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Pabowas mporpamma mno ydyeOHOMy mnpenmery "®uzuka" (yriyOnéHHBIH YpOBEHb)
(mpenMetHas o6acTh "EcTecTBeHHO-Hay4YHBIC TPEAMETHI") BKIIFOYAET MOSCHUTEIBHYIO 3aITUCKY,
coJiepkaHue 00y4eHus, TNIAHUPYEMbIE PE3YJIbTaThl OCBOCHHUS IPOTPAMMBI 110 (PHU3HKE.

[ToscHuTenpHast 3amucka OTpakaeT oOUIMe Lead W 3a7add (U3UKH, XapaKTEepUCTHKY
MICHXOJIOTHYECKUX MPEINOCHIUIOK K € U3yYeHHIO 00YJaIOLIMMHCS, MECTO B CTPYKTYpE Y4eOHOTO
IUIaHa, a TAKKE MOAXO0/1bl K 0TOOpY COJEepKAHNUS, K ONPEACIICHHUIO INIAHUPYEMBIX PE3YyJIbTaTOB.

Copnepxanrie 0OydeHHs] pacKpbIBaeT COJEpKaTelbHbIE JMHUHM, KOTOPBHIC IMpeIararoTcs
JUIs 00513aTEJIBHOTO N3YYEHHs B KaXKA0M KJIacCe Ha YPOBHE CPEIHEro 001ero oopa3oBaHusl.

[Inanupyemble pe3ynbTaThl OCBOEHHUS MPOTrpamMMbl MO (HU3UKE BKIIOYAIOT JIMYHOCTHBIE,
METallpeIMETHbIE pe3yJbTaThl 3a BEChb IE€pPUOJA OOYyYEHHUS Ha YPOBHE CpEIHEro oOIIero
00pa3oBaHus, a TAKXKE MPEAMETHBIC TOCTHKEHUS 00yYaroIIerocs 3a KaKabli roJl 00y4eHusI.

IlosicHUTeNbLHAA 3aNIHCKA.

[Tporpamma 1o (pu3KKe Ha YpOBHE CpeIHEro 00IIero oopazoBanus pa3padoTaHa Ha OCHOBE
HOJIOKEHUH -U TpeOOBaHUN K pe3yJbTaTaM OCBOEHHUS OCHOBHOI 00pa30BaTelIbHONW MPOrpaMMBl,
npencrasieHHbix B @I'OC COO, a Takke ¢ yuérom ¢enepanbHOi paboueil mporpammbl
Bocriutanus 1 KoHuenuu npenojaBanus ydeOHoro npenmera "®dusuka" B 00pa30BaTeIbHBIX
opraam3anusax Poccuiickoii  ®@exepanuu, peamu3yIOIIMX OCHOBHBIE  00pa3oBaTCIIbHBIC
IIPOrPaMMBI.

[lporpamma 1o ¢u3uke ompexaensier 00s3aTeNbHOE MPEIMETHOE  COJEp)KAHHE,
YCTaHABJIMBAET PEKOMEHYEMYIO IOCIIEA0BAaTEIbHOCTh M3YyYEHHsS TE€M M Ppa3fesioB y4eOHOro
npeaMera ¢ y4€TOM MEXIPEIMETHBIX W BHYTPUIIPEAMETHBIX CBSI3€H, JIOTUKA Y4eOHOTo
npolecca, BO3PAaCTHBIX ocoOeHHocTed oOywaromuxcsd. [Iporpamma mo  Qusuke gaér
NpEeCTaBICHUE O IETSAX, COACPKAaHUM, OOIIeH cTparernd OOy4YeHHWs, BOCIIUTAHUS U Pa3BUTHUS
oOyyaroimuxcs cpeacTBaMu yyeOHoro npeamera "®dusuka" Ha yriayO0iIEHHOM ypOBHE.

N3yuenne xypca GU3MKH YrayOJEHHOTO YPOBHSI IIO3BOJIAET pEaan30BaTh 3a/1a4d
npodecCHOHAIBLHON OpPHEHTAIMM, HAlpaBJIEHO HA CO3JlaHHE YCJIOBMH JUIS MpPOSBICHUS CBOMX
UHTEJUIEKTYaJbHBIX W  TBOPYECKHUX CIIOCOOHOCTEH KaKABIM  OOYYaromUMCs, KOTOpBIE
HEOOXOMUMBI Il  NPOJOJDKEHUs 00pa3oBaHMs B  OpPraHu3alUsaX MHpogecCHOHATHBOIO
00pa30oBaHUs MO PA3IUYHBIM (PU3UKO-TEXHUUECKUM U MH)XEHEPHBIM CHEI[UAIbHOCTSIM.

B mporpamme no ¢usnke ompeaensioTcs IUIaHHUpPYeMble pe3yiabTaTbl OCBOGHHS Kypca
¢u3MKKM Ha YpPOBHE CpelHero oO0mero oO0pa3oBaHUsA: JMYHOCTHBIE, MeETaNpeIMETHbIE,
npeaMeTHele (Ha yriayOnéHHoM ypoBHE). HaydHO-MeTo1010rn4eckoil OCHOBOW A1 pa3paboTKu
TpeOOBaHUI K JIMYHOCTHBIM, METAlpPEeIMETHbIM U IMPEAMETHBIM pe3ysibTaTaM O0y4aroluxcs,
OCBOMBILIUX MPOrpaMMy 1o (GU3UKE Ha YPOBHE CPEHETo 0011ero oopa3oBaHMs Ha YIIIyOJIEHHOM
YPOBHE, SIBISIETCA CUCTEMHO-/ESITEIbHOCTHBIN MOAXO/.

IIporpamma no ¢pu3uke BKIKOYACT:

IUTAaHUPYEMbIE pe3yibTaThl OCBOEHHUS Kypca (U3MKM Ha YriayOJI€HHOM ypOBHE, B TOM
qucie MpeIMETHbIE Pe3yIbTaThl O rofaM o0yUYeHHUS;

cojiepxkanue yueoHoro npeamera "dusnka" mo rojgam o0ydeHusl.

dusmka Kak Hayka o HanOoJiee OOIIMX 3aKOHAX MPHUPOJIbl, BEICTyHast B KaUeCTBE y4eOHOTO
npeaMeTa B LIKOJIe, BHOCUT CYIIECTBEHHBIN BKJIaJ] B CUCTEMY 3HaHHI 00 OKpYyXarolleM MHpE.
[IkonbHBIA Kypc (U3MKH - CHCTEMOOOpa3yloIIUil sl €CTECTBEHHO-HAy4YHBIX Y4eOHBIX
MIPEIMETOB, MOCKOJIbKY (PU3NYECKHE 3aKOHBI JIE)KAT B OCHOBE MPOIIECCOB U SBJIEHUHN, H3y4aeMbIX
XUMHEH, Ouonorueit, pusnueckoir reorpadueit u actpoHomuei. Mcnonab3oBaHue W aKTUBHOE
npUMeHeHHe (U3NYECKUX 3HAHWN OMPENeNUiIo XapakTep U OypHOe pa3BUTHE Pa3HOOOPa3HBIX
TEXHOJIOTUH B cdepe D3HEpPreTHKH, TPAHCIOPTa, OCBOEHHS KOCMOCA, IIOJyYeHHsS HOBBIX
MaTepuaioB C 3aJaHHBIMU cBoWcTBaMU. WM3yuyeHue (UMK BHOCUT OCHOBHOW BKJaja B
(dopMHpOBaHHE €CTECTBEHHO-HAyYHONH KapTUHBI MHpa oOydaromierocs, B (OpPMHpPOBAHUE
YMEHHM MPUMEHATh HAYYHBIH METOJ MMO3HAHUS IIPU BHIOJHEHUH UMHU YYEOHBIX HCCIeI0BaHUM.

B ocHoBy Kypca (u3MKM Ha YpOBHE CpPEeJHEro o0Iiero o0pa3oBaHUs MOJIOKEH Pl HIeH,



KOTOpBIE MO’KHO pacCMaTpUBaTh KaK MPUHIUIIBI €70 IOCTPOEHUSI.

HNnest nesnocTHocTH. B COOTBETCTBUM € HEW KYypC SBIAETCS JIOTUYECKH 3aBEPIIEHHBIM, OH
COJICPXKHUT MaTepuall U3 BCEX Pa3lesioB (U3UKHU, BKIIOYAET KaK BOMPOCHI KIACCUYECKOH, TaK H
COBPEMEHHOU (PU3HKH.

Wpnes renepanuzanun. B cooTBeTcTBHM ¢ HeW MaTepual Kypca (GU3NKH 0ObeAMHEH BOKPYT
¢usnueckux Tteopuil. Beaymum B Kkypce sBisercs (GOpMHpPOBaHHE IPEACTaBIECHUH O
CTPYKTYPHBIX YPOBHSIX MaTE€pUH, BELIECTBE U TOJIE.

HUpess  rymanurapusanmu. Peanuzanuss uied  OpeanosnaraeT — MCIOJIb30BaHUE
TYMaHUTAPHOTO TOTEHIMaNa (PU3NYECKOW HAYKH, OCMBICICHHE CBSI3U DPA3BUTHUA (DUBHKH C
pasBUTHEM OOIIECTBA, a TaKXKE C MHPOBO33PEHUYECKHMH, HPABCTBEHHBIMU M 3KOJIOTMYECKHUMHU
npodsieMaMu.

Wnes npuxiaaHoil HampasiaeHHocTH. Kypce ¢u3ukn yriy0ia€HHOro ypoBHS Ipearosaraer
3HAKOMCTBO C IIMPOKUM KPYrOM TEXHUYECKHX U TEXHOJIOIMYECKHUX IPUIIOKEHUN H3YyUEHHBIX
Teopuil M 3akoHOB. Ilpm 3TOM paccMaTpuBarOTCs Ha YypOBHE OOIIMX MPEACTaBICHUM H
COBPEMEHHBIE TEXHUUECKHUE YCTPONUCTBA, U TEXHOJIOTUU.

Hpaess 3Ko0JIOTH3alMU PEATU3yeTcsl IMOCPEICTBOM BBEIEHUS IEMEHTOB COJEpKaHMUs,
MOCBALICHHBIX 3KOJIOTMYECKHM Tpo0iIeMaM COBPEMEHHOCTH, KOTOpPBIE CBSI3aHBI C Pa3BUTHEM
TEXHUKU U TEXHOJIOTUH, a TaKke 00CyXAeHus Npo0IeM pallMOHaIbHOTO IPUPOJIONIONIB30BAHUS U
HKOJIOTHYECKOH OE30MaCHOCTH.

OcBoeHue cojlepkaHusl MpOrpamMMmbl MO (PU3MKE CTPOUTCA Ha MPUHLUIAX CHUCTEMHO-
NeSTeIbHOCTHOTO moaxona. s ¢us3uku peanuzamust 3THX NPUHIUIOB Oa3upyercss Ha
UCIOJIb30BAaHUU CaMOCTOSTEIbHOTO AKCIEPUMEHTa KaK IMOCTOSIHHO JEeWCTBYOLIEro (akropa
yuebHOoro mpouecca. /[ yriyOn€HHOro YpOBHS - 3TO CUCTEMAa CaMOCTOSITENbHOIO
YUEHHUYECKOr0 3KCIIEPUMEHTa, BKIJIIOYAIOIIEr0 (PPOHTaIbHBIE YUYEHUYECKUE OIbITHl IpHU
U3y4eHHH HOBOTO MaTepuana, JiabopaTopHble padoTel W paboThl mpakTukyma. Ilpu sTom
BO3MOXHBI /IBa crioco0a peainzanu (pU3NUECKOro MpakTukyma. B mepBom ciydae mpakTuKyMm
npoBouTcs au00 B koHie 10 m 11 kimaccoB, mubO TOCHE MEPBOTO M BTOPOTO TOJYTOIUN B
KaX/IOM M3 3TUX KJaccoB. BTopoil cmoco0 - 370 uHTerpauus paboT MPaKTHKyMa B CHCTEMY
7a00paTOpHBIX paboOT, KOTOPHIE MPOBOAATCS B Mpolecce u3ydeHus paszaena (temsl). [Ipu sTom
noJ paboTamMH NMPaKTUKyMa MOHUMAETCs CaMOCTOATENbHOE HCCIEeI0OBaHNE, KOTOPOE MPOBOAUTCS
M0 PYKOBOJCTBY CBEPHYTOT0, 0000IIEHHOTO BUa 0€3 MOIIAaroBoil MHCTPYKIIAHU.

B nporpaMme no ¢usmke cucremMa y4eHHMYECKOr0 SKCIIEPHUMEHTa, J1a00paToOpHbIX paboT u
MPaKTUKyMa MPEJCTaBlIeHa eJUHBIM NepeyHeM. BriOop TeMaTHKu JUIsl 3TUX BUJOB YUYEHUUECKHUX
NPAaKTUYECKUX PabOT OCYLIECTBISETCS y4aCTHMKaMM 0Opa3oBaTENbHOrO IMpoliecca MCXOIs M3
O0COOEHHOCTEHl MOYPOYHOrO IUIAHMPOBAHMUS M OCHamleHus kaOuHeta ¢usuku. Ilpu sToM
o0ecreynBaeTcsi OBJAJIEHUE OOYYAIOUIMMUCA YMEHUSIMU IPOBOAMTH TNpPSMbIE M KOCBEHHBIE
U3MEpEHUs], UCCIIEOBAHUS 3aBUCHMOCTEH (U3NYECKUX BEIMYMH U IOCTAHOBKY OIBITOB IO
IIPOBEPKE NPEUIOKEHHBIX TUIIOTES.

Bonbiioe BHUMaHME yJensercs pelieHr0 pacu€THBIX U KaueCTBEHHBIX 3an1ad. [Ipu stom
JUI Pacy€THBIX 3a/lay NPUOPUTETOM SBISIOTCS 3a/laud C SBHO 3a/laHHOM M HESIBHO 3aJaHHOU
buznyecKoil MoJIebl0, MO3BOJIAIOIINE MPUMEHATh N3YYEHHbIE 3aKOHBI U 3aKOHOMEPHOCTH KaK
U3 OJHOTO pas3zienia Kypca, TaK U MHTErpUpys NMPUMEHEHUE 3HAHWW U3 pa3HbIX pasnenos. [l
KaueCTBEHHBIX 3aJjad IPUOPUTETOM SABIAIOTCS 33JaHMUsT Ha OOBsICHEHHE/NpeICcKa3aHue
NpoTeKaHUs (PU3UYECKUX SBICHUH U MPOLIECCOB B OKpY)KaIOLIeH >KU3HM, TpeOyromue BbiOopa
buznyecKoil MoAenu Al CUTYalluu MPaKTUKO-OPUEHTUPOBAHHOTO XapaKTepa.

B coorBerctBuM ¢ TpeboBaHusimu PI'OC COO k MaTepHaJbHO-TEXHHYECKOMY
o0ecrneyeHUI0 Y4eOHOro mnpouecca Kypc (U3MKH YIJIyO0JI€HHOr0o ypOBHSI Ha YpPOBHe
cpefHero o0mero o0pa3oBaHus A0JIKeH H3y4aThbCsl B YCJIOBHUSX NMPeIMeTHOro kadunera. B
KaOuHeTe (PU3UKU JOKHO ObITh HE0OXoauMoe JabopaTopHoe 000pyI0BaHHUE ISl BHITOJIHEHUS
yKa3aHHBIX B MpOrpaMMe Mo (PU3MKE YUYEHHMUECKHUX OIBITOB, JIAOOPAaTOPHBIX paboT M padoT
MPAKTUKyMa, a TaKXKe IEMOHCTPAIL[MIOHHOE 000pYyI0BaHHE.

JleMoHCTpallMOHHOE 00OpynoBaHHe (opMuUpyeTcs B COOTBETCTBUM C TNPUHIMIIOM



MUHHMAaJIbHON JOCTATOYHOCTH M 00ECHEeUMBACT IMOCTAHOBKY MEPEUMCICHHBIX B MPOrpaMMe 10
(Gu3uKe KIIOYEBBIX AEMOHCTPALUN [JIs1 MCCIENOBAaHUS HM3y4aeMbIX SIBJICHHUH M IPOLECCOB,
IMIUPHYECKUX U (PYHIaMEHTAIBHBIX 3aKOHOB, UX TEXHUYECKUX MTPUMEHEHUH.

JlaGopaTtopHoe 00OpyIOBaHUE Ul YYEHHYECKHUX IMPAKTUYECKHX padoT (opmupyercs B
BUJC TEMaTHYECKUX KOMILICKTOB M OOECIeYMBAETCs B pacdy€éTe OJHOrO KOMIUIEKTAa Ha JIBYX
oOyuaromuxcs. TemaTndyeckue KOMIUIEKThl J1aOOpaTOPHOro OOOpYJOBAHUSA JOJKHBI OBITh
MOCTPOCHBI Ha KOMILJIEKCHOM HCIIOJIb30BaHUH AHAJIOTOBBIX M IU(PPOBBIX MPHUOOPOB, a TaKKe
KOMIIbIOTEPHBIX U3MEPUTENIBHBIX CUCTEM B BUJIE LIM(POBBIX JIAOOPATOPHIl.

OCHOBHBIMH LeJSIMH H3YYeHUs] (PU3UKHU B 00111eM 00pa30BaHUH ABJISAIOTCS:

(dopMHpOBaHUE HHTEPECA U CTPEMIICHHS O0YYAIOIUXCs K HAYYHOMY U3Y4YEHUIO IIPUPOJIBL,
pa3BUTHE UX UHTEIUIEKTYaJIbHBIX U TBOPUECKUX CIIOCOOHOCTEH;

pa3sBUTHE INPEACTAaBICHUH O HAayyHOM MeEToJ€ TMO3HaHus U  (opMupoBaHue
UCCIIEIOBATEIBCKOTO OTHOIICHHS K OKPY)KAIOIINM SIBJICHHSIM;

(dopMHpOBaHHE HAYYHOTO MMPOBO33PEHMs KaK pe3ysbTaTa M3y4eHUsS OCHOB CTPOEHUS
MaTepuu U GyHAaAMEHTAIBHBIX 3aKOHOB (PU3HKH;

(dopmHpoBaHUEe YMEHHH OOBSCHSATH SBJIEHUS C MCIOJIB30BAaHHEM (PU3MYECKMX 3HAHUHA U
HAYYHBIX JOKa3aTeIbCTB;

dopmMHpoBaHUE NPEACTABICHUH O POl (U3MKM Ui Pa3BUTHS JIPYTUX €CTECTBEHHBIX
HayK, TEXHUKH U TEXHOJIOTHIA;

pa3sBUTHE TPEACTABICHUH O BO3MOXHBIX cdepax Oyaymeld npodeccuoHanbHOM
NEeSITeTIbHOCTH, CBS3aHHBIX C (DM3MKOM, IMOATOTOBKA K JalbHEHIIeMy OOyYeHHIO B 3TOM
HalpaBJICHUU.

Joctuxenue 3TUX Lejaed o0ecreurBaeTcs pelIeHHEM CIEAYIOIUX 3ajJad B IPOLEecce
U3ydeHust Kypca GU3MKU Ha YpPOBHE CpeHEro o01iero o0pa3oBaHus:

npruoOpeTeHne CUCTeMbl 3HaHWKA 00 o0mMX (U3HYECKHX 3aKOHOMEPHOCTSX, 3aKOHaX,
TEOPHsIX, BKJIIOUAsi MEXAHUKY, MOJIEKYJISIPHYIO (U3UKY, 3JIEKTPOAUHAMUKY, KBAHTOBYIO (DU3HUKY
Y 3JIEMEHTHI aCTPO(U3HKH;

dbopMHpoBaHUE YMEHUH IPUMEHATh TEOPETUUYECKUE 3HAHUSA JUIsl OOBSICHEHUS (PU3NUECKUX
SIBIICHUI B TIPUPOJIC U JUTS IPUHATHUS MPAKTHUECKUX PEIICHUN B TIOBCEHEBHOW YKHU3HU;

OCBOEHME CIIOCOOOB pEIICHUs pa3IMyHbIX 33Jad C SBHO 33JaHHOM (pU3NYEeCKOil MOJIeNbIo,
3a/1a4, MoAPa3yMEBAIOLINX CAMOCTOSATENbHOE CO3/1aHne (PU3MUECKOI MOJIENIN, COOTBETCTBYIOLIEH
YCIIOBHSM 33Jlaud, B TOM YHCJIE 33]1a4 HH)KEHEPHOTO XapaKTepa;

NOHMMaHue (PU3MYECKMX OCHOB W NPUHIUIIOB JCWCTBUS TEXHUYECKUX YCTPOWCTB W
TEXHOJIOTUYECKUX MPOLIECCOB, X BIUSHUS Ha OKPYXKAIOIIYIO CPENy;

OBJIQICHUE METO/JaMH CaMOCTOSTENBHOTO TUIAHHUPOBAHUS W TPOBEIACHUS (PH3HMUECKUX
HKCIEPUMEHTOB, aHaJM3a M UWHTEpHpeTalud HHPOPMALUHU, ONpPENETIeHUsl JIO0CTOBEPHOCTH
MOJIyYEHHOTO Pe3yJIbTaTa;

CO3/1aHUE YCJIOBUHM Ui pa3BUTHS yYMEHHUI HPOEKTHO-HCCIEN0BATENbCKOM, TBOPYECKOM
NeSITeTTbHOCTH;

pa3BUTHE UHTEpeca K cepaM NpodhecCHOHANBHON JesITeIbHOCTH, CBI3aHHOM C (PU3HUKOM.

B cootrBerctBunm ¢ tpedoBanusmu PI'OC COO yrnyOnéHHBIH YpPOBEHb H3ydEHUS
yueObHoro mnpenamera "dusuka" Ha ypoBHE cpenHero oomero o0Opa3oBaHHUS BbIOMpaeTC
0o0y4armuMucs, MIAHUPYIOIIMMH POJOJKEHHE Oo0pa3oBaHMs IO CIEHUAIbHOCTAM (U3HUKO-
TEXHUYECKOTO MPOduIIs.

O611iee yncno yacoB, pEKOMEHI0BAaHHBIX JJIs U3Y4eHUs PU3UKHU (YriIyOJIeHHBIM YpOBEHb) -
340 gaco: B 10 kiacce - 170 gacoB (5 gacoB B Heneno), B 11 kmacce - 170 gacoB (5 yacoB B
HEJIEIIO).

1. COJIEPXKAHUE YUYEBHOI'O TIPEJIMETA «®U3UKA» (YIJIYBJIEHHBIN YPOBEHb)

10 KJIACC



Pa3nen 1. Hayunsiit MeTo1 mo3HaHUS IPUPOJIBI.

®dusnka - GyHIaMEHTAIbHAs Hayka O mpupoje. HaydHplid METON TMO3HAHUS M METObI
UCCIIeIOBaHMS (PU3NICCKUX SBIICHUH.

DKCHepuMEeHT M Teopus B Ipoliecce Mo3HaHus npupoisl. Habmoaenne u sKkcrepuMeHT B
dusuke.

CnocoObl u3MepeHus (pu3nueckux BeIMYMH (aHAJIOroBble W LU(POBBIE U3MEPUTENbHBIC
puOOpbI, KOMIIBIOTEPHBIE JATYUKOBBIE CUCTEMBI).

[Torpemnoctu n3mMepeHuil GU3NYecKuX BeTUUYHH (aOCONMIOTHAS U OTHOCUTENIbHAS).

MonenupoBanue (U3NYECKUX SBICHUN M MPOLECCOB (MaTepuaabHas TOYKA, aOCOIIOTHO
TBEPJI0E TEJI0, UACATbHAS )KUIKOCTh, HICAJIbHBIN T'a3, TOYCUHBIH 3apsn). [ umnoreza. ®usnveckuit
3aKOH, TPAHUIIBI €T0 TPUMEHUMOCTH. Du3nyeckas Teopus.

Ponp u mecto ¢u3uku B (POPMUPOBAHHMU COBPEMEHHOW HAy4yHOW KapTUHBI MHpa, B
MPaKTUYECKOU JeATEIbHOCTH JIFOJICH.

Y4eHUYeCKU IKCIIEPUMEHT, JIaOopaTOpHbIE Pa0OTHI, IPAKTUKYM.

W3mepeHne CWIbl TOKA W HANPSOKCHHWST B IEMH IOCTOSHHOTO TOKa MPH TOMOIIH
AQHAJIOTOBBIX U IU(POBBIX U3MEPUTEIBHBIX TPUOOPOB.

3HakoMCTBO ¢ 1udpoBoit mabopatopuerd mo ¢usuke. Ilpumepsr u3mepenus pusmuecKux
BEJIMYMH IIPU MTOMOIIY KOMITBIOTEPHBIX JaTYHKOB.

Pa3nen 2. MexaHuka.

Tema 1. Kunemaruka.

Mexannueckoe aBmxkeHHe. OTHOCHUTEIBHOCTh MEXaHW4YecKoro maBwxkeHus. Cucrema
oTCcUéra.

[Tpsimast u oOpaTHas 3a1a9U MEXaHUKH.

Pannyc-BekTop MaTepuanbHOM TOUKH, €0 MPOEKIIMHU HA OCH CUCTEMbI KOOPAMHAT.

Tpaexropus.

[Tepememienne, cKOpocTh (CpedHsisi CKOPOCTb, MTHOBEHHAs CKOPOCTb) M YCKOPEHHE
MaTepUaIbHOM TOUYKH, UX MPOEKIIMH HA OCH CHCTeMbl kKoopauHaT. ClokeHHe NepeMenieHul u
CJIOKEHHE CKOPOCTEH.

PaBHOMEpHOE M PaBHOYCKOPEHHOE MPSAMOJIUHEHHOE JBM)KCHHE. 3aBUCUMOCTh KOOP/IMHAT,
CKOPOCTH, YCKOPEHHS U MMYTH MaTepUAIbHON TOYKU OT BPEMEHH U UX TpauKu.

CBobOomHoe mageHue. YCKOpeHHe CBOOOJHOro majeHus. J[BrkeHuwe Tena, OpOIIEHHOTO
MOJI YTJIOM K TOPU30HTY. 3aBUCUMOCTh KOOPJIUHAT, CKOPOCTH U YCKOPEHHSI MaTepHaIbHOM TOUKU
OT BpEMEHH U UX TpapuKu.

KpuBonuneitnoe nprxenue. J[BrkeHrne MaTepUaabHOM TOYKHU MO OKPYKHOCTH. YTJIOBas
nuHenHas ckopocTh. [lepwon u wacrtora oOparieHus. LlenTpocTpemMutensHoe (HOpMalbHOE),
KacaTelbHOE (TaHTeHIIMAFHOE) U TIOJTHOE YCKOPEHUE MaTepHAIbHOM TOUKH.

TexHu4yeckne yCTpPONCTBA M TEXHOJOTHYECKHUE TMPOIECCHI: CHUAOMETp, IBUIKEHUE
CHApSJIOB, LIETIHbIE, [IeCTepEHYAThIC U PEMEHHBIE MepeIayl, CKOPOCTHBIE TU(THI.

JeMoHcTpanmu.

Monenb cucTeMbl OTCUETa, MILTFOCTPAIUS KHHEMAaTHYECKUX XapaKTePUCTUK JIBUKEHUSI.

CrocoOBI UCCIIENOBAHNS IBHKECHUN.

Wnmroctpanus npeaensHOro nepexoaa U u3MepeHne MTHOBEHHON CKOPOCTH.

[IpeoOpa3zoBaHue IBMKEHHM C UCTIOIB30BAHUEM MEXaHU3MOB.

[Tagenue Ten B BO3IyXe U B pa3peKEHHOM IIPOCTPAHCTBE.

HabGnronenue nBuxeHus Temna, OpOmeHHOTO O/ YTIJIOM K TOPU30HTY M TOPU30HTAIBHO.

Hampasriienue cCKkOpoCTH NMpU ABMKEHUU IO OKPYKHOCTH.

[IpeoOpa3zoBanue yriioBOi CKOPOCTH B PEAYKTOPE.

CpaBHeHue TyTel, TPaeKTOPHii, CKOPOCTEH JBMKEHHUSI OJHOTO M TOTO K€ Telia B Pa3HbIX
CHCTEMaXx OTCYETA.

Y4eHnuecKuil HKCIIEPUMEHT, JIabopaTOpHbIe Pa0OTHI, MPAKTUKYM.

N3yuenne HepaBHOMEPHOTO JIBMXKCHHS C IIEJIBIO ONPEEICHIS] MTHOBEHHOM CKOPOCTH.

H3mepeHne yCKOpeHus MpH MPSMOIUHEHHOM PaBHOYCKOPEHHOM JIBHYKEHUH 110 HAKJIOHHOM



IJIOCKOCTH.

HccnenoBanne 3aBUCMMOCTH IIyTH OT BPEMEHH IIPU PABHOYCKOPEHHOM JBH)KCHHH.

N3mepenue ycKOpeHus: CBOOOAHOTO MaieHus (PEKOMEHI0OBAHO MCIOIb30BaHUE HUPPOBOH
nabopaTopun).

W3ydyeHue OBUXKEHUS Tella, OpOIIEHHOr0 TOpU30HTaNbHO. IIpoBepka runoressl o npsMoit
IIPONOPLUUOHAIBHOM 3aBUCUMOCTH MEXKy JAJIBHOCTBIO MTOJIETA M HAYAJIBHOM CKOPOCTBIO TEJIa.

N3yueHne ABMKEHUS Tela 110 OKPYKHOCTH € IOCTOSTHHOM 110 MOAYJIIO CKOPOCTHIO.

HccnenoBanue 3aBUCMMOCTH Ilepuoja oOOpaleHHsT KOHMYECKOro MasTHHKAa OT €ro
apaMeTpoB.

Tema 2. Jlunamuka.

Ilepsbiit 3akoH HproToHa. MHepuuanbHble cuCTeMbl OTCUETa. [IpUHIIMI OTHOCUTENBHOCTH
[Nanunes. HemnepuuanbHble cucTeMbl OTCUETA (ONpeielIeHUe, IPUMEPBI).

Macca tena. Cuia. [lpuHnun cynepno3unuu cui.

Bropoii 3akon HeroToHa [ MaTepraibHON TOUKH.

Tperuii 3akoH HbI0TOHA 17151 MaTEpUAIIBHBIX TOYEK.

3aKOH BCEMUPHOTO TATOTEHUS. DKBUBAJICHTHOCTh IPAaBUTAlMOHHON U MHEPTHOW MacCCBHI.

Cuna T1spKecTH. 3aBUCUMOCTb YCKOPEHHMS CBOOOJHOTO TMaJ€HUs OT BBICOTHI Haj
IOBEPXHOCTBIO IUIAHETBI W OT reorpauMueckoil MmupoTsl. J[BukKeHHE HEOECHBIX Tel U HX
cnyTHUKOB. 3akoHbl Kerutepa. [lepBas kocmMuueckasi CKOpOCTb.

Cuna ynpyrocru. 3akoH ['yka. Bec tena. Bec tena, IBHXKYyIIErocs C yCKOPEHHEM.

Cuna Ttpenus. Cyxoe tpenue. Cuna TpeHHS CKOJBXKEHHUS M CHJIA TPEHHUS TIOKOA.
Koadduuuent tpenus. Cuna conpoTUBICHUS NPHU JBUKECHUU Tela B JKUIKOCTU WJIM rasze, eé
3aBUCHUMOCTb OT CKOPOCTH OTHOCHUTEIBHOTO JIBUKECHHUSI.

[Hasnenue. I'mapocratnueckoe nasinenue. Cuiia Apxumena.

TexHuueckue ycTpoWcTBa M TEXHOJOTMYECKHE IPOLECCH: IMOIIIUIHUKY, JBUKCHHUE
VCKYCCTBEHHBIX CITyTHHKOB.

JeMoHcTpanuu.

HaOnronenue 1BUKEeHUs Tell B MHEPLUAIbHBIX M HEMHEPLHMAIbHBIX CUCTEMAaX OTCUETA.

[IpuHIUIT OTHOCHTEIBHOCTH.

Kauenne AByx LWIMHAPOB WJIM IIApPOB Pa3HOM MAacChl C OJMHAKOBBIM YCKOPEHHEM
OTHOCHUTEJIbHO HEMHEPIUAIbHOM CUCTEMBI OTCUETA.

CpaBHeHuE paBHOJEHCTBYIOIIEH MTPHIIOKEHHBIX K TEJLy CHJI C IIPOM3BEIEHUEM MacChl Tena
Ha ero yCKOpeHNE B MHEPLIUAIbHONW CUCTEME OTCUETA.

PaBeHCTBO cuJil, BO3HUKAIOUIUX B PE3YIbTATE B3aUMOICHCTBUS TEIL.

N3MmepeHne mace 1o B3auMOJICHCTBUIO.

HesecoMocTs.

Bec Tena npu yckopeHHOM NOAbEME U NaICHUU.

LleHTpOOEKHBIE MEXAHU3MBI.

CpaBHeHUE CUJT TPEHUS OKOSI, KAUEHUS U CKOJIbKEHHUS.

YyeHnueckuit HKCIIepUMEHT, 1abopaTOopHbIE pabOThI, TPAKTUKYM.

N3mepeHne paBHOIEHCTBYIOIIEH CUJT TP IBUIKEHUU OpycKa 110 HAKJIOHHOW MIOCKOCTH.

[TpoBepka ruMOTE3bl O HE3aBUCUMOCTH BPEMEHHU JIBUKEHUS OpycKa M0 HaKJIOHHOU
IUIOCKOCTH Ha 33JJaHHOE PacCTOSTHUE OT €r0 MacChl.

HccnenoBanue 3aBUCHUMOCTH CHJI YIPYTOCTH, BO3HHUKAIOIIMX B IPYXHHE U PE3HMHOBOM
obpasrie, oT ux nedopmaruu.

N3yueHne IBMKEHUS CUCTEMBI TEJ, CBI3aHHBIX HUTHIO, IEPEKUHYTOH uepe3 JNErkuii OJI0K.

N3mepenne kodddumrerTa TpeHus 0 BEIMYUHE YTIIOBOTO KOd(HUIIMEeHTa 3aBUCUMOCTH
F rp (N).

UccnenoBanue JABMXKEHHS Opycka 1O HAKJIOHHOM IUIOCKOCTM C  TEpPEMEHHBIM
K03 PHULIHEHTOM TPEeHHUS.

W3ydeHne ABMKEHUS TPy3a Ha Baly C TPEHUEM.

Tema 3. CtaTuka TBEpJOTrO Tea.



AbcomotHo TBEpHOE Teno. [locTynarenabHOe M BpallaTesIbHOE JBM)KEHUE TBEPAOTO Teja.
MOMEHT CHJIBI OTHOCUTENBHO OCH BpaimieHus. [lmeuo cunpl. CrioxkeHue Cuil, IPUIOKEHHBIX K
TBEpAOMY Teny. LIeHTp TskecTu Tena.

VYcnoBus paBHOBECHUS TBEPAOIO TENA.

YcroitunBoe, HeyCcTOUMBOE, Oe3pa3InIHOe pABHOBECHE.

TexHu4eckue yCTpPOHMCTBA M TEXHOJIOTMYECKHE IPOLIECCHI: KPOHILUTEWH, CTPOUTEIIbHBIN
KpaH, pelIETYaTble KOHCTPYKIHUH.

JeMoHcTpanuu.

VYcioBust paBHOBECHS.

Bunbl paBHOBECHS.

Y4eHn4ecKkuii SKCIIEPUMEHT, TJa00opaTOpHbIe pabOThI, MPAKTUKYM.

HccnenoBanue ycaoBuil paBHOBECHUSI TBEPAOTO TeJla, UMEIOIIETO OCh BPAICHUSI.

KoHcTpynpoBaHue KpOHIITENHOB U PACYET CUIT YIIPYTOCTH.

N3yueHnue ycTOMYMBOCTH TBEPAOTO TEJA, UMEIOLIErO IIOIIA/(b ONIOPHI.

Tema 4. 3akOHBI COXpaHEHMS B MEXAHUKE.

NMiynbC MaTepualbHOM TOYKH, CHUCTEMbl MaTe€pUalbHBIX TOYEK. L[eHTp macc cucremsl
MaTepHalbHBIX TOUeK. Teopema O JBHKEHNUH LIEHTpa Macc.

MIynbC CUIIbl 1 I3MEHEHHE UMITYJIbCa TENA.

3aKOH COXpaHEHMsI UMITYJIbCA.

PeakTuBHOE IBMKEHUE.

MoMeHT uMITynbca MaTepUaJIbHOW TOYKU. IIpeacraBieHne O COXpaHEHMM MOMEHTA
MMITYJIbCa B LIEHTPAJIbHBIX MOJISAX.

Pabora cwibl Ha MamoM M Ha KOHEYHOM IepeMerieHud. I'paduueckoe mpencraBieHue
pabOTHI CHIIBI.

MOIIHOCTD CHJIBL.

Kunerndeckass sHeprusi MarepuaibHOM TOUkH. Teopema 00 M3MEHEHHMH KUHETHUYECKOM
SHEPrUY MATEPHAIBHON TOUKHU.

[loTeHuumanbHple U HeNOTEHIMANbHbIE cUiibl. [loTeHuuanbHas sHeprus. [loTeHuunanpHas
SHEPTUs ynpyro neGopMHpOBaHHOW NpYKUHBI. [loTeHIManbHas SHEPrHus Tejla B OJHOPOJTHOM
rpaBUTAlMOHHOM ToJie. [loTeHnManbHas SHEpPrus Tena B IPaBUTALMOHHOM I10JI€ OJHOPOAHOTO
nrapa (BHyTpH U BHe 11apa). Bropast kocMuyeckast CKopocTb. TpeTbst KOCMUYECKasi CKOPOCTb.

CBs13b pabOTHl HEMOTEHITMAIBHBIX CHJI C U3MEHEHHEM MEXaHWYEeCKOW HYHEPTrHUU CHCTEMBI
Tel. 3aKOH COXPaHEHMSI MEXaHUYECKON IHEPTHH.

VYipyrue u Heynpyrue CTOJIKHOBEHHUS.

VYpaBHenue bepHymnu mid MIeanbHOW MKUIKOCTH Kak CJEACTBHE 3aKOHA COXPAHEHUS
MEXaHUYECKOW dHEPTHUH.

TexHUUYeCKrE YCTPOMCTBA U TEXHOJOTMYECKUE IMPOLECCHI: ABUKEHUE PAKET, BOJIOMET,
KOnEp, MPYXKUHHBIN MUCTOJET, TUPOCKOTI, (PUTYPHOE KaTaHUE Ha KOHbKAX.

JeMoHcTpanmu.

3aKOH COXpaHEHUs1 UMITYJIbCa.

PeaktuBHOE NBHKEHUE.

H3mepenre MOIHOCTH CHUJIBI.

W3MeHeHne 3HepruM Tea MpU COBEPILIEHUHU pabOThI.

BzaumHble npeBpalieHHs] KMHETUYECKOM M MOTEHUMAJbHOW DHEPruil NpU JEWCTBUU HaA
TEJIO CHJIBI TSDKECTH M CHJIBI YIIPYTOCTH.

CoxpaHeHue SHEprHH MPU CBOOOTHOM MaJICHHH.

YyeHnueckui SKCIIEPUMEHT, JIabopaTOpHbIE Pa0OTHI, MPAKTUKYM.

N3mepenne umitynbca Tesa 1o TOpMO3HOMY Iy TH.

W3mepeHue cuibl TATH, CKOPOCTH MOJIENH JIEKTPOMOOMIISI U MOIIIHOCTH CUJIBI TSTH.

CpaBHEeHME U3MEHEHUSI UMITYJIbCA T€Ia C UMITYJIbCOM CHUIIBIL.

HccenenoBanue coxpaHeHUsI UMITYJIbCA IPU YIPYTOM B3aWUMOJEHCTBHH.

W3mepeHre KHHETUYECKOM YHEPTUHU Tejla [0 TOPMO3HOMY ITyTH.



CpaBHEHHE H3MEHEHUS TOTCHIUAIBHON SHEPTUU PY>KUHBI C pabOTOM CUIIBI TPEHHUSL.
Onpenenenue paboOThl CHIIbI TPEHUS P IBUKEHUU TeJla 110 HAKJIOHHON IIOCKOCTH.
Paznen 3. Monekynsipaas ¢pu3nuka u TepMOAMHAMUKA.

Tema 1. OCHOBBI MOJIEKYJISIPHO-KUHETHYECKOU TEOPHUH.

OcHOBHbBIE TIOJIOKEHUST MOJIEKYJIsIpHO-KuHeTHUeckoi Teopun (MKT), ux omnbiTHOe
obocHoBanue. uddysus. bpoyHosckoe nBmxeHue. XapakTep JBM)KEHUS U B3aUMOJCHCTBUSA
YacTHI] BellecTBa. MOAENN CTPOCHHUS Ta30B, )KUIKOCTEH U TBEPIBIX TEJ U OOBSICHEHUE CBOWCTB
BEIIECTBA Ha OCHOBE 3THX Mojeneil. Macca u pasmepbl Mousiekysn (aromoB). KommuectBo
BemectBa. [locTtostnuas ABoraapo.

TennoBoe paBHoBecue. Temmeparypa u cnocoObl e€ usmepenus. lllkama Temmeparyp
enncus.

Mogenb ueanbHOro ra3a B MOJIEKYJIIPHO-KMHETUYECKOW TEOPUU: YaCTULBI ra3a ABMXKYTCS
XAOTHUYECKHU U HE B3aUMOJEHCTBYIOT APYT C APYTOM.

['a3zoBbic 3akoHbl. YpaBHeHue MenpeneeBa-Knanelipona. AOcoioTHas TemIeparypa
(wkana temneparyp KeneBuna). 3akon JlanmproHa. M3ompomecchl B HIeaJlbHOM rase cC
IOCTOSIHHBIM KOJIMYECTBOM BellecTBa. I'paduueckoe npeacraBieHne U30MpoLEcCOB: U30TEPMa,
u30Xopa, n3odapa.

CBs3p MEXIy JaBICHHMEM U CpPEIHEH KHHETUYECKOW DJHEPrued IOCTYNaTeIbHOrOo
TEIUIOBOTO JBMKEHHUS MOJIEKYJ HJA€aJbHOr0 Ta3a (OCHOBHOE YPAaBHEHHME MOJIEKYJISIPHO-
KUHETHYECKON TEOPUHU UJI€AJIBHOTO rasa).

CBs3p  aOCONIOTHOM — TemmepaTypbl TEPMOAMHAMHYECKOM CHCTEMBl CO  CpeaHei
KMHETUYECKOW YHEPrUel MOCTYIATENbHOIO TEIUIOBOTO IBUKEHUS €€ YaCTHIL.

TexHuueckue yCTpPOHMCTBA U TEXHOJIOTMYECKHE IIPOLECCHl: TEPMOMETP, OapoMmerp,
[I0JIy4E€HUE HAHOMATEPUAJIOB.

JeMoHcTpanuu.

Monenu IBUKEHHUS 4acTUL] BEIIECTBA.

Moens OpOYHOBCKOTO JIBHYKEHHUSI.

Buzneoposuk ¢ 3an1chio peaabHOro OpOyHOBCKOTO JIBHXKEHUS.

Juddyzus kuaKocTen.

Mopnens onsira IlITepHa.

[IpuTsxeHne MOJIEKYII.

Mogenu KpUCTaNIn4eCKUX PEIETOK.

Habmonenue u uccnenoBanne N30IpOIECCOB.

Y4eHn4eckuit SKCIepUMEHT, 1a00paTOpHbIe pabOThI, MPAKTUKYM.

HccnenoBanue nporecca yCTaHOBIJIEHHUS TEMJIOBOIO PAaBHOBECHS IIPU TEINIOOOMEHE MEXY
ropsiuer U XOJIOAHOU BOJOM.

W3ydyeHne W30TEPMHUECKOro Ipouecca (peKOMEHJOBAaHO UCMOJIb30BaHUE IU(PPOBOIL
nabopaTopun).

N3ydenune n30XopHOTro npouecca.

N3yueHne n3o6apHOro mnporecca.

ITIpoBepka ypaBHEHUS COCTOSIHUA.

Tewma 2. Tepmoaunamuka. TennoBble MalTUHBI.

Tepmonuuamuueckas  (T/I) cucrema. 3amaHrie  BHEUIHUX  YCJIOBHM  JUIst
TEPMOJMHAMHYECKON CcHCTeMbl. BHemHne u  BHYTpeHHHME mnapamerpsl. Ilapamerpsl
TEPMOJMHAMHYECKON CUCTEMBbl KaK CpeJHHE 3HAYEHUS BEIMYMH, OMHMCHIBAIOLINX €€ COCTOSHUE
Ha MUKPOCKOIIMYECKOM ypOBHE.

HyneBoe Hauano tepmonuHamuku. CaMONpon3BOJIbHAS pellakcalis TEPMOAMHAMUYECKON
CUCTEMBI K TEIUIOBOMY PAaBHOBECHUIO.

Mogenp wuaeanbHOTO ra3za B TEpPMOAMHAMHMKE - CHUCTEMa YpPaBHEHMI: ypaBHEHHE
Menpeneesa-Knaneiipona 1 BbIpa)XK€HHE JUIsl BHYTPEHHEN 3HEPIHM. Y CIOBHUS MPUMEHUMOCTU
TOW MOJeNU: HM3Kasg KOHLIEHTpAlUs YacTUll, BBICOKHE TeMmImepaTypsl. Beipaxkenue s
BHYTPEHHEN SHEPTUH OJTHOATOMHOTO MI€aIbHOTO Iasa.



KBazucrarnueckue 1 HECTATUUECKHUE MPOLECCHI.

DneMeHTapHas paboTa B TepMOauHaMUKe. Beraucienue paboTel 1o rpaduky mporecca Ha
pV-auarpamme.

Temonepenadya Kak Croco0 W3MEHEHUs BHYTPEHHEW SHEpPruu TEPMOAMHAMHYECKON
cUCTeMBI Oe3 coBepiIeHus: padoTel. KOHBEKIHS, TETIIONPOBOIHOCTD, U3TyYCHHE.

KomnuectBo TemnoTsl. TernoéMkocTh Tena. YaenbHas M MOJSpHas TEIUIOEMKOCTH
BellleCTBA. YpaBHEHHE Mail epa. YjaenbHas TEIJIOTa CropaHus TOIUIMBA. Pacuér xonmyecTBa
TEIUIOTHI IpH Teruionepenaye. [lonstue 06 aquadbatHom mpoiiecce.

[TepBbIii 3akoH TepMoaMHAMUKU. BHyTpeHHss sHeprus. KonmuecTBo TemaoTel U paboTta
KaK Mepbl U3MEHEHUS BHYTPEHHEH SHEPIUH TEPMOANHAMUYECKON CUCTEMBI.

Bropoii 3akoH TepMOIMHAMUKM JJis PaBHOBECHBIX IPOLIECCOB: YEpe3 3aJaHHOE
PaBHOBECHOE COCTOSIHME TEPMOIMHAMHUYECKON CHUCTEMbl IMPOXOIUT €AMHCTBEHHas aauadara.
AOcoitoTHas TeMIiepaTypa.

Bropoii 3akoH TepMOAMHAMUKH JUIsI HEPAaBHOBECHBIX IMPOILIECCOB: HEBO3MOXHO TepeaTh
TEIUIOTY OT OoJiee XOJNOMHOTO Telna K Oonee Harperomy Oe3 kommencanuu (Kmayswmyc).
HeoOpatumMocTh NpUpOIHBIX TPOIECCOB.

[TpuHMne! aeicTBrs TennoBbix MamuH. KIT/I.

MakcumanibHoe 3Hauenune KIIJI. [ukin Kapno.

DKOJIOTUYECKHE aCIEeKThl UCIIOJIb30BAHUS TEIIOBBIX ABUrarenei. TeniaoBoe 3arpsi3sHEHUE
OKpPYKaroIlen CpeIbl.

TexHuueckue ycTpoHCTBa U TEXHOJIOTMYECKUE MPOLECCHI: XOJIOJUIbHUK, KOHIULIUOHED,
IU3ETbHBIA W KapOIOpaTOpHBIM JBUraTeNnd, MapoBas TypOWHA, MOMYyYEHUE CBEPXHU3KHX
TeMIeparyp, YTWIM3alMs "TEIUIOBBIX' OTXOJOB C MCIOJNb30BAaHUEM TEIUIOBOTO HAacoca,
YTUIU3alKsg OMOOPraHNYEeCKOTr0 TOITMBA AJIsl BEIPAOOTKH "TETIOBOM" U 3JIEKTPOIHEPTHH.

JeMoHcTpanuu.

H3meHeHue TemnepaTypsl IPH aInadaTUueCKOM paclIupEHUH.

BosaymHoe orauso.

CpaBHeHUE YIENbHBIX TEIIOEMKOCTEH BEUIECTB.

CriocoObl I3MEHEHHSI BHYTPEHHEH YHEPTHH.

HccnenoBanue aanabaTHoro mporecca.

KomnbroTepHble MOJENIN TEIUIOBBIX ABUTATEIEH.

Y4eHnueckui SKCIIePUMEHT, JTa00paTOpHbIE PabOTHI, MPAKTUKYM.

N3mepenne yaenbHOU TeMT0EMKOCTH.

HccnenoBanue npouecca OCThIBaHMS BEILIECTBA.

HccnenoBanue aguabaTHOTo mpoiiecca.

N3yueHue B3aMMOCBSA3M SHEPIHMHM MEXMOJIEKYJISIPHOTO B3aUMOJCHCTBUS U TEMIEPATypPbl
KHTICHUS JKUIKOCTEH.

Tewma 3. ArperatHble COCTOSIHUS BenlecTBa. Da3z0oBbIe NEPEXOIbI.

[TapooOpa3oBanue u KoHjeHcauus. Mcmapenue W KumeHue. YJeiabHas TeIJIoTa
napooOpa3zoBaHMUs.

Haceimiennsie 1 HeHachbllieHHbIE Tapbl. KadecTBeHHass 3aBUCUMOCTH TUIOTHOCTH W
JABJICHUS] HACBIIIEHHOTO Mapa OT TEMIEpaTyphbl, UX HE3aBUCUMOCTb OT 00BhEMa HACBHIIICHHOTO
napa. 3aBUCUMOCTb TeMIIEpaTypbl KUTICHUS OT JJABJICHUS B KUIKOCTH.

BrnaxnocTs Bo3ayxa. AGCOMIOTHAS U OTHOCUTEIBHAS BIAXKHOCTb.

Teépnoe Teno. Kpucrammueckue u amop@Hbie Teaa. AHH30TPOIHUS CBOWCTB KPHUCTAJLIOB.
[TnaBrnenue u KpucTauM3anus. Y aelbHas TeroTa miasienus. CyonuMarius.

Hedbopmaruu TBEpAOro Tena. Pactsmkenme m cxarume. Crnsur. Monyne FOnra. Ilpenen
yrIpyrux aedopmaruii.

TennoBoe pacmMpeHne KUIKOCTEH U TBEPIBIX TeN, 00BEMHOE M JIMHEWHOE pacIIupeHue.
AHTapMOHHM3M TEIUTOBBIX KOJIEOAHWN YaCTHUI[ BEIIECTBA KaK MPUYMHA TEIJIOBOTO PACIIMPEHUs
Ten (Ha KAYeCTBEHHOM YpPOBHE).

[TpeoOpa3oBanue sHEprun B (ha30BBIX MEPEXOAX.



YpaBHEHHE TEIJIOBOTO OaaHca.

[ToBepxHocTHOE HaTshkeHHE. KoapduimeHnT noBepXxHOCTHOTO HaTsbkeHus. KamwnspHbie
ABJEHUA. [{aBieHue o UCKPUBJIEHHON MOBEPXHOCTHIO KUAKOCTH. @opmyra Jlanmnaca.

TexHuuyeckue yCTpOMCTBA M TEXHOJIOTMYECKHE IPOLIECCHI: KUIAKHE KPHUCTAJLIbI,
COBpPEMEHHBIE MaTepUaIbI.

JeMoHcTpanuu.

TenoBoe pacimpeHue.

CBolicTBa HACBIIIEHHBIX MapOB.

Kunienne. Kunenue npu nOHMKEHHOM J1aBIEHUU.

W3mepenne cuiibl HOBEPXHOCTHOIO HATSKEHUSI.

OIBITHI ¢ MBUIBHBIMH TIEHKAMHU.

CmauuBanue.

Kanwmnsipasie sBieHus.

Mopaeny HEHEIOTOHOBCKOH YKUIKOCTH.

Crioco0bl U3MepeHUs BIAKHOCTH.

HccenenoBanue HarpeBaHus U IJIABJICHUS KPUCTAIIMYECKOTO BELIECTBA.

Bunel nedpopmanuii.

Hab6nronenue Mansix aedopMarmii.

YueHnyeckuii SKCIEPUMEHT, JIA00paTOpHBIE PAOOTHI, MPAKTHKYM.

N3yueHnne 3aKOHOMEPHOCTEN UCTIAPEHUS KUAKOCTEM.

N3mepenne yaenbHON TEIUIOTHI IIJIaBICHUS JIbAA.

N3yueHue CBOMCTB HACHIIICHHBIX APOB.

N3mepenne abCoMOTHOM BIAXKHOCTH BO3/1yXa U OIEHKA MAacChl TApOB B TTOMEIIICHHH.

W3mepenne ko duirienTa noBEpXHOCTHOTO HATSXKEHUSI.

Nzmepenue moayns FOnra.

HccnenoBanue 3aBUCUMOCTH JieopMaIiuu pe3uHOBOro o0pasiia OT MPUIOKEHHON K HEMY
CHJIBL.

Pa3znea 4. DnexkTpoauHaMuKa.

Tema 1. DnekTpuueckoe moJe.

OneKkTpu3zanus Tel U €€ MpOosIBICHUS. DIEKTpUUYECKUU 3apsn. JIBa BHUIA RIIEKTPUUYECKUX
3apsiioB. [IpOBOMHUKH, AMDIIEKTPUKHA M TOJYIMPOBOJHUKH. DIJIEMEHTAPHBIN SJIEKTPUUYCCKUN
3apsii. 3aKOH COXPaHEHUs AIEKTPUUECKOro 3apsija.

B3aumoneiictBue 3apsnoB. Toueunsie 3apsiabl. 3akoH KyoHa.

OnekTpuueckoe nose. Ero nefictBue Ha 31€KTpUYECKUe 3apsibl.

Hampsok€uHocTs  anexTpuyeckoro moinsd. I[IpoOHbiil 3apsn. JluHumM HanpskEHHOCTH
ANEKTPUUECKOro noJist. OJHOPOAHOE INEKTPUUECKOE MOJIE.

[ToTeHIManbHOCTh AIEKTPOCTATUUECKOTO TOJIsI. Pa3HOCTh MOTEHIIMANIOB U HAMPSIKEHUE.
[loTenuumanpHass  3Heprus  3apsAga B DJIEKTPOCTAaTUYECKOM  TIOJIE. [ToTennman
AJNIEKTpocTaTuueckoro mojsi. CBs3p HANPSXKEHHOCTH TIOJISE W PA3HOCTH TOTEHIUMAIOB ISt
AIIEKTPOCTATUYECKOTO MO (KaK OJHOPOIHOTO, TAK U HEOJHOPOIHOTO).

[TpuHIUT CyePIIO3UITNH DIIEKTPUUECKHUX TTOJICH.

[Tone Toueunoro 3apsiga. Ilome paBHOMepHO 3apshkeHHOU cdepbl. [lome paBHOMEpPHO
3apsDKEHHOTO 1Mo 00BhEMY 1mapa. [lose paBHOMEpHO 3apsKeHHOW OECKOHEYHOW TIIOCKOCTH.
Kaptunbl mMHUN HANps>KEHHOCTU ATUX MOJIEH M 3KBUMIOTEHIIMATBHBIX TOBEPXHOCTEH.

[TpOoBOTHUKY B AIEKTPOCTATUUECKOM TI0JI€. Y CJIOBHE PABHOBECHS 3aPSJIOB.

JM3NeKTpUKHU B 3JIEKTPOCTATHUECKOM MoJe. JuanekTpuyeckasi mpOHUIIAEMOCTh BELIECTBA.

Konnencarop. DIEeKTPOEMKOCTh KOHJIEHCATOopa. DIIEKTPOEMKOCTh IIJIOCKOTO
KOHJIEHCATOopa.

[TapannensHoe  coenumHeHWe  KOHJeHcaropoB.  [locimemoBaTenbHOE — COEMHEHME
KOHJICHCATOPOB.

OHeprus 3apsKEHHOT0 KOHAEHCATOPA.
JIBrKkeHMe 3apsKEHHON 4acTULIBI B OAHOPOJHOM JIEKTPUUYECKOM II0JIE.
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TexHu4eckue yCTpPOMCTBA M TEXHOJOTMYECKHE IPOLECCHI: IEKTPOCKOII, JJIEKTPOMETD,
3JIEKTpOCTaTUYECKas 3allluTa, 3a3eMJICHIE JIEKTPOIIPHUOOPOB, KOHAEHCATOPhI, reHepaTop Ban ne
['paada.

JeMoHcTpanuu.

YCTpOoUCTBO U IPUHIUI JEHCTBUS DJIEKTPOMETPA.

DIIEKTPUUYECKOE TT0JIE 3apsHKEHHBIX IIAPUKOB.

DIEKTPUYECKOE MOJIE IBYX 3apSKEHHBIX IJIACTHH.

Monensb anekTpoctaTruueckoro reueparopa (Baun ge I'paada).

IIpOBOIHUKY B JIEKTPUYECKOM I10JIE.

DJIeKTpOCTaTUYECKas 3allIMTA.

YCTpolCTBO U AEMCTBUE KOHJAECHCATOPA MOCTOSHHOM U IEPEMEHHON EMKOCTH.

3aBUCUMOCTh  JJEKTPOEMKOCTH IUIOCKOIO KOHAEHcaTopa OT IUIOUaAW IUIACTHH,
PACCTOSIHUA MEXAY HUMH U JUAIEKTPUYECKOU IPOHULIAEMOCTH.

DHeprus MEKTPUUECKOr0 MOJIs 3apsKEHHOI0 KOHJIEHCAaTopa.

3apsiaKa U pa3psiKka KOHAEHCAaTOpa 4epe3 pe3ucTop.

Y4eHUYeCKui IKCIIEPUMEHT, JIabopaTOpHbIe PA0OTHI, IPAKTUKYM.

OneHka cul B3auMOJIEHCTBUS 3apsKEHHBIX TEJL.

Habmroenue npeBpalnieHusi SHepTur 3apsHKEHHOTO KOHJEHCATOpa B SHEPTUI0 H3ITYYCHUS
CBETOAMO/A.

N3yuenue npoTekaHusi TOKa B LENHU, COAEpHKAIICH KOHAEHCATOp.

Pacripenenenrie  pa3HOCTM  MOTEHUMAIOB (HANpsOKEHMs]) TMPU  IOCJIEI0BATEIIbHOM
COEIMHEHUH KOHJAEHCATOPOB.

HccenenoBanue paspsiia KOHIEHCATOPA YEPeE3 PE3UCTOP.

Tema 2. [10CTOSAHHBIN 2JIEKTPUYECKUIN TOK.

Cwuita Toka. [1oCTOSIHHBIN TOK.

VcnoBusi CylIeCTBOBAHMSI IMOCTOSIHHOTO — 3JIGKTPUUYECKOrOo TOKa. VICTOUHMKHM —TOKa.

Hanpsixenue U u 3/1C £

3akoH OMa i y4acTKa LEMH.

DJeKTpUUECKOe COIIPOTUBIIEHUE. 3aBUCUMOCTh CONPOTUBIIEHUS OJTHOPOAHOIO ITPOBOAHMKA
OT €ro JUIMHBI U IJIOUIa/IN NOTIEPEYHOT0 CEUEHUs. Y I€IbHOE CONPOTUBIIEHUE BEILIECTBA.

[TocnenoBarenbHOE, MNapaIeIbHOE, CMEIIAHHOE COEIUHEHHE NPOBOJAHUKOB. Pacuér
pa3BeTBIEHHBIX MeKTprueckux nene. [lpasuia Kupxroda.

Pabora snexrpuueckoro Toka. 3akoH Jlxoynsa-JleHua.

MoIIHOCTB NEKTPUYECKOro TOKa. TeroBast MOITHOCTD, BBIJENsIEMAast Ha PE3UCTOPE.

OJIC ¥ BHYTpEHHEE CONPOTUBIECHHWE MCTOYHUKA TOKa. 3akoH OMa [ TMOJHOM
(3aMKHYTO#) 3J1€KTpHUecKOi enu. MOIIHOCTh HCTOYHMKA ToKa. KopoTkoe 3aMbIkaHue.

Konzgencarop B 11enu NOCTOSIHHOTO TOKA.

TexHuueckue YCTpOWCTBA M TEXHOJOTMYECKHE NPOLECCHl: aMIEepMETp, BOJIBTMETD,
peocTat, CUETYUK IIEKTPUIECKON SHEPTUN.

JeMoHcTpanuu.

W3mepeHue cuibl TOKa U HaIPsHKEHUS.

HccnenoBaHue 3aBUCUMOCTH CHJIBI TOKAa OT HANpsDKEHUs I PE3UCTOpa, JIaMIIBI
HaKaJMBaHUS U CBETOAMOA.

3aBUCUMOCTh COINPOTHBIICHUS IMJIMHAPHUUECKUX TPOBOJAHUKOB OT JUIMHBI, IUIOIIAIN
MOTIEPEYHOr0 CEUEHUsI U MaTepHuaa.

HccnenoBaHue 3aBUCHMOCTH CHJIBI  TOKa OT CONPOTUBICHHUS TPH MOCTOSHHOM
HaIPSHKCHUU.

[Tpsimoe m3mepenue DJIC. KopoTkoe 3aMplKkaHME TalbBaHUYECKOIO JIEMEHTA U OLICHKA
BHYTPEHHETO COIPOTUBIICHHUSI.

Crioco0bl coeTMHEHHsI ICTOYHUKOB ToKa, DJ[C Gatapeii.

HccnenoBanue pa3HOCTH MOTEHIMAIOB MEXK/TY MOJIFOCAMHM UCTOYHHKA TOKA OT CUJIbI TOKa B
LEMH.
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Y4eHn4eckuil SKCIIepUMEHT, TJa0opaTOpHbIe pabOThI, MPAKTUKYM.

HccnenoBanye CMENIaHHOTO COCIUHEHUS PE3UCTOPOB.

W3mepeHue yaeapHOro COnpoTUBIEHHSI IPOBOJHUKOB.

HccnenoBanue 3aBUCMMOCTY CHJIBI TOKA OT HAIIPSDKEHUS IS J1aMIIbl HAKaJIUBAHUS.

VBenuueHue npejeia u3MepeHust amnepMmerpa (BoiIbTMETPA).

N3mepenne 3/]C 1 BHYTpEHHETO CONPOTUBIICHUS] UICTOYHUKA TOKA.

Hccnenosanue 3aBucumoctu DJ[C ranbBaHMUECKOIO JIEMEHTA OT BPEMEHU IIPU KOPOTKOM
3aMBIKaHUU.

HccnenoBanue pa3HOCTH MOTEHIMAIOB MEXK/Y [TOJIFOCAMU HCTOYHHUKA TOKA OT CUJIbI TOKA B
LEeIN.

HccnenoBanue 3aBUCMMOCTY TI0JI€3HOM MOIITHOCTH UCTOYHHUKA TOKA OT CHJIBI TOKA.

Tema 3. Toku B pa3auyHbIX Cpelax.

OnekTpuueckas IPOBOAUMOCTb PA3JIMYHBIX BEIIECTB. OJIEKTPOHHAs IMPOBOJUMOCTD
TBEPABIX  METAUIOB.  3aBUCUMOCTb  CONPOTHUBICHUS  METAUIOB  OT  TEMIEPaTyphl.
CBepXnpoBOAUMOCTb.

DJIEKTpUUYECKU TOK B BakyyMe. CBOMCTBA 3JIEKTPOHHBIX ITYYKOB.

[TonynpoBonuuku. CoOcTBEHHass M TpPUMECHas MPOBOJUMOCTH IMOJIYHPOBOIHHUKOB.
CgoiictBa p-n-nepexoza. IloaynpoBoHUKOBBIE TPUOOPHI.

ONEKTPUYECKUH TOK B AJIEKTPOJIUTAX. DJIEKTPOIUTHUECKAs AUCCOLUALMS. DIEKTPOJIU3.
3axonbl Dapanes ISl dJIEKTPOIH3A.

OnekTpuueckuid TOK B ra3zax. CaMOCTOATENbHBIM M HECAMOCTOSATEIbHBIA pa3psll.
Pa3znuynble TUIIBI CAMOCTOATENBHOTO paspsaaa. Monnus. [lnazma.

TexHuueckue ycTpolcTBa U IPAKTUYECKOE IPUMEHEHHUE: TIa30pa3psaHble JaMmIlbl,
3JIEKTPOHHO-Ty4eBasi TpyOKa, MOJTYHNPOBOJHUKOBBIE HPUOOPHI: TUOJ, TPaH3UCTOP, (GoTOAHOA,
CBETOJIMOJl, TallbBaHWKA, paUHUPOBAHUE MEAM, BbIIUIABKA AJIIOMHHMS, OJIEKTPOHHAs
MUKPOCKOIIHS.

JeMoHcTpanuu.

3aBHCHUMOCTb COITPOTUBIICHUS METAJUIOB OT TEMIIEPATYPHI.

[TpoBOAMMOCTB 3JIEKTPOJIUTOB.

3akoHsbI 2nekTponunsa dapazes.

HckpoBo# paspsa v IPOBOAMMOCTS BO3AYXa.

CpaBHeHuE NPOBOJAMMOCTH METAJIOB U MOJIYIIPOBOJIHHUKOB.

OaHOCTOPOHHSIS MPOBOJIUMOCTD TUOJIA.

Y4eHn4eckuit SKCIepUMEHT, 1a00paTOpHbIe pabOThI, MPAKTUKYM.

Hab6monenue anexTpomnusa.

W3mepenue 3apsia 0JHOBAJIEHTHOIO HOHA.

HccnenoBaHue 3aBUCMOCTH COITPOTUBIIEHUS] TEPMOPEZUCTOPA OT TEMIIEPATYPHI.

CHsATHE BOJIBT-aMIIEPHON XapaKTEPUCTUKH JUOJA.

Du3n4ecKuil MPaKTUKYM.

Crioco0b! n3MepeHus: (pU3NUECKUX BETMYMH C MCIIOJIb30BAaHUEM aHAIOTOBBIX U IHU(POBBIX
U3MEPUTENIbHBIX TNPUOOPOB M  KOMIBIOTEPHBIX JIaTYMKOBBIX CHUCTEM. AOCOJIOTHBIE U
OTHOCHUTEJIbHBIE  TOTPEIIHOCTH  M3MEpeHMH  (u3nueckux BenuuuH. OlleHKa TpaHuIl
MIOTPEUIHOCTEM.

[TpoBeeHne KOCBEHHBIX U3MEPEHUH, UCCIeIOBAaHUN 3aBUCUMOCTEN (PU3MUECKUX BEIUYHH,
MIPOBEPKa MPEAOKEHHBIX TMIOTe3 (BHIOOP M3 paboOT, ONMHCAHHBIX B TEMAaTHYECKUX pasnernax
"VueHNueCKuil KCIIEPUMEHT, J1a00opaTopHble padOThl, MPAKTUKYM").

MexnpeameTrHbie CBSI3H.

N3yuenne kypca pusuku yriy0néHHoro ypoBHs B 10 kiacce ocymiecTBIsieTcs ¢ yu€ToM
COJIEpKaTeNbHBIX MEXIIPEIMETHBIX CBA3€H C KypcamMu MaTeMaTuKH, OWOJIOTMH, XHMHH,
reorpauu ¥ TEXHOJIOTHH.

MexnpeaMeTHbIE TOHSTHS, CBS3aHHBIE C M3yYEHHEM METOJIOB HAYYHOI'O IO3HAHHUS:
SBJICHUE, Hay4HbI (akt, rumoresa, (uznyeckas BeIMYUHA, 3aKOH, TEOpHs, HAOIIOJIECHHE,
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AKCIIEPUMEHT, MOJECIUPOBAHNE, MO/ICIIb, U3MEPEHHE, TOTPEIIHOCTH U3MEPEHUH, U3MEPUTEIbHBIC
npuOopsI, U(poBas 1ad0paTOpHsl.

Maremaruka: Pemenue cucrtemsl ypaBHeHul. JInneiiHas ¢yHKIus, napadoina, runepoora,
ux rpaguku u cBoiictBa. TpuroHoMmerpuueckue pyHKIUU: CUHYC, KOCUHYC, TAHT'€HC, KOTaHT€HC,
OCHOBHO€ TPUTOHOMETPHUUECKOE TOXKIECTBO. BEKTOphl M MX MPOEKUMH HA OCH KOOPAMHAT,
CJIOKEHHE BEKTOPOB.

Buonorus: MexaHnueckoe JBMKEHUE B KUBOU mpupone, auddy3us, 0CMOC, TeII000OMEH
JKUBBIX ~ OpPraHM3MOB, TEIUIOBOE  3arps3HEHHE  OKpYXKaromlel  cpeabl,  yTUIM3alus
OMOOPraHNUYECKOro TOIUIMBA JI BBIPAOOTKU "TEIJIOBOM" M 3JIEKTPOIHEPTUH, MOBEPXHOCTHOE
HATSDKEHUE U KallWJUIPHbBIC SIBJICHUSI B IPUPOJE, HNEKTPUUECKUE SIBICHUS B dKUBOU NMPUPOJE.

XUMHS: TUCKPETHOE CTPOEHHUE BEILECTBA, CTPOCHUE aTOMOB M MOJIEKYJI, MOJIb BEIIECTBa,
MOJIIpHasl Macca, MoJy4yeHrne HaHOMaTepHUaloB, TEIJIOBbIE CBOMCTBA TBEPABIX Tell, KUAKOCTEH U
ra3oB, OKUJKHE KPHUCTAJUIbl, DJJICKTPUUYECKHE CBOWCTBA METAJJIOB, JJIEKTPOJIUTHYECKAs
JUCCOLIMAINs, TajbBaHUKA, JICKTPOHHAS MUKPOCKOIIHS.

['eorpadusi: BIaXXHOCTh BO3/1yXa, BETPHI, 0apoMeTp, TEPMOMET.

TexHonorus: mpeodpazoBaHuE ABUKEHUI C UCIOIB30BAaHUEM MEXaHU3MOB, YUET CYXOro U
JKUJKOTO TPEHUST B TEXHHUKE, CTaTHYECKHUE KOHCTPYKIHMHM (KPOHINTEHH, penieTdyarbie
KOHCTPYKIIMH), UCTIOJIb30BaHNE 3aKOHOB COXPAHEHHS MEXaHUKH B TEXHUKE (TUPOCKOI, BOJIOMET
W JIpyrue), JABUTATEIh BHYTPCHHETO CrOpaHUs, IMMapoBas TypOWHA, OBITOBON XOJIOAMIILHUK,
KOHIWIIMOHEP, TEXHOJOTUU IIOJIyY€HUsI COBPEMEHHBIX MaTepuajoB, B TOM 4HCIE
HAaHOMATEepHaJloB, M  HAHOTEXHOJOIMM,  JJEKTPOCTaTHYecKas  3alluTa,  3a3eMJICHUE
AIEKTPONPUOOPOB, ra30pa3psIHbIEC JaMIIbl, TOIYIPOBOJHUKOBBIE TPHUOOPHI, FraIbBAHHUKA.

11 KJTACC

Pa3znea 4. DnexkrpoauHaMuka.

Tema 4. MarauTHoe€ 1noJe.

B3anmoneicTBue MOCTOSHHBIX MarHUTOB U IIPOBOJAHMKOB C TOKOM. MarsutHoe moJe.
Bekrop marauTHONM MHAYKIMU. [IpMHIMI Cylieprio3unuy MarHUTHBIX ITOJIEH. JIMHUKM MarHUTHON
WUHAYKLHH.

MarautHoe 1oJie NMPOBOJHUKA C TOKOM (IIPSIMOTO MPOBOJHHUKA, KaTYHIIKU U KPYTOBOTO
BUTKa). OmbIT Dpcrena.

Cwita Amriepa, e€ HampaBJICHUE U MOJTYJIb.

Cuna JlopeHua, €€ HampaBieHHME U MOIYJb. JIBHKEHHE 3apsyKEHHOW 4YacTULBI B
OJIHOPOJAHOM MarHuTHoM nose. Pabora cuibl Jlopenna.

MaruutHoe nose B Beniectse. @eppoMarHeTUKH, apa- U JUaMarHeTUKH.

TexHuueckue yCTpoilcTBa M TEXHOJIOTMYECKHE IPOLIECCHl: MPUMEHEHHE IOCTOSHHBIX
MarHuTOB, 3JIEKTPOMAarHUTOB, TECTEP-MYJIbTUMETP, 3JIEKTPOJABUTaTENb SKOOM, YCKOpUTENIN
AJIEMEHTAPHBIX YaCTHII.

JeMoHcTpanuu.

KaptuHa nuHMII MHIYKIUMM MarHUTHOTO IO TOJOCOBOTO M IOAKOBOOOpPA3HOIO
IIOCTOSIHHBIX MarHuTOB.

KaptuHa nuHuUN MarHMTHOM UWHAYKUMU TIOJS JUIMHHOTO TMPSIMOTO TMPOBOJHUKA H
3aMKHYTOT'O KOJIBLIEBOT'O IIPOBO/IHUKA, KATYILIKH C TOKOM.

B3auMozeiicTBre ABYyX MPOBOJHUKOB C TOKOM.

Cuna Amnepa.

HevictBue cuiibl JIopeHIla Ha MOHBI JIEKTPOJIUTA.

Habmonenne nBrkeHHs My4yKa 3JeKTPOHOB B MATHUTHOM IIOJIE.

[TpuHIMI NEHCTBUS 3IEKTPOU3ZMEPUTEIBHOTO MPUOOpPa MATHUTOIIEKTPUUECKON CUCTEMBI.

YyeHn4eckuil HKCIIepUMEHT, 1a00opaTOpHbIe pabOThI, MPAKTUKYM.

HccnenoBanre MarHUTHOTO TOJISt TOCTOSTHHBIX MArHUTOB.

HccnenoBanue CBOMCTB (heppOMarHeTHKOB.
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WccnenoBanue neicTBUSI MOCTOSIHHOTO MarHUTa Ha PaMKy C TOKOM.

N3mepenne cuiibl Ammepa.

N3yuenune 3aBUCUMOCTH CHJIBI AMIIepa OT CHJIbI TOKA.

OnpeneneHrie MarHUTHOM UHAYKIIMY Ha OCHOBE U3MEPEHUs CHIIbI AMIiepa.

Tema 5. DyieKTpOMarHuTHasE UHIYKIUA.

SIBiieHne SIE€KTpOMarHUTHONM HMHAYKIMU. [loTOok BexkTopa MarHMTHOM HMHAYKIMU. D[C
WHIYKIUU. 3aKOH 3JeKkTpoMarHuTHOM uHaykuuu Dapanes. BuxpeBoe anexkTpuueckoe MoJie.
Toxku dyko.

OJ1C uHAYKIMY B TPOBOJHUKE, IBIKYIIEMCS B OJTHOPOJIHOM MarHUTHOM IIOJI€.

IIpaBuiio Jlenua.

NunyktuBHOCTh. Karymka WHIYKTUBHOCTM B LENM IIOCTOSHHOIO TOKa. JSIBiieHue
camouHaykiuu. IJ1C caMOMHAYKIIWH.

DHeprusi MarHuTHOTO MOJIsl KATYIIKUA C TOKOM.

DJIEKTPOMArHuTHOE MOJIE.

TexHuveckue yCcTpoicTBa U TEXHOJIOTMYECKUE TPOLIECCHI: MHIYKIIMOHHAS 11€4Yb, COJICHOMI,
3alUTa OT JICKTPU3AIMU TEJ IPU ABUKEHUU B MATHUTHOM T10JI€ 3€MJIU.

JeMoHcTpanuu.

Habmtoienue siBieHus 31€KTPOMarHuTHOM UHIYKITHH.

Uccnenoanue 3aBucumoctd OJ[C HMHIYKIUMU OT CKOPOCTH HU3MEHEHUS MarHUTHOTO
IMOTOKA.

IIpaBuno Jlenna.

[Tagenue MaruuTa B alFOMUHUEBOM (MeIHOM) TpyOe.

SIBiieHME CAMOMHIYKIUH.

HccnenoBanue 3aucumoctd J/]C caMOMHAYKIIMM OT CKOPOCTH M3MEHEHUsl CHUJIbI TOKA B
1(S1078

Y4eHnueckui SKCIIEPUMEHT, JIabopaTOpHbIe Pa0OTHI, MPAKTUKYM.

WccnenoBanue siBJICHUS AIEKTPOMArHUTHON MHAYKITUH.

Ornpenenenre UHAYKIIMA BUXPEBOIO MATHUTHOT'O TOJIS.

WccnenoBanue siBIeHUS CAMOUHIYKITUU.

COopka Mozienu 3NIEeKTPOMAarHUTHOTO TeHepaTopa.

Pa3znen 5. Konebanus v BOJHEL.

Tema 1. Mexanndeckue KoneOaHus.

KonebarenbHast cucrema. CBoOOIHEIE KOJIEOaHMS.

['apmonnueckue  konebGanusi. KuHemarnueckoe ¥~ JUHAMHYECKOE  OIKCAHUE.
DHEpPreTHYecKoe ONHUCaHWe (3aKOH  COXpaHEHUsT MEXaHW4YeCKod oSHepruum). BwiBox
TUHAMHYECKOTO OMHCAaHWSA TAapMOHHYECKHX KONEOaHWM W3 HX DHEPreTUYecKoro u
KUHEMATHYECKOTO OIMMCAHHS.

Amrutyga u ¢aza xonebanuil. CBA3b aMIUIUTYIbI KOJ€OAHUI MCXOAHOW BETUYHMHBI C
aMIUIMTY/IaMU KoJieOaHui €€ CKOPOCTU U YCKOPEHHUSI.

[Tepuon u vactora konebanuii. [lepros Manbix CBOOOTHBIX KOJEOAHUN MAaTEeMaTHUYECKOTO
MasTHHKA. [lepro cBOOOIHBIX KoJIeOaHU TPYKUHHOTO MasTHHUKA.

[TonsiTre o 3aTyxarommx KonedaHusx. Beinyxaennsie konedanus. Pesonanc. PezonancHas
KpuBas. BiausiHue 3aTyxaHusi Ha BUJ pe30HAHCHOW KpUBOI. ABTOKOI€0aHus.

TexHudyeckne yCTpPOMCTBA M TEXHOJOTWYECKHE MPOLECChl: METPOHOM, Yachl, KayelH,
MYy3bIKaJIbHbIE HHCTPYMEHTHI, ceficmorpad.

JlemoHCcTpanuu.

3anuch KonedaTeIbHOro ABMKEHUS.

Habmronenne He3aBUCHMOCTH TIepHOJIa MaJIbIX KOJIeOaHU rpy3a Ha HUTH OT aMILTATY/IbI.

HccnenoBanue 3aTyxammux KojeOaHUH M 3aBUCUMOCTHU TEPHO/ia CBOOOIHBIX KOJIeOaHUN
OT COIPOTHUBJICHHUS.

HccnenoBanue konebaHUl Tpy3a Ha MAacCHUBHOM NpYXHHE C Lenbio (HOpMUPOBAHMS
MpeICTaBICHUI 00 UaeanbHON MOJENN PYKUHHOTO MasiTHHUKA.
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3aKOH COXpaHEHUs PHEPTUH MPH KOJeOaHHIX Tpy3a Ha MPYKHUHE.

HccnenoBanue BRIHYKIEHHBIX KOJICOaHUH.

Hab6nonenue pezonanca.

VYueHn4ecKui 3KCIepuMeHT, 1a00opaTopHbIe pabOThl, IPAKTUKYM.

N3mepenue nepuoaa cBOOOTHBIX KOJIeOaHH HUTSHOTO U PY>KUHHOTO MasTHUKOB.

N3yueHne 3aKOHOB JIBM)KEHUS Teja B X0JIe KoeOaHui Ha yIIpyroM MojBece.

W3yueHne ABMKEHUS HUTSHOTO MasTHUKA.

[TpeoOpa3oBanue 3HEPrUM B IPYKUHHOM MasiTHUKE.

HccnenoBanue yObIBaHUS aMILTUTY/IbI 3aTyXAIOMIMX KOJICOAHUA.

HccnenoBanue BEIHYKCHHBIX KOJIEOaHUH.

Tema 2. DneKTpoMarHuTHbIE KOJeOaHusl.

KonebarenbHplii koHTYyp. CBOOOAHBIE 3JEKTPOMATHUTHBIE KOJEOAaHUS B HJCATILHOM
KosiebarenbHOM KoHType. @opmyna Tomcona. CBsi3b aMIUTUTYABI 3apsga KOHIEHcATOpa ¢
aMIUTUTYAOH CUJIBI TOKA B KOJIEOATEIbHOM KOHTYpE.

3aKOH COXpaHEHUs PDHEPTUH B UJCATLHOM K0JIe0aTeIbHOM KOHTYpE.

3aryxarolmye 3JIeKTPOMarHuTHele KojeOaHMs. BbIHYXJEHHBIE 3JIEKTPOMAarHUTHBIE
KOJIeOaHusI.

ITlepemeHHBI TOK. MOIIHOCTE NEPEMEHHOIO TOKA. AMIUIMTYJHOE W JAECUCTBYIOLIEE
3HAYCHHE CUJIBI TOKA U HAIIPSDKEHUS TPU PA3IMIHON (POpMe 3aBHCUMOCTH TIEPEMEHHOTO TOKa OT
BPEMEHH.

CuHyconabHbII epeMeHHbIN TOK. Pe3ucTop, KoHAeHcaTop U KaTyllKa MHAYKTUBHOCTH
B LIENIM CHHYCOUJAJIBHOTO IIEPEMEHHOr0 TOKa. Pe3oHaHC TOKOB. Pe3oHaHc HanpsKkeHui.

Wneansubiii Tpanchopmarop. [IponsBoncTBo, mepeaada U MOTpeOICHHE SICKTPHUSCKOM
JHEPrUu.

OKOJIOTUYECKME PUCKU IPU IPOU3BOJACTBE 3JIEKTposHepruu. KynpTypa HCHOIb30BaHUS
3JIEKTPO’HEPI YU B IIOBCEAHEBHOM XKU3HHU.

TexHudyeckue yCTpPOMCTBA M TEXHOJIOTMYECKUE IIPOLIECCHI: JJIEKTPUYECKHM 3BOHOK,
TEHEpaTOp IEPEMEHHOr0 TOKA, JINHUU 3JIEKTpoIiepeiay.

JeMoHcTpanuu.

CB00OOIHBIE IIEKTPOMArHUTHbBIE KOJIEOaHMS.

3aBUCHUMOCTb 4aCTOThI CBOOOIHBIX KOJI€0aHUN OT UHAYKTUBHOCTH U EMKOCTH KOHTYpA.

OcuusuiorpaMMsbl 3J1€KTPOMAarHUTHBIX KOJIeOaHUH.

['eHepaTop HE3aTyXalIUX 3JIEKTPOMArHUTHBIX KOJIeOaHUH.

Mozenb 27€KTpPOMarHUTHOTO T€HEpATopa.

BoiHyX1€HHBIE CHHYCOMIATIbHBIE KOJIe0aHusl.

Pe3ucrop, kaTylka HHAYKTUBHOCTH ¥ KOHJIEHCATOP B LIETIH IEPEMEHHOTO TOKA.

Pe3onanc mpu mocienoBaTeIbHOM COEIMHEHUHM PE3UCTOPA, KaTYIIKM WHAYKTHBHOCTH U
KOHJIEHCATOPA.

VYCeTpoicTBO M MPUHIIUIL JEHCTBUS TpaHchopmaTopa.

Mogenb TMHUY 3IIEKTPOIIEpEIadH.

Y4eHnueckuil SKCIIEpUMEHT, J1abopaTOpHbIE Pa0OThI, IPAKTUKYM.

N3yuenue Tpanchopmaropa.

HccnenoBanue nepeMEHHOI0 TOKa uYepe3 MOCIeI0BaTENbHO COECAUHEHHBIE KOHJIEHCATOP,
KaTyIIKYy ¥ PE3UCTOD.

Habmtoienue 3meKkTpoMarHiTHOT'O PE30HAaHCA.

HccnenoBanue paboThl HCTOYHUKOB CBETA B IENH MEPEMEHHOT0 TOKA.

Tema 3. MexaHn4YeCKHE U 3IEKTPOMArHUTHBIE BOJIHBI.

MexaHuueckue BOJHBI, YCIOBHUS UX pacrnpocTpaHeHus. llomepeuHble M NpOAONIbHBIE
BoJIHBI. [lepuon, ckopocTs pacnpocTpaHeHHs U AjuHa BOJHBI. CBOMCTBa MEXaHWYECKUX BOJIH:
OTpakeHHe, IpeoMIIeHUe, UHTephepeHIs U AU(PaKIIHsL.

3Byk. CxopocTb 3ByKa. ' poMKkocTh 3ByKa. BeicoTa ToHa. TeMOp 3ByKa.

[IymoBoe 3arpsi3HEHNE OKPYXKAIOIIEH Cpeibl.
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DNEKTPOMAarHUTHbBIE BOJIHBL. Y CIIOBUS U3IYyUYEHUS 3JIEKTPOMAarHUTHBIX BOJIH.

B3anMHas opueHTaIus BEKTOPOB - -" B 3JIEKTPOMarHUTHOM BOJTHE.

CBolicTBa  3JEKTPOMarHUTHBIX  BOJIH:  OTPaXCHHE, IMPEIOMIICHHE, MOJspU3aLus,
uHTephepeHIus U TudpaKiius.

[IIkana 31EKTPOMArHUTHBIX BOJH. IIprMeHEHHe 3JIEKTPOMArHUTHBIX BOJIH B TEXHUKE U
OBITY.

IIpuHIMIIBI pagnoCBA3U U TeleBuaeHUs. Pagnonokanus.

DNEeKTPOMarHUTHOE 3arpsi3HEHUE OKPYKAIOIIEH Cpeibl.

TexHuueckue yCTpONCTBA M INMPAKTUUYECKOE IPUMEHEHUE: MY3bIKaJIbHbl€ MHCTPYMEHTHI,
pamap, paauoONpUEMHHK, TeNeBU30p, aHTeHHa, Ttenedon, CBY-neub, yibTpa3ByKoBas
JMArHOCTHKA B TEXHUKE U MEJIULIUHE.

JeMoHcTpanumu.

OO6pa3oBaHue U pacnpoCTpaHEHUE TOTEPEYHBIX U MTPOJIOJIBHBIX BOJIH.

KoneOG:mromeecs Teno Kak HCTOUYHUK 3BYKa.

3aBUCHUMOCTbH JIUTMHBI BOJIHBI OT YaCTOTHI KOJIEOaHHIA.

Habmroienue orpaskeHus: ¥ NpeaoMIICHHS] MEXaHUUYECKHUX BOJIH.

Habmonenne narepdepeHnny 1 1uppakind MEXaHHYECKHX BOJIH.

AKyCTHYECKUI PE30HAHC.

CBolicTBa yabTpa3ByKa U €ro NIpUMEHEHHUE.

Habmtonenue CcBS3M TPOMKOCTH 3BYKa M BBICOTBI TOHA C aMIUTUTYJOM U YacTOTOM
KOJICOAHUH.

HccnenoBanne CBOWCTB  DIIEKTPOMATHUTHBIX  BOJIH:  OTpPaXXEHHE, MpEIOMIICHUE,
noJsipu3anus, Tudpakuus, tHTepdepeHIus.

Ob6napysxeHnre HHGPAKPACHOTO U YIbTPapUOIECTOBOTO U3TyYSHHI.

Y4eHn4ecKkuil IKCIIEPUMEHT, 1Ta00paTOpHBIE pabOTHI, MPAKTHKYM.

W3ydeHue napaMeTpoB 3ByKOBOW BOJIHBI.

W3ydeHue pacrpocTpaHeHHs 3BYKOBBIX BOJIH B 3aMKHYTOM IIPOCTPAHCTBE.

Tewma 4. Onrtuka.

[IpsamosinHENTHOE pacpOCTpaHEHHE CBETa B OJHOpOAHOM cpene. JIyu cBera. ToueuHbii
VCTOYHUK CBETA.

OtpakeHue cBeTa. 3aKOHbI OTpakeHHs cBeTa. [locTpoeHne u300pa)keHHl B IUIOCKOM
3epkane. Chepruueckue 3epkaia.

[Ipenomnenune cBera. 3akOHBI TPEIOMJICHUST CBeTa. AOCONIOTHBIM  TOKa3aTelb
npenomiieHuss. OTHOCUTENBHBIN IOKa3aTenab NpeoMiieHHs. [IoCTOSHCTBO 4acTOTHI cBeTa U
COOTHOILIEHUE JUIMH BOJIH NPHU MEPEX0/I€ MOHOXPOMATUYECKOTO CBETA 4Yepe3 IpaHuIly paszena
JIBYX ONITUYECKUX CPEZ.

Xon myueit B npusme. ucnepcus ceera. CinoxHbIi cocTaB Oesnoro cBera. LIBer.

ITontHOE BHyTpeHHEe oTpakeHue. IIpenenbHblil yroi MoJIHOro BHYTPEHHETO OTPAKEHUS.

Cobupatoniue U pacceuBaromue JuH3bl. ToHkas mnuH3a. DOKyCHOE paccTOsSHHUE U
ONTHYECKasl CHUJa TOHKOM JIMH3bI. 3aBUCUMOCTb (DOKYCHOTO PACCTOSHUS TOHKOH cepudeckoi
JIMH3BI OT €€ TEOMETPUU U OTHOCUTENILHOTO MOKa3aTesl IPEIOMIICHUS.

dopmyiia TOHKOH JIMH3BL. Y BEIUYEHUE, JaBAEMOE JIMH30M.

Xopa nyda, IpoUIeIIero JUH3Y M0 IPOU3BOIbHBIM YIJIOM K €€ TJIaBHOM ONTUYECKOM OCH.
[Toctpoenne n300pakeHUH TOUKH U OTpe3Ka MPSMON B COOMPAIOIIUX U PACCEUBAIOIIMX JIMH3aX
U UX CUCTEMaX.

Ontuueckue npudopsl. Pasperatomniast cnocoOHOCTh. [71a3 Kak onTUYeckast CUCTEMa.

[Ipenensl IPUMEHUMOCTH TEOMETPUUYECKOU ONTHKH.

BonnoBast ontuka. Uutepdepenuus cBera. KorepeHTHbIE HCTOUYHUKU. Y CIOBHA
HAOMIOJIEHUsI MAaKCUMYMOB U MHUHHUMYMOB B HWHTEp(EpPEHIIMOHHON KapTUHE OT JABYX
KOTE€PEHTHBIX UCTOYHHUKOB. [IpuMeps! Kitaccuyeckix MHTEP(PEPEeHIIMOHHBIX CXEM.

Hudpaxkmus csera. JludpakiuoHHas pemeéTka. YcIoBHE HaONIONEHUS TJIABHBIX
MaKCHUMYMOB IPH MaIeHUU MOHOXPOMATHYECKOT0 CBETa Ha IU(PAKIIMOHHYIO PEIIETKY.
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ITonspusanus ceera.

TexHu4yeckne yCTpPOHMCTBA M TEXHOJOTMYECKHE IMPOLECCHl: OYKH, JyNa, IEPUCKOI,
¢doroanmapar, MHUKPOCKOI, MPOEKIUOHHBIA amnmapaT, IPOCBETICHHWE ONTUKU, BOJIOKOHHAS
onTukKa, TupaKMOHHAs PEeIETKA.

JeMoHcTpanuu.

3aKOHBI OTPAXKEHUSI CBETA.

HccnenoBaHue peioMIIEHUS CBETA.

Habmtoienue noaHoro BHyTpeHHEro oTpaxkeHus. MoJienb cBeToBoa.

HccnenoBaHue xo/1a CBETOBBIX ITYYKOB YEPE3 INIOCKONAPAIIIENbHYIO IIJIACTUHY U IIPU3MY.

HccnenoBanue CBOMCTB M300payKCHHM B JIMH3aX.

Mogenu MUKpPOCKOIIA, TEIECKOIIA.

Hab6nronenue naTepdepeHIinm cBeTa.

HaburoneHne 1BeTOB TOHKUX IIEHOK.

Hab6nronenue nudpakuuu cBera.

N3yuenne qudpakinOHHON PEIIETKH.

Habmonenue nudpakiinoHHOTO CHEKTpa.

HabGmronenue nucniepcuu certa.

Habmronenue nomisipuszanuu cBera.

[TpumeHeHre noaApOUI0B ISl U3YUEHHUS] MEXaHUUYECKUX HAIPSKEHUH.

Y4eHnueckui SKCIIEPUMEHT, JIabopaTOpHbIe Pa0OTHI, MPAKTUKYM.

N3mepeHnue nokasaresns NpeaoMIICHHUs CTEKIIa.

HccnenoBanue 3aBUCUMOCTH (JOKYCHOTO PACCTOSIHHSI OT BeEIIeCTBa (Ha MpUMEpe >KHUIKHX
JIUH3).

H3mepenne poKyCHOT0 pacCTOSHUS PACCEUBAIOIINX JIUH3.

[Tonryuenue n300pakxeHUs B CUCTEME U3 INIOCKOTO 3epKajla U JIMH3bI.

[Tomryuenue n300pakeHus B CUCTEME U3 JIBYX JIMH3.

KoHcTpyrnpoBaHue TeIeCKONMUYECKUX CUCTEM.

Habmronenue nudpakuuu, nHTephEepeHIINN U TOISIpU3aIIK CBETA.

W3ydeHne noyspu3aluy CBETa, OTPAXXEHHOIO OT MMOBEPXHOCTU JUAJIEKTPHKA.

N3yuenne naTepdepeHIINM Ja3epHOro N3IYyYEeHUs Ha BYX LIEIAX.

Hab6mronenue nucniepcum.

HaGnronenue u uccnenoBanue AMPppakIHOHHOTO CIEKTpa.

N3mepenne 1iiMHbI CBETOBOM BOJIHBI.

[Tony4yeHnue criekTpa U3ydeHHs CBETOAMOAA IPU MOMOIIH U (PAKIIMOHHOHN peIETKY.

Pa3nes 6. OcHOBEI crielinaabHONW TEOPUU OTHOCUTEIHHOCTH.

['paHuIBl IPUMEHUMOCTH KJIACCUYECKONW MexaHWKHU. IlocTynaTel cnenuanbHOM TeopuH
OTHOCHUTEJIbHOCTH.

[TpoctpancTBeHHO-BpeMeHHOW  uMHTepBai.  IIpeoOpasoBanust  Jlopenuma.  YcioBue
NPUYUHHOCTU. OTHOCHUTENBHOCTh OJIHOBPEMEHHOCTH. 3aMeNJeHHEe BPEMEHH U COKpallleHue
JUTUHBL.

OHeprus U UMNYJIbC PEISITUBUCTCKON YaCTUIIBI.

CBs13bp MaccChl C SHEPTUEH U UMITYJIBCOM PEIATUBUCTCKOM YaCTHUIIbI. DHEPIUs MOKOSL.

TexHuuyeckue ycTpoWCTBa M TEXHOJIOTMYECKHE TIPOILIECChl: CIYTHUKOBBIE NPUEMHHKH,
YCKOPUTENHN 3apsSKEHHBIX YaCTHLI.

Yyennueckui SKCIIEPUMEHT, JIabopaTOpHbIE Pa0OTHI, MPAKTUKYM.

OmnpezneneHue UMIYNIbCAa M SHEPTHM PEIATHUBUCTCKUX 4acTul] (1o (oTorpadgusM TpEeKoB
3apsHKCHHBIX YaCTHIl B MATHUTHOM I10JIE).

Paznen 7. KBanroBas ¢gusuka.

Tewma 1. KopryckynsipHO-BOTHOBOM Tyalnn3M.

PaBHOBecHOE TemoBoe wH3NydeHHE (M3TydeHHE aOCOJIIOTHO YE€pHOro Tena). 3aKoH
cMemienust Buna. ['unoresa [lnanka o kBaHTax.

@DOTOHBI. DHEPTHs U UMITYJIEC (POTOHA.
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®otoadpdexr. Onbitel A.I'. CtoneroBa. 3akoHbl hoTodddekTa. YpaBHEeHHEe DUHIITEHHA
s potorpdekra. "Kpacnas rpanuma” porodrddekra.

JlaBnenue cBera (B YacTHOCTHM, JaBJIEHUE CBETa Ha aOCOJIIOTHO IIOMVIOMIAIOIIYI U
a0COJIIOTHO OTpaKaroIIyto moBepxHocTh). OnbiTel [1.H. JleOGenena.

BonHoBble cBoiicTBa yactul. BosHbl e bpound. [[nuHa BosHBL e bpoisia U pasmepsl
o0jacTu  JoOKanu3alMM  JBWXKylIeiics dacTtuipl. KopmyckynspHO-BOJHOBOW — Tyaiu3M.
Judpakius 3JeKTPOHOB HAa KpUCTaJIaX.

Crnenuduka uzmepeHuii B Mukpomupe. CooTHOIIEHUsT HeonpenenéHnocTen [ efizenoepra.

TexHuUecKkne yCTPOHCTBA M TEXHOJOTHYECKUE IMPOLECCHI: CHEKTPOMETpP, (POTOIIEMEHT,
dboTogaTuuk, TyHHEIbHBIH MUKPOCKOII, COJTHEUHas 6arapesi, CBeTOAHO/I.

JeMoHcTpanuu.

®dotor(deKT Ha yCTAaHOBKE C ITMHKOBOM TIJIACTHHOM.

HccnenoBanue 3akOHOB BHEIIHETo GoTorddexra.

HccenenoBanue 3aBUCUMOCTH COITPOTUBIICHUSI IOJTYTIPOBOAHUKOB OT OCBEIIEHHOCTH.

Cseroauo.

Conneunas Oarapes.

Y4eHn4ecKnuii IKCTIEPUMEHT, Tab0opaTOpHbIe pabOThI, MPAKTUKYM.

Hccnenosanue poropesucropa.

N3mepenue noctossHHOM [Imanka Ha ocHOBe rccnenoBanus Gotodddekxra.

HccnenoBanue 3aBUCUMOCTH CUJIBI TOKA Y€PE3 CBETOAMO/L OT HAPSKEHUSI.

Tema 2. ®u3uka atroma.

OMnBITHI O UCCIIEIOBAHUIO cTpoeHus aToma. [nanerapuas mogens atoma Pesepdopaa.

[Tocrynarer bopa. U3znydyenne u mornomenne (HOTOHOB MPH MEPEXOe aToMa C OJHOTO
YPOBHSI SHEPTUU Ha APYTOH.

Bunet cnektpoB. Crnektp ypoBHeW sHeprum aroma Bojopoaa. CroHTaHHOE U
BBIHY’KJICHHOE U3JlydeHue ceera. Jlazep.

TexHUYecKne yCTPOWCTBA M TEXHOJOTHMYECKHE IPOLECCHI: CIEKTPAJIbHBIA aHAIU3
(cTIeKTpOCKOI), J1a3ep, KBAHTOBBIM KOMITBIOTED.

JeMoHcTpanuu.

Monens onsita Pezepdopaa.

Habmronenne nuHelyaThIX CIIEKTPOB.

YCTpolcTBO U AEMCTBUE CUETUMKA HOHU3UPYIOLIUX YACTHUILI.

Omnpenenenne JUIMHBI BOJIHBI JIA3€PHOTO U3ITYYECHHUS.

Y4eHn4eckuit SKCIepUMEHT, 1a00paTOpHbIe pabOThI, MPAKTUKYM.

HabGmronenue nuHeRyaToro crexkTpa.

HccnenoBanue CEKTpa pa3peskeHHOTO aTOMapHOrO BOJOPOJA U MU3MEPEHHUE MOCTOSHHOM
Punoepra.

Tema 3. ®du3nka aTOMHOTO s1Ipa U 2JIEMEHTAPHBIX YaCTHII.

Hyxnonnass monens simpa ['eiizenOepra-MBanenko. 3apsan sapa. MaccoBoe 4uCIO sjpa.
N3oTomnsl.

PaguoaxktuBHOCTh. Anbda-pacnag. DIeKTPOHHBI U MO3UTPOHHBINA Oera-pacnaza. ['amma-
U3JIyYEHHUE.

3aKOoH paJuMOaKTUBHOrO pacnajga. PannoakTuBHble u30TOmbl B mpupoxae. CBoiicTBa
VMOHM3UPYIOLIETO U3JIyYeHUs. BiusHue pagroakTHBHOCTH HA KUBbIE OpraHu3Mbl. ECTECTBEHHBIN
¢dbon m3nyuenus. [lozumerpusi.

OHeprus cBSA3M HYKJIOHOB B sizipe. SnepHble cuiibl. JledekT Macchl spa.

SAnepusie peakuuu. Jlenenne u cuHTe3 sAep. Snepubie peakTtopbl. [IpoOrembl
YIPaBIsEMOr0 TEPMOSACPHOTO CHHTE3a. OKOJIOIMYECKHME AaCMEKThl pa3BUTUS  sIEPHOMU
SHEPreTUKH.

MeTto1bl perucTpanyy U UCCIEJOBAHMS SJIEMEHTAPHBIX YaCTHULL.

DyHIaMEHTAIbHBIE B3aUMOJACHCTBUA. baproHbl, Me30HBI U JenToHbl. IIpencraBienue o
CranpaptHoil Mogenu. KBapk-TirooHHast MOJENb apPOHOB.
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®uznka 3a npenenamu CranpapTHOW Monenu. TémHass marepuss U TEMHas DHEPIUS.
EnuacTBO n3uyueckoit KapTUHBI MUpA.

TexHuueckue ycTpoilcTBa U TEXHOJIOTMYECKUE IPOLIECCHI: JO3UMETP, Kamepa BuibcoHa,
ANCpHBIA  PEaKTOp, TEPMOSIIEPHBbIM peakTop, aromMHas Oom0a, MarHUTHO-pE30HaHCHAs
Tomorpadus.

VYueHn4ecKui 3KCIepuMEeHT, 1a00opaTopHbIe pabOThl, IPAKTUKYM.

HccnenoBanue TpeKoB YacTHIl (TI0 TOTOBBIM (oTorpadusm).

HccnenoBanue paJuoakTUBHOTO (POHA C MCIIOJIb30BAaHUEM JI03UMETPA.

W3yuenne nornomeHus 0eTa-4acTull aTlOMUHHEM.

Pa3nen 8. DiieMeHTHI aCTPOHOMUHM U aCTPOPUZHUKH.

Ortanbl  pa3BUTUS  acTpoHOMHUM. llpuknagHoe W MHUPOBO33PEHYECKOE 3HAUEHHUE
acTpoHOMMHU. IIpUMeHMMOCTb 3aKOHOB (GU3UKU Ui OOBSCHEHUS HPUPOABl KOCMHYECKHX
00BEKTOB.

Metoael actpoHOMHYECKMX HccaenoBaHuil. COBPEMEHHBIE ONTHYECKHE TEJIECKOIIbI,
panuoTeNecKonbl, BHEATMOC(HEpHas aCTPOHOMHUSI.

Bun 3Bé3sgHoro He6a. CosBe3gusi, sipkue 3BE3bl, IUIAHETHI, UX BUIAMMOE IBHKECHHE.
CounHeyHas cucrema.

Connue. Conneuynas aktuBHOCTb. McTtounuk sneprun ComnHua u 3BE31.

3BE3/1bl, UX OCHOBHBIE XapaKTEepUCTUKH. J(narpaMma "CreKTpajbHBIM Kilacc -CBETUMOCTD .
3BE31bI TIIABHOM IMOCIIENOBATEIBHOCTH. 3aBUCUMOCTE ''Macca -CBETUMOCTD' IS 3BE3] IJIaBHOU
nociea0BaTenbHOCTH. BHyTpeHHee crpoeHue 3BE3N. CoBpeMEHHbIE MPEACTABICHUS O
IIPOUCXOXKACHNN U 3Boaronuu CoslHIA U 3BE3/. DTalbl )KU3HU 3BE3 L.

Mineunsrii [1yTe - Hamra [Nanaktuka. [Tonoxxenue u npmxenue Connna B ['anaktuke. Tumbl
rajlakTuk. PannoranakTuky u kBazapel. YEpHbIE NBIPHI B siipax rajlakTHK.

Bcenennas. Pacmmmpenne Bceenennoit. 3akon Xa06ma. PazOeranme ramaxtuk. Teopwus
bonbuioro B3psiBa. PeNUKTOBOE U3IydYEHHUE.

Macmrabnas ctpykTrypa Beenennoil. MeraranakTuka.

Hepewménnbie npo0ieMbl aCTPOHOMHH.

VYyenuueckre HabIIOIECHUS.

HaOnronenuss  3BE3gHOro Heba  HEBOOPY)KEHHBIM  IJ1a30M € HCIIOJb30BaHHEM
KOMIIBIOTEPHBIX ~TPWJIOKEHUH JJI OINpeAeNeHUs] TOJOXKEHUs] HEeOeCHbIX OOBEKTOB Ha
KOHKPETHYIO J]aTy: OCHOBHBIE c03Be3a1s1 CEBEPHOTO NOJyIIApHs U SIPKUE 3BE3/IBI.

Habmonenus B Teneckon JIyHbl, IIaHEeT, TYMAaHHOCTEN U 3BE3/IHBIX CKOIUICHUH.

Du3nYecKUl MPAKTUKYM.

CrniocoObl u3MepeHus pU3NUECKUX BEIMYMH C UCIIOJIb30BAaHUEM aHAJIOTOBBIX M HU(POBBIX
U3MEPUTENIBHBIX TPUOOPOB M KOMIBIOTEPHBIX JaTYUKOBBIX CHUCTEM. AOCONIOTHBIE U
OTHOCHUTEINIbHbIE  IOTPEIIHOCTH  M3MepeHud  ¢uznueckux BeauyuH. OleHKa TIpaHUIl
MO PELIHOCTEM.

[TpoBeneHne KOCBEHHBIX U3MEPEHUM, NCCIIEJOBAaHUM 3aBUCUMOCTEN (PU3HUECKUX BEIUYUH,
IpOBEpKa IMpPEJUIOKEHHBIX TUoTe3 (BbIOOp M3 paldoT, OMMCAaHHBIX B TEMAaTHYECKUX paszjenax
"VyeHnyecKui IKCIEPUMEHT, JJabopaTOpHbIE pabOThI, MPAKTUKYM").

O0o0maroniee NnoBTOpPeHUE.

O6o6menne ¥ cucTemMarusalus  cojAepkKaHMs — pa3fenoB  Kypca "MexaHuka",
"MonekymsipHas ¢u3nka U TepMoauHamuka", "OnextponuHamuka’, "Komnebanus u BOJHBI",
"OcHOBBI crneuuasbHOM Teopuu oOTHOcuTenbHOCTH", "KBaHTOBas Qusuka", "ODieMeHTHI
ACTPOHOMMH U acTpopu3uKu".

Ponp ¢u3nku W acTpOHOMHHM B SKOHOMHUYECKOW, TEXHOJOTUYECKOW, COIMAIBHOW U
THYECKOH cdepax [IesATETbHOCTH 4YelOoBEeKa, pojlb M MecTo (U3MKM M aCTPOHOMHMU B
COBPEMEHHOM HAy4yHOM KapTHMHE MHpa, 3HAYEHUE ONMCATENIbHOW, CHCTEMAaTU3HPYIOLIEH,
OOBSICHUTENIBHOM U MPOrHOCTUYECKON (DyHKIMHA pru3nyueckoit TeopuH, poib GU3UIECKON Teopuu
B (DOPMUPOBAHUU TPEACTABICHUN O PU3NYECKON KapTHHE MHpaA, MECTO (U3NYECKON KapTHHBI
MHpa B 00ILEM Py COBPEMEHHBIX €CTECTBEHHO-HAYUYHbIX IPEACTAaBICHUN O IPUPOJIE.
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Me:xnpeameTrHbie CBA3H.

N3yuenune kypca Gusznku yriayoséHHOro ypoBHs B 11 Kjacce oCymecTBIsETCS C y4€TOM
COJIEPXKATEJIbHBIX MEXKIIPEAMETHBIX CBSI3€M C KypcamMH MaTE€MaTUKH, OHOJOTUM, XUMUH,
reorpauu ¥ TEXHOJIOTHU.

MexnpeaAMETHbIE TOHSTHUSA, CBS3aHHBIE C HM3YYCHHUEM METOJ0B HAyYHOTO ITO3HAHUSA:
ABJICHUE, Hay4YHbIH (akT, runore3a, (Qu3uUeckas BEIUYMHA, 3aKOH, TEOpHs, HAOIIOACHUE,
AKCIEPUMEHT, MOJCIIMPOBAHUE, MOJENb, U3MEPEHUE, IOTPELTHOCTH U3MEPEHU, U3MEPUTEIIbHBIE
npuOopsI, udpoBas 1ad0paTopwHs.

Maremaruka: Pemenue cucrembl ypaBHeHUH. TpuroHomerpudeckue (yHKIHH: CHHYC,
KOCHHYC, TAHI€HC, KOTAHT'€HC, OCHOBHOE TPHUTOHOMETPHUUYECKOE TOXKIAECTBO. BekTopel m ux
NPOCKIIMM Ha OCH KOOPAMHAT, CIOKEHHE BEKTOPOB. IIpoM3BOIHBIC 3JIEMEHTApHBIX ()YHKIIHMA.
[Tpu3naku mo100us TPEYroabHUKOB, OIIPEIeICHNE TUIOMIAIU TUIOCKUX QUryp U 00bEMa Tel.

buonorus: snexTpuueckue SBICHHS B JKHBOW NpHUpOJE, KolebareiabHbIC IBIKCHUS B
JKUBOW  MNpPUPOJE,  DKOJOTMYECKHE  PUCKM  IpPU  HPOU3BOACTBE  AIIEKTPOIHEPIHH,
JJIEKTPOMATHUTHOE 3arpsi3HEHUE OKPYXKAIOWIEW Cpelbl, YIbTPa3ByKOBass JUAarHoCTUKa B
MEIULMHE, ONTUYECKUE SIBJICHUS B )KUBOW MTPUPOJE.

XUMHSA: CTPOCHHME AaTOMOB M MOJIEKYJ, KPUCTAJUIMYECKass CTPYKTypa TBEPABIX TEl,
MeXaHHU3Mbl 00pa30BaHUS KPUCTAJUIMYECKOM PEIIETKH, CIIEKTPAIbHBIN aHaIH3.

['eorpadmsa: MarHuTHBIE TONIOCA 3€MJIH, 3aJIe)KH MAarHUTHBIX Py, HOTOCHEMKA 3eMHOM
MOBEPXHOCTH, cericMorpad.

TexHomorust: MPUMEHEHUE MOCTOSIHHBIX MAarHUTOB, 3JIEKTPOMArHUTOB, JIEKTPOJABUTATEIb
Skobu, reHepaTop TMEPEeMEHHOrO TOKa, HWHAYKIMOHHAs Tedb, JMHHUHM DSJEKTpoliepenad,
DIIEKTPOABHUraTeNb, pajxap, paaAUONPUEMHHUK, TENEBU30p, aHTeHHa, Tenedon, CBY-meus,
YIbTPa3BYKOBas JMArHOCTMKA B TEXHHUKE, IMPOCKUMOHHBIM anmapar, BOJOKOHHAas ONTHUKA,
COJTHEYHas Oarapesi, CITyTHUKOBBIC IPUEMHUKH, SICPHASI JHEPTCTHKA U IKOJIOTHUSCKUE ACTIEKTHI
€€ pa3BUTHSL.

2. INTAHUPYEMBIE PE3VJIbTATBI OCBOEHUA HHPOI'PAMMBI YHEBHOI'O
[NPEAMETA «®U3UKA» (YI'JIYBJIEHHBIM YPOBEHD)

OcBoenue yueOHOro mnpeamera "dusmka" Ha YpOBHE CpeAHEro oO0Iero oOpa3zoBaHUsA
(yrnmyOneHHBIH ypOBEHb) JOJKHO OOECHEeYUTh JOCTHIKEHHE CIEIYIOIIUX JIMYHOCTHBIX,
MCTAIIPEAMCTHBIX U MMPEAMCETHBIX O6pa3OBaTeJ'II>HI)IX PE3YIBTATOB.

JINYHOCTHBIE PeE3yJIbTaThbl

JInuHOCTHBIE pe3yNbTaThl OCBOEHHUs y4yeOHoro mpeamera "®dusuka" AOHKHBI OTPa’KaTh
TOTOBHOCTb M CIIOCOOHOCTH OOYYarOLIMXCSl PYKOBOJCTBOBATHCS CPOPMHUPOBAHHOW BHYTpEHHEH
MO3UIMEN JMYHOCTH, CHCTEMOH IIEHHOCTHBIX OpPHEHTAlMM, IO3UTHUBHBIX BHYTPEHHHUX
yOeXJIeHUH, COOTBETCTBYIOIMX TPAJUIMOHHBIM IIEHHOCTSM pPOCCHHMCKOrO  OOILEeCTBa,
paciIvpeHue >KU3HEHHOI'O OIbITa M ONbITa AESITENbHOCTH B IPOILIECCE PEeaTM3allid OCHOBHBIX
HaIpPaBJICHU! BOCIIUTATENIBHOM 1€ATEIbHOCTH, B TOM YHCJIE B YACTH:

1) rpa)k1aHCKOTO BOCTIMTAHUS:

Cc(OPMHPOBAHHOCTh  TPAKIAHCKONH TMO3UIMM  OOy4aroIlerocss Kak akTHBHOTO H
OTBETCTBEHHOT'0 WIEHA POCCUICKOro 00IIeCTBa;

NPUHATHE TPATUIMOHHBIX OOIIEYEIOBEYECKHX T'YMAHHUCTHUECKUX MU JIEMOKPATHUECKUX
IICHHOCTEI;

TOTOBHOCTh BECTHM COBMECTHYIO JESTEIbHOCTh B HHTEpEcax TPakKIaHCKOTO OOIIecTBa,
y4acTBOBaTh B CAMOYIIPABIECHUH B 00pa30BaTeIbHON OpraHU3allly;

YMEHHME B3aUMOJACHCTBOBATH C COLMAIBHBIMM HMHCTHUTYTAMH B COOTBETCTBHUM C HX
GYHKIUSAMU 1 Ha3HAUEHUEM;

TOTOBHOCTb K TYMaHUTapHON U BOJIOHTEPCKOM JIEATEIBHOCTH;
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2) NaTpUOTHYECKOTI0 BOCIIMTAHUSA:

c(hOpMUPOBAHHOCTh POCCUNCKON TPAKIAHCKON UACHTUYHOCTH, TATPUOTU3MA;

[ICHHOCTHOE OTHOIICHHE K TOCYAAPCTBEHHBIM CHMBOJIAM, JOCTHXKCHHSM POCCHHCKUX
yu€HBIX B 007acTH (PU3UKU U TEXHUKE;

3) IyXOBHO-HPABCTBEHHOTO BOCITUTAHUS:

c(hOpMUPOBAHHOCTh HPABCTBEHHOT'O CO3HAHUS, ITUYECKOTO MOBEICHUS;

CHOCOOHOCTh OIICHHWBATh CUTYAIMIO W NMPHHUMATh OCO3HAHHBIE PELICHUS, OPUEHTHPYSCH
Ha MOPaJIbHO-HPABCTBEHHBIE HOPMBI U LIEGHHOCTH, B TOM YHCJI€ B I€ATEILHOCTH YYEHOTO;

OCO3HAHME JIMYHOTO BKJIAJa B IOCTPOEHUE YCTOMUUBOTO OYIYIIEro;

4) 5CTEeTUUYECKOTO BOCTIUTAHUSA:

ACTETUYECKOE OTHOLIEHHE K MUPY, BKIIIOUYAsi 3CTETUKY HAYYHOI'O TBOPYECTBA, IIPUCYILIETO
(bu3HYECcKOI HayKe;

5) TpyZIOBOTO BOCITUTAHUS:

UHTEpEC K pa3Iu4HbIM cdepaM MNpodeccHOHANbHON JAESITeIbHOCTH, B TOM YHUCIE
CBS3aHHBIM C (U3MKOW W TEXHHWKOW, YMEHHE COBEpIIATh OCO3HAHHBIM BBIOOp Oymymei
npodeccuu 1 peanu3oBbIBaTH COOCTBEHHBIE KU3HEHHBIE TUIAHBI;

TOTOBHOCTb M CIIOCOOHOCTh K OOpa30BaHUIO U CamMoO0pa3oBaHUIO B 00JacTH (PU3UKU HA
MPOTSKEHUH BCEU KU3HU;

6) PKOJIOTUYECKOTO BOCIIUTAHMUS:

c(OpPMUPOBAHHOCTh HKOJIOTUYECKON KYJIBTYphI, OCO3HAaHUE TIJIOOANBFHOTO XapakTepa
HKOJIOTUYECKUX MPOOIIeM;

IUTAHUPOBAHKUE U OCYILIECTBJICHUE ACWCTBUN B OKpYKaIOLIEH cpele Ha OCHOBE 3HAHUS
L€ YCTOMYMBOTO PA3BUTHSI YEJIOBEYECTBA;

Pacimmpenue ombiTa JESTENBHOCTH JKOJOTUYECKOW HAMpPaBICHHOCTH Ha OCHOBE
UMEIOIIMXCS 3HaHUH 10 (u3uKe;

7) IEeHHOCTU HAYYHOTO TTO3HAHMUSI:

c(OpMUPOBAHHOCT ~MHUPOBO33PEHUSI, COOTBETCTBYIOLEIO COBPEMEHHOMY YPOBHIO
pa3BUTUA HU3MUECKOI HAYKH;

OCO3HAaHHE LIEHHOCTU HAY4YHOMH JESITeNbHOCTHU, TOTOBHOCTh B IPOLECCE U3YUEHUS (PU3UKU
OCYIIECTBIISITh IPOEKTHYIO M UCCIIEI0BATENBCKYIO IEATEIHbHOCTh MHAUBHUIyaTbHO U B TPYIIIIE.

B mporecce moctkeHust TMYHOCTHBIX PE3YIBTATOB OCBOCHHUS MTPOrPaMMBI IO (pHU3HKe TSt
YPOBHSI CpeAHEro obuiero oOpa3oBaHusi y 0OydYalOIIMXCsl COBEPILIEHCTBYETCS SMOLMOHAIbHBIN
MHTEJJIEKT, MPEeANoaraonumi copMUpOBaHHOCTD:

CaMOCO3HaHUs, BKJIIOYAIOIIETO COCOOHOCTh MOHUMATh CBOE 3MOIMOHAIBHOE COCTOSHUE,
BUJICTh HAINPABJICHUS PA3BUTHSI COOCTBEHHOM SMOITMOHAIBHOU cpepbl, OBITH YBEPEHHBIM B ce0e;

CaMOpETyIUpPOBaHMUS, BKJTFOYAIOIIETO CaMOKOHTPOIIb, yMEHHE MIPUHUMATH
OTBETCTBEHHOCTh 3a CBOE IIOBEJIEHUE, CIOCOOHOCTh aJaNTHPOBATHCS K HSMOLMOHAIBHBIM
M3MEHEHUSM U MPOSBISATH THOKOCTh, OBITH OTKPHITHIM HOBOMY;;

BHYTPEHHEH MOTHBAIlMM, BKJIIOYAIONICH CTPEMJICHHE K JOCTIDKEHHUIO IENW M YCIexXy,
ONTUMM3M, UHUITMATUBHOCTh, YMEHHUE JIWCTBOBATH, UCXO/IS U3 CBOMX BO3MOXKHOCTEH;

AMIATHM, BKIJIIOYAIOLIEH CIOCOOHOCTh MOHUMAaTh SMOLMOHAIBHOE COCTOSIHUE IpPYTHUX,
YUUTBIBATh €I0 IPU OCYIIECTBICHUH OOIIEHNUS, CIIOCOOHOCTh K COUYBCTBHUIO M COMEPEKUBAHUIO;

COIMAJILHBIX HABBIKOB, BKIIOYAIOIINX CIIOCOOHOCTH BHICTPAWBATH OTHOIICHUS C JIPYTHMH
JIOJIbMU, 3a00TUTHCSI, IPOSIBIISATH UHTEPEC U pa3peniaTh KOHQIUKTHL.

MertanpeameTHbie pe3yJbTaThl

MeranpeamMeTHble pe3yiabTaThl OCBOCHHSI MPOTPAMMBI CpPEIHEro OO0IIero oOpazoBaHUs
JOJIKHBI OTpaXXaTh:

OBnasieHre YHUBEPCAIBHBIMU MO3HABATEILHBIMU JCHCTBHUSIMHU:

1) 6Ga3oBbIE JIOTHYECKUE ACHCTBUSA:

CaMOCTOSITENNLHO (OPMYITUPOBATh U AaKTyalHM3UpOBaTh MPOOJIEMYy, paccMaTpuBaTh e€
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BCECTOPOHHE;
OIIpeNeNATh LENU IEATEIIbHOCTH, 331aBaTh apaMeTpbl U KPUTEPUU UX TOCTUKECHHUS;
BBISIBIISITH 3aKOHOMEPHOCTH U IPOTHBOPEUHSI B PACCMAaTPUBAEMBIX (DU3UUYECKHX SIBICHUSX;
pa3pabaTbIBaTh IUIAH PELICHUs IPOOIeMbl ¢ YUETOM aHAJIM3a UMEIOIINXCA MaTepUaIbHbIX

U HEMaTEepUAJIbHBIX PECYPCOB;

BHOCUTh KOPPEKTHBBI B JIE€ATECIBHOCTb, OLIEHUBAThb COOTBETCTBUE pE3YJIbTATOB LEJSAM,
OLICHUBATh PUCKU MOCIEICTBUN AESITEIbHOCTH;

KOOPJMHUPOBaTh W BBIIOJHATH pabOTy B YCIOBUSX pEAbHOIO, BHPTYAJIBHOTO H
KOMOMHHMPOBAHHOT'O B3aUMOJIEICTBUS;

pa3BUBAaTh KPEaTMBHOE MBIIUIEHUE NP PEILIEHUH )KU3HEHHBIX POOIIEM.

2) 6a30BBIC UCCIICIOBATEIIbCKUE ICHCTBUS:

BJIAJ€Th HAayYHOM TEPMHUHOJIOTMEH, KIIIOYEBBIMH IOHATUAMU M MeToJaMM (hu3HyecKon
HayKH;

BJIAJICTh HaBbIKAMM y4e€OHO-HCCIEI0BATEIbCKON U MPOEKTHOM JEATENBbHOCTH B 00JacTH
¢u3uKH, CIOCOOHOCTHIO U TOTOBHOCTBIO K CAMOCTOSITEIFHOMY TIOMCKY METO/IOB PEIICHHs 3a1a4
(bU3n4ecKOro conepKaHusl, IPUMEHEHHUIO Pa3JInYHbIX METO/I0B MO3HAHMS;

OCYIIECTBIISATh Pa3jM4YHbIE BBl ACSITEIBHOCTH 110 IOJYyYEHUI0 HOBOTO 3HAHHS, €ro
UHTEpIpeTaln, NpeoOpa3oBaHUI0 U MPUMEHEHUIO B PA3IMUYHBIX YYEOHBIX CUTYallUsX, B TOM
YHCIIe TP CO3/IaHUH YI€OHBIX IPOEKTOB B 00JIaCTH (PHU3HKH;

BBISBIIATh TPUYMHHO-CIIEACTBEHHBbIE CBSI3W M aKTYalM3MpOBATh 3ajjayy, BBIIBUIATh
TUINOTE3y €€ pelIeHMs, HaxXOAuUThb AapryMEHThl IS J0Ka3aTelbCTBA CBOMX YTBEPXKICHUH,
3ajlaBaTh apaMeTpbl U KPUTEPUU PEIICHUS;

AQHAJIN3UPOBATH MOJIYYEHHbIE B XO/I€ PEILICHUS 3aJa4l PE3YJIbTaThl, KpUTUUECKU OLICHUBATh
UX JOCTOBEPHOCTb, IPOTHO3UPOBATh U3MEHEHNE B HOBBIX YCIOBUSIX;

CTaBHUTH U (POPMYIMPOBATH COOCTBEHHBIE 33a4l B 00pa30BATEIBHON NESATETLHOCTH, B TOM
qucie IPU U3y4eHUH (PUBHKH;

JIaBaTh OLIEHKY HOBBIM CUTYalUsIM, OLIEHUBATh IPUOOPETEHHBIHN OIIBIT;

YMETb IEPEHOCUTh 3HAHUS MO (GU3UKE B IPAKTHUECKYIO 001aCTh )KU3HEACATEIbHOCTH;

YMETb UHTErPUPOBATH 3HAHUS U3 Pa3HbIX IPEIMETHBIX 00J1acTel;

BBIJIBUTaTh HOBBIE UJEH, IpearaTb OpUrHHAIbHbIE MOIX0/Ibl U PEILICHHS;

CTaBUTh MPOOJIEMBI U 3a]]a4uH, TOIMYCKAIOIINE albTEepHATUBHBIEC PELLICHUSI.

3) pabota ¢ uHpoOpmManueil:

BJIa/IETh HaBBIKAMM IOJIy4€HUs MHPOpPMAIUU (PU3UYECKOTO COJEp’KaHUS M3 MCTOYHHUKOB
pa3sHbIX THIIOB, CaMOCTOSITENIBHO OCYIIECTBJISATh IOMCK, aHAJIW3, CUCTEMATHU3ALMI0 U
MHTEPIIPETALNIO UHPOPMALIUK Pa3IMUHbIX BUAOB U (JOPM IIPE/ICTaBICHMUS;

OLIEHUBATh JOCTOBEPHOCTh MH(OPMAIINH;

UCIIOJIb30BaTh CpeACTBAa HH(OPMALMOHHBIX U KOMMYHUKAIIMOHHBIX TEXHOJOTHH B
pELICHUH KOTHUTHUBHBIX, KOMMYHUKAaTHBHBIX M OPIraHU3ALMOHHBIX 3aJad C COOJIIOJICHHEM
TpeOOBaHUI 3PrOHOMMKH, TEXHUKH 0€30MaCHOCTH, TUTUEHBI, peCypcocOepeKeH sl, TPaBOBbIX U
ATUYECKHX HOPM, HOPM HH(POPMALIMOHHOM 6€3011acHOCTH;

co3laBaTh TEKCThl (DU3MUECKOTO COJIEpKaHUs B pa3IUYHbIX (QopmaTax ¢ y4€TOM
Ha3HaueHUs MHPOpPMALUMU U LEJIEeBOM ayAUTOpUM, BBHIOMpas ONTUMAIBHYIO (Qopmy
MPEJICTaBICHUS U BU3YyaIH3aI1H.

OgnageHne yHUBEpCaTbHBIMM KOMMYHUKATUBHBIMH JICHCTBUAMMU:

1) oOuienue:

OCYILECTBIIATH OOIIEHHE HA YPOKaX (PU3UKH U BO BHE-YPOUHOM IEATEIHLHOCTH;

pacro3HaBaTh MPEANOCHIIKA KOHMIUKTHBIX CUTYallMi U CMSATYaTh KOHQIIUKTHI;

pa3BEPHYTO M JIOTMYHO M3JIaraTh CBOKO TOYKY 3PEHMSI C MCIIOJIB30BAHMEM SI3BIKOBBIX

CPEICTB;

2) cOBMECTHas JESATEIBHOCTD:

MOHMMATh U UCTOJIb30BaTh MPEUMYLIECTBA KOMAHIHOM U MHAUBUAYAJIbHON pabOTHI;

BBIOMPATh TEMAaTUKy M METOJbl COBMECTHBIX JIEHCTBHH ¢ y4y€TOM OOIIMX HHTEPECOB, U
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BO3MOKHOCTEHN Ka)K0I'0 4JICHA KOJUIEKTUBA;

IIPUHUMATh LEJIM COBMECTHOM JEATENbHOCTH, OPTraHU30BBIBAaTh M KOOPAMHHUPOBATH
JIEUCTBUA 1O €€ INOCTUKEHHIO: COCTAaBIATH IUIAH JACHCTBUM, PACIpPENENATh POJIU C YyU4ETOM
MHEHHMH YJaCTHUKOB, 00CYKAaTh PE3yJIbTaThl COBMECTHOI paboThl;

OLIGHUBATh Ka4eCTBO CBOETO BKJIAJA M KKIOTO YYaCTHHKA KOMaH/bI B OOIIMN pe3yiabTar
10 Pa3pabOTaHHBIM KPUTEPHSIM;

IIpeIaraTb HOBBIE IPOEKTHI, OLEHUBATh MJEU C IO3ULUU HOBU3HBI, OPUTHHAIBHOCTH,
IIPAKTUYECKON 3HAYMMOCTH;

OCYLIECTBIIATH IIO3UTHBHOE CTPATErM4YECKOE IIOBEACHUE B PA3jIUYHBIX CUTYyalMsX,
IPOSIBJIATH TBOPUYECTBO U BOOOPAXKEHHE, ObITh MHUIIMATUBHBIM.

OBnazneHne yHUBEPCAIbHBIMU PErYJISITUBHBIMU JEHCTBUSIMMU:

1) camoopranu3zanus:

CaMOCTOSITENIFHO OCYIIECTBIIATh IMO3HABATEIbHYIO JEATEIBHOCTh B 007acTH (U3UKU U
aCTPOHOMMH, BBIABIIATH IIPOOJIEMBI, CTAaBUTh U (POPMYIMPOBATH COOCTBEHHBIE 3a/]auy;

CaMOCTOATENIBHO COCTABJIATh IUIAH PEUICHUS PACUETHBIX M KA4eCTBEHHBIX 3a]ady, IUIaH
BBIIIOJIHEHUS] IIPAKTUYECKOM paboThl ¢ Yy4ETOM MMEIOLIMXCS PEecypcoB, COOCTBEHHBIX
BO3MOKHOCTEH U IIPEAIIOYTECHMI;

JIaBaTh OLIEHKY HOBBIM CUTYaLUsM;

pacmupsATh paMKU y4eOHOro IpeaMeTa Ha OCHOBE JIMYHBIX MPEINOYTEHHH; JesaTh
OCO3HaHHBII BBIOOD, ApIryMEHTUPOBATh €ro, OpaTh Ha ce0sl OTBETCTBEHHOCTb 3a PELLICHUE;

OLICHUBATh IPUOOPETEHHBIN OMBIT;

crocoOCTBOBaTh (OPMHUPOBAHHUIO U MPOSBICHUIO HPYIULUM B o00gacTu  (U3MKH,
IIOCTOSIHHO IOBBIILIATH CBOM 00pa30BaTENIbHBIN U KyJIbTYPHBIH YPOBEHb;

2) CAMOKOHTPOJIb:

JlaBaTh OLIEHKY HOBBIM CHUTYallMsIM, BHOCUTb KOPPEKTHBBI B JACATEIBHOCTH, OLICHUBATH
COOTBETCTBUE PE3YNIbTATOB LEIISM;

BJIAJICTh HABBIKAMU NO3HABATEILHOW PE(PICKCHH KaK OCO3HAHUS COBEPIIAEMBIX JIEHCTBHIA
Y MBICIIMTEIBHBIX IIPOLECCOB, UX PE3YJIBTaTOB U OCHOBAHUI;

MCII0JIb30BaTh NPUEMBI pe(IeKCUH JIUIsl OLIEHKU CUTYalluu, BbIOOpa BEPHOTO PELICHMUS;

OLICHUBATb PUCKU U CBOEBPEMEHHO IIPUHUMATh PEIICHHUS [10 UX CHUKCHHUIO;

IIPUHUMATh MOTUBBI U apIyMEHTBI JPYTUX IIPU aHAIU3€E PE3YJIBTATOB JEATEIBHOCTH;

3) npunsTHE ce0s U IPYTUX:

NPUHUMATH ce0sl, TOHUMAsi CBOM HEIOCTaTKU U IOCTOMHCTBA;

IIPUHUMATb MOTUBBI U apIyMEHTBI APYIUX IIPU aHAIU3€ PE3YJIbTATOB IEATEIBHOCTH;

IpHU3HaBaTh CBOE MIPABO U MPABO JAPYTUX HA OLINOKY

IIpeameTHbIE Pe3yJbTATHI
10 kaace

B mnpomecce wusyuenuss kypca kypca ¢u3Mku yriyoineHHoro ypoBHs B 10 kiacce
o0yyaromuics Hay4duTCs:

NOHUMATh poyib (U3UKK B JKOHOMHUYECKOW, TEXHOJOTMYECKOW, OSKOJOTHYECKOH,
COLMAIBHOM M OSTHYECKOM cdepax AedaTelNbHOCTH 4YeNOBeKa, pojb U MecTo (U3MKU B
COBPEMEHHOM HAay4yHOM KapTHMHE MHpA, 3HAYEHHWE ONMCATEIbHOM, CHUCTEMAaTU3UPYIOLIEH,
OOBSICHUTENIbHOM M MPOTHOCTHYECKOW (YyHKIMHA  (QuU3MUECKOW TEOpHUH - MEXaHHKH,
MOJIEKYJISIpHOM (PU3UMKKM M TEPMOJUHAMHKHU, pOJb (U3NYECKOM Teopuun B (OPMHUPOBAHUU
npeCcTaBiIeHu 0 (PU3NIECKOI KapTHHE MUPA;

pa3ianyaTh yCJIOBHSI MPUMEHUMOCTH Mojenel (PU3MYecKUX Tell U MPOIEcCOB (SIBICHUMN):
UHepIanbHas cucTteMa OoTcuéra, abCoNOTHO TBEPAOE Telo, MaTepHajbHas TOYKa,
PaBHOYCKOPEHHOE JBUXEHHE, CBOOOJHOE TMajeHue, aOCOoNIOTHO ympyras Jedopmanus,
abCoMIIOTHO ympyroe M aOCOJIOTHO HEYNPYroe CTOJIKHOBEHHUS, MOJEIM ra3a, >XHIKOCTH H
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TBEPAOr0 (KPUCTAUIMUECKOT0) Tella, WJeaJbHbId Tra3, TOYEUHBIM 3apsij, OJHOPOIHOE
3JIEKTPUYECKOE TI0JIE;

pa3nnyath yclIoBHs (TpaHHUIBI, 00JaCTH) IPUMEHUMOCTH (PU3UYECKUX 3aKOHOB, TOHUMATh
BceoOUMil xapakrep (QyHJAaMEHTAIbHBIX 3aKOHOB M OIPAaHUYEHHOCTHh MCIOJB30BAaHUSI YaCTHBIX
3aKOHOB;

AQHAIU3UPOBATh U OOBSACHATH MEXAHUYECKUE MPOLECCHl U SBIICHUS, UCIOIb3Ys] OCHOBHBIE
MOJIOKEHUS W 3aKOHBI MEXAaHUKU (OTHOCHUTEIBHOCTh MEXAHWYECKOTO JBHXKEHHUSA, (OPMYIIbI
KMHEMaTUKU PaBHOYCKOPEHHOTO JBIKEHHUsA, HpeoOpa3zoBaHusi [amwiies Ui CKOPOCTH U
IepeMeIIeHs, 3aKOHbl HpIOTOHA, NPUHLUII OTHOCUTENBHOCTH l'anmumiesi, 3aKOH BCEMHUPHOTO
TATOTEHUS, 3aKOHBI COXPAHEHUS UMIIYJIbCa U MEXaHHYECKOW SHEPTuu, CBs3b pabOThl CHIIBI C
VU3MEHEHHEM MEXaHWYECKOW HHEPrUM, YCIOBUS PpABHOBECHS TBEPAOrO Tela), MpPU 3TOM
HCIIOJIb30BAaTh MAaTE€MATUYECKOE BBIPAXKEHUE 3aKOHOB, YKa3blBaTh YCIOBUS MPUMEHHUMOCTH
du3HYECKUX 3aKOHOB: MpeoOpa3oBaHmii ['amuies, BTOPOTO M TpeThero 3akoHOB HprOTOHA,
3aKOHOB COXPaHEHUS UMITYJIbCA U MEXaHUYECKON SHEPTUH, 3aKOHA BCEMUPHOT'O TATOTEHUS;

aHATM3UPOBAaTh U OOBSCHATH TEIUIOBBIC MPOLECCHl U SIBICHHS, HCIOJNb3YysS OCHOBHBIC
MOJIOKEHUS MOJIEKYJISIPHO-KMUHETUYECKOH TEOPHUH M 3aKOHBl MOJIEKYNIApHOM (Qu3uku u
TEPMOJAMHAMUKH (CBSI3b JABJICHUS MJICATBHOIO ra3a CO CpPEIHEM KUHETHMYECKOW HHepruei
TEIJIOBOTO JBUYKEHUS M KOHUEHTpAalMEell €ro MOJEKYJ, CBsI3b TEMIIepaTypbl BELIECTBA CO
CpeIHEW KHHETHYECKOM DJHEpPrued TEeIIOBOTO JBM)KEHMS €ro 4YacTHl, CBS3b JaBJICHUS
UJCANbHOrO Ta3a ¢ KOHILIEHTPAalMEW MOJEKYJ] M €ro TeMmIeparypoi, ypaBHeHue MeHeneeBa-
Kianelipona, mnepBbIii 3aKOH TEPMOAMHAMHUKH, 3aKOH COXPAHEHUs DJHEPrUM B TEIIOBBIX
mpolreccax), MpH 3TOM HCHOJIB30BaTh MAaTEMaTHYECKOE BBIPAKEHHE 3aKOHOB, YKa3bIBaTh
YCIJIOBHS IPUMEHUMOCTH ypaBHeHUs: Menneneesa-KnaneipoHa;

AHATU3UPOBATH U OOBSICHATD SJIEKTPUUYECKUE SIBJICHHUSI, UCIIONIb3YSl OCHOBHBIE MOJOXKECHHUS U
3aKOHBl DJIEKTPOJUHAMHUKU (3aKOH COXpAHEHHs 3JIEKTPUUECKOro 3apsijia, 3akoH KyioHa,
MOTEHIUAIBHOCTh 3JEKTPOCTATUYECKOTrO MOJISI, IPUHIUI CYNEPIO3ULUN IEKTPUUECKUX TOJIEH,
1P 3TOM YKa3blBas YCJIOBMS NPUMEHMMOCTH 3akoHa KyiioHa, a Takke NMpPakTHYECKU Ba)KHbBIC
COOTHOUIEHUS: 3aKOHbI OMa ISl y4acTKa LENU U AJI1 3aMKHYTOM 3JIEKTPUYECKOM LEeNU, 3aKOH
Jxoyns-Jlenna, npaBuna Kupxroda, 3akonsr @apanes Ais 2JISKTPoIIn3a);

ONHUCHIBATh (PU3MUECKUE MPOLECChl M SBICHUS, WUCHOIb3ys BEJIWYHMHBI: NEpeMelleHHe,
CKOpPOCTb, YCKOpPEHHE, HMITYJIbC Te€Jla W CHCTEMBl T€Jl, CHJIA, MOMEHT CHJIBI, JaBJCHUE,
NOTEHIMAJbHAs SHEpPrus, KHUHETHUYecKash SHEprusi, MexXaHuyeckas BSHeprus, padoTa CHIIBL,
LEHTPOCTPEMHUTEIILHOE YCKOPEHHUE, CHIIA TSKECTH, CHJIA YIPYTOCTH, CUJIa TPEHUsS, MOIIHOCTb,
SHeprus B3auMojieiicTBus Tena ¢ 3emnéil BONMM3M €€ TMOBEPXHOCTH, HHEpPrus yIpyrom
nedopMaluu MPYXKHUHBI, KOJIMYECTBO TEIUIOTHI, aOCONIOTHAs TeMmIeparypa Tena, pabora B
TEPMOJIMHAMMKE, BHYTPEHHSS SHEpPrus HJIEJIbHOTO0 OJHOATOMHOIO rasa, paboTa HIeaqbHOIro
ra3a, OTHOCUTENbHAs BJIAXXHOCTb BO31yXa, KOA(Q(QULHUEHT IOJIE3HOTO NEHCTBUS HJI€aTbHOIO
TEIJIOBOTO  JBUTATENsl; DJIEKTPUYECKOE TII0JIE, HANPSHKEHHOCTh  DJIEKTPUYECKOIO  I0JI,
HaIPsHKEHHOCTH MOJII TOYEYHOTO 3apsijia WIM 3apsDKEHHOTO IIapa B BaKyyMe U B TUAJIEKTPHUKE,
MOTEHIU AN 3JIEKTPOCTATUYECKOTO I0JIs1, PAa3HOCTh MOTEHIIMAJIOB, JJIEKTPOABUKYILAs CUla, CUJIa
TOKA, HANpSKEHHE, MOIIHOCTh TOKA, OJJIEKTpUYECKas EMKOCTh IUIOCKOIO KOHJEHCATopa,
CONPOTUBIIEHHE YydacTKa LENM C TOCIECA0BAaTEIbHbIM U IApaJlICIbHBIM  COCAUHEHUEM
PE3UCTOPOB, SHEPTUS AIEKTPUUECKOTO MOJIS KOHJAEHCATOPa;

OOBSICHATH OCOOCHHOCTU TMPOTEKAaHHs (PU3NYECKUX SBICHUH: MEXaHHYECKOE JBMKEHHE,
TEIUIOBOE JBMKEHHME YacCTHI] BELIECTBa, TEIJIOBOE paBHOBECHE, OpPOYHOBCKOE JBUKEHHE,
muddy3us, HCNapeHue, KHUIIEHHe W KOHJEHCalus, IUIaBJIeHHE W KpUCTAJUIM3alus,
HaIIPaBJIEHHOCTh TEIUIONEpEaur, SJIEKTPHU3alUs TeJl, SKBUIIOTEHIMAIbHOCTh ITOBEPXHOCTU
3apsKEHHOTO IIPOBOJAHUKA;

MPOBOJIUTh HCCIEAOBAHUE 3aBHUCHUMOCTH OJHOW (PU3MUECKOW BEIMYMHBI OT JPYrol ¢
UCITIOJIb30BAaHUEM TMPSIMBIX M3MEPEHHH, MpPU 3TOM KOHCTPYHPOBAaTh YCTAHOBKY, (pUKCHpPOBATH
pe3yNbTaThl MOJYYEHHOW 3aBHCUMOCTH (PU3MUECKHX BEJIWYMH B BUAE TIpaduKoB ¢ Y4ETOM
aOCOJIIOTHBIX MOTPELTHOCTEH N3MEPEHNUH, IeNIaTh BHIBOJIBI IO PE3y/IbTaTaM UCCIIE0OBaHUS,
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IPOBOJIUTh KOCBEHHbIE U3MEpeHUs (U3MYECKMX BEIUYMH, MpPHU 3TOM BBIOMPATH
ONTUMAJBHBIA METOJI W3MEpPEHUs, OLIEHWBATh a0COJIOTHBIE U OTHOCUTENIbHBIE MOIPEUIHOCTH
IPSIMBIX U KOCBEHHBIX U3MEPEHMI;

IIPOBOJIUTH ONBITHI IO MPOBEPKE IMPEMAJIOKEHHON TMIIOTE3bl: IUIAHUPOBATH SKCIEPUMEHT,
coOuparh 3KCIEPUMEHTAIbHYIO YCTaHOBKY, aHAJIM3UPOBATh MOJIYYEHHbBIE PE3YyJIbTaThl U JENIaTh
BBIBOJ| O CTaTyCe MPEUI0KEHHON TUIIOTE3BL;

coOuoaTh mpaBwiia OE30MacHOTO TpyJda MPH TNPOBEACHHHM HCCIEAOBAaHUN B paMKax
yu4eOHOro  JKCIEepUMEHTa, IMpakTUKymMa ¢  Y4eOHO-HCCIEAOBATEIbCKOM U  MPOEKTHOU
JeSITELHOCTH € MCIIOJIb30BAaHHEM U3MEPUTENIBHBIX YCTPOUCTB M Ja00paTOPHOTO 000PYI0BAHMS;

pemiats pacuéTHbIE 3aJa4M C SBHO 33aJJaHHOW W HESBHO 3aJaHHON (hPU3MUYECKON MOJEINbIO:
Ha OCHOBAaHMHW aHAIU3a YCJOBUS OOOCHOBBIBATH BHIOOp (pHU3MUECKOW MOJENH, OTBEYarolei
TpeOOBaHUSM 3a/layd, NPUMEHATH (OPMYJbL, 3aKOHBI, 3aKOHOMEPHOCTH U IOCTYJaThl
¢u3nUecKkux TEOpUd TpU HCIOIB30BAaHMM MAaTEeMAaTHYECKHX METO/J0B pEIICHUs 3ajad,
MPOBOJUTHh pPacy€Tbl HAa OCHOBAaHUM HMEIOIIMXCA [AHHBIX, aHAJU3UPOBATh PE3YNbTAThl U
KOPPEKTUPOBAaTh METO/IbI PEIICHUS C YYETOM IOJIyYEHHBIX PE3YJIbTATOB;

peliaTh KauecTBEHHbIE 3aJaud, TpeOyrollue MPUMEHEHUsS 3HAHUM W3 Pa3HBIX pa3iesioB
Kypca (U3HMKH, a TakKe WHTErpallid 3HAHWK M3 JPYTrUX NPEIMETOB €CTECTBEHHO-HAyYHOTO
LMKJIA: BBICTPAUBaTh JIOTMYECKYKD LEMNOYKY PACCYKIECHUM C HCIHOJIb30BAHUEM H3YYEHHBIX
3aKOHOB, 3aKOHOMEPHOCTEN U (PU3UUYECKUX SIBICHUI;

UCIIOJIb30BaTh TEOPETUYECKUE 3HAHUS N7l OOBSICHEHHS OCHOBHBIX MPUHIIUIOB PabOTHI
M3MEPUTENIbHBIX TPUOOPOB, TEXHUUYECKUX YCTPONUCTB U TEXHOJIOTUYECKUX ITPOLIECCOB;

MPUBOJIUTH MPUMEPHl BKIIAJa POCCUMCKUX U 3apyOeKHBIX YUEHBIX-(U3UKOB B pa3BUTHE
HAayKH, B 00BSCHEHHE IIPOIIECCOB OKPYKAIOIIETO MUPA, B PA3BUTHE TEXHUKH U TEXHOJIOTHIA;

AQHAJIM3UPOBATh U OLIEHUWBATH IMOCIEACTBHUS OBITOBON M MPOU3BOJICTBEHHOW NESATEIBHOCTH
YeJIOBEKa, CBSI3aHHOW ¢ (PH3UYECKUMH MPOIECCAMMU, C MO3UIUN IKOJIOTHICCKOW 0e301acHOCTH,
MPEACTABICHUI O pallMOHAIIBHOM IPHUPOAOIOIb30BAHUM, a TAK)KE Pa3yMHOM HCIOJIb30BaHUU
JOCTYIKEHUH HAYKH Y TEXHOJIOTHH JIJIs TATbHEHIIIET0 Pa3BUTHS YeIIOBEUECKOTro 00IIeCTBa;

INPUMEHSTh pa3lIM4Hble COCOObI padoThl ¢ MH(popManuend (pU3NIECKOrO COAEpPKAHUS C
UCTIOJIb30BAHUEM COBPEMEHHBIX HMH()OPMAIIMOHHBIX TEXHOJIOTHH, TMPH STOM HCIOIb30BAThH
COBpEMEHHbIe HH(OpPMAIMOHHBIE TEXHOJOTMU MJs TIOUCKA, MepepaboTKH M TNperbsSBICHUS
yueOHOM M HAy4YHO-NIOMYJSIpHOM MHGpOpManuu, CTPYKTYpUPOBAaHUS M HMHTEpIpeTaluu
uHpOpMaLlMK, TOJYyYEHHOH W3 pa3lWYHbIX MCTOYHUKOB, KPUTHUECKH aHAIU3HPOBATH
MOJIy4aeMyr0 HH(POPMAIIUIO U OLIEHUBATh €€ TOCTOBEPHOCTh KaK Ha OCHOBE UMEIOIINXCS 3HAHUH,
TaK ¥ Ha OCHOBE aHaJIM3a UCTOUYHUKA HH(OpMaIUH;

IPOSBISATh  OpPraHU3allMOHHBIE W TO3HABAaTENbHBIE  YMEHHS  CAMOCTOSATEIbHOTO
npuoOpeTeHus HOBBIX 3HAaHMUH B TpOLECCE  BBINOJHEHHMS MPOEKTHBIX U y4eOHO-
HCCIIEIOBATENbCKUX padoT;

paboTaTh B rpyMIe C UCIIOJIHEHHUEM Pa3IMUHbIX COLUAIIBHBIX POJIeH, IUIaHUPOBaTh paboTy
IPYNIbl, PAMOHAIBLHO PACIPEAEATh IEATENbHOCTh B HECTAHAAPTHBIX CUTYallUsX, OLIEHUBATh
BKJIa/1 KaX/I0T0 U3 YYACTHUKOB I'PYIIIBI B PELIEHUE pacCMaTpUBAEMOM TPOOIeMbI;

IOpOSBIATE  MOTHUBaLMI0O K  Oyaymed  mpodeccHoHanbHOM — JESATENbHOCTH IO
CHEeUHATBHOCTIM (PU3UKO-TEXHUYECKOTO MPOQHIIS.

11 kiaace

B nporuecce n3yuenust kypca GuU3MKH yriryoJeHHOTo ypoBHs B 11 kiacce oOydaronuiics
Hay4YUTCS:

MNOHUMATh POJIb (PU3UKU B SKOHOMUYECKOH, TEXHOJIOTUYECKOM, COIMAIbHON U ITHUECKON
cdepax AesITeNbHOCTH YEJIOBEKa, POJIb U MECTO (PM3UKH B COBPEMEHHON HAyYHOW KapTHHE MUPA,
pOJb aCTPOHOMHMHM B IPAKTUYECKOM JEATEIIBHOCTH 4YEJIOBEKa M JaJbHEHIIEM Hay4yHO-
TEXHUYECKOM pa3BUTHUH, 3HAUEHUE OIUCATENbHOM, CUCTEMATH3UPYIOUIeH, OOBACHUTEIBHON U
IPOTHOCTUYECKON (YHKIMHA (U3MUECKOW TEOpUH - INEKTPOJUMHAMUKHU, CHEIHMAIbHON Teopuu
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OTHOCHUTEJIBHOCTH, KBaHTOBOW (u3uku, ponb ¢uznyeckoir Teopun B (HOPMHUPOBAHUU
MIPEACTABICHHUH 0 PU3NUECKON KapTUHE MHUPaA, MECTO (PU3UIECKON KapTUHBI MUPA B OOIIIEM PSIAY
COBPEMEHHBIX €CTECTBEHHO-HAYUHBIX IPEACTABIECHUIN O IPUPOJIE;

pa3ianyaTh yCJIOBHSI MPUMEHHUMOCTH Mojeneld (U3MUecKUX Tell U IMPOLEeCCOB (SBJICHUN):
OJTHOPOJHOE DJIEKTPUYECKOE M OJHOPOJHOE MArHUTHOE TMOJIsl, TAPMOHHUYECKHE KOJIeOaHHs,
MaTeMaTUYeCKU MAasTHUK, WJICATbHBIA MPYKUHHBIA MAasSTHUK, TapMOHHYECKHE BOJHBI,
UJCANbHBIN KONeOaTeIbHBId KOHTYp, TOHKas JIMH3a, MOJIEJCeH aroma, aroMHOro sjapa |
KBaHTOBOI MOJIEJIU CBETA;

pa3nn4ath yclIoBHs (TpaHHUIbI, 00JaCTH) IPUMEHUMOCTH (PU3UUECKUX 3aKOHOB, TOHUMATh
BceoOUMil xapakrep QpyHIaMEHTaIbHBIX 3aKOHOB U OIPaHUYEHHOCTh HCIIOJIb30BAHUS YaCTHBIX
3aKOHOB;

AQHAIU3UPOBATh U OOBACHATH DJIEKTPOMArHUTHBIE MPOIECCHl U SBICHUS, HCIONb3YA
OCHOBHBIE IOJIOXEHHUS M 3aKOHBI 3JEKTPOJUHAMUKY U CHELUAIBHON TEOPUH OTHOCHUTEIBHOCTH
(3aKOH CcOXpaHEHMs DJEeKTpHUYecKoro 3apsija, cuia Awmnepa, cuna JlopeHma, 3akoH
AJIEKTPOMArHUTHOM WHAYKIMHU, npaBwio Jlenma, cBsizb OJIC caMOMHIYKIIMH B 3JEMEHTE
AIEKTPUUYECKON IENU CO CKOPOCTHIO M3MEHEHHS CHJIbI TOKa, IMOCTYNAThI CIEHUATbHON TEOpUn
OTHOCHUTEJIbHOCTU DUHILTENHA);

AQHAIM3UPOBATh U OOBIACHATH KBAHTOBBIE MPOIECCHI U SIBICHUS, UCIIOJB3YS MOJIOXKEHUS
KBaHTOBOH (u3uku (ypaBHeHHe DHHIITEHHA 1U1s PoTod(ddekTa, mepBelii U BTOPOW MOCTYIATHI
bopa, mnpuHuun cooTHomIeHUs HeompenenéHHocTel ['eiizeHOepra, 3aKOHBI COXpaHEHUS
3apsAI0BOIO M MacCOBOTO YHMCENl U SHEPIUU B SJAEPHBIX pEaKUMSIX, 3aKOH PaJUOaKTHUBHOIO
pacnaja);

OIKCHIBATh (PM3MYECKUE IPOLECCH W SIBJICHUS, WCIOIb3Yys BEIWYHMHBI: HANPSHKEHHOCTD
ANIEKTPUYECKOTO TMOJIsI, TOTEHIUAN JIIEKTPOCTAaTUYECKOTO TOJsA, Pa3HOCTh MOTEHIIUAJIOB,
AJIEKTPOJBIIKYILAS CWJIA, WHIYKIMS MarHUTHOTO IIOJIs, MarHUTHBI TOTOK, cuia Amiiepa,
WHAYKTUBHOCTb, OJJIGKTPOJBIDKYIAS CHJIa CAMOUHIYKIMHM, DSHEPrus MAarHUTHOTO TIOJS
IIPOBOJHMKA C TOKOM, PEISTUBUCTCKUN MMITYJIbC, TIOJHAS SHEPIUsl, SHEPIUs MOKOsI CBOOOIHOMN
YaCTHULIbI, SHEPTUS U UMITYJIbC (DOTOHA, MACCOBOE UMCIIO U 3apsial Aapa, YHEPTHsl CBSI3U SAAPa;

OOBSICHATH OCOOCHHOCTM TPOTEKaHWs (PU3HYECKHX  SBICHUW: AIIEKTPOMArHUTHAS
UHYKIMS, CAMOMHJIYKIIMS, PE30HAHC, HHTephEepeHIUs BOJIH, AU(paKIus, AUCHEpCUsi, NOIHOe
BHYTpeHHee oTpaxkeHue, (poroanexrpuueckuii r3¢pdext (dhotoaddekr), anpda-u Oera-pacnaabl
a1ep, ramMma-usiaydeHue saep, (pu3nyeckue MPUHLUIBI CIEKTPAJbHOIO aHajiu3a U paldoThl
naszepa;

ONpEACIATh HANpPaBJICHUE WHAYKLIUU MarHUTHOTO IIOJISI NPOBOJHUKA C TOKOM, CHJIBI
Awmriepa u cuinbl JlopeHna;

CTPOUTh H300pa’keHHe, CO37aBaeMO€ IUIOCKUM  3€pKaJioM, TOHKOM JIMH30H, H
paccUMTHIBaTh €0 XapaKTePUCTUKU;

IIPUMEHATH OCHOBOIIOJIArarolUe acCTPOHOMMUYECKHE TIOHATUSA, TEOPUHM M 3aKOHBI JUIA
aHaM3a U OOBSICHEHUS (PU3NYECKUX IPOIECCOB, MPOUCXOMAIIMX B 3BE3MAX, B 3BE3THBIX
cUcTeMax, B MEXIaJaKTHUYeCKOM cpezae; JABWKEHHMS HEOECHBIX TeJ, 3BOJNIONMU 3BE3 U
Bcenmennoii;

OPOBOJIUTH HCCIEIOBaHME 3aBUCHUMOCTEH (PU3MUECKUX BEJIMYMH C MCIIOJIb30BAaHHEM
OpSIMBIX M3MEPEHMH, MpPU 3TOM KOHCTPYHpPOBaTh YCTAHOBKY, (UKCHPOBATh PpE3YNbTaThl
MOJYYeHHOM 3aBHCUMOCTH (PM3MYECKUX BEIMYUH B BHUJE I'paUKOB C y4u€TOM abCOJIIOTHBIX
MOTPEIIHOCTEH U3MEPEHU, 1eaTh BBIBOJIBI 110 Pe3yIbTaTaM HUCCIIEIOBAHMUS;

POBOJIUTh KOCBEHHbIE U3MEpeHUs (U3MYECKHX BEIUYMH, MpPU 3TOM BBIOMPATH
ONTUMAJIBHBIA METOJI W3MEpEHUs, OLIEHWBATh Aa0COJIOTHBIE W OTHOCUTENIbHBIE MOIPEUIHOCTH
MPSIMBIX U KOCBEHHBIX U3MEPEHUI;

IIPOBOAMTDH OTBITHI MO MPOBEPKE MPEITI0KEHHOW TMIOTE3bl: MJIAHUPOBATH AKCIEPUMEHT,
coOMpaTh IKCIEPUMEHTAIBbHYIO YCTaHOBKY, aHAJIM3UPOBATh MOJIyYECHHBIE PE3yJbTaThl U JIENaTh
BBIBO/JI O CTaTyce MPETI0KEHHONW TMIOTE3bI;

ONMCHIBATh METOBI NOJYUYEHUS HAYYHBIX ACTPOHOMUYECKUX 3HAHUM;
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coOuoaTh MpaBmiia 0€30MacHOTO Tpyla MPH TNPOBEICHUM HCCIEIOBaHUN B pamKax
yu4eOHOro  3KCIEepUMEHTa, TMpakTUKymMa M  Y4eOHO-HCCIEAOBATEIbCKOM U  MPOEKTHOU
JeSITEILHOCTH € MCIIOJIb30BAaHHEM U3MEPUTENIBHBIX YCTPOUCTB U Ja00paTOPHOTO 000PYA0BAHMS;

pemiats pacuéTHbIE 3aJa4M C SBHO 33JJaHHOW W HESBHO 33JaHHON (hU3MUYECKON MOJEINbIO:
Ha OCHOBAaHMH aHAJM3a YCIIOBHUS BBIOMpATh (U3MUECKUE MOEIH, OTBEHYAIONIHe TPeOOBaHUSIM
3aJa4i, IPUMEHITH (POPMYJIbL, 3aKOHbBI, 3aKOHOMEPHOCTHU U MOCTYNAThl (PU3UUYECKUX TEOPUId IPU
MCIIOJIb30BaHUU MAaTEMaTUYECKUX METOJOB PEIICHUS 3aJa4, IPOBOANUTH pacyE€Thl HA OCHOBAaHUU
MMEIOIINXCA JTaHHBIX, AHAJIM3UPOBATH PE3yJbTaThl M KOPPEKTHPOBATH METObl PEUICHUs ¢
Y4€TOM IOITYYEHHBIX PE3yJIbTaTOB;

peliaTh KauecTBEHHbIE 3aJaud, TpeOyrollue MPUMEHEHUsS 3HAHUM W3 Pa3HBIX pa3iesioB
Kypca (pU3HMKH, a TakKe WHTErpallud 3HAHUK M3 JPYrUX NPEIMETOB €CTECTBEHHO-HAYyYHOTO
LMKJIA: BBICTPAaUBATh JIOTMYECKYIO LEMOYKY PACCYKICHHM C HCIOJIb30BAHUEM HW3YYEHHBIX
3aKOHOB, 3aKOHOMEPHOCTEH M (PU3MUECKUX SBICHUM;

UCIIOJIb30BAaTh TEOPETUYECKUE 3HAHUS M7l OOBSICHEHHS OCHOBHBIX MPUHIUIOB pPabOTHI
U3MEPUTENBHBIX MPUOOPOB, TEXHUUYECKUX YCTPOHUCTB U TEXHOJOTHUECKUX MPOIECCOB;

IPUBOJIUTH MPUMEpPHl BKIIAJa POCCUMCKUX U 3apyOeKHBIX YUEHBIX-(U3UKOB B pa3BUTHE
HAayKH, B 00BSCHEHHE IIPOIIECCOB OKPYKAIOIIETO MUPA, B PA3BUTHE TEXHUKH U TEXHOJIOTHIA;

AQHAJIM3UPOBATh U OLIEHUBATH IMOCIEACTBHUS OBITOBON M MPOU3BOJICTBEHHOU NEATEIBHOCTH
YeJIOBEKa, CBSI3aHHOW ¢ (PM3UYECKUME TPOIECCAMHU, C MO3UIUN IKOJIOTHYECKON 0€30MacHOCTH,
MPEACTABICHUI O palMOHAIIBHOM MIPHUPOAOIOIb30BAHUM, a TAK)KE Pa3yMHOM HCIOJIb30BaHUU
JOCTYIKEHUH HAYKH M TEXHOJIOTHH JIJIs TATbHEHIIIET0 Pa3BUTHS YeIIOBEUECKOTro 00IIeCTBa,

MPUMEHSTh pPa3lIU4Hble COCOObI paboThl ¢ MHpopManuend (GpU3NIECKOro CoaepKaHus C
UCTIOJIb30BAaHUEM COBPEMEHHBIX HH(OPMAIMOHHBIX TEXHOJIOTHH, IMPH 3TOM HCIOJIb30BATh
COBpEMEHHbIE HMH()OPMAIIMOHHBIE TEXHOJOTUU MJI IOUCKA, NepepaboTKU U MPeAbsSBICHUS
y4eOHOH ¥ HAay4HO-TIONMYJSIPHOH HMH(OPMALMU, CTPYKTYPUPOBAHHS H HMHTEPIPETALUH
uH(pOpMallMK, TOJYYCHHOW U3 pa3jMYHbIX HCTOYHHKOB, KPUTUYECKH AaHAIU3UPOBATH
MOJIy4aeMyI0 HH(POPMAIUIO U OLIEHUBATh €€ TOCTOBEPHOCTh KaK Ha OCHOBE UMEIOIIMXCS 3HAHUH,
TaK ¥ Ha OCHOBE aHaJN3a UCTOYHHKA HHPOPMAIIHH;

IOPOSBIATh  OpPraHU3AllMOHHBIE W IIO3HABATEJIbHBIE  YMEHHUS  CaMOCTOSITEIbHOTO
npuoOpeTeHus HOBBIX 3HAaHMUW B TPOLECCE  BBIIOJIHEHHS HPOEKTHBIX U y4eOHO-
HCCIIEIOBATENBCKUX padoT;

paboTaTh B rpyMIe ¢ UCIIOJIHEHHUEM Pa3IMYHbIX COLUAIIBHBIX POJIeH, IUIaHUPOBaTh paboTy
TPYNIbl, PAMOHAIBLHO PACIPEAEATh JEATENbHOCTh B HECTAHIAPTHBIX CUTYalUsX, OLIEHUBATH
BKJIa/1 KaX/I0T0 U3 YYACTHUKOB I'PYIIIBI B PEIIEHUE pacCMaTpUBAaEMON MPOOIeMBbI;

IOpOSBIATE  MOTHBaLMIO K  Oyaymed  mpodeccHoHambHOM — JESATENbHOCTH IO
CHEeUHATBHOCTIM (PU3UKO-TEXHUYECKOTO MPOQHIIS.

3. TEMATUYECKOE INTAHUPOBAHUME YYEBHOI'O IIPEIMETA «®U3UKA»
(YTJIYBJIEHHBIM YPOBEHD)

10 KJIACC
Ne Tema pasaena Koa- DJIeKTPOHHBIE pecypchl
BO
4acoB

1| Beenenue. OCHOBHBIE 2 https://resh.edu.ru/subject/lesson/5894/start/90071/

0COOEHHOCTH (HU3UIECKOTO

METO/a UCCIICA0OBAHUS
2 | Mexanuka 79  |https://resh.edu.ru/subject/lesson/6287/start/46887/

https://resh.edu.ru/subject/lesson/3721/start/160133/
https://resh.edu.ru/subject/lesson/3711/start/47122/
https://resh.edu.ru/subject/lesson/6288/start/47151/
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https://resh.edu.ru/subject/lesson/5894/start/90071/
https://resh.edu.ru/subject/lesson/6287/start/46887/
https://resh.edu.ru/subject/lesson/3721/start/160133/
https://resh.edu.ru/subject/lesson/3711/start/47122/
https://resh.edu.ru/subject/lesson/6288/start/47151/

https://resh.edu.ru/subject/lesson/6286/start/47238/

https://resh.edu.ru/subject/lesson/4717/start/270738/

https://resh.edu.ru/subject/lesson/4718/start/47325/

https://resh.edu.ru/subject/lesson/4721/start/47472/

https://resh.edu.ru/subject/lesson/6289/start/47531/

https://resh.edu.ru/subject/lesson/5895/start/138339/

https://resh.edu.ru/subject/lesson/4719/start/8645/

https://resh.edu.ru/subject/lesson/6290/start/197453/

https://resh.edu.ru/subject/lesson/4720/start/270767/

https://resh.edu.ru/subject/lesson/5896/start/47771/

MonekynsipHas ¢puzuka.

TepmoauHamMuka

45

https://resh.edu.ru/subject/lesson/4722/start/47800/

https://resh.edu.ru/subject/lesson/6291/start/15491/

https://resh.edu.ru/subject/lesson/5898/start/15462/

https://resh.edu.ru/subject/lesson/6292/start/325554/

https://resh.edu.ru/subject/lesson/4740/start/15520/

https://resh.edu.ru/subject/lesson/3741/start/78608/

https://resh.edu.ru/subject/lesson/3731/start/47858/

https://resh.edu.ru/subject/lesson/5897/start/

https://resh.edu.ru/subject/lesson/4723/start/15578/

https://resh.edu.ru/subject/lesson/3763/start/160222/

BJ'IeKTpo,Z[I/IHaMI/IKa

44

https://resh.edu.ru/subject/lesson/6293/start/160282/

https://resh.edu.ru/subject/lesson/5899/start/48723/

https://resh.edu.ru/subject/lesson/3753/start/48777/

https://resh.edu.ru/subject/lesson/5901/start/48864/

https://resh.edu.ru/subject/lesson/4741/start/150960/

https://resh.edu.ru/subject/lesson/5900/start/49362/

https://resh.edu.ru/subject/lesson/3775/start/107857/

UToro:

170

11 KJIIACC

Tema pa3zgesa

KoJua-Bo
JacoB

DJIEeKTPOHHbBIE pecypchl

DneKTpoANHAMUKA
(mpomokeHue)

20

https://resh.edu.ru/subject/lesson/3806/start/46748/
https://resh.edu.ru/subject/lesson/5902/start/8703/

https://resh.edu.ru/subject/lesson/5905/start/46858/
https://resh.edu.ru/subject/lesson/4909/start/47006/
https://resh.edu.ru/subject/lesson/5904/start/72014/
https://resh.edu.ru/subject/lesson/4913/start/47383/
https://resh.edu.ru/subject/lesson/4915/start/47443/

Konebanus 1 BOJIHEI

50

https://resh.edu.ru/subject/lesson/5903/start/46945/
https://resh.edu.ru/subject/lesson/3853/start/48173/
https://resh.edu.ru/subject/lesson/6329/start/48202/

Onruka

38

https://resh.edu.ru/subject/lesson/4914/start/47590/
https://resh.edu.ru/subject/lesson/3843/start/270825/
https://resh.edu.ru/subject/lesson/3829/start/197511/
https://resh.edu.ru/subject/lesson/3818/start/47999/
https://resh.edu.ru/subject/lesson/5906/start/197573/
https://resh.edu.ru/subject/lesson/3866/start/151456/

KBanToBas ¢uznka

38

https://resh.edu.ru/subject/lesson/4917/start/197790/
https://resh.edu.ru/subject/lesson/3878/start/48318/
https://resh.edu.ru/subject/lesson/3910/start/48347/
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https://resh.edu.ru/subject/lesson/6286/start/47238/
https://resh.edu.ru/subject/lesson/4717/start/270738/
https://resh.edu.ru/subject/lesson/4718/start/47325/
https://resh.edu.ru/subject/lesson/4721/start/47472/
https://resh.edu.ru/subject/lesson/6289/start/47531/
https://resh.edu.ru/subject/lesson/5895/start/138339/
https://resh.edu.ru/subject/lesson/4719/start/8645/
https://resh.edu.ru/subject/lesson/6290/start/197453/
https://resh.edu.ru/subject/lesson/4720/start/270767/
https://resh.edu.ru/subject/lesson/5896/start/47771/
https://resh.edu.ru/subject/lesson/4722/start/47800/
https://resh.edu.ru/subject/lesson/6291/start/15491/
https://resh.edu.ru/subject/lesson/5898/start/15462/
https://resh.edu.ru/subject/lesson/6292/start/325554/
https://resh.edu.ru/subject/lesson/4740/start/15520/
https://resh.edu.ru/subject/lesson/3741/start/78608/
https://resh.edu.ru/subject/lesson/3731/start/47858/
https://resh.edu.ru/subject/lesson/5897/start/
https://resh.edu.ru/subject/lesson/4723/start/15578/
https://resh.edu.ru/subject/lesson/3763/start/160222/
https://resh.edu.ru/subject/lesson/6293/start/160282/
https://resh.edu.ru/subject/lesson/5899/start/48723/
https://resh.edu.ru/subject/lesson/3753/start/48777/
https://resh.edu.ru/subject/lesson/5901/start/48864/
https://resh.edu.ru/subject/lesson/4741/start/150960/
https://resh.edu.ru/subject/lesson/5900/start/49362/
https://resh.edu.ru/subject/lesson/3775/start/107857/
https://resh.edu.ru/subject/lesson/3806/start/46748/
https://resh.edu.ru/subject/lesson/5902/start/8703/
https://resh.edu.ru/subject/lesson/5905/start/46858/
https://resh.edu.ru/subject/lesson/4909/start/47006/
https://resh.edu.ru/subject/lesson/5904/start/72014/
https://resh.edu.ru/subject/lesson/4913/start/47383/
https://resh.edu.ru/subject/lesson/4915/start/47443/
https://resh.edu.ru/subject/lesson/5903/start/46945/
https://resh.edu.ru/subject/lesson/3853/start/48173/
https://resh.edu.ru/subject/lesson/6329/start/48202/
https://resh.edu.ru/subject/lesson/4914/start/47590/
https://resh.edu.ru/subject/lesson/3843/start/270825/
https://resh.edu.ru/subject/lesson/3829/start/197511/
https://resh.edu.ru/subject/lesson/3818/start/47999/
https://resh.edu.ru/subject/lesson/5906/start/197573/
https://resh.edu.ru/subject/lesson/3866/start/151456/
https://resh.edu.ru/subject/lesson/4917/start/197790/
https://resh.edu.ru/subject/lesson/3878/start/48318/
https://resh.edu.ru/subject/lesson/3910/start/48347/

https://resh.edu.ru/subject/lesson/5908/start/197851/

https://resh.edu.ru/subject/lesson/3889/start/290391/

https://resh.edu.ru/subject/lesson/5845/start/

https://resh.edu.ru/subject/lesson/4918/start/48463/

https://resh.edu.ru/subject/lesson/5909/start/48492/

https://resh.edu.ru/subject/lesson/3900/start/8732/

5| ActpoHOMUS 16  |https://resh.edu.ru/subject/lesson/3918/start/48521/
https://resh.edu.ru/subject/lesson/4936/start/151726/
https://resh.edu.ru/subject/lesson/5910/start/280701/
https://resh.edu.ru/subject/lesson/4935/start/290420/
https://resh.edu.ru/subject/lesson/4937/start/197941/

6 | [ToBropenue 8

HToro: 170
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https://resh.edu.ru/subject/lesson/5908/start/197851/
https://resh.edu.ru/subject/lesson/3889/start/290391/
https://resh.edu.ru/subject/lesson/5845/start/
https://resh.edu.ru/subject/lesson/4918/start/48463/
https://resh.edu.ru/subject/lesson/5909/start/48492/
https://resh.edu.ru/subject/lesson/3900/start/8732/
https://resh.edu.ru/subject/lesson/3918/start/48521/
https://resh.edu.ru/subject/lesson/4936/start/151726/
https://resh.edu.ru/subject/lesson/5910/start/280701/
https://resh.edu.ru/subject/lesson/4935/start/290420/
https://resh.edu.ru/subject/lesson/4937/start/197941/

