INOACHUTEJIbBHAS 3AIINCKA

[Tporpamma 1o ¢u3uKe Ha ypOBHE CPEAHEro 00IIero oopazoBaHus pa3padboTaHa Ha OCHOBE
MOJIOKEHUH U TpeOOBaHUH K pe3ysibTaTaM OCBOSHHS OCHOBHOM 00pa3oBaTelIbHON MPOTPAMMBL,
npencrasieHHbix B ®I'OC COO, a Takke ¢ yuérom (enepanbHOi paboueil mporpaMMel
Bocnutanus U Konnenuuu npenonaBanus yue6Horo npeamera «®dusnka» B 00pa3oBaTesIbHBIX
opranmsaiusax Poccuiickoit  depepaumu, peanusyroLMX OCHOBHbIE —0O0pa3oBaTelbHbIE
HPOTrpaMMBl.

[Iporpamma 1o ¢usuke onpenenser o00sA3aTeNbHOE IPEIMETHOE COJEpXKAHUE,
YCTAQHABJIMBACT PEKOMEHIYEMYIO IOCIIEAOBATEIbHOCTh U3YYEHHSI TEM U Pa3JelioB y4eOHOIro
peaMeTa ¢ y4€ToM MEXIIPEIMETHBIX U BHYTPUIIPEAMETHBIX CBSI3€H, IOTUKU Y4eOHOT 0 ITpoliecca,
BO3PACTHBIX 0cOOeHHOCTEeH o0ydaromuxcs. [Iporpamma o gpusmke qaét npencTaBieHe O MemsX,
CoJiepKaHnu, OOMIeH cTpaTeru oO0ydeHus, BOCIUTAHUS M Pa3BUTHUSI 00YUYAIOIIMXCS CPEACTBAMU
yuebHoro npenmera «Pu3nka» Ha yriryOJIEHHOM ypOBHE.

N3yuenne kypca QuU3MKK yriIyOJEHHOTO YPOBHSA I03BOJIAET pEalIM30BaTh 3aJaud
npodeCCHOHATBLHON OPHEHTAIMM, HAlpaBJIEHO Ha CO3JIaHUE YCIIOBHM JUIsl MPOSBICHUS CBOUX
UHTEJUIEKTYaJbHBIX M TBOPYECKHUX CIIOCOOHOCTEH KaXAbIM OO0YyYarolUMCs, KOTOpbIe
HEOOXOAUMBI ISl TPOJOJDKEHUST O00pa3oBaHMs B  OpPraHU3alUsaX MNpoecCHOHATHLHOTO
00pa30BaHus MO Pa3IMYHBIM (PU3UKO-TEXHUIECKUM U HHKCHEPHBIM CIIEIUATEHOCTSIM.

B nporpamme mo Qusuke ompenensioTcsl IUIAHHPYEMBbIE pe3yNlbTaThl OCBOEHUS Kypca
(Gu3KKHN Ha YPOBHE CPEAHEr0 00I111eTr0 00pa30BaHMsI: IMYHOCTHBIE, METAIIPEIMETHBIE, TPEIMETHBIE
(Ha yriy0in€HHOM ypoBHe). HaydHO-MeTo10JI0rHuecKoi OCHOBOM AJ1sl pa3paboTKH TpeOoBaHUH K
JUYHOCTHBIM, METaNpeJIMETHBIM M NPEAMETHBIM pe3ysbTaTaM OOy4aroIlHUXCs, OCBOMBILHUX
nporpaMMmy o (u3MKe Ha ypOBHE CpPEeIHEro o0Iero oopazoBaHMs Ha YIriyOJEHHOM YpOBHE,
ABJIIETCS CUCTEMHO-/1€ATEIbHOCTHBIN MOAXOI.

[Tporpamma 1o ¢pu3MKe BKIOYAET:

IUTAHUPYEMBbIE Pe3yJIbTaThl OCBOEHUS Kypca GU3HUKH Ha YIIyOJEHHOM YPOBHE, B TOM YHUCIIE
IpeIMETHBIE PE3YIbTAThI IO roj1aM O0yUEHUs;

coJiep;kaHue yuyebHoro npeamera «Ou3nkay» 1mno rogam 00y4eHus..

[Iporpamma mo ¢u3Nke HMeeT NPUMEPHBIH XapakTep W MOXET OBbITh HCIOJIb30BaHA
YUUTENAMHU (PU3UKH JUTSI COCTABJIEHUS! CBOMX PabOYUX MPOTPaMM.

[IporpamMa 1O (U3MKE HE CKOBBIBA€T TBOPUECKYIO WHHUIMATUBY Yy4yUTeIeH U
IIPEIOCTABISAET BO3MOXHOCTH JUISI pEaju3alud Pa3IMYHBIX METOAMYECKHMX TOIXOIO0B K
IpenoiaBaHuio (PU3KUKK Ha YIITyOJIEHHOM YpOBHE IIPU YCIOBUH COXpaHEHUs 00s3aTeNbHOM YacTu
coJiep’KaHus Kypca.

®du3nka Kak HayKa 0 HanboJiee 0OIMMX 3aKOHAX MPHUPOJIBI, BRICTYIAs B KAYeCTBE yUeOHOTO
npeaMeTa B LIKOJIe, BHOCUT CYIIECTBEHHbIN BKJIaJ] B CUCTEMY 3HaHHUI 00 OKpyXKarolleM MHpE.
[konpHBIH Kypc (GU3UKH — CHCTEMOOOpA3YIOIIUN JJisi €CTECTBEHHO-HAYYHBIX Y4EeOHBIX
IPEIMETOB, MTOCKOJIBKY (PU3HUECKUE 3aKOHBI JIS)KAT B OCHOBE MPOLIECCOB U SBJICHUN, N3y4aeMbIX
XUMHEH, Ouonorueit, pusnueckoir reorpadueit u actpoHomuei. Mcnonab3oBaHue W aKTUBHOE
npUMeHeHHe (U3UYECKUX 3HAHUM ONMpeNeniio XapakTep U OypHOE Pa3BUTHE Pa3HOOOPA3HBIX
TEXHOJIOTUH B cdepe SHEpPreTHKH, TPAHCIOPTa, OCBOCHHMS KOCMOCa, MOJYYEHHs] HOBBIX
MaTepHaJioB C 3aJaHHBIMH CBOWCTBamMH. M3yueHune ¢GU3MKM BHOCHUT OCHOBHOM BKJIaa B



(dhopMHUpOBaHKE €CTECTBEHHO-HAYYHOW KapTHHBI MHpa 00yJaromierocs, B GOpMHUpPOBaHUE YMEHUI
MNPUMCHATH HaquBIﬁ MCTOA IMO3HAHUA IIPU BBINTOJIHCHUN UMHA y‘Ie6HBIX HCCHCHOB&HHﬁ.

B ocHOBY kypca ¢u3MKU Ha ypOBHE CPEIHETO OOIIEero 00pa3oBaHMs MOJIOKEH PSA UICH,
KOTOPBIE MOKHO pacCMaTpUBaTh KaK MPUHIIUIIBI €r0 IIOCTPOCHUSI.

Hoen yenocmuocmu. B cOOTBETCTBUM € HEN KypC SABISAETCS JIOTUYECKU 3aBEPIIEHHBIM, OH
COJEPXKUT MaTepuall U3 BCEX pa3JesioB (PM3UKHU, BKIIOYAET KaK BOIPOCH! KIACCUYECKOH, Tak U
COBPEMEHHOM (PU3HKH.

Hoes zenepanuzayuu. B cooTBeTCTBUY C HEMl MaTepuall Kypca GpU3MKH 00beIMHEH BOKPYT
¢usnueckux Tteopuil. Beaymum B Kkypce sBisercs (GOpMHpPOBaHHME IPEACTaBIECHUH O
CTPYKTYPHBIX YPOBHSAX MaTE€pUH, BEIIECTBE U IIOJIE.

Hoea cymanumapuzayuu. EE€ peanuzanus npeanoiaraeT UCMojab30BaHUE T'YMaHUTapPHOTO
noTeHnuana Gu3NIeckoi HayKu, OCMBICIICHUE CBSI3H Pa3BUTHUS PU3UKH C pa3BUTHEM OOIIECTBa, a
TAaKXKXE C MUPOBO33PCHYCCKUMHA, HPABCTBCHHBIMU U 3KOJIOTHYCCKUMHA HpO6JI€MaMI/I.

Hoea npuxnaonoi nanpagnennocmu. Kypc Gusuku yriy6aE€HHOrO ypoBHS Mpeanoaraet
3HAKOMCTBO C IIMPOKUM KPYrOM TE€XHHYECKMX M TEXHOJIOTMYECKMX MPHIOKEHUM HM3ydEeHHBIX
Teopuil M 3akoHOB. Ilpm 3TOM paccMaTpuBalOTCS Ha YypPOBHE OOIIMX IpEACTaBICHUN HU
COBPEMEHHBIE TEXHUUECKUE YCTPOUCTBA, U TEXHOJIOTHH.

Hoea 3Konocuszayuu peanusyercs IOCPEICTBOM BBEACHUS 3JIEMEHTOB COJIEp)KaHuUs,
HOCB?IHIéHHBIX 3KOJOTHYE€CKHUM HpO6JI€MaM COBpPCMCHHOCTH, KOTOPLIC CBA3aHbI C PAa3BUTUCM
TEXHUKHU U TEXHOJIOTUH, a TakKe 00CYKIeHHs MpoOIeM palliOHAIBHOTO MPUPOOIIOIb30BAHUS U
HKOJIOTMYECKOI 0€30MacHOCTH.

OcBoeHnue cosiepkKaHusl MPOrpaMMbl 1O (PU3UKE TOJKHO ObITh MOCTPOSHO HA MPUHIUIAX
CHUCTEMHO-/IEATEIbHOCTHOTO Moixo/a. st GU3uKu peannzaius 3TUX NPUHIUIOB 6a3upyeTcs Ha
UCITOJIb30BAaHUN CaMOCTOSITEIbHOTO AKCIEPUMEHTa KaK IMOCTOSIHHO JeWCTByoLero (akropa
yuebHoro nporiecca. s yrinyOoaéHHOTro ypoBHS — 3TO CUCTEMA CAMOCTOSITENIbHOIO YUEHUYECKOTO
HKCIEPUMEHTA, BKJIIOYAIOUIET0 (DPOHTAIbHBIE YYEHHUYECKHE OIBITHI NMPH H3YyYEeHUH HOBOTO
MaTepuaia, JabopaTtopHble padoThl U pabOThl MpakTukyma. [Ipu 3TOM BO3MOXKHBI /iBa criocoda
peanuzanuu GpU3NIEecKoro NpakTUKyMma. B mepBoM citydae mpakTUKyM IIPOBOJUTCS TMOO B KOHIIE
10 u 11 xmaccoB, 1100 TOCIIE IEPBOTO M BTOPOTO MOJTYTOAUH B KXKIOM M3 ITHX KJIaccoB. Bropoit
croco0 — 3TO WHTerpanust paboT TpPaKTUKyMa B CHUCTEMY JIaDOpPAaTOPHBIX paboOT, KOTOpHIE
IPOBOJATCS B Ipolecce u3ydeHus pasziena (temsl). IIpu sToM mox paGoramMum mpakTUKyma
MIOHUMAETCs CaMOCTOATEIbHOE HCCIEIOBaHME, KOTOpPO€ MPOBOJUTCS IO PYKOBOJCTBY
CBEPHYTOr0, 0000IIEHHOTO BUa O€3 MOIIaroBOi HHCTPYKIIHH.

B nporpamme no ¢usuke cucrema yueHHUECKOTo HKCIEPUMEHTa, 1a00paTOpHbIX paboT U
IMMPpaKTUKyMa NpCACTaBJICHA CAUHBIM IICPCUYHEM. BI)I60p TEMATUKHU JIA 3TUX BUJA0OB YYCHHYCCKUX
MPAKTUYECKUX PabOT OCYLIECTBISETCS yYaCTHHKaMHU 00pa3oBaTeNbHOTO Ipolecca HCXOAs W3
O0COOEHHOCTEl MOYPOYHOrO IUIAHWPOBAHMUS M OCHamleHus: kaOuHeta ¢usuku. Ilpu sTOoM
oOecrieunBaeTcs OBJaJieHHe OOY4YalOIMMUCS YMEHUSMHM TPOBOJUTH MPSMble U KOCBEHHBIE
HU3MCPCHUA, UCCIICAOBAHUA 3aBUCUMOCTEH q)HSquCKHX BCJIMYHWH W IMOCTAHOBKY OIBITOB II0
IPOBEPKE MPEUIOKEHHBIX THUITOTES.

bonbimoe BHUMaHNE YACIACTCA PCUICHUIO pvaéTHBIX 1 Ka4CCTBCHHBIX 3aaay. HpI/I 3TOM
JJIA paC‘-IéTHBIX 3ala4 MPUOPUTCTOM ABJIAAKOTCA 3aladu C SABHO SaﬂaHHOﬁ U HCABHO 3aI[aHHOI>’I
(bu3n4ecKoil MOIeNbI0, TO3BOJISIOIINE IPUMEHATh U3Y4EHHBIE 3aKOHBI U 3aKOHOMEPHOCTHU KaK U3
OJIHOTO pazliesia Kypca, TaK W MHTErpupys NpUMEHEHHE 3HAaHUM W3 pas3HbIX pasnenos. s



Ka4eCTBEHHBIX 3a/ad IMPHOPUTETOM SBJSIIOTCA 3aJaHus Ha OOBsCHEHUe/NpeacKa3aHHue
NpoTeKaHus (PU3UYECKUX SBICHUN W MPOLIECCOB B OKPY)KAIOLIEH >KU3HM, TpeOyrommue BbiOopa
(bu3nvecKoil MoIeNH Ui CUTyalluu MPAaKTHKO-OPUEHTHPOBAHHOTO XapaKTepa.

B cootBerctBum ¢ TpeboBanmsiMu PI'OC COO K MaTepualbHO-TEXHUYECKOMY
obecrieueHn0 yuyeOHOro mporecca Kype (GU3UKH yriiyOJIEHHOTO YPOBHSI Ha YPOBHE CPEIIHETO
oOmiero o0Opa3oBaHMs JOJDKEH H3ydyaTbcs B YCIOBMAX INpEeIMETHOro kabuHera. B kaOunere
(GU3UKN T0JKHO OBITh HEOOX0AUMOE J1a00PATOpPHOE 000PYIOBAHUE JUISI BBHIIIOJIHEHUS YKa3aHHbIX
B IIporpaMmMe 1o (pu3Mke y4eHHYECKUX OIBITOB, Ja0OpaTOPHBIX pabOT M paboOT MpPaKTUKyMa, a
TaKXe JeMOHCTPallMOHHOE 000py10BaHHE.

JleMoHCTpanmoHHOE 000pynoBaHue (OPMHUPYETCS B COOTBETCTBUU C MPHHLIUIIOM
MUHHMAaJIbHON JOCTATOYHOCTH M OOECIEeUMBAET IMOCTAHOBKY IEPEUMCICHHBIX B IMPOrpaMMe IO
¢u3MKe KIIOYEBBIX JEMOHCTpALMil /JIsl HUCCIIEJOBAHMSI M3y4aeMbIX SIBJICHUM M IPOLIECCOB,
IMIIUPUYECKUX U (PYHTaMEHTAIBHBIX 3aKOHOB, UX TEXHUUECKUX MTPUMEHEHHH.

JlaGopaTtopHoe 00OpyAOBaHUE AJS YYEHMUYECKHX IMPaKTHYECKUX paboT (Gopmupyercs B
BUJIC TEMaTHYECKUX KOMILIEKTOB M OOecleyuBaeTcsi B pacdyére OJHOTO KOMIUIEKTa Ha JBYX
oOyuyaromuxcs. TemaTuyeckue KOMIUIEKThl J1IabOpaTOPHOro OOOpYJOBAaHUS JOJKHBI OBITh
IIOCTPOCHBI Ha KOMIIJIEKCHOM HCIIOJIb30BAaHUM AHAJIOTOBBIX M LU(PPOBBIX NMPUOOPOB, a TaKKe
KOMITBIOTEPHBIX U3MEPUTEIILHBIX CUCTEM B BHUJIE HU(POBBIX JIAOOPATOPHIA.

OCHOBHBIMU TIETISIMU U3YYEHUS GU3UKU B 00IIEM 00pa30BAHUU SBIISIOTCS:

(dbopMUpOBaHNE UHTEPECA U CTPEMIICHUSI 00YHAIOIINXCS K HAYYHOMY M3yUYEHUIO NIPUPOJIbI,
Pa3BUTHE UX UHTEIEKTYAJIbHBIX U TBOPUYECKUX CIIOCOOHOCTEN;

pa3sBUTHE TMPEACTaBIEHUH O HAydHOM MeETOoA€ TMO3HaHUs U (OpMHUpPOBaHHE
MCCJIEIOBATEIBCKOTO OTHOIIECHHUS K OKPYXXAIOLIUM SIBJICHUSM;

(dopMHpOBaHHE HAYYHOTO MHUPOBO33PEHHS KaK pe3yibTaTa M3Y4YEHUS OCHOB CTPOCHHS
MaTepuy U GyHAAMEHTAIbHBIX 3aKOHOB (PU3MKH;

dopmHpoBaHUE YMEHMH OOBSICHATH SIBICHUS C UCIOJb30BaHUEM (DU3MUECKUX 3HAHUHM U
HAy4YHBIX JI0Ka3aTeIbCTB;

(bopMupOBaHUE NPEACTABICHUHN O pOJIK PUNKU JJIs1 pa3BUTHS JPYTUX €CTECTBEHHBIX HAYK,
TEXHUKHU U TEXHOJIOTHil;

pa3BUTHE TPEACTAaBIEHUH O BO3MOXKHBIX cdepax Oyaymeid mnpodeccuoHaIbHOU
NeSITeIbHOCTH, CBS3aHHBIX C (DU3UKOM, MOJIrOTOBKA K JalbHEHIIeMy OOyYeHHIO B 3TOM
HaIpaBJICHUU.

JlocTiwkeHnne 3TUX Lenell oOecreynBaeTcsl pelIeHHeM CIEAYIOMMX 337ad B Ipoliecce
U3y4eHHs Kypca (U3MKU Ha YPOBHE CpeHEro o011ero o0pa3oBaHus:

NpUOOpeTeHNEe CUCTEMBbl 3HaHUM 00 00mHMX (U3HMYECKUX 3aKOHOMEPHOCTSIX, 3aKOHaX,
TEOpUsIX, BKIIIOYAsi MEXaHUKY, MOJIEKYJISIPHYIO GU3HKY, SJEKTPOAMHAMHKY, KBAaHTOBYIO (DU3UKY U
AIIEMEHTHI acTPOU3UKH;

dbopMupoBaHUE YMEHUI IPUMEHSATh TEOPETUUYECKUE 3HAHUSA ISl 00BACHEHUS (PU3HUUECKUX
ABJICHUH B TIPUPOJIE U JUIsl IPUHATHS NPAKTUYECKUX PEIICHUN B IOBCEIHEBHOM KU3HU;

OCBOCHHE CIIOCOOOB pEIIEHUS PA3JIMUHbIX 3a/1a4 C SBHO 33JaHHONW (U3UYECKON MOJENbIO,
3aja4, TOAPAa3yMEBAIOIIUX CAMOCTOSATENBHOE CO3JaHuEe (PU3UUYECKOM MOJeNH, aJeKBaTHOU
YCIIOBUSIM 3aJ]a4i, B TOM YHCJIE 33]]a4 HHKEHEPHOT'O XapaKTepa;

NOHUMaHHe (PU3NYECKMX OCHOB M IPHUHLUIIOB JEHCTBUS TEXHUYECKUX YCTPOWCTB U
TEXHOJIOTUYECKUX MTPOLECCOB, UX BIUSHUS Ha OKPYXKAIOILYIO CPENY;



OBJIaJICHUE METOJaMH CaMOCTOSTEILHOTO IUIAHUPOBAHUS M TPOBEACHUSA (PUINUECKHUX
OKCIIEPUMEHTOB, aHAlM3a W UWHTEpIpeTanud WH(GOPMAIUU, OIPEICICHHs] TOCTOBEPHOCTH
IIOJIyYEHHOT'O PE3yJIbTaTa;

CO3/IaHUE YCJIOBUU ISl PA3BUTHUSL YMEHHU MPOEKTHO-UCCIENOBATEIBCKON, TBOPYECKOM
JIeSATEeIbHOCTH;

pa3BUTHE UHTepeca K cepaM npodhecCHnoHaNbHON NesSTEIbHOCTH, CBSI3aHHOU ¢ (PU3UKOH.

B cootBerctBuu ¢ TpedboBanusamMu ®I'OC COO yrinyO0nEHHBIN ypOBEHb U3yUEHHUS y4eOHOTO
npenmera «Pusnka» Ha ypoBHE CpelHero ooimiero oopazoBaHusi BbIOMpaeTcs: 00ydaroluMucs,
IUTAHUPYIOIMMHU  [IPOJIOJDKEHHE OO0pa30BaHUS IO CHEHUAIBHOCTSAM  (DU3HKO-TEXHHUYECKOTO
npouIs.

Ha usydenne pusuku (yriyOn€HHBIA YPOBEHB) HAa YPOBHE CPEAHETO OOIIEro 00pa3oBaHuUs
otBoautcs 340 gacos: B 10 kimacce — 170 vacoB (5 yacoB B Hepento), B 11 kiacce — 170 yacos (5
YacoOB B HEJIEIIO).

[Ipennaraemslii B mporpamme 1o (Gu3nke nepedeHsb 1adopaTOPHBIX U MPAKTUYECKUX paboT
ABIIIETCS. PEKOMEH/IOBAaHHBIM, YYHMTEIb JellaeT BBIOOp MpOBeIeHHs 1a00paTOpHBIX paboT U
OTIBITOB C YU4ETOM UHIUBUAYATbHBIX OCOOEHHOCTENH 00YUaOLIUXCS.



COJAEP)KAHUE OBbYYEHUA
10 KJIIACC

Pa3nen 1. Hayunblii MeTO O3HAHUS NPUPOABI.

®dusuka — (yHIaMeHTanbHas Hayka o npupoje. HayuHblil MeTox MO3HaHMS U METOAbI
ucciieIoBaHus (PU3HYECKUX SIBICHUH.

OKCIIepUMEHT U TeOpHUs B Mpoliecce Mo3HaHus npupoasl. HabmroaeHne u SKCriepuMeHT B
buzuke.

Crioco6b1 3MepeHus (U3NYECKUX BEITUYMH (QHAJIOTOBBIC U IU(PPOBBIE U3MEPUTEIHHBIC
puOOpPbI, KOMIIBIOTEPHBIE JATYUKOBBIE CUCTEMBI).

[TorpemnocTu u3MepeHuit pu3nuecKux BeIUIrH (a0COTIOTHAS U OTHOCUTEIbHAS).

MonenupoBanue (U3NYECKUX SBICHUNA M MPOLECCOB (MaTepuanbHas TOYKA, aOCOIIOTHO
TBEPJI0E TEJI0, UJeaIbHasl )KUAKOCTh, UJealIbHBIN a3, ToueuHbld 3apsn). ['unoresa. dusndyeckuit
3aKOH, TPaHUIIbI €T0 IPUMEHUMOCTH. PU3ndecKas TEOpHUsl.

Pone u mecto ¢u3uku B (QOpMHpPOBAHMH COBPEMEHHOH Hay4yHOM KapTHUHBI MHpa, B
IIPAKTUYECKOHN AEATEIbHOCTH JIIOIEH.

Yuenuueckuit sxcnepumenm, nadbopamopnuvie padomel, npakmuxym.

W3mepeHue cuiibl TOKa U Haps>KEHUS B MU [TOCTOSIHHOTO TOKa ITPU IOMOIIY aHAIOTOBBIX
U IIU(PPOBBIX U3MEPHUTENBHBIX IPUOOPOB.

3HakoMcTBO ¢ 1M poBoil Jaboparopueit no ¢usuke. [Ipumeps! U3mMepeHuss GU3NYECKUX
BEJIMYMH IIPHA TOMOILIY KOMITBIOTEPHBIX JATYUKOB.

Pasznea 2. MexaHuKa.

Tema 1. Kunemamuka.

Mexannueckoe nBwkeHuE. OTHOCUTENBHOCT MEXAaHHYECKOTO MABMKEHHA. Cucrema
OTCUY€Ta.

[Tpsimast u oOpaTHast 3a1a4M MEXAHUKH.

Panuyc-BekTop MaTepuanbHOM TOUYKM, €ro IMPOEKIUH Ha OCH CHCTEMbl KOOpPJIUHAT.
Tpaexropus.

[lepemenienne, CKOpPOCTh (CpeAHssl CKOPOCTh, MTHOBEHHAasi CKOpPOCTb) M YCKOpEHHE
MaTepUaIbHOW TOYKH, UX NPOEKIMU HAa OCH CHCTEMbI KoopAuHAT. ClI0)KEHNE NEePEMEIIEHUN U
CJI0KEHHE CKOPOCTEM.

PaBHOMEpHOE U PaBHOYCKOPEHHOE NPSIMOJIMHENHOE NBUKEHHE. 3aBUCUMOCTh KOOPMHAT,
CKOpPOCTH, YCKOPEHHS U MYTH MaTepUaIbHOM TOUKU OT BPEMEHH U UX TpaUKH.

CBobomHoe mageHue. Y CKopeHrne cBOOOTHOTO NaieHus. [[BikeHne Tena, OpoIeHHOTo Mo/
YIJIOM K TOPU30HTY. 3aBUCUMOCTh KOOPJIMHAT, CKOPOCTH U YCKOPEHUS MaTepuaibHOW TOYKU OT
BPEMEHHU U UX rpaduKu.

KpuBonunerinoe nBuxeHue. J[BuxeHne MaTepruaaibHOW TOYKH M0 OKPYKHOCTH. YTJ0Bas 1
auHelHas ckopocTb. llepmon u wacrora oOpamienus. LleHTpocTpemuTenbHoe (HOpMalbHOE),
KacaTeJIbHOe (TaHTeHIMAFHOE) U OJTHOE YCKOPEHHE MaTepHaATIbHONW TOUKH.

TexHuueckue YCTpPONCTBA M TEXHOJIOTMYECKHE IIPOLECCHI: CIUAOMETP, JABH)KEHUE
CHapsI0B, LIEMIHBIE, IeCTepEHYAThIC U peMEHHBIE NTepeaun, CKOPOCTHBIE THU(THI.

Hemoncmpayuu.

Mogens cucteMsl OTCUETA, HIUTFOCTPALUS KHHEMAaTHYECKUX XaPAaKTEPUCTUK JIBHKCHUS.



CrocoOBI HUCCIIENOBAHUS IBUKECHUN.

Nnmroctpanus npeaeapHoro nepexoia U M3MEpeHe MTHOBEHHON CKOPOCTH.

[IpeoOpazoBanue IBUKEHHM C UCTIOIB30BAHUEM MEXaHU3MOB.

[Tagenue Ten B BO3AyXE U B pa3peKEHHOM MIPOCTPAHCTBE.

HaGmronenne aBM>XeHUs Teja, OpOIIEHHOTO MO/ YTJIOM K TOPU30HTY U TOPU30HTAIBHO.

HamnpaBnenue CKOpoCTH NpU ABUKEHUU IO OKPYKHOCTH.

[Ipeobpa3zoBaHue yrioBOi CKOPOCTH B PEAYKTOPE.

CpaBHeHHME NyTeW, TPAEKTOPHIl, CKOPOCTEH IBHKEHHUS OJHOTO M TOTO K€ Tejla B Pa3HbIX
CcUCTEMax OTCYETA.

Yuenuueckuii sxkcnepumenm, nabopamopusie pabomot, npaAKMUKym.

N3ydenne HepaBHOMEPHOTO JBHKEHUS € LIEJIBIO ONPEAECICHUS MTHOBEHHON CKOPOCTH.

N3MepeHne yCKOpeHUs TPU NPSIMOJTMHENHOM PAaBHOYCKOPEHHOM JIBUYKEHHUH 110 HAKIIOHHOM
IJIOCKOCTH.

HccnenoBanue 3aBUCUMOCTH ITYTH OT BPEMEHHU IIPU PAaBHOYCKOPEHHOM JBUKEHUU.

H3mepenne yckopeHusi CBOOOAHOTO majieHus: (P€KOMEH0BAaHO MCIOJIb30BaHuEe HU(POBOH
nabopaTopun).

W3ydeHnue OBUKEHHS Tea, OPOIICHHOTO TOPU30HTaIbHO. [IpoBepka rumoTe3sl 0 mpsMoit
MPONOPLIMOHATBHON 3aBUCUMOCTH MEXIY NAJTIbHOCTBIO MOJIETA U HAYAJIBHOW CKOPOCTBIO TEJIA.

N3ydenune ABUKEHUS Tea MO OKPY>KHOCTH C TOCTOSTHHOU 110 MOJYJIFO CKOPOCTBIO.

WccnenoBanue 3aBUCUMOCTH TIepHOJia OOpalieHUs] KOHUYECKOTO MasiTHUKa OT €ro
MapaMeTpPOB.

Tema 2. /lunamuxa.

IlepBolii 3akoH HproToHa. MHepunanbHbie cuctemMbl OTCUETA. [[pUHIMI OTHOCUTENBHOCTH
[Nanunes. HemnepuuanbHble CUCTEMBI OTCUETa (OMpeAeTIeHUE, TPUMEDHI).

Macca Tena. Cuna. [IpuHuun cynepno3unuu cuil.

Bropoii 3akoH HeroToHa 111 MarepuaibHON TOUKH.

Tperwnii 3akoH HproTOHA JI7151 MaTEpUAIIBHBIX TOYEK.

3aK0H BCEMUPHOTO TATOTEHUSI. DKBUBAJICHTHOCTh IPABUTAIIMOHHON U MHEPTHON MacCCHI.

Cwia TsDKeCcTH. 3aBUCUMOCTh YCKOPEHHs CBOOOJHOTO TIQJEHUS OT BBICOTHI HAJ
MOBEPXHOCTHIO TUIAHETHI M OT Teorpaduyeckod MHpOTHL. [[BrkeHWe HEOECHBIX Tel W HX
cnyTHUKOB. 3akoHbl Kemepa. [lepBas kocMuueckasi CKOPOCTb.

Cuna ynpyroctu. 3akoH ['yka. Bec tena. Bec tena, IBHKYyIIErocs C yCKOPEHHUEM.

Cuna tpenusa. Cyxoe Tpenue. Cuna TpeHUS CKOJBXEHUS M CHJIA TPEHUS IOKOS.
Koadduiment tpenuns. Cuiia COnpoTUBICHUS TMPU ABMKCHUU Tella B JKHJIKOCTH WIM Tasze, e
3aBUCHUMOCThH OT CKOPOCTH OTHOCUTEIBLHOTO JIBUKEHUS.

Hasnenue. 'unpocrarnueckoe nasnenue. Cuia Apxumesna.

TexHuueckne yCTpONUCTBA W TEXHOJOTMYECKHE MPOUECCHl: MOAIIUIHUKY, JIBUKECHHE
HMCKYCCTBEHHBIX CITyTHUKOB.

Hemoncmpayuu.

HaGnronenne ABMXEHUS TN B MHEPIHAIBHBIX M HEUHEPIIMATBHBIX CUCTEMaX OTCYETA.

[IprHIMIT OTHOCUTEIBHOCTH.

Kauenune nByX UMIMHIPOB WIM WIAPOB PAa3HOW Macchl C OJIMHAKOBBIM YCKOPEHHEM
OTHOCHUTEJIBHO HEMHEPIUAIBHOW CUCTEMBI OTCUETA.



CpaBHEHME PaBHOJCHUCTBYIOIIEH MPUIOKEHHBIX K TEY CUJI C MPOU3BEICHUEM MACCHI Teja
Ha €r0 YCKOPEHUE B MHEPLMAIBHON CUCTEME OTCUETA.

PaBeHCTBO CriI, BO3HUKAIOIIMX B PE3YJIBTATE B3aUMOJACHCTBHS TEIL.

N3mepeHne macce 1o B3auMOJICHCTBUIO.

HesecomocTts.

Bec Tena npu yCKOpeHHOM NOABEME U MAJICHUU.

LleHTpOOEKHBIE MEXAaHU3MBI.

CpaBHeHuE CUII TPEHUS MTOKOSI, KAYEHUS U CKOJIbKCHHUS.

Yuenuueckuit sxcnepumenm, nabopamopnvie padomeol, npaKmuKym.

W3mepenune paBHOJCHCTBYIONIEH CHJI TPH IBMYKEHUH OpyCKa 110 HAKIIOHHOM TJIOCKOCTH.

[IpoBepka rumore3pl O HE3aBUCHMOCTH BPEMEHM JBMKEHMSI Opycka [0 HAKJIOHHOU
IJIOCKOCTH Ha 33JJaHHOE PACCTOSIHUE OT €0 MacChl.

HccenenoBanue 3aBUCHMOCTH CHJI YHPYTOCTH, BO3HUKAIOIIMX B NPYKMHE U PE3UHOBOM
obpasrie, oT ux nedopmaruu.

W3yueHne IBMKEHUS CUCTEMBI TEJ, CBI3aHHBIX HUTHIO, IEPEKUHYTOH uepe3 JNErkuii OJI0K.

N3mepenue korduiieHTa TpeHHus 0 BEIMYUHE YIJIOBOIO KOA(PQHUIMEHTa 3aBUCUMOCTH
Fip(N).

HccnenoBanue [BWXKEHUS Opycka [0 HAaKJIOHHOM IUIOCKOCTM C IEPEMEHHBIM
K03 PHUIIMEHTOM TPEHHUS.

W3ydeHne ABMKEHUSI TPy3a Ha Baly C TPEHUEM.

Tema 3. Cmamuxa meépoozo mena.

AbcomoTHo TBEpOoe Teno. [locTynarenbHoe 1 BpaliaTenbHOE JBUKEHHE TBEPAOIO Teja.
MoOMEHT cuiIbl OTHOCUTENBHO ocu BpauieHus. Ilnedo cumnbl. CnoxkeHue cuil, IPUIIOKEHHBIX K
TBEpAOMY Teny. LleHTp TskecTu Tena.

VYcnosus paBHOBECHS TBEPAOIO TEINA.

YcroitunBoe, HeyCTOHUYHMBOE, Oe3pa3TuYHOE PAaBHOBECHE.

TexHu4eckne yCTpPOMCTBA W TEXHOJIOTMYECKHE IMPOLECCHI: KPOHIUTEHH, CTPOUTEIbHBIN
KpaH, peméryaTble KOHCTPYKIUH.

Hemoncmpayuu.

VYcioBust paBHOBECHS.

Bunael paBHOBeCHS.

Yuenuueckuit sxcnepumenm, nadbopamopnuvie padomeol, npakmuxym.

HccnenoBanue ycl0BUI paBHOBECHUS TBEPIOTO TeJla, UMEIOIIEr0 OCh BPAIICHHUS.

KoHcTpynpoBanue KpOHIITEHHOB U pacy€T CUJ YIPYTOCTH.

N3yuenue ycTOMYMBOCTH TBEPAOTO TEJA, UMEIOIIETO MJIOIMIAb ONOPHI.

Tema 4. 3akonvl coxpanenus 6 MexaHuke.

Nmnynsc mMaTepuanbHOW TOYKH, CUCTEMbl MaTepuaibHBIX Touek. LleHTp macc cuctemsl
MaTepHalbHBIX TOUEK. Teopema 0 JBHKEHHUH LIEHTPa Macc.

HMnynbc CUIIbl U H3MEHEHHUE UMITYJIbCA TeNa.

3aKOH COXpaHEHMsI UMITYJIbCA.

PeaktuBHOE NBHXKEHUE.

MoMeHT uMIysnbca MaTrepuanbHON TOYkH. IIpeacraBieHne O COXpaHEHUH MOMEHTa
MMITYJIbCa B LICHTPAJIbHBIX ITOJISX.



PaGoTa cunbl Ha MaJoM M Ha KOHEYHOM mepemelieHuM. ['paduyeckoe mpeacraBieHue
pabOThI CHIIBI.

MoniHOCTh CHIIBI.

Kunernueckast sHeprus marepuaibHOH TOUKU. Teopema 00 M3MEHEHMHM KHHETHYECKOMH
SHEPIUH MATEPUATILHOM TOYKH.

[ToreHnnanpHble W HENOTEHIMAIBHbIE cuibl. IloTeHnuanbHas sHeprus. IloreHnuanbHas
SHeprus ynpyro nehopMUpOBaHHOH NpyxuHbl. IloTeHIManbHas 3HEPrus Tesla B OJAHOPOIHOM
rpaBUTalMOHHOM moJe. [loTeHnuanbHas 3Heprus Tejna B TPaBUTALMOHHOM I10JI€ OZHOPOJHOTO
mapa (BHYTpH U BHe L1apa). Bropast kocMuueckasi CKopocTb. TpeThsi KocMUYecKasi CKOPOCTb.

CBsi3b pabOTHI HEMOTEHIUATBHBIX CHJI ¢ M3MEHEHHUEM MEXaHHUYECKOW IHEPTUU CHUCTEMBbI
TeN. 3aKOH COXPAaHEHHS] MEXaHUYECKOW YHEPTUH.

VYipyrue u Heynpyrue CTOJIKHOBEHHUS.

VYpaBHenue bepHymum [ WACAIbHOM KUJKOCTH KakK CJEACTBUE 3aKOHA COXPaHCHHS
MEXAHUYECKOM HEPTHUU.

TexHuueckue ycTpoHCTBA M TEXHOJIOIMUYECKHE IPOLECCHI: JBUIKCHHE PAKET, BOIOMET,
KONEp, MPYKUHHBIA MUCTOJIET, TUPOCKOI, (UIypHOE KaTaHHE Ha KOHbKaX.

Hemoncmpayuu.

3aKOH COXpaHEHMsI UMITYJIbCA.

PeakTuBHOE NBHXKEHUE.

N3mepenrie MOIHOCTH CHJIBI.

W3MeHeHne 3HepruM Tea Mpu COBEPILIEHUHU pabOoThI.

B3anmuble npeBpaleHuss KHHETUYECKOM 1 MOTEHIIMAIbHOW SHEPT U IPU IEHCTBUU HA TEJI0
CHUJIBI TSDKECTH U CUJIBI YIIPYTOCTH.

CoxpaHeHue SHepruy Mpyu CBOOOTHOM MaJICHHH.

Yuenuueckuit sxcnepumenm, nadbopamopnvie padomuol, npaKmuKym.

H3mepenne umIryabca Tena o TOpMO3HOMY ITyTH.

W3mepeHue cuibl TATH, CKOPOCTH MOJIENH IEKTPOMOOMIISI U MOIIIHOCTH CUJIBI TATH.

CpaBHeHUE U3MEHEHHS UMITYJIbCA Tela C UMITYJIBCOM CUJIBL.

HccenenoBanue coxpaHeHUsI UMITYJIbCA IPU YIPYTOM B3aWUMOJEHCTBHH.

W3mepenre KNHETUYECKOM YHEPTUHN Teja 0 TOPMO3HOMY ITyTH.

CpaBHeHUE U3MEHEHUS MTOTEHIIMATBHOM SHEPT U NPYKUHBI ¢ paOOTOM CUIIBI TPEHHUSL.

Omnpenenenne pabOThl CHIIBI TPEHUS MPH JIBUKEHUH TeJa M0 HAKJIOHHON TIOCKOCTH.

Paznes 3. MosekyasipHasi (pM3MKa ¥ TEPMOJUHAMHUKA.

Tema 1. Ocno6bl MONEKYAAPHO-KUHEMUUECKOU meopul.

OcHoBHbBIE TMOJIOKEHUS MOJeKyIsapHo-kuHeTnyeckot Teopun (MKT), ux omnbiTHOE
obocunoBanue. Juddysusa. bpoyHoBckoe nBmwkeHme. XapakTep IABMIKEHUS W B3aUMOJICHCTBUS
YyacTUIl BellecTBa. MoJiesu CTpOeHHsI Ta30B, KUIAKOCTEH U TBEPABIX Tel U 0ObSICHEHHUE CBOWCTB
BElleCTBAa HAa OCHOBE A3TUX Mozened. Macca u pasmepbl Mosekyn (atomoB). KomudectBo
BemectBa. [locTtostHuas ABoraapo.

TenmoBoe paBHoBecue. TemmnepaTypa u crocobbl e€ u3mepenus. lllkama temmnepatyp
Lenbcus.

Mogens neanbHOro ra3a B MOJIEKYJISIPHO-KMHETUYECKOM TEOPUH: YaCTULIBI F'a3a JBUKYTCS
Xa0TUYECKHU U HE B3aUMOACUCTBYIOT APYT C APYTOM.



['a3oBbic 3akoHBI. YpaBHeHHEe MenzaeneeBa—Knaneiipona. AOcomoTHas Temmeparypa
(wkanma temneparyp KeneBuna). 3akon Jlanmprona. M3ompomecchl B HI€aJlbHOM rase cC
MOCTOSIHHBIM KOJIMYECTBOM BellecTBa. | paduueckoe nmpeacraBieHne H30MPOLECCOB: U30TEPMa,
u30Xxopa, u3odapa.

CBs13b MEXKy IaBJICHUEM U CPEIHEN KUHETUYECKOM S3HEPIHEN MOCTYATENbHOIO TEMJIOBOIO
JIBYDKEHUS MOJIEKYJT MJ1€aJIbHOTO ra3a (OCHOBHOE YpaBHEHHUE MOJIEKYJIIPHO-KUHETHUECKON TEOpUH
U/1€aIbHOTO ra3a).

CBs3p  aOCOJIIOTHOW  TeMmIepaTypbl TEpPMOJMHAMMUYECKOW CHUCTEMBI CO  CpeiHeH
KMHETUYECKOW YHEPrUeH MOCTYAaTENbHOIO TEIUIOBOTO IBHYKEHUS €€ YaCTHII.

TexHuueckue YCTpOIICTBA U TEXHOJIOTMYECKUE TIIPOLIECCHI: TEPMOMETp, OapoMmerp,
IIOJIy4eHUE HAHOMATEPHUAIIOB.

Hemoncmpayuu.

Mopnenu 1BUKEHUS 4aCTHULl BEIIECTBA.

Mozens OpOyHOBCKOTO JBUXKEHUS.

Buneoposuk ¢ 3anchio peasbHOro OpOyHOBCKOTO IBH)KEHUSI.

Huddysus xunkocrei.

Mogaens onbita [lITepha.

IIpuTsxeHue MOJIEKyII.

Mogenu KpUCTAIIINYECKUX PEIETOK.

Habmonenune u rccnenoBanne N30IpOIECCOB.

Yuenuueckuit 3xcnepumenm, nabopamopmnsie padomol, RPAKMUKYM.

HccnenoBanue mporecca yCTaHOBICHHS TEIIOBOTO paBHOBECHS TPU TEMJI000MEHE MEX 1y
ropsiuer U XOJIOAHOU BOJOM.

N3yueHne u30TepMHUYECKOro Tpolecca (PEeKOMEHIOBAaHO MCIIONb30BaHUE IM(PPOBOI
nabopaTopun).

M3yyenune n30X0pHOro Impolecca.

N3ydenue nzobapHOro npoiecca.

ITIpoBepka ypaBHEHUS COCTOSIHUA.

Tema 2. Tepmoounamuka. Tennogvie mauwiunol.

Tepmoannamuueckas (Tl) cucrema. 3aiaHre BHEIIHUX YCIOBHM Il TEPMOIMHAMUYECKON
cuctembl. BHeltHue n BHyTpeHHME napaMeTpbl. [lapameTpsl TEpMOIMHAMUYECKON CUCTEMBI KaK
CpEIHUE 3HAYECHUS] BEJIMYMH, ONMCHIBAIOLINX €€ COCTOSIHME Ha MUKPOCKOIINUYECKOM YPOBHE.

Hynepoe Havano tepmoanHamuku. CaMonpou3BoiibHas pesakcalus TepMOJINHAMUYECKON
CUCTEMBI K TEIUIOBOMY PAaBHOBECHUIO.

Mopnenp wuzaeanpHOrOo raza B TEPMOJWHAMHMKE — CHCTEMA YpPAaBHEHMI: ypaBHEHHE
MenneneeBa—KnaneiipoHa U BbIpaK€HUE JUIsI BHYTPEHHEW SHEPIUH. Y CIOBHUS MPUMEHHUMOCTH
TOW MOJEeNN: HM3Kasg KOHIIEHTpAlMsl YacTUIl, BBICOKHE TeMIepaTyphl. Belpaxkenue mmis
BHYTPEHHEHN YHEPTUU OJHOATOMHOTO UCAIBHOTO ra3a.

KBasucrarnueckue u HECTaTUUECKHUE IPOLIECCHI.

OnemeHTapHas paboTa B TepMoIuHaMuKe. Boraucienue padboTsl o rpaduky mpoiecca Ha
pV-nuarpamme.

Tennonepenaya Kak Croco0 HM3MEHEHHUs BHYTPEHHEH SHEepruud TepMOIUHAMUYECKOMN
cucTeMsl 6e3 coBeplieHns padoTel. KOHBEKIMS, TEMIONPOBOIHOCTD, U3TyUEHHE.



KomnuectBo TemnoTel. TemioéMKOCTh Tena. YIenbHas W MOJSIpHAs TEIIIOEMKOCTH
BelllecTBA. YpaBHeHHe Maiiepa. YenbHas TeEIUIOTa CropaHus ToIuMBa. Pacuér konuyecTBa
TEIUIOTHI NpH Terutonepenayue. [lonstue o0 anuadaTHOM Iporecce.

[TepBblii 3aK0H TEpMOAMHAMUKH. BHYTpeHH:s sHeprus. KoauuecTBo TEIIIOTH U paboTa Kak
Mepbl U3MEHEHHUS BHYTPEHHEH SHEPTUU TEPMOJIUHAMUYECKON CUCTEMBI.

Bropoil 3akoH TepMOAMHAMHUKHM JUIsl PABHOBECHBIX IIPOLIECCOB: 4Ye€pe3 3aJaHHOE
PaBHOBECHOE COCTOSIHME TEPMOIMHAMMYECKON CHCTEMbl MPOXOIUT E€AMHCTBEHHas aauabdara.
AOcomoTHas Temneparypa.

BTopoii 3aK0H TEpMOJMHAMHKHU 11 HEPABHOBECHBIX IPOLIECCOB: HEBO3MOXKHO IEepeaTh
TEIUIOTY OT Oojiee XOJNOMHOTO Tena K Oonee Harperomy Oe3 kommencanuu (Kmaysmyc).
HeoOpaTtumocTs IpUpOIHBIX IPOLECCOB.

[TpuniMne! AeiicTBUs TermnoBbix MamuH. KIT/I.

MaxkcumansHoe 3Hauenue KII1/. [{ukn Kapho.

DKOJIOTMYECKUE aCNEKThl MCIIOJIb30BAHUS TEIUIOBBIX JABUrarened. TemnoBoe 3arps3HeHue
OKPY’KaroIlle Cpebl.

TexHu4eckue ycTpoicTBa M TEXHOJIOTMYECKUE IMPOLIECCHI: XOJOAMIBHUK, KOHAUIMOHED,
IU3eTbHBIA W KapOIOpaTOpPHBIM JBUraTeNd, MapoBas TypOWHA, MOMYyYEHUE CBEPXHU3KHUX
TEMIEpaTyp, YTWIN3ALUS «TEIUIOBBIX» OTXOJOB C HCIOJb30BaHUEM TEIUIOBOTO HAacoca,
yTUIIM3aLKsg OMOOPraHNYECKOIro TOIIMBA AJIsl BBIPAOOTKH «TEIIOBOW) U 3JIE€KTPOIHEPTUH.

Hemoncmpayuu.

W3meHeHne TemnepaTypsl IPH a1nadaTHYeCcKOM paclIupEeHUH.

Bo3nyniHoe orauso.

CpaBHeHUE YIENIBHBIX TEIUIOEMKOCTEHN BELLIECTB.

CniocoObl U3MEHEHHSI BHYTPEHHEH YHEPTHH.

HccnenoBanue aanabaTHoro mporecca.

KoMnbroTepHble MOAENH TETIOBBIX JBUTaTENEH.

Yuenuueckuit sxcnepumenm, nadbopamopnsvie padomel, npakmuxym.

N3mepenne yaenbHON TeMT0OEMKOCTH.

HccnenoBanue npoiiecca OCThIBaHUS BEIIECTBA.

HccnenoBanue aguabaTHOTo npoiiecca.

N3yueHne B3aUMOCBSI3M DHEPTUU MEXKMOJIEKYJISIPHOTO B3aUMOJACHCTBUSL U TEMIIEpaTyphl
KUIEHUS KUAKOCTEH.

Tema 3. Azpecammuvie cocmonanusn eewjecmea. Pazoevie nepexoowvl.

[TapooOpa3oBanne u KoHJeHcaus. lcmapeHne u KWUIIEHHWE. YJIelbHas TEIuioTa
napooOpa3oBaHusl.

Hacpiennsle ¥ HeHachllleHHble Mapbl. KauecTBeHHass 3aBUCMMOCTb IUIOTHOCTH U
JaBJICHMsI HACBILIEHHOIO Mapa OT TeMIEepaTyphbl, UX HE3aBUCUMOCTb OT 00bEMa HACHIIIEHHOTO
napa. 3aBUCUMOCTb TEMIIEpaTyphl KUIIEHUS OT JaBJICHUS B KUIKOCTH.

BrnaxnocTs Bo31yxa. AGCOMIOTHAS U OTHOCHTEIBHAS BIAXKHOCTb.

Tsépnoe Teno. Kpucrannumueckue u amopgHbie Tesia. AHU30TPOIUS CBOMCTB KPUCTAILIOB.
[TnaBrnenue u KpucTauM3anus. Y AelbHas TEIUIoTa rmiaBieHus. Cyomumanus.

Hedopmaruu tBEpHoro tena. Pactsokenwe u cxartue. Cosur. Monyne FOnra. Ilpenen

yapyrux nedopmarui.



TennoBoe pacmMpeHnue KUIKOCTEH U TBEPIABIX Te, 00bEMHOE U JMHEHHOE paCITUPECHHE.
AHTapMOHU3M TEIUIOBBIX KOJICOAHUH YacTHUI] BEIIECTBA KaK MPUYMHA TEIUIOBOTO PACIIUPEHUS T
(Ha KaYECTBEHHOM YPOBHE).

[TpeoOpaszoBanue sHEprUn B (ha30BBIX MEPEXOaX.

YpaBHEHHE TEIJIOBOTO OaaHca.

[ToBepxHocTHOE HaTskeHUe. KoadduiueHT moBepXHOCTHOrO HaTshkeHUs. KanuspHbie
ABJICHMS. JlaBlieHne o UCKPUBIEHHOM MOBEPXHOCTHIO xKUAKOCTH. Dopmyna Jlamnaca.

TexHuueckue yCTpOMCTBA M TEXHOJOTMYECKHME IPOLIECCHI: KUAKUE KPUCTAJUIbL,
COBPEMEHHBIE MATEpUAJIbI.

Hemoncmpayuu.

TennoBoe pacmmpeHue.

CBolicTBa HaCHIIEHHBIX [1aPOB.

Kunenne. Kunenue npu nOHUKEHHOM J1aBICHUU.

W3mepenne cuiibl HOBEPXHOCTHOTO HATSKEHUSI.

OnbIThl ¢ MBUIBHBIMH TJIEHKAMHU.

CmauuBanue.

Kanwnsipasie saBieHus.

Mopnenn HEeHbIOTOHOBCKOM JKUIKOCTH.

Crioco0bl U3MEpEHUs BIAKHOCTH.

HccnenoBaHue HarpeBaHUs U IUIABJIEHUS KPUCTAJUIMUECKOTO BEIIECTBA.

Bune! nedpopmanuii.

HaGnronenue mManbix qegopmanuii.

Yuenuueckuit sxcnepumenm, nadbopamopnvie padomuol, npaKmuKym.

W3y4yeHne 3aKOHOMEPHOCTEN UCIIAPEHMSI JKUKOCTEH.

W3MmepeHue yAeapHOM TEII0ThI IIJIaBICHUS JIbJA.

N3y4eHne CBOMCTB HACHIIIEHHBIX 1apOB.

N3mepeHne abCoMOTHOM BIIaXKHOCTH BO3/yXa U OILIEHKA MacChl IAPOB B IIOMEIICHHUH.

N3mepenne ko3P huiineHTa moBepXHOCTHOTO HATHKEHHUS.

N3mepenne moayia FOnra.

HccnenoBanue 3aBUCUMOCTH AeQopMaIiil pe3HHOBOro 00pasiia OT MPUIIOKEHHON K HEMY
CUJIBI.

Pa3nen 4. DaekTpoamHaMuka.

Tema 1. Inexmpuueckoe noie.

OnexTpuzanus Tea U €€ MposBIEHUA. DJIEKTPUYECKUM 3apsn. JIBa BHa 3JIEKTPUYECKHUX
3apA0B. [IpOBOHUKH, TUAIEKTPUKH U IOy POBOIHUKHU. DJIEMEHTAPHBIN AIEKTPUIECKUN 3apsia.
3aKOH COXpaHEeHHMsI SJIEKTPUUECKOTO 3apsiia.

B3aunmoneiictBue 3apsanoB. Toueunsie 3apsaapl. 3akoH KyioHa.

OnekTpuueckoe nose. Ero nefcTere Ha 31eKTpUIeCKUe 3apsibl.

Hanpsoxkéanocts  anektpudeckoro mons. I[IpoOubiit 3apsn. Jluaum HanpskEHHOCTH
ANIEKTpUYECKOro nosst. OqHOPOIHOE FNEKTPUUECKOE TTOJIE.

[ToTeHIManbHOCTh 3NEKTPOCTATUYECKOTO MOJsA. PAa3HOCTh NOTEHIMANIOB U HAIpPSKEHHE.
[ToreHunanbHast SHEPrUs 3aps/ia B MEKTPOCTaTUUECKOM ToJie. [loTeHIMan 3IeKTpocTaTH4eCcKOro
nosist. CBsA3b HANPSHKEHHOCTH MOJS U PA3HOCTH MOTEHLUUATIOB ISl 3JIEKTPOCTATUYECKOTO MOJIsS
(KaK OJJHOPOIHOTO, TaK M HEOJHOPOIHOTO).



[TpuHIMT CynEepHO3ULIMU IEKTPUUECKUX TTOJICH.

[Tone ToueuHoro 3apsma. [lone paBHOMepHO 3apspkeHHOU cdepbl. Ilone paBHOMEpPHO
3apspkeHHOro 1o o0BEMy mmiapa. [lome paBHOMEpHO 3apsOKEHHOM OECKOHEYHOW IIOCKOCTH.
KapruHbl TMHUN HANPS)KEHHOCTU ATUX I1OJIEH U SKBUIIOTEHIUAIbHBIX IIOBEPXHOCTEH.

[IpoBOIHUKY B AJNEKTPOCTATUUECKOM I10JI€. Y CIIOBUE PABHOBECHS 3apsJIOB.

JIM3NeKTpUKHY B 3JIEKTPOCTATHYECKOM I0JI€. J(M3neKkTpuyeckas NpoOHUIaeMOCTh BEIIECTBA.

Konnencarop. DneKTpoEMKOCTh  KOHJIEHCATOopA. DNEeKTPOEMKOCTh  IIJIOCKOTO
KOH/JIEHCATOopa.

[TapannensbHoe  coeauHeHue  KoHAeHcaTopoB.  IlocnmenoBaTenbHOE — coeMHEHHE
KOH/JIEHCAaTOPOB.

DHeprus 3apsHsKeHHOT0 KOHJIEHCATopa.

JIBr>KeHre 3apsKEHHOW YaCTULIbI B OJTHOPOJHOM 3JIEKTPUUYECKOM MOJIE.

TexHu4yeckne yCTPONCTBA M TEXHOJOTMYECKHE MPOLECCHI: JIEKTPOCKOI, 3JIEKTPOMETP,
AIEKTPOCTaTUYECKas 3alllUTa, 3a3eMJICHIE YIEKTPOIIPHUOOPOB, KOHACHCATOPHI, reHepaTop Ban ne
I'paada.

Hemoncmpayuu.

VYeTpoicTBO U MPUHLUI AEHCTBUS 3JIEKTPOMETPA.

DIIEKTPUUECKOE T0JIE 3apsHKCHHBIX IITIAPUKOB.

DIIEKTPUUYECKOE TTOJIE€ IBYX 3apsHKCHHBIX TIACTHH.

Mogenb snekTpocTaTudeckoro reaeparopa (Ban ne ['paada).

IIpOBOTHHUKY B JIEKTPUYECKOM II0JIE.

DIIeKTpOoCcTaTUYECKas 3allIHTa.

YCTpoKCTBO U AEMCTBUE KOHJAECHCATOPA ITOCTOSHHOW U IEPEMEHHON EMKOCTH.

3aBUCUMOCTB JIEKTPOEMKOCTH TJIOCKOTO KOHJEHCATOpa OT IUIONIAI IIIACTHH, PACCTOSHUS
MEXAY HUMH U TU3IEKTPUUECKON MPOHULIAEMOCTH.

DHeprus MEKTPUUECKOr0 MOJIs 3apsKEHHOT0 KOHJIEHCAaTopa.

3apsiaka U pa3psiKka KOHAEHCaTopa 4epe3 pe3ucTop.

Yuenuueckuit sxcnepumenm, nabopamopnsvie padomut, npaKmuKym.

OrneHKa CvJT B3aUMOJICHCTBUS 3apsKCHHBIX TEll.

HabGnronenue npeBpaiieHusi JHEPTUU 3apsHKEHHOTO KOHJIEHCATOPa B SHEPTHIO M3ITYYCHHS
CBETOAMO/IA.

N3yuenue npoTrekaHusi TOKa B LEMHU, COAEPKAIICH KOHAEHCATOpP.

Pacnipenenenrie pa3HOCTH TOTEHIMATIOB (HAMpsDKEHUS) TMPH  IOCIEJOBATEILHOM
COEIMHEHUH KOHAEHCATOPOB.

HccenenoBanue paspsiia KOHIEHCATOPA YEPE3 PE3UCTOP.

Tema 2. Ilocmoannulit I1eKmpudecKuii mok.

Cuna Ttoka. [TocTOsSIHHBII TOK.

VYcnoBusi CymIeCTBOBAaHMSI TIOCTOSIHHOTO AJIEKTPUYECKOTO TOKa. VCTOYHMKM TOKa.
Hampsoxenne U u 31C €.

3akon OMa JJist yJacTKa LETH.

DIIEKTPUUYECKOE COMPOTUBIIEHUE. 3aBUCUMOCTb COITPOTUBIICHUSI OHOPOAHOTO IMTPOBOIHUKA
OT €r0 JJIMHBI U IUIONIA/IA TONEPEUYHOI0 CeYEHUs. Y ACIbHOE CONPOTUBIICHNE BEILIECTBA.

[locnenoBarenpHOE, NapaJIENIbHOE, CMEIIAHHOE COEAVMHEHUE IPOBOJHUKOB. Pacuér
pa3BEeTBIEHHBIX AMeKTpuueckux mneneil. [IpaBuna Kupxroda.



PaGoTa snekrpuueckoro Toka. 3akoH Jxoyns—Jlenna.

MOIIHOCTb 3JEKTPUUECKOT0 TOKA. TemoBas MOLHOCTb, BbIIEIsEMasi HA PE3UCTOPE.

OJ1C u BHyTpeHHEE CONPOTUBIIEHUE UCTOUYHHUKA TOKA. 3aKkoH OMa JJ1sl TOJTHOM (3aMKHYTOM )
ANEKTPUYECKON LenH. MOIIHOCTh UICTOYHUKA TOKa. KOpoTKOE 3amMbIKaHUE.

Konzaencarop B 11enu NOCTOSIHHOTO TOKA.

TexHu4yeckue yCTpOMCTBA M TEXHOJIOTMYECKHE IIPOLECCHl: aMIEPMETpP, BOJBTMETP,
peocTar, CYETUHMK AIEKTPUIECKON SHEPIUH.

Hemoncmpayuu.

W3mepenne cuiibl TOKa U HAPSKEHUS.

HccnenoBaHue 3aBUCUMOCTM CHJIBI TOKAa OT HANpPsDKEHUS [UId  PE3UCTOpa, JIaMIIbl
HaKaJMBaHUS U CBETOAMOA.

3aBUCUMOCTh CONPOTUBIICHUS] IWIMHAPUYECKUX MPOBOJHUKOB OT JUIMHBI, TUJIOIIATU
MONIEPEYHOI0 CEUEHUs U MaTepHuaa.

HccnenoBanue 3aBUCUMOCTH CHITBI TOKA OT COITPOTHUBIICHUS MTPHU MOCTOSIHHOM HAINPSKEHUH.

[Ipssimoe n3mepenue DJC. KopoTkoe 3amblkaHUE TaJIbBAHUYECKOTO 3JIEMEHTa M OLEHKa
BHYTPEHHETO CONPOTUBIICHUS.

Cnioco0ObI coeTMHEHUST UCTOYHUKOB ToKa, IJIC GaTapeid.

HccnenoBanue pa3HOCTH MOTEHIIMAJIOB MEXAY MOJI0CAMU HUCTOYHHMKA TOKA OT CHJIbI TOKA B
LEMH.

Yuenuueckuit sxcnepumenm, nadbopamopnsvie padomel, npakmuxym.

HccnenoBanue cMEIaHHOTO COEIUHEHUS PE3HCTOPOB.

H3MmepeHue yaeapHOro CONpOTUBIIEHHSI IPOBOJHUKOB.

HccnenoBanue 3aBUCUMOCTH CUJIBI TOKA OT HAIPSDKEHUS 1JIs JJaMITbl HAKAJIUBAHUS.

YBenuueHue npesena u3MepeHus amrnepMerpa (BOIbTMETPA).

N3mepenne 3/1C 1 BHYTpEHHETO CONPOTUBIIEHUS UCTOYHUKA TOKA.

Hccnenosanue 3apucumocty D/1C raibBaHUYECKOTO 3JI€MEHTa OT BPEMEHH IPU KOPOTKOM
3aMBIKaHUH.

HccnenoBanue pa3HOCTH MOTEHIIMAJIOB MEXAY MOJ0CAMU HCTOYHHMKA TOKA OT CHJIBI TOKA B
LEeMu.

Hccnenoanue 3aBUCMMOCTH TIOJIE3HOM MOITHOCTH UCTOYHHUKA TOKA OT CHJIBI TOKA.

Tema 3. Toku 6 paznuunpix cpeoax.

DNeKTpUUYecKas MPOBOAUMOCTbh PA3JIMYHBIX BELIECTB. OJEKTPOHHAs MPOBOJUMOCTH
TBEPABIX  METAUIOB.  3aBUCUMOCTh  CONPOTHBJIEHUS  METAUIOB  OT  TEMIEpaTyphl.
CBepXnpoBOIUMOCTb.

DIIEKTpUYECKHI TOK B Bakyyme. CBOMCTBA 3JIEKTPOHHBIX ITyYKOB.

[TonynpoBonuuku. CoOCTBeHHass M NpPUMECHas MPOBOAUMOCTh MOJYNPOBOJHUKOB.
CaoiicTBa p—Nn-nepexona. [lomynpoBoHUKOBBIE TPHUOOPHI.

DONEKTPUUECKUH TOK B 3JEKTPOJIMTAX. DJIEKTPOIUTHYECKAs NUCCOLMALNSA. DIEKTPOIH3.
3akonsl dapajes A 3AEKTPOIIN3a.

OnekTpuueckuid TOK B raszax. (CaMOCTOSTENbHBIM M HECAMOCTOSITENIBHBIN pas3psi.
Paznuunble TUITBI CAMOCTOATENBHOTO paspsaa. Monnus. 1lnaszma.

TexHu4yeckue yCTpPONMCTBA M MPAKTUYECKOE NPUMEHEHHUE: Tra3opa3psiaHble JIaMIIbI,
3JICKTPOHHO-TTyueBasi TpyOKa, IMOJYIPOBOJIHUKOBBIC MPUOOPHI: THUOMA, TPAH3UCTOP, (HOTOIUO,



CBETOJIMOJ, TallbBaHWKA, paUHUPOBAHWE MEAM, BHIIUIABKA AQJIIOMHHHS, OJCKTPOHHAs
MUKPOCKOIIHS.

Hemoncmpayuu.

3aBUCUMOCTb COIIPOTUBIIEHUS METAJUIOB OT TEMIIEPATYPHI.

IIpoBOAMMOCTB 3JIEKTPOJIUTOB.

3akoHbI 3eKTpoau3a Papazes.

HckpoBoii pa3psii ¥ IPOBOJIUMOCTb BO3/1yXa.

CpaBHeHuE MPOBOIMMOCTH METAJJIOB U MOJIYIPOBOIHUKOB.

OaHOCTOPOHHSIS MPOBOJIUMOCTD JTUOJIA.

Yuenuueckuit sxcnepumenm, nadbopamopnvie padomeul, npakmuxym.

HabGmonenue anexrpomnusa.

W3mepenue 3aps1a 0JHOBAJIEHTHOTO HOHA.

HccnenoBanue 3aBUCMMOCTH COITPOTUBIIEHUS] TEPMOPEZUCTOPA OT TEMIIEPATYPHI.

CHsTHE BOJNBT-aMIIEPHON XapaKTEPUCTUKH TUOIA.

Du3n4ecKuil MPaAKTUKYM.

CniocoObl u3Mepenust (U3NUECKUX BETUYHUH C UCTOIH30BAHUEM aHAIOTOBBIX M UG POBBIX
U3MEPUTENIbHBIX TMPUOOPOB M KOMIBIOTEPHBIX JATYUKOBBIX CHUCTEM. AOCONIOTHBIE U
OTHOCUTEJIbHBIE  IOTPEIIHOCTH  M3MEpeHuM  ¢u3nuyeckux BeauyuH. OLEHKa TI'paHuUll
IIOTPEUIHOCTEM.

[IpoBeneHNe KOCBEHHBIX U3MEPEHUH, UCCIIEIOBAHUN 3aBUCUMOCTEHN (PU3NUECKUX BEITUYHH,
IIPOBEPKa MpPENJIOKEHHBIX T'MIOTe3 (BHIOOp M3 padOT, ONMUCAHHBIX B TEMAaTHYECKUX paslenax
«YYeHNYeCKUI HKCIIEPUMEHT, J1JAOOpaTOPHBIE pabOTHI, TPAKTUKYM).

MexnpeaMeTHbie CBA3H.

N3yuenne kypca ¢puszuku yriayonéaHoro ypoBHsa B 10 kiacce OCyIIECTBISIETCS C YUETOM
COJIepXKATeNbHbIX MEXIIPEIMETHBIX CBSi3ed C KypcaMHd MaTeMaTHKH, OHOJIOIMH, XUMHH,
reorpauu ¥ TEXHOJIOTHH.

Mesxxcnpeomemmnsvie nonamus, c6A3aHHble C UYUEHUEM MEMO008 HAYUHO20 NOZHAHUA:
ABJICHUE, Hay4yHbIH (akT, runores3a, (Qu3Mueckas BEIUYMHA, 3aKOH, TEOpHs, HaOIIOACHUE,
HKCIIEPUMEHT, MOJIETMPOBaHHE, MO/IEb, H3MEPEHUE, IOTPEIIHOCTH U3MEPEHUI, U3MEpUTETbHBIE
npuOopsl, nudposas nadbopaTopus.

Mamemamuka: peunieHue cucteMbl ypaBHeHuMH. JluneiiHas ¢yHkums, mnapabona,
runepboina, ux rpaduku u cBoiicra. Tpuronomerpudeckrue GyHKINUU: CHHYC, KOCUHYC, TAHT€HC,
KOTaHI'€HC, OCHOBHOE TPUTOHOMETPUYECKOE TOXKAECTBO. BEKTOpPBI M HX NPOEKIMH Ha OCU
KOOpJMHAT, CII0KEHUE BEKTOPOB.

buonozua: mexanuueckoe JBUKEHHE B KUBOU Mpupoae, 1udpdy3us, ocMoc, TemI000MeH
KUBBIX  OPraHM3MOB, TEIJIOBOE  3arpsi3HEHHE  OKpY)KaloIled  cpenbl,  YTHIM3AIUs
OMOOPraHNYECKOro TOIJIMBA JJIS1 BHIPAOOTKH «TEIUIOBOI» M 3JEKTPOIHEPTHH, MOBEPXHOCTHOE
HaATSHDKEHHE U KallWJUIIPHBIE SIBJICHUSI B IPUPOJE, NEKTPUUYECKUE SIBJICHUS B dKUBOU MPUPOJE.

Xumusa: TUCKPETHOE CTPOCHUE BEIIECTBA, CTPOCHUE aTOMOB M MOJIEKYJ, MOJIb BEIIECTBA,
MoOJIIpHasl Macca, MOJy4YeHHUEe HaHOMAaTEPHUAJIOB, TETIJIOBBIE CBOMCTBA TBEPABIX TN, KHUIKOCTEH U
ra3oB, JKUIKHE KPHUCTAUIbI, DJJEKTPUUECKHE CBOMCTBA METAJUIOB, 3JIEKTPOIUTHUYECKAs
JUCCOLMAINS, TaJIbBAHUKA, JIEKTPOHHAS MUKPOCKOIIHS.

T'eozpaghusa: BnaxxHOCTh BO3lyXa, BETPbI, 0ApOMETpP, TEPMOMETP.



Texnonozua: npeodbpa3oBaHre ABUKEHUN C HCIIOIB30BAaHUEM MEXAHHU3MOB, YUET CYXOro U
JKUJAKOTO TPEHMsT B TEXHUKE, CTATUYECKHME KOHCTPYKUMM (KPOHIUTEWH, peméryaTbie
KOHCTPYKIUH), UCIIOJIb30BAaHUE 3aKOHOB COXPAHEHUS] MEXAHUKH B TEXHUKE (TUPOCKOI, BOJIOMET
U JIpyrue), ABUraTellb BHYTPEHHErO CropaHus, mapoBas TypOWHA, OBITOBOW XOJIOJWJIBHUK,
KOHJULIMOHEP, TEXHOJOTUU IIOJIyYE€HUSI COBPEMEHHBIX MAaTepuaioB, B TOM 4HCIE
HAaHOMATEpUAJIIOB, M  HAHOTEXHOJOTUM,  DJIEKTPOCTATUYECKas  3alluTa,  3a3eMJICHUE
AIEKTPONPUOOPOB, ra30pa3psIHbIE JaMIIbl, TOIYIPOBOJHUKOBBIE TPHUOOPHI, raIbBAaHHUKA.

11 KUIIACC

Pa3nen 4. DaekTpoanHaMuka.

Tema 4. Macnummnoe none.

B3aumoseiicTBue MOCTOSHHBIX MarHUTOB M INPOBOJHUKOB C TOKOM. MarHmtHoe IoJe.
BekTop maruutHOM MHAyKUMU. [I[puHIMN Cynepno3uliuy MarHUTHBIX NOJIel. JIMHUKM MarHUTHOM
WHIYKIHUU.

MarautHoe mojie TPOBOJHUKA C TOKOM (IPSMOrO MPOBOAHHKA, KATYIIKU U KPYrOBOTO
BUTKa). OnbIT Dpcrena.

Cwita Amriepa, e€ HanpaBJICHUE U MOYJIb.

Cuwia Jlopenna, e€ HampaBlieHHEe W MOIYJb. JIBHKEHUE 3apsHKEHHON 4YacTHUIbI B
OJIHOPOJAHOM MarHuTHoM nose. Pabora cuibl Jlopenna.

MarnuTtHoe nose B BeuecTse. eppomMarHeTuky, napa- U 1MaMarHeTUKH.

TexHHueckne ycTpOMCTBA M TEXHOJIOTMUECKHE IPOLECCHl: MPUMEHEHUE IOCTOSHHBIX
MarHuTOB, JJIEKTPOMAarHUTOB, TECTEP-MYIbTUMETP, DIJIEKTPOJABHUraTeNb SK0oOU, YCKOpUTEIH
AJIEMEHTApHbBIX YaCTHII.

Hemoncmpayuu.

KaptuHa nuHMIA WHAYKIMA MarHATHOTO TIONS TOJOCOBOTO U MOIKOBOOOPa3HOTO
MOCTOSTHHBIX MarHUTOB.

Kaptuna 7nuHWI MarHUTHOW WHIYKIMUA TOJS JUIMHHOTO TIPSIMOTO TIPOBOJHUKA U
3aMKHYTOT'O KOJIBLIEBOTO MPOBOIHMKA, KATYILIKH C TOKOM.

B3auMozeiicTBre ABYyX MPOBOJHUKOB C TOKOM.

Cuna Amnepa.

[ericrBue cuiibl JIopeHIa Ha MOHBI JIEKTPOJIUTA.

Habmronenue ABM>XEHUS MydKa JIEKTPOHOB B MATHUTHOM TIOJIE.

[TpuHIMN AeCTBUS SEKTPOU3MEPUTENFHOTO TPUOOPAa MAarHUTOAIEKTPHUECKONH CHCTEMBI.

Yuenuueckuit sxcnepumenm, nabopamopnsie padomel, npakmuxym.

HccnenoBanrie MarHUTHOTO TOJISt TOCTOSTHHBIX MArHUTOB.

HccnenoBanue cBONCTB (heppoOMarHeTUKOB.

HccnenoBanue neiCTBUS MOCTOSIHHOIO MarHUTa Ha paMKy C TOKOM.

N3mepenue cuinsl AMiepa.

N3ydeHne 3aBUCUMOCTH CHJIBI AMIIEpa OT CHUJIBI TOKA.

OrnpezesieHre MATHUTHON MHAYKIIMU HA OCHOBE MU3MEPEHUS CHIIbl AMIiepa.

Tema 5. InexkmpomazHumnan uHOYKYuUs.



SBieHNE HNEKTPOMAarHUTHOM WHAYKUIUH. [loTOk BekTopa MarHUTHOW WHAyKuuu. DC
MHAYKIHU. 3aKOH JIeKTpoMarHuTHo! uHaykuuu Papanes. Buxpesoe anexkrpuueckoe nose. Toku
dyxo.

O/1C nHayKIMK B IPOBOAHUKE, IBHKYLLIEMCS B OJTHOPOJAHOM MarHUTHOM IIOJIE.

IIpaBuno Jlenna.

WupyktuBHocth. Karymika WHAYKTUBHOCTH B IeNHM TOCTOSHHOTO TOKa. SIBieHue
camouHaykiuu. IJ1C caMOMHAYKIWH.

DHeprus MarHUTHOT'O TOJISl KaTYIIKU C TOKOM.

DNEeKTPOMarHuTHOE TOJIe.

TexHuueckue ycTpoicTBa U TEXHOJIOIMUECKHUE IPOLECCHI: NHAYKLIMOHHAS [1€4Yb, COJIEHOM,
3allUTa OT AJIEKTPU3ALUU TeJl IPU JBUKEHUHU B MArHUTHOM T10JI€ 3€MIIH.

Hemoncmpayuu.

Habumronenue sBaeHMs 3J€KTPOMarHUTHON UHTYKIIUY.

Hccnenosanue 3aBucumoct I/]C MHAYKIIUU OT CKOPOCTU U3MEHEHHSI MArHUTHOT'O ITOTOKA.

[IpaBuio Jlenna.

[Tagenune MaruuTa B alFOMUHUEBOM (MeHOM) TpyOe.

SIBieHre CaMOMHIYKIUH.

Uccnenosanue 3aBucumoctu D/]C caMOMHAYKIIMU OT CKOPOCTH U3MEHEHHS CHJIbI TOKa B
LEMH.

Yuenuueckuit sxcnepumenm, nadbopamopnuvie padomel, npakmuxym.

HccnenoBanue sBJIEHUS JIEKTPOMATHUTHONW MHAYKIIHH.

Onpenenenne NHAYKIMA BUXPEBOTO MarHUTHOT'O TIOJIS.

HccnenoBanue sBICHNS CAMOUHIYKIUH.

COopka MozeH 3IeKTPOMarHuTHOTO TeHepaTopa.

Pa3nes S. KosieOanus u BOJIHBI.

Tema 1. Mexanuueckue Konedanus.

KonebarennHas cucrema. CBoOOIHEIE KOJIEOAHHUS.

['apmonnueckue  konebanus. KuHemaTmueckoe M JAMHAMHUYECKOE  ONMCAHUE.
DHepPreTUIecKoe onmrcaHue (3aK0OH COXpaHEHUS MEXaHNYECKOU YHEpTUH ). BEIBO AMHAMUYECKOTO
ONMCAHUS FTAPMOHUYECKHUX KOJI€OaHHM U3 UX SPHEPTeTUYECKOT0 U KUHEMAaTHYECKOTO OMMCAHMS.

Amrutyna u ¢aza konebanuil. CBsi3b aMIUTMTYABI KOJ€OAHUI MCXOJHON BEIMYUHBI C
aMIUTUTYAaMHU KOJIeOaHUH e€ CKOPOCTH M YCKOPEHHS.

[Tepuon u yacrora konebanuii. Ilepro Manbix cBOOOIHBIX KOJIEOAHUN MAaTEeMaTHUYECKOTO
MmasiTHUKA. [leprnos cBOOOAHBIX KOJIEOAHUH PYKUHHOTO MAasTHUKA.

[TonsiTre o 3aryxaromux kojaedanusax. BeinyxneHHbie konebanus. Pesonanc. Pesonanchas
KpuBas. BiausiHue 3aTyxaHusi Ha BUJI pe€30HAHCHOW KpUBOM. ABTOKOJI€0aHus.

TexHuuyeckue yCTpONMCTBA M TEXHOJOTMYECKHE IPOILIECChl: METPOHOM, Yachl, Kayellu,
MYy3bIKaJIbHbIE HHCTPYMEHTHI, ceiicmorpad.

Hemoncmpayuu.

3anuch Kojae0aTeNbHOTO ABHKCHHS.

HabmioneHne He3aBHCHMOCTH TIEpHO/ia MANIBIX KOJICOAHUH Tpy3a HA HUTH OT aMIUIUTY/IbI.

HccnenoBanue 3aTyxaomux KoJieOaHui U 3aBUCUMOCTHU TEpHOa CBOOOTHBIX KOJIeOaHUI
OT COMPOTHUBJICHUS.



WccnenoBanue konebaHW Tpy3a Ha MACCHBHOM TPYXKHHE C IEIbI0 (HOPMHUPOBAHHS
npeCTaBICHUN 00 HeaTbHONU MOJIENU MPYKMHHOTO MasiTHUKA.

3aKOH COXpaHEHUs YPHEPTUH MPH KOJIeOaHHIX Tpy3a Ha MPYKUHE.

HccnenoBanne BEIHYKICHHBIX KOJICOAHUH.

Hab6nonenue pezonanca.

Yuenuueckuit sxcnepumenm, nadbopamopnvie padomeol, npaKmuKym.

N3mepenue nepuoaa cBOOOIHBIX KoJaeOaHUH HUTSHOTO U IPYKUHHOI'O MasTHUKOB.

W3yueHne 3aKOHOB JIBM)KEHUS TeJla B X0JIe KoeOaHui Ha yIIpyroM MojBece.

W3y4eHne nBUKEHHS HUTSHOIO MAsTHHKA.

[TpeoOpa3zoBaHue 3HEPTUH B IPYKUHHOM MasITHUKE.

HccnenoBanue yObIBaHUS aMIUIUTY/IbI 3aTyXalOINX KoieOaHui.

HccnenoBanne BEIHYKICHHBIX KOJICOAHUH.

Tema 2. Dnekmpomaznummnoie Ko1edanus.

Konebarenbubiii koHTyp. CBOOOJHBIE 3JIEKTPOMAarHUTHBIE KOJEOAHUS B HUACATBHOM
kosiebarenbHoM KoHType. Dopmyna Tomcona. CBsi3p aMIUIUTYABI 3apsia KOHAEHCATopa ¢
aMIUTUTYA0H CUJIBI TOKA B KOJIEOATEIbHOM KOHTYpE.

3aKOH COXpaHEHUs SHEPTUH B UJEATBHOM KOJe0aTeIbHOM KOHTYpeE.

3aryxamolyue 3JIeKTPOMarHUTHblE KosieOaHus. BBIHYXJEHHbIE 3JIEKTPOMarHUTHBIE
KOJIeOaHusI.

[lepemeHHbII TOK. MOIIHOCT NEPEMEHHOTO TOKa. AMIUIUTYJHOE U JIEHCTBYIOIEE
3HauEHUE CUJIbI TOKA M HANPSKEHUs IIPU pa3aIMuHON (popMe 3aBUCUMOCTH IIEPEMEHHOTO TOKA OT
BpPEMEHH.

CuHyconJaIbHBIN IEPEMEHHBIN TOK. Pe3nucTop, KOHAEHCATOP U KaTyIIKa WHIYKTUBHOCTH
B LIENIM CHHYCOUJAJIBHOTO IEPEMEHHOTr0 TOKa. Pe30HaHC TOKOB. Pe3oHaHC HanpsKeHui.

WneanbHblii Tpanchopmarop. IIponsBoacTBo, nepenada U noTpeOiIeHUe 3IEKTPUIECKOM
DHEPIHUH.

OKOJIOTUYECKHE PHUCKU IPHU IMPOU3BOJCTBE 3JeKTpodHepruu. KynbTypa ucnosb3oBaHus
AIIEKTPOIHEPTUU B NTOBCEIHEBHOM JKU3HU.

TexHu4yeckne yCTPOMCTBA M TEXHOJIOTMYECKHE IIPOLECCHI: AJIEKTPUYECKUN 3BOHOK,
reHepaTop NepeMEHHOro TOKa, JINHUU 3JIeKTporiepeiay.

Hemoncmpayuu.

CB00OOAHBIE IIEKTPOMArHUTHBIE KOJIEOaHMS.

3aBUCUMOCTh YaCTOTHI CBOOOHBIX KOJI€OaHU OT MHAYKTUBHOCTU M €MKOCTH KOHTYpa.

OcumsuiorpaMMsbl 3J1€KTPOMAarHUTHBIX KOJIEOaHUH.

['eHepaTop He3aTyXalIUX JIEKTPOMArHUTHBIX KOJIeOaHUH.

Mojienb 37eKTpOMarHUTHOTO TeHepaTopa.

BrinyxaeHHble CHHYCOUIaTbHbIE KOJIeOaHUsl.

Pe3ucrop, karymika HHIYKTUBHOCTH U KOHJIEHCATOP B LIETIH [IEPEMEHHOI0 TOKA.

Pe3onanc npu mociiejoBaTeIbHOM COEIMHEHUU PE3UCTOPA, KATYIIKHM WHIYKTUBHOCTU U
KOHJIEHCATOopa.

VYCTpoiicTBO M MPUHIMIT ASUCTBHS TpaHchopMaTopa.

Monenb IMHUY 3JIEKTPOIIepeIadH.

Yuenuueckuit sxcnepumenm, nadopamopnuvie pabomul, npaKmMuKym.

Nzyuenune tpanchopmaropa.



HccnenoBanne NEPEMEHHOIO TOKA 4epes3 IOCIEN0BAaTEIBHO COSAMHEHHBIE KOHICHCATOD,
KaTyILKY U PE3UCTOD.

HaburoieHne 351eKTpOMarHuTHOIO PE30HAHCA.

HccnenoBanue paboThl MICTOYHUKOB CBETA B IIETIH IEPEMEHHOTO TOKA.

Tema 3. Mexanuueckue u 31eKmpoOMAaZHUMHbBIE 60JIHbL.

MexaHnueckue BOJIHBI, YCIOBUSA HX pacrpocTpaHeHus. [lomepedynsle M nponosbHBIE
BoJIHBL. Ilepuon, ckopocTs pacnpocTpaHeHHs U AjauHa BOJIHBL. CBOMCTBA MEXAHUYECKUX BOJIH:
OTpakeHHe, IpeloMIIeHUe, UHTephepeHIs U AU(PaKIIHsL.

3Byk. CkopocTh 3ByKa. [ poMKOCTh 3ByKa. BricoTa ToHa. TeMOp 3ByKa.

[IIymoBoOe 3arpsi3HEHHE OKPYXKAIOIIEH Cpeibl.

ONEeKTPOMarHUTHbIE BOJHBI. YCJIOBMSI M3Jy4EHHUsS 3JEKTPOMAarHUTHBIX BOJIH. B3aumuas
OpHUEHTAIMs BEKTOPOB B 3JIEKTPOMAarHUTHON BOJIHE.

CBolicTBa  3JEKTPOMarHUTHBIX  BOJIH:  OTPaXXEHHUE, MPEJIOMJICHHE, MOJsSpU3alys,
uHTephepeHIus U TudpaKiius.

[IIkana 3JIEKTPOMAarHUTHBIX BOJIH. [IpMeHEHME 3IEKTPOMAarHUTHBIX BOJH B TEXHUKE U
OBITY.

[TpyHUIMIIBI paguOCBS3U U TeIeBUACHUA. Paguonokanus.

DNEeKTPOMarHUTHOE 3arpsi3HEHUE OKPYKatoIIel Cpeibl.

TexHuuyeckue ycTpoilcTBa M INPAKTUYECKOE MPUMEHEHHUE: MY3bIKaJIbHBIE WHCTPYMEHTHI,
pagap, paauoNpuUEMHUK, TeEJIEeBU30p, aHTeHHa, TenedoH, CBY-meusb, ynbTpazBykoBas
JTUArHOCTHKA B TEXHUKE U MEJIULIMHE.

Hemoncmpayuu.

OO0pa3zoBaHue 1 paclpoOCTPaHEHHUE ONEPEYHBIX U MPOJOIBHBIX BOJIH.

Kounebmromieecs: Teo Kak HCTOYHUK 3BYKA.

3aBUCUMOCTb JUTMHBI BOJIHBI OT YaCTOTHI KOJIeOaHHA.

HaOGnronenue oTpakeHus ¥ MpeJoMIICHNs MEXaHMYECKUX BOJIH.

Habmonenne nuntepdepeHny 1 AUPpakiii MEXaHUUECKHUX BOJIH.

AKYCTHYECKHI pe30HaHC.

CBoiicTBa yapTpa3ByKa U €ro IpUMEHEHHE.

Habmioienue cBA3M TPOMKOCTH 3ByKa M BBICOTHI TOHAa C aMIUTUTYJOM M 4YacTOTOM
KoJIeOaHUH.

HccnenoBanne  CBOWCTB  3JIEKTPOMAarHUTHBIX  BOJIH:  OTPAKE€HUE, IPEIOMIICHHE,
noJsipu3alus, Tudpakuus, “HTepdepeHus.

OO6HapyxeHue HH(ppaKpacHOTo U YIbTPa(hHUOIETOBOIO U3ITy4EHHH.

Yuenuueckuit sxcnepumenm, nabopamopnuvie pabomul, nPAKmMuKym.

N3yuenue napameTpoB 3ByKOBOM BOJIHBI.

N3ydeHue pacrpocTpaHeHHs 3BYKOBBIX BOJH B 3aMKHYTOM IIPOCTPAHCTBE.

Tema 4. Onmuka.

IIpssMoNMHENHOE pacIpOCTpaHEHUE CBETa B OJHOPOIHOM cpene. JIyd ceera. TodeuHbIi
HCTOYHUK CBETA.

Otpaxkenue cBera. 3aKOHBI OTpakeHHMs cBeTa. [locTpoeHHe HM300pakeHU B IIIOCKOM
3epkaine. Cheprueckue 3epkania.

[Ipenomnenne cBera. 3aKkOHBI TMpEJIOMJICHHUS CBeTa. AOCONIOTHBIM TMOKa3aTeib
npenomiieHus . OTHOCUTENBHBIM ITOKa3aTenab NpeloMieHHs. II0CTOSHCTBO 4acTOTHI CBeTa U



COOTHOUIEHHUE JUIMH BOJIH IPU NEPEXOJE MOHOXPOMATHYECKOTO CBETA YEpe3 I'PaHUIly paznena
JBYX ONITUYECKUX CPE.

Xon nyueit B nmpusme. ucnepcus csera. ClioxkHBbIN coctaB Oenoro ceera. L[Ber.

ITonHOE BHyTpeHHee oTpakeHue. IIpenenbHblil yroi MoJaHOro BHYTPEHHETO OTPayKEHUSI.

Cobuparomue M paccenBaromiie JUH3bI. ToHKas mmH3a. POKYCHOE paccTOsSHUE U
ONTHYECKAasl CUJIAa TOHKOHM JMH3bI. 3aBUCUMOCTh (DOKYCHOTO PAacCTOSIHUS TOHKOM cdeprueckoit
JIMH3BI OT €€ TEOMETPUH U OTHOCUTENIBHOTO MOKA3aTENs IPETOMIICHHUS.

®opmylia TOHKOH JIMH3BL. Y BEJIMYEHHUE, JaBAEMOE JIMH30M.

Xox ny4a, IpOWEANIEro JIUH3Y MO/ IPOU3BOJIbHBIM YIJIOM K €€ IVIABHOM ONTHYECKOU OCH.
[TocTpoeHue n300paKeHMt TOUYKH U OTPE3Ka MPSMOM B COOMPAIOINX U PACCEHBAIOIINX JTHH3AX U
UX CUCTEMaXx.

OnTuueckue npudopsl. Paspeatomnias ciocobHocTh. ['11a3 Kak onTuyeckas cucrema.

[Ipenensl IPUMEHUMOCTH T€OMETPUUYECKON ONTHKH.

BonnoBas ontuka. Hutepdepenius cBera. KorepeHTHble UCTOYHUKU. Y CIIOBUS
HAOII0/IEHUSI MAKCUMYMOB 1 MUHUMYMOB B HHTeP(GEPEHIIMOHHON KapTHHE OT ABYX KOT€PEHTHBIX
UCTOYHUKOB. [IpuMepsl Kiaccuueckux HHTEPHEPEHIIMOHHBIX CXEM.

Hudpakmus cBera. [udpakuumonnas pemérka. YciaoBue HaOMIOACHHUS TIIaBHBIX
MaKCHUMYMOB IPH MaICHUU MOHOXPOMAaTHYECKOTO CBETa Ha NU(PAKIIHOHHYIO PEHIETKY.

ITonsipusanus ceera.

TexHuueckue YCTpOICTBA M TEXHOJIOTMYECKHE MPOLECCHl: OYKM, JIyHa, MEepHUCKOIL,
¢doroannapat, MUKPOCKOII, TPOEKIIMOHHBIN anmapar, IpOoCBETIECHUE ONTUKH, BOJJOKOHHAs ONTHKA,
TU(ppaKIMOHHAS pelIETKa.

Hemoncmpavyuu.

3aKOHBI OTPAKEHUS CBETA.

HccnenoBanue NpeloMIICHUS CBETA.

HaG:roeHue nmosiHOro BHyTpeHHEro OTpaXkeHust. Mojienb CBeTOBOIA.

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

UccnenoBanue CBOMCTB N300paKeHUM B JIMH3aX.

Mopenn MEKPOCKOIIA, TENECKONa.

Hab6nronenue natepdepeHIinm creTa.

HabnroneHre 11BeTOB TOHKUX TIEHOK.

Habmonenue nugpakiuu cera.

N3yuenne quppakinOHHON PEIIETKH.

Habmonenue nudpakimoHHOTO CIEKTpa.

Hab6nronenue aucnepcun cBera.

Habmroienue nomisipuszanuu cBera.

[TprMeHeHre NoISPOUI0B ISl U3YUEHHUS] MEXaHUYECKUX HAIPSKEHUH.

Yuenuueckuit sxkcnepumenm, nabopamopmusvie pabomot, npaKmukKym.

N3mepeHnue nokasaresns npeaoMIIeHHUs CTEKIIA.

HccnenoBanue 3aBUCUMOCTH (POKYCHOTO PAacCTOSHUS OT BelIeCTBa (Ha MPUMEPE KHUIKHX
JINH3).

N3mepenue pOKyCHOTO pacCTOSIHUS PACCEHBAIOIIUX JIHH3.

[Toryuenue n300pakeHUs B CUCTEME U3 IIOCKOTO 3epKajia U JIMH3HI.

[Toryuenue n300pakeHus B CUCTEME U3 JIBYX JIMH3.



KoHcTpynpoBaHHUE TEIECKOMMYECKUX CUCTEM.

Habmonenue nudpaxuu, nHTEpYEpeHINN U MOJISPU3ALINU CBETA.

N3ydeHue noaspu3aluy CBETa, OTPAXXKEHHOIO OT MOBEPXHOCTU JUAJIEKTPHKA.

N3yuenne naTephEpeHIINN Ja3ePHOTO N3TYICHUS Ha BYX LIEIIAX.

Hab6mronenue nucnepcum.

HaOnronenue u uccnenoBanue AUGppakiuOHHOTO CIEKTpa.

W3mepeHue UIMHBI CBETOBOM BOJIHBI.

[TonydyeHnue cniekTpa U3ydeHUs CBETOAMOAA IPU OMOILIY 1U(PAKIIMOHHOHN peIETKY.

Pa3zgen 6. OcHOBBI crienMaJIbLHOH TEOPHH OTHOCHUTEIBLHOCTH.

I'paHnLBI IPUMEHMMOCTH KIIACCHUECKOW MeXaHHMKHU. IlocTynaTel crnenualibHOM TEOpUHU
OTHOCHUTEJIBHOCTH.

[TpocTpancTBeHHO-BpeMeHHOM  uHTepBan. IIpeoOpazoBanus  Jlopenua.  VYcioBue
OPUYUHHOCTU. OTHOCHUTENBHOCTh OJIHOBPEMEHHOCTH. 3aMeNIJICHHUE BPEMEHU U COKpallleHue
JUIMHBI.

OHEeprus U UMILYJIbC PEISTUBUCTCKON YaCTULIBI.

CBs13b MaccChl C SHEPTUEN U UMITYJIbCOM PEIATUBUCTCKOMN YaCTULbI. DHEPTHUs ITOKOSI.

TexHuueckue yCTpONCTBA M TEXHOJOTMYECKHE ITPOLIECCHl: CIYTHUKOBBIE NPUEMHUKH,
YCKOPUTENH 3apsSKEHHBIX YaCTHLI.

Y4eHn4ecKknuii IKCIIEPUMEHT, Ta00opaTOpHbIe PabOThI, MPAKTUKYM.

Omnpenenenne UMIyabca U SHEPTUU PEISITUBUCTCKUX 4YacTUL (10 gororpagusmM TpeKoB
3apsKEHHBIX YAaCTHUI] B MATHUTHOM T10JIE).

Pa3nes 7. KBantoBasi pusuka.

Tema 1. KopnycKynapHno-6011060it oyanusm.

PaBHOBeCHOE TeIUIOBOE H3JIyueHHe (M3JydyeHHe aOCOIIOTHO 4YEPHOro Teia). 3aKoH
cMmenenus Buna. I'unoresa Ilnanka o xBaHTax.

@DOTOHBI. DHEPTHs U UMITYJIBC (POTOHA.

®oroaddext. Onpitel A. I'. CroneroBa. 3akoHsl poTodddexrta. YpaBHeHne DiHIITEHHA
st poroadpdexra. «KpacHas rpanuna» Gorosddexra.

JlaBnenue cBeta (B 4YAaCTHOCTH, JaBJIEHWE CBETa Ha aOCOJIIOTHO MOIJIOIIAOIIYI0 H
a0COJIIOTHO OTpakaroIIyto moBepxHocTh). OnbiTel [1. H. JIeGenena.

BomHoBbie cBoiicTBa yactull. BonHbl ne bpoiurd. [InvHa BosHBI ne bpoinsg u pasmepsl
00J1aCTH JIOKaTU3alMK JABIKYIIeica yacTuibl. KopmyckynsipHo-BoIHOBOM AyanusM. Judpakuus
AJIEKTPOHOB Ha KPUCTAJUIAX.

Criermnduka n3mepenuit B Mukpomupe. CootHoleHus HeornpeaenéuHoctei I elizendepra.

TexHuuyeckue ycTpoucTBa M TEXHOJIOTMYECKUE IMPOLIECCHI: CIIEKTPOMETP, (POTO3IEMEHT,
dboTonaTuuK, TyHHEIbHBIH MUKPOCKOII, COJTHEUHas 6aTtapesi, CBeTOAHO/I.

Hemoncmpayuu.

®doTor(heKT Ha yCTaHOBKE C ITMHKOBOM TIJIACTHHOM.

HccnenoBanue 3ak0HOB BHEIIHETo GoTorddexra.

HccnenoBanue 3aBUCMMOCTH CONIPOTHUBIIEHUS TOJIYIIPOBOJHUKOB OT OCBEILIEHHOCTH.

Ceeronuon.

Conneunas Oarapest.

Yuenuueckuit sxcnepumenm, nabopamopnvie padomeol, npaKkmuKym.

HccnenoBanue porope3ucropa.



N3mepenne nocrosinHoi [lmanka Ha ocHOBe nccnenoBanus Gporodddexra.

HccnenoBanue 3aBUCUMOCTH CHIIBI TOKA YEPE3 CBETOAUO/ OT HAIIPSIKEHMUSL.

Tema 2. @usuka amoma.

OMBITHI O UCCIIEZIOBAHUIO CTpOeHUs aToma. [manerapHas moaens atoma Pesepdopra.

[Toctynater bopa. M3nydenue u moriomieHne (OTOHOB MPH MEPEXO0Je aToMa € OJHOTO
YPOBHSI SHEPTUU Ha JAPYTOH.

Bunbl cnexktpoB. CrieKTp ypOBHEN 3HEpruu aToMa BOJIOPOJA.

CrnoHTaHHOE M BBIHYK/JEHHOE U3yuyeHue ceera. Jlazep.

TexHu4yeckne yCTpOMCTBA M TEXHOJOTMYECKHUE IPOLECCHI: CHEKTPaIbHbIM aHaIMU3
(crieKTpoCKoOI), J1a3ep, KBAHTOBBIM KOMIIBIOTED.

Hemoncmpayuu.

Monens onbita Pesepdopra.

Habumronenne nuHelyaThIX CIIEKTPOB.

YCTpoKCTBO U IEMCTBUE CUETUNKA HOHU3UPYIOLIUX YACTUILL.

Ornpezenenne IJIMHbI BOJIHBI JIA3EPHOTO U3IIYyYEHUSI.

Yuenuueckuit sxkcnepumenm, nabopamopusvie pabomot, npaKmukKym.

Habmroienue nuHeRvyaToro cexkTpa.

HccnenoBanue criekTpa pa3pexeHHOro aTOMapHOT0 BOAOPOAAa U U3MEpPEHUE NOCTOSTHHOU
Punbepra.

Tema 3. @usuxka amommnoz2o A0pa u 31eMeHMAPHLIX YaAcCmuy,.

Hyxnonnas moxens sigpa ['eiizenbepra—MBanenko. 3apsin sapa. MaccoBoe 4mciio sijpa.
N3oTomnsl.

PanmoaktuBHOCTh. AJba-pacnaa. DNEeKTPOHHBIA U MO3UTPOHHBIN OeTa-pacman. ['amma-
U3IIy4CHHE.

3aKoH paguOaKTUBHOrO pacnana. PagumoakTuBHBIE H30TONBI B mpupone. CBoiicTBa
MOHU3HUPYIOUIETO U3JIyYeHUs. BiausiHue painoakTUBHOCTH Ha JKUBbIE OpraHu3Mbl. EcTecTBEeHHBIN
¢don uznyuenus. [lozumerpusi.

OHeprus CBS3U HYKJIOHOB B sifpe. S nepHble cuibl. JlepekT macchl sapa.

Anepusie peakuuu. Jenenne wu cuHte3 snep. SnepHsle peaktopbl. IIpoGiemsl
YIPaBIsEeMOro TEPMOSACPHOTO CHHTE3a. OKOJOTMYECKHE AacleKThl pa3BUTUS  sIEpHOM
DHEPrETHUKHU.

Meroabl perucTpalvu U UCCIAEA0BAHMS 3JIEMEHTAPHBIX YACTHLL.

dyHIaMeHTalIbHbIE B3auMOJeUCTBUS. bapuoHbl, Me30HBI U JenToHbl. IIpencraBienue o
CranpaptHoil Mmosienu. KBapk-ritooHHas MOJAEIb aJpOHOB.

®usuka 3a npenenamu CTaHIapTHOW Mojienu. TéMHas Matepust U1 TEMHAsI SHEPTHSL.

EnuncTBO dusnyeckoil KapTUHBI MUpa.

TexHuuyeckue ycTpoicTBa M TEXHOJIOTMUECKHE MPOIIECChl: JO3UMETp, kamepa BuibcoHa,
AIEPHBI  pEeaKTop, TEPMOSACPHBIM peakTop, aroMHas Oom0a, MAarHUTHO-PE30HAHCHAS
TOMOTpadus.

Yuenuueckuit sxcnepumenm, nadbopamopnuvie padomeol, npakmuKym.

HccnenoBanue TpeKoB YacTHIl (TI0 TOTOBBIM (oTorpadusm).

HccnenoBanue paanoakTUBHOTO ()OHA C UCTIOIB30BAHUEM JIO3UMETPA.

N3yuenue nornomuieHus 0eTa-uyacTUl] aTlFOMUHHAEM.

Pa3zgea 8. JjieMeHTBI ACTPOHOMHUM U ACTPOPUNKH.



Otansl pa3BUTHA acTpoHOMUU. [IpUKkIanHOEe 1 MUPOBO33pEHUECKOE 3HAYEHUE ACTPOHOMUH.
[TpruMeHNMOCTH 3aKOHOB (PU3UKH 11 OOBSICHEHUS IPUPOJIBI KOCMHUUYECKHX OOBEKTOB.

MeTtonpl acTpoHOMHYECKHX HccienoBaHuil. COBpEMEHHBIE ONTHYECKHUE TEJIECKOIIbI,
panuoTeNecKONbl, BHEATMOC(HEpHAs aCTPOHOMHUSI.

Bun 38é3nH0r0 HebOa. Co3Be3nus, spKue 3BE3/bl, IJIAHETHI, UX BUAUMOE JIBHKECHHE.

ConHeynas cucrtema.

Connue. Conneunas akTUBHOCTh. McTounuk sneprun ConHia v 3BE31.

3BE3/1b1, UX OCHOBHBIE XapaKTEPUCTUKHU. J(narpamma «CeKTpaibHbIA KJIACC — CBETUMOCTBY.
3BE3/1bI INIABHOW MOCIEA0BATEIIBHOCTUA. 3ABUCUMOCTh «Macca — CBETUMOCTh» JJIsl 3BE3/1 TJIaBHOM
nocieaoBarelbHOCTH. BHyTpeHHee crpoeHue 3BE31. CoBpeMEHHBbIE MPEACTABICHUS O
IPOUCXO0XKACHNUHU U 3Botolu CoslHLA U 3BE3]1. DTambl )KU3HU 3BE3 L.

Mineunsiii [Tyts — Hamra I'anaktuka. [lonoxxenne u nemwxenue Connua B ["anaktuke. Turbl
ranakTuk. Paguoranaktuky u kBazapbl. YEpHBIE ABIPHI B sIpax TaJaKTHK.

Bcenennas. Pacmmpenue Bceenennoii. 3akon XaO6ma. Pa36eranue ramaktuk. Teopus
Bonwmioro B3peiBa. PennkroBoe uznyyeHue.

MacmrabHas ctpyktypa Beenennoil. MeraranakTuka.

Hepeménnsie mpo6iieMbl aCTPOHOMUH.

Yuenuueckue naoniodenus.

Habumronenus 38€31H0ro He0a HEBOOPYKEHHBIM I1a30M C UCIIOJIb30BaHUEM KOMIIBIOTEPHBIX
MPUIOKEHUH JUISl ONTpeIeTIeHUSI TIOJI0KEHUSI HEOECHBIX 00BbEKTOB Ha KOHKPETHYIO AaTy: OCHOBHbIE
co3Be3iusi CeBepHOro Moymapus 1 sipkue 3BE3/bI.

Habmtonenus B Teneckon JIyHbl, MIaHeT, TYMAHHOCTEH M 3BE3THBIX CKOTICHUH.

Du3nYecKU MPAKTUKYM.

CniocoObl u3MepeHust (U3MUECKUX BETUYHH C UCTIOIH30BAHUEM aHAIOTOBBIX M IIU(POBBIX
U3MEPUTENbHBIX TMPUOOPOB M  KOMIBIOTEPHBIX JAaTYMKOBBIX CHUCTeM. AOCOIIOTHBIE U
OTHOCHUTENIbHBIE  TOTPEIIHOCTH  M3MepeHud  ¢usnueckux BenuyuH. OlEHKa TpaHUI
IIOTPEUIHOCTEM.

[IpoBeneHNEe KOCBEHHBIX U3MEPEHUH, UCCIIEIOBAHNN 3aBUCUMOCTEN (PU3HMUECKUX BEJIMYUH,
IIPOBEPKa MpPEII0KEHHBIX TMIOTE3 (BHIOOP M3 pabOT, OMMCAHHBIX B TEMAaTHYECKUX pa3enax
«Y4YeHNYECKHI SKCTIEPUMEHT, 1a00paTOpHbIe paObOThI, TPAKTHUKYM)).

O0o0maroniee NOBTOpPeHUeE.

OO6oOuieHne W cUCTeMaTH3alUsl  COJAEpKaHMsl  pas3fenoB  Kypca  «MexaHHKay,
«MomnekynsipHas ¢U3NKa U TEPMOJUHAMHKAY», «IIEKTpoauHamMuKay, «KoneOGaHUs ¥ BOJHBI,
«OCHOBBI CIIEIMANIBHON TEOpUU OTHOCHTENbHOCTHY», «KBaHTOBas Qu3uka», «IIeMEHTHI
ACTPOHOMHUHU U aCTPOPUIUKI.

Ponp ¢u3nku u acTpOHOMHM B SKOHOMHUYECKOW, TEXHOJOTHMYECKOW, COIMAIIBHOW U
ATHYECKOH chepax 1esaTeIbHOCTH YeJI0OBEKa, POJIb U MECTO (DU3UKU U ACTPOHOMUU B COBPEMEHHOMN
HAay4YHOW KapTHHE MHpa, 3HAYCHHE OIMHCATEIbHON, CHUCTEMATH3UPYIOIIEH, OOBSICHUTEIHLHON W
IPOTHOCTUYECKON (yHKUMH (U3NUEeCKOil Teopuu, poib PU3NUECKoil Teopun B hopMupOBaHUH
npeacTaBiIeHu 0 PU3NYECKON KapTUHE MHUPa, MECTO (PM3UUECKOM KapTHHBI MUpa B 00LIEM psiay
COBPEMEHHBIX €CTECTBEHHO-HAYYHBIX IIPEICTABICHUN O IPUPOJIE.

MexnpeameTrHblie CBA3H.



Nzyuenune kypca pusuku yriny0iaéHHOro ypoBHS B 11 Kitacce OCYIIECTBISETCSA ¢ YUETOM
COJICPIKATEIBHBIX MEXKIIPEIMETHBIX CBS3€H C KypcamMH MAaTeMaTUKH, OWOJIOTHUH, XHMHUH,
reorpaduu ¥ TEXHOJIOTHH.

Mesicnpeomemnsle NOHAMUSA, C6A3AHHBIE C UZYUEHUEM MENO008 HAYUHO20 NO3ZHAHUA:
sBIICHUE, HAy4YHBIH (DakT, rumore3a, (Qu3MUeckas BEIWYWHA, 3aKOH, TEOpHs, HAOIIOACHUE,
JKCIIEPUMEHT, MOJICTTUPOBAHUE, MOIEIIb, U3MEPEHHE, TOTPEIIHOCTH U3MEPEHUHN, U3MEPUTEIIbHbIC
npuOopsI, udpoBas 1adopaTopHsl.

Mamemamuka: peuieHre cucteMbl ypaBHeHHI. Tpuronomerpuueckue QyHKIHUU: CHHYC,
KOCHUHYC, TAQHT€HC, KOTAHI€HC, OCHOBHOE TPHUTOHOMETPUYECKOE TOXKIAECTBO. BeKTopbl U HX
MPOSKIIMA HAa OCU KOOPIHMHAT, CIOKEHUE BEKTOPOB. [IpoM3BOMHBIC 3IIEMEHTAPHBIX (DYHKIIUU.
[Tpu3Haky m0100Us TPEYTOIBHUKOB, ONIPE/ISIICHNE TUIOIIA U TUIOCKUX (Guryp U 00bEMa Tel.

Buonozus: >neKTpuveCcKre SIBICHUS B KHBOU MPUPOJIEC, KOJIeOATEeIbHBIC IBIKECHUS B JKUBOI
MPHUPOJIC, DSKOJIOTHYECKHE PUCKH TIPU IPOHM3BOJCTBE JJICKTPOIHEPTUH, DIIEKTPOMATHUTHOE
3arpsi3HEHUE OKPYKAIoIeH cpelibl, YIbTPa3BYKOBas IWAarHOCTUKA B MEIUIIMHE, ONTUYECKUE
SBIICHUS B )KMBOU MIPUPO/IE.

Xumusa: CTpOeHHE aTOMOB M MOJIEKYJ, KPUCTAIZIMYECKas CTPYKTypa TBEPIBIX Tell,
MEXaHU3MbI 00pa30BaHUs KPUCTAJUIMYECKOM PEIIETKH, CIIEKTPAIbHBIN aHAIHN3.

T'eozpaghusa: MarHuTHBIC TIOMIOCA 3E€MITH, 3aJIC)KW MArHUTHBIX Py, POTOCHEMKA 3eMHOMN
MOBEPXHOCTH, cericMorpad.

Texnonozus: IPUMEHEHHUE TTOCTOSTHHBIX MarHUTOB, YJIEKTPOMArHUTOB, AJICKTPOIBUTATEb
SxoOm, reHepaTop TMEPEeMEHHOTO TOKa, WHAYKIMOHHAs Tiedb, JMHHUH 3JIEKTpoIiepeaad,
AIIEKTPOJIBUTATENb, pajap, pPaauONPUEMHUK, TeleBU30p, aHTeHHa, TeiedoH, CBY-meus,
yIbTPa3ByKOBasi IMArHOCTUKA B TEXHUKE, MPOEKIMOHHBIA ammapar, BOJIOKOHHAsl OITHKA,
conHevHas Oarapesi, CIyTHUKOBbIE MPUEMHUKH, siIepHAs YHEPreTHKA U SKOJIOTHUECKHUE aCTIeKThI
€€ pa3BUTHS.



ITNTAHUPYEMBIE PE3VJIbTATBI OCBOEHU A ITPOT'PAMMBI 110 ®U3UKE HA YPOBHE
CPEJJHEI'O OBLIEI'O OBPA3OBAHUAJIMYHOCTHBLIE PE3VJIbTATDI

JIMYHOCTHBIE PE3YJIBTATHI

JInuHoOCTHBIE pe3yJIbTaThl OCBOCHUS yueOHOro npenmMera «Pu3nKa» JT0JKHBI OTPaXkaTh
TOTOBHOCTb M CHOCOOHOCTH OOYYarOIIUXCsl pPyKOBOJACTBOBATHCS CHOPMHUPOBAHHOW BHYTPEHHEU
MO3UIMEH JMYHOCTH, CHCTEMON IIEHHOCTHBIX OpPUEHTAlMil, MO3UTHUBHBIX BHYTPEHHUX
yOeXJAeHHUI, COOTBETCTBYIOUIMX TPAJAMIMOHHBIM IIEHHOCTSIM POCCHUHCKOro  OOIIecTBa,
paclIMpeHne XKU3HCHHOTO OIbITa W ONbITA ACSITEILHOCTH B IPOIECCE PeaTu3allid OCHOBHBIX
HAIPaBIICHUH BOCIIUTATEIIBHOMN IEATEIHHOCTH, B TOM YHCJIC B YACTH:
rpakIaHCKOr0 BOCIIUTAHMA:
c(OPMHPOBAHHOCTh TPAXKAAHCKOW TMO3UIIUN O00YYArOIIErocsi Kak aKTHBHOTO U OTBETCTBEHHOTO
YIE€Ha POCCUIICKOro 00I1ecTBa;

NPUHITHE TPAJAUIHUOHHBIX  OOIICUCTIOBEYCCKUX TYMAHHCTHYECKUX M JICMOKPATHYCCKHUX
IIEHHOCTEM;

TOTOBHOCTh BECTH COBMECTHYIO [ICSITEIBHOCTh B HHTEpEcax TPaKIaHCKOTO OOIIEeCTBa,
y4acTBOBAaTh B CAMOYIPABICHUH B 00pa30BaTeIbHON OpraHU3aIuy;

YMEHHE B3aUMOJCHCTBOBATH C COLIMAIbHBIMA MHCTUTYTaMU B COOTBETCTBUU C MX (QYHKIUSIMHU U
Ha3HAYCHHEM;

TOTOBHOCTH K TYMaHUTAapPHOU U BOJIOHTEPCKOM JIEATEIHHOCTH.

NATPUOTHYECKOTO0 BOCIIMTAHUS

c(hOpMHUPOBAHHOCTH POCCUIMCKON TPaT1aHCKON UACHTUYHOCTH, MATPHOTU3MA;

[IEHHOCTHOE OTHOIIEHHUE K TOCYJAapCTBEHHBIM CHMBOJIAM, JOCTHKCHHSIM POCCHUCKHUX yUEHBIX B
obnactu pU3MKU U TEXHUKE.

JAYXOBHO-HPABCTBEHHOT0 BOCIIUTAHUS:

c(hOpPMHUPOBAHHOCTH HPABCTBEHHOTO CO3HAHUS, ITHYECKOTO ITOBEICHHUS;

CIIOCOOHOCTh OIIEHHMBATh CUTYAllMI0O U MPHUHUMATh OCO3HAHHBIE PELICHHs, OPUEHTUPYSACh Ha
MOpaTbHO-HPABCTBEHHBIE HOPMBI U IICHHOCTH, B TOM YHUCIIE B ACSITEITLHOCTH YUEHOTO;
OCO3HaHHE JIMYHOTO BKJIaJla B IOCTPOSHUE YCTOMUMBOTO OYAYIIETO.

ICTETHYECKOT0 BOCTIMTAHUS:

ACTETUYECKOE OTHOIIEHHWE K MHUPY, BKIIOYash ACTETUKY HAy4YHOTO TBOPYECTBA, MPHUCYIIETO
buznyeckoil Hayke.

TPYAOBOT0 BOCIIMTAHMS:

HMHTEpPEC K pa3nuyHbiM cepam mpodeccruoHalIbHON AeSITENFHOCTH, B TOM YHUCIE CBSI3aHHBIM C
¢bu3MKOW W TEXHUKOM, YMEHHE COBEpIIaTh OCO3HAHHBIM BBIOOp Oyayuieil npodeccuun u
peaTn30BBIBATh COOCTBECHHBIC )KH3HECHHBIC TITAHEI;

TOTOBHOCTh M CIOCOOHOCTh K OOpa3oBaHWI0O M caMOOOpa30BaHHUIO B oOmacth (GU3MKKA Ha
MPOTSKEHUH BCEH JKU3HU.

IKOJIOTHYECKOr0 BOCTIMTAHUSA:

c(OpPMUPOBAHHOCTh ~ JKOJOTMYECKOM  KYyJIbTYphl, OCO3HAaHUE TIJIOOATBHOTO  XapakTepa
9KOJIOTUYECKHUX MPOOIIEM;



IJJAHUPOBAHUE U OCYIIECTBIICHUE JICWCTBUU B OKPYKAIOIIEW Cpele Ha OCHOBE 3HAHUS IIeJIei
YCTOMYMBOTO Pa3BUTHUS YEIIOBEUECTBA;

pacuIMpeHHe OMbITa JEATENIbHOCTH IKOJIOTMYECKON HAMpaBIEHHOCTH Ha OCHOBE HMMEIOIIMXCS
3HaHWH Mo (pu3uKe.

HEHHOCTH HAYYHOI0 MO3HAHHUS:

c(OpMHUPOBAHHOCTh MHPOBO33PEHUS, COOTBETCTBYIOLIETO COBPEMEHHOMY YPOBHIO DPa3BUTHUS
du3nUecKoil HayKu;

OCO3HAHHE LIEHHOCTH HAy4HOH JAeSITeTbHOCTH, T'OTOBHOCTH B TIpoOIlecCe H3y4YyeHUs (DU3UKU
OCYILIECTBIIATh IPOEKTHYIO U UCCIIEN0BATENIbCKYIO IEATEIbHOCTh UHIMBUYaIbHO U B TPYIIIIE.

METAINPEIMETHBIE PE3YJIbTATBI

ITo3HaBaTebHBIE YHHBeEPCAJIbHbIE YUeOHbIE 1elCTBUS

Bba3oBble Jioruyeckue eiicTBUS:

CaMOCTOSITENIFHO ~ (DOPMYyNMUpPOBaTh M aKTyaJH3UpOBaTh MpoOJeMy, paccMarpuBarh €&
BCECTOPOHHE;

OTIPEEIIATh LENH AeSTeIbHOCTH, 33]1aBaTh MapaMeTPhl U KPUTEPUH UX TOCTHIKEHUS,

BBISIBJISITH 3aKOHOMEPHOCTHU M POTUBOPEYHUS B PACCMATPUBAEMBIX (PU3UUECKUX SBIICHUSX;
pa3zpabarbiBaTh IUIaH pELIEHUS MPOoOJIeMbl ¢ YYETOM aHajau3a MMEIOIIMXCS MaTepUajbHBIX U
HEMaTepUaIbHBIX PECYPCOB;

BHOCHUTb KOPPEKTHBBI B J€SATEILHOCTD, OLIEHUBATh COOTBETCTBHE PE3YJIbTATOB LIESIM, OLIEHUBATh
PHUCKHU NIOCIEACTBUN NEATEIBHOCTH;

KOODJIMHUPOBaTb U  BBHINOJHATE pPabOTy B  YCIOBUSX pEalbHOrO, BUPTYaJbHOTO U
KOMOHMHUPOBAaHHOTO B3aUMOJCHCTBUS;

pa3BUBATh KPEaTHMBHOE MBIIUIEHUE NP PEILICHUH )KU3HEHHBIX POOJIEM.

ba3oBble uccienoBarebckme 1eiCTBUSA:

BJIAJICTh HAYYHON TEPMHHOJIOTHEH, KITFIOUEBBIMH MTOHATUAMHU U METOAaMU (PU3NUECKOM HayKH;
BJIa/IETh HaBbIKAMHU y4€OHO-UCCIIEI0BATENbCKON U IPOEKTHOM 1eATeNbHOCTH B 00JaCTH (PU3UKH,
CHOCOOHOCTBIO M TOTOBHOCTBIO K CAMOCTOSITEIBHOMY TIOMCKY METOAOB peIleHHUs 3ajad
bu3nyecKoro cogepxKaHus, IPUMEHEHHUIO Pa3IMYHbIX METOJ0B MTO3HAHUS;

BJIQJIETh BUJAMH JESATEIbHOCTH 10 TOJYYEHHIO HOBOTO 3HaHMs, €ro HHTEepIpeTalu,
npeoOpa30BaHUIO M MPUMEHEHHIO B PA3IMUHBIX YUEOHBIX CUTYallUsX, B TOM YHCIIE IPH CO3AaHUU
y4eOHBIX MPOEKTOB B 00J1aCTH (PU3UKH;

BBISIBJISITH IPUYMHHO-CIICCTBEHHbBIE CBSI3U M aKTYaJIM3UPOBAThH 3aJady, BBIIBUTATh THIIOTE3Y €€
pelIeHHs, HaXOAUTh apryMEHTHI JUIs 10Ka3aTeIbCTBAa CBOMX YTBEPKIACHUH, 331aBaTh apaMeTphl
U KPUTEPUH PEIICHUS;

aQHAJIM3UPOBATh MOJyYEHHBIE B XO/€ PELICHUS 3aJaud Pe3yJbTaThl, KPUTUYECKH OLIEHUBATH HUX
JIOCTOBEPHOCTb, IPOTHO3UPOBATh U3MEHEHUE B HOBBIX YCIOBUSIX;

CTaBUTH U (POPMYIHPOBATH COOCTBEHHBIE 3a/1a41 B 00pa30BATEIbHOI JESITETbHOCTH, B TOM YHCIIE
pY U3y4eHUU PU3UKH;

JIaBaTh OLIEHKY HOBBIM CUTYallUsSM, OLEHUBATh IPUOOPETEHHBIN OIBIT;

YMETb NEPEHOCUTH 3HaHUS N0 (PU3HKe B MPAKTUYECKYIO 00JIaCTh KUZHEAEATEIbHOCTH;

YMETb UHTErPUPOBATh 3HAHUS U3 Pa3HbIX YYEOHBIX MMPEIMETOB;



BBIIBUTaTh HOBBIE MJIEH, IPEJIaraTb OPUTHHANIBHBIE IOAXObI U PELICHHUS,

CTaBUTb IPOOJIEMBI U 33JjauH, JOMYCKAIOIUE aJIbTePHATUBHBIEC PELICHHUS.

Pabora ¢ unopmanmeii:

BJIAJICTh HABBIKAMM MOJIY4EHUS HHPOPMALUU HU3NUYECKOTO COACPIKaHUSA U3 HCTOYHUKOB PA3HbBIX
TUIIOB, CaMOCTOSITEIbHO OCYILECTBIATh MOUCK, aHAJINW3, CUCTEMATH3aLUI0 U HHTEPIPETALUIO
UH(OPMALIUU Pa3IMYHBIX BUJOB U (OPM IMPEICTABICHHUS;

OLIEHUBATh JOCTOBEPHOCTH MH(OPMAIIHH;

UCTIOJIb30BaTh CpPEACTBA MH(POPMALMOHHBIX M KOMMYHUKALIMOHHBIX TEXHOJOTMH B PELICHUU
KOTHUTHBHBIX, KOMMYHHUKATUBHBIX M OpPraHU3ALMOHHBIX 334a4 C COONIOAEHUEM TpeOOBaHUMI
HPrOHOMHUKH, TEXHUKH O€30IacCHOCTH, TUTUEHBI, PeCypcocOepekeHus, MPABOBBIX U 3TUYECKUX
HOPM, HOPM HH(POPMAIIMOHHOW 0€30TIaCHOCTH;

CO3/1aBaTh TEKCTHI (PU3MUYECKOTO COJCPKAHUSA B PA3IUYHBIX (hopMaTax ¢ y4€TOM Ha3HAUYCHUS
uHpOpPMaLlMM U 1EJeBOH ayJUTOpUH, BBIOMpas ONTUMAIBHYIO (OpMy MpeacTaBieHUsS U
BU3YaIU3alUU.

KoMMmyHukaTnBHBIC yHHBepcaibHble yueOHbIe JeHCTBHUS:

OCYIIECTBIISATH OOIIEHHE HA YPOKaX (PU3UKH U BO BHEYPOUHOM EATEIHHOCTH;

pacro3HaBaTh MPEINOCHUTKA KOH(DIMKTHBIX CUTYAIMd U CMATYATh KOH(IUKTEHI;

pa3BEPHYTO U JIOTUYHO M3J1araTh CBOIO TOUKY 3PEHUS C HCIOJIb30BAHUEM SA3BIKOBBIX CPENICTB;
IOHMMATh U UCHOJIb30BaTh IPEUMYILIECTBA KOMAHIHON U MHAUBUAYAJIbHON pabOTHI;

BbIOMpaTh TEMAaTUKy W METOJbl COBMECTHBIX JEHCTBMII C Y4€TOM OOLIMX HHTEPECOB U
BO3MO>KHOCTEM Ka)KJIOT0 4I€HA KOJUIEKTHBA,

IIPUHUMATD LIEJIM COBMECTHOM JEATEIBHOCTH, OPraHN30BbIBATh U KOOPIAMHUPOBATH IEHCTBUS 110
€€ TOCTHKEHUIO: COCTABIISTh IUIaH AEUCTBUM, pACIIPEAENATh POJIM C YIETOM MHEHUN YYaCTHHUKOB,
00CyX/1aTh pe3yJIbTaThl COBMECTHOM paldoThI;

OLIEHMBATh KayeCTBO CBOETO BKJAJa M KaXJOTO y4acTHMKA KOMaHJbl B OOIIMI pe3yabTar 1o
pa3paboTaHHBIM KPUTEPUSIM;

npeyiaraTb HOBBIE IIPOEKTHI, OLEHUBaTh MJAEU C MO3ULUM HOBHU3HBI, OPUTHMHAJIBHOCTH,
MPAKTUYECKON 3HAYNMOCTH;

OCYILIECTBIIATh MO3UTUBHOE CTPAaTErMUECKOE NOBEACHHUE B PA3JIMYHBIX CUTYalUsAX, IPOSABIATH
TBOPYECTBO U BOOOpaKE€HUE, OBITh MHUIIMATUBHBIM.

PerynsiTuBHbIC yHUBEpCAJIbHbIE Y4eOHbIE 1efiCTBUA

Camoopranuzanus:

CaMOCTOSITENIbHO ~ OCYILECTBIIATH IO3HABATENBHYIO JESATEIbHOCTH B 00MacTu (U3MKU U
ACTPOHOMUH, BBISIBIISITH TPOOJIEMBI, CTAaBUTh U (POPMYJIUPOBATH COOCTBEHHBIE 3a/1a4H;
CaMOCTOSITENIbHO COCTAaBJISATh IUIAaH pEIIEHUs pPACYETHBIX M KAuYeCTBEHHBIX 3a/ady, ILIaH
BBIMIOJTHEHUS] TMpaKTUYecKol paboThl € YYETOM HUMEIOUIMXCA PECYpcoB, COOCTBEHHBIX
BO3MOKHOCTEHN U IPEAIIOYTECHHII;

JIaBaTh OLIEHKY HOBBIM CUTYalUsM;

pacuIMpsATh paMKH Y4€OHOI0 IIPeMETa Ha OCHOBE JIMYHBIX NMPEANOUTECHUMH;

JienaTh OCO3HAHHBIN BHIOOD, apTYMEHTUPOBATH €ro, OpaTh Ha ce0si OTBETCTBEHHOCTH 32 PEILICHHE;
OLIGHUBATh MPHOOPETEHHBIN OIIBIT;

croco0cTBOBaTh (DOPMHUPOBAHUIO W TPOSBICHUIO SPYAUIMH B 00JIaCTH (PU3UKH, TOCTOSHHO
MOBBIIIATH CBOM 00pa30BaTEIbHbIN U KYIbTYPHBII YPOBEHbD.



CaMOKOHTPOJIb, SMOIIMOHAJIbHBIH HHTEJJIEKT:

JlaBaTh OILICHKY HOBBIM CHUTYyallUsiM, BHOCHUTb KOPPEKTHBBI B JI€ATE€IbHOCTh, OIICHUBATH
COOTBETCTBUE PE3Y/IbTATOB LEIISIM;

BJIQ/IETh HABBIKAMHU IO3HABATEIbHOM pedIeKCMH KaK OCO3HAHUS COBEpLIAEMbIX JIEHCTBUN U
MBICTTUTENIBHBIX MTPOLIECCOB, X PE3YJIbTaTOB U OCHOBAHMIA;

UCIIOJIb30BaTh PUEMBI pedIeKCHH JIJIs OLIEHKH CUTYallld, BEIOOpa BEPHOTO PEIICHUS;

YMETh OLICHUBATh PUCKHU U CBOEBPEMEHHO IPUHUMATh PEIICHUS 10 UX CHIXKCHHUIO;

MPUHUMATh MOTUBBI U apTyMEHTBI JPYTUX MPU aHATU3E PE3YJIbTATOB JIEATEIbHOCTH;

PUHUMATH ceOsl, MOHUMasi CBOM HEJIOCTATKU U IOCTOMHCTBA;

MPUHUMATh MOTHBBI U @pTYMEHTHI IPYTHX IIPU aHAIHU3E PE3yNIbTaTOB AEITEIbHOCTH;

MIPU3HABATh CBOE MPABO U MPABO JAPYTUX HA OMIUOKH.

B nporuiecce nocTuxeHuss TMYHOCTHBIX PE3YJIbTATOB OCBOCHHUS MPOTPAMMBI 110 (PU3UKE I YPOBHS
cpeaHero oOmero o0pa3oBaHHA y OOYYarOIIUXCS COBEPIICHCTBYETCS AMOIMOHAIBHBIN
UHTEJJIEKT, PEANoaraonui coOpMUpPOBaHHOCTD:

CaMOCO3HaHUs, BKJIIOYAIOIIET0 CIOCOOHOCTh MOHUMATh CBOE AIMOLIMOHAJIBHOE COCTOSIHUE, BUJIETh
HAIPABIICHUS PA3BUTHS COOCTBEHHOW IMOLIMOHAIBLHOU c(hephl, OBITH YBEPEHHBIM B ceO¢;
CaMOPETYJIMPOBAHMUSI, BKIIOYAIOIIETO0 CAMOKOHTPOJIb, YMEHHE NMPUHUMATh OTBETCTBEHHOCTH 3a
CBOE TMOBEJIEHUE, CIIOCOOHOCTh alaTUPOBATHCSA K AMOLIMOHAIBHBIM M3MEHEHUSM H MPOSBISTH
THOKOCTb, OBITh OTKPHITHIM HOBOMY;

BHYTPEHHEN MOTHBAIIMH, BKIFOUAIOIIEH CTPEMIICHHE K JJOCTHXKCHHIO LIETTH U YCIIEeXY, ONTUMM3M,
WHULIMATUBHOCTh, YMEHUE JACHCTBOBATh, UCXO/I U3 CBOMX BO3MOKHOCTEH;

HIMMATHH, BKIIOYAIOIIEH CTOCOOHOCTh TOHUMATh SMOIIMOHATILHOE COCTOSTHUE IPYTUX, YIUTHIBATh
€ro MpU OCYIIECTBIEHUU OOIIEHUS, CHOCOOHOCTh K COYYBCTBHIO M CONIEPEKUBAHUIO;
COLIMANIbHBIX HABBIKOB, BKIIIOUAIOIIUX CIIOCOOHOCTh BBHICTpAaWBATh OTHOIICHHUS C APYTUMHU
JIOJIbMU, 3a00TUTHCSI, IPOSIBISATH UHTEPEC U pa3pemiaTh KOHQIUKTHI.

I[TPEAMETHBIE PE3YJIBTATEI

K xonmy oOydenust B 10 knacce nipeAMETHBIE PE3ybTaThl HA yriayOJEHHOM YPOBHE JOJKHBI
OTpaXkaTh CHOPMUPOBAHHOCTH Y OOYJAIOIITUXCS YMEHHIM:

MOHUMATh POJIb (PU3UKUA B SKOHOMHUYECKOHW, TEXHOJOTHUYECKOM, SKOJIOTHUECKOU, COUAILHON 1
ATUYECKOHN cdepax NeATeTbHOCTH YelIOBeKa, PoJib U MeCTO (M3MKHA B COBPEMEHHOW HaydHOH
KapTUHE MHpa, 3HAYCHHWE OMNHUCATEIBbHOW, CHCTEMaTU3UPYIOIIEH, OOBSICHUTCIBPHOU U
MPOrHOCTUYECKOW (QYHKIMH (U3NYECKON TEOpUU — MEXaHUKH, MOJIEKYJSIpHON (U3NKU U
TEPMOJMHAMUKH, poJib (U3NYECKON Teopur B (HOPMUPOBAHUM MPENCTABICHUN O QU3NUYEeCcKOn
KapTUHE MUPA;

pa3iauyaTh YCIOBHUS NPHUMEHHMOCTH MoJeield (U3UYEeCKHX Tel H MPOIECCOB (SIBICHMIA):
WHEepLUaJgbHas CcUcTeMa OTc4yéra, alCoJMIOTHO TBEPIOE Telo, MaTepuaibHas TOYKa,
PaBHOYCKOPEHHOE JBWIKEHHE, CBOOOJHOE TMaJeHue, aOCOMIOTHO ympyras nedopmanus,
a0CONIOTHO ympyroe M abCONIOTHO HEYNPYroe CTOJKHOBEHHWS, MOJEIH Tasa, XHIKOCTH U
TBEPAOTr0 (KPUCTAUIMUECKOT0) Tella, WJeaJbHbId Tra3, TOYEUHBIM 3apsij, OJHOPOIHOE
AIEKTPUUECKOE TOJIE;



paznuyaTh yCJIOBHs (TpaHUIBI, 00JIACTH) MPUMEHUMOCTH (PU3WYECKUX 3aKOHOB, IMOHUMATh
BceoOUMil xapakrep QyHAaMEHTaIbHBIX 3aKOHOB U OIPAaHUYEHHOCTh MCIOJB30BAaHUS YACTHBIX
3aKOHOB;

AQHAIM3UPOBATh U OOBSICHATH MEXAaHWYECKHE IPOLECChl M SBJICHUS, HUCIOJb3YyS OCHOBHBIC
MOJIO)KEHUS W 3aKOHbl MEXaHUKU (OTHOCHTEIHHOCTh MEXaHMYECKOTO JABMKEHHUS, (HOPMYIIbI
KMHEMaTUKU PaBHOYCKOPEHHOTO JBIKEHHUs, HpeoOpazoBaHusi [amwies Ui CKOPOCTH U
nepeMenieHus, 3aKkoHbl HpIOTOHA, MPUHLMII OTHOCUTENBHOCTHU ['anmumiesi, 3aKOH BCEMHUPHOTO
TATOTEHUS, 3aKOHBI COXPAaHEHUS UMIYJIhCa M MEXaHWYCCKOW SHEPTUH, CBSI3b PabOTHI CHIIBI C
W3MEHEHUEM MEXaHUYECKON DJHEpruu, YCIOBUS paBHOBECHUS TBEPJAOrO Teia), HPU 3TOM
UCIIOJI30BaTh MAaTEMAaTUYECKOE BBIPAKEHUE 3aKOHOB, YKa3blBaTh YCIOBUS MPUMEHUMOCTHU
(GU3HYECKUX 3aKOHOB: MpeoOpa3oBaHmii ['anmies, BTOPOTO M TPEThero 3akoHOB HpBrOTOHA,
3aKOHOB COXPaHEHUsI UMITYJIbCa 1 MEXaHMUYECKOU SHEPTHH, 3aKOHA BCEMUPHOTO TATOTCHHUS;
AHAIU3UPOBATH U OOBSACHATH TEIUIOBBIE MPOIECCHI U SBICHUS, UCTIOIb3YsI OCHOBHBIE MOJIO0XKEHUS
MKT u 3aKOHBI MOJEKYISAPHON (PU3UKU U TEPMOJUHAMUKHU (CBSA3b JIaBJICHUS UI€aIbHOIO ra3a co
CpeaHel KUHETUYECKON YHEPTUEN TEIJIOBOIO JBHXKEHUS U KOHIIEHTPALUEW €ro MOJIEKYJ, CBA3b
TEMIIEpaTypbl BEIIECTBA CO CPEAHEN KMHETUUYECKON SHEprue TEeII0OBOro ABUKEHUS €ro YacTHll,
CBSI3b JJaBJICHUSl MJEAIBHOIO ra3a ¢ KOHIEHTPALMEW MOJIEKYJ] U €ro TEMIEPaTypoil, ypaBHEHHUE
MenneneeBa—KnaneiipoHa, nepBblii 3aKOH TEPMOJMHAMMKH, 3aKOH COXPAHEHUs SHEPIUU B
TEIUIOBBIX IIpolleccax), MpU OSTOM HCIIOJIb30BaTh MATEMAaTHUYECKOE BBIPAKECHHE 3aKOHOB,
YKa3bIBaTh yCIOBUS MPUMEHUMOCTH ypaBHeHUsT MeneneeBa—Knaneipona,

aHAJM3UPOBATh M OOBSACHATH AIICKTPUUYECKUE SIBJICHHS, UCIOJIb3Ys] OCHOBHBIE TIOJIOKCHHUS W
3aKOHBbI 3JIEKTPOJAMHAMHUKH (3aKOH COXpaHEHUsl JJIEKTPUYECKOro 3apsaa, 3akoH Kysona,
MOTEHIUAIBHOCTD AJEKTPOCTATUYECKOTO MOJISI, TPUHIUI CYNEPHIO3ULIUN IEKTPUUECKUX TOJIEH,
MIPU 3TOM yKa3bIBas YCJIOBHS NMPUMEHHMOCTH 3akoHa KynoHa, a Takke MpaKkTUYECKH Ba)KHbBIC
COOTHOIIEHUS: 3aKOHbI OMa Il y4acTKa LENHu U JJIT 3aMKHYTON SJIEKTPUYECKOM 1IeNH, 3aKOH
Jxoyns—Jlenua, mpaBuna Kupxroda, 3akonst @apajies s 2JIEKTPOIU3a);

OTMHUCHIBATh (PU3MUECKHE MTPOIIECCHI U SBJICHHS, UCIIOIb3Ysl BETMYUHBI: TIEPEMEICHHUE, CKOPOCTD,
YCKOPEHHE, UMITYJIbC TeJla M CHUCTEMBbI TEJ, CHJIa, MOMEHT CHWJIbI, JAaBJICHHUE, MOTEHI[MATbHAs
SHEPTHUsI, KHHETHYECKasi SHEPTUsl, MEXaHUUeCKasi SHEPrus, padoTa CHIIbI, IICHTPOCTPEMHUTEIHHOE
YCKOPEHHE, CHJIa TSHKECTH, CHJIa YIIPYTOCTH, CHJIa TPEHHSI, MOIITHOCTh, YHEPTUS B3aUMOICHCTBUSI
Tena ¢ 3emnéil BOMU3M €€ MOBEPXHOCTH, SHEPTHUS YIPYToi nedopMaliuu Mpy>KUHBI, KOJIUYECTBO
TEIUIOTHI, a0COMIOTHAs TeMIleparypa Tena, paboTa B TEPMOJUHAMHKE, BHYTPEHHSS JHEPTHUs
U7CabHOTO OJIHOATOMHOTO Ta3a, padoTa WASAIbHOTO Ta3a, OTHOCUTENbHAS BIXXHOCTh BO3/1yXa,
KIIJl uieanbHOTO TEMIOBOrO JIBUTATENS; AIEKTPUUECKOE MOJIe, HANPSHKEHHOCTD 3JIEKTPUYECKOTO
moJisi, HAmpsDKEHHOCTh TIOJISE TOYEYHOTO 3apsija WM 3apsOKEHHOTO Imapa B BaKyymMe U B
IUDJICKTPUKE,  TOTEHIIMAT  JJIGKTPOCTATUYECKOTO  MOJs,  Pa3HOCTh  IOTEHIIUAJIOB,
ANIEKTPOJIBIDKYIIAS CUJia, CHJIa TOKA, HAMpsHKEHUE, MOIIHOCTh TOKA, JJIEKTpUYECKas EMKOCTh
IJIOCKOTO KOHJEHCATOPa, COMPOTUBIIEHNE YUacTKa LIETH C MOCJIE0BATEIbHBIM U MapajlieIbHbIM
COEIMHEHUEM PE3UCTOPOB, IHEPTHUS FIEKTPUUECKOTO NOJISI KOHJIEHCATOPA;

00BSACHATH 0COOEHHOCTHU MPOTEKAHUS (PU3HMUECKUX SBIICHUI: MEXaHIUUECKOE TBUKCHHE, TETJIOBOE
JIBIDKCHWE YACTHI[ BEIIECTBA, TEIUIOBOE paBHOBECHE, OpOYHOBCKOE IBIDKECHHE, MU(PDy3us,
UCIIapeHue, KUIIEHWE M KOHJEHCAlWs, IUIABICHUE W KPUCTAJUIM3alus, HAINpPaBICHHOCTh
TEIJIONepelaul, JJICKTPU3alMs TeJ, HKBUIOTCHIHAIBHOCTh TMOBEPXHOCTH 3apsKEHHOIO
MIPOBOJIHUKA;



MPOBOJIUTh HCCIICIOBAHWE 3aBUCUMOCTH OJHOW (U3MYECKOW BEIWYMHBI OT JPYyrol ¢
WCITOJIb30BAHUEM TMPSMBIX HM3MEPEHUH, MPHU 3TOM KOHCTPYHPOBATh YCTAHOBKY, (DHKCHPOBATh
pe3ynbTaThl TMOJYYCHHOM 3aBUCUMOCTH (U3MYECKUX BEJIMYMH B BUJIE TPahUKOB C Y4YETOM
a0COJTIOTHBIX TIOTPEITHOCTEH U3MEPEHHH, JIeJIaTh BHIBOJIBI IO PE3yiIbTaTaM UCCIICI0BAHMS;
MPOBOANTH KOCBEHHBIC U3MEPEHHS (PU3UYECKUX BEIMYWH, NMPU 3TOM BBHIOMPATH ONTUMATBHBIN
METOJ HM3MEpPEHUs, OIEHHWBATh AaOCOIIOTHBIE W OTHOCHUTEIBHBIC IOTPEITHOCTH MPSIMBIX H
KOCBEHHBIX U3MEPCHHUIA;

MIPOBOJIUTH OIIBITHI IO MPOBEPKE MPEII0KEHHON TMIIOTE3bI: IUTAHUPOBATH SKCIIEPUMEHT, COOUpAThH
SKCTIIEPUMECHTAIBHYIO YCTAaHOBKY, aHAJIM3UPOBATh MOJYYCHHBIC PE3YJIbTAThl M JI€]aTh BBIBOJ O
CTaTyce MPeI0KEHHON THIIOTE3HI,

coOirofaTh mpaBuiia 0€30MaCHOrO Tpyna MPHU MPOBEICHUU MCCIEIOBAHUN B paMKax y4eOHOTO
JKCIIEPUMEHTA, MPAaKTUKyMa M Y4eOHO-HUCCIIEeNOBATENIbCKOW M MPOEKTHON NEeATEIbHOCTH C
MCIIOJIb30BaHUEM U3MEPUTEIbHBIX YCTPONCTB U TaOOPaTOPHOro 000pyI0BaHUS;

pemarh pacuéTHHIC 3aJla4yd C SBHO 3aJaHHOM M HESABHO 3aJaHHOM (PU3MYECKONW MOJCNBbIO: Ha
OCHOBaHUHU aHallM3a YCIOBUS OOOCHOBBIBATH BBIOOD (PHU3MYECKOW MOJIEIH, OTBEYarolei
TpeOOBaHUSM 3a/layd, NPUMEHATH (OPMYJbL, 3aKOHBI, 3aKOHOMEPHOCTH U TOCTYJaThl
(GU3UYECKUX TEOPUI MPU UCITOIH30BAaHUHA MaTEeMAaTHUYECCKMX METOIO0B PEIICHUS 3a/1a4, IPOBOIUTh
pacuéThl HA OCHOBAaHHM HMMEIOLIUXCSA JaHHBIX, aHAIU3UPOBATh PE3YNbTAThl U KOPPEKTUPOBATH
METO/Ibl PEIICHUSI C YUETOM MOTYyUYEHHBIX PE3YNIbTaTOB;

pemiaTh KauyeCTBEHHbBIC 3a/layu, TpeOyrolue MPUMEHEHHUsI 3HAHUN M3 Pa3HbIX paslie]ioB Kypca
bu3nky, a TakkKe MHTETpallMd 3HAHUM U3 JPYrUX MPEIMETOB €CTECTBEHHO-HAYYHOTO IHUKIA!
BBICTPAWBATh JIOTUUECKYIO IIEMOYKY pACCYKJCHHI C OMOpod Ha W3y4YEHHBIE 3aKOHBI,
3aKOHOMEPHOCTHU U (DU3UYECKHUE SBIICHNUS,

WCIIOJIH30BaTh TEOPETUYECKUE 3HAHUS JJisi OOBSCHEHUS OCHOBHBIX MPHHIIMIIOB pPabOTHI
M3MEPUTENbHBIX TPUOOPOB, TEXHUYECKUX YCTPOUCTB U TEXHOJIOTUUYECKUX MPOIIECCOB;
MPUBOAUTH IPUMEPHI BKJIAJIa POCCHICKUX U 3apYOCKHBIX YUEHBIX-(PU3UKOB B PA3BUTHE HAYKH, B
00BsICHEHHUE MPOIIECCOB OKPYKAIOIIETO MUPA, B Pa3BUTHE TEXHUKH U TEXHOJIOTHIA;
AHAIM3UPOBATh M OIEHUBATh TOCJIEJICTBUS OBITOBOM U MPOU3BOJICTBEHHOW MAESITENHHOCTU
YeNOBEeKa, CBA3aHHOW ¢ (DU3MUECKUMHU MPOIECCaMH, C TMO3UINI IKOIOTHYECKONW 0€30MacHOCTH,
MPEACTABICHUI O pallMOHAIIBHOM HPHUPOAOIOIb30BAHUM, a TAK)KE Pa3syMHOM HCIOJIb30BaHUU
JTOCTHIKEHUI HAYKH U TEXHOJIOTUH /ISl JalbHEHIIIET0 Pa3BUTHS YEIIOBEYECKOTO OOIIECTRA;
MPUMEHATh Pa3IudHbIe CHOCOOBI pPaboThl ¢ wuHOpMarmend (U3NIECKOTO COACPKaHUS C
WCIIOJIb30BAaHUEM COBPEMEHHBIX HWH()OPMAIMOHHBIX TEXHOJIOTUM, TMPH 3TOM HCHOIB30BaTh
COBpEeMEHHbIE HH(OPMAIIMOHHBIE TEXHOJOTUU I TOWCKA, MepepaboTKU U TMPeabSIBICHUS
yueOHOM ¥ HAyYHO-TIOMYJSIpHOW WHGOpMAIUU, CTPYKTYpUPOBAHUS H HHTEPIPETalUn
uHpopMaIuy, TMONYYEeHHOWM W3 pa3IWYHBIX WCTOYHUKOB, KPUTHUYECKH AaHAIM3UPOBATh
MoJTy4aeMyr0 HH()OPMAITUIO U OIEHUBATh €€ TOCTOBEPHOCTh KaK HA OCHOBE MMEIOIITNXCS 3HAHU,
TaK ¥ Ha OCHOBE aHaJIM3a HCTOYHHUKA WH(OpMAInu;

MIPOSIBJIATh OPTraHU3AIMOHHBIE M TIO3HABATEIbHBIC YMEHHSI CAMOCTOSITEILHOTO MPHOOPETEHUS
HOBBIX 3HAHUH B IIPOIIECCE BHITTOJIHCHUS TIPOSKTHBIX M YIEOHO-UCCIE0BATENBCKUX Pa0doT;
paboTaTh B TPYIINE C KMCIOJHEHHEM PAa3IMYHBIX COIHAIBHBIX POJICH, TUIAHUPOBATH PabOTy
TPYIIIbI, PAallMOHATIBHO PACIPEACNATh NEATEIbHOCTh B HECTAHJAPTHBIX CUTYaAlUAX, aJCKBATHO
OIICHUBATDH BKJIaJ KXKIOTO U3 YYaCTHUKOB I'PYIIIHI B PEIICHUE pacCMaTPUBaeMOM MTPOOJIEMBI,



NPOSIBJIATh MOTHBAIUMIO K Oymymied MmpoeCcCHOHAIBLHOU IESTeIBbHOCTH IO CIEUATLHOCTIM
(UBUKO-TEXHUYECKOTO MPOQHUIISL.

K xonuy oOyuenust B 11 knacce npeIMeTHbIE Pe3ylbTaThl HAa YriyOJIEHHOM YpPOBHE JIOJIKHbI
oTpakaTh CHOPMUPOBAHHOCTH Y O0YUAIOIIMXCS YMEHU:

NOHUMATh POJIb (PU3UKH B IKOHOMHUYECKON, TEXHOJIOTUYECKOH, COLIMATBHOM 1 3THYECKOH cepax
JeSITeIbHOCTH YeNIOBEKa, POJib U MECTO (PM3UKU B COBPEMEHHOW Hay4HOH KapTUHE MHUpA, POJIb
aCTPOHOMHUH B IIPAKTUYECKON NEATEIBHOCTU 4YEJIOBEKA U JAIBHEHMIIEM HAay4HO-TEXHUYECKOM
pa3BUTHH, 3HAYCHUE ONUCATEIHHOMN, CHCTEMATU3UPYIOUIEH, 00BSICHUTEIBHOM 1 MPOTHOCTHYECKON
GyHKUMH (U3NIECKON TEOPHH — DJICKTPOJAMHAMHKH, CIEIHUATbHON TEOPUH OTHOCHTEIBHOCTH,
KBAaHTOBOH (DM3UKHU, POJIb (PU3HUECKON TEOpUH B (HOPMUPOBAHHUHU MPEICTABICHUHA O (HPU3HUECKOM
KapTHHE MHpa, MECTO (PU3MUYECKON KapTUHBI MUpPa B OOIIEM DSy COBPEMEHHBIX €CTECTBEHHO-
Hay4YHBIX IIPEJCTABJICHUN O IPUPOC;

pasinyarh yCJIOBHUS HPUMEHUMOCTH Mojeied (U3MYeCKHMX Tel M MPOLEccOB (sBJIEHUIN):
OJIHOPOJHOE DJIEKTPUYECKOE W OJHOPOAHOE MAarHUTHOE IIOJIs, TapMOHHUYECKUE KoseOaHus,
MaTEeMaTUYECKUH MasATHUK, MWJCAIbHBIA NPYXUHHBI MAasTHUK, TI'apMOHMYECKHE BOJIHBI,
u/ieabHbII KoJeOaTesIbHbIA KOHTYp, TOHKAs JIMH3a, MOJIEJIe aToMa, aTOMHOT'0 s/Jpa ¥ KBAaHTOBOU
MOJIEJIH CBETA;

pasnnyath yciaoBUs (TpaHMLbI, 00JacTH) NPUMEHUMOCTH (U3NYECKUX 3aKOHOB, IOHUMATh
BceoOIui xapakTep (pyHIaMEHTaIbHBIX 3aKOHOB M OTPAaHUYEHHOCTh MCIOJIb30BAHUS YACTHBIX
3aKOHOB;

aHAJTM3UPOBATh U OOBSACHATH AJIEKTPOMArHUTHBIE MPOLECCHl U SBIEHUS, MCIOJIb3Ysl OCHOBHBIE
MIOJIO)KEHUS W 3aKOHBI DJIEKTPOJMHAMHUKHA U CHELUAIBHOM TEOPUM OTHOCHUTEIBHOCTH (3aKOH
COXpaHEHHUs DJIEKTPUUYECKOro 3apsaa, cuina Ammepa, cuna JIopeHna, 3aK0H 2J€KTPOMarHUTHON
UHAYKIMH, npaBuio Jlenna, cBa3p OJIC caMOMHAYKINN B 3JIEMEHTE JJIEKTPUUYECKOM LIEMU CO
CKOpPOCTBIO H3MEHEHUs CHIBbl TOKA, IIOCTYJIAThl CHELUAIbHON TEOPUU OTHOCUTEIIBHOCTU
OWHIITeHA);

AQHAJIM3UPOBATH U OOBACHATH KBAHTOBBIE ITPOLIECCHI U IBJICHUS, UCTIOJIb3YsI OJI0KEHNS KBAaHTOBOM
¢u3uku (ypaBHeHMe OMHIITeHHAa a1 ¢orodddexra, mepBelii U BTOpoi mocTynarel bopa,
NPUHIUI COOTHOILIEHUs HeonpeaenéHHoctel ['eiizenOepra, 3aKoHbl COXpaHEHHs 3apsI0BOrO U
MacCOBOI'O YHCEJ ¥ SHEPTUHU B SJEPHBIX PEAKIUAX, 3aKOH PaIMOaKTUBHOTO pacmaa);
ONKCHIBaTh (PU3UYECKHE NPOLECChl M SBIEHUS, HCIHOJb3YS BEJIMYUHBI: HANPSHKEHHOCTD
JJNIEKTPUYECKOTO TIO0JIsA, MOTEHLIHMAI JJIEKTPOCTATUYECKOrO II0Js, Pa3HOCTh ITOTCHIUAJIOB,
AIIEKTPOJBIIKYILAS CWJIA, WMHAYKIMS MarHUTHOTO IIOJIS, MarHUTHBIM TMOTOK, cuja Awmrepa,
WHIYKTUBHOCTb, DJIEKTPOABWXKYINAS CHJIA CAMOMHAYKIMH, DSHEPIHsl MAarHUTHOTO IOJS
MIPOBOJHMKA C TOKOM, PEISTUBUCTCKUN UMITYJIbC, TIOJHAS YHEPIHsl, SHEPTUs MOKOsI CBOOOIHOMN
YaCTHUIIBI, SHEPTUS U UMITYJIbC (POTOHA, MACCOBOE YHCIIO U 3apsij s/ipa, SHEPTUS CBS3H AIpa;
OOBSICHATh OCOOCHHOCTH NPOTEKAHUS (PU3MUECKUX SBICHUM: AJIEKTpPOMArHUTHAs WHIYKIIHA,
CaMOMHIYKIIMS, PE30HAHC, MHTep(pEpEHIIUs BOJIH, AU(paKus, JUCIIEpCUs, IOJIHOE BHYTPEHHEE
oTpaxkenue, dotornekrpudeckuii 3dpdext (pororddekr), anbdha- u Gera-pacmansl sjaep, raMma-
U3Iy4eHue sep, GU3ndecKre NPUHIMIBI CIEKTPAIbHOTO aHAIN3a U paboThI J1a3epa;

OINpEAEIIATh HAIPABJICHNE UHAYKLIUHA MAarHUTHOIO IOJIS IPOBOJHMKA C TOKOM, CHJIBI AMIepa u
cuibl JlopeHiia;



CTPOUTH U300pakeHUE, CO3]aBaeMOe TUIOCKUM 3€pKajioM, TOHKOH JIMH30, U pacCUUTHIBATh €T0
XapaKTepUCTUKU;

MPUMEHSTh OCHOBOIIOJIATAlOIINE aCTPOHOMHUYECKHUE MOHATHS, TEOPUH U 3aKOHBI Ui aHaln3a U
00BsiCHEHUS! (PU3UYECKUX TMPOIIECCOB, MPOUCXOMANINX B 3BE3MAX, B 3BE3MHBIX CHCTEMax, B
MEXTalakTH4eCKON cpe/ie; ABHKEeHUs HeOECHBIX Tell, IBOJIOLNHU 3BE311 U BeeneHHoil;
MPOBOAMUTH HCCJIEIOBAaHUE 3aBUCUMOCTEH (DU3MUECKUX BEIMYUH C HCIOJIB30BAHHEM MPSMBIX
U3MEPEHUH, MPH 3TOM KOHCTPYHPOBATb YCTAHOBKY, (PMKCHPOBATH PE3yJbTAThI MOIY4YECHHON
3aBHCUMOCTH (PU3UYECKHX BEJIMYMH B BUAE IpaukoB ¢ yuyé€TOM aOCOIIOTHBIX MOrPEUTHOCTEH
M3MEpEHMI1, IeaTh BBIBOJIBI 10 Pe3yJIbTaTaM HCCIIEOBAHMUS;

MPOBOANTH KOCBEHHBIE M3MEPEHHsS (PU3NUECKHX BEJIMYUH, NPU 3TOM BBHIOMPATh ONTHUMAaIbHBIN
METOJI W3MEpEHHs, OIEHUBATh AaOCOJNIOTHBIE M OTHOCHUTEIbHBIC MOTPEIIHOCTH MPSAMBIX U
KOCBEHHBIX U3MEPEHHIA;

MIPOBOJMTH OMBITHI IO MPOBEPKE MPEJIOKEHHON TMIIOTE3bI: TUIAHUPOBATH SKCIIEPUMEHT, COOUPATh
SKCHHCPUMCHTAJIbHYIO YCTAHOBKY, aHAJIM3UPOBATh IMOJYYCHHBLIC PC3YyJIbTAaTbl U ACJIATh BBIBOJ O
cTaTyce MpeI0KEeHHON TUIIOTE3HI;

OTHCHIBATh METObI MOMYUYEHUSI HAYYHBIX ACTPOHOMHUYECKHUX 3HAHUM;

coOroaaTh mpaBmia 0E30MacCHOTO TPyJa MPHU MPOBEICHUU HCCIICIOBAaHUN B paMKax y4eOHOTO
HKCIEPUMEHTA, MPAKTUKyMa MU Yy4eOHO-UCCIIEOBATEIbCKOM M MPOEKTHOM JESATEIbHOCTH C
MCIIOJIb30BaHUEM U3MEPHUTEIBHBIX YCTPOUCTB M TAOOPATOPHOTO 000PYIOBAHUS;

pemathk pacuéTHbIC 3a/la4d C SBHO 33JaHHON M HESIBHO 3a/IaHHON (DU3WYCCKOW MOJCIBIO: Ha
OCHOBAaHHMHU aHAJIN3a yCJIOBUA BI)I6I/IpaTI) (1)I/I3I/I‘-ICCKI/I€ MOJICIIN, OTBECHAIOIIIUE Tpe6OBaHI/I$IM 3aJa4u,
NPUMEHSTh (OPMYIbI, 3aKOHBI, 3aKOHOMEPHOCTHM M IOCTYNAaThl (PU3NYECKUX TEOpUH IpHU
HCIIOJIB30BAHMU MAaTCMATUYCCKUX MCTOAOB PCIICHUA 3aaa4, IPOBOAUTH paC‘IéTBI Ha OCHOBAaHHNU
HMCIOIIUXCA JAaHHBIX, AHAJIM3UPOBATH PE3YJIbTAThl U KOPPEKTHPOBATE METO/IbI pCHICHUS C yLIéTOM
MOJTyYEHHBIX Pe3y/IbTaTOB;

peliaTh KayecTBEHHbIE 3aJauu, TPeOYIolue MPUMEHEHHUsS 3HAHUIM M3 pa3HBIX pa3fesioB Kypca
¢u3MKM, a TakKe MHTETPAllUM 3HAHUM U3 JPYrMX MPEAMETOB €CTECTBEHHO-HAyYHOTO LUKJIA!
BBICTpAaUBaTh JIOTHUECKYIO IIEMOYKY PpACCY)KIEHUH C OMOpod Ha U3y4YEeHHBIC 3aKOHBI,
3aKOHOMEPHOCTH U (PU3UYECKHE SIBICHUS;

UCIIONIb30BAaTh TEOPETUYECKUE 3HAHWUS Ui OOBSICHEHHS OCHOBHBIX MPUHIIUIOB pPabOTHI
HN3MCPUTCIIBHBIX HpI/I60pOB, TEXHUYCCKUX YCTpOﬁCTB 1 TEXHOJOTUYCCKUX ITPOLECCOB,
MPUBOUTH MPUMEPHI BKIIAJIa POCCHICKUX U 3apyOeKHBIX yUEHBIX-(PU3UKOB B Pa3BUTHE HAYKH, B
00BsICHEHHUE MPOIIECCOB OKPYKAFOIIETO MUPA, B Pa3BUTHE TEXHUKH U TEXHOJIOTHIA,
AHAJIM3UPOBATE W OLCHUBATH IIOCICACTBUA OBITOBOII M HpOHSBO}ICTBGHHOﬁ NCATCIIBHOCTHU
YEJIOBEKa, CBSI3aHHOW ¢ (PM3MUYECKUMU TMPOIECCAMH, C MO3UIIMA IKOJIOTHIECKOM 0€30TacHOCTH,
HpeJICTaBJ'IeHI/Iﬁ 0 panuoOHaJIbHOM IMPUPOAOIIOJIB30BaAHNHN, a4 TAKXKC pa3yMHOM HCIIOJIbB30BaHUN
JTOCTYOKCHU N HAYKW M TEXHOJIOTHH TS JATBHEHIIIETO pa3BUTHS YETI0BEUYECKOTO OOIIECTBA;
MPUMEHATHh Pa3udHbIe CHOCOO0BI pPaboThl ¢ uHOpMarmend ¢GU3NIECKOTO COACPKAHUS C
UCIIOJIb30BAaHUEM COBPEMEHHBIX HH(OPMALIMOHHBIX TEXHOJOTHM, MPU 3TOM HCIOJIB30BATh
COBpEMEHHbIE HMH()OPMAIMOHHbIE TEXHOJOTUU I IOUCKa, NMepepaboTKU U TPEeAbIBICHUS
yueOHOM ¥ HAY4YHO-TIOMYJSIpHOM uWHGOpManuu, CTPYKTYpUPOBAHUS M HHTEpIpETaluu
uHpOpMaLlMK, TIOJyYEHHOH W3 pa3lWYHBIX HCTOYHUKOB, KPUTHYECKH aHAIN3UPOBATH



NoJTy4aeMyro HH(OpMAIHIO M OIICHUBATh €€ JOCTOBEPHOCTh KaK HAa OCHOBE MMCIOIUXCST 3HAHUH,
TaK ¥ Ha OCHOBE aHaJN3a UCTOYHUKA HHPOPMAIIHH;

MPOSIBIISATE OPTaHU3AIMOHHBIC W TIO3HABATEIHHBIC YMEHHSI CAMOCTOSTEIHHOTO MPHOOpETEHUs
HOBBIX 3HAHHH B MPOIIECCE BHITIOJHEHUS IPOCKTHBIX U Y4eOHO-HCCIIeI0BATEIbCKIX PadoT;
paboTaTh B TpyINIE C HCIOJHEHHEM pPa3IMYHBIX COIUAIBHBIX pOJICH, IMJIAHUPOBATH PabOTY
TPYIIIbI, PAMOHATIBHO PACIPENENATh JACATEIBHOCTh B HECTAHIAPTHBIX CUTYAIUSIX, aJIeKBaTHO
OILICHUBATh BKJIAJ] KAYKIOTO M3 YIaCTHUKOB I'PYIIIBI B PELICHUE PACCMATPHBAEMOM MPOOIIEMBI;
MPOSIBIISATE MOTHBAIMIO K Oynymield mpoecCHOHANBHON IEATCIBHOCTH IO CHEIUAIBHOCTSIM
(UBUKO-TEXHUYECKOTO MPOUIIS.



TEMATHYECKOE INTAHUPOBAHHUE

10 KJIACC
KoumnuecTBo yacos
Ne dyeKkTpoHHbIE (LM (POBbLIE)
HaumeHoBaHue pa3aesioB M TeM NPOrPaMMBbl Konrpoanubie IlpakTunyeckue
n/n Bcero o0pa3oBaTejibHbIE PeCypPChl
padoThI padoTsbI
Paznen 1. HAYUHBIA METO/I IO3HAHWSA ITPUPOIbI
1.1  HayuHblif METO/I IO3HAHUS TIPHPOIBI https://m.edsoo.ru/U1A2F9A3A
Hroro no pazneny
Pa3zpen 2. MEXAHUKA
2.1 Kunemaruka 10 1 https://m.edsoo.ru/X5E4S6F3R
2.2  Jlunamuka 10 https://m.edso0o.ru/Q2M6L6J9Q
2.3 | Craruka TBEpPIOro Tena 5 1 https://m.edso0.ru/Q4J1K9G3B
2.4 | 3aKOHBI COXpPaHEHUS B MEXaHUKE 10 1 https://m.edsoo.ru/U303P7Z2K
Wroro mo paszneny 35

Paznea 3. MOJIEKYJIAPHASA ®U3UKA U TEPMOJINHAMUKA

3.1 | OcHOBBI MOJICKYJIIPHOKUHETHUECKON TEOPHU 15 1 https://m.edso0.ru/Z6H5J9S9T

3.2 | Tepmomunamuka. TerioBble MalTHHBI 20 1 https://m.edso00.ru/NOX208R8F

33 ArperaTHble cocTOsTHHS BetecTBa. Da3oBbie 14 1 https://m.edsoo.r/ TAH7E2L 40
HIePEXO/IbI

Wroro mo pazneny 49

Paznen 4. JIEKTPOAUHAMUKA

4.1  DrekTpuveckoe moie 24 1 https://m.edso0.ru/S6C0Y3C3D

4.2  TloCTOSTHHBIN 3JEKTPHUUECKUHN TOK 24 1 https://m.edsoo.ru/FOD7M7W3L

4.3  Toxu B pa3IUYHBIX Cpeaax 6 https://m.edsoo.ru/C8E3USNON

Hroro no paszneny 54
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Pazzen 5. PU3HUYECKHUN MPAKTUKYM

5.1 @ ®usuueckuii MPaKTUKyM 16 16 https://m.eds00.ru/COT5G3P6X
Uroro mo pazneny 16

Pe3epBHOE Bpemst 10 https://m.edsoo.ru/U9A7GONSD
OBUIEE KOJIMYECTBO YACOB I10 ITPOI'PAMME 170 16



https://m.edsoo.ru/C0T5G3P6X
https://m.edsoo.ru/U9A7G0N8D

11 KJIACC

HaumeHoBaHue pa3iesioB U TeM

KoaunuecTBO 4acoB

JuaekTpoHHbIe (HU(pPOBbHIE)

Ne ni/m Konrpouabsnbie IIpakrnyeckue

NpPOrpamMmblI Bcero oOpa3oBaTe/IbHbIE pecypchl

padoTshI padoTsI

Paznea 1. JIEKTPOAUHAMMUKA
1.1 MarunutHoe nosne 14 https://m.edso00.ru/A900X4T2V
1.2 DNeKTpOMarHuTHas MHIYKIUS 13 1 https://m.edsoo.ru/UON2POT6H
Uroro no pazueny 27
Paznen 2. KOJIEBAHUSA U BOJIHbBI
2.1 MexaHn4eckue KoeOaHust 10 https://m.edsoo.ru/K1L1D0L8J
2.2 DJIeKTPOMArHUTHBIE KOJICOAHHSI 15 https://m.edsoo.ru/H6D3K8D8E
2.3 MeXaHHYECKUE B DIEKTPOMArHUTHBIC BOJIHEI 10 https://m.eds00.ru/N209R9H7X
24 Ontuka 25 https://m.eds00.ru/DOC7Q9W3B
Hroro no paszneny 60

Pasznea 3. OCHOBBI CIIEIIMAJIbHOM TEOPUM OTHOCHUTEJBHOCTH

3.1 Ocnossl CTO 5 1 https://m.edsoo.ru/F127S2G2K
Hroro no pazneny )

Paznen 4. KBAHTOBAS ®U3UKA

4.1 KopryckynsipHO-BOTHOBOM Tyaan3m 15 https://m.edso00.ru/X1M5H5Z4T
4.2 dusnka atoma 5 https://m.edsoo.ru/FAK2T423Z
4.3 iﬁi‘f STOMEHOTO A71pé 1 STEHCHTAPHbX 5 https://m.eds00.ru/C2GEWEKAA
Hroro mo pazneny 25

Paznea 5. JIEMEHTBI ACTPOHOMUU U ACTPODPU3UKHU

5.1

DneMeHTHl aCTPOHOMUU U acTPOPU3UKU

12

https://m.edso00.ru/B3T9D4TI9N



https://m.edsoo.ru/A9O0X4T2V
https://m.edsoo.ru/U0N2P0T6H
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https://m.edsoo.ru/F4K2T4Z3Z
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Uroro no pazneny

12

Pasgen 6. PU3MUYECKUI IPAKTUKYM

6.1 dusnyeckuii MpakTUKyM 16 16 | https://m.edso00.ru/E9X2G8K5N
Uroro mo pazneny 16
Paznen 7. OBOBIAIOUIEE IOBTOPEHUE
CucremaTu3aius 1 0000IIeHNE
7.1 HPCAMETHOTO COAEP )KaHH,’_I 1 OtbITa 15 https://m.edsoo.ru/B4EOGIF8D
JESITeIBHOCTH, IPUOOPETEHHOTO TIPU
n3ydeHnu Kypca ¢usuku 10 — 11 kmaccon
Utoro no pazneny 15
PesepBHOE Bpems 10 https://m.edsoo.ru/U9B9H4J1E
OBUIEE KOJIMYECTBO YACOB I10 170 16

[TPOT'PAMME
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MMPOBEPSAEMBIE TPEBOBAHMUSI K PE3YJIbTATAM OCBOEHUS OCHOBHOM
OBPA3OBATEJIbHOM ITPOT'PAMMBI10 KJIACC

Kon
NMpoBepPsieMoro
pe3yJbTara

10.1

10.2

HpOBepﬂeMbIe NpeaAMETHLIC PE3YJIbTAaThl 0CBOCHUA OCHOBHOM
06pa30BaTeJ’leOﬁ NporpaMMmal CpeaHET0 06mer0 06pa30BaHI/Iﬂ

JleMOHCTpHUpOBaTh Ha MPUMEPAX POJb U MECTO (U3HKH B (OPMHPOBAHUU
COBPEMEHHOM HayYHOU KapTUHBI MUPA, B Pa3BUTUHA COBPEMEHHON TEXHUKHU H
TEXHOJIOTWH, B TPAKTUYECKOU JIESITEIHbHOCTH JIIOICH

YuuThIBaTh TpaHMLIBl MPUMEHEHMS] H3YYEHHBIX (U3NYECKUX MOJENEH:
MaTepuagbHas TOYKa, MHEpIHaIbHas CUCTeMa O0Tcuéra, abCOMIOTHO TBEPAOE
TEJ0, UACAIBbHBINA T'a3; MOJEIN CTPOCHUS Ia30B, )KUAKOCTEH U TBEPABIX TEI,
TOYEYHBIN AJIEKTPUYECKUIL 3aps]l — P pelIeHnH HU3HMUECKUX 3a7a4

10.3

Pacnio3naBate ¢u3ndeckue sBIeHUS (IPOIECCH) U OOBICHATH UX Ha OCHOBE
3aKOHOB MEXaHHMKH, MOJIEKYJIIPHO-KHHETUYECKOH TEOPUH  CTPOEHUS
BEIIECTBA U  IEKTPOJUHAMUKU: PABHOMEPHOE M PaBHOYCKOPEHHOE
IOpsIMOJIMHEHOE JBM)KEHHME, CBOOOJHOE TMajJieHue Tell, MABMXKEHHE II0
OKpPY>KHOCTH, HMHEpLHMs, B3auMojeicTBue T1ei; auddysus, OpoyHOBCKOE
JBMKEHUE, CTPOCHHE KUAKOCTEH U TBEPBIX TeJl, U3BMEHEHHE 00bEMa Tel pu
HarpeBaHuu  (OXJ@XKJEHUHU), TEIUIOBOE  pPaBHOBECHE,  HUCIApEHUE,
KOHJICHCAllUsl, TUIaBJIEHUE, KpUCTAIIIN3alUs, KUTIEHHE, BIa)KHOCTh BO3/1yXa,
MOBBILLICHUE JABJICHUS ra3a MPU €ro HarpeBaHUU B 3aKPHITOM COCY/JIE, CBA3b
MEXJy MapaMeTpaMu COCTOSHUS Ia3a B M30IpPOLEccax; dIEKTpU3alus Ted,
B3aMMOJEICTBHE 3aps10B

10.4

OrnuceiBaTh MEXAaHUYECKOE JBWKEHUE, MCTIONB3YysS (PU3UUECKUE BEITHMYUHBIL:
KOOpJAMHATA, yTh, IEPEMEIICHHE, CKOPOCTh, YCKOPEHHE, Macca Tella, CHIa,
UMITYJIbC ~ Te€Ja, KHUHETUYeCKass OJHEeprusi, TMOTCHIHAIbHAS DHEPTus,
MexaHu4ecKas paboTa, MeXaHuuecKasi MOIITHOCTb; ITPU OMKMCAHUU TIPABUIIHHO
TPaKTOBaTh (PU3MUECKUI CMBICI UCIIOJIb3yEMbIX BEIHUNH, UX 0003HAUEHUS U
€IMHUIIBI, HAXOAUTh (HOPMYINBI, CBS3BIBAIOIINE JAHHYIO (PUIUYECKYIO
BEJIMYUHY C JPYTHMH BETUYHMHAMHU

10.5

OnuceiBaTh U3yYEHHBbIE TEIUIOBBIE CBOMCTBA TEJI M TEIUIOBHIE SBIICHUS,
UCIOJNb3Ys (pU3MYecKHe BEJIUYUHBL: JIaBJIEHUE Ta3a, TeMmIepaTypa, CpeaHss
KMHETUYeCKast JHEprus Xa0THUYECKOTO JBUKECHUS MOJIEKYII,
CPEIHEKBAIPATUYHAS CKOPOCTh MOJIEKYJI, KOJUYECTBO TEIIOThI, BHYTPEHHSIA
sHeprus, paborta rasza, KOA(QQHUIMEHT IOJIE3HOr0 JEHCTBUS TEMJIOBOTO
JBUraTeNs; MpU ONMUCAHUM IPAaBUIBHO TPAKTOBAaTh (DU3MYECKHH CMBICIT
UCIOJIb3yEMBbIX BEJIMYNH, UX 0003HAYEHUS U €IMHUIIbI, HAXOAUTh (POPMYIIbI,
CBSI3bIBAIOIIUE JAaHHYIO (U3NYECKYIO BEITUUNHY C IPYTHMMHU BEJIMYMHAM

10.6

OnuceiBaTh  M3Y4YEHHBIE  DJJEKTPUUECKHE  CBOMCTBAa  BEIECTBA U
AJIEKTPUUYECKUE SIBICHUS (IIPOIECCHI), UCTONB3Yysd (PU3NUECKUE BEITMYUHBI:
JJIEKTPUYECKUN  3apsAl, JJIEKTPUYECKOE II0J€, HANPsKEHHOCTh IIOJI,
[IOTEHIMal, PA3HOCTh IOTEHLUAJIOB; IIPY ONMCAHUU IIPABUIBLHO TPAKTOBAThH




(U3HYECKUN CMBICI UCTIONB3YEMbIX BEITMYHH, HX 0003HAUCHUS U CIUHUIIBI,
yKa3bIlBaTh (POPMYJIbl, CBS3bIBAIONIME JAHHYIO (PU3NYECKYIO BEIHUHUHY C
JOPYTUMHU BETMYUHAMU

10.7

aHAJTM3UPOBATh (PU3UYECKHE MPOIECCH U SIBICHUS, UCHOIb3Ys (PU3NUIECKHE
3aKOHBl U NPUHLMIBL: 3aKOH BcemupHoro tsaroreHus, |, Il u Il 3axonsl
HeroTOHA, 3aKOH COXpaHEHMsI MEXaHUUYECKON HEPruH, 3aKOH COXpPaHEHHS
UMIIy/bCa, MPUHLMUI  CYNEpPHO3ULUH CHUJI, TNPUHLUI  PABHONPABUS
MHEpLUUAIBHBIX CHCTEM OTCYETA; MOJIEKYJIAPHO-KUHETUUYECKYI0 TEOPHIO
CTPOEHHUSI BELIECTBA, Ia30Bble 3aKOHBI, CBA3b CpEeAHEH KHUHETUYECKOM
SHEPIUM TEIUIOBOIO JBMIKEHHS MOJIEKYJI ¢ aOCOJIOTHOHW TeMIepaTypoH,
NepBBIN 3aKOH TEPMOJIMHAMUKH; 3aKOH COXPaHEHUS dJIEKTPUUECKOro 3apsija,
3akoH KysoHa; mpu 3TOM pa3nngath CIOBECHYIO (OPMYIUPOBKY 3aKOHA, €T0
MaTEeMaTUYeCKOe  BbIpAKEHHWE W ycloBUA  (TpaHULb,  00JacTu)
MIPUMEHUMOCTHU

10.8

10.9

10.10

10.11

10.12

OOBACHATH OCHOBHBIE MPHUHLMIIBI JEHCTBUA MallMH, MOpUOOpPOB H
TEXHUYECKHX  YCTPOMCTB,  pa3NuyaTh  yCJIOBHA HMX  OE€30MMacHOro
HCII0JIb30BAaHUs B TOBCEIHEBHOM JKU3HU

BBINONHATE 3KCIEPUMEHTHI 0 HCCIICAOBAHUIO (PU3UYCCKUX SIBICHUU |
MIPOIIECCOB C MCIIOJIb30BAHUEM IPSIMBIX U KOCBEHHBIX U3MEPEHUN; TIPU ITOM
dbopMynupoBath mpobremy (3aady) U TUNOTE3Y Yy4eOHOTO IKCIEPHUMEHTa,
coOMpaTh YCTAHOBKY U3 MPEIJIOKEHHOTO 000PYI0BAHHUSI, TPOBOAUTH OIBIT U
(hopMyIUpPOBaTh BHIBOJIBI

OCYH_IGCTBJ'IHTL MMpsAMBIC 1 KOCBCHHBIC U3MCPCHUSA (I)I/I3I/I‘-ICCKI/IX BCJIMYUH; ITPU
9TOM BLI6I/IpaTB ONTHUMAIIBHBIM  CIIOCOO HU3MCPCHUA U HCIOJIb30BATh
MN3BCCTHBIC MCTOAbI OLICHKH l'IOl"pGIJ.IHOCTCfI H3MepeHHI>i

HccnenoBaTh  3aBUCHUMOCTH  MeXAy (U3MUYECKHMMM  BEIMYMHAMHU  C
UCIOJIb30BAaHUEM IMPSMBIX HM3MEPEHHMH; IIpU 3TOM KOHCTPYMpPOBaTh
YCTQHOBKY,  (DUKCUpOBaThb  pe3yJabTaTbl  IMOJYYEHHOW  3aBHCUMOCTH
¢u3n4eckux BENWYMH B BUJIE TaOIUI M TpaduKoB, AenaTb BHIBOJBI IO
pe3yJibTaTaM MCCIIEA0BAHUS

Cobaronate mpaBuiia 0€30MacHOro Tpy/Aa MpH MPOBEIEHUH HCCIeI0OBaHUHN B
paMKax y4yeOHOro SKCIepUMEHTa, y4eOHO-HUCCIIEI0BATENILCKOM U MTPOEKTHOM
NESATEIBHOCTH  C  WCIIOJIb30BAHMEM  HM3MEPUTENBHBIX  YCTPOMCTB U
71a00paTOPHOTO 00OPYAOBAHUS

10.13

Pemarp pacu€rHble 3afaud ¢ SBHO 3aJaHHOW (PU3MUECKONH MOJENbIO,
UCTOJB3Yys (U3NUYECKHE 3aKOHBI U MPUHIIMIIBI; HA OCHOBE aHaJIM3a YCIOBHS
3aJjauu BBIOMpATh (PU3MUECKYIO MOJIEINb, BBIICIATh (PU3NUECKUE BETUUYNHBI U
(dbopMyIIbl, HEOOXOAUMBIE JUIS €€ PELIeHHUs, TPOBOIUTH PACUETHI U OIICHUBATH
PeaTbHOCTh MOIYYEHHOTO 3HAYeHUS (PU3HUUECKON BEITUYMHBI

10.14

Pemars KayeCTBEHHbIE 3aJauu: BBICTPanBaTh JIOTUYECKH
HEMIPOTUBOPEUUBYIO IIEMOYKY PACCYXKIEHUU C OMOpOH Ha HU3Y4YCHHBIC
3aKOHBI, 3aKOHOMEPHOCTH ¥ (PU3UUECKHE SIBICHUS




10.15

10.16

Hcnonp3oBaTe  MpH  pEUICHHHM  Y4EeOHBIX  3a7ad  COBPEMEHHBIC
MH()OpPMALIMOHHBIE  TEXHOJOTUW sl TIOMCKA,  CTPYKTYypUPOBaHUS,
UHTEpIpETallMl M TpPeACTaBlIeHUs Y4eOHOM U HAyYHO-TIONMYJISpPHON
uH(pOpMaLlUY, TOJYYECHHOW U3 PAa3IUYHBIX MCTOYHHUKOB, KPUTUYECKU
aHAJIM3UPOBATH MOTY4aeMyI0 HH(OPMALIHIO

[TpuBOANUTH IpUMEPHI BKJIA/1a POCCHICKHUX U 3apYOEKHBIX YUEHBIX-(DU3NKOB

B PAa3BHUTHUC HAYKHU, 00BsACHEHHE IIPpONLECCOB OKPYXKAKIIETO MUpPA, B Pa3BUTUC
TEXHUKH U TEXHOJIOTHI

10.17

Hcnonp30BaTh TEOpETUYECKHE 3HAHUA MO (U3UKE B MOBCEIHEBHOW JKU3HU
s obecriedeHrs: O€30MAaCHOCTH TpU  OOpalieHuu ¢ npubopamu U
TEXHUYECKUMH YCTPOICTBaMH, JJIsi COXpPAHEHHUs 370POBbsI U COOJIIO/IEHUS
HOPM 3KOJIOTHYECKOI'0 MOBEICHUS B OKpYXKarollel cpene

10.18

11 KUIIACC

Kon
NpoBepPsSIEMOro
pe3yabTara

111

PaGorare B Tpymnme C BBITOJHEHHEM PA3IMYHBIX COIHMAJIBHBIX DOJICH,
IUTAHUPOBATh PabOTy TPYIIIBI, PAIMOHAIBHO PACTIPEACIATh OOS3aHHOCTU U
IJJAHUPOBATh JACATEIBHOCTh B HECTAaHIAAPTHBIX CHUTYalMsX, aJeKBaTHO
OLICHMBATh BKJAJ KaXJOr0 W3 YYaCTHUKOB TpyNIbl B pELICHUE
paccMmarpuBaeMoii mpoOIemMbl

IIpoBepsiemble mpeiMeTHbIE Pe3yJIbTATHI 0CBOEHNSI OCHOBHOI
0o0pa3oBaTeJbLHOIH MPOrPaMMBbl CpeIHero 001ero odpasoBanmsi

JleMoHCTpHUpOBaTh Ha MpUMEpPax pojb U MecTo (pU3MKU B (POPMUPOBAHUU
COBPEMEHHOM Hay4YHOU KapTUHBI MUPA, B Pa3BUTUU COBPEMEHHON TEXHUKU U
TE€XHOJIOTHH, B NPAKTUYECKON JEATEIBHOCTH JIIOJAEH, LENOCTHOCTh U
€IMHCTBO (PM3NYECKON KapTUHBI MHpa

11.2

YYHUTHIBAThH TpaHULlbI MNPHUMEHCHUA HN3YUCHHBIX (I)I/ISI/I‘ICCKI/IX Moneneﬁ:
TOYCUHBIN 3H€KTpH‘—I€CKHI>i 3apsan, sAA€pHad MOJACIIb aToOMad, HYKJIOHHAaA
MOZCIIb aTOMHOTI'O sAipa IMpU pCUHICHUA (I)I/ISI/I‘-ICCKI/IX 3aga4

11.3

PacnioznaBath usndeckue siBieHUs (MPOLECChl) U OOBICHATH UX HA OCHOBE
3aKOHOB  OJJICKTPOJWHAMHUKH W KBAaHTOBOW (PH3HWKH: DIIEKTpUYECKas
IPOBOJIUMOCTH, TEIJIOBOE, CBETOBOE, XMMHUYECKOE, MAarHUTHOE JIEHCTBHS
TOKa, B3aMMO/ICHCTBHE MarHUTOB, JIEKTPOMArHUTHAs WHIYKIWS, ICHCTBUE
MarHUTHOTO IIOJIi HA MPOBOJHUK C TOKOM M JBIKYUIMHCA 3aps,
3JIEKTPOMAarHUTHbIE KOJIEOAHUS M BOJIHBL, IPSIMOJIMHEHHOE pacpoCcTpaHeHHe
CBETa, OTpaXXCHHWE, TMpeloMJieHHe, WHTepdepeHuus, audpakuus Hu
MOJISIpU3alusl CBETa, JUCHepchs cBera, (OoTodNeKTpudeckuii  3PQeKT
(potoaddexT), cBeTOBOE NaBieHHWE, BOSHUKHOBEHHE JTMHEHYATOrO CIEKTpa
aToMa BOJIOPOJia, €CTECTBEHHAs M UCKYCCTBEHHAs paJdOAKTUBHOCTh

11.4

OnwuceiBaTh W3y4YE€HHBIE CBOWCTBA BEIIECTBA (AJIEKTPHUUECKUE, MAarHUTHBIE,
ONTUYECKUE, IJIEKTPUYECKYIO TMPOBOJAMMOCTb  pA3JIMYHBIX Cpel) U




DIIEKTPOMArHUTHBIE  SBJICHUS  (IPOIECCHI), HUCHONB3YysA  (pusmueckue
BEJIMYMHBI: 3JIEKTPUUECKUM 3apsijl, CUjla TOKA, FJEKTPUUYECKOE HANPSKEHUE,
ANEKTPUYECKOE COMPOTHUBIICHUE, pa3HOCTh MoTeHuanos, JJC, pabora Toka,
MHIYKIWS MarHUTHOTO MOJs, cuia Amiiepa, cuia JlopeHua, MHIyKTUBHOCTh
KAaTYUIKH, SHEPTUsl SJIEKTPUYECKOI0 U MAarHUTHOTO TOJIEH, IEPUOJT U YaCTOTa
KosiebaHui B KosiebaTelabHOM KOHTYpeE, 3apsii M CWiIa TOKa B IIpolecce
TapMOHUYECKHUX JJIEKTPOMArHUTHBIX KoyeOaHud, (POKYCHOE PacCTOSHUE U
ONITUYECKasl CUJIa JIMH3BI; TIPU OMMMCAHUH IPABUIIBHO TPAKTOBAThH (PU3MUECKUI
CMBICJI UCIIOJIb3YEeMbIX BEIMYMH, UX O003HAUEHUS U CIAWHUIIBI; YKa3bIBAaTh
(GopMyInbl, CBSA3BIBAIOIIME JAaHHYIO (U3WYECKYIO BEIWYMHY C JAPYTHMH
BEJIMYMHAMU

115

OnuceiBaTh HU3yYEHHBIE KBAHTOBBIE SBJICHHUS U IPOLIECCHI, HCIOIb3Ys
(u3nyecKue BEJIMYMHBI: CKOPOCTh 3JIEKTPOMAarHUTHBIX BOJIH, IJIMHA BOJIHbI U
94acTOTa CBETA, SHEPIHUsi U UMITYJIbC (POTOHA, MEpHO MOTypacnana, YHEPrus
CBSI3M aTOMHBIX S/I€p; IPU ONHUCAHUU MPABUIBHO TPAKTOBATh (PU3HUECKUIL
CMBICJI UCIIOJIb3YEMbIX BEJIMYMH, UX O003HAUEHMs] U €IMHUIIbI; YKa3bIBaTh
(GopMyInbl, CBA3BIBAIOIIME JAaHHYIO (U3WYECKYI0 BEIMYMHY C JIPYTMMHU
BEJIMYMHAMU, BBIYUCIISTH 3HAUEHUE (PU3UUECKON BETUYUHBI

11.6

AHanm3upoBaTh (PU3MYECKHE TMPOLECCH U SBJICHUS, UCTIONB3YS (pru3muecKue
3aKOHBl M MNpUHIUOBL 3akoH OMa, 3aKoHBI IIOCJIEJOBATEIBHOIO U
[apaJuIEJIbHOTO COEAVHEHUS MTPOBOJHUKOB, 3aKOH J[[xoyinsa — JleHna, 3akoH
JJIEKTPOMAarHUTHOM MHIYKIUH, 3aKOH IMPSIMOJMHENHOIO pacipOCTPaHEHUs
CBETa, 3aKOHBI OTPAXXCHMsI CBETA, 3aKOHBI NIPEJIIOMIICHUS CBETA, YPaBHEHUE
OinHmreitHa g ¢orodddexra, 3aKOH COXpaHEHHs] SHEPruH, 3aKOH
COXPaHEHMsI UMITYJIbCA, 3aKOH COXPAHEHMs IEKTPUUYECKOIrO 3apsja, 3aKOH
COXpPaHEHMsI MacCOBOI'O 4YHCIIA, MOCTYJIaThl bopa, 3aKOH pajnOaKTHBHOIO
pacnaga; IpH 3TOM pas3inyaTh CIOBECHYIO (DOPMYJIUPOBKY 3aKOHA, €ro
MaTeMaTUYeCKOE BbIpaXXEHHUE U yCIOBHs (TpaHMIIbl, 0071aCcTH) MPUMEHUMOCTH

11.7

11.8

Omnpenenarb  HalNpaBJI€HUE BEKTOpa HWHIAYKIMM MArHUTHOTO  MOJS
MPOBOJHUKA C TOKOM, CHJIbI AMIiepa u cuiibl JlopeHna

Ctpouth M OMHMCHIBATH H300paKEHUE, CO3[aBAEMOE IUIOCKUM 3€pKajioM,
TOHKOM JIMH30M

11.9

BbINOTHATE AKCNEPUMEHTHl 1O HCCIENOBAaHUIO (DU3MUECKHUX SBICHUN U
IIPOLIECCOB C UCMOIb30BAaHUEM MPSIMBIX M KOCBEHHBIX U3MEPEHHI; IPU 3TOM
dopmynupoBath mpobiemMy (3ajauy) U THIOTE3y Y4eOHOro SKCIEepHMEHTa,
coOMpaTh YCTAHOBKY U3 MPEATIOKEHHOTO 000pY10BaHHsI, TPOBOIUTH OIBIT U
(GbopMyITHUPOBATH BHIBOIBI

11.10

Ocy1miecTBIATh NpsIMbIE U KOCBEHHbIE U3MEPEHUs (PU3NYECKUX BEJTMUUH; IIPU
9TOM BBIOMpATh ONTHUMAJBHBIA CIIOCOO M3MEpPEHHs U UCHOJIb30BaTh
U3BECTHBIE METO/bI OLIEHKH IIOTPEIIHOCTEN U3MEPEHUM

11.11

HccnenoBath 3aBUCUMOCTH (DM3MUECKUX BEJIUYUH C HCHOJIb30BAaHUEM
IOPSIMBIX M3MEPEHUI; MPU 3TOM KOHCTPYHPOBATh YCTAHOBKY, (PMKCHPOBAThH




PE3yIbTaThbL nonyquHoﬁ 3aBHUCHUMOCTH (I)I/I3I/I‘-IGCKI/IX BCJIMYHH B BUJC Ta6JII/ILI
u Fpa(l)I/IKOB, ACJIaTh BBIBOJEI 110 PE3yIibTaTaM UCCIICAOBaHNA

11.12

CobmroaTh mpasuia 6€30IacHOTO Tpya MPH MPOBEICHUH HCCIICOBaHUI B
pamMKax y4eOHOro 3KCIEePHMEHTa, y4eOHO-UCCIIeN0BATENBCKON U IIPOSKTHON
JCATEIILHOCTH € KMCHOJIb30BAaHHEM  M3MEPUTEIBbHBIX  YCTPOMCTB U
71a00paTOPHOTO 000PYIOBAHHUS

11.13

Pemrate pacuérHpie 3amaud C SIBHO 3aJaHHOH (DU3UYECKOH MOEIbIO,
UCTIONB3YS (PU3MUYECKUE 3aKOHBI U MPUHIIMITE; HA OCHOBE aHAJIM3a yCIOBHS
3a/1a4¥ BBIOUPATh (PU3UYECKYIO0 MOJIEIh, BRIICISITh PU3NICCKUE BEIIMYUHBI U
(bopMyITbI, HEOOXOTUMBIC JIJIsl €€ PEIICHUS, TPOBOIUTH PACUETHI U OIICHUBATH
PEATBHOCTH MOJTYYCHHOTO 3HAYCHUS (PU3NICCKON BEITMIUHBI

11.14

11.15

11.16

11.17

Penrate kauecTBEHHBIE 3a]]a4U: BHICTPAUBATh JIOTHYSCKH HEITPOTHBOPEUUBYIO
[ENIOYKY PaCCyKJICHHUH ¢ OTIOPO Ha M3YUYCHHBIC 3aKOHBI, 3aKOHOMEPHOCTH U
dusnUecKue BIeHUs

Hcnonb3oBaTh  mpu  pelleHMM  y4yeOHBIX — 3a7ady  COBPEMEHHbIE
UHPOPMALIMOHHbIE  TEXHOJOIMM  JJs  [OUCKa, CTPYKTYpPUpOBaHUS,
UHTEpHpeTalluld W MPEACTaBICHUs Y4eOHOW M  Hay4yHO-IOMYJIIPHOM
UHPOpPMALIUK, TIOJIyYEHHOH W3 pa3IMYHBIX HCTOYHHUKOB; KPHUTUYECCKH
AHAIM3UPOBATH MOJIyYaeMyto HH(OPMALIKIO

OOBSCHATh TPUHIUIBI JACHCTBUS MAaIlUH, NPUOOPOB U TEXHUYECKHX
YCTPOMCTB;, pa3inuaTh YCIOBUS HX O€30MacHOr0 WCHOIB30BaHUS B
TMOBCETHEBHON KU3HHA

[TpuBOIUTH MIPUMEPHI BKIIaZa POCCUNCKUX U 3apyOEKHBIX YUEHBIX-(DU3UKOB
B pa3BUTHE HAayKH, B OOBSCHEHHE IMPOIECCOB OKPYKAIOIIETO0 MHpa, B
Pa3BUTHE TEXHUKU U TEXHOJIOTUHI

11.18

Hcnonb3oBath TeopeTHuecKrue 3HaAHUS MO (PU3MKE B MOBCEIHEBHOMN XKU3HU
Juist  obecrieueHus O€30MACHOCTH Mpu  oOpamieHuu ¢ npubopamMu U
TEXHUYECKUMHU YCTPOMCTBAMH, JIi COXPAaHEHUs 370pPOBbs U COOIIONEHUS
HOPM JKOJIOTHYECKOT' O IMIOBEICHUS B OKPYXKAIOLIEN cpenie

11.19

PaGoraTte B rpynme cC BBIIOJHEHHWEM pPA3JIMYHBIX COLHMAIBHBIX PpOJIEH,
IUTAHUPOBATh paboOTy TPYIIIbI, palMOHAIBHO PACIpenesaTh 00I3aHHOCTH U
IJIAHUPOBATh JEATENBHOCTh B HECTAHJAPTHBIX CHUTyalUsX, aJeKBAaTHO
OLICHUBATh BKJAJ KaXIOr0O U3 YYaCTHUKOB TIPYIINBl B pEILICHUE
paccMaTpuBaeMoi MPoOIEeMBI




ITPOBEPAEMBIE D2JIEMEHTbBI COAEP KAHUA

10 KJIACC

Kon Kox npoBepsiemoro

pa3gejia 3J€MEHTa

HpOBepﬂeMbIe IJIEMEHTBI COAECPKAHUA

OU3NKA 1 METOAbI HAYYHOI'O [IO3HAHU A

11

®uszuka — Hayka o mnpupone. Hayunbele meTonbl
IIO3HAHUA OKpyKarouero Mupa. Pons skcniepumenTa
U TEOpUM B IPOLECCE IO3HAHUS IPHUPOABL.
DKcIepuMeHT B (hU3HKe

1.2

MopenupoBanue (pU3MUECKUX SBICHUN U TPOIIECCOB.
Hayunsle runoressl. dusndeckue 3aKOHBI U TEOPUU.
I'panuubl TPUMEHUMOCTH (U3UYECKUX 3aKOHOB.
[Mpunun coorBerctBus. Poms m mecto (usmku B
(OpMHpPOBAaHUN COBPEMEHHOH HAay4YHOW KapTUHbI
MUPa, B IPAKTUYECKON AEATEIbHOCTHU JIIOACH

MEXAHUKA
KMHEMATHKA

2.11

MexaHuueckoe  JIBH)KEHUE. OTHOCHUTENBHOCTh
MexaHuueckoro pwwkeHus. Cucrema  oTcuéra.
Tpaexropus

2.1

2.1.2

2.1.3

2.14

2.15

[lepememenne, cKopocTb  (CpemHsi  CKOPOCTb,
MIHOBEHHAsl CKOPOCTb) M YCKOPEHUE MaTepHUaIbHOU
TOYKH, HUX IMPOCKIHUHU HAa OCHU CUCTEMBI KOOpJAWHAT.
CrnosxeHue nepeMenieHnii u ClI0)KeHUe CKOpOCTeH

PaBHOMEpHOE M PAaBHOYCKOPEHHOE MPSIMOJIMHEWHOE
IBUKEHHE. ['pa@uku  3aBUCUMOCTHM  KOOpPJMHAT,
CKOPOCTH, YCKOPEHMs, IYTH U NEPEMEIICHUS
MaTepuaibHON TOYKHA OT BPEMEHHU

CBoOoaHOe najieHne. Y CKopeHue cBOOOTHOTO
naJIeHUs

KpuBonuneiinoe nBrxeHne. PaBHoMepHOE ABUKEHUE
MAaTepUAIIBHON TOYKH IO OKPYXHOCTH. YTJIOBast
CKOpOCTb, JIMHEHHAsI CKOpocTh. Ilepuon u vacrora.
LlenTpocTpeMUTENBHOE YCKOPEHUE

2.16

TexHuueckue yCTpOMCTBA: CHHIOMETP, JIBUKEHUE
CHapsJIOB, LIEMHBIE M PEMEHHBIE NTepeaun

2.1.7

[Ipaktrueckne paboTel. M3MepeHue MrHOBEHHOMH
ckopocTH. VccnenoBaHue COOTHOIICHHUS MEXITY
MYTSIMH, IPONUIEHHBIMU TEJIOM 3a MOCJIE0BaTEeNbHbIE
paBHBIE MIPOMEXYTKH BpPEMEHHU npu
PaBHOYCKOPEHHOM  JBM)KEHMM  C  HayallbHOU




CKOpPOCTBIO, paBHOM HyJII. HM3yuyeHue IBHKEHUSA
mIapvKa B BSI3KOM XKUAKOCTH. V3yueHue NBUKEHUS
Tena, OpOIIEHHOT0 TOPU30HTAIBHO

2.2

2.2.1

JTMHAMUKA

[Tpuniun otHocutensHocTH ["anunes. [lepBriil 3akoH
Herotona. MHepruanbHble cUCTEMBI OTCUETA

2.2.2

Macca tena. Cuia. [IpuHnun cynepno3unuu cui

2.2.3

224

Bropoii 3akon HeroToHa 111 MatepraibHON TOYKH B
nHepuuanpHoil cucreme orcuéra (MUCO). Tperuit
3akoH HploTOHA /1711 MaTepualIbHbIX TOUEK

3aKoH BCCMHUPHOI'0 TATOTCHHA. Cuma TSDKECTH.
HepBaﬂ KOCMHUYCCKasA CKOPOCTh. Bec tena

2.2.5

2.2.6

2.2.7

2.2.8

Cuiia ynpyroctu. 3akoH ['yka

Cuna Ttpenusa. Cyxoe Ttpenue. Cuna TpeHHs
CKOJIBKCHUSI M cuiia TpeHus nokos. Kosdpowurment
Tpenusi. Cuiia CONMpOTUBIICHNUS MIPH IBUKCHUU Tella B
KHUJIKOCTH WU Ta3e

IlocrynatenpHOE M BpallaTeIbHOE  JBUKCHHE
abCoOIOTHO TBEPJOTO Tena

MOMEHT CHIIBI OTHOCUTENBHO OCH BpameHus. [1nedo
cuibl. YcnoBus paBHoBecHs TBEpaoro tena B MCO

2.2.9

2.2.10

TexHu4eckue yCcTpoWCTBa: MOJUIMITHUKH, ABUKCHUE
HCKYCCTBEHHBIX CITYyTHUKOB

[IpakTuyeckue paboThl. M3yueHue aprkeHus Opycka
[0 HAaKJIOHHOM  INIOCKOCTM  MOJ  JEHCTBHEM
HECKOJIbKUX cui. MccnenoBaHue 3aBUCUMOCTH CHUII
YOPYTOCTH, BO3HHUKAIOMMX B  JedopMHUpyeMOi
MpYXUHE U PE3MHOBOM 00paslie, OT BEJIMYUHBI UX
nepopmanuu. HccnenoBanue ycioBUil paBHOBECHS
TBEP/IOTO Tella, UMEIOIIETO OCh BPALECHUS

2.3

2.3.1

3AKOHBI COXPAHEHN A B MEXAHUKE

I/IMHYJ'ILC MaTCpHaHBHOﬁ TOYKH, CHUCTCMBI
MaTCpruaJIbHBIX TOYCK. I/IMHyJ'IBC CHUJIBI 1 U3MCHCHUC
HUMITyJIbCa TCJIa

2.3.2

3akoH coxpaHeHus umnyiasca B MCO. PeaktuBHOE
JBUKCHHE

2.3.3

PaGora cuiibl

2.34

MoIHoCTh CHIIBI

2.3.5

Kunernueckas dHeprusi MaTepuUaqibHOW  TOYKH.
Teopemao KHHETUYECKON YHEPTUHN




[TorenumaneHas 3Heprus. [loTeHIManbHAs 3HEPrUs
yIpyro nehopMUpPOBAaHHON MPY>KUHBI.

236 [TorennmaneHast 3Heprus Teaa BOJIU3U MMOBEPXHOCTU
3emun
[loTeHuManpHble U HENMOTEHLMAIbHBIE CHUJIBL. CBSA3b
937 paboOThl HENOTEHIMAJIbHBIX CHJI C HM3MEHEHUEM
o MEXaHHYECKON DSHEpPruu CHCTEMbl Tel. 3aKOH
COXPaHEHMsI MEXaHUYECKOH SHepruu
2.3.8 VYupyrue u Heynpyrue CTOJIKHOBEHHUS
939 TexHuueckue  ycTpoicTBa:  JBMXKEHHME  PAaKeT,
h BOJIOMET, KOIIEp, IPY>KUHHBIN MHCTOJIET
[Ipaktuyeckue paboTsl. M3yueHue CBSI3U CKOpOCTEH
2310 TeJl npu Heynpyrom ypape. MccrnemoBaHue cBs3M

pa6OTBI CHIIBI C U3MCHEHHEM MEXaHUYSCKOM QHCPIrun
TCIIa

3.1

MOJIEKYJISAPHAS ®U3UKA 1 TEPMOAMHAMUKA
OCHOBBI MOJIEKVJISPHO-KUHETUYECKOW TEOPUU

311

OCHOBHbIE TTOJIOKEHUS MOJIEKYJISIPHO-KUHETUYECKON
teopuu. bpoyHoBckoe  nBwxkeHue. uddysus.
XapakTep JIBM)KEHHMS U B3aUMOJCHCTBHSI YacTHIL
BELIECTBA

3.1.2

Mojaenu cTpOeHUS ra30B, )KUAKOCTEH U TBEPABIX TEI
nu 061)5[CHGHI/I€ CBOfICTB BC€IICCTBA HAa OCHOBC OTHX
Mojelen

3.13

3.1.4

Macca monekyi. KonnuectBo BemectBa. [loctositHHast
ABorazpo

TemmmoBoe  paBHOBecue. Temmepatypa U €€
u3mepenue. [llkana remneparyp Llenbcus

3.15

Mopens uaeanbHOro rasa. OCHOBHOE ypaBHEHHE
MOJ'IeKy.]'ISIpHO-KI/IHCTI/I'-ICCKOI\/’I TEOpHUHU HACAITBHOIO
rasa

3.16

3.1.7

AOcomoTHasE TeMmmeparypa Kak Mepa cpeaHen
KHHETHYECKOM OHEPTHHU TCIIJIOBOI'O ABMXXCHUS YaCTHUL]
ra3a. [lIxkana remneparyp KensBrHa

VYpaBuenne Kianeiipona — MenneneeBa. 3akoH
JanpToHa

3.1.8

l'azoBbIe 3aKkoHBI. M30mpoLiecchl B UI€AIBHOM rase ¢
IIOCTOAHHBIM KOJIHMYECCTBOM BCIICCTBA: I/I30TepMa,
nu3oxopa, u3obapa

3.1.9

TexHu4ecKknue ycTponcTBa: TEPMOMETpP, OapoMeTp




3.1.10

[IpakTuyeckue paboTel. Mi3mMepeHre Macchl BO3yxa B
KJIaCCHOW KoMmHarte. MccienoBaHnue 3aBHCHMOCTH
MEXy ITapaMeTpPaMU COCTOSHUS PA3PEKEHHOTO rasa

3.2

321

3.2.2

OCHOBbI TEPMOJAMHAMUKHU

Tepmonunamuyeckas cuctema. BHyTpeHHsist sHeprus
TEPMOAMHAMHYECKONH CHCTEeMBI M  CHOCOOBI €&
W3MEHEHUS

KonnuectBo TemnoTsl u padota. BuyTpeHHss sHeprust
OJIHOATOMHOT0 HJICAIbHOT'O Ta3a

3.23

Buast TeIUIONepeIavuu: TEIJIONPOBOAHOCTb,
KOHBEKILIMSI, UW3JIy4eHHe. TerIo€éMKOCTh  Tela.
VaenbHas  TEINIOEMKOCTL  BEIECTBA. Pacuér
KOJIMYECTBA TEIUIOTHI IPU TEIIONepe1aue

3.24

3.25

3.2.6

3.2.7

IlepBbi  3akoH TepMoauMHaMuku. IIpumenenue
IIEPBOr0 3aKOHA TEPMOJMHAMUKHM K H30IPOLECCAM.
I'paduueckas nHTEpIIpeTaIis pabOTHI ra3za

TennoBsie MamuHbl. [IpuHINIIBI 1EHCTBUS TEIIOBBIX
MamH. [IpeoOpa3oBaHus SHEPruuM B TEIJIOBBIX
MamuHax. Kodp@uuueHT T1oNe3HOro  JACUCTBUS
(mamee — KIIJ]) teroBoit mammusl. [ukn KapHo u
ero KIIJI

Bropoit 3akon TepMmoauHamuku. HeobOpatuMocThb
MpOLECCOB B MNpupoje. TerioBble JBUTaTENH.
DKOJIOTHYECKHUE TIPOOIEMBI TEIII0IHEPTETHUKU

Texuuueckue yCTpOI\/’ICTBaI ABUTATCJIb BHYTPCHHCTO
CropaHus, OBITOBOM XOJIOAUJIbHUK, KOHAUTTUOHED

3.2.8

[IpakTuueckue pabotel. W3mepeHue yaenbHOU
TEMI0EMKOCTH

3.3

AT'PEI'ATHBIE COCTOAHNMA BEILECBA. ®A30BBIE ITEPEXO/IbI

331

[MapooOpazoBanue W KoHaeHcaius. Mcnapenue u
KHUIICHUE. YJIeNbHAs TEIUIoTa MapooOpa3oBaHMsL.
3aBHCHUMOCTh TEMITEPATYPBI KATICHHSI OT JTaBJICHUS

3.3.2

3.3.3

AOGCo0THAs M OTHOCUTENbHAS BIAXKHOCTh BO3/yXA.
Hacpimennsiii map

Teépnoe Teno. Kpucrannumdeckune u amopdHeie Tena.
AHM30TpONIMS  CBOMCTB  KpuCTauioB. Kuakue
kpuctauibl. COBpEMEHHbBIE MaTEPHUAIIbI

3.34

[lnaBnenune m KpucrauM3auus. YaenabHas TEIIoTa
iaBienus. Cyomumarus

3.35

VYpaBHeHHE TEIJIOBOTO OajlaHca




TexHudeckue yCTpouCTBa: TUTPOMETP U IICUXPOMETP,
KAJIOPUMETP, TEXHOJIOTUU IIOJYyYEHHUS] COBPEMEHHBIX

336 MaTepuajgoB, B TOM 4YHCIIE HaHOMATEpUAJIOB, H
HaHOTEXHOJIOTUU
337 [Ipaktuyeckne paboTel. V3mepeHHE BIAXKHOCTU
o BO3yXa
4 SJIEKTPOAMHAMUKA
DJIEKTPOCTATHUKA
411 DnexTpu3anus Tell. DIeKTpUuuecKuil 3apaa. JBa Buaa
o SIIEKTPUYECKHUX 3aPsI0B
41.2 [TpoBOAHUKY, TUANEKTPUKH U TIOTYIIPOBOTHUKU
4.1.3 3aKOH COXpaHEHUs IEKTPUIECKOTO 3apsiaa
41.4 B3aumopeiictBue 3apsanoB. 3akoH Kynona
DnexTpuyeckoe ToJIe. HanpsoxkénunocTsb
415 3JIEKTPUYECKOro MojsA. [IpuHIMI Cynepno3uuum.
JIluHUM HaNPSHDKEHHOCTH AJIEKTPUYECKOTO OIS
416 PaGora cun anekTpocraruyeckoro moist. [ToTermmarn.
o Pa3HOCTh MOTEHIIHAIOB
4.1 [IpoBOAHMKKM W  JUANEKTPUKU B  TMOCTOSHHOM
4.1.7 3IEKTPUIECKOM oJje. JusnexTpuueckas
MIPOHHUIIAEMOCTh
OnexrpoéMkocTs. KonzaeHcaTop. OIEKTPOEMKOCTH
4.1.8 IJIOCKOTO KOHJIEHCATOpa. OHEPTus 3apsyKEHHOTO
KOHJICHCAaTopa
TexHU4yeckue YCTPOMCTBA: 3JIEKTPOCKOTI,
419 AIEKTPOMETP, AJIEKTPOCTATHYECKAS 3aIuTa,
o 3a3eMIJICHHE AIEKTPONPUOOPOB, KOHJICHCATOP,
KCEPOKC, CTPYUHBIN IIPUHTED
4110 [IpakTuueckue padoTel. Mi3amepeHue 31eKTpoEMKOCTH
o KOHJIeHCATOpa
IIOCTOSHHBIN SJIEKTPUYECKUN TOK. TOKU B PA3JIMYHBIX
CPEJAX
YcnoBus CYIIECTBOBAHHS MTOCTOSTHHOTO
421 aNeKTpuyeckoro Toka. Mcrounuku Toka. Cuia Toka.
[TocTossHHBIN TOK
4.2 4.2.2 Hamnpspkenune. 3akon Oma a1 y9acTka 1enu
493 DNeKTpruYecKoe CONIPOTHUBJICHHUE. Y nenbHoe
o CONPOTHBIICHHE BEIECTBA
494 [locnenoBarenbHOe, Mapaie]bHOE, CMEIIAHHOE

COCAUHCHUC ITPOBOJHUKOB




4.2.5

PabGora »snekTpuueckoro Toka. 3akoH JDxoyms —
Jlenna

4.2.6

4.2.7

4.2.8

MOIIHOCTB 3JIEKTPUYECKOTO TOKA

anekTpoaBmwkymmas cuna  (manee — DOJIC) wm
BHYTpPEHHEE COMPOTUBIICHHE UCTOUYHHKA TOKA. 3aKOH
OmMa 7151 oJTHOM (3aMKHYTOM) DJIEKTPUUECKOU IIETTH.
Kopotkoe 3ambikanue

DNEeKTpOHHAs MPOBOAMMOCTb TBEPABIX METAIJIOB.
3aBHUCHUMOCTh  CONPOTHUBIIEHUS  METAUIOB  OT
Temneparypbl. CBEpXIIPOBOAUMOCTh

4.2.9

OnekTpuueckuidi TOoKk B  BakyyMe. CBoiicTBa
AJEKTPOHHBIX ITYYKOB

4.2.10

4211

[TonynpoBonnuku. CoOCTBeHHass W NpUMECHas
MIPOBOAMMOCTh OJYNIPOBOJHUKOB. (CBOMCTBa p-N
nepexoa. [lomynpoBogHIKOBBIE TPHUOOPHI

9J'IeKTpI/I‘leCKI/II71 TOK B QJICKTPOJIMUTAX.
9J'ICKTpOJ'II/ITI/I‘-IeCKa$I Jucconuanus. 9JI€KTpOJIPI3

4.2.12

DnekTpuueckuii Tok B razax. CaMOCTOSTENIbHBIN
HECAMOCTOSITENIBHBIA ~ paspsA. Pasnuusble  THIBI
CaMOCTOATENBHOrO paspsaa. Monuus. I1nazma

4.2.13

TexHu4eckue yCTpOMCTBA: amMIEPMETP, BOJIBTMETD,
peocTaTr, UCTOYHHUKHU TOKA, JIEKTPOHArpeBaTelIbHbIC
pUOOPBL, 3JIEKTPOOCBETUTEIIbHBIE puOopHI,
TEPMOMETDP  CONPOTUBIICHUS, BaKyyMHBIM IUOZ,
TEPMUCTOPBI u (boTope3ncTopsl,
IIOJIYIIPOBOXHUKOBBIN TUOJ, FaJlbBaHUKA

11 KUIIACC

Kon

4

4.2.14

Koanposepsiemoro
pasjena 3JeMeHTa

[IpakTnueckue paboTel. W3ydeHwe cMemaHHOTO
COEIMHEHUS PE3UCTOPOB.

N3mepenne O/1C ncTouHnka ToKa U €ro BHYTPEHHETO
cornpoTuBieHus. HabmoaeHue snekTpoinza

IIpoBepsiemble 3J1eMEHTHI COIePKAHUS

OJIEKTPOAMHAMUKA

MAT'HUTHOE ITOJIE. SJIEKTPOMATI'HUTHA S UHAYKINA

4.3

43.1

TTocTosHHEIE MAaTrHUTEL. BsaumonelictBue
ITIOCTOAHHBIX MAarHUuTOB

43.2

MaruuTtHOe mojie. BekTop MarHUTHOM HMHIYKIUU.
[Mpunmun  cynepno3unuu. JIMHUM  MarHUTHOU




nHAyKMU. KapTuHa TuHUIT MAarHUTHOM MHAYKUUHU
MO0 ITIOCTOSTHHBIX MarHUTOB

MarnutHoe mosie npoBogHUKa ¢ ToKoM. Kapruna
JUHUAWA TI0JS JUIMHHOTO IIPSIMOrO IIPOBOJHHUKA M

4.3.3 3aMKHYTOTO KOJIBIICBOTO MPOBOJHUKA, KATYIIKU C
TOKOM. Ombir  Opcrega.  BzaumonelictBue
MIPOBOTHUKOB C TOKOM

434 Cuiia Amriepa, €€ MOJlyJib ¥ HalpaBJICHHUE
Cuna JlopeHua, €€ MOIyJdb MW HallpaBJICHUE.

435 JIBrokeHre 3apsHKEHHOW 4YacTHIBI B OJHOPOJIHOM
MarauTHoM noJie. Pa6ota cuibl Jlopenia

4.3.6 SIBICHHE IMEKTPOMArHUTHOW WHTYKIIHH

4.3.7 [ToTok BekTOpa MArHUTHOW MHAYKLIUU

438 OAC wuHaykuuu. 3aKOH  3JIEKTPOMAarHUTHOM

e unaykuuu dapanes

Buxpesoe snexrpudeckoe nosie. IJ{C uHIYKIIMU B

439 MPOBOJIHHUKE, JBWXKYIIEMCA IOCTYNaTeJbHO B
OJTHOPO/THOM MarHUTHOM IT0JIe

4.3.10 [IpaBumno Jlenua

4311 NunyktuBHOCTh. SIBnenune camouHaykiuu. IJ[C

o CaMOUHIYKIMH

4.3.12 DHeprus MarHUTHOTO TOJIS KaTYLIKU ¢ TOKOM

4.3.13 DNEKTPOMarHuTHOE 10JI€e
TexHuuecknue ycTpoWCTBA: MOCTOSSHHBIE MAarHUTBHI,

4.3.14 3JIEKTPOMArHUTHI, 3JIEKTPOABUTATEND, YCKOPUTEIN
JJIEMEHTAPHBIX YACTHII, MHAYKIIHOHHAS TICYb
[Ipaktnueckne paboTel. M3ydeHHME MarHHUTHOTO
MOJIsi KaTylIKKu ¢ TOKoM. MccnenoBanue AeiCTBUS

4.3.15 MOCTOSHHOTO MarHuTa Ha paMKy C TOKOM.
HccnenoBanue SIBJICHUS JJIEKTPOMArHUTHOU
WHIYKITHHA

5 KOJIEBAHHM U BOJIHBI

MEXAHUWYECKUWE U 5JIEKTPOMAT'HUTHBIE KOJIEBAHIM A
Komnebarennuas cucrema. CBoOOmHBIE KOI€OAHUS.

51.1 l'apmonnueckne konebanms. Ilepmon, wyacroTa,

£ 1 aMIIuTyaa 1 (aza KoeOaHui
' 5.1.2 [IpyxuHHBIA MagTHUK. MaTeMaTUYECKUN MAasATHUK

YpaBHeHue FapMOHUYECKUX KOJIeOaHMil.

51.3 Kunemarnueckoeu ITMHAMHUYECKOE OIMICaHue

KOJIE0ATEIILHOTO IBUKECHUS




5.2

5.14

[IpeBpamienue 5SHEpruM TP TAPMOHUYECKUX
kojieOanusax. CBSA3p  aMIUIMTYIBl  KOJICOAHMIA
HCXOJ/IHOW BETMYHMHBI C aMIUTUTYIaMH KOJieOaHu# e¢
CKOPOCTH M YCKOPEHUS

5.15

KonebarenbHblit KOHTYP. CBobonHbIC
JJIEKTPOMArHUTHBIE ~ KOJeOaHUs B  HJCaJbHOM
KojeOaTeNbHOM  KOHTYpe. AHAIOTHS — MEXKIY
MEXaHHUYeCKUMHU u AIEKTPOMArHUTHBIMU
kojebanusimu. @opmyna TomcoHa

5.16

3akoH COXpPaHCHUA OHEpPIrun B nacaJlbHOM
K0J1e0aTeIbHOM KOHTYpE

5.1.7

5.1.8

BeinyxieHHbIe MeXaHU4ecKue KoJIeOaHusl.
Pesonanc. Pe3oHaHcHas kpuBasd. BbIHyKIEHHBIE
OJICKTPOMArHMTHBIC KOJIEOAHMSL.

[IepemenHbIii Tok. CUHYCOUIATbHBIN NTEPEMEHHBIN
TOK.

5.19

MOHIHOCTI) MNEPEMCHHOTO TOKa. AMHJII/ITYI[HOG n
ﬂeﬁCTBYIOHlee 3HAYCHHEC CUJIbI TOKA N HAIIPSKCHUA

5.1.10

Tpancpopmarop. IlpoumsBonacTBo, mepenaya u
norpebieHue JJIEKTPUIECKON SHEPTHH.
OKOJIOTUYECKHE  PUCKM  TpU  IPOU3BOJICTBE
aeKTpudecKkoi 3Hepruu. KynpTypa ncrnonbs30BaHus
JJEKTPOIHEPIHH B TIOBCEAHEBHOMN KU3HU

5.1.11

5.1.12

Texunueckue yCTpOHCTBA: ceifcmorpad,
AJIEKTPUUYECKUI 3BOHOK, JIMHUU IIEKTPOTIepeiad

[IpakTnueckue paboTHI. Hccnenosanue
3aBHCUMOCTH IEepHO/ia MajbIX KOJeOaHU# rpys3a Ha
HUTH OT JJIMHBI HUTH U Macchl rpy3a. MccnenoBanne
MEPEMEHHOT0 TOKa B LENU W3 MOCIEA0BaTEIbHO
COETMHEHHBIX KOHACHCATOPA, KAaTYIIKH U pe3rucTopa

MEXAHUWYECKUE U SJIEKTPOMAI'HUTHBIE BOJIHbBI

MexaHn4yecKkue BOJIHBI, yCIOBUS PAaCIIPOCTPAHECHHS.

521 ITepuon. CxopoCTh pacnpoCTpaHEHHS] U JUIMHA
BoJTHEL. [loniepeunbie U IPOAOIbHBIC BOJIHBI
599 WnTepdepennus u T paxus
o MEXaHUYECKUX BOJIH
593 3Byk. CkopocTth 3Byka. ['poMkocTh 3Byka. BeicoTa
o toHa. TeMOp 3ByKa
DONEeKTPOMarHUTHHIE BOJHBI. YCJIOBUS HU3ITyYCHHS
594 ANEKTPOMArHUTHBIX BOJIH. B3awMHas opueHTanus

BeKTOpoB E, B 1 v B 31exkTpoMarHuTHOIl BOJHE B
BaKyyMe




5.3

5.25

CBoiicTBa 3JIEKTPOMATrHUTHBIX BOJIH: OTpa)KCHHE,
MIpesioMIIeHHE, noJisipu3anus, nudpaxuus,
untepdepeniusi. CKOPOCTh  3IEKTPOMArHUTHBIX
BOJIH

5.2.6

[IIkanma 53JeKTpOMarHUTHBIX BOJIH. [IpuMeHeHue
9JIEKTPOMArHUTHBIX BOJIH B TEXHHUKE U OBITY

5.2.7

5.2.8

[TpuHIHTIBI pamuoCBsI3u n TEJNEBHUICHHUS.
Paguonokarusi. DIIEKTPOMAarHUTHOE 3arps3HEHHE
OKpY>Karolleu cpeibl

TexHuyeckue yCTpoOiicTBa: MY3BIKaJIbHbBIE
WHCTPYMEHTBI, YJIbTPa3BYKOBas JUArHOCTHKa B
TEXHUKE W MEIUIIMHE, pajap, pPaJaroNpPUEMHUK,
TEJIEBU30p, aHTeHHA, Tenedor, CBY-nieup

OIITUKA

531

5.3.2

5.3.3

[IpsmMonuHENHOE  pacnpoCTpaHEHUE  CBETa B
oaHoOpoaHOM cpene. JIyu cBeta

Otpaxkenue cBera. 3aKOHBI OTPaXXCHHUsS CBeTa.
[TocTpoenne n3o0pakeHHi B IIIOCKOM 3epKajie
[Ipenomiienne cBeTa. 3aKOHBI MPEIOMIICHUS CBETA.
AOGCOIIOTHBIN NOKa3aTesb MPEeIOMIICHUS

5.34

5.35

5.3.6

5.3.7

[TonHoe BHyTpeHHEe oTpakeHue. [IpenenbHblil yrou
TTOJTHOTO BHYTPEHHETO OTPaKEHUSI

Hucnepcus cBeta. CIOXKHBIN cOCTaB OEOro CBETA.
IIser

Coluparoniiue U pacceuBarolIvue JUH3BL. TOHKas
nrH3a. POKYCHOE PACCTOSIHUE U OINTHYECKas CHJIa
TOHKOH JmH3BlL. [locTpoeHune wu300pakeHUH B
COOMpAIOIINUX U paccerBaroNInX JMH3ax. Dopmyna
TOHKOM JIMH3bI. Y BEJIMYEHUE, JaBAEMOE JINH301

[Ipenensl TPUMEHUMOCTH TEOMETPUYECKONU ONITUKH

5.3.8

5.3.9

Wnrtepdepennus cBera. KorepeHTHbIE MCTOUYHUKH.
VYcnoBus HaOMOEHUS MAKCUMYMOB U MUHUMYMOB
B HMHTEepQEPEHLIMOHHOW  KapTUHE OT  JBYyX
cUH(a3HbIX KOT€PEHTHBIX HCTOUHUKOB

Hudpakius csera. [ludpakunonHas pemérka.
VYcnoBue HaOMIOAEHUS TJIaBHBIX MAKCUMYMOB MpU
NMaJCHUM  MOHOXPOMAarTM4eCcKOro  CBeTa  Ha
T (HPaKIIMOHHYIO PEIIETKY

5.3.10

ITonspusanusa ceera

5.3.11

TexHnuueckue YCTPOMCTBA: OYKH, Jyna,
¢dotoanmnapar, MPOEKIIMOHHBIN amnmapar,




MHUKpPOCKOII,  TEJIECKON, BOJOKOHHAs  OITHKA,
nudpakMoOHHas PEETKA, MOISIPOU

5.3.12

[Ipaktuyeckne paboTel. M3MepeHue mokazaTemns
IIPEIOMIICHUS. Hccnenosanue CBOMCTB
n3o0paxkeHuii B nuH3ax. HaGmonenue aucnepcun
cBETa

RJIEMEHTHI CTIELITUAJIBHOM TEOPUM OTHOCUTEJILHOCTH

FpaHI/IHBI IIPUMEHUMOCTHU KJIaCCUYECKON MEXaHUKH.
HOCTy.TIaTBI TEOpUHn OTHOCHUTCIBHOCTU:

0.1 WHBApUAHTHOCTh MOAYJS CKOPOCTH CBeTa B
BAKyyMe€, IPUHLUIT OTHOCUTEIBbHOCTH DUHIITEHHA
6 6.2 OTHOCHUTEIBHOCTh OJHOBPEMEHHOCTH. 3aMeJICHNe
' BPEMEHH U COKPAILIEHUE JITTUHBI
6.3 DHEprust 1 UMITYIIbC CBOOOTHON YaCTHIIBI
6.4 CBsi3b Macchl C PHEPrUeil U UMITYILCOM CBOOOIHOM
' YacTULIBI. DHEPTHs MOKOsI CBOOOAHON YaCTHUIIBI
7 KBAHTOBAS ®U3UKA
RJIEMEHTBI KBAHTOBOU OIITUKU
711 ®oronsl. Popmyna [Inanka cBsi3u sHEpruu GoToHa
o C €ro 4acTOTON. DHEPIUs U UMITYJILC HOTOHA
712 OtkpeiTHe U uccaenoBanue ¢porodddexra. OnbITH
o A.T'. CroneroBa. 3akonsl (poTodddexra
7.1 713 VpaBHenne DiiHmrediHa uid  doTodddekra.
o «KpacHas rpanuiay» Gporosddexra
7.1.4 Jasnenue ceera. OnwiTel [1.H. JIeObenena
7.15 XHUMHUYECKOE JIEHCTBHE CBETA
716 Texauveckue YCTpOMCTBA: ($hoTOdIEMEHT,
o (boTogaTyrK, conHedHas oarapesi, CBETOINO,T
CTPOEHHME ATOMA
Mopnens aroma Tomcona. OnbiTel Pesepdopaa mo
721 HCCIIEIOBaHMIO CTpOoeHUs aToma. [InanerapHas
MOJIeJIb aTOMa
[Toctymarer bopa. W3nydenue u nOTJoOIIEHHE
799 (OTOHOB TIpH TEpexoJe aToMa C OJHOTO YPOBHS
7.2 o SHepruM Ha Jpyroil. Buabl cnextpoB. Croektp
YPOBHEU dHEPrUM aTOMa BOAOpOAa
BonHoBbie cBolicTBa uwactull. Bosubl ne bpoins.
7.2.3 KopmyckynsipHo-BotHOBOM  fyanusm.  udpakims
AJIEKTPOHOB Ha KpUCTaIlJIax
794 CrnoHTaHHO€ UM BBIHYXJCHHOE  H3JIyuy€HUE.

YCeTpoicTBO M IPUHITUTT PAOOTHI Jlazepa




7.3

7.2.5

TexHudeckue yCTpOMCTBA: CIIEKTPAJIbHBIA AHAIU3
(criekTpockoI), Jiazep, KBAHTOBbBII KOMIIBIOTEP

7.2.6

[Ipaktuyeckue padbotsl. Habmonenue nuueituaToro
CIICKTPa

ATOMHOE A1PO

7.3.1

Meronsl Ha0JII0IeHUs u perucTpanuu
3JIEMEHTaPHBIX YaCTHUIL

7.3.2

OTtkpeiTHe paarnoakTuBHOCTH. OnbIThl Pe3epdopna
10  OMNpEICJIICHHI0  COCTaBa  PaJUOAKTUBHOIO
n3nmydenus. CpoiictBa ambga-, Oera-, ramma-
M3ITydeHus. BiausHue paguoakTHBHOCTH Ha KHBBIC
OpTaHHU3MBI

7.3.3

7.3.4

7.3.5

OtkpeiTe mnpoTOoHA U HelTpoHa. HykionHas
Mozeinb siapa ['eitzenOepra — MiBanenko. 3apsin siapa.
Maccosoe uncio sapa. M3oromnsl

Anbda-pacnaa. ONEKTPOHHBIH M MO3UTPOHHBIN
Oera-pacma. lNamma-uznyuenue. 3akoH
PaAMoOaKTUBHOTO pacnaia

DHeprusi CBsI3U HYKJIOHOB B sijipe. SIepHbIE CHUIIBI.
JledexT maccol sapa

7.3.6

7.3.7

7.3.8

SAnepHsle peakunu. JleeHne U CUHTE3 SAEP

SAnepubiii  peaktop.  TepMOSACpHBIA  CHHTES.
[Ipobnembl U NMEPCHEKTUBBI SEPHONW SHEPIETUKH.
DKOJIOTUYECKHE aCIEKTHI SIIEPHON IHEPTETUKU

OnemeHTapHble YacTHIbl. OTKpBITHE MO3UTPOHA.
@DyHIaMEeHTaIbHbIE B3aUMOECHCTBHS

7.3.9

7.3.10

TexHudeckue yCTpOWCTBAa: JO3UMETp, Kamepa
Bunbcona, sinepHblil peaktop, aToMHas 6oMba
[Ipaktuyeckue pabotbl. HMccnenoBanue TpPEKOB
gacTull (1o TOTOBBIM (hoTorpadusim)

DJIEMEHTHI ACTPOO®U3UKU

8.1

8.2

Bun 3Bé3gnoro neba. Co3Be3nusi, spKue 3BE3MBI,
IJIaHETHBI, UX BUAWUMOEC JIBUKCHUC
Conneunass cucrtema. IlnaHeTsl 3eMHOI TpymmbI.

[lmaHeThI-TUTaHTBl U MX CIYTHUKH, KapJIMKOBBIE
mwraneTsl. Manbie Testa COTHEYHON CUCTEMEL

8.3

Connne, ¢orochepa m armocdepa. ConHeuHas
AKTUBHOCTH

8.4

Hctounuk sHeprun CosiHIa v 3BE311

8.5

3BE31pl, UX OCHOBHBIE XapaKTEPUCTHKHU: Macca,

CBETUMOCTb, panuyc, TeMIlepaTypa, ux




8.6

B3aUMOCBs3b. /lnarpaMMa «CHeKTpajJbHbIA KJIacc —
CBETUMOCTD). 3BE3 bl IJIaBHOH
MOCJIEIOBATEILHOCTH. 3aBUCHMOCTh «Macca —
CBETHMOCTE IS 3BE3 TJIaBHOM
MOCJIEIOBATEILHOCTH

Buytpennee ctpoenue 3BE37. CoBpeMEHHbBIE
MPEACTABICHUS O MPOUCXOXKIACHUM W SBOJIOLHUH
CouHIia ¥ 3B€31. DTalkbl )KU3HU 3BE3]

8.7

Mneunsiii Ilyte — Hama ['anaktuka. CrnupanibHas
cTpykrypa ['aakTuku, pactpeneienue 3B€31, ra3a u
neutd.  [lonoxenne wu  jBwxkenue CoiHua B
INanakTuke. ITnockas u cdepudeckas moaCHCTEMBI
lNanaxtuku

8.8

8.9

8.10

Tunbl ranakTuk. PaguorajiakTUKd ¢ KBa3aphbl.
UeEpHble AbIPHI B pax TAIAKTUK

Bcenennas. Pacmmpenue BceenenHoil.  3akoH
Xab6na. PazOeranue ramaktuk. Bo3pact u paguyc
Bcenennoii, teopust bosbmoro B3psiBa. Mopnens
«ropsiuer Beenennoi». PenukToBoe n3iydeHue

MacmraGHast CTPYKTypa Bcenennoin.
Meraranaktuka. Hepeménnsie pooIeMbl
aCTPOHOMUU




ITPOBEPAEMBIE HA EI'D I1IO ®U3UKE TPEBOBAHMUSA K PE3YJIbTATAM
OCBOEHHA OCHOBHOM OBPA30BATEJIBHOMN MPOT'PAMMBI CPEJTHEI'O
OBHIET'O OBPA3OBAHUA

Kon

NpoBePsSIeMOro
TpeOOBaHUS

1

IIpoBepsiemble TPeOOBaHUSI K MPEAMETHBIM Pe3yJIbTATAM OCBOCHHS
OCHOBHOI1 00pa30BaTe/IbHOI MPOrPaMMBbI CPeIHEro 00111ero
o0pa3oBaHus

CdopmMupoBaHHOCTh YMEHHI pacno3HaBaThb (U3UYECKUE SBICHHUS
(mpotiecchbl) U OOBSACHATH UX HA OCHOBE M3yYEHHBIX 3aKOHOB

Brnanenwe  OCHOBOMOJIATAlOMUMH  (PU3MUYECKUMH  TMOHATUSAMH |
BEJIMYMHAMU, XapaKTEPU3YIOIUMHU (PU3NYECKUE TPOLIECCHI

ChopMupOBaHHOCT ~ YMEHUH HPUMEHATb 3aKOHBl  KJIACCHYECKOM
MEXaHUKH, MOJIEKYJISIPHOM ¢uzuku U TEPMOJUHAMUKH,
AIIEKTPOAMHAMUKY, KBAaHTOBOW (M3WKW /IS aHaidu3a U OOBICHEHUS
ABJICHUM MHMKpPOMHpA, MakpoMupa M MeEramupa, pasiuydarh YCJIOBHS
(rpaHuLbl, 00JaCTH) MPUMEHUMOCTH (PU3NYECKUX 3aKOHOB, NOHMMATH
BCeOOIMi xapakTep (QyHIaMEHTAJIbHBIX 3aKOHOB M OIPAaHUYEHHOCTb
UCMOJIb30BaHUSI  YaCTHBIX  3aKOHOB;  aHAJIM3UPOBATh  (pU3HUECKHE
IPOLIECCHI, UCITIOJIb3YS] OCHOBHBIE MOJIOKEHMS, 3aKOHbI U 3aKOHOMEPHOCTH

CopMupoBaHHOCTh yYMEHHUS pasziuyaTh YCJIOBUS IPUMEHHUMOCTH
Mojienel pU3nYecKuX TeN U MPOLECCOB (SIBICHUI)

ChopMHpOBaHHOCTH YMEHUS PEIIaTh PACUETHBIC 33/1a4H C SIBHO 3aJJaHHOM
W HESIBHO 3a/JlaHHON (PU3MUECKOM MOJIeTbI0: HAa OCHOBAaHWU aHaJIM3a
YCJIOBHSI BBIOMpPATh (U3UYECKUE MOJIEIH, OTBEYAIONINE TPEOOBAHUSIM
3a/1auu, MPUMEHATH (OPMYIIbI, 3aKOHBI, 3aKOHOMEPHOCTH M TOCTYJIAThI
(GUBHMYECKUX TEOPUH TPU HCIOIB30BAHUM MAaTEMaTHUYECKHUX METOOB
penieHus 3aa4, NPOBOJAUTH PACYE€Thl HA OCHOBAHMH UMEIOIINXCS TAHHBIX,
aHAJIM3UPOBATh PE3YNbTAThl U KOPPEKTUPOBATh METOJBI PELICHUS C
Y4ETOM MOITYYEHHBIX PE3YJIHTATOB

Pemarp kadecTBeHHblE 3aJauyu, TpeOyrolue NPUMEHEHUsS 3HaHUA U3
pasHBIX Pa3JIeNIoB HIKOJIBHOTO Kypca (PU3HMKH, a TAK)Ke MHTETpallui 3HAaHUH
U3 JpYrux IIPEeIMETOB €CTECTBEHHOHAYYHOIO LIMKJA: BBICTPAUBAaTh
JIOTUYECKYIO LENOYKY PACCYXKACHUN C ONOPOM HAa U3YYECHHBIE 3aKOHBI,
3aKOHOMEPHOCTHU U (PU3HUYECKHE SIBICHUS

Bianenne 0CHOBHBIMH METO/IAMH HAYYHOTO ITO3HAHMS, HCIIOIb3YEMBIMU B
¢u3uKe: NPOBOAMTH MpPsIMbIE U KOCBEHHbIE H3MEpPEHUs (PU3NUYECKUX
BEJIMYMH, BbIOMpas ONTUMAIbHBIH CHOCOO HU3MEPEHUS M HCIHOJb3Ys
U3BECTHBIE METOJbl OLIEHKM TOIPEUIHOCTEN W3MEpPEHUM, NPOBOIUTH
UCCIICIOBAaHUE 3aBUCUMOCTEH (PU3MUECKUX BEIMYMH C UCIOJIb30BaHUEM
OPSIMBIX W3MEPEHUH, OOBACHATH MOJYUYECHHBIC PE3yJbTAThI, UCHOIb3YS
(bu3nyeckrue TEOpPUHU, 3aKOHbBI U MOHSITHUSA, U JIeNaTh BBIBOABI; COOIIOATh
npaBuia 0€30IaCHOTO TpyJa IMpH MPOBEIECHUM MCCIEIOBAHUN B paMKax
y4eOHOro PKCIEPUMEHTA U y4yeOHO-HUCCIIE0BATEIbCKOM AEATENIBHOCTH €




UCIIOJIb30BAaHUEM  MH(PPOBBIX  H3MEPHUTEIBHBIX  YCTPOMCTB  H
J1a00paTOPHOTO 00OPYIOBAHUS

CdopMupoBaHHOCTh YMEHUN aHATM3UPOBATH U OIICHUBATH IOCIICICTBUS
OBITOBOM M ITPOM3BOJCTBEHHOW JESATEIBHOCTH YEJIOBEKA, CBS3aHHOW C
(GU3HYECKUMU TIPOIIECCaMU, ¢ TO3UIUN JKOJIOTHYECKON 0e30MacHOCTH;
NpPEJCTAaBICHUNA O PpalUOHAIBHOM TPHPOJIONOIB30BAaHUH, a TaKXKe
pa3yMHOM HCHOJb30BAaHUM JIOCTIKEHUI HAyKW UM TEXHOJOTHH Ui
JAIbHENIIET0 Pa3BUTHSI YEJIOBEYECKOT0 00IeCTBa

OmmageHne pa3iIWYHBIME ~ criocobamu  paboTel ¢ wH(pOpMaruei
¢u3nveckoro - comep)KaHus € HCIOJNB30BaHHEM  COBPEMEHHBIX
WH(POPMALIMOHHBIX TEXHOJIOTHI; pa3BUTHE YMEHUI KPUTUIECKOTO aHATTN3a
Y OIICHKH JIOCTOBEPHOCTH IOJTy4aeMOi HH(pOPMALUH

10

CdopmMupoBaHHOCTH YMEHHI MIPUMEHSTH OCHOBOIIOJIAraroIIue
ACTPOHOMHYECKHUE TIOHATHUS, TCOPHH U 3aKOHBI JJIsI aHAIIN3a U OOBSICHCHHS
(U3HYECKUX TMPOIECCOB, MPOUCXOMAIIMX Ha 3BE3IAaX, B 3BE3NHBIX
CHUCTEMax, B MEXTaJJaKTHYECKON cpele; IBWKEHUS HEOECHBIX Tel,
3BOJIIOLINH 3BE31 U Becenennon




INEPEYEHD 2JIEMEHTOB COAEPKAHMUSA, IPOBEPAEMBIX HA EI'D 110
OU3UKE

Kon Kon
pa3nena/te djemen = IIpoBepsieMblil 3JIeMEHT COJAEPKAHMS
MBI Ta

1 MEXAHHWKA

11 KMHEMATHKA

111 Mexanuueckoe JBUXKeHHE. OTHOCHTEIBHOCTh MEXaHWYECKOTrO
o nerkeHns. Cucrema orcuéra

MarepuaibHas TOUKA.

TpacKTOPHE

Eé& pammyc-BeKkTop:

Ft)=(xle) ¥z ) =(2)),

TpaeKTopII,

TIepeMelIeHIe: /
1.1.2 AF:F(Q)—F_'(GF% _;Fl: X

=(Ax. Ay, A2),

=

Iy TE.
CroxeHHe [lepeMelneH il

Ny =0y + 40,

CKOpOCTL MaTepI/IaJILHOP'I TOYKHU:

—7= (00,00,

Ax
1.1.3
CrnoxeHle CKOpocTell: 0, =0, +0,-

Berurciienue nepeMenieHus u MyTH MaTepUaIbHON TOUKH TIPH
NPSMOJTMHEHHOM JBMKCHUHU BJIOJb OCH X IO TpaduKy
3aBHCUMOCTH Vx(t)

114




w . AD -,
VckopeHHe MaTepHaIbHOI TOIKIL d = — =u'= [al_ .a
Af |y
Au . ) -
a =—>= =(uv,),". aganormaso a, =(v, ', a.=(v.) .
Ay ’
PaBHOMEpHOE NPAMOJIIMHENHOE ABUKECHUE:
xX(t) = xXg + Vpyt
1.15
U (t) — vg, = const
PaBHOYyCKOpEeHHOE IPSIMOJIMHEIHOE ABHKEHUE:
ats
x(t)=x,+vu, t +-2
v(r)=uvu, +at
116 a, = const
U;.T - U.l‘.'r = zﬂr ['1'_2 _xl]
U - U'\
IIpi NBIDKCHIII B OHOM HANPABIEHHH MIyTh S= 1 2.t
CBoOoaHoe majieHre. Y CKopeHrue CBOOOTHOTO TaICHHS.
Vi 13 ﬁo
1.1.7
Yo a
o0 Xy ‘(

JIBukeHue Tena, OpOIIEHHOTO MO/ YIJIOM 0L K TOPU30HTY:




[.r{r} =x; +U, f=x+U,cosa-f

- 4
ke rs

t ,
V() =y, +u, .r+-T=.1'G+US51nu-r—‘ET?

v.(t)=v,, +gt=p,5mna— gt

=0

=—g=const

{ux(r] = U, =, oS0
f:
[=}
oy

KpHBOJ’IHHGfIHOG ABUXKCHHUC. I[BI/I)KGHI/I@ MaTepHaJ'IBHofI TOYKH I10
OKPY>XHOCTH.
VYrioBast v IMHEWHAsE CKOPOCTh TOYKHU:

vV = wR

HpI/I pPaBHOMCPHOM ABHIKXCHUU TOYKHU 11O OKPYKHOCTHU

1.1.8
21
w = T = 2mv
. LleHTpOoCTpeMHUTENIBHOE YCKOPEHNUE TOUKHU:
v? X
Aye = =@ R
. [lomHOE yCKOpEHHE MaTepUaIbHOU TOUYKHU
119 Tsépnoe teno. IloctynarensHoe 1 BpalaTenbHOE ABH)KEHNE
o TBEPIOTO Tea
1.2 JMUHAMUKA
121 Nuepunaneubie cuctemsl orcu€ra. IlepBelii 3axkoH HproToHA.
o [MpuHIMIT OTHOCUTETBHOCTH [ amuest
Macca Tena. IlmoTHOCTS BemiecTBa:
m
1.2.2 pP=v
Cuna. [IpuHIMN cyneprno3nLuy CUIL:
1.2.3 FpaBHoneﬁCTB =F + F+..
Bropoii 3akon Herotona: 11t MarepuanbHoil Touku B MICO
1.2.4 Fr=ma

Ap = FAt
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1.2.5

pu

>

F = const

-————

FIE FEI

Tpetuii 3akon HeroTOHA 11711 MaTepUaibHbIX TOYEK:

>

Fiy, = —Fy

1.2.6

1.2.7

1.2.8

3aKkoH BCCMHUPHOI'0O TATOTCHUA: CHJIbI TMIPUTSIKCHUA  MCKAY
TOYCYHBIMU MAaCCaMM paBHBI

mm
F=G 17782

RZ

Cuita TSKEeCTH. ]_[eHTp TSKECTH Tejla. 3aBUCUMOCTD CHIIBI TSKECTH

OT BBICOTBI h HaJl TIOBECPXHOCTHIO ITJIAHCThI paI[I/IYCOM RO
GMm

9= R, + h)2

Cuna ynpyroctu. 3akoH ['yka:
E, = —kx

Cuna tpenus. Cyxoe TpeHHE.
Cuna TpeHus CKOJIbKEHUS:

Cuita TpeHust TOKOSI:

Koaddunuent tpenus

1.2.9

JlaBneHue:

CTATHUKA

13.1

—

F

MOMEHT CHJIBI OTHOCHTEIBHO OCH BPAIIICHHS:
M| = FI, rae | — mureuo cuier




N

F

OTHOCHUTEIILHO OCH, IPOXOosiiel uepe3 Touky O nepreHuKyIspHo

PUCYHKY
IlenTp Macc Tena. LleHTp Macc cucTeMbl MaTEPHAIIBHBIX TOYEK:

- -

mir, + myry+...

.M.

13.2 my+my+...
B ogHOpoaHOM mone TsKecTH
(g = const)
LIEHTP Macc TeJla COBIAJIAET C €r0 UEHTPOM TIKECTH
VYcnoBus paBHoBecus TBEpaoro tena B UCO:
[My+M,+...=0
1.3.3 - -
|E+Fy+...=0
1.3.4  3axkon Ilackans
JlaBnenue B KuAKOCTH, mokoseiics B UCO:
1.35 p =po+pgh
3akoH Apxumena:
F Apx — _PBLITeCH
136 commrenon *uakoctsb nokositcs B UCO, To
E Apx — pg [/BLITGCH
VYcnoBue miiaBaHus Ten
14 3AKOHbBI COXPAHEHUA B MEXAHUKE
NMnynbsc MaTepuaibHOW TOUKHU:
141 p=mv
NmMnynbc cuctemsl Ted:
3aKOH U3MEHEHUS U COXPaHEHUsI UMITYJIbCA:
B ICO
143 A*:A #+q+ =F At + F. At+
p (pl pat... ) 1BHEIIH 2BHEIIH e

B MCO , ecnin




Ap = A(p; +po+...) =0
, ECIIH

- -

FlBHeLLlH + FZBHeLL[H+' ..=0

PeakTuBHOE NBUKEHUE

F

AF
1.4.4 X
Pabora cuiibl Ha MajIOM MEpPEeMEIICHUH:
A4 =|F|- |A7|-cos au=F, - Ax
a F
()]
MOIITHOCTE CHJIBI:
€CJIM 32 BpeMs
145
At
paboTa CUITbl U3MEHSAETCS Ha , TO MOITHOCTH CHJIBI
AA
P=— =F-vu-coso
Af|, 4
Kunernueckast sHeprusi MaTepuaabHON TOUKH:
mv?  p?
Fan =37 = o
1.4.6
3aK0oH 3MEHEHUS! KHHETHUYECKOW YHEPTHUH CUCTEMBI
MatepuanbHbIX ToYek: B UCO AExkua = Al + A2 + ...
[TorenmmansHas 3HEprus:
JUTS TIOTEHIUAILHBIX CHJI
1.4.7 A12 = E1n0TeHu - EZHOTeHu_= AEHOTeHu

[ToTennuanpHas YHEPTUSI MATEPUATLHON TOYKHA B OJTHOPOTHOM
MO0JI€E TAKECTH:




EHOTGHII = mg h’

[orennuansHast SHEprus yrnpyro aeOpMUpOBAHHOTO TeNa:

kx?
E HOTeHI] — T

3aKOH N3MCHCHUSA U COXpaHeHI/Iﬂ MexaHquCKOﬁ BHGPFI/H/I:
Eiex = Exsm * Enorern

1438 B IICO AE,ex = Ascex nenorenn. cuns

B IICO AE,ex = 0, eClI Agcex menoresn. cux = U

1.5 MEXAHWYECKUE KOJIEBAHMA 1 BOJIHBI

I'apmonnueckue kosnebaHUs MAaTepUAIbHOM TOYKH. AMIUIMTYAA U
¢a3za xonebanuil. Kunemarnyeckoe onucanue:
x(f) = Asin| ot +o, )

v () =x/'.

a(f)=(v,), =) =a +&'x=0,
TJIC X - CMEIICHHUE U3 PABHOBECHSL.
JInHaMI4YEeCKOe OIHCaHUE:

ma, = —kx,
rae
k = mw?
. JTO 3HAYHT, YTO
151
E, = —kx.

DHepreTuyeckoe OMNHCcaHue (3aKOH COXPAHEHHUs MEXaHHYeCKOil
SHEpPrumn):

nnf+£_nm;jm_ﬁc4 _

2 2 2 2

CBsi3b aMITTUTY/BI KOJICOAHUI CMEIIEHUSI MaTepHaTbHOM TOYKHU C
aMIUTUTYIaMU KoJie0aHu# e€ CKOPOCTH U YCKOPEHUS:

Upee =04, @ =04

[Tepuona u yacTora KoeOaHU:
2 1
T = = —
15.2 5]

"

[leppox Mambix CBOOOAHBIX KOJICOAHWH  MaTEMaTHYECKOTO
MasITHUKA:




T=2?EJI
g

[lepron cBOOOTHBIX KOJIEOaHUI IPYKUHHOTO MasiTHUKA!

T =2T[JE
k

153

154

155

Brinyxnennsie konebanus. Pezonanc. Pesonancuas kpusast

[Tonepeunsle u PoOIbHBIE BOIHBI. CKOPOCTH pacpOCTpaHEHUS U
JUTHA BOJIHBI:

Hutepdepennus u qudpakius BOJIH

3Byk. CKOpOCTh 3ByKa

2.1

MOJIEKYJIAPHAS ©U3NKA. TEPMOAMHAMUKA
MOJIEKYJISIPHA S OU3NKA

2.1.1

Mopenn cTpoeHus Ta30B, XUAKOCTEH M TBEPABIX Tel. IlycTh
TepMOJUHAMHUYECKasi cucTteMa (Tesno) cocTouT M3 N OIMHAKOBBIX

MoJIeKyJI. Torja KOJM4ecTBO BEIIECTBA
N m

vV=—=
Ny u

rjie
Ny
— 4ncio ABoraapo, m — Macca CUCTEMBI (Tena),

U
— MOJISIpHAst Macca BeIecTBa

2.1.2
2.1.3

TenmoBoe JABVKCHUEC aTOMOB U MOJICKYJI BEIICCTBA

BzaumMmogeiicTBue yacTuIl BellecTBa

2.14
2.15

Huddysus. bpoyHoBckoe ABMXEeHNE

Monens uneanpuoro raza B MKT

2.16

CBs3p MEXAYy JaBICHUEM U CPEAHEN KHHETHYECKOW DSHEpruei
MIOCTYIATENIBHOTO TEIUIOBOTO ABMKEHUS MOJIEKYJ UACAIBHOIO Ta3a
(ocHoBHOE ypaBHeHue MKT):

rae M0 — macca OHON MOJICKYJIBI,

N
"=y




- KOHICHTpAalud MOJICKYJI

2.1.7

2.18

AoGcomoTHas Temmeparypa: T =t+273K

CBs13p TeMIiepaTypbl raza €O CpeJHEHl KMHETUYECKOW 3Hepruei
MIOCTYIATEIBHOTO TEIJIOBOIO JBMKCHHSI €T0 MOJIEKYIL:

U S
2 ) 2

£ =

——

2.1.9

2.1.10

2111

VYpaBuenue p = nkT

Mojenb naealabHOIO ra3a B TCPMOAUHAMUKE:

| Vpaprerse Merrereesa — Krareipora
| BEIpeCKeHHE 1 BHYTPeHHEH SHepIHH
VpaBueHne MeHueneeBa — KianeiipoHa (IIpHIMeHIIMEIE
3aMICI):
pRT

pV=%RT = vRT = NKT, p=t=

BripaxeHIle /118 BHyTpeHHell 3HepIiil 0IHOaTOMHOTO ILI

raza ([IpHIMeHIMEBIe (JOPMEI 3aIIICH):

L‘=%vRT =%NkT=EERT =ve, T= %pV

2

3aKkoH I[aJ'ILTOHa IJId JaBJICHUSA CMCCH PA3PCIKCHHBIX I'a30B:

p=p+p+..

2.1.12

W3omporieccel B pa3pekCHHOM Ta3e C TMOCTOSHHBIM YHCIIOM
MoJiekys N (C MOCTOSTHHBIM KOJTHYECTBOM BEIIIECTBA V):

m3orepMma (T = const): pV = const

n3zoxopa (V = const):

p
—_ = t
T cons

n3obapa (p = const):




4 t
— = cons
T

I'paduueckoe npeacranenue m3omnporecco Ha pV-, pT-u VT-
JarpaMMax.

OO0BEIMHEHHBII Ta30BbIA 3aK0H:

pV .
T = cons

JJI1 ITIOCTOSAHHOI'O KOJIMYECTBA BEIICCTBA V.

HaCBIHIGHHBIC nu HCHACBIIIICHHBIC Imapsl. KauectBenHas

2.1.13 3aBHCMMOCTHh TUIOTHOCTH ¥ JaBJICHUS HACBIIICHHOTO I1apa OT
TEMIIEPaTyphl, UX HE3aBUCHMOCTh OT 00BEMA HACHIIIIEHHOTO TTapa
BrnaxnocTs Bo3ayXa.

OTtHocuTeNbHAS BIAKHOCTH!
pnapa(T) pnapa(T)
2.1.14 ¢ = =
pHacmmnapa(T) pHacmmnapa (T)
2115 HN3MeHeHne arperatHbIX COCTOSSHMM BEHIECTBA: HCHApPEHUE U
o KOH/ICHCALINsl, KUTICHUE KUIKOCTH
5116 W3MmeHeHne arperaTHbIX COCTOSIHMI BEIeCTBA: IUIaBJICHUE U
o KPHCTAIUTA3AIHSI
2.1.17  IIpeoOpa3oBaHue 3HEPruM B (a30BBIX MEPEX0ax
2.2 TEPMO/IMHAMUKA

2.2.1  TennoBoe paBHOBECHE U TeMIIepaTypa

2.2.2  BHyTpeHHss SHEprus

993 Tenmonepenada kak cnocod M3MEHEHHs] BHYTPEHHEH dHepruu 0e3

o coBepiteHus paboTel. KoHBEKIIMSI, TETIONPOBOIHOCTD, U3ITyUYEHUE
KonnuecTBo TEMIOTHI.
294 VYV nenpHas TEMIOEMKOCTh BELIECTBA C:
o Q = cmAT
VY nenpHas Temora napoodpazosanus L: Q = Lm.
2.2.5 VenbHas TermaoTa miasiaeHus A Q = Am.
VY aenvHas TerioTa cropanus Torumaa : Q = gm
DnemeHTapHas paboTa B TEPMOAMHAMHUKE:

2.2.6 4=phv
Brruucnenue padoTsl 1o rpaduky mporecca Ha pV-nuarpamme

997 IIepBblil 3aKOH TEPMOAVMHAMUKH:

Q12 =AUz + Ay = (Uz - U1) + Ay,




2.2.8

Annabara:
Q12 =0= Ay, = (U — Up) = AUy,

Bropoii 3akon TepmoannamMuku. HeobpaTumele mporiecchl

2.2.9

[Tpunnune! gerctBus TernoBbix MamuH. KIT/:
O

O 0

ZUHarp Harp ZoHArp

n:

2.2.10

2.2.11

Maxkcumansnoe 3Hauenue KII. ki Kapno:

Y . T
meax Y] = My =— = -]z

HATR HArp

ypaBHeHI/Ie TCIIJIOBOT'O 6aJ1cha:
Ql + Qz + Qg+: 0

SJIEKTPOAMHAMUKA

3.1

3.11

3.1.2

3.1.3

SJIEKTPUYECKOE ITIOJIE

OnexTpuzanus Tell U € NposABIEHUS. JNEeKTpudeckuil 3apsa. [sa
BHJA 3apsAa. OJIEMEHTapHbI DJIIEKTPUYECKUM 3apsia. 3aKoH
COXpPaHEHHUs IIEKTPUUYECKOTO 3apsiia
Bsaumoperictsue 3apsnoB. Toueunsle 3apsaapl. 3akoH Kynona:
B OJIHOPOJHOM BELIECTBE C AUDIEKTPUUECKON POHUIIAEMOCTBIO

€

F:k|{?1|-|:‘71= 1 _|‘i"1|"?:

g’ 4meg, 17

QHCKTpI/I‘-ICCKOC noie. Ero ageiictBue Ha QJICKTPHUYCCKUC 3aps/Ibl

3.1.4

Hanpsk€HHOCTD 37€KTPUUECKOTo HOJIS:
) F

qu06Hmﬁ

[Tone Toueunoro 3apsnaa:




3.15

OOAHOPOJHOC IIOJIC:

>

E = const.

Kaprunsl 1MHUN HAIPsZKEHHOCTU ATUX T1OJIEH

HOTCHHI/IEUIBHOCTB SJICKTPOCTATUYCCKOI'O I10JIA.
PasHocTh IMOTCHIHMAJIOB 1 HAIIPSXKCHUC!

Az = q(P1 — P2) = —qAdp = qU.

HOTeHI_II/IaJ'ILHa}I SHGpFI/I}I 3ap;ma B SJ'IeKTpOCTaTI/I‘{eCKOM TI0JIC:
W =q¢

A=—-AW

IloTennman SJICKTPOCTATHYCCKOI'O ITOJIA:

4,_[
q

CBs3b HaprI)KéHHOCTI/I nojii "W PpPa3sHOCTU TMOTCHHOUAIOB JJId
OJTHOPOJIHOTO 3JIeKTpocTaTryeckoro mosst: U = Ed

3.1.6

3.1.7

[IpuHIHMI cynepno3unuu JIEKTPUIECKUX MTOJIEH:

E=E1+E2+,¢ =¢1+¢2+

[IpoBOOHMKY B 3JIEKTPOCTATUYECKOM IIOJIE.

YcnoBue paBHOBeCHUs 3apsA70B: BHYTPH ITPOBOAHMKA
Et=0

, BHYTPU U Ha IOBEPXHOCTHU MPOBOJHUKA (p = CONSt

3.18

3.1.9

JIMDMEeKTpUKH B AJIEKTpOCTaTUYECKOM mojie. JludmexTpudeckas
MIPOHUIIAEMOCTh BEUIECTBA €

KOHI[CHC&TOp. BHCKTpOéMKOCTB KOHACHCATOpa:

q
C==
U

aﬂeKTpOéMKOCTB IIJIOCKOI'O0 KOHACHCATOpa:

EEIN)

= p] :gCO

3.1.10

HapaHJIeJII:HOG COCAMHCHUC KOHACHCATOPOB:
q == ql +q2+...,U1 == UZ :""Cnapann - Cl + C2+...




3.2

HOCHCI{OB&TGJ’IBHOC COCANMHECHUEC KOHACHCATOPOB:

1 1 1
U=Uit Uz @1 =Gz = g ==t ot
I0CI

3.1.11

DHeprys 3apsKEHHOr0 KOHICHCATOPa:
qu CU? ¢*

c 2 2 2C

3AKOHBLI ITIOCTOAHHOI'O TOKA

3.2.1

3.2.2

Cwnia Toka:

=29
IToctosunsmi Tok: | = const
Jlnst mocrosinHoro TOKa g = |t

VYcnoBus CymecTBOBaHUS AIMEKTPUIECKOTO TOKA.
Hanpsoxenne U u DJIC E

3.2.3

3.24

3axon Oma i yyacTKa Lenu:

I_U
"R

QHCKTpI/I‘leCKOG COIIPOTUBJICHHC. 3aBHCHMOCTD COIIPOTUBJICHUA
OOIHOPOJAHOI'O0 MPOBOAHHKA OT €ro MJIMHBI U CCUCHU:. YaeneHOE

COIIPOTUBJICHHUEC BCIICCTBA.

l
R:pg

3.25

Hctounnku Toka. 3/]C uctouHmka Toka:

ACTOpOHHI/IXCI/IH

q

E =

BryTpeHHee conpOoTHBIIEHHE HCTOYHUKA TOKA

3.2.6

3akon OMa 15 TOJTHOM (3aMKHYTOM) anekTpudeckoit nenu: E = IR
+ Ir, oTkyna




3.2.7

3.2.8

[TapannenbHoe COeMHEHUE IPOBOAHUKOB!
I=11+12+..,Ul=U2=.,

1 _ 1. 1,
Rnapann Rl RZ

HOCHeﬂOBaTeHBHOC COCANHCHHC ITPOBOIHHUKOB:
U=Ul+U2+..,11=12=..,
RHOCH = R1 + R2+

Pabota anekTpuueckoro Toka: A = [UL.
3akon Jxoynsa — Jlenma:
Q =I?Rt

Ha pesucrope
2

U
R:Q=A=12Rt=IUt=7t

3.2.9

MOIIHOCTB SJICKTPUYICCKOT'O TOKA:

Ad
P=— =IU

At |, 0
TCHJ'IOBaSI MOIIHOCTB, BBIACIIIEMAs Ha pe3I/ICTOpeI
N e
P=I"R=—=]U
R

MOIIHOCTh HCTOYHHUKA TOKA:

Ar—sl

3.2.10

CBOOOIHBIE HOCUTEIH DJIEKTPUUECKHX 3apsiOB B IMPOBOJIHHUKAX.
MexaHu3Mbl MPOBOJUMOCTH TBEPABIX METAIOB, PAaCTBOPOB M
pacIuiaBoB 3JIEKTPOJIUTOB, ra3oB. [HomynpoBoaHUKH.
[TonmynpoBOAHUKOBBIN AHO

3.3

MAT'HUTHOE IT1OJIE

3.3.1

Mexanudeckoe B3aMMOJCHCTBHE MarHuToB. MarsmTHOE MOIJIE.
Bekrop MarmutHOM wuHAykKumu. [lpuHnun — cymnepnosunuu
MAaTrHUTHBIX [OJIEN:




- - -

B == Bl +Bz+

JIuHUM MHAYKIUMU MarHUTHOroO mnojsd. KapTtuHa NUHUN UHAYKIUA
MarHUTHOTO TOJISi IOJIOCOBOTO M MOJKOBOOOPA3HOTO MOCTOSHHBIX
MarHuToB

OnbIT OpcTena. MaruutHoe mosie mpoBOAHUKA ¢ TOKOM. Kaptuna
JUHAA MHAYKIMM MarHUTHOTO TOJIA  JIJIMHHOTO — MPSIMOTO

3.3.2

MIPOBOJHUKA M 3aMKHYTOTO KOJIBIIEBOTO MPOBOJIHUKA, KATYIIKH C

TOKOM

Cuita Amriepa, e€ HanpaBJICHUE W BEJIMYMHA:

F, = IBlsina
333 DM€ 0 — Yroa MeKIy HalpaBIEHUEM IIPOBOJHHMKA M BEKTOPOM
B
Cuua JlopeHnia, e€ HanpaBJICHUE W BEJIMUMHA:
Frop =1 q | vBsina

TJIe 0. — YTOJI MEXKy BEKTOPaAMHU
3.34 v

u

B
. JIBr>keHune 3apsKeHHOM 4acTUIBI B OJTHOPOHOM MarHUTHOM TOJIe
3.4 DJIEKTPOMATHUTHA A MHAYKIA
[ToTok BeKTOpa MAarHUTHOM WHIYKIIMH:
® = B,S = BScosa

341
3.4.2 SBnenue anexkrpoMarHuTHON UHAYKIMU. DC nnayknuu

3aKoH 3JeKTpOMarHuTHOM uHaykIuu dapanes:

AD
343 E=—+| =-0
At :
Af—i0
B
\ 'J?

3.4.4

A\

(




DJIC MHAYKIKK B IPSAMOM IIPOBOJHHMKE [UTHHOM |, IBIKYyIIEMCs cO
CKOPOCTBIO

>

v

(vl)D
B OTHOPOAHOM MAruivuTHOM II0JIC B:
| E; |= Blvcosa

, [A€ O — YIroJl MCXKy BEKTOPOM Bu HOpMAJIbIO

n
K IINIOCKOCTH, B KOTOpOI71 JIC)KAT BCKTOPLI

>
>

lav
; €CIn
l
1
B
, 1
%
TO
| E; |= Blv
345 [IpaBusno Jlenua
NHIyKTUBHOCTB:
)
L=—
1
346 wm © = LI
o Camounnaykuus. 1C caMOMHITYKITNH:
AT
E, =—L—L =-1r,
Afly o
DHeprusi MarHUTHOTO TIOJISI KATYIIIKHA C TOKOM:
2
347 W, = %

3.5

OJIEKTPOMAT'HUTHBIE KOJIEBAHMA 11 BOJIHbBI

351




Konebarenpupiii  koHTYp.  CBOOOIHBIE  AJIEKTPOMATHUTHBIC
Kosie0aHUs B UICATBHOM KOJIe0aTeIbHOM KOHTYpE:

[ q(1) =G, sin( 0t + @)

11[?:] =g, =, cos( ot +@,) =1 cos( et +p)
®opmyna Tomcona:

T =2nVvLC

, OTKyJla

CBsi3b aMIUTUTYBI 3apsiia KOHICHCATOPA C AMIUIUTYAONW CUJTBI TOKA
IpU CBOOOJHBIX 3JEKTPOMArHUTHBIX KOJIEOAHUSX B WACATHHOM
KoJe0aTenbHOM KOHTYpE:

Tooax = —

£}

3akoH COXPAHCHUS SHEPTHUU B HACAIIBHOM KoJie0aTeIbHOM KOHTYpC:

3.5.2
3.5.3  BrHyX/IeHHBIE dJIEKTPOMarHUTHEIE KoeOaHus. Pe3onanc
Ilepemennsiii Tok. IIpomsBoacTBo, mnepegaya M mHoTpedieHUE
JIEKTPUYECKON IHEPTUN
354 cu? 11? cu? >
+ = = — =X — const.
2 2 2 2
CBolicTBa 2JIGKTPOMarHUTHBIX BOJIH. B3auMmHas opueHTauus
BEKTOPOB B 3JIEKTPOMAarHUTHON BOJHE B BaKyyMe:
355 AR
E1Blc
356 kana AIIEKTPOMAarHUTHBIX BOJIH. IIpumenenne
o 9JIEKTPOMArHUTHBIX BOJIH B TEXHHUKE U OBITY
3.6 OIITUKA
361 [IpssMONMHENHOE PACIpPOCTPAHEHHE CBETA B OJHOPOJIHOM Cpele.
e Toueunsrii ucrounuk. JIyd cBeTa
36.2 3aKOHBI OTPaKEHUS CBETA.

a=p




3.6.3

alP

S S

[TocTpoenue n300pakeHH B IIIOCKOM 3epKajie

3.6.4

3.6.5

3aKOHbI IPEJIOMIIEHUS CBETA.

[Ipenomnenue cBera:
nysina = n,sing.

AOGCOIIOTHBIN [MOKa3aTeNb IPEIOMIICHHUS:

c
n = -
abc v

OTHOCUTENBHBIN MMOKA3aTENh MPETOMIICHHUS:
n, vy

ng vy

nOTH

Xox JIydel B Ipu3Me.
\"1 = \"2 - H].}']. = ”2}.2
CooTHoOIIEHNE YacTOT M COOTHOLIEHUE JUIMH BOJIH IIPH MEPEXOE

MOHOXPOMATHUYCCKOI'0 CBE€TAa 4YCEpe3 TIpaHUNly pa3aciia ABYX
OINITUYCCKUX CPCAU:

n,<n 1,

m

[TonHOE BHYTpEHHEE OTpAKEHUE.
[IpenenpHbI yro MOJIHOrO BHYTPEHHETO OTPAKEHUS:
. 1 n;
Sinay, = =—
Nory nq

3.6.6

Cobwuparomue u pacceuBaronue TuH3b1. ToHkas nuH3a. DoKycHOE
PACCTOAHHUC U ONITUYCCKAA CHUJIa TOHKOM JIMH3HI:




D=—
®opmyJia TOHKOH JIMH3bL:
1 1 1
—4—=—
d f F
VBenuueHue, JapacMoe JIMH30M:
r h 1f1
H d
3.6.7 d T
[ )
H
F
I
IANRY
e
B ciydae pacceuBaromiei JIMH3bL:
1
DO=F = E 0,
3.6.8 F_h_Ifl1
H d
Xox myya, TPOLIEIIETO JIMH3Y MOJ MPOU3BOJIBHBIM YIJIOM K €&
ryaBHOM omntuueckoil ocu. IlocTtpoeHue u300pakeHU TOYKU U
OTpe3Ka MpsSMOIl B COOMpAIOLIUX U PACCEUBAIOIIMX JIMH3aX M HMX
cUCTeMax
36.9 dotoanmapaT Kak onTHYecKuil mpubop. ['nma3 kak onTHueckas
h cucremMa
Wntepdepennus  cBera. KorepeHTHbIE HMCTOUYHUKH. Y CIOBUS
HAOJIOCHNS MAaKCUMYMOB U MHHHMYMOB B MHTEP(EpEeHIIMOHHOMN
KapTHHE OT JIByX CHH(a3HBIX KOT€PEHTHBIX HCTOYHHKOB:
o
3.6. MAKCIIMYMEI — A=2m > M= 0.x1.£2 3

e

v
MHIHIMYMBI — ﬂ={231f+1_];, m=0,+1,+2 +3 .

Y




Hudpakmus  cBera.  [udpakumonnas  pemérka.  YcClIoBue
HaOIONICHNST TJIABHBIX MaKCUMYMOB IIPH HOPMaJbHOM ITaJICHUH
MOHOXPOMAaTHYECKOTO CBETA C JJIMHOM BOJHBI A Ha PEUIETKY C
nepuoaom d:

3.6.11
dsing,, =mA,m=0,+/-1,+/-2,+/-3,...
3.6.12  Jlucmepcusi cBeta
4 KBAHTOBAS ®U3UKA
4.1 KOPITYCKYJISIPHO-BOJIHOBOU Y AJIN3M
41.1 Tunore3a M. [Inanka o kBantax. ®opmymna [Inanka: E = hv
®dotonsl. DHeprus GoToHa:
E=hv= he _
=hv=—=pc
4.1.2
Nmnynbse ¢poToHa:
_E h h
P=C=C ™2
413  ®oroaddexrt. OnbiTel A.I'. CroneroBa. 3akoHsl poTodpdhexra
VYpasuenue DitHmreitHa 1151 hoTodrPdexra:
E(bOTOHa = ABbIxona + EKI/IHmaxJ
rue,
hc
Eq)OTOHa =hv = 7'
4.1.4 he
ABI)IXO,Ha = thp = A_Kp
2
mv
Ercvmmax = % = eU3an
JlaBieHue cpera.
41,5  JlaBneHue cBeTa Ha MOJHOCTHIO OTPAKAIOILY MOBEPXHOCTb U HA
MOJTHOCTBIO TOTJIOLIAIOIIYIO TOBEPXHOCTh
4.2 OU3UKA ATOMA
4.2.1  TlnanerapHas MOJAEIb aTOMa




4.2.2

[Mocrymater bopa. M3nydyenue u moromeHue (HOTOHOB TIpU
Mepexo/ie aToMa ¢ OJJHOTO YPOBHS SHEPTUH HA JPYTOil:

7 |, -E

mn - .

hv

m |
Y

4.2.3

4.3

JIunenyaTele CIIEKTPBI.
CrexTp ypoBHEH 3HEPruu aToMa BOJOPOJIA:

—13,63B
E =_>"7

"

, n=1,23, ..

i

OU3NKA ATOMHOI'O A1PA

4.3.1

4.3.2

4.3.3

Hyxnonnas monens siapa ['eiizenOepra — MBaneHnko. 3apsin sjpa.
Maccosoe uncio sapa. M30tomnsl

PangnoakTHBHOCTE.
Anbda-pacnan:

A A4 4

7 X—>7 Y+ ,He
bera-pacnan.

OneKTpoHHBIN B-pacnan:
0

A A ~
XY+ je+v,

ITo3utpoHnHslii B-pacnan:
A A 0=, .,
XY + e+ V,

l'amMmma-u3nydenue

3akoH PaarO0aKTUBHOIO paciiajga:
-t
HYCTI) m — macca pPaarOaKTUBHOI'O BECUICCTBA. TOFHa

-t
m(t) =mgy*x 2T

4.3.4

SAnepHsle peakuuu. JleneHne U CUHTE3 sAep




YYEBHO-METOANYECKOE OBECIIEYEHUE OBPA30BATEJIBHOI'O
HPOLECCA

OBA3ATEJIBHBIE YYEBHBIE MATEPUAJIBI V151 YYHEHUKA

®wusuka 10 knace. I'.Sl. Makumes, b.b.byxosnes, H.H.Corckuit ba3oBblii u yriry0iaeHHbIH
ypoBuu niof pea. H.A. IlapdentoeBoit, Mockpa «IIpocemenne»2023

®usuka 11 kimace. I'.41. Msakumes, b.b.byxosues, H.H.Corckuit ba3oBblii 1 yriyOneHHBIH
ypoBuu nof pen. H.A. TlapdpentreBoii, MockBa «IIpocsemenne»2023

®dusnkal 0 kimace B.A. KacesanoB. YrnyOnennsiii ypoBeHb MockBa «IIpocBemenuey» 2026
®usukal 1 kimace B.A. KacesanoB. YrinyOnennsiii ypoBenb MockBa «IIpocBemenuey» 2026

METOAUYECKHUE MATEPUAJIbI IJ151 YUUTEJA

Kupuk JI.A. ®usuka 10-11 xmacc. PazHOypoBHEBBIE CAMOCTOSITENEHBIE PAOOTHI
I'onoBa N.B. ®usuka 10-11. KorrponsHbie paboThl B HOBOM (hopMare.
PeimkeBuy A.I1. 3amaunuk 10-11 xnacc

HUPPOBBIE OBPA3OBATEJIBHBIE PECYPCBI U PECYPCbI CETU UHTEPHET
bubmuoreka [JOK

Yuu PY

Nudoypok

SAKnacc

OUITN

Pemy EI'D






