCTEH (DU3MYECKHX BEIWYHH C HMCIIOIB30BAHHEM TIPSMBIX
U3MEpEHUH, OOBACHATH IMOJYyYEHHbIE Pe3yJbTaThl, UCIONb3Ys (U3NUYECKUE TEOPUHU, 3aKOHBI U
MOHATHS, W JieJaTh BBIBOJBI; COOJIIOJATh IpaBWiIa OE€30MacHOrO TpyJda MpU IPOBEIACHHUU
UCCIIEIOBAaHUM B paMKax yueOHOTO SKCIEpUMEHTa U y4eOHO-UCCIIe10BATENbCKOM AeATeIbHOCTH
C HCIIOJIb30BaHUEM HH(POBBIX HW3MEPHUTENBHBIX YCTPOHCTB M J1TAOOPAaTOPHOTO 0OOpPYIOBAHHUS;
C(OPMHUPOBAHHOCTh MPEACTABICHUNH O METOJaX IOJY4YEHUs HAy4YHBIX aCTPOHOMHYECKUX
3HAHUI;

I1P67 cpopMHpPOBaHHOCTh YMEHHUS PEIIaTh pacyeTHbIE 33/Ja4M C SIBHO 3a/JaHHON (U3UYECKOMH
MOJIETIbIO, UCTIONB3Ys (PU3NYECKUE 3aKOHbI U MPUHIUIBL, HA OCHOBE aHaJW3a YCJIOBUS 3aJadd
BBIOMPATh (U3UYECKYIO MOJENb, BBIIENATh (PU3NUYECKHUE BEIUNYMHBI U (HOPMYJIbI, HEOOXOMMBbIE
JUIsL €€ pelieHus, INPOBOJMTH pPAacyeThl M OLEHHMBATh PEAIbHOCTh IIOJYYEHHOIO 3HAYCHMS
¢u3nyeckoil  BeNMYMHBL,  pellaThb ~ KaueCTBEHHbIE  3a/laud, BBICTpaWBas  JIOTMYECKH
HEMPOTUBOPEUUBYIO LENOYKY PACCYKIEHUN C ONOPOM HA U3Y4YEHHBIE 3aKOHBI, 3aKOHOMEPHOCTH
U pU3UYECKUE SIBIICHUS;

[TP68 chopMUpOBaHHOCTE YMEHHUsSI MIPUMEHSTH TONYYE€HHBIC 3HAHUS IS OOBSICHEHUS YCIIOBHMA
npoTekaHus (pU3MYECKUX SIBICHUH B MPUPOJE MU Ul NMPHUHATUS NPAKTUUYECKUX pEIIeHUi B
MOBCETHEBHOM KHU3HU JUId oOecreueHus: Oe30MacHOCTH NpuU OOpalleHHu ¢ OBITOBBIMU
npubopaMM M TEXHUYECKUMM YCTPOMCTBAMHM, COXPAHEHMs 3[0POBbS U COOJIOJCHHUS HOPM
HKOJIOTUYECKOT0 TOBEJCHUS B OKpYXKarolllel cpejie; MOHMMaHHe HEOOXOJUMOCTH NMPUMEHEHUs
JOCTHKEHUM (QHU3MKM W TEXHOJOTMHA Ui palloHalIbHOrO MpHpoaonois3oBanus;IIPyl
c(OPMHPOBAHHOCTh IMOHMMAHUS PONU (UMK B HKOHOMHUYECKOM, TEXHOJIOTUYECKOI,
COIMAIIBHOW W ATUYECKON cdepax esTeTbHOCTH 4YeJIOBEeKa; pojld W MecTa (U3UKH B
COBPEMEHHOM HAy4YyHOM KapTUHE MHpA; POJU ACTPOHOMUU B IIPAKTUYECKON ACATEIBHOCTH
YEJIOBEKa U TAJIbHEUIIIEM HayYHO-TEXHUYECKOM PA3BUTHH;

I1P610 oBnaseHue yMeHUsIMH pabOTaTh B TPYMIE C BBIIOJHEHHEM PA3IMUYHBIX COLMAIBHBIX
poJieli, IJIaHUPOBaTh pabOTy TPYMINbl, PANUOHATIBHO paclpeiensiTh JAeSITeIbHOCTh B
HECTaHJApPTHBIX CUTYyallUsIX, aJIeKBaTHO OLIEHMBATh BKJIAJ KaKIOTO M3 YYaCTHMKOB I'DYIIBI B
pelieHre paccMaTpuBaeMon IpoOIIeMBl;

[Py 1 copMupoBaHHOCTH MOHUMAHHS POJIM (PU3MKH B SKOHOMHYECKOM, TEXHOJIOTHYECKOH,
COIMMAIIBHOW W JTHUYECKON cdepax eATeTbHOCTH 4YeJIOBEKa, poJiM W MecTa (U3UKH B
COBPEMEHHOM HAy4YyHOM KapTUHE MHpA; POJU ACTPOHOMUU B IIPAKTUYECKON ACATEIBHOCTH
YeJI0OBEKAa U NaJIbHEHIIEM HayYHO-TEXHUYECKOM Pa3BUTHH;



[Py 2 chopMupOBaHHOCTh CHCTEMBbI 3HaHUH O (U3NYECKUX 3aKOHOMEPHOCTSX, 3aKOHAX,
TEOPUSX, JEUCTBYIOIIMX HAa YPOBHSAX MHUKPOMHUPA, MAaKpOMHUpa U Meramupa, IpeacTaBICHUN O
BceoOImeM xapakTepe (QU3MYECKHMX 3aKOHOB; IMPEICTABICHHA O CTPYKTypE MOCTPOCHHS
(bu3nyecKoil TEOpUH, YTO MO3BOJIUT OCO3HATH POJIb PYHIAMEHTAIBHBIX 3aKOHOB U MPUHIUIIOB B
COBPEMEHHBIX TMPEACTaBICHUSAX O MPUPOJAE, IMOHATH TPaHUIBl MPUMEHHUMOCTH TEOPHH,
BO3MOKHOCTH UX IIPUMEHEHHUS 1151 OMCAHUSl €CTECTBEHHOHAYUYHBIX SIBICHUH U MPOLECCOB;

[Py 3 chopMupoBaHHOCTH YMEHUS pPa3iHyaTh YCIOBUS MPUMEHHUMOCTH MOJIENeH (PU3NISCKUX
T€1 W TPOLECCOB (SBIEHUN): WHEpUHUAIbHAs CUCTEMa OTCYETa, MaTepuajbHas TOYKa,
PaBHOYCKOPEHHOE JBHXEHHE, CBOOOJHOE TMajeHue, aOCONIOTHO ympyras aedopmarus,
abCONIOTHO ympyroe u abCONIIOTHO HEYNPYroe CTOJKHOBEHHUS, MOJENCH Tra3a, XKHIKOCTH U
TBEpAOro (KPUCTAJUIMUECKOT0) Tela, WJCaTbHOrO ra3a, TOYEUHBIM 3apsi, OIHOPOAHOE
JNEKTPUYECKOE  TIOJE, OJHOPOJHOE MArHWUTHOE TI0JIe, TapMOHHYECKHE KOJIeOaHws,
MaTeMaTUYECKU MAasATHUK, WICANbHBIM TNPYXKUHHBI MAasTHUK, TI'apMOHUYECKHUE BOJIHBI,
UJCATBHBIN KOJIEOATeNbHBIM KOHTYp, TOHKas JIMH3a; MOJEJCH aromMa, aroOMHOro sjpa H
KBaHTOBOI MOJIETIN CBETA;

[TPy 4 chopMHupOBaHHOCTH YMEHHS OOBSICHATH OCOOCHHOCTH MPOTEKAHUS (DU3HUCCKUX SBIICHHIA:
MEXaHWYECKOE JBM)XCHHE, TEIJIOBOEC JIBIWIKEHHWE YACTHI[ BEIECTBA, TEIJIOBOE DPaBHOBECHE,
OpoyHOBCKOe ABWXeHHE, Nud]y3us, ucnapeHue, KUMEHUE W KOHJIEHCAIlMs, IUIaBIIEHUE U
KpUCTAJUTM3aLlUsI, HAITPABJICHHOCTh TEIUIONEPEaayuu, dJICKTPU3ALMH TEJN, SKBUIOTECHIIMATLHOCTH
MOBEPXHOCTU 3apSKEHHOTO MPOBOJHMKA, 3JIEKTPOMArHUTHOW WHAYKIHMH, CaMOMHAYKIIUH,
3aBUCHUMOCTH COIPOTUBIICHUS MOJIYIPOBOAHUKOB "p-" 1 "n-TUIIOB" OT TeMmepaTyphl, pE30HAHCA,
uHTepPEepeHI BOJH, AUQPPAKIUHU, AUCIEPCHH, TOJHOTO BHYTPEHHETO OTpa)KEHUs,
dotorddekr, puznueckre MPUHIMITBI CIIEKTPATbHOIO aHamu3a W paboThl ja3epa, "ambha-" u
"Oeta-" pacnajbl saep, raMMa-u3IydeHHe Aep;

I[IPy 5 cdopMuUpPOBAaHHOCT yMEHHUH TPUMEHSATh 3AaKOHbI KJIACCHUUECKONM MEXaHMKH,
MOJICKYJIIPHON (DU3UKHM ¥ TEPMOJUHAMUKH, DJICKTPOJUHAMUKH, KBAHTOBOW (PU3UKU IS aHAJIM3a
U OOBSICHEHUS SBICHUM MUKPOMHpA, MAKPOMHpA U METraMupa, pa3inyaTh YCIOBHUS (TpaHUIIbI,
0o0JacTH) TNPUMEHUMOCTH  (PU3MYECKUX  3aKOHOB, IIOHUMAaTh  BCEOOIIMI  XapakTep
(GyHIlaMEHTAIbHBIX 3aKOHOB (3aKOH COXpaHEHHs] MEXaHHYECKOW IHEpPrHH, 3aKOH COXPaHEHUS
HMMITYJIbCA, 3aKOH BCEMHPHOTO TATOTECHUSI, TIEPBBIM 3aKOH TEPMOJIMHAMHKH, 3aKOH COXPAHECHUS
ANEKTPUYECKOTO 3apsifia, 3aKOH COXpPAaHEHUS SHEPruu) W OrPAaHUYCHHOCTh HCIIOJIb30BAHUS
YaCTHBIX 3aKOHOB; aHAJIM3UPOBATH (PU3UUYECKHUE MPOIIECCHI, UCIIOIB3YsI OCHOBHBIC TMOJIOKEHUS,
3aKOHBI M 3aKOHOMEPHOCTH;, OTHOCHUTEIBHOCTh MEXaHHMYECKOTO JBIXKEHHUSA, (OPMYIBI
KMHEMATUKH PAaBHOYCKOPEHHOTO JBWXEHHS, NpeoOpasoBanus [amwmiies i CKOPOCTH U
nepemMenieHus1, Tpu 3akoHa HproToHa, MPUHLKIT OTHOCUTENBHOCTH [ anuiest, 3aKk0H BCEMUPHOTO
TATOTEHUS, 3aKOHBI COXPAHEHUS] UMITYJbCa U MEXaHMYECKOW SHEPIrHH, CBSI3b PaOOThI CHUIIBI C
W3MEHEHUEM MEXaHWUYECKON SHEpPIruM, yCJIOBUS PaBHOBECUS TBEPAOTO TeJa; CBSA3b JABIICHUS
WJICATTBHOTO Ta3a CO CPEIHEN KMHETHYECKOM YHEPTHEH TEIJIOBOTO ABUKEHUS U KOHLIEHTPALM e
€ro MOJIEKYJI, CBSI3b TEMIIEPATYpPbl BEIIECTBA CO CPEAHEN KMHETUUYECKOW SHEPrHeil ero 4yacTwil,
CBSI3b JIABJIEHUS UJICAIBHOTO Ta3a ¢ KOHUEHTPALMEH MOJIEKYJ M €ro TeMIEpaTypoH, ypaBHEHHE
MenneneeBa-Knanelipona, NepBbIi 3aKOH TEPMOJMHAMUKHU, 3aKOH COXPAHEHHUS HHEPTrUU B
TEIUIOBBIX ~MPOIIECCaX; 3aKOH COXPAaHEHMS DJIEKTPUYECKOro 3apsaa, 3akoH KyioHa,
MOTEHIUATBHOCTb AEKTPOCTATUUECKOTO TOJISL, TPUHIUI CYNEPIO3UIUN SJEKTPUUECKUX TOJIEH,
3akoHa Kynmona; 3akonbl OMa Ju1sl ydacTKa [enu U I 3aMKHYTOM 3JIEKTPUYECKON LENH, 3aKOH
Jlxoyns-JIeHnla, 3aKOH AJEKTPOMArHUTHOM WHAYKIUHU, TMpaBuio JleHna, mocTynaThl
CIICIMAJIBHON  TEOPUUM  OTHOCUTEIIBHOCTH  ODWHINTEHHA, YypaBHEHUE OUWHINTEWHA IS
dotorddekra, mepBeIit 1 BTOpOi mocTynaTel bopa, mpuHiun HeonpeaeneHHocTH [ eizendepra,
3aKOH COXpPaHEHMs 3aps/ia, MacCOBOTO YHCIAa W JHEPTUM B SACPHBIX PEAKIUSIX, 3aKOH
PaaNOaKTUBHOIO pacraja;

[Py 6 cdopMUpOBAaHHOCT, YMEHHI NPHUMEHITH OCHOBOIIOJIATAIOIINE ACTPOHOMHUUYECKHUE
MOHSTHSI, TEOPUU U 3aKOHBI JUIS aHAJU3a U 00bICHEHUS (PU3MUECKHUX MPOLECCOB MPOUCXOASIINX
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Ha 3Be37aX, B 3BE3JHBIX CHUCTEMaX, B MEXKTaJaKTUYECKOW Cpeje; ABIKEHHsS HEOECHBIX Tell,
IBOJIIONMY 3Be3/ 1 BeeneHnoi;

[TPy 7 copMHUpOBaHHOCTH YMEHHI MCCIIEIOBATh M AaHATM3UPOBATH Pa3HOOOpa3HbIe (pU3HUecKue
SBJICHUSI U CBOMCTBAa OOBEKTOB, MPOBOAUTH CAMOCTOSITEIbHBIE HCCIEIOBAaHMUS B pEalbHBbIX U
71a00paTOPHBIX YCIOBUSX, YATATh U AHAIM3HPOBATH XAPAKTEPHCTUKU NMPHUOOPOB U YCTPOKCTB,
OOBSCHSITH MPUHIIMITBI UX PAOOTHI;

[1Py 8 chopMHpPOBaHHOCTH MPEACTABICHUN O METOJAX MOJYYCHUsI HAYYHBIX aCTPOHOMUYECKHUX
3HAHUI; BIaJICHUE YMCHHUSAMH CaMOCTOSITEIBHO (POPMYITHPOBATH LIEh UCCICIOBAHUS (ITPOSKTA),
BBI/IBUI'aTh TUIIOTE3bl HA OCHOBE 3HAHUS OCHOBOINOJIAratoIuX (U3NYECKUX 3aKOHOMEPHOCTEN U
3aKOHOB, MPOBEPATh MX OSKCIEPUMEHTAIbHBIMU CPEICTBAMHU; IUIAHUPOBATH M IPOBOAUTH
¢u3nyeckue 3KCIEPUMEHTHI, ONMCHIBATh W AHAIM3MPOBATH IOJIYYEHHYIO IIPU BBINOJIHEHUH
HKCHEPUMEHTa HHPOPMALIUIO, OIIPEEISAThH TOCTOBEPHOCTH IMOIYYEHHOTO Pe3yJIbTaTa;

IIPy 9 cdopMupOBaHHOCTH yMEHHUS pellaTh pacyeTHbIC 3aJaud C SIBHO 3aJlaHHOW M HESBHO
3aJJaHHON (hU3MYEeCKOM MOJ/EbI0: Ha OCHOBAaHMM aHalu3a YCIIOBHs BbIOMpATh (HU3NUECKUE
MOJIENIN, OTBEYAIOIINE TPEOOBAHHSM 3a/1a4H, IPUMEHATH (OPMYIIBI, 3aKOHBI, 3aKOHOMEPHOCTH U
NOCTYyJaThl (PU3UYECKUX TEOpPUIl MPH MCIOJb30BAaHUHM MATEMaTHUYECKUX METOJOB pPELICHHS
3aJ1a4, IPOBOAUTH pacueThl HA OCHOBAaHUM MMEIOIUXCS JTAaHHBIX, aHAJIU3UPOBATh PE3YyJbTaThl U
KOPPEKTHPOBATh METO/Ibl PEILIEHHs C YYETOM IMOJYUYEHHBIX Pe3yJbTaTOB; pelllaTh KadyeCTBEHHbIE
3aauu, TpeOyrole MPUMEHEHHsI 3HaHUM M3 Pa3HBIX Pa3elioB IIKOJBHOTO Kypca (hU3MKH, a
TaKKe MHTErpaly 3HaHUN U3 IPYTruX MpeAMETOB €CTECTBEHHOHAYYHOTO LMKJIA: BBICTPAUBATh
JIOTUYECKYIO IIEMOYKY pPACCYKJIEHUN C ONOpOM HAa HM3y4EHHbIE 3aKOHBI, 3aKOHOMEPHOCTU U
¢bu3nyeckue sBICHUS;

[Py 10 chopMHpOBaHHOCTH YMEHHH aHAIM3HPOBATH M OIEHHUBATH IOCIEACTBUS OBITOBOH M
MIPOU3BOJICTBEHHOHN JICATEIILHOCTH YEJOBEKa, CBS3aHHOW C (DM3WYECKHMH IIpOIeccaMu, C
HO3ULIUI 9KOJIOTUYECKOM 0€30I1aCHOCTH; IpeJCTaBICHUN 0 panroHaIbHOM
MIPUPOIONOIB30BaHNH, @ TAK)KE€ PA3yMHOM HCIOJIb30BAaHUM JOCTHKEHUM HAYKH M TE€XHOJIOTHM
JUIs TajbHENIIEero pa3BUTHS YEJI0BEYECKOTr0 OOIIECTBa;

[IPy 11 oBnageHue pa3nuyHbIMH crocobamu paboTel ¢  HHQOpMAIMed QU3NYecKoro
COJIEp’)KaHUsl C UCIOJb30BaHUEM COBPEMEHHBIX HH(GOPMAIMOHHBIX TEXHOJOTHH, pa3BUTHE
YMEHUI KpUTHYECKOT0 aHAJIN3a U OLIEHKH JOCTOBEPHOCTH MOJydaeMoi nH(popMaluu;

[Py 12 oBnajneHue OpraHuM3allMOHHBIMU M T103HABaTEIbHBIMH YMEHUSIMU CaMOCTOSITEILHOTO
MpUOOpETEeHUsT HOBBIX 3HAHUM B  IPOLIECCE BBINOJIHEHUS TPOEKTHBIX M y4eOHO-
UCCIIEIOBATENbCKUX paboT, yMEHMAMH pa0oTaTh B TpYIMINE C BHIIOJHEHUEM DPAa3IUYHBIX
COLIMAJIbHBIX POJIEH, MIIAaHUPOBATh PadOTy TPYIIIIbI, PAMOHAILHO PACIPEIENSITh 1€ATEIbHOCTh B
HECTaHJAapPTHBIX CUTYyalUsIX, aJleKBaTHO OLIEHMBATh BKJIAJ Ka)KIOTO M3 YYaCTHMKOB I'DYIIBI B
pelieHrne paccMaTpuBaeMol IpoOIIeMBl;

[Py 13 ¢opmMHpoBaHHOCTP MOTHBAIMU K Oynymed mpodeccuoHaTbHONW AEATENIbHOCTH 110
CMELUANTBHOCTAM (PU3UKO-TEXHUYECKOTO MPO(UIISL.

MP8 cniocoOHOCTh U TOTOBHOCTh K CaMOCTOSITEIbHOMY TOMCKY METO/IOB PELICHHS TPAKTHUECKUX
3a]1a4, IPUMEHEHHIO PA3JIMYHbIX METOJIOB MIO3HAHUS

MP9 oBnaseHue BUIAMU JAEATEIBHOCTH MO TMOJYYEHHIO HOBOTO 3HaHHUS, €r0 MHTEpIpETaluHu,
peoOpa3oBaHUIO U MPUMEHEHHIO B PA3JIMYHBIX YYEOHBIX CUTYaIMsIX, B TOM YHCIE TIPU CO3AaHUU
y4€OHBIX ¥ COLUAIBHBIX TPOEKTOB;

MP10 ¢dopmupoBaHre HayyHOro THIIA MBIIUICHHS, BIIAJCHUE HAYYHOH TEpMHUHOJIOTHEMH,
KJIFOUEBBIMH MOHATUSMHU U METO/IaMU

MP21 BJaJ€Th HABBIKAMM TOJYYECHHs HMHPOPMALUMU M3 HCTOYHMKOB PAa3HBIX THIIOB,
CaMOCTOSITENIbHO ~ OCYIIECTBJISITH ~ MOUCK, AaHaju3, CHUCTEMAaTHU3allUi0 U  HHTEPIPETalUIo
MH(pOpMAaLIUU Pa3IMYHBIX BUJOB U (OPM IpEICTABICHHS

MP17 yMETh TIEPEHOCUTh 3HAaHMS B TIO3HABATEIBHYI0O U TMPAKTHYECKYH0 OO0JacTh
KU3HEJEATEIbHOCTH
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e MPI3  aHanu3upoBaTh IOJYYCHHBIE B XOJE PELICHUS 3a/Ja4d PE3yJbTaThl, KPHTUYCCKH
OLICHUBATh UX JOCTOBEPHOCTH, IPOrHO3UPOBATH U3MEHEHHE B HOBBIX yCIIOBHSIX;

e JIP 26 TOTOBHOCTH M CHOCOOHOCTH K 00pPa30BaHUIO M CaMOOOPa30BaHUIO HA MPOTHKECHUN BCEH
KHU3HU

e JIP 14 oco3HaHue TMYHOTO BKJIA/1a B IOCTPOCHUE YCTOHUYHUBOTO OyIyIIETo

JIP 23 TOTOBHOCTB K TPY/Y, OCO3HaHNE IEHHOCTU MacTepCTBa, TPYA0I00ue;

e JIP 13 cnocoOHOCTH OLIEHMBATH CUTYallMIO U IPUHUMATh OCO3HAHHBIE PELICHUS, OPUEHTUPYSICh
Ha MOPaJIbHO-HPABCTBEHHBIE HOPMBI M ICHHOCTH;

CopepxaHue TPAKTUYCCKUX H JTAOOPATOPHBIX 3aHITHA OPHEHTUPOBAHO HA TOJTOTOBKY
oOyyaromuxcsi K OCBOCHHIO MpOoGeCCHOHAIBLHOIO MOAYJNS MPOTrpaMMbl MOJATOTOBKU CHEIMAIMCTOB
CpEeIHEro 3BeHa 110 CIIEHUATLHOCTH U (POPMUPOBAHUIO 0OUUX KOMPEMEHYUIL:

OK 01. Beibupats crmoco0bl pemeHust 3aa4 mpohecCHOHATBHOM IeATeIbHOCTH TPUMEHUTEIBHO K
Pa3IUYHBIM KOHTEKCTaM.

BrimonHenne o0y4aromuxcs MPaKkTHUYECKUX W Ja0OpaTOPHBIX paboT MO y4eOHOH AMCIUILINHE
«®Du3uKa HaIlpaBJIEHO Ha:

- 0000meHne, CUCTEeMaTH3aIMIo, YIIyOJIeHHe, 3aKpeIlIeHWe, pa3BUTHE U JACTAINU3ALUI0
MOJIYYEHHBIX TEOPETHUECKUX 3HAHUI M0 KOHKPETHBIM TeMaM Y4eOHOW JUCIUILTUHBL,

- (popMUpOBaHUE YMEHUN MPUMEHSTH MOJIYYEHHbIE 3HAHUS HA MPAKTHKE, pealu3alUI0 €IUHCTBA
MHTEJUIEKTYaJIbHOW U IPaKTUYECKON e TENbHOCTH;

- ¢opMHpOBaHNE W Pa3BUTHE YMEHHMU: HAOJOJaTh, CPABHUBATH, COMOCTABIATH, aHAIN3UPOBATH,
JieNaTh BBIBOJIBI M OOOOIICHHS, CaMOCTOSITEIbHO BECTH HCCIEIOBAHMS, IMOJb30BATHCS PA3TUYHBIMU
npreMaMH U3MEPEHUH, 0OPMIIAT pe3yabTaThl B BUJE TAOJIUII, CXeM, IrpahuKoB;

- MpHOOpeTeHHe HABBIKOB PadOThl C Pa3NUYHBIMU MPUOOpaMHU, ammapaTypod, YCTAaHOBKaAMH U
JPYTUMH TEXHUYECKUMU CPEICTBAMU ISl TPOBEJICHHS OMBITOB;

- pa3BUTHE WHTEIUIEKTYalbHBIX YMEHHH Yy OyAylmHMX CHEIHaTUCTOB: aHAJTUTHYECKUX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX H JIP.;

- BBIPAOOTKY TMpPH PELICHUU MOCTABIEHHBIX 3a/1a4 MPOPECCHOHATBHO 3HAYUMBIX KAa4eCTB, TAKHX
KaK CaMOCTOSTEIBHOCTh, OTBETCTBEHHOCTh, TOUHOCTh, TBOPYECKAs] MHUIIUATHBA.

[IpakTuueckre win TabOpPATOpHBIE 3aHATHUS TMPOBOIATCS B paMKaxX COOTBETCTBYIOIIECH TEMBI,
MIOCJIE OCBOEHUS AUIAKTUUECKUX €IMHUL], KOTOPbIE 00ECIeUnBalOT HAJTMUKUE 3HAHUN, HEOOXOAUMBIX IS
€€ BBIIOJIHEHHUS.
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2METOANYECKHUE YKA3AHUSA
Pa3gen 1 Mexannka Tema 1.1 OcHOBBI KHHEMATHKH

HpaKaneCRoe 3anaTue Nel Pemenne 3aJa4 M0 KHHEMAaTHKeE. ypaBHeHl/lﬂ ABHKCHUSA

I_[e.m,: HAay4YUTBCA pas3jindaTb BUAbI MCXAHHWYCCKOI'O JABMXKXCHHUA B 3aBUCUMOCTH OT q)OpMBI
TPACKTOPHU M CKOPOCTH HNEPEMECIICHUA TEJIa, paCCUYHUTBIBATh €0 IapaME€Tpbl, HAYUYUTHCA I/I306pa)KaTb
Fpa(l)I/ILICCKI/I pPas3jinuHbIC BHAblI MCXAHUYCCKHX IIBI/I)KCHI/If/’I, 3alUCbIBaTh YPAaBHCHUA AOBWIKCHUA,
pas3indatb €ro OTHOCUTCIBbHOCTb, HAYYHUTBLCA (bOpMy.]'II/IpOBaTB CICAYIOIIUE IMOHATHA: MCXAaHUYCCKOC
ABHUKCHUC, CKOPOCTb U YCKOPCHUEC, CUCTEMA OTCUCTA, MEXaHUYECKUMN MPUHIUIT OTHOCUTCILHOCTH

BoinosineHne padoTbl cioco0CTBYET (POPMUPOBAHMIO:
[1P66; I1PG7

IIPyl; IIPy5; T1IPy8; ITPy11; ITPy12;

MPS8, MP9, MP10, MP21, MP17, MP13

JIP 26, JIP 14, JIP 23, JIP 13

MarepuanbHoe obecrneyeHue:

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

Yka3zaunue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JBYX 4YacTed — TEOpEeTHYECKOW M mpaktudeckou. llocie
U3YYEHUS TEOPETUYECKOro MaTrepualia MO>KHO MPHUCTYNAaTh K BBIMOJHEHHIO MpakTHUecKkod yactu. OHa
COCTOUT W3 JIByX M OoJyiee 3a1ad JJsi CaMOCTOSTENBHOTO BhIMoMHEHMs. He 3a0bIBaiiTe 0 mpaBHIIbHOM
odopmiiennu pemeHus. Ha BbIMOTHEHNE MPAKTUYECKOTO 3a/1aHUs OTBOJIUTCS JIBa aKaJIEMUYECKUX daca.

3aganue:

1. O3nakombTech c KpaTKUMU TEOPETUUECKUMHU CBEICHUSIMU
https://znanium.com/catalog/product/1012153 , ctp 14-18.
2. IImcbMeHHO OTBeThTe HA CJIeAylolIie BONPOCHI:
1. KunemaTtnueckuil 3aKOH JBI)KCHHS U1 KOOPAMHATHOTO Crocoba ompenereHus
JBY)KEHUS] MaTepUaIbHOM TOUKH.
2. KunematWyeckwii 3aKOH JIBUKCHHUS JUII €CTECTBEHHOTO JBIIKCHHS JUISI BEKTOPHOTO
crioco0a onpeaeaeHns ABHKEHHS.
3. KunemaTmueckuii 3akOH JBIKEHHS Ui E€CTECTBEHHOTO CIIOCO0a ONpe/IeeHuUs
JIBYKEHUSL.
4. Kak HaliTH BEKTOP CKOPOCTH ]ISl KOHKPETHOTO, BEKTOPHOTO U €CTECTBEHHOI'O CIIOCO00B
OIIpEeEIICHUS IBUKEHUSA?
5. Kak HaliTu BeKTOp yCKOpPEHHUs JIJIsl pPa3HbIX CIIOCOO0B OMpeIeTIeHUs TBUKEHUS?
3. Hcnonw3ys ¢popmyisl A5 pacueTa napaMeTpoB JABUKEHHUS Tell, pEIIUTh 3a/1auu.
Ilopsinok BbINOJHEHHSI padOThHI:
1. TloBTOPUTH OCHOBHBIE BONPOCHI KHHEMATHKH.
2. PemmTh 3aa4u 110 BapyuaHTaM.
3. OhopMuUTH OTUET B TETPAAU JJIs MPAKTUUIECKUX padoT.

Xon padorsr:

IIpumeps! pemenns 3aaau:1. [Taccaxupckuii moesn uaer co ckopoctsb 72 kM/4. Ilo cocennemy
MyTH JBMKETCSl HAaBCTpeuy TOBapHbIM moe3q anuHoi 140 M co ckopocThio 54 km/4. CKOJBKO
BPEMEHH MMaCCaXHp, CTOALINHN Y OKHA, OyJeT BUAETh MPOXOAAIINI MUMO HETO TOBapHBIH moe3n?
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Jlano:
V1 = 72 kM/4
V2 = 54 kM/4

=140 m
t-?

CU Pewenue:

20 m/c | OTHOCHTENIbHAS CKOPOCTD ABHKEHHUS 000MX MOE3A0B V = Uy + Uj.
15 m/c CnenoBarensHo, BpeMsi, B TEHEHHE KOTOPOTO MUMO MACCaKUPCKOTO

" " 1
10€3/1a NpoieT TOBAPHBIii, onpeaenum no popmyne: ¢ = =

140
=4ec.

Tas. M HEIC. T =
[Toacrasnsem nauusie: ¢ s

Omeem: 4 c.

2. TlocamoyHasi CKOPOCTh MacCaXupckoro camoiera 135 xkm/4, a mouHa mpobera ero 500 wm.

Ompenenuth Bpems mpodera 1o mocag0qHoi MoJIoce U YCKOPEHHE caMoJjIeTa, CUMTas ABIKCHUE
paBHO3aMEIJICHHBIM.

Hano: CHU Pewenue:
v =135 km/u | 37,5 m/c| Bpems npoGera camosnera npH nocajake HaxoauM 13 (GopMybl myTH

at
S =500 m S=ypt + = T/Ie @ 1A PABHO3AME/UICHHOTO /IBIOKCHHUS ONPEAINTCS

v
v=0m/c 13 popmynbl: U = Uy + at nma = -TD. CrnenoBarenbHo,
2 2§ 2500
t-?,a-? S=vypt- '2 , OTKynat ==, [ToacraBnsiem pauubie: ¢ = — 27:¢.
0 ’
v 37,5
Vekopenue a = - T"; =14 m/c?

Omeem: 27 ¢, - 1.4 m/c%.

3. Teno, nBUrasCh paBHOYCKOPEHHO U3 COCTOSHUS IOKOS, 3a MATYI0 CEKYHJy MpOLUIO MyTh 18
M. UeMy paBHO yCKOpEHHUE U KaKOH IyTh TEJIO MPOLLIO 3a 5 ¢?

Jlano: Pewenue:

2 2
v -~ y te t
ts-ty=1c [1yTs, npoiineHHbI TEIOM 3a NATYIO CeKYHAY S = S5 — S = aT - “T“
” 28 248 5
S=18m Orcrona a -7 9" 51 4 m/c.
- i & at? 425
t=5c [lyts, npoiiaenHslit Tenom 3a 5 cekyna Ss = Sc= e 50 m.
S5 -? 5. d = ?

Omeem: 4 m/c%; 50 m.

4. B mocnenHI0 CeKyH1y CBOOOIHO MaIaloIIee TEJIO MPOIIUIO MOJOBHHY CBOETO MyTH. CKOIBKO
BPEMEHHU U C KaKO# BBICOTHI MAaJI0 TEJIO?

Hano: Pewenue:
1 . 5 2
hy = hy1= Eh'" [TyTs, npoiinenusiii 3a Bce Bpems nageuns: h, = gT‘
2 i hy _ g(t-1)?
g=98wm/c Jlo mocneaHeit CeKyH/IbI TEIO MPOLLIO MYTh e
‘ ¢ tz
t-7 hy-? Crenosatensio, £==g(t—1)* wm t?—4t+2=0.

9,8:3,4
Orcioma t =2 ++2 = 3,4 ¢c. Buicota magenus h, = T 57m
Omeem: 3,4 ¢; 57 m.

5. Kamenp nagaer B maxrty. Yepes 6 ¢ cibllIeH yaap KaMHS O JHO IaxThl. OnpeaenuTs riyOuHy
IaXThl, €CJIM CKOPOCTh 3ByKa 330 m/c.
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Jano: Pewenue:
t=6¢ Ecnn 0003HauuTh yepe3 t; BpeMs najieHus KaMHsi, TO BPeMs paClpOCTPaHEeHHS
2
- s 3 gty
v =330 m/c | 3Byka f-t;. [lyrs, npoiifennslii kamaem npu cBo6oaHOM magennu h iy
2

t
g=9.8m/c? | 3BykoM — h = v (t - t;). ClieroBaTeNBHO, gT‘= v(t-ty)um gt? +20t;-20t=0
2
P - t
h-? Pewus dannoe ypasnenue, nonyyum t; = 5,5 c. I'nyouna maxrer h = ngz
9,85,5%
h==—=—=148m

Omeem: 148 M.

Pemurnb 3aJa4Yi CaMOCTOATC/IbHO:

1. JIBM>KEHHE CTPOUTENbHON BaroHETKH 3aJlaHO ypaBHEHHEM. OIpeneiauTe HayalbHYIO
KOOp/IMHATY, Ha4aJIbHYIO0 CKOPOCTb U YCKOPEHHE IIPU ABHKEHHH.
2. YenoBek U CTpoMTEIbHAs TENEXKKa JBUXKYTCA B OJHOM HampaBieHud. Onpenenure ux

OTHOCHUTEJIBHYIO CKOPOCTbh, €CJIM CKOPOCTh UeloBeKa 1 KM/4, a BaroHeTkH 4 kMm/4. Pemute 3Ty 3anady u
IIPU YCIIOBUH, YTO OHU JIBUJKYTCS B IPOTHUBOIOJIOKHBIX HAIIPABICHUSX.

3. CrpouTenbHBIi KpaH NOJHMUMAeT TIpy3 Ha BbicOTy h M. OmHOBpeMEHHO KpaH
nepeaBuraercs Ha pacctosHue | M. OmnpenenuTs INepeMelleHue TIpy3a, €ro BEPTUKAIbHYI HU
TOPU30HTAJIBHYIO cocTaBiisgomue. M300pasuTh HMX COOTBETCTBYIOIIMMU BeKTOpaMu. Uemy paBHBI
MOJTyJIH 3TUX BEKTOpPOB?

4, UYenosek mporen nmo npocnekTy 240 M, 3aTeM MOBEPHYJ Ha MEPEKPECTKE M MPOIIEN B
NepIeHNKYIIIpHOM HampapiieHuH emje 70 M. Ha cKolbKO IMPOLIEHTOB MyTbh, NPOI/IEHHBIN YEI0BEKOM,
OoJIbIIIe MOJTYJISI €TO TIEPEeMEIIEeHUS ?

5. YacoBoil oxpaHseT CTPOUTENbHBIN 00BEKT, OTOPOKEHHBIN KBagpaTHBIM 3a00pom ABCD,
ob0xoxst ero mo mepumerpy. Yemy OyayT paBHBI €r0 IyTh M NEpEeMEIIEHHE, €CIM OH M3 TOUYKH A,
neperIET B Touky B, 3aTtem Touky C, 3aTtem TouKky D, nocie yero BepHércs B Touky A? JlJInHa CTOPOHBI
KBajipaTa a M.

6. Kakyro ckopocTs pazBuBaeT camocBail 3a BpeMs At mocie Havana JBHKEHHS, €CIM OH
ezer ¢ yckopenueM a? Kakoi myTh OH IIPOXOJUT 3a 3TO BpeMs?

1. [IpuBecTn mpumepbl CTPOUTEIBHBIX TEJ, HaXOIAIIMXCAd B Mokoe. JlelicTBUe KaKUX Tel
KOMIIEHCUPYETCs B 3TUX ciaydaax? (3 mpumMepa; JeicTBYyOIuUe CUilbl H300pa3uTh Ha PUCYHKE).

8. B nBuxyiiemMcsi Barone ToBapHOIo 1oe3jia HaXxoAsTcs MO/I0HbI ¢ ra3obiokamu. B mokoe
WIN JBM)KEHUHM OHM HAXOJATCSl OTHOCUTEIBHO: a) MAIlMHKCTA 1oe3/a; 0) peabCcoB; B) MOJIa BaroHa; I)
TenerpaHbIx cTon00B?

9. IToe3n uepe3 10 ¢ mocne Havana ABMXKeHUs puodpeTaeT ckopocTh 0,6 M/c. Uepes kakoe
BpeMs OT Hayvajia JBMKEHHUS CKOPOCTh MOe3/a CTaHeT paBHa 3 m/c?

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

11. ITynsa B cTBone aBromara KamamHukoBa JBuxkeTcs ¢ yckopenueM 616 m/c2 . Kakosa
CKOpOCTb BBUIETA ITYJIU, €CJIU JUIMHA cTBoJa 41,5 cM?

12. Teno, nBurasch NpSIMOIUHEWHO ¢ yCKOpeHHeM 5 m/c2 , mocturiio ckopoctu 30 m/c, a
3aTeM, IBUTasiCh paBHO3aMEJIEHHO , OCTaHOBMJIOCH uepe3 10 c¢. Onpenenure myTh, NIPONRIECHHBIN TEIOM.

13. Teno cBoOGoHO MagaeT ¢ BeICOTHI 125,5 M. Onpeaenurte BpeMs TaACHUS U CKOPOCTH Tesla
B MOMEHT yz1apa 0 3eMJII0.

14. . 'padukm xakux ABWKEHHWH Ten moka3aHbl Ha puc. 1? Ilo rpaduky ompenenure: 1) B
KaKOW MOMEHT BPEMEHHM Te€Jla BCTPETWIINCH; 2) KaKUe IIyTH TeJla IPOILIU 10 BCTPEUH.
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0. 1.2 3 455 6. 9850

puc.1.

15. Ha pwuc. 2. npeacraBieH rpaguk 3aBUCUMOCTH KOOPIMHATHI Tena oT BpeMeHH. Ilo rpaduxy
ompenenurte: 1) CKOJIBKO BpEeMEHHM TeNO HAaXOAWIOCh B [IBIDKCHHH; 2) 4YeMy paBHO €ro

nepeMenIeHue.

puc.2.

(I)opMa NnpeacraBjJcHus pedyJjabTara:
BrimonneHHbBIC 3203491 B TCTpaau I IPAKTUYCCKUX pa60T.

Kpurepun oneHku:
3a npaBUJIbHO BBINOJIHEHHOE 331aHUE BBICTABIISETCS MOJIOKUTENbHASI OL[eHKa — 1 Oau.

3a HCIIPABUJIBHO BBITIOJIHCHHOC HeﬁCTBHe, 3aIaHUC BBICTABJISICTCS OTPHULIATCIIbHAA OLICHKA — 0 6amoB.

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

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

Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenka «Heyoosiemeopumenbvhoy svicmagisemcs 3a Menee 60% nMpaBUIBLHBIX OTBETOB
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Tema 1.1 OcHOBBI KHHEMATHKH

HpaKTH‘leCKOC 3ansaTHe Ne 2 Pemenne 3ala41 HA MapaMeTpPhbI BpallaTeJIbHOI0 ABUKCHUS

]_[e.m,: HAaYYHUTBHCA paCCUUTBIBATH IAPAMETPhI BPAllaTCIIbHOT'O ABHUIKCHUA.

BoinosiHeHne padoThl cioco0CTBYET (POPMUPOBAHMIO:
[1P66; I1PG7

[1Py1; IIPyS; ITPyS; [1Py11; ITPy12;

MP8, MP9, MP10, MP21, MP17, MP13

JIP 26, JIP 14, JIP 23, JIP 13

MarepuajibHoe o0ecnieyeHue:

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

Yka3zanmue:

IIpakTueckoe 3aHATHE COCTOMT U3 JBYX 4YacTe — TEOpeTHYeCKOM M mpaktudeckou. llocie
U3YYEeHHS TEOPETUYECKOro Marepualia MO>KHO MPHUCTYNAaTh K BBIMOJHEHHUIO MpakTHUecKkol yactu. OHa
COCTOWT U3 JBYX W OoJiee 3amad Il CaMOCTOSTEIHHOIO BBIMOTHEHHS. He 3a0biBaiiTe 0 MpaBHILHOM
odopmiiennu pemeHus. Ha BbIMOTHEHNE MPAKTUYECKOTO 3a/1aHUsl OTBOJUTCS JIBa aKaJJIEMUUYECKUX Yaca.

3ananue:

O3HaKOMbTECh c KpaTKUMHU TEOPETUUECKUMHU CBEACHUSIMU
https://znanium.com/catalog/product/1012153 , ctp 18 -19, otBeThTE Ha Bonpock! Ne 12,13,14.
Pemnre 3a1aun caMOCTOSITENIBHO UCTIONB3YS IPUMEPHI U KPATKHE TEOPETHUECKUE CBECHUSI.

Ilopsinok BbINOJHEHHS PadOTHI:
1. W3yuuTte u BeIUIUTE GOPMYJIBI [I0 JAHHOH TeMe:
2. Pasbepute nprMepsl peHICHHBIX 3a/1a4
3. Pemmre camocTosTENBHO 3aaUU
KpaTkue TeopeTnyeckue cBeeHUs
[TycTh TEn0 ABMXKETCS O OKPY>KHOCTHU pajuyca R ¢ MOCTOSHHOMN MO 3HAUE€HUIO CKOPOCTHIO V
(TMHEHHON CKOPOCTHIO) U 3a BpeMst At mepeMecTHiioch Ha AS u3 T. A B T. B. Bektop vV HampasieH 1o
KacaTelbHON K OKPYKHOCTH M MEHSIET HallpaBJIEHUE, T.€. MOXKHO TOBOPUTH 00 U3BMEHEHUHU CKOPOCTH

. Av
AV = Vg —V, , OTIMYHOM OT HyJs1. OTCcrona: a = A #0,

LleHTpOCTpEMUTEIBHOE YCKOpeHHe (d ) — CKOPOCTh

V2

M3MEHEHHs HANPABIICHNs BEKTOPA CKOPOCTH (@ = —
BekTop d HampasiieH 1Mo paguycy K HEeHTPY OKPYKHOCTH.
[Tepuon oOparieHust TOYKH 1O OKpYKHOCTH (7) — BpeMms, 38 KOTOPOE TOYKa OIMHCHIBACT OJTHY

OKPY>KHOCTB.

v? 27R 47
[T]=1¢c U3 a=— HV=——>=la=—5-

R T T
YacrtoTa O6an_ICHI/Iﬂ TOYKHU IO OKPYKHOCTHU (V) — KOJIMYCCTBO ITOJIHBIX O60pOTOB, COBCPIIACMBIX

1 v
TOYKOU B CTMHHILY BDEMEHH |y = == |v= TR .

T c
VYri0oBasi CKOpOCTh OOpAIIEHUsI TOUKH I10 Ag| OKPYXHOCTH () — CKOPOCTh
M3MEHEHHUs yriia moBopoTa Aa paauyca R, W= At | COEIMHSAIOLIETO TOYKY C LIEHTPOM
az 2 \Y v
OKPYKHOCTH. [W] = lp—_ W= :>; w= Zﬂﬁ = E2|V = wR|; |V = 27Z'VR|
c b
2 2p2
; a=V—= W R =la=w'R|
R R
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IIpumepsl penienns 3axa4:
1. ABTOMO6W/Ib ABUMKETCA MO 3aKPYr/IEHUIO A0POrv, paguyc Kotopol paseH 20 m. Onpeaennte CKOpPocTb aBToMobuns,
€C/IN UEHTPOCTPEMUTEIbHOE YCKOPEHNE PaBHO 5 m/c.
JaHo: Peluenye:

R=20m | [Mo onpeiencHKI0 HCHTPOCTPEMHTENLHOE YCKOPEHHE ONpe-
a,=5 m/c? | geaserca no dopmyne

2
a, =%=0=Jauk=fmu'5u/c2 = 10m/c.

Oteet: 10M/c
2. BeHTHIATOp BpaliaeTcs C MOCTOSHHOM CKOPOCThEO M 3a JBe MUHYTHI coBepimaeT 2400 oboporos. Ompenenure
YaCTOTY BpAICHUS BEHTUIATOPA, MIEPUOJ] OOpaleHUs] U JIMHEWHYIO CKOPOCTh TOYKHU, PACIIOIOXKEHHON Ha KPako JIOMACTH
BEHTUIIATOPA Ha paccTossHuu 10 ¢cM OT ocH BpaleHus..

v—7

Hano: Pelwenue:
:2;220 t"“’ Mo onpeaencHmo: n=L:I-; n=-|2~4(;!;=20—é=20 M
N=2400 i | )
r=l0cM=0IM| T=—= T=x—"0=005c; v=2rm
n 20 Tu :
n—=%T—17 I ™ M
baa$ v=2314-01m-20-=1256 ~ 126 .
Oteer: 20I'n, 0,05¢, 12,6Mm/c
PemmnTe 32124 caMOCTOATEILHO
(N - Homep saweco sapuanma no cnucky)
1. [louemy oOTaunMBaHME€ Ha TOKAapHBIX CTaHKaxX W3AEAMA OoibLIOro JAMaMeTpa
IIPOM3BOJIUTCS C MEHBIIEH YITIOBOM CKOPOCTBIO, YEM M3JIEIHM Majoro quamerpa’?
2. Kakyto nuHuio npencrasisier coO0il TpaeKTOpus Kakod - JIMOO TOYKH KoJjieca Ioe3za
OTHOCHTEJILHO €ro KopIyca Bo BpeMs ABMkeHus? KakoBa TpaekTopus Kojieca OTHOCUTENIbHO 3eMIIn?
3. Baronerka ABMXeTCs 1O 3aKpYIJIEHHIO PAaJUyCcoOM N METPOB CO CKOPOCTbIO 3,6 KM/d.
Onpenenutpb ero HEHTPOCTPEMUTEILHOE YCKOPEHHUE.
4. Ckopoctb JokoMOTHBa n KM/4. CKOJIBKO OOOpPOTOB B MHHYTY JI€NalOT Kojeca
JIOKOMOTHBA, paANyC KOTOpbIX 1,2 M?
S. TounnbHBI Kpyr paanycoM n cMm Jenaer oauH obopor 3a 0,2 c. Haiinute ckopocthb
TOYEK, HanboJsee yAaJ€HHbIX OT OCH BpallleHHUs.
6. CaMoun€r, BBIXOAS M3 IHKE, ABWXKETCA IO TPAaeKTOPHUM, KOTOpas B HUKHEH YacTu

SIBJISIETCSI IyTOM OKPYXHOCTH PaguyCcOM n KM. BbIUMCIITE YCKOpEHHE CamoJI€Ta MPU €ro JBHKEHUU,
€CIIH €ro CKOpOCTh paBHa 720 KM/4.

1. KakoBa ckopocTh JBMXEHHS BaroHETKH, €ciik €€ Kojéca paauycoMm n cM jaenaroT 600
000pOTOB B MUHYTY?
8. CekyHaHas cTpeska 4acoB JieJlaeT MOJHBIM 000poT 3a 1 MuH. Paauyc crpenku paBeH n

cMm. KakoBa yryioBas CKOpPOCTb OCTpHSI CTpENIKH, €ro JIMHEHHas CKOpPOCTb, 4YacTOTa BpAallCHMUS,
LEHTPOCTPEMUTENBHOE YCKOpEHUE?

9. Jlyna nBuxercs Bokpyr 3emnu Ha paccrosHuu 380000 kM oT HeE, coBepiias OAMH
o0opoT 3a 27,3 cyTok. Beruucnure neHTpocTpeMuTenbHoe yckopeHnue JIyHbI.
10. CnyTHUK JBHXKeETCs MO KpyroBoil opOute Ha BbicoTe 630 kM. Ilepuon obOparmieHus

cnytHUKa 97, 5 muHyT. Onpenenure ero JUHEHMHYI CKOPOCTh M LEHTPOCTPEMHUTEIBHOE YCKOPEHUE.
Paguyc 3emnun 6370 kM.

11. Bpemst ogHoro oGoporta 3emiin BOKpYr OCH paBHO 24 yaca. Beramcinurte yrioByr Hu
JMHENHYIO CKOPOCTH BpAILEHUsS TOYEK Ha dkBaTope. Paguyc 3emnu cunrate paBHbIM 6400 kM.
12. [lepron oOpaiieHust MepBOro KOCMHYECKOTO Kopalisi — cmyTHuka 3emin «BocTok»

paBusics 90 mMuHyT. CpenHsisi BbicoTa crnyTHHKa Haj 3emiéi Obuta paBHa 320 kM. Pagmyc 3emnu
6400xM. Berauciure ckopocTh KOpaoJis.
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13. KOHCO/IBHO-TIOBOPOTHBIN KpaH ABMXKETCA IO 3aKPYIJIEHHIO PaAMyCcoOM S5 METPOB CO
CKOpOCTBIO 2 KM/4. OIpeenuTh ero HEHTPOCTPEMHUTEIBHOE YCKOPEHHE.

®opma npegocTaBJieHHs pe3yabTaTa
BrimonHeHHBIC 33ja41 B TETPAIU ISl IPAKTHYECKUX PadoT.
Kpurepun oneHku:
3a mpaBUIILHO BBITOJHEHHOE 33 JaHHE BHICTABIIAETCS TMOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeNmpaBWJIBHO BBHIMOJIHEHHOE JEHCTBUE, 3aJaHUE BBICTABIISICTCS OTpHIIATENbHas oreHka — 0
0aJIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenka «xopoutoy evicmagnaemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbHoy svicmasisemcs 3a Mmenee 60% nmpaBUIBLHBIX OTBETOB

Tema 1.2 3akonnl Mexanuku HoioToHAa

IIpakTuyeckoe 3ansaTue Ne 3 Pemmenne 3axa4 no teme «Buabl cui1 B Mexanuke. CHiia TpeHUst
NMOKO$1, CKOJIbKeHHUs, KAaUeHUsl, BpallleHUsD)

].le.]]b: MOJIYYUTh HNPEACTABIICHUEC O CHIIOBOM HCﬁCTBHH OIHOTO TCJIa HAa ApYyroe€, Macce Teia,
pasiindaTtb IMOHATHA HMHEPUHU W HWHCPTHOCTH, HAYUYUTHCSHA (1)0pMy.HI/Ip0BaTB IIOHATHUA MacCChbl, CHIJIBI,
3aKoHbI HproTOHA. HAaYy4YUTBHCA paCCUUTHIBATD HeﬁCTBYIOIHHC CHIIBI..

Boinosinenue padorsl cnocodcTByeT GOPMUPOBAHMIO:
[1P66; TTP67

[1Py5; [1Py7; 11Py9;

MP8, MP9, MP10, MP21, MP17, MP13

JIP 26, JIP 14, JIP 23, JIP 13

MarepuajnbHoe o0ecnieyeHue:

MHJUBUIyaJIbHOE 3a/1aHK€, KOHCIIEKT JIEKIUI, CIPABOYHbIE MaTEpHUAIIbI.

Yka3anue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JIBYX 4YacTell — TeopeThueckod M mpaktuueckoil. Ilocrne
U3Y4YEHUs TEOPETUYECKOT0 MaTepHalla MO>KHO IPUCTYNATh K BBIMOJIHEHHUIO MpakTUyeckoil yactu. OHa
COCTOHT U3 JIBYX W OoJiee 3a7ay JJIsl CaMOCTOSTEIHHOIO BBIMONHEHUsA. He 3a0biBaiiTe 0 MpaBUIBLHOM
O(i)OpMJ'[GHI/II/I pGHICHI/IfL Ha BBIITOJIHCHUC HpaKTI/ILIGCKOFO 3alaHuA OTBOAUTCS [ABa aKaAEMHUUYCCKHUX Haca.

3apanmue:

03HaKOMBTCCB C KpaTKI/IMI/I TeopeTI/I‘ICCKI/IMI/I CBCIACHUSIMU
https://znanium.com/catalog/product/1012153 , §5,6,7.9,
PGI_HI/ITe 3a1a9u CaMOCTOATCIbHO I/ICHOJ’IBSYH HpI/IMepI)I 158 KpaTKI/Ie T€0p6TH‘I€CKI/Ie CBCIICHUSI.

Ilopsinok BbINOJHEHHS PadOThI:
1. W3yuuTte u BeIUIIKATE GOPMYIIBI IO JAHHOH TeMe:
2. Pasbepute nmpuMepsl pelIeHHBIX 3a/1a4
3. Pemmre camocTosTENHHO 3aa4U

Kparkue Teopernueckme cBeJIeHUs:
Jnaamuka. OCHOBHBIC OHSTHS
Nuepuuss —  ABIEHUE  COXpaHEHHUS
OTCYTCTBHUU BHELIHUX BO3JAECHCTBUM.

CKOpPOCTH  ABMIXKCHHUA TEJIa IIpH

o
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I/IHepTHOCTB — CBOMCTBO TCJI, IPOABJIAIOMICCCA B TOM, UTO IMPU OJMHAKOBBIX BHCITHUX BO3,H€I>1CTBPI$IX
pasHbIe Tea MPUOOPETAIOT Pa3HbIE YCKOPCHHUSI.

Macca (m) — mepa uHEpTHOCTH Tesl.  [M] =1 k. 2 m

3a sranon Maccel (1 Kuwiiorpamm) mpuHsTa Macca ;:# MEKTYHApOIHOTO IpOTOTHIIA
KMJIOTpaMMa. L

W3 OmpITOB M3BECTHO, YTO YCKOPEHHS, HoJTyJaeMble TeaMH npu
B3aUMOJICHCTBUH, 00paTtHO (M., , = My * 85 IIPOIIOPLUOHAIBHEI UX MacCaM:

Ecnu maccy kakoro-nu0o Tena npuHsTh 3a 4rear | HTANoOH, TO MOKHO H3MEPHTBH MACCy
APYTHX TEII: m

[TnotHOCTH Tena () — P=Y [p]=1%

Cuna (F) — Mepa MEXaHUYECKOTO JIEHCTBHS OJHOTO TENA Ha IPYToe.

[F]=1H — HbIOTOH.

Cuna umeer HanpaBlIEHUE, T. €. CULA-BEKMOP .

Cuna Bcerja npujoXKeHa K TOMY Telly, Ha3BaHHe KOTOPOTo CIEAYeT B MPEAT0KEHUH TOCIe Mpe/yiora
«HaY.

CunoBoe noJie — 0cOOBIN BUJ MaT€PUH, IOCPEICTBOM KOTOPOTO Mepenaércs NeiCTBUE CUTIBL.

PasHogeiicTByIomas (pe3yapTupyromas) cui ( R ) —cuila, paBHas BEKTOPHON CyMMe JaHHbIX cui F .

R-3F

JlaBnenue (p) — OTHOIICHUE CHJIBI K IUIOIIAAM MMOBEPXHOCTH, Ha KOTOPYIO OHa JICUCTBYET
B MIEPIICHIUKYJIIPHOM HaIIPABJICHUU. [p]= 122 = |p= F
1 ITa — mackaiub M S
Wmnynec  Tema  (p)—  BEeKTOpHas — Mepa m v MEXAaHUYECKOIO0  JIBHMIKEHUS,
paBHas TMPOM3BEACHUIO MacChl Tejla Ha €ro — CKOPOCTb. p=m-v
KT - M TR 7

[p]=1
c

Nmmynbe cuitsl (7 - Ar ) — BEKTOPHAS Mepa JEHCTBHsI CHJIbI, paBHAS [TPOU3BEIACHHUIO CHIIBI HAa BPEMS

e€ neiictBus. [F-At] =1 H-c.
3akonsl HbloToHA

O600muMB pe3ynbTaThl CBOMX HCCIENOBaHUN u, yuTs pabory [amunes «O ABMKEHHH TN IO
uHepuun», HplOTOH chopmynupoBas 3aKOHYEHHOE IIOJOXKEHHE, H3BECTHOE KaK IEePBBbIM 3aKOH
HprotoHa:

Cy1ecTBYIOT CUCTEMBI OTCUETa, OTHOCUTEIBHO KOTOPBIX TEJIO HAXOJUTCS B MOKOE JTUOO IBUXKETCA
MPSIMOJIMHEITHO U PAaBHOMEPHO, €CJIM PaBHOJICHCTBYIOIIAsA BCEX MPUIIOKEHHBIX K HEMY CUJI paBHA HYJIIO.

WNuepunanehas cuctema orcuéra (MCO) — cucrema oTcuéra, B KOTOPOH BBINOIHIETCS MEPBbII 3aKOH
Herorona.
s FoP AV

At At

JUId Teja TMOCTOSIHHOM MacChl CKOPOCTh W3MEHEHHsS] HMMITyJbCa paBHA MPOM3BEIECHUIO MacChl Ha
YCKOPEHHUE.

Bropoii 3akon Herorona padoraer Tompko B MCO u nipu ycrioBuM, 4TO Macca Teja U ACHCTBYIONINE
Ha HETrO CUJIbI IOCTOSTHHBI.

Bropoii 3akon HploTOHA cripaBennuB [Uisi paBHOACHCTBYIONIEH g BCEX CHJI, MPUIIOKEHHBIX K TEIy,

=mad TI0Jy4aeM BTOPO# 3akoH HeroTona: F-m-3

TI09TOMY, TIPEKJIE YEM PELIATH 3a/[a4M C €10 IPUMEHEHHUEM, HAJI0 ONPEIEIHUTS R.

Tperuit 3akoH HploTOHA: cuibl, ¢ KOTOpPBIMH JBa Tela JEHCTBYIOT JApPYr Ha Jpyra, E-—F
YHCJIEHHO PaBHBI U HAIPaBJIEHbI B TPOTUBOMOJIOXKHBIE CTOPOHBI 10 OJTHOM MPSAMOIA.

Tpertuii 3akoH Hetotona paboraet Tonsko B MCO.

[Tonaras, uro Bce Tenma Bcenennoit BzaumHO mputsruBatorcs, Hetoton B 1682 1. chopmymnupoBain
3aKOH _BCEMHPHOIO TArOTEHUs: BCE Tela 7-m,-m,| HPUTATHUBAIOTCA OpYyr K JIpyry c
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CWJIaMH, TPSMO TPOMOPIIMOHATBFHBIMHA TPOU3BEACHUI0O MX MacCc W OOpaTHO MPOMOPLHUOHATLHBIMH
KBaJIpaTy pacCTOSTHUS MEXIY HUMHU.
rae Fi1p — cuita B3auMHOTO MPUTSKEHUs TEX Macc My | My;

¥ — rpaBUTAllMOHHAS TTOCTOSTHHAS. ‘7: 6,6720 - 10 HMZ/KFZI.

N
Cuiibl B ipupoje

®
Cuna Tspkect ( £, ) — crla, COOOMIAoNas Telly yCKOPEeHHe CBOOOJHOTO ITageHHs. m;g,w

= FTﬂ)K
Cuna TspKEeCTH HalpaBiieHa BEPTUKAJIBHO BHU3 (NEPIEHAUKYIISIPHO KacaTEJIbHOU K

MTOBEPXHOCTU 3€MJIN).

Peakmusi( N ) — cuia AeiCTBHs OmopsI (I0BECa) Ha TEIIO.

Bec Tena (P) — cuna, ¢ KOTOPO# TEIO AEHCTBYET Ha ONOPY WM MOJBEC BCJIEACTBUE IPUTSHKEHUS K
3emute.

HeBecomocTh — MCUE3HOBEHHME Beca Tella NPU JABIKEHHH OMOPHI C YCKOPEHHEM CBOOOIHOTO
MaJCHHUS.

[leperpy3ka — yBenmyeHue Beca Tesa IpH JBHKESHUH OMOPBI C YCKOPEHUEM BBEPX.

Cuna ynpyroctu ( 7, ) — CuJIa, BOSHUKAIOIIAS B TEJE PHU JiehopManym.

3akon ['yka: cuna ympyroctd, BO3HHUKAawoIIas 0pH jAedopManuu Tena, F, =—kx
MPOIOPLIMOHAIIbHA €T0

a0COJIFOTHOH I[C(i)OpMaI_II/II/I W HaIIpaBJICHA B CTOPOHY, NPOTHUBOIOJIOKHYIO IEPECMECIICHUIO YaCTHUIL]
TCIa:

Cuna TpeHus mnokos (g7

Tp.TI.

) — cuia, BO3HHUKAaIOI[as Ha TPaHUIIC

CONPUKOCHOBEHHUS TEJN MPHU OTCYTCTBUU UX JBUKEHUSI OTHOCUTENBHO JAPYT ApYra. F, =N
i — ko3P PHULMEHT TpeHuUs (3aBUCUT OT MAaTEPUATIOB TPYIIUXCS TIOBEPXHOCTENH ).

IIpumeps! pemenus 3agaq
1. ABTOOYC, Macca KOTOPOTO C MOJHOW Harpy3Koil paBHa 15 T, Tporaercs ¢ MecTa ¢ yCKOpPEHUEM
0,7 m/c 2 . HaliTu cuiy T4ru, eciam ko3(pQUIMEeHT conpoTuBiIeHus ABHkeHuto paseH 0,03.

Mano: Pewenue: ‘
m=15t=15-103kr i A"f’
a=0,7 m/c? -7 { '}3" X E +N+F+ mg =mad
= 0,03 TP ] it —F 5 >
M A =4 4i‘f’ Z P OX:-Fp+F=ma
Bl e e OY:N-mg=0-N=mg
/’”/ E, =MN - E, = Mmmg

- -mmg + F =ma

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

F = 15 10%kr(0,7 w/c? + 0,03-10 m/c?) = 15: 10%kr-1 m/c? =

15-10°H

Omeem: 15-103H

2. Ha HakJIOHHOM MJIOCKOCTH IJIMHON 5 M U BbIcOTOM 3 M HaxoauTcs rpy3 maccou 50 kr. Kakyro

CUJTY, HANPAaBICHHYIO BIOJIb TIJIOCKOCTH, HAIO0 MPHJIOKHUTH, YTOOBI yAEp>KaTh 3TOT TPy3, €CIU TSIHYTh
ero ¢ yckopenuem 1 m/c 2 ? Koadunuent tpenus 0,2.
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Hano: Pewenue:

m = 50 kr o —» -

a = 1 m/c? M 4 o 7; CocraBuM ypaBHEHHE JIBUKEHNS Tella:
M= 0,02 e )-\\. / F,.', +N+F+mg=ma

[ =5m i f ATy 4“ Haiigem npoexkumm cmit na ocm:
h=3m = — Ock OX: -F,, + F - mgsina = ma

ki 4 Ocs OY: N ~mgecosa =0 —= N =mg cosa

Fyy =N = E, = Mmmg cos a
[lojcrasne Bropoe ypasHeHue B 1EPBOE, MOJYHHM
-mmgcos a + F - mgsin a= ma
HaxoauM npon3BoiHyio BeJIMUHHY:
F = mmgcos a- mgsina + ma niau
F=m(a + mgcos a + gsin a)
[To onpeaeneHmio cnayca nMeem
sina == sina = == 0,6
{ 5m

W3 ocuosrOrO Tpl!I'OHO.\(CTpll‘lECKOFO TOXICCTBA
sina? +cosa’=1,
cosa=vV1— sina?=y1-0,36=+0,64=08
BH’-[HCJH.\I HCKOMVH) BCITHYHHY.
F =50 xr(02:10 wc*- 08 + 10 wic? 061 wic?) =430 H
Omesem: 430 H.
3. Ha minype, nepekuHyTOM 4Yepe3 HeMOABIKHBIN 010K, moBenieHb! rpy3sl Maccamu 0,3 u 0,2 kr.
C kakuM yCcKOpeHHeM ABUXKYTcs rpy3bl? KakoBa cuiia HaTs>KEHUsI BO BpEeMS IBHKCHHUS?

Mano: Pewenue:
my =0,2 kr )f' "]' P " CocraBum YPaBHEHHE JABHIKCHUS IS
my =03 kr k7! \7 JBYX Tell:
SNT 9 4 L IS T
a-?T-? n S {mlg+T1— ma;
ni vy o —— —d
myg + TZ = mpa;

Haitnem npoexuun cnin Ha ocs OY:
{ T, -myg=ma
_TZ + mpg = mzaz’

T k. Tena cBs3aHbl OJHON HUTBIO, TO
Tl :Tz =T14a1 =az;=a,
Toraa,{ T—myg =mya ,

-T+ mpg = mpa
CnoXHuM 3TH YPaBHEHHS:
—-myg + myg = (my; + my)a uiu
g(my —my)=(my + my)a
Pewm 310 ypaBHEHHE OTHOCUTEIBHO HEU3BECTHOI BEIIHYMHBI

mo—m 10 M/c2(0,3kr—0,2kr
= M.Bbl'—luCHHM a= 20M/c O 0280 2 m/c?
mi+mj 0,3kr+0,2kr

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

PemnTh 32124 CaMOCTOATEIBHO
(n - Homep 6awezo sapuanma no cnucky)
1. C momo1pio 0armeHHoro Kpana moJHUMAroT rpy3. CKOpoCTh Mmoabema moctosiaaa. Onpeaenure,
KaKue cuibl IeHCcTBYIOT Ha rpy3? Kakosbl nx HanpasieHus? Kakosa paBHoxelicTByromasn? [Touemy? vV
HEOTBITHBIX KPAHOBIIMKOB OBIBAIOT OOPBIBBI TPOCOB B TE€X CIIydasix, KOTJa OHU HE 00palaloT BHUMaHHUS
Ha CWJIBHO pacKauMBaHUE NMEPEHOCUMBIX TPpy30B. CilyyailHbl JIn Tak1e OOPHIBBI?
2. [ToueMy Ha pYKOSATKHM, TOJOBKM OOJITOB, Trailku Kpyryiodl ¢opMbl, 3aBUHUMBAaEMble U
OTBHHYMBAEMbIE BPYUHYIO, HAHOCAT CIIEUAIbHYIO HAaKaTKy (pudienue)?
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3. Koueco (1IKMB) MPUBOAUTCS B ABMXKEHHE MPH MOMOIIM peMHs. Onpenenure BUj
TPEHUs, BO3HUKAIOILEr0 MEX/y LIIKUBOM M PEMHEM: TPEHUE CKOJIbKEHUS WM TPEHHE -/

J

nokosi? Cuurtaiite, YTO pEMEHb HE IPOCKAIIb3bIBAET. Ry

4. Onpenenure BUA TPEHUS, BO3HUKAIOIIETO MEXAYy KOJIECOM [JBHXKYIIEHCS f-.\f(]./'[ /.' e
ey

TEJIEKKHU U IPYHTOM, a TAK)KE MEXy BTYJIKOH Puc. 1

KoJsieca U ocbro. OChb NMPUKPEIUIEHA K TeJeKKe HenoaABHKHO (Puc.2).

5. [Touemy HagO Oepedb cCMa30YHBIE MATEPUANIBI OT MONAIaHUs B HUX MECKa U MbLIH?

6. [Touemy HykHO Gepedb TOPMO3HYIO KOJOAKY U TOPMO3HOW OapabaH TPaHCHOPTHOI'O CPEICTBA

OT TIOTAIaHUS MKy HUMHU Macia?

7. JUis yero mpu COEAMHEHUM MATKMX MaTepUasioB IO/ T'OJIOBKY OosiTa M TailKy MOJKJIaIbIBalOT

a0y Gosnpiiero quamerpa’?

8. B kakoMm u3 mepedncieHHBIX HUXKE SIBIEHUI O] IEHCTBMEM CHJIbl coBeplIaeTcsi paboTa (CcM.

puc.3) TpoC HaAXOIUTCS B HATSIHYTOM COCTOSIHUU TOJ] ICUCTBHUEM CHUJIbI TSHKECTH; 0) HA CTOJN JEHCTBYET
BEC THPH; B) ra3 JaBUT HA CTEHKU OAJUIOHA; T) MOPIIEHb BBITAJIKWBACTCS U3 MUJIUHAPA MOJ] ICHCTBUEM
CWJIBI JABJICHUS Ta30B; /1) MAIbUMK TSHET BEPEBKY, IPUBSI3AHHYIO K TPOYHOI CTEHE?

Puc. 2

9. Ha ropusoHTambHOM y4YacTKe IMyTH MaHEBpPOBBIM TEIUIOBO3 TOJKHYN BaroH. Kakue Tena
JEHCTBYIOT HA BaroH BO BpeMs U nocie Tonuka? Kak Oyner ABUraThCcsi BaroH Mol BIUSHUEM STUX Ten?
10. Bripazute B kumoBaTTax M MmeraBarTtax cienytomue moirHocty: 3500 Bt; 200 Bt; 5000BT;
110000BT. Beipasute B BarTax cieayrmue momuoctu: 3 kBr; 1,5 kBt; 0,6 kBt; 0,04 MBt; 0,0001
MBT.

11. UYemy paBHa cuiia TSHKECTH, JEHCTBYIOLIAs Ha YIAKOBKY € lIeMEHTOM Maccol 2,5kr, 600r, 1,2 T,
50t1?
12. [TepBblif cOBETCKMI MCKYyCCTBEHHBIM CHYTHHK 3eMiu Obln 3amyuieH 4 okts0pst 1957 ropa.

Omnpenenuts Maccy 3TOr0 CIyTHUKA, €CIIM U3BECTHO, YTO HAa 3eMJIe Ha HEro JeCTBOBAIa CUJIA TSKECTH,
paBHas 819,3H.

13. Ha wenmopBwxHO# miardopme CTOUT SAMUMK C KUPNUYaMHU Maccoil N TOHH. Berumcioure u
n300pa3uTe Ha PUCYHKE CUITY TSDKECTH U BEC SIIUKA.

14. CmoxxeTe 11 Bbl HOJIHATH IUIACTUHY U3 MPOOKH 00BEMOM N cM>? TII0THOCT npooKu 240kr/M7>.
15.  ABTOOyc Maccoifi N TOHH €leT MO TOpU3OHTaIbHOMY Imocce. Kakas cuna TtpeOyercs s
coolOmieHus: emy yckopenus 1,4 M/c?.

16. Baronerka maccoil N TOHH JaBUxkeTcs nof aevicteueM cuiibl 60 kH. Onpenenute yckopeHue eé
JIBUKEHHUS.

17. JIBa xopabist Maccoil N TOHH KaXKIbld, CTOSAT Ha peiine Ha paccTtosHuu 0,5 KM OJIMH OT JIPYroro.
KaxkoBa cuna npuTsKeHHst MEXKy HUMU?

18. OnpenenuTs Maccy Kaxa0To M3 JABYX OJMHAKOBBIX aBTOMOOMIEH, eciau Ha pacctosHuu 0,1 km
Ha HUX JIEUCTBYET cuia NpuTshkeHus 6,67vH.

19. Onpenenuth paccTOSHUE, HAa KOTOPOM JIBE BaroHETKM Maccod mo 20 Kr Kaxnjas
B3aUMOJICUCTBYIOT C criIoN 67MKH.

20. Kakyro cunmy Hajgo NOpWIOKHUTH K BaroHy Maccoii N TOHH, YTOOBI OH CTajl JBUIaTbCs

paBHOYCKOpeHHO U 3a 30c npomen myts 36 M? Koapdunuent tpenus pasen 0,008.
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21. [Ton melicTBUEM CHIIBI TSTH CKOPOCTH BaroHa Maccoi N ToHH Bo3pocina ¢ 4,25 m/c mo 32,4 xm/4

Ha miyta 75,5 M. Uemy paBHa cuiia TATH, ecid KO3(PQHUIIMEHT TPeHHUsS NPH JBM)KCHUH BaroHa paBeH
0,025?

22.  Kakyro cuity TSTW JOJDKEH pa3BUBATh JBUTATEIb, YTOOBI JIOKOMOTHB MacCOd N TOHH JBUTAJICS:
2

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

23.  DIeKTpOBO3 MPH JABIKEHHUHU IO TOPU3OHTAIBHOMY ITyTH pa3BuBaeT cuiny Tsaru N kH. Ha ydactke

myta amuHor 600 M cKOpOCTh moe3na Bo3pocia ¢ 32,4 no 54 km/4. Onpeaenure Uiy COMPOTUBIICHUS
JBH>KEHUIO Moe3/1a, eciu ero macca pasHa 10000 ToHH.

®opma npegocTaBJieHHs pe3yabTaTa
BrimonHeHHBIC 331a41 B TETPAIU ISl IPAKTHYECKUX PadoT.
Kpurepun oneHku:
3a npaBUIIHHO BBITIOJHEHHOE 33JaHUE BBICTABIISICTCS TIOJIOKUTEIbHAS OIleHKa — 1 6a.
3a HeNmpaBHJIBHO BBHIMOJIHEHHOE JEHCTBUE, 3aJ]aHUE BBICTABIISICTCS OTPHIIATENbHAas oreHka — 0
0aJIoB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmassiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumensvhoy svicmasgnsemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 1.3 3akoHBI COXpaHEeHHS B MeXaHHKe

HpaKaneCRoe 3ansaTue Ned. 3aKoHbI COXpaHCHHUS B MEXAaHUKE U HX IPUMECHCHUE

Henb: HayuyuThCS HCIOJIB30BaTh 3aKOH COXpPAHEHUS HMITyJbca Uil pacuéra IapameTpoB
pa3aMYHbIX (PU3HMUECKUX MPOIIECCOB

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1P67

[1Py5; ITPy9

MP8, MP9, MP10, MP21, MP17, MP13

JIP 26, JIP 14, JIP 23, JIP 13

MarepuajnbHoe o0ecnieyeHue:

MHJUBUIyaJIbHOE 3a/1aHHe, KOHCIEKT JEKLUH, CTPaBOYHbIE MaTEPHAJIbI.

Yka3anue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JIBYX 4YacTell — TeopeThueckod M mpaktudeckoil. Ilocne
M3y4YeHUs TEOPETHYECKOTO MaTepHraia MOXKHO MPHUCTYIATh K BBIMOJTHEHUIO MpaKkTH4eckor yactu. OHa
COCTOHT U3 JIBYX W OoJiee 3a7ay ISl CaMOCTOSATEIBHOTO BBIMOMHEHUs. He 3a0biBaiiTe 0 mpaBHILHOM
odopmiieHnH perieHus. Ha BeIMOTHEHNE TPAKTUYECKOTO 3a/IaHUsI OTBOJIUTCS JIBAa aKaJIEMHUYECKUX Jaca.

3aganue:

1. O3HaKOMBTECH C KPATKUMH TEOPETUICCKUMHU CBEICHUSIMU IO CCBUITKE

https://znanium.com/catalog/product/1012153 , §12,13, BeiucaB OCHOBHBIC (YOPMYJIBI B TETPAIh.
Pemnre 3amaumn, caMoCTOATENHHO UCTIONB3YsI PUMEPHI M KPATKHUE TEOPETUUECKHUE CBEICHMUS.

Ilopsinok BbINOJHEHHSI padOThHI:
1. Wsyuute u BeIUIuUTE GOPMYIBI IO TAHHOW TEME:
2. Pasbepute nmpuMepsl pelIeHHBIX 3a/1a4
3. Pemure caMOCTOSITENBEHO 331241

2. Ilpumepsl pemienus 3axa4
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1. Monekyna Maccoit m = 3- 10—23 r, mojjieTeBIIas K CTEHKe cocya oA yriom o = 60°, ynpyro
yaapsieTcsi o0 Hee co ckopocThio v = 500 m/c u otneraet. Onpeaenure UMITyIbe cuibl F- At momydeHHBIN
CTEHKO.

Jlano: Pewenue:
m=3 10726 kr M3meHeHne MMIyabca MOJEKYJIbl PaBHO
a=60°0==1 uMnynscy cuisl: Ap = FAt

3

: [lycts 0Ch OX HarpaeieHa
v = 500 wm/c =1 Y P
FAf -9 MEePeHIHKYISIPHO CTEHKe,  TOrja

M3MEHEHHE MMNYIbca MOJeKyinel Ap =
Ap, = my, — (- mv,) = 2mu,, TAe Uy =
VCOS @, oTKyaa Ap =2mvcos a.
[Toacrasus opmyny B ypaBaenue, nonyunm FAt = 2mucos a.
Brruncnenns:
FAt =2-3- 10726 kr- 500%- cosg =1,5-10"2(kr-M)/c
Omeem: 1.5+ 107 kr m/c.

Puc. 3.2

2. JIBa TOBapHBIX BaroHa ABIXKYTCSl HaBCTpedy JIpyr Jpyry co ckopoctsmu 0,4 m/c u 0,1 m/c.
Maccsl BaroHoB COOTBETCTBEHHO paBHbI M1 =12 1, M2 = 48 1. Onpenenure, ¢ KaKoil CKOPOCTHIO V U B
KaKOM HaIlpaBJIeHUH OYIyT IBUIaThCsl BarOHbI I10CIIE CTOJIKHOBEHUS. Y 1ap CUMTATh HEYIIPYTHM.

Jlano: Pewenue:

v; =04 m/c Hcnonb3yem 3aKOH COXPaHEHMA MPOEKLMH MMIY/bCAa HA OCh
v, =0,1 m/c OX, nonoxurensHoe HanpasneHue ocu OX coBnmagaer c
my =12-103 kr HAIMpaBJICHUEM JIBHIKCHUS TIEPBOI0 BaroHa:

m, = 48103 kr myvy - myv, = (Mg + my)v. Otkyma v = koS L

v - ? my+m;

) 124103 k0,4 M/c— 48:10% kr0,1M/c _ o
Beuncnenus: v = = - = 0. Aramu3: v = 0, caenoBarenbHO, nocie
12-10° kr + 48-10° kr

CTOJIKHOBEHHS BArOHbI OCTAHOBATCS.
Omegem: v =100

3. JlBa Heynpyrux Ttena, Macchl KOTOPbIX 2 M 6 KI, ABIXKYTCS Ha BCTpedy IpYr K JpPYyry co
CKOpoCTsIMH 2 M/c Kaxaoe. OnpenenuTs MOIyJIb U HalpaBI€HUE CKOPOCTH KaXKJIOTO U3 3TUX TEJN MOcIie
ynapa. Caenatb pUCyHOK CaMOCTOSITENIBHO.

Hato: myU; +myU, = (my + my) U. B npoekuusix Ha 0Ch:

OX: myuy - myvp =- (Mg + my)v
__Mmivg — Mavz,

my =2 Kr 1 +iia)
= —(m1 +m2
my = 6 Kr
2kr-2m/c— 6kr2Zm/c _ 2
v = vz =2Mc Beraucngem: v = : - €= 2 /e =025 mle.
ol — (2Kr+6kKr) 8

Imeem: 0,25 m/c.

Pemuth 321241 caMOCTOATEILHO
(n - Homep 6awezo sapuanma no cnucky)
1. OnuHakoBO M CXUMaroTcsl Oydepa Mpu CTOIKHOBEHMM JBYX OJUMHAKOBBIX BaroHOB, OJIUH W3
KOTOpBIX HEMOJBMXEH? PaccMoTpuTe cilydau: NOpPOKHHUK BaroH HEMOJBUIKEH, JBHIKETCSI TPYKEHBIM;
IPYKEHHBII HEMOIBUKEH, IBUKETCS MTOPOKHU.
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2. YroObl CIBUHYTH C MECTa TSDKENbIM )KEJIe3HOAOPOXKHBIM COCTaB, MALIMHUCT JaeT 3aJHUN XOJ,
MojiaBas COCTaB HEMHOTO Ha3aj, a MOTOM yKe AaeT mepenHuil xoxa. Ilouemy Takum oOpazom, jerye
TPOHYTb COCTaB C MecTa?
3. Pabounii, 6erymuii mo 1exy co CKOpocTbio 7 M/C, IOTOHSIET TEIEKKY C Ipy3aMu, ITBHKYIIYIOCS
CO CKOPOCTBIO 2 M/C, ¥ BCKakuBaeT Ha Hee. C Kakoi CKOPOCTHIO MPOJIOIHKACT IBUTATHCS TEIICKKA, SCITH
MacChl TEJIEKKHU U YEJIOBEKA COOTBETCTBEHHO paBHbI 30 Kr 1 70 Kr.
4, JIBe *KeNe3HOJOPOKHBIC TIAT(OPMBI ABMKYTCSI HABCTPEUY APYT APYyry co ckopoctsmu 0,6 u 0,4
M/c. Maccel miatopmbel COOTBETCTBEHHO paBHBI 18 m 28 T. C Kakoil CKOPOCTBIO M B KaKOM
HaINpaBJIEHUU OYAYT IBUTAThCS TUIAT(OPMEI TIOCIIE CTOJIKHOBEHUA? Y 1ap CUUTATh YIPYTHM.
5. JKene3HomopoKHBIM BaroH Maccoi 25 TOHH MOIBE3kKAET O CKOpocThio 0,3 M/C K cTOsIIEMy Ha
TOM € IMyTH HEMOJBM)KHOMY BaroHy Macco N TOHH WM aBTOMAaTU4YecKH creruisiercs ¢ HuM. [locie
CIIETIKM BaroHbl JBUXKYTCS IPSIMOINHEHHO. KakoBa cKOpOCTh JBUKEHHS BATOHOB MOCIIE CIIETTKU?
6. KenesnonopoxxHblii BaroH maccoil 35 TOHH NOIBE3KAET K CTOSIIIEMY Ha TOM XK€ IIyTU
HEMOJIBIYKHOMY BaroHy Maccoil N TOHH M aBTOMAaTHUYeCKHU cueruisierca ¢ HuM. [locie cienku BaroHbl
IBIDKYTCSL TPSIMOJIMHEIHO co ckopocThio 0,5M/c. KakoBa Oputa ckopocTh BaroHa Maccoid 35 TOHH mnepen
CLIETIKOM?

®dopma npeacraBjieHus pe3yabTara:

BreinonHuTh 3asaHue B TETPaAH ISl MPAKTUYECKUX paboT.

Kpurtepun ounenku:
3a npaBUJIbHO BBIMOJIHEHHOE 331aHKUE BBICTABIISICTCS MOJIOKUTENbHAS OIleHKa — 1 Oa.
3a HelpaBWIBHO BBIMIOJTHEHHOE JICHCTBHUE, 3a/IaHNUE BBICTABIISIETCS OTpHUIIaTebHas oneHka — 0 6ayios.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 1009 npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 1.3 3akoHbI cOXpaHEHHS B MeXaHHKe

IIpakTuyeckoe 3ansaTue NeS. Pemenue 3axa4 Ha gopMyJibl padoThbl CHIT

IIe.m;: HAaY4YUTBCA HUCIHOJB30BATh 3aKOH COXPAHCHUS HUMITYJIbCa IJId pacqéTa mapaMeTpoOB
Pa3JINIHBIX CI)I/IBI/I‘ICCKI/IX ImponeccoB

Boinosinenue padorsl cnocod6cTBYeT GOPMUPOBAHMIO:
[1P67

[TPyS5; ITPy9

MPS§, MP9, MP10, MP21, MP17, MP13

JIP 26, JIP 14, JIP 23, JIP 13

MarepunanbHoe obecniedeHue:

WHAMBUAYaJIbHOE 33/1aHH€, KOHCIEKT JIEKIIUA, CIIPaBOYHbIE MaTepHAIIbI.

Yka3anmue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JIBYX 4YacT€l — TeopeTHYecKoW M mpaktudeckoil. Ilocie
U3Y4YEHHs TEOPETUYECKOTO0 MaTepHalla MOKHO IPUCTYNATh K BBINOJIHEHHUIO MpakTHUecKoi dactu. OHa
COCTOMT U3 JIBYX U Ooiiee 3a7ay JUIsl CaMOCTOSITEIbHOIO BBINMONHEHU. He 3a0biBaiiTe 0 MpaBUIILHOM
oopmienun pemienus. Ha BeImosHEeHNE TPAaKTUYECKOTO 3a/1aHUS OTBOJIUTCS /IBA aKaJEMHUECKUX Yaca.

3aganue:
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O3HaKOMBTECH C KPATKMMH TEOPETUUECKUMH CBEICHUSMHU 10 CCHUIKE
https://znanium.com/catalog/product/1012153 , §10,11 u BeimuimuTe GopMyiibl 0003HAUCHHBIC
ckobkamu, Haripumep (10.1) u T.4. U3 yKazaHHBIX naparpad

ITopsinok BbINOJIHEHHUSI PA0OTHI:

1. W3yuute u BeIUIIMATE GOPMYIIBI IO JAHHOH TEeMe:
2. Pa36epute npuMepsl pelIeHHBIX 3a7a4
3. Pemmre camocTosTENHHO 33241
IIpuMepsI pemieHus 3a1a4

1. OnpenenuTh MOIIHOCTD TEIUIOBO3a, 3HAS, YTO IMPU CKOPOCTH IBHXKEHUS 43,2 KM/4 cuia
Taru paBHa 105 kH
Hano «CI» Pemenue:

Vo= 432112 ¢ | Mompocts HaxomuTes no hopmye: N = 2
t

KM/4
105-10°
F=105xH |H Cuna TSIrM  COBEpIIACT  IMOJIOKUTEIBHYIO
paboty: A =FScos a, Zoo.=0, A=F-S
N-?

N =Fv=12m/c-105-10° =1260-10° Bt

Otser: N = 1260 xBrT.

2. Teno maccoit 10 kT cBoOOAHO TagaeT ¢ BHICOTHI 20 M U3 COCTOsSIHMS TTOKOsl. Uemy paBHa
KMHETUYECKasi SHEPTUsl B MOMEHT yAapa 0 3eMito?
Jano: Puc. Pemenue:
m =10 xr 1 CornacHo 3akoHy coxpaHeHus saeprun: E,, E,=0
Vo= 0 M/c Ep() + EK() = Epl + EK()
ho=20 M 3a Teno oTcyYeTa MPUMEM 3EMITIO:
hi=0wMm 2 mgh)erTUOZ:mghlerTUlz yuautbiBasi hy; =0,v9 =0
g =10 m\c? Ex E, =0 mgh _my! wm Exkg=mghy

2

Exi —7? Ex; =10-10-20 = 2000 dx

OtBert: 2 k/Ix.

Baronetky maccoii 2 T mo TOpu30HTaIFHOMY MYTH PaBHOMEPHO mepememniaer padounii. Kakyro
paboty oH coBepmuT Ha myTd 100 M ¥ Kakyro pabOTy coBepIIaeT cuia TPEHHS, eclid KOIPPHUIHEeHT
TpeHus paseH ),01?

JaHo: Pucynoxk:

m=2T
S=100m
p=0,01
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g=9,8 m\c?

=0 oo e -

A-"7
Atp-?
Pemenne
Ha BaroHeTKy JeiCTBYIOT 4 CHIIBI: CHJIA TSKECTH — & | CHJIA PEaKIIHH OMOphl — ' |
cuna Taru £+ —, cuia Tpenus — . ITo BropoMy 3akoHy HeloTona X =0
Frppmi + o 4 N = 0

B npoexknun Ha ocu: OX: F,—F, =0; F,=F; OY: N-mg=0; N=mg

A=F-Scosa, Z4Za=0, cosa =1,ca—-Ho,A=F S, F=F,;=F=uN=umg

Pa6oTa cusl TPEHHUA HAIIPAaBJI€EHA IIPDOTHUB paéoTbI cuja Tarm — A = -
ATp .

Ap=—19,6 - 10° Ox
Otsetr: A =19,6 x/Ix; ATp =- 19,6 x/Ix.

6. OnpenenuTh MOIIHOCTh TEIUIOBO3a, 3HAsl, YTO MPH CKOPOCTH ABIKEHHS 43,2 KM/4 cujia TITU
pasHa 105 kH.

Hano: CH: Pemenue:
oA
v =43,2 kM/4 12wM/ ¢ MotHOCTh HaX0UTCs 10 hopMyIe: i
F=105kH 105-10° Cuna 1aru coBepuIaeT NoJ0KUTEIbHYIO PaboTy:
N-°? A=FScosa, Za=0,A=F-S
JIBr>KeHUE TEII0B03a PABHOMEPHOE U MPSIMOJIMHEMHOE:
N = F-8 = e
i
> =L
f N=Fv=12 M/c-105-10% =1260-10°* Br

OtBet: N = 1260 xBT.

PemmnTh 32124 €aMOCTOATEILHO
(n - Homep awezo sapuanma no cnucky)
1. IIpu cTpoUTENbCTBE KAHATHON JOPOTM B TOPHOM MECTHOCTH CaMOCBaj MacCOM N TOHH IOJHSIICA
Ha BbeicoTy 400M Hax ypoBHeM Mops. Onpenenutbs MOTEHIHUAIbHYIO SHEPrui0 aBTOMOOMIIS
OTHOCHUTEIILHO YPOBHS MODSL.

2. Moot kompa s 3abuBanust cBaii maccoit SO0kr mamaeT ¢ BbICOTHI N MeTpoB. Yemy Oyaer
paBHa NOTEHIMAJIbHASA U KNHETUYECKAasi SHEPTUsl MOJIOTA Ha BbICOTE 4MeTpa?

3. Kaxoit moTeHnmaibHON SHEpPTHEH 001amaeT Teao Maccod N Kr, MOJHITOE Ha BBHICOTY 15meTpa?
Kakyto paboTy OHO MOXKET COBEPIIUTH MPH MaJaHUU Ha 3eMITI0?

4, Ornpeaenuth MOITHOCTH CEp/Illa BaJbIIOBIIMKA B Tpoliecce GU3nIecKoil paboThl, 3Hasl, YTO MPHU
OJTHOM yJlape OHO coBepIlaeT padory, paBHyto 16 J[x, a B MUHYTY Jenaet npuMmepHo 240 ynapos.

5. [Tpu cxxatun OydepHOIl mpyKUHBI /1] BaroHa Ha ScM npowusBeneHa padorta 3,75 kJlx. Kakas

cuna Tpedyercs Ui cxkatus 3Tod npyxkuHsl Ha lem? Iloctpoiite rpaduk 3aBUCUMOCTH YJTMHEHUS
NPY>KUHBI OT BEJTMYMHBI IPUIIOKEHHON CHJIBI.
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6. [Ipu ymape nByx BaroHoB OygepHas mpyxuHa ckanack Ha N cM. XKectkocts npyxunas 3000
kH/M. Onpenenuth paboTy MpU CHKATUU TIPYKUHBI.

7. Kakas paboTa mpousBeneHa npu cxxaTuu 0y(hepHOU IMpyKHHBI JKEIe3HOIOPOKHOTO BaroHa Ha N
CM, €CJIM IS COKaTHs IPY>XKUHBI Ha 1 cm Tpedyetcs cuma 350000H?
8. TsxenoBecHslld coctaB ¢ yriaem maccoi 6000t npeogonieBaetr nmoabem B 100 metpoB. Ha kakyro

BBICOTY MOXKHO MOAHATH Teno maccoil 100 kr, eciu MCHOIb30BaTh 3arac MOTEHIUAIbHON SHEPrHU B
BEpPXHEH TOUKE Noabema?

0. Baronerka aBuraigach mo ropH30HTaJIbHOMY IIyTH, Yepe3 HEKOTOpOEe BpeMsi ocTaHoBwiachk. Ee
KMHETHYeCcKas 3Heprus craiga pasHa 0, a moTeHIMalIbHAs OcTajack Hem3MeHHoU. He Hapymmiics au B
ATOM CIIy4ae 3aKOH COXPaHEHHs U MPEBPALICHUS SHEPTUH?

10. s morpy3ku yriisi B BaroH NPHUMEHSIETCS JICHTOYHBIM TPAHCIOPTEP, KOTOPBIM IEpEeMeIaeT
yYrojib BBEpX II0 HAKJIOHY Ha BBICOTY 5 M. B MuHYTY morpy3umk goctaBiser 12T yris. Baron
3anonHseTcs 3a 5 MuH. Kakyto paboTy npu 3TOM coBepIIaeT Tpancrnoprep?

11. TennoBo3 TSHET COCTAaB CO CKOPOCTHIO N KM/, pa3BuBas MontHocTh 880 kBT. Kak Benuka B 3 TOM
ciy4yae cuia Taru’?

12.  JIurarens oducHOro BeHTHIATOpa uMeeT MoImHOCTh 0,35 kBT1. Kakyro paboTy oH coBepuIuT 3a
N MUHYT.

13.  Bbiuucauth paboTy, COBEPIIAEMYIO 3JEKTPOMEXaHHUECKUM MOJIBEMHHUKOM B aBTOMAaCTEpPCKOM,
KOT'JIa OH PaBHOMEPHO ITOJTHUMAET TpaHCIopTHOE cpencTtBo Maccoit 800 kr Ha BICOTY 2,2M.

14, Kakyto paboTy HYXHO coBepmIUTh, 4TOObI moe3n Maccod 1000 TOHH, ABMXKYIIMICA CO
CKOPOCTBIO 72KM/4 YBEITUYHII CBOKO CKOPOCTH 110 108 xMm/4?

15.  Kakoii maccel rpy3 MOXET MOJAHMMATh MOJBEMHBIA KpaH CO CKOpPOCThbIO 1,5M/c, eciii y Hero
IIBUTATEIb MOITHOCTEIO 12kBT?

16.  IlogbeMHBbIil KpaH ¢ IBUTATENIEM MOIIHOCTHIO 8§ KBT moJHUMAET Ipy3 ¢ MOCTOSTHHON CKOPOCTHIO
6 M/mMuH. KakoBa macca rpy3a?

17. Kakas pabGota coBepiiaercs Ha TUIPOCTAaHIIMM B TEUEHHE TOJa, €CJIU CPEAHSS MOIIHOCTb
reiepaTtopa pasHa 2,5 MBT1?

18. UYenoek Maccoit 70 Kr cryckaercs Mo JiecTHULEe AnuHoi 20 M, pacnonokeHHoH noj yriaom 30°
K ropu3oHTy. Haiiute paboTy CUIIBI TSXKECTH.

19. Brruncnute paboTy Cuiibl YOPYTrOCTH IPU U3MEHEHHH JeopMalivy Npy>KUHBI )KecTKocThio 200
H/Morx; =2cM o x2 =6 cM.

®opma npegocTaBIeHHs pe3yIbTaTa

BrimonnHeHHBIE 33/1a4H B TETPAIX IS IPAKTHYECKUX PadoT.

Kputepun onenkn:
3a mMpaBUIIHLHO BBITOJHEHHOE 33JaHHE BHICTABIISIETCS TTOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMmpaBUWJIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIIAETCS OTpULlaTeIbHast olleHKa — 0 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 1.4 Di1eMeHTBI CTATHKH M THAPOCTATHKHU

IIpakTuyeckoe 3ansiTue Ne6. Pemienne 3a1a4 Ha remy PaBHoBecue a0COJIIOTHO TBEPABIX TeJl.
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Heab: yrnyOWTh WM KOHKPETHU3WPOBATH MPEACTABICHUS O 3HAYUMOCTH 3aKOHOB COXPAHCHWSL.
Hay4HUThCSl UCIIOJIB30BAaTh MPUIIOKEHHS 3aKOHA COXPAHEHUs MEXAHMYECKOW SHEPIUU JUIS BBITOJIHEHHS
MPAKTUYECKUX 3aJaHUI.

Brinosinenue padoTsl cnocodcTByeT GOPMHUPOBAHMIO:

I1P61; I1P67, [1p67

[1Py5; I1Py9;

MPS§, MP9, MP10, MP21, MP17, MP13

JIP 26, JIP 14, JIP 23, JIP 13

MarepuajibHoe o0ecnieyeHue:

UHAUBUAYAJIBHOC 3aJaHUC, KOHCIICKT JICKI_[I/Ifl, CIIPpaBOYHBIC MaTCpHUAJIbI.

Yka3zanmue:

IIpakTrueckoe 3aHATHE COCTOMT U3 JIBYX 4acTe — TEOpeTHYeCKOM M mpaktudeckou. llocie

HU3YUCHUSA TCOPECTUUYCCKOro Mar€prajia MOXHO IPUCTYIATh K BBIIIOJIHCHUIO HpaKTquCKOﬁ gactu. OHa

COCTO

UT U3 JIByX W OoJiee 3ajad JUisl CaMOCTOSTENILHOTO BhIOMHEHHA. He 3a0biBaiiTe 0 MpaBUIHLHOM

O(bOpMJ'IeHI/II/I PCILICHUS. Ha BrinmonHeHue MMPAKTHYCCKOI'0 3agaHus OTBOAUTCS YCTBIPC aKaJACMHUUCCKUX

gaca.

3aganue:
OBHaKOMI)TCCI) C KpaTKI/IMI/I TGOpeTI/IquKI/IMI/I CBCACHUAMU I10 CCBIIIKC

https://znanium.com/catalog/product/1012153, ctp 47-53,

CocraBbTe KpaTKWi KOHCIIEKT OTBeUasi Ha BOTPOCHI K maparpady, ctp 53, 54.
BemmummTe ocHOBHBIE POPMYITBI
Pemute 3a1aun caMOCTOSATENBHO

KpaTRne TCOPETHYECCKUEC CBCACHUSA

HasBanmue Ennnauna
O0o3Hauenne ®opmyJia
BEJIUYUHDI U3MepeHust
H
Cunia F Fili= Fls
M
ILneyo cuibl I
Moment
M Hm M = F

CHJIbI

IIpuMepsl pelieHus 3aaa4

3amaua 1. Pabounmii mpumogHuMaer mpu momomnmm peraara muty maccord 100 kr. Kopotkoe

rutedo peraara pasro 0,8 m, a mmuaHOE — 1,2 M. KakoBa cria, KOTOpYro TOJDKEH MPHIIOKUTH paboduii K

0o0JbIlIEMY TIJIEUY pblyara?

29


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

Lawo: PeweHue:
F L
=100 —_—=—
g 3 F: L
H
g= 9'8 —
M Fi=P=mg.
L=08m
= £-b
L=12mM Fz-".
posglises ey
F: -7 Fz-Ph-mglz.
= o HO08M_
F>=100«kr- 9.8 o ﬁ—“- 653,3 H.
Orser: F2=653,3 H,
. 3azaga 2.014 mogpéma Ipyza MO HAKIOHHOH IIIOCKOCTH NPHIOKHIH CHIY. HaNpaEIeHHVIO EJOIb HAKIOHHOH

m1ockocTH H paeHyio 300 H. Hafiaure Maccy rpy:a. ecau H3BECTHO, ¥TO AIHHA HAKTOHHOH IUTOCKOCTH pasHa 1.5 M. a €8
BBICOTA paBHa 1 M.

Lawo:

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

=10

Orser: m = 45 xr.

3. Ha pucynke n300pakeH pbriar, IMEIOIUi och BpamieHus B Touke O. ['py3 kakoi Macchl HaJI0
MO/IBECUTDH B TOUKE ISl TOTO, YTOOBI phIyar ObLI B paBHOBECUU?
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MHano: A
mo=m=100r=0,1 xr
1, = 4 ep. umnst
L =2 en. pmns

0

7R/

Pewenue:

IMonb3ysick pUCYHKOM, OTIPEAENUM TUICYH CWI, BHIPaXEH-
HBIE B YCJIOBHBIX EIMHULIAX JTUHDL.

B

1. Haitnem cuiy, DeiCTBYIOLLYIO HAa phlyar B Touke A:

g=10 H/xr F,=m-gtae m=m + m,
" F=(@01+0,) - 10=2H.
2. Haiinem cuny F,, mpuMeHAsA YCIOBME pABHOBECHs pblyara:
Haiimu: £ _b .
M—? E"T Orciona soipasum F:
F - .
= _IT“" H l'; = ‘2—2_4‘ =4 H.

3. Onpexnenum Maccy rpysa U3 GOpMyIbL:
[-'2=M-go Mn%;M:

Omeem: Hano nopsecuts B Touke B rpy3 maccou 0,4 kr (wnu
400 r).

4
0= 0,4 kr.

4.Ha menbmiee tuiedo peraara aevictyet cuia 300 H, na 6onpmee — 20 H. /Inuna menbmiero mieva 5
cM. Omnpenenure UMHY OOJIBIIEro IJeya.

Hano: Pewenue:
F =300 H CaenaeM 4YepTex K 3amade fro 0>
F,=20H Mo ycnosmio paBHOBECHS phluara: A
[ =S5cm F 1 =
£ b F2
K
Haimu: Haiinem 6onbuiee mueyo peruara: F1
L—? F, -1, H - oM
12 = T - 12 = H =CM
300-5
= S 75 cM.

Omesem: Bonbliee nieyo pbyara paBHo 75 cM.

5 Poruar uymnoii 60 cm HaxoauTcs B paBHOBecuH. Kakas cuiia npuioxeHa B Touke B?

Jano: ";-’2 ‘ Pewenue:
1= 60 cm 0 Maeun cun onpeaeanM U3 PUCYHKE, NPUHUMAA BO BHM-
P=F=2H |2—/— a—— B MaHHe, 4TO JUIMHA Beero purara 60 oM.
5, =10 cMm g $ 1. IMo yc/ioBKIO paBHOBECHS phitlara:
L= 130cm |2H| Ao b g b
L 7
2-10 2
Haiimu: 15 ~3~07H
;=? Omsem: K touxe B npunoxena cuna = 0,7 H.
Pemmute 3agaun caMoOCTOSATEIBHO

1. MowmeHT cuibl, AelcTBYoLIeH Ha pbryar, paBeH 20 H*m. Haittu nnedo cuinet 5 H, ecnu peruar
HAaXOJUTCS B PABHOBECHUHU.

2. Kakoe ycunme He00X0IMMO MTPUIIOKUTE, 9TO0BI MOAHATE Tpy3 1000 H ¢ moMotipio mogBHKHOTO
omoka? Kakas coBeputcst pabota npu noaseme rpysa Ha 1 M? (Bec 610ka u TpeHHe He
YUUTHIBATh).

3. Cuctema GJI0KOB HaXOJUTCs B paBHOBecun. OmnpenenuTe Bec mpaBoro rpysa. (Bec 6:10koB u

CHIIy TPEHUS HE YUUTHIBATh).
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4. Tlpu momoIM NOJBMXKHOTO 0JIOKA MOAHUMAIOT Ipy3, npunaras cuiy 105 H. Onpenenure cumy
TpeHus, eciu Bec 6soka pasen 20 H, a Bec rpy3a 180 H.

5. Macca aeranu TpancniopTHoro cpenctsa m = 50 kr. Paamyc 6apabana, Ha KOTOPBII HAMATHIBAIOT
tenb, R = 0,2 M, yinHa Kax a0 u3 1ByX pydek Bopota | = 1 m. Kakyro cuiy HY)KHO MPUITIOKUTh
K KQX/I0H U3 HUX, 4YTOOBI MOHATH JETaIh HA HEOOXOIUMYIO BEITUYHHY.?

®opMma npeaocTaBIeHus pe3yabTaTa

BeimonHeHHbIE 331241 B TETPAIN IS PAKTHYECKUX PadoT.

Kputepuu onenku:

3a MpaBUIILHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.

3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJaHNE BHICTABIISICTCS OTpUIIATEIbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUILHBIX OTBETOB

Oyenka «xopoutoy evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB

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

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

Pasznen 2 Moaexkyasipuas pusuka. TepmoannamMmuka
Tema 2.1 OcHOBBI MOJIEKYJISIPHO-KHHETHYECKOH TeOpHu

IpakTuyeckoe 3anaTue Ne8 Pemenne 3aga4d no reme «OcHoBbl MKT. Pemenue 3agay Ha
yYPaBHeHHE COCTOSTHUSA M/1€aIbHOI0 ra3a

Henp: yrnyOuTh M KOHKPETHU3UPOBATH MPEACTABIECHUS O MOJIEKYISPHO-KMHETUYECKON TEOpHH
BEILIECTBA; HAYYUTHCS UCIONIb30BaTh 3aKOHBI MKT ni1st pacuéra OCHOBHBIX IapaMeTpOB COCTOSIHUSA Ta3a.
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

I1P6 4; I1P6 7

[1Py4; I1PyS5; I1Py9; I1Py11;

MP8, MP9, MP10, MP21, MP17, MP13
JIP 26, JIP 14, JIP 23, JIP 13

MarepuanbHoe o0ecnieyeHue:

VMHAVBUAYAJIBHOE 3a/1aHUE, KOHCIIEKT JIEKIIUH, CIIPABOYHbBIE MaTEpHaJIbI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT U3 JBYX 4acTed — TeopeTHdeckod M mpaktudeckou. ITocme
U3YYEHUs TEOPETUYECKOTo MaTepHalia MOKHO IPUCTYNATh K BBIMOJIHEHHUIO MpakThuyeckoil yactu. Ona
COCTOUT U3 JIBYX M OoJiee 3a/au JAJsl CaMOCTOSATENBbHOTO BhINoyiHeHHs. He 3a0bIBaiiTe 0 mpaBUIbHOM
odopmiiennu pemeHus. Ha BbIogHEHNE MPaKTUYECKOTO 3a/1aHusl OTBOJIMTCS JIBa aKaJIEMUYECKUX Yaca.

3aganme:

1. O3HakombTeCh ¢ KPAaTKUMHU TEOPETUYECKUMU CBEACHUSIMH O CCHUIKE
https://znanium.com/catalog/product/1012153 , §17,18, BeimucaB OCHOBHBIE ()OPMYJIBI B
terpaab, Hanpumep (17.1) u T.1. U3 yKa3aHHBIX naparpagos.

2. Pemmre 3amauM, caMOCTOATENbHO WCHOJB3ys NPUMEPBl M KpaTKHE TEOPETHUYECKUe
CBEJICHHSI.

Ilopsinok BbINOJHEHHSI padOThHI:
1. W3yuuTte u BeIUIIKATE GOPMYIIBI ITO JAHHOH TeMme:
2. Pazbepure mpuMepbl PEIICHHBIX 3a7a4
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3. Pemmre caMOCTOSATEIBHO 3aga4u

IIpumepsl pemennst 3axa4

1. Onpe):[eJmTe KOJMYCCTBO BCHICCTBA WM YUCIIO MOJICKYJ, COACPXKAIIUXCA B OJHOM KWJIOIpaMME
YTJIEKUCIIOro ra3a.

[aHo: Pemenue:
C02 v = N :)ﬁ:m;N:m-NA :V'NA
— m=lkr_ N, N, u H
v =? 1% :m
Y7,
N D
Buiuucnenus: v _ 1xr X

~ 23mom s N = 23 MOIb-6 -10% 1/momp ~1,4-10% mr
44.103 k2| monw
Orser: N~1,4:10% wr

2. CKOJIbKO MOJIEKYJT KHCTIOpO/1a HaXOAUTCs B 00beMe 1 J1 ipu Temrieparype 0°C u naBuenue 133,3
Ila.

C
gaHO' U Pemenne
2

V=1n 10°w’ p=nkT "= %

p=133,3 []la

t=0°C N p

N S— n=—_=N=nV N=—-V

N-? \Y} xT

Buiyucnenus: __ 1883Ma-107w° 3,5.10%°

138-107% Jloic/ K - 273K
Otser: N = 3,5~1017I_HT

3. B ra3zoBom Oamione emkocTthio 0,01 M3 maxomutcs ra3 mon nmaeieHueMm 20 kr/cm2 .Kakoit
o0BbeM 3aiiMeT ras, eciu ,He U3MEHss €ro TeMIIepaTypbl , OTKPHITh BEHTUIIb OauioHa? OKOHYaTeNbHOe
nmasienue 1 kr/cm2.?

Hano: Pewenue:
Vi=0,01n" ) [lo ycnoButo 3aaa4uu Temneparypa raza He MeHsieTcs,
P1=20 kr/em’=20%0,98%10° H/m® MOITOMY NPOMCXOUT H30TEPMHHECKOE H3MEHEHHE
=1 kr/em’=0,98*10" H/m" cocrosuus raza. Ucnons3ys 3axon boitns-Mapuorra
p1Vi=p2Va Haxomum Vo= p1Vi/pa.
V-2

Boruncnenus: Vo= 20%0,98* 105*0,01/0,98* 105=0,2(M3)
Omeem: V>=02 M.

4. T'a3 u30TepMUYECKH CXaT OT MepBoHauyanbHOro oovema 0,15 m 3 no obwvema 0,10 m 3
JlaBneHue ero npu 3ToM NOBBICUIIOCH Ha 2 kr/cM2 . KakoBo nepBoHa4YalbHOE J1aBJIeHHE Taza’?

JHawno: Pewenue:
Vi=0,15m" 1o 3akony boiins-Mapuorra P1V=P2Vs. Ho p>=pi+ Ap,
V3=0,10M3

MO3TOMY p|V1=(<P1 +A P)V,, otkyaa P1 = AP*V,/V-V2;
P1=2*0,98*107*0,10/0,15-0,10 = 3,9%10° (H/m")
Omeem: P;=3,9*10°[1a.

AP=2 KI‘/CM:=2*0,98* 10°u/M>
Pl:?

5. Kak Benuko armocdepHoe TaBieHHE, €CIU MpH JIUHE PTYTHOro ctoibuka 12,5¢cM B TOHKOM
TpyOKe IJTMHa CTOJIOMKA BO3/yXa B TIEPBOM TOJIOKEHHUE 7CM,a BO BTOPOM — 5 cM?
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Jano: Pewenue:

h=12,5¢cm B nepBom ciyuae gasneHue Bo3ayxa BHyTpH Tpyoku P1=Psr\-h. Bo BTOpom
1,=Tcem ciy4ae pa=panth. [o 3akony boiins-Mapuorra P, V,=P,V; rae V,=SL,,
IL,=5¢cm Vo=SL,. Toraa (pam-h)=(parth)SL,, otkyaa pyn=h(L1+L2)/L;-L,

Pina =12,5*12/2=75(cm pr cT).
Par=? Omeem: P, = 75 cm pT CT.

6 CxaTelii BO3AYyX IOJAETCS B Ta3rojpiep o0ObemMoMm SM3 . 3a Kakoe BpeMs €ro HakadaroT 0

JaBJICHUS 7 Kr/cM2, eclii KOMIpeccop BcachiBaeT 5,5 M 3 arMocepHOro BO3AyXa B MUHYTY MpH
nasiaeHuu 1 kr/cm2 ? TemriepaTypy CUMTATh MOCTOSTHHOM.

Mano: Pewenue:
V3=5M3
P,=Txr/eM*=7*0,98*10°n/m’
V]=5,5M3/MMH=1 1126 e
P=1 kr/cm’=0,98*10u/m’

Jlns HakauMBaHMs BO3yXa B ra3roiabzep 10 aasinexus P,
KoMmmpeccop paboraer B TeueHue BpeMeHH t. O0bem
3acaceiBaemoro Bosayxa V' =V, npu nasnenue p;. Koraa
BO3/IyX HAKayallu B ra3rojbjaep, OH 3aHs1 00beM V; U ero

nasjeHue crano pp. Ha ocnoBanuu 3akona boitna-Mapuotra
P,V'=P,V; umu P,V,t,=P,V,, otkyna t,=P,V,/P,V,
t = 7%0,98*10°*5%12/0,98010°*1,1=380(c).
Omeem: t = 380 c.

t-?7

7. OTkpblTas cTekyissHHas TpyOka minHOl0 40 cM HamoloOBHHY mHorpyxeHa B pryTh. Korma

BEPXHUH KOHEI| TPYOKH 3aKPBUIH ¥ IOJHSUIM €€ 10 YPOBHS PTYTH B COCYZ€, TO BHICOTA YPOBHS PTYTH B
TpyOKe okazanack paBHOM 15 cMm. KakoBo aTMocdepHoe naBiieHre BO BpeMsl OIbITa?

Hano: Pewenue:
=40 cm  [lo 3axony boiins-Mapuotra P;V,=P,V, rae p;=H-pasuoe armocdhepromy
,-15¢cm  naBnenue BO3ayXa HaJ PTYTHIO 10 3aKpeITHs OTBepeTHi, a V=L/2S-ero odnem;
P = P-1, V,=(L-L,)S-cooTBeTcTBEHHO AaBNIeHHE U 00bEM BO3AYXA HAJl PTYTHIO
H-? NOCJIe TOro, KaK €€ 3aKpbUM ¥ MOAHAIH 10 YPOBHS PTYTH B cocyae. B npeasiayme
Belpaxkenus P,V,=P,V,Bmecro PP, V, V, noacraBum nx 3Hauenus:
HL/2S=(H-L,)(L-L,)s. Orcroga H=21,(I-1;)/1-21; H=30%*25/10=75(c™m pt cT).
Omeem: 75 cm pT CT.
Pemuth 3a1a4n caMoOCTOSITEILHO
Bapmuanr 1

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

2. W neanbHblil ra3 cHavajga W300apHO pacHIMPUIIN, a 3aT€M M30TEPMUUYECKU CHKAIU JI0 MPEKHETO
obobema. M300pazute 3tu npoueccsl B koopauHatax Pu V; PuT; Vu T.

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

4. Tlpun cxaTuu HEW3MEHHOTO KOJIMYECTBA HACAIBHOTO raza o0beM yMEHBIIWICS B 2 pasa, a

TeMIIEpaTypa yBeanywiach B 2 pasza. Onpenennure, Kak U3MEHUIIOCH JaBJICHHE rasa.
Bapuanr 2

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

2. WpeanbHbl Ta3 cHayalla HarpeBajiCsi NpPH TMOCTOSHHOM JaBJICHUHU, MOTOM €ro JaBJiCHUE
YMEHBIIAIOCh MPU MMOCTOSTHHOM 00beMe, 3aTEM ITPH MOCTOSTHHON TeMIiepaType 00beM ra3a YMEHBITUIICS
710 TIepBOHAYAIILHOTO 3HauYeHus. [locTpouts rpaduk B KOOpAUHATHBIX OcsX V-T.

3. B cocyne BMectumocthio V=0,83 M 3 HaxoguTcs m=2 Kr a3ora npu aasieHuu p = 2*105 Ila.
Omnpenenure Temrepatypy T azora.

4. Temneparypa V1=2 monp kuciaopoaa, Haxogsuierocs B cocyne, pasa T1=300 K. Onpenenure
temrepatypy T2 Bomopojaa, HaXOISIIETOCS B COCYAE TOM e BMECTUMOCTU INPU TOW e JaBJICHUH,
B3SITOr'O B KOUYECTBE V2=2 MOJIb.

®opma npegocTaBJieHHs pe3yJabTaTa

BeimosHeHHBIE 3a1a4¥ B TETPAIH IS IPAKTUYECKUX PadOT.

Kpurepun oneHku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKUTENIbHAS OlICHKa — 1 Oa.
3a HeNpaBUIILHO BBIITOJHEHHOE JEHCTBHE, 3a/laHUE BHICTABIISIETCS OTPHILIATeIbHAs OlleHKa — () 6asuioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89% npaBUITBHBIX OTBETOB
Oyenka «yooenemeopumensbHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenka «neyooenemeopumenvHoy svicmagisiencs 3a Menee 60%0 mpaBUIBLHBIX OTBETOB

Tema 2.2 AFpeFaTHbIe COCTOAHMSA BelIeCTBaA U (l)a30131,1e Nnepexoanbl

IpakTuyeckoe 3anaTue Ne9. Pemmenue 3a1a4 no reme «A0COJIOTHbIE H OTHOCHTEJIbHBIE
aedopManum TBepAbIX TeJD)

eab: yrnyOuTh U KOHKPETHU3UPOBATh MIPEACTABICHHS O (pa3ax BEllecTBa U UX CBOMCTBAX,
HAYYUTHCA UCIIOJIB30BaTh 3aBUCUMOCTDb CTPOCHUSA cba3m BEHIIECTBA JIdA 00BICHEHHUS (1)I/ISI/I‘ICCKI/IX
IIPOLIECCOB, MPOUCXOIALINX C MATEPUATIOM.

BbinosiHeHune pa6oThl crioco0cTBYET (POPMUPOBAHUIO:

I1P61; ITP64; ITPG7; I1P68

[1Py3; I1Py4; I1Py9; I1Py10;

MPg§, MP9, MP10, MP21, MP17, MP13

JIP 26, JIP 14, JIP 23, JIP 13

MarepuanbHoe o0ecrieyeHme:

WHAMBUAYAJIBHOE 33/1aHUE, KOHCIIEKT JIEKIIMH, CIIPAaBOYHbBIE MaTEpHaJIbI.

Ykazanmue:

[IpakTHueckoe 3aHATHE COCTOMT W3 JIBYX 4acTel — TeopeTudeckod M mpaktuueckou. Ilocme
U3y4YEHHs] TEOPETHUECKOro MaTepualla MOXHO HMPUCTYNaTh K BBITOJHEHHIO NMpakTHueckol yactu. OHa
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COCTOUT U3 I[BYX 148 60H€€ 3a4a4 OJIs1 CaMOCTOSATCIIbHOI'O BBIIIOJIHCHHAA. He SaGBIBafITe (0] HpaBI/IHLHOM
odopmiieHnu pemieHus. Ha BeIMogHEHNE TPaKTUYECKOTO 3a/IaHKs OTBOJIUTCS /1B aKaJIEMHUYECKUX Jaca.
3ananmue:
1. O3HaKOMBTECH C KPATKUMH TEOPETHYECCKUMHU CBEICHUSIMHU
2. Pemure 3amadm, CaMOCTOSTEIBHO HCIIONB3ysS TMPUMEPHbl U KPATKHE TEOPETUUCCKUE
CBEJCHUSL.

ITopsinok BbINOJIHEHHSI PAa0OTHI:
1. H3zyuute u BeIUIMTE GOPMYIIBI 110 TAHHOK TeMe:
2. Pa30epute npumMepsl pelIeHHBIX 3a/1a4
3. Pemmre camocTosATENHHO 3aa9U

1. Kparkue TeopeTH4ecKue CBeIeHUs.

Kpucrajummyeckas pemerka — IpOCTPaHCTBCHHAA CCTb CBH3€I>'I, Y3JIbL KOTOpOﬁ COBIIaAAOT C

HECHTpaMH aTOMOB HJIM MOJICKYJI BCIICCTBA.
KpI/ICTaJ'IJ'H/I‘leCKI/Ie BCIICCTBA: MCTAJIJIbl, MUHCPAJIbI, KPUCTAJLJIbL conel u Aap.

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

BCCX HAIIPpABJICHUAX.

KpHCTaHHquCKOﬁ PEIICTKN HET H

B aMOp(HBIX BEILIECTBaX d
II0 CBOEMY BHYTPEHHEMY YCTPOMCTBY OHHU ot / Nﬁ HOJOOHBI JKUAKOCTSAM. AMOpQHBIE
BEIIECTBA: CMOJIbI, CTEKJIO, IJIacTMacchl U N / ap.
N
JlanpHUN  TOpSAOK —  CTPOEHHue :g "\ BellecTBa, MpH  KOTOpOM  TIO
TH000MY HAIPABIECHUIO PACCTOSHUE MEXY 000 mapoil COCeHUX YacTHI]

OJHNHAaKOBO.
HneanbHbie KPUCTATINYCCKUC CTPYKTYPbI O6J'Ia,[[aIOT JaJIbHUM HTOPAIKOM.

[Ipn w3MeHeHMM YCIOBUU arperaTHoe COCTOSIHHUE BEIIECTBA MOXKET W3MEHHUTHCS, MOATOMY B
¢u3uke TBEpHOE TENO — TENO, HMMEIoLee KPUCTAUIMYECKOe CTpPOEHHE U obJajaroiiee JajbHUM
MOPSIAKOM.

Buabl kpucrasimuyeckux CTpyKTyp

Tunsl KpucTalZIOB W KPUCTAUIMYECKHMX pEHIETOK M3y4yaeT Hayka Kpucramiorpadus.
'eomeTpryeckn KpUCTAIIIMYECKHE PEHIETKH NPEACTaBISIIOT COO0OM MNpU3Mbl WM NHPaAMUABI C
MIPaBUJIBHBIM MHOTOYTOJIBHHUKOM B OCHOBaHMHU: 110 Tumy CBsI3€il 4acCTHUIL BBIAECIECHBI KPUCTAINYECKHE

CTPYKTYpBI:

1) atoMHas — B y3JlaX HaXOMAATCS HEUTpaITbHBIE aTOMBI, OOBETUHIEMbIE KOBAICHTHBIMHU CBSI3SIMHU
(anmmas, rpaduT, KpEMHUI U JIp.);

2) HOHHAasg — B Yy3JIaX HaxoOATCA ITOJIOXKUTCIBHBIC W OTPULATCIBHBIC HMOHBI, YACPKHBACMBIC
o + ~1-
cuiamu sekTpuueckoro B3anmoseiicteus (Na” Cl™ u ap.);
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3) MoseKysspHas — B y3JaX HaXOIATCS HEWTPAJIbHBIE MOJIEKYJIbI, MEX1Yy KOTOPBIMU JAECHCTBYIOT
CHJIBI MEXXMOJICKYJIIPHOTO B3aUMOJeHcTBUS (HadTanuH, TBEPABINA a30T, cyxoit ten  CO,, nmex H,0 u

zIp.);

4) MeTtayiMyecKas — B y3Jlax HAXOJATCA IMOJOXKUTEIBHO 3apsSKEHHBIE MOHBI METajlia, MEXIY
y3J1aMU JBUXKYTCSI CBOOOTHBIE 3JIEKTPOHBI

TennoBoe pacumpenue
W3 onbITOB M3BECTHO, YTO Ta3bl, XUAKOCTH M TBEPAbIE TeJa PACIIUPSIOTCS IMPU HArpeBaHUU U

CXKUMAIOTCA IIPHU OXJIAXKIACHUH. Pasnuuarot aunetinoe u obvemnoe meniosvie pacutuperus.

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

JUIMHBI) MIPY MOBBIIICHUU TEMIIEPATYPBhI.

e O NMHEWHOM PACHIMPEHNUN FOBOPST NIPUMEHUTENIBHO K TBEPABIM T€laM, T.K.ra3 U *KUAKOCTb
MPUHUMAIOT (POpMY cocyza, B KOTOPOM HaXOJSATCS.
OO0bEMHOE paclIUpPEHUE — yBEIMYEHHE 00beMa BEIIECTBA IIPU MOBBIILIEHUU TEMIIEPATYPHI.

e MOXHO rOBOpUTH 00 0OBEMHOM pPACIIMPEHUU BEIIECTBA BO BCEX arperaTHbIX COCTOSHHSIIX
(TBEpAOM, KHMJIKOM U Ta3000pa3HOM).
Koaddunment nuneitHoro pacupenus (@) — OTHOIICHUE OTHOCHTEIBHOTO W3MEHEHHSI JUTMHBI Tela

Al A1 _ -1
N K BBI3BABILIEMY €r0 U3MEHEHHUIO TeMIEPATYpPhI At. |4 = e [a] =1rpan
0 by At

® (¥ 3aBHCHUT OT BCIICCTBA.
e JluHeliHOe paclIMpeHUE YUYWUTHIBAIOT MPU TMPOEKTUPOBAHWUU 3/JaHHUM, MOCTOB U .
00BEKTOB, HUCTILITHIBAIOIIUX MI€PETa bl TEMIIEPATYPHI.
Koaddunment 06bémHOr0 pactimpenus (f) — OTHOIIEHHE OTHOCHTEIBHOTO U3MEHEHHS 00beMa

BemecTsa AV Kk BhI3BaBIIEMY €ro H3MEHEHHIO TeMiepatTypbl Al. [z AV LI[4] =1 rpan'1 [ 3aBUCHUT OT

Vo Ve At

BemecTBa (st TBEPABIX Ten [ =~ 3a). OObeMHOE pacHIMpeHUe YYWUTBHIBAIOT TPU TPOCKTUPOBAHUH
MEXaHU3MOB, UCTIBITHIBAIOIIMX Nepenasl Temieparyp (ABC, TypOuns! u ap.).

Buasl negpopmanun. 3akon I'yka.
Jeppopmayueri Ha3pIBAIOT U3MEHEHUE (POPMBI Wi 00beMa Tena.

Ynpyeoii nazpiBatoT nedopMaiuio, KOTopas MOJHOCTHIO MCUE3aeT IMOCHe MPEKpalleHus AeHCTBUS
BHEIITHUX CHJL.

Heynpyeoui (nnacmuueckoti) Ha3biBaloT JedopMalidio, KOTOpas HE HCYe3aeT MOcje MpeKpalleHus
JIEMCTBUS BHEITHUX CHIL.

Cuna, BO3HHKaromas B pe3ynpraTte JAedopmanuu Tela W HampaBlIeHHass B CTOPOHY,
MIPOTUBOIMOJIOKHYIO NEPEMEIIEHUI0 YaCTHIL Tela MpH eopMaliii, Ha3bIBACTCS CULOU YNPY2OCU.

[TpuuuHO#l nedopmanuu Tena SBISETCS JBHKEHHE OJIHOM YacTh OTHOCHTENBHO JApPYrou, a
CJeICTBUEM JIeOopMaIINH TeJla SBIISIETCS BOSHUKHOBEHHE CHIIBI YITPYTOCTH.

Buner nepopmanuun

Hedbopmarus pacTspkeHUS (COKATHS)
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- 910 nedopmanus, TpU KOTOPOW H3MEHSIETCS PACCTOSHUE MEXIy MapalIeIbHBIMUA CIOSMHU
YIpPYyroro TBEpAOro Tena.

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

AOCOJIIOTHOE Y/UIMHEHUE I[IOKAa3bIBA€T HA CKOJBKO M3MEHSIETCS JJIMHA Tejla 10 CPaBHEHUIO C
NepBOHAYAJILHON JUTMHOW 00pasiia.

Al=l-1g

ety

2

A1> 0 nebopmanus pactsoxenus A 1 <0 nepopmanus cxaTust

OTHOCUTENIBHBIM  YAJIMHEHHWEM Ha3blBalOT (U3UYECKYI0 BEIUYHMHY, pPAaBHYIO OTHOIICHUIO
a0COJIIOTHOTO YJIMHEHHS K TIEPBOHAYAJILHOM JUTMHE 00pa3iia.

Hedbopmarus nzruda

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

ITpu nedopmarnuu m3ruba BOrHYTas 4acTh Teja MojBepraercs aedopMallMM C)KaTusi, BBITYKJas
4yacTh Teja Mnojasepraercs n1edopMaluy pacTsKeHusl.

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

- 9TO Takas jAedopmarus, Npu KOTOPOH MPOUCXOAUT CMEUIeHHE (CIBUT) MapajlIeNbHBIX CIIOEB
yIPYyroro TBEPAOro Tejaa Ipyr OTHOCUTENIBHO JIpYyTa.

Hedopmarus kpydeHust

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

3akoH ['yka

Cuna YIIPYroCTH, BO3HUKAOMIasA MpPH MaJbIX z[e(bopMaume TCJa, NponopuruoHalibHa YIJIMHCHUIO
TEJIa U HAITpaBJICHA B CTOPOHY, IIPOTHUBOIIOJIOKHYIO HAITPABJIICHUIO nepeMemeHHﬁ HaCTHII TC1a.

Fy=-kX
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K - >KecTKoCTh Tenla, 3aBUCHT OT (OPMBI U pa3MepoB Teia, M OT Marepuaya, U3 KOTOPOTO
U3TOTOBJICHO TEJIO, X - CMEIIIEHUE.

o m

Cuna ynpyzocmu
Cunpl  ynmpyroctd BO3HHMKAIOT MpH  AepopMalyl Tejla ¢ HampaBlIeHbl B CTOPOHY,
MPOTHBOIOJIOXKHYIO CMEIICHHUIO YaCTHUI] TeJa U3 MOJIO0KEHUS PABHOBECHSI.
3axon I'yka
Jns manelx ynpyrux naedopMmanuii pacTsDKEHUS W CKaTHs BBINONHSCTCS 3akoH [yka: cuna
YIPYTOCTH MPSMO MPONOPIIMOHATbHA YAJIMHEHUIO Tela M HalpaBjeHa B CTOPOHY, MPOTHUBOIMOJIOKHYIO
HAIPaBJICHUIO IEPEMEIICHUI YaCTHIl TeJIa Ipu AehopMaIiin:

F=k-|4l,
rae kK — kosddurment xectkoctu, H/m;
Al — ynnuHeHue Tena, M.
IIpu npoeknuu Ha ock X 3aK0H ['yka mpyuHUMAET BUA:

FY:'kx,

rae x = Al — yniuHeHue Tena, M.
(x > 0 ipu nepopmanuu pactskeHus, x < () mpu neopmaiuu cxaTus).

[TpuMepsI CUIIBI YIIPYTOCTH. AN

Cuita peakuuu ornopsl (Cuia, IeUCTBYIONIAs CO CTOPOHBI OMOPBI HA TEJO) — El
v m

Cuna HOpMaJIbHOTO JIaBlIeHUs (Tea Ha OTopy) — m?. |3

Cuna peakiuy OIMOPHI M CHJIA HOPMAajbHOTO JIaBJICHHS HampaBlIeHBI Puc. 8

MEePIEeHIUKYJIIPHO TOBEPXHOCTH COMPUKOCHOBEHMS T€N (PHC.8).
Cuna HaTsDKEHUS — HallpaBlieHa BIOJIb HUTH (Tpoca U T.1.) — 7.

) +
) W
W / = s
o YR
/’2—....—-.-.-.‘——.—/
 EUREELTTARRUURRTE AN VRRL
| snsietnsass, CRSS %)

> Ny Bec mena. Hesecomocmu
e e e, C KOTOPOIH TENO, BCIEACTBUE €r0 NPHTHKEHUS K 3eMIle, IeHCTBYET Ha OMOPY

WK ITIOABEC.

Bec Tena, 0603HaueHHBIN OYKBOM — I, TI0 MOIYITIO paBEH CHIIE TSKECTH:
P=mk,

Ho o510 He 3HauwT, uto '+ 1 P - omHO 1 TOKe.

Cuna Tsoxectn (1+) — 9To rpaBHTAIMOHHAS CHIIA, TIPHIOKEHHAS K TEITy.
Bec tena — 310 criia ynpyrocTy, NpujioKeHHas K MOJIBECY.
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2. IIpumep pemenusi 3axa4
Ha Tonkoii npoBosioke noxaseueH rpy3 maccoid 10 kr. Ilpu 3ToM 1MHA IPOBOJIOKK YBEIMYUIIACH

Ha 0,5 mM. Uemy paBHa %KECTKOCTh TPOBOJIOKHU?

ILéHo:
m=10 kr
x=0,5 MM 0|5-10° M

k-?

TIp.
CHu Pemrenue: YAV

I'pys3, HOJIBENIEHHEII Ha IPOBOJIOKE, HAXOMUTBCA B OKOE. 3HAUUT F y;p 10 MOYIIO paBHa Fm.
";_I m:rn 1"r ; "L ynp.:'kx
B ckansiproii popmyne ocb OV: Fy-Fypp=0
Fm=Fynp, = mg=kx=k

mg 10-98 H
k= x ; k=0510" 2196000

"

Otser: 196 - 10°

Pemmnrn 3agaun

(n - Homep sawezo éapuanma no cnucky)

10.

11.

3aueM Ha TOUYHBIX U3MEPUTENbHBIX HHCTPYMEHTaX yKa3blBaeTcs Temieparypa (o0sruno 20 °C)?
OOmpsicauth ¢ Touku 3peHuss MKT coenunenue neraneil ¢ momoupro kies. [louemy TBepable
MaTepuaibl CKIEUBalOTCA TpyJHEe, yeM IiacTuuHbele? UeMm coearHEHUE JeTallell MasHUEM CXOAHO
CO CKJIEHBaHUEM?

[Ipu coenvHeHuun neranell massHUEM MOBEPXHOCTU MPEIBAPUTEIBHO 3a4YMILAIOT OT 3arps3HEHUHN U
OKCHJIOB, MHAUE KUIKUI MpHUIOI He mpucTaeT K HUM. Kak 3T0 MOKHO 0OBSACHUTH HA OCHOBE 3HAHUM
0 CHJIaX MOJIEKYJIIPHOTO B3aUMOJIEUCTBUSA?

UYro ob11ero Mex1y CBapKoi METaIOB U NastHUEM UX?

Jljia coequHEeHMs aJIOMUHUEBBIX IPOBOJIOB, a TaKXKe JeTajlel U3 MeJU, HUKEIIs, [IMHKA IPUMEHSIOT
TaK Ha3bIBAEMYIO XOJIOAHYIO cBapKy. CoequHseMble NMOBEPXHOCTH YKJIAJBIBAIOT B HAXJECTKY U
C)KMMAIOT TpeccoM 0e3 MpenBapuTelbHOro HarpeBa. OOBSCHUTH, MOYEMY IOJTYy4YaeTcsl MPOYHOE
coeuHEeHHe. B uem 3akiroyaercs CyIHOCTb CBAPKH IIJIaBICHUEM ?

[IpoHMKHOBEHNE aTOMOB HEKOTOPHIX METAUIOB (AJTIOMHUHHM, XpOM W Jp.) B TIJIyOb CTaJIbHOTO
U3JIeNus JeNlaeT ero MOBEPXHOCTh MPOYHOM U Hepxkaseroleil. Kakoe gusnueckoe siBiIeHUe JEKUT B
OCHOBE METAJJIM3allMM MOBEPXHOCTU CTaJld W IOYEMY OHA IPOU3BOJUTCS NpU 0Oojiee BBICOKOM
TeMmeparype?

Kak wu3BecTHO, MOJIeKyJbl M aTOMbI TBEPAOIrO Teja KOJEOIIOTCS OKOJIO HEKOTOPOIO CPEIHEro
NoJIoKeHUs. BeeacTsue 3Toro TBepAble Tela COXpaHAIT CBOIO (GopMmy HensMmeHHOW. Ilouemy B
TakoM cllydyae B TBepAbIX Tenax Bo3MoxHa audpdysusa? I[louemy muddys3us B HUX TPOUCXOTUT
MEJICHHO NPHU HU3KOH TeMrepaTypax 1 ObICTpee MPH BHICOKOM?

Onpenenure cuiay TMOBEPXHOCTHOTO HATSDKEHUS, JCHCTBYIOUIYI0 Ha IUJIACTUKOBYIO peEHKY,
IJIaBAIOIIYIO HA TIOBEPXHOCTH BObL. JlnHa peliku 20 cM.

[IpoBonoka nnuHOM 5,4 M TOA NEUCTBUEM HArpy3kud ymIMHWIach Ha 2,7 M. Omnpeaenute
a0COJIIOTHOE M OTHOCUTENBHOE YIJTMHEHUE IPOBOJIOKH.

K kxoHIaMm cranpHOM NPOBOJOKM UIMHOW N METPOB M IUIONIAJbI0 IMONEPEYHOro cedeHus |Mm?>
NpUIokKeHb! pactaruBatomue cuiabl o 200H kaxnas. Haiiaure abcontoTHOE M OTHOCHUTEIHHOE
YAJIUHEHUE

[Touemy wMmerammou3enuss W3 CTAIM W UYyryHa HepeA OTNPaBKOM K MOTpeOUTento OOUIBHO
CMa3bIBalOT CIEUAIbHBIMUA MAcIaMy - TABOTOM WJIU COJIMI0I0M?

Kakum ¢usndyeckuMm TpeOOBaHMSIM JOJDKHA OTBeYaTh CMasKa, NpUMeHseMas npu o0paboTke
METAJIJIOB JIaBJIEHUEM?
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12.
13.
14,

15.
16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

217.

28.

29.
30.

31.

32.

33.

Kakue nedopmariu mpoucxonsiT B MeTaiie mpu o0paboTke AaBIeHHEM?

Kaxkoe cBOMCTBO METAIIJIOB UCTIOJIB3YIOT IIPH 00Pa00OTKE WX KOBKOW U TOPSYEH IITAMIIOBKOM?
[Touemy OOJNBIIMHCTBO CIUIABOB (CTallb, YyryH, OpOH3a) MEHbBIIE TMOIBEPKEHBI IIACTUYECKUM
nedopManusiM, 4eM YUCThIe METalIbI?

Kak u3zmensiercs crpykrypa Meraia npu mnpokare?

IIpu oOpaGoTke MeTamia JaBICHUEM Y 3aroTOBKM BO3HUKAET HAKIIEM, €CJIH 3aroTOBKHU
IIPEIBAPUTENILHO HE HarpeBatoTcs. YeM Memiaer Hakien?

Kak uzmensiercs sHeprus Tena mnpu miacTuueckux aedopmanusx?

[IpoBonoOka W3roTOBISIETCS Ha BOJOYWJIBHOM CTaHe (METaUIMYECKUH IPYTOK MHOTOKpPaTHO
MPOTATUBACTCS. Yepe3 psii OTBEPCTUH, C MOCTENEHHO YMEHbINAIIUMUCS oTBepcTHsiMH). Kakue
nedopMaIuy UCIBITHIBAET IPU 3TOM METaJ1?

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

[Touemy 006paboTKa cTaau TpyaHee 00pabOTKH TIOPATIOMUHUS?

[IpoHMKHOBEHHE AaTOMOB HEKOTOPHIX METAJUIOB (AJIOMHHHNA, XpOM W Jp.) B TIIIyOb CTaJbHOTO
W3JIeNHs JieNlaeT ero MOBEepXHOCTh MPOYHON U HepxkaBeromiei. Kakoe ¢usndeckoe sBleHUE JEKUT B
OCHOBE METAJUTM3AlMM TIOBEPXHOCTH CTaIM M MOYEMY OHA MPOHM3BOIUTCA IpH OOJiee BBICOKOI
Temrneparype?

JUid mpuiaHus CTaJbHBIM W3JEIUSM TBEPJOCTU HACHIIAIOT UX MOBEPXHOCTHBIM CIION yIiaepoaoM
(uemeHTanus), azoToMm (a3oTUpoBaHME), adOMuHUEM (amoTHpoBaHue). I[loyemy mporecchl
IIPOBOJSAT NPH BBICOKKX TeMIleparypax? Ha kakom gu3nyeckoMm sBJIEHUU OHU OCHOBAHBI?

[Ipu coenvHeHuun neranel masHUEM MOBEPXHOCTU MPEIBAPUTEIBHO 3a4YHMINAIOT OT 3arps3HEHHUM U
OKCHJIOB, MHAYC KHUJIKUI MPUTION HE TPUCTAaeT K HUM. Kak 3T0 MOXHO 00OBSICHUTH HAa OCHOBE 3HAHUI
0 CUJIaX MOJIEKYJIIPHOTO B3aUMOIEHCTBUSA?

BHyTpy 4yryHHOU OTJIMBKHM BO BpEMs JMTbsI MOTYT OCTAaThbCsl Iy3BIPBKM Ia3a, YTO YXYJIIIAET €ro
MPOYHOCTh. VIMEIOTCS M MyCTOThl B UyT'YHHOW OTIUBKe, eciu ee oObeM 5 nm?, a macca 30,5kr?
Ecim umerorcs, To KakoB X 00beM?

Jlns minaBKu MeTaiia TpeOyeTcsl BO3AYIIHOE AyThe, oOecledynBaroliee MocTymieHue B nedb N m?
Bo3ayxa B cekyHny npu gasienun 200kIla. Kakoir o6bem Bo3ayxa npu nasinenun 100xIla HyxHO
M0JIaBaTh KAKAYIO CEKYHAY B I1€4b, YTOOBI 00ecneunTs ee paboTy (Ipolecc U30TePMUIECKUA).
Harpetsie 11 3akanku cTajqbHble JeTajld OXJaXJIAlOT B Boje, Macie. B kakoil cpene oxiyaxaeHue
uzaet Hanbosee OBICTPO U oYeMy?

[Ipn 00paboTke METauIOB pe3aHHEM B KauecTBE OXJIAXAAIOIIMX KUAKOCTEH IIUPOKO MPUMEHSIOT
Macina u 3Myiabcuu. [loueMy mouTn He IPUMEHSIOT JUIsl TUX LIEIE BOJHBIE PACTBOPHI?

Jlji M3rOTOBNIEHUS! apMaTyphl KeI€3HOOETOHHBIX KOHCTPYKLUUN MPUMEHSIOT JETUPOBAHHBIE CTAJH.
Jlerupyromnue >JeMeHThl (MapraHel, KpeMHUH, XpoM) 00pa3yloT ¢ KeJle30M TBEpAbIE PacTBOPHI,
CTPYKTypa M CBOICTBa KOTOPBIX OTJIMYAIOTCA OT CTPYKTYphl U CBOWCTB TBEPJABIX PacTBOPOB
YIJIEpOa C JKEIE30M — YIIIEPOAUCTHIX CTaslel. B ueM cocTout 310 oTinuune?

KakoB MexaHU3M KpuCTaJUITM3a[MN MeTasuia?

Bce BuzbI TepMHuuecKoil 00pabOTKH (OTXKUT, HOpMaU3alus, OTIIYCK, 3aKajlka) CIUIABOB CBOJSATCS K
WX HarpeBy /0 ONPEIECICHHON TeMIepaTyphl, BBIAEPKUBAHUIO TpPU OSTOW TemIeparype u
OXJXIEHUIO 10 KOMHaTHOM TemmepaTypsl (+20°C) ¢ pa3Hoil ckopocThlo. Kak BiMseT CKOpPOCTh
OXJIAXKICHUS Ha (PU3HKO-XUMHUECKHE CBOMCTBA?

MOXHO 1 3a]MBaTh METaT B GOpMY, CACTAHHYIO U3 MaTepuaja, KOTOPbIH CMayMBaeTCsl JaHHBIM
MeTauIoM?

B nucte cranu nMeercs Kpyriioe OTBEPCTHE. YBEIMUUTCS OHO WJIM YMEHBIIUTCS, €CIHU JIUCT CTAIU
HarpeThb?

IIpn ucnapeHuu, Kak M3BECTHO, TEMIIEpaTypa XHAKOCTH IOHMkaercs. IlouemMy B TakoM ciyuae
TeMIeparypa BOJbl, O€H3MHA, CUpPTa M T. J. B OOBIYHBIX YCJIOBHUAX IOYTHU Takas K€, 4yTO H
TEMIIEpATypa OKPYKArOIIEro BO3/1yXa, XOTS UX IOBEPXHOCTh OTKPbITA?
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34. J)Kene3HOAOpOKHBIE pENbChl UMEIOT JUIMHY 25 M M HU3TOTOBJEHBI M3 cTaiu. Kak m3MeHsercs ux

JUTHHA, €CITM TOJIOBbIC M3MEHEHHUSI TeMIepaTypsl koieomoTcs ot 30 mo -30 °C?

35. B ’Kene3HOA0pOKHYI0 MUCTepHY Morpy3min HedTh o0beMoM 50 M* mpu Ttemnepatype 40C. Kakoii

36.

37.

00beM He(pTH BBITPY3HWIIH, €CIM Ha CTAHIIMU Ha3HAYEHUs TeMIlepaTypa Bo3ayxa obuia -40° C?

B nponecce xokcoBaHusi U3 1 TOHHBI YrojbHOM MIMXTHI MONy4aroT okojo 700 kr kokca, 330mM
KOKCOBOro raza u okoio 20 xr cMousbl. CKOJBKO KOKCOBOI'O ra3a IMoiy4aT U3 2,5 TOHH yroJbHOM
LIUXTHIL.

Kokc momyuarot cyxoi meperoHKoi KaMeHHBIX YIJIeH B KOKCOBBIX Ie€4ax, MPEACTABIISAIONINX COOOM
y3KyI0 Kamepy MupuHoi okoio 0,5 M, BbICOTOH 4,5 M U [ymHOM 15 M, 00beAMHEHHBIX B OaTapero.
Kakoii o6bem O6atapen mpuxoauTcsi 00CIyKuBaTh TOPHOBOMY, €CJIM YHUCIIO MeUeil MOXKET JIOCTUraTh
70 mwtyx?

3

(I)opMa NnmpeaocraBjJacHus pedyjabTaTra

BrimonnenHbIe 3aJlavu B TCTpaan IJIA IMMPAKTHYICCKUX pa60T.

Kputepun onenkmn:

3a mpaBUIIbHO BBITOJHEHHOE 33JJAHHE BHICTABIISICTCS TIOJIOXKHUTEIbHAS OLlEHKA — | Oasu.

3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS olleHKa — () OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 100% npaBUIbHBIX OTBETOB

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

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

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

Tema 2.2 ArperaTHble cCOCTOSIHUSI BelllecTBAa U (a30BbIe Mepexoabl

IMpakTuyeckoe 3anaTue Nel(. Pemenne 3aa1a4 no treme «JlaBjieHue KUIKOCTE U TBEPABIX TeJl.
3akoH I[Mackaas.»

Heanb: Ha npuMepe penieHns 3a1a4 U3y4nuTh XapaKkTep AaBICHUS )KUAKOCTEA U TBEPABIX TEJ, UX

MPUMCHCHUC U y‘{éT, 3aKOHBI, O6’[>$ICH$IIOIJ_II/IC OTHU ABJICHUA.

Boinosinenue padorsl cnocodcTByeT GOpMHUPOBAHMIO:

I1P61; ITP64; TTPG7; I1P68

[1Py3; [1Py4; [1Py9; I1Py10;

MPg§, MP9, MP10, MP21, MP17, MP13
JIP 26, JIP 14, JIP 23, JIP 13

MarepunanbHoe obecrniedeHue:

WHAMBUAYaJIbHOE 33/1aHH€, KOHCIEKT JIEKIIUHA, CIIPaBOYHbIE MaTepHAIIbI.

Yka3anmue:

[IpakTHueckoe 3aHATHE COCTOMT W3 JABYX YacTe€d — TEOpETHYECKOW M mpaktudeckoil. Ilocie

M3y4YeHUsl TEOPETUUYECKOr0 MaTepHaia MOKHO MPUCTYIATh K BBINOJIHEHUIO MpakTH4eckol yactu. OHa
COCTOUT M3 ABYX M 0oJiee 3a/ad JJIsi CaMOCTOSTEIBLHOTO BhIMONMHEHUs. He 3a0piBaiiTe 0 mMpaBHIBHOM
odopmiiennu pemieHus. Ha BEIOTHEHNE MPAKTUYECKOTO 3a/1aHUsI OTBOJIMTCS JIBa aKaIEMUYECKUX Yaca.

3ananue:
1. O3HakombTeCh C KPATKUMHU TEOPETUYECKUMU CBEIACHUSIMH
2. Pemmre 3amadm, CaMOCTOSTEIBHO HCIIONB3ysS TPUMEPHl W KPATKHE TEOPETUYCCKUE
CBCICHHSL.

Ilopsiiok BbINOJTHEHHS PA0OTHI:
1. U3syuwre u BeImUmuUTe GOPMYJIIBI IO JAHHOH TEME:
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2. Pa30epute npuMepsl pelIeHHBIX 3a/1a4
3. Pemmre caMoCTOATENHHO 3a/1a91

KpaTKI/Ie TECOPETUYCCKHUE CBCACHUA
I[aBJ'IeHI/Ie TBEPAOro TCia

TBepmoe Tenmo, Haxojnsmieecs Ha — OIOpeE, F| AelictByer Ha omnopy ¢ CHIIOH,
KOTOpasi pacrpeziesieHa 10 IOBEPXHOCTU OCHOBAHUS p_§ tena.  Jng  omucaHus  TakuMx
pacmpeieieHHbIX CHUJI BBOJMUTCA HOBas (husmdeckas BEJIMYMHA — 0ag/1eHue.

[laBnenue (p) — OTHOLICHHWE CHJIBI K IUIOMIAJH MOBEPXHOCTH, HA KOTOPYIO OHA JCHCTBYET B

H
HEPICHANKYIAPHOM HanpasiieHuu. [p]=1— = I Ila — ITackais
M

JlaBneHue B XKUIKOCTAX

OCHOBHBIM OTJIMYMEM KHJIKOCTEH OT TBEPABIX (YHIPYTHX) TeN SIBISETCS CIIOCOOHOCTH JIETKO
U3MEHSTh CBOIO (OpMY.

Yactu XHUIKOCTH MOTYT CBOOOJHO CABHUIaThCS, CKOJb3s JAPYr OTHOCUTENbHO Apyra. [loatomy
KHMJIKOCTh IPUHUMAET (GopMy cOCya, B KOTOPbII OHa HaINTA. I I

Ha Tteno, norpyxeHHoe B )KMJIKOCTb WJIM T'a3, IEHCTBYIOT CHJIbI, paclpe/lelICHHbIE 7y
[0 MOBEPXHOCTH Tena. J[Is omMcaHUs TakuUX paclpelieNeHHbIX CHJI  TaKkxkKe
UCTIONB3yeTCs (pr3ruecKas BeTUUMHA — Od6/l1eHuUe.

3akoH [lackayd: naBieHHWE B JKUIKOCTH WM Tra3e IEpelaeTcss BO BCEX
HaIPaBJICHUSAX OJUHAKOBO M HE 3aBUCUT OT OPUEHTAIMM IUIOLIAJKH, HA KOTOPYIO OHO
NEHCTBYET.

Jia wnmoctpauuu 3akoHa Ilackang Ha pucyHke wu3oOpakeHa HeOoJbLIas MPSAMOYTOJbHast
[pU3Ma, MOTPYKEHHas B >KUAKOCTh. EcCiiM MpeanonaokuTh, YTO MJIOTHOCTh MaTepuaja MPU3Mbl paBHA
IUIOTHOCTU JKUAKOCTH, TO NPU3MA JIOJDKHA HAXOAMTHCS B JKUJIKOCTU B COCTOSHUU O€3pa3inyuHOro
paBHOBeCHs. DTO O3HA4aeT, YTO CHJIbl JABJICHMA, NCHCTBYIOIIME HA I'pPaHU MPU3MBI, JOJDKHBI OBITh
ypaBHOBEUIEHBI. DTO MPOU30MIET TOJIBKO B TOM Ciydae, €ClIM JaBJICHHUS, T. €. CUJIbl, ICHCTBYIOIINE Ha
€IMHULY IJIOLIAAH TIOBEPXHOCTH KaKJIOM IPaHuU, OJUHAKOBBL: P1 = P2 = P3 = .

JlaBneHue KUAKOCTH Ha JHO WX OOKOBBIE CTEHKH COCY/Ia 3aBHCUT OT BBICOTHI CTOJI0A KHJIKOCTH.

7

P3

JlaBiieHne croyida JKUIAKOCTH p HA3bIBAIOT TI'MJPOCTATHYSCKHM JIaBlieHWeM: h =p-g-h 1me p —

IJIOTHOCTB XKUJIKOCTH, h — BBICOTa cTOI0A KUIKOCTH.

Ecnamn kuakocTh HaXOOUTCS B LMJIMHJIPE MO MOPIIHEM, TO JIEHCTBYS Ha MOPIIEHb HEKOTOPOM
BHEIIHEW cuioil F, MOXHO co37aBaTh B KHIKOCTH JOMOJHUTEIbHOE AaBieHue Po = F / S, roe S —
IJI0ILA(b TOPILIHS.

Takum 00pa3oM, MOJHOE JaBJICHHE B )KUIKOCTH Ha riyOMHEe h MOXHO 3amucarh B
Buze: P = py+pgh

Ha teno, nmorpyxeHHoe B JKUJKOCTb WJIM Ta3, IEUCTBYET BBITAJKHBAIONIAsA CHUJIA —
cuna Apxumeoa.

ApXuMe0Ba cHJIa, JCUCTBYIOIIAS HA MOTPYKEHHOE B KHUAKOCTh (WM ra3) TeJo,
paBHa Becy >KMAKOCTHU (UM ra3a), BhITeCHEHHOM Tenom F Apx =P

SKUJT gVTena
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€CIIM CPeIHss TUIOTHOCTh Tela pP; OOJbBIIE MJIOTHOCTH KUAKOCTH (Wiu Tasza) p (pr > p), TEIO
Oyzer onmyckarbcs Ha JIHO;

e cciau p; < p, TENO OYJET IIaBaTh HAa MOBEPXHOCTH YKHUJIKOCTH;
® ¢cCIH Py = P, TO TEJIO MOXKET IJIABAaTh B TOJIIIIE YKUIKOCTHU Ha JIF000ii riryOuHe.

3aKoH COOOIIAIONUIUXCS COCY0B: dasieHue 6 100U MouKe Ha 0OHOM U MOM ,_Fl A
Jice yposHe 8 COOOWAIOWUXCSL COCYOAX 0OUHAKOBO: p,= P, iz “ﬂ
iy

A Py

rac pi1 U po — JABJICHHUA HAa OJHOM MW TOM K€ YPOBHC B IICPBOM M BTOPOM KOJICHEC
coo6ma10meroc;1 cocyaa COOTBETCTBCHHO.

I'mppaBinyeckuii npecc

Eciu 06a BepTHKaIbHO PACIIONOKEHHBIX [MIMHAPA COOOMIAIONINXCS
COCYHOB 3aKpbIThb IMOPHIHAMH, TO C€ IIOMOIIBIO BHCIIHUX CHII,
IMPUIIOKCHHBIX K IMMOPHIHAM, B XHJIKOCTHU MOXHO CO31aThb 6OJII)HIOC
JaBJICHUC p, BO MHOTI'O pa3 IPECBbIIIAOIICC THAPOCTATHYCCKOC JTaBJICHUC
pgh B 1000#1 Touke cucTeMbl. ECIM MOPIIHA MMEIOT Pa3HbBIC [UIOMIAIN
S1 1 Sp, TO HA HUX CO CTOPOHBI KMIKOCTH JEHCTBYIOT PasHble CUIIbl Fi =
pSl uk,= pSz [Tpu S,>>S,, To Fo >> F.

YCTpOﬁCTBa TAKOI'0 poJia Ha3bIBAIOT ZuopagflulleCKuMu MauwiluHamu

=£ wtu F,=F, 5,
s, TRy

[

S

1

[IpuHimn padboTel MPOCTEHIINX THAPABINYECKUX MAIINH

To 006CTOATENBCTBO, UTO )KUJKOCTH Oyyud MPAKTUYECKH HEC)KMMAEMbIM U, PABHOMEPHO NEPEAIOT 110
BCEMY CBOEMY 00bEMY BHEIIIHEE JaBJIEHUE, IIUPOKO UCHOJIb3YETCs B PA3IMYHBIX OTPACHIAX TEXHUKU (B
TUJIPOTIPUBO/IaX, TMIPOABTOMATHKE, FMAPABIMYECKUX TOPMO3aX U YCHJIMTENSX U T.I.). DTO CBOMCTBO
KHUJIKOCTH Takke 3()(EeKTHBHO NPUMEHSAIOT B TAaKUX MPOCTEHIIMX MalIMHAX, KaK TUApaBIMYECKHE
JIOMKpAaThl (O{bEMHHUKHN) U MIPECCHI.

[TpuHIMI uX pabOTHl OCHOBAH Ha CIIEAYIOLIEM: HMEIOTCS B COOOMIAIOIMXCS MEXKIY COO00M IUIMHIpa
pasHoro auamerpa [lpuaras K NOPIIHIO MEHBINETO W3 MUIMHAPOB KaKYHO-TO BHELIHIOK CHJIy P, MBI
_P
P =

TEM CaMbIM CO3Ja€M Ha IMOBCPXHOCTHU KUJAKOCTHU B 3TOM MNUWIHMHIAPEC HOABJICHUC 51 , KOTOpPOC

PaBHOMEPHO TMEPeaeTCsi BO BCE TOUKH MPOCTPAHCTBA, 3alOTHEHHOTO XHAKOCTHIO. Toraa Ha mopIieHb
P
2

Oomplero u3 MWIMHAPOB (03 ydera moTepb) OyaeT ACHCTBOBATH MOABEMHAs CHUJa — P32 g

5.
P, =P =
51 . Takum o0pa3zoM, ueM OOJbIIe Pa3HATHCS MEXKIY COOOM TIJIOMIATU MOMEPEYHOTO CEYCHUS
WJIMHIIPOB, TeM OOJBINYIO (MIOABEMHYIO, CKUMAIOIIYIO, TIEPEMENIAIONIYIO) CHITY MBI MTOTY4aeM B TaKUX

THIPaBIMYECKUX YCTPOICTBAX.
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Crarnueckoe JaBieHUE KUIKOCTH Ha TUIOCKYIO MIOBEPXHOCTh. [ MAPOCTATHYECKUI TTapaoKC

JIst ompezeneHuss CUIbl JaBICHHS JKAAKOCTH P Ha IUIOCKYH0 IOBEpXHOCTb, ILUIOIIAJIb KOTOPOM
paBHsieTCsl S, Pa300beM €€ MPOM3BOJILHBIM 00pa3oM Ha OeckoHeyHO Mainble miomanu ds. [laBmenue
’KUJIKOCTH Ha MOBEPXHOCTh ONPEIEIUTCS KaK CyMMa CHJI IABJICHUI Ha 3TH AJIEMEHTAPHBIE [UIOLIAIKH.

PaccMoTpuM  srieMEHTapHYIO IUIOLIAJKy, LEHTP KOTOPOH pacHojiokeH Ha I[IIyOMHE YpOBHS,
MIPOXOAAIIETO Yepe3 LEHTP TsHKECTH Beel mromanu 1. J[aBlieHHe B LEHTPE TSHKECTH ATOM IUIOLIAIH
0003HauuM p,. Toraa ruipocTaTnyeckoe JaBjieHUe B LIEHTPE 3JIEMEHTapHOM IIO0IIAKU PaBHO

P=p;+p-gMm

OKoHYaTEIbHO MOTYYUM P =p,s
Taxum 00pa3oM, cuiia JaBiICHUS KUAKOCTU Ha IUIOCKYIO IIOBEPXHOCTh paBHA MPOU3BEACHUIO ILIOMIAAN

ITOH MMOBEPXHOCTU HA BCIIMIYHUHY T'HAPOCTATUICCKOI'O JaBJICHHUA B €€ HECHTPC TAKCECTU.

CnencTBueM SIBIIIETCA  JOKA3aTENbCTBO THJIPOCTATHMUECKOTO TMapaJoKCa, BIEPBBIC TMOJYYCHHOE
ITackanem.

BenuuuHa cuiel BECOBOTO JaBJICHUS KUJIKOCTH HA JTHO pe3epByapa 3aBUCUT TOJIBKO OT TUIOTHOCTH ITOU
KHUJKOCTH, TUIOIMIAIN JTHA M TITYOMHBI €ro MOrpYKEeHHsI MOJ CBOOOHOM MmoBepxHOCThI0. [Ipu 3TOM Bec
KUJKOCTH, HAJTUTOM B COCY/, MOXKET OTJIMYAThCSA OT CHJIBI JIaBJICHUS, OKa3bIBAEMOTO €0 Ha JHO, T.C.
CWJIBI JIaBIIEHUS >KUJIKOCTH Ha JTHO pe3epByapa He 3aBUCAT OT ero (opMbl U KOJIUYECTBA >KUIKOCTH

P =Pg +!)ghn; P =(py +pghy)s,

1 2) 3)

Tak B PaACIIUPAOIINXCA KBEPXY COCyAax CHJia BECOBOIr'o AAaBJICHWA Ha AHO MCHBIIC BECa XUIAKOCTH, B
WINHAPUYECKUX OHM OJUHAKOBBI, a B CYXMBAIOIIMXCS KBEpXy — CHJIa JIaBJIEeHUs OoJiblIe Beca
3aKJIIOYEHHOM B COCY JKHUJIKOCTH.

Tak kak HailieHHas cuja SBJSIETCS PABHOJACHCTBYIOIIEH, TO MOMHMO €€ BEIHYHMHBI HEOOXOJIUMO
OTIPEICTUTh U TOUYKY €€ MPUIIOKEHHs, Ha3bIBAeMYyIO LIEHTPOM JaBiieHus. L{eHTp TsKecTH coBmagaeT
LIEHTPOM JIaBJIEHMS TOJBKO TOIZA, KOIZIa paccMaTpuBaeMas IUIOCKas IIOBEPXHOCTh JIEKHUT B
TOPU30HTAIBHOMN TUIOCKOCTH.
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[TocKkOJIbKY THAPOCTATUYECKOE MABJIEHUE p ABISAETCS MOIYJIEM THAPOCTATUYECKOTO HaIPSKEHUS,
SMIOPHl HOPMAIBHOTO THAPOCTATHYCCKOTO HAMPSIKEHHS] MOTYT OBITh MOCTPOCHBI C HCIIOIh30BAHHEM
3aBUCHMOCTH ¥ TPUMEHEHBI JJIsi OIpPEACICHHs] BEIWYMHBI B JIFOOOH TOYKE paccMaTpuBaeMoi
MoBepXHOCTU. [Ipu 3TOM ciieayeT MOMHUTD, UTO ATO HAINPSXKEHUE HAMPABJICHO MO HOPMAJIM K IUIONIAIKE
JICHCTBUS.

PaccMoTpuM  MOpPANOK ITOCTPOCHHS DBIIOPHl  HOPMA@IBHBIX THUAPOCTATHYECKUX HANPSIKEHUH Ha
BEPTUKAIBHYIO CTEHKY, YPOBEHb KMJIKOCTH B KOTOPOU f.

rz A
N
FLPLLle f{) ﬁ 9 H - g+ﬁ§ /’,
a ] 6 2
9}’li0pbl HOPpMAJIbHbLX 2u0pocmamuuecm¢x HCll’lp}ZOfceHuij F

BHemHee ruppocTtaTUyeckoe AaBICHHUE po PABHOMEPHO MEpEeNaeTCs KHUAKOCTHIO I10
BceMy ee 00beMmy. OTIIOKMB B MacliTabe Ha MEPHEHIUKYISIpax K paccMaTpuBacMon
IUIOCKOM CTEHKE B €€ BEpXHEW M HIDKHEH 4acTH po U COEAMHUB KOHI[bl BEKTOPOB
pSAMOM JIMHUEH, TMOJYyYHM HPSIMOYIOJBHHUK-IIIOPY HOPMAJIBHBIX HAIPSIKEHUH,
BbI3bIBAEMBIX BHEIIHHUM [JaBjieHUEM. VI30bITOYHOE TI'MIPOCTAaTHYECKOE JaBJIEHHUE HW3MEHsSeTCs 110
MIyOMHE MO 3aKOHY MNpsSMOW, mpuueM OHO paBHO ( Ha CBOOOTHON TMOBEPXHOCTH IKUIKOCTH H
MakcHMasibHO — y aHa (pgH).

Takum 0Opa3oM, 3MIOPEl HOPMAIBHOTO W30BITOYHOI'O TMIPOCTATUYECKOTO HAIMPSKEHUS] UMEIOT (GopMy
MPSIMOYTOJIBHOTO TPEYroJIbHUKA. DMI0pa HOPMAIBHOTO a0COMIOTHOTO MMAPOCTaTUYECKOT0 HAIPSKEHUS
MOJTyYaeTCsl B pe3yJIbTaTe CI0KEHUS MPEAbITYIIUX ABYX S0P U UMEeT (GOopMy Tparenuu.

AHAJIOTUYHO CTPOATCS 3MIOPHl HOPMAIBHOTO T'MAPOCTATUYECKOTO HAIPSKEHUS B CIIydae HAKIOHHOM
creHku. C TOMOIIBIO TMOAOOHBIX BIIOP MOXHO TIpapHUuecKd CyMMHPOBaTh HOPMAJIbHOE
TUAPOCTATUYECKOE HAIPSDIKEHUE NPHU ACHUCTBUM OJHOPOIHBIX WM PA3HOPOAHBIX JKHJIKOCTEH C JBYX
CTOPOH IUIOCKOW CTEHKH.

C moMOIIBI0 AMIOPEl HOPMATBHOTO THAPOCTATHYECKOTO HAIMPSDKCHUS MOXKET OBITh IMOJICYMTAHA CHjIa
THIPOCTaTUYECKOTO JIaBIICHUS Ha IJIOCKYI0 TTOBEPXHOCTh, MTOCKOIBKY 00BEM TaKON AMIOPHI YHUCICHHO
paBeH BeJIMYMHE 3TOW cHJIbl. [IprdeM cuia 1aBieHus Ha TUIOCKYIO MMOBEPXHOCTH IMPOXOJIUT Yepe3 ICHTP
TSOKECTH  DMIOPHI,  TOJOXKEHHWE  KOTOPOTO  JUIs  TpameleuaanbHOW  JMIOpbl  HOPMAJIBHOTO
THJIPOCTaTHYCCKOTO HAIPSDKCHUS HA MPSMOYTOJIBHYIO CTEHKY MOXET OBITh OIpeNeieHO TpadudecKu
WK 110 popMyIiam.

IIpumeps! pelenus 3agay
1. Onpenenuth naBieHre OEH3WHA HA JHO IMCTEPHBI, €CIIM BBICOTA CTOJI0A OeH3mHa 2,4 M, a ero
wioTHOCTE 710 Kr/Mm®.,
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Jlano: Pewenue:

h=24M p=pgh

p=710 Kr/m’ p=1710 kr/m° « 10 H/kr+2,4 m
g =10 H/kr p = 17040 [1a= 17,04 klla
p-? Omeem: 17,04 xI1a

2. Kakas )XuJIKOCTh HaXOJUTCS B COCyae, eciu cToyid BeicoToi 0,3 M okaszwiBaeT maBieHue 5400
I1a?

Hano: Pewernue:
h = 0,3 M . P
p =5400 Ila P=pgh p=—p
&= 10 H/kr
' p= it S 1800 kr/m’
pe 10 H/kr -« 0,3 m
Omeem: Cepuas KHCJIOTA

3. B 0onbmoit cocyn ¢ KBaApaTHBIM JTHOM IDIOMAAbI0 9 M2 U BEepTHKAIBHBIMU CTCHKAMH HAJTUTA
Boja (cM. pHucyHOK). KakoBa BpIcOTa ypOBHS BOJBI B COCY/I€, €CIIM CUJIA €€ AaBlICHUs Ha
OOKOBYIO TOBEPXHOCTb COCYy/Ia paBHA CHJIE JaBJICHUS HA JHO?

Hdano: :

Fa=Fs 2 |

SA=9M 1

p. = 1000 5 e }h—?
= = == -

h—2 — S — |

Pemenue:
JlaBneHue BOABI HA AHO cocyAa pasHO: P =p gh.
IInomane AHA cOCyha paBHA: S = a°, Tle @ — CTOPOHA

KBajpara.
: - - 2,
Cuna AABJIEHAA Ha AHO COCYAA PaBHA: F,=P,S=p,gha”;
F,=p.gha”.
JaBreHne KHAKOCTH Ha DOKOBYIO HOBEPXHOCTE COCYAa

yOBIBaeT ¢ BeICOTOI OT /i, mOaTOMY B cpeaHem P, = psg%.

ITnomanes 60KOBOH MOBEPXHOCTH COCYAa, HCIBITHIBAIO-
mei gaBiIeHHe, paBHaA: S; = 4ah, a cuna gaBiIeHUsI Ha DOKO-

BYIO MOBEPXHOCTB paBHa: F; = F,S; = psg%4ah.
Ilo ycnoswuio 3agaun F, = F,, Torga pngha2 = pBg%4ah.

Coxpamas Ha p, &, I, a, norygaem: a = 2h, Torna h = 2, HO

2
a=+8S.
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Orcropa cnexnyer, uto |h = 5 I

IlogcTaBuB B OPMYJIy YHCIOBEIE AaHHBIE, MOJYIHM:

_9_3_
h = 9 —2—1,5M.

OrBeT: h=1.5 M.

4. B cocyn, umeronmii popmy mumuHapa ¢ paguycom 10 cm, Hamumu 3,14 Kr moCOTHETHOTO
Macina (cM. pucyHok). OnpeaenuTs AaBlieHUe Maciia Ha THO COCy/a.

HaHoO: CH R
R=10cm 0,1m ﬁ
m = 3,14 xr

p =800 =% é

e =
P-?

Pemenue:

JlaBieHne JKHAKOCTH HA JHO COCYAA PABHO OTHONIIEHHIO
CHUJIBI TSIZKECTH JKHUAKOCTH K ILIOIaAH JHA COCYAA.

Taxk kaxk F = mg — cuia TAKecTH Macja, a S = nR?% - mno-

_F
majahb AHa cocyja, moayaum: P = —.,

S
m
Orcioga ciegyer, uro [P = E%
IoacraBuB B GOPMY.IY YHCIOBbIE JaHHEIE, IOJTYIHUM:
31410 __10__ 1000 mma.

~3,14.(0,1° 0,01
OrsBeT: P=1000 Ila.

5. B cocyne HaxonATCs OAMH 3a APYTMM TPU CIIOSI HECMEIIUBAIOIINXCS )KUIAKOCTEH: BOJIa, Maclo,
PTYTh (CM. pUCYHOK). BbicoTa kaxkaoro cios 5 cMm. OnpenennTs JaBaeHHe KUAKOCTEN Ha JTHO
cocyja U Ha riryousne 7,5 cm.

JHano: CH
h| = h2 = h-3 =5cm |0,05 ™ :::::::::
h=17,5cm 0,075 m ;:%1%_95__:_ h,
p, =1000 XL —
aF X

= 900 Kr .:'l}i-aﬁ' = h,
Py = o —_——
p, =13600 X —Piymp, —| h,
P-? -
Ph - ?
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Pemeunmune:

OnpeaenuM gaBjeHHE HA JHO KaKA0MH KHUIKOCTH:
P, =p,gh, — nasnenue croaba pryTu;

P, =p gh, — nasnenue cronba Boasl;

P, =p _gh, — naBneaune cronba maca.

Obmee naBnenmne Ha AHO cocyzaa Gyaer pasHo: P= P, +
+ P, + P3, Tak Kak hy = hy, = h, P=p gh, + p,gh, + p,ghs =
- ghl(pp + pn + pu)'

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

HO}ICT&BHB B (bOpMYJIy HHUCJIOBEBIE NJaHHLIE, NOJYYHMI

P=10-0,05-(13 600+ 1000 +900)=0,5-15 500 =
= 7750 Ila.
Jasnernue Ha riiyomHe 7,5 cM CKIaABIBaeTCH H3 AaBlie-

HHA cTonba Macia | AaBJI€HHSA IIOJIOBHHBI CTOJNOBI BOABIZ

1
PR = =P.
h Px+23

Orciozaa caeayer, uro |B, = p, 8ghy + %p_ghz .

IToacrasus B (hopMyTy YHCIOBEIE JaHHBIE, TOJAYYHM:
P, =900-10-0,05+1-1000-10-0,05 = 450 + 250 =

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

6. Konunueckas nmpoOka nepekpbIBaeT cpasy JiBa OTBEPCTHUS B INIOCKOM COCY/IE, 3aII0OJIHEHHOM
xuakoctbio npu nasiaeHuu 2000 Ila (cm. pucynok). Pannyc otBepetuit R =2 em, r =1 cm.
Onpenenuts cuily, AEUCTBYIONIYIO HAa MPOOKY CO CTOPOHBI KUIKOCTH.

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

F-?




Pemenmne:

Cuina, aeficTByomas Ha npoOKy B 60J1bII0M OTBEPCTHH,
paBHa: F, = PS,, rae S, — nnomaas 60JbMIOT0 OTBEPCTHS;
S, =nR?, toraa F, = PrR>.

Cuna, peiicrByoomasn Ha NpoOKy B MaJIOM OTBEPCTHH,
pasHa: F, = PS,, rne S, — naomaabs MaJoro OTBepCcTus;
S, = nr?, rorna F, = nPre.

Cnna, neicTByomas Ha TpoOKy CO CTOPOHEBI JKHAKOCTH,
pasua: F = F, — F,; F = ntPR® — nPr’ = nP(R* - ).

Orciona caeayer, uro |[F = nP(R* - r%)|.

IToacrasus B GopMyy YHUCIOBBIE JaHHBIE, MOJYYUM:

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

OrseT: F=1,884 H.

Pemmnts 3aga4um caMOCTOSITEIbLHO

1. YeMy paBHa apXUMeIOBa CHIIa, JICHCTBYIOIIAst B BOJIE Ha MMaHEb MacCOM N KT U3 CTEKIIa, IPOOKH,
AJIOMHHUS, CBUHIA? (pCTeKnaZIZOOKF/MB, Prpo6iu, :240KF/M3, pamOMHHHﬁ:27OOKF/M3, Pesurna=1 1300Kr/M3)

2 2
2. [Tnomaae Mayoro mopiiHsS THApaBIndeckoro mpecca paBHa 10 cm”, 6ompmoro — 50 cm”. Ha

MaJIblii OpLIeHb oMecTIH rupro Maccoi 1 kr. Kakoit rpy3 Hy)kHO IOMECTUTh Ha OOJIbIION MOPIIEHB,
9TOOBI KHUIKOCTh OCTAJIaCh B PABHOBECUU?

3. Hacoc HarnHeraer Macino B rujapaBidyeckuil mpecc moxa aasiaeHueM nNMIla. Dto naBnenue
nepenaeTcs Ha OONBIINI MOPIICHb, IUIOMaas KoToporo 800 eM? Kakyro cuity naBiieHHSI HCTIBITHIBAET
3TOT NOPIIEHH?

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

5. Omnpenenutsd naBieHre OEH3WHA HA JHO IIUCTEPHBI, €CIIM BhICOTa CTON0a OeH3uHa 2,1 M, a
ero miotsocth 710 kr/m>

6. BhIUKCIINTE JABICHHE I CHITy JaBICHHS KEPOCHHA Ha JHO Gaka Iomansio 50 aM?, ecim
BBICOTA CTOJI0a KEPOCHHA B OaKe NCM.

7. Pacmmpssce, raz nepemectun nopuieHsb Ha paccrosgaue 0,5m. Inomane mopmasa 0,02m?,
atMocdepHoe nasinenne HopMmanbHoe (101,3 xIla). Ompenenute: paboTy raza mo NPOTATKUBAHHUIO
MOPIIHS; KOJMYECTBO TEIUIOTHI, OTAaHHOE ra3zy HarpeBatesneM. Cunraiite KIIJl HarpeBatens paBHbIM 1,
a TPEHHEM MpeHEeOpETnTe.

8. B cranenuTeiiHOM  TNPOW3BOACTBE  «M3JOXKHHIEH»  Ha3bIBAETCS
YYI'YHHBIM cTakaH 0e3 JHa, B KOTOPHIM BBUIMBAIOT pacIUIaBlIeHHBIH MeTaml. Bepxhee Jﬁ&
OTBEPCTUE HU3JI0KHUIBI HEMHOTO MEHBIIIE HUXKHErO Ul TOTO, YTOOBI MOXKHO OBIJIO IR
U3JIOKHUILY CHSATH C OTBEPHEBIIETO CIWTKA, KOTJA OCThIHET MeTayul. YToObl MeTasul LU.'\ [
CHM3Y HE BBUIMBAJICS, U3JI0)KHHUIBI CTaBAT HA IJIOCKOE OCHOBaHME M JIETAI0T UX OYECHb U
MaccuBHbIMU. Ha pucyHke cneBa wn300pa’keHa H3JI0XKHUIA, CIpaBa — MOIbEM |
U3JI0KHUIIBI C OTJIUTOrO ciIUTKA. OnpenenuTe CUily AaBlIEHUs, KOTOPYIO MPOU3BOIUT L‘ 1)
Ha TIO/JIOKKY HW3JIOKHUIIBI HAJWTHIA YYyryH, €ClHM BBICOTa HW3NMOXKHHIBI 1,5 M, a
IIOIAb HIDKHEro ocHoBauus 1600 cv?. TIOTHOCTD gyryna 7000 kr/m’,

($
|
(|

9. Bo ckonpko pa3 maBneHue BOABI Ha JHO KodeiHWKa OoJbllie, yeM Ha JHO YalHHUKa,
€cIi BbICOTa cT0JI0a BoAbI B Ko(eitHuke 30 cm, a B yaitHuke — 12 cm?
10. OmpenenuTh BBICOTY YPOBHS BOABI B BOJOHAMOPHOW OalrHe, €cld MaHOMETp,

YCTaHOBJICHHBIN y €€ OCHOBaHUs, oKa3bIBaeT AasieHue 220 klla.
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11. Bricora cronba Bombel B cTakaHe 8 cM. Ha CKONBbKO JaBieHHE PTYTH Ha JHO CTaKaHa
Ob1710 OBI O0JIBIIIE, €CTTU OBl PTYTh HAJTUIIM B CTaKaH JI0 TOTO e YPOBHs?

12. JlinHa akBapuyma 40 cm, mupuna — 20 cM, Bbicota — 30 cM (cM. pucyHok). C kakoi
CHJION BOJIa IaBUT Ha JAHO akBapuyMa? Boja Huke BepXHEro Kpasi akBapuyma Ha 2 cM

i
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13. . Cocyx umeer maccy 15 kr. Korga B Hero n1oBepxy JOJHIN BOAbI, Macca crana 40 xr, a
KOTJIa B ATOT K€ COCYJ] HAJIWIM JTOBEpXY HEU3BECTHBIM pacTBOp, TO Macca cTana paBHOU 45 Kr.
Omnpenenuts JaBlIeHUE HEU3BECTHOTO pacTBOPA Ha JIHO COCY[Ia, €CIIM BbICOTa cocya pasHa 0,5 m.

14. B uBertouHyio Ba3zy HanuTa Boja. /laBimenue Boxbl B Touke (1) Oosbiie, ueM B Touke (2),
B 1,6 pa3a. Touka (1) orcTout ot nHa Ba3sl Ha 4 cM, a Touka (2) — Ha 10 cm (cMm. pucyHok). KakoBa
BBICOTA BOJIbI B Ba3e?

15. B cocyn, miomans NONepevyHoro CEYEeHUs KOTOPOro YMEHBIIAETCS B HAIlPaBICHUU OT
JTHa K BEpXHEH 4acTu, HAJIUTA KHUAKOCTh Maccoi 1,6 kr (cMm. pucyHok). O0beM KUIKOCTH paBeH 2 JI.
Beicora sxunkoctu B cocyae paBaa 20 cm. HaiiTi qaBiieHne KUIKOCTH Ha THO cocyaa. h

16. Kakyro cwmry naBieHHUs UCIBITHIBACT CTEHKA akBapuyma JuiHOW 40 CM, eciu yroi ee
HaksoHa 60°, a BeicoTa BojIbl B akBapuyme 20 cM (cM. pucyHok)? AtmochepHoe nasienue 105 Ila.

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

Kpurtepuu onenku:
3a mpaBUIIBHO BBIIIOJHEHHOE 33 JaHHE BBICTABIISIETCS MOJIOKUTENIbHAs OlleHKa — 1 Gasu.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHAE BBICTABIISICTCS OTpUIAaTEIbHAS OmleHKa — () 0aioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

Tema 2.3 OCHOBBI TePMOAUHAMMKH

IIpakTnuyeckoe 3ansitue Nell. Pemenne 3aga4 no treme «OcHoBbI TepMoauHaMuku. [Ipumenenne
NMEePBOro HA4YaJja TePMOAUHAMHUKH K H30MpoIeccam
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Hean: Ha mpuMepe pelieHMs 3a4ad U3YyYUTh 3aKOH COXPAHEHMs SHEPIUU IPUMEHMUTENBHO K
TEIUIOBBIM IIpOLlEccaM, MYTSAX H3MEHEHUS BHYTPEHHEH HHEpru Tell, aauadaTH4ecKOM Ipoliecce,
MPUHIUIE PAaOOTHI TEIIOBON MAITMHBEI.

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:
[1PG1; ITP64; TTPG7; I1PG8

[1Py3; [1Py4; [1Py9; ITPy10;

MP8&, MP9, MP10, MP21, MP17, MP13

JIP 26, JIP 14, JIP 23, JIP 13

MarepunanbHoe obecrnieyeHue:

WHIUBUIYAJIbHOE 3aJIaHHE, KOHCTICKT JICKIIUH, CITPABOYHbBIE MAaTEPHAIIHI.

Yka3zanue:

[IpakTuueckoe 3aHATHE COCTOMT M3 JIBYX 4acTell — TeopeTudeckod W mpaktuueckou. [locme
U3Y4YEHHUs TEOPETUYECKOT0 MaTepHallia MO>KHO IPUCTYNATh K BBINOJIHEHUIO MpakTUYecKoil yactu. OHa
COCTOHT U3 JBYX U OoJiee 3a7ay JJIsl CaMOCTOSTENBHOIO BBIMONHEHUS. He 3a0biBaiiTe 0 mpaBUILHOM
odopmitennu pemieHusi. Ha BBITIOIHEHNE IPAKTHYECKOTO 3aJaHMsI OTBOAMTCS yYemblpe aKaJeMHUSCKUX
yaca.

3ananmue:

1. O3HaKOMBTECH C KPATKUMH TECOPETHYCCKUMHU CBEICHUSIMHU
2. Pemure 3aaa4u, CaMOCTOATCIbHO UCIIOJIB3Ys NPUMEPBI U KPATKUC TCOPETUICCKUC CBCACHMA.

IMopsinok BbINoOJIHEHUs PadOTHI:
1. V3yuwute n BeIUIIATE POPMYJIBI I10 JAHHOU TEMeE:
2. Pasbepute nmprMepsl penIeHHBIX 3a/1a4
3. Pemmre camocTosTENHHO 3aaUU

KpaTmle TECOPETUIECCKHUE CBCACHUA

TennooOmen (Temsomnepenaya) — oOMEH BHYTpEHHEH sHeprueid 0Oe3 COBEpLICHHS MEXaHHMYECKOU
paboThI.

KonnyectBo Temnots! (Q) — 3Heprus, nepeaHHas B pe3ysibTaTe TeII000MeHa.

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

:& [c]=1 LS
MAT kr-K

1K (1°C). [c

— ypaBHEHHE TEIJIOBOIr0 OaiaHca.

|32 = > Quon

Q JIx
. _q. - =122
l'openue: . q m [q] -

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

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

— il [ 2 Q) 2 q &%
Q=r-m| |r= [r]_1Kr
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VY nenbHas TeroTa napoodpazoBanus () — KOJMIECTBO TEIUIOTHI, HEOOXOAUMOE JUTS MPEBPAILCHUS B TIap
1 Kr *KHIKOCTH IPU MTOCTOSIHHOM TeMIieparype.

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

-7 _Qrpyo g &x
2= Q-1

KT

V nenbHast TEII0Ta MUIaBieHus (A) — KOJIMYECTBO TEILUIOThI, HEOOX0AMMOE IS TUIaBJIeHHs | KT BEIIeCTBa
P TEMIIEpaType IIaBICHHUS.

IlepBbiii 3aK0H (Hayasio) TEPMOJIMHAMUKH: U3MEHEHHE BHYTpeHHel sHeprun AU cuctembl paBHO cyMMe

KOJIM4YECTBA TCIIJIOThI Q, nepEaaHHOro CUCTEME, U pa6OTI)I A, COBCpI.HCHHOfI Haj HEel BHEITHUMM CHJIaMH

HpI/IMeHeHI/IC IIEPBOro Hadajia TCpMOAMHAMHKHA K U30IIponcccaM

| H3oTepumaeckni nponecc. | H3oxopusdi mpomecc, | Hso0apabii npomecc, | AI@adaTH9ecKHE OpoIecc,
T — n= 8 N

T =cons ¥ =const p=cons 0=(

' ) —
g =V -

(L)

)=AU | 0=aU+4_ A_=-AU \

TenyioBas mamiMHa — MalllMHA, COBEPINAONIAs MEXaHUUYECKYH0 paldoTy 3a CYET BHYTPEHHEW SHEpruu

TOIUJIUBA.
PaGouee Teno — ras, coBepmaronuii paboTy B TEIUIOBOM MaIlnuHE.

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

XONOAUAbHUK — YCTPOWCTBO, OTHHMMAIOIIEE OT pPabodero Teiaa KOIMYECTBO TEMIOTHl Qp mpu
TeMieparype 1>. |
g =h=h it
max - : .......... :
]’i | PR H

IIpuMepsl peleHus 3aaa4

1. B amromunmneByro kactpronto Maccou 0,15 xr Hanmuro 1,2 Kr Bozbl IpH 20° C. Ckonbko KUIIATKY
HYKHO JIOJIUTh B KaCTPIOJII0, YTOOBI TEMIIEpaTypa BOJbI cTana 50°C? [ToTepsimu Tema B OKpyKaroLIyro
cpeny npeHeopeyb.
Hano: Pemenue:
m,=0,15 xr nojydeHHoe Terio Q1=C,.M,(0—1ty); Q2=CaMy(0-ty)
m,=1,2 xr otnanHoe Temno Qs=C, m; (t,-0)
t=20°C ypaBHeHue Ternosoro 6amanca Q;+Q,=Q3
—100°
t=100"C Co My (0-t,)+MaCa (0-t,)=C,M; (£-60)
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6 =50°C m,= (e,m, +m.c,)(@~t) =
C, (tr - 6)

C.=920 I[)K/KrOC (4200-1,2+0,15-920) - (50 — 20)
4200 (100 —50)

~ 0,74k

cs= 4200 Jix/kr’C
Ortser: 0,74 kr

m, —?

2 B mporecce u3obapHoro pacmmpenus ra3y nepenano 6 MJx temnotsl. [Ipu 3ToM ra3 coBepmiaeT
paboty 1,2 M/[x. I3meHunach 11 BHYTpEHHsISI SHeprus ra3a? Harperncs rasz wim oxJiaauics.

Jlano: «CN» PeweHne: | Boluncnenus:
A'=1,2 M]Ix ,
A 6-10°M  |AU=Q-A" | AU=6-10° Ok-1,2-10° [k =
Q=6 M]Ix
1,2-10°0s = 4,8-10°
AU-?

3 Onpenenure makcuManbHbii KITJ[ TerioBoi MaimvHel, eciiu TemiepaTypa ero HarpeBaress 227°C, a
TEMIIEpaTypa XOJIOJUIbHUKA — 27°C.

cn PeweHue:

I[aHO' PeweHue:

_ T,-T
t,=227°|CT=200 K| e == iz 500K ~300K _

T, Mma 0,4
500K

t2:270 a T,=300 K

T]max—?
4, Bognopon maccoit 4r, 3aHuMas nepBoHadanbHbli 00beM V1=0,1M3, pacimmpsercs 10 o0bema
V2=1m3 . Onpenenurte: 1) Al-paboty raza npu nzo0apHoMm mporecce, 2) A2-paboTy raza npu
n3oTepMuyeckoM mpoiecce. Hauanpuas temmneparypa raza T1=300K.

JHano: Pewenue:

m=4r=4*10"kr 1) Ilpu u306aprom pacumpenuu (p;=const) ra3 copepiuaer padory
V=010’ A=pi(V2-Vy) (1)

Vo=1n’ JlaBnenne rasa onpeznensem u3 ypaBHenns Knaneiipona-Menaeneesa:
M=2*10kr/monn P,V,=m/MRT; orciona p/=m/M*RT,/V,(2)

R=8 31 uk(mons*K) [loacrasum popmyny(2) B (1)nonyunm: A;=m/M*RT,/V,(V..V)) (3).
T,=300K 2) Ilpu u3oTepMuyecKoM paciuupeHue ra3 copepuaer padory

Ay-? A,=m/MRT,InV,/V, (4) (In10=2,3)

A-? Beraucnenns:

1) Aj=4* ]0-'?1([“*8,3 lgm/(M()nb*K)*300K/2* 10~ kr/moms*0, Im**(1 m>-0,1v°)=4.5%10" [
2) A=4*107kr/2* 10 kr/Monb*8,3 l,[l)lg/( monb¥K)*300K*Inl M0, Iv=11,5% 103le<.
Omeem: A;=4,5%10" 11k, A,= 11,5%10°

54



S. Onpenenure n3mMeHeHne BHyTpeHHel sueprun AU nbja Maccoit m=5 Kr B MPOLIECCE €ro TastHUs
(TuTaBJICHMST) IPU HOPMAJIBHBIX YCIIOBHSIX.

Mano: Pewenue:
m=5 Kr W3meHenne BHYTpEHHEH SHEpPriu 13 nepBoro 3ak0Ha TEPMOANHAMUKH:
A=3,35%10° Jbx/kr - Q=AU+A. Orcrona AU=Q-A. Jlna tasuus neobxomuma temiora Q=Q,, =
Py=1,01*10"Tla Am, A-yzenbHas TennotTa niasnexns. Macca oGpa3oasuieiicss BObI My,
T=273K Oyner paBna macce nba m. O6beM Boabl V; 00pa3oBasiuniics u3 bja
p.=0,9%10°kr/n’ V|, Oyzer MeHbIe, TaK KaK IIOTHOCTb BOABI Py2o O0NIBLIE MIOTHOCTH JIbJd
pr20=107kr/n’ pa. [Ipn nnasnennn npaa cosepiuaercsa padbora A=po( Va- Vy).

Yuuteisas, uto p=m/V,onpenensem Vo=pmo: Vi=m/p, CnenoparenbHo,
AU-? A=po(m/pr20-m/p:1)=Po m(ps-pr20/pspr2o) Beruncnenus:

Q=3,35*10"wx/kr*5kr=1,7*10° /1.

A=1.01*10°TTa*5kr*0,9*10*kr/m*-10°kr/v’/0,9%10° kr/m® 103Kr/h13=-55ﬂ)K

AU=1,7*10°Ik-(-55mx)=1,7*10° L.

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

Jlawo: Pewenue:

T,=500K Ko duument noneznoro AeifcTBis TeNI0BOH MLIMHb ONpeNseTCs N0

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

A=400/1x U3 dopmyast 2 cnenyer, uto Q=AM

-7 Qu-? Borancnenns: n=500K-300K/500K=0,4; Qu=400/1x/0,4=1000Tx=1x /.
Omesem: n=0,4; Qu= 1x/Ix.

Pemurhb 3a1a4i CAMOCTOATEIbHO

B ycnoBuu 3a1a4 oTcyTCTBYIOT U PHL. 3HAUCHHS (PU3UIECKUX MTapaMeTPOB ITHUX 3a7a4 HEOOXOUMO
OpaTh U3 TaOaUIBl 1: MO BEpTUKAIBHOM CTPOKE yKa3aH HOMEpP BapHaHTa, IO FOPU30HTAIBLHOM — HOMEp
3aJ1a4H.

1.  Kakum cmocoboMm — coBepiieHHeM padOThl WIHM TeIulonepenadyell M3MEHSeTCs BHYTPEHHSS
SHEPTUs JIETAIH B CICAYIOMUX Ciaydasx: 1) crporanue jaerand; 2) HarpeBaHUE JeTald B €YU IEPe]
3aKayikoi; 3) ObICTpOE OXJIAXKIACHHE NeTallu B BoJe (3aKanka)?

2. Paboume ropsumx IEXOB HOCAT KOMOHWHE30HBI, IMOKPHITBIC METAJUTMUYECKUMHU OJIECTSIIUMU
gemryiikamu. [logemy OHHM XOpOIIIO 3aIIUIIAI0T YeIOBEKa OT JKaphl?

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

4.  OmpenenuTh MacCy HarpeTod BoJbI, ecimu s e€ HarpeBa Ha AT 3aTpaTwim KOJIHYECTBO
temwtotsl Q. (C, = 4200 Jiw/xr - K)

5. OnpenenuTh Maccy CropeBIIero KAMEHHOTO YTJIsl, €CJIH MPU CropaHuu Beieamiock Q Jlxoysei
TerIoThL. (=29M/JIx/KT)

6. Cmupt wmaccoii m wmcmapwics. OnpeneuTh KOJWYSCTBO TEIUIOTHI, 3aTpadyeHHOe JUIs
BbInmapuBanus cnupTta. (r=0,85 MJx/kr)
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7. OmnpenenuTh KOJMYECTBO TEIUIOTHI, HEOOXOIUMOE sl pacIljIaBI€HUs]  OJOBSHHOTO CIIUTKA
maccoi m. (A= 0,59 MJx/kr). Kakoe KOJIMYECTBO TeIJa BBIACIUTCS TPH OXJAKICHHUH 3TOTO
pacIuIaBJICHHOTO CJIUTKA?

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

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

10. Tlpu wm3oTtepmmueckoM pacmupeHun (T=const) razom Obuia coBepmieHa pabdota A. Kaxkoe
KOJMYECTBO TEIIOTH Q coo0ImIeHo razy?

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

12. Kaxoii nomxna ObITh Temneparypa HarpeBaTens 11, uroOsr KIIJ{ nBurarens cocraBisul n mpu
TeMIeparype XojaoauibHuka T

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

14. JUis TOBBIIIEHUSI TBEPJOCTH U IMPOYHOCTU CTAJbHBIX H3JEIUN NPUMEHSIOT 3aKaJIKy
(HarpeB 0 HEKOTOPOW TeMIMepaTyphl C MOCIEIYIOIIUM OBICTPBIM OXJaxaeHueMm). Kakoe Komu4yecTBo
TEIUIOTHI HE0OXO0IMMO, YTOOBI HArpeTh CTAIbHON MOOTOK Maccoit S500r ot 17 mo 817°C? Beruucnure,
KaKoe KOJHMYECTBO TEIUIOTHl BBIAENSET MOJOTOK, €CIU €ro OXJIaXJalT B KHUAKOM KHCIOpOJE,
temneparypa kotoporo -183°C. Y nenbnas termnoemkocts cramu 460 [Ix/ kr-°C.

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

16. B nnaBunbhyto neus 3arpysunu 2000 xr uyryHa, B3groro npu 20°C. Kakoe koau4ecTBo
TEIUIOTHI 3aTpayeHo B Heil Ha ero ruiaBineHue? Ckonbko Jbjaa, B3sAToro mnpu 0°C, MOXKHO ObLIO ObI
pacIiaBUTh 3a CYET ITOTO KOJIMYECTBA TEIIOTHI?

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

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

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

20. Kakyro paGoTy coBepiimi ujeanbHbI OAHOATOMHBIN ra3 M Kak IpPU 3TOM HU3MEHUJIACh
€ro BHYTPEHHsIsl 3HEprus Mpu M300apHOM HarpeBaHMM JIBYX Mosed rasa Ha 50 K? Kakoe xommuecTBo
TEIUIOTHI MOJIYYUJI Ta3 B Mpoliecce TermiooomeHa?

21. 3. Ilpu aguaGaTHOM pacIIMpeHUHM Bo3ayxa Obula coBepuieHa paborta 200 Dx. Uemy
paBHO MU3MEHEHHME BHYTPEHHEH YHEpruu Bo3yxa?
22. 4. VpneanbHblli Tra3 HarpeBalcs IPU IOCTOSHHOM JaBJI€HUHM, IIOTOM €ro JaBJICHHE

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

23. 5. Uneanbuplii Ta3 moayuui koaudecTBO TerioTel 300 Ik u coepmun padory 100 JIx.
IIpu 3TOM Kak M3MEHUIAach €ro BHYTPEHHS DHEPT U ?

24. 6.Temnepatypa xonoamwibHuKa TerwioBod MamuHbl 300 K, TeMneparypa HarpeBaTens Ha
300 K Oonbmie, yem y xonoauwibHuKa. Yemy paBeH MakcuMaibHO BO3MOXHbIM KIIJ[ TeroBoii
MAIIHHBI?

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

®opma npeacraBiaeHus pe3yJabTara:
BbInonHuTh 3a1aHue B TETPaan AJIs MPAKTHUECKUX padoT.
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Kpurtepun onenkmn:
3a mpaBUIILHO BBITOJHEHHOE 33JJaHHE BBICTABIISICTCS TIOJIOKHUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATENbHAs olleHKa — () OaioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbvHoy svicmasisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Pa3nes 3 DuekTpoanHaMuka
Tema 3.1 DyeKkTpocTaTHKA
IIpakTnyeckoe 3ansiTue Nel3. Pemenne 3a1a4 no reme «J1eKTPOCTATHKA»

IpakTnyeckoe 3ansitue Nel4 Pemenne 3ana4 no reme «CoeHeHNe KOHJAEHCATOPOB B 0aTapero»

HeJIBZ C(i)OpMI/IpOBaTL YMCHHUS MIPUMCHATDH NOJTYUCHHBIC 3HAHUA JIA PCHIICHUS ITPAKTHUYCCKUX
3aaa4.

Brinosinenue padorsl cnocodcTByeT GOPMHPOBAHMIO:

[1P64; ITPG6; ITP67

[IPy1; I1Py2; I1Py3; I1Py4; ITPyS; IIPy9; [1Py11
MP8&, MP9, MP10, MP21, MP17, MP13

JIP 26, JIP 14, JIP 23, JIP 13

MarepuajibHoe o0ecnieyeHue:

MHJUBUIyaJIbHOE 3a/1aHH€, KOHCIIEKT JIEKIUI, CIPABOYHBIE MaTEpHUAIIbI.

Yka3anue:

[IpakTHueckoe 3aHATHE COCTOMT W3 JABYX YacTed — TeopeThyecKod M mpaktudeckoil. Ilocne
U3Y4YEHHUs TEOPETUYECKOT0 MaTepHalla MO>KHO IPUCTYNATh K BBIMOJIHEHHUIO MpakTHUueckoil yactu. OHa
COCTOHT U3 JBYX W OoJiee 3ahay JJIsl CaMOCTOSTENHHOTO BBIMONMHEHUsS. He 3a0biBaiiTe 0 MpaBUILHOM
opopmiiennu perieHusi. Ha BbIMoMHEHNE MPAKTHUYECKOTO 3aJJaHusI OTBOJUTCS Yemblpe aKaJIeMHUUYECKUX
yaca.

3aganue:

1. O3HakombTech ¢ KPATKUMHU TEOPETUYECKUMU CBEACHUSIMH
2. Pemmre 3ama4n, CaMOCTOSITENILHO HCIIONIB3Ys MTPUMEPBI U KPATKUE TCOPETHUCCKUE
CBCICHHSL.

ITopsinok BbINOJHEHHS PadOTHI:
1. Wsyuure u BomumuTe GOPMYIIBI IO TAHHOU TeMe:
2. Pa30epute npuMepsl pelIeHHBIX 3a/1a4
3. Pemmre caMoCTOATENHHO 3a/1a91

Kpartkue TeopeTrnueckue cBe1eHust

F=pd:__99%
3akoH KynoHna B Bakyyme: ro AmEgr
Fag s, 94

e’ Amee

3axoH KynoHa B cpene:
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HanpskeHHOCTD 37eKTPUYECKOTo MOJs: a

. Il g , ¢
E = v @ e
HarnpsiykeHHOCTB 2JIEKTPUYECKOr0 MOJI TOYEYHOT0 3apsa: e, Sl
3aKOH COXpaHEHHMS EKTPUUYECKOro 3apsiaa: g = g1+ go+ ... + On.
A
Q- g =Ap -
Y
Pa3HocTh moTeHIHANOB: v,
- g .4
[Toreniman ToueuyHoro 3apsa: Aneeyr  Er
£ - A
CBs3b IIOTEHIMANA U HALPSHKEHHOCTH: .
C=—1
DJIEKTPOEMKOCTh KOHJIEHCATOpa: =9
\\v = q(‘f)l7 ("7_.) - q.("
DHeprus 3apsyKEHHOI0 KOHJIEHCATOpa: “ B

CoennHeHne KOHIEHCAaTOPOB:

[TocnenoBarenbHOE COETMHEHHE KOHIEHCATOPOB — COSIMHEHHE, TIPU KOTOPOM TOCTIE 3apsAKH
OTPHIIATENILHO (TIOJOKHUTENIBHO) 3apsbKEHHAast 00KIIaIKa MPEIbIYIIero KOHISHCATOpa COSAMHEHA C
MOJIOKUTEIBHO (OTPUIIATENHLHO) 3aPsHKEHHOM 00KIIaAKOM MOCIEYIOIIETO.

|
L=i+i+...+i —=2,

c. ¢ Cor

1
C

HapaJ'IJ'ICJ'ILHOC COCAUHCHNEC KOHACHCATOPOB — COCAUHCHUC, ITPU KOTOPOM ITOCJIC 3apsAaAKH BCC
IMOJIOKHUTCIIBHO 3aps’KCHHBIC O6KJ'IaI[KI/I C06paHI>I B OJIUH Yy3€JI, BCC OTPULATCIIbHO 3apsS’)KCHHBIC — B

JIPYTOH.

Co = 2.C, C.
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IIpuMepsl pelieHus 3aaa4
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1.-KaKyio-padoTy-cOBepIlasT NoIe IpH IepeMelleHHH 3apaga-2- 10 K-

H3-TOYKH-C TIOTeHIHAT0M-700-B -B-Touky -¢ TmoTeHImanom-200B 2
Bremncnerse: v

JaHo Pemenne:y
ot Py A=2-103K1{700-B-200B) =1
g=2-10"-Knf o -0 === — 1105
@1=-700BY q
@:=200BY A=l —0.)-g
T A-?
‘ 1 1

2.-B-ogHOpOIHOM 3/IeKTPHYSCKOM - [I0JI8 - C- HANIPKSeHHOC TR - 6- 10°- E -
K
nepeMemaetcd-3apan-7- 10 Ku-Ha-paccrossue -8 -cM-mog-yraoM-60° K -HHmaM-
HaNpakeHHOCTH. -ONpeIeIHTE padoTy Mo TIepeMeIleHHEC -3TOT0-3apaaa. |

JaHo™N «CH»Y Pemenne | 0
E—6.10° H q il A=F-S-cosa, -F=E-q;-5=f; - A=E-q-{-co5s-of
Ka 1 A=710°Kn6.10° 2 8. 10-"-0,5=1
g=7105K2] |9 , Kn
£=8-cM-| 8-10°MY| —1 68103 =168 T
a=60"x H o}
A= Oteer:-A=1,68M/T%Y 0
o} ol

Pemurn 3a1aun:

(n - Homep sawezo 6apuanma no cnucky)

1.

2.

Hanpspokenne Mexay nonrocamu 0atapen akKyMysasiTopoB N KB. kakoil 3apsij MoJyduT KOHJEHCATOP
eMKocThI0 500 MKD, eciu ero COeIMHUTD C MOII0CaMU 3TOM OaTtapen?
JIBe orHaKoBbIE HEOOIBIINE TOBEPXHOCTU IIPU TPAHCIIOPTUPOBKE JI€TAIECH MOJIYUMIH 3apsiIbl

6*10°Kn u -12*10°Kn, nHaxomsmecs Ha paccTtosauM N cM apyr oT apyra. Omnpenenure CUiy
B3aMMOJICHCTBHS MEX]Ty HUMH.

3.

IIpn nepememenuu 3apana 2 K B 3JI€eKTpU4ECKOM TOJE CUIIBI, IEHCTBYIOIIME CO CTOPOHBI 3TOTO
noJisi, copepuri padoty 8 Jl. Yemy paBHa pa3HOCTb MOTEHIMAIOB MEXK/1y HAYaJIIbHON U KOHEYHOU
TOYKaMH ITyTH?

[Ipu nepemenieHnn AMEKTPUUYECKOTO 3apsia MEXy C TOUKaMH C Pa3HOCTbIO OTEHIIMaNoB 8 B cuibl,
JeUCTBYIONIME HA 3aps] CO CTOPOHBI AJIEKTPUUYECKOro Mo, coepuinian padory 4 /Lx. Uemy paBeH
3apsn?

. HanpspbkeHne mexay IBymMs TOPU30OHTaJIbHO paclosiokeHHbIMU IutacThHamu 600 B. B mone stux

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

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

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

HaNpsHKEHHOCTH MOJIs £ B TaHHOM TOUKE.

Kaxkas HanpspkeHHOCTh 3JeKTpUYecKoro nojs E cosnaercs 3apsiaoM sajapa HeoHa (Ne) = 1,6-1018
K7 Ha paccrosanmn r=10" m or LeHTpa sapa’?

Ha paccrostnum r = 5 ¢M JIpyr oT Ipyra B BaKyyMe PacIOJIOKEHBI IPOTHUBOIMOJIOKHBIE IO 3HAKY
3apsanbl BenmuuuHOM || = 7 vKn. Halitm HanpspkKeHHOCTH DJIEKTpHYECKOro Toyis E B TOUKE,
HAXOMAIICHCS Ha PAcCTOSHUM, @ = 3 CM OT IMOJOXHUTEIBHOTO 3apsga U B b = 4 cm or
OTPULIATEIILHOTO 3aps/a.
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10. B ogHOpPOIHOM 3IEKTPUUECKOM TOJIE PACCTOSIHIE MEXAY ABYMS TOYKAMH BIOJIbH CHIIOBOM JTHHHUH
I =N cM, a pa3HOCTh NOoTeHIIHANIOB Mexay HuMu 100 B. Onpegenure HanpsskeHHOCTH oS E.

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

12.Berauciure SHEPTHIO SIEKTPUIESCKOTo MO KOHIEHCATOPa AEKTPOEMKOCTRIO 10 MKD, 3apsKEHHOTO JI0
HanpspkeHus 10B.

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

14. B o1HOpOIHOM 37IEKTPUUECKOM T0JI€ C HAPSHKEHHOCTHIO 18-10° H_ repeMeniaeTcs 3apsi 7.10°®
Kn

Kn na paccrosHre N cM moj yriom 60° k nuHEAM HarnpspkeHHOCTH. OnpenenuTs padoTy Mo
MePEMENICHUIO ATOTO 3apsija.

15. Omnpenenutb eMKOCTh 0aTapeu Ce,r, €ciiu KoHAeHcaTopsl ¢ eMkocTsaMu C1=10 nd, C,=15 n® u
C3=20 n® coenuHWIU: a) MOCIEI0BaTENbHO; 0) MmapamuieabHo. CXeMbl COCIMHEHHS] KOHIECHCATOPOB
Ha4YePTHTh.

®dopma npeacTaBiaeHusl pe3yJabTarTa:
BrimmonHuTh 3a1aHuC B TCTpaau AJId NPAKTHICCKUX pa60T.

Kputepuu onenkmu:
3a mpaBUIILHO BBIOJHEHHOE 33JJaHHE BHICTABIISICTCS TOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpPaBWIIBHO BBHITIOJHEHHOE JACHCTBHUE, 3aJJaHNE BBICTABIISICTCS OTpUIIAaTEIbHAs omeHKa — () OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89%6 npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIbHBIX OTBETOB
Oyenka «Heyoosiemeopumenvroy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.2 3aK0HBI IOCTOSTHHOI'O TOKA

IIpakTyeckoe 3anaTue NelS, Ne16. Pemienne 3anau «3axkonst Oma. Conporusiaenue. CMemanHoe
COe/IMHEHUEe MPOBOIHUKOB»

Hean: chopmupoBarh yMEHUsS] MPUMEHSTh TOJYYCHHBIC 3HAHUS IS PEIICHUS MPaKTUYECKHUX
3ama4 B MPOECCHOHATBHONW MAEATEeIbHOCTH, JUIsl OOBSCHEHUS YCIOBUU MpOTEKaHHS (PU3MUECKHX
SIBJICHUU

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1P64; I1P66; I1PG7

[1Py1; I1Py2; I1Py3; I1Py4; ITPyS; I1Py9; [1Py11

MP8&, MP9, MP10, MP21, MP17, MP13

JIP 26, JIP 14, JIP 23, JIP 13

MarepuanbHoe o0ecnieyeHme:

WHAVBUAYAJIbHOE 331aHUE, KOHCIIEKT JIEKIIMH, CIIPAaBOYHbBIE MaTEpHAJIbI.

Ykazanmue:

[IpakTHueckoe 3aHATHE COCTOMT W3 JIBYX 4acTel — TeopeTudeckod M mpaktudeckou. ITocme
M3Yy4EHUsl TEOPETUYECKOr0 MaTepHala MOKHO IPHUCTYIATh K BBITOJIHEHUIO NMPAKTHYEeCKOW dacth. OHa
COCTOUT U3 JIByX M Ooiiee 3ajau sl CaMOCTOSTENBHOrO BhINONHEHHUs. He 3a0biBaiiTe 0 MpaBUILHOM
odopmiiennn pemieHusi. Ha BbIloIHEHHE MPAKTHYECKOTO 3aJjaHusl OTBOAUTCS Yemblpe aKaJeMHYECKUX
qaca.

3aganue:
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1. (O3HaKOMBTECH C KpaTKUMHU TCOPECTUUCCKUMHU CBCACHHUAMU HCIIOJIb3Ys
cepuiky https://znanium.com/catalog/product/1012153 , ctp 129-134, ctp 138, c1p
139-141, crp 144- 146

2. Pemure 3a1a4r, CaMOCTOSATCIBHO HMCIIOJNB3Yyd IMPUMEPBI KU KpPaTKHUC
TCOPCTUUCCKHUEC CBCACHM.

Ilopsinok BbINOJIHEHUs padoOTHI:
1. M3yuwnte n BeImUIIMTE (GOPMYIIBI IO JAHHOH TEMeE:
2. Pas0epute npuMepsl pelIeHHBIX 3a/1a4
3. Pemmre camocTOsATENBHO 321291

IIpumepsl pemenus 3axa4
CuJjia Toka ¥ NJIOTHOCTH TOKA
1. Onpenenure 4YUCIO N 3JIEKTPOHOB, KOTOPBIE MPOXOIAT Yepe3 MONEepeyHOe CEYeHHE MPOBOJHUKA
Iomazabio s=1MM2 3a t=2 MHH, €CJIH IIOTHOCTH TOKa B MpoBoaHUKE j=150A/cm2

Jano: Pewenue:

S=1mm’=10"m Yucno 31eKTpoHOB, NPOXOAAIIMX Hepe3 MONepPeHHOe CEUCHHE
t=2 mun=120c MPOBO/JIHNKA, PABHO OTHOILEHHIO YIEKTPUYECKOro 3apsja,
i=150A/cM™=1,5%10°A/M”  mpome/Iero Yepes JaHHOE MOMEPEUHOe CeueHNe, K 3apsy
n-? ynextpoHa:n=Q/e (1). YuursiBas, uro Q/t = I=S (2), nonyunm:

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

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

K JIByM HCTOYHHMKaM noctostHHoro HanpspbkeHus Ul u U2=100B. I1pu kaxom Hamnpsikenue Ul cuna Toka
I1 uepes pesuctop R1 Oyner paBHa Hyn0?

Mawno: Pewenue:

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

R5=200 Om Hanpskenne U; Ha pesucrope R; nomkno Obith pasuo Uy, .e. Us=U;=LR; (1).

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

U2=100B CHJIa TOKA BO Bcex wacTax uenu oauHakosa: ;== [lanenne nanpsxenns

[,=0 U, = IR,+IR;, otkyaa cneayer, uro I= U,/ (Ry+R;3) (2)

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

Omeem: 60B

3akon Oma 1151 IOJTHOM Lenu
3. Onpenenurte cuty Toka kopoTkoro 3ambikanusi IK3 6artapeu, 3/1C xotopoii € = 15 B, ecnu npu
MOJKJIFOYEHUH K HEW pe3rcTopa conpoTuBieHneM R=3 Owm cuiia Toka B ienu coctapisger [=4A
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Hano: Pewenue:
e=15B  Cuny Toka KOpOTKOro 3aMbikanus onpeaensem no gpopmyne Ixz=e/R (1), rae
R=30m r-BHyTpeHHee conpotusiaenue Oatapen. CornacHo 3akony Oma st nonHoii nenu:
[=4A I= ¢-IR-1, otkyna r = -IR/1 (2). [oacraum opmyany (2) B popmyny (1)
lK'; -7 lm = £/R=S[/£-1R. lm =] 53*4/\/1 513-4(1)*3 Om=20A

Omesem: 20A

3J1C ucrounuka snekrpuaeckoit sneprun 12 B. Kakoit ¢pusnueckuii cMbICT 3TOTO BEIpaKEHUS ?

CoeguHeHue NPOBOIHUKOB

4. K cern Hanpspkenuem U=200 B npucoenuHeHbl aBa pesucropa. llpum ux mnociaemoBarelbHOM
coequnenuu 11=4,4 A, a npu napamiensHom - 12= 27,5 A. Omnpenenure conporuienue R1 u R2
PE3UCTOPOB.

Jlawo: Pewenue:

U=220B [Ipu nocnenoBarensHom coeunennn Ryoe,, = Ry + Ry; [I=UR o0, 0TKY A
[,=4,4A Ryoenn= U/, Pacuerst: Rnocna=220B/4,4A=50 Om.

,=27.5A [Tpu napannensuom coeuenun: Rygpe, = Ri*Ro/(R; + Ry), L=U/R yps, 0TKY G

R;-? Ry-? Ryapan=U/L. Pacuernt: Rygpa,=220B/27,5A=8 Om.
R{*Ro/R+R5=8 Om; R; Ry=400 Om; R+ R;=50 Om; R; Ry=400 Owm;
3uaunt: R;=10 Om; Ry=40 Om.
Omeem: R;=10 Om; Ry=40 Om

PemmnTsh 3a1a4M caMOCTOSATEIBHO
(n - Homep sawezo 6apuanma no cnucky)

1. DnextponBurarenb, cOnpoTuBieHre oOMOTKU KoToporo 0,4 Om, paboTaeT OT CeTH ¢ HalpsLKEHHEM
300 B npu toke 50 A. Onpenenure KOJUYECTBO U3PACXOJOBAHHON 3HEPTUU 3a N Y., COBEPIICHHYIO
JIBUTaTeNIeM MEXaHUYECKYI0 pabOTy U KOJMUECTBO TETJIOTHI, BBIJIEIEHHON B OOMOTKE.

2. Ompenenure compoTuBlieHHe UCTOYHHKA Toka, DJIC kotoporo 1,4 B, ecnu mpu 3aMBIKaHWH €TO
KEJIe3HBIM MPOBOJHUKOM JIMHON 5 M u ceueHueM 0,2 MM” B 1lenM BO3HHMKAeT TOK N A. YaenbHoe
COTPOTHUBIICHHUE Keje3a paBHO 9,9 10 Omm.

3. Ompenenure CONPOTUBICHUE yJacTKa IEMH, H300paKEHHOT0 HA pUCYHKe, eciid Ry = 12 Om, Ry = 6
Owm, R3=4 Owm, Rs=10 Owm, Rs = Rg= R; =30 Om.

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

5. OnpenenuTe najeHUe HANpPSHKEHUS B JIMHUM dnekTponepenaun umHoH 500 M mpu cune toka 15 A.
IIpoBozKa BBINOIHEHA ATFOMUHUEBBIM IIPOBOJIOM ceueHueM 1,4 10° M2

6. K nmpoBomHuKy aimmHOM 6,0 M 1 TIOTIEpEYHBIM CEYEeHUEM 10° M MIPUIOKEHA Pa3HOCTh NMOTeHIMaioB 5,0 B.
Onpenenure yaeasHOE COPOTUBIICHUE MMPOBOJHHUKA, €CIIM CHJjla TOKa B 1ienu 1,5 A.
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7. KiaccHast KOMHaTa OCBEIAETCS IIECThIO MapalIeIbHO COSAMHEHHBIMU MEXIy COOO0H JIaMImoYKamH,
Kaxzaass U3 KOTOpbIX uMMeeT compotuBieHue 480 Om. Onpenenute CUily TOKa B TOJBOJSAIIMX
IpoBojax, eciu HanpsokeHue B cetu 220 B. ComnpoTuBieHneM NogBoAAIIUX TPOBOJOB IIPEHEOPEUb.

8. K menwm, coctosimmei u3 mpoBoaHUKOB cornpotuBieHreM 20 u 30 OM, COeTMHEHHBIX MapajuieIbHO, U
MPOBOJIHMKA compoTuBieHneM N OwM, NOAKIIOYEHHOTO K TIEPBBIM JBYM IOCJIEIOBATEILHO,
npujiokeHo Hamnpspkenue 120 B. Onpenenurte cuily TOKa B HEpPA3BETBICHHOW YacTH LENH U
HaIpsHKEHUE Ha BTOPOM ITPOBOJIHUKE.

9. lnmHa METHOrO MPOBOAA, HCIIOJIL30BAHHOTO B OCBeTHTENbHOW cetd, 100 MeTpoB, MIIomaab
MONEPEYHOr0 CEUCHUs ero 2 MM, Uemy paBHO COMPOTHUBIICHHE TaKOro mpoBonaa? (Pyem=1,7 10
8OM'M).

10. Cwia Toka B cnupaid snektpuueckoi nammbel 0,7 A, comporuienue jamnbel 310 Owm.
Onpenenuts HaMpsHKEHUE, 1O KOTOPBIM HAXOAUTCS JIaMIIa.

. 2

11.  HuxenuHoBas NPOBOJOKA JJIMHOM N METPOB M IUIOIIAJBI0 HomepeyHoro cedeHus 0,5 mMm

BKJIIOUEHA B LieNb ¢ HamnpspkeHueM 127B. OmnpeaenuTs cuily Toka B mpoBoaHuke, ecid p=0,4 10
°0
M"M.

12. Paccuurtats oOliee CONpOTUBICHUE YYaCTKa IIeTH:
i | Ra=} } ]
i 3 ' [’ R .= ] | ll’ - I |l".»|--"
. |
{1 R, ) '
— : | n ' } { " }
t ' : Y } | { ¥ } l L ! l
i R )
' f (. R =)0 !
{ Rowls g [ Py
oo | { my=10 |} [ ®
l » 1 |
( | L T ¥
13. He pa3marbiBas ¢ KaTymIK¥ MOKPBITYIO H30JIAIIMEH HUXPOMOBYIO TIPOBOJIOKY, OTIPEICITUTE €€

JUIMHY, €CJIM MIPH BKJIFOYEHUH KaTYyIIKU B CeTh ¢ HanpsbkeHueM 120 B, B Helt BO3HMK TOK N A.
Ceuenue poBoOJIOKH 5,5+ 107 M2,

14.  Yepe3 a51eKTpOHHYIO J1aMITy IpoTekaeT Tok 6MA. CKOIbKO 371eKTpoHOB N momnajer Ha aHoJ
JIaMIIbl 32 Bpemsi N MUH?

Tema 3.2 3aK0HBI IOCTOSTHHOI'O TOKA

IIpakTnuyeckoe 3ansitue Nel7. Pemenne 3a1a4 no reme «Padora, MOIIHOCTH U CONPOTHBJIEHUE
3JIEKTPHYECKOI0 TOKA»

Hean: chopMupoBaTh yMEHHS HPUMEHSTH MOJYUYCHHBbIE 3HAHUS JUIS PEUICHUS MPAaKTUYECKUX
3aad B NPOECCHOHATBHONU JAEATEIbHOCTH, JUIsl OOBSCHEHUS YCIOBUN MNpOTEKaHWUs (DU3MUECKUX
SIBJIEHU

Boinosinenue padorsl cnocodcTByeT GOPMIUPOBAHMIO:
[1P64; ITPG6; TIPG7

[1Py1; I1Py2; I1Py3; I1Py4; ITIPyS; I1Py9; [1Py11

MPS8, MP9, MP10, MP21, MP17, MP13

JIP 26, JIP 14, JIP 23, JIP 13
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MarepunanbHoe obecrnieyeHue:

WHIUBUIYAJIbHOE 3a/IaHKE, KOHCIICKT JICKIIUI, CIIPAaBOYHBIC MaTEpHUAaIbI.

Yka3anue:

[IpakTHueckoe 3aHSATHE COCTOMT M3 JIBYX YacTed — TEOpEeTHYECKOW M mpakTuyeckoil. Ilocie
M3Yy4YeHUsl TEOPETHUYECKOTr0 MaTepHraia MOKHO MPHUCTYIATh K BBINOJIHEHUIO MpakTHdecko vyactu. OHa
COCTOUT M3 ABYX M 0oJiee 3ajad Il CaMOCTOSTEIBLHOTO BBIMOJHEHUs. He 3a0pIBaiiTe O IMpaBUIBHOM
odopmiiennu pemieHus. Ha BEIOTHEHNE MPAKTUYECKOTO 3a/1aHUsI OTBOJIUTCS JIBA aKaIEMUYCCKUX Yaca.

3aganue:

O3HaKOMBTECH C KPATKUMH TEOPETUUECKUMU CBEICHUSIMU UCIIONb3YsI CCHUIKY
https://znanium.com/catalog/product/1012153 , ctp 142-143,

Pemnre 3amaun, camMoCTOATENBHO HCIONB3YS NMPUMEPHl U KPATKUE TEOPETHUYECKHUE
CBEJCHHSL.

ITopsinok BbINOJIHEHHUSI PAa0OTHI:
1. H3yuute u BeIUIIKATE GOPMYIIBI IO JAHHOH TEMe:
2. Pa36epute mpuMepsl pelIeHHBIX 3a7a4
3. Pemmre camocTosTENHHO 330291
4. OrtBeTbTe Ha BOMPOCHI TecTa https://znanium.com/catalog/product/1012153 , 319
CTpaHMLa

KparTkue Teopernyeckue cBeieHUsA
TemmneparypHblii K03 PUUHEHT CONPOTUBIECHUS

A
(@) — OTHOIICHHE OTHOCHTEIBHOTO M3MEHCHHS YACIBHOTO CONPOTUBICHHS —- K BBI3BABLICMY
Po
€ro U3MEHEHHIO TEMIIEPATyPhI
1.
At. [a] =1 rpax ™; |,-22. 1 1
Lo Atk

3aBUCHMOCTD JIEKTPHUYECKOTO U YAEIBHOTO COIPOTUBIIEHHS OT TEMIIEPATYPHI:
p(t) = py(1+a- Af)
p(t) — yzensHOe conpoTHBIeHNe BemmecTsa npu t°C.,

Po— YIAEIBHOE CONpoTHBIeHKE poBoauuka npu 0°C, Om-M;
t — Temneparypa no mkane Lenscus, °C;

R(t) = R,(L+ - At)

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

1 0~-1
JIJ1sl 9UCTHIX METAILIOB o ~ 273 Cc-.

CBepxXnpoBoOIUMOCTD — TIAJICHUS YJISITBHOTO cOpoTHBIIeHUs BemecTta 0 0 mpu 7'~ 0.

IIpuMmepsI pelieHus 3aaa4
1. OnexTpudecKkuil 1BUraTenb padoraer 5 4. oT cet ¢ HanpsbkeHueM 380 B mpu cuine Toka 35 A.
Conportusnenne obmotku asurarenss 0,5 Owm. Onpenenutbh H3pacXOAOBAHHYIO JIIEKTPUUYECKYIO
SHEPIUI0, KOJMYECTBO TEIUIOTHI, BBIJCIEHHONH B OOMOTKE 3a 3TO BpeMs M COBEPILEHHYIO JIBUTATEIEM
MEXaHUYECKYIO padoTy.
HaHo: | cu | Pemrenne: | Borumcienus
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U=380B A=1IUAt | A=35A-380B:18000 c =
1=35A Q=1°RAt | ~2,4-10%Tx

R=0,5Om Aver=A— | Q=(35A)*0,50m"18000C =
At=514 18000 ¢ | Q =0,1-10%11x

A-? Apex = 2,4-10% 1k —

Q-2 0,1-10%x =

Aer —? =2,3-10%1x

Otser: A =2,4-108Ix; Q = 0,1-10%Ik; Ayer = 2,3 10% [Tk
Pemnts 3agaun:

(n - Homep sawezo éapuanma no cnucky)

2. DnexTpoaBUrarens Tpoiuieiidyca motpednser Tok cunoi 200A npu Hanpspkernn 600B.  Kakyro
pabory (B kBT 4) coBepmut aBuUraTensb 3a 6 4acoB?
3. HeoOxonnMo M3roToBUTH peocTaT, pacCUMTAHHBI Ha HampsbkeHue 15B u Tox 1,2 A mnpu

JOMYCTUMOM IIJIOTHOCTU TOKa 3 10°A/M%. Kakoii JUIMHBI U TUIOMIAAH TONEPEYHOro CeYeHHs TpedyeTcs
HUKEJIMHOBBINA MTPOBOJIHUK /I HAMOTKH peocTara?

4, Ilerb COCTOMT M3 TpeX IMOCIAEAOBATEIbHO COSAMHEHHBIX ITPOBOJHUKOB, TMOJKIIOYCHHBIX K
uctouyHuky HampsbkeHust 24 B. ComportuBnenue nepBoro npoojgHuka 4 Owm, Broporo 6 Om, u
HaNpsDKEHUE Ha KOHLIAX TpeThero npoBoaHuka 4B. HaliTu cuity Toka B 11Ny, COMPOTUBICHHUE TPETHETO
MIPOBOJIHUKA M HANIPsDKCHHE HAa KOHIIAX MEePBOT0 U BTOPOTO MPOBOJHUKOB.

5. ComnpoTuBieHHE OOMOTKH 3JICKTPOMAarHuTa, BBIIIOJIHEHHOE M3 METHON TpoBOJOKH, mpu 20°C
obut0 3 Oma, a mociie JUMTenbHONH padoThl cTtano paBHO 2,4 Oma. Jlo Kakoil TemrepaTypsl Harpenach
oboMoTKa?

6. Comnpotusnenue BosibppamoBoro npoBoanuka npu 20°C Obuto paBHO § OMoB. OnpeaenuTs ero
conpotuBieHue npu -40°C, ecnum a=5- 10° rpan'l.
7. Haiingute TOK, BbhIpaOaThiBaeMblii IpU pabdoOTe TPAHCIOPTHOIO CpelcTBa ¢ ucTouHukoM, DJIC

KoTOporo paBHa 13,5B mpu BK/IIOUYEHHMHM BO BHEUIHIOK IIEMb KaTYIIKM 3aKUTAaHUS CONPOTHUBICHHE
KOTOpoil paBHO 70M, C CONMPOTUBIIEHNEM OaTapeu

8. Hcrounnkom Toka B 1ienu ciyxkut 6atapes ¢ 9J1C 30B. HanpsikeHnue Ha 3axxumax 6arapen 18B,
a cwia Toka B uenu 3 Amnepa. OmnpenenauTe BHEIIHEE U BHYTPEHHEE CONPOTHUBIICHUS AJIEKTPUUYECKOM
LEMH.

9. DNeKTpoJBUTraTeb MOCTOBOIO KpaHa € MeXaHuyeckol MmomHocThio 3,49 kBT m kxna 75%
pabotaet noa HanpsbkeHueM 220 B. Onpenenute cuily ToKa B LIETH.
10.  /IBa mpoBojmHWKa compoTuBiecHHEM 6 W 9 OM, COSIMHEHHBIE MEXIy CO00H mapaieNbHO,

nojkiroueHsl k 6arapee ¢ 9JIC n B u. BHyTpenHuM conpotusieHueM 0,4 OM. Onpenenute cuily TOkKa,
IIPOTEKAOILEr0 Yepe3 BTOPO MPOBOIHUK.

11. DNeKTPOABUTATENh KPaHa MOJHUMAET CKUMMEPHYIO TTUTY Maccor 950 kr Ha BbicoTy 30M 3a 7
MUHYT. OnpeennuTe K 3Toro NoJbeEMHHUKA, €CJIM MOLTHOCTD €ro 3nekTpoasurarens 17,1 kBT.

12. HcTounukom Toka B 1ienu ciy>kKuT 6arapes ¢ 31c¢ 30 B. Hanpsixxkenue Ha 3axumax 6atapeu 18 B,
a cuia Toka B enu 3,0 A. Onpenenure BHEUIHEE U BHYTPEHHEE CONIPOTUBIIEHUE STOU LIENN.

13. Onc ucrounrka Toka N B. IIpu BHemmHewM conportusienun uenu B 1 OM Tok paseH 3 A. Haiigure
TOK KOPOTKOT'O 3aMbIKaHUS.

14. KakoBa niena nenenusi, npeaena U3MEpPEHUsT U MOKa3aHUsl amiiepMerpa’?

(OTtBeT nath unciaMu 4yepe3 TOUKY ¢ 3amsIToi 0e3 mpoOenoB; 3HaUeHUE B BUJIE
JECATHYHOM Mpo0u MuIleM Yepes 3amsaTyio). (Hanpumep, 0,5;3,2;3)

15.  DnexrponBurarenb, CcOnpoTHBIeHHE OOMOTKM KoToporo 0,4 Owm,
pabortaet ot cetn ¢ HampspkeHueM 300 B mpu Toke 50 A. Ompenenurte KadyecTBO M3PACXOIOBAHHOM
SHEPrUUM 3a 5 Y., COBEPIICHHYIO [BUTATEJIEM MEXaHHYECKyI0 paboTy M KOJUYECTBO TEIUIOTHI,
BbI/IEJICHHON B OOMOTKE.

o A .
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16.  2.ABromoOwmnbHbIN cTapTep 3a 10 ¢ pabotsl motpednser sHepruto 6,0-104 k. Kakosa cuia
TOKa, MPOXO/AIIETO Yepe3 cTapTepa BO BpeMs 3allycKa ABHTATelNs, €CIM HANpPsHKEHUE Ha €ro KieMMax
12 B?

17. 3.CBapounbiM ammapatoMm. PaboTatronum oT cetm HampsbkeHuem 45 B 3a 20 MuHYT OBLIO
u3pacxoqoBano 5.4kBr*uac sneprun. [1pu kakoii cuie Toka mpoTekaia ayroBas cBapka?
18. 4.Onextpuyeckuil yTIor MomHOcTh0 800 BT paboraer ot cetn 220 Onpenenurs CUily TOKa B

HarpeBaTeIbHOM JJIEMEHTE U €ro COMPOTUBIEHUE B paboueM cocTosiHUM yTiora. CKOJIBKO SHEPTUH
OyzeTt u3pacxojoBaHo 3a 1,5 yaca HenpepbIBHOM pabOThI yTIOra?
19. 5.B cerp nampsikenueM 120B mociieoBaTeNbHO € 3JIEKTPUUYECKOW JYrol BKIIIOYEH PEOCTar.
[Tanenune HampsbkeHWs: Ha 3JiekTpoaax ayru 45 B, cuna toka B nenu 12 A. OnpeaenuTs MOIIHOCTD,
MOTPEOIIIEMYFO TYTOM U K.I1.JI. YCTAaHOBKH.
20. 6.Pe3ucTop moAKIIOUYEH K MCTOYHUKY TOKA, HANpsDKEHHE Ha 3axkumax kotoporo 6 B. Kakas
pabota coBepiaercs TOKoM, eciu 3a 0,5 MuHYT uepe3 pe3ucrop npoxoaut 3apsn 24 Kn? Onpenenuts
MOIIHOCTh TOKA U COIIPOTUBIICHUE PE3UCTOPA.
21. 7.Kakass MOIIHOCTH TOTPEOJSETCS AYrOBOM CTaJCIUIaBWIIBHOW TI€4bl0, paboTaromieil oT
ncrouHnka HamnpsbkeHueM 220 B npu cuiie Toka 30000 A? OmnpenenuTb CTOUMOCTb 3JEKTPUUYECKON
SHEPTHUH , U3PACXOJOBAHHOM 3aM 5 9acoB pabOTHI IIeUH, IO JCHCTBYIOMIEMY TapHy.
22. 8.Hanpspkenue Ha 3axuMax reneparopa 132 B, a y notpebutens - 127 B. Onpenenuts majaeHue
HaIpsSHKEHWE B MAaruCTPaJbHBIX MPOBOJAX M COMPOTUBIICHHE, €CIIM MOIIHOCTh TOKa y MOTpeOuTENs
paBHa 5 kBT.

dopma npeacTaBieHus pe3yabTara:

BrinmonHuTh 3a1aHKe B TETPaH IS MPAKTUYECKUX PaboT.

Kpurepun oneHku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKUTEIbHAS OlIeHKa — 1 Oa.
3a HeNpaBUIILHO BBIITOJHEHHOE JEHCTBHE, 3a/laHHE BHICTABISIETCS OTPHILIATEeIbHAs OlleHKa — () GasuioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIEHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyooenemeopumensvHoy svicmagisencs 3a Menee 60%0 mpaBUIBLHBIX OTBETOB

Tema 3.3 DulekTpr4YecKknii TOK B Pa3JIMYHBIX Cpegax

IIpakTyeckoe 3ansaTue Ne 18 Pemenne 3ana4 Ha TeMy: DJICKTPHYECKHI TOK B Pa3JIMYHBIX
cpeaax»

Heanb: cdopmupoBate mOHUMaHue pond GU3MKK B (HOPMHUPOBAHHMU  Kpyrozopa H
(GYHKIIMOHATBLHOM TI'PaMOTHOCTH YEJNOBEKa JUIA pELICHUs NPAKTUYECKUX 3ajad; s OOBSCHEHHUs
yCJIOBUHN NPOTEKaHUS (PU3NUECKUX SIBJICHUN, YMEHHSI BBIMOIHATH pacueTHbIE U IrpaduuecKre 3a1a4u

Boinosinenue padoTsl cnocodcTByeT GOPMIUPOBAHMIO:
[1P67, 11P64, I1P66

[IPy1; I1Py2; ITPy3; I1Py4; I1PyS; IIPy9; [1Py11

MPS8, MP9, MP10, MP21, MP17, MP13

JIP 26, JIP 14, JIP 23, JIP 13

MarepunanbHoe obecnieyeHue:
HHIWBUAYAJIBHOC 3aJIaHUC, KOHCIICKT HeKHHﬁ, CIIPAaBOYHBIC MaTCpHUAJIbI.
Ykazanue:
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IIpakTrueckoe 3aHATHE COCTOMT M3 JABYX YacTed — TEOpEeTHYeCKOM M mpaktudeckoi. Ilocie
U3Y4YEHHs TEOPETUYECKOr0 MaTepHalla MOKHO IIPUCTYNATh K BBIMOJHEHHUIO IPAKTHYECKON 4yactu. OHa
COCTOMT U3 JIByX M OoJiee 3a1ad sl CaMOCTOSTEIBHOTO BhINMONHEHHU. He 3a0biBaiiTe 0 MpaBUILHOM
oopmienun pemienus. Ha BeloHEHNE IPAKTUYECKOTO 3a/1aHUs] OTBOJIUTCS /1BA aKaJEMHUECKUX Yaca.

3aganmue:

O3HaKOMBTECH C TEOPETUYECKUMU CBEICHUSMH HUCIIOJIB3Ys CCBUIKY
https://znanium.com/catalog/product/1012153. Ctp 133, 134. «3aBHCUMOCTb CONPOTHBIICHUS
METAJJINYECKOr0 ITPOBOAHMKA OT TEMIIEPATYPhI»

Kpartkue TeopeTuyeckue cBeleHUs
DJIEKTPUUYECKHUI TOK B KUJIKOCTSX

PaCTBOpBI H pacCIlyIaBbl, IIPOBOJAAIIUC 3J'ICKTpI/ILIeCKI/II‘/'I TOK, HA3BIBAKOTCA 2JIEKMPOJIUMAMU.

Cobepem 31eKTpUUYECKYIO 1IeTlb, B KOTOPOU COEMHUM COCY/l C TUCTUILTUPOBAHHOM BOJIOM
AJIEKTPUYECKYIO JIAMITOUKY M UCTOYHHK TOKa. B coCyl OIyCcTUM IIaCTHUHBI, CO3JIAIOIINE B )KUIKOCTH
ANEKTPUUYECKOE MOJIe. ITHU TUIACTUHBI HA3BIBAIOTCS DJICKTPOIaMU. DIEKTPO, COCTUHESHHBIN C
MOJIOYKUTEILHBIM ITOJIFOCOM TOKA, HA3bIBACTCS AHOOOM, a DIIEKTPOJ, COSIMHEHHBIN C OTPUIIATEIBHBIM
TIOJTFOCOM — KaMmOoOOM.

3aMKHYB LIellb, YO€IUMCsl, 4TO JaMIIOUYKa HE CBETUTCS, TO €CTh JUCTUIIMPOBAHHAs BOJAa TOK HE
npoBoauTt. Jlo6aBum B Boay noBaperHyro coiib (NaCl). Jlamna HaunHaeT CBETUTHCS, T.€. PACTBOP
IIPOBOJIUT 3JIEKTPUUECKUH TOK, T.€. B HEM MOSBUIINCH CBOOOHbIE 3apsKEHHBIE YaCTHIIbI.

OT0 00BsICHICTCS TEM, YTO MOJICKYJIbI pPACTBOPHUMBIX BCHICCTB COCTOAT U3 HOHOB
MMPOTUBOIIOJIOKHOI'O 3HAKA, KOTOPBIC YACPIKUBAKOTCA APYT OKOJIO ApYyTa 3JICKTPUICCKUMHU CUTIaMU
MMPUTSXKCHUA.

BzaumogeiictBue ATHX MOJICKYJI C TIOJIAPHBIMH MOJICKYJIaMU BOJbI IIPUBOJAUT K YMCHBIICHHUIO

CHUJIBI TIPUTSIKEHUSI MOHOB B MOJIeKyJaxX (g — kiz, JUJISI BOABI € = 81).
¢-R

IIpu Xxa0THYECKOM JIBUKEHUH MOJIEKYJ PACTBOPEHHBIX BELIECTB M PACTBOPUTENIEH IPOUCXOIAT UX
CTOJIKHOBEHUS, KOTOPbIE MPUBOASAT K pacnaay MOJIEKYJ Ha OTAeNbHbIE pa3HOMMEHHbIE 3apsKEHHBIE
MOHBI. DTOT NPOLIECC HA3BIBACTCS INEKMPOIUMULECKOU OUCCOYUAYUEL.

ITpoxoxeHre TOKa Yepe3 IEKTPOJIUT COMPOBOKIAETCS BbIICIEHUEM Ha DJIEKTPOIaX COCTABHBIX
JacTel paCTBOPEHHOI'O BELIECTBA. JTOT MPOLIECC HA3BIBAETCS dIEKTPoan30oM. [losoxxurensHo
3apsKEHHbIE MOHBI (KAaTHOHBI) IBHKYTCS K KaTOy U IPUOOPETAIOT Ha 3TOM 3JIEKTPOE HEJOCTAOINE
ANMEKTPOHBI. OTPULIATENIBHO 3apsKEHHBIE HOHBI (AHHOHBI) OTJAIOT aHOAY JIMILIHUE 3JIEKTPOHBI. TakuMm
00pa3oM, Ha aHO/I€ IPOMCXOJUT PEAKIIUS OKUCIEHHS], @ Ha KaTOJ€ — BOCCTAHOBJICHUS.

9]18Kmp0]l1430ﬂ/l HAa3bIBAKOT ITPOLECCC BBIACIICHUA Ha 3JICKTPOJdaxX BCUICCTB, CBSI3aHHBIN C
OKHCJIIMTCIbHO-BOCCTAHOBUTCIIbHBIMU PCAKITUAMMU.

KonmuecTBeHHBIE XapaKTEPUCTHKHU DIEKTPOIN3a OMPEACTSIOTCS 3aKOHOM 3JIEKTPOIH3a (3aKOHOM
dapanes):

Macca sewgecmesa, gvioenuguie2ocs Ha I1eKmpooe, NPAMONPONOPYUOHALLHA 3aPA0Y, NPOUEOULEMY
uepes 271eKmpoum.

m=Kk-q,
rie M — macca BEeIeCTBa, BbIJICJINBILIETrOCs Ha SJICKTPOAEL, KT,

g — 3apsiz, OpoLIeIINNA yepe3 aneKkTponut, Ki;
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K — IIeKTpOXMMHUYECKHIT SKBUBAJICHT BEIICCTBA (XapaKTEPUCTHKA BEIICCTBA, OMPEICIISACTCS 110
Tabnuie), Xr.
Kn

Tax xak | :ﬂ:q: | .4t =>m=k4t —3akon Dapanes,

at

rae | — cusa Toka B AeKTpoJuTe, A;

At — MMPOAOIKUTEIIBHOCTD 3JICKTPOJIN3a, C.

Benuunny k = _# maswBaror onexmpoxumuseckum sxeusanenmom )= x< .
F-n Kn

HpumeHeHue IJIEKMpPOoJiu3a 6 mexnHuke

1. 1711 04KMCTKHA METAJIOB OT HEOOJIBIIOr0 KoJn4yecTBa mpumeceit (papunuponanue). [lomyuenue
YHUCTBIX: MEIH, cepedpa 1 30J10Ta. ITOT MPOIIECC Ha3bIBAaCTCA pahpUHUPOBAHUEM.

2. JIns nony4eHusl METAJIJIOB U3 pacTBOpa (LIMHK M HUKENb). DTOT MPOLECC Ha3bIBAETCS
AIEKTPOIKCTPAKLUEH.

3. [ToxpbITHE OJHOTO METAJJIA CII0OEM JPYroro MeTauia (HUKeIMPOBaHUE, XPOMUPOBAHHE U T. I1.).
DTOT npolLecc Ha3blBaeTCs raJIbBAHOCTETUEH.

4. [Monydenue konuit peiabeHbIX H300pakeHUH (TaTbBaHOIIJIACTHKA).
5. st CHATHUS IEPOXOBATOCTU M3AETUH (JIEKTPOMOJIUPOBKA) U JP.

DJIEKTPUYECKUH TOK B METaJLIe

HarpeBanue npoBoiHUKa IPU MPOXO0KIEHUU 10 HEMY MTOCTOSTHHOTO TOKa MOYKHO OOBSCHUTH TEM,
YTO KUHETUYECKAsl SHEPTHSI DJIEKTPOHOM TEPEIaeTCs MPU CTOJIKHOBEHUU MOHOB KPUCTAIITUYECKOM
pEIIeTKU.

p=po(l+at),
€ p,— YAEIBHOE COnpoTHBienue nposoauuka npu 0°C, Om-M;
t — Temneparypa no mkane Lenscus, °C;
p — YAEIBHOE CONpPOTHBIIEHNHE TpH TeMneparype t, Om-Mm;

o — TeMIepaTypHbId KO3 (QULIMEHT CONPOTUBIICHHS METaIa, 1

k

Bospacranue ynenbHOro CONpPOTHUBIEHUS MOXKHO OOBSICHUTH TEM, YTO C POCTOM TEMIIEpaTypbl
aMIUTMTyZla KOJIeOAHWH HOHOB KpPUCTAJUIMYECKOH pEIIeTKH METaUIOB YBEIMYMBAETCS M BO3pacTaeT
BEPOSITHOCTh MX CTOJKHOBEHHS C D3JeKTpoHaMmu. lIpy CTOJIKHOBEHMHM C HMOHAaMH 3JEKTPOHBI TEPSIOT
CKOPOCTb HAIIPABJIEHHOIO IBM)KEHUSL. DTO U IPUBOJUT K BO3PACTAHUIO YAEIBHOIO CONPOTUBIICHUSL.

Jlnst Bcex MeTaiuioB o>1 1 Mano MEeHSeTCsl PYU U3MEHEHUH TeMueparypsl. J{JIs 4uCThIX METAILIOB
& ~_ 1, s onexTponuToB a<0 U C yBEIMYEHHEM TEMIIEPATYPHI YMEHBIIAETCS.

~

273K

MHorue mNpOBOJHUKK 0O0JaJal0T CBOWCTBOM CBEPXIPOBOJUMOCTHU
COCTOSAIIEM B TOM, YTO UX CONMPOTHUBIICHHE CKAYKOM TAJaeT JI0 HYJS MpHU
OXJIQXKJCHUM  HWXKE  OMNPEACNICHHOM  KPUTHUYECKOM  TeMIepaTyphl,
XapakTepHOW st maHHOro BemectBa. B 1911 r. romnmanackuii gusuk X.
Kamepnmuur-OHHec oOHapyKuJl, 4TO TP MOHWKEHUH TEMIIEpaTypbl PTYTH
10 4,15° K ee ynenbHOe conpoTubieHue manaer 1o 0.
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IIpuMepsl peleHus 3a1a4
[Ipu cepeOpennu nznenus Ha karof 3a 30 MUH. OTIIOKIIIOCH cepedbpo maccoit 4,55 . Onpenenure
o -6 KT
CHJTY TOKa TIPH JICKTPOIH3e. DIEKTPOXUMHYECCKUH SKBUBAICHT cepedpa 1,12-10 8L
? Kn

[aHo: Pemenue:
m=4,55r=4,55-10" | 3anumem 3akoH riekrponn3a dapanes:
3
" m=xlAt= ;- "
At =30 muH. = I:Jt
1,8:10%
=226 A

k=1,12-10°7

-2

DHeprusi MOHU3alUuu aToMoB pTyTH paBHa 10,4 3B. Kakoli HauMeHbIIe CKOPOCTBIO TOTKEH
00J1aaTh AIIEKTPOH, YTOOBI MPOU3BECTH HOHHU3AIMIO aTOMa PTYTH yaapom?

Hano: Pemienue:
Wi =10,4 5B = 16,64-10° 15B=1,6-10"]1x
19
Hox st Toro, 4ToOBI HOHU3UPOBATh
m=9,1-10*kr aTOM PTYTH, DJIEKTPOH JOJKEH
I 00J1a1aTh KHHETHYECKOM dHEPIUCH
min— :

E\, paBHOM SHEpPIrUM HOHU3ALUU:

E. =W, umu mUTmin:Wi’

rae m —macca 3JICKTpPOHa,

Umin — HAUMCHBIIIass CKOPOCTh 3JICKTPOHA, ITPpU KOTOpOfI BO3HHKACT MOHU3allHA.

OTtkyna vmin = W ; Omin= 1,9-106%‘
m

JIBa mpoBOIHUKA C TeMIIEpaTypHBIMU Kod(uiinenTamu conpotusienus ol u o2
umerot npu 0 °C conporunenust Ro; u Ro,. UeMy paBen TemmnepaTypHbiit KO3 PUImeHt
CONPOTHUBJICHUS TPOBOJHHUKA, COCTABJIEHHOTO U3 ABYX JIaHHBIX TPOBOJHHUKOB,
COEJIMHEHHBIX: a) NOC1e008amenvbHo, 6) napaiieibHo?

Pemenne. CornacHo cooTHoEHHIO (2.5.1) conpoTuBIeHHs MPOBOJHUKOB MPU
TEMIEPAType t COOTBETCTBEHHO PaBHBI:

R1 = Ro(1 + ay4t),
R, = Rgo(1 + o)
a) [Ipu nmocnenoBateTIbHOM COSTMHEHNH, coryiacHO opmydie (2.8.6), o01ee cConpoTUBIECHNE
R=R;+Ry;=Rp + Roz + (01Ro1 + 02Rp)t

C npyro# CTOpOHBI, MOYKHO HAIKCaTh:
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R =Ry(1 +a't),
rae Ryo = Ros + Rz, @ o' — uckomsiil Temnepatypubiii koaddunuent. OTcrona

r_ Bo1y + Rpp0tp
Roy + Ry

6) ITpu nmapatiensHOM coeauHeHHH, coracHo dopamyie (2.8.13), obmee conpoTHBIcHHE

g - ForRoa(l ¥ eat)(1 ¥ apt)

- R01(1 +a1t)+R02(l +(12t) =RO(] + o t)’

Rr = Ro1 Ry
0 R,; + Ry, ) o o
rae 01 02 — conpoTHEIEHHE NapaTIeIbHO coeauHeHHEIX MpooauuKor npu 0 °C. [Ipenedperas wienamu,
IPONOPIHOHAIRHBIMHE NPOH3IBCICHIAM TEMIICPaTYPHBIX KOB@Q)HHH&HTOE: KaK MaJIbIMH. ITOTYYTHM:

”n

i Ryy0ty + Ry 09
Ry, + Ry,

PemmTs 3a1a4i cCaMOCTOSITEILHO
-2
1. [Ipu snextponuse cepHokuciaoro nHMHka B TedeHwe 5,0 4 Bwigenunoch 3,06:10° kr muHKa.

Omnpenenure CONPOTUBIIEHUE JIEKTPOJIUTA, €CIIH AIEKTPOIN3 IPOXOANT Npu HanpskeHuu 10 B.

2. [Ipu snexTponuse pacTBOpa CEPHOKUCIOrO IIMHKAa B Te€YeHHUE | 9 BBIIETUIOCH 2,45:10% kr
uuHkKa. Haiinure BenuunHy cOnpoOTUBIIEHHUS, €CIIM BOJIBTMETP MoKa3biBaeT 6,0 B,

3. Kakoe xkonnuecTBo cepebpa BbaensieTcd NOpU  3eKkTpoiau3e B TedyeHue 0,5 4, ecium
COMPOTHUBIIEHUE ANEKTPOIUTHYECKOM BaHHbI 2,0 OM, a HanpsbkeHue Ha ee 3axumax 3,0 B?

4. B anexrponutryeckoit MeqHOM BaHHE 3a 40 MMH BBIIEINIOCH 1,98:10° kr mem. Onpenenure 3¢
Oarapen, HEOOXOIUMYIO JUTsl MUTAHUSI TOKOM BaHHBI, €CII CONMPOTHUBIEHHE pacTBopa .1,3 OM, BHyTpeHHee
conpotusienue darapen 0,3 Om.

5. Kenesnple TpyOKM paguaTtopa OXJaXJIEHUS JIBUraTessl TpakTopa TIOKPBHIBAIOT MEbIO
rajibBaHu4YecKuM criocobom. Onpezienure TONIMHY CI0sl MEAU Ha TpyOKe, eclii MOKpbITHE BeAeTcs 1 u
15 MHH IIpH TUIOTHOCTH TOKa 30 A/M.

6. Jns  mpunaHus OodbLIOW TMPOYHOCTH
CTEPXKHSIM, COEIUHSIONIMM TyCEHULbI TPAaKTOpa, HX IOBEPXHOCTh XPOMHUPYIOT TalbBaHUUYECKUM
cioco6oM. TommuHa ci10s Xpoma J0KHA COCTaBATh 5,0 10" m. [II0THOCTH TOKA paBHa 2,6° 10°A/M2.
CKonpKO BpeMeHHU OyeT MpoTeKaTh MPOIecC XPOMUPOBAHUS, €CIIM XPOM IIECTUBATICHTHBIN?

7. ComnpoTupienne MegHoro nposoga mpu Temmeparype 0° C pasno 4 Owm. Haiimure ero
conporusnenre mpu 50° C, ecmu TemmeparypHblii kodd@uiuent conporusnenus memu (TKC)
a=4,3*%10-3 K-1

8. Conpotusnenne nposoguuka npu 20° C pasuo 25 Om, a npu 35° C - 25,17 Om. Haitaute
TeMIepaTypHbIi KOAPOHUIIMEHT CONPOTUBICHHUS.
9. ComnpoTHBIEHHE CTAIBHOrO MPoBoaHKKa Tpu Temmeparype t1=10? C R1=10 Owm. Haiizure npu

KaKOM TeMIlepaType €ero comnpoTuBieHue yBenuuutrcs Ha 1%. Temmeparypubsiii ko3dduiment
compoTuBiienus cranu 6*10-3 K-1

10. ComnpoTupieHne BOJb(PPaMOBOi HUTH namnbl HakanuBauus npu 20° C pasmo 20 Owm.
TemnepatypHblii K03puueHT conpotusieHus Boiabppama 4,6 * 10-3 K-1 . Haiigute temneparypy
HUTH HaKaJla JaMIlbl IIpY BKJIIOUEHUU €€ B ceTh ¢ HanpsbkeHueM 220 B u cusoii Toka 1 A

70



@opma npeacTaBJieHus pe3yabTaTa:
BbImonHATE 3a/1aHUE B TETPAAN IS IPAKTHYECKUX padoT.
Kputepuu onenkmu:
3a MpaBUIIHLHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TTOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJaHNE BHICTABIISICTCS OTpUIIATENbHAs olleHKa — () OaioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUILHBIX OTBETOB
Oyenka «xopouto» evicmagngemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbHoy svicmasisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.4 MaruutHoe moJjie

IIpakTuyeckoe 3anaTue Nel9. Pemenue 3aapa4y no teme «MarHuTHoe 1oJie M €ro
XapaKTePUCTHKH»

IpakTnyeckoe 3ansiTue Ne 20. Pemienue 3aga4 no reme /leiicTBue MArHMTHOTO MOJISI HA 3apsijl

Hean: cdopmupoBats nOHMMaHue ponu GuU3MKH B (QOPMUPOBAHMM  KpPYyrozopa U
(GYHKIMOHATBPHONH T'PaMOTHOCTH YEJNOBEKA JUIS DEUICHUs TMPAKTUYECKUX 3ajad; sl OOBSCHEHUs
YCIIOBHIA TPOTEKaHUS (PU3NIECKUX SIBIICHUH, yMEHUS BBIIOJIHATH PacyeTHBIC U rpadudeckue 3a1auu

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
I1P67

[1Py5; I1Py9; I1Py11; [1Py13;

MP8&, MP9, MP10, MP21, MP17, MP13

JIP 26, JIP 14, JIP 23, JIP 13

MarepuajnbHoe o0ecnieyeHue:

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

Yka3zanue:

[IpakTHueckoe 3aHATHE COCTOMT W3 JABYX YacTed — TeopeThueckod M mpaktudeckoil. Ilocrne
U3Y4YEHHUs TEOPETUYECKOTO0 MaTepHallia MO>KHO IPUCTYNATh K BBIMOJIHEHUIO MpakTHUyecKoil yactu. OHa
COCTOHT U3 JBYX W OoJiee 3a7ay JJIsl CaMOCTOSITEIHHOTO BBIMONMHEHUs. He 3a0biBaiiTe 0 MpaBUILHOM
opopmiiennu perieHusi. Ha BbITIOIHEHNE MPAaKTUYECKOTO 3aJ]aHUs OTBOJUTCS Yemblpe aKaJIeMHUYECKUX
Jaca.

3ananmue:

O3HAaKOMBTECE C TECOPCTUUCCKUMHU CBCACHUAMMU HUCITIOJIb3Ys CCBIIKY
https://znanium.com/catalog/product/1012153, §43,44, BemucaB GpopMyIibl
OTMEUYCHHbIE CKOOKamu , Harpumep( 43.1)

Pemnre 3amaun, camMOCTOATENBHO HCIONB3YS NMPUMEPHI U KPATKUE TEOPETHUYECKHUE
CBEJICHUS.

Ilopsinok BbINOJHEHHSI padOThHI:
1. H3yuuTte u BeIMUIIMTE GOPMYIIBI [0 JAHHOH TeMe B BUJI€ KPATKOT'O KOHCIIEKTa
2. Pasbepute mpuMepsl peNICHHBIX 33124
3. Pemmre camocTosATENHHO 3aa4U

IIpuMepsl peleHus 3a1a4
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https://znanium.com/catalog/product/1012153

1. ITpoBoaHMK C cHIIOM TOKA SA TOMEIIEH B OAHOPOHOE MATHUTHOE T0JIE C MHIYKIIHEH 1-10°TA.
VYron Mexay HanpaBJICHUSIMU TOKA U TOJIS 60°. OnpeeanTe JIMHY IPOBOHUKA, €CIH I0JIe JEHCTBYET
Ha Hero cuoii 2-10H.

JaHo: Pemenue
I=5A F=BI-{ sino. =>t=__F
B-lsina
B=1-10"TA
a =60°
2
52% ~0,46
F=2-10"H 1-102TA-0.87-5A
£-?
sin 60°~0,87
’ Otsert: £=0,46Mm.

2. Kakas cuia geiicTByeT Ha 3JEKTPOH, JIETAUIUI B OJHOPOJHOM MAarHUTHOM IOJI€ ¢ MHAYKLHEH

1-10 TA mepreHIuKy/ISPHO JIMHHSM MATHATHOM HHIYKIIMH co cKopocThio 3107 M/c, 3apsi snexrpoma
= 1,610 Ko

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

P’ MarHuTHOM I10J1€, ACHCTBYET cuia
B=1-10"TA Topenna:
a=90°

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

F=?

4.8-10°H

Ortsert: 4,8:10°H
PemmnTs 3a1a4M CaMOCTOATEILHO
(N - Homep sawezo sapuanma no cnucky)
1. Ha npsaMonuHEHHbIH TPOBOAHUK ¢ TOKOM 1,5 A B OJHOPOJAHOM MarHWTHOM Iojie ¢ nHAyKuen 0,4

TA nevictByetr cuna ,n H. Onpenenure MMHY NPOBOJHUKA, €CJIM OH pacroioxeH noxa yrioM 300 k
CHJIOBBIM JIMHUSIM.

72



2. Kakas cuna neicTByeT Ha MPOTOH, JICTSAIIWN B OHOPOJHOM MAarHUTHOM Iojie ¢ uHIyKuuen 4-103
TA mneprneHIuKyaspHO JIUHUSAM MAarHUTHOM HHIYKIIMA CO CKOpocThio 2:105M/c. 3apsa mpoToHa
q=1,610-19KA.

3. Jlaiite ompeneneHHe MarHUTHOM WHIYKIMUA. B Kakux eauHUIAX OHA H3MepseTcsa? 3amnuiinmTre
€AMHUIlY MATHUTHOM UHAYKIIUU Yepe3 OCHOBHBIE

4. enununbl uamepenus B cucreme CH.

5. DnexTpoH IBMKETCS B BaKyyMe cO CkopocThio 3-106 M/c B OIHOPOJHOM MarHUTHOM IIOJIE C
uaykiued B = 0,1 Tn. Yemy paBHa cuna F, geilcTByromiass Ha 3JIGKTPOH, €CIU YIroJl MEXKIY
HaIpaBJIEHUEM CKOPOCTH

6. ¥ JIMHUAMU MarHUTHOW MHAYKIHMH paBeH 9007

7. 1lpsAMONMHENHHBII NPOBOJHUK, IO KOTOPOMY MJET TOK cwioil 10 A, momemieH B OJHOPOJIHOE
MarHuTHoOE 1noJie, UHAYKIus koroporo 0,3Tn. Yron mexny HanpaBieHUEM TOKAa U BEKTOPOM MarHUTHOU
nHaykuuu pasel 300.

8. C kakoii cuioii F neficTByeT MarHUTHOE I10JI€ Ha Y9aCTOK MPOBOJHUKA JITTMHOK N M?

9. Ompenenure MarHUTHBIA MMOTOK, MPOXOSAIIMA Yepe3 MPSIMOYTOJbHYIO paMKy CO CTOpOHAMH 2X5
CM, €CJId OHa MOMEILEHAa B OJAHOPOJHOE MarHuTHoe nojie ¢ uHaykuumen 4-10-3TA mox yriaom 300 k
JUHUAM UHIYKIIUH TTOJIS.

10. B ogHOpOAHOE MarHWTHOE MoJie, MHAYKIH KoToporo 1,26-10-3 TA, momMernieH npsMoil MpoBOIHUK
uIHOM n cM. Onpenenure cuily, JEHCTBYIONIYIO Ha IPOBOJHUK, €CIM IO HEMY TedeT Tok 50 A, a yron
MEX/y HalpaBJI€EHUEM TOKA BEKTOPOM MHIYKLUHU cocTaBisieT 30°.

11. TIpoBomuuk ¢ cuioit Toka 5,0 A TOMenIeH B OJHOPOJHOE MarHUTHOE rosie ¢ uHayknuen 1,0-10-2
TA. Yron mMexnay HanmpaBiaeHUsIMU ToKa U 1nojs 60°. Onpenenure akTUBHYIO JUIMHY ITPOBOJIHUKA, €CIIU
oJie IelcTByeT Ha Hero cuioit 2 10-2 H.

12. Kakyro paboTy coBepiiaer OJHOPOJHOE MarHutHoe mnoje wuHAykuuen 1,5-10-2 TA mnpu
nepemenieHuu Ha pacctosinue 0,2 M MpOBOAHHMKA IJIWHON 2M, MO KOTOpoMmy TeueT Tok 10 A; ecnm
IepeMenieHue MPOUCXOAUT BHOJb nercTBus cui? IlpoBogHuk pacnonoxkeHn nonx yriaom 30° k
HaIpPAaBJICHUIO MOJIS.

13. HaiiguTe MHAYKIHUIO MATHUTHOTO TOJIS, B KOTOPOM MaKCUMalIbHBIH MOMEHT CHII, JEHCTBYIOIIUX HA
pamky ¢ TokoMm B 3,0 A, pasen 1,5 H-m. Pazmepst pamku 0,05X0,04 M, 4ucio BUTKOB PaBHO .

14. B ogHoponHOM MarHuTHOM moje ¢ uHaykiued 0,25 TA HaxoauTcs MPSIMOTMHEWHBIN MPOBOIHUK
mHot 1,4 M, Ha kortopbiil neictByer cuia 2,1 H. Onpepenurte yroa Mexay NpPOBOJHUKOM H
HaIlpaBJI€HUEM BEKTOpa MHIYKIIMHA MarHUTHOTO MOJIsA, €CIM CHJIa TOKA B MPOBOAHUKE 12 A.

15. Yemy paBHa cuia TOKa B HPSIMOM MNPOBOJHUKE JIMHOW 1,0 M, MOMENIEHHOM B OJHOPOJIHOE
MarHuTHoe noje ¢ uHaykume 1,5-10-3 TA, ecnum Ha 3TOT NPOBOJHUK CO CTOPOHBI MOJIA JEHCTBYET
cwia 2,1-10-3 H? Yron Mex 1y HalipaBlI€HUEM AJIEKTPUUYECKOT0 TOKA U BEKTOPOM MHAYKIIUU paBeH 45°.

16. Ha oOMOTKY poTopa 37eKTpOABUTaTENs TP MPOX0KISHUH 0 TpoBoay Toka 20 A feicTByeT cuia
B 40 H. Ompenenure BeIWYMHY MAarHUTHOW HMHIYKIUU B MECTE PACIOJIOKEHHUS MPOBOJA, €CIU €ro
mrHa 20 cm. OOMOTKa COAEPKUT N BUTKOB.

17. DneKkTpoH ONUCHIBAET B MArHUTHOM I10JI€ OKPY>KHOCTH paguycoM 4,0-10-3 m. CKopocTh IBHKEHUS
ANEeKTPOHOB paBHa 3,5-106 m/c. HaliguTe MHAYKIIMIO MATHUTHOTO TTOJIS.

18. TIpoton amxercs co ckopocThio 1,0-106 M/c IepIIeHIUKYIIPHO OJTHOPOJHOMY MAarHUTHOMY TIOJTIO
c uaaykuuen 1,0 TA. Haiinure cuty, IeHCTBYIOIIYIO HA IPOTOH, U PaJUyC OKPYKHOCTH, 110 KOTOPOH
OH JIBHKETCSI.

19. DnekTpoH BieTaeT B OJHOPOAHOE MArHUTHOE TOJe, HHAYKIUsS KoToporo 2,0-104 TA,
MEPIEeHIUKYJISIPHO CUIIOBBIM JIMHUSAM co ckopocThio 1,0 106 M/c. Beiuncnure paguyc oKpy»XKHOCTH, 110
KOTOPO# OyJIeT NBUTaThCS dIEKTPOH.

20. Kakas cwia JelCTBYeT Ha JJICKTPOH, JICTSIIUH B OJHOPOJHOM MAarHUTHOM IIOJI€ C WHIYKITHEH
1,0-10-2 TA nepneHAUKYISIPHO JIUHUSAM MarHUTHOM MHAYKIMH cO CKOpocThio 3,0-106 m/c?

21. DeKTpoH, ABUTasch co ckopocThio 3,54:105 m/c, momamaeT B OJHOPOJHOE MArHUTHOE TIOJE C
uHaykuuen 2,0-10-5 TA nepneHAUKyIsSIpHO K €ro CHUJIOBBIM JIMHUSM M IPOAOJDKAET JBUKEHHUE IO
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OKpyxHOCTH paauycoM 10 cm. Haiinure ynenbHbIN 3aps] 3J€KTpPOHA, T.€., OTHOIIEHHUE €ro 3apsna K
Macce.

22. TlpoToH, umeronwii ckopocts 4,6-105 M/c, BieTaeT B OTHOPOJHOEC MAarHUTHOE TOJIE C MHIYKITUEH
0,30 TA nepneHIUKYyJIpHO MarHUTHBIM CHJIOBBIM JIMHUSIM. PaccuuTaiiTe paanyc OKPY>KHOCTH, IO
KOTOPO# OyJIeT IBUTaThCS MPOTOH.

23. IIpoToH ABWXKETCS B OJAHOPOJHOM MAarHUTHOM Toyie ¢ umHayknumed 3,4-10-2TA B 1miockocTw,
MEePHEHUKYISIPHON K CHJIOBBIM JIMHUSAM. OnpenenuTe paauyc TPAaCKTOPUHM MPOTOHA, €CIIU JABUKCHUE
MPOUCXOJUT B Bakyyme 3,3- 10° m/c.

24. B onHopomHOe MarHUTHOe mojie ¢ uHayknuen 8,5:-10-3 TA Bueraer 3JIEKTPOH CO CKOPOCTBHIO
4,6-106 m/c, HanTpaBICHHOW NMEPIEHANKYIAPHO K CUIOBBIM JTHHUAM. OnpeenuTe CUily, T1eHCTBYIONTYIO
Ha AJICKTPOH B MArHUTHOM TI0JI€ U PAJNYC AYTH OKPY>KHOCTH, IO KOTOPOU OH JIBUKETCS.

25. B marnutHoe mose ¢ mHAyknuer 0,5 TA B HampaBiIeHUH, COCTaBIAIONIEM yroi 45° ¢ JTHHUSAMU
WHIYKIIAH, BIETACT JIEKTPOH cO CKOpocThio 2,0-106 m/c. Onpenenure cuity, NIEHCTBYIONIYIO HA HETO.
26. B mMarHuTHOE 1OJie B HAIpaBJICHUU, NMEPHEHAUKYIIPHOM JUHUSAM WHIYKIHMH, BJIETAET MPOTOH CO
ckopocThio 3,2-10° M/c. HaiiiuTe HHIYKIMIO 3TOTO MOJS, €CIH IIPOTOH ONHCAT OKPY)KHOCTD PaIHyCcOM
10 cm.

27.  3ajauu Ha TOCTPOCHHS: _

OnpenenWTe HaNpaENeHWE OEWKEHWMA NEPOEOAHMES C TOKOM [(CHNE AmMNepa)
¥ ® ® R® K
T I ¥o0® X
¥ ow oxw ow 1

[~ ] Ls] ® —

BoE H

X X X X H
X H

=
=
=
BoEE

* ®
|

OTEeT: OTEeT: OTEET:

CnpenendTe NONApHOCTE  |CONpenendTe HanpaeneHde |YEIMHTE NHHEK

MATHWTA Toka E NPOEBOOHWES MarHWTHOro NonA

e

N L1
[~ ]1® [7] O— —
l >

OTERT. OTMETE HA MarHiTe |DJTEET: JTERT:

28. Chopmynupyiite 3aauy U peniure ee
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®dopma npeacTaBiaeHusl pe3yJabTarTa:
BrimmoaHuTh 3alaHuC B TCTpaau AJId NPAKTHICCKUX pa60T.

Kpurepuu onenku:
3a mpaBUIIbHO BBITOJHEHHOE 33JJAHHE BHICTABJISICTCS TOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HEeMpaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISIETCS OTpUIaTeIbHas omneHka — 0 6amoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.5 DileKTpOMarHuTHasi MHAYKIUS

IIpakTnueckoe 3ansitue Ne2l. Pemienue 3a1a4 no reme «J1eKTPOMATHUTHASI HHAYKIHUSA. 3aKOH
3J1eKTPOMATHUTHOH MHAYKIMH. CaMOMHAYKIUS

Hean: chopmupoBaTh NOHUMaHHWE pPOJAM (GHU3UKK B (OPMHUPOBAHUHM KPYrozopa BiaJieHUE
OCHOBOIIOJIATraIOMIMMHU (PU3MUECKUMH MOHATHUAMH, 3aKOHOMEPHOCTSIMH, 3aKOHAMU U TEOPUSMHU; YMEHUS
BBINOJIHATE pacueTHbIE U rpaduuecKre 3a1a4u

Boinosinenue padoTsl cnocodcTByeT GOPMIUPOBAHMIO:
[1Po67;

[1Py5; I1Py9; I1Py11; [1Py13;

MP8&, MP9, MP10, MP21, MP17, MP13

JIP 26, JIP 14, JIP 23, JIP 13

MarepuajibHoe o0ecnieyeHue:
WHAUBUAYAJIBHOC 3aJIaHUC, KOHCIICKT JIGKI_[I/If/'I, CIIPAaBOYHLBIC MATCpHUAJIbI.
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Ykazanue:

[IpakTHueckoe 3aHSATHE COCTOMT W3 JIBYX YacTed — TEOpPEeTHYECKOW M mpakTuyeckoil. Ilocie
U3Y4YEHUs TEOPETUYECKOTO0 MaTepHalla MOKHO IPUCTYNATh K BBINOJIHEHUIO MpakTUYecKoi yactu. OHa
COCTOHT U3 JBYX U Ooiiee 3a7ay JJIsl CaMOCTOSTEIBHOrO BhINMOIHEHUA. He 3a0biBaiiTe 0 mpaBUILHOM
oopmienun pemenus. Ha BbImonHeHHE MPaKTHYECKOTO 33aJaHUS OTBOJHUTCS Yembipe aKaJleMHUUECKUX
Jaca.

3ananmue:

1. O3HakombTech ¢ KPATKUMHU TEOPETUYECKUMU CBEACHUSIMH HCIIONb3YS CCHUIKY
https://znanium.com/catalog/product/1012153 ,52§ u kpatkyro 3armuch GopmyI1 HIKE

2. Pemure 3amauyu, cCaMOCTOATEIBHO HCIONB3yS MPUMEPbl U KPATKHE TEOPETUYECKUE
CBEJICHUSI.

Ilopsinok BbINOJIHEHUs padOTHI:
1. M3yuwnte n BeImUIIMTE (GOPMYIIBI IO JAHHOH TEMeE:
2. Pasbepute nmprMepsl perIeHHBIX 3a/1a4
3. Pemmre caMmocTOSATENHHO 3a/1a4U
4. OtBerbTe Ha Bompockl Tecta https://znanium.com/catalog/product/1012153,
ctp331.

KpaTKne TCOPETUIECCKHUE CBCACHUA

3axon 21ekmpomasHUmMHOU UHOYKYUU:

3I[C I/IHL[yKI_[I/II/I B BaMKHyTOM KOHType paBHa II0 MO,Z[yJ'IIO CKOpPOCTHU H3MCHCHHA MArHHUTHOI'O
AD

MOTOKA Yepe3 MOBEPXHOCTh, OTPAHUYCHHYIO KOHTYPOM: o —
[

, rae & — OJC unnykuun, B; AD= D,-

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

AD| _ CKOPOCTb USMCHCHUA MAarHUTHOI'O ITIOTOKaA, 876

c

JTAHHOE W3MEHEHHE, C;

C yueToM HampaBlIeHUS HHIAYKIIMOHHOTO TOKA 3aKOH 3aIlUCBhIBAETCS TaK: g, — _AP
! At

Ecmu SaMKHYTBIﬁ KOHTYp COCTOHUT U3 N nociaca0BaTCIbHO COCAMHCHHBIX BUTKOB (HaanMep, B
AD
At

COJICHOUJIE) g =-N- , Tae N — 91ciio BUTKOB.

Pa3HOCTP MOTEHIIHANIOB U Ha KOHIIax HpHMOHHHeﬁHOFO IMPOBOJHUKA JUTMHOM |, ABHUXXYHICTOCS CO
CKOPOCTBIO U B OAHOPOJHOM MArHUTHOM II0JIC

U = Blvsina ,
I7Ie 0. — YToJl MEX]ly HallpaBJICHUSIMH BEKTOPOB CKOPOCTH 0 M MarHUTHOM
uHayKuu B

DONEKTPUUECKUH TOK, MPOXOIALIMI IO MPOBOJHHUKY, CO3/1a€T BOKPYI HErO0 MAarHUTHOE IMOJIE.
MarauTHBINH TOTOK CKBO3b miIomanab MOBEPXHOCTHU, OTPAaHUYCHHYIO CAMHUM KOHTYPOM, ITPOIMOPIIMOHAIICH
cuiie Toka B KoHType: @=L
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Koadduuuent nponoprpionansHocTd L Ha3bIBaeTcs undykmusHocmoio KouTypa: [L]= {%} =—
=I'H (renpnm).

3HaueHue MHAYKTUBHOCTH 3aBHCHUT OT pa3MepoB U (JOPMBI MPOBOJIHUKA, a TAKKE OT MarHUTHBIX
CBOMCTB ceprl, B KoTopoil oH HaxomuTcs. DJIC CaMOMHAYKIMH IO 3aKOHY JJIEKTPOMArHUTHOM
WHIYKIMU paBHA:

X __LiI,T.K. X :A(D,

is At %is T 4

rae A1=l,-1; — u3MeHeHne CUITbl TOKa B IPOBOJIHUKE, A
At — Bpems ero u3BMEeHEHus, C;

il — CKOPOCTb UBMCHCHUS CUJIBI TOKaA, A .

At c

2
OHeprusi MarHUTHOT'O HOJISE MPOBOJHUKA C TOKOM: v, = L2 [JIx]
2

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

1. Ha ckoipko M3MEHUIAch CUJIa TOKa B MPOBOJIHUKE, eciin 3a 0,1 ¢ B MPOBOJAHUKE, HHIYKTUBHOCTh
kotoporo 4 I'n, noasmiace 3/1C camonHaykiuu pasHas 12 B?
2. 3a KakoW TPOMEKYTOK BPEMEHHM MarHMTHBIA MOTOK m3MeHwmwics Ha 0,01 BO, ecim B koHTYpe
Bo3HuKaeT J/IC nnaykuuu n B?
3. MarnuTtHOe moje Karymku ¢ HHIyKTHBHOCTRIO 0,2 ' obnamaer sueprueit 0,4 J[x. Uemy paBHa
CHJIa TOKa B KaTylke?
4. Omnpenenure 3HEPruio, 3aMacaeMyl0 B MarHUTHOM I10J€ HWHIYKTOpa, KOTOPBIM HCIOJIB3YyeTCsl B
YCTAHOBKE JUIi MarHuT HMMITYyJbCHUBHOTrO ¢opmoBanus. MHaykTuBHOCTH Katymku 7,0-10-7 T', cuna
paspsnHoro Toka 1,45-105 A.
5. Kakoif moToKk MarHUTHOM MHIYKLIMU CO3JIa€TCA B KOH TYPE JIEKTPHUUECKUM TOKOM, €CJIU MPU €ro
yMeHblleHnu A0 Hyis 3a 0,01 ¢ B KOHTYpe BO3HHMKAET 37C caMOMHAYKIMK paBHast 30 B?
6. Ompenenure >HEPTUI0 MAarHUTHOTO TOJIA KaTyIIKHU, B KOTOPOH MpH cuiie Toka 6,8 A MarHUTHBINA
oTOK paseH 2,5-10-3 BO.
7. 3a Kakoil MpOMEXYTOK BPEMEHHU B KaTylllKe ¢ MHIYyKTUBHOCThIO 0,28 I' mpoucxoauT HapacTaHue
CHJIBI TOKA OT HYJIA 10 9,6 A, eciii pu 3TOM BO3HUKAET CPEIIHS 1C CAMOMHAYKIMH, paBHas 38,4 B?
8. IIpoBomHUK AIMHON N M NepeMeriaeTcss B OJHOPOAHOM MarHuTHoM mone ¢ uHayknuen 0,2 TA.
JIBu>keHHe MPOBOAHHMKA MPOUCXOAUT cO cKopocThio 10 M/c mon yriom 45° K MarHUTHBIM CHJIOBBIM
nuHuAM. HaliquTe 51¢ MHIYKIIMY, BOSHUKAIOUIYIO B IPOBOJHUKE.
9. Kakoif MarHuUTHBI TOTOK TPOHU3bIBAET KOHTYpP, €CIM TPU PABHOMEPHOM HCUE3HOBEHHUHU
MAarHUTHOTO TOJISl B TEYEHHE N C B KaTylIKe HHAYIUpPYeTcs 3¢, paBHas 0,02 B?
10. Kakoii MarHUTHBIA MOTOK MPOHMU3BIBAET IJIOCKYIO MOBEPXHOCTH IUIOMIA/bI0 3 ¢cM2 MPH UHIAYKLIUU
noiist 0,24 TA, ecniu HopMalib, K TOBEPXHOCTH PacIoyioxkeHa 1o yriaom 60° Kk BEKTOpY MHIYKIUH.
11. Onpenenute MHAYKTUBHOCTH KAaTYIIKH, €CIIM MPH YBEIMYEHUU TOKa B Hel Ha 2,2 A 3a 50-10-2c
MOSABJISIETCA CPETHSIA 3AC CAMOMHIYKIMY, paBHas 1,1 B.
12. B npoBognuke qmHOU 0,5 M, ABMXKYyIIEMcs cO CKOpocThio 3,0 M/C MepneHAUKYISPHO CHIIOBBIX
JIMHUM OJHOPOJHOrO MarHUTHOro mnoJiga, Bo3Hukaetr OJIC 6,0-10-2 B. Onpenenute HHIYKIHIO
MarHMTHOI'O HOJIS.
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13. Onpenenute MarHUTHBIA MOTOK, MPOXOMSALIMNA Yepe3 MPSMOYTOJIbHYIO IJIOMIAJKy CO CTOPOHAMHU

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

60° K TMHUAM UHAYKLIUHU TOJIS.

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

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

15. Omnpepenute mpOMEXYTOK BpEMEHH, B T€UEHHE KOTOPOIO MArHUTHBIA MOTOK, MPOHU3BIBAIOIIMIA

KOHTYp, JoipkeH yBenmuuutbes oT 0,01 o 0,20 BO, uyToOsl B KOHTYpe Bo30yxaanack D/{C MHAYKIIMH n

B.

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

CKOPOCTh €ro MpH TOpU3OHTalIbHOM mosere 250 M/c, a BepTUKaJIbHas COCTaBISIONIAs MarHUTHON

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

17. B opHOpogHOM MarHWTHOM moJjie moA yrioM 30° K HampaBlI€HHIO BEKTOpAa MHAYKLWHU, BETUYHHA

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

MEPIeHIUKYIIpEH MPOBOAHUKY. OrpenenuTe ATUHY MPOBOJHUKA, eciu B HeM HaBoauTcs D/(C, paBHas

2,5-10-2 B.

18. Tpaktop o6mero HaznaueHuss K-700 wmmer co ckopocteio 28 kM/4. OmpenenuTe pa3HOCTb

MIOTEHLIMAJIOB Ha KOHILIAX IEpeHEeN OCH, €CIM JJUHA €€ OKOJO 2,6M, BEpTHKaJbHas COCTABJIAIOILAsS

MarHuTHOTro mojs 3emiu 5,0- 10° TA.

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

KOTOpOH Tok cuiion 7,5-10-2 A ucyesaer 3an c?

20. MarnuTtHOe ToJne Kar ymku ¢ uHayktuBHOCTRIO 0,1 I oOmamaer sneprueit 0,8 J[x. Uemy paBHa

CHJIa TOKA B KaTylike?

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

MarHUTHOM T0JI€ U TEPIEHIUKYISIpHA CUJIOBBIM JIMHUAM. Omnpenenure MHAYKIUIO 3TOro MOJs, €CIu

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

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

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

23. Yemy paBHa MHAYKTUBHOCTbH IIPOBOJHHKA, B KOTOPOM IpHU BO3pacTaHuu Toka ot 1,5 1o 1,8 A3anc

Bo30yxnaerca DJ1C camonnaykuuu 0,9 B?

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

0,5 A Boznukaet DJ1C camounaykuuu 10 B?

25. Ompenenute UHAYKTUBHOCTh KaTYIIKH, eciu mpu Toke 3,0 A MarHUTHOe mojie B Hed olOiagaer

sueprueit 6,0-10-2 JIx

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

l

i
]

\

BceraBuTh nmpomnymieHHbie coBa:

1. Pabora siexTpornedn OCHOBaHA Ha 3aKOHAX TOKA U (ha30BBIX MIPEBPAIICHUM.

I'paduToBBIE AIIEKTPOABI DICKTPUYECKPH II€YHM C BBICOKOM TEMIIEpaTypod, COCTOSIIME U3
OTIPEJICJIEHHOI0 KOJINYECTBA CETMEHTOB, MOTPY)KAIOT B METAUIMYECKYI0 IIUXTY (E€MKOCTh C
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MeTayutosioMoM). Uepe3 omnpezienieHHOE BpeMsi COJACPKHMOE MEPEXOAUT U3 TBEPAOTO arperaTHoro
COCTOSIHUS B JKUJKOE, TaK KaK OKa3bIBACTCS JICCTBUE TOKA.

2. CymiecTByeT Tako€ COCTOSIHUE OJJIEKTPUYECKOM WEeNH, NpPU KOTOPOM TOK MPOXOAUT IO
HEJOMYCTUMOMY MAapHIPyTy, HA KOTOPOM OOBIYHO MPAKTHUYECKU OTCYTCTBYET (MJIM OYEHb HHU3KOE)

SJICKTPHUYCCKOC COMMPOTUBIICHUC. Takoi TOK OKa3bIBaeT PaspymIrTCIbHBIC Z[€I>'ICTBI/I$I X Ha3bIBACTCA -

TOK KOPOTKOIO 3aMblKaHWsA. JUIA 3allUTBl JJIEKTPOIHEPTEeTUUYECKUX CUCTEM OT 3TOTO SIBICHMS
HCIIOJIB3YIOTCS YCTPOMCTBA-

Pa3nen 4 Kosied0anusi ¥ BOJIHBI
Tema 4.1 Mexanunueckue KoJIe0aHUA U BOJHBI

IIpakTuyeckoe 3ansiTue Ne23. MexaHu4ecKHe KOJIeOAHUS U UX XapPAKTePUCTHKHI

Heab: cdopmupoBaTs MOHMMaHHE poiu (U3MKK B  (QOPMHPOBAHMHM Kpyrosopa U
(GYHKIIMOHATBPHOW TPAaMOTHOCTH 4YeJOBEKa Ui pElIeHUS MPaKTUYeCKUX 3a7ad; AN OOBSCHEHUS
YCIIOBHIA TPOTEKaHUS (PU3NIECKUX SIBICHUH, yMEHUS BBIIOJIHITH PacyeTHBIC U rpadudeckue 3aauu

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1P67; [1PGY

[1Py5; I1Py9; I1Py11; [1Py13;

MP8&, MP9, MP10, MP21, MP17, MP13

JIP 26, JIP 14, JIP 23, JIP 13

MatepuajibHoe o0ecnieyeHue:

MHAMBUAYaJIbHOE 33/1aHHE, KOHCIIEKT JIEKIIUH, CIIPaBOYHbIE MaTepHaIIbI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT W3 JABYX YacTed — TEOpEeTHYECKOM M mpaktudeckoil. Ilocie
U3Y4YEHHs TEOPETUYECKOTO0 MaTepHalla MOKHO IPUCTYNATh K BBINOJIHEHHUIO MPaKTHYeCKOM dacTtu. OHa
COCTOMT U3 JBYX U Ooiiee 3a7ay JJIsl CaMOCTOSTENbHOrO BhIMONIHEHU. He 3a0biBaiiTe 0 mpaBUIBHOM
oopmienun pemienus. Ha BoImoHEHNE TPAKTUYECKOTO 3a/1aHUS] OTBOJIUTCS /IBA aKaJEMHUECKUX Yaca.

3aganue:

O3HaKOMBTECH C TEOPETUYECKUMU CBEICHUSMHU HUCIIOJIB3Ys CCBUIKY
https://znanium.com/catalog/product/1012153, §47, 48,49 BbinucaB GpopMyJibl
OoTMeUYeHHbIE CKOOKkamu , Haripumep( 47.1)

Pemmre 3amaun, caMOCTOSITENIBHO HCHOJB3YS MPUMEPbI U KpPaTKUE TEOPETHYECKHE
CBEZICHHUS.

ITopsinok BbINOJHEHHS padOThI:

W3yunte n BeimumuTe GopMyJsibl IO JaHHONW TeMe B BUJE KPATKOIO KOHCIEKTa
Paz6epute npuMepsl pelIeHHBIX 3a/1a4

Pemmure camocToATEIIHEHO 3aJa4u

Bemonauts Tect https://znanium.com/catalog/product/1012153, ctp 328

el oA

IIpuMepsl peleHus 3aaa4

1. YpaBHeHue rapmoHuueckux koneOanuit Touku x=0,4cosmt. Haiitn ammiurymy, mepuon u
cMmenieHue Touku uepes 0,5 c.

Jano: M. T. «CIN» Pemienue
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x(t)=0,4cosnt x=Acosmt

t1=0,5 c x(t)=0,4cosnt

A=?T=? X(tl):? 2n - 2n
v=?

Brruucinenusa: A=0,4 m; o=,

T=2%_2()
T

1
v=—=05Tng
2

1 T
x(0,5) =0,4-cosm - E = 0,40055 =0

2 TI'py3 maccoii 0,4 kxr coBepuiaer Kosie0aHUS B TOPU3OHTAIbHOW IUIOCKOCTH Ha MPYXKHUHE
KeCcTKOCThI0 250 H/M. amIuTyna KojeOaHuid Tpy3a 15 cM. HAWTH MONHYI0O MEXaHHMYECKYIO DHEPTHUIO
KoJIeOaHMii 1 HanOOJBIIYI0 CKOPOCTh IBMKEHUs. TpeHnem mpeHeopeys.

. 2 250-0,15%
HaHo: Ep:k'z\  E, =0 E==" =281k
NPY>KUHHbBIN L= 0,15@0,15 .25 =
MAasATHUK E=E,+E.=E, '
M
-3,75~382%
C
m=0,4 kr k
2 2
mo° =kA" = v=A|—
k=250 /M m
A=0,15M
E=?, Umax=?

PemmTh 32124 caMOCTOSATEIBHO
(n - Homep sawezo 6apuanma no cnucky)

1. Hanumure ypaBHEeHHE rapMOHUYECKUX KOJIEOaHUI ¢ aMIUIUTYI0H 5 ¢cM U HadalbHOU (a3oit 45°,
ecnmu B 1 MunyTy coBepraetcst 150 konebanmid.

2. AMIUIMTY]a TapMOHUYECKUX KojeOaHWi marepuaibHOM Touku N cM, nepuox 4 c. Haiinute
MaKCHMaJbHble CKOPOCTH M YCKOPEHHUE U HAIMIINTE YpaBHEHNE TAPMOHUYECKUX KOJICOaHUH.

3. MareMaTHuecKuil MasTHUK JUIMHOW 56 c¢M 3a N MUHYT coBepiiaeT 40 MOJHBIX KojIeOaHUil.
Ompenenure mepuoj KojdeOaHW MasTHHKA W YCKOPEHHE CBOOOJHOTO TMaJCHHS B TOM MeECTe, T/
HaXOJUTCSI MasATHHUK.

4, MarepuanpHas Touka Konebmercs ¢ yactotor v=10 kl'm. Omnpemenure mnepuoa, YUCIO
KoJ1e0aHui B MUHYTY U HUKINYECKYIO YACTOTY.
5. Onpenenute NepHOJ, YACTOTy, UMKIMYECKYI0 YacTOTy TapMOHHUYECKHUX  KoyeOaHui

. 2
MaTeMaTH4eCKOro MasgTHUKa AIuHOM 1 M, eciin §g=9,81 m/c”. Bo ckoJIbKO pa3 U Kak HaJ0 U3MEHUTH JJTUHY
MasiTHUKA, 4YTOOBI TepHO/1 KojieOaH!i yBETMUMIICS B 2 pasa.
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6. AMIIUTY1a TAPMOHUYECKUX KOJIEOaHUI MaTeMaTHYeCKOro MasiTHUKA JMHON 50 MM, iepuon 4 c,
v > v

HauyaibHas (aza —. Hamummte ypaBHeHHMe 3TOro KojeOaHUS M HalIuTe CMEIIeHHE KoieOuoleiics
4

TOYKHU OT MOJI0KeHUs paBHOBecus ipu t =0 u t=1,5 c.

. (T = o
7. VYpauenue touku x=0,02sIn| —t+— |. Haiiaure nepuoj, MakCUMallbHOE 3HaYEHHE CKOPOCTU U
2 4
YCKOpEHHeE.
8. Omnpenenute UIMHY MaTeMaTH4YeCKOr0 MasiTHUKA, COBEPIIAIONIETO OHO MOJIHOE KojaeOaHue 3a 2

2
c, ecm 0=9,81 m/c”. Bo CKoibKO pa3 HYXHO HM3MEHHTH JUIMHY MasTHUKA, YTOOBI 4YacTOTa €ro
KoJIeOaHUH yBenUYmiIach B 2 pa3a?

9. VpaBHeHHe TrapMoHHYecKoro kojcbanus x=0,4sinbnt. Omnpenenure aMmILUIUTYdy, IEPHO,
cMenieHue npu t=n c.

10.  Ompepenute K€CTKOCTb MPY>KUHBI, YACTOTY, IIUKIMYECKYIO 4acTOTY, €clid Tesno maccoit 0,5 Kr,
IIOJIBELLIEHHOE K 3TOM MpYKHHE, coBepiIaeT kojaedanus ¢ nepuoaom 0,2 c.

11.  MarepuanpHasi TOYKa COBEpIIAeT rapMOHUYeckue konebanus ¢ amrmuntyaoi 0,03 M u nepuogoM
0,2 c. CocTtaBbTe ypaBHeHHE KoJebaHus u onpeaenute cMmemienue mpu t = 0,1 c.

12.  Tlo gHy cdepudeckoit Yamky coBepuiaeT cBOOOIHbIC KoneOanus 0e3 TpeHUsI MaJICHbKHUI IapuK.
Omnpenenurte nepuo KojaedaHus maprkKa, eCiii paanyc KpUBU3HBI Yalllku 2,45 M.

13. CocraBbTe ypaBHEHHE TAPMOHUYECKUX KOJIEOAHUN MAaTEMaTUYECKOr0 MasTHHKA JJIUHON 2,45 M
u amrutynou 0,1 m.

14. Teno coBepiiaeT rapMOHHYECKIE KoleOanus o 3akoHy X = 20sinzt. Onpenenute CKOPOCTh Tea
mput;=0,5cut,=4c.

15.  VYckopenue cBOOOTHOTO MajcHHs HA MOBepxHOCTH JIyHBI 1,6 M/c?. KaKOM JUIHHBI JOJKCH OBITH
MaTeMaTHYeCKUl MasTHUK, YTOOBI ero nepuos konedanus Ha Jlyne Ob11 1 ¢?

16. [Toctpoiite rpaduK TapMOHHYECKOTO KOJICOAHHSI YacTOTHI IO IMapaMmeTrpam: aMIUTHTyAa 2 CM,
nepuon 0,4 ¢, HayanpHas (asa 0. 3anummTe ypaBHEHUE 3TOTO KOJIeOaHuUs.

17. Teno cosepiraer konebanus 1Mo 3akoHy X = 60sin2nt. Onpeaenure cKOPoCcTh Teaa nmpu t1 =1 c u
tz = 2,5 C.

18.  Teno maccoil N rpaMM MOJBEIIEHO Ha MPYKUHE, KECTKOCTh KOTOPOH 2-10° u/m. Omnpenenure
4acTOTY, MEPUOJI, IIUKIUIECKYIO YACTOTY CBOOOIHBIX KOJIOaHUI TOTO Tejla Ha MPYKUHE.

19.  MarepuanbHas TOYKa COBEpIIAET rapMOHUYECKHE KOJIeOaHUs ¢ aMILTUTYA0H 4 CM U IEPUOIOM 2
c. Hanummre ypaBHeHrEe ABUKEHUS TOUKH, €CIIH €€ IBH)KEHUE HAUMHAETCS U3 TIOJI0KEHUS Xo= 2 CM.

20.  KakoBa yacToTa 3BYKOBBIX KOJIeOaHMH B Cpelie, €Clii CKOPOCTh 3ByKa B 3Toi cpene 500 m/c, a
JuiiHa BosiHbl 2M? (OTBeT JaiiTe B repuax.)

21.  Ha paccrosHuu N M oT Habmroarens paboure BOMBAIOT CBau € MOMOIIbI0 Konpa. KakoBo Bpems

MEX1y BUIUMBIM YJapoM MOJIOTa O CBal0 W 3BYKOM YyJapa, yclbllIaHHbIM HaoOmonatenem? (OTBer
naiite B cekyHzax.) CkopocTb 3ByKa B Bo3tyxe 330m/c. OKpyriuTe OTBET C TOUHOCTBIO JI0 AECATHIX.

22, Cxopoctb 3ByKa B Boje 1,5 km/c. Uemy paBHa AsIMHA 3BYKOBOM BOJIHBI, paclipOCTPaHSIONIEHCS B
Bojze, mpu yactoTe 3ByKa 3 kI'1? (OTBeT naiiTe B MeTpax.)

®opma nmpeacTasJieHus pe3yJbTara:
BrmogHNUTE 3aIaHUC B TCTpaau AJId NPAKTHICCKUX pa60T.

Kpurepum ouenku:
3a mpaBUIILHO BBIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.
3a HeMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNEe BHICTABIISIETCS OTPHUIIATEIbHAS OlleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvHo» svicmasisiencs 3a menee 60% mpaBUIHHBIX OTBETOB
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Tema 4.2 DleKTPOMAarHUTHbIE KOJI€0AHUS U BOJIHBI

IIpakTnyeckoe 3ansiTue Ne24. Pemenue 3a1a4 Ha BU/bI CONPOTUBJICHHI B LeNAX MepeMEHHOro
TOKa. PopMmyJibl TpaHchopMaTopa

IIpakTnyeckoe 3ansaTue Ne 26 Pemienne 3anau Ha temy ®@opmyJibl TpancopmaTopa

Heab: cdopmupoBaTh mOHWMaHHE poiud (U3MKK B  (QOPMHPOBAHUHM Kpyrosopa U
(GYHKIIMOHATPHON T'PaMOTHOCTH UYEJIOBEKA JUIS DPEUICHUs TMPAKTUYECKUX 3ajad; sl OOBSCHEHUs
YCIIOBUH TMPOTEKaHUS (PU3UYECKUX SBJICHHI, YMEHHUS BBIMONHITH pacueTHbIC W Ipaduueckue 3amadu,
U3YYUTh CBOOOJHBIC JJICKTPOMArHUTHBIC KOJEOAaHWS B KOHTYpE, BHUJBI CONPOTUBIICHUS B IICNH
MIEPEeMEHHOTO TOKA, UX OTJIMYHUS 1 OCOOCHHOCTH.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

[1P67;

TIPy5; [IPy9; [TPy11; TPy 13;

MP8, MP9, MP10, MP21, MP17, MP13

JIP 26, JIP 14, JIP 23, JIP 13

MaTtepuajbHoe obecnieyeHue:

WH/IMBUYaJIbHOE 33aJJaHUEe, KOHCIEKT JICKIUH, CLIpaBOYHbIEC MAaTE€pUabI.

Ykazanmue:

[IpakTHyeckoe 3aHATHE COCTOMT W3 JBYX YacTed — TeopeTHuecKol M mpaktuyeckoi. [locne
M3YyYEHHs] TEOPETHUECKOTO0 MaTephalia MOXXHO MPUCTYNATh K BBITOJHEHHIO MPaKTU4YecKoi actu. OHa
COCTOUT U3 JIBYX M Ooiiee 3ajau sl CaMOCTOSATENIBHOrO BhINONHEHHUs. He 3a0biBaiiTe 0 MpaBUILHOM
oopmiennn pemenus. Ha BbimosHeHNe MPaKTHYECKOTO 3aaHUsl OTBOJHUTCS uembipe aKaJleMHUUECKUX
qaca.

3aganue:

O3HaKOMbBTECh C TEOPETUUECKUMHU CBEJICHUSIMU UCIIOJb3Ys CCHUIKY
https://znanium.com/catalog/product/1012153, §54,55, 56 BbincaB GpopMysibl
OTMEUYeHHbIe ckoOKamH , Hanpumep( 54.1)

Pemmre 3amaum, caMOCTOSTENHHO HWCHOJB3Ys NMPUMEPHl W KPATKHE TEOPETHUYECKHE
CBEJICHMS.

ITopsinok BbINOJHEHHS PadOTHI:

W3yunte n BeImumuTe GOpMyJsibl IO JAHHOW TeME B BUJE KPATKOIO KOHCIIEKTa
PazGepute npuMepsl pelIeHHbIX 3a/1a4

Pemmre camocToATEIHEHO 3aJa4u

Beimonaute  Tect  https://znanium.com/catalog/product/1012153, ctp 334 —
[Tepemennsiit Tok; ctp 336 Tpanchopmarop

el el

Kpartkue TeopeTrnueckue cBe1eHust

TpaHnchopmarop

BUJIBI MTOBBITITAIOTHH TMOHMKAFOIITNHA
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Omnpenenenue Tpancdopmarop, y | TpaHchopmarop, y
KOTOpOTO YHCIIO | KOTOPOIro YHCIIO
BHUTKOB BO | BUTKOB BO
BTOPUYHOM OOMOTKE | BTOPUYHOM OOMOTKE
Oojpiie, uyeM B | MEHbIIE, YeM B
MePBUYHOI MEPBUYHOU
Pucynok g
Koadduruent n<l n>1
TpaHchopmauu
n=51_% U _|L_S,
& w, U, I §
KNA tpaHcdopmaTtopa P
nmpa/-w([;op,wmopa = F 100% ~ 99%
3

COHpOTI/IBHeHI/IH B ICIIK IICPEMCHHOI'O TOKa

[Tpubopsr Pesucrop Karymky nnaykrusaoctsio L | Kongencarop emkoctsio C
conpoTtuBieHuemM R
Cxema R L G
e aan I
=l
U
U 0T ¥
O~ 0
Cuna Toxa 1) = lysined 1) = 22 sin(at — &) 1(t) = CUwsin(at + Z)
ol 2 2
Cnsur da3 9=0 Y,U m3menserca B | Hanpsokenue onepexaer Tok | Hampsxenue orcraer ot
OIMHAKOBBIX (azax, a o1 | ga =2 =90° ToKa Ha ¢ =2 =90°
SHEPTUsl PACXOIAUTHCS Ha 2 2
TEIJIOBOE JIEUCTBUE TOKA
Compotusie
HUE ,
R= Aot (1+at) X&= =
S ac
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1. bopmyna Xi=o L
R |
R,
2. 3aBUCUMOC
Th
0 - R,
COIPOTHBIICH ® -
0 ©
U0 oT
9JacToTa
v ®

3 AKTHBHOE — WHnykTuBHOE — EmkocTHOE —
onpenenenue | COTMPOTHBICHAC COIIPOTUBIICHHUE, COIPOTUBIICHUE,

norpeduTens, 00YCIIOBJICHHOE SIBJICHUEM 0OYCIIOBJICHHOE HAJMYUEM

peoOpas3yroniero CaMOMHIYKLIUH EMKOCTH B IICTTH

MOJIBOJIUMYIO K HEMY

SHEPIHIO B JAPYTHE BUIIBI

SHEPrUHU
3akoH Oma U(t U U

10=42 Iy==2 1y = o
R X, X o

142
I[TosHOE CONPOTUBIICHUE LETTH ITepeMeHHoro Toka: Z= VR? + (wL — E)

3akon OMa 15 aMIUTMTYIHBIX 3HAYeHUM CUITbl TOKa lo m HanpsokeHust Uy B 11enu IEpeMEeHHOr0 TOKa:

lo= UoVRZ + (L — —)’

PeakTHBHOE — COITPOTUBJICHHUEC HOTpe6I/ITeJ'I${, HE HDGO6D&3VIOHIGFO MMOABOAUMYIO K HEMY DHEPIUIO B

ApyTue BUIbI S3HEpruu (H-p pakera) X=X -X.=ol- i ;

X >X¢ — MHOYKTUBHBIN XapakTep; X=X, — pe30HaHC; X>X| — EMKOCTHBIN XapakTep

JleiicTByIOIllee 3HAYEHME MOINHOCTH TEPeMEHHOro Toka (P) — BelWYKMHA, YUCICHHO paBHAs
MOIIIHOCTH TOCTOSIHHOTO TOKa Ppocr, MPU YCIOBUHM, UYTO 00a TOKAa 3a OJUHAKOBOE BpEMs, pPaBHOE
MIEPHOy TepEeMEHHOr0 TokKa 7, Ha paBHBIX PE3MCTOpax R BBIACIAT paBHBIC KOJMYECTBA TEIUIOTHI Q.

2 2
p=DR _1Uy Uy
2 2 R

AKTHBHONM MOIIHOCTLIO.

. HeﬁCTBYIOHIee 3HAQYCHHUEC MOIIHOCTU MEPEMECHHOI0O TOKa YaCTO HAa3bIBAIOT

IIpuMmepsI pelieHus 3aaa4

1. Karymxka uaaykruBHocThio 0,1 I'H 1 akTHBHBIM conpoTuBieHHEM 25 OM BKJIIOYEHA B CETh
MIPOMBIIIJIEHHOTO MEPEMEHHOI0 TOKa CO CTaHAapTHOM udacToToil. OmpenenuTe TOK B KaTyILKe, €CIU
HanpsbKeHue Ha ee BBogax 120 B.
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Jlano: =Y. x = /252 + (4-3,14-50-0,1)2 =
X or e _ e
=/625+986 = /1611 = 40,10m
KaTylIKa X - JRZ+ X2 — '
L=0,1Tn “VRT @b - =120 g,
’ =JRZ + 2ru)? 401
R=25 Om
v=50T1
U=120B
14=7

2. Ha KOJIXO3HYI0 MOACTAHIMIO TOCTyHaeT TOK HampsbkeHHem 6600 B. mepBuunas oOMoTka
Tpancpopmaropa mnonacranuuun umeer 3300, a BropuuHas 110 ButkoB. Ompenenute pabouee
HaIpsHKEHUE B KOJIXO3HOM JIEKTPOCETH U MOTPEOIISIEMYIO MOIIIHOCTE cuia Toka B cetu 200 A moTtepsiMu
SHEpruu B TpaHchopmarope npeHeodpeyb.

Tlano: o _ Uy U, 8600110 _ . o
TpaHcdopmarop @2 312.0)2 3300

Ui=6600 B DT Tar |Pp=220.220=44.10°B1=44 kBT
®=3300 B P=Uzl;

=110

1,=200 A

U, Po=?

3. Karymka wanyktuBHOCTBIO 0,1 ['H M akTUBHBIM coONpoTHBIEHHEM 25 OM BKJIIOYEHA B CETh
IIPOMBIIIJIEHHOTO NEPEMEHHOIO TOKA CO CTAaHAAPTHOM 4YacToToi. OmpenenuTe TOK B KaTyIIKe, €CIU
HanpsbkeHue Ha ee BBogax 120 B.

JaHo: Karymika [ = U; x \."25" F{4:3,14.50.0,1)°
L=0,1 T %
R=25 Om 2 \;"R EE WO25+986 = 1611 = 40,1 Cm
v=50I' =3 : 120 34
U=120 B =vR” +(@bh) = 400

— . | =
| =2 | VR 4+ (2mvl) ¢

4. Cuna ToKa B MepBUYHOM 00MOTKe TpaHcopmaropa 0,5 A, HanpspkeHue Ha ee KoHiax 220 B,
BO BTOpPHYHON 00MOTKe cooTBeTCTBeHHO 8 A 12 B. Onpenenute KII/] Tpancdopmaropa.

AHO: TpaHCPopMaTopa E ]
ﬁ:O,SAp opuarop . L o0n= | m= zzln o 100% = 87%
1,=8 A £ '
U;=220 B Ul
U=12 B = —22.100%
n=? U,

Pemuts 3agaun
(n - Homep sawezo sapuanma no cnucky)
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1. Cuna Toka B mepBUYHOM oOMoTKe TpaHcopmaropa 0,2 A, HampspkeHue Ha kiemmax 220 B.
Ompenenure HaNpspDKEHWE W CUITYy TOKA BO BTOPUYHOM 0OMOTKE TpaHchopmaropa, eciu KodphUIUeHT
tpancpopmanuu 0,2.

2. [Tepuunass oomoTka Tpancopmaropa comepxut 800 BuTkoB, BropuuHas 3200. Omnpenenure
KO3 GHUIHUEHT TpaHCcHOpMAIHH.

3. Cuia ToKka B CeTH M3MEHsieTcs 1o 3akoHy | = 8,5 Sin @ t. Kakoe KoiaM4ecTBO TEIUIOTHI BBIICIUT
ANIEKTPOKAMUH 3a 2 "aca padoThl, eciiu ero conpotusieHue 80 Om?

4, Cwta Toka B mepBUYHOM 00MOTKe TpaHcopmaropa 0,6 A, HanpspkeHue Ha ee kKoHmax 220 B; Bo
BTOpUYHOI 06MOTKe 6 A U 14 B. Onpenenute KITJI Tpancdopmaropa.

5. B nepBuyHOI 00MOTKe moBBIMAtomero Tpancdopmaropa 80 BUTKOB, a BO Bropu4HOou 1280.

Hanpsoxenue Ha KoHIIax nepBu4HOi ooOMoTku 120 B, a BennumnHa Toka BO BTOpruHON 06MoTKe 0,25 A.
Omnpeaenure N0JIE3HYI0 MOLUIHOCTh TpaHC(hOpMaTOpA.

6. JUis TpaHCIAUMU paauonepenad MPUMEHSIOT MOHMKAIIIUN TpaHchopMaTop ¢ HampsHKCHHEM
480 B g0 30 B. Onpenenure mourHocts Tpanchopmatopa ¢ KIIJ 96%, ecnu k Hemy noaxmoueno 100
penpoIyKTopoB, notpedistomux Tok 0,008 A.

7. OmnpenenuTe yroa MOBOPOTa BUTKA B OJHOPOJHOM MAarHMTHOM IIOJ€, 3HAas, YTO MaKCHMalbHOE
3HaueHue Toka 1002 A, a Tok B 1aHHbIIA MoMeHT 100 A.

8. Onpenenure ko3P PULIKEHT TpaHCcHOpMAIIMKU 3BOHKOBOT'O TpaHC(POpMaTopa, MUTAEMOT0 CETEBbIM
TOKOM ¢ HamnpspkeHreM 220 B, ecii mpeoOpa3oBaHHBI TOK HMeeT HanpsokeHne 2 B.

9. [lepBuyHas oOMOTKa MOBBILIAIOIIErO TpaHcopmaropa umeer 45 BUTKOB, a BropuuHas 900
BUTKOB. llepBuyHas kaTylika BKJIIOYAETCS B CETh NEPEMEHHOTo Toka ¢ HampsbkeHueM 120 B. Kakoe
HanpspkeHue OyeT Ha 3a)KMMax BTOPUYHON 0OMOTKH?

10. DneKkTpuueckas ayra A0 KHA ropeTh moja HanpsbkeHueM N B, a B cetn 220 B. Cxoibko BUTKOB
JOJDKHA COJiepKaTh BTOpPUYHAs OOMOTKa, €CM B IEpBUYHON OOMOTKE, BKJIHOYEHHOW B ceTh, 385
BUTKOB?

11. B nepBuuHO#l 0OMOTKE MOBBIIIAIONIETO TpaHcdopmaTopa N BUTKOB, BO BTopuuHOW — 2000
BUTKOB. Kakoe HampspkeHue Ha 3aXKMMax BTOPUYHONM OOMOTKM MOXHO MOJIyYUTh, €CIIU BKIIIOYUTh
TpaHchopmatop B ceThb ¢ HanpspkeHuem 110 B?

12. Karymka uanyktuBHocThio 20 MI'H BKJIIOYEHAa B CeTh NMEPEMEHHOr0 TOKa ¢ yacToTroil N I'm.
Onpenenute MHAYKTUBHOE CONPOTUBIICHNE KATYIIKH.

4 o
13. Konpencatop emkoctpto 8-107¢ BKITIOWEH B ceTh IMEpeMEHHOro Toka ¢ dYactorod 50 I

OnpenenuTh CUTy TOKa Ha Y4acTKe IIeTH ¢ KOHIEHCATOPOM, €CJIM CONPOTUBIIEHHE MOABOASAIINX MPOBOAOB
N OM, a HanpsHKEHUE Ha BCEM ydacTke 1enu 12 B.

14, Kak wu3MeHUTCS WHIYKTUBHOE CONPOTHUBIIEHUE KATYIIKH, €CIM €€ BKIIOYUTh B LEMb
nepeMeHHoro Toka ¢ yacroroit 10 kI'n, Bmecto 50 I'u?

15.  IlepBuunas oomotka Tpancopmaropa coaepxkuT 800 BuTkoB, BropuuHas 3200. Omnpenenute
K03 PHULIKEHT TpaHChHOpMAaLHH.

16. Karymka MHIyKTHBHOCTBIO N I'H, aKTMBHBIM comnpoTuBieHueM 25 OM BKJIIOYEHA B CETh
IIPOMBIIIJIEHHOTO NEPEMEHHOIO TOKA CO CTAaHAAPTHOM 4YacToToi. OmpenenuTe TOK B KaTyIKe, €CIU
HanpsbKeHue Ha ee BBogax 120 B.

®opma npeacraBiaeHus pe3yJabTara:
BbInonHuTE 331aHUE B TETPAAU IS IPAKTUYECKUX padoT.

Kpurtepun onenkmn:
3a mpaBUIIHLHO BBITOJIHEHHOE 33JJaHHE BHICTABIISIETCS TIOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMpaBWIILHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BHICTABIISIETCS OTpUIIaTENbHAs olleHKa — ) OaoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenxa «HeyoosiemeopumenbHoy svicmagisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB
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Tema 4.2 JileKTpOMarHuTHbIE K0J1e0aHHUS M BOJIHBI

IIpakTuyeckoe 3anaTue Ne25. Pemienue 3a1a4 no treMe «JeKTPOMArHUTHbIE KOJIe0aHUSA U

BOJIHBID»

Heab: copmupoBaTs MOHMMaHHE poiu (U3MKK B  (QOPMHPOBAHUHM Kpyrosopa U
(GYHKIMOHATBLHOM TPAaMOTHOCTH YeNOBEKa JUI PEIICHHS MPAKTUYECKHX 3ajay; YMEHHs BBIIOJIHSITH
pacueTHble U rpaduueckue 3aJay, U3y4YUTh CBOOOIHBIC AJIEKTPOMArHUTHBIE KOJEOAaHUS B KOHTYpE,
BU/JIbI COITPOTUBJICHHUSA B LICTIN IICPEMCHHOT'O TOKA, UX OTJINYHA U 0COOEHHOCTH.

BoinosineHne padoThl cioco0CcTBYET (POPMUPOBAHMIO:

I1P67;

[1Py5; I1Py9; I1Py11; [1Py13;
MP8&, MP9, MP10, MP21, MP17, MP13
JIP 26, JIP 14, JIP 23, JIP 13

MarepuanbHoe obecrieyenne:

WHAUBHUAYaAIbHOE 33/1aHHEe, KOHCIIEKT JICKIIHIA, CIIPaBOYHbBIC MAaTEPHAIIBI.

Yka3anue:

[IpakTuueckoe 3aHATHE COCTOMT M3 JIBYX 4acTell — TeopeTudeckod u mpaktuueckou. ITocme
U3Y4YEHHUs TEOPETUYECKOT0 MaTepHalla MO>KHO IPUCTYNATh K BBINOJIHEHUIO MpakTUYecKoil yactu. OHa
COCTOHT U3 JBYX U OoJiee 3a7ay JJIsi CaMOCTOSTENHHOIO BBIMONHEHUS. He 3a0biBaiiTe 0 MpaBUILHOM
odopmitennn pemeHusi. Ha BBITIOIHEHNE IPAKTHYECKOTO 3aJaHMsI OTBOAMTCS yYemblpe aKaJeMHUECKUX

yaca.
3ananmue:

O3HaKOMBTECh C TEOPETUICCKUMH CBEICHUSMH HCIOIb3YS CCHUIKY
https://znanium.com/catalog/product/1012153, §57 BeimucaB GOpMyIIbl OTMEUCHHBIC
ckoOkamu , Hanpumep( 57.1) u T.4.

Pemute 3amaun, caMOCTOSITENBHO HCIOJB3YS MPHUMEPhl U KPAaTKUE TEOPETUYECKHUE
CBEJCHUS.

ITopsinok BbINOJHEHHS PadOTHI:

W3yunte n BeImUInTe GOpMyJIbl IO JAHHOW TeME B BUJE KPATKOIO KOHCIEKTa
PazGepute npuMepsl pelIeHHBIX 3a/1a4

Pemmure camocTOATEIHHO 3aga4du

Bemonuute  Tect  https://znanium.com/catalog/product/1012153, ctp 337
<<3J'I€KTpOMaFHI/ITHBIe BOJIHBD»

POONME

KpaTkue Teopernyeckue cBeeHUs

DJIeKTPOMArHUTHBIE KOJIe0aHusl

Ornpenenenue

Hesaryxaromue xonebaHus, BOSHHMKAIOIIME MO JCHCTBUEM BHEITHEH
nepuoanuecku n3menstomercs IC e=gocosmt

[Tpouecc

[Ipouiecc, mpu KOTOPOM DIIEKTPOMATHUTHOE II0JIE€ TEPHUOJUUYECKH
M3MEHSETCS 110 BPEMEHHU

VYcnoBue

IlocnenoBaTeabHOE COCIMHCHNE:
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cooctBennbie DMK

E,=Ey; vo=const

BO3HUKHOBEHUS 1) KoHZIeHCaTOpa, HAKATUIMBAIOLIETO YHEPTUIO AJIEKTPUUYECKOTO TIOJI;
Kosie0aHuit 2) KaTyIIK{ HAKarUIMBAOIIEH YHEPTHUI0 MArHUTHOTO TOJIS;
3) BO3HMKHOBEHHE CBOOOJHBIX KOJICOAHHH B KOHTYpe OOYCJIOBJICHO
SIBJIGHUEM CAaMOMHIYKIINH
[Tpumep DneKTpuueckas IeMb, COCTOSIIAs W3 KOHACHCATOpa U KaTyIIKU, B
KOTOpPOI 2HEprusi 3JEKTPUUYECKOro IOJIs MPEBpallaeTcsi B JHEPTHUI0
MarHMTHOTO TOJISl U 0OpaTHO
3aKOHbI 12
T=2zJL-C — =
¢dopmyna Tomcona ¢
1 - L
Vo = !
2zNLC
R—Q
1
Wy =—F—
JLC 1. Bwmyxnenaele konebanmsa. Kimrou B «1» —  3apsbkaercs
KOHJICHCATOP.
2. CoOctBennble kosieOanus. Kiou «2» 3leKTpudyeckoe IMojne o
MarHuTHoe mnoje. YacTb SHepruu TpaTUTCs Ha HarpeB mpoBoaoB R—Q
KoJe0aHus 3aTyXarolue.
Jlna moaaep kaHus He3aTyXarIUX KojeOaHuW MepeBoauM KItod  «1»,
3aTeM B «2». BeIHYKIeHHBIE — He3aTyXalolIne KoieOaHus
OHeprus [IpeoOpa3oBaHue HSHEPrHHM  DIEKTPUYECKOTO TOJNS B DHEPTHIO
MarHMTHOTO TIOJISt 1 HA00OPOT MO TapMOHUYECKOMY 3aKOHY E,«»E,
+ ;,1 = p—ie t‘?‘.‘ ';".;'
“‘l.. — . . ‘L%:I"‘
Rup=0 —

cur e
2 2
CU%=LP
JIeKTPOMArHUTHBIE BOJHbBI
Onexmpomaenumnas eoana (OMB) — pacmpocTpaHeHHE OSJIEKTPOMArHUTHOTO — TTOJIS

IMPOCTPAHCTBC C TCUCHUCM BPCMCHHU.

B
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. cAt
paccrostHue ot paauonokannonHoi craniuu (PJIC) no oOwvekra: AS = 5

OMB (B 3aBHCHUMOCTH OT JJUHBI BOJIHBI A) IENST HA TUANA30HbI:
1) nmuasbie 4> 1000 M; 3) xopotkue 10 < A <100 wm;
2) cpenuue 100 < A <1000 m; 4) ynerpakopotkue A < 10 m.

CKOpOCTb BOJIHBI B CPEAC 3aBUCUT OT SJICKTPUYCCKUX U MArHUTHBIX CBOICTB CpCabl:

C (o} C
Y9 = —=—; — =./eu=n>1- onTuyeckas NJOTHOCThL CPEIbI
veu n' n H pea
* v . * ¢
JlnuHa BOJIHBL A=19 T=; B cpege; 1y BakyyMma 4, =c *T = -

cT_c _2
A === no; c- cKopocmb 2Mé 6 6aKyymy unu 6 6030yxe- 3*108m/c

IIpuMepsl pereHnst 3a1a4

1. Cuyia TOKa B CeTH M3MEHsETCs Mo 3akoHy 1=4,2 Sinwt. Kakoe KOJINYeCTBO TEIIOTHI BBIACTUT
ANEeKTpoKaMuH 3a 1 4 paboThl, eciu ero conpotusienue 70 Om?

JlaHo: Q=I° 4Rt lm=4,2A

AIEKTPOKAMUH i=l,Sinwt 1,=0,707-4,2=3A

. . 2 3 9 2100 o
i=4,2 sinmt I, = I, 07071 Q=3°70-3,6-10°~2,3-10° T«

N

t=3,6-10° ¢ =2,3 MJIx

R=70 Om

Q=2

2 B ycranoBKax yisi 3JE€KTPOTUIPABINYECKON 00pabOTKM MaTepUaoB KOHACHCATOPHI paboyero
KOHTYypa SIBJSIFOTCS €MKOCTHBIMH HakKoONHUTENsIMH HHeprud. Ompenenure HaWOONBIIYIO —CHITY
KPaTKOBPEMEHHOTO TOKa, BO3HHKAIOIIETO B IIEMU INPH IMPSIMON pa3pske TaKoro KOHJIEHcAaTopa Ha
MPOBOJIHUK, €CJIM HM3BECTHO, YTO 3aHECEHHas »Heprusi B KouaeHcatope 10 k[, MHAYKTUBHOCTh
koHTypa 0,03 MkI'H.
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JlaHO: K — KOHTYD E,~=Eu 5.10%

Imax = ——5 =10,66:10%"%

E=10* Ik U 8-10

-0,8-10% =8.10°A
L=310°Tn s oL
T2
U

[,

e L
Imax =7

Pemurs 3apa4n

(n - Homep sawezo éapuanma no cnucky)

1. Bynyr nu HacTpOEHHI B PE30HAHC KOHTYPHI MepeaTyiKa U MPUEMHHUKA, eciii ux napameTrpsl C, = 200
I[ID, Ly =2 mI'wr; C, =100 I1dD; L, =4 mI'H?

2. KonebarenbHbII KOHTYP COCTOMUT M3 KOHAECHCATOPAa €MKOCThI0 SMK®D M KaTyIIKd MHIYKTUBHOCTBHIO
0,2 I'n. Onpenenure MakCUMalbHYIO CHIIYy TOKa B KOHJAEHCATOpe, €clii MaKCHMaibHas pa3HOCTh
MOTEHIMAJIOB Ha 0OKIaaKkax KoHaeHcaropa 90 B. [lorepsmu Ha HarpeBaHue MPOBOJOB IPEHEOPEUb.

3. DJIC wHayKuuu, BO3HUKAOIIAs B paMKe IMPH BPALEHUH €€ B OJHOPOJHOM MAarHUTHOM TIOJe€,
M3MeHseTCs 1Mo 3akoHy e = 12 sin100 nt. Onpenenure aMIUIMTYIHOE W JCHCTBYIOIIECEC 3HAYCHHE
O/1C, nepuon, yactory, MrHoBeHHOe 3HaueHue JJC mpu t =n c.

4. MarHuTHBI NOTOK B pPaMKe, PaBHOMEPHO BpallarolIMiics B OJHOPOJHOM MAarHUTHOM IIOJIE,
U3MeHsieTcs 1o 3aKoHy @ = 3 - 10 cos157t. Haiiaute 3aBHCHMOCT MIHOBEHHOTO 3Hauerns DJIC
MHIYKIIMH, BO3HUKAIOIIEH B paMmke, oT BpeMeHH. OmnpenenuTe MakCUMallbHOE M JIEHCTBYIOILEE
3Hauenue JJIC, nepuon u 4acToTy TOKa.

5. B pamke, paBHOMEpHO BpallaroLIEHCcs B OAHOPOJHOM MArHUTHOM IIOJIe, MHIYLUUPYETCS TOK,
MI'HOBEHHOE 3HaU€HHE KOTOPOT'o BbIpaxaeTcs: GopMyrnoi

6. 1 = 3 sin157t. Onpenenure aMIUIMTYIHOE, ACHCTBYIOIEe 3HAYEHHE TOKA, MTHOBEHHOE 3HAYCHHE
Toka nipu 0,N ¢, nepuoa u 4acTory.

7. Ormpenenure MakCUMaJIbHOE U JIeliCTBYIONEee 3HaYeHue nepeMeHHoi D/1C, Bo3HuKaro1Iel B paMKe pu
€€ PaBHOMEPHOM BpAILEHUH B OJHOPOJHOM MarHUTHOM IIOJIE, €CJIM IIPU YIJIE IOBOPOTA paMKH Ha 45°
MrHoBeHHOe 3HadeHne DJIC 156 B.

8. Omnpenenure MakcumanbHyto J/1C, 3Has, uTo npH 30° 3JIC naaykuy 110 B.

9. B xoneGarenbHOM KOHTYpEe € WHIYKTMBHOCTBIO N MI'H MakcHMalbHOE HamnpspKeHHE Ha OOMOTKax
koHzeHcaropa 200 B. ompenenure mepuon koneGaHMN CBOOOMHBIX 3JIEKTPOHOB B KOHTYpE, €CIH
MakCHUMaJlbHas CHJia TOKa B KOHType 0,2 A.

10. Onpenenute cuily TOKa B KOJEOATEIbHOM KOHTYpPE B MOMEHT IIOJIHOW pa3psIKd KOHAEHCATopa,
€CIIA SHEPT U MATHUTHOTO MOJIST KaTYIITKHA 4,8-10'3 Jx, a unayktuBHOCTH 0,24 T'H.

11. Onpenenute PHEPTUIO NEKTPUUYECKOTO MOJII KOHJEHCcAaTOopa eMKOCThi0 N MK®D, eciau HampsoKeHue
Ha ero oOkiaakax 400 B.

12. Onpenenute MeproO U YacTOTy COOCTBEHHBIX 3JEKTPOMArHHTHBIX KOJEOAaHWH KOHTYpa, €CIH €ro
UHIYKTUBHOCTDH 1 MI'H, a emkocTh 100 HO.

13. Onpenenure cuiry TOKa B KOJeOAaTEIbHOM KOHTYpPE B MOMEHT ITOJIHOW Pa3psIKd KOHICHCATOPA,
€CJIM PHEPTUsSl MArHUTHOTO 1oJI Karymku N Mk, a uaayktuBHOCTh 0,12 I'H.

14. naykTuBHOCTE KoJieOaTenpbHOro KoHTypa 500 MKI'H, Kakyr0 €MKOCTh CIIeyeT BBIOpaTh, YTOOBI

HACTPOUTH €ro Ha yactoTy 1 mI'?
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15

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.
26.

27,

28.

29.

3a
3a

. B ycraHOBKax Ui SNEKTPOTHIPABINYECKON 0OpabOTKM MarephajoB KOHAEHCATOp paboyero KOHTypa
SIBJISIETCS EMKOCTHBIM HakonuresieM sHepruu. Onpenenure HanbobIIYI0 CHITy KPaTKOBPEMEHHOTO TOKa,
BO3HHUKAIOILIETO B LIEMH IIPU MPSMOI paspsAKe TaKOro KOHIEHCATopa Ha IIPOBOIHUK, €CIIM U3BECTHO, YTO
3araceHHas 3Heprus B konjeHcarope 10 k/[x, naayktuBHOCTh KoHTYpa 0,03 Mkl H.

KoneOaTenbHblil KOHTYp COCTOUT U3 KOHJIEHCATOpa eMKOCThIO 3 MK®D M KaTyIIKU MHAYKTUBHOCTHIO
2107 I'n. Omnpenenure cOOCTBEHHYIO YaCTOTY JEKTPOMArHUTHBIX KOJIeOaHW B KOHTYPE.

B karymke MHAYKTUBHOCTBIO N 102 T COBEPIIAIOTCS 3JIEKTPOMArHUTHBIE KOJIEOaHUs C MEPUOJIOM
10%¢. Onpenenure eMKOCTh CHCTEMBI.

KoneOarenbHblii KOHTYp COCTOMT M3 KOHJeHcaTopa eMkocTtbio 0,601 Mx® u kaTymku ¢
WHIYKTUBHOCTBIO 10* TI'n. Onpenennure TEPHOJ, YACTOTYy COOCTBEHHBIX 3JIEKTPOMAarHUTHBIX
KoJIeOaHUM KOHTYpa.

Kougercarop eMxocTbio 3-10° Mk®, 3apspkeHHbIH 10 HEKOTOPOTO MOTCHLMAIA, PaspsuKacTcs], 3aTeM
3apspKaeTcsl yepe3 KaTyliKy ¢ MHIYKTUBHOCTBIO 1,8 MKI'H. Onpenenure mepuon koiedanuii. [louemy
Ka)XI0€ Mocieayomee Kojaedanue aeT Ha 0OMOTKaxX KOHICHCATOpa MEHBIIYIO Pa3HOCTh MOTEHIHAJIOB,
4yeM npensiayiiee?

Onpenennure MEpUoa M YacTOTy COOCTBEHHBIX KOJICOAHWN B KOHType mpu eMmkoctH 2,2 MKD u
uHayktuBHoctu 0,65 MIH.

BrerarcnuTe 49acToTy COOCTBEHHBIX KOJICOaHW B KOHType C compotuBieHueM 0 Owm, eciu
WHJYKTUBHOCTh B 3TOM KOHType 12 mI'H, a emkoctes 0, 88 Mk®. Kak wu3zMeHurcs yacrora
KoJ1e0aHui, eciiu MOCIe10BaTeNIbHO BKIIOYUTH B KOHTYP €Ill€ N TaKUX )K€ KOoHJeHcaTtopa?

UeMy paBeH mepuo]i COOCTBEHHBIX KOJIEOaHUI B KOHTYPE ¢ MHAYKTUBHOCTBIO 2,5 MI'H 1 eMKOCThIO 1,5
Mk®D? Kak u3MeHUTCS TIepro1 KojieOaHui, eClii MapajuielIbHO K KOHICHCATOPY MPUCOCTUHUTE eIle 3
TaKuX ke KoHjeHcaropa?

Pe3onanc B xonebaTenbHOM KOHTYpe HactymaeT npu vactore 4,2 kl'u. Onpenenure WHIYKTHBHOCTD
KaTyIIKH, €CIIH eMKOCTh KOH/eHcaTopa 2,2 MKD.

B xonebGarensHOM KOHTYype ¢ HMHAYKTUBHOCThIO 0,4 I'H M eMKOCTBIO 2:10° @ aMIUTUTYHOE
3nauenue Toka 0,1 A. Kakum Oyner HampspkeHUE B KOHJEHCAaTOpe B TOT MOMEHT, KOTJ/Ia SHEPTuu
ANEKTPUYECKOTO0 M MarHuTHOro mojeil OynyT oxauHakoBbl? KonebaHus KOHTypa CUMTaTh
HE3aTyXalolUMH.

Ornpenenutsb JUIMHY BOJHBI, €CiTu ee azoBas ckopocTh 1500m/c, a wacToTa xonebanumii N I'1r.

Kakoii myts npoiigeT ¢aza BonHoBoro asuxeHus 3a 0,02¢, ecnu yacrora koiebanuit 2MI'11, a anuna
BOJIHBI 150M.

Onpenenuty 4aCTOTY M3IyYEHHs YIbTPA3BYKOBOI'O I'€HEPATOpA, €CIW MOCBUIAEMBbI UM HUMIYJIbC,
conepxarmmii 100 BomH, mpooikaeTcs N. ¢

Onpenenuts JUIMHY BOJIHBI YJIBTPAa3BYKOBOIO I'€HEpPATOpa B aIIOMUHUHM, €CJIM YaCTOTA YJIbTPa3ByKa
3MTI'1, a ckopoCTh B alfOMUHUU 5,1 *10° m/c.

Pamuonepenarunk pabotaer Ha yactote 6 MI'1. Ckonbpko BomH HaxoauTcs Ha pacctosHuU 100xM
10 HAIMPaBJICHUIO PACIIPOCTPaHEHUs pafuocurHana’?

®opma npeacraBiaeHus pe3yJbTara:
BbInonHuTh 331aHUE B TETPAAU AJIs MPAKTHUECKUX padoT.

Kpurtepun onenkmn:
IIPABHJIbHO BBIITOJIHEHHOE 3a/l1aHNE BBICTABIISIETCS MOJI0XKUTENbHAs OlleHKa — | Gai.
HENPaBUWIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNe BBICTABIISICTCS OTpHUIIaTeNbHAsA olleHKa — ) 0aioB.

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

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

Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB
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Paznes S OnTuka
Tema 5.1 Ilpupona ceera

HpaKaneCRoe 3ansaTue Ne 28 Pemenne 3ajJja4v HA TEMY 3aKkoHbI OTPpaKC€HUS U IPEJTOMICHUA
CB€TAa.

Heab: cdopmupoBaTh mOHWMaHHE poiud (U3MKK B  (QOPMHPOBAHUHM Kpyrosopa U
(GYHKIIMOHATPHON TPaMOTHOCTH YEJIOBEKa JIIS PEIICHHs] MPAKTUYECKHX 3a/ad, H3YYUTh 3aKOHBI
pacmpocTpaHeHHUsl cBeTa. XOJ Jiyded. 3aKOHBI OTPAKEHUS U TMPEIOMIICHHS W TPUMEHSTh HX IPHU
peleHIH

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
I1P61; ITP62; I1P63; I1P64;
[TPy1; ITPy2; [TPy4
MP8, MP9, MP10, MP21, MP17, MP13
JIP 26, JIP 14, JIP 23, JIP 13

MarepuanbHoe ofecrmedyeHHe: TETPaab Ui TPAKTHYSCKUX pPaboT, pydka, METOTUYCCKHEC
PEKOMEHIALMH 110 BBIIOJIHEHUIO PA0OTHI, JIMHEHKa, KapaH/Jalll.

Yxka3anme: [IpakTuueckas pabota COCTOUT U3 ABYX YacTed — TEOPETUYECKON M MPaKTUUYECKOU.
[Tocne n3ydeHus: TEOPETUUECKOro MaTepuaia MOKHO IPUCTYNATh K BHIIIOJHEHUIO IPAKTUYECKON YacTH.
Ona cocrouT W3 AByX W Oojee 3agad JUIsl CaMOCTOSITENILHOTO BhIMONHEHHs. He 3a0biBaiitTe o
IPaBUIBHOM O(GOpMIIeHHH pelleHus. Ha BbINOJIHEHUE MPAKTUYECKON OTBOJMTCS JBa aKaJAeMHUYECKHX
yaca. [Topsnok BeinonHeHus paboTh

IMopsiiok BBINOJTHEHHS PA0OTHI:
1. PaccMoTpuTe TeopeTHMYECKHII MaTepuan MO TeMe U MpUMEpPbl pelieHus 3aaad (CMOTpH
METOAMYECKOE MTOCOOHE).
2. Pemute camocTosTenpHYI0 padoty. Odopmute penieHue MICbMEHHO B TETPAIH.
Xoa padoTsl

1. Teopus.
3aKOHbBI TEOMETPUYECKON ONTUKHI

I.  3akon nmpamonuneiinoco  pacnpocmpaweHusi —céema. ceéem 68  O0OHOPOOHOU  cpeoe
PACnpOCMpaHsemcsi NPAMOIUHENHO.

JIyy — MYHUSA, BAOJIB KOTOPOH paclpOCTPaHSETCs CBETOBAst DHEPTHSL.
Hoxazamenvcmeo:

1) oOpa3oBaHue TeHEl U MOJIyTeHEH OT MPEAMETOB,;
2) TIOTJIOLICHUE CBETA HEMIPO3PAYHBIMHU TIPEIMETAMH.
- 8 _ 8 _ 8
Us 6050 = 3-10° M/c=c; v, Ho = 2,25-10° M/C; Uy merne = 2:10° M/c.

Il. 3axon nezasucumocmu ceemosvix nyueli: 1yuu nNpu nepecedenuy He 803mywaiom opye opyea.

1. 3axon ompasicenus ceema.
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Veon nadenus (@) (ompadicenusi y)— yroi, 00pa3oBaHHbIN nadarowum (Ompaxcennvim)
o
! Jy4OM U MEPICHIUKYISPOM, BOCCTAHOBIICHHBIM K TIOBEPXHOCTH B TOUKE TAICHUS JTyda

(puc. 12).

Puc. 12. Nagatowm n

B80CCIMAHOBICHHbIM 8 MOYKE NAOEHUS Jyua.

OTPaXKEHHbIN Ny4u.

2. Yeon naoenus pasen yeny ompaxcenust (a6 = y).

Cneocmsue: «Obpamumocms nyyeuy: Eciu nagaromun J1yd MyCTUTh 110

1. Ilaoarowuii u ompasicenHbllL YU aexicam 6 00HOU NIOCKOCMU ¢ NEPREHOUKYISIPOM,

HAIIPaBJICHUIO OTPAKCHHOI'O, TO HOBBIU OTan(eHHLIﬁ Jy4d HOI>'II[€T I10 HAITPABJICHHUIO

IagaroIIero.
3epKanbHoe OnddysHoe
2! 1" 2” ’ 1"
1 1 L
A
3epkanbHoe — oTpakeHue npu Kotopom | JugpgpysHoe — oOTpaxkeHue, npu

OTpa*XeHHble nyyun OCTaroTCA
napannenbHbimu

KOTOPOM B OTPa)KeHHbIX Jy4ax HeT
nopsAaKa (MaToBas NOBEPXHOCTb)

Tab6auna 12
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IV 3aKoH npenomneHus ceema.
o

‘\\\d“ BO3AyX

P 7 Ilpenomnenue ceéema — W3MEHEHHE HAlpaBICHUs Jiyya CBeTa IpuU

A 7 nepexojie U3 OJHOW Cpeibl B Apyryro. Yeon npenomnenus (B) — yron
BO34YyX

“37\ a MEXy MPETOMIICHHBIM JIy4OM M MEePHeHIUKYISIPOM, BOCCTAHOBICHHBIM

M3 TOYKHU IMaZICHUI Jyda K 'paHHuIEC ABYX CpC.

Puc. 13. NpenomneHune cBeTOBOro /yya.

1) nyuu, nadarowuil u RPEIOMICHHbLI, 1eHCam 6 OOHOU NIOCKOCMU C NePReHOUK)ISPOM,
80CCMAHOBNIEHHBIM U3 MOYKU NAOEHUsL IY4d K NOBEPXHOCIU PA30eld 08YX Cpeo;

2) ommowenue SiN yena nadewus Kk SIN yenia npenomieHuss ONisi OAHHbIX CPed eChmb GelUHUHA
NOCMOSIHHASA, U HA3bI6AEMCS  OMHOCUMENbHLIM — NOKA3amenem  NpeloMAeHUs — 8mopoll  cpeobl
OMHOCUMENLHO NEPBOLL.

sina n, v,

n21:7:7

sinp n, v,

Cneocmsue.: «Obpamumocmo nyyetiy: Ecan nafalomuyi Jiyd HalpaBUTh IO ITyTH MPETOMIIEHHOTO,
TO TPEJIOMJICHHBIHN JTy4 UAET IO ITyTH MaJa0IETO.

Ionnoe emympenne ompadgcenue — SBICHUE, TPU KOTOPOM CBETOBOE U3IyUEHHE TOJIHOCTHIO
OTpa’kKaeTcs OT MOBEPXHOCTH pazfiesia Mpo3pavHbIX cpen (puc. 14).

npeaenbHbIi 1) npu T Q, B T,
L B 2) B = 90° — CKOJNB3UT IO TPAHMIE pasjiela ABYX CPEI — NpeoenbHblil
BO34YyX yeor,
V4 o
cas o 3) T o, B>90° = B — IOTHOCTBIO OTPAXKACTCS IO 3aKOHY OTPAKCHHSL.
Ve Vs
S V4 o

BHyTpeHHee

Puc. 14. NonHoe BHYTpeHHee
oTpaxKeHue. 38213‘11/[ AJIA CAMOCTOATEJIBHOIO PCIICHU S

. JIyu cBera nmajaer Ha MOBEPXHOCTb BOJBI MO YIJIaMU 40°. Tlox kaxuMm YIJIOM JOJKEH yNacTh
JIy4 Ha MOBEPXHOCTh CTEKJIa, YTOOBI YTOJI MPEIOMIIEHUS OKA3aJICsl TAKUM Ke?

2. Jlyun cBeTa majar0T Ha MOBEPXHOCTh pasjelsia BOAbI U Bo3ayxa mox yriom 50°. Haliaure yron
npenomiieHus tyden. [Tokazarens npenomienus Boast 1,33. EcTb u mosHOE BHyTpEeHHEE OTpaXKeHUe?

3. Haiigure npenenbHbIN yrod NajeHus Jyda Ha TPaHUIly pas3zeiia CTEKJIA U BOJBI.

4. CBeToBBIE BOJHBI B HEKOTOPOH KUIKOCTH MMerT minHy 600 Hm wm wacrory 5- 10" T
Onpenenute abCOMOTHBIN MOKA3aTeNb MPETOMICHHUS )KUIKOCTH.

5. Onpenenute aOCOMIOTHBIA MOKa3aTelb MPEIOMIIEHUS U CKOPOCTh PAaCIpOCTPAHEHUs CBETa B
CIIIOJIE, €CIIU TIpH yIiie majgeHus ceta 54° yron npeisomienus 30°.

6. B amMase cBeT pacnpoCTpaHsIeTCsl CO CKOPOCTHIO 1,22-10® m/c. Onpenenurte NpeaeabHbINA yroi
IIOJIHOTO BHYTPEHHETO OTPAXEHUS CBETA B aJIMa3€ MPHU MEPEXO0JIE CBETOBOTO ITyUKa U3 ajaMas3a B BO3AYX.

7. CBeTOBOM MyYOK MEPEXOAUT M3 BO3AyXa B BOAY. YTOJ majneHust 76°, yroa npenomieHus 47°.
Onpenennure CKOPOCTh CBETA B BOJE.

8. Yron mamaHus gyda CBETa Ha MOBEPXHOCTh MOACOJHEYHOTO Macia 60°, a YTOJI MPETOMIICHUS
36°. HaiiTu mokasareis IIPEIOMJIEHUS MacIa.

9. ®oToH BBUIETACT U3 BOJBI B BO3AYX. BEuIeTHT i1 (OTOH M3 BOJBI B BO3/IYX, €CJIM OH MaJaeT Ha
rpaHuIly pa3zesna BoAbl U Bo3ayxa moj yriom 50°? [Touemy?

10. JIy4 cBeTa mepexoIuT co CTEKJIa «IErkuil Kpon» n=1,57 B Boay. YToJ NMajieHusl yBEIUYUBAIOT.
KaxoB npenenpHblil yroii MoJIHOTO BHYTPEHHETO OTPaXEHUS?
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11. Beruricnure mpeaesbHblid yrojl MOJHOTO BHYTPEHHEr0 OTPaKEHHs JUIs ajMas3a Ha TpaHUlle C
BOJIOM, 3HAas1, 9YTO a0COJIOTHBIN TTOKAa3aTelb MpeoMiieHus anmasa 2,417, a soasr 1,333.

12. Ompenenure OTHOCHUTENBHBIN IIOKa3aTelb MPEIOMIICHUS, eciiu yron mnagenus 30°, a
npenomiieHus 20°.

13. JIyun comHEUHOTro CBETa MaAaloT Ha MOBEPXHOCTH BOJBI oA yriaoM 74°. Ilog kakum, yriom K
TOPU30HTY BOJI0JIa3, OIIYCTUBILUICS B BOAY, OyJIeT BUJETh COJIHIIE?

14. Omnpenenure nokasarenb IPEIOMIEHHSI BELIECTBA, €CIM NPEAEIbHBIA yrojl IOJHOTO
oTpaxkeHus 42°.

15. JIy4 cBera majer Ha IJIOCKOMAPALICNIbHYIO CTEKISIHHYIO IJIacTUHKY mox yriom 60°. Kakoa
TOJIIIMHA IIACTUHKHU d, €CIIU MPH BBIXOJIE U3 Hee Jiyd cMecTuiics Ha 20 Mm?

16. JIyu cBeTa majgaeT Ha IUIOCKYIO CTEKJISTHHYIO IJIACTUHKY TosmmHoi  d = 3 cm mox yriom 70°.
Omnpenenurte cMeleHUe Jyda BHYTpHU IutacTUHKH. [loka3arens npenomienus crekia 1,5.

17. Yron maneHus cBETOBOrO IydKa, MAYIIETO M3 CTEKJIAa C MOKa3aTeJIeM IPEIOMIIEHUS CTEKIa
1,67 B Bomy c mokaszatenem mpenomieHus 1,33, paBen 60°. Ha xakoil yros OTKIIOHSETCS CBETOBOM
My4OK Ha TPAHUIIE, TO XKe MPH yriie najeHus 53°7?

18. MoHoxpomaTuyeckuil Jiyd MajaeT HOPMalbHO Ha TIpaHb IMPHU3MBbI, NONEPEUHOE CEUCHHE
KOTOPOH PaBHOCTOPOHHUH TPEYroJbHHK: MoKa3areib mpejaomienus 1,1. Onpenennure yroia OTKIOHEHUS
Jy4a IPpU BBIXOJIE U3 MPU3MBI OT €ro NEPBOHAYAIBHOTO HAIPaBJICHHUS.

®dopma npeacTaBiaeHus pe3yJbTara:
BhINONHUTE 3a/1aHUE B TETPAIN JJIs IIPAKTHYECKUX PadoT.
Kpurepuu onenku:
3a MpaBUIIbHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TTOJIOKHUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATEIbHAS onleHKa — ) OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumensroy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosnemeopumensHoy svicmasisiemcs 3a Mmenee 60% mpaBHITBHBIX

Tema 5.2 BoJiHOBBIE CBOIiCTBA CBETA

IIpakTuyeckoe 3ansaTue Ne 29 Pemenue 3agau Ha temy @opmyJia 1uppakiiuOHHON pelIeTKH.

Heab: copmupoBaTe mMOHMMaHME poiu (U3MKK B  (QOPMHpPOBAHMHM Kpyrosopa H
(GYHKIMOHATIBHOM T'PaMOTHOCTH YEJIOBEKa ISl PELICHMs MPAKTUYECKUX 3a/ad, H3YYUTh 3aKOHBI
pacnpoCcTpaHEHHs CBETA, KaK BOJHBI U IPUMEHATh UX MPH PEIICHUN

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1P61; [1P62; I1P63; I1P64;
[TPyl1; I1Py2; [TPy4
MP8&, MP9, MP10, MP21, MP17, MP13
JIP 26, JIP 14, JIP 23, JIP 13

MarepuanbHoe o0ecnedyeHue: TETPaab s TMPAKTHUUECKUX pPabOT, pydka, METOTUYECKHE
PEKOMEH/IallUH T10 BHITIOJHEHUIO pa0OThI, TMHEIKA, KapaHall.

Yka3anmue: [Ipaktrueckas pabota COCTOUT U3 ABYX YacTeld — TEOPETUYECKOW M MPAKTHUECKOH.
[Tocne n3ydeHus: TEOPETUUECKOTO MaTepralia MOKHO MPUCTYNATh K BBIITOJTHEHUIO TPAKTUYECKOW YaCTH.
Ona cocTouT W3 JAByX W Ooree 3amad Ui CaMOCTOSTENILHOTO BBINMONHEHUs. He 3a0biBaiite o
npaBUJIbHOM oopmieHun pemieHus. Ha BeIMOTHEHNE MPAKTUYECKON OTBOAMTCS JIBa aKaJEMHYECKUX
qaca. [Topsimok BeIOTHEHUS PabOTHI
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Iopsinok BbINOJIHEHHSI PAa0OTHI:

HSy‘II/ITB KpaTKucC TCOPCTHYCCKHUEC CBCACHUS

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

BbITIMCaB (popMyitbl ¢ maparpadoB 65, 66 . oTMedeHHBIC CKOOKaMHu, HarpuMmep (66.1)
Pa3zo0pathk mpuMepsI perieHus 3a1aq
OTtBeTuTh Ha BOMPOCH TecTa https://znanium.com/catalog/product/1012153, k §64,65,66,67.

IIpumepsl pemennst 3axa4

. 14
1 B Bozte nHTEpPEPUPYIOT KOTePEHTHBIE BOJIHBI 4acToTol 5 - 107" ', Yemnutes ninm ocnabHeT
CBET B TOUKE, €CJIM T€OMETpUYECKasi pa3HOCTh X0J1a JJydeld B Hel paBHa 1,8 MkMm? [lokazarens

npesomiieHus Boasl 1,33.

Hano:
2. KorepeHTH. Uct.

v=5-10%TIy Ar =
ck

AS=18-10°m |= 2

n=133

c=3-10% m/c

m _’_)

2.1,33-5.10" .80
P 5
3-10 =
=7,98 = 8 — yeTH. —

max YCHUJICHUC CBCTa

2. Onpegenure 4 HaUMEHbIIKE TOJIIMHBI MPO3PAYHOM MJIEHKH C ONTUYECKOM IUIOTHOCTHIO 1,5,
9TOOBI MPH OCBEUICHUH MX MEPHEHIUKYISIPHBIMH KPAacHBIMH JIydaMu ¢ JinHOW BoiHBI 750 Hwm oHum
ObUTH BUJIHBI B OTPAKEHHOM CBETE KPACHBIMHU.

JlaHO: IIIeHKa 4dn
n= 1:5 ‘Vll.ll ‘;'v".
A=750HMm ’k-kl I.
k=0123 LT e ) e
dy. dy. dy. 4-n
d.—2 A
3 d, :
4n
A
d, =22 =3d,
4n
d2= Sdg
d:, — 7dc,

750 750 ’
d.:= — = =125Hm
4-1.5 6
d;=3-125=375Hx
d, = 5d, =625 Hu
d;=7d; =875 Hm

3. Ceetoras eonHa ATHHOH 530 HM nmajaeT mepneHIHKYIAPHO HA MPOPATHYIO

JHEQPAKIHOHHVIO peIIeTKy, NOCTOfHHad koTopod 1.8 MrM. Omnpezenmre yroxd
JHOPAKIHE. TT07 KOTOPEIM 00pasyeTcZ max HaHOOIBIIEero IOPAIKa.
Hao: aadpaxis : k2 18-10¢ 1800 .
L=530-10"um sing =—=<1 kg T =—— =34
d=18-10%xn 530-10 53
l;k.,max 1) l%' <1k si} Ko "2 -
- L 3.3530-1077
] sing = A0 - 0,883
L2 — max /" 1.8 N ]O—'
2)sin@
@ =062"
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3agaum 1019 CaMOCTOSITEIBHOTO PeLIeHHU s

1. KaxkoBa ontudeckasi pa3HOCTh X0/a JBYX KOT€PEHTHBIX MOHOXPOMATUYECKUX BOJIH B BEILIECTBE C
II0Ka3areseM npesomienus 1,6, eciu reomerpudeckas pa3HOCTh X0/a Jdydeit 2,5 cm?

2. Ha TOHKYyIO IUIEHKY C IOKaszareieMm MpejromiieHus 1, 5 mepneHAMKYIspHO €€ MOBEPXHOCTH
najaeT MapajuielbHbIA IY4OK JKENThIX Jydedl ¢ jumuHod BoiHbel 600 Hwm. Ilpu xakoi
HauMEHbBIIECH TOJIIIMHE [JICHKU OHA B OTPAXKEHHOM CBETE OYyJIeT Ka3aTbCs KeNTO?

3. /IBa KorepeHTHBIX Jiyda ¢ jymmHaMu BoH 404 HM mepecekaroTcs B 0OJIHOM Touke Ha dKpaHe. Uto
Oyner HaOmOaThCsl B 3TOM TOUKE — YCHJIGHME WM OCJIAa0JIeHHE CBETa, €CIM ONTHYecKas
pasHocTb xona tyden 17,17 Mxm?

4. Bo CKOJBKO pa3 yBETUUUTCS PACCTOSIHHE MEXY COCEIHUMHU MHTEP(HEPEHIIMOHHBIMU MOJI0CaMU
Ha 3KkpaHe B onbiTe FOHra, ecnu 3eieHblil CBeTOPUIBTP C ITMHOM BOJIHEI 25-10"° cM 3aMeHHTB
KPACHBIM C JUIHHON BOIHEL 6,5 - 107 cm?

5. B HeKoTOpyl TOUYKY MPOCTPAHCTBA MPUXOASAT JBE KOI€pEHTHBIE BOJIHBI C I€OMETPHUYECKON
pasHoOCThIO X012 1,2 MKM, JuinHa KOTOpbIX B BakyyMe 600 Hm. Onpenenure, yTo Npou3oieT B
3TOM TOUKE BCieAcTBHE MHTEpdepeHn B Bo3ayxe, B Boje (1,33), B crekiie (1,5).

6. PasHocTh XOma Jyded JBYX KOTEPEHTHBIX HCTOYHUKOB CBETa C JJIMHOW BOJHBI 6- 107 wm,
CXOJISIIIMXCSL B HEKOTOPOM TOYKE, paBHA 1,5-10'6 M. YcuneHue uim ocnabieHue cBeta Oyaer B
3TON TOuKe?

7. Ecnm cnekTpbl TPEThEro W 4YETBEPTOro Mopsjaka npu audpakuuu OeIoro cBeTa, HOPMAbHO
Ma/Ial0IIero Ha TU(GPAKIUOHHYIO PEIIETKY, YACTUYHO TEPEKPHIBAIOTCS, TO Ha JIHHY BOJIHBI 780
HwM cniekTpa TpeTbero nopsjika HakJIaJAbIBae€TCs ATUHA BOJHBI ... CIIEKTPa YETBEPTOTO MOPSAKA.

8. Hudpakumonnas pemerka umeer 50 mrpuxoB Ha MM. [1oJ1 KakuMuU yriiaMu BUIHBI Max MEPBOTO
Y BTOPOTO MOPSAJKOB MOHOXPOMATHYECKOT0 U3JIydeHHUs ¢ IIMHOM BosiHbI 400 Hm?

9. OmpenenuTe ONTHYECKYIO pa3HOCTh XoAa BoOiH JumHOW 540 Hwm, mnpomemmux uepes
TUGPaKIIMOHHYIO PEeHIETKY U 00pa30BaBIIMX Max BTOPOTO MOPsIIKa.

10. OnpenenuTe ONTHYECKYIO Pa3HOCTh X0Ja BOJIH, MPOMICTIINX Yepe3 NU(PAKIHOHHYIO PEIIETKY,
€CJIM MAKCUMAJIbHOE YCHJIEHHE BOJIH BUJHO MOJ YIJIoM 1 1°. Mocrostauast PELIETKH 2 MKM.

11. udpakmonnas pemerka ¢ noctosHHoi 0,004 MM ocBemiaercsi CBETOM € JIMHON BOJIH 687
HMm. Ilom xakuM yriom K pemieTke HYKHO NPOU3BOAUTH HAOIIOJEHMs, 4YTOObI BUIETbH
n300pakeHNe CIEeKTpa BTOPOro nopsiaka’?

12. Onpenenute TOCTOSHHYIO IU(GPAKIMOHHON PEIIETKH, €CIM TP €€ OCBEUICHHH CBETOM C
JUIMHOW BOJIH 656 HM crniekTp BTOpOro nopsiika BUJAEH MO/ YIIIOM 15°,

13. Ompenenute UITMHY BOJHBI TSl TUHUH B JUPPAKIIMOHHOM CHEKTpPE 3-T0 MOPsAKa, COBIAIAIOIICH

C JIMHUEH B CIEKTPE YETBEPTOrO MOPsiKa ¢ JUIMHON BoJHBI 490 Hwm.

14. Kakoii HauOOJNBIINNA MOPSIOK CIEKTPa MOKHO BUJIETh B TU(DPAKIITMOHHON pEIIeTKe, HMEIOIEH
500 mwTpuxoB Ha 1 MM IIpH OCBEILIEHUU €€ CBETOM C JJIMHOU BOHBI 720 H

®opma nmpeacTaBJieHUs pe3ybTaTa:
BremoaHNUTE 3aIaHuC B TCTpAaAU IJIA MPAKTHYCCKUX pa60T.

Kpurepum ounenku:

3a mpaBUIIHLHO BBIIOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNe BHICTABIISIETCS OTPUIIATEIbHAS onleHKa — 0 OaioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

Oyenxa «xopoutoy svicmassiemcsi 3a 80 — 89% npaBUILHBIX OTBETOB

Oyenxa «yoosnemeopumenvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB
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Pa3znes 6 JiieMeHTHI KBAHTOBOW QU3MKHU
Tema 6.1 KBanToBasi oITUKA

IpakTuyeckoe 3ansaTue Ne30. Pemenne 3axa4 no reme «3akoubl poToddgdexra. YpaBHeHue
JifHIITE HAY.

Leab padorsli: chopMupoBaTh MOHUMAHKUE POJIU PU3UKHU B (POPMHUPOBAHUU KPYro3opa BIlaJicHHUE
OCHOBOTIOJIATralOMUMU (PHU3NICCKUMH TTOHITHSIMHE, 3aKOHOMEPHOCTSMH, 3aKOHAMHU U TCOPUSMU; YMEHUS
BBITIONTHSATH pacyeTHHIE U IpadUuecKue 3a1a9u

BoinosineHne padoThl cioco0CcTBYET (POPMUPOBAHMIO:
[1P61; I1P62; ITP63; I1P64; ITPG5;

[1Py3; I1Py4; I1PyS; I1Py9;

MP8&, MP9, MP10, MP21, MP17, MP13

JIP 26, JIP 14, JIP 23, JIP 13

MatepuajibHoe o0ecnieyeHue:

MHAMBUAYaJIbHOE 33/1aHUE, KOHCIIEKT JIEKIIUH, CIIPAaBOYHbIE MaTepHaJIbI.

Ykazanue:

[IpakTHueckoe 3aHATHE COCTOMT M3 JABYX YacTed — TEOpEeTHYECKOM M mpaktudeckou. llocie
U3y4YeHHs] TEOPETHUECKOro MaTepualla MOXHO HMPUCTYNATh K BBIOJHEHMIO NMpakTHueckoi yactu. OHa
COCTOUT W3 JIByX M OoJiee 3a1ad JIJIsl CAaMOCTOSITEIILHOTO BBINMONHEHH. He 3a0biBaiiTe 0 MpaBHILHOM
oopmienun pemienus. Ha BoloHEHHE IPAaKTUYECKOTO 3a/1aHUS] OTBOJIUTCS /1BA aKaJEMHUECKUX Yaca.

3ananne:

O3HaKOMBTECH C TEOPETUUECKUMU CBEJICHUSAMU
Pemmre 3amaun, caMOCTOSITENIBHO HCIOJB3YS MPUMEPHI U KpPaTKUE TEOPETHYECKHE
CBEZICHHUS.

ITopsinok BbINOJHEHHS PadOTHI:
1. WMsyuwre u BomuimuTe GOpMyJIbl 110 JAHHON TEME B BUJIE KPATKOTO KOHCIIEKTA
2. Pa30epute npuMepsl pelIeHHBIX 3a/1a4
3. Pemmre caMmoCTOSATENBHO 3aJa4du
4. Bemomaute TecT  https://znanium.com/catalog/product/1012153, crp 346
«Dotordpdexr. Popmyna [lnanka»

Kparkue Teopernueckue cBeeHHs
DHeprus KKI0i NOPIUH MPSMO TPOMOPIMOHATBHA YacToTe u3nyuenus — V. E=hv [JIx],

rae h — mocrosunas ITinanka, h = 6,63~10'34 [Tx-c].
[TOrJIOTUTHCS MOXKET BCS IIOPLIUS [ISITUKOM.

Dueprust cBeta hv maer Ha coBepiieHHe pabOThI BbIxoga A; W Ha COOOIICHHE DJICKTPOHY

2 2 2
. mo mo® . mo
KUHETHUYECKOU dHEepruu — — . hv=4,+ ; =Ex.
2

Jns kaxmoro BemectBa (GoTodddekT HalmomaeTcs, €cld 4Yactota Vv > Vgin = hv > A.

. . A
[IpenenbHyI0 9aCTOTY Viin WM Amax Ha3bIBAIOT KpacHOU TpaHuiiend ¢ortodddexra. viin =—¢ ,rae A, —
h

pabota BeIxofa snexrpona [Jix]. 1B = 1,6-10"° T
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®oTOH 00J1a/1aET MOPIIUEH SHEPTUH: E — % =hvy,rae v—uactoTa [I'1];

h — nocrosiunas [nauka, 6,63-10°% [ k-]

hv

8
Macca goroHa onpenensieTcs: m = ~, TIIe C — CKOPOCTb CBETa, c¢=3-10" m/c.
c

®doTOH HE HMMEET MAaCChI IIOKO:A, T.€. HE CYIICECTBYET B COCTOSHHHU IIOKOS. I/IMHYJ'H:C q)OTOHa

hv h
ONPEIEIICTCS: p=MC=— = "

IIpumenenne porodrdpdexra

CBoiicTBO ()OTOTOKA 3aK/IIOYAETCS B TOM, YTO €r0 CHJIa MPSMO IMPONOPLUOHATIbHA MOTJIOIEHHON
SHEPIUU CBETa, HAXOIUT NpPUMEHEHHE B MpuOopax-(hOTOdIEMEHTaX, B KOTOPBIX SHEPTHs CBETa
YIIpaBJIIe€T SHEPrHeN AIEKTPHUUECKOr0 TOKA WM peoOpa3yeTcs B Hee.

PazHooOpazHoe NpuUMEeHEHHEe HAaXOIUT BHYTPEHHUH (OTOI(PQEKT B MOTYNPOBOJHUKAX. ITO
SIBJICHUE UCTIOJIb3YeTCSL:

1) B poToconpoTuBICHUAX — MPUOOPAX, COMMPOTHBIICHNE KOTOPHIX 3aBUCUT OT OCBEIICHHOCTH;

2) B MOJYNPOBOJHUKAaX — Mpubopax, NpeoOpa3yroIIUX CBETOBYIO JSHEPIHMI0 B 3HEPrUI0
AIIEKTPUUYECKOTO TOKAa. Takme mpuOOpHl CIoyXaT HUCTOYHMKaMH ToKa. CyIecTBYIOT —SBJICHUS,
00BbsICHAEMble KBAaHTOBBIMU CBOMCTBAMH U3JTyUCHHUSL.

1. /lasnenue ceema. TlepBbie onbiThl ObuM Tipoeianbl B 1900 r. pycckum ¢pusukom JlebeaeBpiM
I1.H. Beruucnenuss MakcBesia MOKa3ajil, 4YTO Ha 3eMJle COJHEUHBIH CBET JaBUT Ha KBAJpPATHbBIN MeTp
4epHOI MOBEPXHOCTH, PACTIONOKEHHOM IePIEHIHKY/ISPHO JTydam ¢ critoi 4,510 H.

2. Tennogoe oeiicmseue ceema. llpu TOINOMIEHUN U3IyUYEHHUS TEJIOM BCErjla IPOUCXOIUT
MIpeBpaIleHe YHEPTUN U3ITYIECHUS BO BHYTPEHHIOKO YHEPTHUIO Tela.

CosiHeuHble JTy4d HpUHOCAT execeKyHAHO 1370 JIx sHepruum Ha KaXAblil KBaJpaTHBIA MeETp
MONEPEYHOI0 CEYEHUS 3EMIIU.

3. Xumuueckoe Oelicmeue ceéema. XUMHYECKHE TMPOLECCHl, MPOUCXOJAIINE MOJ JeicTBUEM
M3JYy9EHHUs, IMEIOT OOJIBIIIOE 3HAaUEHHE B IPUPOJIE, HAyKe M TEXHHKE:

— (¢oTocuHTE3;
— CIIOCOOCTBYIOT BO3HHKHOBEHHMIO 3pPUTEIBHOTO OIIYIIEHUS Yy 4eJOBeKa |
KHMBOTHBIX U JIalOT BO3MOXKHOCTb Pa3/IN4aTh 1IBETA;

— noiyyeHue gororpadpuu.

XUMHUECKOe AeHCTBUE U3ITyUYSHHs OU€Hb XOPOIIO OOBSICHAETCS KBAHTOBOW TeopHel cBeTa.

[Tornomenue GOTOHOB yBETUUNBACT SHEPTHIO MOJIEKYJI MPOUCXOIAT XUMUYECKHE MTPOLIECCHI.

IIpuMmepsI pemieHus 3aaa4

1. Ompenenute MaKCHUMallbHYIO CKOpPOCTh BbIJETa 3JEKTPOHOB M3 Kajus, paboTa BbIXOZA
AJIEKTPOHOB M3 KOTOpPOro paBHa 2,26 3B, mpu OCBeIIEHHH €ro yiabTpa(HOIETOBBIM H3JIyYEHUEM C
. 1
jutiHOiT BomHbl 200 HM. Macca sekrpona 9,1-10% kr.

Hano:
A =200 am CH PeweHwue:
A,=2265B 200-10°°

N3 ypaBHEHUA DNHLWTENHA ANA BHELHEro

dboToaddekTa: 9

ch mo? — .
72A6h1x+TU:>U= MI
Am,




m =9,1:10% kr 2,26-1,6-10™° [

c=310%w/c

h=

6,62-10"%* ix-c

v—-"

e \/2(3'108 -6,62-10*-2.107-2,26-16-10) _ \/(19,86—7,232)10’26

-118-10° %

2.107.91-10* 91.10°% c

OtBeT: v = 1,18-106 Mm/c.

Pemurhb 3a1a4i caMOCTOATEIbHO

(n - Homep saweeco eapuanma no cnucky)

1.

© XN O

11.
12.
13.
14.

15.

16.

17.
18.

19.

20.

Pabora BeIxo/1a 37eKTPOHOB y oKcuaa Meau 5,15 3B. BeizoBer mu Gporoaddext ynprpaduoneToBoe
U3ITy4eHUE C YaCTOTOU 0,01~1017 I'u?

PabGora BbIXOJa 3JEKTpOHA C TIOBEPXHOCTH IIE3Us paBHA 1,610 k. C kaxoii CKOPOCTBIO
BBUIETAIOT AJIEKTPOHBI U3 LIE€3Us, €CIIM METAJIJI OCBEILEH JKEIThIM CBETOM C JUJIMHOM BOJIHBI 0,6-10°°
M; Me = 9,1-10'31 Kr?

Haiigure maccy u ummynbc GOTOHOB 11 UH(paKpacHbIX (V= 10”1 1) U PEHTT€HOBCKUX (v =10 ['11)
JIy4en.

Haligure nmuHy ¥ 9acToTy M3My4deHHs, Macca (DOTOHOB KOTOPOTO paBHA Macce MOKOsS JJIEKTPOHA
(Me =9,1:10° k).

KakoB ummynbsc poToHa, 3HEPrUusi KOTOPOro paBHA 6-10™° Jix?

Ornpenenure UMITYJIHC (POTOHOB PEHTIC€HOBCKHUX JIyde A = 410" m.

KakoBa macca ¢oToHa, eciiu ero sHeprusi paBHa 2,76-10™° IIx.

OHeprus KBaHTa CBETa paBHA 1,98-10"%!. Kakoe 10 U3yyeHue?

Omnpenenure sHeprut0 (OTOHOB, COOTBETCTBYIOIIMX HambOojiee anuHHBIM (A = 0,76 MKM) u
Haubosee KopoTkuM (A = 0,4 MKM) BOJTHAaM BUAMMOM YaCTH CIEKTPA.

. Kakoi#t dacToTel cBeT CJICAYCT HaIpaBUTh Ha MNOBCPXHOCTH IIJIATUHBI, yTOoOBl MaKCHUMaJbHast

CKOpOCTh (hOTO3IEKTPOHOB OblIa paBHa N KM/C paboTON BbIX0a JUIs IJIAaTHHBI paBHA 6,3 7B?
[Touemy nosinenue Gpororpapuueckux CHUMKOB MPOU3BOAUTCS IIPU KPAaCHOM cBeTe?

MoxHo 1 ¢oTorpadupoBaTh NpeAMETH B COBEPIICHHO TEMHOM KOMHaTe?

Onpenenvte UMITYIILC (POTOHA BUAMMOTO CBETA C JTMHOM BOJIHBI 500 HM.

Omnpenenure AIMHY BOJHBI (POTOHA, UMITYJIBC KOTOPOT'O PAaBEH UMITYJIBCY JIEKTPOHA, MPOJIETEBIIETO
YCKOPSIIOIIYIO Pa3HOCTh MOTEHIMAI0B N B.

Omnpenenute SHEPrUI0 M3Iy4eHHsI, Macca (POTOHOB KOTOPOTO paBHA Macce MOKOS 3JIEKTPOHA Mg =
9,1.10°% kr.

Beruucnure sHepruto ¢ortona Bugumoro csera A = 0,4 MKM M CpaBHUTE ee C dHeprueil gporoHa
yIAbTPaUOJIETOBOTO U3IYUYEHHUS KBapLeBOi Jamibl A = 0,25 MKM.

[Ipu xaKkoil 1IMHE 1eKTPOMarHuTHOM BOJHBI 3HEPTUsl (poToHa Obla Obl paBHA 2,8-10™% J1x?
Omnpenenure paboTy BBIXOJA JIEKTPOHA C MOBEPXHOCTH LMHKA, €CIM HauOOJbIIas JJIMHA BOJIHBI
¢dorona, Be3bIBatomas Goroddpdext — 0,3 MKM.

KaxoBa makcumaibHas cKOpocTh (POTO3JIEKTPOHOB, €l (OTOTOK IMpPEKpaIlaeTcs Mpy 3arnuparomieM
Hanpsbxenuu 0,6 B (me = 9,1-10'31 KT, e = 1,6~10'19 Ki)?

Omnpenenurte KpacHyto rpanuny ¢porodddexra ans meramia ¢ paboToii Bexoa N 3B.
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®opma npeacTaBJieHus pe3yJbTara:
BrimorHUTE 3aaHKE B TETpaan ISl MPAKTHISCKUX PadoT.

Kpurepum oneHku:

3a mpaBUIIHLHO BBITOJHEHHOE 33JaHHE BBICTABIISIETCS TIOJIOKHUTEIbHAS OLleHKa — | Oasu.

3a HeMpPaBWIIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS olleHKa — 0 0auIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

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

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

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

Tema 6.2 ®u3nka aToMa U AaTOMHOIO S/Ipa

IIpakTnueckoe 3ansaTue Ne3l «3anuch saepHbIx peakuuii. CTpoeHne aTOMOB U ATOMHBIX si/Iep.

3aKoH paIHOAKTHBHOIO Pacmaaa.

Heas padoTsi: chopMHUPOBATH MOHUMAaHUE PO PU3UKH B (POPMUPOBAHUH KPYro30pa BiiaJieHUE
OCHOBOIIOJIATAIONIMMHU (PU3UUIECKUMH MOHATUSIMHE, 3aKOHOMEPHOCTSIMH, 3aKOHAMU M TEOPUSIMHU; YMEHUS

BBIIIOJIHATB PACYCTHLIC U rpa(bnqecxﬂe 3aJa4un

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1P61; I1P62; I1PG3; [1P64; I1P6S;

I1Py3; IIPy4; IIPy5; I1Py9;

MP8&, MP9, MP10, MP21, MP17, MP13

JIP 26, JIP 14, JIP 23, JIP 13

MarepuajibHoe o0ecnieyeHue:
MHJUBUIyaJIbHOE 3a/1aHKi€, KOHCIEKT JEKIUH, CTPAaBOYHbIE MaTEPHAIIbI.

Yka3zanmue:

IIpakTueckoe 3aHATHE COCTOMT M3 JABYX YacTed — TEOPETUYECKOM M mpaktudeckoil. llocie
U3Y4YEHHUs TEOPETUYECKOT0 MaTepHalla MO>KHO IPUCTYNATh K BBIMOJIHEHHUIO MpakTUyecKoil yactu. OHa
COCTOUT U3 JIBYX M Ooiiee 3ajau JjIsl CaMOCTOSATENIBHOTO BhINONHEHUs. He 3a0biBaiiTe 0 MpaBUILHOM
odopmiiennu peuieHus. Ha BbImosHEHNE MPaKTUYECKOTo 3a/1aHus OTBOJIUTCS JIBa aKaIEMUYECKUX Yaca.

3aganue:

O3HaKOMBTECH C TCOPETUICCKUMHU CBEICHUSIMH

Pemmre 3amaun, caMOCTOSTENIBHO HCHOJB3Ys MPUMEPbl U KPATKHE TEOPETHUYCCKHUE
CBEJIEHUS.

BBINOJIHUTE TECT

ITopsinok BbINOJHEHHS PadOTHI:

PoONE

N3yunTe KpaTkue TEOPETUUECKUE CBEICHUS

Pazbepute npuMepsl pelIeHHBIX 3329

Pemmte camoctosiTenbHO 3aaun

Bemonaute  Tect  https://znanium.com/catalog/product/1012153, ctp 347
«CTpoeHne aToMa U OTpeiesieHre ero coctaBa o tabmauie MenaeneeBay, ctp 349,
« SlnepHas peakius. YpaBHEHHE SIAEpPHOW peakiuu», «PaauoakTUBHOCTB.
SAnepHble CHITBI» K yKa3aHHBIM Maparpadam
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KpaTkue TeopeTnyeckue cBeieHUs
[Ipu paaroakTHBHOM pacrajie MPOUCXOIUT MPEBpaIlleHUue OJJHOTO sJIpa B IPYroe, KOTOpoe MOAYUHSAETCS
IpaBUjIaM CMeleHus, chopMynupoBaHHbIMU CoIH:

1. o-pacmanm: )X —27Y +,He — usnydenue sjaep reuus.

2. B-pacmanm: X -—,AY+ %8 — M3IyueHHUe >IEKTPOHA.
CtpoeHue aTOMHOTO siipa

IIpomonHo-Heumpontas moodenb amoma — SAPO COCTOUT U3 HEUTPOHOB M IMPOTOHOB, BOKPYT II0
opOuTam BpamarTcs 3JIeKTpoHbI. O0IIee Ha3BaHNUE MPOTOHOB M HEUTPOHOB — HYKIOHbL.
IIpomon (p) nMeeT NON0KUTEIbHBINA 3apsl, PaBHBIN 3apsly IEKTPOHA U Maccy Mmokos My = 1,6726-10°
T kr.
Heitimpon (n) — HeliTpaibHas 4aCTHIIA C MACCOM TTOKOS My, = 1,6749-10%" kr.
Maccosoe uucno A — ob1iee Ynuciio HyKJIOHOB B aTOMHOM SJIpE, T.€. CyMMa HEUTPOHOB U IIPOTOHOB.
3apsooeoe yucio Z — 9ucno NPOTOHOB B SIIPE, COBIMAAIOINIEE C MOPSIIKOBBIM HOMEPOM XHMHUYECKOTO
AJIEMEHTA B TICPUOIUUECKOM CUCTEME 3JIEMEHTOB MeH ierneeBa.

A
ATOM XMMHYECKOTO 3JIeMeHTa 0003Ha4aroT , X .
Hanpumep, °;UU , B KOTOPOM COJIEPKHTCS Z — NPOTOHOB U JIEKTPOHOB, T.6. Z = 92 m A — MaccoBoe

qrcio, koropoe paBHo 235. N — nmporonos, T.e. N =4 —Z = N =235-92=143. 4 =Z + N
Hoepnoie cunvl — CUIBL, KOTOPHIMU HYKIIOHBI YJIEPKUBAIOTCS B s1ipe. UTOOBI pa3ieiuTh IIpo Ha
COCTABJISIFOIIUE HYKJIOHBI HEOOXOAMMO 3aTPATUTh OOJIBIIYIO SHEPTHUIO — IHEPIUIO AMOMHBIX 0ep —
paboTa, KOTOPYIO HEOOXOAMMO COBEPIIUTD JIJIsl pa3JeICHUS Aapa HAa HYKIOHBL. E .z = Amcz,rz[e Am =
Z-my + N-‘mp — M, — AeexT Macchl.
OHepeemuueckum 6blx000M SAJICPHON peaKIIuu HA3bIBAIOT PA3HOCTh SHEPTHM MOKOS SIIepP M YaCTHUIL JI0
peakuu u nocie Hee, To ecTh:AE = (Xm; - Zmi)-cz,
rae XM;j — cyMMa Macc 4acTHUll 0 PEaKkluy;
2Mm; — cymMMa Macc 4acTHI] TIOCIIe PEaKIIUH.
Ecnu Xm; >Zm;, To peakuus UIET ¢ BBIACICHUEM YHEPTUH, €CIM XM <XMj, TO peaKuus UAET C
MOTJIOIIEHUEM SHEPTUH.
Aoepnas peaxyus — peBpallieHue aTOMHBIX SJI€p MPU B3aUMOJCHCTBUHU C DJIEMEHTAPHBIMHU YaCTUIIAMH.
SnepHble peakuy MpOTEKaIoT MO-Pa3HOMY, T.€. C UCITYCKAaHUEM PA3JIMYHbIX YaCTHUIL:
,Be+ He—C+ n '
3axon coxpanenus 21eKmpuecKux 3apsa008 U MAaccogulx yucea: CyMMa 3apsaoB (MAaCCOBBIX UHCEN) sAep
Y YaCTHII, BCTYIAIOMINX B SACPHYIO PEAKIIUIO, paBHA CyMME 3apsI0B (MAaCCOBBIX YHCENT) KOHEUHBIX
IPOAYKTOB (siiep U yacTull) peakuuu. Hanpumep: s Al+on—;Na-+;He .
Z (mo peakiuu) = 13 + 0 Z (mocne peakmun) = 11 + 2
A (no peakuun) =27 + 1 A (nocne peakuun) =24 + 4

IIpuMmepsI pelieHus 3aaa4
1. Kyna cMmeniaercst moty4eHHBIN 3JIeMEeHT B Tabnuie MeHnzeneeBa B pe3yibTare MATH o.-pacrajoB?
. 2 _ _ _ 4
HaHo_ zAX —>5;‘He+?Y 0-pacnaf, — 370 NoTOK Aaep reana — ‘He, T.K. ux 5=

Z(5*He) = 5-2 = 10 — 3apsag; A(5*He) = 54 = 20 — maccosoe
OtgeT: anemMeHT Y OTHOCUTENBHO X CMEIIAeTCsl Ha AeCSTh KIETOK K Hayaly TaOIUIIb.
5. 3aKOHYMTE ANEPHYIO PEAKLUIO: B+ 1n —2+Li.
1o 3akoHy coxpaHeHus 3aps/ia U MacChl:
no peakuu Z = 5 + 0; mocie peakiuu Z =5 — 3 = 2;
no peakiuu 4 = 10 + 1; mocne peakiuu A = 11 -7 = 4.
[Tony4aercst 31eMEHT € 3aps10M 10 peakuuu Z =2 u Macco 4 =4 — “He-
OtBeT: ?B+°n—> He+Li.
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1. Onpeodenume suepeemuueckuii 8biX00 A0EPHOU PeaKyuli
“N,+'He,=""O,+'H,

1 cnocoo

1) onpedenumov maccy sopa u uacmuy ml 0o peaxyutl
2) onpedenums maccy s0pa u yacmuy m2 nocie peakyuil
3) onpedenums usmenenue maccol m ml m2

p E=m*c’
) paccuumamo uzMeHenue dHepulL.

M, =14,00307 a. em+4,00260 a.e. m==18,00567 a.e.m.
[locne peakuum:

M, =16.99913 a.e.m.+1,00783 a.e.m.=18,00696 a.e.m.
m=""""M=_0.00129a.¢. m.

DHeprus norjaom@aercs, T.K. m < (
E=(-0,00129)*931 M»B.=-1,2 M1B.

2 crocod

Jlano: Pewenue:

B, =104653 MsB DHeprus CBA3M PaBHA HYIO, TOITOMY
E,=282937, o E=E-(E+E,

By =1kI M»sB E= 131,754 MaB —(104,653+28,2937)M3B=-1,2M»B
E-? Omeem: 1,2 M3B

Pemurhb 3a1a4i CaMOCTOATEIbHO

KakoBo ctpoenue sapa atTomoB: 6opa '°B ; Oepuius | Be; a30Ta /N ; altlOMUHHA 2 Al ?
YeMm oTaM9ArOTCS sA/Ipa H30TOIOB BoAopoaa 'H, *H, *H ? Kak onu HaspBaroTcs?
Kyna cmemaercs anemenT Y B pe3ynbTare o-, B-pacmnana B Tabnuie Menaeneena?

A 0 . A 4 0 .
a) 2X >3l +Y; 0) I X—>iHe + %t Y,
B) ;X—)Z;He +3£e +Y; r) ZAX —);He +3je +Y.
ITpn GombapaupoBKe M30TONA a30Ta YN HEHTPOHAMM IIOJy4aTCs M30TOIN YIJIEpoaa /C, KOTOPBIA
OKa3bIBaeTcs -pauoakTUBHBIM. HanmuimuTte ypaBHEHUS sIEPHBIX peaKiuil.
B pesynbrare 3axBaTa HEMTPOHA AAPOM H30TOMNA a30Ta **N 00pasyeTcss HEM3BECTHBIM JJIEMEHT U Ol
yactula. Hanummre peakiyio u onpeaennTe HeM3BECTHBINA JIEMEHT.
Haiinure npoaykT peakuuu npu 60MOapAMpOBKe SA€p M30TONA MarHus Mg O-4acTULAMHM, ECIIH
W3BECTHO, YTO B 3TOW PEAKLIUU BBIJEISIIOTCS HEUTPOHBI.
3anumure cXemy SAEpHON peaklMM M ONpeleNUTe HEU3BECTHBIA 3JIEeMEHT, 0Opa3yromuiics npu
0oMOapaMpOBKE AEP M30TOMNOB ATKOMHMHHS >/ Al O-9aCTHUIIAMH, €CJIM W3BECTHO, YTO OJWH W3
MIPOJYKTOB PEAKIIUU HEUTPOH.
DNeMEHT Kyp4yaTOBUH TOMy4MIM, OONydas IUTyTOHWH %?Py snapamu HeoHa ’Ne. Hanwmimre
PEaKIIMIo, €ClIi U3BECTHO, YTO B pe3ybTaTe 00pazyeTcs elle YeThlpe HeHTPOoHa.
Hamummre Henocraroipie 0003Ha4€HNs B CIIETYIOUIHX SIEPHBIX PEAKLIUSIX:
a) ZAl+.n —?2+,He; 0) 2+ H—>2Na+,He;
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10.

11.
12.

13.

14.

15.

16.
17.

B) PMn+?—2Fe+/n; 1) ZAl+y—2Mg+7?;

10 1 . 55 1 1a"
1) B+n—>H+a; €) 2Mn+p —2+.n;
K) ILi+ He >2+He;  3) ’H +y —>2+.n.
[Iporaktunuil *’'Pq o-pajnoakTuBeH. OnpenenuTe, Kakoi SJIEMEHT MOy4aeTcsi C TIOMOIBIO 3TOTO
pacmana?
B kako# 51€MeHT NpeBpamaetes U 1ocie AByX [3-pacrajios U OJHOTo o-pacnana?

210p - -

Slnpo u3oTona BUCMyTa *?Bi MOJYYMIIOCH U3 JIPYroro sjpa nocjie a-pacnana u -pacnana. Yro sro
3a apo?
B pesynbTaTe 3axBaTa O-4aCTHIBI AIPOM H30TONA a30Ta N 00pasyeTcsi HEM3BECTHBIN SJIEMEHT

NpoToH. Hanuiure peakuuio u onpeAaeuTe HEM3BECTHBIA SJIEMEHT.
BosmoxkHa M peakmms, NPOUCXOASAIIAs MNP OOMOApIUPOBKE ATIOMUHHUS O-9acTULAMU H
COIPOBOXKIAMOIIYIOCS BHIOMBAaHMEM HEUTPOHOB, €CIM B Pe3yJbTaTe MOJydaeTcs SIpO KPEMHHUS C
MAaccOBBIM unciioM 30?7

11 o
IIpn nenenmu sapa U Beigenserca sueprus 3,2:107° Jhk (200 MsB). Paccuuralite snepruio,
KOTOpasi BBIACIUTCS [IPU CTOPaHUU ypaHa KOJIMYECTBOM BelllecTBa 1 MOJb.
Onpezienure SHEPIUIO, BBIIEIAIOIIYIOCSA B X0/I€ TEPMOSIIEPHOM peakiuu 'H +H —> He-

3 3

Usoron renus ’He TONMydYaeTcs B pe3ynbraTe OOMOApIMpOBKHM SAE€P TPUTHA *H IPOTOHAMM.
Haitaure sHepreTnyeckuil BBIX0 3TOM PEaKLUU.

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

Kpurepun oneHku:

3a MpaBUWIILHO BHINTOJHEHHOE 3a/JaHUE BBICTABIISICTCS ITOJIOKUTEIbHAsI OLleHKa — 1 Gasu.

3a HeNIpaBUIIEHO BBIITOJHEHHOE JIEHCTBHE, 3a/JaHHE BHICTABIIICTCS OTpHLIATEIbHAs olleHKa — 0 6auioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIEHBIX OTBETOB

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

Oyenka «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB

Oyenka «neyooenemaopumensvHoy svicmagisiencs 3a Menee 60%0 mpaBUIBLHBIX OTBETOB

Pasznea 7 DBosronus BeenenHnoi

Tema 7.2 JBoionusa Beesennoii

IpakTnyeckoe 3ansaTue Ne32 no teme «CoJiHue u 3Be3/1bl. PaGoTa ¢ moaBukHOIi KapToii
3B€31HOr0 HeDa»

Heab: Mo3HaKOMUTHCS C MMOABMKHON KapTOM 3BE3IHOTO HEOA, HAYUUTHCS ONIPEENISTh YCIOBUS

BUJHUMOCTH CO3B€3Z[I/II71, HAYYUTHCA ONIPCACIIATL KOOPAUHATHI 3BC3/1 10 KAPTEC

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1P61; [1PG3; I1P64; I1P66;
[1Py1; ITPy2; ITPyS; I1py6,I1Py9;
MP8, MP9, MP10, MP21, MP17, MP13
JIP 26, JIP 14, JIP 23, JIP 13
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MarepuaibHoe o0ecredyeHHe: TETPaab Uil TNPAKTHUECKUX paboT, pydyka, METOAMYECKHUE
PEKOMEHIALIUY 110 BBIIOJIHEHUIO PA0OTHI, JIMHEHKA, KapaHJalll.

Yka3anue: [Ipaktuyeckas paboTa COCTOUT U3 JBYX YacTEHl — TEOPETHYECKOW M MPAKTUYECKOM.
ITocne n3ydeHns TeoOpeTUYECKOro MaTepruasa MOKHO IIPUCTYNATh K BBIIIOJHEHUIO TPAKTUYECKON YaCTH.
Ona cocrout u3 1ByX u Oosee 3amad A CaMOCTOATENILHOrO BhImoigHeHus. He 3aObiBaiite o
IIPaBUIBHOM O(QoOpMIIEHHH pelleHus. Ha BbINOJIHEHHE MPAKTUYECKOH OTBOAMTCS JIBAa AKaJIEMHUYECKUX
yaca. [Topa10K BBIIOTHEHUS pabOTHI

IMopsaa0K BHINOTHEHHS] PA0OTHI:
1. Bocmons3yiitech cchuikoit https://znanium.com/catalog/product/1012153  mis usydenus §76,
77, 80, 82
2. PaccMoTpuTe TEOpETHUYECKHI MaTepual 10 TeMe M HpPUMEPhl pPeIleHHs 3axad  (CMOTpH
METOAHYECKOE IIOCOOHE).
3. Pemmte camocrosTenbHy0 padoty. OhopMuTe peleHne MICbMEHHO B TETPAJIH.

Xoxa padoTbI:
Teopus.

Bup 3BE31H0T0 HEOa M3MEHsIeTCs M3-3a CYyTOUHOTro BpalleHus 3emiin. M3meHenne Buaa 3BE31HOTO
Heba B 3aBUCHMOCTH OT BPEMEHM IoJia MPOUCXOJIUT BCleACTBUE oOpaiieHus 3emiau Bokpyr CosHia.
Pabora mocBsiiieHa 3HAKOMCTBY CO 3BE3HBIM HEOOM, PEIICHUIO 3aJad Ha YCJIOBUS BUIMMOCTHU
CO3BE3MH U ONPEACIICHUH UX KOOPINHAT.
Ilepen HayamoM paboOTHl pacnedyaTaTh MOABHKHYI0O KapTy 3Be3HOI0 Heba, OBaJl HAKJIaJHOIO Kpyra
BBIpE3aTh 10 JIMHUH, COOTBETCTBYIOIIECH reorpauueckoil mMpoTe MecTa HadmoaeHns. JInHus BbIpesa
HaKJIaJHOTO Kpyra 0yJeT n300pakaTh JIMHUIO TOPU30HTA. 3BE3HYIO KapTy U HaKJIaJHON KPYT HAaKJIEUTh
Ha KapToH. OT fora K ceBepy HaKJIaJHOIO Kpyra HaTsSHYTb HHUTb, KOTOpas IOKa)XET HaIpaBliEHUE
HeOeCHOro MepuauaHa.

Ha xapre:
® 3BE3/bI OKA3aHbl YEPHBIMU TOUKAMU, pa3Mepbl KOTOPBIX XapaKTEPU3YIOT APKOCTh 3BE3NL;
® TYMaHHOCTH 0003HAu€Hbl IITPUXOBBIMU JIMHUSAMU;
® CeBEpHbIN MOJIOC MUPA U300pakEH B LIEHTPE KapThl;
)

JIMHHAHN, UCXOJSIINE OT CEBEPHOTO TOJII0CA MHUPA, TOKA3bIBAIOT PACIIOIOKEHHE KPYTOB

ckioHeHus. Ha 3B&31HOM KapTe Amst ABYX OMFMKaWIINX KPYTrOB CKIOHEHUS YTIIOBOE

paccrosinue paBHo 1 u;

e HeOecHble mapayienu HaHeceHbl yepe3 30°. C uxX MoMoIIbio MOKHO MPOU3BECTU OTCUET
CKJIOHEHHUE CBETHII J;

® TOYKM IEPECCUCHUSA DKIIMIITUKU C OKBATOPOM, JJI1 KOTOPBIX ITPAMOE BOCXOXKICHUEC Oul2
4., HA3bIBAIOTCSl TOYKaMU BeCEHHETO g 1 W paBHOJCHCTBUI;

® II0 Kparo 3Bé3)IHOI>'I KapTbl HAHECCHBI MCCAIBI 1 YMCJI4, a Ha HAKJIIATHOM KPYIre — 4acChbl,

® 3CHUT PacIoNIo’KeH BOJIM3H IIEHTpa BhIpe3a (B TOUKE MEPECceUeHUs] HUTH, H300pakaromie

HeOeCHBIN MepuIraH ¢ HeOECHOH mapaienbio, CKIOHEHHE KOTOPOi paBHO

reorpaUyecKoi MupoTe MecTa HAOIIOICHNU ).
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[t onpeesieHUs] MeCTOMNOJIOKeHUsI He0eCHOro CBeTWJIa He00X0AUMO Mecsill, YUCJI0, YKa3aHHOe
HA 3BE31HOM KapTe, COBMECTHTH € YacOM HA0JII0leHHsl HA HAKJIAJTHOM KpYyre.

HebecHblii 5kBaTOp — 6016101 KpYye HEbeCHOU cghepbl, NIOCKOCHb KOMOPOo20 NePpReHOUKYIAPHA OCU
MUupa u cognaoaem ¢ niI0CKOCMbI0 3eMH020 9x6amopa. HebecHblil skBaTop AenuT HeOecHyto chepy Ha
7IBa TIOJTYIIAPHS: CEBEPHOE IMOJTyIIapue, C BEPUIMHON B CEBEPHOM MOJIIOCE MHUPA, U I0KHOE MOJTyIIapue,
C BEpIIMHOW B IOKHOM montoce mupa. Co3Be3nus, yepe3 KOTOpble MPOXOIUT HEeOeCHBIH SKBaTop,
HA3BIBAIOT PKBATOPUATHHBIMU. Pa3iudaroT co3Be3us I0)KHBIC U CCBEPHEIC.

CozBesnus CesepHoro noaymapus: bonbmas nu Manas Measequnsl, Kaccuones, Ledeit, dpaxon,
JleGenp, JIupa, Bononac u np.

K roxxubivM otHOCsaTes FOxnbiit Kpecr, LlentaBp, Myxa, XKeprBennuk, FOxubiil TpeyroabHUK.

MMonwc Mupa — mouxa Ha HebecHoU cghepe, B0Kpye KOMOPOU NPOUCXOOUM BUOUMOE CYMOUHOE
ogudicenue 36630 uz-3a epaujenus 3emau 8okpye ceoeti ocu. Hanpapnenue Ha CeBepHBIN MOMIOC MHUpa
COBIAJAET C HaIllpaBJIeHUEM Ha reorpaduueckuii cesep, a Ha KOXHBIN MOTIOC MUpa — C HAMPABICHHEM
Ha reorpaduueckuii ror. CeBepHBIN MONOC MHpa HAaXOMUTCS B co3e3auu Manoit MexaBenuinsl ¢
MOJISIPUCCUMOM (BUIUMAsI sipKasi 3B€3/1a, HaXOAMIascss Ha Ocu BpareHus: 3emun) — [losipHOit 3Be3/101,
FOKHBIA — B co3Be3au OKTaHT.

TymaHHOCTD — yuacmok mexc36€30H0U Cpeobl, GblOENAIOWUIC CBOUM UZTYUEHUEM UIU NO2NOWEHUEM
usnyyenusi Ha obwem pone Heba. Panee TyMaHHOCTSIMM Ha3bIBAIM BCSKUNM HEMOABUXHBIA Ha Hebe
npoTsDKEHHBI 00BbekT. B 1920-e ropl BBIICHUIOCH, YTO CpPEelM TYMAaHHOCTEH MHOTO TalaKTHK
(manpumep, TymanHocts AHapomennl). Tlociae 3TOro TepMUH «TyMaHHOCTB» CTall MIOHUMAThCs Oosee
Y3KO, B YKa3aHHOM BbIILIE€ CMBbICIIE. TYMaHHOCTH COCTOAT U3 MbUIN, Ta3a U IUIa3MBbl.

OKJIMNTUKA — 00IbWOU Kpye HebeCHOU cepvl, no KOMopomy NPouUcxooum uoumoe 200UyHoe
osudicenue Connya. I1I0CKOCTb SKIUNTHKU — TUIOCKOCTh oOpateHus 3emiau Bokpyr ConHia (3eMHOM
OpOUTHI).

B 3aBucumoctu ot Mecta Habo1aTens Ha 3emiie MEeHseTCsl BUJ] 3BE€3/IHOTO Heba 1 XapaKkTep CyTOYHOTO
nBukeHus 3Be3/1. CyToUHbIE TyTH CBETHII HAa HEOECHOU cdepe — ITO OKPYKHOCTH, TIIOCKOCTH KOTOPBIX
napajuiesibHbl HEOECHOMY SKBaTOPYy.

PaccmoTtpum, Kak U3MEHsIeTCS BU 3BE3HOTO HeOa Ha monrocax 3emun. [lomroc — 3To Takoe MecTo Ha
36MHOM IIape, TJe OCh MUPa COBIAAET C OTBECHOM JTMHUEH, a HEOSCHBIM SKBATOP — C TOPU30HTOM.
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Hns  wabmromartens, Haxonsmerocss Ha CeBepHoMm momtoce 3emun, [lomspHas 3Be3ga  Oyzder
pacrioyiaratbCsi B 3€HUTE, 3BE3bI OyIyT IBUIaThCsA IO Kpyram, NapajulelbHbIM MaTeMaTHU4eCKOMY
TOPU30HTY, KOTOPBIN COBIaJaeT ¢ HeOecHbIM 3KBaTOpoM. IIpu 3TOM Hax TopU30HTOM OYAYT BUJHBI BCE
3BE3/bl, CKJIOHEHHE KOTOPBIX MOJ0XkUTeNbHO (Ha IOxHOM monroce, HaoOOpoT, OyayT BHIHBI Bce
3BE3/Ibl, CKJIOHEHUE KOTOPBIX OTPULIATENBHO), @ UX BHICOTA B TEUEHUE CYTOK HE Oy/1€T N3MEHATHCS.

[TepemecTMcsl B IPUBBIYHBIC NI HAC CPEIHUE IIUPOTHI. 31IECh YK€ OCh MHpa U HEOSCHBIM 3KBATOP
HAKJIOHEHBI K ropu3oHTy. [losToMy M cyTouHble TyTH 3BE3A Takke OyAyT HAKIOHEHBI K TOPH3OHTY.
CrnemoBaTenbHO, Ha CPEJHUX IIMPOTAX HAOIIONATEb CMOXKET HAOIIOAATh BOCXOJSIIUE W 3aXOJISIIHC
3BE3/IBL.

HO}] BOCXOIOM 7nOHUMAemcCA Ae6JleHUue nepeced4eHusd Cceemuiom 80CMOYHOU 4ACMU UCMUHHO2O
copuzonma, a noa 3axoaoM — 3anaoHol Yacmu 3mo2o copuzonma.

[TomMuMoO 3TOTO, YaCTh 3BE3, PACTIONATAOIINXCS B CEBEPHBIX OKOJIOTIOMSPHBIX CO3BE3/IUSIX, HUKOT/IA HE
OyIyT OIyCKaThCs 3a TOPU30HT. Takue 3BE3/1bI MPUHATO HA3HIBATH HE3AXOAS IIIUMH.

A 3BE311b1, pacmoyiokeHHbIe 0K010 KOXHOTO momroca Mupa Jij1s HabIrogaTens Ha CPEIHUX IMIUPOTax
OyIyT SBISATHCS HEBOCXOAAIIUMH.

OTtnpaBuMcs aamblile — Ha 3KBaTOp, reorpaduyeckas IUpoTa KOTOPOTro paBHA HYJO. 371eCh 0Chb MUpPa
COBIMAJIaeT C MONYACHHOW JHHHUEH (TO €CTh pacrmoiiaraeTcs B IJIOCKOCTH TOPHU30HTA), a HEOECHBIN
9KBATOP MPOXOJUT YEPE3 3CHHUT.
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CyrouHble yTH BCeX, 0€3 MCKIIIOUEHUSs, 3BE3/ MEePIECHANKYISIPHBI TOpU30HTY. [1o3TOMy Haxoasch Ha
9KBATOpE, HAOIIOJaTeNIb CMOKET YBUJIETh BCE 3BE3/IbI, KOTOPbIE B TEYEHUE CYTOK BOCXOISAT U 3aXOMSIT.

BOO6H_[C, JJIs1 TOro, YTOOBI CBETHUJIO BOCXOJHWJIO U 3aX0IHJI0, €0 CKIIOHCHUE I1O a0COJIFOTHOM BEJIMYMHE

6] < 90°— ¢
JOJI’KHO OBITH MCHBIIIE, YEM .
16] =90°— ¢ .
Ecnu , To B CeBepHOM MONyIIapuu OHA OyJeT ABIATbCA He3axozsmen (st KOxuoro
— HEBOCXO/IAIIEH ).
16] =90°— ¢
Tornma 04eBHIIHO, YTO T€ CBETWIIA, CKIIOHCHHE KOTOPBIX , SIBIISTFOTCSI HEBOCXOJISIIIUMU

i CeBepHoOro noiymapus (Win Hezaxoaaummu Juist FOxHoro).

3KB3TOpl/IaJ'leaﬂ CUCTEéEMa KoopaAUHAT — Omo cucmema HebecHblX K'OOp()MHClm, OCHOBHO
njiocKkocmsio 6 Komopoﬁ S6IAemcst NIIOCKOCIb HebeCH020 oKeamopa.

3KBaT0pl/IaJ'lel)le HeOeCHbIEe KOOpAUHATBI:

1. Cxuonenue (8) — yanosoe paccmosinue ceéemunia M om Hebecnoco skeamopa, usmepeHHoe 6001b
Kpyea ckionenus. OOBIYHO BBIpaKaeTCs B TpaaycaXx, MHUHYTaX M cekyHaax nayrd. CKJIOHeHue
MOJIOKUTEIHHO K CEBEPY OT HEOECHOTO KBATOPA M OTPUIIATEIHLHO K IOTY OT Hero. OOBEKT Ha HEOEeCHOM
skBatope umeeT ckioHeHue 0°. CkIOHEHHE ceBepHOro mnostoca HebecHoW cdepbl paBHO +90°
CKJIOHEHHE F0KHOTO ToJTroca paBHo —90°.

2. Ilpsamoe BocxokaeHUe cBeTWIA (0) — yenosoe paccmosiHue, uUsMepeHHoe B600]b HeOeCcHO20
9K8AMopa, Om MOUKU BECEHHe20 PABHOOEHCMEUs 00 MOYKU nepeceueHus HebecHo20 IKeamopda ¢
KpY2OM CKILOHEeHUs C8emUd.

ITocsienoBaTeIbHOCTH BBINOJHEHUS NPAKTHYECKOIl padoThbI:

3agauu npakTH4ecKoii padoThl:

108



3agauya 1. Onpenenute 3KkBaTOpUaANIbHBIE KOOpAKUHATHL AnbTanpa (o Opina), Cupuyca (o bosbmoro Ica)
u Beru (o JIupsr).

3apava 2. Vcnonb3ys kapty 3BE3MHOTO Heba, HaauTe 3Be3ay Mo e€ KoopauHaTaMm: O = +350; o = 14
6M.

3agaua 3. Onpenenurte, Kakoil sBisercs 3Be3na o Crpenbla, uis HAOMIOHATENs, HAXOSIIETO Ha
mupore 550 15'. OnpenenuTs, BOCXOISIIECH WM HEBOCXOASAIIEH SBIISCTCS 3BE3/1a IBYMs CIIOCOOaMH: ¢
MCIOJIb30BAaHUEM HAKJIATHOTO Kpyra MOABMKHON KapThl 3BE€3JHOTO HEOA U ¢ UCIOIb30BaHUEM (POopMyIT
YCJIOBHSI BUTTUMOCTH 3BE3]I.

IIpakTnyecknii cnocod. PacnonaraeM NmoABMXKHBIA Kpyr Ha 3BE3JHON KapTe W IPU €ro BpallleHUU
onpeensieM, sIBIAETCS 3B€3/1a BOCXOMAIEH NI HEBOCXOALIEH.

Teopernueckmnii crnocod.

I/ICHOJIbSyeM (I)OPMYJ'ILI yCi1oBUA BUAUMOCTHU 3BC3:

181 <90°—¢

Ec , TO 3B€3/a SABJISAETCS BOCXOMAIIEH U 3aX0IIIIEH.

HHl@lEQ{] —@

Ec , T0 3Be3/1a B CeBepHOM IOJIYIIApUH SIBIISIETCS HE3aX0AA1ei

18] =90°— ¢

Ecan , TO 3B€3/1a B CeBepHOM MoJrymapuu sIBJISICTCA HeBOCXO,HHHleﬁ.

3agaua 4. YCTaHOBUTH MOJBIDKHYIO KapTy 3BE3JHOro HeOa Ha JIeHb M 4yac HAONIOACHHS M Ha3BaTh
CO3BE3/IMsI, PACIOJIOKEHHBIE B I0KHOM 4acTH HeOa OT TOPU30HTA JIO IMOJII0CAa MUpPA; HA BOCTOKE — OT
TOPU30HTA JI0 MOJII0Ca MUPA.

3anaua 5. HaiiTu co3Be3qusi, pacroyioxXeHHbIE MEXIy TOUYKaMH 3arnajaa u cesepa, 10 oktsOps B 21 gac.
[TpoBepuTh MpaBUILHOCTH ONPEACTICHUS] BU3YAIbHBIM HAOIIOACHHEM 3BE3THOTO Heba.

3anava 6. Haiitu Ha 3BE€31H0I KapTe co3Be3aus ¢ 0003HaUEHHBIMU B HUX TYMAaHHOCTSIMU U IIPOBEPUTH,
MO>KHO JIM UX Ha0JI10/1aTh HEBOOPYKEHHBIM IJIa30M Ha JIEHb U Yac BBINOJIHEHUS Ja00paTOpHOI pabOTHI.

3apaua 7. Onpenenutb, OyayT nu BuAHBI co3Be3nusi [leBbl, Paka. BecoB B momHous 15 ceHTs10ps?
Kakoe co3Be3nue B 3T0 ke Bpems OyJeT HaXOUThCs BOIM3H FTOPU30HTA Ha ceBepe?

3apauya 8. OmnpenenuTh, Kakve U3 TEPEUUCIEHHBIX co3Be3auil: Mamas Menseauna, Bomomnac,
Bozuuunii, OpuoH - ams Bauiel mupoTs OyAyT HE3aXOA MU ?

3agaua 9. Ha kapre 3BE3qHOro Heba HAMTH TATH TIOOBIX TMEPEUMCICHHBIX CO3Be3NMii: bonbinas
Mensenunia, Manas Mensenuna, Kaccuones, Auapomena, Ilerac, Jlebens, JIupa, I'epkynec, CeBepnast
KOpOHA — U OTPeIeNUTh TPUOIKEHHO HEOECHBIE KOOPAMHATHI (CKIIOHEHHE, U TIPSIMOE BOCXOKICHHE) a-
3BE3] DTUX CO3BE3IUN.

3apauya 10. Onpenenuth, Kakue co3Be3Ausl OyayT HaxoauThes BOMM3HM ropusonTta Ha Cesepe, lOre,
3amage u BocToke 5 Mas B IIOJIHOYb.

KOHTpOHbHLIe BOIIPOCHI [JIA 3aKPCIVICHUA TEOPETUYECKOr0o Martepuajga K IMNPAKTHYCCKOMY
3aHATHIO:

1. Uro Takoe 3BE3mHOe HeO0? (3BE3gHOE HEOO - MHOKECTBO HEOECHBIX CBETHJ, BUIUMBIX C 3eMIIH
HOYBIO, HAa HEOECHOM CBOJE. B sCHYIO HOYb YeIO0BEK C XOPOIIUM 3PCHHEM YBHIUT Ha HEOOCBOJIE HE
Oosiee 2—3 THICAY MEPIAIOIINUX TOYEK. ThICSYM JIET Ha3aJ] JPEBHUE aCTPOHOMBI Pa3/ICIHIN 3BE3IHOC
HeOO Ha JBEHAIIaTh CEKTOPOB M MPHIyMalId UM UMEHA W CHMMBOJIBI, 11O KOTOPHIMH OHH M3BECTHBI H
TIOHBIHE. )
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2. Yro takoe co3Be3nusa? (Co3Be3nus - y4acTKH, Ha KOTOpBIE pasjiesnieHa HeOecHas cdepa s yno0cTBa
OpPHEHTHPOBAHMS Ha 3BE3NHOM HeOe. B napeBHOCTH co3BE3AMSMH Ha3BIBAIUCH XapaKTepHbIE (QUTYpHI,
o0pasyemble SPKUMU 3BE3IAMU. )

3. CkoibKO Ha cerogHAMHNN AeHb co3Be3nui? (Ceronns ectb 88 co3pe3nuii. Co3Be3us pa3IuyHbl 110
3aHMMaeMOH IUI0IaAn Ha HeOecHO! cdepe M KOINYeCcTBY 3BE3/1 B HHX.)

4. IlepeynciuTh OCHOBHBIE CO3BE3USI UM T€, KOTOpbIe BbI 3HaeTe. (CyliecTBYIOT OOJIbIINE CO3BE3 U
u mainenbkue. K mepBeim oTHOcsATcs bonbpmas Mensenuua, 'epkynec, Ilerac, Bononeit, Bononac,
Annpomena. Ko Bropeim - IOxnbI Kpect, Xameneon, Jlerydass Peioa, Manerit [1éc, Paiickas Iltuia.
KoHnewHo, Mbl Ha3BaJM JIMIIH MY TOJIMKY, HAaOOJIee U3BECTHEIE. )

5. Uro takoe kapra HeOa? (D10 M300pakeHHe 3BE3AHOrO Heba WIIM €ro 4acTH Ha Iutockoctu. Kapty
Heba acTPOHOMBI pa3AeiIi Ha 2 YacTH: I0KHYIO M CEBEPHYIO (110 aHAJIOTHH C TIOTYIIAPHSIMUA 3€MITH. )

6. Urto takoe HeOecHbli dkBaTop? (bonpmioll kpyr HeOecHOW cgepbl, IUIOCKOCTb KOTOPOTO
NEPIEeHUKYIIIPHA OCH MUPA U COBHAJIAET C INIOCKOCTHIO 36MHOT0 3KBATOPA.

(I)opMa NMpeacraBjJacHusd pedyjabTara:
BreimonauTts 3a7anue B TETpaau OJi MPAKTHUICCKUX pa60T.

Kpurepun oneHku:
3a npaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HeMpaBWIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNUE BHICTABIISICTCS OTpUIIATEeIbHAsI OlleHKa — 0 0auIoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenra «Heyoosiemeopumenbvhoy svicmagisiemcs 3a Mmenee 60% npaBUIBLHBIX OTBETOB
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JlaGopaTopHbie padoThbI

Tema 1.1 Kunemaruka

JlabGoparopnoe 3ansaTue Nel «OnpenesieHne NJIOTHOCTH BeLIECTBA

He.]]b: :‘)KCl'IepI/IMeHTaHBHO OnpeaACIMTD IIJIOTHOCTHU X KUJAKOCTH U TBEPAOTO TCA.

BoinosiHeHne padoThl coco0CTBYET (POPMUPOBAHUIO:
[1P62; I1P6Y;
[1Py2; I1Py3; I1PyS;
MPS8, MP9, MP10, MP21, MP17, MP13;
JIP 26, JIP 14, JIP 23, JIP 13.

MatepuajabHoe o0ecnieyeHue:
BECHI C pa3HOBECAMU; JIMHEWKA MaclITaOHast; IITaHT€HIIMPKYJIb; MEH3YpPKa; BEIECTBO, INIOTHOCTb
KOTOPOT'0 HYKHO OIIPEIEIUTb.

3aganue:

1. O3HAaKOMBTECH C TEOPETUUCCKUM MATEPHAJTIOM 110 TEME.
2. Onpenenute Maccy U 00beM HCCIIEyeMOTro BEIIECTRA.
3. BeIunciuTe IIOTHOCTH BEIIECTBA.

4. CoctaBbTe OTYET T10 JIAOOPATOPHOU padoTe.

HOpﬂ}IOK BbIIIOJTHCHU A paﬁon:

ONoarWONEPRE

O3HaKOMBTECH C TEOPETUUECKUM MaTEepHaJIOM IO JaHHOM TeMe.
Omnpenenure MIOTHOCTh TBEPAOTO TeNA.

BeruucnuTe abCOMOTHYIO M OTHOCUTENBbHYIO TOTPETHOCTH U3MEPEHUH.
Jlannble 3aHecuTe B Tadnuiy Nel

Omnpenenure 1eHy JeIE€HUS MEH3YPKH.

OmnpenenuTe WIOTHOCTH BOJIBI HEOOXOANMO.

Bbruuciure aGCOMOTHYIO M OTHOCUTEIBHYIO MOIPEIIHOCTH U3MEPEHHH
Pesynbrate! onbita 3aHecute B TaOIUITyNe2.

. OTBeTbTE Ha KOHTPOJIbHBIE BOIIPOCHI:

KoHTpoJIibHBIE BOOPOCHI

1.

w

W3 aByx pa3HbIX METaUIOB M3rOTOBJIEHBI OJMHAKOBBIE 110 pa3MepaM KyOuku. B3pemmBanue
MOKa3ajo, YTO Macca OJIHOrO KyOuka Oojbplie macchl Jpyroro B 2 pasza. OnuHakoBa Jin
IUIOTHOCTH MeTaiia? Eciau HeT, TO BO CKOJIBKO pa3 OTJIMYAOTCS TNIOTHOCTH?

Tpu neranu — menHas, Jkene3Has U aIIOMHHHEBas — UMEIOT OJMHaKoBble 00bEMBI. Kakas
JieTaib UMeeT HaUMEHBIIYI0O Maccy, Kakas Haubounplryto? ITycToT B 1eTansax HerT.

Kycok meramna o6semom 150 cM® IMeer Maccy 750 r. Onpenenure MIOTHOCTh MaTepuaa.
Ha yamky ypaBHOBEIIEHHBIX BECOB IIOCTABJIEHBI OMHAKOBBIE cTakaHbl. Ilocie Toro, kak B
OJIMH CTaKaH HaJWJIM MOJOKO, a B JPYroil — MOJCOJHEYHOE Macjo, paBHOBECHE BECOB HE
Hapymmwiock. O6bEM Kakol U3 )KUIKOCTEN OobIie?

3amoJIHUTE OTYET IO JTabOPaTOPHOU paboTe COTIIacCHO TPEOOBAHUSIM.

Xoxa padoThI:
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Yacts 1. [l onpeeneHys MIOTHOCTUA TBEPIOTO Tella BEIYUCIUTE €T0 00BEM.
1. OObem npsAMOYroJasHOrO Hapajieienuneaa Berauciante mo dpopmyie: V=a-b-h,
rJe a — JyinHa, M; b — mupuna, M; h — BeicoTa, M.

2.  OO0BeM nuIuHApa BRIYUCIHTE TI0 hopmyrie:
h — BeicOTa IUITUHIPA, M; d — ero AUamMeTp, M.

ml®

h

4

3. Ecmu tBepmoe Teno mMmeer HempaBWIBbHYIO (OpPMY, TO €ro 00bEM ONpEeIeNUTe C MOMOIIBIO
MEH3YpPKH, B KOTOPYIO OH MOKET OBITh IOTPYIKEH.

No o &

Omnpenenure maccy Tena.
[To hopmyne p=m/v BBIYUCIUTE IUIOTHOCTH TBEPJOTO Tea.
Pesynbrarel uamMepenuii 3anecute B Tadbsmiy Nel u ciaenaiTe BBIYUCICHUS

Tabnuma Nel. Pe3ynbTaTsl H3MEpeHUH.

ypaBHOBeCBTe BCChI UCITIOJIB3YS ITPpaBUJia B3BCIIMBAHUSA.

No

Bemec
TBO

WUpH | qIuHA

Ha.
a(m) ' b(M)

BBICOT
a,
h(wm)

005BEM,
V(
Mm3)

Macca

m(kr)

IIJIOTHOCTH

pnp(ke/m3)

pmaob| Ap

Yacre Ne2. /[t onpeneneHust I0THOCTH BOJbI HEOOXOUMO:
1.

2.
3.

HanTH MacCCy Tapbl, B KOTOPYIO HYXHO IIOMCCTHUTb BOAY U ONPCACIINTL MAaCCy BOIbI 0e3

Taphl.

Omnpenenure 1eHy JIeIE€HUS MEH3YPKH U HalauTe 00beM B3BELICHHOM KUAKOCTH (BOJIBI).
Pesynbratel onbiTa 3aHecuTe B TaOIMILy No2.

Tabnuua Ne2. Pe3ynbTaThl U3MepeHHi

No

BerectBo

Macca Tapsl ,
ml(kr)

n

Macca
JKUJIKOCT

m’2(1<r)

00BEM,
V(u3)

IIJIOTHOCTH

prp(ce/
Mm3)

pmab

®opma npeacraBiaeHus pe3yJbTara:
PaboTa nomkHa ObITH BBIMOJIHEHA B TETPAAM ISl JJAOOPATOPHBIX paboT.

Kpurtepun onenkmn:
3a MpaBUIILHO BBITOJTHEHHOE 33JJaHUE BHICTABIISIETCS TIOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BHICTABIISIETCS OTpULIaTeIbHast olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasiusiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbHoy svicmagisemcs 3a MeHee 60% mpaBUIBLHBIX OTBETO
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Tema 1.3 3ak0oHBI COXpaHEHUS B MEXaHUKeE

JlabopaTopHoe 3ansiTHe Ne2 «Onpenesnenue KO3(pPUIHEHTA )KeCTKOCTH YIIPYIoro Teja»

Heab: M3yunTh 3aBUCUMOCTH CHJIBI YOPYTOCTH OT JIMHEHHON nedopmanuu; Ha MpHUMEpe
nedopMauy pacTsKEHHUs SKCIIEPUMEHTAIbHO MOATBEPAUTD CIIPABENIMBOCTh 3aKoHa ['yka; onpenenuTs
pacy€THBIM U TpapuuecKuM criocodbaMu K03hGUIMEHT ypyrocTu (3kECTKOCTH) MPYKHUHBI (PE3HHBI).

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:

[1P66; ITP68, TTP610

[1PyS5; IPy8; TTPy12

MP8, MP9, MP10, MP21, MP17, MP13;
JIP 26, JIP 14, JIP 23, JIP 13.

Martepuanbnoe odecnedenue: LlItatuB ¢ MmydToil U AepKaTeNIMU, TUHAMOMETP C HCCIEAYEMO
NPYKUHOW M 3aKPBITON MIKAION (WM UCCIIEyeMbIH JIOCKYT PE3UHbI), JUHEHMKa, yallia OT BECOB, HAOOP
rpy30B ¢ u3BecTHbIMU Maccamu (1o 100 u 50 rpammoB).

ITopsinok BbINOJIHeHUs padoOThI:

Teopus: Ilon nedopmarueii TOHUMAIOT U3MEHEHHE OO0beMa WM (OPMBI Tejla TOJ| JCHCTBHEM
BHEIIHUX cwiI. IIpy M3MEHEHUU pacCTOsHUS MEXAy YacTUIaMM BellecTBa (aToMaMu, MOJIEKYJIaMH,
MOHAaMH ) U3MEHSIOTCS CHIIBI B3aUMOJICHCTBHS MEX Ty HUMU. [IpH yBeIMYeHUN PacCTOSHUS PaCTyT CHIIBI
INPUTSKEHUS, a MPU YMEHbIIEHMHM — CHUJIbl OTTAJIKMBAHUS, KOTOpPBIE CTPEMSTCS BEPHYTh TEJIO B
UCXO/AHBIE cOCTOSHUA. [loATOMY CHIIBI YHPYrocTH HMEIOT 3JEKTPOMarHuTHy0 mnpupoxy. Cuia
YIPYrocTH BCErja HampaBlieHa K IOJIOKEHUIO PAaBHOBECHUS U CTPEMHUTCS BEPHYTh TEJIO B HCXOAHOE
coctosiHue. CHiia yrmpyrocT mpsiMo MpONOpIHOHATFHA a0COIOTHOMY YJTMHEHHIO Tela.

3akon I'yka: Cuna ynpyrocty, BO3HHKaroIas mpu aedopManuy Tena, npsiMo MponopruoHaabHa
ero yJ/UIMHEHHIO (CKaTMI0) M HaIpaBlieHa NPOTHUBOMOJIOKHO MEPEeMEIIEHUI0 YacTUl] Tela MpU
nedopmaru

Fynp=kAx, rae k-koaddunuent xecroxoctu [K] = %, AX=AL — Monynb yUIMHEHUS TeJa.

KoadpdunmeHT x€cTKOCTH 3aBUCUT OT GOPMBI U Pa3MEPOB Tella, a TAK)KE OT MaTepuara.

BHHUMAHHE!
Bo uzbesrcanue mpaem u nospesxcoenuro 000pyoosanus, He Oonyckaiime nadenus zpysa!

ITopsinok BbINOJIHEHHS PadOTHI:

1.3aerl'II/ITL AMHAMOMCTpP B IITATUBC.
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W3mepuTs JIMHEUKOM NEpPBOHAYAIbHYIO JINHY IIPYKUHBI
[Toasecuts rpy3, maccoi 100 r.

3. W3meputs nuueiikoil AuHy neopMUpOBaHHOMN NpyxHuHbI L. Onpenenuts NorpenHocTb
u3mepenus amuHbl: Ax=0,5 nen*C1, rne C1 — nena aeneHus JIMHEHKH

ok~

Boruncnuts yjuinHeHue npykunbl Ax = AL = x — x
Ha nokosmuiics 0THOCUTENIBHO IIPYXKUHBI IPY3 AEUCTBYIOT IBE KOMIICHCUPYIOIIUE IPYT
Jpyra CWIbL: TSKECTU U YIpyroctu Fr = Fynp , BBIYUCIUTB CUILY yIPYTOCTH 110

dbopmyne, Fynp = mg. a Fr --BbIUUCIIsIeM ¢ TOMOUIbIO AUHAMOMeTpa. OnpenenuThb

norpemHocTs cunbl:AF = Fynp — Fr

IToasecuts rpy3 Maccoi 200 T ¥ MOBTOPHUTH OIIBIT MO IMTyHKTaM 4-6.

[Tonsecuts rpy3 maccoit 300 T ¥ TOBTOPUTH OIIBIT MO MTyHKTaM 4-6.

Pe3ynbratrel 3aHecTH B TaOJIMILY HUXKE.

Boruncnute ko3 Puiment KECTKOCTU NPYKUHBI 17151 Kaxaoro usmepenust K = Fynp /Ax

©CoNo

¥ 3anuInMTe B Tabiuily 9Tu 3HaueHus. Onpenenure cpeanee 3nauenus K,
10. BeiOpath crcteMy KOOPAWHAT U TIOCTPOHUTH TpaK 3aBUCHMOCTH CHIIBI YIIPYTocTH Fynp
ot k03 Punuenra xectkoctu K.
Tabanna usmepenust

No Macca, Havanen | Koneunast | AGcomotnoe | Cuna Koadduuu | Cpennee
n/n M(Kr) as UIMHA, | uiuHa, L, | yIJIMHEHUE YOPYTOCTH | €HT 3HAYEHUE,
Lo (m) Ax; = AL = |, JKECTKOCTH, ch
(M) L—Lo,(m) | Fynp,(H) | K, (H/m)
1
2
3
Borunciienus:
1 onbIT:
Ax = AL = x — xy=
Fynp = mg = Fr
K = Fynp/Ax
K.,=(Ki + K; + K3)/3
2 OMBIT:
3 OMBbIT: MMOBTOPUTH BBIUUCIICHUSI.
I'pajux:
BoiBoa:
KoHTpoJibHbIE BONIPOCHI:
1. Kakyro nedopmaiinio Ha3pIBaIOT YIPYToit?
2. Ot uero 3aBUcHT K03 urmeHT xEcTkoCTH?
3. Urto mpencrasisier coboit rpaduK 3aBUCUMOCTH CHIIBI YIIPYTOCTH U KOA((HHUITUEHTA KeCTKOCTH?
4. B xakux mpejenax cupaBeaiuB 3akoH ['yka?
5. Jlns mo0oro 1 KOMUYeCTBa IPY30B OYIET BBIMIOIHATHCS MPsiMasi MPOTMOPIIMOHATbHAS

3aBUCHUMOCTh MEXYy CUJION yrpyroctu u yanuHenueM? (OTBeT o6ocHy#Te).

®opma npeacTaBieHus pe3yJbTarTa:
PaboTa nomkHa ObITH BBIMOJIHEHA B TETPAAH ISl JIAOOPATOPHBIX paboT.

Kpurepumn oneHku:
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3a MpaBUJILHO BBIOJHCHHOE 33/JaHHE BHICTABJISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPHUIIATEIbHAS OlleHKa — ) OaioB.
Oyenxa «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB

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

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

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

Tema 2.1 OcHOBBI MOJIEKYJ/ISIPHO-KHHETHYECKOH TeOpHHu

JlaGopatopHoe 3ansaTue Ne3. [IpoBepka razoBbiX 3aKOHOB)»

Heab: M3yunTh B3aMMOCBS3b MaKpOCKOMMYECKUX MapaMeTPOB ra3a 3aJaHHOW MacChl; OIMBITHBIM
nyTéM yOequTcs B CIIpaBeATIMBOCTH 3aKoHa boiins-MapuoTra.
Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1P66; 11P68, I1P610
[1Py5; I1Py8; ITPy12
MP§, MP9, MP10, MP21, MP17, MP13;
JIP 26, JIP 14, JIP 23, JIP 13.
MartepuanbHoe odecnedeHne: IUIMHIP C MPOOKOH, BoJa, TpPyOKa CO IMIKAJIOH, JIMHEHKa, OapoMeTp.

3aganue:
1.IloBTOpUTH 0OBETMHEHHBIN Ta30BBIA 3aKOH.
2.1IpoBepuTh Ha NpakTUKe coOIt0eHIe 3aKoHa boiinsa-Mapuorra.
Ilopsinok BbINOJIHEHHUS PadOTHI:
3akon boins-Mapuorra 1 uzorepmuueckoro mnporecca (T= const, v=const) sBisieTcst 4acTHbIM
ciiydaeM 00beMHEHHOTO Ta30BOr0 3aKOHA: T. €. AaBJIEHUE ra3a 00paTHO MPOIMOPLHUOHAIBHO €T0
00beMy. DTy 3aBUCUMOCTb MOKHO MPOBEPUTDH ONBITHBIM ITyTEM:

iy RV _R-V, P-V,=P,-V, hR_V.
e T T P,V
I
— P = P-Vi
2 v,
CobpaTh yCTaHOBKY IO PUCYHKY
3
Ompenenuts 00beM rasa B TpyOKe, Vi m , TIPHHSIB [UIOMIA (b TIONIEPEIHOTO CEUCHNs PABHOMH 1 cm?

ITo 6apometpy onpenenuts nasienue P, =P

amm
OmycTHTh TPYOKY OTKPHITHIM KOHIIOM B BOJY, ONPEIEIUTh HOBBI 066EM Bo3IyXa B TpyOke V,, 1’
OmnpenenuTh pa3HUIYy YpOBHEH BOBI BHYTPU M BHE TpYOKH ( Ah).

Bblumncauntb
PeH = Pamw + P{iod.cm.
roe P, = P- atmocdepHoe nasnenve, Iia; P, , .. - AaBneHne sogHoro ctonba, Ila;

Pgoz).cm. = p ’ g ’ Ah 115




K2 M
o =1000 — nnotHocTb Boapl; g =9,8— — yckopeHue ceoboaHoro nageHws;
M c

Ah — BbIcoTa cTon6a )Kunakoctm (cm.pumc.1)

ITpunsB BTOpOU pe3ynbraT P, 3a HCTUHHOE 3HAYCHHE JABICHMUS, A= (p _P )
= —Fy
BBIYMCIIUTH a0COMIOTHYIO (A) M OTHOCHTENbHYIO ([]) MOrpemHoCTH:
PesynbpTaThl n3MepeHnii U BHIYUCICHUH 3aHECTH B Tadmuy 1. A
Cnenatp BbIBOJ 1O paboTe. E =" .100%
6ll
dopma npeaoCcTaBICHHS pe3yIbTaTa
Tabmuna 1.
O6bem | [laBnenue| O0bem | JlaBnenue| JlaBinenug Beicora | JaBiaen | AGcomoT | OTHOCHUTE,
3
ue
V,,m cTosba Hast JbHAS
Psl] ! Ila IIOI'PELIHO IorpeuH
KUAKOCT
CTh OCTh
RL’ Ila u
5 A, Ila 0
V,,m P,,Ila Py, 11a Ah, ’
ITa

KoHTpoJibHbIE BONIPOCHI.
1) Ilpu xakom ycnoBuHu cripaBeAauB 3akoH boiuis-Mapuorra?

2) Ecin npy M30TEpMUYECKOM IIPOLIECCE AABICHHUE AAeT, YTO POUCXOAUT C 00BEMOM?

3) HpOI/ISBOI[I/IT JIKM Ta3 AaBJICHUC B COCTOSAHUU HEBECOMOCTHU?

4) IloueMy noxy4eHHbIE PE3YyIbTAThI B pad0OTE HE UJICATBHO PABHBI MEXKTY COOOM?
5) Uto BnuseT HA TOYHOCTh U3MEPEHUH B JaHHOH paboTe?
6) MO>HO 71 OIIpeIEeNTh YCIOBHYIO €IMHUILY KOHCTaHThI B eauHuLax CHU?
7) KakoBa macca Bo3Jyxa B ayAUTOPHH IUIOIIAAbI0 64 M2 , BEICOTON 3 M, IpH Temmeparype 25
oC u gaBneHuu 725 MM.pT.CT.?

®opma npeacraBiaeHus pe3yJabTara:
PaboTa nomkHa ObITH BBINOJIHEHA B TETPAAM ISl JJaOOPaTOPHBIX paboT.

Kpurtepun onenkmn:
3a mpaBUIIHLHO BBITOJTHEHHOE 33JJaHHE BHICTABIISIETCS TIOJIOKHUTENBbHAS OlleHKa — | Oasu.
3a HeMpaBWIILHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BHICTABIISICTCS OTpHUIIaTeNbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasusiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB
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Tema 2.3 ArperatHble COCTOSIHHMSI BelllecTBA U (pa30BbIe MepPexo/ibl

JladoparopHoe 3ansaTue Ned. OnpenesieHue NOBEPXHOCTHOM MJIOTHOCTH KUIKOCTH

Heﬂb: OMpPCACIIMTDb MMOBECPXHOCTHOC HATAKCHHUEC BOJAbI U MBIJIBHOT'O paCTBOPAa METOAOM OTPLIBA
KaricJib

BoinosineHne padoThl cioco0CcTBYET (POPMUPOBAHMIO:
1. TIIP66; I1P6S; ITP610;
2. TIPyS5; ITPy8; I1Py12;
3. MPS8, MP9, MP10, MP21, MP17, MP13;
4. JIP 26, JIP 14,JIP 23,JIP 13.

MarepuajibHoe o0ecnieyeHue:

LINPULL JUIsT YUCTOM BOJBI, LIIPUILL Ui MBUIBHOTO pacTBopa (00bemoMm 5—10 i), cTakaHYMK C
YUCTOM BOJOW, CTAKAHYUMK C MBUIBHBIM pAacTBOPOM, IUITAHICHLMPKYJIb WIA MHKPOMETpP, OCTPO
OTTOYEHHBIN KapaH/alll.

3aganue:

1 O3HaKOMBTECH C TEOPETHUECKUM MaTEPUATIOM.

Ha xariro, BUCSIIYIO Ha KOHIE Y3KOW TPYOOYKH, ACHCTBYIOT JBE CHJIBI: CHJIA TSDKECTH Mg
HalpaBJiEeHHAsT BEPTUKAJIBHO BHU3, M CHJA I[IOBEPXHOCTHOIO HATSKEHHMS >KuAkocth F moB
pacmpesielieHHas BIOJb TPAaHUIBI JKUJIKOCTH C KpaeM TPYOKHM W HampaBlIeHHAas IO KacaTelbHOW K
MMOBEPXHOCTHU KUIKOCTH NEPIIEHIUKYISIPHO 3TON TPaHULIE.

leU

»
myg

Cuila OBEPXHOCTHOTO HATSHKCHUS, ICHCTBYIONIAs Ha HEOOBIIONW y4acTOK TpaHuIlbl AauHOM Al |
paBHa o |, rie 6 — K03(h(PUIIMEHT TOBEPXHOCTHOT'O HATSXKEHUS KU JIKOCTH.

VYcoBre paBHOBECHS Kaluld Ha KOHIIE TPYOOUKH COCTOMT B TOM, YTO BEKTOpHas CymMMa CHII,
JEUCTBYIOIUX Ha OTJENbHBIE JJIEMEHTHl TPAaHUIIBI, paBHA O MOJYJII M TPOTUBOIOJIOKHA I10
HATPaBJICHUIO CHIIE TSHKECTH.

Bennuuna o4 1 mo Mepe yBeluW4eHHsT MacChl Kaluld OCTAeTCsl HEM3MEHHOW, HO B PaBHOBECUH
Karusi IPUHUMAET Takyro (opMy, UTO YroJl HAaKJIOHA CHIIBI TIOBEPXHOCTHOTO HATSHKEHUSI K BEPTUKAIH O
YIOBIIETBOPSIET ycaoBUIO lo COS = Mg, rae | — 1irHa rpaHuiibl )KUAKOCTH € TPYOOUKOH.

C yBenmmueHHeM MacChl KAk yroJl 0 YMEHBIIASTCs M, HAKOHEIl, IOCTUTaeT Hyls, a cosa = | .

[lpn nanpHeieM yBETMUYEHHMH MAacChl YCIIOBHE PABHOBECHS KaIllIM YK€ HE MOXKET OBbITh
BBITTOJIHEHO, ¥ KAILJIsl OTPBIBACTCS.

Ortcrona, npunumasi, uro I=n d, rae d — BHyTpeHHuUil AuameTp TpyOOouKH, nomydaem: d o= mg
mg |

ey

Xon paboThr:
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1.13meputs BHyTpeHHHH juamerp d HAKOHEYHHMKA IINPHIA.

IOTAHTCHIUUPKYJIA U1K MUKPOMETpPA.

2.Ha6patp B mmpuiy 4—5 M1 BOAbI U, Jep>Ka €ro BEpTUKAIBHO U IUIABHO Ha)KMMasi Ha MOPIIEHb,
BBUINTH 3—4 MJI B CTakaH4MK, cuuTas Kamiau. M3MmepeHue konuuecTBa Kamesilb N NPOBECTH HE MEHEe
TpeX pas, 3aTeM IO OOIIel Macce BBITEKIIEH BOJbI 0O m (MOJIb3yHTECh MIKAJIOW Ha Impuiie!) HauTH

Jins  u3MepeHus MOXKHO
BOCIIOJIb30BaTbCSl OCTPO OTTOYEHHBIM KapaHJamloM. BcTaBMB KapaHzanl B HAaKOHEYHHMK JO YIIOPA,
IIOMETHTE T'PAaHUIly CONPUKOCHOBEHHUs HAKOHEYHHMKA C KapaHjaamoMm. /[uamerp KapaHjama Ha ypOBHE
9TOW TPaHUIBI MOXXHO IPUHATH 32 BHYTPEHHHM AMAMETP HAKOHEYHHMKA U MU3MEPHUTH €r0 C IIOMOIIBIO

CPEIHIOI0 MacCy KaIuld M U MOTPEIIHOCTh ee onpeaeneHus Am. Pe3ynprarsl 3aHeCTH B TaOIUILY

Tabauya Nel
uMepero BbIYUCTEHO
Ne N m m d A o Vil

m ke m,,ke | kecp | mxke eep |, mm | d mm, | Hm

o0ow

3.ITonb3ysace dopmynoit (1), paccuntarh Kod(h(GUIMEHT MOBEPXHOCTHOTO HATSKEHHSI BOJBI U

a0COJIIOTHYIO MTOTPEIIHOCTh €T0 ONPEAEICHUS

Ao=)a

-

uswm

- .
maox

4. Berauciauth OTHOCHUTCJIBHYIO ITOI'PCITHOCTD I/ISMepeHI/Iﬁ

5. AHaJOTUYHEIM o6pa30M OIIPCACIINTD KO3(1)(1)I/II_[I/ICHT MOBEPXHOCTHOI'O HATAXKCHUSA MBUIBHOI'O

Ao

ag

madiy

100

pacTBopa (I10JIb30BaThCsl OTAEIBHBIM LIIPULIEM U TTOCYI0M!).

H3MEPCHO

BBIYHCJICHO

No | m

>
o6y

m,e

m,,2 Am,e

Am,,,e

d, mm

Ad, mm H
s A{

Ao,f%!

&/

6. Cnenath BBIBOJ] M 3aITMCATh MOJTYYCHHOE 3HaYeHNE K0 (DUITMEeHTa TTOBEPXHOCTHOTO

HaTsAKCHUA C YUCTOM IMOTPCIITHOCTHU

KoHTpoJsbHbBIE BONIPOCHI:




1. Koaddurnment moBepxHocTHOTO HaTshKeHUs kepocuna 0,024 u/M. bonbIlie nian MeHbIe Macca
KaIylu KepOCHHA MO CPAaBHEHHUIO C Karuieil BOJbI, €CJIM KaraTh U3 OJHOM M TOM K€ MUIETKHU?

2. O0BsicHUTE MOAPOOHO, TOUEMY MaJICHbKHE KaleIbKH )KHUIKOCTH MOTYT JIOJITO BICETH HE
OTPBIBAsACH.

3. ITouemy, mpex e 4eM NOKPBITh IITYKaTYpPKy MAcIsTHOM KpacKoH, IpeABapUTENbHO IIPOU3BOIST
IPYHTOBKY oJiioii?

4. TlpuBeaute cBOU MPUMEPHI JEHCTBUSI CHIIBI TOBEPXHOCTHOTO HATSKEHUS

dopma npeacTaBJieHus pe3yabTaTa:
Pabota momkHa OBITH BBITIOJHEHA B TETPAAM s 1a0OpaTOPHBIX padoT.

Kpurepun oneHku:
3a IpaBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS ITOJIOKUTEIBbHAS OlIeHKa — 1 Oa.
3a HeMpaBWIBHO BBITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS olleHKa — () 0auIoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumebHoy svicmasisiencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 2.2 AFpeFaTHbIe COCTOAHMS BelleCTBaA U (ba3OBl)Ie nmepexoabl

JladoparopHoe 3ansaTue NeS. OnpenesieHue BJaKHOCTH BO3AyXa H aTMOC(EPHOro 1aBJICHUS

IleJsb: 3KCTIEPUMEHTAIBHO ONPEAETUTh BIAKHOCTh BO3/lyXa B JabopaTopuu (GU3MKU
BoinosiHeHune pa6oTsl crioco0cTBYeT (POPMUPOBAHUIO:
I1P66; I1PG8; 11PO10;
[1PyS5; I1Py8; [1Py12;
MPS8, MP9, MP10, MP21, MP17, MP13;
JIP 26, JIP 14, JIP 23, JIP 13.

MarepunanbHoe oOecnedyeHue: INCUXpOMETp, rurpoMerp ncuxpomerpuueckuii BUT — C, tabnuua
«/laBiIeHNEe HACBIIEHHBIX TAPOB BOJIBI IIPH PA3JIMYHBIX TEMIIEpATypax»»

Buumanue! IIpu BeimonHeHun paboThl ¢ 0CO00N OCTOPOKHOCTHIO OOpalaiTecs ¢ TepMoMeTpamu. He
JoTycKaiTe majieHust TepMomMerpal

3ananue:
1. O3HaKOMBbTECH C TEOPETHYECKUM MATEPHAJIOM:
Teopus
B armocdepe 3emiu Beerna coepkaTcsi BOJAsSHbIC Taphl. MX colepikaHue B BO3IyXe XapaKTepU3yeTCs
aOCOJIIOTHOW W OTHOCHTEIIbHOW BIIAKHOCTBIO. AOCONIOTHAS BIAXHOCTH OMPEACIAETCS IIOTHOCTHIO
BOJISIHOTO TIapa pa, HaXOJAIIErocs B aTMOc(epe, WK ero MapliualbHbIM JaBieHueM pii. [lapuuanbHbIM
AaBJICHUEM PII HAa3bIBACTCA JABJIICHHUE, KOTOPOC IMMPOU3BOINUTT OBI BO}IS[HOﬁ Imap, €Ciin OBl BCe APYTrUue€ ra3bl
B BO3JyXe OTCYTCTBOBaJM. OTHOCHUTEIHLHOW BJIAKHOCTHIO () HA3BIBACTCS OTHOIICHHE MapIUALHOTO
JaBIICHHS PII BOISHOTO IMapa, COAEPIKaIlerocs B BO3AyXe, K JaBICHUIO HACBHIIICHHOTO Mapa PH.II., PH
naHHOW Temneparype. OTHOCHTEIbHAs BIAKHOCTh () MOKA3bIBAET, CKOJILKO TPOICHTOB COCTaBIISET
MapUHaIbHOE JABJICHHE OT JABJICHMS, HACBIIIEHHOTO Tapa NpH JaHHOW TeMIepaType U ONpeneseTcs
o gopmyre:
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o =L .100%
pll]l

[TapunanbHOE JaBieHHE PII MOXKHO PAacCUMTATh MO ypaBHeHHIO MeHpeneeBa - Knaneipona umu mo

TOYKE POCHI.

Touka pockl - 3TO Temmeparypa, Ipu KOTOPOH BOJSHON Map, HAXOMASAILIUICS B BO3JYyXE CTaHOBUTCS
HachIIeHHbIM. OTHOCUTEIBHYIO BJIAXKHOCTh BO3JyXa MOXHO OINPEACIUTHh C MOMOIIBIO CIEIHATIBHBIX
puOOpPOB — MCUXPOMETPA U TUTPOMETPA.

Ilcuxpomerp

[IcuxpomeTp COCTOUT U3 CYXOro U BJIAJKHOI'O TEPMOMETPOB.
PaccmoTpuTe nncuxpomMerp u ONpeAesuTe I1€ CyXOM U BIAXKHBIA TEPMOMETPHI.
a) U3MEPUTH NOKA3aHUs CyXOro U BIaKHOTO TEPMOMETPOB:
0) MCTIOJIB3YS IICUXPOMETPUUYECKYIO TaOJIHILy, OTIPEICTUTh OTHOCUTENIBHYIO BIAXKHOCThH BO3/1yXa.

BHumarenbHO HOCMOTpUTE HA ICUXPOMETPUYECKYIO Tabuuiy. B mepBoM BepTUKaIbHOM CTOJIOLE
HalMTe NOKa3aHUs Ballero CyXOro TEPMOMETPA, B IEPBOM TOPU30HTAIBHON CTPOKE HAUTE Bally

Pa3sHOCTb ToKa3aHui CYXOTI'0 U BJIA?KHOI'O TEPMOMCTPOB. To YUCJIO, KOTOPOC HAXOOUTCA Ha

MepeCCUCHUA CTOJI6IIa N CTPOKH U ABJIACTCA 3HAUYCHUCM BJIAJKHOCTH BO3ayXa.

I/I306pa)KCHI/IC, CXEMa, pPUCYHOK 3KCIICPUMCHTA!

mepmosenp|3|E

X | Bawwnon |-
) mepaosemp R

Cyxon

Pucynoxk 1. YcranoBka ains naboparopHoit paboTsl Ne5

2. BrmonauTe padoTYy.

3. OtBeTbTE HA KOHTPOJILHBIE BOMPOCHL.
4. 3anosiHUTE OTYET 10 JJabopaTopHO padorTe.

IMopsiiok BbINOJIHEHUS PA0OTHI:
1.Hanuth B nUTaTENh KUMSYEHYIO BOMY.
2. Jlatb ¢dutHiro mponuTarhcsi BomoW W uepe3 10-15 MUHYT NPUCTYNUTh K ONPEIEICHHUIO

BJIa’)XHOCTH.

3.0npenenuTs MOKa3aHMs CyXoro ¥ YBIa)KHEHHOI'O TEPMOMETPOB.

4.IloBopauuBast aUMO C KpacHOM OLM(POBKOH, COBMECTHTHh MOKa3aHUs CYXOTr0 TEpPMOMETpa
(xpacHble IU(PBI) ¢ TOKA3aHUSAMU YBIA)KHEHHOTO (YE€pHbIE LIUPPBHI).

S.OHpe,Z[CJ'II/ITB OTHOCHUTCIIbHYIO BJIA?)KHOCTD I10 KpaCHOﬁ CTPCIJIKC.

6.Pe3ynbpTaThl H13MEpEeHUI U BBIUMCIICHHUM 3aHECTU B TaOIHILY:

Tabmma Nel

Iloxka3zanus TepMOMETPOB

Pasznocth
NoKa3aHuil
TEPMOMETPOB
At=tcyx-tBJ

OTHOCHUTEIbLHAA

BJI2KHOCTh BO3/1yXa @,

%

120



CyXoro tcyx

BJIAYKHOTO tBJI

Tabmuma Ne2
Temnepary | Touka Hasnenue | [lapumanbn | OtHocuTen | [ImoTHOCTH | AGCOmOTHA
pa poCHlI, °c HAaCBIIICHH | O€ bHast HACBIIICHH | s
OKpYKarolil oro mnapa, JaBJICHUE BJIQXKHOCTH | OO Iapa, BJIQ)KHOCTh
ero [Ta BOJISTHOTO BO3ayXxa, % | & BO3/1yXa
BO3/yXa, napa, I1a at
°c

1. C[[GJIaTB BbIBOJ, 3allMCAaTb IMOKAa3aHWsA T'MrpoMeTpa U JaTbhb PCKOMCHAALUU 10 MOAACPKAHUIO
BJIaXXHOCTH B na6opaTopHH B IIpCACiIaxX HOPMBI.

KoHTpoJibHBbIE BOIPOCHI:
1. Kaxoil nap Ha3bIBaeTcsi HachILIEHHBIM? YTO Takoe JMHAMHUYECKOE paBHOBECHE, TOYKA POCHI,
HapUuaIbHOE JaBicHUE?

2. Tlouemy mokazaHus CMOYEHHOTO TEPMOMETPA MEHBIIIE, YEM CyXOro?

3. Kak, 3Has TOUKy pOCBI, MOXKHO OIIPEEIUTh NapLUaIbHOE JaBjieHue?

4. Cyxoil 1 BIaKHBIM TEPMOMETPHI ICUXPOMETPA MTOKA3BIBAIOT OJIMHAKOBYIO TemriepaTrypy. Kakosa
OTHOCHTEJIbHAS BIAKHOCTH BO3/1yXa?

5. Kak no BHemHeMy BUly OTJIMYUTH B OaHe TPYObI ¢ XOJIOIHOM U ropsiuel BO1oM?

6. UYeM 0OBSACHUTH NMOSIBICHUE 3UMOM MHEes Ha OkHax?. C Kakol CTOPOHBI CTEKJIa OH MOSIBUTCA?

7. HaiiT OTHOCHTEIBHYIO BIIAKHOCTh BO3/yXa B KoMHare npu 18°C, ecim Touka pocsr 10 °C.

8. OrHocuTenbHast BIAXKHOCTh BO3/yXa BEUEPOM MPU 16°C paBHa 55%. Beimager nu poca, ecnu

HOYBIO TEMIIEpaTypa moHu3uTes 10 8°C?

®opma npeacraBiaeHus pe3yJabTara:
PaboTa nomkHa ObITH BBINOJIHEHA B TETPAAM ISl JJaOOPaTOPHBIX padoT.

Kpurtepun onenkn:
3a mpaBUIIHLHO BBHITOITHEHHOE 33JJaHHME BHICTABIISIETCS TIOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMpaBUWIIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BHICTABIISICTCS OTpHUIIaTENbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 2.2 ArperaTHble cCOCTOSIHUS BellleCTBa U (pa30BbIe Mepexobl

JlaGopaTopHnoe 3ansaTue Ne6. OnpeneneHue MOayJas YIPYTOCTH Pe3HHbI
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Henan: OnpenenuTs MOAYIb YIPYTOCTH PE3UHBI IPU PACTKEHUH.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1P66; I1P6S; I1P610;
[1Py5; I1Py8; ITPy12;
MP8, MP9, MP10, MP21, MP17, MP13
JIP 26, JIP 14, JIP 23, JIP 13

MarepunanbHoe obecrnieyeHue:
pe3uHOBBIA MHYP mauHOM 25—30 cM u cedyennem 4— 10 mm2, HabGop rpy3oB no 0,1 kr, 1k,
1,5kr, 2 Kr., IITaTUB, JIMHEWKA, IITAHT€HUUPKYJIb WM MUKPOMETP.

Buumanue! H3becaiime nadenus 2py3oe ¢ paooueit nogepxnocmu. Cneoume 3a nonoxicenuem
wmamuea!l

3aganue:
1. O3HaKOMHTbHCS C TEOPETUUECKUM MaTEPUATIOM.
Teopus.
[Ipu ycraHoBuBHIEWCS YHpPYroil negopManuu paBHOJACHCTBYIOIIAS BCEX BHYTPEHHHX CHII
YIIPYrOCTH, BO3HUKAIOLIMX B TeJleé B JIOOOM €ro CEYeHUH, YPAaBHOBEILMBACT BHELIHHE CHUIIbI,
JICACTBYIOILIKE HA TEJIO.
CornacHo 3akoHy I'yka, HampsoKeHME 0 M BBI3BAHHOE UM OTHOCHUTEIBHOE & YIIMHEHHE
nponopuuoHanbHel: 0=F ¢ , rae E— mMoaysb ynpyrocru.
[Tocne mpeoOpa3oBaHus 3TOTO BHIPAKEHUS OTYIHM:
E<Eb g8
S Al md (11, )

JI1sl SKCIEpUMEHTAIIBHOTO OIIPEAEIICHUS] MOAYJISl YIIPYTOCTH HYXXHO U3MEPHUTH BCE BEIUYMHBI:

S 5=
nedpopmupytomyto cmty F  (F=mg), ceuenue oOpasua S 4 , €ro
nepBoHavyanbHyo anunHy 10 u ynnmunenue 1.

Xoa padoThi:

HN3yuenue nepopmanum pacrsizKkeHusl.

1. 3MepuTh C MOMOIIBIO INTAHTEHUUPKYJSI WIM MHUKPOMETpA TONIIMHY IIHYpPA U BBIYUCIHUTH
TIJIOIA/Ih €r0 MOMEPEUYHOTO CEYSHUS S.

2. loaemmBas k mHypy rpy3bl maccou 0,1 kxr, 0,2 kr, 0,3 Kr, U3MEPUTh COOTBETCTBYIOIINE
aOCOJIOTHBIE YITTMHEHHUS THYPA: U BBIYUCIUTh OTHOCUTENIbHBIC YITTUHEHUS ITHYPA.

3. Ilo pe3ynbTaraM H3MEpPEHUU BBIUUCIUTH MOJYJb YIPYrOCTH pe3uHbl E U  OLEHUTH
MOTPEUTHOCTH IKCIIEPUMEHTA!

Am Al Ad Al
&= + +2 + -
m d [I-1],

AE=F-¢
- a0COJIOTHAS TIOTPELTHOCTb.
5. Pe3ynbTarel n3MepeHuil U BBIYUCIICHUH 3aHECTH B TaOJIHILY:

- OTHOCUTCJIbHAs NOTPCHIHOCTDb
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el A =

H3MCPCHO BEIYHCIICHO
lf’-gn mir | dom | S,M? | lom Lm | AlLbm| F,H | E,Ila %;’ ?IE‘, £. %
|
2
3

6. CnenaTh BBIBO.

KoHTpoJibHBIE BOIPOCHI.
Kakwue Buzpl neopmanmii Bel 3HaeTe?
W3menseTcs nu BHYTPEHHSS SHEPTrHs 1e()OPMHUPOBAHHBIX TEN?
Ot Kakux nmapamMeTpoB 3aBUCUT MOy FOHra?
Kakoro Buma nedopmarusi HaOmOmaeTcs NMpH YeKaHKe, Npu (OPMHPOBAHHMU COCTaBa, NPHU
MCTIOJIb30BAHUH IOMKpATa JJisl TPAHCIIOPTHOTO CPECTBA?

®dopma npeacraBjeHus pe3yabTara:
PaGota gomkHa OBITH BBIMOJIHEHA B TETPAIU AJIs JIaDOpaTOPHBIX padoT.
Kpurtepun ounenku:

3a MpaBUIIbHO BBITOJHEHHOE 33/JAHHE BHICTABJISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTpUIAaTeNbHAast orleHKa — ) 0aioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 100% npaBUIBHBIX OTBETOB

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

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

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

Tema 2.3 OCHOBBI TEPMOIMHAMHKH

JladoparopHnoe 3ansaTue Ne7. Onpenesienue yieJabHOMH TEeMI0eMKOCTH BellleCTBA

]_Ie.]'lb: ONBITHBIM ITYTEM ONPCACINUTE BCIINYUHY y,[[CJ'IBHOfI TCIIJIOEMKOCTH BEUICCTBA W BBISICHUTH

¢bu3nveckuil CMBICI ypaBHEHHUs TEIJIOBOTO OanaHca.

MowbdpE

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1P66; I1P6S; TTP610;
[1PyS5; I1Py8; [1Py12;
MP8, MP9, MP10, MP21, MP17, MP13;
JIP 26, JIP 14, JIP 23, JIP 13.

MaTepna.m,Hoe o0ecrmeyeHHe: BEChbl ONTHYECKHE Ha MITAaTUBC, PA3HOBEC; HUCCICAYCMOC

BEIIIECTBO; KAJIOPUMETP; TEPMOMETP; TEKTPOILTUTKA; COCY/I C BOJIOIA;

3ananue
1. Ucnonb3ys TepMOIMHAMUYECKHE 3aKOHBI COCTAaBUTh YpaBHEHHE TEIUIOBOTO OanaHca Jyis
BBIYHCIICHUA H€O6XO)II/IMOI71 BCIIMYUHEI.
2. Pe3ynbpTaThl U3BMEPEHHI U BEIYUCICHUH 3aHECTH B TAOIUILY.
3. OTBEeTHTH Ha KOHTPOJILHBIE BOITPOCHI
4, HamucaTb BBIBOJ

123



Buumanue! Ilpu ucnonv3oeanuu 20pauux npeoMemos U  IJNEKMPUYECKOU NAUMKU C
OCHLOPONHCHOCHIbIO 00PaAmMbCs ¢ 000py0osanuem.

Tabnuma.

1. macca TBepAOro Tena, Kr my

2. Temneparypa tena, °C t

3. Macca KaJlopuMeTpa, Kr my

4. macca BOJbI, KT ms

5. TemmepaTrypa BOJIBI U KaJopumerpa, | tr=l3

°C

6. Temriepatypa cmecu, °C 0

7. yaAelbHast TEIJIOEMKOCTh | C

kanopumeTtpa, Jx/(kr:°K)

8.ynenpHas TEIUIOEMKOCTD BOJEI, | C3

JIx/(xr-°K)

9. ynenbHas TEIJIOEMKOCTb TBEPAOIO | Cg

tena, Jx/(kr-°K)

10. TabnuyHOE 3HAYEHHE YAETBHOM | Cr

TETJIOEMKOCTH TBEPJIOTO Tena,

Jx/(kr-°K)

11. oTHOCUTENBHAS TIOTPEITHOCTD, %0 )

[Topsiiok BeIMOTHEHUST PAOOTHI

1. Ornpenenutb Maccy UCCIEAYEMOro Tela my;
2. OnycTuTh UCCIeNyEMOE TEJIO B COCY/l C BOJAOW U HArPETh BOJY /10 KUTICHMUS;
3. Onpenenuts Maccy KaIopuMeTpa my;
4, HanuTe 10 MOI0BUHBI BOABI B KAJIOPUMETP U OMPEAEIUTh MacCy BOJIBI M3,
5. W3mepuTh HavaIpHYyIO TEMIIEpATypy KaJlopuMeTpa ¢ BOJIoH tr=ts;
6. OmnyCcTUTh HArPeTOE TEJIO B KATIOPUMETP C BOAOU U U3MEPHUTH TEMIIEpaTypy cMecH 0
7. CocTaBuTh YpaBHEHHE TEIUIOBOTO OanaHca U OMPECNUTh yASIbHYIO TEIIIOEMKOCTh BEIIECTBA.

Temora, oTnanHas ropssauM TeoM: Qqr =M1 Cy(t1- 0)
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Temora, monydeHHas KaTOPUMETPOM: Qpon =M2Co(0-17)
Terota, momydeHHas BOIOM: Qpopp=M3C3(0-13)
VYpasaenue TerioBoro 6ananca: Qo= Qnox

m1C1(t1- 9) = mzCz(e-tz) + mgCg(e-tg)

m1C1(t1- 9) =(9-t2) (m2c2+ m3C3)

Tak kak t,=t3, (0-tp) =(6-13)

c1=(6-tg) (mgcg+m3c3)/(m1(t1-6)) I[)K/(KF'OK).

8. OHpe,I[GJ'II/ITB INOrp€IHOCTHU
A:|CTa6H-C1|

5=(A/c) -100%.

0. Pe3ynbrarhl u3MepeHuil U BHIYMCICHUH 3aHecuTe B TaOIHILy U caeraiite BeiBo. [1o okoHuaHUU
paboThI MPUHAUICKHOCTH, TETPAIb U JAHHOE PYKOBOJICTBO C/IATh MPETOAABATEINIO.

KOHTpOJ’ILHHG BOIIPOCHBI:

1.  KakoBa pa3Huia Mex1y TEIUIOEMKOCTBIO Tella M YAEIbHOMN TEeMI0eMKOCTHIO?

2. B ueMm cMmBICn ypaBHEHHs TEIUIOBOTO OajlaHCa M KaKoe OTHOIICHHE OHO HMMEET K 3aKOHY
COXPaHEHUS SHEPTUu?

®opma npeacraBJjieHus pe3yJabTara:

PaGota gomkHa OBITH BHIMOJIHEHA B TETPAIU AJIs JIaDOpaTOPHBIX padoT.

Kpurepun oueHku:

3a npaBHIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISICTCS MTOJIOKHUTEIbHAS OlleHKa — 1 Oa.

3a HeNIpaBUIILHO BBIITOJHEHHOE JEHCTBHE, 3a/JaHHE BHICTABIISICTCS OTpHLIATEIbHAs olleHKa — () OasuioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB

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

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

Oyenka «neyooenemeopumensvHoy svicmagisiencs 3a Menee 60%0 mpaBUIBLHBIX OTBETOB

Tema 3.2 3aK0HBI MOCTOAHHOIO TOKA

JlabopaTopHnoe 3ansiTue Ne8. Onpenesnenue yaeJbHOI0 CONPOTHBJICHUS NPOBOJHNKA

esab padoThl: onpeAeieHNE yIeIbHOTO CONPOTUBICHUS TPOBOJIHUKA SKCIIEPUMEHTAIBHBIM ITYyTEM

BoinosiHeHne padoThl cnocodcTBYeT (POPMUPOBAHUIO:

[1P64; I1P66; ITP67; I1P610;

[TPy1; ITPy2; ITPy3; I1Py4; IIP610; ITPyS5; ITPy9; [TPy11MP8, MP9, MP10, MP21, MP17, MP13
JIP 26, JIP 14, JIP 23, JIP 13

MarepuanbHoe o0ecrnieyeHHe: MCTOYHHMK TOKa, aMIIEPMETP, BOJBTMETP, COEIUHUTEIbHbBIE
NPOBOJIA, KIIOY, IITAaHTEHIMPKYJb, JIMHEIKa, KYCOK MpPOBOJA, YAEIbHOE COMpPOTHBIEHHE KOTOPOTO
OTIpEETISIETCSL.

Buumanue! Ilpu padbome c 3nekmpuuecmeom coonrwoaiime npaguia mexHuku oesonacunocmu. /{ns

3AMBIKAHUA ITIEKMPUYECKOU Yenu npuziacume npenooagamens 0na ee npoeepku!
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3amanue

1. CamMocTosATeIpHO cOOpaTh JIEKTPHUSCKYIO IIeTh 110 CXEeME.

2. CHTb NOKa3aHUs aMIIepMeTpa U BOJIbTMETPA.

3. Hcnonb3ysl IITAHTEHUMPKYIb U JIMHEHKY, HAYYUTHCS OIPEACIATh I€OMETPUUYECKHUE pa3Mepbl
MIPOBOJHHKA.

4. Onpenenuts BEIUYUHY YJAEIBHOIO CONIPOTUBIIEHUS METAJLIA.

HOpH)IOK BbIINOJTHCHUSA paﬁoTbI:

1. Cobpartb Lemnb 1Mo cxeme U MoKa3arh Jisi IPOBEPKHU PYKOBOJIUTEIIO.

2. 3aMKHYTB LCIIb U CHATH ITOKa3aHUA aMIICPMETPa U BOJIIBTMETPA.

3. BwIUUCINATH COMPOTHBIICHNE TIPOBOJIHUKA 11O POpMYIIE:

rae | - Tok B npoBojgHUKE, A; U - MaJieHne HallpsDKEHUs Ha IPOBOJIHUKE, B.
4. W3MepuThb JUIMHY U BBIYMCIUTH IUIONIA/(b IONIEPEUHOI0 CEUEHUS IPOBOAHUKA 110 GopMyJIe:

, Tne d - amaMeTp MpOBOIHUKA.

o R-S
2 =—
x-d
S - , R = !
4 I
5. Bpluucnuth yneiapbHOe COMPOTHUBIICHUE IO (hopMyIie:
6. Jlanubie 3aHecTu B TabmuIy 1.
7. 7. Bbruucauth abCOMOTHYIO (A) 1 OTHOCUTENBHYIO (€) IOTPEIIHOCTH U3MEPEHUIH 110
dbopmynam:
A _ _ A
= |pTAE/7. pHOﬂyq.| £ = -100%
Pragn.

8. Caenatp BBIBOJ 1O paboTe.

dopma npenocTaBieHUs pe3yabTaTa

U,B I,A R,Om | l,m d,m | S,ml 2.Q p,.s,| AOWA{E%
Om-
M
BeLLecTBo

Tabmwuma 1.
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KonTposibHbIE BOPOCHL:

1. OT Kakux BEIMYMH U KAaK 3aBUCUT CONPOTHUBJICHUE MPSMOJIMHEHHOr0 METALTMYECKOTO
MPOBOJHUKA?

2. JIBa MenHBIX MPOBOJHHMKA MUMEIOT OJMHAKOBYIO JUTMHY, HO PA3IMYHYIO IUIOUIAAb MONEPEUHOIO
ceuenns.:1,6 mm*u 0,8 Mm?. Kakoid MPOBOJHUK UMEET MEHBIIEE COMTPOTUBIICHUE U BO CKOJIBKO pa3?

3. CKOJIbBKO METPOB HHUKEIMHOBOIO IPOBOJA IUIOMIA[bI0 morepeyHoro ceuenus 0.1 MM
nmoTpeOyeTcsl I HM3TOTOBJICHHS peocTaTa C MaKCHMMaJbHBIM compoTuBieHueM 180 Om? VY aenpHOE
conpoTuBiieHne Hukenuna 0,42 10°0M M.

2

dopma npeacTaBJieHus pe3yJbTara:

Pabota momkHa OBITH BBITIOJIHEHA B TETPAIH s 1a00OpaTOPHBIX padboT

Kputepuu onenku:

3a mpaBUIIHLHO BBIITOJHEHHOE 33JJaHHE BHICTABIISICTCS TIOJIOKUTEIbHAS OlleHKa — | Oasu.

3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BBICTABIISCTCS OTpUIIAaTeIbHAast orieHKa — ) 0aioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 100% npaBUIbHBIX OTBETOB

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

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

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

Tema 3.2 3aK0HBI MOCTOAHHOIO TOKA

JIaﬁopaTopﬂoe 3ansaTue Ne9. 3KC1’[epI/IMeHTaJIbHaﬂ MPOBEPKa 3aKOHOB Mapa/li€/JIbHOI'oO U
mocJIeA0BaTe/JIbHOI0o COCAMHCHUSA ITPOBOAHHUKOB

Hean padoTbl: MPOBEPUTH 3aKOHBI MAPAIICIIBHOTO COECIMHEHHS] TMPOBOJHUKOB KCIIEPUMEHTATHHBIM
ITyTEM.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1P64; ITP66; ITP67; ITP610;
[1Py1; [1Py2; [1Py3; 11Py4; I1PyS5; I1Py9; I1Py11;
MP8, MP9, MP10, MP21, MP17, MP13
JIP 26, JIP 14, JIP 23, JIP 13

MarepunanbHoe o0ecnmeYeHHe: HCTOYHUK DJIEKTPUYECKOM HSHEPrUH, PE3UCTOpPbI, TPU aMIepMmerpa
MIOCTOSSHHOTO TOKa, TPU BOJbTMETpAa IOCTOSIHHOIO TOKa, PEOCTaT IOJI3YHKOBBIM, KIIIOY,
COEIMHUTEIIbHBIE IIPOBOJIA.

Buumanue! Ilpu pabome c rnekmpuyecmeom coonrooaiime npasuia mexHuku oezonacnocmu. /[nsa
3aMbIKAHUA )IEKMPUYECKOIl Uenu npuziacume npenodagamens 011 ee npogepku!

3ananue:
IToBTOPUTH 3aKOHBI COETUHEHU
Odopmuts paboTy B TETpaab
[IponenaTte ONBITHI
Cnenatp BBIBOJ O TIPOJICTIaHHON paboTe

PwnpE

3axonomepHocmu coeouHeHull NPO8OOHUKO8

ITocnenoBarenbHOE [TapannenbHOE COeqMHEHUE
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COeTMHECHNE
— | -y -1
R1 R,
U, U,
U
1L.I=hL=1 L=l +1,
2.U=U;+ U, 2.U=U;=U,
3.R=R; +R; 31 1 1
R R R

|1 — cuna Toka B IepBOM MPOBOJIHUKE, A;

| — oO1ias cuiia Toka, A;

U; — HanpsKeHUe Ha KOHIIaX IIEpBOro MPOBOIHUKA, B;

U- 0611_[66 HAaIpsAKCHUE Ha KOHIAX COCANMHCHMSA IIPOBOAHUKOB, B;

R1 — comnpoTuBieHue NepBoro NpoBoHuKa, Om;

R — ob11ee conpoTHUBIICHHE MPOBOAHUKOB, OM.

Tlopsooxk evinonnenust pabomol

1). [TocrnenoBaTensHOE COSAMHEHUE TPOBOHUKOB.

1.

Cobepute ANEKTPUUECKYIO IIEMb 110 CXEME.

i )

© &

OnpenenuTe 1EHY AEKTPOU3MEPUTENFHBIX TIPUOOPOB.

IIpy HEAOCTATOYHOM KOJIMYECTBE BOJIBTMETPOB M aMIIEPMETPOB MOKHO MCIIOJIb30BAaTh OJIMH
amIiepMeTp U OJIMH BOJIBTMETP. J1J1sl 3TOro He0OXOIMMO MEHSTh X MECTOIOJI0KEHHE COTTIACHO CXEME.

2.
3.

No ok

Uzmepste |y, 12, U, Uy, Us.

Beruucnure Rlzi; RZZ&; R
1 I, |

CpaBuure 3HaueHus I u |, u cienaiire BBIBOI.

Cpagsnure 3nauenust U u Uy + U, 1 crienaiite BBIBOI.

Cpasuure 3HaueHus R u R; + Ry u caenaiire BIBOA.

W3mepenus 1 pe3ynbTaThl BEIYUCICHUI BHECUTE B TaOJIHUITY.
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Ne H/H |1, A |2, A Ul! B Uz, B U, B Rlv OM Rz, OM R, OM

2). [lapanenbHoe coeAMHEHNE TPOBOTHUKOB.

1. CobepuTte 37IEKTPUIECKYIO LIETIb 110 CXEME:

2. M3mepwTe obmryto cumity Toka |, cuimy Toka B pesuctope |y u cumy Toka B
peocrare ly.

3. CpaBuute 3Havyenusi | u |y + |y, cmenaiite BBIBOA W 3allUIIATE €TO B
TETpajIu.

4. V3amepbTe HampsbKeHUE Ha KoHIax pesucropa Ui M Ha KoOHIAX peocrara
U,, cpaBHHTE MMOTyYCHHBIC 3HAYCHUS U CICNIANTE BHIBO/L.

5. Beruucnure  o0mmiee  CONMpPOTUBIIGHHWE — [IETIH RV mm o U
|

COIPOTHB/ICHHE PE3UCTOpa i peoctara , _U,; o _U,.
1 2
| |

6. Brruucaure 3HaueHUA i ul . CpaBHI/ITC TOJIYUCHHBIC PC3YJIbTAThL

1
R Rl RZ
U CIIEJIaNTE BBIBOL.
7. VI3MepeHus 1 BBIUMCIICHNS] BHECUTE B TaOJIMILY.

No H/H I, A Il, A |2, A Ul, B Uz, B Rl, OM Rz, OmMm R, OmMm

1

KonTposeHBIE BOIIPOCHI
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1. JIa pe3ucropa ¢ conpotuBieHueM Ri=5 Om R,=10 OM coequHeHsI nocneaoBaTenbHo. Yemy paBHO
OTHOIIIEHUE HANPSDKEHUH ; Ha 3THX pe3ucTopax?
u,

2

2. Io kakoii hopmysie orpenensieTcsi CONpPOTUBICHHE JIBYX MapajlieIbHO COSTUHEHHBIX TIPOBOIHUKOB

R?
3. Onpenenure o01Iee CONPOTHBICHUE YIaCTKA 3IEKTPUUECKOM 6 Om
LIETI, TIPEJCTaBJICHHON Ha PUCYHKE. A
6 Om
®opMa npeacTaBiieHNs pe3yJbTaTa: 16 Om |

PaboTa nomkHa ObITH BBIIOJIHEHA B TETPAAU IJIs1 IAOOPAaTOPHBIX paboT

Kputepuu onenkmu:
3a mpaBUIILHO BBITOJHEHHOE 33JJAHHE BHICTABIISICTCS TIOJIOKHUTEIbHAS OLICHKA — | Oasu.
3a HeMpaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTPUIIATEIbHAS o1leHKa — 0 OaioB.
Oyenxa «omauunoy svicmagnsemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasnsiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumensvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «Heyoosiemeopumenvhoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.2 3aK0HBI MOCTOAHHOIO TOKA

JladopaTopHoe 3ansiTue Nel0. Uzyuenue padorel myabTuMerpa. Onpenesnenue I/1C u
BHYTPEHHEI0 CONPOTHBJICHUS MCTOYHHMKA 3JIeKTPHYECKON YJHEPIruu

Ilem,: HAYYHUTHCA MMOJIb30BATHCA MYJIIBbTUMCETPOM JIA PA3HBIX PEIKUMOB pa60TBI

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1P64; I1P66; I1P67; I[1P610;
[TPyl1; ITPy2; [1Py3; I1Py4; I1Py5; I1Py9; I1Pyl11;
MP§, MP9, MP10, MP21, MP17, MP13
JIP 26, JIP 14, JIP 23, JIP 13

MarepuanbHoe olecrieyeHue: MYJIbTUMETP, HaOOp PpPE3UCTOPOB, TUOJBI, TPUOJbI, MCTOYHHUK
TOKa, pe0CTaT, COEAMHUTEIbHBIE IPOBOAA, KIIOU.

HNHcTpyKuus no npuMeHeHHI0 MyJIbTHMETPA

ITepexiouarenb peskuMa U ANANA30HA U3MEPEHH .

[epexmtouarens pexuMa M AMana3oHa U3MEPEHUH MCHONb3yeTcs IS BKIIOUEHHs Mpubopa, a Takxke
U BBIOOpA KEIaeMoro pekuma palboThl U Impenena uzMepeHus. s yBelIMYEeHUs CpPOKa CIIyKObl
6arapeu, epeBoAMUTE MepeknouaTens B nonoxenue «OFFy, nmocne BeIMoOMTHEHUS U3MEPEHUH.
H3mepenne HanpsizkeHUs1 NOCTOSIHHOTO U MIePEMEHHOI0 TOKA.

1.IToaxnrounte KpacHslil pa3beM B rHE310 «VQmA», uepHbIil pa3beM B rHe310 «COM»

2.YcraHOBHTE MEpEKIoYaTeh PeKuMa U3MEPEHHI Ha JKelaeMblil 1hana3oH U3MEpEeHHs HalpsKEHMs], B
Cllydae €CIM HEHU3BECTHO IIPUMEPHOE 3HAUEHWE HaNpsHKEHUs, YCTAaHOBUTE IEpEKIoyaTeslb Ha
MaKCHMaJIbHOE 3HAYEHHUE U CHUXKAMTe Mpeien u3MepeHus 10 NOJy4yeHuUs! ONTUMaIbHOIO 3HAYEHUS.
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Pexxum [ar u3mepenus [TorpemnocTs

200 mB 100 MB +0,5 % nns 3ro 3Haka
2000 mB 1 MB +0,8 % st 2ro 3Haka
20B 10 MB

200 B 100 MB +1,0 % mst 2ro 3HaKa

3. IlpukocHurech MPOOHUKAMU K YCTPOMCTBY WM TOYKaM JIIEKTPUYECKOW CXEMBbl. Tne Tpelyercs
U3MEPUTH HaNPsKEHUE.

4. B cnyyae Hanmu4Msl HapsKEHUsI IPUOOP MOKaXKeT HAMPsKEHNE U MOISPHOCTbD.

N3mepeHue noCcTOSIHHOIO TOKA

1.IToaxmrounte KpacHbI MPOOHUK K pazbeMy «VQmA». UepHnslil k pazbeMy «COM» (11 usmepeHus
ToKOB 0T 200MA 110 10 A ucnosnb3yiite pazseM «10A»)

2 VYcraHOBUTE MepeKIoYaTeh BbIOOpa peKMMa HU3MEPEHHIl Ha >KelnaeMblil mpenen U3MepeHHs
MIOCTOSIHHOT'O TOKaA.

3.Pa3zbeuHuTe M3MEPSAEMYIO DJIEKTPUYECKYIO IENb U MOJCOCTUHUTE MPOOHUKU IMOCIEI0BATEIHLHO C
Harpy3Koiu.

4. Ha pucrnnee mosiBUTCS 3HAYEHUS TOKA.

6. Pazpem «10A» mpemHazHaueH UIsi HEUACTOTO HCIOJIb30BaHUsA. Bpems u3MepeHHs HE JOJKHO
IpeBbIIaTh 15 CeKyHA, a MEXIy HM3MEpPEHUSMU HEOOXOIMMO BBIIEPKUBATH HECKOJIBKO CEKYHJ BO
n30eKaHue MOBPEXKACHUS TPHOOpa.

HN3mepenune cONpoOTHUBJICHNS

1.IIpucoenunuTe KpacHbId IPOOHUK K pazbeMy «VQmAY. UepHsiii k pazsemy «COM».

2.YcTaHOBUTE MepeKiIouaTeNb BbIOOpa peXMMa H3MEpPEHHUH Ha JKelaeMblil Mpenesl HU3MepeHHs
COIPOTHBIICHUS.

3. Ilpunoxwure npoOHUKM K HU3MepseMOMYy o00pasily, AMCIUICH OTOOpa3uT NpU 3TOM 3HAYCHHE
COIPOTHBIICHUS.

Pexxum MHoxuTenb [TorpemHocTh
200Q2 0,1 +(1.0% mst 10ro 3Haka)
2000Q2 1
20KQ 10
+(1.0% nns 4ro 3HaKa)
200KQ 100
2000KQ 1000

IIpoBepka q1uox0B

1.TlogkmrounTte KpacHBI TPOOHUK K pazbemMy «VQOmA., depHbIil K pazbemy «COMy.

2. YcraHOBHTE NIepeKIouaTeNb BBIOOpA peKuMa U3MEPEHUH Ha 3Ha4YOK |Iroa

3. CoeanHNTE KpacCHBIA MPOOHUK C aHOAOM (p) TECTUPYEMOTO IM0/1a, @ YEPHBIN MPOOHUK C KaToAoM (n)
4. Jlucruied MOKaKeT 3HAa4YEHHE HampshKeHUs B MB. eciu MosIpHOCTH [uoza NepemnyTraHa, JUCIUIEH
0T00pazut «1».

HN3mepenue TeMnepatypsl

1.IIpucoenuuute Tepmomnapy k pazpemy «VQmA» u k pazpemy «COM».

2.YcTaHOBUTE NEPEKIII0YATENb BEIOOpa pekuMa U3MepeHnid Ha u3mMepenue Temreparypsl « TEMIDy
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3. Jlucruielr oroOpa3uT 3HaUeHUE TeMIepaTypsl B rpagycax Llenbcust.

3ByKoOBasi MPO3BOHKA

1.INonkmrounTte KpacHbI MPOOHUK K pazbemMy «VOQmAy. UepHslit k pazbemy «COM».

2.YcTaHOBUTE NEPEKIII0YaTelb BEIOOpa pekuMa U3MEPEHHUH Ha 3BOHOK

3.Ilpucoenuuure NpoOHUKHM K IPO3BAHUBAEMOM cXeme, Mpu comportuBieHuH MeHee 30 OM mopaercs
3BYKOBOW CUTHAJI.

ITopsinok BbINOJIHEHHSI PAa0OTHI:
1 IIpounTaiiTe TeOpEeTUUECKUI MaTepHUall:

Teopernyeckuii MaTepuas:

Tlonynpogoonurogulii 0uoo
JIno COmEpKHUT p-N-TIEPEX0J], 3aKIFOUCHHBIH B TEPMETHYECKUN KOPIMYC M COCIMHEHHBIH C
META/UIMYECKUMHU BbIBOJaMHU. BBIBOMI OT p-001acTH HAa3BIBAIOT aHOIOM, OT N-00J1aCTH — KATOJIOM.

‘ 4 V.

Jlnoa- 1NOJynpOBOJHUKOBBI HpUOOp, MNpeiHAa3HAYEHHBIH JUIs YCHIEHUS HpeoOpa3oBaHUs
TEeHEPUPOBAHUS AIEKTPUUECKUX KOJIEOAHNUN PAa3INYHON YaCTOTHI.

Tpan3ucTop cocTouT U3 Tpex obaacTell ¢ pa3IMuHON MIPOBOJAUMOCTHIO. Pa3nuyaroT TpaH3UCTOPHI
tumna p-n-p u n-p-n. CpeaHss 30Ha Ha3bIBaeTcs 6a3oti. TonmuHa 0a3bl JOHKHA OBITH MEHbILE JITTMHBI
cBoOOHOrO mpobera anekTpoHa. B TpaH3ucrope umerorcs aBa p-n-mepexona. JleBblit p-n mepexon
ABJISICTCA TPSMBIM M OTIEINISAET 0a3y OT 00JaCTH C MIPOBOJUMOCTBIO P-THUIIA, HA3bIBAEMYIO IMUMMEPOM.
B sT0if obsacTu akuenTopHoi mpuMecH B COTHH pa3 0oJjblle, 4eM JOHOPHOW mpumecu B Oase, T. €.
IBIPOK B AMUTTEpPE 3HAUMTEIbHO OOJblIe, YeM 3JIEKTpOoHOB B Oaze. [lpaBwiii mepexona sBisercs
00paTHBIM U OTzeNAeT 0a3y OT 006JaCTH C MPOBOAUMOCTBIO P-TUIIA, HA3bIBAEMOW KOJLIEKMOPOM.

3 K 3
Is

mny e

Xon paborsr:
1.13y4nTh HHCTPYKILIMIO 110 SKCIUTyaTalluu mpuoopa.
2. I3MepuTh CONPOTUBIICHHSI PE3UCTOPOB, JTaHHbIE 3aMUCcaTh B TaOIHILY

Ne ni/m Conporusienune, OM
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3.Co0parthb 1ens Mo cxeme

4.3aMKHYTb LI€TIb, IPU HEMCIIPABHOCTH LIETIH ITPO3BOHUTH LI€Mb, HAWTH HEUCIIPABHOCTD.
5.M3mepuTth HanpskeHUe Ha OaTtapeiike U peocTare.

6. PazoMkHyTh ienib. MI3MepuUTh TEMIIEpATypy pE3UCTOpA U peocTaTa.

7.3MepuTh COPOTHUBIICHHE PE3UCTOPA M PEOCTaTa, TaHHBIC 3aUCaTh B TAOIUILY

HaumenoBanue Conporusinenue, | Hanpsukenune, B | Temmnepatypa,
Om °c

Pesncrop

Peocrar

WUcroynwk Toka | 000 -----

8. [ToBTOpUTH TEOPETUUECKUI MaTEpHaJI IO TOJIYIPOBOJHUKOBBIM MTPUOOpaM: JUO1Y U TPAH3UCTOPY.
9. [IpoBepuTh 1MOABI (UCIIPABHOCTD, OJISPHOCTH).
10. Tpar3uctopsl. OnpeneuTh BBIBOJLI TPaH3UCTOPa (KOJUIEKTOP, 06a3a, IMHTTEP) M THUI TPAH3UCTOPA
(p-n-p) i (n-p-n)
11. 3anucaTh BBIBOJ 110 paboTe, OTBETHUB HA BOMPOCHI.
KoHTpoJibHbIE BOIPOCHI:
1. Kak BBISICHUTB, 4TO AuOJ HeucnpaBeH? 2. Kak BBIICHUTH p- U N- KOHTAKTHI quoa?
2. Kak onpenenuts 6a3y y TpaH3UCTOpA.
3. HazoBure rmaBHbIe CBOMCTBA AUO/A U TPAH3UCTOPA.
4. VYcTpoiicTBO 1M0Ja U TPAH3UCTOPA.

Yacrsb 2 «Onpenenenrie 3/1C 1 BHYTPEHHETO COMPOTUBJIEHUS HCTOYHUKA TOKa

Leap paGoThI: ONBITHBIM MyTeM YOEAUTHCS B MOSBICHUH WHIYKIIMOHHOTO TOKAa W MPOBEPUTH 3aKOH
Jlenna.

OO0opynoBaHme: HCTOYHUK TOKA, BOJIBTMETP, aMIIEPMETP, PEOCTAT, KIIFOU, COEAUNHUTENBHBIE IIPOBO/IA.
Kparkas reopus:
[Tomuast (3amMKHyTast) SIIEKTpUYECKas IeMb COCTOMT M3 HUCTOYHMKA Toka ¢ OJIC €& W BHYTpEHHUM

COIIPOTHBJICHUEM I 1 l'IOTpC6I/ITCJ'I$I QJICKTPUYCCKOI'0 TOKAa € BHCHIHUM COIPOTHUBJICHUEM R. Cuna Toka B

TaKkoM 1enu omnpenensercss 3akoHoM Oma JUisi HOJMHOM LENH: - & - [Ipu pazomxnyTrom Kimoue DJ(C
R+r
MCTOYHMKA TOKa paBHa HAIPsDKCHUIO HA BHENTHEN YaCTH 1IEITH.

HpI/I N3MCHCHUHN COIIPOTUBIICHUA HOTpe6I/ITeJ'I${ BJIeKT‘pPI‘IeCKOI)’I SHEPTUH U3MCHACTCA BEIIMUMHA CUJIbI
TOKa B ICIIN:

L=—% —e=1-(R+r)q
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I, =e=1,-(R,+r) (2

R,+r

JleBble yactu ypaBHeHui (1) u (2) paBHBI, 3HAYUT, PABHBI U [IPABbIE YaCTHU:

IR —1,-R

L(R+r)=L(R,+r)=>r=-2 |2 Il
)

1
Tlopsook svinonnenus pabomul

1. Cobepure 31EKTPUYECKYIO LIEIb [0 CXEME:

2. Onpenenute 1eHy A€JICHUS SIEKTPOU3MEPUTEIBHBIX TPUOOPOB.

)

3. M3mepbre D/1C ncrounuka Toka. Jlist 3Toro onpenenure nNokazaHus BOJIbTMETpa Ipu
Pa30MKHYTOM KITFOUE.

4, I/I3Mepre BCJIMYMHBI CUJIbI TOKA U HAIIPSAPKCHUA Ha BHCIITHEH YacTH OeIu, 3aMbIKas KJIFO4.

5. 3MeHsist mosiokeHue ABMXKKA PEocTaTa, OBTOpUTE U3MepeHus (1. 3) ele JBaXK/abl.

6. BorunciuTe BeMUrMHYy BHYTPEHHETO CONPOTUBIIEHHUS, UCTIOoNb3ysl ypaBHeHue (3) u 9/1C, ucnonb3ys
ypasuenue (1).

7. Beruncnute cpennue 3HaueHust O/1C 1 BHYTPEHHET0 CONPOTUBIICHNSI HCTOYHMKA TOKa.

8. PesynbTarhl U3MEpeHUH U BHIYMCICHUH BHECUTE B TaOJIHMILY.

IJJH &B |UB|ILA &4 orfu [;;’; fo | 5= e 100%
1
2
3

KoHTposeHBIE BOITPOCHI

1. Tlouemy nmoka3zaHusi BOJILTMETPA MPH PA30OMKHYTOM U 3aMKHYTOM KIJIIOU€E PA3INYHbI?

2. s mmepenuss DJIC MCTOYHWKA TOKA M €r0 BHYTPSHHETO COIPOTHBIICHUS CTYICHT COOpas
cxeMy, U300pakeHHyto Bbie. [Ipu aTom BosbT™MeTp nokaszan 5 B, a amnepmerp 1 A. Tlocne pa3mbikanus
KJIto4a BOJIbTMETP nokazai 6 B. Uemy paBHbl D/IC UCTOYHHMKA TOKA U €r0 BHYTPEHHEE COMPOTUBIICHHE?

3. OJ1C ucrounuka Toka 3 B, a BHyTpeHHee conporusienue 0,5 Om. ColpoTUBIEHUE BHEIIHEN YacTH

nenu 10 Om. Haligute crimy Toka B LIETIH.

4. Cuna Toka B nenu pasHa 0,4 A, BHyTpEHHE CONPOTHUBIIEHNE UCTOYHMKA ToKa 0,5 OM, BHEIIHEE —
4,5 Om. Kakosa 9JIC ucrounuka?

®opma mpeacTaBJieHus pe3yJbTarTa:
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PaboTa nomkHa ObITh BBIMOJIHEHA B TETPAAU ISl IAOOPaTOPHBIX paboT

Kputepuu onenkmu:
3a MpaBUIIHLHO BBITOJHEHHOE 33JJaHHE BHICTABIISICTCS TTOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTpUIIATENbHAs olleHKa — () OaioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUILHBIX OTBETOB
Oyenka «xopouto» evicmagngemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbHoy svicmasisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.2 3aK0HBI MOCTOSAHHOI'O TOKA

JladoparopHoe 3ansaTue Nell. Onpenesnenne TemneparypHoro ko3¢ puunenra meau

Iesab: pacKpbITh BIMSHUE TEMIIEPATYPHI HA JIEKTPUYECKOE COIPOTUBIIEHUE METAIIOB; OIBITHBIM
nyTéM  ompeneuTh  KOd(Q(UIMEHT TEPMUYCCKOTO  CONPOTHUBICHHS  MEIW; IOCTPOUTH  TIO
9KCIIEPUMEHTATIbHBIM JAaHHBIM TpaduK 3aBUCMOCTH COIIPOTUBIICHHS OT TEMIIEPATYPBhI.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
[1P64; [1P66; I1P67; I1P610
I1Pyl; IIPy2; TIPy3; I1Py4; [1Py5; [IPy9; [IPy11;
MP8, MP9, MP10, MP21, MP17, MP13
JIP 26, JIP 14, JIP 23, JIP 13

MarepuanbHoe obecrnedeHue: npuOOp A ONpeAeNeHUus TeMIlepaTypHOro Koldg¢uiueHTa
COMpOTHUBIIEHUs Meau, Tepmomerp TexHudeckuit or 0 mgo 100°C c uenoit apenenust 1°C, ommerp,
BHEUIHUI COCy/ KaJlOpUMeTpa C BOJOM, 3JEKTPOIIUTKA, KIIOY, COEAUHUTENbHbIE TIPOBO/IA, IITATUB C
My(}TOif 1 TanKoi.

Teopernyeckunii marepuan:

DNEeKTPUUECKOE COMPOTUBIIEHUE 3aBUCUT OT TeMmmeparypbl. OObACHSETCS 3TO TeM, 4TO
YIOPAJJOYEHHOMY JABM)KEHHIO CBOOOIHBIX 3JIEKTPOHOB JJIEKTPUYECKMH TOK — 3TO YIOPSIO0YEHHOE
JBUKEHHE 3apsUKEHHBIX YacTHUIL - 3JIEKTPOHOB) OKA3bIBAIOT NMPOTUBOECHCTBHE (COMPOTUBIICHNUE) aTOMBbI
KPUCTAININYECKON PEIIETKN, MHTEHCUBHOCTD TEIIJIOBOTO ABM)KEHUS KOTOPBIX U3MEHSAETCS C U3MEHEHUEM
TEMIIEPATYPHI.

Y XUMMHYECKH YHUCTBIX METAJVIOB C TOBBIIEHHEM Temieparypel Ha 1°C  compoTuBieHue
Bo3zpactaer mpumepHo Ha 0,004 (1/273) compotuBnenus npu 0°C u BeIpakaeTcs JTHUHEHHON
3aBUCHMOCTBIO

Rt =Ro(1+0aAt), rae

Ro—conpotusnenue merasmia npu 0°C,

At- pazHOCTB TeMnepaTyp (KOHEUHOW U Ha4aJIbHON);

0 - TeMIepaTypHbIil KO3 (HULIHUEHT COMPOTUBIICHNUS, MTOKA3bIBAIONINM, HA KaKyI0 YaCTh HAYaJIbHOTO
conpotusneHus nposoauuka npu 0°C (273K) nsmensiercs conpoTuBiIeHHe nMpu HarpeBaHuu Ha 1°C umm
1K.

0=A R/ RoAt unmu a=A R/ RoAT
AR=R; Ry.
OnBITHBIM TYTEM MOXHO ONPEAETUTH 0, HE Mpuderas K U3MEpeHUIo conpoTuBieHus Ro. [lns sroro
HEoOXOIMMO JABaXJbl U3MEPHUTHh CONPOTHUBIIEHUE HccienyemMoro martepuana R; u Ry mpu pasHbix
TeMIeparypax ti 4 to.
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Ilopsinok BbINOJHEHHS PadOTHI:

1. Cocyxa ¢ BOJI0# MOCTaBUTh Ha SJIEKTPOIUIMUTKY U BKIIOUUTH €€ B CETh.

2. OnpenenuTh LEHY JIEIEHUS OMMETPA.

3. M3meputh conpotusiieHrne R1 MeTHON IPOBOJIOKH ITPY KOMHATHOM TeMIiepaType ti.

4. Onyctuth npuOop B BOJYy, YCTaHOBUTb B HEM TepMomerp. IIpum HekoTopoil Temmeparype t;
HU3MEpPUTh CONMPOTHUBIICHUE Ry HccienyeMoil mpoBOJIOKH.

5. OneIT MOBTOPUTH HECKOJIBKO Pa3.

6. Berumcauth 2 — 3 pasa a, HCHojb3ys cooTHomeHue: o= Ry - R/ (R1t; — R ty).

7. OnpenenuTh cpenHee 3HAUCHHUE Ogp, U CPABHHUB TOJIYYEHHBIH Pe3yibTaT ¢ TaOJMYHBIM 3HAYCHHUEM
TeMIepaTypHoro  kKoddQuimeHTa  CONPOTHUBICHHUS  MEIW,  BBIYUCIUTH  OTHOCHTEIBHYIO
MOrPELIHOCT.

8. Pe3ynbTarhl M3MEpEHU U BBIYMCIICHUH 3aITMCaTh B TAOJIHILY.

Temnepary Conporus Temnepar Cpennee ToO. OTHoCUTEIbH

Ne pa JieHue YPHBIii 3HAYEeHHUEe 3HAYEeHHUE ast

MeIHOH MeIHOH K03 unu TeMIeparyp TeMIepaTyp MOrPelHOCTh
MMPOBOJOKHA MpOBOJIOK CHT HOIro HOI'0o
t, °C u R, Om CONPOTHBJI K03 (ppuuue k03¢ unueH
eHHUs HTA Ta 0, %
0, (°C)* CONMpPOTHBIIE CONpPOTHBIIE
HHUA HHUHA
acp.
1
2
3
4
5
6

9.Hcnonb3ysl TaHHBIE YKCIEPUMEHTA, MOCTPOUTHh TpaduK 3aBHCUMOCTH R OT t, OTKIaapIBas MO OCH
abcuucc — Temneparypy B °C Ha OCH OpJIMHAT — COTIPOTHUBIICHUE.

10.Cnenats BbIBOJ O paboTe.

KouTtpoJibHbIe BONPOCHI:

1.
2.
3.

o

KakoBa ¢usudeckast CylmHOCTb EKTPHUECKOTO COMPOTUBIICHUS?

Kak 00BSICHUTE yBeTMUEHHUS COMTPOTUBIICHUSI METAJIJIOB TIPU HarpeBaHUU?
OO0bscHUTh  dopMyny, TIO KOTOPOH  OMpenensercs TeMmIepaTypHBI
COTIPOTHUBIICHUS.

[Touemy TemriepaTypHbIii KOIPHUITUEHT COMPOTUBICHUS IS YIEKTPOIUTOB OTPUIIATENBHBIN?
KakoBo conportusnenue 0,5 Kr MegHOM TPOBOJIOKH Auamerpom 0,3 Mm?
VKkazaTh NpPaKTUUYECKOE MPUMEHEHHE 3aBUCUMOCTH  CONPOTUBIIEHUS
TeMIIepaTypHl.

K03 puLeHT

IpoBOAHUKA  OT

®opma npeacraBiaeHus pe3yJabTara:
PaboTa nomkHa ObITh BBIMOJIHEHA B TETPAAM ISl JIAOOPATOPHBIX paboT

Kpurtepun onenkmn:

3a MpaBUIILHO BBITOJTHEHHOE 33JJaHUE BHICTABIISIETCS TIOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HeNIpaBUIILHO BBIITOJHEHHOE JICHCTBHE, 3a/JaHHE BHICTABIISICTCS OTpHULIATEIbHAS OlleHKa — () OasuIoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB

Oyenka «xopouto» evicmagngemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
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Oyenka «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHoy svicmasisiencs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.2 3aK0HBI IOCTOSTHHOI'O TOKA

JlaGopaTtopHoe 3ansaTue Nel2 Onpenesienne CONPOTUBIIECHUS PEe3UCTOPA METOA0M
MAapPKHPOBKH

Henab: onpenenut HOMUHAIBHOE COIPOTUBIIEHUE PE3UCTOPOB METOIOM MAPKUPOBKU;
OIPENIEJIUTh JIOIYCTUMOE 3HAYEHHUE CUJIbI TOKA JUIs JAHHBIX PE3UCTOPOB IPU U3BECTHOM HOMUHAIIE
MOIIHOCTH.

Brinosinenue padorsl cnoco6cTBYeT GOPMUPOBAHNIO:
1. TIIP64; I1P66; I1P67; I1P6G10;
2. IIPyl; ITPy2; TTIPy3; I1Py4; ITPy5; TTIPy9; I1Pyl11
3. MP8, MP9, MP10, MP21, MP17, MP13
4. JIP 26, JIP 14, JIP 23, JIP 13
MarepuajibHoe o0ecriedyeHue: HaOOp PE3MCTOPOB PaA3HBIX CONMPOTHBJEHHUH, TabiHIa 3HAKOB
MapKHUPOBKH.

3ananme.
1. O3HAKOMHUTBHCSH C TEOPETHUYECKHUM MATEPHATIOM.
TeopeTnueckuii MaTepuas:

[Ipu onpeneneHnn pexuma padbOTHI PE3UCTOpA CIEAYET YYHTHIBATH MAKCHMAJIBHO JOMYCTHMOE
AJsl Hero 3Ha4YeHHMe CHJIbI TOKAa, KOTOPOE OMNpeAeNseTcss 3HAYeHHEM €ro CONPOTUBJICHHS U
MOIIHOCTBIO.

MapxkupoBka HOMUHAJIa PE3UCTOPA OCYIIECTBISIETCS IBETOBBIM KOJIOM B BHJI€ YETHIPEX I[BETHBIX MOJIOC,
HAHECCHHBIX Ha €ro KOpITyce.

[Tpu 5TOM 3HaYeHHE COMPOTUBIICHHSI PE3UCTOpa yKa3biBaeTcs B OMax JABYMs MEPBBIMU MOJIOCAMHU U
MHOXKHTENIEeM (TpeThs moisioca) 10n, rae n - 1rodoe 1ernoe 9ncio ot - 2 10 + 9.

MapKupoBOUHbIE 3HAKU CABUTAIOT K OJIHOMY W3 TOPIIOB PE3HUCTOpa, HAPUMED, K JIEBOMY, U
3aremMm pacrojararor ciieBa HaIpaBo B CIIeTYFOIIIeM MOPSIIKE:
nepBasi mojioca - nmepBas nuQpa HOMUHANA, BTOpas MoJ0ca - BTopas udpa HOMUHANIA, TPEThs MOJ0Ca -
MHOKHTEJb, Y€TBEPTAsI TI0JI0CA - JIOMYCK HAa OTKIIOHCHHE (PaKTUIECKOTO COMPOTUBIICHHS OT HOMUHAJIA.
Ecnu pasmeps! pe3ucTopa He MO3BOJISIFOT Pa3MECTUTh I[BETHBIE MOJIOCHI HECUMMETPUYHO, T. €. OJike K
OJTHOMY U3 TOPIIOB PE3WCTOPA, TO TIEPBas MMOJI0CA BBIMOIHSIETCS 00Jiee IMUPOKOH.

[[BeTa 3HAKOB MapKHPOBKM HOMHHAIBLHOTO COMpPOTHBIEHHA B Omax u aomyckoB B %
MIPUBE/ICHBI B TAOIHUIIE:

IlepBas Bropas HAonycte B
IIBer 3HaKa MHoxkuTeNb %
unppa unppa
CepeOpucThrit -- -- 107 10
30J10TUCTBIH -- -- 1071 5
YepHsrii -- 0 1 --
Kopuunessrii 1 1 10 1
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KpacHbiit 2 2 10° 2
OparKeBblit 3 3 10° -
Kenrrrit 4 4 10* -
3eneHslit 5 5 10° 0,5
Tomy6oit 6 6 10° 0,25
DuoneToBLIi 7 7 107 0,1
Ceperit 8 8 10° 0,05
Benbrit 9 9 10° -

Ilopsinok BbINOJIHEHHS PadOTHI:
1. Pa3znoxuth Ha paboyeM CTOJIE KOMILIEKT PE3UCTOPOB.

2. BHumareanHO MpoOYNTaTh YKA3dHUC K pa60Te.

3. OdopMuTh MAPKUPOBKY PE3UCTOpPa B TETPAAH 110 00pa3ILy

2 %
7 8 10 %
¢bu cep Kp 30
one BIN ac J10

TOB
bI

HBI

n

TH
CT

7,8 k Om mmm 7800 Om 5%
4. 3amnonHUTH TAOIUILY:

Pe3ucro HomuHnansHOE MomHocts | Cuna Toka
p compotuneHue R | pesucropa (BT) (A)
1. 0,25
2. 0,25
3. 0,25
4. 0,25
5. 0,25
6. 0,25
7. 0,25
8. 0,25

5. Paccuntath CUJ1y TOKa Ipu W3BECTHOM MOIITHOCTH TOKA.

6. CnenaTb BBIBOJ 1O paboTe.

KoHTpoJibHbIE BOIPOCHI:
1. B uem 3akitoyaeTcsi METOA MapKUPOBKH.
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2. Jlyis 4ero Hy»KHO 3HATh CONPOTUBIICHUE PE3UCTOPA TIPU BKIIOYCHUH €T0 B CXeMy?
3. Ot 4ero 3aBUCUT MOITHOCTh TOKA, TEKYIIETO MO PE3UCTOPY?

dopma npeacTaBJieHus pe3yabTaTa:
Pabota momkHa OBITH BBITIOJIHEHA B TETPAIH I 1a00paTOPHBIX padoT

Kpurepun oneHku:
3a mpaBUIIHLHO BBIITOJHEHHOE 33JaHHE BHICTABIIETCS MOJIOKUTENIbHAS OLleHKa — | Oasu.
3a HeMpPaBWIIBHO BBITIOJIHEHHOE JICHCTBHE, 3aJ]aHNAE BHICTABIISICTCS OTPUIIATEIbHAS OolleHKa — 0 0ayuoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIbHBIX OTBETOB
Oyenka «xopouwoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenvbHoy svicmasisencs 3a menee 60%0 nMpaBUIBHBIX OTBETOB

Tema 3.2 3aK0HBI MOCTOAHHOIO TOKA

JlabopaTopnoe 3anusitue Nel3 Onpenenenue KII/{ narpeBaresei

Henb: HAyYUTbCA MPAKTUYECKU OMPEICNATh TEIUIOBYIO OTAauy 3JEKTPHUECKOTro HarpeBatelns Jiro0oro
THUIIA.
Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

1. IIP64; I1P66; ITP67; I1P610;

2. TPyl; [IPy2; IIPy3; IIPy4; IIPy5; IIPy9; [IPy11;

3. MP8, MP9, MP10, MP21, MP17, MP13

4. JIP 26, JIP 14, JIP 23, JIP 13

MarepunanbHoe o0ecnedeHMe: 2 3JIEKTPUUYECKUX HarpeBaTessl, COCyJ AJIs KHUIISIYEHUS BOJBI,
BOJ1a, TEPMOMETP, CEKYHIOMEp (4achl), CIIPAaBOYHUK 1O (HU3HUKE.

3aganue.

1. O3HakoMHTbCS ¢ TEOPETHUECKUM MaTepHUaIoM
Teoperuyeckunii marepuasn:

KO3(1)(1)I/II_II/IGHT MOJIE3HOT'O ACHCTBUS HarpeBareiisd CBA3aH COOTHOICHUCM!

K.I1J.= = #100% (1)

Q ;- moJIe3Has TEIJIoTa U OoIpesesseTcs no Gpopmyne
Qu=C*m(T2-T1) (2)
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rac ¢ — yacjibHasA TCIIJIOCMKOCTD KUJKOCTH,

M — Macca )XUIKOCTH, KOTOPYIO KUIIATAT,
T1— HayanpHas TemMnepaTypa >KUJIKOCTH,
T, — KOHe4Has TeMIieparypa KHJIKOCTH,

Q3 — KOJIMYECTBO TEIUIOTHI, KOTOPYIO BBIACIISET HArpeBaTellb
(3aTpadeHHas TEIUIOTA) U OIpeAeseTcs 1mo hopmysie:

Qs=P -t (3),

rjie P — MOIIHOCTD 3JIEKTPUYECKOTO HAarpeBaTeis,
t — MHTepBaJl BpEMEHH, 32 KOTOPBII 3aKuIIeNa KUAKOCTb.
MONIHOCTh 3JNEKTPUYECKOTrO HAarpeBaTelsl ONpeAesaeTcs IO MaclOpPTHBIM JaHHBIM, YKa3aHHBIM Ha

npuoope.
Bpewms,

3a KOTOpPOC 3aKUIIUT XKUIAKOCTD,

OIIPECACIIACTCA 110 CIIPABOYHUKY.

Ilopsinok BbINOJIHEHHS PadOThHI:

onpezensercs

qyacaMHu. yl[eJIBHaSI TCINIOEMKOCTb  BOJbI

1. TloaroToBUTH TAOIUILY AJIS 3aIMCH PE3YIBTATOB, OMPEACIAEMBIX B X0 PaOOTHI.

Onpenenuts Boruncnuts
Cs m T, T, P t K.II.
M.
KT
K K Br |c %
Jorc\x
e K
1. 3anectu B TabaMIly CIIpaBOYHBIE JAHHBIE YIEIBbHOM TEMIOEMKOCTH BOIBI.
2. 3anucaTh B TaOJUIly HOMUHAIBHYIO MOLIHOCTb JIEKTPUUECKOr0 HarpeBartes, yKa3aHHYIo Ha
npubope. B cocyn ans kunstuenust Boas! HamUTh 200 T BOABI.
3. OmnpenenuTh HAYAIBHYIO TEMIIEPATYPY BOIBI.
4. BxmouuTh HarpeBaTelb OJHOBPEMEHHO C CEKYHIOMEPOM (Yacamu).
5. OcTaHOBUTH CEKyHJIOMEp (4achl) B MOMEHT OypHOT0 KUIleHHs BoAbl. Bpems, 3a koTopoe
3aKMIIesa BO/a, 3aHECTH B TaONIUILy.
6. Boruaucnute K.I1./1. anekTprueckoro HarpeBartens.
7. TIOBTOPUTBH OIBIT C IPYTUM HarpeBaTesieM.
8. VYuuteiBasg nmorepu sHEpruu CHopMyJIUpOBaThH BHIBOI.

KoHnTpoJibHBIE BOPOCHI:

1. Veenmuutca wunum ymenbmutces KUILJ[. snektpudeckoro wyailHMKa, €CIM Ha €ro CTEHKax
MOSIBUJIACh HAKUITb (OTIIOKEHUE COJIeit)?
2. 3asucut i KIIJ] a5mekTprudeckoro YaifHUKa OT TOTO OTKPBIT OH WJIH 3aKPHIT?

®opma npeacTaBieHus pe3yJabTara:
Pabota nomkHa ObITH BBIMOJIHEHA B TETPAIu AJIs 1a0OpaTOPHBIX paboT



Kpurtepun onenkmn:
3a mpaBUIILHO BBHITOJHEHHOE 33JJaHHE BHICTABIISICTCS TIOJIOKHUTEIbHAS OlleHKa — | Oasu.
3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTPUIIATENbHAs olleHKa — () OaioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIILHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUILHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «HeyoosiemeopumenbvHoy svicmasisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.3 DileKTpUYECKHUIl TOK B Pa3JIMYHbIX Cpeaax

JlabopaTopHoe 3ansiTue Nel4. OnpenelieHue 31eKTPOXUMHUYECKOT0 IKBUBAJIEHTA Me/IM B IpoLecce
3JIEKTPOJIN3a CcyJb(aTa MeaHu.

Henab: DOKClEpUMEHTAIBHO OIPEAETUTh 3JIEKTPOXUMHUYECKUM 3KBUBajIeHT Meau. CpaBHUTH C
Ta0JMYHBIM 3HAYeHHEM. [[03HAKOMUTBCS C HIMPOKUM CIEKTPOM MpPUMEHEHUs (PU3UKO-XHUMHUYECKOTO
npoiiecca «IeKTpoiu3y». Ero ucnonap3oBanue B METANTYPrUYECKON MTPOMBIIUICHHOCTH.

Brinosinenue padorsl cnocodcTByeT GOPMHPOBAHMIO:
[1P64; 11P66; 11P67;

I1Pyl; IIPy2; TIPy3; I1IPy4; [1Py5; [1Py9; [1Py11

MPS8, MP9, MP10, MP21, MP17, MP13

JIP 26, JIP 14, JIP 23, JIP 13

MarepuanbHoe ofecrnedeHHe: OJIEKTPOHHBIE BECHI, aMIIEPMETP, Yachl, UCTOYHUK IUTAHMS.
Menanble WM YTOJIbHBIE JJIEKTPOJBI C JIep’KaTeleM, PacTBOpP MEAHOTrO0 KyIopoca, KIIo4, pPeocTar,
IIpOBOJA.

Ilpu evinonnenuu 1a60pamopHoll padomsvl NOBEPXHOCHIL C 000pY0OGaHUEM O0IXHCHA OblMb
YCmouyugoil, 6o uzbexcanue OnpPoKUOvleanus mapwvl ¢ rnekmpoaumom. Cmyoenmul, codouparoujue
cxemy 00J14CHbL padomams 6 nepuamKax.

1. 6LINONHAMb PAOOMY MOJLKO C PA3PEULeHUS YUUMEISL,

2. n0020MosumMb K padome u nposepums UCHPAGHOCMb INEKMPUIECK020 000py008aHus, npubopos
1a00opamopuoil nocyovl,

3. meepoble KpUcmaiivl Opams NUHYEmoM;

4 Heb3s npo606ams HA BKYC Gelecmed;

5. OCMOMP U YUCMKA SNIeKMPONpUdOpa npou38005mcs RPU €20 OMKIOYEHUU O Cemu;

6 npU ONPOKUObIBAHUL MAPLL BOCHONBLIVIMECH CANDEMKOU U NEPUAMKAMU.

Xox padoTsr:
1 [TocTaBUTH BEChl HA POBHYIO TOBEPXHOCTh U OOHYJIUTh.
2.B3BecTy 0JIHY U3 YroJbHBIX IIACTHH.
3.B3BemeHHyI0 TNIACTHHY OTMETBTE.
4.Cobepute 2IeKTPUUYECKYIO LEMb, N300pakeHHYIO Ha pUCYHKE. (B3gewiennyo niacmuny nooxknouume

K «=). 2

5.3aMKHUTE 1IeTh U 3acekuTe Bpems 20 MUH. @)

6.Cneaure, 4TOOBI B TEUEHUE BCETO OIBITA CHJIa TOKA ObLIa i

TIOCTOSIHHOM. CaSO, (| §
7.Yepes 20 MUH. BBIKIIOYHMTE TOK. ¢ [ a)
8.BcTpsixHUTE MIaCTUHY, U B3BECTH €€. )74 N

9.Pe3ynbTaThl ONBITA 3aHECUTE B TAOJHILY. %

A




10.ITo popmyie paccunTaiiTe 3IEKTPOXUMUYECKUN SKBUBAJICHT ME/IH. i1
11.1To popmynam paccuuTaiiTe MOrpemIHOCTh

QJICKTPOXUMHNYCCKOI'O DKBUBAJICHTA MCIH, CPABHHB €I'0 C MaoOIUYHBIM 3HAYEHUEM. S= kT —kz .100%

T
K = 0,3310%e/Kn,
Macca karoaa Macca Macca Cun toka | Bpems DIIEKTPOXUMUYECKU I
JI0 OIIbITA KaToz1a BbIJICTIMBILIECHCS I[(A) t(c) SKBUBAJICHT MEJIU
ms(kr) mocJe MeIu K, (kr/Ki)
OInbITa m (kr)
m, (kr)

13. CaenaiiTe BBIBOJI 11O TIPOCIAHHOM padoTe.
KoHTpoJibHbIE BONPOCHI:

1. Hanwucate 3akoH ®apajest 0 Macce BEIIECTBA, BBIICIUBIICTOCS Ha SJIEKTPOJIE.

2. Yemy paBHO 3HaueHHe MocTOsTHHON Dapanes?

3. Kak 3aBucHT Macca BEIeCTBa, BBIICIUBIICTOCS HA MJICKTPOJIC OT BpEMEHH IMPOTCKAHUS
AIEKTPUUYECKOTO TOKA.

4. Kaxoit 3apsig ©MeeT KaTo/, €ClU KaTUOH UMEET 3apsil «+»

5. Yewm sBISICTCS YMCTas TUCTUIIMPOBaHHAs Boaa?

S

Ha xakoM u3 371eKTpo10B BbIIEISETCS MEb B YUCTOM BUJIE U ITouemMy?

7. B 2JEKTPOIMTHYECKYI0 BaHHY TOMECTUM MEIHYIO IUIACTHHKY, CIIY)Kallyro aHojoM. [lmactmHka

MOKPBITA BOCKOM, Ha KOTOPOM HallapamaH PUCYHOK. UTO MONy4UTCs MOCHE MPOMYCKAaHUS TOKA H

yAQJICHHs] BOCKA C TUTACTHHBI?

Urto Takoe raibBaHOCTETHs, TaJIbBAaHOILIACTHKA.

9. Uepes pactBop MemHoro kymopoca mpomuio 20 kKim amekrpudectsa. [lpw 3TOM Ha OJHOM W3
ANEKTPOIOB BBIJEISIETCS YHCTOM BHJIIE Maccoil 6,6 rpamm Meau. OnpenenuTh AIeKTPOXUMUYECKUI
SKBHBAJICHT MEJIH.

10. CxonbKO HHUKeIs BBIACIUTCS MPH dIIEKTpoau3e 3a 1 yac mpu cuje Toka 5 AMIiep, €cliu U3BECTHO, UTO
MoJIsipHasi Mmacca Hukenst 58,71 r/Moib, a BAJIGHTHOCTh paBHa 2.

11. Onpenenute Maccy cepedpa, BBIICIUBIIETOCS HAa KAaTOJIE MIPH dJIEKTPOIU3€e a30THOKHUCIIOTo cepedpa B
TE€YEeHHE 2 YacoB, €CJIM K BaHHE NMPUIIOKEeHO HanpshkeHue 1,2 B, a conpotuBienue BaHHbl 5 OM.

12. DnekTponu3 MeTHOro Kymopoca NpoXoauwn mpu Toke 5 Ammep B Teuenue 50 munHyT. Kakoe

ke, =33-107 22

KOJIMYECTBO MEJIM BHIIEIUIOCH HA KATOJIE, €CIH K

o

Keiic-3a0anue: TpeOyeTcs MOKPBITH KeNe30 IIMHKOM U OJIOBOM C HAaUOOJIBIIIUM CIETUICHHEM OJTHOTO
MaTepuaia ¢ Jpyrum.

dopma npeacTaBiIeHus pe3yabTara:

Pabota nomkHa OBIThH BBIIOJIHEHA B TETPAIU JUIS JTAOOPAaTOPHBIX padoT

Kpurepum ouenku:
3a paBIIBLHO BBITIOJIHEHHOE 33/IaHUE BBICTABIISCTCS TTOJIOKUTEIbHAS OlleHKa — | Oa.
3a HeNpaBWIEHO BHIIOJIHEHHOE JCHCTBIE, 3aJaHie BRICTABIISICTCS OTpUIaTeNIbHas olleHKa — 0 OasuioB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB



Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
Oyenka «yooenemeopumenvHoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenxa «HeyoosiemeopumenbHoy svicmasisemcs 3a Mmenee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.3 DileKTpUYECKHUIl TOK B Pa3JIMYHbIX cpeaax

JlabopaTopHoe 3ansiTne Nel5 3aBucMMOCTB CONPOTHBIIEHHS OT TeMIIepaTypbl 00pa3oB MeTaJIa U
MOJIYyIIPOBOHMKA

I.[e.m;: HU3MCPATH COIIPOTHUBJICHUC IMPOBOAHHMKA OMMCTPOM; YCTAHOBHUTHL 3aBUCUMOCTBH COIIPOTUBJICHUC
MeTaJlla ¥ IOJYIIPOBOAHHUKA OT TEMIICPATYPHI.

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:
1. 1IP64; I1P66; 11P67; 11P610;
2. TIPyl; [IPy2; [IPy3; [IPy4; [IPy5; IIPy9; IIPy11
3. MP§, MP9, MP10, MP21, MP17, MP13
4. JIP 26, JIP 14, JIP 23, JIP 13
MarepunanbHoe ofecrnedeHHe: MYJIbTUMETpP, MNpUOOPHl A HU3YyYEHUS  3aBUCHUMOCTHU
COINPOTHUBIICHUSI METallyla M TMOJYIPOBOJAHHMKA OT TEMIIEPATypbl, TEPMOMETP, AJIEKTpUYECKas IUINTKA,
IITaTUB C IPUHA]JICKHOCTSIMH, KOJI0a C BOJIOM.

3aganue.

1. O3HaKkoMHUTBCH C TEOPETHYECKMM MATEPHATIOM.

Teoperuyeckuii marepuasn:

Ecnu mponycTHTh 3JEKTpUYECKMH TOK Yepe3 CTalbHYI0 CIHMpallb, a 3aTeéM €€ Harperb, TO
AMIICPpMECTP HOKAXET YMCHBUICHUC CHJIBI TOKa. 9t0 03Ha4acT, 4YTO C HN3MCHCHUCM TCMIICPATYPhI
COIIPOTHBIIEHUE METAJIA MEHSAETCS.

Bce wMertamnel — KpuUCTalIuM4ecKHe Tela, B y3/1ax KPHUCTAUIMYECKOM pelIeTKH KOTOPBIX
pacrioyiaraercsi TMOJIOKUTENIBHO 3apsKeHHble HOHBL. Mexay KOJeOMIOMMUMUCS HOHAMM  JIBUTAIOTCS
CBOOO/IHBIE AJIEKTPOHBI. BenuuuHa 3JIEKTPUYECKOrO CONPOTUBIEHUS MeTajljla 3aBHCUT OT 4YHCIa
CTOJIKHOBEHHH KOJEOMIOMUXCS HMOHOB U CBOOOIHBIX 3JIEKTPOHOB. [IpH yBelndYeHHH TemImeparypsl
MeTaJljla YBEIMUMBAETCS aMIUTUTYyJa KoJeOaHU MOHOB. DTO MPUBOAMT K YBEIMUYECHUIO CTOJKHOBEHUH, a
3HAYUT U K YBEJIMYEHUIO COTIPOTUBIICHUS MeTala.

B MOJIYITPOBOAHUKE NPHU YBCIIMYCHUN TCMIICPATYPhI YBCIINYUBACTCSA YUCIIO CBO6OI[HI)IX HOCHTENIEH
3apsi/ia, NOSBUBIIMXCS MPU pa3pbiBe KOBAJEHTHBIX CBsA3eH. DTO MPHUBOAMT K YBEIUYEHHIO CHUJIBI TOKA B
IMMOJIYITPOBOAHUKE N K YMCHBIICHUIO COITPOTUBIICHUS IPOBOJHUKA.

Buumanue! Bo uzbexcanue nadenusn Koaovt nomecmume @ K0Jblo, 3aKpenieHHoe 6 uimamuee.
B kondy onycmume npooupky, ¢ nomeuwieHHoil é Hell KamywKoil u3 mMeoHozo npoeooa. Ocmoporcro
onycmume 8 npooupKy mepmomemp. AKKYpamHno @vlnoHAlme nepemeuienue eMKoCmu c opaueil
600o0il.

ITopsinok BbINOJHEHHS PadOTHI:

1. IToaroroBbTE K paboTe OMMETP:

a) BCTaBbTE IITHIPHKU POBOJHUKOB B THE3/1a, 0003HaUeHHBIE «OQ» U «0011 COM.»;

0) mocTaBbTe NepekiroUaTesb Ha nugppy «10»;

B) COEIMHUTE CBOOOHBIE IITHIPHKU MPOBOJHUKOB U PYUKOU «yCT. 0» MOCTaBUTH CTPENKU Ha «0».

2. Ha aneKTpuyecKyro MIMTKY TOMECTUTE KOJIOY ¢ BOJIOM.

3. CBoOOIHBIE ITHIPHKK OMMETpPA COEAUHUTE C KIIEMMaMU MEAHON KaTYyIIKH.

4. BxurounTe WIHYp IUIMTKA B PO3ETKY M HM3MEPHTE CONPOTUBIEHHE KATYIIKH IMPH Pa3IMYHBIX
3HA4YEHUSAX TEMIIEepaTyphbl.



5. BHecure u3mepeHus B TaOIUILy.
IIpoBoaHuK (Menb)

t’, C

R, Om

6. Ha ocHOBe m3mepenwuii moctpoiite rpaduk. ChenaiiTe BbIBOJ, KaK COMPOTHBICHUE MTPOBOIHHUKA
3aBHCHUT OT TEMIIEPATYPHI.
R, Om 4

>
>

t°, C

7. TloctaBpTe mepekitouaTenb ommeTpa ¢ uudpel «10» Ha mudpy «100» U MOCTaBbTE CTPENKY
ommerpa Ha «0» (Cm. myHKT 1-B).

8. 3amenure B Ko0e MPOOUPKY C METAIJIOM HAa MPOOHPKY C MOIYIPOBOAHUKOM (TEPMHUCTOPOM).
Onycrute B npodbupky Tepmomerp. K kinemMmam TepMucTOpa MoACOEAUHUTE OMMETP.

9. U3mepbTe COMPOTUBIICHHE MOIYIPOBOIHUKA MPU PA3INYHBIX 3HAUCHUSAX TEMIIEPATYPHI.

10. Buecurte usmepeHust B TaOJIHILY.
IHoynpoBoaHUK

t°C

R, Om

11. ITocrpoiite rpaduk R(t).
R, OM%

t°, C
12. Cz[enaﬁTe BBIBO/J, KaK COHpOTI/IBJ'IeHI/Ie HOJIyrIpOBO,[[HI/IKa 3aBUCHUT OT TeMl‘IepaTprI

KoHnTpoJsibHbBIE BONIPOCHI:

1. DNeKTpUYeCKuit TOK B METAJUIAX — ATO YIOPSIOUYEHHOE JIBIDKCHHE ...

2. C TOYKM 3pEHHUS DJJEKTPOHHOM TEOpPHM DIEKTPUUYECKOE CONPOTHUBICHHE OOYCIOBJIECHO
COYIApEHUSIMU ...

3. C NOBBILLIEHUEM TEMIIEPATYPHI CONTPOTUBIEHUE METAILIA ...

®opma npeacTaBiaeHus pe3yJabTara:
Pabota nomkHa ObITH BBIMOJIHEHA B TETPaIu AJis 1a0OpaTOPHBIX padoT
Kpurepun onenkmn:
3a mpaBUIILHO BBITOJIHEHHOE 33JJaHHME BHICTABIISIETCS TIOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HeMpaBUWIIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BHICTABIISICTCS OTpHUIIaTENbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB
Oyenka «xopouto» evicmagnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB



Tema 4.1 Mexannueckue KoJjJe0aHUA ¥ BOJHBI

JlabopaTopHoe 3ansiTue Nel6. IIpoBepka 3aK0HOB K0JIe0aHHIT MATEMaTHYe€CKOI0 MAsITHUKA

Heﬂb: YCTAaHOBUTH MATCMATUUYCCKYIO 3aBUCUMOCTD IICPUOJa HUTSAHOTO MadTHHUKA OT IJIMHBI HUTHU
MasTHHKA.

BoinosiHeHue padoThl coco0CTBYET (POPMUPOBAHUIO:
I1P66; ITP610;
I1Pyl; IIPy2; TIPy5; IPy7; [TPy12;
MPS§, MP9, MP10, MP21, MP17, MP13
JIP 26, JIP 14, JIP 23, JIP 13

el N =

MarepunanbHoe obecrnieyeHue:
ANIEKTPOHHBIN CEKYHIOMEp, H3MEPUTENIbHAS JICHTA, IAPUK C OTBEPCTUEM, HUTh, IITATUB C MY(DTON
M KOJBIIOM.

Teopus.

MaremaTHuecKUM MasTHUKOM Ha3blBaeTCsl MaTepHajbHas TOUYKA, MOJIBEIIEHHAs HA HEBECOMOH U
HepaCTﬂ)KHMOﬁ HHTHU. MO[[GJ'II)IO MOXET CIYKUTb TSDKEIIBIN IapukK, pa3MCpbl KOTOPOro B€CbMa MaJibl 110
CPAaBHEHMIO C JUIMHHOW HHMTH, Ha KOTOPOW OH MOJABELICH (HE CPAaBHUMBI C PACCTOSHUEM OT IIEHTpa
TSDKECTU JIO TOUKHU MOJBECA).

VYuensle [anuneir, HbtoToH, beccenb u Ap. yCTaHOBMIM CJEIYIOLIME 3aKOHBI KOJICOAHUS
MaATEMATHYCCKOI'O MassiTHHUKA.

1.Ilepuon xosebaHuss MaTeMaTHMYECKOrOo MAasiTHUKAa HE 3aBUCUT OT Macchl MAasTHMKa M OT
aMIUIATY/Ibl, €CJIM YTOoJ pa3Maxa He npesbiiaeT 10 rpanycos.

2.Ilepuon koneGaHHUsT MaTEMATUYECKOTO MasTHUKA MPSIMO MPOMOPLUOHAIEH KBAaJPaTHOMY KOPHIO
U3 JUIMHBI MasTHUKAa W OOpaTHO NPONOPIHUOHAJIEH KBAaJPAaTHOMY KOPHIO U3 YCKOpPEHHUS CBOOOIHOIO
najIeHusl.

Ha ocHOBaHMM »JTHMX 3aKOHOB MOJXKHO HaIucaTh (1)OpMy.]'Iy AJist Tiepuoaa KoJieOaHui
MATEMAaTHUYCCKOIro MassTHHKaA:

/

r=2rx[|—"
g

I/ICHOJ’[B?;YX MOACIb W 3aKOHbI KOJICOAHHM MaTeMaTH4ECKOTO MasTHHKaA, MOXHO HpOHa6J'II-O)IaTB
CBO60,Z[HBI€ KOJ'IC6aHI/IH, a TAKXKC C UX NOMOMLIBIO ONPEACIUTDL YCKOPCHHUEC CBO60,Z[H01"O nmaaCHus OJisd CcBOEH
MCCTHOCTH U CPaBHHUTH CO CIIPABOYHBIM 3HAYCHHUEM Z.

Yckopenne cBOOOTHOTO MaJIeHUsT MOXKET OBITh BEIYHCIICHO IO JopMyIie
2 1."\" =
g=4r" —
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Xon paborsr:

1. 3akpenuTh HUTH MAsITHUKA B JIep)KaTele TaTUBaA.

2. U3MepuTh NUIMHY MasTHHKa (AJIMHA MasTHHUKA CUMTAETCS OT TOYKHM IOJBEca JO LEHTpa TSHKECTU
[IAPHKA).

3. OTKJIOHUTH MAPHK Ha yroJ He 6osiee 10° M OTITYCTHUTS.

4. OnpenenuTb Bpems, 3a KOTOpoe MasiTHUK coBepini 20 KoineOaHui.



5. BeruucnuTh nepuoa KosebaHus MasiTHUKA, UCrionb3yst popmyny Nt T .
6. IIoBTOpUTB OMBIT €11l TPU pa3a, yMEHbIIAs (WIM yBEIUYNBasi) [UIMHY HUTH MasiTHUKA.
7. Pe3ynpTarel 3aHECTH B TAOJHILY.

Tabnuna Nel 3aBucuMocCTh nepuoja MasiTHUKA OT JJIMHBI HUTH

Ne JlnHa HUTH MasiTHHKA |, M Hucno noHbIX Bpewms xonebanuii | [lepuon
Konebanuii N t, C konebanmii T, ¢

1 20

2 20

3 20

8. CnenaTh BBIBOJI O 3aBUCHMOCTH NEPUOA HUTSHOTO MasiTHUKA OT JUIMHBI €T0 HUTH.
Tabnuma Ne 2 3aBucMMOCTb IEpUOAA MAATHUKA OT AMITIUTY/bI
OTKJIOHATD HIAPHK, TOCTENICHHO YBEJIWYMBAsI YTOJl HAKJIOHA, TEM CaMbIM MEHSIOT aMILTUTYAY

No JlIMHa HUTH Yuc10 MoIHBIX Bpewms xonebanuit | Ammuuryna. [Tepuon
MasTHUKa |, M KoneOanuii N t, C AM konecOanmii T, ¢

1 const 20

2 20

3 20

C)ICJ'IaTb BBIBOJ O 3aBUCUMOCTHU IIEpHUOAa HUTAHOTO MasATHHUKA OT AMHJ’II/ITYI[H

Ta6Jmua Ne 3 3aBucuMOCTh nepruoaa MassTHUKa OT MACChI

B KaXI0OM OIBITC UBMCHATDH MAaCCy HIapHuKa

Ne JnvHa HUTH Yucno monHsIx Bpewms xonebanuii | Macca m, kr IIepuon
MasTHUKa |, M kosie0anuii N t,c koneOanuii T, ¢

1 const 20

2 20

3 20

C)IeJ'IaTI) BBIBOJI O 3aBUCUMOCTH IIEPUOAa HUTAHOTO MAasATHUKA OT MACCHI I'py3a.

KoHTpoJibHBbIE BONIPOCHI.
Urto Ha3bIBAIOT MEPUOJIOM KoJieOaHUii MasiTHUKA?
Yrto HaA3BIBAIOT YAaCTOTOM KoJieOanuii masTHrKa? KakoBa equHMIIa YacTOTHI KOJeOaHmii?
OT KakuX BEJIMYUH U KaK 3aBUCHUT MEPUOJI KOIeOaHU MaTeMaTH4ecKoro MassTHUKa?

OT KaKuX BEJIMYMH U KaK 3aBUCHUT TMEPHUO]] KOJIeOaH MPY>KUHHOTO MasiTHUKA?

1.
2
3.
4.
5

6.

I/I306pa31/ITC MaTeMaTHYeCKHIl MasTHUK B KpaﬁHeﬁ npaBoﬁ TOYKC U MMOKAXKUTC HA YCPTCIKE CUJIBI,

JICWCTBYIOIIME HA IIAPUK B JAHHOW TOUYKE TpaeKkTopuu. Hapucyiite paBHOAEHCTBYIONIYIO CHUJI.
Kak meHsieTcs BenMuMHa U HalpaBJIeHUE PaBHOAEHCTBYIOIIEH CHII B TEUEHHE ITeproaa?




®opma npeacTraBJIeHUs pe3yabTara:
PaboTa nomkHa ObITH BBIIOJIHEHA B TETPAAU ISl IAOOPAaTOPHBIX padoT

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

Tema 4.1 Mexannueckue KoJe0aHUA M BOJHBI

JlaGopaTopHoe 3ansitue Nel7. U3ydyeHune 3aKOHOB NPYKUHHOTO MASITHHUKA

]_le.ﬂb: IKCICePUMEHTAJBbHO YCTAaHOBUTH 3aBHUCUMOCTH IIE€PHOJA KoJIeOaHHI IIPY>XUHHOI'O MasTHUKaA OT
JKCCTKOCTHU IPYKWHBI U MAaCCHI I'py3a

Boinosinenue padorsl cnocodocTByeT GOPMUPOBAHMIO:
[1P66; I1P610;
IPyl; IIPy2; TIPy5; IIPy7; [IPy12
MP8, MP9, MP10, MP21, MP17, MP13
JIP 26, JIP 14, JIP 23, JIP 13

MarepuanbHoe olecniedyeHre: MTATUB ¢ My(TON U Jankoi, HAOOp MPYKUH Pa3HOU KECTKOCTH,
Habop IPy30B Pa3HOIl MacChl, CEKYHAOMED

Ilopsinok BbINOJIHEHHS Pa0OTHI:
Onpedenenue 3a8UCUMOCIU NEPUOOA KOJIEOAHUL OM MACCbL 2py3a
CobepuTte Npy>KUHHBIN MasgTHUK, UCTIONB3YS BhIIAHHOE 000PYIOBaHHUE.
2. BeiBenmuTe MasTHUK W3 IOJIOKCHHSI PABHOBECHS, BKJIIOYHTE CEKYHJIOMEP M OTCUHMTAWTE JECATh
koseOanuii. Mcmonp3ys moka3aHusi CeKyHIAOMEpa, pacCuuTaiiTe nmepuoj KoieOaHuil U 3armoIHuTe
MEPBYIO CTPOKY TAOIHUIIBI.

=

Ne N tc T, m, KT mllz,Krll k ,u/™m
OmbITa
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3. TloBropure »skcrepuMeHT emé 4 pas3a, yBeIMYMBash Maccy, HO, HE MeHss NpyxuHbBL. [lo
MOJTyYCHHBIM JJAHHBIM 3aIl0JIHUTE TaOJIHILY.



6.

7.

4. Tlocrpoiite Tpaduk 3aBHCHUMOCTH mepuoga konebanmii (T) OT KBaapaTHOTO KOPHSI W3 MACCHI
(m1/2).
5. Tlo dopme rpaduka onpenenute BUj 3aBUCUMOCTH MEX]Ty IIEPUOIOM U KOPHEM KBAAPATHBIM U3
MAaccCHI.
Onpeodenenue 3a8ucuUmMocmu nepuooa Koiebanuti om HECMKOCmu nPyHCUHbl

CoOepurte Npy>KUHHBIN MasTHUK, UCIIOJIb3Ys BbIIAHHOE 000PYI0BaHHE.

BeiBeuiTe MasSTHHK W3 IOJIOKCHHS PABHOBECHS. BKJIIOYMTE CEKYHIOMEpP W OTCUUTAMTE IECATh
KoJIeOaHMiA.

Hcnosnb3ys oKa3aHus CEKYHIOMEPa, paCCYMTANTE TIEPHO] KOJICOAHUH U 3aIIOJTHUTE TIEPBYIO CTPOKY
TaOJINIBL.

Ne ombrTa N t,c T,c m, KT k,u/m Kllz,(H/M)ll
2

[ToBTOopuTe 3KCHIEpUMeEHT ewmé 4 pasa, yBeauuuBas Ko3QdUIUEHT KECTKOCTH, HO, HE MEHS Maccy
rpy3a. [1o momy4yeHHbIM JaHHBIM 3aMOJIHUTE TAOJHILY.

[Toctpoiite rpa%)HK 3aBUCUMOCTH nepuoja konedanuit (T) oT kBagpaTHOro KOpHA U3 KO3 duuneHTa
xécrkocrn. (kM%)

ITo dopme rpaduka onmpenenuTe BUA 3aBUCUMOCTH MEXIY MEPUOJIOM M KOPHEM KBaJpaTHBIM U3
KO3 duImeHTa )KECTKOCTH.

CnenaiiTe BBIBOJ] O 3aBUCUMOCTH NeproJia KojaeOaHUi OT Macchl rpy3a U Ko UIHEeHTa KECTKOCTH.

KOHTpOJIbeIe BOIIPOCHI:

1. B xakom MojoXeHUH MasTHUKA CKOPOCTh OyAeT MaKCUMaIbHOM1?

2. B xakoM MOJ0OKEHUU MasITHHKA CKOPOCTh PaBHA HYITIO.

3. VYBenmu4uIM WM YMEHBIIMIN MAacCy Tpy3a, MOABEIICHHOTO K MPYKMHHOMY MAasiTHUKY, €CIIU: a)
nepuoj ero konebanuit cuavyana owu1 0, 4 ¢, a mocne u3MeHeHust maccel cran 0, 2 c;

0) yacroTa ero konebaHuii BHavasne Obuta paBHa 6 I'11, a moTom ymeHbmuiach 10 5 ['i?

®opma npeacTaBiaeHus pe3yabTara:
Pa6ota gomkHa ObITH IPECTaBICHA B TETPAIH AJIs JIaOOpAaTOPHBIX paboT
Kpurtepun onenkmn:

3a mMpaBUIIHLHO BBHITOJIHEHHOE 33JJaHHME BHICTABIISIETCS TIOJIOKUTEIbHAS OlleHKa — | Oasu.

3a HeMpaBWJIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJ]aHNe BHICTABIISICTCS OTpHUIIaTeNbHAs olleHka — 0 OaoB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBMIIEHBIX OTBETOB

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

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

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



Tema 4.2 Dy1eKTPOMArHUTHbIE KOJIeOAHUS U BOJHBI

JlabopaTopHoe 3ansiTne Nel8. YcerpoiicrBo Tpancdopmaropa, reneparopa

Henab: u3y4nTh yCTPOICTBO U MPUHLIUIT pPabOTHI TpaHChOpPMaATOpa U reHepaTopa.

BoinosineHne padoTsl cnoco0CTBYET (POPMUPOBAHMIO:
1. TIIP64; I1P66; ITP67; ITP610;
2. IIPyl; ITPy2; ITPy3; Ipy7; [1PyS5; [1Py9; ITPy11 ;
3. MP§,MP9,MP10,MP21,MP17, MP13
4. JIP 26,J1P 14,JIP 23,JIP 13
MarepunanbHoe obecrnieyeHue:
TpaHcGopmaTop J1abOopaTOPHBINA, Jamra HaKaJMBaHUA, KIIOY 3aMbIKaHUS TOKA, KOMIUIEKT MPOBOIOB
COEIUHUTENbHBIX.

3ananue
1. W3yuuTh cTpOcHHE, HA3HAYCHHUE W MPHHIMUI JIeHCTBUS TpaHCPopMaTopa
2. W3yuuth cTpoeHHe, Ha3HAUCHHUE W MPHUHIIUI ICHCTBHS T€HEPaTopa.

IMopsiiok BbINOJIHEHUS PA0OTHI
H3yuenue ycmpoiicmea mpancgopmamopa

Tpanchopmarop mpeoOpazyeT TMEepeMEHHbIH TOK OJHOTO HAMpsHKEHUs MPU HEM3MEHHOM 4acToTe.
OH cocroMT U3 3aMKHYTOTO CEpJIEYHHMKA, M3TOTOBICHHOTO W3  CIEIUAIBbHOW  JINCTOBOM
TpaHcOpMaTOPHOU CTalu, Ha KOTOPOM pacrojiaraloTcs JABE KAaTyIIKH (MX HAa3bIBAIOT OOMOTKAMH) C
Pa3HBIM YMCIIOM BUTKOB M3 METHOW TPOBOJIOKH.

Opna u3 0OMOTOK, Ha3bIBAETCS MEPBUYHOU, MOAKIIOYAETCS K MCTOYHHUKY MEPEMEHHOTO HAIPSKEHHUS.
VYcerpoiicTBa, MOTPEOIISIIONTNE  AIEKTPOIHEPTHIO, TTOAKITIOYAIOTCS K BTOPUYHON 0OMOTKE, X MOXET OBITh
HECKOJIBKO.

[Tpu BBIIONHEHHH PAOOTHI CIIEAYET HW3YYUTh YCTPOWCTBO TpaHCHOpPMATOpa, BKIIOYUTH €r0 B CETh
nepeMeHHoro Toka (36 B). B pexxume X010cTOro xo/1a M3MEpPHUTh HAIPS)KEHHE Ha OOMOTKAaX U BBIUUCIHUTD
kod(purment Tpanchopmaiuu, a npu pabore TpaHcPopMaTopa «IOJ HArpy3KOi» yCTAaHOBUTH CBS3b
MEXIy TOKaMH U HaIpsbKEHUEM B 0OMOTKaX.

Tpanchopmarop cOCTOMT M3 JBYX KaTylmek H

cepaeuHnka. CeplleYHUK COCTOUT H3 JABYX IOJIOBHH, Bicpivae
KOTOpBIE BCTABIIIOT B KaTYMIKy M C TIOMOIIBIO CKOOBI N, e
3aKpETISIOT Ha OCHOBaHHH. wo——

o™

Xoxa PaGornl e

1.  PaccmoTpuTe  YCTPOHCTBO  TPAaHCPOPMATOPA.  oomene
Onpenenure  NEPBUYHYIO  OOMOTKY  (KJIEMMBI €
HaAMHUChIO: 36 win 42 B) u ABE BTOPUYHBIX KIEMMBI 2,2
Bu 4,4 B) T
2. HagyepTuTe 3neKTpHUECKYIO CXeMy TpaHchopMaropa.

3. Paszbepute Tpanchopmarop. 1jist 3TOro MOBEPHUTE €r0
OCHOBAaHHMEM BBEpPX U OTKPYTUTE JIBE TallKU KpeEIIeHUs

CKOOBI. BBIHBTE CepIAEeYHHMK ¥ PACCMOTPUTE €T0
YCTPOMCTBO.

4. Cobepure Ttpanchopmatop. s 3TOro BCTaBbTE CEPACUYHUK CO CKOOOW B KATYIIKH. Y CTaHOBUTE
TpancGopMaTop Ha OCHOBAHUE U 3aKPEIUTE €ro raiKamHu.

HN3y4denue Ycrpoiicta I'eneparopa.

NN

AN

|
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I'eneparop mocTosHHOTO TOKa (puc. 1) COCTOMT M3 JABYX 4YacTeil: HEMOABIKHOW W Bpallaromieincs.
HenoneuwxkHas dacTe (cTaTtop) sIBIsIETCS OCTOBOM MAIMHBI U OJHOBPEMEHHO CIYKUT JJIS CO3/aHHUA
MarHuTHOTO TOTOKAa. Bo Bpamaromieiicss 4dactu, Ha3bIBA€MOW SKOpeM (POTOPOM), HHIYLHPYETCS
3NeKTpoABKYIIas cuia - I/C.

KoHcTpykius renepaTopa oCTOSHHOIO TOKa (CM. puc.2).

HemnoasuxHas 4acTh cOCTOMT M3 cTaHUHBI (1), TIIaBHBIX MOMOCOB (2) ¢ 0OMOTKOM BO30Yy)aeHus (3) u
JOTIOJTHUTEIBHBIX MOJIIOCOB (4), YMEHBIIIAEMbIX HCKPEHUE T0]1 IETKAMH.

SAxops umeet cepaeuHuk (5), HaOpaHHBIN U3 TOHKUX CTAJILHBIX JINCTOB, 0OMOTKY sIKOps (6), 3aI0)KEHHYIO
B Mas3bl cepjedHuka U kouiekTop (7). Ha moBepXHOCTh KOJIJIEKTOpA HAJIOKEHBI YTrOJbHO-TpaQHUTOBBIC
etk (8), o0ecreurBarOIIie CKOJB3SIIUNA KOHTAaKT ¢ OOMOTKOM Bpaiaromierocsi sikops. Komnekrop
uMeeT GopMy HUIUHAPA W BBITOJIHSICTCS U3 W30JIMPOBAHHBIX MEIHBIX TUIACTUH - JIAMEJIEH - K KOTOPBIM
MOJICOEIMHEHBI CeKIIMU SIKOPHOH 00MOTKH. Bparmiasich BMecTe ¢ 0OMOTKOMN, KOJIJIEKTOP BBIMOIHSET POJIb
MEXaHUYECKOTO BBITTPSIMUTEIIS.

OOMOTKa BO30YXKIEHHUS CO3JaeT TJIaBHBIM MarHuTHBIA TOTOK @ momocoB. B reHeparopax c
HE3aBUCHUMBIM BO30Y)KJICHHMEM OHa IIMTAaeTCd OT TOCTOPOHHETO WCTOYHUKA TIOCTOSSHHOTO TOKa
(BBIIpsIMUTENSA, aKKyMynsTopa u T.1.). C TeHepatopoM C mMapaielbHbIM BO30YXKIACHHEM OOMOTKa
IJIAaBHBIX MOJIKOCOB MOJKIIIOYEHA K IJIaBHBIM LETKaM, T.€. apauiebHO LEeNU sKops. B cBsa3u ¢ aTuM ais
BO3HUKHOBEHHS MarHutHoro mnotoka u JDJIC HeoOXxomum XOTs Obl C1aObIil OCTATOYHBIA MarHUTHBIN
NOTOK. biaromapss HamMuMi0 OCTATOYHOTO MarHeTW3Ma BO3HUKAET IMPOIECC CaMOBO30YXKICHUS
re’eparopa.

Puc.2
Puc 1

Xoa pa6oTsl:

1.Ctpoenue Tpanchopmaropa:
HauepTuTh cocTaBHBIC YacTH yKa3aTh UX Ha3BaHUE, BHIMHACATH (POPMYITBI
2 CtpoeHue reueparopa:

HA4YepTUTh, COCTABHBIE YACTH yKa3aTh
KonTpoJsbHbIe BOpockl
1 BapuanT
1.YTo Ha3BIBAIOT MHIYKIIMOHHBIMH T€HEpaTOpaMu?
2.Kaxoii TpanchopMaTOp Ha3bIBAIOT MOBBIIIAIONINM, a KAKOW MOHMKAIOIINM?
3.Yto Takoe X010CcTOl X0 TpaHchopmaTopa?
4.Tlouemy cepJeUHUK TpaHC(hOpMaTOpa U3rOTAaBINBAIOT U3 CTANIU, a HE U3 MeU?
5.B mepBuyHOii 00MOTKE TpaHCpOpMaTopa, BKIIOUEHHOH B ceTh ¢ HampsbkeHueM 380B. Conepxutcs
1320 BuTkOB. OnpeAenuTh HANpsHKEHWE Ha BTOPUYHONW 0OMOTKe, eciu oHa conepkut 300 BuTKOB. Buj
TpaHchopMaTopa ykasaTb, OTBET MOSICHUTb.
11



2 BapuaHT

3 BapuaHT

HazoBuTe 0CHOBHBIEC YacTH reaeparopa n€peMEHHOI0 TOKaA.

Jlokasatpb, 4TO y OBBIIIAKOIIET0 TpaHnchopmaTopa K>1.

W3mensiet 11 TpaHcPopMaTOp YaCTOTY NMPpeoOpa3yeMoro NepeMeHHOro Toka?

[Touemy cepaeuHuk TpaHnchopmaTopa cOOUPAIOT U3 OTACTBHBIX IIACTUH?

Ecnm Ha mepBuuHyr0 0OMOTKY TpaHchopmaTopa mojaercsi HanpspkeHue 220B, To Ha
BTOPUYHOM OOMOTKE MpPH XOJOCTOM XoJe moiydaercs Hampspkerue 130B. Ywmcio
BHUTKOB NEPBUYHOM 0OMOTKH paBHO 400. OmpenenuThs YUCIO BUTKOB BO BTOPUYHOM
obMoTke. Bua Tpancdopmaropa ykazarh, OTBET MOSICHUTb.

ok w

KaxoBa posib UHAYKTOpa U SIKOpPsI B YCTPOMCTBE reHepaTopa NEPEMEHHOr0 ToKa?

Urto Takoe moHmkaroumi Tpancpopmarop?

[Touemy cepaeunuk Tpancopmaropa AenarT He CIUIONIHBIM. A U3 MHOXECTBA IJIACTHH,
M30JIMPOBAHHBIX JAPYT OT Apyra?

[Touemy MOITHOCTB, MOTpeOIsieMast OT BTOPUYHONH OOMOTKH, MEHBIIIE MOLTHOCTH,
MOABOAMMOM K MIEPBUYHON OOMOTKE?

CKOJBbKO BHUTKOB JIOJDKHA MMETh BTOpHUYHAas 0OMOTKa TpaHchopMaropa Ajs MOHMKEHUS
HanpspkeHus ¢ 12000 no 120B, ecinu nepuunas oOMoTka conepxxut 4000 ButkoB? Buj
TpaHcopmaTopa yKa3arb, OTBET MOSICHUTb.

®opma mpeacTaBJieHus pe3yJbTarTa:
Pabota nomkHa ObITH BBINOJIHEHA B TETPAIU AJIs 1a0OpaTOPHBIX paboT
Kputepun onenkmn:
3a MpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIISIETCS TIOJIOKUTENbHAS OlleHKa — | Oasu.
3a HeMmpaBUWIJIbHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIISICTCS OTpULIAaTeIbHAast olleHKa — 0 OaioB.
Oyenka «omauunoy svicmasnsiemcs 3a 90 — 100% npaBUIIBHBIX OTBETOB
Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenxa «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIBHBIX OTBETOB
Oyenxa «Heyoosiemeopumenbvhoy svicmagisemcs 3a Menee 60% npaBUIBLHBIX OTBETOB
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